
Mandell, Douglas, and Bennett’s 

Principles and Practice of 
INFECTIOUS DISEASES

www.myuptodate.com

http://www.myuptodate.com
http://www.myuptodate.com


 

@MehrsysSupport

@MehrsysSupport

https://t.me/mehrsyssupport
https://t.me/mehrsyssupport


http://www.myuptodate.com


Mandell, Douglas, and Bennett’s 

Principles and Practice of 
INFECTIOUS DISEASES

Eighth Edition
Volume 1

JOHN E. BENNETT, MD, MACP
Adjunct Professor of Medicine

Uniformed Services University of the Health Sciences
F. Edward Hebert School of Medicine

Bethesda, Maryland

RAPHAEL DOLIN, MD
Maxwell Finland Professor of Medicine (Microbiology and Molecular Genetics)

Harvard Medical School;
Attending Physician

Beth Israel Deaconess Medical Center;
Brigham and Women’s Hospital

Boston, Massachusetts

MARTIN J. BLASER, MD
Muriel G. and George W. Singer Professor of Translational Medicine

Professor of Microbiology
Director, Human Microbiome Program

Departments of Medicine and Microbiology
New York University School of Medicine

Langone Medical Center
New York, New York

http://www.myuptodate.com


1600 John F. Kennedy Blvd.
Ste 1800
Philadelphia, PA 19103-2899

MANDELL, DOUGLAS, AND BENNETT’S PRINCIPLES AND PRACTICE OF INFECTIOUS DISEASES, EIGHTH 
EDITION ISBN: 978-1-4557-4801-3
Copyright © 2015 by Saunders, an imprint of Elsevier Inc.
Copyright © 2010, 2005, 2000, 1995, 1990, 1985, 1979 Elsevier Inc. All rights reserved.

The chapters listed below are in the public domain:
• Foodborne Disease by Rajal K. Mody and Patricia M. Griffin
• The Immunology of Human Immunodeficiency Virus Infection by Susan Moir, Mark Connors, and Anthony S. Fauci
• Introduction to Herpesviridae by Jeffrey I. Cohen
• Human Herpesvirus Types 6 and 7 (Exanthem Subitum) by Jeffrey I. Cohen
• Herpes B Virus by Jeffrey I. Cohen
• Yersinia Species (Including Plague) by Paul S. Mead
• Trypanosoma Species (American Trypanosomiasis, Chagas’ Disease): Biology of Trypanosomes by Louis V. Kirchhoff
• Agents of African Trypanosomiasis (Sleeping Sickness) by Louis V. Kirchhoff
• Visceral Larva Migrans and Other Uncommon Helminth Infections by Theodore E. Nash
• Infections Caused by Percutaneous Intravascular Devices by Susan E. Beekmann and David K. Henderson
• Transfusion- and Transplantation-Transmitted Infections by Matthew J. Kuehnert and Sridhar V. Basavaraju
• Human Immunodeficiency Virus in Health Care Settings by David K. Henderson
• A Molecular Perspective of Microbial Pathogenicity by David A. Relman and Stanley Falkow

All rights reserved. No part of this publication may be reproduced or transmitted in any form or by any means, electronic or 
mechanical, including photocopying, recording, or any information storage and retrieval system, without permission in writing 
from the publisher. Details on how to seek permission, further information about the Publisher’s permissions policies and our 
arrangements with organizations such as the Copyright Clearance Center and the Copyright Licensing Agency, can be found at 
our website: www.elsevier.com/permissions.

This book and the individual contributions contained in it are protected under copyright by the Publisher (other than as may 
be noted herein).

Notices

Knowledge and best practice in this field are constantly changing. As new research and experience broaden our 
understanding, changes in research methods, professional practices, or medical treatment may become necessary.

Practitioners and researchers must always rely on their own experience and knowledge in evaluating and using any 
information, methods, compounds, or experiments described herein. In using such information or methods they should 
be mindful of their own safety and the safety of others, including parties for whom they have a professional responsibility.

With respect to any drug or pharmaceutical products identified, readers are advised to check the most current 
information provided (i) on procedures featured or (ii) by the manufacturer of each product to be administered, to verify 
the recommended dose or formula, the method and duration of administration, and contraindications. It is the 
responsibility of practitioners, relying on their own experience and knowledge of their patients, to make diagnoses, to 
determine dosages and the best treatment for each individual patient, and to take all appropriate safety precautions.

To the fullest extent of the law, neither the Publisher nor the authors, contributors, or editors, assume any liability for 
any injury and/or damage to persons or property as a matter of products liability, negligence or otherwise, or from any use 
or operation of any methods, products, instructions, or ideas contained in the material herein.

Library of Congress Cataloging-in-Publication Data

Mandell, Douglas, and Bennett’s principles and practice of infectious diseases / [edited by] John E. Bennett, Raphael Dolin, 
Martin J. Blaser. – Eighth edition.
  p. ; cm.
 Principles and practice of infectious diseases
 Includes bibliographical references and index.
 ISBN 978-1-4557-4801-3 (2 v. set : hardcover : alk. paper) – ISBN 978-9996096686 (v. 1 : hardcover : alk. paper) – ISBN 
9996096688 (v. 1 : hardcover : alk. paper) – ISBN 978-9996096747 (v. 2 : hardcover : alk. paper) – ISBN 9996096742 (v. 2 : 
hardcover : alk. paper)
 I. Bennett, John E. (John Eugene), 1933- editor. II. Dolin, Raphael., editor. III. Blaser, Martin J., editor. IV. Title: Principles 
and practice of infectious diseases.
 [DNLM: 1. Communicable Diseases. WC 100]
 RC111
 616.9–dc23

2014020246

Content Strategy Director: Mary Gatsch
Content Development Manager: Taylor Ball
Publishing Services Manager: Patricia Tannian
Senior Project Manager: Kristine Feeherty
Design Direction: Steve Stave
Chapter Opener Art: Andrew McAfee

Main cover image: Scanning electron micrograph of Staphylococcus aureus bound to the surface of a human 
neutrophil. (Figure 8-5 from “Granulocytic Phagocytes,” by Frank R. DeLeo and William M. Nauseef.)

Printed in Canada

Last digit is the print number: 9 8 7 6 5 4 3 2  

http://www.elsevier.com/permissions
http://www.myuptodate.com


v

Contributors

Kjersti Aagaard, MD, PhD
Associate Professor, Department of Obstetrics and Gynecology,  

Division of Maternal-Fetal Medicine, Baylor College of Medicine, 
Houston, Texas
The Human Microbiome of Local Body Sites and Their Unique 

Biology

Fredrick M. Abrahamian, DO
Professor of Medicine, David Geffen School of Medicine at UCLA, Los 

Angeles, California; Director of Education, Department of Emer-
gency Medicine, Olive View–UCLA Medical Center, Sylmar, 
California
Bites

Ban Mishu Allos, MD
Associate Professor, Departments of Medicine and Preventive Medi-

cine, Division of Infectious Diseases, Vanderbilt University School 
of Medicine, Nashville, Tennessee
Campylobacter jejuni and Related Species

David R. Andes, MD
Associate Professor of Medicine, University of Wisconsin School of 

Medicine and Public Health, Madison, Wisconsin
Cephalosporins

Fred Y. Aoki, MD
Professor, Departments of Medicine, Medical Microbiology, and Phar-

macology & Therapeutics, University of Manitoba, Winnipeg, Mani-
toba, Canada
Antiviral Drugs for Influenza and Other Respiratory Virus Infec-

tions; Antivirals against Herpes Viruses

Michael A. Apicella, MD
Professor and Head, Department of Microbiology, University of Iowa 

Carver College of Medicine, Iowa City, Iowa
Neisseria meningitidis; Neisseria gonorrhoeae (Gonorrhea)

Kevin L. Ard, MD, MPH
Instructor in Medicine, Harvard Medical School; Associate Physician, 

Department of Medicine, Brigham and Women’s Hospital, Boston, 
Massachusetts
Pulmonary Manifestations of Human Immunodeficiency Virus 

Infection

Cesar A. Arias, MD, MSc, PhD
Associate Professor of Medicine, Department of Internal Medicine, 

Division of Infectious Diseases and Department of Microbiology 
and Molecular Genetics, University of Texas Medical School at 
Houston, Houston, Texas; Director, Molecular Genetics and Antimi-
crobial Resistance Unit, Universidad El Bosque, Bogota, Colombia
Glycopeptides (Vancomycin and Teicoplanin), Streptogramins 

(Quinupristin-Dalfopristin), Lipopeptides (Daptomycin), and 
Lipoglycopeptides (Telavancin); Enterococcus Species, Strepto-
coccus gallolyticus Group, and Leuconostoc Species

David M. Aronoff, MD
Director, Division of Infectious Diseases; Addison Scoville Professor 

of Medicine, Department of Medicine, Vanderbilt University 
Medical Center, Nashville, Tennessee
Metronidazole

Michael H. Augenbraun, MD
Professor of Medicine, Chief, Division of Infectious Diseases, Depart-

ment of Medicine, SUNY Downstate Medical Center, Brooklyn, 
New York
Genital Skin and Mucous Membrane Lesions; Urethritis; Vulvo-

vaginitis and Cervicitis

Francisco Averhoff, MD, MPH
Division of Viral Hepatitis, National Center for HIV/AIDS, Viral Hep-

atitis, STD, and TB Prevention, Centers for Disease Control and 
Prevention, Atlanta, Georgia
Hepatitis A Virus

Dimitri T. Azar, MD, MBA
Dean and B.A. Field Chair of Ophthalmologic Research, Distinguished 

Professor of Ophthalmology, Pharmacology, and Bioengineering, 
College of Medicine, University of Illinois at Chicago, Chicago, 
Illinois
Microbial Conjunctivitis; Microbial Keratitis

Larry M. Baddour, MD
Professor of Medicine, Mayo Clinic College of Medicine; Consultant, 

Infectious Diseases, Mayo Clinic, Rochester, Minnesota
Prosthetic Valve Endocarditis; Infections of Nonvalvular Cardio-

vascular Devices

Lindsey R. Baden, MD
Associate Professor of Medicine, Harvard Medical School; Associate 

Physician, Director of Clinical Research (Division of Infectious Dis-
eases), Director of Transplant Infectious Diseases, Brigham and 
Women’s Hospital; Director of Infectious Diseases, Dana-Farber 
Cancer Institute, Boston, Massachusetts
Vaccines for Human Immunodeficiency Virus Type 1 Infection

Carol J. Baker, MD
Professor of Pediatrics, Molecular Virology, and Microbiology, Depart-

ment of Pediatrics, Infectious Diseases Section, Baylor College of 
Medicine; Attending Physician, Texas Children’s Hospital, Houston, 
Texas
Streptococcus agalactiae (Group B Streptococcus)

Ronald C. Ballard, MSB, PhD
Associate Director for Laboratory Science, Center for Global Health, 

Centers for Disease Control and Prevention, Atlanta, Georgia
Klebsiella granulomatis (Donovanosis, Granuloma Inguinale)

Gerard R. Barber, RPh, MPH
Department of Pharmacy Services, University of Colorado Hospital, 

University of Colorado Skaggs School of Pharmacy and Pharmaceu-
tical Sciences, Aurora, Colorado
Unique Antibacterial Agents

Scott D. Barnes, MD
Chief, Warfighter Refractive Eye Surgery Clinic, Womack Army 

Medical Center, Fort Bragg, North Carolina
Microbial Conjunctivitis; Microbial Keratitis

http://www.myuptodate.com


C
o

n
tr

ib
u

to
rs

vi

Dan H. Barouch, MD, PhD
Professor of Medicine, Harvard Medical School; Director, Center for 

Virology and Vaccine Research, Staff Physician, Beth Israel Deacon-
ess Medical Center; Associate Physician, Brigham and Women’s 
Hospital, Boston, Massachusetts
Vaccines for Human Immunodeficiency Virus Type 1 Infection; 

Adenoviruses

Alan D. Barrett, PhD
Director, Sealy Center for Vaccine Development, Professor, Depart-

ments of Pathology and Microbiology & Immunology, University of 
Texas Medical Branch, Galveston, Texas
Flaviviruses (Dengue, Yellow Fever, Japanese Encephalitis, West 

Nile Encephalitis, St. Louis Encephalitis, Tick-Borne Encephalitis, 
Kyasanur Forest Disease, Alkhurma Hemorrhagic Fever, Zika)

Miriam Baron Barshak, MD
Assistant Professor of Medicine, Harvard Medical School; Associate 

Physician, Department of Medicine, Massachusetts General Hospi-
tal, Boston, Massachusetts
Pancreatic Infection

Sridhar V. Basavaraju, MD
Centers for Disease Control and Prevention, Atlanta, Georgia

Transfusion- and Transplantation-Transmitted Infections

Byron E. Batteiger, MD
Professor of Medicine, Microbiology, and Immunology, Division of 

Infectious Diseases, Indiana University School of Medicine, India-
napolis, Indiana
Chlamydia trachomatis (Trachoma, Genital Infections, Perinatal 

Infections, and Lymphogranuloma Venereum)

Stephen G. Baum, MD
Professor of Medicine, Microbiology, and Immunology, Albert Ein-

stein College of Medicine, Bronx, New York
Mumps Virus

Arnold S. Bayer, MD
Professor of Medicine, Department of Internal Medicine, David Geffen 

School of Medicine at UCLA, Los Angeles, California; Associate 
Chief, Adult Infectious Diseases, Department of Internal Medicine, 
Harbor-UCLA Medical Center; Senior Investigator, St. John’s Car-
diovascular Research Center, Los Angeles Biomedical Research 
Institute, Torrance, California
Endocarditis and Intravascular Infections

J. David Beckham, MD
Assistant Professor, Departments of Medicine, Neurology, and Micro-

biology, Division of Infectious Diseases, Director, Infectious Disease 
Fellowship Training Program, Medical Director, Occupational 
Health, University of Colorado Anschutz Medical Campus, Aurora, 
Colorado
Encephalitis

Susan E. Beekmann, RN, MPH
University of Iowa Carver College of Medicine, Iowa City, Iowa

Infections Caused by Percutaneous Intravascular Devices

Beth P. Bell, MD, MPH
Director, National Center for Emerging and Zoonotic Infectious  

Diseases, Centers for Disease Control and Prevention, Atlanta, 
Georgia
Emerging and Reemerging Infectious Disease Threats; Hepatitis A 

Virus

John E. Bennett, MD, MACP
Adjunct Professor of Medicine, Uniformed Services University of the 

Health Sciences, F. Edward Hebert School of Medicine, Bethesda, 
Maryland
Chronic Meningitis; Introduction to Mycoses

Dennis A. Bente, DVM, PhD
Assistant Professor, Department of Microbiology and Immunology, 

University of Texas Medical Branch, Galveston, Texas
California Encephalitis, Hantavirus Pulmonary Syndrome, and 

Bunyavirus Hemorrhagic Fevers

Elie F. Berbari, MD
Professor of Medicine, Division of Infectious Diseases, Mayo Clinic, 

Rochester, Minnesota
Osteomyelitis

Jonathan Berman, MD, PhD
Vice President, Clinical Affairs, Fast-Track Drugs and Biologics, North 

Potomac, Maryland
Complementary and Alternative Medicines for Infectious 

Diseases

Joseph S. Bertino, Jr., PharmD
Associate Professor of Pharmacology, College of Physicians and Sur-

geons, Columbia University, New York, New York; Principal, Bertino 
Consulting, Schenectady, New York
Pharmacokinetics and Pharmacodynamics of Anti-infective 

Agents; Tables of Anti-infective Agent Pharmacology

Adarsh Bhimraj, MD
Head, Section of Neurologic Infectious Diseases, Associate Program 

Director, Internal Medicine Residency Program, Cleveland Clinic, 
Cleveland, Ohio
Cerebrospinal Fluid Shunt and Drain Infections

Holly H. Birdsall, MD, PhD
Deputy Chief Research and Development Officer, Office of Research 

and Development, Department of Veterans Affairs, Washington, 
DC; Professor, Departments of Otolaryngology, Immunology, and 
Psychiatry, Baylor College of Medicine, Houston, Texas
Adaptive Immunity: Antibodies and Immunodeficiencies

Alan L. Bisno, MD
Professor Emeritus, Department of Medicine, University of Miami 

Miller School of Medicine; Staff Physician, Miami Veterans Affairs 
Medical Center, Miami, Florida
Classification of Streptococci; Nonsuppurative Poststreptococcal 

Sequelae: Rheumatic Fever and Glomerulonephritis

Brian G. Blackburn, MD
Clinical Associate Profesor, Division of Infectious Diseases and Geo-

graphic Medicine, Stanford University School of Medicine; Attend-
ing Physician, Department of Internal Medicine, Division of 
Infectious Diseases and Geographic Medicine, Stanford Hospital 
and Clinics, Stanford, California
Free-Living Amebae

Lucas S. Blanton, MD
Assistant Professor, Department of Internal Medicine, Division of 

Infectious Diseases, University of Texas Medical Branch, Galveston, 
Texas
Rickettsia rickettsii and Other Spotted Fever Group Rickettsiae 

(Rocky Mountain Spotted Fever and Other Spotted Fevers); 
Rickettsia prowazekii (Epidemic or Louse-Borne Typhus); Rick-
ettsia typhi (Murine Typhus)

http://www.myuptodate.com


C
o

n
trib

u
to

rs
vii

Martin J. Blaser, MD
Muriel G. and George W. Singer Professor of Translational Medicine, 

Professor of Microbiology, Director, Human Microbiome Program, 
Departments of Medicine and Microbiology, New York University 
School of Medicine, Langone Medical Center, New York, New York
Introduction to Bacteria and Bacterial Diseases; Campylobacter 

jejuni and Related Species; Helicobacter pylori and Other 
Gastric Helicobacter Species

Thomas P. Bleck, MD
Professor of Neurological Sciences, Neurosurgery, Medicine, and 

Anesthesiology, Rush Medical College; Associate Chief Medical 
Officer (Critical Care), Associate Vice President, Director, Labora-
tory of Electroencephalography and Evoked Potentials, Rush Uni-
versity Medical Center, Chicago, Illinois
Rabies (Rhabdoviruses); Tetanus (Clostridium tetani); Botulism 

(Clostridium botulinum)

Nicole M. A. Blijlevens, MD, PhD
Consultant and Lecturer, Department of Haematology, Radboud Uni-

versity Nijmegen Medical Centre, Nijmegen, The Netherlands
Infections in the Immunocompromised Host: General Principles

David A. Bobak, MD
Associate Professor of Medicine, Associate Chair for Clinical Affairs, 

Division of Infectious Diseases and HIV Medicine, Case Western 
Reserve University School of Medicine; Director, Traveler’s Health-
care Center, Chair, Health System Medication Safety and Therapeu-
tics Committee, Staff Physician, Transplant Infectious Diseases 
Clinic, University Hospitals Case Medical Center, Cleveland, Ohio
Nausea, Vomiting, and Noninflammatory Diarrhea

William Bonnez, MD
Professor of Medicine, Department of Medicine, Division of Infectious 

Diseases, University of Rochester School of Medicine and Dentistry, 
Rochester, New York
Papillomaviruses

John C. Boothroyd, MD
Professor of Microbiology and Immunology, Stanford University 

School of Medicine, Stanford, California
Toxoplasma gondii

Luciana L. Borio, MD
Assistant Commissioner for Counterterrorism Policy, United States 

Food and Drug Administration, Silver Spring, Maryland
Bioterrorism: An Overview

Patrick J. Bosque, MD
Associate Professor, Department of Neurology, University of Colorado 

Denver School of Medicine; Neurologist, Department of Medicine, 
Denver Health Medical Center, Denver, Colorado
Prions and Prion Diseases of the Central Nervous System (Trans-

missible Neurodegenerative Diseases)

John Bower, MD
Associate Professor of Pediatrics, Northeast Ohio Medical University, 

Rootstown, Ohio
Croup in Children (Acute Laryngotracheobronchitis); Bronchiolitis

Robert W. Bradsher, Jr., MD
Ebert Professor of Medicine, Department of Medicine, Division of 

Infectious Diseases, University of Arkansas for Medical Sciences, 
Central Arkansas Veterans Healthcare System, Little Rock, 
Arkansas
Blastomycosis

Itzhak Brook, MD
Professor of Pediatrics, Georgetown University School of Medicine, 

Washington, DC
Tetracyclines, Glycylcyclines, and Chloramphenicol

Kevin E. Brown, MD, MRCP
Consultant Medical Virologist, Virus Reference Department, Public 

Health England, Microbiology Services, London, United Kingdom
Human Parvoviruses, Including Parvovirus B19V and Human 

Bocaparvoviruses

Patricia D. Brown, MD
Professor of Medicine, Department of Internal Medicine, Division of 

Infectious Diseases, Wayne State University School of Medicine; 
Corporate Vice President of Quality and Patient Safety, Detroit 
Medical Center, Detroit, Michigan
Infections in Injection Drug Users

Barbara A. Brown-Elliott, MS, MT(ASCP)SM
Research Assistant Professor, Microbiology, Supervisor, Mycobacteria/

Nocardia Laboratory, University of Texas Health Science Center, 
Tyler, Texas
Infections Caused by Nontuberculous Mycobacteria Other than 

Mycobacterium avium Complex

Roberta L. Bruhn, MS, PhD
Staff Scientist, Department of Epidemiology, Blood Systems Research 

Institute, San Francisco, California
Human T-Lymphotropic Virus (HTLV)

Amy E. Bryant, PhD
Research Career Scientist, Infectious Diseases Section, Veterans Affairs 

Medical Center, Boise, Idaho
Streptococcus pyogenes

Eileen M. Burd, PhD
Associate Professor, Department of Pathology and Laboratory Medi-

cine, Emory University School of Medicine; Director, Clinical 
Microbiology, Emory University Hospital, Atlanta, Georgia
Other Gram-Negative and Gram-Variable Bacilli

Jane C. Burns, MD
Professor of Pediatrics, University of California San Diego School of 

Medicine, La Jolla, California
Kawasaki Disease

Larry M. Bush, MD
Affiliated Associate Professor of Medicine, University of Miami Miller 

School of Medicine, JFK Medical Center, Palm Beach County, 
Florida; Affiliated Professor of Medicine, Charles E. Schmidt School 
of Medicine, Florida Atlantic University, Boca Raton, Florida
Peritonitis and Intraperitoneal Abscesses

Stephen B. Calderwood, MD
Morton N. Swartz, MD, Academy Professor of Medicine (Microbiol-

ogy and Immunobiology), Department of Medicine, Harvard 
Medical School; Chief, Division of Infectious Diseases, Massachu-
setts General Hospital, Boston, Massachusetts
Syndromes of Enteric Infection

Luz Elena Cano, PhD
Head of Medical and Experimental Mycology Group, Corporación 

para Investigaciones Biológicas; Titular Professor, Microbiology 
School, Universidad de Antioquia, Medellín, Colombia
Paracoccidioidomycosis

Charles C. J. Carpenter, MD
Professor of Medicine, Warren Alpert Medical School of Brown  

University; Attending Physician, Division of Infectious Diseases, 
Miriam Hospital, Providence, Rhode Island
Other Pathogenic Vibrios

Mary T. Caserta, MD
Professor of Pediatrics, University of Rochester School of Medicine and 

Dentistry, Rochester, New York
Pharyngitis; Acute Laryngitis

http://www.myuptodate.com


C
o

n
tr

ib
u

to
rs

viii

Elio Castagnola, MD
Infectious Diseases Unit, Istituto Giannina Gaslini, Genova, Italy

Prophylaxis and Empirical Therapy of Infection in Cancer Patients

Richard E. Chaisson, MD
Professor of Medicine, Epidemiology, and International Health, Johns 

Hopkins University School of Medicine, Baltimore, Maryland
General Clinical Manifestations of Human Immunodeficiency 

Virus Infection (Including Acute Retroviral Syndrome and Oral, 
Cutaneous, Renal, Ocular, Metabolic, and Cardiac Diseases)

Henry F. Chambers, MD
Professor of Medicine, Director, UCSF Infectious Diseases Fellowship 

Training Program, University of California San Francisco; Chief, 
Division of Infectious Diseases, San Francisco General Hospital, San 
Francisco, California
Penicillins and β-Lactamase Inhibitors; Other β-Lactam Antibiotics

Stephen J. Chapman, DM
Consultant Physician and Senior Lecturer in Respiratory Medicine, 

Oxford University Hospitals, Oxford, United Kingdom
Human Genetics and Infection

James D. Chappell, MD, PhD
Associate Professor of Pathology, Microbiology, and Immunology, 

Vanderbilt University School of Medicine, Nashville, Tennessee
Biology of Viruses and Viral Diseases

Lea Ann Chen, MD
Instructor, Division of Gastroenterology, NYU Langone School of 

Medicine, New York, New York
Prebiotics, Probiotics, and Synbiotics

Sharon C-A. Chen, MBBS, PhD
Clinical Associate Professor, University of Sydney Faculty of Medicine, 

Sydney, New South Wales, Australia; Senior Staff Specialist, Centre 
for Infectious Diseases and Microbiology, Westmead Hospital, 
Westmead, New South Wales, Australia
Nocardia Species

Anthony W. Chow, MD
Professor Emeritus, Department of Internal Medicine, Division of 

Infectious Diseases, University of British Columbia; Honorary  
Consultant, Department of Internal Medicine, Division of Infec-
tious Diseases, Vancouver Hospital, Vancouver, British Columbia, 
Canada
Infections of the Oral Cavity, Neck, and Head

Rebecca A. Clark, MD, PhD
Professor of Medicine, Louisiana State University Health Science 

Center; Lead Physician, HIV Outpatient Program, Interim LSU 
Public Hospital, New Orleans, Louisiana
Human Immunodeficiency Virus Infection in Women

Jeffrey I. Cohen, MD
Chief, Laboratory of Infectious Diseases, National Institute of Allergy 

and Infectious Diseases, National Institutes of Health, Bethesda, 
Maryland
Introduction to Herpesviridae; Human Herpesvirus Types 6 and 7 

(Exanthem Subitum); Herpes B Virus

Myron S. Cohen, MD
Yergin-Bates Eminent Professor of Medicine, Microbiology, and Epi-

demiology, Director, Institute of Global Health and Infectious Dis-
eases, University of North Carolina at Chapel Hill, Chapel Hill, 
North Carolina
The Acutely Ill Patient with Fever and Rash

Ronit Cohen-Poradosu, MD
Infectious Diseases Unit, Tel-Aviv Sourasky Medical Center, Tel-Aviv 

University Sackler School of Medicine, Tel Aviv, Israel
Anaerobic Infections: General Concepts

Susan E. Cohn, MD, MPH
Professor of Medicine, Northwestern University Feinberg School of 

Medicine, Chicago, Illinois
Human Immunodeficiency Virus Infection in Women

Mark Connors, MD
Chief, HIV-Specific Immunity Section, Laboratory of Immunoregula-

tion, National Institute of Allergy and Infectious Diseases, Bethesda, 
Maryland
The Immunology of Human Immunodeficiency Virus Infection

Lawrence Corey, MD
Professor of Medicine and Laboratory Medicine, University of Wash-

ington School of Medicine; President and Director, Fred Hutchinson 
Cancer Research Center, Seattle, Washington
Herpes Simplex Virus

Mackenzie L. Cottrell, PharmD, MS
Postdoctoral Fellow, Division of Pharmacotherapy and Experimental 

Therapeutics, UNC Eshelman School of Pharmacy, University of 
North Carolina, Chapel Hill, North Carolina
Pharmacokinetics and Pharmacodynamics of Anti-infective 

Agents

Timothy L. Cover, MD
Professor of Medicine, Professor of Pathology, Microbiology and 

Immunology, Vanderbilt University Medical Center; Veterans 
Affairs Tennessee Valley Healthcare System, Nashville, Tennessee
Helicobacter pylori and Other Gastric Helicobacter Species

Heather L. Cox, PharmD
Assistant Professor of Medicine and Infectious Diseases, Department 

of Medicine, University of Virginia School of Medicine; Clinical 
Coordinator, Infectious Diseases, Department of Pharmacy  
Services, University of Virginia Health System, Charlottesville, 
Virginia
Linezolid and Other Oxazolidinones

William A. Craig, MD
Emeritus Professor of Medicine, Infectious Disease Section, University 

of Wisconsin School of Medicine and Public Health, Madison, 
Wisconsin
Cephalosporins

Kent B. Crossley, MD, MHA
Professor, Department of Medicine, University of Minnesota Medical 

School; Chief of Staff, Minneapolis Veterans Administration Health-
care System, Minneapolis, Minnesota
Infections in the Elderly

Clyde S. Crumpacker II, MD
Professor of Medicine, Harvard Medical School; Attending Physician, 

Division of Infectious Diseases, Beth Israel Deaconess Medical 
Center, Boston, Massachusetts
Cytomegalovirus (CMV)

James W. Curran, MD, MPH
Dean and Professor of Epidemiology, Rollins School of Public Health, 

Emory University; Co-Director, Emory Center for AIDS Research, 
Atlanta, Georgia
Epidemiology and Prevention of Acquired Immunodeficiency Syn-

drome and Human Immunodeficiency Virus Infection

http://www.myuptodate.com


C
o

n
trib

u
to

rs
ix

Bart J. Currie, MBBS, DTM&H
Professor in Medicine, Department of Infectious Diseases, Royal 

Darwin Hospital; Global and Tropical Health Division, Menzies 
School of Health Research, Darwin, Australia
Burkholderia pseudomallei and Burkholderia mallei: Melioidosis 

and Glanders

Erika D’Agata, MD, MPH
Associate Professor of Medicine, Brown University; Department of 

Medicine, Division of Infectious Diseases, Rhode Island Hospital, 
Providence, Rhode Island
Pseudomonas aeruginosa and Other Pseudomonas Species

Inger K. Damon, MD, PhD
Adjunct Clinical Faculty, Department of Medicine, Emory University 

School of Medicine; Director, Division of High-Consequence Patho-
gens and Pathology, Centers for Disease Control and Prevention, 
Atlanta, Georgia
Orthopoxviruses: Vaccinia (Smallpox Vaccine), Variola (Smallpox), 

Monkeypox, and Cowpox; Other Poxviruses That Infect Humans: 
Parapoxviruses (Including Orf Virus), Molluscum Contagiosum, 
and Yatapoxviruses

Rabih O. Darouiche, MD
VA Distinguished Service Professor, Departments of Medicine, Surgery, 

and Physical Medicine and Rehabilitation, Michael E. DeBakey VA 
Medical Center and Baylor College of Medicine, Houston, Texas
Infections in Patients with Spinal Cord Injury

Roberta L. DeBiasi, MD
Acting Chief, Division of Pediatric Infectious Diseases, Children’s 

National Medical Center; Professor of Pediatrics and Microbiology, 
Immunology and Tropical Medicine, George Washington University 
School of Medicine; Principal Investigator, Center for Clinical and 
Translational Science, Children’s Research Institute, Washington, DC
Orthoreoviruses and Orbiviruses; Coltiviruses and 

Seadornaviruses

George S. Deepe, Jr., MD
Professor, Department of Internal Medicine, Division of Infectious 

Diseases, University of Cincinnati College of Medicine, Cincinnati, 
Ohio
Histoplasma capsulatum (Histoplasmosis)

Carlos del Rio, MD
Professor and Chair, Hubert Department of Global Health, Rollins 

School of Public Health, Emory University; Co-Director, Emory 
Center for AIDS Research, Atlanta, Georgia
Epidemiology and Prevention of Acquired Immunodeficiency Syn-

drome and Human Immunodeficiency Virus Infection

Andrew S. Delemos, MD
Transplant Hepatologist, Carolinas Healthcare System, Charlotte, 

North Carolina
Viral Hepatitis

Frank R. DeLeo, PhD
Chief, Pathogen-Host Cell Biology Section, Laboratory of Human Bac-

terial Pathogenesis, National Institute of Allergy and Infectious Dis-
eases, National Institutes of Health, Bethesda, Maryland
Granulocytic Phagocytes

Gregory P. DeMuri, MD
Associate Professor, University of Wisconsin School of Medicine and 

Public Health; Attending Physician, American Family Children’s 
Hospital, Madison, Wisconsin
Sinusitis

Peter Densen, MD
Professor of Internal Medicine, Division of Infectious Diseases, Uni-

versity of Iowa Hospitals and Clinics, Iowa City, Iowa
Complement and Deficiencies

Terence S. Dermody, MD
Dorothy Overall Wells Professor of Pediatrics, Director, Division of 

Infectious Diseases, Director, Elizabeth B. Lamb Center for Pediatric 
Research, Director, Vanderbilt Medical Scientist Training Program, 
Vanderbilt University School of Medicine, Nashville, Tennessee
Biology of Viruses and Viral Diseases

Robin Dewar, PhD
Principal Scientist, Leidos Biomedical Research—Frederick, National 

Cancer Institute—Frederick, Frederick, Maryland
Diagnosis of Human Immunodeficiency Virus Infection

James H. Diaz, MD, MPHTM, DrPH
Professor of Public Health and Preventive Medicine, School of Public 

Health, Louisiana State University Health Sciences Center, New 
Orleans, Louisiana
Introduction to Ectoparasitic Diseases; Lice (Pediculosis); Scabies; 

Myiasis and Tungiasis; Mites, Including Chiggers; Ticks, Includ-
ing Tick Paralysis

Carl W. Dieffenbach, PhD
Director, Division of AIDS, National Institute of Allergy and Infectious 

Diseases, National Institutes of Health, Bethesda, Maryland
Innate (General or Nonspecific) Host Defense Mechanisms

Jules L. Dienstag, MD
Dean for Medical Education, Carl W. Walter Professor of Medicine, 

Harvard Medical School; Physician, Massachusetts General Hospi-
tal, Boston, Massachusetts
Antiviral Drugs against Hepatitis Viruses; Viral Hepatitis

Yohei Doi, MD, PhD
Assistant Professor of Medicine, Division of Infectious Diseases, Uni-

versity of Pittsburgh School of Medicine, Pittsburgh, Pennsylvania
Penicillins and β-Lactamase Inhibitors; Other β-Lactam Antibiotics

Raphael Dolin, MD
Maxwell Finland Professor of Medicine (Microbiology and Molecular 

Genetics), Harvard Medical School; Attending Physician, Beth Israel 
Deaconess Medical Center; Brigham and Women’s Hospital, Boston, 
Massachusetts
Antiviral Agents: General Principles; Miscellaneous Antiviral 

Agents (Interferons, Imiquimod, Pleconaril); Vaccines for Human 
Immunodeficiency Virus Type 1 Infection; Zoonotic Paramyxo-
viruses: Nipah, Hendra, and Menangle; Noroviruses and Sapo-
viruses (Caliciviruses); Astroviruses and Picobirnaviruses

J. Peter Donnelly, PhD
Coordinator of Studies in Supportive Care, Department of Hae-

matology, Radboud University Nijmegen Medical Centre, Nijme-
gen, The Netherlands
Infections in the Immunocompromised Host: General Principles

Michael S. Donnenberg, MD
Professor of Medicine, Microbiology, and Immunology, University of 

Maryland School of Medicine, Baltimore, Maryland
Enterobacteriaceae

Gerald R. Donowitz, MD
Professor of Medicine and Infectious Diseases/International Health, 

Department of Medicine, University of Virginia, Charlottesville, 
Virginia
Linezolid and Other Oxazolidinones; Acute Pneumonia
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Philip R. Dormitzer, MD, PhD
Head of U.S. Research, Global Head of Virology, Vice President,  

Novartis Vaccines, Cambridge, Massachusetts
Rotaviruses

James M. Drake, MB BCh, MSc
Professor of Surgery, University of Toronto Faculty of Medicine; Neu-

rosurgeon-in-Chief and Harold Hoffman Shopper’s Drug Mart 
Chair in Pediatric Neurosurgery, Division of Neurosurgery, Hospital 
for Sick Children, Toronto, Ontario, Canada
Cerebrospinal Fluid Shunt and Drain Infections

J. Stephen Dumler, MD
Professor, Departments of Pathology and Microbiology and Immunol-

ogy, University of Maryland School of Medicine, Baltimore, 
Maryland
Rickettsia typhi (Murine Typhus); Ehrlichia chaffeensis (Human 

Monocytotropic Ehrlichiosis), Anaplasma phagocytophilum 
(Human Granulocytotropic Anaplasmosis), and Other 
Anaplasmataceae

J. Stephen Dummer, MD
Professor, Departments of Medicine and Surgery, Chief, Transplant 

Infectious Diseases, Vanderbilt University School of Medicine, 
Nashville, Tennessee
Risk Factors and Approaches to Infections in Transplant 

Recipients

Herbert L. DuPont, MD
Professor and Director, Center for Infectious Diseases, University of 

Texas School of Public Health; Chief, Internal Medicine Service, 
Baylor St. Luke’s Medical Center; Professor and Vice Chairman, 
Department of Medicine, Baylor College of Medicine, Houston, 
Texas
Bacillary Dysentery: Shigella and Enteroinvasive Escherichia coli

David T. Durack, MB, DPhil
Consulting Professor of Medicine, Duke University School of Medi-

cine, Durham, North Carolina
Prophylaxis of Infective Endocarditis

Marlene L. Durand, MD
Associate Professor of Medicine, Harvard Medical School; Physician, 

Infectious Disease Unit, Massachusetts General Hospital; Director, 
Infectious Disease Service, Massachusetts Eye and Ear Infirmary, 
Boston, Massachusetts
Introduction to Eye Infections; Endophthalmitis; Infectious Causes 

of Uveitis; Periocular Infections

Paul H. Edelstein, MD
Professor of Pathology and Laboratory Medicine, University of Penn-

sylvania Perelman School of Medicine; Director of Clinical Micro-
biology, Pathology and Laboratory Medicine, Hospital of the 
University of Pennsylvania, Philadelphia, Pennsylvania
Legionnaires’ Disease and Pontiac Fever

Michael B. Edmond, MD, MPH, MPA
Richard P. Wenzel Professor of Internal Medicine, Division of Infec-

tious Diseases, Virginia Commonwealth University School of Medi-
cine; Hospital Epidemiologist, VCU Medical Center, Richmond, 
Virginia
Infection Prevention in the Health Care Setting

John E. Edwards, Jr., MD
Chief, Division of Infectious Diseases, Department of Medicine, 

Harbor/UCLA Medical Center, Torrance, California; Professor of 
Medicine, David Geffen School of Medicine at UCLA, Los Angeles, 
California
Candida Species

Morven S. Edwards, MD
Professor of Pediatrics, Baylor College of Medicine; Attending Physi-

cian, Department of Pediatrics, Infectious Diseases Section, Texas 
Children’s Hospital, Houston, Texas
Streptococcus agalactiae (Group B Streptococcus)

George M. Eliopoulos, MD
Professor of Medicine, Harvard Medical School; Physician, Division of 

Infectious Diseases, Beth Israel Deaconess Medical Center, Boston, 
Massachusetts
Principles of Anti-infective Therapy

Richard T. Ellison III, MD
Professor, Departments of Medicine and Microbiology & Physiological 

Systems, Division of Infectious Diseases, University of Massachu-
setts Medical School, Worcester, Massachusetts
Acute Pneumonia

Timothy P. Endy, MD, MPH
Professor of Medicine, Division Chief of Infectious Diseases, Upstate 

Medical University, State University of New York, Syracuse, New 
York
Flaviviruses (Dengue, Yellow Fever, Japanese Encephalitis, West 

Nile Encephalitis, St. Louis Encephalitis, Tick-Borne Encephalitis, 
Kyasanur Forest Disease, Alkhurma Hemorrhagic Fever, Zika)

N. Cary Engleberg, MD
Professor, Departments of Infectious Diseases and Microbiology and 

Immunology, University of Michigan Medical School, Ann Arbor, 
Michigan
Chronic Fatigue Syndrome

Hakan Erdem, MD
Department of Infectious Diseases and Clinical Microbiology, GATA 

Haydarpasa Training Hospital, Istanbul, Turkey
Brucellosis (Brucella Species)

Joel D. Ernst, MD
Professor, Departments of Medicine, Pathology, and Microbiology, 

New York University School of Medicine, New York, New York
Mycobacterium leprae (Leprosy)

Peter B. Ernst, DVM, PhD
Professor of Pathology and Director, Comparative Pathology and Med-

icine, University of California San Diego School of Medicine, La 
Jolla, California
Mucosal Immunity

Rick M. Fairhurst, MD, PhD
Chief, Malaria Pathogenesis and Human Immunity Unit, Laboratory 

of Malaria and Vector Research, National Institute of Allergy and 
Infectious Diseases, Rockville, Maryland
Malaria (Plasmodium Species)

Jessica K. Fairley, MD
Assistant Professor of Medicine, Emory University School of Medicine, 

The Emory Clinic, Atlanta, Georgia
Tapeworms (Cestodes)

Stanley Falkow, PhD
Robert W. and Vivian K. Cahill Professor, Emeritus, Departments of 

Microbiology & Immunology and Medicine, Stanford University 
School of Medicine, Stanford, California
A Molecular Perspective of Microbial Pathogenicity

Ann R. Falsey, MD
Professor of Medicine, Infectious Diseases Unit, University of Roches-

ter School of Medicine, Rochester, New York
Human Metapneumovirus
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Anthony S. Fauci, MD
Chief, Laboratory of Immunoregulation, Chief, Immunopathogenesis 

Section, Laboratory of Immunoregulation, Director, National Insti-
tute of Allergy and Infectious Diseases, Bethesda, Maryland
The Immunology of Human Immunodeficiency Virus Infection

Thomas Fekete, MD
Professor of Medicine and Chief, Section of Infectious Diseases, 

Temple University School of Medicine, Philadelphia, Pennsylvania
Bacillus Species and Related Genera Other Than Bacillus 

anthracis

Paul D. Fey, PhD
Professor, Department of Pathology and Microbiology, University of 

Nebraska Medical Center, Omaha, Nebraska
Staphylococcus epidermidis and Other Coagulase-Negative 

Staphylococci

Steven M. Fine, MD, PhD
Associate Professor of Medicine, Division of Infectious Diseases, Uni-

versity of Rochester Medical Center, Rochester, New York
Vesicular Stomatitis Virus and Related Vesiculoviruses

Daniel W. Fitzgerald, MD
Associate Professor of Medicine, Microbiology, and Immunology, 

Weill Cornell Medical College, New York, New York
Mycobacterium tuberculosis

Anthony R. Flores, MD, MPH, PhD
Assistant Professor, Department of Pediatrics, Section of Infectious 

Diseases, Baylor College of Medicine, Houston, Texas
Pharyngitis

Derek Forster, MD
Section on Infectious Diseases, Wake Forest School of Medicine,  

Winston-Salem, North Carolina
Infectious Arthritis of Native Joints

Vance G. Fowler, Jr., MD, MHS
Professor of Medicine, Division of Infectious Diseases, Duke Univer-

sity School of Medicine, Durham, North Carolina
Endocarditis and Intravascular Infections

David O. Freedman, MD
Professor of Medicine and Epidemiology, Gorgas Center for Geo-

graphic Medicine, Division of Infectious Diseases, University of 
Alabama at Birmingham School of Medicine; Director, University 
of Alabama at Birmingham Travelers Health Clinic, University of 
Alabama at Birmingham Health System, Birmingham, Alabama
Protection of Travelers; Infections in Returning Travelers

Arthur M. Friedlander, MD
Adjunct Professor of Medicine, School of Medicine, Uniformed Ser-

vices University of the Health Sciences, Bethesda, Maryland; Senior 
Scientist, U.S. Army Medical Research Institute of Infectious Dis-
eases, Frederick, Maryland
Bacillus anthracis (Anthrax)

John N. Galgiani, MD
Professor of Internal Medicine, Director, Valley Fever Center for Excel-

lence, University of Arizona College of Medicine; Chief Medical 
Officer, Valley Fever Solutions, Tucson, Arizona
Coccidioidomycosis (Coccidioides Species)

John I. Gallin, MD
Director, National Institutes of Health Clinical Center, National Insti-

tutes of Health, Bethesda, Maryland
Evaluation of the Patient with Suspected Immunodeficiency

Robert C. Gallo, MD
Director, Institute of Human Virology, Professor, Department of  

Medicine, University of Maryland School of Medicine, Baltimore, 
Maryland
Human Immunodeficiency Viruses

Tejal N. Gandhi, MD
Clinical Assistant Professor of Medicine, Department of Internal Med-

icine, Division of Infectious Diseases, University of Michigan, Ann 
Arbor, Michigan
Bartonella, Including Cat-Scratch Disease

Wendy S. Garrett, MD, PhD
Assistant Professor, Immunology & Infectious Diseases and Genetic & 

Complex Diseases, Department of Medicine, Harvard School of 
Public Health; Department of Medical Oncology, Dana-Farber 
Cancer Institute, Boston, Massachusetts
Gas Gangrene and Other Clostridium-Associated Diseases; Bacte-

roides, Prevotella, Porphyromonas, and Fusobacterium Species 
(and Other Medically Important Anaerobic Gram-Negative 
Bacilli)

Charlotte A. Gaydos, DrPH, MPH, MS
Professor of Medicine, Division of Infectious Diseases, Johns Hopkins 

University School of Medicine; Emergency Medicine Department 
and Epidemiology, Population, Family and Reproductive Health, 
Bloomberg Johns Hopkins School of Public Health; Director, Inter-
national Sexually Transmitted Diseases Research Laboratory, Balti-
more, Maryland
Chlamydia pneumoniae

Thomas W. Geisbert, PhD
Professor, Department of Microbiology and Immunology, University 

of Texas Medical Branch, Galveston, Texas
Marburg and Ebola Hemorrhagic Fevers (Filoviruses)

Jeffrey A. Gelfand, MD
Clinical Professor of Medicine, Harvard Medical School; Attending 

Physician, Infectious Diseases Division, Massachusetts General 
Hospital, Boston, Massachusetts
Babesia Species

Steven P. Gelone, PharmD
Vice President of Clinical Development, ViroPharma, Inc., Exton, 

Pennsylvania
Topical Antibacterials

Dale N. Gerding, MD
Professor of Medicine, Loyola University Chicago Stritch School of 

Medicine, Maywood, Illinois; Research Physician, Department of 
Medicine, Edward Hines, Jr., Veterans Affairs Hospital, Hines, 
Illinois
Clostridium difficile Infection

Anne A. Gershon, MD
Professor of Pediatrics, Columbia University College of Physicians and 

Surgeons, New York, New York
Rubella Virus (German Measles); Measles Virus (Rubeola)

Janet R. Gilsdorf, MD
Robert P. Kelch Research Professor of Pediatrics and Communicable 

Diseases, University of Michigan Medical School and C.S. Mott 
Children’s Hospital, Ann Arbor, Michigan
Infections in Asplenic Patients

Ellie J. C. Goldstein, MD
Clinical Professor of Medicine, David Geffen School of Medicine at 

University of California, Los Angeles, Los Angeles, California; Direc-
tor, R.M. Alden Research Laboratory, Santa Monica, California
Bites
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Fred M. Gordin, MD
Professor of Medicine, George Washington University School of Medi-

cine; Chief, Infectious Diseases, Veterans Affairs Medical Center, 
Washington, DC
Mycobacterium avium Complex

Paul S. Graman, MD
Professor of Medicine, University of Rochester School of Medicine  

and Dentistry; Attending Physician and Clinical Director, Infec-
tious Diseases Division, Strong Memorial Hospital, Rochester,  
New York
Esophagitis

M. Lindsay Grayson, MD
Infectious Diseases Department, Austin Health, Department of Epide-

miology and Preventive Medicine, Monash University; Department 
of Medicine, University of Melbourne, Melbourne, Australia
Fusidic Acid

Jeffrey Bruce Greene, MD
Section Chief, Infectious Diseases, NYU Langone Medical Center, New 

York City, New York
Outpatient Parenteral Antimicrobial Therapy

Patricia M. Griffin, MD
Chief, Enteric Diseases Epidemiology Branch, Division of Foodborne, 

Waterborne, and Environmental Diseases, National Center for 
Emerging and Zoonotic Infectious Diseases, Centers for Disease 
Control and Prevention, Atlanta, Georgia
Foodborne Disease

David E. Griffith, MD
Professor of Medicine and William A. and Elizabeth B. Moncrief Dis-

tinguished Professor, University of Texas Health Science Center at 
Tyler, Tyler, Texas
Antimycobacterial Agents

Richard L. Guerrant, MD
Professor of Medicine, Infectious Diseases, and International Health, 

University of Virginia School of Medicine, Charlottesville, Virginia
Nausea, Vomiting, and Noninflammatory Diarrhea; Bacterial 

Inflammatory Enteritides

H. Cem Gul, MD
Department of Infectious Diseases and Microbiology, Gulhane Mili-

tary Medical Academy, Ankara, Turkey
Brucellosis (Brucella Species)

David A. Haake, MD
Professor, Departments of Medicine, Urology, and Microbiology, 

Immunology, & Molecular Genetics, The David Geffen School of 
Medicine at UCLA; Staff Physician, Department of Medicine, Divi-
sion of Infectious Diseases, The Veterans Affairs Greater Los Angeles 
Healthcare System, Los Angeles, California
Leptospira Species (Leptospirosis)

David W. Haas, MD
Professor of Medicine, Pharmacology, Pathology, Microbiology, and 

Immunology, Vanderbilt University School of Medicine, Nashville, 
Tennessee
Mycobacterium tuberculosis

Charles Haines, MD, PhD
Division of Infectious Diseases, Johns Hopkins University School of 

Medicine, Baltimore, Maryland
Gastrointestinal, Hepatobiliary, and Pancreatic Manifestations of 

Human Immunodeficiency Virus Infection

Caroline Breese Hall, MD†

Professor of Pediatrics and Medicine, University of Rochester School 
of Medicine and Dentistry, Rochester, New York
Respiratory Syncytial Virus (RSV)

Joelle Hallak, BS, MS
Research Assistant, Department of Ophthalmology and Visual Science, 

University of Illinois at Chicago, Chicago, Illinois
Microbial Keratitis

Scott A. Halperin, MD
Professor, Departments of Pediatrics and Microbiology & Immunol-

ogy, Director, Canadian Center for Vaccinology, Dalhousie Univer-
sity; Head, Pediatric Infectious Diseases, IWK Health Centre, 
Halifax, Nova Scotia, Canada
Bordetella pertussis

Margaret R. Hammerschlag, MD
Professor of Pediatrics and Medicine, State University of New York 

Downstate College of Medicine; Director, Division of Pediatric 
Infectious Diseases, State University of New York Downstate Medical 
Center, Brooklyn, New York
Chlamydia pneumoniae

Rashidul Haque, MD
Scientist and Head of Parasitology Laboratory, Laboratory Sciences 

Division, International Centre for Diarrhoeal Disease Research, 
Bangladesh, Dhaka, Bangladesh
Entamoeba Species, Including Amebic Colitis and Liver Abscess

Jason B. Harris, MD, MPH
Assistant Professor of Pediatrics, Harvard Medical School; Division of 

Infectious Diseases, MassGeneral Hospital for Children, Boston, 
Massachusetts
Enteric Fever and Other Causes of Fever and Abdominal 

Symptoms

Claudia Hawkins, MD, MPH
Assistant Professor, Department of Medicine, Division of Infectious 

Diseases, Northwestern University Feinberg School of Medicine, 
Chicago, Illinois
Hepatitis B Virus and Hepatitis Delta Virus

Roderick J. Hay, DM
Professor of Cutaneous Infection, Department of Dermatology (KCH 

Campus), Kings College London, London, United Kingdom
Dermatophytosis (Ringworm) and Other Superficial Mycoses

Craig W. Hedberg, PhD
Professor, Division of Environmental Health Sciences, University of 

Minnesota School of Public Health, Minneapolis, Minnesota
Epidemiologic Principles

David K. Henderson, MD
Deputy Director for Clinical Care, Clinical Center, National Institutes 

of Health, Bethesda, Maryland
Infections Caused by Percutaneous Intravascular Devices; Human 

Immunodeficiency Virus in Health Care Settings; Nosocomial 
Herpesvirus Infections

Donald A. Henderson, MD, MPH
Professor of Medicine and Public Health, University of Pittsburgh, 

Pittsburgh, Pennsylvania; Distinguished Scholar, UPMC Center for 
Biosecurity, Baltimore, Maryland
Bioterrorism: An Overview

†Deceased.
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Kevin P. High, MD, MS
Professor of Medicine and Chief, Section on Infectious Diseases, 

Department of Internal Medicine, Wake Forest School of Medicine, 
Winston-Salem, North Carolina
Nutrition, Immunity, and Infection

Adrian V. S. Hill, DPhil, DM
Professor of Human Genetics, Wellcome Trust Centre for Human 

Genetics, University of Oxford, Oxford, United Kingdom
Human Genetics and Infection

David R. Hill, MD, DTM&H
Professor, Department of Medical Sciences, Director, Global Public 

Health, Frank H. Netter MD School of Medicine, Quinnipiac Uni-
versity, Hamden, Connecticut
Giardia lamblia

Alan R. Hinman, MD, MPH
Center for Vaccine Equity, Task Force for Global Health, Decatur, 

Georgia
Immunization

Martin S. Hirsch, MD
Professor of Medicine, Harvard Medical School; Professor of Infectious 

Diseases and Immunology, Harvard School of Public Health; Senior 
Physician, Infectious Diseases Service, Massachusetts General Hos-
pital, Boston, Massachusetts
Antiretroviral Therapy for Human Immunodeficiency Virus 

Infection

Aimee Hodowanec, MD
Assistant Professor, Department of Medicine, Division of Infectious 

Diseases, Rush University Medical Center, Chicago, Illinois
Tetanus (Clostridium tetani); Botulism (Clostridium botulinum)

Tobias M. Hohl, MD, PhD
Assistant Member, Department of Medicine, Infectious Disease 

Service, Memorial Sloan Kettering Cancer Center; Head, Laboratory 
of Antifungal Immunity, Assistant Member (Joint), Immunology 
Program, Sloan Kettering Institute; Assistant Professor, Department 
of Medicine, Weill Cornell Medical College, New York, New York
Cell-Mediated Defense against Infection

Steven M. Holland, MD
Chief, Laboratory of Clinical Infectious Diseases, National Institute of 

Allergy and Infectious Diseases, National Institutes of Health, 
Bethesda, Maryland
Evaluation of the Patient with Suspected Immunodeficiency

Robert S. Holzman, MD
Professor Emeritus of Medicine, Department of Medicine, Division of 

Infectious Diseases and Immunology, New York University School 
of Medicine, New York, New York
Mycoplasma pneumoniae and Atypical Pneumonia

Edward W. Hook III, MD
Professor and Director, Division of Infectious Diseases, University of 

Alabama at Birmingham, Birmingham, Alabama
Endemic Treponematoses

David C. Hooper, MD
Associate Chief, Division of Infectious Diseases, Chief, Infection Con-

trol Unit, Massachusetts General Hospital, Boston, Massachusetts
Quinolones

Thomas M. Hooton, MD
Professor of Clinical Medicine, Department of Medicine, Clinical 

Director, Division of Infectious Diseases, University of Miami Miller 
School of Medicine; Chief of Medicine, Miami Veterans Affairs 
Healthcare System, Miami, Florida
Nosocomial Urinary Tract Infections

Harold W. Horowitz, MD
Professor of Medicine, Infectious Diseases and Immunology, Depart-

ment of Medicine, New York University School of Medicine; Chief 
of Service Infectious Diseases, Bellevue Hospital Center, New York, 
New York
Acute Exacerbations of Chronic Obstructive Pulmonary Disease

C. Robert Horsburgh, Jr., MD, MUS
Professor of Epidemiology, Biostatistics, and Medicine, Boston Univer-

sity Schools of Public Health and Medicine, Boston, Massachusetts
Mycobacterium avium Complex

James M. Horton, MD
Chief, Division of Infectious Diseases, Department of Internal Medi-

cine, Carolinas Medical Center, Charlotte, North Carolina
Urinary Tract Agents: Nitrofurantoin, Fosfomycin, and Methena-

mine; Relapsing Fever Caused by Borrelia Species

Duane R. Hospenthal, MD, PhD
Adjunct Professor of Medicine, Department of Medicine, Infectious 

Disease Division, University of Texas Health Science Center at San 
Antonio, San Antonio, Texas
Agents of Chromoblastomycosis; Agents of Mycetoma; Uncom-

mon Fungi and Related Species

Kevin Hsueh, MD
Infectious Diseases Fellow, NYU Langone Medical Center, New York, 

New York
Outpatient Parenteral Antimicrobial Therapy

James M. Hughes, MD
Professor of Medicine (Infectious Diseases) and Public Health (Global 

Health), School of Medicine and Rollins School of Public Health, 
Emory University, Atlanta, Georgia
Emerging and Reemerging Infectious Disease Threats

Noreen A. Hynes, MD, MPH
Associate Professor, Johns Hopkins University Schools of Medicine 

and Public Health; Director, Geographic Medicine Center of the 
Division of Infectious Diseases, Johns Hopkins University School of 
Medicine, Baltimore, Maryland
Bioterrorism: An Overview

Nicole M. Iovine, MD, PhD
Assistant Professor of Medicine, Director, Antimicrobial Stewardship 

Program, Department of Medicine, Division of Infectious Diseases 
and Global Medicine, University of Florida School of Medicine, 
Gainesville, Florida
Campylobacter jejuni and Related Species

Jonathan R. Iredell, MBBS, PhD
Associate Professor, University of Sydney Faculty of Medicine, Sydney, 

New South Wales, Australia; Director, Department of Infectious 
Diseases, Centre for Infectious Diseases and Microbiology, West-
mead Hospital, Westmead, New South Wales, Australia
Nocardia Species

Michael G. Ison, MD, MS
Associate Professor, Divisions of Infectious Diseases and Organ Trans-

plantation, Northwestern University Feinberg School of Medicine, 
Chicago, Illinois
Parainfluenza Viruses

J. Michael Janda, PhD, D(ABMM)
Laboratory Director, Public Health Laboratory, Department of Public 

Health, County of Los Angeles, Downey, California
Capnocytophaga
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Edward N. Janoff, MD
Professor of Medicine, Microbiology, and Immunology, Departments 

of Medicine and Infectious Diseases, University of Colorado Denver, 
Aurora, Colorado; Director, Mucosal and Vaccine Research Center, 
Denver Veterans Affairs Medical Center, Denver, Colorado
Streptococcus pneumoniae

Eric C. Johannsen, MD
Assistant Professor of Medicine, University of Wisconsin School of 

Medicine and Public Health; Physician, Division of Infectious Dis-
eases, University of Wisconsin Hospitals and Clinics, Madison, 
Wisconsin
Epstein-Barr Virus (Infectious Mononucleosis, Epstein-Barr Virus–

Associated Malignant Diseases, and Other Diseases)

Angela D. M. Kashuba, PharmD
John A. and Deborah S. McNeill Jr. Distinguished Professor and Vice 

Chair for Research and Graduate Education, Division of Pharmaco-
therapy and Experimental Therapeutics, UNC Eshelman School of 
Pharmacy; Director, UNC Center for AIDS Research Clinical Phar-
macology and Analytical Chemistry Core; Adjunct Professor, Uni-
versity of North Carolina School of Medicine, Chapel Hill, North 
Carolina
Pharmacokinetics and Pharmacodynamics of Anti-infective 

Agents

Dennis L. Kasper, MD
William Ellery Channing Professor of Medicine, Professor of Microbi-

ology and Immunology, Department of Microbiology and Immu-
nology, Harvard Medical School, Boston, Massachusetts
Anaerobic Infections: General Concepts

Donald Kaye, MD
Professor of Medicine, Drexel University College of Medicine, Phila-

delphia, Pennsylvania
Polymyxins (Polymyxin B and Colistin); Urinary Tract Infections

Keith S. Kaye, MD, MPH
Professor of Medicine, Wayne State University; Corporate Vice Presi-

dent, Quality and Patient Safety, Corporate Medical Director,  
Infection Prevention, Hospital Epidemiology and Antimicrobial 
Stewardship, Detroit Medical Center, Detroit, Michigan
Polymyxins (Polymyxin B and Colistin)

Kenneth M. Kaye, MD
Associate Professor, Department of Medicine, Harvard Medical School; 

Attending Physician, Division of Infectious Diseases, Brigham and 
Women’s Hospital, Boston, Massachusetts
Epstein-Barr Virus (Infectious Mononucleosis, Epstein-Barr Virus–

Associated Malignant Diseases, and Other Diseases); Kaposi’s 
Sarcoma–Associated Herpesvirus (Human Herpesvirus 8)

James W. Kazura, MD
Professor of International Health, Center for Global Health and Dis-

eases, Case Western Reserve University School of Medicine, Cleve-
land, Ohio
Tissue Nematodes (Trichinellosis, Dracunculiasis, Filariasis, Loiasis, 

and Onchocerciasis)

Jay S. Keystone, MD, MSc (CTM)
Professor of Medicine, University of Toronto; Senior Staff Physician, 

Tropical Disease Unit, Toronto General Hospital, Toronto, Canada
Cyclospora cayetanensis, Cystoisospora (Isospora) belli, Sarcocystis 

Species, Balantidium coli, and Blastocystis Species

Rima Khabbaz, MD
Deputy Director for Infectious Diseases, Director, Office of Infectious 

Diseases, Centers for Disease Control and Prevention, Atlanta, 
Georgia
Emerging and Reemerging Infectious Disease Threats

David A. Khan, MD
Professor of Medicine and Pediatrics, Program Director, Allergy and 

Immunology Fellowship Program, Departments of Internal Medi-
cine and Pediatrics, University of Texas Southwestern Medical 
Center, Dallas, Texas
Antibiotic Allergy

Yury Khudyakov, PhD
Division of Viral Hepatitis, National Center for HIV/AIDS, Viral Hep-

atitis, STD, and TB Prevention, Centers for Disease Control and 
Prevention, Atlanta, Georgia
Hepatitis A Virus

Rose Kim, MD
Associate Professor of Medicine, Division of Infectious Diseases, 

Cooper Medical School of Rowan University, Cooper University 
Hospital, Camden, New Jersey
Other Coryneform Bacteria and Rhodococci

Charles H. King, MD
Professor of International Health, Center for Global Health and Dis-

eases, Case Western Reserve University, Cleveland, Ohio
Tapeworms (Cestodes)

Louis V. Kirchhoff, MD, MPH
Professor of Internal Medicine, University of Iowa; Staff Physician, 

Medical Service, Department of Veterans Affairs Medical Center, 
Iowa City, Iowa; Professor of Medicine, State University of New York 
Upstate Medical University, Syracuse, New York
Drugs for Protozoal Infections Other Than Malaria; Trypanosoma 

Species (American Trypanosomiasis, Chagas’ Disease): Biology 
of Trypanosomes; Agents of African Trypanosomiasis (Sleeping 
Sickness)

Jerome O. Klein, MD
Professor, Department of Pediatrics, Boston University School of Med-

icine; Former Director, Division of Pediatric Infectious Diseases, 
Boston Medical Center, Boston, Massachusetts
Otitis Externa, Otitis Media, and Mastoiditis

Michael Klompas, MD, MPH
Associate Professor of Population Medicine, Harvard Medical School 

and Harvard Pilgrim Health Care Institute; Associate Hospital Epide-
miologist, Brigham and Women’s Hospital, Boston, Massachusetts
Nosocomial Pneumonia

Bettina M. Knoll, MD, PhD
Assistant Professor of Medicine, Warren Alpert Medical School of 

Brown University; Physician, Miriam Hospital and Rhode Island 
Hospital, Providence, Rhode Island
Prosthetic Valve Endocarditis

Kirk U. Knowlton, MD
Professor of Medicine, Chief of Cardiology, University of California 

San Diego School of Medicine, La Jolla, California
Myocarditis and Pericarditis

Jane E. Koehler, MA, MD
Professor of Medicine, Division of Infectious Diseases, University of 

California San Francisco, San Francisco, California
Bartonella, Including Cat-Scratch Disease

Stephan A. Kohlhoff, MD
Assistant Professor of Pediatrics and Medicine, State University of New 

York Downstate College of Medicine; Co-Director, Division of Pedi-
atric Infectious Diseases, State University of New York Downstate 
Medical Center, Brooklyn, New York
Chlamydia pneumoniae
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Eija Könönen, DDS, PhD
Professor, Institute of Dentistry, University of Turku, Turku, Finland

Anaerobic Cocci and Anaerobic Gram-Positive Nonsporulating 
Bacilli

Dimitrios P. Kontoyiannis, MD
Frances King Black Endowed Professor, Department of Infectious Dis-

eases, Deputy Head, Division of Internal Medicine, University of 
Texas MD Anderson Cancer Center, Houston, Texas
Agents of Mucormycosis and Entomophthoramycosis

Igor J. Koralnik, MD
Professor of Neurology, Harvard Medical School; Chief, Division of 

Neuro-Virology, Director, HIV/Neurology Center, Beth Israel Dea-
coness Medical Center, Boston, Massachusetts
Neurologic Diseases Caused by Human Immunodeficiency Virus 

Type 1 and Opportunistic Infections; JC, BK, and Other Polyoma-
viruses: Progressive Multifocal Leukoencephalopathy (PML)

Poonum S. Korpe, MD
Infectious Diseases Fellow, University of Virginia School of Medicine, 

Charlottesville, Virginia
Introduction to Protozoal Diseases

Anita A. Koshy, MD
Assistant Professor, Departments of Neurology and Immunobiology, 

University of Arizona, Tucson, Arizona
Free-Living Amebae

Joseph A. Kovacs, MD
Senior Investigator, Head, AIDS Section, Critical Care Medicine 

Department, National Institute of Health Clinical Center, Bethesda, 
Maryland
Toxoplasma gondii

Phyllis Kozarsky, MD
Professor of Medicine, Division of Infectious Diseases, Emory Univer-

sity School of Medicine; Medical Director, TravelWell, Emory Uni-
versity Hospital, Atlanta, Georgia
Cyclospora cayetanensis, Cystoisospora (Isospora) belli, Sarcocystis 

Species, Balantidium coli, and Blastocystis Species

John Krieger, MD
Professor, Department of Urology, University of Washington; Chief, 

Urology Section, Veterans Affairs Puget Sound Health Care System, 
Seattle, Washington
Prostatitis, Epididymitis, and Orchitis

Andrew T. Kroger, MD, MPH
Medical Officer, National Center for Immunization and Respiratory 

Diseases, Centers for Disease Control and Prevention, Atlanta, 
Georgia
Immunization

Matthew J. Kuehnert, MD
Director, Office of Blood, Organ, and Other Tissue Safety, Division of 

Healthcare Quality Promotion, Centers for Disease Control and 
Prevention, Atlanta, Georgia
Transfusion- and Transplantation-Transmitted Infections

Nalin M. Kumar, DPhil
Professor, Department of Ophthalmology and Visual Sciences, College 

of Medicine, University of Illinois at Chicago, Chicago, Illinois
Microbial Conjunctivitis

Merin Elizabeth Kuruvilla, MD
Department of Internal Medicine, Division of Allergy/Immunology, 

University of Texas Southwestern Medical Center, Dallas, Texas
Antibiotic Allergy

Regina C. LaRocque, MD
Assistant Professor, Department of Medicine, Harvard Medical School; 

Assistant Physician, Division of Infectious Diseases, Massachusetts 
General Hospital, Boston, Massachusetts
Syndromes of Enteric Infection

James E. Leggett, MD
Associate Professor of Medicine, Oregon Health and Science Univer-

sity; Infectious Diseases Consultant, Medical Education, Providence 
Portland Medical Center, Portland, Oregon
Aminoglycosides

Helena Legido-Quigley, MSc, PhD
Lecturer in Global Health, London School of Hygiene and Tropical 

Medicine, London, United Kingdom
Global Perspectives on Human Immunodeficiency Virus Infection 

and Acquired Immunodeficiency Syndrome

Paul N. Levett, PhD, DSc
Assistant Clinical Director, Saskatchewan Disease Control Laboratory, 

Regina, Saskatchewan, Canada
Leptospira Species (Leptospirosis)

Donald P. Levine, MD
Professor of Medicine, Associate Vice Chair for Continuing Medical 

Education and Community Affairs, Department of Medicine, Wayne 
State University, Detroit, Michigan
Infections in Injection Drug Users

Matthew E. Levison, MD
Professor of Public Health, Drexel University School of Public Health; 

Adjunct Professor of Medicine, Drexel University College of Medi-
cine, Philadelphia, Pennsylvania
Peritonitis and Intraperitoneal Abscesses

Alexandra Levitt, PhD
Health Scientist, Office of Infectious Diseases, Centers for Disease 

Control and Prevention, Atlanta, Georgia
Emerging and Reemerging Infectious Disease Threats

Russell E. Lewis, PharmD
Associate Professor, Department of Medical Sciences and Surgery,  

University of Bologna Infectious Diseases Unit, S. Orsola Malpighi 
Hospital, Bologna, Italy
Agents of Mucormycosis and Entomophthoramycosis

W. Conrad Liles, MD, PhD
Associate Chair and Professor of Medicine, University of Washington 

School of Medicine, Seattle, Washington
Immunomodulators

Aldo A. M. Lima, MD, PhD
Professor, Institute of Biomedicine, Federal University of Ceara, For-

taleza, Ceará, Brazil
Bacterial Inflammatory Enteritides

Ajit P. Limaye, MD
Professor, Division of Allergy and Infectious Diseases, University of 

Washington School of Medicine, Seattle, Washington
Infections in Solid-Organ Transplant Recipients

W. Ian Lipkin, MD
Director, Center for Infection and Immunity, Mailman School of 

Public Health, Columbia University, New York, New York
Zoonoses
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Nathan Litman, MD
Professor of Pediatrics, Albert Einstein College of Medicine; Vice 

Chair, Clinical Affairs, Department of Pediatrics, Chief, Division of 
Pediatric Infectious Diseases, Children’s Hospital at Montefiore, 
Bronx, New York
Mumps Virus

Bennett Lorber, MD, DSc (Hon)
Thomas M. Durant Professor of Medicine, Professor of Microbiology 

and Immunology, Temple University School of Medicine, Philadel-
phia, Pennsylvania
Bacterial Lung Abscess; Listeria monocytogenes

Ruth Ann Luna, PhD
Assistant Professor, Texas Children’s Microbiome Center, Department 

of Pathology and Immunology, Baylor College of Medicine; Depart-
ment of Pathology, Texas Children’s Hospital, Houston, Texas
The Human Microbiome of Local Body Sites and Their Unique 

Biology

Conan MacDougall, PharmD, MAS
Associate Professor of Clinical Pharmacy, Department of Clinical 

Pharmacy, University of California San Francisco School of Phar-
macy, San Francisco, California
Antimicrobial Stewardship

Rob Roy MacGregor, MD
Professor, Department of Medicine, Division of Infectious Diseases, 

University of Pennsylvania School of Medicine, Philadelphia, 
Pennsylvania
Corynebacterium diphtheriae (Diphtheria)

Philip A. Mackowiak, MD, MBA
Professor and Vice Chairman, Department of Medicine, University  

of Maryland School of Medicine; Chief, Medical Care Clinical 
Center, Veterans Affairs Maryland Health Care System, Baltimore, 
Maryland
Temperature Regulation and the Pathogenesis of Fever; Fever of 

Unknown Origin

Lawrence C. Madoff, MD
Professor of Medicine, University of Massachusetts Medical School; 

Director, Division of Epidemiology and Immunization, Massachu-
setts Department of Public Health; Division of Infectious Disease 
and Immunology, University of Massachusetts Memorial Medical 
Center, Worcester, Massachusetts
Infections of the Liver and Biliary System (Liver Abscess, Cholan-

gitis, Cholecystitis); Splenic Abscess; Appendicitis; Diverticulitis 
and Typhlitis

Alan J. Magill, MD
Director, Malaria, Bill and Melinda Gates Foundation, Seattle, 

Washington
Leishmania Species: Visceral (Kala-Azar), Cutaneous, and Mucosal 

Leishmaniasis

James H. Maguire, MD, MPH
Professor of Medicine, Harvard Medical School; Senior Physician, 

Division of Infectious Disease, Brigham and Women’s Hospital, 
Boston, Massachusetts
Introduction to Helminth Infections; Intestinal Nematodes 

(Roundworms); Trematodes (Schistosomes and Liver, Intestinal, 
and Lung Flukes)

Frank Maldarelli, MD, PhD
Head, Clinical Retrovirology Section, HIV Drug Resistance Program, 

National Cancer Institute—Frederick, National Institutes of Health, 
Frederick, Maryland
Diagnosis of Human Immunodeficiency Virus Infection

Lewis Markoff, MD
Chief, Laboratory of Vector-Borne Virus Diseases, Office of Vaccines, 

Center for Biologics Evaluation and Research, U.S. Food and Drug 
Administration, Bethesda, Maryland
Alphaviruses

Jeanne M. Marrazzo, MD, MPH
Associate Professor of Medicine, Division of Allergy and Infectious 

Diseases, University of Washington School of Medicine, Seattle, 
Washington
Neisseria gonorrhoeae (Gonorrhea)

Thomas J. Marrie, MD
Dean, Faculty of Medicine, Dalhousie University, Halifax, Nova Scotia, 

Canada
Coxiella burnetii (Q Fever)

Thomas Marth, MD
Professor of Internal Medicine, Chief, Division of Internal Medicine, 

Krankenhaus Maria Hilf, Daun, Germany
Whipple’s Disease

David H. Martin, MD
Harry E. Dascomb, M.D., Professor of Medicine, Department of Inter-

nal Medicine, Professor of Microbiology, Immunology, and Parasi-
tology, Louisiana State University Health Sciences Center, New 
Orleans, Louisiana
Genital Mycoplasmas: Mycoplasma genitalium, Mycoplasma 

hominis, and Ureaplasma Species

Gregory J. Martin, MD
Chief, Infectious Diseases—Tropical Medicine, Office of Medical Ser-

vices, U.S. Department of State, Washington, DC; Associate Profes-
sor of Medicine and Preventive Medicine and Biometrics, Uniformed 
Services University of the Health Sciences, Bethesda, Maryland
Bacillus anthracis (Anthrax)

Francisco M. Marty, MD
Associate Professor of Medicine, Department of Medicine, Harvard 

Medical School; Brigham and Women’s Hospital, Boston, 
Massachusetts
Cystic Fibrosis

Melanie Jane Maslow, MD
Professor of Medicine, Department of Internal Medicine, New York 

University School of Medicine; Chief, Infectious Diseases, Veterans 
Affairs New York Harbor Healthcare System, New York, New York
Rifamycins

Henry Masur, MD
Chief, Critical Care Medicine Department, Clinical Center, National 

Institutes of Health, Bethesda, Maryland
Management of Opportunistic Infections Associated with Human 

Immunodeficiency Virus Infection

Alison Mawle, MD
Associate Director for Laboratory Science, Centers for Disease Control 

and Prevention, Atlanta, Georgia
Immunization

Kenneth H. Mayer, MD
Professor of Medicine, Harvard Medical School; Professor, Depart-

ment of Global Health and Population, Harvard School of Public 
Health; Infectious Disease Attending and Director of HIV Preven-
tion Research, Beth Israel Deaconess Medical Center; Medical 
Research Director, The Fenway Institute, Fenway Health, Boston, 
Massachusetts
Sulfonamides and Trimethoprim
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John T. McBride, MD
Professor of Pediatrics, Northeast Ohio Medical University, Roots-

town, Ohio; Vice Chair, Department of Pediatrics, Akron Children’s 
Hospital, Akron, Ohio
Croup in Children (Acute Laryngotracheobronchitis); Bronchiolitis

James S. McCarthy, MD
Professor of Medicine, Division of Infectious Diseases, Royal Brisbane 

and Women’s Hospital; Professor of Medicine, Department of Infec-
tious Diseases, Queensland Institute of Medical Research, University 
of Queensland, Brisbane, Australia
Antimalarial Drugs; Drugs for Protozoal Infections Other Than 

Malaria; Drugs for Helminths

William M. McCormack, MD
Distinguished Teaching Professor of Medicine and of Obstetrics and 

Gynecology, Emeritus, Division of Infectious Diseases, Department 
of Medicine, SUNY Downstate Medical Center, Brooklyn, New York
Urethritis; Vulvovaginitis and Cervicitis

Catherine C. McGowan, MD
Associate Professor, Department of Medicine, Division of Infectious 

Diseases, Vanderbilt University School of Medicine, Nashville, 
Tennessee
Prostatitis, Epididymitis, and Orchitis

Kenneth McIntosh, MD
Professor of Pediatrics, Harvard Medical School; Senior Physician, 

Department of Medicine, Children’s Hospital, Boston, 
Massachusetts
Coronaviruses, Including Severe Acute Respiratory Syndrome 

(SARS) and Middle East Respiratory Syndrome (MERS)

Paul S. Mead, MD, MPH
Chief, Epidemiology and Surveillance Activity, Bacterial Disease 

Branch, National Center for Zoonotic, Vector-Borne, and Enteric 
Diseases, Centers for Disease Control and Prevention, Fort Collins, 
Colorado
Yersinia Species (Including Plague)

Malgorzata Mikulska, MD
Division of Infectious Diseases, IRCCS AOU San Martino-IST; Depart-

ment of Health Sciences, University of Genova, Genova, Italy
Prophylaxis and Empirical Therapy of Infection in Cancer Patients

Robert F. Miller, MBBS
Reader in Clinical Infection, Honorary Professor, London School of 

Hygiene and Tropical Medicine; Honorary Consultant Physician, 
Camden Provider Services, Central and North West London NHS 
Foundation Trust, and at University College London Hospitals, Uni-
versity College London, London, United Kingdom
Pneumocystis Species

Samuel I. Miller, MD
Professor of Medicine, Microbiology, Genome Sciences, and Immunol-

ogy, Department of Immunology, University of Washington School 
of Medicine, Seattle, Washington
Salmonella Species

David H. Mitchell, MBBS
Clinical Senior Lecturer, University of Sydney Faculty of Medicine, 

Sydney, New South Wales, Australia; Senior Staff Specialist, Centre 
for Infectious Diseases and Microbiology, Westmead Hospital, 
Westmead, New South Wales, Australia
Nocardia Species

John F. Modlin, MD
Professor of Pediatrics and Medicine, Chair, Department of Pediatrics, 

Senior Advising Dean, Geisel School of Medicine at Dartmouth; 
Interim Director, Children’s Hospital at Dartmouth, Lebanon, New 
Hampshire
Introduction to the Human Enteroviruses and Parechoviruses; 

Poliovirus; Coxsackieviruses, Echoviruses, and Numbered 
Enteroviruses; Human Parechoviruses

Rajal K. Mody, MD, MPH
Lead, National Surveillance Team, Enteric Diseases Epidemiology 

Branch, Division of Foodborne, Waterborne, and Environmental 
Diseases, National Center for Emerging and Zoonotic Diseases, 
Centers for Disease Control and Prevention, Atlanta, Georgia
Foodborne Disease

Robert C. Moellering, Jr., MD†

Shields Warren-Mallinckrodt Professor of Medical Research, Harvard 
Medical School; Physician, Division of Infectious Diseases, Beth 
Israel Deaconess Medical Center, Boston, Massachusetts
Principles of Anti-infective Therapy

Matthew Moffa, DO
Physician, Infectious Diseases and Travel Medicine, Georgetown Uni-

versity Hospital, Washington, DC
Tetracyclines, Glycylcyclines, and Chloramphenicol

Susan Moir, PhD
Laboratory of Immunoregulation, National Institute of Allergy and 

Infectious Diseases, Bethesda, Maryland
The Immunology of Human Immunodeficiency Virus Infection

José G. Montoya, MD
Professor of Medicine, Division of Infectious Diseases and Geographic 

Medicine, Stanford University School of Medicine, Stanford, 
California
Toxoplasma gondii

Thomas A. Moore, MD
Clinical Professor of Medicine, University of Kansas School of Medi-

cine at Wichita, Wichita, Kansas
Drugs for Helminths

Philippe Moreillon, MD, PhD
Professor and Vice Rector for Research, Department of Fundamental 

Microbiology, University of Lausanne, Lausanne, Switzerland
Staphylococcus aureus (Including Staphylococcal Toxic Shock 

Syndrome)

J. Glenn Morris, Jr., MD, MPH&TM
Director, Emerging Pathogens Institute, University of Florida; Profes-

sor of Medicine, Division of Infectious Diseases. University of 
Florida College of Medicine, Gainesville, Florida
Human Illness Associated with Harmful Algal Blooms

Caryn Gee Morse, MD, MPH
Assistant Clinical Investigator, Critical Care Medicine Department, 

HIV/AIDS Section, National Institutes of Health Clinical Center, 
Bethesda, Maryland
Nutrition, Immunity, and Infection

Robin Moseley, MAT
Public Health Advisor, Office of Infectious Diseases, Centers for 

Disease Control and Prevention, Atlanta, Georgia
Emerging and Reemerging Infectious Disease Threats

†Deceased.
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Robert S. Munford, MD
Senior Clinician, Laboratory of Clinical Infectious Diseases, National 

Institute of Allergy and Infectious Diseases, National Institutes of 
Health, Bethesda, Maryland
Sepsis, Severe Sepsis, and Septic Shock

Edward L. Murphy, MD, MPH
Professor, Departments of Laboratory Medicine and Epidemiology/

Biostatistics, University of California School of Medicine; Senior 
Investigator, Blood Systems Research Institute, San Francisco, 
California
Human T-Lymphotropic Virus (HTLV)

Timothy F. Murphy, MD
SUNY Distinguished Professor, Clinical and Translational Research 

Center, University at Buffalo, State University of New York, Buffalo, 
New York
Moraxella catarrhalis, Kingella, and Other Gram-Negative Cocci; 

Haemophilus Species, including H. influenzae and H. ducreyi 
(Chancroid)

Barbara E. Murray, MD
J. Ralph Meadows Professor and Director, Division of Infectious Dis-

eases, Department of Internal Medicine and Department of Micro-
biology and Molecular Genetics, University of Texas Medical School 
at Houston, Houston, Texas
Glycopeptides (Vancomycin and Teicoplanin), Streptogramins 

(Quinupristin-Dalfopristin), Lipopeptides (Daptomycin), and 
Lipoglycopeptides (Telavancin); Enterococcus Species, Strepto-
coccus gallolyticus Group, and Leuconostoc Species

Clinton K. Murray, MD
Chief, Infectious Disease, Brooke Army Medical Center, Fort Sam 

Houston, Houston, Texas; Professor of Medicine, Uniformed Ser-
vices University of the Health Sciences, Bethesda, Maryland; Clini-
cal Professor of Medicine and Infectious Diseases, University of 
Texas Health Sciences Center, San Antonio, Texas
Burns

Patrick R. Murray, PhD
Worldwide Director, Scientific Affairs, Becton Dickinson, Sparks, 

Maryland
The Clinician and the Microbiology Laboratory

Daniel M. Musher, MD
Professor of Medicine and of Molecular Virology and Microbiology, 

Distinguished Service Professor, Baylor College of Medicine; Infec-
tious Disease Section, Michael E. DeBakey Veterans Affairs Medical 
Center, Houston, Texas
Streptococcus pneumoniae

Jerod L. Nagel, PharmD
Adjunct Clinical Instructor, University of Michigan, College of Phar-

macy; Clinical Pharmacist, Infectious Diseases, University of Michi-
gan Hospitals and Health Systems, Ann Arbor, Michigan
Metronidazole

Esteban C. Nannini, MD
Assistant Professor, Division of Infectious Diseases, School of Medi-

cine, Universidad Nacional de Rosario; Director, Division of Infec-
tious Diseases and Clinical Research Unit, Sanatorio Británico, 
Rosario, Argentina
Glycopeptides (Vancomycin and Teicoplanin), Streptogramins 

(Quinupristin-Dalfopristin), Lipopeptides (Daptomycin), and 
Lipoglycopeptides (Telavancin)

Anna Narezkina, MD
Fellow, Division of Cardiology, University of California San Diego 

School of Medicine, La Jolla, California
Myocarditis and Pericarditis

Theodore E. Nash, MD
Head, Gastrointestinal Parasites Section, Laboratory of Parasitic Dis-

eases, National Institute of Allergy and Infectious Diseases, National 
Institutes of Health, Bethesda, Maryland
Giardia lamblia; Visceral Larva Migrans and Other Uncommon 

Helminth Infections

William M. Nauseef, MD
Professor of Medicine and Microbiology, Inflammation Program and 

Department of Medicine, University of Iowa Carver College of 
Medicine; Attending Physician, Iowa City Veterans Affairs Medical 
Center, Iowa City, Iowa
Granulocytic Phagocytes

Jennifer L. Nayak, MD
Assistant Professor, Department of Pediatrics, University of Rochester 

School of Medicine and Dentistry, University of Rochester Medical 
Center, Rochester, New York
Epiglottitis

Marguerite A. Neill, MD
Associate Professor of Medicine, Warren Alpert Medical School of 

Brown University, Providence, Rhode Island; Attending Physician, 
Division of Infectious Diseases, Memorial Hospital of Rhode Island, 
Pawtucket, Rhode Island
Other Pathogenic Vibrios

Judith A. O’Donnell, MD
Associate Professor of Clinical Medicine, Division of Infectious Dis-

eases, Perelman School of Medicine at the University of Pennsylva-
nia; Chief, Division of Infectious Diseases, Hospital Epidemiologist 
and Director, Department of Infection Prevention & Control and 
Healthcare Epidemiology, Penn Presbyterian Medical Center, Phila-
delphia, Pennsylvania
Topical Antibacterials

Christopher A. Ohl, MD
Professor of Medicine, Section on Infectious Diseases, Wake Forest 

School of Medicine; Medical Director, Center for Antimicrobial Uti-
lization, Stewardship, and Epidemiology, Wake Forest Baptist 
Medical Center, Winston-Salem, North Carolina
Infectious Arthritis of Native Joints

Pablo C. Okhuysen, MD
Professor, Department of Infectious Diseases, Infection Control and 

Employee Health, MD Anderson Cancer Center, Houston, Texas
Sporothrix schenckii

Andrew B. Onderdonk, PhD
Professor of Pathology, Harvard Medical School; Microbiology Labo-

ratory, Brigham and Women’s Hospital, Boston, Massachusetts
Gas Gangrene and Other Clostridium-Associated Diseases; Bacte-

roides, Prevotella, Porphyromonas, and Fusobacterium Species 
(and Other Medically Important Anaerobic Gram-Negative 
Bacilli)

Steven M. Opal, MD
Professor of Medicine, Infectious Disease Division, Warren Alpert 

Medical School of Brown University, Providence, Rhode Island; 
Chief, Infectious Disease Division, Memorial Hospital of Rhode 
Island, Pawtucket, Rhode Island
Molecular Mechanisms of Antibiotic Resistance in Bacteria

Walter A. Orenstein, MD
Professor of Infectious Diseases, Department of Medicine, Emory Uni-

versity School of Medicine; Director, Strategic Planning, The Hope 
Clinic; Director, Emory Program for Vaccine Policy and Develop-
ment, Atlanta, Georgia
Immunization
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Douglas R. Osmon, MD
Professor of Medicine, Division of Infectious Diseases, Mayo Clinic, 

Rochester, Minnesota
Osteomyelitis

Michael T. Osterholm, PhD, MPH
Professor, Division of Environmental Health Sciences, University of 

Minnesota School of Public Health; Adjunct Professor, University of 
Minnesota Medical School, Minneapolis, Minnesota
Epidemiologic Principles

Stephen M. Ostroff, MD
Chief Science Officer (Acting), Office of the Chief Scientist, U.S. Food 

and Drug Administration, Silver Spring, Maryland
Emerging and Reemerging Infectious Disease Threats

Michael N. Oxman, MD
Professor of Medicine and Pathology, University of California San 

Diego School of Medicine, La Jolla, California; Staff Physician, Infec-
tious Diseases, Veterans Affairs San Diego Healthcare System, San 
Diego, California
Myocarditis and Pericarditis

Slobodan Paessler, DVM, PhD
Professor, Department of Pathology, Director, Preclinical Studies Core, 

Director, Animal Biosafety Level 3, Galveston National Laboratory, 
Institute for Human Infections and Immunity, University of Texas 
Medical Branch, Galveston, Texas
Lymphocytic Choriomeningitis, Lassa Fever, and the South Ameri-

can Hemorrhagic Fevers (Arenaviruses)

Andrea V. Page, MD, MSc
Assistant Professor, Department of Medicine, University of Toronto; 

Staff Physician, Division of Infectious Diseases, Mount Sinai Hospi-
tal, Toronto, Ontario, Canada
Immunomodulators

Manjunath P. Pai, PharmD
Associate Professor, Department of Pharmacy Practice, Albany College 

of Pharmacy and Health Sciences, Albany, New York
Pharmacokinetics and Pharmacodynamics of Anti-infective 

Agents; Tables of Anti-infective Agent Pharmacology

Tara N. Palmore, MD
Epidemiologist, National Institutes of Health Clinical Center; Attend-

ing Physician, Infectious Diseases Consultation Service, Program 
Director, Infectious Diseases Training Program, National Institute 
of Allergy and Infectious Diseases/National Institutes of Health, 
Bethesda, Maryland
Nosocomial Herpesvirus Infections

Raj Palraj, MBBS
Instructor of Medicine, Mayo Clinic College of Medicine; Senior  

Associate Consultant, Infectious Diseases, Mayo Clinic, Rochester, 
Minnesota
Prosthetic Valve Endocarditis

Peter G. Pappas, MD
Professor of Medicine, Division of Infectious Diseases, University of 

Alabama at Birmingham, Birmingham, Alabama
Chronic Pneumonia

Mark S. Pasternack, MD
Chief, Pediatric Infectious Disease Unit, Massachusetts General Hos-

pital, Boston, Massachusetts
Cellulitis, Necrotizing Fasciitis, and Subcutaneous Tissue 

Infections; Myositis and Myonecrosis; Lymphadenitis and 
Lymphangitis

Thomas F. Patterson, MD
Professor, Department of Medicine, Division of Infectious Diseases, 

University of Texas Health Science Center and South Texas Veterans 
Health Care System, San Antonio, Texas
Aspergillus Species

Deborah Pavan-Langston, MD
Professor, Department of Ophthalmology, Harvard Medical School; 

Attending Physician, Massachusetts Eye and Ear Infirmary, Boston, 
Massachusetts
Microbial Conjunctivitis; Microbial Keratitis

David A. Pegues, MD
Professor of Medicine, Division of Infectious Diseases, Perelman 

School of Medicine at the University of Pennsylvania; Medical 
Director, Healthcare Epidemiology, Infection Prevention and 
Control; Antimicrobial Management Program, Hospital of the Uni-
versity of Pennsylvania, Philadelphia, Pennsylvania
Salmonella Species

Robert L. Penn, MD
Professor of Medicine, Infectious Diseases Section, Louisiana State 

University School of Medicine in Shreveport; Physician, Infectious 
Diseases Section, Overton Brooks Veterans Affairs Medical Center, 
Shreveport, Louisiana
Francisella tularensis (Tularemia)

John R. Perfect, MD
James B. Duke Professor of Medicine, Chief, Infectious Diseases, 

Department of Medicine, Duke University Medical Center, Durham, 
North Carolina
Cryptococcosis (Cryptococcus neoformans and Cryptococcus 

gattii)

Stanley Perlman, MD, PhD
Professor, Department of Microbiology and Pediatrics, University of 

Iowa Carver College of Medicine, Iowa City, Iowa
Coronaviruses, Including Severe Acute Respiratory Syndrome 

(SARS) and Middle East Respiratory Syndrome (MERS)

Brett W. Petersen, MD, MPH
Medical Officer, Poxvirus and Rabies Branch, Division of High- 

Consequence Pathogens and Pathology, Centers for Disease Control 
and Prevention, Atlanta, Georgia
Orthopoxviruses: Vaccinia (Smallpox Vaccine), Variola (Smallpox), 

Monkeypox, and Cowpox; Other Poxviruses That Infect Humans: 
Parapoxviruses (Including Orf Virus), Molluscum Contagiosum, 
and Yatapoxviruses

Phillip K. Peterson, MD
Professor of Medicine, Director, International Medical Education and 

Research, University of Minnesota Medical School, Minneapolis, 
Minnesota
Infections in the Elderly

William A. Petri, Jr., MD, PhD
Wade Hampton Frost Professor of Epidemiology, University of Vir-

ginia; Chief, Division of Infectious Disease and International Health, 
University of Virginia Health System, Charlottesville, Virginia
Introduction to Protozoal Diseases; Entamoeba Species, Including 

Amebic Colitis and Liver Abscess

Cathy A. Petti, MD
CEO, HealthSpring Global, Inc., Bradenton, Florida

Streptococcus anginosus Group

Jennifer A. Philips, MD, PhD
Assistant Professor, Department of Infectious Diseases, New York Uni-

versity School of Medicine, New York, New York
Introduction to Bacteria and Bacterial Diseases
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Julie V. Philley, MD
University of Texas Health Science Center at Tyler, Tyler, Texas

Antimycobacterial Agents

Michael Phillips, MD
Associate Professor (Clinical), Associate Director for Clinical Affairs, 

Division of Infectious Disease and Immunology, New York Univer-
sity School of Medicine; Hospital Epidemiologist and Director of 
Infection Prevention and Control, NYU Langone Medical Center, 
New York, New York
Acinetobacter Species

Larry K. Pickering, MD
Senior Advisor to the Director, National Center for Immunization and 

Respiratory Diseases; Executive Secretary, Advisory Committee on 
Immunization Practices, Centers for Disease Control and Preven-
tion, Atlanta, Georgia
Immunization

Peter Piot, MD, PhD
Director and Professor of Global Health, London School of Hygiene 

and Tropical Medicine, London, United Kingdom
Global Perspectives on Human Immunodeficiency Virus Infection 

and Acquired Immunodeficiency Syndrome

Jason M. Pogue, PharmD
Clinical Pharmacist, Infectious Diseases, Sinai Grace Hospital; Detroit 

Medical Center; Clinical Assistant Professor of Medicine, Wayne 
State University School of Medicine, Detroit, Michigan
Polymyxins (Polymyxin B and Colistin)

Aurora Pop-Vicas, MD, MPH
Assistant Professor of Medicine, Infectious Disease Division, Warren 

Alpert Medical School of Brown University, Providence, Rhode 
Island; Infection Control Officer, Memorial Hospital of Rhode 
Island, Pawtucket, Rhode Island
Molecular Mechanisms of Antibiotic Resistance in Bacteria

Cynthia Portal-Celhay, MD, PhD
Instructor, Department of Medicine/Infectious Diseases, New York 

University School of Medicine, New York, New York
Rifamycins

John H. Powers III, MD
Associate Clinical Professor, Department of Medicine, George Wash-

ington University School of Medicine, Washington, DC; Senior 
Medical Scientist, Division of Clinical Research, Leidos Biomedical 
Research in support of National Institute of Allergy and Infectious 
Diseases, National Institutes of Health, Bethesda, Maryland
Designing and Interpreting Clinical Studies in Infectious 

Diseases

Richard N. Price, MD
Professor, Global Health Division, Menzies School of Health Research, 

Darwin, Australia; Professor, Centre for Tropical Medicine, Nuffield 
Department of Clinical Medicine, University of Oxford, Oxford, 
United Kingdom
Antimalarial Drugs

Yok-Ai Que, MD, PhD
Instructor and Researcher, University of Lausanne School of Medicine; 

Attending Physician, Department of Critical Care Medicine, Centre 
Hospitalier Universitaire Vaudois Lausanne, Lausanne, Switzerland
Staphylococcus aureus (Including Staphylococcal Toxic Shock 

Syndrome)

Justin D. Radolf, MD
Professor, Departments of Medicine, Pediatrics, Immunology, Genet-

ics & Developmental Biology, and Molecular Biology and Biophys-
ics, University of Connecticut Health Center, Farmington, 
Connecticut; Senior Scientific Advisor, Connecticut Children’s 
Medical Center, Hartford, Connecticut
Syphilis (Treponema pallidum)

Sanjay Ram, MBBS
Associate Professor of Medicine, Division of Infectious Diseases and 

Immunology, University of Massachusetts Medical Center, Worces-
ter, Massachusetts
Complement and Deficiencies

Didier Raoult, MD, PhD
Professor and President, Aix Marseille Université; Director, Clinical 

Microbiology Laboratory for the University Hospitals; Founder, 
WHO Collaborative Center; President, Universite de la Mediteranee 
in Marseille, Marseille, France
Introduction to Rickettsioses, Ehrlichioses, and Anaplasmosis; 

Rickettsia akari (Rickettsialpox); Coxiella burnetii (Q Fever); Ori-
entia tsutsugamushi (Scrub Typhus)

Jonathan I. Ravdin, MD
Milwaukee, Wisconsin

Introduction to Protozoal Diseases

Stuart C. Ray, MD
Professor of Medicine, Department of Medicine, Division of Infectious 

Diseases, Johns Hopkins University School of Medicine, Baltimore, 
Maryland
Hepatitis C

Annette C. Reboli, MD
Founding Vice Dean, Professor of Medicine, Division of Infectious 

Diseases, Cooper Medical School of Rowan University, Cooper Uni-
versity Hospital, Camden, New Jersey
Other Coryneform Bacteria and Rhodococci; Erysipelothrix 

rhusiopathiae

Marvin S. Reitz, Jr., PhD
Professor, Institute of Human Virology, University of Maryland School 

of Medicine, Baltimore, Maryland
Human Immunodeficiency Viruses

David A. Relman, MD
Thomas C. and Joan M. Merigan Professor, Departments of Medicine 

and Microbiology & Immunology, Stanford University School of 
Medicine, Stanford, California; Chief of Infectious Diseases, Veter-
ans Affairs Palo Alto Health Care System, Palo Alto, California
A Molecular Perspective of Microbial Pathogenicity

Cybèle A. Renault, MD, DTM&H
Clinical Assistant Professor, Department of Internal Medicine, Divi-

sion of Infectious Diseases, Stanford University School of Medicine, 
Stanford, California; Attending Physician, Veterans Affairs Palo Alto 
Health Care, Palo Alto, California
Mycobacterium leprae (Leprosy)

Angela Restrepo, MSc, PhD
Senior Researcher, Medical and Experimental Mycology Unit,  

Corporación para Investigaciones Biológicas, Medellín, Antioquia, 
Colombia
Paracoccidioidomycosis
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John H. Rex, MD
Adjunct Professor of Medicine, Department of Internal Medicine, 

Division of Infectious Diseases, Center for the Study of Emerging 
and Reemerging Pathogens, University of Texas Medical School, 
Houston, Texas; Head of Infection, Global Medicines Development, 
AstraZeneca Pharmaceuticals, Waltham, Massachusetts
Drugs Active against Fungi, Pneumocystis, and Microsporidia; 

Sporothrix schenckii

Elizabeth G. Rhee, MD
Director, Clinical Research, Department of Clinical Pharmacology, 

Merck Research Laboratories, Kenilworth, New Jersey
Adenoviruses

Norbert J. Roberts, Jr., MD
Professor Emeritus, Department of Internal Medicine, Division of 

Infectious Diseases, University of Texas Medical Branch, Galveston, 
Texas; Adjunct Professor, Department of Medicine, Division of 
Infectious Diseases and Immunology, New York University School 
of Medicine, New York, New York
Hyperbaric Oxygen

José R. Romero, MD
Horace C. Cabe Professor of Infectious Diseases, Department of Pedi-

atrics, University of Arkansas for Medical Sciences; Director, Pedi-
atric Infectious Diseases Section, Department of Pediatrics, Arkansas 
Children’s Hospital; Director, Clinical Trials Research, Arkansas 
Children’s Hospital Research Institute, Little Rock, Arkansas
Introduction to the Human Enteroviruses and Parechoviruses; 

Poliovirus; Coxsackieviruses, Echoviruses, and Numbered 
Enteroviruses; Human Parechoviruses

Alan L. Rothman, MD
Research Professor, Institute for Immunology and Informatics and 

Department of Cell and Molecular Biology, University of Rhode 
Island, Providence, Rhode Island
Flaviviruses (Dengue, Yellow Fever, Japanese Encephalitis, West 

Nile Encephalitis, St. Louis Encephalitis, Tick-Borne Encephalitis, 
Kyasanur Forest Disease, Alkhurma Hemorrhagic Fever, Zika)

Craig R. Roy, PhD
Professor, Department of Microbial Pathogenesis, Yale University 

School of Medicine, New Haven, Connecticut
Legionnaires’ Disease and Pontiac Fever

Kathryn L. Ruoff, PhD
Associate Professor of Pathology, Geisel School of Medicine, Hanover, 

New Hampshire; Associate Director, Clinical Microbiology  
Laboratory, Dartmouth-Hitchcock Medical Center, Lebanon, New 
Hampshire
Classification of Streptococci

Mark E. Rupp, MD
Professor and Chief, Infectious Diseases, University of Nebraska 

Medical Center; Medical Director, Infection Control and Epidemiol-
ogy, The Nebraska Medical Center, Omaha, Nebraska
Mediastinitis; Staphylococcus epidermidis and Other Coagulase-

Negative Staphylococci

Charles E. Rupprecht, VMD, PhD
Research Coordinator at Global Alliance for Rabies Control, Atlanta, 

Georgia; Professor, Ross University School of Veterinary Medicine, 
Basseterre St. Kitts, West Indies
Rabies (Rhabdoviruses)

Thomas A. Russo, MD, CM
Professor of Medicine and Microbiology, Division of Infectious Dis-

eases, State University of New York at Buffalo School of Medicine 
and Biomedical Sciences; Staff Physician, Veterans Affairs Western 
New York Health Care System, Buffalo, New York
Agents of Actinomycosis

William A. Rutala, MS, PhD, MPH
Professor of Medicine, Director, Statewide Program for Infection 

Control and Epidemiology, University of North Carolina at Chapel 
Hill School of Medicine; Director, Hospital Epidemiology, Occupa-
tional Health and Safety, University of North Carolina Health Care, 
Chapel Hill, North Carolina
The Acutely Ill Patient with Fever and Rash; Disinfection, Steriliza-

tion, and Control of Hospital Waste

Edward T. Ryan, MD
Professor of Medicine, Harvard Medical School; Professor of Immu-

nology and Infectious Diseases, Harvard School of Public Health; 
Director, Tropical Medicine, Massachusetts General Hospital, 
Boston, Massachusetts
Enteric Fever and Other Causes of Fever and Abdominal Symp-

toms; Vibrio cholerae

Amar Safdar, MD, MBBS
Associate Professor of Medicine, Division of Infectious Diseases and 

Immunology, New York University School of Medicine; Director, 
Transplant Infectious Diseases, Department of Medicine, NYU 
Langone Medical Center, New York, New York
Unique Antibacterial Agents; Topical Antibacterials; Stenotroph-

omonas maltophilia and Burkholderia cepacia

Mohammad M. Sajadi, MD
Assistant Professor of Medicine, Institute of Human Virology, Univer-

sity of Maryland School of Medicine; Staff Physician, Department 
of Medicine, Baltimore Veterans Affairs Medical Center, Baltimore, 
Maryland
Temperature Regulation and the Pathogenesis of Fever

Juan C. Salazar, MD, MPH
Professor and Chairman, Department of Pediatrics, University of Con-

necticut School of Medicine, Farmington, Connecticut; Physician-
in-Chief, Head of Division of Pediatric Infectious Diseases and 
Immunology, Connecticut Children’s Medical Center, Hartford, 
Connecticut
Syphilis (Treponema pallidum)

Juan Carlos Sarria, MD
Professor of Medicine, Department of Internal Medicine, Division of 

Infectious Diseases, University of Texas Medical Branch, Galveston, 
Texas
Hyperbaric Oxygen

Maria C. Savoia, MD
Dean for Medical Education, Professor of Medicine, University of Cali-

fornia San Diego School of Medicine, La Jolla, California
Myocarditis and Pericarditis

Paul E. Sax, MD
Professor of Medicine, Harvard Medical School; Clinical Director, 

Division of Infectious Diseases and Human Immunodeficiency 
Virus Program, Brigham and Women’s Hospital, Boston, 
Massachusetts
Pulmonary Manifestations of Human Immunodeficiency Virus 

Infection

W. Michael Scheld, MD
Gerald L. Mandell–Bayer Professor of Infectious Diseases, Professor of 

Medicine, University of Virginia School of Medicine; Clinical Pro-
fessor of Neurosurgery, Director, Pfizer Initiative in International 
Health, University of Virginia Health System, Charlottesville, 
Virginia
Endocarditis and Intravascular Infections; Acute Meningitis
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Joshua T. Schiffer, MD, MSc
Assistant Professor, Department of Medicine, University of Washing-

ton; Assistant Member, Vaccine and Infectious Diseases Division, 
Clinical Research Division, Fred Hutchinson Cancer Research 
Center, Seattle, Washington
Herpes Simplex Virus

David Schlossberg, MD
Professor, Department of Medicine, Temple University School of Med-

icine; Medical Director, Tuberculosis Control Program, Philadelphia 
Department of Public Health, Philadelphia, Pennsylvania
Psittacosis (Due to Chlamydia psittaci)

Thomas Schneider, MD, PhD
Professor of Infectious Diseases, Charité University Hospital, Benja-

min Franklin Campus, Berlin, Germany
Whipple’s Disease

Anne Schuchat, MD (RADM USPHS)
Assistant Surgeon General, United States Public Health Service; Direc-

tor, National Center for Immunization and Respiratory Diseases, 
Centers for Disease Control and Prevention, Atlanta, Georgia
Emerging and Reemerging Infectious Disease Threats

Jane R. Schwebke, MD
Professor of Medicine, Medicine/Infectious Diseases, University of 

Alabama at Birmingham, Birmingham, Alabama
Trichomonas vaginalis

Cynthia L. Sears, MD
Professor of Medicine, Divisions of Infectious Diseases and Gastroen-

terology, Johns Hopkins University School of Medicine, Baltimore, 
Maryland
Prebiotics, Probiotics, and Synbiotics

Leopoldo N. Segal, MD
Assistant Professor, Department of Medicine, New York University 

School of Medicine, New York, New York
Acute Exacerbations of Chronic Obstructive Pulmonary Disease

Parham Sendi, MD
Consultant and Lecturer, Basel University Medical Clinic, Liestal, Swit-

zerland; Department of Infectious Diseases, University Hospital  
and Institute for Infectious Diseases, University of Bern, Bern, 
Switzerland
Orthopedic Implant–Associated Infections

Kent A. Sepkowitz, MD
Deputy Physician-in-Chief, Quality and Safety, Memorial Sloan Ket-

tering Cancer Center; Professor of Medicine, Weill Cornell Medical 
College, New York, New York
Health Care–Acquired Hepatitis

Edward J. Septimus, MD
Clinical Professor, Department of Internal Medicine, Texas A&M 

Health Science Center, Houston, Texas; Medical Director, Infection 
Prevention and Epidemiology, Clinical Services Group, HCA, Inc., 
Nashville, Tennessee
Pleural Effusion and Empyema

Alexey Seregin, PhD
Research Scientist, Department of Pathology, University of Texas 

Medical Branch, Galveston, Texas
Lymphocytic Choriomeningitis, Lassa Fever, and the South Ameri-

can Hemorrhagic Fevers (Arenaviruses)

Stanford T. Shulman, MD
Virginia H. Rogers Professor of Pediatric Infectious Diseases, North-

western University Feinberg School of Medicine; Chief, Division of 
Infectious Diseases, Department of Pediatrics, Ann & Robert H. 
Lurie Children’s Hospital of Chicago, Chicago, Illinois
Nonsuppurative Poststreptococcal Sequelae: Rheumatic Fever and 

Glomerulonephritis

George K. Siberry, MD, MPH
Medical Officer, Maternal and Pediatric Infectious Disease Branch, 

Eunice Kennedy Shriver National Institute of Child Health and 
Human Development, National Institutes of Health, Bethesda, 
Maryland
Pediatric Human Immunodeficiency Virus Infection

Omar K. Siddiqi, MD
Clinical Instructor, Department of Neurology, Beth Israel Deaconess 

Medical Center, Boston, Massachusetts; Honorary Lecturer, Depart-
ment Medicine, University of Zambia School of Medicine, Lusaka, 
Zambia
Neurologic Diseases Caused by Human Immunodeficiency Virus 

Type 1 and Opportunistic Infections

Costi D. Sifri, MD
Associate Professor of Medicine, Division of Infectious Diseases and 

International Health, University of Virginia School of Medicine; 
Attending Physician, Department of Medicine, University of Vir-
ginia Health System, Charlottesville, Virginia
Infections of the Liver and Biliary System (Liver Abscess, Cholan-

gitis, Cholecystitis); Appendicitis; Diverticulitis and Typhlitis

Michael S. Simberkoff, MD
Professor of Medicine, Department of Medicine, Division of Infectious 

Diseases and Immunology, New York University School of Medi-
cine, New York, New York
Mycoplasma pneumoniae and Atypical Pneumonia

Francesco R. Simonetti, MD
Guest Researcher, HIV Drug Resistance Program, National Cancer 

Institute—Frederick, National Institutes of Health, Frederick, 
Maryland
Diagnosis of Human Immunodeficiency Virus Infection

Kamaljit Singh, MD, D(ABMM)
Associate Professor, Departments of Medicine and Pathology, Rush 

University Medical Center, Chicago, Illinois
Rabies (Rhabdoviruses)

Nina Singh, MD
Professor of Medicine, Department of Medicine, Division of Infectious 

Diseases, University of Pittsburgh and VA Pittsburgh Healthcare 
System, Pittsburgh, Pennsylvania
Infections in Solid-Organ Transplant Recipients

Upinder Singh, MD
Associate Professor of Medicine, Departments of Infectious Diseases 

and Microbiology & Immunology, Stanford School of Medicine, 
Stanford, California
Free-Living Amebae

Scott W. Sinner, MD
Hyperbaric Medical Director, Mercy-Clermont Hospital, Batavia, Ohio

Viridans Streptococci, Nutritionally Variant Streptococci, Groups 
C and G Streptococci, and Other Related Organisms

Sumathi Sivapalasingam, MD
Assistant Professor, Department of Medicine, Division of Infectious 

Diseases and Immunology, New York University School of Medi-
cine, New York, New York
Macrolides, Clindamycin, and Ketolides
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Leonard N. Slater, MD
Professor of Infectious Diseases, Department of Internal Medicine, 

College of Medicine, University of Oklahoma, Oklahoma City, 
Oklahoma
Bartonella, Including Cat-Scratch Disease

A. George Smulian, MB BCh, MSc
Associate Professor, University of Cincinnati College of Medicine; 

Chief, Infectious Disease Section, Veterans Affairs Cincinnati 
Medical Center, Cincinnati, Ohio
Pneumocystis Species

Jack D. Sobel, MD
Professor of Medicine, Division of Infectious Diseases, Wayne State 

University School of Medicine, Detroit, Michigan
Urinary Tract Infections

M. Rizwan Sohail, MD
Associate Professor of Medicine, Divisions of Infectious Diseases and 

Cardiovascular Diseases, Department of Medicine, Mayo Clinic 
College of Medicine, Rochester, Minnesota
Infections of Nonvalvular Cardiovascular Devices

David E. Soper, MD
Professor and Vice Chairman, Department of Obstetrics and Gynecol-

ogy, Medical University of South Carolina, Charleston, South 
Carolina
Infections of the Female Pelvis

Tania C. Sorrell, AM, MD, MBBS
Professor and Director, Marie Bashir Institute for Infectious Diseases 

and Biosecurity, University of Sydney, Sydney, New South Wales, 
Australia; Director, Centre for Infectious Diseases and Microbiology 
and Service Director, Infectious Diseases and Sexual Health, West-
mead, New South Wales, Australia
Nocardia Species

James M. Steckelberg, MD
Professor of Medicine, Consultant, Division of Infectious Diseases, 

Mayo Clinic, Rochester, Minnesota
Osteomyelitis

Allen C. Steere, MD
Professor of Medicine, Harvard Medical School, Harvard University; 

Director, Translational Research in Rheumatology, Massachusetts 
General Hospital, Boston, Massachusetts
Lyme Disease (Lyme Borreliosis) Due to Borrelia burgdorferi

Neal H. Steigbigel, MD
Professor of Medicine, Division of Infectious Diseases and Immunol-

ogy, New York University School of Medicine; Staff Physician, 
Medical Service, Infectious Diseases Section, New York Veterans 
Affairs Medical Center, New York, New York
Macrolides, Clindamycin, and Ketolides

James P. Steinberg, MD
Professor of Medicine, Division of Infectious Diseases, Emory Univer-

sity School of Medicine; Chief Medical Officer, Emory University 
Hospital Midtown, Atlanta, Georgia
Other Gram-Negative and Gram-Variable Bacilli

David S. Stephens, MD
Stephen W. Schwarzmann Distinguished Professor of Medicine, Chair, 

Department of Medicine, Emory University School of Medicine; 
Vice President for Research, Robert W. Woodruff Health Sciences 
Center, Emory University, Atlanta, Georgia
Neisseria meningitidis

Timothy R. Sterling, MD
Professor of Medicine, Division of Infectious Diseases, Vanderbilt Uni-

versity School of Medicine, Nashville, Tennessee
General Clinical Manifestations of Human Immunodeficiency 

Virus Infection (Including Acute Retroviral Syndrome and Oral, 
Cutaneous, Renal, Ocular, Metabolic, and Cardiac Diseases); 
Mycobacterium tuberculosis

David A. Stevens, MD
Professor of Medicine, Stanford University, Stanford, California; Hos-

pital Epidemiologist, Santa Clara Valley Medical Center; President, 
California Institute for Medical Research; Principal Investigator, 
Infectious Diseases Research Laboratory, California Institute for 
Medical Research, San Jose, California
Drugs Active against Fungi, Pneumocystis, and Microsporidia

Dennis L. Stevens, MD, PhD
Associate Chief of Staff, Research and Development Service, Veterans 

Affairs Medical Center, Boise, Idaho; Professor of Medicine Depart-
ment of Medicine, University of Washington, Seattle, Washington
Streptococcus pyogenes

Jacob Strahilevitz, MD
Senior Lecturer in Clinical Microbiology, Hebrew University; Attend-

ing Physician, Clinical Microbiology and Infectious Diseases, 
Hadassah Medical Center, Jerusalem, Israel
Quinolones

Charles W. Stratton IV, MD
Associate Professor of Pathology and Medicine, Vanderbilt University 

School of Medicine; Director, Clinical Microbiology Laboratory, 
Vanderbilt University Medical Center, Nashville, Tennessee
Streptococcus anginosus Group

Anthony F. Suffredini, MD
Senior Investigator, Critical Care Medicine Department, Clinical 

Center, National Institutes of Health, Bethesda, Maryland
Sepsis, Severe Sepsis, and Septic Shock

Kathryn N. Suh, MD, MSc
Associate Professor of Medicine, University of Ottawa; Division of 

Infectious Diseases, The Ottawa Hospital, Ottawa, Canada
Cyclospora cayetanensis, Cystoisospora (Isospora) belli, Sarcocystis 

Species, Balantidium coli, and Blastocystis Species

Mark S. Sulkowski, MD
Professor of Medicine, Medical Director, Viral Hepatitis Center Divi-

sions of Infectious Diseases and Gastroenterology/Hepatology, 
Johns Hopkins University School of Medicine, Baltimore, 
Maryland
Gastrointestinal, Hepatobiliary, and Pancreatic Manifestations of 

Human Immunodeficiency Virus Infection

Morton N. Swartz, MD†

Associate Firm Chief, Infectious Diseases Unit, Massachusetts General 
Hospital, Boston, Massachusetts
Cellulitis, Necrotizing Fasciitis, and Subcutaneous Tissue Infec-

tions; Myositis and Myonecrosis; Lymphadenitis and 
Lymphangitis

Thomas R. Talbot, MD, MPH
Associate Professor of Medicine and Health Policy, Vanderbilt Univer-

sity School of Medicine; Chief Hospital Epidemiologist, Vanderbilt 
University Medical Center, Nashville, Tennessee
Surgical Site Infections and Antimicrobial Prophylaxis

†Deceased.
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C. Sabrina Tan, MD
Assistant Professor of Medicine, Harvard Medical School, Beth Israel 

Deaconess Medical Center, Boston, Massachusetts
JC, BK, and Other Polyomaviruses: Progressive Multifocal Leuko-

encephalopathy (PML)

Ming Tan, MD
Professor of Medicine, Microbiology and Molecular Genetics, Univer-

sity of California at Irvine School of Medicine, Irvine, California
Chlamydia trachomatis (Trachoma, Genital Infections, Perinatal 

Infections, and Lymphogranuloma Venereum)

Chloe Lynne Thio, MD
Associate Professor of Medicine, Department of Internal Medicine, 

Division of Infectious Diseases, Johns Hopkins University School of 
Medicine, Baltimore, Maryland
Hepatitis B Virus and Hepatitis Delta Virus

David L. Thomas, MD, MPH
Professor of Medicine, Director, Division of Infectious Diseases, Johns 

Hopkins University School of Medicine, Baltimore, Maryland
Hepatitis C

Lora D. Thomas, MD, MPH
Assistant Professor of Medicine, Vanderbilt University School of Medi-

cine, Nashville, Tennessee
Risk Factors and Approaches to Infections in Transplant 

Recipients

Stephen J. Thomas, MD
Director, Viral Diseases Branch, Walter Reed Army Institute of 

Research, Silver Spring, Maryland
Flaviviruses (Dengue, Yellow Fever, Japanese Encephalitis, West 

Nile Encephalitis, St. Louis Encephalitis, Tick-Borne Encephalitis, 
Kyasanur Forest Disease, Alkhurma Hemorrhagic Fever, Zika)

Anna R. Thorner, MD
Assistant Clinical Professor of Medicine, Department of Medicine, 

Harvard Medical School; Associate Physician, Division of Infectious 
Disease, Brigham and Women’s Hospital, Boston, Massachusetts
Zoonotic Paramyxoviruses: Nipah, Hendra, and Menangle

Angela María Tobón, MD
Director, Chronic Infectious Diseases Unit, Department of Internal 

Medicine, Corporación para Investigaciones Biológicas, Medellín, 
Colombia
Paracoccidioidomycosis

Edmund C. Tramont, MD
Associate Director, Special Projects, Division of Clinical Research, 

National Institute of Allergy and Infectious Diseases, National Insti-
tutes of Health, Bethesda, Maryland
Innate (General or Nonspecific) Host Defense Mechanisms; Syphi-

lis (Treponema pallidum)

John J. Treanor, MD
Chief, Division of Infectious Diseases, Department of Medicine, Uni-

versity of Rochester Medical Center, Rochester, New York
Influenza (Including Avian Influenza and Swine Influenza); Noro-

viruses and Sapoviruses (Caliciviruses); Astroviruses and 
Picobirnaviruses

Jason Trubiano, MD
Infectious Diseases Department, Austin Health, Melbourne, 

Australia
Fusidic Acid

Athe M. N. Tsibris, MD, MS
Assistant Professor in Medicine, Division of Infectious Diseases, 

Harvard Medical School; Brigham and Women’s Hospital, Boston, 
Massachusetts
Antiretroviral Therapy for Human Immunodeficiency Virus 

Infection

Allan R. Tunkel, MD, PhD, MACP
Professor of Medicine, Associate Dean for Medical Education, Warren 

Alpert Medical School of Brown University, Providence, Rhode 
Island
Approach to the Patient with Central Nervous System Infection; 

Acute Meningitis; Brain Abscess; Subdural Empyema, Epidural 
Abscess, and Suppurative Intracranial Thrombophlebitis; Cere-
brospinal Fluid Shunt and Drain Infections; Viridans Strepto-
cocci, Nutritionally Variant Streptococci, Groups C and G 
Streptococci, and Other Related Organisms

Ronald B. Turner, MD
Professor of Pediatrics, University of Virginia School of Medicine, 

Charlottesville, Virginia
The Common Cold; Rhinovirus

Kenneth L. Tyler, MD
Reuler-Lewin Family Professor of Neurology and Professor of Medi-

cine and Microbiology, University of Colorado Denver School of 
Medicine, Aurora, Colorado; Chief, Neurology Service, Denver Vet-
erans Affairs Medical Center, Denver, Colorado
Encephalitis; Orthoreoviruses and Orbiviruses; Coltiviruses and 

Seadornaviruses; Prions and Prion Diseases of the Central 
Nervous System (Transmissible Neurodegenerative Diseases)

Ahmet Uluer, DO, MS
Assistant Professor of Pediatrics, Department of Medicine, Harvard 

Medical School; Boston Children’s Hospital, Boston, Massachusetts
Cystic Fibrosis

Diederik van de Beek, MD, PhD
Professor, Department of Neurology, Center of Infection and Immu-

nity Amsterdam (CINIMA), Academic Medical Center, University 
of Amsterdam, Amsterdam, The Netherlands
Acute Meningitis

Walter J. F. M. van der Velden, MD, PhD
Department of Haematology, Radboud University Nijmegen Medical 

Centre, Nijmegen, The Netherlands
Infections in the Immunocompromised Host: General Principles

Edouard G. Vannier, PharmD, PhD
Assistant Professor of Medicine, Division of Geographic Medicine and 

Infectious Diseases, Tufts Medical Center and Tufts University 
School of Medicine, Boston, Massachusetts
Babesia Species

Trevor C. Van Schooneveld, MD
Assistant Professor of Infectious Diseases, Department of Internal 

Medicine, University of Nebraska Medical Center, Omaha, Nebraska
Mediastinitis

James Versalovic, MD, PhD
Milton J. Finegold Professor, Texas Children’s Microbiome Center, 

Department of Pathology and Immunology, Baylor College of Medi-
cine; Department of Pathology, Texas Children’s Hospital, Houston, 
Texas
The Human Microbiome of Local Body Sites and Their Unique 

Biology

Claudio Viscoli, MD
Division of Infectious Diseases, IRCCS AOU San Martino-IST; Depart-

ment of Health Sciences, University of Genova, Genova, Italy
Prophylaxis and Empirical Therapy of Infection in Cancer Patients
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Ellen R. Wald, MD
Alfred Dorrance Daniels Professor on Diseases of Children, University 

of Wisconsin School of Medicine and Public Health; Pediatrician-in-
Chief, American Family Children’s Hospital, Madison, Wisconsin
Sinusitis

Matthew K. Waldor, MD, PhD
Edward H. Kass Professor of Medicine, Harvard Medical School; Divi-

sion of Infectious Diseases, Brigham and Women’s Hospital, Boston, 
Massachusetts
Vibrio cholerae

David H. Walker, MD
Professor, Department of Pathology, University of Texas Medical 

Branch; Executive Director, Center for Biodefense and Emerging 
Infectious Diseases, Galveston, Texas
Rickettsia rickettsii and Other Spotted Fever Group Rickettsiae 

(Rocky Mountain Spotted Fever and Other Spotted Fevers); 
Rickettsia prowazekii (Epidemic or Louse-Borne Typhus); 
Rickettsia typhi (Murine Typhus); Ehrlichia chaffeensis 
(Human Monocytotropic Ehrlichiosis), Anaplasma phagocyto-
philum (Human Granulocytotropic Anaplasmosis), and Other 
Anaplasmataceae

Richard J. Wallace, Jr., MD
Chairman, Department of Microbiology, University of Texas Health 

Northeast, Tyler, Texas
Antimycobacterial Agents; Infections Caused by Nontuberculous 

Mycobacteria Other than Mycobacterium avium Complex

Edward E. Walsh, MD
Professor of Medicine, Department of Infectious Diseases, University 

of Rochester School of Medicine and Dentistry, Rochester, New York
Acute Bronchitis; Respiratory Syncytial Virus (RSV)

Stephen R. Walsh, MD
Assistant Professor of Medicine, Harvard Medical School; Beth Israel 

Deaconess Medical Center, Boston, Massachusetts
Hepatitis E Virus

Peter D. Walzer, MD, MSc
Emeritus Professor of Medicine, University of Cincinnati; Retired 

Associate Chief of Staff for Research, Cincinnati VA Medical Center, 
Cincinnati, Ohio
Pneumocystis Species

Christine A. Wanke, MD
Professor, Department of Medicine, Associate Chair, Department of 

Public Health and Community Medicine, Tufts University School of 
Medicine, Boston, Massachusetts
Tropical Sprue: Enteropathy

Cirle A. Warren, MD
Assistant Professor, Infectious Diseases and International Health, Uni-

versity of Virginia School of Medicine, Charlottesville, Virginia
Bacterial Inflammatory Enteritides

Ronald G. Washburn, MD
Associate Chief of Staff for Research and Development, Medical 

Research, Chief of Infectious Diseases, Medical Service, Shreveport 
Veterans Affairs Medical Center; Professor of Medicine, Infectious 
Diseases Section, Louisiana State University Health Sciences Center, 
Shreveport, Louisiana
Rat-Bite Fever: Streptobacillus moniliformis and Spirillum minus

Valerie Waters, MD, MSc
Associate Professor, Department of Pediatric Infectious Diseases, Hos-

pital for Sick Children, Toronto, Ontario, Canada
Bordetella pertussis

David J. Weber, MD, MPH
Professor of Medicine, Pediatrics, and Epidemiology, University of 

North Carolina at Chapel Hill School of Medicine; Associate Chief 
of Staff and Medical Director, Hospital Epidemiology and Occupa-
tional Health, University of North Carolina Health Care, Chapel 
Hill, North Carolina
The Acutely Ill Patient with Fever and Rash; Disinfection, Steriliza-

tion, and Control of Hospital Waste

Michael D. Weiden, MD
Associate Professor, Departments of Medicine and Environmental 

Medicine, New York University School of Medicine, Langone 
Medical Center, New York, New York
Acute Exacerbations of Chronic Obstructive Pulmonary Disease

Geoffrey A. Weinberg, MD
Professor of Pediatrics, Department of Pediatrics, University of Roch-

ester School of Medicine and Dentistry; Director, Pediatric HIV 
Program, Golisano Children’s Hospital, University of Rochester 
Medical Center, Rochester, New York
Epiglottitis; Pediatric Human Immunodeficiency Virus Infection

Daniel J. Weisdorf, MD
Professor of Medicine, Division of Hematology, Oncology, and  

Transplantation, Director, Adult Blood and Marrow Transplant 
Program, University of Minnesota Medical School, Minneapolis, 
Minnesota
Infections in Recipients of Hematopoietic Stem Cell Transplants

Louis M. Weiss, MD, MPH
Professor, Departments of Pathology and Medicine, Albert Einstein 

College of Medicine, Bronx, New York
Microsporidiosis

David F. Welch, PhD
Clinical Consultant, Medical Microbiology Consulting, LLC, Dallas, 

Texas
Bartonella, Including Cat-Scratch Disease

Thomas E. Wellems, MD, PhD
Chief, Laboratory of Malaria and Vector Research, Chief, Malaria 

Genetics Section, Laboratory of Malaria and Vector Research, 
National Institute of Allergy and Infectious Diseases, Rockville, 
Maryland
Malaria (Plasmodium Species)

Richard P. Wenzel, MD, MSc
Chair Emeritus, Department of Internal Medicine; Professor of Inter-

nal Medicine, Division of Infectious Diseases, Virginia Common-
wealth University School of Medicine, Richmond, Virginia
Infection Prevention in the Health Care Setting

Melinda Wharton, MD, MPH
Acting Director, National Center for Immunization and Respiratory 

Diseases, Centers for Disease Control and Prevention, Atlanta, 
Georgia
Immunization

A. Clinton White, Jr., MD
Paul R. Stalnaker Distinguished Professor, Director, Division of Infec-

tious Diseases, Department of Internal Medicine, University of 
Texas Medical Branch, Galveston, Texas
Cryptosporidiosis (Cryptosporidium Species)

Richard J. Whitley, MD
Distinguished Professor of Pediatrics, Loeb Eminent Scholar Chair in 

Pediatrics, Professor of Microbiology, Medicine, and Neurosurgery, 
Department of Pediatrics, University of Alabama at Birmingham, 
Birmingham, Alabama
Chickenpox and Herpes Zoster (Varicella-Zoster Virus)
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Walter R. Wilson, MD
Professor of Medicine and Assistant Professor of Microbiology, Mayo 

Clinic College of Medicine; Consultant, Infectious Diseases, Mayo 
Clinic, Rochester, Minnesota
Prosthetic Valve Endocarditis; Infections of Nonvalvular Cardio-

vascular Devices

Glenn W. Wortmann, MD
Chief, Infectious Diseases Section, MedStar Washington Hospital 

Center, Washington, DC; Professor of Medicine, Infectious Diseases, 
Uniformed Services University of the Health Sciences, F. Edward 
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Preface to the Eighth Edition

The field of infectious diseases is undergoing an extraordinary expan-
sion of knowledge. Now in its eighth edition, Principles and Practice of 
Infectious Diseases remains dedicated to a clear, complete, up-to-date, 
and—most important—authoritative presentation of the current infor-
mation. Frequent online updates will keep the text current. Since the 
previous edition there have been newly recognized infectious diseases, 
descriptions of new pathogens, development of novel antimicrobial 
agents, and advances in diagnosis. New infectious diseases include the 
Middle East respiratory syndrome (MERS) caused by a new coronavi-
rus, the Heartland virus carried by ticks in Missouri, and Exserohilum 
meningitis from contaminated corticosteroid injections. Details and 
rationales are provided for new treatments for a panoply of infections, 
including hepatitis C, human immunodeficiency virus (HIV), tuber-
culosis, anthrax, genital herpes, methicillin-resistant Staphylococcus 
aureus (MRSA), and Clostridium difficile, as well as treatment options 
for increasingly antibiotic-resistant bacteria. Awareness of diseases 
imported from overseas on food, travelers, exotic pets, and immigrants 
has become even more imperative. The complexities of managing 
infections in patients immunosuppressed by new drugs and by stem 
cell or organ transplantation requires extensive updating, as well as 
issues arising in patients with implanted mechanical hearts or pros-
thetic joints. Improved diagnostic tests for C. difficile, norovirus, 
human herpesvirus 6, JC virus, respiratory pathogens, Tropheryma 
whipplei, and many other organisms are now broadly available. In 
addition, there have been major advances in understanding of the 
human microbiome and of molecular microbiology, pathogenesis, and 
host responses; all of these are addressed as well. As before, Principles 
and Practice of Infectious Diseases is divided into relevant sections that 
cover all of these areas and that are presented in an interrelated manner.

For this edition, Principles and Practice of Infectious Diseases is 
proud to have Martin Blaser, MD, as a new editor. He replaces Gerald 
Mandell, MD, one of the three founding editors of the book, who is 
stepping down from his duties after seven highly successful editions. 
Dr. Blaser is the Muriel G. and George W. Singer Professor of Transla-
tional Medicine and Professor of Microbiology at New York Langone 
Medical Center, and is a distinguished infectious disease researcher, 
clinician, and educator.

The authors who have been selected to write each of the individual 
chapters in the book are recognized experts in their fields, and, in turn, 
every chapter is carefully reviewed by all three editors to be placed into 
appropriate context and perspective. Thus, we believe that Principles 
and Practices of Infectious Diseases will be of interest and use to a wide 
audience of physicians, including infectious disease clinicians, inter-
nists, family practitioners, and HIV/AIDS specialists, as well as to 
other health care providers, public health experts, microbiologists, 
immunologists, and other medical scientists.

The editors and publisher of Principles and Practice of Infectious 
Diseases have gone to great effort to ensure that its content is highly 
accessible and current. The text, figures, and tables are readily available 
through Expert Consult, which is accessible through a powerful and 
easy-to-use search engine and is compatible with PC, Mac, most 
mobile devices, and eReaders. In addition, chapters have an introduc-
tory short summary, which is linked to individual content in each 
chapter. Individual chapters will also be updated on a regular basis, 
twice a year, to ensure that their content remains current. The appro-
priateness and significance of the updates will be emphasized by the 
authors and editors.

The eighth edition of Principles and Practice and Infectious Diseases 
represents the extraordinary efforts of many individuals. Foremost are 
the contributions of authors of the 324 chapters, who are dedicated  
to maintaining the tradition of an authoritative text that meets the 
highest standards of accuracy and integrity. We are very grateful to 
Janet Morgan and Joyce Ying for the invaluable assistance that they 
have provided to us. We would also like to thank Mary Gatsch, Taylor 
Ball, and Kristine Feeherty of Elsevier for their overall support and 
efforts. And as always, this work would not have been possible without 
the encouragement, understanding, and—as needed—forbearance of 
our wives, Shirley Bennett, Kelly Dolin, and Maria Gloria Dominguez 
Bello.

JOHN E. BENNETT, MD
RAPHAEL DOLIN, MD
MARTIN J. BLASER, MD
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A Molecular Perspective of Microbial 
Pathogenicity
David A. Relman* and Stanley Falkow

A  Microbial Pathogenesis

Basic Principles in the 
Diagnosis and Management 
of Infectious Diseases

I

DIVERSITY OF HUMAN-MICROBE 
RELATIONSHIPS
Beginning immediately at birth, humans are colonized by a myriad of 
microorganisms that assemble into complex stereotypic communities, 
creating a beneficial indigenous microbiota. The result is a “supra-
organism” in which microbial symbionts outnumber human cells by 
10-fold. Most currently available information about the human indig-
enous microbiota concerns the bacterial component, although they are 
by no means the only important members. Bacteria are the focus of 
the following discussion.

In contrast to the relatively rare harmful encounters with patho-
gens, indigenous human-microbe relationships in which either 
microbe or host benefits without causing harm (commensal relation-
ships) and relationships in which both benefit (mutualistic relation-
ships) are the dominant forms of interaction and are fundamentally 
important to human biology. Coevolution, co-adaptation, and co- 
dependency are features of our relationships with our indigenous 
microbiota.1 The human microbiota facilitates nutrient acquisition and 
energy extraction from food, promotes terminal (postnatal) differen-
tiation of mucosal structure and function, and stimulates both the 
innate and adaptive immune systems. By so doing, it helps to maintain 
epithelial boundary function and integrity, as well as to “educate” our 
innate immune defenses. It also provides “colonization resistance” 
against pathogen invasion, regulates intermediary metabolism, pro-
cesses ingested chemicals, and provides small amounts of human 
accessory growth factors.2,3 The rules and features of microbial com-
munity assembly are fundamentally important but, so far, are poorly 
understood.4 In the neonatal period, the community assembly process 
is especially dynamic and is influenced by early environmental (in 
particular, maternal) exposures and stochastic effects. The composition 
and functional capabilities of the indigenous microbiota evolve in a 
generally orderly fashion, as diet, hormonal environment, other envi-
ronmental factors, and occasional ecologic disturbances play out their 
effects on a distinct, albeit diverse, human genetic background.5

Bacterial diversity in the indigenous communities of the human 
body is striking in its richness of distinct species and strains but also 
noteworthy for the limited number of phyla commonly found. Despite 

exposure to more than 100 bacterial phyla in the surrounding environ-
ment, members of the phyla Firmicutes, Bacteroidetes, Actinobacteria, 
Proteobacteria, and Fusobacteria dominate human body sites, suggest-
ing a role for strong selective forces and microbial diversification over 
hundreds of thousands of years of coevolution with their host. Within 
the domain Archaea, diversity in the human body is apparently limited 
to a handful of methanogen species: Methanobrevibacter smithii is 
commonly found in the healthy distal gut, and Methanobrevibacter-
related species are found in the inflamed subgingival crevice in some 
patients with moderate or severe chronic periodontitis. Of interest, 
patterns of bacterial diversity in humans display individual-specific 
features. The distinctness of an individual’s microbiota is less evident 
when viewed in terms of the overall functional capabilities of the  
community, rather than in terms of the names and relatedness of the 
strains and species6; this difference probably reflects the functional 
redundancy of strains and species within the human microbiota, 
which, in turn, may contribute to stability of this ecologic system. Yet, 
differences in the capability of strains may explain variation among 
individuals in the metabolism of drugs such as digoxin and other 
exogenous chemicals.7 Differences in the capability of strains to toler-
ate normal inflammation may also influence the composition of the 
microbiota. Although there is evidence for shared functional capabili-
ties among the intestinal microbial communities of different healthy 
humans, host genetics is a source of variation in the makeup of the 
human indigenous microbiota.8

Infection (or colonization) is simply the establishment of a micro-
organism on or within a host; it may be short lived, as in our encoun-
ters with “transients” (Table 1-1), or be persistent and may result in 
only low gain or harm to either participant. The term infectious disease 
applies when an interaction with a microbe causes damage to the host 
and the associated damage or altered physiology results in clinical signs 
and symptoms of disease. A pathogen is usually defined as any micro-
organism that has the capacity to cause disease. It is a medical defini-
tion; it is not a biologic definition, and certainly, not all pathogens have 
an equal probability of causing clinically apparent disease. Virulence 
provides a quantitative measure of pathogenicity or the likelihood of 
causing disease. For example, encapsulated pneumococci are more 
virulent than nonencapsulated pneumococci, and Escherichia coli 
strains that express Shiga-like toxins are more virulent than those that 
do not express these toxins. Virulence factors refer to the properties 

*All material in this chapter is in the public domain, with the exception of any borrowed 
figures or tables.
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of the community and live in a perilous location—associated with 
respiratory tract lymphatic tissue, where they regularly come into 
contact with elements of an immune system that hold them at bay most 
of the time but occasionally fail to do so, resulting in disease?

An understanding of the definition of a pathogen is not required 
when a clinician is faced with an infected patient who needs treatment. 
However, if we are to understand disease-associated microbes and 
discover effective therapies, we will also need to appreciate their fun-
damental biology and ecologic niche. And it is important to be 
reminded that antibiotics do not always, and are increasingly less likely 
to, work against many pathogens; that antibiotics incur a cost, in terms 
of resistance and collateral damage to commensals9; and that we still 
lack effective vaccines against a multitude of infectious agents that are 
encountered in everyday medical practice.

Thus, the capacity of certain microorganisms to cause disease in 
healthy, uncompromised human hosts on a regular basis should reflect 
fundamental biologic differences in their virulence capabilities from 
those of opportunists and commensal species that rarely, if ever, cause 
disease. In the following sections, we address this issue and discuss how 
insight into pathogenesis has been applied to the practice of contem-
porary infectious disease medicine.

ATTRIBUTES OF MICROBIAL 
PATHOGENS
What are the distinguishing characteristics of microbes that live in 
humans? A successful pathogen or commensal must do the following: 
(1) enter the human host; (2) become established, which includes suc-
cessful competition with indigenous microbes; (3) acquire nutrients; 
(4) avoid or circumvent the host’s innate defenses and a powerful 
immune system; (5) above all, replicate; (6) disseminate if necessary  
to a preferred site; and (7) eventually be transmitted to a new suscep-
tible host.

Whether a pathogen or a commensal, a microorganism must also 
possess an interactive group of complementary genetic properties, 
sometimes coregulated, that promote its interaction with the human 
host. For a given microorganism, the genetic traits define unique attri-
butes that enable it to follow a common sequence of steps used in 
establishing infection or, in some cases, subsequent disease.10,11

Elegant molecular and genetic techniques now permit the identifi-
cation, isolation, and characterization of many of these genes and their 
products. We now also possess the complete genome sequences of 
virtually every major pathogenic bacterial species. This information 
provides important clues and insight into the potential of a microor-
ganism for causing disease and facilitates new experimental strategies 
for understanding pathogens and commensals alike.12,13 The availabil-
ity of the host (e.g., human) genome sequence also enables multiple 
synergistic approaches for understanding virulence, including the 
identification of host susceptibility traits, genome-wide assessments of 
host response, and clues about the mechanisms of host defense and 
pathogen counterdefense.14 It is important to recognize that pathoge-
nicity can only be understood in the context of a specific host.

These genomic analyses have lent credence to the working hypoth-
esis of almost a half-century of research—that the distinguishing char-
acteristic of microorganisms that regularly cause disease is a set of 
special genetic traits that provide them with the capacity to breach 
intact host anatomic, cellular, or biochemical barriers that ordinarily 
prevent entry by other microorganisms into sterile tissue sites. Thus, 
pathogens “go where other microbes dare not.” In addition, many 
pathogens, such as Mycobacterium tuberculosis, Treponema pallidum, 
Chlamydia trachomatis, and Salmonella typhi, have the capacity to 
establish persistent (usually asymptomatic) infection in the human 
host and have evolved the extraordinary capacity to live in the inner 
sanctums of our innate and adaptive immune defenses or, in general, 
to compete well in the face of otherwise hostile host conditions. For 
example, Salmonella profits from the inflammatory response that it 
provokes in the gut by using the oxidized form of a locally produced 
host factor for a selective growth advantage against commensals.15 A 
distinction, then, between a primary pathogen and opportunist is that 
the pathogen has an inherent ability to breach the host barriers that 
ordinarily restrict other microbes, whereas the opportunist requires 
some underlying defect or alteration in the host’s defenses, whether it 

(e.g., gene products) that enable a microorganism to establish itself  
and replicate on or within a specific host species and that enhance the 
microbe’s potential to cause overt pathology. In many ways, what we 
refer to as virulence factors are in the biologic sense colonization 
factors that permit replication in the host and subsequent transmission 
to a new susceptible host.

Thus, it is useful to distinguish pathogens that regularly cause 
disease in some proportion of susceptible individuals with apparently 
intact defense systems from other potentially pathogenic microorgan-
isms, such as Pseudomonas aeruginosa. This microorganism does not 
usually cause disease in individuals with intact host defense systems, 
yet it causes devastating disease in many immunocompromised 
patients. Many microorganisms with a capacity for sustained multipli-
cation in humans, including members of the indigenous microbiota, 
cause disease more readily in individuals with underlying chronic 
disease or in those who are otherwise compromised. The common 
term opportunist suits this category of pathogen well (see Table 1-1).

An emerging concept of microbial disease causation, with origins 
in the field of ecology, is the notion of “community as pathogen,” in 
which a conserved broad feature of the microbial community contrib-
utes to pathology, rather than any one specific member or component. 
This concept may be relevant to a wide variety of chronic inflammatory 
processes of skin and mucosa, including inflammatory bowel disease 
and chronic periodontitis. It suggests that studies of pathogenesis con-
sider general properties of microbial communities, such as resilience, 
or conserved functional interactions, such as syntrophy (cross-feeding), 
rather than the role of single microbes in isolation, especially for devel-
opment of novel approaches for maintaining or restoring health.

The difficulty, therefore, is that the distinctions between a com-
mensal, an opportunist, and a pathogen can be blurred at times, in part 
because some commensals cause disease, albeit usually in immuno-
compromised hosts, and some of the most feared pathogens can persist 
in humans for a lifetime without causing disease symptoms. In addi-
tion, microbial pathogenesis involves synergies between organisms, as 
well as between gene products, each of which may be insufficient alone 
in causing disease. For example, several members of the human health-
associated nasopharyngeal microbiota, including Streptococcus pneu-
moniae, Neisseria meningitidis, and Streptococcus pyogenes, regularly 
cause well-defined, well-known human diseases. Immunization against 
the first two of these microbes not only protects against disease but 
also prevents, in an antigen-specific fashion, their ability to colonize 
the host. Such commensal pathogens persist in a significant proportion 
of the human population, the vast majority being asymptomatic carri-
ers. Are they pathogens, or are these organisms members of the indig-
enous microbiota that have evolved to compete with other members 

TABLE 1-1  Microbe-Human Host Interactions
Transient A microorganism that we encounter in our food 

or elsewhere in our environment. In general, 
it is just “passing through” and of little 
consequence; however, regular encounters 
over extended periods of time might lead to 
host adaptation or even dependence.

Commensal (literally, those 
that “eat at the same 
table”)

A microorganism that is a normal inhabitant of 
the human body. In commensal relationships, 
either the microbe or host derives benefit; in 
mutualistic relationships, both derive benefit.

Pathogen (derived from the 
Greek, pathos, meaning 
the “birth of suffering”)

A microbe that may or may not be a member 
of the indigenous microbiota, but it regularly 
causes disease in apparently normal 
individuals.

Opportunistic pathogen A microbe that causes disease only in humans 
who are in some way compromised in their 
normal defense mechanisms.

Accidental pathogen A microorganism that is encountered by 
accidental contact with animals, insects, or 
the environment. These microorganisms are 
often deadly in humans and sometimes the 
causative agent of disease in other animals. 
These microbes are often distinguished from 
human-specific pathogens because they are 
not directly or readily transmissible from 
human to human.
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(transient or long-term infection) and to ensure its successful trans-
mission to a new susceptible host, while at the same time, no more 
than is tolerated by the host as it gains immunity from further incur-
sion by the same and even related pathogens.

Why do some pathogens cause disease more readily than others? 
The strategy used for multiplication on or within the host (i.e., its 
ability to overcome host barriers) often defines fundamental differ-
ences between pathogens that commonly cause acute disease symp-
toms and those that do not. An organism that can reach and multiply 
in privileged anatomic sites away from the competitive environment 
of skin and mucosal surfaces is more likely to disrupt homeostasis in 
the host and cause disease than one that chooses a different strategy. 
If a microorganism has evolved a means to nullify or destroy phago-
cytic cells to multiply successfully, it is more likely to be found in 
deeper compartments and associated with acute disease. Commensal 
or mutualistic organisms are restrained so that they multiply just 
enough, in the midst of competing microbiota, to persist but not 
damage the host’s self-preserving homeostatic and innate immunity 
mechanisms. It is important to emphasize that a microorganism 
equipped to multiply efficiently in a human may be exceptional in the 
biologic sense but unexceptional as a pathogen in the medical sense, 
and only infrequently, if ever, a cause of clinically manifested disease.

Some organisms, such as P. aeruginosa, are “only” opportunists in 
humans despite their impressive array of virulence factors. These viru-
lence factors work well in some plant hosts and in predators it encoun-
ters in the environment. However, for Pseudomonas, these same 
pathogenic determinants usually fail to overcome the average human’s 
defenses. For opportunistic pathogens, the state of the host is the major 
determinant of whether disease is the outcome of their interaction with 
the host. Commensals and mutualists, for example, which are the usual 
cause of opportunistic infections, may be very adept at colonization, 
but because of their preferred growth locale (e.g., at the mucosal 
surface) and preferred growth conditions (e.g., a microaerobic envi-
ronment), they may have limited growth opportunities outside their 
restricted niche in an unimpaired individual. Innate immune factors 
are difficult to overcome for the vast majority of commensals. Little 
more than 50 years ago, there was a prevalent view that pathogens had 
undergone retrograde evolution and caused disease because they were 
little more than parasites. Pathogens were then viewed as organisms 
often unadapted to their hosts and that elaborated potent toxins or 
other powerful aggressive factors causing the signs and symptoms of 
disease. However, bacterial pathogenicity has been redefined over the 
past quarter century by using the tools of molecular genetics, genom-
ics, and cell biology. We can now directly address the question: why 
are some bacteria pathogenic for humans, whereas other (closely 
related) bacteria are not?

We understand now that pathogenic bacteria are indeed often 
exquisitely adapted microbes that use sophisticated biochemical strate-
gies to interfere with, or manipulate for their own benefit, the normal 
function(s) of the host cell. They are impressive human cell biologists! 
It is now also quite clear that these sophisticated biochemical proper-
ties that distinguish pathogens from their nonpathogenic brethren 
derive from specialized genes possessed by pathogens but absent from 
nonpathogens. The driving force for the inheritance of pathogenic 
traits is not slow adaptation to the host but, rather, a more dynamic 
process of horizontal (lateral) gene transfer via mobile genetic ele-
ments. Hence, the genes for many specialized “bacterial” products, 
such as toxins and adhesins, actually reside on transposons (“jumping 
genes”) and bacterial viruses (bacteriophages) (Table 1-2). Larger 
packets of information have also been shared among bacteria by 
genetic transfer. The lateral inheritance of large blocks of genes, called 
pathogenicity islands, is often the key to the expression of pathogenicity 
in bacteria. Many of these virulence determinants acquired by lateral 
gene transfer have several features that are apparent by simple inspec-
tion of genome sequences, including distinct chromosomal nucleotide 
composition and association with plasmids or phages, suggesting that 
their ancestry derives from an unrelated microbe. One surprising 
finding is that the amount of acquired DNA associated with virulence 
and adaptation to a host habitat in many bacteria can be substantial. 
For example, uropathogenic, enterohemorrhagic, and extraintestinal 
types of E. coli all display mosaic genome structure, with hundreds of 

be genetic, ecologic (altered microbiota), or caused by underlying 
disease, to establish itself in a usually privileged host niche. Clearly, the 
nature of the host plays as important a role as the pathogen in deter-
mining outcome.16

An initial step required of a pathogen is to gain access to the host 
in sufficient numbers. Such access requires that the microorganism not 
only make contact with an appropriate surface but also then reach its 
unique niche or microenvironment on or within the host. This require-
ment is not trivial. Some pathogens must survive for varying periods 
in the external environment. Others have evolved an effective and 
efficient means of transmission. To accomplish this goal, the infecting 
microbe may make use of motility, chemotactic properties, and adhe-
sive structures (or adhesins) that mediate binding to specific eukaryotic 
cell receptors or to other microorganisms.17,18 Pathogens that persist at 
the surface of skin or mucosa usually rely upon multiple redundant 
adhesins and adherence mechanisms. If the adhesin is immunogenic, 
expression is usually regulated; in addition, antigenic variants may 
arise (see “Regulation of Bacterial Pathogenicity”). Preexisting micro-
organisms, the indigenous microbiota, provide competition against 
establishment of the newcomer; furthermore, the latter must adapt, at 
least temporarily, to the particular nutrient environment in which it 
now finds itself.

Normal inherent host defense mechanisms pose the most difficult 
set of obstacles for pathogens and commensals in establishing them-
selves in a host. For any set of specific host defenses, an individual 
pathogen will have a unique and distinctive counterstrategy. Some of 
the best-known mechanisms that pathogenic microbes use for coun-
tering host defenses include the use of an antiphagocytic capsule and 
the elaboration of toxins and microbial enzymes that act on host 
immune cells and/or destroy anatomic barriers. Microorganisms also 
use subtle biochemical mechanisms to avoid, subvert, or, as we now 
increasingly understand, manipulate host defenses. These strategies 
include the elaboration of immunoglobulin-specific proteases, iron 
sequestration mechanisms, coating themselves with host proteins to 
confuse the immune surveillance system, or causing host cells to signal 
inappropriately, leading to dysregulation of host defenses or even host 
cell death. Examples of these mechanisms include the production of 
immunoglobulin A1 protease by the meningococci, the use of recep-
tors for iron-saturated human transferrin and lactoferrin by N. gonor-
rhoeae, and the coating of T. pallidum with human soluble fibronectin. 
Yersinia, Mycobacterium, and Bordetella induce host cell production of 
interleukin-10, which is a potent immunosuppressive cytokine, thereby 
downregulating important elements of the innate immune defense. 
Antigenic variation and intracellular invasion are other common strat-
egies used by successful pathogens to avoid immune detection.19,20 The 
intimacy of the relationships between viral pathogens and host is 
reflected in the frequency with which these pathogens co-opt host 
molecules and pathways for subverting host defenses (see “Subversion 
of Host Cellular Processes and Immune Defenses”).19,21-23

The ability to multiply is a characteristic of all living organisms. 
Whether the pathogen’s habitat in the relevant host is intracellular or 
extracellular, mucosal or submucosal, within the bloodstream or 
within another privileged anatomic site, pathogens have evolved a 
distinct set of biochemical tactics to achieve this goal. The ultimate 
success of a pathogen, indeed, of any microorganism, is measured by 
the degree to which it can multiply. The pathogen must not only rep-
licate sufficiently to establish itself in a host on reaching its specific 
niche, but it also must replicate sufficiently at some point in its life cycle 
to ensure its potential transmission to a new susceptible host. The rate 
of pathogen multiplication is appreciated by a clinician in terms of a 
characteristic incubation period spanning the time of exposure to the 
appearance of signs and symptoms of disease.

Infectious disease, in one sense, is simply a byproduct of the method 
and site chosen by pathogens for replication and persistence; disease 
per se is not a measure of microbial success. Disease, in part, reflects 
the status of the host as much as it does the virulence characteristics 
of the offending microorganism. Death of the host is fortunately a rare 
event and one that must be viewed with the dispassion of biology as 
being detrimental to both parties involved! The usual rules of host-
pathogen engagement most often produce a tie: sufficient multiplica-
tion of the pathogen to ensure its establishment within the host 
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instead, a general strategy for microbial specialization and success in 
some environmental niches that are highly competitive. Why bacteria 
have adapted this tactic to maximize their diversity and to increase 
their opportunity for continuing evolution is most likely a reflection 
of their haploid state and their need to conserve fundamental charac-
teristics, such as the ability to live on a mucosal surface, while still 
being able to try new combinations of genes. The sharing of genes 
among seemingly disparate microorganisms occupying the same niche 
in a sense provides these microbes with an endless number of combi-
nations of genes for evolutionary experimentation, as it were, within a 
habitat such as the human intestinal tract.26 Overall, across the bacte-
rial world, the number of such successful experiments resulting in the 
emergence of a pathogen appears to have been quite rare (see “Clonal 
Nature of Bacterial Pathogens”). Yet, when successful, these experi-
ments are surprisingly efficient, at least from the perspective of the 
microbe, yet manageable, from the standpoint of the host.

Some infectious diseases occur predominantly in dramatic epi-
demic form, which argues against the establishment of a balanced 
host-parasite relationship; however, in many such epidemics, mitigat-
ing circumstances involving herd immunity and other underlying 
social, economic, and political issues impinge on this relationship. 
So-called emerging infectious diseases reflect various aspects of imbal-
ance in the relationships between host, pathogen, and environment.27 
Many of the most serious and feared infectious diseases occur when 
humans are infected by microorganisms (accidental pathogens) that 
prefer and are better adapted to another mammalian host. In fact, most 
emerging infectious diseases in humans are of zoonotic origin.28 As 
seen in many zoonotic diseases, the rules of engagement between the 
host and the pathogen are blurred, often to the detriment of both the 
host and the microbe. It is often an evolutionary dead end for both 
parties.

Given the increasingly frequent and unexpected emergence of pre-
viously unrecognized pathogens, it is appropriate to question how well 
we appreciate the true diversity and distribution of extant microorgan-
isms capable of causing human disease. Although most emerging 
pathogens are zoonotic agents and already adapted to a different host, 
the question also concerns a more basic uncertainty about how often, 
in what phylogenetic backgrounds, and through what mechanisms 
virulence for humans among microbes can arise. Pathogenicity appears 
to have arisen on multiple occasions throughout the domain Bacteria 
but only in a small fraction of the overall phyla, that is, those whose 
members typically colonize humans (see “Diversity of Human-Microbe 
Relationships”). Although there are currently no known traditional 
pathogens within the domain Archaea, the methanogens, through a 
synergistic interaction with other microbes, known as syntrophy, may 
contribute to pathology in certain clinical settings.29-31 For example, in 
chronic periodontitis, methanogens in the subgingival crevice may 
enhance the growth of fermentative, would-be pathogenic bacteria by 
consuming the hydrogen produced by the latter.

Finally, before considering several facets of pathogenicity in more 
detail, three further points should be considered: (1) pathogen detec-
tion and identification remain suboptimal, in part because of continu-
ing dependence on cultivation methods, and therefore a number of 
novel pathogens may have gone undetected32; (2) some potential 
pathogens may not have had adequate contact with humans to have 
made themselves known (yet)33; and (3) dominant ideas of microbial 
disease causation (e.g., a single pathogenic agent in a susceptible host) 
may be too restrictive. As mentioned earlier, some microbial diseases 
may require a consortium of agents (e.g., intra-abdominal abscess), 
thereby posing challenges for pathogen identification. If we define 
success for a microbial pathogen as disease without a requirement for 
long-term survival, a much larger number of organisms may qualify, 
in being able to cause devastating human misery but only over a 
limited number of generations. These matters have obvious relevance 
to the troubling issue of bioterrorism and the potential malevolent use 
and genetic manipulation of microorganisms.

CLONAL NATURE OF BACTERIAL 
PATHOGENS
As noted previously, pathogenicity is not a microbial trait that has 
become fixed by chance. Instead, particular microbial strains and 

gene islands distinct to each type, comprising as much as 40% of the 
overall gene content in each of these strains.24 Each pathotype is as 
distinct from others as each is from a nonpathogenic laboratory strain 
of E. coli. Conversely, no more than half of the combined gene set is 
common to all E. coli strains. From this and other similar findings 
arises the concept of the “pan-genome” or the complete set of genes 
for a species. E. coli has a relatively “open” pan-genome, in that with 
every new genome sequence, a new set of approximately 300 unique 
genes is discovered, suggesting ongoing evolution of this species by 
gene acquisition.25 Bacillus anthracis and other accidental human 
pathogens with a restricted environmental habitat or a different host 
preference instead display a relatively “closed” pan-genome and a much 
greater fraction of shared genes.

Hence, we can conclude that, in most cases, human-adapted patho-
gens have virulence genes not present in nonpathogenic relatives, and 
the distribution of these genes suggests that bacteria evolve to become 
pathogens by acquiring virulence determinants and not by the gradual 
loss of genes. This is not to say that, over time, some pathogens do not 
dispense with some genes that are no longer useful for a pathogenic 
lifestyle. Indeed, the study of host adaptation suggests that gene loss  
or gene inactivation is often associated with the adaptation of a par-
ticular pathogen to a particular host. For example, S. typhi, compared 
with Salmonella typhimurium, has lost or inactivated a large number 
of genes. Yet, it also has acquired by lateral transfer a unique surface 
determinant, Vi, and a unique toxin. Thus, the fundamental evolution-
ary push to pathogenicity results from gene acquisition. This is not 
simply a mechanism that microbes use to become pathogenic but, 

TABLE 1-2  Examples of Plasmid- and Phage-
Encoded Virulence Determinants

ORGANISM
VIRULENCE 
FACTOR BIOLOGIC FUNCTION

Plasmid Encoded
Enterotoxigenic 

Escherichia coli
Heat-labile, 

heat-stable 
enterotoxins

Activation of adenylate/
guanylate cyclase in the 
small bowel, which leads 
to diarrhea

CFA/I and CFA/II Adherence/colonization 
factors

Extraintestinal E. coli Hemolysin Cytotoxin

Shigella spp. and 
enteroinvasive E. coli

Gene products 
involved in invasion

Induces internalization by 
intestinal epithelial cells

Yersinia spp. Adherence factors 
and gene products 
involved in invasion

Attachment/invasion

Bacillus anthracis Edema factor, lethal 
factor, and 
protective antigen

Edema factor has adenylate 
cyclase activity; lethal 
factor is a metalloprotease 
that acts on host signaling 
molecules

Staphylococcus aureus Exfoliative toxin Causes toxic epidermal 
necrolysis

Clostridium tetani Tetanus neurotoxin Blocks the release  
of inhibitory 
neurotransmitter, which 
leads to muscle spasms

Phage Encoded
Corynebacterium 

diphtheriae
Diphtheria toxin Inhibition of eukaryotic 

protein synthesis

Streptococcus pyogenes Erythrogenic toxin Rash of scarlet fever

Clostridium botulinum Botulism neurotoxin Blocks synaptic acetylcholine 
release, which leads to 
flaccid paralysis

Enterohemorrhagic E. 
coli

Shiga-like toxin Inhibition of eukaryotic 
protein synthesis

Vibrio cholerae Cholera toxin Stimulates adenylate cyclase 
in host cells

CFA, colonization factor antigen.
Data from Elwell LP, Shipley PL. Plasmid-mediated factors associated with 

virulence of bacteria to animals. Annu Rev Microbiol. 1980;34:465-496; Cheetham 
BR, Katz ME. A role for bacteriophages in the evolution and transfer of bacterial 
virulence determinants. Mol Microbiol. 1995;18:201-208.
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numerous unrelated cell lines appear and disappear.37 E. coli urinary 
tract pathogens that cause symptomatic disease in humans may be 
even less genetically diverse than E. coli strains found in the intestinal 
microbiota or those that cause asymptomatic urinary tract coloniza-
tion.41 Perhaps the evolution of these E. coli strains to live in a more 
specialized epithelial niche results in constraints on recombination that 
preserve their added degree of specialization. At the same time, spe-
cialization for one body site may not preclude fitness for another site: 
in some individuals with recurrent urinary tract infections, there can 
be a simultaneous and identical shift in the dominant E. coli population 
of the bladder and distal gut between one episode and the next.42 
Pathogens have even taught us about human prehistory: sequence-
based population analysis of human-restricted and human-adapted 
bacterial pathogens, such as H. pylori, has clarified important aspects 
of human migration and human population structure.43

GENOMICS AND THE EVOLUTION 
OF PATHOGENICITY
The first complete genome sequence for a free-living organism, H. 
influenzae, was described in 1995.44 Since then, more than 2900 bac-
terial and archaeal complete genome sequences have been released  
to public databases (see www.ncbi.nlm.nih.gov/genome/browse/). 
Despite the obvious value of a primary genomic blueprint, it is increas-
ingly clear that genetic, genomic, biochemical, and epidemiologic 
approaches provide complementary advantages. Each contributes to 
the search for new determinants of virulence.

As noted earlier, comparisons of pathogenic and nonpathogenic 
representatives of a single genus or species usually demonstrate the 
nonpathogens to be relatively devoid of functional genetic sequences 
encoding the pathogenic trait or traits. Inactive mutational variants or 
portions of virulence-associated genes are sometimes found in non-
pathogenic strains of the same species. In general, as bacteria evolve 
from free-living organisms with multiple habitats to obligate patho-
gens, host-restricted organisms, endosymbionts, or obligate intracel-
lular organisms, their genomes appear to become reduced in size, or 
they accumulate inactive or defective genes (pseudogenes), or both.13,45 
For example, the evolution of B. pertussis as a host-specific, human-
adapted pathogen from a Bordetella bronchiseptica–like ancestor has 
been accompanied by extensive gene loss and gene inactivation (3816 
coding sequences vs. 5007 for B. bronchiseptica; 9.4% of coding 
sequences are pseudogenes vs. 0.4% for B. bronchiseptica).46 In this 
case, a highly restricted host range (for B. pertussis, humans only) has 
meant loss of genetic diversity. In contrast to B. bronchiseptica, which 
infects multiple animal hosts and can survive in the environment, B. 
pertussis varies little in gene content among different strains isolated 
over the past 50 years and across several continents.47 B. anthracis, 
which exists predominantly as an inactive spore, and Mycobacterium 
tuberculosis, which exists primarily in a latent phase in human granu-
lomas, also exhibit limited genomic diversity. Mycobacterium leprae 
displays an extreme degree of gene decay.48

Not uncommonly, virulence-specific sequences are bounded by 
repeated DNA segments, some of which represent known insertion 
elements, which suggests that these virulence genes were once associ-
ated with a mobile genetic element or that these genes formerly occu-
pied another chromosomal locale in either the same species or another 
microorganism altogether. Acquisition of an adhesin, toxin, or serum-
resistance factor might enable a previously nonpathogenic organism to 
cause disease in a host that had previously been nonsusceptible.

Pathogenicity islands provide support for this concept.49 These 
islands comprise clusters of virulence-associated genes that encode 
specialized secretion systems, secreted effector molecules, adhesins, 
and regulatory proteins. S. typhimurium is believed to have begun 
evolving as a pathogen from a common ancestor that it shares with E. 
coli, from approximately 130 million years ago, through the sequential 
acquisition of at least two pathogenicity islands, one of which mediates 
internalization within host cells, and the other, survival and replication 
within an intracellular vacuole. Yersinia pestis provides a dramatic 
example of evolution through both acquisition and loss of genes. It is 
estimated that Y. pestis evolved from the enteropathogenic Yersinia 
pseudotuberculosis only 2000 to 20,000 years ago. All pathogenic yer-
siniae species harbor a 70-kb virulence plasmid (pYV) needed for 

species adapted to a particular host have evolved to carry very specific 
arrays of virulence-associated genes. By examining the genetic organi-
zation of pathogens, opportunists, and nonpathogenic bacteria, one 
can begin to understand the origins of pathogenicity and why some 
pathogens are more pathogenic or more successful than their peers.

Techniques used in the study of genetic relatedness include primary 
protein or nucleic acid sequence comparisons and DNA hybridization 
methods, including DNA microarray-based approaches.12 Some 
genetic sequences, such as those of the small- and large-subunit ribo-
somal RNAs, have been used as reliable evolutionary clocks.34,35 Com-
parative analysis of these sequences allows one to infer phylogenetic 
relationships among all known cellular life, but these sequences provide 
only limited resolution between strains and limited insight into organ-
ismal biology and function. The increasing ease with which primary 
genomic sequence information can be acquired, differences quantified, 
and these data shared has led to more precise methods of strain char-
acterization, such as multilocus sequence typing36 and whole-genome 
sequencing. Today, full-genome sequencing and genome-wide single 
nucleotide polymorphism analysis are feasible on a large-scale basis 
and offer the greatest insight into evolutionary relationships and popu-
lation biology of microbes.13 All of these sequence-based approaches 
avoid the pitfalls of classic comparisons of phenotypes (i.e., gross 
observable characteristics of a microbe), which can be unreliable. 
When these sequence-based techniques are used, a consistent finding 
emerges concerning the population structure of microorganisms: most 
natural populations of microorganisms consist of a number of discrete 
clonal lineages.37

A clonal population structure implies that the rates of recombina-
tion of chromosomal genes between different strains of the same 
species and between different bacterial species are very low. Clonal 
organization has been substantiated by the concordance between evo-
lutionary trees derived from unrelated chromosomal sequences.38 Even 
though bacteria possess well-established, naturally occurring genetic 
exchange mechanisms, they retain their individuality, just as the 
human- and other animal-associated bacterial communities demon-
strate stable membership over long periods of time in an individual. 
We might have thought that in light of unmistakable gene shuffling 
among and between bacteria, we might see homogenization of bacte-
rial species and little specialization. In fact, the opposite is true. Bacte-
rial species have remained discrete and distinct taxonomic entities39 
because the bacterial chromosome is a highly integrated and co-adapted 
entity that has, in general, resisted rearrangement. The same may be 
true of the overall structure of the indigenous bacterial communities 
of humans.

It is intriguing that analysis of natural populations of microorgan-
isms with pathogenic potential has revealed the prominent representa-
tion of a relatively few clones. In fact, most cases of serious disease may 
be caused by only a few of the many extant clones that constitute a 
pathogenic bacterial species. For example, one sees this in meningo-
coccal disease, where there is a clear predominance of a particular 
clone in large areas worldwide. In contrast, in the case of the typhoid 
bacillus, there is only one major clone worldwide, although antibiotic 
resistance may be forcing diversity.40 Indeed, in some extreme cases, 
all members of a species, such as Shigella sonnei or Bordetella pertussis, 
belong to the same clonal type or small group of closely related types. 
Not all pathogenic bacterial species reveal this pattern of clonal orga-
nization. Two notable exceptions are N. gonorrhoeae and Helicobacter 
pylori, which appear to use chromosomal recombination to increase 
their genetic diversity. It may be that organisms such as N. gonorrhoeae 
and H. pylori, which are quite specialized in their preference for dis-
crete human anatomic sites where they rarely encounter related species, 
must resort to constant recombination and genetic reassortment by 
using DNA transformation as a means of sharing the well-adapted 
alleles that accumulate within their populations. Thus, genetic vari-
ability among gonococcal and H. pylori isolates from discrete geo-
graphic locations suggests that these organisms are essentially and 
appropriately sexual.

Clonal analysis has generated other important conclusions con-
cerning the evolution of bacterial species and pathogenic strains in 
particular. Study of E. coli populations in the human intestinal tract 
indicates that only a small number of clonal lineages persist, whereas 
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RNA conformation, and protein conformation and stability mediate 
thermal regulation of these diverse virulence determinants.55

The number of well-characterized virulence regulatory systems is 
impressive. One common mechanism for bacterial transduction of 
environmental signals involves two-component regulatory systems 
that act on gene expression, usually at the transcriptional level.56,57 Such 
systems make use of similar pairs of proteins; one protein of the pair 
spans the cytoplasmic membrane, contains a transmitter domain, and 
may act as a sensor of environmental stimuli, whereas the other is  
a cytoplasmic protein (response regulator) with a receiver domain  
that regulates responsive genes or proteins. Sensor proteins are often 
kinases that phosphorylate themselves at a conserved histidine residue. 
These high-energy intermediates then transfer their phosphate groups 
to a conserved aspartate residue within the receiver domain of the 
response regulator proteins. Competing dephosphorylases determine 
an overall phosphorylation state of these response regulators and hence 
their level of activity. Many of these regulators are DNA-binding pro-
teins that regulate transcription of multiple gene targets. Systems of 
this type control, for example, the permeability properties of the E. coli 
cell envelope in response to osmotic stimuli (EnvZ/OmpR), motor 
activity involved in E. coli chemotaxis (CheA/CheY, CheB), expression 
of numerous virulence factors in Streptococcus pyogenes (CovR/CovS), 
the switch from vegetative growth to sporulation by Bacillus subtilis 
(KinA/SpoOF, SpoOA), and even the ability of the soil bacterium Agro-
bacterium tumefaciens to induce tumors in susceptible plant cells in 
response to phenols found within plant wound exudates (VirA/VirG).

The coordinated control of pathogenicity incorporates the impor-
tant concept of a regulon. A regulon is a group of operons or individual 
genes controlled by a common regulator, usually a protein activator or 
repressor. This regulator may, in some cases, be the second component 
of a two-component system. A regulon provides a means by which 
many genes can respond in concert to a particular stimulus. At other 
times, the same genes may respond independently to other signals. 
Global regulatory networks are a common feature of microbial viru-
lence as well as basic microbial physiology (Table 1-3). The complexity 
of virulence regulation in a single microbial pathogen is magnified by 
the coexistence of multiple interacting (cross-talking) systems and by 
regulons within regulons. P. aeruginosa, for example, contains genes 
for 55 sensors and 89 response regulators, whereas H. pylori contains 
genes for 4 and 7, respectively. Perhaps the more restricted numbers 
and types of microenvironments occupied by the latter organism limit 
the number, while increasing the relative importance, of cues that it 
must recognize. It appears that some, but not all, regulatory systems 
are essential for virulence.

Regulation of the expression of virulence determinants by V. chol-
erae involves a global regulatory protein that, in this case, serves a dual 
function. The toxR gene product is a transmembrane, DNA-binding 
protein that regulates expression of cholera toxin, toxin-coregulated 
pili, and specific outer membrane proteins. The ToxR protein is thought 
to sense a variety of environmental regulatory signals, including osmo-
larity, amino-acid concentration, temperature, and pH. ToxR directs 
expression of these genes indirectly by activating transcription of toxT, 
whose product is a member of the AraC family of transcriptional regu-
lators. At the level of amino-acid sequence, the ToxR protein contains 
features of both sensor and regulator proteins from the two-component 
sensory transduction system. The combination of these features into 
one protein may lead to increased specificity of action. The massive 
increase in the number of vibrios in cholera stools may presage a 
hyperinfectious state and enhanced transmissibility.58 The transcrip-
tional profile of these organisms as they exit patients suggests recent 
nutrient deprivation, iron limitation, downmodulated toxin expres-
sion, and reduced chemotactic activity.58,59

Quorum sensing is an approach by which bacteria keep track of 
their cell density and regulate their behavior accordingly.60 It is inex-
tricably involved in the formation of complex community structures, 
called biofilms, by bacteria on environmental surfaces for long-term 
persistence and resistance to host defenses. Gram-negative organisms 
secrete and respond to acylated homoserine lactones as a means of 
quorum sensing and cell-cell communication. Production of light by 
marine vibrios and tissue-degrading enzymes by P. aeruginosa is acti-
vated by these autoinducing compounds when they reach sufficient 

toxicity and to overcome host immune system; but there are two Y. 
pestis–specific plasmids that were recently acquired by horizontal gene 
transfer. One encodes a plasminogen activator, a surface molecule that 
provides proteolytic, adhesive, and invasive functions and facilitates 
dissemination from an intradermal site of infection. The other plasmid 
encodes a capsular antigen that blocks phagocytosis and a toxin needed 
for survival in the flea. Thus, this organism evolved to establish a dis-
tinct mammalian reservoir, to ensure its transmission by a flea, and 
gained attributes that permitted it to spread to systemic sites in its 
preferred murine host and with obvious devastating effect in an acci-
dental human host. In the process, it rearranged its chromosome and 
inactivated genes that were relics of its previous gastrointestinal life. 
That a microorganism can accomplish this remarkable feat of evolution 
in what is a relative blink of the eye, in evolutionary terms, should be 
a cautionary lesson for what the future may hold in store for any living 
entity that is host to microbes.

Although genomic analyses provide us with fascinating stories of 
how pathogens evolved by genetic acquisition of specialized secretion 
systems and the role of these systems in exporting a variety of genes 
that provide the microbe with extraordinary properties to survive in a 
specific host, we still remain ignorant of the precise origins of these 
and other virulence-associated systems. It seems likely, however, that 
pathogenicity is an old and honorable bacterial trait that can be traced 
to a pathogen’s need for avoiding predation as more sophisticated 
organisms evolved, such as free-living amebae, nematodes, and a host 
of other equally invisible creatures that exploit microbes for food.

REGULATION OF BACTERIAL 
PATHOGENICITY
If an organism possesses specialized gene products for its virulence, it 
must be able to use them when needed but not squander its metabolic 
energy producing them aimlessly or risk having them detected by host 
defenses and prematurely neutralized. Consequently, regulating the 
expression of virulence factors is an additional, yet essential complica-
tion of a pathogenic microbe’s life.50 The host presents an array of 
conditions strikingly distinct from those of the outside environment, 
conditions that are not easily reproduced in the laboratory. In fact, 
laboratory culture conditions bias our understanding of microbial 
adaptation to natural environments. This bias is reflected in the concept 
of a “viable but nonculturable state” for bacteria in their natural exter-
nal environment.51 Vibrio cholerae, for example, is thought to persist 
in this state in brackish estuaries and other saline aquatic environ-
ments, sometimes associated with the chitinous exoskeleton of various 
marine organisms.52 Transition from this milieu to the contrasting 
environment of the human small intestinal lumen must be accompa-
nied by substantial genetic regulatory events.

The microbial cell is relatively simple, yet it possesses the means  
to detect, often simultaneously, changes in temperature; ionic condi-
tions; oxygen concentration; pH; and calcium, iron, and other metal 
concentrations that might appear to be subtle signals, but which are 
essential for the precise mobilization of virulence determinants. Simi-
larly, environmental regulatory signals prepare the microbe for its tran-
sition from an extracellular to an intracellular state. For example, iron 
is a critical component of many cell metabolic processes; therefore, it 
is not surprising that animals rely on high-affinity iron-binding and 
storage proteins to deprive microorganisms of access to this nutrient, 
especially at the mucosal surface. In turn, most pathogens sense iron 
availability and induce or repress various iron acquisition systems 
accordingly.53 Indeed, many microorganisms possess toxins that are 
regulated by iron such that low iron concentrations trigger toxin bio-
synthesis. For the gastric pathogen H. pylori, pH may be a critical 
signal. The H. pylori response to low pH involves changes in transcript 
abundance for 7% of its genes and is associated with increased motility, 
perhaps as a means for penetrating the gastric mucous layer.54

Reversible regulation of the expression of virulence genes by tem-
perature is a feature common to many pathogens, including entero-
pathogenic and uropathogenic E. coli (K-88 and K-99 fimbriae, 
pyelonephritis-associated pilus fimbriae, and K-1 capsular antigen), 
Shigella spp. (invasiveness and Shiga toxin), and Yersinia spp. 
(virulence-associated determinants, including a low-calcium response 
and outer membrane proteins). Changes in DNA topology, messenger 
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intoxication, or entry.10 A precise configuration of microbial surface 
molecules might be viewed as an “attack complex” with properties not 
found in any of the individual components.

MICROBIAL PATHOGENS AS 
INTRACELLULAR PARASITES
Despite their capacity for an extracellular existence, a wide variety of 
bacterial and protozoal pathogens have evolved the means to enter, 
survive, multiply, and even persist within host eukaryotic cells. By so 
doing, a microorganism avoids host immune defenses and gains access 
to what are otherwise restricted nutrients. These advantages impose a 
strong selective evolutionary pressure that is dramatically reflected in 
the refined strategies developed by microbial pathogens for life within 
a host cell. These strategies include molecular mimicry, coercion, and 
intimate adaptation to eukaryotic cellular processes, and they are 
accompanied by genome reduction.

To a large degree, the mechanisms used by a microorganism to 
adhere to a eukaryotic cell dictate whether and how it enters the cell 
and its subsequent intracellular fate.17 Most, if not all, intracellular 
pathogens have multiple means for attachment to a eukaryotic cell 
surface; the particular combination of microbial attachment factors 
and cognate host receptors favors selection of one of several entry 
pathways and predetermines basic features of the intracellular vacuole. 
However, in a general sense, it is unclear to what extent microbial 
pathogens accept preprogrammed pathways dictated by phagocytic 
(e.g., complement and Fc receptors) and nonphagocytic receptors and 
to what extent they may be able to modify or exploit these pathways. 
Toxoplasma gondii invades and replicates within all types of nucleated 
mammalian cells. After entry and through unidentified receptors, T. 
gondii resides within a parasitophorous vacuole that is permanently 
incapable of fusion with other intracellular organelles, including lyso-
somes. Parasite survival within this vacuole depends on the accompa-
nying lack of acidification, exclusion of lysosomal contents, and specific 
mechanisms for nutrient acquisition and environmental sensing. 
However, when this organism is directed to enter eukaryotic cells by 
means of an alternative pathway (e.g., mediated by receptors for the 
constant region of immunoglobulin G, Fc), this vacuole fusion block 
is overcome. Presumably, parasite-directed modifications of the sur-
rounding vacuolar membrane and exclusion of certain host proteins 
during the earliest stages of entry help create conditions necessary for 
growth and development of the pathogen.70

Some pathogenic microorganisms seem to regulate when and 
where they interact with host cells by using preexistent host signaling 
pathways.17 Among the receptors that recognize pathogens and, in 
some cases, mediate entry are integrins (Yersinia spp.), tight junction 
apparatus cadherins (Listeria monocytogenes)71 and scaffolding protein 
ZO-1 (H. pylori),72 dystroglycans (arenaviruses),73 and growth factor 
receptors (S. typhimurium). In most of these cases, the pathogens do 
not depend on only one receptor family for cellular entry. In addition, 
cell or organ tropism may be determined by recognition of different 
members of the same family.

Signaling events at the surface of the host cell, between pathogens 
of the same type, and between pathogen and host cell indicate a 

concentration.61 Gram-positive organisms such as Staphylococcus 
aureus use peptide autoinducers and repressors to sense cell density 
and regulate toxin expression. The ability of bacterial pathogens to  
take their own census enables precise choreography of virulence factor 
production during the course of growth in a vigilant host. For example, 
in the early stages of a developing soft tissue abscess, S. aureus turns 
on antiphagocytic toxins just as the bacteria reach numbers sufficient 
to draw the attention of neutrophils.62 V. cholerae relies on quorum 
sensing to regulate biofilm formation on marine plankton and medi-
ates release from these biofilms upon entry into a human host.63 
Quorum factors sometimes exhibit strain specificity and might serve 
as targets for novel therapeutic approaches.64

Some microbial pathogens (e.g., N. gonorrhoeae, Borrelia recurren-
tis, and Trypanosoma brucei) periodically vary prominent antigenic 
components of their surface and, by so doing, avoid the host immune 
response. Antigenic variation in S. typhimurium and N. gonorrhoeae 
provides examples of alternative molecular mechanisms (i.e., DNA 
rearrangements) that mediate regulation of the expression of virulence 
factors. S. typhimurium varies an immunodominant antigen by alter-
nating between the expression of two different flagellin genes, H1 and 
H2. The mechanism for this form of variation involves inversion of a 
995-bp chromosomal DNA sequence containing a promoter.65 By alter-
ing expression of flagellin, S. typhimurium may avoid a host antibody 
response directed against it.

Pili are essential for virulence of gonococci in the human host, 
probably as a result of their role in adherence to the mucosal target 
surface.66 They also elicit a specific local and systemic host antibody 
response. Intermittent production of pili, as well as variation in the 
antigenic type of a pilus, may be strategies used by the gonococci to 
avoid the host immune response. The molecular mechanisms behind 
these strategies are complex. In general terms, phase and antigenic 
variation result from DNA rearrangements that move pilin-related 
sequences scattered around the gonococcal chromosome (in silent pilS 
loci) to the expression site (pilE locus). Numerous different pilus types 
may be expressed by derivatives of a single N. gonorrhoeae strain. 
Among other microbial pathogens, DNA rearrangements account for 
the antigenic variation of variant surface glycoproteins of T. brucei67 
and the antigenic variation of variable major proteins in Borrelia spp.68

Proper presentation of certain virulence-associated gene products 
on the microbial surface is now recognized to be as important to 
pathogenicity as the initial expression of these genes. Presentation 
entails export pathways, association with other periplasmic or surface 
factors, and sometimes macromolecular assembly at the surface and is 
also subject to regulation.69 Among bacterial pathogens, shared homol-
ogy is apparent among families of proteins involved in these processes. 
One family consists of proteins that are known as chaperones and 
ushers, concepts first proposed in a model for the assembly of 
uroepithelium-adherent E. coli P pili. Periplasmic chaperones, such as 
PapD, escort protein subunits from the cytoplasmic to the outer mem-
brane and assist in their proper folding. Outer membrane ushers, such 
as PapC, target these complexes to a surface assembly site. Folding, 
transport, and assembly enable a microorganism to present a specific 
array of surface molecules necessary for eukaryotic cell tropism, 

TABLE 1-3  Examples of Bacterial Virulence Regulatory Systems

ORGANISM
REGULATORY 
GENE(S) ENVIRONMENTAL STIMULI REGULATED FUNCTIONS

Escherichia coli drdX Temperature Pyelonephritis-associated pili

fur Iron concentration Shiga-like toxin, siderophores

Bordetella pertussis bvgAS Temperature, ionic conditions, nicotinic acid Pertussis toxin, filamentous hemagglutinin, adenylate cyclase, others

Vibrio cholerae toxR Temperature, osmolarity, pH, amino acids Cholera toxin, pili, outer membrane proteins

Yersinia spp. lcr loci Temperature, calcium Secretion of effector proteins

virF Temperature Adherence, invasiveness

Shigella spp. virR Temperature Invasiveness

Salmonella typhimurium pag genes pH Virulence, macrophage survival

Staphylococcus aureus agr genes Cell density α-, β-Hemolysins; toxic shock syndrome toxin 1, protein A

Data from Miller JF, Mekalanos JJ, Falkow S. Coordinate regulation and sensory transduction in the control of bacterial virulence. Science. 1989;243:916-922; Mekalanos JJ. 
Environmental signals controlling the expression of virulence determinants in bacteria. J Bacteriol. 1992;174:1-7.
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Early escape from the vacuole is essential for the growth and viru-
lence of some intracellular pathogens. Listeria monocytogenes relies 
on several molecules for lysis of the early phagosome, including a  
pore-forming hemolysin (listeriolysin O) and two forms of phospho-
lipase C. Once in the cytoplasm, Listeria replicates and induces its 
own movement through a remarkable process of host cell actin polym-
erization and formation of microfilaments within a comet-like tail. 
Shigella also lyses the phagosomal vacuole and induces the formation 
of similar structures for the purpose of intracytoplasmic movement 
and cell-cell spread. In both cases, bacterial and host factors involved 
in actin polymerization have been identified.76 In the same way that 
microbial pathogens fare differently in their interactions with phago-
cytic cells, the outcome of intracellular parasitism for the host cell also 
varies considerably, depending on the specific host cell and pathogen 
involved.

SUBVERSION OF HOST CELLULAR 
PROCESSES AND IMMUNE 
DEFENSES
Pathogens can be distinguished from typical commensal microorgan-
isms by the degree to which they subvert host cellular processes to their 
own advantage.17,19 Enhanced adherence or internalization of the 
pathogen, inhibition of host cell antimicrobial activity, altered inflam-
matory responses, enhanced pathogen multiplication, and host cell 
death are potential outcomes. As mentioned earlier, one common 
mechanism by which bacterial pathogens alter or subvert the host cell 
involves specialized secretion systems, such as the type III and type VI 
or contact-dependent secretion pathways and the type IV secretion 
pathway.77-79 Type III secretion systems from diverse bacterial patho-
gens share structural and functional features that suggest an evolution-
ary relationship with the bacterial flagellar apparatus.77 These systems 
are encoded by blocks of genes that are usually located within patho-
genicity islands. Using a supramolecular structure that spans the entire 
cell wall and resembles a hypodermic syringe,80 pathogens secrete 
effector molecules directly across host cell membranes. Whereas Sal-
monella and Shigella use type III secretion systems (Salmonella patho-
genicity island 1 [SPI-1] and invasion plasmid systems, respectively) 
to mediate entry into host cells, Salmonella relies on a second type III 
system (SPI-2) for successful replication within an intracellular vacuole; 
this second system is expressed only when the organism occupies this 
privileged niche.

Type III and type VI secreted effector molecules mediate diverse 
tasks. Salmonella SopE is secreted by the SPI-1 system and binds 
directly to members of the Rho small-molecular-weight guanosine 
triphosphatase protein family in the host cell cytoplasm; this action 
activates membrane ruffling.81 The Yersinia YopH effector protein is a 
potent protein tyrosine phosphatase, virulence factor, and antiphago-
cytic factor. YopJ induces apoptosis in activated macrophages, sup-
presses tumor necrosis factor-α production, and is critical for Yersinia 
translocation from Peyer’s patches to lymphoid tissue and replication 
in the spleen. A number of pathogens, including Shigella and Salmo-
nella, are capable of inducing cell death in macrophages and dendritic 
cells but not epithelial cells. Although the induction of cell death and 
frank apoptosis is a common shared strategy of many pathogens, each 
accomplishes this outcome through different mechanisms and with a 
different precise temporal program.19,22 Contact-dependent type VI 
secretion has been associated with bactericidal activity in a variety of 
gram-negative bacteria and a form of “dueling” behavior between het-
erologous bacterial species.82

Manipulation of host cell fate and orchestrated choreography of 
inflammatory responses are recurrent themes in the strategies of 
microbial pathogens. For example, mycobacteria shut down host-
beneficial myeloid differentiation primary response protein 88 
(MyD88)-dependent recruitment of macrophages and activate an 
alternate recruitment program to gain residence in more permissive 
macrophages. Hence, the granuloma, for 100 years assigned a central 
role in “walling off ” M. tuberculosis infection, is as much a structure 
built by mycobacteria to promote their expansion and dissemination 
during early infection.83 Recent studies likewise suggest that long-term 
Salmonella carriage is a reflection of the “selection” of a particular class 
of phagocytic cells to achieve long-term survival.84

complex, highly evolved process of co-adaptation and co-optation.10,19,60 
Many of these signals induce rearrangement of host cell cytoskeleton 
to the advantage of the pathogen. In a particularly dramatic example, 
enteropathogenic E. coli induces the effacement of normal epithelial 
cell surface architecture and the formation of a specialized structure 
containing reorganized actin that protrudes from the host cell surface 
and is called a “pedestal,” or pseudopod (Fig. 1-1). Pedestals facilitate 
intimate attachment, but not entry, of enteropathogenic E. coli to the 
host cell; attachment is mediated by the bacterial adhesin intimin and 
a receptor, Tir, that is secreted by enteropathogenic E. coli into the host 
cell and then localized to the host cell membrane at the apical surface 
of the pedestal.74 These events require a specialized secretion system 
(see “Subversion of Host Cellular Processes and Immune Defenses”) 
that delivers not only Tir but also effector proteins that direct host cell 
phosphorylation of Tir and stimulate other signaling pathways. All 
these factors are encoded by genes found within a pathogenicity island 
known as the locus for enterocyte effacement (LEE); this chromosomal 
island is also found in some strains of Shiga toxin–producing E. coli. 
Tir from Shiga toxin–producing E. coli is immunogenic in humans and 
exhibits sequence and antigenic diversity among different isolates.75

Other forms of cytoskeletal rearrangements are essential to the 
process by which Salmonella, Shigella, and other intracellular patho-
gens enter host cells. Salmonella induces “ruffling” of the host cell 
membrane, which then engulfs the bacterium and leads to internaliza-
tion through macropinocytosis. This response by nonphagocytic cells 
is similar to that provoked by growth factors. Salmonella Sip proteins 
and the related Shigella Ipa proteins are secreted into host cells after 
surface contact and are each necessary for the cytoskeletal responses 
of the host cell and for pathogen entry.

Microbial pathogens that have adapted to an intracellular environ-
ment possess diverse and specific strategies for survival and replica-
tion. Some pathogens remain within a vacuole (e.g., Toxoplasma, 
Salmonella), and some lyse the initial phagosomal membrane and 
replicate within the host cell cytoplasm (Shigella, Listeria, Trypano-
soma, some Rickettsia spp.). Maintenance of specific and favorable 
vacuolar conditions may entail inhibition of phagolysosomal fusion 
and acidification (Toxoplasma), association of eukaryotic organelles 
with bacteria-containing vacuoles (Legionella, Salmonella), regulation 
of pH (Salmonella), and elevated intracellular levels of glucose in alter-
natively activated macrophages (Salmonella, Brucella).

FIGURE 1-1 Scanning electron micrograph depicting pseudopod, 
or “pedestal,” formation by enteropathogenic Escherichia coli 
(EPEC) as it interacts with the surface of an epithelial cell. This form 
of intimate adherence requires a bacterial adhesin, intimin; a receptor of 
bacterial origin, Tir, that is injected into the host cell; and a series of EPEC-
initiated signaling events. Disruption of normal absorptive function results 
in diarrhea. Other bacterial pathogens are also capable of inducing ped-
estal formation on intestinal epithelial cells. (From Rosenshine I, Rusch-
kowski S, Stein M, et al. A pathogenic bacterium triggers epithelial signals 
to form a functional bacterial receptor that mediates actin pseudopod 
formation. EMBO J. 1996;15:2613-2624. Courtesy B. B. Finlay.)
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external and internal host and cellular environments. Two approaches 
allow investigators to select for genes and promoters that are preferen-
tially expressed by a microbial pathogen within a host cell or within a 
host organ. These approaches rely on specially designed vectors into 
which a complete library of chromosomal genes are cloned such that 
when the promoters for these genes are activated, they turn on the 
expression of factors that can be easily selected, either by expression of 
antibiotics, by complementation of an engineered growth-attenuating 
mutation in the pathogen, or by expression of a fluorescent protein. In 
the first approach, the application of in vivo expression technology to V. 
cholerae and S. typhimurium has clarified the conditions encountered 
by pathogens in vivo as well as their regulatory responses.91 By using 
a second approach, termed differential fluorescence induction, research-
ers identify promoters that are selectively induced within host cells or 
tissues by fusing random fragments of a pathogen’s genome to the gene 
encoding green fluorescent protein and then applying fluorescence-
activated flow cytometry to a pool of recombinant organisms bearing 
these reporter gene fusions.92

Broad-based, nonselective approaches for screening an entire 
genome and its complement of expressed genes are now quite feasible 
with DNA microarray and DNA sequencing technologies. DNA 
microarrays are high-density grids of probes displayed on a solid 
surface; tens or hundreds of thousands of probes can be arrayed in an 
area of 1 cm2. By displaying probes for every gene and intergenic 
feature of a given pathogen on a microarray and hybridizing labeled 
genomic DNA or complementary DNA (cDNA), one can obtain a 
complete gene content or expression profile, respectively, for the patho-
gen under any desired condition. Comparative genomic hybridization 
analysis of multiple strains of pathogens reveals localized regions of 
frequent gene gain and loss (“regions of difference,” equivalent in many 
cases to pathogenicity islands) and can provide insight into pathogen 
evolution as well as novel mechanisms of virulence.47 More recently, 
the ease with which complex pools of DNA or RNA molecules can be 
sequenced simultaneously in parallel has facilitated other approaches 
for screening large numbers of transposon mutant strains and identify-
ing genes associated with microbial fitness.93 Today, quantitative mea-
surements of gene transcripts and comparisons of transcript abundance 
are greatly facilitated by high-throughput random sequencing of cDNA 
and the generation of millions of expressed sequence tags that are then 
mapped back to genes and genomes with a method called “RNAseq.” 
With these approaches, genes and their products are incriminated  
by their relationship with a disease-associated process. Final proof, 
however, that a gene is associated with pathogenicity requires that 
certain criteria be met. In a manner analogous to Koch’s original pos-
tulates, these criteria must include return of the putative causal agent 
(the cloned virulence-associated gene mutated or intact) to the host of 
origin. Unless one can demonstrate an effect on pathogenicity by this 
kind of controlled genetic manipulation, causality with respect to viru-
lence has not been proved. Just as the original Henle-Koch postulates 
have provided a reference point for later revised criteria of microbial 
causality,94 a molecular form of Koch’s postulates95 can serve as a guide-
line for an experimental approach to the molecular genetic basis of 
pathogenicity. These postulates continue to coevolve in conjunction 
with emerging insights into microbial virulence and rapidly improving 
experimental approaches and technologies. For example, alternative 
approaches for proof of causation are necessary for pathogens that 
cannot be isolated and for disease in which a “pathogenic community” 
is believed to be the cause.96

MOLECULAR MICROBIOLOGY AT THE 
BEDSIDE: PATHOGEN DETECTION, 
PATHOGEN DISCOVERY, AND 
GENOMIC PROFILING
As mechanisms of microbial pathogenicity, acquisition of virulence, 
and drug resistance are revealed, pathogen detection, strain identifica-
tion, and pathogen discovery assume increasing importance in the 
practice of clinical infectious diseases.32 It is already apparent that 
studies of microbial pathogenicity at the molecular level have made 
substantial contributions to our understanding of the epidemiology, 
clinical manifestations, diagnosis, treatment, and prevention of infec-
tious diseases. Even the fundamental issue of disease causation and the 

Because they establish dependent relationships with host cells, 
viruses often manipulate host cells in dramatic fashion. Human papil-
lomaviruses and other animal viruses induce expansion of their pre-
ferred host niche by interfering with critical cell-cycle controls.85 In an 
interesting analogy, Rickettsia rickettsii blocks a host cell apoptosis 
defensive strategy to prolong the life of the infected cell, facilitate 
rickettsial replication, and then spread to other host cells.86 Molluscum 
contagiosum virus protects its host cell from oxidative or ultraviolet-
induced damage by expressing a glutathione peroxidase–like seleno-
protein that acts as a scavenger of toxic oxygen metabolites.87 Other 
opportunistic strategies of viral pathogens include suppression of viral 
antigen presentation by host cells and interference with host cytokine, 
complement, and interferon activities.21-23

A wide variety of intracellular pathogens and their patterned 
molecular components are recognized by members of the NOD (nucle-
otide oligomerization domain)-like family of receptors, which then 
leads to activation of a cytosolic protein complex known as the “inflam-
masome” and activation of caspase-1, a protease that, in turn, promotes 
activation of proinflammatory cytokines and host cell death.88 The 
inflammasome can be viewed as a kind of ancient record of the long-
standing interplay between phagocytes and microbes. The scope and 
sophistication of the means by which pathogens overcome the host 
barrier to their establishment, replication, persistence, and subsequent 
exit and transmission to a new host must be seen as one of the most 
impressive examples of evolutionary diversity and adaptation. We 
cannot hope to do justice to the topic here, but we do hope to inspire 
appreciation and respect among clinicians for their microscopic 
adversaries.

IDENTIFICATION AND 
CHARACTERIZATION OF 
VIRULENCE GENES
Characterization of microbial pathogenicity at the molecular level has 
traditionally begun with the identification of a virulence-associated 
phenotype. Such identification may come from clinical observation, 
epidemiologic investigation, or the use of a model system that reliably 
reproduces the microbial phenotype in a manner similar to that seen 
in natural infection. Traditionally, a virulent strain was compared with 
a naturally occurring avirulent variant. Such variants, however, may 
have complex genotypic alterations involving multiple genetic loci. 
Today, increasingly sophisticated computational tools and ever more-
easily acquired complete genome sequences have led to predictions of 
phenotype and identification of candidate virulence genes from the 
sequence. The inspection of genome sequences from multiple strains, 
each with variant virulence phenotypes, provides a powerful starting 
point for subsequent hypothesis testing by using specific engineered 
mutant strains, when the microbial species is genetically tractable. 
Some pathogens and many commensals, however, remain genetically 
intractable or resistant to laboratory cultivation. For these organisms, 
emerging methods offer the possibility of examining their behavior 
and putative properties directly from clinical specimens without the 
need for laboratory propagation (see “Molecular Microbiology at  
the Bedside: Pathogen Detection, Pathogen Discovery, and Genomic 
Profiling”).

Some of the now-standard approaches for identifying virulence-
associated genes include the use of insertional elements (e.g., transpo-
sons) as mutational agents for generating isogenic mutant strains. 
Transposons have the advantage of marking the mutagenized genetic 
locus with a new selectable phenotype, typically antibiotic resistance, 
but the disadvantage of possible pleiotropic effects on cotranscribed 
genes or on overall microbial fitness. The development of broad-host-
range plasmid vectors carrying well-defined transposons has extended 
this method of analysis to a number of pathogenic species for which a 
method of genetic manipulation was not previously available. By using 
transposable elements with unique genetic tags, negative selection can 
be applied to a pool of random mutants in a relevant model of patho-
genesis. This approach, known as signature-tagged mutagenesis, has 
identified a number of genes in gram-negative and gram-positive  
bacteria that are essential for virulence.89,90

Other methods for the identification of virulence-associated genes 
are based on the regulation of such genes by the transitions between 
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of ribosomal RNA gene sequences by amplifying them directly from 
digested, infected human tissue.99 Reliable evolutionary relationships 
of a putative organism can then be established from these amplified 
sequences. A number of organisms resistant to cultivation or propaga-
tion have been identified with non–culture-based methods.101,102 Some 
of the same molecular methods are used to explore diversity within the 
indigenous microbial communities that populate the skin and mucosal 
surfaces of the human body.

Conceptual advances in our understanding of microbial virulence, 
revolutionary developments in our technical means, and emerging 
challenges from a rapidly changing environment around us suggest a 
number of future scenarios and goals. First, we should focus our efforts 
on the identification and characterization of pathogens directly from 
clinical specimens and infected hosts, using cultivation-independent 
approaches. Manipulation and genome-wide characterization of single 
bacterial cells is now entirely feasible.103 Deep sequencing–based 
pathogen identification from clinical specimens is also a reality.104,105 
We should expect to be able to measure genome-wide microbial tran-
script abundance and metabolic activity directly from human speci-
mens as well. Second, the composition and function of the indigenous 
microbial communities can be assessed using metagenomic and other 
community-wide postgenomic technologies.6,8,106 By combining assess-
ments of community and human response, we stand to gain novel 
insights into the nature of chronic inflammatory disorders of skin and 
mucosa.107 Third, it is now time to fully embrace the importance of 
host genetic variation in differential susceptibility to infection and 
subsequent disease.108 Fourth, genomic and postgenomic technologies 
enable us to measure and interpret patterns of human gene and protein 
expression associated with the response to infectious disease; these 
patterns may serve as the basis for signatures, enabling early recogni-
tion and classification of patients on the basis of agent or future disease 
course.32,109-112 As virulence factors for essential steps in pathogenesis 
are identified, it should be possible to interfere with their function. As 
they become better characterized, manipulation of global virulence 
regulatory systems may have therapeutic value. New acellular or 
recombinant live-attenuated vaccines and vaccine candidates have 
already resulted from the identification of immunoprotective antigens 
through molecular and genomic approaches.12,13 The result of these 
efforts should be a more informed and effective approach to the detec-
tion, treatment, and prevention of infectious diseases.

possible role of microorganisms and microbial communities in chronic 
diseases of uncertain etiology must be reexamined in light of newer 
experimental methods and insight.

Infectious disease epidemiology hinges on a clear definition of the 
clinical problem under study and, moreover, precise identification of 
the etiologic agent. Molecular techniques provide for the sensitive and 
specific detection of putative pathogens and supply a means for estab-
lishing relationships among multiple isolates of the same species. As a 
result, seemingly unrelated cases occurring during an outbreak have 
been connected; similarly, geographically or temporally distinct out-
breaks have been linked to the same pathogenic clone. Molecular tech-
niques have been used in other epidemiologic investigations to study 
transmission mechanisms and the role of avirulent microbial variants 
in the spread of disease. Whole-genome sequencing sometimes pro-
vides the only clue that a group of cases are related, that is, that an 
outbreak of disease has occurred, as well as the relationships of the 
outbreak strain to other strains.97 Morphologic and general metabolic 
features often fail to indicate the important genetic diversity found 
within strains.

Nucleic acid amplification techniques have had a far-reaching 
impact on the study of microbial pathogenesis and the diagnosis of 
infectious diseases. For a variety of reasons, some of them economic 
(reimbursement structure for clinical testing) and some of them tech-
nical (suboptimal sample preparation methods, and because of insuf-
ficient attention to the complexity of specimen matrix), specific 
polymerase chain reaction assays for microbial pathogens have failed 
to penetrate the clinical workplace to a thorough degree.98 Current 
methods for the identification of microbial pathogens rely heavily on 
cultivation or propagation in the laboratory. Molecular pathogen dis-
covery methods avoid these dependencies and have spawned new 
searches for microorganisms that might play important causal roles in 
a wide variety of poorly explained acute and chronic diseases.32,99,100 By 
providing a speedy and specific microbiologic diagnosis, these methods 
will encourage the development and deployment of targeted therapeu-
tics, and dampen the empirical use of broad-spectrum antimicrobials, 
thereby reducing selection for resistant organisms. The principle 
behind these methods is reliance on molecular signatures to identify 
or classify a previously unrecognized pathogen; the most commonly 
used signature is the genomic sequence, but other small molecules may 
prove useful. One of these methods targets highly conserved regions 
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The Human Microbiome of Local 
Body Sites and Their Unique Biology
Kjersti Aagaard, Ruth Ann Luna, and James Versalovic

DEFINING THE HUMAN 
MICROBIOME
The human microbiota can be defined as all microorganisms (≈90 or 
so trillion bacteria, Archaea, microeukaryotes, and viruses) residing in 
the human body; the human microbiome consists of the genes and gene 
products (RNA, proteins, metabolites) produced by resident microbial 
communities. The advent of high-throughput DNA/RNA sequencing 
technologies and computational methodologies has enabled scientists 
to systematically catalog the global set of microorganisms—cultured 
and uncultured—in a heretofore unparalleled manner. Different body 
habitats contain microbial communities and microbiomes that differ 
by microbial composition and function (metabolic modules and path-
ways). As a result, each body habitat is composed of characteristic 
bacterial species and other microbial taxa that are adapted to each body 
site. Differences in microbial composition yield differences in meta-
bolic capacity and aggregate function of the human microbiome.

Traditional notions have been challenged, such as the ideas first put 
forth in Koch’s postulates, whereby microbes were viewed as pathogens 
and as sole etiologic agents of infectious diseases. Such a “foe” view 
neglects our earliest sightings of oral and fecal microbes with Anton 
van Leeuwenhoek’s microscopes, where it was observed that animal-
cules (microorganisms) reside in a symbiotic and likely mutually ben-
eficial relationship with the host. We now appreciate that the microbial 
genome exceeds the human genome by at least 250-fold, and the cel-
lular count of resident microbiota exceeds the human cell count by 
greater than 10-fold.1 Our concepts regarding the relative abundance 
and ubiquity of diverse human pathogens are growing more pro-
foundly with advances in the science of the human microbiome. Abun-
dance refers to the relative quantity of microbes within each individual 
or body site, whereas ubiquity refers to the presence of the same 
microbes in different individuals.

The Human Microbiome Project (HMP) documented the striking 
absence of canonical pathogens in healthy adults at 18 body sites.2 
Notable exceptions were the well-known pathogens Staphylococcus 
aureus and Escherichia coli. As an example, E. coli DNA was detected 
in 15% of individuals at 0.5% abundance and was detectable at any level 
in 61% of healthy adults. Canonical pathogens as defined by the 
National Institute of Allergy and Infectious Diseases2 are generally 
absent from the human microbiome in healthy individuals, but oppor-
tunistic pathogens are widely distributed in healthy adults. A total of 
59 opportunistic pathogens in the PathoSystems Resource Integration 
Center (PATRIC) database were detected in 242 healthy adults, and 
these species were shared in colonized individuals across multiple body 
sites. This finding contrasts with the relative habitat specificity of com-
mensal species that lack evidence of pathogenicity. In summary, 
although canonical pathogens are rare in healthy individuals, oppor-
tunistic pathogens are relatively common in healthy individuals and 
explain why immunosuppression often results in opportunistic infec-
tions. Canonical pathogens, by contrast, must be transmitted to healthy 
individuals from other humans, animals, or the environment. Oppor-
tunistic pathogens may arise from within the indigenous microbiome, 
in addition to possible transmission from outside sources.

HUMAN MICROBIOME AS A 
COMPLEX ECOSYSTEM 
COMPOSED OF MULTIPLE BODY 
SITE HABITATS AND NICHES
The HMP (funded by the U.S. National Institutes of Health) and 
Metagenomics of the Human Intestinal Tract (MetaHIT; funded by the 
European Commission) initiatives established the first microbial gene 

catalogs of the human adult microbiota, with the HMP effort spanning 
15 body site niches in men and 18 in women.1-4 Each primary body 
habitat in the healthy human microbiome contains a distinctive micro-
bial community, when evaluated by bacterial composition.2,3,5 With the 
establishment of these first reliable estimates of the structure, function, 
and diversity of the human “healthy” microbiome, it is readily apparent 
that there is body site (niche) specificity (Table 2-1, Fig. 2-1). The HMP 
reported that although no bacterial taxa were universally present 
among all body habitats and individuals, the relative distribution of 
several metabolic modules and pathways was surprisingly similar, with 
a greater degree of similarity observed within ethnic and racial groups.2 
These carriage patterns were functionally relevant, and genomic varia-
tion in microbial strains (gains, losses, and polymorphisms) under-
scored the extent of interindividual variation in the human microbiome. 
Taxonomic profiling associating both clades and metabolism with host 
covariates (namely, adult age, sex, body mass index [BMI], blood pres-
sure, race, and ethnicity) demonstrated that most microbial variation 
is not well-explained by examined clinical covariates other than race/
ethnicity.4

As a result, our rapidly evolving view of the human ecosystem aug-
ments the traditional view of a single pathogen being responsive for 
disease onset. Even if a single microbe is the etiologic agent of infec-
tion, the pathogenesis and pathophysiology of infection can be viewed 
within the context of the microbiome and human biology. We now 
appreciate that our human microbiome is a complex ecosystem, with 
distinct biologic niches. The resultant perspective for human health 
and disease shifts the focus to the global balance of our microbiota 
rather than the appearance of a specific infectious agent. As a result, a 
clear understanding of the role of microbial community structure in 
the host can facilitate a deeper understanding of infectious diseases 
and susceptibility to infections (see Table 2-1). We are realizing the 
translational fruits of a broadened understanding of the human micro-
biome as metagenomic medicine makes strides in restoring health in 
highly morbid conditions (e.g., recurrent Clostridium difficile colitis).6

The period of establishment of the human microbiome in newborn 
infants is highly debated. Several theories have been proposed, such as 
acquisition from exposure to the maternal vaginal microbiome, intes-
tinal microbiome, breast milk microbiome, and skin-to-skin contact7; 
however, these findings are not exclusive. In murine models, the 
newborn gut is relatively sterile before birth and soon after delivery is 
exposed to both the maternal and environmental microbiota.8 Symbi-
otic and commensal microbiota in the human host may prevent colo-
nization by harmful bacteria and provide immune resistance as 
demonstrated by germ-free mouse experiments. The mode of delivery 
has been associated with differences in composition of the newborn 
microbiome.9-13 As the infant passes through the birth canal, the mater-
nal vaginal microbiome is likely in contact with the infant’s skin, 
mouth, and respiratory tract, and this exposure may affect the compo-
sition of the offspring’s skin, oral, intestinal, and nasal microbiomes.

In one of the often-cited studies regarding mode of delivery and the 
impact on the human microbiome, investigators examined neonatal 
microbial community structure in instances of cesarean delivery in 
comparison with vaginal birth from a small cohort of Venezuelan 
women employing 16S-based metagenomics.10 They observed that the 
vaginally delivered infants harbored Lactobacillus, Prevotella, or 
Sneathia spp. (commonly found in the vagina), whereas cesarean-
delivered infants acquired a microbiome that was dominated by Staph-
ylococcus, Corynebacterium, and Propionibacterium spp. (resembling 
the skin microbiota of their mothers and others in the local environ-
ment).10 Interestingly, although infants delivered by cesarean were 
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potential underlying co-associations and comorbidities deserve greater 
attention in future studies.

In this chapter we describe the current state of knowledge of the 
human microbiome and key features of human-associated microbial 
communities in each primary body habitat. We render brief discus-
sions regarding known determinants of the microbial structure of these 
niches and presumptive associations with several disease states (as 
examples). Because of the paucity of data pertaining to a definitive role 
of variance in the microbiome as the source of disease, we limit the 
entirety of our discussion in this chapter to co-occurrence and associa-
tions, rather than presumptive causation.

ORAL MICROBIOME
The oral microbiome is diverse and abundant. Although a significant 
amount of research has focused on the gut microbiome with respect 
to health and disease, there is a substantial body of work regarding the 
oral microbiome. The HMP demonstrated exquisite niche specificity 
within the oral microbiome, with distinct communities observed at the 
level of taxa and gene carriage patterns (Fig. 2-2). To put this into 
perspective, 1 cc (mL) of human saliva in a healthy adult contains 
approximately 100 million cells, which is discrete from the community 
of the surrounding oral microbiome. Several studies2,3,15-18 have docu-
mented the unanticipated robustness of the oral microbiome. Micro-
array, early pyrosequencing, and culture methodologies estimated 
approximately 700 oral microbial phylotypes. However, dental plaque 
sampling pooled from 98 healthy adults was estimated to represent 22 
phyla comprising 3621 and 6888 species-level phylotypes in the saliva 
and plaque, respectively.15 The HMP estimated nearly 70 distinct 
genera in the same human specimen types.2 The most abundant bacte-
rial genera in healthy adults include Actinomyces, Bacteroides, Pre-
votella, Streptococcus, Fusobacterium, Leptotrichia, Corynebacterium, 
Veillonella, Rothia, Capnocytophaga, Selenomonas, and Treponema, as 
well as the TM7 lineage. In addition to the bacterial kingdom, Metha-
nobrevibacter spp. from the Archaea kingdom was also identified in 
the oral microbiome.

Interindividual variation in the microbiome is richly observed  
in the oral niche. For example, Streptococcus spp. dominate the 

more akin in their microbiome profile to human skin microbiome 
communities, the mother’s skin microbiome did not bear a closer 
resemblance to her respective infant’s microbiome when compared 
with other babies born via the same mode of delivery or vaginally 
delivered maternal-infant pairs.10 This finding suggests that vertical 
transmission may occur with vaginal birth, but horizontal transmis-
sion of microbes from other humans and the environment contributes 
to diversification of the skin microbiome after cesarean birth.

In terms of the longitudinal establishment of the human microbi-
ome, the microbiomes in vaginally versus cesarean-delivered infants 
yielded a modest but significant difference at up to 6 months of age 
and appreciable differences years later.9,12,14 Neonates delivered by 
cesarean section yield a characteristic absence of Bifidobacterium spp., 
whereas those infants delivered vaginally have a predominance of  
Bifidobacterium longum and Bifidobacterium catenulatum.9,13 The com-
position of the newborn microbiome and its link to mode of delivery 
is confounded by the fact that mothers undergoing cesarean section 
routinely receive antibiotics.12 Maternal factors, such as the indication 
for cesarean, use of preincision versus perioperative antibiotics, con-
sumption of probiotics, maternal BMI, and gestational diabetes status, 
are understudied likely modifiers.8-10,14 These early observations regard-
ing mode of delivery and its impact on the establishment of the micro-
biome are not yet reported in broad population-based cohorts, and 

TABLE 2-1  Explanation of Key Terms

TERM DEFINITION
Biofilm A physically (and often temporally) structured aggregate 

of microorganisms, often containing multiple taxa, 
and often adhered to each other and/or to a defined 
substrate

Community 
structure

Used most commonly to refer to the taxonomic 
composition of a microbial community; can also refer 
to the spatiotemporal distribution of taxa

Diversity A measure of the taxonomic distribution within a 
community, in terms of either distinct taxa or their 
evolutionary/phylogenetic distance

Germ free A host animal containing no microorganisms

Gnotobiotic A host animal containing a defined set of 
microorganisms, either synthetically implanted or 
transferred from another host; often used to refer to 
model organisms with humanized microbiota

Metagenome The total genomic DNA of all organisms within a 
community

Metabonome The total metabolite pool (and possibly fluxes) of a 
community

Metaproteome The total proteome of all organisms within a community

Metatranscriptome The total transcribed RNA pool of all organisms within a 
community

Microbiome The total microbial community, genes, and biomolecules 
within a defined environment

Microbiota The total collection of microorganisms within a 
community, typically used in reference to an animal 
host

Probiotic A viable microorganism consumed by the host with 
direct or indirect health benefits

16S rRNA The transcript of the 16S ribosomal subunit gene, the 
smaller RNA component of the prokaryotic ribosome, 
used as the most common taxonomic marker for 
microbial communities

Alpha diversity Within-sample taxonomic diversity

Beta diversity Between-sample taxonomic diversity

Functional 
metagenomics

Computational or experimental analysis of a microbial 
community with respect to the biochemical and other 
biomolecular activities encoded by its composite 
metagenome

OTU Abbreviation for operational taxonomic unit, a cluster of 
organisms similar at the sequence level beyond a 
specific threshold (e.g., 95%) used in place of species 
or genus

Phylochip A microarray containing taxonomic (and sometimes 
functional) marker sequences

FIGURE 2-1 The human microbiome is composed of distinct bacte-
rial populations at different body sites. This principal components 
analysis (PCA) plot shows each distinct body site (indicated by distinct 
colors) and its microbial composition in healthy adults. Each colored circle 
in space represents an individual’s microbiome as determined by 16S rRNA 
gene sequencing, and similar microbiomes are grouped more closely 
together in two-dimensional space. (Modified from Huttenhower C, 
Gevers D, Knight R, et al. Structure, function and diversity of the healthy 
human microbiome. Nature. 2012;486:207-214.)
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and diverse microbiota load on the tooth surface with a generally 
healthy periodontium (see Table 2-1).

Periodontitis may be considered akin to bacterial vaginosis (BV) or 
inflammatory bowel disease (IBD) because it is not the singular 
absence or presence of a given species or subgenus that drives the oral 
gum inflammation. Rather, the complexity of the subgingival micro-
biota and biofilm establishment promote a model of a microbial 
community-associated disease. In one recent study using deep sequenc-
ing, periodontitis was associated with a shift to populations enriched 
with gram-negative genera such as Catonella, Haemophilus, and Tan-
nerella.18 The microbiome-minded clinician scientist will consider the 
stability of oral microbiome composition as a hallmark of human 
health. One exception is infection by Aggregatibacter actinomycetem-
comitans because this gram-negative rod appears to cause a highly 
aggressive periodontitis (localized aggressive periodontitis) in Africans 
with strong host tropism.19 Other investigators have used whole 
genome shotgun sequencing in smaller-scale studies to suggest a 
potential role for uncultured bacteria of the TM7 lineage in other 
forms of periodontitis, but broader health and disease associations 
have yet to be tested in a population-based cohort.

SKIN AND NASOPHARYNX
As the integument (including skin, hair, and nails) that comprises the 
main body surface in constant contact with the outside environment, 
the human skin consists of diverse sets of local habitats and niches  
for the human microbiome. The human skin comprises various eco-
systems that differ markedly by relative differences in temperature, 

oropharynx,2 with exquisite strain-level genomic variation within 
microbial species and enriched for host-specific structural variants 
around genomic islands. Although these differences are also observed 
in the gut and skin (leading to issues such as methicillin-resistant  
S. aureus), the oral microbiome is unique in its maintenance of closely 
adjacent subsites within the niche. The tonsil microbiome can be dis-
tinguished from the tongue, and the tongue from the palate. These 
differences are evident despite spatial proximity and constant contact 
between these sites.

Associations Between Oral Microbiota 
and Disease States
With maintenance of niche and subsite specificity in mind, it is not 
surprising that long-standing associations have been documented 
between oral health and disease manifestations in distal body sites. For 
example, periodontal disease is the most common infectious disease 
affecting the teeth. Left untreated or ineffectively treated, periodontitis 
is a known independent predictor of, and comorbid contributor to, 
preterm birth, cardiovascular disease, pulmonary disorders, diabetes, 
and obesity.19 Additional strong correlations between the qualitative 
composition of the oral microbiota as a whole have been made with 
different disease states. The generation of the dental plaque biofilm that 
we experience daily has been well characterized.15-19 A succession of 
early and late colonizing species, dominated early by Streptococcus spp., 
coat the dentin surface of the tooth. Once this early biofilm establishes, 
a series of highly coevolved oral bacterial and host interactions occur 
to likely layer bacteria on bacteria, which ultimately generates a large 

FIGURE 2-2 Compositional differences in the microbiome by anatomic site. Metagenomic massively parallel sequencing approaches have dem-
onstrated exquisite body site specificity, and higher level (e.g., phylum) taxonomic features display temporal (longitudinal) stability in individuals at specific 
anatomic sites. Represented in the figure are relative distributions (percentages) of taxa projected at the phylum level. (Modified from Cho I, Blaser MJ. 
The human microbiome: at the interface of health and disease. Nat Rev Genet. 2012;13:260-270.)
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except for sites on the foot.28 Persistent effects of antifungal agents on 
skin fungi or “mycome” were observed in this study.28

Relative distributions of commensal bacteria and opportunistic 
pathogens may help explain different patterns of cutaneous infections 
and systemic penetration of pathogens from skin surfaces. Hospital-
ized individuals with S. aureus–predominant nasal microbiomes were 
also more likely to contain methicillin-resistant S. aureus (MRSA) 
associated with their hospitalizations.30 In cases of atopic dermatitis, 
staphylococci including S. aureus and S. epidermidis populations 
appear to “bloom” and contribute to disease flares and relapse at spe-
cific skin sites.31 Bacterial composition of the human skin may be 
useful for forensic applications. One study described the utility of skin 
fingertip microbiome patterns for tracking the use of keyboards and 
perhaps other devices by specific individuals.32 This study highlights 
the individualized nature of the skin microbiome at specific sites and 
the fact that interindividual differences in bacterial composition may 
help explain relative disease susceptibilities.

AIRWAY AND PULMONARY 
MICROBIOME
Although not part of the original HMP, a recent study characterized 
and compared respiratory specimens from six different sites along the 
respiratory tract of six healthy subjects to determine which specimen 
types were most appropriate for microbiome research.33 Specimen 
types ranged from nasopharyngeal swabs to bronchoalveolar lavages 
(BALs). The researchers determined that the overall lung community 
appeared consistent between the various sampling sites but that 
decreased amounts of bacterial content were isolated from deeper lung 
specimens. The microbiome of the healthy, lower respiratory tract 
(BAL specimens) was composed mainly of Firmicutes and Bacteroide-
tes with a predominance of Veillonellaceae, Prevotellaceae, and Strep-
tococcaceae. A subsequent study attempted to characterize the fungal 
communities in BALs obtained from healthy individuals, and although 
few fungal sequences were obtained, common environmental organ-
isms such as Davidiellaceae, Cladosporium, and Aspergillus were iden-
tified in low abundance.34

Staphylococcus carriage and subsequent infection in hospitalized 
patients was the topic of a separate study comparing nasal swabs in a 
healthy cohort and a cohort of hospitalized patients.33 Although Acti-
nobacteria (68%) and Firmicutes (27%) were the most common phyla 
in nasal swabs of healthy patients, a reversal in relative abundance was 
reported for the hospitalized cohort with Firmicutes (71%) and Acti-
nobacteria (20%). This significant shift in community composition was 
attributed to an overall increase in the amount of S. aureus and S. 
epidermidis, as well as reduced amounts of Propionibacterium acnes in 
the hospitalized groups. As mentioned previously, disease states are 
generally associated with diminished bacterial diversity, but the con-
trary was found in a recent study in a subset of patients with pulmo-
nary tuberculosis (TB). Sputum specimens collected from healthy 
individuals and patients with TB suggested greater bacterial diversity 
in the TB group compared with the healthy group.35 At the phylum 
level, Firmicutes, Bacteroidetes, Proteobacteria, and Actinobacteria 
were detected as expected in the healthy group. The TB group indicated 
a decrease in Bacteroidetes and an increase in Firmicutes and Actino-
bacteria. Predominant genera were similar across both groups with the 
most common bacteria identified as Streptococcus, Granulicatella, Acti-
nomyces, Prevotella, and Veillonella. Several genera were found only in 
the TB group, suggesting that the lungs of patients with TB may harbor 
unique bacterial species.

Bacterial and viral pathogens have been implicated as possible 
causes of asthma and potential triggers of asthmatic episodes. In a 
study of healthy children and children with asthma, significant shifts 
in overall bacterial communities present in the respiratory tract were 
not detected at the phylum level with both groups displaying the 
expected predominance of Bacteroidetes, Firmicutes, and Proteobac-
teria (the asthma group exhibited a slightly different order of preva-
lence: Firmicutes, Proteobacteria, and Bacteroidetes).36 Interestingly, 
although the healthy children were characterized by Prevotella, Strep-
tococcus, Veillonella, and Fusobacterium, the asthmatic group included 
a relative abundance of Haemophilus, a pathogen (Haemophilus 
influenzae) previously implicated as a potential trigger of asthmatic 

humidity, and glandular distribution. The human skin microbiome and 
the nature of the local environment can vary greatly depending on 
anatomic location. One report described bacterial compositional dif-
ferences in 20 different sites on the human skin.20 Recent studies have 
demonstrated that the skin microbiome differs among healthy indi-
viduals more than any other site.2,3 Bacterial communities are com-
posed largely of transient (superficial), autochthonous (deep surface), 
and adherent microbes lying adjacent to the epidermis, but they have 
also been detected in the subepidermal compartment including the 
dermis and dermal adipose tissue.21

Different factors contribute to variation of the human skin microbi-
ome. These factors include host physiology (sex, age, site); environment 
(local climate, geographic location); immune system; host genotype; 
lifestyle (occupation, hygiene); and pathobiology (skin and systemic 
diseases).22 Different regions of the human skin contain characteristic 
distributions of different types of glands. These glands produce oily 
substances such as sebum and other lipid, carbohydrate, and protein-
aceous components that may serve as nutrients for the microbiome, as 
well as inhibitors to particular classes of microbes. For example, seba-
ceous gland–rich regions include the head, shoulders, upper arms, and 
upper torso.20,23 Eccrine glands are most abundant in the crown of the 
head, under the arms, and the palmar surfaces of the hands. Apocrine 
glands are enriched around the eyes and ears, nipples, and genital 
regions. Relative humidity is another key factor affecting microbial 
composition of the skin. Areas rich in sebaceous glands are enriched for 
Propionibacterium spp., whereas moist and dry skin areas are enriched 
for Corynebacterium spp. and β-Proteobacteria, respectively.20

The HMP provided the most comprehensive survey of the human 
skin microbiome in terms of the number of different male and female 
adult individuals.2 A total of 242 individuals were fully analyzed at 
three body sites (anterior nares, antecubital fossa, retroauricular 
crease). This study confirmed that the skin microbiome is distinct from 
that of other body sites and it is characterized by an intermediate 
degree of alpha diversity and richness per specimen. The phyla Acti-
nobacteria, Firmicutes, and Verrucomicrobia were the dominant 
groups in the human skin,24 in contrast with the predominance of 
Bacteroidetes, Firmicutes, and Proteobacteria in the human gut. There-
fore, even at the level of phyla composed of hundreds of different bacte-
rial species, stark differences are evident in the skin compared to other 
body sites.25 Results depend on technical considerations and different 
specimen types such as skin swabs, blade scrapings, and skin biopsy 
specimens.26 The most commonly accepted specimen type currently 
for human microbiome studies is skin swabs, partly due to the dimin-
ished amount of contaminating human microbial DNA in more super-
ficial samples.3 Adequate amounts of microbial DNA have been 
generated for 16S rRNA gene sequencing and whole metagenome 
sequencing using swab specimens, although specific microbes may be 
present only in deeper specimens or human tissue. For evaluation of 
dermatologic infections, deeper surface and tissue sampling may be 
necessary in order to detect infectious agents. Age is an important 
factor as evidenced by shifts in bacterial communities that occur 
during the sexual maturation process.27 Corynebacteriaceae and Pro-
pionibacteriaceae predominated in Tanner 5 individuals compared 
with Tanner 1 children.

Specific groups of microbes may be conserved in the skin of healthy 
individuals, whereas interindividual variation may account for differ-
ences in relative abundances of microbes and differences in disease 
susceptibilities.22 Different proportions of Propionibacterium spp. and 
β-Proteobacteria, for example, may be present on the backs or arms, 
respectively, in different individuals, but these bacterial groups are 
present in the majority of healthy individuals at these body sites. Rep-
resentative bacterial genera in the human skin across sites include 
Corynebacterium, Eubacterium, Propionibacterium, Staphylococcus, 
and Streptococcus,24 as well as the fungal Malassezia spp.28 In the nares, 
Corynebacterium is the most common bacterial genus,22 and persistent 
S. aureus colonization was found in the nares in 24% of healthy human 
subjects.29 The nasal microbiota contains different proportions of 
staphylococci with some individuals containing mostly S. aureus and 
some individuals carrying mostly Staphylococcus epidermidis. The 
genus Malassezia is the predominant fungal genus of the human skin 
at multiple body sites, including the head, torso, arms, and legs,24 
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By contrast, the distal esophagus immediately cephalic to the gas-
troesophageal sphincter contains a moderately diverse microbiome. 
This esophageal region appears to harbor a collection of permanent 
residents that include bacteria, yeasts, and viruses in human patients. 
Older culture-based studies showed that gram-positive bacteria such 
as Streptococcus dominated the distal esophageal ecosystem. More 
recent studies pertaining to the HMP have generated comprehensive 
datasets based on 16S rRNA gene sequencing and whole metagenome 
sequencing. In terms of global parameters, the distal esophageal micro-
biome is less rich and less diverse than that of the large intestine. The 
phenotypically normal distal esophagus contains a less complex micro-
biome composed largely of the phylum Firmicutes and dominated by 
the genus Streptococcus.45

In contrast with the large intestine, it appears that relative “over-
growth” and increased microbial diversity in the esophagus are associ-
ated with disease states. To explain these findings, we propose the 
microbial diversity setpoint hypothesis. This hypothesis states that 
increased diversity in regions of lesser diversity is associated with 
disease and inflammation, and reduced diversity in regions of greater 
diversity is associated with disease and inflammation. Increased bacte-
rial species richness and diversity in the esophagus were associated with 
esophagitis and Barrett esophagus.45 The distal esophagus in patients 
with esophagitis or Barrett esophagus contained a diverse microbiome 
dominated by gram-negative anaerobes and microaerobes,45 and this 
population shift may explain the greater propensity toward inflamma-
tion in patients exposed to greater concentrations of endotoxin or 
lipopolysaccharides (LPS) in the distal esophagus.45 Qualitative aspects 
of bacterial composition, in addition to quantitative features, may con-
tribute to host susceptibility to esophageal infections and esophagitis.

Stomach
Discovery of Helicobacter pylori in 1982 led to the widespread appre-
ciation of bacterial colonization in the human stomach. Follow-up 
studies highlighted the differential abundance of H. pylori in different 
regions of the stomach with the greatest concentration of bacteria gen-
erally present in the antrum. Recognition of the widespread prevalence 
of H. pylori in diverse human populations and evolutionary studies 
tracing patterns of human migration46 emphasized its potential signifi-
cance as a commensal bacterium that coevolved with man during 
thousands of years of human evolution. Blaser and colleagues47 first 
proposed that H. pylori may represent an important commensal organ-
ism in the human stomach, and its presence was protective against 
gastroesophageal reflux (GERD), Barrett esophagus, and adenocarci-
nomas of the gastric cardia and distal esophagus. In summary, these 
discussions laid the foundation for concepts of the human microbiome 
and how antibiotics could increase chronic disease risk by extermina-
tion of valuable members of the human gastrointestinal microbiome.

More recent studies based on 16S rRNA gene sequencing demon-
strated the presence of 128 bacterial phylotypes in human gastric 
biopsy specimens.48 The dominant species was H. pylori in infected 
individuals, but this bacterial species did not affect the overall bacterial 
composition in a series of 19 subjects. The dominant phyla included 
phyla dominant in the large intestine, such as Bacteroidetes, Fir-
micutes, Proteobacteria, and Actinobacteria, but the phylum Fusobac-
teria seems to be differentially enriched in the stomach. An interesting 
finding was the presence of Deinococcus-like organisms in the stomach, 
undefined at the time of publication.

A more recent gastric microbiome study highlighted the ecologic 
importance of H. pylori and the presence of communities composed 
of different microbes.49 Gram-positive bacteria such as Streptococcus 
and Lactobacillus spp. were found in the human stomach. Differences 
in gastric bacterial communities may predispose patients to acute or 
chronic gastritis. The inability to maintain a sufficiently low luminal 
pH in conditions like achlorhydria or proton pump inhibitor con-
sumption has been associated with relative bacterial “overgrowth” and 
increased bacterial diversity associated with chronic disease states 
including gastric cancer.50 In accordance with the microbial diversity 
setpoint hypothesis, the stomach is a region of limited bacterial diver-
sity, so increased diversity would be predicted to be associated with 
inflammation and disease states. Regions with limited microbial diver-
sity like the esophagus, stomach, and proximal small intestine may also 

episodes. Adding to the microbiome data in the asthma population is 
a compelling study from Ecuador, whereby treatment of respiratory 
illnesses differs greatly from the standard of care in the United States. 
Oropharyngeal swabs were obtained from both wheezing and healthy 
infants, and all patients had minimal exposure to antibiotics and no 
exposure to inhaled steroids.37 The overall bacterial community in the 
study population consisted of Firmicutes, Proteobacteria, Actinobac-
teria, Bacteroidetes, and Fusobacterium in order of predominance. The 
most common genera isolated were consistent with the findings of 
Hilty and colleagues,36 with most bacteria identified as Streptococcus, 
Veillonella, Atopobium, and Prevotella. In the wheezing group, a greater 
frequency of Neisseria, Prevotella, Corynebacterium, Staphylococcus, 
Actinomyces, and Haemophilus was detected.37

The airways of patients with cystic fibrosis (CF) provide an ideal 
environment for bacterial proliferation leading to chronic and acute 
respiratory infections characteristic of the disease. In the general CF 
population, a diverse bacterial community has been found in respira-
tory specimens from younger patients with mild disease and good lung 
function, and decreased bacterial diversity has been found, as expected, 
in older patients with more severe disease and significant declines in 
lung function.38-40 Microbiome-based studies have also confirmed that 
anaerobic bacteria are far more prevalent in patients with CF than 
indicated by routine culture detection. Cox and colleagues38 conducted 
a PhyloChip-based study in both children and adults with CF in 2010. 
The results suggested that bacterial diversity in the pulmonary micro-
biomes of children with CF increased until approximately age 11 and 
continuously decreased during adulthood.38 A core pulmonary micro-
biome has been suggested in CF consisting of seven genera: Pseudo-
monas, Streptococcus, Neisseria, Catonella, Porphyromonas, Prevotella, 
and Veillonella.41 Pseudomonas aeruginosa was the most prevalent bac-
terium identified in this adult cohort. Although limited data exist on 
fungal communities of the airways, Candida, Aspergillus, Geotrichum, 
and Malassezia sp. were commonly identified in the sputa of patients 
with CF.42

In a study of healthy subjects versus subjects with CF, the CF group 
was found to have an increased amount of Proteobacteria and Actino-
bacteria with a relative reduction in Bacteroidetes and complete loss 
of Fusobacteria.39 Reduced bacterial diversity was confirmed in the CF 
specimens, with 17 different phyla identified in the healthy population 
compared with 10 different phyla identified in the CF population. 
Decreased bacterial diversity in patients with CF has repeatedly been 
associated with advanced disease, as well as increased amounts of P. 
aeruginosa.40 In contrast, the relative abundance of Streptococcus spp. 
has been associated with increased bacterial diversity and relative clini-
cal stability or lack of evidence of worsening of the disease phenotype 
in patients.43

Connections among microbiomes in different body sites may help 
us understand patterns of human infections. An innovative study by 
Madan and colleagues44 sought to characterize and compare gastroin-
testinal and respiratory tract specimens from infants with CF during 
the first 24 months of life. Overall, Veillonella and Streptococcus were 
most commonly identified among both specimen types. Streptococcus, 
Veillonella, and Prevotella were the most prevalent genera in the respi-
ratory tract, and Bacteroides, Bifidobacterium, and Veillonella were the 
most prevalent genera in the gastrointestinal tract. In general, bacterial 
diversity increased over time, with more rapid diversification occur-
ring in the developing respiratory tract. Interestingly, gut colonization 
preceded subsequent respiratory colonization for several genera, 
including Roseburia, Dorea, Sporacetigenium, Coprococcus, Blautia, 
Enterococcus, and Escherichia. Aspiration may account for the spread 
of organisms from the gut to the airways, possibly resulting in infec-
tions in the compromised host.

GASTROINTESTINAL TRACT
Esophagus
The proximal and midesophagus are thought to mostly harbor tran-
sient bacteria and yeasts, and little is known about the nature of micro-
bial communities at these locations. The relevance to proximal 
esophagitis remains an open question and relative susceptibilities to 
bacterial, fungal, and viral infections of the proximal and midesopha-
gus may be affected by such transient microbial communities.

http://www.myuptodate.com


P
a
rt

 I
 B

as
ic

 P
ri

n
ci

p
le

s 
in

 t
h

e 
D

ia
g

n
o

si
s 

an
d

 M
an

ag
em

en
t 

o
f 

In
fe

ct
io

u
s 

D
is

ea
se

s
16

microbial richness and diversity in the intestine.62 Reduced microbial 
diversity may contribute to diminished immunomodulatory functions 
by the microbiome and reduced resistance to intestinal pathogens, 
effectively predisposing the host to infectious enteritis or colitis.

Several well-established and potential pathogens belong to the 
enteric bacteria within the phylum Proteobacteria, a minority but 
prevalent phylum of the intestine. The class of gamma-proteobacteria 
includes pathogens belonging to the genera Escherichia, Salmonella, 
Vibrio, or Yersinia. Interestingly, gamma-proteobacteria have been 
described in greater abundance in different disease conditions such as 
IBD, irritable bowel syndrome (IBS), and NEC.57,63,64 Specific classes of 
bacteria such as gamma-proteobacteria may provoke inflammation by 
producing potent endotoxins or other molecules that exacerbate 
disease states. Acute or chronic disease states coupled with loss of 
integrity of the intestinal epithelial lining may predispose specific 
patients to colitis or abdominal infections.

Studies have largely depended on self-collected stool specimens, 
although numerous studies have documented findings in colonic 
biopsy specimens. Data from self-collected stool specimens appear to 
be a reasonably effective source of information about the distal intes-
tinal microbiome, and these specimens have provided most of our 
current knowledge about the intestinal microbiome. Colonic biopsy 
specimens reported the overlap in composition with stool, as well as 
differences in relative abundance and microheterogeneity present in 
different intestinal regions.65 Largely on the basis of fecal data, intesti-
nal bacterial composition, which represents the vast majority of micro-
bial genetic content in the gut microbiome, is relatively stable in terms 
of composition and functional capacity within an individual. A 
detailed, short-term study examining the impact of diet on the micro-
biome confirmed that enterotypes were stable within a 10-day period 
even after major dietary changes such as introduction of high-fat, low-
fiber or low-fat, high-fiber diets.66 Although microbial composition 
may be relatively stable despite minor fluctuations within an individ-
ual, it appears that dietary changes including the introduction of pro-
biotics may rapidly alter gene expression patterns in the gut microbiome. 
Data from these mouse models67 suggest that functional dynamism in 
terms of gene expression and microbial metabolomes may easily 
exceed the routine changes in intestinal microbial composition. Finally, 
resilience of the intestinal microbiome has been demonstrated by the 
nearly complete reconstitution of human gut bacteria within 4 weeks 
after cessation of oral antimicrobial therapy.68 Such considerations of 
the relative dynamism and resilience may be important to consider in 
disease states with less diverse intestinal microbiomes, and these prop-
erties of the microbiome may be different in regions adjacent to the 
intestinal mucosa.

VAGINAL MICROBIOME
Using traditional culture techniques and light microscopy, a prepon-
derance of lactobacilli was first appreciated as comprising normal 
vaginal microbiota. In the late 1800s, Menge and Kronig first described 
the isolation of anaerobes in addition to Lactobacillus from the vagina, 
often with a dearth of lactobacilli. In other cohorts of women, “abnor-
mal microbes” were observed because of their association with a mal-
odorant discharge, dominated by Gardnerella vaginalis and later 
ascribed as “bacterial vaginosis,” or BV. A symbiotic relationship exists 
between the vaginal microbiota and each host that likely provides the 
host protection from colonization by harmful pathogens.69 Molecular 
studies of the vaginal microbiome in healthy reproductive-aged women 
confirmed earlier observations demonstrating domination by Lactoba-
cillus spp., producing lactic acid to lower the vaginal pH.70 Among 
smaller cohorts of equally healthy women, molecular interrogations 
have demonstrated that their vaginal microbiome is alternately domi-
nated by a diverse array of anaerobic microorganisms.70 Some studies 
hypothesize the composition of these communities can be correlated 
with disturbance responses in the vagina.70

Bacterial Vaginosis: An Example of a 
Prevalent Variation in the Vaginal 
Microbiome
The clinical diagnosis of BV is familiar to any medical student during 
training and includes vaginal secretions with a pH level greater than 

be more susceptible to pathogens including viruses that are able to 
survive and thrive in these ecosystems. Finally, the long-term effects 
on microbial gut composition after antibiotic therapy of H. pylori infec-
tion, including the diminution of Actinobacteria for weeks after treat-
ment, highlight the potential risks of antimicrobial therapy.51

Intestine (Small and Large)
The biogeography of compartments in the small and large intestine 
affects bacterial composition and metabolic pathways present in the 
human microbiome. On the basis of older culture-based and more 
recent DNA sequencing–based studies, bacterial diversity gradually 
increases in a proximal to distal manner from the duodenum through 
the jejunum to the distal ileum and colon. The duodenum and jejunum 
can be considered areas of relatively limited microbial diversity, in 
contrast with the terminal ileum, which contains a rich and diverse 
microbiome similar to the proximal colon. Although substantial dif-
ferences in microbial composition in different intestinal compartments 
are appreciated, detailed information is only available for the major 
compartments such as small intestine, large intestine (colon), and 
feces. Ileostomy specimens and small intestinal fluid specimens 
obtained by naso-ileal catheter provide glimpses into the composition 
and function of the small intestinal microbiome. The gram-positive 
Firmicutes phylum including genera such as Streptococcus, Veillonella 
(Clostridium cluster IX), and Clostridium (e.g., cluster XIVa) appear to 
dominate the small intestine,52,53 in contrast with dominant bacterial 
groups in the colon. Other bacterial phyla such as Bacteroidetes and 
Proteobacteria (e.g., E. coli and other gamma-proteobacteria) were 
detected in relatively greater abundance in the distal small intestine. 
Metagenomics and gene expression profiling data show that dominant 
Streptococcus spp. express genes involved in carbohydrate metabolism 
and simple carbohydrate transport phosphotransferase systems (PTS). 
Various intestinal bacterial species convert simple sugars into organic 
acids such as lactate, acetate, propionate, and butyrate, and ultimately 
affect the proliferation and virulence of various pathogens. For example, 
acetate produced by Bifidobacterium spp. suppresses the virulence of 
Shiga-like toxins produced by verotoxigenic E. coli.54

The large intestine (cecum, ascending-transverse-descending 
colon, sigmoid/rectum) contains rich and highly diverse microbial 
communities with two predominant bacterial phyla in healthy indi-
viduals (Bacteroidetes and Firmicutes). The phylum Bacteroidetes is 
dominated by the genus Bacteroides, whereas the phylum Firmicutes 
contains diverse commensal microbes of genera such as Clostridium, 
Faecalibacterium, Lactobacillus, and Ruminococcus. The first week of 
life is highlighted by large-scale fluctuations in gut bacterial composi-
tion in neonates.55 By the end of the first 3 years of life, a relative 
equilibrium is reached with a diverse, adult-like gut microbiome.56 
Shifts in bacterial phyla, families, and genera occur throughout child-
hood and adulthood. In children, phyla such as Verrucomicrobia and 
Actinobacteria are relatively enriched in stool specimens,57 and major 
differences in gut microbial composition have been reported in differ-
ent pediatric populations on three different continents.58,59 In healthy 
adults, these phyla are less abundant with a proportionately greater 
predominance of the dominant phyla Bacteroidetes and Firmicutes. 
Genera such as Bifidobacterium gradually decline during adulthood. 
The Eldermet study60 described shifts in the gut microbiome in elderly 
individuals, and bacterial composition depended on environmental 
factors such as type of residence (nursing homes versus community 
residence). Although the global importance of enterotypes remains 
controversial, bacterial DNA sequencing data from stool specimens 
indicated that healthy humans can be classified into three basic entero-
types (enriched for Bacteroides, Prevotella, or Ruminococcus in entero-
types 1, 2, and 3, respectively). The functional importance of these 
enterotypes and whether such microbiome “types” influence clinical 
outcomes remain unknown.

In regions of abundant microbial diversity such as the intestine, 
reduced diversity has been associated with increased disease suscepti-
bility and disease relapse in the intestine. One example is the docu-
mented reduction in overall bacterial diversity in stool specimens from 
patients with recurrent C. difficile disease versus patients with single 
disease episodes.61 IBD and necrotizing enterocolitis (NEC) are other 
disease phenotypes that have been associated with reductions in 
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A recent study also provided evidence for a shift in the gut micro-
biome of pregnant women resulting in an impact on host metabolism 
that may be beneficial in pregnancy.8 Researchers collected stool 
samples from 91 pregnant women in trimester 1 (T1), trimester 3 (T3), 
and postpartum. As expected, the women gained adiposity and had 
higher integrated levels of circulating glucose, greater levels of circulat-
ing leptin, insulin, and cholesterol, and increased insulin resistance 
from T1 to T3. Culture-independent methods were used to compare 
the gut microbial communities by generating bacterial 16S rRNA 
sequences (V1/V2 region). The sequences were obtained by pyrose-
quencing and analyzed using the QIIME software package. During the 
course of gestation the beta diversity, which measures the diversity 
between subjects, greatly increased while the alpha diversity, which 
measures the diversity of microbial communities within a single subject, 
was reduced. These changes were unrelated to prepregnancy BMI, 
gestational diabetes development, or previous number of births. The 
increase of beta diversity persisted in the samples collected from 
mothers 1 month postpartum. The study also compared the T1 and T3 
samples with nonpregnant female and male samples from the HMP. 
Results indicated that the T1 microbiome was the most similar to the 
nonpregnant subjects with regard to microbial beta diversity. The study 
also found a greater average proportion of Proteobacteria and Actino-
bacteria in the T3 microbiota. The increase of Proteobacteria may be of 
biologic significance because this phylum is associated with inflamma-
tory conditions. Further testing revealed that the transfer of microbiota 
from T3 samples to germ-free mice resulted in greater adiposity and 
insulin insensitivity compared with the transfer of the T1 microbiota. 
The remodeling of the gut microbiota during pregnancy produces a 
microbial community with a structure and composition that would 
maximize the transfer of energy to their neonate, but it also resembles 
that of disease-associated dysbiosis.8 Further research is still necessary 
to understand the different shifts in the gut and vaginal microbiomes 
during “normal” healthy pregnancies and the potential alterations in 
these changes that may be associated with pregnancy complications.

SUMMARY AND FUTURE 
DIRECTIONS
The human microbiome is composed of distinct microbial communi-
ties at different body sites, and these different body habitats provide 
niches for diverse bacterial species. Cellular elements of the microbi-
ome may enhance immunity or prevent infections by canonical patho-
gens. Other microbes may serve as opportunists that typically colonize 
the human host without causing disease, but some of these organisms 
may cause infections in immunocompromised hosts. Bacterial strains, 
including but not limited to currently accepted probiotics, can stimu-
late immune responses and modulate inflammation, and antibiotic-
mediated depletion of human-associated bacteria may result in 
immune dysregulation or infection-susceptible microbiomes. In this 
upcoming era of metagenomic medicine, infectious diseases must be 
considered in the context of the human microbiome and protective or 
pathogenic microbial communities. Human-associated microbes may 
serve as symbionts promoting interactions that are mutually beneficial 
or as benign commensals that simply colonize humans without bestow-
ing any obvious benefits to the host. Future diagnostic tests may 
include components of the microbiome in disease evaluation, and deci-
sions about antimicrobial therapy may rely on “typing” or profiling of 
the human microbiome in individual patients. The nature of the infec-
tion may dictate which body site is evaluated in terms of microbiome 
composition or function. Advances in understanding and management 
of infectious diseases will necessitate a deeper understanding of the 
microbiome context. The contributions or effects of microbial com-
munities and metagenomes may have a large impact on infection sus-
ceptibility and disease pathogenesis.

4.5, a “fishy” odor best elicited by mixing vaginal secretions with 10% 
potassium hydroxide (KOH) solution, a milky white vaginal discharge, 
and at least 20% prevalence of “clue cells” (vaginal epithelial cells coated 
with bacteria). These clinical criteria are often discussed in a modified 
form as Nugent scores, with a score of 7 to 10 being standardized as 
the diagnosis of BV and indicative of the absence of lactobacilli and a 
relative predominance of G. vaginalis and Mobiluncus spp. The Nugent 
score is rarely used by clinicians as it takes time to read the slides and 
necessitates trained microscopists. Although there is much controversy 
regarding causation versus association, women with BV are at higher 
risk for pregnancy complications such as preterm birth, preterm pre-
mature rupture of the membranes, and postpartum endometritis.71 
Outside of pregnancy, BV is associated with an increased risk of acqui-
sition of HIV, and women with BV and HIV have a greater risk of 
lifelong morbidity.72-74 Although it is outside the scope of this chapter, 
it bears mention that treatment of asymptomatic BV is associated with 
an increased risk of preterm birth.69,71,75 Although the pathophysiology 
mediating these observations is unclear, the microbiome-minded phy-
sician might choose to minimize clinical interventions that disrupt the 
complex vaginal ecosystem.

GROUP B STREPTOCOCCUS
Approximately 25% to 30% of gravidae are chronically vaginally colo-
nized with Streptococcus agalactiae, commonly known as group B 
Streptococcus (GBS).76 Although GBS colonization is not a risk for 
preterm birth per se, vertical transmission of GBS has long been inde-
pendently associated with neonatal bacteremia and sepsis with wors-
ened prognosis in the preterm (<37 weeks) neonate.77 For several 
decades the standard of care was to treat at-risk pregnancies. However, 
the medical community generally adopted a screening-based approach. 
As a result, neonatal colonization has been dramatically altered. Ironi-
cally, the reduction of neonatal deaths by GBS septicemia has been 
partially offset by a proportionate increase in neonatal deaths due  
to infection by β-lactam-resistant E. coli in very-low-birthweight 
(VLBW) and premature infants.78 This epidemiologic shift serves as a 
poignant reminder of the possible effects of broad population-based 
screening and treatment, as well as unintended consequences in 
affected cohorts.

ALTERATIONS IN THE VAGINAL 
(AND GUT) MICROBIOTA DURING 
PREGNANCY
Characterization of the composition of the vaginal microbiome during 
pregnancy is important for gaining an understanding of how the neo-
natal microbiome might be first established. Using protocol-matched 
pregnant and nonpregnant subjects, beta diversity metrics for bacterial 
16S rRNA demonstrated clustering of the vaginal microbiome com-
munities by pregnancy.7 The microbial community richness and diver-
sity in pregnant subjects were reduced by dominance of Lactobacillus 
spp. (Lactobacillus iners, L. crispatus, L. jensenii, and L. johnsonii) and 
the orders Lactobacillales (and family Lactobacillaceae), Clostridiales, 
Bacteroidales, and Actinomycetales. The enrichment of individual 
species may have clinical implications in establishing the neonatal 
microbiota or reducing the risks of ascending infection or preterm 
birth. For example, L. johnsonii produces Lactacin F, which limits 
the growth of other Lactobacillus spp. and Enterococcus spp. in the 
gastrointestinal (GI) tract. The increased abundance of L. johnsonii 
might facilitate the establishment of the upper GI microbiota of the 
neonate on delivery. This comparison study provided robust initial 
evidence that the vaginal microbiome shifts naturally during preg-
nancy in its structure with respect to diversity, richness, and specific 
microbial members with variance of taxa across vaginal subsites and 
gestational age.
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3  Prebiotics, Probiotics, and Synbiotics
Lea Ann Chen and Cynthia L. Sears

Probiotics are defined by the Food and Agriculture Organization of the 
United Nations and the World Health Organization (WHO) as live 
microorganisms that, when administered in adequate amounts, confer 
a health benefit to the host.1,2 Probiotics are also discussed in Chapter 
50, “Complementary and Alternative Medicines for Infectious Dis-
eases.” Prebiotics are selectively fermented ingredients that stimulate 
specific changes in the microbiota that benefit the health of the host.3 
At present, only nondigestible oligosaccharides (particularly inulin) 
are classified as prebiotics. Synbiotics are combinations of prebiotics 
and probiotics that are designed to have synergistic and/or additive 
effects benefiting the host.4 Although the related agents, prebiotics and 
synbiotics, are beginning to be evaluated in clinical studies, most inves-
tigations to date focus on the evaluation of potential probiotics. Both 
bacterial (usually species of Lactobacillus or Bifidobacterium) and 
fungal (usually Saccharomyces boulardii) probiotics are the subjects of 
a burgeoning literature as well as increasing global use.5,6 For the ease 
of discussion in this chapter, we will call products containing bacteria 
and/or fungi “probiotics,” even if of no “health benefit” (per the WHO 
definition) has been demonstrated, but it is important to note that for 
most of the many products currently commercially available, rigorous 
clinical trials to ascertain health benefits have not been done.

In the English literature (www.ncbi.nlm.nih.gov/pubmed/), there 
are more than 8880 publications on probiotics, with the first report 
published in 1965. About 60% of this literature is based on human 
studies. Through 2012, approximately 880 randomized, controlled 
human clinical trials of probiotics were published, with 84% of these 
studies occurring since 2005. Although probiotics were estimated to 
comprise less than 5% of the dietary supplement market in the United 
States in 2005, the international market is considered to be much 
larger.5 Most probiotic preparations are currently marketed as food 
ingredients, dietary supplements, or “medical food.” Yogurt products 
labeled as containing “live and active cultures” are supplemented with 
one or more probiotics.7

ISSUES REGARDING THE 
COMPLEXITY AND VARIABILITY 
OF PROBIOTICS
Marketed probiotics are highly variable, with some products labeled to 
contain single microbes, whereas others are composed of multiple 
distinct microbes, such as VSL#3, a commercial product composed of 
eight strains of bacteria from the genera Bifidobacterium, Lactobacillus, 
and Streptococcus, or products containing multiple species of a single, 
usually bacterial, genus (e.g., Lactobacillus casei or Lactobacillus rham-
nosus). Studies to verify the composition of marketed probiotic formu-
lations, however, have found that there are common discrepancies 
(involving at least 30% to 40% of products) between the stated and 
actual number of viable organisms, the concentration of the organisms, 
and/or the types of organisms in the product compared with the 
product labeling.5 In addition, some marketed probiotics are labeled 
with taxonomically incorrect or fictitious microbial names.8 Thus, con-
siderable uncertainty exists about the composition and reliability of 
currently available probiotic preparations (Table 3-1).

As food ingredients or dietary supplements, probiotics are not 
subject to minimal manufacturing standards with regulatory oversight, 
nor are scientifically sound studies demonstrating efficacy required 
when marketing a probiotic product.1,5 However, international guide-
lines have been issued to encourage the assessment of probiotics in 
both food and nonfood formulations.9,10 Hence, for most available 
probiotic products, studies demonstrating that the probiotic confers a 
demonstrable health benefit are lacking, and even less information is 

available to define the mechanism(s) by which particular products 
promote human health in different clinical illnesses. In the United 
States, probiotics may receive “GRAS” status (“generally recognized as 
safe”) by the Food and Drug Administration (FDA), even if no efficacy 
data exist. GRAS substances are those “for which use in food has a 
proven track record of safety based either on a history of use before 
1958 or on published scientific evidence and that need not be approved 
by the FDA prior to being used.” Probiotics that currently possess 
GRAS status in the United States are listed in Table 3-2 (see also 
www.accessdata.fda.gov/scripts/fcn/fcnNavigation.cfm?rpt=grasListin
g&displayAll=true).

CLINICAL STUDIES OF PROBIOTICS
Table 3-3 lists conditions for which prebiotics, probiotics, and synbiot-
ics have been studied in randomized, controlled clinical trials. Only 
about 80 controlled studies on synbiotics and 115 studies on prebiotics 
have been published to date, compared with more than 800 random-
ized, controlled probiotic clinical trials. As shown in Table 3-3, it is 
notable that there has been at least one clinical trial in a variety of 
clinical conditions. Gastrointestinal conditions, such as inflammatory 
illnesses (e.g., inflammatory bowel diseases or necrotizing enterocolitis 
in neonates) or enteric infections, have been studied most often.11 In 
addition to studies on specific clinical conditions, numerous studies 
have evaluated the effect of individual probiotic preparations on the 
composition of oral, fecal, and vaginal microbiota; gastrointestinal 
barrier function and nutrition; as well as a variety of mucosal, systemic, 
or cutaneous immune responses in healthy individuals and different 
patient populations. Also, many pediatric studies have assessed the 
effect of maternal probiotic use during pregnancy on childhood health 
and illness. Overall, the reported effects often differ among studies of 
similar topics. This may partially be attributable to the fact that many 
of the randomized controlled trials in a particular condition were 
conducted with different probiotic agents and with variable rigor. Fur-
thermore, verification of probiotic content and viability is not a current 
standard used in reporting probiotic randomized controlled studies. 
For example, a review of 46 clinical trials of probiotic use in inflam-
matory bowel disease noted that only 23 reported studies were double-
blind, randomized, controlled trials and that, among the 46 reviewed 
trials, 32 used different probiotic products, 10 used different prebiotic 
products, and 4 used different synbiotics.12 An additional concern is 
the study criteria leading to restricted enrollment in probiotic clinical 
trials. For example, a highly publicized randomized, double-blind, 
placebo-controlled trial, evaluating a probiotic Lactobacillus prepara-
tion to prevent antibiotic-associated diarrhea, enrolled 135 patients. 
The results suggested that the probiotic yielded benefit by significantly 
reducing both antibiotic-associated diarrhea and the number of 
patients who acquired Clostridium difficile–induced diarrhea. However, 
only 8% of potentially eligible patients were enrolled in the study, limit-
ing the ability to generalize the study results in clinical practice.13

Cochrane reviews use predefined criteria to provide a structured, 
collaborative, and multinational approach to evaluating interventions 
for the prevention and treatment of disease. Given the diversity of the 
probiotic literature, the Cochrane reviews of probiotic studies are sum-
marized in Table 3-4, to provide an up-to-date overview of the select 
areas that have been evaluated by this rigorous approach. Of 24 avail-
able Cochrane reviews, 13 are focused on luminal gastrointestinal con-
ditions or infections, including infectious diarrhea, antibiotic-associated 
diarrhea, C. difficile colitis, inflammatory bowel diseases (including 
pouchitis), necrotizing enterocolitis in preterm infants, collagenous 
colitis, and irritable bowel syndrome. Among these conditions, the 

http://www.ncbi.nlm.nih.gov/pubmed/
http://www.accessdata.fda.gov/scripts/fcn/fcnNavigation.cfm?rpt=grasListing%26displayAll=true
http://www.accessdata.fda.gov/scripts/fcn/fcnNavigation.cfm?rpt=grasListing%26displayAll=true
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TABLE 3-1  Concerns about Marketed Probiotic 
Formulations

Marketed with taxonomically incorrect or fictitious microbial names
Standards lacking to define the number of viable organisms in available 

probiotics, the shelf life of the products, or appropriate storage conditions to 
maintain probiotic viability

Lack of clear labeling of many probiotic products on dosing or toxicity
No U.S. Food and Drug Administration or other oversight to provide minimal 

manufacturing standards for probiotics
Large number of different probiotic products without adequate scientific study 

to define the product efficacy, the biologic basis for proposed health benefit, 
and/or to demonstrate product safety

TABLE 3-2  Probiotics That Have Received GRAS 
(“Generally Recognized As Safe”) Status in the 
United States

Bifidobacterium lactis strain Bb12 and Streptococcus thermophilus strain Th4
Bifidobacterium longum BB536
Bifidobacterium animalis subsp. lactis strains Bf-6, HN019, Bi-07, B1-04, and B420
Carnobacterium maltaromaticum strain CB1 (viable and heat treated)
Lactobacillus acidophilus, Lactobacillus lactis, and Pediococcus acidilactici
L. acidophilus NCFM
Lactobacillus casei subsp. rhamnosus strain GG
L. casei strain Shirota
Lactobacillus reuteri strain DSM 17938
L. reuteri strain NCIMB 30242
Lactobacillus rhamnosus strain HN001
L. rhamnosus strain HN001 produced in a milk-based medium
Propionibacterium freudenreichii ET-3, heat killed
Saccharomyces cerevisiae strain ML01, carrying a gene encoding the malolactic 

enzyme from Oenococcus oeni and a gene encoding malate permease from 
Schizosaccharomyces pombe

studied probiotics may reduce the risk of severe necrotizing enteroco-
litis in preterm infants, may have utility in maintenance of remission 
of chronic pouchitis after pouch-anal anastomosis, and may shorten 
the duration and stool frequency during bouts of infectious diarrhea, 
although the most effective probiotic products remain ill-defined. 
Cochrane reviews of probiotic studies of antibiotic-associated diar-
rhea, persistent pediatric diarrhea, C. difficile colitis, ulcerative colitis, 
Crohn’s disease, collagenous colitis, and irritable bowel syndrome 
reported either no evidence of probiotic effectiveness, and/or the avail-
able data were deemed insufficient to allow clear conclusions regarding 
efficacy. Similarly, insufficient data were available to support or refute 
the use of probiotics (or synbiotics) for the indications of hepatic 
encephalopathy, nonalcoholic fatty liver disease/steatohepatitis, and 
prevention of hepatic postsurgical complications. Cochrane reviews 
also addressed the role of probiotics in the prevention of allergic 
disease and food hypersensitivity in infants, as well as the role of pro-
biotics in the treatment of eczema. These two reviews concluded that 
the probiotics studied were either ineffective or there was insufficient 
evidence to recommend probiotic use at present. Two Cochrane 
reviews evaluated the treatment of bacterial vaginosis: one evaluated 
probiotics specifically, and the other evaluated antimicrobials, includ-
ing studies with a probiotic component. Three of the 4 evaluated arti-
cles overlapped between the two reviews, with the authors noting 
promising initial results for the use of probiotics for bacterial vaginosis, 
particularly in combination with the antibiotic metronidazole. 
However, the authors from both reviews also indicated a need for 
further studies on this topic. In addition, two Cochrane reviews evalu-
ated probiotic use in the prevention of vulvovaginal candidiasis in 
human immunodeficiency virus (HIV)-infected women and in pre-
vention of preterm labor; both concluded that there was insufficient 
evidence to determine usefulness. Finally, a Cochrane review of upper 
airway infections (in adults and children) found that probiotics were 
helpful in preventing upper airway infections but not in shortening the 
mean duration of disease.

Recent data, based upon systematic reviews and meta-analyses,14-16 
suggest that probiotics may be helpful in some gastrointestinal disor-
ders, particularly for preventing antibiotic-associated diarrhea or C. 
difficile–associated diarrhea. Nonetheless, the quality of the evidence 

is rated only as moderate14 or very heterogeneous,15 and given that 
diverse studies were analyzed together, the data were insufficient to 
determine whether the effects seen were actually attributable to differ-
ences in patient population, type of antibiotic use, and/or probiotic 
preparation.

PROPOSED MECHANISMS OF 
ACTION OF PROBIOTICS
The contribution of the enteric microbiome to health and disease is a 
burgeoning area of investigation. Murine studies of common bacterial 
members of the microbiome, such as Bacteroides fragilis or Bacteroides 
thetaiotaomicron, provide key insights into how common members of 
the microbiome promote health. For example, select strains of B. fra-
gilis, through expression of surface polysaccharide A (PSA), can 
diminish mucosal inflammation or even promote systemic adaptive 
immune responses, leading to the suggestion that these strains (or even 
PSA alone) may have probiotic potential.17,18 In contrast, B. thetaiotao-
micron is thought to play an important role in nutrition through glycan 
foraging in the colonic lumen.19,20 Perhaps the capacity of the microbi-
ome to restore health has most dramatically been illustrated by studies 
of fecal transplantation in C. difficile disease, where response rates of 
80% or better have been observed in different studies.21,22 Alternatively, 
microbiota disruption (also termed dysbiosis) is now proposed to con-
tribute to a wide spectrum of mucosal and systemic diseases, including 
obesity,23 cardiovascular disease,24 kwashiorkor,25 and colon cancer,26 
among other conditions.

It is within this scientific framework, aimed at understanding the 
fundamental mechanisms by which the microbiome influences the 
health or disease of the host, that investigations are being conducted 
to define the mechanistic and biologic basis for the health benefit(s) of 
probiotics.27 Although the mechanism(s) of action of most probiotics 
remain unexplored, it is generally presumed that the molecular mecha-
nisms of probiotics are triggered by microbe–epithelial cell interac-
tions at the site of probiotic application (e.g., gut, vaginal). Major 
mechanisms by which probiotics are thought to act include inhibiting 
the growth or expression of bacterial virulence factors, preventing 
colonization with pathogenic bacteria, modulation of one or more 
mucosal and/or systemic immune responses, and improving gastroin-
testinal barrier integrity. Experimental studies in vitro and in vivo are 
beginning to provide clues to how probiotics may act. Some data 
suggest that certain probiotics dampen nuclear factor kappa B activa-
tion and, hence, proinflammatory mucosal and/or systemic immune 
responses.27-29 Additional data suggest that select probiotics augment 
antibody responses to immunization and/or infecting pathogens.30,31 In 
some instances, cell-free supernatants of studied probiotics similarly 
dampen inflammatory responses, suggesting that probiotics may 
release cell-free anti-inflammatory molecules.28,32,33 Consistent with the 
idea that live organisms may not be required for probiotic activity, 
heat-killed probiotics or probiotic lysates have yielded clinical improve-
ment when used topically for atopic dermatitis or orally for diarrheal 
illnesses.34-36 On the other hand, other work suggests caution because 
heat-killed probiotics can promote inflammatory responses by induc-
ing interleukin-12 (IL-12) production and natural killer–cell activity.37 
Although it has widely been presumed that probiotics, through mucosal 
adherence, displace pathogens and prevent their ability to colonize and 
initiate disease, experimental studies, in fact, have reported conflicting 
results on the ability of probiotics to displace pathogens from epithelial 
cells or the mucosa.27,28,38 In human studies, distinct strains of probiot-
ics have shown differing capacities for colonization, based on fecal 
studies.39 Overall, the mechanisms by which probiotics act should be 
presumed to differ among products and are likely strain specific. Addi-
tional data are needed to understand the mechanisms by which specific 
probiotics act in specific diseases to permit clinicians to make informed 
decisions about the appropriate probiotic choice for use in differing 
clinical conditions.40

POTENTIAL ADVERSE EFFECTS OF 
PROBIOTIC THERAPY
Certain probiotics, particularly lactobacilli, lactococci, and Bifidobac-
terium, are thought to be generally safe based on a long history of 
extensive use with likely daily ingestion by millions of individuals and 
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TABLE 3-3  Clinical Conditions or Settings Studied in Randomized, Controlled Clinical Trials to Evaluate 
Prebiotic, Probiotic, or Synbiotic Efficacy

Prebiotic Studies
Acute diarrhea (in children)

Atopic dermatitis

Allergic manifestations*

Crohn’s disease activity (in adults)

Gastric emptying

Lipid profile

Markers of metabolic syndrome and cardiovascular risk

Neonatal hyperbilirubinemia

Prevention of infections in infants or young children

Prevention of antibiotic-associated diarrhea in children

Prevention of fevers in infants (first year of life)

Reducing incidence and severity of travelers’ diarrhea (in adults)

Satiety after eating (in adults)

Severe acute pancreatitis

Stress, GI upset, and cold/flu symptoms (in adults)

Stool consistency, frequency, and overall GI comfort in healthy subjects

Vaccine-specific antibody responses (first year of life)

Probiotics

Abdominal Conditions
Acute amebiasis

Acute pancreatitis

Alcoholic liver injury

Collagenous colitis

Constipation

Colorectal neoplasia prevention

Diverticular colonic disease

Gas and bloating

Gastrointestinal transit time and gastric emptying

Gastrointestinal symptoms after loop ileostomy reversal

Helicobacter pylori infection

Hematochezia in breastfed infants and in presumed infant allergic colitis

Hepatic encephalopathy

Infant colic

Inflammatory bowel diseases (Crohn’s disease, ulcerative colitis, pouchitis)

Irritable bowel syndrome

Lactose intolerance

Nonalcoholic steatohepatitis

NSAID-induced small bowel injury

Prevention and treatment of pediatric cow’s milk allergy

Prevention and treatment of diarrheal diseases (infectious† and noninfectious‡)

Prevention of antibiotic-associated diarrhea

Prevention of necrotizing enterocolitis

Primary sclerosing cholangitis in IBD patients

Small intestinal bacterial overgrowth

Tolerance of enteral feeds in ICU patients

Viral shedding

Oral and Respiratory Tract Conditions§

Gingivitis

Dental caries

Halitosis

Prevention of upper respiratory tract infections

Pulmonary exacerbations in cystic fibrosis

Urinary and Reproductive Tract Conditions
Prevention and treatment of bacterial vaginosis and fungal vulvovaginosis

Prevention of preterm deliveries associated with bacterial vaginosis

Recurrent urinary tract infections

Recurrent bladder cancer

Allergic or Skin Conditions
Atopic dermatitis

Allergic rhinitis and rhinosinusitis

Allergic asthma

Cutaneous viral warts

Prevention and treatment of pediatric eczema

Skin burns

Other
Acute otitis media

Chronic kidney disease

Effect on infant mortality in preterm infants

Effect on CD4 count in HIV patients

Estrogen metabolism

Fasting glucose, insulin sensitivity, and glucose control in diabetic patients

Hyperlipidemia

Hypertension

Infant blood pressure and metabolic profile from mothers treated with  
probiotics

Inhibition of nasal, oral, or fecal colonization with pathogenic bacteria‖

Markers of metabolic syndrome and cardiovascular disease

Mastitis

Pediatric otitis media

Pregnancy after in vitro fertilization

Prevention and treatment of gestational diabetes

Prevention of type 1 diabetes mellitus

Prevention of infections in preterm infants, infants, and young children

Prevention of nosocomial infections in ICUs

Prevention of infections in the postoperative setting

Prevention of skeletal muscle damage under oxidative stress

Psychological distress, mood, and cognition

Reduction of biologically active aflatoxin

Rheumatoid arthritis

Spondyloarthropathy

Urinary oxalate excretion (risk factor for nephrolithiasis)

Vaccine-specific antibody development

Waist circumference and obesity

Synbiotics
Acute infectious gastroenteritis (in children)

Acute severe pancreatitis

Atopic dermatitis, asthma-like symptoms, and allergic diseases

Colonic ammonia metabolism and hepatic encephalopathy

Disease activity in ulcerative colitis

Estrogen metabolism

Functional constipation

Gastrointestinal motility

Helicobacter pylori infection

Irritable bowel syndrome

Lipid profile in hypercholesterolemia

Postoperative or trauma-associated infectious and inflammatory  
complications¶

Prevention of ventilator-associated pneumonia in intubated patients

Prevention of chemotherapy-induced diarrhea

Prevention of postoperative Crohn’s disease recurrence

Prevention of acute bacterial infections or respiratory tract infections

Prophylaxis for diarrhea secondary to infant formula

Severe acute malnutrition

Stool consistency, frequency, and overall GI comfort in healthy subjects

Viral shedding after infectious gastroenteritis

*Includes allergic dermatitis, wheezing, and hives.
†Includes prevention and treatment of Clostridium difficile colitis and HIV-associated diarrhea.
‡Includes diarrhea associated with radiation, chemotherapy, or antiretroviral drug therapy.
§See “Allergic or Skin Conditions” (allergic asthma), this table.
‖Includes Staphylococcus aureus, vancomycin-resistant enterococci, or Candida albicans.
¶Includes esophagectomy, liver transplantation, pylorus-preserving pancreatoduodenectomy, hepatectomy, and colorectal surgery.
GI, gastrointestinal; HIV, human immunodeficiency virus; IBD, inflammatory bowel disease; ICU, intensive care unit; NSAID, nonsteroidal anti-inflammatory drug.
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TABLE 3-4  Cochrane Database of Systematic Reviews: Efficacy of Probiotics

GOAL OF 
PREVENTION AND 
TREATMENT

AUTHOR 
AND 
YEAR

NO. OF STUDIES 
INCLUDED IN 
ANALYSIS OF 
PROBIOTIC EFFICACY MICROBES IN PROBIOTIC CONCLUSION

Gastrointestinal Diseases
Treatment of acute 

infectious diarrhea
Allen et al, 

201148
63 (7 adult, older children 

or unclear age studies; 
56 infant and young 
children studies)

Mostly Lactobacillus casei strain GG (13 
studies), Saccharomyces boulardii (10 
studies), and Enterococcus lactic acid 
bacteria (LAB) SF68 (5 studies)

Probiotics useful in shortening the duration 
of acute infectious diarrhea and 
decreasing stool frequency; more research 
needed to identify specific probiotic 
regimens in specific patient groups

Prevention of pediatric 
antibiotic-associated 
diarrhea

Johnston 
et al, 
201149

16 (pediatric studies) Bacillus spp., Bifidobacterium spp., 
Lactobacilli spp., Lactococcus spp., 
Leuconostoc cremoris, Saccharomyces 
spp., or Streptococcus spp., alone or in 
combination

Better outcomes in probiotics group but not 
significant once an extreme plausible 
intention to treat analysis was performed. 
A subgroup analysis did note increased 
efficacy with high-dose probiotic (>5 
billion CFUs/day) compared with low-dose 
(<5 billion CFUs/day) preparations. No 
significant difference between adverse 
events was noted between treatment and 
study groups. Overall, insufficient data to 
address efficacy and safety

Treatment of Clostridium 
difficile–associated 
colitis in adults

Pillai et al, 
200850

4 (adult studies) Lactobacilli spp., S. boulardii Insufficient evidence; no evidence for 
probiotics by themselves; one out of the 
four studies showed benefit for adjunct 
usage

Prevention of necrotizing 
enterocolitis (NEC) in 
preterm infants

Alfaleh et al, 
201151

16 (pediatric studies) Lactobacilli spp; Bifidobacterium spp.; 
S. boulardii; combined Lactobacillus 
acidophilus and Bifidobacterium infantis; 
combined Lactobacillus bifidus, 
Streptococcus thermophillus, and 
B. infantis

Probiotics reduced the risk of severe NEC 
and all-cause mortality in preterm infants; 
not enough data to conclude for 
extremely-low-birth-weight infants

Induction of remission in 
ulcerative colitis

Mallon et al, 
200852

4 (adult studies) Escherichia coli Nissle 1917; VSL#3 
(Bifidobacterium breve, Bifidobacterium 
longum, B. infantis, Lactobacillus 
acidophilus, Lactobacillus plantarum, 
Lactobacillus paracasei, Lactobacillus 
bulgaricus, and S. thermophilus); 
Bifidobacterium spp. combined with 
prebiotics (fructo-oligosaccharide/inulin)*; 
combination of B. breve, Bifidobacterium 
bifidum, and L. acidophilus

Probiotics did not improve overall remission 
rates in patients with mild-to-moderate 
ulcerative colitis; insufficient data to assess 
probiotics in moderate-to-severe ulcerative 
colitis

Induction of remission in 
Crohn’s disease

Butterworth 
et al, 
200853

1 (adult study) Lactobacillus GG Insufficient evidence to make any 
conclusions regarding efficacy of probiotics 
in inducing remission in Crohn’s disease

Maintenance of remission 
in ulcerative colitis

Naidoo et al, 
201154

4 (adult studies) E. coli strain Nissle 1917; Probio-Tec AB-25 
(a mixture of L. acidophilus strain LA-5 
and Bifidobacterium animalis subsp. 
lactis strain BB-12); Lactobacillus GG

No statistically significant difference between 
treatment and mesalazine (n = 3) or 
placebo (n = 1)

Maintenance of remission 
in Crohn’s disease

Rolfe et al, 
200855

7 (6 adult studies; 1 
pediatric study)

E. coli Nissle 1917, VSL#3, Lactobacillus 
GG, S. boulardii

No evidence that probiotics are beneficial for 
maintenance of remission in Crohn’s 
disease; need larger studies

Interventions for 
prevention of 
postoperative 
recurrence of Crohn’s 
disease

Doherty 
et al, 
200956

5 (adult studies) Lactobacillus johnsonii (LA1); Lactobacillus 
rhamnosus GG, Synbiotic 2000 (cocktail 
of Pediacoccus pentoseceus, Lactococcus 
raffinolactis, Lactobacillus paracasei 
subsp. paracasei 19, and Lactobacillus 
plantarum and four prebiotics—β-
glucans, inulin, pectin, resistant starch)*; 
VSL#3

No significant difference between probiotics/
synbiotics and placebo in rates of clinical 
Crohn’s disease recurrence, severe 
endoscopic recurrence, or any endoscopic 
recurrence

Treatment and prevention 
of pouchitis after ileal 
pouch-anal anastomosis 
for chronic ulcerative 
colitis

Holubar 
et al, 
201057

2 (adult studies) VSL#3, Lactobacillus GG VSL#3 is more effective than placebo for 
treatment and prevention of pouchitis 
Lactobacillus GG; however, was not more 
effective than placebo for inducing 
remission of pouchitis

Treatment of collagenous 
colitis

Chande et al, 
200958

1 (adult study) B. animalis subsp. lactis No evidence for effectiveness of probiotics in 
collagenous colitis

Interventions for recurrent 
abdominal pain (RAP) 
and irritable bowel 
syndrome (IBS)

Huertas-
Ceballos 
et al, 
200959

3 (pediatric studies) Lactobacilli spp. Insufficient evidence to support or refute 
efficacy of probiotics in RAP or IBS

Methods of decreasing 
infection to improve 
outcomes after liver 
resection

Gurusamy 
et al, 
201160

2 (adult studies) Synbiotic (containing 1 × 108 B. breve 
strain Yakult, 1 × 108 L. casei strain 
Shirota, and galacto-oligosaccharides 
[GOS])*; synbiotic (containing ≥ 4 × 
1010 L. casei strain Shirota, ≥ 1 × 1010 B. 
breve strain Yakult, and GOS)*

Insufficient data in support of or against 
prebiotic or probiotic use to decrease 
postresection infections

Treatment of nonalcoholic 
fatty liver disease and/
or steatohepatitis

Lirussi et al, 
200961

2 (nonrandomized adult 
pilot studies)

Lactobacilli spp., VSL#3 Probiotics may improve conventional liver 
function tests and decrease markers of 
lipid peroxidation, but insufficient evidence 
to support or refute
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GOAL OF 
PREVENTION AND 
TREATMENT

AUTHOR 
AND 
YEAR

NO. OF STUDIES 
INCLUDED IN 
ANALYSIS OF 
PROBIOTIC EFFICACY MICROBES IN PROBIOTIC CONCLUSION

Prevention of bacterial 
sepsis and wound 
complications for liver 
transplantation

Gurusamy 
et al, 
200862

2 (adult studies) Lactobacilli spp. and prebiotic (fiber)* Studies compared probiotics and prebiotics 
with selective bowel decontamination; the 
latter increased hospital stay and risk of 
infection when compared with probiotics 
and prebiotics

Probiotics for treating 
persistent diarrhea in 
children

Aponte et al, 
201063

4 (pediatric studies) L. rhamnosus GG; S. boulardii; combined 
L. casei and L. acidophillus strains 
CERELA, combined Lactobacillus 
bulgaricus and S. thermophilus

Although results showed a decrease in 
diarrhea duration and stool frequency, the 
quality and amount of data are insufficient 
to make a clear recommendation

Treatment of hepatic 
encephalopathy

McGee et al, 
201164

7 (adult studies) Combined S. thermophilus, L. bulgaricus, 
L. acidophilus, bifidobacteria, and 
L. casei; synbiotic (combined P. 
pentoseceus 5-33 : 3, Leuconostoc 
mesenteroides 32-77 : 1, L. paracasei 
subsp. paracasei 19, L. plantarum 2592, 
and combined prebiotic [β-glucan, 
inulin, pectin, resistant starch])*; 
Enterococcus lactic acid bacteria strain 
SF68; synbiotic (combined 
Bifidobacterium and fructo-
oligosaccharides [FOS])*; combined  
L. acidophilus, L bulgaricus, 
Bifidobacterium lactis, and S. 
thermophilus; combined Streptococcus 
faecalis, Clostridium butyricum, Bacillus 
mesentricus, lactic acid bacillus

Insufficient evidence to evaluate the utility of 
probiotics in hepatic encephalopathy when 
compared with placebo or lactulose

Atopic Diseases
Prevention of allergic 

disease and food 
hypersensitivity in 
infants

Osborn et al, 
200965

12 (pediatric studies) Lactobacilli spp., Bifidobacterium spp., 
S. thermophilus, Propionibacterium 
freudenreichii

Insufficient evidence; reduction in clinical 
eczema in infants but not consistent; need 
further studies

Treatment of eczema Boyle et al, 
200866

12 (pediatric studies) Lactobacilli spp., Bifidobacterium spp. Not effective treatment for eczema; small 
risk of adverse events (case reports of 
infections and bowel ischemia) with 
probiotics

Reproductive Health
Prevention of preterm 

labor
Othman 

et al, 
200767

2 (adult studies) L. johnsonii and Lactobacillus spp. 
(vaginally)

In pregnancy, probiotics may be useful for 
prevention and treatment of bacterial 
vaginosis. However, there is insufficient 
evidence to either support or refute the 
use of probiotics in pregnancy to prevent 
preterm labor

Antimicrobials in bacterial 
vaginosis of 
nonpregnant women

Oduyebo 
et al, 
200968

3 (adult studies) Lactobacillus spp. Oral Lactobacillus augments the effects of 
metronidazole and is more effective than 
metronidazole when given intravaginally; 
need further studies of adverse events in 
Lactobacillus trials

Treatment of bacterial 
vaginosis

Senok et al, 
200869

4 (adult studies) Combined L. rhamnosus GR-1 and 
Lactobacillus reuteri RC-14; combined 
L. casei var. rhamnosus, Lactobacillus 
gasseri, and Lactobacillus fermentum; 
L. acidophilus

Insufficient evidence for or against the use 
of probiotics in bacterial vaginosis. 
Promising data for use of probiotics 
combined with metronidazole or estriol, 
although larger, standardized studies are 
needed

Prevention and treatment 
of vulvovaginal 
candidiasis in women 
with HIV infection

Ray et al, 
201170

1 (adult study) L. acidophilus No definitive evidence for or against the use 
of probiotics to prevent vulvovaginal 
candidiasis in HIV-infected women. No 
studies matching the predetermined 
inclusion criteria found for treatment of 
candidiasis with probiotics

Respiratory Diseases
Prevention of acute upper 

respiratory tract 
infections

Hao et al, 
201171

14 studies (6 adult studies, 
8 pediatric studies)

Combined L. plantarum HEAL 9 and L. 
paracasei 8700 : 2; L. rhamnosus HN001; 
L. casei Shirota; combined L. rhamnosus 
GG and LC705, B. breve 99 and P. 
freudenreichii JS; L. rhamnosus GG; 
L. delbrueckii subsp. bulgaricus 
OLL1073R-1; L. casei (DN-114001); 
combined L. rhamnosus GG and B. lactis 
Bb-12; combined L. acidophilus and L. 
casei; combined L. gasseri PA 16/8, B. 
longum SP 07/3, B. bifidum MF 20/5; 
L. fermentum VRI-003

Probiotics were better than placebo in 
reducing the number of acute upper 
respiratory infections and antibiotic 
prescriptions written for these infections. 
There was no significant difference in the 
mean duration of illness between probiotic 
and placebo groups

*These studies include the evaluation of probiotics or synbiotics.
CERELA, Centro de Referencia para Lactobacilos; CFUs, colony-forming units; HIV, human immunodeficiency virus.

TABLE 3-4  Cochrane Database of Systematic Reviews: Efficacy of Probiotics—cont’d
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pancreatitis who were treated with the probiotic. The mechanism(s) 
that could account for this striking imbalance in adverse outcomes are 
unknown. Bacteremia, endocarditis, and liver abscess have been 
reported caused by Lactobacillus spp. (including L. rhamnosus GG), 
with enhanced concern in individuals with short gut syndrome, central 
venous catheters, intestinal feeding tubes, and/or serious comorbidi-
ties.41 Similarly, although S. boulardii (a subtype of S. cerevesiae, or 
brewer’s yeast) is an infrequent fungal bloodstream isolate, in one 
series, 86% of S. boulardii fungemia episodes were identified in chil-
dren or adults who ingested S. boulardii as a probiotic.45 Mortality and/
or sepsis with shock have been reported caused by invasive Lactobacil-
lus spp. or S. boulardii infections associated with probiotic use.41 Other 
concerns about probiotic use, such as precipitating lactic acidosis, tox-
icity to the gastrointestinal tract, and/or transfer of antibiotic resis-
tance, remain theoretical, without substantiation in clinical studies or 
reports to date.41

SUMMARY AND FUTURE 
DIRECTIONS
The scientific definition of probiotics, “to enhance the health of the 
host,” implies the requirement for documentation of health benefits in 
well-designed controlled clinical trials. At present, few, if any, marketed 
probiotics unequivocally meet this standard, with L. rhamnosus GG 
being the most extensively evaluated probiotic at present.11,41 Further-
more, it should be noted that although the standard definition of pro-
biotics refers to live organisms, the use of the term in the general 
population, and even within the scientific literature, is often more lax. 
Other unresolved issues include the impact of probiotic dosage and 
single- versus multiple-species composition on clinical efficacy. No 
probiotic is approved by the FDA for any clinical use. Clinicians should 
discuss with patients the quality-control issues in probiotic manufac-
turing, the limitations of the data available on probiotic use in disease, 
as well as the potential adverse consequences of probiotic use. Defining 
the place of probiotics in medical care awaits improvements in the 
characterization of probiotics, their modes of action, and stringent 
reproducible studies to demonstrate benefit and safety in disease con-
ditions. The safety and/or purported efficacy of one species or genus 
of probiotic cannot be generalized to other probiotics. Based on avail-
able data, probiotic preparations should not be used in immunocom-
promised or critically ill populations, and caution should be exercised 
in individuals at the extremes of age and those with central venous 
catheters, disrupted mucosal barriers, short bowel syndrome, abnor-
mal cardiac valves, prosthetic joints or valves, as well as other hardware 
or prosthetic materials. Available experimental data provide some pro-
vocative glimpses into how probiotics may act to foster human health18 
and data on “designer probiotics” that offer promise for development 
of novel therapeutics. Designer probiotics are disease-targeted recom-
binant probiotics engineered, for example, to absorb bacterial toxins 
such as the Shiga toxins in the gastrointestinal lumen46 or to secrete 
molecules that inhibit, for example, the virulence of Vibrio cholerae.47 
Further research into probiotic use and development is warranted.

limited reports of toxicity.41 In fact, ingestion of L. rhamnosis GG is 
reported to have increased in Finland from 1 L per person per year to 
6 L per person per year from 1990 to 2000.41 Certain probiotic prod-
ucts have been studied in at-risk populations without reported toxicity 
or adverse outcomes (Table 3-5). However, in general, there is insuf-
ficient information on most marketed probiotic preparations to provide 
assurances regarding safety.

Although population-based studies appear reassuring about the 
toxicity of probiotic use, other data raise concerns about the use  
of certain probiotics in vulnerable patient populations, particularly 
immunocompromised hosts; the severely ill; those with serious comor-
bidities; patients with intravenous catheters, prosthetic material, or 
hardware; short bowel syndrome; abnormal cardiac valves; and/or the 
elderly.41,42 Although the majority of studies show no difference in 
adverse reactions between probiotic and control treatment groups,43 
one notable study demonstrated increased mortality in the probiotic-
treated group. In this randomized, double-blind, placebo-controlled 
trial designed to evaluate the effectiveness of a probiotic preparation 
(six different Lactobacillus or Bifidobacterium strains; total daily dose 
1010 bacteria) on infectious complications of acute pancreatitis, there 
was increased mortality in the probiotic treatment group (16% in 152 
patients treated with probiotics vs. 6% in the 144 patients treated with 
placebo; relative risk 2.53, 95% confidence intervals 1.22 to 5.25) 
without any measurable impact on infectious complications.44 Further, 
bowel ischemia was significantly increased in the patients with acute 

TABLE 3-5  Probiotics Studied in At-Risk 
Populations without Evidence of Toxicity

Pregnant women Lactobacillus rhamnosus GG

Premature neonates L. rhamnosus GG

Elderly individuals L. rhamnosus GG

Hospitalized children or adults L. rhamnosus GG

Malnourished children L. rhamnosus GG

Patients with rheumatoid arthritis L. rhamnosus GG

Patients with Crohn’s disease L. rhamnosus GG, Lactobacillus johnsonii 
LA 1, VSL#3*

Critically ill children† Lactobacillus casei Shirota, Lactobacillus 
acidophilus, Bifidobacterium infantis‡

Critically ill adults Lactobacillus plantarum 299V

Liver transplant recipients L. plantarum 299V

Patients with liver failure L. plantarum 299V

Patients with HIV infection Saccharomyces boulardii

*VSL#3 comprises Bifidobacterium breve, B. longum, B. infantis, L. acidophilus, 
L. plantarum, Lactobacillus paracasei, Lactobacillus bulgaricus, and Streptococcus 
thermophilus.

†Includes children with necrotizing enterocolitis.
‡B. infantis is also known as B. lactis.
Modified from Snydman DR. The safety of probiotics. Clin Infect Dis. 

2008;46(suppl 2):S104-S111.
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B  Host Defense Mechanisms

4 
Innate (General or Nonspecific) Host 
Defense Mechanisms
Carl W. Dieffenbach and Edmund C. Tramont

Host defense mechanisms against microbial invasion are a continuum. 
An invading microbe first encounters the physical barrier—the skin, 
mucous membranes, the normal microbiome, and nonspecific antimi-
crobial peptides or proteins. If microbes overcome these barriers and 
progress toward an infection, the next hurdles are the pattern recogni-
tion receptors (PRRs) on sentinel cells (usually macrophages). The 
PRRs bind specific structural signatures common to bacteria, viruses, 
and fungi and trigger immune mediators, such as cytokines and che-
mokines. This initial engagement between the host and pathogen is 
termed the innate immune system. It is believed to constitute an evo-
lutionarily older defense mechanism that is the dominant immune 
system in invertebrate organisms.1 The innate immune system provides 
immediate defense against an infection and must be breached for an 
infection to occur (Table 4-1).1 Even if breached, it also has an essential 
role in focusing and directing the microbial-specific long-lasting 
immune memory of the adaptive immune system (see Chapters 2 and 
5 through 9).

The general nonspecific and innate host defense mechanisms rep-
resent an effective, broad-based surveillance program that serves as a 
transitional defense system, holding a foreign invader at bay while 
setting the stage for the host to develop specific adaptive immunity. 
These mechanisms provide crucial initial and continuing encounters 
against all microorganisms. The broad nature of the nonspecific and 
innate host defense mechanisms includes the general nonspecific 
effects resulting from physical barriers (e.g., intact skin, mucous mem-
branes, microbicidal peptides, mucus, biofilm, cilia, peristalsis, resi-
dent microbiota, lysozyme, complement). The focus of this chapter is 
on the earliest events in the host-pathogen interaction process; the 
general, nonspecific interactions that mitigate invasion; and the pro-
cesses for the detection and possible clearance of an invading organism 
by the host. If infection is established, how do the initial interactions 
create an environment for the adaptive immune system to respond?

The study of innate immunity is a rapidly evolving field, and over 
the past decade two areas of research have significantly changed the 
perception of host-pathogen interactions. First, we have learned that 
what was viewed as physical, nonspecific barriers involve interactions 
with the natural microbiota, the host commensal microbes that act in 
concert with the host to maintain a state of wellness.2 The microbiome, 
the myriad of organisms, and interactions with the human host are 
being unraveled. The details of these interactions are delineated in 
Chapters 1 and 2. Second, significant progress has been made defining 
the details on the genetics of susceptibility to disease.3 The susceptibil-
ity, morbidity, and mortality related to almost every pathogen and to 
infection in general are influenced significantly by the host’s genetic 
makeup. This was evident years ago when it was shown that if a child’s 
parent died of an infectious disease, such as pneumonia, the child has 
increased probability of dying of an infection (Fig. 4-1).4 Genetic asso-
ciations between increased susceptibility to diseases have been mapped 
to sequence polymorphisms and frank mutations in many aspects of 
the nonspecific, innate and adaptive immune pathways. These genetic 
changes have been identified in Toll receptor genes,5,6-9 complement,10,11 
cytokine and chemokines or their receptors,12-15 degrees of limited 
human leukocyte antigen (HLA) diversity,16,17 and cellular receptor 
specificities.18,19 Through excellent epidemiology and whole-genome 

sequencing, combined with the dissection of immunity by technolo-
gies such as germ line mutagenesis, the knowledge about disease sus-
ceptibility will expand and alter our perceptions.20

NATURAL PHYSICAL BARRIERS TO 
THE ENTRY OF MICROORGANISMS 
INTO THE BODY
The morphologic integrity of body surfaces is an important and effec-
tive first line of defense. The epithelial coverings and linings share 
many similar properties, such as production of defensins,21,22 catheli-
cidins,23 and populations of γδ cells24,25 and unique defense molecules 
such as lysozyme.26,27 Table 4-228-30 lists the major human host defense 
proteins that have been characterized. Although we have these non-
specific barriers, we have also come to appreciate the vast nature of the 
microbe communities that colonize each of us. On a per cell basis, we 
are more bacterial than human.2 The interactions between the micro-
biome and host defense proteins, which give the appearance of a seem-
ingly symbiotic relationship, is most evident when evaluating the 
interactions in gut mucosa.

Skin
The intact skin forms an effective mechanical barrier to invasion by 
microorganisms partly because it is composed of tightly associated 
epithelial cells covered by a highly cross-linked keratin layer. As noted, 
the skin possesses an array of antimicrobial properties that form a 
protective shield consisting of a battery of broad-spectrum defensive 
chemicals, principally peptides, synthesized as precursors and pro-
cessed by specific proteases into mature active forms that target micro-
bial membranes in a manner similar to disinfectants. These help keep 
pathogenic organisms out, and the microbiota are also checked by 
these functions. The antimicrobial peptides include cathelicidins, 
β-defensins, and dermicidin.22,23,29,31-34 Not only do they function 
directly to kill microbes, they also act as chemokines to attract migrat-
ing phagocytic cells. β-Defensin, LL-37 (an antimicrobial peptide), 
cathelicidin levels, and hexadecenoic acid are depressed in atopic skin, 
a condition in which microbial suprainfection is common.35,36

The relative dryness and mild acidity (the so-called acid mantle, pH 
5 to 6) of skin, combined with normal skin microbiota act to form an 
effective prohibitive environment. Inflamed skin is more permeable to 
water and is more hospitable to colonization. It has been speculated 
that oily skin may retard evaporation of water, resulting in increased 
numbers of colonizing microorganisms. The acidity of the skin results 
from the breakdown of lipids into fatty acids by skin microbiota. 
Sebum triglycerides are partially hydrolyzed, liberating fatty acids. The 
continual desquamation of skin scales also aids in the elimination of 
microorganisms. Because few organisms have the ability to penetrate 
the skin, they usually gain access by some physical means, such as an 
arthropod vector, trauma, surgical incision, or intravenously placed 
catheter.

Mucous Membranes
Because of the inherent moisture with which they are associated, 
mucous membranes support a broader spectrum and larger number 
of microorganisms than does skin. Most epithelial cells possess the 
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TABLE 4-1  Nonspecific, Innate, and Adaptive 
Immunity

PROPERTY NONSPECIFIC INNATE ADAPTIVE
Receptors None Fixed in genome Encoded in gene 

segments

Rearrangement 
not necessary

Rearrangement 
required

Distribution Covers every 
interface with 
the environment

Cell type- or 
tissue-specific

Clonal

Recognition None, limited Conserved 
molecular 
patterns

Details of molecular 
structure

Action time Continuous Immediate 
activation of 
effectors

Delayed appearance 
followed by a 
decay, once the 
insult is resolved

Response Shield holds, 
provided no 
breaks in the 
barrier

Co-stimulatory 
molecules, 
apoptosis 
pathways, 
cytokines, 
chemokines

Clonal expansion or 
anergy

Initial inflammatory 
response 
proteins, 
defensins

Initial 
inflammatory 
response 
proteins

Effector cytokines, 
humoral, 
cell-mediated 
immunity

Modified from Janeway CA, Medzhitov R. Innate immune recognition. Annu Rev 
Immunol. 2002;20:197-216.

FIGURE  4-1 Probability of dying from an infection before a 
given age for adoptees with at least one biologic parent who  
died before age 50 (parent dead) of an infection versus adoptees 
whose biologic parents were alive at that age (parents alive). (From 
Sorensen TIA, Neilson GG, Anderson PK, et al. Genetic and environmental 
influences on premature death in adult adoptees. N Engl J Med. 1988;318:
727-732.)
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TABLE 4-2  Secreted Antimicrobial Peptides (ADPs) and Proteins

ADP/PROTEIN CELLULAR SOURCE SPECIAL CHARACTERISTICS
α-Defensins

 HNP1-HNP4 Neutrophils, eosinophils Broad spectrum of antimicrobial activity; chemoattracts 
monocytes, T cells, dendritic cells; inhibition of 
complement activation; activation of mast cells

 HD-5–HD-6 Intestinal tract, HD-5 (female reproductive tract) Released as propeptide by Paneth cells

β-Defensins

 hBD-1 Keratinocytes, airway epithelia, urogenital tract Antimicrobial activity compared with other β-defensins

 hBD-2 Keratinocytes, airway epithelia, intestinal tract Mainly active against gram-negative bacteria and fungi; 
chemoattracts dendritic cells, T cells, neutrophils, mast cells

 hBD-3 Keratinocytes, airway epithelia Potent broad spectrum of antimicrobial activity

 hBD-4 Airway epithelia, keratinocytes (mRNA) Potent activity against Pseudomonas aeruginosa, less activity 
against Escherichia coli and gram-positive bacteria

 hBD-6 (propeptide) Epididymis, testis, airway epithelia E. coli

 hBD-18 Epididymis, testis, sperm, pancreas E. coli

 hBD-28 Epididymis, testis Antimicrobial activity

Cathelicidin LL-37 Leukocytes, airway epithelia, urogenital tract, 
keratinocytes

Antimicrobial activity, immunomodulatory functions

Ribonucleases

 Eosinophil cationic protein (ECP) Eosinophils Antibacterial and antiviral activity

 Eosinophil-derived neurotoxin (EDN) Eosinophils Antiviral activity, chemoattracts and activates dendritic cells

 Angiogenin (RNase 5) Leukocytes, epithelial cells, fibroblasts Antimicrobial activity and angiogenic activity

 RNase 7 Keratinocytes, airway epithelia Antimicrobial activity

 RNase 8 Placenta Antimicrobial activity

S100 proteins

 Psoriasin (S100A7) Keratinocytes, airway epithelia, urogenital tract Potent antibacterial activity against E. coli

 Calprotein (S100A8/A9) Leukocytes, skin Active at high concentrations against Candida albicans

 Calcitermin (S100A12) Airway secretions Active against gram-negative bacteria

Complement Hepatocytes (blood) Microbial lysis, chemotaxis, immunomodulatory functions, 
immune clearance

Mannose-binding lectin/protein (MBL/MBP) Liver Binds to carbohydrates on the surface of viruses, bacteria, 
fungi, protozoa to activate the complement system or act 
directly as an opsonin

Fibronectin Hepatocytes (blood) Blocks the attachment of many microorganisms, especially P. 
aeruginosa

Histatins Salivary gland exocrine cells Antifungal activity

Lactoferrin/lactoferricin Neutrophils, body fluids Inhibits bacterial growth by its ability to sequester iron; toxic 
to several viruses

Continued
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TABLE 4-2  Secreted Antimicrobial Peptides (ADPs) and Proteins—cont’d

ADP/PROTEIN CELLULAR SOURCE SPECIAL CHARACTERISTICS
Bactericidal/permeability-increasing protein (BPI) Neutrophils, epithelial cells Active against gram-negative bacteria, neutralizes LPS

Dermcidin (DCD-1) Sweat glands Anionic peptide, exclusively produced by human eccrine 
sweat glands

Antileukoprotease (ALP) Keratinocytes, airway epithelia, gut, body fluids Broad-spectrum antimicrobial activity; inhibits various 
proteinases (e.g., elastase, cathepsin G, trypsin); 
contributes to anti-HIV effect of saliva

Cryopyrin Macrophages, neutrophils Antimicrobial activity

Lysozyme Skin, airway epithelia, body fluids, tears Broad antibacterial activity by degrading peptidoglycans

Elafin Neutrophils, epithelial cells Weak antimicrobial activity

Phospholipase A2 (PLA2) Neutrophils, macrophages, Paneth cells, tears Antimicrobial activity, especially against gram-positive bacteria

Peptidoglycan recognition proteins Neutrophils, various epithelial cells Antimicrobial activity, especially against gram-positive bacteria

Neutrophil gelatinase-associated lipocalin (NGAL) Neutrophils, various epithelial cells Antimicrobial activity through its ability to bind bacterial ferric 
siderophores

Hepcidin Liver Mainly acts as an iron-regulatory hormone (limits iron 
availability to invading microorganisms)

Surfactant proteins Mucosal surfaces Antimicrobial activity

Granulysin Cytolytic T cells, natural killer cells Antimicrobial activity

Histones Neutrophils, gut, placenta Bactericidal activity, LPS-neutralizing activity

Adrenomedullin Epithelial cells, sweat and sebaceous glands, 
body fluids

Antimicrobial activity

Azurocidin (CAP37) Neutrophils Mainly against gram-negative bacteria, increases vascular 
permeability, binds to endotoxin, attracts monocytes

Cathepsin G Neutrophils Proteolytic-independent antibacterial activity

Proteinase 3 Neutrophils Active against bacteria and fungi

Platelet-derived AMPs Platelets Seven AMPs have been isolated from platelets

Chemokines Many cell types Many chemokines have antimicrobial activity

Human epididymis 2 (HE2) family Epididymal Family of sperm-binding proteins with antimicrobial activity

Dermcidin Skin eccrine sweat glands Antimicrobial activities, keratinocyte activation

Tamm-Horsfall protein Kidney Binds microbes

AMP, adenosine monophosphate; HIV, human immunodeficiency virus; LPS, lipopolysaccharide.
Data from Harder J, Glaser R, Schroder JM. Human antimicrobial proteins—effectors of innate immunity. J Endotox Res. 2007;13:317-338; Ganz T. Defensins: 

antimicrobial peptides of innate immunity. Nat Rev Immunol. 2003;3:710-720; Chen H, Zhiman X, Peng L, et al. Recent advances in the research and development of 
human defensins. Peptide. 2006;27:931-940; and Pazigier M, Hoover DM, Yang D, et al. Human β-defensins. Cell Mol Life Sci. 2006;63:1294-1313.

same peptide shield as skin (see Table 4-2)29,37,38; however, body secre-
tions, including saliva, cervical mucus, prostatic fluid, and tears, are 
endowed with unique antimicrobial properties. Two of the more 
potent antimicrobial substances are lysozyme and N-acetylmuramyl-
l-alanine amidase (NAMLAA). Both substances are particularly effec-
tive against gram-positive bacteria because they hydrolyze the amino 
acid backbone of peptidoglycan.39

Local secretions also contain immunoglobulins, principally IgG 
and secretory IgA, which act primarily to agglutinate microorganisms, 
block the attachment of organisms to receptors on host cells com-
petitively, or both. The body produces more secretory IgA than total 
IgG. The IgA immunoglobulin is made relatively resistant to proteoly-
sis by binding with a unique polypeptide known as the secretory com-
ponent and protein Fv.40 There is also evidence that mucosal IgA can 
bind intracellular pathogens or products as they are transported 
through the cell.41

Mucosal secretions also contain significant amounts of iron-binding 
proteins. Iron is a critical element for most microorganisms, and fluids 
that potentially are exposed to microbes are enriched with iron-binding 
proteins that act to keep this important factor from the microorgan-
isms. In contrast, microorganisms that routinely colonize skin and 
mucosal surfaces have evolved mechanisms to acquire iron despite 
these proteins.42,43

Respiratory Tract
The respiratory tract has a formidable array of antimicrobial defense 
mechanisms. The inhaled particles must survive and penetrate the 
aerodynamic filtration system of the upper airway and tracheobron-
chial tree. The airflow in these areas is turbulent, causing large particles 
to come in contact with the mucosal surfaces and face the full array of 
those defense mechanisms. Humidification also causes hygroscopic 
organisms to increase in size, aiding trapping.

When a particle is deposited, the mucociliary blanket transports 
the invading offender away from the lung. Coughing aids this expul-
sion. This system is amazingly efficient; 90% of deposited material is 
cleared in less than 1 hour.44 In addition, the bronchial secretions 
contain various antimicrobial substances, such as lysozyme, NAMLAA, 
and β-defensins such as hBD-1 and hBD-2,45 RNase 7 and pulmonary 
lectins,46 and surfactant collectins.38,46,47 The airway epithelium also 
contributes to the resistance to infection. On exposure to pathogens, 
lung epithelial cells express S100A, antileukoprotease,29 and large 
amounts of major vault protein (MVP). In cells infected with Pseudo-
monas aeruginosa, MVP I localizes in lipid raft sections of cell mem-
branes and helps mediate bacterial clearance.48

After a particle reaches the alveoli, physical expulsion becomes 
much less effective and the alveolar macrophages and tissue histiocytes 
play a more prominent role in protecting the host. These phagocytic 
cells are assisted in their defense by the collectin surfactants SP-A and 
SP-D, which bind to and opsonize diverse organisms, including gram-
negative bacteria, fungi, and Pneumocystis jirovecii (formerly known as 
Pneumocystis carinii).49

Like all defense mechanisms, these nonspecific mechanisms can be 
overcome by the introduction of large numbers of invading organisms 
(e.g., a contaminated respirator), particularly if the host is exposed for 
an extended period. Their effectiveness is decreased by air pollutants 
(e.g., cigarette smoke), mechanical respirators, tracheostomy, concomi-
tant infection, allergenic agents, and, in some cases, genetic defects 
(e.g., cystic fibrosis) and inhibitory factors of some pathogens.47,50

Intestinal Tract
The acid pH of the stomach and the antibacterial effect of the various 
pancreatic enzymes, bile, and intestinal secretions are effective, nonspe-
cific, antimicrobial defense factors. Paneth cells of the small intestine, 
located in the crypts of Lieberkühn, secrete antimicrobial substances, 
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glucose urine levels secondary to hyperglycemia. This is a factor that 
accounts for the increased incidence of pyelonephritis in diabetic 
patients.

The vagina has an additional unique mechanism of protection. 
Under hormonal influence, especially estrogen, the vaginal epithelium 
contains increased amounts of glycogen that Döderlein’s bacilli and 
other commensals metabolize into lactic acid. Döderlein’s bacilli is an 
all-encompassing term used to describe acidogenic gram-positive 
rods, especially lactobacilli, residing in the vagina. Normal vaginal 
secretions contain 108/mL of these bacteria. They establish an acid 
environment that is unfavorable to most pathogenic microorganisms. 
The vaginal secretions of women with nonspecific vaginitis or vagino-
sis, which is a perturbation of the normally protective vaginal ecosys-
tem, and of patients with other sexually transmitted diseases are 
characterized by an elevated pH.61

Eye
Constant bathing of the eye by tears is an effective means of protection. 
Foreign substances continually are diluted and washed away via the 
tear ducts into the nasal cavity. Tears also contain large amounts of 
lysozyme, lactoferrin, and lipocalin.62

INNATE IMMUNITY AND THE 
INFLAMMATORY RESPONSE
When the normal barriers are breached and infectious agents enter 
tissues, a range of host factors and cell types become mobilized. 
Although many of these initial response proteins (see Table 4-2) are 
always present, it is their rapid quantitative increase that constitutes 
the inflammatory reaction. Clinically, this results in fever and malaise 
that typically accompany the early phases of infection and represent, 
in broad terms, the events that occur during infection before the estab-
lishment or boosting of the specific adaptive immune response. Tradi-
tionally, the factors that have correlated with the inflammatory response 
include (1) trigger molecules, which constitute signal systems that 
invoke the adaptive immune system, and (2) effector molecules, which 
are involved in inflammation, antimicrobial scavenging, and killing 
(see Table 4-2).

Insights into how the host senses an invader and which microbial 
components the host detects have come from many unexpected direc-
tions. Through many elegant experiments, investigators have shown 
that a set of genes known as the Toll gene family is involved in embry-
onic development and antifungal responses in fruit flies. The impor-
tance of this discovery was appreciated fully with the identification of 
the lipopolysaccharide receptor as a Toll-like receptor (TLR) gene.63 
This discovery provided the direct evidence that the TLR genes are 
responsible for sensing and triggering the initial response. The Toll 
gene family is conserved in all species from plants to humans and 
performs similar functions for all multicellular creatures.64 This detec-
tion and triggering of responses to fungal, bacterial, and viral products 
has been preserved across extensive evolution and is referred to as the 
innate immune system. There are a number of cellular receptor families 
that recognize pathogen-associated molecular patterns (PAMPs), and 
the detection of and response to these PAMPs are the essential basis of 
innate immunity. In addition to the TLR family, these include 64,65 the 
nucleotide-binding oligomerization domain (NOD)-like receptor 
(NLR) family,66,67 C-type lectin-like receptor (CLR) family,68,69 and reti-
noic acid–inducible gene I (RIG-I)–like receptor.70

Chemokines and Chemotaxis
Critical to the innate response is the ability of leukocytes to move to 
the site of pathogen invasion. Two main families of chemokines, part 
of the first set of response factors induced by the innate immune 
system, direct such leukocyte migration.71,72 Members of the CXC 
family, whose first two cysteines are separated by a single amino acid, 
stimulate chemotaxis of polymorphonuclear neutrophils (PMNs), 
eosinophils, monocytes, dendritic cells, natural killer (NK) cells, and 
T lymphocytes. Members of the CC family, whose first two cysteines 
adjoin each other, stimulate all these leukocytes except PMNs, which 
do not express receptors for CC chemokines. More than 45 chemo-
kines, 11 receptors for CC chemokines, and 6 receptors for CXC che-
mokines have been described. The defect in the chemokine receptor 

such as β-defensins, lysozyme, and type II phospholipase A.2,51 As with 
other mucosal surfaces, the intestinal tract expresses microbial pattern 
recognition receptors on a number of cell types.52 Understanding how 
these components work to exclude pathogens while maintaining com-
mensal species is important for maintaining the health of the gut. For 
example, the development of natural immunity, the cross-reacting anti-
bodies against blood group antigens, and potential pathogens such as 
Neisseria meningitidis is dependent on this process. The microbiome 
has been shown to keep the intestinal environment in a constant state 
of “appropriate” immune activation, thus triggering antimicrobial pro-
teins, tissue repair factors, and immunoglobulin A, resulting in the 
maintenance of the intestinal barrier and gut immunity.2,51,53 Microbial 
colonization in germ-free mice triggers the expression of a secreted 
C-type lectin with known antibacterial properties. The protein in 
humans, HIP/PAP (hepatocarcinoma-intestine-pancreas/pancreatic-
associated protein),54 represents a form of innate response to help 
maintain a symbiotic relationship.55 Peristalsis and the normal loss of 
epithelial cells also act to purge the intestinal tract of harmful microor-
ganisms. Alteration of these parameters can lead to increased suscepti-
bility of the host to infection. For example, Salmonella and Mycobacterium 
tuberculosis infections are more common in achlorhydric patients and 
slowing peristalsis with belladonna or opium alkaloids prolongs symp-
tomatic disease caused by gastrointestinal pathogens such as Shigella 
species. A number of disease states have been shown to be accompanied 
by the movement, or translocation, of gram-negative bacterial products 
across the epithelial barrier and into the circulation.56 This is often 
accompanied by a loss of tight junctions between enterocytes or the loss 
of enterocytes altogether. This may be tied to loss or impairment of a 
subset of T cells, Th17 cells, which secrete the enterocyte growth factor 
cytokine Th17.57

The importance of a symbiotic intestinal microbiome has long been 
appreciated and has been highlighted by the success of fecal transplants 
in patients with intractable Clostridium difficile infections.58 The 
normal bowel microbiota compete for nutrients (1012 organisms/g of 
feces), and this plays a crucial protective role. Altering this symbiotic 
normal intestinal microbiota, such as with broad-spectrum antibiotics, 
can lead to overgrowth of inherently pathogenic organisms (e.g., Sal-
monella typhimurium) or suprainfection with ordinarily commensal 
organisms (e.g., Candida albicans). As always, the interfering competi-
tive capacity of the normal microbiota can be overcome by the intro-
duction of large numbers of pathogenic organisms. The probability  
of development of salmonellosis is related directly to the number of 
Salmonella organisms ingested. One exception to this is Shigella, 
which requires very few organisms to establish infection.

Genitourinary Tract
Urine has been considered sterile. Evidence is emerging that there is a 
spectrum of uncultivated bacteria present in the bladders of adult 
females.59 The contribution of these organisms to keeping the bladder 
pathogen free remains to be determined. In this regard, urine is bac-
tericidal for some strains of bacteria, mostly because of its pH, although 
factors such as hypertonicity, urea, and other solutes play a role. 
Tamm-Horsfall protein is a glycoprotein produced by the kidneys and 
excreted in large amounts in urine (approximately 50 mg/L). Because 
many bacteria are avidly bound to it, the protein acts as a sponge and 
is a natural host defense mechanism against tissue colonization and 
subsequent infection by preventing these bacteria from gaining a foot-
hold on the cellular lining of the urinary tract.60

The lower urinary tract is rinsed with urine four to eight times each 
day, eliminating potential pathogenic organisms, unless they are 
capable of firmly attaching to epithelial cells of the urinary tract (e.g., 
Neisseria gonorrhoeae, certain strains of E. coli). Urinary retention or 
lack of complete bladder emptying impedes this flushing process.

The length of the male urethra (20 cm in an adult) also provides 
passive protection, and bacteria seldom gain access to the bladder in 
men unless introduced by instrumentation. The female urethra is 
much shorter (5 cm in an adult) and is traversed more readily by 
microorganisms, which is one reason why urinary tract infections are 
14 times more common in women than in men.

The hypotonic state of the kidney medulla presents an unfavorable 
milieu for most microorganisms. This can be decreased by increased 
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killing. Nonoxidative killing occurs by defensins, acidification of 
phagosomal vacuoles, deposition of acid hydrolases and other lyso-
somal enzymes into phagolysosomes, and production of various 
granule-associated antimicrobial molecules, including neutrophil pep-
tides 1 through 4, lysozyme, elastase, antileukoproteases, azurocidin, 
cathepsin G, and bactericidal permeability–increasing protein.78-81

Some intracellular pathogens, such as M. tuberculosis and Toxo-
plasma gondii seek a safe haven in vesicular structures in the cyto-
plasm. Most cell types can use autophagy as an innate mechanism to 
clear these and other intracellular pathogens via the fusion of lyso-
somes with the pathogen-containing vesicle. In the case of M. tuber-
culosis, IRGM (the immunity-related guanosine triphosphatase gene) 
triggers autophagy and generates large autolysosomal organelles.82

The link between autophagy, infection, and chronic human diseases 
is growing. NOD2 (nucleotide-binding oligomerization domain con-
taining 2) and IL23R (interleukin-23 receptor) genes, along with 
ATG16L1 (autophagy related 16-like 1) have been linked in genome-
wide association studies with susceptibility for Crohn’s disease. 
ATG16L1 plays a role in autophagy of Salmonella typhimurium, sug-
gesting that incomplete clearance of intracellular microbes may result 
in the triggering of the chronic immune activation state seen in Crohn’s 
disease.51,83

INNATE RECEPTOR FAMILIES
The human host is armed with a diverse array of sensors to detect an 
invading pathogen. The PRR families detect the full spectrum of mol-
ecules (proteins, carbohydrates, nucleic acids, and lipids in the form of 
pathogen-associated molecular patterns) associated with all types of 
pathogens, from viruses, bacteria, fungi, and protozoa.

The best-studied PRR gene family, the TLR family, is structurally 
conserved in all eukaryotes and derives its name from the Toll mutants 
in Drosophila.64,65 Currently, there are 13 known mammalian TLRs 
(Table 4-3). The TLR gene family functions by detecting a range of 
molecular signatures that are unique to pathogens or damaged host 
tissues. This concept of PAMPs forms the basis for the current view of 
how the host senses invasion.64,84-88 Each PRR family member has a 
location for expression on or within the cell. Surface-bound TLRs 1, 2, 
4, 5, 6, and 11 interact with microbial membrane components, whereas 
TLRs 3,7, 8, and 9 interact with viral and microbial nucleic acids and 
are localized in intracellular vesicles. The PRR family of C-type lectins, 
including DC-SIGN (dendritic cell-specific intercellular adhesion 
molecule-3-grabbing non-integrin), are expressed in the surface of 
cells and bind a complex array of carbohydrates and are essential for 
antifungal immunity.68,69 The RLR family is expressed intracellularly, 
includes RIG-I, melanoma differentiation–associated protein 5 
(MDA5), and lipophosphoglycan 2 (LPG2) protein, and detects RNA 
viruses.70 There are at least 20 members of the NLR family, and these 
detect a range of PAMPs and non-PAMP cellular stress signals.66 The 
NLR family triggers a range of proinflammatory signals that result in 
production of active IL-1β. The specific ligands that trigger TLR family 
members are listed in Table 4-3.

This diverse array of receptors and ligands must then transmit their 
signal from the cell surface or from within intracellular structures to 
the nucleus to activate specific patterns of effector molecules.89 The 
signaling profiles for the TLRs are governed in part by the different 
Toll–interleukin (IL-1) receptor (TIR) domain pathways they utilize.90 
All TLRs, except TLR3, signal through the myeloid differentiation 
primary response gene (MYD88)-dependent pathway, leading to acti-
vation of the NF-kappa B (NF-κB) and mitogen activated protein 
(MAP) kinase pathways.91 This results in cellular activation and cyto-
kine production. The CLR family members signal through two sepa-
rate pathways. DC-SIGN and dectin-1 (dendritic cell–associated 
C-type lectin-1) use the Syk signal transduction pathway, resulting in 
NF-κB activation. Dectin-1, dectin-2 (dendritic cell–associated C-type 
lectin-2), and Mincle (macrophage-inducible C-type lectin) activate 
the Syk pathway. Syk then triggers activation of nuclear factor of acti-
vated T cells (NFAT).92

The PRRs that detect nucleic acids and trigger interferon (IFN) 
production, specifically TLR3 and RIG-I, all signal through interferon 
regulatory factor-3 (IRF3).93 The TLR3, which is specific for double-
strand RNA, uses the TRIF (TIR-domain–containing adapter–inducing 

CCR5 is best known for providing resistance to HIV infection. 
However, loss of this chemokine receptor has also been shown to be 
associated with increased susceptibility to symptomatic West Nile virus 
infection.73 This effect is related in some way to the loss of known 
chemokine effects on upregulation of adhesion molecules, stimulation 
of leukocyte migration, and lowering the threshold for T-cell activa-
tion. Cytokines, especially tumor necrosis factor-α and interleukin 
(IL)-1, also increase expression of adhesion molecules on endothelial 
cells, PMNs, NK cells, and monocytes, which aid in the binding and 
transmigration of these cells into sites of inflammation.

The interactions of chemokines on target cell populations are 
extraordinarily complex. Resting T cells express few chemokine recep-
tors, but these are strongly upregulated by IL-2 in conjunction with 
stimulation via the antigen receptor. The most vigorous immigration 
of T cells to inflammatory sites occurs in conjunction with acquired 
immunity rather than during the innate response.

Phagocytosis and Autophagy
Critical to the innate response are the cell types that initially engage the 
pathogens. Epithelial cells, monocytes and macrophages, and dendritic 
cells express the range of PRRs that sense and then trigger the innate 
immune response pathway. Additionally, a number of cell types have 
another essential function, phagocytosis. Phagocytosis is the mecha-
nism whereby microorganisms that enter the body are engulfed and 
killed by various phagocytic cells, such as dendritic cells, PMNs, and 
macrophages (see Chapters 6 and 8). Macrophages are found in all body 
tissues, whereas PMNs and monocytes circulate in blood and lymph 
channels, comprising the reticuloendothelial system. PMNs express a 
number of receptor systems to recognize microbes, particulate matter, 
and damaged or senescent host cells. The scavenger receptor family 
(SRAI and SRAII, MACRO, CD36, CD68, and CLA-1)74 and the 
mannose receptor75 detect phospholipid-containing and mannose-
containing structures. These structures frequently are present on 
microbes but not on normal host cells. Integrins, notably CD11b/
CD18, CD11c/CD18, αv/β1, and αv/β3, indirectly recognize particulate 
targets by binding soluble host constituents, including activated com-
plement components, vitronectin, and fibronectin. These soluble mol-
ecules interact with fragments of damaged cells, collagen debris, altered 
platelets, and microbes to enhance their clearance by macrophages.76,77

Recognition of collectins (mannose-binding protein, complement 
component C1q, and the surfactant SP-A) by macrophage receptor 
C1qRp also enhances phagocytosis of microorganisms coated with 
these ligands.77 CD14 recognizes lipid A from gram-negative bacteria 
and lipoteichoic acid from gram-positive bacteria. Binding of lipid A 
to CD14 is facilitated by its attachment to lipopolysaccharide-binding 
protein. When these receptors are engaged, macrophages remove the 
bound particles from circulation.

Those whose spleens have been surgically removed or function-
ally impaired dramatically show the importance of the reticuloendo-
thelial system: when encapsulated bacteria, such as pneumococci, are 
filtered poorly from the blood, they can overwhelm the asplenic host 
more easily with relatively unfettered replication in the blood (see 
Chapter 316).

There is the customary crosstalk among all these sentinel cells and 
when a microorganism is sensed or detected, responding as a result of 
engagement of PRR and other danger detection systems. The response 
is the synthesis and release of various chemotactic agents, such as 
chemokines and cytokines, which ultimately leads to cellular migration 
through the tissues that results in various degrees of inflammation.

When a microbe is internalized into a phagosome, it usually is 
killed by microbicidal factors, which include reactive oxygen and 
nitrogen intermediates and toxic peptides. The dead microorganisms 
are digested, the microbial peptides bind to major histocompatibility 
complex (MHC) molecules, and the complex migrates to the cell 
surface for presentation to its cognate T-cell receptor. This process, 
termed antigen presentation, results in specific T-cell clonal expansion 
and is a crucial interface between the innate and the adaptive immune 
systems. Under resting or steady-state conditions, macrophages and 
monocytes kill ingested microorganisms by the generation of toxic 
oxygen and nitrogen metabolites, such as hydrogen peroxide, superox-
ide, and nitrous oxide; together these are referred to as oxidative 
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NLRPs 1 to 14 in humans detect a range of bacteria products. Interest-
ingly, mutations in NLRP3 are responsible for the autoinflammatory 
disease familial cold autoinflammatory syndrome, Muckle-Wells syn-
drome, and neonatal onset multisystem inflammatory disease.97

NOD1 and NOD2 signal through very similar pathways. After 
binding of their ligands and activation, each oligomerizes and binds to 
RIPK2 (receptor-interacting serine-threonine protein kinase 2), ulti-
mately leading to NF-κB and MAP kinase activation. The NLR pathway 
activates caspase-1, which is essential in the conversion of pro–IL-1β 
to the active form.96

One way that scientists have found to exploit the innate pathway is 
through the development of vaccine adjuvants. Adjuvants work by 
enhancing the immune response to the protein or carbohydrate antigen 
in the vaccine. In practice, use of adjuvants results in a greater fraction 
of the population developing a protective response and a more durable 
response after vaccination. Mechanistically, adjuvants work as immu-
nostimulants, often engaging the innate immune system. The mecha-
nism of the adjuvant with greatest degree of use in humans, alum, is 
still not completely understood. It has been shown to activate cell 
necrosis and release uric acid. Other studies have implicated the activa-
tion of an NLR pathway, the NLRP3 inflammasome triggering active 
IL-1β. Our knowledge of the activities of the other licensed adjuvants, 
MF59, AS03, and AS04, is similarly murky.98

The NF-κB pathway is the central regulator of cellular transcription 
in innate and adaptive immunity, and induction of NF-κB is essential 
for T-cell activation and expansion. The response represents one of the 
many portals transitioning from innate to adaptive immunity.99 TLR4 
also triggers many co-stimulatory molecules, such as CD80/CD86, that 
aid in the development of antibody-mediated and cell-mediated 
responses to the pathogen. The IRF3 pathway activates the IFN 
response program and is responsible for a profound antiviral state that 
is effective against all viruses. The result of the signaling and activation 
of the TLR family is that, within 4 hours, the activated antigen-
presenting cell, macrophage, or NK cell is producing multiple cyto-
kines, including IL-1, IL-2, IL-6, IL-10, IL-12p40, IL-15, IL-23, IL-27, 
tumor necrosis factor-α (TNF-α), and IFN-α and IFN-β (Table 4-4). 
Through the induction of IL-10 and IL-12, TLR signaling initiates a 
cascade that leads to the production of IFN-γ and IL-4, which are 
crucial cytokines for adaptive immune response. As with all other 
biologic systems, TLR signaling also has a feedback system, which 
induces signals that attenuate this response (mainly IL-10).

Genetic analysis has allowed precise determination of inherited 
defects (so-called experiments of nature), and the first genetic defi-
ciency in TLR signaling, IRAK4 (interleukin-1 receptor-associated 
kinase-4), has been described.5 Children with no detectable IRAK4 in 
their cells had recurrent infections and poor inflammatory responses. 
Further investigation of cells from these patients showed that the cells 
did not produce TNF-α, IL-1β, IL-12p40, or IL-6 in response to a range 
of TLR ligands, including lipopolysaccharide. These children were sus-
ceptible only to a narrow range of streptococcal and staphylococcal 
infections.

PATHOGEN INTERFERENCE WITH 
INNATE IMMUNE RESPONSES
Pathogenic bacteria, viruses, fungi, and protozoa have all evolved  
ways of avoiding the innate immune response. This ability provides  
a means for the pathogen to become relatively well established. The 
sites of pathogen interference parallel the three major steps in innate 
immunity—PAMP recognition, intracellular signaling, and chemokine-
cytokine expression triggered by the activated transcription factors.

Alterations in PAMP structure that develop to avoid activation  
of the PRR is an important first step in the establishment of infection 
for a number of pathogens and persistent commensals. TLR4 recog-
nizes the lipid A structure of lipopolysaccaride.100 Helicobacter,101 Coxi-
ella,102 Legionella, and Rhizobium all have altered lipid A structures 
that are poorly recognized by TLR4.103 Alteration in the flagellum 
structure in Helicobacter also blocks signaling by TLR5 by this organ-
ism.101,104 Other PRRs are also blocked by specific pathogens. An 
effector arm of the NLR pathway is activation of IL-1β. Pox viruses 
have devised two ways of interfering with this PRR pathway. First, 
infected cells secrete a caspase inhibitor that prevent the maturation of 

interferon-β) pathway, leading to IFN production as a result of IRF3 
activation as well as NF-κB–mediated activation of cytokine produc-
tion. Because the RIG-I pathway exists within the cellular cytoplasm, 
this pathway binds double-stranded RNA and forms a focused aggre-
gation of proteins into myofibrils in a prion-like mechanism on the 
mitochondrial membrane, which in turn triggers a protein kinase 
pathway that activates IRF3.

The two major subfamilies of the NLR family combine to signal 
intracellular invasion by gram-positive and gram-negative bacteria. 
Both NOD1 and NOD2 recognize peptidoglycans; NOD1 detects 
meso-DAP, a gram-negative constituent, whereas NOD2 recognizes 
muramyl dipeptide, a product of both gram-positive and gram-
negative bacteria. NOD2 also recognizes single-strand RNA.94,95,96 

TABLE 4-3  Toll-like Receptors and Their Ligands*

TLR 
MEMBER LIGANDS (ORIGIN)
TLR1 Triacyl lipopeptides (bacteria, mycobacteria)

Soluble factors (Neisseria species)

TLR2 Lipoprotein, lipopeptides (a variety of pathogens)

Peptidoglycan (gram-positive bacteria)

Lipoteichoic acid (gram-positive bacteria)

Lipoarabinomannan (mycobacteria)

Phenol-soluble modulin (Staphylococcus species)

Glycoinositolphospholipids (Trypanosoma cruzi)

Glycolipids (Treponema maltophilum)

Porins (Neisseria species)

Zymosan (fungi)

Atypical LPS (Leptospira interrogans, Porphyromonas gingivalis)

HSP70 (host)

TLR3 Double-stranded RNA (virus)

TLR4 LPS (gram-negative bacteria)

Taxol (plant)

Fusion protein (RSV)

Envelope proteins (MMTV)

HSP60 (Chlamydia pneumoniae)

F-protein (cytomegalovirus)

HSP60 (host)

HSP70 (host)

Type III repeat extra domain A of fibronectin (host)

Oligosaccharides of hyaluronic acid (host)

Polysaccharide fragments of heparin sulfate (host)

Fibrinogen (host)

TLR5 Flagellin (bacteria)

TLR6 Diacyl lipopeptides (Mycoplasma species)

TLR7 Imidazoquinoline (synthetic compounds)

Loxoribine (synthetic compounds)

Bropirimine (synthetic compounds)

Guanine nucleoside analogues (synthetic compounds)

TLR8 R848/resiquimod single-stranded RNA

TLR9 CpG DNA (bacteria)

Chromatin : IgG complexes (host)

TLR10, 12, 13 ?

TLR11 Profilin (bacteria)

*This table shows ligands for mammalian TLRs: pathogen-derived and host 
cell–derived ligands (in bold).

LPS, lipopolysaccharide; MMTV, mouse mammary tumor virus; RSV, respiratory 
syncytial virus; TLR, Toll-like receptor.

Data from Takeda K, Kaisho T, Akira S. Toll-like receptors. Annu Rev Immunol. 
2003;21:335-376; Ozato K, Tsujimura H, Tamura T. Toll-like receptors signaling and 
regulation of cytokine gene expression in the immune system. BioTechniques. 
2002;33:S66-S75; Beg AA. Endogenous ligands of Toll-like receptors: implications 
for regulating inflammatory and immune responses. Trends Immunol. 
2002;23:509-512; Lee J, Chuang T-H, Redecke V, et al. Molecular basis for 
immunostimulatory activity of guanine nucleoside analogs: activation of Toll-like 
receptor 7. Proc Natl Acad Sci U S A. 2003;100:6646-6651; and Heil F, Hemm H, 
Hochrein H, et al. Species-specific recognition of single-stranded RNA via Toll-like 
receptors 7 and 8. Science. 2004;303:1526-1529.
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reviewed the role of human herpesvirus family members that encode 
microRNAs, which decrease the expression levels of specific mediators 
of TLR signaling. The end result is avoidance of innate pathways, giving 
these viruses the upper hand. Interestingly, anthrax toxin subunit lethal 
factor also has a profound effect on the innate immune signaling 
pathway, specifically targeting the MAP kinase pathway for proteolytic 
degradation.114 This also induces apoptosis of infected cells, promoting 
the pathogenesis of the organism.

As noted, the third major site of pathogen interference in innate 
immune signaling is inhibition of the activation of the transcription 
factors that turn on the initial response genes. First, the vaccinia 
protein K1L blocks NF-κB activation115 and the leader proteinase, 
L(pro), of foot-and-mouth disease virus digests this important tran-
scription factor.116 Taken together, these adaptations demonstrate the 
diverse approaches that microbes have taken to establish infection.

OTHER HOST FACTORS 
IMPACTING THE HOST-PATHOGEN 
INTERACTION
Metabolic Changes
Many other metabolic changes reflect mobilization of the host’s 
resources for defense. These include increased production of thyroid-
stimulating hormone, vasopressin, insulin, and glucagon. Catabolism 
of muscle protein also can occur as amino acids are used for synthesis 
of defensive cells and proteins and as resting muscle metabolic activity 
or shivering increases to raise body temperature.

A decrease in serum iron has long been recognized as a component 
of the initial inflammatory response. Many microorganisms must scav-
enge iron from their environment for optimal growth. Transferrin, an 
iron-binding protein secreted by hepatocytes under the influence of 
IL-6, complexes with free iron and limits its availability to microorgan-
isms. Macrophages internalize iron-transferrin complexes, retain the 
iron, and recycle transferrin, further reducing the availability of free 
and total serum iron to any potential invader.117 However, polymor-
phisms in the lactoferrin gene have been associated with susceptibility 
to traveler’s diarrhea.118

Zinc levels decline significantly during acute inflammation. This 
metal, which has no known tissue stores, enhances lymphocyte respon-
siveness, aids wound healing, and participates in protein synthesis.119 
Zinc also plays a crucial role in regulation of DNA transcription and 
RNA translation. Its decrease in infection may be a form of nutritional 
immunity similar to the sequestration of iron.

Nutrition
It is well established that persons with malnutrition, whether preexist-
ing (protein-energy malnutrition) or disease-induced (cytokine-
induced malnutrition), have more severe infections.117 Vitamins A and 
D play central roles.120-122 Cellular immune dysfunction is affected dis-
proportionately, and nutritional support has a demonstrable beneficial 
effect on outcome.123 Before the advent of antibiotics, tuberculosis 
often was treated by nutrition-based therapies that in some patients 
included consumption of 20 to 30 eggs daily (see Chapter 11).

Aging
The aging process manifests in the immune system that can be sum-
marized as immunosenescence.124 This is particularly seen in response 
to vaccination.125 Some of the age-dependent changes are the decreased 
self-renewal capacity of hematopoietic stem cells, decline in the total 
number of phagocytes, and diminished activity of NK cells and 
antigen-presenting cells.126-128 Overall, this translates to lower-level 
adaptive immune responses.

Superimposed and interrelated with this generalized impairment 
are social isolation and age-related decrements in organ structure and 
function. Regardless of the setting, there is a higher incidence in older 
persons of pneumonia (2-fold), cholecystitis (2- to 8-fold), appendicitis 
(15- to 20-fold), diverticulitis, bacteremia (3-fold), asymptomatic bac-
teriuria, urinary tract infections (5- to 10-fold), reactivation of 
varicella-zoster virus and tuberculosis (10-fold), bacterial meningitis 
(3-fold), and bacterial endocarditis (2- to 3-fold). The greatest impact 
of aging is on cell-mediated immunity; there is a lesser but substantial 
impact on humoral immunity.129

pro-IL1β.105 Second, the virus-infected cells also secrete a soluble IL-1β 
receptor, effectively reducing the serum concentration of this impor-
tant cytokine.106 Fungi are often first detected by the CLR family. These 
receptors bind the surface glycans of fungi. Several fungal species, 
including Candida and Pneumocystis, produce different sugar patterns 
in their surface glycans during different stages of life, making them 
invisible to the CLR pathway.107 The global regulator of Cryptococcus 
neoformans, virulence-associated DEAD-Box protein (Vad1) functions 
as a virulence factor by reducing innate immune susceptibility of the 
pathogen.108

Protozoa, such as Trypanosoma cruzi and Leishmania amazonensis 
express PAMPs yet subvert the innate pathways. A key player in innate 
immune inhibition of protozoan parasites is macrophage migration 
inhibitory factor. Upstream actions of the parasites conspire to prevent 
their full recognition. By secreting specific phospholipids, the parasites 
send the “eat me” signals that apoptotic host cells use to stimulate 
parasite uptake into macrophage and dendritic cells while blocking cell 
activation, secretion of macrophage migration inhibitory factor, and 
autophagy.109

Viruses have evolved a number of ways to block the intracellular 
signaling pathways involved in innate immunity, including inactiva-
tion of IRF3 and IRF7, as described earlier.110 The first example of viral 
inference with innate immunity was the blockage of the proteins 
responsible for the antiviral effects of interferons.111,112 Cullen113 has 

TABLE 4-4  Cytokines Induced as Part of the 
Innate Response

CYTOKINE RESPONSE
IL-1 Inflammatory responses; edema and prostaglandin 

production; production of IL-2; growth of lymphocytes

IL-2 Promotes growth and differentiation of activated Th and Treg 
and B cells; suppresses Th17 T-cell development; activates 
cells of the monocyte-macrophage lineage; induces 
interferon-γ and TNF-α

IL-4 Promotes B-cell growth and differentiation and Th2-driving 
cytokine; strong inducer of MHC class II

IL-6 Proinflammatory; inducer of initial inflammatory response 
proteins in hepatocytes; activates PBMCs; B-cell 
differentiation

IL-8 Enhances inflammation produced by macrophage and 
endothelial cells; induces T-cell chemotaxis

IL-10 Attenuator; antagonist to IL-12—downregulates IFN-γ, IL-1, 
IL-6, and TNF-α; Th2 biasing also activates B cells

IL-12 Antagonist to IL-10; induces IFN-γ, Th1 biasing

IL-13 B-cell growth factor; promotes growth and differentiation of 
allergic effector cells

IL-15 Promotes growth and differentiation of T cells and B cells; 
activates cells of the monocyte-macrophage lineage; 
induces IFN-γ and TNF-α, promotes NK cell cytotoxicity

IL-17 Proinflammatory; secreted by Th17 CD4 cells; promotes 
neutrophil homeostasis and intestinal epithelial integrity

IL-18 INF-γ inducing (in the presence of IL-12); member of the IL-1 
family

IL-23 IL-12 family member promotes differentiation of Th17 cells

IL-25 Proinflammatory member of Th17 family; secretion by 
epithelial cells induced by allergens and helminth parasites 
→ Th2 response

IL-27 Induces IL-10 → anti-inflammatory; initiates Th1-type immune 
responses; suppresses Th17 and Th2 cell differentiation

IL-33 IL-1 family member, promotes Th2 response; secretion by 
epithelial cells induced by helminth parasites

IFN-α, IFN-β Antiviral proteins; induce upregulation of MHC class I

IFN-γ Activates macrophage; upregulates MHC class I and II; 
sustains activated T cells; promotes antigen-presenting cell 
differentiation, Th1 biasing

TNF-α Major proinflammatory cytokine; inducer of acute-phase 
response along with IL-1 and IL-6; activates adhesion 
processes and chemoattraction

IFN, interferon; IL, interleukin; MHC, major histocompatibility complex; NK, natural 
killer; PBMCs, peripheral blood mononuclear cells; TNF, tumor necrosis factor.
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potential. The depressive effect of excess corticosteroids on inflamma-
tion is well-known and probably represents an important feedback 
mechanism to modulate an inflammatory response.

Estrogen affects the lining of the vagina, resulting in increased 
nonspecific resistance. T-cell function is blunted during pregnancy,132 
which may account for the severity of certain infections, such as those 
caused by poliomyelitis virus, Coccidioides immitis, group A β-hemolytic 
streptococci, influenza virus, and N. gonorrhoeae, particularly in the 
third trimester.

Stress
A growing body of evidence has shown an inverse relation between 
stress and immune function; the end result is an increased susceptibil-
ity to infection.130,131 The feedback pathways responsible for this effect 
remain obscure.

Hormones
Increased production of adrenocorticotropic hormone occurs during 
the inflammatory response and seems to augment the host’s survival 
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5 
Adaptive Immunity: Antibodies  
and Immunodeficiencies
Holly H. Birdsall

Antibodies are serum proteins that aid in the neutralization and clear-
ance of pathogens or antigens. Antibodies are produced by B lympho-
cytes, or B cells. As a pre-B cell matures, it rearranges and selectively 
mutates the portion of its DNA that encodes the antigen-binding site 
in the antibody molecule. Each B-cell clone does this in a different way, 
leading to millions of B-cell clones, each producing antibodies with a 
slightly different configuration at the antigen-binding site. The oppo-
site end of the antibody molecule remains constant, allowing it to 
interact with fixed (or invariant) elements of the immune system, such 
as neutrophils and monocytes that ingest and kill antibody-coated 
pathogens.

Antibodies were initially discovered through their ability to block 
the attachment of viruses, toxins, or bacteria to host cells. In the late 
1800s, it was observed that animals immunized with bacterial toxins 
produced a circulating substance that could neutralize the toxin’s activ-
ity. First called an antitoxin, this substance was later given the more 
general name, antibody. In electrophoretic analyses of serum proteins, 
antibodies migrate in the third, or “gamma,” globulin peak, which led 
to the alternative name, gamma globulins, or, finally, immunoglobulins.

IMMUNOGLOBULIN STRUCTURE
Basic Antibody Structure
Antibodies look a bit like lobsters, with the two claws serving as 
antigen-binding clefts (Fig. 5-1). The tail of the lobster-antibody inter-
acts with receptors on cells of the immune system (neutrophils, mono-
cytes, macrophages, B lymphocytes, dendritic cells, and, in certain 
cases, mast cells). The tail or carboxy-terminal end of certain immu-
noglobulins also binds to specialized transport receptors that carry the 
antibody across epithelial barriers into secretions or across the placenta 
into the fetus. Near the insertion point of the claws into the lobster’s 
body is a binding site for C1q, the first protein of the complement 
cascade, which helps to kill and clear pathogens and other antigens.

The basic antibody unit is composed of two identical light chains 
and two identical heavy chains. Each of the four polypeptide chains is 
made up of loops or domains of about 110 amino acids bridged by 
disulfide bonds. This structural motif is characteristic of the immuno-
globulin superfamily that also includes some cell adhesion molecules 
(CAMs), CD4, CD8, CD28, and members of the B7 family of 
co-stimulatory molecules. Light chains have two domains, and heavy 
chains have four or five domains. The loop at the amino (“lobster 

claw”) end of the heavy and light chains is called the V domain because 
of its highly variable amino acid sequence. The other domains have 
relatively constant sequences and are called C domains. Each light 
chain is attached to its heavy-chain partner by disulfide bonds bringing 
together their V domains to form the antigen-binding site. The varia-
tion in amino acid sequence of the V domains is actually focused in 
three hypervariable regions; when the protein folds, the six hypervari-
able regions (three from the light chain and three from the heavy 
chain) form the walls of the antigen-binding cleft. The hypervariable 
regions are also called complementarity-determining regions (CDRs).

The two heavy chains are linked to each other by disulfide bonds 
to form the immunoglobulin molecule’s lobster tail. There are five 
variations in heavy chain constant domains, termed mu (µ), gamma 
(γ), alpha (α), epsilon (ε), and delta (δ). The antibody classes that they 
form are called immunoglobulin (Ig) M (IgM), IgG, IgA, IgE, and IgD, 
respectively. Antibody classes are also called isotypes because they were 
defined by the use of antibodies generated by immunizing phylogeneti-
cally distant animal species with human immunoglobulins. Allotypes 
are minor variations within an isotype that are found in some, but not 
all, humans and were discovered using antibodies generated by immu-
nizing humans (or nonhuman primates) with immunoglobulin from 
other humans. Idiotypes are variations between antibodies that are 
otherwise of identical isotype and allotype. Idiotypic variations tend to 
be located in or near the antigen-binding site. For example, an IgG 
antibody specific for measles would have a different idiotype from an 
IgG antibody specific for mumps.

There are only two classes of light chains, kappa (κ) and lambda 
(λ), and they appear in all five immunoglobulin classes. On average, 
60% of antibody molecules use κ chains and 40% use λ chains. This 
information can be useful in the diagnosis of lymphomas. If virtually 
all of the B cells use the same light chain class (i.e., all κ or all λ), it is 
likely that they arose by clonal expansion from a single malignant 
precursor.

F(ab′)2, Fab, and Fc Pieces
Several regions of the immunoglobulin molecule have more specific 
names. The Fab fragment is the antigen-binding end, and the other end 
is the Fc piece. In the lobster analogy, the Fab region is the head and 
claws and the Fc region is the tail (see Fig. 5-1). All antibodies of a 
given isotype have the same Fc regions such that when Fc fragments 

•	 Antibodies	are	a	principal	mode	of	host	
defense	against	extracellular	bacteria,	
exotoxins,	and	viruses	prior	to	entry	into		
host	cells.	Knowing	the	types	and	kinetics		
of	antibody-mediated	effector	functions	
enables	the	clinician	to	better	judge	whether	
and	when	patients	will	recover	from		
infections.

•	 Understanding	the	factors	that	initiate	and	
perpetuate	antibody	production	explains	how	
vaccines	can	be	optimized	for	protection	
against	infectious	agents	and	why	it	is	
particularly	difficult	to	generate	protection	
against	pathogens	whose	surfaces	are	
dominated	by	polysaccharide	antigens.

•	 Defects	in	antibody	production	are	the	most	
common	forms	of	inherited	
immunodeficiencies	and	are	the	only	types	
that	can	be	readily	and	effectively	treated	
without	resorting	to	bone	marrow	
transplantation.

•	 Detection	of	a	patient’s	antibody	response	to	a	
pathogen	is	often	the	only	means	of	
diagnosing	an	infection.	By	further	identifying	
the	particular	classes	of	specific	antibody,	the	
clinician	can	often	ascertain	whether	the	
infection	is	ongoing	or	resolved.

•	 Specific	antibodies,	often	in	the	form	of	
monoclonal	antibodies,	are	used	as	reagents	
to	identify	antigens,	including	infectious	

agents,	in	tissues.	An	appreciation	of	the	
available	assays,	their	strengths,	and	their	
potential	pitfalls	helps	the	clinician	interpret	
test	results.

•	 Infections	can	generate	copious	quantities	of	
antigens	that	become	incorporated	into	
immune	complexes	with	antibodies.		
Deposition	of	these	immune	complexes	in	
blood	vessel	walls,	renal	glomeruli,	or	other	
vascularized	beds	causes	inflammation	that	
exacerbates	the	tissue	injury	caused	by	the	
infection.

•	 Infections	can	promote	the	production	of	
autoreactive	antibodies,	which,	in	turn,	lead	to	
autoimmune	disease.

SHORT VIEW SUMMARY
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of cells. Antibodies can be used as surrogate ligands to interact with 
cell surface receptors. To determine whether cross-linking of the cell 
surface receptor is required for signaling, the experimenter can 
compare the effect of dimeric intact or F(ab′)2 fragments with the 
effect of Fab or Fab′ fragments that are monomeric and unable to 
cross-link.

Antigen Binding, Affinity, and Avidity
Affinity refers to the strength of the interaction, or the goodness-of-fit 
between the antigen-binding site and the antigen. Affinity is influenced 
by electrostatic, hydrogen-binding, van der Walls, and hydrophobic 
interactions. Avidity measures the interaction of the intact antibody 
molecule and involves binding site affinity plus the additive effect of 
multiple antigen-binding sites. IgG, IgE, and IgD have two antigen 
binding sites per antibody molecule. IgA can dimerize to generate four 
antigen binding sites, and IgM is a pentamer with 10 antigen-binding 

were first generated by enzymatic cleavage the identical molecules 
formed crystals—hence, the “c” designation. Cell receptors for the  
Fc piece of antibodies are called FcR. A Greek letter further indicates 
their isotype specificity; for example, an FcγR binds IgG and an FcεR 
binds IgE.

Papain cleaves our imaginary antibody-lobster at approximately 
midthorax, resulting in an Fc tail piece attached to a dimeric F(ab′)2 
piece (Fig. 5-2). Under reducing conditions, the disulfide linkage 
between the two heavy chains is broken, splitting the lobster-antibody 
in a sagittal direction to generate two monomeric Fab′ molecules. By 
way of contrast, pepsin digests the tail into tiny fragments, leaving just 
the two Fab monomers—claws with no lobster head (see Fig. 5-2).

Proteolytic fragments of antibodies are useful experimental 
reagents. Antibodies used to stain cells in immunohistochemical or 
immunofluorescent assays are often predigested into F(ab′)2 fragments 
to eliminate antigen-nonspecific binding by FcR found on many types 

FIGURE 5-1  Structure of antibodies. A, Antibody molecules are composed of  two heavy chains  (red lines) and  two  light chains  (blue lines) held 
together by disulfide bonds. The two heavy chains join to form a tail  (Fc end), which can interact with receptors (FcR) on a variety of cells. The heavy 
and light chains each contribute to the Fab end. At the 5′ or amino-terminal end, these chains form two identical antigen-binding sites, much like two 
lobster claws (B). Near the hinge region of the antibody, there is a binding site for C1q, the first component of the complement cascade. 

Heavy chain

Light chain

Antigen-binding site

Antigen-binding site

Fab end
Fc end

Fc receptor

C1qA B

FIGURE 5-2  Cleavage fragments of antibodies. A,  Papain digests  the  immunoglobulin molecule  into  an  F(ab′)2  fragment.  This  fragment  is  still 
dimeric, but it can no longer interact with Fc receptors on cells. Under reducing conditions, the disulfide bonds holding the two heavy chains together 
can be broken, leaving two monomeric Fab′ fragments (not shown). B, Pepsin digests away all of the Fc piece, leaving two monomeric Fab pieces. 

F (ab′)
2

Heavy chain

Light chain

Antigen

A B

Fab

http://www.myuptodate.com


P
a
rt

 I
 B

as
ic

 P
ri

n
ci

p
le

s 
in

 t
h

e 
D

ia
g

n
o

si
s 

an
d

 M
an

ag
em

en
t 

o
f 

In
fe

ct
io

u
s 

D
is

ea
se

s
36

IgG1 and IgG3 can fix complement, but IgG2 and IgG4 do not. Antibod-
ies to proteins are largely IgG1 and IgG3. Antibodies to polysaccharides 
tend to be of the IgG2 subclass,2 and individuals deficient in IgG2 may 
show an increased susceptibility to infections with encapsulated organ-
isms.3 Responses to helminths tend to be of the IgG4 class,4 but there 
is no evidence that individuals deficient in IgG4 have a higher suscep-
tibility to these organisms.2

Immunoglobulin A
Each day, humans produce about 66 mg of IgA per kilogram of body 
weight, which is about twice the quantity of IgG produced.5 However, 
serum levels of IgA are relatively low, because most of the IgA is pro-
duced by submucosal plasma cells and immediately transported into 
secretions. There are two subclasses of IgA. IgA1 is monomeric and 
found primarily in the serum. IgA2 can polymerize into multimers 
linked by the J piece and is transported into the secretions. Dimeric 
IgA, produced by submucosal B cells, binds to secretory component 
(SC) produced by epithelial cells. The IgA is endocytosed and carried 
through the cytoplasm of the epithelial cells. On the apical side, SC is 
cleaved, releasing the IgA into mucosal secretions. A fragment of the 
SC remains associated with the IgA molecule and protects it from 
cleavage by proteases in the secretions. IgM can also be carried across 
epithelium by this process.6 Some pathogens express ligands that allow 
them to co-opt this transport system and use it to cross in the reverse 
direction into the subepithelium.7 IgA-coated Epstein-Barr virus may 
gain entry into nasopharyngeal cells by this route.8

IgA defends mucosal surfaces against invading pathogens. IgA 
blocks the binding of bacteria, viruses, and toxins to cell receptors.  
IgA cross links pathogens and facilitates their clearance by ciliated 
epithelium. In the intestinal tract, IgA binds food antigens and pre-
vents triggering of proinflammatory responses. IgA does not activate 
complement or bind to phagocytes. The relative inability of IgA to initi-
ate inflammatory responses allows food antigens to be sequestered 
without deleterious consequences.9 Failure of this process in IgA-
deficient individuals may account for their increased frequency of 
allergic diseases.10

Immunoglobulin D
IgD is produced by all B cells during early stages of differentiation and 
is expressed on the cell membrane, where it has a key role in cell signal-
ing. However, very little IgD is found in the serum, and IgD has no 
other effector role in host defense.

Immunoglobulin E
High-affinity FcεRs scavenge IgE so quickly that its half-life in the 
circulation is only about 2 days, and very little is found in the serum. 
Once bound to mast cells, IgE persists for a long time, perhaps for the 
life span of the mast cell. Infused IgE can be detected on murine mast 
cells for up to 7 weeks.11 IgE displayed on the mast cell surfaces medi-
ates immediate hypersensitivity or allergic reactions. IgE appears to 
have a role in defense against parasitic infections. Mast cells are needed 
to clear intestinal helminthic infections,12 and IgE-deficient mice, when 
infected, have higher burdens of Schistosoma mansoni.13

EFFECTOR FUNCTIONS MEDIATED 
BY ANTIBODIES
Antibodies have no direct microbicidal function but serve as “trans-
ducers” to tag the pathogen and become a physical link between the 
pathogen and the killing mechanism, typically a leukocyte.

Blocking or Neutralization
Invasion of host cells is a critical step in infectious processes, and a 
major protective function of antibodies is preventing the binding of 
viruses, toxins, or bacteria. The challenge for vaccine developers is to 
identify which microbial epitopes are integral to the pathogenic process 
and then devise vaccines that generate specific antibodies to block 
those interactions. Generation of protective immunity can be extremely 
difficult if, for instance, the key epitope is located deep within a cleft 
in the native protein and is inaccessible to antibodies. Steric hindrance 
is not the only way that antibodies can prevent infection. For example, 
picornavirus has multiple binding sites but infection can be blocked  

sites. Because it is unlikely that all 10 antigen-binding sites will disen-
gage simultaneously, IgM molecules can have relatively high avidity for 
a multivalent antigen even when the affinity of their antigen-binding 
site is relatively low.

The epitope is that portion of the antigen that fits into the antigen-
binding cleft. The antigen-binding cleft can accommodate as many as 
6 to 12 amino acids. Linear epitopes are composed of contiguous amino 
acids, whereas conformational epitopes are formed by amino acids that 
are brought into apposition by protein folding. Peptide vaccines gener-
ate antibodies to linear epitopes. Denaturation or degradation can 
abolish native conformational epitopes while also generating novel 
conformational epitopes. A large antigen may have many epitopes and 
can react with multiple antibody molecules at the same time.

Immunoglobulin Classes
The concentrations of the five isotypes in serum vary widely, reflecting 
both different numbers of B cells producing each isotype and different 
intrinsic half-lives of the immunoglobulin classes. The isotype of an 
antibody dictates where in the body it is likely to be found and what 
types of effector functions it can mediate (Table 5-1).

Immunoglobulin M
IgM has the largest molecular weight of all of the isotypes, 900 kilo-
daltons (kDa), which keeps it largely restricted to the intravascular 
compartment. It is composed of five immunoglobulin monomers 
whose µ chains are either covalently linked through disulfide bridges 
or held noncovalently by a joining, or “J,” piece produced by the B cell. 
Steric hindrance typically allows only five of IgM’s 10 antigen-binding 
sites to engage antigen simultaneously. Still, this multivalent binding 
ability allows IgM to provide effective defense despite its characteristic 
low affinity for antigen. IgM antibodies defend the host by blocking 
binding of pathogens to cells and by aggregating infectious agents to 
facilitate their clearance. IgM antibodies fix (activate) complement 
more efficiently than any other isotype. Monomeric IgM is displayed 
on the surface of B cells. This membrane IgM allows the B cell to detect 
encounters with cognate antigen and triggers its subsequent activation 
and proliferation.

Immunoglobulin G
IgG is the most plentiful isotype in the serum because of its high pro-
duction rate (25 mg/kg/day) and its half-life of 23 days, which is 4 to 
10 times longer than that of the other isotypes. As a 150-kDa monomer, 
IgG can move into the extracellular fluid so that less than half of the 
body content of IgG is in the circulation at any one time. IgG is the 
only isotype that is carried across the human placenta to the fetus. 
Beginning at 20 or 21 weeks of gestation,1 maternal IgG crosses into 
the fetal circulation by means of a special placental transport receptor, 
FcRn.

There are four subclasses of the γ heavy chain: IgG1, IgG2, IgG3, and 
IgG4. They vary in amino acid composition and degree of glycosylation. 

TABLE 5-1  Characteristics of the 
Immunoglobulin Classes

ISOTYPE IgM IgG IgA IgE
Half-life in serum (days) 10 21 6 2

Normal serum level in adults  
(mg/mL)

0.6-3.5 6.4-13.5 0.7-3.1 .00004

Transported into secretions ± +
Crosses placenta to fetus +
Blocks binding of pathogens or 

toxins
+ + +

Opsonizes for phagocytosis via FcR +
Fixes complement via C1q + +
Mediates ADCC +
Binds mast cells +

ADCC, antibody-dependent cellular cytotoxicity; Ig, immunoglobulin.
Modified from Stites DP, Stobo JD, Wells JV, eds. Basic and Clinical Immunology. 

7th ed. Los Altos, CA: Appleton & Lange; 1991, with permission.
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recognize pathogen-associated molecular patterns (PAMPs) endoge-
nous to many microbes (discussed later). Phagocytes also have recep-
tors for the Fc end of IgG molecules (FcγR) and for the C3b fragment 
of complement, and they use these to recognize and ingest IgG- or 
C3b-coated targets. Facilitation of phagocytosis is called opsonization, 
and IgG and C3b, in this role, are called opsonins. As an opsonin, IgG 
expands the repertoire of the immune system by enabling phagocytes 
to recognize pathogens, such as viruses, that do not express any 
PAMPs. C3b can bind spontaneously to the surface of microbes 
through the alternate pathway of complement activation. However, the 
accumulation of C3b on the surface of the pathogen is greatly acceler-
ated when antibodies bind to the microbe first, fix C1q, and activate 
the complement cascade through the classic pathway.

Phagocytes can attach to C3b-coated targets by means of their 
C3bR. However, to complete the phagocytic process, the leukocyte 
needs to receive a second stimulus. This signal can come from the 
interaction of its FcR with the Fc of IgG bound to the pathogen, or it 
can come from C5a fragments generated by activated complement. 
Signaling through the FcγR also triggers an oxidative burst that 
increases the ability of the phagocyte to kill the organism it has just 
ingested. There are no FcµRs on phagocytes, so IgM cannot opsonize 
in this manner. However, a single molecule of IgM can activate com-
plement through the classic pathway, leading to the deposition of  
many C3b molecules that can act as opsonins. IgA does not activate 
complement by the classic C1q pathway but can provide a site for 
deposition of C3b and thereby activate complement through the alter-
nate pathway.20

There are three types of receptors for IgG: FcγRI (CD64), FcγRII 
(CD32), and FcγRIII (CD16) (Table 5-2). Of the three, FcγRI has the 
highest affinity for IgG, and it is the only one that binds monomeric 
IgG. FcγRI is constitutively expressed on monocytes and macrophages 
and can be induced on neutrophils. FcγRII and FcγRIII have low intrin-
sic affinity for monomeric IgG but will bind IgG in immune complexes. 
IgG in complexes undergoes a conformational change that increases 
its affinity for the FcR. Furthermore, the additive effect of multiple FcRs 
interacting with the IgG molecules in the immune complex increases 
the overall avidity of the interaction. Signaling through FcγRIII on 
natural killer (NK) cells and monocytes triggers antibody-dependent 
cellular cytotoxicity (ADCC) and production of interferon-γ.21 IgG1 
and IgG3 interact effectively with FcγRs, but IgG2 and IgG4 do not.

There is an FcR for IgA (CD89) on monocytes, neutrophils, mac-
rophages, and perhaps eosinophils, particularly those in the lungs.22 
There is no FcR for IgM, and antibodies of these classes cannot serve 
as direct opsonins for phagocytosis. As discussed later, FcγRIIB is also 
present on B cells, where it exerts a negative signal to downregulate 
antibody production when the formation of immune complexes indi-
cates a relative excess of antibody.23

Antibody-Dependent Cellular 
Cytotoxicity
ADCC is carried out by monocyte-macrophages, NK cells, and neu-
trophils. ADCC allows these effector cells to kill targets, such as tumor 
cells, that are too large to be ingested. Perforins, granzymes, and in 
some cases reactive oxygen intermediates are involved in this micro-
bicidal activity. The role of the IgG antibody in ADCC is to bind to the 
FcγRIII or FcγRII on the NK cell or monocyte and identify the target 
cell to be killed.

by a single antibody. This suggests that antibody binding affects the 
charge characteristics or conformation14 in the pathogen. Verifying 
that an antibody has “blocking” or “neutralizing” activity is key. Anti-
bodies that bind to a pathogen but fail to effectively neutralize or block 
infection can paradoxically facilitate infection by allowing the patho-
gen to be taken into the cytoplasm through FcR or other receptors.15 
Such antibodies can also exacerbate the morbidity of an infection by 
triggering inflammatory processes without actually controlling the 
infection.16

Blocking adherence of bacteria and viruses to mucous membranes 
is probably the major defensive role of IgA in secretions. Viruses can 
also be neutralized by IgA within the cytoplasm of epithelial cells in 
the course of transepithelial transport.17 Blocking is independent of the 
Fc piece; it can be accomplished by antibodies of any isotype and even 
antibodies from other species. This accounts for the efficacy of equine 
antitoxin in the early treatment of diseases such as tetanus.18 However, 
nonhuman immunoglobulin is perceived as foreign by the immune 
system and triggers an antibody response. The complexes that form 
between horse immunoglobulin and human antibodies to horse 
immunoglobulin caused serum sickness, a condition with considerable 
morbidity and some mortality. Antisera produced in other animals are 
rarely used today except in cases such as snake antivenom, when it is 
not feasible to generate human hyperimmune sera.

Complement Activation
Complement is a series of serum proteins that augment or “comple-
ment” the action of antibodies by facilitating phagocytosis, attracting 
leukocytes, and directly lysing microbes (see Chapter 9). Antibodies 
interacting with and initiating the complement cascade are said to 
activate or “fix” complement.

IgG and IgM, but not IgG4, IgA, and IgE, have binding sites for C1q, 
the first protein in the complement cascade. To be activated, C1q must 
interact with at least two C1q binding sites. As a pentamer, IgM has 
five C1q binding sites, so only a single IgM molecule is needed to 
activate the cascade. For IgG, with only one C1q binding site per mol-
ecule, activation requires that C1q straddle at least two IgG molecules 
that are sufficiently close together. Because the C1q binding site is not 
accessible until the antibody binds to antigen, complement is not acti-
vated by soluble immunoglobulin in the circulation. Binding to antigen 
leads to a conformational change in the IgG molecule that increases 
the affinity of the C1q binding site 10,000-fold.19

When C1q is engaged by antibodies, it undergoes a conformational 
change of its own and activates the next member of the cascade. Even-
tually, C1r, C1s, C4, C2, C3, C5, C6, C7, C8, and C9 are activated, in 
that order. Complement provides immune defense by enhancing the 
uptake of C3b-coated pathogens, directly lysing target cells, and pro-
moting the influx of immune effector cells. Antibodies augment the 
defensive efficacy of complement by greatly accelerating the rate at 
which complement is activated and by focusing the effect of comple-
ment onto the surface of the antibody-coated particle.

Opsonization
Neutrophils, monocytes, and macrophages are collectively referred to 
as phagocytes on the basis of their ability to ingest antigens. Phagocytes 
pull pathogens into phagosomes, where the organisms are inundated 
with toxic agents, such as reactive oxygen species, nitric oxide, and 
enzymes. Phagocytes have pattern recognition receptors (PRRs) that 

TABLE 5-2  Characteristics of Fc Receptors

RECEPTOR FcγRI FcγRIIA AND B FcγRIII FcαRI FcεRI AND RII
CD name CD64 CD32 CD64 CD89 FcεRII = CD23

Effector function Phagocytosis Inhibition ADCC
Phagocytosis

Pulmonary phagocytes Degranulation

Cell type Monocytes
Macrophages
Neutrophils

B cells
Monocytes
Macrophages
Neutrophils
Eosinophils
Platelets

Natural killer cells
Neutrophils
Macrophages
Eosinophils
Mast cells

Macrophages
Neutrophils
Eosinophils

Mast cells
Basophils

ADCC, antibody-dependent cellular cytotoxicity.
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responses. However, in the case of infection, antigen is released over a 
prolonged interval and there is no clear border between primary and 
secondary responses. So long as new clones of B cells emerging from 
the bone marrow are encountering antigen, IgM will be produced. 
Therefore, the presence of IgM antibodies is indicative of active infec-
tion. By contrast, a response that is solely of the IgG isotype is consid-
ered to indicate a resolved infection. During the first few weeks of an 
infection, antigen-specific B cells proliferate and produce ever-
increasing quantities of antibody. Therefore, a rising titer of specific 
antibodies also indicates an active infection.

To compare titers, serum should be obtained at presentation (the 
acute serum) and again 1 or more weeks later (the convalescent 
sample). For maximum accuracy, the acute serum should be stored in 
a freezer and sent to the laboratory at the same time as the convalescent 
sample, so that the two samples will be assayed at the same time with 
identical reagents.

LABORATORY MEASUREMENT  
OF ANTIBODIES
Quantification of Total 
Immunoglobulin
Serum IgG, IgM, and IgA are readily quantified by most clinical labo-
ratories. Age-specific reference tables must be used for children, 
because normal ranges for the various immunoglobulin classes are 
highly dependent on age. Two thirds of IgG is of the IgG1 subclass, so 
a deficiency in this subclass would be apparent when total IgG is mea-
sured. However, patients who are missing IgG2, IgG3, or IgG4 could still 
have normal total IgG levels, and it may be appropriate to measure the 
subclasses individually.

By far the most common immunodeficiency is an absence of IgA, 
often in conjunction with a deficiency of one or more subclasses of 
IgG. Measurement of serum IgA is adequate to identify most IgA 
deficiencies. Deficiencies of the secretory piece, such that patients have 
serum IgA but no secretory IgA, is a very rare defect. Measurement of 
total IgE is not useful in the diagnosis of atopy or allergy, because 
serum levels may be normal or only mildly elevated in patients with 
clinically significant atopic disease (e.g., asthma, allergic rhinitis, urti-
caria). However, serum IgE may be strikingly elevated in parasitic 
infections.

Serum Protein Electrophoresis for 
Monoclonal Gammopathies
Antibody responses are typically polyclonal, meaning that many clones 
of B cells are stimulated, and the array of antibodies produced recog-
nizes many different epitopes. These antibodies have diverse electro-
phoretic mobilities and produce a broad gamma globulin peak on 
protein electrophoresis. In multiple myeloma or other monoclonal 
gammopathies, a single B-cell clone proliferates in an unrestricted 
manner and produces large quantities of a single antibody type. This 
homogeneous product, referred to as a monoclonal antibody or M 
protein, appears as a spike with a single electrophoretic mobility.24 
Light chains from this clone may appear in the urine as Bence Jones 
proteins.

Measurement of Functional Antibody
When infectious agents cannot be cultured or otherwise specifically 
identified, diagnosis may depend on the ability to demonstrate that the 
patient is mounting a specific humoral response to the suspected 
pathogen. Common clinical examples would be hepatitis B, hepatitis 
A, Epstein-Barr virus, and cytomegalovirus, in which it is far easier to 
measure an ongoing antibody response than to culture the virus as a 
means of diagnosis. An ideal antibody test should be quantitative so 
that it can be used to look for rising titers indicative of active infection. 
If the test can also discriminate between IgG and IgM antibodies, then 
the presence of an IgM response can be used as indication of an active 
infection.

The most common format is a solid-phase immunosorbent assay. 
Antigen, such as an extract from the infectious agent, is immobilized 
on a plastic surface such as a microtiter plate or beads (Fig. 5-4A). The 
patient’s serum is allowed to interact with the antigen, and nonspecific, 
unbound antibody is washed away. Then a detection reagent is added 

KINETICS OF ANTIBODY 
PRODUCTION AND DIAGNOSIS  
OF INFECTIONS
On first encounter with an antigen, the immune system generates a 
primary response that is detectable within 5 to 7 days (Fig. 5-3). This 
is the timing of the response in a laboratory setting with highly sensi-
tive assays. The apparent kinetics of a patient’s antibody response 
would be influenced by the sensitivity of the assay available to measure 
the antibodies such that a more sensitive assay would be able to detect 
a response earlier than a less sensitive assay. The primary antibody 
response consists of IgM antibodies with a relatively low affinity for 
antigen. Within several days to weeks, some antibody-producing B 
cells switch to making antibodies that have the same antigen specificity 
but of an IgG, IgA, or IgE isotype. To switch isotypes, B cells must 
receive signals from activated helper T cells that are typically specific 
for and activated by the same antigen as the B cells. Under the influence 
of T cells, some B cells also become memory cells.

On subsequent exposure to the same antigen, memory B cells 
rapidly divide and begin to produce large quantities of antibody within 
as little as 1 to 2 days. Faster kinetics and greater quantities of antibody 
are the hallmarks of a secondary antibody response. Secondary 
responses are also largely IgG, IgA, or IgE isotype, as opposed to IgM. 
The average affinity of antibodies in a secondary response is much 
higher than in a primary response. As the B cells divide in the lymph 
node germinal center, point mutations occur in the hypervariable 
region of the gene encoding the antigen-binding site. B-cell survival 
depends on continued antigen stimulation. B cells whose mutations 
increase their affinity have a competitive survival advantage. The net 
effect is to produce IgG antibodies with a progressively higher affinity 
for the immunizing antigen. As more and more antigen is incorporated 
in antigen–antibody complexes and metabolized, competition among 
B cells for antigen stimulation increases.

As the antigen stimulus becomes more scarce, this and other regula-
tory influences act to slow the production of antibody. Only a low level 
of residual production of IgG persists in response to antigen associated 
with follicular dendritic cells. However, quiescent memory B cells lie 
in wait for the next challenge with this same antigen. Should antigen 
reappear, these memory cells can rapidly activate, proliferate, and 
begin producing antibodies.

When the timing of antigen exposure is well defined, as with vac-
cines, it is easy to distinguish between the primary and secondary 

FIGURE  5-3  Primary and secondary immune responses.  A  first 
exposure  to  antigen  stimulates  production  of  immunoglobulin  M  (IgM) 
antibodies (blue line), which become detectable within about a week. The 
antigen-specific  B  cells  proliferate,  and  some become memory  cells. On 
subsequent exposure to the same antigen, these memory cells are rapidly 
activated.  Antibodies,  mainly  of  the  IgG  class  (red line),  appear  within 
about 2 days, and the quantity of antibody produced is much higher than 
that seen with the primary response. The affinity of the antibodies in the 
secondary response is also markedly higher than that seen in the primary 
response. 
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product. In a radioimmunoassay (RIA), the anti–human immunoglob-
ulin is labeled with a radioisotope. In a fluorescence-linked immunosor-
bent assay (FLISA), the anti-immunoglobulin is conjugated with a 
fluorochrome. Ideally, the assay should include a standard curve pre-
pared with purified specific antibody so that the results can be reported 
as actual concentrations, not optical densities or counts per minute.

A solid-phase immunosorbent assay can be isotype-specific, sensi-
tive, quantitative, and adapted for analysis of high numbers of samples. 
Its principal drawback is the potential for a false-positive result from 
two possible causes. Ideally, only antigen-specific antibodies from the 
patient’s serum would bind to the immobilized antigen. However, non-
specific antibodies will also bind to the plastic well or bead containing 
the immobilized antigen. These nonspecific antibodies will be detected 
by the anti–human immunoglobulin. Background binding becomes a 
particular problem when a patient has abnormally high levels of serum 
immunoglobulin, as may occur in certain chronic infections such as 
malaria. For this reason, a background determination in which patient 
serum is added to wells without antigen should be included to estimate 
nonspecific uptake of immunoglobulin. The second cause of false-
positive results involves the nature of the immobilized antigen. In 
many assays, the antigen is the pathogen or a relatively crude homog-
enate of the pathogen as a complex mixture of biologic products. A 
patient may coincidentally have antibodies that cross react with an 
epitope present in the mixture. For this reason, positive results in solid-
phase immunosorbent assays such as the human immunodeficiency 
virus (HIV) ELISA, which has been designed to be highly sensitive at 
the cost of being less specific, must be verified using the more specific 
Western blot.

Western Blot
A Western blot assay is a solid-phase immunosorbent assay in which 
the antigens are geographically distributed by molecular weight, so that 
it is possible to determine exactly which antigens are being recognized 
by the patient’s antibodies. To accomplish this, the antigen mixture is 
first separated by molecular size using polyacrylamide gel electropho-
resis and then transferred, or blotted, onto nitrocellulose paper. Patient 
serum is incubated with the paper strip, unbound antibodies are 
washed away, and bound antibodies are detected with anti–human 
immunoglobulin as in the ELISA. Because the antigens are distributed 
by molecular weight along the strip, the size—and therefore the likely 
identity—of the antigen recognized by the antibody can be identified.

The Western blot is useful for identifying false-positive reactions 
caused by cross-reactive antibodies that react with something unre-
lated in the antigen mixture. Recognition of just one antigen from a 
given pathogen could be attributed to chance cross-reactivity, but it is 
unlikely that a patient would have cross-reactive antibodies that rec-
ognize multiple antigens from a pathogen. It is more likely that such a 
patient has been exposed or infected with the pathogen and has 
mounted a polyclonal antibody response. This is the basis for interpre-
tation of the Western blot assay for HIV. Reactivity with only one HIV 
viral antigen is presumed to represent chance cross-reactivity or a very 
early HIV infection, before the patient has mounted a polyclonal 
response. Reactivity with two or more HIV antigens is interpreted as 
an immune response to an ongoing infection with HIV.

Agglutination and Complement Fixation
The ability of antibodies to cross link and aggregate antigens is the basis 
of the microhemagglutination assay for antibodies to Treponema pal-
lidum (MHA-TP). The microbes or their extracted antigens are coated 
onto particles such as latex beads or erythrocytes and then added to 
serum. Agglutination by specific antibodies is apparent on visual 
inspection. IgM antibodies can cross link two large particles, but IgG 
may be too small to bridge the distance. Therefore, anti–human IgG is 
often added in a second step as a “developing reagent” to agglutinate 
particles coated with specific patient IgG.

Agglutination cannot identify the isotype of the patient antibody. 
However, these assays are useful because they can be read within 
minutes and require only minimal laboratory resources. Results are 
typically reported as antibody titer, which is the maximum extent to 
which a sample can be diluted and still give a positive result. For 
example, a titer of 1 : 160 means that 1 part serum can be mixed with 

to measure the quantity of patient antibody bound to the antigen. The 
detection reagent is an antibody to human immunoglobulin that has 
been prepared by immunizing a sheep, rabbit, goat, or other animal. 
The greater the quantity of patient antibodies adherent to the antigen, 
the greater the amount of anti–human immunoglobulin that binds. 
Class-specific anti-immunoglobulin reagents can be prepared by 
immunizing the animal with a single isotype of human immunoglobu-
lin (i.e., only IgG or only IgM) and removing antibodies that cross react 
with light chain antigens that would be present on other isotypes. 
Using these, it is possible to determine whether the patient’s antibodies 
are IgM, IgG, IgA, or IgE. The anti–human immunoglobulin is typi-
cally purified and conjugated with a reagent to facilitate quantification. 
In an enzyme-linked immunosorbent assay (ELISA), the anti-
immunoglobulin is conjugated with an enzyme, such as a peroxidase 
or a phosphatase, that converts a substrate to a colored or luminescent 

FIGURE  5-4  Antibody-based assays.  A,  In  a  solid-phase  assay  for 
antigen-specific  antibodies,  antigen  is  coated  on  a  surface,  typically  a 
plastic well. The patient sample (e.g., serum) is incubated with the antigen, 
after  which  unbound  antibodies  are  washed  away.  Patient  antibodies 
bound to the antigen are detected with an antibody to human immuno-
globulin that  is produced by  immunizing another species  (in  this case, a 
goat). The goat anti–human Ig is conjugated with a moiety that allows it 
to be detected. This could be a radionuclide, a fluorochrome, or an enzyme 
that  converts  an  added  substrate  to  a  colored  or  luminescent  product. 
ELISA, enzyme-linked immunosorbent assay; RIA, radioimmunoassay. B, A 
sandwich format can be used to measure antigen. A capture antibody is 
immobilized in the plastic well. The source of antigen is added, and then 
a second antigen-specific antibody is added to detect the bound antigen. 
This detection antibody is conjugated with a radionuclide, fluorochrome, 
or enzyme. The two antibody layers in the sandwich assay must recognize 
different  epitopes  on  the  antigen;  otherwise,  the  first  antibody  would 
occupy  all  the  epitopes  and  there  would  be  none  left  for  the  second 
antibody  to  bind.  C,  Direct  staining  for  antigens  in  tissue  or  cells  uses 
antigen-specific antibodies (often monoclonal antibodies) that have been 
purified and conjugated with a detection molecule such as a radionuclide, 
a fluorochrome, or an enzyme. D, Indirect staining for antigens in tissues 
or cells uses an unconjugated antigen-specific antibody as the first reagent. 
This  antibody  is  detected  with  the  use  of  a  second  antibody  (directed 
against the first antibody) that has been conjugated with a radionuclide, 
a fluorochrome, or an enzyme. The indirect technique often gives a higher 
signal  than  the direct  technique,  because multiple  secondary  antibodies 
(goat anti–mouse Ig in this case) can bind to one primary antibody (mouse 
monoclonal antibody in this case). However, the background staining for 
the  indirect  technique  is  also  considerably  higher  than  is  seen  with  a 
primary or direct technique. 

ELISA/RIA to quantify
antigen-specific antibodies

Sandwich assay to
quantify antigen

Direct staining for
antigen in tissue

Indirect staining for
antigen in tissue

Antigen

Human antigen-specific 
antibodies

Fluorochrome, radionuclide, 
or enzyme

Murine antigen-specific 
antibody (often a monoclonal)

Tissue section or cell 
surface

Goat anti–human IgG

Goat anti–murine Ig

A

C

B

D

http://www.myuptodate.com


P
a
rt

 I
 B

as
ic

 P
ri

n
ci

p
le

s 
in

 t
h

e 
D

ia
g

n
o

si
s 

an
d

 M
an

ag
em

en
t 

o
f 

In
fe

ct
io

u
s 

D
is

ea
se

s
40

secreted the product of interest. To enumerate cytokine-producing 
cells, the surface is coated with anticytokine antibody, and the devel-
oping reagent is a second, tagged antibody to the same cytokine. A 
similar approach has been modified for use in the flow cytometer. 
Fluorochrome-tagged antigen can used to enumerate B cells with 
antigen-specific membrane immunoglobulin.25 Alternatively, antigen-
specific B cells can be identified as CD19+/CD20−/CD27br/CD38br 
plasmablasts in the circulation after infection or vaccination.26

Assays to Measure Antigen
The assays described earlier can also be modified to detect antigen 
using antigen-specific antisera. Monoclonal antibodies are ideal 
reagents for these assays, because they are a reproducible source of 
antibodies with a well-characterized specificity. It must be recognized 
that these immunoassays measure antigen on the basis of its ability to 
interact with specific antibodies, not by its biologic activity. Unless the 
antibody measures a conformational epitope, it is very likely that the 
assay will detect both active and inactive (e.g., denatured) antigens. 
Soluble inhibitors may not interfere with an immunoassay but can 
block activity in vivo. For example, some cytokines have soluble inhibi-
tors that block their biologic activity. An immunosorbent assay might 
indicate that a particular serum contained large quantities of cytokine 
when, in fact, because of the presence of inhibitor, very little cytokine 
activity was present.

Solid-phase immunosorbent assays typically use a sandwich format 
in which purified antibody to antigen is immobilized on a surface such 
as a plastic well and forms the bottom layer of the sandwich (see Fig. 
5-4B). The patient sample containing antigen is allowed to react with 
the immobilized antibody. Then more antigen-specific antibody is 
added as the top of the sandwich. This second detection antibody is 
conjugated with a radiolabel, enzyme, or fluorochrome. When mono-
clonal antibodies are used, the capture and detection antibodies must 
recognize different epitopes on the antigen. Otherwise, the capture 
antibody will react with all of the available epitopes, leaving none for 
the second antibody.

Sometimes, diagnosis requires the identification of pathogens in the 
patient’s tissue. Immunofluorescent and immunohistochemical tech-
niques are used to locate antigens in patient tissues. For example, to 
look for virus, sections of patient tissues are probed with antibodies, 
often monoclonal antibodies, that are prepared by immunizing animals 
with viral proteins. The antigen-specific monoclonal antibodies can be 
directly conjugated with fluorochromes or enzymes and used in a 
so-called direct, or one-step, detection (see Fig. 5-4C).

Alternatively, the antigen-specific antibody such as a mouse mono-
clonal antibody is added first, followed by a conjugated anti-IgG pre-
pared in another animal. This is a two-step or indirect assay (see Fig. 
5-4D). Indirect assays often generate a stronger signal because several 
conjugated anti–mouse Ig antibodies can bind to each mouse Ig. 
However, this technique also has a higher background, and appropriate 
negative controls are critical for interpretation of the assay. Cells in 
suspension can be stained with multiple antibody specificities, each 
labeled with a different fluorochrome, and analyzed by flow cytometry. 
The flow cytometer enumerates the cells, measures the fluorescence 
associated with each, and discriminates among fluorochromes with 
different emission spectra. Control samples must be analyzed in paral-
lel, using fluorochrome-conjugated monoclonal antibodies that are of 
the same isotype but are specific for irrelevant antigens, to measure 
background nonspecific uptake. To improve the signal-to-noise ratio 
and decrease nonspecific binding, FcR on cells can be blocked with 
irrelevant IgG from another species and reagent antibodies can be 
prepared as F(ab′)2 fragments or both.

Immunofluorescence and immunohistochemistry can also be used 
to detect autoreactive antibodies that bind to antigens in autologous 
tissues. A direct assay is possible if the involved tissue can be sampled. 
Patient’s autoantibodies bound to their own tissues are detected by the 
addition of conjugated anti–human immunoglobulin antibodies in a 
direct test. However, sometimes, the involved tissue is not accessible 
and the only option is to look for autoantibodies in the serum. This 
indirect technique involves incubating the patient’s serum with tissue 
obtained from surgical samples or autopsies and using conjugated anti–
human immunoglobulin to detect the patient antibodies that bind.

159 parts buffer and still produce a positive reaction. Sera are typically 
tested in serial twofold dilutions, and titer differences between samples 
are not considered to be statistically different until there is a fourfold 
or greater difference in the titers of the two samples.

Complement-mediated lysis or complement fixation assays can be 
sensitive but technically challenging. In these assays, red blood cells 
are artificially coated with the desired antigen and then mixed with 
patient serum (as a source of antibodies). Fresh guinea pig serum (as 
a source of complement) is added. Patient antibodies that have bound 
to antigen on the red cells activate complement, and the red cells are 
lysed. The advantage of this assay is the ease of reading the macroscopi-
cally visible results. Limitations include the need for a source of bio-
logically active complement that behaves in a consistent manner. 
Antigen-coated erythrocytes are unstable and cannot be stored for long 
periods. As would be predicted from the abilities of different immu-
noglobulin isotypes to activate complement, this format is excellent for 
measuring IgM, moderately effective for measuring IgG, and not useful 
for measuring IgA antibodies.

Immunofluorescence and 
Immunohistochemistry
A patient’s specific antibodies can be identified using immunofluores-
cence and immunohistochemical techniques. The principle is the same 
as for the ELISA; the only difference is that the antigen is present in a 
histologic tissue section or immobilized on a slide. Examples of anti-
gens used in this format include treponemes to look for antibodies to 
T. pallidum and virus-infected cells to look for virus-specific antibod-
ies. Patient serum is incubated with the slide, unbound antibodies are 
washed away, and reactive antibodies are detected using a conjugated 
anti–human immunoglobulin, just as in the solid-phase immunosor-
bent assay. Antibodies conjugated with a fluorochrome are visualized 
with a fluorescence microscope. Immunohistochemistry studies use 
antibodies conjugated with an enzyme that deposits a precipitate onto 
the tissue wherever antigen is expressed. Use of an anti–human immu-
noglobulin that is selective for a particular immunoglobulin class 
makes it is easy to identify the isotype of the patient’s antigen-specific 
antibodies.

Interpretation of immunohistochemistry and immunofluorescence 
findings is subjective, or at best semiquantitative, with results typically 
reported on a scale of 0 to 4+. Although antibodies cannot be formally 
quantified, an experienced laboratory technician may be able to esti-
mate the relative quantity by determining the titer or the extent to 
which serum can be diluted and still give a positive test. As previously 
mentioned, samples should not be considered to be different unless 
their titers differ by at least two serial dilutions. Because assays are 
typically carried out with twofold dilutions, a significantly higher titer 
should be fourfold or greater. Appropriate controls must be included. 
At a minimum, a negative control should be run using the conjugated 
anti–human immunoglobulin alone (without addition of patient 
serum) to evaluate the extent to which the anti–human immunoglobu-
lin reagent binds to the tissue. Background signal can often be reduced 
by using F(ab′)2 fragments of the anti–human immunoglobulin to 
prevent adsorption to tissues expressing FcR. Antibodies produced in 
goats or sheep are preferred, because they have a lower affinity for 
human FcR. It may also be appropriate to run a negative control using 
normal human serum in place of the patient’s serum to evaluate non-
specific uptake of human immunoglobulin.

Enumeration of Antibody-Producing B Cells: 
The ELISPOT Assay
The enzyme-linked immunosorbent spot (ELISPOT) assay is designed 
to enumerate antibody-producing B cells. It can also be modified to 
enumerate cytokine-producing mononuclear leukocytes. To measure 
antibody production, B cells are allowed to settle onto a surface that 
has been coated with antibodies to the isotype of interest and are cul-
tured in place for several hours. For example, to measure IgG produc-
tion, the surface is coated with anti-IgG, which captures the IgG 
molecules as they are secreted by the B cells. The secreted and trapped 
B cell products are identified by a second anti-immunoglobulin reagent 
that had been conjugated with a tracer, just as in the ELISA. After 
development, the spots are counted. Each spot represents a cell that 
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by combinatorial diversity. One of the D genes is spliced to one of the 
J genes, and the resulting DJ gene product is then spliced to one of the 
V genes. Note the overlapping nomenclature: “V” is used to designate 
the V gene segment and also the V domains at the 5′ ends of the heavy 
and light chains.

The antigen-binding cleft is formed by V domains from the heavy 
and light chains. Each of these V domains has three hypervariable 
regions or CDRs. Two of the CDRs are encoded in the V gene. The 
third CDR is encoded by DNA that spans the splice junction between 
the V and J segments. Sloppiness or wobble in the splicing of these 
genes inserts more variability onto the antigen-binding site through 
junctional diversity. DNA splicing requires cleavage, and the cut ends 
of the DNA are not immediately reattached to the next gene. Instead, 
the cut end is sealed back on itself to form a hairpin loop. Before splic-
ing, the loop is reopened, but not necessarily at the same place. A shift 
in the exact site of the opening cut introduces further variability into 
the gene sequence. Additional nucleotides can be introduced to (or 
removed from) the cut end before it is spliced to the next gene to add 
even more diversity to the gene sequence.

These DNA rearrangements are a risky process for the B cell. Stop 
codons can be inadvertently introduced. In two out of three times the 
reading frame is shifted out of sequence and the gene no longer encodes 
a functional protein. Before it proceeds, the B cell must verify that the 
rearranged VDJ gene from the first gene encodes a functional µ chain 
gene. To test for functionality, the B cell attempts to pair the µ chain 
with a surrogate light chain and express the product on the cell mem-
brane. It is not known how the B cell confirms that these two proteins 
are successfully displayed. However, if the criteria for success are met, 
the heavy chain gene on the other chromosome is prevented from 
rearranging by a process called allelic exclusion. If the µ chain does not 

Measurement of Immune Complexes
Fixed tissue phagocytes in the liver and spleen are responsible for 
clearing complexes of antigen and antibody. However, if their capacity 
is exceeded, immune complexes circulate and deposit in tissues, where 
they activate complement and incite phagocytes to attempt to ingest 
the tissues to which the antibodies have bound. Diagnosis of immune 
complex–mediated diseases can be made by demonstrating deposits of 
immune complexes in the targeted tissues using immunofluorescent 
or immunohistochemical techniques. A second diagnostic strategy is 
to measure the quantity of complement components, particularly C3 
and C4, in the serum, because these levels decrease when complement 
is activated by immune complexes. However, interpretation of the 
results can be difficult, because C3 is an acute-phase reactant and its 
levels increase during inflammatory conditions.

A third diagnostic strategy is to look for circulating immune com-
plexes. Several approaches can be used.27,28 Some assays depend on the 
ability of IgG or IgM antibodies to fix C1q when they are engaged with 
antigen. Serum can be incubated with immobilized antibodies to C1q 
to determine how much immunoglobulin coprecipitates with the C1q. 
Radiolabeled C1q can be added to the serum; after all the serum pro-
teins in the size range of immune complexes have been precipitated, 
the amount of coprecipitating C1q is quantified. Another type of assay 
is based on the fact that circulating immune complexes contain bound 
C3b. C3b (and the attached complexes) are extracted from the serum 
using immobilized antibodies to C3b or the Raji cell line, which has 
an avid and abundant receptor for C3b. The quantity of human immu-
noglobulin that coprecipitates with the C3b is used as an estimate of 
the quantity of immune complexes present.

The various strategies for measuring immune complexes do not 
always give concordant results, which suggests that complexes may 
vary in size, composition, and biologic behavior among patients or at 
different stages of a disease process.

B-CELL MATURATION AND 
IMMUNOGLOBULIN PRODUCTION
There is not enough DNA in the human genome to encode each of the 
millions of antibody specificities that a person can produce when 
appropriately challenged. Rather than encode each antibody specificity 
in the germline sequence, B cells create antibody diversity by system-
atically mutating the genes that encode components of the antigen-
binding cleft and selecting for those with the highest binding affinity. 
The DNA rearrangement process uses enzymes unique to lymphocytes, 
such as recombination activating genes (RAG1 and RAG2), as well as 
the full array of ubiquitous DNA repair enzymes common to all cells. 
B cells begin by producing IgM antibodies. With further antigen stimu-
lation and signaling from T cells, progeny of these B cells switch to 
production of IgG, IgA, or IgE antibodies with the same antigen-
binding site as the initial IgM.

DNA Rearrangement and Generation 
of Diverse Antigen-Binding Sites
The bone marrow produces about 109 pro-B cells per day. To become 
B cells, these precursors must undergo a specific series of gene rear-
rangements (Fig. 5-5 and Table 5-3). The first step is to rearrange the 
DNA to form a functional µ heavy chain. Four gene segments must be 
brought together to make a µ chain: the V or variable segment, the D 
or diversity segment, the J or joining segment, and the µ heavy chain 
gene. There are 50 functional gene segment choices for V, 27 choices 
for D, 6 choices for J, and 1 µ gene. Through random selection of these 
segments, 8100 (50 × 27× 6) different IgM specificities can be generated 

FIGURE 5-5  DNA rearrangement. The scheme for rearranging heavy 
CD4+ chain genes begins with splicing one of the D gene segments to one 
of the J gene segments. The DJ product is spliced to the V segment, and 
this  is  spliced  to  the  µ  chain  gene.  DNA  encoding  µ  and  δ  chains  are 
adjacent  to  each  other,  and  the  B  cell  can  produce  a  single  messenger 
RNA  molecule  spanning  both.  Through  alternative  splicing  in  post-
translational  steps,  the  B  cell  produces  both  IgM  and  IgD,  which  are 
expressed on the cell’s surface. The B cell also produces secreted IgM. After 
it receives signals from activated T cells, the B cell can switch from produc-
tion of IgM to production of IgG, IgA, or IgE. The VDJ segment is spliced 
onto the new heavy chain genes, thereby preserving the antigen specificity 
of the antibodies produced. 

~50 Vs 27 Ds 6 Js

D spliced to J

V spliced to DJ

VDJ spliced to µ

µ δ γ α ε

µ δ γ α ε

µ δ γ α ε

µ δ γ α ε

α ε

IgM and IgD

Isotope switching: VDJ joins α chain

IgA

TABLE 5-3  Stages of B-Cell Development

CELL STAGE PRO-B PRE-B IMMATURE B MATURE B
DNA rearrangement for 

immunoglobulin
µ Chain being rearranged Heavy chain complete; light chain 

being rearranged
Heavy and light chains 

complete
Isotype switch, somatic hypermutation 

in germinal center

Membrane immunoglobulin None µ Chain with surrogate light chain IgM IgM and IgD

Response to interaction 
with antigen

None None Receptor editing or deletion 
of autoreactive clones

Survival dependent on antigen 
stimulation

Ig, immunoglobulin.
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accumulates on the surface of pathogens when complement is acti-
vated. While the pathogen antigens interact with membrane IgM, the 
C3d can cross link the CD21 on the B cells. This brings the cytoplasmic 
tail of CD19 into proximity with the BCR, where it can be phosphory-
lated by Syk and bound to Igα or Igβ. The phosphorylated CD19 
ultimately activates phosphatidylinositol-3 (PI3) kinase. Src family 
kinases linked to CD21 can also phosphorylate ITAMs in the Igα and 
Igβ. The net effect of co-receptor involvement is to increase the con-
centration of signaling molecules. In a murine model, involvement of 
the co-receptor complex, modeled by cross linking CD21 with anti-
bodies, reduced the quantity of antigen needed to induce an immune 
response by 1000-fold.32

Other receptors, such as FcγRIIB, have an opposite effect and 
downregulate membrane IgM signaling. The cytoplasmic tail of 
FcγRIIB has an immunoreceptor tyrosine-based inhibitory motif 
(ITIM) that inhibits the activity of ITAMs. ITIM activates a phospha-
tase that dephosphorylates the ITAM and interrupts the signaling 
pathway. As a result, when immune complexes containing antigen and 
IgG interact with the B cell, the enhancing signal delivered by the 
interaction of membrane IgM with antigen is countered by an inhibi-
tory signal arising from the interaction of IgG with the FcγRIIB.23 This 
regulatory role for FcγRIIB was demonstrated by cross linking mem-
brane IgM with IgG anti-IgM as a surrogate for antigen. Intact IgG 
anti-IgM, which interacted with both membrane IgM and FcγRIIB, 
suppressed antibody responses. Treatment with F(ab′)2 fragments of 
the same anti-IgM, which could cross link membrane IgM but could 
not interact with FcR, stimulated antibody production.33

Second Signals and Interactions 
between B Cells and T Cells
To switch to production of IgG, IgA, or IgE, B cells need to receive a 
signal from activated CD4+ helper T cells (Fig. 5-6). Activated T cells 
express CD40 ligand (CD40L, or CD154), which binds to CD40 on B 
cells and activates the B cell. The critical role of CD40–CD40L interac-
tions is best illustrated by the defects seen in individuals with a con-
genital deficiency of CD40L and a condition called hyper-IgM 
syndrome (also known as Omen’s syndrome). Without CD40L, T cells 
cannot stimulate CD40 on B cells. B cells from affected patients 
produce greater than normal quantities of IgM but are unable to switch 
to production of other isotypes or to form germinal centers in lymph 
nodes. Key survival factors for B cells include B-lymphocyte stimulator 
(BLyS, also referred to as B-cell activating factor [BAFF]), interleukin 
(IL)-21, and APRIL (a proliferation-inducing ligand).34

Adhesion molecules including intercellular adhesion molecule 1 
(ICAM-1, or CD54) and lymphocyte function–associated molecule 1 
(LFA-1, or CD11a/CD18) stabilize the B cell and the T cell as a conju-
gate pair. The two cells may remain in contact for many hours as the 
T cell secretes cytokines in a polarized direction into the space between 
them. B cells can respond to numerous T-cell–derived cytokines, 
including IL-2, IL-4, IL-5, IL-6, and transforming growth factor-β 
(TGF-β). IL-10 and TGF-β drive the B cell to switch to the IgA isotype, 
whereas IL-6 induces it to become a high-rate IgA-producing plasma 
cell.35 IL-4 and IL-5 promote switching to the IgE isotype.

After stimulation by the T cell, the B cell begins to divide every 6 
to 7 hours and generates several thousand daughter cells. At this point, 
nature raises the stakes for the B cell. The B cell is doomed to die by 
apoptosis through a decrease in the level of BCL2 and an increase in 
Fas. The B cells can survive if they find antigen to interact with their 
surface immunoglobulin, which causes their level of BCL-XL to 
increase; if this does not occur, the B cell dies through Fas-mediated 
pathways of apoptosis. Moreover, the B cells cease expression of surface 
IgD and express only low quantities of IgM.

To enhance their ability to bind antigen, B cells undergo somatic 
hypermutation within the DNA segments coding for the antigen-
binding clefts in an attempt to increase affinity for antigen. Both class 
switch recombination and somatic hypermutation are initiated by the 
same enzyme—activation-induced deaminase (AID). AID deaminates 
cytidine in single-stranded DNA to uracil, causing U : G mismatches 
that are processed as repairs, mutations, or DNA double-strand 
breaks.36 B cells can introduce one mutation per 103 base pairs in this 
particular sequence, which is 10 million–fold greater than the baseline 

display properly, the pro-B cell attempts to rearrange the other heavy 
chain allele.

Once the heavy chain rearrangement is successful, the pro-B cell 
divides, becomes a pre-B cell, and begins to rearrange the light chain 
(see Table 5-3). The rearrangement process for light chains is the same 
as for heavy chains, with the exception that light chain genes have only 
V, J, and constant region segments—they do not have a D segment. 
However, the odds of success are twofold better for light chains than 
for heavy chains. The κ chains are tried first; and if neither of the κ 
chain rearrangements is successful, the B cell can try to rearrange  
the λ chains. Once the light and heavy chains have been successfully 
rearranged to form functional membrane IgM, the cell officially 
becomes an immature B cell that is ready to encounter antigen (see 
Table 5-3).

Deletion of Autoreactive Clones
The next step is to eliminate B cells that are producing autoreactive 
antibodies that might injure the host. Immature B cells at this stage 
express only IgM on their surface and are located in the bone marrow. 
Antigens in this environment are likely to be self-antigens, or autoan-
tigens. If a B cell’s surface IgM binds to and is cross-linked by antigen 
(autoantigen), that B cell clone is removed from the repertoire. B cells 
may be induced to undergo apoptosis in a process called clonal dele-
tion, or they may become anergic or unresponsive to antigen. There is 
one potential rescue option for the autoreactive B cell. If sufficient 
levels of the enzyme RAG remain in the cytoplasm, the autoreactive B 
cells can try to rearrange a new light chain gene, which might result in 
a new IgM that no longer reacts with self-antigens. This process is 
called receptor editing.

Antigen Stimulation: First Signal
As the B cells leave the bone marrow, they begin to express both IgD 
and IgM on their membrane. To produce both isotypes concurrently, 
the B cell generates a long messenger RNA (mRNA) molecule with the 
rearranged VDJ region, the µ gene, and the δ gene. Through alternative 
splicing, the B cell can use this mRNA to produce either IgM or IgD. 
This is a very different process from that used for isotype switching. 
The class switch from IgM to IgG, IgA, or IgE is irreversible because 
the B cell splices the VDJ sequence to a new heavy chain gene (γ, α, or 
ε) and discards the intervening DNA (see Fig. 5-5).

Production of IgD is an important threshold in the life of a B cell. 
Before this stage, cross-linking of surface IgM with antigen, which 
would have been an autoantigen from the bone marrow, led to inactiva-
tion or death. From this point forward, interaction with antigen has a 
stimulatory effect; moreover, the B cell’s survival now depends on 
repeated stimulation by antigen. Naïve B cells leaving the bone marrow 
have about 1 week in which to locate their cognate antigen. Eighty 
percent of B cells fail to do so and die.29

Membrane IgM is the B-cell’s (antigen) receptor, or BCR. When the 
BCR interacts with cognate antigen, membrane IgM reorganizes into 
lipid rafts in the B-cell membrane. The cytoplasmic tail of membrane 
IgM has no signaling capability on its own. Signaling is carried out by 
two other cytoplasmic proteins, Igα and Igβ, that associate with the 
IgM in the lipid raft. Like CD3 and the zeta (ζ) chain in T cells, Igα 
and Igβ have immunoreceptor tyrosine-based activation motifs 
(ITAMs). When IgM becomes cross-linked, these ITAMS are phos-
phorylated, which allows docking of the tyrosine kinase Syk. Syk is the 
B-cell equivalent of ZAP-70 in T cells. Syk and other tyrosine kinases 
activate the Ras–mitogen-activated protein (MAP) kinase pathway and 
the phosphatidylinositol-specific phospholipase C pathway, leading  
to increased cytosolic calcium and diacylglycerol. Ultimately, tran-
scription factors such as nuclear factor of activated T cells (NFAT), 
nuclear factor kappa B (NF-κB), and activator protein 1 (AP-1) are 
produced.30,31

Co-receptors Amplify or Suppress 
Antigen Signaling
Antigen-mediated signaling can be greatly enhanced by the participa-
tion of several B-cell co-receptors. CD21, CD19, and CD81 form the 
B-cell co-receptor complex. CD21, also known as complement recep-
tor 2 (CR2), binds C3d. C3d is a degradation product of C3b, which 
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the critical survival signal provided by antigen. As a result, the average 
affinity of the antibody response becomes higher and higher.

Somatic hypermutation takes place within the follicular region of 
the lymph node or spleen in germinal centers.37 B cells move through 
the basal light zone, competing for antigen expressed on follicular 
dendritic cells. Survivors become memory cells and plasma cell precur-
sors.38 Plasma cells can produce antibodies at a highly accelerated rate 
for a period of days, or perhaps even longer. Other B-cell progeny 
become memory cells and long-lived plasma cells that appear to 
survive for years.39 Memory cells can sample antigen complexed with 
C3d and retained on the surface of follicular dendritic cells to maintain 
stimulation over prolonged period of time.

How B Cells Find and Activate T Cells
How does a B cell find the one-in-a-million T cell that is specific for a 
peptide from the same antigen? After B cells leave the marrow, they 
circulate through the bloodstream and pass through the lymph nodes 
or spleen, where they may encounter cognate antigens assembled from 
the periphery by dendritic cells. B cells that fail to find their matching 
antigen pass on to the next node. B cells that find a suitable antigen 
begin to express the chemokine receptor CCR7, which draws them 
toward chemokines produced by stromal cells in the T-cell zone.40 
Activated T follicular helper cells expressing CXCR5 are drawn, in 
turn, toward the chemokines produced in the B-cell zone.41

B cells can also increase their odds of contacting activated T cells 
specific for the same antigen by becoming the antigen-presenting cells 
(APCs), which activate T cells. B cells ingest antigen and present rel-
evant peptides to activate the very T cells they need. Unlike monocytes 
or dendritic cells that pick up antigens on a random basis, B cells have 
an antigen-specific capture mechanism—their membrane IgM. 
Antigen captured by membrane IgM is brought into an endosomal 
compartment, degraded into peptides, and displayed at the cell surface 
in major histocompatibility complex (MHC) class II molecules to acti-
vate CD4+ T cells. When membrane IgM is cross linked by antigen, the 
B cell is activated to display even more MHC class II antigen, which 
further enhances its capacity to be an APC for CD4+ T cells. Because 
the antigen was picked up with the B cell’s antigen-specific membrane 
IgM, the B cell is presenting just the right peptides to engage T cells 
with the appropriate antigen specificity. The importance of B cells as 
antigen-specific APCs should not be underestimated. T-cell–mediated 
diseases can be ameliorated by the B-cell–specific monoclonal anti-
body rituximab, which appears to act by interfering with antigen pre-
sentation by B cells to T cells.42 B cells also produce IL-10 and TGF-β 
and may be involved in the development of regulatory T cells.43

In addition to their ability to select the antigen-correct T cells, 
antigen-activated B cells can provide the necessary co-stimulatory 
molecules required to activate the T cell’s CD28 receptor.44 T cells 
require two signals to be activated. The first signal comes through their 
antigen receptor, and the second signal comes through CD28 and is 
typically provided by APCs: monocytes, macrophages, dendritic cells, 
or B cells. The two-signal requirement ensures that T cells do not 
mount an immune response to self-antigens. T cells have no way to 
discriminate pathogens from harmless antigens. If T cells were able to 
be activated with just one signal, they would respond to every peptide 
that fit their antigen receptors, and the host could be overwhelmed by 
inflammatory processes. It is the role of the APC to tell the T cell 
whether a particular antigen is “dangerous” and merits an immune 
response. APCs do this by expressing the B7 ligands whenever they 
encounter danger. There are two homologous members of the B7 
family: B7-1 (CD80) and B7-2 (CD86). B7 molecules bind to CD28 
and deliver the critical second signal that activates T cells and keeps 
them alive. T cells stimulated by a single signal (i.e., antigen without 
B7) undergo apoptosis.

How do the APCs identify danger? APCs identify pathogens 
through an assortment of receptors collectively called pattern recogni-
tion receptors (PRRs). PRRs bind to pathogen-associated molecular 
patterns (PAMPs), such as lipopolysaccharides, peptidoglycans, lipo-
teichoic acids, mannans, bacterial DNA, and double-stranded RNA. 
When PRRs are engaged by PAMPs, the APC “recognizes” that this is 
a pathogen and begins to display the B7 co-stimulatory molecules. 
Cross-linking of membrane IgM, MHC class II molecules, or CD40 

B cell

CD4+ T cell

Antigen-presenting
cell = dendritic cell
or macrophage

mIgM

Antigen peptide
in MHC II

Antigen

B7 (CD80 or CD86)

CD 40   

CD40L

B

B

B

T

T

APC

T cell secretes cytokines
IL-2 IL-4, IL-5 IL-6, TGF-β

mIgD

T-cell antigen
receptor

CD28

B cell CD40 binds
T cell CD40L

B cell or APC presents antigen peptide in MHC II,
CD28 stimulated by B7 family (CD80 or CD86)

Antigen cross links membrane Ig

B-cell signal No. 1

T-cell signals No. 1 and No. 2

B-cell signal No. 2

mutation rate for somatic cells. Because continued stimulation by 
antigen is a prerequisite for survival, as antigen becomes scarce, B cells 
must compete by modifying their antigen-binding sites to generate a 
sequence with a higher affinity for antigen. Only those B cells making 
antibodies with the highest binding affinity will be able to compete for 

FIGURE 5-6  B cells and T cells each need two signals. Top, The first 
signal for B cells comes when antigen cross links membrane immunoglobu-
lin (Ig). If this occurs when the immature B cell is expressing only IgM, the 
signal  is  inhibitory. However, once the B cell  is expressing both  IgM and 
IgD, encounter with antigen is stimulatory. Middle, T cells are activated by 
encounter with antigen-presenting cells  (APCs)  such as dendritic  cells.  T 
cells  need  to  recognize  their  cognate  antigenic  peptide  expressed  in  a 
major histocompatibility complex (MHC) class II molecule, and they need 
a signal through their CD28 receptor. The ligand for CD28 is one of the 
members of the B7 family (CD80 or CD86). APCs upregulate their expres-
sion of B7 molecules when they encounter proinflammatory stimuli such 
as pathogen-associated molecular patterns  (PAMPs) on the antigen. This 
second APC signal confirms to the T cell that the antigen is “dangerous” 
and an immune response is needed. Bottom, To switch from IgM to other 
isotypes and to form memory cells, B cells need signals from activated T 
cells. These second signals include the interaction of CD40 on B cells with 
CD40L (CD154) on activated T cells and various T cell–derived cytokines. 
IL, interleukin; TGF, transforming growth factor. 
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upregulates B7 molecules on B cells and transforms them into effective 
APCs.

Conjugated polysaccharide vaccines depend on the ability of B cells 
to serve as their own APCs to present antigen to T cells with a little bit 
of “bait-and-switch” (Fig. 5-7). Polysaccharides make poor vaccines, 
because they cannot stimulate the production of specific IgG antibod-
ies. B cells producing antibodies to polysaccharides cannot make the 
switch from IgM to IgG and cannot generate memory cells, because 
there are no specific T cells to provide the necessary second signals. 
There are no polysaccharide-specific T cells, because T cells are pro-
grammed to recognize peptides (i.e., protein fragments) displayed in 
MHC molecules. Polysaccharides do not generate peptides, so it is not 
possible to have polysaccharide-specific T cells. Conjugate vaccines  
are designed to “fool” T cells into providing help to polysaccharide-
specific B cells. A conjugate vaccine links the polysaccharide antigen 
to a protein, such as tetanus toxoid, for which the host already has 
specific T cells. Polysaccharide-specific B cells internalize the conjugate 
using their polysaccharide-specific membrane IgM. The conjugate is 
degraded, and peptides from the conjugated tetanus toxoid are dis-
played in the B cell’s MHC class II molecules. T cells specific for tetanus 
toxoid peptides pair up with this polysaccharide-specific B cell and 
provide the necessary help to drive isotype switching and formation of 
memory cells.

T-Cell–Independent Antigens
B cells typically require two signals to become efficient antibody-
producing cells. The first signal comes from antigen, and the second 
signal usually comes from T cells. Some antigens can provide a type of 
second signal to the B cell without the participation of T cells. Exam-
ples of T-cell–independent antigens include the polysaccharides of 
Haemophilus influenzae type b, peptidoglycans, Staphylococcus protein 
A, and many viruses. T-cell–independent antigens typically have 
highly repetitive motifs and a flexible structure. Their repetitive struc-
ture and flexible backbone allow them to interact with multiple mem-
brane IgM molecules that aggregate into a single focus and deliver a 
potent signal to the B cell. Many T-cell–independent antigens are 
pathogens that become coated with C3b, which degrades to C3d. C3d 
cross links CD21 on B cells, which shares a lipid raft with membrane 
IgM and further amplifies the signal to the B cell. B cells activated by 
T-independent antigens are still dependent on cytokines but may 
receive these from non–T-cell sources, such as macrophages. New data 
also suggest that neutrophils, stimulated by IL-10 from splenic sinu-
soidal endothelial cells, can also induce immunoglobulin class switch-
ing, somatic hypermutation, and antibody production by activating 
mantle zone B cells through a mechanism that involved the cytokine 
IL-21 as well as BAFF and APRIL, which are two Toll-like receptor  
(TLR)-inducible B cell–stimulating factors related to the ligand for the 
T-cell molecule CD40.45

B cells in the marginal zone of secondary lymphoid tissue tend to 
express membrane IgM specific for T-independent antigens, particu-
larly carbohydrate antigens. These B cells respond to bloodborne 
pathogens such as bacteria that are trapped by macrophages located 
around the marginal zone. Because they do not require the participa-
tion of T cells, marginal-zone B cells provide a pseudo-innate response 
to bacteremia by quickly releasing IgM antibodies.

Downregulation of Antibody 
Production
Once the antigen is cleared, antibody responses decline. There are 
several mechanisms that shut down an antibody response. Sequestra-
tion of antigen deprives B cells of the activating signal they require to 
survive.46 Immune complexes formed between antigen and excess IgG 
antibody deliver inhibitory signals to the B cell by interacting with 
FcγRIIB, as described previously.33 Anti-idiotypic antibodies spontane-
ously arise during an immune response and may have a role in both 
upregulating and downregulating immune responses.47 Anti-idiotypic 
antibodies are autoantibodies that react with epitopes in or near the 
antigen-binding site of an antibody. Because they recognize epitopes 
unique to a particular clone, they can modulate B cells in a highly 
selective manner. Anti-idiotypes interacting with membrane IgM, 
before the immature B cell expresses IgD, can suppress antibody  

FIGURE 5-7  Conjugate vaccines.  The  conjugate  vaccine  is  designed 
to  induce production of  immunoglobulin G  (IgG)  antibodies  to polysac-
charide  (PS)  antigens,  which  would  normally  be  unable  to  induce  IgG 
antibodies. Polysaccharides do not induce IgG antibodies because antigen-
presenting cells (APCs) cannot degrade them into the peptides that must 
be presented in major histocompatibility complex (MHC) class II molecules 
in order  to stimulate antigen-specific T cells. The vaccine consists of  the 
PS  antigen  linked  to  a  protein  antigen,  such  as  tetanus  toxoid  (TT),  to 
which the host has primed antigen-specific T cells. B cells that are able to 
make  PS-specific  antibodies  ingest  the  vaccine  through  their  PS-specific 
membrane IgM. The B cells degrade the vaccine molecule and present the 
TT peptides in their MHC class II molecules to a TT-specific activated CD4+ 
T cell. The T cell can be activated by the B cell or by prior interaction with 
a  dendritic  cell  displaying  TT  peptides.  The  activated  TT-specific  T  cell 
provides PS-specific B cells (displaying peptides from TT) with the necessary 
help  in  the  form  of  CD40–CD40L  interactions  and  cytokines.  Having 
received the necessary signals from a T cell, the PS-specific B cell can switch 
to production of IgG and can generate long-lived memory cells. IL, inter-
leukin; mIgM, membrane  immunoglobulin M; TGF,  transforming growth 
factor. 
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clinician struggling to deal with IgE-mediated reactions to harmless 
substances such as penicillin or ragweed recalls with difficulty that type 
I responses have a beneficial role in the defense against intestinal 
parasites.

Type II Hypersensitivity
Type II reactions involve antibodies reacting with antigens on the 
surface of host cells. Cells decorated with antibodies may be lysed by 
activated complement or phagocytosed by neutrophils or monocyte-
macrophages. Autoantibodies may recognize self-antigen on host cells. 
For example, autoimmune hemolytic anemia can be caused by anti-
bodies to red blood cell antigens. Antibodies can also target external 
antigens that have bound to host cells. For example, patients with 
antibodies to penicillin can develop hemolytic anemia when penicillin 
binds to their red blood cells.

Origin of Autoreactive Antibodies
It may be helpful, at this point, to review the mechanisms that prevent 
the development of autoimmunity and how these processes can be 
circumvented. The immune system makes every effort to remove auto-
reactive B cells. Early in their development, B cells are induced to 
undergo apoptosis or to become unresponsive if they encounter 
cognate antigen. This reaction occurs during the window of vulnerabil-
ity that persists while immature B cells express IgM and before they 
express IgD. Such B cells are likely to be situated in the bone marrow, 
or in early transition into the periphery, and any antigens they encoun-
ter are likely to be self-antigens. As B cells move into the periphery, 
where they are likely to encounter foreign antigen, they lose their IgD 
and interaction with antigen becomes an activating, life-prolonging 
stimulus. However, central induction of tolerance appears to be only 
partially effective, because virtually all people have circulating B cells 
that can be driven, in vitro, to produce antibodies reactive with 
autoantigens.

The nature of antigen signaling also appears to dictate whether a B 
cell will become responsive or anergic. Stimuli that tend to induce 
anergy include persistent stimuli, oligovalent antigens, low-affinity 
interactions, and immune complexes that can interact simultaneously 
with ITIM-containing FcγRIIB on the B cell. It is important to recog-
nize that mature B cells in germinal centers undergo somatic hyper-
mutation and generate new antigen-binding sites well after they are no 
longer vulnerable to the regulatory mechanisms that apply to pre-B 
cells in the bone marrow.

Control of B cells is imperfect, so much of the responsibility for 
preventing autoimmune reactions falls on the T cells.53 T cells maturing 
in the thymus are carefully examined for their ability to bind to autolo-
gous antigens. A unique system allows thymic epithelium to express a 
variety of proteins normally found only in extrathymic tissues. The T 
cell is tested against a surprisingly wide repertoire of self-antigens 
while still within the thymus. Immature T cells that bind with high 
affinity to autologous antigens are deleted by a process called negative 
selection. After they leave the thymus, T cells cannot be activated by 
cognate antigen alone; they require a second signal transmitted through 
CD28, typically from APCs. T cells that receive a signal through their 
antigen receptor without an accompanying signal through CD28 are 
induced to undergo apoptosis. CD28 signaling is accomplished by B7 
co-stimulatory molecules displayed on APCs. APCs upregulate the 
expression of B7 molecules when they recognize danger signals or 
PAMPs on a pathogen. APCs displaying peptides from host antigens 
typically do not express B7 molecules. However, in the course of an 
infection, an APC could display autologous peptides at a time when it 
has also been stimulated by proinflammatory cytokines to express B7 
co-stimulatory molecules. Therefore, during an infection or other 
inflammatory condition, T cells recognizing peptides from self-
antigens may be activated and may, in turn, provide help to autoreac-
tive B cells. This is one of the mechanisms postulated to lead to 
autoimmune responses.

Another possible mechanism leading to autoimmunity is molecular 
mimicry, which involves pathogen-derived antigens that closely resem-
ble host antigens. Examples of molecular mimicry include cross-
reactive epitopes found on the M protein of Streptococcus pyogenes and 
also on proteins in the myocardial sarcolemma54 and cross-reactive 

production. Declining numbers of T cells also help temper the anti-
body response. With persistent activation, T cells begin to express both 
Fas and its ligand, FasL. Reciprocal interactions between activated T 
cells expressing both Fas and FasL lead to mutual apoptotic death.48 
Late in an immune response, activated T cells also begin to express 
cytotoxic T-lymphocyte antigen-4 (CTLA-4). CTLA-4 binds the B7 
co-stimulatory molecules with a much higher affinity than does 
CD28.49 Whereas CD28 sends a stimulatory signal, CTLA-4 sends an 
inhibitory signal to the T cell, so the net effect on the T cell is to sup-
press its activity. Finally, as antigen becomes scarce, fewer T cells and 
B cells receive the antigen signals necessary for continued activation 
and survival.

B1 Cells
The “usual” B cells discussed until now are called B2 cells to distinguish 
them from B1 cells. B1 cells are located primarily in the peritoneal and 
pleural spaces50 and have a unique surface marker, CD5. B1 cells appear 
to regenerate continuously in the periphery rather than in the bone 
marrow. They produce only IgM, which suggests that they do not 
receive help from T cells. Their antigen-binding clefts are encoded 
directly by germline sequences without further modification, and the 
antigens they recognize tend to be microbial polysaccharides and effete 
or denatured host proteins. Antibodies produced by B1 cells may serve 
a housekeeping function by facilitating the clearance of cellular debris 
and denatured proteins.51 B1 cells are thought to be the source of the 
many “natural” antibodies to microbial antigens, particularly those 
found on normal gut flora. These antibodies are present in low levels 
even in individuals who have not been deliberately immunized. 
Animals that have been raised in “germ-free” environments have low 
levels of circulating natural antibodies that react with a variety of com-
mensal organisms, suggesting that B1 cells may be part of the endog-
enous immune system.

ANTIBODY-MEDIATED 
PATHOLOGY
Gell and Coombs Classification of 
Hypersensitivity Responses
Hypersensitivity reactions are immune responses that cause tissue 
injury and morbidity for the host. In some cases, an aberrant autoim-
mune response is specifically directed to host antigens and host cells. 
In many other cases, an exuberant immune response to an infectious 
agent injures host cells that are innocent bystanders. The Gell and 
Coombs classification divides hypersensitivity reactions into four types 
based on their underlying mechanism of action.52 Types I, II, and III 
are mediated by antibodies and are discussed here. Although few dis-
eases can be uniquely attributed to a single Gell and Coombs class, the 
classification scheme is a useful foundation for understanding patho-
genetic mechanisms. It should also be noted that the term hypersensi-
tivity reaction is often used, in a potentially paradoxic manner, to 
describe defense mechanisms that are actually beneficial to the host. 
For example, granulomas formed in response to tuberculous organ-
isms help to contain the bacillus and protect the host, yet they are 
referred to as a type IV hypersensitivity mechanism.

Type I Hypersensitivity
Type I reactions involve mast cells. Mast cells contain preformed stores 
of histamine and heparin. They also produce leukotrienes, prostaglan-
dins, cytokines such as tumor necrosis factor-α (TNF-α), and prote-
ases. Local release of mast cell contents causes wheal-and-flare 
reactions, urticaria, and hives. Massive simultaneous degranulation of 
large numbers of mast cells throughout the body causes anaphylaxis, 
resulting in reduced blood pressure, a loss of fluids through permeable 
vessel walls, and constriction of smooth muscle. Mast cells can be 
degranulated by cross-linking of IgE antibodies held in FcεR on the 
mast cell surface. This can be carried out by antigens with multiple 
repetitive epitopes or by antibodies to the IgE molecules or the FcεR. 
Opioids and contrast dyes can also degranulate mast cells without 
acting through IgE or FcεR. As a result, the responses they trigger are 
referred to as anaphylactoid reactions. Fragments from the third and 
fifth complement proteins (C3a and C5a) can also degranulate mast 
cells, and these molecules are referred to as anaphylatoxins. The 
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(polyclonal) specificities.69 Sera with very high immunoglobulin levels 
have higher levels of nonspecific binding in assays for specific antibod-
ies. This high background can lead to a false-positive reading if the 
appropriate background subtractions are not done. Hypergammaglob-
ulinemias are not associated with any defined pathologic process, with 
the exception of hyperimmunoglobulinemia D and the inherited peri-
odic fever syndrome, in which overproduction of IgD may trigger 
chronic inflammation.70

IMMUNODEFICIENCIES
Immunoglobulin A Deficiency
Among the inherited immunodeficiencies, defects involving B cells are 
far more common than those involving T cells or phagocytes. The most 
common inherited immunodeficiency is selective IgA deficiency, 
which affects 1 in every 300 to 700 individuals. There are incompletely 
penetrant autosomal dominant and recessive modes of inheritance.

Many IgA-deficient people are relatively healthy and asymptomatic, 
and the true prevalence of this disease was unappreciated until serum 
IgA levels began to be measured systematically in blood donors. Symp-
toms may be minimized by compensatory transport of IgM into  
secretions.6 A few IgA-deficient individuals develop recurrent sinopul-
monary infections, atopy, autoimmune disorders, and malignancies. 
Their allergies are often directed toward dietary antigens, and it is 
postulated that the atopy occurs because they are unable to block 
absorption of environmental antigens from gastrointestinal surfaces. 
Individuals with the most morbidity often have a combined deficiency 
of both IgA and one or more of the IgG subclasses, particularly IgG2 
or IgG4. Some of them go on to develop common variable immunode-
ficiency syndrome.

People with congenital IgA deficiency are potentially at risk for 
anaphylactic reactions to IgA in intravenously administered prepara-
tions of immunoglobulins or in unwashed packed red blood cells.71 
Immunoglobulin replacement does not benefit patients with IgA defi-
ciency for two reasons. First, the preparations are IgG and do not 
contain IgA. Second, even if the replacement did contain IgA, intrave-
nous IgA antibodies would not be transported into secretions. Only 
IgA2 antibodies produced in the submucosal lymphoid tissue are trans-
ported across epithelial barriers into the secretions.

Agammaglobulinemias
Children with inherited profound antibody deficiencies remain well 
for the first 6 to 9 months of life because of transplacentally acquired 
maternal IgG antibodies. The half-life of IgG is approximately 3 weeks, 
and it is not until 6 to 9 half-lives, or about 6 months, after birth that 
maternal IgG falls below protective levels. Thereafter, these children 
begin to develop infections such as sinusitis, otitis media, and pneu-
monias. Streptococcus pneumoniae, H. influenzae, meningococci, and 
Mycoplasma species are particularly common infectious agents.72 By 
the time the underlying etiology is recognized and treated, they may 
have already developed irreversible bronchiectasis. Intestinal infec-
tions with Salmonella, Shigella, Campylobacter, Giardia, and rotavirus 
are also common.73,74 Rheumatologic symptoms occur in 10% to 30% 
of these children.75 These children are prone to septic arthritis from 
common bacteria. They may also develop synovitis in the absence of 
infectious agents, and they are uniquely vulnerable to a chronic men-
ingitis with enterovirus that often proves fatal.76 Vaccination with inac-
tivated agents is futile, because they cannot produce the desired 
antibodies. Live vaccines are to be avoided, because vaccine-induced 
poliomyelitis has occurred in patients with agammaglobulinemia.77

Many of the conditions that affect B-cell maturation and antibody 
production are X-linked. The most severe is X-linked agammaglobu-
linemia, which is caused by a defect in one of the cytoplasmic signal-
transducing kinases in B cells. The defective protein is Bruton tyrosine 
kinase (Btk), and the condition is also called Bruton’s agammaglobu-
linemia. Without Btk, B cells are arrested at the pre-B stage and cannot 
develop into surface immunoglobulin–expressing cells. Many types of 
mutations of this gene have been described, but there is no apparent 
correlation between the specific mutation and the severity of the 
disease. Affected boys have less than 100 mg/dL of IgG and no serum 
IgM or IgA. B cells are virtually absent from bone marrow or periphery, 
but T cells are normal.

peptides found in both Trypanosoma cruzi and human neurons.55 The 
first peptide recognized as a result of molecular mimicry may not 
trigger an autoimmune disease, but immune responses tend to expand 
to other epitopes on the same protein in a process called epitope spread-
ing.56 Epitope spreading is thought to occur when B cells producing 
antibodies to one epitope on a protein take up that protein through 
their membrane IgM and process it to antigenic peptides. The B cell 
displays those diverse peptides, in large numbers, along with 
co-stimulatory signals presumably induced by a coexistent inflamma-
tory stimulus. This activated B cell, in its role as an APC, activates T 
cells that recognize other epitopes from the same protein. This expands 
the repertoire of CD4 cells that are activated and allows them to help 
a still wider array of B cells.57 Eventually, this expanding repertoire can 
include autoreactive T cells and B cells whose specificity leads them to 
injure host tissues.

Type III Hypersensitivity
Type III hypersensitivity reactions are inflammatory responses trig-
gered by soluble immune complexes that deposit in various tissues. 
Phagocytes try to ingest the immune complexes bound to tissues. 
Although tissues decorated with complexes are too large to be ingested, 
the phagocytes nonetheless try, and in the process they release injuri-
ous proteolytic enzymes and proinflammatory cytokines. Immune 
complexes can also activate complement, which deposits on the cell 
surface. Host cells usually protect themselves from complement attack 
with proteins that block formation of the membrane attack complex 
and accelerate the inactivation of complement components. However, 
when immune complexes activate complement through the classic 
pathway, the host may be unable to produce inactivator proteins at a 
sufficient rate. The site of type III hypersensitivity reactions depends 
entirely on where immune complexes deposit; the antigenic specificity 
of the antibodies is irrelevant. For example, complexes of antibodies 
and hepatitis antigens cause vasculitis when they deposit in blood 
vessel walls and glomerulonephritis when they deposit in the kidney.

Infectious diseases are commonly associated with type III hyper-
sensitivity reactions because the infection generates a continuous 
source of antigen in large quantities that can be incorporated into 
immune complexes.58 When antigen is in excess, each antibody can 
bind its own antigen, and the complexes are small. When antibody is 
in excess, antigen is covered with antibody, and complexes are still 
small. However, when antigen and antibody are present in near-
equivalence, antibodies will cross link to contiguous antigen molecules 
and the ensuing lattice forms a large immune complex. Antibodies 
with low affinities release antigen quickly and tend to form small com-
plexes regardless of their relative abundance.

Rheumatoid factors are antibodies that react with human (autolo-
gous) IgG and are a frequent component of immune complexes. These 
naturally occurring autoantibodies are found in almost all people. 
Sequences coding for many rheumatoid factors are present in the 
germline sequence and are expressed with little DNA rearrange-
ment.59,60 Their preservation in the germline DNA sequence suggests 
that these antibodies may have an immunoregulatory or housekeeping 
role.61 Anti-immunoglobulins that react with epitopes in or near the 
antigen-binding site may emulate antigen signaling and have either 
positive or negative effects on antibody production by B cells.62,63 They 
may also facilitate the clearance of effete immunoglobulin molecules.64 
In cases of chronic infection or inflammation, levels of rheumatoid 
factors can become quite elevated and contribute significantly to 
immune complexes that cause tissue injury. Cryoglobulinemia is a 
vasculitis triggered by complexes of rheumatoid factors and IgG that 
deposit preferentially in sites of reduced body temperature.

Hypergammaglobulinemia
Chronic infections such as malaria, endocarditis,65 trypanosomiasis,66 
HIV,67 and infections associated with cystic fibrosis68 increase circulat-
ing immunoglobulin levels well above the normal range. The mecha-
nism is thought to be bystander activation of B cells, because few of 
the antibodies produced are specific for antigens associated with the 
infectious agent. Epstein-Barr virus is also associated with elevated 
immunoglobulin levels, because the virus infects and activates a  
wide array of B cells, which then produce antibodies of diverse 
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T- and B-cell responses. Patients have normal numbers of T and B cells, 
but a defect in signal transduction impairs their ability to mount 
antigen-directed antibody responses. IgM and IgG levels are low, but 
IgE and IgA levels are high.72 These children are vulnerable to infections 
with S. pneumoniae and H. influenzae and may need immune globulin 
prophylaxis. Children with ataxia-telangiectasia have defects in DNA 
repair mechanisms that ultimately affect their immunoglobulin genes. 
Immunoglobulin replacement therapy should be given to children with 
demonstrable defects in their ability to generate antibodies to child-
hood vaccines.72,89

Malignancies
Antibody deficiencies may be seen in patients with chronic lympho-
cytic leukemia, multiple myeloma, or Waldenström’s macroglobulin-
emia.90 These deficiencies may be caused by decreased numbers of B 
cells and suppression of normal antibody production by cellular ele-
ments of the tumor or their products.91

THERAPEUTIC USES  
OF ANTIBODIES
Passive Immunization
Passive immunization is the administration of immunoglobulin pre-
pared from individuals known to have high levels of antibodies to the 
infectious agent in question. It can be used for an immunocompro-
mised host if the ability to generate a sufficient immune response to 
vaccination is in doubt. For example, immunosuppressed allograft 
recipients may need cytomegalovirus immune serum after inadvertent 
exposure to this virus.

Passive vaccination is also used if a patient cannot make antibodies 
in sufficient time to protect against disease. For example, Clostridium 
tetani in a contaminated wound can produce lethal quantities of toxin 
long before an unvaccinated host could make neutralizing antibodies 
to the toxin. In such a case, the patient should receive tetanus immune 
globulin. The patient should also be vaccinated to protect against 
tetanus in the event of future injuries. Simultaneous administration of 
antibodies (hyperimmune serum) and antigen (toxoid vaccine) will 
not prevent the development of an adequate immune response. In fact, 
dendritic cells may store immune complexes and use them to stimulate 
B cells over long periods. The patient who has been previously vacci-
nated for tetanus should have some circulating antibodies to tetanus 
toxin, and a booster tetanus toxoid vaccine will trigger a rapid second-
ary response with production of large quantities of additional toxin-
specific antibodies.

Another indication for passive vaccination is antivenin for snake 
bite. It is not practical, and indeed may be dangerous, to immunize 
human volunteers with the antigen. Because individuals who have 
become immune through natural exposure are rarely available, it is 
necessary to use antisera prepared from immunized animals. Antibod-
ies from other species are adequate, because their major role, in this 
case, is to block the binding of toxins to cell receptors. The limitation 
of nonhuman immunoglobulins is that they can trigger an immune 
response and a type III hypersensitivity reaction, particularly with 
repeat administration.

Intravenous Immune  
Globulin Replacement
Individuals with agammaglobulinemia or hypogammaglobulinemia 
need lifelong replacement with antibodies that can protect them 
against the diverse infectious agents they will encounter in ordinary 
life activities. Immune globulin replacement is unlikely to be necessary 
until IgG levels fall to less than 200 mg/dL. Even with low overall levels 
of IgG, some patients may still make adequate levels of specific anti-
bodies. This can be readily assessed with the use of clinically available 
tests that measure response to vaccines such as tetanus toxoid, H. 
influenzae type b toxoid conjugate, or hepatitis B. Patients with agam-
maglobulinemia typically require 300 to 400 mg/kg of immune globu-
lin every 3 to 4 weeks. Preparations specifically designed for intravenous 
administration are available. Intravenous immune globulin (IVIG) 
must be free of aggregated immunoglobulin, which can act as an 
immune complex and trigger type III hypersensitivity reactions. The 
life span of infused IgG is about 21 days. With repeated infusions at 

Hyper-Immunoglobulin M Syndrome
Hyper-IgM syndrome is usually X-linked, although there is a form that 
affects girls. These children have the same recurrent pyogenic infec-
tions as are seen in boys with X-linked agammaglobulinemia. Patients 
with hyper-IgM syndrome are also uniquely susceptible to Pneumocys-
tis pneumonia. They have normal numbers of circulating B cells, low 
levels of IgG and IgA, and greater than normal levels of IgM. The defect 
is in their T cells, not B cells. They lack the CD40 ligand (CD154) that 
is typically expressed on the surfaces of activated T cells. Without this 
molecule, activated T cells cannot bind to CD40 on B cells and induce 
isotype switching. Therefore, the B cells continue to produce IgM but 
they do not switch to IgG or IgA and do not exhibit the affinity matura-
tion that is characteristic of a secondary response. As might be pre-
dicted, the lymph nodes of these patients are populated with cells but 
have no organized germinal centers. Their susceptibility to Pneumo-
cystis pneumonia may reflect the inability of their T cells to interact 
with CD40 on monocytes and activate their full microbicidal potential. 
These children are also prone to autoimmune hemolytic anemia, 
thrombocytopenic purpura, and recurrent neutropenia.72

Common Variable Immunodeficiency
The onset of common variable immunodeficiency is typically between 
15 and 25 years of age,78,79 which is strikingly later than with the con-
genital agammaglobulinemias. Although the late onset suggests an 
acquired etiology, there is a familial pattern that supports a genetic 
predisposition. These patients often, but not always, have normal 
numbers of B cells that express surface immunoglobulins but produce 
only very small quantities of circulating secreted immunoglobulin.80 
The underlying cause or causes are not yet well defined, but the defect 
may lie with the T cell.81 Patients with common variable immunodefi-
ciency are prone to malabsorption syndromes and autoimmune disor-
ders. Some develop a sarcoid-like picture.82 They are also at increased 
risk for gastrointestinal malignancies and lymphomas.83 Relatives of 
patients with common variable immunodeficiency have a higher than 
normal incidence of IgA deficiency,84 autoimmune disorders, and 
malignancies.85

Immunoglobulin G  
Subclass Deficiencies
Subclass deficiencies are an uncommon cause of susceptibility to infec-
tion. Isolated deficiency of IgG1 leads to significant morbidity, because 
this subclass dominates the IgG response; however, this condition is 
rare. IgG2 subclass deficiencies are often seen in combination with 
defects in IgG4, IgE, or IgA. Patients who are deficient in IgG2, IgG3, or 
IgG4 sometimes have recurrent bacterial infections,86 but usually they 
do not.87 If an IgG subclass deficiency is suspected, verification that the 
patient is deficient in the ability to produce functional antibody should 
be obtained before immunoglobulin replacement is proposed. This can 
be done by measuring the quantities of antibody before and after a 
booster vaccine for antigens such as diphtheria or tetanus.

Selective Immunodeficiencies
A few immunodeficiencies affect only the response to particular patho-
gens. Individuals with X-linked lymphoproliferative disease (Duncan’s 
disease) are unable to mount an adequate response to Epstein-Barr 
virus. Their B cells remain infected with the virus and continue to 
proliferate.

Another example of a pathogen-specific immunodeficiency is seen 
in people who are missing the VκA2 gene segment. This gene is often 
involved in the production of antibodies to H. influenzae. Presumably, 
the sequence of this V gene codes for an antigen-binding site that 
closely matches epitopes on the bacteria. Many members of the Navajo 
tribe are missing this V segment, and those who are without it are more 
prone to infections with H. influenzae.88

Combined T-Cell and B-Cell Defects
Children with severe combined immunodeficiency are unable to gener-
ate mature B cells or T cells. They are susceptible to all types of patho-
gens, including pyogenic bacteria, viruses, fungi, and opportunistic 
infections. Wiskott-Aldrich syndrome is an X-linked disease character-
ized by thrombocytopenia, severe eczematoid dermatitis, and deficient 
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Monoclonal Antibodies
Uniform and reproducible preparations of antibodies are also used as 
therapeutic drugs in vivo and as reagents in vitro. To produce mono-
clonal antibodies, an animal, typically a mouse or rat, is immunized 
with the desired antigen. B cells from the immunized animal are fused 
with malignant B cells that do not produce their own immunoglobulin, 
with the goal of producing a hybridoma that proliferates indefinitely 
and produces IgG at a high rate. The fused cells are distributed, one to 
a well, and allowed to proliferate. The supernatant is assayed for spe-
cific antibody, and clones producing high levels of desirable antibody 
are selected and propagated indefinitely.

The therapeutic use of monoclonal antibodies is expanding rapidly. 
Monoclonal antibodies to T cells are used to suppress graft rejec-
tions.100 Monoclonal antibodies to lymphomas and antigens in solid 
tumors are used as part of chemotherapeutic regimens. Antibodies  
to cytokines or to their receptors are used to interfere with the activity 
of proinflammatory mediators such as TNF-α.101 Relatively few cur-
rently available monoclonals are direct anti-infective agents. Palivi-
zumab is used for the prevention of severe respiratory syncytial virus. 
Monoclonal agents would seem to hold promise for neutralization of 
toxins.102

Because they are of murine origin, monoclonal antibodies are  
seen as foreign proteins and the patient eventually develops antibodies 
to them. Once complexed with human anti–mouse antibodies, the 
monoclonal antibodies are cleared more rapidly and therefore become 
less effective.103 To circumvent this situation, techniques have been 
developed for “humanizing” the monoclonal antibody. For example, 
the variable region of the murine antibody can be spliced onto the 
constant region of a human antibody. Similar technology has been  
used to develop bifunctional molecules. For example, the Fc of IgG  
has been fused with CD4 to make a protein that might help to clear 
HIV by using the amino-terminal CD4 analogue to bind HIV and  
the Fc piece to bind to phagocytic cells. Chemical linkages have also 
been used to try to broaden the effector functions of IgG. Toxins have 
been conjugated to antibodies in the hope that the antibody will lead 
the toxin to the desired cellular target. Radionuclides have been con-
jugated to antibodies and used to localize tumor cells. Strategies to 
humanize monoclonal antibodies are becoming progressively more 
effective.104

3- to 4-week intervals, the trough levels slowly rise. The goal is to 
ensure that levels do not drop lower than 700 to 800 mg/dL. Infusions 
may be accompanied by fever, chills, myalgias, headache, and nausea, 
but these tend to become less frequent after repeated infusions.89 There 
are numerous IVIG preparations currently available, and their use in 
primary humoral deficiencies has been reviewed by Schroeder and 
Dougherty.92

After its success was demonstrated in treating infectious diseases, 
clinicians began administering IVIG for inflammatory and autoim-
mune conditions whose cause was unknown but was speculated to be 
of infectious origin. IVIG is strikingly effective treatment of idiopathic 
thrombocytopenic purpura and Kawasaki syndrome. However, IVIG 
is currently being used to treat a wide range of hematologic, dermato-
logic, and neurologic disorders.93 It is still not understood how IVIG 
exerts its immunomodulatory effects in these diseases. Indeed, they 
represent such a wide variety of pathogenetic processes that it is likely 
that IVIG may work through many different mechanisms.93,94 IVIG 
should contain antibodies that neutralize bacteria, toxins, or superan-
tigens that might be responsible for the disease. IVIG preparations are 
made from the plasma of at least 1,000 and up to 100,000 donors. The 
array of antigen-binding sites thus represents essentially the entire 
human repertoire. Within this repertoire, there may be anti-idiotypic 
antibodies that can downregulate pathologic autoimmune responses  
in certain patients.95 IVIG infusions also appear to downregulate pro-
duction of inflammatory cytokines, possibly because of cytokine-
specific antibodies.96,97 In cases in which antibody-coated host cells are 
attacked by the immune system, IVIG may slow the process by block-
ading the reticuloendothelial system. Because the half-life of IgG is 
influenced by the serum concentration, raising the serum level of IgG 
with IVIG may accelerate the clearance of autoantibodies. The doses 
of IVIG required for immunomodulation are four to five times higher 
than are used for replacement therapy in humoral immunodeficiency, 
which suggests that some of the effects of IVIG are not mediated 
through the traditional effector functions of antibodies. The small frac-
tion of IgG that is sialylated may activate macrophages to become 
anti-inflammatory.93,94 The effect of IVIG may not even be due to anti-
bodies at all but rather to other serum proteins that are present in trace 
quantities. For example, CD4, CD9, human leukocyte antigen (HLA) 
molecules, and cytokines are all present in low levels.98,99
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6 
Cell-Mediated Defense  
against Infection
Tobias M. Hohl

The principal function of the mammalian immune system is to combat 
infectious diseases. Immune responses to antigens and microbial 
pathogens are divided into those mediated by cells (i.e., cell-mediated 
immunity) and those mediated by antibodies (i.e., humoral immunity). 
The T lymphocyte, the “central player” in cell-mediated immunity, 
provides antigen specificity and orchestrates the antimicrobial activi-
ties of cells that generally lack antigen specificity. “Supporting players” 
in cell-mediated immune responses include dendritic cells (DCs), 
which present antigens to T cells and provide contextual information, 
and monocytes and macrophages, which carry out instructions pro-
vided by activated T cells. Antigen specificity is conferred by T cells, 
which bear T-cell receptors (TCRs) responsible for the detection of 
pathogen-derived peptides presented on major histocompatibility 
complex (MHC) molecules. Primary encounter of naïve T cells with a 
pathogen results in their activation, proliferation, and differentiation 
into effector T cells. After pathogen clearance, effector T cells contract 
and give rise to long-term memory T-cell populations. Our under-
standing of T-cell responses to microbial pathogens and of the com-
plexity of cell-mediated immune responses have increased dramatically. 
The discussion in this chapter is focused on our current knowledge 
regarding T-cell responses to microbial pathogens.

T-CELL SUBSETS AND 
PHENOTYPIC DIVERSITY
Mammalian T lymphocytes are generally categorized on the basis of 
TCR and co-receptor expression. Most T lymphocytes that have been 
implicated in the defense against infectious diseases express a heterodi-
meric TCR composed of an α-chain and a β-chain.1,2 A minor fraction 
of circulating human T lymphocytes express a TCR composed of a γ-
chain and a δ-chain. γδ T cells reside primarily in mucosal tissues and 
appear poised to amplify inflammatory responses and exert cytolytic 
activity at portals of microbial invasion, although their role in defense 
against infection is less well defined.3

T lymphocytes are also divided on the basis of CD4 or CD8 
co-receptor expression. CD4+ and CD8+ T cells differ both in terms of 
function and specificity, and their roles in defense against infectious 
diseases are distinct. As a rule, T lymphocytes orchestrate antimicro-
bial defense but do not participate directly in microbial killing. The 
major strategy used by CD4+ T cells to disable microbes is to secrete 
cytokines and chemokines that activate other cells (e.g., macrophages 
and B cells) or recruit other cells (e.g., monocytes and neutrophils) to 
sites of infection. The major strategy used by CD8+ T lymphocytes is 
to secrete lytic proteins that destroy infected cells, depriving the patho-
gen of an environment that is suitable for replication and long-term 
survival. These functions, collectively called T-cell effector functions, are 
expressed selectively by different T-cell subsets, providing a diversity 
of antimicrobial mechanisms.1,2,4,5 In the following sections, differences 
and similarities of T-cell subsets are discussed.

CD4+ T Cells
CD4+ T cells play a central role in the response to a range of microbial 
infections. After infection, naïve CD4+ T cells can differentiate into 
phenotypically distinct effector T cells, a process that is determined by 
the inflammatory context induced by the microbe.6 Classic studies 
of CD4 T-cell priming suggested that differentiation can give rise  
to Th1 cells that produce interferon-γ (IFN-γ) or to the cells that 
produce interleukin (IL)-4 (IL-4).7 In the past 20 years, additional 
helper T-cell (Th) populations have been identified and functionally 
characterized, resulting in a model of naïve CD4 T-cell differentiation 
that is both more diverse and flexible than initially anticipated.6 In 

general, cytokines produced during infection promote the expression 
of distinct transcriptional regulators that determine which effector 
molecules will be expressed by responding T cells. The expression of 
transcriptional regulators and the secretion of specific cytokines forms 
the basis for classifying distinct CD4+ T-cell populations that respond 
to infection (Fig. 6-1).

Th1 Cells
Th1 cells secrete IFN-γ, a signature cytokine that activates macro-
phages and DCs and thereby enhances their ability to kill intracellular 
microbes and to present antigens to T lymphocytes. Th1 cells can also 
secrete tumor necrosis factor (TNF), lymphotoxin, and IL-2, which 
contribute to antimicrobial defense as well.6 Naïve T cells are driven to 
differentiate into Th1 cells by early exposure to IFN-γ and IL-12 at the 
time of T-cell priming. The earliest source of IFN-γ may be natural 
killer (NK) cells or nonspecific memory T cells, and the sources of 
IL-12 during priming are DCs at the site of infection. IFN-γ induces 
signaling via the signal transducer and activator of transcription 
(STAT) 1 (STAT1) pathway and induces expression of T-bet,8-10 a tran-
scriptional regulator that promotes IFN-γ expression and downregu-
lates the expression of IL-4, a cytokine that promotes Th2 differentiation. 
IL-12 binds the IL-12 receptor heterodimer and signals via the STAT4 
pathway, amplifying Th1 responses and enhancing IFN-γ production 
by responding Th1 cells.11,12

Th1 cells play an important role in defense against infections by 
intracellular bacteria, such as Salmonella typhimurium or Mycobacte-
rium tuberculosis.13 Supportive evidence comes from extensive series 
of experiments with mice deficient in IFN-γ, T-bet, or IL-12.14 In 
humans with genetic defects in receptors for IFN-γ, IL-12, or STAT1, 
increased susceptibility to infection with strains of Salmonella and 
Mycobacterium provides support for the essential role of Th1 cells 
in defense against intracellular bacterial infections.15-18 CD4+ Th1 cells 
also enhance defense against the intracellular protozoal pathogen 
Leishmania major.19 In this setting, Th1 cell production of IFN-γ acti-
vates macrophages to kill intracellular parasites.

Th2 Cells
Th2 cells express a range of cytokines that influence B-cell differentia-
tion and antibody production, eosinophil recruitment, and mucus 
production. The signature cytokines produced by Th2 cells are IL-4, 
IL-5, and IL-13, but Th2 cells can also produce IL-9, IL-10, IL-25, and 
amphiregulin.20 Th2 responses are generated when naïve T cells are 
exposed to IL-4 at the time of T-cell priming. In the setting of low 
antigen concentrations, IL-4 can be produced by responding T cells.21 
After antigenic challenge, IL-4 can also be produced by mast cells and 
basophils in the vicinity of T-cell priming.22,23 IL-4 signals naïve T cells 
via the STAT6 pathway to express GATA3, the master regulator of Th2 
differentiation,24 a process that can be enhanced by IL-4– and STAT6-
independent GATA3 activation,25 all of which drives the expression of 
additional downstream activators.

Although Th2 cells are best known for causing or contributing to 
allergic diseases such as atopic dermatitis, allergic rhinitis, and asthma, 
Th2 cells also contribute to defense against infections, particularly 
helminth infections of the gastrointestinal tract.26 In this setting, eosin-
ophil recruitment, IgE production, and mucus hypersecretion can 
enhance parasite expulsion in an IL-4 and IL-13 signaling–dependent 
manner, a notion that is supported by murine studies of Nippostrongy-
lus brasiliensis infection.27,28 The secretion of amphiregulin by Th2 cells 
can stimulate intestinal epithelial cell proliferation and expulsion of 
Trichuris muris, a nematode that infects mice.29 Besides Th2 cells, 
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Differentiation of murine and human naïve CD4+ T cells into Th17 
cells requires early exposure to transforming growth factor-β (TGF-β) 
and IL-6 at the time of priming, IL-21–driven amplification, and 
IL-23–driven stabilization.6,44-47,48 The combination of robust TCR 
stimulation and IL-6/TGF-β exposure induces IL-23 receptor expres-
sion and STAT3-dependent expression of the transcription factor 
RORγt by naïve CD4+ T cells.49 RORγt, together with RORα,50 pro-
motes IL-17A, IL-17F, IL-21, and IL-22 release. Activation of human 
Th17 cells leads to the expression of chemokine receptors (i.e., CCR4, 
CCR6) that facilitate migration to inflammatory lesions at mucosal 
sites, specifically the intestines, lung, and skin.51 Thus, mucosal and 
epithelial tissues are enriched in Th17 cells.

Th17 T cells and IL-17A and IL-17F signaling pathways have 
important roles in defense against microbial infection, particularly 
against extracellular bacteria and pathogenic fungi. Clearance of 
murine pulmonary infection with Klebsiella pneumoniae is dependent 
on cytokines secreted by Th17 cells, including IL-17A and IL-22.52 Both 
cytokines enhance lung neutrophil recruitment by stimulating che-
mokine production, and IL-22 enhances pulmonary epithelial cell 
regeneration during infection. Patients with hyperimmunoglobulin 
E–recurrent infection syndrome (hyper-IgE syndrome, HIES, Job’s 
syndrome) have impaired differentiation of Th17 cells.53 This defect 
results from mutations in STAT3, a signaling molecule that is essential 
for Th17 cell development, and accounts for markedly increased risk 
for pulmonary infections, mucocutaneous candidiasis, and staphylo-
coccal infections. Mendelian susceptibility to chronic mucocutaneous 
candidiasis and dermatophytosis maps to components of the IL-17A 
and IL-17F signaling pathway and underscores the importance of these 
Th17-derived cytokines in defense against mucosal fungal infections.54-58

Microbial factors that promote the differentiation of Th17 T cells 
include M. tuberculosis–derived complete Freud’s adjuvant, specifi-
cally the components trehalose dimycolate (i.e., cord factor) and pep-
tidoglycan that synergize to recapitulate Th17-promoting adjuvant 
activity of mycobacteria.59,60 The fungal cell wall components β-
glucan and α-mannan also trigger C-type lectin receptor signaling via 
Dectin-161 and Dectin-2/Dectin-3 heterodimers,62,63 respectively, and 
stimulate CARD9-dependent signals in DCs that enhance Th17-cell 

tissue-resident and Th2 cytokine-secreting innate lymphoid cells rep-
resent a significant source of IL-13 during the early stages of parasitic 
infection and promote expulsion.30-32

Aberrant Th2 responses to pathogens that require IFN-γ and Th1 
responses for control can result in progressive infections and lethality. 
For example, Leishmania major infection of certain mouse strains 
induces Th2 responses that result in progressive in vivo replication and 
host death.33,34 In contrast, mouse strains that respond to L. major with 
Th1 responses clear and survive experimental infections. The mecha-
nisms that determine whether an L. major–specific T-cell response will 
be predominately Th1 or Th2 are complex.35 In some mouse strains, 
Th2 responses occur because of T-cell responses to one dominant 
antigen called LACK (Leishmania analogue of the receptors of acti-
vated C kinase).36 In the absence of a T-cell response to this specific 
antigen, the responding CD4+ T cells differentiate into Th1 cells.

In humans, the type of disease associated with Mycobacterium 
leprae infection is also tied to CD4+ T-cell differentiation. Th1 differ-
entiation is associated with tuberculoid leprosy, a paucibacillary infec-
tion in which IFN-γ–producing T cells enhance microbial killing. The 
induction of type I interferon and IL-10 signaling in innate immune 
cells during leprosy can antagonize IFN-γ–dependent protection.37 Th2 
differentiation is associated with high tissue densities of M. leprae and 
more robust, but ineffective, antibody responses.38,39

Th17 Cells
The discovery of CD4+ Th17 cells resulted from a search, in mouse 
models, for CD4+ T-cell populations that cause inflammatory diseases, 
such as experimental autoimmune encephalitis.40,41 Although many 
autoimmune inflammatory diseases had been attributed to Th1 cells, 
mounting evidence demonstrated that mice deficient in IL-12 and 
IFN-γ, the two cytokines essential for Th1 differentiation, still devel-
oped antigen-driven inflammatory diseases. Th17 cells produce IL-17, 
a cytokine that promotes recruitment of proinflammatory cells, includ-
ing neutrophils.42 Th17 cells are implicated in murine inflammatory 
diseases such as experimental autoimmune encephalitis and inflamma-
tory bowel disease and in human inflammatory diseases such as rheu-
matoid arthritis and multiple sclerosis.43

FIGURE 6-1  Helper T-cell subsets. Naïve CD4+ T cells proliferate and differentiate into distinct helper T-cell (Th) subsets after T-cell receptor activation 
by cognate major histocompatibility complex  (MHC) class  II/peptide antigen  (Ag) complexes during  infectious and  inflammatory states. Cytokine- and 
STAT-mediated signals drive Th differentiation into distinct Th effector subsets that are maintained by the expression of transcriptional activators (T-bet, 
GATA3, RORγt, FOXP3) or repressors (BCL6) and secrete distinct effector cytokines. The origin of follicular helper T cells (Tfh) remains controversial; these 
cells may arise from naïve CD4+ T cells or from Th cells that have previously assumed characteristics of Th1, Th2, or Th17 cells (dashed arrows). There is 
emerging  experimental  evidence  that  individual  Th-cell  subsets  demonstrate  plasticity  and  may  interconvert  during  infectious  challenges  to  facilitate 
microbial eradication and reduce immune-mediated tissue injury. 
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Th subsets. Although not exclusive to Tfh cells, genetic defects in 
ICOS-1 lead to a marked reduction in circulating and germinal center 
Tfh cells and represent a rare monogenetic cause of common variable 
immunodeficiency.91

Plasticity of Helper T-Cell Subsets
The paradigm of distinct CD4 Th-cell subsets has been critical in 
understanding CD4 T-cell–dependent immunity to a wide range of 
microbial pathogens. A limitation of this model is the recognition that 
the expression of master regulator genes and cytokine expression pat-
terns is not as exclusive or enduring as initially proposed.92 For example, 
IL-4–producing Th2 cells specific for murine lymphocytic choriomen-
ingitis virus switch to IFN-γ production upon adoptive transfer and 
ensuing infection of mice.93 During helminth infection, in vivo conver-
sion of effector Th1 into Th2 cells can occur.94 Similarly, Th17 cells can 
be reprogrammed to secrete Th1 cytokines through exposure to 
IL-12.95 These data are consistent with the notion that effector T cells 
remain responsive to external cues during the progression of microbial 
infections to optimize microbial eradication and to limit immunopa-
thology. However, it is less clear whether shifts in cytokine production 
and plasticity in effector Th cell phenotypes represent an important 
mechanism to control microbial infections in vivo.

In Vivo CD4+ T-Cell Responses to Microbial 
Infection: Lessons from Mouse Models
Extensive studies, primarily using mouse models, have characterized 
in vivo CD4+ T-cell responses to microbial infection. Priming of naïve 
T cells generally occurs within lymph nodes that are draining sites of 
infection and likely occurs in a stepwise fashion, with sequential inter-
actions with distinct antigen-presenting cells that each contribute to 
the phenotype of the effector CD4+ T-cell response.96 Studies of in vivo 
CD4+ T-cell priming and trafficking have been facilitated by the devel-
opment of mice in which T-cell specificity is engineered by transgenic 
expression of defined TCRs. Adoptive transfer of T cells of defined 
specificity (e.g., to S. typhimurium, M. tuberculosis, Aspergillus fumiga-
tus, or influenza virus) into normal recipient mice, followed by infec-
tion, has allowed investigators to determine the kinetics of CD4+ T-cell 
activation and to measure trafficking from sites of T-cell priming to 
sites of infection. CD4+ T-cell priming after infection with influenza 
virus, for example, is very rapid and is accompanied by differentiation 
into Th1 cells.97 Along similar lines, pulmonary infection with A. 
fumigatus or Blastomyces dermatitidis results in rapid activation of 
naïve fungus-specific CD4+ T cells in draining pulmonary lymph 
nodes, followed by trafficking to the lung parenchyma.98,99 Interest-
ingly, complete differentiation of fungus-specific CD4+ T cells does not 
occur until CD4+ T cells arrive in the lung. In contrast to these infec-
tions, CD4+ T cells responding to inhaled M. tuberculosis infection are 
not activated until at least 1 week after infection100-102 and do not reach 
the lung until 8 to 12 days after infection. Differences in the kinetics 
of antigen transport to draining lymph nodes and the action of regula-
tory CD4+ T-cell populations may account for these findings. Adoptive 
transfer of M. tuberculosis–specific Th1 CD4+ T cells before infection 
can provide substantial immunity, but, remarkably, not until the infec-
tion has progressed for roughly 1 week.102,103

CD8+ T Cells
In contrast to CD4+ T cells, which can differentiate along different 
lines, naïve CD8+ T cells typically differentiate into cytolytic T lympho-
cytes (CTLs).5 The principal effector function of CD8+ T cells is lysis 
of pathogen-infected cells, a process triggered by MHC class I–
dependent presentation of microbial antigens. This function is particu-
larly effective in defense against viral infections, in which case lysis of 
infected host cells prevents further viral replication.104 The most rapid 
cytolytic mechanism involves release of perforin granules by antigen-
activated CD8+ T lymphocytes. Perforin lyses the target cell membrane 
and enables granzymes, which also are released by cytolytic T cells, to 
enter the target cell and initiate the apoptotic pathway.105 In addition 
to perforin/granzyme–mediated lysis, CD8+ T cells can also mediate 
target cell death by expressing Fas ligand, which engages Fas on the 
target cell surface, resulting in Fas-mediated death. Cytolysis mediated 
by CD8+ T cells generally targets the host cell and not the microbe. 

differentiation in mice and humans.64,65 Humans with autosomal 
recessive mutations that impair Dectin-1 and CARD9 function are 
susceptible to mucosal candidal infections.61,65 In the intestine, coloni-
zation of germ-free mice with commensal segmented filamentous bac-
teria is sufficient to induce the appearance of Th17 cells in the lamina 
propria,66 suggesting that intestinal commensal microbes can stimu-
late Th17-mediated mucosal protection against pathogenic microbes.

T-Regulatory Cells
In contrast to Th1, Th2, and Th17 cells, which derive from naïve T cells 
during priming, T-regulatory cells (Tregs) can either emerge from the 
thymus as nTregs or they can be induced during T-cell priming of naïve 
T cells, in which case they are referred to as iTregs.67 Tregs were first 
identified as a CD4+CD25+ T-cell subset in normal mice and consti-
tuted roughly 10% of the CD4+ T-cell population.68 This T-cell popula-
tion had the remarkable ability to prevent autoimmune inflammatory 
bowel disease when transferred into susceptible mice. Both nTregs and 
iTregs collaborate to suppress the activation of autoimmune T lympho-
cytes and mediate tolerance. A recent study demonstrated that 
tolerance-inducing nTregs and iTregs each contribute to and expand 
the TCR repertoire implicated in regulatory T-cell function.69 Both 
TGF-β and IL-10 have been implicated in this process, and, depending 
on the organ site, both can limit the development of inflammatory 
disease. Similar to conventional CD4+ and CD8+ T lymphocytes, nTregs 
are selected in the thymus on epithelial cells.70 iTregs, on the other 
hand, are induced in the periphery when naïve T cells are primed in 
the presence of TGF-β, which induces expression of FOXP3, a tran-
scriptional regulator that induces iTreg differentiation.71 nTregs emerg-
ing from the thymus also express FOXP3.70 The essential role of FOXP3 
in the development of Tregs is revealed by the human disease consist-
ing of immune dysregulation, polyendocrinopathy, and enteropathy 
that is X-linked (IPEX), a profoundly inflammatory disease that results 
from a mutation in the gene encoding FOXP3.72-74

The role of Tregs in defense against microbial infection is signifi-
cant. Depending on the microbial pathogen and the type of the elicited 
inflammatory response, Tregs can play a positive or a negative role. In 
murine infection with L. major, for example, Tregs at the site of parasite 
inoculation prevent complete, Th1-mediated microbial clearance, 
which enables long-term CD4+ T-cell memory to be maintained.75 
Along similar lines, depletion of Tregs during murine herpes simplex 
virus and respiratory syncytial virus infection resulted in adverse  
outcomes as a result of disorganized early innate immune cell recruit-
ment76 or immunopathology linked to respiratory syncytial virus–
specific CD8+ T-cell responses.77

Conversely, during murine malaria infection, Tregs can sufficiently 
restrict immune responses to create a lethal outcome and depletion of 
Tregs enhances survival.78 Similarly, depletion of Tregs in murine filar-
ial infection models markedly enhanced in vivo pathogen clearance.79 
In murine tuberculosis, pathogen-specific Tregs expand early during 
pulmonary infection and delay the arrival of effector CD4+ and CD8+ 
T cells in the lung80 yet undergo eventual elimination in response to 
IL-12–mediated signals.81 In humans, Tregs have been identified 
during human immunodeficiency virus (HIV), hepatitis B, and hepa-
titis C infection.82-84 Treg frequencies in duodenal and hepatic biopsies, 
but not peripheral blood, are increased in patients with untreated HIV 
infection or chronic hepatitis C,82,85 suggesting that functional studies 
of human Tregs will likely require analysis of infected tissue samples.

Helper T-Follicular Cells
Human and murine helper T-follicular (Tfh) cells represent a distinct 
migratory CD4+ T-cell population that regulates B-cell antibody 
responses to T-cell–dependent antigens in germinal centers, a special-
ized B-cell zone within secondary lymphoid organs.86,87 Tfh cells 
produce IL-21 and promote immunoglobulin class switching and affin-
ity maturation. Tfh cells are characterized by high expression of the 
surface markers programmed cell death protein 1 (PD-1), inducible 
co-stimulator (ICOS), and the chemokine receptor CXCR5 for target-
ing to B-cell zones. ICOS-dependent signals regulate the induction  
of a transcriptional repressor and Tfh master regulator, BCL6.88-90 
It remains unclear whether Tfh cells arise directly from naïve CD4+ 
T cells or represent a distinct state of one or more of the defined  
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priming antigen, antigen-presenting cell, and time of CD8+ T-cell 
priming. Global transcriptional responses that govern CD8+ T-cell 
memory formation appear conserved in the context of systemic infec-
tion with lymphocytic choriomeningitis virus and Listeria monocyto-
genes, despite differences in inflammatory responses elicited by viral 
and bacterial pathogens.126 In the case of CD8+ T cells, the size of 
the memory compartment appears to expand with immunologic 
experience.127

During early stages of the immune response against microbial 
pathogens, a subset of T cells maintains the capacity to undergo more 
extended proliferation.128 IL-7 receptor expression marks effector CD8+ 
T cells that give rise to long-term memory T cells,129 although forced 
expression of this receptor does not promote memory formation.130,131 
Memory CD8+ T cells specific for a viral pathogen diminish in fre-
quency in the absence of IL-15 or if they do not express the IL-15 
receptor.132-134 Memory CD4+ T-cell populations show a similar depen-
dency on IL-7 and IL-15 signals.135 Despite these similarities, antiviral 
CD8+ memory T-cell populations typically persist at relatively constant 
levels over time, whereas virus-specific CD4+ memory T cells decrease 
in frequency.136 Antigen persistence is required for long-term mainte-
nance of L. major–specific CD4+ memory T cells.75

Several models of memory T-cell generation have been proposed, 
including the idea that memory T cells rapidly distinguish themselves 
from conventional effector T cells during the primary immune 
response.137 Most data support an alternate model, however, of naïve 
T cells differentiating into effector T cells, then further differentiating 
into memory T cells.118 In support of this notion, loss of cytokine 
signals via IL-21, IL-10, and STAT3 signaling disrupted the formation 
of virus-specific CD8+ memory T cells while retaining CD8+ terminal 
effector differentiation states.138 Comparison of the TCR repertoire of 
pathogen-specific effector and memory T cells suggested that these two 
populations shared a common ancestry.139 Memory T cells appear to 
have expressed genes encoding effector proteins, further supporting 
the notion that memory T cells derive from effector T cells.140

The interaction between CD4+ and CD8+ T cells during immune 
responses to infection has also been investigated. CD8+ T-cell priming 
depends on the presence of CD4+ T-cell help after immunization in 
the absence of inflammation. CD4+ T cells can provide help through 
two mechanisms. First, they can activate antigen-presenting DCs 
through CD40/CD40L interactions, upregulating the expression of 
co-stimulatory molecules on antigen-presenting cells.141-143 Under 
priming conditions associated with greater innate inflammation, CD8+ 
T-cell priming and expansion can occur without CD4+ T-cell help. 
However, long-term memory responses of CD8+ T cells primed in the 
absence of CD4+ T cells are compromised.144 Several studies indicate 
that CD8+ T-cell memory is programmed during the priming process 
through CD4+ T-cell–mediated stimuli that are distinct from the 
stimuli required for proliferation and effector differentiation.144-146 A 
recent study demonstrated that IL-2 stimulation of CD8+ T cells during 
priming has long-term effects on their survival,147 refining the old 
notion that CD4+ T cells produce IL-2 to enhance CD8+ T-cell prolif-
eration and differentiation.

Generation and maintenance of CD8+ T-cell memory after micro-
bial infection is influenced by the chronicity of infection. Thus, infec-
tions that persist eventually result in CD8+ T-cell populations that lose 
effector functions in a process referred to as exhaustion, a process that 
may be driven by sustained antigen presentation.148-150 Studies in mice 
infected with a strain of lymphocytic choriomeningitis virus that causes 
chronic infection demonstrated that exhausted CD8+ T cells expressed 
PD-1, a surface protein that transmits an inhibitory signal to proliferat-
ing cells. Blocking PD-1 signaling with a specific antibody rescued 
exhausted T cells, enabling them to reexpress effector functions.151 
Studies of patients with persistent HIV infection also demonstrated 
PD-1 expression on exhausted CD8+ T cells, which was associated with 
disease progression.152 Whether blockade of PD-1 in HIV-infected 
patients can reverse CD8+ T-cell exhaustion is not known.

Detailed characterization of memory T lymphocytes revealed that 
they can differ with respect to surface expression of activation markers. 
This discovery has led to the division of memory T lymphocytes  
into two populations: effector memory T cells and central memory  
T cells.122,153 The former population expresses low levels of CD62L and 

Studies have shown, however, that human T cells produce a cytolytic 
protein called granulysin that can kill bacteria directly, including M. 
tuberculosis.106 Granulysin is produced by CD8+ and CD4+ T cells and 
has been implicated in defense against M. leprae.107

In most infections, pathogen-specific CD8+ T cells secrete IFN-γ 
and TNF, which enhances macrophage- and neutrophil-mediated 
microbial killing. In addition to cytokines, CD8+ T cells produce che-
mokines, such as RANTES (regulated on activation, normal T-cell 
expressed and secreted) and macrophage inflammatory proteins 1α 
and 1β. Chemokine secretion by T cells contributes to the recruitment 
of inflammatory cells to sites of infection. Expression of these chemo-
kines by CD8+ T cells is suggested to play a role in reducing HIV 
infectivity.108

Studies in animal models have provided the clearest picture of 
pathogen-specific T-cell responses. CD8+ T-cell responses are induced 
rapidly after infection with viruses, such as influenza and lymphocytic 
choriomeningitis virus, and bacteria, such as L. monocytogenes.109,110 
Pathogen-specific T cells are detectable 5 days after infection and 
expand rapidly to peak frequencies approximately 8 days after infec-
tion. Studies using adoptively transferred T cells of defined specificity, 
labeled with a fluorescent dye, have shown that antigen-specific T cells 
undergo rapid proliferation during this phase of the immune response, 
dividing at a rate of approximately once every 6 hours.111,112 In a matter 
of a few days, the frequency of antigen-specific T cells can increase 
from 1 in 100,000 CD8+ T cells to 1 in 2 CD8+ T cells in some viral 
infections.

During the early immune response, a rapid expansion phase of 
activated, antigen-specific CD8+ T cells occurs and this process involves 
a metabolic switch from oxidative phosphorylation to anaerobic gly-
colysis to meet the demand for nucleic acid, protein, and lipid synthe-
sis.113 In addition, some cytokine receptors, such as the IL-7 receptor, 
which transmits homeostatic signals to naïve T cells, are downregu-
lated whereas other receptors, such as the high-affinity IL-2 receptor, 
are upregulated.114 On initial stimulation, responding T cells are pro-
grammed and undergo proliferation and differentiation independent 
of further encounters with antigens or with the inflammation associ-
ated with infection.115,116 Although innate inflammation and T-cell 
priming are interwoven processes, when primed, T cells follow a 
pathway that is remarkably independent of inflammation. When CD8+ 
T cells complete the expansion phase, the frequency of pathogen-
specific CD8+ T cells decreases, ultimately giving rise to a residual 
memory T-cell population. Similar to the expansion phase, the contrac-
tion phase of CD8+ T-cell responses is antigen and inflammation inde-
pendent.117 Characterization of gene expression by CD8+ T cells during 
an immune response to infection indicates that molecules associated 
with cell survival, prominently BCL2, are regulated in a fashion that 
leaves effector T cells vulnerable to apoptosis.118 Downregulation of 
BCL2 and upregulation of Fas on the cell surface enhances CD8+ T-cell 
death and contributes to contraction of antigen-specific T-cell popula-
tions. More recent studies demonstrate that T-cell survival reflects the 
balance of Bim, a proapoptotic molecule, and antiapoptotic BCL2 pro-
teins.119 For example, glucocorticoid-induced TNF receptor–related 
protein (GITR), a TNF receptor family expressed on CD8+ T cells, 
provides an antiapoptotic signal that promotes CD8+ T cell expansion 
during acute influenza.120

T-Cell Memory
A hallmark of the adaptive T-lymphocyte response is its capacity for 
antigen-specific memory.121,122 T lymphocytes with specificity for a par-
ticular pathogen can persist in the host for many years after the patho-
gen has been eliminated. CD8+ T lymphocytes can persist without 
reexposure to antigen, either from exogenous sources or from antigen 
depots that might be maintained after the resolution of primary infec-
tion. Whereas naïve T cells depend on the presence of MHC molecules 
for long-term survival, memory T cells survive and undergo homeo-
static proliferation in the absence of any MHC molecules.123 Thus, in 
vivo maintenance of naïve and memory T cells is fundamentally 
different.

A single naïve CD8+ T cell can give rise to both effector and memory 
T-cell populations in a broad range of infection models,124,125 indicating 
that memory fate decisions and formation occur independently of the 

http://www.myuptodate.com


P
a
rt

 I
 B

as
ic

 P
ri

n
ci

p
le

s 
in

 t
h

e 
D

ia
g

n
o

si
s 

an
d

 M
an

ag
em

en
t 

o
f 

In
fe

ct
io

u
s 

D
is

ea
se

s
54

high circulating IgM levels, and are susceptible to infections with Pneu-
mocystis jirovecii, indicating defective T-cell–mediated immunity. In 
mice deficient for CD40 or CD40L, T-cell activation and maintenance 
of memory T-cell populations are defective, accounting for increased 
susceptibility to some infections.141,142 Other receptors, such as 4-1BB 
and OX40, also have been implicated as playing a positive role in the 
generation of pathogen-specific T-cell responses.176

The interface between T lymphocytes and antigen-presenting cells 
is a highly organized structure termed the immunologic synapse.177 This 
structure, also referred to as the supramolecular activation complex 
(SMAC), contains a central region (i.e., cSMAC) that contains TCR 
and MHC contacts and a peripheral region (i.e., pSMAC) that contains 
lymphocyte function–associated antigen 1 (LFA-1) and intracellular 
adhesion molecule (ICAM) contacts.177 Co-stimulatory molecules, 
such as CD28, and essential signaling molecules, such as PKC-θ, are 
present in the SMAC as well.178 Synapse formation occurs when an 
antigen-specific T cell encounters an antigen-presenting cell, enabling 
these cells to engage each other for several hours. The role of the SMAC 
in T-cell activation remains somewhat controversial, however, because 
T-cell signaling can precede synapse development.179 A currently 
favored hypothesis is that SMAC formation may play a more signifi-
cant role in the response to infrequent peptide/MHC complexes or 
perhaps to lower affinity ligands for the TCR.180

Antigen Presentation to T Lymphocytes
Several aspects of T lymphocyte recognition of antigens distinguish 
this process from antibody-mediated antigen recognition. First, T lym-
phocytes recognize antigens only in the context of MHC haplotype-
matched, antigen-presenting cells.181 Early studies indicated that 
antigen-presenting cells degrade pathogen-derived proteins in a time-
dependent process that requires antigen internalization followed by 
transport to the cell surface.182 Further characterization of this process 
revealed that T cells detect peptide fragments of pathogen-derived 
proteins and that short synthetic peptides corresponding to fragments 
of pathogen-derived proteins can stimulate T lymphocytes.183,184

The precise nature of MHC involvement in antigen presentation 
became clear with the crystallization of human leukocyte antigen  
(HLA)-A2, which showed a globular protein with a central groove that 
precisely accommodates a solitary peptide.185,186 The other important 
development that allowed a complete picture of the T-cell recognition 
process was the identification of the TCR.187 This heterodimeric 
protein, consisting of two transmembrane chains, provides diversity 
and specificity by a gene recombination process that is mechanistically 
similar to the generation of antibody diversity in B cells.188 The follow-
ing sections describe the structure of MHC molecules and the process 
by which pathogen-derived peptides are presented to TCRs of CD4+ 
and CD8+ T cells.189

Major Histocompatibility Complex Structure 
and Peptide Binding
MHC Class I Structure
MHC class I molecules present peptide antigens to CD8+ T lympho-
cytes. Most nucleated cells express MHC class I molecules, although 
the amount on the cell surface varies dramatically among cell types 
and under different inflammatory conditions.190 MHC class I mole-
cules are transmembrane proteins that consist of a single α-chain and 
associate with β2-microglobulin for proper folding and trafficking to 
the cell surface. The structure of an MHC class I molecule binding a 
virally derived peptide is shown in Figure 6-2.

The characteristic structural features of MHC class I molecules are 
α1, α2, and α3 domains; they create a globular protein in which a 
β-pleated sheet forms the floor of the peptide-binding groove and is 
bounded by two helical regions that form the sides of the groove.185,186,191 
An important feature of the MHC class I groove is the restricted size 
of the peptide, typically 9 amino acids in length, that can be accom-
modated, since the groove is closed at both ends.192

MHC class I molecules are highly polymorphic. Although different 
protein products (allomorphs) encoded by MHC class I genes are 
structurally similar and bind many different peptides, the peptides that 
bind to different allelic forms of MHC class I are distinct.192 Each 
allomorph of MHC class I binds a distinct subset of peptides because 

CCR7, actively expresses effector functions (e.g., cytokine synthesis 
and cytolytic activity), and traffics to peripheral rather than secondary 
lymphoid tissues. Recent studies suggest that effector memory cell 
populations are heterogeneous and include tissue-resident memory T 
cells that reside within the gut, skin, and other mucosal tissues with 
minimal turnover.154,155 For example, noncirculating, skin-resident 
CD8αα+ T cells persist in human genital mucosa at the dermoepider-
mal junction, the site of herpes simplex virus type 2 neuronal release, 
and are critical to contain episodes of viral reactivation.156 Central 
memory T cells express high levels of CD62L and CCR7, do not 
actively express effector functions, and traffic preferentially to second-
ary lymphoid tissues. These two populations of memory T cells are 
postulated to play different roles in providing protective immunity. 
Effector memory T cells are present in tissues and are ready to engage 
the pathogen, should invasion occur. Central memory T cells are 
believed to provide a source of effector memory cells and, although 
they would be anticipated to require more time for activation, can play 
a role in protective immunity.

NKT Cells and T Cells with a Restricted 
TCR Response
As discussed earlier, T-lymphocyte populations bear diverse TCRs that 
determine antigen-binding specificity. A small subset of T lympho-
cytes, generally termed natural killer T cells (NKT cells), expresses a 
limited repertoire of TCRs that includes a single TCR α-chain (Vα14) 
and a limited number of Vβ chains. In addition to the TCR, these 
cells also express NK-cell markers and are either CD4+ or double nega-
tive (CD4−/CD8−). NKT cells are of particular interest because they 
respond to defined synthetic (α-galactosyl ceramide), bacterial,157,158 
and fungal159 glycolipid antigens presented on CD1d. Alternatively, 
NKT-cell activation can occur in a cytokine-driven fashion, as has been 
observed in the context of viral infections.160 NKT cells may play a role 
in immune defense against Borrelia burgdorferi,161 Streptococcus pneu-
moniae,162 influenza, and viral hepatitis.163

Two additional populations of human T lymphocytes with a 
restricted TCR α-chain repertoire have been identified. Mucosal asso-
ciated invariant T (MAIT) cells predominately reside in the gut, express 
an invariant TCR α-chain (Vα7.2Jα33 in humans) coupled to a limited 
repertoire of TCR β-chains, and are activated by microbial riboflavin 
metabolites presented on the MHC class I–related molecule MR1.164,165 
Human CD4 germline-encoded mycolyl lipid–reactive (GEM) T cells 
express a limited TCR α-chain diversity and respond to M. tuberculosis–
derived mycolic acids restricted by CD1b (see later section “CD1”).166 
These populations of TCR α-chain–restricted lymphocytes, γδ T cells, 
and the growing subsets of innate lymphoid cells, including NK cells 
and lymphoid tissue inducer cells,167 straddle the traditional boundar-
ies between innate and adaptive immune cells.

T-CELL ACTIVATION
T-cell activation is a remarkably complex process and begins when the 
TCR binds to cognate MHC peptide complexes,168 triggering a highly 
complex signaling cascade. The most important signal after engage-
ment of the TCR with the MHC/peptide complex is mediated by the 
co-receptor CD28 on the T cell and B7.1 and B7.2 on the antigen-
presenting cell.169 This interaction induces IL-2 production by T lym-
phocytes, which promotes their proliferation. On activation, T 
lymphocytes express CTLA-4, which also binds B7.1 and B7.2, but 
instead of stimulating proliferation, this signaling molecule inhibits 
proliferation and acts as a brake on expansion. Studies have identified 
many other related B7 molecules that seem to play a role in the activa-
tion of T lymphocytes in peripheral tissues.170 One of these molecules, 
B7h, interacts with the inducible molecule ICOS on the surface of 
activated T cells and promotes their differentiation toward the Th2 
phenotype.171-173

Many receptors that belong in the TNF receptor superfamily also 
play a role in the activation and differentiation of T lymphocytes.174 
Among these, the role of CD40 and its agonist CD40L are perhaps the 
most completely investigated. These genes play a critical role in T-cell 
and B-cell immunity, since genetic defects in CD40L and CD40 under-
lie the hyperimmunoglobulin M (hyper-IgM) syndrome.175 Affected 
individuals have defects in antibody isotype switching, accounting for 
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The MHC class I antigen-processing pathway begins in the cytosol with 
the degradation of a protein that usually represents an endogenous 
self-protein. Intracellular microbial-derived proteins enter the MHC 
class I processing pathway after microbial infection.189 Extracellular 
host or microbial proteins that are internalized into membrane-bound 
compartments by the process of endocytosis or phagocytosis can enter 
the MHC class I processing pathway by a mechanism referred to as 
cross-presentation.

Proteasomes constitutively degrade misfolded or unneeded pro-
teins by proteolysis in the cytosol and thereby regulate cellular protein 
composition. These barrel-shaped multicomponent proteases consist 
of four stacked rings that each contain seven subunits.200 Proteasomes 
target proteins for degradation by a variety of mechanisms. Misfolded 
proteins and defective ribosomal products, both of which fail to assume 
native conformation states, may reveal peptide sequences that are rec-
ognized by proteasomes, leading to their rapid degradation.201 Alter-
natively, many proteins targeted for rapid proteasomal degradation 
undergo conjugation to ubiquitin by enzymes that recognize the phos-
phorylation of specific amino acids.201

During microbial infection, proteasomal degradation of microbial 
antigens is critical for the display of microbial peptides by MHC class 
I proteins. The proteasomal composition changes in activated cells or 
after exposure to IFN-γ, with some proteasomal subunits replaced by 
others that enhance the generation of antigenic peptides and with 
additional components added to the ends of the barrel to alter the 
efficiency and specificity of protein degradation.189

In the setting of infection, it is unclear whether pathogen-derived 
polypeptides and proteins are degraded selectively and targeted for 
presentation by MHC class I molecules. Bacterial proteins that find 
their way into the cytosol are degraded rapidly because they express 
unique amino-terminal amino acids202 or contain internal amino-acid 
sequences that promote rapid degradation.203 In most circumstances, 
pathogen-derived antigens are probably degraded nonselectively along 
with endogenous proteins, and pathogen-derived peptides compete 
with more prevalent endogenous peptides for a place in an MHC class 
I peptide–binding groove.

Proteasomes generate peptides that, by virtue of the length of the 
proteasome channel, are 9 to 12 amino acids in length.204 Proteasome-
generated peptides are bound to the peptide transporter named trans-
porter associated with antigen processing (TAP). This heterodimeric, 
adenosine triphosphate (ATP)-dependent transporter efficiently moves 
peptides from the cytosol into the lumen of the endoplasmic reticulum. 
The transport efficiency of TAP as a transporter is not mediated by 
primary sequence (i.e., most peptide sequences are well transported by 
TAP) but rather by peptide length, with peptides shorter than 6 amino 
acids or longer than 14 amino acids being poorly transported. TAP is 
the major peptide transporter involved in the generation of peptide/

of structural differences between the peptide-binding grooves. Most 
MHC class I molecules have a groove with two or three deeper pockets 
that provide space for bulky amino-acid side chains. The peptide 
sequences that a particular MHC class I molecule can bind are deter-
mined by the shape, depth, and charge of the groove and the binding 
pockets. Because most individuals express six different MHC class I 
alleles (two each of HLA-A, HLA-B, and HLA-C), a diversity of 
pathogen-derived peptide sequences can be presented to T lympho-
cytes. Elution of peptides from the HLA-A2 MHC class I molecule and 
analysis by mass spectrometry revealed that HLA-A2 can bind thou-
sands of distinct peptides that share a common motif but derive from 
a plethora of cellular proteins.193

Although binding of peptides and interaction with TCRs is medi-
ated entirely by the MHC class I protein, stable surface expression of 
peptide/MHC class I complexes requires the association with β2-
microglobulin. This 12-kDa protein binds to membrane-bound MHC 
class I molecules, providing structural stability. In the absence of β2-
microglobulin, most MHC class I molecules fold improperly and are 
destroyed before leaving the endoplasmic reticulum.194

MHC Class II Structure
MHC class II molecules present peptides to CD4+ T cells. In contrast 
to MHC class I molecules, MHC class II expression is restricted to only 
a few cell types: macrophages, DCs, and B lymphocytes. On activation, 
endothelial cells can also express MHC class II molecules.195 Regula-
tion of MHC class II expression is mediated in part by the class II 
transactivator protein (CIITA), a transcription factor that enhances 
expression of MHC class II molecules, the associated invariant chain, 
and other molecules associated with MHC class II antigen process-
ing.196 Mutations in the CIITA gene give rise to bare lymphocyte syn-
drome, an important human primary immunodeficiency syndrome 
associated with profound immunosuppression, because circulating 
peripheral blood mononuclear cells do not express surface MHC class 
II molecules.197

The folded MHC class II molecule consists of two transmembrane 
proteins, an α-chain and a β-chain, which together form a protein with 
an open-ended peptide-binding groove.198 The open-endedness of the 
MHC class II groove accounts for the binding of substantially longer 
peptides than seen with MHC class I molecules.199 Peptides bound by 
MHC class II molecules typically are longer than 10 amino acids and 
occasionally more than 20 amino acids. The structure of an MHC class 
II molecule binding an antigenic peptide is shown in Figure 6-3.

Mechanisms of Antigen Processing
MHC Class I Antigen-Processing Pathway
Antigens presented by MHC class I and class II molecules generally 
derive from different cellular compartments (see Fig. 6-4 for details). 

FIGURE 6-2  Class I major histocompatibility complex. MHC class I 
molecules bind short antigenic peptides in a central groove formed by two 
α-helices of the heavy chain. The T-cell receptor binds the peptide but also 
associates with the MHC class I molecule, in order to transmit an activation 
signal to the T lymphocyte. The structures that are depicted represent the 
murine  H2-Kb  MHC  class  I  molecule  (purple)  binding  a  peptide  derived 
from vesicular stomatitis virus (green). β2-microglobulin is shown in pink. 
The left panel shows a side view of the structure, and the right view of the 
complex is from the top, as it would be detected by the T-cell receptor on 
a CD8+ T cell. (Courtesy Dr. Chris Garcia, Stanford University, Palo Alto, CA.)

FIGURE 6-3  Class II major histocompatibility complex. MHC class II 
molecules also bind antigenic peptides in a groove formed by the α- and 
β-chains. In contrast to peptides bound by MHC class I molecules, which 
are of defined length, the MHC class II structure accommodates peptides 
of various lengths. The MHC class II α- and β-chains are shown in pink and 
purple, whereas  the antigenic peptide  is  shown  in green. The  left panel 
shows a view of the complex from the side, and the right panel shows a 
view from the top, as it would be detected by a T-cell receptor on a CD4+ 
T cell. (Courtesy Dr. Chris Garcia, Stanford University, Palo Alto, CA.)
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that modify proteasome efficiency and specificity, and prominent 
among these is PA28, an activator that consists of six subunits that form 
rings that can cap the ends of the proteasome.219 PA28 can increase the 
efficiency with which virus-derived, MHC class I–restricted epitopes 
are presented to CD8+ T cells.220 In the setting of infection, the MHC 
class I antigen-processing pathway is enhanced, allowing more efficient 
presentation of pathogen-derived peptides to CD8+ T lymphocytes. 
The MHC class I antigen-processing pathway is outlined in Figure 6-4.

Viral Intervention with the MHC Class I  
Antigen-Processing Pathway
CD8+ T lymphocytes and the MHC class I antigen-processing pathway 
are involved principally in defense against viral infection. The length 
to which viral pathogens have gone to subvert the MHC class I antigen-
processing pathway is fascinating and indicates the importance of this 
process in antiviral defense. It was an early observation that cells 
infected with herpesviruses downregulate MHC class I expression. 
Exploration of the mechanism behind this observation uncovered 
many viral proteins that block distinct steps along the MHC class I 
antigen-processing pathway.221 ICP47 is encoded by herpes simplex 
virus and blocks human TAP by plugging the peptide transport channel 
from the cytosolic side.222,223 Using a similar strategy, but with a com-
pletely distinct protein, the human cytomegalovirus-encoded protein 
US6 blocks TAP transport by obstructing the peptide transporter from 
the endoplasmic reticulum luminal side.224,225 Human cytomegalovirus 
also uses several other mechanisms to prevent MHC class I molecules 
from reaching the cell surface. The US3 protein binds MHC class I 
molecules in the endoplasmic reticulum and prevents their trafficking 
to the cell surface.226,227 A similar strategy also is used by adenoviruses, 
which encode the type I membrane protein E3-19K.228,229 This protein 
binds MHC class I molecules in the endoplasmic reticulum lumen and 
prevents their egress from the endoplasmic reticulum by expressing an 
endoplasmic reticulum retention motif on its cytoplasmic tail. Another 
strategy for downregulating surface MHC class I retention is to dis-
place endoplasmic reticulum–resident MHC class I molecules into  
the cytoplasm, where they are ubiquitinated rapidly and degraded by 

MHC class I complexes; mice with genetic deletions of TAP have mark-
edly decreased levels of surface MHC class I and markedly diminished 
numbers of CD8+ T cells.205 TAP deficiency has been identified rarely 
in humans and is associated with markedly decreased numbers of 
circulating CD8+ T cells and modest immunodeficiency.206,207

The TAP1 and TAP2 molecules each contain seven transmembrane 
regions and an ATP binding site and together transport peptides from 
the cytosol into the endoplasmic reticulum lumen.208 Newly synthe-
sized MHC class I molecules associate with TAP in the endoplasmic 
reticulum, and the recruitment of several other endoplasmic reticulum 
resident proteins and chaperones leads to the formation of the peptide 
loading complex (PLC). The PLC includes the MHC class I/β2-
microglobulin complexes bound to tapasin, which serves as a molecu-
lar adaptor for TAP as well as the chaperones calreticulin and the thiol 
reductase ERp57.189,209-211 The key role of β2-microglobulin and of the 
PLC is to maintain the MHC class I peptide–binding groove in a con-
formation that favors the binding of high-affinity peptides. Because 
TAP delivers many peptides into the endoplasmic reticulum lumen 
that are too long to fit into the MHC class I peptide–binding groove, 
the endoplasmic reticulum resident proteases ERAP1 and ERAP2 trim 
peptides before their final integration into the MHC class I groove.212,213 
If the affinity of the peptide-MHC class I interaction is sufficiently high, 
the PLC releases the MHC class I/β2-microglobulin/peptide complex, 
enabling it to traffic via the Golgi complex to the cell surface. If the 
affinity of the peptide/MHC class I interaction is low, the MHC class I 
heavy chain undergoes re-glycosylation of an N-linked glycan,214 a 
reaction that redirects MHC class I molecules into the PLC for peptide 
exchange and prevents release into the secretory pathway.

The MHC class I antigen-processing pathway is regulated by 
inflammation. IFN-γ, in particular, is a cytokine that impacts the MHC 
class I pathway at multiple levels.215 First, IFN-γ enhances the tran-
scription of many components of the MHC class I pathway, including 
MHC class I molecules, TAP, tapasin, and several components of the 
proteasome. Specifically, three subunits of the proteasome, LMP-2, 
LMP-7, and MECL, are induced and replace three subunits of the core 
proteasome complex.216-218 IFN-γ induces additional accessory proteins 

FIGURE 6-4  The major histocompatibility complex class I antigen-processing pathway. The MHC class I antigen-processing pathway begins in 
the cytoplasm with the degradation of proteins by proteasomes. Peptides are transported into the lumen of the endoplasmic reticulum, where they are 
bound by MHC class I molecules and transported to the cell surface. β2m, β2-macroglobulin; TAP, transporter associated with antigen processing. (Courtesy 
Anne Ackerman and Peter Cresswell, Yale University, New Haven, CT.)
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and is not restricted to endogenous cytosolic proteins. Because they 
often are not infected directly, the major route for CD8+ T-cell priming 
involves uptake of debris from infected cells by DCs and re-presentation 
of pathogen-derived peptides243 by an antigen-processing pathway 
that involves endocytosis and TAP-mediated transport of antigen into 
the endoplasmic reticulum.244 The CD8+ subset of DCs is particularly 
efficient at taking up and delivering exogenous antigens for presenta-
tion by the MHC class I antigen-processing pathway.245 Antigen-
containing phagosomes in DCs fuse with endoplasmic reticulum 
membranes,246 resulting in the recruitment of a retrotranslocation 
machinery that shuttles misfolded proteins or antigens from the 
phagosome lumen into the cytosol, where proteins are degraded by 
proteasomes and enter the conventional MHC class I processing 
pathway.247 This circuitous route for CD8+ T-cell priming ensures that 
CD8+ T-cell priming occurs in a regulated fashion and likely represents 
an essential hurdle to prevent overly robust CD8+ T-cell responses to 
systemic viral infections.

MHC Class II Antigen-Processing Pathway
The MHC class II antigen-processing pathway presents peptides to 
CD4+ T lymphocytes (Fig. 6-5). Although similarities to the MHC class 
I antigen-processing pathway exist, there are some key distinctions. 
First, most peptides presented by MHC class II molecules derive from 
extracellular proteins that have been endocytosed by MHC class II–
expressing cells.199 MHC class II molecules also present peptides from 
membrane or secretory proteins that are degraded in endosomal com-
partments during transport to the cell surface. With respect to anti-
microbial responses, the MHC class II antigen-processing pathway  
has been implicated principally in the response to extracellular patho-
gens and pathogens that reside within vacuolar compartments, such as 
S. typhimurium and M. tuberculosis.13,248 Because CD4+ T-cell responses 
also are essential for complete priming, activation, and differentiation 
of CD8+ T-cell responses, however, it is difficult to attribute immune 
susceptibility directly to CD4+ T-cell deficiency.148 The implications 
and complexities of CD4+ T-cell deficiency have been made clear by 
the HIV epidemic.249,250

The first step in the MHC class II antigen-processing pathway is the 
translocation and assembly of MHC class II α- and β-chains in the 
endoplasmic reticulum, a reaction mediated by a dedicated chaperone, 
the invariant chain. By and large, MHC class II molecules do not bind 
antigenic peptides in the endoplasmic reticulum. The α- and β-chains 

proteasomes. Human cytomegalovirus encodes two proteins, US2 and 
US11, which mediate this process.229,230 Remarkably, transport of pro-
teins from the endoplasmic reticulum lumen back to the cytosol via 
the Sec61 translocon is a normal process that usually is restricted to 
misfolded or otherwise nonfunctional proteins. US2 and US11 seem 
to accelerate this process selectively for MHC class I molecules. Crys-
tallographic studies have characterized the binding of US2 to MHC 
class I molecules.231

The Kaposi sarcoma herpesvirus also downregulates surface MHC 
class I expression, but by another mechanism. Two Kaposi sarcoma 
herpesvirus–encoded proteins, K3 and K5, function as ubiquitin 
ligases that selectively conjugate ubiquitin to the cytoplasmic tail of 
MHC class I molecules and B7.2 co-stimulatory molecules.232,233 On 
ubiquitination, surface MHC class I molecules are internalized rapidly 
and targeted for lysosomal degradation. HIV also has evolved mecha-
nisms to downregulate surface expression of MHC class I molecules.234-236 
In this case, the retrovirally encoded Nef protein selectively downregu-
lates the expression of HLA-A and HLA-B molecules by associating 
with the clathrin adaptor complex.

An important consequence of MHC class I downregulation is that 
affected cells become susceptible to NK cell–mediated lysis. NK cells 
express receptors that inhibit NK cell activation on contact with MHC 
class I molecules. To prevent NK cell–mediated lysis of virally infected 
cells, human CMV encodes an MHC class I–like molecule, UL18,237,238 
which acts as a decoy for the NK cell inhibitory receptor LIR-1,239 
providing yet another level of camouflage to the viral pathogen.

MHC Class I Cross-Priming
The MHC class I antigen-processing pathway performs two principal 
functions. First, it presents antigens to naïve CD8+ T cells in a manner 
that promotes their activation, proliferation, and differentiation. 
Second, it presents antigens to activated CD8+ T cells as a signal of 
cellular infection. The first function is predominantly, if not exclusively, 
mediated by DCs.240,241 Any MHC class I–expressing cell that becomes 
infected can perform the second function. The rules of antigen pro-
cessing differ in these two circumstances. The conventional MHC  
class I antigen-processing pathway, as described in the preceding sec-
tions, applies to the second function. When cells become directly 
infected, pathogen-derived antigens are degraded by the infected cell 
and presented on the cell surface in the context of MHC class I mol-
ecules.242 MHC class I antigen presentation by DCs is more complex 

FIGURE 6-5  The major histocompatibility complex (MHC) class II antigen-processing pathway. The MHC class II antigen-processing pathway 
presents peptides derived from extracellular proteins to CD4+ T lymphocytes. Peptides are generated in an endosomal compartment. The peptide editor 
HLA-DM promotes dissociation of the place holder CLIP from MHC class II molecules, allowing the exogenous peptide to associate with MHC class II. The 
MHC class II/peptide complexes are then transported to the cell surface. (Courtesy Anne Ackerman and Peter Cresswell, Yale University, New Haven, CT.)
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aliphatic chain length (see Fig. 6-6). In contrast to the five CD1 iso-
forms found in humans, mice lack CD1a, CD1b, and CD1c and have 
a duplicated CD1d gene. This important difference between mice and 
human CD1 complicates the experimental analysis of CD1 function 
because the powerful tools of genetically altered mice are not available 
to analyze the function of CD1a, CD1b, or CD1c.

Antigens Presented by CD1
CD1 presents lipid and glycolipid antigens from a variety of bacteria 
and fungi to T cells. Beyond the well-described role of CD1 in myco-
bacterial antigen presentation discussed in the ensuing paragraph, 
CD1-presented antigens include diacylglycerols from S. pneumoniae,157 
a fungal glycosphingolipid (i.e., asperamide B),159 and a synthetic gly-
colipid, α-galactosyl ceramide, which is derived from marine sponges. 
These latter three compounds are presented in a CD1-restricted 
manner to NKT cells, and α-galactosyl ceramide in particular has been 
used widely to study the effect of CD1d-mediated NKT-cell activation 
on host defense against infections and tumors.

CD1 plays an important role in presenting mycobacterial lipids to 
T cells,267,268 specifically glycosylated and free mycolic acids and lipo-
arabinomannan, two major lipid and glycolipid components of the  
M. tuberculosis cell envelope. Further analyses of the structure of 
CD1-presented lipids revealed that T-cell recognition of CD1b-
presented glycolipids was exquisitely sensitive to the fine structure of 
the carbohydrate head group but relatively insensitive to alterations in 
the structure of the lipid tail.269 These observations, along with later 
characterization of CD1c-presented mycobacterial isoprenoid glyco-
lipids,269 have led to a model of CD1 lipid antigen presentation in which 
the hydrophilic head group is exposed and available for TCR interac-
tions, whereas the hydrophobic lipid tails of the antigen are bound 
within the hydrophobic pockets of the CD1 protein.

Cell Biology of CD1 Antigen Processing and Loading
The CD1 isoforms are enriched in different intracellular compart-
ments, suggesting that each isoform of CD1 has evolved to survey the 
microbial antigens that appear in distinct parts of the endosomal-
lysosomal network.270 Figure 6-7 summarizes CD1 trafficking path-
ways. All CD1 isoforms are found at the cell surface and are internalized 
during endocytosis. CD1a is found predominantly in early endosomes, 
CD1c in late endosomes, and CD1b/d in late endosomes and lyso-
somes. Specific amino-acid residues in their short intracellular tails 
target CD1 isoforms to these various compartments by binding cyto-
solic adaptor molecules that mediate organelle trafficking.271-273 
Although the precise functional implications of this trafficking pattern 
for the immune response are still being elucidated, each CD1 isoform 
may survey a distinct intracellular compartment for distinct lipid 
structures from distinct pathogens.

fold, using the invariant chain, a membrane-bound protein, as a sub-
stitute for peptide.251 A portion of the invariant chain occupies the 
MHC class II groove as the complex exits the endoplasmic reticulum, 
traverses the Golgi complex, and traffics to the endosomal compart-
ments.252,253 On acidification of the endosomal compartment, proteases 
such as cathepsin D and cathepsin B are activated and degrade all parts 
of the invariant chain except for the portion protected by the MHC 
class II groove.254,255 It is in the acidified endosome, in a compartment 
called MIIC, that MHC class II molecules can intersect with endocy-
tosed antigens in the process of degradation.256,257 In a complex, topo-
logically challenging series of events, the invariant chain fragment is 
replaced by a proteolytically generated peptide. Although MHC class 
II molecules, similar to MHC class I molecules, are selective with 
respect to peptide binding, because the groove is open and can accom-
modate peptides in various registers, the range of peptides that are 
bound is greater and the binding stringency relaxed. The mechanics of 
MHC class II peptide binding are accelerated by the presence of 
another MHC-encoded, MHC class II–like molecule that resides in 
MIICs named HLA-DM.258 HLA-DM catalyzes the extraction of the 
invariant chain peptide fragment from the MHC class II molecule, and 
recent crystallographic studies reveal that HLA-DM stabilizes empty 
MHC class II proteins in a conformation that promotes the insertion 
of a high-affinity peptide.259,260 In addition to proteases, a thiol reduc-
tase called GILT (gamma interferon–inducible lysosomal thioreduc-
tase) also is involved in the denaturation of some antigens before their 
degradation and presentation by MHC class II molecules.261 GILT has 
also been implicated in the activation of the major secreted virulence 
factor listeriolysin-O, of the bacterial pathogen L. monocytogenes, pro-
viding a remarkable example of microbial exploitation of antigen-
processing pathways.262

On peptide binding in the MIIC, MHC class II molecules traffic to 
the cell surface, where the MHC class II/peptide complex can be 
detected by CD4+ T cells. MHC class II molecules are re-internalized, 
and it is possible that these complexes recycle to the endosomal com-
partments and acquire new peptides before returning to the cell 
surface. The extent to which this pathway contributes to the MHC class 
II antigen-processing pathway during immune responses to infection 
is incompletely defined.263

CD1
The CD1 family comprises antigen-presenting molecules that resemble 
MHC class I molecules in general structure and in their association 
with β2-microglobulin.264 The human CD1 locus on chromosome 1 
contains five distinct genes that encode for proteins named CD1a 
through CD1e. Consistent with their structural similarity to MHC 
class I, CD1 molecules generally are highly expressed on antigen-
presenting cells, present antigens for recognition by the TCR, and 
interact with T lymphocytes. CD1 molecules differ dramatically from 
the MHC in the class of antigens presented, however. In contrast to the 
peptide antigens presented by the MHC, CD1 proteins present lipid 
and glycolipid antigens to T cells, a discovery that radically expanded 
the universe of antigens recognized by T lymphocytes. Figure 6-6 
shows the structure of the human CD1b molecule presenting the gan-
glioside GM2.265 This section reviews the antigens presented by CD1, 
the lymphocytes that recognize these antigens, and the importance of 
this antigen-presenting system in host defense against specific infec-
tious diseases.

CD1 Protein Structure
CD1 proteins are single-pass transmembrane proteins that have a short 
intracellular domain. The extracellular portion of CD1 is composed of 
three domains that mediate antigen binding, whereas specific motifs 
in the intracellular domain control CD1 trafficking to intracellular 
compartments (see later discussion). The extracellular domains of CD1 
molecules form an antigen-binding groove that is structurally analo-
gous to the peptide-binding groove of the MHC. Consistent with the 
lipid presentation function of CD1, the antigen-binding groove con-
tains multiple hydrophobic pockets that can accommodate the ali-
phatic chains of lipid antigens. The three-dimensional structure of 
mouse CD1266 and human CD1b265 reveals a complicated network of 
hydrophobic channels that can accommodate diverse lipids of varying 

FIGURE 6-6  Structure of CD1b in complex with a lipidic antigen. 
The structure of CD1 molecules differs from the structure of MHC class I 
molecules but also shares substantial similarities. This figure demonstrates 
the structure of the human CD1b molecule binding the lipid ganglioside 
GM2. The CD1 chain  is shown in blue and β2-microglobulin  is shown in 
pink.  The  lipid  is  shown  in  green.  The  left  panel  is  a  side  view  of  the 
complex, and the right panel shows a view from the top, as it would be 
detected by a T-cell receptor. (Courtesy Dr. Chris Garcia, Stanford Univer-
sity, Palo Alto, CA.)
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classes of microbial molecules that serve as a general signal of infec-
tion. This recognition event, rapid but relatively nonspecific, plays an 
essential role in the generation of pathogen-specific immunity through 
the generation of cytokines and chemokines that recruit antigen-
specific cells to the site of infection and shape the ensuing adaptive 
immune response. This section briefly details the major known recep-
tors of the innate immune system and links the function of these 
receptors to antigen-specific cellular immunity.

Molecular Recognition of  
Microbial Products
Although the concept that microbial products are recognized by  
specific receptors of the innate immune system is not new, recent 
investigations have dramatically expanded our understanding of the 
receptors involved in this process. Several outstanding reviews pro-
vide a comprehensive overview on the molecular recognition of 
microbial products and its role on human susceptibility to infectious 
diseases.274-279

Toll-like and C-Type Lectin Receptors
Toll-like receptors (TLRs) are a family of at least 10 distinct transmem-
brane proteins that mediate the recognition of extracellular and endo-
somal microbial products. The TLR ectodomains contain leucine-rich 
repeats that bind to a broad range of microbial products and an intra-
cellular Toll-IL-1 (TIR) domain that activates downstream signal adap-
tors and transducers, typically resulting in the activation of nuclear 
factor kappa β (NF-κB), a transcription factor that promotes the 
expression of genes associated with immune defense.274 TLR-mediated 

INNATE IMMUNE RECOGNITION: 
SETTING THE STAGE FOR T-CELL 
RESPONSES
The adaptive immune system consists of B and T lymphocytes that 
express distinct, somatically recombined receptors with exquisite spec-
ificity, at the cost of low frequency. In contrast, the innate system 
consists of leukocytes (i.e., neutrophils, monocytes, macrophages, and 
DCs) that typically express families of germline-encoded receptors that 
bind to molecules of microbial origin. An extensive family of innate 
immune receptors recognizes microbial molecules that range from 
bacterial lipopolysaccharide and flagellin, mycobacterial lipoarabino-
mannan, malaria parasite–derived hemozoin, and fungal glucans and 
mannans to viral DNA and RNA motifs. It is increasingly clear from 
studies on the genetic basis of human susceptibility to infectious dis-
eases and from experimental studies in animal models that innate 
immune responses to microbial molecules, by promoting the expres-
sion of co-stimulatory molecules and the secretion of specific cyto-
kines, form the foundation for the adaptive immune response.

As detailed in this chapter, the molecular basis for antigen-specific 
immune responses derives from combinatorial receptors (αβ TCRs) 
that have almost infinitely diverse specificity. This system ensures that 
a great diversity of antigens from pathogenic organisms can be recog-
nized, but, because pathogen-specific cells are infrequent, it requires 
time for expansion of these cells to numbers that are sufficient to 
combat the infection. In the hours after a pathogen breach of an ana-
tomic barrier, the most rapid pathogen recognition events are medi-
ated by cells bearing innate immune receptors. These receptors are not 
combinatorial but recognize conserved structural elements in broad 

FIGURE 6-7  Intracellular trafficking of CD1 isoforms.  Each panel depicts a distinct pattern of CD1  trafficking. All CD1  isoforms associate with 
β2-microglobulin  (β2m),  and all  isoforms except CD1e are  targeted  to  the  cell  surface  via  the  secretory pathway. CD1  is  internalized and  targeted  to 
distinct locations in the lysosomal-endosomal network based on the interaction of the CD1 cytoplasmic tails with adaptor proteins (AP2, AP3). The varying 
compartments in the endosomal/lysosomal network are early endosomes/recycling endosomes (EE/RE) associated with CD1a, late endosomes (LE) associ-
ated with CD1c, and MHC class II compartment/lysosomes (MIIC/Ly) associated with Cd1b/d. The different subcellular distributions of Cd1 isoforms may 
reflect  surveillance of  these  compartments  for distinct  lipid antigens.  ER, endoplasmic  reticulum; PM, plasma membrane.  (Courtesy Steven Porcelli of 
Albert Einstein Medical College, Bronx, NY.)
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moieties that originate in a wide range of pathogens, including M. 
tuberculosis, Mycobacterium kansasii, Candida albicans, P. jirovecii, 
HIV-1, and Francisella tularensis, and mediates phagocytic responses 
in vitro. However, the role of the mannose receptor in mediating host 
defense through innate immune recognition remains unclear because 
a gene-deficient mouse strain does not appear susceptible to C. 
albicans.297

A subset of CLRs signal via tyrosine-based motifs that are embed-
ded in their intracellular domain or that are present in adaptor mole-
cules that associate with CLRs. Other important components of this 
signaling pathway are spleen tyrosine kinase and CARD9. As discussed 
previously, this pathway is central to the recognition of fungal β-glucans 
(via the CLR Dectin-1), fungal mannans (via the CLR Dectin-2), and 
Malassezia and M. tuberculosis ligands (via the CLR Mincle). Dectin-1 
activation promotes macrophages and DC cytokine and chemokine 
release and favors the development of Th17 responses.298 Humans with 
autosomal recessive mutations in Dectin-1 and CARD9 have defects 
in mucosal antifungal immunity.61,65

Links between Innate Immune 
Recognition and Adaptive  
Immune Responses
Antibody and T-cell responses to inoculation of protein antigens are 
minimal unless an innate inflammatory response is elicited concur-
rently. Thus, adjuvants that induce innate inflammatory responses are 
co-administered with some vaccines. In early work on the functional 
link between DC and T-cell activation, immunization with model anti-
gens and Freund’s adjuvant led to impaired T-cell responses and abnor-
mal isotype-specific antibody production in MyD88-deficient mice,299 
suggesting that TLR recognition is essential for proper Th1 adjuvant 
effects. DCs that directly engage in TLR signaling after stimulation 
with microbial products can promote the proliferation and differentia-
tion of naïve T cells. In contrast, DCs that undergo activation by 
exposure to cytokines elicited by TLR signaling only support T-cell 
proliferation but not differentiation.300,301 Newer studies have expanded 
this view and demonstrated that T-cell priming and antibody genera-
tion can occur in the absence of TLR signaling, provided that non- 
TLR microbial recognition pathways are activated in DCs. Collectively, 
these studies argue that other innate immune signaling pathways 
provide adjuvant effects.98,302,303 One commonly used adjuvant for 
human vaccines, alum, enhances antibody production by stimulating 
the NLRP3 component of inflammasomes to produce IL-1 and IL-18.304 
Thus, NLR and CLR signaling are likely to provide important innate 
signals that enhance adaptive immune responses.

Antigen-Presenting Cells
Activation of naïve T cells requires antigen processing, antigen presen-
tation, and co-stimulation. Most mammalian cells are incapable of 
fulfilling these functions, and thus dendritic cells (DCs) predominately 
mediate the priming of naïve T lymphocytes.305 In vivo elimination of 
DCs, as has been performed experimentally in a mouse model, com-
pletely abrogates priming of naïve T cells that respond to microbial 
infections.241 A major function of DCs is to present antigens to T lym-
phocytes and promote their proliferation and differentiation. High 
surface levels of MHC class I and class II and the expression of an array 
of co-stimulatory molecules enable DCs to stimulate naïve T cells 
effectively. DCs are a highly complex and heterogeneous population of 
cells that reside in both lymphoid and nonlymphoid tissues and share 
phenotypic and functional characteristics that distinguish these cells 
from other classes of lymphocytes.

DCs derive from progressively committed pluripotent precursors 
in the bone marrow, a pathway that has been the focus of intense 
study.306 In mice, a common DC precursor gives rise to circulating 
plasmacytoid DCs and to pre-DCs. Plasmacytoid DCs307,308 express 
high levels of TLR7 and TLR9 and, on stimulation, secrete very high 
levels of type I interferons, cytokines that are critical to antiviral 
defense. Pre-DCs gives rise to CD8α+ and CD11b+ DC populations in 
lymphoid organs and to CD11b+ and CD103+ DCs in peripheral 
tissues. A combination of transcriptomic and functional studies 
revealed that murine lymphoid-tissue resident CD8α+ DCs and non-
lymphoid tissue-resident CD103+ DCs are the likely counterparts of 

signals induce the secretion of proinflammatory cytokines, such as 
TNF and IL-12, and induce the maturation of DCs, enabling them to 
activate naïve, pathogen-specific T lymphocytes. In addition, stimula-
tion of TLRs can directly stimulate antimicrobial effector mechanisms 
of the host cell, limiting pathogen replication until adaptive immune 
cells are recruited to the site of infection.280

Each TLR recognizes specific microbial products, and well-defined 
ligands include bacterial lipoproteins (TLR1, TLR2, TLR6), double-
stranded RNA (TLR3), lipopolysaccharide (TLR4), the bacterial 
peptide flagellin (TLR5), single-stranded RNA (TLR7 and TLR8),  
and CpG motifs within DNA (TLR9). TLR heterodimerization can 
mediate novel antigen-binding functions and increase the microbial 
specificity of individual TLR family members. For example, TLR2 het-
erodimerizes with TLR1 or TLR6 to recognize triacylated or diacylated 
lipoproteins, respectively.281 Structural studies have demonstrated how 
microbial ligands associate with different TLR proteins, revealing a 
common pattern of TLR dimerization induced by association with 
microbial ligands.282,283

Most TLRs, with the exception of TLR3 and TLR4, signal through 
the adaptor protein MyD88. Children who have autosomal recessive 
defects in MyD88-mediated signal transduction, a very rare primary 
immunodeficiency, lack input from most TLRs and from interleukin-1 
receptors and develop severe and life-threatening pyogenic bacterial 
infections, particularly invasive streptococcal, staphylococcal, and 
pseudomonal infections.284 More commonly, polymorphisms in TLR 
coding sequences and regulatory elements can confer susceptibility to 
infectious diseases,285 as illustrated by the association of a common 
TLR5 stop codon polymorphism with susceptibility to the flagellated 
bacterium Legionella pneumophila.286 Patients with autosomal recessive 
defects in TLR3,287 which associates with the adaptor molecule Trif,288 
and downstream signaling components289 develop herpes simplex 
encephalitis, illustrating pathogen specificity of and host tissue require-
ments290 for individual TLRs in host defense.

NOD-like Receptors and the Inflammasome
Whereas TLRs predominantly respond to extracellular or endosomal 
microbial ligands, nucleotide-binding, oligomerization domain 
(NOD)-like receptor (NLR) proteins detect microbial ligands in the 
cytosol.275 Among the best characterized of these proteins, NOD1 and 
NOD2 respond to fragments of bacterial peptidoglycan, whereas 
NLRC4 responds to bacterial flagellin in the cytosol.291,292 NLRs can 
activate NF-κB signaling and assemble into multicomponent struc-
tures called inflammasomes that consist of an NLR, an adaptor protein, 
and caspase subunits.293 Inflammasomes activate host cell apoptotic 
pathway and the expression of IL-1 and IL-18 by activating caspase-1. 
Macrophage caspase-1 activity is also important for phagosomal matu-
ration.294 Thus, detection of microbial molecules in the cytosol induces 
an inflammatory response that has consequences for the adaptive Th1 
and Th2 cell responses.295

The RIG-I-like receptors (RLRs) RIG-I, MDA5, and LGP2 are 
members of a family of molecules that detect cytosolic nucleic acids 
from RNA viruses; these include measles virus, influenza virus, hepa-
titis C virus, and West Nile virus.278 RLRs signal via the adaptor protein 
IPS-1 and collaborate with other pattern recognition receptors to 
induce antiviral responses. Influenza and many other viruses can 
subvert cytosolic detection systems by directly inhibiting RLR signal 
transduction and targeting components of this pathway for degrada-
tion. Detection of cytosolic DNA, specifically to cyclic dinucleotides, 
occurs via receptors that signal through the adaptor molecule STING.296 
RLR- and STING-dependent signaling events turn on NF-κB and type 
I interferon signaling, although the role of cytosolic sensors of viral 
nucleic acids in shaping T-cell responses remains less well defined.

C-Type Lectins and Other Receptors 
Implicated in Innate Immune Recognition
C-type lectin receptors (CLRs) bind to carbohydrate moieties of 
endogenous and exogenous origin, trigger phagocytic responses, and 
activate innate immune cells, particularly of myeloid origin. The 
binding specificity for some of these receptors has been elucidated and 
includes fungal, bacterial, mycobacterial, viral, and parasitic ligands. 
For example, the mannose receptor binds to high mannose and fucose 
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stages of disease, these patients progressively accumulate activated  
NK cells at sites of infection, leading to chronic granulomatous  
lesions in the skin and respiratory tract.334 These findings support the 
notion that NK cells provide functional redundancy in the context of 
diminished CD8+ T-cell–dependent cytolytic activity, yet cause tissue 
damage. Although the clinical manifestations of deficient CD8+ T-cell 
function and understanding from animal models are not reconciled 
easily, studies of MHC class I polymorphisms and susceptibility to 
HIV infection support a role for CD8+ T cells in control of viral 
infections.335,336

Some viruses, such as human herpesviruses, become transcription-
ally inactive after host cell infection and represent a particular chal-
lenge for the cellular immune system. Although primary active 
infection with these viruses is controlled, herpesviruses establish clini-
cal latency and can cause intermittent disease or disease in the setting 
of impaired immunity. Transcriptionally inactive proviral DNA is 
invisible to host T cells because viral proteins are not presented by 
MHC class I molecules and therefore these viruses cannot be detected 
by antigen-specific T lymphocytes. Although immunologic elimina-
tion of the infection is often impossible, immunologic control of inter-
mittent reactivation is the rule.156

Beyond interfering directly with the MHC class I antigen- 
processing pathway, many viral pathogens encode proteins that can 
interfere with cytokine signaling or chemokine-mediated cell recruit-
ment. Epstein-Barr virus contains a gene for an IL-10 homologue that 
can bind the IL-10 receptor and induce immunosuppressive effects of 
this pleiotropic cytokine. Poxviruses express an IL-18–binding protein 
that can bind IL-18 with high affinity, interfering with early IFN-γ–
mediated inflammatory responses. Poxviruses also express proteins 
that bind –CC– chemokines with high affinity, preventing their asso-
ciation with chemokine receptors on the surface of inflammatory cells 
and disrupting the recruitment of monocytes, NK cells, and activated 
T cells to sites of viral infection.

Intracellular Bacteria
Many important human pathogens have evolved mechanisms to escape 
antibody-mediated, complement-mediated, and neutrophil-mediated 
immune defense. One of the most effective escape mechanisms involves 
entering host cells, often phagocytic cells. In this circumstance, the 
host cell becomes a protective barrier from extracellular microbicidal 
defenses. Bacterial pathogens have used many clever strategies to 
exploit the interior of host cells to their benefit, by manipulating intra-
cellular trafficking pathways or targeting specific intracellular niches. 
The challenge facing the cell-mediated immune system is to detect and 
eliminate these pathogens.

Phagosomal Pathogens
Multiple bacterial pathogens that parasitize phagocytic cells, such as 
macrophages, reside within the endosomal-phagosomal network. 
These pathogens often are accessible to the MHC class II antigen pre-
sentation network and can co-localize with the antimicrobial effector 
molecules of macrophages that are delivered to the phagolysosome. 
Prototypical pathogens of this type include Mycobacterium and Salmo-
nella species. Control of these pathogens depends mostly on CD4+ 
T-cell activation of antimicrobial killing through IFN-γ. IFN-γ secreted 
by T cells activates macrophage effector mechanisms to kill pathogens 
through nitric oxide, reactive oxygen species, and lysosomal enzymes. 
Some controversy exists about whether the essential macrophage effec-
tor molecules that control intracellular bacteria differ between mice 
and humans. IFN-γ–induced nitric oxide is essential for control of 
intracellular pathogens in the mouse, whereas its role in human defense 
is less clear. Mice rendered deficient in IFN-γ are highly susceptible to 
intracellular bacterial pathogens, including M. tuberculosis and Salmo-
nella, providing support for the importance of the Th1-mediated stim-
ulation of antimicrobial killing of phagosomal pathogens.

In many parts of the world, infants are exposed parenterally to live 
mycobacteria in the form of bacillus Calmette-Guérin (BCG) vaccina-
tion. Although highly attenuated compared with its parent M. bovis 
strain, BCG can replicate within human hosts with impaired host 
immunity. This massive cohort of mycobacteria-exposed infants has 
revealed several inherited defects in antimycobacterial immunity. The 

human CD141+ DCs, all of which are highly effective at antigen cross-
presentation to T cells after viral and bacterial infections.309-313 A recent 
study suggested that murine CD11b+ DCs in nonlymphoid tissues 
may be the homologue of human CD1c+ DCs and demonstrated inter-
species conservation of mucosal Th17 responses mediated by these DC 
subsets.314

The role of DCs in antimicrobial defense extends beyond stimula-
tion of T cells. In mice and humans, circulating blood monocytes can 
give rise to inflammatory DCs at portals of infection or sites of inflam-
mation in mice and humans.315-320 Monocyte-derived inflammatory 
DCs express a range of TLRs, CLRs, and NLRs that induce their activa-
tion and result in their production of cytokines that can orchestrate 
Th-cell differentiation.298,316,321,322

DCs are also primarily infected in some settings. For example, 
CD11b+ DCs and monocyte-derived DCs are major infected cell popu-
lations in murine tuberculosis and leishmaniasis.316,323 In pulmonary 
aspergillosis and tuberculosis and in a vaccine model of blastomycosis, 
monocyte-derived DCs and CD11b+ DCs play an important role in 
transporting microbial antigen to draining lymph nodes,100,317,324 in 
concert with previous studies on the transport of particulate antigens 
injected into skin, which are taken up by monocytes that are recruited 
from the bloodstream to the site of injection and migrate to skin-
draining lymph nodes via lymphatic channels.325 Trafficking of acti-
vated DCs into lymph nodes involves the upregulation of CCR7 on 
DCs, enabling them to respond to CCL19 and CCL21, which are 
expressed in the lymph node paracortex.326 DC trafficking to draining 
lymph nodes has also been demonstrated after respiratory327 and cuta-
neous viral infection,328 and from the marginal zone to the T-cell zone 
of spleen after systemic bacterial infection.329 With respect to systemic 
bacterial infections, DCs may play an important role in localizing 
bacteria to the spleen.330,331

Microbial Pathogenesis and the 
Cellular Immune System
The diverse properties of microbial pathogens provide a challenge to 
the cellular immune system. Although the details of cellular immune 
responses to different pathogens vary substantially, some broad gener-
alizations regarding cellular immune responses to microbial pathogens 
can be justified. In most cases, the subcellular anatomic location of a 
pathogen (extracellular, intracellular/vacuolar, intracellular cytoplas-
mic) predicts the arm of the cellular immune response that is necessary 
to contain infection by that particular pathogen. In many cases, the 
most definitive information about the important arms of antimicrobial 
defense for a particular pathogen has come from natural or acquired 
deficiency states, in particular, defects in immune receptors or signal-
ing molecules. In addition, because different classes of pathogens are 
associated with a particular type of cellular immune response, many 
pathogens have developed sophisticated molecular countermeasures to 
avoid elimination.

Viral Infections
In general, cellular immune responses against viral infections involve 
MHC class I presentation of virally derived peptide antigens to CD8+ 
T cells. Because viral pathogens replicate within their host cell, their 
elimination by the cellular immune system involves either cytolytic 
destruction of the infected host cell by virus-specific lymphocytes or 
inhibition of viral replication in host cells.332 Because viruses, by neces-
sity, use the host cell for protein synthesis, viral proteins are ready 
substrates for the MHC class I antigen-processing pathway.

There are several reports of congenital deficiency of CD8+ T cells 
or MHC class I function. Deficiency in TAP, the antigen transporter 
necessary for MHC class I peptide loading, was documented in several 
families.206,207 These patients have dramatically reduced levels of MHC 
class I surface expression and CD8+ T cells. In contrast to the canoni-
cal function presented for CD8+ T cells in antiviral defense, TAP1-
deficient patients and a patient deficient in CD8+ α-chain did not 
manifest increased susceptibility to viral infection and instead pre-
sented with recurrent pulmonary bacterial infections leading to bron-
chiectasis. A patient with congenital CD8α deficiency had adequate 
titers to cytomegalovirus, rubella, and other viruses, confirming prior 
exposure and successful protective immunity.333 However, in later 
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CD1 Antigen Presentation and Host 
Defense against Infectious Diseases
Mycobacteria
Mycobacterial lipids, specifically mycolic acids, were the first CD1-
presented antigens to be identified.267 Several other mycobacterial lipid 
antigens are presented by CD1, including lipoarabinomannan268 and 
glycosylated isoprenoids.343 Because of the noted differences between 
mouse and human CD1 loci, the mouse model has not been informa-
tive in defining an important role for CD1 in immune defense against 
mycobacterial infection.344-346 Recent purified protein derivative con-
verters have CD1-restricted T cells that react to mycobacterial isopren-
oid glycolipids, showing that CD1-restricted antigen presentation does 
occur in the context of human infection. With the use of CD1b 
tetramer-based isolation methods (see later section “Primer on Basic 
Immunologic Techniques: Foundation of Immunologic Models”), a 
recent study isolated mycolyl lipid-reactive T cells; these CD1b-
restricted T cells are present in the native repertoire and appear to 
expand during tuberculosis.166 In addition, CD1a through CD1c are 
expressed strongly on DCs in tuberculoid leprosy lesions and reversal 
reactions, but not in lepromatous lesions, suggesting that CD1 expres-
sion correlates with effective antimycobacterial immunity.347 Although 
this system likely does not exist solely for the purpose of defense 
against mycobacterial infections, it is widely accepted that CD1 mol-
ecules likely play an important role in antimycobacterial immunity. 
Several other studies using mouse models or α-galactosyl ceramide–
activated NK cells have implicated CD1 and NK cells in antimicrobial 
defense against tuberculosis,348 opportunistic fungi,349,350 malaria, try-
panosomiasis,351 and others.160

MAJOR HISTOCOMPATIBILITY 
COMPLEX IMMUNOGENETICS
The MHC, so named because its discovery resulted from studies of 
tissue transplant rejection, contains many of the genes associated with 
cell-mediated immune defenses. A map of the human MHC is shown 
in Figure 6-8. The MHC complex encodes the α-chains of the MHC 
class I molecules HLA-A, HLA-B, and HLA-C and the α- and β-chains 
of the MHC class II molecules HLA-DR, HLA-DP, and HLA-DQ, all 
of which are expressed in a co-dominant fashion. Genes associated 
with the antigen-processing pathways are found in the MHC as well. 
Several proteasome subunits (i.e., LMP-2, LMP-7, and MECL-1); the 
peptide transporter TAP1 and TAP2 proteins; and the MHC class II 
processing–associated HLA-DM and HLA-DO proteins are encoded 
in the MHC.352 TNF and its receptor also are encoded in the MHC.

An important feature of the MHC, which led to its discovery, is the 
polymorphism of some of its genes, particularly the MHC class I and 
class II genes.353 For the MHC class I HLA-B gene, there are more than 
2000 known alleles. Although some of these alleles bind similar pep-
tides, most, by virtue of their morphologically distinct peptide-binding 
grooves, bind distinct families of peptides. An evolutionary force 
driving the diversity of MHC alleles comes from the microbial world 
and its ability to undergo antigenic variation.354-356 It is clear from 
studies of African populations where malaria is endemic that certain 
HLA alleles are associated with a greater ability to survive malaria 
infection.357,358 Conversely, malaria has a confounding ability to alter 
protein sequences that are bound by HLA molecules, allowing parasite 
populations to evolve that are invisible to individuals with certain HLA 

clinical syndrome has been termed mendelian susceptibility to myco-
bacterial disease337 and includes patients with disseminated BCG infec-
tion and progressive infection with low-pathogenicity mycobacteria. 
These patients also show increased susceptibility to Salmonella infec-
tions. All of the mutations that cause this mendelian susceptibility to 
mycobacterial disease are in the IFN-γ and IL-12 pathways, including 
IFN-γ receptor mutations, STAT1 mutations, IL-12 cytokine/receptor, 
and NF-κB essential modulator (NEMO).15-17,338,339

The data presented here document the central role of the Th1 
immunity in protection from and control of phagosomal pathogens. 
As such, it is logical to assume that pathogens of this type have evolved 
countermeasures to dampen or subvert effective host immunity. M. 
tuberculosis infection of macrophages renders these cells resistant to 
activation with IFN-γ,340 limiting the bacteriostatic actions of the host 
cell that depend on this cytokine. M. tuberculosis also prevents acidi-
fication of vacuoles by excluding the proton-adenosine triphosphatase 
(ATPase) from the endosomes it occupies. One possible outcome of 
diminished vacuolar acidification is decreased antigen degradation, 
resulting in diminished presentation of mycobacterial peptides by 
MHC class II molecules. Other pathogens, such as L. pneumophila, 
segregate themselves in an endosomal compartment that does not 
communicate with the MHC class II antigen-processing pathway.341

Cytoplasmic Pathogens
Some bacterial pathogens have evolved a different intracellular survival 
strategy. These pathogens, which include L. monocytogenes, Shigella 
flexneri, and various Rickettsia species, escape the phagocytic vacuole 
and replicate in the cytoplasm of host cells. These pathogens secrete 
proteins that are essential for virulence and that destroy the vacuolar 
membrane, providing direct access to the host cell cytosol. In terms of 
the cellular immune response, these pathogens are similar to viruses 
because defense against these agents predominantly depends on the 
MHC class I/CD8+ T-cell axis. Because of their cytoplasmic location, 
the antimicrobial effector mechanisms of phagocytic cells cannot be 
localized spatially to the cytoplasmic site of infection, necessitating 
killing of the infected cell by cytolytic T cells to eliminate the infection. 
Extensive evidence from animal models of L. monocytogenes supports 
the role of CD8+ T cells in protective immunity against cytoplasmic 
bacterial pathogens.

Extracellular Bacteria
Bacteria that replicate extracellularly are accessible to antibody-
mediated neutralization or killing by externalized microbial products 
of phagocytic cells. Defense against pyogenic bacteria, such as Staphy-
lococcus aureus and Streptococcus pneumoniae, depends on adequate 
humoral immunity and intact neutrophil function. To the extent that 
adequate specific and high-affinity antibody production depends on 
CD4+ Th-cell function, patients with impaired CD4+ T-cell function 
are susceptible to these pathogens. Th17 cells have been implicated  
in defense against Klebsiella infections in the lung.52,342 A role for 
CD8+ T-cell responses in defense against extracellular bacteria has 
been postulated in anaerobic abscesses. In this setting, CD8+ T cells 
recognize carbohydrate antigens of Bacteroides fragilis. Patients with 
hyperimmunoglobulin E syndrome have defects in Th17 cells and  
are susceptible to staphylococcal infection due to mutations in TYK2 
or STAT3.53

FIGURE 6-8  Genomic organization of major histocompatibility complex (MHC) locus. The MHC locus contains genes for many proteins involved 
in adaptive immune defense against infectious diseases. In addition to MHC class I and class II genes, the MHC locus also contains genes coding for TNF, 
for  lymphotoxin,  and  for  essential  components  of  the  antigen-processing  pathway.  HLA,  human  leukocyte  antigen;  TAP,  transporter  associated  with 
antigen processing. 
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L-selectin) and the chemokine receptor CCR7,380 a combination of 
adhesion molecule and chemokine receptor that targets cells for the 
T-cell zone of lymph nodes and spleen. The diversity of T cells in the 
peripheral compartment is enormous; it is estimated that naïve T cells 
of an immunologically normal mouse express approximately 25 million 
distinct TCRs.381

Thymic selection is crucial for the development of peripheral T 
lymphocytes. Patients with DiGeorge syndrome have a congenital 
absence of thymic tissue and a corresponding absence of peripheral T 
lymphocytes.382 Transplantation of thymic tissue into these patients 
corrects this problem.383

Thymic function dramatically diminishes in humans on aging. 
Young children have active thymic function and produce large numbers 
of naïve T lymphocytes, whereas older adults have a markedly smaller 
thymus that produces few new T lymphocytes. However, adults in their 
50s continue to have active thymic tissue in the mediastinum and 
recent thymic emigrants in the bloodstream suggest the thymus con-
tinues to function despite its relatively small size.384 Many endogenous 
and exogenous factors can injure thymic function. Administration of 
corticosteroids results in thymic involution and decreased output of 
naïve T lymphocytes. Many forms of chemotherapy also are toxic to 
the thymus and result in thymic atrophy and diminished output of T 
lymphocytes. This issue is of particular importance in allogeneic hema-
topoietic cell transplantation, where long-term survival depends on 
reconstitution of the peripheral T-cell compartment. Studies that 
measure TCR excision circles, an indication of recent emigration from 
the thymus, and the kinetics of TCR repertoire reconstitution have 
shown that thymic function returns and TCR repertoire diversity 
increases in the post-transplant setting.385,386 Thymic function also is 
relevant in HIV infection,387 particularly in patients with advanced 
HIV disease on highly active antiretroviral therapy. In this setting, viral 
replication often is halted, but increases in the peripheral CD4+ T-cell 
count depend on de novo thymic production of naïve T cells or expan-
sion of the residual peripheral T-cell compartment or both.388,389

Lymphoid Anatomy
Most studies of the human immune system focus on circulating blood 
cells and, less frequently, on lymphocytes derived from lymph nodes, 
spleen, or other tissues. Studies in mice have focused on lymphocytes 
derived from spleen and lymph nodes and, recently, on mucosal tissues 
such as the intestines. In aggregate, studies with humans and mice 
provide a fairly detailed picture of immune system compartmentaliza-
tion. Understanding of immune cell populations in various lymphoid 
and nonlymphoid tissues has increased dramatically,390 as has under-
standing of the signals that direct the trafficking of lymphocytes in 
vivo.391,392 Although exceptions to this rule may exist, T-cell–mediated 
immune responses generally are initiated in secondary lymphoid 
tissues, specifically in lymph nodes and in the spleen.393 Subsequently, 
activated lymphocytes traffic to nonlymphoid sites of infection. Even 
after infection with microbial pathogens that do not infect lymphoid 
tissues directly, naïve antigen-specific T cells are activated in secondary 
lymphoid tissues and then traffic to the actual site of infection. Because 
lymphoid tissues play this vital role in adaptive immunity, understand-
ing the anatomy of the lymph node and spleen is essential to under-
standing the co-mingling of antigen with its cognate immune cell.

Lymph Nodes
Lymph nodes serve as a nexus for lymphocyte interaction with antigen-
presenting cells, overcoming the difficult problem of bringing together 
rare, antigen-specific lymphocytes with small quantities of antigen.394 
Located at the interface between the blood and lymphatic systems, 
lymph nodes receive lymphatic drainage from peripheral tissues as well 
as blood flow through arteries that enter the hilum of the node. The 
mechanics of fluid, cellular, and particulate movement through lymph 
nodes have been elucidated only recently.395,396 The flow of cells, pro-
teins, inflammatory mediators, and, in some instances, microbial 
pathogens, to the lymph node from distant sites of infection via afferent 
lymphatic channels facilitates the activation of protective cell-mediated 
immunity (Fig. 6-9).

At peripheral sites of infection, microbial antigens are taken up by 
migratory DCs that, after receiving signals through innate immune 

molecules.359 This type of escape strategy also has been described for 
viral pathogens,360,361 including HIV.362 The sequencing of the human 
genome, the advent of microarray-based, high-throughput genotyping 
technology, and the completion of the international HapMap project 
have facilitated numerous genome-wide association studies for human 
susceptibility to infectious agents.18 Genome-wide association studies 
have identified significant associations of polymorphisms in MHC 
class I genes with HIV control, HIV viral load at setpoint, and long-
term nonprogression,363 and in MHC class II genes with susceptibility 
to leprosy364 and hepatitis B.365

The MHC complex also encodes proteins for MHC class I mole-
cules that are not highly polymorphic. These molecules also are called 
MHC class Ib molecules and in humans consist of HLA-E, HLA-F, and 
HLA-G. HLA-G is highly expressed in the placenta and may protect 
cells from NK cell–mediated lysis.366 HLA-E binds the signal sequences 
of conventional MHC class I molecules, providing a readout of cellular 
synthesis of MHC class I molecules. HLA-E also binds to NK cell 
receptors CD94/NKG2B and CD94/NKG2C, thus inhibiting NK cell–
mediated cytolysis.367 The role of these proteins in antimicrobial immu-
nity is unclear, although there is evidence that HLA-E can present 
antigens derived from M. tuberculosis to T lymphocytes.368 Because 
MHC class Ib molecules generally are highly conserved among indi-
viduals (i.e., unlike HLA-A, HLA-B, and HLA-C, they are not highly 
polymorphic), there has been interest in exploiting them for pathogen-
specific vaccine development.368

Thymic Selection of CD4+ and CD8+ 
T Cells
Mature CD4+ and CD8+ T cells are generated in the thymus by a 
complex process of positive and negative selection.369,370 As mentioned 
earlier, T cells detect peptide antigen in the context of MHC molecules 
and express receptors that bind the foreign antigen and the MHC 
molecule. Thymic selection has evolved to ensure that peripheral T 
cells are able to interact with self-MHC molecules, through the process 
of positive selection, but not to respond to self-peptides, through the 
process of negative selection. T-lymphocyte progenitors originate in 
the bone marrow and travel to the thymus, where they enter the cortex 
at the double-negative stage, defined by the absence of the CD4 and 
CD8 co-receptors on the cell surface. In the thymic cortex, the TCR 
β-chain gene undergoes VDJ (i.e., variable, diverse, and joining) 
recombination, which, if successful, gives rise to the TCR β-chain 
protein. This gene recombination event is catalyzed by the RAG1 and 
RAG2 genes.371 The TCR β-chain first complexes with the invariant 
pre-TCR α-chain and travels to the cell surface.372,373 If this process 
is successful, the endogenous α-chain locus undergoes VJ recombina-
tion and replaces the pre-TCR-α in subsequent TCR complexes. At 
this stage, the cell upregulates the expression of CD4 and CD8 on its 
cell surface and is referred to as a double-positive thymocyte. Positive 
selection occurs first through a process in which the double-positive 
thymocyte interacts with a thymic epithelial cell. The consensus model 
is that low-avidity interactions between the TCR on the double-
positive thymocyte and MHC/self-peptide complexes on the thymic 
epithelial cell drive cell proliferation and survival, whereas high-
affinity interactions or no interaction results in cell death.374,375 On 
completion of positive selection, the double-positive thymocyte down-
regulates either CD4+ or CD8+, depending on whether positive selec-
tion occurred on MHC class II or class I. At this stage, thymocytes 
enter the thymic medulla, where they come into contact with bone 
marrow–derived DCs and medullary epithelial cells expressing a range 
of self-antigens. High-affinity interaction with self-antigens results in 
deletion of the single positive thymocyte, providing a second opportu-
nity to eliminate potentially autoreactive T lymphocytes. Studies have 
identified a transcription factor, AIRE, which promotes the ectopic 
expression of peripheral antigens in the thymus.376 Loss of function 
mutations in the human AIRE gene result in systemic autoimmune 
disease.

On completion of positive and negative selection, thymocytes  
exit the thymus in a process that is regulated by sphingosine-1- 
phosphate.377,378 The recent thymic emigrants undergo post-thymic 
maturation and become part of the peripheral T-cell compartment.379 
Naïve T cells generally express high levels of CD62L (also called 
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FIGURE 6-9  Anatomy of lymph nodes. A, Humans typically contain 500 to 600 bean-shaped lymph nodes. Lymph nodes filter lymphatic fluid that 
is draining  from peripheral  tissues  to  the bloodstream via  lymphatic  vessels.  Lymph nodes are encapsulated by dense collagen-rich fibers  that extend 
trabeculae into the lymph node substance. Afferent lymph fluid enters lymph nodes through channels that drain into subcapsular sinuses. Lymph fluid 
percolates through cortical and medullary sinuses before exiting the lymph node via efferent lymph channels. The outer region of the lymph node, termed 
the cortex,  consists primarily of B-cell–rich  lymphoid  follicles and T-cell–rich paracortical aggregates. The  inner  region of  the  lymph node,  termed  the 
medulla, is far less cellular than the cortex, and this region contains coalescing lymph-filled sinuses. The blood supply to the lymph node enters and exits 
via  the hilum. High endothelial venules  represent  the site of circulating  leukocyte entry  into  the  lymph node. Leukocytes exit  the  lymph node via  the 
efferent  lymphatic vessels and rejoin the circulation. B, Lymph node microanatomy and network of conduits. This panel provides an outline of  lymph 
node anatomy at a level that cannot be visualized by light microscopy. The anatomic relationships were deduced by introducing low molecular weight 
markers into lymphatic fluid and into blood that circulate into intact lymph nodes and analyzing trafficking patterns. Antigen-bearing migratory dendritic 
cells  (DCs) can traverse the cellular  lining of subcapsular and cortical sinuses to enter the paracortical cords to  initiate antigen presentation to naïve T 
cells. Soluble inflammatory mediators and antigens are funneled into fibrous conduits that link lymphatic channels with high endothelial venules (HEV) 
and lymphoid follicles. Resident dendritic cells (rDC) can sample the antigenic content of fibrous conduits and present antigens to T cells that enter the 
paracortex through the high endothelial venules. Low-molecular-weight proteins, such as chemokines, can flow from the lymph node sinus through the 
conduit  system to  the high endothelial  venules, where  they can  influence  the  recruitment of circulating  lymphocytes. CF, collagen fibers  that provide 
structural support to the conduits and to the lymph node. FRC, fibroblastic reticular cells that surround the conduits; JC, junctional complexes that provide 
a tight barrier to the contents of the conduit; SLCs, sinus-lining cells. 
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level, they also differ in some important respects (Fig. 6-10). The spleen 
is not a site for lymphatic drainage. Instead, antigens, pathogens, and 
circulating cells enter the spleen through the splenic artery. The splenic 
artery branches into central arterioles, which course through the 
splenic cortex and are surrounded by lymphocytes in a structure called 
the periarteriolar sheath.408 T lymphocytes are most proximal to the 
central arteriole and are surrounded by aggregates of B lymphocytes 
in regions termed B-cell follicles (see Fig. 6-10B). The densely packed 
B and T lymphocytes constitute the splenic white pulp and are sur-
rounded by the marginal zone (see Fig. 6-10C), which separates white 
pulp from red pulp.409 The splenic red pulp is rich in macrophages and 
contains many red blood cells, resulting from the percolating blood 
flow delivered by the termini of the splenic arterioles. The blood flow 
to the spleen predominantly terminates in the red pulp and the mar-
ginal zone. Most pathogens, on clearance from the bloodstream, first 
are localized to the marginal zone and red pulp of the spleen.410 With 
respect to cellular trafficking into the spleen, it seems that the major 
entry point into the white pulp is from the marginal zone.411 From here, 
activated antigen-presenting cells can enter the white pulp areas, most 
likely by traversing the marginal zone sinus and the metallophilic 
macrophage layer that forms a boundary between white pulp and 
marginal zone. Access of protein antigens and other molecules into the 
splenic white pulp is highly restricted and, in many ways, similar to 
the system identified in lymph nodes. Specifically, fibroblastic reticular 
cells form small channels that surround collagen fibers that enter the 
T-cell and the B-cell zones of the spleen and deliver small molecules 
(i.e., generally 60 kDa) into the white pulp. The channels found in 
B-cell follicles bind chemokines associated with B-cell recruitment, 
whereas the channels identified in T-cell zones bind chemokines asso-
ciated with T-cell recruitment.409

Chemokine-Mediated and Integrin-Mediated 
Trafficking to Lymphoid Tissues
The mechanism of entry of T and B lymphocytes into lymph nodes  
has been investigated in detail, and the sequence of events is well 
characterized. First, lymphocytes passing through high endothelial 
venules roll along the surface of the endothelium in a process that 
involves selectins on lymphocytes and counterreceptors on the endo-
thelial surface.412-414 The next step involves recognition of chemokines 
on the endothelial surface by chemokine receptors on the lymphocyte 
surface, which triggers a G1-protein–mediated activation process that 
induces integrin-mediated adhesion and movement across the endo-
thelium.391,415 In recent years, many of the components of this process 
have been delineated. The chemokine receptors CXCR4 and CCR7 are 
activated by the chemokine CXCL12, promoting the entry of B lym-
phocytes into peripheral lymph nodes. B-cell entry into Peyer’s patches 
is mediated by CXCL13 and CXCR5.416 LFA-1/ICAM-1 and α4β1/
VCAM (vascular cell adhesion molecule) interactions are required for 
B-cell retention in the marginal zone of the spleen.417 Antibody-
blocking studies showed that B-cell entry into follicles requires interac-
tion between LFA-1 on lymphocytes and ICAM-1 on spleen cells. The 
interaction between α4β1 integrin molecules and VCAM also contrib-
utes to B-cell entry into splenic follicles.418 When lymphocytes have 
entered the splenic white pulp, their movement between T-cell and 
B-cell zones is dictated in large part by chemokines and their respective 
receptors. B lymphocytes, on activation by antigen, upregulate the 
expression of CCR7, a chemokine receptor that responds to CCL19 
and CCL21 chemokines.419 Naïve T lymphocytes express CCR7, allow-
ing them to respond to CCL19 and CCL21 and directing them to T-cell 
zones of lymph nodes. When activated by antigen, the upregulation of 
CCR7 on B cells directs them to the T-cell zone, enabling their direct 
interaction with T cells and enabling B-cell antigen presentation to T 
cells and T-cell–mediated maturation of B cells.419

Immune Tissues Associated with 
Mucosal Surfaces
One of the challenges faced by the immune system is to distinguish 
pathogenic from innocuous microbes.420 This issue is of particular 
relevance in the intestine, a location that is teeming with microbes  
that, under most circumstances, pose little threat to healthy individu-
als. The role of endogenous commensal microbial flora in tuning 

receptors, mature and travel in the afferent lymph fluid to a draining 
lymph node.325 Inflammatory cytokines and chemokines produced at 
the site of infection travel in lymph fluid to the draining lymph node 
concurrently.397 This cellular and molecular cocktail enters the subcap-
sular space of the draining lymph node. Here the cellular and molecu-
lar immigrants follow different paths.

Afferent lymph draining from peripheral tissues enters the subcap-
sular space of a lymph node, then is filtered slowly through the capsular 
sinus and the cortical sinus, and converges on the medullary sinus in 
the hilum before exiting via an efferent lymph vessel.398 Lymph-borne 
DCs enter the subcapsular sinus, actively traverse an endothelial and 
fibroblastic layer of cells that forms the floor of the subcapsular sinus, 
and reach the lymph node cortex, directly moving into the lymph node 
parenchyma and the collection of lymphocytes in the paracortical 
cords.399 Small protein molecules, such as cytokines and chemokines, 
and small microbe-derived molecules, do not traverse this barrier and 
fail to enter lymph node parenchyma.398,400 Instead, these molecules are 
channeled into defined fibrous conduits that are both produced and 
enclosed by a tight network of fibroblastic reticular cells and contain 
an internal matrix consisting of collagen bundles. The collagen fibers 
provide structural support to the lymph node and define its architec-
ture. Despite the enclosed nature of these conduits, leukocytes within 
the lymph node are able to sample soluble material, including antigens, 
from the lymphatic content.401 Fibrous lymphatic conduits provide 
connections from the subcapsular and cortical sinuses to the high 
endothelial venules, enabling fluid flow and substrate transport from 
peripheral tissues, via the subcapsular sinuses and fibrous conduits, to 
the high endothelial venules, the site of cellular entry into the lymph 
node from the bloodstream.398 Fibrous conduits channel soluble, 
lymph-borne antigens and chemoattractants from the subcapsular 
sinus to B-cell follicles as well.402

Blood flow to the lymph node, after entering the lymph node hilum, 
is channeled through the high endothelial venules, where intravascular 
lymphocytes can adhere to the endothelial barrier and traverse into the 
paracortical cords of the lymph node. Endothelial cells in the high 
endothelial venules can produce chemokines on their luminal surface 
and, because many fibrous conduits end in the high endothelial 
venules, intravascular lymphocytes can respond to lymph-borne che-
mokines, both of which trigger lymphocyte extravasation into the 
lymph node parenchyma.400 On traversing the high endothelial venules, 
lymphocytes enter the perivenular channel, a narrow space bounded 
by fibroblastic reticular cells, that provides entry into the corridors of 
the paracortical cord. The paracortical cord is a labyrinthine structure 
that accommodates many T cells that are presumed to roam the cor-
ridors, eventually exiting by moving either toward a B-cell follicle or 
toward a cortical or medullary sinus.403 As lymphocytes move, side by 
side, through this labyrinth, they have extensive opportunities to 
contact antigen-bearing DCs that have entered the cord from the sub-
capsular sinus. If lymphocytes recognize an antigen presented by a DC, 
the T-cell activation process is initiated.

Inflammatory cytokines and chemokines enter the fibrous conduits 
that lead to the high endothelial venules, where they relay the message 
to circulating lymphocytes to adhere and traverse the endothelium. 
The recruitment of lymphocytes into the paracortical cords is rapid and 
efficient, and the labyrinths can become engorged with lymphocytes 
within a few hours of an inflammatory stimulus. Beyond their trans-
port function for cytokines and chemokines, resident DCs within the 
T-cell–rich paracortical zones in the lymph node can access and 
process soluble antigens sequestered in the conduits, linking the 
conduit system to the process of antigen presentation. Recent advances 
in microscopy404 have enabled investigators to visualize interactions 
between T lymphocytes and DCs in lymph nodes over the course of 
several hours405 and have demonstrated, for example, that CD4+ T-cell 
interactions with DCs enhance recruitment and activation of naïve 
CD8+ T cells.406

Spleen
The spleen is a large secondary lymphoid organ that also serves as an 
important filtration site for clearance of microbial pathogens from the 
bloodstream.407 Although spleen and lymph nodes share many T-cell, 
B-cell, and DC subsets and are similarly complex at the microanatomic 
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functions, such as cytolytic activity and cytokine secretion. The  
intestinal lamina propria also is populated with T lymphocytes,  
but conventional CD8α+β+ T cells with αβ TCRs predominate at 
this site.430,431

Innate lymphoid cells, a heterogenous group of innate immune cells 
that are classified in the lymphoid lineage in humans and in mice,167 
are abundant within the intestinal lamina propria and cooperate with 
T cells to regulate barrier functions and to balance immune tone within 
intestinal tissues. For example, a recent study demonstrated that 
murine RORγt-expressing innate lymphoid cells express MHC class II 
molecules and present microbial-derived antigen to limit CD4+ T-cell 
responses to commensal bacteria, a mechanism that may dampen 
intestinal inflammatory tone under homeostatic conditions.432 After 
challenge with the enteropathogenic bacterium Citrobacter rodentium, 
IL-22 production by innate lymphoid cells and CD4+ T cells appears 
to be critical for the induction of antimicrobial peptides by intestinal 
epithelial cells and for host protection.433,434

Although intestinal epithelial cells are postulated to present antigen 
to T lymphocytes,435-437 DCs are present in intestinal tissues as well. 
Two reports have shown that DCs sample intestinal contents by tran-
siently traversing the tight junctions of the intestinal epithelial cell 
layer.438,439 After engulfing bacterial pathogens, such as S. typhimurium, 
DCs migrate to secondary lymphoid tissues to activate naïve T 
lymphocytes.

Studies in mouse models have shown that intestinal infection  
with viral or bacterial pathogens induces robust expansion of 

immunologic homeostasis and in limiting host tissue damage on 
encounter of exogenous pathogens (i.e., tolerance to potentially benefi-
cial microbes and the induction of inflammation to resist infection by 
pathogenic microbes) has been the focus of intense investigation.421,422 
Aberrant inflammatory and T-cell–mediated responses to commensal 
microbes are postulated to underlie the pathogenesis of various inflam-
matory bowel syndromes.423 The intestine also is one of the most 
important portals of entry for viral, bacterial, protozoal, and helminth 
pathogens.424

T lymphocytes are prevalent in the intestinal mucosa and can be 
found within the innermost epithelial layer, in the adjacent lamina 
propria, and within secondary lymphoid tissues such as Peyer’s patches 
(lymphoid aggregates scattered in the small intestinal mucosa) and 
mesenteric lymph nodes.425 A series of tertiary lymphoid tissues can 
develop in postnatal life under the influence of lymphoid tissue inducer 
cells; these include cryptopatches, isolated lymphoid follicles, and 
colonic patches in the intestines as well as inducible bronchus-
associated lymphoid tissue in the lung.

T lymphocytes in the epithelial layer are a diverse population that 
in aggregate are termed intraepithelial lymphocytes. Some intraepithe-
lial lymphocytes express the α- and β-chains of the co-receptor CD8 
(CD8α+β+), whereas others express exclusively α-chains (CD8αα+) 
and others do not express CD8 at all.426 With respect to TCRs, some 
express αβ TCRs whereas others express γδ TCRs.427-429 Nearly all 
intraepithelial lymphocytes express adhesion molecules associated 
with an activated or memory phenotype and readily express effector 

FIGURE 6-10  Anatomy of the spleen. The spleen is a complex secondary lymphoid organ with compartmentalized cell populations. A, Hematoxylin-
eosin–stained spleen section with areas of densely packed cells, referred to as the white pulp (WP), separated by areas with more dispersed cell popula-
tions referred to as the red pulp (RP). B, Section of spleen stained with fluorescently labeled antibodies specific for B cells (orange) and T cells (green), 
demonstrating the distinct localization of B cells and T cells within the white pulp. C, Staining for macrophages (orange) and the splenic marginal zone 
(green), demonstrating the density of macrophages and phagocytic cells in the red pulp and marginal zone. 
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populations. Flow cytometry is used routinely in the clinical arena for 
CD4+ and CD8+ T-cell quantitation in HIV-infected and other immu-
nocompromised patients.

More recent technical innovations that have affected cellular immu-
nology studies involve the precise quantitation of antigen-specific T 
lymphocytes. Three methods—ELISPOT assays, intracellular cytokine 
staining, and MHC tetramers—have revolutionized the study of 
pathogen-specific T-cell responses. The ELISPOT assay is relatively 
simple and does not require a flow cytometer. ELISPOT assays provide 
accurate, quantitative data and can be performed with complex mix-
tures of cells, such as peripheral blood mononuclear cells or lymph 
node or spleen cells.444 To perform this assay, complex mixtures of cells 
are stimulated with antigen on a membrane coated with a monoclonal 
antibody specific for a cytokine, such as IFN-γ, TNF, or IL-4. Antigen-
specific T cells in the mixture, on stimulation, release cytokines that 
are captured by membrane-bound antibodies directly adjacent to the 
stimulated cell. Bound cytokines are detected with a secondary, 
enzyme-conjugated monoclonal antibody in a fashion identical to a 
standard sandwich enzyme-linked immunosorbent assay. Each stimu-
lated cell leaves a “spot” on the membrane, and the number of spots 
can be quantified (Fig. 6-12).

pathogen-specific T lymphocytes in the small intestinal epithelium and 
lamina propria.430,431,440 The presence of specific bacterial populations 
is a requirement for the development of Th17 cell populations, exem-
plified by their absence in mice that lack microbial flora.66 Bacteria that 
typically belong to commensal communities (e.g., segmented filamen-
tous bacteria) or that are considered pathogenic (e.g., S. typhimurium) 
induce mucosal Th17 cells that protect against pathogenic microbes, 
in part via IL-17–, IL-23–, and IL-22–dependent pathways. Systemic 
infection with viruses, such as vesicular stomatitis virus, or the intra-
cellular bacterium L. monocytogenes also induces marked increases in 
the frequency of pathogen-specific CD8+ T cells in the gut, suggesting 
that these T cells traffic to the intestine during systemic immune 
responses. The concept that immune responses to infectious pathogens 
result in the distribution of pathogen-specific T lymphocytes through-
out the body is supported by two studies that measured whole-animal 
immunity.441,442 In both studies, although T-cell priming occurred in 
secondary lymphoid tissues, after priming, antigen-specific T lympho-
cytes were found at higher frequencies in nonlymphoid tissues, such 
as liver, lamina propria, and adipose tissues.

PRIMER ON BASIC IMMUNOLOGIC 
TECHNIQUES: FOUNDATION OF 
IMMUNOLOGIC MODELS
Rapid evolution of immunologic techniques has facilitated the increas-
ingly sophisticated view of the mammalian immune system. Under-
standing current immunologic techniques is important for the 
practicing infectious diseases specialist for two reasons. First, these 
techniques form the basis on which we formulate our understanding 
of protective immunity. Second, immunologic techniques, such as  
flow cytometry, intracellular cytokine and MHC tetramer staining,  
and enzyme-linked immunospot (ELISPOT) assays increasingly are 
used in the clinical setting to evaluate immunologic function. Some of 
the more recently developed immunologic techniques are reviewed 
briefly here.

Characterizing and Measuring 
Pathogen-Specific Immunity
Flow cytometry has transformed immunologic analysis by allowing 
rapid and efficient analysis of complex lymphoid cell populations.443 A 
flow cytometer analyzes single cells for the presence of multiple, fluo-
rescently labeled monoclonal antibodies or dyes and allows each cell 
in a complex population to be scored for multiple cellular markers. 
This powerful technique provides a detailed picture of mixed cell pop-
ulations, such as lymph node, spleen, or peripheral blood cells (Fig. 
6-11). With the steady introduction of new monoclonal antibodies 
specific for novel surface or intracellular proteins, flow cytometry con-
tinues to uncover increasingly greater complexity among cell popula-
tions that previously were assumed to be homogeneous. A recurring 
theme in immunologic studies is the discovery that a cell subset, on 
the basis of a new marker, can be divided into two or three distinct cell 

FIGURE 6-11  Flow cytometry can be used to identify distinct immune cell populations within a complex mixture of cells. A, Plotting of the 
forward light scatter versus the side scatter of individual cells, which is a measure of the cells’ relative size and granularity. The cells within the enclosed 
box are selected (gated) and consist of monocytes and lymphocytes. B, The gated cells are further divided into B cells (vertical axis) and T cells (horizontal 
axis) on the basis of staining with specific monoclonal antibodies with different fluorescent emissions. The box surrounds the T-cell population. C, The 
gated T-cell population is analyzed for surface expression of CD4 or CD8 using monoclonal antibodies that fluoresce at two additional wavelengths. 
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FIGURE  6-12  The enzyme-linked immunospot (ELISPOT) assay 
quantifies T-cell responses to distinct peptides after infection. The 
four panels show interferon-γ production by spleen cells derived from mice 
infected with Listeria monocytogenes on stimulation with either no peptide 
or three defined MHC class  I–restricted peptide epitopes. Each spot rep-
resents the activation of an  individual cell by a specific peptide. The fre-
quency  of  antigen-specific  T  cells  can  be  calculated  by  counting  the 
number of spots on the filter and dividing by the number of cells placed 
in the well. (Redrawn from Vijh S, Pamer EG. Immunodominant and sub-
dominant CTL responses to Listeria monocytogenes infection. J Immunol. 
1997;158:3366.)
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Intracellular cytokine staining is similar to the ELISPOT technique, 
in that complex cell populations are stimulated with an antigen, but  
in the presence of either Brefeldin A or monensin, which are drugs  
that inhibit cellular secretion of cytokines.445 During this incubation, 
cytokines are produced by antigen-specific T cells but instead of  
being secreted they accumulate within the cell. After stimulation,  
cells are fixed and permeabilized, then stained with cytokine-specific, 
fluorescently tagged antibodies. Permeabilization with a dilute deter-
gent is necessary to provide antibody access to the accumulated intra-
cellular cytokine. Stained cells are examined by flow cytometry (Fig. 
6-13), and antigen-specific T cells are identified and quantified on the 
basis of cytokine production but also can be scored for other charac-
teristics (size, granularity, activation and differentiation markers, 
antigen receptor expression). Although technically more demanding, 
intracellular cytokine staining is more informative than the ELISPOT 
assay.

Another direct method for quantifying antigen-specific T cells 
involves the use of MHC tetramers.446 Because the interaction between 
TCRs and MHC peptide complexes is of low affinity, attempts to iden-
tify antigen-specific T cells with soluble MHC-peptide complexes was 
not possible. Generation of tetrameric forms of MHC-peptide com-
plexed with a fluorophore readily enabled antigen-specific T cells to be 
stained and identified by flow cytometry (Fig. 6-14). In addition, tet-
ramer staining can be used to isolate viable, pathogen-specific T lym-
phocytes.166,447 An advantage of MHC tetramer staining over either 
intracellular cytokine staining or ELISPOT assays is that T-cell detec-
tion does not depend on cytokine production, which in turn depends 
on the T-cell phenotype.

In many cases, use of the just-described quantitative assays radically 
revised prior estimates of pathogen-specific T-cell frequencies.109,110,448 
In some infections, such as primary Epstein-Barr virus infection, the 
frequency of virus-specific CD8+ T cells approaches 70%.449,450 Although 
Epstein-Barr virus is arguably an extreme example, in other infections, 
such as those caused by HIV, herpes simplex virus, influenza virus, and 
L. monocytogenes, pathogen-specific T-cell frequencies are astonish-
ingly large, generally ranging from 2% to 25%.110,448,451,452

FIGURE 6-13  Intracellular cytokine staining is another method for 
quantifying antigen-specific T lymphocytes in complex mixtures of 
cells. Single cell suspensions from the spleen, peripheral blood, or organ 
of  interest  are  stimulated  transiently  with  antigenic  peptides  and  then 
stained with monoclonal antibodies for the production of cytokines. The 
dot  plot  shows  production  of  interferon-γ  (INF-γ)  and  tumor  necrosis 
factor-α (TNF-α) by peripheral blood lymphocytes on stimulation with an 
antigenic bacterial peptide. The peptide-specific T-cell population demon-
strates  concurrent  production  of  both  cytokines,  a  common  finding  for 
pathogen-specific  CD8+  T  lymphocytes.  The  percentage  of  cells  that 
produce either TNF-α, IFN-γ, or both is indicated in the plot quadrants. 
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FIGURE 6-14  Major histocompatibility complex (MHC) tetramers can identify antigen-specific T cells. MHC tetramers are able to stain antigen-
specific T lymphocytes for detection by flow cytometry because the fluorochrome-conjugated tetramer can simultaneously interact with multiple antigen-
specific T-cell receptors (TCRs). Although the association of individual TCRs with MHC complexes is transient, binding becomes stable in the setting of 
multiple simultaneous interactions. In most studies, MHC tetramers are generated by biotinylation of the carboxyl terminus of soluble MHC molecules 
that contain a specific antigenic peptide, followed by complex formation with a fluorescently labeled avidin molecule, which contains four biotin-binding 
sites. A, MHC tetramer complex associating with an antigen-specific T lymphocyte. B, MHC tetramer staining of human peripheral blood mononuclear 
cells using tetramers complexed with three different Epstein-Barr virus–derived peptides. The percentage of CD8+ T cells specific for each of these peptides 
is indicated in the plots. HLA, human leukocyte antigen. (A courtesy Dirk H. Busch, Technical University, Munich.)
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7  Mucosal Immunity
Peter B. Ernst

Mucosal immune responses must discriminate between molecular 
signals that reflect a threat to the host versus those that are benign or 
even enhance health. This wisdom is achieved through mechanisms of 
antigen recognition, immune regulation, and the selection of effector 
responses that are tailored specifically to protect the delicate tissues 
and their physiologic functions. The adaptation of mucosal immune 
and inflammatory cells is shaped by literally millions of ligands in the 
local environment that are presented in an endocrine, paracrine, or 
autocrine manner. Although most of these ligands represent environ-
mental antigens, they also include cytokines, growth factors, metabo-
lites, hormones, and neurotransmitters. Moreover, the interaction 
between mucosal immunity and local organisms is recognized for its 
impact on the health of tissues well beyond the site where the original 
encounter occurs.

SPECIALIZATION OF HOST 
RESPONSES IN MUCOSAL TISSUES
The Challenge
Mucosal tissues not only provide a barrier between the host and the 
microbial world, but they are very delicate structures that perform 
important physiologic functions. For example, to maximize air 
exchange in the respiratory tract or nutrient absorption in the gut, 
these tissues have numerous morphologic adaptations that expand 
their surface area. It has been estimated that the surface area of the 
digestive tract is equivalent to one or two tennis courts, and this surface 
is exposed to myriad environmental antigens, whether they are toxins, 
food, or microbes. Further, humans alter their habits so these stimuli 
vary as we change our location, diet, and encounter new microbial 
challenges. Other realities of mucosal immunity include the challenge 
for host responses to reach luminal antigens “offshore” and protect 
against infection without compromising physiologic functions. Thus, 
immune and inflammatory cells in mucosal tissues adapt to changes 
in stimuli to acquire a pattern of differentiation that provides protec-
tion without disrupting adjacent tissues.

The gastrointestinal tract provides an informative model to illus-
trate the unique properties of mucosal immunity. In the gut, there are 
10-fold more bacterial cells than host cells, and the microbiome entails 
several 100-fold more genes than the human genome. In addition, 
there are large numbers of viruses, fungi, and parasites. In response to 
this microbial burden, the gut has as many lymphocytes as a solid 
organ such as the spleen. Moreover, the gut secretes approximately 75% 
of the antibody produced every day. Other mucosal tissues share 
similar challenges and require many comparable adaptations in their 
local immune responses.

Adaptation of Mucosal  
Immune Responses
The concept of a “common mucosal immune system” emerged based 
on the related interface separating mucosal tissues from luminal 
stimuli. Further, the presence of dimeric immunoglobulin A (IgA) is 
an adaptation found in most mucosal secretions. Humans differ from 
mice in that they have the IgA1 and IgA2 isotypes that are represented 
to varying degrees in different sites. As described in Chapter 5, the 
structure of IgA reflects its adaption to the mucosal environment 
because it is actively transported across the epithelium via the poly-
meric immunoglobulin receptor (pIgR), resists proteolysis as well as 
acid hydrolysis, and serves to prevent the binding of pathogens or 
toxins without activating complement and its inflammatory effects. 

Paradoxically, IgA nephropathy is an IgA-mediated disease that is 
driven by the deposition of IgA1, which leads to the impairment of 
glomerular function.1 Thus, even with adapted systems, responses can 
go wrong and contribute to disease instead of protection.

After the discovery of IgA as the dominant immunoglobulin isotype 
in mucosal tissues, Ogra and colleagues2 demonstrated that oral immu-
nization with a live-attenuated polio vaccine induced both IgG and IgA 
antibody responses in the serum and IgA in secretions, whereas sys-
temic immunization with an inactivated virus had little effect on 
mucosal immunity. Evidence for the exchange of immunologic infor-
mation among different mucosal tissues emerged from studies of 
mucosal immunization. When antigens are administered orally, for 
example, secretory IgA can be detected in other secretions such as 
tears. The detection of antibody in multiple tissues is largely attribut-
able to the selective circulation of antigen-specific B cells from one 
mucosal tissue to another.3

Immunity includes a variety of responses, some of which neutralize 
the intended target but also mediate collateral damage to host tissues. 
In mucosal sites, the antigen burden requires a very delicate homeo-
static response. A major contribution to homeostasis is the acquired 
tolerance to antigens that persist in the lumen of either the digestive 
tract (oral tolerance)4 or airway.5,6 This response allows the host to 
avoid adverse immune-mediated diseases resulting from environmen-
tal antigens and to “tolerate” the microbiota that persist in the lumen. 
The ability of local host responses to adapt to changes in luminal 
content, because of major changes in diet or microbial communities, 
exemplifies the flexibility in immune regulation that is needed to 
prevent overly exuberant responses to benign local antigens.

Although a multitude of factors shape mucosal immune responses, 
the selective accumulation of cells with a preferred phenotype for 
mucosal homeostasis occurs because of a limited array of biologic 
processes.7 The selection of a preferred phenotype in mucosal tissues 
can be achieved by deletion of cells with an unwanted phenotype, 
selective homing of cells with the preferred phenotype to the mucosae, 
differentiation of cells toward the preferred phenotype, and/or expan-
sion of cells through proliferation (Fig. 7-1). With respect to prolifera-
tion, it should be pointed out that not all daughter cells are “identical 
twins.” Proliferation in lymphocytes is often asymmetrical, that is, the 
engagement of receptors in the immunologic synapse leads to the 
migration of receptors and their associated signaling molecules toward 
one pole. When cell division begins, the signaling molecules inherited 
by the daughter cells are asymmetrically distributed, and this necessar-
ily changes the pattern of gene expression.8-10 This process may be 
relevant for changes in immune cell phenotype, particularly in associa-
tion with disease.

These four processes contribute to the phenotype of inflammatory 
cells, antigen-presenting cells (APCs) as well as T and B cells found in 
mucosal tissues. This understanding has been obtained by scientists 
accepting the challenge to study mucosal immune/inflammatory cells 
directly. One approach has used lavage of the airway or reproductive 
tracts as a window to view the lineage and function of cells in these 
sites. Although many investigators have studied mucosal cells directly 
in the gastrointestinal tract, because of technical challenges, cells such 
as neutrophils are rarely isolated from these tissues, whereas cells in the 
urogenital tract, salivary glands, and eye await more extensive charac-
terization. As creative techniques to investigate these cells are devel-
oped, we can expect novel insights will emerge that will be important 
to consider in a comprehensive understanding of mucosal immunity.
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Further, highly adapted processes, such as the mucociliary apparatus 
in the lungs, aid in the elimination of environmental contaminants and 
microbes.

In the gut, motility partners with the secretions to create a catharsis 
that contributes to the clearance of infections. This concept was illus-
trated in studies of immunity to nematodes. These organisms induce 
a robust Th2 response associated with the accumulation of IgE and 
mucosal mast cells.37 Degranulation of mast cells releases mediators 
that contribute to epithelial cell secretion and an increase in motility 
that, when impaired, decreases the clearance of several nematode 
species.38-40 These physiologic responses are regulated by neuroendo-
crine cells, often triggered by microbial products41,42 as well as cytokine 
responses that contribute collectively to mucosal immunity because 
they facilitate the clearance of infections. Neuroendocrine factors also 
regulate immune cell function. In short, the protective or pathogenic 
effects of mucosal immune and inflammatory cells cannot be separated 
from the other cells and mediators within the tissue. This raises the 
possibility that drugs impairing motility may not always be helpful in 
the control of diarrhea.

Antigen-Presenting Cells
The mucosal tissues have a full complement of macrophages and den-
dritic cells. These cells are found throughout the lamina propria, 
although some are enriched in secondary lymphoid structures, includ-
ing Peyer’s patches in the gut, similar subepithelial aggregates in the 
airway or other tissues, as well as in the draining lymph nodes. It has 
been reported that some dendritic cells extend their dendrites into the 
lumen and sample antigens directly.43,44 In other studies, phagocytes 
have been shown to engulf apoptotic epithelial cells45,46,47 that, if 
infected, could carry microbes and create another mechanism of 
antigen sampling.48,49

It is increasingly clear that various factors within the mucosa select 
for unique APCs50 that facilitate the accumulation of helper T (Th) cells 
that favor the induction of tolerance and/or mucosal IgA. Thus, there 
is a feed-forward as cells involved in the recognition and processing of 
antigen acquire a mucosal phenotype that, in turn, favors the expan-
sion of Th cells that select for effector mechanisms, such as IgA or 
mucosal mast cells that culminate in an ideal mucosal immune 
response. For example, initial engagement of nucleotide oligomeriza-
tion domain 2 (NOD2) expressed by APCs, with muramyl dipeptide 
(MDP) administered intranasally, stimulates the production of thymic 
stromal lymphopoietin (TSLP) and the induction of Th2 cells in the 
lung.51 Similarly, initial stimulation of NOD2 in the gut or in the 
context of ocular toxoplasmosis52 induces proinflammatory responses. 
However, repeated stimulation with NOD2 ligands renders APCs non-
responsive to ligands for NOD2 or Toll-like receptors (TLRs),53,54 as 
evidenced by decreased production of interleukin-1β (IL-1β), IL-8, 
and tumor necrosis factor-α (TNF-α).54 Mutations in the NOD2 gene 
are associated with Crohn’s disease,55 possibly by impairing the ability 
of APCs to adapt to these repeated signals from microbial ligands.

Innate Lymphoid Cells
Complementing the transition from innate to adaptive responses is a 
population of innate lymphoid cells (ILCs). These cells are non-B, 
non-T cells with a lymphoid morphology.56,57 Historically, ILCs 
included natural killer (NK) cells as well as the lymphoid tissue inducer 
(LTi) cells. Now it is clear that there are other subsets that are closely 
related to most, if not all, Th-cell subsets because they express similar 
transcription factors and patterns of cytokine production. To clarify 
this area, a new nomenclature has been proposed, in which ILCs are 
divided into subsets referred to as ILC1, ILC2, and ILC3.57 Of interest, 
ILC1 and ILC2 express transcription factors and cytokines that resem-
ble Th1 and Th2 cells, respectively, whereas ILC3 include cells resem-
bling Th17 or Th22 cells, as well as LTi cells (Fig. 7-2),57 thus giving a 
functional homologue of Th-cell subsets to innate immunity.

ILCs reside in the tissue constitutively and become activated by 
some of the cytokines released by APCs, epithelial cells, and T cells. In 
turn, ILCs express the transcription factors and cytokines that are 
appropriate to amplify the desired host response for the current anti-
genic signal. Given that adaptive immunity takes several days to be 
induced, ILCs complement the role played by macrophages and other 

INDUCTION OF MUCOSAL  
IMMUNE RESPONSES
Epithelial Cell Responses and 
Immunophysiology
Although single factors rarely explain complex biology, the interac-
tions in mucosal immunity benefit from some insight into the indi-
vidual elements. First, one should consider the interface between the 
host and its microbial milieu. In mucosal tissues, this is invariably the 
epithelial barrier, its mucous coating, and a variety of host factors that 
modify the microbial niche.11-15 Mucosal epithelial cells provide a 
physical barrier that limits the translocation of microbes or their 
metabolites into the underlying layers. The M cells are a specialized 
epithelial cell overlying the Peyer’s patches and serve as preferential 
sampling sites for the uptake of luminal antigens.16 Many microorgan-
isms are preferentially taken up by the M cells.17,18 Similar secondary 
lymphoid structures can also be found in the nasal-associated lym-
phoid tissue of the airway. Of interest, cells resembling M cells are 
scattered throughout the epithelium of the gastrointestinal tract,19 sug-
gesting that their enhanced ability to sample is more widespread than 
the Peyer’s patches.

Epithelial cells can express receptors for organisms such as human 
immunodeficiency virus (HIV),20 respiratory syncytial virus (RSV),21 
Helicobacter pylori22-24 or Salmonella spp.,25 to name a few. These inter-
actions favor colonization as well as invasion, which together lead to 
signaling events and the induction of mucosal immune responses.12 
Epithelial cells in the airway,26-28 digestive tract,29-31 and urogenital 
tract32,33 respond to infection, toxins, and inflammation with the release 
of cytokines that not only alert the host of potential damage or danger 
but focus the responses to the site of injury based on a gradient of 
chemokines and other factors.34 Thus, epithelial cells are able to sense 
a danger signal and transduce responses that recruit and activate other 
immune or inflammatory cells.

Some epithelial cells are highly specialized to produce antimicrobial 
factors or express the pIgR to mediate the transfer of polymeric IgA 
into the lumen. The ability to transport IgA is shared by most epithelial 
cells and increased during inflammation. However, the secretion of 
antimicrobial factors tends to be more localized. For example, saliva 
contains secretory leukocyte protease inhibitor,35 gastric parietal cells 
produce acid, and other epithelial cells produce a range of factors, 
including lysozyme, lactoferrin, defensins,13 and antibacterial lectins11,36 
that interfere directly with microbial growth or modify physiologic 
function to protect the host. One example of altered physiology in host 
defense is the role played by secretions to create a pressure gradient 
that impairs colonization in the deep regions of mucosal glands. 

FIGURE  7-1  Mechanisms contributing to the selection of the 
immunologic phenotype in mucosal tissues.  The  selection of  a  pre-
ferred phenotype (illustrated  in blue)  in mucosal tissues can be achieved 
by proliferation that expands the cells with the preferred traits (A). Not all 
daughter cells are “identical twins” with respect to proliferation. Prolifera-
tion in lymphocytes is often asymmetrical, giving rise to daughter cells that 
are not always identical (red cell). Accumulation of cells with the desired 
phenotype  can  also  be  achieved  by  homing  of  cells  with  the  preferred 
phenotype to the mucosae (B), differentiation of cells toward the preferred 
phenotype  (C),  and deletion of  cells with  an unwanted phenotype  (D). 
Targeting these pathways to direct the differentiation of an ideal mucosal 
immune response may be achievable with adjuvants or biologic response 
modifiers. 

Homing

A

B

C

D

Differentiation

Death

Proliferation

T

T T T

T

T

T

T

T

T

T

T

T

http://www.myuptodate.com


P
a
rt

 I
 B

as
ic

 P
ri

n
ci

p
le

s 
in

 t
h

e 
D

ia
g

n
o

si
s 

an
d

 M
an

ag
em

en
t 

o
f 

In
fe

ct
io

u
s 

D
is

ea
se

s
72

organisms, such as enteroinvasive Escherichia coli or various species of 
Salmonella, enter a cell by means of invasion as well as engulfment.72 
The internalization process creates phagosomes that can juxtapose the 
PAMPs with PRR within the phagosome, where they activate their 
respective responses.

Subsequent to the engagement of PRR, signaling pathways are 
stimulated, leading to the activation of transcription factors and the 
production of various host response molecules. Perhaps the best-
studied is the role of the myeloid differentiation primary response 
protein 88 (MyD88) as an integral part of the signaling for several of 
the TLRs.73,74 The fact that several PRR share a signaling pathway 
creates a synergy that may augment the potential stimulation from 
relatively small concentrations of PAMPs. Accumulating PAMPs 
within a phagosome would further enhance their concentration and 
potential for signaling.

Several distinct host responses are induced after sensing by PRR. 
One of the first would be the production of chemokines that recruit 
and activate other immune cells to the site of damage. Other responses 
include changes in the expression of accessory molecules on APCs that 
contribute to T-cell activation, oxidative burst, and the production of 
reactive nitrogen species, various vasoactive mediators, or arachidonic 
acid metabolites.

An important function of innate cells is to clear microbes or 
damaged tissue by phagocytosis. Engulfment of sterile debris or benign 
microbes leads primarily to the production of anti-inflammatory cyto-
kines such as IL-10 or transforming growth factor-β1 (TGF-β1).75,76 In 
contrast, clearance of pathogens usually leads to the production of 
cytokines that activate various Th-cell subsets. Another consequence 
of internalization of antigen into dendritic cells is its presentation to 
CD4 or CD8+ T cells, leading to T-cell activation. It should be pointed 
out that epithelial cells often express molecules associated with T-cell 
activation, including those recognized by invariant natural killer T 
(NKT) cells77 but also T cells.78,79 An interesting nonmicrobial example 
is the rapid uptake of gliadin by duodenal epithelial cells.80 Subsequent 
to this uptake, gliadin is processed by tissue transglutaminase to create 
a peptide that fits well into the DQ2 or DQ8 peptide-binding pocket 
and leads to Th-cell activation and celiac disease.81 Microbial antigen 
uptake and processing by epithelial cells or APCs by similar or distinct 
mechanisms would enhance adaptive immunity to an organism.

Sensing Metabolites
The PAMPs and DAMPs recognized by the host represent a fraction of 
the possible signals that shape mucosal immune responses. The broad 
collection of microbial and host metabolites constitutes a much larger 
pool of ligands that is just beginning to be appreciated. The value in 
understanding metabolomics can be illustrated with a few examples.

Several white cell lineages, including dendritic cells and Th cells, 
express a receptor that binds different ligands, including polycyclic 
aromatic hydrocarbons, suggesting environmental toxins modulate 
host responses.82 The aryl hydrocarbon receptor (AHR) is a ligand-
activated transcription factor that regulates the expression of many 
immune genes. In addition to toxins, natural ligands can be generated 
from dietary tryptophan by the initial enzymatic activity of indole-
amine 2,3-deoxygenase (IDO) to yield kynurenine. Kynurenine can 
accumulate in the placenta and induce regulatory helper T (Treg) cells 
that may help prevent rejection of the semiallogenic fetus.83 Further, 
catabolism of dietary tryptophan in the gut by bacteria or fungi to 
other AHR ligands can assist in the induction of IL-22, which binds to 
epithelial cells and stimulates the release of antimicrobial peptides.84,85 
Thus, microbiota and the host compete for the same substrates to 
generate different metabolic products that may modify mucosal 
immune responses toward Treg or Th22 cells85 while other AHR 
ligands can select for Th17 cells.86

Purine metabolism represents another pathway in which bacteria 
and the host compete for the same substrate.87 In brief, the accumula-
tion of ATP from bacteria88 or from dying cells69 can be metabolized 
to adenosine diphosphate (ADP), 5′-adenosine monophosphate (5′-
AMP), and then to adenosine.87,89 ATP can be a proinflammatory 
signal that favors the accumulation of Th17 cells in the mucosa,90 
whereas the accumulation of adenosine depletes this stimulus and 
usually confers an anti-inflammatory activity mediated by the A2A 

innate cells in limiting infections as well as enhancing the milieu to 
select for the appropriate T-cell and B-cell responses that eventually 
confer adaptive immunity and memory.

Further evidence of the integration between ILCs and Th cells is 
found in the response of ILCs to Th-derived cytokines. For example, 
IL-17A or IL-22 from Th17 cells has been reported to activate NK cells 
and enhance immunity to fungi in mucosal sites such as the kidney58 
and oral cavity.59 Other Th-cell cytokines activate cells involved in 
acute/innate inflammatory response in different ways. For example, 
Th2 cells enhance the accumulation of mast cells, basophils, and eosin-
ophils, as well as increase IgE antibodies that enable IgE-binding cells 
(such as mast cells and basophils) to recognize antigen and release their 
mediators that contribute to clearance of nematodes.37

Sensing Mucosal Microbiota
The importance of the microbiota in regulating host responses begins 
with the microbes having access to the host and the subsequent  
recognition of their molecular structures.60-62 The sensing of microor-
ganisms is mediated through pathogen-associated molecular patterns 
(PAMPs).63 The PAMPs are detected by pattern recognition receptors 
(PRR) expressed on the surface of several cell lineages. There are 
several classes of PRR, including TLRs63; NOD-like receptors (NLR), 
including the NOD family64; Rig-like helicases (RLH)65; and various 
proteins containing thrombospondin repeats, such as thrombospondin 
1,66 mindin,67 and the recently described brain angiogenesis inhibitor 
1 (BAI1).25 In addition to bacterial factors, tissue damage, including 
debris from cells dying of apoptosis or necrosis, provides an array of 
molecules referred to as alarmins or danger-associated molecular pat-
terns (DAMPs).68 Further, the release of adenosine triphosphate (ATP) 
from dead cells in damaged tissue is important for additional phago-
cyte recruitment69,70 and the regulation of inflammation that contrib-
utes to tissue repair.

Many PRR engage their ligand on the cell surface, whereas others 
are activated in phagosomes or elsewhere in the intracellular space 
after translocation of the PAMPs. Soluble PAMPs in the blood, such as 
endotoxin, can activate surface receptors directly, although concentra-
tions of these ligands rarely reach the thresholds needed to activate 
leukocytes ex vivo. Microbes, exemplified by H. pylori, remain primar-
ily on the cell surface of (gastric) epithelial cells, where surface PRR 
may be engaged. Additional activation occurs subsequent to the trans-
location of bacterial effector molecules into the cytoplasm, where pep-
tidoglycan can induce IL-8 responses after sensing by NOD1.71 Other 

FIGURE  7-2  Properties of innate lymphoid cells (ILCs).  ILCs  are 
believed  to  be  derived  from  a  common  precursor  and  differentiate  into 
their respective subsets based on the cytokine milieu. In response to spe-
cific cytokines  (in  red),  transcription factors  (underlined)  that control  the 
selection  and  expression  of  cytokine  genes  are  induced.  In  general,  the 
pattern of transcription factor usage and cytokine gene induction in ILC1, 
ILC2, and  ILC3  resemble  the same control of differentiation observed  in 
Th1, Th2, and Th17 cells, respectively. As reviewed elsewhere,57 the stimuli 
of ILC1 include IL-12, IL-15, and IL-18; ILC2 are driven by IL-25 and IL-33, 
whereas  ILC3 require  IL-1 and  IL-23. The  ILC1 are often associated with 
intracellular  infections,  typically viruses.  ILC2 are more often seen  in  the 
context of nematode infections, whereas ILC3 are induced in response to 
different  bacterial  challenges  in  mucosal  tissues  and  contribute  to  the 
induction of secondary lymphoid tissue by the LTi subset. AHR, aryl hydro-
carbon  receptor;  GATA3,  transcription  factor  binding  to  DNA  sequence 
guanine-adenine-thymine-adenine;  IFN-γ,  interferon-γ;  IL,  interleukin; LTi, 
lymphoid  tissue  inducer; RORγt,  retinoic  acid-related orphan  receptor-γt; 
T-bet, T-box expressed in T cells. 
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drives Th-cell differentiation. As illustrated in Figure 7-3, the cytokine 
milieu induced after antigenic stimulation shapes the differentiation of 
Th cells. The combination of microbial factors, the conditioned 
responses of APCs that have adapted to their respective niche, and 
local cytokines (e.g., from ILCs or other T cells), all regulate Th-cell 
differentiation. This is illustrated with nematode infections that induce 
TSLP and IL-4, leading to the differentiation of naïve Th cells into Th2 
cells.107-109

Th17 cells provide another important Th-cell response in mucosal 
tissues. IL-17 production was first implicated in mucosal infections in 
studies of the pathogenesis of H. pylori in human gastric tissue.110 
Subsequently, Th17 cells, through the production of IL-17 and IL-22, 
have been shown to play an important role in immunity to mucosal 
pathogens,56 including Citrobacter rodentium,111 Klebsiella pneu
moniae,112 H. pylori,113 and Candida albicans.59

Most inflammatory responses are mixed because cytokines capable 
of favoring different Th-cell subsets are induced simultaneously. The 
plasticity of Th cells and the complexity of Th-cell differentiation are 
attributable to the fact that multiple cytokines targeting a Th cell induce 
the same, complementary, or competitive signaling pathways. Although 
some responses can be uniform, for example, Th2 responses induced 
by nematodes114 or Th1 responses induced by Mycobacterium tubercu
losis,115 other microbes induce mixed Th1/Th17 responses, and there 
are even reports of Th1 responses in Treg cells.116

The Th cell–derived cytokines expand and differentiate CD8+ cyto-
toxic T cells (CTL) or B cells. In addition, these cytokines feedback on 
innate cells to increase the expression of cytokines produced by epi-
thelial cells, ILCs, or APCs. For example, the production of interferon-γ 
(IFN-γ), IL-2, and IL-15 are particularly effective at increasing cyto-
toxic activity mediated by NK cells, invariant NKT (iNKT), and CTL 
that would be effective at mediating immunity against intracellular 

adenosine receptor (A2AAR).87 Although Treg cells can generate ade-
nosine as a mediator of suppression, bacteria can also achieve this to 
suppress innate responses to favor colonization.91

Another example of the role for metabolism in regulating host 
responses is the conversion of vitamin A to retinoic acid by dendritic 
cells expressing retinol dehydrogenase.92 This process plays an impor-
tant role in conditioning leukocytes with a mucosal phenotype93,94 and 
imparting the ability for these cells to home to mucosal tissues.92,95 
Further, APCs exposed to retinoic acid assume the capacity to direct 
Th-cell differentiation away from Th17 cells and toward Th2 and Treg 
cells96 that possess the ability to increase IgA production.97,98 One can 
only imagine how new data emerging from studies of the microbiome 
will identify other metabolic reactions that contribute to the molecular 
environment shaping mucosal immune response and the microbial 
niche.

Discrimination between a 
“Commensal” and a “Pathogen”
The crux of the matter for mucosal immune responses in health and 
disease is being able to know when and how to respond. For years, 
microbes have been described as being “commensals” or “pathogens;” 
however, these categories represent opposite ends of a spectrum that 
defines the interrelationship between the host and its microbial com-
munities. As discussed later, this is illustrated by organisms that can 
exist as commensals, but in the context of the host response, they can 
assume a biologic role that is decidedly disadvantageous to the host.99

The conundrum of distinguishing pathogens from commensals 
emerges because the latter can also express ligands for PRR yet do not 
impart a strong danger signal.53 There are several reasons to explain 
this paradox. It may be related to the burden of a particular microbial 
species, the age at which infection occurs or its duration, the structure 
of its PAMPs that may render them less proinflammatory, or possibly 
the absence of secretion systems, invasion mechanisms, or other viru-
lence factors. At the other extreme, one encounters pathogens that 
display an array of molecular patterns that allows them to send a dif-
ferent, perhaps “fresh” or more intense set of signals that stimulates 
mucosal responses immediately.

Microbes produce hundreds of metabolites and molecules, creating 
a cascade of stimuli that begins with binding to host epithelial cells; 
sometimes using secretion systems that translocate bacterial effector 
molecules into host cells; invasion and/or internalization; engagement 
of numerous extracellular or intracellular pattern recognition receptors 
(such as TLRs, NODs, etc.); and the initiation of chemokine and cyto-
kine production. As described by Matzinger,100 this process signals 
“danger,” and the chemokines recruit and activate innate cells to phago-
cytose the offending microbe, amplify the host response, and induce 
appropriate effector mechanisms.100 This is illustrated by organisms 
such as Salmonella spp. that stimulate APCs to produce proinflamma-
tory cytokines, including IL-6, IL-12, or IL-23, that stimulate the dif-
ferentiation of Th1 or Th17 cells.101,102 Although these cells contribute 
to protective functions, host responses must be regulated carefully to 
avoid immune-mediated damage and to maintain the physiologic 
functions that are required to sustain life.

Contrasting the inflammatory responses leading to a relative sterile 
immunity are infections that induce a degree of tolerance. For example, 
dendritic cells exposed to H. pylori favor the ability of these APCs to 
induce Treg cells103,104 and contribute to persistent infection. Indeed, a 
pathogen such as H. pylori can coexist more or less peacefully for the 
host’s entire life.46,47 The molecular basis to explain this effect of H. 
pylori remains unclear but could include the modest inflammatory 
effect of its lipopolysaccharide (LPS)105 or any number of metabolic 
factors that remain to be defined. Adding to the complexity of this 
biology, H. pylori may even confer some advantages to health in the 
digestive tract106 or other sites as discussed later. Of importance, “sterile 
immunity” may be less advantageous to the host than a more mutually 
beneficial relationship.

Adaptive Immunity to Mucosal 
Stimulation
The transition from innate to adaptive immunity is based on the inter-
action among Th cells, APCs, and the molecular environment that 

FIGURE 7-3  Impact of Th-cell plasticity on immunologic function. 
Selection of Th-cell subsets is driven by positive signals (in red) that favor 
the induction of specific transcription factors (underlined) and the genes 
they regulate.  In addition, negative feedback provided by some of these 
cytokines favors the emergence of certain subsets. For example, produc-
tion of  IL-4  inhibits Th1 cells, whereas  IFN-γ  inhibits Th2 and Th17 cells. 
Based on  the bias  in cytokine production,  these Th-cell  subsets mediate 
different  functional  activities.  Th1  cells  enhance  cell-mediated  immunity 
that  is  well-suited  to  protect  against  intracellular  functions.  Th2  cells 
enhance  IgE  and  mast  cell  responses  that  are  important  for  immunity 
against helminths. They also contribute to IgA production. Th17 responses 
are  particularly  important  in  antibacterial  immunity  and  IgA  regulation, 
whereas  Treg  cells  not  only  favor  IgA  but  also  inhibit  other  responses  
and contribute to tolerance. However, when not appropriately regulated, 
these  subsets  contribute  to  disease,  as  evidenced  by  the  association  of  
Th1  and  Th17  cells  with  gastritis  and  inflammatory  bowel  disease  and  
the  well-established  role  for  Th2  cells  in  allergy.  AHR,  aryl  hydrocarbon 
receptor; APC, antigen-presenting cell; cAMP, cyclic adenosine monophos-
phate;  GATA3,  transcription  factor  binding  to  DNA  sequence  guanine-
adenine-thymine-adenine;  HIF1α,  hypoxia  inducible  factor-1α;  IFN-γ, 
interferon-γ; IL, interleukin; RORγt, retinoic acid-related orphan receptor-γt; 
T-bet,  T-box  expressed  in  T  cells;  TGF,  transforming  growth  factor;  TNF, 
tumor necrosis factor; TSLP, thymic stromal lymphopoietin; Treg, regulatory 
T cell. 
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There is now substantial evidence that adenosine is an important 
mediator of Treg-cell function. For example, engagement of the A2AAR 
not only induces Treg cells125 but is also required for optimal Treg-cell 
function.126,127 Subsequently, investigators reported that Treg cells had 
the ability to synthesize adenosine through the action of two ectoen-
zymes: CD39 (ectonucleoside triphosphate diphosphohydrolase-1 
[NTPDase-1]) and CD73 (ecto-5′-nucleotidase). Many Treg cells in 
mucosal tissues express CD39 and CD73, which catalyze the transfor-
mation of ATP to adenosine.128 ATP enhances dendritic cell matura-
tion129 and increases Th17 responses in the intestinal lamina propria.90 
Because most Treg cells express CD39 and CD73, they not only gener-
ate adenosine, which inhibits many responses, including Th17 cells,130 
but degrade ATP and, in so doing, remove this proinflammatory stim-
ulus from the immunologic synapse. As described earlier, ATP metab-
olism provides an intersection between the host and microbes that 
generate and use these products for their respective advantage.

The induction of regulatory cells to infections has also been exam-
ined in the airway.131,132 For example, infection with Bordetella pertussis 
stimulates the accumulation of Treg cells that can attenuate injury 
caused by immune and inflammatory cells induced by infection.133 
Braat, Mills, and co-workers134 have expanded this model to identify 
that the parenteral administration of an immunomodulatory antigen 
from Bordetella pertussis protects against colitis induced by the adop-
tive transfer of CD45RBhi Th cells. This experiment shows that induc-
tion of one functional subset of Th cells by a specific microbial antigen 
can create a regulatory network that interferes with inflammation 
mediated by Th cells, even in other mucosal tissues. This notion is 
supported by the observations that Th2 responses induced by nema-
tode infections attenuate disease mediated by Th1 and/or Th17 cells in 
the stomach135 or intestine.136,137 These reports provide evidence that 
immune deviation induced by mucosal infection deflects a potentially 
adverse host response to a more tolerable condition. Of importance, 
these studies also demonstrate that new knowledge gleaned from 
research in one tissue or with one organism may have relevant applica-
tions in the management of other diseases in unrelated tissues.

When Mucosal Responses Go Wrong
Although mucosal immunity is intended to maintain immunologic 
homeostasis and health, the host pays a price when inappropriate 
responses are stimulated by infection. The burst of cytokines, reactive 
oxygen, or nitrogen species, as well as the release of enzymes or vasoac-
tive mediators, allow the infiltrating immune and inflammatory cells 
to contribute to disrupted tissue architecture and loss of function. In 
addition to tissue damage, these responses can cause pathologic 
amounts of catharsis, pain, or motility disorders, including broncho-
constriction. Further, the oxidative stress induced by chronic inflam-
mation also increases the risk of various cancers.138,139

In some infections, the onset of immune-mediated damage can 
begin with the acquisition of an infection that is sufficiently robust to 
break tolerance. For example, viral infections that induce prodigious 
amounts of IL-2 can break tolerance in autoreactive T cells, leading to 
diabetes.140 In the context of mucosal immunity, infection with one 
microbe not only activates host responses to this challenge, but simul-
taneously activates other T cells.141 One well-known example of this is 
Guillain-Barré syndrome, which is triggered by a mucosal infection 
with Campylobacter jejuni.142,143 Thus, if other significant immunologic 
events are occurring concurrently, then the triggering infection may 
disrupt the generation or maintenance of tolerance contributing to 
allergies or autoimmune diseases.

There are several signature changes in mucosal immunity in the 
context of chronic inflammation or “autoimmune” disease. There is a 
predictable shift from the normal IgA responses to the accumulation 
of IgM and IgG as well as activated complement. These responses are 
observed in chronically inflamed tissues, including the oral cavity with 
gum disease, the small intestine affected by celiac disease,144 the 
stomach during infection with H. pylori,145 and the intestines in 
response to inflammatory bowel disease (IBD).146 Although many of 
the host responses are aimed at controlling these inflammatory condi-
tions, including an increase in Treg cells, for example, the antigenic 
drive fueled by leaky epithelial cells and aberrant host responses pre-
vents resolution of the inflammation. In addition, the recruitment of 

pathogens, including viruses and some invasive bacteria. These 
responses would be induced most efficiently by Th1 cells in an envi-
ronment in which the pathogen or vaccine antigen induced IL-1 and 
IL-12, for example.

Mucosal B cells are noted for undergoing isotype switching from 
IgM-bearing cells to IgA-producing cells. Although IgA is usually the 
predominant antibody in mucosal tissues, other isotypes can be 
induced, including various isotypes of IgG and IgE. IgG tends to be the 
predominant antibody isotype in the lower airway and reproductive 
tract. The process of isotype switching is mediated by different cyto-
kines, including IL-4, which favors IgE117 and IgG1, as well as TGF-β1, 
B-cell–activating factor of the TNF family (BAFF), or A-proliferation–
inducing ligand (APRIL), which direct switching to IgA.118,119,120 Of 
interest, one of the richest sources of TGF-β1 is the Treg-cell subset.98 
Treg cells induce more IgA-producing cells than Th2 cells, in addition 
to inhibiting proinflammatory cytokine responses. This apparent 
paradox illustrates the delicate balance that is required in mucosal 
immune homeostasis. Inhibition of host responses by Treg cells can 
favor persistent infection and the development of commensalism. 
Commensals may not be cleared by IgA alone, or their profile of anti-
gens and virulence factors may not favor the induction of sufficiently 
strong cognate B-cell or other host responses that would eradicate the 
infection. However, other microbes induce host responses that eventu-
ally eliminate and often prevent future infection. Treg cells may help 
select for IgA antibody production that is sufficient to protect the host 
while simultaneously limiting tissue damage that could emerge from 
excessive inflammation that might be induced by pathobionts.98 Sub-
sequent to the isotype switch to IgA, other Th-cell–derived cytokines 
(e.g., IL-5, IL-6, and IL-10) can expand the pool of IgA-producing 
cells121 and coordinate an effective host response that remains under 
the control of Treg cells.

The production of IgE in the airway and digestive tract occurs in 
the context of nematode infections or allergies. Environmental trig-
gers, including microbial PAMPs, can stimulate the production of cyto-
kines that favor Th2 differentiation and IgE production.51 Further, 
rhinoviruses have also been implicated as a trigger that exacerbates 
atopy, including food allergy and wheezing.122 Thus, careful regulation 
of mucosal immune responses is important for maintaining immuno-
logic homeostasis to infections.

Immunologic Homeostasis in  
Mucosal Tissues
Immune responses in mucosal tissues, including the gut, airway, uro-
genital tract, and eye, are regulated by CD4+ Th cells, regulatory NKT 
cells, CD8+ T cells, and B cells. In response to benign antigens, which 
on their own do not deliver a loud danger signal, immune cells with a 
“regulatory” phenotype maintain immunologic homeostasis. Lineages 
with this function are represented unevenly in different tissues, but 
together they create a regulatory network to maintain equilibrium in 
mucosal immune reactivity.

Helper T cells are an important part of the adaptive immune system 
that contributes to the balance of immunity and immunologic restraint 
required for healthy mucosal tissues. A number of functionally distinct 
CD4+ Th-cell subsets have been elucidated, including Treg cells, which 
mediate anti-inflammatory activity. These cells are a topic of intense 
study because of their ability to control inflammatory responses and 
prevent autoimmune reactions.

Treg, or various Th subsets with regulatory function, inhibit 
immune and inflammatory responses through the production of IL-10 
and/or TGF-β1. In addition to these cytokines, interactions between 
surface cytotoxic T-lymphocyte antigen-4 (CTLA-4) on Treg cells and 
receptor molecules on target cells limit immune responsiveness. Other 
data suggest that contact between Treg and effector T (Teff) cells stimu-
lates the production of the anti-inflammatory mediator IL-35.123 A 
more intimate mechanism of intercellular contact was described by 
Bopp and co-workers,124 who reported that the suppressive action of 
murine Treg cells depended upon the transfer of cyclic adenosine 
monophosphate (cAMP) from Treg to responder T cells. Although 
pharmacologic manipulation may increase the levels of cAMP avail-
able to mediate Treg-cell function, there are biologically relevant 
stimuli that accomplish this. One example is adenosine.
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translocation, tissue damage, and dissemination of infections. The 
interaction between the microbiota and the host, however, is not 
always detrimental.

Good Bugs, Bad Bugs, and the  
Hygiene Hypothesis
The evolution of mucosal immunity was driven in part by the benefit 
of microbial-derived nutrients to the host and the need to keep these 
microbial communities under control. Increasingly, the host response 
is being recognized for its ability to shape microbial communities 
rather than sterilize them. The notion that tissues should be sterile has 
never reflected reality, and attempts to scrub the mucosa to some arti-
ficial state of cleanliness is increasingly viewed as a contributor to 
many diseases. This notion has evolved from the hygiene hypothesis, 
which can be defined as the theory that children who are not exposed 
to robust microbial challenges have altered immune homeostasis and 
an increased risk for several immune-mediated diseases. Advocates of 
the hygiene hypothesis would suggest that the symbiosis of a complex 
microbiota with the host response tends to be protective. One can 
imagine that the cumulative effects of microbial virulence factors or 
metabolites, diet, environmental factors, and host genetics and epi-
genetics all impact mucosal immunologic homeostasis.

One clinical example that is often cited in support of the hygiene 
hypothesis is the continued increase in IBD in Western Europe and 
North America.162 Although many factors are associated with this 
trend, one hypothesis is that these Th1/Th17-predominant diseases 
occur less in countries that have a higher burden of infections, includ-
ing nematodes. Indeed, helminth infection can attenuate IBD in 
humans and animal models.137 Other reports describe an anti-
inflammatory effect of nematodes on H. pylori–induced gastritis,135 
whereas probiotic bacteria163-165,166,167 or fungal infections with Can
dida albicans protect against colitis in animal models168 by increasing 
IL-10 and decreasing IL-17A and IL-17F as well as TNF-α. In the 
case of C. albicans, the protection has been traced to its ability to 
induce indoleamine-2,3-dioxygenase production by dendritic cells, 
which, in turn, affects the differentiation of Th cells.169 Several other 
studies support the notion that PRR and signaling through MyD88  
are required to maintain immunologic homeostasis in mucosal 
tissues.170,171

Although diseases such as asthma and IBD appear to occur less 
frequently in countries lacking the degree of hygiene found in Europe 
and North America, one cannot ignore the huge morbidity and mor-
tality from mucosal infections in these populations, which affects 
nutrition, growth, and cognitive development.172 Ideally, a limited 
microbial community that is more complex but lacks the most deleteri-
ous pathogens or virulence factors could achieve the potential benefit 
inferred by the hygiene hypothesis. Of interest, H. pylori represents 
one species that is widespread in countries cited as having lower rates 
of asthma or IBD. Epidemiologic studies suggest H. pylori confers 
protection against esophageal cancers106,173 or other infections, includ-
ing tuberculosis.174 Oertli, Müller, and co-workers103,104 have done 
a series of studies showing that neonatal infection with H. pylori 
induces Treg cells that inhibit gastritis, favor persistence, but also 
attenuate airway disease in a murine model of asthma. Although one 
would have to weigh the risk of gastric cancer with the benefits of car-
rying H. pylori, it is entirely possible that sufficiently attenuated strains 
will be generated that may be proven beneficial when included in a 
probiotic mix.

Additional evidence for the beneficial role of a complex microbiota 
comes from the use of fecal transplants (also referred to as bacterio-
therapy) as a strategy for preventing or attenuating diarrhea caused by 
C. difficile.175 Currently, this approach for “rePOOPulation”176 lacks the 
optimal specificity, assured freedom from pathogens, and the control 
of dose that is preferred in therapeutic approaches in medicine. None-
theless, as the beneficial and deleterious microbial communities or 
metabolites/virulence factors continue to be identified, it may be pos-
sible to modify a host’s microbiota through the use of prebiotics, pro-
biotics, or antibiotics. Eventually, one should be able to provide 
carefully engineered probiotics that produce defined metabolites and 
beneficial microbial communities to promote a more stable immuno-
logic homeostasis.

cells from the blood that lack the hyporesponsive mucosal pheno-
type147 and/or disruption of proper differentiation toward this more 
anergic phenotype148 leads to heightened responses not normally 
encountered in mucosal tissues. The contribution of the host response 
to the pathogenesis of infectious disease may be the price one pays for 
antimicrobial immunity.

The Mucosal Host Response  
Defines Pathogenicity
Much has been written about the role of microbial factors in disease 
pathogenesis99; however, it is also important to consider the contribu-
tion of local mucosal immune responses. Some of the most compelling 
evidence for immune-mediated damage after infection comes from 
genetic studies. First, with the emergence of genetically engineered 
animal models, it became clear that disruption of scores of genes that 
regulate immunity was sufficient to cause inflammation in the gastro-
intestinal tract, usually manifesting as colitis.149-152 Of significance, 
disease is markedly attenuated or prevented by reducing the microbial 
burden with broad-spectrum antibiotics or raising animals in gnoto-
biotic conditions. These findings demonstrated that the normal, resi-
dent microbiota, often referred to as commensals, were sufficient to 
trigger disease. Second, the more recent genome-wide studies of 
patient populations have shown that polymorphisms in genes encod-
ing proteins that regulate host responses are associated with gastroin-
testinal diseases, including gastric cancer associated with H. pylori 
infection,153-156 Crohn disease, and ulcerative colitis.157 These data have 
supported the concept that chronic mucosal diseases, such as inflam-
matory bowel disease or gastric cancer, are due to the inappropriate 
regulation of mucosal immune responses to microbial antigens in 
genetically susceptible hosts.158

Other reports implicate the host response in more acute, infectious 
diarrhea (Table 7-1). For example, challenging mice lacking stem cell 
factor with cholera toxin159 or Salmonella160 does not induce disease. 
Similarly, inhibiting the recruitment of leukocytes in chemokine 
receptor–deficient mice attenuates disease caused by Clostridium dif
ficile toxin.161 By impeding the accumulation or activation of mast cells 
or neutrophils, these approaches remove a major source of mediators 
that stimulate epithelial cell secretion and diarrhea.

Clearly, an aberrant host response does not provide a complete 
explanation for the pathogenesis of complex diseases, but immune 
responses certainly contribute through their effects on colonization, 

TABLE 7-1  Role of Mucosal Immune Reponses in 
Microbial Pathogenesis

PATHOGEN EVIDENCE FOR THE IMMUNOPATHOGENESIS
Vibrio cholerae Absence of disease in SCF-deficient mice159

Bacillus anthracis Attenuation of disease in mice depleted of macrophages207

Bordetella 
pertussis

Clearance prevented by IL-10–producing Treg cells133

Clostridium 
difficile

Inhibiting leukocyte recruitment in chemokine-deficient 
mice prevents disease161

Salmonella spp. Absence of disease in SCF-deficient mice160

Helicobacter 
pylori and 
gastric cancer

Class II MHC/HLA acts as receptor, and its expression is 
increased by cytokines22

Tissue damage and epithelial cell apoptosis attributed to 
host response208,209,210,211-213

Treg cells and anti-inflammatory mediators control gastritis 
and contribute to persistence214-215,216,217-219

Immunogenetic studies in humans implicating 
polymorphisms in genes that regulate host response 
(e.g., IL-1β, TNF-α, IL-10)153,155

Helicobacter 
hepaticus

Exacerbates disease in IL-10–deficient mice220,221

Disease prevention associated with induction of IL-10–
producing Treg cells221

Inflammatory 
bowel disease

Immunogenetic studies in humans implicating 
polymorphisms in genes that regulate host response to 
infections (e.g., NOD2, IL-17, TNF-α, IL-10)157

HLA, human leukocyte antigen; IL-10, -17, interleukin-10, -17; MHC, major 
histocompatibility complex; NOD2, nucleotide oligomerization domain 2; SCF, stem 
cell factor; TNF-α, tumor necrosis factor-α; Treg, regulatory helper T cells.
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effector mechanisms, and the trafficking of immunologic cells in these 
sites. As evidenced by the parenterally administered polio vaccine, it 
is possible that systemic immunity may be sufficient to limit disease of 
a pathogen acquired through mucosal routes.

At the other end of the spectrum, mucosal immunization may be 
exploited as a strategy to decrease deleterious host responses through 
the induction of tolerance, either through immune deviation or active 
suppression. For example, if autoimmune diseases are driven by Th1/
Th17 responses, then the induction of Th2 cells may change the local 
homeostasis by dampening the Th1/Th17 cells. As described earlier, 
infection with nematodes has been shown to decrease gastritis135 and 
colitis136,137 in murine models as well as humans with IBD.185 Current 
efforts are focused on identifying specific molecules produced by the 
nematodes that could be incorporated into a mucosal delivery system. 
Other attempts to enhance tolerance to transplanted tissue or attenuate 
allergies or autoimmune diseases by the oral or inhaled delivery of the 
offending antigen have been contemplated, but to date, limited success 
has been achieved in humans.

The field of mucosal immunology in disease prevention was 
advanced based on the importance of antibody production in breast 
milk. Ingestion of colostrum and breast milk is of great benefit to 
infants because of the presence of antibodies, glycans, and cytokines 
that protect the infant and condition the maturation of the infant’s 
immune system.186 Further, the nutritional medium provided by breast 
milk creates a prebiotic effect that shapes microbial communities in 
the offspring.187 Maternal antibodies are extremely relevant because 
they reflect the microbial environment of the mother, and hence that 
into which the infant is born. Consequently, there is a great deal of 
interest in how specific antibody can be enriched by natural or artifi-
cial immunization. This has been pursued both in human medicine, 
for example, to decrease influenza and HIV transmission as well as  
in veterinary medicine to decrease zoonotic infections. The current 
successes in limiting Coxiella burnetii infection in ruminants has 
enhanced herd health by decreasing the pathogen burden and protect-
ing people working closely with these animals.188 However, strategic 
immunization of mothers to protect infants from neonatal diarrheal or 
respiratory diseases remains an opportunity that has yet to be fully 
realized.

ROLE OF MUCOSAL IMMUNITY: 
BEYOND THE MUCOSA
Role of the Microbiota in Homeostatic 
Networks
In the gut, the microbial burden contributes directly to diarrhea, epi-
thelial cell turnover,189 cancer,156,190,191 as well as malnutrition, stunted 
growth, and impaired cognitive development.172,192 However, this dis-
cussion would not be complete without pointing out the profound 
scope of bodily functions that are affected by interactions between  
the host and its microbial burden in mucosal tissues. Although it  
has been challenging to demonstrate that systemic antigen exposure 
modulates mucosal immunity, there is overwhelming evidence that 
mucosal exposure to antigens has profound effects on systemic respon-
siveness, for example, through oral tolerance. Another illustration  
is the emerging evidence that the host-microbial interactions in  
the gut modify diseases in systemic sites, including hepatitis,193 
obesity,193,194 diabetes,195 autoimmune diseases such as autoimmune 
encephalitis,196 and even memory197 or behavior.42,198 This ability to 
regulate disease or complex functions in multiple tissues adds a much 
broader relevance to the host-microbial interactions that constitute 
mucosal immunity.

One specific example of how bacteria in a mucosal site regulate host 
responses elsewhere was identified by the observation that mice from 
different vendors had sharp variations in the percentage of Th17 cells 
in the intestinal mucosa.199 Subsequently, segmented filamentous bac-
teria (SFB) were identified as being sufficient to cause an expansion of 
Th17 cells.200 Although mice can tolerate this expansion without 
obvious effects, upon further provocation, the colonization with SFB 
and associated increase in Th17 cells exacerbated experimental auto-
immune encephalitis.196 These experiments yet again illustrate the out-
reach of the interactions between mucosal immune responses and the 

Mucosal Immunization
Given that many infections of significance to humans enter by a 
mucosal route, designing safe and effective mucosal vaccines remains 
a high priority to protect against infectious diseases, including tuber-
culosis, HIV, various diarrheas, or influenza. Intact organisms, encoun-
tered naturally or as vaccine vectors, remain the most effective 
immunogens because they entail multiple “danger” signals, some of 
which are not particularly well-understood. To make vaccines safe, 
scientists have opted for the reductionist approach; however, these 
strategies often lack the ligands that define tropism to a preferred 
inductive site and the requisite array of proinflammatory signals that 
determine if an antigen is ignored or acted upon.

Effective mucosal immunization begins by targeting the immuno-
gen to a mucosal inductive site.177 Traditionally, these have included 
administration by intranasal, sublingual, oral, or intravaginal routes, 
which all have the goal of targeting mucosal tissues directly. In humans, 
one of the more successful mucosal vaccines is the oral polio vaccine. 
This is an attenuated, live-virus vaccine and thus brings the advantage 
of replication and packaging that enhances the immunogenicity. Simi-
larly, live bacterial vaccines, such as the Salmonella Ty21A,178 the orally 
administered rotavirus vaccine,179 and the inhaled influenza vaccine,180 
have yielded varying degrees of success, for similar reasons. Killed or 
subunit vaccines, particularly those delivered orally, are challenged by 
their relative lack of immunogenicity because proteins are considered 
food more often than a danger signal. Other strategies to augment the 
immunogenicity have included the use of cholera toxin as an adjuvant. 
Cholera toxin is profoundly immunogenic, although it carries signifi-
cant side effects when administered orally. Mutated toxins, engineered 
as a fusion protein with the antigen of interest and possibly targeted to 
delivery by inhalation, could circumvent many unwanted side effects 
and yield a promising strategy in the future.181

Although the systemic route of immunization rarely induces 
mucosal immunity, exceptions exist, for example, the human papillo-
mavirus vaccine.182 Live-virus vaccines, live vectors, or virus-like par-
ticles can be effective because they are assumed to retain the tropism 
for mucosal tissues, where they can replicate and/or be processed by 
APCs. Of importance, they bring a collection of signals that enhance 
immunogenicity and stimulate a response in an otherwise hyporespon-
sive environment. It is theoretically possible that the strategic use of 
adjuvants or biologic response modifiers with systemic immunization 
may induce a phenotype that enables effector cells to populate mucosal 
tissues. For example, the role of retinoic acid in imparting the ability 
of APCs or lymphocytes to home to mucosal tissues could provide one 
strategy.93 Currently, no such adjuvants or biologic response modifiers 
that intentionally target mucosal trafficking are used routinely for this 
purpose in humans.

Considering the epidemiology of some transmissible diseases, there 
may be a strategic advantage to control infections through mucosal 
immunization of food-producing animals rather than attempt wide-
spread immunization of humans. As a case in point, one would need 
a fraction of the vaccine preparations to control enterohemorrhagic E. 
coli (O157) by immunizing cattle rather than humans. By targeting the 
virulence factor Tir in these E. coli, infection in cattle is decreased183,184 
and thus renders meat safer for human consumption without the need 
to extensively test another vaccine for use in humans.

Although some successes have been achieved in mucosal immuni-
zation, many challenges remain, including the pressing need for a 
vaccine against HIV. When considering strategies for the successful 
induction of immunity, it is important to consider the known biology 
so that the immunogen gets delivered to the appropriate inductive site 
to stimulate a protective response in the tissue of interest. For HIV, the 
infection is spread naturally through mucosal routes, including the 
rectum or female reproductive tract. However, very little is known, 
especially in humans, about which effector cell responses should be 
induced in these sites and how they can be induced. Based on other 
mucosal diseases and the vaccines that have been produced, one can 
predict that systemic immunization will be most effective at preventing 
infection if it can induce the required responses in these sites. Current 
efforts for preventing HIV infection at mucosal sites rely on a degree 
of blind luck to achieve immunity in the rectum, vagina, or male uro-
genital tract, given how little is known about the induction, regulation, 
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CONCLUSIONS
We are at the infancy in our understanding how diseases are caused or 
prevented by infection and the host response. However, the emerging 
evidence suggests that mucosal and systemic immune responses adapt 
throughout life in response to an array of dynamic changes in dietary, 
microbial, and other influences. Knowing the changes in metabolites 
that microbiota impart, how these are sensed—in utero, in the neonatal 
period, and throughout life, and their effect on transcriptomes and 
function will enhance our understanding of the mechanisms by which 
microbes modulate disease. These complex interactions will require 
many advances in systems biology and computational modeling so  
that strategies to enhance immunity with vaccines or by improving 
health by manipulating microbial communities will be more effective. 
With more attention to the endless possibilities, technically difficult 
approaches will be overcome, and manipulation of the host-microbial 
interactions in the mucosa will become an important target for inter-
ventions that prevent or treat many diseases.
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microbiota and the ambiguity in describing bacteria such as SFB as 
“commensals,” or what has been referred to as amphibionts.99

The current evidence does not provide a cogent explanation for 
these profound effects of the host-microbial interactions. It is safe 
to assume that to mediate systemic effects, molecules produced by 
mucosal microorganisms have to be “sensed” and tethered to changes 
in cell signaling, differentiation, and function that account for their 
effects, probably through immunophysiologic effects as much as pure 
immunologic responses. Increasingly, scientists are viewing the 
problem from a network perspective.201 In a network, one can con-
sider the entire microbiome, not merely from a taxonomic perspective 
but from a metabolic view.202 Further, the interaction of metabolites 
on other microbes as well as the host can be examined using a 
network analysis.203 A similar rigor is required to understand the 
host genome, epigenome, transcriptome, and metabolome, as well 
as environmental factors (including diet) and their collective impact 
on host responses and health.204-206 These enormous data sets will 
require computational models that create a map of the biologic land-
scape that is defined by key intersections within the “interactome.”201 
Subsequently, functional studies will be needed to validate the impact 
of these factors so that more strategic approaches can be used to 
improve health.
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8  Granulocytic Phagocytes
Frank R. DeLeo and William M. Nauseef

Vertebrate host defense against microbes represents the integration of 
the innate and acquired immune systems, which together respond to 
a diverse array of infectious threats.1,2 Innate (natural) immunity pro-
vides the host with the capacity to respond immediately to an infectious 
challenge, regardless of previous exposure to the specific invading 
agent, by using response elements encoded in germline genes. Elements 
of the innate system include phagocytic cells, namely polymorpho-
nuclear leukocytes (PMNs), mononuclear phagocytes, and circulating 
soluble proteins, including components of the complement system (see 
Chapters 4 and 9). This sensitive system for the recognition of structural 
elements that are inherently and uniquely microbial has functional 
analogues in the immune systems of a wide variety of multicellular 
organisms, including plants and insects. As such, innate immune ele-
ments comprise an evolutionarily ancient system that provides a rapid 
and sensitive surveillance mechanism to protect the host when chal-
lenged with any invading microorganism. Granulocytes, the most 
numerous leukocytes in the peripheral circulation of humans, include 
neutrophils, eosinophils, and basophils. They represent the predomi-
nant cell type in the acute innate immune response and figure more 
broadly in the integration of innate and adaptive immunity.2,3 Structur-
ally, these cells share with one another a multilobed nucleus and the 
presence of numerous membrane-bound, characteristically staining 
cytoplasmic granules, but functionally they differ significantly.

NEUTROPHILS
Development
Neutrophils arise from pluripotent hematopoietic stem cells (HSCs) in 
the bone marrow through an orderly succession of phenotypically 
distinct cell types.4,5 From the HSCs arise multipotential progenitors 
(MPPs), a cell population with the capacity to differentiate into all 
hematopoietic lines but unable to multiply. The MPPs spawn common 
myeloid progenitors (CMPs) that serve as the source of precursors  
for the individual hematopoietic cell lines, including granulocyte/
macrophage progenitors (GMPs). The complex procession from HSC 
to GMP and then to neutrophils is coordinated by specific transcrip-
tion factors, including PU.1, CCAAT/enhancer-binding proteins (α, β, 
and ε), growth factor independent-1 (GFI-1), and interferon regula-
tory factor 8 (IRF8).5 Timely expression of such factors coordinates 
transcription of stage-specific genes that are responsible for the phe-
notypic and functional features that define myeloid intermediates 
along the differentiation pathway. In part, soluble proteins such as 
interleukin-17 (IL-17), IL-23, and granulocyte colony-stimulating 
factor (G-CSF) modulate the relative levels of transcriptional factors 
within myeloid cells and thus influence the fate of the cell.6 CSFs also 
alter the survival and direct the maturation and proliferation of myeloid 
cells. Each factor is named for the colony produced under its influence: 
GM-CSF, for granulocytes and macrophages; G-CSF, for granulocytes; 
M-CSF, for monocytes and macrophages; and multi-CSF (or IL-3), for 
a variety of colonies, including neutrophils, macrophages, eosinophils, 
megakaryocytes, and erythroid cells.

In addition to the granulopoiesis essential to maintain steady-state 
levels of circulating neutrophils, the hematopoietic system has the 
capacity to mobilize additional functioning neutrophils in response to 
the increased demand imposed by infection.7,8 Infection induces aug-
mented production of cytokines, including G-CSF, GM-CSF, and IL-3, 
and these circulating proteins drive “emergency” granulopoiesis. IL-17, 
a cytokine produced by T helper (Th)17 cells,9 drives G-CSF produc-
tion and promotes emergency granulopoiesis, as deduced from experi-
mental models of chronic inflammation, but it does not contribute to 
homeostatic neutrophil production. G-CSF stimulates the production 

of granulocyte precursor cells, the proliferation of cells in the granu-
locyte lineage, and the survival of granulocyte precursors and neutro-
phils. Furthermore, G-CSF accelerates passage of granulocyte 
precursors through the bone marrow, thereby providing an immediate 
supply of young neutrophils into the circulation. Thus, the control of 
granulocyte production can be modulated not only to maintain 
homeostatic levels of neutrophils as aged cells are cleared from the 
circulation but also to respond to increased demands created by infec-
tious or other challenges.

The cell populations during steady-state granulocyte development 
in the bone marrow can be divided into three pools: stem cell pool, a 
mitotic pool, and a postmitotic pool.10 The stem cell pool includes 
undifferentiated hematopoietic stem cells, whereas the mitotic pool 
encompasses cells that proliferate and mature sequentially from myelo-
blasts into promyelocytes and myelocytes. Maturation is associated 
with the appearance of the cytoplasmic granules characteristic of neu-
trophils, basophils, and eosinophils.11 The postmitotic phase of devel-
opment includes metamyelocytes, band (or immature) neutrophils, 
and mature neutrophils, all cells held in reserve and ready for release.

Coincident with the appearance of morphologic changes, cells 
acquire the specific surface markers and functional properties of more 
mature cells.12 For example, Fc receptors appear as the cells develop 
into promyelocytes, competence for phagocytosis arises in the early 
myelocyte stage, and complement receptors surface in the late myelo-
cyte and metamyelocyte stages. Oxygen-dependent microbicidal activ-
ity appears in the early metamyelocyte stage, and cells in the late 
metamyelocyte–band stage demonstrate increased adhesiveness, cell 
motility, and chemotactic responses.12 In addition, coordinated expres-
sion of genes encoding the granule proteins is synchronized with early 
stages of myeloid development, and normal granulocytic differentia-
tion is intimately linked with expression of proteins localized in the 
specific granules.12

Morphologic and Structural 
Characteristics
The earliest histochemical studies of neutrophils classified the 
membrane-bound intracellular granules by their staining characteris-
tics. Two populations of granules were distinguished based on staining 
with azure A: the positively staining azurophilic granules and the 
unstained specific granules. Sophisticated analyses of the composition 
of isolated neutrophil organelles have refined significantly our appre-
ciation of the complexity and heterogeneity of neutrophil granules.13,14 
Such studies have provided novel insights into the biologic roles of the 
various proteins in the matrix of the granule and have revealed func-
tionally important proteins within the membranes of particular granule 
subsets.

At a first approximation, neutrophil granules can be categorized 
based on peroxidase staining. The peroxidase-positive granules are also 
known as primary granules, because they arise first in granulopoiesis, 
and as azurophilic granules, based on histochemical staining. Azuro-
philic granules contain myeloperoxidase (MPO)15; a variety of proteo-
lytic enzymes, including cathepsin G, proteinase-3,16 and elastase17; 
and the antimicrobial defensins18 and bactericidal permeability-
increasing protein (BPI) (Table 8-1).19 Because of the acid hydrolase 
activity of the azurophilic granule contents, this compartment had 
been considered lysosomal in nature. However, azurophilic granules 
lack lysosome-associated membrane protein,20 an identifying marker 
for lysosomes. Moreover, proteins such as MPO21 and the defensins22 
segregate into the azurophilic granule independently of the mannose-
6-phosphate receptor, a targeting system characteristic of lysosomal 
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proteins. Taken together, these observations suggest that the azuro-
philic granule may be a specialized organelle that is distinctly different 
from conventional primary lysosomes.

The peroxidase-negative granules include specific granules, gelatin-
ase granules, and secretory vesicles.23 The contents of the specific and 
gelatinase granules overlap to a significant extent (see Table 8-1)24 but 
differ from those of azurophilic granules and secretory vesicles. More 
striking, however, is the distribution of functionally important plasma 
membrane proteins in the membranes of peroxidase-negative gran-
ules.25 These membranes contain flavocytochrome b558,26,27 an essential 
component of reduced nicotinamide adenine dinucleotide phosphate 

TABLE 8-1  Contents of Neutrophil Granules and 
Secretory Vesicles

GRANULE MEMBRANE MATRIX
Azurophilic 

(primary 
granule)

CD63,CD68, presenilin Myeloperoxidase, elastase, 
cathepsin G, proteinase 3, 
defensins, BPI, lysozyme, 
sialidase, azurocidin, 
β-glucuronidase, 
azurocidin

Specific 
(secondary 
granule)

CD11b/CD18, CD66, CD67, 
gp91phox/p22phox, TNF 
receptor, SNAP-23, VAMP-2, 
stomatin

Collagenase, gelatinase, 
urokinase plasminogen 
activator, hCAP-18, NGAL, 
vitamin B12–binding 
protein, lysozyme, 
lactoferrin, haptoglobin, 
pentraxin 3, prodefensin, 
SLPI, orosomucoid, 
heparanase, β2-
microglobulin, CRISP3

Gelatinase 
(teritiary 
granule)

CD11b/CD18, CD67, 
gp91phox/p22phox, 
MMP25, TNF receptor, 
SNAP-23, VAMP-2, Nramp1

Gelatinase, arginase 1, 
lysozyme, β2-
microglobulin, CRISP3

Secretory 
vesicles

CD11b/CD18, CD67, 
gp91phox/p22phox, 
MMP25, CD35, CD16, C1q 
receptor, CD14, fMLP 
receptor, SNAP-23, VAMP-2, 
Nramp1, alkaline 
phosphatase, DAF, CD10, 
CD13, cystic fibrosis 
transmembrane conductance 
regulator (CFTR)

Plasma proteins

BPI, bactericidal permeability-increasing protein; CD, cluster of differentiation; 
CRISP3, cysteine-rich secretory protein 3; DAF, decay accelerating factor; fMLP, 
N-formyl-methionyl-leucyl-phenylalanine; hCAP-18, human cathelicidin protein-18; 
MMP25, matrix metalloproteinase 25; NGAL, neutrophil gelatinase–associated 
lipocalin; Nramp1, natural resistance-associated macrophage protein; SNAP-23, 
synaptosomal-associated protein-23; SLPI, secretory leukocyte protease inhibitor; 
TNF, tumor necrosis factor; VAMP-2, vesicle-associated membrane protein-2.

From Borregaard N. Neutrophils, from marrow to microbes. Immunity. 
2010;33(5):657-670; and Borregaard N, Sorensen OE, Theilgaard-Mönch K. 
Neutrophil granules: a library of innate immunity proteins. Trends Immunol. 
2007;28(8):340-345.

FIGURE 8-1 Human neutrophils. Photomicrographs of phagocytes in whole blood (left) or a neutrophil as viewed by phase-contrast microscopy 
(right). 

(NADPH)–dependent oxidase (discussed later); receptors for chemo-
tactic peptides28; extracellular matrix proteins29; cytokines30; opso-
nins31; and adhesion proteins.32,33 The secretory vesicles are especially 
enriched for plasma membrane proteins34 and can be rapidly recruited 
to fuse with the plasma membrane, amplifying the potential of the 
neutrophil to respond to stimulation. They therefore represent an 
intracellular reservoir of functionally important membrane proteins 
that can be quickly recruited to the cell surface during neutrophil 
activation. The existence of such compartments is ideally suited to the 
role of neutrophils as the major circulating cell in the innate immune 
system; a reservoir of readily accessible functional proteins allows a 
rapid response without the delays that would be incurred by require-
ments for new protein synthesis. The functional consequences of this 
compartmentalization of proteins in the matrix and in the membrane 
of granules are discussed later.

During granulocyte maturation, the nucleus becomes segmented 
(Fig. 8-1), and cytoskeletal elements, including microfilaments and 
microtubules, appear in the cytoplasm. A meshwork of microfilaments 
makes up the clear cortical veil that surrounds the cell and forms the 
lamellipodium of an advancing cell (see Fig. 8-1). These structures are 
polymers of actin, a protein representing 5% to 10% of the total cellular 
protein. Actin and its associated proteins constitute the contractile 
machinery necessary for cellular locomotion35 and phagocytosis.36 
Actin monomers (G-actin), in the presence of actin-binding protein, 
polymerize to form cross-linked actin filaments (F-actin). Regulation 
of the length of the filaments and the degree of cross-linking provides 
the physicochemical dynamics of actin flux between the gel and sol 
states. Actin filaments are associated with the cytoskeleton or with the 
plasma membrane via membrane skeletal proteins.37 Stimulation of 
the cell with chemotactic factors causes an abrupt increase in the 
amount of actin associated with the cytoskeleton38 and a shift in micro-
filament organization from a parallel strand to a cross-hatched mesh-
work most evident at the leading edge of the directionally polarized 
cell.39 Microtubules appear to be necessary for the initial orientation of 
the cell in a chemotactic gradient, for the spatial organization of struc-
tures within the cell during locomotion, and in vesicle transport, 
degranulation, and the regulation of cell surface microviscosity during 
phagocytosis.

Mature neutrophils (Fig. 8-2; see Fig. 8-1) are characterized by a 
paucity of ribosomal material and mitochondria, in keeping with the 
relatively low levels of synthetic processes in these cells. However, 
studies over the past 2 decades have radically changed the image of 
neutrophils as biosynthetically inactive cells and have identified an 
array of proteins actively synthesized by neutrophils, both at rest and 
after stimulation. Among the proteins synthesized by neutrophils are 
major histocompatibility complex (MHC) class I molecules,40 comple-
ment receptors,41 CXC-chemokines, CC-chemokines, proinflamma-
tory and anti-inflammatory cytokines, immunoregulatory molecules, 
colony-stimulating factors, tumor necrosis factor (TNF) superfamily 
members, and proteins important in angiogenesis and fibrogenesis.3 As 
presented later, the transcriptional profile of recruited neutrophils 
includes genes directed toward wound healing.42 Glycogen granules fill 
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peripheral blood monocytes, tissue macrophages, and stimulated 
lymphocytes.53,54

The total granulocyte pool (≈7 × 108 cells/kg body weight) includes 
two compartments of similar size: the intravascular circulating cells 
and the marginating cells. The distribution of the marginated pool 
varies with the size and flow of the capillary bed in an individual organ. 
All agree that liver, spleen, and bone marrow are included in this pool, 
but unsettled is the physiologic contribution of the pulmonary circula-
tion.55 Whereas experimental data based on intravascular transit time 
suggest that the lung is the predominant site of marginated neutrophils, 
studies using radionuclide imaging demonstrate relatively little neutro-
phil margination in normal human lungs. Overall, the contribution of 
the pulmonary circulation to the marginated pool of normal neutro-
phils in healthy humans remains unsettled.

A dynamic equilibrium exists between neutrophils in marginated 
and circulating compartments, as cells marginate via transient endo-
thelial interactions and then resume rapid flow, reflecting the balance 
between intercellular adherence and shear forces.56-58 The intravascular 
half-life of circulating neutrophils is normally 6 to 8 hours, whereas 
their persistence in extravascular sites ranges from a few hours to several 
days. A recent report using in vivo labeling with 2H2O suggests that 
normal human neutrophils have a life span in circulation of 5.4 days,59 
more than 10-fold greater than previously thought. However, that con-
clusion has been challenged,60,61 and alternative interpretations of the 
same data yield estimates that agree with the long-standing accepted 
value of 6 to 8 hours. Granulocytosis, a common feature of acute inflam-
mation, is a consequence of certain physiologic and pharmacologic 
stimuli that typically redistribute neutrophils among the various granu-
locyte pools as well as increase cell production. For example, the acute 
administration of corticosteroids or endotoxin, perhaps mimicking 
pathophysiologic events that occur in severe infection, promotes granu-
locyte release from the marrow reserve. Sustained steroid administra-
tion produces granulocytosis primarily by decreasing neutrophil 
adherence and shifting cells from the marginating to the circulating 
pool. Similarly, exercise, stress, epinephrine, hypoxia, aspirin, and 
alcohol cause granulocytosis by mobilizing marginating cells.

In the setting of acute inflammation, spent and apoptotic neutrophils 
are ingested by macrophages by the regulated process of efferocytosis.62 
Neutrophils that are activated during their brief tour in circulation 
become senescent, a proapoptotic state characterized by increased 
surface expression of CXCR4 and being less responsive to N-formyl-
methionyl-leucyl-phenylalanine (fMLP).63 Resident macrophages in 
liver, spleen, and likely bone marrow55 routinely ingest and thereby clear 
senescent neutrophils from circulation in a manner that is immunologi-
cally “silent,” that is, without release of proinflammatory cytokines.

Inflammatory Response
Inflammation represents a remarkably integrated cascade of events 
involving both cellular and soluble factors that are precisely orches-
trated spatially and temporally. As such, it is best conceptualized as a 
complex network of signals that modulate the responses of different 
cells and circulating molecules that, in turn, interact and are subject to 
a variety of regulatory checkpoints operating by local, systemic, and 
neural mechanisms.3,64,65 Within the context of host response to invad-
ing microbes, the innate immune system sits poised to respond rapidly 
to perceived threats and in a stepwise fashion to recognize, contain, 
kill, and destroy potential pathogens. Because all successful biologic 
systems represent a balance among competing forces, the return of the 
host to homeostasis after an acute inflammatory response requires 
execution of a properly timed and appropriately proportioned anti-
inflammatory cascade. Thus, the acute response of neutrophils requires 
a sensitive afferent limb to allow systemic recognition of a local threat 
at very low levels, as well as a targeted effector arm at the noxious 
source to contain, kill, and degrade potential pathogens.64 The coordi-
nated response needs to occur before anti-inflammatory events super-
vene to trigger neutrophil apoptosis and removal en route to resolution 
of the inflammatory reaction.66 In addition, the fact that the nonin-
flammatory homeostatic state is actively maintained by modulation of 
proinflammatory surveillance systems, rather than simply the absence 
of inflammatory stimuli, adds another layer of complexity and feed-
back signaling to an already intricate system.65-67

the cytoplasm and serve as a source of energy to support neutrophil 
activity.

As immune effector cells, neutrophils are equipped with surface 
receptors that sense extracellular signals and can recognize ligands 
to support the wide array of agonist-dependent activities within its 
functional repertoire. Surface receptors for immunoglobulin43 and 
complement fragments44 contribute to opsonin-dependent phagocy-
tosis. Specific receptors on the plasma membrane initiate cell move-
ment by recognizing interacting molecules on endothelial cells or 
extracellular matrix proteins, bacterially derived formylated proteins, 
chemotactic complement fragments C5a and C3a, platelet-activating 
factor, IL-8 and related chemokines, and leukotriene B4 (LTB4).45-49 
These receptors are homogeneously distributed over the surface of 
the resting cell but undergo an asymmetrical clustering at the front 
of the cell when it polarizes in response to a chemotactic stimulus. 
The distribution of receptors with different ligand specificities can be 
independently regulated, even though stimulation via these receptors 
may evoke similar functional responses.50 Moreover, the various neu-
trophil functional activities exhibit differential requirements for recep-
tor occupancy. For example, maximal degranulation requires brief 
receptor occupancy, whereas sustained oxidative responses depend 
on continuous ligand binding to the receptor.51 Neutrophils also 
possess membrane receptors that signal to evade (“don’t eat”) or 
promote (“eat me”) their own uptake by macrophages, a process known 
as efferocytosis (see later).52

Homeostasis of the Circulating 
Neutrophil Population
To maintain a stable number of circulating neutrophils, the production 
of new and functional cells must be balanced by clearance of those that 
are aged and spent. The daily production of mature PMNs in a healthy 
adult is remarkable, with approximately 109 cells/kg body weight enter-
ing the circulation from the bone marrow.53 During acute infection or 
other inflammatory stresses, neutrophils are mobilized from the 
marrow reserve, which is estimated to be ≈6.9 × 109 cells/kg.53 Even in 
the presence of persistent stimulation, this reserve can be depleted only 
if there is nutritional deficiency or another disorder (e.g., ethanol 
abuse) that compromises mechanisms for augmenting delivery to meet 
demands. Augmented stem cell input, increased mitoses during the 
mitotic stage of development, use of a store of cells whose maturation 
had been inhibited (so-called hiatal cells), and shortening of the matu-
ration time within the marrow may all occur.10 Multiplication and 
differentiation of stem cells are stimulated by the CSF produced by 

FIGURE 8-2 Electron micrograph of a human neutrophil. Note the 
granules (as indicated), glycogen particles (small dark particles), but few 
other prominent organelles. n, nucleus (multilobed). 
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agents also delay neutrophil apoptosis and thus prolong functional 
capacity, a phenomenon consistent with the potential for an enhanced 
proinflammatory response.87

Step 1: Neutrophil Recruitment
To combat invading microorganisms, neutrophils must emigrate from 
the circulation and into the extravascular tissue space, a process that 
represents both the responses of neutrophils to the shear stress in the 
circulation and the summation of coordinated interactions of cells, 
specific receptors, and soluble mediators.47,88,89 In fact, neutrophils in 
tissue, interacting with elements in the extracellular matrix, differ 
functionally from circulating neutrophils.90-92 The process of neutro-
phil transmigration out of the circulation involves at least four discrete 
steps: rolling adhesion, integrin activation, firm adhesion, and trans-
migration (Fig. 8-3).88 These events are mediated in turn by four classes 
of adhesion proteins: selectins, integrins, immunoglobulin-like pro-
teins, and mucin-like selectin ligands. In addition to neutrophils and 
endothelial cells, platelets figure prominently in the initiation of the 
inflammatory response, co-localizing with neutrophils and participat-
ing in P-selectin–dependent leukocyte binding.89 The cooperation of 
several cell types and their secreted products culminates in events 
necessary to recruit circulating neutrophils to the site of inflammation, 
and the activation of autocrine and paracrine feedback loops modu-
lates the extent of the host response.88,89

Selectin-Mediated Adhesion and Rolling
Through a process of repetitive ligand-receptor binding and release, 
marginating granulocytes become reversibly adherent to endothelial 
cells in the postcapillary venules and, under the influence of the physi-
ologic shear forces of blood flow,88,89 tumble or roll slowly along the 
vessel wall (see Fig. 8-3). The molecules mediating rolling adhesion are 
called selectins, to indicate that the amino-terminal lectin domain 
mediates their selective function and cellular expression. Homologous 
to C-type lectins, selectins require calcium for expression of binding 
activity. Individual members of the selectin protein family are named 
for the cell type on which they were originally identified (E, endothelia; 
L, lymphocytes; P, platelets). Selectins interact with sialylated Lewis X 
and A glycoproteins on the surface of interacting cells, as well as sul-
fated and phosphorylated polysaccharides, such as heparin and 
mannose-6-phosphate. Individual selectins exhibit different but over-
lapping binding specificities, the bases for which largely remain to be 
determined.93

The presence of unique selectins on endothelial cells and neutro-
phils means that rolling adhesion can be modulated bidirectionally. For 

Circulating neutrophils are functionally heterogeneous, with the 
majority (80%) of, but not all, cells having the capacity to form immu-
noglobulin G (IgG) rosettes.68 Because release from the bone marrow 
is not synchronized, this heterogeneity probably reflects in part matu-
rational differences within a single cell line, but more sophisticated 
analyses suggest that subsets of circulating neutrophils have distinct 
and important functional phenotypes.69-75 In contrast to the heteroge-
neity of circulating neutrophils, those in tissue are relatively homoge-
neous, and more than 96% are capable of IgG rosette formation.68 They 
contain fewer lysosomal granules and more glycogen than do their 
circulating counterparts because anaerobic glycolysis provides the 
energy for cell movement through the tissues.76 The phenotypic differ-
ences between circulating and tissue neutrophils could reflect determi-
nants required for neutrophils to immigrate into tissue, influences of 
transmigration per se, elements in the tissue compartment, or other 
factors. In any case, the tissue neutrophil exhibits a phenotype different 
from that of the circulating, unstimulated neutrophil. For example, 
exudative neutrophils synthesize significantly more IL-8 and activate 
genes that collectively contribute to wound healing.42,77 Furthermore, 
neutrophils exposed to concentrations of mediators that are too low  
to stimulate directly nevertheless prepare the cell for an enhanced 
response to a second, unrelated stimulus, in a phenomenon known as 
priming.78,79

Priming
A broad array of proinflammatory mediators, including chemotactic 
factors, bacterial molecules, chemokines, cytokines, and certain lipids, 
can prime neutrophils, as can transmigration across the endothelium 
and migration into tissue. The primed state exists with respect to each 
of the major aspects of neutrophil function, persists for an extended 
period (longer than 20 minutes under experimental conditions in 
vitro) in relation to the response elicited by direct stimulation of the 
cell, and is reversible. It is not known whether priming agents share 
the same mechanism of action or if all the essential molecular events 
causing priming have been elucidated. Consistent with the diverse 
phenotypic features of primed neutrophils, partial assembly of the 
NADPH oxidase by phosphorylation and translocation of p47phox; 
secretory vesicle exocytosis and partial mobilization of specific gran-
ules to the plasma membrane, resulting in increased surface expression 
of flavocytochrome b558 (see later); reorganization of the plasma mem-
brane and distribution of receptors and signaling molecules into lipid 
rafts; modulation of intracellular signaling intermediates; and tran-
scription of several gene families have been implicated in contributing 
to the more responsive state of the cell.80-86 Most neutrophil priming 

FIGURE 8-3 Steps in the emigration of neutrophils from the vascular space. Neutrophils are depicted entering the marginating pool in a post-
capillary venule, and the effector molecules participating in each event are indicated in the boxes. Initial capture is mediated by interactions between 
neutrophil/leukocyte (L)-selectin and endothelial cell (E, P)-selectins and their respective carbohydrate ligands on the opposing cell surface (e.g., P-selectin 
glycoprotein ligand-1 [PSGL-1]), whereas integrins (e.g., very late antigen 4 [VLA4]) are responsible for firm adherence. Selectin-mediated signaling slows 
the rolling or tumbling neutrophils, partially countering the shear forces resulting from blood flow. Chemokines diffusing into the bloodstream from sites 
of microbial invasion in the tissues bind to specific receptors and activate the neutrophil, which is then arrested by integrin-dependent interactions. The 
activated neutrophil flattens against the endothelium and crawls along the luminal surface of the vessel wall. Platelet–endothelial cell adhesion molecules 
(PECAM), junctional adhesion molecules (JAMs), and endothelial cell–selective adhesion molecule (ESAM) localized to interendothelial cell junctions interact 
with PECAM and CD99 on the neutrophil surface to permit neutrophil migration between and through endothelial cells. Once in the tissues, the polarized 
neutrophils move up the mediator concentration gradient to reach the site of microbial invasion. See text for further details. ICAM-1, intercellular adhesion 
molecule; LFA-1, leukocyte function–associated antigen; MAC1, membrane attack complex; MADCAM1, mucosal addressin cell adhesion molecule; PI(3)
K, phosphatidylinositol-3-phosphate kinase; SRC, sarcoma; VAV1, vav1 guanine nucleotide exchange factor; VCAM1, vascular cell adhesion molecule. 
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is expressed on neutrophils. JAMs are expressed on multiple cell types, 
including endothelial and neutrophils, and facilitate leukocyte adhe-
sion to endothelial cells during transmigration.104 Models reflecting 
our current understanding dictate that transmigration typically occurs 
between endothelial cells, perhaps by neutrophil-dependent transient 
disorganization of adherens junctions at cell-cell interfaces.88 However, 
there is accumulating evidence that neutrophil extravasation can occur 
by transcellular pathways.88,105 Transcellular leukocyte involves forma-
tion of actin and vimentin-stabilized channels through which leuko-
cytes migrate.88

Transmigration is rapid, occurring in less than 2 minutes after 
leukocyte-endothelial contact is established, and remarkably efficient 
in that neutrophils translocate without compromising the integrity of 
the endothelial monolayer. As neutrophils migrate through tissue, 
additional factors contribute to their ameboid movement. Complex 
signaling integrates actin-dependent cytoskeletal rearrangements, 
activity of small-molecular-weight guanosine triphosphate (GTP)ases, 
localized generation of specific phosphoinositides, and lipid mediators 
into complex feedback loops that promote responsive changes in cell 
shape coordinated in time and space.89,106-112

Although this paradigm applies to neutrophil extravasation from 
the vascular lumen into tissue, transmigration of neutrophils across 
epithelial barriers from tissue into visceral lumina, which is necessary 
in infections involving the gastrointestinal, genitourinary, and respira-
tory tracts, deviates in several ways from this theme.113,114 Major 
insights into the mechanisms of neutrophil interaction with polarized 
epithelial cells have been derived from studies with human cell lines 
such as T84 and HT29.115-117 Neutrophils can bind to either surface 
of these cells, and transmigration can occur in either direction. Evi-
dence suggests that the mechanism for transmigration in each direc-
tion is distinct because immunomodulators such as lipoxin A4

118 and 
interferon-γ (IFN-γ)119 stimulate movement toward the basolateral 
surface but inhibit luminal migration. The interactions between epi-
thelial cells and migrating neutrophils are remarkably coordinated, as 
evidenced by reciprocal secretion of adenosine and IL-6 by monolayers 
of T84 cells.120 Furthermore, transmigration across intestinal epithe-
lium triggers neutrophil release of elastase, which then disrupts the 
apical junctions in a very localized fashion, perhaps contributing to the 
loss of epithelial cell integrity during colitis.121 Eventual characteriza-
tion of regulated neutrophil movement across epithelium and the 
interactions between epithelial cells and migrating neutrophils will 
provide important insights into the pathophysiology of infectious dis-
eases at such epithelial surfaces.

Neutrophil migration through tissue is likewise the consequence of 
a carefully regulated process involving the sequential release and com-
partmentalization of a wide variety of inflammatory mediators.47,89 
Early (0 to 5 hours) neutrophil influx into an area of induced injury 
appears predominantly to reflect the effects of IFN-γ, C5a, and LTB4. 
IL-8 and IL-6 appear in a second wave of mediator activity (at 5 to 24 

example, L-selectin is constitutively expressed on neutrophils and is 
shed after cell activation. In contrast, little or no E-selectin is present 
on resting endothelial cells, either in vitro or in vivo, but stimulation 
triggers inducible and transient E-selectin expression, which peaks 
within 4 hours after stimulation and dissipates over 24 hours.

β2-Integrin-Mediated Cell-Cell Interaction
When neutrophils tumbling along the venule wall encounter inflam-
matory mediators and stimulated endothelial cells, adhesive interac-
tions between the two cell types rapidly shift to a high-affinity state, 
reflecting activation of β2-integrins.88,89 The β2-integrins, or leukocyte 
integrins, are members of a large family of heterodimeric molecules 
that mediate cell-cell and cell-matrix interactions.88 The integrin 
protein family is subdivided on the basis of eight different β chains, 
any one of which can associate with multiple α chains to form a unique 
αβ pair. Both the α and β chains are transmembrane molecules with 
short cytoplasmic tails and large extracellular globular heads that inter-
act to form the ligand-binding site. The three integrins on neutrophils 
express a common 95-kDa β2 chain, CD18, but distinct α chains.94 
These molecular complexes are also referred to as leukocyte function–
associated antigen-1, or LFA-1 (αLβ2, CD11a/CD18), Mo-1 or Mac-1 
(αMβ2, CD11b/CD18), and p150, 95 (αXβ2, CD11c/CD18).88,94 CD11b/
CD18 and CD11c/CD18 also function as receptors (CR3 and CR4, 
respectively) for the opsonic C3 fragments iC3b and C3d. Endothelial 
counter-receptors for the β2-integrins include intercellular adhesion 
molecule-1 (ICAM-1) and ICAM-2. LFA-1 binds to both ICAM-1 and 
ICAM-2, whereas CD11b/CD18 and CD11c/CD18 bind only to 
ICAM-1 but at different sites from that for LFA-1. An additional LFA-1 
counter-receptor, ICAM-3, is not present on endothelium but is 
expressed on all hematopoietic cells, where it may be involved in 
leukocyte-leukocyte interactions.95,96 In addition to the β2-integrins, 
neutrophils possess on their surface the leukocyte response integrin,97 
which, together with integrin-associated protein, modulates cellular 
responses, particularly those induced by extracellular matrix 
proteins.98-100 Although the precise details of the interactions of these 
various proteins are unknown, their importance is inferred from the 
observation that mice deficient in integrin-associated protein are 
unable to mount an inflammatory response after intraperitoneal 
challenge.101

Integrins require calcium, a specific membrane environment, and 
appropriate stimuli, such as chemoattractant peptides, chemokines, or 
cytokines, to be functional.94 These stimuli appear to modulate integrin 
binding affinity by inducing conformational changes in the receptor, 
which, in turn, alter the interaction of the intracytoplasmic tails with 
each other and with the cytoskeleton.94 Integrin activation results in 
increased surface number and avidity of β2-integrins, as well as cluster-
ing of receptors and cytoskeletal rearrangement. This conformational 
change–mediated process has been named “inside-out signaling.”88,94 
By comparison, “outside-in signaling” refers to events that occur after 
ligand-induced integrin clustering and the change in receptor avidity, 
(e.g., firm cell adherence and events leading to degranulation and 
neutrophil superoxide production).88,94 Neutrophils change from 
spherical granulocytes with relatively little surface area involved in 
cell-cell contact to flattened, adherent cells with a broad surface area 
for cellular interactions (Fig. 8-4). Blood flow shear forces are no longer 
able to propel them forward along the vessel wall. This firm adhesion, 
the third step in transmigration, is mediated through interactions 
between β2-integrins on neutrophils and ICAM-1 and ICAM-2 on 
endothelial cells.88 Recent studies of neutrophil extravasation, using 
mice deficient in individual members of the β2-integrin family, suggest 
that CD11a/CD18 may participate in neutrophil adhesion, whereas 
CD11b/CD18 supports crawling of neutrophils along the cells lining 
the vessel lumen.102

Transmigration, the final step in neutrophil immigration into tissue 
(see Fig. 8-3), involves multiple leukocyte and endothelial cell mole-
cules, including platelet-endothelial cell adhesion molecule (PECAM 
or CD31), junctional adhesion molecules (e.g., JAM-A, JAM-B, 
JAM-C), endothelial cell selective adhesion molecule (ESAM), ICAM-1 
and ICAM-2, integrin-associated protein (IAP or CD47), CD11b/
CD18, and CD99 (on neutrophils).88,103 CD31 and CD47 are localized 
at the intercellular junctions between endothelial cells, whereas CD99 

FIGURE 8-4 Scanning electron micrographs of nonadherent and 
adherent neutrophils. 
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respiratory burst, although these responses generally require higher 
concentrations of the stimulus than does chemotaxis. For this reason, 
activation of these distal events is likely delayed until the cell reaches 
the infected tissue site.

Step 2: Phagocytosis
Phagocytosis is the intracellular uptake of particles greater than 0.5 µm 
by a mechanism independent of clathrin but dependent on the polym-
erization of actin.125,126 After attachment to the cell surface (Fig. 8-5), 
the phagocytic particle is internalized, with subsequent phagosome 
maturation (described later) and eventual fusion with the intracellular 
granules to form a mature phagosome (analogous to a phagolysosome 
in macrophages) (Fig. 8-6; see Table 8-1).127,128 Neutrophils may ingest 
some microorganisms in the absence of opsonins, as occurs with rec-
ognition of β-glucan on fungi by dectin-1 on the neutrophil surface.129 
However, most microorganisms must be opsonized for binding and 
ingestion by neutrophils to occur efficiently.

Specific IgG, complement, and mannose-binding lectin are the 
major opsonic factors promoting recognition and ingestion of most 
microorganisms by neutrophils, although mannose-binding lectin 
figures predominantly in recognition of fungi rather than bacteria.130 
Antibody promotes phagocytic uptake by neutralizing antiphagocytic 
molecules on the bacterial surface, such as capsular polysaccharide; 
efficiently activating the classical pathway of complement and thereby 
promoting deposition of opsonic fragments of C3 on the bacterial 

hours) and IL-1α, GM-CSF, and TNF-α in a third wave of activity (8 
to 24 hours), whereas concentrations of IL-1, IL-2, and IL-4 remain 
unchanged. C5a, LTB4, and IL-8 are potent neutrophil chemoattrac-
tants, as are hydroxyeicosatetraenoic acids and microbial oligopeptides 
analogous to fMLP.

Tissue migration of neutrophils also reflects remarkable temporal 
regulation, well illustrated by the shift in the biosynthesis of lipid 
mediators during inflammation.67 Proinflammatory molecules, such as 
leukotrienes and prostaglandins, are generated endogenously at 
inflammatory sites and stimulate neutrophil degranulation and che-
motaxis. Whereas the arachidonate released by activated neutrophils 
is converted to LTB4 by neutrophil 5′-lipoxygenase, the arachidonate 
in the exudate likewise becomes a substrate for the 15′-lipoxygenase 
expressed by tissue macrophages recruited to the site. The latter reac-
tion generates lipoxin A4, which inhibits neutrophil activation in a 
receptor-dependent fashion and blocks inflammation. In addition, 
lipid-derived mediators known as resolvins and protectins, which are 
produced from eicosapentaenoic acid and docosahexaenoic acid, have 
strong anti-inflammatory properties and participate in the resolution 
of acute inflammation (see later).67 Taken together, the shift from the 
production of proinflammatory leukotrienes and prostaglandins early 
to anti-inflammatory lipoxins, resolvins, and protectins late provides a 
mechanism for the sequential promotion of exudate formation, fol-
lowed by resolution mediated by transcellular metabolism of lipid 
mediators generated in situ.67

Role of Chemokines in Neutrophil Recruitment
Among the soluble mediators that can recruit leukocytes, the chemo-
kines represent a diverse and biologically important class of proteins. 
Chemokines are a family of structurally related, pluripotent proteins 
that trigger leukocyte activation, including adherence, chemotaxis, 
degranulation, and priming of the neutrophil oxidase; participate in 
angiogenesis; and figure prominently in the host response to infec-
tion.3,47 Chemokines are classified into two major families, CXC and 
CC, distinguished by the presence or absence of an amino acid between 
the first two cysteines in the protein. Chemokines interact with specific 
receptors on target cells, although there is significant promiscuity and 
redundancy in the chemokine system, with some members exhibiting 
very limited ligand-receptor interaction, and others binding to more 
than one receptor. All chemokines targeted for neutrophils are in the 
CXC family, including IL-8, which binds to the G protein–coupled 
receptors CXCR1 and CXCR2. Secreted by leukocytes, platelets, fibro-
blasts, epithelial cells, and activated endothelium, IL-8 triggers the full 
range of cellular responses in neutrophils, promoting cell migration, 
degranulation, priming of NADPH oxidase activity, and cell survival 
in tissue.

Chemotactic stimuli bind to high-affinity receptors on the leuko-
cyte surface. Receptors for IL-8, fMLP, and C5a are members of a large 
family of proteins characterized by an external ligand-binding domain, 
seven membrane-spanning segments, and cytoplasmic regions that 
couple to G proteins.122 In the presence of chemoattractant gradients 
across the cell, as small as 0.1% to 1.0% (e.g., as the attractant diffuses 
from a focus of infection), ligand-linked receptors distribute asym-
metrically and trigger the directed movement (chemotaxis) and net 
accumulation of neutrophils at sites of increasing concentrations of 
attractant. Chemoattractant signals effect cell movement by promoting 
changes in intracellular calcium, the polymerization state of actin, and 
a number of actin-binding and regulatory proteins of the cytoskele-
ton,123 as well as receptor-dependent interactions between leukocyte 
adherence molecules and the extracellular matrix.47,89 Just as mystify-
ing as the myriad signal transduction pathways that promote neutro-
phil movement is the complexity of how the migrating neutrophil 
deciphers and prioritizes competing signals that drive chemotaxis. For 
example, within the inflammatory site, the advancing neutrophil 
encounters host chemoattractants, such as IL-8 and LTB4; bacterially 
derived factors, such as formylated peptides; and C5a, generated by the 
microbial activation of the complement cascade. An intracellular sig-
naling hierarchy exists that favors neutrophil responses to targets 
derived from bacteria in preference to host chemokines.124 The binding 
of chemoattractants to their receptors also primes neutrophils for  
the microbicidal response, which includes degranulation and the 

FIGURE  8-5 Scanning electron micrograph of Staphylococcus 
aureus bound to the surface of a human neutrophil. 

FIGURE 8-6 Neutrophil phagocytosis and activation of microbici-
dal processes. See text for details. CR, complement receptor; FcR, Fc 
receptor; MPO, myeloperoxidase; NADPH, reduced nicotinamide adenine 
dinucleotide phosphate; ROS, reactive oxygen species. 
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result in circumferential flow of the cell membrane about the opso-
nized particle to create a phagosome (see Figs. 8-6 and 8-7).126,135,136,137,138 
The phagocytic capacity of neutrophils is remarkable: they can ingest 
more than nine yeast particles, each measuring 2 µm × 3 µm, despite 
having a diameter of only about 10 µm. They accomplish this impres-
sive feat without generating new membrane or redistributing mem-
brane from granules or endoplasmic reticulum, presumably by 
unfolding the membrane wrinkles that dominate the neutrophil 
surface (see Fig. 8-5).139 The recruitment of membrane from the 
endoplasmic reticulum into nascent phagosomes, a potential mecha-
nism in macrophages that has elicited significant controversy,140-145 
likely does not apply to neutrophils because of their relative paucity 
of endoplasmic reticulum.

Step 3: Fate of the Ingested Microbe
In addition to restricting access of ingested microbes to nutrient 
sources, internalization of organisms within phagosomes provides 
the host with an isolated compartment that can be made toxic, both 
by the delivery of preformed cytotoxic agents and by generating reac-
tive species de novo in the phagosome. Because of the small size of 
this specialized compartment, ≈1.2 femtoliters, extremely high con-
centrations of neutrophil-generated toxins are achieved, often in the 
micromolar range. Phagosome maturation, the development of phago-
somes replete with a complete array of microbicidal agents, is a 
stepwise process whereby its contents and membrane composition 
are modified by sequential association with endosomal components.36 
Once internalization has begun, actin polymerization in the cytoplasm 
immediately adjacent to the nascent phagosome, actin-binding pro-
teins are recruited to the periphagosomal space, and the phospholipid 
composition of the local membrane undergoes remodeling.137,140,146-148 
In an orderly fashion, cytosolic proteins associate with and disassoci-
ate from the phagosome sequentially, with eventual fusion of the 
phagosome with the neutrophil granules and generation of a mature 
phagosome. In the mature phagosome, optimal microbicidal activity 
represents the coordinated generation of oxygen-derived species by 
activation of the NADPH-dependent oxidase and release of granule 
components.149 Despite their shared lineage and overlapping functions, 
neutrophils and macrophages differ in many important ways, and 
the change in intra phagosomal pH that accompanies phagocytosis 
is a notable example. The intraphagosomal pH must be modified for 
optimal activation of some of the granule contents. To that end, 
activation recruits to the phagosomal membrane Na+/H+ exchangers, 
Na+K+-adenosine triphosphate (ATP)ases, and vacuolar-type proton 
ATPases (V-ATPases) from secretory vesicles and from primary and 
tertiary granules.150,151 In contrast to the profound drop in phagosomal 
pH to 5.0 or less seen in macrophages, the phagosome in neutrophils 
is transiently alkaline (pH ≈ 7.8) and then drops to just below neu-
trality.36,152-154,155,156 The consumption of protons by dismutation of 
superoxide anion to hydrogen peroxide, the slowing of granule fusion, 
concurrent recruitment of V-ATPases as degranulation proceeds, and 
altered phagosomal permeability to protons as reactive oxygen species 
are generated,154 all contribute to the blunted acidification of the 
neutrophil phagosome.36

Oxidative Burst
The oxidative or respiratory burst is mediated by a multicomponent 
enzyme complex in the plasma membrane and phagosomal membrane 
of stimulated neutrophils; oxidase activity is not present in resting, 
nonstimulated neutrophils.157,158 An identical NADPH oxidase system 
exists in eosinophils, monocytes, and macrophages, with a hierarchy 
of relative activity of eosinophils > neutrophils ≫ monocytes > mac-
rophages. The phagocyte NADPH oxidase is a flavin adenine dinucleo-
tide (FAD)-dependent electron transferase that shuttles electrons 
across the membrane, from cytosolic NADPH to molecular oxygen, to 
generate superoxide anion (O2 i−), the one-electron reduction product 
of oxygen, as the immediate product:

 2 22 2O NADPH O H NADP+ → + +− + +i  (equation 1)

The Km for oxygen is low, ≈10 µM, thus supporting phagocyte 
oxidase activity at low oxygen tensions present in infected or damaged 
tissues.159 The speed and capacity of electron transfer by the NADPH 

surface; and mediating the interactions of organisms with the Fc recep-
tor on the neutrophil membrane.126 Activation of complement via 
either the classical or the alternative pathway leads to C3b and iC3b 
deposition on the microbial surface (see Chapter 9), and C1q deposi-
tion enhances Fc receptor–dependent ingestion.

Distinct receptors for IgG (FcγRI through RIII), but not other 
immunoglobulins, and for C3b (CR1) and iC3b (CR3) are present in 
the neutrophil membrane.131,132 In addition to its iC3b-binding site, 
CR3 also bears a carbohydrate recognition domain that may bind to 
glycoproteins on the microbial surface. Data suggest that Fcγ receptors 
mediate phagocytosis via calcium-dependent pathways, whereas CR1 
and CR3 use calcium-independent pathways.133 FcγRII and RIII are 
low-to-moderate affinity receptors that are constitutively expressed, 
whereas the high-affinity FcγRI is present only after cell stimulation 
(e.g., by IFN-γ).134 Intracellular pools of receptors exist in the mem-
branes of specific granules and secretory vesicles14,127 and thereby 
provide a reservoir of functionally important membrane proteins that 
can be mobilized to the surface after exposure of the cell to a variety 
of inflammatory mediators. Such a structural organization affords neu-
trophils a mechanism to increase rapidly their capacity to recognize 
and respond to targets. In general, phagocytosis is most efficient when 
organisms are opsonized with both IgG and C3, thereby allowing coop-
erative interaction of the two types of receptors.

The sequential interaction between opsonic ligands distributed 
over the particle surface and their receptors on the phagocyte mem-
brane culminates in ingestion of a surface-bound target (Fig. 8-7; 
see Fig. 8-6).126,127 The sequential interaction of these opsonic ligands 
with their receptors in the phagocytic membrane initiates electro-
physiologic changes in transmembrane potential, polymerization of 
actin microfilaments in the cytoplasm underlying the site of particle 
attachment, lipid signaling, and membrane remodeling, all of which 

FIGURE 8-7 Transmission electron micrograph of a neutrophil that 
has ingested Staphylococcus aureus. Bacteria are in phagocytic vacu-
oles formed by invagination of the external cell membrane. Degranulation 
into a phagocytic vacuole can be seen in the lower panel, which is a higher 
magnification image of the same neutrophil (boxed area in the top panel). 
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be another of the many differences between human and murine 
phagocytes.168-170 To protect cytoplasmic contents from oxidative 
damage mediated by the reactive products of the NADPH oxidase  
that inadvertently leak from phagosomes, cytoplasmic SOD consumes 
O2 i−, whereas both catalase and glutathione peroxidase catabolize 
H2O2, the latter in a fashion dependent on reduced glutathione. 
Taurine, present at a very high concentration (19 mM)171 in neutro-
phils, may provide a sink for escaped HOCl, although it is also plau-
sible that the product, taurine monochloramine, may modify 
susceptible targets in the cytoplasm. NADPH provides the reducing 
equivalents for the glutathione reductase–catalyzed regeneration of 
glutathione (GSH) from glutathione disulfide (GSSG). Consequently, 
NADPH levels must be maintained to support both the superoxide-
forming oxidase and the glutathione cycle. The reduced pyridine 
nucleotide is regenerated by the activity of the hexose monophosphate 
shunt, which is enhanced 15- to 30-fold during phagocytosis.

Dormant in resting neutrophils, the respiratory burst oxidase 
assembles and becomes active concomitant with cell stimulation, as 
during phagocytosis. The lag period between stimulus exposure and 
expression of NADPH oxidase activity varies from several seconds to 
a few minutes, depending on the agonist, and reflects the time required 
for assembly of the multiple components of the oxidase at the cytoplas-
mic face of the plasma membrane or phagosomal membrane. On the 
basis of studies both in intact neutrophils and from in vitro cell-free 
systems, the components of the NADPH oxidase include integral 
membrane proteins as well as soluble cytosolic proteins (Fig. 8-8).

Four proteins have been demonstrated to be essential in all settings 
for a functional phagocyte NADPH oxidase, with a fifth required for 
stable assembly on phagosomes.157,158,172 Within the plasma membrane 
and membranes of specific granules and secretory vesicles is flavocy-
tochrome b558, so designated because of a characteristic 558-nm peak 
in its redox difference spectrum.173-175 It is a heterodimer composed of 
large and small subunits, gp91phox and p22phox (where phox stands 
for phagocyte oxidase), respectively, which are firmly but noncova-
lently associated. In addition, the low-molecular-weight protein Rap1A 
frequently copurifies with flavocytochrome b558, although the func-
tional significance is unknown.176 Flavocytochrome b558 contains two 
different types of redox centers, a FAD-binding domain and two 
inequivalent heme prosthetic groups,177-179 and is the catalytic subunit 
of the oxidase, operating as an electron transferase. NADPH, the 
source of electrons driving the system, binds to a cytoplasmic domain 

oxidase are remarkable; for example, more than 1010 electrons translo-
cate within 5 minutes in response to fMLP.160 Uncompensated, this 
magnitude of electron redistribution would depolarize the plasma or 
phagosomal membrane at greater than 200 mV within milliseconds 
and thereby terminate oxidase activity. However, the action of a 
voltage-gated proton channel compensates for more than 95% of the 
negative charge created by the translocation of electrons. Encoded by 
the gene Hvn1, the highly selective proton channel promotes the elec-
trogenic activity of the phagocyte NADPH oxidase as well as calcium 
influx into and acid extrusion from cytoplasm, thereby protecting vul-
nerable systems from a low pH. Phagocytes from mice in which Hvn1 
is deleted exhibit reduced NADPH oxidase activity, defective antimi-
crobial action, and excess cytoplasmic acidification.155

Most of the superoxide formed readily undergoes dismutation to 
hydrogen peroxide and oxygen:

 2 22 2 2 2O H H O Oi− ++ → +  (equation 2)

In the neutrophil phagosome, superoxide is converted quantita-
tively to hydrogen peroxide.161 This reaction occurs spontaneously with 
rapid kinetics at acidic pH, where a significant portion of the superox-
ide exists in its protonated form, the perhydroxy radical (HO2 i−), 
because of the high rate constant for the reaction between O2 i− and 
HHO2 i−. MPO can act as a superoxide dismutase by reacting with O2 i− 
to form compound III as an intermediate.162 Although dismutation can 
be catalyzed by superoxide dismutase (SOD), SOD is a cytoplasmic 
enzyme and absent from phagosomes. Because 1 mole of oxygen is 
regenerated for each mole of hydrogen peroxide formed, there is a net 
1 : 1 stoichiometry between oxygen consumption and hydrogen perox-
ide formation, but a 2 : 1 relation between O2 i− and H2O2 (equations 1 
and 2). Although the final product of the NADPH oxidase is H2O2, up 
to 72% of oxygen consumed by stimulated normal neutrophils can be 
recovered as hypochlorous acid (HOCl, or bleach), a consequence of 
the reactions of H2O2, MPO, and chloride (see later).163 Although 
murine phagocytes generate nitric oxide (NO) that contributes to 
killing of microbes and tumors,164 human neutrophils appear much less 
capable of generating reactive nitrogen species.165,166 There is no nitra-
tion of fluorescein, a susceptible target, nor evidence for interactions 
between NO and O2 i− in phagosomes of human neutrophils.167 
Although it is possible that investigators have not applied the optimal 
in vitro conditions to support NO production by human neutrophils, 
failure to detect substantial agonist-dependent NO production may  

FIGURE 8-8 Model of the agonist-dependent assembly of the neutrophil respiratory burst oxidase. Control of the activity of the NADPH 
oxidase reflects the spatial segregation of essential elements into two compartments of the cell. In resting neutrophils, flavocytochrome b558, composed 
of gp91phox and p22phox, rests in the plasma membrane and membranes of secretory vesicles and specific granules. In contrast, inactive Rac2 bound 
to RhoGDI, as well as a complex of p47phox, p67phox, and p40phox, resides in the cytoplasm. The latter complex depends on intermolecular interac-
tions mediated by Src homology 3 domains (SH3) and proline-rich regions (PRR). When the neutrophil is stimulated, several signal transduction events 
occur, including the phosphorylation of RhoGDI, which releases Rac2, with subsequent conversion from the GDP- to the GTP-bound state and association 
with the membrane. Concurrently, there is phosphorylation of multiple sites in the autoinhibitory region of p47phox (chain of small, light blue boxes). 
The latter event triggers a conformational change in p47phox that exposes otherwise cryptic sites on p47phox and p67phox, which subsequently support 
assembly of the oxidase at the membrane. FAD, flavin adenine dinucleotide; GDP, guanosine diphosphate; GTP, guanosine triphosphate; NADPH, reduced 
nicotinamide adenine dinucleotide phosphate; RhoGDI, (Rho) guanosine diphosphate dissociation inhibitor. 
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microbicidal action in that compartment.239 Disruption of the PI(3)
P binding region by a single mutation (R105Q) in the PX domain 
of p40phox undermines stable oxidase assembly on phagosomes, 
although neutrophils have nearly normal oxidant production at the 
cell surface. Of note, the patient did not display signs and symptoms 
typical of chronic granulomatous disease (see Chapter 12) but rather 
presented with refractory inflammatory bowel disease. Genome-wide 
association studies have linked Crohn’s disease with NCF4, the gene 
encoding p40phox,240,241 so elucidation of this association promises 
to provide new insights into links between innate immunity and 
inflammatory bowel disease.

In addition to the ternary complex of p47phox-p67phox-p40phox, 
the low-molecular-weight GTP-binding protein Rac2 exists in its gua-
nosine diphosphate (GDP)-bound state coupled with the guanosine 
diphosphate dissociation inhibitor RhoGDI in the cytoplasm. 
Activation-dependent phosphorylation of RhoGDI results in a change 
in its conformation and the release of Rac2 from the complex, permit-
ting Rac2GTP to bind to the target membrane and interact there with 
of flavocytochrome b558 and p67phox.242-248 During neutrophil stimula-
tion, Rac translocates to the plasma membrane, independent of the 
redistribution of p47phox and p67phox.242-244

In contrast to the major advances made in elucidating the biochem-
istry and cell biology of oxidase activation, relatively little is known 
about how activity of the NADPH oxidase is terminated. The cytoplas-
mic NADPH concentration is one limiting factor in the activity of the 
phagocyte oxidase,249 and indirect evidence suggests that reactive prod-
ucts of the oxidase, particularly those formed via the catalytic action 
of myeloperoxidase, inactivate the enzyme,250 but the precise mecha-
nisms by which oxidase activity is regulated and terminated are not 
known.

The NADPH oxidase was thought to be an oxidant-generating 
system uniquely expressed by phagocytes and dedicated exclusively to 
antimicrobial action until the Lambeth group251 cloned a homologue 
of gp91phox from a library of human colon complementary DNA 
(cDNA); with that discovery, the NADPH oxidase (NOX) protein 
family was born.158,252,235-255 The NOX family includes NOXs 1-5 
(gp91phox also known as NOX2) and two dual oxidases (DUOX1 and 
DUOX2), and are widely expressed thoughout the plant and animal 
kingdoms.253,256 Not only do most cells express a NOX protein, but 
many also possess multiple isoforms, each in a different subcellular 
compartment. Functions served by NOX proteins are as diverse as their 
tissue distribution is wide. In the context of host defense against infec-
tion, epithelial cells in the respiratory and gastrointestinal tracts 
express DUOX proteins, whose oxidant production mediates antimi-
crobial action, both directly against microbes as well as indirectly by 
disrupting microbe-driven signaling.257-259 Furthermore, NOX1-
dependent oxidants have been linked to epithelial cell repair of mucosal 
injury that accompanies inflammation.260 The extent to which NOX-
generated oxidant systems in epithelial cells contributes to mucosal 
immunity in humans awaits further delineation.

Degranulation
In parallel with activation of the oxidative burst, stimulated neutrophils 
release their granule contents, either to the extracellular space or into 
the nascent phagosome (see Figs. 8-6 and 8-7).261,262 Stimulated exocy-
tosis, or degranulation, by neutrophils is a remarkable process, given 
that there are at least four distinct classes of membrane-bound vesicles 
(i.e., azurophilic granules, specific granules, gelatinase granules, and 
secretory vesicles) that are released and two potential target destina-
tions for fusion events (i.e., plasma and phagosomal membrane). There 
is a hierarchy among these compartments with respect to the order in 
which each releases its contents after exposure to an agonist (order: 
secretory vesicles, tertiary granules, secondary granules, primary gran-
ules) and to the calcium requirements for exocytosis.263,264

Rearrangement of the actin-based cytoskeleton is a prerequisite for 
the release of all granule subtypes, with different processes occurring 
in specific sites in the cell for each granule type.265 In the case of 
primary granules, there is a decrease in actin polymerization at the 
membrane, likely reflecting reorganization of the subplasmalemmal 
membrane cytoskeleton37,266 and access to target membrane for granule 
membrane fusion.267 Concurrently, actin polymerization occurs in the 

in gp91phox and is oxidized by the transfer of two electrons to FAD, 
followed by two single-electron reductions of the heme groups (Fe3+ 
→ Fe2+). The very low midpoint potential of the reduced hemes allows 
them to react directly with molecular oxygen, reoxidizing the iron 
moieties and forming two molecules of superoxide, O2 i−. Because fla-
vocytochrome b558 spans the membrane, electrons from the oxidation 
of cytoplasmic NADPH are shuttled to molecular oxygen outside the 
cell or inside the phagosome (in both cases, sites separated from cyto-
plasm by a membrane). Although flavocytochrome b558 operates as an 
electron transferase and mediates the catalytic functions of the respira-
tory burst oxidase, elements in two protein complexes that reside inde-
pendently in the cytoplasm of resting neutrophils are required for 
enzyme activation and activity in vivo. One complex includes p47phox, 
p67phox, and p40phox.180-189 p47phox possesses a very cationic 
carboxyl-terminal domain containing several serine residues that serve 
as substrates for agonist-dependent phosphorylation by various 
kinases, including protein kinase C, p21-activated kinase, and mitogen-
activated protein (MAP) kinases—extracellular signal-regulated kinase 
(ERK)1/2 and AKT, the individual kinases involved dictated by the 
specific agonist.190 In the stimulated neutrophil, the partially phos-
phorylated protein translocates to the plasma membrane, where addi-
tional sites are phosphorylated.191-195 As a consequence of conformational 
changes triggered by its phosphorylation, domains of p47phox that 
mediate interactions with specific phospholipids or cognate protein 
domains are exposed, thereby enabling association with flavocyto-
chrome b558 at the plasma or phagosomal membrane to form the func-
tional oxidase.190,196-203

Docking of cytoplasmic oxidase components at the plasma or 
phagosomal membrane depends both on protein-protein as well as 
protein-lipid interactions,204 and phospholipid remodeling of neutro-
phil plasma membrane during phagocytosis serves as a critical step 
in oxidase organization.205,206 Specific sites of gp91phox and p22phox 
have been implicated as mediating interactions with the cytosolic 
components.172,207-214 p47phox, which lacks inherent enzymatic activity, 
serves as a docking platform or adaptor protein that organizes the 
functional oxidase at target membranes. Neutrophil stimulation also 
results in membrane translocation of p67phox, probably as a result 
of its association with p47phox; p67phox fails to translocate in the 
absence of p47phox, although p47phox is competent for translocation 
by itself.194 p67phox possesses a domain that regulates NADPH reduc-
tion of FAD215 and thus serves as an essential cofactor for the phagocyte 
oxidase. Enzymatic activity of p67phox requires its binding of Rac, a 
GTPase of the Rho protein family, to a domain in its N-terminus.216 
Both p47phox and p67phox contain two copies of a 50–amino acid 
domain related to a region of the Src oncoprotein designated SH3 
(Src homology region 3).182,184 Proline-rich motifs similar to those that 
bind to SH3 domains in other proteins217 are present in p47phox, 
p67phox, and p22phox. In general, SH3 domains are thought to mediate 
binding of proteins, expressing them to cytoskeletal and membrane 
elements. Both SH3 and proline-rich segments of the oxidase proteins 
are involved in the protein-protein interactions required for oxidase 
activation and function.218,219 The net effect of phosphorylation and 
translocation of cytosolic proteins is the assembly on the membrane 
of the active oxidase complex, composed of the flavocytochrome b558 
subunits, p47phox, p67phox, Rac2, p40phox and perhaps other 
components.176,220-225

p40phox, the third component of the complex with p47phox and 
p67phox, exhibits homology to p47phox,187,226,227 including the pres-
ence of a PX or phox homology domain that associates with 
phosphoinosi tides in target membranes.228-231,232,233 The PX domain of 
p40phox binds to phosphatidylinositol-3-phosphate (PI(3)P) that is 
generated on the cytoplasmic leaflet of phagosomal membranes by 
the action of class III PI(3)P kinases.233-238 Defective oxidase activity 
in and oxidant-dependent killing by neutrophils from mice lacking 
p40phox suggested that p40phox served a specialized role in directing 
assembly of a functional oxidase.230 However, the identification of a 
patient who lacks normal p40phox protein and whose neutrophils 
fail to generate oxidants in phagosomes or kill ingested Staphylococcus 
aureus normally demonstrated that class III PI(3)P kinase-mediated 
PI(3)P generation is essential for p40phox binding to phagosomes, 
a step critical to sustained oxidant generation and optimal 
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Neutrophils express members of the Bcl-2 family of apoptotic pro-
teins, notably the pro-apoptotic proteins Bax, Bid, Bak, and Bad, but 
not the antiapoptotic Bcl-2.304-306 Neutrophil apoptosis is caspase medi-
ated, reflecting the involvement of mitochondria and complex cross-
talk among several signaling pathways, including the caspases, reactive 
oxygen species, and MAP kinases.304,307-309 Several molecules on the 
neutrophil surface have been implicated as participants in receptor-
mediated uptake of apoptotic neutrophils by tissue macrophages, 
including phosphatidylserine exposed from the inner leaflet of the 
plasma membrane, CD47, CD31, calreticulin, proteinase 3, altered 
membrane carbohydrates, and oxidized membrane phospholipids.52 
Likewise, a variety of macrophage receptors have been proposed to 
mediate uptake, including a phosphatidylserine receptor, scavenger 
receptors, CD14, CD44, and the coordinated activity of CD36 and the 
integrin αvβ3.52

Within the context of the acute inflammatory response, cytokines 
released at the site delay apoptosis, thereby extending the neutrophil  
life span and permitting their participation in host defense.87 However, 
the regulation of neutrophil apoptosis by cytokines such as TNF-α is 
complex; for instance, low concentrations of TNF-α delay neutrophil 
apoptosis, whereas high concentrations promote it.300,310 Cytokines 
modulate pro-apoptotic and antiapoptotic pathways in a variety of 
ways, and phagocytosis by neutrophils ultimately accelerates 
apoptosis—a phenomenon also known as phagocytosis-induced cell 
death (PICD), with an associated downregulation of their proinflam-
matory capacity (Fig. 8-9).87,295,303,311,312 Recent studies also provide 
strong evidence that levels of neutrophils in circulation follow circadian 
cycles, and neutrophil clearance generates signals that modulate 
hematopoiesis.

Thus, the stimulated neutrophil at the peak of its response to an 
invading microbe initiates pathways leading to decreased proinflam-
matory activity and to apoptosis, en route to resolution of the acute 
phase of the inflammatory response.296,303,313-319 Evidence supporting 
this interpretation comes from a consideration of the local conse-
quences when accelerated apoptosis is not triggered by neutrophil 
stimulation. For example, neutrophils from individuals with chronic 
granulomatous disease (CGD; see “Neutrophils and Microbial Evasion 
of Host Defense”)313,320 exhibit delayed phagocytosis-induced apoptosis 
and produce less prostaglandin D2, an anti-inflammatory mediator, 
two deficiencies that may contribute to the chronic inflammation and 
granuloma formation that are hallmarks of this disease.

As a mode of cell death, apoptosis of neutrophils spares the host 
local tissue damage that might arise from necrosis and the attendant 
release of cytotoxic cellular contents. This aspect of neutrophil biology 
has been the focus of intense research over the past 15 years, and our 
understanding of the process has progressed rapidly. Indeed, recent 
studies on the cell biology of death and its evolving definitions based 
on morphologic, enzymatic, functional, and immunologic criteria321 
promise to provide important new insights into the overall economy 
of neutrophil homeostasis in the absence and presence of infection and 
other proinflammatory stimuli.

Inasmuch as neutrophil apoptosis is critical for the resolution of  
the inflammatory response, it is perhaps not surprising that some 
pathogens can alter this process to survive and thereby cause disease 
(see Fig. 8-9).301,302 For example, Anaplasma phagocytophilum, the 
causative agent of human granulocytic anaplasmosis,322 is internal-
ized by receptor-mediated endocytosis rather than phagocytosis323,324 
and inhibits neutrophil apoptosis.325 A. phagocytophilum is one of the 
few microbes that can replicate within neutrophils, and the ability of 
this pathogen to delay neutrophil apoptosis is important for its intra-
cellular replication and ultimately for the organism to cause human 
infection.

Apoptotic neutrophils may also serve as “Trojan horses,” providing 
a vehicle for viable parasites, such as Leishmania major, to gain entry 
into recruited macrophages.326 How widespread this phenomenon is 
and the extent to which it promotes infections are not known. S. aureus 
may use a variation of the Trojan horse phenomenon, in which neu-
trophils themselves serve as a vehicle to disseminate the pathogen.327-329 
Although S. aureus is ingested readily by neutrophils, some strains have 
significant capacity to survive after phagocytosis and eventually cause 
neutrophil lysis (see Fig. 8-9).330-333 Lysis of S. aureus–containing 

cytoplasm and promotes primary granule release.267 The actin reorga-
nization that accompanies primary granule release is regulated by 
Rac2, the same GTPase that is essential for activity of the NADPH 
oxidase (see earlier).267,268,269,270 Human neutrophils possess other low-
molecular-weight GTPases, including members of the Rab family,271 
and Rab27a has been implicated in contributing to degranulation.272,273 
There is evidence that the Rab effector protein JFC/Slp1 and Munc 13-4 
participate in regulation of exocytosis.273,274

As part of the cytoskeletal rearrangement that accompanies degran-
ulation,275,276 several actin-binding proteins are redistributed, including 
myristoylated alanine-rich C-kinase substrates (MARCKS).277 A 
MARCKS-related peptide inhibits MPO release from stimulated neu-
trophils, suggesting that the N-terminal region of MARCKS contrib-
utes to a critical step in granule release.278 Fusogenic proteins on the 
granules, including annexins,279 synaptosomal-associated protein 
(SNAP)-23, syntaxin-4 and -6, vesicle-associated membrane protein 
(VAMP)-1, -2, and -7, and likely other molecules mediate association 
at the target membranes with specific receptors, including various 
target SNAP receptors (t-SNAREs).280 Lipid modification probably 
contributes critically to fusion of the granule membrane with the 
plasma or phagosomal membrane, and such remodeling depends on 
the redistribution and activation of phospholipase D.281,282 In addition, 
the activity of signaling proteins such as MEG2 requires specific mem-
brane phosphoinositides generated locally.283

As discussed previously, the granules of neutrophils differ not only 
in the luminal contents but also in the proteins inserted in their mem-
branes. Surface expression of CD63, CD66, and CD35 are monitored 
experimentally as specific markers of plasma membrane fusion with 
primary granules, secondary granules, or secretory vesicles, respec-
tively.14 Primary, or azurophilic, granules, fuse predominantly with the 
phagosome, thereby delivering microbicidal and hydrolytic proteins at 
high concentrations close to the ingested organisms. On the other 
hand, specific granules and secretory vesicles fuse preferentially with 
the plasma membrane, releasing their contents extracellularly and 
bringing to the cell surface a variety of functionally important mem-
brane proteins, including integrins, flavocytochrome b558, and recep-
tors for chemotactic agents and opsonins (see Table 8-1). Taken 
together, the process of degranulation affords concurrent recruitment 
of critical membrane proteins to the cell surface or phagosome and 
discharge of proteins that directly or indirectly contribute to the death 
and destruction of ingested microbes.

Step 4: Resolution of the  
Inflammatory Response
In brief, resolution of inflammation occurs in a remarkably compli-
cated yet orderly manner: locally produced CXC-chemokines that 
elicit neutrophil migration switch to CC chemokines that enlist non-
neutrophil leukocytes to migrate284-286; recruited neutrophils spontane-
ously, or in response to agonists (e.g., late after phagocytosis), undergo 
cell death, and macrophages and dendritic cells, both resident and/or 
recruited, ingest the apoptotic neutrophils in a nonphlogistic (nonin-
flammatory) fashion and contribute to wound healing and reestablish-
ment of the normal state. Ingestion of apoptotic neutrophils by 
macrophages and/or dendritic cells, known as efferocytosis, and sub-
sequent removal from the inflammatory site are important for the 
resolution of the acute inflammatory response.52

Neutrophils have a relatively short half-life, approximately 6.5 
hours in the circulation,287,288 but as long as 4 to 5 days in tissue, with 
senescent cells undergoing spontaneous apoptosis before being cleared 
by tissue macrophages.52,289-292 Apoptotic neutrophils have markedly 
depressed functional capacity,293-296 thereby preparing them for removal 
by tissue macrophages.291 Collectively, the loss of proinflammatory 
potential in apoptotic neutrophils, their physical removal by macro-
phages, and the noninflammatory phenotype of macrophages that 
ingest apoptotic neutrophils297 result in cell turnover in the inflamma-
tory site that provokes little tissue damage. Nonsenescent neutrophils 
can become apoptotic in response to a variety of soluble agents87,294,298-

300 and after phagocytosis of bacteria.301,302 The mechanisms underlying 
apoptosis in human neutrophils are complex, differ as a function of the 
agonist and cytokine context, and are, in some cases, modulated by 
pathogens.303,304
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may be counterproductive, as when the MPO-generated HOCl oxida-
tively inactivates elastase338 or cathepsin G.339 Furthermore, antimicro-
bial collaborations in the phagosome are not limited to agents derived 
from neutrophils but include soluble factors internalized from the 
extracellular environs during phagocytosis. For example, group IIA 
phospholipase A2, an acute phase plasma protein with antimicrobial 
activity against gram-positive bacteria,340-342 synergizes, at concentra-
tions that alone are too low to be active, with products of the NADPH 
oxidase to exhibit potent antimicrobial and phospholipase activity 
within neutrophil phagosomes.342 Adding to the complexity of intra-
phagosomal antimicrobial events is the inherent variability among 
ingested organisms. The microbial surface structure and composition 
vary among different organisms and, within individual species, differ 
with respect to growth phase. Consequently, surface components that 
are the immediate substrates for antimicrobial toxins will vary widely 
among and within species. Furthermore, the transcriptional responses 
of ingested organisms to the toxic phagosomal environment initiate 
microbial stress responses, release of secreted products, some serving 
as competing targets for host toxic agents, and structural modifications 
of the microbial surface. Overall, ingested organisms respond rapidly 
to intraphagosomal stress and thereby alter the array of potential 
targets for neutrophil attack. Given the combined number and com-
plexity of host and microbial variables, it should not be surprising that 
no single neutrophil product, biochemical modification, or specific 
microbial target has been identified as being uniformly essential for 
the death and degradation of all types of organisms sequestered within 
the phagosome. The same collaborative and integrated approach that 
provides a flexible and generally effective host defense system also 
keeps our understanding of the underlying mechanisms at bay. None-
theless, with these challenges and limitations in mind, studies using a 
reductionist approach have provided substantial insights into the com-
plexities of intraphagosomal and antimicrobial action.

Optimal antimicrobial action against most microorganisms 
depends on the MPO-H2O2-chloride system.163 First described by Kle-
banoff,343,344 the system has three essential components uniquely 
present in neutrophils; in the presence of H2O2 (generated by the 
respiratory burst), MPO (released from primary granules) oxidizes 
chloride to generate the potent microbicide HOCl. The resultant chem-
istry demands a steady flux of chloride ion into the phagosome. The 
relatively high chloride concentration in neutrophil cytoplasm pro-
vides the source for chloride, redistributed to phagosomes through 

neutrophils liberates previously ingested bacteria (which may then 
disseminate) and releases cytotoxic contents that can potentially cause 
undesired host tissue damage. The mechanism for neutrophil lysis after 
phagocytosis of S. aureus remains incompletely characterized, but neu-
trophils have some morphologic characteristics of apoptosis before 
lysis.334

Studies within the past 10 years have identified another family of 
biologic agents that contribute to the active resolution of the inflam-
matory response. Bioactive lipids, such as resolvins, protectins, and 
maresins derived from leukocytes at an inflammatory site, dampen the 
inflammatory reaction and promote its resolution.66,67,335 Seen collec-
tively, endogenous factors derived from cells recruited to the site of 
inflammation orchestrate the orderly recruitment of different types of 
inflammatory cells as well as their subsequent clearance. Under optimal 
circumstances, these endogenously generated lipids direct a controlled 
response that eliminates the infectious threat with minimal collateral 
injury and promptly restores the preinfectious healthy state.

Microbicidal Mechanisms
Intraphagosomal Killing of Microbes
Postphagocytic events deliver the products of degranulation and the 
respiratory burst to the phagocytic vacuole, a circumscribed, 
membrane-bound compartment in which an ingested microbe is 
exposed to high concentrations of toxic substances (see Fig. 8-6). Com-
ponents of the antimicrobial response of neutrophils are often classi-
fied by their dependence, or lack thereof, on the products of the 
respiratory burst. Elegant studies defining the actions of these cytotoxic 
agents generally focus on their behavior in isolation or with only a 
subset of the phagosomal contents that would otherwise be present in 
vivo. However, intraphagosomal events are much more dynamic and 
complex.149,162,336,337 Reactive species present in the phagosome at any 
point in time act simultaneously on microbial targets and, in many 
cases, interact with each other as well. Oxidant-mediated modifications 
of surface structures on ingested bacteria may alter the susceptibility 
of bacterial targets to granule proteins, or granule protein interactions 
may change access or susceptibility of sites to oxidant attack. Individual 
granule proteins may synergize with each other, oxidants, or both to 
exact damage not possible with any single agent. Some direct inter-
actions among neutrophil products will benefit the host, as when  
the granule protein MPO catalyzes generation of HOCl by using 
NADPH oxidase–derived H2O2 as substrate.163 Other interactions 

FIGURE 8-9 Potential outcomes of the interaction of microbes with neutrophils. See text for details. ROS, reactive oxygen species. 
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defensins. In many cases, these are highly charged cationic proteins 
that bind to negatively charged prokaryotic cell envelopes, thereby 
compromising the capacity of microbes to perform chemiosmotic 
work and maintain viability. BPI is a 59-kDa protein located in the 
primary granules of neutrophils. Its antimicrobial activity resides in a 
25-kDa amino-terminal fragment.376-380 In addition, BPI binds to lipo-
polysaccharide381 and blocks the release of TNF-α elicited by bacte-
ria.378 Lactoferrin is an iron-binding protein found in secretions 
bathing mucosal membranes and in the specific granules of neutro-
phils.382 Its bacteriostatic properties reflect an ability to deprive bacteria 
of the iron required for their growth, an effect eliminated by saturation 
of its iron-binding sites.382 Lactoferrin plays a role in the alteration of 
the physicochemical properties of the neutrophil membrane that 
occurs during degranulation,383 in the modulation of hydroxyl radical 
production, in the regulation of granulopoiesis,384 and in the modula-
tion of complement function.385

Lysozyme, found mainly in the specific granules but also present in 
the primary granules, hydrolyzes the glycoside bond between 
N-acetylmuramic acid and N-acetylglucosamine, components of the 
peptidoglycan in bacterial cell walls. Although the bactericidal proper-
ties of lysozyme reflect this activity, peptide substitutions on the 
N-acetylmuramic acid residue in most bacteria make this bond inac-
cessible to lysozyme, thereby limiting its bacteriolytic properties. 
However, in the context of the complex environment of an inflamma-
tory reaction, a bacterial cell wall already damaged by complement or 
granule proteins may allow access of lysozyme to its site of action.

Human PGRP-S binds avidly to the many forms of peptidoglycan 
on the surface of bacteria as dissimilar as S. aureus and E. coli, where 
it damages microbes by interfering with peptidoglycan biosynthesis 
and inducing conformational changes that prevent cross-linking of cell 
wall peptides.386 Furthermore, PGRP-S acts synergistically with lyso-
zyme to promote the lysis of E. coli.387

During investigation of gelatinase in specific granules, Kjeldsen and 
co-workers388 discovered an associated protein (NGAL) that indirectly 
contributes to antimicrobial action by binding to catecholate-based 
bacterial siderophores, thereby interfering with iron acquisition by 
microbes. The contribution of NGAL to overall murine host defense 
against infection is illustrated by the failure of NGAL knockout mice 
to survive intraperitoneal challenge with E. coli that produces entero-
chelin, a catecholate-based siderophore.389

Specific granules also house precursor forms of a family of antimi-
crobial peptides collectively termed cathelicidins because of their 
sequence homology at their N-terminus with cathelin, an inhibitor of 
cathepsin.390-392 The antimicrobial activity of cathelicidins resides in the 
cationic C-terminal portion of the protein, which is released from the 
holoprotein precursor during neutrophil degranulation. The spectrum 
of organisms susceptible to cathelicidins is broad, and the toxicity to 
target organisms is a consequence of disruption of the bacterial mem-
brane. Among mammals there is significant variation in the number 
of cathelicidins expressed in individual species. Only one, LL-37 or 
human cathelicidin protein-18 (hCAP-18), has been identified in 
humans.393 Of note, defensins, hCAP-18, and NGAL are three antimi-
crobial proteins that are expressed in both keratinocytes and neutro-
phils, raising provocative questions about the synergistic interactions 
between recruited neutrophils and resident keratinocytes in contribut-
ing to tissue repair and wound healing at the site of cutaneous 
infection.394,395

Defensins are potent antimicrobial peptides in the primary gran-
ules of neutrophils,373,396,397 along with prodefensins in specific gran-
ules,398 and in epithelial cells of the gut and the genitourinary tract.399,400 
Defensins and closely related proteins are widely distributed in nature 
(e.g., the hemolymph of insects401) and probably represent an ancient 
mechanism for host defense. The precursor forms of the α-defensins 
present in azurophilic granules undergo proteolytic processing by the 
action of elastase and proteinase 3, two proteins in the same granule 
compartment, to yield active antimicrobial peptides.402 In general, 
defensins are small molecules (3 to 4 kDa) rich in arginine and con-
taining a characteristic disulfide motif. Elegant studies have defined 
many of the physical properties of purified defensins403-405 and provide 
insight into their mechanism of action, which involves insertion into 
microbial membranes, resulting in the formation of pores that allow 

membrane transporters, including cystic fibrosis transmembrane  
conductance regulator (CFTR), to support HOCl generation and effi-
cient antimicrobial action.345-349 Although H2O2 itself has bactericidal 
properties, its microbicidal potency is enhanced approximately 50-fold 
in the presence of MPO. In the presence of suitable substrates, HOCl 
can generate chloramines, chlorine gas, chlorinated sterols, tyrosyl 
radicals, and nitric oxide–derived reactants that can extend the spec-
trum and duration of antimicrobial action.163,336,350-352 Of course, reac-
tivity of products of the MPO system lacks selectivity, and chlorinated 
bacterial and host proteins can be recovered from the phagosome of 
human neutrophils after microbial challenge.353-355 However, the killing 
of ingested microbes correlates with the extent of chlorotyrosine gen-
eration on bacteria,354 thereby linking the MPO-dependent modifica-
tions to antimicrobial action. The precise events responsible for the 
microbicidal activity of the MPO system are incompletely character-
ized336; candidate target sites in bacteria include components of the 
electron transport chain, iron-sulfur centers, penicillin-binding pro-
teins, and sites in bacterial membranes that are necessary for initiation 
of chromosomal replication356-359 as well as the generalized stress sec-
ondary to HOCl-mediated oxidative protein unfolding.360 Oxidation of 
particular microbial targets may lead to the release of free iron, which 
can then participate in the formation of the highly reactive hydroxyl 
radical (OH•) and augmentation of the oxidant attack.361 Studies have 
implicated the MPO–hydrogen peroxide–halide system in tissue 
injury, oxidation of lipids, and possibly in atherogenesis, extending the 
biologic importance of this system beyond its microbicidal activity.362-365

Metabolites of oxygen for which a role in neutrophil bactericidal 
activity has been suggested include hydrogen peroxide, superoxide 
anion, singlet oxygen, and hydroxyl radical. The fact that catalase, 
which degrades hydrogen peroxide into O2 and H2O, protects some 
bacteria from the bactericidal effects of neutrophils366 supports a direct 
germicidal effect of hydrogen peroxide. However, the permeability of 
the phagosomal membrane to H2O2 makes it unlikely that sufficient 
H2O2 accumulates within the lumen to support bacterial killing.337 
Superoxide by itself is thought to play little role in the killing of micro-
organisms but under appropriate conditions can react with other prod-
ucts of oxygen metabolism to generate hydroxyl radical and singlet 
oxygen. Evidence suggests that superoxide anion in the phagosome 
reacts directly with MPO in a catalytic cycle in which superoxide acts 
as a reductant and culminates in dismutation of superoxide to H2O2.367 
The bactericidal effect of these reactive oxidants may result from the 
initiation of a chain of oxidizing events in the bacterial cell wall.336,368 
Damage proceeds from outside to the inside of the target bacteria, with 
dysfunction or inactivation of critical functions localized to the bacte-
rial inner membrane.336 For example, the death of Escherichia coli par-
allels the oxidation of methionine residues in the inner membrane and 
cytoplasm but not in the outer membrane or periplasm of bacteria fed 
to human neutrophils.369

The hydroxyl radical is a potent bactericidal agent that can be 
formed by the direct reaction of superoxide with hydrogen peroxide, 
a reaction that occurs slowly on its own but is catalyzed by the ferric 
ion.370 Sensitive analytic systems indicate that activated neutrophils 
produce hydroxyl radicals by two different mechanisms, one depen-
dent on the catalytic activity of MPO371 and the other requiring transi-
tion metals in the Haber-Weiss reaction.372 The relative contribution of 
each mechanism to the overall production of hydroxyl radicals in vivo 
depends on the availability of exogenous transition metals, usually 
iron. In the presence of supplemental iron, hydroxyl radical generation 
occurs through the Haber-Weiss reaction. However, lactoferrin and 
transferrin can interfere with this reaction by binding iron in a non-
catalytic form. Therefore, under physiologic conditions, it appears that 
the small amounts of hydroxyl radical generated by stimulated neutro-
phils are derived from the MPO-dependent pathway.

Antimicrobial systems that operate in the absence of exogenous 
oxidants contribute greatly to overall innate immunity and neutrophil-
dependent host defense,373-375 as clearly demonstrated by the ability of 
neutrophils to kill certain organisms under anaerobic conditions, 
where the NADPH oxidase would not be functional. Agents contribut-
ing to oxygen-independent microbicidal activity include defensins, 
BPI, lactoferrin, lysozyme, peptidoglycan recognition proteins (PGRP), 
neutrophil gelatinase–associated lipocalin (NGAL), cathelicidins, and 
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demonstrate that the ingested microbe responds to its immediate envi-
ronment in the phagosome rapidly and specifically. For example, 
among the many genes expressed by E. coli 7 minutes after being 
ingested by normal neutrophils are those regulated by OxyR, an 
oxygen-sensing transcription factor.433 However, the same strain of E. 
coli does not express OxyR-regulated genes when ingested by CGD 
neutrophils, which lack the capacity to generate reactive oxygen species 
and thereby to create an oxidant stress within the phagosome.

Within the complex context of the interactive cell biology between 
host and microbe, it is clear that pathogens have evolved molecular 
strategies for neutralizing one or more of the discrete steps in normal 
host defense.332,434,436-438 To that end, the invading microorganism may 
exploit specific aspects of normal mammalian cell biology, including 
adhesive properties, signal transduction pathways, cytoskeletal rear-
rangements, and vacuolar trafficking.436 In some cases, these properties 
are manifest only when microbes are in the appropriate host, demon-
strating the exquisitely precise manner in which the invading micro-
organism has adapted to the context of the mammalian host.439,440 S. 
aureus is perhaps an ideal example organism in this regard because it 
produces molecules that have the potential to inhibit virtually each step 
of the neutrophil response to invading microbes, including recruit-
ment, phagocytosis, and bactericidal activity (see later).332,441

In some cases, bacteria adhere to surface proteins on target phago-
cytes, as with certain Neisseria and CD66 on the neutrophil surface.442 
In other situations, bacterial proteins secreted into target cells may 
modify the host cell response, as is the case with the Yop proteins of 
Yersinia.434 Once secreted into the host cell, the various members of the 
Yop family of proteins impair phagocytosis, induce apoptosis, paralyze 
cellular actin, and, in the case of the tyrosine phosphatase YopH, block 
Fc receptor–mediated activation of the respiratory burst oxidase.443,444 
In other settings, multiple mammalian cell types are targeted. For 
example, a glycoprotein of Ebola virus, in its secreted form, engages 
the neutrophil Fc receptor and inhibits cell activation and, in its trans-
membrane form, interacts with endothelial cells. In this way, the virus 
simultaneously inhibits the neutrophil-dependent early inflammatory 
response and induces endothelial cell damage, the clinical hallmark of 
Ebola virus infection.445

Certain microbes have devised ways to subvert or avoid host 
defenses and survive even after ingestion by neutrophils. For example, 
S. aureus produces many molecules that inhibit the function of neu-
trophil antimicrobial peptides and moderate the effects of reactive 
oxygen species.332 During interaction with neutrophils, Streptococcus 
pyogenes upregulates a two-component signal transduction system that 
controls cell envelope biosynthesis and production of molecules that 
moderate the effects of reactive oxygen species.432 In addition, M and 
M-like proteins of this pathogen promote survival after phagocyto-
sis.446 The activity or function of these molecules likely explains the 
ability of ingested S. aureus or S. pyogenes to survive long enough after 
phagocytosis to cause neutrophil lysis (see Fig. 8-9). Whereas microbes 
such as S. aureus survive because of high resistance to neutrophil 
microbicides, A. phagocytophilum and Francisella tularensis inhibit 
neutrophil superoxide generation and thereby avoid exposure to key 
microbicides.447,448 Even with the limited understanding available, it is 
clear that there is as broad a range of microbial tactics for pathogenesis 
as there are host cell targets, and their elucidation will provide insights 
into the biology of both the host and the pathogen.

EOSINOPHILS
Eosinophils are bone marrow–derived, tissue-based granulocytes 
located subjacent to the skin and mucosal lining of the respiratory  
and gastrointestinal tracts (Fig. 8-10).449,450 In these locations, they 
play a role in host defense against helminthic infections and figure 
prominently in the pathology of hypersensitivity diseases, such as 
asthma and certain dermatologic and gastrointestinal disorders.449,450 
In many ways, eosinophils have a functional repertoire that resembles 
that of neutrophils,449,450 but there are several significant differences 
in the activities of these two types of granulocytes.451 Recent studies 
have expanded recognition of the central role of eosinophils in modu-
lation of inflammatory responses in selected situations.449,450 The gran-
ules of eosinophils harbor not only cytotoxic contents but also 
pleiotropic inflammatory agents, including cytokines, chemokines, 

efflux of cytoplasmic components. The spectrum of organisms against 
which defensins are active is extremely broad, including gram-positive 
and gram-negative bacteria, fungi, and enveloped viruses.

Additional cationic proteins isolated from neutrophil primary 
granules375 demonstrate preferential activity against specific bacterial 
species. These proteins include p15s,406 azurocidin,407 and indolici-
din.408 Understanding of the principles of antimicrobial activity of 
these proteins is incomplete at this time, but their mechanisms of 
action include both enzymatic and nonenzymatic components.

Extracellular Microbicidal Activity
Intraphagosomal killing of microorganisms is the primary method 
used by neutrophils to eliminate invading bacteria and fungi. However, 
recent studies indicate that nuclear DNA released from a small subset 
of neutrophils forms web- or net-like structures known as neutrophil 
extracellular traps (NETs) that ensnare bacteria and fungi.89,409,410,411-417 
NETs are composed of decondensed nuclear DNA, histones, and azu-
rophilic granule proteins such as MPO and elastase.414 Although early 
studies indicated NETs immobilize and kill bacteria, more recent work 
suggests that NETs lack significant microbicidal activity.418,419 Rather, 
these recent data indicate that NETs may trap microbes and thereby 
prevent dissemination. Although the biologic relevance of NETs is the 
subject of controversy, three separate mechanisms for the formation of 
NETs have been proposed.

NETs were first proposed to form by a novel cytolytic cell death 
process eventually named NETosis.415 During NETosis, nuclear and 
granule membrane lose integrity, and DNA mixes with the cytoplasm 
and granule proteins just before cell lysis. Subsequently, neutrophil 
elastase degrades histones, the cell ruptures and releases decondensed 
DNA to form a NET decorated with antimicrobial proteins.410,415 This 
process is dependent on reactive oxygen species produced by NADPH 
oxidase.410,415 Whether this process is truly distinct from traditional 
necrosis or cytolysis remains a topic of debate. It is also important to 
note that formation of NETs has been linked to host tissue damage and 
associated with specific human diseases,411,420-422 findings consistent 
with processes that occur after typical neutrophil necrosis or lysis.

As an alternative to NETosis, recent reports have shown that a 
subset of live neutrophils form NETs by ejecting the nucleus, and the 
anuclear neutrophils remain functional and viable.412,423 NETs formed 
by this mechanism appear functionally similar to those formed by the 
cytolytic process; they capture bacteria and prevent dissemination. 
These intriguing findings were demonstrated in mouse bacterial infec-
tion models using live imaging techniques.411,412 A third mechanism for 
formation of extracellular traps involves rapid “catapult-like” release of 
mitochondrial DNA from neutrophils413 or eosinophils.424 This mecha-
nism of extracellular trap formation does not involve death of the 
phagocyte nor does it alter the life span of these cells.413

Although each proposed mechanism is unique and there is contro-
versy related to extracellular traps formed by cytolysis or living cells, a 
feature common to the three mechanisms is the capture of microbes, 
which in animal models prevents microbial dissemination.

Neutrophils and Microbial Evasion of 
Host Defense
Ongoing investigation in microbial pathogenesis reflects the scientific 
advances in molecular microbiology and eukaryotic cell biology. In 
many ways, results from studies that apply these newer analytic 
approaches challenge our conventional understanding of microbial 
pathogenesis and the biologic meaning of colonization, commensal-
ism, infection, and disease.425 The application of gene microarrays to 
the study of host-microbe interactions has revealed the remarkably 
dynamic and interactive nature of both the invading microorganism 
and the responsive host cell. This area of research is rapidly evolving 
and encompasses many microbial species. As such, the topic is too 
extensive to cover here in any detail. Instead, we provide a few selected 
examples of bacterial evasion of neutrophil function and refer the 
reader to more comprehensive reviews on specific topics.

Phagocytosis elicits transcription of an array of neutrophil 
genes296,426-429 and bacterial genes, including those representing com-
plex transcriptional responses that allow the organism to evade the 
attack by neutrophil-generated cytotoxins.314,331,429-435 Such analyses 
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stimuli—and thus have high immunomodulatory potential.449 For 
example, eosinophils express receptors for the Fc portion of IgA,  
IgD, IgM, IgG (FcγRII), and IgE (FcεRI and FcεRII), although the 
presence of IgE receptors on eosinophils is a subject of controversy.456 
Receptors for complement (CR1, CR3, CR4, ClqR, C3a, C5a), cyto-
kines (e.g., receptors for IL-2, IL-3, IL-4, IL-5, IL-9, IL-10, IL-13, IL-17, 
IL-23, IL-27, IL-31, IL-33, GM-CSF, IFN-γ, and TNF-α), platelet-
activating factor, prostaglandins, and LTB4 have also been reported to 
be present on eosinophils.449,450 Eosinophils also express on their 
surface two members of the CD2 subfamily of receptors, CD48 and 
CD244. Engagement of CD48 elicits degranulation. Several inhibitory 
receptors on the eosinophil surface suppress their activation when 
engaged and thereby contribute to the immunomodulatory activities 
of eosinophils.

Eosinophils release their granules via several distinct mecha-
nisms.453,454 Eosinophils can undergo traditional granule exocytosis, a 
process similar to neutrophil degranulation, during which the entire 
contents of granules are released into the extracellular environment. 
This process may involve compound exocytosis, a variation of exocy-
tosis whereby multiple granules fuse within the cell cytoplasm (thus 
forming a large, single granule) before exocytosis.453,454 Eosinophil 
granule products can also be released by piecemeal degranulation, 
which is the primary mechanism for release of granule contents. 
During piecemeal degranulation, secretory vesicles or eosinophil som-
brero vesicles transport selected molecules from crystalloid granules to 
the cell surface for secretion.453,454 Release of granule contents can also 
occur by cytolysis,453,454 and there is evidence that cell-free granules can 
be triggered to release selected molecules by specific agonists.453,455,457

Circulating eosinophils can be separated into two populations 
based on buoyant density. Most eosinophils in healthy individuals are 
characterized as dense or normodense. Hypodense eosinophils are 
cells that have been activated. They express a greater number of func-
tionally competent receptors, exhibit a higher resting level of oxidative 
metabolism, and predominate in the blood and tissues of persons with 
eosinophilia.

The intravascular half-life of eosinophils is approximately 2 hours. 
Eosinophil migration involves different adhesion molecules than does 
neutrophil transmigration.449,450,456,458,459 In addition to the β2-integrins 
also expressed by neutrophils, eosinophils express β1 and β7 integrins460 
and display a form of P-selectin glycoprotein ligand-1 (PSGL-1) that 
binds more avidly to endothelial P-selectin than does the form 
expressed by neutrophils.456,461-463 That eosinophil transmigration is 
normal in leukocyte adhesion deficiency-1 (LAD-1) provides evidence 
that β2-integrins are not required for this process. Association with 
endothelium in the process of eosinophil trafficking appears to be 
mediated by IL-5, IL-4, IL-13, and chemokines, and the coordinated 
expression and activation of integrins and their cognate binding 
partners.449,464

Substantial evidence supports a role for eosinophils in immunity to 
helminthic parasites, as demonstrated by the greater worm burden and 
tissue damage in animals treated with antieosinophil serum and by the 
finding that the transfer of passive immunity requires the presence of 
these cells. This conclusion is buttressed by the demonstration of eosin-
ophils on and around degenerating parasites in vivo and by the ability 
of eosinophils to kill these organisms in vitro.456,465,466 It is noteworthy 
that many of the studies of the role of eosinophils in host defense 
against parasitic helminths have been performed in mouse infection 
models, and there are significant functional and morphologic differ-
ences between human and mouse eosinophils.456

Killing of parasites is related to exocytosis of eosinophil granule 
contents onto the parasite surface while it is in close apposition to the 
eosinophils.449,456,467,468 The eosinophil peroxidase–hydrogen peroxide–
halide oxidation system plays a minor role in anthelmintic activity,469 
whereas the cationic granule proteins are responsible for the bulk of 
this activity. On a molar basis, eosinophil cationic protein exerts a 
more potent anthelmintic effect than does MBP, but the greater quan-
tity of the latter in the eosinophil makes its contribution more signifi-
cant. The anthelmintic effects of these proteins are also specific for 
different stages in the life cycle of the parasite.

In addition to contributing to host defense against infections with 
helminths, eosinophils respond to RNA viruses, including respiratory 

lipid mediators, and neuroactive substances.449,450 Consequently, the 
biology of eosinophils extends beyond their contribution to host 
defense against helminths, and the elucidation of the scope of the 
eosinophil’s role as an immune cell promises to provide exciting 
insights into mechanisms for the integration of innate and adaptive 
immune systems.

Eosinophils develop from bone marrow stem cells in 5 to 6 days.452 
Eosinophilopoiesis in humans appears to be uniquely dependent on 
IL-5, with IL-3 and GM-CSF also contributing to a lesser degree. IL-5 
concentrations correlate with the appearance and magnitude of eosino-
philia in vivo.449,450 Eosinophil maturation is accompanied by the 
appearance of electron-dense primary granules, which appear during 
the promyelocyte stage of development, and large cytoplasmic granules 
known as crystalloid, specific, or secondary granules.449,450,453-456 
Primary granules contain Charcot-Leyden crystal protein (galactin 10) 
and lipid bodies.449,456 Crystalloid granules are distinguished by their 
large size, an electron-dense crystalloid core containing major basic 
protein (MBP), and an electron-lucent matrix containing eosinophil 
cationic protein (ECP), eosinophil-derived neurotoxin (EDN), and 
eosinophil peroxidase (EPO) (see Fig. 8-10).450,453-455 Of note, these 
crystalloid granules also contain a wide range of chemokines (macro-
phage inhibitory protein-1α [MIP-1α]/CCL3, RANTES [regulated on 
activation, normal T-cell expressed and secreted]/CCL5, Eotaxin-1/
CCL11, growth-regulated oncogene α [GROα]/CXCL1, epithelial 
neutrophil-activating peptide-78 [ENA-78]/CXCL5), cytokines (e.g., 
IL-2, IL-3, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12, IL-13, IL-16, IL-18, 
GM-CSF, IFN-γ, TNF-α, transforming growth factor [TGF]-α/β), 
enzymes (e.g., arylsulfatase B and collagenase), and growth factors 
(e.g., vascular endothelial growth factor [VEGF] and stem cell factor 
[SCF]).449,450,453,454,456

Mature eosinophils can express an extensive repertoire of surface 
receptors—some constitutively expressed and others induced by 

FIGURE 8-10 Human eosinophils. Bright-field (top) and transmission 
electron (bottom) microscopy images of human eosinophils. Note the 
prominent granules with crystalloid cores. n, nucleus. 
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The association of eosinophilia of several weeks’ duration with  
the development of endocardial lesions and the isolation of an 
eosinophil-derived neurotoxin capable of reproducing the neurologic 
picture observed in patients with cerebrospinal fluid eosinophilia 
strongly support roles for the eosinophil in the pathogenesis of tissue 
injury in certain disorders, the most prominent of which is asthma. 
Substantial evidence indicates that eosinophil MBP is an important 
mediator of asthmatic tissue injury. For example, increased quantities 
of MBP are detectable in the bronchial washings from patients with 
asthma but not from those with other pulmonary disorders. Nanomo-
lar concentrations of MBP, but not of other cationic proteins, cause 
exfoliation of epithelial cells, impaired ciliary function, net chloride 
secretion, and bronchial hyperreactivity. Immunofluorescent staining 
of bronchial epithelium in autopsy specimens from patients who died 
from asthma revealed extensive deposition of MBP in the peribron-
chial areas and overlying regions of bronchial epithelial denudation. 
These findings were not observed in autopsy material obtained from 
patients who died from nonasthmatic pulmonary diseases. The impor-
tance of epithelial denudation lies in the resultant enhanced respon-
siveness of the underlying bronchial smooth muscle to contractile 
agonists, including acetylcholine and histamine, as well as to leukotri-
ene C4 produced by eosinophils.472

syncytial virus,456,470 perhaps through the ribonuclease activity of ECP 
and eosinophil-derived neurotoxin (EDN).

Recognition that eosinophil granules contain a number of sub-
stances capable of inactivating the chemical mediators of anaphylaxis 
has led to the suggestion that the eosinophil may modulate the severity 
of type I hypersensitivity reactions.449,471 In this scenario, stimulation 
of basophils and mast cells by the interaction of surface IgE with spe-
cific antigen results in the release of substances important in type I 
hypersensitivity reactions. These include vasoactive amines, slow-
reacting substances of anaphylaxis (leukotrienes C, D, and E), platelet-
activating factor, and eosinophil chemotactic factor of anaphylaxis 
(ECF-A). Histamine and ECF-A attract eosinophils to the site of 
antigen reaction with basophils and mast cells. ECF-A can also stimu-
late eosinophil degranulation, as can immune complexes that the 
eosinophil phagocytizes. Histaminase secreted by the eosinophil may 
inactivate local histamine, and a substance present in eosinophils may 
inhibit further histamine secretion by basophils. Arylsulfatase and 
phospholipase present in the smaller eosinophil granules are capable 
of inactivating leukotrienes C, D, and E and platelet-activating factor. 
Therefore, eosinophils may modulate immediate hypersensitivity reac-
tions by inhibiting the release of mediators of the type I reaction as 
well as by destroying mediators that have already been released.469
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9  Complement and Deficiencies
Peter Densen and Sanjay Ram

Functional activity attributable to the complement system was first 
described in the late 1800s with the demonstration that fresh serum 
contained a heat-labile bactericidal factor called alexin.1 Subsequently, 
it was shown that a heat-stable factor present in convalescent serum 
also contributed to bactericidal activity. At the turn of the century, Paul 
Ehrlich used the term complement to describe the heat-labile factor and 
ambocepto (antibody) to describe the heat-stable factor. With the 20th 
century came the recognition that complement was composed of more 
than one component, but it was not until 1941 that Louis Pillemer was 
able to separate functionally distinct components of the classical 
pathway from various serum fractions. In the early 1950s, Pillemer also 
described an antibody-independent mechanism for complement acti-
vation that he referred to as the properdin pathway.1-3 However, the 
protein purification techniques of the time were unable to provide 
complement components of sufficient purity to convince others of the 
existence of this pathway.

With the 1960s and 1970s came the development of a mathematical 
model capable of describing the sequential activation of complement, 
as well as new techniques for the purification of individual complement 
components. The latter development led to the rediscovery of Pille-
mer’s work, characterization of these proteins, and delineation of 
mechanisms that control their activity. The 1980s brought the recogni-
tion that the complement system also consists of membrane proteins—
both receptors and inhibitors—that respectively mediate the cellular 
consequences of complement action and protect host cells from the 
detrimental effects of complement activation. With this advance, it was 
appreciated that complement functions optimally at the interface 
between the fluid phase and the cell surface.

Toward the end of the 20th century, an explosion in molecular 
biology research led to (1) cloning and structural characterization of 
all the complement proteins and an understanding of the molecular 
basis for their deficiency states, (2) characterization of a third pathway 
of complement activation, the lectin pathway, and (3) the use of geneti-
cally engineered mice to dissect the molecular details of complement 
function. Through this process, the complement system has grown to 
include more than 30 proteins (Table 9-1), and the diverse roles and 
implications of complement—as a bridge between innate and acquired 
immune systems, in the disposal of immune complexes and apoptotic 
cells, metabolism, and in tissue regeneration and organogenesis—have 
been more clearly delineated.4 Consequently, the view of the comple-
ment as merely augmenting host defense has been replaced by a more 
global one in which complement serves as one of the earliest pattern 
recognition systems differentiating self from nonself and provides a 
link between the innate and adaptive immune systems by virtue of its 
inflammatory and anti-inflammatory actions.4,5 The past decade has 
witnessed elucidation of solution and crystal structures of several 
complement proteins, either alone or in complex with their natural 
ligands, which has provided considerable insights into structure-
function relationships.6,7,8

COMPLEMENT SYNTHESIS, 
CATABOLISM, AND DISTRIBUTION
Studies of cultured hepatocytes coupled with an examination of com-
plement component polymorphisms in patients before and after ortho-
topic liver transplantation have established the liver as the major site 
of synthesis for most complement components.9,10 The fractional cata-
bolic rate for several complement components indicates that they are 
among the most rapidly metabolized of all plasma proteins.11

Fluctuations in the concentration of individual complement com-
ponents largely reflect the fact that they are acute-phase reactants. 

Consequently, their synthesis can be modulated twofold to fivefold by 
a variety of immune mediators, including interleukin-1 (IL-1), IL-6, 
tumor necrosis factor (TNF), interferon-γ (IFN-γ), and endotoxin.12 In 
most cases, enhanced synthesis is mediated at the transcriptional level.

A variety of other cells also synthesize, store, and secrete a number 
of complement proteins. Most notable among these are neutrophils, 
monocytes, macrophages, and adipocytes, but microglia, astrocytes, 
fibroblasts, and endothelial cells are also important sites of local com-
plement production.13 Complement synthesis by monocytes can be 
modulated by IFN-γ, endotoxin, IL-1, and TNF. Local synthesis is an 
important aspect of complement-mediated host defense, as evidenced 
by the observation that monocytes and macrophages can synthesize 
sufficient amounts of complement to promote opsonization, ingestion, 
and killing of bacteria.12

In healthy people, most complement is found in plasma. Concen-
trations of complement proteins in normal mucosal secretions are 
approximately 5% to 10% of serum levels, and in normal spinal fluid, 
they are even lower, perhaps 1% or less. In the presence of local inflam-
mation, complement concentrations in mucosal secretions and in cere-
brospinal fluid increase, most likely as a result of altered vascular 
permeability barriers but also as a consequence of enhanced synthesis 
and secretion by local mononuclear cells.

Serum complement activity is reduced in preterm infants in pro-
portion to the magnitude of their immaturity. In contrast, complement 
levels in healthy full-term infants range from 60% to 100% of those in 
healthy adults. Despite these almost normal levels, defective comple-
ment activation in either the classical or the alternative pathway has 
been noted in as many as 40% of such infants.14

COMPLEMENT ACTIVATION
Overview: C3, the Linchpin of the 
Complement System
The importance of C3 in the complement cascade is evident from its 
position at the convergence of the classical and alternative pathways, 
its role in activating and amplifying alternative-pathway activation, the 
multitude of functional activities associated with its various cleavage 
products, the fact that it is a major point of regulation of complement 
activity (Fig. 9-1), and the fact that its concentration in plasma (1.6 mg/
mL) exceeds by 2- to 10-fold the concentration of all other complement 
components (see Table 9-1).15

C3 cleavage and its stable, covalent linkage to target surfaces is the 
critical outcome of complement activation. The crystal structure of C3 
reveals that the molecule is organized into 13 domains (Fig. 9-2).16 The 
reactive thioester moiety, which is required for covalent attachment to 
target surfaces, is protected from hydrolysis in native C3. Proteolytic 
cleavage of the C3a fragment from C3 is accompanied by a remarkable 
conformational change, where the thioester moves ≈85 Å from its 
position in native C3, becomes fully exposed, and can form a covalent 
bond.17 The calculated half-life of the reactive thioester after initial 
cleavage of C3 is less than 100 µsec18,19; failure to form a covalent bond 
within this period results in hydrolysis (reaction with an H2O mole-
cule), and the C3b remains in solution. The short half-life of the 
nascent thioester ensures that C3b is deposited on targets proximate 
to the site of complement activation.

C3 cleavage can occur through three general pathways of comple-
ment activation: the classical, lectin-binding, and alternative pathways. 
The product of each of these pathways is the formation of specific 
enzyme complexes (C3 convertases: C4b2a and C3bBb) capable of 
amplifying C3 cleavage and initiating formation of the membrane 
attack complex (MAC) (see Fig. 9-1).5
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amplification via the alternative pathway is responsible for increasing 
the amount of C3 on the particle.21

In most instances, the recognition molecule and complement act 
synergistically. For example, specific antibody or MBL binding leads to 
more rapid and efficient complement activation and serves to direct 
complement deposition to nearby sites on the surface of an invading 
pathogen. Opsonization of infectious agents with both antibody and 
complement leads to more efficient ingestion and killing of these 
microbes than opsonization with either substance alone.22

Generation of the Classical-Pathway 
C3 Convertase
The classical pathway can be activated by multiple mechanisms, includ-
ing specific antibody; MBL; ficolins; collectins; select members of the 

Pattern recognition molecules with properties ranging from rather 
broad specificity (e.g., mannose-binding lectin [MBL]) to multispeci-
ficity (e.g., properdin, immunoglobulin M [IgM]) to high specificity 
(IgG) trigger complement activation on binding to their respective 
targets. A common structural feature of MBL, properdin, IgM, and C1q 
is the presence of multiple binding pods, some with specificity for dif-
ferent targets. Engagement of these pods promotes stable binding, 
efficient initiation of the complement activation sequence, and expres-
sion of the many complement-mediated pathophysiologic effects early 
in the course of disease.20

Elegant studies using knockout mice established clearly that, in  
the absence of specific IgG antibody, complement activation via natu-
ral IgM and the classical pathway is responsible for initial C3 deposi-
tion and marking of most cells in a target population. Subsequent 

TABLE 9-1  Complement Plasma Proteins

COMPONENT
APPROXIMATE SERUM 
CONCENTRATION (µg/mL)

MOLECULAR 
WEIGHT CHAIN STRUCTURE*

NO. OF 
GENETIC LOCI

CHROMOSOMAL 
ASSIGNMENT†

Classical Pathway
C1q 70 410,000 (A, B, C) × 6 3 (A, B, C) 1p

C1r 34 170,000 Dimer of two identical chains 1 12p

C1s 31 85,000 Dimer of two identical chains 1 12p

C4 600 206,000 β-α-γ 2 (C4A, C4B) 6p

C2 25 117,000 One chain 1 6p

Mannose-Binding Lectin Pathway
MBL 1-2 40,000 Homo-oligomers 1 10q

Ficolin-1 (M-ficolin) 0.04-0.1 1 9q

Ficolin-2 (L-ficolin) 3-4 34,000 Homo-oligomers 1 9q

Ficolin-3 (H-ficolin; 
Hakata antigen)

20 35,000 Homo-oligomers 1 1p

Collectin-11 ≈2 1 2p

MASPs MASP-1, 4-30
MASP-2, 0.02 – 0.9
MASP-3, 2-10
MAp44, 1-3
MAp19, ND

74,000-94,000 A-B 1 per MASP 3q

Alternative Pathway
D (adipsin) 1 24,000 One chain 1 ND

C3 1,300 195,000 β-α 1 19q

B 200 95,000 One chain 1 6p

Membrane Attack Complex
C5 80 180,000 β-α 1 9q

C6 60 128,000 One chain 1 5p

C7 55 97,000 One chain 1 5p

C8 65 150,000 Three nonidentical chains 3 (A, B, G) α, β, 1p

α-γ, β γ 9q

C9 60 79,000 One chain 1 5p

Control Proteins

Positive Regulation
Properdin 25 220,000 Cyclic polymers of a single 

57-kDa chain
1 Xp

Negative Regulation
C1-INH 200 105,000 One chain 1 11q

C4BP 250 550,000 Seven identical chains 1 1q

Factor H 500 150,000 One chain 1 1q

Factor I 34 90,000 β-γ 1 4q

Anaphylatoxin inactivator 
(carboxypeptidase N)

35 310,000 Dimer of two nonidentical 
chains (H, L) × 2

ND ND

S protein (vitronectin) 350 80,000 1 chain 1 ND

SP-40,40 (clusterin) 50 80,000 α-β 1 8p

*For multichain components, parentheses indicate subunit structure; commas indicate noncovalent linkage of chains arising from separate genes; solid lines indicate 
covalent linkage of chains arising from post-translational cleavage of a proenzyme molecule, with chains listed in order beginning at the amino terminus of the proenzyme 
molecule; a dash indicates covalent linkage of chains arising from separate genes.

†“p” indicates the short arm and “q” the long arm of the chromosome.
BP, binding protein; C1-INH, C1 inhibitor; H, heavy chain; L, light chain; MASP, mannose-binding lectin–associated serine protease; MBL, mannose-binding lectin; ND, not 

determined.
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C1 binding by antibody results in a change in the structural con-
figuration of the C1q molecule such that the C1r and C1s tetramer 
contained within the radiating pods of C1q becomes autocatalytically 
active. This structural alteration may involve the release of C1 inhibitor 
(C1-INH), which binds reversibly to proenzyme C1. Expression of 
enzymatic activity by C1r and C1s represents the initial activation and 
amplification step in the classical pathway. Many molecules of substrate 
are cleaved by a given enzyme complex, resulting in the fixation of 
subsequent complement components in the cascade in close proximity 
to the antibody-binding site. Therefore, antibody serves not only to 
activate complement in a kinetically efficient manner but also to 
deposit it nearby on the target surface, which includes the antibody 
itself (see later discussion).

Activated C1s cleaves a 9-kDa fragment, C4a, from the amino ter-
minus of the α-chain of C4. This results in exposure of an internal 
thioester bond that links the sulfhydryl (SH) group of a cysteine 
residue with the carboxyl-terminal group of glutamic acid. This bond 
is subject to nucleophilic attack by hydroxyl or amino groups, leading 
to the formation of covalent ester or amide linkages.27 Through this 
reaction, along with the analogous one involving C3 (see Fig. 9-2), the 
complement system acquires a chemically stable association with 
target surfaces. Because of gene duplication, two slightly different C4 
genes exist—C4A and C4B. The product of the C4A gene preferentially 
forms amide bonds with target surfaces and is hemolytically less active 
than the product of the C4B gene, which preferentially forms ester 
bonds.28 Consequently, C4A binds more effectively to proteins (e.g., 
antigen-antibody complexes) than does C4B.28,29 The molecular basis 
for this difference is associated with an aspartic acid residue in the C4A 
molecule and a histidine residue in the C4B molecule, both of which 
influence the susceptibility of the thioester bond to nucleophilic attack 
by reactive groups on the target surface. This difference may play a role 
in the clinical presentation of patients with inherited deficiencies of 
C4A and C4B molecules.29

Activated C1s also cleaves C2 to produce a small fragment, C2b, 
which is released into the environment, and a larger fragment, C2a, 
which binds to C4b on the surface of the target particle. This complex, 
C4b2a, is the classical-pathway C3 convertase (see Fig. 9-1).

Although recognition of antigen by antibody is the historically pre-
eminent initiator of classical-pathway activation, studies have con-
firmed a vital clinical role for complement activation via the lectin 
pathway (see Fig. 9-1). To date, five lectin molecules that can bind to 
a variety of terminal monosaccharides and initiate complement activa-
tion have been described. These include the collectins (collagen-
containing C-type [calcium-dependent] lectins) MBL and collectin 
11,30 and ficolin-1, -2, and -3 (also called M-, L-, and H-ficolin, respec-
tively).31 Ficolins contain a fibrinogen-like domain combined with a 
collagen-like domain and therefore are not classified as collectins.

The recognition molecules of the lectin pathway are trimers that 
comprise three identical polypeptide subunits, each terminating in a 
calcium-dependent carbohydrate recognition domain. These trimers 
are organized into higher-order oligomers that resemble a “bouquet.” 
MBL is structurally and functionally homologous to C1q.32 Like C1q, 
it exists in serum as a complex with serine proteases, termed MBL-
associated serum proteases, or MASPs. Four such molecules—MASP-1, 
MASP-2, MASP-3, and MAp19—are the product of two genes arising 
from a common ancestor shared with C1r and C1s.33 MASP-2 plays a 
particular role in cleaving C4 and C2 and generating the classical-
pathway C3 convertase, as described earlier.32,33 An individual with a 
nonsense mutation in MASP1 (and therefore lacking both MASP-1 and 
MASP-3) had a nonfunctional lectin pathway.34 Reconstitution with 
MASP-1 resulted in MASP-2 cleavage and full restoration of lectin 
pathway activity. MASP-1 and MASP-2 were co-complexed with MBL, 
supporting a model in which MASP-1 transactivates MASP-2, analo-
gous to C1r and C1s activation.

The carbohydrate recognition domains on MBL bind to a variety  
of terminal monosaccharides, including mannose, N-acetyl-man-
nosamine, N-acetyl-d-glucosamine, fucose, and glucose. Collectin-11 
binds preferentially to l-fucose and d-mannose. The ficolins all appear 
to bind preferentially to acetylated sugars such as N-acetyl-d-
glucosamine. In addition, M-ficolin binds to N-acetyl-d-galactosamine 
and select sialoglycans, such as those present in the capsule of 

pentraxin family of proteins, such as C-reactive protein (CRP), serum 
amyloid P component (SAP), and pentraxin 3 (PTX3); and proteases 
extrinsic to the complement system per se. In the case of specific anti-
body, activation occurs through the formation of an immune complex 
as a consequence of antigen recognition by immunoglobulin, C1 
binding, and sequential enzymatic activation of downstream comple-
ment components. Amino-acid and glycosylation differences in the 
CH2 and CH3 antibody regions contribute to the different complement-
activating potentials among the antibody classes and IgG subclasses 
(IgG3 > IgG1 > IgG2; IgG4 does not activate complement).23,24

C1 is a trimolecular complex containing one molecule of C1q and 
two molecules each of C1r and C1s. C1q consists of a central core with 
six radiating, collagen-like fibrillar strands that terminate in globular 
heads that contain the antibody-binding sites. Although C1q can bind 
directly to negatively charged surfaces and in doing so exert function-
ally important effects (e.g., elimination of apoptotic cells),25 C1q 
binding is classically initiated as a consequence of the recognition of 
antigen by antibody. In the case of IgM, functionally important C1q 
binding occurs after the change in configuration that accompanies 
binding of a single IgM molecule to multiple sites on the target particle. 
In contrast, functionally effective C1q binding to IgG requires that two 
IgG molecules be cross-linked via the globular heads on C1q. Because 
of this topographic stipulation, many IgG molecules must be bound to 
a target particle to ensure sufficient density for doublet formation. 
Functionally, this requirement means that complement activation by 
IgG is less efficient than that by IgM.23,26

FIGURE  9-1 The complement cascade. Within each pathway, the 
components are arranged in order of their activation and aligned opposite 
their functional and structural analogues in the other pathways. Rounded 
boxes relate to activation of the pathways; squared boxes reflect comple-
ment functions; asterisks indicate sites of downregulation of complement 
activity (see Table 9-2). B, factor B; C, complement; CR1, complement 
receptor 1; D, factor D; Ig, immunoglobulin; MAC, membrane attack 
complex; MASP, MBL-associated serine protease; MBL, mannose-binding 
lectin; P, properdin. 
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features with IgM or “natural antibody”: Both are polyreactive, bind to 
surface carbohydrates, require binding of just a single molecule to 
effect complement activation, and in contrast to IgG, do not require 
clonal expansion of a specific population of lymphocytes before recog-
nition of antigen.5,32

Extrinsic proteases, such as Hageman factor (factor XII in the  
clotting cascade), can also activate the classical pathway.20,35 Gain-of-
function mutations of factor XII are seen in about one third of indi-
viduals with type 3 hereditary angioedema.36 The role of other proteases 

Streptococcus agalactiae. Ligands reported for L-ficolin include 
β-(1→3)-d-glucan, N-acetylneuraminic acid, lipoteichoic acid, 
C-reactive protein, fibrinogen, DNA, and certain corticosteroids, 
whereas H-ficolin binds to fucose. These sugars frequently decorate 
microbial surfaces but rarely appear as the terminal unit on oligosac-
charides or glycoconjugates on human cells. This fact has immense 
implications for host defense because it provides a mechanism for dif-
ferentiating nonself from self and for rapidly activating the comple-
ment cascade. In these respects, the lectins share several critical 

FIGURE 9-2 C3 structure, activation, and fate of the internal thioester bond. During activation, C3a is released from the amino terminus of the 
α-chain of C3. The exposed internal thioester bond becomes accessible to nucleophilic attack and can react with water or available hydroxyl or amine 
groups on cell surfaces (B). Analogous reactions occur with C4. Together, these reactions involving C3 and C4 are responsible for covalently linking 
complement deposition to the cell surface. C3 is organized into 13 domains (colors of domains in the lower panel correspond to colors of the amino-acid 
stretches of the α- and β-chains in A). Arrows indicate physiologic cleavage sites. The location of the thioester bond is indicated by the inverted white 
triangle. Sites of N-linked glycosylation are shown by the “inverted lollipop” symbol. Locations of disulfide bridges are also shown. Activation of C3 is 
accompanied by an ≈85-Å displacement of the thioester domain, and the resulting C3b molecule can form covalent bonds with targets (C). Cleavage 
of C3b to iC3b also results in conformational changes that contribute to ligand specificity. ANA, anaphylatoxin; Asn, asparagine; CUB, complement C1r/
C1s, Uegf, Bmp1; Cys, cysteine; Glu, glutamic acid; Gly, glycine; LNK, linker; Met, methionine; MG, macroglobulin; TED, thioester-containing domain. 
(From Janssen BJ, Huizinga EG, Raaijmakers HC, et al. Structure of complement component C3 provide insights into the function and evolution of immu-
nity. Nature. 2005;437:505-511; Janssen BJ, Christodoulidou A, McCarthy A, et al. Structure of C3b reveals conformational changes that underlie comple-
ment activity. Nature. 2006;444:213-216; and Gordon DL, Hostetter MK. Complement and host defense against microorganisms. Pathology. 
1986;18:365-375. Available at www.tandf.co.uk/journals. Accessed February 2009.)
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at this time, the role of properdin as an initiator of the alternative 
pathway remains controversial.48

Assembly of the Membrane  
Attack Complex
Of the various forms of C3, only C3b can perpetuate complement 
activation. C3b binding to the C3 convertases generates new com-
plexes, the C5 convertases (C4bC2aC3bn and C3bBbC3bn),49 which 
are responsible for cleaving C5 and initiating assembly of the MAC. 
C5 is the structural homologue of C4 and C3, except that its α-chain 
does not contain an internal thioester bond. Analogous to C4 and C3, 
activation of C5 proceeds via cleavage of an 11.2-kDa fragment, C5a, 
from the amino terminus of its α-chain. The remaining C5b binds 
noncovalently to the surface of the target particle.50 The remaining 
terminal complement components—C6, C7, C8β, C8α-γ, and C9—
share a high level of structural organization at both DNA and protein 
levels.51,52 Unlike the early components of the classical and alternative 
pathways, these proteins lack enzymatic activity but as a group are 
characterized by their amphipathic properties. They circulate in plasma 
in hydrophilic form, undergoing hydrophobic transformation on 
binding to the nascent MAC.

Assembly of the MAC begins when binding of C5b to hydrophobic 
sites on the cell surface exposes binding sites for C6 and C7, leading 
to the formation of a stable trimolecular complex, C5b-7. Incorpora-
tion of C7 results in hydrophilic-to-amphiphilic transitioning of the 
assembling complex and promotes direct insertion into cell mem-
branes. Subsequently, C8 binds to C5b at a site on its β-chain.53 In the 
final step, C8 initiates polymerization of C9 through a binding site on 
C8α-γ.54 A current model of this process suggests that the function of 
C5b-8 is to create a discontinuity in the membrane lipid bilayer, 
thereby establishing an environment for the stepwise unfolding, inser-
tion, and polymerization of monomeric C9.55 In its completely assem-
bled state, the MAC consists of a single molecule each of C5b, C6, C7, 
and C8 and multiple (1 to 18) molecules of C9.50

Fully inserted and polymerized C9 has a tubular shape and the 
properties of an integral membrane protein. The inner aspect of this 
tubular structure is hydrophilic and allows the passage of water and 
ions, whereas the outer surface is hydrophobic and causes varying 
degrees of membrane disorganization during insertion. Both of these 
effects contribute to the microbicidal and cytolytic properties of the 
MAC.50,55

REGULATION OF COMPLEMENT 
ACTIVATION
A major feature of the complement cascade is its controlled production 
of an inflammatory reaction that is sufficient to enhance host defense 
and the immune response, yet not so potent as to lead to host injury. 
Upregulation of this process is achieved by the inherent property of 
enzymes to turn over multiple substrate molecules rapidly and by 
stabilization of enzyme complexes (e.g., by properdin). Downregula-
tion is achieved in a temporal fashion by the short half-lives of the 
enzymatic complexes and the anaphylatoxins, and in a spatial manner 
by direction of complement activation to the target surface (e.g., by 
antibody, MBL, properdin). Modulation of the potentially injurious 
effects of indiscriminate complement activation is achieved by specific 
regulatory proteins that act at three major levels: activation (C1), effec-
tor initiation (C3), and cytolysis (MAC). Unique disease entities that 
result from deficiencies of these control proteins are testimony to the 
importance of complement regulation.

Regulation of C1 Activation
C1 esterase inhibitor (i.e., C1-INH) binds reversibly to pro-C1, thereby 
preventing its spontaneous activation.26 Binding of C1q to antibody 
subverts this control by causing dissociation of C1-INH from pro-C1 
and allowing autocatalytic cleavage to proceed. At some point after  
C1 activation, C1-INH binds covalently to the active sites on C1r  
and C1s, inactivating their catalytic function and dissociating them 
from C1q. C1-INH neither prevents nor inhibits initial activation; 
rather, its roles are to prevent amplification of fluid-phase C1 activation 
and to limit excessive activation on the target cell. Complete C1 inac-
tivation requires the binding of four molecules of C1-INH, one per 

in activating downsteam complement components (e.g., activation of 
C5 by thrombin) has been reported recently,37 and their clinical sig-
nificance is currently being clarified.

Generation of the Alternative-Pathway 
C3 Convertase
Just as several new mechanisms for generation of the classical- 
pathway C3 convertase have come to light, recent data have pointed to 
two mechanisms for generation of the alternative-pathway C3 conver-
tase: the standard fluid-phase C3 “tickover” model and the newly 
described properdin-directed model. Several unique features charac-
terize alternative-pathway complement activation: (1) antibody is not 
required, although it can facilitate the activation process; (2) activa-
tion proceeds both in the fluid phase and on cell surfaces; and (3) a 
component of the activation process, C3b, is also a product of the 
reaction, resulting in a positive feedback loop that amplifies the acti-
vation process. Consequently, C3b deposition resulting from C3 
cleavage by either alternative-pathway or classical-pathway C3 con-
vertase can initiate the alternative-pathway amplification loop (see 
Fig. 9-1).27,38

The “Tickover” Model
C3, the critical reactant of the alternative pathway, contains an internal 
thioester bond within its α-chain.39 This internal thioester bond under-
goes spontaneous low-rate hydrolysis to form C3(H2O) (see Fig. 9-2). 
For a brief moment before its inactivation by the control proteins, 
C3(H2O) can form a complex with factor B. A series of subsequent 
reactions yields a fluid-phase C3 convertase, C3(H2O)Bb, that can 
cleave more C3 to generate metastable C3b capable of forming covalent 
ester or amide linkages with appropriate chemical constituents on the 
surfaces of nearby cells. Surface-bound C3b can bind additional factor 
B, which in turn can be cleaved by factor D to produce C3bBb, the 
alternative-pathway convertase (see Fig. 9-1). This convertase is inher-
ently labile, with a half-life of approximately 90 seconds. Properdin 
binding to C3bBb stabilizes the complex and prolongs its half-life 5- to 
10-fold,40 thereby providing reaction conditions sufficient for further 
C3 cleavage and signaling initiation of the amplification phase of 
alternative-pathway activation.

Although antibody is not required for activation of the alternative 
pathway, it acts synergistically with properdin to facilitate the activa-
tion process.41 Facilitation depends on the Fab portion of the antibody 
molecule rather than the Fc fragment responsible for classical-pathway 
activation.41,42 The molecular basis for facilitation is uncertain but may 
depend on the identity of the carbohydrate moieties present on IgG. 
The hydroxyl groups in these moieties can serve as sites for ester bond 
formation with C3.42 Moreover, the alternative-pathway C3 convertase 
generated on IgG is relatively resistant to inactivation by regulatory 
proteins.42-44

The Properdin-Directed Model
The properdin-directed model, articulated by Hourcade and 
co-workers, is exciting for several reasons, not the least of which is that 
it provides direct support for Pillemer’s original postulate for the exis-
tence of an alternative pathway of complement activation, which he 
called the properdin pathway.45-47

Properdin is a positively charged molecule made up of identical 
subunits, each of which is composed of six globular thrombospondin 
type 1 repeats that associate to form dimers, trimers, and tetramers. 
These multimers can bind directly to a variety of cell surface molecules, 
particularly sulfated glycosaminoglycans (GAGs), such as heparan 
sulfate proteoglycans and chondroitin sulfate E. Properdin is synthe-
sized by immune cells, especially those of phagocytic origin. Discharge 
of properdin from these cells increases its local concentration and 
could focus alternative-pathway activation on specific targets. Proper-
din bound directly to target cells may serve as a preferential platform 
for binding of fluid-phase–generated C3b. Subsequent binding of 
factor B and its cleavage generate the already stabilized alternative-
pathway C3 convertase, C3bBb.45,47 Purified properdin has a propensity 
to aggregate with freeze-thawing or prolonged storage, which may 
result in artifactual binding to biologic surfaces. Thus, experimental 
data with unfractionated properdin should be interpreted with caution; 
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3. Facilitated inactivation: Exposed C4b and C3b molecules are highly 
susceptible to enzymatic cleavage by factor I. C4BP and factor H 
serve as cofactors to promote factor I–mediated cleavage and pro-
duction of inactivated C4b (iC4b) and C3b (iC3b), respectively. 
Inactivation eliminates the ability of these molecules to re-form the 
C3 convertases.58,59 Under typical circumstances, the functional 
half-life of C3b is just 90 seconds, whereas its cleavage product, 
iC3b, has a half-life of approximately 35 minutes.
Several additional points have emerged from the many studies on 

C3 convertase regulation. First, control of C3 convertase activity is 
expressed both in the fluid phase and on host cell surfaces. C4BP and 
factor H modulate convertase activity in both locations, whereas 
membrane-bound proteins (complement receptor 1 [CR1], membrane 
cofactor protein [MCP], and decay-accelerating factor [DAF]) primar-
ily control convertase activity on cell surfaces. Second, all control pro-
teins either accelerate the decay of the C3 convertases (DAF) or 
promote factor I–mediated cleavage of C4b or C3b (MCP), or both 
(CR1, C4BP, factor H). Third, C4BP and factor H, unlike their 
membrane-bound counterparts, exhibit relative specificity for the 
classical-pathway and alternative-pathway C3 convertases, respec-
tively.56,59 Of these two serum proteins, factor H plays the dominant 
regulatory role.

These regulatory molecules contain a structural motif called short 
consensus repeats (SCRs).60 SCRs are tandem repeats of approximately 
60 amino acids that share a conserved consensus sequence. The 
number of repeats varies considerably among the control proteins, 
from a low of 3 in MCP and DAF to a high of 59 in C4BP. SCRs con-
stitute the binding domains for C3b and other molecules. Two to four 
SCRs are typically required to form a complete binding site, but the 
number of SCRs and which ones in a sequence form a specific binding 
site differ among the proteins and their binding ligands.60,61

As noted, control of C3 convertase activity, and in particular ampli-
fication of alternative-pathway convertase activity, is expressed both in 
the fluid phase and on cell surfaces. Convertase control under these 
two circumstances is achieved through differential interaction among 
several C3b-binding sites and polyanion-binding sites on factor H. 
Fluid-phase regulation proceeds rapidly and depends on the interac-
tion of C3b with SCRs 1 through 4 at the amino terminus of factor H. 
In contrast, regulation of convertase activity on cell surfaces depends 
on SCRs 16 through 20 at the carboxyl terminus of factor H. These 
SCRs bind both cell surface polyanions (e.g., sialic acid, glycosamino-
glycans, heparan sulfate) and C3b. The simultaneous recognition of 
surface polyanions and C3b by the same factor H molecule greatly 
increases the affinity of factor H for C3b, thereby enhancing convertase 
control. These findings are particularly relevant to our understanding 
of the pathophysiology of the hemolytic-uremic syndrome and factor 
H deficiency (see later discussion).62-64

In summary, the C3 convertases represent the major site of both 
complement amplification and complement regulation. The mem-
branes of host cells contain both specific proteins that act to down-
regulate the C3 convertases and polyanions that enhance the affinity 
of fluid-phase factor H for surface-bound C3b and promote its regula-
tory activity. The chemical microenvironment on microbial surfaces is 
also a major determinant of the outcome of the competition between 
C3b and C4BP with C4b in formation of the classical-pathway conver-
tase, and between Bb and factor H with C3b in formation of the 
alternative-pathway convertase. Nonpathogenic microbes typically 
possess an activating surface environment, whereas pathogenic 
microbes usually manifest a nonactivating environment (see later 
discussion).65

Regulation of the Membrane  
Attack Complex
MAC assembly is controlled in two ways—by proteins that bind to the 
C5b-7 complex and by proteins that inhibit C9 incorporation and 
polymerization within the MAC. Nascent C5b-7 molecules have the 
potential to insert into any cell membrane and are not restricted to the 
surface on which complement is activated. By binding to this trimo-
lecular complex, S protein (vitronectin) and clusterin abrogate the 
ability of C5b-7 to insert into cell membranes and consequently its 
hemolytic potential.

catalytic site. In contrast to its binding to pro-C1, C1-INH binding to 
C1r and C1s is irreversible; it prevents cleavage of C4 and thereby 
controls the initial amplification step of classical-pathway activa-
tion.26,56 C1-INH also limits the activity of MASP-2 and several 
proteases of the coagulation/anticoagulation system, including factor 
XI, factor XII, plasma kallikrein, plasmin, and tissue plasminogen 
activator.57

Regulation of the C3 Convertases
The classical-pathway and alternative-pathway C3 convertases are 
functionally analogous molecules (see Fig. 9-1). Control of their activ-
ity occurs via three basic mechanisms that use functionally identical 
or shared regulator proteins (Table 9-2)27,38:
1. Spontaneous decay: Both convertases (C4b2a and C3bBb) are inher-

ently labile and undergo spontaneous decay, with the loss of C2a or 
Bb from their respective complexes.

2. Accelerated decay: Spontaneous decay can be accelerated by C4b-
binding protein (C4BP) and especially by factor H. These regulatory 
proteins compete with C2a and Bb for binding sites on C4b and 
C3b. In doing so, they inhibit new convertase formation and 
enhance the rate of dissociation of already formed convertases.

TABLE 9-2  Plasma and Membrane Proteins That 
Regulate or Mediate Complement Activity

LOCATION AND 
PROTEIN SPECIFICITY FUNCTIONS
Plasma
C1-INH C1r, C1s Binds to and inactivates C1r and 

C1s in the C1 complex

C4BP C4b Inhibits assembly and accelerates 
decay of C4b2a; cofactor for 
C4b cleavage by factor I

Factor H C3b Inhibits assembly and accelerates 
decay of C3bBb; cofactor for 
C3b cleavage by factor I

Factor I C4b, C3b Proteolytic inactivation of C4b 
and C3b

Properdin C3bBb Stabilizes alternative-pathway 
C3 convertase

S protein (vitronectin), 
SP-40,40 (clusterin)

C5b-7 Binds fluid-phase C5b-7; 
prevents attachment of 
alternative C5b-7 and C5b-9 
to membranes

Carboxypeptidase N C4a, C3a, C5a Inactivates these anaphylatoxins 
by removal of carboxyl-
terminal arginine

Cell Membranes
CR1 (CD35) C3b, C4b, iC3b Inhibits assembly and accelerates 

decay of C3 convertases; 
binds immune complexes to 
erythrocytes; phagocytosis

Membrane cofactor 
protein (CD46)

C3b, C4b Cofactor for cleavage of C4b/
C3b by factor I

Decay-accelerating 
factor (CD55)

C4b2a, C3bBb Promotes decay of C3 
convertases

CR2 (CD21) C3d, C3dg Phagocytosis; modulates B-cell 
responses; Epstein-Barr virus 
receptor

CR3 (CD11b/CD18) iC3b Phagocytosis

CR4 (CD11c/CD18) C3dg, C3d Phagocytosis

CD59 C8 in C5b-8 Binds to C8; inhibits 
polymerization of C9

C3a/C4aR C3a, C4a Vasodilation

C5aR C5a, C5adesArg Chemotaxis, cell activation, 
cytokine secretion

C1qR C1q Phagocytosis

CRIg C3b, iC3b Phagocytosis; soluble form 
inhibits C3-containing 
convertases

BP, binding protein; CR, complement receptor; i, inactive; INH, inhibitor.
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the high-affinity C5a receptor (CD88) has been best studied. This G 
protein–coupled receptor is present on neutrophils, monocytes, and 
macrophages, and its perturbation causes migration (chemotaxis) of 
these cells in the direction of increasing C5a concentration. Recent 
studies have furnished interesting examples of bidirectional cross-talk 
between engagement of macrophage Fcγ receptors (FcγRs) and 5a 
receptors (C5aRs).74 Engagement of FcγR initiates C5 release; C5a gen-
erated by cleavage of this C5 binds to its receptor on phagocytes and 
stimulates increased synthesis and expression of FcγRs that possess an 
immunoreceptor tyrosine-based activation motif (ITAM), thereby 
resulting in enhanced efficiency of macrophage function.22 On the 
other hand, engagement of FcγRIIb, which is the only FcγR that pos-
sesses an immunoreceptor tyrosine-based inhibition motif (ITIM),75 
inhibits signaling by C5aR. A second receptor for C5a called C5L2 
(GPR77) is a G protein–independent receptor. The functions of C5L2 
remain to be fully elucidated,76 but some studies suggest that it serves 
as a decoy receptor with regulatory functions. Experimental evidence 
has confirmed the presence of receptors for C3a on B lymphocytes, 
guinea pig ileum, vascular endothelium, adipocytes, and mast cells.77 
Several studies in animal models have begun to elucidate the complex 
role of anaphylatoxins and their receptors in the outcome of polymi-
crobial sepsis,78 airway hypersensitivity,79 modulation of signaling 
through Toll-like receptors (TLRs),80 and in T-cell expansion and dif-
ferentiation,81-85 often with conflicting results.

The second category of receptors includes C1qR, CR1, CR2, CR3, 
CR4, and CRIg (complement receptor of the immunoglobulin super-
family). C1qR is a carbohydrate-rich protein expressed on phagocytic 
cells and lymphocytes that modulates phagocytosis, cytokine release, 
cytotoxicity, and interactions with endothelial cells. Functional ligands 
in addition to C1q that are recognized by C1qR include MBL, surfac-
tant protein A, and conglutinin, all of which exhibit structural homol-
ogy with C1q.86

Receptors for the cleavage products of C3 and C4 (CR1, CR2, CR3, 
and CR4) have been studied more extensively. CRIg is the newest 
member of the complement receptor family.87 Although they recognize 
closely related ligands, each of these receptors is structurally distinct 
and exhibits a unique pattern of distribution across peripheral blood 
cells or tissue macrophages. A portion of these receptors are linked to 
the cellular cytoskeleton, an association that is important for signal 
transduction.86,88,89

CR1, the C3b/C4b receptor, is present on erythrocytes, neutrophils, 
monocytes, B cells, subpopulations of T cells, follicular dendritic cells, 
and glomerular podocytes. Four polymorphic variants differ in size 
(190 to 280 kDa) and in the number of C3b/C4b-binding sites.90 The 
number of CR1 molecules per cell is determined genetically but varies 
with cell type and disease activity. CR1 mediates immune complex 
binding and clearance, promotes ingestion of C3b/C4b-bearing par-
ticles, modulates certain lymphocyte functions,86,88 and carries certain 
blood group antigens.91

CR3 and CR4 are members of the integrin family of heterodimeric 
proteins.92 They recognize iC3b as their major binding ligand. CR3 also 
binds to C3b and C3dg and bears a lectin-like domain that recognizes 
specific carbohydrates on microbial surfaces. The three–amino-acid 
sequence arginine-glycine-aspartic acid (Arg-Gly-Asp, also known as 
the RGD motif), which is present in C3 and other ligands, represents 
an important binding motif for CR3.93 Together, CR3 and CR4, par-
ticularly the former, recognize the various combinations of C3b, iC3b, 
and C3dg present on the surfaces of microbial cells and play a major 
role in their elimination by all types of phagocytic cells.94 In addition, 
CR3 plays an important role in adherence-related functions of neutro-
phils (see Chapter 8).

CR2 is present on B lymphocytes and follicular dendritic cells and 
serves to recognize C3d and C3dg. The association of CR2 and CD19 
in the B-cell membrane constitutes an important mechanism for B-cell 
activation.95 CR2 acts to target C3dg-bearing particles or immune 
complexes to lymphocyte-rich areas in the spleen and lymph nodes, 
thereby driving antigen activation of these cells and promoting long-
term immunologic memory.

CRIg was first identified on Kupffer cells (resident macrophages in 
the liver) and binds to C3b and iC3b.87 The Kupffer cells in the liver of 
CRIg knockout mice, compared with wild-type mice, were impaired in 

Although several proteins inhibit C9 incorporation and polymer-
ization within the MAC, by far the most potent is CD59. CD59 is very 
widely distributed. Its presence as a membrane protein probably 
accounts for homologous restriction,66 a phenomenon whereby cells 
are not lysed by complement from the same species but can be 
(although are not always) lysed by complement from a different species. 
Although it is clear that CD59 binds to C9, the site of binding and the 
mechanism by which it prevents C9 incorporation and polymerization 
within the MAC are unclear.58

Nucleated eukaryotic cells are resistant to complement-mediated 
cytolysis, even in the face of a nonhomologous complement source. 
Resistance is associated with the capacity of the cell to maintain high 
synthetic rates of membrane lipids and the ability to shed MAC from 
the cell surface.67,68 Insertion of the MAC in eukaryotic cell membranes 
is accompanied by a rapid influx of calcium, generation of multiple 
signals, and stimulation of arachidonic acid metabolism.69,70 These 
events probably promote normal physiologic functions and contribute 
to host cell injury.

Basis for Discriminating between Host 
and Microbial Cell Surfaces
The potential of C4 and C3 to form covalent bonds with reactive 
groups on cell surfaces makes them inherently incapable of distin-
guishing between host and microbial cells. It follows that the basis for 
discrimination between self and nonself must depend on other 
factors.65 One of these elements is the presence of complement regula-
tory proteins in the membranes of host cells but not on the cells of 
microbial organisms.65 Another element is the chemical composition 
of the cell surface. Because covalent bond formation is nondiscrimina-
tory, the basis for discrimination must lie in the capacity for chemical 
differences on the cell surface to affect the outcome of the competition 
between factor B and factor H for the binding site on C3b. Typically, 
this is accomplished by modulation of the affinity of factor H, not that 
of factor B, for C3b. Enhanced affinity for and binding of factor H 
favors C3 convertase decay and diminishes activation of the alternative 
pathway and its amplification on the cell surface. Decreased affinity 
and binding of factor H results in the opposite effect (see earlier discus-
sion). Cells in the former category (e.g., “self ”) are nonactivators, 
whereas those in the latter category (e.g., “nonself ”) are activators with 
respect to the alternative pathway. C3b bound to the surface of a non-
activating particle binds factor H with about 100-fold greater affinity 
than does C3b bound to an activator particle. Consequently, factor B 
binding and subsequent amplification of complement activation are 
favored on the latter particle.27,38,62-64

Chemical constituents in cell membranes that contribute to a 
microenvironment that enhances factor H binding include polyanions 
such as sialic acid and sulfated acid mucopolysaccharides (e.g., heparan 
sulfate). These molecules, which are present on most human cells, bind 
to the anion-binding sites on factor H and enhance its affinity for C3b, 
thereby contributing to the nonactivator status of host cells.62-64,71,72 
Recent structural data confirm that simultaneous binding of surface-
bound C3b and glycosaminoglycans to factor H domains 19 and 20, 
respectively, enhances the avidity of factor H binding.73 Avid factor H 
binding increases the rate of C3 convertase decay over the rate of its 
formation, thus rendering the surface a “non-activator.” In contrast, 
loss of glycosaminoglycans reduces the affinity of factor H and favors 
the rate of C3 convertase formation over its decay, thereby enhancing 
complement activation and effector functions.

COMPLEMENT RECEPTORS
Complement receptors have been described primarily on peripheral 
blood cells, including erythrocytes, neutrophils, monocytes, macro-
phages, B and T lymphocytes, eosinophils, mast cells, and platelets. 
They fall into two broad categories: (1) those that bind diffusible com-
plement fragments released during activation of the complement 
cascade and (2) those that bind complement components deposited on 
cell surfaces such that the component serves as a bifunctional ligand, 
or bridge, linking the target cell to the receptor (see Table 9-2).

The first category of receptors mediate many of the clinical mani-
festations of the inflammatory response in that they bind C4a, C3a, 
and C5a, the complement-derived inflammatory mediators. Of these, 
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production.101 Carboxypeptidase N–mediated removal of the carboxyl-
terminal arginine from the anaphylatoxins abrogates their functional 
activity by preventing their interaction with specific receptors.95

Complement activation promotes the elimination of microorgan-
isms in conjunction with phagocytic cells by opsonophagocytosis or, 
in the case of certain gram-negative pathogens, by direct bactericidal 
attack. Complement-mediated opsonophagocytosis promotes uptake 
via complement receptors, predominantly CR1 and CR3, that recog-
nize C3b and iC3b, as described previously (see Table 9-2). In the case 
of bacteria, opsonization with C3b or iC3b, especially in conjunction 
with IgG, promotes ingestion of the organism and triggers the micro-
bicidal mechanisms of phagocytic cells (see Chapter 8). Ingestion 
appears to be more efficient when the organism is opsonized with iC3b 
than with C3b.102 Complete activation of the complement cascade, with 
assembly of the MAC and its effective insertion into cell membranes, 
results in the death and eventual lysis of the cell. Death and lysis are 
independent events, and in the case of prokaryotes, evidence suggests 
that a metabolic response is required by the organism before the lethal 
effects of the MAC can be expressed.103 For some organisms, assembly 
of the MAC through C8 is sufficient for killing,104 but in all cases, the 
incorporation of C9 accelerates this process. Complement-mediated 
virucidal activity has also been well described and, in some cases, 
seems to require deposition of only the early components of the clas-
sical pathway.105

Substantial data indicate that C3 modulates the adaptive immune 
response.106-108 This evidence includes (1) the absolute requirement 
for C3 binding to effect antigen localization within splenic and lym-
phoid germinal centers; (2) the presence of complement receptors, 
especially CR2, on B lymphocytes, follicular dendritic cells, and other 
antigen-presenting cells; (3) impaired antibody responses in animals 
or humans who lack one of the complement components (C1, C2, C4, 
C3) required for classical-pathway C3 convertase formation and resto-
ration of the immune response by replacement of the missing compo-
nent; and (4) the association of these deficiencies in humans with 
depressed concentrations of IgG4 and IgG2.109,110 In general, studies 
have demonstrated that soluble C3 fragments (especially C3a) inhibit 
adaptive immune responses, whereas C3 fragments (especially C3d) 
covalently linked to target particles enhance these responses. Comple-
ment activation via the classical pathway and engagement of CD21/
CD35 receptors promote differentiation of naïve B cells and elimina-
tion of self-reactive cells.106 Ligation of C3d to its receptor, CR2, leads 
to its association with CD19 in the B-cell membrane and constitutes 
an important signal for the activation of these cells.95 Antigen-bound 
C3d acts as an immune adjuvant, lowering the stimulation threshold 
necessary for B-cell activation. This adjuvant role is particularly critical 
in enhancing the response to antigens with a low affinity for the B-cell 
receptor.111-113 In addition to its adjuvant role, C3d facilitates isotype 
switching, anamnestic responses after secondary antigenic exposure, 
and B-cell survival and long-term immunologic memory. Similarly, C3 
fragments promote the expansion of CD8+ T cells after viral infection, 
and co-stimulation of CD3 and CD46 (MCP) promotes development 
of regulatory T cells (Treg). Thus, complement activation contributes 
to the development of both B-cell and T-cell acquired immune 
responses.106,107,114

Local production and activation of complement and signaling 
through the anaphylatoxin receptors can determine the outcome of 
T-cell responses.84 Engagement of Toll-like receptors on dendritic cells 
(DCs) results in secretion of alternative-pathway components and 
upregulation of C3aR and C5aR. C3a and C5a act on their cognate 
receptors on the DCs and induce secretion of IL-6, IL-12, or IL-23. 
Stimulation of CD28 on T cells induces expression of C3aR and C5aR; 
engagement of the latter by the anaphylatoxins generated by DCs 
induces IL-12R expression and a series of signaling events that result 
in IFN-γ and IL-2 production. The interleukins secreted by the DCs 
then determine whether responses are skewed toward Th1 or Th17. In 
the absence of activation of DCs through pattern recognition recep-
tors, local complement production ceases and the lack of signaling 
through C3aR and C5aR is associated with increased production of 
transforming growth factor-β (TGF-β) and induction of suppressive 
Foxp3+ Treg cells.85 During this process, upregulation of C5L2 seques-
ters any local C5a, ensuring absence of C5aR stimulation. These events 

their ability to clear C3-opsonized pathogens, such as Listeria mono-
cytogenes and Staphylococcus aureus, from the circulation. Although 
CRIg knockout mice had lower bacterial burdens in the liver, signifi-
cantly higher bacterial loads were seen in the bloodstream and other 
organs, such as the spleen and lungs, which accounted for the increased 
mortality compared with wild-type mice. Upon binding to C3b present 
in alternative-pathway C3 and C5 convertases, soluble CRIg prevents 
the association and cleavage of C3 and C5, respectively, thereby func-
tioning as an inhibitor of the alternative pathway.96,97

FAMILIES OF COMPLEMENT 
PROTEINS
The complement cascade represented in Figure 9-1 emphasizes fea-
tures shared by the three pathways with respect to activation and regu-
lation. Complement components can also be grouped into several 
different protein families98:
• The serine protease family (C1r, C1s, MASP-1 through MASP-3, 

MAP19, C2, factor D, factor B, and factor I)
• Disulfide-linked, multichained molecules with homology to an 

ancestral protein that contained an internal thioester bond (C4, C3, 
and C5)

• Proteins that are the products of class III major histocompatibility 
complex (MHC) genes located on chromosome 6 (C2, factor B, C4A, 
and C4B)

• Proteins that bind C3 and C4 fragments and belong to a closely 
clustered supergene family located on the long arm of chromosome 
1 (C4BP, factor H, DAF, MCP, CR1, and CR2); these proteins share 
a common SCR motif (see earlier discussion) with other comple-
ment components that bind to C3 and C4 (e.g., C2, factor B) and 
with some other complement and noncomplement proteins that do 
not bind these two components.60,61

• Proteins that share homology with the low-density lipoprotein 
(LDL) receptor (C6, C7, C8α, C8β, and C9); the large number of 
disulfide bonds in these cysteine-rich molecules is thought to convey 
a tertiary structure that facilitates the hydrophilic-hydrophobic tran-
sition that occurs when they interact with lipid membranes during 
assembly of the MAC.51,52

The MHC III genes are located between the class I and class II loci 
on the short arm of chromosome 698 and merit discussion. The genetic 
material in this region appears to have undergone two duplication 
events, resulting, on the one hand, in the structurally and functionally 
related proteins C2 and factor B, and, on the other, in the C4 and 
21-hydroxylase A and B variants.98 Recombinant events in this region 
of the chromosome tend to be suppressed, leading to the usual inheri-
tance of the entire region intact from each parent.99 The polymorphic 
variants of the complement components encoded by these genes in a 
given individual are referred to as complotypes.100 The association of 
specific complotypes with specific products of the MHC I and II genes 
probably contributes to the association of specific complotypes with 
certain disease states (e.g., systemic lupus erythematosus [SLE]).

COMPLEMENT-MEDIATED 
FUNCTIONS
Complement plays major roles in the distinction between self and 
nonself, development of an inflammatory response, elimination of 
microbial pathogens, modulation of the adaptive immune response, 
limitation of the potential for an injurious inflammatory response 
(through the disposal of immune complexes and apoptotic cells), 
metabolism, angiogenesis, tissue regeneration, and organogenesis (see 
Fig. 9-1).4,5

Whether initial formation of a C3 convertase is followed by its 
enhanced decay or by its amplification is the event that distinguishes 
self from nonself, respectively, as described earlier.5

Small, diffusible peptide fragments released from C4, C3, C5, and 
probably C2 during their activation initiate and modulate the inflam-
matory response.77 Collectively, C4a, C3a, and C5a are referred to as 
anaphylatoxins, and together, they stimulate histamine release from 
mast cells (C3a), promote vascular dilation (C3a, C4a), increase  
endothelial permeability (C3a), and stimulate neutrophil responses 
(C5a). In addition to these proinflammatory activities, C3a acts via its 
receptor on B cells to downregulate cytokine synthesis and antibody  
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Insulin resistance and abdominal obesity are associated with higher 
serum concentrations of C3. Adipocytes are the main source for factor 
D (also known as adipsin) and also synthesize C3 and factor B. Local 
activation of the alternative pathway results in production of C3a that 
is rapidly converted to C3adesArg. C3adesArg (also known as acylation-
stimulating protein [ASP])127 stimulates triglyceride synthesis in fat 
cells by increasing the activity of diacylglycerol acyltransferase. C5L2 
also appears to play a role in lipid clearance by C3adesArg, although it is 
not clear whether C5L2 and C3adesArg interact directly.

Complement and Cancer
The conventional view has been that complement plays a role in 
immune surveillance against cancer cells by promoting antibody-
dependent cellular cytotoxicity (ADCC) and lysis of cells by the mem-
brane attack complex. Many tumor cells, however, express high 
amounts of membrane inhibitors of complement, such as CD46, DAF, 
and CD59, and in addition can recruit soluble complement inhibitors, 
such as factor H, factor H–like protein 1 (FHL-1; an alternatively 
spliced variant of factor H) to their surface and thus resist direct lysis 
by complement.128 Complement also promotes angiogenesis and may 
therefore contribute to tumor growth.129 C3a and C5a stimulate the 
secretion of vascular endothelial growth factor (VEGF) and facilitate 
neovascularization. This effect contributes to the choroidal neovascu-
larization seen in age-related macular degeneration (AMD; see later) 
and forms the basis for the use of VEGF inhibitors in the treatment of 
this disease. The ability of complement to degrade extracellular matrix 
may increase tumor invasion and migration. C5a generated by the 
classical pathway in the tumor microenvironment enhanced the 
growth of cervical cancers in mice. C5a attracts myeloid-derived neu-
trophil- and monocyte-like suppressor cells to the tumor, which gener-
ate reactive oxygen and nitrogen species that interfere with the ability 
of T cells to respond to tumor antigens.

Complement in Tissue Regeneration 
and Organogenesis
Complement proteins can also modulate diverse developmental pro-
cesses, such as cell survival, growth, and differentiation in various 
tissues.130 For example, C3 and C5 have been implicated as mediators 
of lens and limb regeneration in lower vertebrates.131 Impaired liver 
regeneration was observed in both C3 and C5 knockout mice after 
partial hepatectomy; infusion of C3a and C5a into these mice restored 
hepatic regeneration.

Studies in mice have provided evidence for a critical role of the 
classical pathway in synaptic remodeling.132 C1q expression is upregu-
lated when neurons are exposed to immature astrocytes, which results 
in deposition of C3 fragments and elimination by macrophages or 
microglia. Mice deficient in C1q or C3 could not eliminate unwanted 
synapses. Neuronal pentraxins that bear 20% to 30% structural homol-
ogy to the immune pentraxins, PTX3 and CRP, were cited as possible 
C1q binding molecules in this process. Studies in Xenopus embryos 
revealed a role for the C3a–C3aR interaction in neural crest migration. 
A role for the lectin pathway, specifically collectin 11 and MASP-1, in 
neural crest migration and craniofacial development is discussed 
below.

The context in which complement activation occurs is important. 
Although complement may have salutary effects in development and 
some aspects of tissue regeneration, complement activation contrib-
utes to ischemia-reperfusion injuries related to acute myocardial 
infarction, stroke and organ transplantation, and to the pathology of 
diseases such as hepatic, pulmonary and renal fibrosis, Alzheimer’s 
disease, Parkinson’s disease, and multiple sclerosis.

MICROBIAL INTERACTIONS WITH 
THE COMPLEMENT SYSTEM
The demonstration by Roantree and Rantz133 that gram-negative bac-
teria isolated from blood were almost always resistant to complement-
mediated killing, whereas two thirds of those isolated from mucosal 
surfaces were serum sensitive, was one of the first findings to suggest 
an important clinical role for complement-mediated bactericidal activ-
ity in host defense. This suggestion was borne out by subsequent 
studies of people with complement deficiencies (see later discussion) 

depend on the production of complement locally, not on systemically 
circulating complement.

The incorporation of complement in immune complexes enhances 
clearance and helps to minimize the potential for tissue damage.115,116 
This process includes inhibition of immune complex precipitation, 
solubilization of immune complexes, and clearance of C3b-bearing 
immune complexes via the CR1 receptor. Under conditions of anti-
body excess or antibody-antigen equivalence, the probability that both 
antigen-binding sites on a single antibody will bind to epitopes on  
a single antigen and the probability that multiple antibody molecules 
will bind to a given molecule of antigen are increased. This situation 
promotes antibody–antibody interactions via Fc fragments and sub-
sequent immune complex precipitation.115 C1q binding to the Fc 
portion of antibody inhibits Fc–Fc interactions and leads to covalent 
binding of C3b to the immune complex. Subsequent recruitment of 
the alternative pathway via the C3b amplification loop promotes 
further C3b deposition within the immune complex lattice, thereby 
reducing the forces that hold the lattice together and causing separa-
tion (solubilization) of smaller complexes from the lattice network. 
Thus, classical-pathway activation inhibits immune complex precipita-
tion, whereas the alternative pathway promotes immune complex solu-
bilization.115,116 However, in the context of disease pathogenesis, it must 
be stressed that complement is 10 times more efficient in inhibiting 
immune complex precipitation than in solubilizing precipitated com-
plexes. This property probably contributes greatly to the close asso-
ciation of classical-pathway component deficiencies with immune 
complex disease formation (e.g., SLE).

In healthy people, most immune complexes bearing C3b are bound 
to cells bearing C3b receptors (CR1). The number of these receptors 
per cell varies from a low of 950 for erythrocytes to a high of 57,000 
for neutrophils.117 However, because there are 1000 times more eryth-
rocytes than leukocytes, 95% of the CR1 receptors in the peripheral 
circulation are located on erythrocytes. Consequently, immune com-
plexes bearing C3b are 500 to 1000 times more likely to be cleared from 
the circulation by erythrocytes than by leukocytes.117 These complexes 
are removed from the erythrocyte, along with the CR1, during passage 
through the liver and the spleen. This extraction probably involves 
fixed macrophages that line the sinusoids of these organs.118

Recent studies have extended our understanding of the anti-
inflammatory role played by complement in promoting the clearance 
of apoptotic cells. Under steady-state conditions, the billions of host 
cells that die every day are eliminated with minimum induction of an 
inflammatory or immune response. Despite the number of cells 
involved and completion of the apoptotic cycle over a period of several 
hours, few apoptotic cells are identified in tissues or in the circulation. 
Rapid complement-dependent phagocytic removal of apoptotic cells 
by macrophages appears to account for this apparent paradox. During 
apoptosis, the cell membrane bulges to form blebs that contain mac-
romolecular complexes of proteins and nucleic acids, a finding that 
may be a significant contributing factor in the development of SLE (see 
later discussion). The exposed surface of the bleb contains several 
unique phospholipids that have been translocated from the inner to 
the outer leaflet of the lipid bilayer of normal cell membranes. Some 
of these phospholipids, especially phosphatidylserine, bind C1q 
directly to activate the classical pathway. In addition, recent data have 
suggested that the phospholipid-binding proteins annexin 2 and 
annexin 5 may also serve as ligands for C1q on apoptotic cells.119 An 
analogous process occurs on ischemic cells on reperfusion: exposed 
glycosaminoglycans promote properdin-directed alternative-pathway 
activation.47 Unlike viable eukaryotic cells, apoptotic cells and ischemic 
cells “permit” both C3 convertase formation and amplification. These 
cells can then be eliminated via C1qR, CR3, and CR4 on mononuclear 
cells, fixed macrophages, and dendritic cells. The importance of CR3 
in clearing apoptotic cells is underscored by the observation that a 
variant allele (R77H) in CD11b (α-chain of CR3) that impairs phago-
cytosis is one of the strongest risk factors for SLE.120-123 Elimination in 
this fashion minimizes the inflammatory potential of injured cells.124,125

Complement and Metabolism
One of the characteristics of the metabolic syndrome is increased 
inflammation, including activation of the complement system.126 
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A variation on this theme occurs in serum-sensitive gonococci 
isolated from patients with symptomatic local genital disease. These 
organisms possess a sialyl transferase but lack the ability to synthesize 
cytidine monophospho-N-acetyl neuraminic acid (CMP-NANA). 
Consequently, they are incapable of endogenous sialylation of their 
lipo-oligosaccharide; rather, they appropriate host CMP-NANA for 
this purpose. Exogenous sialylation confers serum resistance to these 
gonococci by reducing the binding of bactericidal antibody149 and by 
enhancing binding of factor H (see above); it also reduces phagocytic 
uptake and may alter C3 cleavage and intracellular survival. Trypano-
soma cruzi accomplishes the same effect by means of a trans-sialidase 
that removes terminal sialic acid residues from host glycoconjugates 
and transfers them to acceptor molecules on the parasite’s surface.150

The striking metamorphosis undergone by protozoa during trans-
formation from insect-infective to human-infective forms is accompa-
nied by the acquisition of resistance to complement-dependent killing. 
This phenomenon has been studied most extensively in Trypanosoma 
cruzi, in which surface proteins have been identified that block assem-
bly and promote decay of the alternative-pathway C3 convertase.134,150 
These proteins function in a manner identical to human CR1 and DAF 
(see Table 9-2). Ixodes tick saliva contains a protein, Salp15, that, when 
bound to Borrelia burgdorferi, inhibits MAC assembly and prevents 
complement-mediated lysis of the organism.151 Gametes of Plasmo-
dium falciparum bind to human factor H through a surface protein 
called PfGAP50, which protects them from complement-mediated 
lysis in the mosquito midgut.152

The growth of DNA sequence data banks and investigations into 
molecular pathogenesis have served to focus attention on virus–
complement interactions and the mechanisms by which these organ-
isms elude complement-mediated attack. Studies of the human 
immunodeficiency virus (HIV) are particularly illustrative. During 
viral replication, the virus is assembled and released from the infected 
cell by budding, a process that incorporates host cell membrane pro-
teins into the viral envelope. Host cell DAF and CD59 incorporated 
into the viral envelope in this manner function efficiently to limit 
amplified complement deposition on HIV and its subsequent lysis. In 
addition, the HIV-specific envelope proteins gp120 and gp41 both 
contain factor H–binding domains, which, in the case of the latter 
protein, demonstrate significant homology with C3. Factor H passively 
absorbed from serum and secretions serves to further limit comple-
ment deposition on the virus.147,153

Other organisms owe their serum resistance to functional homo-
logues of CD59, the protein that interferes with MAC assembly on host 
cell membranes. For example, the galactose-specific adhesin of Ent-
amoeba histolytica functions in this manner and also shares DNA 
sequence homology and antigenic cross-reactivity with CD59.154 Plas-
mids in Salmonella typhimurium and Yersinia enterocolitica contain the 
rck and ail genes, respectively, which encode products of a family of 
virulence-associated outer membrane proteins. By preventing C9 
polymerization, these proteins function similarly to CD59 and mediate 
serum resistance.155,156 Ail has recently been shown to recruit factor H 
and C4BP, while Rck binds to factor H, providing evidence that a single 
protein can block complement using multiple mechanisms.157-161 Akin 
to protein Ail, select gonococcal porin molecules can bind both factor 
H and C4BP, thereby regulating the alternative and classical/lectin 
pathways, respectively.162,163

Bacterial capsular polysaccharides modulate the effects of comple-
ment deposition on the organism and interaction of the organism with 
the host (see earlier discussion). In the absence of specific antibody, 
the capsule, by masking C3 deposited on subcapsular structures, blocks 
C3 interaction with complement receptors on phagocytic cells. These 
effects contribute to the antiphagocytic properties of capsular polysac-
charides. In addition, capsular polysaccharides and outer membrane 
blebs are shed during organism growth and complement attack. Shed-
ding serves to divert complement attack from the intact organism to 
these shed complexes. The ability of capsular-specific antibody to 
reverse these effects is testimony to the importance of antibody in 
redirecting complement deposition to a relevant site on the surface of 
the organism.164

Gonococci isolated from patients with disseminated gonococcal 
infection are resistant to the bactericidal activity of normal human 

and by elucidation of the strategies and the extremes to which micro-
organisms go to escape host defense mechanisms. In the case of com-
plement, these strategies parallel those used by host cells to circumvent 
injury during the inflammatory response; that is, they are focused on 
decreasing complement activation, accelerating convertase decay, and 
inhibiting the formation or insertion of the MAC.134 In many instances, 
the microbial proteins responsible for these effects share molecular, 
structural, immunologic, and functional homology with their human 
counterparts.

As noted earlier, sialic acid is a well-characterized modulator of 
alternative-pathway activity, the action of which is expressed through 
enhanced factor H binding. Sialylation of the lipo-oligosaccharides 
(LOS; lipopolysaccharide [LPS] molecules that lack O-antigenic 
repeats) of the pathogenic Neisseriaceae, Haemophilus influenzae (both 
typeable and nontypeable), and Campylobacter jejuni may enhance 
interactions of factor H to surface-bound C3 fragments,135 or directly 
to the bacterial surface as reported with Neisseria gonorrhoeae.136 Sialic 
acid is also a prominent chemical constituent of capsular polysaccha-
rides on type 3 group B streptococci, K1 Escherichia coli, and groups 
B and C meningococci.65,72 Consequently, the capsules of these organ-
isms are nonactivators of the alternative pathway and are poor stimuli 
for antibody production. In this context, it is noteworthy that K1 E. 
coli, group B streptococci, and group B meningococci are prominent 
causes of neonatal and infant sepsis and meningitis. The frequent 
absence in these young patients of specific antibody to activate the 
classical pathway, coupled with bacterial sialic acid–mediated inhibi-
tion of alternative-pathway activity, may provide the ideal clinical 
setting for infection by these organisms.

Elegant experiments correlating virulence with LPS composition 
and complement activation in three isogenic Salmonella typhimurium 
variants, which differed only in the chemical structure of their lipo-
polysaccharide side chains, demonstrated the importance of limited 
complement deposition on the surfaces of bacteria. The greatest rate 
of C3 consumption and extent of C3b deposition were initiated by the 
least virulent strains. Subsequent experiments demonstrated that dis-
crete differences in O-antigen structure were expressed at the level of 
alternative-pathway amplification, as manifested in the greater affinity 
of factor B for C3b on the surface of the least virulent compared with 
the most virulent strains. In contrast, the affinity of factor H for C3b 
was the same in all strains.137,138

Appropriation of complement regulatory proteins is a strategy used 
by a wide range of microbial pathogens, as has been demonstrated for 
many pathogenic bacteria, viruses, fungi, and worms.139,140 These 
organisms express any of a number of complement regulator–acquiring 
surface proteins (CRASPs) on their surfaces. A chief binding target of 
these proteins is factor H, although the site to which factor H binds 
varies slightly among the CRASPs.141 M protein in group A strepto-
cocci functions as a CRASP. Its α-helical coiled-coil repeats promote 
binding, not just of factor H but also of C4BP and MCP. The fact that 
group A streptococci bind multiple proteins to regulate complement 
at the level of C3 attests to the critical importance of C3 activity for 
survival of the organism, and likewise for host defense against the 
organism. Through these interactions, M protein not only limits com-
plement deposition on the streptococcal surface but also promotes 
adhesion to keratinocytes.141,142 Meningococci bind factor H in a 
human-specific manner through two surface molecules, factor H–
binding protein (fHbp) and neisserial surface protein A (NspA).143-145 
fHbp is a key antigen in two vaccine preparations against group B 
meningococcal disease, one of which is licensed for clinical use in 
Europe (Bexsero; Novartis, Basel).146

Other organisms use related strategies. The envelope of type 1 
herpes simplex virus contains a virus-specific protein, gC-1, that inter-
feres with properdin-dependent stabilization of the alternative-pathway 
C3 convertase, thereby limiting complement-mediated effects. Dele-
tion mutants lacking gC-1 are exquisitely sensitive to complement-
mediated lysis. Natural mutants have not been isolated with any 
frequency in surveys of clinical specimens, attesting to the importance 
of this protein and perhaps this mechanism in the pathogenesis  
of infection. Vaccinia virus bears a C4BP structural and functional 
homologue that accelerates the decay of the classical-pathway 
convertase.134,147,148
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I-domain of CR3, which, in cooperation with iC3b deposited on bac-
teria, facilitates gonococcal invasion into epithelia.186

COMPLEMENT DEFICIENCY 
STATES
Incidence
Complement deficiency states can be acquired or inherited. Acquired 
deficiency can occur acutely, as part of an abrupt insult, such as infec-
tion, or in conjunction with chronic rheumatologic or autoimmune 
disease. The frequency of inherited complement deficiencies in the 
general population is about 0.03%. Because these states are rare,  
the usefulness of screening tests is greatest in populations that bear the 
clinical correlates of abnormal complement inheritance, that is, persons 
with rheumatologic disease or recurrent bacterial infection.187-189 The 
frequency of complement deficiencies reported among people with 
these disorders is affected by both methodologic and biologic factors.190 
The most important methodologic variables are sample size and degree 
of ascertainment. The most important biologic considerations are the 
ethnic makeup of the population and the incidence of the target disease 
in that population.

One such study, using immunologic and functional assays, detected 
a single individual with homozygous C2 deficiency among 545 patients 
with rheumatologic disease.190 This frequency (0.2%) is approximately 
10-fold greater than that in the general population. Studies using DNA 
typing methodologies have found the frequency of homozygous C2 
deficiency in whites with SLE to be about 1.7%.191 These studies provide 
clear support for the association of complement deficiency states with 
certain rheumatologic disorders, particularly SLE.192

Reports of an association between systemic meningococcal and 
gonococcal infections and inherited deficiency of C5, C6, C7, or C8 
led to several studies of the prevalence of such deficiencies among 
patients with these infections. These studies found that as few as 0 
(<2%) of 47 and as many as 8 (50%) of 16 individuals presenting with 
a first episode of documented meningococcal disease had a comple-
ment deficiency.188,190 Analysis of these studies demonstrated an inverse 
relationship between the prevalence of complement deficiency among 
people with meningococcal disease and the incidence of the disease in 
the general population, that is, a high prevalence of complement defi-
ciency was found in populations with hypoendemic disease and a low 
prevalence in populations with epidemic disease (Fig. 9-3). This finding 
suggests that the overall prevalence of complement deficiencies is rela-
tively constant (0.03% to 0.11%) but that among populations in which 
the level of protective antibody is low and meningococcal disease is 
epidemic, a greater number of healthy than complement-deficient 
persons will be infected because the number of healthy persons  
who lack specific antibody is significantly greater than the number of 
those who are complement deficient. As the level of immunity in the 

serum.165 The serum resistance of these strains is multifactorial. In the 
absence of bactericidal antibody, the MAC is assembled on the organ-
ism’s surface but fails to insert properly into the outer membrane.166 
MAC insertion and killing occur normally in the presence of anti-LOS 
IgG found in the convalescent serum of some patients with this infec-
tion.167 However, some sera also contain IgG specific for gonococcal 
outer membrane protein 3.168 This antibody competes with bactericidal 
antibody for binding sites on the surface of the organism, thereby 
blocking its bactericidal effect. Although the blocking antibody pro-
motes complement deposition on the organism, it apparently does so 
at sites that do not lead to killing of the organism.169 Blocking antibody 
also appears to account for the resistance of meningococci to killing 
by the serum of some adults who acquire this infection.170,171,172,173 Anti-
bodies that block killing of Pseudomonas aeruginosa and Brucella 
abortus have also been described.174,175 A study in HIV-infected adults 
in Africa showed that antibodies directed against the LPS of nonty-
phoidal Salmonella blocked killing by otherwise bactericidal antibod-
ies directed against outer membrane proteins.176 Thus, blocking 
antibodies may represent a fairly ubiquitous, yet relatively underap-
preciated, mechanism of complement evasion by bacteria. These find-
ings illustrate the influence of the composition of the outer membrane 
of gram-negative bacteria in determining sensitivity to complement-
mediated killing and the importance to the host of specific antibody 
in overcoming the resistance of these organisms to killing.177

Redundancy in complement evasion mechanisms by pathogens 
appears to be the rule, rather than the exception. This is well illustrated 
by the following examples with Staphylococcus aureus.178 Staphylococ-
cal protein A (SpA) and staphylococcal binder of immunoglobulins 
(Sbi) engage IgG on the bacterial surface in a manner that precludes 
activation of the classical pathway. Staphylokinase cleaves IgG and 
releases it from the bacterial surface. Several small molecules secreted 
by S. aureus interfere with complement activation at various steps. 
Staphylococcal complement inhibitor (SCIN) and its homologues 
SCIN-B and SCIN-C bind to the classical- and alternative-pathway C3 
convertases and block their function. Extracellular fibrinogen-binding 
protein (Efb) and extracellular complement-binding protein (Ecb; also 
called Efb homologous protein or Ehb) also target and block the activ-
ity of the C3b-containing convertases (C3bBbC3b and C4bC2aC3b). 
The chemotaxis inhibitory protein of S. aureus (CHIPS) binds to the 
C5aR and formyl peptide receptor (FPR) on neutrophils and inhibits 
chemotaxis.

Appreciation has been growing for the number of intracellular 
pathogens that use complement receptors to gain entry into cells.179,180 
Organisms vary as to whether entry in this fashion initiates an appro-
priate signal transduction response and whether it is sufficient to estab-
lish effective intracellular infection. For example, gp350 on Epstein-Barr 
virus serves as a ligand for CR2 to initiate viral entry into B cells. The 
resulting cellular transformation probably contributes to the poly-
clonal gammopathy observed early in infectious mononucleosis.179,180 
In addition to its factor H–binding domain, HIV gp120 contains 
several C3b-binding regions. Cells harboring latent HIV can be acti-
vated by the uptake of additional HIV or other particles via CR3. 
Interactions via this receptor can induce the cellular transcription 
factor, nuclear factor kappa B (NF-κB), which in turn binds to pro-
moter regions in the virus to stimulate generation of progeny virus.5,32 
The pathogenic mycobacteria (Mycobacterium tuberculosis, M. leprae, 
and M. avium) can bind to (preformed) C2a, which results in the 
formation of a C3 convertase on the bacterial surface. Subsequent  
C3 cleavage and C3b deposition facilitate bacterial uptake by macro-
phages through CR1.181 C3 fragment deposition mediated by natural 
IgM facilitates uptake of Francisella tularensis by human neutrophils 
through CR1 and CR3, whereas uptake by macrophages occurs through 
engagement of CR3 and CR4.182

Over the past decade, our concept of extracellular organisms has 
been modified by the recognition that many of these organisms can 
enter and survive inside epithelial cells. Both the meningococcus and 
the gonococcus, like the measles virus, use CD46 (see Table 9-2) to 
gain entry to such cells, activating intracellular signaling cascades that 
are important for their infectivity.183,184 Primary human cervical epithe-
lial cells synthesize all components of the alternative pathway and also 
express CR3.185 Gonococcal pilin and porin can interact with the 

FIGURE 9-3 Relationship between the prevalence of complement 
deficiency and the incidence of meningococcal disease. (From 
Figueroa JE, Densen P. Infectious diseases associated with complement 
deficiencies. Clin Microbiol Rev. 1991;4:359-395.)
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Pathophysiologic Roles for Complement in Systemic Lupus Ery-
thematosus. The pathophysiologic basis for the association between 
these classical-pathway deficiencies and SLE is incompletely under-
stood, but our emerging understanding of the role of complement in 
the clearance of apoptotic cells (see earlier discussion) has provided 
additional insight and an increasingly compelling logic for this asso-
ciation.124,125 Despite the significant insights afforded by studies of 
these individuals and of genetically engineered complement-deficient 
mice, it remains clear that predisposition to SLE is genetically 
multifactorial.199

The key clinical features of SLE in complement-deficient persons 
include early age at onset (median, 7 years), increased severity (often 
with impressive photosensitivity), central nervous system involvement, 
and increased frequency of glomerulonephritis.200 A striking hierarchy 
of decreasing penetrance of SLE is seen among classical-pathway defi-
ciencies: 93%, 57%, 57%, 75%, and 10% for C1q, C1r, C1s, C4, and C2 
deficiencies, respectively. This hierarchical relationship is also generally 
evident in the severity of SLE and in the frequency and type of auto-
antibodies present in the sera of these patients. SLE is more severe in 
patients with C1q, C1r, C1s, or C4 deficiency.198,200-202 In persons with 
C2 deficiency, the severity of SLE appears to be similar to that in the 
general population, and in C3-deficient persons, SLE may be less 
severe.193,198,202

Additional evidence of the importance of complement deficiency 
as a predisposing factor for SLE comes from studies of the occurrence 
of SLE in some patients with acquired hypocomplementemia. Among 
these findings, C1-INH deficiency is especially interesting because  
the absence of this regulatory protein is associated with uncontrolled 
consumption of the classical-pathway complement components, which 
is particularly severe and prolonged in a small number of patients.  
It appears that it is these patients who are at risk for development  
of SLE.200

The unique functional roles played by the classical pathway, impair-
ment of which seems to play a role in the development of SLE, are 
elimination of apoptotic cells and clearance of immune complexes.

As noted earlier, membrane blebs on apoptotic cells express phos-
phatidylserine, annexin 2, and annexin 5, to which C1q can bind, 
thereby activating the classical pathway and promoting opsonophago-
cytic elimination by complement receptors (e.g., through cC1qR and 
its signaling partner, CD91) on macrophages and mononuclear cells. 
Engulfment of apoptotic cells via these receptors appears not to initiate 
a prominent inflammatory response, in part because apoptotic cells 
also bind to complement inhibitors such as C4BP and factor H.124,125 
Sunlight is very effective in inducing apoptosis of dermal cells,25 an 
observation that probably helps explain photosensitivity in SLE, as well 
as the positive lupus band that is demonstrated in skin biopsy speci-
mens of people with SLE, regardless of disease activity. The inability of 
macrophages to clear apoptotic cells effectively is associated with an 
increased display of apoptotic cell debris on the surfaces of dendritic 
cells, where it may be presented to autoreactive lymphocytes as an early 
step in the development of autoantibodies and autoreactive T cells. 
Particularly intriguing is the observation that membrane blebs on 
apoptotic cells contain the very macromolecular complexes of ribo-
nucleic proteins to which SLE autoantibodies are directed and that the 
relevant epitopes on these complexes become exposed during incor-
poration into the blebs.5,124,125

Approximately one third of all patients with SLE develop autoanti-
bodies to C1q that lead to secondary C1q deficiency. In contrast to 
primary C1q deficiency in which the deficiency is strongly linked to 
the development of SLE, secondary deficiency in SLE is a result of the 
disease process itself. Nonetheless, autoantibody to C1q impairs com-
plement consumption via the classical pathway, potentially leading to 
further impairment in the clearance of apoptotic cells, which in turn 
may reinforce the SLE disease process.202

Patients with high concentrations of antibody to C1q may also 
develop hypocomplementemic urticarial vasculitis. Clinically, these 
patients are often young females who present with chronic urticaria 
and associated leukocytoclastic vasculitis. Although called urticaria, 
the rash is nonpruritic and persistent. They may also develop angio-
edema, airway obstruction, glomerulonephritis, arthralgia, and neu-
ropathy. Their laboratory findings are characterized by profound 

population increases, the incidence of meningococcal disease falls; 
however, because the prevalence of complement deficiency in the 
general population is relatively stable, the frequency of infectious states 
among those individuals with meningococcal disease increases, that is, 
complement deficiency becomes a proportionately greater determi-
nant of the risk of infection.190 The best estimate of inherited comple-
ment deficiency states among patients with endemic neisserial disease 
(approximately 10 cases per 1 million population; see Fig. 9-3) is about 
5% to 10%. However, the likelihood of complement deficiency is 
increased dramatically (to 31%) among patients who have had more 
than one episode of meningococcal infection or who have a family 
history of meningococcal disease.

Although the number of infections caused by Streptococcus pneu-
moniae and H. influenzae appears to be increased in patients with 
complement deficiencies, the prevalence of complement deficiency 
among persons with systemic infection caused by these organisms does 
not appear to be markedly different from that in the population at 
large.193 The basis for this apparent paradox, especially for H. influen-
zae, which shares many features with meningococci, is unknown.

General Aspects of the Molecular Basis 
for Complement Deficiencies
As with most other inherited conditions, the basis for complement 
deficiency states exhibits substantial heterogeneity, especially among 
people who represent different ethnic or racial ancestries. Within a 
defined ethnic or racial population, the probability that a single molec-
ular defect will predominate is substantially increased. A corollary of 
this principle is that the same functional deficiency occurring among 
persons of different backgrounds is likely to exhibit molecular hetero-
geneity. The latter generalization is useful in the selection of patients 
whose deficiencies, when characterized at the molecular level, are likely 
to yield new information. Current studies are focusing increasingly on 
the contribution of various component polymorphisms to the patho-
physiology of different disease states.

Classical-Pathway Deficiencies
Clinical Aspects
Immune Disorders
The association of immune disorders, in particular SLE, with comple-
ment deficiency states is most evident in persons lacking C1, C4, C2, 
or C3 (Table 9-3). Even though these inherited deficiencies are present 
in a small minority of patients with SLE, their association with this 
disorder is convincingly underscored by the very high penetrance of 
the disease in these patients. “The strength of the association of com-
plement deficiency with systemic lupus erythematosus itself and with 
the severity of the disease is inversely correlated with the position of 
the deficient protein in the activation sequence of the classical 
pathway.”5 Uncertainty exists as to whether both homozygous and het-
erozygous complement deficiencies, or only the former states, consti-
tute a risk factor for SLE. Early studies that used immunologic and 
functional assays suggested an association in both homozygous- and 
heterozygous-deficient persons. More recent studies using DNA typing 
techniques strongly suggested that, at least in C1q and C2 deficiency, 
the association exists only for the homozygous state.192

Assessment of this issue in patients with partial C4 deficiency is 
complicated by the existence of separate C4 genes, C4A and C4B. As a 
result, complete C4 deficiency (i.e., the absence of the products of all 
four C4 genetic loci) is extremely rare. Conversely, heterozygous C4 
deficiency is very common, occurring in approximately 25% of the 
general population.194,195 In addition, as a result of linkage disequilib-
rium, the C2 and C4 null genes occur as part of distinct, extended 
haplotypes. These haplotypes include MHC I, MHC II, complement, 
and TNF genes, all of which are candidate disease susceptibility genes. 
The specific haplotype associated with C2 deficiency occurs in about 
93% of affected persons. In the case of C4 deficiency, multivariate 
analysis of HLA-DR and C4 genotypes has confirmed an independent 
contribution of C4AQ0 and DR alleles to the development of SLE. The 
C4B null gene (C4BQ0) was not associated with SLE.196-198 The chemical 
preference of the internal thioester in C4A to form amide bonds and 
to react with immune complexes may contribute to the effect that the 
C4A null gene has on the development of SLE.28
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TABLE 9-3  Complement Deficiency States

COMPONENT

NO. OF REPORTED 
PATIENTS 
(APPROXIMATE)

MODE OF 
INHERITANCE FUNCTIONAL DEFECTS DISEASE ASSOCIATIONS

Classical Pathway
C1qrs 40 ACD Impaired immune complex handling, 

delayed C′ activation, impaired 
immune response

CVD, 48%; infection (encapsulated bacteria), 
22%; both, 18%; healthy, 12%C4 26 ACD

C2 100 ACD

Mannose-Binding Lectin Pathway
MBL Many ACD Impaired complement activation Pyogenic infection; meningococcal disease

MASP-2 9 ACD Defective association with MBL Ulcerative colitis, CVD, pneumococcal disease

Ficolin-3 4 Impaired activation of the lectin pathway Recurrent lower respiratory infections 
(Haemophilus influenzae and Pseudomonas 
aeruginosa), recurrent digital warts, 
bilateral cerebral abscess (nonhemolytic 
streptococcus)

Collectin-11 10 Impaired activation of the lectin pathway 3MC syndrome (craniofacial-ulnar-renal 
syndrome); facial dysmorphism, cleft lip/
palate, craniosynostosis, learning disability; 
genital, limb, and vesicorenal anomalies

MASP-1 9 Impaired activation of the lectin pathway

Alternative Pathway
D 4 ACD Impaired C′ activation in absence of 

specific antibody
Infection (meningococcal), 74%; healthy, 

26%P 70 XL

Junction of Classical and Alternative Pathways
C3 19 ACD Impaired immune complex handling, 

opsonophagocytosis; impaired 
granulocytosis, chemotaxis, immune 
response, and absent SBA

CVD, 79%; recurrent infection (encapsulated 
bacteria), 71%

Terminal Components
C5 40 ACD Impaired chemotaxis; absent SBA Infection (Neisseria, primarily meningococcal), 

58%; CVD, 4%; both, 1%; healthy, 25%C6 80 ACD Absent SBA

C7 80 ACD Absent SBA

C8 75 ACD Absent SBA

C9 165 ACD Impaired SBA Healthy, 91%; infection, 9%

Plasma Proteins Regulating C′ Activation
C1-INH Many AD; Acq Uncontrolled generation of an 

inflammatory mediator on C′ activation
Hereditary angioedema

Factor H 25 ACD Uncontrolled alternative-pathway 
activation→low C3

CVD, 40%; CVD plus infection (encapsulated 
bacteria), 40%; MPGN; healthy, 20%

Factor I 30 ACD Uncontrolled alternative-pathway 
activation→low C3

Infection (encapsulated bacteria), 100%

Membrane Proteins Regulating C′ Activation
Membrane cofactor 

protein (CD46)
9 ACD/AD Uncontrolled alternative-pathway 

amplification on host cells
aHUS

Decay-accelerating 
factor (CD55)

Many Acq Impaired regulation of C3b and C8 
deposited on host red blood cells, 
polymorphonuclear neutrophils, 
platelets→cell lysis

Paroxysmal nocturnal hemoglobinuria

Homologous restriction 
factor (CD59)

CR3 >20 ACD Impaired PMN adhesive functions (i.e., 
margination), chemotaxis, iC3b-
mediated opsonophagocytosis

Infection (Staphylococcus aureus, 
Pseudomonas spp.), 100%

Autoantibodies
C3 nephritic factor >59 Acq Stabilizes alternative-pathway C3 

convertase→low C3
MPGN, 41%; PLD, 25%; infection 

(encapsulated bacteria), 16%; MPGN plus 
PLD, 10%; PLD plus infection, 5%; MPGN 
plus PLD plus infection, 3%; MPGN plus 
infection, 2%

C4 nephritic factor Acq Stabilizes classical-pathway C3 
convertase→low C3

Glomerulonephritis, 50%; CVD, 50%

ACD, autosomal codominant; Acq, acquired; AD, autosomal dominant; aHUS, atypical hemolytic-uremic syndrome; AMD, age-related macular degeneration; C′, 
complement; C1-INH, C1 inhibitor; CVD, collagen vascular disease; iC3b, inactive C3b; MASP, mannose-binding lectin–associated serine protease; MBL, mannose-binding 
lectin; MPGN, membranoproliferative glomerulonephritis; PLD, partial lipodystrophy; PMN, polymorphonuclear neutrophils; SBA, serum bactericidal activity; XL, X-linked.

Data from Ross SC, Densen P. Complement deficiency states and infection: epidemiology, pathogenesis and consequences of neisserial and other infections in an immune 
deficiency. Medicine (Baltimore). 1984;63:243-273; and Figueroa JE, Densen P. Infectious diseases associated with complement deficiencies. Clin Microbiol Rev. 
1991;4:359-395.
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mutation that encodes a dysfunctional polypeptide that is retained 
intracellularly.

The predominant molecular basis for C4A and C4B deficiencies 
involves large deletions that encompass both the respective C4 and 
associated 21-hydroxylase genes.196 A 2–base-pair insertion in exon 29 
of the C4A gene has been reported in association with the haplotype 
HLA-B60 DR6.213

Mannose-Binding Lectin Pathway 
Deficiencies
Deficiency of Mannose-Binding Protein
Clinical Aspects
In 1976, a group of children with recurrent infection and failure to 
thrive were described; their serum failed to opsonize Saccharomyces 
cerevisiae. This defect was subsequently found in 5% to 7% of the 
general population. In 1989, MBL deficiency was identified in a sub-
stantial proportion of these patients.214 Complete deficiency of MBL 
has not been reported; genetic variations that result in low protein 
levels (see below) are reported as MBL deficiency in the literature. 
Although the association with infection has been best documented in 
children, it spans the entire age range and has been confirmed in mul-
tiple ethnic populations. One study that used genetic techniques found 
MBL deficiency in 42% of 345 children admitted with infection to one 
hospital, compared with 24% of 272 children admitted to the same 
hospital for other reasons. The prevalence of an abnormal MBL gene 
among infected children was almost twice that among uninfected chil-
dren (23% vs. 13%), and homozygous deficiency was strikingly preva-
lent (3%) in the entire group of hospitalized children. In this study, 
affected patients with MBL deficiency presented with a wide variety of 
infections caused by a broad range of organisms. Common diagnoses 
included sinopulmonary infection (31%), meningococcal disease 
(13%), and fever of unknown origin (10%). The basis for the incom-
plete penetrance of infection among affected individuals with MBL 
deficiency is unknown but most likely reflects polymorphisms in other 
genes, as well as environmental effects.215,216

Molecular Aspects
MBL is encoded by a single gene that contains four exons. The first 
exon encodes the signal peptide and the collagen-like region, the 
second exon encodes the remainder of the collagen region, the third 
encodes the “neck” region, and the fourth encodes the carbohydrate 
recognition domain. The three known MBL deficiencies are caused by 
mutations clustered in the first exon. Each of these point mutations 
results in an amino-acid substitution that interferes with oligomeriza-
tion of three single chains to form the mature protein, and each is 
associated with reduced serum concentrations of MBL.5,33

In addition to mutations in the coding portion of the gene, three 
polymorphic sites are found in the promoter region of the gene: H/L, 
X/Y, and P/Q. Four of the total possible polymorphic combinations 
(LXP, LYP, LYQ, and HYP) account for most of the observed promoter 
haplotypes. These polymorphisms affect transcription of the gene 
through alterations in the binding of transcriptional factors, with LXP 
being associated with the lowest MBL serum concentration and HYP 
with the highest. These polymorphisms also exist in linkage disequi-
librium with the three structural mutations in exon 1 to create haplo-
types that differ markedly in their frequency among various populations. 
Therefore, MBL serum concentrations reflect the aggregate effects of 
promoter polymorphisms, structural gene mutations, and interaction 
between these two factors. Low MBL concentrations are associated 
with an increased risk of pyogenic infection, as noted earlier; however, 
they may protect against mycobacterial infection. Conversely, high 
MBL serum concentrations may increase the risk of mycobacterial 
infection.5,33

Deficiency of Ficolin-3
A case of complete ficolin-3 was reported in a 32-year-old male with 
a history of repeated lower respiratory tract infections resulting in 
bronchiectasis, recurrent digital warts, and bilateral frontal cerebral 
abscesses caused by nonhemolytic streptococci. The defect was a dele-
tion at position 1637 of the FCN3 gene (FCN3+1637delC) that resulted 
in a missense mutation. About 1.1% of healthy whites are heterozygous 

hypocomplementemia (as measured by total hemolytic complement 
[CH50]) and marked depression of C1q, C4, and C2 concentrations, as 
well as a moderate reduction in C3.202 Normal levels of C1 inhibitor 
distinguish this disease from hereditary angioedema. These individuals 
characteristically lack serologic markers for SLE, such as antinuclear 
antibodies or anti–double-stranded DNA (dsDNA) antibodies. Histo-
logically, the skin lesions show perivasculitis or a leukocytoclastic 
vasculitis.

Approximately one third of patients with SLE develop antibodies 
to phospholipids, again presumably as a result of the exposure of these 
molecules in apoptotic cell blebs. These patients may present with 
recurrent thrombotic events or spontaneous abortion—the clinical 
hallmarks of the antiphospholipid syndrome. Fetal wastage in these 
patients has been shown to be causally related to both placental infarc-
tion and massive complement consumption in the fetus. The factors 
that determine which patients with SLE develop which autoantibodies 
(e.g., anti-C1q, antiphospholipids) are unknown.202,203

In addition to altered apoptotic cell elimination, complement-
deficient patients with SLE display several distinct abnormalities in 
immune complex clearance that have been documented by elegant in 
vivo experiments.204-207 These abnormalities include (1) increased size 
of immune complexes, consistent with the key role of C1q in inhibiting 
complex formation (see earlier discussion); (2) decreased numbers of 
CR1 on erythrocytes, consistent with their increased removal in asso-
ciation with immune complexes during passage through the spleen208; 
(3) an increased proportion of immune complexes circulating unbound 
in plasma rather than bound to red blood cells, consistent with both 
less C3 bound to the complexes and fewer CR1 on erythrocytes; and 
(4) altered rate and pattern of immune complex clearance by the liver 
and spleen—a greater number of complexes being removed more 
rapidly by the liver, with a portion of these being released back into 
the circulation after a short delay.117,118 The altered clearance reflects 
the greater proportion of complexes circulating in an unbound state 
and their uptake by IgG receptors on hepatic macrophages. A portion 
of these receptors exhibit relatively low affinity for IgG and release the 
complexes over time. In contrast, splenic removal of immune com-
plexes is almost totally C3 and CR1 dependent. Each of these abnor-
malities, with the exception of CR1 number, is reversed by replacement 
of the missing complement component,209 and reduction in the number 
of circulating immune complexes as a consequence of effective treat-
ment for SLE is associated with an increase in the number of CR1 on 
circulating erythrocytes. Studies in genetically engineered mice suggest 
that tissue injury reflects a greater role for events consequent to the 
engagement of immune globulin receptors and also for the phlogistic 
activities of complement anaphylatoxins, especially C5a.202

Infectious Diseases
The relatively low frequency of infection (20%) in persons with a defi-
ciency of C1, C4, or C2, compared with other component deficiencies 
(see Table 9-3), has been attributed to the presence of an intact alterna-
tive pathway in these patients. Bacterial infection, when it occurs, is 
usually caused by encapsulated bacteria, especially S. pneumoniae, and 
may be recurrent. The most common sites of infection are the sinopul-
monary tree, meninges, and blood.187,188

Molecular Aspects
C1q is the product of three separate genes (A, B, and C; see Table 9-1). 
Mutations in each of these genes have been associated with C1q defi-
ciency. A predominant mutation has not yet emerged from the few 
patients whose defect has been characterized, nor is there any apparent 
difference in the clinical picture found among persons with these 
various defects.210

C2 deficiency is probably the most common of all the total comple-
ment component deficiencies. It occurs predominantly in white 
persons of northern European extraction and is inherited in associa-
tion with a distinct haplotype. The molecular basis for this defect in 
more than 90% of the cases (type I C2 deficiency) is a 28–base-pair 
gene deletion that causes skipping of exon 6 during messenger RNA 
(mRNA) splicing. Exon skipping in turn results in the generation of a 
premature stop codon and the synthesis of a nonfunctional protein.211,212 
The remainder of cases (type II C2 deficiency) results from a point 
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MASP-2. MASP deficiency in this patient was shown to be caused by 
a point mutation that resulted in the replacement of an aspartic acid 
residue by glycine. Recombinant MASP-2 protein bearing this amino-
acid substitution displayed altered binding to MBL that mirrored what 
was observed in the patient’s serum.222

Alternative-Pathway Deficiencies
Clinical Aspects
Inherited deficiencies of components of the alternative pathway appear 
to be less common than those of other complement proteins. To date, 
no individuals with homozygous factor B deficiency have been identi-
fied (see Table 9-3). In the presence of specific antibody, persons with 
alternative-pathway defects activate the classical and lectin pathways 
normally, but in the absence of specific antibody, a defect in the alter-
native pathway can lead to a significant impairment in complement 
activation and serum bactericidal activity. Infection in such persons 
might be expected to have dire consequences, a prediction supported 
by the poor outcome in patients with properdin deficiency, three quar-
ters of whom develop meningococcal infection. Such infection is fre-
quently characterized by a fulminant course and a high mortality rate 
(Table 9-4). Similarly, factor D deficiency is also associated with severe 
invasive meningococcal infection.223,224

Molecular Aspects
Three properdin-deficient variants have been described: type 1, char-
acterized by extremely low concentrations (<0.1 µg/mL) of properdin 
and absent properdin function225,226; type 2, characterized by a low 
concentration (≈2 µg/mL) of antigenically detectable but functionally 
altered properdin; and type 3, characterized by a normal concentration 
(≈25 µg/mL) of antigenically detectable properdin but absent 
function.227-229 Type 1 deficiency stems from various mutations, all of 
which result in premature stop-codon formation and the production 
of truncated proteins, which are presumably neither functional nor 
secreted.230 Type 2 deficiency arises from mutations leading to amino-
acid substitutions that may affect molecular charge. The altered mol-
ecules are secreted normally but appear to have an accelerated rate of 
extracellular catabolism.230 Type 3 deficiency results from an amino-
acid substitution that affects neither the secretion of the molecule nor 
its extracellular catabolism. Instead, folding of the molecule seems to 
be altered, and this appears to lead indirectly to a decreased affinity of 
properdin for C3b.231

Mutations in CFD (gene encoding factor D) include (1) mutation 
of the codon for Ser42 that resulted in a premature stop codon in a 
Dutch family224 and (2) two simultaneous homozygous mutations (Val-
213Gly and Cys214Arg) in a Turkish family, which resulted in unde-
tectable factor D levels.232

C3 Deficiency
Clinical Aspects
Primary C3 deficiency is uncommon (see Table 9-3). As might be 
expected from the central position of C3 in the complement cascade 

for this FCN3 mutation and do not appear to be at an increased risk 
of infections.217 Ficolin-3 deficiency appears to be associated with nec-
rotizing enterocolitis (NEC) among preterm infants.218 A case of total 
ficolin-3 deficiency was reported in a preterm infant with group B 
streptococcal infection.219

Deficiencies of Collectin 11 (CL-K1)  
and MASP-1
Clinical Aspects
Deficiencies of both proteins are considered together because of their 
association with the 3MC syndrome, a term used to unify four over-
lapping rare autosomal-recessive disorders: Mingarelli, Malpuech, 
Michels, and Carnevale syndromes. The 3MC syndrome is character-
ized by developmental abnormalities, including characteristic facial 
dysmorphism (high-arched eyebrows, ptosis, asymmetrical skull as a 
result of cranial synostosis, cleft lip and/or palate, and down-turned 
mouth); learning disability; and genital, limb, and vesicorenal anoma-
lies. Elegant gene-knockdown studies in zebrafish embryos showed 
that collectin 11 and MASP-1 both served to guide migration of neural 
crest cells during development.220 The reported cases of 3MC syndrome 
have not been associated with an increased risk of infections. The 
serum of a 9-year-old girl with a nonsense mutation in MASP1 and 
with clinical features consistent with the 3MC syndrome showed a 
nonfunctional lectin pathway; an episode of severe urinary tract infec-
tion was the only infection reported in this patient.34 In contrast to this 
MASP-1–deficient individual who had a functional alternative pathway, 
Masp1 knockout mice could not cleave pro–factor D to factor D and 
therefore lacked alternative-pathway function.221 The reasons for the 
apparent differences in the outcomes of MASP-1 deficiency in mice 
and humans are unclear but could be the result of additional or alterna-
tive mechanisms of pro–factor D cleavage in humans.

Molecular Aspects
All individuals with clinical features of the 3MC syndrome have homo-
zygous mutations of either COLEC11 or MASP1. COLEC11 mutations 
include deletions of exons 1 through 3, frameshift mutations in exon 
2 (encodes the N-terminal domain) or exon 6 (neck domain), or mis-
sense mutations in exon 8 (carbohydrate recognition domain). The 
MASP1 defects were all missense mutations in regions encoding for 
the serine protease domain. One family harbored a missense mutation 
in a MASP1 exon that uniquely splices to MASP3 (2059G→A, leading 
to 687G→R).

Deficiency of Mannose-Binding Protein–
Associated Serine Protease 2
A single patient with MASP-2 deficiency has been described. This 
patient manifested ulcerative colitis at age 13, erythema multiforme 
bullosum at age 29, and three episodes of severe pneumococcal infec-
tion between 28 and 30 years of age. Severe hypocomplementemia and 
antibodies to C1q were documented at 35 years of age, along with low 
concentrations of MASP-2 and defective association between MBL and 

TABLE 9-4  Comparison of Meningococcal Disease in Normal Persons and in Patients Deficient in Late 
Complement Components or Properdin

CHARACTERISTICS NORMAL DEFICIENT IN C5, C6, C7, OR C8 DEFICIENT IN C9 PROPERDIN DEFICIENT*
No. of homozygotes — 250 165 54-70

No. with meningococcal disease — 146 15 25-37

Frequency of infection (%) 0.0072 58 9.1 46-53

Median age at first episode (yr) 3 17 16 14-11.5

Recurrence rate (%) 0.34 44 0 2-1.4

Relapse rate (%) 0.6 7.9 0 0

Mortality per 100 episodes (%) 19 1.5 0 12-51.4

Infecting serogroup

 No. of isolates 3184 67 2 16

 B (%) 50 19.4 50 18.7

 Y (%) 4.4 32.8 0 37.5

*If a range is given, the first number refers to documented cases, and the second number refers to documented plus probable and possible cases.
From Densen P. Human complement deficiency states and infection. In: Whaley K, Loos M, Weiler JM, eds. Complement in Health and Disease. Dordrecht, The 

Netherlands: Kluwer Academic Publishers; 1993:173-197.
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experience at least one episode of infection during their lifetime. This 
striking association confirms the importance of the complement 
system in host defense against meningococci.

Meningococcal disease in patients with these complement deficien-
cies exhibits several unique features that help to distinguish it from that 
in complement-sufficient persons (see Table 9-4). These features 
provide important clinical clues that should suggest the underlying 
presence of a deficiency and the need to screen for a complement 
deficiency state. These features are unlikely to result solely from ascer-
tainment bias for the following reasons. First, they have been con-
firmed in multiple studies in varied populations around the world. 
Second, each feature has been borne out by investigations of 
complement-deficient families after exclusion of the proband from the 
analysis. Third, at least in the case of the late complement component 
deficiencies, family studies have failed to reveal undiagnosed infection 
or unexplained or premature death.

Data compiled from the literature and from a detailed population-
based study suggest that these complement deficiency states increase 
the risk of meningococcal disease 5000- to 10,000-fold. In the general 
population, the median age at onset of meningococcal infection is 3 
years, and 56% of infections occur before 5 years of age; in contrast, 
the median age of first infection in complement-deficient patients is 
17 years, and only 10% of infections occur before 5 years of age. There-
fore, most deficient persons pass through the age of life when the 
deficiency might be expected to increase maximally their susceptibility 
to meningococcal disease without evidence of that susceptibility. The 
basis for this observation is unknown, but it likely relates to the rela-
tively greater importance of specific antibody in protection against this 
infection. As specific antibody develops during childhood as a result 
of asymptomatic carriage, the contribution of complement deficiency 
states as a risk factor for systemic meningococcal disease increases 
relative to the contribution of antibody. Consequently, more cases of 
complement deficiency are detected among older individuals with 
meningococcal disease.

Meningococcal disease in these patients is caused by uncommon 
serogroups—particularly groups Y, W135, and X—more often than in 
persons without complement deficiencies.187,188,237 Likewise, the preva-
lence of complement deficiencies is increased among patients with 
meningococcal disease caused by these serogroups.238 The physiologic 
basis for this observation is not known with certainty, but factors that 
may be important include (1) the critical requirement for anticapsular 
antibody for prevention of disease in deficient compared with normal 
persons, (2) better elimination of group B isolates by phagocytic cells 
in the absence of capsular antibody,239 and (3) the propensity for 
uncommon meningococcal serogroup organisms to cause disease in 
older persons.240

Recurrent meningococcal disease, defined as a new infection that 
occurs more than 1 month after a previous episode, occurs in about 
40% to 45% of persons deficient in C5, C6, C7, or C8. This recurrence 
rate is approximately 100 to 150 times greater than that in the general 
population. Results of a statistical analysis of the number of patients 
with a specified number of episodes of meningococcal disease were 
consistent with the interpretation that the risk of meningococcal 
disease in complement-deficient persons is independent of previous 
infection.188 Previous disease did not reduce the risk of subsequent 
meningococcal infection in these patients; the estimated probability of 
each infection was 0.39.188 A similar analysis, using a slightly different 
statistical approach, led to an identical conclusion and produced an 
estimated probability of infection of 0.6.241,242 The latter analysis also 
demonstrated that the interval between infections (4 to 5 years) did 
not differ, again suggesting that the risk of subsequent meningococcal 
infection was not reduced by previous episodes of disease. The expla-
nation for the failure of previous infection to reduce the risk of subse-
quent episodes of meningococcal disease in these complement-deficient 
persons appears to lie in their critical dependence on capsular antibod-
ies for protection and the fact that infection constitutes a relatively 
poor stimulus for production of these antibodies. These antibodies are 
highly efficient in promoting opsonophagocytic elimination of menin-
gococci. In contrast, antibodies to subcapsular antigens, although bac-
tericidal and protective in the normal host, are relatively poor opsonins 
and afford little protection in complement-deficient patients who lack 

and its key functions, virtually all persons with this defect are seriously 
ill.187,188 Approximately three quarters develop SLE or a related rheu-
matologic syndrome. Moreover, the inability to use either the classical 
or the alternative pathway results in a multitude of severe defects in 
host defense, including impairments in opsonization, immune 
response, and neutrophil chemotaxis and an inability to generate 
serum bactericidal activity. Consequently, severe and recurrent pneu-
mococcal, H. influenzae, and meningococcal infections involving the 
sinopulmonary tree, meninges, and bloodstream are common, occur-
ring in about 70% of such patients.187,188

Secondary C3 deficiency is observed in patients with an inherited 
absence of either factor H or factor I because of unregulated alternative-
pathway activation leading to C3 consumption and low serum C3 
concentrations (<10%). Autoantibodies to C3 (C3 nephritic factor, or 
C3 nef) or to factor H also lead to low C3 concentrations via a similar 
mechanism. These patients exhibit varying degrees of susceptibility to 
infection, especially to meningococcal disease, as a consequence of 
impaired host defense mechanisms. In addition, some patients with C3 
nef develop partial lipodystrophy, a disorder characterized by the 
gradual onset of bilateral and symmetrical loss of subcutaneous fat 
from the face, neck, upper extremities, thorax, and abdomen, in a 
“cephalocaudal” sequence, and which spares the lower extremities (see 
Table 9-3).233 C3 nef is seen in more than 80% of cases of partial lipo-
dystrophy.234 Complement activation may target adipose tissue because 
fat cells are a major reservoir of factor D (also known as adipsin), the 
activating enzyme of the alternative pathway. It is worth noting that 
about 30% of cases of partial lipodystrophy are associated with mem-
branoproliferative glomerulonephritis type II (MPGN II) (discussed 
below), further supporting a common link in their pathogenesis.

Molecular Aspects
Primary C3 deficiency is uncommon, but cases have been recognized 
in ethnically diverse populations. The molecular basis for this defi-
ciency arises from two different splicing defects: one causing a substan-
tial deletion and the other a single base-pair change that leads to a 
defect in C3 secretion.235

Late Complement Component 
Deficiencies
Clinical Aspects
People who have a deficiency of one of the terminal complement com-
ponents exhibit a striking susceptibility to systemic neisserial infec-
tions, especially meningococcal disease. Despite the chemotactic defect 
associated with C5 deficiency, the clinical manifestations of meningo-
coccal disease in people with this defect and in those with other 
terminal-component deficiencies are remarkably similar.190 Therefore, 
the basis for the occurrence of meningococcal disease in these persons 
appears to be their inability to assemble the MAC and express 
complement-dependent bactericidal activity.

This conclusion was supported by detailed population-based epi-
demiologic studies that demonstrated an approximate 5000-fold 
increased risk of meningococcal disease in C7-deficient compared with 
complement-sufficient Japanese patients. In contrast, C9-deficient 
Japanese patients experienced an approximate 700-fold increase in 
risk.236 The increased risk of meningococcal disease in persons defi-
cient in C5, C6, C7, or C8, compared with those deficient in C9, is 
consistent with in vitro studies demonstrating that C9-deficient sera 
can kill meningococci, albeit at a slower rate.104 This dose-response 
relationship, coupled with the fact that the structural genes that encode 
these proteins are located on multiple chromosomes, provides strong 
evidence for a cause-and-effect relationship between the absence of 
complement-dependent bactericidal activity and the increased suscep-
tibility of these patients to meningococcal disease.

Meningococcal Disease in Complement Deficiency
Meningococcal disease is the single most common infection sustained 
by persons with complement deficiency, accounting for 75% to 85%  
of etiologically identified infections.187,188 Although meningococcal 
disease has been reported in people with a deficiency of any of the 
plasma complement proteins, it is most common in those with a  
deficiency of properdin, C5, C6, C7, or C8, of whom 50% to 60% 
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C6 and C7 are tightly linked on chromosome 5 (see Table 9-1). Com-
bined C6/C7 SD states represent novel combinations of the C6 SD allele 
with a C7 SD allele and various C6 and C7 null alleles. These partial 
deficiencies typically come to clinical attention when some initiating 
event generates production of the C5b6 complex, which in turn con-
verts the partial deficiency into a total one. Persons in whom the two 
SD alleles are shared in combination with a C6 null allele are function-
ally C6 SD. Their serum contains a near-normal concentration of C7, 
despite the presence of the C7 SD allele, because the markedly reduced 
C6 activity is insufficient to lead to consumption of the existing C7. 
Complement consumption converts the subtotal state to complete C6 
deficiency. Similarly, persons in whom the C6 SD allele is paired with 
two different C7 SD alleles are functionally C7 deficient, despite the 
expression, albeit reduced, of functional C7, because the C5b6 complex 
consumes the C7.253,254

Three genes (see Table 9-1) encode the C8 molecule, but defects 
have been reported in only the A and B genes. C8β deficiency has been 
reported predominantly in whites, especially those of Russian descent. 
Ninety-five percent of all the C8β null alleles characterized to date 
have been caused by cytosine to thymine (C→T) transitions, including 
85% in exon 9 and 10% in other locations. It is unclear why C→T 
transitions should be such a common underlying mechanism for this 
deficiency.255

C9 deficiency is particularly common in the Japanese population. 
In this population, a C→T transition in exon 4 that converts an argi-
nine codon to a stop codon is the dominant mutation associated with 
this deficiency.256

Deficiencies of Complement 
Regulatory Proteins
Hereditary Angioedema: C1 Inhibitor 
Deficiency
People who lack C1-INH present with a distinctive clinical picture 
historically referred to as hereditary angioneurotic edema (HAE).257 
The hereditary form of this disease was recognized more than 100 years 
ago, and an acquired variant was identified more recently as a distinct 
entity. HAE is an autosomal-dominant disorder, but about 20% of 
newly identified patients lack a positive family history and reflect  
spontaneous mutations. Type 1 HAE accounts for 75% to 85% of cases 
and is characterized by the presence of low (5% to 30%) levels of 
normal C1-INH protein arising from the intact allele. Type 2 HAE is 
characterized by the presence of normal to increased levels of antigenic 
C1-INH, representing a mixture of functional and dysfunctional gene 
products.56,257,258 In a recently described third form of HAE, the serum 
from affected individuals contains normal amounts of functional 
C1-INH. Most of these patients have a gain-of-function mutation in 
the coagulation factor XII (Hageman factor) gene that may lead to 
enhanced bradykinin generation during contact activation (see later 
discussion).258

The acquired forms of this disorder (AAE) are considerably less 
common. Historically, two variants have been recognized: one occurs 
in association with B-lymphocyte disorders and the other because of 
the presence of an autoantibody to C1-INH. Other studies suggest that 
this distinction may be inaccurate and that autoantibodies may account 
for both types of AAE. Antibody binding does not interfere with cleav-
age of C1-INH by C1s but, rather, prevents the formation of a covalent 
linkage between the enzyme and the cleaved inhibitor. This alteration 
effectively converts C1-INH from an inhibitor to a substrate and 
permits C1s action to continue unchecked. This leads to complement 
consumption in the fluid phase and associated low levels of C1s, C1r, 
C4, and C2 that are the hallmark of the disease.259,260

Because HAE is inherited as an autosomal-dominant trait, the 
serum from all of the patients contains some normally functioning 
C1-INH.56 In contrast, persons with the acquired variants have mark-
edly reduced or absent functional C1-INH activity in their serum. As 
a consequence of this basic difference, the serum from patients with 
HAE contains normal amounts of C1 and C1q but reduced levels of 
C4 and C2, whereas serum from those with AAE contains strikingly 
reduced amounts of C1, C1q, C4, and C2.56,125,258

The health of patients with HAE or AAE is punctuated by attacks 
of nonpitting, nonpruritic, and nonpainful edema of the extremities, 

the effector proteins necessary for the expression of bactericidal 
activity.243

Relapse of meningococcal disease, defined as infection with the 
same serogroup occurring less than 1 month after the initial infection, 
is observed in 7.6% of patients with meningococcal disease and who 
are deficient in C5 through C8, as reported in the literature. This fre-
quency, which is approximately 10 times greater than in the general 
population, suggests that meningococci may be sequestered intracel-
lularly, where they are relatively protected from antibiotics.188

One of the most striking aspects of meningococcal disease in 
persons with late complement component deficiencies is that, despite 
a several thousand–fold increase in the risk of infection, they experi-
ence a 5- to 10-fold reduction in the chance of dying from the disease, 
compared with healthy persons.188 Therefore, the same defect that pre-
disposes to infection appears to provide protection from the lethal 
consequences of the disease. This remarkable observation suggests that 
the host’s exuberant response to the organism is as much responsible 
for the clinical manifestations and outcome as is the organism itself. 
This deduction is supported by the report of Brandtzaeg and 
co-workers244 of a close correlation between the extent of complement 
activation and mortality in meningococcal disease and suggests that 
the latter is in part dependent on the assembly of the MAC.

The basis for the lower mortality rate of meningococcal disease  
in persons who are deficient in late complement components is 
unknown, but variables that may be relevant include milder disease,241 
the possibility that fewer organisms are required to initiate infection, 
and the ability to better tolerate a given endotoxin load with less host 
cell injury.

The possibility that fewer organisms may be required to establish 
systemic meningococcal disease in deficient than in normal persons is 
attractive, but data that address this point are conspicuously absent in 
the literature. Such an effect would account for the increased number 
of infections and also for the milder disease and the decreased case-
fatality rate, in that mortality is directly related to the number of organ-
isms in the bloodstream.245 A reduction in organism load might 
translate into a lower concentration of circulating endotoxin and less 
systemic inflammation. Alternatively, because insertion of the MAC 
into the outer membrane of gram-negative organisms results in release 
of free endotoxin, the inability of persons with late complement com-
ponent deficiencies to assemble the MAC may be associated with a 
reduction in the quantity of circulating endotoxin for a given load of 
organisms. This reduction, in turn, might lessen ongoing complement 
activation and decrease secretion of various cytokines linked to the 
development of septic shock in meningococcal disease.244,246,247 Finally, 
insertion of the MAC into host cell membranes might occur in vivo as 
a consequence of exuberant complement activation in the vicinity of 
innocent bystander cells or as a consequence of endotoxin binding to 
these cells and subsequent complement activation on their surfaces. 
Such an event might stimulate adverse cellular responses. For example, 
MAC insertion activates leukocytes, stimulating release of a plethora 
of potentially noxious mediators248 and increased expression of proco-
agulant molecules on endothelial cells.249 Interruption of these pro-
cesses in the patient with a late complement component deficiency 
would result in an improved ability to tolerate a given load of organ-
isms and endotoxin.

Molecular Aspects
The basis for C5 deficiency is molecularly heterogeneous, with multiple 
but different defects in whites and African Americans. In one study, all 
the African-American patients were compound heterozygotes who 
possessed nonsense mutations in exons 1 and 36.250 Of 109 patients 
diagnosed with meningococcal disease in the Western Cape region of 
South Africa, 3 (2.7%) were homozygous for the A252T mutation in 
the C5 gene and displayed very low (1% to 2% of normal) circulating 
C5 levels; all three individuals were of native African descent.251

Worldwide, complete C6 deficiency is molecularly diffuse. This 
deficiency is particularly common among native Africans and indi-
viduals of mixed ethnicities from the Western Cape in South Africa.252 
Several distinct types of C6 deficiency have been described, including 
complete deficiency and two different subtotal deficiencies (SD), one 
of which occurs in association with a C7 SD. The structural genes for 
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binding to polyanions and C3b on cell surfaces and regulate convertase 
activity at those sites. Although these properties were determined 
experimentally, the delineation of their relevance to the pathophysiol-
ogy of MPGN II, hemolytic-uremic syndrome (HUS), and age-related 
macular degeneration (AMD) has underscored the critical importance 
of controlling C3 convertase formation, both in the fluid phase and on 
host cells, and the crucial role that factor H plays in this process. Strik-
ingly different clinical consequences result depending on whether 
factor H is missing (quantitative defect: MPGN II) or exhibits altered 
function (qualitative defects: atypical HUS [aHUS], AMD).62-64 The 
association of different disease states with abnormalities in individual 
segments of the factor H molecule provides convincing proof of the 
principle that specific domains within the molecule differentially con-
tribute to its overall function.

Clinical Aspects: Membranoproliferative 
Glomerulonephritis Type II
Quantitative factor H deficiency is an autosomal-recessive disorder 
characterized by low or absent factor H concentrations and low con-
centrations of C3. As described earlier, the secondary consumption of 
C3 that occurs in these individuals is associated with increased risk of 
infection. A number of these patients also develop MPGN II at an early 
age. This disorder is characterized by the deposition of substantial 
quantities of C3 within the glomerular basement membrane, associ-
ated membrane thickening, and impaired function. Because MPGN II 
is not a feature of patients with primary C3 deficiency, C3 deposition 
appears to be a critical pathologic event. The importance of C3 deposi-
tion in this pathophysiologic process is supported by the development 
of histologically typical MPGN II in factor H–deficient pigs and its 
prevention by infusion of factor H.266,267 Most of these patients have 
mutations that result in truncated factor H molecules, the secretion of 
which is severely impaired.64

Clinical Aspects: Atypical Hemolytic-Uremic Syndrome
HUS is characterized by microangiopathic hemolytic anemia, throm-
bocytopenia, and acute renal failure. Most cases occur in young people 
who present with fever and Shiga toxin–positive diarrhea caused by E. 
coli O157-H7 or other Shiga toxin–producing strains, for instance, 
O104-H4. A small percentage of HUS cases occur in patients without 
diarrhea (aHUS), and some of these exhibit familial clustering consis-
tent with an autosomal-dominant pattern of inheritance.64 Investiga-
tion of these patients has led to the identification of persons who have 
normal levels of complement and factor H but whose factor H bears 
mutations that affect its function. A striking majority of these muta-
tions are clustered in SCR 20, which is exposed in the native molecule 
and mediates binding to cell-surface polyanions and C3b. Factor H 
from these individuals is fully capable of regulating C3 convertase 
formation and expressing cofactor activity in the fluid phase, consistent 
with the functional integrity of SCRs 1 through 4, but it binds poorly 
to C3b- or heparin-coated surfaces and to cultured endothelial cells. 
Consequently, factor H from these individuals is unable to regulate C3 
convertases on cell surfaces.62-64,268,269

A family of SCR-containing proteins that bear varying degrees of 
homology to factor H, called factor H–related proteins (FHRs), have 
been identified over the past 2 decades. The genes coding for these 
proteins, in the order CFHR3, CFHR1, CFHR4, CFHR2, and CFHR5, 
are located 3′ to CFH (the gene encoding factor H). The FHRs are 
believed to modulate complement regulation by factor H through  
their interactions with surface-bound C3 fragments. CFH-CFHR1 
(substitution of the three C-terminal SCRs of factor H with those of 
CFHR1) and CFH-CFHR3 (substitution of factor H domain 20 with 
CFHR3) hybrid molecules that arise from recombinational events 
result in loss of complement regulation at cell surfaces and the devel-
opment of aHUS. Approximately 10% of all cases of aHUS are asso-
ciated with function-impairing autoantibodies against factor H,  
and such individuals commonly harbor deletions of CFHR1 and/or 
CFHR3. The above are only select examples of the genetic rearrange-
ments and mutations in the CFH/CFHR locus that lead to the develop-
ment of aHUS. The molecular basis for complement dysregulation that 
occurs as a result of these complex defects is only beginning to be 
unraveled.270

face, or larynx. Angioedema of the larynx is the most severe com-
plication of the disorder and is a common cause of death in these 
patients. The gastrointestinal tract may also be affected, and such 
attacks manifest as episodes of acute, crampy abdominal pain fre-
quently associated with nausea, vomiting, and occasionally diarrhea. 
In HAE, attacks typically begin in childhood, increase in frequency  
and worsen in severity during adolescence, increase during menstrua-
tion, are markedly reduced during pregnancy, and diminish gradually 
in the fifth and sixth decades of life. A typical attack lasts 2 to  
3 days.56,258

The mechanism whereby C1-INH deficiency produces the clinical 
syndrome of angioedema is incompletely understood. Evidence sup-
ports a role for both complement-derived and contact system media-
tors. Intradermal injection of activated C1s leads to nonpainful, 
nonpruritic swelling in both humans and guinea pigs. This response 
does not occur if activated C1 is injected into C2-deficient humans or 
guinea pigs but is observed after injection into C3-deficient patients.261 
These data provide support for a C2-derived anaphylatoxin in the clini-
cal picture of angioedema. However, in addition to its role as the sole 
inhibitor of C1 esterase, C1-INH is an important inhibitor, if not the 
major inhibitor, of factor XII and kallikrein. Plasma from patients with 
HAE exhibits an impaired ability to inactivate these mediators. Detailed 
studies of a particular family with dysfunctional C1-INH demon-
strated that the molecule was defective in its ability to inhibit C1r and 
C1s but retained full ability to complex and inhibit kallikrein and factor 
XIIa. None of the 10 family members whose sera possessed this dys-
functional C1-INH had ever experienced an attack of angioedema.262 
These data support an important role for the contact system in the 
clinical picture of HAE. Together, these separate lines of inquiry 
suggest that symptoms probably result from the interaction of several 
factors within these cascade systems.258

As expected from the various C1-INH protein phenotypes, the 
genetic basis for HAE is heterogeneous. A substantial proportion of 
type 1 HAE defects are associated with mutations within short, inter-
spersed nucleotide elements called Alu clusters. These mutations cause 
a variety of rearrangements that lead to deletions or duplications 
within the gene, impaired transcription, and reduced levels of specific 
mRNA and plasma concentrations of C1-INH. In contrast, type 2 
HAE, which is associated with normal concentrations of a dysfunc-
tional protein, is typically caused by point mutations. These mutations 
usually affect the arginine at the reactive center of the molecule or 
amino acids in its immediate vicinity. On occasion, mutations affect 
C1-INH glycosylation. In all instances, the mutation leads to synthesis 
of a protein with an altered ability to react with its substrates. The 
resulting altered catabolism is responsible for the normal or elevated 
concentration of plasma C1-INH.263,264

The treatment of HAE, especially of acute life-threatening attacks, 
is being revolutionized by the availability of purified C1-INH, which, 
in controlled trials, has initiated the resolution of attacks within 30 to 
60 minutes after intravenous administration. Purified C1-INH has also 
been used prophylactically to successfully reduce the probability of an 
attack in deficient patients undergoing medical procedures likely to 
precipitate an acute attack of HAE. Because patients with HAE synthe-
size some normal C1-INH (see earlier discussion), they do not develop 
antibodies to purified C1-INH after its administration. Use of purified 
C1-INH has rapidly replaced the administration of fresh-frozen plasma 
for treatment of and prophylaxis against acute attacks of HAE; however, 
it has not yet been approved for use in the United States. Administra-
tion of purified C1-INH as long-term therapy for patients with HAE 
has not yet been reported. Treatment with impeded androgens, despite 
their significant side effects, to increase the biosynthesis of C1-INH 
continues to be the mainstay of long-term management of the heredi-
tary form of this disease.56,257,258,265

Factor H Deficiency
Factor H is the most abundant complement control protein and the 
third most abundant component overall (see Table 9-1).141 As described 
earlier, factor H is a multifunctional, multiligand-binding protein 
whose binding specificity is determined by SCRs. SCRs 1 through 4 
predominantly mediate binding to fluid-phase C3b and regulation of 
the alternative-pathway C3 convertase. SCRs 16 through 20 mediate 
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involves major intra-abdominal and hepatic veins and is often precipi-
tated by surgery.208

The basic problem in patients with PNH is an increased susceptibil-
ity of their erythrocytes to hemolysis. The peripheral blood of these 
patients contains varying proportions of three populations of erythro-
cytes. PNH type 1 red cells are normal, whereas type 2 cells exhibit a 
3- to 6-fold increased sensitivity to complement-mediated lysis, and 
type 3 cells have a 15- to 25-fold increased sensitivity. The severity of 
the clinical picture correlates best with the proportion of PNH type 3 
cells present in the peripheral circulation.282

PNH erythrocytes lack more than 20 different surface proteins. The 
presence of these molecules in normal amounts on endothelial cells in 
persons with PNH suggests the clonal origin of this disorder within 
bone marrow precursor cells. The key feature shared by these proteins 
is their linkage to the cell membrane through a carboxyl-terminal 
glycosylphosphatidylinositol (GPI) anchor.283,284 PNH arises as a result 
of a defect in the first step of the synthesis of the GPI anchor respon-
sible for linking the missing surface proteins to the cell membrane. This 
step is catalyzed by an enzyme that transfers activated N-acetyl glucose 
to the phosphatidylinositol acceptor.284 This enzyme is the product of 
the PIGA gene, and multiple mutations in this gene have been reported 
in association with PNH. Unlike most defects that affect synthetic 
pathways, these genetic abnormalities are expressed in a dominant 
fashion in progeny cells. This unusual characteristic arises because the 
PIGA gene is located on the X chromosome, and the somatic mutations 
in this gene arise after inactivation of one of the X chromosomes.283

Two of the proteins that are missing from the membranes of PNH 
cells are the complement regulatory proteins DAF and CD59.285 The 
inability to regulate complement deposition on PNH cells explains the 
underlying pathophysiology of this disorder. People who have an 
inherited defect that affects expression of only DAF on their erythro-
cyte membranes do not exhibit the PNH phenotype, but those lacking 
solely CD59 do manifest the phenotype.286,287 Therefore, the absence of 
the CD59 molecule accounts directly for the increased susceptibility of 
PNH cells to intravascular hemolysis.

In the absence of CD59, many MACs are inserted into the platelet 
membrane, causing vesiculation and providing sites at which pro-
thrombinase is generated, with resultant thrombin formation. Free 
hemoglobin released during hemolysis scavenges and reduces concen-
trations of nitric oxide (NO). Low NO concentrations, in turn, increase 
the susceptibility of platelets to complement-mediated activation.288 
These alterations may contribute to the susceptibility of patients with 
PNH to thrombosis. In addition, the absence of the GPI-linked uroki-
nase receptor from PNH cells may render clots more resistant to dis-
solution, although neither of these abnormalities explains the 
propensity for intra-abdominal thrombus formation. Similarly, the 
absence of the GPI-linked FcγRIII receptor from phagocytic cells may 
contribute to the slightly increased susceptibility of these patients to 
infection. Studies on the diminished hematopoiesis that occurs in 
patients with PNH suggest that PNH cells do not possess a proliferative 
advantage within the marrow. However, in an abnormal marrow in 
which normal cells are at a survival disadvantage, PNH cells appear to 
be resistant to abnormal influences and emerge as the predominant cell 
type. The absence of a GPI-linked receptor (e.g., for a growth factor) 
has been postulated as the basis for this effect. Whether the factors that 
contribute to the development of an abnormal marrow environment 
are the same as those giving rise to the somatic mutation responsible 
for PNH is unknown.283,284

The development of a humanized monoclonal antibody to C5 (ecu-
lizumab) has provided highly specific, effective, and safe therapy for 
patients with PNH. A randomized, double-blind, placebo-controlled, 
multicenter trial clearly demonstrated a reduction in the degree of 
hemolysis and transfusion requirements for treated patients.289,290 A 
subsequent report documented a decrease in the frequency of throm-
botic events as well.291

Patients receiving eculizumab have little or no functional comple-
ment activity for the first 2 to 3 weeks after administration of each dose. 
Like individuals with a deficiency of one of the terminal complement 
components, they demonstrate increased susceptibility to meningo-
coccal infection (see earlier discussion). Therefore, patients with PNH 
should receive a conjugate, tetravalent meningococcal vaccine several 

Further support for the importance of impaired regulation of the 
alternative-pathway C3 convertase on cell surfaces in the pathogenesis 
of the aHUS stems from reports of individuals who have mutations in 
the gene encoding MCP (also called CD46).271,272 MCP/CD46 is a 
membrane homologue of factor H. Its expression is particularly robust 
on glomerular capillary endothelial cells. aHUS has also been reported 
in a few individuals with a mutation in factor I. Mutations in factor B 
and C3 have also been reported in aHUS, but in contrast to the loss-
of-function mutations in factor H, MCP, and factor I, these result in 
gain of function.62,269

The renal histopathology in patients with Shiga toxin–induced 
HUS is indistinguishable from that in patients with aHUS. From the 
pathogenetic standpoint, these patients differ only in that the pre-
cipitating event is known in “typical” but not in “atypical” HUS. 
Because only about 15% of patients with Shiga toxin–associated  
diarrhea develop HUS, these observations suggest that minor varia-
tions in the expression levels or functional activity of any of the afore-
mentioned proteins may constitute the substrate for development of 
HUS in the setting of specific vascular injury (e.g., that induced by 
Shiga toxin).118 Renal failure is a significant consequence for patients 
with factor H–associated MGPN II or HUS. Therapeutic renal trans-
plantation in such individuals is best reserved for those whose patho-
genesis of disease is related to membrane complement regulatory 
proteins. Transplantation corrects the causative defect in such patients. 
In contrast, in patients whose disease is related to abnormalities in the 
plasma complement proteins, the defect will persist after transplanta-
tion, and renal disease will recur, often rapidly, in the transplanted 
kidney.

Clinical Aspects: Age-Related Macular Degeneration
Histologic studies and experimental observations demonstrate that 
complement is a significant component of the drusen deposits that 
characterize AMD.273 Recent linkage studies have demonstrated a 
strong association between AMD and polymorphisms in factor H 
(SCR 7), factor B, and C2.274-278 For factor H, these studies established 
either a predisposing (402His) or a protective effect (402Tyr), depend-
ing on the specific polymorphism. Together, polymorphisms in factors 
H and B, and C2, are present in about 75% of patients with AMD, a 
remarkable association for a complex disease.279 SCR 7 is an anion-
binding site within factor H that exhibits relative binding specificity 
for heparin, C-reactive protein, DNA, and streptococcal M protein.

Factor H 402His showed lower affinity for streptococcal M proteins 
than factor H bearing Tyr at position 402, which promoted C3b depo-
sition and phagocytosis of group A streptococci. Intriguingly, 402His 
homozygosity was less frequent in patients with a history of erysipelas 
or recurrent tonsillitis than in control subjects.280 As such, it differs 
from the SCR 16-20 anion-binding site associated with aHUS, which 
demonstrates relative specificity for glycosaminoglycans, heparin, and 
sialic acid.62,63 Studies in mice have shown that factor H binds to 
malondialdehyde (MDA), a lipid peroxidation product that accumu-
lates in AMD. Binding of factor H to MDA-modified proteins blocks 
their uptake by macrophages and reduces proinflammatory responses. 
In contrast, reduced binding of the 402His (predisposing) polymor-
phism to MDA-modified proteins results in relatively unimpeded 
uptake of these proteins by macrophages and a higher inflammatory 
response, thereby providing a molecular basis for the role of factor H 
in the pathogenesis of AMD.281

CD59 Deficiency: Paroxysmal Nocturnal 
Hemoglobinuria
Paroxysmal nocturnal hemoglobinuria (PNH) is an uncommon syn-
drome that typically occurs in adults between the ages of 30 and 50 
years. Classically, affected persons present with bouts of intravascular 
hemolysis that are worse at night and last for several days to weeks. 
The events precipitating hemolysis are usually inapparent. In contrast, 
the more common presentation, which occurs in about half of patients, 
is one of chronic hemolysis. Patients may have back pain, cramping 
abdominal pain, and headaches. Although the major clinical features 
of the disease relate to intravascular hemolysis, the full syndrome 
includes a propensity for venous thrombosis and diminished hemato-
poiesis. The thrombosis is characteristic but unusual in that it typically 
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untreated, die in 4 to 5 days.304 Investigators who have used this model 
have demonstrated substantial C5a bound to neutrophils, which in 
turn exhibit a markedly suppressed oxidative burst. Treatment of the 
animals with anti-C5a antibody at the time of CLP reduces rat mortal-
ity by 50%, prevents neutrophil dysfunction, and is associated with a 
marked reduction in bacterial counts in the blood, liver, and spleen.304 
These studies also show that C5aR expression is upregulated in the 
lung, liver, kidney, and heart early in the course of sepsis and that 
blockade of this receptor with specific antibody not only improves 
survival but also reduces the serum concentrations of IL-6 and TNF-
α.305 Immune suppression is a newly recognized hallmark of sepsis in 
humans, evidenced by the depletion of lymphocytes in the white pulp 
of the spleen and by peripheral lymphocytopenia that is temporally 
associated with the multiorgan failure syndrome.306 In the CLP model, 
immunodysregulation occurs as a result of caspase-dependent, 
NF-κB–independent apoptosis of T lymphocytes in the context of 
decreased expression of Bcl-XL. Lymphocyte apoptosis can be blocked 
by anti-C5a administration.307 Whether this apoptosis-sparing effect is 
the result of direct inhibition of events downstream from the ligation 
of T-cell lymphocyte C5aR or a consequence of decreased levels of 
cytokines (e.g., IL-6) is unknown.308

Complement, in conjunction with the reticuloendothelial system, 
plays a critical role in the removal of encapsulated bacteria from the 
bloodstream.309 Delineation of the contribution of these variables to 
the clearance process, which was accomplished in an animal model of 
pneumococcal bacteremia, demonstrated that the more virulent the 
organism, the greater the role of the spleen in performing this clear-
ance function.309 Complement depletion led to a significant decrease 
in the number of pneumococci needed to kill 50% of the animals, 
demonstrating an important role for complement in the clearance 
function. Investigations into the role of each of the specific pathways 
have yielded equivocal results. In one study, clearance of pneumococci 
was similar in healthy and in C4-deficient animals, indicating that 
complement activation and fixation to bacteria via the alternative 
pathway were particularly relevant in this process. Moreover, the pres-
ence of immune antibody shifted the burden of clearance from the 
spleen to the liver, and this effect was absolutely dependent on a func-
tional alternative-complement pathway.310 Increased mortality in both 
C1q and factor B knockout mice after intranasal inoculation of S. 
pneumoniae in another study provided evidence for a role of both the 
classical and alternative pathways in organism clearance.21 More 
recently, mice deficient in either ficolin, MASP-2, or serum amyloid P 
component (SAP) exhibited increased susceptibility to select pneumo-
coccal isolates.311-313 Thus, the strain of bacteria, challenge dose, and 
route of inoculation used are all important considerations while 
drawing conclusions from data in experimental animal models.

Rheumatologic Disorders
Substantial clinical and experimental evidence links complement defi-
ciency syndromes and complement activation to a variety of rheuma-
tologic diseases, most notably SLE (see earlier discussion). Additional 
support for this relation is the finding that pharmacologic agents (e.g., 
hydralazine, isoniazid) associated with medication-induced SLE inac-
tivate C4 by nucleophilic attack on its internal thioester and formation 
of amide bonds.314 Evidence that complement activation may be associ-
ated with manifestations of the disease and with tissue injury includes 
the demonstration of C3 and immune complex deposition at the 
dermal–epidermal junction in cutaneous lesions from patients with 
SLE or discoid lupus erythematosus. Similar immunohistochemical 
alterations have been demonstrated in biopsy specimens of healthy 
skin from the same patients. However, the finding of MAC in areas of 
affected but not unaffected skin from these patients strengthens the 
hypothesis that complement activation may partially mediate tissue 
injury in these disorders.294

Incorporation of C3 into immune complexes promotes their 
binding to C3b receptors (CR1) on erythrocytes, as noted earlier. 
Erythrocyte CR1 is removed along with immune complexes during 
passage through the liver and spleen. The number of erythrocyte CR1 
molecules is reduced in people with disorders such as SLE, which are 
characterized by circulating immune complexes.208 The degree of CR1 
reduction correlates well with disease activity and with the extent of 

weeks before administration of the first dose of eculizumab. Con-
versely, intercedent inflammatory diseases may stimulate increased C5 
biosynthesis, necessitating a shortening of the monoclonal antibody 
dosing interval or an increase in the dose at a fixed interval.

COMPLEMENT IN DISEASE STATES
The increasing availability of genetically engineered mice coupled with 
modern molecular techniques is leading to a progressively sophisti-
cated understanding of the role of complement in various types of 
inflammation and in the pathogenesis of tissue injury and repair. Medi-
ators released during complement activation may play a role in the 
development of symptoms or in the outcome of these disorders. Evi-
dence that supports this suggestion includes the observations that (1) 
the extent of complement activation often parallels disease activity, (2) 
complement is deposited at the site of tissue injury, and (3) in animal 
models of these disorders, specific manipulation of complement activa-
tion modulates the course of disease. The role of complement has been 
studied most extensively in infectious diseases, rheumatologic disor-
ders, and glomerulonephritis characterized by obvious inflammation. 
However, it has become increasingly clear that complement activation 
and mediator generation play important roles in such diverse entities 
as atherosclerosis,292 restenosis, postperfusion injury,293 demyelination 
disorders,294 a variety of dermatoses,295 and hyperacute graft rejection 
in xenogeneic transplantation.296 Damage in these disorders is comple-
ment dependent, that is, it can be prevented by complement depletion 
or by infusion of proteins that regulate complement activation, such as 
soluble CR1 and CD46.297 In the case of xenotransplantation, rejection 
can be prevented through the development of transgenic animals 
whose organs express the genes for human complement regulatory 
molecules.298

Infectious Diseases
Complement activation during infection is particularly impressive in 
diseases such as dengue fever, bacterial endocarditis, and sepsis, in 
which the organisms or their products react with antibodies to form 
circulating immune complexes and initiate complement consumption. 
It is especially striking in meningococcal disease and less so in other 
forms of gram-negative sepsis and septic shock. Studies have convinc-
ingly demonstrated a protective role for complement in endotoxic 
shock. Genetically engineered C3- and C4-deficient mice did not clear 
endotoxin as efficiently, had higher levels of TNF and IL-1, and had 
much higher mortality rates than did wild-type mice. C1-INH and 
fibrinogen levels were also lower in the deficient mice. Reconstitution 
of C1-INH significantly reduced mortality and restored fibrinogen 
concentrations to normal, despite the persistent deficiency of C3 or C4. 
Together, these findings indicate that endotoxin-containing immune 
complexes initiate complement consumption via the classical pathway 
and that failure to incorporate C3 into the immune complexes leads to 
deficient endotoxin clearance, ongoing complement consumption, and 
C1-INH depletion. The absence of C1-INH permits contact system 
activation, as manifested by fibrinogen consumption (a potential coun-
terpart of disseminated intravascular coagulation in humans). The fact 
that C1-INH replacement protected the deficient animals and restored 
fibrinogen levels to normal strongly implicates the direct involvement 
of the contact system in endotoxic shock and death.299 Later experi-
ments demonstrated that the immune complexes initiating this 
sequence of events were composed of natural IgM antibody with speci-
ficity for the endotoxin O-antigen.300 In this respect, these results are 
reminiscent of those implicating natural antibody and complement 
consumption via the classical pathway in reperfusion injury.293 A criti-
cal role for LPS in mediating hemodynamic instability and cytokine 
release was confirmed using meningococci in a porcine model of 
sepsis. In this model, an LPS-deficient mutant also caused “sepsis-like” 
physiology, although 10- to 20-fold higher challenge inocula were 
required, suggesting that molecules other than LPS could contribute 
to morbidity in sepsis in gram-negative bacteremia.301

Studies implicate C5a as a key mediator in the development of 
septic shock and the acute respiratory distress syndrome in humans,302 
as well as in a monkey model of gram-negative shock303 and in the cecal 
ligation puncture (CLP) model of sepsis in the rat. Of the two animal 
models, CLP most closely mimics sepsis in humans; affected rats, left 
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Any of a number of specific inherited complement deficiencies can 
produce one of the typical clinical syndromes associated with these 
disorders; hence, it is important that the initial test be one that mea-
sures the function of the entire complement cascade. The most common 
of these tests is the standard CH50, which measures the function of the 
classical- and terminal-complement pathways. If possible, an initial 
assessment should also include an analogous test, the AH50, which 
measures the function of the alternative- and terminal-complement 
pathways. Many hospital laboratories do not perform the latter test, so 
it may be necessary to contact a research or commercial laboratory 
with specific expertise in complement measurement. A negative or 
extremely low result in either of these two assays warrants further 
diagnostic evaluation.

The combined results of the tests of classical- and alternative-
pathway functions dictate which additional tests need to be performed. 
If both the classical- and alternative-pathway CH50 values are extremely 
low, the defect must lie in one of the components shared by both path-
ways: C3 through C9 (see Fig. 9-1). If the alternative pathway is normal 
but the classical pathway is not, the deficient component must be C1, 
C2, or C4. Conversely, a normal classical but defective alternative 
pathway suggests a defect in factor D, factor B, or properdin. Diagnosis 
of these specific defects can frequently be accomplished by the use of 
immunochemical methods to demonstrate an absence of the relevant 
antigen. However, several complement deficiency states involve absent 
function in the presence of normal amounts of antigenic protein. In 
addition, low levels of C3 can be encountered in factor H or factor I 
deficiency states. Therefore, confirmation of the diagnosis of a specific 
component deficiency should be documented by specific functional 
assays for the protein under consideration and by demonstration that 
replacement of the missing component restores both specific and total 
complement activity. Such assays require the expertise of a laboratory 
that specializes in complement function.

It should be noted that diseases such as atypical HUS and AMD 
represent dysregulation of complement and therefore may not be 
detected by most of the standard complement assays described above. 
Sequencing of one or more target complement genes may need to be 
carried out to detect mutations (or polymorphisms) associated with 
the disease. Advances in sequencing technologies, coupled with 
decreasing costs of sequencing, have prompted efforts to determine 
the “complotype” of individuals suspected to have disorders character-
ized by complement dysregulation. Polymorphisms that are associated 
with either gain or loss of function of individual complement proteins 
could interact and have a profound effect on overall activity of a 
pathway.322 As an example, disease penetrance, severity, or the response 
to treatment, including the outcome of renal transplantation, depends 
on the gene(s) affected, as elucidated in a recent study of 745 individu-
als with atypical HUS.323 However, interpretation of such data is not 
straightforward and requires the expertise of specialized laboratories. 
A better understanding of the fine balance of complement activation 
and inhibition may elucidate subtle differences in complement activa-
tion among individuals, that is, factors dictating susceptibility to 
various infections, in addition to the infections classically associated 
with complete deficiencies of complement components described 
above.

Acquired complement deficiencies can complicate the interpreta-
tion of complement disorders. Most acquired complement deficiency 
states occur in the setting of acute or chronic inflammatory disease and 
involve activation of the entire complement cascade. As a result, spe-
cific component testing typically demonstrates low levels of multiple 
complement proteins. In contrast, specific component testing in indi-
viduals with an inherited complement disorder (other than a defect in 
one of the complement regulatory proteins) typically demonstrates a 
low concentration of a single protein.324 An important corollary of 
these general principles is that complement assessment can be opti-
mized if testing is performed after the patient has recovered from any 
acute illness or after the disease has been treated successfully.

Treatment
Therapeutic issues related to specific complement deficiencies have 
already been described. Two general issues that arise frequently during 
formulation of a therapeutic approach for patients with complement 

complement activation. The decrease in CR1, coupled with the inabil-
ity of circulating erythrocytes to resynthesize them, further exacerbates 
the defect in immune complex clearance, thereby promoting their 
deposition in the tissues, with resultant damage to the host. The 
number of erythrocyte CR1 molecules returns to the genetically pre-
scribed level after the disease is controlled and erythrocyte numbers 
have returned to normal.

Renal Disorders
Complement deposition in renal diseases that are associated with 
immune disorders is related to the deposition of immune complexes 
within the kidney,315-317 whereas complement deposition in the absence 
of immune complexes is postulated to occur through activation of the 
alternative pathway.318 In a rat model of chronic tubulointerstitial 
disease, loss of renal mass and function was correlated with increased 
ammonia production and systemic acidosis. Under these conditions, 
peritubular deposition of C3 and the MAC was readily demonstrated. 
Deposition of these components and evidence of tubulointerstitial 
inflammation were markedly decreased in diseased animals treated 
with sodium bicarbonate. These and other findings indicate that 
ammonia attacks the C3 internal thioester to form amidated C3. Ami-
dated C3 serves to activate the alternative-complement pathway in the 
fluid phase, leads to C3 and C5b-9 deposition in the tissue, and elicits 
an inflammatory response and tissue injury.318,319

Experiments using C6-sufficient and -deficient rabbits and the infu-
sion of C8-deficient serum into rats clearly demonstrated that the 
development of proteinuria in membranous glomerulonephritis 
depends on the assembly and deposition of a complete MAC on the 
glomerular epithelial cells. A substantial portion of this injury results 
from MAC-mediated stimulation of prostaglandin and thromboxane 
synthesis because development of proteinuria was reduced by treat-
ment with indomethacin, an inhibitor of cyclooxygenase.320

Many patients with chronic renal disease ultimately require hemo-
dialysis. Exposure of plasma to first-use filter membranes during dialy-
sis results in complement activation.321 Anaphylatoxins released during 
this process (e.g., C5a) have been associated in a concentration-
dependent and temporal fashion with the onset of respiratory distress 
in some dialysis patients.302,321 This association is believed to relate in 
part to C5a-dependent neutrophil aggregation and stimulation and the 
formation of microemboli and their deposition in the lung (see Chapter 
8).302 Strategies to reduce complement activation either at the level of 
C3 or blockade of C5aR by using small-molecule inhibitors (e.g., ana-
logues of the C3 inhibitor compstatin) are currently being developed 
and may represent viable therapeutic strategies to reduce undesired 
complement activation during hemodialysis.

EVALUATION AND TREATMENT 
OF COMPLEMENT DISORDERS
Evaluation
Evaluation of the complement system is indicated when the diagnosis 
of a complement deficiency state is being considered or when specific 
measures of complement proteins are being used to assess disease 
activity or response to therapy. As pointed out earlier, several clinical 
clues should lead the clinician to suspect a complement deficiency 
state.187,188 Foremost among these is a medical or family history of 
recurrent systemic infection caused by encapsulated bacteria, espe-
cially meningococci. A family history of fulminant meningococcal 
disease occurring in males in alternate generations should suggest the 
possibility of X-linked properdin deficiency. Meningococcal disease 
occurring in persons older than 10 years, especially when caused by 
non–group B meningococci, warrants evaluation of the complement 
system because 5% to 10% of these patients have a complement defi-
ciency state, even in the absence of recurrent disease. Children with a 
history of recurrent respiratory infections beyond the first few years of 
life should prompt investigations of the classical and lectin pathways 
(MBL and ficolins) and an evaluation of IgG subclasses. Likewise, a 
history of SLE in family members or the occurrence of atypical features 
of SLE should also suggest the need for evaluation of the complement 
system. Specific syndromes, including angioedema, partial lipodystro-
phy, atypical HUS, AMD, and PNH, are other indications for assess-
ment of complement status.
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as a vaccine against group B strains, Bexsero is likely to be active 
against all meningococcal serogroups. Those with classical-pathway 
deficiencies should also receive the polyvalent pneumococcal and con-
jugated H. influenzae vaccines. Given the low cost and high potential 
benefit of these vaccines, all three should probably be administered to 
any individual with complement deficiency. Conjugate vaccines, such 
as that for H. influenzae, which initiate a T-cell–dependent response, 
stimulate the production of higher antibody concentrations and their 
longer persistence, and induce immunologic memory. The elicitation 
of T-cell help by such vaccines circumvents the qualitative defect in 
antibody production observed in these patients336; therefore, these vac-
cines are preferred if they are available.

Successful vaccination leads to the production of anticapsular anti-
bodies that promote use of the classical pathway in patients with an 
alternative-pathway defect and facilitate alternative-pathway use in 
patients who lack one of the classical-pathway components.226 In such 
patients, these antibodies may promote bactericidal activity and micro-
bial elimination by enhancing opsonophagocytosis.

Neither clinical nor in vitro studies have explored the potential for 
vaccination to help protect C3-deficient persons from infection. The 
theoretical basis for this approach lies in the ability of antibody alone 
to facilitate phagocytic elimination of organisms, albeit at a reduced 
rate of killing. This property is most relevant to the clearance of organ-
isms from the bloodstream via the reticuloendothelial system, in which 
the structural architecture and lining of the sinusoids with tissue  
macrophages contribute greatly to surface phagocytosis. In view of  
the suboptimal response to protein and polysaccharide antigens in  
C1-, C2-, C4-, and C3-deficient humans and animals, documentation 
of the patient’s response to vaccination with these antigens seems 
prudent.

Although anticapsular antibody cannot enhance serum bactericidal 
activity in persons with a deficiency of one of the terminal complement 
proteins, it promotes opsonization and killing of these organisms by 
phagocytic cells.239 In vitro studies of prevaccination and postvaccina-
tion sera have documented the ability of such patients to respond to 
the tetravalent meningococcal vaccine and the likelihood that their 
response will facilitate phagocytic killing of the corresponding menin-
gococci.243,337,338 In addition, clinical investigations have demonstrated 
that vaccination reduces the frequency of infection from 0.15 to 0.04 
episodes per year and prolongs the interval between infections from 
3.6 to more than 6 years.339,340 These studies, like those in other groups 
of complement-deficient individuals, attest to the usefulness of vacci-
nation as an immunologic means to circumvent the major clinical 
manifestations of these deficiencies. Of the terminal complement defi-
ciencies, C5 deficiency presents a unique problem. Whole blood from 
a C5-deficient patient failed to kill a group B isolate of N. meningitidis 
even in the presence of high titers of specific antibody that supported 
killing when pure C5 was added back.341 As discussed above, C5a 
upregulates FcγR and activates neutrophils, and therefore it is critical 
for opsonophagocytic killing of meningococci. In light of these obser-
vations, the efficacy of meningococcal vaccines in individuals on long-
term treatment with C5 inhibitors, such as eculizumab, needs careful 
evaluation.

An alternative strategy for the prevention of meningococcal disease 
is the use of prophylactic antibiotics.342 This approach significantly 
reduces the frequency of infection in C6-deficient persons and has its 
greatest use in populations in whom group B disease is highly preva-
lent.343 Such a strategy may merit consideration in C3- or C5-deficient 
persons (either congenital or acquired), in whom vaccination may not 
provide maximal protection for reasons discussed above. It is unclear 
whether antibiotic prophylaxis should be lifelong or whether the devel-
opment of antibiotic resistance will limit its efficacy.

deficiency states are replacement of the missing protein and prevention 
of infection.

At the present time, although advances in knowledge of the molec-
ular basis of the various complement deficiency states are beginning 
to yield alternative means of therapy, replacement of deficient compo-
nents usually requires the infusion of fresh-frozen plasma. This 
approach has been successfully used in therapy for acute attacks of 
angioedema (see earlier discussion),56,257,258 in restoration of C3 levels 
toward normal in patients with C3 deficiency, and in treatment of a 
C2-deficient patient with SLE unresponsive to conventional 
therapy.325,326 It has also been recommended as a possible therapeutic 
option for patients with aHUS or dysfunctional factor H. This approach 
has several potential limitations, First, the half-life of most comple-
ment proteins in vivo is short,11 although a notable exception occurs 
in patients with low C3 levels caused by factor I deficiency. In these 
patients, replacement therapy restores factor I activity, thereby mark-
edly reducing the accelerated breakdown of C3 that is observed in this 
disorder.327 Second, replacement of a genetically absent protein may 
stimulate the production of antibody to the missing component, 
thereby limiting the value of subsequent therapy. This consideration is 
of limited concern in persons with autosomally inherited disorders 
such as hereditary angioedema, whose serum contains some normal 
protein, and in those with other complement deficiency disorders 
characterized by the presence of antigenically normal amounts of a 
dysfunctional protein (e.g., qualitative factor H deficiency). Third, the 
relative frequency of infection in most of these patients must be bal-
anced against the potential risk of acquisition of any of a variety of 
bloodborne infections during plasma infusion, especially because 
alternative modes of therapy are often available. Whether the short-
term infusion of fresh-frozen plasma might be beneficial in the treat-
ment of life-threatening infection, especially in properdin-deficient 
patients, remains untested. Recombinant human MBL is currently 
being considered for use clinically and may address some of the limita-
tions of fresh-frozen plasma.

The central role of complement activation in the pathogenesis 
of atypical hemolytic uremic syndrome prompted the use of eculi-
zumab (a humanized anti-C5 monoclonal antibody) in this condition. 
Amelioration of symptoms resulted in approval of eculizumab for 
use in atypical HUS in Europe and the United States in 2011. Ecu-
lizumab may also be useful in the prevention and treatment of 
recurrences of atypical HUS postrenal transplantation.328 Individuals 
with dense deposit disease (type II MPGN) who have evidence of 
increased systemic complement activation (high C5b-9 levels) may 
also benefit from C5 blockade.329-331 The clinical course of Shiga 
toxin–associated HUS was also attenuated after the use of eculizumab 
in three children.332

In an effort to develop a small-molecule inhibitor of complement 
at the level of C3, a 13-mer cyclic peptide called compstatin, which 
binds to the C3 and C3b and inhibits the action of C3 convertases on 
C3, was identified.333,334 Although the long-term systemic use of C3 
convertase–inhibiting compounds could predispose individuals to 
serious infections, short-term or tissue-specific inhibition of comple-
ment could be beneficial. As an example, intraocular instillation of a 
compstatin analogue has shown promise in the treatment of AMD in 
preclinical studies335 and in phase I and II clinical studies.334

Prevention of infection in complement-deficient patients is best 
achieved through vaccination. All deficient persons should be vacci-
nated with a tetravalent conjugate meningococcal vaccine (Menactra 
[Sanofi Pasteur, Swiftwater, PA] or Menveo [Novartis, Basel]). A mul-
ticomponent protein vaccine active against group B meningococcal 
isolates (Bexsero) has been licensed in Europe and may be considered 
in complement-deficient persons where available. Although licensed 
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10  Human Genetics and Infection
Stephen J. Chapman and Adrian V. S. Hill

Genetic variation in the host has a substantial influence on the course 
of infectious diseases caused by many microorganisms. Such interac-
tions have been well-studied in humans because the pathogens and the 
host genome are well characterized. In recent years, the methodology 
and techniques available for analyzing human genetic variation have 
advanced rapidly, leading to the identification of a large number of 
genes associated with altered susceptibility to infectious pathogens. 
Entire human genome sequences and millions of mapped single nucle-
otide polymorphisms (SNPs) provide a powerful resource for molecu-
lar analysis of differential susceptibility. Although many genes have 
already been associated with susceptibility to various diseases, it is 
likely that these represent only a small fraction of all the relevant genes. 
Indeed, susceptibility to most infectious diseases in humans is likely to 
be highly polygenic, and the identification of susceptibility and resis-
tance genes is providing new insights into disease pathogenesis and 
resistance mechanisms. Conversely, it appears increasingly likely that 
a substantial proportion of the functional variation in the human 
genome has evolved to facilitate defense against infectious pathogens, 
leading to the observed polygenic variation in susceptibility among 
individuals and different human populations.

MAGNITUDE OF THE HOST 
GENETIC EFFECT
There are various types of evidence that demonstrate a significant role 
for host genetics in variable susceptibility to infectious disease. For 
some infections, such as leprosy, disease has long been known to 
cluster in families,1 but it is often difficult to assess the relative impor-
tance of proximity to an index case and shared genes. Nonetheless, the 
increased risk of disease in a sibling compared with the general popula-
tion is a useful measure of the extent of the genetic component in a 
multifactorial disease and appears to be of the order of 1.5 to 5 for 
several infectious diseases.2

Apparent interpopulation and racial differences in susceptibility 
have also been noted.3,4 Particularly striking is the apparently increased 
susceptibility to viral infections and tuberculosis (TB) in some previ-
ously unexposed populations.5 In the Qu’Appelle Indians of Saskatch-
ewan, after some decades of exposure to TB and resulting high 
mortality, the incidence of disease dropped 50-fold, likely reflecting a 
very strong selective pressure against TB susceptibility loci.6 The use 
of malaria therapy for syphilis in nonimmune individuals7 and the 
accidental vaccination of some children with Mycobacterium tubercu-
losis rather than the Calmette-Guérin bacillus, in Lübeck, Germany, 
provided direct evidence of variable susceptibility to these pathogens.

In addition to these observational data, studies of adoptees and of 
twins have provided more direct quantification of the importance of 
host genetics in susceptibility to infectious diseases. In a study of more 
than 900 Scandinavian adoptees, the early death of a biologic, but not 
an adoptive, parent from an infectious disease was associated with an 
almost sixfold increase in the risk of an infectious cause of death in the 
adoptee, consistent with a substantial role for host genetics.8 Also, 
several twin studies have found higher concordance rates among 
monozygotic than among dizygotic twin pairs, who share, respectively, 
100% and, on average, 50% of their genes. The diseases studied include 
TB, poliomyelitis, leprosy, persistent hepatitis B virus (HBV) infection, 
Helicobacter pylori infection, and malaria (Table 10-1).9-14 In general, it 
has been easier to demonstrate a significant role for host genetic factors 
in infections in which only a proportion of those infected develop 
disease, in chronic rather than in acute infections, and in the severity 
of infectious disease rather than susceptibility to infection per se.

Approaches
Several different and usually complementary approaches have been 
taken to identifying genes involved in susceptibility to infectious dis-
eases. The most widely adopted strategy in human studies has been the 
assessment of candidate genes in case-control association studies. 
Here, the frequencies of common variants (with a frequency >1%, 
defined as polymorphisms) of a gene with a suspected role in resistance 
are compared in individuals with and without the disease. However, 
the degree of replication between reported association studies of can-
didate genes is often disappointingly low, in part reflecting limitations 
in study design. In particular, such studies often have inadequate 
sample sizes and fail to perform statistical correction for multiple 
testing of different polymorphisms. Despite these shortcomings, a 
number of robust genetic associations with infectious disease suscep-
tibility have been successfully identified using the candidate gene 
approach.

A different approach has been to search for genetic linkage to, 
rather than association with, an infectious disease in family studies. 
Identification of a chromosomal region genetically linked to suscepti-
bility indicates that there is a susceptibility gene (or genes) somewhere 
in that region. Limitations of the linkage approach have been the dif-
ficulty in recruiting multicase families as well as a lack of study power. 
Such family-based linkage approaches have been successfully used, 
however, to map and identify genes underlying rare monogenic sus-
ceptibility phenotypes. For example, mutations in the gene for the 
interferon-γ (IFN-γ) receptor chain 1 were found to cause some rare 
cases of susceptibility to weakly pathogenic mycobacteria.15,16 Exten-
sive sequencing of candidate susceptibility genes has been used to 
identify the molecular basis of a large number of rare monogenic 
syndromes that increase susceptibility to particular infections. These 
rare syndromes are reviewed elsewhere17-19 and include mutations in 
the Toll-like receptor (TLR) pathway genes IRAK4 (interleukin-1 
receptor-associated kinase 4) and MyD88 (myeloid differentiation 
primary response gene 88), increasing susceptibility to pyogenic bac-
teria; variants of genes involved in TLR3 signaling, conferring suscep-
tibility to herpes simplex encephalitis; and mutations in members of 
the interleukin-12 (IL-12)/IL-23/IFN-γ signaling pathway, conferring 
susceptibility to atypical mycobacteria and salmonellae. Identification 
of these rare mutations has advanced understanding of human immu-
nology but has been of limited value in identifying gene variants that 
affect susceptibility to common infectious diseases at the population 
level. Rare mutations in genes leading to primary immunodeficiency 
states are described in other chapters.

More recently, the availability of millions of SNPs mapped onto the 
human genome sequence has allowed the development of microarrays 
of typically 0.5 to 1 million SNPs, allowing markers across the entire 
human genome to be studied for possible disease association in a single 
experiment. This approach, known as a genome-wide association study 
(GWAS), uses tagging SNPs to identify markers that may be causally 
associated with susceptibility. A major advantage of the genome-wide 
approach is that, unlike the use of candidate genes, it is not dependent 
upon existing biologic hypotheses and so has the potential to uncover 
novel, previously unsuspected susceptibility genes and pathways. A 
drawback is that very large sample sizes (typically comprising thou-
sands of individuals) are needed to provide statistical power to detect 
disease associations after correction for the large number of polymor-
phisms tested. Collecting such large sample sizes poses a major chal-
lenge for many infectious diseases, particularly diseases with acute 
presentations in resource-poor countries. Despite this, the recent 
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mechanisms against malaria vary geographically with transmission 
patterns.

Malaria parasites vary in their capacity to form rosettes with unin-
fected erythrocytes and to sequester in capillary beds, and both of these 
phenotypes have been implicated in increased malaria severity.33,34 
Polymorphic host receptors involved in parasite sequestration, such as 
CD36 and intercellular adhesion molecule 1 (ICAM-1), may influence 
susceptibility to severe malaria, but findings are conflicting.35-38 ABO 
blood groups affect the ability of parasitized red cells to rosette, and 
there is increasing evidence that blood group O is associated with 
resistance to severe malaria.39

Two large GWASs of severe malaria have been reported to date.  
The first, performed in the Gambia, replicated the association with 
sickle hemoglobin as well as identifying putative novel associations 
with the genes SCO1, encoding a protein involved in cytochrome 
oxidase function, and DDC, encoding dopa decarboxylase, an enzyme 
involved in dopamine and serotonin synthesis.40 A second GWAS 
again confirmed the protective effects of sickle hemoglobin as well as 
blood group O but also identified two novel associations, with ATP2B4, 
which encodes the primary calcium pump of erythrocytes, and with a 
polymorphism on chromosome 16q22 close to the gene MARVELD3, 
which encodes a tight-junction protein expressed on endothelial cells.41 
Future research is expected to shed light on the functional effects of 
these variants on parasitic infection of erythrocytes and endothelial 
adherence.

Although most genes that influence susceptibility to infectious 
disease probably have relatively small effects, a few malaria resistance 
genes are exceptions. The strength of the protective effect of heterozy-
gosity for HbS is one, with about 90% reduction in the risk of severe 
malaria.30 The protection from Plasmodium vivax afforded by the 
Duffy-negative blood group is complete because this parasite is almost 
always unable to invade Duffy-negative erythrocytes.42 Finally, Mela-
nesian carriers of a 27-bp deletion in the erythrocyte band 3 gene 
appear to be very strongly protected from P. falciparum,43 maintaining 
the deletion at frequencies of up to 0.35 even though homozygous 
fetuses do not survive gestation.44 This is an example of a balanced 
polymorphism, where the lethal consequences of homozygosity are 
offset by heterozygote advantage, and such selective pressure leads to 
deviation of the genotype frequencies from those expected under 
Hardy-Weinberg equilibrium.

Malaria provides perhaps the best example of population variation 
in susceptibility and resistance genes. For example, in West Africa, 
sickle hemoglobin, the A− allele of G6PD, HLA-B53, and an HLA-DR13 
allele were associated with protection, but all of these alleles are either 
rare or absent in Southeast Asia and Melanesia. In the latter regions, 
HbE, ovalocytosis, other G6PD alleles, and both α- and β-thalassemia 
are more prevalent.

Mycobacterial Diseases
Genetic susceptibility studies of mycobacterial diseases have been rela-
tively common for several reasons. Familial clustering of leprosy and 
TB has long been recognized, and leprosy was regarded by some as a 
genetic disorder before Mycobacterium leprae was identified.1 An acci-
dent in Lübeck, Germany, in which children immunized with M. tuber-
culosis rather than Calmette-Guérin bacillus experienced a range of 
clinical manifestations, from asymptomatic to severe infection and 
death, provided early evidence for variable susceptibility to TB.45 This 
was substantiated by several large twin studies that found higher con-
cordance rates among monozygotic compared with dizygotic twin 
pairs (see Table 10-1),9 although a reanalysis of the most recent of these 
studies found less clear evidence of a genetic effect.46 A large twin study 
of leprosy in India also reported higher concordance rates in monozy-
gotic twins but was inconclusive on the question of genetic susceptibil-
ity to leprosy type.11 Observations on the introduction of TB to some 
populations previously free of the infection suggested that the decline 
in frequency of the disease over time might in part reflect some natural 
selection for resistance genes.6 In contrast to malaria, there is evidence 
that blacks may be more susceptible to infection with M. tuberculosis 
than whites. The clearest data were obtained in a comparison of rates 
of skin test conversion among socioeconomically matched nursing 
home residents in the United States.4 Candidate gene approaches to TB 

application of GWASs to selected infectious diseases has been success-
ful in both replicating genes implicated from candidate and linkage 
approaches and identifying novel susceptibility genes.19

DISEASES
Malaria
More genes have been implicated in the differential susceptibility  
to malaria than to any other disease of humans or other animals  
(Table 10-2). This in part reflects the early success in identifying the 
relevance of the sickle hemoglobin polymorphism and the geographic 
distribution of some malaria resistance alleles.20 Early evidence of dif-
ferential susceptibility to malaria in nonimmune subjects came from 
studies of the use of malaria therapy in the management of syphilis.7 
Marked differences in susceptibility to the same dose and strain of 
malaria parasite were observed among individuals. Numerous studies 
of sickle hemoglobin and glucose-6-phosphate dehydrogenase (G6PD) 
deficiency provided clear-cut evidence of their protective relevance 
against Plasmodium falciparum malaria.21,22 Hemoglobin C (HbC),23,24 
which is common in parts of West Africa, and HbE,25,26 which is 
widely distributed in Southeast Asia, are also protective. A few studies 
have demonstrated protection associated with heterozygosity for 
β-thalassemia and various α-thalassemia genotypes.27-29

There have been relatively few useful interpopulation comparisons 
of malaria susceptibility. However, a study of different ethnic groups 
in Mali (West Africa), found significant differences in immune 
responses to P. falciparum and in malaria susceptibility that appear to 
be genetic in origin.3 The differences could not be explained by the 
known malaria resistance alleles.

Human leukocyte antigen (HLA) class I and class II alleles were 
found to influence malaria susceptibility in Africa in large case-control 
studies.30,31 However, there is some evidence that the particular alleles 
showing such associations differ among populations. Interpopulation 
heterogeneity can result from many causes, but a prominent one in 
malaria is likely to be the marked polymorphism of immunodominant 
malaria antigens. Indeed, HLA has been found to influence the strain 
of malaria parasite associated with clinical malaria, and complex inter-
actions among parasite strains may lead to further variability in HLA 
associations.32 It seems likely that the predominant immune protective 

TABLE 10-1  Twin Studies of Selected Infectious 
Disease Phenotypes*

CONCORDANCE
PHENOTYPE POPULATION MZ DZ
Tuberculosis Germany 65 25

United States 62 18

United Kingdom 32 14

Poliomyelitis United States 36 6

Leprosy India 52 22

Hepatitis B Taiwan 35 4

Helicobacter pylori 
infection

Sweden 81 63

*All showed significantly higher concordance in monozygotic (MZ) than in 
dizygotic (DZ) twin pairs.

TABLE 10-2  Examples of Genes That Confer 
Resistance to Plasmodium falciparum Malaria

GENE VARIANT
β-Globin Sickle, thalassemias

α-Globin Thalassemias

Erythrocyte band 3 27-bp deletion*

Duffy chemokine receptor Promoter variant†

Glycophorin C Exon 3 deletion

Glucose-6-phosphate dehydrogenase Deficiency variants

ABO glycosyltransferases Blood group O

*Associated with Plasmodium vivax and Plasmodium falciparum resistance.
†Associated with P. vivax resistance.
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the relatively conserved nature of this pathogen, and these findings 
may further understanding of the biology of other diseases in addition 
to leprosy. For example, there is a striking overlap between genes 
underlying susceptibility to leprosy and Crohn’s disease: NOD2, 
TNFSF15, LRRK2, C13orf31/LACC1, CCDC122, and IL23R are each 
associated with Crohn’s disease,74 raising the intriguing possibility of a 
shared immunologic basis for these two conditions.

Human Immunodeficiency Virus 
Infection and Acquired 
Immunodeficiency Syndrome
Studies of cohorts exposed to human immunodeficiency virus (HIV) 
infection have identified a small proportion of individuals who, despite 
repeated exposure from infected sexual partners, remain HIV serone-
gative.75 Some of these resistant sex workers have immunologic evi-
dence of exposure to the virus. There also is clear evidence that 
individuals vary in the rate of disease progression to acquired immu-
nodeficiency syndrome (AIDS) once infected, and several genes have 
now been found to influence this rate (Table 10-4).

A large number of studies of HLA type in relation to rate of disease 
progression have been reported. Although there are marked differ-
ences among studies, some alleles have now been associated with sus-
ceptibility or resistance in more than one population. HLA class I 
variation is consistently more important than diversity in HLA class II 
genes, and HLA-B is the most important class I locus.76 HLA-B35 and 
the HLA-A1-B8-DR3 haplotype have been associated with more rapid 
disease progression in several studies.77-79 Similarly, HLA-B27 and 
HLA-B57 are associated with a lower rate of progression.80,81 Particular 
combinations of HLA class I and II alleles and variants of the trans-
porter associated with antigen processing (TAP) genes have also been 
implicated.82 Evidence of linkage of the major histocompatibility 
complex (MHC) to the rate of decline of CD4-positive T cells in 
patients with AIDS provides support for the relevance of polymor-
phism in this region.83

It is possible to cluster HLA class I types into so-called supertypes 
based on the types of peptides bound by particular molecules; analysis 
of supertypes also shows convincing association with rate of disease 
progression.84 The HLA type of the host appears to influence the 
pattern of diversity of HIV sequences that emerges during an infection, 
indicating that HLA variation can directly influence virus evolution.85 
Genome-wide association studies found evidence that loci other than 
HLA genes within the major histocompatibility complex may affect the 
rate of disease progression.86,87 A recent, large GWAS of untreated 
HIV-1 controllers and progressors identified more than 300 signifi-
cantly associated polymorphisms, all located in the MHC.88 This study 
extended previous HLA associations to identify HLA types B*57 : 01, 
B*27 : 05, and B*14 as protective and C*57 as associated with progres-
sion to AIDS. Genes encoding the killer cell immunoglobulin-like 
receptors (KIR), which modulate natural killer cell activity and interact 
physically with HLA class I molecules, may also interact genetically or 
epistatically so that KIR gene variants modulate the risk associated with 
an HLA type.89

and leprosy susceptibility have implicated a number of genes (Table 
10-3), including the HLA region, natural resistance–associated macro-
phage protein-1 gene (SLC11A1), vitamin D receptor, the signaling 
adaptor protein Mal/TIRAP (MyD88 adaptor-like protein/Toll–
interleukin-1 receptor [TIR] domain adaptor protein), the C-type 
lectin CD209, and the chemokine macrophage chemoattractant 
protein-1 (MCP-1/CCL2), although the level of replication between 
studies has been generally low.47-60,61,62 Genes with larger effects have 
been sought by genome-wide linkage studies of multicase TB families 
without clear identification of any major loci.63,64 Similar family studies 
in leprosy found evidence of linkage to the coregulated genes PARK2 
(Parkin 2) and PACRG (Parkin 2 coregulated) on chromosome 6 and 
to a region encoding the mannose receptor gene on chromosome 
10.65,66 Leprosy association studies in particular populations have 
implicated functional variation in the Toll-like receptor 1 gene (TLR1) 
and in the gene encoding the cytokine lymphotoxin-α (LTA).67-69

More recently, GWASs of both TB and leprosy have advanced 
understanding of their genetic basis. The first GWAS of TB recently 
reported a susceptibility locus within a gene-poor region on chromo-
some 18q11.2; the causative variant and its functional consequences 
are currently unknown, although a regulatory effect on a gene else-
where on the chromosome is likely.70 More recently, a second GWAS 
identified a TB resistance locus on chromosome 11p13 in an intergenic 
region downstream of WT1.71 This gene encodes Wilms tumor 1 and 
has been shown to interact with the vitamin D receptor, which was 
previously implicated in TB pathogenesis.

The first GWAS of leprosy susceptibility reported robust associa-
tions with polymorphisms in the loci HLA-DR-DQ, RIPK2 (receptor-
interacting serine-threonine kinase 2), TNFSF15 (tumor necrosis 
factor [ligand] superfamily member 15), C13orf31 (chromosome 13 
open reading frame 31, recently renamed laccase (multicopper oxido-
reductase) domain protein 1, LACC1), CCDC122 (encoding coiled-coil 
domain protein 122), and NOD2 (nucleotide-binding oligomerization 
domain containing 2), as well as a weak association with LRRK2 
(leucine-rich repeat kinase 2).72 Current understanding of the func-
tions of C13orf31/LACC1 and CCDC122 remains incomplete, but 
interestingly the other associated loci RIPK2, TNFSF15, and NOD2 as 
well as TLR1 each encode proteins known to be involved in the innate 
immune response. A second GWAS of leprosy identified two further 
susceptibility genes, IL23R and RAB32.73 Genome-wide approaches 
have been highly successful in the study of leprosy, perhaps reflecting 

TABLE 10-3  Examples of Susceptibility and 
Resistance Genes Implicated in Bacterial Diseases 
and Related Phenotypes

GENE DISEASE EFFECT
HLA-DR-DQ Leprosy Susceptibility

TLR1 Leprosy Susceptibility

NOD2 Leprosy Susceptibility

TNFSF15 Leprosy Susceptibility

RIPK2 Leprosy Susceptibility

IL23R Leprosy Susceptibility

RAB32 Leprosy Susceptibility

ABO (glycosyltransferases) Cholera Susceptibility

MBL Pneumococcal disease Susceptibility

PTPN22 Pneumococcal disease Susceptibility

Mal/TIRAP Pneumococcal disease, 
bacteremia, tuberculosis

Resistance

CFH-CFHR3 Meningococcal disease Resistance

IL1 Gastric cancer complicating 
Helicobacter pylori infection

Susceptibility

CFH, complement factor H; CFHR3, CFH-related protein 3; HLA, human leukocyte 
antigen; IL1, interleukin-1 (gene); IL23R, interleukin-23 receptor (gene); Mal, 
myeloid differentiation primary response gene 88 (MyD88) adaptor-like protein; 
MBL, mannose-binding lectin; NOD2, nucleotide-binding oligomerization domain 
containing 2; PTPN22, protein tyrosine phosphatase nonreceptor, type 22; RAB32, 
member RAS oncogene family; RIPK2, receptor-interacting serine-threonine protein 
kinase 2; TIRAP, Toll-interleukin-1 receptor (TIR) domain adaptor protein; TLR1, 
Toll-like receptor 1 gene; TNFSF15, tumor necrosis factor (ligand) superfamily 
member 15.

TABLE 10-4  Examples of Susceptibility and 
Resistance Genes Implicated in Viral Diseases

GENE DISEASE EFFECT
CCR5 HIV infection/progression Resistance

CCR2 HIV progression Resistance

FUT2 Norovirus disease Resistance

HLA-B, HLA-C HIV progression Resistance

HLA-DP HBV persistence Resistance

IL28B HCV persistence Resistance

MICB Dengue shock syndrome Susceptibility

PLCE1 Dengue shock syndrome Susceptibility

CCR, chemokine receptor; FUT2, fucosyltransferase 2; HBV, hepatitis B virus; 
HCV, hepatitis C virus; HIV, human immunodeficiency virus; HLA, human leukocyte 
antigen; IL28B, interleukin-28B; MICB, major histocompatibility complex class I 
polypeptide–related sequence B; PLCE1, phospholipase C, epsilon 1.
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implicated in several autoimmune diseases113; and the genes NFKBIA, 
NFKBIZ, and NFKBIL2, each of which encodes inhibitors of the proin-
flammatory transcription factor nuclear factor kappa B (NF-κB).114-116

In a family study of meningococcal disease, children with first-
degree relatives who had low TNF and high IL-10 production were 
more likely to die, suggesting a role for genes regulating production of 
these cytokines.117 A key role for complement in immune defense 
against the meningococcus is now well established, and early evidence 
that Neisseria meningitidis evades complement-mediated killing by 
binding host complement factor H (CFH) has been supported by both 
candidate gene and GWASs demonstrating robust associations between 
CFH polymorphisms and meningococcal susceptibility.118,119 Rare 
mutations in complement components are also well described in asso-
ciation with recurrent meningococcal disease.120

A family linkage study of Schistosoma mansoni worm burden in 
Brazil found evidence of linkage to a region of the long arm of chromo-
some 5.121 This region may also be relevant in Senegalese families and 
encodes genes for numerous cytokines, including IL-4, IL-9, and IL-13. 
The same region has been genetically linked to various manifestations 
of atopy and asthma, consistent with the speculation that a gene 
selected for resistance to helminthic infections might predispose to 
asthma or atopy.

Dengue has recently been subject to study from a GWAS perspec-
tive: polymorphisms within the MHC region on chromosome 6 and at 
PLCE1 (phospholipase C, epsilon 1) on chromosome 10 were identi-
fied in association with susceptibility to dengue shock syndrome in a 
study of Vietnamese children.122 The gene responsible for the MHC 
association signal has not yet been fully defined, although the strongest 
signal appears to originate from the gene MICB (MHC class I 
polypeptide-related sequence B), which encodes an inducible activat-
ing ligand that is upregulated in human dengue infection123 and acti-
vates antiviral immunity by natural killer and CD8+ T cells.124 Further 
study is required to robustly identify the exact gene underlying this 
disease association and to explore its role in the pathogenesis of dengue 
shock syndrome.

A GWAS for susceptibility to visceral leishmaniasis in patients from 
India and Brazil reported robust association with polymorphisms in 
the HLA-DRB1-HLA-DQA1 class II region.125 The functional polymor-
phism within the HLA has not yet been defined, and the extensive 
linkage disequilibrium across this region makes precise identification 
of causative variants challenging. Previous linkage and candidate gene 
studies of leishmaniasis have been underpowered, and their findings 
were not replicated in this GWAS.

Finally, studies of new-variant Creutzfeldt-Jakob disease (CJD) 
attributed to infection with the bovine spongiform encephalopathy 
agent,126,127 sporadic CJD,128 iatrogenic CJD,129 and kuru130,131 have 
all shown strong associations with variation in the human prion 
protein (PRNP) gene (see “Other Genes”). The maintenance of this 
genetic variant over long periods of human evolution has been inter-
preted as evidence for widespread cannibalism in some early human 
populations.

SPECIFIC SUSCEPTIBILITY AND 
RESISTANCE GENES
For several human genes, there is compelling evidence that one or 
more genetic variants affect susceptibility to infectious pathogens (see 
Tables 10-2 to 10-4). Specific genes are discussed in this section.

Blood Groups
ABO blood group associations were investigated in a large number of 
infectious diseases in early studies. An association of blood group O 
with increased severity of cholera symptoms was found in several 
studies.132,133 Blood group O is associated with peptic ulceration, which 
in turn is connected with H. pylori infection. A possible mechanism 
for this relationship was suggested by the observation that fucosylation 
of the Lewis b (Leb) receptor for H. pylori in the gastric mucosa, found 
in individuals with A or B blood group, impairs binding of the bacte-
ria.134 However, H. pylori infection is not clearly influenced by ABO 
blood group type.135 Recently, a large study of Africans provided com-
pelling evidence that blood group O associates with reduced risk of 
severe malaria.39

The discovery of the role of chemokine receptors (CCRs) as 
co-receptors with CD4 for viral entry into macrophages and lympho-
cytes has given rise to numerous studies of genetic variants of these 
receptors and their ligands. The CCR5 gene associations with resistance 
to infection and slower disease progression are now well established 
(see “Chemokine Receptors”),90 and variants in the CCR2 gene have 
also been associated with altered disease progression.91 More limited 
data support a possible role for other genes, such as RANTES (regu-
lated on activation, normal T-cell expressed and secreted),92,93 the 
secretor poly morphism,94 and MCP-195 in susceptibility to infection or 
disease progression. Copy number variation in the region of the CCL3 
(C-C motif ligand 3; also known as macrophage inflammatory protein-
1α [MIP-1α]) gene, leading to variable numbers of copies of the 
CCL3L1 gene, was also reported to associate with HIV disease progres-
sion96 perhaps providing a further example, in addition to the α-globin 
copy number variants, of the impact of structural variation in the 
genome on infectious disease risk. However, most of the available 
information on genetic susceptibility comes from studies of suscepti-
bility to clade B virus in North Americans or Europeans, and little is 
known about genes determining susceptibility in high-prevalence 
African and Asian populations, where other clade types are prevalent.

Genome-wide association studies of HIV-1 disease phenotypes 
have replicated the known associations with HLA class I and CCR5-
CCR2 but have failed to identify additional major susceptibility genes. 
Of interest, the combination of HLA class I and CCR5 accounts for 
only an estimated 23% of observed variability in HIV-1 control.88 The 
remaining significant variability remains unexplained but may reflect 
acquired environmental factors, variation in the virus, specific gene–
environment interactions, and/or unidentified large-effect genetic vari-
ants that are too rare in frequency to be detected using the GWAS 
approach.

Persistent Hepatitis
The ability or inability to clear hepatitis B virus (HBV) is one of the 
most striking immunogenetic dichotomies in medicine, with 1% to 
12% of infected individuals becoming chronic carriers. Factors such  
as age of acquisition significantly impact on the likelihood of develop-
ing chronic carriage, although evidence suggests that host genetic 
influences also play a role. One relatively small twin study in Taiwan 
provided evidence that susceptibility to HBV chronic carriage, but not 
to HBV infection itself, is genetically determined.12 After early candi-
date gene studies implicating HLA class I and II genes in HBV clear-
ance and chronic infection, recent GWASs in independent Asian 
cohorts have clearly established a role for variants in HLA-DPA1 and 
HLA-DPB1 in the HLA class II region in protection against chronic 
HBV infection.97-100 The precise mechanism remains unclear, although 
it may reflect a specific effect on viral clearance after antigen presenta-
tion. Spontaneous clearance of hepatitis C virus (HCV) has also been 
studied using both candidate gene and GWAS approaches, and clear 
associations have been described with polymorphisms close to the 
gene IL28B in European and African populations.101,102 Of interest, the 
same IL28B polymorphism also associates with response to IFN-α 
treatment of HCV.101,103-106 IL28B encodes IFN-λ3, also referred to as 
IL-28B, which binds to a different receptor complex than IFN-α but 
activates the same Janus kinase (JAK)–signal transducer and activator 
of transcription (STAT) antiviral pathway.107

Other Diseases
Small studies of the FcγRII immunoglobulin receptor, CD32 (FCGR2A), 
have been undertaken in recurrent bacterial respiratory infection and 
in systemic meningococcal infection.108,109 The results suggested that 
alleles encoding histidine at amino-acid position 132, which are associ-
ated with greater opsonic activity, may be less frequent in the disease 
group, although replication in larger studies is required. Studies of 
invasive pneumococcal disease revealed an almost threefold higher 
frequency of individuals homozygous for codon changes in the 
mannose-binding lectin gene (MBL).110,111 A study of children with a 
variety of infections also found increased frequencies of MBL-deficiency 
alleles.112 Several other genes are implicated in invasive pneumococcal 
disease, including the TLR signaling adaptor Mal/TIRAP61; the 
T-lymphocyte tyrosine phosphatase gene PTPN22, which is also 
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is associated with red cell destruction under certain conditions.148 A 
variety of drugs, some infections, and ingestion of fava beans can 
trigger acute hemolysis, and male G6PD-deficient infants may have 
neonatal jaundice. More than 100 mutations of G6PD have been 
described by molecular analysis, and a small group of uncommon 
variants is associated with chronic hemolytic anemia in the absence of 
any environmental agents. Most G6PD variants are associated with 
lesser degrees of enzyme deficiency and are found at higher frequency. 
As with the hemoglobinopathies, the geographic distribution of G6PD 
deficiency in the “malaria belt” suggests its selective advantage.6 In 
several locations, populations with historical exposure to malaria had 
significantly higher frequencies of G6PD deficiency than related popu-
lations who had not been exposed to malarial selection.

As with the hemoglobinopathies, a variety of molecular mutations 
are associated with this enzyme deficiency, including G6PD-A− in 
Africans, G6PD-Med in the Mediterranean basin, and several different 
G6PD variants in Asia and Melanesia.149 In some studies, malaria para-
site densities and counts were found to be lower in enzyme-deficient 
males (and sometimes females). Studies of severe malaria in popula-
tions of East and West Africa have shown that, although hemizygous 
males are clearly protected, the protective effect appears to be less in 
heterozygous females.22,150 This is compatible with in vitro studies of 
erythrocytic cultures of P. falciparum, which showed impaired growth 
in G6PD-deficient red cells.151

Human Leukocyte Antigens
The pivotal position of HLAs in the initiation and regulation of 
immune responses, together with their well-documented polymor-
phism, has led to numerous studies of their influence on infectious 
disease susceptibility.

After early evidence from candidate gene and linkage approaches, 
GWASs of infectious disease have robustly confirmed the key role for 
HLA in susceptibility to many of these conditions19 (review). Evidence 
that particular HLA types are associated with altered susceptibility to 
infectious disease supports the view that the remarkable diversity of 
HLA types has been generated and maintained through natural selec-
tion by infectious pathogens. The relatively modest magnitude of the 
reported associations, compared with some HLA associations with 
autoimmune disease, is in keeping with this possibility. Small selective 
effects can, over time, markedly change allele frequencies. The observa-
tion that cellular immune responses are restricted by HLA molecules 
suggested an attractive mechanism whereby heterozygosity for HLA 
type might be evolutionarily advantageous.152 Heterozygotes should be 
able to recognize more peptide epitopes in a foreign pathogen than 
homozygotes, permitting a more protective immune response. A pro-
tective effect of heterozygosity has been observed for HLA class II 
antigens in regard to clearance of HBV,153 for HLA class I antigens in 
HIV disease progression,79 and in human T-cell lymphotropic virus 
type 1 (HTLV-1) proviral load.154

Another feature of HLA associations with infectious disease is that 
associations often vary geographically. In some cases, this may result 
from geographic strain variation in the infectious pathogen, and an 
association between HLA type with the strain of parasite causing infec-
tion has been reported in malaria.32 More detailed analysis of the 
mechanisms of identified associations should explain further this pop-
ulation diversity and provide insights into the immune mechanisms of 
protection and pathogenesis.

Cytokine Genes
Increasing understanding of the pleiotropic regulatory role of various 
cytokines in immune defense has led to analyses of the role of cytokine 
genes in several infectious diseases. Studies of the TNF gene, located 
in the class III region of the MHC, have been pursued actively. Several 
point mutations are found in the promoter of this gene that may affect 
the level of TNF production. A variant at position −308 has been 
associated with susceptibility to cerebral malaria in Africa,155 to muco-
cutaneous and visceral leishmaniasis in South America,156,157 and to 
lepromatous leprosy in India.54 Serum levels of TNF have been found 
to be elevated in all of these conditions, and the genetic associations 
suggest that the elevated TNF expression levels may play a pathogenic 
role. These genetic associations were identified before there was any in 

The ability to secrete blood group substances (such as secretor 
histo-blood group antigens, HBGA) into saliva and at other mucosal 
surfaces is genetically determined. Most individuals are secretors, but 
about 20% of most populations are nonsecretors because of mutation 
in the fucosyltransferase 2 (FUT2) gene.136 In relatively small studies, 
nonsecretion was suggested to be associated with susceptibility to some 
bacterial and fungal infections and with resistance to certain common 
viral infections.137,138 Nonsecretor status is clearly associated with sus-
ceptibility to recurrent urinary tract infection,139 and a possible mecha-
nism for this has been proposed.140 Nonsecretor status was found to 
protect completely against infection with Norwalk virus in volunteer 
challenge studies141 and is associated with substantially reduced risk in 
the general population.142 More recent studies have reported symptom-
atic norovirus infection in nonsecretors, and in vitro binding studies 
have demonstrated that binding of noroviruses to HBGA is strain 
specific, with some norovirus strains evolving different HBGA-binding 
targets in an attempt to evade genetically determined host resistance.143 
However, overall, apart from associations with norovirus and urinary 
tract infections, there is a need for larger studies to show compelling 
evidence of association.

The most striking blood group association is of the Duffy blood 
group with susceptibility to P. vivax malaria. This parasite uses the 
Duffy blood group antigen as the receptor to invade erythrocytes.144 
The Duffy blood group antigen is a promiscuous chemokine receptor. 
Most sub-Saharan Africans are Duffy blood group negative because of 
homozygosity for a mutation in the promoter of this gene. They are 
completely resistant to P. vivax infection. Such individuals also express 
the Duffy antigen on some other tissues because the promoter muta-
tion that is in the recognition site for an erythroid-specific enhancer is 
tissue specific.145 It is unclear whether the Duffy genotypes prevented 
P. vivax from ever entering Africa or whether an earlier and more viru-
lent form of this parasitic infection might have selected the variant in 
Africa.

Hemoglobin Gene Variants
Based on the distribution of thalassemia in the Mediterranean, 
Haldane146 proposed that certain hemoglobin gene variants might have 
reached high frequencies in malarious regions by providing resistance 
to this disease. The protective efficacy of sickle hemoglobin in hetero-
zygotes against P. falciparum malaria was discovered a few years later.20 
The greatest protection is afforded against death and severe life-
threatening malaria, with somewhat less protection against uncompli-
cated disease and least protection against becoming infected. This 
pattern of greater protection against severe disease than infection 
appears to apply for many resistance genes. Several differences 
observed in vitro with red cells containing heterozygous (HbAS) 
versus normal (HbAA) hemoglobin have been proposed as the mecha-
nism for this protection, including impaired invasion and growth of 
the parasite, decreased rosetting of parasitized cells, decreased expres-
sion of a major parasite antigen on the erythrocyte surface, and 
increased reticuloendothelial clearance. Which of these is of most 
importance is unclear.

The α- and β-thalassemias are extremely common disorders of 
hemoglobin synthesis that lead to imbalanced globin chain produc-
tion. The mild forms of thalassemia are among the most prevalent 
single-gene disorders. Both α- and β-thalassemias have been shown to 
afford some protection against P. falciparum malaria, in keeping with 
their geographic distribution, but the mechanism of protection remains 
unknown.23,24 There is no detectable impairment of parasite growth in 
vitro, and the protection afforded may be less marked than for sickle 
hemoglobin. Case-control studies support a protective role for HbC 
and HbE against falciparum malaria.23-26 There appears to be an epi-
static interaction between the protective HbAS and α-thalassemia 
genotypes so that they cancel out each other’s protective effect against 
malaria; this might explain why very mild forms of α-thalassemia have 
not reached higher frequencies in sub-Saharan Africa.147

Glucose-6-Phosphate Dehydrogenase 
Deficiency
Erythrocyte G6PD deficiency is found at high frequencies in many 
tropical and subtropical populations. This is an X-linked disorder that 

http://www.myuptodate.com


C
h

ap
ter 10 Hum

an G
enetics and Infection

121

extremely low MBL levels in serum. Variation in the promoter of the 
gene has less marked functional effects.176

It was originally proposed that MBL might play a key role in 
immune defense in late infancy, after maternal antibodies have waned 
and before acquired immunity is well developed. A cohort study on 
the rate of acute respiratory infections in young children in Greenland 
provided some support for this possibility.177 Case reports and small-
scale studies suggested that MBL deficiency might predispose to a 
variety of infectious diseases,178 but most initial studies of individual 
diseases, including meningococcal disease, malaria, TB, and persistent 
HBV infection, failed to show clear associations.179,180 However, homo-
zygotes for MBL codon changes are susceptible to invasive pneumo-
coccal disease, with a 2.5-fold increase in risk.110,181 MBL deficiency 
may be associated with an increased risk of exacerbation of chronic 
obstructive pulmonary disease182 and an increased duration of febrile 
neutropenic episodes in children with malignancy.183 Also, deficiency 
has been associated with an increased rate of serious infection after 
chemotherapy,184 leading to the suggestion that replacement therapy 
might be beneficial.185 Despite these associations, a large, population-
based longitudinal study of adults failed to show an association between 
MBL deficiency and excess mortality or morbidity,186 and the degree 
to which MBL deficiency influences susceptibility to infectious disease 
remains controversial.

Toll-Like Receptor Pathway Genes
With increasing definition of the importance of the TLRs, NOD-like 
receptors (NLRs), and retinoic acid–inducible gene (RIG)-like heli-
cases (RLHs) and their signaling pathways in detecting pathogens and 
triggering and amplifying innate immune responses,187,188 analyses of 
genetic variation in these pathways have increased. Both rare muta-
tions and common polymorphisms have been reported in genes 
encoding TLR pathway members in association with different infec-
tious disease phenotypes (Fig. 10-1). Rare mutations within four genes 
in the TLR pathway have been described in individuals with primary 
immunodeficiencies characterized by episodes of invasive pneumococ-
cal disease (IPD): NEMO (NF-κB essential modulator; IKKγ, a regula-
tory subunit in the inhibitory kappa kinase [IKK] complex), NFKBIA 
(which encodes an inhibitor of the proinflammatory transcription 
factor NF-κB [IκB]), IRAK4, and MyD88.17 Mutations in NEMO and 
NFKBIA interrupt not only the TLR pathway but also multiple other 
pathways that converge on NF-κB, and the resulting immunodefi-
ciency conditions are characteristically severe and broad spectrum, 
including encapsulated bacteria, atypical mycobacteria, fungi, and 
viruses.17 In contrast, mutations in IRAK4 and MyD88 interrupt only 
TLR and IL-1 receptor signaling and lead to a narrow-spectrum immu-
nodeficiency characterized by childhood susceptibility to pyogenic 
encapsulated bacteria, particularly recurrent IPD.17 In addition, rare 
mutations in genes involved in TLR3 signaling appear to underlie some 
cases of herpes simplex virus 1 (HSV-1) encephalitis (HSE) in other-
wise immunocompetent children, and rare TLR4 variants have been 
reported in association with meningococcal disease.18,189

Coding polymorphisms are observed relatively frequently in some 
of the TLRs, with functional consequences. A TLR1 coding variant has 
been implicated in leprosy67,69; coding changes in TLR4 in malaria190; 
and a change in the flagellin receptor TLR5 in Legionella pneumo-
nia.191 All of these implicated changes have functional consequences 
for receptor signaling. Polymorphisms in NFKBIA and the related 
genes NFKBIZ and NFKBIL2, which encode IκBs, have also been 
found to associate with risk of IPD.114-116 There also appears to be 
important variation in the Mal/TIRAP adaptor protein that binds to 
TLR2 and TLR4. An amino-acid change at position 180 of this protein 
appears to render the variant nonfunctional, and heterozygotes were 
found to be less frequent in series of patients with bacteremia, IPD, 
TB, or malaria.61 Healthy volunteer individuals with the protective 
heterozygote Mal/TIRAP genotype generate intermediate levels of 
inflammatory cytokine signaling after intravenous challenge with lipo-
polysaccharide, a gram-negative bacterial cell wall component that is 
recognized by TLR4.192 Taken together, these findings suggest that 
variants in this key signaling pathway may affect the risk of multiple 
major infectious diseases and, furthermore, that extremes of TLR sig-
naling may be detrimental.

vitro evidence that this promoter variant is associated with increased 
levels of TNF gene expression.158 Indeed, direct evidence that disease-
associated promoter variants have functional effects is only beginning 
to emerge.159 This TNF gene promoter has also been linked with sus-
ceptibility to trachoma,160 and persistent HBV infection and other TNF 
promoter variants may be associated with altered susceptibility to 
infectious diseases.158 These genetic associations with promoter vari-
ants of the TNF gene have supported attempts to modulate the severity 
of various diseases by using a variety of anti-TNF reagents. Studies of 
the families of children with meningococcal disease found that families 
with low TNF and high IL-10 production in response to endotoxin 
stimulation in vitro had much higher mortality rates in meningococcal 
disease,117 implying a protective role for a proinflammatory cytokine 
profile.

Searches for infectious disease associations with variants of other 
cytokine genes have thus far been less fruitful, although variants of IL1, 
IL6, IL4, CCL1, and, in particular, IL10,161 IL12B,162 LTA,68 and IFNγ 163 
have been analyzed in a variety of studies and implicated in some. In 
some cases, polymorphisms have been reported to associate with phe-
notypes related to infection, for example, the clearly demonstrated 
association between proinflammatory IL-1 polymorphisms and sus-
ceptibility to gastric cancer in the setting of H. pylori infection.164 Rare 
defects in the genes for IL-12p40, IL-12β2 receptor chain, and IFN-γ 
receptor 1 have been associated with marked susceptibility to some 
avirulent mycobacteria and salmonellae.15,16

Chemokine Receptors
The discovery that certain chemokine receptors act as co-receptors for 
the invasion of macrophages and lymphocytes by HIV has led to 
numerous studies of the role of polymorphism in these genes in 
explaining the variable susceptibility to HIV infection and disease 
progression to AIDS. A 32-bp deletion in the CCR5 chemokine recep-
tor is found at allele frequencies of up to 10% in European and derived 
populations.165 This variant is rare or absent in other populations.166 
CCR5 is the co-receptor for macrophage-tropic strains of HIV-1 
involved in viral transmission. Heterozygotes for the 32-bp deletion 
progress more slowly to AIDS once infected but are not at reduced risk 
of HIV infection.90 In contrast, homozygotes for this variant have very 
substantial resistance to HIV infection, and only a few infected homo-
zygotes have been identified. Another rarer variant in this gene has 
been associated with resistance to infection,167 and haplotypes of 
several promoter variants are relevant,168,169 at least in North American 
cohorts.170 A particular nucleotide variant of the CCR5 promoter at 
position −2459 appears to affect surface CCR5 receptor levels on 
monocytes and infectability of Langerhans cells.170-172 An amino-acid 
change in the linked CCR2 gene is also associated with slower disease 
progression to AIDS,91 independently of the CCR5 variants. The effects 
of these genetic variants helped support successful pharmaceutical 
programs to develop a new class of anti-HIV drug, entry inhibitors, 
that block the interaction of HIV with these co-receptors.

The high prevalence of the CCR5 32-bp deletion among northern 
Europeans is intriguing. Analysis of flanking molecular markers 
showed that this deletion is found on a rare background haplotype and 
suggested that it arose less than 3000 years ago.173,174 This implies that 
the variant allele has probably been subjected to positive selection, but 
HIV appeared too recently to have been the selective agent. Various 
other infectious pathogens, such as the plague bacillus or the smallpox 
virus, may have been involved.

Mannose-Binding Lectin
Mannose-binding lectin (MBL) is a serum protein that plays a role  
in innate immunity. It is a collagenous lectin with at least two  
important roles in host defense.175 It binds to sugars, particularly 
N-acetylglucosamine and mannose, on the surface of microorganisms 
and facilitates their opsonization by macrophages. It also activates 
complement by means of two MBL-associated serine proteases. Inac-
tivating mutations of the MBL gene are quite prevalent, with frequen-
cies of up to 40% in various populations. Three single amino-acid 
changes are found at codons 52, 54, and 57, each of which leads to a 
substantial reduction in MBL concentration in heterozygotes. Homo-
zygotes and compound heterozygotes for these variants have absent or 
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associations with osteoporosis, gene–environment interactions are 
likely to be important,197 so some population differences in the mag-
nitude of such associations are to be expected.

CJD is caused by infection with prions—proteinaceous particles 
that appear to lack all nucleic acid. Rare familial forms of the disease 
were initially shown to be caused by variation in the host human prion 
protein (PRNP) gene.198,199 In both French and U.S. patients iatrogeni-
cally infected with the CJD agent, a very common variation in PRNP 
genotype was observed to have a striking effect on susceptibility to 
disease.129,200 Homozygotes for either of the amino acids methionine or 
valine, commonly found at position 129, were markedly more suscep-
tible to disease than heterozygotes. In U.K. patients with new-variant 
CJD, caused by infection with the bovine prion that causes bovine 
spongiform encephalopathy in cattle, only methionine homozygotes 
have been found.129

Other Genes
Twin studies suggest that most of the genetic component of variation 
in cellular and humoral immune responses to some common infec-
tious pathogens maps to genes outside of the MHC.193 These genes are 
likely to be numerous and to affect susceptibility to several infectious 
diseases but have not been identified. One candidate for this type of 
role is the vitamin D receptor (VDR). The active form of vitamin D 
(vitamin D3) has immunoregulatory functions as well as an important 
role in calcium metabolism.194 The VDR is expressed in macrophages 
and activated lymphocytes, and vitamin D3 leads to increased macro-
phage activation and a shift in the cytokine secretion profile of lym-
phocytes to a more Th2-like pattern. Variation in the VDR has been 
associated with resistance to TB and persistent HBV infection195 and 
appears to influence the type of leprosy developed,196 possibly by influ-
encing the polarization of CD4+ T-cell responses. As with the VDR 

FIGURE 10-1 Toll-like receptor signaling and infectious disease. Examples of pathway components are highlighted for which genetic variation is 
associated with specific human infectious diseases. HSE, herpes simplex virus encephalitis; IκBs, inhibitors of NF-κB activation; IKKα, β, ε, inhibitory kappa 
(alpha, beta, epsilon) kinase; IPD, invasive pneumococcal disease; IRAK4, interleukin-1 receptor-associated kinase 4; IRF3/7, interferon regulatory factor 
3/7; Mal, myeloid differentiation primary response gene 88 (MyD88) adaptor-like protein; NEMO, NF-κB essential modulator; NF-κB, nuclear factor kappa 
B; NOD2, nucleotide-binding oligomerization domain containing 2; RIPK2, receptor-interacting serine-threonine (protein) kinase 2; TBK1, TANK (TRAF-
associated NF-κB activator)–binding kinase 1; TIRAP, Toll–interleukin-1 receptor (TIR) domain adaptor protein; TLR, Toll-like receptor; TRAF3, tumor necrosis 
factor receptor-associated factor 3; TRIF, Tir-domain adaptor inducing interferon-β; UNC93B, unc-93 homologue. (Modified from Chapman SJ, Hill AV. 
Human genetic susceptibility to infectious disease. Nat Rev Genet. 2012;13:175-188.)
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host–parasite interactions, leading to coevolution of genetic variation 
in host and pathogen. This implies that individual susceptibility to 
disease is the result of a variety of host and pathogen genetic factors 
that have been tempered by a constellation of environmental variables. 
This dynamic evolutionary perspective implies that the genes affecting 
susceptibility to an infectious disease may show significant interpopu-
lation heterogeneity resulting from geographic variation in the patho-
gen genome, in the environment, and in the frequencies of interacting 
genes in the host, a prediction well supported by available data on 
malaria susceptibility.

APPLICATIONS
Most of the genetic component to any infectious disease cannot be 
accounted for by the polymorphisms and associations identified to 
date. The increased use of GWAS and recent availability of affordable 
high-throughput sequencing has however greatly enhanced the power 
of genomic analyses. There are several potential advantages for the use 
of modern molecular genetics to understand genetic susceptibility 
more fully. An obvious application is in risk prediction, which might 
influence behavior, the use of prophylactic antimicrobials, or immuni-
zation or travel patterns. In the future, it may be possible to offer a 
genetic profiling test to estimate individual susceptibility to particular 
pathogens. This may be particularly relevant to individually rare or 
even unique, highly penetrant genetic variants that may be important 
contributors to risk of developing severe infectious diseases; increas-
ingly widespread use of high-throughput sequencing technology is 
expected to facilitate their detection.213

Another application is in the understanding of particular pathways 
used in host resistance to infection. For example, the HLA-B53 associa-
tion with resistance to malaria30 supported a protective role for CD8+ 
T cells in this disease, encouraging efforts to develop vaccines that elicit 
this immune response.214 The association of MBL deficiency with sus-
ceptibility to invasive pneumococcal disease revealed a key role for this 
molecule in innate immunity to this bacterium, and associations of 
various genes in the TLR signaling pathways with susceptibility are also 
proving illuminating.

A third application will be in the identification of molecules and 
pathways as targets for pharmacologic intervention. Demonstration of 
the almost complete resistance to HIV infection of homozygotes for a 
deletion in the CCR5 gene underpinned successful attempts to develop 
pharmacologic blockers of this viral co-receptor.

Finally, an increased understanding of the genetic basis of infec-
tious disease may uncover genetically distinct subgroups of patients 
that are clinically indistinguishable but may respond differentially to 
specific therapies. One example is the association between IL28B poly-
morphism and treatment response to IFN-α in HCV. Although the 
IL28B genotype alone is unable to fully predict a response, in the 
setting of a model incorporating other host and viral factors, it may 
improve clinical decision making regarding the use of IFN-α therapy. 
Another example already in widespread clinical use is testing of HLA-
B*5701 to predict severe hypersensitivity to abacavir in the setting of 
HIV.215-219 The potential of genomics to identify “molecular subpheno-
types” may have particular application in the use of immunomodula-
tory agents to treat excessive inflammation in the setting of infectious 
diseases, for example, in sepsis or severe forms of community-acquired 
pneumonia or meningitis. Clinical trials in these areas have been 
largely disappointing, which may reflect the grouping together of 
patients with unidentified, distinct inflammatory response profiles; 
tailoring specific immunomodulatory therapy to individual patients on 
the basis of their genetically determined inflammatory phenotype may 
add a new level of precision to clinical trials and pave the way for 
personalized medicine.

Cystic fibrosis is the most common life-threatening autosomal 
recessive disorder in populations of European origin. Causative muta-
tions in cystic fibrosis transmembrane receptor gene (CFTR) are found 
at frequencies of up to 4% in these populations. It is likely, but not 
certain,201 that some selective advantage has contributed to the high 
frequencies of mutations in this gene.202 Studies in a mouse model of 
cystic fibrosis led to the suggestion that cholera may have been the 
selective agent.203 However, more recent studies have provided stronger 
support for selection by typhoid rather than by cholera.204,205 The CFTR 
molecule was found to be the receptor used by Salmonella Typhi to 
enter intestinal epithelial cells.204 As yet, there are no data on CFTR 
variation and susceptibility to typhoid in humans.

EVOLUTIONARY PERSPECTIVE
From an overview of the information currently available, it seems likely 
that susceptibility to most infectious diseases will prove to be highly 
polygenic. The contrary view—that there may be a few major single 
genes for many infectious diseases—has been suggested by complex 
segregation analysis of multicase families206 and may be incorrect,207 
despite the occurrence of well documented, diverse, but very rare 
monogenic phenotypes.208 The existence of multiple genes affecting 
infectious disease susceptibility probably simply reflects the major role 
that infectious pathogens have played in shaping variation in the 
human genome through natural selection. Indeed, it has been found 
that genes playing a role in host defense against infectious pathogens 
evolve at a higher rate than any other class of genes.209 Also, initial 
analysis of the distribution of variants associated with infectious dis-
eases between exons and regulatory regions of genes indicated that 
relevant variants are more often found in exons for infectious than 
noninfectious disease.210 This likely reflects the impact of selection for 
resistance amplifying the frequencies of many exonic mutations and, 
in turn, suggests that sequencing of exomes (all the exons in a genome) 
may be a fruitful approach to discovery of new causal variants. Natural 
selection for resistance to infectious pathogens may also explain why 
the observed effects of most individual genes are relatively modest in 
magnitude. In the absence of a counterbalancing selective force, alleles 
that markedly increased or decreased the risk of a major infectious 
disease would have been quickly eliminated or selected to very high 
frequency, abolishing polymorphism. Polygenic susceptibility has also 
been found in extensive analyses of the genetic basis of susceptibility 
to autoimmune diseases in both humans and mice.211

Given the pressure for fixation of selectively advantageous variants, 
one of the major questions in evolutionary biology has related to the 
mechanisms that maintain substantial genetic diversity in populations. 
Some aspects of this question are particularly well addressed in human 
populations, where the host genome and the infectious pathogens have 
been characterized in most detail. Heterozygote advantage is an attrac-
tive mechanism by which two alleles may be maintained in a popula-
tion, and it is classically exemplified by the sickle hemoglobin 
polymorphism and resistance to malaria. However, this appears to be 
a relatively unusual means of maintaining genetic diversity, and other 
mechanisms, such as frequency-dependent selection and fluctuations 
in selection, may be more generally important. Another factor is likely 
to be variation in the genome of infectious pathogens.

Increasing attention is being paid to specific interactions between 
variants of the host and the parasite. Particular HLA types have been 
associated with disease caused by specific serotypes of human papil-
lomavirus,212 HLA type may also influence the strain of P. falciparum 
causing malaria,32 and HIV may evolve away from prevalent HLA class 
I types.85 Furthermore, immunologic mechanisms have been identified 
that may underlie interaction between competing strains of micro-
organisms.32 There may be exquisite specificity in some of these 
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11  Nutrition, Immunity, and Infection
Caryn Gee Morse and Kevin P. High

Although the effects of malnutrition have been recorded for centuries, 
the mechanistic links between nutrition, immunity, and resistance to 
infection have only been defined over the past several decades.1,2 The 
relationship between nutrition and immunity is most striking in the 
developing world, where protein-energy malnutrition (PEM) predom-
inates. In both developed and developing countries, however, specific 
micronutrient deficiencies are relatively common, even where PEM 
syndromes are rare. Both PEM and micronutrient deficiencies are 
associated with immune dysfunction and infection risk. Malnutrition 
not only affects immune function but also virulence of infectious 
agents, progression of chronic infections such as tuberculosis and 
human immunodeficiency virus (HIV) infection, and transcriptional 
regulation of inflammatory genes that may determine the outcome of 
infections.1,2

Overnutrition—obesity—has emerged as a major public health 
threat, particularly exploding in the United States in the past 2 decades 
as noted in a report from the Centers for Disease Control and Preven-
tion (CDC) (www.cdc.gov/obesity/data/index.html). According to the 
World Health Organization (WHO), obesity and overweight are evolv-
ing issues even in developing countries, where some segments of the 
population, usually in urban areas, are experiencing rapidly increasing 
numbers of overweight people whereas other segments, usually in 
rural areas, continue to have populations with widespread undernutri-
tion.3 Obesity, typically defined as a body mass index (BMI) of 30 or 
higher, has a complex association with infection risk and outcome, and 
recent developments are highlighted in the following sections.

This chapter explores the relationships among nutritional factors, 
immunity, and virulence of pathogens and their ties to the manage-
ment of infectious diseases.

EPIDEMIOLOGY OF 
MALNUTRITION
The WHO estimates that more than 30% of residents in developing 
nations are affected by hunger and malnutrition, with PEM cited as the 
primary cause of immunodeficiency worldwide. Among children 
younger than 5 years of age, five infectious diseases—acute respiratory 
infections, diarrhea, malaria, measles, and HIV/acquired immunode-
ficiency syndrome (AIDS)—account for more than 50% of all deaths, 
and about half of those deaths are due to malnutrition.2,4,5

In developed nations, at-risk populations for malnutrition, primar-
ily micronutrient malnutrition rather than PEM, include children, the 
elderly, pregnant women, homeless people, alcohol abusers, persons 
affected by acute and chronic illnesses including HIV/AIDS and end-
stage renal disease, and people with dietary restrictions, such as those 
with anorexia nervosa or bulimia and consumers of vegetarian diets.

Malnutrition can be broadly defined as a decrease in nutrient 
reserve; and under this definition undernutrition is prevalent even in 
the United States, affecting up to 15% of ambulatory outpatients, 25% 
to 60% of patients in long-term care, and 35% to 65% of hospitalized 
patients.6 A major reason for the wide range of rates cited is that many 
definitions for malnutrition exist. Several biochemical markers of 
nutritional status can give a general indication of nutritional reserve,7 
including visceral proteins (albumin, prealbumin, and transferrin), but 
low levels of visceral protein are not specific and may have other causes, 
including hepatic disease and increased capillary permeability. Global 
indicators of cell-mediated immune function are commonly used to 
assess malnutrition and can be estimated by total lymphocyte count 
(TLC) and delayed-type hypersensitivity testing with a series of 
common antigens. Compromise of cell-mediated immunity due to 
malnutrition is suggested by a TLC less than 1000/mm3 or by lack of 

skin test induration greater than 5 mm above glycerin control at 48 
hours, unless another cause of lymphocyte dysfunction is present.7 
However, these tests should be interpreted cautiously during an acute 
illness, because cell-mediated immunity may be depressed in the 
absence of malnutrition.

The Institute of Medicine of the National Academy of Sciences and 
the Food and Nutrition Board provide dietary reference intakes (DRIs), 
including recommended dietary allowances (RDAs), for overall 
protein, calories, and specific nutrients, including age-, gender-, and 
condition-specific recommendations.8

MALNUTRITION AND IMMUNE 
FUNCTION
PEM describes nutritional macrodeficiency syndromes, including 
marasmus (deficiency of calories), kwashiorkor (deficiency of protein), 
nutritional dwarfism in children, and wasting syndromes in adults. 
Primary PEM, caused by inadequate nutrient intake, typically affects 
children and elderly people, and brief PEM effects are typically revers-
ible with nutritional therapy. However, prolonged primary PEM can 
result in serious and irreversible changes in organ function and growth. 
Secondary PEM results from illnesses, injuries, or treatments that alter 
appetite, digestion, absorption, or metabolism and have similar effects. 
Although the nutritional deficits of patients with PEM due to gastro-
intestinal tract dysfunction often can be restored to normal if adequate 
nutritional support is provided by dietary supplements, enteral tube 
feeding, or parenteral nutrition, wasting disorders such as cancer or 
AIDS are characterized by involuntary weight loss, often despite 
increased caloric intake. In wasting diseases, alterations in metabolism 
result in greater loss of muscle tissue than would be expected from 
reductions of caloric intake alone and muscle mass is not restored by 
nutritional supplementation unless the underlying inflammatory 
disease is treated. Weight gain that occurs as a result of nutritional 
support in patients with these syndromes usually represents increases 
in fat mass and body water without significant change in lean tissue.

PEM has been associated with a number of impairments in the 
immune response.1,2,9,10 Documented abnormalities of innate immu-
nity include reduced production of cytokines, reduced phagocytosis, 
interruptions in the integrity of physical barriers and diminished 
quality of mucus, and reductions in complement components (C3 and 
C5). Alterations in adaptive immunity include reduced or delayed 
cutaneous hypersensitivity to recall and new antigens and reductions 
in CD4+ and CD8+ T-cell subsets, CD4+/CD8+ ratio, lymphocyte prolif-
erative capacity, immunoglobulin (Ig) G (IgG), and secretory IgA. In 
addition, malnourished children and elderly adults demonstrate ele-
vated baseline biomarkers of inflammation, such as interleukin (IL)-6.

SPECIFIC NUTRIENTS AND THEIR 
ROLES IN IMMUNITY
A complete review of nutrients and their roles in immune function is 
beyond the scope of this chapter. Several outstanding reviews are avail-
able, and the reader is referred to these publications for additional 
information.9-13 A very brief review of major micronutrients and their 
roles in immunity follows.

Fat-Soluble Vitamins
Vitamin A
Vitamin A is a subclass of the retinoic acids, a family of lipid-soluble 
compounds that includes retinols, β-carotenes, and other carotenoids. 
Retinol, or preformed vitamin A, is the most active form; it is  
found primarily in animal food sources or can be synthesized from 
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suppresses many adaptive immune responses (T-cell proliferation, 
antibody production) and some innate immune responses (dendritic 
cell co-stimulation and cytokine secretion). However, vitamin D  
is essential for proper function of other aspects of the innate  
immune system, particularly in macrophage-mediated defenses.13 This 
appears to be principally important in Toll-like receptor–mediated 
defenses against intracellular pathogens such as Mycobacterium 
tuberculosis.23,24

Persons with low 25-hydroxyvitamin D levels appear to be more 
susceptible to tuberculosis and at higher risk for progression from 
infection to disease.25,26 However, vitamin D supplementation trials 
have failed to demonstrate an improvement in tuberculosis-related 
mortality or sputum smear conversion rates.27-29 Additional data 
suggest that vitamin D deficiency is associated with impaired wound 
healing and predisposes to periodontal disease13,24 and upper respira-
tory tract infection,30 although no trials to date document benefits of 
supplementation. Ongoing studies of vitamin D supplementation for 
the reduction of infection, cancer, and cardiovascular disease–related 
morbidity and mortality should provide additional insight into the 
complex role of vitamin D in human disease.

Vitamin E
A group of eight closely related fat-soluble compounds (four tocoph-
erols and four tocotrienols) all exhibit vitamin E biologic activity, but 
α-tocopherol is the most active form, is abundant in many foods, and 
is most widely available as a supplement. Vitamin E is one of a group 
of antioxidants that scavenge free radicals formed in redox reactions 
throughout the body.31 Vitamin E activity is complemented by that of 
selenium, which, as a constituent of glutathione peroxidase, also 
metabolizes peroxides before they cause membrane damage.

Hypovitaminosis E resulting from a deficient diet is uncommon  
in the developed world and occurs almost exclusively in association  
with severe fat malabsorption, in low-birth-weight infants, and in 
patients with rare genetic disorders such as abetalipoproteinemia. 
Vitamin E supplementation has multiple immunologic effects, includ-
ing enhanced T-cell proliferation, perhaps mediated by suppressed 
production of prostaglandin E2 (PGE2), a T-cell–suppressive com-
pound, and enhanced delayed-type hypersensitivity responses.11,12,31 
Clinical effects of vitamin E supplementation have been studied mainly 
in the elderly (see “Older Adults”). Extensive research on the biology 
of immune senescence and the effects of vitamin E on age-related 
immune dysfunction has been reviewed.31 Although beneficial effects 
of vitamin E supplementation have been suggested in a variety of 
noninfectious diseases, such as macular degeneration and hepatic ste-
atosis, the recent findings of increased risk for prostate cancer in 
healthy men receiving vitamin E supplementation will impact future 
intervention trials with vitamin E.32

Water-Soluble Vitamins
Vitamin C
Vitamin C (ascorbic acid) can augment a number of biochemical 
reduction reactions involving iron and copper and acts as an enzymatic 
cofactor and antioxidant in physiologically important processes, 
including fatty acid transport, collagen synthesis, and neurotransmitter 
formation.11,12

In humans, vitamin C deficiency is manifested as scurvy, the prin-
cipal feature of which is impaired collagen synthesis, with signs includ-
ing capillary fragility, bleeding gums, delayed wound healing, and 
impaired bone formation. Animal studies and a limited number of 
human studies have suggested an immunomodulatory role for ascorbic 
acid, with increased resistance to viral illness and some anticarcino-
genic effects, perhaps via reduced T-cell apoptosis.11,12

Many trials have been performed to determine whether vitamin C 
might be useful to prevent or treat the common cold. A comprehensive 
review concluded that vitamin C supplementation did not reduce the 
incidence of common colds but did produce a consistent reduction in 
the duration of cold symptoms. A range from 0.07% to 39% reduction 
in symptom days was seen in different studies, and larger doses dem-
onstrated a trend toward greater benefit.33 In contrast to most other 
dietary antioxidants, vitamin C appears to be safe even at high levels 
of consumption.

carotenoids. The important role of vitamin A in immune system func-
tion is well established.14 Vitamin A deficiency can affect host immu-
nity through direct actions on immune cell function and through 
indirect effects on epithelial cell differentiation and, consequently, host 
barrier defenses.

Vitamin A deficiency results in reduced mitogen-stimulated T-cell 
proliferation and antigen-specific IgA and IgG production, impairs the 
ability of CD4+ T lymphocytes to stimulate Th2 responses (B-cell 
antigen-specific IgG1 responses), and limits the ability of neutrophils 
to phagocytose bacterial pathogens.14,15

Vitamin A supplementation has been examined in a number of 
randomized, double-blind, placebo-controlled trials of undernour-
ished and malnourished children in developing nations. Antibody-
mediated responses are impaired in individuals with vitamin A 
deficiency; and in some studies (but not all), supplementation has 
improved antibody titer responses to measles vaccine, sustained gut 
integrity, and lowered the incidence of respiratory tract infections.16

A Cochrane Review on the subject found that oral vitamin A sup-
plementation in children reduced overall mortality (relative risk [RR], 
0.76; 95% confidence interval [CI], 0.69 to 0.83) and diarrheal-
associated mortality (RR, 0.72; CI, 0.57 to 0.91). Further, supplementa-
tion reduced the incidence of diarrhea (RR, 0.85; CI, 0.82 to 0.87) and 
measles (RR, 0.50; CI, 0.37 to 0.67) and reduced the prevalence of 
vision problems in children aged 6 months to 5 years.17

In light of these trials and others demonstrating beneficial effects 
of vitamin A supplementation on immune function and its efficacy in 
preventing infection, the WHO recommends that vitamin A supple-
mentation be provided to young children and mothers residing in 
developing nations, even in the absence of signs or symptoms of defi-
ciency. Implementation of this program has been one of the great 
WHO success stories.

Although studies suggest an association between vitamin A defi-
ciency and increased mortality, disease progression, and vertical trans-
mission of HIV, vitamin A supplementation has not been shown to 
improve outcomes in HIV-infected populations.18 Similarly, vitamin A 
supplementation does not improve outcomes in persons with active 
tuberculosis. Therefore, caution should be exercised in applying rec-
ommendations to other populations, especially those at much lower 
risk for vitamin A deficiency. Excessive intake of vitamin A can produce 
acute toxic manifestations (headache, vomiting, stupor, and papill-
edema). Chronic toxicity is associated with weight loss, nausea, and 
vomiting; dryness of the mucosa of the lips; bone and joint pain; 
hyperostosis; and hepatomegaly with parenchymal damage and fibro-
sis. In the 1990s, two large trials evaluating the role of β-carotene in 
lung cancer prevention observed an increased risk for lung cancer in 
subjects (male smokers) receiving β-carotene.19,20 The reasons for this 
finding of increased risk remain unclear, emphasizing the need for 
further study on the role of retinoids in human health and immunity 
before widespread supplementation with retinoid precursors can be 
recommended in well-nourished populations.

Vitamin D
Vitamin D deficiency is remarkably common even in developed 
nations, particularly in those with reduced exposure to sunlight  
or reduced dairy intake or both. However, as with other vitamins,  
the prevalence depends on which metabolite is measured (25- 
hydroxyvitamin D or 1,25-dihydroxyvitamin D) and the cutoff value 
used for “deficiency.” Because it is easy to measure and widely available, 
most population surveys use serum 25-hydroxyvitamin D levels, but 
the definition of “deficiency” depends on the outcome measured, and 
no standard has been declared.21 Regardless of the standard used, 
women more than men, older adults more than young adults and 
children, and races other than white are more likely to be deficient.22 
Older, institutionalized adults and those with comorbidities that 
reduce their sunlight exposure or oral intake of fortified dairy products 
are also at greatly increased risk.

The role of vitamin D (1,25-dihydroxycholecalciferol) in immune 
response has been recognized for decades but recently has received 
more attention as the importance and ubiquity of vitamin D receptor 
expression has been shown and its role in host defenses against  
mycobacterial disease has been better defined. Vitamin D actually 
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efficacy of zinc to prevent otitis media or as adjunctive treatment for 
pneumonia in children.38,39

Selenium
Selenium is essential for the function of selenium-dependent proteins, 
which play critical roles in the redox regulation of key enzymes, tran-
scription factors, and receptors. Beyond its role as an antioxidant, 
selenium may have additional immune properties that contribute to 
the maintenance of normal immune function.11 Selenium is ubiquitous 
in the soil and enters the diet through both plant and animal sources. 
Dietary intake varies depending on geographic region. Overt selenium 
deficiency is rare and is limited to certain regions of China. However, 
the effects of relative selenium deficiency on disease susceptibility and 
disease progression remain only partially characterized and are a 
subject of intense ongoing studies of both hosts and pathogen (see 
“Host Nutritional Status and Pathogen Virulence”).

Selenium deficiency has been shown to decrease the production of 
free radicals and killing by neutrophils, IL-2 receptor affinity and 
expression on T cells, T-cell proliferation and differentiation, and lym-
phocyte cytotoxicity. In vitro, selenium deficiency results in enhanced 
neutrophil adherence to endothelial cells, an early event in the inflam-
matory response. In both mice and humans, supplementation with 
selenium has been shown to increase lymphocyte proliferative 
responses, IL-2 receptor expression, and macrophage and cytolytic 
T-lymphocyte–dependent tumor cytotoxicity. Even at plasma selenium 
levels associated with normal dietary intake in the United States, sup-
plementation with 200 µg selenium per day has considerable immu-
noenhancing effects, although an upper limit is likely, because 
“megadose” therapy may be associated with reduced immunity.

Iron
Iron deficiency is the most common trace element deficiency world-
wide. It is estimated to affect 20% to 50% of the world’s population, 
including infants, children, and women of childbearing age in tropical 
regions.40 The effects of iron deficiency are seen in multiple systems of 
the human body, including the immune system.11 In animal and 
human studies, iron deficiency has been associated with impairments 
in cell-mediated immunity, reductions in neutrophil activity with 
decreased myeloperoxidase activity and bactericidal activity, and 
diminished NK-cell activity.11,41 Iron deficiency has been shown to 
impair lymphocyte and neutrophil functions in children, although no 
resultant increase in susceptibility to infection has been described. 
Whereas iron deficiency and infection often coexist in developing 
nations, no cause-and-effect relationship has been established, except 
for the well-documented association between gastrointestinal blood 
loss and heavy infestations of hookworms.

Many of the immune abnormalities associated with iron deficiency 
appear to be reversible with iron replacement, but this has been diffi-
cult to demonstrate in human studies. Studies in laboratory animals 
have demonstrated reversible, deleterious effects of iron deficiency on 
measures of functional immunity,41 even in mildly iron-deficient 
animals.

Most clinicians routinely replace iron in documented iron defi-
ciency to avoid anemia and associated morbidities. However, contro-
versy exists regarding possible deleterious effects of iron supplementation 
in some settings. Many microorganisms require trace elements such as 
iron and zinc for survival and replication in the host and may increase 
in pathogenicity with supplementation. Iron deficiency appears to 
protect against severe malaria,42,43 and oral iron supplementation has 
been associated with increased infection rates.44,45 Further, parenteral 
iron supplementation has been shown in human and animal studies to 
be harmful when administered during infection.41 Therefore, adminis-
tration of iron, particularly intravenous iron, or iron-chelating agents 
such as deferoxamine should be delayed in subjects with active 
infection.

Fatty Acids
Three major groups of dietary fatty acids—oleic acid, linoleic acid, and 
linolenic acid—serve as precursors for the biosynthesis of polyunsatu-
rated fatty acids (PUFAs). Metabolic competition exists among these 
groups of fatty acids, and modification of dietary fatty acid intake can 

Vitamin B6
Vitamin B6 (pyridoxine) plays an essential role in nucleic acid and 
protein synthetic pathways. Not surprisingly, it appears to be essential 
for optimal lymphocyte function, maturation and growth, antibody 
production, cytokine production, and natural killer (NK)-cell activ-
ity.11,12 Increased consumption of vitamin B6 enhanced lymphocyte 
proliferation and cytokine production.

Folate
Folate deficiency is associated with reduced numbers of circulating 
lymphocytes, poor lymphocyte proliferation, impaired Th1 immunity, 
including delayed-type hypersensitivity responses, and NK-cell activ-
ity. Supplementation studies with immune response end points are few, 
but supplementation has improved age-related declines in NK-cell 
function.11

Vitamin B12
Like folate, vitamin B12 is essential to cell reproduction, including 
lymphocyte proliferation. Vitamin B12 deficiency is associated with 
reduced production of antibody to pneumococcal polysaccharide; 
however, no study has been done to assess whether repletion of  
vitamin B12 reverses this defect, and a causal relationship has not been 
established.

Trace Metals
Zinc
Zinc (Zn2+) is a dietary trace mineral that plays a critical role in the 
structure of cell membranes and in the function of cells of the immune 
system. Zinc is required for the activity of hundreds of enzymes associ-
ated with carbohydrate and energy metabolism, protein synthesis and 
degradation, nucleic acid synthesis, heme biosynthesis, and carbon 
dioxide transport.11

Zinc deficiency occurs most commonly in association with starva-
tion, PEM, and malabsorption syndromes. In the developed world, 
zinc deficiency is seen primarily in children and the elderly, although 
it is estimated that a larger proportion of North Americans may be at 
risk. Zinc deficiency has been documented in association with numer-
ous conditions of relative immunocompromise, including pregnancy, 
alcoholism, kidney disease, burns, inflammatory bowel disease, and 
HIV infection.11

Clinical manifestations of zinc deficiency include growth impair-
ment, delayed sexual maturation, hypogonadism, impotence, oligo-
spermia, alopecia, dysgeusia, night blindness, impaired wound healing, 
skin abnormalities, and impaired immunity.

Clinical trials have examined the role of zinc in immune system 
modulation during infection and other illnesses. For children living in 
developing nations, zinc supplementation limited growth stunting and 
reduced the duration and intensity of diarrheal illness, acute lower 
respiratory tract infections, and pneumonia.34 Children receiving zinc 
supplements had higher CD3+ and CD4+ lymphocyte counts and 
higher CD4+/CD8+ ratios in peripheral blood and improved cell-
mediated immunity when compared with control subjects. Zinc sup-
plementation also reduced the incidence of clinical disease caused by 
Plasmodium falciparum.34 In patients with sickle cell disease, zinc 
supplementation increased IL-2 production and decreased microbio-
logically confirmed infections and hospitalizations.35

A number of studies have evaluated the role of zinc in protecting 
against the common cold. Postulated mechanisms include zinc-
mediated interference with rhinoviral protein cleavage and assembly 
of viral particles and protection of plasma membranes against lysis by 
cytotoxic agents such as microbial toxins and complement; some of 
these effects may be due to correction of subclinical zinc deficiency. It 
has also been suggested that common cold symptoms—sneezing and 
nasal discharge—may be reduced in intensity by elevations in intrana-
sal zinc salts through production of a “chemical clamp” on trigeminal 
and facial nerve endings.36 However, other trials have cast doubt on the 
validity of these findings. The antirhinoviral effect of zinc is weak, and 
serum zinc concentrations are well below those required for a direct 
antiviral effect. A meta-analysis of eight published randomized trials 
found no clear benefit for the use of zinc lozenges in the treatment of 
the common cold,37 and there are mixed/inconclusive data on the 
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TABLE 11-1  Risk for Infection Acquisition and/or Adverse Outcome in Obese vs. Nonobese Patients

INFECTION/SYNDROME
RISK FOR 
ACQUISITION*

RISK FOR ADVERSE 
OUTCOME* COMMENT REFERENCES

Respiratory Viruses
Influenza (H1N1 2009 

pandemic)
± ≫ Obesity clearly increases risk for morbidity and mortality in 

hospitalized patients with H1N1 2009 strain, but small 
amount of data regarding acquisition does not suggest 
a big increase in risk. Elevated leptin, impaired CD4 and 
CD8 T cell responses, and poor TLR-based responses in 
obese subjects may play a pathogenic role.

Multiple; reviewed 
in 52, 53, and 54

Influenza (non-H1N1) ± > Weaker database than for H1N1, but some data to 
suggest hospitalization due to influenza more likely in 
obese patients, but not more likely to acquire influenza. 
Adequacy of vaccine response depends on outcome 
measured (seroprotection/seroconversion [which is not 
impaired] vs. duration of antibody rise, memory cell 
production [which is impaired]).

55,56,57,58

Respiratory syncytial virus NR > (pediatric data only) 112

Community-Acquired 
Bacterial Pneumonia

± ≪ Risk for acquisition data greatly confounded by associated 
comorbidities; once these are adequately controlled, 
there is little/no association of obesity with acquisition 
of pneumonia. However, there is a surprising and 
consistent reduction in mortality in obese patients vs. 
nonobese patients.

Risk: 113
(reviewed in 53)
Outcomes: 114-118

Bacteremia and Sepsis > > (bacteremia)
< (sepsis)

Bacteremia without sepsis on presentation is associated 
with increased mortality in obese patients in small 
studies. In contrast, although obese subjects have a 
greater risk for sepsis, when presenting with sepsis, 
severe sepsis, and septic shock they fare better than 
nonobese subjects.

119-122

Surgical Site Infections ≫ NR Consistent across general, colorectal, spinal, joint 
replacement, cesarean section, and other surgeries

Multiple; recently 
reviewed in 
123-126

Bone and Joint Infection
Osteomyelitis NR NR Clearly associated with DM, but no data of obesity risk 

alone when appropriately controlling other comorbidities

Septic arthritis NR NR

Prosthetic joint infection ≫ NR May be due to increased surgical time, underdosing of 
prophylactic antibiotics, etc.

49,127,128,129,
130,131

Urinary Tract Infection > NR More prominent effect of obesity in males than in females 50,51

Hospital-Acquired 
Infections†

≫ > Worse outcomes in obese patients include longer length 
of stay and ventilator duration in addition to adverse 
clinical outcomes (e.g., mortality)

132-136

Helicobacter pylori 
Infection

≫ > Multiple studies demonstrate increased prevalence in 
obese individuals perhaps due to lack of H. pylori 
altering ghrelin expression and predisposing to obesity 
rather than obesity predisposing to H. pylori infection

137-139

HIV Infection NR > Greatly increasing obesity prevalence, particularly among 
women with HIV; weight gain is substantial after 
initiating HAART; obesity associated with ↑ risk for DM, 
cardiovascular disease, frailty, and multimorbidity

140,141,142,143,
144

*≫, substantially greater risk; >, greater risk; ±, little difference; <, less risk; ≪, substantially less risk; NR, not reported.
†Consists of hospital-acquired bacteremia, catheter-related infection, pneumonia, urinary tract infection, and Clostridium difficile colitis.
DM, diabetes mellitus; HAART, highly active antiretroviral therapy; HIV, human immunodeficiency virus; TLR, Toll-like receptor.
Modified from data from references 109 to 111.

lead to alterations in the fatty acid composition of tissue lipids and, in 
turn, changes in cellular responses.

PUFAs, including arachidonic acid and eicosapentaenoic acid 
(EPA), can be enzymatically converted to eicosanoids. Extensive data 
suggest a strong modulatory role for fatty acids in various cellular 
responses, including inflammation and immune function,46 and there 
is growing evidence that they also act as second messengers or regula-
tors of signal-transducing molecules.46 Among the fatty acids, it is the 
omega-3 (ω-3) PUFAs that possess the most potent immunomodula-
tory activities; and among them, those found concentrated in fish oil, 
EPA, and docosahexaenoic acid (DHA) are more biologically potent 
than α-linolenic acid (ALA).

A number of clinical trials have assessed the benefits of dietary 
supplementation with fish oils in several inflammatory and autoim-
mune diseases in humans, including rheumatoid arthritis, Crohn’s 
disease, ulcerative colitis, psoriasis, lupus erythematosus, and multiple 
sclerosis. Animal and clinical studies of acute respiratory distress 

syndrome (ARDS) and sepsis suggest that a high-fat diet containing 
EPA (fish oil), γ-linolenic acid (GLA; borage oil), and antioxidants can 
improve lung microvascular permeability, oxygenation, and cardiopul-
monary function, reduce proinflammatory eicosanoid synthesis and 
lung inflammation, and improve survival (see “Surgical and Critically 
Ill Patients”).47,48

OVERNUTRITION: OBESITY AND 
INFECTIOUS DISEASES
Obesity, defined as a BMI greater than 30, is epidemic in the United 
States and rapidly increasing globally (www.who.int/mediacentre/
factsheets/fs311/en/index.html). The association of obesity with diabe-
tes, cardiovascular disease, osteoarthritis, and many other chronic  
illnesses is well known, but the impact of obesity on infection  
and immunity is a relatively new field. Infection risk and outcomes  
for many syndromes are influenced by obesity but not in a uniform 
direction (Table 11-1). For example, it has been well documented  

http://www.who.int/mediacentre/factsheets/fs311/en/index.html
http://www.who.int/mediacentre/factsheets/fs311/en/index.html
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inflammatory responses while diminishing most cellular responses, 
but there are notable exceptions.52,53,54 In humans, obesity has been 
associated with an increased inflammatory milieu that has been 
hypothesized to increase the production of short-term memory T-cell 
and B-cell responses but impaired memory responses (Fig. 11-1). This 
is consistent with the finding that obesity does not impair initial 
vaccine responses to influenza and other antigens but shortens the 
duration of protective immunity.55,56,57,58

At least in the case of 2009 H1N1 influenza, overexuberant inflam-
matory responses may be a major driving factor in adverse outcomes 
and are likely mediated by high leptin levels in obesity. Increased 
mortality in obese mice, similar to that seen in obese humans, is mark-
edly attenuated by administration of antileptin antibodies.59

that obesity was a major risk factor for adverse outcomes in hospital-
ized subjects during the 2009 pandemic H1N1 influenza outbreak. 
Additionally, obesity is a risk factor for surgical site infection, pros-
thetic joint infection, and hospital-acquired infections. However,  
and perhaps surprisingly, there is a strong and consistent association 
with better clinical outcomes in obese patients with community-
acquired pneumonia when compared with their nonobese counter-
parts. Several excellent, recent reviews have outlined the impact  
of obesity on infectious disease acquisition and outcome as well as 
postulated immune changes that may contribute to these clinical 
findings.49,50,51

The immune mechanisms affected by obesity are broad, involve  
all aspects of the immune response, and, in general, upregulate 

FIGURE 11-1 Hypothesized alterations in immune responses to influenza in obese hosts. A, Influenza infection and response processes modified 
by obesity are shown in red. B, Net result of obesity is elevated levels of short-lived effector cells (SLEC) but impaired long-lived memory cells. AICD, 
activation-induced cell death; APC, antigen-presenting cell; DC, dendritic cell; IFN, interferon; IL, interleukin; MCP, monocyte chemotactic protein; MPEC, 
memory precursor effector cells; NK, natural killer; RANTES, regulated on activation, normal T cell expressed and secreted; TNF, tumor necrosis factor. (From 
Karlsson EA, Beck MA. The burden of obesity on infectious diseases. Exp Biol Med (Maywood). 2010;235:1412-1424.)
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Human Immunodeficiency Virus/
Acquired Immunodeficiency Syndrome
Recognition of malnutrition and principles of nutritional management 
are important aspects of the primary care of HIV-infected patients.65,66 
Severe malnutrition was one of the first recognized manifestations of 
advanced disease in HIV-infected persons, initially described as “slim 
disease” in early reports from Africa.67 The “wasting syndrome” was 
later defined by the CDC as a body weight loss equal to or greater than 
10% with associated fatigue, fever, and diarrhea unexplained by 
another cause; however, any weight loss of more than 5% is associated 
with accelerated disease progression, impaired functional status, and 
increased mortality.68 Early in the HIV epidemic, studies reported 
wasting in up to 20% of patients at the time of AIDS diagnosis in the 
United States. Despite advances in the management and treatment of 
HIV infection, the wasting syndrome and other forms of malnutrition 
remain highly prevalent in the HIV-infected population.69 Wasting is 
associated with increased mortality and remains a significant prognos-
tic factor in advanced HIV disease.

The cause of AIDS-associated wasting is multifactorial. Wasting has 
been associated with decreased oral intake, malabsorption syndromes, 
endocrine dysfunction, and increased cytokine production. Reduc-
tions in food intake may be caused by disease- or drug-associated 
anorexia, central nervous system dysfunction, dysphagia, and odyno-
phagia. Absorption may be impaired by infectious or drug-associated 
intestinal inflammation, dysfunction, and diarrhea. Endocrine abnor-
malities include alterations in thyroid and adrenal function and fluc-
tuations in growth hormone levels. Production of proinflammatory 
cytokines leads to accelerated metabolic degradation of essential 
micronutrients, further compromising the HIV-infected host. The use 
of nutritional therapy throughout the course of HIV infection, and 
with increased intensity during symptomatic infection, can slow and 
perhaps reverse the compounding effects of nutrition-associated 
immunodeficiency.

PEM is the most common form of malnutrition seen in HIV disease 
worldwide, but alterations in the stores of fat- and water-soluble vita-
mins and trace elements are also seen. Vitamin A deficiency has been 
associated with the progression of HIV disease, development of sec-
ondary infections, increased HIV-associated mortality, and increased 
maternal-fetal transmission.70-72 Deficiencies of water-soluble vitamins 
appear to occur less frequently than those of fat-soluble vitamins, and 
only cobalamin (B12) deficiency is associated with HIV disease progres-
sion.73 Of the trace elements, deficiencies in iron, zinc, and selenium 
have been described. Zinc levels decline as HIV disease progresses, and 
zinc supplementation in HIV infection has been shown to improve 
immune responses.74

Selenium deficiency occurs more commonly in HIV-infected 
persons, as documented by low plasma and red blood cell levels of 
selenium, diminished activity of glutathione peroxidase, and low sele-
nium levels in cardiac muscle of AIDS patients. Plasma selenium con-
centrations may be reduced by up to 50% in AIDS patients, with lesser 
reductions seen in persons receiving antiretroviral therapy.75,76 The 
mechanism of selenium depletion in HIV-infected individuals is 
poorly understood and is probably multifactorial. Declines in selenium 
levels have been documented even in the earliest stages of HIV infec-
tion,77 and accelerated progression of HIV disease has been described 
in patients with selenium deficiency.78

Selenium supplementation trials in HIV-infected individuals 
improved markers of oxidative stress, improved CD4+ T-cell counts, 
and, in pregnant women in Tanzania, reduced mortality associated 
with diarrheal illness.79

Strategies to Combat Weight Loss and 
Wasting Associated with Human 
Immunodeficiency Virus
Appetite stimulants, hormone replacement therapy, and anticytokine 
therapies—all with or without exercise—have been used in small clini-
cal trials to combat wasting syndrome in HIV-infected patients with 
variable success. Treatment with anabolic steroids, particularly intra-
muscular testosterone in testosterone-deficient men, may offer sustain-
able gains in muscle mass and improvements in mood and quality of 

SPECIAL POPULATIONS: CLINICAL 
TRIALS OF NUTRITIONAL 
SUPPLEMENTATION TO REDUCE 
INFECTION RISK
To illustrate the general issues discussed to this point, three clinical 
populations of specific interest are highlighted: surgical and critically 
ill patients, HIV-infected persons, and older adults. These populations 
are frequently encountered by infectious disease specialists, and 
research in these three groups has been of particularly high quality, 
with well-designed epidemiologic and interventional studies.

Surgical and Critically Ill Patients
Total Parenteral Nutrition versus Enteral 
Nutrition*
Enteral and parenteral nutrition have been compared in a number of 
conditions in critically ill patients by randomized, controlled trials, 
confirming the utility of this approach. Further, a recent review of 
enteral versus parenteral nutrition for acute pancreatitis demonstrated 
reduced risks for death, multiple organ failure, systemic infection, and 
local septic complications, as well as reduced length of stay when using 
enteral rather than parenteral nutrition.60 For severe pancreatitis, the 
reduction in mortality for enteral versus parenteral nutrition was over 
80% (RR, 0.18; 95% CI, 0.06 to 0.58).60 Thus, the adage of “if the gut 
works, use it” appears applicable across the breadth of critical care 
patient populations, and enteral nutrition should be used whenever 
possible. Of course, total parenteral nutrition can play a role in those 
for whom enteral nutrition cannot be applied. Data from an interna-
tional survey of nearly 3000 critically ill patients suggested a strong, 
inverse relationship between 60-day mortality and ventilator-free days 
with total daily calorie intake, particularly in those patients with a BMI 
less than 25 or greater than 35, and this was true even in the 25% of 
patients who received total parenteral nutrition alone or in combina-
tion with enteral nutrition to achieve caloric goals.61

Immunonutrition
Although the mechanism(s) through which nutritional supplementa-
tion exerts positive effects on critically ill patients is uncertain, the 
reduced infection risk with enteral feeding is hypothesized to be related 
to the promotion of intestinal mucosal integrity, blunting of proinflam-
matory responses, and enhanced wound healing.62,63,64 This hypothesis 
has given rise to the concept of “immunonutrition”—specific formula-
tions to replace micronutrients that frequently become deficient in 
acute inflammatory states and to provide anti-inflammatory nutrients 
that reduce infection risk.62 Supplement studies using glutamine, argi-
nine, N-acetylcysteine, branched-chain amino acids, nucleotides, ω-3 
PUFAs, antioxidant vitamins and trace elements, taurine, and various 
mixtures of these compounds have been investigated. Although some 
controversy exists, guidelines from multiple societies have been pub-
lished recently and the relative agreement and disagreement of these 
guidelines has been well summarized.64 In general, however, the guide-
lines agree that:
1. Arginine supplementation should be provided to surgery and 

trauma patients and reduces infection rates. However, it should be 
avoided in patients with severe sepsis because it may be harmful, 
perhaps owing to overproduction of nitric oxide. The role of argi-
nine in mild/moderate sepsis has yet to be defined.

2. Glutamine supplementation is recommended for all critically ill 
patients on total parenteral nutrition and is likely of benefit in burn 
and trauma patients on enteral nutrition.

3. The ω-3 fatty acids (with or without ω-6 γ-linoleic acid) are benefi-
cial and should be used in patients with acute lung injury/ARDS 
and probably are of value in those with sepsis, major surgery, and 
trauma.

4. Antioxidants may be of benefit in multiple populations and unlikely 
to be of harm.

*An outstanding reference with exhaustive and well-organized topical reviews of the  
concepts discussed in this section can be found at http://criticalcarenutrition.com/
index.php?option=com_content&view=category&layout=blog&id=21&Itemid=10.

http://criticalcarenutrition.com/index.php?option=com_content%26view=category%26layout=blog%26id=21%26Itemid=10
http://criticalcarenutrition.com/index.php?option=com_content%26view=category%26layout=blog%26id=21%26Itemid=10
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measures and laboratory values estimate 40% to 60% of hospitalized 
seniors are malnourished.84,85 A prospective study of non–terminally 
ill elderly patients discharged from an acute care hospital found a BMI 
less than or equal to 20 kg/m2 to be associated with a markedly 
increased risk for death within 1 year.86 Among long-term and sub-
acute care residents, the prevalence of malnutrition is 15% to 66%87 
and even prevalent in community-dwelling seniors (Table 11-2). 
Micronutrient deficiencies are also prevalent among older adults, with 
10% to 30% having subnormal levels of some vitamins or minerals (see 
Table 11-2).

Nutritional Supplements in Older Adults: 
Effects on Immunity and Clinical Outcomes
Although malnutrition in the elderly is clearly associated with impaired 
immunity and poor clinical outcomes, nutritional supplementation has 
not definitively been shown to reverse this trend. Many studies exam-
ined only immune response variables rather than clinical end points, 
and these have been recently reviewed.12,88,89 Studies specifically 
addressing clinical end points are emphasized in the following para-
graphs for the most well-studied entities: multivitamin/mineral sup-
plements, vitamin E, and zinc.

Multivitamin and Trace Mineral Supplements
Studies of multivitamin/mineral supplementation for the prevention 
of infection have been performed in both outpatient healthy elderly 
and long-term care residents and are summarized in Table 11-3.90-95

Overall, it has been difficult to show any clear benefit from 
multivitamin/mineral supplementation in community-dwelling older 
adults. In long-term care residents, a series of studies hints that trace 
mineral (zinc and selenium) supplementation may be more effective 
than multivitamins for reducing the incidence of respiratory tract 
infection, but there is little effect on urinary tract infection or pres-
sure ulcers.90,91 Further, those patients without dementia may benefit 
most from supplementation, based on a post hoc analysis of one 
study.95

Vitamin E
Vitamin E has been shown to enhance both humoral and cell-mediated 
immune responses in elderly individuals. Supplementation with 
vitamin E at 200 or 800 mg/day in healthy older adults improved 
delayed-type hypersensitivity responses and immunization responses 
to hepatitis B but not to pneumococcal polysaccharide or tetanus.31 
However, in another study, the severity of symptoms due to infection 
was significantly worse in the vitamin E–supplemented group, with 
greater total illness duration and number of symptoms and more fre-
quent fever and activity restriction (compared with those receiving 
placebo),92 although it is possible that these findings represent enhanced 
immune responses in the vitamin E recipients. One additional study 
in long-term care residents showed varied benefit from vitamin E 
supplementation, depending on the outcome measured.96 There was 
no difference in the number of overall days of respiratory tract infec-
tion, the primary end point of the study, but a lower proportion of 

life. A full examination of these strategies is beyond the scope of this 
review, but specific nutritional approaches are evaluated in the follow-
ing paragraphs.

Macronutrient Supplementation
Macronutrient (calorie and protein) supplementation was recently 
evaluated in a Cochrane Collaboration Review by Grober and col-
leagues.80 Fourteen trials with a total of 1996 HIV-positive participants, 
including 245 children, met the stringent criteria for inclusion; 
excluded were studies of more than one nutritional intervention, those 
involving pregnant women, and those examining total parenteral 
nutrition versus enteral nutrition. Total caloric and total protein 
intakes were enhanced by supplementation of 600 to 960 kcal/day, but, 
not surprisingly, body weight, fat mass, fat-free mass, CD4 count, and 
HIV viral load were unchanged.

As pointed out in the Cochrane Review, most studies were small 
and combining studies is difficult given the varying formulations  
used. Very little data exist in older age groups or in HIV-infected 
patients with lipodystrophy or obesity, in whom nutritional supple-
mentation could result in increased rates of diabetes or cardiovascular 
illness.

Micronutrient Supplementation
Micronutrient deficiency is even more common than macronutrient 
deficiency in the developing world, and there is strong epidemiologic 
evidence linking micronutrient deficiencies to adverse outcomes in 
many infectious diseases, including HIV infection. A Cochrane Sys-
tematic Review evaluating micronutrient supplementation in HIV-
infected children and adults was published in 2005 and updated in 
2010.79 An important feature of this meta-analysis is that most of the 
studies were conducted in resource-poor countries where malnutrition 
is very common. Thirty studies involving 22,120 HIV-positive partici-
pants were included in the analysis. Vitamin A studies predominated, 
including five studies of vitamin A supplementation in children and 
six studies of vitamin A/β-carotene supplementation in adults. The 
other studies were typically multivitamin/mineral interventions, with 
antioxidants playing a prominent role.

Essentially, vitamin A and/or β-carotene supplementation had 
very little effect on morbidity, mortality, or surrogate markers of 
immune function in adults. Although the findings were inconsistent, 
there was a general trend toward benefit of vitamin A supplementa-
tion for HIV-infected children, with reductions in diarrheal disease 
mortality and overall mortality. In studies of other micronutrients, 
usually given as a multivitamin/mineral supplement and sometimes  
at very high doses (e.g., 20 times the RDA), some improvements  
in morbidity (e.g., opportunistic infections, hospitalizations) or in  
surrogate markers of immunity such as CD4 count were noted in 
some studies, but not others. Given the very different formulations 
used, it is difficult to draw specific conclusions or to make specific 
recommendations.

An important subgroup was that of pregnant women. Nutritional 
indicators of adverse outcomes in pregnancy for HIV-infected women 
in Africa include a BMI of less than 21.8, a hemoglobin concentration 
of less than 8.5 g/dL, and weight loss or excessive weight gain during 
pregnancy.81 One relatively large (N > 1000), randomized trial of 
multivitamin/mineral supplementation in pregnant or lactating Tan-
zanian women demonstrated benefit for both mothers and infants.72,82,83 
Women experienced less AIDS-related progression of disease and 
mortality, fewer adverse pregnancy outcomes, and less diarrheal mor-
bidity. Infants of mothers with impaired immunologic and nutritional 
parameters suffered less early childhood mortality if they were born to 
women in the multivitamin-supplemented group.

Older Adults
The elderly represent a population at significant risk for malnutrition 
and its related health problems. Malnutrition and decreased oral intake 
in older adults is often multifactorial. In the inpatient setting, “nothing 
by mouth” orders, inability to feed oneself, and increased caloric  
needs head the list. In the outpatient setting, depression, medications, 
dental or swallowing problems, and social issues (e.g., choices between 
food and medicine) are paramount. Studies using anthropometric 

TABLE 11-2  Prevalence of Nutritional 
Deficiencies in Older Adults Residing in  
Various Settings*

NUTRIENT

LONG-TERM CARE 
OR HOSPITALIZED 
(% DEFICIENT)

COMMUNITY-DWELLING 
(% DEFICIENT)

Protein/calories 17-85 10-25

Vitamin A 2-20 2-8

Vitamin B12 ND 7-15

Vitamin D 50-85 8-40

Vitamin E 5-15 ND

Zinc ND 15-25

ND, no data.
*Data are pooled from multiple studies.
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outcomes. This indicates that the ability to increase serum zinc levels—
perhaps due to other unmeasured factors such as absorptive capacity, 
comorbidity, zinc excretion, etc.—is a strong indicator of pneumonia 
risk, but the role of the zinc replacement itself remains to be defined.

HOST NUTRITIONAL STATUS AND 
PATHOGEN VIRULENCE
An important link of infection and malnutrition may not lie within the 
host’s impaired response but within the pathogen itself that may be 
altered by specific conditions present in the nutritionally impaired 
host. In selenium-deficient mice, infection with either coxsackievirus 
B or influenza virus led to the rapid development of mutations in the 
viral genome; in the case of influenza, mutations occurred specifically 
in the matrix (M) proteins M1 and M2. These mutations altered the 
virulence of influenza, increasing the severity of illness in subsequent 
hosts even if those hosts were adequately nourished (Fig. 11-2).106,107 It 
appears that the redox status of the host is the key factor governing 
this process. In follow-up studies, Gay and colleagues demonstrated 
that advanced age, characterized by a limited capacity to buffer oxida-
tive stress (similar to selenium deficiency), could also induce the accel-
erated mutation rate and virulence change in coxsackievirus.108

Although animal data support the model of enhanced mutation 
rates and augmented virulence shown in Figure 11-2, there are sparse 
data in humans. There have been limited investigations of the mutation 
rate in subjects with marginal selenium status.106 Selenium supplemen-
tation was provided to a small group of human subjects before, during, 
and after the administration of live poliovirus (OPV) vaccine, and stool 
samples were collected to determine the mutation rate in the selenium-
supplemented and control groups. The mutation rate of the OPV 
vaccine strain was significantly higher in the group that did not receive 
selenium supplementation, supporting the animal findings previously 
outlined. This led to the theory that hosts who are nutritionally defi-
cient (e.g., selenium deficient) or who are oxidatively stressed (e.g., 
aged adults108) may provide an ideal environment to induce a high 
mutation rate in infecting pathogens, leading to enhanced virulence 
(see Fig. 11-2).

subjects in the vitamin E group experienced one or more respiratory 
tract infections (RR, 0.88; 95% CI, 0.76 to 1.0), and the effect appeared 
to be most prominent for upper (vs. lower) respiratory tract infections. 
There was no effect on antibiotic use. A subanalysis of this study impli-
cated low serum zinc levels as a risk factor for pneumonia in these 
subjects,97 suggesting that trace minerals should be a focus of subse-
quent studies. Further, there may be interactions between genotypes at 
specific loci (e.g., IL-10), gender, and vitamin E on risk for respiratory 
tract infection.98 That same study suggested that specific single nucleo-
tide polymorphisms of IL-1, IL-10, and interferon-γ have lower risk for 
respiratory infection regardless of vitamin E supplementation. There 
are also complex interactions of vitamin E supplementation in male 
smokers and risk for upper respiratory tract infections, pneumonia, or 
tuberculosis depending on duration/severity of prior smoking, activity 
level, and other vitamin supplementation.99-102 Obviously much work 
remains to determine those who may benefit from vitamin E supple-
mentation for reducing infection risk.

It is clear, however, that high doses of vitamin E should be avoided 
for most seniors. A meta-analysis of vitamin E supplementation trials 
demonstrated increased mortality for those receiving daily doses of 
400 IU or greater.103

Zinc
A wealth of evidence links low levels of zinc to impaired immune func-
tion and risk for infection.104 Zinc supplementation was included in all 
the clinical trials of vitamin E and/or multivitamin supplementation to 
prevent infection in older adults cited previously. Zinc supplementa-
tion was studied as the primary micronutrient provided to institution-
alized seniors in an additional study,105 and trends found were lower 
risk for overall infection, fever, and upper respiratory tract infections. 
An important insight regarding zinc and infection risk was noted in  
a reanalysis of a prior trial based on end-of-trial serum zinc level.97 
In that study, the incidence of pneumonia, duration of pneumonia,  
and use of antibiotics for pneumonia were all dramatically reduced in 
those with an end-of-trial serum zinc level of more than 70 µg/dL, 
whereas baseline serum zinc level was not associated with any of these 

TABLE 11-3  Randomized, Placebo-Controlled Multivitamin/Mineral Supplementation Trials in Older Adults

REFERENCE 
(yr)

NO. AND 
POPULATION 
STUDIED

STUDY 
DURATION 
(mo)

RANDOMIZED 
GROUPS

OUTCOME 
MEASURED COMMENT

Girodon et al90 
(1997)

81 NH residents 24 1. Daily MVI
2. Daily Zn2+, Se
3. Daily MVI, Zn2+, Se
4. Placebo

MD-confirmed respiratory 
or urogenital 
infection–related 
mortality

No mortality difference; lower infection 
with TM or TM + MVI, but not with 
MVI alone

Girodon et al91 
(1999)

725 NH residents 24 1. Daily MVI
2. Daily Zn2+, Se
3. Daily MVI, Zn2+, Se
4. Placebo

MD-confirmed respiratory 
or urogenital 
infection–related 
mortality

No mortality difference; borderline 
reduction in infection (P = .06) and 
improved influenza vaccine responses 
with TM but not with MVI alone

Graat et al92 
(2002)

652 Community-dwelling 
older adults

15 1. Daily MVI, Zn2+, Se
2. Daily MVI, Zn2+, Se, 

vitamin E
3. Vitamin E
4. Placebo

Self-reported respiratory 
tract infection

No difference in incidence of infection; 
significantly worse symptom severity 
in vitamin E recipients

Barringer et al93 
(2003)

130 Community-dwelling 
older adults (33 were 
>65 yr; others DM 
patients)

12 1. Daily MVI, Zn2+, Se
2. Placebo

Self-reported infection 
confirmed by MD

Lower incidence of infection overall  
(P < .001) and in subset with type 2 
DM (P < .001), but not in elderly 
subset (P > .2)

Avenell et al94 
(2005)

910 Community-dwelling 
older adults

12 1. Daily MVI, Fe, I, Zn2+, 
Mn

2. Placebo

No primary care doctor 
visits for infection, 
self-reported infection, 
quality of life

No significant difference in any 
parameter measured

Liu et al95 
(2007)

763 NH residents 18 1. Daily MVI, Ca, Mg, Fe, 
I, Cu, Zn2+, Se

2. Placebo

Infection control 
practitioner surveillance 
for all infections, 
hospitalizations, and 
antibiotic use

No significant difference except in post 
hoc analysis: after excluding subjects 
with dementia, infection risk was 
reduced in remaining NH residents 
(RR, 0.81; 95% CI, 0.66-0.99).

Ca, calcium; CI, confidence interval; Cu, copper; DM, diabetes mellitus; Fe, iron; I, iodine; MD, medical doctor; Mg, magnesium; Mn, manganese; MVI, multivitamin; NH, 
nursing home; RR, relative risk; Se, selenium; TM, trace minerals; Zn2+, zinc.
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FIGURE 11-2 Effect of malnutrition on virulence of a viral pathogen. Replication of relatively nonvirulent strains of a virus within a malnourished 
host (e.g., mouse with selenium [Se] deficiency) leads to hypermutation within the viral genome, resulting in the emergence of more virulent strains. 
Once the hypervirulent quasi-species emerge, they cause more serious illness even in nutritionally replete hosts. VitE, vitamin E. (From Beck MA, Handy 
J, Levander OA. Host nutritional status: the neglected virulence factor. Trends Microbiol. 2004;12:417-423.)
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Suspected Immunodeficiency
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The most common causes of immunodeficiency are iatrogenic and 
result from the widespread use of therapies that modulate the immune 
system, either by design or incidentally. With the expanding recogni-
tion, characterization, and—in an increasing number of cases—correc-
tion of immune abnormalities, making the correct diagnosis is no 
longer of only academic interest. Identification and cloning of disease-
related genes have now made precise antenatal diagnosis and genetic 
counseling a reality. With the promise of stem cell transplantation and 
the emerging field of gene transfer, it is essential to use a sensible, 
problem-oriented approach to the patient in whom these issues are 
raised. What follows are some general principles involved in the con-
sideration of whether a patient may have an immunodeficiency and 
how to proceed with a diagnostic evaluation before, or as an adjunct 
to, referral or discussion with a specialist.

INDEX OF SUSPICION
Concern about the immune status of a patient is usually raised on the 
basis of the frequency or severity of infections or the finding of an 
unusual infectious agent. Table 12-1 lists some infectious organisms 
and the affected limb of host defense implied by their isolation. Clearly, 
not every isolation of a herpesvirus or Staphylococcus implies an 
immunodeficiency in a specific patient. However, in the setting of 
abnormally frequent infections or failure to thrive, isolation of these 
organisms from patient samples should make one consider possible 
underlying diagnoses. In contrast, identification of Pneumocystis, 
Burkholderia (Pseudomonas) cepacia, Aspergillus, or Nocardia from a 
patient without a known immunodeficiency is sufficient grounds for 
pursuing the probability of an underlying defect.

Recurrent hematogenous neisserial infections indicate deficiencies 
in the late components of complement.1 Pneumocystis (carinii) jirovecii 
pneumonia indicates T-cell abnormalities.2 B. cepacia bacteremia 
strongly suggests chronic granulomatous disease.3 Some specific 
immunodeficiencies are listed in Table 12-2, along with the gene defect, 
if known, and some pertinent findings. Recognition and appreciation 
of the genetic basis of these disorders have been critical to the develop-
ment of therapy for them and are fundamental to the curative 
approaches that are now being implemented.

INITIAL EVALUATION
The screening approach to a patient with suspected immunodeficiency 
is listed in Table 12-3. Careful attention to historical detail is critical. 
Age of onset of the illness is helpful: hyperimmunoglobulin E–recurrent 
infection syndrome (HIES or Job’s syndrome) often has an onset within 
the first days to weeks of life, whereas antibody deficiency states appear 
only after several months of life, when maternal immunoglobulin levels 
have fallen.4 Failure to thrive and diarrhea are important points in 
favor of a substantial problem but are not specific in terms of etiology. 
Birth history should include the condition and time of separation of 
the umbilical stump because stump separation is abnormally delayed 
in leukocyte adhesion deficiency (LAD).5 The past medical history 
should note the administration of vaccines, especially for measles, 
mumps, rubella, and Calmette-Guérin bacillus (BCG), difficulties with 
which are suggestive of dysfunctional T-cell or monocyte immunity. A 
dental history can be quite informative because patients with abnor-
malities of phagocytic defense often have gingivitis with periodontal 
disease6 (Fig. 12-1), patients with Job’s syndrome usually have pro-
longed retention of the primary teeth,7 and patients with nuclear factor 

kappa B (NF-κB) essential modulator (NEMO) deficiency often have 
conical or widely spaced teeth. Specific questioning regarding parental 
consanguinity is critical, even if uncomfortable.

Physical examination can yield findings diagnostic or highly sug-
gestive of lesions in specific arms of the immune system. Facial anoma-
lies, including hypertelorism, shortened philtrum, and down-slanting 
palpebral fissures, are encountered in DiGeorge syndrome,8 whereas 
characteristic facies with a broad nose and a triangular mandible are 
seen in HIES or Job’s syndrome.7,9 Hair with a silvery sheen and irregu-
lar melanin distribution is seen in Chédiak-Higashi syndrome.10 Cuta-
neous signs of immune defects include telangiectases over the bulbar 
conjunctivae and skin in ataxia-telangiectasia, the severe eczema that 
accompanies Job’s syndrome, or the dystrophic scarring seen in LAD.

The initial laboratory examination should consist of a complete 
blood count with differential, platelet count, examination of the 
peripheral blood smear, and erythrocyte sedimentation rate. Chédiak-
Higashi syndrome and neutrophil-specific granule deficiency can be 
detected on peripheral smear, whereas severe neutropenias and 
Wiskott-Aldrich syndrome can be largely excluded by normal neutro-
phil or platelet counts, respectively. An immunoglobulin (Ig) profile 
with total IgA, IgM, and IgG levels will help detect cases of IgA defi-
ciency as well as hypogammaglobulinemia. In cases in which eczema 
is a prominent feature or Job’s syndrome is suspected, measurement of 
IgE levels is indicated. The humoral immune system is functionally 
interrogated by preimmunization and postimmunization antibody 
levels. Testing of total hemolytic complement (CH50) gives a quick 
assessment of the functional integrity of the classical component of  
the complement cascade from C1 through the membrane attack com-
plex (C5 to C9), whereas the alternative pathway hemolytic comple-
ment (AH50) tests the alternative pathway of complement activation. 
Plain radiographs of the chest can demonstrate pulmonary scarring, 
pneumatoceles, and parenchymal destruction, often encountered in 
phagocyte defects and Job’s syndrome. Scoliosis, osteoporosis, rib and 
long bone fractures, and their sequelae are frequently seen in Job’s 
syndrome.7,9

LYMPHOCYTE IMMUNE DEFECTS
T Cells and Cell-Mediated Immunity
The initial manifestations of congenital T-cell defects usually, but not 
always, occur within the first few months of life and include severe 
mucocutaneous candidiasis, recurrent persistent respiratory infec-
tions, diarrhea, and failure to thrive. A broad spectrum of onset and 
severity is seen. Reticular dysgenesis (adenylate kinase 2 deficiency) 
appears within the first weeks of life and is characterized by pancyto-
penia, infection, deafness, and early demise.11-13 The lymphocyte enzy-
mopathies (adenosine deaminase deficiency and purine nucleoside 
phosphorylase deficiency) tend to occur after several months of life, 
when lymphocyte counts begin to fall because of accumulation of the 
toxic metabolites deoxyadenosine triphosphate and deoxyguanosine 
triphosphate, respectively.14,15 The occurrence of P. (carinii) jirovecii 
pneumonia, disseminated BCG infection after vaccination, persistent 
poliovirus infection after oral polio vaccination, or persistent respira-
tory virus infection should initiate consideration of a defect in lym-
phocyte function.16 Graft-versus-host disease, either acquired from in 
utero transfer of maternal lymphocytes or through transfusion of unir-
radiated blood, may be the underlying cause of cutaneous eruptions, 
transaminase elevations, or malabsorption and diarrhea and is a strong 
indicator of defective T-cell immunity.16

In many forms of T-cell abnormality, B-cell function is also com-
promised, and both cell-mediated and humoral deficiencies occur, a 

*All material in this chapter is in the public domain, with the exception of any borrowed 
figures or tables.
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TABLE 12-1  Selected Pathogens Associated with Immunodeficiency Diseases

PATHOGEN HISTORY HOST DEFENSE AFFECTED CLINICAL EXAMPLES
Pneumocystis (carinii) jirovecii, Cryptococcus 

neoformans, herpesviruses
Disseminated infections, opportunistic 

infections, persistent viral infections
T cells Severe combined immunodeficiency, 

acquired immunodeficiency syndrome

Haemophilus influenzae, Streptococcus 
pneumoniae, Giardia lamblia, 
Campylobacter spp., enteroviruses

Recurrent respiratory infections with 
encapsulated organisms, chronic 
diarrhea, aseptic meningitis

B cells Common variable immunodeficiency, 
X-linked agammaglobulinemia

Staphylococcus aureus, Burkholderia 
cepacia, Serratia marcescens, Aspergillus 
spp., Nocardia spp.

Gingivitis, aphthous ulcers, recurrent 
pyogenic infections, delayed umbilical 
stump separation

Phagocytes Chronic granulomatous disease, 
Chédiak-Higashi syndrome, leukocyte 
adhesion deficiency

Nontuberculous mycobacteria, BCG, 
Salmonella, Histoplasma capsulatum, 
Coccidioides immitis

Disseminated infections, multifocal 
osteomyelitis

Monocytes Interferon-γ/IL-12 pathway defects, 
STAT1, NEMO, GATA2

S. pneumoniae, Neisseria meningitidis, 
S. aureus, herpes simplex virus

Recurrent meningitis, bacteremia, lack of 
fever

TLR pathway MyD88, IRAK-4 defects, TLR defects

Neisseria spp. Recurrent bacteremia, recurrent meningitis Complement Late complement component deficiency

S. aureus, H. influenzae, S. pneumoniae, 
Candida albicans

Eczema, kyphoscoliosis, pathologic 
fractures, pulmonary and cutaneous 
infections mucocutaneous candidiasis

T cells, phagocytes Hyperimmunoglobulin E recurrent 
infections (Job’s) syndrome

BCG, Calmette-Guérin bacillus; GATA2, a hematopoietic transcription factor; IL-12, interleukin-12; IRAK-4, interleukin-1 receptor–associated kinase-4; MyD88, myeloid 
differentiation (primary response) protein 88; NEMO, nuclear factor kappa B essential modulator; STAT1, signal transducer and activator of transcription 1; TLR, Toll-like 
receptor.

TABLE 12-2  Congenital Immunodeficiencies

CLINICAL DISEASE

AFFECTED 
GENE 
PRODUCT*

CHROMOSOMAL 
LOCATION INHERITANCE

FUNCTIONAL 
DEFECT

IMPORTANT 
FINDINGS REFERENCES

T Cells
X-linked SCID Interleukin (IL)-2 

receptor gamma 
common chain

Xq13-21.1 X T-cell proliferation, 
antibody 
production

Lymphopenia, 
hypogammaglobulinemia

2, 16

Adenosine deaminase 
(ADA) deficiency

Adenosine 
deaminase

20q13-ter AR T-cell functions, 
antibody 
production

Absent ADA activity, 
lymphopenia, 
hypogammaglobulinemia

14

Purine nucleoside 
phosphorylase (PNP) 
deficiency

Purine nucleoside 
phosphorylase

14q13.1 AR T-cell functions Absent PNP activity, low 
CD3 cells, increased NK 
cells, low uric acid

15

Defective major 
histocompatibility 
complex (MHC) 
molecules

RF-X 19q13 AR Cell-mediated 
immunity

B cells normal, Ig normal 
or low, absent MHC 
molecules

24

IL-2 deficiency Nuclear factor– 
activated T cells 
(NFAT)

? AR Cell-mediated 
immunity, 
antibody 
production

Lymphopenia, 
hypogammaglobulinemia

20-23

Reticular dysgenesis Adenylate kinase 2 1p34 AR Leukocyte 
mitochondrial 
metabolism

Pancytopenia and deafness 11-13

DiGeorge syndrome, 
velocardiofacial syndrome 
CATCH 22

TBX-1 and 
contiguous gene 
products

22q11.21-q11.23 AD Anomalous 
development of 
third and 
fourth 
pharyngeal 
pouches

Thymic aplasia, parathyroid 
aplasia, cardiac 
anomalies, abnormal 
facies

8, 26

Ataxia-telangiectasia Ataxia-telangiectasia 
mutated (ATM)

11q22.3 AR DNA repair, T 
cells

Low IgA, low CD3 and 
CD4 cells, malignancies

27

Wiskott-Aldrich syndrome Wiskott-Aldrich 
syndrome protein 
(WASP)

Xq11-11.3 X T cells and 
platelets

Eczema, thrombocytopenia, 
low platelet volume, low 
IgM, high IgA, IgE

28-33

B Cells
X-linked 

agammaglobulinemia
B-cell progenitor 

kinase (BTK)
Xq22 X B cells Very low antibody levels 2, 34, 35

Immunodeficiencies with 
hyper-IgM

CD40 ligand 
(CD40L, gp39)

Xq26 X B cells, T cells, 
monocytes

High IgM, low IgG, IgA, 
poor T-cell responses

36, 37

NF-κB essential 
modulator 
(NEMO)

Xq28 X Neutrophils High or normal IgM, low 
IgG, broad spectrum of 
infections

38

CD40 20q12 AR Monocytes High or normal IgM, low 
IgG, poor T-cell function

39

Activation-induced 
cytidine 
deaminase (AID)

12p13 AR B cells Lymph nodes present, 
normal to high IgM, low 
IgG

40

Continued
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CLINICAL DISEASE

AFFECTED 
GENE 
PRODUCT*

CHROMOSOMAL 
LOCATION INHERITANCE

FUNCTIONAL 
DEFECT

IMPORTANT 
FINDINGS REFERENCES

X-linked lymphoproliferative 
syndrome (Duncan’s 
syndrome)

SLAM-associated 
protein (SAP)

Xq25 X EBV response Low EBNA antibody, 
uncontrolled cellular 
activation

41-43

Common variable 
immunodeficiency

ICOS and others 2q33 and others AR Antibody 
synthesis T-cell 
function

Low IgG, poor antibody 
response, low IgA 
common

44, 138

IgA deficiency IgA ?6p21.3 AR IgA Associated with other 
immunodeficiencies

44, 45

Phagocytes
Chronic granulomatous 

disease (CGD)
Bacterial and 

fungal killing 
defective in all 
forms of CGD

Infections with catalase 
plus microbes, 
granulomas, and 
reduced superoxide 
generation

74-76, 139

X-linked CGD gp91phox Xp21.1 X 70% of CGD

Autosomal recessive CGD p22phox 16q24 AR < 5% of CGD — —

p47phox 7q11.23 AR 25% of CGD — —

p67phox 1q25 AR < 5% of CGD — —

p40phox AR < 1% of CGD Less severe 
superoxide 
impairment

Predominantly colitis

Severe chronic neutropenia 
and cyclic neutropenia

Neutrophil elastase 
(ELANE)

19p13 AD Neutropenia Cyclic hematopoiesis, cycle 
≈21 days; some cases of 
severe chronic 
neutropenia

48-53

Growth factor 
independent 1 
(GFI1)

1p22 AD Neutropenia Severe neutropenia 50

HAX-1 1q21.3 AR Neutropenia Kostmann syndrome, 
severe chronic 
neutropenia

52

MonoMAC; dendritic cell, 
myeloid, and NK-cell 
lymphopenia (DCML); 
Emberger syndrome; 
familial acute leukemia/
myelodysplasia

GATA2 3q17 AD 
haploinsufficiency

Monocytopenia, B 
and NK 
lymphopenia, 
macrophage 
dysfunction

Warts, dysplastic 
megakaryocytes, 
hypoplastic bone 
marrow, cytopenias, 
pulmonary alveolar 
proteinosis

120

Warts, 
hypogammaglobulinemia 
infections, and 
myelokathexis (WHIM)

CXCR4 2q21 AD Impaired 
chemokine 
receptor activity

Impaired neutrophil exit 
from the marrow 
(myelokathexis), low IgG, 
warts

140

Chédiak-Higashi syndrome Lysosomal transport 
protein (LYST)

1q43 AR Chemotactic 
defect 
neutropenia

Giant granules in 
neutrophils, 
oculocutaneous albinism

56-58

Leukocyte adhesion 
deficiency type 1

CD18 (ITGB2) 21q22.3 AR Absent leukocyte 
integrins

Chronic leukocytosis, 
delayed umbilical cord 
separation, recurrent 
infections

5, 60-62

Leukocyte adhesion 
deficiency type 2

Sialyl-Lewis X (due 
to mutations in 
GDP-fucose 
transporter-1 
[FUCT1])

11p11.2 AR E-selectin ligand, 
fucose 
metabolism

Short stature, mental 
retardation, Bombay 
blood type

62, 63

Leukocyte adhesion 
deficiency type 3

KINDLIN-3 (FERMT3) 11q12 AR Signaling from 
integrin ligation

Bleeding diathesis, 
leukocytosis

64

Neutrophil-specific granule 
deficiency

CCAAT enhancer 
binding protein 
(C/EBPε)

3q21 AR Neutrophil 
granule 
products

Absent neutrophil-specific 
granules, absent 
defensins (primary 
granules)

65-70

Myeloid differentiation 
primary response gene 
88

MyD88 3p22 AR Signal 
transduction 
through the 
Toll-like 
receptors, the 
IL-1 receptor, 
and others

Severe pyogenic infections 
in childhood

94

IL-1 receptor–associated 
kinase-4 deficiency

IRAK-4 12q12 AR Signal 
transduction 
through the 
Toll-like 
receptors, the 
IL-1 receptor, 
and others

Severe pyogenic infections 
in childhood

93

TABLE 12-2  Congenital Immunodeficiencies—cont’d
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CLINICAL DISEASE

AFFECTED 
GENE 
PRODUCT*

CHROMOSOMAL 
LOCATION INHERITANCE

FUNCTIONAL 
DEFECT

IMPORTANT 
FINDINGS REFERENCES

Toll-like receptor 3 TLR3 4q35 AR TLR3 signaling Recurrent HSV encephalitis 95

Myeloperoxidase deficiency Myeloperoxidase 
(MPO)

17q21-q23 AR Catalysis of 
superoxide to 
hydrogen 
peroxide

Absent MPO, usually 
unassociated with 
infections

71

Interferon-γ (IFN-γ) receptor 
1 deficiency

IFN-γ R1 6q23-q24 AR Absence of IFN-γ 
binding

Recurrent nontuberculous 
mycobacterial and 
Salmonella infections

98-100

AD Overaccumulation 
of defective 
receptor

Nontuberculous 
mycobacterial 
osteomyelitis

102, 103

IFN-γ receptor 2 deficiency IFN-γR2 21q22.1-q22.2 AR Absence of IFN-γ 
signaling

Recurrent nontuberculous 
mycobacteria

101

IL-12 receptor β1 deficiency IL-12Rβ1 19p13.1 AR Absence of IL-12 
signaling

Recurrent nontuberculous 
mycobacterial and 
Salmonella infections

105,106,108

IL-12p40 deficiency 
(IL-12p40)

IL-12p40 5q31 AR Lack of IL-12 
leading to low 
production of 
IFN-γ

Recurrent nontuberculous 
mycobacterial and 
Salmonella infections

107

Signal transducer and 
activator of transcription 
1 (STAT1)

STAT1 2q32.2 AD Reduced IFN-γ 
receptor 
signaling

Severe disseminated 
nontuberculous 
mycobacteria and BCG

110

AR Absent IFN-γ and 
IFN α/β 
receptor 
signaling

Disseminated fatal 
mycobacterial and viral 
infections

109

AD Gain of function; 
reduced IL-17 
producing T 
cells

Chronic mucocutaneous 
candidiasis; disseminated 
histoplasmosis or 
coccidioidomycosis

111-114

Hyper-IgE–recurrent 
infection syndrome (Job’s 
syndrome)

STAT3 17q21 AD Reduced 
STAT3-
dependent 
signaling (IL-6, 
IL-17)

Extremely high IgE, 
eczema, facial, dental 
and bony abnormalities, 
pneumatocele 
formations

7, 115, 117, 
118, 119

Complement

Classical Pathway
C1q deficiency
C1r deficiency
C1s deficiency
C2 deficiency
C3 deficiency
C4A deficiency
C4B deficiency
C5 deficiency
C6 deficiency
C7 deficiency
C8 deficiency
C9 deficiency

C1q
C1r
C1s
C2
C3
C4A
C4B
C5
C6
C7
C8
C9

1p36.3
12p13
12p13
6p21.3
19p13.3
6p21.3
6p21.3
9q34.1
5p13
5p13
1p32
5p13

AR
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR

Antibody-
dependent 
complement 
lysis is 
depressed in all 
forms of 
classical 
complement 
component 
deficiencies

Low CH50 is seen with all 
forms of classical 
complement component 
deficiency. Individual 
components are very low 
or absent.

Autoimmune disease is 
common in early-
component deficiencies 
(C1-C4).

Bacteremia and meningitis 
are common in all types 
of complement 
deficiencies.

1

Alternative Pathway
Properdin deficiency Properdin Xp11.4-23 X Antibody-

independent 
complement 
lysis is 
depressed in 
alternative 
complement 
component 
deficiencies

More severe susceptibility 
to infection than classical 
component deficiencies

Factor H deficiency Factor H 1q32 AR

Factor I deficiency Factor I 4q25 AR

*The affected gene product is not always the gene in which the lesion has occurred. The genetic lesion may disable a regulatory gene required for expression or function 
of the affected gene product.

AD, autosomal dominant; AR, autosomal recessive; BCG, Calmette-Guérin bacillus; CATCH 22, cardiac defects, abnormal facial features, thymic hypoplasia, cleft palate, 
and hypocalcemia; CH50, total hemolytic classical complement; EBNA, Epstein-Barr virus nuclear antigen; EBV, Epstein-Barr virus; ELANE, elastase neutrophil expressed; 
GATA2, a hematopoietic transcription factor; GDP, guanosine diphosphate; HAX-1, HCLS-1 (hematopoietic cell-specific Lyn substrate 1)–associated protein X-1; HSV, herpes 
simplex virus; ICOS, inducible costimulator; Ig, immunoglobulin; IRAK-4, interleukin-1 receptor–associated kinase 4; MyD88; myeloid differentiation (primary response) 
protein 88; NF-κB, nuclear factor kappa B; NK, natural killer; RF, regulatory factor; SCID, severe combined immunodeficiency; SLAM, signaling lymphocyte activation 
molecule; STAT1, signal transducer and activator of transcription 1; TLR3, Toll-like receptor 3; X, X-linked inheritance.

TABLE 12-2  Congenital Immunodeficiencies—cont’d
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screening differential count. Circulating lymphocyte numbers range 
from about 7000 cells/µL in infants to 4000 cells/µL in children and 
about 2000 cells/µL in adolescents and adults through old age.17 Of 
these lymphocytes, roughly half are T cells, with the remainder split 
between B cells and natural killer (NK) cells. Severe quantitative abnor-
malities of lymphocytes are relatively uncommon; low absolute lym-
phocyte numbers are encountered in the great majority of cases of 
SCID, as well as in several other congenital immunodeficiencies (see 
Table 12-2). The lymphocyte number is now detected as part of 
newborn screening through the analysis of T-cell receptor excision 
circles (TRECs)—small, stable DNA circles that reflect thymic output 
and are detectable by using 50 µL of dried blood on the Guthrie card.18 
Acquired immunodeficiency syndrome (AIDS); high plasma cortico-
steroid levels (iatrogenic or endogenous); obstructed lymphatic circu-
lation (e.g., intestinal lymphangiectasia or protein-losing enteropathy); 
severe systemic illness (e.g., carcinomatosis, miliary tuberculosis); sys-
temic lupus erythematosus; sarcoid, cytotoxic, or immunosuppressive 
therapy; and severe right-sided congestive heart failure can also cause 
lymphocytopenia. These latter causes are much more common than 
the congenital ones.

T-lymphocyte function is initially and most easily assayed in vivo 
by testing of type IV cell-mediated immunity or delayed-type hyper-
sensitivity (DTH) (Table 12-4). DTH is elicited by the intradermal 
injection of an antigen to which the subject has been exposed. Antigen-
specific CD4+ T cells are recruited, and in turn, these T cells recruit 
macrophages, with resulting interstitial fibrin deposition and indura-
tion. Erythema and edema are seen early after the injection but are not 
indicative of DTH. Frank induration, which is the best marker of effec-
tive DTH, is best appreciated between 24 and 48 hours and then gradu-
ally falls off.

In the screening evaluation for immune defects, it is important to 
consider the patient’s experiences, such as immunizations, previous 
infections, and regional exposures in the selection of antigens. It is 
useful to test several different antigens simultaneously for the determi-
nation of T-cell responsiveness, such as mumps, Candida, Trichophy-
ton, streptococcal antigens, and tetanus. The demonstration of intact 
DTH confirms the presence of functional CD4+ T cells and excludes 
most of the severe congenital defects in cell-mediated immunity. Of 
importance, DTH can be preserved until relatively late into human 
immunodeficiency virus (HIV) infection. Therefore, the presence of 
DTH should not be considered evidence against HIV infection per se. 
Selective anergy to the antigens of the infecting organism has been 

state referred to as severe combined immunodeficiency (SCID).16 This 
syndrome tends to be recognized after maternal antibody levels wane 
and recurrent bacterial infections begin. The finding of low immuno-
globulin levels in association with marked lymphopenia in the appro-
priate setting should lead to the consideration of severe combined 
immunodeficiency.2,16

The most direct and simplest assessment of T-cell immune status is 
the determination of lymphocyte number, which is obtained in the 

TABLE 12-3  Screening Evaluations for Immune 
Defects

History
Medications and treatments

Relatedness of parents, umbilical stump separation, age of onset, dental history

Frequency, severity, distribution, types of infections

Vaccination history, especially handling of live vaccines and antibody response to 
vaccination

Causative infectious agents

Physical
Weight and height

Hair: sheen, pigmentation

Abdomen: organomegaly

Skin: dystrophic scars, telangiectases, eczema, warts

Oropharynx: thrush, ulcers, gingivitis, secondary tooth eruption

Facies: nasal size, eye slant, philtrum

Skeleton: kyphoscoliosis, fractures

Routine Laboratory Values

Complete Blood Count
Differential: lymphopenia, neutropenia, monocytopenia

Peripheral smear: giant granules, specific (secondary) granules

Platelet count: thrombocytopenia

Erythrocyte sedimentation rate: usually elevated in infection

Chemistries
Serum calcium

Serum uric acid

Liver functions

Immunoglobulins
IgA, IgM, IgG, IgE

Isohemagglutinins

Antibody titers (tetanus, pneumococcus, etc.)

Complement
Total hemolytic complement (classical CH50, alternative AH50)

Radiography
Plain chest films: kyphoscoliosis, pneumatoceles, scarring

FIGURE  12-1 Severe periodontal disease in leukocyte adhesion 
deficiency type 1 as shown by gum recession. 

TABLE 12-4  Directed Tests of Immune Function

T Cells
FACS (lymphocyte subsets, cytokine receptors)

Delayed-type hypersensitivity: mumps, Candida, tetanus, Trichophyton

Lymphocyte enzymes (adenosine deaminase and purine nucleoside 
phosphorylase)

Cytokine production and response

In vitro proliferation: stimulation with antigen, lectin, antibody, allogeneic cells, 
protein kinase C stimulants, and calcium ionophores

B Cells
FACS

Antigen challenge, recall or new

In vitro antibody production

Phagocytes
FACS for leukocyte adhesion molecules

Dihydrorhodamine oxidation, nitroblue tetrazolium reduction

Superoxide generation, hydrogen peroxide generation

Adherence

Staphylococcal killing

Chemotaxis

Phagocytosis

Complement
Assay of individual complement components, functional or quantitative

FACS, fluorescence-activated cell sorting.
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the periphery are rare despite normal numbers of pre–B cells in the 
bone marrow. These patients have elevated T-cell numbers, normal 
T-cell subsets, and intact T-cell functions. Although they have signifi-
cant problems with bacterial infections, patients with XLA also have 
severe difficulty with persistent, disseminated echovirus infections, 
especially in the central nervous system. IgG, IgA, and IgM levels are 
extremely low, as are isohemagglutinins. No antibody to either new or 
previously administered antigens is detectable. In contrast, patients 
with any of the syndromes that can give rise to one of the hyper-
immunoglobulin M syndromes (the X-linked deficiency of CD40 
ligand [CD40L or CD154]36,37; X-linked ectodermal dysplasia with 
immunodeficiency [NEMO]38; autosomal-recessive CD40 deficiency39; 
autosomal-recessive, activation-induced cytidine deaminase defi-
ciency40; and others) may have preserved lymphoid tissue mass, 
hepatosplenomegaly, normal numbers of B cells and T cells, and vari-
able neutropenia. Autoimmune phenomena such as Coombs-positive 
hemolytic anemia and thrombocytopenia are common. IgM is often 
normal to elevated, and IgG and IgA are usually quite low; isohemag-
glutinins may be elevated.35 The X-linked lymphoproliferative disorder, 
XLP or Duncan’s syndrome, occurs in males, typically after infection 
with Epstein-Barr virus (EBV), and can cause problems ranging from 
aplastic anemia to hypogammaglobulinemia to a full-blown immuno-
deficiency syndrome, including hemophagocytic syndrome, which can 
be fatal.41 The causative gene product associates with the signaling 
lymphocyte–activation molecule (SLAM) and is called the SLAM-
associated protein (SAP), which is critical for T-cell signaling.42,43

The initial test for the integrity of the humoral arm of immunity is 
determination of levels of isohemagglutinins (see later, this section) 
and levels of IgG, IgA, and IgM. Normal immunoglobulin levels are 
relatively low in infancy and childhood and increase with age. If immu-
noglobulin levels are appropriate, XLA can be excluded. Low immu-
noglobulin levels may be seen in the first year of life in the transient 
hypogammaglobulinemia of infancy.2,35 However, these infants usually 
have detectable isohemagglutinins and can mount antibody responses 
to new antigenic challenges. Despite family histories notable for rela-
tives with immunodeficiencies, patients with transient hypogamma-
globulinemia of infancy tend to normalize their immunoglobulin 
levels over the first 2 years of life. In contrast, depressed levels of 
immunoglobulin in an adult with recurrent bacterial sinopulmonary 
infections raise the possibility of common variable immunodeficiency 
(CVID).44 CVID is a heterogeneous group of diseases that share the 
features of hypogammaglobulinemia and an increased susceptibility to 
chronic enteric infections with Giardia lamblia, Campylobacter, and 
disseminated echovirus infections, in addition to sinopulmonary bac-
terial infections. Patients with CVID often have low isohemagglutinin 
levels and abnormal DTH and fail to make antibody to new antigens. 
IgG subclass analysis may show selective defects in IgG1 and IgG3 or 
in IgG2 and IgG4, in addition to defects in IgA.44 However, the value 
of checking IgG subclasses is debated.45

Isohemagglutinins are IgM antibodies directed against blood group 
A and B antigens, which occur in all healthy people, except those with 
blood group AB. By the age of 3 years, 98% of patients with blood 
groups A, B, or O have isohemagglutinins with a titer of at least 1 : 16. 
Isohemagglutinin levels are determined in blood banks as a prerequi-
site to transfusion. Challenge with antigen is probably the simplest and 
most effective method for determining the functional integrity of the 
humoral immune system. Polysaccharide pneumococcal vaccinations 
examine the response to polysaccharide antigen, whereas tetanus chal-
lenge is more specific for peptide responses. Serum titers should be 
checked before and 2 to 4 weeks after immunization. Use of a recall 
antigen allows testing of anamnestic responses. Novel or rare antigens, 
such as bacteriophage ΦX174, keyhole limpet hemocyanin, or rabies 
vaccine, make it possible to test antibody responses even during immu-
noglobulin administration.46

PHAGOCYTE IMMUNE DEFECTS: 
NEUTROPHILS
The clinical findings of patients with neutrophil disorders often share 
common features: gingivitis, periodontal disease, and oral ulceration.6 
Cutaneous infections with Staphylococcus aureus are recurrent and 
can be severe. In neutrophil disorders characterized by inadequate 

observed in active visceral leishmaniasis, lepromatous leprosy, and 
active tuberculosis. These specific defects typically reverse after suc-
cessful treatment of the underlying infection. Complete anergy to a 
battery of antigens is a relatively nonspecific finding in terms of etiol-
ogy, insofar as the differential diagnosis includes all the entities that 
cause lymphopenia. However, anergy makes further evaluation of the 
cell-mediated immune system reasonable.

Fluorescence-activated cell sorting (FACS) analysis now allows 
rapid enumeration and characterization of lymphocyte, monocyte, and 
neutrophil subsets.19 Lymphocyte subset determination, specifically for 
CD4+ T cells, is standard in the management of HIV infection, where 
it provides guideposts for initiation and monitoring of antiviral therapy. 
With the recent identification and cloning of many immunodeficiency-
related genes and the development of specific antibodies, FACS is able 
to confirm or exclude specific immunodeficiencies.

Evaluation of T-cell function in vitro requires laboratory personnel 
skilled in the isolation, preparation, and stimulation of peripheral 
blood mononuclear cells. Stimulation is typically done on unseparated 
peripheral blood mononuclear cells and therefore represents the 
product of both lymphocyte and monocyte contributions. Proliferation 
is usually determined as some measure of lymphocyte division after 
stimulation with cell membrane–binding lectins (e.g., phytohemag-
glutinin [PHA], concanavalin A [ConA], pokeweed mitogen [PWM)]), 
direct stimulants of cellular signaling pathways that bypass the need 
for membrane components (phorbol myristate acetate and the calcium 
ionophore ionomycin), antigens (purified protein derivative [PPD], 
Candida, tetanus), cytokines (interleukin-2 [IL-2]), or allogeneic cells 
(mixed lymphocyte reaction).19 Significantly low proliferation in vitro 
can result from lymphocytopenia, absent cell surface receptors, such 
as the CD3 complex,20 antigen-specific anergy, IL-2 deficiencies,21-23 or 
major histocompatibility complex abnormalities.24

At least four important CD4+ T-cell subsets are distinguished. Th1 
cells produce interferon-γ (IFN-γ) and IL-2 and are the predominant 
cells in the DTH response. Th2 cells produce IL-4, IL-5, IL-10, and 
IL-13 and regulate the differentiation of B cells and eosinophils. Th17 
cells produce IL-17 and IL-22 and regulate neutrophil number, epithe-
lial responses to infection, including Candida and epithelial inflamma-
tion. T regulatory (Treg) cells control and regulate T-cell and B-cell 
responses and are essential for keeping T-cell responses in line.  
Defects in Treg lead to immunodysregulation-polyendocrinopathy-
enteropathy–X-linked (IPEX) syndrome. All of these cell types regulate 
each other, as well, opening new areas for immune defects and thera-
peutic manipulations of their relationship. Cytokine levels in the super-
natants of stimulated and unstimulated cells can be readily determined 
and may demonstrate states of either deficiency21-23 or excess.

DiGeorge syndrome is caused by anomalous development of the 
third and fourth pharyngeal pouches, with agenesis of the thymus and 
parathyroids and subsequent immunodeficiency and hypocalcemia. 
Neonatal tetany is an expected manifestation.8 The defect in DiGeorge 
syndrome is due to interstitial deletions in chromosome 21, including 
mutations in the TBX-1 gene.25,26 Ataxia-telangiectasia is associated 
with low IgA and low CD3+ and CD4+ T-cell levels, progressive ataxia, 
and oculocutaneous telangiectases. These patients usually experience 
recurrent bacterial respiratory infections and are at increased risk of 
malignancy because of abnormalities in DNA repair.2,27 Wiskott-
Aldrich syndrome is characterized by eczema, elevated IgE, thrombo-
cytopenia with small platelets, and recurrent opportunistic infections 
resulting from mutations in the Wiskott-Aldrich syndrome protein 
(WASP).28-31 Mutations in WASP also have been found to cause isolated 
X-linked thrombocytopenia32 and X-linked neutropenia.33

B Cells and Humoral Immunity
More than 60 years have elapsed since the first clear description of an 
immunodeficiency syndrome, X-linked agammaglobulinemia (XLA), 
by Colonel Bruton.34 The clinical features of isolated immunoglobulin 
defects are distinct from those of T-cell or combined defects. The age 
of onset for congenital deficiencies is between 6 months and 2 years, 
and the initial infections are predominantly with encapsulated bacte-
ria. The thymus gland is present and apparently normal in XLA, but 
peripheral lymphoid tissues, such as tonsils and lymph nodes, are 
essentially absent.35 B cells and plasma cells in the circulation and 

http://www.myuptodate.com


P
a
rt

 I
 B

as
ic

 P
ri

n
ci

p
le

s 
in

 t
h

e 
D

ia
g

n
o

si
s 

an
d

 M
an

ag
em

en
t 

o
f 

In
fe

ct
io

u
s 

D
is

ea
se

s
140

can lead to overlapping clinical phenotypes. LAD type 1 is a rare 
autosomal-recessive disorder involving one set of the leukocyte 
integrins—the molecules required for leukocyte adherence to endothe-
lium, other leukocytes, and bacteria.5,60 Deficiency of the integrin com-
ponent CD18 leads to a corresponding deficiency of the complexes 
with which it partners—leukocyte function–associated antigen 1 (LFA-
1), cell surface glycoprotein Mac-1, and p150,95, resulting in abnor-
malities of cellular adhesion. These abnormalities are predicted from 
the basic defect. The absence of a marginated pool of neutrophils leads 
to chronic leukocytosis, whereas the poor inflammatory response leads 
to recurrent infections.

LAD-1 defects can be severe or moderate, depending on the degree 
of CD18 deficiency.5 Severe deficiency (<0.5% of normal protein 
expression) is characterized by delayed umbilical stump separation, 
umbilical stump infection, persistent leukocytosis in the absence of 
active infection (>15,000/µL), and severe destructive periodontitis 
with associated loss of dentition and alveolar bone. Septicemia and 
recurrent infections of the skin, upper and lower airways, bowel, and 
perirectal area are common and usually due to S. aureus or gram-
negative rods, most notably Pseudomonas species. Infections tend to 
be necrotizing and ulcerative but demonstrate almost no tissue neu-
trophils on histopathology. Patients with moderate deficiency (3% to 
30% of normal expression) tend to be diagnosed later in life, have 
normal umbilical stump separation, and have fewer life-threatening 
infections. Leukocytosis is still the rule, as are delayed wound healing 
and periodontal disease. Although patients with a moderate form of 
the disease are less ill and tend to live past childhood, deaths from 
infection have been reported in young adults.5

The severe form shows grossly defective granulocyte and mono-
nuclear cell mobilization into Rebuck skin windows in vivo and dimin-
ished neutrophil migration in response to the bacterial chemoattractant 
f-Met-Leu-Phe in vitro, despite normal numbers of receptors.5 These 
laboratory abnormalities are reflected in histologic sections of infected 
tissues, which show mononuclear cells but very few neutrophils.  
Granulocyte adherence to glass, plastic, nylon, wool, and other LAD 
granulocytes is greatly reduced and not stimulated by exposure to 
f-Met-Leu-Phe or phorbol myristate acetate. The absence of CD18 
leads to the absence of Mac-1 and the inactivated C3b (iC3b) receptor 
CR3. Therefore, complement-mediated phagocytosis is severely 
impaired, whereas IgG-mediated phagocytosis is normal. Although 
viral infections are not usually special problems in LAD, antibody-
dependent cellular cytotoxicity by patient cells is also diminished. Oxi-
dative metabolism in response to phorbol myristate acetate or calcium 
ionophore is normal in patient granulocytes. Neutrophil primary and 
secondary granule release in response to phorbol myristate acetate or 
chemoattractants is normal in LAD cells, whereas the response after 
zymosan particle ingestion is depressed.

The diagnosis is established by eliciting a thorough history, with 
special attention directed to consanguinity, evidence of depressed 
inflammation in the neonatal period, delayed umbilical stump separa-
tion, and recurrent infections. A dental history is helpful inasmuch as 
most of these patients have severe problems with gingivitis, periodon-
tal disease, tooth loss, and alveolar bone erosion. Wounds often heal 
abnormally, with dystrophic, paper-thin scars remaining. The diagno-
sis is confirmed by FACS, which shows reduction or absence of the 
components of the leukocyte adhesion molecule CD18; its partners 
CD11a, CD11b, and CD11c; and sequence abnormality in the gene 
encoding CD18, ITGB2.

In LAD-2, neutrophil adherence to endothelial cells is defective 
because of absence of the sialylated Lewis X antigen (CD15s) on the 
neutrophil surface, which is the binding site for E-selectin.61,62 The 
patients have neutrophilia, recurrent pulmonary, periodontal, and 
cutaneous infections, abnormal chemotaxis, mental retardation, short 
stature, distinctive facies, and the Bombay (hh) blood phenotype. The 
defect is autosomal recessive and caused by mutations in guanosine 
diphosphate (GDP)-fucose transporter 1 gene FUCT1.61,63 This disease 
is also known as congenital disorder of glycosylation IIc (CDG IIc). 
LAD-3 is characterized by recurrent infections, impaired neutrophil 
migration, and platelet dysfunction caused by mutation in the gene 
KINDLIN-3, which links surface ligation of receptors to cellular 
signaling.64

inflammation (neutropenia, LAD, Chédiak-Higashi syndrome, 
neutrophil-specific granule deficiency), infections can extend locally 
and subcutaneously with little reaction until marked destruction has 
taken place. Visceral and, especially, sinopulmonary involvement helps 
distinguish neutrophil defects from other syndromes in the differential 
diagnosis. Hepatic abscess is a frequent manifestation of chronic gran-
ulomatous disease (CGD) and is most often caused by S. aureus, an 
organism rarely encountered in the liver in patients with normal 
neutrophils.

Neutropenia
A neutrophil count of less than 500 cells/µL carries a profound risk of 
bacterial and fungal infection.47 Although this principle was first exten-
sively documented and is still most frequently displayed in patients 
undergoing combination chemotherapy, its importance has been con-
firmed in patients with genetic disorders that affect neutrophil number. 
Cyclic neutropenia is an autosomal-dominant disease characterized by 
relatively regular 21-day oscillations in the levels of blood neutrophils, 
monocytes, eosinophils, lymphocytes, platelets, and reticulocytes.48 
The defects are usually the result of mutations in the elastase neutrophil 
expressed (ELANE) gene.49 Severe chronic neutropenia can also be 
caused by mutations in ELANE, as well as several other genes, most 
notably HAX-1 (HCLS-1 [hematopoietic cell-specific Lyn substrate 1]–
associated protein X-1).50 Patients are usually first seen in childhood 
and have recurrent episodes of fever, malaise, mucosal ulcers, and 
occasionally, life-threatening infections associated with periods of pro-
found neutropenia (<200/µL).48 Neutrophil number is the defect, but 
function is normal. The diagnosis is suspected in children with recur-
rent stomatitis, gingivitis, cutaneous infections, lymphadenopathy, and 
fever and should be entertained in patients with intermittent neutro-
penia, especially if a periodicity of about 21 days can be documented 
on serial blood draws (the mechanisms behind the periodicity are 
unknown). Molecular diagnostics should be pursued to confirm the 
specific gene involved. In severe chronic neutropenia (SCN, also 
known as Kostmann syndrome51), neutrophil counts are consistently 
low from birth and without periodicity.52 Of interest, some cases of 
SCN are also caused by mutations in ELANE.53 Neutropenic syndromes 
are typically treated with recombinant granulocyte colony-stimulating 
factor; myeloid malignancies are increased in these populations.54 
Adult-onset cases have been described with an associated clonal pro-
liferation of large granular lymphocytes (CD3+/CD8+/CD57+) as well.55

Chédiak-Higashi Syndrome
Chédiak-Higashi syndrome is a rare autosomal-recessive disorder 
caused by defects in the lysosomal transport protein, LYST, encoded 
by the CHS1 gene.56,57 It is characterized by recurrent bacterial infec-
tions, partial oculocutaneous albinism, photophobia, nystagmus, and 
peripheral neuropathy.10 Many patients die in childhood from infec-
tion. An aggressive “lymphoproliferative” phase, with diffuse organ 
infiltration and death, develops in about half of the patients who 
survive into adolescence. Patients who live into adulthood may develop 
a severe peripheral neuropathy.10 A pathology examination reveals 
giant abnormal granules in neutrophils, melanocytes, hair, Schwann 
cells, the central nervous system, and other granule-containing cells.10 
In neutrophils, the granules are formed mainly by fusion of azurophilic 
or primary granules to each other and, to a lesser extent, by fusion to 
specific or secondary granules.58

Features of Chédiak-Higashi syndrome include central and periph-
eral nervous system involvement with peripheral neuropathy, myopa-
thy, autonomic dysfunction, and leptomeningeal involvement.10 Low 
intelligence has been noted in some series.10 The lymphoproliferative 
“accelerated phase” is prevented by bone marrow transplantation, 
whereas the neuropathic features are not.59 The diagnosis of Chédiak-
Higashi syndrome is easily made by inspection of the peripheral smear 
for giant lysosomes or microscopic examination of hair for character-
istic melanin clumps.

Leukocyte Adhesion Deficiency
Leukocyte adhesion to endothelium and other leukocytes is mediated 
by several sets of molecules, among which are the integrins and the 
selectins. Defects in either of these two intercellular adhesion pathways 
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distinct gene defects converge on this point in phagocytic cell oxidative 
metabolism, and their defects lead to recurrent life-threatening infec-
tions with bacteria and fungi and dysregulated inflammation.74 The 
frequency is greater than 1 in 200,000 persons.75 Clinically, CGD is 
quite variable; the time of onset may occur from infancy to late adult-
hood, although it is diagnosed in most patients while they are toddlers 
and young children. However, CGD is diagnosed in a significant 
number of patients later in life.74-76 Children with CGD tend to be short 
and small for their age, even in the absence of overt infections, but 
often achieve the height predicted by their parents’ height.77

Pulmonary, cutaneous, lymphatic, and hepatic infections are  
frequent. Osteomyelitis, perianal abscess, and gingivitis are also 
common.74-76 The microbiology of infections associated with CGD is 
remarkable for its relative specificity: S. aureus, B. cepacia complex, 
Serratia marcescens, Nocardia spp., and Aspergillus spp. account for the 
overwhelming majority of infections in North America and Europe 
(Fig. 12-3). Where exposure is common, BCG, tuberculosis, and Sal-
monella infections are also prominent. As in other neutrophil abnor-
malities, the most common offender in CGD is S. aureus. Whereas the 
typical case of liver abscess in an immunologically normal patient 
involves enteric organisms and is liquid and easily drained, the liver 
abscesses encountered in patients with CGD are dense, caseous, and 
staphylococcal (Fig. 12-4). In the absence of antibiotic prophylaxis, 
lung, skin, and bone infections are also usually staphylococcal. 
However, Aspergillus spp. and some of the rarer fungi, such as Exo-
phiala dermatitidis78 and Paecilomyces spp.,79 are encountered in CGD. 
Infections with Nocardia spp., Chromobacterium violaceum, S. marce-
scens, and B. cepacia are seen frequently in patients with CGD and 
strongly suggest the diagnosis.3,74-76,80 Bony involvement can occur by 
direct extension in the case of Aspergillus or hematogenously, as in the 
case of Staphylococcus and Nocardia.81 Infection with Aspergillus nidu-
lans is especially aggressive and requires more intensive therapy than 
does infection with Aspergillus fumigatus.82 Antibiotic prophylaxis has 
altered the frequency of infections in CGD and has reduced the fre-
quency of staphylococcal infections in particular.3,83 Therefore, infec-
tions outside the liver or lymph nodes occurring in CGD patients who 
have been taking antibacterial prophylaxis should not be presumed to 
be staphylococcal. The rate of fungal infections in CGD is lower than 
that for bacterial infections and has apparently not changed in the 
setting of prophylactic antibiotics.83 Itraconazole prophylaxis has 
reduced the frequency and severity of fungal infections in patients  
with CGD.84

The granulomas that occur in CGD are presumed to originate from 
an inflammatory response to infectious or irritative foci (e.g., sutures) 
that fails to eradicate the infection or irritation. This may be because 
hydrogen peroxide, a moiety missing in CGD phagocytes, is involved 
in the degradation of inflammatory mediators, such as leukotrienes 
and complement factors.85,86 This persistent inflammatory reaction 
may lead to exuberant and often obstructive granulomatous lesions. 
The gastrointestinal and genitourinary tracts are frequently involved 

Neutrophil-Specific Granule Deficiency
Neutrophil-specific (secondary) granule deficiency is a rare autosomal-
recessive heterogeneous disease characterized by a profound reduction 
or absence of neutrophil-specific granules and their contents.65 Asso-
ciated abnormalities in the few patients reported include bilobed  
or trilobed neutrophil nuclei, absence of some neutrophil primary 
(azurophil) granule proteins, mononuclear eosinophils without  
eosinophilic granules, and dysfunction of platelet α-granules. The 
neutrophil-specific granule protein lactoferrin is diminished or absent 
in these patients’ neutrophils, whereas production by lacrimal glands 
is normal.65-67 Neutrophil-specific granule deficiency results from 
mutation in the transcriptional regulator C/EBPε, which controls early 
neutrophil granule biogenesis.68-70 However, cases without C/EBPε 
mutation suggest that there may be several genes that can lead to the 
same defect.

Myeloperoxidase Deficiency
Myeloperoxidase (MPO, also called verdoperoxidase), the heme-
binding protein that makes pus green, catalyzes the conversion of 
hydrogen peroxide to hypochlorous acid (bleach). MPO deficiency,  
the most common neutrophil disorder, affects about 1 in 2000 persons 
but is quite silent in most cases. Neutrophil function is affected by 
MPO deficiency in a variety of ways. The respiratory burst in MPO-
deficient neutrophils is prolonged and, as a result, exaggerated amounts 
of hydrogen peroxide are produced.71 Phagocytosis is normal to 
increased in MPO-deficient neutrophils, whereas bactericidal activity 
is somewhat slower than normal. Killing of Aspergillus conidia by 
MPO-deficient neutrophils is retarded, whereas the combination of 
MPO-deficient neutrophils with CGD neutrophils (see “Chronic Gran-
ulomatous Disease”), which are unable to generate hydrogen peroxide 
but do produce MPO, results in normal killing of Aspergillus conidia.72 
Pathologic sequelae of MPO deficiency are brought out only in the 
presence of other impairments of host defense, such as diabetes mel-
litus. A very few MPO-deficient diabetic patients have had severe yeast 
infections. The dihydrorhodamine oxidation assay, which is used for 
CGD diagnosis, can be falsely abnormal in MPO deficiency.73

Chronic Granulomatous Disease
CGD is caused by deficient function of the reduced nicotinamide 
adenine dinucleotide phosphate (NADPH) oxidase, which is respon-
sible for the respiratory burst and the generation of phagocyte super-
oxide, hydrogen peroxide, and hypochlorous acid (Fig. 12-2). Five 

FIGURE  12-3 Multifocal asymptomatic Aspergillus fumigatus 
pneumonia in a patient with chronic granulomatous disease. 

FIGURE 12-2 The phagocyte respiratory burst. The neutrophil oxi-
dative burst is mediated by the structural components of the reduced  
nicotinamide adenine dinucleotide phosphate (NADPH) oxidase: the 
membrane-bound components gp91phox and p22phox and the cytosolic 
factors p47phox, p67phox, and p40phox. In the setting of cellular activa-
tion, these factors coalesce on the phagosome membrane and catalyze 
the transfer of an electron from NADPH to molecular oxygen. This, in turn, 
creates superoxide, which is converted to hydrogen peroxide (H2O2) and 
then to hypochlorous acid (HOCl, bleach). The genetic absence of any of 
these structural components causes chronic granulomatous disease. MPO, 
myeloperoxidase; NADP+, oxidized nicotinamide adenine dinucleotide 
phosphate; SOD, superoxide dismutase. 
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FIGURE 12-4 A, Staphylococcal liver abscess in a patient with chronic 
granulomatous disease. It is large, diffuse, and multiloculated. B, The 
excised abscess shows a dense fibrocaseous mass that is typically not 
amenable to catheter drainage and requires surgical removal. 

A

B

CGD pose a special problem in management. Although these patients 
are already somewhat immunocompromised, the judicious use of cor-
ticosteroids in conjunction with antibiotics has been successful in 
opening and maintaining the patency of hollow viscera in patients  
with CGD.88

DEFECTS AFFECTING PHAGOCYTE 
SIGNALING
Among the critical ways that myeloid, lymphoid, and other cells sense 
pathogens is through preformed receptors on the cell surface or in 
vesicles. The Toll-like receptors (TLRs) are important mediators of this 
sensing that signal through intracellular molecules, including myeloid 
differentiation (primary response) protein 88 (MyD88), IL-1 receptor–
associated kinase (IRAK), and NF-κB92 (Fig. 12-5). Defects in any of 
the genes along this innate immune pathway lead to severe infections. 
Mutations in the IRAK-4 or MyD88 genes lead to severe, recurrent 
pyogenic infections in infancy and childhood that ameliorate with  
age, perhaps because of acquired immunity.93 Mutations in the NEMO 
have a more profound defect that encompasses pyogenic as well as 
mycobacterial, viral, and Pneumocystis infections.94 Many of these 
patients also have mild-to-moderate forms of ectodermal dysplasia, 
reflecting the fact that morphogenic pathways also signal through 
NF-κB.38 Mutations in specific TLRs confer highly pathogen-specific 
susceptibility, such as TLR3 and HSV encephalitis95 and TLR4 and 
meningococcemia.96

PHAGOCYTE AND LYMPHOCYTE 
DEFECTS AFFECTING 
MONONUCLEAR CELLS
Although tuberculosis is highly virulent in humans and infects more 
than one third of the globe’s population, infections with nontubercu-
lous mycobacteria (NTM) are much less common, and when these 
infections are disseminated, they bespeak substantial immunocompro-
mise. If HIV infection and iatrogenic causes are excluded, one is left 
with patients with intrinsic immune defects, some of which have 
recently been characterized at a genetic level.

by granulomatous lesions in CGD, sometimes as the site of the initial 
complaint, sometimes asymptomatically. Malabsorption, abundant 
lipid-laden histiocytes in bowel biopsy specimens, and pigmented his-
tiocytes and granulomas in bowel biopsy material are sometimes dif-
ficult to distinguish from Crohn’s disease.87 Esophageal, jejunal, ileal, 
cecal, rectal, and perirectal involvement occurs in greater than 40% of 
patients with CGD, affecting patients with X-linked more than auto-
somal disorders.88 Gastric outlet obstruction is an especially common 
manifestation and may be the initial feature of CGD. In a comprehen-
sive review of genitourinary manifestations, Walther and colleagues89 
found that 38% of patients with CGD had some kind of urologic event, 
including bladder granulomas, ureteral obstruction, and urinary tract 
infection. The diagnosis of CGD is made by assays of superoxide or 
hydrogen peroxide production, such as dihydrorhodamine oxidation 
or nitroblue tetrazolium reduction. Mothers of boys with the X-linked 
form of CGD are typically carriers of a defective X chromosome. 
Therefore, by lyonization, a certain proportion of the mother’s cells will 
fail to produce superoxide and thus will give a characteristic mosaic 
pattern on testing, so that by performing a functional test on the 
mother’s blood, one can determine whether a boy has the X-linked 
form of CGD. X-linked carriers of CGD have an increased incidence 
of discoid lupus.90

IFN-γ is a cytokine with neutrophil and monocyte-macrophage–
stimulating properties that has reduced the frequency and severity of 
infections in patients with CGD.91 Although granulocyte transfusions 
supply only a small portion of the body’s normal neutrophil output in 
a day, they may be effective in helping to clear severe infections. Trans-
fused granulocytes produce superoxide, which can be used by the 
intact MPO system in CGD neutrophils, thereby allowing the bio-
chemical defect to be bypassed. The granulomatous complications of 

FIGURE  12-5 Toll-like receptor signaling. The Toll-like receptors 
signal through a variety of molecules, mostly culminating in nuclear factor 
kappa B (NF-κB) activation. NF-κB is held latent in the cytoplasm by inhibi-
tor of kappa B kinase (I-κB), and it is released only after I-κB is phosphory-
lated (P) and ubiquitinated (U). Mutations have been identified in myeloid 
differentiation (primary response) protein 88 (MyD88), interleukin-1 
receptor–associated kinase 4 (IRAK-4), and NF-κB essential modulator 
(NEMO), which predispose to severe bacterial infections, predominantly 
with encapsulated bacteria. Mutations in NEMO are also highly associated 
with mycobacterial infections and pneumocystis. Toll-like receptors (TLRs) 
signal in response to bacterial, fungal, and viral products. Mutations in 
TLR3 are associated with recurrent herpes simplex virus encephalitis. Muta-
tions in TLR4 are associated with meningococcemia. Polymorphisms in 
other TLRs have been shown to affect infection susceptibility to tubercu-
losis, Legionella, and other agents. Shaded TLRs are surface displayed. 
Open TLRs are maintained in intracellular vesicles. TRAF, tumor necrosis 
factor receptor–associated factor. 
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of STAT1 defects occur: recessive complete loss of function, dominant 
negative loss of function, and dominant gain of function. Severe com-
plete recessive STAT1 defects ablate both IFN-γ and IFN-α signaling, 
leading to fatal mycobacterial and viral infections.109 In contrast, 
autosomal-dominant mutations in STAT1 affect primarily only IFN-γ 
receptor signaling, resulting in treatable disseminated nontuberculous 
mycobacterial infections in childhood.110 Surprisingly, dominant gain-
of-function mutations lead to accentuated STAT1 signaling, resulting 
in impaired formation of IL-17–producing T cells in some cases, which 
leads to chronic mucocutaneous candidiasis.111,112 Other complications 
of the gain of function mutations include disseminated histoplasmosis, 
coccidioidomycosis, progressive multifocal leukencephalopathy,113 and 
IPEX-like syndrome.114 This latter set of infections and complications 
may in part reflect an IFN-γ desensitization or tachyphylaxis.113

Hyperimmunoglobulin E–Recurrent 
Infection Syndrome (Job’s Syndrome)
Job’s syndrome is a rare disorder characterized by recurrent infections 
(typically of the lower respiratory system and skin), eczema, extremely 
elevated levels of IgE, and eosinophilia resulting from mutations in the 
STAT3 gene.115,116 Most patients have facial abnormalities, including a 
prominent, protruding, triangular mandible, and a broad, somewhat 
bulbous nose.4,7,9 Failure of primary teeth to fall out is common and 
results in a frequent need for dental extractions to allow eruption of 
normal secondary teeth.7,117 Moderate scoliosis develops in most 
patients. Many also have abnormalities of bone formation and metabo-
lism, osteopenia, fractures, and craniosynostosis.7,9,115,116 Job’s syn-
drome occurs spontaneously in all racial and ethnic groups and is 
transmitted as an autosomal-dominant trait.4,7,115,116

Patients are usually noted within the first days to months of life to 
have severe eczema, mucocutaneous candidiasis, and cutaneous, sinus, 
or pulmonary infections, predominantly with S. aureus or Haemophi-
lus influenzae. Pneumatoceles are often noted by adolescence, and 
these, in turn, provide a hospitable site for subsequent infections with 
Aspergillus and Pseudomonas aeruginosa (Fig. 12-7). Otitis media and 
externa are relatively common, as are intertriginous infections and 
breast abscesses. Infections occur less frequently in bones and joints 
and very infrequently in the liver, kidneys, and gastrointestinal tract. 
Documented sepsis is rare. Recurrent “cold” abscesses of the skin are 
commonly due to staphylococci. The inflammatory response in these 
patients is impaired, in part because of absent IL-17 production.118 
Therefore, STAT1 gain-of-function and STAT3 loss-of-function muta-
tions overlap in defects of IL-17–producing T cells, and therefore 
mucocutaneous candidiasis, but differ because of STAT3’s extensive 
role in somatic development. Pathogens recovered from patients with 
Job’s syndrome include S. aureus, H. influenzae, Aspergillus spp., P. 
aeruginosa, Streptococcus pneumoniae, group A streptococci, P. (carinii) 
jirovecii, Cryptococcus neoformans, Histoplasma capsulatum, and 
Candida albicans.4,7,9,115

The syndrome is defined by marked elevations of IgE (>2000 IU/
mL), with levels of greater than 50,000 IU/mL reported.4,7,9 Levels may 
start out elevated in cord blood and then climb through infancy and 

IFN-γ is produced by lymphocytes and acts through its cognate 
receptor on monocyte-macrophages to facilitate the killing of intra-
cellular pathogens, such as mycobacteria, Salmonella, and dimorphic 
yeasts (Fig. 12-6).97 Therefore, it is expected and observed that severe, 
disseminated infections with nontuberculous mycobacteria, such as 
Mycobacterium avium complex, develop in humans with defects in 
either the ligand binding (IFN-γ receptor 1) or the signal transducing 
(IFN-γ receptor 2) chains of the IFN-γ receptor.98-101 These infections 
often have their onset in childhood, and if BCG is given to these 
infants, it often disseminates. Patients with complete defects of the 
IFN-γ receptors have autosomal-recessive defects and characteristi-
cally fail to form granulomas and have very high mortality from their 
M. avium complex infections. They are also susceptible to recurrent 
disseminated infections with the intracellular pathogen Salmonella. 
Patients with partial defects in IFN-γ receptor 1 have an intermediate 
phenotype with severe but curable mycobacterial infections and 
retained the ability to form granulomas.102 The autosomal-dominant 
form of IFN-γ receptor deficiency is the most common: patients 
present in childhood and later, typically with treatable nontuberculous 
mycobacterial infections involving bone. In these patients, a nonfunc-
tional IFN-γ receptor 1 is overaccumulated on the cell surface because 
of a common mutation in the intracellular domain that impairs recep-
tor recycling.103,104 The diagnosis of complete recessive (receptor absent) 
or partial dominant (receptor increased) IFN-γ receptor 1 deficiency 
is most easily accomplished by examination of the cell surface for 
IFN-γ receptor 1 expression by flow cytometry. However, demonstra-
tion of protein-positive IFN-γ receptor 1 deficiency and all cases of 
IFN-γ receptor 2 deficiency must still be performed by functional and 
molecular assays.

IL-12 is a monocyte-macrophage product that acts on lymphocytes 
to drive the production of IFN-γ. As expected, defects in IL-12 signal-
ing resulting from receptor (IL-12Rβ1, IL-12Rβ2)105 or ligand (IL-
12p40)106 defects result in disseminated infections with NTM and 
Salmonella. However, because patients with IL-12 defects have some 
residual IFN-γ production, granuloma formation is preserved, and 
these patients tend to be less severely affected than those with complete 
IFN-γ receptor defects.107,108 Treatment of IL-12 or IL-12 receptor–
deficient patients with disseminated infections can be greatly aided by 
the use of IFN-γ. The diagnosis of IL-12 receptor deficiency currently 
requires functional or molecular assays.

Signal transducer and activator of transcription 1 (STAT1) mediates 
most signals from the IFN-γ and IFN-α receptors. Three discrete kinds 

FIGURE  12-7 Multifocal postinflammatory pneumatoceles in a 
patient with hyperimmunoglobulin E–recurrent infection (Job’s) 
syndrome. FIGURE  12-6 The interacting cytokine and receptor pathways 

that regulate the resistance to, and killing of, mycobacteria and 
Salmonella. Lesions resulting in severe disseminated mycobacterial 
disease have been described in the interferon-γ (IFN-γ) receptors, signal 
transducer and activator of transcription 1 (STAT1), interleukin (IL)-12p40, 
IL-12 receptor (R) β1, and the signal transducing molecule, nuclear factor 
kappa B essential modulator (NEMO). AFB, acid-fast bacilli; CD14, cluster 
of differentiation antigen 14; LPS, lipopolysaccharide; MΦ, macrophage; 
NK, natural killer cell; NRAMP1, natural resistance–associated macrophage 
protein 1; Salm., Salmonella; T, T-cell; TNF-α(R), tumor necrosis factor-α 
(receptor). 
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with deficiencies of the early components of complement (C1, C4, C2, 
and C3) tend to have considerably higher rates of collagen-vascular 
disease, such as systemic and discoid lupus erythematosus, than do 
either healthy populations or patients with late-component defects.

Except for properdin deficiency, which is X linked, complement 
deficiency states are inherited as autosomal-recessive disorders. Het-
erozygotes have 50% of normal levels, whereas homozygous-defective 
persons tend to have very low levels, if any, of the affected component. 
Screening for the presence of classical complement deficiencies is best 
accomplished by use of the test for total hemolytic complement (the 
CH50 assay). This test examines the integrity of the classical pathway 
of the complement system by determining the ability of complement 
in patient serum to lyse antibody-coated sheep erythrocytes in vitro. 
Cell lysis leads to the release of hemoglobin, which can be determined 
spectrophotometrically. Specific classical complement component 
defects can be detected by a modified CH50 assay that uses purified 
proteins and selectively omits the one to be assayed so that patient 
serum must supply the missing factor.19 Direct determinations of 
immunologically reactive protein, including members of the alterna-
tive pathway, can be performed with enzyme-linked immunosorbent 
assays or diffusion assays. These types of direct assay systems do not 
offer functional data but can help quantify apparent functional defects. 
The alternative complement pathway is similarly screened using the 
AH50 assay.

Acquired Immune Deficiencies
The most common immunodeficiencies are acquired after birth and 
are not clearly traceable to an immune genetic basis. Like other immu-
nodeficiencies, they are best approached by a thorough history and 
physical examination to search for associated findings and to guide 
diagnostic testing. Special attention to the infecting organisms can 
point to underlying abnormalities in host defense. AIDS is caused by 
HIV, which induces progressive CD4+ T-cell depletion.129 A syndrome 
that is manifested, such as AIDS, by opportunistic infections but is 
unassociated with HIV infection is idiopathic CD4+ lymphopenia.130 
The diagnosis is made by excluding all other known causes of immu-
nodeficiency, including HIV, and determining that the CD4+ T-cell 
count is 300/µL or less. Certain malignancies, particularly hematopoi-
etic and lymphoid malignancies, result in immune dysfunction by 
causing a deficiency in immune effector cells or dysregulation of such 
activities as antibody synthesis, and they are associated with severe or 
opportunistic infections. Drug therapy can be complicated by rare or 
idiosyncratic reactions, such as aplastic anemia with chloramphenicol 
or drug-induced neutropenia.131 During chelation of iron overload 
with deferoxamine, the available circulating iron makes the intra-
vascular environment more hospitable for certain bacteria, notably 
Yersinia enterocolitica.132-134 Splenectomy, especially after trauma, pre-
disposes to overwhelming infection with encapsulated organisms, such 
as S. pneumoniae and Capnocytophaga canimorsus (previously bio-
group DF-2 [dysgonic fermenter 2]),135 and parasites, such as Babesia 
microti and Plasmodium spp.136 Severe thermal injury is associated with 
selective degranulation of neutrophil-specific granules, decreased che-
motaxis, and profound susceptibility to infection.137

childhood, but they may also decline into the normal range over time.7 
Therefore, authentic cases do at times lack elevated IgE. Chronic leu-
kopenia with borderline neutropenia has been observed in several 
patients.9 Mild-to-moderate eosinophilia is the rule, although excep-
tions do occur.7 No correlation between IgE levels and the degree of 
eosinophilia or clinical disease has been made.7,9 The diagnosis should 
be suspected in the setting of combined immunologic and somatic 
features, including extremely elevated IgE, eczema, recurrent sinopul-
monary infections, recurrent skin abscesses, failure of primary dental 
deciduation, scoliosis, characteristic facies, and a positive family 
history. Protein-positive heterozygous mutations in STAT3 correlate 
well with clinical scores.115,119

GATA2 Deficiency
Haploinsufficiency of the primitive hematopoietic transcription factor 
GATA2 underlies several clinical syndromes, including monocytope-
nia and mycobacterial infections (MonoMAC); dendritic cell, mono-
cyte, B, and NK lymphoid (DCML) deficiency; familial myelodysplastic 
syndromes (MDS)/acute myeloid leukemia (AML); and Emberger syn-
drome (primary lymphedema with MDS).120,121-125 These syndromes 
encompass immunodeficiency, bone marrow failure, leukemia, pulmo-
nary alveolar proteinosis (PAP), and lymphedema. GATA2 mutations 
also account for significant percentages of pediatric neutropenia,  
idiopathic CD4 lymphocytopenia, and aplastic anemia.126,127 The age 
at presentation ranges from early childhood into late adulthood, for 
reasons that are still unclear.

Peripheral blood counts are normal when patients are asymptom-
atic but decline as complications mount. Profound B and NK lympho-
cytopenia and monocytopenia are strongly suggestive of GATA2 
deficiency and should prompt genetic testing.

NK dysfunction and cytopenia underlie the susceptibility to human 
papillomavirus, cytomegalovirus, and varicella-zoster virus. Systemic 
IFN-α improves NK-cell cytotoxicity in vitro and may be beneficial for 
patients with refractory human papillomavirus.128 EBV-positive mes-
enchymal tumors, as seen in advanced HIV/AIDS, indicate a profound 
host defect that may also be NK-cell mediated. Likewise, the deficit 
and dysfunction of monocytes/macrophages may underlie susceptibil-
ity to intramacrophagic pathogens, including NTM and H. capsulatum. 
GATA2 also regulates alveolar macrophage phagocytosis, dysfunction 
of which may underlie PAP.

Complement-Mediated Immunity
Deficiencies in complement components are clinically manifested as 
recurrent systemic bacterial infections. Bacteremia and meningitis are 
common in all the complement deficiencies.1 Pneumonia is common 
in the early classical pathway (C1, C4, C2) and alternative pathway 
(factors I and H, properdin, C3) defects. Late-component defects (C5 
to C9) are associated with recurrent Neisseria bacteremia and menin-
gitis. Surprisingly, the bacteremia associated with late-component 
defects occurs at a much later age (average, 17 years) than does menin-
gococcal bacteremia in the healthy population. Although these patients 
also have much higher rates of relapse and reinfection than do healthy 
people, their mortality from the infection is lower than normal. Patients 
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C  Epidemiology of Infectious Disease

EPIDEMIOLOGIC STUDY METHODS
Epidemiology is the study of health-related events in defined human 
or animal populations. These events include specific diseases and con-
ditions as well as the exposures and host factors that contribute to their 
occurrence. The science of epidemiology was originally derived from 
the study of epidemics and has now been broadened to encompass all 
phenomena related to health in populations.1 Simply stated, epidemiol-
ogy involves the careful description of events within populations and 
the comparison of rates at which these events occur between groups 
within those populations. Similar concepts and methods of epidemiol-
ogy apply to both infectious and noninfectious diseases.2

The strength and adaptability of epidemiologic methods come from 
their underlying simplicity. For example, John Snow’s application of 
epidemiologic study methods led to the classic intervention of pulling 
the handle from the Broad Street pump during an outbreak of cholera 
in London in 1851. His work was based on a careful description of his 
observations and on a quantitative approach in analyzing the occur-
rence of cholera among the citizens of London. The influence of his 
work led to legislation mandating that all water companies in London 
filter their water. Of note, it was not until 1883 that Robert Koch dis-
covered Vibrio cholerae.3

Goals of Epidemiologic Analysis
As applied to infectious diseases, at least 10 goals of epidemiologic 
analysis can be listed:

1. Describe patterns of infection and disease occurrence in 
populations.

2. Identify outbreaks or unusual rates of disease occurrence.
3. Facilitate laboratory-based efforts to identify infectious agents.
4. Describe the occurrence of asymptomatic infection and the spec-

trum of disease associated with specific agents.
5. Provide population-based descriptions of clinical illness to 

improve the specificity of diagnosis for individual diseases.
6. Assist in the understanding of disease pathogenesis.
7. Identify and characterize factors in the chain of infection that 

contribute to agent transmission and the development of disease.
8. Develop and evaluate treatment protocols through clinical trials.
9. Develop and evaluate primary, secondary, and tertiary prevention 

and control measures for individuals.
10. Describe and assess the use of prevention measures on a 

community-wide basis.
These comprehensive goals far exceed the often-considered goal  

of epidemiologic analysis to investigate and control epidemics or 
outbreaks.

The goals of epidemiologic analysis can be illustrated by a historical 
review of the unfolding of the human immunodeficiency virus (HIV) 
epidemic. After the acquired immunodeficiency syndrome (AIDS) was 
initially described in 1981, a national epidemiologic surveillance case 
definition was developed. Disease surveillance was initiated to charac-
terize the cases by standard measures of time, place, and person and to 
identify population groups at risk. Based on these efforts, an infectious 
etiology was hypothesized early in the epidemic, before the first labora-
tory evidence of an etiologic agent was presented. Combined clinical, 
epidemiologic, and laboratory studies led to the identification of HIV 

as the cause of AIDS and to the development of sensitive and specific 
serologic tests for infection. This progress in turn led to studies that 
characterized the spectrum of illness associated with HIV infection.

Epidemiologic studies of persons infected with HIV (with or 
without AIDS) have characterized the routes of HIV transmission, 
have shown that the occurrence of other sexually transmitted infec-
tions can increase the risk of HIV transmission, and have demon-
strated that HIV infection can enhance the transmission of other 
agents, such as Mycobacterium tuberculosis. Longitudinal follow-up 
studies of HIV-infected persons have identified long-term survivors—
individuals who have been infected for more than 10 years (and now 
more than 30 years) and have received no treatment yet remain without 
disease.4 Others have been studied who were exposed to HIV on 
numerous occasions but did not become infected. Collectively, these 
studies provided important observations leading to better understand-
ing of the mechanisms of resistance to HIV infection and disease. 
Clinical trials were conducted to assess the efficacy of antiretroviral 
agents and combinations of drugs to increase the effectiveness of 
therapy and reduce the rate of resistance to individual drugs. Develop-
ment of potential HIV vaccines progressed to the implementation and 
innovative design of phase III human trials.5,6 Other trials were con-
ducted to assess the efficacy of a range of antimicrobial agents aimed 
at preventing a variety of opportunistic infections. Finally, community-
based programs were developed on the basis of epidemiologic data to 
promote behavior change aimed at reducing the risk of HIV transmis-
sion. Epidemiologic methods were also applied to evaluate these 
community-based programs and to establish a framework in which a 
disease-modifying HIV vaccine could be integrated into a comprehen-
sive HIV prevention program. These examples illustrate the broad 
range of roles that epidemiologic methods have played in understand-
ing and controlling the HIV epidemic.

During 2003, the global application of combined clinical, epidemio-
logic, and laboratory studies led to the rapid detection, characteriza-
tion, and, ultimately, control of an epidemic of severe acute respiratory 
syndrome (SARS) caused by a novel coronavirus.7-9 Epidemiologic 
studies identified the original source of transmission from palm civets 
to humans through wild-animal markets in China and demonstrated 
the global spread of the epidemic through person-to-person transmis-
sion.10 The eradication of the epidemic strain from humans and the 
identification of the wildlife reservoir of SARS coronaviruses estab-
lished a framework for preventing future SARS outbreaks. The global 
response to SARS serves as a model for the usefulness of epidemiologic 
methods.

In 2012, the emergence of human infections caused by another 
novel coronavirus in the Middle East, the Middle East respiratory syn-
drome coronavirus (MERS-CoV) again resulted in the combined rapid 
conduct of clinical, epidemiologic, and laboratory studies to reduce the 
risk of this virus causing another SARS-like epidemic.11-14 As of August 
1, 2013, there have been 94 laboratory-confirmed cases of infection 
with MERS-CoV, including 46 deaths. The lessons learned from similar 
studies conducted in 2003 have been invaluable in responding to the 
occurrence of MERS-CoV 2012 to 2013 (see Chapter 157).

On March 31, 2013, the public health authorities of China reported 
three cases of laboratory-confirmed human infection with a novel 

http://www.myuptodate.com


C
h

ap
ter 13 Epidem

iologic Principles
146.e1

KEYWORDS
chain of infection; experimental studies; infectivity; observational 
studies; odds ratio; pathogenicity; virulence; relative risk; sensitivity; 
specificity

http://www.myuptodate.com


C
h

ap
ter 13 Epidem

iologic Principles
147

administered to Minnesota hospital employees, those who received 
vaccine with 20 µg HBsAg per dose were more likely than those given 
the lower-dose vaccine to have detectable antibody when tested within 
6 months after completing the three-dose series.22 The results of 
this investigation suggested that sociodemographic factors of the 
community-vaccinated population, such as age, gender, weight, and 
smoking, affected the outcome of vaccination programs in ways that 
were not predicted by the clinical trials.23 In a study of children with 
inflammatory bowel disease, only 56% of children previously vacci-
nated against HBV had immunity to HBV, a mean of 13 years later.24 
Older age, lower albumin levels, and the presence of pancolitis were 
associated with lack of immunity. The use of immunosuppressive 
therapy was not associated with a lack of immunity, but it was associ-
ated with a lack of response to an additional dose of HBV vaccine given 
to children who lacked immunity.24

Establishing specific enrollment criteria for cases of infection or 
disease in epidemiologic studies is critical to obtaining valid and bio-
logically meaningful results. For example, large multistate outbreaks of 
E. coli O157:H7 have been documented with increasing frequency. 
However, without molecular subtyping of E. coli O157:H7 strains, 
population-based surveillance is limited in its ability to detect and 
determine when an unexpected number or temporal clustering of cases 
actually documents a common vehicle-associated outbreak. In Septem-
ber 2006, epidemiologists and public health laboratory workers in 
Wisconsin noticed a small cluster of E. coli O157:H7 cases with a 
common pulsed-field gel electrophoresis (PFGE) subtype pattern. The 
Wisconsin state laboratory posted the PFGE pattern on the national 
subtyping network for foodborne disease surveillance known as 
PulseNet. Within 1 week, multiple states reported matching cases, an 
epidemiologic study was conducted to evaluate case exposures, and 
fresh spinach was identified as the vehicle.25 Ultimately, 205 cases in 26 
states were linked to the outbreak, and the results of the investigation 
stimulated important investments in research related to the safety of 
leafy-green produce items. Because of its discriminatory ability, the 
Centers for Disease Control and Prevention (CDC) has adopted PFGE 
as the standard molecular subtyping method for national surveillance.26 
CDC-PulseNet now commonly plays an important role in identifying 
and investigating multistate outbreaks of foodborne disease.

A similar issue regarding the definition of cases and the population 
in which they occur confronts public health officials when they must 
consider intervention activities because of a possible outbreak of 
certain infectious diseases. It is common practice to define outbreaks 
as the occurrence of cases of disease at a frequency greater than 
expected.1 When an outbreak occurs, it is necessary to define the popu-
lation at risk (i.e., the denominator) if an accurate measure of the rate 
of disease is to be calculated. For example, it is not unusual to recognize 
a cluster of cases of Neisseria meningitidis disease in the community in 
populations not previously vaccinated. Because outbreaks of invasive 
N. meningitidis disease are known to occur in closed populations, such 
as persons living in dormitories and barracks, and because a vaccine 
and antibiotic chemoprophylaxis are available to prevent or control 
these outbreaks, the occurrence of multiple cases of meningococcal 
disease inevitably prompts a rapid public health assessment.27 Cases of 
meningococcal disease tend to occur during well-described seasonal 
peak periods, so it is possible that a cluster of unrelated cases may 
occur in a defined population. Conversely, a common strain may be 
transmitted within social networks that form a population group that 
is not easy to define. During 2005 to 2006, 23 cases of serogroup C 
meningococcal disease occurred among illicit drug users and their 
contacts in Brooklyn, New York.28 From 2010 to 2012, 18 men who 
have sex with men (MSM) in New York City were infected by a closely 
related strain.29 The need for public health intervention is quite differ-
ent for a cluster of cases representing an outbreak associated with a 
single strain, compared with a cluster in which each case is caused by 
a different group or strain of N. meningitidis.30 However, in many situ-
ations, strains are not available for further subtyping, because labora-
tory capacity to distinguish strains is limited.

As illustrated above, a companion problem to the definition of cases 
is definition of the population at risk. To determine whether cases of 
disease are occurring at a frequency greater than expected, it is neces-
sary to consider baseline incidence rates of disease. During the 

avian influenza A (H7N9) virus. By late May 2013, approximately 2 
months after the initial report, the number of laboratory-confirmed 
H7N9 infections reached 132, with 37 deaths.15 The rapid conduct of 
clinical, epidemiologic, and laboratory studies were initiated by 
Chinese medical and public health officials with support from experts 
from around the world. It was determined that the novel H7N9 viruses 
were reassortants, comprising H7 HA, N9 NA, and the six internal 
genes of H9N2 influenza A viruses. This combination of influenza 
genes had not previously been identified among viruses obtained from 
birds, humans, or any other species, although individual genes are 
related to those of recent avian influenza viruses circulating in East 
Asia. H7N9 viruses obtained from human cases, poultry, and environ-
mental samples were closely related and contained a number of genetic 
signatures previously associated with low pathogenicity in poultry, 
enhanced capacity for mammalian infection, and resistance to the 
adamantane class of antiviral drugs.16,17 The detection of H7N9 virus 
in live poultry markets in the vicinity of human cases in Shanghai, the 
contact history with live poultry or live poultry markets in a substantial 
number of cases, and the major reduction in human cases after the 
closure of live poultry markets throughout eastern China, suggest 
exposure to live poultry as a key risk factor for human H7N9 infec-
tion18 (see Chapter 157).

Defining Infections, Diseases,  
and Populations
An essential aspect of any epidemiologic study is careful definition of 
the infection, disease, condition, or factor that is being studied. Speci-
ficity and sensitivity are concepts that are frequently used in reference 
to laboratory test performance, particularly with tests that are used for 
screening purposes.1 However, in the epidemiologic study of infectious 
diseases, it is important to also apply the concepts of specificity and 
sensitivity more broadly in terms of diagnosis of infection and disease. 
For example, the diagnosis of smallpox was both highly specific and 
sensitive. Few other diseases could be confused with smallpox (i.e., the 
diagnosis was specific), and clinical disease developed in most people 
who became infected with smallpox virus (i.e., the diagnosis was sensi-
tive). These qualities, in addition to the facts that humans were the only 
important reservoir for the smallpox virus and that highly immuno-
genic vaccines had been developed, led to the successful eradication of 
smallpox.19

In contrast, many clinical conditions or syndromes, such as diar-
rhea, are caused by more than one etiologic agent. Epidemiologic 
studies of diarrheogenic Escherichia coli are complicated by the fact 
that diarrhea is not specific for E. coli, and the sensitivity of E. coli 
detection is limited due to an array of virulence factors that can result 
in disease yet are not detected by standard biochemical tests.20 Even 
the ability to detect specific agents and virulence factors by rapid, 
nonculture methods does not resolve these difficulties.21 E. coli 
O157:H7 and some other Shiga-toxin–producing E. coli (STECs) may 
lead to a broad spectrum of clinical illnesses, including uncomplicated 
diarrhea, hemorrhagic colitis, and hemolytic-uremic syndrome. 
However, not all STEC strains have the same disease-causing potential. 
Depending on whether the goals of a particular study address the clini-
cal illness, the specific agent, or the public health implications of 
detecting the agent in clinical, food, or environmental samples, inves-
tigators may choose a case definition that casts a wide net or is more 
narrowly focused. The type of definition can have a substantial impact 
on study results and should be carefully considered before a specific 
study is undertaken.

Epidemiologic studies may be designed to evaluate outcome vari-
ables other than infection or disease occurrence. In these situations, 
how the outcome variables and study population are defined and mea-
sured can affect interpretation of the results and the validity of the 
conclusions. For example, in the development of recombinant vaccines 
for hepatitis B virus (HBV), two vaccine formulations, containing 
either 10 µg or 20 µg of hepatitis B surface antigen (HBsAg) in each 
dose, were evaluated in clinical trials. Higher antibody titers developed 
in subjects who were administered vaccine with the higher dose. Both 
vaccines produced sufficient levels of antibody to be considered protec-
tive against infection, and both were licensed by the U.S. Food and 
Drug Administration. However, when the vaccines were more broadly 

http://www.myuptodate.com


P
a
rt

 I
 B

as
ic

 P
ri

n
ci

p
le

s 
in

 t
h

e 
D

ia
g

n
o

si
s 

an
d

 M
an

ag
em

en
t 

o
f 

In
fe

ct
io

u
s 

D
is

ea
se

s
148

case-control studies, odds ratios (ORs) are determined and approxi-
mate the relative risk. ORs provide a valid estimate of the RR under 
conditions that prevail in most case-control studies: the cases of disease 
are newly diagnosed, prevalent cases are not included in the control 
group, and the selection of cases and controls is not based on exposure 
status.31 An increased RR or OR (i.e., >1.0) for an exposure variable 
indicates that the exposure is related to an increased risk of disease. 
Similarly, a decreased RR or OR (i.e., <1.0) indicates that the exposure 
variable is related to a decreased risk of disease. For example, the con-
sumption of undercooked ground beef has been associated with an 
increased risk of E. coli O157:H7 infection in outbreak settings and of 
sporadic E. coli O157:H7 infections in the community.32

Although RRs and ORs do provide a measure of the risk of disease 
associated with a specific factor, they do not directly describe how 
much disease in the community can be attributed to that factor. Rather, 
the attributable risk or fraction considers both the RR for an exposure 
variable and the proportion of the population exposed to that variable. 
In a case-control study of sporadic E. coli O157:H7 infections con-
ducted by the Foodborne Disease Active Surveillance Network 
(FoodNet) in 1996 to 1997, persons who ate undercooked hamburgers 
away from home had approximately a 6 times greater risk of E. coli 
O157:H7 than those who did not. For those who ate undercooked 
hamburger at home, the risk was only 2 times greater. However, eating 
undercooked hamburger at home was more common than eating it 
away from home. Therefore, eating undercooked hamburger at home 
accounted for an estimated 8% of cases, whereas the riskier (i.e., higher 
OR) practice of eating undercooked hamburger away from home 
accounted for 7% of cases. Furthermore, persons who ate at a table 
service restaurant were only 1.7 times as likely to have E. coli O157:H7 
infection than those who did not. But, because eating at a table service 
restaurant is a very common practice and therefore represents more 
frequent exposure, it accounted for an estimated 20% of cases. Although 
it had the weakest statistical association, it accounted for the highest 
proportion of cases. Similarly, in a case-control study of sporadic lis-
teriosis cases reported in FoodNet sites from 2000 to 2003, living on a 
cattle farm had the strongest association with illness (OR = 13.75), but, 
because it was an uncommon exposure, it had a population attributable 
fraction of only 1.6%. However, eating melons at a commercial estab-
lishment accounted for 10.6% of cases, even though the OR was only 
2.6.33 The identification of melon as a risk factor for sporadic listeriosis 
in this study subsequently made it easier for investigators to identify 
cantaloupe as the source for a large multistate outbreak of listeriosis in 
2011.34 As these examples show, both RR and attributable risk are 
important measures for describing the epidemiology of infectious dis-
eases and determining public health priorities.

In the epidemiology of infectious diseases, many factors are evalu-
ated to determine their relationship or association with a specific 
disease. Statistical associations, both positive and negative, may repre-
sent a true causal relationship, a confounding relationship with another 
factor, or a chance occurrence. If more than one factor is statistically 
associated with infection or disease status in univariate (single-
variable) analyses, the relationship between individual factors and 
infection or disease status can be evaluated by multivariate regression 
analysis.35 These procedures allow the investigator to simultaneously 
control for a combination of factors in the analysis and to determine 
whether any of the risk factors are associated with infection or disease 
status independently of other factors. Another critical way of distin-
guishing causation from confounding or chance is by assessing the 
biologic plausibility of the association. An unexpected statistical asso-
ciation found in conjunction with an epidemiologic study may result 
in new understanding of how agent transmission or disease occurs. 
The temptation to stretch the plausibility of biology to provide meaning 
to statistical results is a constant danger. However, such results may be 
a useful guide to evaluate new hypotheses in future studies.

Furthermore, “statistically significant results” may be unimportant 
from a disease control or a practical perspective. Statistical signifi-
cance, which has historically been considered to be an event that would 
happen less than 1 in every 20 instances by chance alone (i.e., P < .05), 
represents a combination of the sample size and the strength or degree 
of the association. Studies with a large number of persons enrolled can 
produce statistically significant results for weak associations (i.e., RRs 

outbreak of meningococcal disease among illicit drug users, the 
population-based rate of illness in Brooklyn never approached the 
threshold for public health intervention of 10 cases per 100,000 popu-
lation over a 3-month time period.27,28 Although it was not possible to 
enumerate the actual population at risk, the ongoing occurrence of 
cases in persons with similar histories led to empirical judgments that 
an outbreak was occurring and a vaccination program targeting illicit 
drug users was needed.28 In the outbreak involving MSM, data from a 
community health survey was available to estimate the population of 
MSM and determine that the risk of meningococcal disease among 
MSM was 80 times the risk among non-MSM.29 Timely decisions 
regarding major community-based interventions after the observation 
of a cluster of meningococcal diseases often are made without adequate 
information regarding the status of a possible outbreak. Similar situa-
tions occur with other pathogens as well.

Two common measures of the occurrence of disease in populations 
are incidence and prevalence.1 Incidence represents the occurrence of 
new cases of infection or disease per unit of population per time 
period. It is common to express incidence rates in terms of person-
years of exposure. Prevalence describes the number of current cases of 
disease per population unit at the time of observation. The relationship 
between incidence and prevalence depends on the duration of infec-
tion or disease. For example, the incidence of Lyme disease or hepatitis 
A virus (HAV) infections over a period of 1 year is always greater than 
its prevalence at a given point because the disease has a very short 
duration. In contrast, the prevalence of HIV or M. tuberculosis infec-
tions is always greater than its incidence because the infection is 
chronic, and infected persons may live for years after the initial 
infection.

Biology and Statistics
The results of epidemiologic studies to compare the risk of infection 
or disease and the presence or absence of specific risk factors are pre-
sented in terms of relative risk and odds ratios. Relative risk (RR) is the 
ratio of the rate of illness or infection among persons who were exposed 
to the rate among persons who were not exposed (Fig. 13-1). RRs may 
also be called rate ratios and are the products of cohort studies. In 

FIGURE 13-1  The calculation of and relationship among relative 
risk (RR), odds ratio (OR), and attributable risk. A, The calculation of 
RR and OR from a two-by-two table. The OR provides a valid estimate of 
the RR under conditions that prevail in most case-control studies: the cases 
of disease are newly diagnosed, prevalent  cases are not  included  in  the 
control  group,  and  the  selection  of  cases  and  controls  is  not  based  on 
exposure status. B, The calculation of population–attributable risk percent. 
In a case-control study, attributable risk can be estimated from the preva-
lence of exposure among controls  (b/b + d)  and  the OR. The validity of 
this approach is limited by how representative controls are of the popula-
tion and how well the OR estimates the RR. 
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types of analytic studies. In practice, most epidemiologic studies 
involve both descriptive and analytic elements. For example, surveil-
lance for methicillin-resistant Staphylococcus aureus (MRSA) infec-
tions in nine surveillance sites in the United States permitted both the 
characterization and differentiation of community- and health care–
associated infections.42 Results showed that MRSA affects certain popu-
lations disproportionately. They also demonstrated that the problem is 
primarily related to health care but no longer is confined to intensive 
care units, acute care hospitals, or any health care institution. Finally, 
this surveillance effort demonstrated a 26% decrease in MRSA infec-
tions in the nine surveillance areas between 2007 to 2008 and 2011.

A more relevant distinction can be made between observational 
and experimental studies. Observational studies are conducted in 
natural settings where changes in one characteristic are studied in rela-
tion to others without the intervention of the investigator.43 Observa-
tional studies represent the bulk of epidemiologic research because 
they focus on events, exposures, and diseases occurring in the popula-
tion during the course of routine living conditions. In contrast, experi-
mental studies are ones in which the study conditions are under the 
direct control of the investigator.43 Such studies may include random-
ization of subjects to treatment or placebo groups and blinding of 
subjects and investigators to placement status. Clinical trials are the 
prototypical experimental study. On a broader scale, community inter-
vention trials can also be conducted.

Observational Studies
Disease Surveillance
Disease surveillance is an ongoing process that involves the systematic 
collection, analysis, interpretation, and dissemination of information 
regarding the occurrence of diseases in defined populations for public 
health action to reduce morbidity and mortality.44 Surveillance can be 
conducted in the community and in institutional settings, where it may 
form the basis for an infection-prevention program. For most infec-
tious diseases, community-based surveillance is the domain of public 
health departments at the local or state level. All jurisdictions require 
licensed physicians to report the occurrence of selected diseases to the 
health department.45 Typically, such diseases include sexually transmit-
ted infections, vaccine-preventable diseases, bloodborne pathogens, 
tuberculosis, certain invasive bacterial diseases, and enteric infections 
caused by Salmonella, Shigella, E. coli O175:H7, and Campylobacter. In 
addition to categorical reporting, most states require reporting of 
disease outbreaks, regardless of the cause, and have some provision to 
solicit reports of new and emerging diseases.

Increasingly, syndromic surveillance systems are being developed 
to take advantage of large data streams through electronic medical 
records and social media,46,47 as opposed to surveillance based on isola-
tion of a specific infectious agent. This type of surveillance has been 
very useful to supplement surveillance of influenza-like illness in sen-
tinel physician practices, nursing homes, and schools to monitor influ-
enza activity each influenza season. Surveillance for unexplained 
deaths from possible infectious causes, with characterization of such 
deaths based on the clinical syndrome at the initial evaluation, is a way 
to monitor the emergence of potential new infectious disease threats.48 
Finally, syndromic surveillance has been established in several large 
cities to serve as an early warning system for the detection of bioter-
rorist events.49 Although useful for tracking community-wide spread 

or ORs greater than 1 but less than 2), whereas studies with a limited 
number of enrollees may not be able to produce statistically significant 
results even for moderately strong or increased associations (i.e., RRs 
or ORs > 5).

Determining Epidemiologic Methods 
Appropriate to the Study Setting
The clinical trial is cited as the gold standard of epidemiologic research. 
However, many epidemiologic studies cannot take place under such 
rigorously controlled conditions. Taking advantage of opportunities to 
study diseases in clinical and community settings is one of the strengths 
of epidemiology. In the setting of a clinical practice, epidemiology may 
involve studying a series of patients, participating in multicenter trials, 
or being a reporting source for cases of disease to public health officials. 
This last aspect of epidemiologic study may be a legal obligation, but 
it should also be viewed as an opportunity for all practicing clinicians 
to participate in the practice of community-based epidemiology. 
Academic-based research centers are often settings for clinical trials, 
studies requiring newly developed laboratory methods, or studies 
derived from referrals to clinical specialty groups. Public health depart-
ments typically do not have direct access to or contact with patients 
for clinical trials, but they are responsible for surveillance of reportable 
diseases and the investigation of outbreaks. There has been a debate 
about how to distinguish public health surveillance from research and 
the ethical considerations of that distinction.36 Each of the described 
settings provides opportunities for epidemiologic studies that can 
make major contributions to the understanding, prevention, and 
control of infectious diseases.

Several major constraints are confronted in the design of epidemio-
logic studies of infectious diseases. Time is frequently a problem in the 
investigation of outbreaks. The need to quickly design and conduct 
outbreak investigations has increased with the frequency of widespread 
foodborne outbreaks and concerns over the potential for intentional 
contamination of the food supply. This necessarily limits the investiga-
tor’s ability to fully explore the outbreak setting and can result in the 
loss of information. In any study involving the retrospective collection 
of data, information may be lost because of difficulty in recalling expo-
sure or in verifying information about the exposure.

For many infectious diseases, it may be difficult to identify sufficient 
numbers of cases in clinical settings to conduct meaningful epidemio-
logic studies. In such situations, multisite collaborative projects are 
often needed. For example, a CDC working group on prevention of 
invasive group A streptococcal (GAS) disease among household con-
tacts concluded in 1995 that the data available from a single study 
conducted in Ontario, Canada, were inadequate to recommend che-
moprophylaxis to household contacts.37,38 Although the Canadian 
study suggested an increased risk of invasive disease among household 
contacts, this assessment was based on only four subsequent cases in 
households. Based on the recommendations of the work group, a mul-
tisite study coordinated by the CDC was initiated in multiple states or 
areas with active surveillance of invasive GAS disease. Additional sur-
veillance studies supported the conclusion that outbreaks of invasive 
disease among household contacts are rare, so that recommendations 
for chemoprophylaxis need to be made on an individual basis.39,40

TYPES OF EPIDEMIOLOGIC 
STUDIES
Several schemes can be used to classify or define types of epidemiologic 
studies (Table 13-1). Studies can be classified as descriptive or analytic 
and as observational or experimental. A descriptive study is designed 
to describe only the existing distribution of case characteristics, without 
regard to causal or other hypotheses.41 For example, the results of 
community-based surveillance for Campylobacter infection may 
include a summary of all cases reported in a given year by date of onset, 
county of residence, age, gender, and race. An analytic study is one 
designed to examine associations, particularly hypothesized causal 
relationships. For example, a case-control study could be designed to 
examine whether consumption of ready-to-eat meat and poultry prod-
ucts is a risk factor for cases of invasive listeriosis infections identified 
through surveillance activities. In addition to case-control studies, 
cohort studies, clinical trials, and cross-sectional surveys are common 

TABLE 13-1  Classification Schemes for 
Epidemiologic Studies

OBSERVATIONAL EXPERIMENTAL
Descriptive Surveillance

Case series

Analytic Case-control studies Clinical trials

Cohort studies Community interventions

  Seroincidence studies

Cross-sectional surveys

  Seroprevalence surveys

Outbreak investigations
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not seen when the typical clinical manifestations of the disease were 
present, and laboratory testing was not adequate to establish the diag-
nosis. In contrast, the diagnosis of measles can be confirmed by specific 
serologic testing, regardless of whether the physician sees the patient 
or has the training and experience to recognize the pathognomonic 
clinical features of the disease. Surveillance for invasive bacterial dis-
eases such as those caused by N. meningitidis is facilitated by the need 
for medical treatment because of the relative severity of the disease and 
the laboratory-supported diagnosis. For diseases such as these, active 
case ascertainment can greatly enhance the effectiveness of surveil-
lance activities. However, active surveillance requires the commitment 
of personnel and other resources that are limited for many reportable 
diseases. Nonetheless, it may be critical to evaluating the impact of 
vaccines for invasive diseases such as Haemophilus influenzae type b, 
which declined by 95% within 6 years after the introduction of the 
conjugate vaccine in 1989. Active surveillance for invasive H. influen-
zae disease has confirmed the effective control of H. influenzae type b 
with no evidence of increased disease caused by non-B serotypes in 
young children in the United States.57

Typically, active surveillance may be conducted for a limited period 
when complete data are most critical. Examples include the character-
ization of emerging diseases such as AIDS or SARS and special surveil-
lance projects aimed at assessing an intervention, such as evaluating 
whether the occurrence of intussusception was causally related to the 
use of rotavirus vaccine.58 Most infectious disease surveillance con-
ducted by public health departments in the United States is passive in 
that it relies on the physician or the laboratory to initiate the report. 
Passive surveillance systems are subject to selection bias because 
disease reports are likely to come from a nonrepresentative sample of 
practicing physicians who may report specific diseases because of per-
sonal interest.44 In addition, some data (i.e., age and gender versus 
clinical and pathologic information) may be more readily reported 
because of ease of ascertainment.44

Active surveillance is relatively more common in the hospital 
setting. For example, surveillance of nosocomial infections is an 
important hospital infection-prevention activity.59 This highly special-
ized surveillance system has the operational advantage of a defined 
population, routine clinical observation of the patient population, and 
direct access to the laboratory. Hospital-based surveillance has been a 
primary epidemiologic tool in the study of drug-resistant organisms.

Case Series
A common type of descriptive study that is conducted in clinical set-
tings is the case series. A case series describes the clinical features of a 
disease and the demographic profiles and other interesting features of 
patients with the disease. They are typically the domain of practicing 
clinicians and serve as a way of communicating significant clinical 
observations. For example, the SARS epidemic was first recognized 
outside of China as an unusual series of cases of patients with atypical 
pneumonia.60 As the case series grew, with evidence of transmission to 
hospital staff, it became apparent that an unusual outbreak was occur-
ring. More recently, a series of 33 patients hospitalized in a medical 
intensive care unit during an outbreak of chikungunya virus on 
Reunion Island demonstrated that chikungunya virus infection can 
cause severe neurologic disease with the involvement of other organ 
systems.61

Case-Control Studies
In case-control studies, persons with infection or disease are compared 
with controls (i.e., persons without the infection or disease under 
study) with respect to prior exposures likely to be related to agent 
transmission.1 Case-control studies by nature are retrospective, because 
the outcome (i.e., case status) is known at the outset of the study. Case-
control studies are the most widely conducted type of epidemiologic 
study because they are relatively cheap, powerful, and adaptable to 
many settings.35 For example, in a nationwide outbreak of Salmonella 
enteritidis infection, the results of a case-control study identified the 
ice cream made by a large national producer as the source of the out-
break 10 days before S. enteritidis could be isolated from samples of 
the implicated ice cream.62 When S. enteritidis was isolated from the 
ice cream, it was shown to be present at levels of less than one to six 

of influenza-like illness, syndromic surveillance systems have shown 
very little sensitivity to the occurrence of infectious disease outbreaks 
in these cities.50,51

Surveillance for certain pathogens has evolved to include surveil-
lance for antimicrobial resistance. The worldwide emergence of exten-
sively drug-resistant tuberculosis has made surveillance for 
drug-resistant tuberculosis routine in all jurisdictions.52 Successive 
waves of emergence and clonal dispersion of multidrug-resistant Sal-
monella Typhimurium DT 104 and multidrug-resistant Salmonella 
Newport among food animals and humans in the United States was 
detected through national surveillance to monitor resistant enteric 
infections.53,54 The establishment of surveillance for drug-resistant 
pneumococcal infections was an important step in the evaluation of 
the impact of the introduction of pneumococcal conjugate vaccines.55 
Rates of invasive bacterial infections caused by resistant strains dropped 
by more than 50% after the introduction of these vaccines. The impor-
tance of surveillance for drug-resistant infections will continue to grow 
in the 21st century, and data collected through public health surveil-
lance can be extremely useful to clinical care providers.

Case reports for use in surveillance can be collected in an active or 
a passive manner. Active surveillance involves a regular, systematic 
effort to contact reporting sources or to review records within an 
institution to ascertain information on the occurrence of newly diag-
nosed diseases or infections. An example of an active surveillance 
system for foodborne illnesses is FoodNet, which operates as part of 
CDC’s Emerging Infections Program.56 Active laboratory-based sur-
veillance for confirmed cases of Campylobacter, Cryptosporidium, 
Cyclospora, E. coli O157:H7, Listeria, Salmonella, Shigella, and Vibrio 
increased from five sites, covering 5% of the U.S. population in 1996 
to 10 sites covering approximately 15% of the population in 2007. Each 
clinical laboratory in the surveillance catchment areas is contacted 
weekly or monthly to ensure that all confirmed infections under sur-
veillance have been reported. These data have been extremely useful 
in establishing national estimates for the burden of foodborne illness 
in the United States and for monitoring trends in the incidence of 
specific foodborne agents. Passive surveillance relies on the individual 
clinician or laboratory to initiate the report. For many diseases of 
public health importance, passive surveillance can be almost as com-
prehensive as active surveillance. Although surveillance systems are 
labeled as active or passive based on how cases are reported, all surveil-
lance systems require an active review and analysis of reported cases, 
with dissemination of results to key stakeholders.44

Two key qualities of community-based surveillance for infectious 
diseases that must be considered when interpreting surveillance data 
are representativeness and timeliness. These qualities vary by disease 
and depend on multiple factors. The first factor of importance is that 
the patient must seek medical attention. It is not common for persons 
with mild or limited illnesses to seek medical attention. Second, the 
physician must seek laboratory testing of appropriate clinical speci-
mens to confirm the diagnosis. Third, the laboratory must have the 
capability to identify the agent. Fourth, the physician and laboratory 
must report the clinical and laboratory findings to public health offi-
cials in a timely manner. Fifth, the availability of molecular subtyping 
techniques such as PFGE and the ability to compare PFGE patterns 
electronically through the national computer network PulseNet can 
greatly increase both the sensitivity and the specificity of pathogen-
specific surveillance. Even in states where laboratory-based infectious 
disease reporting is required, there may be confusion among physi-
cians and laboratory officials regarding who has the responsibility for 
reporting. Finally, public health agencies must have the resources to 
conduct timely and routine follow-up of such reports, to ascertain 
basic case demographic and other relevant data. Failure at any step of 
this process results in loss of information to the community-based 
surveillance system.

The efficiency of community-based surveillance systems varies 
greatly, depending on the disease, how the diagnosis is made, and the 
resources targeted toward the surveillance effort.44 Many emerging 
diseases require a diagnosis based on clinical findings, either because 
an etiologic agent has not been identified or because reliable diagnostic 
tests have not been developed. For example, for many years, the diag-
nosis of Lyme disease presented difficulties because many patients were 
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Cross-Sectional Surveys
Cross-sectional surveys provide a point-in-time assessment of the 
population or study group. These surveys may be conducted to deter-
mine the prevalence of a disease in the community, but a more common 
use is to establish the prevalence of risk factors or serologic markers of 
infection.31 For example, a cross-sectional survey of patients attending 
a sexually transmitted disease clinic demonstrated that HCV infection 
occurred infrequently; however, patients with a history of intravenous 
drug use had a significantly higher rate of serologic markers for HCV 
infection.67

An important type of cross-sectional survey is the seroprevalence 
survey. Serologic prevalence data reflect total infection rates and thus 
represent both clinical and subclinical (or asymptomatic) infections. 
Seroprevalence surveys can therefore provide information on patterns 
of infection or immunity to agents that could not be obtained by ordi-
nary surveillance methods based on the reporting of clinical cases.66 
For example, seroprevalence surveys have demonstrated that fewer 
than 1% of human West Nile virus infections result in serious neuro-
logic illness, and about 20% cause systemic febrile illness.68 A serosur-
vey of pregnant women after a community-wide outbreak of West Nile 
disease in Colorado demonstrated a 4% infection rate with no increased 
risk of an adverse outcome at birth.69

Outbreak Investigations
A final category of observational study that integrates multiple epide-
miologic methods is the outbreak investigation. A special feature of 
outbreak investigations is that they are frequently conducted with a 
sense of urgency because of the ongoing occurrence of cases, the need 
to rapidly implement control measures, or intense public and media 
interest in the outbreak. Investigations of the first documented out-
break of legionnaires’ disease, the 1993 outbreak of hantavirus-
associated respiratory illness in the southwestern United States, and 
the posting of anthrax-contaminated letters were lead stories for 
national news media. The importance of rapid investigation of out-
breaks has increased with perceptions of the threats posed by such 
events, whether naturally emerging or intentional. Standard methods 
for conducting outbreak investigations are available.43

Specific surveillance systems have been established for outbreaks of 
foodborne and waterborne diseases, influenza, and a range of infec-
tions in institutional settings. At the local or state level, outbreaks may 
be reported because a physician or the public is aware of the health 
department’s existence and desires some intervention. Once an out-
break has been recognized, it is necessary to determine its extent in 
terms of person, place, and time. For example, the nationwide outbreak 
associated with Schwan’s ice cream initially appeared as an increased 
occurrence of cases in southeastern Minnesota.62 These cases served to 
index the larger outbreak occurring throughout the distribution area 
for the implicated product. Similarly, a cluster of four human Salmo-
nella serotype I 4,5,12:i:− infections with an identical PFGE pattern 
was identified by the Pennsylvania Department of Health and reported 
to PulseNet in June 2007. As recognition of the outbreak increased and 
the case count soared to 401 cases across 41 states, a series of indepen-
dent and coordinated studies was conducted by state and local health 
departments in collaboration with CDC. After a cluster of cases was 
linked to consumption of potpies by the Minnesota Department of 
Health in October, a multistate case-control study quickly confirmed 
the association, identified a specific product, and determined that most 
of the patients cooked the potpies in a microwave oven, without regard 
to cooking instructions.70 However, the potpies were not ready-to-eat 
foods. Undercooking of foods in microwave ovens has surfaced as an 
important risk factor in several recent outbreaks of salmonellosis.71

Molecular subtyping by PFGE and comparison of subtype patterns 
through PulseNet has become the primary method for detecting mul-
tistate foodborne outbreaks caused by E. coli O157:H7, Salmonella, and 
Listeria.72 However, the recognition of these outbreaks requires the 
accumulation of multiple cases over time. The timeliness of outbreak 
investigations is further limited by the need to interview cases, formu-
late hypotheses, and subsequently recruit and interview controls. Cur-
rently, all listeriosis cases in the United States are interviewed as part 
of a national Listeria initiative.73 This has allowed the use of case-case 
comparisons, with the results of subtyping to distinguish outbreak 

organisms per half-cup serving, levels that rendered microbiologic 
surveillance of ice cream insensitive. Furthermore, the case-control 
study established that contamination of the pasteurized ice cream 
premix occurred during transport in tanker trailers that had previously 
carried nonpasteurized liquid eggs, even though regulatory officials 
were not able to isolate S. enteritidis from any environmental samples.

The primary considerations in designing case-control studies are 
defining cases, establishing enrollment criteria, identifying suitable 
controls, and developing interview or other data collection processes 
that do not systematically result in different standards of data collec-
tion for cases versus controls. In the community setting, it is customary 
to select controls from the same area of residence as the cases. It is 
desirable for controls to resemble cases with respect to variables that 
are not being studied. Controls may also be matched by age, gender, 
or any other factor that the investigator considers necessary. For 
example, in studying risk factors for listeriosis, it has been important 
to select or match controls with a similar risk of illness based on the 
presence of an immunocompromising condition or treatment. This is 
necessary because healthy community control subjects who have 
exactly the same exposures are less likely to develop disease. Therefore, 
a case-control study of listeriosis using healthy community-based  
controls would require simultaneously trying to assess the risk for 
exposure as well as the risk for illness given exposure. However, over-
matching, such as requiring the control to have the same birthday as 
the case, may make it difficult to identify and recruit controls. Also, 
once a variable is used as a matching criterion, it is no longer available 
for evaluation. In hospital settings, controls are frequently selected 
from patients with unrelated diagnoses who might otherwise be com-
parable to the cases.

Analysis of case-control studies involves comparing exposure dif-
ferences between cases and controls. Such comparison allows associa-
tions between exposure and disease to be studied even when the 
disease is a rare outcome of the exposure. For example, a case-control 
study of Guillain-Barré syndrome demonstrated an association 
between Campylobacter infection and Guillain-Barré syndrome.63 This 
association could not have been easily evaluated in a prospective 
cohort study because of the population size necessary to identify a 
similar number of cases with this syndrome. The power of the case-
control methodology comes from the fact that, although illness may 
be an uncommon outcome of a given exposure, the common history 
of exposure among cases may stand in stark contrast to that among 
controls.

Cohort Studies
In cohort studies, the development of infection or disease is observed 
in groups who are either exposed or not exposed to the previously 
defined risk factors.1 Cohort studies are traditionally considered pro-
spective studies. However, this nomenclature is misleading because, in 
reality, cohort studies can be prospective or retrospective, depending 
on how the exposed and comparison groups were identified and moni-
tored. Cohort studies provide the advantage of direct measurement of 
illness rates by exposure status, which allows direct measurement of 
relative risk. Furthermore, when conducted prospectively, cohort 
studies allow the investigator better control over data collection and 
identification of potential confounding variables. The use of cohort 
studies is limited to groups in which exposures can be defined and 
measured.

Cohort studies of homosexual men have helped evaluate risk 
factors for transmission of HIV, HBV, and hepatitis C virus (HCV).64,65 
These studies are also examples of seroincidence surveys, in which the 
appearance of antibody to an agent in the second of two sequentially 
collected specimens indicates infection with that agent during the 
interval between the two times of collection. Seroincidence surveys 
allow the investigator to (1) define total infection rates, (2) relate infec-
tion rates to prior antibody levels, and (3) identify risk factors for 
infection.66 Prospective cohort studies are limited because of the 
enrollment size and observation period requirements for diseases of 
low incidence. Retrospective cohort studies in which previous expo-
sures can be identified offer the advantage of not requiring additional 
observation periods. However, they may be limited by the recall of 
study subjects or the adequacy of available medical records.
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the treatment of HIV infection. The initial double-blind, placebo-
controlled study of oral azidothymidine (AZT) in AIDS patients was 
stopped early because of the marked effectiveness of the treatment.83 
Over the past decade, multiple efficacy trials of an HIV-1 vaccine were 
terminated early when an interim analysis demonstrated that the 
vaccine did not protect against HIV infection or reduce viral loads after 
infection and may have increased susceptibility in some subjects.84,85 
An overriding concern in HIV-related clinical trials is the need to 
maintain behavior-related educational interventions for all partici-
pants in the trials. Although this may reduce the likelihood of demon-
strating vaccine efficacy because of the lack of new infections among 
placebo recipients, to withhold such education would be unethical.

Other considerations include the specification of both test and 
control treatments, an outcome measure for evaluating the treatments, 
a bias-free method for assigning patients to treatment groups, and 
calculation of the necessary sample size.86 Sample size calculations are 
affected by the number of treatment groups to be studied, the desired 
significance level for rejecting the null hypothesis, the statistical power 
to detect a difference, and the desired detectable treatment difference.

Limitations of clinical trials relate largely to the size of the trial and 
how well the treatment groups reflect the larger target population for 
the vaccine or treatment.23 As noted earlier, the results of HBV vaccine 
trials did not adequately predict the performance of the vaccines 
among health care workers. In addition, sample size limitations may 
not allow for the full characterization of potentially rare complications, 
such as intussusception after administration of rotavirus vaccine.58 In 
these situations, postlicensure surveillance becomes a critical measure 
of the safety and effectiveness of the vaccine or treatment.

Community Intervention Trials
Community intervention trials are related to the clinical trial but are 
carried out on a larger scale. In these experiments, large groups or 
communities are selected to receive a therapeutic or preventive 
regimen.86 For example, the mass distribution of long-lasting 
insecticide-treated bed nets and distribution of antimalarial medica-
tions by community health workers rapidly reduced the incidence of 
malaria among children in Rwanda.87 Community trials are particu-
larly well suited to broad-based interventions, such as changing physi-
cian antibiotic-prescribing practices through the promotion of 
judicious antibiotic use.88

HOST-AGENT RELATIONSHIP
Although advances in medical science have made us less vulnerable to 
some infectious diseases, epidemics and pandemics continue to occur 
as they have throughout human history. During the 1960s and 1970s, 
there was a growing sense that infectious diseases were being “success-
fully” conquered on a global basis.89 However, in 2013, infectious dis-
eases still remain the leading cause of death worldwide. The world’s 
human and animal populations continue to struggle against an increas-
ingly recognized number of viral, bacterial, protozoal, helminthic, and 
fungal agents.90

A 2003 National Academy of Sciences Institute of Medicine report 
detailed the combination of emerging social, political, and economic 
factors favoring infectious agents in humans and animals: “a transcen-
dent moment nears upon the world for a microbial perfect storm.”91 
Thirteen factors were identified in the report that favor the emergence 
of infectious agents: microbial adaptation and change, human suscep-
tibility to infection, climate and weather, changing ecosystems, human 
demographics and behavior, economic development and land use, 
international travel and commerce, technology and industry, break-
down of public health measures, poverty and social inequality, war and 
famine, lack of political will, and intent to harm.

For the study of infectious disease epidemiology, it is important to 
consider both infection and disease because these may be different. 
Infection results from an encounter between a potentially pathogenic 
agent and a susceptible human host in conjunction with a suitable 
portal of entry. Because the source of most human infections lies 
outside the individual human host, exposure to the environment or to 
other infected hosts is a key factor. Disease is one of the possible out-
comes of infection, and its development is related to factors of both 
the host and the agent.

cases from unrelated cases.74 Such methods led to the rapid identifica-
tion of cantaloupe as the source of a multistate outbreak of listeriosis.73 
If Salmonella and E. coli O157:H7 cases were similarly interviewed on 
a routine basis, the same approach could be applied to these outbreaks 
as well. A recent development that has been used to accelerate outbreak 
investigations has been to compare exposure histories among cases to 
an expected rate of exposure based on population surveys.75 This has 
the benefit of eliminating the labor-intensive and time-consuming 
process of recruiting and interviewing controls. However, it is limited 
by the availability of population exposure data. Most outbreaks using 
this method have used FoodNet population survey data, which is only 
available for FoodNet sites, includes a limited number of food items, 
and was last updated in 2006 to 2007.76 In addition, because the use of 
binomial statistics creates the functional equivalent of a case-control 
study with a very large control group, it increases the potential for type 
1 error, in which an association is accepted when it should not be. The 
key step to prevent type 1 error with this method is to confirm the 
association through traceback of suspected food items to a common 
production or distribution source.75

The second major category of foodborne outbreaks consists of those 
that are recognized because of the occurrence of a similar illness 
among persons with a common exposure, such as eating at a restaurant 
or attending a banquet. Although many of these outbreaks may seem 
to be self-limited events unique to the establishment, they may serve 
to index much larger outbreaks. They also provide opportunities to 
identify emerging foodborne pathogens. For example, in both 1996 
and 1997, the nationwide outbreaks of cyclosporiasis associated with 
raspberries imported from Guatemala were manifested as a large series 
of otherwise unrelated outbreaks associated with restaurants, ban-
quets, and parties.77,78 It was only through collective investigation and 
tracing the product back from these individual events that the nature 
of the outbreak was recognized. Similarly, the investigation of an out-
break of gastrointestinal illness with clinical and epidemiologic fea-
tures of enterotoxigenic E. coli at a restaurant led to the identification 
of a novel strain of atypical enteropathogenic E. coli.20 Nationwide 
surveillance efforts conducted by individual states, coordinated by the 
CDC, and facilitated by resources such as FoodNet and PulseNet offer 
great promise to enhance understanding of foodborne diseases in the 
coming years. A challenge to this promise is the rapid development 
and use of nonculture diagnostic tests that may reduce the ability of 
PulseNet to identify outbreaks if isolates are not submitted to public 
health laboratories for molecular subtyping.79 However, if these tests 
are cheaper and produce results that are faster and more clinically 
relevant, it may greatly increase the diagnosis of Salmonella, Shiga-
toxin–producing E. coli, and other foodborne pathogens. This could 
lead to more sensitive outbreak detection and increase the usefulness 
of outbreak investigations to attribute foodborne diseases to specific 
food items and routes of exposure.

Experimental Studies
Clinical Trials
Clinical trials are research activities that involve the administration of 
a treatment or prevention regimen to humans to evaluate its safety and 
efficacy.1 In general, these trials involve a comparison of clinical out-
comes of a group of patients receiving treatment with the outcomes of 
a comparable control group. Most clinical trials of interest in infectious 
disease epidemiology are trials of antimicrobial agents and vaccines. 
An early forerunner to the modern clinical trial was a U.S.-based 
smallpox trial conducted in 1800.80 During the 1950s, several multi-
center trials were developed to evaluate chemotherapy in the treatment 
of tuberculosis.81 In 1953, the U.S. poliomyelitis vaccine trials were 
conducted in collaboration with the U.S. Public Health Service and 
state health departments.82

Many considerations are necessary when designing a clinical trial. 
First, should the trial be conducted at all? Is enough known about the 
safety and biologic activity of the treatment or vaccine to allow it to  
be administered to patients? This consideration requires some knowl-
edge of the immunogenicity of candidate vaccines or the in vitro activ-
ity of an antibiotic against specific pathogens. Second, would patients 
be harmed by withholding the treatment or vaccine? These issues 
gained particular attention regarding trials of drugs and vaccines for  

http://www.myuptodate.com


C
h

ap
ter 13 Epidem

iologic Principles
153

introduction of certain normal microbial flora from the gastrointesti-
nal tract into the bloodstream, infection can result. This type of infec-
tion is known as endogenous. If the agent is transported from an 
external source to the host (exogenous infection) and the balance 
between the agent and host favors the agent, infection usually 
develops.

Several aspects of the agent-host relationship can be related to the 
agent. Other aspects must be considered only in the context of both 
agent and host characteristics. For example, infectiousness is a charac-
teristic of an agent that is concerned with the relative ease with which 
the agent is transmitted to other hosts. A droplet-spread agent, such as 
a respiratory virus, tends to be more infectious than one transmitted 
by direct contact, such as an organism causing a sexually transmitted 
disease. Characteristics of the portals of exit and entry are determinants 
of infectiousness, as is the agent’s ability to survive away from the host. 
Some factors that are often ascribed to an agent are actually the result 
of both agent and host characteristics. These factors include infectivity, 
pathogenicity, virulence, and antigenicity or immunogenicity.

Infectivity is typically defined as the characteristic of the infectious 
agent that embodies its capability to enter, survive, and multiply in the 
host. A measure of infectivity is the secondary attack rate, or the prob-
ability that infection will occur in a susceptible individual after expo-
sure to an infected individual. Infectivity is often expressed as the 
number of individuals infected divided by the number susceptible and 
exposed. A population with an increased number of individuals who 
have compromised specific or nonspecific immune responses may have 
a higher proportion of individuals who actually become infected after 
exposure. For example, individuals who have decreased gastric acidity 
because of antacid use are at a higher risk for the development of 
salmonellosis after a low infectious dose than are those with normal 
gastric pH.97

Pathogenicity is the property of an agent that determines the extent 
to which overt disease is produced in an infected population.1 The 
pathogenicity of an agent is measured by the ratio of the number of 
persons in whom clinical disease develops to the number infected. 
Although pathogenicity is frequently considered a sole property of the 
agent, host characteristics play an important role in defining it. For 
example, in HAV infection, the ratio of disease to total infections varies 
widely by host age.92 In general, those agents with the highest levels of 
pathogenicity possess characteristics that protect them against nonspe-
cific host defenses. They may elaborate a number of enzymes or toxins 
or induce host-mediated disease associated with the immune response 
to the infection.

The gradient of infection, or the biologic gradient, is the range of 
manifestations of illness in the host resulting from infection with an 
agent. It extends from death at one extreme to inapparent or subclinical 
illness at the other. In this regard, virulence is frequently used as a 
quantitative expression of the disease-producing potential of a patho-
genic agent. It is defined as the ratio of the number of cases of serious 
or disability-producing infection to the total number of people 
infected.1 If death is the only criterion for determining severity, this 
measure of virulence is referred to as the case-fatality rate.

From an epidemiologic perspective, the virulence of an organism 
must be viewed in light of the host. For example, the clinical outcome 
of HBV infection can range from limited, subclinical infection to acute 
fulminant hepatitis, depending on immune-mediated disease and 
important genetic factors of the host.98 Similarly, the severity of tuber-
culosis is increased among African Americans who have host charac-
teristics similar to those of people of other races with tuberculosis.99 
The development of drug resistance among organisms, regardless of 
the mechanism, is an important consideration related to virulence. 
Infection that is caused by agents sensitive to a variety of antimicrobial 
drugs is less likely to result in serious disease if treated in a timely and 
appropriate manner than is infection caused by a highly resistant 
organism. With rapidly increasing drug resistance among all groups of 
infectious agents, this virulence characteristic will become even more 
important in the future.100,101

A final characteristic usually ascribed to an agent is antigenicity or 
immunogenicity. This is defined as the ability of an agent to produce a 
systemic or local immunologic reaction in the host.1 This characteristic 
also must be considered in the context of both agent and host. The 

Whereas the clinician is primarily concerned with disease, the epi-
demiologist is interested in both infection and disease. Because infec-
tion without disease occurs frequently for many agents, a study of only 
clinical illness may provide a misleading understanding of the epide-
miology of a specific infectious disease in the community. For example, 
unvaccinated adults infected with HAV frequently experience clinical 
hepatitis, whereas similarly unvaccinated infants and toddlers with 
HAV infection are usually asymptomatic.92 Therefore, to determine the 
incidence of hepatitis A associated with child care facilities and subse-
quent transmission to family members and child care providers, inves-
tigators need to determine both the diagnosis of asymptomatic HAV 
infection and the level of HAV-related disease.

If the balance between agent and host favors the agent, infection 
(and in some instances, disease) will occur. This relationship among 
the agent, the route or mechanism of transmission, and the host is 
referred to as the chain of infection. Control and prevention of infection 
depend on sufficient understanding of the dynamics of these interrelat-
ing factors.

Characteristics of the agent or host are frequently seen as indepen-
dent factors. However, it is necessary to consider both the host and the 
agent together in any discussion of the relationship resulting in infec-
tion and disease. For example, smallpox was a disease of dramatic 
human suffering; historically, it was one of the most feared of all infec-
tious diseases. Yet, the ability of the smallpox virus (variola virus) to 
infect and cause disease only in humans and subhuman primates was 
an important consideration in approaches to control and prevention 
(i.e., vaccination of the human population).93 Consideration of the 
smallpox virus as highly virulent was tempered by the fact that inocula-
tion of this virus into many animal species did not result in infection. 
In contrast, most Salmonella serotypes can cause mild-to-severe infec-
tion in humans and in a variety of animal species. A notable exception 
is Salmonella Typhi, which causes infections only in humans. There-
fore, any description of the characteristics for either the agent or the 
host must be understood in the context of their interrelationship.

Agent
Any agent or microorganism is of epidemiologic importance if it can 
be transmitted through the environment, cause infection in a host 
(either human or animal), and produce clinical disease. These agents, 
regardless of their classification as bacterial, viral, protozoal, helmin-
thic, or fungal, are considered the first necessary component in the 
chain of infection. Three characteristics of agents must be considered 
in terms of their epidemiologic importance: (1) those that are involved 
in spread or transport of the agent through the environment, (2) those 
that are involved in the production of infection, and (3) those that are 
involved in the production of disease.94

The characteristics of agents involved in spread through the envi-
ronment vary with the method of transmission, but in any case, it is 
necessary for a minimum number of organisms to survive transport 
through the environment to reach and enter a susceptible host. Agents 
that are transmitted by direct person-to-person contact tend to have 
minimal ability to survive stressful environmental conditions (such as 
changes in temperature, humidity, or pH). In contrast, agents that are 
capable of multiplication within the environment (i.e., in food prod-
ucts, water, soil, and plants) have a unique advantage for survival. Some 
agents, such as Legionella pneumophila or Bacillus anthracis, do not 
necessarily multiply within the environment but can survive for 
months to many years in relatively hostile conditions, including dis-
tilled water or soil.95,96 For those agents for which humans are the only 
known reservoir, the longer the time that is likely to elapse before 
contact with another susceptible host, the greater the resistance the 
agent must have to environmental conditions, such as heat, drying, 
ultraviolet light, or dilution by airflow. Finally, some agents have the 
capacity to infect nonhuman hosts, such as animals, birds, or an insect 
vector. Such nonhuman hosts may play an important role in mainte-
nance of the agent in the environment.

The ability of an agent to cause infection or disease has to be con-
sidered in the context of host characteristics. For example, an agent is 
considered to colonize a host when its presence in that host does not 
cause a specific immune response or infection. However, should the 
relationship between the agent and the host change, such as by the 
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Routes of Transmission
Transmission of infectious agents is defined as any mechanism by 
which an infectious agent is spread through the environment or to 
another person.1,105 These mechanisms can be classified as direct or 
indirect.

Of the three modes of direct agent transmission, the most common 
is direct and immediate transfer of an infectious agent to a receptive 
portal of entry through which human infection is established. This type 
of direct contact transmission occurs in association with touching, 
kissing, or sexual intercourse or by the direct projection (droplet 
spread) of droplet spray from an infected host onto the conjunctiva or 
the mucous membranes of the nose or mouth of another host. Typi-
cally, droplet spread is limited to a distance of approximately 1 m. The 
second type of direct transmission occurs when host-susceptible tissue 
is exposed to the agent, such as through the bite of a rabid animal or 
contact with soil or decaying matter in which the agent leads a sapro-
phytic existence (e.g., systemic mycosis). As an example, direct human 
contact with infected pet prairie dogs led to an outbreak of monkeypox 
in the United States.106 Transplacental transmission is the third form 
of direct transmission.

antigenicity of an agent is important from a clinical perspective because 
it is a primary determinant in the host’s ability to mount an initial 
immune response to infection and thus affects both pathogenicity and 
virulence. It also determines the host’s development of long-term 
immunity to a specific agent. Therefore, it is a critical factor in the 
assessment and development of vaccines for human and animal use.

In general, the host immune system includes all physiologic mecha-
nisms with the capacity to recognize materials foreign to itself and to 
neutralize, eliminate, or metabolize them with or without injury to its 
own tissues.102 The immune response may be classified into two catego-
ries: specific and nonspecific. Specific immune responses depend on 
exposure to a foreign configuration, such as an infectious agent, and 
the subsequent recognition of and reaction to that agent. An example 
of this type of response is the development of humoral and cell-
mediated immunity related to a specific agent. A nonspecific response 
occurs after initial and subsequent exposure to a foreign antigen; 
although it is selective in differentiating “self ” from “nonself,” it is not 
dependent on selective recognition. A number of factors modify the 
host’s immune mechanisms, including genetic, age, metabolic, envi-
ronmental, anatomic, physiologic, and microbial factors.

An example of the complex nature of the interaction between agent 
and host can be demonstrated by the relationship between H. influen-
zae type b and the age of the host. Children younger than 2 years do 
not mount an effective immune response to agents with capsular poly-
saccharide, such as H. influenzae type b, N. meningitidis, and Strepto-
coccus pneumoniae.103 Polysaccharide antigens are T-cell–independent 
antigens, in contrast to protein antigens, which induce a T-cell effect. 
T-cell–independent antigens are poorly handled by very young chil-
dren because of their immature immune system. Efforts were under-
taken to develop vaccines for H. influenzae in younger children. This 
approach required that the H. influenzae type b polysaccharide be 
conjugated to various carrier proteins.103 The combination of polysac-
charide and protein resulted in vaccines with enhanced immunogenic-
ity that were able to induce a T-cell response in infants. Use of these 
second-generation H. influenzae conjugate vaccines has resulted in a 
dramatic decrease in the occurrence of invasive H. influenzae type b 
disease in infants in the United States.104

Similar efforts to develop and market conjugated polysaccharide 
vaccines for N. meningitidis and S. pneumoniae have resulted in similar 
dramatic impacts on these diseases in the United States.27,35 Because 
the use of vaccines has proved to be one of the most cost-effective 
methods for preventing infectious diseases, the need to understand 
antigenicity in terms of both agent and host is a high priority.

Host
In addition to characteristics of the agent, those of the host also play 
an important role in the eventual outcome of an agent-host interaction. 
Host factors that influence exposure, infection, and disease are sum-
marized in Table 13-2. Factors can be classified into two categories: 
those that influence exposure and those that influence the likelihood 
of infection and the occurrence and severity of disease.

All of the factors that influence human exposure to an infectious 
agent depend on contact with sources of infection within the environ-
ment or promotion of person-to-person transmission.104 The impor-
tance of the factors that influence exposure tends to change with host 
age, culture, geographic residence, season, and family status.

Although most of the factors that influence infection and the occur-
rence and severity of disease are host characteristics, those that are 
related to both the agent and the host, as described by pathogenicity, 
virulence, and antigenicity, are important. Also, the agent infectious 
dose, mechanisms of disease production, antibiotic resistance of the 
infecting agent, and portal of entry contribute to infection and disease 
status. For most infections, two host factors play key roles in determin-
ing the likelihood of clinical illness and the severity of that illness: (1) 
the immune status of the host and (2) age at the time of infection. The 
highest levels of pathogenicity and virulence associated with the agent-
host relationship tend to occur very early in life, when immune disease 
mechanisms are immature, or at an old age, when they may be deterio-
rating. Finally, genetic factors tend to influence both susceptibility and 
disease outcome, although they are primarily related to the host 
immune response to infection.

TABLE 13-2  Host Factors That Influence 
Exposure, Infection, and Disease

Factors That Influence Exposure
Animal exposure, including pets

Behavioral factors related to age, drug use, alcohol consumption

Blood or blood product receipt

Child daycare attendance

Closed living quarters: military barracks, dormitories, homeless shelters, facilities 
for the elderly and mentally handicapped, prisons

Food and water consumption

Familial exposure

Gender

Hospitalization or outpatient medical care

Hygienic practices, including toilet training and hand washing

Occupation

Recreational activities, including sports

Recreational injection drug use

Sexual activity: heterosexual and homosexual, type and number of partners

School attendance

Socioeconomic status

Travel, especially to developing countries

Vector exposure

Factors That Influence Infection and the Occurrence and 
Severity of Disease
Age at the time of infection

Alcoholism

Anatomic defect

Antibiotic resistance (agent)

Antibiotic use (host)

Coexisting noninfectious diseases, especially chronic

Coexisting infections

Dosage: amount and virulence of the organism to which the host is exposed

Duration of exposure to the organism

Entry portal of the organism and presence of trauma at the site of implantation

Gender

Genetic makeup, especially influences on the immune response

Immune state at the time of infection, including immunization status

Immunodeficiency (specific or nonspecific): natural, drug induced, or viral (HIV)

Mechanism of disease production: inflammatory, immunopathologic, or toxic

Nutritional status

Receptors for organism on cells needed for attachment or entry of the organism

HIV, human immunodeficiency virus.
Modified from Evans AS, Brachman PS. Bacterial Infections of Humans: 

Epidemiology and Control. 3rd ed. New York: Plenum; 1998.
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immunization programs operate at all four levels. Clinicians play an 
important role in the health maintenance of their individual patients 
by providing immunizations against a variety of pathogens. Immuniza-
tion programs are also an important activity at the institutional level, 
such as routine annual immunization against influenza in nursing 
homes and immunization of health care workers against HBV. Public 
health agencies monitor vaccination levels in the community and 
provide vaccination clinics open to the public. Finally, ensuring that 
foreign travelers from countries with selected endemic vaccine-
preventable diseases are adequately vaccinated before travel is a critical 
control measure for the prevention of diseases such as measles.

When assessing or developing disease prevention and control activ-
ities targeted to infectious diseases, the weakest link in the chain of 
infection (agent, transmission, host) needs to be considered for each 
specific pathogen. In some situations, control of the agent in a specific 
reservoir may be the best way to reduce disease occurrence. Chlorina-
tion of water and pasteurization of milk are examples of destruction  
of an agent in its reservoir or elimination of a possible mode of 
transmission.

Strategies aimed at transmission need to be tailored to the type of 
transmission involved. For example, the use of condoms in prevention 
of sexually transmitted diseases is a control strategy targeted at pre-
venting contact transmission. Transmission through common vehicles 
frequently involves food and water and may involve other vehicles, 
such as blood in the case of transfusions. Irradiation of food and 
screening of blood for infectious agents are control activities targeted 
to a common vehicle. An example of a control activity targeted to 
airborne transmission is the use of respirators to prevent transmission 
of tuberculosis in the health care setting. Control of vector-borne 
transmission can be targeted toward destroying the vector or its breed-
ing sites or toward the use of protective clothing and repellents.

Methods aimed at limiting population mixing between infected or 
infectious cases and uninfected individuals can result in the application 
of isolation or quarantine. Often referred to as “police powers,” federal, 
state, and local governments, depending on specific legal authorities, 
can control the movement of individuals or populations to protect the 
general public from communicable diseases.112,113 Isolation is the 
process and procedure used to prevent an infected individual from 
potentially transmitting a communicable disease to others. Tradition-
ally, it has been applied to individuals with serious, life-threatening 
infections who have not or cannot be treated so as to be rendered 
noninfectious. The potential for bioterrorism-related illnesses, such as 
smallpox or pneumonic plague and the occurrence of SARS, have 
highlighted this issue. Quarantine, the separation or restriction of 
movement of persons who are not ill but are believed to have been 
exposed to infection, to prevent transmission of disease was developed 
in the 14th century but has been implemented rarely on a large scale 
during the past century. The SARS pandemic demonstrated that gov-
ernments might use quarantine as a public health tool to treat infec-
tious diseases, particularly if other preventive interventions (e.g., 
vaccines and antibiotics) are unavailable.113,114

In some instances, the best mechanism to prevent disease occur-
rence is through modification of the host, such as developing or boost-
ing immunity through active or passive immunization. Other examples 
of control activities targeted to the host include improving nutritional 
status and providing chemoprophylaxis against a variety of agents.

Assessment of Risk, Feasibility, Cost, 
and Effectiveness
When disease prevention and control strategies are being developed, 
several issues need to be considered, including risk, feasibility, cost,  
and effectiveness. Risk can be defined by the potential for exposure. 
Epidemiologic studies or analyses of surveillance data can serve to 
define persons or populations at risk and to quantify risk within differ-
ent populations. At the individual level, risk can be evaluated by assess-
ing host characteristics, such as the need for preventing opportunistic 
infections among hematopoietic stem cell transplant recipients.

An example of evaluating risk at the institutional level is assessing 
occupational exposure to infectious agents such as bloodborne patho-
gens. At the community level, groups at risk for a variety of conditions 
can be defined by demographic features such as age, race, country of 

The three primary mechanisms of indirect agent transmission are 
vehicle-borne, vector-borne, and airborne. Vehicle-borne transmission 
occurs when any material serves as an intermediate means by which 
an infectious agent is transported or introduced into the susceptible 
host through a suitable portal of entry. These materials may include 
water; food; biologic products such as blood, serum, plasma, tissues, 
and organs; and objects (fomites) such as toys, soiled clothing, bedding, 
or surgical instruments. It is not necessary that the agent multiply or 
develop in or on the vehicle before it is transmitted.

The second method of indirect transmission is vector-borne trans-
mission, which may be mechanical or biologic. Mechanical transmis-
sion occurs when an insect carries an infectious agent through the 
soiling of its feet or proboscis or through carriage in its gastrointestinal 
tract. Mechanical transmission does not require multiplication or 
development of the organism. In contrast, biologic vector-borne trans-
mission occurs when propagation (multiplication), cyclic develop-
ment, or a combination of these events (cyclopropagative) is required 
before the arthropod can transmit the infected form of the agent to 
humans.

The third type of indirect transmission is airborne, involving the 
dissemination of aerosols with infectious agents to a suitable portal of 
entry into a host, usually the respiratory tract. These aerosols are sus-
pensions of particles in the air that consist partially or wholly of infec-
tious agents. The particles are in the range of 1 to 5 µm. Airborne 
transmission does not include droplets and other large particles that 
promptly settle out, which result in direct transmission. Some infections 
transmitted by the airborne route may be carried great distances from 
their sources, as documented by outbreaks of measles, legionnaires’ 
disease, and anthrax.107,108 For this reason, there is particular concern 
that agents such as B. anthracis and Yersinia pestis could be used as 
weapons of mass destruction in a civilian bioterrorism event.109,110

There has been substantial debate about the efficacy of measures to 
reduce the risk of influenza transmission during the next pandemic in 
the absence of a vaccine. In particular, questions have been raised 
about the role of droplet versus aerosol transmission of the influenza 
virus. A study conducted in a hospital emergency room collected size-
fractionated aerosol particles and tested for airborne influenza virus.111 
In 53% of the samples, detectable influenza virus was found, support-
ing the conclusion that aerosols may play an important role in human-
to-human transmission.

DISEASE PREVENTION  
AND CONTROL
Individual-, Institutional-, Community-, 
and Global-Based Strategies
Disease prevention and control activities for infectious agents occur at 
four levels. The first level is targeted to the individual and is predomi-
nantly the domain of the clinician. A variety of prevention activities 
can be targeted to individuals through their primary care provider. Use 
of chemoprophylaxis to prevent surgical wound infections is an 
example of a control measure targeted to the individual. The second 
level is that of the institution, which is predominantly the domain of 
the infection-control practitioner or the school health official. This 
level includes health care facilities, nursing homes, other residential 
facilities, and schools. Programs to prevent the spread of bloodborne 
pathogens or tuberculosis to health care workers in hospitals are exam-
ples of control strategies targeted at the institutional level. The third 
level is targeted to the community in general and is predominantly the 
domain of public health agencies (at the local, state, and national 
levels). Removal of a contaminated food product from the market is 
an example of a control measure targeted to the community. The fourth 
level is related to global strategies. For a number of important patho-
gens, it has become clear that global control strategies are critical to 
have an impact on disease occurrence within the United States. The 
growing proportion of tuberculosis cases among refugees and immi-
grants to the United States and ongoing episodes of importation of 
measles from abroad are two examples pertinent to U.S. disease control 
in the early 21st century.

Although some control measures are specific to these different 
levels, a substantial amount of overlap can occur. For example, 
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pertussis, and rabies. H. influenzae type b, pneumococcal, and menin-
gococcal conjugate vaccines are polysaccharide-protein conjugates. 
Examples of toxoid vaccines include tetanus, diphtheria, and botulinal 
toxoids.105

Currently, at least four types of active immunization programs are 
being conducted. The first is routine childhood immunization. Current 
practices include routine childhood immunization against measles, 
mumps, rubella, tetanus, diphtheria, pertussis, H. influenzae type b, 
pneumococcus, meningococcus, varicella, rotavirus, polio (inactivated 
vaccine), HAV, and HBV.117 In many parts of the world, Calmette-
Guérin bacillus vaccine is also given routinely in early childhood. As 
the routine childhood immunization schedule becomes increasingly 
complex, new methods of vaccine delivery need to be developed. Of 
particular interest is the development of new multiple-antigen vaccines 
to simplify the routine schedule and maximize efficiency of vaccine 
delivery. The goals of routine childhood immunization are twofold: to 
protect the individual and to provide herd immunity, which can be 
effective in controlling certain diseases at the population level (e.g., 
measles, mumps, rubella, H. influenzae).124 Ongoing adequate surveil-
lance for these diseases is essential to monitor the effectiveness of 
population-based immunization programs so that strategies can be 
adapted as needed. The expansion of measles immunization to a two-
dose schedule in the United States in 1989 is an example of using 
surveillance data to revise immunization practices.125

A second type of immunization program is travel-related immuni-
zation. Examples include the administration of typhoid, yellow fever, 
Japanese encephalitis, and meningococcal vaccines for travel to areas 
endemic for these conditions.

The third type of immunization program is based on occupational 
exposure. Recommendations for immunization of health care workers 
have been made because of their special risk of exposure to a variety 
of vaccine-preventable diseases. Examples include immunization of 
laboratory workers against anthrax, rabies, smallpox, and botulism in 
settings in which these organisms are or may be handled; immuniza-
tion of health care workers against measles, smallpox, and hepatitis B 
based on exposure to bloodborne pathogens; and immunization 
against anthrax and smallpox for those responding to bioterrorism-
related exposures.126,127

Active immunization is also used in certain postexposure situa-
tions, including immunization after exposure to N. meningitidis, HBV, 
measles, pertussis, or rabies. Some of these vaccines are given in con-
junction with various types of immunoglobulins in the postexposure 
setting.

Passive immunization involves the administration of preformed 
antibodies, often to specific agents, after exposure. The broadest form 
of passive immunization is the use of normal human immune globulin 
(also referred to as gamma globulin). It is most often used after expo-
sure to HAV and may be effective if given within 14 days after expo-
sure. Normal human immune globulin is recommended before travel 
to countries endemic for hepatitis A. It may also be effective in reduc-
ing clinical disease in persons exposed to measles if provided within 6 
days after exposure.117 For persons with hypogammaglobulinemia or 
agammaglobulinemia, it may be given as immunoglobulin G replace-
ment therapy. Specific types of immune globulins are also used in 
postexposure settings to prevent infection; examples include immune 
globulins specific to HBV, cytomegalovirus, rabies, varicella-zoster 
virus, and tetanus.

A second type of primary prevention is antimicrobial prophylaxis, 
often referred to as chemoprophylaxis. Use of effective chemoprophy-
laxis requires that the infectious agent be susceptible to the antimicro-
bial drug used. As a primary prevention strategy, it may be used before 
or after exposure to prevent infection. Examples of chemoprophylaxis 
in the postexposure setting include erythromycin after exposure to 
pertussis; rifampin after N. meningitidis; amantadine, rimantadine, 
zanamir, or oseltamivir after influenza A virus; and zidovudine after 
HIV exposure. Use of antiretroviral drugs by HIV-infected pregnant 
women has been shown to substantially reduce the risk of perinatal 
HIV infection.128 Prophylaxis against surgical wound infections with 
broad-spectrum coverage before surgery and prophylaxis of neonates 
against ophthalmia neonatorum are examples of chemoprophylaxis 
used in the hospital setting. In such situations, chemoprophylaxis is 

origin, socioeconomic status, and geographic location. For example, 
persons born outside the United States are at increased risk for infec-
tious diseases such as tuberculosis and for being chronic carriers of 
infections such as hepatitis B. Screening programs targeted to these 
populations, with subsequent interventions such as isoniazid pro-
phylaxis for persons with M. tuberculosis infection or immunization 
of susceptible household contacts of HBV carriers, can serve as  
important community-based strategies to prevent infectious disease 
occurrence.115-117 Another example of defining risk at the community 
level is assessing behavior that increases the risk for specific diseases, 
such as injection drug use as a risk behavior for acquiring HIV or HCV 
infection. Education and drug treatment programs targeted to this 
population can serve as an important disease prevention and control 
strategy. Finally, assessing the population of species-specific mosqui-
toes and viability of local breeding sites can provide a risk assessment 
of the likelihood of vector-borne disease transmission (e.g., West Nile 
virus infection).118,119

In developing control programs, the feasibility of a strategy also 
needs to be assessed. Feasibility is dependent on the sociodemographic 
factors of the population involved. For example, high immunization 
rates can clearly prevent the occurrence of infectious diseases. In the 
United States, immunizations should be readily available; however, in 
the late 1980s, numerous large outbreaks of measles occurred in U.S. 
inner-city populations because of low immunization rates.120 A variety 
of sociodemographic factors contributed to these low rates, such as 
inadequate access to medical care and other barriers to immunization. 
Until such barriers are removed and control strategies are developed 
to specifically target at-risk populations, adequate control of vaccine-
preventable diseases in the United States cannot be accomplished.121

Cost and availability of resources also need to be considered when 
developing control strategies. Adequate water treatment facilities and 
distribution systems in developing countries would do much to elimi-
nate the spread of cholera. However, in many countries, resources to 
build and develop such facilities are not available. Consequently, con-
trol strategies need to be focused on simpler, less expensive methods, 
such as boiling water or improving water storage in the home.

Finally, control strategies need to be evaluated for their effective-
ness. For example, the effectiveness of the control strategy is a critical 
issue in evaluating ways to curb the HIV epidemic in the absence of 
vaccination. Evaluation of educational programs on preventing HIV 
infection or of HIV counseling and testing programs is essential in 
assessing the effectiveness of currently available strategies. Cost-
effectiveness models are often used in making recommendations for 
population-based vaccination programs.122,123

Primary, Secondary, and Tertiary 
Prevention
Prevention strategies for infectious diseases can be characterized by the 
traditional concepts of primary, secondary, or tertiary prevention.1 
Primary prevention can be defined as the prevention of infection by 
personal and community-wide efforts. Secondary prevention includes 
measures available to individuals and the population for detection of 
early infection and effective intervention. Tertiary prevention consists 
of measures available to reduce or eliminate the long-term impairment 
and disabilities caused by infectious diseases.

Primary Prevention
A key example of primary prevention is immunoprophylaxis, which 
can be active or passive (see Chapter 321).117 Active immunoprophy-
laxis involves the administration of all or part of a microorganism (live 
or inactivated) or a product of that microorganism (such as a toxoid) 
to alter the host by stimulating an immunologic response aimed at 
protecting against infection. Live vaccines are often more immuno-
genic than inactivated vaccines and may require fewer booster doses. 
Live-attenuated vaccines contain weakened or avirulent viruses or bac-
teria. They are generally contraindicated in immunocompromised 
persons. Examples of live-attenuated vaccines include vaccines against 
measles, mumps, rubella, and yellow fever; oral polio vaccine; oral 
typhoid vaccine; and Calmette-Guérin bacillus vaccine. Examples  
of vaccines created from inactivated organisms include inactivated 
polio vaccine and vaccines against anthrax, influenza, HBV, cholera, 
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subsequent therapy with an antimicrobial drug, such as isoniazid, to 
prevent active disease.

Although most secondary prevention strategies involve chemopro-
phylaxis (and, rarely, immunoprophylaxis), the concept can be broad-
ened to other prevention efforts aimed at intervention and correction 
of a recognized specific health hazard. Most such efforts occur at the 
community level. Examples of community-based secondary preven-
tion efforts include the early identification of contaminated products 
through outbreak investigations and subsequent removal of such  
products from the market to prevent additional illnesses and restore 
“the community’s health.” A boil-water order for a waterborne disease 
outbreak of cryptosporidiosis is another example of a secondary pre-
vention strategy aimed at correcting an existing community-wide 
problem.

Tertiary Prevention
Tertiary prevention efforts are measures used to eliminate long-term 
impairment and disabilities resulting from an existing condition. 
Because most infectious diseases are treatable, tertiary prevention 
activities are less common than those found with chronic diseases such 
as hypertension, diabetes, and coronary artery disease. However, this 
concept is still applicable to the control of infectious diseases inasmuch 
as some viral infections are chronic and cannot be eradicated. Current 
treatment of HIV infection, including prophylaxis against other oppor-
tunistic agents, is an example of a tertiary prevention activity.

used because a likelihood of exposure to pathogenic organisms is 
present, even if exposure is not clearly documented. Chemoprophylaxis 
is also used in anticipation of exposure during travel; examples include 
the use of chloroquine or mefloquine to prevent malaria or antimicro-
bials against enteric pathogens to prevent traveler’s diarrhea.

In addition to immunoprophylaxis and chemoprophylaxis, other 
important primary prevention activities are focused on the individual, 
institutional, and community levels. Examples have been discussed in 
earlier sections of this chapter.

Secondary Prevention
Secondary prevention activities traditionally entail chemoprophylaxis 
and involve the identification of early or asymptomatic infection with 
subsequent treatment so that the infection is eradicated and sequelae 
are prevented. Although most secondary prevention programs involve 
intervention at the individual level through the use of chemoprophy-
laxis, such programs often operate within the context of a population-
based or institutional-based screening effort. Routine screening 
programs for sexually transmitted diseases such as Chlamydia infec-
tion are examples of secondary prevention strategies.129,130 Contact 
investigations for partners of persons with sexually transmitted dis-
eases are also part of a secondary prevention strategy focused on those 
at highest risk of infection (i.e., those with known exposure). Another 
example of a secondary prevention program using chemoprophylaxis 
is screening of high-risk populations for tuberculosis infection and 
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Throughout history, infectious diseases have been inextricably linked 
with human health, affecting the development and advancement of 
societies as well as human evolution.1,2 Those linkages remain well 
defined today, as infectious pathogens find new ways to exploit human 
vulnerabilities and elude control efforts across a highly connected 
world. Widespread movement of people, animals, and goods, explod-
ing population numbers, urban development, environmental degrada-
tion, centralized food production, and other contributing factors 
(Table 14-1) have given microbes rapid and easy access to new popula-
tions and geographic areas and spawned a host of emerging and 
reemerging infectious diseases—the majority of which are zoonotic 
(Table 14-2).3 With their remarkable adaptability, emerging infections 
can spread quickly and gain strongholds to become endemic diseases, 
as most profoundly demonstrated by the decades-long pandemic of 
human immunodeficiency virus (HIV) infection and acquired immu-
nodeficiency syndrome (AIDS).

Data from the Global Burden of Disease Study 2010 (GBD 2010), 
a landmark collaboration of 486 scientists from 302 institutions across 
50 countries,4 indicate that nearly one fourth of the estimated 52.8 
million deaths that occurred in 2010 were associated with infectious 
diseases.5 From 1990 to 2010, overall deaths from communicable dis-
eases declined, with significant decreases in mortality from lower 
respiratory tract infections (from 3.4 to 2.8 million) and diarrheal 
diseases (from 2.5 to 1.4 million).5 However, infectious diseases 
remained leading killers, especially among young children (Fig. 14-1) 
and accounted for large burdens of disability-adjusted life years world-
wide.5,6 Although deaths from HIV infection/AIDS peaked in 2006 and 
have since showed steady declines owing to fewer new infections and 
increased availability of antiretroviral therapy and care, HIV infection/
AIDS remains a leading cause of disease burden and death—responsible 
for an estimated 1.5 million deaths in 2010.5 Tuberculosis and malaria 
also continue to exact a tremendous toll, each causing approximately 
1.2 million deaths in 2010.5 The multifactorial impact of infectious 
diseases is most prominent in low-income countries, with infectious 
diseases causing severe morbidity, impeding economic development, 
and compromising political stability.

Beyond infectious diseases, microbial agents have been identified 
as the cause or contributing factor in a number of chronic diseases 
(Table 14-3). In 2008, approximately 2 million new cancer cases were 
linked to infections.7 Among the leading causes of cancer-related 
deaths, three are caused by infectious agents: hepatocellular carcinoma 
by hepatitis B and C viruses, cervical cancer by human papillomavirus, 
and gastric cancer by Helicobacter pylori bacteria. Many other potential 
infectious/chronic disease linkages are also being explored, including 
Chlamydia pneumoniae and multiple sclerosis,8,9 Alzheimer’s disease,9 
and atherosclerosis10; enteroviruses and type 1 diabetes11,12; and rhino-
viruses and childhood asthma.13 In addition, several genetic factors 
have been shown to influence infectious disease susceptibility and 
disease progression (Table 14-4) and hundreds of others are under 
investigation.14

The past few decades have provided numerous examples of the 
ongoing threat of infectious diseases and the ability of microbes to 
evolve, adapt, and survive. In particular, acute respiratory viruses are 
often among the most recognized emerging and reemerging infectious 
diseases because of the high disease burden they produce. Examples in 
the past decade include a novel coronavirus that resulted in the 2003 
global outbreak of severe acute respiratory syndrome (SARS),15 pan-
demic influenza A (H1N1) in 200916; a newly recognized coronavirus 
causing severe disease in 2012 (Middle Eastern respiratory syndrome 
coronavirus [MERS-CoV])17; and avian influenza A H7N9 in China in 

2013.18 Emerging and reemerging vector-borne infections also remain 
priorities, as mosquito-borne viruses such as dengue and chikungunya 
continue to appear in new areas and tick-borne diseases continue their 
steady rise. In addition, increased attention is being given to environ-
mental fungi as a cause of human and animal infections. Recent exam-
ples include the emergence of Cryptococcus gattii infections in the U.S. 
Pacific Northwest,19,20 increasing numbers of Coccidioides infections, 
which are a major cause of community-acquired pneumonia in Cali-
fornia and the southwest United States,21 and novel fungal infections 
as a cause of health care–associated infections (HAIs).22

International trade and travel along with globally mobile popula-
tions present particular challenges for controlling infectious diseases, 
highlighting concerns for spread of known infections such as tubercu-
losis23 and vaccine-preventable diseases24 along with introduction of 
new threats.25 In 2011, international tourist arrivals approached 1 
billion worldwide, and they are expected to nearly double over the 
coming decades (Fig. 14-2).26 Moreover, today’s globalized food supply 
has resulted in an increasing number of foodborne illnesses, many of 
which have severe consequences—especially for more vulnerable pop-
ulations such as children, immunocompromised individuals, and the 
elderly. Also on a global level is the growing problem of resistance to 
antimicrobial agents, which continues to impede treatment and control 
efforts for an increasing number of pathogens.

REEMERGING VACCINE-
PREVENTABLE DISEASES
The development of safe, effective vaccines coupled with large-scale 
immunization programs represents the ultimate solution to infectious 
diseases.27 Routine childhood immunization in the United States pre-
vents approximately 20 million illnesses and 42,000 premature deaths, 
while saving nearly $70 billion in direct and societal costs for each birth 
cohort vaccinated.28 Although vaccination led to the eradication of 
smallpox in 1980 and has brought the world closer than ever to eradi-
cation of poliomyelitis, vaccine-preventable diseases can reemerge 
even in the setting of high-functioning immunization programs. A 
variety of factors contribute to outbreaks of vaccine-preventable dis-
eases in the vaccination era (Table 14-5).29-32 Recently, countries in the 
Americas and Europe have confronted the reemergence of measles, 
mumps, and pertussis owing to diverse underlying causes.33-35

Most resurgences of vaccine-preventable diseases stem from low 
immunization coverage. In many parts of the world, weak primary 
health care systems and limited access to the most vulnerable popula-
tions result in many children being unimmunized. More recently, 
reduced vaccine acceptance in several affluent countries has emerged 
as a threat to protecting communities from vaccine-preventable dis-
eases. Whereas in the United States less than 1% of children receive no 
vaccines at all,36 some parents refuse one or more vaccines or decide 
to delay or increase intervals between vaccinations.

Measles
Two doses of measles-containing vaccines provide 95% vaccine effi-
cacy, but at least 94% of the population must be vaccinated to ensure 
herd immunity, or population protection. Infants too young to be 
immunized and people who are immune compromised depend on 
herd immunity for protection. Accumulation of susceptible people in 
a community can result in periodic outbreaks when measles virus is 
circulating.30 Endemic transmission of measles has been interrupted in 
the United States since 2000,37 but travelers to areas where the virus 
still circulates account for 50 to 100 importations to the United States 
most years. Aggressive public health investigation of each suspected 
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measles case is conducted to limit spread of the virus. Recently, several 
measles outbreaks in the United States have been associated with trans-
mission among people who have not been vaccinated, intentionally, 
due to personal beliefs. In 2011, 222 measles cases occurred in the 
United States, the largest number of annual cases reported since 1996.38 
The most important source of imported virus in 2011 was Europe, 
where large outbreaks affected multiple countries. A very large out-
break in France (where an estimated 20,000 cases occurred)39 was 
linked with importations to multiple countries in the Americas.38,40 
Public health response to each outbreak is expensive.24 Because measles 
is rarely seen in the United States, missed diagnosis can lead to sus-
tained exposures particularly in health care settings (Fig. 14-3).41 

TABLE 14-1  Factors That Contribute to the 
Emergence and Reemergence of Infectious 
Diseases

Human demographics and behavior
Human susceptibility to infection
Technology and industry
Economic development and land use
International travel and commerce
Microbial adaptation and change
Climate and weather
Changing ecosystems
Breakdown of public health measures
Poverty and social inequality
War and famine
Lack of political will
Intent to harm

Data from Smolinski MS, Hamburg MA, Lederberg J, eds, for the Committee on 
Emerging Microbial Threats to Health in the 21st Century, Board on Global Health, 
Institute of Medicine. Microbial Threats to Health: Emergence, Detection, and 
Response. Washington, DC: National Academy Press; 2003.

TABLE 14-2  Examples of Recent Outbreaks, Pathogen Discoveries, and Other Notable Infectious 
Disease Events

YEAR EVENT
2000 Outbreak of Rift Valley fever in Saudi Arabia and Yemen, representing the first reported cases of the disease outside the African continent

2003 Global outbreak of severe acute respiratory syndrome (SARS) caused by a previously unknown coronavirus associated with Chinese horseshoe bats

2003 Cases of monkeypox in the United States linked to exotic pets imported from Central Africa

2003 Reemergence of avian influenza A (H5N1) in Southeast Asia and subsequent outbreaks in Africa

2005 Marburg hemorrhagic fever outbreak in Angola

2005-2006 Large outbreak of chikungunya in the Indian Ocean islands of Réunion and Mauritius

2006 Rift Valley fever outbreak in Kenya

2007 Ebola hemorrhagic fever outbreak in the Democratic Republic of the Congo

2007 Outbreak of Nipah virus encephalitis in Bangladesh

2007 First detection in Italy of mosquito-borne transmission of chikungunya fever, previously detected only in parts of Africa and South and Southeast Asia

2007 Hemorrhagic fever outbreak in Uganda caused by a new stain of Ebola: Bundibugyo Ebola virus

2007 Outbreak of Marburg hemorrhagic fever in Uganda

2008 Ebola-Reston virus detected in pigs in the Philippines

2008 Ebola-like outbreak in Zambia due to a previously unknown virus: Lujo hemorrhagic fever virus, an arenavirus related to Lassa fever virus, which is 
associated with rodents

2009 Outbreak of severe fever with thrombocytopenia syndrome (SFTS) in China caused by a novel phlebovirus (the SFTS virus)

2009 Discovery of two novel tick-borne pathogens in the United States: the Heartland phlebovirus in Missouri and a pathogenic Ehrlichia species in 
Wisconsin and Minnesota

2009-2010 Influenza pandemic caused by a new influenza strain, influenza A(H1N1)

2009-2010 Locally transmitted dengue in Florida, representing the first cases acquired in the continental United States outside the Texas-Mexico border since 1945

2012 Ebola hemorrhagic fever outbreaks in Uganda and the Democratic Republic of the Congo

2012 Outbreak of Marburg hemorrhagic fever in Uganda

2011-2012 Influenza cases in the United States traced to a variant swine influenza A(H3N2) virus carried by pigs exhibited at agricultural fairs

2012 Outbreak of hantavirus pulmonary syndrome in Yosemite National Park, California

2012 A novel rhabdovirus (Bas-Congo virus) identified by whole-genome sequencing as the cause of an outbreak of acute hemorrhagic fever in the 
Democratic Republic of the Congo

2012-2013 Outbreak of severe respiratory disease in the Middle East caused by a novel coronavirus (MERS-CoV) that belongs to the same viral family as the SARS 
coronavirus

2012-2013 Influenza cases in China traced to avian influenza A(H7N9) virus in poultry

FIGURE 14-1 Causes of deaths for children 1 to 4 years of age, 
worldwide, 2010 (1,969,567 deaths). (Modified from Lozano R, Naghavi 
M, Foreman K, et al. Global and regional mortality from 235 causes of 
death for 20 age groups in 1990 and 2010: a systematic analysis for the 
Global Burden of Disease Study 2010. Lancet. 2012;380:2095-2128.)
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Ensuring appropriate infection control practices and complete immu-
nization histories or evidence of immunity among health care workers 
is especially important given the infectiousness of measles virus.

Although in the Americas endemic transmission of measles has 
been eliminated and in the Western Pacific Region reaching this target 
is near, measles continues to cause more than 100,000 deaths each 
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year—primarily in developing countries.42 Enormous progress in 
measles immunization through supplemental immunization activities 
and increasing routine coverage, particularly in Africa, has led to a 74% 
reduction in worldwide measles deaths.43 Despite this progress, the 
weak underlying immunization systems, famine, limited access associ-
ated with political disruption, and delayed emergency campaigns 
explain resurgences of measles in the Horn of Africa and southern 
Africa.44 Low first-dose measles coverage and long intervals between 
campaigns offering second-dose opportunities allow rapid accumula-
tion of children susceptible to measles and can lead to large outbreaks. 
Poor vaccine acceptance in selected communities, ranging from the 
Roma communities45 to anthroposophists in Switzerland has led to 
sizable outbreaks in Europe as well.46

TABLE 14-3  Examples of Infectious Agents That 
Cause or Contribute to Chronic Diseases

PATHOGEN
CHRONIC CONDITION CAUSED/
EXACERBATED BY THIS PATHOGEN

Bacteria
Borrelia burgdorferi Chronic arthritis

Helicobacter pylori Chronic gastritis and peptic ulcers

Gastric carcinoma

Mucosa-associated lymphoid tissue lymphoma

Viruses
Epstein-Barr virus Nasopharyngeal carcinoma (undifferentiated)

Burkitt’s lymphoma

Post-transplant lymphoproliferative disease

B-cell lymphoma

Hepatitis B and C viruses Cirrhosis

Hepatocellular carcinoma

Human herpesvirus 8 Kaposi sarcoma

Human immunodeficiency 
virus

Lymphoma

HIV-related neurocognitive disorders and 
peripheral neuropathy

Human papillomavirus Cervical carcinoma

Anogenital and oropharyngeal cancers

Human T-lymphotropic 
virus type 1 (HTLV-1)

Adult T-cell leukemia/lymphoma

Parasites
Liver flukes Cholangiocarcinoma

Schistosoma haematobium Bladder cancer

Prions
Variant Creutzfeldt-Jakob 

disease prion
Degenerative brain disorder

TABLE 14-4  Examples of Genetic Factors That 
Influence Susceptibility to Disease or Disease 
Progression

GENETIC FACTOR DISEASE INFLUENCE
Alleles of the chemokine receptor 

gene CCR5
Partial protection against acquisition of 

HIV and development of acquired 
immunodeficiency syndrome

Globin gene alleles (e.g., sickle 
globin and α- and β-thalassemias)

Partial protection against malaria

Lack of the Duffy blood group on 
red cells (due to a mutation in a 
chemokine receptor gene)

Complete protection against 
Plasmodium vivax malaria

Blood group O Increased susceptibility to severe cholera

HLA alleles May influence susceptibility to infection 
or course of disease with HIV, 
hepatitis B virus, measles, hantavirus 
pulmonary syndrome, malaria, 
tuberculosis, human papillomavirus 
infection, and coccidioidomycosis

HIV, human immunodeficiency virus; HLA, human leukocyte antigen.
Modified from Levitt AM, Khan AS, Hughes JM. Emerging and re-emerging 

pathogens and diseases. In: Cohen J, Powderly WG, Opal SM, eds. Infectious 
Diseases. 3rd ed. St. Louis: Mosby; 2010.

FIGURE 14-2 International tourist arrivals, actual trends and forecast, 1950-2030. (From World Tourism Organization [UNWTO]. UNWTO Tourism 
Highlights, 2012 edition. Madrid: UNWTO; 2012. Available at http://mkt.unwto.org/en/publication/unwto-tourism-highlights-2012-edition.)
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TABLE 14-5  Factors That Contribute to the 
Reemergence of Vaccine-Preventable Diseases

FACTOR SELECTED EXAMPLES REFERENCES
Failure to vaccinate by 

health care system
Missed opportunities related 

to clinician practice, 
financial, or system 
constraints

Weak or interrupted 
immunization services, as in 
humanitarian emergencies

29, 44

Failure to be vaccinated 
due to patient or 
parental refusal or 
deferral

Personal belief and religious 
exemptions

Vaccine hesitancy

32, 33

Vaccine failure, 
including moderate or 
low vaccine efficacy 
and waning of 
immunity over time

Mumps vaccine efficacy in 
the setting of high force of 
infection

Waning of immunity after 
acellular pertussis 
vaccination

34, 35

Pathogen “escape” 
from vaccine-induced 
immunity

Serotype replacement 
including capsular 
switching in Streptococcus 
pneumoniae

31

http://mkt.unwto.org/en/publication/unwto-tourism-highlights-2012-edition
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Mumps
Although mumps has decreased by nearly 99% since the prevaccina-
tion era in the United States, several large outbreaks have occurred in 
the United States and Europe in the past decade.34,47,48-51 Outbreak-
associated disease has occurred mainly in adolescents and young 
adults. Despite high two-dose coverage, importation of mumps virus 
has been linked to outbreaks in summer camps,52 college cam-
puses,47,49,53 and religious schools.34,51 These outbreaks were difficult to 
control, and although the highest risk occurred among unvaccinated 
persons, many case-patients had received one or two doses of mumps-
containing vaccine, consistent with only 80% to 85% vaccine efficacy 
for one- and two-dose regimens.48,50 Although factors associated with 
disease include intense crowding, there is no evidence to support 
immune escape.54 Recent outbreaks have been notable for very little 
transmission to the broader community.

Although some proponents exist, the value of administering a third 
dose of mumps-containing vaccine in outbreaks that occur despite 
high two-dose coverage has been unclear because disease tends to be 
decreasing by the time additional doses are provided.55 Because most 
mumps outbreaks have occurred in unusual settings where there is 
extreme crowding or extensive personal contacts and most mumps is 
self-limited and relatively mild, it is unlikely major investments will be 
made to attempt to improve the efficacy of mumps vaccines.

Pertussis
Despite decades of vaccination with first the whole-cell pertussis 
vaccine and, since the 1990s, acellular pertussis vaccine, pertussis is 
currently the least well-controlled vaccine-preventable disease in the 
United States. Cyclical increases are typical for pertussis, but since the 
1990s the United States has experienced a continuing rise in incidence 
that exceeds changes due to better laboratory diagnostics or disease 
reporting (Fig. 14-4). The highest rates of disease, hospitalizations, and 
fatalities occur among infants younger than 1 year of life.56 Reported 
cases in teens and older children have been increasing since 2010.57 It 
has become increasingly clear that the transition from whole-cell 

FIGURE 14-3 Measles in a child. 

FIGURE 14-4 Cases of pertussis reported to the National Notifi-
able Diseases Surveillance System: 1922-2012. 
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pertussis virus vaccine “backbone” to acellular vaccines has changed 
the epidemiology of pertussis.

In 2010, California reported the highest rates of pertussis in 50 
years. A retrospective analysis conducted there revealed vaccine effi-
cacy was more than 95% within 3 years of receiving the last dose of 
acellular pertussis but decreased substantially by 5 years since vaccina-
tion.35,58 This explained the predominance of 7- to 10-year olds in the 
2010 resurgence. By 2012, high rates of disease occurred in Washing-
ton State and several other areas,57 with surprising increases also noted 
among 11- and 13-year olds. Questions have been raised about whether 
there is differential performance of Tdap booster vaccinations among 
teenagers who had received acellular vaccines as young children com-
pared with the earlier experience of teenagers who received Tdap after 
earlier exposure to whole-cell vaccines. Although some have specu-
lated that bacterial strain changes noted recently might account for 
disease resurgence,59 the dominant view is that acellular vaccines 
provide good short-term protection but provide immunity that wanes 
more rapidly than initially expected. Program priorities in this context 
are to target reduction of deaths, which mainly affect infants in the first 
few months of life. Hence, recent recommendations for women to be 
vaccinated during every pregnancy are a priority for disease control.60

Acute Respiratory Tract Infection
Infections involving the respiratory tract represent one of the most 
dynamic areas for emerging and reemerging diseases, producing dra-
matic examples such as the first recognized outbreaks of legionellosis 
in the 1970s and hantavirus pulmonary syndrome in the 1990s. Exam-
ples in the 21st century include newly recognized pathogens such as 
human metapneumovirus (first identified in 2001),61 the coronavirus 
associated with SARS (identified in 2003),15 human bocavirus (identi-
fied in 2005),62 pandemic influenza A (H1N1) (identified in 2009),16 
and a Middle Eastern novel coronavirus associated with severe respira-
tory illness identified in 2012.17 Other newly recognized respiratory 
viruses include two additional coronaviruses (NL63 and HKU1), novel 
human polyomaviruses KI and WU, rhinovirus groups C and D, and 
parechoviruses, although in some instances the role of these agents as 
pathogens is still being clarified.63 More virulent strains of known 
respiratory pathogens have also emerged. Examples of this phenome-
non include human disease associated with avian influenza viruses 
(especially highly pathogenic avian influenza A [H5N1] and avian 
influenza H7N918,64), severe disease due to adenovirus type 14,65 and 
extensively drug-resistant tuberculosis.66

Acute respiratory tract infection constitutes a broad category of 
diseases that include infections of both the upper and lower respiratory 
tracts, such as acute pharyngitis, epiglottitis, bronchitis, pneumonia, 
and influenza. Although upper respiratory tract infections are capable 
of causing severe illness, virtually all (98%) respiratory disease–related 
deaths are a consequence of infection of the lower respiratory tract, 
especially pneumonia. Acute respiratory infections remain the leading 
cause of mortality from infectious diseases in the United States and 
around the world. The World Health Organization (WHO) estimates 
that 4.2 million deaths resulted from lower respiratory tract infections 
in 2004, accounting for 7.1% of all deaths that year.67 Among persons 
who died of lower respiratory tract infections, 70% (2.9 million) were 
residents of low-income countries. Lower respiratory tract infections 
are the number one cause of death in the developing world. Even in 
high income countries, lower respiratory tract infections are the fourth 
leading cause of death, responsible for 4% of all-cause mortality. Mor-
tality from lower respiratory tract infections has the greatest impact on 
young children. On a global basis, 42% of all deaths from lower respira-
tory tract infections (mostly due to pneumonia) occur in children 
younger than 5 years of age.67 Significant influenza- and pneumonia-
associated mortality also occurs in persons older than 65 years of age 
and in individuals with chronic underlying pulmonary disease. In the 
United States, influenza and pneumonia are the leading cause of infec-
tious disease–related mortality and the eighth most frequent cause of 
death.68

Human Metapneumovirus
In 2001, human metapneumovirus (hMPV) was first reported as a 
cause of acute respiratory tract infections when the virus was isolated 
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infection.70,81 Ribavirin and immune globulin have been used to treat 
severe disease but have not been systematically assessed, and efforts 
are underway to develop candidate vaccines against hMPV.69,82

Genetic analyses have demonstrated two major hMPV types, des-
ignated groups A and B, with two subtypes (1 and 2) within each group; 
subtype variants have also been reported.69 The geographic distribution 
of groups and subtypes changes over time, and multiple variants can 
cocirculate. Periodic shifts in predominant circulating strains are 
thought to coincide with upsurges in disease incidence and severity. In 
some studies, group A viruses have been associated with more severe 
disease compared with group B viruses, although other series have 
found the opposite result or have not suggested a difference in disease 
severity between the two groups.

Human Coronaviruses
Although coronaviruses were once considered to be pathogens most 
typically associated with the common cold, their public health sig-
nificance has changed considerably in recent years.83 The 2003 out-
break of SARS is widely considered to be the most consequential 
emerging infectious disease event of the early 21st century, with pro-
found public health, economic, sociologic, and political ramifica-
tions.84 The expanded research and monitoring of coronaviruses that 
resulted from the SARS episode led to the recognition of two additional 
human coronaviruses (NL63 and HKU1) associated with upper respi-
ratory tract infections.83-86 Most recently, a novel coronavirus was iden-
tified in 2012 among patients in the Middle East or patients linked to 
the Middle East.17 This new virus, which is distinct from the SARS 
coronavirus, is also associated with severe and fatal pulmonary disease. 
A number of studies suggest that the human coronaviruses appear to 
be zoonotic in origin, with bats being especially important reservoirs.87 
Because bats harbor many coronaviruses, there is the potential for 
future pathogenic coronaviruses to emerge from this reservoir.

SARS was recognized in February 2003 when an explosive out-
break of adult respiratory distress syndrome was carried globally by 
more than a dozen individuals who were all guests at a Hong Kong 
hotel over a single weekend while a physician from adjacent Guang-
dong Province with fatal respiratory illness was also present.88-90 Before 
traveling to Hong Kong, the source physician had been caring for 
patients with a similar illness, with 305 cases of undiagnosed respira-
tory diseases occurring in Guangdong Province since the previous 
November. A global consortium of laboratories rapidly identified the 
causative agent as a previously unrecognized betacoronavirus (SARS 
coronavirus [SARS-CoV]).15 The outbreak was contained within 4 
months of recognition, primarily through the employment of public 
health measures such as community isolation and quarantine.88-90 In 
the interim, a total of 8,096 cases of SARS were recorded in 29 coun-
tries on five continents, with 774 (9.6%) fatalities.91 However, 98% of 
the cases occurred in just five locations (Table 14-6); only 8 cases were 
confirmed in the United States. The following winter, four symptom-
atic and one asymptomatic community-acquired SARS cases occurred 
in Guangzhou. There was also a series of laboratory acquired infec-
tions in Taiwan, Singapore, and mainland China over the same time 
period.88 No cases of SARS have been recognized anywhere in the 
world since 2004.

from specimens collected over a 20-year period from hospitalized chil-
dren in the Netherlands with undiagnosed upper and lower respiratory 
tract illnesses.61 Subsequent serologic and virologic analyses of banked 
specimens have demonstrated evidence of hMPV infection as far back 
as the 1950s, and genetic studies suggest the virus is considerably 
older.61,69

A paramyxovirus, hMPV is closely related to respiratory syncytial 
virus (RSV), another member of the Paramyxoviridae subfamily of 
Paramyxoviridae.69,70 These related viruses have many clinical and epi-
demiologic features in common, and coinfections with these two 
pathogens have even been described.71 Studies examining whether 
hMPV and RSV coinfections produce more severe illness have shown 
conflicting results.71

Since hMPV was first identified, major strides have been made in 
our understanding of the impact of this agent, which appears similar 
to other major viral respiratory pathogens. It is known to occur glob-
ally in both high- and low-income countries, and by 5 years of age 
virtually all children demonstrate evidence of prior hMPV infection.72 
Clinically significant illness and severe disease most commonly occur 
in children younger than 2 years of age, but hMPV-related illness can 
occur throughout childhood.73,74 In most studies, this virus (either 
alone or with copathogens) has been identified in 2% to 20% of chil-
dren with acute respiratory tract infections, and in 3% to 7% of chil-
dren hospitalized with acute respiratory tract infections or fever.69,73 
Variation in rates of hMPV detection is likely due to patient selection 
criteria, sample collection, and diagnostic test methods. In contrast, 
hMPV is rarely (<1%) identified in children or adults who are not ill 
and when found is usually present in much lower titers than when 
detected during illness.69,73,75 A recent multiyear, multicenter prospec-
tive study suggests that hMPV produces 20,000 hospitalizations, 
263,000 emergency department visits, and 1 million outpatient visits 
annually among children younger than 5 years of age in the United 
States.75 Because disease is also found in older children and in adults, 
these numbers represent an unknown proportion of the overall burden 
of illness due to hMPV. Multiyear studies of hMPV infection show that 
incidence varies from year to year and by season, with most infections 
in temperate locations occurring in winter and early spring.70

In children, most severe hMPV disease manifests as pneumonia or 
bronchiolitis and a substantial proportion of hospitalized children have 
underlying medical conditions, particularly asthma.73-76 Intensive care 
can be necessary and fatal illnesses have occurred in children with 
hMPV infections.77 Human metapneumovirus has also been associated 
with childhood upper respiratory tract infections (up to 10% in some 
series) as well as acute otitis media.70

Most infections with hMPV in adults are mild, but severe disease 
can occur, especially in the elderly and in persons with chronic pul-
monary disease or congestive heart failure.78,79 This virus has been 
estimated to involve 3% to 7% of acute respiratory tract infections and 
4.5% of acute respiratory tract infection hospitalizations in adults.79 
Outbreaks associated with hMPV have been reported in both children 
and adults, especially among long-term institutionalized elderly, with 
case-fatality rates as high as 33%.79,80 As with RSV, hMPV can produce 
severe and recurrent disease in immunocompromised hosts, including 
transplant recipients, those with hematologic malignancies, and HIV 

TABLE 14-6  Cumulative Number of Confirmed and Probable Severe Acute Respiratory Syndrome (SARS) 
Cases by Location, November 2002 to July 2003

LOCATION NO. OF CASES NO. OF FATALITIES
CASE-FATALITY 
RATIO (%)

NO. OF CASES IN 
HEALTH CARE WORKERS

PERCENT OF CASES IN 
HEALTH CARE WORKERS

China 5327 349 7% 1002 19%

Hong Kong 1755 299 17% 386 22%

Taiwan 346 37 11% 68 20%

Canada 251 43 17% 109 43%

Singapore 238 33 14% 97 41%

All others 179 13 7% 44 25%

TOTAL 8096 774 10% 1706 21%

Data from World Health Organization. Summary of Probable SARS Cases with Onset of Illness from 1 November 2002 to 31 July 2003. Available at http://www.who.int/csr/
sars/country/table2004_04_21/en/index.html.

http://www.who.int/csr/sars/country/table2004_04_21/en/index.html
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Influenza
No disease is more closely intertwined with the subject of emerging 
and reemerging infectious diseases than influenza.108,109 Arguably the 
most dramatic example of infectious disease emergence is the 1918-
1919 Spanish influenza A H1N1 pandemic. This virus swept across the 
globe in successive waves with profound societal disruption in the 
midst of World War I, leaving in its wake an estimated number of 
fatalities ranging as high as 50 to 100 million people.109 In the United 
States alone, an estimated 675,000 deaths occurred, increasing the 
overall mortality rate for that period by almost 40%.109,110 Two less 
consequential pandemics (caused by influenza A H2N2 in 1957 and 
influenza A H3N2 in 1968), but with excess mortality, also were 
observed in the 20th century.

Influenza has proven to be even more volatile in the 21st century. 
Traditional dogma regarding which influenza A hemagglutinin sub-
types (H1, H2, and H3) are responsible for illness in humans has been 
reconsidered based on recent events. These include cases of severe 
human disease due to highly pathogenic avian influenza A H5N1 that 
have been occurring since 2003 and the increasing recognition of 
human disease caused by other viruses (H7, H9, H10) usually consid-
ered avian subtypes.111-113 As the attention of the public health com-
munity was focused on the pandemic potential of these avian subtypes, 
in 2009 another influenza virus (a triple reassortant A H1N1) suddenly 
appeared in North America to produce the first pandemic of the 21st 
century.114 In the aftermath of the H1N1 pandemic, a variant strain of 
influenza A H3N2 that produces human disease in association with 
swine contact, mostly at agricultural fairs, has been recognized in the 
United States.115 Further complicating the picture, in early 2013 an 
outbreak of influenza due to avian influenza A (H7N9) virus, not 
known to have previously infected humans, was reported across a wide 
area of eastern China.18 The novel H7N9 virus is associated with 
unusually high mortality in humans but is a low pathogenicity variant 
in poultry.116 These examples highlight the unpredictable nature of 
influenza and the critical need to maintain a high state of vigilance for 
this disease through global surveillance in people and animals along 
with research to develop improved treatment, prevention, and control 
measures.

Avian Influenza
Human disease due to highly pathogenic avian influenza (HPAI) 
H5N1 was first recognized when a fatal illness occurred in a 3-year old 
child in Hong Kong in the spring of 1997.117 “Highly pathogenic” is the 
designation used to describe avian influenza viruses with certain 
genetic traits that produce lethal disease outbreaks in poultry. This case 
was followed later in the year by a series of 18 human illnesses (6 fatal) 
in children and young adults that led to the mass culling of poultry in 
Hong Kong as a measure to control bird-to-human transmission.118 
The virus responsible for this outbreak is referred to as A/Goose/
Guangdong/1/96 H5N1 because it was first identified in a goose in 
southern China the previous year. All subsequent human H5N1 ill-
nesses, as well as the animal outbreaks that have led to the natural 
death and culling of more than 250 million poultry and wild birds, 
have been caused by descendants of the 1996 goose Guangdong 
lineage.119,120 This virus has evolved into two major clades (1 and 2) and 
numerous additional clades and subtypes that have spread over three 
continents during sequential waves believed to originate in southern 
China.119,121

After the initial 1997 Hong Kong outbreak, episodes of human 
illness due to avian influenza subtypes (especially H7 and H9) were 
identified in Europe, Asia, and North America, producing both respi-
ratory disease and conjunctivitis.122-124 In early 2003, a father and son 
from Hong Kong who had traveled to southern China were diagnosed 
with H5N1 influenza at the time that the outbreak that became SARS 
was recognized, briefly raising concern this may have been the etiology 
of the outbreak.125 However, it was not until late 2003, when SARS had 
subsided, that the current outbreak of H5N1 human illnesses began 
when cases were recognized in Vietnam and Thailand.126,127 In contrast 
to previous episodes, these cases were more widely dispersed and there 
was evidence of widespread circulation of HPAI H5N1 in poultry, 
waterfowl, and wild birds in the affected areas.

Several features of SARS are especially noteworthy. These include 
(1) a relatively long incubation period (mean 4.6 days, range 2 to 14 
days); (2) minimal transmissibility early in the course of illness (viral 
shedding in respiratory secretions followed a crescendo-decrescendo 
pattern with peak titers on day 10 of illness); (3) a high proportion of 
illnesses (21%) in health care workers; (4) a low-to-moderate basic 
reproductive number (R0), estimated at 2 to 4 secondary cases per 
average infectious case92; (5) the occurrence of “super-spreader” events 
facilitated by inpatient therapeutic procedures that promoted aerosol-
ization of the virus and accounted for much of the observed person-
to-person transmission (the majority of cases resulted in no secondary 
transmission); (6) a rarity of asymptomatic infections; and (7) a strik-
ing age-dependent case-fatality ratio (<1% in persons <24 years of age 
vs. >50% in those >65 years).88-90

Epidemiologic investigations found that people with early SARS 
cases in Guangdong Province often had contact with exotic live animal 
markets. Several species (especially palm civet cats) in the live markets 
had evidence of SARS-CoV infection, leading to mass culling as a 
control measure.88 The virus was not detected in these animals in the 
wild, and experimental infections showed the animals developed 
SARS-like symptoms. Both factors suggested they were not the natural 
host. In 2005, viruses similar to SARS-CoV (SARS-like coronaviruses 
[SL-CoV]) were identified in horseshoe bats in southern China and 
bats are now considered to represent the natural reservoir.87,93-95 Sub-
sequent studies have shown bats in many parts of the world harbor 
SL-CoVs.87,95

Various therapies were employed during the SARS outbreak, 
including ribavirin, corticosteroids, antiretroviral drugs, and immuno-
therapy. Some appeared beneficial, but none could be systematically 
evaluated.89 SARS-CoV is known to act through a spike protein that 
targets angiotensin-converting enzyme 2, offering potential therapeu-
tic options.88,96 Vaccine development research using a variety of 
approaches is underway.97

A novel human coronavirus (initially referred to as HCoV-EMC  
for Erasmus Medical Center in the Netherlands and now known as 
Middle East respiratory syndrome coronavirus [MERS-CoV]) was first 
identified in July 2012 in a 60-year-old man from Saudi Arabia with 
fatal lower respiratory tract infection.17 As of July 2013, a total of 81 
laboratory-confirmed cases of infection with this virus have been 
reported internationally.98 Cases have been reported from nine coun-
tries, all with a direct or indirect link to locations in and around the 
Arabian peninsula. The earliest recognized cases were retrospectively 
identified in 2 persons in Jordan who were part of an 11-person hos-
pital cluster of respiratory illnesses in April 2012.99 Of the 81 confirmed 
cases, the median age is 55 years (range, 2 to 94 years) and 45 (56%) 
have died; 64% of the cases for whom gender is known occurred in 
males. Illness has been characterized by severe respiratory distress and 
pneumonia often requiring mechanical ventilation, and some cases 
have been accompanied by renal insufficiency.99 A three-person cluster 
in Great Britain where the index case was exposed in the Middle East 
and disease subsequently occurred in two close contacts in Great 
Britain with no history of travel, as well as an instance of nosocomial 
transmission in France where the index case was exposed in the Middle 
East, provide evidence the virus can be spread person to person.99 In 
addition to the 2012 Jordanian hospital cluster, another outbreak in 
April 2013 involving 22 persons, including health care workers, and 9 
deaths in an eastern Saudi Arabian hospital suggests nosocomial trans-
mission.100 Genetic analyses of this novel coronavirus show it is the first 
lineage C betacoronavirus infecting humans and has a close relation-
ship to betacoronaviruses HKU4 and HKU5 found in bats, including 
insectivorous bat species present in the Middle East.101-103 A virus with 
100% sequence homology to the MERS-CoV isolated from the 2012 
Saudi Arabian index case was found in an Egyptian tomb bat (Tapho
zous perforatus) trapped in the vicinity of that patient’s home.104 These 
findings suggest bats play an important role in the ecology of MERS-
CoV and could be the reservoir for this new coronavirus. The virus 
targets a unique receptor and appears capable of infecting multiple 
mammalian cell lines, suggesting the potential for a zoonotic interme-
diary, and serologic evidence of infection with MERS-CoV has been 
reported in mammalian species.105-107

http://www.myuptodate.com


P
a
rt

 I
 B

as
ic

 P
ri

n
ci

p
le

s 
in

 t
h

e 
D

ia
g

n
o

si
s 

an
d

 M
an

ag
em

en
t 

o
f 

In
fe

ct
io

u
s 

D
is

ea
se

s
164

even as influenza surveillance, including surveillance during and after 
the H1N1 pandemic, has improved in affected areas. Better surveil-
lance would likely detect less severely ill individuals.

Although human illness has been identified in 15 countries, 79% of 
all H5N1 cases have been reported from just three locations (Indone-
sia, Egypt, and Vietnam) (Fig. 14-6). This may reflect distribution of 
the virus in poultry reservoirs, local agricultural practices, intensity of 
surveillance, and other unknown factors. Between 2009 and 2012, 
human disease has only been found in six countries (Indonesia, Egypt, 
Vietnam, China, Cambodia, and Bangladesh).136 Among countries 
with at least 20 reported cases, mortality has been highest in Cambodia 
(90%) and Indonesia (83%) and lowest in Egypt (36%). Reasons for 
variations in mortality are unclear, but data indicate that persons with 
H5N1 infections in Egypt are younger than those in other locations 
and overall mortality appears to be age dependent. In an analysis of a 
large dataset of H5N1 cases, mortality was reported to be six times 
higher in 10- to 29-year-olds than in children younger than 10 years 
old and almost five times higher in adults 30 years of age and older 
than in children younger than 10 years old.141,142 Early hospitalization 
has also been reported to reduce mortality,141 and observational studies 
have suggested that early administration of oseltamivir also reduces 
mortality.64,143,144 Differences in a variety of laboratory and clinical 
parameters have also been described between fatal and nonfatal 
cases.64,144,145 It is unclear if variation in mortality rates can be attributed 
to specific clades or subtypes of H5N1.

Human disease from H5N1 mainly affects children and young 
adults, making the high mortality especially remarkable. Among 
reported cases, the median age has been 18 years with a range of 3 
months to 81 years.64,141 Less than 10% of reported cases have occurred 

Since late 2003, the virus has spread widely and has been found in 
63 countries in Africa, Asia, and Europe, with more than 7000 avian 
outbreaks reported to the World Organisation for Animal Health.128 
HPAI H5N1 is believed to have spread through multiple modes, 
including bird migration, international trade in poultry and poultry 
products, and illegal bird transport, although the relative contribution 
of these modes is unclear.111,129,130 A variety of strategies, including 
depopulation, enhanced biosecurity and sanitary measures, and 
poultry vaccination, have been employed in veterinary settings to 
control and prevent HPAI H5N1.120,131,132 However, owing to the wide-
spread distribution of this virus, its continuous evolution into multiple 
lineages, poultry husbandry practices in many parts of Asia, its pres-
ence in wild birds and waterfowl, and the human and financial 
resources needed to implement control measures, the success of these 
strategies has been variable.133 Because studies in several countries have 
demonstrated a strong correlation between the detection of H5N1 
outbreaks in poultry and the location and timing of human disease, 
veterinary public health measures to control the virus must remain an 
integral part of efforts to reduce the risk to humans from H5N1 and 
other avian influenza viruses.134,135

From 2003 through the end of 2012, the WHO has recorded 610 
human cases of H5N1 in 15 countries, with 360 (59%) of these cases 
being fatal—an unprecedented case-fatality rate for influenza.136 It has 
been argued that the observed case-fatality rate may appear artificially 
high owing to restrictive case definitions and surveillance methods that 
miss milder and asymptomatic infections.137 However, H5N1 serosur-
veys, even in high-risk poultry workers, tend to yield low seropreva-
lence, and this argument has been challenged.137-140 Furthermore, the 
case-fatality rate has not changed appreciably over time (Fig. 14-5) 

FIGURE  14-5 Annual number of cases of human influenza A (H5N1) and associated mortality rates, 2003-2012. (Courtesy World Health 
Organization.)
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FIGURE  14-6 Cumulative number of cases of human influenza A (H5N1) and mortality rates by country, 2003-2012. (World Health 
Organization.)
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Another unusual feature of the H7N9 outbreak is the age and 
gender distribution of recognized cases. The median age is 61 years 
(range, 2 to 91 years) with 21% of cases in persons 75 years of age or 
older.158,159 In addition, males comprise 71% of recognized cases. It is 
unclear if these epidemiologic features result from differential expo-
sure to the virus source or differences in population immunity, clinical 
presentation, or illness severity or represent surveillance artifact. 
However, these features stand in stark contrast to the experience with 
H5N1 and the 2009 pandemic, both of which predominantly impacted 
younger age groups.

Among H7N9 patients with available information, epidemiologic 
investigations suggest that most (77%), but not all, had exposure to 
animals (predominantly chickens and ducks) on farms or in urban wet 
markets.159 Interventions that included closure and depopulation of 
wet markets in Shanghai coincided with a decline in newly recognized 
cases in that location. Clinical information on early cases indicates that 
virtually all (99%) required hospitalization and that most (97%) had 
evidence of pneumonia followed by acute respiratory distress syn-
drome and a majority (61%) had underlying health conditions placing 
them at increased risk for complications and fatal outcomes.159,160

Pandemic Influenza H1N1
In April 2009, two epidemiologically unlinked children living near the 
Mexican border in California were determined to have respiratory 
illness caused by a novel form of influenza A (H1N1).161 The novel 
virus (referred to as pandemic H1N1 [pH1N1]) had not been previ-
ously recognized and contained six segments from influenza viruses 
known to be circulating in North American swine since 1998 and two 
segments of a Eurasian avian-like swine virus.162 Viruses in the North 
American lineage that donated the segments found in pH1N1 were 
themselves triple reassortants, containing genetic material derived 
from avian, human, and classic swine viruses, and had occasionally 
produced human disease.162 However, among the small number of 
humans identified with triple-reassortant North American swine H1 
influenza, a history of close contact with pigs could usually be elic-
ited.163 In contrast, neither of the California children was found to 
have such an exposure. Both the novelty of the virus and the lack of 
swine contact in these children raised immediate concern that the 
virus was transmitted from person to person and therefore posed a 
pandemic threat.16 Furthermore, only weeks earlier, Mexican health 
authorities had reported to the Pan American Health Organization an 
outbreak of severe respiratory illness associated with more than 800 
hospitalizations and 100 deaths, mostly in children and young adults.164 
The same pH1N1 virus was subsequently identified in more than 40% 
of samples tested from Mexican patients that were part of this out-
break.164 Epidemiologic investigations in Mexico suggested that ill-
nesses with this virus occurred as early as February 2009 in an area of 
Veracruz State with nearby swine farms.165 Within 3 weeks of its detec-
tion in the United States, more than 600 additional illnesses with 
pH1N1, including clusters, had been recognized in 41 states.16 The 
virus was also quickly detected on other continents,166 and by June 11, 
2009, the WHO declared that an influenza pandemic due to pH1N1 
was underway.167

Subsequent modeling studies suggest that the Mexican outbreak 
was much larger in scale (>30,000 cases) than initially recognized and 
was not nearly as severe as first reported, with an estimated case-
fatality rate of only 0.4%.165 There is also evidence that pH1N1 spread 
quickly from its initial focus in Mexico to other locations. Among early 
cases in the United States, 18% had a history of recent travel to Mexico, 
and early cases in Europe and elsewhere had a similar travel history.16,166 
A modeling analysis also suggested a strong relationship between air 
passenger traffic to and from Mexico and locations that had early 
importations of pH1N1.168 By late May 2009, pH1N1 was already 
reported from 48 countries and the total number of identified cases 
was escalating quickly. Once the pandemic was declared over, a total 
of 214 countries, overseas territories, or communities worldwide had 
reported cases of pH1N1.169

In the United States, the pandemic occurred in two waves: a spring 
wave was followed by a much larger autumn wave, which peaked in 
late October.170 During the pandemic period, more than 99% of all 
subtyped influenza viruses in the United States were pH1N1.170 The fall 

in persons older than 40 years of age. There has been a slight female 
preponderance among reported cases, and cases have most commonly 
been seen in the winter and early spring (mirroring patterns of poultry 
outbreaks).141 The incubation period has been estimated to be up to 7 
days and is most typically 2 to 5 days.64 Virtually all human cases are 
sporadic, with exposure to sick and dying poultry or to poultry prod-
ucts being the most commonly reported risk factor (96% of cases in 
one series).111,141 In China, urban cases have been linked to exposure 
to poultry in live bird markets.146,147 A number of small clusters indicat-
ing limited person-to-person transmission have been reported.148 In a 
report summarizing the experience in Indonesia, 26 case clusters were 
identified with an average size of 2.5 persons; the largest involved eight 
members of a family with three cycles of transmission.149

The severity of illness, high mortality, and limited person-to-person 
transmissibility may be explained by the higher tropism of currently 
circulating H5N1 viruses to receptors in the lower but not upper respi-
ratory tract. Most human illness has exhibited clinical and radiographic 
evidence of pneumonia, which is associated with substantial morbidity 
and mortality in influenza.64,111 Human-to-human transmissibility is a 
key requirement for pandemic influenza viruses, and the ability of 
circulating H5N1 viruses to acquire this attribute has been of keen 
interest to the public health community. Two recent experiments, one 
through in vitro genetic reassortment and the other through site-
directed mutagenesis and serial passage in ferrets, provided evidence 
that H5N1 can mutate in ways that facilitate transmission between 
ferrets, the usual surrogate for human influenza.150,151 These “gain-of-
function” experiments produced considerable debate and international 
alarm, resulting in delayed publication of the studies and prompting  
a temporary moratorium on such research until additional safeguards 
were in place to minimize the potential for inadvertent laboratory 
release or intentional misuse.152,153 They also highlighted the need to 
continue preparedness efforts to develop countermeasures against 
H5N1 and other pandemic threats in case such mutations occur in 
nature. Neuraminidase inhibitors could be used prophylactically and 
therapeutically in the event of widespread H5N1 disease. In addition, a 
number of licensed pre-pandemic H5N1 vaccines have been produced 
by different approaches; in the United States, H5N1 vaccine is being 
stockpiled by the federal government as a contingency measure.154,155

In March 2013, an outbreak of influenza due to a previously unrec-
ognized influenza A (H7N9) virus was detected in eastern China.18 The 
earliest known illness associated with this outbreak occurred in Shang-
hai in February 2013 in an 87-year-old man.18 This outbreak is notable 
for several unusual features. Analysis of the virus finds it to be a qua-
druple reassortant with all genetic segments originating in Eurasian 
lineage avian viruses (H7N3, H9N2, H9N7) with acquired mutations 
that enhance adaptation to humans.18,116,156 The virus is of low patho-
genicity to poultry and other bird species, meaning it produces minimal 
overt illness in bird hosts.18 This makes it difficult to track and com-
plicates application of control measures such as culling. Testing of 
avian species and environmental samples in affected areas of China 
found H7N9 viruses similar to those causing human illness in chick-
ens, ducks, and pigeons, although at a very low prevalence (0.07% of 
68,060 samples) given the rapid increase in recognized human cases.157 
By the summer of 2013, a total of 135 confirmed human illnesses had 
been detected with a 33% case-fatality rate. The number of H7N9 cases 
recognized after only 5 months of monitoring is higher than the great-
est number of H5N1 cases seen in any year since it emerged in 1997. 
These H7N9 cases were found in nine contiguous eastern China prov-
inces in addition to Beijing and Shanghai, although 79% of cases were 
in Shanghai and adjacent Jiangsu and Zhejiang provinces.157 This dem-
onstrates a wide zone of circulation in urban and rural locations either 
through natural spread or commercial transport and movement of 
poultry and other birds. An additional case was identified in Taiwan 
in an individual who had returned from an affected area of mainland 
China 3 days before illness onset.158 As of the summer of 2013, all 
identified cases appeared to be sporadic except for three family clusters 
that could represent possible limited person-to-person spread.159 
However, monitoring of almost 1700 health care workers, family 
members, and close social contacts of ill individuals did not find any 
culture-confirmed illness to suggest that person-to-person transmis-
sion of the virus had occurred.159
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range, 7 days).177,183 The incubation period was similar to estimated 
serial intervals (mean, 2.6 to 3.9 days) for spread of illness in house-
holds, where the estimated secondary infection rate reported in studies 
varied from 3% to 38%; higher secondary infection rates were seen in 
children than in adults.184 The basic reproductive number (R0, the 
number of additional cases generated by each infection) was estimated 
at 1.3 to 1.7 (which is slightly higher than seasonal disease), although 
reproductive numbers as high as 3.3 were found in some school 
settings.183

The most common severe complication during the pandemic was 
viral pneumonitis or secondary bacterial pneumonia.183 Several groups 
were notably at higher risk for developing severe and fatal illness. These 
include pregnant women, especially in the third trimester of preg-
nancy, which accounted for half of the hospitalizations of pregnant 
women.185 Whereas approximately 1% of the population is pregnant at 
any time, pregnant women accounted for 6.3% of hospitalizations, 
5.9% of intensive care unit admissions, and 5.7% of deaths during the 
pandemic and had a relative risk for hospitalization of 6.8 compared 
with all women of childbearing age.185,186 Obesity, particularly morbid 
obesity (body mass index >40), was also found to be a risk factor for 
severe disease. In the United States, morbidly obese persons with no 
other chronic medical conditions had a statistically significant odds of 
hospitalization of 4.9 and an odds of death if hospitalized of 7.6 com-
pared with nonobese persons.187 In a global pooled data analysis, the 
relative risk of death among the morbidly obese was 36.3.186 The 
increased risk for severe outcomes in both pregnant women and obese 
persons is likely multifactorial but could include relative immune sup-
pression or impaired pulmonary function. Another high-risk group for 
severe illness was children with neurologic disease. In the United 
States, 43% of fatalities in those younger than 18 years of age had 
neurologic disease; 94% of these children had neurodevelopmental 
disorders such as cerebral palsy and intellectual impairment.188

A variety of nonpharmaceutical interventions, including school 
closure, were implemented to mitigate the impact of the 2009 influenza 
pandemic. Once pH1N1 was recognized to pose a pandemic threat, 
efforts were immediately initiated to develop monovalent vaccines. 
Trials in the United States showed that candidate vaccines produced 
using standard methods were immunogenic and safe, and large-scale 
production was initiated under government purchase and distribu-
tion.189 Priority groups for vaccination representing 159 million persons 
were identified by the Advisory Committee for Immunization Practices 
and the CDC, and a more limited priority group of 62 million persons 
was identified for the anticipated initial limited vaccine supply (Table 
14-7). Ultimately, the first vaccine supplies did not become available 
until the beginning of October 2009, only weeks before the second 
wave of illness peaked. This was too late to have a substantial short-term 
impact, and allocation and distribution of limited supplies were chal-
lenging.189,190 Pandemic vaccine was shown to have a safety profile 

wave did not begin simultaneously throughout the country, and analy-
ses suggest that its timing in a location correlated with the beginning 
of the school year.171 Schools appeared to play an important role in 
community spread of the virus.172 A number of countries, including 
the United States, promulgated school closure policies, and observa-
tional studies suggest these policies led to reductions in transmission 
and in the occurrence of respiratory illness.173-175

Using a variety of data sources, the Centers for Disease Control and 
Prevention (CDC) estimates that between 43 million and 89 million 
(mid-range 61 million) illnesses due to pH1N1 occurred over the 
course of the pandemic (April 2009 to April 2010) in the United States, 
representing between 14% and 29% of the population based on 
2010 U.S. census data.176 These proportions are not substantially differ-
ent from those reported in other parts of the world.177 In the United 
States, these illnesses led to an estimated 274,000 hospitalizations 
(range, 195,000 to 403,000) and 12,470 deaths (range, 8,870 to 18,300), 
with a resulting hospitalization rate of 0.45% and case-fatality rate of 
0.02.176 However, these illnesses were not equally distributed by age. 
Children and young adults were disproportionately impacted by the 
pH1N1 pandemic, with 33% of all cases occurring in those younger 
than 18 years of age. In contrast, only 10% of all cases occurred in 
persons in the 65 and older age group. The estimated overall attack rate 
in children was 26%, and in persons older than 18 years it was 18.5%.178 
In contrast to mortality patterns with seasonal influenza, where 90% 
of all deaths occur in persons older than age 65 years, 87% of all 
influenza-related deaths in the United States during the pandemic were 
in persons younger than age 65 years and the median age of death was 
37 years.178,179 However, the case-fatality rate was estimated to be more 
than four times higher in persons older than 65 years of age than in 
children younger than 18 years of age.178 Globally, the estimated 
number of respiratory and cardiovascular deaths associated with 
pH1N1 was 284,500 (range, 151,700 to 575,500), with 80% of these 
deaths in persons younger than 65 years of age.180

Serologic surveys performed in multiple locations support the find-
ings of a higher incidence of infection in children and teenagers (20% 
to 60%) than in older age groups.181 These surveys also found that the 
presence of cross-protective immunity in pre- or early-pandemic spec-
imens was age dependent, being very low in children and peaking in 
persons older than 60 years, and suggest that older individuals were 
protected during the pandemic by residual immunity from exposure 
to pre-1950s cross-reactive H1N1 viruses.181 Another study that exam-
ined laboratory-confirmed pH1N1 infections and hospitalizations 
found a marked decline in risk for persons born in the 1950s and 
attributed this reduction to exposure to H1N1 viruses circulating 
before the 1957 Asian H2N2 pandemic.182

The clinical features of illness from pH1N1 were typical of those 
seen with seasonal influenza, with fever and cough most common (Fig. 
14-7) and an incubation period estimated to be 1.5 to 3 days (upper 

FIGURE 14-7 Composite of signs and symptoms reported by 11,334 patients with laboratory-confirmed pandemic influenza A (H1N1). 
Data are from multiple locations and surveys and involve outpatients, hospitalized patients, and specific settings, exclusively or in combination. The 
number of patients in each category reporting presence or absence of symptoms varies. (From Cheng VC, To KK, Tse H, et al. Two years after pandemic 
influenza A/2009/H1N1: what have we learned? Clin Microbiol Rev. 2012;25:223-263.)

0

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

86%
82%

65%

Fev
er

Cou
gh

Fat
igu

e

Sor
e 

th
ro

at

Rhin
or

rh
ea

Dys
pn

ea

M
ya

lgi
a

Hea
da

ch
e

Arth
ra

lgi
a

Diar
rh

ea

Nau
se

a/
Vom

itin
g

51% 51%
48%

41%

Sign/Symptom

C
om

po
si

te
 o

f P
at

ie
nt

s

38%

27%

15%

28%

http://www.myuptodate.com


C
h

ap
ter 14 Em

erging and Reem
erging Infectious Disease Threats

167

demonstrated that antiviral drugs administered early in the course of 
illness reduced adverse outcomes.196

The pandemic influenza A (H1N1) virus has continued to circulate 
since the pandemic was declared over by the WHO in August 2010.

Variant Influenza A (H3N2)
In 2012, a multistate outbreak of influenza caused by a swine-origin 
(variant) influenza A (H3N2) virus occurred in the United States, with 
307 recorded cases in 11 Midwestern and Middle Atlantic states.197 
Additional single cases were identified in Utah and Hawaii. The result-
ing illness had typical clinical features of influenza; 16 cases (5%) 
required hospitalization and one fatality occurred in an adult.197 
However, most cases (93%) were recognized in persons younger than 
18 years, and the median age was 6 years. The outbreak occurred 
between July and September during the major period when agricul-
tural and state fairs that exhibit swine occur.198 Most ill persons (>90%) 
had a history of participation in or attendance at these events, with a 
history of direct or indirect contact (often sustained) with swine, and 
there was evidence of only limited person-to-person transmission.198 
Similar H3N2v viruses were identified in exhibited swine in some 
locations.198 In response, the CDC recommended that persons at high 
risk for complications of influenza, including individuals younger than 
5 and those 65 years of age and older, avoid contact with swine or swine 
barns at agricultural fairs during 2012.

The variant H3N2 virus is a descendent of a lineage of a triple-
reassortant H3N2 virus with human, avian, and swine segments that 
began widely circulating in North American pigs in 1997-1998.199 The 
first human infection caused by this variant was not recognized until 
2005 in Kansas, and only sporadic human cases were recognized before 
2011.200 In 2010, the virus was observed to have acquired the M 
(matrix) segment from the pandemic H1N1 virus (Fig. 14-8) and to 
have become more frequent in swine, raising concerns about enhanced 
transmissibility and an increased burden of disease in humans.201 After 
that reassortment event was recognized in swine, 12 human cases were 
recognized in 2011 in five states.202 Similar to the larger 2012 outbreak, 
disease occurred mostly in children and agricultural event exposure 
was prominent with limited person-to-person transmission.203 Sero-
logic studies demonstrated little cross-protective immunity in young 
children.204 In contrast, a significant proportion of older children and 
adults appeared to have such immunity, likely owing to similarities 
with H3N2 viruses that circulated in the 1990s and earlier.204 Studies 
show that current trivalent influenza vaccines offer little protection 
against the variant H3N2 virus.204 The emergence of this virus provides 
a further demonstration of the critical role swine play in influenza 

similar to seasonal trivalent influenza vaccine, and studies generally 
showed 70% to 90% effectiveness against laboratory-confirmed 
disease.189,191 Through the end of 2009, approximately 81 million doses 
of vaccine were shipped and 61 million doses were administered, with 
74% given to priority targeted groups.192 Neuraminidase inhibitors 
were widely employed for treatment, with an estimated 8.2 million 
prescriptions filled during the pandemic.193 Investigational intravenous 
peramivir and zanamivir were also successfully used in almost 1500 
persons in the United States.194,195 A number of observational studies 

TABLE 14-7  Priority Groups Recommended for 
Vaccination during the 2009 Influenza A (H1N1) 
Pandemic by the Advisory Committee for 
Immunization Practices and the Centers for 
Disease Control and Prevention

RISK GROUP
LIMITED SUPPLY 
RISK GROUP

RATIONALE FOR 
PRIORITIZATION

Pregnant women Pregnant women Higher risk for 
complications; 
protection of infants

Household contacts 
and caregivers of 
infants aged <6 mo

Household contact and 
caregivers of infants 
aged <6 mo

Infants at higher risk for 
complications and 
cannot receive vaccine

Health care and 
emergency service 
personnel

Health care and 
emergency service 
personnel with direct 
contact with patients 
or infectious material

Higher risk for exposure; 
potential exposure of 
higher-risk patients; 
reduced absenteeism

Persons aged 
6 mo-24 yr

Children aged 
6 mo-4 yr

Higher disease burden 
and transmission

Persons aged 25-64 yr 
with medical 
conditions placing 
them at higher risk 
for influenza 
complications

Children 5-18 yr with 
medical conditions 
placing them at 
higher risk for 
influenza 
complications

Higher risk for 
complications

The first column includes priority groups for vaccination representing 159 million 
persons; the second column includes a limited subset of priority groups for 
vaccination during periods when vaccine supply is limited representing 62 million 
persons.

Data from Centers for Disease Control and Prevention. Use of influenza A 
(H1N1) 2009 monovalent vaccine, recommendations of the Advisory Committee 
on Immunization Practices (ACIP), 2009. MMWR Recomm Rep. 
2009;58(RR-10):1-8.

FIGURE 14-8 Origins of gene segments of novel influenza A (H3N2) viruses isolated from humans, United States, in 2011-2012. (From 
Lindstrom S, Garten R, Balish A, et al. Human infections with novel reassortant influenza A (H3N2)v viruses, United States, 2011. Emerg Infect Dis. 
2012;18:834-837.)
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Cryptosporidium parvum is principally waterborne. Determination of 
the patterns of distribution of enteric pathogens in a geographic area 
may suggest the relative importance of different modes of transmission 
in that locale.

The causes of diarrheal disease do not remain static over time, even 
in a single location. Fluctuations may result from the introduction of 
an organism not previously present, the recognition of a new agent, 
changing levels of sanitation resulting from man-made or natural 
disasters, climatic variations, or lifestyle changes, such as increases in 
recreational water exposure.221,222 Two dramatic examples from the past 
25 years involve the introduction of Vibrio cholerae O1 into the Western 
Hemisphere. Cholera had not been recognized in South America 
during the 20th century, but in January 1991 cases were identified in 
coastal areas of Peru.223 Within weeks, thousands of cases were occur-
ring and cholera quickly became the most commonly diagnosed cause 
of diarrheal illness in many parts of Peru.224,225 During the next 3 years, 
the disease spread throughout mainland South and Central America, 
significantly altering the distribution patterns of etiologic agents of 
diarrheal disease. The incidence of the disease in Latin America has 
subsequently declined dramatically.

In October 2010, just 9 months after a severe earthquake, a cholera 
epidemic was identified in Haiti that spread within 2 months to the 
entire country and across the border to the Dominican Republic.226,227 
Molecular epidemiologic studies have indicated that the V. cholerae 
strain is very similar to South Asian strains,228 and epidemiologic 
investigations revealed that initial cases occurred downstream from a 
camp where United Nations peacekeepers from Nepal were sta-
tioned.229,230 The source of introduction of the epidemic strain remains 
a politically sensitive topic.231 Although the case-fatality rate has been 
reduced, the epidemic persists.232 Cases in Haiti and the Dominican 
Republic accounted for more than 60% of the global reported cases to 
the WHO in 2011.233 In addition to cases in the Dominican Republic, 
imported cases have been identified in the United States234 and else-
where in the Western Hemisphere.233

V. cholerae O139 is an example of a recently recognized pathogen 
that had a major impact on the distribution of diarrheal disease–
producing pathogens in Asia. This serotype was first detected in South 
Asia in 1992 and quickly spread to many regions of India and Bangla-
desh.235,236 Studies conducted in Bangladesh suggested that shortly after 
its introduction V. cholerae O139 became the agent most commonly 
linked to clinical cholera in that country. Since then, its impact has 
fluctuated in place and time throughout South and Southeast Asia236-

238; in 2011, only China reported cases to the WHO.233

One other emerging issue with V. cholerae merits mention. Variant 
El Tor strains that express the cholera toxin produced by classic strains 
resulting in more severe illness have been identified, initially in Bangla-
desh and more recently elsewhere in Asia, Africa, and Hispaniola.233,239

The international movement of foods can also alter the spectrum 
of diarrheal pathogens. In 1996, thousands of cases of cyclosporiasis 
due to Cyclospora cayetanensis occurred in the United States and 
Canada among persons who consumed fresh raspberries imported 
from Guatemala.240 Before this episode, only small numbers of cases, 
primarily associated with travel to developing countries,241 had been 
reported in North America. In 2008, a large nationwide foodborne 
outbreak caused by Salmonella enterica serotype Saintpaul occurred in 
the United States. Initial investigation suggested that contaminated 
tomatoes imported from Mexico were the source. However, subse-
quent investigation implicated jalapeño and serrano peppers from 
Mexico.242

International spread of a multidrug-resistant clone of S. enterica 
serotype Kentucky with high-level resistance to ciprofloxacin has been 
reported.243 The clone appears to have originated in Egypt during the 
1990s and has spread to other countries in Africa and the Middle East. 
Cases that are predominantly travel associated have also been identi-
fied through national surveillance systems in France, England and 
Wales, Denmark, and the United States.243

Escherichia coli O157:H7 (Shiga toxin [ST]-producing strains 
[STEC]) significantly affected pathogen distribution patterns in devel-
oped parts of the world after the agent was first recognized.244 After its 
recognition in the United States in 1982, this foodborne agent rapidly 
became the most commonly identified cause of bloody diarrhea in 

virus evolution and the need for a “One Health” approach to influenza 
prevention and control (see “Vector-borne and Zoonotic Diseases”).

Human Bocaviruses
Human bocaviruses were first detected in 2005 in Sweden when inves-
tigators used molecular virus screening methods by taking cell-free, 
filtered supernatants of stored respiratory specimens looking for  
virus-sized particles and then performing random polymerase chain 
reaction (PCR) amplification of the genetic material.62 Among the 
sequences identified was a previously unrecognized parvovirus most 
closely related to animal viruses of the genus Bocavirus. Since the 
original identification of bocavirus DNA in respiratory specimens, 
three additional bocaviruses have been found in stool specimens; these 
agents are now referred to as HBoV1 to HBoV4. HBoV2 to HBoV4 
are believed to be associated with gastrointestinal illness, whereas 
HBoV1 causes predominantly respiratory disease.205

Human bocaviruses have been challenging to study because of the 
lack of in vitro or animal models. However, numerous studies suggest 
HBoV1 can be found in 2% to 19% of patients with acute respiratory 
tract infections, and, as often as 83% of the time, is present with other 
coinfecting respiratory pathogens.205,206 This latter finding calls into 
question whether HBoV1 is a pathogen, especially because HBoV1  
has been shown to persist in respiratory specimens for months after 
acute infection, meaning it can be detected in asymptomatic individu-
als.205,206 However, in most studies HBoV1 has been found more com-
monly in children with acute respiratory disease than asymptomatic 
children; copy numbers of the virus are higher in monoinfections than 
coinfections and are usually low in asymptomatic children. Serology 
also suggests HBoV1 is a pathogen.205-207 Children aged 6 to 24 months 
are most commonly infected; serologic studies show that almost all 
children have evidence of previous HBoV1 infection by 6 years of 
age.205,207 Illness is most common in winter. Infection can produce 
either upper or lower respiratory tract infection and in children is often 
accompanied by wheezing; pneumonia and bronchiolitis can also be 
seen.205,206,208 Of note, DNA has been detected in serum and urine 
of children with acute infections, suggesting systemic infections can 
occur.205

Diarrheal Disease
Diarrheal disease is the second leading cause of infectious disease 
morbidity and third leading cause of mortality worldwide, resulting in 
an estimated 90 million disability-adjusted life years and 1.4 million 
deaths in 2010.5,6,209 Although diarrheal disease affects persons of all 
age groups and in all geographic locations, the greatest burden of 
severe illness and death falls on infants and young children in develop-
ing countries. In 2010, diarrhea ranked third behind malaria and lower 
respiratory tract infections among the leading causes of death in chil-
dren younger than 1 to 4 years of age. Undernutrition is an important 
underlying cause of many of these deaths.210

Diarrheal disease also produces substantial morbidity, affecting 
growth and cognitive development211,212 and resulting in illness of more 
than 2 weeks in duration in 10% of cases.213 Studies among children in 
developing countries have found a range of 1 to 10 episodes of diarrhea 
per child each year, with most children experiencing 3 to 5 episodes 
per year.214,215 A survey among the general U.S. population reported a 
rate of 1.4 episodes of diarrhea per year, translating to 200 to 375 
million episodes annually.216

The pathogens that produce diarrhea are transmitted primarily by 
three main routes: foodborne, waterborne, and person to person; many 
enteric pathogens can be transmitted by more than one route, includ-
ing simultaneously. Although systematic studies are difficult to 
perform, it is likely that the relative importance of these transmission 
patterns varies in different settings. Estimates in the United States 
suggest that 48 million episodes of foodborne illness occur annually, 
resulting in approximately 128,000 hospitalizations and approximately 
3,000 fatalities217,218 and that endemic waterborne disease results in 4.3 
to 32.8 million cases of acute gastrointestinal illness annually.219,220

The pathogens that cause diarrheal illness differ in their primary 
modes of transmission. For example, nontyphoidal Salmonella species 
and Campylobacter jejuni are transmitted principally through food, 
Shigella species are transmitted primarily from person to person, and 
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than age 2 years, who often develop dehydrating diarrhea from the 
infection.274,275 As recently developed rotavirus vaccines are introduced 
into more countries in Africa and Asia, the impact of rotavirus infec-
tion on the total diarrheal disease burden will decrease.

Rotavirus is also an important cause of childhood diarrhea and 
hospitalization in developed countries.274 In the United States in recent 
years, rotavirus infection has resulted in an estimated 55,000 to 70,000 
hospitalizations, 205,000 to 272,000 emergency department visits, and 
410,000 physician visits and has caused an estimated 20 to 60 deaths 
per year.276 After licensure of a new rotavirus vaccine and recommen-
dations for its use in infants in early 2006, surveillance indicated that 
the 2007-2008 rotavirus season had a delayed onset and a reduction in 
disease burden.277 A recent study during the 2009-2010 and 2010-2011 
rotavirus seasons documented the effectiveness of both rotavirus vac-
cines in reducing the risk for emergency department visits and hospi-
talizations combined in children younger than 5 years of age.278 As a 
result, noroviruses have now replaced rotaviruses as the leading cause 
of medically attended gastroenteritis in U.S. children.266

Systematic studies in the United States indicate that among the 
bacterial diarrheal pathogens, C. jejuni was the most commonly diag-
nosed agent in the early 1990s, followed by nontyphoidal Salmonella 
species, Shigella, and E. coli O157:H7.245 More recent data from 
FoodNet sites for 2012 indicate that Salmonella serotypes are now the 
most common bacterial pathogen, followed by Campylobacter and Shi
gella.247 In 2012, the incidence of E. coli serotypes other than O157:H7 
exceeded that of E. coli O157:H7 strains. The incidence of Campylo
bacter and Vibrio infections was higher in 2012 compared with that in 
2006 to 2008, while the incidence of infections caused by most major 
foodborne bacterial pathogens was unchanged.247 Continued surveil-
lance along with detailed information on patient exposures and strain 
subtypes can help assess the impact of control measures on Campylo
bacter infections, including new standards for chicken and turkey pro-
cessors issued by the U.S. Department of Agriculture in 2011. In 
addition, despite a significant increase in Vibrio infections, the number 
of these infections continues to be low.247,279

Foodborne sources remain an important cause of bacterial diar-
rheal disease in the developed world, because all but Shigella species 
are transmitted principally through foods. Notifiable disease data dem-
onstrate trends in the occurrence of these pathogens but severely 
underestimate their incidence. As an example, 45,970 cases of salmo-
nellosis were reported in the United States in 1995 but estimates 
suggest that almost 2 million U.S. infections with the bacteria occur 
each year.280

The incidence and severity of Clostridium difficile–associated 
disease has recently increased dramatically in adults and children in 
the United States, Canada, Europe, and Australia.281-284,285 In the United 
States during 2010 in Emerging Infections Program sites, 94% of C. 
difficile infections were health care associated whereas 6% occurred in 
patients with no recent health care setting exposure.283 Disease due to 
a strain of restriction endonuclease analysis group BI, pulsed-field gel 
electrophoresis type NAP1, and PCR ribotype O27 (BI/NAP1/O27) is 
responsible for much of this increase, including many nosocomial 
outbreaks.286-288 Two distinct epidemic lineages, both of which are resis-
tant to fluoroquinolone antibiotics, have recently been identified.284 
The FQR1 lineage, first seen in 2001, is associated with North Ameri-
can outbreaks and sporadic infections in South Korea and Switzerland. 
The FQR2 lineage originated in 2003 in North America but subse-
quently spread more widely, causing hospital outbreaks in the United 
Kingdom, continental Europe, and Australia.289 Of the HAIs, 75% of 
persons had onset of illness outside acute care hospitals (in the com-
munity or in nursing homes).289,290 These strains can cause severe 
disease, particularly in elderly patients. Since 2005, another C. difficile 
strain (PCR ribotype O78) has emerged in the Netherlands and in the 
United Kingdom.291 This strain also appears to be hypervirulent and is 
more likely to affect younger persons and to be associated with 
community-onset disease.291 Isolates of C. difficile also have been 
obtained from retail ground meat samples,292 prompting the need for 
evaluation of the potential role of foodborne transmission in 
community-associated cases. Recent experiences with fecal microbiota 
transplantation have suggested an important role for this approach in 
the management of patients with severe C. difficile infections.293,294

many locations in North America.245 Surveys conducted in the 1990s 
and in 2007 found it was the fourth most commonly isolated bacterial 
agent of diarrheal disease in the United States.245,246 In 2012, STEC 
non-O157 strains ranked fifth and STEC O157 strains ranked sixth in 
incidence per 100,000 population among laboratory-confirmed cases 
of foodborne infections in the 10 states participating in the Foodborne 
Diseases Active Surveillance Network (FoodNet).247

In early May 2011, a large outbreak of bloody diarrhea and 
hemolytic-uremic syndrome was recognized in northern Germany.248,249 
Investigation identified a unique single clone of E. coli O104:H4 as the 
etiologic agent.249,250 The strain contained a prophage encoding Shiga 
toxin 2, genes from enteroaggregative E. coli, and a plasmid-encoded 
extended spectrum β-lactamase gene.249,251 Epidemiologic investiga-
tion identified fenugreek sprouts as the food vehicle252,253; the sprouts 
were grown from seeds of Egyptian origin.249 The outbreak involved 
more than 4000 illnesses, primarily in adults,254 approximately 800 
cases of hemolytic-uremic syndrome (HUS), and 50 deaths in Germany 
and 15 other countries249 and provides yet another reminder of the 
global nature of today’s food supply.

Outbreaks of diarrheal diseases are particularly affected by deterio-
rations in public health infrastructure, as dramatically illustrated by 
the introduction of cholera into Haiti after the 2010 earthquake. Shigel-
losis is known to emerge rapidly in areas with social disruption caused 
by war and political unrest, especially when large numbers of refugees 
have lacked access to water and sanitation services.255 As a result of the 
Rwanda crisis in 1994, cholera outbreaks in the refugee camps in 
Goma, the Congo, caused at least 48,000 cases and 23,800 deaths 
within 1 month.256 Similarly, a large cholera outbreak occurred in Zim-
babwe in 2008-2009 during a period of political turmoil and economic 
collapse.257,258 The disease spread across borders to South Africa, 
Botswana, and Mozambique.258

Viruses are an increasingly recognized cause of sporadic and 
outbreak-associated diarrheal diseases. Noroviruses (members of the 
Caliciviridae) are transmitted not only from person to person but also 
by food and water and by contact with contaminated environmental 
surfaces.259-261 These viruses have become an important cause of diar-
rheal illness outbreaks among cruise ship passengers, hospitalized 
patients, nursing home residents, college students, restaurant patrons, 
and military personnel, reflecting the high infectivity and low infec-
tious dose (<20 viral particles).262 A systematic literature review pub-
lished in 2008 indicated that severe norovirus disease occurs among 
persons in both developed and developing countries, annually result-
ing in an estimated 64,000 episodes of diarrhea requiring hospitaliza-
tion and 900,000 clinic visits by children in developed countries and 
as many as 200,000 deaths among children younger than 5 years of age 
in developing countries.263 Noroviruses are the leading cause of epi-
demic gastroenteritis in the United States.264,265 After the introduction 
and use of rotavirus vaccines, noroviruses have also become the leading 
cause of medically attended acute gastroenteritis in U.S. children 
younger than 5 years of age; these viruses were found in 21% of chil-
dren seeking medical care for acute gastroenteritis in 2009-2010.266 
New strains emerge every few years. In March 2012, a new GII.4 noro-
virus strain named GII.4 Sydney was identified in Australia and sub-
sequently spread to the United States, United Kingdom, and a number 
of other countries.267 GII.4 norovirus outbreaks have been associated 
with higher rates of hospitalization and mortality compared with out-
breaks caused by other genotypes.268

Because the pathogens responsible for diarrheal disease vary over 
time, even in the same location, longitudinal studies are important  
for defining the etiology of diarrheal disease. Data from the Global 
Enteric Multicenter Study (GEMS) conducted using standardized 
methods269-271 over 3 years in seven developing countries in Africa and 
Asia indicated that the leading pathogens in children younger than  
5 years of age with moderate to severe diarrhea across all sites were 
rotavirus, Cryptosporidium, enterotoxigenic E. coli strains producing 
heat-stable enterotoxin, and Shigella.272 Compared with control chil-
dren, those with moderate-to-severe diarrhea had an 8.5-fold increased 
risk for death during follow-up.272

Rotavirus infections affect all age groups and have been the leading 
cause of severe acute diarrhea among young children worldwide.273 
Most severe illnesses and hospitalizations occur in children younger 
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enterotoxigenic Bacteroides fragilis,319 V. cholerae serogroups O75320 
and O141,321 bocavirus species HBoV2,322 Klebsiella oxytoca in patients 
with antibiotic-associated diarrhea323 and hemorrhagic colitis,324 and 
enterohemorrhagic E. coli O26:H11/H− strain recently identified in 
Europe325 require further evaluation. Use of advanced molecular diag-
nostics and other emerging technologies may be useful in assessing the 
role of currently unrecognized etiologic agents and alterations in the 
intestinal microbiome in patients with sporadic unexplained diarrheal 
illness and Brainerd diarrhea.326,327 Patients who develop traveler’s diar-
rhea while abroad306,307 and those who develop unexplained diarrhea 
in hospital settings328 represent ideal sentinel populations for further 
study to identify additional etiologic agents. Certain high-risk foods 
such as raw milk329 and unpasteurized cheeses330,331 require continual 
attention from public health authorities. Because recent antimicrobial 
exposure has been identified as a risk factor for acquisition of enteric 
infections in animal models332 and in humans,333,334 continued empha-
sis on judicious antimicrobial use is critical. Finally, because human 
contact with animals and their environments remains an important 
mode of acquisition of important enteric pathogens, especially Salmo
nella, Campylobacter, and Cryptosporidium,335-339 increased interdisci-
plinary collaborative efforts at the human, animal, environmental 
interface as promoted by the “One Health” model are a priority (see 
“Vector-borne and Zoonotic Diseases”).

VECTOR-BORNE AND ZOONOTIC 
DISEASES
Most of the emerging infections recognized during the past decade 
have been zoonoses (see Table 14-2).3,340 Some zoonotic microbes have 
“jumped” from animals to humans to become major human pathogens 
(e.g., the simian virus that evolved into HIV341), whereas others are 
maintained in animal reservoirs, including domesticated animals (e.g., 
cattle infected with Rift Valley fever virus342) or wildlife (e.g., bat 
species that carry Nipah or Hendra viruses343 and monkeys and rodents 
that carry monkeypox344). Bats have become an increasingly important 
source of emerging infections and have been linked to SARS corona-
virus as well as Nipah, Hendra, and Ebola and Marburg viruses. Some 
vector-borne diseases are also zoonotic (e.g., West Nile disease, caused 
by a mosquito-borne virus maintained in birds, or Lyme disease, 
caused by a tick-borne bacteria maintained in deer and rodents), 
whereas for others humans are the principal host (e.g., dengue and 
human species of malaria).

Emerging public health concerns related to vector-borne and zoo-
notic infections include the geographic spread of mosquito-borne  
diseases such as dengue, chikungunya, and West Nile fever, the  
rising incidence of tick-borne infections such as Lyme disease, and 
recurring outbreaks of Ebola and Marburg hemorrhagic fever in 
Uganda and the Democratic Republic of the Congo.345 In addition, 
animal influenza strains that cause disease in humans (e.g., avian influ-
enza A [H5N1],346 avian influenza A [H7N9],18,347 and influenza A 
[H3N2] variant virus203,348) remain ongoing concerns because of their 
potential to evolve into pandemic strains. The origin and reservoir of 
a recently identified coronavirus, named Middle Eastern respiratory 
syndrome coronavirus (MERS-CoV), although presumed to be a zoo-
notic infection, has not yet been identified (see “Acute Respiratory 
Tract Infection”).

The recognition that the majority of new human pathogens emerge 
from animal reservoirs has led to increased medical, veterinary, and 
scientific support for a “One Health” approach to infectious disease 
control, a growing consensus about the importance of intensifying 
efforts to link infectious disease identification, prevention and control 
at the human, animal, and environmental interface.349,350 Areas of “One 
Health” focus include identifying emerging drug resistance in zoonotic 
pathogens that infect domestic animals and humans; evaluating the 
efficacy of veterinary vaccines in reducing the incidence of animal 
pathogens that can infect humans (e.g., Rift Valley fever virus351); and 
developing new methods and strategies to prevent infections carried 
by ticks or mosquitoes.

Public health and animal health scientists are also exploring strate-
gies for predicting and preventing the emergence of novel zoonotic 
pathogens, making use of pathogen discovery tools and mathematical 
modeling techniques.352 These efforts require detailed understanding 

Multiple drug resistance in bacterial enteric pathogens has emerged 
in the United States and internationally. The problem is most severe in 
foodborne pathogens of animal origin (primarily in Campylobacter 
and Salmonella strains).295 A multidrug-resistant strain of S. enterica 
serotype Typhimurium known as definitive type 104 (DT104) emerged 
in the United States and Europe in the 1990s.296,297 Patients infected 
with multiply-resistant strains are more likely to be hospitalized.298 
Fluoroquinolone-resistant strains of C. jejuni infections have also 
emerged; some infections are associated with foreign travel whereas 
others are acquired domestically and have been associated with poultry 
consumption.299 In a study of resistance in over 1100 Shigella isolates 
in FoodNet sites from 2008 to 2010, 74% were resistant to ampicillin, 
36% to trimethoprim-sulfamethoxazole, 28% to tetracycline, and 0.5% 
to ciprofloxacin300; 5% of isolates were resistant to five or more antimi-
crobial agents.300 Resistance was more common in persons with a 
history of recent foreign travel. A foodborne outbreak in Los Angeles 
in 2012 was caused by Shigella sonnei with decreased susceptibility to 
azithromycin, the first such outbreak identified in the United States.301

The global pattern of diarrheal disease is likely to continue to 
evolve, and efforts to develop effective vaccines against causative agents 
are ongoing. New formulations of rotavirus vaccine have been devel-
oped after an initial tetravalent rhesus/human reassortant rotavirus 
vaccine was linked to intussusception in infants and was withdrawn 
from the market.302 These new rotavirus vaccines have the potential to 
decrease the burden of diarrheal disease among persons in the devel-
oping world, and a major effort is in progress to introduce these vac-
cines into all national immunization programs as recommended by the 
WHO.303 In addition, food production practices are changing, with 
greater amounts of fresh fruits and vegetables grown in the developing 
world for export to developed countries. Such practices have resulted 
in the transfer of agents such as C. cayetanensis, V. cholerae, and S. 
enterica serotype Enteritidis in exported products—a situation that is 
likely to continue.240,304,305 Changes in food distribution practices 
increase the potential for widespread, multinational disease outbreaks. 
The increasing numbers of immunocompromised individuals who  
are at risk for infections with a broader array of pathogens responsible 
for diarrheal illness and increasing global travel will likely influence 
future trends in diarrheal disease in ways that may be difficult to 
predict.306,307

Another example is the emergence of a new strain of multidrug-
resistant S. enterica serotype Typhimurium (multilocus sequence type 
ST313) in sub-Saharan Africa. The strain causes invasive nontyphoidal 
disease, sometimes accompanied by diarrhea, primarily in patients 
with HIV infection, malaria, and malnutrition.308,309 Application of 
whole-genome sequence-based phylogenetic methods has identified 
two closely related, highly clustered lineages estimated to have emerged 
independently approximately 52 and 35 years ago. Lineage II strains 
have replaced lineage I strains, perhaps because of their acquisition of 
chloramphenicol resistance.309

Climate change has been reported to affect the spread of cholera 
and Vibrio parahaemolyticus infections. In 2004, a large outbreak of V. 
parahaemolyticus infection associated with consumption of raw oysters 
occurred among passengers aboard a cruise ship in Prince William 
Sound in Alaska.310 The oysters were harvested in the Sound during 
summer months when daily water temperatures exceeded 15° C. This 
outbreak extended by 1000 km the northernmost documented source 
of oysters associated with V. parahaemolyticus infection.

Efforts to decrease the emergence and enhance the control of diar-
rheal disease and associated antimicrobial resistance in the United 
States and internationally require strengthened disease surveillance 
systems to monitor disease trends and changes in food consumption 
patterns. Advances in molecular diagnostic techniques for rapid diag-
nosis and characterization of isolates311,312 offer advantages over current 
techniques, but the shift to this new paradigm away from pathogen 
isolation will pose challenges in the near term for many current infec-
tious disease surveillance systems that rely on characterization of bac-
terial isolates.313,314 Interstate foodborne disease outbreaks will continue 
to pose challenges,315-317 as will the international spread of drug-
resistant enteric pathogens.243 The role of food in the transmission of 
drug-resistant organisms will require continued attention.318 The 
potential importance of several enteric pathogen candidates such as 
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only sporadically in some Caribbean islands during this period. The 
success of the program, however, led to its gradual discontinuation 
beginning in 1970. Since that time, A. aegypti has reestablished itself 
firmly in the region, now exceeding the extent of distribution that was 
seen before the eradication program began (Fig. 14-9). Epidemics of 
dengue fever now routinely occur in Venezuela, Colombia, Brazil, and 
other locations in Latin America and the Caribbean.359 Puerto Rico, 
which has experienced epidemic dengue activity periodically since 
1963, suffered the largest dengue outbreak in its history in 2010, affect-
ing more than 21,000 people.360 In 2009 and 2010, Florida reported the 
first cases of dengue acquired in the continental United States outside 
the Texas-Mexico border since 1945.361 Multiple outbreaks in Africa 
were identified in 2013.362 A number of lines of evidence suggest that 
dengue is endemic in Africa on a par with the Americas but is not well 
recognized.355,363

No therapy is effective for dengue infection, and treatment is sup-
portive, with particular attention to fluid management.354 In Puerto 
Rico, deaths from dengue were reduced by training physicians in early 
detection and appropriate supportive care of patients with dengue 
hemorrhagic fever.364 A U.S. Food and Drug Administration (FDA)-
approved, real-time polymerase chain reaction (RT-PCR) assay that 
can detect all four dengue serotypes in the first 7 days after symptom 
onset was developed by the CDC and is available from the agency at 
the time of this writing, although wider availability through commer-
cial sources is desirable (www.cdc.gov/dengue/resources/rt_pcr/
CDCPackageInsert.pdf28).

It has been a long-standing challenge to develop a safe dengue 
vaccine that is effective against all four serotypes, complicated by con-
cerns that vaccination might predispose to the severe form of dengue 
infection and by the poor understanding of the immunologic correlates 
of immunity. However, there has been considerable progress in the 
recent past and a number of candidate dengue vaccines are currently 
being evaluated, including live attenuated, inactivated, chimeric, DNA, 
and viral-vector vaccines.365 Results of a phase IIb trial of the vaccine 
candidate farthest along in clinical trials, a recombinant live-attenuated 
tetravalent vaccine manufactured by Sanofi Pasteur, showed that the 
vaccine was safe but the protective efficacy was only 30.2% with a 
confidence interval that included zero.366 Several other candidate vac-
cines currently are in phase II trials.

Efforts to reverse the recent trend of increased epidemic activity 
and geographic expansion of dengue are not promising. New dengue 
virus strains and serotypes will likely continue to be introduced into 
many areas with high population levels of A. aegypti. In the absence of 
a vaccine or new mosquito control technology, public health authori-
ties have emphasized disease prevention and mosquito control through 
community efforts to reduce larval breeding sources. Improved 

of specific ecologic and behavioral factors that facilitate the introduc-
tion of animal pathogens into human populations (e.g., increased 
human presence or other changes in wildlife habitats) and allow newly 
introduced pathogens to become established in new areas (e.g., suitable 
insect vectors).353

Dengue
Dengue is the most important mosquito-borne viral disease that affects 
humans. Its global distribution is comparable to that of malaria, and 
an estimated 2.5 billion people live in areas at risk for epidemic trans-
mission. The disease is endemic in Africa, the Americas, and parts  
of the Middle East, Asia, and the western Pacific. The frequency of 
dengue and its more severe complications—dengue hemorrhagic fever 
(DHF) and dengue shock syndrome—has been increasing dramatically 
since 1980.354 It is generally estimated that 50 to 100 million infections 
occur annually, but recent data suggest that approximately 390 million 
dengue infections occurred worldwide in 2010, including 96 million 
symptomatic illnesses.355 Dengue is caused by any of four antigenically 
distinct virus serotypes (DEN-1, -2, -3, -4) of the genus Flavivirus. 
Infection with one of these serotypes is not cross protective. Infection 
with dengue viruses produces a spectrum of clinical illness that ranges 
from a nonspecific viral syndrome to severe and fatal hemorrhagic 
disease.356 DHF is a life-threatening condition characterized by capil-
lary permeability that may lead to hypovolemic shock and death. 
Important risk factors for DHF include the strain and serotype of the 
infecting virus, as well as the age, immune status, and genetic predis-
position of the patient. In endemic areas, most deaths from dengue 
infection occur in children younger than 15 years of age.356 Economic 
impact analyses in both the Americas and Asia indicate that the burden 
of dengue-related illness in children is substantial, especially when 
nonhospitalized patients are considered.357,358

Dengue is transmitted primarily by Aedes aegypti, a domestic, day-
biting mosquito, and secondarily by A. albopictus. A. aegypti was his-
torically found in Africa but spread throughout the tropical regions of 
the world during the past 2 centuries through international commerce. 
It is well adapted to the urban environment, feeding on humans and 
breeding in containers in areas where water is stored or allowed to 
accumulate, such as discarded cans, bottles, plastic containers, and 
tires. Epidemics caused by multiple serotypes (hyperendemicity) have 
become more frequent, and the geographic distribution of both the 
viruses and their mosquito vectors has expanded.

The emergence of dengue and DHF in the Americas has been dra-
matic. In an effort to prevent urban yellow fever, which is also transmit-
ted by A. aegypti, the Pan American Health Organization established 
a program in the 1950s and 1960s to eradicate the species from most 
of Central and South America.353 As a result, epidemic dengue occurred 

FIGURE 14-9 Geographic distribution of Aedes aegypti in the Americas in 1930, 1970, and 2004. (From Gubler DJ. The changing epidemiology 
of yellow fever and dengue, 1900 to 2003: full circle? Comp Immunol Microbiol Infect Dis. 2004;27:319-330.)

1930s 1970 2004
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the continental United States, becoming endemic and the leading cause 
of arboviral disease in the country—affecting thousands of people each 
year.388,389 By 2005 the virus had spread to an area extending from 
central Canada to southern Argentina.390-392 WNV is recognized as the 
most widely distributed arbovirus in the world.393 Major U.S. outbreaks 
occurred in 2002 (2945 cases of neuroinvasive disease and 284 deaths), 
in 2003 (2866 neuroinvasive disease cases and 264 deaths), and in 2012 
(2873 neuroinvasive disease cases and 286 deaths).394 Texas was at the 
epicenter of the 2012 outbreak,395 reporting about one third of all cases. 
It is estimated that a cumulative 2 million to 4 million infections and 
0.4 million to 1 million resulting illnesses occurred in the United States 
from 1999 to 2010.389

WNV is a single-stranded RNA virus of the Flaviviridae (genus 
Flavivirus), which is part of the Japanese encephalitis virus antigenic 
complex. In addition to Japanese encephalitis, this complex includes 
St. Louis encephalitis virus, Murray Valley encephalitis virus, and 
Kunjin virus, a subtype of WNV.382 WNV is transmitted to humans 
primarily through the bite of infected mosquitoes, but person-to-per-
son transmission can occur through transfusion of infected blood 
products or solid-organ transplantation.396-398 Because the U.S. blood 
supply has been routinely screened for WNV RNA since 2003, 
transfusion-associated WNV infection is rare.

The virus is maintained in a bird-mosquito-bird cycle, with birds 
developing high levels of viremia and serving as amplifying hosts. 
Mosquitoes primarily of the genus Culex transmit WNV, although the 
virus has been isolated from many genera and species of mosquitoes. 
Although most species of infected birds generally remain asymptom-
atic, WNV-related mortality has been noted in more than 160 avian 
species in the United States and Canada.399 Crows and related birds of 
the Corvidae are especially susceptible to mortality from WNV infec-
tion, and die-offs of these birds have been used as one indicator of 
active WNV transmission.399 Equines are frequently infected with 
WNV, with 36 U.S. states reporting equine infections in 2009.400

Approximately 80% of WNV infections in humans are asymptom-
atic, 20% develop fever, and less than 1% are WNV neuroinvasive 
disease. Most symptomatic persons have an acute febrile illness con-
sisting of headache, myalgia, or arthralgia that lasts from 3 to 6 days.401 
WNV neuroinvasive disease is characterized by acute neurologic man-
ifestations, usually encephalitis, meningoencephalitis, or acute flaccid 
paralysis.384,396,402 The mortality rate from WNV neuroinvasive disease 
is approximately 10%. Long-term outcome among survivors varies, 
with some persons showing little neurologic and functional improve-
ment and others experiencing substantial gains.403 Persons suffering 
paralytic disease with respiratory involvement are at greatest risk for 
death and have a poor long-term outcome.401-403

Although WNV strains circulating in the United States have geno-
typic differences and the predominant circulating strain has changed 
over time,404,405 no strain-specific differences in virulence or clinical 
disease in humans have been documented, and no antigenic differ-
ences have been identified that would pose a challenge to vaccine 
development. Nevertheless, the sporadic and unpredictable pattern of 
WNV incidence represents a considerable barrier to randomized clini-
cal trials of vaccines or treatments.406 Although vaccines for use in 
horses are licensed—and phase I and II clinical trials of candidate vac-
cines for human use have been completed—no phase III trials in 
humans have been attempted.407 At the present time, prevention of 
WNV infection relies on a cadre of efforts that include mosquito, bird, 
and human disease surveillance; mosquito control; the use of personal 
protective measures; and screening of the blood supply. There is no 
treatment of proven efficacy for WNV infection.392

Ebola and Marburg Hemorrhagic Fevers
Ebola and Marburg hemorrhagic fevers are severe, often-fatal diseases 
in humans and nonhuman primates (monkeys, gorillas, and chimpan-
zees). Symptoms include fever, headache, joint and muscle aches, sore 
throat, and weakness, followed by diarrhea, vomiting, and stomach 
pain. Some patients also exhibit a rash, red eyes, hiccups, and internal 
and external bleeding. There is no vaccine or standard treatment for 
Ebola or Marburg. Supportive therapy involves balancing fluids and 
electrolytes, maintaining oxygen status and blood pressure, and pro-
viding treatment for any complicating infections.408

laboratory-based surveillance systems and other innovative approaches 
that can provide early warning of a potential dengue epidemic are also 
needed to alert the public to take protective action and physicians to 
diagnose and properly treat cases.

Chikungunya
Chikungunya shares many similarities with dengue, both in terms of 
epidemiology and clinical illness. Like dengue virus, chikungunya 
virus is transmitted by A. aegypti and Aedes albopictus mosquitoes and 
is characterized by acute onset of fever, joint and muscle pain, head-
ache, nausea, fatigue, and rash. Indeed, chikungunya is frequently mis-
diagnosed as dengue, and outbreaks of the two diseases can occur 
simultaneously.367 Chikungunya is, however, caused by a member of 
the family Togaviridae, genus Alphavirus. Chikungunya virus infection 
is noteworthy in that joint pain is a prominent feature of the disease, 
a condition that may persist for months. Joints most commonly 
involved include ankle, knee, wrist, and small joints of the hands. 
Chikungunya was first detected in Tanzania in 1953 and spread to 
other parts of Africa and parts of Asia.368,369

Chikungunya virus is an important cause of febrile illness370 in 
Africa and Asia, including the Indian subcontinent. Epidemic cycles 
occur with interepidemic periods ranging from 4 to 30 years.371 Since 
2004, chikungunya has caused large outbreaks in a wide range through-
out Asia and Africa. In 2004, an outbreak was identified in Kenya, and 
subsequently outbreaks occurred in Indian Ocean islands and South 
India during 2005-2006.367,369 These outbreaks were characterized by 
high clinically apparent attack rates and were noteworthy in that higher 
than expected crude death rates occurred among affected populations, 
especially among the oldest age groups.372 From March 2005 through 
April 2006, an estimated 255,000 cases of chikungunya occurred in 
Réunion (population 770,000), and excess deaths were recorded, sug-
gesting a case-fatality rate of approximately 1 in 1000, mainly in 
persons 75 years of age and older.372 Similar elevated mortality rates 
were seen among the elderly in Mauritius during the 2006 outbreak.373 
In India, more than 1.25 million suspect chikungunya cases were 
reported from 151 districts in eight states in 2006, with attack rates 
reaching 45% in some communities.367 Between July and September 
2007, an outbreak of chikungunya occurred in northeastern Italy, the 
first chikungunya outbreak to occur in a temperate region. The index 
case was likely a traveler from India who developed symptoms while 
visiting relatives in the outbreak region. More than 200 suspected cases 
were reported between July and September 2007, and chikungunya 
virus sequences were detected in pools of A. albopictus mosquitoes by 
PCR assay.374

Humans infected with chikungunya virus have viremias of suffi-
cient titers to infect feeding vector mosquitoes and are thus an ideal 
source for virus dissemination and introduction into new regions. In 
addition, one of the principal vectors, A. albopictus, has been intro-
duced into many areas of Europe and North America, raising concern 
that temperate and tropical regions around the world may be receptive 
to future outbreaks of chikungunya.375 Recent studies suggest that the 
virus is adapting to facilitate transmission by this species.376 Prepared-
ness and response strategies focus on early detection of cases, timely 
and appropriate epidemiologic investigation, and the institution of 
measures to mitigate spread.371 The recognition of chikungunya as an 
emerging health threat has also stimulated innovative research on 
vaccine development377-379 and on new antiviral therapies that involve 
viral or host targets.380

West Nile Virus
West Nile virus (WNV) is another example of a vector-borne pathogen 
that has spread rapidly into new areas. WNV was first isolated in 1937 
from an apparently healthy individual from the West Nile district of 
Uganda.381 For decades, WNV was recognized as an important endemic 
and occasionally epidemic disease in Africa and the Middle East, 
causing primarily minor febrile illness.382 However, since 1998, major 
outbreaks associated with severe neurologic disease have occurred in 
Romania,383 Russia,384 Israel,385 the United States,386 and Canada.387 The 
disease was first reported in North America in 1999 when the virus 
caused an outbreak of severe neuroinvasive disease that resulted in 
seven deaths in New York City.386 Since then, WNV has spread across 
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epidemiology and transmission patterns are the subject of ongoing 
study: an Ehrlichia muris–like agent in Minnesota and Wisconsin441 
and the Heartland virus in Missouri.442 Based on small numbers of 
patients, the Ehrlichia muris–like agent appears to cause fever, malaise, 
fatigue, headache, nausea, and vomiting, whereas the Heartland virus 
is associated with a flulike illness, with fever, fatigue, loss of appetite, 
and diarrhea. Like the mosquito-borne Rift Valley fever virus, the 
Heartland virus is a phlebovirus, a genus of the Bunyaviridae family of 
negative-stranded, enveloped RNA viruses. It is the first tick-borne 
phlebovirus known to cause human disease in the Americas.

Another novel phlebovirus—also thought to be tick-borne—was 
recently reported in China as the cause of an outbreak of severe fever 
with thrombocytopenia syndrome, with a case-fatality rate of 12% (171 
confirmed cases and 21 deaths).443,444 The severe fever with thrombo-
cytopenia syndrome virus, which can cause fever, vomiting, diarrhea, 
and multiple organ failure, may be transmitted to humans by Haema
physalis longicornis ticks carried by domestic animals443,444 and may 
also spread from person to person through direct contact with infected 
blood or mucus.445-447

ANTIMICROBIAL RESISTANCE
Although the introduction of antibiotics in the early to mid-20th 
century remains one of the most significant health achievements to 
date, antimicrobial resistance is regarded as one of the greatest threats 
to human health worldwide.448-450,451,452,453 The widespread availability 
and use of antimicrobial agents among humans and animals, along 
with a globalized society in which emerging resistant strains can 
quickly spread worldwide, has created an environment of antibiotic 
exposure thus intensifying selective pressure and boosting the inherent 
capacity of microbes to develop resistance genes. Each year, antibiotic-
resistant infections cost the U.S. health care system more than $20 
billion and are responsible for more than 8 million additional hospital 
days.454,455 Moreover, these infections often require the use of less effec-
tive, more expensive, and often more toxic drugs. Areas of particular 
concern include continued threats from multi- and pan-resistant 
strains of Mycobacterium tuberculosis, health care– and community-
associated methicillin-resistant Staphylococcus aureus (MRSA) infec-
tions with continued evolution and global spread of highly virulent 
clones, along with newer challenges including increases in highly  
resistant gram-negative bacteria, particularly carbapenem-resistant 
Enterobacteriaceae and increasing resistance to third-generation ceph-
alosporins in persons infected with Neisseria gonorrhoeae.456 Also of 
concern are increases in severe, life-threatening C. difficile infections, 
usually associated with recent antibiotic use and often occurring 
among hospitalized patients (see “Diarrheal Disease”). As conduit and 
amplifier of antimicrobial resistance, health care settings are critical to 
its control.

The evolving nature of microbes defines antimicrobial resistance. 
Resistance genes have been found in humans and animals in areas with 
limited to no antibiotic exposure, in bacterial DNA frozen in the Arctic 
for 30,000 years, and in bacteria from underground caves isolated for 
4 million years, some of which were resistant to synthetic antibiotics 
developed in the 20th century.457-459 Enhancing this evolutionary 
process is antibiotic exposure. After introduction of each new class of 
antibiotics has come global spread of resistant strains, with factors such 
as global travel and trade accelerating this spread (Fig. 14-10). As early 
as the 1930s, sulfonamide-resistant strains of Streptococcus pyogenes 
were noted in military hospitals, and numerous bacterial strains, 
including S. aureus, were found to be resistant to penicillin shortly after 
its introduction and use in the 1940s.460,461 In 1961, just 2 years after 
the introduction of methicillin, MRSA strains emerged in British hos-
pitals,462,463 and strains exhibiting intermediate or high level resistance 
to vancomycin have been identified since 1996.464,465,466,467

Similar patterns of resistance have emerged in other important 
pathogens. For N. gonorrhoeae, resistance to sulfonamides was common 
by the 1940s, and penicillin- and tetracycline-resistant strains became 
widespread during the 1980s.468 Fluoroquinolone-resistant strains 
emerged during the 1990s and 2000s and spread quickly, leaving ceph-
alosporins as the only remaining antimicrobial agents for treatment  
of gonococcal infections.469 In recent years, the emergence of strains 
with decreased susceptibility to cephalosporins has threatened a  

The causative agents of Ebola and Marburg hemorrhagic fevers are 
filoviruses, belonging to the Filoviridae. These viruses are associated 
with fruit bats, which may be their natural animal reservoirs.409-412 
Marburg virus was detected first, in 1967, when 31 cases (7 fatal) 
occurred in Germany and Yugoslavia among laboratory workers han-
dling tissues from African green monkeys.413 Eight years later, in 1975, 
a traveler returning from Rhodesia (now Zimbabwe) died in a hospital 
in Johannesburg, South Africa; his traveling companion and a nurse 
subsequently became ill, although both survived.414 During the 1980s, 
two cases of Marburg hemorrhagic fever were reported in visitors to 
Kitum Cave in Mount Elgon National Park, Kenya.415,416

Ebola virus was first detected in 1976 as the cause of outbreaks  
with high fatality rates in Zaire (now the Democratic Republic of the 
Congo)417 and the Sudan.418 The Ebola strains associated with the 1976 
outbreaks were named Ebola-Zaire and Ebola-Sudan. Other Ebola 
strains that cause human disease include Ebola-Ivory Coast (isolated 
in 1994 when a scientist became ill after conducting an autopsy on a 
chimpanzee from the Tai Forest)419 and Ebola-Bundibugyo (isolated in 
2007 during an outbreak in Uganda).420 A case of Ebola-Sudan was 
reported in the United Kingdom in 1976 in a laboratory worker 
infected via the accidental stick of a contaminated needle,421 and a case 
of Ebola-Zaire was reported in South Africa in 1996 in a physician who 
had traveled to Johannesburg after treating Ebola virus–infected 
patients in Gabon (the site of three Ebola outbreaks during the 1990s). 
The physician survived, but a nurse who took care of him became 
infected and died.422 A fifth strain of Ebola was identified in Reston, 
Virginia, as the cause of severe illness and death in Philippine monkeys 
imported by research facilities in the United States in 1989 and 
1990423,424 and Italy in 1992.425 In 2008, Ebola-Reston was detected 
in pigs on two farms in the Philippines.426 Six workers from the pig 
farm and from a slaughterhouse developed antibodies but did not 
become ill.

Outbreaks of Ebola have recurred multiple times in central and East 
Africa over the past decade, in the Republic of the Congo in 2003,427,428 
in the Sudan in 2004,429 in the Democratic Republic of the Congo in 
2007,410 2008-2009,430 and 2012,345 and in Uganda in 2007-2008420 and 
twice in 2012.345,431 Outbreaks of Marburg occurred in the Democratic 
Republic of the Congo in 1998 to 2000 among workers at a gold 
mine,432 in Angola in 2005,433 and in Uganda in 2007434 and 2012.345,431 
Although viral hemorrhagic fever outbreaks have lasted from a few 
months to more than a year, the Ebola and Marburg outbreaks that 
occurred in Uganda in 2012 were contained within 3 weeks. Hemor-
rhagic fever outbreaks typically result from a single or small number 
of spillover events from the virus reservoir with subsequent chains of 
human-to-human transmission in community (sometimes associated 
with funerals) and hospital settings.435 Transmission in health care 
settings can be prevented by adherence to basic infection control prac-
tices and proper disposal of potentially infectious items.436 The four 
distinct filovirus outbreaks that occurred in Uganda and the Demo-
cratic Republic of the Congo in 2012 were quickly identified and 
brought under control. That these outbreaks were kept relatively small 
is attributable in part to the availability of in-country filovirus diagnos-
tics at the viral hemorrhagic fever reference laboratory located at the 
Uganda Viral Research Institute (UVRI) in Entebbe. This laboratory is 
a component of a viral hemorrhagic fever surveillance program estab-
lished in 2010 by the UVRI and the Uganda Ministry of Health, in 
collaboration with the CDC.345,431

Current challenges include improving regional disease surveillance, 
developing additional diagnostic tools to assist in early diagnosis, and 
conducting ecologic investigations of Ebola and Marburg viruses. A 
better understanding of the natural reservoirs of these viruses and how 
they are spread may help prevent future outbreaks.

TICK-BORNE DISEASES
Public health concern about tick-borne diseases has increased in the 
United States, owing to the geographic spread of Lyme disease (along 
with its vector, the black-legged tick, Ixodes scapularis),437-439 and the 
discovery of a new vector (the brown dog tick, Rhipicephalus san
guineus) for Rocky Mountain spotted fever, identified during the 
investigation of outbreaks in Arizona.440 Moreover, two new tick-
borne pathogens have been identified in the United States whose 
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development have escalated bacterial antibiotic resistance to crisis 
levels and garnered the attention of public health, clinical, and policy 
leaders worldwide.

Efforts to reduce antimicrobial resistance have largely focused on 
surveillance and infection control in health care settings, along with 
educational campaigns targeted to health care providers and consum-
ers on judicious antimicrobial use, such as the CDC’s “Get Smart: 
Know When Antibiotics Work” campaign.483 In recent years, impres-
sive gains have been made by U.S. health care settings in reducing 
several types of HAIs, many of which are drug resistant.484 As an 
example, invasive hospital-acquired MRSA infections declined 28% 
from 2005 through 2008485 and MRSA bloodstream infections in hos-
pitals decreased nearly 50% between 1997 and 2007.486 These and other 
declines in hospital-acquired infections followed targeted, multifaceted 
efforts undertaken to increase adherence to recommended infection 
control practices, educate patients and providers, issue facility-specific 
guidelines for prescription and use of antimicrobial agents, and imple-
ment appropriate isolation and cohorting of patients infected or colo-
nized with drug-resistant organisms. In addition, hospital-acquired 
infections are reported and tracked by the Centers for Medicare and 
Medicaid Services (CMS) and through reporting mandates in many 
states using the CDC’s National Healthcare Safety Network (NHSN). 
This secure, Internet-based surveillance system collects data from 
more than 12,000 facilities in all 50 states on hospital-acquired infec-
tions and related issues, including the incidence or prevalence of 
multidrug-resistant organisms, health care personnel safety and vac-
cination, and the occurrence of transfusion-related adverse events. 
Reviews of antibiotic stewardship programs in both large and small 
hospitals have documented their effectiveness, with facility-specific 
reductions in antibiotic use of 22% to 36% and related annual cost 
savings of $200,000 to $900,000.487,488 With 50% of antibiotic prescrip-
tions estimated to be unnecessary,489 education of patients and provid-
ers on the importance of and health benefits from responsible use of 
antibiotics remains paramount.

Use of antibiotics as growth promoters in healthy food-producing 
animals is also a significant concern. Globally, the amount of antibiot-
ics used in food-producing animals surpasses the amount of antibiotics 
used to treat human disease.450 The human health implications of this 

return to potentially untreatable gonorrhea and prompted changes  
in U.S. gonorrhea treatment guidelines to prolong the effectiveness  
of these drugs.470,471 Over the past 2 decades, highly drug-resistant 
strains of M. tuberculosis have also emerged worldwide,472 including 
multidrug-resistant tuberculosis (defined as tuberculosis that is resis-
tant to isoniazid and rifampin, the two most effective first-line tuber-
culosis drugs) and extensively drug-resistant tuberculosis (defined as 
multidrug-resistant tuberculosis that is also resistant to any fluoroqui-
nolone drug and at least one of three second-line injectable drugs: 
amikacin, kanamycin, or capreomycin). A survey of more than 25 
international reference laboratories conducted by the WHO and CDC 
found that during 2000 to 2004, among 17,690 M. tuberculosis isolates, 
20% were multidrug resistant and 2% were extensively drug resistant.473 
Although tuberculosis cases in the United States continue to decline, 
an estimated one third of the world’s population is infected with M. 
tuberculosis, and each year approximately 9 million people develop 
tubercular disease and 2 million die from tuberculosis-related deaths.474 
These infections present serious public health challenges and raise the 
specter of virtually untreatable tuberculosis outbreaks.475

Carbapenem-resistant Enterobacteriaceae are also particularly 
alarming, with some showing resistance to all available antibiotics.476,477 
These infections are primarily transmitted in health care settings and 
can be severe, with mortality rates of 40% to 50%.478-480 Patients who 
require prolonged hospitalization and critically ill patients exposed to 
invasive medical devices (e.g., ventilators and central venous catheters) 
are at special risk. Resistance to carbapenem antibiotics is mediated 
through the production of carbapenemases (enzymes that inactivate 
carbapenems), including Klebsiella pneumoniae carbapenemase (KPC), 
first identified in 2001 in the United States,481 and New Delhi 
β-lactamase (NDM), first identified in 2008 in India.482 The genes 
encoding KPC and NDM (carried on plasmids) have spread from K. 
pneumoniae to other gram-negative bacteria, including E. coli, Klebsi
ella species, and Enterobacter species.

The problem of antimicrobial resistance extends beyond bacteria 
and includes many priority viral (e.g., HIV, influenza), fungal (e.g., 
Candida, Aspergillus), and parasitic (e.g., malaria) infections. However, 
the increasing use of antibiotics in both humans and animals, the 
spread of HAIs into communities, and a virtual standstill in antibiotic 

FIGURE  14-10 Antibiotic and resistance timeline. This timeline indicates the approximate dates that the major antibiotic classes or important 
antibiotics of each class were introduced into clinical use. The dates that resistant organisms were identified are shown in the center of the timeline. 
AmpC, AmpC-producing Enterobacteriaceae; ESBL, extended-spectrum β-lactamase–producing Enterobacteriaceae; KPC, Klebsiella pneumoniae 
carbapenemase–producing Enterobacteriaceae; MRSA, methicillin-resistant Staphylococcus aureus; NDM-1, New Delhi metallo-β-lactamase-1–producing 
Enterobacteriaceae; PRSA, penicillin-resistant S. aureus; VRE, vancomycin-resistant Enterococcus; VRSA, vancomycin-resistant S. aureus. (From Molton JS, 
Tambyah PA, Ang BS, et al. The global spread of healthcare-associated multidrug-resistant bacteria: a perspective from Asia. Clin Infect Dis. 2013;56:
1310-1318.)
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(e.g., fecal transplants to treat C. difficile) also offer tremendous promise 
for reducing antimicrobial resistance.

Vaccines represent the optimal solution to addressing infections 
and antimicrobial resistance, and research and development of new 
vaccines is an urgent need. Effective immunization programs have 
stopped emergence of resistant strains and precluded the need for new 
antimicrobial agents for multiple infectious diseases, allowing focus to 
be shifted to diseases for which drug resistance remains a major global 
health threat. A recent example of this impact includes the pneumo-
coccal conjugate vaccine. Over the past several years, use of this vaccine 
not only has reduced the rate of disease but also has decreased antibi-
otic resistance by targeting pneumococcal strains that are most often 
resistant.499-501

CONTROLLING THE THREATS
The cross-border spread of infectious diseases, the upsurge in newly 
identified infections along with the emergence of known infections in 
new geographic regions, the unrelenting evolution of resistant organ-
isms, and continued concerns about bioterrorism serve as compelling 
reminders of the importance of ensuring strong and sustainable clini-
cal, public health, and laboratory capacity and collaborations at the 
local, national, and international levels.502 These fundamental elements 
can help create globally linked surveillance and laboratory systems that 
can facilitate rapid recognition of and response to infectious disease 
events.503,504

The World Health Organization has long played a major role in 
establishing and supporting such global health collaborations. A 
primary example is the Global Influenza Surveillance and Response 
System (GISRS) (Fig. 14-11), in operation for more than 6 decades.505 
Formerly known as the Global Influenza Surveillance Network, GISRS 
currently comprises six WHO collaborating centers, four WHO Essen-
tial Regulatory Laboratories, and 141 institutions across 111 countries 
(WHO member states). Responsibilities include monitoring the evolu-
tion of influenza viruses and providing recommendations on labora-
tory diagnostics, vaccine development, and risk assessment. Also 
critical is WHO’s Global Outbreak Alert and Response Network 
(GOARN),506 a collaboration of existing networks and institutions 

use are increasingly being recognized. A recent study comparing 
workers in industrial and antibiotic-free livestock operations found 
livestock-associated MRSA and multidrug-resistant S. aureus carriage 
only among the industrial workers.490 Linkages have also been found 
between E. coli isolates from retail meat (chicken) and extraintestinal 
pathogenic E. coli urinary tract infections in humans, potentially 
affecting treatment of these common infections.491 Several nations have 
taken steps to address the nontherapeutic use of antibiotics in food-
producing animals, beginning with Sweden in 1986 and extending to 
the European Union in 2006, with bans on agricultural growth pro-
moters.492 The FDA strategy to promote the judicious use of antibiotics 
important in treating humans recommends that such antibiotics be 
used in food-producing animals only under veterinary oversight and 
only to address animal health needs, not to promote growth.493

For antimicrobial drug development, the outlook is grim. Despite 
the continued rise in antibiotic-resistant pathogens, the development 
of new antibiotics has dramatically slowed. For the 5-year period 1983 
to 1987, 16 new systemic antibiotics were approved for use in humans 
by the FDA; from 2008 to 2012, only 2 were approved.494 Particularly 
troubling, there have been no new classes of drugs to treat gram-
negative bacteria in 4 decades.488 With the discovery of new antimicro-
bial agents more scientifically challenging compared with earlier years, 
unfavorable profit margins from short-course therapies, and other dis-
incentives, many pharmaceutical companies have abandoned the 
market. Several U.S. policy steps have been taken to counteract these 
effects, including the FDA Safety and Innovation Act,495 passed into 
law in 2012, which seeks to increase the development of and patient 
access to new antimicrobial agents.

More recent efforts have focused on the use of new technologies 
and host targets to better understand and reduce antimicrobial resis-
tance. Whole-genome sequencing techniques have been used to track 
bacterial transmission from person to person and to better define and 
determine transmission linkages in outbreaks of resistant HAIs.496-498 
As these technologies continue to advance, rapid, point-of-care diag-
nostic tests could be used to quickly identify resistant infections and 
target treatment. Efforts to prevent and control infectious diseases by 
altering the host-microbe interaction as opposed to targeting microbes 

FIGURE  14-11 WHO Global Influenza Surveillance and Response System. (From World Health Organization [http://www.who.int/influenza/
gisrs_laboratory/en/]. Available at http://www.who.int/whr/2007/media_centre/07_chap2_fig02_en.pdf.)
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parasitic disease drug service regarding requests from physicians in 
New York and California for pentamidine isethionate for treatment of 
Pneumocystis carinii (now Pneumocystis jirovecii) pneumonia in 
patients with no known cause of immunodeficiency hinted at the first 
U.S. cases of AIDS.510 Recognition of unusually severe respiratory 
disease by observant clinicians signaled hantavirus pulmonary syn-
drome in 1993, and suspicion of anthrax by alert clinical and labora-
tory staff in Florida in 2001 suggested a possible bioterrorist event. A 
February 10, 2003, email posted by a physician on ProMED, an infor-
mal online infectious disease reporting program of the International 
Society for Infectious Diseases, is widely regarded as the first notifica-
tion of the global outbreak of SARS.511 Such observations have not been 
limited to the medical and scientific community, however. In the mid-
1970s, two Connecticut mothers questioning what was believed to be 
an unusually large number of juvenile rheumatoid arthritis cases in 
their community led researchers to the discovery of Lyme disease and 
a concerned American Legion official provided the first indication to 
health authorities of the emergence of legionnaires’ disease.512

Although today’s globalized world has created a perfect environ-
ment for rapid emergence and spread of infectious diseases, it has  
also brought significant scientific, technologic, and communication 
advances for their control. Next-generation sequencing technologies 
and expanded bioinformatics capacities are revolutionizing the field  
of microbiology, reducing the amount of time needed for pathogen 
detection and analysis and generating data for a more detailed under-
standing of infectious agents.503,513 These tools offer new opportunities 
to improve public health efforts to detect and control outbreaks,  
determine antimicrobial susceptibility, and develop and target vac-
cines.313,314,497,498 Scientists are also gaining new understanding of the 
role of the microbiome and microbial sensors in infectious dis-
eases,514,515 offering new insight into pathogen-host complexities and 
disease treatment and prevention. Continued advances in electronic 
communications are facilitating earlier recognition of emerging prob-
lems and rapid exchange of information. In particular, early warning 
systems such as ProMED-mail, the Public Health Agency of Canada’s 
Global Public Health Intelligence Network (GPHIN), and HealthMap, 
collect, categorize, and display outbreak and disease information from 
a variety of formal and informal sources—enhancing disease surveil-
lance and tracking capabilities.516-518 Expansions in Internet access 
and use and far-reaching social media networks have also increased 
the exchange of health information and broadened public health part-
nerships to include nontraditional partners such as law enforcement, 
the media, and members of the public at local, national, and global 
levels.

Whereas focus on emerging and reemerging infections is para-
mount, requiring ongoing vigilance and a globally linked infrastruc-
ture, priority attention must remain on reducing high-burden infections 
that account for the majority of disease and disability caused by micro-
bial agents.5,6 These efforts should ideally work in tandem, enabling 
rapid recognition and effective response to emerging infections and 
other public health emergencies along with implementation of new 
and proven measures to reduce the burden of endemic infectious dis-
eases and advance global health equity.

established in 2000 to address threats from epidemic-prone and emerg-
ing infectious threats. GOARN provides an operational framework to 
ensure the availability of skills, expertise, and resources needed to keep 
the international community aware of and ready to respond to poten-
tial outbreaks.507

In the aftermath of the 2003 SARS outbreak, the global public 
health community completed work on new International Health Regu-
lations (IHR), an international treaty that gives the WHO authority 
over and places requirements on its member states for detecting, 
reporting, and controlling infectious diseases.508 Adopted by the World 
Health Assembly in 2005 and made effective in 2007, the new regula-
tions require prompt reporting of all public health emergencies of 
international concern, expanding beyond infectious diseases to include 
events resulting from biological, chemical, or radionuclear threats as 
well as natural disasters. In addition to reporting of public health 
emergencies of international concern, the regulations require member 
states to notify the WHO of a single case of smallpox; poliomyelitis 
due to wild-type poliovirus; SARS; and human influenza caused by a 
new subtype. With the goal of controlling health threats at the local 
level, the new regulations allow for the use of surveillance information 
beyond official state notification and have established new require-
ments for member states to support existing global surveillance and 
response systems and to develop proactive systems for strengthening 
national and international capacities.

Significant contributions to global health and infectious disease 
control have also been made through private-sector support. A leading 
example is the Bill and Melinda Gates Foundation (www 
.gatesfoundation.org), a privately funded effort begun in 2000 focused 
on reducing health disparities across the world and helping to address 
the global health challenges outlined by the 2000 Millennium Develop-
ment Goals (www.un.org/millenniumgoals). Priorities for the Gates 
Foundation include efforts to reduce HIV infection/AIDS, malaria, 
tuberculosis, vaccine-preventable diseases, diarrheal diseases, pneu-
monia, and neglected infectious diseases. Other important global 
health initiatives supported by both government and nongovernment 
donors include the Global Alliance for Vaccines and Immunizations 
(GAVI Alliance; www.gavialliance.org) and the Global Fund to Fight 
AIDS, Tuberculosis, and Malaria (www.theglobalfund.org). Two large 
U.S.-led efforts, the President’s Malaria Initiative (PMI; www 
.fightingmalaria.gov) and the President’s Emergency Plan for AIDS 
Relief (PEPFAR; www.pepfar.gov) provide targeted prevention and 
treatment support in countries most heavily affected by these leading 
killers. In particular, the impact of PEPFAR has been dramatic. Begun 
in 2004, the program requires country ownership and results-based 
efforts with goals for sustainability. In 2011 alone, PEPFAR supported 
treatment of nearly 4 million people, supported antiretroviral therapy 
for more than 1.5 HIV-infected pregnant women to prevent perinatal 
infection, and supported diagnostic testing for more than 40 million 
individuals.509

Although national and global partnerships are critical to control-
ling infectious disease threats, local clinical, public health, and labora-
tory capacity remains the cornerstone for initial disease recognition 
and response. In the early 1980s, concerns by staff in the CDC’s 
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Although deliberate attempts to induce infectious disease among 
adversaries date back to at least the Roman Empire, concerns about the 
possible use of microbes by terrorists or by countries with developed 
biological weapons programs have increased significantly over the past 
several decades.1-3 In the 1990s in response to this growing unease, 
biological agents of concern were provisionally grouped by the Centers 
for Disease Control and Prevention (CDC) into three tiered categories 
(A, B, and C).4 Tier-specific assignment of an organism was based on 
several factors, including dissemination or transmissibility character-
istics, anticipated associated morbidity and mortality, and/or special 
preparedness needs, including laboratory preparedness (Table 15-1). 
More recently, and complementary to the CDC categories, the Depart-
ment of Homeland Security (DHS), using additional criteria, has 
developed a systematic framework to assess the risk of a number of 
organisms.5 As a result of this assessment, a subset of organisms is 
deemed to pose a material threat to the national security of the United 
States (Table 15-2).6 The havoc that could be generated by an attack 
with one of these agents was illustrated in 2001 when a small number 
of letters containing Bacillus anthracis spores were disseminated via the 
U.S. postal system.7 Although only 22 people became ill at five sites in 
different states, fear and apprehension extended across the country and 
internationally.8-10

There is a general consensus among those who are most knowledge-
able of bioterrorism and biological warfare that the potential use of 
biotechnology for subversive goals poses a serious and growing threat, 
and that the release of one or more biological agents is inevitable.11-14 
The release and subsequent spread of a contagious agent such as small-
pox virus could prove catastrophic if measures for control are not 
promptly and effectively applied. Equally serious could be a large-scale 
release of a highly lethal but nontransmissible agent such as anthrax. 
The possible use of genetically modified agents offers an additional 
dimension to the threat.15

Serious concerns about the potential use of what are commonly 
referred to as weapons of mass destruction (WMD) arose in the context 
of the Cold War and focused originally on nuclear weapons and the 
potential of these to result in the ultimate scenario of a “nuclear 
winter.”16 Chemical weapons remained on the agenda of concerns 
given their extensive use during World War I. Concern about biological 
weapons waned significantly during the 1970s, coincident with Presi-
dent Nixon’s initiative in 1969 to terminate the U.S. offensive biological 
weapons program and the subsequent endorsement by many countries 
of the 1972 Convention on the Prohibition, Production, and Stockpil-
ing of Bacteriological (Biological) and Toxin Weapons and on their 
Destruction (usually referred to as the Biological Weapons Convention 
[BWC] or the Biological and Toxin Weapons Convention [BTWC]).17,18 
The Convention called for the destruction of all stocks of biological 
weapons and the cessation of research on their use as offensive agents.

Among those responsible for national policy and by the public 
health and medical communities, three points of view predominated 
until about 1995 that served to discourage consideration of biological 
weapons as more than a theoretical possibility:
1. That biological weapons had been deployed so rarely that precedent 

would suggest they would not be used;
2. That their use is so morally repugnant that no nation state or orga-

nized group would deign to use them; and
3. That it is technologically so difficult to produce organisms in quan-

tity and to disperse them that the science is beyond the reach of any 
but the most sophisticated laboratories.
Each of these arguments has now been shown to be invalid. It is 

now known that there are nations and dissident groups who have both 

the motivation and access to skills to cultivate successfully some of the 
most dangerous pathogens, as well as deploy them as agents in acts of 
terrorism or war. This was borne out in the anthrax attacks of late 2001 
during which letters containing anthrax spores were sent to media and 
political figures.7 Methods for transforming biological agents into 
weapons are publicly available, and the skills and equipment necessary 
to produce them are modest.

Some have assumed that because the likely pathogens to be used as 
biological weapons are comparatively rare, it would be difficult for a 
prospective terrorist to acquire the organisms. With the exception of 
smallpox and multidrug-resistant (MDR) anthrax, all of the pathogens 
deemed to pose a material threat to the national security of the United 
States exist in nature and periodically cause human and animal 
disease.19 Furthermore, many of these pathogens exist in diagnostic 
and research laboratories.

In contrast to the challenges of acquiring functional nuclear 
weapons, the production of biological weapons is easier and far less 
expensive. For many of the organisms, production is reasonably 
straightforward, especially for those with expertise. Those without 
such expertise can obtain it from the Internet and through academic 
courses, including sophisticated methods that could be used for genetic 
engineering of pathogens. Existing or new biomedical production 
facilities or industries could be converted to the production of micro-
organisms for bioweapons due to the dual-use nature of manufacturing 
equipment and supplies. Notably, comparatively little space is required 
and—for most agents—comparatively small quantities need to be aero-
solized to produce large numbers of casualties. For example, in 1999 a 
small team of scientists without prior training in biological weapons 
development built a clandestine laboratory in Nevada under a Defense 
Threat Reduction Agency (DTRA) effort to assess whether non–state 
actors could manufacture biological weapons in the United States using 
materials purchased on the open market and whether such manufac-
ture could be detected.20,21 The scientists produced enough simulated 
anthrax—without being detected—to kill at least 10,000 people (had 
they actually produced anthrax spores) with materials purchased on 
the open market, mostly from a local hardware store, with a budget of 
less than $1.5 million.20

Various methods might be used for dispersing biological weapons. 
The most likely would be direct contamination of food or water sup-
plies and aerosol dispersion. There is a general consensus that aerosols 
pose the most serious threat. Organisms dispersed by other means 
could cause disease outbreaks, but they would be much less likely to 
cause disease on a scale great enough to threaten the integrity of civil 
government. Each of the organisms of greatest concern could be dis-
seminated in a fine particle aerosol in the range of 1 to 5 microns. Such 
particles are inhaled and penetrate deeply into the lung. Larger-sized 
particles, in contrast, are trapped in the upper airways and usually do 
not succeed in initiating infection. A fine particle aerosol is invisible 
to the naked eye and behaves much like smoke in that it is able to 
penetrate most interior air spaces. In the 1979 Sverdlovsk anthrax 
outbreak, for example, human cases occurred in individuals who were 
as much as 4 km from the point of purported unintentional release of 
a spore-contaminated plume from an unfiltered exhaust pipe in a bio-
logical weapons production facility; animals who were 50 km away 
also developed anthrax.22

Generating an aerosol is comparatively straightforward using any 
of a number of off-the-shelf devices such as paint sprayers, fogging 
machines that disseminate insecticides, purse-size perfume atomizers, 
and hand-held drug delivery devices such as used by asthma patients. 
Even small releases of an agent would, almost certainly, result in 
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State Actors
In the early part of the 20th century, the advent of microbiology pro-
vided the scientific basis for the development of biological weapons 
and programs began to be developed by some countries, so-called state 
actors, as part of their warfare armamentarium. For example, Germany 
instituted a biological weapons program during World War I and  
conducted attacks of unknown effectiveness against animals (i.e., 
horses, mules, sheep, cattle) being shipped by neutral countries to the 
Allies.30

The use of chemical weapons by both sides of the conflict during 
World War I was considered appalling and led to the Geneva Protocol 
for the Prohibition of the Use in War of Asphyxiating, Poisonous or 
Other Gases and of Bacteriological Methods of Warfare (Geneva Pro-
tocol).31 This treaty was drawn up and signed under the auspices of the 
League of Nations in 1925 and entered into force in 1928. Although 
the Geneva Protocol (which has been ratified, acceded to, or succeeded 
to by 137 State Parties as of March 15, 201332) banned the use of bio-
logical weapons, it did not proscribe the research, production, or pos-
session of biological weapons, and many of the State Parties to the 
treaty reserved the right to retaliate in kind should they or their allies 
be attacked. In addition, no provision was made for verification and 
compliance was voluntary. A number of countries agreeing to the 
Geneva Protocol began or continued biological weapons programs 
after becoming treaty signatories. These included Belgium, Canada, 
France, Germany, Italy, Japan, the Netherlands, Poland, the United 
Kingdom, and the Soviet Union.17 The United States did not ratify the 
Geneva Protocol until 1975 after it had ended its biological weapons 
program.25

Despite the list of countries agreeing to the Geneva Protocol, bio-
logical weapons are known to have been used during World War II by 
some who had signed the treaty, including Japan and possibly the 
Soviet Union.17 The Japanese biological weapons program was a vast 
enterprise. It consisted of a major center in Pingfan, Manchuria, 
termed Unit 731 with more than 3000 scientists plus smaller units at 
a number of other sites in China. Another center (Unit 100) worked 
primarily with animal and plant diseases, including glanders, sheep 
and cattle plague, red rust, and mosaic plant diseases. More than 10,000 
prisoners died as a result of experimental infections or execution after 
experimentation.25,33 At least 11 cities in China were attacked during 
World War II using, variously, anthrax, cholera, Shigella, Salmonella, 
and plague organisms to contaminate food and water supplies. For 
example, fleas were infected with plague bacteria and released by air-
craft over cities. Data regarding the success of Japan’s efforts to infect 
civilian populations is sketchy. Large outbreaks of cholera and plague 
are known to have occurred, but it is believed that transmission in any 
given area was not long sustained. The extent and sophistication of the 
Japanese program came to be known after the war when Japanese 
scientists were offered amnesty from war crimes prosecution for the 

serious public concern as was witnessed during the anthrax release in 
the United States in 2001. Repeated releases in different parts of the 
country could be devastating, especially if the public health response 
were seen as deficient. A large-scale release of agents could be as dev-
astating as a nuclear weapon. For example, a 1993 Office of Technology 
Assessment report estimated that if 100 kg of anthrax spores were 
released upwind of Washington, DC, using a crop-duster aircraft, there 
would be between 130,000 and 3 million deaths.23

It is clear that preventing the proliferation and use of biological 
weapons or countering them will be extremely difficult. Detection or 
interdiction of those intending to use biological weapons is next to 
impossible. Thus, the first evidence of intent to use such weapons will 
likely be the appearance of sick people in hospital emergency depart-
ments. The rapidity with which those front-line health care workers 
and others, such as infectious disease specialists and laboratory scien-
tists, can reach a proper diagnosis and the speed with which preventa-
tive and/or therapeutic measures are applied could well spell the 
difference between thousands and, perhaps, tens of thousands of 
casualties.

HISTORY OF BIOLOGICAL 
WEAPONS
Recorded attempts to deliberately use microbial agents as weapons date 
back to the Roman Empire.3 Attempts that pre-date the 19th century 
and the development of the field of microbiology were generally 
focused on using infected people, animal carcasses, or other vectors 
(e.g., fomites) to spread disease (Table 15-3).17,24-29 The effectiveness of 
these efforts is not clear.

TABLE 15-1  Centers for Disease Control and Prevention Bioterrorism Agents and Disease Categories
Category A B C

Priority 1 2 3

Characteristics Easily disseminated or spread person 
to person

Highly lethal
Serious public health effects
May cause great panic and social 

disruption

Moderately easy to disseminate
Moderate morbidity
Less lethal than category A agents
Require fewer special public health preparations

Includes emerging infectious diseases
Potential for wide dissemination in the 

future because of availability, ease of 
production/dissemination, and potential 
to result in high morbidity, lethality, and 
major public health effects

Disease (agent) Anthrax (Bacillus anthracis)
Botulism (Clostridium botulinum toxin)
Plague (Yersinia pestis)
Smallpox (variola)
Tularemia (Francisella tularensis)
Hemorrhagic fever viruses

Brucellosis (Brucella species)
Epsilon toxin of Clostridium perfringens
Food safety threats (e.g., salmonella)
Glanders (Burkholderia mallei)
Melioidosis (Burkholderia pseudomallei)
Psittacosis (Chlamydia psittaci)
Q fever (Coxiella burnetii)
Ricin toxin from Ricinus communis (castor beans)
Staphylococcal enterotoxin B
Typhus fever (Rickettsia prowazekii)
Viral encephalitis (e.g., Venezuelan equine encephalitis)
Water safety threats (e.g., Vibrio cholerae)

Emerging infectious disease threats such as 
Nipah virus and hantavirus

From Centers for Disease Control and Prevention. Bioterrorism Agents/Diseases. Available at http://www.bt.cdc.gov/agent/agentlist-category.asp. Accessed July 3, 2013.

TABLE 15-2  Biological Agents with Material 
Threat Determinations*

Bacillus anthracis
Multidrug-resistant B. anthracis
Botulinum toxins
Burkholderia mallei
Burkholderia pseudomallei
Ebola virus
Francisella tularensis
Marburg virus
Rickettsia prowazekii
Variola virus
Yersinia pestis

*Material threat determinations have also been issued for classes of chemical 
agents, radiologic materials, and nuclear detonation effects. See reference 5 for 
more information.

From U.S. Department of Health and Human Services. 2012 Public Health 
Emergency Medical Countermeasures Enterprise (PHEMCE) Strategy. Available at 
http://www.phe.gov/Preparedness/mcm/phemce/Documents/2012-PHEMCE-Strategy 
.pdf. Accessed July 18, 2013.

http://www.bt.cdc.gov/agent/agentlist-category.asp
http://www.phe.gov/Preparedness/mcm/phemce/Documents/2012-PHEMCE-Strategy.pdf
http://www.phe.gov/Preparedness/mcm/phemce/Documents/2012-PHEMCE-Strategy.pdf
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produce, stockpile, or otherwise acquire or retain microbial or other 
biological agents or toxins of types and in quantities that have no 
justification for prophylactic, protective, or other peaceful purposes. 
They may not use any means of delivery of such agents or toxins for 
hostile purposes and must take necessary measures to prohibit or 
prevent such activities in their territories. Further, State Parties should 
destroy or divert to peaceful purposes all agents, toxins, weapons, 
equipment, and means of delivery and not transfer to any recipient or 
in any way assist, encourage, or induce to manufacture or otherwise 
acquire biological agents, toxins, weapons, equipment, or means of 
delivery.

The BWC—which has 169 State Parties37—has no formal verifica-
tion protocol to monitor compliance. Accordingly, verifying adher-
ence to and compliance with the BWC by State Parties has proven 
challenging. For example, the Soviet Union became a State Party to 
the BWC in 1975. However, in the late 1980s and early 1990s serious 
concerns arose regarding the biological weapons capability of the 
Soviet Union.17 Through defectors, it was learned that the Soviet 
Union maintained a biological weapons program that was far more 
extensive and sophisticated than any had imagined at the end of the 
Cold War.38-40 After the establishment of the BWC in 1972, the Soviet 
Union created a civilian research program called Biopreparat to 
conduct—under the guise of legitimate research—offensive biological 
weapons–related research not permitted under the BWC. The program 
included a system of 18 research laboratories and centers employing 
up to approximately 60,000 staff at its height. One of the larger and 
more sophisticated of its facilities, the Vector State Research Center of 
Virology and Biotechnology, referred to as VECTOR, was a 4000-
person, 30-building complex with high-security biological facilities for 
laboratories and isolation of human cases. It was at VECTOR where, 
during the 1980s, the technical problems were solved for the large-
scale production of smallpox virus intended to be used as an offensive 
weapon.

information provided. This information served as an impetus for the 
expansion of biological weapons programs in a number of countries, 
including the United States, United Kingdom, Australia, France, and 
Canada.

In the United States, the principal biological weapons research site 
was located at Fort Detrick, Maryland; a production facility was con-
structed at Pine Bluff, Arkansas.25 The studies conducted were wide-
ranging. Examples of human disease–associated organisms or toxins 
that were weaponized and stockpiled include B. anthracis; botulinum 
toxins; Francisella tularensis; Brucella suis; Coxiella burnetii; staphylo-
coccal enterotoxin B; and Venezuelan equine encephalitis. In conjunc-
tion with these activities, medical countermeasures were developed, 
including vaccines and antibiotics, to protect scientists and military 
personnel; technical advances were made that permitted large-scale 
fermentation and storage of agents. Studies of animal responses to 
infection were conducted at Fort Detrick, in atolls in the Pacific, and 
at desert sites in the United States. Experiments using aerosolized 
simulant organisms were conducted in a number of cities to study 
survival time of organisms and patterns of dispersal.34

Over time there was increasing international concern that the 
Geneva Protocol did not ban the research, production, or possession 
of biological weapons and lacked the means to verify adherence by 
signatory countries. Accordingly, in 1969, draft proposals for a new 
protocol were submitted to the Committee on Disarmament of the 
United Nations.17 Meanwhile, President Nixon unilaterally terminated 
the U.S. offensive biological weapons program in 1969 by National 
Security Decision Memorandum (NSDM) 35, followed by the toxin 
weapons program in 1970 by NSDM 44.35,36 Then in 1972, the 
Convention on the Prohibition of the Development, Production and 
Stockpiling of Bacteriological and Toxin Weapons and on their 
Destruction—commonly referred to as the Biological Weapons Con-
vention or the BWC—was opened for signature.18 State Parties to the 
BWC—which entered into force in 1975—are obligated to not develop, 

TABLE 15-3  Summary of the History of Use of Biological Weapons

PERIOD SETTING OF USE AGENT(S) USED COMMENTS REFERENCES
Pre-20th Century
Roman Empire Warfare Unknown Roman armies used bodies of animals to contaminate 

water supplies
3, 17

14th Century Caffensistera (also known 
as Caffa or Kaffa)

Yersinia pestis Cadavers flung by Mongols besieging the Genoese city 
using trebuchets. However, cadavers not efficient 
vector. Likely disease present beforehand and fleeing 
civilians carried plague to other European cities

17, 24, 25

Early Colonial North 
and South America

French and Indian War
American Revolution

Variola major British took blankets from smallpox patients and gave to 
the American Indians with intent to infect

British sent infected civilians among revolutionary troops

17, 26, 27, 28

Early to Mid-20th Century
World War I Animals being shipped 

from the United States 
to Europe before the 
United States entry into 
the conflict

Bacillus anthracis
Burkholderia mallei

German saboteurs dispersed 2 agents in eastern coastal 
port areas to infect horses, mules, and sheep being 
shipped to the Allies in an effort to impact transport 
and cavalry operations in Europe. Unclear if it was 
successful

17, 29, 30

World War II Against civilian populations 
and opposing troops

B. mallei
B. anthracis
Coxiella burnetii
Francisella tularensis
Vibrio cholera
Yersinia pestis

Japan had a vast biological weapons research and 
development program. Attacked 11 cities in China 
with various organisms

Polish resistance fighters
Soviets possibly used F. tularensis against German 

Panzers at Stalingrad in 1942; C. burnetii against 
German troops in Crimea in 1943

Unclear if any attacks were successful

17, 25, 33, 38

Late 20th Century
1984 Against civilians Salmonella enterica subsp. 

enterica serovar Typhi
Members of the Rajneesh religious cult deliberately 

contaminated salad bar contents in restaurants along 
an Oregon interstate highway in an effort to influence 
an election; 751 ill, 45 hospitalized, no deaths

2, 17, 49

Early 21st Century
2001 Against civilians B. anthracis Several letters laced with anthrax spores sent via the U.S. 

mail processed via high-speed sorting machines with 
aerosolization of the organism; 22 persons ill (in 5 
geographic areas) among whom there were 5 deaths

7, 17
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Although there were no deaths among the 751 persons who became 
ill, 45 were hospitalized.49 The public health investigation of this inci-
dent initially failed to determine how the salad bars became contami-
nated. It was not until 1 year after the outbreak that dissension among 
the perpetrators led law enforcement officials to discover the contami-
nation was deliberate with the ultimate goal of disrupting a local elec-
tion.2 This episode illustrates the difficulty in differentiating an ordinary 
foodborne outbreak from a small-scale biological weapons attack con-
ducted by non–state actors.

In late 2001 multiple letters containing anthrax spores were sent 
through the U.S. mail, resulting in 22 cases of anthrax—11 inhalational 
and 11 cutaneous.7 Five of the victims died. A lengthy investigation by 
the Federal Bureau of Investigation (FBI), the U.S. Postal Inspection 
Service, other law enforcement agencies, and federal prosecutors from 
the District of Columbia and the Justice Department’s Counterterror-
ism Section determined that the late Dr. Bruce Ivins acted alone in 
planning and executing the 2001 anthrax attack.50 A review of the 
scientific approaches used in the investigation was conducted by a 
committee of the National Research Council (at the request of the FBI). 
It determined, among other things, that the available scientific evi-
dence was insufficient to reach a definitive conclusion as to the origins 
of the anthrax spores used in the attack, leading some to continue to 
question whether Dr. Ivins was the culprit.51,52

In response to increasing concerns regarding the risk that non–state 
actors might acquire and use biological, chemical, and nuclear weapons 
and the fact that the BWC does not explicitly address non–state actors, 
U.N. Security Council Resolution 1540 was appended to Chapter VII 
of the U.N. Charter by unanimous vote on April 28, 2004.53 Chapter 
VII sets out the U.N. Security Council’s powers to maintain peace. 
Resolution 1540 adds the requirement that all member states develop 
laws with regulatory enforcement measures aimed at preventing the 
creation, proliferation, delivery, and spread of chemical, biological, and 
nuclear weapons by non–state actors. The desired intended outcome is 
to reduce the threat of non–state actors gaining access to and dissemi-
nating these weapons. The objectives of this Resolution were reiterated, 
and the mandate was extended under U.N. Security Council Resolu-
tions 1673, 1810, and 1977 with the 1540 Committee mandate extended 
to 2021 to ensure full implementation of the original resolution 
through capacity building and technical assistance.54

ASSESSING THE THREAT AND 
RISK OF BIOLOGICAL WEAPONS
The prospects of preparing for and responding to an attack involving 
the dissemination of a biological weapon are daunting. Determining 
how to focus limited resources is a key to such efforts. Two critical 
elements are used to assess and estimate which biological organisms 
are of greatest concern: threat assessment and risk assessment. Threat 
assessment is the process of assessing the likelihood that a particular 
intentional hazard will occur by estimating potential adversaries’  
capabilities and intentions.55 This is a particularly difficult task with 
respect to biological weapons. Potential adversaries pursuing a bio-
logical weapons capability encompass a diffuse set of state and non–
state entities (e.g., terrorist groups, criminal networks, individuals), 
which are difficult to identify and gather information on.56 To achieve 
a tactical and strategic advantage, potential adversaries strive to  
maintain secrecy, making it difficult to gain insight into their specific 
intentions and capabilities. In addition, it is extremely difficult to dif-
ferentiate biological weapons research and development from legiti-
mate research and development efforts. These factors make it difficult 
to develop threat assessments that are accurate and actionable. In 
addition, the biological weapons threat continually evolves as a result 
of advances in science and technology and as a result of adversaries 
adjusting their strategies and tactics in response to a nation’s perceived 
vulnerabilities. Accordingly, there are substantial difficulties in identi-
fying potential aggressors, let alone estimating their intentions and 
capabilities.

Given the inherent uncertainties in threat assessment, risk assess-
ment is used to inform activities and programs for addressing the 
biological weapons threat. Risk is the potential for an unwanted 
outcome from an incident, event, or occurrence, as determined by its 
likelihood and the associated consequences.55 In the United States, the 

Another facility of concern was the Soviet Union’s principal pro-
duction center for smallpox virus located near Moscow, at Sergiev 
Posad. It was reportedly able to produce upwards of 20 tons of small-
pox virus annually, primarily for delivery via intercontinental ballistic 
missile (ICBM) as a strategic weapon.39 Currently, the site houses the 
Russian Federation’s Ministry of Defense Microbiology Scientific 
Research Institute, a laboratory research complex known to maintain 
a national collection of dangerous pathogens, including Ebola, 
Marburg, and Lassa viruses.42 In 1992, Russian officials confirmed the 
existence of a biological weapons program it had inherited from the 
Soviet Union and committed to dismantling it.43 The dissolution of 
the Soviet Union in 1991 and the halting of the inherited Soviet offen-
sive biological weapons program by Russian President Yeltsin in 1992 
resulted in profound reductions in Biopreparat funding and personnel 
raising concerns that former biological weapons scientists may sell  
the expertise to states or groups seeking such knowledge.44 In 2000 
it was estimated that approximately 15,000 Biopreparat scientists 
remained employed within the system, which could pose a prolifera-
tion risk.45

Another example that illustrates the challenges of verifying compli-
ance to the BWC is the case of Iraq, which signed the BWC in 1972. 
After the first Gulf War (Operation Desert Storm) in 1991, U.N. Secu-
rity Council Resolution 687 established, among other things, the U.N. 
Special Commission (UNSCOM) to carry out on-site inspections of 
Iraq’s biological, chemical, and missile capabilities and to oversee their 
destruction, removal, or procedures to render them harmless.46 In 
April 1991 under its initial declaration (as required under U.N. Resolu-
tion 687), Iraq declared that it did not have a biological weapons 
program and in August 1991 declared to the first biological weapons 
inspection team only that it had conducted “biological research activi-
ties for defensive military purposes.”47 It was not until July 1995, after 
4 years of UNSCOM investigations and “in the light of irrefutable 
evidence” that Iraq admitted for the first time that it had an offensive 
biological weapons program.47 However, Iraq initially denied weapon-
ization. It took a defector to begin to uncover the full extent of the Iraqi 
program. In August 1995 General Hussein Kamel, who had responsi-
bility for all of Iraq’s weapons programs, defected to Jordan and began 
cooperating with UNSCOM. Subsequently, Iraq admitted to “a far 
more extensive biological warfare programme” than previously admit-
ted including weaponization.”47 U.N. Resolution 687 invited Iraq to 
ratify the BWC, which it did in 1991.48

Verifying adherence to the BWC remains a challenge. A 2011 
assessment by the U.S. Department of State found that China, Iran, and 
Russia—all State Parties to the BWC—engaged in biological research 
activities in 2011 with potential dual-use applications; however, avail-
able information did not establish that any of these countries is engaged 
in activities prohibited by the BWC.43 In addition, it remains unclear 
if Russia has fulfilled its obligations under the BWC with respect to the 
items specified in Article I of the BWC that it inherited from the former 
Soviet Union. Furthermore, the State Department noted that the 
United States has judged that North Korea—also a State Party to the 
BWC—might still consider the use of biological weapons an option 
and continues to develop its research and development capabilities 
without declaring relevant developments as part of the BWC 
confidence-building measures. Finally, the State Department noted the 
United States’ concern that Syria—a signatory but not State Party to 
the BWC—may be engaged in activities that would violate its obliga-
tions under the BWC if it were a State Party.

Non–State Actors
Non–state actors, including individuals and groups (e.g., terrorist 
groups, criminal networks), present a unique, complex, and growing 
challenge with respect to the development and use of biological 
weapons. For example, there were 185 documented cases of biological 
weapon use by non–state actors during the 20th century—85% of 
which occurred from 1990-1999.2 Twenty-seven of these cases were by 
terrorists, 56 by criminals, and 97 were by other/uncertain actors. A 
notable case occurred in September 1984, when members of a religious 
cult, the Rajneeshees, deliberately contaminated salad bars located 
along a stretch of an Oregon interstate highway with Salmonella 
typhimurium (now Salmonella enterica subsp. enterica serovar Typhi). 
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Tokyo subway system in 1995 attracted the attention of authorities.2 In 
addition, Al-Qa’ida was pursuing biological weapons capabilities, 
including anthrax, before the U.S. invasion of Afghanistan in 2001.17,61,62 
The organism, found in nature and responsible for enzootic disease 
(including in the United States), is reasonably readily available, easy to 
produce in large quantity with a minimum amount of technical skill 
and supplies, and extremely stable in its spore form. Methods to grow 
MDR anthrax have been published in the scientific literature.63,64 
Whether such strains maintain virulence is unknown.

Botulism
Botulinum neurotoxins, produced by Clostridium botulinum (see 
Chapter 247), were one of the principal weapons in the arsenal of the 
former Soviet Union and are known to have been produced as a 
weapon by Iraq.65 These neurotoxins are among one of the most toxic 
substances known, posing a significant bioweapon threat due to their 
potency, potential lethality, and relative ease of production. Those 
exposed to these neurotoxins may require prolonged intensive care and 
ventilatory support while receiving treatment with antitoxin.

Glanders and Melioidosis
Glanders is caused by infection with the bacterium Burkholderia mallei 
(see Chapter 223), and melioidosis is caused by Burkholderia pseudo-
mallei (see Chapter 223).66 Melioidosis is endemic in Southeast Asia 
and northern Australia. The disease is associated with a high mortality 
due to the speed with which septicemia develops, particularly in 
immunocompromised hosts, and the inherent resistance of the bacte-
ria to several classes of antibiotics. Prolonged courses of antibiotics are 
required to treat melioidosis. Despite prolonged antimicrobial therapy, 
recurrent disease is common. Glanders is primarily a zoonotic disease 
in Africa, Asia, the Middle East, and Central/South America. Although 
human susceptibility to B. mallei infection has not been studied in 
depth, the organism is highly infectious in the laboratory setting. As 
with melioidosis, prolonged antimicrobial therapy is required to treat 
it and to prevent its relapse.

Ebola and Marburg Hemorrhagic Fever
Ebola and Marburg hemorrhagic fever viruses (see Chapter 166) are 
considered to be a significant threat for use as biological weapons due 
to their potential for causing severe illness and death.67 These viruses 
are highly infectious, spread easily from person to person, and are 
associated with high mortality. No treatments are available.

Tularemia
Tularemia is a zoonotic disease found in many countries, including the 
United States. It is caused by the bacterium Francisella tularensis (see 
Chapter 229).68 It is a hardy organism capable of surviving for weeks 
in the environment.69 The bacterium was developed into an aerosol 
biological weapon by several countries in the past. It is considered to 
be a serious potential bioterrorist threat because it is one of the most 
infectious pathogenic bacteria known—inhalation of as few as 10 
organisms can cause disease—and may lead to serious illness and 
death.

Epidemic Typhus
Epidemic typhus is caused by Rickettsia prowazekii (see Chapter 191), 
a bacterium carried and transmitted by body lice.70 Although naturally 
occurring disease is typically associated with war, famine, and other 
poor hygiene environment due to lice infestation, the bacterium is 
easily aerosolized. Mortality is low with prompt antimicrobial therapy, 
but diagnosis may be a challenge given the nonspecific clinical mani-
festations of the disease.

Plague
Plague is caused by Yersinia pestis (see Chapter 231), a bacterium that 
was developed as a bioweapon by several countries in the past.71 
Primary pneumonic plague would result from an aerosol exposure  
and lead to a rapidly progressive and lethal infection; this form is 
transmissible to others. A zoonotic infection in many areas of the 
world, including the United States, Y. pestis is relatively simple to grow 
and disseminate.

Biological Terrorism Risk Assessment (BTRA)—conducted by DHS 
every 2 years—is used to identify and prioritize credible, high-impact 
biological threats; assess their risks; and inform the federal govern-
ment’s risk mitigation efforts.5 The BTRA employs a quantitative analy-
sis that uses currently available information about potential aggressors, 
biological agents, acquisition, production, dissemination methods, 
targets, and public health response measures to define a wide range of 
attack scenarios and identify those that present the greatest risk to the 
U.S. population. This information is used by federal departments and 
agencies to help guide response planning.

PATHOGENS OF GREATEST 
CONCERN
Given the large number of potential biological threat agents and the 
long time lines, risks, and high costs associated with implementing risk 
mitigation strategies (e.g., medical countermeasures, surveillance 
infrastructure, medical and public health response capabilities), the 
U.S. government must prioritize the biological threats for which risk 
mitigation strategies should be pursued. The initial step in this priori-
tization scheme involves the BTRA, which identifies the biological 
agents deemed to be the greatest risk to the U.S. population.5 These 
agents are then further analyzed in the Material Threat Assessment 
(MTA) process whereby DHS employs the BTRA results and develops 
plausible high-consequence scenarios that estimate the number of 
people in the population who would be exposed to specified levels of 
a given threat agent in those scenarios. The MTA results, which are 
classified, are then provided to the Department of Health and Human 
Services (HHS), which conducts medical and public health conse-
quence assessments using modeling tools to estimate the potential 
impact of the MTA scenarios.57 DHS and HHS then collaborate to 
review these assessments and determine if a particular biological agent 
poses a threat to national security.5 DHS then issues Material Threat 
Determinations (MTDs) for those agents determined to present a 
material threat against the U.S. population sufficient to affect national 
security.

As of this writing, biological agents that have MTDs are B. anthra-
cis, MDR B. anthracis, botulinum toxins, Burkholderia mallei, Burk-
holderia pseudomallei, Ebola virus, Francisella tularensis, Marburg 
virus, Rickettsia prowazekii, variola virus, and Yersinia pestis (see Table 
15-2).6 Although each of these biological agents and their accompany-
ing diseases are discussed in separate chapters, a brief contextual dis-
cussion of each follows here.

Smallpox
Smallpox, a disease caused by variola virus (see Chapter 135), was 
declared eradicated by the WHO in 1980.58 The VECTOR laboratory 
and the CDC in Atlanta are the only two repositories designated by 
the World Health Organization (WHO) to maintain stocks of the 
smallpox virus. Both institutions continue to do research on smallpox, 
albeit under the close scrutiny of the WHO Advisory Committee on 
Variola Virus Research.41 It is difficult to ascertain whether clandestine 
repositories exist. A release of smallpox today could result in a public 
health catastrophe. Smallpox spreads directly from person to person, 
causing death in approximately 30% of those infected; although there 
is no approved drug, an antiviral candidate, Arestvyr (USAN tecoviri-
mat; aka ST-246), is in development and has been placed in the Stra-
tegic National Stockpile for use in an emergency.59 Vaccination against 
smallpox, once widely practiced, stopped in 1980 coincident with the 
declaration that smallpox had been eradicated. Few persons younger 
than 35 years have been vaccinated; vaccine immunity among those 
who are older is waning. The United States now has a large stockpile 
of vaccine, but most countries have little or none and worldwide pro-
duction capacity is minimal.

Anthrax
Anthrax, caused by B. anthracis (see Chapter 209), was one of the 
principal biological weapons in the arsenal of former state-run pro-
grams, including the former Soviet Union and Iraq.17,60 Non–state 
actors have also pursued anthrax for weapons purposes. For example, 
the Aum Shinrikyo cult’s attempts to develop an anthrax weapon in 
Japan went undetected for 5 years until the cult’s sarin gas attack in the 
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reported.7,76 By that time nine cases of anthrax had actually occurred 
(two inhalational and seven cutaneous). As health and law enforce-
ment authorities subsequently worked to determine what had hap-
pened and to implement appropriate response measures, additional 
anthrax-laden letters were sent (3 weeks after the initial letters), result-
ing in an additional 13 cases of anthrax (nine inhalational and four 
cutaneous).

PREPARING FOR AND 
RESPONDING TO  
BIOLOGICAL WEAPONS
Before 9/11/2001
Most physicians and public health practitioners viewed the threat of 
biological weapons as negligible as recently as 1997. In most schools 
of medicine and schools of public health, biological weapons were 
regarded as being morally repugnant and not a subject that should be 
discussed, even from the standpoint of the threats they pose.

Events such as the 1995 terrorist attack in Tokyo using sarin gas, 
revelations about the former Soviet Union’s bioweapons program, and 
the discovery of Iraq’s considerable investment in biological weapons 
created the impetus for the U.S. Congress to take some definitive steps 
to strengthen the country’s preparedness against WMD. However, 
before the terrorist attacks of September 11, 2001 and the subsequent 
anthrax attacks, U.S. government efforts were focused largely on pre-
venting the development and use of such weapons; comparatively little 
focus was placed on improving capabilities to respond to and mitigate 
an attack.

In May 1998, President Clinton requested that Congress provide 
U.S. $133 million in funds to HHS for fiscal year 1999 in support of a 
new program of public health preparedness in HHS. A newly appointed 
Assistant Secretary of Health, Dr. Margaret Hamburg, formerly New 
York City Commissioner of Health, was given responsibility for devel-
oping a strategic plan for HHS. Most of the funds were allocated to the 
CDC. Of the funds provided, $51 million was earmarked for the devel-
opment of an emergency stockpile of antibiotics (the National Phar-
maceutical Stockpile), primarily antibiotics for anthrax and vaccine for 
smallpox. The balance, $82 million, was provided for the initial steps 
in rebuilding the long-neglected public health infrastructure at federal, 
state, and local levels. Some of the funds were used in 1999 to create a 
laboratory network, under the direction of the CDC, to provide labora-
tory surge capacity, emergency assistance, and support to state and 
local public health laboratories for the identification of biological 
threat agents and later chemical threats. Subsequently, veterinary, mili-
tary, government food testing, and some international laboratories 
were added to the network.

After 9/11/2001
The anthrax letter attacks in the fall of 2001 exposed the inadequacy 
of the United States’ ability to respond to a biological attack. Prepared-
ness and response gaps were identified across all levels of government. 
To address the identified gaps in preparedness, widespread actions—
including numerous laws and new appropriations—were implemented. 
For example, in October 2007 the White House released Homeland 
Security Presidential Directive-21 (HSPD-21) establishing a National 
Strategy for Public Health and Medical Preparedness. This strategy was 
created to specifically address preparedness for catastrophic health 
events, defined as “any natural or manmade incident, including terror-
ism that results in a number of ill or injured persons sufficient to 
overwhelm the capacities of immediate local and regional emergency 
response and health care systems.”77 Over time, broader preparedness 
for public health threats beyond those posed from biological agents 
was desired, leading to enactment in 2006 of the Pandemic and All-
Hazards Act (PAHPA), with the stated mission “to improve the Nation’s 
public health and medical preparedness and response capabilities for 
emergencies, whether deliberate, accidental, or natural.”78 One of the 
elements of this new law was the creation of the Biomedical Advanced 
Research and Development Authority (BARDA) within the HHS 
Office of the Assistant Secretary for Preparedness and Response 
(ASPR) with a focus on advanced product research and development, 
as well as the acquisition of vaccines, biologics, drugs, and diagnostics 
for use in public health emergencies.

EVENT DETECTION AND 
EPIDEMIOLOGY
Event Detection
The early detection of a biological attack is one of the keys to minimiz-
ing morbidity and mortality. Ideally, early identification of a biological 
attack could come from sensitive and specific pattern recognition of 
illnesses or a surveillance system for identification of environmental 
pathogens. However, an effective system does not currently exist. This 
means that early detection of a biological attack will primarily rely on 
front-line clinicians and laboratorians. In the United States, federal, 
state, tribal, and territorial governments, as well as many health care 
systems, have taken steps to improve surveillance capabilities to detect 
unusual biological outbreaks and cases. And in recent years, improved 
surveillance systems at the international, national, and local levels—
including an improved network of public health laboratories—have 
enabled the detection of outbreaks of novel infectious diseases with an 
exceedingly small number of cases.72 Despite these improvements, it is 
still highly likely that the first identification of a biological attack will 
be the diagnosis of patients by an astute clinician. Clinically suspect 
cases require prompt laboratory confirmation, which is an essential 
step for any public health response. Thus, through a variety of educa-
tional approaches and training programs, emphasis has been placed on 
assuring that clinicians, particularly emergency medicine and infec-
tious disease specialists, are knowledgeable of biological agents of 
greatest concern, know of the importance of prompt reporting to 
public health officials, and have access to laboratories that are prepared 
to provide rapid disease diagnosis.

Since 2001 most clinical professional societies have provided bio-
terrorism training opportunities through publications in peer-reviewed 
journals, on-line training modules, and symposia at professional meet-
ings. The American Board of Internal Medicine includes questions on 
the diagnosis and management of patients with infections due to bio-
logical threat agents on its certifying examination in internal medicine, 
as well as its subspecialty examination in infectious diseases. In 2003 
the American Association of Medical Colleges recommended integra-
tion of bioterrorism and public health preparedness and response 
topics in medical school curricula.73

Event Epidemiology
The challenges associated with responding to a biological attack are 
uniquely different from those associated with responding to an explo-
sion or to the release of a chemical agent. The effects of the latter are 
readily apparent, allowing early approximations to be made as to the 
geographic extent of the problem and the number and nature of casual-
ties to be expected. Needed response efforts can thus be gauged and 
initiated immediately. For biological weapons, however, the incubation 
period of biological agents means there is an inherent delay from the 
time a covert attack is launched until the realization that an attack has 
occurred—most likely by the identification of sick patients. The varying 
incubation periods of the disease inevitably mean a delay in gauging 
the magnitude and scope of the attack and deploying appropriate 
response efforts on the basis of the epidemiology of the ensuing out-
break. However, the epidemiology of a disease outbreak from a biologi-
cal attack can differ greatly from a natural disease outbreak, which can 
complicate event investigation and response efforts. For example, 
simultaneous attacks with an aerosolized biological agent in several 
locations could generate a large, complex geographic distribution of 
cases complicating efforts to develop an epidemic curve. In addition, 
exposure to a large inoculum of aerosolized biological agents could 
result in atypical disease presentations and clinical courses (e.g., 
shorter incubation periods, compressed and severe disease course). 
Furthermore, on the basis of experiences after the anthrax attacks, it is 
to be expected that there will be widespread apprehension, fear, and 
concern about the possibility of further cases—either from the spread 
of a contagious agent and/or from sequential attacks. Many may live 
in fear that they or their families will be the next victims. Experience 
shows that this inevitably complicates event investigation and response 
efforts.8,9,74,75 For example, in the 2001 anthrax attack it was not until 
more than 2 weeks after the initial anthrax-laden letters were sent 
through the U.S. Postal Service that the index case was diagnosed and 

http://www.myuptodate.com


P
a
rt

 I
 B

as
ic

 P
ri

n
ci

p
le

s 
in

 t
h

e 
D

ia
g

n
o

si
s 

an
d

 M
an

ag
em

en
t 

o
f 

In
fe

ct
io

u
s 

D
is

ea
se

s
184

state, and local levels, exercises are being conducted to test response 
systems to determine how well they are actually functioning.

A second factor in muting the likelihood of panic is to do every-
thing possible to keep the normal day-to-day activities of citizens and 
the city as minimally disrupted as possible. Public officials at all levels 
have often been prone to want to invoke quarantine measures, whether 
to close airports or other parts of the transportation network or to 
forbid entry or departure from cities or other large areas. This was the 
case in all countries that reported cases of severe acute respiratory 
syndrome (SARS) in 2003. Experience has shown that quarantine mea-
sures are seldom effective and, in fact, often lead to more serious 
problems as many seek to flee an area or deny the presence of possible 
cases in family or friends, thus precluding appropriate containment 
measures.85

Laboratory Systems
A network of national, reference, and sentinel laboratories define the 
Laboratory Response Network (LRN), which was established by HHS 
at the CDC in 1999 under Presidential Decision Directive 39.86 The 
network includes a component that specifically addresses biological 
terrorism in collaboration with the Association of Public Health Labo-
ratories and the FBI. It defines a tiered system of laboratories for the 
identification and verification of biological agents. At the base of the 
network are approximately 25,000 sentinel laboratories composed of 
hospital and commercial diagnostic laboratories. These form the base 
of the network providing routine diagnostic services and ruling out the 
presence of biological threat agents in Biosafety Level (BSL)-1 and 
BSL-2 environments. The American Society of Microbiology works 
closely with the CDC and sentinel laboratories to provide needed 
protocols and training for laboratorians. The sentinel laboratories refer 
questionable samples to the second tier of approximately 150 reference 
laboratories that function as high as BSL-3 for further identification 
and investigation. This tier includes state and local public health, mili-
tary, veterinary, agriculture, food, and water testing laboratories. Addi-
tionally, certain countries, such as Australia, Canada, the United 
Kingdom, Mexico and South Korea, have their own reference labora-
tories. Final confirmation of a threat agent is done at national labora-
tories capable of functioning at BSL-4 if needed. These laboratories 
have capabilities to conduct specialized strain characterization and 
bioforensics and are found at the CDC, U.S. Army Medical Research 
Institute of Infectious Diseases, and Naval Medical Research Center.

Great improvements have been made since the start of the LRN, 
but there is current evidence of slowed or reversing progress. In 2011 
cuts in funding resulted in 44% of state public health laboratories being 
unable to renew their equipment/instrument maintenance contracts: 
40% were unable to send staff to continuing education courses, and 
40% lost at least one full-time laboratory position.87 In 2012, persisting 
funding cuts resulted in 13 state public health laboratories reporting 
that in the event of an infectious disease outbreak lasting 6 to 8 weeks, 
they did not have sufficient capacity to work five 12-hour-day work 
weeks.88

Biosurveillance Systems
A multicomponent interagency, Biosurveillance Initiative, was created 
and funded beginning in fiscal year 2004 to fill the gap in surveillance 
and early warning of a potential terrorist attack or infectious disease 
outbreak. The initiative has three integrated elements. The first com-
ponent is BioSense, a multistate data-sharing program managed by the 
CDC, using existing health databases originally in near real time to 
identify possible bioterrorist events or epidemics using an experimen-
tal approach called syndromic surveillance.89-92 The system receives 
input from approximately 2000 hospitals (government and private) 
and other health care facilities, nearly 2800 laboratories, and almost 
50,000 pharmacies. BioSense was upgraded in 2011 to BioSense 2.0. 
This is now in the distributed cloud computing environment to provide 
real-time information.93 Under a data use agreement, state and local 
health departments along with the CDC can share information across 
jurisdictional borders when enhanced surveillance is necessary in 
emergencies.

Initially the surveillance effort focused on the detection of possible 
bioterrorism events or infectious disease outbreaks. However, in time, 

With new legislative mandates came funding for preparedness and 
response improvements in medicine, public health, and research and 
development. Civilian biodefense spending by the federal government 
from fiscal year 2001 through fiscal year 2011 is estimated to have been 
more than $55 billion, of which $39.4 billion (72%) has been to HHS.79 
This allotment does not include $5.6 billion placed in a Special Reserve 
Fund created in October 2003 for the purchase of medical countermea-
sures over a 10-year period (Project BioShield). However, this biode-
fense funding includes programs that have no expressly stated civilian 
biodefense program elements. When all hazards programs that do not 
have a stated biodefense goal or mission are excluded, as well as funding 
provided for pandemic influenza and Department of Defense (DoD) 
funds for troops, the total funding for civilian biodefense drops to 
approximately $11 billion. Of that amount, a total of $1.3 billion 
(11.8%) was allocated to HHS and $8.3 billion (75%) to DHS.79 Among 
HHS agencies the CDC, the National Institutes of Health (NIH) (pri-
marily the National Institute of Allergy and Infectious Diseases), and 
ASPR each received about 30% of budgeted funds and the Food and 
Drug Administration (FDA) received approximately 8%.79

Public Health Preparedness and 
Response
The CDC administers funds for preparedness to state and local public 
health systems through the Public Health Emergency Preparedness 
(PHEP) Cooperative Agreement.80 Public health departments use their 
PHEP funds to strengthen their capabilities to respond to all types of 
public health emergencies, including emerging infectious diseases, 
natural disasters, and biological, chemical, nuclear, and radiologic 
events. Since 2002 the CDC has provided nearly $9 billion to public 
health departments across the United States for preparedness under 
the PHEP Cooperative Agreement. In 2011 the CDC issued a set of  
15 public health preparedness capabilities to assist state and local plan-
ners in identifying preparedness gaps, determining priorities, and 
developing plans for improving capabilities that align with national 
priorities.81

In 2004 the CDC created the Cities Readiness Initiative (CRI) as 
part of the PHEP Cooperative Agreement.82 The initiative initially 
sought to assist 21 major cities to develop plans to rapidly receive, 
distribute, and dispense medical countermeasures within 48 hours 
from the National Stockpile in the event of a large-scale public health 
emergency. The program was expanded to 72 metropolitan statistical 
areas (MSAs) encompassing 57% of the U.S. population with at least 
one MSA in each state. Each jurisdiction is assessed on its medical 
countermeasure distribution and dispensing capabilities; only 13 
(18.8%) of the jurisdictions were in the unacceptable range in the 
period 2008-2009.

A major challenge to public health officials is that of instituting 
necessary measures to avoid panic in the face of an epidemic of a 
traditionally feared disease. Reviews of past epidemics indicate that the 
most essential factor is effective leadership and competent, frequent, 
and open communication with the public, the press, professionals, and 
others concerned in dealing with the epidemic. This is an area that is 
too often neglected. The 2001 anthrax outbreak illustrated the prob-
lems resulting from inadequate lines of communication.83 Health 
departments at all levels were overwhelmed by requests for informa-
tion from the public, from health professionals, and especially from 
the media. None had experienced an epidemic threat such as this, and 
none were prepared. Frequent, authoritative, up-to-date reports 
through the media to the public proved absolutely vital, but it took 
time before a pattern for these became established. The need for com-
munication between and among professionals was clear, and this is 
now being addressed in part by the national Health Alert Network, 
which is financed by federal preparedness funds.84 It was also apparent 
that command centers were required to coordinate and direct opera-
tions and to facilitate the flow of information, but these took time to 
become established and to begin to function well. Sophisticated centers 
are now in place in the Secretary’s Office at HHS, the CDC, and in 
many states and cities; they are now staffed on a 24-hour-per-day, 
7-day-per-week schedule. Information and education materials have 
been prepared with respect to Category A diseases and are available 
throughout the health system. Of importance is the fact that at federal, 
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In 2009 the Institute of Medicine constituted a committee to 
develop guidance for health care systems to establish and implement 
standards of care during disasters when resources were severely con-
strained.98 The committee defined “crisis standards of care” as a state 
where “a substantial change in health care operations and the level of 
care that can be delivered in a public health emergency is justified by 
specific circumstances.”98 The committee also developed templates to 
guide the efforts of professionals and organizations responsible for 
disaster planning and implementation and emphasized the need for 
integrated planning for a coordinated response with public health 
systems. In 2012, a survey of acute care hospitals determined that more 
than 94% of hospitals participated in a discrete entity, partnership, 
organization, coalition, planning group, consortium, or other agree-
ment with other hospitals and community partners for emergency 
preparedness and response.99

The difficulties of sharing health care providers licensed in one state 
but not another was highlighted after the events of September 2001. In 
response, a mandated federal system of guidelines and standards was 
created to register, credential, and allow deployment of medical profes-
sionals across state jurisdictions in the event of a large-scale national 
emergency. The state-based system, called the Emergency System for 
Advance Registration of Volunteer Health Professionals, is imple-
mented at the state level with federal assistance, initially from HRSA 
and, since December 2006, from ASPR.100

In the event of a large bioterrorist incident requiring supplementa-
tion of clinical response efforts, both the National Disaster Medical 
System (NDMS) and the Medical Reserve Corps (MRC) can be acti-
vated.101,102 NDMS, a system coordinated by HHS, acts to temporarily 
supplement state and local medical care needs after a disaster of any 
kind. NDMS can provide personnel, supplies, equipment at the site or 
at definitive care sites in unaffected areas, and patient care movement. 
Disaster medical assistance teams (DMATs) are local units activated for 
2-week deployments with sufficient supplies and equipment to be self-
sustaining for at least 72 hours before resupply is necessary. In the event 
of a national disaster, DMATs may be moved from their local area, at 
which time they are made federal employees with medical credentials 
recognized in all states and protected under the Federal Tort Claims 
Act against any malpractice claim. Predisaster employment is protected 
under the Uniformed Services Employment and Reemployment Rights 
Act. The MRC was created in 2002 as community-based and locally 
organized groups of health care volunteers who donate their time and 
expertise to prepare for and respond to existing emergency medical and 
public health resources when needed. There are more than 300 units in 
the United States. Units have been active, for example, in providing 
services after hurricanes. The Office of Surgeon General acts as a clear-
inghouse for information and best practices in establishing and main-
taining MRC units. Liability protection for individual MRC practitioners 
is determined by each state.

MEDICAL COUNTERMEASURES
Medical countermeasures include drugs, vaccines, diagnostic tests, and 
other equipment and supplies needed to respond to a public health 
emergency. HHS has the mission to protect the U.S. civilian population 
against biological threats by providing leadership in the research, 
development, regulation, procurement, stockpiling, maintenance, 
deployment, and utilization of medical countermeasures. As such, 
HHS is pursuing a unified, integrated approach to its mission through 
the Public Health Emergency Medical Countermeasures Enterprise 
(PHEMCE), a coordinated, interagency partnership that fosters the 
medical countermeasure programs necessary to improve public health 
emergency preparedness, as well as to prevent and mitigate the adverse 
health consequences associated with biological threats.103 Since its 
inception, PHEMCE has achieved significant success in developing 
and stockpiling medical countermeasures for several of the priority 
threat agents. Table 15-4 lists medical countermeasures available for 
biological agents for which there are MTDs.

Medical Countermeasure Research and 
Development
Before the anthrax letter attacks in late 2001, research specifically 
directed at problems posed by biological weapons was principally 

the system has evolved to attempt to detect and then monitor a range 
of public health hazards. Although intuitively attractive, it remains to 
be determined whether this or any other surveillance system can be 
satisfactorily sustained, and at what cost, in the absence of regularly 
occurring and valid alarms that test the system.94 Furthermore, it 
appears that the system has been used primarily to monitor events once 
they have been identified by other means, suggesting failed use as a 
detection system.93

Expansion of quarantine stations at U.S. ports of entry and land-
border crossings where international travelers arrive is the second 
Biosurveillance Initiative element to improve monitoring of travelers, 
imported foodstuffs, and research materials. By the end of 2007 the 
number of quarantine stations had increased to 20 stations from a low 
of 8. It is unclear as to what contributions of significance they have 
brought to better surveillance that warranted increasing the number 
of quarantine stations. The third component of the initiative expanded 
the LRN to include food safety and animal diagnostic laboratories. This 
recognizes that an early warning of an attack may be noted in contami-
nated food or new or unusual animal diseases that could be transmit-
ted to humans.

In a separate but related activity funded by DHS, the LRN and the 
Environmental Protection Agency (EPA) participate in the BioWatch 
Program, consisting of air sampling devices located in previously exist-
ing EPA air sampling locations in more than 30 major U.S. cities. Its 
goal is to rapidly detect the presence of any of a targeted number of 
aerosolized biological agents. The original system, first deployed in 
2003, used multiple air samplers in each city. In 2005 the system was 
expanded to increase outdoor air sampling in each city and to add 
indoor facility monitoring. The estimated 10-year cost of the current 
system is $0.6 billion with an annualized cost of $80 million. A pro-
posed expansion of the program to include more cities with more 
detection devices per city would increase the annualized cost to $200 
million.95 Although the system has not reported any false-positive 
results, it has had several “BioWatch Actionable Results” due to detec-
tion of airborne, naturally occurring DNA in the environment. Such 
identification, if declared before further information was known, could 
have caused considerable public concern. Illustrative of the problem 
was an event in October 2003 when two air monitors in Houston, 
Texas, detected the presence of tularemia on 2 consecutive days. Area 
hospitals and infectious disease specialists were warned about the pos-
sibility that a release had taken place, but authorities refrained from 
taking more definitive action, such as the mass community-wide dis-
tribution of antibiotics.

In its 2011 evaluation report of BioWatch, the Institute of Medicine 
noted that other public health system–based surveillance systems  
are more flexible and broader than BioWatch and are more experi-
enced in surveillance because it is fundamental to their activities. With 
this in mind, the Institute recommended that HHS lead efforts to 
enhance DHS’s surveillance capabilities with BioWatch. Furthermore, 
the Institute stated that BioWatch needs to overcome significant tech-
nical and operational testing challenges, improve its usefulness greatly 
through better collaboration with public health systems, and engage 
an external advisory panel of experts with technical and operational 
expertise.95

Clinician and Health Care System 
Preparedness and Response
Deliberate or naturally occurring infectious disease threat may quickly 
overwhelm even the well-resourced health care system and disrupt 
delivery of medical care. To improve preparedness and increase resil-
ience, HHS established the National Bioterrorism Hospital Prepared-
ness Program (NBHPP) in 2002 to provide funding and guidance to 
hospitals to enhance their ability to respond to a biological attack.96 
The program was administered by the Health Resources and Services 
Administration (HRSA) until 2006, when it was transferred to ASPR 
by PAHPA and renamed the Hospital Preparedness Program (HPP). 
Under PAHPA, HPP has expanded its scope to improve community 
and hospital preparedness for all-hazards public health emergencies. 
Since 2002, HHS has provided more than $2 billion to states, territo-
ries, and eligible municipalities through grants, partnerships, and 
cooperative agreements under HPP.97
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TABLE 15-4  Medical Countermeasures (MCMs) for Biological Agents with Material Threat Determinations

MTD AGENT CATEGORY

MCMSa

DIAGNOSTICS
PREEXPOSURE 
PROPHYLAXIS

POSTEXPOSURE 
PROPHYLAXIS (PEP) TREATMENT

Gram-Positive Organisms
Bacillus anthracis 

(anthrax)
A Conventional microbiology 

and culture methods
Rapid diagnostic tests for 

nucleic acid and antigen 
detection available at 
specialized reference 
laboratories

Vaccine
• BioThraxb

Antitoxin
• Raxibacumabf

Antimicrobialsc

• Quinolones
○ Ciprofloxacin
○ Levofloxacin

• Tetracyclines
○ Doxycycline

• Penicillinsd

○ Penicillin G
○ Amoxicillin [IND or EUA]e

Vaccine (in combination with 
antimicrobials)c

• BioThrax [IND or EUA]b

Antitoxin (in combination 
with antimicrobials)

• Raxibacumabf

Antimicrobialsg

• Quinolones
○ Ciprofloxacin [IND or EUA]

• Tetracyclines
○ Doxycycline

• Penicillins
○ Penicillin G

Antitoxin (in combination with 
antimicrobials)

• Raxibacumabf

Multidrug-resistant 
B. anthracis 
(MDR anthrax)

A Microbial culture with 
antimicrobial 
susceptibility testing

Rapid antimicrobial 
susceptibility testing 
available at specialized 
reference laboratories

Vaccine
• BioThraxb

Antitoxin
• Raxibacumabf

Antimicrobialsc

• Selection of antimicrobial 
agents for PEP based on 
susceptibility testing

Vaccine (in combination with 
antimicrobials)c

• BioThrax [IND or EUA]b

Antitoxin (in combination 
with antimicrobials)

• Raxibacumabf

Antimicrobialsg

• Selection of antimicrobial 
agents for treatment based on 
susceptibility testing

Antitoxin (in combination with 
antimicrobials)

• Raxibacumabf

Gram-Negative Organisms
Burkholderia 

mallei (glanders) 
and

Burkholderia 
pseudomallei 
(melioidosis)

B Microbial culture and 
biochemical methods

Serologic and nucleic acid 
based diagnostics 
available at specialized 
reference laboratories

N/A Antimicrobialsh

• Sulfonamides
○ TMP-SMX [IND or EUA]

• Penicillin
○ Amoxicillin/clavulanic 

acid (co-amoxiclav) [IND 
or EUA]

Antimicrobials
IV intensive phasei

• Cephalosporins
○ Ceftazidime [IND or EUA]

• Carbapenems
○ Meropenem [IND or EUA]

Oral eradication phasej

• Sulfonamides
○ TMP-SMX [IND or EUA]

• Penicillin combination
○ Amoxicillin/clavulanic acid 

(co-amoxiclav) [IND or EUA]

Franciscella 
tularensis 
(tularemia)

A Conventional microbiology 
and culture methods

Rapid diagnostic tests for 
nucleic acid and antigen 
detection available at 
specialized reference 
laboratories

N/A Antimicrobialsk

• Quinolones
○ Ciprofloxacin [IND or 

EUA]
• Tetracyclines

○ Doxycycline

Antimicrobials
Contained casualtyl

• Aminoglycosides
○ Streptomycin
○ Gentamicin [IND or EUA]

Mass casualtym

• Quinolones
○ Ciprofloxacin [IND or EUA]

• Tetracyclines
○ Doxycycline

Rickettsia 
prowazekii 
(typhus)

B Conventional serologic 
testing

and microbial culture
Rapid diagnostic tests for 

nucleic acid and antigen 
detection available at 
specialized reference 
laboratories

N/A N/An Antimicrobialso

• Tetracyclines
○ Doxycycline

Yersinia pestis
(plague)

A Conventional microbiology 
and culture methods

Rapid diagnostic tests for 
nucleic acid and antigen 
detection available at 
specialized reference 
laboratories

N/A Antimicrobialsp

• Quinolones
○ Ciprofloxacin
○ Levofloxacin

• Tetracyclines
○ Doxycycline

Antimicrobialsq

• Quinolones
○ Levofloxacin

• Aminoglycosides
○ Streptomycin
○ Gentamicin

Toxins
Botulinum toxins 

(botulism)
A Conventional serologic 

testing
Rapid diagnostic tests for 

nucleic acid and antigen/
toxin detection available 
at specialized reference 
laboratories

N/A N/A Antitoxin
• hBAT (botulism antitoxin 

heptavalent (A, B, C, D, E, F, G)r

• BabyBIG [Botulism Immune 
Globulin Intravenous (Human) 
BIG-IV)]s
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MTD AGENT CATEGORY

MCMSa

DIAGNOSTICS
PREEXPOSURE 
PROPHYLAXIS

POSTEXPOSURE 
PROPHYLAXIS (PEP) TREATMENT

Viruses
Ebola virus 

(hemorrhagic 
fever)

A Serologic testing and virus 
isolation

Rapid diagnostic tests for 
nucleic acid and antigen 
detection available at 
specialized reference 
laboratories

N/A N/A N/A

Marburg virus 
(hemorrhagic 
fever)

A Serologic testing and virus 
isolation

Rapid diagnostic tests for 
nucleic acid and antigen 
detection available at 
specialized reference 
laboratories

N/A N/A N/A

Variola virus 
(smallpox)

A Serologic testing
Rapid diagnostic tests for 

nucleic acid and antigen 
detection available at 
specialized reference 
laboratories

Vaccine
• ACAM2000t

• IMVAMUNE [IND 
or EUA]u

Vaccinev

• ACAM2000t

• IMVAMUNE [IND or EUA]u

Antivirals
• Arestvyr (USAN tecovirimat; aka 

ST-246) [IND or EUA]w

• CMX001[IND]x

a. MCMs noted have approved/licensed indication unless otherwise noted as Investigational New Drug [IND] or Emergency Use Authorization [EUA].
b. Licensed for active immunization for the prevention of disease caused by B. anthracis, in persons 18 through 65 years of age at high risk of exposure—http://www.

fda.gov/downloads/BiologicsBloodVaccines/BloodBloodProducts/ApprovedProducts/LicensedProductsBLAs/UCM074923.pdf.
c. Recommendation for postexposure prophylaxis is 60 days of oral antimicrobial therapy (based on susceptibility testing) in combination with a three-dose regimen of 

anthrax vaccine (BioThrax). Ciprofloxacin and doxycycline are considered equivalent first-line antimicrobial agents for postexposure prophylaxis; other antibiotics may be 
considered for off-label use in patients unable to tolerate approved antibiotics for postexposure prophylaxis (e.g., clindamycin, chloramphenicol, rifampin, vancomycin, and 
other quinolones—http://wwwnc.cdc.gov/eid/article/14/4/07-0969_article.htm).

d. Penicillins should not be initially used for postexposure prophylaxis because of concern for resistance.
e. Amoxicillin can be used for postexposure prophylaxis once the B. anthracis strain has been proven penicillin susceptible, when other antimicrobial agents are not 

considered safe to use, such as for pediatric patients and for nursing or pregnant women— http://wwwnc.cdc.gov/eid/article/14/4/07-0969_article.htm.
f. Raxibacumab is approved to treat inhalational anthrax and to prevent inhalational anthrax when alternative therapies are not available or not appropriate—http://www.

accessdata.fda.gov/drugsatfda_docs/label/2012/125349s000lbl.pdf.
g. Recommendation for initial therapy is IV ciprofloxacin or IV doxycycline plus one or two additional antibiotics with adequate central nervous system penetration and in 

vitro activity against B. anthracis (e.g., ampicillin, penicillin, rifampin, vancomycin) based on susceptibility testing; ciprofloxacin is recommended over doxycycline as the 
primary antimicrobial agent unless ciprofloxacin use is contraindicated; clindamycin is strongly recommended for inclusion in the antimicrobial regimen because of its ability 
to inhibit protein synthesis; therapy should be continued for 60 days with a switch to oral antibiotics when clinically appropriate—http://wwwnc.cdc.gov/eid/article/14/4/ 
07-0969_article.htm and http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5042a1.htm.

h. Recommended duration of postexposure prophylaxis is 21 days; if the organism is susceptible and the patient does not have a documented allergy, TMP-SMX is the 
agent of first choice; if the organism is resistant to TMP-SMX or the patient is intolerant, the second-line choice is co-amoxiclav—http://wwwnc.cdc.gov/eid/article/18/12/12-
0638_article.htm.

i. Recommended duration of intensive therapy is generally 10 to 14 days; however, more than 4 weeks of parenteral therapy may be necessary in cases of more severe 
disease; ceftazidime is recommended if no complications; meropenem is recommended for patients with neuromelioidosis or persistent bacteremia or in intensive care 
unit—http://wwwnc.cdc.gov/eid/article/18/12/12-0638_article.htm.

j. Recommended duration of therapy is a minimum of 12 weeks. If the organism is susceptible and the patient does not have a documented allergy, oral TMP-SMX is the 
agent of first choice; if the organism is resistant to TMP-SMX or the patient is intolerant, the second-line choice is co-amoxiclav—http://wwwnc.cdc.gov/eid/article/18/12/ 
12-0638_article.htm.

k. Recommended duration of postexposure prophylaxis is 14 days of oral doxycycline or ciprofloxacin—http://www.bt.cdc.gov/agent/tularemia/tularemia-biological-
weapon-abstract.asp#2.

l. Recommended duration of parenteral antimicrobial therapy in a contained casualty setting is 10 days; streptomycin is recommended drug of choice; gentamicin is an 
acceptable alternative. Doxycycline, ciprofloxacin [IND or EUA], and chloramphenicol are recommended alternatives; relapses and primary treatment failures occur at a 
higher rate with these antimicrobials than with aminoglycosides; they should be given for at least 14 days to avoid relapse—http://www.bt.cdc.gov/agent/tularemia/
tularemia-biological-weapon-abstract.asp#2.

m. Recommended duration of oral antimicrobial therapy in a mass casualty setting is 14 to 21 days for doxycycline and 10 days for ciprofloxacin—http://www.bt.cdc.gov/
agent/tularemia/tularemia-biological-weapon-abstract.asp#2.

n. Antibiotics are not recommended for PEP for rickettsial diseases—http://wwwnc.cdc.gov/travel/yellowbook/2012/chapter-3-infectious-diseases-related-to-travel/rickettsial 
-spotted-and-typhus-fevers-and-related-infections-anaplasmosis-and-ehrlichiosis.htm.

o. Recommended duration of oral antimicrobial therapy is 5 days of oral doxycycline; chloramphenicol is an alternative—Botelho-Nevers E, Socolovschi C, Raoult D, Parola 
P. Treatment of Rickettsia spp. infections: a review. Expert Rev Anti Infect Ther. 2012;10(12):1425-1437.

p. Recommended duration of postexposure prophylaxis is 7 days; doxycycline and ciprofloxacin are recommended antimicrobials; levofloxacin is also approved for 
postexposure prophylaxis—http://www.cdc.gov/plague/healthcare/clinicians.html; http://jama.jamanetwork.com/article.aspx?articleid=192665.

q. Recommended duration of treatment is 10 days or until 2 days after fever subsides; streptomycin and gentamicin are preferred antimicrobials; doxycycline, 
ciprofloxacin, and chloramphenicol are alternative agents; levofloxacin is also approved for treatment—http://www.cdc.gov/plague/healthcare/clinicians.html.

r. Approved for the treatment of symptomatic botulism after documented or suspected exposure to botulinum neurotoxin serotypes A, B, C, D, E, F, or G in adults and 
pediatric patients—http://www.fda.gov/downloads/BiologicsBloodVaccines/BloodBloodProducts/ApprovedProducts/LicensedProductsBLAs/FractionatedPlasmaProducts/
UCM345147.pdf.

s. Approved for infant botulism caused by toxin types A or B in patients younger than 1 year of age (1) —http://www.fda.gov/downloads/BiologicsBloodVaccines/
BloodBloodProducts/ApprovedProducts/LicensedProductsBLAs/FractionatedPlasmaProducts/UCM117160.pdf.

t. Licensed for active immunization against smallpox disease for persons determined to be at high risk for smallpox infection—http://www.fda.gov/downloads/
biologicsbloodvaccines/vaccines/approvedproducts/ucm142572.pdf.

u. IMVAMUNE is an investigational smallpox vaccine derived from modified vaccinia virus Ankara (MVA)—a highly attenuated pox virus that has lost the capacity to 
replicate in human cells—http://www.bavarian-nordic.com/pipeline/imvamune-smallpox-vaccine.aspx.

v. Vaccination within 3 days of exposure will completely prevent or significantly modify smallpox in the vast majority of persons. Vaccination 4 to 7 days after exposure 
likely offers some protection from disease or may modify the severity of disease—http://www.bt.cdc.gov/agent/smallpox/vaccination/faq.asp.

w. Investigational therapeutic agent active against orthopoxviruses including smallpox—http://www.siga.com/product-pipeline/.
x. Investigational therapeutic agent active against orthopoxviruses including smallpox—http://www.chimerix.com/therapeutic-programs/category/smallpox.
IV, intravenous; MDR, multidrug resistant; MTD, material threat determinations; PEP, postexposure prophylaxis; TMP-SMX, trimethoprim-sulfamethoxazole.

TABLE 15-4  Medical Countermeasures (MCMs) for Biological Agents with Material Threat 
Determinations—cont’d
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[TRLs]) to identify the level of product development for medical coun-
termeasures by HHS and DoD.106

A broad 5-year strategic plan (2011-2016) was published by BARDA 
outlining five goals and five strategies for the agency.107 The overarch-
ing PHEMCE—which integrates all aspects of emergency prepared-
ness and response across both the public and private sector, including 
medical countermeasures—strategic plan with a linked 5-year imple-
mentation plan incorporates the goals of BARDA in its plan.6,108 
Advanced development priorities in the biodefense sphere include 
diagnostic assays for biological threat agents, a new-generation anthrax 
vaccine, botulinum antitoxin, smallpox antivirals and a new vaccine 
with a lower adverse event profile, and viral hemorrhagic fever 
antivirals.108

Strategic National Stockpile
The Strategic National Stockpile (SNS) is an important part of the 
response armamentarium after a biological attack.109 The stockpile is 
managed by the CDC and contains antibiotics, antitoxins, vaccines, 
life-support medications, and medical supplies that can be used to 
supplement state and local resources during a large-scale public health 
emergency. Within 12 hours of a request, a Push-Package containing 
an initial supplemental cache of medical countermeasures and supplies 
can be at the targeted destination. These packages have been preposi-
tioned in strategically located secure warehouses to facilitate prompt 
delivery. If additional support is necessary, a vendor-managed inven-
tory is called on to deliver ongoing needed medical countermeasures 
and supplies.

Emergency Use Authorization
During a public health emergency such as an attack involving a biologi-
cal agent, medical countermeasures may be necessary before they have 
completed their development pathway to approval (drugs), licensure 
(vaccines and biologics), or clearance (diagnostics) by the FDA. 
Although individual physicians may engage in off-label use of an 
approved or licensed product, investigational products require a 
detailed informed consent. In a public health emergency during which 
large numbers of people would need to be given medical countermea-
sures, meeting this requirement in full could lead to delayed care with 
possible heightened morbidity and mortality. To address this issue, the 
FDA may issue an Emergency Use Authorization allowing the use of 
an unapproved medical product or the unapproved use of approved 
medical products during a declared emergency if there are no ade-
quate, approved, and available alternatives and if other statutory crite-
ria are met.110

DUAL USE: THE TWO-EDGED 
SWORD OF MODERN BIOLOGY
The rapidly accruing knowledge base of modern biology is making it 
possible to understand such factors as mechanisms for immune system 
or host restriction evasion. Furthermore, it is now possible to synthe-
size and manipulate genomes. Examples of microbial manipulations of 
greatest concern include the transfer of antibiotic resistance, modifica-
tion of the antigenic properties, modification of the stability in the 
environment, and the transfer of pathogenic properties.111,112 What 
once were the tools of exploration used only by the most sophisticated 
laboratories are now increasingly present in laboratories around the 
world and even in high school laboratories. Moreover, the de novo 
synthesis of entire organisms is now possible.113-115 For those interested 
in biological weapons, a new world has opened.

Several scientists have reported in the open literature on the devel-
opment of antibiotic-resistant strains of anthrax.38,64,116 Apart from 
research dealing directly with biological select agents, unexpected and 
unintended results are possible when working with other microbes as 
happened with researchers at the John Curtin School in Australia.117 
In an effort to develop a virally vectored contraceptive vaccine, they 
added a single cytokine gene to the mousepox virus and found, to their 
surprise, that it suppressed the cell-mediated immune response result-
ing in high mortality—even in mice immunized against mousepox 
virus that would normally be fully protected. The question of whether 
the addition of this cytokine gene to the smallpox virus, which is 
closely related to mousepox virus, would suppress the immune defenses 

conducted by the U.S. Army Medical Research Institute for Infectious 
Diseases in Frederick, Maryland. Under the provisions of the BWC, 
research was focused on the development of medical countermeasures 
against validated threat agents.18 The 2001 attack on the civilian popu-
lation highlighted the need for research leading to medical counter-
measures not only for a small number of healthy adults functioning on 
the battlefield but for the entire population, with special consideration 
being given to both the very young and very old and those with comor-
bid health conditions. Accordingly, the federal government expanded 
its efforts in this area and gave HHS the lead for developing medical 
countermeasures to protect the entire civilian population.

In the immediate aftermath of the 2001 anthrax attack, one of the 
most urgent challenges was to prepare to deal with the two agents that 
had received the most attention during the course of the Soviet bio-
logical weapons program and which presumably could have been 
acquired or developed by any of a number of countries—smallpox and 
anthrax. Routine smallpox vaccination had stopped in 1972 coincident 
with progress in the smallpox eradication program and a decreasing 
risk of importation of the disease. Only 15 million doses of smallpox 
vaccine remained in storage. It had been produced in 1978. This 
amount was woefully insufficient to cope with epidemic smallpox 
should the virus be released. The old vaccine had been a crude prepa-
ration produced on the skin of calves and would not meet the stan-
dards of a contemporary vaccine. After the 1980 declaration that 
smallpox had been eradicated, vaccination stopped everywhere and  
all production facilities were dismantled or converted to other uses. It 
was estimated then that 5 to 8 years would be required, after tradi-
tional vaccine development protocols, to develop, produce, and license 
a new vaccine, grown, as are contemporary vaccines, in tissue cell 
culture. The pathway from discovery through development, produc-
tion, and final FDA approval of a new product is costly, as well as time 
consuming, with a price tag estimated to be between $800 million and 
$1.2 billion.104

The perceived need for enough smallpox vaccine for the nation led 
HHS in the autumn of 2001 to set the goal of securing—as soon as 
possible—sufficient vaccine for every American. In less than 18 
months, the vaccine had been produced and tested for antigenicity and 
was delivered to the Strategic National Stockpile ready for use as an 
investigational new drug in the event of an emergency. However, it was 
recognized that under emergency conditions, it would be impossible 
to fulfill the formal requirements to satisfy an Investigational New 
Drug application. Accordingly, plans were made for the vaccine to be 
used before licensure when authorized by the HHS Secretary under an 
Emergency Use Authorization. Licensure was granted by the FDA on 
August 31, 2007.105

Having the vaccine was not enough. Definitive planning and train-
ing by state, city, and regional authorities were requisite if large-scale 
vaccination programs were to be conducted. Such preparations are still 
lacking as the nation’s response to the influenza A/H1N1 pandemic in 
2009-2010 highlighted. For example, despite more than 8 years of 
preparatory work, the public health response in providing timely 
access to vaccines and antiviral products would be unacceptable faced 
with a smallpox epidemic challenge.

A comprehensive review of all-hazards medical countermeasure 
preparedness was conducted by the National Biodefense Science Board 
(NBSB) in 2010. They identified seven advances made by the U.S. 
government since the terrorist attacks of 2001 that specifically encour-
age the research, development, acquisition, and use of medical coun-
termeasures: (1) the establishment in 2003 of the BioShield Special 
Reserve Fund dedicated for the procurement of medical countermea-
sures; (2) the creation of BARDA in 2006 to facilitate advanced research 
and development of medical countermeasures; (3) the creation of the 
Emergency Use Authority established under the Project BioShield Act 
of 2004; (4) finalization of the FDA Animal Rule in May 2002, under 
which the FDA may grant marketing approval for drugs and biologics 
on the basis of adequate and well-controlled animal studies when 
human efficacy trials are not feasible and/or ethical; (5) establishment 
of the Portfolio Advisory Committee to align HHS and DoD medical 
countermeasure development activities and resources; (6) outreach 
mechanisms (stakeholder meetings and workshops) of the PHEMCE; 
and (7) adoption of common language (technology readiness levels 
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U.S. National Academy of Sciences’ Committee on Research Standards 
and Practices to Prevent the Destructive Application of Biotechnology 
issued a report (colloquially known as the Fink report) on ways to 
balance national security and scientific openness. The Committee rec-
ommended that a system of responsible oversight, consisting of volun-
tary self-governance by the scientific community and an expansion of 
existing regulatory processes, be developed for scientific experimenta-
tions in the life sciences in order to hinder their unintentional develop-
ment as weapons.122 In response to the Fink report, the National 
Science Advisory Board for Biosecurity (NSABB) was established to 
“provide advice to federal departments and agencies on ways to mini-
mize the possibility that knowledge and technologies emanating from 
vitally important biological research will be misused to threaten public 
health or national security.”123 The Board’s tasks include recommending 
strategies for enhancing the culture of responsibility among individuals 
with access to biological select agents and toxins; advising on polices 
governing publication, public communication, and dissemination of 
dual use research methodologies and results; and advising on policies 
regarding the conduct, communication, and oversight of dual-use 
research and research results.

Recently, two separate studies describing the successful genetic 
manipulation and rescue of mutant strains of highly pathogenic avian 
influenza A, subtype H5N1, with increased stability and enhanced 
transmissibility in mammals were published in the scientific litera-
ture.124,125 Due to biosecurity concerns, the U.S. government was alerted 
by the journal editors before the publications. The Board was tasked 
with reviewing, assessing the impact, and recommending the most 
appropriate course of action regarding the unpublished manuscripts. 
After much deliberation, the Board recommended that the manu-
scripts be revised to not include the methodological details that could 
enable replication of the experiment by those who would seek to do 
harm. HHS provided the Board’s nonbinding recommendations to the 
study authors and journal editors.126 As a result, the original manu-
scripts were revised accordingly. After further careful deliberation, the 
Board recommended the publication of both revised manuscripts, 
noting that the data described in the revised manuscripts do not appear 
to be directly enabling and no longer posed an immediate threat to 
public health or national security.127

In light of the H5N1 controversy, the Board recommended that the 
federal government develop an oversight policy that would augment 
existing approaches to evaluating research that has the potential to  
be misused for harmful purposes. The White House Office of Science 
and Technology Policy (OSTP) released a policy statement entitled 
Oversight of Life Sciences Dual Use Research of Concern, which governs 
the way all federal departments and agencies track and maintain over-
sight on federally funded life sciences research with potential dual-use 
concerns.128 Specifically, departments and agencies conducting or 
funding research that involves 1 or more of the 15 agents or toxins 
listed in the policy statement and produces, aims to produce, or is 
reasonably anticipated to produce one or more of the seven effects 
detailed in the policy statement will need to submit reports to the 
Assistant to the President for Homeland Security and Counterterror-
ism on a yearly basis.

Although proponents of this policy believe that it is necessary to 
increase scrutiny and oversight of DURC, many expressed concern 
that the unintended consequence will be the lack of transparent com-
munication in the research field that can propel the development of 
medical countermeasures. The federal government is working dili-
gently to develop a mechanism to allow secure access of the informa-
tion to those with a legitimate need in order to achieve important 
public health goals. This path is difficult and may require legislative 
support and codification in order to achieve reasonable goals, but the 
need is real and urgent.
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of man resulting in increased virulence cannot be definitively answered. 
However, this event illustrates the risks posed by advances in biology. 
Certainly, one must anticipate the potential of many more experiments 
over the years ahead that might have unintended consequences, some 
of which could be catastrophic.

Such experiments comprise “dual-use research of concern”— 
commonly referred to as DURC—defined as “life sciences research 
that, based on current understanding, can be reasonably anticipated to 
provide knowledge, information, products or technologies that could 
be directly misapplied to pose a significant threat with broad potential 
consequences to public health and safety, agricultural crops and other 
plants, animals, the environment, material, or national security.”118 
Restricting access to known biological pathogens of concern to those 
with a legitimate need and ensuring effective control, or at least respon-
sible stewardship, of knowledge and information are vexing challenges 
yet to be fully resolved. The problem is that the more extensive and 
restrictive the controls, the more difficult it will be to undertake studies 
that are necessary to produce better vaccines, drugs, and other prod-
ucts. For example, knowing precisely which gene of an organism causes 
damage and how it acts may permit a highly targeted vaccine or drug, 
but at the same time it identifies a gene that if inserted into another 
organism could potentially produce a devastating effect.

Appropriate restrictions are believed to be required, but determin-
ing what those should be, balancing security needs with the needs of 
freedom for inquiry, is not easy. In the United States, it is a federal 
crime to knowingly develop, produce, stockpile, transfer, acquire, 
retain, or possess any biological agent, toxin, or delivery system for use 
as a weapon or knowingly assist a foreign state or any organization to 
do so and to knowingly possess any biological agent, toxin, or delivery 
system that is not reasonably justified by a prophylactic, protective, 
bona fide research, or other peaceful purpose.119

In addition to criminal penalties related to the development, pos-
session, or use of biological weapons, the United States employs a 
number of programs to prevent or limit access to the materials, infor-
mation, and knowledge that could be used to create a biological 
weapon. For example, the U.S. Department of Commerce enforces 
export controls over certain biological agents, toxins, and dual-use 
equipment and technologies.120 In addition, HHS and the U.S. Depart-
ment of Agriculture (USDA) maintain a list of select biological agents 
and toxins that could threaten public health and safety and are subject 
to regulations regarding their possession, use, and transfer.121 Under 
the Select Agent Program all persons possessing, using, or transferring 
select agents are required to register with HHS or USDA as appropriate 
and to meet established biosafety and security standards and proce-
dures. The possession, transport, and receipt of select agents is prohib-
ited by restricted persons, including individuals under indictment for 
or convicted of a crime punishable by imprisonment for more than 1 
year; foreign nationals from countries determined by the Secretary of 
State to repeatedly supply support for acts of international terrorism; 
individuals dishonorably discharged from the U.S. Armed Services; 
individuals adjudicated as a mental defective or who have been com-
mitted to any mental institution; and unlawful users of controlled 
substances.

The direct and indirect costs and complexity of physical facilities 
and procedures that limit access under the Select Agent Program are 
consequential. For example, both the NIH and the CDC have under-
gone costly major infrastructure modifications to their respective cam-
puses to enhance security and strengthen procedures to limit access to 
select agents. Some laboratories have had to abandon or forego studies 
on these threat agents simply because of the security requirements 
related to undertaking such research. The costs of registering and 
policing compliance are likewise substantial. More salient is the ques-
tion of what efficacy these procedures may have in deterrence, recog-
nizing that few other nations have implemented measures that are, in 
any way, comparable.

Although preventing access to biological agents, toxins, and dual-
use equipment and technologies is challenging to say the least, prevent-
ing access to dual-use information is even more daunting. In 2003 the 
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16 

D  Clinical Microbiology

The clinician and the microbiologist must actively work together to 
maximize the clinical value of diagnostic microbiology testing. Unfor-
tunately, the current trend to consolidate laboratory services and to 
move them off-site has made timely communication between labora-
tory personnel and patient care providers more difficult.1 In addition, 
these changes potentially increase the time between specimen collec-
tion and laboratory processing, compromising the specimen integrity 
and delaying the availability of critical test results. These changes, along 
with other cost-cutting measures, make it even more important that 
the infectious diseases physician and the microbiologist work together. 
The following expectations regarding the microbiologist’s and the clini-
cian’s responsibilities should be recognized and addressed (Table 16-1).

The menu of tests offered by the laboratory should be sufficient to 
satisfy the patient care needs. Selection of these tests and the avail-
ability of infrequently offered tests should be determined after discus-
sions with key members of the medical staff and should be revised as 
patient care needs change. If the performance of infrequent, expensive, 
or sophisticated testing is shifted to an external laboratory, the micro-
biologist should ensure that timely transport and appropriate test pro-
cedures for these send-out tests are maintained so that test accuracy is 
not compromised. The microbiologist should provide the medical staff 
with a menu of the offered tests, including cutoff times for receipt of 
specimens and turnaround times for test results. Guidelines for collec-
tion of appropriate specimens, transport of the specimens to the testing 
site, and laboratory policies (e.g., limits on the number of specimens 
that can be submitted for a specific test, list of pathogens routinely 
sought in stool cultures) should be available. The test menu and guide-
lines should be readily available on the hospital computerized informa-
tion system and ideally integrated with electronic ordering of tests. The 
computer system should document receipt of specimens in the labora-
tory, provide a record of testing in progress, and report preliminary 
and final results. The microbiologist should coordinate with key 
members of the medical staff a policy of immediate telephone notifica-
tion of critical laboratory results, such as positive blood or other nor-
mally sterile fluid and tissue cultures, isolation of highly infectious 
pathogens, and significant positive stain results from clinical speci-
mens. In addition, the microbiologist and medical staff should develop 
guidelines for reporting antibiotic susceptibility results for bacteria, 
mycobacteria, and fungi. Periodic publication of antimicrobial suscep-
tibility patterns for the most common bacteria can be used to guide 
empirical therapy.2 The laboratory must ensure that its operation meets 
all current regulatory requirements (Clinical Laboratory Improvement 
Amendments), including initial verification and ongoing validation  
of procedures that are used by the laboratory.3,4 Participation in exter-
nal proficiency surveys, an effective program of quality control, and 
the use of established quality assurance benchmarks can ensure the 
accuracy of the laboratory test results. Minimizing testing costs is 
essential for an efficient laboratory operation but must be done without 
significant compromise of the quality of results. Finally, a system of 
short-term storage of all specimens and long-term storage of important 
isolates should be established to facilitate additional testing if required.

The responsibilities of the clinician, particularly of the infectious 
diseases physician, include acquiring a substantive understanding of 
the laboratory’s test menu, specimen collection and transport guide-
lines, and testing policies. The clinician should know the appropriate 
specimens and diagnostic tests for detection of specific pathogens and 
be prepared to alert the laboratory personnel when a specific fastidious 
(e.g., Corynebacterium diphtheriae, Bartonella spp.) or highly patho-
genic (e.g., Francisella tularensis, drug-resistant Mycobacterium tuber
culosis, Coccidioides immitis) organism is considered. The clinician 
should also be prepared to prioritize test requests when only a limited 
quantity of specimen can be collected. In this situation, discussions 
with the laboratory director can facilitate modification of the routine 
laboratory practices to optimize the testing process (e.g., need for 
routine stains, selection of media, and testing conditions to optimize 
recovery of both bacteria and fungi on a limited number of media). 
Communication with the laboratory director is also important when 
the clinical testing needs are not satisfied by the available test menu or 
test turnaround time, when a laboratory policy causes patient care 
problems, or when test results are inconsistent with a patient’s clinical 
presentation.

One inevitable difficulty that confronts both the microbiologist  
and clinician is the continuous revision of the taxonomic nomencla-
ture, particularly for bacteria and fungi. Much of the taxonomic reor-
ganization now under way is driven by our increased ability to classify 
organisms by using gene sequencing and, more recently, mass spec-
trometry. The advantages of using these tools to classify and identify 
organisms are greater precision than by using traditional phenotypic 
tests and a better understanding of the relationship between newly 
described organisms and disease. The disadvantages are the practical 
challenges of remembering a rapidly expanding list of new names and 
the difficulties this presents for performing searches of the medical 
literature. Fortunately, an up-to-date list of all validly published names 
of bacteria, as well as the historical names of the organisms, is acces-
sible on the Internet (www.bacterio.cict.fr/). The International Com-
mittee of Taxonomy of Viruses publishes a similar database for viruses 
(www.ictvonline.org). The scientific names of fungi and parasites  
are defined by the International Code of Botanical Nomenclature 
(www.bgbm.org/iapt/nomenclature/code/default.htm) and the Inter-
national Code of Zoological Nomenclature (www.iczn.org), respec-
tively; however, up-to-date lists of validly named fungi and parasites 
do not currently exist.

Hospital epidemiology is an area of shared interest for the micro-
biology service and the hospital infection-control officers. Although a 
hospital surveillance program can monitor infection rates and non-
compliance with established infection prevention policies, the most 
effective component to any infection control program is vigilance—on 
the part of the microbiologist and clinician. The microbiologist has the 
unique perspective of seeing all the organisms isolated from patients 
throughout the hospital and may be the first to recognize a small 
cluster of unique organisms. The clinician also has a unique 
perspective—the ability to assess the likelihood that an infection in his 
or her patient is nosocomial. Working in concert, the microbiologist 
and clinician play an important role in guiding a potential outbreak 
investigation.

*All material in this chapter is in the public domain, with the exception of any borrowed 
figures or tables.

http://www.bacterio.cict.fr/
http://www.ictvonline.org
http://www.bgbm.org/iapt/nomenclature/code/default.htm
http://www.iczn.org
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rapid but typically insensitive and nonspecific method for detection of 
pathogens. Thus, if the quantity of specimen is limited, the value of 
microscopy must be balanced with the need for other diagnostic tests. 
If microscopy is the primary diagnostic test (e.g., examination of 
peripheral blood smears for plasmodia, Babesia, Borrelia), then mul-
tiple specimens may need to be examined by using specialized stains 
or microscopy techniques. Selection of the appropriate specimen for 
detection of microbial antigens is determined by the suspected patho-
gen. For example, cerebrospinal fluid (CSF) would be appropriate for 
diagnosis of cryptococcal meningitis, but both CSF and urine should 
be collected for diagnosis of pneumococcal meningitis. Likewise, the 
optimum specimens for diagnosis of Legionella pneumonia are bron-
chial lavage for culture and urine for antigen testing. Serologic tests are 
useful if the collection of blood is properly timed to coincide with the 
peak level of antibodies or to demonstrate a significant rise in antibod-
ies. Because these levels can vary for different pathogens, collections 
of samples should be coordinated carefully to optimize their usefulness 
and not as an afterthought when confronted with initial negative tests.

Transport of specimens to the microbiology laboratory must be 
done in a timely fashion, which is particularly important in the han-
dling of urgent requests. The laboratory should determine in what 
manner and how often specimens should be delivered and should 
periodically monitor this process to make sure that delivery to the 
laboratory is occurring as expected. It is important to include, with the 
time required to transport a specimen to the laboratory, the delays 
between collection of the specimen and shipment to the laboratory and 
the time between receipt of the specimen in the laboratory and labora-
tory processing. Efforts to minimize transit time (e.g., use of pneumatic 
tube systems) are wasted if there are significant delays after collection 
or receipt in the laboratory. The physician has the responsibility to 
minimize the former and the microbiologist the latter. These transit 
times should be monitored systematically as part of a diagnostic quality 
assurance program. It is also important to time the collection and 
transport of specimens to ensure they arrive in the laboratory before 
an established cutoff time for tests that are performed once per day or 
less often.

Table 16-2 summarizes generally accepted guidelines for specimen 
collection and transport of common specimen types for bacterial and 
fungal stains and cultures. Because specialized transport systems are 
used for viruses and parasites, these will be discussed separately. Not 
all situations can be covered under general guidelines. For these 
instances, the physician should contact laboratory personnel to discuss 
the best procedures for ensuring optimal handling of the specimen. 
For more extensive guidelines or for recommendations that are beyond 
the scope of this chapter, other sources are available.5

Specific Specimen Guidelines and 
Initial Laboratory Processing
Blood Specimens
Blood cultured for bacteria and fungi is considered one of the most 
important specimen types processed by the microbiology laboratory. 
Because relatively few bacteria and fungi are present in the blood of 
septicemic patients, a large volume of blood is traditionally cultured in 
bottles containing nutrient broths. In the 1970s, the first automated 
system was developed that detected positive cultures by monitoring  
the broth for metabolic byproducts (i.e., radioactively labeled carbon 
dioxide) of microbial growth. In subsequent years, a number of com-
mercial companies introduced a series of modifications of this broth-
based system. The current fully automated systems monitor blood 
culture bottles for microbial growth every 10 to 20 minutes. Because 
this process can be done without entry into the bottles, contamination 
of the cultures resulting from laboratory processing is essentially  
eliminated. A variety of culture media are available for these systems, 
including aerobic and anaerobic broths, broths supplemented with 
resins to bind and remove antibiotics, broths for pediatric cultures, and 
fungal media. Use of resin-supplemented media significantly improves 
recovery of bacteria in patients who have been treated with antibiotics 
in the 48 hours before blood collection.6 Decisions about which media 
should be routinely or selectively used should be made after the micro-
biologist and infectious disease specialists carefully consider the 
advantages and disadvantages of each medium.

In the following sections, guidelines for specimen selection, collec-
tion, and transport are summarized, followed by a presentation of the 
general procedures that are used to process specimens and detect and 
identify medically important organisms.

SPECIMEN SELECTION, 
COLLECTION, TRANSPORT,  
AND INITIAL PROCESSING
General Considerations
Selection of the appropriate specimen and test for the detection of an 
organism responsible for the patient’s disease is the ultimate objective. 
If a specific pathogen is suspected, then selection of the appropriate 
specimen for the specific diagnostic test is straightforward; however, 
the differential diagnosis is typically not so limited. A variety of patho-
gens are usually considered, which increases the types of specimens 
that must be collected and the number of tests ordered. Although this 
may not pose a problem if the quantity of specimen is sufficient (e.g., 
blood, urine, stool, expectorated sputum), this can present a significant 
problem if the quantity is limited or the specimen difficult to obtain 
(e.g., aspirated fluids, tissue biopsy). Thus, the physician has the 
responsibility to consider carefully potential pathogens and the diag-
nostic tests that should be ordered. The physician also has the respon-
sibility to ensure specimens representative of the site of infection are 
collected in the appropriate container and transported to the labora-
tory in a timely fashion. Delays while specimens remain in the patient 
care area adversely affect diagnostic testing. The microbiologist has the 
responsibility to provide appropriate, readily available instructions and 
materials for collection and transport of the specimens.

Selection of the appropriate specimens depends on multiple factors. 
If the diagnostic test is isolation of the organism in culture, then the 
specimen must contain viable organisms; in addition, care should be 
taken to avoid organisms that may either suppress or overgrow the 
pathogen or confound the interpretation of the culture. Ideally, the 
specimens should be collected before administration of antimicrobials. 
An adequate volume of specimen should be collected to maximize 
recovery of the pathogen, and an adequate number of specimens 
should be collected if the organism is transiently present (i.e., blood 
cultures for detection of bacteremia or fungemia). Microscopy is a 

TABLE 16-1  Microbiologist and Clinician 
Partnership

Microbiologist’s Responsibilities
Provide an appropriate, comprehensive test menu that is responsive to physician 

needs

Establish a relationship with an external laboratory for performance of infrequent, 
expensive, or sophisticated testing that cannot be performed on site

Provide cut-off times for processing test requests and turnaround times for 
reporting results

Provide guidelines for specimen collection and transport

Maintain an effective computerized system for acknowledging receipt of 
specimens, testing in-progress, and reporting of results; immediate 
notification to the physician of critical results should be a component of an 
overall communication system

Periodic publication of antimicrobial susceptibility patterns for the most 
commonly isolated bacteria in the institution

Maintain a program of quality control that ensures the accuracy of all offered 
tests

Establish a laboratory that conforms to regulatory standards

A system of short-term storage of all specimens and long-term storage of 
important isolates should be established to facilitate additional testing if 
required

Clinician’s Responsibilities
Maintain knowledge of the laboratory test menu and specimen collection and 

transport guidelines

Alert the laboratory when a specific organism is sought (e.g., a fastidious or 
highly pathogenic organism)

Prioritize test requests when a limited quantity of specimen can be collected

Establish an open communication with the laboratory director when testing 
needs are not satisfied by the available test menu or special handling of a 
specimen is required

http://www.myuptodate.com
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TABLE 16-2  Guidelines for the Collection and Transport* of Specimens Submitted for Bacterial and 
Fungal Stains and Cultures

SPECIMEN COLLECTION GUIDELINES OTHER COMMENTS
Abscess Aspirate of pus or fluid in anaerobic transport vial is preferred; 

swabs usually have insufficient material for stains and culture.
Clean surface of closed abscess with 70% alcohol; collect specimens 

at margins of abscess.
Aspirates in anaerobic transport tubes are acceptable for aerobic 

and anaerobic bacterial, fungal, and mycobacterial cultures.

Specimen sent immediately in capped syringe after the air is excluded is 
also acceptable.

Specify location of abscess for optimal processing; provide all other 
pertinent information (e.g., surgical infection, trauma, bite wound).

Blood for Culture
Routine aerobic 

and anaerobic 
bacteria

Disinfect bottle tops with 70% isopropyl alcohol; disinfect 
phlebotomy site with alcohol, followed by tincture of iodine or 
chlorhexidine; allow the disinfectants to dry.

Collect 10-20 mL/adults and 1-3 mL/child for each blood culture; 
divide blood into two blood culture bottles, preferably an aerobic 
and an anaerobic bottle; collect two to three cultures per 24-hr 
period.

Optimal recovery of bacteria from patients receiving antibiotics requires 
use of broths supplemented with resins designed to inactivate 
antibiotics.

All blood cultures should be transported immediately to start incubation 
or processing.

Fastidious bacteria, 
mycobacteria, 
and fungi

Refer to Table 16-4. Refer to Table 16-4.

Blood for Microscopic Examination
Anaplasma, 

Ehrlichia
Prepare thick and thin smears from fingerstick or EDTA blood. Transport rapidly for smear preparation; test insensitive for Ehrlichia 

species.

Borrelia Prepare thick and thin smears from fingerstick or EDTA blood. Transport rapidly for smear preparation; test insensitive for Borrelia 
burgdorferi.

Bone Marrow Collect 1-2 mL aseptically; inoculate into blood culture bottle or 
1.5-mL lysis-centrifugation tube.

Obtain for Histoplasma, mycobacteria, Brucella, Salmonella enterica 
serotype Typhi; aspiration of more than 2 mL will dilute marrow with 
peripheral blood.

Catheter
Intravascular Remove aseptically, cut at least a 2-inch segment from tip, and 

place segment in sterile container.
Transport rapidly to prevent drying out.

Foley Not acceptable for culture Growth represents distal urethal microbes.

Drainage Culture of drainage catheter is not recommended. Drainage catheters may be superficially contaminated.

Ear
Inner For intact eardrum, clean ear canal with soap solution or 70% 

alcohol, then aspirate by syringe.
For ruptured eardrum, collect drainage with noncotton swab.

If the specimen is collected by aspiration, inoculate the media at the time 
of collection or immediately transport the syringe to the laboratory.

Drainage collected from a perforated eardrum should not be cultured for 
anaerobes.

Outer Remove crusted debris and then firmly scrape or swab the outer ear.

Eye
Conjunctiva Roll premoistened swab over conjunctiva; stains should be prepared 

and media inoculated at the time of collection.
The number of stains prepared and media inoculated should be limited 

because of the small amount of material collected.

Cornea A sterile spatula should be used to scrape the surface of the cornea; 
stains should be prepared and media inoculated at the time of 
collection.

The number of stains prepared and media inoculated should be limited 
because of the small amount of material collected. Anesthetics may 
inhibit growth of some bacteria.

Vitreous and 
anterior chamber 
fluids

Because a limited amount of fluid can be collected by aspiration, it 
should be transported immediately to the laboratory in the 
properly enclosed collection syringe.

The number of stains prepared and media inoculated should be limited 
because of the small amount of material collected.

Feces Collect specimen directly in a sterile container and deliver 
immediately to laboratory; transport in Cary-Blair holding medium 
if delayed in transport.

Do not process for bacterial pathogens if patient has been hospitalized 
for more than 3 days unless approved by laboratory director; consider 
Clostridium difficile for hospitalized patients with diarrhea; multiple 
specimens per day are not indicated.

Notify laboratory if specific pathogen is suspected (e.g., Vibrio, Yersinia, 
Aeromonas, enterohemorrhagic Escherichia coli).

Fluids (Body Fluids Other Than Blood, Urine)
Pericardial,
peritoneal,
pleural,
synovial

Send at least 2-5 mL for bacteria, >10 mL for fungi and/or 
mycobacteria; transport in an anaerobic collection system.

If sufficient material can be collected, inoculate aerobic and anaerobic 
blood culture bottles for bacterial and yeast cultures unless Neisseria is 
suspected (inhibited by anticoagulant in bottles).

Cerebrospinal 1-2 mL for bacteria
5-10 mL optimum for mycobacteria or fungi; more for chronic disease

Send immediately; notify laboratory if anaerobic culture or acid-fast stains 
are needed. Do not inoculate blood culture bottles.

Genital Tract (Commonly Submitted Specimens)
Cervical, urethral Remove mucus and secretions from the cervical os; using a fresh 

swab, sample the endocervical canal.
Collect material expressed from the urethra on a sterile swab.

Specimens collected for culture or stains should be inoculated onto 
media at the time of collection or immediately transported to the 
laboratory; do not allow the swab to dry.

If the specimen is processed by nucleic acid amplification technique, use 
the specific collection device designed for the system.

Vaginal Obtain secretions from the vaginal wall with a sterile swab. Gram stain and not culture is recommended for the diagnosis of bacterial 
vaginosis.

Ulcer Collect exudate for microscopy (Treponema pallidum—darkfield; 
Klebsiella [Calymmatobacterium] granulomatis, Haemophilus 
ducreyi—Gram stain, Chlamydia trachomatis—DFA) and culture 
(H. ducreyi, C. trachomatis).

Discuss the appropriate transport system with the laboratory before 
specimen is collected.

Nails and Hair Clip affected areas; transport to laboratory in envelope or dry, sterile 
container.

Culture for yeasts and dermatophytes.

Continued
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SPECIMEN COLLECTION GUIDELINES OTHER COMMENTS
Respiratory, Upper
Nose Insert premoistened swab 1-2 cm into nares and rotate against nasal 

mucosa.
Generally used to detect carriage of Staphylococcus aureus; specify for 

laboratory.

Nasopharynx Nasopharyngeal washings and swabs appropriate for Bordetella 
pertussis, Corynebacterium diphtheriae, Neisseria gonorrhoeae, 
Neisseria meningitidis.

Notify laboratory if a fastidious bacterial pathogen is considered.

Paranasal sinuses Collect by aspiration; if bacteria are suspected, submit in anaerobic 
transport system.

Aerobic and anaerobic bacterial cultures should be performed if bacterial 
etiology is suspected; fungal stain and culture should be performed if 
fungal infection is suspected.

Throat or pharynx Swab the posterior pharynx, avoiding saliva, for the recovery of 
Streptococcus pyogenes; appropriate for B. pertussis, C. 
diphtheriae, N. gonorrhoeae, N. meningitidis.

Detection of yeast is generally restricted to microscopy (e.g., Gram 
stain, calcofluor white stain).

Notify the laboratory if a fastidious bacterial pathogen is considered.

Respiratory, Lower
Bronchial alveolar 

lavage
A large volume of fluid may be collected; transport in sterile 

container.
Do not submit for anaerobic culture unless a special sheathed 

bronchoscopic brush is used; fluid should be concentrated for 
optimum yield from stains and cultures; some laboratories perform 
quantitative bacterial cultures to guide interpretation. Preferred 
specimen for detection of Pneumocystis.

Bronchial brushing 
or biopsy

Transport specimen in sterile container or 1 mL sterile saline; do not 
allow the specimen to dry.

A small volume of specimen is generally collected, and the number of 
tests should be limited to maximize sensitivity.

Sputum, 
expectorated

Have patient rinse or gargle with water to remove excess oral flora; 
instruct patient to cough deeply and expectorate secretions from 
lower airways; collect and transport in a sterile container.

Collect 1 mL for bacterial culture; 5 mL or more for mycobacterial 
culture and molds.

Presence of epithelial cells is indicative of contamination with oral flora; a 
contaminated specimen is unacceptable for routine bacterial culture, 
but can be processed for mycobacteria or molds.

Some laboratories will not process these specimens for molds other than 
dimorphics.

Sputum, induced Induced with sterile saline using a nebulizer. Contamination with oral bacteria is common; specimen is processed for 
bacteria despite the presence of epithelial cells.

Specimen can be processed for Pneumocystis.

Tracheal aspirate Acceptable for same tests as expectorated sputum; not screened for 
acceptability such as induced sputa.

Contamination with oral bacteria is common; specimen is processed for 
bacteria despite the presence of epithelial cells.

Skin Lesion Scrape skin at active edge of lesion; avoid blood. Place in sterile 
petri dish; biopsy may be more definitive than swabs of lesion.

Transport swabs in transport media to prevent drying out; specify specific 
organism if one is suspected (e.g., dermatophyte, Sporothrix, 
Mycobacterium, etc.).

Tissues and 
Biopsies

Keep specimen moist and transport rapidly to laboratory. Do not use 
bacteriostatic saline or formalin. Biopsies are suitable specimens 
for routine, fungal, mycobacterial, and anaerobic cultures, 
depending on site of biopsy.

Always specify the type of tissue, and indicate the specific pathogen 
sought (e.g., Nocardia, Bartonella, Histoplasma) if other than routine 
bacteria.

Urine
Midstream Instruct women to hold labia apart, discard the first portion of 

voided urine, and collect a midstream portion in a sterile 
container.

Instruct men to retract the foreskin, discard the first portion of 
voided urine, and collect a midstream portion in a sterile 
container.

Collect first-voided urine for C. trachomatis and N. gonorrhoeae 
tests.

Keep refrigerated and transport to laboratory promptly, or submit in 
urine tube with boric acid to prevent overgrowth of 
contaminating organisms.

Cleansing before voiding does not consistently improve the quality of the 
specimen; however, if the patient is unable to provide a proper 
specimen, cleansing and supervised collection may be necessary.

Catheterized Discard the first portion of urine, which is likely to be contaminated 
with urethral flora or organisms that have colonized an indwelling 
catheter.

Transport as for a midstream specimen.

Catheterization may result in an iatrogenic urinary tract infection.

Suprapubic aspirate Transport aspirated urine promptly to the laboratory. This is the only urine specimen acceptable for anaerobic culture.
Urine is generally sterile, although transient colonization of the bladder 

may occur.

Wound
(See “Abscess 
and Skin 
Lesion”)

Decontaminate open lesion first. Aspirate if possible; if swabs must 
be used, be sure that quantity is sufficient for stains and cultures. 
Open, superficial wounds are not suitable for anaerobic culturing. 
Identify type/location of wound.

Transport in anaerobic transport media.

DFA, direct fluorescent antibody test; EDTA, ethylenediaminetetraacetic acid.
*It is assumed that appropriate transport media will be provided and used.

TABLE 16-2  Guidelines for the Collection and Transport* of Specimens Submitted for Bacterial and 
Fungal Stains and Cultures—cont’d

Supplementary systems, such as the lysis-centrifugation system 
(Isolator, Wampole Laboratories, Cranbury, NJ), can be used for  
recovery of fastidious organisms (Table 16-3). Although lysis-
centrifugation offers advantages, such as quantitative cultures and iso-
lated colonies for rapid identification, it remains a labor-intensive 
method that has rates of contamination higher than those of bottle 
systems and therefore should not be used for routine blood cultures.

For most common, nonfastidious pathogens, the most important 
factor that influences recovery of organisms is the volume of blood that 
is collected. Typically, the number of organisms in the blood of a septic 
patient is low (an average of less than 1 organism/mL) and the success 
of obtaining a positive blood culture is directly related to the volume 
of blood that is cultured.7 The current recommendations for adult 
patients is 20 mL of blood should be collected and distributed into two 
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Patients frequently have catheters for intravenous access, including 
long-term percutaneous catheters and subcutaneous implanted devices 
and short-term catheters used for a variety of limited vascular access 
needs. Although microbiologists have recommended that blood for 
culture should not be drawn through catheters, the reality is this is 
frequently done and in many cases represents the only practical access 
site for critically ill patients. If a culture is collected through a catheter, 
then the access port should be disinfected with 70% alcohol before the 
blood is removed. Intravascular catheters represent a source for bacte-
remia and fungemia with both organisms on the skin surface as well as 
opportunistic gram-negative rods (e.g., Pseudomonas spp., Stenotroph
omonas, Ochrabacterum, Methylobacterium) and acid-fast organisms 
(e.g., rapidly growing mycobacteria, Tsukamurella, Gordonia). Typi-
cally, blood cultures collected through a contaminated line have a 
higher inoculum than blood collected from a peripheral vein, which 
can be used to determine if a line is the source. This can be documented 
either by using a quantitative blood culture system, such as the lysis-
centrifugation system, or by demonstrating earlier detection of a posi-
tive culture collected from the catheter versus the peripheral site.10 
Thus, whenever possible, all blood cultures collected from a catheter 
should also include a blood culture from a peripheral venipuncture site.

Blood cultures should be incubated routinely for a minimum of  
5 days. A number of studies have documented that most positive blood 
cultures are detected during the first 2 days of incubation, and exten-
sion of incubation beyond 5 days generally results in recovery of the 
more slow-growing skin contaminants.11 An effort to reduce the incu-
bation period further has been driven by the fact automated blood 
culture systems have a limited capacity for bottles. If culture bottles are 
incubated for a longer period of time, fewer cultures can be processed 
in each instrument, thus increasing the need for additional instru-
ments. I believe that incubation for less than 5 days is not justified 
because a small number of significant pathogens will likely not be 
detected (e.g., Aggregatibacter, Bartonella, Francisella, Campylobacter, 
Cryptococcus, Candida glabrata, rapidly growing mycobacteria). Fur-
thermore, the microbiologist should be willing to extend the incuba-
tion period for selected cultures at the request of the infectious disease 
specialist.

Blood culture systems have also been used to assess the sterility  
of platelets and cell therapy products (i.e., human cells and tissues 
processed in vitro and then administered for therapeutic purposes). 
The BacT/Alert 3D system (bioMérieux, Lyon, France) is the only 
system approved currently for sterility testing of platelets, but valida-
tions studies have been done with other culture systems; both the 
BACTEC 9240 (Becton Dickinson, Sparks, MD) and BacT/Alert 3D 
systems have been validated for cell therapy products.12,13

Intravenous Catheter Tips
Semiquantitative culture of catheter tips is most commonly performed 
by rolling the tip across a blood-agar plate. The presence of 15 or more 
colonies is indicative of a catheter infection,14 although other investiga-
tors suggest a lower breakpoint, such as five colonies, may identify 
infection more accurately.15 Other methods include culture of sonicates 
of segments or tips or intraluminal flushing of the catheter tip with 
broth to culture the inside of the catheter segment. Quantitative culture 
performed by flushing, sonicating, or vortexing the catheter segment 
and then preparing and plating a set of dilutions for colony counts is 
more labor intensive but may be a more accurate predictor of catheter-
related sepsis.16 Culture of the tip in nutrient broth should not be done 
because this will result in false-positive cultures because of contamina-
tion of the catheter during removal or handling before culture. Guide-
lines have been established for the prevention of catheter-related 
infection; these include definitions for different types of catheter-related 
infections.17 Use of these definitions should help in the standardization 
and improvement of analyses of catheter-related infections.

Cerebrospinal, Peritoneal, Pleural, Synovial, 
and Pericardial Fluids
Laboratory processing of normally sterile body fluids is considered 
critically important. The specimens should be collected in a manner to 
avoid contamination and transported immediately to the laboratory. 
Upon receipt in the laboratory, processing these specimens should 

blood culture bottles. The routine use of a single blood culture bottle 
is never acceptable. For neonates and children, proportionately smaller 
volumes of blood should be collected. Ideally, two or three blood cul-
tures should be collected in a 24-hour period. Additional “routine” 
blood cultures are generally not useful for septic patients with negative 
blood cultures, and alternative culture methods should be considered 
(see Table 16-3). It is recognized that there are practical limits on the 
volume of blood that can be collected from some patients, and this 
should be considered when interpreting the significance of negative 
blood cultures.

Blood cultures start with proper skin antisepsis before venipunc-
ture: The skin surface is first cleansed with 70% alcohol, followed  
by 0.5% chlorhexidine gluconate (30 seconds), tincture of iodine  
(1 minute), or 10% povidone-iodine (2 minutes). Chlorhexidine is the 
most rapid, effective disinfectant.8 The septum of the culture bottle or 
tube should also be wiped with 70% alcohol and allowed to air dry. 
Blood can be collected with a needle and syringe or directly into the 
culture bottles with a collection system. If a needle and syringe is used, 
the needle should not be changed between collection and inoculation 
of the blood culture system because this procedure poses an unneces-
sary risk of a needlestick and has not been demonstrated to reduce 
contaminated blood cultures significantly.9 If a collection system is 
used, care must be taken to avoid overfilling the culture bottles. Sepa-
rate venipunctures should be performed for each culture to minimize 
contamination with bacteria from the skin surface (e.g., Staphylococcus 
epidermidis, Corynebacterium spp., Propionibacterium acnes). True 
infections with these organisms are commonly associated with intra-
vascular catheters. In this setting, a persistent bacteremia occurs, so all 
blood cultures should be positive. If only one of two or three cultures 
is positive, then this more likely represents contamination of the 
culture during collection than catheter-acquired sepsis.

TABLE 16-3  Special Blood Culture Methods

ORGANISM METHOD COMMENTS
Abiotrophia and 

Granulicatella
Bottle systems Subculture to chocolate agar or 

blood agar with pyridoxal

Bartonella Lysis-centrifugation More sensitive and faster than 
bottle systems. Use fresh blood 
agar; incubate 2-4 wk in 
humidified chamber

Brucella Lysis-centrifugation May be most sensitive system

Bottle systems Blind subculture may be required; 
incubate for 7-10 days

Campylobacter 
and 
Helicobacter

Lysis-centrifugation Subculture to blood agar and 
Campy agar; incubate in 
microaerophilic atmosphere

Bottle systems Extend incubation for 7-10 days; 
may not be detected by 
monitoring system of automated 
blood culture instruments; stain 
broth with acridine orange

Dimorphic fungi 
and molds

Lysis-centrifugation Subculture to media for recovery of 
fungi; extend incubation for 4 wk

Francisella Lysis-centrifugation Subculture to media with sulfhydryl 
compounds (e.g., chocolate agar, 
BCYE agar)

Bottle systems Blind subculture may be required; 
incubate for 7-10 days

Legionella Lysis-centrifugation Subculture onto BCYE agar

Leptospira Fletcher’s semisolid 
or EMJH medium

Incubate in air at 28° to 30° C for 
up to 3 mo; examine broth 
weekly by darkfield or phase-
contrast microscopy

Mycobacterium Lysis-centrifugation Subculture to broth and solid media 
for isolation of mycobacteria

Bottle systems Use media specifically designed for 
isolation of mycobacteria

Nocardia Lysis-centrifugation 
or bottle system

Incubate primary blood agar plates 
or of bottles for 7-10 days

BCYE, buffered charcoal yeast extract agar; EMJH, Elinghausen, McCullough, 
Johnson, and Harris medium for leptospires.
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Throat swabs submitted from patients with bacterial pharyngitis  
are only processed for Streptococcus pyogenes (group A Streptococcus) 
unless a specific request is submitted to look for other agents.18 
Although it is recognized that Streptococcus dysgalactiae (members of 
group C and G β-hemolytic streptococci) may also cause pharyngitis, 
the lack of proven rheumatic fever sequelae, as well as only rare reports 
of associated poststreptococcal glomerulonephritis, has deterred labo-
ratories from screening for and reporting these isolates. Likewise, 
Arcanobacterium haemolyticum can cause pharyngitis and a scarlet 
fever–like rash, but most laboratories do not screen for this uncommon 
organism. NAA assays and direct antigen tests are used for the rapid 
detection of S. pyogenes in throat swabs. The nucleic acid assays are 
highly accurate compared with culture methods, and results are avail-
able in approximately 1 hour. Antigen tests (enzyme immunoassays 
[EIAs]) are widely used because they are specific, relatively inexpen-
sive, and rapid, with results available within 10 to 20 minutes; however, 
these tests vary in their sensitivity, especially for detecting very low 
numbers of organisms. The recent introduction of lateral flow chro-
matographic immunoassays, interpreted with small digital readers, has 
significantly improved the sensitivity of these antigen tests. Although 
it would be expected that large numbers of organisms should be recov-
ered in patients with disease, the quality of the specimen varies accord-
ing to the effectiveness of the sampling process; therefore, very low 
numbers of organisms may still be significant. It is currently recom-
mended that a negative antigen test should be confirmed with a tradi-
tional culture or nucleic acid assay, although this may be unnecessary 
with the new generation of immunoassays. Antibiotic susceptibility 
testing is not routinely done on S. pyogenes because all isolates remain 
universally susceptible to penicillin.

If other agents of pharyngitis are sought (e.g., S. dysgalactiae, A. 
haemolyticum, Neisseria gonorrhoeae, Corynebacterium diphtheriae, F. 
tularensis, Mycoplasma pneumoniae) the laboratory must be notified 
because tests for agents other than S. pyogenes are not routinely done. 
For some organisms (i.e., S. dysgalactiae, A. haemolyticum) no special-
ized testing procedure is required; for other organisms, specialized 
culture media or alternative test methods are used. For example, selec-
tive media should be used for the recovery of C. diphtheriae, and toxin 
testing is required to demonstrate diphtheria toxin. Likewise, although 
Bordetella pertussis can be cultured on specialized media, nucleic acid 
amplification is the test of choice. Dacron, rayon, or calcium alginate 
swabs can be used to collect specimens for Bordetella culture, but 
calcium alginate swabs should be avoided if the specimen is submitted 
for nucleic acid amplification.19

Some laboratories screen high-risk patients for methicillin-resistant 
Staphylococcus aureus (MRSA) using nares swabs. A variety of selec-
tive, differential media have been developed for this purpose, although 
all are relatively insensitive unless the swab is incubated in an enrich-
ment broth before the agar media are inoculated. Commercially pro-
duced nucleic acid amplification tests are also available for the rapid 
detection of this organism.20,21

Expectorated and induced sputa and tracheal aspirates are the most 
common specimens submitted for diagnosis of lower respiratory tract 
infections. Although these specimens are readily obtained, the signifi-
cance of recovering potential pathogens that are isolated is sometimes 
difficult to assess because pathogens colonizing the upper airways can 
contaminate the specimen. It is difficult to avoid contamination of 
induced sputa and tracheal aspirates; however, this can be minimized 
in expectorated sputa by instructing the patient to cough deeply and 
expectorate secretions from his or her lower chest directly into a  
clean container. A single coughed specimen is sufficient for bacterial 
cultures, and repeated expectorated specimens will only increase the 
risk of contamination. Care should be taken to submit the proper 
specimen because laboratories are required to screen and reject expec-
torated specimens submitted for bacterial culture that are contami-
nated with oral secretions (identified by the presence of squamous 
epithelial cells). Although not ideal, contaminated lower tract speci-
mens can be processed for Legionella, Nocardia, Mycobacterium, and 
molds because selective media can be used to suppress the growth of 
contaminants.

Lower respiratory tract specimens obtained by bronchoscopic pro-
cedures (lavage, brushing) or lung biopsy are important specimens that 

receive priority, and the results of microscopy and antigen testing 
should be directly called to the clinician. An adequate quantity of fluid 
should be collected for the requested tests. This is generally not a 
problem with pleural and peritoneal fluids, but may pose a problem 
with CSF, synovial, and pericardial fluids. Gram staining and routine 
culture may require only 1 to 2 mL of fluid; however, if fungal or 
mycobacterial infection is suspected, larger volumes of fluid, preferably 
more than 5 mL for each test, increase the likelihood of successful 
culture. If a large quantity of pleural or peritoneal fluid is collected, 
then aerobic and anaerobic blood culture bottles should be inoculated, 
and additional fluid for microscopy, antigen testing, and nucleic acid 
amplification (NAA) tests should be submitted to the laboratory in a 
sterile container. The sensitivity of microscopy can be improved by 
concentrating the specimen by centrifugation when it is received in the 
laboratory. Although microscopy is generally positive for patients with 
bacterial meningitis (infection with Listeria is the exception), prior 
exposure to antibiotics can rapidly eliminate organisms in CSF or alter 
their Gram stain properties. Use of direct antigen tests for bacteria in 
CSF has fallen into disfavor in recent years because the incidence of 
Haemophilus influenzae meningitis in young children has significantly 
decreased with the introduction of the H. influenzae type B conjugated 
vaccine and the lack of a reliable Neisseria meningitidis serotype B 
antigen test. Laboratories need to determine the real benefit, if any, of 
maintaining these tests in their hospital setting because they rarely 
affect patient management for acute bacterial meningitis. If the direct 
Gram stain is negative, initiation of antibiotic therapy based on the 
most appropriate empirical coverage, rather than in response to antigen 
testing, is a safer course of action in life-threatening situations. In 
contrast with the bacterial tests, antigen tests for Cryptococcus neofor
mans are sensitive and specific. Cultures for the most common causes 
of meningitis (e.g., Streptococcus agalactiae [group B], Streptococcus 
pneumoniae, N. meningitidis, Listeria monocytogenes, C. neoformans) 
are generally positive within 1 to 2 days; however, the sensitive of 
culture can be significantly decreased by prior exposure to antibiotics. 
Detection of other organisms in culture may require extended incuba-
tion (e.g., Nocardia, Mycobacterium) or specialized media (e.g., Lepto
spira). Serologic testing is the test of choice for Treponema pallidum 
(neurosyphilis) and Borrelia burgdorferi (neuroborreliosis). Although 
the use of multitarget NAA tests for the detection of all bacterial patho-
gens in CSF would provide a rapid, specific diagnosis of meningitis, 
these tests are currently available only as research tools.

Processing synovial fluid and pericardial fluid is similar to CSF—
generally only a small volume of fluid is available, and infection is 
caused by a single organism. In contrast, large volumes of pleural fluid 
and peritoneal fluid may be collected, and multiple organisms, includ-
ing anaerobes, may be present in the specimen. Under no circumstance 
should a swab of these fluids be submitted to the laboratory. If a large 
volume of fluid is collected, it should be concentrated by centrifugation 
before microscopy and culture is performed. In addition, if only a 
limited quantity of specimen can be obtained, then the requested tests 
should be carefully selected and prioritized to maximize yield. Although 
any growth from these fluids must be considered significant and 
reported immediately, clinical judgment is required in assessing real 
significance because contamination during collection and processing 
of the specimen occasionally occurs. If a specific organism is suspected, 
then the laboratory should be notified so testing can be optimized.

Respiratory Tract Specimens
Laboratories subdivide respiratory tract specimens into two major cat-
egories: upper respiratory and lower respiratory. Common upper respi-
ratory tract specimens include throat swabs, nasopharyngeal swabs or 
washings, and mouth or oral cavity swabs or scrapings. Aspirates of 
paranasal sinuses or the middle ear are submitted only occasionally for 
specific problematic cases because empirical therapy without culture is 
generally effective. Nasopharyngeal swabs or washings are an unreli-
able substitute for paranasal aspirates and should not be submitted for 
the diagnosis of sinusitis. Specimens submitted for the diagnosis of 
lower respiratory tract specimens include expectorated and induced 
sputa, tracheal aspirates, and bronchial lavages, brushings, and biop-
sies. Fine-needle lung aspirates and open lung biopsies may also be 
collected.
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randomly collected specimens from an infected patient will frequently 
have 104 CFU/mL or fewer, Gram staining is a relatively insensitive 
screening method for these specimens. Likewise, use of other rapid 
screening methods is generally insensitive with randomly collected 
urines.

Fortunately, the most common urinary tract pathogens grow 
rapidly. These organisms include Escherichia, Klebsiella, Enterobacter, 
Proteus, Pseudomonas, Enterococcus, and Staphylococcus. Contami-
nants that are generally disregarded include lactobacilli, diphtheroids, 
nonenterococcal α-hemolytic streptococci, and coagulase-negative 
staphylococci other than Staphylococcus saprophyticus. In some patient 
populations, high colony counts of S. epidermidis may also be consid-
ered significant. Yeast, particularly Candida species, may be isolated 
from routine midstream urine cultures. Quantitation of the yeasts  
is not useful in assessing the significance of the isolate, so determina-
tion of true urinary tract infection may require more invasively 
obtained specimens. Urine collected for mycobacterial culture should 
be greater than 50 mL of a first-voided specimen, and a similar volume 
or greater for recovery of Cryptococcus, Blastomyces, Histoplasma, or 
Coccidioides.

Gastrointestinal Tract Specimens
Acute diarrhea can have a wide variety of etiologies, including bacte-
ria, viruses, and parasites. Stool specimens are preferred to rectal  
swabs and should be transported to the laboratory quickly. Recom-
mendations for minimizing unnecessary stool cultures include rejec-
tion of routine bacterial stool cultures in patients who have been 
hospitalized for 3 days or longer.24 Most laboratories also have guide-
lines that limit specimen submissions to one per day and no more than 
three specimens (on successive days) for initial screening of acute 
gastroenteritis.

The spectrum of bacterial diarrheal pathogens is relatively well 
defined, and all laboratories have a “routine” setup to look for the 
common agents, which should include at a minimum Campylobacter, 
Salmonella, and Shigella. The laboratory should be notified if other 
pathogens are suspected because selective culture methods or the use 
of antigen or NAA tests may be required. A comprehensive workup of 
fecal specimens requires the use of a variety of selective, differential 
culture media as well as microscopy, antigen tests, and NAA tests. 
Enrichment broths to detect small numbers of organisms may or may 
not be used. Thus, rectal swabs provide an insufficient quantity of 
specimen and should not be submitted. Feces should be immediately 
sent to the laboratory or mixed in Cary-Blair transport medium after 
the specimen is collected.

Some physicians have found the presence of leukocytes useful for 
differentiating between invasive inflammatory diarrheal disease (e.g., 
Campylobacter, Shigella, enteroinvasive E. coli) and secretory diarrhea 
(e.g., toxin-producing bacteria, viruses, parasites). Although Gram 
stains can be used to detect leukocytes, a more reliable test is detection 
of lactoferrin as a marker for leukocytes. The cells, but not lactoferrin, 
are degraded during delays between collection of the specimen and 
examination in the laboratory.

Shiga toxin–producing enterohemorrhagic E. coli (EHEC), the 
most common of which is E. coli O157:H7, is an important cause of 
colitis, frequently with gross blood in the stool specimen. Detection of 
this organism can be by culture on selective media (i.e., sorbitol-
MacConkey agar) or detection of the Shiga toxin. Commercially  
available enzyme-linked immunosorbent assays (ELISAs) can be  
used directly on stool specimens or on cultured isolates. Laboratory 
tests are not widely available for other E. coli strains responsible for 
gastroenteritis (including enterotoxigenic E. coli [ETEC], enteroinva-
sive E. coli [EIEC], enteropathogenic E. coli [EPEC], enteroaggregative 
E. coli [EAEC]).

Clostridium difficile is the most common cause of hospital-acquired 
bacterial gastroenteritis. In addition, strains of this organism are also 
found in the community, either in individuals who were infected previ-
ously during a hospitalization or who were exposed to the organism 
in the community. Thus, C. difficile disease is more widespread than 
previously recognized.25 Documentation of C. difficile disease has been 
problematic. The diagnostic gold standard is to isolate the organism  
by culture of feces and demonstrate production of enterotoxin and 

require prompt transport to the laboratory for processing. Diagnoses 
obtained by the use of bronchoalveolar lavage and transbronchial 
biopsy have significantly decreased the need for open lung biopsies. 
Some laboratories use quantitative cultures of bronchoalveolar lavage 
specimens to assess the significance of an isolated pathogen.22 The 
value of this compared with traditional semiquantitative cultures (i.e., 
the presence of few, moderate, or abundant colonies of a pathogen) is 
controversial, so the use of quantitative respiratory cultures should be 
determined after discussions with the infectious disease physician and 
pulmonary specialists. Isolation of respiratory pathogens in biopsy 
specimens or fine-needle aspirates of the lungs is almost always con-
sidered significant. Likewise, regardless of the collection method or 
number of organisms present, some respiratory pathogens are never 
found to colonize the upper or lower airways and detection should 
always be considered significant (e.g., Legionella, M. pneumoniae, 
Chlamydia, Nocardia, Mycobacterium tuberculosis, Histoplasma, Blas
tomyces, Coccidioides, Cryptococcus).

Infections with some respiratory pathogens (e.g., S. pneumoniae, 
Legionella) can be diagnosed by detecting specific antigens in urine; 
however, these tests are insensitive and should be supplemented with 
culture. Microscopy (e.g., Gram stain, acid-fast stains, calcofluor white 
stain, specific fluorescent antibody test) can provide a rapid diagnosis 
if positive, but are insensitive, and alternative test methods should also 
be used. The use of specific NAA tests is rapidly becoming the diag-
nostic test of choice for some pathogens and an important supplemen-
tary test for other pathogens (refer to Table 16-4). These tests are 
particularly important when a specific organism is considered in the 
differential diagnosis (e.g., M. tuberculosis, Pneumocystis jirovecii, M. 
pneumoniae, Legionella pneumophila).

Urinary Tract Specimens
Urine specimens, including voided midstream and catheterized speci-
mens, are the most commonly processed specimens in the microbiol-
ogy laboratory. Reliable test results are determined by the quality of 
the specimen and how it is transported to the laboratory. Although 
urine is typically sterile or transiently colonized with small numbers 
of organisms, the urethra is colonized with large numbers of organisms 
(e.g., Lactobacillus, streptococci, staphylococci). Introduction of these 
organisms into the specimen during collection or contamination of the 
specimen with vaginal or fecal organisms can compromise the speci-
men. This is particularly a problem if the urine is not transported to 
the laboratory promptly. Specific, detailed instructions should be given 
to each patient at the time of urine collection to minimize contamina-
tion with bacteria. This would include discarding the first portion of 
the voided or catheterized specimen, which would be contaminated 
with the urethral flora. The one exception to this rule is collection of 
urine for the diagnosis of urethritis caused by N. gonorrhoeae or Chla
mydia trachomatis. In this situation, the first-voided urine should be 
sent to the laboratory. Laboratories should ensure that specimen deliv-
ery occurs within 2 hours of collection or, if this is not possible, the 
urine is transferred to specific tubes with agents that inhibit bacterial 
overgrowth (e.g., boric acid). Refrigeration of the specimen can also 
be done, although this is impractical if the specimen is going to be 
shipped to an outside laboratory for processing. Suprapubic aspirates, 
done primarily in infants or other patients in whom assessment of 
clean-voided urine is difficult or an anaerobic infection is suspected, 
should be clearly labeled as such so that all growth is identified and 
reported. This recommendation also applies to specimens obtained at 
cystoscopy or by other invasive procedures.

Rapid screening techniques for urinary tract infection include 
direct Gram stains and a variety of commercially available products, 
such as dipstick methods, bioluminescence, and filtration devices.  
A Gram stain is prepared by placing a drop of well-mixed, uncentri-
fuged urine onto a slide, air drying, and then staining. The slide is  
read with the oil immersion lens; one or more organisms per oil 
immersion field are equivalent to 105 or more colony-forming units 
per milliliter (CFU/mL). The presence of mixed bacterial types or a 
moderate amount of squamous epithelial cells usually indicates con-
tamination with normal genital flora. The number of organisms in a 
urine specimen will decrease by 1000-fold or more from the first-
voided morning specimen to ones collected in the evening.23 Because 
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TABLE 16-4  Methods for the Detection of Selected Bacteria in Clinical Specimens*

BACTERIA

DETECTION METHOD†

COMMENTSMicroscopy Culture
Antigen 
Detection

Nucleic Acid 
Detection

Antibody 
Detection

Acinetobacter A A C C C Microscopy and culture tests of choice; characteristic 
microscopic morphology useful for preliminary 
identification

Actinomyces A A C C C Microscopy and culture tests of choice; extended 
incubation in anaerobic atmosphere required for 
isolation

Aggregatibacter A A C C C Extended incubation may be required for isolation in 
culture

Anaplasma 
phagocytophilum

B C C A A NAA test of choice during active infection; serology 
positive in >90% of patients but delayed response; 
Giemsa stain of buffy coat smears positive in 60% of 
patients

Bacillus anthracis B A C B B Microscopy and culture used in most laboratories for 
initial detection; NAA tests commercially available 
(sensitive and specific); serologic assays for antibodies 
vs. protective antigen useful in culture-negative patients

Bartonella B A C B A Microscopy only useful for early stage of CSD and in 
patients with bacillary angiomatosis; culture useful 
primarily for immunocompromised patients with 
bacteremia; direct immunofluorescent antibody tests 
used for patients with acute trench fever; NAA tests 
primarily used in reference laboratories; serology (IFA, 
EIA) test of choice for CSD, endocarditis, and 
bacteremia

Bordetella pertussis B A C A A Microscopy (DFA) insensitive and nonspecific (if polyclonal 
antibodies used); culture insensitive and requires use of 
specialized media and prolonged incubation; NAA test 
of choice, sensitive and specific if appropriate controls 
used; serology (ELISA) useful in unvaccinated children if 
increases in IgG or IgA to pertussis toxin or filamentous 
hemagglutinin demonstrated

Borrelia B B C A A Culture generally not performed except in laboratories 
with experience; microscopy useful only for relapsing 
fever—test of choice; NAA test used in reference 
laboratories for diagnosis of Lyme disease; serology test 
of choice for Lyme disease—patients screened with EIA 
or IFA and confirmed with immunoblotting

Brucella B A C C A Culture is a sensitive test if prolonged incubation is used 
(e.g., 2 wk); microscopy generally not useful; antigen 
tests and NAA tests not available except in reference 
laboratories; serology helpful adjunct to culture; a 
significant rise in antibodies or titer ≥160 is highly 
suggestive but cross-reactivity occurs (e.g., Francisella, 
Vibrio, Yersinia)

Burkholderia 
cepacia complex

B A C C C Culture on selective media test of choice; microscopy 
sensitive but nonspecific

Burkholderia 
pseudomallei

B A B B B Culture test of choice; microscopy sensitive but 
nonspecific; antigen tests available with sensitivity 
60%-85%; NAA tests and serology restricted to 
reference laboratories in endemic areas

Campylobacter spp. B A A B C Culture is sensitive if fresh media are used; thin organisms 
difficult to detect by microscopy; commercial antigen 
tests sensitive (80%-95%) and specific; serology 
primarily restricted to epidemiologic investigations

Chlamydia 
pneumoniae

B C B B A Serology (MIF) is test of choice (positive IgM titer ≥16; IgG 
titer ≥512); NAA test sensitive and specific but not 
commercially available; microscopy (Giemsa, DFA) 
insensitive

Chlamydia psittaci B C B B A Serology (MIF) is test of choice; NAA test sensitive and 
specific but not commercially available; microscopy 
(Giemsa, DFA) insensitive

Chlamydia 
trachomatis

B B B A C Commercial NAA test of choice; culture sensitive but 
infrequently used; microscopy and antigen tests have 
low sensitivity (70%-80%); serology (MIF test) sensitive 
and specific but increase in titer may not be detected in 
chronic or recurrent disease

Clostridium 
botulinum

B A B C C Diagnosis by clinical presentation and culture from food 
or stool/wound, or detection of toxin in serum, stool, or 
food; toxin assays insensitive (<60% positive) except in 
children (>90%)

Clostridium difficile B A B A C NAA amplification of the toxin genes is the test of choice; 
culture is sensitive but additional tests required to 
determine toxin production; recent studies show 
antigen tests for toxins are insensitive

Clostridium tetani B B C C C Diagnosis primarily by clinical presentation: culture and 
microscopy commonly negative (>50%)
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BACTERIA

DETECTION METHOD†

COMMENTSMicroscopy Culture
Antigen 
Detection

Nucleic Acid 
Detection

Antibody 
Detection

Corynebacterium 
diphtheriae

B A C B C Microscopy and culture tests of choice; NAA test for 
detection of diphtheria toxin in isolates and directly in 
clinical specimens is available in reference laboratories

Coxiella burnetii C C C B A Serology (IFA) test of choice; acute Q fever: fourfold 
increased titer to phase II antigen, or IgM titer ≥50 and 
IgG titer ≥200; chronic Q fever: IgG titer ≥800 to phase 
I antigen; NAA tests sensitive but not commercially 
available

Ehrlichia chaffeensis B C C A A NAA test of choice for active infection; serology (IFA) 
most common test; positive serology: 4-fold increase in 
titer or IgG ≥64

Ehrlichia ewingii B C C A B NAA test of choice for active infection; specific serology 
not available but cross reacts with E. chaffeensis 
serology

Eikenella A A C C C Microscopy and culture tests of choice; extended 
incubation may be required

Erysipelothrix 
rhusiopathiae

B A C B C Culture test of choice; microscopy generally insensitive; 
NAA tests available in reference laboratories

Escherichia coli A A B B C Microscopy and culture most common tests; antigen tests 
for Shiga toxin sensitive and specific; NAA tests for 
enteric pathogens available in reference laboratories

Francisella 
tularensis

B A C C A Culture on selective media with prolonged incubation and 
serology tests of choice; microscopy insensitive, and 
antigen and NAA tests not widely available; antibodies 
detected within 1 wk of symptoms but persist for 
months to years, so seroconversion or an elevated titer 
(agglutination ≥128) required

Haemophilus 
ducreyi

B A C C C Microscopy insensitive (<50%) and nonspecific; use 
selective, differential media for culture

Haemophilus 
influenzae

A A B B C Microscopy and culture tests of choice; antigen tests for 
serotype b capsular antigen in CSF less useful in 
vaccinated child; NAA tests available only in reference 
laboratories

Helicobacter pylori C B A B A Culture requires specialized incubation conditions (not 
commonly performed); microscopy restricted to 
histopathology; antigen detection test of choice; ELISA 
tests for fecal antigens sensitive and specific (>90%); 
urea breath tests also widely used; serum IgG tests 
more sensitive than whole-blood IgG tests that are used 
in office practices; IgA tests not recommended (too 
insensitive)

Kingella A A C C C Microscopy and culture tests of choice; extended 
incubation may be required

Klebsiella 
granulomatis

A C C C C Microscopy (Giemsa stain, not Gram stain) test of choice; 
does not grow on conventional media

Legionella C A A A B Microscopy not recommended (including DFA); urine 
antigen tests sensitive (>80% for Legionella 
pneumophila serogroup 1 but insensitive or negative 
for other Legionella; culture and NAA tests tests of 
choice (sensitive and specific); serology less sensitive, 
antibodies may develop slowly and IgM may persist for 
1 yr or more

Leptospira B B C B A Culture requires specialized techniques with organisms 
isolated in blood during first week of illness and urine 
thereafter; microscopy (darkfield) insensitive and 
requires experienced observer; serology most frequently 
performed test; microagglutination titer ≥200 or 
seroconversion diagnostic; serology is insensitive in early 
stages of disease and seroconversion may be delayed

Listeria 
monocytogenes

A A C C C Microscopy and culture tests of choice; molecular probes 
available for identification of isolates

Mycobacterium 
tuberculosis

A A B A A Microscopy and culture most commonly performed; skin 
test (PPD) and interferon-γ assays (e.g., 
QuantiFERON-TB) are most common delayed 
hypersensitivity tests; antigen assays available primarily 
in high-risk countries; NAA tests for direct detection in 
clinical specimens are sensitive and specific; molecular 
probe assays used to identify cultured isolates

Mycobacterium, 
other spp.

A A C B C Microscopy and culture most commonly performed; 
molecular probes used to identify cultured isolates

Mycoplasma 
pneumoniae

C B B A A NAA test of choice but not commercially available; 
serology (EIA) most commonly used; seroconversion 
may be delayed; cold agglutinin test not recommended

TABLE 16-4  Methods for the Detection of Selected Bacteria in Clinical Specimens*—cont’d
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BACTERIA

DETECTION METHOD†

COMMENTSMicroscopy Culture
Antigen 
Detection

Nucleic Acid 
Detection

Antibody 
Detection

Neisseria 
gonorrhoeae

A A C A C NAA test of choice; high sensitivity and good specificity; 
microscopy and culture are less sensitive compared  
with NAA

Neisseria 
meningitidis

A A B C C Microscopy and culture tests of choice; antigen detection 
tests for capsular polysaccharides in CSF, serum, and 
urine less sensitive than microscopy and cross react with 
E. coli K1

Nocardia spp. A A C C C Microscopy and culture tests of choice; extended 
incubation generally required for isolation

Pasteurella spp. A A C C C Microscopy and culture tests of choice; extended 
incubation may be required

Pseudomonas A A C C C Microscopy and culture tests of choice

Rhodococcus equi A A C C C Microscopy and culture tests of choice; extended 
incubation generally required for isolation

Rickettsia akari, R. 
rickettsii (spotted 
fever group)

B C C B A Serology (IFA) using spotted fever group antigens sensitive 
but seroconversion delayed; NAA test sensitive but not 
commercially available

Rickettsia 
prowazekii, R. 
typhi (typhus 
group)

B C C B A Serology (IFA) using typhus group antigens sensitive but 
seroconversion delayed; NAA test sensitive but not 
commercially available

Salmonella B A C B C Microscopy and culture tests of choice; serology (Widal 
test) insensitive and nonspecific—not recommended

Shigella B A B B C Microscopy and culture tests of choice; antigen tests for 
Shiga toxin useful for S. dysenteriae serotype 1.

Staphylococcus 
aureus

A A C A C Microscopy and culture most commonly used; commercial 
NAA tests for identification of S. aureus and detection 
of MRSA in clinical specimens

Stenotrophomonas 
maltophilia

A A C C C Microscopy and culture tests of choice

Streptococcus 
agalactiae 
(group B)

A A C A C Microscopy and culture most commonly used tests: 
antigen tests used to detect group-specific antigen in 
specimens are not recommended (sensitivity, 60%); 
commercial NAA tests detect organism in specimens

Streptococcus 
pneumoniae

A A B B C Microscopy and culture most commonly used tests; 
antigen tests used to detect C polysaccharide in urine 
(sensitivity, 50%-80%); commercial NAA tests only for 
identification of isolates in culture

Streptococcus 
pyogenes 
(group A)

A A A A B Microscopy and culture most commonly used tests: 
antigen tests used to detect group-specific antigen in 
specimens (sensitivity, 80%); commercial NAA tests 
detect organism in specimens; serology used for 
diagnosis of poststreptococcal disease

Treponema 
pallidum

B C C B A Unable to grow in culture; darkfield microscopy and DFA 
sensitive in primary syphilis; NAA tests recently 
introduced for primary and secondary disease (sensitive 
and specific); serology is most commonly performed 
test and test of choice; nontreponemal and treponemal 
tests are sensitive and generally specific (refer to text)

Tropheryma 
whipplei

B C C A C NAA test of choice, available in reference laboratories;

Vibrio spp. A A B B C Microscopy and culture most common tests; tests for O1 
antigen are available in endemic areas; NAA tests 
available in reference laboratories

Yersinia 
enterocolitica

A A C B C Microscopy and culture tests of choice; extended 
incubation may be useful

Yersinia pestis A A A A C Microscopy, culture, antigen tests, and NAA tests all 
sensitive; direct antigen tests provide rapid, sensitive 
(90%-100%) diagnosis

*Organisms not listed are generally detected primarily by culture and microscopy.
†A, Test is generally useful for the indicated diagnosis; B, test is useful under certain circumstances or for the diagnosis of specific forms of infection; C, test is seldom 

useful for general diagnostic purposes.
CSD, cat-scratch disease; CSF, cerebrospinal fluid; DFA, direct fluorescent antibody test; EIA, enzyme immunoassay; ELISA, enzyme-linked immunosorbent assay; IFA, 

indirect fluorescent antibody test; IgA, IgG, and IgM, immmunoglobulin A, G, and M, respectively; MIF, microimmunofluorescence; MRSA, methicillin-resistant 
Staphylococcus aureus; NAA, nucleic acid amplification (includes polymerase chain reaction); PPD, purified protein derivative.

TABLE 16-4  Methods for the Detection of Selected Bacteria in Clinical Specimens*—cont’d

cytotoxin; however, this assay (“toxigenic culture”) requires incubation 
for up to 5 days and is not clinically practical. Various immunoassays 
are commercially available for detection of the C. difficile enterotoxin 
and cytotoxin, but these assays are insensitive and nonspecific and 
should not be performed. Controversy surrounds use of immunoassays 
for glutamate dehydrogenase (GDH), a cytoplasmic enzyme present in 

C. difficile as well as some other bacteria. Because GDH is not a unique 
marker for C. difficile and does not determine if toxin is produced, a 
positive GDH assay must be confirmed with a toxin-specific NAA test. 
The controversy with this approach relates to the GDH sensitivity, 
which has been reported to vary from 75% to 100%. Because a screen-
ing test must have very high sensitivity and the inherent delays 
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as 95%. The sensitivity decreases when urethral specimens from 
asymptomatic men are examined, although the specificity remains 
good. Gram stains of cervical discharge are thought to be less reliable 
because of the presence of other organisms, which can decrease the 
test specificity.

Detection of Haemophilus ducreyi requires the use of specialized 
media and extended incubation. The laboratory must be notified if this 
organism is suspected. Klebsiella granulomatis is an organism that does 
not grow on conventional media. Diagnosis is made by observing the 
organism in tissue with the Giemsa stain. This is a test more commonly 
performed in the anatomic pathology laboratory rather than a micro-
biology laboratory. Diagnosis of T. pallidum infection can be made by 
examining a freshly collected specimen by darkfield microscopy (must 
be examined immediately after collection while the spirochetes are still 
motile), a direct fluorescent antibody test (reagents are not readily 
available), or most commonly by serology.

Skin, Skeletal, and Soft Tissue Specimens
Specimens sent to the laboratory include tissue biopsies, aspirates or 
swabs of abscesses, wound swabs, material obtained by surgical 
débridement, and drainage samples. The usefulness of processing  
these specimens by microscopy and culture is limited by the site of the 
lesion. Lesions that communicate directly with the skin or mucosal 
surfaces are commonly contaminated with a mixed population of 
organisms. For meaningful test results, laboratories prefer surgically 
obtained tissue samples, aspirates of closed abscesses, and an aliquot 
of pus or fluid rather than swab samples. When anaerobic bacteria are 
expected, the specimen should be inoculated into an anaerobic trans-
port container and delivered promptly to the laboratory. Swabs of 
superficial skin ulcers, from the skin surface of a sinus tract, or from 
open abscesses commonly yield mixed bacterial flora and often do not 
reflect the organisms of true infectious significance and should be 
avoided.

Wound infections and abscesses are caused by many different 
organisms, including aerobic, facultatively anaerobic, and strict anaer-
obic bacteria, mycobacteria, and fungi. It is important for the clinician 
and the laboratory technician to recognize that certain organisms  
are often associated with particular types of wounds or abscesses.  
An infected animal bite may yield Pasteurella multocida or Capno
cytophaga; a post-traumatic hand infection may yield S. aureus, 
Mycobacterium marinum, or Sporothrix schenckii, depending on the 
source of trauma; a postoperative wound infection might yield  
Pseudomonas or Acinetobacter, among others. Fungal, mycobacterial, 
and anaerobic cultures must be specifically requested if these organ-
isms are suspected. When fastidious organisms such as Francisella, 
Brucella, or Bartonella are sought, the laboratory should be notified 
so that cultures can be set up appropriately and held for prolonged 
incubation as needed. Providing the laboratory with the location  
or type of wound, abscess, or tissue is often useful because it may 
hasten the recognition of specific pathogens known to be associated 
with a particular type of infection (e.g., cat bite, brain abscess) or ana-
tomic site.

Whenever an ample amount of specimen is available, microscopy 
should be performed to obtain some preliminary indication of the 
infecting organism(s). If antibiotic therapy has been initiated, direct 
smear may be the only available guide to the etiology because growth 
may be inhibited. Impression smears are made by gentle pressing of a 
freshly cut surface of the tissue onto a slide, which can then be stained 
for bacteria, mycobacteria, and fungi. Direct examination of specimens 
by microscopy can provide preliminary information about the quality 
of the specimen (e.g., many epithelial cells in a wound specimen indi-
cates skin contamination), guides empirical therapy by the physician, 
and directs culture strategies for the microbiologist. For example, if 
organisms resembling nocardia or mycobacteria are observed in a 
Gram-stained specimen submitted for routine culture, additional pro-
cessing to recover these organisms can be performed. The organisms 
observed by microscopy should be correlated with culture results. Dis-
crepancies may help identify an organism that would not otherwise be 
detected. For example, faintly staining gram-negative rods that do not 
grow on routine aerobic plates should suggest the possibility of an 
anaerobic organism, such as Bacteroides.

associated with multistep testing, the current diagnostic test of choice 
is use of a commercial toxin-specific NAA test with high sensitivity 
and specificity.26-28

Some hospitals have established a program of screening high-risk 
patients for fecal colonization with vancomycin-resistant enterococci 
(VRE). Selective media, such as bile esculin azide agar (Enterococcosel 
agar) supplemented with 6 µg/mL vancomycin, are effective. Alterna-
tive, commercial NAA tests are available for detecting the genes 
responsible for this resistance (vanA, vanB). The vanA test appears to 
be sensitive and specific; however, reactivity with nonenterococcal 
enteric bacteria carrying the vanB gene has compromised the utility of 
the vanB test.

The discovery of Helicobacter pylori and its association with gastritis 
has resulted in the need for diagnostic verification of the presence or 
absence of this organism. Although microscopy and culture were 
important in the original studies demonstrating this organism in 
gastric biopsies, diagnosis now is made by antigen testing or serology. 
Commercial immunoassays are available for detecting H. pylori anti-
gens in fecal specimens and have a high sensitivity and specificity 
(>90%). Detection of serum immunoglobulin G (IgG) antibodies to 
H. pylori is also widely used to provide evidence of past or recent 
infection.

Genital Specimens
The genital tract normally contains many organisms, including 
coagulase-negative staphylococci, lactobacilli, corynebacteria, strepto-
cocci, anaerobes, and yeast. Genital tract infection may be caused  
by members of this endogenous population (e.g., S. agalactiae) or 
exogenous sexually-transmitted pathogens (e.g., N. gonorrhoeae, C. 
trachomatis, Haemophilus ducreyi, T. pallidum, Klebsiella [Calymmato
bacterium] granulomatis). Commonly submitted specimens include 
vaginal or penile discharge, urine, genital ulcers, and urethral, cervical, 
and anorectal swabs. Certain pathogens are known to be associated 
with specific types of genital infection; thus, the physician should select 
the appropriate diagnostic specimens and tests based upon the likely 
pathogen.

Vaginitis with accompanying discharge can be caused by Tricho
monas vaginalis, Candida, or bacteria. T. vaginalis is discussed later in 
this chapter. Vaginal candidiasis is most frequently diagnosed by direct 
smears that show many budding yeast and pseudohyphae. Although 
culture of Candida can be accomplished rapidly and easily, growth of 
Candida is not necessarily diagnostic of candidal infection because 
many asymptomatic women harbor Candida spp. Bacterial vaginosis 
results from a disruption of the normal bacterial population in the 
vagina with a decrease in lactobacilli and a proliferation of a mixture 
of bacteria, including Mobiluncus, Mycoplasma hominis, Gardnerella, 
Prevotella, and Atopobium. The diagnosis of bacterial vaginosis is not 
based on bacterial culture because growth and identification of these 
presumed pathogens is difficult, slow, and unnecessary. Gram staining 
of vaginal secretions suggests bacterial vaginosis when the normally 
predominant gram-positive rods (i.e., lactobacilli) are absent and 
replaced with a prevalence of delicate gram-negative and gram-variable 
curved or fusiform bacteria (i.e., Mobiluncus) and gram-variable coc-
cobacilli on epithelial cells (Gardnerella vaginalis on “clue” cells). The 
watery character of the discharge, a pH greater than 4.5, and the char-
acteristic fishy amine odor after addition of potassium hydroxide 
(KOH) are also used to support this diagnosis.29

N. gonorrhoeae is a major pathogen in genital infections such as 
cervicitis, salpingitis, urethritis, and epididymitis. This organism is 
labile; therefore, if culture is performed, then the specimen should be 
sent promptly to the laboratory in appropriate transport media and 
should never be refrigerated. Specimens should also not be transported 
to the laboratory on swabs. NAA tests have replaced culture in most 
laboratories because the tests are more sensitive and not influenced by 
transport delays. Culture and most NAA tests can also be used with 
anorectal or oropharyngeal specimens. Attempts to culture C. tracho
matis have also been replaced by NAA tests, and tests for both N. 
gonorrhoeae and C. trachomatis can be performed on the same speci-
men. A rapid presumptive diagnosis of gonorrhea in symptomatic men 
can be made by examining a Gram stain of urethral discharge. The 
sensitivity and specificity of urethral smears in this setting are as high 
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Culture
The foundation for much of what we know about bacteria is based on 
the ability to grow the organisms in vitro. A variety of media, including 
broth media and media solidified with agar, have been developed for 
this purpose: general enriched, selective, differential, and specialized 
media (Table 16-6). Use of broth media allows the detection of small 
numbers of organisms or anaerobic organisms from a specimen where 
anaerobes are infrequently recovered (e.g., CSF). General enriched 
media (e.g., blood agar, chocolate agar) are designed to support the 
growth of most organisms. Selective media (e.g., MacConkey agar, 
phenylethyl alcohol agar) are designed to support the growth of certain 
organisms (e.g., gram-negative or gram-positive bacteria) and suppress 
the growth of other organisms. These media are particularly useful if 
a mixed population of organisms is present in a specimen. Differential 
media typically are selective media that contain substrates facilitating 
recognition of specific organisms (e.g., lactose-fermenting gram-
negative rods growing on MacConkey agar, Salmonella or Shigella from 
a stool specimen inoculated onto xylose-lysine-deoxycholate [XLD] 
agar). Some organisms have very specific growth requirements (e.g., 
Legionella requires iron and cysteine; B. pertussis requires media with 
inhibitors of fatty acids, sulfides, and peroxides), so specialized media 

In some hospital settings, quantitative wound, burn eschar, or tissue 
biopsy specimen cultures have been used to help predict the likelihood 
of wound sepsis, burn infection, or the success of skin grafting. Quan-
titative culture requires weighing and careful preparation of the speci-
men for serial dilutions to determine whether the colony count is 
greater than 105 CFU/g of tissue. Such colony counts are correlated 
with a greater likelihood of infection associated with wound closure. 
Direct Gram smears of known quantities of specimen can also be used 
to give an immediate assessment of organism load. Because quantita-
tive cultures are time consuming and labor intensive, not all laborato-
ries have procedures in place for performing these assays. The 
availability of quantitative wound cultures should be checked by con-
sultation with the laboratory before tests are ordered.

DETECTION METHODS
Five general approaches are used to detect organisms and the host 
response to specific infections: microscopy, culture, detection of bacte-
rial antigens or nucleic acids, and detection of antibodies directed 
against the organism (see Table 16-4). An overview of detection 
methods for bacteria is summarized in this section.

Microscopy
Table 16-5 is a summary of the stains used to detect bacteria, fungi, 
and parasites. Bacteria are detected most commonly with differential 
(e.g., Gram, acid-fast, Giemsa) and fluorescent stains (acridine orange, 
auramine-rhodamine stains). The Gram stain is a simple, yet reliable 
stain that can provide important preliminary information on whether 
a bacterial infection is caused by a gram-negative or a gram-positive 
organism and whether the organism is a rod or a coccus. An experi-
enced microscopist can further classify organisms based on subtle 
differences in morphology or special arrangements of the cells. For 
example, staphylococci are gram-positive cocci arranged in clusters; 
streptococci are gram-positive cocci arranged in chains; S. pneumoniae 
and Enterococcus are gram-positive cocci arranged in pairs; Enterobac-
teriaceae are gram-negative rods that stain more intensely at the ends 
rather than the center [bipolar staining]; Pseudomonas, Stenotroph
omonas, and Burkholderia are small gram-negative rods frequently 
arranged in pairs; Acinetobacter are fat, coccobacilli that retain crystal 
violet when stained and resemble gram-positive cocci. Nocardia, 
mycobacteria, yeasts, and molds may also stain with the Gram stain.

The acid-fast stain is used to detect bacteria with medium- and 
long-chain mycolic acids in their cell wall. Only a limited number of 
genera responsible for human disease retain acid-fast stains: Mycobac
terium, Nocardia, Rhodococcus, Tsukamurella, and Gordonia. The 
genera other than Mycobacterium generally stain weakly with acid-fast 
stains and are referred to as partially or weakly acid-fast. The Giemsa 
and Wright-Giemsa stains are differential stains used primarily to 
detect bacteria (Borrelia) or bacterial inclusions (Anaplasma, Ehrlichia), 
as well as fungi and parasites, in blood specimens. Although the stains 
are insensitive, a positive stain is rapid confirmation of the presence of 
the organism. Fluorescent stains are generally the most sensitive 
microscopic stains because bacteria stained with fluorescent dyes are 
easy to detect in an otherwise black background. Auramine and rho-
damine dyes are used in the variation of the acid-fast stain to detect 
mycobacteria. This stain is more sensitive than traditional acid-fast 
stains and is equally specific. The acridine-orange stain is used to detect 
bacteria in positive blood cultures when the Gram stain is negative and 
when certain very thin organisms are difficult to detect with the Gram 
stain (e.g., Campylobacter, Helicobacter). Specific fluorescent antibody 
stains with antiserum conjugated to a fluorescent label are used both 
for direct detection of bacteria in patient specimens as well as identi-
fication of isolated organisms. At present, direct fluorescent antibody 
(DFA) stains are more commonly used for the detection and identifica-
tion of viruses rather than bacteria. DFA tests are still used in some 
laboratories for selected bacteria (e.g., S. pyogenes, T. pallidum, Legio
nella, and B. pertussis); however, the DFA test for S. pyogenes (group A 
Streptococcus) has primarily been replaced by antigen tests; the DFA 
test for T. pallidum is sensitive and specific for primary syphilis, but 
the reagents are not widely available; the DFA test for Legionella has 
low sensitivity; and the DFA tests for B. pertussis has low sensitivity 
and specificity.30

TABLE 16-5  Microscopic Stains for Bacteria, 
Fungi, and Parasites

STAIN APPLICATION
Wet Mount and Contrasting Stains
Wet mount Used to directly examine aspirates, feces, vaginal 

discharge, urine sediment for fungi and parasites; 
bacteria can be observed using darkfield microscopy

Potassium hydroxide 
(KOH)

KOH digests host cell components (e.g., skin cells) 
and enables detection of fungi

India ink Contrasting dye to detect encapsulated bacteria (e.g., 
Bacillus anthracis) and fungi (e.g., Cryptococcus)

Lugol’s iodine Contrasting dye for detection of protozoa in feces

Methylene blue Contrasting dye for detecting bacteria and fungi

Differential Stains
Acid-fast stains 

(Ziehl-Neelsen, 
Kinyoun, modified 
Kinyoun)

Used to detect acid-fast and partially acid-fast bacteria 
(e.g., Mycobacterium, Nocardia, Rhodococcus, 
Tsukamurella, Gordonia, Legionella micdadei), 
microsporidia, and parasites (Cryptosporidium, 
Cyclospora, Cystoisospora, Sarcocystis)

Giemsa and 
Wright-Giemsa 
stains

Differential stain for detection of bacteria (e.g., 
Borrelia, Ehrlichia, Anaplasma, Chlamydia), fungi 
(e.g., Toxoplasma, Pneumocystis), and parasites 
(e.g., microfilariae, Babesia, Plasmodium) in blood

Methenamine silver Performed in histology labs rather than in 
microbiology. Used for detection of fungal elements 
in tissues, although other organisms such as 
bacteria can be detected

Gram stain Differential stain for bacteria and yeasts; mycobacteria 
and nocardia will partially stain

Iron-hematoxylin 
stain (Delafield’s)

Differential stain for detection of microfilariae in blood

Iron-hematoxylin 
stain (Tompkins-
Miller method)

Differential stain for detection of intestinal protozoa 
cysts and trophozoites

Spore stain Stain for detection of spores in Clostridium and 
Bacillus

Trichrome and 
modified 
trichrome stains

Differential stain for detection of intestinal protozoa 
cysts and trophozoites and microsporidia

Fluorescent Stains
Acridine-orange 

stain
Used to detect bacteria, particularly thin ones (e.g., 

Helicobacter, Campylobacter), and fungi

Auramine-rhodamine 
stain

Used to detect acid-fast and partially acid-fast bacteria

Calcofluor white 
stain

Nonspecific fluorescent stain for fungi (including 
Pneumocystis, microsporidia) and parasites (e.g., 
protozoa cysts)

Direct fluorescent 
antibody

Specific antibody-mediated, fluorescent stain used 
primarily to detect viruses in clinical specimens
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with the microbiologist to avoid mishandling the specimen. All labo-
ratories should have detailed procedures for processing specimens 
from a variety of sources. These protocols should be developed using 
standard reference manuals5 and after discussions with clinicians.

It should be recognized that knowledge of the microbes that colo-
nize the human body is rapidly evolving with the introduction of DNA 
sequencing techniques that can detect previously uncultured organ-
isms. As this work expands, it is likely that previously unrecognized 
organisms will be associated with infections.

Antigen Detection
Table 16-7 summarizes the available antigen tests for detection of bac-
teria, fungi, viruses, or parasites in clinical specimens. The advantages 
of these tests are they can be rapidly performed and are relatively 
inexpensive. The disadvantages are poor sensitivity or specificity for 
certain organisms and limited availability of some assays (e.g., assays 
for Yersinia pestis, Norovirus, Plasmodium falciparum). Antigen tests 

have been developed for recovery of these organisms. Particularly 
important specialized media are used for performing antimicrobial 
susceptibility tests. The success of culture methods is dependent on the 
incubation conditions. The obvious example is recovery of most anaer-
obes requires that the inoculated agar plates be incubated in an anaero-
bic atmosphere. Likewise, some organisms, such as Campylobacter and 
Helicobacter, grow only in a microaerophilic atmosphere. Some organ-
isms grow slowly and require extended incubation (e.g., Bartonella, B. 
pertussis, Brucella, Francisella, Legionella). It is impractical and unnec-
essary for the microbiologist to inoculate all specimens onto the large 
variety of available media and incubate the cultures in the numerous 
incubation conditions. Indeed, the microbiologist must frequently 
make decisions about how to best culture a specimen of limited quan-
tity. Thus, it is critical for the clinician to clearly describe the source of 
the specimen and the suspected pathogens. If a specimen such as a 
biopsy or normally sterile fluid is collected, and collection of additional 
material is not practical, then it is important for the clinician to talk 

TABLE 16-6  Selected Media for Recovery of Bacteria, Fungi, and Parasites

ORGANISM MEDIA COMMENTS
Bacteria
Aeromonas spp. Cefsulodin-Irgasan-novobiocin (CIN) agar Selective, differential agar; will grow on routine media

Bordetella pertussis, B. parapertussis Regan-Lowe medium; Bordet-Gengou medium Selective medium; organisms will not grow on routine media

Borrelia burgdorferi Barbour-Stoenner-Kelly medium Incubate at 30° to 33° C in microaerophilic atmosphere for 6 wk 
or more

Burkholderia cepacia Burkholderia cepacia selective agar; Pseudomonas cepacia 
(PC) agar; oxidative-fermentative polymyxin B-bacitracin-
lactose (OPBL) medium

Selective, differential agar; will grow on routine media

Campylobacter spp. Campy-CVA medium, charcoal cefoperazone desoxycholate 
agar (CCDA)

Selective media; recovery optimal using multiple media; 
incubation at 37° to 42° C in microaerophilic atmosphere

Clostridium difficile Cycloserine-cefoxitin-fructose agar (CCFA) Selective, differential agar; will grow on routine media

Corynebacterium diphtheriae Cystine-tellurite blood agar; Tinsdale agar Selective, differential media; will grow on routine media

Escherichia coli O157 Sorbitol-MacConkey agar Selective, differential agar; will grow on routine media

Francisella tularensis Chocolate agar; buffered charcoal yeast extract (BCYE) agar Requires sulfhydryl compounds (cysteine, cystine, thiosulfate, 
IsoVitaleX)

Helicobacter spp. Multiple enriched media Incubate in microaerophilic atmosphere

Legionella spp. BCYE agar Requires L-cysteine; growth enhanced by iron; supplemented 
with antibiotics to suppress oral flora

Leptospira spp. Ellinghausen-McCullough-Johnson-Harris (EMJH), Fletcher’s 
medium with rabbit serum

Selective medium; incubation at 28° to 30° C for up to 3 mo; 
will not grow on routine media

Mycobacterium spp. Dubos broth; Lowenstein-Jensen medium; Middlebrook 
agar and 7H9 broth

Enriched media; will grow slowly on routine media

Neisseria gonorrhoeae Modified Thayer-Martin agar, New York City agar Selective media; will grow on chocolate agar but not blood agar

Nocardia spp. BCYE agar Enriched medium; will grow slowly on routine media

Salmonella spp. Hektoen enteric (HE) agar; Salmonella-Shigella (SS) agar; 
xylose-lysine-desoxycholate (XLD) agar; chromogenic agar

Selective, differential agars; will grow on routine media

Shigella spp. Hektoen enteric (HE) agar; Salmonella-Shigella (SS) agar; 
xylose-lysine-desoxycholate (XLD) agar

Selective, differential agars; will grow on routine media

Staphylococcus aureus Mannitol salt agar (MSA); chromogenic agar Selective, differential agar; will grow on routine media

S. aureus, methicillin-resistant (MRSA) MSA with 4 µg/mL methicillin (oxacillin); chromogenic agar Selective, differential agar; will grow on routine media

Streptococcus agalactiae (group B) Lim broth; StrepB carrot broth Selective, differential broths; will grow on routine media

Vancomycin-resistant Enterococcus 
(VRE)

Bile esculin azide agar (Enterococcosel) supplemented with 
6 µg/mL vancomycin

Selective, differential agar; will grow on routine media

Vibrio cholerae, V. parahaemolyticus Thiosulfate citrate bile salt sucrose (TCBS) agar Selective, differential agar; will grow on most media

Yersinia enterocolitica CIN agar Selective, differential agar; will grow on routine media

Fungi
Cryptococcus neoformans Birdseed (niger seed) agar Selective, differential agar for presumptive identification

Malassezia furfur Agar medium supplemented with lipids Requires lipids for growth (e.g., whole milk, malt extract, ox 
bile, Tween 40, oleic acid, olive oil)

Yeasts Chromogenic agar Selective, differential agar for presumptive identification

Dermatophytes Dermatophyte test medium (DTM) Selective, differential agar; stimulates sporulation

Parasites
Acanthamoeba Non-nutrient agar overlaid with E. coli or Enterobacter 

aerogenes
Ameba digests bacteria as the protozoa moves over the agar 

surface

Leishmania Novy-MacNeal-Nicolle (NNN) medium

Trichomonas Diamond’s complete medium; InPouch TV InPouch TV is commercially available

Trypanosoma Novy-MacNeal-Nicolle (NNN) medium
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Nucleic Acid–Based Tests
The commercial development of nucleic acid–based tests has increased 
dramatically since the last edition of this reference book. Previously, 
tests were restricted primarily to the detection of N. gonorrhoeae, C. 
trachomatis, and M. tuberculosis in clinical specimens,; screening blood 
products for human immunodeficiency virus (HIV), hepatitis B virus 
(HBV), and hepatitis C virus (HCV); and the use of nonamplified 
probes for identification of selected bacteria and fungi in clinical speci-
mens. In the last few years, the number of companies that have entered 
the field of molecular diagnostics has increased, as have the variety of 
diagnostic tests that are approved by the U.S. Food and Drug Admin-
istration (FDA) (Table 16-8). Particularly noteworthy is the develop-
ment of multiplex tests for detection of the most common pathogens 
of the respiratory and intestinal tracts. Despite the complexity of tests, 
the testing platforms are also undergoing a transformation, moving 
from the need to have multiple rooms and instruments for specimen 
processing, nucleic acid amplification, and amplified product analysis 
to the use of disposable, sealed kits that allow testing on simplified 
instruments by minimally trained technologists. Leading examples of 
this approach include BD MAX (Becton-Dickinson, Sparks, MD), 
BioFire FilmArray (Biofire Diagnostics, Salt Lake City, UT), GeneX-
pert (Cepheid, Sunnyvale, CA), and Verigene (Nanosphere, North-
brook, IL). It is anticipated that this technology will continue to be 
refined, the menu of approved tests expanded, and the cost and techni-
cal ease permitting nucleic acid amplification tests to be performed by 
most clinical microbiology laboratories.

Serology
Serology has been used historically to confirm infections with bacteria, 
fungi, and viruses that are difficult to detect by other methods. The 
difficulty with serology is that some immunocompromised patients 
will not mount an adequate antibody response to infection, a signifi-
cant increase in antibody titer may not be detected until weeks or 
months after the initial presentation, persistence of antibodies may 
make it difficult to differentiate between a recent and a past infection, 
and cross-reactions may compromise the specificity of the antibody 
response. In general, serology should be used to confirm other diag-
nostic tests whenever possible.

IDENTIFICATION METHODS FOR 
BACTERIA
We believe that most readers of this chapter would either have minimal 
interest in identification methods for bacteria, would consult specific 
chapters in this book for an overview of the subject, or would refer to 
a microbiology reference book for detailed information. For that 
reason, the information covered in this section is restricted to general 
comments concerning identification methods. For more detailed infor-
mation, please refer to the individual chapters in this book or to a 
microbiology reference book.5

Identification by Biochemical Methods
The microscopic morphology and characteristics, such as colony size, 
color, and shape, and the presence or absence of hemolytic activity, are 
used by the microbiologist in selection of the appropriate identification 
procedure. An experienced microbiologist often is able to provide a 
reliable presumptive identification of common bacteria on the basis of 
these early characteristics and some preliminary identification tests. 
For example, an opaque white or light yellow colony that appears as 
gram-positive cocci found predominantly in clusters will be tested with 
a rapid coagulase test to identify the isolate as S. aureus or a coagulase-
negative Staphylococcus species. Table 16-9 describes key tests that are 
commonly used, along with colony and Gram stain morphology, to 
identify selected species of bacteria.32

The historical classification of bacteria was based on their micro-
scopic properties (e.g., gram-positive, gram-negative, acid-fast; cocci, 
rods, spiral-shaped), oxygen tolerance (i.e., aerobic, anaerobic), and 
patterns of biochemical reactivity (Table 16-10). The biochemical tests 
included fermentation or oxidation of carbohydrates (e.g., fermenta-
tion of glucose or lactose), use of carbon sources, presence of specific 
enzymes, or production of volatile fatty acids. A minimum number  
of these tests performed in test tubes could identify most of the 

for bacteria responsible for meningitis (i.e., S. agalactiae, S. pneu
moniae, N. meningitidis, H. influenzae type B) are not recommended 
as a screening assay because they are no more sensitive than a Gram 
stain; however, these assays can be useful for the presumptive identifi-
cation of an organism observed on Gram staining. A diagnosis of 
pneumonia caused by S. pneumoniae or L. pneumophila can be con-
firmed by detection of specific antigens in urine; however, negative 
assays must be confirmed by culture. Likewise, although group A Strep
tococcus antigen tests are widely used, negative assays must also be 
confirmed by either culture or a nucleic acid amplification assay. 
Antigen tests for the detection of Campylobacter or Helicobacter anti-
gens in stool specimens or Shiga toxin produced by E. coli are rapid, 
sensitive assays for diagnosing infections caused by these organisms. 
Antigen tests are also widely used for detection of C. difficile toxins in 
stool specimens; however, the tests are insensitive and nonspecific and 
should not be used.31 Immunoassays for C. trachomatis antigens have 
now been replaced in most laboratories by NAA tests. Thus, the value 
of antigen tests must be carefully assessed based on the performance 
characteristics of the individual assays and the availability of alternative 
detection methods.

TABLE 16-7  Antigen Tests for Detection of 
Bacteria, Fungi, Viruses, and Parasites in Clinical 
Specimens

Bacteria
Campylobacter jejuni and C. coli

Chlamydia trachomatis

Clostridium difficile

Escherichia coli (Shiga toxin)

Haemophilus influenzae type B

Helicobacter pylori

Legionella pneumophila serogroup 1

Neisseria meningitidis

Shigella dysenteriae (Shiga toxin)

Streptococcus pneumoniae

Streptococcus pyogenes (group A)

Yersinia pestis

Fungi
Aspergillus spp.

Blastomyces dermatitidis

Candida albicans

Coccidioides spp.

Cryptococcus neoformans

Histoplasma capsulatum

Panfungal*

Viruses
Adenovirus

Cytomegalovirus

Dengue virus

Hepatitis B virus

Herpes simplex virus (HSV-1, HSV-2)

Human immunodeficiency virus (HIV-1, HIV-2)

Human metapneumovirus

Influenza virus A, B

Norovirus

Respiratory syncytial virus

Rotavirus

Parasites
Cryptosporidium parvum (hominis)

Entamoeba histolytica/E. dispar

Giardia lamblia (duodenalis)

Plasmodium spp.

Trichomonas vaginalis

*Panfungal, beta-D-glucan assay that detects cell wall antigen in all fungi except 
Zygomycetes (not present) and Cryptococcus (low level).
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TABLE 16-8  Nucleic Acid–Based Tests for Detection of Bacteria, Fungi, Viruses, and Parasites in Clinical 
Specimens*

TECHNOLOGY MANUFACTURER PRODUCT TARGETS
Nonamplified Tests
Peptide nucleic acid probes AdvanDx (Woburn, 

MA)
PNA FISH Staphylococcus aureus/CNS; Enterococcus faecalis/other Enterococcus; Escherichia coli/

Pseudomonas aeruginosa; E. coli/P. aeruginosa/Klebsiella pneumoniae; Candida 
albicans/C. glabrata; C. albicans/C. parapsilosis/C. krusei/C. glabrata/C. tropicalis

DNA target probes BD Diagnostics 
(Sparks, MD)

Affirm VPIII Candida spp./Gardnerella vaginalis, Trichomonas vaginalis

rRNA target probes Hologic Gen-Probe 
(San Diego, CA)

AccuProbe Direct from specimen: group A Streptococcus
Culture ID: group B Streptococcus, S. pneumoniae, Staphylococcus aureus, Listeria 

monocytogenes, Mycobacterium tuberculosis complex, M. kansasii, M. avium, M. 
intracellulare, M. avium complex, M. gordonae, Mycoplasma/Acholeplasma/
Ureaplasma, Blastomyces dermatitidis, Coccidioides immitis, Histoplasma capsulatum

PACE Neisseria gonorrhoeae, Chlamydia trachomatis

DNA target probes Nanosphere 
(Northbrook, IL)

Verigene Blood culture ID: Staphylococcus spp., S. aureus, S. lugdunensis, S. epidermidis, 
Streptococcus spp., groups A and B Streptococcus, S. anginosus group, S. 
pneumoniae, Micrococcus spp., E. faecalis, E. faecium, Listeria spp., and resistance 
markers mecA, vanA, vanB

Amplified Tests
Polymerase chain reaction 

(PCR)
Abbott Molecular 

Diagnostics (Abbott 
Park, IL)

RealTime PCR N. gonorrhoeae, C. trachomatis, HIV-1, HBV, HCV

BD Diagnostics BD GeneOhm MRSA, StaphSR, group B Streptococcus, Clostridium difficile

BD MAX MRSA, StaphSR, group B Streptococcus, C. difficile

BioFire (formerly Idaho 
Technology; Salt 
Lake City, Utah)

FilmArray Bacillus anthracis, Francisella tularensis
Multiplex respiratory panel: adenovirus, coronavirus (HKU1, NL63, 229E, OC43), 

human metapneumovirus, human rhinovirus/enterovirus, influenza virus (A, A/H1, 
A/H3, A/H1-2009, B), parainfluenza virus (1-4), respiratory syncytial virus, Bordetella 
pertussis, Chlamydia pneumoniae, Mycoplasma pneumoniae

Cepheid (Sunnyvale, 
CA)

GeneXpert S. aureus, MRSA, SSTI, group B Streptococcus, Enterococcus vanA gene, N. 
gonorrhoeae, C. trachomatis, influenza virus (A, A/H1-2009, B), enterovirus

Focus Diagnostics 
(Cypress, CA)

Simplexa C. difficile, influenza virus (A, A/H1N1 2009), influenza virus (A, B) + respiratory 
syncytial virus

Hologic Gen-Probe Prodesse C. difficile, human metapneumovirus, adenovirus, influenza virus (A/H1, A/H3, A/
H1N1 2009), parainfluenza virus (1-3), influenza A/B + respiratory syncytial virus

Luminex (Austin, TX) xTAG Respiratory virus panel: influenza virus (A, A/H1, A/H3, B), respiratory syncytial virus, 
human metapneumovirus, rhinovirus, adenovirus)

Gastrointestinal pathogen panel: C. difficile, Campylobacter, Salmonella, Shigella, E. 
coli, rotavirus A, Norovirus

Nanosphere 
(Northbrook IL)

Verigene C. difficile
Respiratory virus panel: influenza virus (A, H1, H3, H1N1 2009, B), respiratory syncytial 

virus (A, B)

Roche Molecular 
Diagnostics 
(Pleasanton, CA)

Amplicor N. gonorrhoeae, C. trachomatis, human papillomavirus, HIV-1, HCV

AmpliPrep/COBAS CMV, HIV-1, HBV, HCV

AmpliScreen HIV-1, HBV, HCV

COBAS TaqMan HIV-1, HBV, HCV

COBAS TaqScreen West Nile virus
Multiplex: HIV-1 (M, O), HIV-2, HBV, HCV

LightCycler MRSA

Strand displacement 
amplification (SDA)

BD Diagnostics BD ProbeTec N. gonorrhoeae, C. trachomatis

BD Viper N. gonorrhoeae, C. trachomatis, Trichomonas, HPV

Transcription-mediated 
amplification (TMA)

Hologic Gen-Probe Amplified MTB M. tuberculosis complex

Aptima N. gonorrhoeae, C. trachomatis, HIV-1, HCV, HPV, Trichomonas vaginalis

Siemens Healthcare 
Diagnostics 
(Tarrytown, NY)

VERSANT HCV

Branched DNA amplification 
(bDNA)

Siemens Healthcare 
Diagnostics

VERSANT HIV-1, HCV

Hybrid capture Qiagen Digene N. gonorrhoeae, C. trachomatis, HPV

Loop-mediated, isothermal 
DNA amplification (LAMP)

Meridian Biosciences 
(Cincinnati, OH)

Illumigene C. difficile, group A Streptococcus, group B Streptococcus

Nucleic acid sequence–based 
amplification (NASBA)

bioMérieux (Lyon, 
France)

NucliSens HIV-1

*U.S. Food and Drug Administration–approved for in vitro diagnostic use.
CMV, cytomegalovirus; CNS, coagulase-negative Staphylococcus; DNA, deoxyribonucleic acid; HBV, hepatitis B virus; HCV, hepatitis C virus; HIV-1, HIV-2, human 

immunodeficiency virus 1, 2; HPV, human papillomavirus; MRSA, methicillin-resistant Staphylococcus aureus; rRNA, ribosomal ribonucleic acid; SSTI, skin and soft tissue 
infection.
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reactions that could be interpreted after a few hours of incubation and 
the introduction of instrumentation for the interpretation of the indi-
vidual reactions and metabolic profile. Further improvements include 
the development of fully automated systems for the inoculation, incu-
bation, and interpretation of these tests. Extensive databases exist that 
allow the theoretical identification of most clinically important bacte-
ria. These systems have also been integrated with antimicrobial suscep-
tibility tests (to be discussed later). A detailed discussion of the manual 
and automated commercial identification systems is beyond the scope 
of this chapter; however, most laboratories use a combination of these 
systems.

commonly recognized bacteria. For example, until the early 1970s, 
most laboratories identified all known members of the family Entero-
bacteriaceae by using reactions in six test tubes. As the number of 
clinically important organisms expanded, the number of additional 
tests that needed to be performed made this approach impractical and 
prohibitively expensive. The first commercial kits for organism identi-
fication were introduced in the 1970s. These consisted of a series of 
reactions that were incorporated in disposable strips or microwell 
plates. The pattern of reactions could be converted into a “metabolic 
profile” that was compared with an established database for the organ-
ism identifi cation. Refinements of this approach included selection of 

TABLE 16-9  Common Biochemical Reactions Used to Identify Bacteria

BIOCHEMICAL TEST PRIMARY USE OF TEST
Bacitracin (A) disk For presumptive identification of Streptococcus pyogenes, which is sensitive to low concentrations of bacitracin

Bile solubility For rapid differentiation of Streptococcus pneumoniae (which are bile soluble) from other streptococci

Catalase An important characteristic that defines major groups of gram-positive cocci (e.g., staphylococci [catalase positive], 
streptococci and enterococci [catalase negative])

Coagulase A positive coagulase test is the key criterion for identification of Staphylococcus aureus

Hippurate hydrolysis A positive test is used for presumptive identification of group B streptococci

Indole A rapid test used for presumptive identification of Escherichia coli from urine specimens

Optochin (P) disk Susceptibility to optochin is presumptive identification of Streptococcus pneumoniae

Oxidase A key reaction to help differentiate gram-negative rods (e.g., Enterobacteriaceae, Acinetobacter, and 
Stenotrophomonas are oxidase negative; Pseudomonas and Burkholderia are oxidase positive).

PYR hydrolysis (L-pyrrolidonyl-β-naphthylamide) A rapid test for presumptive identification of Streptococcus pyogenes and Enterococcus

Urease A rapid test for Proteus mirabilis and Helicobacter pylori

TABLE 16-10  Classification of Common Bacteria

GRAM-POSITIVE GRAM-NEGATIVE SPIRAL/CURVED 
RODS OTHERCocci Rods Acid-Fast Cocci Rods

Aerobic
Abiotrophia
Aerococcus
Enterococcus
Granulicatella
Leuconostoc
Pediococcus
Staphylococcus
Streptococcus

Aerobic
Arcanobacterium
Bacillus
Brevibacterium
Corynebacterium
Erysipelothrix
Listeria
Rothia
Streptomyces

Gordonia
Mycobacterium
Nocardia
Rhodococcus
Tsukamurella

Aerobic
Neisseria

Aerobic
Acinetobacter
Actinobacillus
Aggregatibacter
Bartonella
Bordetella
Brucella
Burkholderia
Capnocytophaga
Citrobacter
Comamonas
Cronobacter
Delftia
Eikenella
Enterobacter
Escherichia
Francisella
Haemophilus
Hafnia
Kingella
Klebsiella
Legionella
Moraxella
Morganella
Pantoea
Pasteurella
Proteus
Providencia
Pseudomonas
Ralstonia
Raoultella
Salmonella
Serratia
Shigella
Stenotrophomonas
Vibrio
Yersinia

Arcobacter
Borrelia
Campylobacter
Helicobacter
Leptospira
Treponema

Anaplasma
Chlamydia
Coxiella
Ehrlichia
Mycoplasma
Orientia
Rickettsia
Tropheryma
Ureaplasma

Anaerobic
Anaerococcus
Finegoldia
Peptococcus
Peptostreptococcus
Peptoniphilus

Anaerobic
Actinomyces
Bifidobacterium
Clostridium
Eubacterium
Lactobacillus
Mobiluncus
Propionibacterium

Anaerobic
Acidaminococcus
Megasphaera
Veillonella

Anaerobic
Bacteroides
Fusobacterium
Leptotrichia
Porphyromonas
Prevotella
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Identification Using Proteomic 
Methods
The fundamental procedures for identification of organisms are rapidly 
being replaced by matrix-assisted laser desorption/ionization time-of-
flight (MALDI-TOF) mass spectrometry, a method currently in wide-
spread use in Europe for the identification of bacteria, mycobacteria, 
yeasts, and molds.34-36 Use of MALDI-TOF is limited in the United 
States only until FDA approval is obtained. The method is technically 
simple and inexpensive. Bacteria or yeast are selected from a culture 
plate or positive broth culture (e.g., blood culture), transferred to a 
target plate, pretreated with formic acid, overlayed with a matrix, and 
then analyzed. Upon exposure to a laser beam, the matrix ionizes 
proteins present in the sample, which are then separated by size as they 
move through a vacuum tube, creating a unique protein spectrum. 
Processing mycobacteria and molds is slightly more complex, but iden-
tification of all organisms can be achieved in less than an hour, with 
an accuracy that exceeds all previous methods. MALDI-TOF mass 
spectrometry alters workflow in the microbiology laboratory, eliminat-
ing the need for Gram stains, subcultures, and delays associated with 
biochemical testing, and it dramatically improves time to definitive 
identification results.

ANTIMICROBIAL SUSCEPTIBILITY 
TESTING
One of the most important functions of the microbiology laboratory 
is to determine the susceptibility of a presumed pathogen to antimi-
crobial agents. Although some organisms are predictably susceptible 
to effective antibiotics, treatment options are frequently limited for 
other organisms because of antimicrobial resistance or drug toxicity. 
In vitro susceptibility testing is one of the most complex tasks per-
formed in the clinical laboratory: the tests must be reproducibly and 
accurately performed, clinically relevant, and timely. Methods for per-
forming the tests are defined by standards published and annually 
reviewed by the Clinical and Laboratory Standards Institute (CLSI, 
formerly the National Committee for Clinical Laboratory Standards 
[NCCLS]), a consensus group representing clinical laboratories, indus-
try, and government agencies (www.CLSI.org). The standards define 
with exacting detail how each susceptibility test method should be 
performed and the results interpreted and reported. The documents 
also provide guidelines for the selection of specific classes of drugs to 
be tested against specific organisms, although the final decision of 
which antibiotics should be reported for a specific organism should be 
made by the microbiologist and clinician.

A number of different methods have been used to assess the activity 
of antibiotics against bacteria. Historically, the methods have been 
divided into dilution and diffusion methods, quantitative and qualita-
tive methods, manual and automated methods, and overnight and 
rapid methods. Methods have also been developed to measure specific 
resistance mechanisms, such as production of β-lactamases or the 
presence of specific genes encoding resistance.

Dilution Methods
Dilution methods were the first susceptibility test procedures that were 
developed. In these procedures, serial dilutions of antibiotics are pre-
pared in either a liquid or agar medium. Typically, a twofold dilution 
scheme is used (e.g., 100, 50, 25, 12.5, 6.25, 3.1, 1.5, 0.75, etc., µg/mL). 
Each dilution is then inoculated with a standardized concentration of 
the test organism and, after a specific incubation period, the lowest 
(minimum) concentration of antibiotic that inhibits the organism is 
determined. These methods are referred to as minimal inhibitory con-
centration (MIC) tests or quantitative susceptibility tests because the 
results are expressed numerically.37

The quantitative values can be converted into qualitative 
interpretations—susceptible, intermediate, resistant—based on inter-
pretive criteria defined by CLSI for each organism-antibiotic combina-
tion.38 An organism is defined as susceptible to an antibiotic when 
the MIC value is at or below the concentration achieved with the  
usual recommended dose of the antibiotic, intermediate when the MIC 
value is at the concentration of the antibiotic achieved with higher 
doses or in body sites where the active antibiotic is concentrated (e.g., 
urinary tract), and resistant when the MIC value is greater than the 

Identification Using Specific Antisera
In addition to biochemical methods of identification, laboratories use 
antisera to confirm the identification of some organisms and for sub-
typing bacteria for epidemiologic purposes (e.g., classification of Sal
monella strains). Agglutination with the use of whole-organism 
suspensions or latex agglutination by means of antibody bound to latex 
beads is technically simple to perform and takes a few minutes to 
complete. Examples of organisms for which serologic identification is 
useful are listed in Table 16-11.

Identification Using Genomic 
Techniques
The first molecular identification techniques were probe-based tests 
that relied on detection of nucleic acid sequences that were specific for 
a particular genus or species. These probe assays (see Table 16-8) 
became the method of choice for rapid, accurate identification of a 
variety of bacteria, mycobacteria, and fungi isolated in culture.

DNA sequence–based identification is another molecular tech-
nique that can be used to improve both the speed and accuracy of 
identification of bacteria that are difficult to identify by phenotypic 
tests. Gene sequencing techniques that target ribosomal ribonucleic 
acid (rRNA) genes and various housekeeping genes permit precise 
identification of organisms, but the current sequencing costs and tech-
nical demands limit the widespread use. Furthermore, proteomic iden-
tification methods (see later) are rapidly replacing sequencing methods 
and will likely restrict sequencing for characterization of selected 
organisms and use for epidemiologic investigations.

Whereas most subtyping of most organisms was previously per-
formed using specific antisera, this is now more efficiently accom-
plished with molecular techniques. Availability of accurate typing helps 
to control outbreaks more rapidly and can help in the identification of 
sources, carriers, and patterns of spread. The main genotypic methods 
that are currently in use include pulsed-field gel electrophoresis 
(PFGE), restriction fragment length polymorphism (RFLP) of chro-
mosomal DNA, and polymerase chain reaction (PCR)-based methods, 
such as random amplification of polymorphic DNA (RAPD) and mul-
tilocus sequence typing (MLST).33 The different methods vary in repro-
ducibility, ease of performance, turnaround time, robustness, and 
discriminatory power, with PFGE considered by many the gold stan-
dard. It is important to recognize that all these methods are relatively 
crude techniques to assess the similarities or differences in genetic 
composition among strains of bacteria. A more precise method for 
accomplishing this is whole-genome sequencing. With the dramatic 
improvements in sequencing techniques, whole-genome sequencing 
has enabled a level of discrimination among strain previously unattain-
able in epidemiologic investigations. As these sequencing techniques 
are further automated, it is anticipated that genome sequencing will 
replace the earlier genotypic methods.

TABLE 16-11  Serologic Identification of Selected 
Bacteria

BACTERIA COMMENTS
Streptococcus, 
β-hemolytic

Lancefield grouping based on cell wall carbohydrates; 
A, B, C, F, and G most common

Streptococcus 
pneumoniae

Subtyping based on more than 90 capsule 
polysaccharides; polyvalent antisera used to identify 
S. pneumoniae; subtyping used to select most 
common polysaccharides for vaccine development

Neisseria 
meningitidis

Thirteen capsule polysaccharides; A, B, C, Y, and 
W135 most common clinical isolates

Haemophilus 
influenzae

Capsule polysaccharides used to classify species into 
6 subtypes (A to F); subtype B most important

Escherichia coli Subtyped by many cell wall (O) polysaccharides and 
flagella (H) proteins; O157:H7 most important

Salmonella enterica Subtyped using more than 2500 cell wall (O) 
polysaccharides

Shigella spp. Cell wall (O) polysaccharides used to divide 4 species 
into 45 subtypes

Legionella 
pneumophila

Polyvalent antisera used to subdivide species into 16 
serogroups; serogroup 1 most important

http://www.CLSI.org
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β-lactamase production by both gram-positive and gram-negative 
organisms. There are more than 250 different β-lactamases produced 
by bacteria, so it is logical that a variety of methods have been devel-
oped. Two examples will illustrate important applications of these  
tests. Organisms such as Staphylococcus, Neisseria, Haemophilus, and 
Bacteroides produce a common β-lactamase that will degrade most 
penicillins and selected cephalosporins. The β-lactamase activity 
can be detected by measuring the byproducts of these degraded anti-
biotics. The most common method measures degradation of the chro-
mogenic cephalosporin nitrocefin, which produces a red byproduct. 
Another important group of β-lactamases are the extended-spectrum 
β-lactamases (ESBLs). ESBL-producing organisms are resistant to all 
penicillins, cephalosporins, and monobactams, even when the in vitro 
tests indicate susceptibility. Diffusion and dilution tests have been 
developed to detect ESBL production. Reduced activity to cefpodox-
ime, ceftazidime, ceftriaxone, cefotaxime, or aztreonam is used to 
screen for ESBL production, and then inhibition of this β-lactamase 
activity by β-lactamase inhibitors (i.e., sulbactam, clavulanic acid) is 
used to confirm the screening test.38 Resistance to carbapenem antibiot-
ics in gram-negative rods is mediated by a number of novel β-lactamases. 
This resistance is initially detected by elevated MICs to one or more 
carbapenems and then confirmed by detection of the specific resistance 
gene by molecular tests. Carbapenem-resistant gram-negative rods 
should be considered resistant to all β-lactam antibiotics.

All species of staphylococci that are oxacillin (or methicillin) resis-
tant should be considered resistant to all β-lactam antibiotics, includ-
ing carbapenems, regardless of the actual in vitro result. For either  
MIC or disk testing of staphylococcal susceptibility to oxacillin and 
vancomycin, a full 24 hours of incubation at 35° C is required to maxi-
mize the likelihood of detection of resistance except in automated 
broth dilution systems that use specialized interpretive algorithms that 
allow a definitive result in 6 to 8 hours. Oxacillin resistance is encoded 
in the mecA or mecC genes. Molecular-based assays for one or both 
genes are widely used in clinical laboratories and offer a rapid method 
for determining resistance.

Infections with enterococci are commonly treated with a combina-
tion of an aminoglycoside and a cell wall–active antibiotic. Aminogly-
cosides have poor activity against enterococci when used alone because 
of poor uptake of the drug. Acquired resistance to aminoglycosides 
(that is, combination treatment will be ineffective) corresponds to high 
MIC values for the aminoglycosides. Thus, high-level resistance is 
defined by MIC values greater than or equal to 2000 µg/mL for strep-
tomycin and greater than or equal to 500 µg/mL for gentamycin. Van-
comycin resistance is also common in enterococci, particularly in E. 
faecium and less commonly in E. faecalis. This can be measured by MIC 
tests, growth on media with vancomycin, or by molecular tests that 
measure for the presence of genes associated with vancomycin resis-
tance, vanA or vanB genes. Commercial assays for molecular testing 
for vanA are widely available (see Table 16-8).

MYCOBACTERIA
Mycobacteria are aerobic, nonmotile, rod-shaped bacteria that are acid 
fast; that is, once stained with certain dyes, they resist decolorization 
with acid-alcohol because of their cell wall structure.

Safety Issues
When concentrated direct smears are made, bleach (5% sodium hypo-
chlorite) can be used to inactivate mycobacteria that may be present 
in patient specimens. Non–aerosol-producing procedures, such as 
manipulating specimens for preparation of smears, can be performed 
using biosafety level (BSL)-2 practices and a biologic safety cabinet. 
The Centers for Disease Control and Prevention (CDC) recommends 
that all other procedures that potentially generate aerosols should be 
performed in a BSL-3 facility. Such a facility includes restricted access; 
directional airflow maintaining the laboratory under negative pressure; 
and the use of special gowns, gloves, and masks.40

Specimen Collection and Transport
Specimens for smear and culture for mycobacteria should be collected 
and transported in closed, leakproof, sterile containers. Containers 
contaminated with specimen on the outside are not acceptable because 

concentration achieved in therapeutic doses or in situations where 
special resistance mechanisms are present (e.g., bacterium carries 
genes encoding resistance to the antibiotic).

Agar dilution tests performed in Petri dishes and broth dilution 
tests performed in test tubes are used primarily in research laboratories 
because the tests are technically cumbersome and not adapted to high-
volume testing. However, broth dilution tests performed in microdilu-
tion trays are very common. These are referred to as broth microdilution 
MIC tests. Automated versions of these microdilution tests have been 
developed by a number of companies and are widely used in most 
clinical laboratories. Microdilution panels with a large number of anti-
biotics are available commercially and can be combined with bio-
chemical tests for the simultaneous performance of identification and 
antimicrobial susceptibility tests. The antibiotics and biochemical sub-
strates are dried in many test panels so they can be stored for an 
extended period of time.

Agar Diffusion Methods
The agar diffusion method was developed as a practical alternative to 
the agar and broth tube dilution procedures. The most popular agar 
diffusion method is the Kirby-Bauer disk diffusion method.39 In this 
method, the test agar plate is swabbed with a standardized concentra-
tion of the test organism, and then paper disks containing a defined 
antibiotic concentration are placed on the lawn of bacteria. After over-
night incubation, the diameter of the zone of inhibited growth around 
the disk is measured. This zone is influenced by a number of variables, 
including the susceptibility test medium (Mueller-Hinton agar is the 
standard for bacterial tests), the concentration of the test organism, the 
rate of growth of the test organism, the concentration of antibiotic in 
the disk, the diffusion of the antibiotic in the agar, and the susceptibility 
of the organism to the antibiotic. The first five variables are standard-
ized by CLSI; therefore, if the test is properly performed, the size of the 
zone of inhibited growth is directly related to the susceptibility of the 
organism—the larger the zone, the more susceptible the organism is 
to the antibiotic. As would be expected, the results of the dilution tests 
and diffusion tests are related. There is an inverse linear relationship 
between the size of the zone and the MIC value—the larger the zone 
of inhibited growth (more susceptible the organism to the antibiotic), 
the smaller the MIC value. Thus, it is possible to extrapolate from the 
measured size of the inhibitory zone to the corresponding MIC value. 
In addition, the interpretive criteria that are applied to MIC tests apply 
to the diffusion tests. Thus, for most organism-antibiotic tests, the dif-
fusion tests and dilution tests are equally accurate in predicting anti-
microbial susceptibility.

The dilution tests are commonly referred to as quantitative tests, 
whereas the diffusion tests are referred to as qualitative tests. That is, 
the dilution tests are usually reported as a number or MIC value, 
whereas the diffusion test results are reported as susceptible, interme-
diate, or resistant. This is an oversimplification. Both tests are quantita-
tive; in fact, the diffusion tests assess a greater range of quantitative 
values (zone sizes from 6 mm [diameter of the paper disk] to about 
40 mm), compared with dilution tests, which typically measure two to 
five concentrations of a drug in most microdilution panels. So, the 
definition of a quantitative or qualitative test is determined by the 
reporting method rather than the testing method.

One variation of the Kirby-Bauer disk diffusion test is the E test 
(bioMérieux, Lyon, France), which is a gradient diffusion test. In this 
test, the antibiotic is in a commercially prepared strip, with a concen-
tration gradient extending from the top to the bottom of the strip. 
When this is placed on a lawn of bacterial growth, an elliptic pattern 
of inhibited growth develops (greater inhibition at the end with a 
higher concentration of antibiotic). The strips are calibrated so that the 
area where the bacterial growth meets the strip corresponds to the 
organism’s MIC value for the antibiotic. The advantage of the E test is 
that MIC results can be obtained easily for one or two antibiotics. 
However, when a large number of organism-antibiotic combinations 
need to be tested, the broth microdilution method is preferred.

Special Methods
Specialized methods have been developed to detect some specific  
resistance mechanisms. An example of this is the detection of 
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real-time PCR, loop-mediated isothermal amplification) must be vali-
dated before they can be used for diagnostic testing. One gene target, 
the secA1 gene, is useful for the detection and identification of a large 
number of mycobacterial species in clinical specimens.44

Although direct detection of both mycobacterial antigens and 
tuberculostearic acid may have some usefulness for the diagnosis of 
tuberculosis, particularly tuberculous meningitis, such testing is not 
generally available. Nucleic acid amplification may be more sensitive 
than tuberculostearic acid detection for the diagnosis of both pulmo-
nary and meningeal tuberculosis.45

Specimen Processing and Plating
Specimens such as sputum, urine, and stool, which can be expected to 
contain considerable normal microbial flora, must be digested and 
decontaminated to prevent overgrowth of any mycobacteria present. 
These processing steps are inevitably somewhat toxic to mycobacteria, 
and a balance must be struck to minimize the loss of mycobacteria 
while simultaneously maximizing the elimination of as many other 
microorganisms as possible.41 Concentration of the specimen occurs 
as part of the digestion and decontamination procedures, and smears 
of a specimen are prepared from such concentrates. The most com-
monly used digestion and decontamination procedure entails the use 
of a mixture of N-acetyl-l-cysteine and sodium hydroxide (NaOH), 
although other procedures are occasionally used, such as the oxalic 
acid procedure for specimens heavily contaminated with Pseudomonas 
aeruginosa.41 Sterile fluids, such as CSF, may be concentrated for smear 
preparation and plating without prior digestion and decontamination. 
Biopsies specimens obtained from normally sterile sites must be 
ground before plating but also do not require prior digestion and 
decontamination. Blood processed by a lysis-centrifugation method 
can be planted onto solid media, from which blood organism concen-
tration can be determined. Currently, several types of mycobacterial 
blood culture bottles that can be used with automated instruments are 
available for direct inoculation, but quantitation cannot be obtained 
with liquid culture media.41

It is recommended that a liquid, in addition to a solid medium, be 
used for plating specimens whenever practical; the liquid media may 
enhance both the sensitivity of culture and the rapidity of organism 
detection.41,46 Use of a liquid medium often results in the isolation of 
M. tuberculosis within 2 weeks and isolation of other slowly growing 
mycobacteria in even less time. Consequently, when one of these liquid 
media has been used, one cannot assume that an organism detected 
within a week of incubation is necessarily a rapid grower in the tradi-
tional sense. Antimicrobial agents may be added to liquid and solid 
media to help prevent overgrowth of contaminants; some of these 
agents may be inhibitory to some mycobacteria (e.g., nalidixic acid 
may inhibit some strains of rapidly growing mycobacteria and M. 
kansasii); hence, if media with and without antimicrobials are used, the 
chance of isolating any mycobacteria present may be enhanced. If no 
growth is obtained from a smear-positive specimen from an untreated 
patient, the possibility that optimal growth conditions for the organ-
ism have not been used or that the organism is uncultivable should  
be considered. Many liquid-based systems use an instrument for  
automated detection of organism growth, but some nonautomated 
systems are also available. Detection is based on such features as 
carbon dioxide (CO2) production (BacT/ALERT 3D, bioMérieux, 
Lyon, France), oxygen consumption (BACTEC 9000MB System and 
Mycobacteria Growth Indicator Tube [MGIT], Becton-Dickinson, 
Sparks, MD), and monitoring the rate of oxygen consumption by mea-
suring pressure changes in the culture vial (VersaTREK, Magellan Bio-
sciences, Cleveland, OH).41

Mycobacterial cultures are generally incubated at 36° C ± 1° C in an 
atmosphere of approximately 8% CO2, the optimum conditions for 
isolation of M. tuberculosis. However, several species of pathogenic 
mycobacteria have different growth requirements or preferences that 
may have to be satisfied to ensure their isolation (Table 16-12). Given 
the preference of several skin and subcutaneous pathogens to grow at 
30° C (including Mycobacterium haemophilum, M. marinum, M. ulcer
ans, and rapid growers), at least a portion of all skin biopsy specimens 
(and perhaps other specimen types obtained from cooler areas of the 
body such as the extremities) submitted for mycobacterial culture 

of the hazard posed to personnel. Gastric aspirates require pH neutral-
ization soon after collection to ensure the viability of any mycobacteria 
that may be present; arrangements should be made with the laboratory 
in advance to ensure optimal specimen handling. Biopsies are prefer-
able to swab specimens of tissue lesions for the isolation of mycobac-
teria. No special procedures are usually necessary for the collection and 
transport of sterile fluids, urine, and stool. However, organism concen-
trations in sterile fluids may be low, so a minimum of several milliliters 
(in the case of CSF, more than 5 mL if possible) should be obtained 
whenever mycobacterial infection is a serious consideration.41 Blood 
may be collected for mycobacterial culture, either in a blood collection 
tube that contains anticoagulant or in a lysis-centrifugation tube, or it 
may be inoculated directly into a special bottle for mycobacterial blood 
culture, depending on laboratory protocol. Twenty-four–hour collec-
tions of sputum and urine are unacceptable because of the likelihood 
of bacterial overgrowth. For sputum and urine, it is recommended that 
at least three first-morning specimens be obtained and that a minimum 
of 40 mL of midstream urine be processed for each culture.41 Protocols 
for handling different specimen types vary significantly among labora-
tories, and it is important for physicians to be aware of the procedures 
used by each of the laboratories they use.

Direct Organism Detection
Mycobacteria may be detected directly in patient specimens through 
visualization of stained organisms or by detection of specific myco-
bacterial nucleic acids or other cellular constituents (see Tables 16-5 
and 16-8).

The Gram stain is insensitive for the detection of mycobacteria. If 
visible at all, mycobacteria may appear as finely beaded, gram-positive 
rods with only the beads visible (gram-positive) and the rest of the 
organism appearing gram-negative, or they may appear as negative 
images (unstained rodlike outlines) in the specimen. Specific myco-
bacterial stains are based on the ability of mycobacteria to retain 
certain dyes after washing with an acid-alcohol decolorizer (hence, 
“acid fast”), unlike most other bacteria. The primary stain in the Ziehl-
Neelsen and Kinyoun stains is carbolfuchsin, staining mycobacteria 
red. The Ziehl-Neelsen stain requires a heating step and has been 
replaced in many laboratories by the Kinyoun stain, which is a “cold” 
acid-fast stain. The auramine O and auramine-rhodamine stains use 
fluorescent compounds; although fluorescence microscopy is required 
for visualization of mycobacteria, these stains do not involve the use 
of an antibody but are based on the acid-fast properties of mycobac-
teria. Fluorescent stains are more sensitive for the detection of myco-
bacteria, particularly in direct specimens, because the organisms stain 
brightly and can be clearly distinguished from background material. 
In addition, because slides stained with a fluorescent dye can be exam-
ined reliably with an objective lens of lower magnification (25×) than 
with the oil immersion lens (100×) required for carbolfuchsin-stained 
smears, reading of slides can be done faster. Rapidly growing myco-
bacteria may be less avidly acid fast than are slow growers and may be 
more readily visualized with a modified acid-fast stain that uses a 
weaker decolorizing step than is used with a regular carbolfuchsin 
stain. Some species of mycobacteria differ from others in the length, 
width, or arrangement of individual cells. Mycobacterium kansasii, for 
example, tends to be long and broad, sometimes with a banded rather 
than a beaded appearance, whereas Mycobacterium avium complex 
may appear coccobacillary, especially on a smear from a liquid medium. 
Particularly when grown in a liquid medium, cells of M. tuberculosis 
often group together in “cords” that are composed of long strands of 
organisms with their long axes parallel. However, the microscopic 
appearance of individual cells and groups of cells should at best be 
considered only suggestive of a certain species or group of species.42

The CDC currently recommends that a nucleic acid amplification 
test (NAAT) should be performed on the first sputum from all patients 
suspected with a M. tuberculosis infection for which the test result 
would alter case management or tuberculosis (TB) control activities. 
Despite this recommendation, there is only one FDA-approved test 
currently available (see Table 16-8) for respiratory specimens, and the 
test sensitivity is high only for smear-positive specimens.43 Other 
NAATs are available for research use only or for clinical testing outside 
the United States. Laboratory-developed tests (e.g., DNA sequencing, 
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after light exposure. Nonphotochromogens do not produce pigment 
even after light stimulation. However, not all isolates of some species 
will fall into the same category based on growth rate or pigment pro-
duction. For example, most isolates of M. avium complex are nonpho-
tochromogenic, but some are scotochromogenic; many isolates of M. 
marinum (a photochromogen) grow rapidly, and isolates of M. szulgai 
are usually photochromogenic at 25° C but scotochromogenic at 36° C. 
M. tuberculosis complex, although by definition not a member of any 
of the Runyoun groups, is in fact a nonphotochromogen. This is impor-
tant because if a pigmented, acid-fast colony is isolated in culture, this 
effectively excludes M. tuberculosis.

Some mycobacterial species that are closely related and/or difficult 
to distinguish in the diagnostic laboratory are grouped into complexes. 
The two most frequently encountered complexes are M. tuberculosis 
complex (consisting of M. tuberculosis, M. africanum, M. bovis, M. 
canettii, and several other species primarily of animal origin) and M. 
avium complex (MAC, consisting of M. avium, M. intracellulare, and 
probably at least one other species). Several species of rapid growers 
are also placed into different complexes, but these groupings are not 
so widely recognized.

Because more than 100 species of mycobacteria are recognized, use 
of biochemical tests cannot reliably identify most isolates. A practical 
method for preliminary identification of M. tuberculosis is the demon-
stration of niacin production and reduction of nitrate. However, for 
the definitive identification of this and other species, genomic or pro-
teomic methods should be used.

Molecular Identification Methods
Commercially available probes (AccuProbe [Hologic Gen-Probe; San 
Diego, CA]) are available for the identification of M. avium complex, 
M. avium, M. gordonae, M. intracellulare, M. kansasii, and M. tubercu
losis complex (see Table 16-8). These chemiluminescent compound–
labeled probes are DNA probes for rRNA, which exists in multiple 
copies in each cell; they can be used only with organisms grown in 
culture, not directly on patient specimens. The procedure can be per-
formed within a matter of hours from the time of organism isolation. 
Laboratories not doing further testing of isolates of the M. avium 
complex and the M. tuberculosis complex should make it clear that 
their identifications have not gone beyond the level of the complex 
(e.g., they should report “M. tuberculosis complex,” not “M. tuberculo
sis,” unless additional appropriate testing such as niacin and nitrate 
reactions has been done). Other nucleic acid–based methods for iden-
tification of mycobacterial species include amplification of a portion 
of the genome common to all mycobacteria (such as 16S rRNA, HSP, 
or secA1 genes), followed by the use of species-specific probes or 
sequencing of the amplified material. Identification of mycobacteria 
with MALDI-TOF mass spectrometry has recently been reported to be 
rapid and highly accurate. Conventional MALDI-TOF methods (see 
earlier) were modified for mycobacteria by inactivation of isolates by 
heat treatment, followed by use of sonication with glass beads in the 
presence of formic acid and acetonitrile. This method is very promising 
because definitive identification of isolates could be accomplished in 
less than 1 hour.

Susceptibility Testing
In the United States, susceptibility testing of M. tuberculosis complex 
is done either by the proportion method, using Middlebrook 7H10 
agar or in a liquid medium.50 It is currently recommended that all 
initial isolates of M. tuberculosis complex be tested, as well as isolates 
from patients who are still culture positive after 3 months of therapy 
or who are clinically failing to respond. The use of liquid medium  
is recommended for testing the four primary antituberculous drugs 
(ethambutol, isoniazid, pyrazinamide, and rifampin) because results 
are usually available within a week, as opposed to the 3 weeks required 
with solid medium. In the proportion method, an isolate is considered 
resistant to a specific concentration of antimicrobial if the number  
of colonies growing on the corresponding drug-containing quadrant 
of the plate is greater than 1% of the number of colonies on a drug- 
free quadrant. Testing that uses liquid media has been adjusted to 
provide results that are in accordance with those obtained with the 
standardized procedure using a solid medium. Testing of the “critical 

should be incubated at approximately 30° C. It is also important that 
the clinician notify the laboratory if a pathogen with specific growth 
requirements, such as M. haemophilum, is suspected so that optimal 
culturing procedures can be used. Mycobacterium avium subsp. para
tuberculosis, reported from some patients with Crohn’s disease and the 
etiologic agent of Johne’s disease in ruminants, cannot reliably be iso-
lated in the routine diagnostic laboratory.

Significance of Isolation of 
Mycobacteria from Clinical Specimens
Isolation of certain species of mycobacteria, such as M. avium complex 
or a rapidly growing mycobacterium, may represent colonization or 
specimen contamination rather than active disease, but the potential 
significance of repeated isolation of the same species from the same 
source requires careful evaluation.47 Most isolates of M. gordonae, a 
water organism, are regarded as contaminants; only rarely is it a proven 
pathogen. Laboratory cross-contamination, although fortunately rare, 
has been well documented and requires sustained vigilance for its 
detection and prevention.48

The molecular methods used in epidemiologic investigations can 
also be used in assessing the likelihood of cross-contamination. M. 
tuberculosis isolated from a one of several smear-negative specimens, 
especially in the absence of consistent histopathology or a highly con-
sistent clinical picture, requires consideration of the possibility of 
specimen cross-contamination.49

Mycobacterial Identification
Traditional Categories and Methods
To aid their further identification to the species level, nontuberculous 
mycobacteria were divided into several groups by Runyoun. Rapid 
growers (Runyoun group IV) take less than 7 days for growth after 
subculture to a solid medium from a dilute suspension; however, they 
generally also take less than 7 days to grow on solid or in liquid medium 
on initial isolation. Slowly growing mycobacteria are further divided 
into photochromogens, scotochromogens, and nonphotochromogens 
(Runyoun groups I, II, and III, respectively), depending on their ability 
to produce pigment and the relationship of pigment production to light 
stimulation. Photochromogens produce pigment after light stimulation 
but not when grown continuously in the dark with no light exposure. 
Scotochromogens produce pigment when grown in the dark as well as 

TABLE 16-12  Pathogenic Mycobacteria with 
Unusual Growth Requirements or Characteristics

Mycobacterium bovis
Growth said to be enhanced by 0.4% pyruvate, but there is no apparent need 

for supplementation with the use of newer media

Mycobacterium haemophilum
Requires ferric iron (provided as ferric ammonium citrate, hemin, or blood)

Requires approximately 30° C for initial growth

Mycobacterium genavense
Grows best in BD BACTEC media

May grow on Middlebrook 7H11 medium supplemented with mycobactin J or 
on acidified Middlebrook medium supplemented with blood and charcoal

Mycobacterium marinum
May require approximately 30° C for initial growth

Mycobacterium paratuberculosis
May require many months to grow, even on special media

Cultivation is not feasible in the diagnostic laboratory

May be killed by routinely used digestion and decontamination procedures

Mycobacterium ulcerans
May require approximately 30° C for initial growth

Requires prolonged (up to 3 mo) incubation for detection

Mycobacterium xenopi
Grows best at 42° C, but will grow, at least slowly, at 36° C

Rapidly Growing Mycobacteria
Often grow best at approximately 30° C, but usually also grow well at 36° C
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to Corynebacterium and Mycobacterium, genera of aerobic actinomy-
cetes that contain species pathogenic for humans include Actinomad
ura, Dermatophilus, Gordonia, Nocardia, Nocardiopsis, Rhodococcus, 
Streptomyces, Tropheryma, and Tsukamurella.53 Tropheryma whipplei, 
the causative agent of Whipple’s disease, is not cultivatable in the 
routine laboratory. Organisms in the genera Gordonia, Nocardia, Rho
dococcus, and Tsukamurella are almost always modified acid-fast posi-
tive; of these, only isolates of Nocardia regularly produce an aerial 
mycelium. The modified acid-fast stain for aerobic actinomycetes is 
similar to the Kinyoun stain for mycobacteria but differs particularly 
in that a weaker decolorizing solution, a shorter time period, or both 
are used for decolorization. The stain requires some expertise for per-
formance and interpretation and should always be done with appropri-
ate positive and negative controls. Although they are true bacteria and 
not molds, these organisms have traditionally been handled in the 
mycology section of the laboratory, perhaps because they resemble 
molds both in their relatively slow growth rate and in their tendency 
to form long, branched structures reminiscent of hyphae. Because 
these organisms are widespread in the environment, colonization and 
specimen contamination can occur. Single colonies of Streptomyces, 
especially from nonsterile sites and from nonmycetomatous lesions, 
are very likely to represent contamination. However, most aerobic 
actinomycetes are very uncommon as laboratory contaminants, and 
the potential clinical significance of their isolation should be carefully 
assessed.

Specimen Collection and Transport
Collection and transport procedures suitable for bacterial and fungal 
cultures are also adequate for the aerobic actinomycetes, but refrigera-
tion of specimens should be avoided because some Nocardia strains 
lose viability at low temperatures.53 If infection with an organism in 
this group is suspected, alerting the laboratory is advisable because 
special staining and plating procedures are useful for enhancing the 
likelihood that the organism will be detected. Because these organisms 
may cause deep-seated infections, such as brain abscess, biopsy may 
be necessary for isolation.

Direct Organism Detection
In some infections caused by these organisms, such as mycetoma, the 
organisms may grow in clinical lesions as dense masses visible macro-
scopically as “grains” in purulent material. Detection of these “grains” 
may greatly facilitate isolation of the etiologic agent; hence, the labora-
tory should be notified in advance when such an infection is suspected. 
The only generally available means of direct detection of these organ-
isms in patient specimens is staining (see Table 16-5). On Gram stain, 
Nocardia tends to be especially thin and long and may appear to be 
composed mainly of tiny noncontiguous gram-positive beads. Organ-
isms in other genera, such as Streptomyces (and the anaerobic actino-
mycetes), tend to appear wider and more avidly gram-positive, but a 
definite genus assignment of any organism other than Dermatophilus 
cannot be made with certainty on the basis of organism morphology 
alone. Nocardia may also be invisible on Gram stain or may appear 
only as negative images, and a modified acid-fast smear should always 
be requested if Nocardia infection is suspected. Gordonia, Rhodococcus, 
and Tsukamurella spp. may be unbranched, much shorter than Nocar
dia, and overall more coryneform in appearance. Dermatophilus con
golensis produces branching filaments with divisions that occur both 
parallel and perpendicular to the long axis of the filament. In Gram-
stained material, the organism may appear too darkly stained for 
adequate visualization of structural detail, and some other stain, such 
as a Giemsa stain, may be necessary.

Specimen Processing and Plating
No special specimen processing is required for isolation of the aerobic 
actinomycetes, which grow on many different types of media. However, 
they may not survive the specimen processing used to eliminate bacte-
rial flora from specimens for mycobacterial culture. Because they may 
be present in low numbers and are relatively slow growing, isolation of 
aerobic actinomycetes may be enhanced with the use of media that 
contain antimicrobial agents to suppress the normal flora. A medium 
that has been found to be particularly useful for the isolation of 

concentration” of each drug is considered most important. These “criti-
cal” concentrations may differ somewhat between solid and liquid 
media for a given agent (e.g., the critical concentration for isoniazid  
in 7H10 agar is 0.2 µg/mL; in BACTEC 12B and ESP II [Trek Diag-
nostics, Westlake, OH] liquid media, it is 0.1 µg/mL). CLSI has pub-
lished an approved standard for susceptibility testing of M. tuberculosis, 
which also includes recommendations for the testing of most other 
pathogenic species of mycobacteria and aerobic actinomycetes.50 The 
document includes discussions of the circumstances under which sus-
ceptibility testing of the various species may be most useful. Rapidly 
growing mycobacteria do not generally respond to agents used for the 
treatment of tuberculosis. The CLSI document describes a modifica-
tion of the broth microdilution procedure used for bacterial suscepti-
bility testing for use with rapid growers, including a variety of 
species-specific procedural and interpretive guidelines. Molecular tests 
are also available for the direct detection of resistance genes, but these 
should be considered presumptive and should be confirmed by phe-
notypic tests.

Epidemiology
Molecular typing can now be performed by a variety of methods to 
determine the relatedness of different isolates of M. tuberculosis. A 
widely used method is based on the insertion sequence IS6110, which 
is found in 0 to approximately 25 copies scattered in different locations 
in the chromosome in different strains. The DNA fragments produced 
by a specific endonuclease (which cleaves at only one site in each  
insertion sequence) are separated by gel electrophoresis, and the  
DNA fragment patterns obtained from different isolates are compared 
to determine relatedness.51 The procedure has been used for such 
purposes as investigating episodes of possible laboratory cross-
contamination, tracing sources of infection in outbreak situations, 
determining whether a second episode of disease is due to a previously 
isolated strain or to a newly infecting strain, and determining whether 
an infection is caused by more than one strain of organism. Other 
techniques can be used when the IS6110-based technique is not prac-
ticable, such as for isolates with too few copies of the insertion sequence. 
Among the molecular techniques used for evaluation of the strain 
relatedness of nontuberculous mycobacteria are PFGE and RAPD. As 
with epidemiologic investigation of bacterial outbreaks, whole-genome 
sequencing may rapidly render all other techniques obsolete.

Latent Tuberculosis:  
Laboratory Diagnosis
The tuberculin skin test is the traditional method for assessing expo-
sure to M. tuberculosis. Interferon-γ (IFN-γ) is critical in regulating 
cell-mediated immunity, and in 2001, the first IFN-γ release assay 
(IGRA) for the detection of M. tuberculosis infection (QuantiFERON-
TB test; Cellestis, Carnegie, Victoria, Australia) was approved by the 
FDA. A second-generation assay, QuantiFERON-TB Gold test, was 
approved in 2005, and the T-SPOT TB test (Oxford Immunotec, Marl-
borough, MA) was approved in 2008. The tests involve the detection 
of IFN-γ released in fresh heparinized whole blood from lymphocytes 
of sensitized individuals after incubation with synthetic peptides 
similar to the early secretory antigens of M. tuberculosis. Detailed 
guidelines on the use and interpretation of this test have been pub-
lished recently by the CDC.52 The CDC recommends that the IGRA 
tests can be used for patients previously immunized with bacillus 
Calmette-Guérin (BCG) (in contrast with the tuberculin skin test, 
there is no cross-reactivity) and for patients where skin test follow-up 
is unreliable.

AEROBIC ACTINOMYCETES
Aerobic actinomycetes are gram-positive rods (in most species also 
beaded and conspicuously branching) that grow best under aerobic 
conditions. They are similar in certain respects to both corynebacteria 
and mycobacteria, which are often also included with the aerobic acti-
nomycetes.53 The taxonomy of this group is under active revision, and 
considerable nomenclatural change is occurring. The morphologically 
similar anaerobic actinomycetes (including the genus Actinomyces), 
which have a preference or requirement for anaerobic growth condi-
tions, are included with gram-positive anaerobic bacteria. In addition 
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Terminology
The diagnostic mycology laboratory uses terminology that, although it 
has little taxonomic significance, is useful in terms of determining both 
clinical relevance and identification. Yeasts are unicellular organisms 
that grow as relatively smooth, creamy colonies, whereas molds 
produce fuzzy colonies because of the production of aerial hyphae. 
Some organisms may initially produce yeastlike colonies that become 
more moldlike with continued incubation. Microscopically, yeasts 
appear as round or oval cells that reproduce by budding. Many yeasts, 
such as most species of Candida, also produce hyphal structures. 
Hyphae are morphologically subdivided into pseudohyphae and true 
hyphae. Pseudohyphae resemble chains of sausages in that the hyphae 
tend to be constricted at the septa, and each cell originates as a bud. 
The cell at the tip tends to be small and rounded, and a septum is often 
found at each branch point. In contrast, true hyphae tend to have 
straighter, more parallel walls without constrictions at the septa and 
usually without a septum at the branch point. True hyphae may be 
either septate or aseptate. True hyphae that are septate suggest organ-
isms such as Aspergillus, Fusarium, and Scedosporium. True aseptate 
hyphae may be broad and have a ribbon-like appearance; their pres-
ence suggests one of the Mucorales (aseptate molds) such as Rhizomu
cor. Brown pigment in hyphae suggests that the organism is a 
dematiaceous (black) mold; hyaline molds do not produce pigmented 
hyphae. These simplified distinctions are not absolute. Thus, some 
Candida species can form true hyphae, and the “aseptate” molds may 
have an occasional septum. Dermatophytes and dimorphic molds are 
usually considered separate categories of mold distinct from the other 
hyaline septate molds. The likelihood that an organism may be a der-
matophyte is usually suggested by the specimen source (e.g., skin, hair, 
nails). Dimorphic molds have a nonmold form when they are growing 
in the patient but grow as a mold in the laboratory at 30° C. Table 16-13 
summarizes some of the more significant and more commonly isolated 
genera and species according to the categories frequently used in the 
diagnostic laboratory. Of the clinically significant dimorphic molds, 
Blastomyces dermatitidis, Histoplasma capsulatum, Paracoccidioides 
brasiliensis, Penicillium marneffei, and Sporothrix schenckii grow as 
yeasts or yeastlike structures in the patient at 37° C and hence are 
thermally dimorphic. Coccidioides species most commonly grow in the 
patient as thick-walled spherules and require a special medium that is 
not widely available to be grown in this form in vitro; otherwise, these 
species grow as a mold both at 30° C and at 35° C and hence are not 
thermally dimorphic. Two species of Coccidioides are now recognized, 
C. immitis and C. posadasii, and can be distinguished by molecular 
methods, although it is not clear that there are any clinically significant 
differences between them.55

Many molds have a morphologic form that results from sexual 
reproduction; these differ from the form that results from asexual 
reproduction. The form that results from sexual reproduction is known 
as the teleomorph, or perfect state; the form that results from asexual 
reproduction is known as the anamorph, or imperfect state. In the past, 
each form has been given a different scientific name; for example, the 
sexual form of H. capsulatum is named Ajellomyces capsulatum, and 
the sexual form of Scedosporium apiospermum is named Pseudallesche
ria boydii. Now, all fungi will be given a single name, using historical 
precedent and common use.

Safety Issues
Virtually all molds release their reproductive structures (conidia or 
spores) into the air, and for many fungal pathogens, the respiratory 
tract is the initial portal of entry. Thus, it is not surprising that certain 
organisms, particularly Coccidioides spp. and H. capsulatum, can be 
significant laboratory hazards. Containment facilities (e.g., a BSL-2 
laboratory for specimen handling, initial isolation, and identification; 
BSL-3 is for further propagation of such agents) are needed to process 
specimens and to work with cultures of these organisms.56 Because 
infectious spores are not present in patient specimens such as sputa or 
biopsy specimens, these specimens are not considered hazardous by 
the aerosol route, but they would be infectious by accidental inocula-
tion. Because several of the dimorphic molds can be significant labora-
tory hazards when grown in mold phase, the clinician should alert 
laboratory personnel whenever a patient has a significant probability 

Nocardia is buffered charcoal-yeast extract (BCYE) agar, originally 
developed for the recovery of Legionella (see Table 16-6); the same 
medium with antimicrobial agents inhibitory to most other bacteria 
can be used for specimens such as sputum, which may also contain 
normal flora.53 Cultures for Nocardia should be held for 2 weeks, 
although most isolates grow within 3 to 5 days.

Identification of Aerobic Actinomycetes
Colonies of Nocardia typically have a powdery, whitish surface because 
of the production of aerial mycelia and a tan-to-orange reverse surface. 
When stained from colonies, the organism often breaks up into coc-
cobacillary fragments, with long, branching forms much less conspicu-
ous than in direct patient material. Organisms stained from culture 
may be less acid fast than those in stains prepared from the original 
specimen. Growth on traditional mycobacterial media (e.g., Middle-
brook agar, Lowenstein-Jensen medium) enhances acid-fastness. Iso-
lates that form aerial hyphae and are acid fast can be presumptively 
identified as Nocardia.

The taxonomy of the genus Nocardia has become increasingly 
complex as new pathogenic species are recognized and formerly rec-
ognized species are subdivided into additional species. Conventional 
identification procedures for Nocardia spp., as performed in most labo-
ratories, involve only a small number of phenotypic tests, and these are 
insufficient to distinguish accurately among the different species in the 
genus. Differences in the results of testing for susceptibility to certain 
antimicrobial agents may help in discriminating among some of these 
species, but such testing has limited value.

Colonies of R. equi, which is the principal pathogen in the genus 
Rhodococcus, most commonly are somewhat mucoid and acquire a 
pink color after 4 days of incubation. The isolate initially is rodlike but 
will evolve to a coccoid form with extended incubation.

Molecular methods, such as amplification by PCR of a portion of 
the genome, followed by DNA sequencing of the 16S rRNA gene (and/
or other genes such as secA), is presently the most reliable method for 
identification of aerobic actinomycetes to the species level.53 Prelimi-
nary work using MALDI-TOF, with processing of the isolate in a 
manner similar to mycobacteria, is very promising and will likely 
become the identification method of choice.

Susceptibility Testing
It is hoped that the use of the CLSI-recommended procedure for sus-
ceptibility testing of aerobic actinomycetes will produce greater com-
parability of results from different laboratories, but experience with the 
procedure is needed to ensure intralaboratory and interlaboratory 
reproducibility.50 It may, however, prove to be the case that isolates in 
the genera Rhodococcus and probably Gordonia are best tested for 
susceptibility by using the same procedures as for rapidly growing, 
aerobic bacteria. In the past, different investigators used different sus-
ceptibility testing procedures; caution must be used when attempting 
to compare published results obtained by differing methodologies.

Epidemiology
Because infection with aerobic actinomycetes generally occurs on a 
sporadic basis, epidemiologic investigations are only rarely needed. A 
variety of molecular techniques have been found useful for epidemio-
logic investigations.53

FUNGI
Unlike bacteria, fungi are eukaryotic. It is estimated that there may be 
several million species of fungi, of which less than 500 have been 
reported to be human or animal pathogens with any frequency. 
However, additional pathogenic species are reported in the literature 
regularly, as the result of both already-known organisms being recog-
nized as pathogens and the description of new species. The members 
of the genus Pneumocystis, formerly considered to be parasites, are now 
considered fungi, and recent taxonomic studies have demonstrated 
that members of the phylum Microsporidia belong to the kingdom 
Fungi.54 The genus Prototheca is thought to be an achlorophyllous alga; 
organisms in this genus can be pathogenic and are usually included in 
discussions of fungi because they grow well on most fungal culture 
media.
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silver, periodic acid–Schiff, and Papanicolaou stains. In the microbiol-
ogy laboratory, fungi are usually visualized directly by a Gram stain, a 
KOH wet mount, or a calcofluor white stain (see Table 16-6). With the 
Gram stain, yeast cells and pseudohyphae of Candida species usually 
stain uniformly throughout as gram-positive, whereas the cells of  
C. neoformans may be unevenly speckled with crystal violet and may 
be surrounded by an orange halo that is presumably capsular material. 
The true hyphae of organisms such as Aspergillus spp. or Rhizopus spp. 
are gram-negative, visible as unstained negative images, or Gram-stain 
invisible. In clinical specimens, the aseptate molds tend to appear as 
broad, branching, ribbon-like structures of rather uneven width that 
tend to fold on themselves, whereas hyaline septate molds tend to be 
smaller and more regular in width, and do not exhibit the folding often 
found in aseptate molds. Although KOH wet mounts allow visualiza-
tion of most fungi, organisms may actually be quite difficult to discern 
because they do not stand out prominently from the background; in 
addition, tissue components, such as blood vessels, can be mistaken for 
fungal elements, so considerable care and expertise are required for the 
reading of such preparations. In the calcofluor white stain, a fluores-
cent compound binds to certain cell wall polysaccharides found in all 
fungi; organisms stained by this dye can be readily visualized with the 
use of a fluorescence microscope.

Among the procedures that can be used for visualization of P. jir
ovecii are calcofluor white, toluidine blue O, methenamine silver, 
Giemsa, and monoclonal antibody stains.25 Calcofluor white, toluidine 
blue O, and methenamine silver stains stain only the cyst wall; a draw-
back of these stains is that they also stain yeast cells, which can be 
morphologically similar to Pneumocystis cysts. Giemsa stain allows 
visualization of intracystic structures and trophozoites, but the cyst 
wall appears only as a negative image. Monoclonal antibody stains 
allow the visualization of both cysts and trophozoites of P. jirovecii, and 
provide specificity not available with the other stains; however, these 
stains are relatively insensitive and will be falsely negative if relatively 
few organisms are present in the specimen.

Antigen detection tests for B. dermatitidis, C. neoformans, Coccidi
oides spp., and H. capsulatum are available and have clearly demon-
strated their usefulness for the diagnosis of cryptococcosis and 
histoplasmosis. Sensitivity and specificity of these tests for the diagno-
sis of blastomycosis and coccidioidomycosis are still being assessed. 
These tests can be performed on a variety of body fluids. Detection of 
cryptococcal antigen has been demonstrated to be a more sensitive 
technique for the diagnosis of cryptococcal meningitis than is exami-
nation of CSF for cryptococci by the India ink procedure.

The detection of galactomannan in blood has been found to be 
helpful for the diagnosis of invasive aspergillosis.42 However, care is 
needed in interpreting the significance of these test results in that 
sensitivity and specificity have varied in different studies. The test for 
β-d-glucan may be positive in a variety of invasive fungal infections, 
such as those caused by Candida spp.; not all fungi contain β-d-glucan, 
and a variety of substances can cause a false-positive result.

The development of molecular methods for the diagnosis of fungal 
infection, particularly with Aspergillus, is an area of active research. Such 
methods are still largely investigational for use with direct specimens.

of a dimorphic mold infection. Such advance notification allows the 
laboratory to take additional precautions with the cultures of such 
patients’ specimens.

Specimen Collection, Transport,  
and Processing
The procedures used for the collection of specimens for bacterial 
culture will suffice for fungal culture (see Table 16-2); special media 
may be used to enhance fungal isolation and suppress associated bac-
teria and yeasts, depending upon the specimen source (see Table 16-6). 
It is important to be sure that an adequate volume of specimen has 
been collected, as for example, in the cases of CSF (up to 5 mL or even 
30 mL for chronic meningitis) and urine (up to 200 mL). Twenty-
four–hour collections of urine or sputa are not suitable for fungal 
culture because of bacterial overgrowth; first morning specimens are 
considered optimal. Aspirated material can be transported to the labo-
ratory in an anaerobic transport vial; as long as the specimen is received 
and processed promptly by the laboratory, little loss of fungal viability 
appears to occur.57 Blood culture performed by lysis-centrifugation is 
still considered to be the most sensitive procedure for the isolation of 
H. capsulatum from blood and is perhaps the best technique to use for 
the isolation of all molds from blood (see Table 16-4).57 Commercially 
available broth and biphasic systems have been shown to be quite sensi-
tive for the isolation of yeasts from blood.31 A source of fatty acids, 
such as olive oil, must be added to media to recover Malassezia spp.; 
clinicians should therefore notify the laboratory when the presence of 
this organism is suspected. Fungal cultures are generally incubated at 
30° C, and until recently, they were generally held for 4 weeks, or even 
longer, when the presence of a slowly growing mold such as H. capsu
latum was suspected. However, it has been shown that shorter periods 
of incubation suffice for the isolation of most fungal pathogens, 
depending on the type of specimen and the organisms being sought; 
these shorter incubation periods are likely to be used by a growing 
number of laboratories.58 Thus, if a slowly growing mold, such as H. 
capsulatum, is suspected, it is useful for the clinician to notify the labo-
ratory. Certain specimen types are more useful than others for the 
detection of particular pathogens; these issues are dealt with in the 
chapters that pertain to specific organisms.

Direct Organism Detection
Fungi are generally detected in clinical specimens either by direct visu-
alization of the organisms or by detection of substances produced by 
or contained in the organism; the use of molecular methods for direct 
detection of fungi other than Pneumocystis jirovecii is still primarily a 
research tool. Real-time PCR for diagnosis of Pneumocystis pneumonia 
is a sensitive assay that may be useful for patients in whom respiratory 
specimens are negative for Pneumocystis by traditional stains, but in 
whom there is a high clinical suspicion of infection. The assay, which 
can detect Pneumocystis in oral washes or sputum, may also be of 
benefit in patients who are too ill to undergo invasive procedures such 
as bronchoalveolar lavage, although PCR cannot distinguish coloniza-
tion from infection.59 Fungi may be visualized histopathologically or 
cytologically by a variety of special stains, such as the methenamine 

TABLE 16-13  Laboratory Categorization of Selected Clinically Significant and/or Commonly Isolated Fungi

YEASTS
MOLDS

Dematiaceous Hyaline Septate Hyaline Aseptate
Candida

Cryptococcus

Blastoschizomyces

Malassezia

Saccharomyces

Rhodotorula

Trichosporon

Alternaria

Bipolaris

Cladophialophora

Curvularia

Exophiala

Exserohilum

Wangiella

Dermatophyte Dimorphic Other Absidia

Apophysomyces

Basidiobolus

Cunninghamella

Conidiobolus

Mucor

Rhizomucor

Rhizopus

Saksenaea

Epidermophyton

Microsporum

Trichophyton

Blastomyces dermatitidis

Coccidioides spp.

Histoplasma capsulatum

Paracoccidioides brasiliensis

Penicillium marneffei

Sporothrix schenckii*

Aspergillus

Fusarium

Paecilomyces

Penicillium

Scedosporium apiospermum*

Scedosporium prolificans*

*Often considered a dematiaceous mold.
Modified from Koneman EW, Roberts GD. Practical Laboratory Mycology. 3rd ed. Baltimore: Williams & Wilkins; 1985.
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identification. Lau and coworkers62 demonstrated accuracy compara-
ble to gene sequencing, with results available in less than 1 hour.

Susceptibility Testing
The CLSI has published standardized procedures for susceptibility 
testing of yeast and filamentous fungi.63,64 Numerous caveats pertain to 
the assessment of the clinical relevance of such results; these vary with 
the drug, organism, and site of infection. For example, currently avail-
able interpretive guidelines are available only for Candida spp., but 
CLSI document M27-S3 notes that Candida krusei is assumed to be 
intrinsically resistant to fluconazole, and MICs of isolates of that 
species should not be interpreted with the available fluconazole scale.63 
For itraconazole, the interpretive data are based solely on results with 
mucosal infections, and sufficient data are not available to provide 
breakpoints for invasive infections. In the case of filamentous fungi, 
the way the MIC should be read is different for various organism–
antifungal agent pairs. For example, for fluconazole and ketoconazole, 
complete absence of growth at the MIC is not required. Rather, “the 
turbidity allowed corresponds to approximately 50% or more (nonder-
matophyte isolates) to 80% or more (dermatophyte isolates) reduction 
in growth compared with the growth in the control well (drug-free 
medium).”64 For the echinocandins, the concept of (minimal effective 
concentration” is used; this is “the lowest concentration of antimicro-
bial agent that leads to the growth of small, rounded, compact hyphal 
forms, compared with the hyphal growth seen in the growth control 
well.”64 With regard to the relevance of the end points obtained in the 
testing of filamentous fungi, the CLSI document states, “The clinical 
relevance of testing this group of fungal pathogens remains uncertain, 
and breakpoints with proven relevance have yet to be identified by 
CLSI or any regulatory agency.”64

Epidemiology
A variety of molecular techniques have been applied to different fungal 
species for determination of strain relatedness. Such studies are avail-
able only in larger laboratories or in reference centers.

Serology
The usefulness of serologic determinations for the diagnosis of infec-
tion has been investigated for many different fungi. Often, several 
different methodologies, such as complement fixation and immunodif-
fusion, have been developed for the same organism. Kits for detection 
of antibody to certain organisms are commercially available. Testing 
for the presence of antibody to assist in the diagnosis of invasive 
disease has been used for the various dimorphic molds; such testing 
may be particularly useful for the diagnosis of coccidioidomycosis, 
histoplasmosis, and paracoccidioidomycosis. Antibody testing for the 
diagnosis of invasive infection caused by other fungal pathogens gener-
ally has not been found to be useful. However, testing for antibody in 
noninvasive disease has been found helpful for the diagnosis of allergic 
bronchopulmonary aspergillosis and aspergilloma. For details regard-
ing optimal diagnostic methodology for different agents and for prob-
lems relating to result interpretation, see relevant chapters in this text 
that pertain to specific etiologic agents.

VIRUSES
The International Committee on Taxonomy of Viruses (ICTV; 
www.ictvdb.org) recognizes more than 2300 species of viruses. As with 
bacteria and fungi, viruses are classified by their morphologic and 
genomic properties. Specifically, viruses are classified by the type  
and organization of their genome (DNA or RNA, single- or double-
stranded, positive or negative strand, linear or circular), replication (in 
cytoplasm or nucleus), and structure of the virion (size, helical or 
icosahedral, enveloped or not). Of the 87 families of viruses, 26 contain 
human pathogens (Table 16-14).

Virology Specimen Collection  
and Transport
The appropriate specimen for viral diagnosis is determined by the 
pathogen, site of infection, timing related to disease onset, and specific 
diagnostic test. For example, serologic diagnosis requires collection of 
blood specimens early in the course of disease and 2 or more weeks 

Significance of Isolation of Fungi from 
Clinical Specimens
It is often difficult to assess the significance of the isolation of fungi 
other than dimorphic molds from clinical specimens, particularly if 
they are isolated in small quantity from nonsterile sites, such as the 
respiratory tract. It is usually impossible to attach clinical significance 
to the isolation of Candida from pulmonary material other than a lung 
biopsy because Candida can be part of the normal upper respiratory 
tract flora. Even C. neoformans may occasionally be a colonizer and 
not a pathogen in the respiratory tract. Isolation of opportunistic 
pathogens, such as Aspergillus spp. from the respiratory tract of an 
immunocompromised patient, presents a particularly difficult inter-
pretive problem for which no unambiguous guidelines exist. In addi-
tion to the clinical and radiographic aspects of each situation, it may 
be useful to consider (1) whether the organism was seen directly in the 
specimen, (2) the quantity of organism that grew in culture, (3) if the 
organism is isolated in multiple cultures, and (4) the particular genus 
or species recovered (e.g., Aspergillus niger is less likely to be a patho-
gen than is Aspergillus fumigatus or Aspergillus flavus). Penicillium 
species other than P. marneffei are common laboratory contaminants; 
their isolation is almost never indicative of disease. However, because 
many different fungi are capable of causing at least occasional cases of 
infection, each situation needs to be assessed individually. The labora-
tory should never assume a particular isolate is a contaminant and not 
report recovering the organism. Rather, the laboratory concerns should 
be discussed with the ordering physician and the isolate reported with 
the qualification that it is a possible laboratory contaminant.

Identification of Fungi
Candida albicans, the most commonly isolated yeast species in clinical 
laboratories, is identified by performing a simple test, such as a germ 
tube test. It has recently been found that another Candida species, C. 
dubliniensis, is also germ tube positive; however, because it is not clear 
that there is any clinically significant difference between these two 
species, most laboratories do not attempt to distinguish between them. 
Both manual kits and automated systems are available for the identifi-
cation of clinically significant yeasts. In addition, MALDI-TOF mass 
spectrometry is highly accurate for identification of yeasts at the 
species level, making the need for phenotypic tests unnecessary.60 Iden-
tification of most molds is based largely on the morphologic features 
of the organism, but for certain organisms, other features, such as the 
ability to grow at higher temperatures or the need for specific nutri-
tional supplements, are also used. For some fungi, assignment to a 
particular genus may be straightforward, whereas identification to the 
species level may require a mycologist with expertise in the particular 
group in question; examples include organisms that belong to the 
genera Curvularia and Fusarium. Chemiluminescent probes are avail-
able for the identification of isolates of B. dermatitidis, Coccidioides 
spp., and H. capsulatum (see Table 16-8). As with similar probes for 
mycobacterial identification, they are intended for use with isolates, 
not with direct patient specimens; the probe is a DNA probe for organ-
ism ribosomal RNA. These probes can be used with either the yeast or 
mold phase, thus allowing early identification of isolates and obviating 
the need for conversion of the mold to the yeast phase for B. derma
titidis and H. capsulatum. Use of these probes also eliminates the need 
for extensive manipulation of cultures of these hazardous organisms. 
As with other organisms, the number of recognized species is increas-
ing rapidly. When confronted with an unfamiliar fungal name, the 
clinician should consult with the laboratory and/or search for relevant 
information on an Internet site such as PubMed (www.pubmedcentral 
.nih.gov/). A further complication is that some teleomorphs, such as 
Neosartorya fischeri, may have an anamorph (in this case, Aspergillus 
fischerianus) that is morphologically virtually indistinguishable from 
A. fumigatus.61 There may prove to be differences in pathogenicity and 
antifungal susceptibility among such morphologically similar organ-
isms.44 Molecular methods, such as sequencing ribosomal genes or 
the internal transcribed spacer (ITS) region, are particularly useful for  
distinguishing accurately between such similar species; however,  
such procedures are thus far available in few clinical laboratories.  
As with bacteria, mycobacteria, and yeasts, the use of MALDI-TOF 
mass spectrometry promises to alter traditional approaches to mold 
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appear and then rapidly decreases. For other chronic infections (e.g., 
cytomegalovirus [CMV], hepatitis B and C viruses, human immuno-
deficiency virus [HIV]), viral shedding can be prolonged even when 
the patient appears asymptomatic. Some viral shedding may be short 
lived in immunocompetent patients and persistent in immunocompro-
mised patients (e.g., CMV, Norovirus, respiratory syncytial virus 
[RSV]). In general, collection of specimens for most diagnostic tests, 
with the exception of serology tests, should be at the onset of symptoms. 
The exception to this rule is collection of blood for serologic diagnosis. 
An acute-phase serum should be collected during the first week of 
illness and a second, convalescent serum collected 2 to 4 weeks later.

Swab and tissue specimens for viral culture should be placed in a 
viral transport medium that is buffered, contains protein (serum, 
albumin, or gelatin), and antibiotics. Antibiotics are usually incorpo-
rated in viral transport media to suppress the growth of contaminating 
bacteria and fungi, so separate specimens from the same site must be 
collected if bacterial or fungal cultures are requested. Certain types of 

later to demonstrate seroconversion. Microscopy requires collection of 
specimens with infected cells, whereas antigen tests and nucleic acid 
amplification tests can be performed on specimens with cell-free 
viruses. Culture can be performed with specimens collected from the 
site of active disease or, if impractical, the site of initial replication (e.g., 
upper respiratory tract) or secondary colonization (e.g., stool, urine). 
Specimens should not be sent to the virology laboratory with the gen-
eralized request for “viral studies.” The most likely viruses responsible 
for the patient’s symptoms should be determined by the patient’s physi-
cian or infectious disease specialist and, in collaboration with the clini-
cal microbiologist, the appropriate specimens collected for laboratory 
confirmation. Table 16-15 provides a guide for selection of specimens 
for diagnosis of viruses associated with human infections.

The timing for collection of specimens for viral diagnosis is deter-
mined by the properties of the virus and the host. For many viral 
infections (e.g., influenza virus, measles virus, mumps virus, rhinovi-
rus, West Nile virus), viral shedding begins shortly before symptoms 

TABLE 16-14  Classification of Viruses

DNA VIRUSES RNA VIRUSES
OTHERSingle-Stranded Double-Stranded Single-Stranded Double-Stranded

Anelloviridae
Parvoviridae

Adenoviridae
Hepadnaviridae*
Herpesviridae
Papillomaviridae*
Polyomaviridae*
Poxviridae

Negative-Strand RNA
Arenaviridae*
Bornaviridae
Bunyaviridae
Deltaviridae
Filoviridae
Orthomyxoviridae
Paramyxoviridae
Rhabdoviridae

Positive-Strand RNA
Astroviridae
Caliciviridae
Coronaviridae
Flaviviridae
Hepeviridae
Picornaviridae
Retroviridae
Togaviridae

Picobirnaviridae
Reoviridae

Prions

*Circular nucleic acid; all other viruses with linear nucleic acids.
DNA, deoxyribonucleic acid; RNA, ribonucleic acid.

TABLE 16-15  Specimen Collection for Viruses Associated with Human Infections

BODY SITES POTENTIAL VIRUSES SPECIMEN COLLECTION
Amniotic fluid CMV, HIV, HSV, parvovirus B19, rubella virus Collect by amniocentesis and transport in sterile container without 

VTM

Blood Arbovirus, adenovirus, arenavirus, BK virus, coronavirus, CMV, 
enterovirus, EBV, filovirus, hepatitis virus (A, B, C, D, E), HSV, HHV-6, 
HHV-7, HHV-8, LCM, measles virus, parvovirus B19, rabies, retroviruses, 
rubella virus, VZV

Collect blood for culture in sterile vacuum tube or EDTA tube; avoid 
using tube with heparin; blood for serology should be collected at 
onset of symptoms and 2-4 wk later; consult laboratory for use of 
whole blood or plasma for NAA tests

Bone marrow CMV, EBV, HHV-6, parvovirus B19, rubella, VZV Aspirate transferred to EDTA tube and transported to laboratory

CSF, brain tissue Adenovirus, arboviruses, arenavirus, CMV, coxsackie A virus, enterovirus, 
EBV, HHV-6, HSV, JC virus, LCM, measles virus, mumps virus, 
parechovirus, prions, rabies virus, retroviruses, VZV

Collect CSF and tissue in sterile leakproof container; do not dilute in 
VTM

Eye Adenovirus, enterovirus, coxsackie A virus, CMV, HSV, VZV Conjunctival swab collect on Dacron or rayon swab moistened with 
saline and place in VTM; aqueous and vitreous fluid placed in sterile 
container without VTM

Feces Adenovirus, astrovirus, coronavirus, CMV, enterovirus, Norovirus, 
rotavirus, sapovirus

Fecal specimens (preferred) in leakproof container; fecal swabs in VTM

Genital Adenovirus, CMV, HSV, papillomavirus, retrovirus Collect on swabs and transport in VTM

Respiratory Adenovirus, arenavirus, coronavirus, filovirus, hantavirus, CMV, HSV, 
influenza virus, parainfluenza virus, metapneumovirus, measles virus, 
parechovirus, rhinovirus, RSV, rubella virus, VZV

Nasopharyngeal aspirates (NPA) are specimen of choice from children; 
NPA or nasopharyngeal swabs collected from adults; bronchoalveolar 
lavage for diagnosis of lower respiratory tract infections

Skin Enterovirus, HHV-8, HSV, measles virus, parvovirus B19, poxvirus, rubella 
virus, VZV

Swab or aspirate fluid in vesicle and scrape cells at base of lesion; 
place fluid in VTM

Tissue Adenovirus, CMV, HSV, many other viruses Place in VTM

Urine Adenovirus, BK virus, CMV, filovirus, HSV, enterovirus, measles virus, 
mumps virus, rubella virus

Collect midstream specimen in sterile container; VTM not necessary

CMV, cytomegalovirus; CSF, cerebrospinal fluid; EBV, Epstein-Barr virus; EDTA, ethylenediaminetetraacetic acid; HHV-6, -7, -8, human herpesvirus 6, 7, 8, respectively; HSV, 
herpes simplex virus; LCM, lymphocytic choriomeningitis virus; NAA, nucleic acid amplification; RSV, repiratory syncytial virus; VTM, viral transport medium; VZV, varicella-
zoster virus.
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cell mixtures (e.g., R-Mix, H&V Mix, Super E-Mix, ELVIS [enzyme-
linked virus-inducible system]) that support the growth of a broader 
range of viruses are also available. For some viruses, replication in 
traditional cell cultures may not be obvious for many days (cell death 
caused by viral replication is termed cytopathic effect). In addition, 
some viruses such as influenza and parainfluenza viruses, may produce 
little or no cytopathic effect. Detection of growth of these respiratory 
viruses is by staining cell cultures with fluorescein-labeled antibodies 
directed against the viral antigens or reactivity with erythrocytes that 
bind to cells expressing hemagglutinating viral antigens on their cell 
surface.

Many microbiology laboratories that culture viruses have replaced 
traditional cell culture techniques with shell vial spin amplification 
(SVA) cultures. This system uses 1-dram vials that contain cell culture 
monolayers on 12-mm round coverslips immersed in a tissue culture 
medium. As with traditional viral cultures, multiple shell vials that 
contain different cell lines are required. Specimens are added to the 
monolayer, centrifuged at low speed, and incubated. Instead of an 
examination for cytopathic effect, fluorescein-labeled monoclonal 
antibodies are used to detect viral antigens of replicating viruses.  
Shell vial cultures are incubated for up to 5 days, but most viruses  
can be detected in as little as 24 hours because visual cytopathic effect 
is not necessary for detection. A pool of monoclonal antibodies is  
first used to detect the presence of a virus; then individual monoclo-
nal antibodies are used to identify the specific virus. This has the 
inherent limitation of only detecting viruses that are targeted by the 
antibodies.

Antigen Detection
A large number of commercial ELISA, EIA, and agglutination tests are 
currently available for viral antigen detection and are widely used in 
clinical laboratories (see Table 16-7). The tests are technically easy, 
inexpensive, and generally can be performed at the point of care or 
when the specimen is received in the laboratory, permitting a rapid test 
turnaround time. For example, detection of viral antigens provides for 
more rapid identification of RSV and influenza A and B infections than 
alternative test methods, with results available within 1 hour or less 
after receipt in the laboratory. The tests are highly specific (>95%), and 
a positive test result is particularly useful during the peak months of 
transmission; however, some of these respiratory virus assays are 
insensitive (6%-80%), and negative tests must be confirmed with alter-
native tests. Direct antigen tests are the test of choice for enteric viruses, 
such as rotavirus, adenovirus serotypes 40 and 41, and noroviruses if 
NAA tests are not available. In addition, antigen tests for CMV have 
proved useful for monitoring infections in immunocompromised 
patients, although this assay has been replaced by NAA tests in many 
laboratories. A note of caution regarding the use of rapid assays is that 
most assays target a single viral pathogen and, if used alone, will not 
detect other viruses or mixed viral infections.

Nucleic Acid–Based Tests
Nucleic acid–based amplification tests have dramatically changed viral 
diagnosis, with commercial assays available for the most common 
viruses (see Table 16-8) and home-brew assays developed for many 
other viruses. For many of the viruses (e.g., HIV-1 and HIV-2; hepatitis 
A, B, and C viruses [HAV, HBV, HCV]; CMV; human papillomavirus), 
these tests represent the diagnostic test of choice. NAA (specifically 
PCR) is the method of choice for the detection of HSV in CSF.68 In the 
past, definitive diagnosis of CNS infection caused by HSV relied on 
the use of brain biopsy. Because detection in CSF by PCR is as sensitive 
as histologic stains of brain biopsy specimens, CSF PCR is now the 
recommended test for establishing this diagnosis. Traditional labora-
tory methods for the detection of HSV, CMV, and VZV in CSF, such 
as cell culture, antigen detection, and CSF or serum antibody detec-
tion, are known to be insensitive and are no longer recommended.69

Multiplex assays for the simultaneous detection of a number of 
respiratory viruses are available as commercial kits: FilmArray (BioFire 
Diagnostics), Prodesse (Hologic Gen-Probe), xTAG (Luminex, Austin, 
TX), and Verigene (Nanosphere). Additional multiplex assays for 
enteric and CNS pathogens are under development. Many of these 
assays are relatively simple to perform and can be processed by 

swab materials are not recommended; specifically, cotton swabs or 
wooden shafts may be toxic for culture, and calcium alginate-aluminum 
shaft swabs may interfere with culture of certain viruses, immunofluo-
rescence tests, and nucleic acid amplification tests. Liquid specimens 
such as CSF, bronchoalveolar lavage fluid, or urine should not be 
diluted in viral transport media. Blood should be collected in a sterile 
vacuum tube or tube with the anticoagulant ethylenediaminetetraace-
tic acid (EDTA) or citrate. The anticoagulant heparin should be avoided 
if nucleic acid amplification tests are performed because heparin is a 
nonspecific polymerase inhibitor.65 All specimens for virologic testing 
should be kept cold after collection and during transport to the labora-
tory. Delays in specimen transport or processing should be avoided 
because loss of viral viability and possibly antigen or nucleic acid deg-
radation may occur. Specimens should not be frozen unless transport 
or processing is delayed by more than 5 days. Freezing at −70° C is 
preferable to freezing at −20° C.66

Detection and Identification Methods 
for Viruses
As with bacteria, five general approaches are used for the detection of 
viruses: microscopy, culture, detection of viral antigens or nucleic 
acids, and detection of antibodies against the organism (Table 16-16). 
In contrast with bacteria, microscopy and culture are generally less 
useful than alternative detection methods. In addition, the tests used 
for the detection of viruses are usually considered definitive, and sup-
plementary identification tests are not performed.

Microscopy
Microscopy should be considered a supplementary test for viral diag-
nosis. Because of the small size of viruses, individual viruses cannot be 
seen with the light microscope. Two approaches are currently used for 
the microscopic detection of viruses: electron microscopy to observe 
individual viral particles and light microscopy to observe intracellular 
viral clumps or “inclusions.” Although electron microscopy provides a 
relatively rapid detection of viral particles, few diagnostic laboratories 
currently use this technique. The test is useful for certain viruses  
(e.g., rotavirus, poxviruses, polyomavirus); however, equally rapid and 
more sensitive antigen and NAA tests are available for these agents. 
Histologic examination of tissues for viral inclusions is a rapid diag-
nostic test for some viruses, such as measles virus (Warthin-Finkeldey 
giant cells), rabies virus (Negri bodies), herpes simplex virus (HSV), 
varicella-zoster virus (VZV), and CMV. Wright-Giemsa smears of skin 
vesicles, showing multinucleated giant cells, have been used to diag-
nose HSV or VZV (Tzanck preparation). Specificity of microscopic 
examination of tissues and fluids from lesions is improved with stain-
ing techniques that use fluorescein-labeled antibodies directed against 
the virus (DFA tests). Commercial reagents for DFA tests are available 
for the herpesviruses (CMV, HSV, VZV) and respiratory viruses (influ-
enza viruses A and B, parainfluenza virus, RSV, human metapneumo-
virus). The DFA test is particularly effective for VZV, where culture is 
insensitive; however, microscopy for most other viruses is less sensitive 
than alternative detection methods.67 Fluorescein-labeled antibodies 
are also used to identify infected cells in tissue culture.

Culture
Viruses are strict intracellular pathogens, requiring host cells for their 
replication. In some infections, this can be a symbiotic relationship, 
where viral replication does not compromise host cell survival, and in 
other cases, viral replication leads to cell death. In vitro tissue culture 
systems were developed to mimic the natural environment for viral 
replication. These cell culture techniques allow detection of a wide 
range of viruses, including infections with a mixture of viruses. Tissue 
culture cells can be primary (divided only a few times), diploid (capable 
of 20-50 passages), or heteroploid (able to be maintained indefinitely). 
Because no one cell line will support the replication of all viruses, 
diagnostic virology laboratories use multiple cell lines. For example, 
influenza and parainfluenza viruses replicate in primary cell lines such 
as RhMK (primary rhesus monkey kidney) cells or heteroploid cell 
lines such as LLC-Mk2 (rhesus monkey kidney), whereas adenoviruses 
and RSV replicate in other cell lines such as A549 (human lung carci-
noma) or HEp-2 (human epidermoid larynx carcinoma). Cocultured 
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TABLE 16-16  Methods for Detection and Identification of Viruses*

VIRUS

DETECTION METHOD†

COMMENTS
Electron 
Microscopy Culture

Antigen 
Detection

Nucleic Acid 
Detection

Antibody 
Detection

Adenoviruses C A A A C IHC for tissue specimens; IFA and culture widely used 
for respiratory specimens. Rapid antigen assays used 
for enteric adenoviruses. NAA tests used to monitor 
viral load in compromised hosts.

Arboviruses C B C C A Serology is primary diagnostic method. Most 
arboviruses are readily cultured; isolation of some 
agents may require BSL-3 or BSL-4 facilities.

Coronaviruses C C B A B Positive SARS CoV NAA tests and antibody results 
require confirmation by a reference laboratory. NAA 
tests becoming more widely used for non-SARS CoV.

Cytomegalovirus B A A A B IHC for tissue specimens; shell vial culture rapid and 
sensitive for nonblood specimens. Detection of 
inclusions in infected cells may be useful. 
Quantitative NAA tests and pp65 antigenemia used 
to assess risk of disease and response to therapy. 
Serology primarily used to determine prior infection.

Enteroviruses and 
parechovirus

C A C A C Enterovirus RNA detection preferred for CNS infection. 
Parechovirus detected primarily through virus 
isolation or NAA tests.

Epstein-Barr virus C C B A A Serology test of choice for routine diagnosis. NAA tests 
useful for virus-related tumors. Quantitative NAA 
tests useful for monitoring viral load in blood of 
transplant recipients. IHC or ISH can be used on 
tumor biopsy specimens.

Filoviruses and 
arenaviruses

B B B B A Testing confined to specialized laboratories. Antigen 
and NAA tests key to rapid diagnosis. BSL-4 facility 
needed for culture, except for LCM. Patients with 
severe disease may die without developing antibody. 
LCM diagnosed primarily by serology.

Hantaviruses C C B B A Testing confined to specialized laboratories. Serology 
and NAA tests equally useful for diagnosis. IHC used 
in fatal cases. BSL-4 facility needed for culture. 
Isolation difficult.

Hendra and Nipah 
viruses

C B B B A Testing confined to specialized laboratories. Serology 
and NAA tests equally useful for diagnosis. IHC used 
in fatal cases. BSL-4 facility needed for culture. 
Patients with severe disease may die without 
developing antibody.

Hepatitis A virus C C C C A Serology is the standard diagnostic test. False-positive 
IgM problematic in low-prevalence areas.

Hepatitis B virus C C A A A Detection of specific viral antigens and antibodies 
allows for diagnosis and for monitoring the course of 
infection. NAA tests used to monitor therapy.

Hepatitis C and G 
viruses

C C C A A Serology is used for diagnosis. Qualitative NAA tests 
used to confirm active infection. Quantitative NAA 
tests used to monitor response to therapy. 
Genotyping helps determine duration of therapy.

Hepatitis D virus C C B B A Testing confined to reference laboratories. Diagnosis is 
relevant only in the presence of hepatitis B infection. 
IHC of biopsy tissue useful for diagnosis.

Hepatitis E virus C C C B A Serology is the standard diagnostic test. False-positive 
IgM problematic in low-prevalence areas. NAA test is 
specific for acute infection but lacks sensitivity.

Herpes simplex virus B A A A B Shell vial used for rapid determination of viral 
replication. IFA and IHC used for rapid detection in 
skin or mucous membrane lesions or tissue 
specimens. NAA test is test of choice for CNS 
infection. Serology used to determine prior infection.

Herpesviruses 6  
and 7

C C C A B NAA test is test of choice for diagnosis. MAbs available 
to differentiate virus isolates and for IHC. Serology 
can document primary infection in children.

Herpesvirus 8 C C B B A Serology used to identify infected persons; sensitivity 
and specificity hampered by difficulty in setting 
cutoff values. NAA tests of blood may be useful for 
monitoring KS risk. IHC more specific than NAA tests 
for KS.

Human 
immunodeficiency 
virus

C C B A A Serology is primary diagnostic method; rapid antibody 
testing becoming more widely available. Proviral DNA 
and plasma RNA tests used to diagnose neonatal 
infection. Quantitative RNA tests used to guide 
therapy and monitor response.

Human 
metapneumovirus

C B A A C NAA is the test of choice for diagnosis. Shell vial 
culture and antigen detection reagents not yet 
widely available. Conventional culture difficult.

Continued
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VIRUS

DETECTION METHOD†

COMMENTS
Electron 
Microscopy Culture

Antigen 
Detection

Nucleic Acid 
Detection

Antibody 
Detection

Human T-cell 
lymphotropic virus

C C C B A Serology is primary diagnostic method. NAA test useful 
for virus identification in HTLV Western blot-positive 
but untypeable specimens.

Influenza viruses C A A A B Rapid antigen tests widely used but some are 
suboptimal in sensitivity and specificity; IFA and rapid 
culture more sensitive. NAA test most sensitive. 
Serology useful for epidemiologic studies or 
retrospective diagnosis.

Measles viruses B B C B A Serology most useful for diagnosis and determination 
of immunity. Isolation useful only if attempted early 
(prodromal period to 4 days after rash develops). 
Detection of viral inclusions (Warthin-Finkeldey giant 
cells) may be useful.

Mumps virus C B C C A Serology used most commonly for diagnosis and 
determination of immunity.

Noroviruses C C B A C NAA test of choice. Antigen testing also sensitive.

Parainfluenza 
viruses

C A A A C IFA most common rapid detection method. NAA test 
more sensitive than culture.

Papillomaviruses C C C A C NAA is test of choice for detection and genotype 
differentiation. Cytopathology useful for diagnosis. 
Serologic diagnosis of exposure not available.

Parvoviruses C C C A A Serology used to diagnose parvovirus B19 in 
immunocompetent individuals. NAA is test of choice 
for exposed fetuses and immunocompromised hosts. 
NAA test can be used to detect human bocavirus.

Polyomaviruses C C B A C JC virus DNA detection in cerebrospinal fluid useful for 
presumptive diagnosis of PML. BK virus DNA 
quantification in plasma or urine used for preemptive 
diagnosis of PVAN. IHC and EM useful for biopsy 
tissues.

Poxviruses A B C A A EM is the most useful routine test. NAA tests are also 
useful. Smallpox isolation requires BSL-3 or BSL-4 
and should be attempted only in WHO Collaborating 
Centers. Vaccinia virus requires BSL-2 and grows 
readily in cell culture.

Rabies virus B C B A B IFA performed on fresh and frozen tissue at the CDC 
for detection of inclusions in infected cells (Negri 
bodies). Serology used to confirm immunization 
status and confirm exposure in absence of RIG. NAA 
test is most useful for non-CNS samples when fresh 
CNS tissue not available.

Respiratory syncytial 
virus

C A A A C Rapid antigen tests, especially IFA, more sensitive than 
culture. NAA test is most sensitive. Serology useful 
only for epidemiologic studies.

Rhinoviruses C A C A C Culture still most common test in clinical laboratories. 
NAA tests are most sensitive.

Rotaviruses B C A A C Direct antigen detection or NAA tests are tests of 
choice for diagnosis. EM useful in suitably equipped 
laboratories.

Rubella virus C B C C A Serology most useful for diagnosis and determination 
of immunity. Isolation useful for postnatal rubella if 
attempted early (prodromal period to 4 days 
postrash). In CRS, virus can be isolated for weeks to 
months after birth.

Transmissible 
spongiform 
encephalopathy 
genetic agents

C C C C C Histology most useful diagnostic test. Surrogate 
markers popular but lack specificity. Western blot for 
PrP performed in specialized laboratories. Human 
genome sequencing useful for diagnosis of disorders.

Varicella-zoster virus A A A A B IFA and NAA tests are most commonly used rapid tests. 
Culture less sensitive than IFA or IHC. Serology most 
useful for determination of immunity.

*Virus isolation includes conventional cell culture with detection of viral growth by cytopathic effects or hemadsorption; shell vial centrifugation culture uses 
immunostaining for detection of viral antigens. Viral antigens can be detected by a variety of immunoassays, such as enzyme-linked immunosorbent assays, agglutination 
assays, immunofluorescence or immunoperoxidase techniques, and immunochromatography. Viral nucleic acids (DNA or RNA) can be detected and quantified by direct 
hybridization or by the performance of amplification methods, such as polymerase chain reaction. Electron microscopy involves the visualization of viral particles by negative 
staining or immunoelectron microscopy or by thin-section techniques. Antibody detection involves measurement of total or class-specific immunoglobulins directed at 
specific viral antigens.
†A, Test is generally useful for the indicated diagnosis; B, test is useful under certain circumstances or for the diagnosis of specific forms of infection; C, test is seldom 
useful for general diagnostic purposes.
BSL, biosafety level; CDC, Centers for Disease Control and Prevention; CNS, central nervous system; CoV, coronavirus; CRS, congenital rubella syndrome; DNA, 
deoxyribonucleic acid; EM, electron microscopy; HTLV, human T-cell lymphotropic virus; IFA, immunofluorescence assay; IgM, immunoglobulin M; IHC, 
immunohistochemistry; ISH, in situ hybridization; KS, Kaposi’s sarcoma; LCM, lymphocytic choriomeningitis virus; MAb, monoclonal antibody; NAA, nucleic acid 
amplification; PML, progressive multifocal leukoencephalopathy; PrP, prion protein; PVAN, polyomavirus-associated nephropathy; RIG, rabies immune globulin; RNA, 
ribonucleic acid; SARS, severe acute respiratory syndrome; WHO, World Health Organization.
Modified from Murray PR, Baron EJ, Jorgensen JH, et al, eds. Manual of Clinical Microbiology. 9th ed. Washington, DC: American Society for Microbiology Press; 
2007:1304. With permission from ASM Press.

TABLE 16-16  Methods for Detection and Identification of Viruses*—cont’d
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(EEE) virus, Dengue virus, and La Crosse virus. However, care must 
be used in the interpretation of the serologic results because cross-
reactions between these viruses are common. Serology is also helpful 
for documenting infections with hantavirus, arenaviruses, and filovi-
ruses, although acutely ill patients may fail to develop antibodies.

Serology is the foundation for assessing the immune status of 
immunocompetent individuals to parvovirus B19 infection, in whom 
both IgM antibodies and total antibodies can be measured using com-
mercially available assays. In contrast, serology is not useful for neo-
nates or immunocompromised individuals, and NAA tests should be 
performed to determine if infection exists.71

Detection of antibodies to CMV in serum from blood or organ 
donors and recipients is important for the prevention of CMV disease 
in immunocompromised patients at high risk for developing severe, 
life-threatening disease and is performed with ELISA or latex aggluti-
nation tests. The detection of IgM antibodies to CMV can also be used 
to diagnose acute infection in neonates and pregnant women, although 
NAA tests have replaced serology for this application in most labora-
tories. In this setting, assessment of IgG antibodies in neonates is not 
useful because maternal antibodies may be present.

Serologic methods are used for the diagnosis of primary EBV infec-
tion and for screening and monitoring of nasopharyngeal carcinoma, 
whereas molecular methods are used to diagnose EBV-associated lym-
phoma of the brain and EBV involvement in other organ lesions.72 The 
most common test for the diagnosis of primary EBV infection—most 
frequently, infectious mononucleosis—is a heterophil antibody test. 
Heterophil antibodies are IgM antibodies that are reactive to antigens 
on heterologous erythrocytes. The antibodies are detected in a variety 
of assay formats, including detection of lysis of bovine erythrocytes  
in the presence of complement, agglutination reactions with horse  
or sheep erythrocytes or antigen-coated latex agglutination particles, 
and ELISA formats that use purified heterophil antigens. A negative 
heterophil antibody test in the presence of a clinical mononucleosis 
syndrome should prompt the physician to consider tests for EBV-
specific antibodies, CMV, or toxoplasmosis.72 Specific antibodies used 
to diagnose EBV infection commonly include IgG and IgM to the viral 
capsid antigen, antibody to early antigen, and antibody to Epstein-Barr 
nuclear antigen.

The hepatitis viruses are a group of unrelated DNA and RNA 
viruses that cause liver disease as their major clinical manifestation. 
Laboratory diagnosis of these infections is usually made by serologic 
testing for a number of different antigenic markers associated with the 
viruses and the patient’s antibody response to these antigens. Labora-
tories have tried to make hepatitis diagnosis easier by offering panel or 
profile testing that varies according to patient characteristics: exposure 
but asymptomatic, symptomatic with acute disease (<6 months), or 
symptomatic with chronic disease (>6 months). The most commonly 
used methods for serologic diagnosis are ELISA and immunofluores-
cence assays. The first generation of ELISA tests for hepatitis C lacked 
sensitivity and specificity, but second- and third-generation tests have 
shown greatly improved performance.73 Similar to HIV testing, immu-
noblots performed with recombinant antigens (recombinant immu-
noblot assays [RIBAs]) are used to confirm positive sera detected by 
ELISA. Third-generation RIBA tests were approved by the FDA in 
1999; these use synthetic c100 and c22 peptides, with a significant 
reduction in the number of indeterminant RIBA results.73 Details con-
cerning the interpretation of results for hepatitis tests can be found in 
the chapters in which acute and chronic hepatitis are discussed and in 
individual chapters for each virus.

Antiviral Susceptibility Testing
Antiviral drugs are available for the management of viral infections, 
including those caused by HIV-1, HSV types 1 and 2, CMV, VZV, 
influenza A and B virus, RSV, HBV, and HCV. The emergence of resis-
tant viruses is inevitable in that antiviral agents are used frequently and 
widely.74 Antiviral resistance is defined as a decrease in susceptibility 
to an antiviral agent established by in vitro testing (phenotypic testing) 
and confirmed by genetic analysis of the viral genome (genotypic 
testing) and biochemical analysis of the altered enzymes. Clinical fail-
ures may not always result from the presence of a drug-resistant virus. 
Factors to consider in a patient with a poor clinical response to an 

minimally trained technologists as specimens are received in the 
laboratory.

Commercial quantitative assays are available for HIV-1 and HIV-2, 
HCV, and CMV. All of these assays are important for monitoring the 
progression of disease and response to antiviral therapy. Quantitative 
home-brew assays have also been developed for other viruses, such as 
Epstein-Barr virus (EBV), BK virus, and adenovirus. These home-brew 
assays are used to differentiate between asymptomatic shedding of low 
levels of virus and high viral titers associated with disease. Quantitative 
assays, referred to as “viral load” can be used to assist in making deci-
sions for initiation of therapy as well as to follow the effects of antiviral 
therapy.

Serology
Before the development of viral antigen tests and NAA tests, serology 
was the diagnostic test used by most clinical laboratories and remains 
a commonly used test for many viruses. The sensitivity and specificity 
of viral serology is determined by the assay format, target viral anti-
gens, immune competence of the host, and timing of the specimen 
collection. A variety of assay formats have been used historically, with 
the most common current assays including immunoglobulin M (IgM) 
capture ELISA, membrane EIA, indirect fluorescent antibody (IFA), 
and immunochromatographic assays. Replacement of whole-virus 
lysates with purified viral antigens or recombinant antigens has 
improved the assay specificity and in some cases sensitivity. Overall 
test sensitivity is determined by the timing of the sample collection—a 
test will have poor sensitivity if the blood sample is collected before 
antibodies are detectable reliably. Likewise, if an infection is defined 
by documenting a significant rise in specific antibodies, then the col-
lection of the acute and convalescent samples must be sufficiently 
timed to document the increase. Finally, the patient must be able to 
mount an antibody response to infection for serologic testing to be 
useful.

Currently, serology may play no more important role than in the 
detection of HIV infection. The initial diagnosis of HIV-1 or HIV-2 
infection is by detection of antibodies in the patient serum by a screen-
ing test, followed by confirmation with a supplementary test. The 
screening tests have undergone a series of developments, moving from 
use of HIV viral protein lysates, to HIV recombinant antigens bound 
to a solid phase, to combination assays for the detection of both HIV 
antigens and antibodies. The succeeding generations of assays have 
improved specificity; increased sensitivity, particularly early after 
infection; and the ability to detect both HIV-1 and HIV-2. Rapid point-
of-care serologic assays have also been developed by using membrane 
EIAs or immunochromatographic assay methods. The immunochro-
matographic assays are particularly easy to perform because the target 
antigens are immobilized on a nitrocellulose membrane and then 
interact with antibodies in the patient sample as it migrates up the 
membrane. These point-of-care screening assays have performance 
characteristics comparable with laboratory-based testing.70 Serologic 
screening of blood donors is also important, with testing performed to 
detect infections with HIV-1 and HIV-2, human T-cell lymphotropic 
virus (HTLV-1 and HTLV-2), HBV, and HCV.

Serologic testing is used to measure immunity to mumps virus, 
measles virus, rubella virus, and VZV, as well as acute infections with 
these viruses. Immunized patients will have persistent immunoglobu-
lin G (IgG) antibodies, so detectable antibody levels indicate the 
patient is immune to infection. Patients with acute infections will 
develop detectable IgM antibodies within the first week after the onset 
of symptoms and then persist for the next few months. IgG antibodies 
will develop after the first week of symptoms, increase in titer over a 
1- to 2-month period, and then persist for years. Thus, confirmation 
of an acute infection is made by detection of IgM antibodies or a sig-
nificant increase in IgG antibodies. If IgM antibodies are absent during 
the acute phase of infection, a second IgM level should be measured  
1 week after the onset of symptoms because many patients will not  
have detectable antibodies at the time of onset.

In many laboratories, serology is the only way to document an 
arbovirus infection. Commercial tests are available for many arbovi-
ruses, including West Nile virus, Western equine encephalitis (WEE) 
virus, St. Louis encephalitis (SLE) virus, Eastern equine encephalitis 
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assays must be continually updated as new mutations or resistance 
mechanisms are identified. If resistance to an antiviral agent can be 
caused by different gene mutations, multiple assays might be needed 
for optimal detection. Strains with new or different resistance genes 
would go undetected, so phenotypic assays will still be required to 
identify new mutations responsible for antiviral resistance.

PARASITES
Eukaryotic organisms that are classified as parasites are organized into 
three broad groups: protozoa, helminths, and arthropods. Within the 
protozoa are placed the amebae, flagellates, sporozoa, and ciliates; the 
helminths include cestodes (tapeworms), nematodes (roundworms), 
and trematodes (flatworms); arthropods are a collection of bugs 
including ticks, mites, lice, fleas, flies, mosquitoes, and so forth (Table 
16-17). One group that has been omitted by this classification scheme 
is the microsporidia, which is a collection of more than 100 species. 
Historically, this group was placed with the protozoa, but more recent 
genomic analysis demonstrates these “parasites” belong with the 
fungi.78 For convenience and historical purposes, we will discuss the 
microsporidia with the parasites in this section of the chapter.

Parasitology Specimen Collection  
and Transport
The most common specimens submitted for parasitic studies are blood 
and feces. Other specimens that may also be collected are other sterile 
body fluids and tissues, respiratory and urogenital specimens, and skin 
biopsies. Table 16-18 provides guidelines for specimen collection for 
parasites associated with human infections.

Blood
Microscopic examination for parasites can be done by using whole 
blood, buffy coat preparations, or concentrated blood. Blood films  
can be prepared typically from fresh blood with ethylenediaminetet-
raacetic acid (EDTA) as an anticoagulant. Smears should be prepared 
within 1 hour after collection of the blood, or some morphologic fea-
tures of the parasites (e.g., stippling in malarial smears) may be lost. 
Timing of the collection should be noted so that this can be correlated 
with the fever pattern of the patient. In addition, some parasites  
have a circadian rhythm and are present in the blood only during 
specific periods during the day (i.e., Loa, diurnal; Wuchereria and 
Brugia, nocturnal). Blood collected in EDTA tubes should be used for 
antigen and NAA tests, and serology tests can use either serum or 
plasma. Blood for serologic testing should be collected at the onset of 
symptoms (acute phase) and then 2 to 4 weeks later (convalescent 
phase).

Stool
Most stool specimens will be for microscopic examination. The pres-
ence of barium will obscure intestinal protozoa for up to 10 days, so  
it should be avoided until after three specimens have been submitted 
for ova and parasite examination.79 In addition, other substances can 

antiviral agent include the patient’s immunologic status and the phar-
macokinetics of the drug in the individual patient (e.g., dose or route 
of administration). The development of resistance is favored by long-
term suppressive therapy, recurrent intermittent therapy, and the use 
of suboptimal doses of an antiviral agent. Antiviral susceptibility 
testing is warranted for the following clinical situations: failure of HSV 
or VZV lesions to resolve or the appearance of new lesions during 
treatment with acyclovir, progression of CMV disease during ganciclo-
vir therapy, continued shedding or transmission of influenza A virus 
during treatment or prophylaxis with amantadine or rimantadine, and 
increased HIV-1 RNA plasma levels or decreased CD4 cell counts in 
HIV-infected patients during antiretroviral therapy.75 Susceptibility 
tests can also be used to guide treatment of HCV infections.

Laboratory assays for antiviral susceptibility testing include pheno-
typic and genotypic assays. Phenotypic assays require growth of the 
virus in vitro; therefore, viruses for which in vitro culture systems are 
not available, such as hepatitis B virus, cannot be tested with these 
assays. Results from phenotypic assays may not be available within a 
time frame that is clinically relevant because they all require initial 
propagation of the virus to attain a standard inoculum concentration, 
followed by growth of the virus in the assay to obtain results. After up 
to a week of propagation to prepare inoculum, once the assay has been 
set up, results for HSV may be obtained in 48 hours. For CMV, results 
may take 8 to 14 days after several weeks of propagation. Results of 
phenotypic assays are reported as the drug concentration that causes 
a 50% inhibition (inhibition concentration [IC]50) or a 95% inhibition 
(IC95) in growth of the virus. Comparison of the results of phenotypic 
assays from different laboratories is difficult. The most commonly used 
phenotypic antiviral susceptibility assay is the plaque reduction assay 
(PRA), which measures the ability of varying concentrations of an 
antiviral agent to inhibit the viral cytopathic effect as the end point. 
The CLSI offers a proposed standard in an effort to standardize the 
PRA for HSV.76 Other end points for phenotypic viral assays that have 
been developed in an effort to make phenotypic testing more rapid and 
sensitive include dye uptake by viable (noninfected) cells, DNA hybrid-
ization, ELISA, plaque autoradiography, and flow cytometry.77

Genotypic assays have been developed for the rapid detection of 
mutations that confer antiviral-drug resistance. Results from these 
assays simply report the presence or absence of a mutation known to 
confer resistance to a specific antiviral agent. Most genotypic assays 
use PCR to amplify specific viral genes, followed by direct sequencing 
of the amplified products or hybridization to specific probes on mem-
brane strips or gene chips to detect changes in the sequence known to 
be associated with resistance to antiviral agents. Genotypic assays for 
the detection of drug resistance in HSV and VZV reveal thymidine 
kinase mutations that confer resistance to acyclovir, famciclovir, pen-
ciclovir, and valacyclovir. Genotypic assays used for determining resis-
tance to ganciclovir, foscarnet, and cidofovir in CMV detect mutations 
in the phosphotransferase and DNA polymerase genes.77

The major drawback of genotypic assays is that they can detect only 
resistance caused by known mutations. Both in-house and commercial 

TABLE 16-17  Classification of Parasites

PROTOZOA HELMINTHS ARTHROPODS
Amoebae Flagellates Sporozoa Ciliates Cestodes Nematodes Trematodes
Acanthamoeba
Balamuthia
Entamoeba

Dientamoeba
Giardia
Leishmania
Naegleria
Trichomonas
Trypanosoma

Babesia
Cryptosporidium
Cyclospora
Plasmodium
Toxoplasma

Balantidium Diphyllobothrium
Echinococcus
Hymenolepis
Taenia

Ancylostoma
Ascaris
Brugia
Dirofilaria
Dracunculus
Enterobius
Gnathostoma
Loa
Mansonella
Necator
Onchocerca
Strongyloides
Toxocara
Trichinella
Trichuris
Wuchereria

Clonorchis
Fasciola
Fasciolopsis
Heterophyes
Opisthorchis
Paragonimus
Schistosoma

Acarines: ticks and mites
Anoplura: lice
Diptera: flies and mosquitoes
Hemiptera: kissing bugs
Siphonaptera: fleas
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TABLE 16-18  Guidelines for Specimen Collection and Diagnostic Tests for Detection of Parasites 
Associated with Human Infections

BODY SITE/SPECIMEN POTENTIAL PARASITES LABORATORY TEST
Amniotic fluid Toxoplasma NAA test: aspirated fluid for Toxoplasma

Blood Babesia, Brugia, Leishmania, Loa, 
Mansonella, Plasmodium, 
Trypanosoma, Wuchereria

Microscopy: fresh whole blood for Giemsa-stained thick and thin smears for all blood 
parasites; Giemsa- or hematoxylin-stained smears for microfilariae; buffy coat for 
detection of motile microfilariae and trypanosomes

Antigen detection: EDTA blood for detection of malarial and microfilarial antigens
NAA tests: EDTA blood for malaria and Leishmania
Antibody detection: Serum or plasma for detection of antibodies to parasites

Bone marrow Leishmania, Plasmodium, Toxoplasma, 
Trypanosoma

Microscopy: EDTA blood for Giemsa-stained thick and thin smears for all parasites
Culture: EDTA blood for Leishmania and Trypanosoma cruzi
NAA tests: EDTA blood for Leishmania and Toxoplasma

Cerebrospinal fluid and brain 
biopsy

Acanthamoeba, Balamuthia, 
Echinococcus, microsporidia, 
Naegleria, Taenia (cysticerci), 
Trypanosoma

Microscopy: CSF stained with Giemsa (Trypanosoma, Toxoplasma, amebae), calcofluor 
white (amebae), acid-fast (microsporidia), trichrome (amebae), or modified 
trichrome (microsporidia); tissue stained with Gram stain (microsporidia) or H&E 
(larval cestodes, Taenia solium cysticerci, Echinococcus)

Culture: fluid or tissue for Acanthamoeba
NAA tests: fluids or tissue for amebae, Toxoplasma, and helminths

Eye Acanthamoeba, Loa, microsporidia, 
Toxoplasma

Microscopy: Scrapings or biopsy stained with Giemsa or calcofluor white (amebae) or 
modified trichrome (microsporidia)

Culture: Scrapings or biopsy for amoebae and Toxoplasma
NAA tests: scrapings or biopsy for microsporidia and Toxoplasma

Intestinal tract Ascaris, Balantidium, Blastocystis, 
Cryptosporidium, Cyclospora, 
Diphyllobothrium, Entamoeba, 
Enterobius, Giardia, hookworm, 
Hymenolepis, Isospora, microsporidia, 
Schistosoma, Strongyloides, Taenia, 
Toxocara, Trichuris

Microscopy: stool or duodenal aspirates examined by direct wet smear (detection of 
motile protozoa), iodine staining (protozoa, helminth eggs), or concentrated and 
stained with trichrome or iron hematoxylin (protozoa), modified trichrome 
(microsporidia), or modified acid-fast stains (Cryptosporidium, Cyclospora, Isospora); 
unstained anal impression smears used to detect Enterobius (pinworm eggs)

Antigen detection: freshly collected, nonpreserved stool used for detection of 
Entamoeba histolytica, Giardia, Cryptosporidium

NAA tests: in-house assays but no commercial assays available

Liver and spleen Capillaria, Clonorchis, Echinococcus, 
Entamoeba, Fasciola, Fasciolopsis, 
Heterophyes, Leishmania, 
Metagonimus, microsporidia, 
Opisthorchis, Toxoplasma

Microscopy: biopsy or aspirate for E. histolytica, Echinococcus, or Capillaria (wet 
mount) or Leishmania (Giemsa)

Culture: biopsy or aspirate for Leishmania
NAA tests: In-house assays but no commercial assays available

Muscle Ascaris, Cryptosporidium, Echinococcus, 
hookworm, microsporidia, 
Paragonimus, Strongyloides, 
Toxoplasma, Trypanosoma

Microscopy: biopsy for tissue stains (H&E, methenamine silver, PAS, Gram) for 
Trichinella and Echinococcus

NAA tests: in-house assays but no commercial assays available

Respiratory tract Ancylostoma, Echinococcus, 
Gnathostoma, microsporidia, 
Multiceps, Onchocerca, Taenia 
(cysticerci), Trichinella, Trypanosoma

Microscopy: sputum (expectorated, induced), nasal discharge, BAL (aspirate, 
brushing), and biopsy for Ascaris, Strongyloides, Paragonimus, Capillaria, and 
Echinococcus (unstained preparation), Giemsa (Toxoplasma), modified acid-fast 
(Cryptosporidium), modified trichrome (microsporidia), and tissue stains (H&E, 
methenamine silver, PAS, Gram) for helminths, protozoa, and microsporidia

NAA tests: in-house assays but no commercial assays available

Skin and cutaneous ulcers Acanthamoeba, Leishmania, 
microsporidia, Naegleria

Microscopy: aspirates, skin snips, scrapings, and biopsy—Giemsa or H&E for 
Leishmania, E. histolytica, Acanthamoeba, and Onchocerca; direct visualization for 
arthropods (e.g., Demodex, botflies, ticks, lice)

Culture: biopsy for Leishmania
NAA tests: in-house assays but no commercial assays available

Urogenital tract Acanthamoeba, Leishmania, 
Onchocerca, microsporidia, 
Schistosoma, Trichomonas

Microscopy: vaginal discharge, urethral discharge, and prostatic secretion for 
Trichomonas (Giemsa), microfilariae (hematoxylin), and microsporidia (modified 
trichrome, acid fast); urine sediment for Schistosoma or microfilariae (wet mount)

Culture: vaginal or urethral discharge for Trichomonas
NAA tests: in-house assays but no commercial assays available

BAL, bronchial alveolar lavage; CSF, cerebrospinal fluid; EDTA, ethylenediaminetetraacetic acid; H&E, hematoxylin and eosin; NAA, nucleic acid amplification; PAS, periodic 
acid–Schiff.

interfere with detection of protozoa, including mineral oil, bismuth, 
metronidazole, tetracyclines, and antimalarial agents. If the specimen 
must be examined within 2 weeks of administering these agents, then 
the report, if negative, should indicate the specimen was suboptimal, 
and additional specimens should be submitted at a later time. Stool 
specimens may be examined for the presence of motile parasites. In 
this case, the specimen should be promptly transported to the labora-
tory immediately after collection and not placed in preservatives. If a 
delay in transport is anticipated, then the specimen should be placed 
in preservatives at the time of collection because protozoan trophozo-
ites are fragile and will rapidly deteriorate. This is not a problem with 
protozoan cysts or helminth eggs and larvae, coccidia, or microspo-
ridia. A variety of fixatives are available for preserving stool specimens 
(e.g., formalin, sodium acetate-acetic acid-formalin, Schaudinn’s fluid, 
polyvinyl alcohol). The selection of preservatives will be determined 
by the methods used in the microbiology laboratory for examining the 

specimen and use of additional tests (e.g., antigen or NAA tests). 
Regardless of the preservative used, care must be used to add the 
appropriate amount of specimen to the container and ensure complete 
mixing of the stool specimen with the preservative.80 It is recom-
mended that three specimens should be collected, to exclude reliably 
a parasitic infection. Examination of a single specimen may have a 
sensitivity of 50% to 60%.81 The specimens should be collected on 
separate days and, if possible, spread over a week or more.

Other Specimens
Normally, sterile body fluids and tissues submitted for culture should 
be promptly transported to the laboratory in a sterile container. Speci-
mens collected for microscopic examination should not be placed in 
preservative; therefore, it is critical to have the laboratory examine the 
specimen promptly. Specimens for NAA tests should be refrigerated if 
immediate transport is not feasible.
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microscopic examination of the exudate, although this may increase 
detection of patients with asymptomatic colonization.

Antigen Detection
Antigen tests are commercially available for Entamoeba histolytica, 
Cryptosporidium spp., Giardia lamblia, Plasmodium spp., and T. vagi
nalis. The tests are generally more sensitive than microscopic examina-
tion and less subjective (better specificity). In geographic areas where 
parasitic infections are uncommon, some laboratories restrict their 
routine testing to immunoassays for E. histolytica, Cryptosporidium, 
and Giardia.

Nucleic Acid–Based Tests
NAA tests are primarily restricted to reference and research laborato-
ries, with the exception of commercial tests developed for the detection 
of Trichomonas. Although home-brew assays have been developed for 
most parasites, there is little need for these tests for routine diagnostic 
purposes. The assays are useful for the diagnosis of infections with 
Toxoplasma, Leishmania, and Trypanosoma, for which relatively few 
parasites may be present in a sample.

Serology
Serologic testing is rarely performed except to document infection in 
a patient from a nonendemic country who has been exposed to a 
particular parasite or patients suspected to be infected with Toxoplasma 
gondii.82 The presence of IgG antibodies to a parasite is consistent with 
past exposure, and evidence of a recent seroconversion is consistent 
with an acute infection. However, if seroconversion cannot be demon-
strated, then a careful travel and exposure history is required to interpret 
the significance of seropositive results. For Toxoplasma infections, IgM 
and IgG antibody titers are determined. A negative IgM titer excludes 
acute infection because all patients with active disease have IgM anti-
bodies at the time symptoms develop, which decrease to nondetectable 
levels by 6 to 9 months. IgG antibody levels will persist for years.

Detection and Identification Methods 
for Parasites
As with the other microorganisms discussed in this chapter, five 
approaches exist for the detection of parasites: microscopy, culture, 
antigen or nucleic acid detection, and antibody detection. In contrast 
with the other groups of organisms, microscopy is the primary detec-
tion and identification procedure for most parasites. Culture is used 
for only a few parasites and, when available, is not the primary diag-
nostic method. Antigen testing is used for a limited number of para-
sites, and nucleic acid–based tests are primarily restricted to reference 
or research laboratories. Serology is useful for populations where 
endemic infections are uncommon but has little value in countries with 
a high incidence of infection.

Microscopy
Microscopy is the definitive method for the detection and identifica-
tion of most parasites. Many parasites can be readily detected by exam-
ining the collected specimen directly or following staining with iodine; 
however, maximum sensitivity requires concentration of the specimen 
and examination with specific stains to allow differentiation of the 
internal structures (e.g., trichrome stain, iron hematoxylin stain, 
Giemsa stain). Identification of the parasite is determined by the mor-
phologic features of the protozoa and the characteristics of the eggs, 
larvae, or adult forms of cestodes, nematodes, and trematodes. Details 
of these features are discussed in the individual chapters in this book 
and in the cited reference texts.8,79

Culture
Culture is primarily performed in research laboratories with one 
exception: Trichomonas vaginalis infections. Although trichomonal 
infections can be readily detected by microscopic inspection of vaginal 
secretions, commercial kits permit the growth of T. vaginalis directly 
by culturing the vaginal exudate. These systems are more sensitive than 
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17  Principles of Anti-infective Therapy
George M. Eliopoulos and Robert C. Moellering, Jr.*

E  Anti-infective Therapy

Although the discovery of effective agents to prevent and treat infec-
tion caused by bacteria and other pathogenic microorganisms is one 
of the most important developments of modern medicine, the use of 
such agents is not limited to the present era. Substances with anti-
infective potential have been applied medically for thousands of years. 
Indeed, more than 2500 years ago, the Chinese were aware of the 
therapeutic properties of moldy soybean curd applied to carbuncles, 
boils, and other infections,1 and ancient Greek physicians, including 
Hippocrates, routinely used substances with antimicrobial activity, 
including wine, myrrh, and inorganic salts, in their treatment of 
wounds.2 Until the discovery of the microbiologic basis of infections 
in the 19th century, however, the therapy for infections remained 
strictly empirical. Heavy metals, such as arsenic and bismuth, were 
found to be useful against a number of infections, including syphilis, 
in the early 1900s, but the modern era of chemotherapy did not really 
begin until the discovery and initial clinical use of the sulfonamides in 
1936.1 This was followed in the 1940s by the discovery of the therapeu-
tic value of penicillin and streptomycin, and by 1950 the golden age of 
antimicrobial chemotherapy was well under way.

It is the relatively recent work in this area (since 1936) that forms 
the basis for this and each of the succeeding chapters on anti-infective 
therapy. The major emphasis in this chapter is on antibacterial agents 
because more data are available on these drugs. However, many of the 
principles to be discussed can also be applied to the use of antifungal, 
antiviral, and, to some extent, antiparasitic drugs.

CHOICE OF THE PROPER 
ANTIMICROBIAL AGENT
In choosing the appropriate antimicrobial agent for therapy for a given 
infection, a number of factors must be considered. First, the identity 
of the infecting organism must be known or, at the very least, it must 
be possible to arrive at a statistically reasonable guess as to its identity 
on the basis of clinical information. Second, information about the 
susceptibility of the infecting organism, or likely susceptibility, must 
be as accurate as possible. Finally, a series of factors specific to the 
patient who is being treated must be considered to arrive at the optimal 
choice of antimicrobial agent. Each of these items is considered in this 
section.

Identification of the Infecting Organism
Several methods for the rapid identification of pathogenic bacteria in 
clinical specimens are available. A Gram-stain preparation is perhaps 
the simplest and least expensive method to determine the presence of 
bacterial and some fungal pathogens. This technique can be used to 
visualize microorganisms in body fluids that are normally sterile (cere-
brospinal fluid, pleural fluid, synovial fluid, peritoneal fluid, urine) 
and, by their morphologic features, to assign them to broad categories 
against which specific antimicrobial agents are likely to be effective. 
Preparations of sputum may also be helpful in revealing the nature of 
the infecting organism in patients with bacterial pneumonia.

Although infrequently done at present, a Gram stain of a stool 
specimen may produce useful information. Polymorphonuclear leuko-
cytes are not found in normal stools. When present, they suggest the 
possibility of a bacterial gastroenteritis, such as shigellosis, salmonel-
losis, campylobacteriosis, or invasive Escherichia coli gastroenteritis. 
Polymorphonuclear leukocytes are not found in the stools of patients 
with viral gastroenteritis, food poisoning, cholera, and diarrhea caused 
by noninvasive toxigenic E. coli.3 Campylobacter may be identified in 
the stools of patients by its characteristic gull-wing appearance on 
smear.4

Immunologic methods for antigen detection, such as enzyme-
linked immunosorbent assay (ELISA) or latex agglutination, may also 
provide clues for the rapid identification of the infecting pathogens. 
Molecular techniques are increasingly being applied to the detection 
and identification of microbial agents. The polymerase chain reaction 
(PCR) has been used to identify RNA or DNA of viruses, bacteria, and 
other microorganisms in the blood and body fluids of patients,5,6 and 
this technique and others, including the use of DNA probes, have 
proved to be helpful in rapid identification of organisms that have been 
cultured in the laboratory or that are present at high density in direct 
clinical specimens.7 Final and definitive identification of pathogenic 
organisms still usually requires culture technique. Furthermore, 
molecular systems that allow determination of antimicrobial suscepti-
bility as well as identification are feasible, but are only now being 
introduced into clinical laboratories.

Recent initiatives to reduce the burden of hospital infections caused 
by methicillin-resistant Staphylococcus aureus (MRSA) and other 
multidrug-resistant bacteria through active surveillance have led to 
increased use of molecular methods for rapid detection of these organ-
isms.8 Nucleic acid amplification tests have now become widely avail-
able to detect Neisseria gonorrhoeae and Chlamydia trachomatis from 
various body sites. The disadvantage of these systems at present is that 
they do not provide susceptibility information; thus, culture for sus-
ceptibility testing is essential when the patient has not responded to 
recommended therapy for gonococcal infection. Molecular methods 
for the detection of Mycobacterium tuberculosis are now available that 
also determine susceptibility of the organism to rifampin.9 Neverthe-
less, in almost all cases where bacteria are identified by molecular 
methods, when treating infections it is imperative that appropriate 
specimens be obtained for culture before beginning antimicrobial 
therapy, to test for susceptibility to agents that may be used in therapy. 
Once anti-infective therapy has been started, cultures often are ren-
dered sterile, even though viable organisms remain in the host. One 
example where antibiotic therapy would be initiated before cultures are 
obtained is in suspected bacterial meningitis in circumstances where 
lumbar puncture cannot be obtained promptly. In such cases, blood 
cultures should be obtained before antibiotic therapy, and cerebrospi-
nal fluid should be sampled as soon as it is feasible to do so.

In most cases, it is impossible to determine the exact nature of the 
infecting organisms before the institution of antimicrobial therapy. In 
these cases, the use of bacteriologic statistics may be particularly 
helpful.10,11 The term bacteriologic statistics refers to the application 
of knowledge of the organisms most likely to cause infection in a  
given clinical setting. For example, a person with normal host defense 
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aminoglycosides, such as streptomycin, tobramycin, gentamicin, and 
amikacin, contain genes on plasmids that code for the production of 
periplasmic enzymes that catalyze a modification of the aminoglyco-
sides by phosphorylation, acetylation, or adenylation.15 Efflux mecha-
nisms, which may be plasmid or transposon mediated, in S. aureus, 
pneumococci, and gram-negative bacilli, can cause resistance to tetra-
cycline, the macrolides, and other agents.18,19 E. coli resistant to tri-
methoprim has been found to contain genes that enable it to synthesize 
a new dihydrofolate reductase (the enzyme specifically inhibited by 
trimethoprim) that is 10,000 times less susceptible to the in vitro effects 
of trimethoprim than is the host bacteria’s own chromosomal enzyme.15 
Other extrachromosomal resistance genes may confer resistance to 
aminoglycosides or to various other protein synthesis inhibitors, 
including linezolid, chloramphenicol, and clindamycin, by methyla-
tion at specific positions on 16S ribosomal RNA (rRNA) or 23S rRNA, 
respectively.20,21

These developments provide the rationale for performing tests of 
antimicrobial susceptibility whenever there is reasonable doubt about 
the susceptibility of a given organism that is thought to be pathogenic. 
There are very few examples of organism-antibiotic combinations for 
which susceptibility can be predicted with a sufficiently high degree of 
certainty that testing would be unnecessary in the setting of a severe 
infection. Group A and other β-hemolytic streptococci remain suscep-
tible to the penicillins and cephalosporins. Thus, testing these organ-
isms against these particular agents need not be carried out routinely 
at the present time. However, even a statement such as this is fraught 
with a certain amount of danger. Isolates of group B streptococci have 
now been encountered with reduced susceptibility to β-lactam anti-
biotics.22 The discoveries of penicillin-resistant meningococci; the 
emergence of fluoroquinolone-resistant gonococci in Asia, Africa, and 
the United States; the rapid spread of ampicillin-resistant strains of  
H. influenzae; the proliferation of vancomycin-resistant enterococci; 
the emergence of vancomycin-intermediate and vancomycin-resistant 
staphylococci; and the discovery of streptomycin-resistant Yersinia 
pestis make us realize that, in time, strains of virtually any organism 
may be found that are resistant to antimicrobial agents that previously 
had been effective against them.23-27

It is important to consider geographic differences in patterns of 
susceptibility of organisms when choosing antimicrobial agents. In 
many cases, there may be variations in susceptibility patterns between 
hospitals and the community, between neighboring hospitals, or even 
among units within a single hospital. For example, for many years, 
cases of MRSA infection were almost always associated with hospitals 
and other health care facilities, but that has changed, and community-
acquired MRSA infections in persons who have had little or no contact 
with health care systems are common.28,29 In addition, community-
associated strains have now entered hospitals, where they can account 
for a substantial proportion of hospital-onset MRSA infections.30

All of these facts must be considered when choosing initial therapy 
for various infections. Tables listing drugs of choice, such as those in 
the Treatment Guidelines from the Medical Letter, must be updated 
frequently to keep up with changes in antimicrobial resistance pat-
terns.31,32 Because resistance rates can vary among facilities, periodic 
updates of institutional cumulative susceptibility reports by organism 
and antimicrobial agent can provide valuable local information to the 
local health care practitioner.33

Host Factors
It is clearly important to determine the identity and antimicrobial 
susceptibility of the organism or organisms causing a given infection. 
However, optimal therapy is impossible unless we also consider a 
number of host factors that may influence the efficacy and toxicity of 
antimicrobial agents.34

History of Previous Adverse Reactions to 
Antimicrobial Agents
Simply obtaining an adequate history of previous adverse reactions to 
drugs may prevent the inadvertent administration of an antimicrobial 
agent to which the patient is allergic or otherwise intolerant. A failure 
to do so can have serious (and sometimes fatal) consequences (see 
Chapter 23).

mechanisms who develops cellulitis of the arm after a minor abrasion 
most likely has an infection caused by Streptococcus pyogenes, other 
β-hemolytic streptococci, or possibly Staphylococcus aureus, and anti-
microbial therapy should be tailored accordingly, even though there is 
no material available for culture or examination with Gram stain. 
Similarly, a young child with acute otitis media almost certainly has an 
infection caused by either a virus or one of four major bacterial patho-
gens: Haemophilus influenzae, Streptococcus pneumoniae, Moraxella 
catarrhalis, or a group A streptococcus.12

Determination of Antimicrobial 
Susceptibility of Infecting Organisms
Because different organisms vary in their susceptibility to antimicro-
bial agents, it is imperative that we have a way to determine the anti-
microbial susceptibility of the actual (or presumed) infecting organism 
or organisms. If the pathogen is isolated from a culture, it can be sub-
jected to direct susceptibility testing, as described in Chapter 16. A 
number of methods for determining antimicrobial susceptibility are 
available. A simple and still widely used method is the disk diffusion 
test, which determines susceptibility of an organism based upon the 
zone of inhibition of the organism seeded onto an agar plate by using 
radial diffusion of an antimicrobial from a paper disk impregnated 
with the drug. A refinement of the disk diffusion technique uses anti-
microbial gradient strips (e.g., Etest by bioMérieux [Marcy-l’Etoile, 
France]; M.I.C.E. [minimal inhibitory concentration evaluator] by 
Oxoid [Cambridge, England]) applied to agar plates seeded with the 
test organism. With these methods, intersection of the inhibition zone 
with the graduated strip permits determination of an actual minimal 
inhibitory concentration end point.13

Quantitative data are also provided by methods that incorporate 
serial dilutions of antimicrobials in agar-containing or broth culture 
media. The lowest concentration of the antimicrobial agent that pre-
vents visible growth, usually after an 18- to 24-hour incubation period, 
is the minimal inhibitory concentration (MIC). The minimal bacteri-
cidal concentration (MBC), or minimal lethal concentration (MLC) 
may be determined in broth dilution tests by subculturing the contain-
ers that show no growth onto antibiotic-free agar-containing media. 
The lowest concentration of antimicrobial that totally suppresses 
growth on antibiotic-free media (or results in a 99.9% or greater 
decline in colony count) after overnight incubation is known as the 
MBC (or MLC). The aforementioned techniques are based on an 18- to 
24-hour incubation period. A variety of rapid methods are available as 
well.14 These are based on a determination of changes in bacterial 
growth rates caused by antimicrobial agents and can provide suscepti-
bility information in 4 to 8 hours.

Susceptibility testing is particularly important for certain organ-
isms, such as S. aureus and the various facultative and aerobic gram-
negative bacilli. The widespread clinical and agricultural use of 
antimicrobials since the 1930s and 1940s has resulted in the emergence 
of many strains of bacteria that are resistant to one or more antimicro-
bial agents (see Chapter 18).15-17 In most cases in which adequate 
studies have been done, it appears that the role of antimicrobial agents 
is to exert selective pressure that results in the emergence of resistant 
organisms. In some cases, the organisms are naturally resistant to the 
antibiotic used. Examples of the latter include gram-positive organ-
isms, such as staphylococci and streptococci, that are naturally resistant 
to aztreonam and the polymyxins. Most gram-negative bacilli are natu-
rally resistant to penicillin G, erythromycin, and clindamycin.

In other cases, the resistant bacterial strains have acquired genes 
encoded on transposons or plasmids that enable them to resist antimi-
crobial inhibition. These genes may provide the organisms with the 
ability to synthesize enzymes that modify or inactivate the antimicro-
bial agent, they may result in changes in the bacterial cell’s ability to 
accumulate the antimicrobial agent; they may permit the cell to 
produce alternative metabolic enzymes resistant to inhibition by the 
antimicrobial agent, or they may modify the target so that it becomes 
resistant to the action of the antimicrobial.15 Examples of each of these 
mechanisms of resistance are well known. Most strains of S. aureus 
are resistant to penicillin and contain plasmids that enable them to 
produce an extracellular β-lactamase that hydrolyzes and inactivates 
penicillin G.15 Many gram-negative bacilli that are resistant to 
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thought, opening the way for judicious use of fluoroquinolones in 
children44; both ciprofloxacin and levofloxacin have a U.S. Food 
and Drug Administration (FDA) indication in children for prophy-
laxis after inhalational exposure to Bacillus anthracis. Nevertheless, 
when alternatives with more established track records in children  
are not available, these drugs should be used judiciously where indi-
cated because of additional concerns relating to the emergence of 
resistance.45

Adverse effects caused by a number of antimicrobial agents have 
been noted to occur with increased incidence in older adults.36 In some 
cases (and perhaps in all if adequately studied), this relationship may 
be shown to be caused by specific disease states or by impairment of 
physiologic processes associated with aging, as noted earlier. However, 
in certain cases, no specific factors other than age can be identified. 
The hepatotoxicity associated with isoniazid administration is a good 
example of this. A small percentage of patients receiving isoniazid 
develop toxic hepatitis that may be fatal if not recognized in time.46 
Liver damage from isoniazid is rare in children but can be severe.47 In 
patients 20 to 34 years of age, the incidence of isoniazid hepatotoxicity 
is 0.3%, and it rises steadily with age to reach 2.3% in patients 50 years 
or older.48 Despite these data, isoniazid prophylaxis is still thought to 
have a positive risk-benefit ratio in older patients, as long as liver func-
tion tests are monitored.49,50

Hypersensitivity reactions to antimicrobial agents also appear to be 
more common in older adults than in younger patients.34 This seems 
to be because older patients are more likely to have been previously 
exposed, and thus sensitized, to these agents.

Genetic or Metabolic Abnormalities
The presence of genetic or metabolic abnormalities may also have a 
significant effect on the toxicity of a given antimicrobial agent. In a 
small proportion of individuals treated with the antiretroviral drug 
abacavir, a severe hypersensitivity reaction can occur, consisting of 
fever, rash, and abdominal and respiratory symptoms. The presence of 
a human leukocyte antigen allele, HLA-B*5701, has been found to be 
highly associated with immunologically confirmed cases of abacavir 
hypersensitivity reaction.51 It has now become common practice to 
screen for the presence of this allele before initiating therapy with 
abacavir. More recently, the presence of HLA-B*13:01 was found to 
be associated with risk of developing dapsone hypersensitivity syn-
drome; absence of the allele reduced the risk sevenfold.52 The geneti-
cally determined metabolism and clearance of a number of drugs may 
affect the toxicities that are encountered with their use. Data suggest 
that genetically determined activities in at least three enzymes that are 
involved in the disposition of isoniazid and its metabolites—N-acetyl-
transferase 2, the cytochrome P-450 enzyme CYP2E1, and glutathione-
S-transferase—are likely to influence the risk of hepatotoxicity with 
this agent during treatment of tuberculosis.53

A number of antimicrobial agents have been shown to be capable 
of provoking hemolysis in individuals with glucose-6-phosphate dehy-
drogenase (G6PD) deficiency, including the sulfonamides, dapsone (a 
sulfone), nitrofurantoin, and various antimalarial compounds.54 Sul-
fonamides may likewise cause hemolytic reactions in the presence of 
certain hemoglobinopathies, including hemoglobin Zurich and hemo-
globin H.34

The presence of metabolic disorders, such as diabetes mellitus, may 
also pose problems in antimicrobial therapy. Certain agents, such as 
the sulfonamides (especially the long-acting types), can potentiate the 
hypoglycemic activity of sulfonylurea hypoglycemic agents.36 Agents of 
the fluoroquinolone class have been associated with dysglycemic reac-
tions, both hypoglycemia and hyperglycemia. Individuals with baseline 
glucose abnormalities and those receiving treatment for diabetes may 
be particularly at risk.55,56 The dextrose load infused with intravenous 
antibiotics dissolved in dextrose-containing vehicles may be sufficient 
to produce hyperglycemia and glucosuria in diabetic patients. In the 
past, another kind of “glucosuria” could occur in patients receiving 
antimicrobial agents. The cephalosporins, isoniazid, nitrofurantoin, 
penicillin, streptomycin, and the tetracyclines can all cause false-
positive test results when urine sugar levels are determined by a 
method that measures reducing substances in the urine (e.g., the Bene-
dict test or Clinitest).36 Tests that are specific for glucose (i.e., that use 

Age
The age of the patient is a major factor in choosing an antimicrobial 
agent. Gastric acidity varies with age. The pH of gastric secretions is 
higher in young children and does not reach adult levels of acidity until 
approximately the age of 3 years. At the other end of the age spectrum, 
there can also be a decline in gastric acidity. Early studies reported 
gastric achlorhydria in 5.3% of people 20 to 29 years of age, in 16% of 
those 40 to 49 years, and in 35.4% of those older than 60 years.34 More 
recent work suggests that 90% of individuals older than 60 years can 
acidify gastric contents.35 Nevertheless, many people of all age groups 
routinely take agents that interfere with normal gastric acid produc-
tion. The absorption of a number of antimicrobials administered via 
the oral route depends on their acid stability and the pH of gastric 
secretions. Penicillin G is an excellent example of this phenomenon. 
The oral absorption of penicillin G is markedly reduced by gastric acid. 
However, in young children and in achlorhydric patients, the absorp-
tion of the drug is markedly enhanced. As a result, various orally 
administered penicillins produce high serum levels in young children 
and in older patients who have achlorhydria. The absorption of other 
orally administered β-lactam antibiotics is probably also enhanced in 
achlorhydric patients; however, evidence is convincing only in the case 
of the penicillins.36 Gastric acidity does not always have a negative 
influence on the absorption of antimicrobials. For example, cefpodox-
ime, administered as the β-lactam prodrug cefpodoxime proxetil, 
appears to be better absorbed at a low pH.37

Renal function, likewise, varies with age. It is relatively diminished 
in premature and newborn children and reaches adult levels between 
2 and 12 months of age.34 Thus, the serum half-lives of drugs that are 
primarily excreted by the kidneys may be considerably increased in 
neonates. As a result, doses of antimicrobial agents such as penicillin 
G and its various semisynthetic derivatives, as well as the aminoglyco-
sides, must be altered in neonates.

Aging results in the decline of a number of physiologic processes, 
including renal function.36 Creatinine clearance may be significantly 
reduced in older patients even though they have normal blood urea 
nitrogen or serum creatinine concentrations. In view of this, high 
doses of the penicillins or cephalosporins or carbapenems must be 
given with caution to older adults to prevent the development of exces-
sively high serum levels, which may produce severe neurotoxic reac-
tions, such as myoclonus, seizures, and coma.34,36 Other adverse 
reactions to the penicillins, such as reversible neutropenia, may be dose 
related and may occur with increased frequency when high doses of 
such drugs are given to older patients with unrecognized renal impair-
ment.36 This, however, has not been proven. Impaired renal excretion 
of the aminoglycoside antibiotics may result in elevated serum concen-
trations, which in turn may be associated with an increasing incidence 
of ototoxicity in older patients.38

In addition to the toxicity that may result from impaired renal 
excretion in neonates and older adult patients, other adverse effects of 
antimicrobial agents may also be age related.36,39 Hepatic function in 
the neonate is underdeveloped by adult standards. This can result in 
difficulties if such patients are administered drugs that are normally 
excreted or inactivated by the liver.

The sulfonamides compete with bilirubin for binding sites on 
serum albumin. When given to neonates, they produce increased 
serum levels of unbound bilirubin that predispose the child to 
kernicterus.40,41

The tetracyclines are avidly bound to developing bone and tooth 
structures. As they bind to developing teeth, they may cause a number 
of adverse effects ranging from purplish to brownish discoloration of 
the teeth to actual enamel hypoplasia.34,40 The tetracyclines readily 
cross the placenta.42 Thus, when administered during the latter half of 
pregnancy or from birth to the age of 6 months, they may cause these 
effects on the deciduous teeth of the infant. From the age of 6 months 
to 6 to 8 years, similar damage to the permanent teeth may occur. In 
view of this, tetracyclines should be avoided, if possible, in young 
children.

The quinolone antimicrobials have been shown to cause cartilage 
damage and arthropathy in young animals. As a result, they had not 
been recommended for use in children.43 More recent evidence, 
however, suggests that the risk of arthropathy is less than previously 
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Another aspect of drug therapy in pregnancy is that the pharma-
cokinetic behavior of the drug may be altered, particularly in late 
pregnancy. For example, the pharmacokinetic behavior of antiretrovi-
ral agents may be influenced by a number of factors related to absorp-
tion, distribution, and elimination of the various agents.68 It has also 
been found that serum levels after a given dose of ampicillin are lower 
in pregnant than in nonpregnant women.69 This is related to more rapid 
clearance of the drug and to a greater volume of distribution (probably 
resulting from increased plasma volume) in pregnancy. Thus, higher 
doses of ampicillin may be required to achieve therapeutic blood levels 
in pregnancy. It is likely that these observations also apply to other 
antimicrobial agents, but data on these are limited. For the antiretro-
viral protease inhibitor lopinavir/ritonavir, plasma concentrations are 
lower in women in the second and third trimesters of pregnancy than 
in nonpregnant women, and increased doses and/or monitoring of 
drug concentrations may be necessary.70

The clinician should note that early exposure to antibiotics, either 
from peripartum administration to the mother or for treatment of 
infection in the child, has the potential to perturb natural development 
of the newborn’s intestinal microbiome.71 Conceivably, such changes 
could lead to downstream effects on immune response or adipokine 
regulation.72

Virtually all antimicrobial agents appear in measurable concentra-
tions in breast milk when administered in therapeutic doses to nursing 
women.73 The amount of drug excreted into breast milk depends on 
its degree of ionization, its molecular weight, and its solubility in fat 
and water. Under usual circumstances, the concentrations of antibiot-
ics found in breast milk are quite low. However, even these small 
amounts may cause significant adverse reactions in the nursing infant. 
In a mouse model, exposure of mice at the time of weaning to sub-
therapeutic concentrations of antibiotics led to changes in the colonic 
microbiome and adiposity.74 Nalidixic acid and the sulfonamides in 
breast milk have been shown to cause hemolysis in infants with G6PD 
deficiency. Sulfonamides in breast milk may be dangerous to prema-
ture babies because even small doses of ingested sulfonamides may 
produce increased levels of unbound bilirubin by displacing bilirubin 
from its albumin-binding sites. As noted previously, this predisposes 
the child to kernicterus.73 The possibility that antimicrobial agents in 
breast milk can sensitize newborn children is a theoretical one and has 
not been convincingly demonstrated. Although tetracycline is excreted 
in breast milk, it is unlikely to produce damage to the nursing child’s 
bones or teeth because the calcium in the milk forms an insoluble 
chelate with tetracyclines, and the chelate is not absorbable by the  
oral route.73

Renal and Hepatic Function
The ability of the patient to metabolize or excrete antimicrobial agents 
is one of the most important host factors to consider, especially when 
high serum or tissue concentrations of the administered drugs are 
potentially toxic. From a practical point of view, this means that the 
clinician must assess the patient’s renal and hepatic function carefully 
because these organs serve as the major, and in most cases the only, 
routes of excretion and inactivation of antimicrobials. Renal excretion 
is the most important route of elimination of most antimicrobial 
agents.75-80 Doses for drugs that require alteration in patients with 
impaired renal function can be found in the chapters dealing with the 
individual agents and in Chapter 54. In general, agents that require no 
dosage change in patients with impaired renal function are excreted 
effectively by extrarenal routes, usually the hepatobiliary system, in 
patients with renal failure. Their use in normal doses does not result 
in the appearance of toxic serum levels in this situation, although the 
urine levels of a number of these agents (e.g., doxycycline, moxifloxa-
cin) may be diminished significantly.

Toxic serum levels of certain agents may develop if they are used 
without dosage modification in patients with impaired renal function. 
Excessive serum levels of penicillin G or imipenem may be associated 
with neuromuscular hyperexcitability, myoclonus, seizures, or coma.34 
Similar effects may be seen at toxic concentrations of other β-lactams 
as well.81 Elevated serum levels of semisynthetic penicillins or cepha-
losporins may cause hemostatic defects in patients with impaired  
renal failure because of interference with platelet function.82,83 Elevated 

glucose oxidase) are not affected by antimicrobial agents.57 Patients 
with diabetes mellitus represent a group that may also be particularly 
vulnerable to another uncommon but well-documented adverse effect 
associated with fluoroquinolone therapy—tendon rupture.55

The concomitant administration of chloramphenicol has been 
noted to delay the reticulocyte response to vitamin B12 or iron therapy 
in patients with pernicious anemia or iron deficiency anemia.34 Patients 
with pernicious anemia and gastric achlorhydria may exhibit enhanced 
serum levels of antimicrobials, such as penicillin G, when given by the 
oral route.

Rifampin and other rifamycins may increase the hepatic metabo-
lism and therefore decrease the effect of oral anticoagulants, oral con-
traceptives, barbiturates, and a number of other drugs, including  
the protease inhibitors.58 It is equally important to recall this interac-
tion when discontinuing rifamycin therapy in patients whose dose  
of a concomitant agent had been adjusted upward during rifampin 
treatment; the dose of the other agent is likely to require readjustment 
after discontinuing the rifamycin, to avoid undesirably high serum 
levels and adverse effects (e.g., bleeding from overanticoagulation with 
warfarin).

Drugs from several antimicrobial classes, including macrolides, 
fluoroquinolones, and antifungals, can potentially prolong the cardiac 
QTc interval (www.azcert.org). In addition, inhibition of cytochrome 
P-450 drug elimination pathways by some members of these anti-
microbial classes can increase plasma concentrations of nonanti-
microbial agents that have even more significant effects on cardiac 
repolarization.59 Individuals with underlying conduction abnormali-
ties or those receiving other medications that can affect cardiac electri-
cal activity may be particularly vulnerable to arrhythmias (torsades de 
pointes) related to antimicrobial use, but care should be taken to 
weight the potential risks and benefits when prescribing such agents 
to any individual who is at risk of cardiovascular events.59,60

Pregnancy
Patients who are pregnant and nursing mothers also pose certain chal-
lenges in the selection of appropriate antimicrobial agents. All antimi-
crobial agents cross the placenta in varying degrees.61,62 Thus, the use 
of such agents in pregnant women provides direct exposure of the fetus 
to adverse effects of the drug. Because of the complexity of assessing 
factors influencing the safety and efficacy of antibiotics in pregnancy, 
the selection of appropriate agents is best undertaken with expert guid-
ance. Although there are few solid data on the teratogenic potential of 
most antimicrobial agents in humans, experience suggests that certain 
drugs, such as the penicillins, the cephalosporins, and erythromycin, 
and antituberculous drugs (such as isoniazid, rifampicin, and etham-
butol), are unlikely to be teratogenic and are safe for pregnant women 
to use with appropriate care.40,61-63 Several antimicrobial agents are 
known to have teratogenic potential. Quinine, ribavirin, and miltefo-
sine are listed as FDA pregnancy risk category X, indicating that 
because of known human reproductive effects, the benefits are out-
weighed by risks.32 Other agents, such as tetracyclines (including tige-
cycline), aminoglycosides, efavirenz, and voriconazole, are listed as 
pregnancy category D drugs, indicating that although there is evidence 
of human risk, there are situations in which the benefits may outweigh 
those risks.32 Evidence pertaining to the safe use of common antimi-
crobials in pregnancy has been reviewed.64,65

The possible adverse effects of tetracyclines on fetal dentition have 
already been noted. In addition, pregnant women receiving tetracy-
cline are particularly vulnerable to certain toxic effects, including acute 
fatty necrosis of the liver, pancreatitis, and probably renal damage.34 
The liver damage may be severe and can result in death. When admin-
istered to patients with impaired renal function, these effects may be 
magnified, particularly if the agent is one of the tetracyclines that are 
primarily excreted by the kidneys. These adverse effects are dose 
related and may be more frequent after intravenous administration.

The aminoglycosides cross the placenta. Fetal eighth nerve toxicity 
has been reported in infants of mothers exposed to prolonged courses 
of streptomycin or kanamycin.65,66 Because hearing loss or vestibular 
dysfunction can be side effects of other aminoglycosides in patients 
receiving these agents, the other aminoglycosides are also labeled as 
pregnancy category D.32,67
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latter agents, monitoring is performed primarily to help minimize the 
risk of toxicity from overly high concentrations. Recent data suggest 
that therapeutic drug monitoring may have an increasing role in the 
management of fungal infections.95 However, except in cases of bacte-
remia, antimicrobial efficacy is more likely determined by the tissue 
concentration than by the blood level, as noted earlier. Some agents 
such as spiramycin, certain macrolides such as azithromycin, and tige-
cycline can be effective in some infections, despite an inability to 
achieve serum levels above the MIC of certain organisms.96,97 This may 
be explained by their ability to achieve intracellular and tissue concen-
trations that far exceed those obtained in serum.98,99 Binding to serum 
proteins may affect both the tissue distribution and the activity of 
antimicrobial agents in the blood.

Although much careful investigation has been done on protein 
binding, the precise clinical significance of this phenomenon remains 
to be determined. For example, it has been shown that only the 
unbound form of a given antimicrobial agent is active in vitro (and 
presumably also in vivo) against infecting organisms.100 However, 
because protein binding can be rapidly reversible,101 the activity of 
even highly protein-bound agents may not be limited absolutely by 
protein binding. The penetration of antimicrobial agents into intersti-
tial fluid and lymph is related to protein binding because only the free 
form of the agent is able to pass through the capillary wall.100 Penetra-
tion of antibiotics into fibrin clots, which may be analogous to the 
penetration of the drugs to reach the site of infection in patients with 
bacterial endocarditis, is likewise related to the amount of unbound 
antibiotic in the surrounding fluid.102 Nevertheless, it is often difficult 
to correlate therapeutic outcome with in vitro susceptibility (MIC)  
and protein binding alone.103,104 Several technical factors also contrib-
ute to problems with such correlations because the protein binding 
measured in vitro may vary with the concentration of antibiotic tested 
and with other variables, such as medium composition, pH, and 
temperature.105

In recent years, there has been growing appreciation that the profile 
of antimicrobial concentrations over time relative to susceptibility of 
the pathogen is critically important to the effectiveness of antimicro-
bial therapy. For example, the effectiveness of β-lactam antibiotics can 
be best correlated with attainment of unbound (free) drug concentra-
tions greater than the MIC of the pathogen for a certain proportion of 
the dosing interval; that is, the effectiveness is dependent on time 
interval of free-drug concentrations greater than the MIC. In contrast, 
the effectiveness of fluoroquinolones correlates better with the ratio of 
the free-drug “area under the concentration-time curve” (AUC) to the 
MIC of the organism. Thus, the effectiveness of an antimicrobial agent 
depends on a number of factors, including organism susceptibility, 
drug class (to establish time-dependent or concentration-dependent 
behavior), and protein binding.

The ability of an antibiotic to penetrate to the site of infection with 
an appropriate pharmacodynamic profile is a major determinant in the 
successful therapy. The ability of an antibiotic to pass through mem-
branes by nonionic diffusion is related to its lipid solubility. Thus, 
lipid-soluble agents, such as chloramphenicol, rifampin, trimethoprim, 
and isoniazid, are all more efficient in penetrating membranes than are 
the more highly ionized compounds.100 These agents rapidly cross the 
blood-brain barrier and produce better cerebrospinal fluid levels than 
do more highly ionized compounds, such as the aminoglycosides.

Agents that are excreted by the liver and are concentrated in the 
bile, such as ampicillin and doxycycline, may be more effective in treat-
ing cholangitis than are agents such as the first-generation cephalospo-
rins or aminoglycosides, which are not greatly concentrated in bile. The 
new fluoroquinolones may owe some of their effectiveness in the treat-
ment of osteomyelitis to their ability to achieve superior concentrations 
in bone.106 These agents penetrate far more effectively into the prostate 
than the β-lactams or aminoglycosides, and this undoubtedly contrib-
utes to their superior therapeutic efficacy in prostatitis.107,108

Even the achievement of “therapeutic concentrations” of antimicro-
bial agents at the site of infection may not be sufficient for cure because 
a number of local factors may influence the activity of antimicrobial 
agents. An important example is the binding and inactivation of dap-
tomycin by pulmonary surfactant. Although this drug penetrates well 
into pulmonary epithelial lining fluid, and is highly active against 

serum levels of aminoglycosides may result in eighth nerve damage.38,80 
Neurotoxic reactions, including respiratory arrest and death, may 
occur in patients who have excessive serum levels of certain aminogly-
cosides or the polymyxins.34,84 Bone marrow suppression may occur in 
patients with renal failure who receive inappropriately high doses of 
5-fluorocytosine.85 In all these situations and numerous others, the 
possibility of toxic reactions can be lessened significantly or eliminated 
if the doses of the antimicrobial agents are appropriately reduced in 
the presence of renal insufficiency.

The tetracyclines, except doxycycline, tigecycline, and possibly 
minocycline, are contraindicated in patients with impaired renal func-
tion because the elevated serum levels that result may produce a sig-
nificant worsening of the uremic state resulting from their antianabolic 
effect. Moreover, they may cause enhanced hepatotoxicity in this situ-
ation.34 The long-acting sulfonamides should be avoided in this situa-
tion because they are potentially nephrotoxic.

Certain antimicrobial agents, including erythromycin, azithromy-
cin, chloramphenicol, lincomycin, and clindamycin, should be used 
with caution in patients with impaired hepatic function.86 These drugs 
are primarily excreted or detoxified in the liver. Bone marrow suppres-
sion caused by chloramphenicol is much more likely to occur in 
patients with impaired hepatic function; because of this, it has been 
suggested that the dose of chloramphenicol be cut at least in half in 
patients with cirrhosis and other severe liver disease.87 Because the 
serum half-life of clindamycin is increased in patients with severe liver 
disease, its dose should also be decreased in this situation. The tetra-
cyclines may produce elevations in serum transaminase levels in 
patients recovering from viral hepatitis.34 They should be avoided or 
used with extreme caution in patients with underlying liver disease. 
The serum half-lives of both rifampin and isoniazid are prolonged in 
patients with cirrhosis.88 Other drugs that should be used with caution, 
or for which serum levels should be monitored and/or doses adjusted 
in patients with severe liver disease, include metronidazole, flucon-
azole, itraconazole, nitrofurantoin, and pyrazinamide.86 Dose adjust-
ments are also required for newer agents, such as tigecycline and 
voriconazole, in patients with advanced liver disease. It has been sug-
gested that β-lactam antibiotic–induced leukopenia occurs more fre-
quently in patients with impaired hepatic function.89 Hepatobiliary 
disease influences antimicrobial therapy in still another way. The 
biliary concentrations of many antimicrobial agents, including ampi-
cillin and nafcillin, that are normally excreted in high concentration in 
the bile may be reduced significantly in patients with liver disease or 
biliary obstruction.34

Site of Infection
Another consideration in selection of an appropriate antimicrobial is 
the site of infection. For antimicrobial therapy to be effective, an ade-
quate concentration of the drug must be delivered to the site of infec-
tion. In most cases, this means that the local concentration of the 
antimicrobial agent should at least equal the MIC of the infecting 
organism. Concentrations representing multiples of the MIC are gen-
erally believed more likely to be efficacious, but in many cases, such 
local concentrations may be difficult or impossible to achieve. A failure 
to achieve local concentrations of antibiotics higher than the MIC of 
the infecting organism may not always result in failure, however, 
because there is evidence that subinhibitory concentrations of drugs 
may produce antimicrobial effects that aid the host defenses against 
infections. It has been demonstrated clearly that subinhibitory concen-
trations of antibiotics can alter bacterial morphology,90 adherence 
properties,91 and opsonic requirements92; can enhance phagocytosis93; 
and can even aid intracellular killing of bacteria by polymorphonuclear 
leukocytes.94 This may explain the clinical observation that, on occa-
sion, doses of antimicrobials that produce seemingly inadequate serum 
levels may still result in clinical cure. In spite of such observations, 
most infectious disease clinicians feel that optimal therapy requires 
concentrations of antimicrobials that are above the MIC at the site of 
infection (see Chapter 19).

Serum concentrations of antimicrobial agents are, in principle, rela-
tively easy to determine. Nevertheless, monitoring of serum concentra-
tions is routinely performed only for a limited number of antimicrobials, 
such as vancomycin, aminoglycosides, and 5-flucytosine. With the 
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hemolytic-uremic syndrome, consistent with findings that antibiotics 
may stimulate production of Shiga toxin from these organisms in 
vitro.133

ANTIMICROBIAL COMBINATIONS
Most infections in humans with normal host defenses can be treated 
with a single antimicrobial agent. Because combinations may provide 
more broad-spectrum coverage than single agents can, the physician 
is often tempted to use combinations of two or more antimicrobials for 
the sense of security they provide. However, the inappropriate use of 
antimicrobial combinations may have deleterious effects. In this 
section, we examine the reasons for using combination antimicrobial 
therapy. This discussion will deal with treatment of bacterial infections. 
In many immunocompromised patients, there may be documented or 
suspected infections caused by microorganisms of several different 
classes, including viruses or parasites as well as bacteria. For such 
patients, treatment with multiple agents active against the various 
organisms of concern would be justified.

In Vitro Results of  
Combination Therapy
When two antimicrobial agents are combined in vitro, they may dem-
onstrate one of three types of interactions against a given organism: 
(1) indifference, (2) synergism, or (3) antagonism.134,135 Two drugs are 
said to be indifferent when the activity of the drugs in combination is 
approximately equal to the sum of their independent activities when 
studied separately. The combined effect of a synergistic pair of antimi-
crobials is greater than the sum of their independent activities when 
measured separately. If two drugs are antagonistic, the activity of the 
combination is less than the sum of their independent effects when 
measured alone. These concepts are illustrated by the time-kill curves 
in Figure 17-1. The various methods used to determine the in vitro 
effects of antibiotic combinations are beyond the scope of this chapter 
but have been reviewed in detail.136

Indications for Clinical Use of 
Antimicrobial Combinations
Several reasons have been advanced to justify the use of antimicrobial 
combinations. This section will consider these briefly.

Initial Therapy for Treatment of  
Critically Ill Patients
In neutropenic patients or other critically ill patients with presumed 
infection in whom the nature of the infection is not clear, it may be 
reasonable to begin broad-spectrum coverage, which often requires the 
use of two or more antimicrobial agents. For example, it may be neces-
sary to use one agent active against gram-positive bacteria, including 
MRSA, as well as another with activity against gram-negative bacteria. 
Even when the major concern is to provide optimal activity against 
gram-negative bacteria specifically, the use of two agents, such as an 
extended-spectrum cephalosporin plus an aminoglycoside or a fluoro-
quinolone, while awaiting the results of cultures may be appropriate. 
The intention of doing so would be to ensure, before the results of 
susceptibility studies are available, that at least one of the agents chosen 
would be active against the causative organism.137

There is a substantial and growing body of data that support the 
concept that critically ill patients with sepsis who promptly receive 
antimicrobial agents that target the organism causing infection enjoy 
improved clinical outcomes.138 In many settings, the addition of a 
second antimicrobial agent improves the likelihood of achieving ade-
quate coverage of the pathogen and results in better outcomes.139

Polymicrobial Infections
For many polymicrobial infections, a single effective agent can be 
found. For example, skin and soft tissue infections caused by 
methicillin-susceptible S. aureus and group A streptococci can be 
treated with a penicillinase-resistant penicillin alone. However, certain 
types of infections are caused by such a broad variety of organisms that 
more than one antimicrobial agent may be required to provide ade-
quate coverage. Examples of such infections include intraperitoneal, 
pelvic, and diabetic foot infections caused by mixed aerobic and  

pneumococci in vitro, clinical trials for treatment of community-
acquired pneumonia demonstrated daptomycin to be less effective 
than standard treatment with ceftriaxone.109 The reason for this was 
subsequently shown to be that daptomycin is bound by pulmonary 
surfactant and, in this bound state, demonstrates poor antimicrobial 
activity.110 Aminoglycosides and the polymyxins are bound to and 
inactivated by purulent material.111 This is one of many reasons why 
surgical drainage is imperative when treating abscesses with agents 
such as these. Although penicillins may be more active in purulent 
material, clinical experience strongly suggests that appropriate drain-
age procedures greatly enhance the efficacy of these agents as well. 
Penicillin G is not inactivated by purulent material per se, but the 
presence of β-lactamase–producing organisms, such as Bacteroides 
fragilis, in abscesses may result in local inactivation of penicillin G and 
other β-lactam antibiotics.112 Penicillins and tetracyclines are also 
bound by hemoglobin and thus may be less effective in the presence 
of significant hematoma formation.100

Local decreases in oxygen tension, such as occur in abscesses and 
intraperitoneal infections, may also have an effect on the activity of 
certain antimicrobial agents. The aminoglycosides, for example, are 
inactive against anaerobes and may also be less effective against facul-
tative organisms under anaerobic conditions because oxygen is 
required for the transport of these agents into the bacterial cell.113

Local alterations in pH, such as occur in abscesses and especially 
in the urine, may have an important effect on the activity of a number 
of antimicrobial agents. Methenamine and nitrofurantoin are more 
active at an acid pH, whereas alkalinization enhances the activity of 
erythromycin, azithromycin, clarithromycin, lincomycin, clindamycin, 
and the aminoglycosides. Indeed, the aminoglycosides show a marked 
loss of activity at a low pH. These observations have occasionally been 
used to advantage in treating patients with urinary tract infections, a 
situation in which the local pH can be altered by the addition of acidi-
fying or alkalinizing agents.114,115

The presence of foreign bodies also has a profound effect on the 
activity of antimicrobial agents. Thus, it is sometimes necessary to 
remove foreign material to cure an infection of a prosthetic heart valve 
and almost always necessary to remove, or at least to débride carefully, 
prosthetic devices for cure of joint implant infections.116 The mecha-
nism by which foreign bodies potentiate infection is not clear, but they 
probably cause localized impairment of host defense mechanisms.117 
In addition, the foreign body often serves as a nidus on which organ-
isms can adhere and produce extracellular substances, such as glycoca-
lyx or biofilm, which may interfere with phagocytosis.118 Although it 
was originally thought that biofilm produces a barrier to penetration 
of antimicrobials, this is clearly not the case. The ineffectiveness of 
antibiotics against bacteria in biofilm is the result of alterations in the 
metabolic state of these organisms that renders them relatively resistant 
to the action of antibiotics.118-120

Antimicrobial agents themselves have the potential to alter host 
defenses. Clinically achievable concentrations of many different agents 
have been shown to diminish leukocyte chemotaxis, lymphocyte trans-
formation, monocyte transformation, delayed hypersensitivity, anti-
body production, phagocytosis, and the microbicidal action of 
polymorphonuclear leukocytes.121-127 It is not clear, however, whether 
any of these effects (largely demonstrated by in vitro studies) are of 
clinical significance.127 In fact, the modification of biologic responses 
by certain antibiotics may have beneficial effects as well.128,129 Nonethe-
less, the possibility that antimicrobial agents can cause immunosup-
pression exists, and this fact should discourage the indiscriminate use 
of antibiotics, especially in patients who are already immunosup-
pressed because of their underlying disease or concomitant drug 
therapy.125 Finally, antimicrobial agents, such as the β-lactams, that 
cause rapid lysis of bacteria may also release endotoxins or cell wall 
components that have potentially deleterious local or systemic effects, 
or both, in the host. The local inflammatory consequences of such 
activity have been clearly defined in experimental models of bacterial 
meningitis (which forms the basis for the use of dexamethasone in 
bacterial meningitis),130,131 but their significance in other settings, such 
as gram-negative sepsis, remains to be determined.132 The use of anti-
biotics early in the course of intestinal infection with E. coli O157:H7 
was found to be a risk factor for the subsequent development of 
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However, clinically, there are few instances in which combination 
therapy has definitively been proven to prevent the emergence of drug-
resistant bacteria.158 In a meta-analysis of eight clinical trials that com-
pared β-lactam monotherapy with β-lactam plus aminoglycoside 
combination therapy, and in which sufficient data were available to 
assess the development of antibiotic resistance, no significant differ-
ence was found between the two treatment arms in terms of emergence 
of drug resistance.159

In vitro studies suggest that addition of a second agent may forestall 
the readily demonstrable emergence of resistance to daptomycin in  
S. aureus and to colistin in Enterobacteriaceae.160,161

Prevention of the emergence of resistance serves as the basis for 
using drug combinations in current treatment regimens for infection 
caused by human immunodeficiency virus.

Decreased Toxicity
In the past, it has been hypothesized that combining low doses of two 
drugs with additive antimicrobial activities but different toxicities 
might be a strategy to avoid toxicity seen at full doses of one or both 
agents. Unfortunately, it has not proved feasible to fine-tune drug 
dosing in a manner to make this a practical approach.

Antimicrobial Synergism
The use of synergistic combinations of antimicrobial agents to treat 
infections caused by resistant or relatively resistant organisms is appeal-
ing. There are numerous examples of in vitro synergism, but thus far, 
synergistic antimicrobial combinations have proved more effective than 
single agents in only a limited number of clinical settings.162-164

Perhaps the best-known application of synergistic combinations of 
antimicrobial agents is in the treatment of enterococcal endocarditis. 
Treatment of this disease with penicillin alone results in an unaccept-
able relapse rate because enterococci are relatively resistant to penicil-
lin.165 Indeed, penicillin alone seems to act as a bacteriostatic and not 
a bactericidal agent.166 The addition of an aminoglycoside, such as 
streptomycin or gentamicin, results in bactericidal synergism both in 
vitro and in vivo and yields clinical cure rates comparable to those 
achieved for endocarditis caused by less resistant streptococci.165,166 
Penicillin enhances the uptake of aminoglycosides by enterococci,  
and the result of this interaction is the synergistic killing of the 
organisms.167

Strains may resist synergism if they are ribosomally resistant to 
streptomycin168 or if they contain plasmid-mediated enzymes that 
inactivate streptomycin, kanamycin, gentamicin, or amikacin.169 The 
lack of penicillin-aminoglycoside synergism is predicted by the pres-
ence of high-level aminoglycoside resistance.170,171 The enzyme most 
commonly associated with high-level gentamicin resistance confers 
resistance to all available aminoglycosides other than streptomy-
cin.171,172 High-level gentamicin resistance (HLGR) among enterococci 
was first reported in 1979.173 The use of penicillin-gentamicin therapy 
in such patients may result in a failure to eradicate the infecting 

anaerobic organisms. However, later-generation fluoroquinolones,  
glycylcycline antibiotics, carbapenems, and β-lactam/β-lactamase 
inhibitor combinations have such broad spectra of activity that they 
can be used effectively as “monotherapy” for certain polymicrobial 
infections.140-147

Prevention of the Emergence of  
Resistant Organisms
Preventing the emergence of resistant organisms would seem to be a 
major indication for the use of combination therapy. One of the best 
examples of the efficacy of combinations to prevent mutational resis-
tance is in the treatment of tuberculosis (see Chapter 251). Here, the 
use of multiple agents (e.g., rifampin, isoniazid, and others) with inde-
pendent mechanisms of resistance forestalls the outgrowth of resistant 
subpopulations of the infecting organism that would occur predictably 
if any one of these agents were used alone.

A similar approach, using combinations to minimize emergence of 
rifampin resistance, is exploited when rifampin is used to treat non-
mycobacterial infections associated with prosthetic material. Rifampin 
has particularly beneficial activity against such biofilm-related infec-
tions, but resistance to the drug can emerge if it were to be used as a 
single agent; the addition of a second agent decreases the likelihood 
that resistance will emerge.148,149 Current guidelines for treatment of 
staphylococcal prosthetic valve endocarditis call for the use of combi-
nation therapy with an antistaphylococcal penicillin and gentamicin 
with rifampin as components of the treatment regimen.150 Likewise, 
combinations of rifampin with a fluoroquinolone have been used to 
treat staphylococcal prosthetic joint infections.151

Mathematical models designed to evaluate the evolution of antibi-
otic resistance have provided theoretical support to the notion that 
combination drug therapy may prevent the development of resis-
tance.152,153 The concept of the mutant selection window (MSW) pro-
vided a framework in which to evaluate whether combination therapy 
might prevent the emergence of drug resistance.154,155 This approach 
stipulated that antibiotic concentrations that inhibited most organisms 
in a culture (i.e., the MIC) still allowed the growth of subpopulations 
of resistant mutants that would eventually predominate. At some 
higher concentration, termed the mutant prevention concentration 
(MPC), even the resistant subpopulation of organisms would be inhib-
ited. In this construct, resistant mutants are selected when antibiotic 
concentrations fall between the MPC and the MIC, which is the MSW. 
In principle, antibiotic combinations may prevent or delay the emer-
gence of resistance during exposures within the MSW. For example, 
when Enterococcus faecium is exposed to concentrations of linezolid 
within its MSW, resistant mutants can be selected; the selection of these 
linezolid-resistant mutants can be prevented by the addition of a 
second agent, doxycycline.156 Refinements in this concept have incor-
porated principles of pharmacokinetics and pharmacodynamics to 
explore methods for suppressing resistance by optimal dosing or by 
increasing drug exposure through use of combination therapy.157,158 

FIGURE 17-1  Antibacterial effects of antibiotic combinations. A, The combination of antibiotics 1 and 2  is  indifferent (killing by antibiotic 2  is 
unchanged when antibiotic 1 is added). B, The combination of antibiotics 1 and 2 results in synergy (killing by antibiotic 2 is significantly enhanced when 
antibiotic 1 is added at a subinhibitory concentration). C, The combination of antibiotics 1 and 2 is antagonistic (killing by antibiotic 2 is diminished in 
the presence of antibiotic 1). 
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antibiotic.196 Bacterial resistance to β-lactam–β-lactamase–inhibitor 
combination antibiotics may occur because of hyperexpression of an 
inhibitor-susceptible β-lactamase or production of a β-lactamase that 
is not inactivated by the inhibitor because of reduced affinity for the 
inhibitor; examples of this latter phenomenon are the chromosomal or 
plasmid-mediated AmpC β-lactamases and inhibitor-resistant Temo-
niera (TEM) enzymes.197

Synergism and Infections in Impaired Hosts
The clinical applications of antimicrobial combinations discussed thus 
far have all represented attempts to use a synergistic interaction for 
enhanced efficacy in the treatment of infections caused by organisms 
relatively resistant to inhibition and/or killing by single agents. Another 
use of such therapy is to obtain enhanced antimicrobial activity in the 
treatment of infections caused by susceptible organisms occurring in 
patients with abnormalities of host defense systems. Multiple investiga-
tors have conducted randomized trials comparing various combina-
tions of two agents chosen from among β-lactam antibiotics and 
aminoglycosides for the treatment of severe infections in patients with 
impaired host defense mechanisms. Although historical studies have 
suggested that combination antibiotic therapy was associated with 
improved survival,198,199 more recent data cast uncertainty on the role 
of synergistic antibiotic therapy for impaired hosts. Paul and associ-
ates200 performed a meta-analysis of clinical trials that compared the 
efficacy of β-lactam monotherapy versus β-lactam plus aminoglycoside 
therapy as empirical treatment for patients with febrile neutropenia. 
Among the 30 trials identified with a mortality end point, combination 
therapy proved no more effective than monotherapy. This same group 
also evaluated the role of β-lactam monotherapy versus β-lactam plus 
aminoglycoside therapy in patients with sepsis and again found no 
mortality benefit associated with combination therapy.201 Overall, there 
is no absolute proof that synergistic combinations are more effective in 
this setting than are single agents that have a sufficiently broad spec-
trum and that produce sufficiently high serum bactericidal titers against 
the infecting organisms.202 Nevertheless, for neutropenic patients with 
severe sepsis or for those patients with the more-difficult-to-treat gram-
negative bacteria, such as Pseudomonas or Acinetobacter, recent guide-
lines of the international Surviving Sepsis campaign have advocated the 
early initiation of empirical combination antimicrobial therapy.203

COMBINATIONS AGAINST  
FUNGAL PATHOGENS
The continued expansion of the antifungal class includes the introduc-
tion of lipid formulations of amphotericin B, newer generation azoles, 
and echinocandins. As a result, there are now numerous investigations 
evaluating the role of combination antifungal therapy. Detailed dis-
cussion of these studies is beyond the scope of this chapter but can  
be found in recent comprehensive reviews on this topic.204,205 Despite 
the plethora of in vitro, animal model, and clinical studies on this 
subject, the most well-established role for combination antifungal 
therapy remains in the treatment of cryptococcal meningitis (see 
Chapter 264).204,206,207

DISADVANTAGES ASSOCIATED 
WITH INAPPROPRIATE USE OF 
ANTIMICROBIAL COMBINATIONS
Although the clinical use of combinations of antimicrobial agents may 
have beneficial results, the inappropriate use of antimicrobial combina-
tions may have important adverse effects as well, three of which are 
discussed here.

Antagonism
The medical literature contains a large number of reports of in vitro 
antagonism between antimicrobial agents.162,163 In view of this, it is 
surprising that there are only a few well-documented clinical examples 
of antagonism. Perhaps the most impressive is the study of Lepper  
and Dowling,208 who demonstrated conclusively in 1951 that penicillin 
is more effective than the combination of penicillin and chlortetra-
cycline for the treatment of pneumococcal meningitis. The fatality 
among patients treated with penicillin alone was 21%, whereas that 
among patients treated with penicillin plus chlortetracycline was 79%. 

organisms.174 In the United States, the prevalence of HLGR enterococci 
increased steadily from the early 1980s through the early 1990s,175-177 
reaching a level of approximately 30% for the period between 1997 and 
2000.178 Prevalence of high-level streptomycin resistance in enterococci 
(approximately 40%) remained relatively stable over this period.178,179 
Rates of HLGR in Enterococcus faecalis isolated in Europe have 
exceeded 40%.180

β-Lactam–aminoglycoside combinations are also synergistic 
against viridans streptococci and have been used for the treatment of 
endocarditis caused by these organisms.163,164 However, many viridans 
streptococci remain susceptible to penicillin, and penicillin alone has 
been used successfully for treatment of endocarditis caused by such 
isolates.181,182

A similar type of synergism occurs when a semisynthetic 
penicillinase-resistant penicillin, such as nafcillin or oxacillin, or van-
comycin is combined with gentamicin against S. aureus.183 Thus far, the 
data have not documented that the use of combination therapy for  
S. aureus infections in humans has any advantage over therapy with a 
penicillin, cephalosporin, or vancomycin alone.184,185

Combinations of the antipseudomonal penicillins, for instance, 
piperacillin, with gentamicin, tobramycin, or amikacin exhibit syner-
gism against many strains of Pseudomonas aeruginosa.186,187 The mech-
anism of synergism in this setting is similar to that described for 
enterococci (i.e., enhanced uptake of the aminoglycoside in the pres-
ence of the antipseudomonal penicillin). Studies with experimental 
animals demonstrate the superiority of such combinations for the 
treatment of serious Pseudomonas infections.188 However, the clinical 
implication of these findings remains unclear. A meta-analysis of 17 
studies comparing single versus combination antibiotic therapy for 
gram-negative bacteremia failed to show a mortality benefit among 
patients receiving combination therapy.189 Although subset analysis 
of the five studies specifically evaluating P. aeruginosa bloodstream 
infection revealed a 50% reduction in mortality for patients in the 
combination therapy arm, it is important to note that in the largest  
of these five studies, the majority of patients receiving monotherapy 
were treated with an aminoglycoside.189,190 This is of particular signifi-
cance given that among patients with gram-negative bacteremia, ami-
noglycoside monotherapy has been associated with a greater mortality 
than β-lactam monotherapy, with analysis restricted to individuals 
infected with pathogens susceptible to the treatment antibiotic.191 
Also, in this study, mortality rates were not significantly better among 
the patients with P. aeruginosa bacteremia receiving a β-lactam plus 
aminoglycoside versus a β-lactam alone.191 Overall, it appears that 
currently available antipseudomonal β-lactam antibiotics are suffi-
ciently bactericidal to render combination therapy unnecessary for  
P. aeruginosa bacteremia caused by highly susceptible isolates. Never-
theless, there is concern that susceptibility breakpoints for some 
β-lactams against P. aeruginosa are set too high relative to achievable 
concentrations.192 Thus, for organisms at the high end of the currently 
set susceptibility breakpoints, combination therapy might still be  
beneficial. The current package insert for piperacillin-tazobactam 
approved by the FDA does indicate that this β-lactam should be used 
in combination with an aminoglycoside for treatment of P. aeruginosa 
nosocomial pneumonia.193

Other Agents That Exhibit Synergism
Many gram-positive and gram-negative bacteria can be killed in vitro 
by combining antibiotics that individually may lack activity against the 
target organism. For instance, synergism occurs when sulfonamides 
are combined with trimethoprim. In this case, the two agents are syn-
ergistic because they inhibit sequential steps in the microbial pathway 
of folic acid metabolism.194 As a result, combinations of sulfonamides 
with trimethoprim are often useful for the treatment of infections 
caused by organisms that may be resistant to sulfonamides alone. Its 
usefulness, however, has now been eroded by the development of wide-
spread resistance among enteric pathogens, including E. coli.195 As 
another example, in vitro synergism can be achieved against certain 
β-lactamase–producing bacteria by combining a β-lactam with a 
β-lactamase inhibitor, such as clavulanic acid, sulbactam, or tazobac-
tam.196 In this setting, the inhibitor acts as suicide substrate for the 
β-lactamase and prevents the enzymatic destruction of the β-lactam 
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used unnecessarily. This concern was highlighted in the two previously 
discussed meta-analyses evaluating the efficacy of β-lactam mono-
therapy versus treatment with β-lactam plus aminoglycoside in patients 
with neutropenic fever and sepsis; in both studies, combination therapy 
was associated with a significantly greater risk of nephrotoxicity and 
no survival benefit.200,201 A study of S. aureus native valve endocarditis, 
reported in the 1980s, demonstrated the potential nephrotoxicity of 
adding gentamicin to an antistaphylococcal penicillin, whereas the 
combination offered little or no significant therapeutic benefit over the 
β-lactam alone.184 A more recent study of S. aureus bacteremia and 
right-sided endocarditis likewise demonstrated the nephrotoxic poten-
tial of using an aminoglycoside in the treatment regimen even for a 
few days.220 Moreover, when an adverse reaction occurs in a patient 
receiving more than one drug, it is often difficult to be certain of the 
agent that caused the reaction. This may mean that treatment with 
several or all drugs must be stopped. If any, or all, of the drugs must 
be reinstituted in such a patient, each agent must be reintroduced care-
fully to make certain that it was not the cause of the original adverse 
reaction. This is time consuming and expensive and may needlessly 
deprive the patient of the benefits of a useful agent.

DOSAGES AND EVALUATION  
OF EFFICACY
Route of Administration
Once the most appropriate drug has been determined for a given infec-
tion, a route of administration must be chosen that will maximize  
the benefits of therapy (see Chapter 19). In most cases, the choice  
is between oral and parenteral routes. In general, the oral route of 
administration is chosen for infections that are mild and can be treated 
on an outpatient basis. Not all antibiotics, however, can be adminis-
tered in this way. Drugs such as vancomycin, the polymyxins, the 
aminoglycosides, and amphotericin B are absorbed so poorly from  
the gastrointestinal tract that they cannot be administered orally to 
treat systemic infections. When drugs are prescribed for oral admin-
istration, the physician must ascertain that the patient will take them 
as ordered. The absorption of certain agents, such as penicillin G, is 
markedly impaired if it is taken with meals, whereas the absorption of 
acid-stable penicillins, such as penicillin V, is not affected by food or 
gastric acidity. The concomitant administration of antacids or iron-
containing preparations may severely impair the absorption of tetra-
cycline, because this drug forms insoluble chelates in the presence  
of magnesium, calcium, or iron (Fe2+) ions. Compounds containing 
these substances can also interfere with the absorption of the fluoro-
quinolones.221 A few drugs are very well-absorbed after oral adminis-
tration to individuals with a normally functioning gastrointestinal 
tract. The oxazolidinone linezolid is well absorbed from the gastro-
intestinal tract (100% oral bioavailability) and produces equivalent 
serum concentrations whether given orally or parenterally.222 Likewise, 
absorption of the oral fluoroquinolone levofloxacin after oral admin-
istration is almost complete.223 More detailed information on the oral 
absorption of antimicrobial agents may be found in the chapters on the 
individual drugs.

The parenteral route of administration is used for agents that are 
inefficiently absorbed from the gastrointestinal tract and for the treat-
ment of patients with serious infections that require higher serum 
concentrations of antimicrobial agents than can be reliably obtained 
by the oral route. The aminoglycosides may be given by intramuscular 
injection and are well tolerated when given this way. For most infec-
tions, adequate serum concentrations are achieved after intramuscular 
administration of these drugs. For treatment of gonococcal infections, 
a single intramuscular injection of ceftriaxone is currently the pre-
ferred treatment because of resistance to many other antimicrobial 
classes. Intramuscular benzathine penicillin G is used when prolonged 
serum levels are desired for the treatment of syphilis or prophylaxis 
against infection with Streptococcus pyogenes in individuals who have 
had rheumatic fever. Because of the pain and logistical inconvenience 
of providing intramuscular injections when ongoing treatment is 
needed but when oral therapy is not an option, the intravenous route 
is generally preferred as described later.

In life-threatening infections, especially in the presence of shock, 
intravenous administration is preferred. Administration by this route 

A study of childhood meningitis also demonstrated the superiority of 
single-drug therapy. Mathies and associates209 treated a group of chil-
dren suffering from bacterial meningitis with either ampicillin alone 
or a combination of ampicillin, chloramphenicol, and streptomycin. 
The mortality among 140 children treated with ampicillin alone was 
4.3%, whereas the mortality among 124 children who received the 
antibiotic combination was 10.5%, a difference that reached statistical 
significance.

Another possible explanation for the paucity of clinical reports 
highlighting adverse outcomes is simply that clinically significant 
antagonism is not a common event. In most cases, in vitro antagonism 
results in the loss or partial loss of activity of the most active drug (e.g., 
the bactericidal activity of such an agent may be reduced to simple 
bacteriostasis), but the combination still retains some antimicrobial 
activity. As long as the patient receiving such therapy has normal host 
defense mechanisms, it is unlikely that adverse effects from any degree 
of in vivo antagonism would be seen. This has been the case in experi-
mental studies using an antagonistic combination of antibiotics (chlor-
amphenicol plus gentamicin) to treat infections caused by Proteus 
mirabilis in mice.210 In healthy mice, in vivo antagonism could not be 
demonstrated, but after irradiation to render the animals neutropenic, 
gentamicin alone was more effective than gentamicin plus chloram-
phenicol. This combination was also shown to be antagonistic in exper-
imentally produced meningitis caused by P. mirabilis in rabbits.211 
Thus, it seems that clinically important antagonism is most likely to be 
manifested in patients with generalized impairment of host defense 
mechanisms (e.g., in leukemia patients and cancer patients who are 
neutropenic) or in patients with infections, such as meningitis or endo-
carditis, in whom localized host defenses may be inadequate. Although 
other bacteriostatic agents such as linezolid have little activity against 
enteric organisms, one in vitro study demonstrated that combination 
of linezolid with β-lactams could modestly attenuate the bactericidal 
activity of the latter against E. coli.212

Most examples of in vitro antagonism are the result of interactions 
of the antimicrobial agents as they act at a subcellular level on a given 
microorganism. However, another type of antagonism may result from 
the direct interaction of drugs before they reach the microorganism. 
The mixing of certain antipseudomonal penicillins with an aminogly-
coside can also inactivate the aminoglycoside.213 Because the reaction 
occurs slowly, this is usually not a problem in vivo, provided the drugs 
are administered by separate routes. However, in uremic patients in 
whom the serum half-life of aminoglycosides is greatly prolonged, in 
vivo inactivation can potentially occur.214 The extent to which this 
occurs may differ among various aminoglycosides.193

Costs
Many of the newer antimicrobials as well as some of the older drugs 
are very expensive. Thus, the inappropriate use of antimicrobial com-
binations when a single agent would have been adequate can add 
greatly to the cost of anti-infective therapy. Complications of antibiotic 
use, such as the development of Clostridium difficile–associated disease, 
not only poses direct risks to the health of individual patients but also 
leads to direct and indirect costs associated with treatment of and 
morbidity from the process. Another cost that must be considered is 
the ecologic impact of antimicrobial use on resistant pathogens. 
Numerous clinical examples have led to the recognition of a link 
between increased antimicrobial use and greater prevalence of resis-
tance.215,216 To the extent that combination therapy uses agents that are 
unnecessary, such use may contribute to inappropriate pressure to 
select and maintain resistance traits in the health care environment. 
Antibiotic stewardship efforts are currently underway to minimize 
excessive use of antimicrobial agents to minimize resistance and to 
extend the useful lives of currently available agents.217

Adverse Effects
An estimated 5% of the patients receiving an antibiotic in the hospital 
experience some sort of adverse reaction that leads to excess length of 
stay, extra costs, and an almost twofold increased risk of death.218,219 
The possibility of such adverse reactions, including hypersensitivity 
reactions and direct toxic effects, is increased without any enhanced 
therapeutic benefit when combinations of antimicrobial agents are 
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studies that suggest adequate therapy is being given. The reasons are 
usually found among the many host factors that affect therapy.

Monitoring serum levels of most antibiotics is not generally neces-
sary or helpful. Nonetheless, the measurement of serum concentrations 
of antimicrobial agents can be of use in some circumstances. Serum 
concentrations of aminoglycosides are monitored to minimize the risk 
of toxicity from excessive levels, especially in patients with impaired 
renal function. These tests are also useful for detecting inadequate 
serum levels that result from insufficient dosing or unusually rapid 
clearance.234 Serum concentrations of vancomycin are frequently moni-
tored in an effort to ensure safe and adequate dosing. Following stan-
dard nomograms for dosing in patients with stable renal function, 
including those with various degrees of renal impairment, makes it 
unnecessary to routinely monitor vancomycin serum levels in many 
patients who require short courses of therapy.234,235 However, there are 
circumstances in which monitoring vancomycin serum levels is poten-
tially useful, including in patients undergoing hemodialysis with high-
flux membranes, in those with unstable renal function, those with 
concomitant risk factors for nephrotoxicity or ototoxicity, in patients 
anticipated to require long courses of therapy, and in those in whom 
the drug is being administered to treat infections caused by organisms 
with relatively high MICs.236 As mentioned previously, monitoring 
serum concentrations of certain antifungal agents may be useful to 
assure attainment of levels that are adequate or safe, or both.95,237

Another method that has been used to assess the likely effectiveness 
of antimicrobial therapy is the serum bactericidal titer (sometimes 
called the serum antimicrobial dilution titer). This test, originally 
described by Schlichter and MacLean238 as a guide for effective therapy 
for subacute bacterial endocarditis, has been used to monitor therapy 
in patients with infective endocarditis, osteomyelitis, septic arthritis, 
empyema, and bacteremia.239 Serial dilutions of the patient’s serum are 
incubated with an inoculum of the infecting organism. After incuba-
tion, the highest dilution that inhibits or kills the organism is deter-
mined. Some investigators have felt that a serum bactericidal titer  
of at least 1 : 8 can be correlated with a successful therapeutic 
outcome.238,240,241 On the other hand, a multicenter study had suggested 
that peak and trough titers of at least 1 : 64 and 1 : 32, respectively, were 
good predictors of a successful therapeutic outcome in patients with 
infective endocarditis.242 Although this test is still occasionally instruc-
tive in devising multidrug regimens against highly resistant organ-
isms243 and can be used for research purposes,244,245 for a variety of 
reasons, it is rarely used in routine clinical practice.

SUMMARY
Antibiotic therapy is often started empirically, based on knowledge of 
which organisms typically cause the infection against which treatment 
will be directed, which classes of agents have traditionally been effec-
tive against such infections, and estimates of local susceptibility pat-
terns of these bacteria. Antibiotic selection for definitive therapy 
usually follows identification of the pathogen and determination of its 
susceptibility to available agents. From among available options, the 
choice of an antimicrobial agent must take into account the likelihood 
it will be active at the site of infection, prior history of allergy, age and 
pregnancy status, and concomitant metabolic conditions or medical 
disorders that would increase the risk of adverse events associated with 
certain agents. Options may be limited by formulary restrictions, influ-
enced by stewardship programs, and constrained by differential costs 
to the patient. Antimicrobial therapy will continue to save many lives 
and to improve the quality of others. However, by potentially fostering 
resistance, the use of antibiotics can be potentially detrimental to the 
community as well as to the individual and, through collateral effects 
on the human microbiome, may have other consequences that are just 
now beginning to be explored.

ensures that the desired dose of the antimicrobial is delivered when 
absorption by other routes may be compromised by hemodynamic or 
other local tissue factors. Intravenous administration allows large 
doses of drugs to be given with a minimum of discomfort to the patient 
when high serum concentrations are required for the effective treat-
ment of disease processes such as meningitis, endocarditis, and osteo-
myelitis. The widespread adoption of peripherally inserted central 
venous catheters has greatly facilitated the ease of administration of 
intravenous antimicrobials over prolonged periods, as required in the 
treatment of such infections.

Dosing Regimen
Recently, considerable attention has been focused on deriving drug-
dosing regimens that optimize the efficacy of antimicrobials, minimize 
the emergence of resistant mutants (discussed earlier), or decrease 
their toxicity by studies of the pharmacodynamics as well as pharma-
cokinetics of these agents. Some drugs, such as the β-lactams, exert 
their maximal effect when concentrations exceed the MIC of the 
pathogen for a certain minimal fraction of the interval between doses. 
Such agents are known as “time-dependent” antibiotics and the phar-
macodynamic index as “time above MIC.”224-226 These studies lend 
support to the concept of administering β-lactam antibiotics at shorter 
intervals, prolonging the infusion time, or even administering by con-
tinuous infusion for serious systemic infections to maximize attain-
ment of the pharmacodynamic target.227

The aminoglycosides and fluoroquinolones, on the other hand, 
exhibit concentration-dependent killing.225,226 For these and similar 
agents, the pharmacodynamic indices, “peak/MIC” (peak serum con-
centrations divided by the MIC) and “24-hour AUC/MIC,” are major 
determinants of activity.226,228 These ratios show that giving the fluoro-
quinolones and aminoglycosides by once-a-day administration is 
attractive from a pharmacodynamic point of view.229 Thus, the high 
peak levels obtained after short infusion dosing or high exposures 
during 24 hours cause the most rapid killing of the infecting pathogen. 
As with time-dependent antimicrobials, the pharmacodynamic targets 
associated with optimal activity of concentration-dependent agents is 
specific not only on the agent but also on the organism being treated. 
Studies of pharmacokinetic/pharmacodynamic (PK/PD) behaviors of 
antimicrobials take into account the protein binding of these agents, 
using free-drug concentrations in determining the most relevant PK/
PD indices.

Dosing regimens may also influence the toxicity associated with 
antimicrobial therapy. In many situations, once-a-day dosing of ami-
noglycosides appears to be as effective as or more effective than therapy 
with the same total dose given as divided daily doses; the single daily 
dose also leads to lower (or absent) trough serum drug concentrations, 
which may be advantageous in terms of potential toxicity.229,230 Admin-
istration of daptomycin as single daily doses was also found to cause 
less muscle toxicity than was encountered earlier, when multiple daily 
doses were used during initial clinical trials.231

The intrathecal or intraventricular route of administration is rarely 
required for the treatment of meningeal infections, when drugs that 
cross the blood-brain barrier with considerable difficulty must be used. 
The parenteral administration of antimicrobial agents results in ade-
quate concentrations in pleural, peritoneal, pericardial, and synovial 
fluids.232,233 Thus, direct instillation of antibiotics into these areas would 
rarely be necessary.

Therapeutic Drug Monitoring
Although several laboratory tests are available to assist in the monitor-
ing of antimicrobial therapy, clinical assessment remains the most 
important method for determining the efficacy of treatment. It is not 
uncommon to see patients fail to respond in the face of laboratory 
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Molecular Mechanisms of Antibiotic 
Resistance in Bacteria
Steven M. Opal and Aurora Pop-Vicas

MOLECULAR GENETICS OF 
ANTIBIOTIC RESISTANCE
Genetic variability is essential for microbial evolution to occur. The 
fitness of a microorganism depends on its capacity to adapt to changing 
environmental conditions.1 Antimicrobial agents exert strong selective 
pressures on bacterial populations, favoring organisms that are capable 
of resisting them.1,2 Genetic variability may occur by a variety of mech-
anisms. Point mutations may occur in a nucleotide base pair, which is 
referred to as microevolutionary change. These mutations may alter 
enzyme substrate specificity or the target site of an antimicrobial agent, 
interfering with its activity. Point mutations at crucial locations on 
“old” β-lactamase genes (e.g., genes for Temoneira-1 [TEM-1], sulfhy-
dryl variable-1 [SHV-1]) are primarily responsible for the remarkable 
array of newly recognized extended-spectrum β-lactamases (ESBLs).3,4

A second level of genomic variability in bacteria is referred to as a 
macroevolutionary change and results in whole-scale rearrangements 
of large segments of DNA as a single event. These rearrangements may 
include inversions, duplications, insertions, deletions, or transposition 
of large sequences of DNA from one location of a bacterial chromo-
some or plasmid to another. These large-scale rearrangements of entire 
segments of the bacterial genome are frequently generated by special-
ized genetic elements called integrons and transposons or insertion 
sequences, which have the capacity to insert, rearrange, and move inde-
pendently from the rest of the bacterial genome.2

A third level of genetic variability in bacteria is created by the 
acquisition of large segments of foreign DNA carried by plasmids, 
bacteriophages, naked sequences of DNA, or specialized transposable 
genetic elements known as integrative and conjugative elements (ICE) 
from other bacteria.2 These events are termed lateral or horizontal gene 
transfer and are now known to be a frequent event, especially for natu-
rally competent bacteria that can take up exogenous DNA from the 
environment. Inheritance of foreign DNA further contributes to the 
organism’s genetic variability and its capacity to respond to selection 
pressures imposed by antimicrobial agents.3 These mechanisms endow 
bacteria with the seemingly unlimited capacity to develop resistance 
to any antimicrobial agent (Fig. 18-1). Examples of plasmid-mediated 
carbapenemase-producing Klebsiella pneumoniae,5 vancomycin-
resistant and daptomycin-resistant Staphylococcus aureus,6,7 multidrug-
resistant Yersinia pestis,8 and transferable quinolone resistance in 
enterobacteria9 attest to the capacity of microorganisms to adapt to 
environmental stresses such as antibiotic exposure. When an antibiotic-
resistance gene evolves, this gene can spread between bacteria by trans-
formation, transduction, conjugation, or transposition. Favored clones 
of bacteria may proliferate in the microbiota of patients who receive 
antibiotics.10

Antibiotic-resistance genes existed well before the introduction of 
antimicrobials for treatment for human infections and can be found 
within bacteria in Arctic region permafrost samples untouched by 
human hands for over 30,000 years.10 Antibiotics are often synthesized 
by antibiotic-producing bacteria when they are about to enter the late 
static growth phase and are about to become dormant or sporulate. 
Antibiotic-producing bacteria are resistant to the antibiotics they 
produce. Therefore, antibiotics left in the microenvironment by 
dormant bacteria are avoided as potentially toxic to competitors yet 
serve as a ready source of carbon (food) for the next generation of the 
antibiotic-producing bacterial strain once the growth phase begins 
again. Environmental levels of multiple classes of antimicrobial agents 
are now so common in soil and water samples that multiple bacterial 
genera have strains that subsist entirely upon antibiotics as their sole 
carbon source.11 These bacteria express remarkably high levels of 

multiple antibiotic resistance to a wide array of antibiotic classes. 
Aquatic environments are particularly rich with bacterial populations 
replete with antibiotic-resistance genes.12 Such environmental bacterial 
strains likely provide potential human pathogens with a source of  
novel antibiotic-resistance genes.11,12 Selection pressures placed on 
microbial populations by antibiotics favor the expansion of strains  
that have the capacity to resist the inhibitory effects of antibiotics. 
These resistant populations proliferate and spread antibiotic-resistance 
genes vertically to subsequent generations and horizontally to suscep-
tible strains of related bacteria, or even between species or different 
genera.13 Although some antibiotic-resistance genes place a metabolic 
“burden” on bacteria, many microorganisms evolved strategies to limit 
this cost by repressing gene expression when not needed or by phase 
variation. This allows favorable, but sometimes “costly,” antibiotic-
resistance genes to be held in reserve in the absence of antibiotic selec-
tion pressure yet express their resistance potential upon reexposure to 
antibiotics.14

Continous exposure to foreign DNA within microbial communities 
is so commonplace that many bacteria have evolved systems to defend 
their genomes from exogenous DNA, phages, and plasmid insertion. 
This is accomplished by at least two mechanisms: (1) species and 
strain-specific DNA modifying enzymes (e.g., methylation of selected 
sequences of host DNA into specific patterns) and restriction enzymes 
that survey cellular host DNA and degrade foreign DNA that lacks 
appropriate DNA modification seqences and (2) a type of adaptive 
defense system against foreign DNA known as CRISPR (clustered 
regularly spaced short palindromic repeats).15 CRISPRs are detectable 
in nearly 50% of all bacterial genomes, and this genetic element pro-
tects their genomes from attack by foreign DNA during transforma-
tion, phage invasion, or plasmid insertion.

The mechanism of protection is mediated by inserting small 
sequences of the mobilized invading DNA between palindromic 
repeats within the CRISPR. Upon reexposure to similar DNA sequences 
from phage or invading bacteria, the existing sequence within the 
CRISPR is transcribed into a small RNA (known as crRNA) that asso-
ciates with CRISPR-associated nucleases and prevents integration of 
the targeted foreign DNA.

Maintaining the fidelity of the host genome, while permiting 
limited variation by microevolutionary and macroevolutionary 
changes, allows pathogens to strike a balance between genomic stabil-
ity and plasticity in rapidly changing microenvironments. Recent evi-
dence in the enterococci indicates that deletion of CRISPR elements  
is inversely related to multiple antibiotic-resistance development. 
CRISPR-deficient strains have been selected for, and are particularly 
well-adapted for, health care–associated infections. These strains have 
significantly larger genomes as a result of insertion of large sequences 
of DNA, including genes that mediate multiple antibiotic resistance.16

Plasmids
Extrachromosomal elements were present in bacteria before the advent 
of antibiotics.10,13 The introduction of antibiotics into clinical medicine 
in the 20th century created selection pressures, however, that favor the 
dissemination of resistance genes via mobile genetic elements.2,3,13 Plas-
mids are particularly well adapted to serve as agents of genetic exchange 
and resistance-gene dissemination.1,3 Plasmids are autonomously rep-
licating genetic elements that generally consist of covalently closed, 
circular, double-stranded DNA molecules ranging from less than 10 
kilobase (kb) pairs to greater than 400 kb. They are extremely common 
in bacteria.13 Although multiple copies of a specific plasmid, or mul-
tiple different plasmids, or both may be found in a single bacterial cell, 
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replicate plasmid DNA. Plasmids must also retain a set of genes that 
facilitate their stable maintenance in host bacteria. The transfer of 
plasmid DNA between bacterial species is a complex process, and the 
genes needed for transfer (tra genes) make conjugative plasmids larger 
than nonconjugative ones. Some small plasmids may be able to transfer 
to other bacteria via the use of the conjugation apparatus provided by 
co-resident conjugative plasmids or even conjugative transposons. 
Many plasmid-encoded functions enable bacterial strains to persist in 
the environment by resisting noxious agents, such as heavy metals. 
Mercury released from dental fillings may increase the number of 
antibiotic-resistant bacteria in the mouth.17 Compounds such as hexa-
chlorophene and quarternary ammonium compounds are used as 
topical bacteriostatic agents, and plasmid-mediated resistance to these 
agents has increased significantly.2

Transposable Genetic Elements
Transposons can translocate as a unit from one area of the bacterial 
chromosome to another or between the chromosome and plasmid  
or bacteriophage DNA. Transposable genetic elements possess a spe-
cialized system of recombination that is independent of the general-
ized recombination system that classically permits recombination of 
largely homologous sequences of DNA by crossover events (the recA 
system of bacteria). The recA-independent recombination system 
(“transposase”) of transposable elements usually occurs in a random 
fashion between nonhomologous sequences of DNA and results in 
whole-scale modifications of large sequences of DNA as a single event 
(Fig. 18-2).2,5

There are two types of transposable genetic elements, called trans-
posons and insertion sequences, that have similar characteristics. Evi-
dence from whole-genome sequencing projects indicates that bacterial 
chromosomes are replete with transposable elements.18 These mobile 
sequences probably play an important physiologic role in genetic varia-
tion and evolution in prokaryotic organisms. Transposons differ from 
insertion sequences in that they encode functional genes that mediate 
a recognizable phenotypic characteristic, such as an antibiotic-
resistance marker. Either element can translocate as an independent 
unit. Both elements are usually flanked on either end by short identical 
sequences of DNA in reverse order (inverted repeats). These inverted-
repeat DNA termini are essential to the transposition process. Trans-
posons (Tn) and insertion sequences (IS) are incapable of autonomous 
self-replication and must exist on a replicon, such as the chromosome, 
bacteriophage, or plasmid, to be replicated and maintained in a bacte-
rial population. Some transposons have the capability to move from 
one bacterium to another without being fixed within a plasmid or 
bacteriophage. These elements are referred to as conjugative transpo-
sons, or integrative and conjugative elements (ICE). The ubiquitous 
transposable element Tn916 and its derivatives are examples of conju-
gative transposons and have been found primarily in aerobic and 
anaerobic gram-positive organisms, although they can also exist in 
gram-negative bacteria.2,19,20

Transposition usually results in the localized replication of the 
transposable element from the original donor sequence of DNA and 
the insertion of a copy of the transposable element into the recipient 
sequence of DNA (replicative transposition).1,2 Transposition, similar 
to point mutation, is a continuous, ongoing process in bacterial popu-
lations. An example of this phenomenon is the spread of a tetracycline-
resistance transposon among Neisseria gonorrhoeae, Mycoplasma 
hominis, and Ureaplasma urealyticum.21,22

An important variant of transposition is “one-ended” transposition, 
where only one end of the transposon is responsible for asymmetrical 
replication. This type of element is highly efficient in mobilizing resis-
tance genes adjacent to its insertion site. These elements play a promi-
nent role, along with ICEs and integrons, in the evolution of large 
regions of the chromosome where multiple resistance genes accumu-
late into one set of resistance gene cassettes known as resistance 
genomic islands.2 Some of these genomic islands are enormous in size 
and scope. For example, the AbaR1 genomic island of Acinetobacter 
baumannii is 86 kb long and contains 46 different antimicrobial resis-
tance genes to a wide swath of antimicrobials, antiseptics, and heavy 
metals.23 Once genomic resistance islands form, they often persist and 
gain new genes over time. These islands serve as convenient depots for 

closely related plasmids often cannot coexist in the same cell. This 
observation led to a classification scheme of plasmids based on incom-
patibility (Inc) groups.1,4

Plasmids may determine a wide range of functions besides antibi-
otic resistance, including virulence and metabolic capacities. All plas-
mids possess an origin of replication for DNA polymerase to bind and 

FIGURE  18-1  Examples of recombination events and molecular 
spread of antibiotic-resistance genes.  The  donor  organism  depicted 
here has  three antibiotic-resistance genes:  the first on the chromosome, 
designated as PBP′, a low-affinity penicillin-binding protein; the second (a 
β-lactamase gene labeled bla) on a small nonconjugative plasmid; and the 
third (Tet M, a tetracycline resistance determinant) on a transposon resid-
ing on a  large self-conjugative plasmid. A, Genetic exchange may occur 
by transformation (naked DNA transfer for dying bacteria to a competent 
recipient). This generally results in transfer of homologous genes located 
on  the  chromosome  by  recombination  enzymes  (RecA).  B,  Transduction 
also may transfer antibiotic-resistance genes (usually from small plasmids) 
by  imprecise  packaging  of  nucleic  acids  by  transducing  bacteriophages.  
C, Conjugation is an efficient method of gene transfer, requiring physical 
contact between donor and recipient. Self-transferable plasmids mediate 
direct contact by forming a mating bridge between cells. Smaller noncon-
jugative plasmids might be mobilized in this mating process and be trans-
ported into the recipient. D, Transposons are specialized sequences of DNA 
that  possess  their  own  recombination  enzymes  (transposases),  allowing 
transposition  (“hopping”)  from one  location to another,  independent of 
the  recombination  enzymes  of  the  host  (RecA-independent).  They  may 
transpose  to  nonhomologous  sequences  of  DNA  and  spread  antibiotic-
resistance genes to multiple plasmids or genomic locations throughout the 
host. Some transposons possess the ability to move directly from a donor 
to  a  recipient,  independent  of  other  gene  transfer  events  (conjugative 
transposons or integrative and conjugative elements). 
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Genetic exchange of antibiotic-resistance genes occurs between 
bacteria of widely disparate species and different genera.26 Identical 
aminoglycoside-resistance genes occur in streptococci and Campylo-
bacter,27 and enterococci apparently have acquired aminoglycoside28 
and β-lactam29 resistance from staphylococci. Given the highly variable 
environmental selection pressures created by the clinical, agricultural, 
and industrial use of antibiotics and the plasticity of bacterial genomes, 
the ongoing evolution of multiresistant species seems inevitable.29,30

DNA Integration Elements
The structural genes that mediate antibiotic resistance often are closely 
linked and may exist in tandem along the bacterial chromosome or 
plasmid. Genetic analysis of sequences of DNA adjacent to antibiotic-
resistance genes has revealed that unique integration units often exist 
near promoter sites.31

These integration elements, called integrons,32 function as recombi-
national “hot spots” for site-specific recombination events between 
largely nonhomologous sequences of DNA. Integrons facilitate the 
lateral transfer and integration of antibiotic-resistance genes from 
mobile gene cassettes. The integron provides its own unique integrase 
function33 that facilitates recA-independent recombination and a spe-
cialized attachment and integration site consisting of a variable length 
(57 to 141 base pairs [bp]) but often a 59-bp spacer sequence of highly 
conserved DNA. This 59-bp element is preserved at the 3′ end of 
inserted antibiotic-resistance genes.34,35

Although these integration elements differ structurally and func-
tionally from transposons,36 they seem to be widespread in bacterial 
populations and play an important role in the dissemination of 
antibiotic-resistance genes.2,21,37,38 Integrons do not transpose indepen-
dently as a specific unit structure from one sequence of DNA to 
another. This capability of autonomous movement of large sequences 
of DNA is reserved primarily for transposons, insertion sequence ele-
ments, and bacteriophages. They may become flanked, however, by 
transposable elements and become integrated into an existing transpo-
son. The principal role of integrons is to provide a convenient insertion 
site for antibiotic-resistance genes from foreign DNA sources.

There are five classes of integrons that encode antibiotic-resistance 
genes, with type 1 integrons being the most common in pathogenic 
microorganisms.38 A schematic representation of a class 1 integron is 
shown in Figure 18-3. Integrons also serve as expression cassettes for 
antibiotic-resistance genes in that an efficient promoter site is provided 
in close proximity to the 5′ end of the newly inserted DNA sequence. 
The frequency of transcription of integrated cassettes of antibiotic-
resistance genes depends on the proximity of the gene to the promoter 
at the 5′ upstream end of the integron. The level of expression of a 
resistance gene diminishes as the distance between the promoter and 
the specific antibiotic-resistance gene cassette increases.33 Numerous 
clusters of different antibiotic-resistance genes have been identified 
that have evolved through specific insertions into common integrons.34 

insertions of new DNA without the risk of insertion into a critical 
metabolic or structural gene of the bacterial genome.

The “fitness cost” of acquiring new resistance genes is minimized 
by depositing genes in genomic resistance islands.2 However, the meta-
bolic cost of retaining all these accessory, antibiotic-resistance genes 
by host bacteria remains. The extra metabolic burden is only worth it 
in the presence of repeated environmental antibiotic exposure as might 
exist in hospitals and special care areas, such as the critical care unit, 
where antibiotic selection pressures favor multidrug-resistant organ-
isms. Antibiotic-resistance genes, especially those existing on plas-
mids, are in fact frequently disposed of when bacteria are removed 
from such environments and maintained in antibiotic-free media.

Transposons also are essential in the evolution of resistance plas-
mids that contain multiple antibiotic-resistance determinants.19 The 
recent spread of carbepenem resistance from metallo-β-lactamases 
among the Enterobacteriaceae in some European hospitals was facili-
tated by transposition of resistance genes on integrons to separate 
plasmids from different bacterial genera of gram-negative bacilli.24 
High-level vancomycin resistance (vanA) in enterococci is mediated 
by a composite transposon that encodes a series of genes needed to 
express vancomycin resistance.25 Single transposons may encode mul-
tiple antibiotic-resistance determinants within their inverted-repeat 
termini as well.2

FIGURE 18-2  A, Characteristic appearance of a transposon by electron 
microscopy  showing  the  stem-loop  configuration.  The  kanamycin  resis-
tance transposon Tn903  is  inserted  into a small plasmid (pSC105). After 
denaturation,  intrastrand  annealing  of  the  complementary  1000-bp, 
inverted  repeat,  terminal  sequences  of  the  transposon  form  the  stem 
structure.  The  kanamycin-resistance  gene  and  the  genes  necessary  for 
transposition are  located  in  the  central  loop  structure. B,  Structure of  a 
transposable element inserted into a recipient DNA sequence. The trans-
poson (rectangles and wavy lines) consists of a central sequence containing 
the phenotypic marker gene(s) (antibiotic-resistance gene) and the “trans-
posase” genes. The terminal-repeat sequences of the transposon flank the 
central  sequences  on  both  sides.  Insertion  of  the  transposon  results  in 
single-strand, staggered cuts in the recipient DNA (asterisks). Subsequent 
gap-filling  DNA  synthesis  and  ligation  results  in  duplication  of  a  short 
sequence of recipient DNA at either end of the transposon. 
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FIGURE 18-3  Organization of a hypothetical class I integron. The 
5′ conserved sequence (5′-CS) contains a site-specific integrase (intI1); an 
attachment site  (attI1), which functions as a receptor for new gene cas-
settes; and two potential promoter sites (P1 and P2). The promoter is the 
initiation site for the transcription of the multiple, potential, antibiotic gene 
cassettes  (labeled  R1, R2, R3)  that  are  inserted  downstream  from  the 
promoter. Repeated, variable-length, but usually 59-bp elements, flank the 
central antibiotic-resistance gene cassettes. The conserved 3′ end of  the 
integron  (3′-CS)  usually  consists  of  a  gene  for  resistance  to  quaternary 
ammonium compounds, a sulfonamide-resistance gene, and another open 
reading frame  (orf5). The outer boundaries of the  integron structure are 
flanked by a 25-bp inverted repeat sequence (noted as IRi and IRt). 

Insertion sites for
new gene cassettes 3'-CS5'-CS

5'

intl1P
1

2
R1 R2 R3

IRi attl1 IRt

qacE∆1 sul1 orf5

59-bp elements

3'
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H. influenzae.45 The extended-spectrum of activity for TEM-derived 
ESBLs is obtained through changes in a single or a few amino acids 
that change the configuration of the enzyme at its active site, making 
it more accessible to the bulky R1 oxymino side chains of third-
generation cephalosporins (cefotaxime, cefpodoxime, ceftazidime, cef-
triaxone), and monobactam (aztreonam).51 The first TEM-derived 
ESBL, TEM-3, was reported in 1988.52 There are now more than 200 
TEM-derived ESBLs (see Lahey Clinic [Burlington, MA] website, 
www.lahey.org/Studies/temtable.asp). These enzymes are found pri-
marily in E. coli and K. pneumoniae isolates but also in other Entero-
bacteriaceae, such as Enterobacter aerogenes, Morganella morganii, 
Proteus spp., and Salmonella spp.45 The majority of TEM-derived 
ESBLs remain susceptible to inhibition by clavulanic acid, although 
inhibitor-resistant TEM variants have also been described.53

SHV-Derived.  The SHV-1 β-lactamase has a biochemical struc-
ture similar to that of TEM-1 (68% of amino acids are shared54), and 
its ESBL derivatives are also produced by point mutations (one or more 
amino-acid substitutions) at its active site. SHV-type β-lactamases are 
found primarily in K. pneumoniae strains. A three-dimensional image 
of TEM-type and SHV-type ESBLs is provided in Figure 18-5.

CTX-M–Derived.  Cefotaxime-M (CTX-M) β-lactamases are not 
evolutionarily related to SHV and TEM families because they are 
thought to have been acquired by plasmids from the chromosomal 
ampicillin C (AmpC) enzymes of Kluyvera spp., environmental gram-
negative rods of low pathogenic potential.55,56 In general, the CTX-M 
family hydrolyzes cefotaxime and ceftriaxone better than ceftazidime, 
and they are inhibited more by tazobactam than by clavulanic acid,45,54 
although point mutations leading to increased activity against ceftazi-
dime can occur. CTX-M enzymes have disseminated rapidly and are 
now among the most prevalent ESBLs worldwide.57 Recent reports of 
community-acquired bloodstream infections with multiresistant, 
CTX-M Escherichia coli isolates from Spain and Israel have raised 
significant public health concerns.58,59 The ST131 (O25:H4) clone asso-
ciated with the CTX-M-15 enzymes has emerged as an important 
multidrug-resistant pathogen and may have been responsible for the 
majority of infections with multidrug-resistant E. coli infections in 
Europe and the United States since 2007.60

OXA-Derived.  Oxacillin (OXA)-type β-lactamases are also 
plasmid derived and hydrolyze oxacillin and its derivatives very effec-
tively; they are poorly inhibited by clavulanic acid.42,45 OXA-derived 
ESBLs have been described mainly in P. aeruginosa, in which they 
confer high-level resistance to oxymino-β-lactams.45

AmpC  Enzymes.  AmpC β-lactamases are primarily chromoso-
mial enzymes that confer resistance to penicillins, narrow-spectrum 
cephalosporins, oxymino-β-lactams, and cephamycins and are not sus-
ceptible to β-lactamase inhibitors such as clavulanic acid (molecular 
class C, functional group 1).61 Cefepime and aztreonam are usually 
poor substrates, although modulation by point mutations at the R2 
loop of the active site have been responsible for variants with increased 
ability to hydrolyze cefepime. AmpC production in gram-negative 
bacilli is normally repressed. However, a transient increase in produc-
tion (10- to 100-fold) can occur in the presence of β-lactam antibiotics 
in the following species that possess inducible AmpC enzymes: Entero-
bacter, Citrobacter freundii, Serratia, M. morganii, Providencia, and P. 
aeruginosa.62 AmpC β-lactamase production returns to low levels again 
after antibiotic exposure is discontinued, unless spontaneous muta-
tions occur in the ampD locus of the gene, leading to permanent 
hyperproduction (derepression) in these species. Third-generation 
cephalosporin use in Enterobacter spp. infections can therefore select 
for the overgrowth of these stably derepressed mutants, leading to the 
emergence of antibiotic resistance during treatment.61,63

More than 20 plasmid-mediated AmpC enzymes, derived from 
chromosomally encoded genes in Enterobacteriaceae or Aeromonas 
spp., have been described in E. coli, K. pneumoniae, Salmonella enterica, 
and Proteus mirabilis. β-Lactam resistance attributable to this system 
appears to be increasing and confers a resistance phenotype similar to 
that of Enterobacter spp.47

Carbapenemases.  Carbapenemases confer the largest antibiotic-
resistance spectrum because they can hydrolyze not only carbapenems 
but also broad-spectrum penicillins, oxymino-cephalosporins, and 
cephamycins. The K. pneumoniae carbapenemase (KPC) enzymes are 

Integrons have been found to possess five or more antibiotic-resistance 
genes lined up in a tandem sequence along a single, functioning 
integron.39

Complex integrons have recently been described that are typified by 
a common open reading frame (orf 513) linked to the 3′ end of a typical 
integron, followed by a series of inserted genes (often expanded-
spectrum β-lactamases) after a duplication of the 3′ end of the integron. 
This common 3′ end of type 1 integrons encodes genes for resistance 
to quarternary ammonium compounds (qacE1), sulfonamide resistance 
(sul1), and an open reading frame of unknown function (orf5). These 
complex integrons can be mobilized and spread by adjacent insertion 
sequences to disseminate among bacterial populations.40

MECHANISMS OF ANTIBIOTIC 
RESISTANCE
At least eight distinctive mechanisms of antibiotic resistance have been 
described in bacteria (Table 18-1). Examples of each of these mecha-
nisms are described in the following paragraphs.

Enzymatic Inhibition
β-Lactamases
Resistance to β-lactam antibiotics occurs primarily through produc-
tion of β-lactamases, enzymes that inactivate these antibiotics by split-
ting the amide bond of the β-lactam ring. β-Lactamases have likely 
coevolved with bacteria as mechanisms of resistance against natural 
antibiotics over time, and the selective pressure exerted by the wide-
spread use of antimicrobial therapy in modern medicine may have 
accelerated their development and spread.

β-Lactamases are encoded either by chromosomal genes or by 
transferable genes located on plasmids and transposons. In addition, 
β-lactamase genes (bla) frequently reside on integrons, which often 
carry multiple resistance determinants. If mobilized by transposable 
elements, integrons can facilitate further dissemination of multidrug 
resistance among different bacterial species.41

β-Lactamases can be classified according to their amino-acid struc-
ture into four molecular classes, A through D (Table 18-2), as first 
suggested by Ambler. Alternatively, the Bush-Jacoby-Medeiros system 
classifies the enzymes according to their substrate profile and suscep-
tibility to β-lactamase inhibitors, such as clavulanic acid, into several 
functional groups (Table 18-3).42 Class A, C, and D β-lactamases 
hydrolyze the β-lactam ring through a serine residue at their active site, 
whereas class B enyzmes are metallo-β-lactamases that use zinc (Zn)2+ 
to break the amide bond (Fig. 18-4).

The first β-lactamase was described as a “penicillinase” capable 
of hydrolyzing penicillin in Escherichia coli in 1940, about the same 
time as the first clinical use of penicillin was reported in the literature.43 
The next years witnessed the rapid spread of plasmid-encoded penicil-
lin resistance among the majority of S. aureus clinical isolates.44,45 
Among gram-negative organisms, the rise in ampicillin resistance in 
the 1960s was ascribed to the emergence of TEM-1, a plasmid-encoded 
β-lactamase named after a Greek patient, Temoniera, in whom the first 
isolate was recovered. The family of TEM β-lactamases disseminated 
worldwide through various Enterobacteriaceae, as well as Pseudomo-
nas aeruginosa, Haemophilus influenzae, and N. gonorrhoeae.46,47 Simi-
larly, both chromosomally encoded, as well as plasmid-mediated 
SHV-type β-lactamases, with a molecular structure related to TEM 
enzymes, became widely prevalent among E. coli and K. pneumoniae 
isolates.

Extended-Spectrum β-Lactamases
The pharmaceutical industry’s development of third-generation cepha-
losporins, initially stable to the action of TEM- and SHV-type 
β-lactamases, was soon followed by the emergence and global spread 
of ESBL, capable of hydrolyzing monobactam and broad-spectrum 
cephalosporins.3,45,46,47,48 In addition, increasing reports of carbapene-
mase emergence and spread have raised concern over the currently 
limited antimicrobial arsenal against infections with multidrug-
resistant gram-negative bacteria.49,50

TEM-Derived.  TEM-1 is the most common β-lactamase in 
gram-negative bacteria, and it can hydrolyze penicillins and narrow-
spectrum cephalosporins in Enterobacteriaceae, N. gonorrhoeae, and 
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TABLE 18-2  Ambler Classification of β-Lactamases

CLASS ACTIVE SITE ENZYME TYPE SUBSTRATES EXAMPLE
A Serine Penicillinases:

Broad-spectrum Benzylpenicillin, aminopenicillins, 
carboxypenicillins, ureidopenicillins, 
narrow-spectrum cephalosporins

PC1 in Staphylococcus aureus
TEM-1, SHV-1 in Escherichia coli, Klebsiella 

pneumoniae, other gram-negative bacteria

Extended-
spectrum 
(β-lactamase)

Substrates of broad-spectrum plus 
oxymino-β-lactams (cefotaxime, 
ceftazidime, ceftriaxone) and 
aztreonam

In Enterobacteriaceae: TEM-derived, SHV-derived, 
CTX-M–derived; PER-1, VEB-1, VEB-2, GES-1, 
GES-2, IBC-2 in Pseudomonas aeruginosa

Carbapenemases Substrates of extended-spectrum plus 
cephamycins and carbapenems

KPC-1, KPC-2, KPC-3 in K. pneumoniae; NMC/IMI, 
SME family

B Metallo-β-lactamases 
(Zn2+)

Carbapenemases Substrates of extended-spectrum plus 
cephamycins and carbapenems

NDM-1 in Enterobacteriaceae, IMP, VIM, GIM, SPM, 
SIM lineages in P. aeruginosa, Acinetobacter spp.

C Serine Cephalosporinases Substrates of extended-spectrum plus 
cephamycins

AmpC-type enzymes in Enterobacteriaceae, 
Acinetobacter spp.

D Serine Oxacillinases:

Broad-spectrum Aminopenicillins, ureidopenicillin, 
cloxacillin, methicillin, oxacillin, and 
some narrow-spectrum cephalosporins

OXA-family in P. aeruginosa

Extended-
spectrum

Substrates of broad-spectrum plus 
oxymino-β-lactams and monobactams

OXA-derived in P. aeruginosa

Carbapenemases Substrates of extended-spectrum plus 
cephamycins and carbapenems

OXA-derived in Acinetobacter spp.

AmpC, ampicillin C; CTX-M, cefotaxime-M; GES-1, -2; Guyana extended-spectrum β-lactamase-1, -2; GIM, German imipenemase; IBC-2, integron-born cephalosporinase; 
IMI, imipenem hydrolyzing; IMP, imipenem; KPC-1, -2, -3, K. pneumoniae carbapenemase-1, -2, -3; NDM-1, New Delhi metallo-β-lactamase-1; NMC, not metalloenzyme 
carbapenamase; OXA, oxacillin; PC1, penicillin 1; PER-1, Pseudomonas extended resistance-1; SHV-1, sulfhydryl variable-1; SIM, Seoul imipenemase; SME, Serratia 
marcescens extended-spectrum β-lactamase; SPM, Sao Paulo metallo-β-lactamase; TEM-1, Temoneira-1; VEB-1, -2, Vietnam extended-spectrum β-lactamase-1, -2; VIM, 
Verona integron-encoded metallo-β-lactamase.

TABLE 18-3  Bush-Jacoby-Medeiros Functional Classification Scheme for β-Lactamases

GROUP ENZYME TYPE
INHIBITION BY 
CLAVULANATE

MOLECULAR 
CLASS

NO. OF 
ENZYMES EXAMPLES*

1 Cephalosporinase No C 57 Enterobacter cloacae P99 (C), MIR-1 (P)

2a Penicillinase Yes A 20 Bacillus cereus I, Staphylococcus aureus (B)

2b Broad-spectrum Yes A 16 SHV-1 (B), TEM-1 (P)

2be Extended-spectrum Yes A 81 Klebsiella oxytoca K1 (C), TEM-3 (P), SHV-2 (P)

2br† Inhibitor-resistant Diminished A 13 TEM-30 (IRT-2) (P)

2c Carbenicillinase Yes A 15 AER-1 (C), PSE-1 (P), CARB-3 (P)

2d Cloxacillinase Yes D or A 21 Streptomyces cacaoi (C), OXA-1 (P)

2e Cephalosporinase Yes A 19 Proteus vulgaris (C), FEC-1 (P)

2f† Carbapenemase Yes A 3 IMI-1 (C), NMC-A (C), KPC (P), Sme-1 (C)

3 Carbapenemase No B 15 Stenotrophomonas maltophilia L1 (C), NDM-1 (P), IMP-1 (P)

4 Penicillinase No 7 Burkholderia cepacia (C), SAR-2 (P)

*B, both; C, chromosomal; P, plasmid.
†New groups; derived from Bush K, Jacoby GA, Medeiros AA. A functional classification scheme for β-lactamases and its correlation with molecular structure. Antimicrob 

Agents Chemother. 1995;39:1211-1233.
AER-1, Aeromonas-1; CARB-3, carbenicillin-3; FEC-1, isolated from feces; IMI-1, imipenem hydrolyzing; IMP-1, imipenem-1; IRT-2, inhibitor-resistant TEM-2; KPC, K. 

pneumoniae carbapenemase; MIR-1, Miriam Hospital–1; NDM-1, New Delhi metallo-β-lactamase-1; NMC-A, not metalloenzyme carbapenamase-A; OXA-1, oxacillin-1; 
PSE-1, Pseudomonas-specific enzyme; SAR-2, southern Africa–related enzyme; SHV-1, sulfhydryl variable-1; TEM-3, Temoneira-3.

currently the most important class A serine carbapenemases. Since 
initially reported from K. pneumoniae isolates in several northeastern 
U.S. outbreaks,64-67 KPCs have been found worldwide in multiple other 
gram-negative species, such as E. coli, Citrobacter, Enterobacter, Salmo-
nella, Serratia, and P. aeruginosa.5

Class B metallo-β-lactamases (MBLs) use a Zn2+ cation for hydro-
lysis of the β-lactam ring; are susceptible to ion chelators, such as 
ethylenediaminetetraacetic acid (EDTA); and resistant to clavulanic 
acid, tazobactam, and sulbtactam. They confer resistance to all β-lactam 
antibiotics except monobactams. Chromosomally encoded MBLs are 
primarily found in environmental isolates of Aeromonas, Chryseobac-
terium, and Stenotrophomonas spp. and are of usually low pathogenic 
potential.68 Most clinically important MBLs belong to five different 
families (imipenem [IMP], Verona integron-encoded metallo-β-
lactamase [VIM], Sao Paulo metallo-β-lactamase [SPM], German imi-
penemase [GIM], and Seoul imipenemase [SIM]), typically transmitted 
by mobile gene elements inserted into integrons and spread through 

P. aeruginosa, Acinetobacter, other gram-negative nonfermenters, and 
enteric bacterial pathogens.24,69

The New Delhi metallo-β-lactamase–1 (NDM-1) has received the 
most attention recently. Originally described in a K. pneumoniae 
isolate from India in 2008, NDM-1 enzymes have since been reported 
in the United States, the United Kingdom, and a number of other 
countries, primarily in connection with travel to India or Pakistan.70,71 
These enzymes confer resistance to all β-lactams except aztreonam. 
However, most metallo-β-lactamases reside on mobile gene cassettes 
inserted into integrons that harbor additional antibiotic-resistance 
genes to other antimicrobial classes; this multidrug resistance can be 
transferred to other species via transposons and plasmids, severely 
limiting therapeutic options in serious infections.72,73

Finally, class D carbapenemases have been described among  
four subfamilies of OXA-type β-lactamases (OXA-23, OXA-24, 
OXA-58, and OXA-146), primarily in A. baumanii. In the latter, the 
intrinsically weaker carbapenemase activity is augmented by coupling 
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β-lactamase production with an additional resistance mechanism, 
such as decreased membrane permeability or increased active efflux.74

Gram-Positive Bacteria
Among gram-positive bacteria, staphylococci are the major pathogens 
that produce β-lactamase. Staphylococcal β-lactamases preferentially 
hydrolyze penicillins. Most are inducible and are excreted extracellu-
larly.3 The genes that determine staphylococcal β-lactamases usually 
are carried on small plasmids or transposons. Larger plasmids encod-
ing β-lactamase and other resistances also exist and can transfer by 
conjugation, not only between strains of S. aureus but also between S. 
aureus and Staphylococcus epidermidis.75

Enterococci produce a plasmid-determined β-lactamase that seems 
to be of staphylococcal origin.76 Since the appearance of the first strain 
in Texas in 1981, β-lactamase–producing enterococci have been found 
throughout the United States and in South America.77 The genes often 
coexist with genes that determine high-level resistance to gentamicin 
and may occur on transposons and on plasmids. These transposons are 
similar to staphylococcal β-lactamase transposons and may be derived 
from them.78

Anaerobic Bacteria
β-Lactamases also contribute to the resistance of anaerobic bacteria to 
β-lactam antibiotics.79,80 The β-lactamases of fusobacteria and clostridia 
are principally penicillinases.81,82 The β-lactamases produced by Bacte-
roides fragilis are predominantly cephalosporinases, some of which 
have been found to hydrolyze cefoxitin and imipenem and may be 
transferable.83,84 Most of the cephalosporinases are inhibited by clavu-
lanate, sulbactam, or tazobactam. Some isolates of Bacteroides spp. 
produce carbapenemases, metalloenzymes inhibited by EDTA but not 
clavulanate, that confer resistance to imipenem.

Contribution of β-Lactamases to β-Lactam 
Antibiotic Resistance
The level of antibiotic resistance mediated by a particular β-lactamase 
in a population of bacteria is determined by at least five variables. The 
efficiency of the β-lactamase in hydrolyzing an antibiotic depends on 
(1) its rate of hydrolysis and (2) its affinity for the antibiotic. Other 
variables are (3) the amount of β-lactamase produced by the bacterial 
cell, (4) the susceptibility of the target protein (penicillin-binding 
protein [PBP]) to the antibiotic, and (5) the rate of diffusion of the 
antibiotic into the periplasm of the cell.

Within the bacterial cell, β-lactamases contribute to antibiotic resis-
tance in several ways. The simplest model is that of penicillinase-
producing staphylococci, in which the bacteria, on exposure to 
penicillin, begin to produce β-lactamase, which they excrete extracel-
lularly. Two events then take place concurrently: (1) penicillin lyses 
bacteria and (2) β-lactamase hydrolyzes penicillin. If viable bacterial 
cells remain after the level of penicillin has declined to less than the 
minimal inhibitory concentration (MIC), regrowth of bacteria occurs.39

Another model is exemplified by gram-negative bacteria, which (1) 
produce a β-lactamase that remains trapped in the periplasmic space 
and (2) have no barrier to antibiotic penetration. An example is H. 
influenzae strains that produce the TEM-1 β-lactamase.85 In this model 
and the first one discussed, a marked inoculum effect occurs in that 
the MIC for a large inoculum (106 organisms/mL) may be 1000-fold 
greater than that for a small inoculum (102 organisms/mL). Lysis of the 
organism by ampicillin releases the trapped β-lactamase into the 
microenvironment, providing partial protection to adjacent bacteria 
residing in the same location. If a high inoculum exists before ampicil-
lin exposure occurs, the release of all the periplasmic β-lactamase 
enzymes in a confined space might be sufficient to protect some of  
the remaining viable bacteria of the original population of micro-
organisms. However, the low level of resistance of single cells makes it 
possible for ampicillin to cure some infections caused by β-lactamase–
producing strains of H. influenzae when the initial inoculum of infect-
ing bacteria is low.

Another model is exemplified by ampicillin resistance of E. coli 
strains that produce the TEM-1 β-lactamase. These bacteria have a 
barrier to entry of β-lactam molecules (the outer membrane), and they 
produce a β-lactamase that remains localized to the periplasmic space. 

FIGURE 18-4  Correlation between amino-acid sequences (Ambler 
classes) and functional properties of β-lactamases (Bush-Jacoby-
Medeiros groups).  ACT-1,  AmpC  type-1;  CARB-2,  carbenicillin-2; 
FOX-1,  cefoxitin-1;  IMP-1,  active  on  imipenem;  IRT-2,  inhibitor-resistant 
TEM-2;  LAT-1,  latamoxef;  MOX-1,  moxicillin-1;  NMC-A,  not  metalloen-
zyme  carbapenemase-A;  OXA,  oxacillin;  PSE-1,  Pseudomonas-specific 
enzyme; SHV, sulfhydryl variable; TEM, Temoneira. (Modified from Philip-
pon A, Dusart J, Doris B, Frère JM. The diversity, structure and regulation 
of β-lactamases. Cell Mol Life Sci. 1998;54:341-346.)
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FIGURE 18-5  Ribbon diagrams of TEM β-lactamases (A), and SHV 
β-lactamases (B). α-Helices are shown in yellow, β-strands  in pink, and 
turns in gray. The (ser) serine residue (marked by white arrow) involved in 
the  hydrolysis  of  the  β-lactam  antibiotic  ring  is  shown  in  ball-and-stick 
mode in the active site at the center of each molecule. The surrounding 
atoms, shown in stick mode, represent various sites of amino-acid substitu-
tions  (point  mutations)  that  yield  an  extended-spectrum  β-lactamase 
phenotype.  SHV,  sulfhydryl  variable;  TEM,  Temoneira.  (Modified from 
Jacoby GA, Munoz-Price SL. The new beta-lactamases. N  Engl  J  Med. 
2005;352:380-391.)
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group. The nomenclature for these enzymes lists the molecular site 
where the modification occurs after the type of enzymatic activity. An 
aminoglycoside acetyltransferase (AAC) that acts at the 3′ site is des-
ignated AAC(3′) (Table 18-5). There may be more than one enzyme 
that catalyzes the same reaction, however, and Roman numerals may 
be necessary (e.g., AAC[3′]-IV).

Enzymatic aminoglycoside resistance is achieved by modification 
of the antibiotic in the process of transport across the cytoplasmic 
membrane.88 Resistance to a particular aminoglycoside is a function of 
two different rates—that of drug uptake versus that of drug inactiva-
tion. An important factor in determining the level of resistance is the 
affinity of the modifying enzyme for the antibiotic. If an enzyme has a 
high affinity for the specific aminoglycoside, drug inactivation can 
occur at very low concentrations of the enzyme.

The differences in the worldwide distribution of aminoglycoside-
modifying enzymes may be partially a function of antibiotic selection 
pressures and may have had profound implications on the choice of 
antibiotics used at specific medical centers. Aminoglycoside phos-
photransferase (APH)(3′) and APH(3″) are distributed widely among 
gram-positive and gram-negative species worldwide and have led to 
decreased use of kanamycin and streptomycin. The gene for amino-
glycoside nucleotidyltransferase (ANT)(2″) has been associated with 
multiple nosocomial outbreaks in the 1990s across the United States. 
The gene for aminoglycoside acetyltransferase AAC(6′)-I has been 
found to be more prevalent in enteric bacteria and in staphylococci in 
East Asia.89 The AAC(3′) group of enzymes have been responsible for 
outbreaks of antibiotic resistance in South America, western Europe, 
and the United States. Although each outbreak of aminoglycoside-
resistant Enterobacteriaceae has its own pattern, the most typical 
manner of spread has been the appearance of a plasmid-carrying, 
aminoglycoside-resistant strain of K. pneumoniae, usually carrying 
the ANT(2″) gene, with subsequent dissemination to other strains of 
the species and further spread later to other species and genera of 
Enterobacteriaceae.88

Major increases in plasmid-mediated aminoglycoside resistance 
have been noted among enterococci,90 initially in the developing 
world91 but increasingly in the United States and Europe.92,93 Their 
clinical impact is exacerbated by the frequent co-transmission of 
β-lactamases, resulting in a loss of synergy when combination therapy 
is used for serious enterococcal infections. S. aureus and S. epidermidis 
have become increasingly resistant to aminoglycosides because of the 
interspecies and intraspecies dissemination of plasmid-mediated, 
aminoglycoside-modifying enzymes.94

In this model, the kinetics are more complicated. The enzyme is situ-
ated strategically between the barrier to antibiotic penetration (outer 
membrane) and the antibiotic targets (PBPs on the cytoplasmic mem-
brane). In this position, the enzyme can destroy antibiotic molecules 
sequentially as they make their way through the barrier, analogous to 
a sharpshooter with abundant ammunition who aims at targets passing 
through a single entry point. As a consequence, high levels of resistance 
occur with single bacterial cells, in contrast to the previous example.39

Variations on this model occur when the amount of β-lactamase 
produced increases with exposure to a β-lactam (induction), as occurs 
in Enterobacter and Pseudomonas spp. High levels of β-lactamase are 
produced only after a period of exposure to the inducing antibiotic, 
and resistance may be expressed late. When Enterobacter strains are 
exposed to two β-lactam antibiotics, one of which is a potent inducer 
(e.g., cefamandole), antagonism between the two antibiotics may 
result.82

Table 18-4 lists mechanisms of resistance to β-lactam antibiotics. 
Often these mechanisms work in concert and may accumulate in a 
single patient. An example is a 19-month-old child with aplastic 
anemia who over 3 months had nine blood isolates of E. coli, all derived 
from a common ancestor, despite multiple courses of antibiotics, 
including ceftazidime.86 The first isolate produced a TEM-1 β-lactamase 
but was susceptible to ceftazidime (MIC, 0.25 µg/mL). A subsequent 
isolate became resistant (MIC of ceftazidime, 32 µg/mL) by acquiring 
a new plasmid-determined β-lactamase (SHV-1) linked to an efficient 
promoter and turning off production of an outer membrane porin. An 
even higher level of resistance (MIC of ceftazidime ≥128 µg/mL) 
occurred when the SHV-1 β-lactamase mutated to form the ESBL, 
SHV-8, which hydrolyzes ceftazidime much more rapidly. By turning 
off porin production to slow the rate of entry of ceftazidime into the 
periplasmic space and producing an extended-spectrum, ceftazidime-
inactivating β-lactamase, the infecting E. coli used two mechanisms 
synergistically to achieve a high level of resistance to ceftazidime.86

Aminoglycoside Resistance–Modifying 
Enzymes
Among aerobic bacteria, aminoglycoside resistance is most commonly 
due to enzymatic inactivation through aminoglycoside-modifying 
enzymes. These may be coded by genes on plasmids or chromosomes. 
Several aminoglycoside-modifying enzymes have been shown to be 
carried on transposons.87

Aminoglycoside-modifying enzymes confer antibiotic resistance 
through three general reactions: N-acetylation, O-nucleotidylation, 
and O-phosphorylation. For each of these general reactions, there are 
several different enzymes that attack a specific amino or hydroxyl 

TABLE 18-4  Mechanisms of Resistance to 
β-Lactam Antibiotics

I.  Alter target site (PBP)
A.  Decrease affinity of PBP for β-lactam antibiotic

1.  Modify existing PBP
a.  Create mosaic PBP

Insert nucleotides obtained from neighboring bacteria (e.g., 
penicillin-resistant Streptococcus pneumoniae)

Mutate structural gene of PBP(s) (e.g., ampicllin-resistant 
β-lactamase–negative Haemophilus influenzae)

2.  Import new PBP, e.g., mecA in methicillin-resistant Staphylococcus 
aureus

II.  Destroy β-lactam antibiotic
A.  Increase production of β-lactamase

1.  Acquire more efficient promoter
a.  Mutate existing promoter
b.  Import new one

2.  Deregulate control of β-lactamase production
a.  Mutate regulator genes (e.g., ampD in “stably derepressed” 

Enterobacter cloacae)
B.  Modify structure of resident β-lactamase

1.  Mutate its structural gene (e.g., extended-spectrum β-lactamases in 
Klebsiella pneumoniae)

C.  Import new β-lactamase(s) with different spectrum of activity
III.  Decrease concentration of β-lactam antibiotic inside cell

A.  Restrict its entry (loss of porins)
B.  Pump it out (efflux mechanisms)

PBP, penicillin-binding protein.

TABLE 18-5  Aminoglycoside-Modifying Enzymes

ENZYMES
USUAL ANTIBIOTICS 
MODIFIED

COMMON 
GENERA

Phosphorylation
APH(2″) K, T, G SA, SR

APH(3′)-I K E, PS, SA, SR

APH(3′)-III K , ±A E, PS, SA, SR

Acetylation
AAC(2′) G PR

AAC(3′)-I ±T, G E, PS

AAC(3′)-III, -IV, or -V K, T, G E, PS

AAC(6′) K, T, (A) E, PS, SA

Adenylation
ANT(2″) K, T, G E, PS

ANT(4′) K, T, A SA

Bifunctional Enzymes
AAC(6′)APH(2″) G, Ar SA, Ent

AAC(6′)-Ib cr G, K, T, FQ* E

A, amikacin; AAC, aminoglycoside acetyltransferase; ANT, aminoglycoside 
nucleotidyltransferase; APH, aminoglycoside phosphotransferase; cr, ciprofloxacin 
resistance; Ar, arbekacin, E, Enterobacteriaceae; Ent, enterococci, *FQ, 
fluoroquinolone (acetylates the piperazine ring in some fluroquinolones), G, 
gentamicin; K, kanamycin; PR, Providencia-Proteus; PS, pseudomonads; SA, 
staphylococci; SR, streptococci; T, tobramycin.
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not against gram-negative bacilli.107 This difference in susceptibility to 
penicillin is due in large part to the presence of the outer membrane 
in gram-negative bacilli, a thick lipopolysaccharide layer that acts as a 
barrier to the penetration of many antibiotics into the cell.108 Situated 
outside the peptidoglycan cell wall of gram-negative bacteria, this 
outer membrane is absent in gram-positive bacteria. The lipopolysac-
charide is made up of tightly bound hydrocarbon molecules that 
impede the entry of hydrophobic antibiotics, such as nafcillin or eryth-
romycin. Agents that disrupt the integrity of the lipopolysaccharide 
layer, such as polymyxin, or mutations that lead to the production of 
defective lipopolysaccharides, result in increased permeability of 
hydrophobic antibiotics.109

The passage of hydrophilic antibiotics through this outer mem-
brane is facilitated by the presence of porins, proteins that are arranged 
so as to form water-filled diffusion channels through which antibiotics 
may traverse.110 Bacteria usually produce many porins; approximately 
105 porin molecules are present in a single cell of E. coli. Bacteria are 
able to regulate the relative number of different porins in response to 
the osmolarity of the surrounding media. In hyperosmolar media, E. 
coli may repress production of the larger porins (OmpF) while con-
tinuing to express smaller ones (OmpC).111

The rate of diffusion of antibiotics through this outer membrane is 
a function not only of the numbers and properties of the porin chan-
nels but also of the physicochemical characteristics of the antibiotic. 
In general, the larger the antibiotic molecule, the more negatively 
charged, and the greater the degree of hydrophobicity, the less likely it 
will penetrate through the outer membrane.112 Small hydrophilic mol-
ecules with a zwitterionic charge, such as imipenem, are highly perme-
able. Conversely, larger highly charged molecules, such as carbenicillin, 
are much less permeable.

Mutations resulting in the loss of specific porins can occur in clini-
cal isolates and determine increased resistance to β-lactam antibiotics. 
Resistance to aminoglycosides and carbapenems emerging during 
therapy has been associated with a lack of production of outer mem-
brane proteins.113 For example, emergence of imipenem resistance 
during therapy, observed in up to 25% of P. aeruginosa infections,114 
has been ascribed to mutational loss of its OprD protein (also known 
as the D2 porin).113-116

Resistance to nalidixic acid and other quinolones has been  
associated with alterations of outer membrane proteins in Serratia 
marcescens117 and P. aeruginosa. Single-step, high-level mutational 
resistance to nalidixic acid by aerobic gram-negative bacilli occurs with 
a 10−7 frequency, whereas only low-level resistance to the newer qui-
nolones (<10 × MIC) usually is obtained with a single-step selection 
of less than 10−9.118 Plasmid-mediated chloramphenicol resistance 
resulting from decreased cell membrane permeability has been shown 
in E. coli.119

The two most interesting developments in aminoglycoside-
modifying ennzymes have been the discovery of bifunctional enzymes. 
The first example is the AAC(6′)APH(2″) enzyme that has two func-
tioning active sites, one for acetylation and the other for phosphoryla-
tion of aminoglycosides. This bifunctional enzyme probably arose 
from a fusion event of the genes for these two enzymes. This enzyme 
is now widespread in staphylococci and enterococci, frequently resid-
ing on a common transposon Tn4001 found on the chromosome and 
on transferable plasmids. The gene aac(6′)aph(2″) accounts for most 
of the high level gentamicin and arbekacin resistance observed in 
methicillin-resistant S. aureus (MRSA) and enterococcal isolates in 
many countries worldwide.95,96

Recently, another major discovery with aminoglycoside-modifying 
enzymes finds evidence of variant enzymes that can modify the struc-
ture of an entirely different class of antimicrobial agent. The first 
bifunctional enzyme that can modify aminoglycosides and a fluoro-
quinolone (ciprofloxacin) was described in 2006.97 This enzyme, des-
ignated as AAC(6′)–Ib-cr, not only acetylates kanamycin, gentamicin, 
and tobramycin, but also acetylates the piperazinyl side group of cip-
rofloxacin. This acetylated quinolone is fourfold less active than the 
parent compound and may lead to clinically significant resistance in 
enteric bacteria, particularly in strains that possess other mechanisms 
for diminished quinolone activity. This enzyme has two important 
mutations in the gene for the basic AAC(6′) enzyme (W102R and 
D179Y) and 12 unique base pairs at its 5′ end that are essential to 
alter substrate specificity and allow ciprofloxacin acetylation function 
for this enzyme.98 The widespread use of ciprofloxacin and other 
fluoroquinolones over the past 2 decades has changed the selection 
pressures on bacterial populations promoting quinolone-resistance 
development.98

Chloramphenicol Acetyltransferase
Resistance to chloramphenicol in gram-positive and gram-negative 
organisms is mediated primarily by the inactivating enzyme chloram-
phenicol acetyltransferase. This is an intracellular enzyme that inacti-
vates the drug by 3-O-acetylation99 and is encoded by plasmid-borne 
or chromosomal genes. Despite homology at the active site of this 
enzyme, there is considerable diversity between chloramphenicol acet-
yltransferase enzymes isolated from gram-positive and gram-negative 
organisms.100

Macrolide-, Lincosamide-, Streptogramin-
Inactivating Enzymes
Although resistance to erythromycin and other macrolides is fre-
quently the result of alteration in the ribosomal target site or efflux 
pumps, several substrate-inactivating enzymes have been character-
ized.101 Erythromycin esterases have been isolated from E. coli that 
hydrolyze the lactone ring of the antibiotic and result in its inac-
tivation. This is a plasmid-mediated resistance determinant that is 
constitutively produced and results in high-level resistance to erythro-
mycin (MIC >2000 µg/mL).102 This type of high-level macrolide-
resistance gene is often linked with the carbapenemase-producing, 
NDM-1–bearing plasmids.70 These resistance genes limit the utility 
of oral erythromycin or other macrolides in reducing the aerobic 
gram-negative flora of the intestinal tract before gastrointestinal surgi-
cal procedures. Other plasmid-mediated resistance genes generate 
specific inactivating enzymes in Streptococcus haemolyticus and S. 
aureus that adenylate103 lincosamides or acetylate104 or hydrolyze105 
streptogramins.

Tetracycline Inactivation
A tetracycline-inactivating enzyme called TetX has been described 
rarely in Bacteroides spp.106 Tetracycline resistance is principally medi-
ated by other mechanisms, including efflux and ribosomal protection 
(Table 18-6).

Decreased Permeability of Bacterial 
Membranes
Outer Membrane Permeability
Alexander Fleming recognized early in the history of antibiotic devel-
opment that penicillin is effective against gram-positive bacteria but 

TABLE 18-6  Mechanisms of Tetracycline 
Resistance

RESISTANCE 
MECHANISM

COMMON TET 
DETERMINANTS

COMMON 
BACTERIAL SPECIES

Drug efflux Tet A-L, P*, V, Y, Z, 
otrB, tcr(3), Tet 30

Enterobacteriaceae, 
Pseudomonas, 
Streptomyces, 
Staphylococcus, 
Streptococcus spp.

Ribosomal protection Tet M, O, P*, Q, S, T, 
W, otrA

Gram-positive and 
gram-negative 
anaerobes, Neisseria, 
Haemophilus, 
Enterococcus. 
Staphylococcus, 
Streptococcus spp.

Enzymatic inactivation Tet X, Tet 34, Tet 37 Bacteroides, Vibrio spp.

Unknown mechanism Tet U, otrC Mycobacterium, 
Enterococcus spp.

Altered ribosomal target — Helicobacter pylori

*Tet P has two different genes mediating different mechanisms of resistance.
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(designated as Tet) or resistance gene products for oxytetracycline 
derivatives (Otr). The primary mechanism for the decreased accumu-
lation of tetracycline is through the active efflux of the antibiotic across 
the cell membrane.126 Decreased uptake of tetracycline from the extra-
cellular environment also accounts for decreased accumulation of tet-
racycline inside resistant cells. These resistance determinants may be 
found on the chromosome or plasmids and frequently are found on 
transposable genetic elements. Tetracycline-resistance genes are gener-
ally inducible by subinhibitory concentrations of tetracycline. There 
are now over 40 recognized tetracycline-resistance determinants, most 
of which mediate drug efflux.127 The determinants have been desig-
nated in the past by letters (e.g., Tet A, Tet B). Because there are now 
more determinants than letters in the English alphabet, new tet genes 
now are designated by numbers.128

Macrolides and Streptogramins
In some strains of Streptococcus pneumoniae, Staphylococcus pyogenes, 
S. aureus, and S. epidermidis, an active efflux mechanism causes resis-
tance to macrolides, streptogramins, and azalides.129 This efflux mecha-
nism is mediated by the mef (for macrolide efflux) genes in streptococci 
and msr (for macrolide streptogramin resistance) genes in staphylo-
cocci.130 A similar efflux system, encoded by a gene called mreA (for 
macrolide resistance efflux), has been described in group B strepto-
cocci.131 This mechanism of resistance is prevalent in community-
acquired infections,132 and dissemination of these resistance genes 
among important bacterial pathogens is a considerable threat to the 
usefulness of macrolide antibiotics (Table 18-7).

β-Lactams
Active efflux mechanisms also may contribute to the full expression of 
β-lactam resistance in P. aeruginosa. Multidrug efflux pumps in the 
inner and outer membrane of P. aeruginosa act in concert with peri-
plasmic β-lactamases and membrane permeability components to 
protect the bacterium from β-lactam agents.133,134

Fluoroquinolones
Active efflux of fluoroquinolones has been detected in enteric bacte-
ria135,136 and staphylococci.132 This efflux may be related to a multiple 
antibiotic-resistance transporter132 (i.e., NorA) or a specific quinolone 
efflux pump (i.e., EmrAB, AcrAB, or plasmid-mediated qepA gene 
efflux system).137 This mechanism of limiting access of high levels of 
fluoroquinolones works in concert with other mechanisms (point 
mutations of DNA gyrases, gyrase protection, permeability barriers, 
and acetylation) for full expression of quinolone resistance.

Inner Membrane Permeability
The rate of entry of aminoglycoside molecules into bacterial cells is  
a function of their binding to a usually nonsaturable anionic trans-
porter, whereupon they retain their positive charge and subsequently 
are “pulled” across the cytoplasmic membrane by the internal negative 
charge of the cell.120 This process requires energy and a threshold 
minimal level of internal negative charge of the cell that has to be 
present before significant transport occurs (proton motive force).121 
The level of the internal charge that is required may depend on the 
actual aminoglycoside concentration at a given time. The energy  
generation or the proton motive force that is required for substrate 
transport into the cell may be altered in mutants resistant to 
aminoglycosides.

These aminoglycoside-resistant isolates with altered proton motive 
force occur rarely but can develop in the course of long-term amino-
glycoside therapy.121 These isolates usually have a “small colony” phe-
notype resulting from their reduced rate of growth. They may be 
unstable and revert to a sensitive phenotype in the absence of selective 
aminoglycoside pressure. The clinical significance of these isolates is 
not clear. They may retain some virulence122 and rarely may cause fatal 
bacteremia.123 Because oxidative metabolism is essential for aminogly-
coside uptake action and cell growth and development, Pseudomonas 
mutants have been found that have been deficient in specific cyto-
chromes. Resistant mutants with defective electron transport systems 
have been described in E. coli, S. aureus, and Salmonella spp. Faculta-
tive organisms grown anaerobically are resistant to aminoglycoside 
actions because of a lack of a proton motor force and marked reduction 
of drug uptake.124

Promotion of Antibiotic Efflux
Tetracyclines
Active efflux of antimicrobial agents is recognized increasingly as a 
common mechanism of resistance in many clinically relevant patho-
gens. Some strains of E. coli, Shigella spp., and other enteric organisms 
express a membrane transporter system that leads to multidrug resis-
tance by drug efflux.125 Many of these are multicomponent, regulated, 
energy-dependent transporter systems that promote the active efflux 
of multiple classes of antibiotics. Specific efflux pumps also exist that 
promote the egress of single classes of antimicrobial agents.

The major mechanism of resistance to tetracyclines found in enteric 
gram-negative organisms results from the decreased accumulation of 
tetracycline (see Table 18-6). This reduced uptake is an energy-
dependent process that is related to the generation of an inner mem-
brane protein produced by the tetracycline-resistance determinant 

TABLE 18-7  Resistance Mechanisms against the Macrolides, Lincosamides, and Streptogramins

RESISTANCE PATTERN

BACTERIAL 
SPECIES

GENE 
DESIGNATION PHENOTYPE

RESISTANCE 
MECHANISM

14- or 
15-Membered 
Ring

16-Membered 
Ring CLINDAMYCIN

STREPTOGRAMIN 
B

Streptococci, 
Enterococci

erm (A, B) MLSB−inducible Ribosomal 
methylation

(s) I or R (s) I or R (s) I or R (s) I or R

erm (A, B) MLSB−constitutive Ribosomal 
methylation

R R R R

mef (A or E) M Efflux I or R S S S

L4/L22 mut M Ribosomal 
mutation

R R S S

inu (B) L Inactivation S S S-I S

Staphylococci erm (A, C) MLSB− inducible Ribosomal 
methylation

R (s) (s) (s)

erm (A, C) MLSB− 
constitutive

Ribosomal 
methylation

R R R R

msr (A or B) MSB Efflux R S S R

vgb, vgbB SB Inactivation S S S R

ere (A or B) M Inactivation R R S S

inu (A) L Inactivation S S S-I S

14- or 15-membered ring structures, erythromycin, clarithromycin, azithromycin; 16-membered ring structures, spiramycin; I, intermediate susceptibility; L, lincosamides;  
M, macrolides; MLSB, macrolides, lincosamides, and streptogramin B; R, resistant; (s), appears susceptible in vitro but may select resistant clones in vivo; S, sensitive.
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Ribosomal resistance often is associated with decreased intracellular 
accumulation of the drug.147

Ketolides
Ketolides have seen limited use clinically, and yet clinical isolates of S. 
pneumoniae resistant to telithromycin have already been reported. 
Resistance is due to constitutive expression of the erm gene, mutations 
in domains II and V of the 23S rRNA binding sites, as well as mutations 
within ribosomal proteins L4 and L22.148

Oxazolidinones
Resistance to linezolid, the main oxazolidinone currently in clinical 
use, has been described in gram-positive isolates (S. aureus, Enterococ-
cus faecium, Enterococcus faecalis, S. epidermidis) as a result of point 
mutations within the genes encoding the 23S rRNA of the 50S ribo-
somal subunit, the antibiotic’s main binding site.149 Specifically, trans-
location of peptidyl–transfer RNA (tRNA) from the A site to the P site 
during translation from bacterial ribosomes is inhibited through 
guanine (G) to uridine (U) substitutions at position 2576 or similar 
binding sites in the peptidyl transferase region of 23S rRNA.150 This 
remains the most common mechanism of linezolid resistance among 
clinical isolates. Resistance development has been observed during 
prolonged linezolid therapy in vancomycin-resistant enterococci 
(VRE) bacteremia.151 and a number of other pathogens, including 
coagulase-negative staphylococci and S. aureus. Another mechanism 
of resistance, mediated by the cfr gene, is the result of methylation of 
adenosine at position 2503 of 23S rRNA by a methyl transferase 
reaction.152

Alteration of Cell Wall Precursor Targets
Vancomycin and other glycopeptide antibiotics, such as teicoplanin, 
bind to d-alanine-d-alanine (d-ala-d-ala), which is present at the 
termini of the stem peptide in peptidoglycan precursors. The large 
glycopeptide molecules prevent the incorporation of the precursors 
into the cell wall. Resistance of enterococci to vancomycin has been 
classified as A through G based on genotype, type of target site altera-
tions, and levels of resistance to vancomycin, and susceptibility or 
resistance to teicoplanin (Table 18-8).153,154

Strains of E. faecium and E. faecalis with high-level resistance to 
vancomycin and teicoplanin have class A resistance. Either vancomy-
cin or teicoplanin can induce resistance in these strains. Class A resis-
tance to glycopeptides transfers by conjugation from E. faecium to 
other gram-positive bacteria,155 including E. faecalis,156 S. pyogenes, S. 
sanguis, and Listeria monocytogenes. The vanA gene on the plasmid 
encodes an inducible protein that is related to the d-ala-d-ala ligases 
involved in cell wall synthesis in E. coli.157 This protein synthesizes 
peptidoglycan precursors that have a depsipeptide terminus (d-alanine-
d-lactate) instead of the usual d-ala-d-ala. The modified peptidoglycan 
binds glycopeptide antibiotics with reduced affinity, conferring resis-
tance to vancomycin and teicoplanin.158,159

Strains of E. faecium and E. faecalis with class B resistance 
have levels of resistance to vancomycin that range from high (MIC, 
1024 µg/mL) to low (MIC, 4 µg/mL) and are susceptible to teico-
planin. Vancomycin, but not teicoplanin, can induce resistance to  
vancomycin and teicoplanin in these strains. The genes determining 
the VanB phenotype are self-transferable by conjugation to other 
Enterococcus strains.160,161

Altered Target Sites
Alteration of Ribosomal Target Sites
Macrolides, Lincosamides, Streptogramins
Resistance to a wide variety of antimicrobial agents, including tetracy-
clines, macrolides, lincosamides, streptogramins, and the aminoglyco-
sides, may result from alteration of ribosomal binding sites. Failure of 
the antibiotic to bind to its target site or sites on the ribosome disrupts 
its ability to inhibit protein synthesis and cell growth. For macrolides, 
lincosamides, and streptogramin B (MLS), this is the principal mecha-
nism of multiple-agent resistance among aerobic and anaerobic gram-
positive organisms.130 Resistance is mediated by the products of the 
erm (erythromcyin ribosome methylation) gene, the variety of meth-
ylase enzymes (MLSB− determinant) that dimethylate adenine residues 
on the 23S ribosomal RNA (rRNA) of the 50S subunit of the prokary-
otic ribosome, disrupting the binding of MLS to the ribosome (see 
Table 18-7). Different classes of this resistance determinant may be 
located on plasmids or on the bacterial chromosome.

MLSB resistance resulting from ribosomal methylation has been 
described in many species, including S. aureus, Streptococcus sanguinis, 
B. fragilis, and Clostridium perfringens. MLS resistance may be consti-
tutive or inducible by either older macrolides (e.g., erythromycin) or 
newer azalides. In S. pneumoniae, resistance is encoded by the erm(B) 
gene, which is responsible for the methylation of loop V of the 23S 
ribosomal subunit.138,139 In addition, point mutations in ribosomal pro-
teins L4 and L22 of the 50S subunit have also been described that 
render S. pneumoniae resistant to macrolides.140

Inducible resistance in streptococci is generated by a variety of 
lincosamides and macrolides, resulting in cross-resistance to the MLSB 
antibiotics. In staphylococci, only 14 to 15 numbered macrolides 
induce MLSB methylation, and the organisms express resistance to 
macrolides only.

Tetracyclines
Tetracycline resistance may be mediated by a variety of mechanisms, 
the most common of which are efflux mechanisms and ribosomal 
protection mechanisms (see Table 18-6).141 An additional, unusual 
mechanism of tetracycline resistance by altering the target site of action 
has been found in Helicobacter pylori.142 This organism can possess a 
mutation in its 16S rRNA that limits tetracycline binding to its target 
site at the 30S subunit of the bacterial ribosome.

Aminoglycosides
Resistance to aminoglycosides is also mediated at the ribosomal level. 
In Enterobacteriaceae and nonfermenting gram-negative bacteria, 
methylation of the 16S rRNA (the site where aminoglycosides bind and 
inhibit protein synthesis) by enzymes usually carried on plasmids is 
mediated by at least seven different genes (armA, rmtA, rmtB, rmtC, 
rmtD, rmtE, and npmA).143 This is now recognized as a major mecha-
nism of resistance to all parenteral aminoglycosides, which appears to 
be spreading globally.144,145 Mutations of the S12 protein of the 30S 
subunit have been shown to interfere with binding streptomycin to the 
ribosome. Ribosomal resistance to streptomycin may be a significant 
cause of streptomycin resistance among enterococcal isolates.146 Ribo-
somal resistance to the 2-deoxystreptamine aminoglycosides (genta-
micin, tobramycin, amikacin) seems to be uncommon and may require 
multiple mutations in that these aminoglycosides seem to bind to 
several sites on the 30S and 50S subunits of the prokaryotic ribosome. 

TABLE 18-8  Vancomycin Resistance in Enterococci and Staphylococci

A B C D E G
Vanco (µg/mL) (MIC) 64 to >500 4 to >500 2-32 64-128 16 12-16

Teico (µg/mL) (MIC) 16 to >500 0.5-2 0.5-2 4-64 0.5 0.5

Expression Inducible Inducible Constitutive, inducible Constitutive Inducible ND

Genetic location P, C P, C C C C C

Target alteration D-ala-D-lac D-ala-D-lac D-ala-D-ser D-ala-D-lac D-ala-D-ser D-ala-D-ser

Common species Enterococcus faecalis, E. faecium, 
Staphylococcus aureus

E. faecalis, 
E. faecium

E. gallinarum (C-1)
E. casseliflavus (C-2)
E. flavescens (C-3)

E. faecium E. faecalis E. faecalis

C, chromosome; D-ala, D-alanine; D-lac, D-lactate; D-ser, D-serine; MIC, minimal inhibitory concentration; ND, not described; P, plasmid; Teico, teicoplanin; Vanco, vancomycin.

http://www.myuptodate.com


P
a
rt

 I
 B

as
ic

 P
ri

n
ci

p
le

s 
in

 t
h

e 
D

ia
g

n
o

si
s 

an
d

 M
an

ag
em

en
t 

o
f 

In
fe

ct
io

u
s 

D
is

ea
se

s
246

community-acquired MRSA strains, tend to be smaller in size, and 
more susceptible to antibiotics other than β-lactams.

Expression of the methicillin-resistance gene is controlled by two 
regulatory components of the mec gene: mecR1-mecI, and the 
β-lactamase genes blaI, blaRI, and blaZ, which can downregulate mecA 
transcription. Although the mecA gene is present in all MRSA isolates, 
the phenotypic expression of methicillin resistance is more variable. 
For example, S. aureus isolates grown at 32° C, rather than at 37° C, are 
more likely to express methicillin resistance.184 In addition, the expres-
sion of methicillin resistance seems to be modified also by auxiliary 
genes, such as fem and aux, which are present in the staphylococcal 
chromosome and affect various steps in peptidoglycan synthesis.185,186

The PBPs of β-lactamase-negative, penicillin-resistant strains of N. 
gonorrhoeae, Neisseria meningitidis, and H. influenzae have shown 
reduced penicillin-binding affinity.187-190 Their PBPs seem to be encoded 
by hybrid genes containing segments of DNA scavenged from resistant 
strains of related species, similar to penicillin-resistant pneumococci.191 
Mutations leading to a loss of outer membrane proteins also may be 
associated with the acquisition of penicillin resistance in non–
penicillinase-producing strains of N. gonorrhoeae, suggesting that 
altered permeability also may contribute to the resistance.192 Progres-
sive loss of β-lactam activity through multiple mechanisms in N. gon-
orrhoeae, coupled with its remarkable capacity to acquire other 
resistance genes by transformation and plasmid transfer, can give rise 
to pan-resistant, untreatable gonorrhea.193

Permeability changes and decreased affinity of PBPs are mecha-
nisms found jointly in clinical isolates of P. aeruginosa194 and in non–β-
lactamase-producing strains of H. influenzae.195 Multiple mutations 
may be necessary to effect this type of resistance.

Quinolones
DNA gyrase (also called bacterial topoisomerase II) is necessary for the 
supercoiling of chromosomal DNA in bacteria to have efficient cell 
division.196 Another related enzyme, topoisomerase IV, also is required 
for segregation of bacterial genomes into two daughter cells during cell 
division. These enzymes consist of two A subunits encoded by the gyrA 
gene and two B subunits encoded by the gyrB gene (or parC and parE 
for topoisomerase IV). Although spontaneous mutation in the gyrA 
locus is the most common cause of resistance to multiple fluoroquino-
lones in enteric bacteria, B-subunit alterations also may affect resis-
tance to these drugs. Quinolone resistance may also occur from a 
combination of decreased cell wall permeability, efflux, or enzyme 
protection mechanisms.9,137

DNA gyrase is the primary site of action in gram-negative bacteria, 
whereas topoisomerase IV is the principal target of quinolones in 
gram-positive bacteria, including S. aureus. Mutations in a variety of 
chromosomal loci have been described that resulted in altered DNA 
gyrases resistant to nalidixic acid and the newer fluoroquinolones in 
Enterobacteriaceae and P. aeruginosa.197 Many of these mutations 
involve the substitution of single amino acids at the quinolone-
resistance determining region (QRDR, located between amino acids 
67 and 106 in the gyrase A subunit) that is involved in the generation 
of the DNA gyrase–bacterial DNA complex.198 Clinical isolates of C. 
freundii in Japan have been found to be highly resistant to the newer 
quinolones via alterations in the DNA gyrase.199

Plasmid-mediated quinolone resistance has been found in various 
Enterobacteriaceae and is conferred by qnr-encoded proteins that bind 
to the DNA gyrase antibiotic target and protect it from quinolone 
action. Although fluoroquinolone resistance associated with plasmid-
borne qnr genes is low-level resistance, these genes are usually linked 
to other antibiotic-resistance determinants carried on the same mobile 
element, and have been associated with clinical phenotypes of multi-
drug resistance.9,137,200,201 Another plasmid-derived quinolone-
resistance determinant, encoded by the aac(6′)-Ib-cr gene and derived 
by mutation of a plasmid-contained aminoglycoside-modifying 
enzyme, appears widely disseminated among E. coli isolates in the 
United States, mediating low-level ciprofloxacin resistance.92,137

Sulfonamides
There are two common genes that mediate resistance to sulfa drugs in 
pathogenic bacteria: sul1 and sul2. These genes give rise to altered 

All isolates of Enterococcus gallinarum, Enterococcus casseliflavus, 
and Enterococcus flavescens possess low-level resistance to vanco-
mycin and are susceptible to teicoplanin (class C phenotype). The 
resistance is mediated by chromosomal genes known as vanC1, 
vanC2, or vanC3.162 The vanC gene complex gives rise to resistance to 
vancomycin by synthesis of an alternative dipeptide, d-alanine-d-
serine, in which a serine replaces the terminal alanine. Other variant 
genes known as vanE and vanG have been found in enterococcal 
species that also mediate various levels of glycopeptide resistance (see 
Table 18-8).

Since 1987, reports from the United States and Japan have docu-
mented outbreaks of vancomycin-intermediate S. epidermidis,163 S. 
haemolyticus,164 and S. aureus (VISA).165 The first high-level 
vancomycin-resistant S. aureus (VRSA) isolate in the United States was 
recovered in 2002 from a foot ulcer in a diabetic patient on chronic 
hemodyalisis, concurrently with a VRE strain from the same wound.166 
DNA sequencing revealed identical vanA genes in both isolates, and 
further molecular analysis revealed plasmid-mediated transfer of resis-
tance through the Tn1546 genetic element encoding the vanA gene, 
from the enterococcus (VRE) strain into the vancomycin-susceptible 
MRSA strain recovered from the same patient, rendering it vancomy-
cin resistant (VRSA).166,167

Vancomycin-intermediate S. aureus (VISA) expresses unusually 
thick peptidoglycan cell walls that are less completely cross-linked.168 
The cell wall in some strains of vancomycin-intermediate S. aureus 
contains nonamidated glutamine precursors that provide an increased 
number of false binding sites to vancomycin.169,170 The vancomycin 
molecules are absorbed to these excess binding sites, preventing the 
antibiotic from reaching its target and allowing peptidoglycan synthe-
sis in the cytoplasmic membrane to continue uninhibited.170 The 
specter of increasing outbreaks of vancomycin-resistant staphylococci 
has led the Centers for Disease Control and Prevention to develop 
vigorous interim guidelines to mitigate the spread of this serious noso-
comial problem.171

Alteration of Target Enzymes
β-Lactams
β-Lactam antibiotics inhibit bacteria by binding covalently to PBPs in 
the cytoplasmic membrane. These target proteins catalyze the synthesis 
of the peptidoglycan that forms the cell wall of bacteria.172 Alterations 
of PBPs can lead to β-lactam antibiotic resistance.173

In gram-positive bacteria, resistance to β-lactam antibiotics may be 
associated either with a decrease in the affinity of the PBP for the 
antibiotic174 or with a change in the amount of PBP produced by the 
bacterium.175 Multiple mechanisms seem to be present in some clinical 
isolates. Penicillin-resistant strains of S. pneumoniae isolated in South 
Africa have shown several changes in PBPs (i.e., decreased affinity of 
some PBPs, loss of others, and appearance of PBPs not present in the 
more susceptible cells).176 The genes that encode these PBPs are 
mosaics, composed of segments from susceptible pneumococci and 
segments from resistant commensal streptococci.177 In S. aureus178-180 
and E. faecium,181 additional PBPs may be inducible (i.e., their produc-
tion is stimulated by exposure of the microorganism to the β-lactam 
antibiotic). These inducible PBPs have a lower affinity for β-lactam 
antibiotics, making them less susceptible to inhibition by low concen-
trations of the drug. Changes in the types of PBPs observed in suscep-
tible and resistant strains also have been seen with the viridans 
streptococcal species Streptococcus mitis.182

MRSA Resistance
In S. aureus, methicillin resistance is conferred by the expression of the 
mecA gene, which encodes PBP2a, a protein with low affinity for 
β-lactam antibiotics, conferring resistance to methicillin, nafcillin, 
oxacillin, and cephalosporins. The mecA gene is the structural com-
ponent of the mec gene cassette and is inserted into the larger staphy-
lococcal cassette chromosome mec (SCCmec), which appears to 
have been acquired by horizontal transfer from a coagulase-negative 
Staphylococcus species.183 At least five different SCCmec types of 
various genetic sequences and size have been described: types I to  
III, associated with health care–associated MRSA strains, tend to be 
larger and multidrug resistant; type IV and V, associated with 
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overproduction of the synthetic enzyme DHPS. The gene responsible 
for DHPS is felP, and strains of bacteria that produce excess DHPS can 
overwhelm sulfa inhibition.202 Trimethoprim resistance may occur in 
a similar fashion, by making excess amounts of DHFR from the bacte-
rial chromosomal gene folA.203,204

Bypass of Antibiotic Inhibition
Another mechanism for acquiring resistance to specific antibiotics is 
by the development of auxotrophs, which have growth factor require-
ments different from those of the wild-type strain. These mutants 
require substrates that normally are synthesized by the target enzymes, 
and if the substrates are present in the environment, the organisms are 
able to grow despite inhibition of the synthetic enzyme. Enterococci 
can be folate auxotrophs requiring environmental acquisition of folic 
acid for growth. They become intrinsically resistant to the folic acid 
inhibitors (sulfa drugs or trimethoprim) in the process. In addition, 
bacteria with mutations in the enzyme thymidylate synthetase can 
retain viability but become “thymine dependent.” They require exog-
enous supplies of thymidine to synthesize thymidylate via salvage path-
ways and are highly resistant to sulfa drugs and trimethoprim.205

A compilation of the most frequent mechanisms of resistance used 
by common bacterial pathogens to inhibit the actions of antibiotics is 
provided in Table 18-9. Multiple mechanisms are increasingly in oper-
ation at the same time within individual bacterial cells. The problem 
of multiple antibiotic-resistance expression is considered in the follow-
ing sections.

Resistance to Newer, Older, and 
Miscellaneous Agents
The major mechanisms of bacterial resistance to newer agents or older 
agents, such as polymyxin B and colistin, which have experienced 
renewed interest in response to progressive antibiotic resistance, are 
summarized in Table 18-10.

Oxazolidinones
Linezolid resistance mechanisms are primarily related to alterations in 
the 23S rRNA-binding sites that inhibit linezolid actions upon bacterial 
translation.206 Efflux mechanisms may also contribute to reduced activ-
ity of linezolid in some bacterial species.207

The lipopeptide daptomycin is now widely used for treatment of 
MRSA and glycopeptide-resistant S. aureus (GRSA) infections. The 

forms of the target enzyme for sulfonamide, dihydropteroate synthase 
(DHPS).202 This enzyme is essential for folic acid synthesis in suscep-
tible bacteria. The altered DHPS enzymes mediated by the sulfonamide-
resistance genes no longer bind to sulfa, yet continue to synthesize 
dihydropteroate from para-aminobenzoic acid substrate. The ubiqui-
tous sul1 gene is part of the class 1 integron family, giving rise to 
widespread resistance to sulfonamides.38

Trimethoprim
Trimethoprim is a potent inhibitor of bacterial dihydrofolate reductase 
(DHFR). Many altered DHFR enzymes with loss of inhibition by  
trimethoprim have been described from genes found primarily on 
resistance plasmids. These altered DHFR genes are widespread in 
gram-negative bacteria and are found in staphylococci (dfrA gene).203,204

Protection of Target Site
Tetracyclines
Tetracycline resistance also may occur by a mechanism that interferes 
with the ability of tetracycline to bind to the ribosome. Resistance 
genes such as tetM and others (see Table 18-6) protect the ribosome 
from tetracycline action. The Tet M determinant is dispersed widely in 
gram-positive organisms in addition to Mycoplasma,127 Ureaplasma,20 
Campylobacter,127 and Neisseria spp.19 The tetM gene generates a 
protein with elongation factor–like activity that stabilizes ribosome 
transfer RNA interactions in the presence of tetracycline molecules.

Fluoroquinolones
The newly recognized plasmid-mediated, antibiotic-resistance gene 
mediating quinolone resistance seems to function as a target protection 
system.9 The resistance mechanism seems to protect DNA gyrase from 
binding to quinolones, allowing the bacterium to resist quinolone 
inhibitory effects. When this low-level resistance determinant is 
expressed in concert with other quinolone-resistance genes, such as 
DNA gyrase mutations or efflux pumps, clinical failures with the use 
of fluoroquinolones can result.137

Overproduction of Target
Sulfonamides and Trimethoprim
Sulfonamides compete with para-aminobenzoic acid to bind the 
enzyme DHPS and halt the generation of pteridines and nucleic acids. 
Sulfonamide resistance may be mediated in some bacteria by the 

TABLE 18-9  Resistance Mechanisms Found in Common Bacterial Pathogens

PATHOGEN RESISTANCE PHENOTYPE MAJOR RESISTANCE MECHANISM
Streptococcus 

pneumoniae
β-Lactams Alteration of target enzymes (PBPs)

Macrolides, lincosamides, streptogramin B Alteration of ribosomal target sites (methylation of adenine residue in domain V of 23S 
rRNA—ermB); efflux (mefE)

Tetracycline Protection of ribosomal target site (tetM)

Trimethoprim and sulfonamides Alteration of target enzymes (dihydrofolate reductase–trimethoprim; dihydropteroate synthase—
sul1, sul2 in sulfonamines)

Fluoroquinolones Alteration of target enzymes (DNA gyrase—gyrA mutations; topoisomerase IV—parC mutations)

Staphylococcus 
aureus

β-Lactams Penicillin Enzymatic inhibition (penicillinase production)

Methicillin, oxacillin, nafcillin, 
and cephalosporins 
(MRSA)

Alteration of target enzyme—PBP2a (mecA)

Glycopeptide GISA Alteration of cell wall precursor targets (thickened cell wall binds drug, preventing it from 
reaching its target)

GRSA Alteration of cell wall precursor targets (plasmid-mediated transfer of vanA genes from VRE, 
resulting in D-ala-D-lac peptidoglycan precursors)

Enterococci β-Lactams (ampicillin) Alteration of target enzymes (PBP5 in Enterococcus faecium); enzymatic inhibition–rare 
(penicillinase in E. faecalis)

Aminoglycosides Altered ribosomal target site mutations, enzymatic inhibition (high-level resistance: 
aminoglycoside-modifying enzymes)

Vancomycin Alteration of cell wall precursor targets (high-level resistance: VanA, B, D phenotypes; low-level 
resistance: VanC, E, G phenotypes)

Linezolid Alteration of ribosomal target sites (G2576U mutation in domain V of 23S rRNA)

Quinupristin-dalfopristin Enzymatic inhibition; efflux; target modification (Enterococcus faecium)

Continued
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PATHOGEN RESISTANCE PHENOTYPE MAJOR RESISTANCE MECHANISM
Neisseria 

gonorrhoeae
Penicillins PPNG: enzymatic inhibition (plasmid-acquired penicillinase); CRNG: altered target enzymes (PBPs)

Fluoroquinolones Alteration of target enzymes (DNA gyrase; topoisomerase IV); efflux (MtrR-CDE efflux system)

Tetracycline Protection of ribosomal target (tetM gene)

Macrolides Efflux; alteration in ribosomal targets (C2611T mutation in domain V of the 23S rRNA)

MDR Efflux (MtrR-CDE system: penicillin, tetracycline, macrolides)

Pseudomonas 
aeruginosa

β-Lactams Enzymatic inhibition (AmpC cephalosporinases, extended-spectrum β-lactamases, metallo-β-
lactamases); active efflux (MexAB); reduced outer membrane permeability (loss of OprD 
channel)

Aminoglycosides Enzymatic inhibition (aminoglycoside-modifying enzymes); efflux (MexXY); alteration of ribosomal 
targets (ribosomal methylation)

Fluoroquinolones Efflux (MexAB, CD, EF, XY, GH, VW); alteration of target enzymes (DNA gyrase mutations—gyrA)

MDR Overexpression of the MexA-MexB-OprM active efflux system (resistance to quinolones, 
tetracyclines, and trimethoprim)

Acinetobacter 
baumannii

β-Lactams Enzymatic inhibition (AmpC cephalosporinases, plasmid-acquired β-lactamases of the TEM, SHV, 
CTX-M, PER, VEB families, metallo-β-lactamases of the IMP, VIM, SIM families, and OXA-type 
serine carbapenemases); alteration of target enzymes (PBPs); reduced outer membrane 
permeability; efflux pumps

Aminoglycosides Enzymatic inhibition (aminoglycoside-modifying enzymes); efflux pumps

Quinolones Efflux pumps

Tigecycline Efflux pumps

Stenotrophomonas 
maltophilia

β-Lactams Impermeable outer membrane
Enzymatic inhibition (inducible metallo-β-lactamases L1, L2)

TMP-SMX Alteration in sulfonamide target enzymes (sul1, sul2 genes—associated with plasmids or class 1 
integrons)

Fluoroquinolones Alteration of target enzymes (DNA gyrase mutations); efflux pumps

MDR MDR efflux pump (smeDEF confers resistance to tetracycline, erythromycin, chloramphenicol, 
norfloxacin, ofloxacin)

Klebsiella 
pneumoniae

β-Lactams Enzymatic inhibition (constitutive expression of penicillinases; extended-spectrum β-lactamases; 
KPC, NDM-1 carbapenemases); decreased outer membrane permeability

Fluoroquinolones Alteration of target enzymes (DNA gyrase mutations—gyrA); efflux; protection of target site 
(plasmid-mediated qnr genes)

Aminoglycosides Enzymatic inhibition (aminoglycoside-modifying enzymes); alteration of ribosomal targets 
(ribosomal methylation)

Bacteroides spp. β-Lactams Enzymatic inhibition (chromosomally encoded CepA cephalosporinases; metallo-β-lactamases); 
efflux (homologues of RND-pumps); alteration in drug targets (PBPs)

Macrolides, lincosamides, streptogramin B Alteration of ribosomal targets

Tetracycline Protection of ribosomal target (tetQ); efflux

Quinolones Alteration of target enzymes (DNA gyrase mutations—gyr A); efflux

CRNG, chromosomally resistant N. gonorrhoeae; CTX-M, cefotaxime-M; GISA, glycopeptide intermediate S. aureus; GRSA, glycopeoptide-resistant S. aureus; IMP, imipenem; 
KPC, K. pneumoniae carbapenemase; MDR, multidrug resistance; MRSA, methicillin-resistant S. aureus; MtrR, multiple transferable resistance; NDM-1; New Delhi 
metallo-β-lactamase–1; PBPs, penicillin-binding proteins; PER, Pseudomonas extended resistance; PPNG, penicillinase-producing N. gonorrhoeae; RND, resistance-nodulation-
cell division; rRNA, ribosomal RNA; SHV, sulfhydryl variable; SIM, Seoul imipenemase; TEM, Temoneira; TMP-SMX, trimethoprim-sulfamethoxazole; VEB, Vietnam extended-
spectrum β-lactamase; VIM, Verona integron-encoded metallo-β-lactamase; VRE, vancomycin-resistant enterococci.

TABLE 18-10  Resistance Mechanisms of Newer, Older, and Other Antimicrobial Agents

POLYMYXIN DAPTOMYCIN LINEZOLID
QUINUPRISTIN-
DALFOPRISTIN METRONIDAZOLE TIGECYCLINE

Enzymatic inactivation − − − ++ − −
Decreased permeability − + (gram-negative) + (gram-negative) − − +
Efflux + − + + − ++
Alteration of target site ++ ++ ++ + − −
Protection of target site − + − − − −
Overproduce target − − − − − −
Bypass of inhibited process − − − − ++ −
Bind up antibiotic ++ − − − − −

+++, most common mechanism; ++, common; + less common.

TABLE 18-9  Resistance Mechanisms Found in Common Bacterial Pathogens—cont’d

drug induces permeability changes and loss of intracellular potassium 
in susceptible gram-positive bacteria. Resistance is often associated 
with the abnormally thick cell wall characteristic of vancomycin-
intermediate S. aureus strains.208,209 Accumulation of mutations, espe-
cially with the gene mprF (encoding lysylphosphatidylglycerol 
synthetase) indicates the alterations in potential cell membrane bind-
ing sites account for reduced daptomycin activity.210 In enterococci, 

mutations in the gene LiaF, involved in the bacterial cell envelope 
response to antibiotics and antimicrobial peptides, and the gaped gene, 
which generates an enzyme likely involved in the cell membrane phos-
pholipid metabolism, have been suggested as mechanisms of daptomy-
cin resistance.211

Tigecycline is a glycylcycline antibiotic with a mechanism of action 
of tetracylines, but remarkable resistance to many of the standard 
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CONTROL OF ANTIBIOTIC 
RESISTANCE
Although the emergence of antibiotic-resistant bacteria generally has 
been correlated with the rise and fall of specific antibiotic use in clinical 
practice, the chain of causality is not always clear-cut.227 Bacterial 
strains contain complex aggregations of genes that may be linked 
together. The use of one antibiotic may select for the emergence of 
resistance to another. Mobile genetic elements and rapidly evolving 
integron cassettes with multiple antibiotic-resistance genes endow bac-
teria with a remarkable capacity to resist antibiotics.33-36,37,38,39,40,41,226 
Although the development of antibiotic resistance may be inevitable, 
the rate at which it develops may be diminished by the rational use of 
antibiotics.137

The ability to track antibiotic-resistance genes with molecular tech-
niques has enhanced the ability to track the spread of antibiotic resis-
tance. With the appropriate computerized surveillance, a hospital 
laboratory may be able to detect rapidly the emergence of a new type 
of resistance or the presence of a new microbial strain within a specific 
unit or patient population. Techniques such as restriction endonucle-
ase digestion analyses of microbial genomes, rapid genomics, and 
genetic probes of antibiotic-resistance genes by polymerase chain reac-
tion make it possible to confirm the presence of new genes in the 
environment. This information may be correlated with the phenotypic 
measures determined by the clinical microbiology surveillance system 
(Fig. 18-7). Use of molecular techniques greatly augments surveillance 
data because large data sets may obscure subtle changes (“mini-
epidemics”) that may be more amenable to the institution of stringent 
infection control measures.

Some bacterial strains have the ability to hypermutate in stressful 
environments, increasing the risk of acquisition of resistance muta-
tions.228,229 Because prokaryotic organisms all contribute to a common 
“gene pool,” the total complement of favorable genes mediating antibi-
otic resistance (the metagenomic resistome) may disseminate among 
bacterial populations. Reports of the rapidly spreading NDM-type  
carbapenemases suggest that common, invasive, microbial pathogens 
may become refractory to any chemotherapeutic agent in the future. 

resistance mechanisms. Recent evidence indicates that resistance is 
associated with some unusual efflux pumps expressed in some multi-
resistant gram-negative bacilli.212,213

Quinupristin-dalfopristin is a combination of synergistic strepto-
gramins that inhibit protein synthesis by binding to the 23S rRNA in 
the 50S ribosomal subunit. Resistance in gram-positive bacteria can 
develop through enzymatic modification (vatD and vatE genes encod-
ing for acetyltransferases that inactivate dalfopristin), active efflux, and 
target alteration.214

Polymyxins are cationic peptide antibiotics that alter the permeabil-
ity of the outer membrane of gram-negative bacteria. The use of poly-
myxins has been rekindled in light of the limited number of therapeutic 
options available to treat multidrug-resistant bacilli. Resistance is 
attributable to binding of the agent to the polysaccharide capsule,215 
alterations in the affinity of binding to the outer membrane lipid target 
of polymyxin B (the pmr operon),216 or increased expression of the 
efflux pump (the metAB oprM gene).217

Metronidazole resistance is related to loss of activity of reduced 
nicotinamide adenine dinucleotide (NADPH) nitroreductase via 
mutations of the synthetic gene rdxA. This enzyme activity is essential 
to convert metronidazole to its active metabolite.218 These mechanisms 
are summarized in Table 18-10.

MULTIDRUG-RESISTANCE 
MECHANISMS AMONG BACTERIA
Bacteria can express more than one mechanism of antibiotic resistance, 
leading to phenotypes of multidrug resistance (MDR), or even pan-
resistance. For example, molecular analysis of P. aeruginosa isolates 
from a nosocomial outbreak in Belgium revealed the convergence of 
several strategies for antibiotic resistance: (1) overexpression of AmpC 
chromosomal β-lactamases, conferring resistance to multiple β-lactam 
antibiotics; (2) mutational loss of OprD porin, conferring resistance to 
imipenem; (3) upregulation of the MexXY efflux system (a member of 
the resistance-nodulation-cell division [RND] family), which exports 
fluoroquinolones, tetracycline, aminoglycosides, and antipseudomonal 
β-lactam agents.219

In general, multiple antibiotic resistance in gram-negative bacteria 
often starts with the relatively limited outer membrane permeability to 
many antibiotic agents, coupled with the overexpression of MDR efflux 
pumps, which can export multiple unrelated antibiotics.220 In addition, 
by reducing the intracellular concentration of the antimicrobial below 
the MIC required for bacterial killing, efflux mechanisms may allow 
bacterial survival for longer periods of time, facilitating the accumula-
tion of new antibiotic-resistance mutations (i.e., those encoding topoi-
somerase IV or DNA gyrase targets, rendering fluoroquinolones 
ineffective).221

The clinically important MDR efflux pumps belong to several dif-
ferent families: (1) the RND family, (2) the major facilitator superfam-
ily (MFS), (3) the staphylococcal multiresistance (SMR) family, and (4) 
the multidrug and toxic compound extrusion (MATE) family. Such 
efflux pumps are widespread among prokaryotes (see Fig. 18-6) and 
are responsible for the export of toxic substances, allowing survival in 
a noxious environment, such as the biliary system for enteric bacteria, 
for example.222 They may also play a role in mediating bacterial adher-
ence to host tissues and exporting virulence determinants, as has been 
described for P. aeruginosa.223

Bacteria can also acquire multidrug resistance through sequential 
transfer of multiple resistance determinants located on mobile genetic 
elements. For example, conjugative transposons such as Tn916, con-
ferring resistance to tetracycline and chloramphenicol, can easily  
disseminate between bacterial species.224 Transposons often coexist 
with other genetic elements, such as plasmids that may carry addi-
tional antibiotic-resistant determinants. For example, analysis of a 
plasmid encoding the bla-CTX-15 gene responsible for resistance 
to extended-spectrum cephalosporins in an E. coli outbreak in 
Toronto, Canada, revealed a large MDR region, encoding multiple 
transposons, and numerous other resistance genes, such as bla(OXA-
1), bla(TEM-1), tetA, and aminoglycoside-resistance genes aac(6′)-Ib 
and aac(3′)-II.225 The ability of bacteria to capture multiple antibiotic-
resistance genes into existing integrons, with their seemingly endless 
recombination potential, is astonishing.226

FIGURE  18-6  Proposed structural model for the multidrug-
resistance AcrAB-TolC efflux pump in Escherichia coli. The AcrAB-TolC 
efflux  system  is  the  most  important  resistance-nodulation-cell  division 
(RND) transporter in E. coli, and is composed of three interconnected ele-
ments: (1) the transmembrane AcrB transporter, which protrudes from the 
inner membrane into the periplasm; (2) the outer membrane channel TolC, 
which crosses from the periplasm through the outer membrane, providing 
the exit  route  for  substrates  into  the extracellular medium;  (3)  the AcrA 
periplasmic  accessory  protein,  which  stabilizes  the  complex.  The  pump 
recognizes  a  wide  variety  of  substrates,  including  hydrophobic  organic 
solvents and lipids, as well as anionic, cationic, and zwitterionic antimicro-
bials, yielding a multidrug-resistant phenotype. (Modified from Lomovos-
kaya O, Zgurskaya HI, Totrov M, et al. Waltzing transporters and “the 
dance macabre” betweens humans and bacteria. Nat  Rev  Drug  Discov. 
2007;6:56-65.)
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subclones existing within a large population of bacteria can survive a 
single, therapeutic dose of a bactericidal antibiotic. These subpopula-
tions include (1) bacterial persisters (antibiotic sensitive when growing 
but refractory when metabolically dormant); (2) rare, relatively resis-
tant subpopulations within large populations; and (3) mutator strains 
(high baseline mutation rate clones), which can all be selected for, and 
lead to, in vivo acquisition of resistance during or after antibiotic 
therapy. These small subpopulations are present in insignificant 
numbers (<10−8) and are readily eliminated by host antimicrobial 
defenses under normal circumstances. Their very existence goes unno-
ticed during antibacterial treatment for most infectious diseases. 
However, these relatively resistant subpopulations can survive initial 
low doses of antibiotics, regrow, and become a source of in vivo devel-
opment of resistance when treating infections with large microbial 
loads, infections adherent to foreign bodies or nonviable tissues, and 
in the absence of adequate host defenses (e.g., large populations of 
pathogens in undrained abscesses, infected joint prostheses, severe 
immuncompromised states).

Dosing strategies that follow pharmacokinetic and pharmacody-
namic principles, and dosing regimens that consider mutant protection 
concentration (MPC), rather than just the MIC, should become part 
of antibiotic stewardship programs. The MPC can be as much as 10- to 
20-fold higher than the MIC for many classes of antibiotics.137 Larger 
concentrations of antibiotics can eliminate resistant subpopulations 
that express one or two resistance mutations, allowing them to persist 
at concentrations just above the MIC. These surviving subpopulations 
are selected for during antibacterial treatment. If they can accumulate 
additional resistance capacity by hypermutation or acquisition of genes 
from neighboring bacteria, clinical failures with in vivo development 
of resistance might result. If the initial dose of antibiotic is high enough 
to eradicate even these resistant subpopulations (above the MPC), 
treatment can succeed and avoid this problem. Regrettably, the MPC 
is not easily calculated in most clinical laboratories, and the MPCs for 
the antibacterials might be difficult to achieve without toxicity.137 Early 
recognition and treatment before large bacterial loads accumulate, 
short courses of adequate doses of antibiotics to limit resistance devel-
opment, and restricting antimicrobial agents to only patients who  
actually need them are all important in the prevention of antibiotic 
resistance.

Antibiotics are a precious commodity, and we should do what we 
can to preserve the activity of antimicrobials to treat human infections. 
Dosing regimens should be chosen for both clinical efficacy and for 
the prevention of resistance development. Academic national and 
international organizations, such as World Alliance against Antibiotic 
Resistance (WAAAR) are now advocating for the commonsense mea-
sures to limit progressive antibiotic resistance in clinical and nonclini-
cal use and to promote research into new antibiotics and nonantibiotic 
therapies to treat infections.233 The best hope for the future is the 
development of a greater understanding of how antimicrobial resis-
tance spreads, intelligent use and development of improved bacterial 
vaccines, antibiotic stewardship, and the implementation of effective 
infection control strategies.234

Rational antibiotic usage policies suggest the curtailment of the unnec-
essary use of antibiotics in situations such as animal husbandry. The 
causal link between the use of antibiotics for animal growth promotion 
and their augmentation of the resistance in human pathogens acquired 
from food is now reasonably well established.230-233

Unfortunately, the paucity of new antimicrobials in development 
and the rapid spread of multidrug-resistant pathogens, especially 
among gram-negative bacilli, offer limited therapeutic options in 
severe infections. Resistance can develop even during therapy with 
seemingly adequate doses of antibacterial agents to which the pathogen 
appears to be susceptible by standard sensitivity testing. Three types of 

FIGURE 18-7  A, Agarose gel of EcoRI-digested plasmids derived from 
four  isolates  that  contain  a  nosocomial  trimethoprim-resistance  plasmid 
(called pBWH10) from a Boston hospital (lanes 1 to 4). Another nosocomial 
plasmid  from  the  same  hospital  that  does  not  contain  trimethoprim-
resistance  genes  (lane 5)  and  one  in  which  the  trimethoprim-resistance 
and -sensitive plasmids are present in the same isolate (lane 6) are shown. 
B, To show that the “fingerprints” from the trimethoprim-resistance plas-
mids  in  lanes  1  through  4  and  6  contain  the  same  gene,  DNA-DNA 
hybridization  of  the  same  six  plasmids  was  performed  using  a  type  II 
dihydrofolate reductase probe. The probe and the restriction endonuclease 
analyses  helped  pinpoint  the  location  and  genetic  homology  of  this 
trimethoprim-resistance gene. 
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Selection of the optimal individualized drug dose regimen for a given 
patient is the ultimate goal of pharmacokinetic and pharmacodynamic 
systems analyses within the broader domain of pharmacology.1 Phar-
macology is the knowledge base of a compound concerning its history, 
source, physical and chemical properties, compounding, biochemical 
and physiologic effects, mechanisms of action and resistance, absorp-
tion, distribution, metabolism, excretion, and therapeutic and other 
uses.1 Although pharmacology is very important in determining how 
a drug is used and the resultant patient response, there are many non-
pharmacologic factors that also determine efficacy (Fig. 19-1). A dis-
cussion of the conglomerate of factors affecting patient response is 
beyond the scope of this chapter so here the focus is on the pharma-
cologic aspects that help to determine success or failure of anti-infective 
therapy. This includes pharmacokinetics and pharmacodynamics as 
tools that are used to optimize antimicrobial dose selection.1,2

Pharmacokinetics (PK) describes the action of the body on the 
administered drug that includes absorption, distribution, metabolism, 
and excretion to define systemic exposure.2 Pharmacodynamics (PD) 
describes the biochemical and physiologic response of the drug and its 
mechanism of action (see Fig. 19-1).2 PK-PD analysis is integrated to 
define the exposure-response relationship to identify optimal dose 
regimens.1,2 Anti-infective PK-PD is unique in pharmacology in that 
this relationship includes the effects of the drug on the infective patho-
gen as well as the host.3,4 This chapter will not be a primer but a descrip-
tion of these elements with a focus on prediction of drug response in 
general. The numerous terms and corresponding abbreviations used to 
describe specific PK-PD parameters in this chapter are summarized in 
Table 19-1.

PHARMACOKINETICS
Pharmacokinetics is used to define the rates of entry and departure of 
a drug from an organism that are based on the concentration-time 
profile.1 Systemic antimicrobial concentrations are usually quantified 
using serum or plasma as a surrogate of tissue concentrations. In some 
instances, fluids such as epithelial lining fluid may be obtained in 
humans, but, in general, our understanding of tissue and body com-
partment drug penetration is limited in humans.5,6 If a drug is admin-
istered intravenously, then the rate of systemic entry is defined by the 
rate of drug infusion (R0). Likewise, if a drug is administered orally or 
by some other extravascular route, the rate of entry into systemic cir-
culation is defined by the absorption rate constant (ka). In this second 
scenario, the extent of absorption may not be complete and so the ratio 
of the systemic exposure profile by oral (or extravascular) absorption 
to that of intravenous administration defines the bioavailability (F). 
The rate of drug transfer between systemic circulation to tissues and 
organs is dependent on numerous factors, including (1) molecular size 
and charge; (2) protein binding; (3) influx and efflux transporters; and 
(4) cardiac output. Most drugs undergo biotransformation through 
various metabolic processes to support elimination primarily via the 
kidneys and liver into the feces. As stated, the stepwise process of drug 
entry and departure is regulated by complex physiologic processes that 
are simplified and visually represented by the “concentration-time 
curve.” The shape of this concentration-time curve can be modified by 
altering the rates of drug entry, distribution, metabolic transformation, 
and elimination through intrinsic or extrinsic factors.7 As shown in 
Figure 19-2, administration of a 500-mg dose of an anti-infective agent 
by oral and intravenous routes can lead to distinctively different 

profiles. In the case of intravenous administration, the rate of infusion 
clearly can increase or decrease the time that a concentration is above 
a threshold value, such as the minimal inhibitory concentration for 
90% of isolates (MIC90). More detailed explanations of these PK pro-
cesses are provided as follows.

Absorption
Absorption describes the movement of drug from an extravascular 
space to the intravascular space.1 For anti-infective agents, the two 
most common modes of drug administration that require absorption 
are the oral and intramuscular routes of administration. The amount 
of drug that reaches the systemic circulation is expressed as a percent-
age of the total amount that could have been absorbed. This percentage 
is defined as the drug’s absolute or relative bioavailability. Absolute 
bioavailability means that the amount of drug absorbed by the extra-
vascular route of administration has been compared with the intrave-
nous route, whereas relative bioavailability means that two different 
extravascularly administered dosage forms have been compared.1

Oral absorption can be saturable or nonsaturable with factors such 
as degradation in the gut by acid or proteolysis gut metabolism and 
first-pass liver drug metabolism by enzymes, influx and efflux trans-
porters, or concentration-dependent solubility determining the rate 
and extent of absorption. Other factors that can affect absorption and 
bioavailability are drug interactions with other compounds or food 
that may bind the drug and prevent it from being absorbed.8 Because 
for some anti-infective agents, response is linked to the peak concen-
tration (Cmax) or the total exposure (area under the concentration-time 
curve [AUC]), factors that affect absorption can affect drug response.2 
As shown in Figure 19-2, a more rapid rate of intravenous administra-
tion will lead to higher Cmax values. Alternatively, the response of 
microbes to some anti-infective agents is linked to maintenance of 
concentrations above a threshold concentration such as the MIC.3,4 In 
this setting, extending the rate of infusion (see Fig. 19-2) or use of a 
controlled-release oral formulation can be used to target steady con-
centrations above a threshold.

Distribution
The shape of the concentration-time curve is modeled most commonly 
using a proportionality constant known as the volume of distribution 
(Vd) and is termed the apparent volume of distribution (Vd/F) when 
the drug is administered extravascularly.9 The Vd is not a real or physi-
ologic volume but rather a value that relates drug concentration in  
the system to the amount of drug present in that system. This system 
can be defined as a single compartment (Vd1) or as multiple compart-
ments (Vd1, Vd2, … Vdn) in order to mathematically fit the shape of the 
concentration-time curve. Factors that alter the physiologic distribu-
tion of drug into tissue include lipid solubility, partition coefficient of 
the drug between different types of tissues, blood flow to tissues, pH, 
and binding to biologic material (e.g., plasma proteins, cellular com-
ponents).1 However, actual measurement of concentrations in these 
tissue or interstitial fluids is necessary to confirm site-specific distribu-
tion and cannot be easily estimated by Vd.9

Drug transporters also play a role in either getting drugs to the site 
of infection (influx transporters) or preventing them from reaching the 
site of infection (efflux transporters).10 Transporter function can be 
influenced by genetic and environmental factors and thus vary from 
person to person. Many drugs bind to serum proteins, especially 
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FIGURE 19-1  Overview of the pharmacologic and nonpharmacologic factors that may influence clinical outcomes in patients. 
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TABLE 19-1  Quick Reference Pharmacologic Abbreviations and Their Definitions

TYPE OF TERM ABBREVIATION DEFINITION
Pharmacokinetics
Absorption F Bioavailability; absolute bioavailability

Ka Absorption rate constant

Distribution Vd Volume of distribution

Vd/F Apparent volume of distribution

Vss Volume of distribution at steady state

Vss/F Apparent volume of distribution at steady state

CLD Distributional clearance

CLD/F Apparent distributional clearance

Metabolism Km The drug concentration at which the rate that an enzyme system can metabolize a drug is half of Vm 
(Michaelis-Menten type metabolism [saturable metabolism])

Vm Maximal metabolic capacity (Michaelis-Menten type metabolism [saturable metabolism])

CYP Cytochrome P-450 enzyme systems

Elimination CLr Renal clearance

CLnr Nonrenal clearance

CLnr/F Nonrenal oral clearance

CLT Total clearance

CLT/F Total oral clearance

t1/2 Half-life

Pharmacodynamics
MIC90 Minimal inhibitory concentration for 90% of isolates

EC50 Effective concentration for 50% of all isolates

MPC Mutant prevention concentration

MSW Mutant selection window

IC50 Inhibitory concentration for 50% of isolates

Cmax/MIC Peak antimicrobial serum concentration to MIC ratio (concentration-dependent killers)

AUC/MIC 24-hour area under the serum antimicrobial concentration-time curve to MIC ratio

AUIC 24-hour area under the inhibitory curve

t1/2 Half-life

T > MIC Time that serum antimicrobial concentrations are above the organism’s MIC (time-dependent killers)

SBT Serum bactericidal titer (concentration)

IQ Inhibitory quotient ratio of trough serum concentration to IC50

PAE Postantibiotic effect
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albumin or α1-acid glycoprotein. Similar to other classes of drugs, 
antimicrobial agents range from highly to poorly protein bound. Theo-
retically, protein binding is an important consideration for antimicro-
bial agents because only unbound drug is available to exert antimicrobial 
activity.11 Changes in the unbound fraction of drug may be caused by 
displacement from other drugs, changes in serum protein concentra-
tions, or accumulation of endogenous substances, such as free fatty 
acids.2 Changes in the unbound fraction typically do not lead, however, 
to significant changes in free drug concentration due to various equi-
librium processes. Although changes in protein binding may alter PK 
behavior of an antimicrobial agent, it is unlikely that substantial 
changes in PD would occur.12

Metabolism and Biotransformation
Drugs and other compounds are metabolized by a variety of processes. 
Although traditionally drug metabolism was believed to occur in the 
liver, other organs also have the ability to metabolize drugs.1 All drug-
metabolizing enzymes (DMEs) are saturable, but there are few exam-
ples for anti-infective agents in which saturation of DMEs occurs; thus, 
increased exposures result in constant rates of metabolism. Drug 
metabolism is determined by genetics and environmental (external) 
factors.13 Like transporters, some DMEs show genetic polymorphism, 
meaning that at least 1% of the population exhibits different DME 
activity (either increased, decreased, or no activity) than the rest of the 
population. In some instances, even for enzymes for which genetic 
polymorphism has not been shown, a large range in the rate and extent 
of drug metabolism can be found.14 Environmental factors are many 
but include concurrent drugs, underlying diseases (both infectious and 
noninfectious), nutrients, herbal preparations and supplements, nutri-
tional status, pregnancy, and sex (although for anti-infective agents sex 
differences have not been reported in general).

Drug metabolism reactions are classified as either phase I or phase 
II reactions.2,8 Phase I reactions can inactivate, activate, or convert an 
active substrate into another active substrate with activity that is higher, 
lower, or equal to that of the parent compound. Phase I reactions 
generally are under the control of the cytochrome P-450 (CYP) system. 
CYP enzymes are heme-containing proteins that are localized in the 
endoplasmic reticulum of a variety of cell types, most abundantly in 
the liver. CYP enzymes are controlled by a superfamily of genes that 
are classified into families according to their amino acid sequences. 
Each family is divided further into subfamilies. The term CYP3A4 
designates a mammalian enzyme (CYP) family 3, subfamily A, gene 4. 
To date, most drugs that are metabolized by phase I enzymes have been 
shown to be metabolized by five primary CYP enzymes. In decreasing 
order of importance for drug metabolism, they are CYP3A, CYP2D6, 
CYP2C, CYP1A2, and CYP2E1. Although a complete discussion of the 
CYP system is beyond the scope of this chapter, many of the newer 

FIGURE  19-2  Simulated serum concentration-time profile based 
on the administration of a single anti-infective dose by oral and 
intravenous routes, with infusion at varying rates. 
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anti-infective agents, particularly antiretroviral agents, can induce, 
activate, or inhibit CYP enzymes and in many cases they are substrates 
for CYP enzymes and are affected by changes in CYP activity.

CYP enzymes are affected by many factors that stimulate or inhibit 
their ability to metabolize drugs. Genetic factors have been shown to 
result in a phenomenon called polymorphism. Simply put, polymor-
phism means that individuals vary in their genetically determined 
ability to metabolize CYP substrate. For some CYP enzymes, such as 
CYP2D6, distinct “poor,” “intermediate,” “extensive,” and “ultrarapid” 
metabolic patterns exist in a population; in a white population, 4% to 
6% are poor metabolizers and the rest fall into the other metabolic 
groups, with the majority being extensive metabolizers. CYPs such as 
CYP2C9, CYP2C19, CYP2A6, and CYP2B6 also show genetic poly-
morphism. These CYPs are important in drug metabolism. For other 
CYPs, such as CYP3A, genetic polymorphism has been described; 
however, the significance of this continues to be confusing. These phe-
nomena have important implications for anti-infective agents, for 
which efficacy against infecting organisms and toxicity to the host are 
determined by the PK of the agent and its resultant PD effect.

Clinically, drug, food, disease, and herbal effects on the CYP system 
may translate into inhibition, activation, or induction of metabolism. 
Inhibition of CYP activity occurs through reduction of enzyme pro-
duction, inactivation, or competition for CYP substrate. Generally, 
persons with increased enzyme activity exhibit a greater inhibition of 
the CYP system with an inhibiting agent than do persons with less 
activity. Enzyme inhibition may result in increased PD effect, with the 
potential not only for greater efficacy but also for greater toxicity. This 
inhibitory process may be used in the clinical setting advantageously. 
Ritonavir can be used to decrease the activity of CYP3A isozymes in 
the gut, allowing greater absorption of other protease inhibitors such 
as tipranavir and darunavir and reducing the overall cost of therapy. 
Clinically, a combination of ritonavir and lopinavir has been marketed 
to take advantage of this beneficial drug interaction. Induction of CYP 
results in increased production of the drug-metabolizing enzyme and 
a resultant increase in the ability to metabolize specific compounds. 
An example is the induction by rifampin of CYP3A with a subsequent 
increase in the metabolism of protease inhibitors. Many inducers of 
CYP enzymes also induce phase II conjugation reactions and trans-
porters. Activation increases drug-metabolizing enzyme activity, but 
to a much lesser extent (approximately 65% less) than enzyme 
induction.

Phase II reactions, which also show genetic polymorphism, involve 
conjugation of the parent compound with larger molecules, which 
increases the polarity of the parent molecule and permits excretion. 
Although phase II reactions generally lead to inactivation of the parent 
compound, occasionally conjugation increases the potency of the 
parent compound or results in the formation of another biologically 
active compound. When the conjugated compounds are secreted into 
the intestine, enzymatic cleavage may occur with release and reabsorp-
tion of the active parent compound, a phenomenon called enterohe-
patic recirculation.1 As mentioned, the liver is not the only place in the 
body where metabolism occurs. Metabolism and detoxification of 
foreign substances can occur in most other organ systems.

Elimination
The AUC over a specific time period is proportional to the dose  
administered (for drugs that follow linear PK) and inversely related  
to total drug clearance (CLt).7 The term CLt reflects the unit volume 
of a system that is cleared of drug per unit time (e.g., L/hr). The  
physiologic drug clearance process is driven by elimination of the 
biotransformed or unchanged drug. This elimination of drugs is 
further categorized as renal and nonrenal clearance. Renal clearance 
(CLr) describes the volume per unit time that the body eliminates a 
substance via the kidneys, through various methods, including glo-
merular filtration, tubular secretion (an energy-dependent process), 
and tubular reabsorption. Tubular secretion is a transporter-mediated 
process, and dose-dependent PK can be shown for substances that 
undergo tubular secretion as their primary route of elimination (e.g., 
piperacillin-tazobactam). Nonrenal clearance (CLnr or CLnr/F) is the 
term that describes the sum of clearance pathways that do not  
involve the kidneys.2 These mechanisms may involve the biliary tree 
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over a specified time period (AUC0-t) or infinity (AUC0-inf). Alterna-
tively, the duration of time that the concentration exceeds a threshold 
value can be correlated to an efficacy- or safety-related event. In the 
case of anti-infective agents, three PK-PD indices based on serum or 
plasma concentrations have been associated with efficacy and include 
the Cmax/MIC, AUC/MIC, or T > MIC.19 As shown in Figure 19-3, mea-
surement and classification of the relevant Cmax is not straightforward. 
The highest concentration in serum will be measured at the end of 
infusion; however, the concentration observed at the transition point 
between the distribution (α) and elimination (β) phases may represent 
the maximum expected tissue concentration for some drugs. Hence, 
Cmax is a simple PK term to state as a single point estimate but is dif-
ficult to actually measure and translate between serum and tissue com-
partments.22 In contrast, the integration of serum concentration over 
time is easier to translate between serum and other tissue compart-
ments.7 Thus, the effect of many antimicrobial agents is often correlated 
to the AUC/MIC index because AUC (mg • hr/L) represents both 
concentration (mg/L) and time-dependent (h) components.23 Antimi-
crobial agents deemed to be concentration dependent with a good 
correlation to Cmax/MIC will also have some degree of correlation to 
AUC/MIC.23 The same phenomenon is true for antimicrobial agents 
deemed to manifest time-dependent PK-PD.23 For antimicrobial agents 
that are deemed to be time dependent (good correlation to T > MIC), 
a good correlation with AUC/MIC will also be observed if this agent 
has persistent sub-MIC effects.17 Unfortunately, for anti-infective 
agents, such as antiviral and antiretroviral agents that are activated 
intracellularly, serum and plasma PK are not reflective of the site of 
cellular and subcellular activity. These agents are also retained intracel-
lularly for longer periods of time than that reflected by the intravascu-
lar concentration-time profile.

Methodology for Study of 
Pharmacodynamic Effects of  
Anti-infective Agents
In Vitro Models
The most accepted model used to study in vitro PK-PD effects of anti-
infective agents is the “hollow fiber model” system.24 The system uti-
lizes a cartridge that is composed of thousands of hollow porous fibers 
that are sealed at each end so that growth media that enter one end  
go through the inside of the fibers to the opposite end. Microorganisms 
are inoculated on the outside of the fibers and multiply in the space 
between the fibers known as the extracapillary space. In this system, 
anti-infective agents, nutrients, and metabolic waste can cross the 
fibers but the larger microorganisms cannot cross through the pores. 
As a result, the microorganisms can be exposed to predetermined 
dynamic or static concentrations of anti-infective agents under  

(e.g., ceftriaxone) or the intestine (e.g., azithromycin). Furthermore, 
the composition and enzymatic activity of the intestinal microbiota 
affect whether deconjugation occurs, which affects rates of excretion 
versus reabsorption. Other, uncommon mechanisms can be used, such 
as elimination of alcohol through the skin and lungs (respiration) and 
ionization, DNA chelation, and inactivation of aminoglycosides by  
the sputum in cystic fibrosis patients with elimination through expec-
toration.15 Elimination through a dialysis procedure (hemodialysis or 
peritoneal dialysis) also can be construed as a form of nonrenal elimi-
nation.16 As expected, significant interindividual variability exists in 
the PK of drugs. The sources of interindividual variability are identified 
and quantified using a systems analysis approach referred to as popula-
tion pharmacokinetic analysis.

PHARMACODYNAMICS
Anti-infective pharmacodynamics is a science that is used to integrate 
PK information and in vitro measures of drug potency with effect.4 
This effect can be measured in vitro and in vivo (animal models) as  
the rate and extent of microbial death/growth inhibition or emergence 
of resistance.17 Alternatively, this effect can be defined clinically by 
a measure of biologic response, such as survival, time to clinical 
response, probability of clinical response, and so on.7 As expected, 
PK-PD systems analysis currently represents a stepwise hierarchical 
process that integrates in vitro and in vivo data followed by clinical 
validation.18

Antimicrobial Potency
An anti-infective agent may inhibit growth and replication (-static) or 
cause bacterial cell death (-cidal). A factor that affects whether a drug 
is bacteriostatic or bactericidal is the concentration at the site of 
action.19 Antimicrobial agents may be bacteriostatic at low concentra-
tions but bactericidal at high concentrations. These bacteriostatic and 
bactericidal concentrations have been used to quantitate the activity of 
an agent against an organism. Approaches to measure this activity have 
broadly included use of agar based-dilution and broth macrodilution 
and microdilution systems.20 Agar-based dilution systems lead to mea-
surement of activity as a zone of inhibition. Broth dilution systems lead 
to measurement of an MIC that is based on a doubling-dilution (log2) 
scale (e.g., 0.5, 1, 2, 4 mg/L).20 The MIC for 90% of all surveyed isolates 
of a bacterial species (MIC90) and the inhibitory or effective concentra-
tion for 50% of all surveyed isolates of a strain of virus (IC50 or EC50) 
are conventionally used to describe drug activity against pathogens. 
The minimal bactericidal concentration (MBC) provides information 
on the lowest concentration at or above the MIC required to kill a 
microorganism. Although these in vitro parameters are helpful epide-
miologically, they represent fixed values that do not reflect the dynamic 
in vivo process, such as (1) the time course of activity or the potential 
for persistent anti-infective effect after the concentration at the site has 
decreased below the MIC or MBC; (2) the interaction of the immune 
system with the drug; and (3) exposures necessary to prevent the 
development of resistance or organism mutation. Importantly, these 
parameters reflect specific drug-organism in vitro measurements that 
cannot reflect the combination drug use profile as empirical therapy 
and for documented polymicrobial infections.20

Although anti-infective agents can be used individually, in many 
instances they are used together. Synergism is defined as activity of two 
or more anti-infective agents given together that is greater than the 
sum of activity had the agents been given separately. Additivity (also 
known as indifference) is defined as activity of two or more agents 
together that equals the sum of activity of each agent. Antagonism is 
defined as activity of two or more anti-infective agents given together 
that is lower than the activity of the most active agent given separately. 
Combinations of agents are used to enhance efficacy and rate and 
extent of organism killing or to reduce the development of resistance 
but can have conflicting results.21

Pharmacodynamic Indices
PD combines PK parameters and microbiology parameters to describe 
drug effect in relationship to some measure of exposure. These PK 
measures of exposure include the maximal concentration (Cmax, 
“peak”), minimal concentration (Cmin, “trough”) or AUC integrated 

FIGURE  19-3  Common antibiotic pharmacokinetic and minimal 
inhibitory concentration (MIC) pharmacodynamic relationships, 
based on an anti-infective agent (e.g., an aminoglycoside) with a 
triphasic serum concentration-time profile.  AUC,  area  under  the 
curve; Cmax, maximal concentration. 
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exposures during treatment (concentration-response trials).44 These 
trials have used three measures of assessment to relate to antimicrobial 
PK-PD: (1) clinical outcome (cure/fail or improved); (2) eradication of 
bacteria from the site of infection or reduction in virus concentration 
(viral load) in blood or other sites, or both; and (3) improvement in 
surrogate markers of infection, such as temperature or leukocyte 
count. Many trials have not reported free drug PD indices. Because 
free drug is active drug, correction for protein binding is important 
unless the binding is very low. Few human trials have focused on 
relationships of drug exposure to toxicity or on the development of 
resistance. It is important to appreciate that the validation of a PK-PD 
relationship to effect through these analyses implies that an opportu-
nity exists to individualize the dosage regimen and to not rely on a “one 
size fits all” dosage regimen.7 Unfortunately, the lack of availability of 
an assay and technical knowhow on measurement and interpretation 
of systemic concentrations delays the ability of clinicians to apply these 
principles in practice. Despite these limitations, well-designed “proof 
of concept” studies are emerging in the literature in support of these 
principles.45

Concentration-Dependent Killing Agents
Concentration-dependent killing agents (e.g., fluoroquinolones, ami-
noglycosides, macrolides, azalides, ketolides, metronidazole, daptomy-
cin, and oritavancin) exert their positive effect on bacteria when their 
concentrations are well above the MIC of the organism.17 When the 
ratio of the concentration at the site of infection to the MIC is increased 
further, greater killing occurs. This concept is illustrated in Figure 19-4 
for tobramycin and ciprofloxacin against Pseudomonas aeruginosa.46 In 
addition, some of these agents exhibit postantibiotic effect (PAE) (dis-
cussed later). Growth inhibition continues for a varying period after 
the concentration at the site of the bacteria has decreased below the 
MIC for the antimicrobial agent. In vivo, the Cmax/MIC ratio has been 
shown to be the clinical correlate used as the PD predictor for outcome 
of concentration-dependent killing agents. In clinical trials, the AUC/
MIC ratio also has been correlated with improved outcome.33-43 This 
finding is not surprising because Cmax and AUC increase in proportion 
to the administered dose and are by consequence correlated.17 For 
drugs such as fluoroquinolones, different goals for AUC/MIC ratios 
are required for gram-positive pathogens compared with gram-
negative pathogens.47-49

Time-Dependent Killing Agents
Time-dependent killing agents kill gram-negative bacteria when the 
drug concentration at the site of the bacterial infection is higher  
than the MIC of the organism; this is shown for ticarcillin against  

conditions that can simulate the expected PK in humans.25 The extra-
capillary compartment can be sampled via a port to quantify the 
microorganism load and drug concentrations. Although these models 
offer control over bacterial inoculum and drug concentration-time 
profiles that mimic clinical cases, they do not currently assess the 
effects of the immune system on organism killing or growth inhibition. 
They do assess the relationship of free drug concentrations to effect, 
assisting in the development of relationships of protein-bound drug in 
humans.

Animal Models
Animal models have used a variety of species, often with the animals 
rendered neutropenic before infection. Craig and colleagues26-28 
showed that the presence of neutrophils may affect antibacterial activ-
ity with fluoroquinolones, penicillin, clindamycin, and doxycycline. 
Animal infectious disease models have been developed to mimic 
human infections. Animal models allow for frequent sampling of blood 
and tissue and allow a broad dosage range to be investigated along with 
a wide range of organism inocula, allowing investigators to study the 
effects of variation in a single parameter at a time. Problems with 
animal models include a lack of standardization of inocula size (often 
large inocula are required to produce infection). The faster rate of drug 
elimination in small mammals compared with humans often leads to 
the use of dosing regimens that may match human AUC values but 
may not replicate human concentration-time profiles. The use of 
immunocompetent animals has been applied to attempt to develop 
more realistic guidelines for PK-PD targets in infected patients, many 
of whom are not neutropenic.

Clinical Trials
Preclinical and early clinical (phase I and II) PK-PD relationships are 
often being applied to justify dose selection for the two phase III clini-
cal trials that are necessary to gain regulatory approval to market a 
drug.18 This dose selection often includes testing of a single fixed 
dosage (e.g., 500 mg IV once daily) or weight-based (e.g., 6 mg/kg  
IV once daily) dosage regimen. After completion of the initial phase 
III trial, PK-PD analyses may validate or contradict the pre–phase  
III study assumptions. Unfortunately, the high expense of phase III 
trials limits significant modification of the study design to rectify  
and retest assumptions about dose selection.18 Hence, most human 
trials29-38,39,40 that have defined PK-PD relationships have been based 
on the retrospective review of post-marketed drugs or post-hoc sub-
group analyses of prospectively collected data.41-43 Little if any prospec-
tive data have been generated with either dosage adjustment during 
therapy or comparison of different dosing regimens to attain different 

FIGURE  19-4  Time-kill curves for Pseudomonas aeruginosa ATCC 27853 with exposure to tobramycin, ciprofloxacin, and ticarcillin at 
concentrations from one-fourth to 64 times the minimal inhibitory concentration (MIC).  (From Craig WA, Ebert SC. Killing and regrowth of 
bacteria in vitro: a review. Scand J Infect Dis. 1991;74:63-70.)
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Applied Clinical PK-PD
The exposure-response relationship predictive of effect and safety may 
not be complete when an anti-infective agent is first marketed. Over 
the past 40 years, the principles outlined earlier have been applied to 
improve the clinical management of patients through design of alter-
nate drug dose regimens that take advantage of the exposure-response 
relationship.17 These strategies have broadly included the use of higher-
dose extended-interval dosing and continuous or extended infusions 
for antimicrobial agents with concentration-dependent and time-
dependent PK-PD characteristics, respectively. Although successful 
clinical application has been demonstrated for select agents, definitive 
evidence to support universal translation of these principles is a diffi-
cult challenge to overcome. Infected patients are in a dynamic physi-
ologic state that is a corollary to “shooting at a moving target” with 
anti-infective dose selection.7 Conceptually, use of more intensive 
dosing regimens at treatment initiation followed by dose titration with 
clinical improvement or worsening would be ideal. Testing this 
approach requires more complex covariate-adjusted response-adaptive 
designs of anti-infective agents with a companion biomarker of 
response to tease out true differences between regimens.52 In the 
interim, examples of specific dose regimen designs that have taken 
advantage of the presumed PK-PD profile are provided as follows. 
Therapeutic drug monitoring to improve the dosing of certain agents 
is also described to illustrate that the dosing of an anti-infective agent 
can evolve with increasing clinical experience.

Higher-Dose Extended-Interval Dosing
This dosing strategy has primarily been used to optimize the PK-PD 
profile of concentration-dependent antimicrobial agents such as tobra-
mycin, levofloxacin, daptomycin, and time-dependent antimicrobial 
agents such as azithromycin.38,41,53,54 The use of high-dose extended-
interval aminoglycoside dosing reflects a significant evolution in the 
dosing of this class of agents. The original regulatory approved doses  
of gentamicin and tobramycin were 1 mg/kg three times daily but is 
now clinically administered as a 5- to 7-mg/kg once-daily regimen  
in patients with good kidney function.55,56 A tobramycin dose of 
10 mg/kg once daily is recommended in patients with cystic fibrosis 
who are being managed for an acute pulmonary exacerbation second-
ary to P. aeruginosa.57 Aminoglycoside concentrations decline in a tri-
phasic manner that is often referred to as the distribution, elimination, 
and terminal elimination phases. The objective of the 5- to 10-mg/kg 
once-daily tobramycin regimen is to achieve a serum concentration of 
16 to 20 mg/L, 11

2 to 2 hours after a half-hour infusion (post-distribution 
phase). We seek to achieve a serum Cmax/MIC ratio of 8 to 10, based on 
an MIC90 of tobramycin against P. aeruginosa of 2 mg/L because this 
PK-PD index has been correlated to predict clinical success.32 The half-
life of tobramycin in most patients with good kidney function is 2 to 4 
hours. As a consequence, the serum tobramycin concentrations are 
expected to be less than 2 mg/L for 6 to 14 hours of the 24-hour dosing 
regimen. This sustained effect of tobramycin (despite long sub-MIC 
exposures) in the clinical setting is based on in vitro and animal model 
demonstration of the PAE and sub-MIC effects of this agent.58 However, 
aminoglycosides are rarely administered as monotherapy (except for 
urinary tract infections) so definitive clinical proof of this concept is 
not known. Meta-analyses have also not clearly shown this dosing 
concept to be superior to the individualized daily dosing approach,  
with the resultant dosing being one or multiple times a day depending 
on the individualized patient PK parameters.58 Well-designed clinical 
trials in patients with cystic fibrosis have not shown a clear efficacy 
benefit but have suggested a lower potential for nephrotoxicity with this 
agent.59 Despite this lack of clear clinical benefit, the emergence of 
multidrug-resistant gram-negative pathogens, convenience of this 
dosing strategy, and theorized benefits continue to support adoption of 
this aminoglycoside dosing strategy.60,61 However, it should be kept in 
mind that, with once-daily dosing, individualized PK monitoring 
should still be done to tailor therapy based on individual PK. Trials 
evaluating the novel aminoglycosides known as the neoglycosides have 
adopted this dosing design and may provide the “proof of concept” 
necessary to truly validate this PK-PD expectation.62

Although the basis of this dosing strategy evolved with the amino-
glycosides, the most successful clinical application of these principles 

P. aeruginosa in Figure 19-4. Generally, when the concentration at the 
bacterial site is more than four times higher than the MIC, the addi-
tional killing that occurs is modest.

The amount of time that the concentration needs to be above the 
MIC has been the subject of some debate.19 A report using animal 
studies with Streptococcus pneumoniae in which treatment was per-
formed with penicillins or cephalosporins showed that when T > MIC 
was 20% or less of the dosing interval, mortality was 100%. In contrast, 
a mortality rate of 0% to 10% occurred when serum concentrations 
were above the MIC for longer than 40% to 50% of the dosing inter-
val.19,50 Time-dependent killing agents include the penicillins, cepha-
losporins, aztreonam, vancomycin (for which AUC/MIC is predictive), 
carbapenems, macrolides, linezolid, tigecycline, doxycycline, and 
clindamycin.17

In terms of prevention of bacterial resistance, only in vitro data 
using the hollow fiber model exist relating the Cmax/MIC ratio to resis-
tance. The study of Blaser and colleagues25 examined the Cmax/MIC 
ratio for enoxacin and netilmicin against various gram-negative organ-
isms. Regrowth of organisms occurred in all cultures when enoxacin 
or netilmicin attained ratios lower than 8. On redosing of these anti-
biotics after bacterial regrowth, no killing was seen because of the 
development of resistance. A similar study by Marchbanks and asso-
ciates51 using ciprofloxacin noted the development of resistant P. aeru-
ginosa when the organism was exposed to a Cmax/MIC ratio of 6 
compared with no resistance when the Cmax/MIC ratio was 12, even 
though both regimens showed adequate rates of bacterial killing. These 
in vitro data suggest that Cmax/MIC ratios may be influential in deter-
mining the development of bacterial resistance for aminoglycosides 
and quinolones. A disadvantage of these trials, however, is that they do 
not account for the role of the immune system in “cleaning up” small 
numbers of resistant bacteria before they can become pathogenic. 
Additionally, in vitro studies use only “free” drug and, thus, extrapola-
tion to human infections may be difficult.

Postantibiotic Effect
During in vitro testing of antimicrobial agents, there may be a delay 
before microorganisms recover and reenter a log-growth period.46 This 
phenomenon is termed the postantibiotic effect (PAE).3,46 The exact 
duration of the PAE is species and drug dependent. Aminoglycosides 
and fluoroquinolones produce in vitro PAEs against gram-negative 
bacilli of 2 to 6 hours. β-Lactam antibiotics (except for imipenem) 
produce little or no PAE against gram-negative organisms under iden-
tical experimental conditions but generally induce 2-hour PAEs against 
gram-positive organisms.17 Other factors that affect the in vitro PAE 
include combinations of antimicrobial agents, antimicrobial concen-
tration, duration of antimicrobial exposure, and pH. Potential factors 
that also may affect the PAE include size of inoculum, type of growth 
medium, and bacterial growth phase.17

Studies in animal models have verified that PAE is not an artifact 
of in vitro testing. Investigational animal models that have been studied 
include a neutropenic mouse thigh model, a rabbit meningitis model, 
a rat endocarditis model, and a guinea pig pneumonia model. These 
studies showed that an in vivo PAE exists against gram-negative organ-
isms for aminoglycosides, fluoroquinolones, erythromycin, clindamy-
cin, and tetracycline, but not for β-lactams. As in the in vitro studies, 
β-lactam agents do produce abbreviated PAEs against gram-positive 
organisms.

The mechanism of the PAE is unknown. Possible explanations 
include nonlethal bacterial damage induced by the antimicrobial agent 
and persistence of the agent at the site of action. When fresh organisms 
are injected into animals during the PAE period, however, there is 
rapid and immediate growth, suggesting that the PAE is not caused by 
persistence of the drug in tissue.

The presence or absence of a PAE has been used to alter antimicro-
bial dosing schedules. Theoretically, an agent with a long PAE can be 
dosed less frequently than an antimicrobial agent lacking a PAE. Alter-
natively, an agent with little or no PAE may be most effective if it is 
given as a continuous infusion so that the serum concentration always 
exceeds the MIC. Dosing strategies such as these are theoretical and 
require clinical investigation in human studies of sufficient size before 
implementation into clinical practice.
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of 5.4 hours. As illustrated by this simulation, concentrations above a 
threshold concentration of 8 mg/L are maintained for the longest 
period of time with the use of an initial combination of a short infusion 
(loading dose) followed by a continuous infusion. As a consequence, 
concentrations can be maintained above this threshold with a 2-g/day 
regimen compared with a 3-g/day regimen, that is, a 30% lower total 
daily dose. The concentrations in serum with a continuous infusion 
regimen with or without a loading dose will converge; however, it is 
important to note that use of a continuous infusion without a loading 
dose will lead to a delay in the time that the concentration exceeds a 
threshold (Fig. 19-6). Martinez and associates have reviewed this topic 
and highlight the importance of achieving effective concentrations at 
treatment initiation when the organism load is expected to be at its 
highest.17

A systematic review and meta-analysis of extended and continuous 
infusion of piperacillin-tazobactam and carbapenems based on non-
randomized studies suggests that these dosing approaches may be 

has actually occurred with the use of levofloxacin, azithromycin, and 
daptomycin.41,53,54 These dose regimens are also being tested with anti-
microbial agents in clinical development. However, the motivation for 
this dosing strategy is distinct for each of these agents. The clinical 
outcomes associated with the use of 750 mg of levofloxacin once daily 
for 5 days are similar to those associated with the use of a 500-mg 
once-daily regimen administered for 10 days for the treatment of 
community-acquired pneumonia.63 Similarly, azithromycin has been 
approved as a 5-day treatment course for community-acquired pneu-
monia based on a loading dose of 500 mg on the first day followed by 
250 mg once daily for 4 days.54 In both cases, high epithelial lining fluid 
and alveolar macrophage concentrations serve as the pharmacologic 
basis of these shorter course regimens.5 In the case of azithromycin, 
shorter 3-day courses or even single-dose administrations have been 
approved for certain clinical indications.54 The prolonged intracellular 
retention of azithromycin and immunomodulatory effects of this agent 
(not predicted by in vitro studies) has been credited to support this 
dose design.

The application of higher doses at treatment initiation has more 
recently been referred to as “front-loaded regimens,” based on similar 
theories to suppress tumor growth.64 The efficacy and safety of the new 
glycopeptide oritavancin with a front-loaded regimen compared with 
daily dose administration has been tested in a phase II study.65 A single 
oritavancin dose regimen (1200 mg) was shown to have a similar safety 
and efficacy profile as daily administration (200 mg for 3 to 7 days) for 
complicated skin and soft tissue infections. Based on supportive phase 
II trial data, use of a higher dose of rifampin (15 mg/kg/day) versus 
the current dose of rifampin (10 mg/kg/day) for the first 2 months 
followed by 8.5 months of standard therapy may improve survival in 
patients (≥15 years of age) with tuberculous meningitis.66 The results 
of this large clinical trial of patients with tuberculous meningitis are 
expected in 2015.66 Similarly, use of a high-dose twice-yearly combina-
tion of albendazole (800 mg) and ivermectin (400 µg/kg) was superior 
to standard-dose albendazole (400 mg) and ivermectin (150 µg/kg) at 
suppressing Wuchereria bancrofti microfilaremia.67 Microfilaremia was 
detectable in 57% and 28% of patients with the standard dose at 12 and 
24 months after treatment but was undetectable in all patients treated 
with the high-dose regimen. These studies suggest the potential to 
either maintain clinical effect with a more convenient dosing strategy 
or to actually improve clinical outcomes without an increase in the risk 
for adverse reactions.

The redevelopment of daptomycin serves as an important case 
study of an agent that was rescued from drug development termination 
owing to its propensity for an adverse reaction.53 Use of a 4-mg/kg 
twice-daily dose regimen in an early phase I trial was associated with 
musculoskeletal adverse effects and elevation in creatine phosphoki-
nase concentrations in two of five healthy volunteers. Studies in a 
canine model later confirmed a lower risk for this adverse event with 
the administration of a 75-mg/kg once-daily regimen compared with 
a 25-mg/kg three-times-a-day regimen.68 These findings coincided 
with in vitro and animal model data that supported the concentration-
dependent (Cmax/MIC, AUC/MIC) PK-PD effect profile of this agent.54 
Daptomycin is currently approved for use in a 4- to 6-mg/kg/day 
dosage regimen in patients with good kidney function. Use of higher 
doses than those approved by regulatory authorities has been suggested 
by some investigators in line with this PK-PD expectation. However, a 
pilot trial comparing 10 mg/kg/day for 4 days of daptomycin to van-
comycin suggests that daptomycin would not be noninferior to vanco-
mycin for complicated skin and soft tissue infections with the high-dose 
short-course regimen.69 This trial illustrates that the linear translation 
of 4-mg/kg/day in a 10-day regimen to 10-mg/kg/day in a 4-day 
regimen of daptomycin may not match PK-PD expectations; higher 
dosing strategies should not be advocated without the necessary clini-
cal evidence to support it.

Continuous-Infusion and  
Extended-Infusion Regimens
The effects of intermittent, extended, and continuous infusion on the 
serum concentration time profile are illustrated in Figure 19-5 with a 
3-g/day dose of an antimicrobial agent, assuming a one-compartment 
system with a CL = 9.3 L/hr, Vd1 = 36.3 L, and an elimination half-life 

FIGURE  19-5  Simulated serum concentration-time profile of an 
antimicrobial agent (3 g/day) administered as a 1-hour, 4-hour, and 
continuous infusion (with an initial short infusion dose) with a 
reference concentration threshold of 8 mg/L. 
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FIGURE  19-6  Simulated serum concentration-time profile of an 
antimicrobial agent (3 g/day) administered as a continuous infu-
sion, with and without an initial short infusion dose, with a refer-
ence concentration threshold of 8 mg/L. 
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dose-exposure profile of voriconazole is highly unpredictable in the 
clinical milieu of ethnic diversity and potential drug-drug interac-
tions.73 The current dose recommendations of voriconazole include 
both a weight-based dosage regimen with intravenous therapy and an 
oral fixed-dosage regimen. Recent population PK studies have shown 
that weight is not a predictor of voriconazole PK, and so dosage on 
this body size metric is likely to not reduce interpatient variability.74 
Thus, the currently approved dosing regimen of voriconazole that is a 
combination of either a fixed or weight-based design has been contra-
dicted by the empirical evidence that was discovered through TDM.74,75 
A therapeutic range for a voriconazole trough concentration of 1.5 to 
4.5 mg/L is currently suggested to increase the probability of clinical 
response and to reduce the risk for toxicity.73-75 Voriconazole trough 
concentrations are highly correlated to AUC24 values, and the above 
range corresponds with the AUC24 target values originally defined in 
animal models during preclinical development.76 However, specific 
recommendations for voriconazole TDM remain to be endorsed in 
treatment guidelines.

These observations with the triazole antifungal agents have also 
been demonstrated with antituberculosis agents.77 Use of standard dose 
regimens of isoniazid may not be reasonable in all populations given 
the known polymorphisms in enzymes that influence its metabolism.77 
Unfortunately, limited access to commercially available assays prevents 
our practical application of dose refinement.

Another example relates to the treatment of malaria. Malaria is  
one disease in which good relationships of parasitic load, symptoms, 
development of resistance, and outcome have been well worked out.78 
Both high-grade resistance (seen when antimalarial agents used have 
a short exposure time) and low-grade resistance (seen when antima-
larial agents used are given in inadequate doses repeatedly) can be 
seen. In malaria therapy, use of inadequate doses, poor adherence, or 
variable PK can result in the development of resistance in hyperpara-
sitemic patients and those at highest risk (i.e., pregnant women, chil-
dren). This speaks to the applicability of TDM for these agents; 
however, because malaria is common in poorer countries, the cost of 
this may be prohibitive.

In practice, TDM of the aminoglycosides and vancomycin is 
common but definitions of the target exposure ranges associated with 
effect and toxicity have changed over time.79,80 As with any measure, it 
is important to recognize that a distribution surrounds a presumed 
central tendency target exposure value and that this target may not be 
fixed or linearly translatable by MIC. With tobramycin as an example, 
an AUC24 of 75 mg • hr/L and 192 mg • hr/L may be sufficient for 
pathogens with an MIC of 0.5 to 1 mg/L and 2 to 4 mg/L based on in 
vitro models and mathematical simulation.79 Let us assume that a 
vancomycin AUC/MIC target greater than 400 hr−1 is associated with 
a higher probability of effect against a pathogen with a modal MIC90 
of 1 mg/L. A 2-g daily dose achieves a median AUC of 400 mg • hr/L 
in a population and so represents the average population dose. An 
average patient is treated with a 2-g/day dose empirically but then 
deemed to be infected with methicillin-resistant Staphylococcus aureus 
(MRSA) in the bloodstream that has a vancomycin MIC of 0.5 mg/L 
(48 hours into the admission). Given this scenario, should we reduce 
the dose in half to achieve an AUC of 200 mg • hr/L? The answer is 
most likely to be “no.” Alternatively if the MIC was 2 mg/L, should we 
double the daily dose? The answer under this scenario may be “yes” 
but we should also expect the risk for toxicity to increase. As shown, 
current application of these principles at a population level is quite 
helpful for dose selection, but simple linear translation may be spuri-
ous and requires validation at the patient level for dose refinement. We 
should expect the current practice of vancomycin TDM to evolve from 
the simple measurement and dose adjustment that is based on trough 
concentrations to one that requires AUC estimations using multiple 
serum samples. Similarly, we may discover over time that TDM is 
necessary with other agents used to treat MRSA, such as linezolid, 
daptomycin, and tigecycline, which have high interpatient variability 
in their PK in certain subpopulations such as the critically ill. Alterna-
tively, empirical combination anti-infective treatment as a strategy to 
curb anti-infective resistance against pathogens that we currently 
manage with monotherapy (e.g., MRSA) may be adopted over time and 
require our reevaluation of the necessary exposure targets and doses.

associated with a lower risk for mortality compared with shorter inter-
mittent infusions.70 A recent multicenter double-blind randomized 
controlled trial in a small subset of patients suggests a higher rate  
of clinical cure with continuous-infusion dosing compared with 
intermittent-infusion dosing but was not adequately powered to 
compare differences in mortality.45 This study evaluated the effects of 
infusion rate of piperacillin-tazobactam, meropenem, and ticarcillin-
clavulanate on clinical outcomes of patients with severe sepsis. Unfor-
tunately, only trough concentrations were measured in this study and 
so no correlation between T > MIC and effect could be made. Patients 
in this trial had infections secondary to a diverse number of pathogens 
that would have also required treatment with other antimicrobial 
agents beyond those in the interventional design. The free plasma 
concentrations reported for piperacillin were highly variable and sug-
gestive of the potential inclusion of non–trough-measured values or 
simply due to the critically ill nature of patients with severe sepsis. 
Overall, this feasibility trial was not informative but has laid the 
groundwork for additional larger randomized multicenter trials.45

As noted, the effects of this dosing modality are difficult to evaluate 
with inclusion of a highly unstable host population with infection 
secondary to polymicrobial pathogens. Studies in patients with cystic 
fibrosis, who are chronically colonized with P. aeruginosa, have pro-
vided a chance to compare these dosing approaches. Comparison of a 
continuous-infusion (100 mg/kg/day) regimen to a three-times-a-day 
(200 mg/kg/day) regimen of ceftazidime, both in combination with 
10 mg/kg/day of tobramycin, showed both to be equally effective.71 An 
additional comparative study has shown the continuous infusion of 
ceftazidime to be particularly helpful in patients with cystic fibrosis 
who harbor resistant strains to P. aeruginosa.72 These data lend support 
to the overwhelming in vitro and animal model data in support of 
maintaining concentrations above a threshold when using β-lactams 
with a time-dependent PK-PD profile. The potential for effect mainte-
nance with lower total daily doses simply through infusion rate exten-
sion has clear economic benefit. However, the potential for high 
interpatient variability in the PK profile of these agents suggests that 
measurement of concentrations and dose titration is necessary to opti-
mize the dose on an individual basis.44

Dose-Refinement Considerations
Selection of a specific anti-infective dose regimen relies on the assump-
tion that a dose-response relationship exists in support of this regimen. 
The dose regimen that is approved for clinical use represents the popu-
lation central tendency estimates, which maximizes the probability of 
clinical effect.7 This regimen is validated internally in a subset of the 
general population that is evaluated through clinical trials. Hence, 
external validity of this dose regimen for most anti-infective agents 
occurs after it is marketed; that is, we may study hundreds of patients 
for drug approval but ultimately use the drug in millions of patients. 
Furthermore, the optimal dose of an anti-infective agent for every 
patient subgroup (e.g., pregnancy, dialysis, pediatric) is not well known 
when it is first marketed. Therefore, a system to aid dose selection or 
refinement in these subpopulations of patients is a common expecta-
tion and a constant clinical challenge. Therapeutic drug monitoring 
(TDM) was developed to meet this specific challenge but has not been 
embraced universally because it may not be apparent during drug 
development that a specific therapeutic range or exposure exists. 
Again, the study of a relatively small and homogeneous patient popula-
tion prior to market approval limits our discovery of a therapeutic 
exposure range.

The clearest example of this point has now been documented with 
the triazole antifungal agents, owing to high interpatient variability in 
drug absorption and metabolism. Itraconazole, voriconazole, and 
posaconazole represent three triazoles that are used to manage inva-
sive fungal infections that have now been shown to require TDM to 
optimize outcomes.73 In the case of itraconazole and posaconazole, 
unpredictable oral absorption represents the primary reason that 
TDM is necessary.73 Voriconazole is metabolized in part via cyto-
chrome P-450 2C19 (CYP2C19) isoenzymes that are encoded by a 
gene that is known to be polymorphic with ethnic-based variation 
among individuals. Common co-administered drugs such as omepra-
zole can also inhibit this isoenzyme system. Therefore, the drug 
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cells are approximately 84 fmol/106 cells108 and 4000 fmol/106 cells, 
respectively.106

With established concentration-response relationships, antiretrovi-
ral TDM can be considered. Some antiretroviral drugs (particularly 
protease inhibitors and raltegravir) can have significant intraindividual 
PK variability owing to food effects and other environmental influ-
ences (e.g., prescription and nonprescription medications, nutraceuti-
cals) on drug-metabolizing enzymes and transporters,109 which makes 
interpreting single drug concentrations challenging. Yet TDM for effi-
cacy and toxicity can be warranted in clinical circumstances where 
virologic response may be unpredictable or antiretroviral options are 
limited. Current guidelines recommend TDM for pregnancy; patho-
physiologic conditions that alter drug PK such as gastrointestinal, 
hepatic or renal dysfunction; highly antiretroviral-experienced 
patients; clinically significant drug or food interactions; concentration-
dependent drug toxicities; alternative dosing regimens or antiretroviral 
combinations; and lack of virologic response in an adherent patient.81 
Based on convenience, trough concentration cutoffs for efficacy (and 
occasionally toxicity) have been offered for protease inhibitors and 
NNRTIs based on expert consensus (Table 19-2).81,110 Inherent limita-
tions to these concentration targets include only a subset of drugs in 
the combination regimen (generally any drugs other than NRTIs) 
being measured, and additive or synergistic effects between drugs are 
not considered.

With antiretroviral therapy, viral heterogeneity and the develop-
ment of resistance can impact the PK-PD relationship. Various resis-
tance mutations can make a virus less sensitive to a drug, either 
completely (e.g., K103N mutation against nevirapine or efavirenz) or 
in an escalating fashion (e.g., accumulating mutations can confer 
increasing resistance to protease inhibitors). Therefore, relating drug 
concentrations to the susceptibility of an individual patient’s viral 
isolate has been explored as a better option for characterizing antiret-
roviral PD.

First described by Ellner and Neu,111 the “inhibitory quotient” (IQ) 
integrates drug exposure (defined as total or protein-unbound AUC, 
Cmax, or Ctrough) and viral susceptibility (expressed as the in vitro IC50, 
IC90, IC95, or IC99, with or without the presence of plasma proteins). 
The IQ is most commonly calculated as the ratio of the drug concentra-
tion at the end of the dosing interval (Ctrough) to the in vitro concentra-
tion of drug resulting in 50% inhibition of virus: Ctrough/IC50. Several 
derivatives of the IQ equation (nIQ, vIQ, and gIQ) have been generated 
to account for confounding factors in the PK-PD relationship, such as 
the presence of multiple secondary mutations and the effect of protein 
binding.112 The nIQ (“normalized” inhibitory quotient) was developed 
to eliminate protein binding confounding and is the ratio of Ctrough to 
the fold-change in antiretroviral susceptibility (using virtual pheno-
type) related to a fixed ratio of the population mean antiretroviral 
Ctrough to the cutoff for resistance; for example, nIQ = (Ctrough/fold-
change in IC50) ÷ (population Ctrough/fold-change resistance cutoff).113 
The vIQ (“virtual” inhibitory quotient) is defined as the ratio of Ctrough 
to the IC50 of wild-type virus multiplied by the virtual phenotype (a 
calculated fold-decrease in susceptibility mathematically derived from 
the individual patient viral genotype and matched to a genotype-
phenotype database): Ctrough/IC50 • virtual phenotype. The gIQ (“geno-
type” inhibitory quotient) is calculated as the ratio of Ctrough to the 
number of clinically important protease-inhibitor mutations. Of all  
of these measures that incorporate PK and viral susceptibility into a 
PD target, the gIQ has found the most utility in clinical study.112,114,115 
The IQ and its derivatives, rather than individual PK parameters, may 
more strongly predict antiviral efficacy for darunavir and lopinavir/
ritonavir in highly treatment-experienced patients.85,88,89,93 There are, 
however, a number of limitations of using the IQ to predict virologic 
response. There is no current standardization for calculating or select-
ing the IQ or its derivatives for prediction of virologic response  
among clinical trials evaluating the IQ. Therefore, collating informa-
tion from the available literature is difficult. Also, there is no consensus 
on which IQ derivative achieves the best predictive power, and each 
derivative is accompanied by its own unique set of considerations. 
Regardless, since 2010, with more potent and easy-to-use antiretroviral 
therapy available, there has been less practical application of these 
techniques in clinical care.

Antiretroviral Pharmacodynamics
Although 36 antiretroviral agents are on the market, the number of 
treatment options is limited because these drugs are generally used in 
combinations of three or more.81 Successive antiretroviral regimens do 
not perform as effectively, or for as extensive a duration, as the initial 
regimen.82 Therefore, optimizing success with the first regimen is 
crucial. However, variability in drug exposure within and between 
patients can be an important factor in optimizing response to antiret-
roviral therapy.

Early-phase studies correlate antiretroviral drug exposure to 
outcome, as measured by changes in plasma human immunodeficiency 
virus (HIV) RNA or CD4+ T-lymphocyte concentrations. Peak plasma 
concentration (Cmax), trough plasma concentration (Ctrough or Cmin), and 
AUC all have been proposed as determinants of virologic response, and 
all correlate with each other. Although some in vitro models have been 
used to investigate these relationships,83 no clinical study has directly 
compared all three PK parameters as individual predictors of treatment 
efficacy.

Concentration-effect relationships have been demonstrated for  
the commonly used protease inhibitors atazanavir, darunavir, nelfina-
vir, and lopinavir. AUC correlates with antiviral activity for both ata-
zanavir84 and darunavir,85 whereas a concentration ratio of plasma 
concentration ÷ time adjusted value on a standardized PK curve is 
a predictor of virologic response for nelfinavir.86 Hyperbilirubinemia, 
the adverse event commonly associated with atazanavir, is also  
directly linked to high atazanavir AUCs.84,87 Although lopinavir/
ritonavir Cmin is an important predictor of response in heavily 
antiretroviral-pretreated patients,88,89 it is not correlated with response 
in antiretroviral-naïve patients.90 This finding demonstrates the impor-
tance of viral resistance in influencing PK-PD relationships (see later 
discussion).

Concentration-response relationships have also been demonstrated 
for non-nucleoside reverse transcriptase inhibitors (NNRTIs). Ctrough is 
correlated with virologic response to nevirapine.91 Similarly, efavirenz 
plasma concentrations of less than 1000 ng/mL are more likely associ-
ated with virologic failure. Efavirenz concentrations greater than 
4000 ng/mL are associated with CNS toxicity.92,93 Although no 
concentration-effect relationship has been generated for the NNRTI 
rilpivirine,94 all doses in the dose-ranging trials produced plasma con-
centrations well above the protein adjusted EC50 and were likely at the 
plateau of the dose-response curve.

Plasma exposure-response relationships correlating Cmin with anti-
viral activity have also been described for once-daily dosing with the 
integrase strand transfer inhibitors elvitegravir and raltegravir.95,96 This 
relationship, however, is not observed with twice-daily dosing of ralte-
gravir, which achieves Ctrough values that are sixfold higher than an 
equivalent once-daily regimen (Ctrough = 257 and 40 nM, respectively) 
and eightfold higher than the raltegravir IC50 of 31 nM.96,97 Therefore, 
the absence of a plasma-exposure response relationship is likely attrib-
uted to twice-daily dosing achieving minimal exposure at the plateau 
of the exposure-response curve. These findings further support viro-
logic response correlating specifically with Ctrough. Finally, the CCR5 
inhibitor maraviroc also demonstrates a clear exposure-response rela-
tionship with AUC.98

Defining concentration-effect relationships with nucleoside(tide) 
analogue reverse-transcriptase inhibitors (NRTIs) is difficult because 
these drugs require intracellular phosphorylation to active triphos-
phate moieties. Multiple intracellular rate-limited phosphorylation 
steps, cellular membrane efflux transporter activity, and differential 
phosphorylation rates in activated versus quiescent cells99-101 result in 
plasma parent drug concentrations that do not consistently correlate 
with intracellular concentrations.102 Zidovudine and lamivudine both 
demonstrate intracellular concentration-response relationships, with a 
50% increase in zidovudine triphosphate and 33% increase in lamivu-
dine triphosphate positively correlated with a rate of HIV-1 RNA 
decline of 0.96 and 0.085 (days−1), respectively.102-104 Tenofovir and 
emtricitabine demonstrate a plasma exposure-response relationship 
that plateaus beyond doses of 300 and 200 mg, respectively,105-107 sug-
gesting saturation of the cellular processes responsible for intracellular 
phosphorylation. At these doses, tenofovir diphosphate and emtric-
itabine triphosphate concentration in peripheral blood mononuclear 
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employed in hemodialysis.122 Foscarnet’s CMV IC50 is 100 to 300 µM, 
and neurotoxicity has been seen with plasma concentrations greater 
than 1000 µM. For this reason, foscarnet doses can be adjusted to 
target Cmax concentrations of 500 to 800 µM.

The interplay between PK and PD was also recently illustrated by 
the use of topical tenofovir for HSV type 2 (HSV-2). In the CAPRISA 
004 trial evaluating 1% intravaginal tenofovir gel for protection against 
HIV, a surprisingly decreased risk for HSV-2 acquisition was seen.123 
It was also determined that oral tenofovir dosing in women achieves a 
genital tract tenofovir Ctrough of approximately 70 ng/mL, which is 
markedly below the HSV-2 EC50.124 However, a subanalysis of the 
women enrolled in the CAPRISA 004 trial and using the tenofovir gel 
demonstrated a protective relationship for women who had local 
vaginal tenofovir concentrations greater than EC50 (~10,000 ng/mL).125 
Subsequent animal investigations confirmed this relationship.126 These 
recent findings illustrate the importance of a comprehensive under-
standing of the PK-PD relationship of antiretroviral and antiviral 
agents in the development of new drugs and new clinical applications 
for old drugs.

CONCLUSION
Optimal dose selection of an anti-infective agent for an individual 
patient is an indispensable goal of clinical practice. The study of the 
interrelationship between drug exposure and response through PK- 
PD analyses is now an established component of anti-infective drug 
development to meet this goal. This domain of pharmacology has 
developed to follow a pathway that integrates information from in 
vitro, in vivo, clinical, and in silico experiments to define a dosing 
regimen that increases the probability of effect and reduces the prob-
ability of toxicity in a population. However, various nonpharmacologic 
factors can influence efficacy and safety-related outcomes in individu-
als. These unmeasured or immeasurable factors can confound our 
assessment of the “true” exposure-response relationship. Clinical use 
of an agent in populations underrepresented in early studies leads  
to an identification of pharmacologic and nonpharmacologic factors 
that influence outcome. Thus, our understanding of the specific anti-
infective exposure-response relationship evolves with the clinical use 
of an agent. Continued innovations in genomic, assay, and computer 
software capabilities will foster individualized anti-infective dose selec-
tion. Importantly, discovery of the complex interactions between the 
metagenome and anti-infective agents may help to explain some of  
the interindividual variability in PK-PD and perhaps help direct anti-
infective therapy more carefully.

Finally, Shen and associates116 have investigated mathematical 
approaches to characterizing antiretroviral PD and relative potency. 
The median effect model of dose response evaluates the slope of a 
dose-response curve utilizing the proportion of affected virus, pro-
portion of unaffected virus, drug concentration, and IC50.116 In the 
Shen and associates model, slope is characteristic of the drug class 
whereby antiretroviral drug classes with steeper slopes (e.g., protease 
inhibitors) require lower concentration/IC50 ratios for virologic sup-
pression. However, this model does not take into account the multi-
factorial influences of antiretroviral PD durability such as tolerability, 
drug interaction potential, and genetic barriers to resistance. Addition-
ally, some inconsistencies have been noted in the model. For example, 
although the model assigns raltegravir a comparatively low slope of 1.1 
± 0.05, clinically, raltegravir demonstrates rapid, potent, and sustained 
virologic suppression, suggesting that these models need more refine-
ment to explain more of the variability in the model prediction.

Pharmacodynamics for Other Antiviral Drugs
PK-PD relationships have also been established in the treatment of 
other viral infections, including hepatitis C virus (HCV), cytomegalo-
virus (CMV), and herpes simplex virus (HSV). Like the antiretroviral 
agents previously discussed, HCV protease inhibitors are highly 
dependent on trough concentrations for antiviral activity. Drug activity 
against CMV and HSV appear to be more dependent on AUC.

The virologic suppression of the direct-acting anti-HCV agents 
boceprevir and telaprevir is highly dependent on Ctrough. This relation-
ship was demonstrated in the phase II telaprevir trials,117 in which 
higher virologic suppression was seen using a lower total daily dose 
divided three times daily, compared with using a higher total daily dose 
divided twice daily. A modified IQ has been developed for predicting 
response to 3 days of monotherapy with HCV protease inhibitors.118 
In this mode, 1 Cmin is multiplied by the HCV protease inhibitor liver 
to plasma ratio and that product is divided by the EC50. This model 
was also used to demonstrate that a 10-fold increase in HCV protease 
inhibitor Cmin would elicit a greater than or equal to 1 log10 in viral 
decline. This modified IQ is currently being evaluated for a number of 
HCV polymerase and protease inhibitors.119,120

Foscarnet, a polymerase and reverse-transcriptase inhibitor used  
in the treatment of CMV, exhibits both an exposure response and 
exposure toxicity relationship strongly correlated with AUC.121 One 
study demonstrated that, as foscarnet AUC increases, days to progres-
sion of CMV retinitis lengthen and risk for nephrotoxicity increases. 
TDM is not well validated for foscarnet but has been successfully 

TABLE 19-2  Inhibitory Concentrations and Therapeutic Drug Monitoring (TDM) Recommendations for 14 
Commonly Used Antiretroviral and Antiviral Agents

ANTIRETROVIRAL OR 
ANTIVIRAL AGENT EC50

TDM RECOMMENDATION
Monitoring Parameter Target Concentration

Atazanavir 2.62-5.28 nM Ctrough 150 ng/mL

Darunavir 1-5 nM Ctrough Not established

Lopinavir 17-100 nM Ctrough 1000 ng/mL

Ritonavir 60 nM-1040 nM

Nelfinavir 6.14-25.9 nM Ctrough 800 ng/mL

Nevirapine 8.94-34.14 nM Ctrough 3000 ng/mL

Efavirenz 0.31-1.73 nM Crandom 1000 ng/mL

Rilpivirine 0.13-0.73 nM Not established Not established

Raltegravir 5-12 nM Ctrough Not established

Elvitegravir 32 nM Ctrough Not established

Telaprevir 1100 nM Ctrough Not established

Boceprevir 480 nM Ctrough Not established

Foscarnet 151-155 µM* Cmax 500-800 µM

Valacyclovir HSV-1 0.09-60 µM Cmax Not established

HSV-2 0.53-48 µM

*Reported value is 50% inhibitory concentration (IC50).
The in vitro 50% effective concentrations (EC50) are shown for these commonly used agents. Ranges reflect the EC50 identified for multiple phenotypes of virus in various 

cell types. TDM recommendations including the pharmacokinetic monitoring parameter most commonly used and target levels are provided. “Not established” reflects a 
lack of expert consensus or guideline recommended target values. A theoretical monitoring parameter, based on exposure-response relationship is provided when TDM 
levels and recommendations are not established.
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Penicillins and β-Lactamase 
Inhibitors
Yohei Doi and Henry F. Chambers

PENICILLINS
Penicillin was discovered by Alexander Fleming from Penicillium 
notatum in 1928.1 The work of Florey, Chain, and associates isolated 
penicillin and made possible the commercial production of penicillin 
G.2 By the middle of the 1940s, penicillin G was available for general 
use in the United States, thus initiating the modern antibiotic era.

Chemistry
The basic structure of penicillins is a nucleus consisting of a thiazoli-
dine ring, the β-lactam ring, and a side chain (Fig. 20-1). The core ring 
structures, particularly the β-lactam ring, are essential for antibacterial 
activity. The side chain determines in large part the antibacterial spec-
trum and pharmacologic properties of a particular penicillin.

Emergence of β-lactamase–producing organisms, particularly 
Staphylococcus aureus, prompted development of compounds resistant 
to hydrolysis by β-lactamases and the search for agents more active 
than penicillin G against gram-negative species. The isolation of the 
penicillin nucleus, 6-amino-penicillanic acid, from a precursor-
depleted fermentation of Penicillium chrysogenum made possible the 
production and testing of numerous semisynthetic penicillins, includ-
ing methicillin, active against β-lactamase–producing S. aureus; ampi-
cillin, active against selected gram-negative bacilli; and carbenicillin, 
active against Pseudomonas aeruginosa. Since then, numerous agents 
with different pharmacologic and antimicrobial properties have been 
developed.

Mechanism of Action
The antibacterial activity of penicillin, like that for all β-lactam antibi-
otics, is triggered by its inhibition of bacterial cell wall synthesis. 
Although the precise mechanism by which penicillin kills bacterial 
cells is not known, stimulation of the production of deleterious 
hydroxyl radicals that irreversibly damage the cell appears to be a final 
common pathway of bactericidal, but not bacteriostatic, antibiotics, 
including the penicillins.3

The cell wall of both gram-positive and gram-negative bacteria is 
composed of peptidoglycan, which allows cells to contain and resist 
high osmotic pressure.4 The cell wall of gram-positive bacteria is a 
substantial layer 50 to 100 molecules in thickness, whereas in gram-
negative bacteria it is only one or two molecules thick. An outer mem-
brane lipopolysaccharide layer, not found in gram-positive bacteria, is 
present in gram-negative species. The basic subunit of the peptidogly-
can component is a disaccharide monomer of N-acetylglucosamine 
(NAG, or GlcNAc) and N-acetylmuramic acid (NAM, or MurNAc) 
pentapeptide (Fig. 20-2). The cytoplasmic enzymatic reactions that 
generate cell wall precursors, the disaccharide monomer subunit trans-
location across the cytoplasmic membrane, and the transglycosylase 
reaction that links the subunit to the peptidoglycan polymer are not 
sensitive to penicillin.5 Penicillin inhibits enzymes that catalyze the 
final step in bacterial cell wall assembly, which is the formation of the 
cross-links that bridge peptidoglycan, giving it its structural integrity.

Peptidoglycan is composed of long β-linked polysaccharide chains 
of NAG and NAM pentapeptides whose synthesis is catalyzed by a 
series of Mur enzymes. Each pentapeptide consists of amino acid resi-
dues alternating between l- and d-stereoisomers and terminating in 
d-alanyl-d-alanine (see Fig. 20-2). After translocation from the cyto-
plasm to the exterior of the membrane, a stem peptide of variable 
length and composition is attached to the third amino acid of this 
pentapeptide. Pentapeptides are then joined with stem peptides to 
form a cross-link between polysaccharide chains. This reaction is cata-
lyzed by a transpeptidase that forms an amide bond between the 

terminal-free amine group of a stem peptide and a penultimate 
d-alanine of a pentapeptide, displacing the terminal d-alanine in the 
process. This transpeptidation reaction is sensitive to inhibition by 
penicillin. There are distinct transpeptidases that provide for anchor-
ing of new peptidoglycan to old, that cross link special structures, and 
that direct formation of the cell wall septum. Although there are 
penicillin-sensitive reactions, such as those catalyzed by carboxypep-
tidases, these reactions do not seem to be essential.

The penicillin-sensitive reactions are catalyzed by a family of closely 
related proteins, called penicillin-binding proteins (PBPs).6 Bacteria 
produce four types of PBPs, which structurally resemble and likely are 
derived from serine proteases. High-molecular-weight PBPs (i.e., 
>50 kDa) and low-molecular-weight PBPs catalyze transpeptidation 
and carboxypeptidation reactions of cell wall assembly, respectively. 
Class A high-molecular-weight PBPs are bifunctional enzymes that 
have transpeptidase and transglycosylase domains that cooperatively 
interact during cell wall synthesis.7 Signal-transducing membrane pro-
teins bind β-lactams and generate a transmembrane signal leading to 
induction of β-lactamases and PBP2a, which mediates staphylococcal 
methicillin resistance.8,9 β-Lactamases are PBPs that catalyze hydroly-
sis of the β-lactam ring. Except for β-lactamases, which may be either 
secreted or membrane associated, PBPs are membrane bound. PBPs 
are inhibited by β-lactam antibiotics through covalent binding of the 
active site serine residue. Because the essential functions for survival 
of the cell generally reside with high-molecular-weight PBPs, it is 
binding to and inhibition of these PBPs that mediates the antibacterial 
activity of β-lactam antibiotics.

PBPs vary both in amounts present and in the physiologic functions 
they serve during cell wall assembly. They differ in their affinities for 
binding β-lactam antibiotics, which explains at least in part why 
β-lactam antibiotics differ in their antibacterial properties and spec-
trum of activity. Spratt’s studies in Escherichia coli were the first to 
elucidate the different functions of PBPs.10 Inhibition of PBP1b, which 
has transpeptidase activity, or a substitute enzyme 1a, results in cell 
lysis.11 PBP1 is speculated to be important for cell elongation. Inhibi-
tion of PBP2 results in formation of round cells that eventually lyse, 
indicating that it has a role in cell elongation and in determining the 
rod size and shape in E. coli.12 Inhibition of PBP3, also a transpeptidase, 
produces long, filamentous cells, indicating that it is important for the 
ordered process of cross wall formation and cell division.13 Low-
molecular-weight PBPs are carboxypeptidases, which play a role in the 
maintenance of cell shape and septum formation.7,14

β-Lactam antibiotics produce their lethal effect on bacteria by inac-
tivation of multiple PBPs simultaneously, but inhibition of cell wall 
synthesis by itself is not necessarily lethal. For example, cells that are 
not growing and cells that are osmotically protected survive the pres-
ence of penicillin. Unopposed action of autolysins occurring when 
PBPs are inhibited by β-lactam antibiotics may contribute to the anti-
bacterial effect in some organisms. Cell lysis, although it certainly is 
lethal and often accompanies cell wall inhibition, is also not required 
for cell death. The lethal effect in both gram-positive and gram-negative 
organisms appears to be cell cycle dependent, with inhibition of PBPs 
leading to disruption of a crucial event probably at the time of cell 
division. This disturbed morphogenesis is hypothesized to initiate cell 
death.3,15

Bacterial Resistance
Four mechanisms account for clinically significant bacterial resistance 
to penicillins and for other β-lactam antibiotics as well: (1) destruction 
of antibiotic by β-lactamase, (2) failure of antibiotic to penetrate 
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the outer membrane of gram-negative bacteria to reach PBP targets, 
(3) efflux of drug across the outer membrane of gram-negative bacte-
ria, and (4) low-affinity binding of antibiotic to target PBPs. β-Lactamase 
destruction of antibiotic is the most common mechanism of resistance, 
which in gram-negative bacteria, and in Pseudomonas aeruginosa in 
particular, is often accompanied by efflux.16 β-Lactamases covalently 
react with the β-lactam ring, rapidly hydrolyze it, and destroy activity 
of the drug.

β-Lactamases can be categorized into one of four classes, Ambler 
class A through D, based on amino acid sequence similarity and 
molecular structure (Table 20-1).17 Class A, C, and D β-lactamases 
contain penicillin-binding motifs and are PBPs. They differ from other 
PBPs in that they typically are smaller, around 35 kDa versus greater 
than 50 kDa, and they are not cell wall–synthetic enzymes. They react 
with penicillin through the same series of reactions as other PBPs. 
There is initial, reversible binding and formation of the Michaelis-
Menten complex, followed by acylation of the active site serine and 
then followed by hydrolysis of the acyl intermediate in a deacylation 

FIGURE  20-1  Structure of penicillin and site of β-lactamase 
attack. 
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FIGURE 20-2  Penicillin-binding protein (PBP) transpeptidation reaction that cross links bacterial cell wall. The structure for Staphylococcus 
aureus is shown. NAG, N-acetylglucosamine; NAM, N-acetylmuramic acid. 
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TABLE 20-1  Classification of β-Lactamases

AMBLER 
MOLECULAR 
CLASS MAJOR SUBTYPES*

PREFERRED 
SUBSTRATES INHIBITOR†

MAIN GENETIC 
LOCALIZATION

REPRESENTATIVE 
ENZYME(S)

A Gram-positive β-lactamase 2a Penicillins Clavulanic acid Chromosome or plasmid PC1

Gram-negative β-lactamase 2b Penicillins, early cephalosporins Clavulanic acid Plasmid or chromosomal TEM-1, SHV-1

Extended-spectrum 
β-lactamase 2be

Penicillins, extended-spectrum 
cephalosporins, aztreonam

Clavulanic acid Plasmid TEM-24, SHV-12, 
CTX-M-15

Inhibitor-resistant TEM 
β-lactamase 2br

Penicillins Clavulanic acid‡ Plasmid TEM-30, SHV-10

Carbenicillin-hydrolyzing 
β-lactamase 2c

Carbenicillin Clavulanic acid‡ Plasmid PSE-1, CARB-3

Cephalosporin-hydrolyzing 
β-lactamase 2e

Extended-spectrum 
cephalosporins

Clavulanic acid Chromosome CepA

Carbapenem-hydrolyzing 
β-lactamase 2f

Carbapenems Clavulanic acid‡ Chromosome or plasmid KPC-2, SME-1

B Metallo-β-lactamase 3a All β-lactams except 
monobactam

EDTA, divalent cation 
chelators

Chromosome or plasmid IMP-1, VIM-2, NDM-1

C AmpC-type β-lactamase 1 Cephalosporins Cloxacillin Chromosome or plasmid AmpC, CMY-2

D Oxacillin-hydrolyzing 
β-lactamase 2d

Oxacillin Clavulanic acid‡ Chromosome or plasmid OXA-1, OXA-10

Extended-spectrum 
β-lactamase 2de

Extended-spectrum 
cephalosporins

Clavulanic acid‡ Plasmid OXA-11, OXA-15

Carbapenem-hydrolyzing 
β-lactamase 2df

Carbapenems Clavulanic acid‡ Plasmid OXA-23, OXA-40, 
OXA-48

*The updated Bush-Jacoby group3 is indicated.
†Tazobactam and sulbactam have activities similar to those of clavulanic acid.
‡Indicates relatively weaker inhibition.
EDTA, ethylenediaminetetraacetic acid.
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TABLE 20-2  Usual Minimal Inhibitory Concentrations (MICs) for Penicillins against Cocci (µg/mL)

ORGANISM PENICILLIN G PENICILLIN V
AMPICILLIN, 
AMOXICILLIN OXACILLIN* TICARCILLIN PIPERACILLIN

Streptococcus pneumoniae† 0.03 0.03 0.03 0.13 0.5 0.05

Streptococcus pyogenes 0.015 0.015 0.03 0.13 0.5 0.2

Streptococcus agalactiae 0.06 0.03 0.12 0.13 4 0.2

Viridans group streptococci 0.06 0.12 0.12 0.5 4 0.25

Enterococcus faecalis 2 4 1 16 8 4

Enterococcus faecium >16 >16 8 >16 >16 >16

Peptostreptococcus spp. 0.13 0.13 0.13 2 1 0.5

Staphylococcus aureus‡ 0.03 0.03 0.12 0.13 2 0.8

Staphylococcus epidermidis‡ 0.015 0.03 0.03 0.13 1 0.8

Neisseria gonorrhoeae§ 0.015 0.03 0.2 0.4 0.5 0.03

Neisseria meningitidis 0.03 0.12 0.12 0.1 0.25 0.01

*Oxacillin is representative of all antistaphylococcal penicillins; not active against methicillin-resistant strains.
†Penicillin-susceptible strains only; 10% or more of strains are penicillin-resistant in the United States (see www.cdc.gov/abcs).
‡Penicillin and methicillin-susceptible strains only; most strains are resistant.
§Penicillin-susceptible strains only; 10% or more of strains are penicillin-resistant in the United States (see www.cdc.gov/std/).
Data from references 80-82, 83, and 84-99.

reaction regenerating the active enzyme. Biochemically, the main dis-
tinction between cell wall–synthetic PBPs and β-lactamases is the rate 
of deacylation: the deacylation rate of penicillin-bound cell wall syn-
thetic PBP is relatively slow, amounting to irreversible inhibition of its 
activity, whereas the deacylation rate of β-lactamase usually is orders 
of magnitude faster, rapidly hydrolyzing and turning over β-lactam 
molecules. Class B β-lactamases, although they also hydrolyze the 
β-lactam ring, structurally are unrelated to PBPs. They are zinc-
dependent enzymes that use a different series of reactions to open the 
β-lactam ring.

β-Lactamases that are most encountered clinically are class A or 
class C. Class A enzymes typically hydrolyze penicillins preferentially, 
but some also have cephalosporinase or carbapenemase activity.18 They 
are inhibited by β-lactamase inhibitors such as clavulanic acid. Point 
mutations can render the enzyme resistant to inhibitors or extend the 
spectrum of activity to include third-generation cephalosporins and 
aztreonam (so-called extended-spectrum β-lactamases [ESBLs]). Class 
C β-lactamases preferentially hydrolyze cephalosporins and are not 
inhibited by clavulanic acid. These β-lactamases usually are encoded 
on the chromosome and inducible, although they may also be plasmid 
encoded and produced constitutively. Class B enzymes are the broadest-
spectrum enzymes, are inhibited by chelating agents, and are able to 
hydrolyze all β-lactams except aztreonam.

The outer membrane of gram-negative organisms is an important 
barrier to drug penetration and an important component of resis-
tance.19 β-Lactamases of gram-negative bacteria are located in the peri-
plasmic space between the inner cytoplasmic membrane and outer 
lipopolysaccharide membrane, strategically concentrated to protect 
target PBPs from exposure to active β-lactam antibiotics. Small polar 
molecules (e.g., glucose, essential nutrients, β-lactam antibiotics) cross 
this barrier through protein channels called porins. Porins constrain 
entry of molecules into the cell according to size, structure, and charge. 
β-Lactam antibiotics that satisfy the entry requirements can traverse 
porin channels to the periplasmic space and bind to target PBPs. 
Absence or deletion of a critical porin, usually in the presence of a 
β-lactamase activity, can result in resistance.20

The third mechanism of resistance is efflux; the drug that enters the 
periplasmic space is pumped back across the outer membrane.20,21 
Efflux may operate independently of other mechanisms, but more 
often exclusion of antibiotic by porins, destruction of antibiotic by 
β-lactamases, or both contribute to resistance by limiting periplasmic 
antibiotic concentration. Species differences in porins, pumps, 
β-lactamases, and target PBPs determine whether the organism is sus-
ceptible or resistant to a particular antibiotic. Mutations affecting 
protein structure or expression may cause a strain that was initially 
susceptible to a given β-lactam antibiotic to become resistant.

The fourth general type of resistance mechanism involves produc-
tion of a PBP that has low affinity for binding of β-lactam antibiotic.22 

These may be the result of mutations in PBP genes that lower binding 
affinity, as in penicillin-resistant pneumococci or Neisseria spp., or may 
be due to the presence of an extra, low-affinity PBP, such as PBP5 
produced by Enterococcus faecium or PBP2a produced by methicillin-
resistant staphylococci. Solution of crystal structures of low-affinity 
PBPs has identified critical molecular features and interactions that are 
responsible for resistance.23,24 In the case of PBP2a, low-affinity binding 
of β-lactam antibiotic is mediated by structural changes that result in 
energetically unfavorable interactions between antibiotic and protein, 
so that the active-site serine is inactivated not at all or too slowly to 
effectively block cell wall synthesis and bacterial growth.

Classification
Penicillins can be conveniently divided into five classes on the  
basis of antibacterial activity with considerable overlap among  
the classes: (1) natural penicillins—penicillin G and penicillin V;  
(2) penicillinase-resistant penicillins—methicillin, nafcillin, and isoxa-
zolyl penicillins; (3) aminopenicillins—ampicillin and amoxicillin;  
(4) carboxypenicillins—carbenicillin and ticarcillin; and (5) acyl 
ureidopenicillins—azlocillin, mezlocillin, and piperacillin. The car-
boxypenicillins and ureidopenicillins are also referred to as antipseu-
domonal penicillins. Differences within a class are principally 
pharmacologic, although one compound in a class may be more active 
than another.

The susceptibility profiles of various species of microorganisms are 
shown in Tables 20-2 to 20-4. Natural penicillins are most active 
against non–β-lactamase–producing gram-positive bacteria, anaer-
obes, and selected gram-negative cocci, such as Neisseria spp. Gram-
positive bacteria inhibited by natural penicillins tend to be more 
susceptible to these penicillins than to semisynthetic penicillins.25 
Penicillin V (used orally) can be substituted for penicillin G, except 
against gram-negative species, because it is less active than penicillin 
G against Neisseria and Haemophilus spp. Semisynthetic penicillinase-
resistant penicillins are the drugs of choice only for penicillin-resistant 
S. aureus and Staphylococcus epidermidis, although they also are active 
against streptococci but not against enterococci. Aminopenicillins 
possess the same spectrum as penicillin G, plus they are active against 
gram-negative cocci and Enterobacteriaceae that do not produce 
β-lactamase.26 Carboxypenicillins and ureidopenicillins have activity 
against some ampicillin-resistant gram-negative aerobic rods, such as 
P. aeruginosa. Carboxypenicillins are less active than the ureidopenicil-
lins against streptococci and Haemophilus spp. Anaerobic gram-
positive species are susceptible to the penicillins. Gram-negative 
anaerobic bacteria are susceptible to most penicillins (with the excep-
tion of isolates of Bacteroides fragilis, other Bacteroides spp., and some 
Prevotella spp., which produce chromosomal class A β-lactamase) and 
are inhibited by high levels of penicillin G or the semisynthetic anti-
Pseudomonas agents piperacillin and ticarcillin.27

http://www.cdc.gov/abcs
http://www.cdc.gov/std/
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a short half-life, ranging from less than 30 minutes for penicillin to  
70 minutes for carbenicillin. The ability of the renal tubular cells to 
secrete penicillin varies with the agents, but up to 4 g of penicillin G 
per hour can be excreted. Secretion can be blocked by probenecid, an 
inhibitor of organic acid secretion by tubular cells, which prolongs the 
serum half-life of all the penicillins. Probenecid also competes for 
binding sites on albumin; hence, there is more free drug in the presence 
of probenecid. Renal excretion of all penicillins in neonates is markedly 
less than in older children, because tubular function is not fully devel-
oped at birth. Therefore, the dosage programs for penicillins must be 
modified when these drugs are given to neonates or low-birth-weight 
infants.

Reduction in renal function must be taken into account in the 
administration of certain penicillins (e.g., ticarcillin). For creatinine 
clearance above 10 to 20 mL/min, only minor adjustments in the 
dosage of other penicillins are required. In the presence of anuria, 
reduction is necessary in the total daily dose of the natural penicillins, 
of many of the penicillinase-resistant penicillins, and of the amino-
penicillins (Table 20-6).

Peritoneal dialysis removes variable amounts of the penicillins. In 
general, after peritoneal dialysis only the dosage regimens of ticarcillin 
need to be adjusted. After hemodialysis, which yields a creatinine 
clearance of 10 to 15 mL/min, and during continuous venovenous 
hemofiltration, with a 25 mL/min creatinine clearance, the dose of 
penicillin G, ampicillin, amoxicillin, ticarcillin, and piperacillin must 
be adjusted but the dose of nafcillin or the isoxazolyl penicillins need 
not be adjusted.

Penicillins are well distributed to most tissues, including lung, liver, 
kidney, muscle, bone, and placenta. The levels of penicillins in abscesses 
and middle ear, pleural, peritoneal, and synovial fluids are sufficient  

Pharmacologic Properties
Penicillins differ markedly in their oral absorption (Table 20-5). Acid-
labile compounds, penicillin G, methicillin, and antipseudomonal 
penicillins are poorly absorbed. Acid-stable compounds can have 
major differences in oral absorption. Semisynthetic penicillins, except 
nafcillin, are well absorbed. Ampicillin is only partially absorbed (30% 
to 60%), and food decreases absorption, whereas amoxicillin is almost 
totally absorbed.

Orally absorbed penicillins yield peak concentrations 1 to 2 hours 
after ingestion. Peak serum levels are delayed after ingestion with food, 
and peak levels also are lower, except for amoxicillin. Procaine penicil-
lin G and benzathine penicillin, repository forms of penicillin G, are 
absorbed more slowly from intramuscular sites than are the crystalline 
salts. Lidocaine can also be used as a diluent for intramuscular injec-
tion of antipseudomonal penicillins.

Penicillins are bound to serum proteins in varying degrees, ranging 
from 17% for the aminopenicillins to 97% for dicloxacillin (see Table 
20-5). The major protein to which they bind is albumin.25 Only 
unbound drug exerts antibacterial activity. However, protein binding 
is a reversible process, and it is possible for bound penicillin to be 
released and then to kill bacteria in tissue or in the bloodstream. The 
major mechanism by which most of these drugs are removed from the 
body is by excretion as intact molecules via the kidney. Penicillins are 
metabolized to a minor degree.28 Even minor differences in metabo-
lism can result in clinically significant differences in half-life in the 
presence of renal failure. Biliary excretion of penicillins does occur, but 
it probably is important only for nafcillin and the antipseudomonal 
penicillins.

Penicillins are cleared by glomerular filtration, and they also are 
rapidly secreted into urine by renal tubular cells, and hence they have 

TABLE 20-3  Activity of Penicillins against Selected Bacilli and Anaerobic Organisms

ORGANISM
MEAN MINIMAL INHIBITORY CONCENTRATION (µg/mL)

Penicillin G Ampicillin, Amoxicillin Oxacillin* Ticarcillin Piperacillin
Clostridium perfringens 0.5 0.1 0.25 0.5 0.25

Corynebacterium diphtheriae 0.1 0.2 3.1

Listeria monocytogenes 0.25 0.5 4 4 2

Haemophilus influenzae† 1 0.25 32 0.5 0.1

Prevotella melaninogenica 0.1 0.1 0.5 0.5 0.25

Fusobacterium nucleatum 0.1 0.1 0.13 0.5 0.06

Bacteroides fragilis 32 16 64 32 20

*Oxacillin is representative of all antistaphylococcal penicillins.
†β-Lactamase–producing strains occur and are resistant to the penicillins.
Data from references 81, 82, 89, 91, 100-105, 106, 107, and 108.

TABLE 20-4  Activity of Penicillins against Enterobacteriaceae, Acinetobacter spp. and Pseudomonas 
aeruginosa*

ORGANISM
MEAN MINIMAL INHIBITORY CONCENTRATION (µg/mL)

Penicillin G Ampicillin, Amoxicillin Oxacillin† Ticarcillin Piperacillin
Escherichia coli 200 >200 200 8 32

Klebsiella spp. 50 50 >200 256 16

Enterobacter spp. >200 >200 — 16 4

Citrobacter freundii — 100 — 8 6

Serratia marcescens >200 >200 — 8 4

Morganella morganii >200 >200 >200 2 2

Proteus mirabilis 3.1 6.3 >200 1 1

Proteus vulgaris 400 >200 >200 16 4

Providencia spp. 50 >200 >200 1 4

Salmonella enterica 12.5 6.3 >200 4 4

Shigella spp. 25 6.3 >200 2 2

Acinetobacter spp. 100 50 >200 25 25

Pseudomonas aeruginosa >200 >200 >200 32 32

*Some of the data are historic and may not reflect current activity.
†Oxacillin is representative of all antistaphylococcal penicillins.
Data from references 81, 86, and 110-121.

http://www.myuptodate.com


C
h

ap
ter 20 Penicillins and β-Lactam

ase Inhibitors
267

Untoward Reactions
The most important adverse effects of the penicillins are hypersensitiv-
ity reactions, which range in severity from rash to anaphylaxis30 (Table 
20-7) (see Chapter 23). Penicillins can act as haptens to combine with 
proteins contaminating the solution or with human proteins after the 
penicillin has been administered to humans. Penicilloyl and penicil-
lanic acid derivatives are the major determinants of penicillin allergy. 
The penicilloyl determinant, which is produced through opening of 
the β-lactam ring, thereby allowing amide linkage to body proteins 
(Fig. 20-3), is the most important antigenic component. Penicillanic 
acid and its derivatives are produced when reconstituted penicillins 
break down in solution from acidity or temperature elevation. Minor 
determinants of allergy are benzyl penicillin itself and sodium benzyl 
penicilloate, which can act either as sensitizing agents or on their own 
elicit an allergic reaction. Both major and minor determinants may be 
involved in anaphylactic reactions, as well as in urticarial reactions. 
These reactions are mediated by immunoglobulin (Ig) E (IgE) anti-
body. A person who has been sensitized by the hapten-carrier complex 
can have a reaction to penicillin alone or to penicillin that has formed 
dimers or polymers in solution. Although a history of penicillin allergy 
is quite common, less than 2% will have an allergic reaction if chal-
lenged, but the risk is higher for those with history of an immediate 
hypersensitivity reaction or a positive skin test.31

Serum sickness may occur with penicillins, but it is very uncom-
mon. The illness is characterized by fever, urticaria, joint pains,  
and angioneurotic edema. Exfoliative dermatitis and Stevens-Johnson 

in the presence of inflammation to inhibit most susceptible bacteria. 
Most penicillins are relatively insoluble in lipid and penetrate cells 
poorly. Distribution of all the penicillins to eye, brain, cerebrospinal 
fluid, or prostate is nil in the absence of inflammation. Inflammation 
alters normal barriers, permitting entry of penicillins; most achieve 
concentrations in cerebrospinal fluid that range between 1% and 5% 
of serum concentrations, except for ampicillin, for which the range is 
5% to 10%. Penicillins with low rates of protein binding reach levels in 
fetal serum equivalent to levels in maternal serum 30 to 60 minutes 
after injection. In contrast, the highly protein-bound semisynthetic 
penicillins achieve low concentrations in both amniotic fluid and fetal 
serum.29

Urinary concentrations of all penicillins are high, even in the pres-
ence of moderately reduced renal function, but in people with rates of 
creatinine clearance below 10 mL/min, the urinary levels may not 
exceed those in the blood. Cortical and medullary concentrations of 
penicillins exceed serum levels.

Most penicillins are actively secreted into the bile, yielding biliary 
concentrations well in excess of those in serum. The biliary levels of 
penicillin G and ampicillin are at least 10 times those in the serum, 
and the levels of nafcillin and mezlocillin in bile are as high as 100 
times the simultaneous serum level. In the presence of common duct 
obstruction, the levels of all penicillins in bile are markedly reduced. 
Because the biliary transport system is a saturable one, with drug doses 
producing very high serum levels, the biliary levels are not significantly 
increased over those measured at lower serum levels.

TABLE 20-5  Pharmacokinetic Properties of Penicillins

ORAL 
ABSORPTION 
(%)

FOOD 
DECREASES 
ABSORPTION

PROTEIN 
BINDING 
(%)

PEAK SERUM 
LEVELS

PERCENTAGE 
OF DOSE 
METABOLIZED 
(%)

PERCENTAGE 
EXCRETED 
IN URINE 
UNCHANGED 
(%)

SERUM T1/2 (hr)

Total 
Drug 
(µg/mL)

Free 
Drug 
(µg/mL)

Normal 
(CrCl > 
90 mL/
min)

With Renal 
Failure 
(CrCl < 
10 mL/min)

Penicillin G 15-30 Yes 60 1.5-2.7* 0.6-1.0 19 15-30 0.7 6-10

Penicillin V 60 No 80 3-5* 0.8 56 26 0.52-0.78

Oxacillin 33 Yes 90 5.6* 0.39 49 17 0.4-0.7 0.5-1

Cloxacillin 49 Yes 93 7-14* 0.6 22 38 0.5 0.8

Dicloxacillin 37 Yes 96 15-18* 0.6 10 33 0.8 1-1.5

Flucloxacillin 44 Yes 96 11-20* 0.6 10 41 0.8 2.9

Nafcillin Variable, low Yes 90 4.3† 9 (PO)-31 (IM) 0.55-1 1.2

Ampicillin 33-54 Yes 20 2-6* 3.2 21 26-43 1-1.3 8-20

Amoxicillin 74-80 No 20 7-8* 6 28 50-64 1-1.3 16

Ticarcillin Nil 65 54.3‡ 10 40 0.956 14.8

Piperacillin Nil 48 58.3‡ 67.5 0.867 3.33

*Peak level after 500-mg dose taken fasting.
†Peak level after 500-mg intramuscular injection.
‡Peak level after 2-g intravenous infusion.
Data from references 122-130.

TABLE 20-6  Antibiotic Dosage Change in Renal Disease and after Dialysis

AGENT
DOSE CHANGE IN RENAL FAILURE

DOSAGE FOR HEMODIALYSIS (HD)Creatinine Clearance 30-50 mL/min Creatinine Clearance 10-29 mL/min
Penicillin G NC 1-2 × 106 units/6 hr 0.5-2 × 106 units/6 hr; dose after HD

Penicillin V NC 250 mg/6 hr 250 mg/6 hr; dose after HD

Ampicillin NC 0.5-2 g/12 hr 1 g/12-24 hr; dose after HD

Amoxicillin NC 500 mg/12 hr 500 mg/12-24 hr; dose after HD

Cloxacillin NC NC NC

Dicloxacillin NC NC NC

Flucloxacillin NC NC NC

Nafcillin NC NC NC

Oxacillin NC NC NC

Piperacillin NC 3 g/8-12 hr 3 g/12 hr; 1 g after HD

NC, no change in dosing.
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syndrome are rare forms of allergic reactions to penicillins. The mor-
billiform eruptions that develop after penicillin therapy probably are 
due to IgM antibodies to the benzyl penicilloyl hapten and to the minor 
determinants. In many patients, these rashes disappear, even if the 
penicillin is continued, owing to the production of IgG-blocking  
antibody. There is a risk, however, that the rash could progress to 
generalized desquamation. If a hypersensitivity reaction does occur, 
epinephrine given intramuscularly or intravenously usually aborts the 
reaction. Antihistamines and corticosteroids have not been shown to 
be of benefit.

Another allergic reaction to penicillins is that of allergic vasculitis 
with the development of cutaneous and visceral lesions similar to that 
found with periarteritis nodosa. This reaction is extremely rare.

Hematologic toxicity is rare, although neutropenia has been 
encountered with the use of all types of penicillins, particularly when 
large doses are used.32 The mechanisms of the neutropenia are 
unknown, and white blood cell counts return to normal rapidly if the 
offending agent is discontinued. Sometimes a lower dose of drug can 
be used without production of neutropenia. Coombs-positive hemo-
lytic anemia occurs rarely.33 All penicillins at high concentrations, par-
ticularly ticarcillin, bind to the adenosine diphosphate receptor site in 
platelets, preventing normal platelet aggregation. Clinically significant 
bleeding occurs relatively infrequently.34

Renal toxicity from penicillins is variable, ranging from allergic 
angiitis to interstitial nephritis.35 Interstitial nephritis, most common 
with methicillin, is seen with all penicillins. The clinical syndrome is 
one of fever, macular rash, eosinophilia, proteinuria, eosinophiluria, 
and hematuria. Initially, the reaction is one of nonoliguric renal failure 
with a decrease in creatinine clearance and a rise in serum urea nitro-
gen and serum creatinine concentrations. This reaction can progress 
to anuria and renal failure. Biopsy specimens of the kidney show an 
interstitial infiltrate of mononuclear and eosinophilic cells with tubular 
damage but no glomerular lesions. Discontinuation of the penicillin 
results in the return of renal function to normal in most cases.

Administration of massive doses of any penicillin, but most often 
ticarcillin, may result in hypokalemia, owing to the large dose of non-
reabsorbable anion presented to the distal renal tubules, which alters 
hydrogen ion excretion and secondarily results in potassium loss.

Central nervous system toxicity in the form of myoclonic seizures 
can follow the administration of massive doses of penicillin G (40 to 
100 million units a day).36 If there is reduced renal function, the drugs 
accumulate and this form of toxicity becomes more likely.37 Direct 
instillation of small doses of oxacillin or nafcillin into the ventricles at 
the time of surgery for placement of atrioventricular shunts has not 
resulted in seizures, but direct application of penicillin to the cortex 
provokes seizure activity.

TABLE 20-7  Adverse Reactions to Penicillins

TYPE OF REACTION
OCCURS MOST 
FREQUENTLY WITH

FREQUENCY 
(%)

Allergic
IgE antibody Penicillin G 0.015-0.04

  Anaphylaxis

  Early urticarial (<72 hr)

Cytotoxic antibody Penicillin G Rare

  Hemolytic anemia

Antigen-antibody complex 
disease

Penicillin G Rare

Serum sickness

Delayed hypersensitivity Ampicillin, amoxicillin 2-5

  contact dermatitis

Idiopathic Ampicillin, amoxicillin 2-5

Rash

Fever

Late-onset urticaria

Gastrointestinal
Diarrhea Ampicillin, amoxicillin 3-11

Clostridium difficile–associated 
colitis

Ampicillin Rare

Hematologic
Hemolytic anemia Penicillin G Rare

Neutropenia Penicillin G, nafcillin, 
oxacillin

10-17*

Platelet dysfunction Ticarcillin, piperacillin 43-73

Hepatic
Elevated serum aspartate 

aminotransferase level
Oxacillin, flucloxacillin 0.01-22

Electrolyte Disturbance
Hypernatremia Ticarcillin Rare

Hypokalemia Ticarcillin 3

Acute hyperkalemia Penicillin G Rare

Neurologic
Seizures Penicillin G Rare

Bizarre sensations (Hoigné’s 
syndrome)

Procaine penicillin Rare

Renal
Interstitial nephritis Any penicillin Variable

*With prolonged therapy.
Data from references 34, 38, 131-135, and 136-139.

FIGURE 20-3  Mechanisms for formation of antigens from penicillins. 
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TABLE 20-8  Antimicrobial Spectrum of Penicillins

INFECTING ORGANISM
PENICILLIN 
OF CHOICE

ALTERNATIVE ACCEPTABLE 
PENICILLIN

FREQUENCY OF RESISTANCE 
TO PENICILLINS (%)

Gram-Positive Cocci
Streptococcus pneumoniae G Amoxicillin 10-20

Streptococcus pyogenes G V None

Streptococcus agalactiae G Ampicillin None*

Viridans streptococci G 5-15

Streptococcus bovis G Rare

Enterococcus faecalis Ampicillin Piperacillin Rare

Staphylococcus aureus (non–penicillinase-producing) G Penicillin-resistant Rare†

Staphylococcus aureus (penicillinase-producing) Penicillin-resistant 50-60‡

Staphylococcus aureus (methicillin-resistant) None None 100

Staphylococcus epidermidis Penicillin-resistant 80‡

Staphylococcus epidermidis (methicillin-resistant) None None 100

Gram-Negative Cocci
Neisseria meningitidis G Ampicillin Rare

Neisseria gonorrhoeae G Ampicillin 5-20

Gram-Positive Bacilli
Bacillus anthracis G None

Corynebacterium diphtheriae G None

Listeria monocytogenes Ampicillin G None

Anaerobic Species
Peptostreptococcus spp. G Ampicillin 5

Actinomyces spp. G V None

Prevotella spp. G Piperacillin 80

Fusobacterium spp. G Ampicillin 10

Bacteroides fragilis None 100

Clostridium spp. G Ampicillin Rare

Gram-Negative Bacilli
Haemophilus influenzae Ampicillin 30

Escherichia coli Ampicillin 50-60

Proteus mirabilis Ampicillin 25-30

Salmonella enterica serotype Typhi Ampicillin 5-10

Salmonella enterica, non-Typhi Ampicillin 10-20

Klebsiella spp. Piperacillin 50

Enterobacter spp. Piperacillin 50-60

Citrobacter spp. Piperacillin 40

Proteus, indole-positive spp. Piperacillin 25

Serratia marcescens Piperacillin 40

Morganella morganii Piperacillin 20

Pseudomonas aeruginosa Piperacillin 15-30

Acinetobacter baumannii Piperacillin >70

Providencia spp. Piperacillin 30

Stenotrophomonas maltophilia None 85-90

Other Organisms Infrequently Encountered
Erysipelothrix spp. G Ampicillin None

Pasteurella multocida G Ampicillin Rare

Streptobacillus moniliformis G None

Spirillum minus G None

Treponema pallidum G Ampicillin None

*Reduced susceptibility has been observed on rare occasions.
†Most non–penicillinase-producing strains are methicillin susceptible.
‡Approximate frequency of methicillin-resistant strains among penicillinase-producing strains.

Gastrointestinal disturbances may follow the use of any of the oral 
forms but are most pronounced with ampicillin. Antibiotic-associated 
colitis due to Clostridium difficile has followed the use of each of the 
penicillins. All penicillins used at high doses for prolonged periods 
alter the normal microbiota, with resulting colonization with resistant 
gram-negative bacilli or with fungi such as Candida. Abnormalities in 
liver function test results such as elevation of the alkaline phosphatase 
and aminotransferase (transaminase) levels have been reported, most 

often after the use of oxacillin and flucloxacillin.38 Human leukocyte 
antigen (HLA)-B*5701 genotype has been identified as a major deter-
minant of this reaction by flucloxacillin.39 Major hepatic injury is 
uncommon.

Clinical Use
Some uses of penicillins are shown in Table 20-8. Penicillin G remains 
the primary agent for treatment of infections due to Streptococcus 
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tazobactam because of the prevalence of β-lactamase–producing 
strains. However, the activity of piperacillin against many of the gram-
negative species, such as P. aeruginosa, Enterobacter spp., Citrobacter 
freundii, S. marcescens, and Providencia spp., is usually not improved 
by tazobactam, because these organisms typically produce a class C 
β-lactamase, which is not inhibited by currently available β-lactamase 
inhibitors, and piperacillin can be used without tazobactam for infec-
tions caused by these organisms.

Prophylactic Use
Penicillins have been used in a number of situations for prevention of 
infection. The oral administration of 200,000 units of penicillin G or 
penicillin V every 12 hours or intramuscular injections of 1.2 or 2.4 
million units of benzathine penicillin given once each month are effec-
tive in prevention of recurrences of rheumatic fever. Outbreaks of 
streptococcal infection due to S. pyogenes have been aborted by the use 
of oral penicillin G or V (200,000 units) given twice a day for 5 days, 
by single injections of procaine penicillin daily, or by administration 
of benzathine penicillin.

Intrapartum prophylaxis with penicillin is recommended to prevent 
early-onset S. agalactiae disease in the infant for pregnant women who 
are colonized with this organism. The recommended dosing regimen 
of penicillin G is 5 million units intravenously, followed by 2.5 to 3.0 
million units intravenously every 4 hours.47

Ampicillin or amoxicillin has been administered orally to asplenic 
children or to children with agammaglobulinemia to prevent infec-
tions caused by Haemophilus influenzae and S. pneumoniae. Amoxicil-
lin is recommended as a single 2-g oral dose for prophylaxis of 
bacterial endocarditis for those with the highest risk of adverse 
outcome.48 Penicillin prophylaxis has not been of benefit in the pre-
vention of meningococcal infection, bacterial infection after viral 
respiratory tract infection, or pneumonia after coma, shock, or con-
gestive heart failure.

PROPERTIES OF INDIVIDUAL 
PENICILLINS
Dosage guidelines for the penicillins are shown in Tables 20-9 and 
20-10.

Natural Penicillins
Penicillin G
Penicillin G, or benzyl penicillin G (Fig. 20-4), is available as salts for 
oral and parenteral administration and as repository salts for intramus-
cular injection. Because penicillin G is unstable in acid, penicillin V 
(or amoxicillin) should be used for oral administration.

Crystalline penicillin G in aqueous solution has been used intra-
muscularly, subcutaneously, intravenously, and intrathecally. Given 
intramuscularly as an aqueous solution, penicillin G is very rapidly 
cleared from the body, and it may be preferable to use a repository 
form. It is available as sterile dry powder in vials containing 5 or  
20 million units per vial. Each million unit of penicillin G contains 
1.7 mEq of sodium or potassium.

Repository penicillins provide tissue depots from which the drug 
is absorbed over hours in the case of procaine penicillin or over days 
in the case of benzathine penicillin. Repository penicillins are only  
for intramuscular use and cannot be used intravenously or subcuta-
neously. Procaine penicillin is a mixture of equal molar parts of pro-
caine and penicillin; thus, 300,000 units contain 120 mg of procaine. 
The use of this suspension delays the peak of activity but provides 
serum and tissue levels for at least 12 hours. Doubling the dose of 
procaine penicillin given at a single injection site does not double the 
serum level.

To increase the peak level, it is necessary to use two body sites, as 
is done in the treatment of gonorrhea, for example, with 2.4 million 
units of procaine penicillin given in each buttock.

Benzathine penicillin is a repository form of penicillin that com-
bines 1 mole of penicillin and 2 moles of an ammonium base. It pro-
vides detectable serum levels for 15 to 30 days, depending on the  
size of the dose. Concentrations of penicillin G in the cerebrospinal 
fluid after use of benzathine penicillin may be inadequate to treat 
neurosyphilis.

pyogenes, penicillin-susceptible strains of Streptococcus pneumoniae, 
and penicillin-susceptible strains of S. aureus. Intravenous penicillin G 
remains the treatment of choice for pneumococcal and meningococcal 
meningitis, streptococcal endocarditis, and neurosyphilis. None of  
the newer penicillins or agents in other classes has been shown to be 
more effective. For Enterococcus faecalis, the most potent activity is 
observed with ampicillin. Penicillin-susceptible strains of S. pneu-
moniae are inhibited at concentrations less than 0.1 µg of penicillin per 
milliliter. Other penicillins also are highly active, although minimal 
inhibitory concentrations (MICs) usually exceed that of penicillin G. 
This hierarchy of activity of the penicillins is maintained against 
penicillin-resistant strains of S. pneumoniae, albeit at higher MICs. 
Penicillin, ampicillin, and amoxicillin are the most active compounds, 
with MICs rarely exceeding 4 µg/mL, versus MICs of 32 µg/mL or 
greater for ticarcillin against highly penicillin-resistant strains.40 Except 
in pneumococcal meningitis, for which clinical failures with penicillin 
are well documented, infections caused by pneumococci with MICs of 
up to 1 µg/mL appear to respond to penicillin G, provided a suffi-
ciently high dose is used.41 For serious pneumococcal infections caused 
by penicillin-resistant strains with MICs greater than 1 µg/mL, par-
ticularly in immunocompromised patients, vancomycin or another 
non–β-lactam antibiotic may be preferred over a penicillin or other 
β-lactam antibiotic based on susceptibility.42 Penicillin should be used 
to treat pneumococcal meningitis only if the isolate is fully penicillin 
susceptible.43

Virtually all Neisseria meningitidis strains are susceptible to peni-
cillin G. Neisseria gonorrhoeae strains frequently are resistant to 
penicillin, which is no longer recommended for treatment of gonor-
rhea. Penicillin G is the drug of choice for syphilis at all stages. Puer-
peral infections due to anaerobic streptococci or group B streptococci 
(Streptococcus agalactiae), as well as genital clostridial infections, are 
treated with penicillin G. Infections produced by anaerobic oral micro-
biota including gram-positive and gram-negative cocci and actinomy-
cetes can be treated with penicillin G, although penicillin-resistant 
strains of Prevotella melaninogenica that produce a β-lactamase are 
encountered.44

The penicillinase-resistant penicillins are indicated solely for the 
treatment of infections caused by methicillin-susceptible strains of 
staphylococci, for which they are the agents of choice. They also can 
be used to treat viridans streptococci, S. pyogenes and other hemolytic 
streptococci, penicillin-susceptible strains of S. pneumoniae, anaerobic 
gram-positive cocci, and anaerobic gram-positive bacilli, but penicillin 
is more active against these organisms and is the preferred drug. These 
compounds are inactive against Listeria monocytogenes, Enterococcus 
spp., and methicillin-resistant strains of staphylococci. The basis of 
methicillin resistance in staphylococci is the production of PBP2a, 
which has low affinity for binding methicillin. They are also active 
against gram-negative cocci, including Neisseria.

Aminopenicillins are indicated for treatment of upper respiratory 
tract infections, lower respiratory tract infections, bacterial gastroen-
teritis (ampicillin only), bacterial endocarditis, meningitis, and urinary 
tract infections caused by susceptible (i.e., non–β-lactamase–
producing) organisms. Amoxicillin, because of its excellent bioavail-
ability, is the preferred agent for oral administration in most situations; 
it is well tolerated even in high doses up to 4 g/day (80 to 90 mg/kg/
day in children).45 Amoxicillin is also recommended as one component 
of a triple-drug combination regimen for treatment of ulcers caused 
by Helicobacter pylori.46

The antipseudomonal and extended-spectrum penicillins are indi-
cated for the treatment of infections caused by resistant gram-negative 
bacilli, especially P. aeruginosa. They should be used in combination 
with another antipseudomonal agent, typically an aminoglycoside, for 
non–urinary tract pseudomonal infections, at least for the first few 
days while awaiting susceptibility testing results. The ureidopenicillins, 
particularly piperacillin, are active against many strains of Klebsiella 
spp., Enterobacter spp., Serratia marcescens, and Providencia spp. and 
can be used to treat infections caused by these organisms. Ticarcillin 
is less active against enterococci than ureidopenicillins and ampicillin 
and should not be used to treat documented infections caused by these 
organisms. Ticarcillin has fallen into disuse, and even piperacillin, 
which is still widely used, is often given as a combination with 
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treat an infection by the oral route. However, penicillin V is less active 
than penicillin G against Haemophilus and Neisseria.

Penicillinase-Resistant Penicillins
The antibacterial spectra of all penicillinase-resistant penicillins are 
identical (Fig. 20-5). They are active against methicillin-susceptible 
strains of staphylococci; penicillin-susceptible strains of streptococci, 
including S. pneumoniae, and most anaerobic gram-positive cocci. 
None are active against methicillin-resistant staphylococci, high-level 
penicillin-resistant streptococci, enterococci, Listeria monocytogenes, 
aerobic gram-negative cocci or bacilli, or anaerobic gram-negative 
bacteria.

Methicillin
Methicillin (2,6-dimethoxyphenylpenicillin) was the first of several 
penicillinase-resistant penicillins developed. Methicillin is the least 
active of the penicillinase-resistant penicillins by weight; it is acid labile 
and therefore can be administered only parenterally; and it is more 
likely to cause interstitial nephritis. For these reasons, methicillin is no 
longer available for clinical use.

Nafcillin
Nafcillin (2-ethoxy-1-naphthylpenicillin) has more intrinsic activity 
than methicillin against susceptible organisms. It is highly protein 
bound. Oral absorption of nafcillin is erratic, and levels after intramus-
cular injection are low; therefore, the only practical route of adminis-
tration is intravenous. The antibiotic is primarily excreted by the liver 
and to a lesser extent by the kidney. Serum levels are elevated, and the 

TABLE 20-9  Dosage of Penicillins

COMPOUND
DOSAGE

Oral Intramuscular Intravenous*
Penicillin G Adult: 4 million units q4h

Pediatric: 300,000 units/kg/day, 6 divided doses

Procaine Adult: 600,000-1 million units daily
Pediatric: 50,000 units/kg daily

Benzathine Adult: 1.2-2.4 million units q wk
Pediatric: 50,000 units/kg q wk

Penicillin V Adult: 125-500 mg qid
Pediatric: 25-50 mg/kg/day, 3 divided doses

Ampicillin Adult: 500 mg qid
Pediatric: 100 mg/kg/day, 4 divided doses

Adult: 2 g q4-6h
Pediatric: 300 mg/kg/day, 4 divided doses

Adult: 2 g q4-6h
Pediatric: 300 mg/kg/day, 4 divided doses

Amoxicillin Adult: 0.5-1 g tid
Pediatric: 25-90 mg/kg/day, 2-3 divided doses

Cloxacillin Adult: 250-500 mg qid
Pediatric: 50-100 mg/kg/day, 4 divided doses

Dicloxacillin Adult: 125-500 mg qid
Pediatric: 12.5-50 mg/kg/day, 4 divided doses

Flucloxacillin Adult: 250-500 mg qid
Pediatric: 62.5-125 mg qid

Adult: 250 mg q6h
Pediatric: 125 mg q6h

Adult: 2 g q6h
Pediatric: 125-250 mg q6h

Nafcillin Adult: 1 g q4-6h
Pediatric: 50 mg/kg/day, 2 divided doses

Adult: 2g q4h
Pediatric: 200 mg/kg/day, 4 divided doses

Oxacillin Adult: 1 g q4-6h
Pediatric: 100 mg/kg/day, 4 divided doses

Adult: 2g q4h
Pediatric: 200 mg/kg/day, 4 divided doses

Piperacillin Adult: 2 g q6-8h Adult: 3-4 g q4-6h

*Intravenous doses used for more severe infections, including meningitis and endocarditis.

TABLE 20-10  Dosage of Antibiotics in Neonates

AGENT
INFANTS <1 WK OLD INFANTS 1 WK TO 1 MO OLD

Dosage (per kg/day) Interval between Doses (hr) Dosage (per kg/day) Interval between Doses (hr)
Penicillin G 150,000 units 12 200,000 units 8

Ampicillin (intravenous) 150 mg 8 200 mg 6

Nafcillin 75 mg 8-12 100-150 mg 6-8

Oxacillin 75 mg 8-12 150-200 mg 6-8

FIGURE 20-4  The structures of penicillin G and penicillin V. 
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Penicillin V
Phenoxymethyl penicillin, or penicillin V (see Fig. 20-4), is available 
only for oral use as a sodium or a potassium salt in suspension or 
tablets in doses of 125, 250, and 500 mg. The usual dosage for children 
is 25 to 50 mg/kg/day and for adults, 1 to 4 g/day in three or four 
divided doses. The potassium salt produces higher blood levels than 
the other salts. Serum levels are from two to five times those obtained 
with oral penicillin G. Blood levels after 500 mg administered to an 
adult are equivalent to the levels achieved with 600,000 units of pro-
caine penicillin administered intramuscularly. Penicillin V can be sub-
stituted for penicillin G in most situations in which it is reasonable to 
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less than 40 kg is 12.5 to 50 mg/kg/day given as four doses. For adults, 
a dosage of 125 to 500 mg every 6 hours can be given, depending on 
the severity of the infection.

Flucloxacillin and dicloxacillin are similar in pharmacokinetics, 
activity, and indications.49 It is not available in the United States but is 
widely used in Europe and other countries. Flucloxacillin is available 
as a sodium salt in an oral suspension (125 mg/5 mL or 500 mg/5 mL), 
capsules (250 and 500 mg), and in powder form for reconstitution for 
parenteral administration.

Aminopenicillins
The antibacterial activities of all aminopenicillins are similar  
(Fig. 20-6). They are not stable to β-lactamases. For practical purposes, 
the activity of aminopenicillins is virtually identical to that of penicillin 
G against penicillin-susceptible organisms, except that aminopenicil-
lins are slightly more active against enterococci. Non–β-lactamase–
producing strains of H. influenzae and Haemophilus parainfluenzae are 
susceptible. Strains of E. coli, Shigella sonnei, and Salmonella spp., 
including many strains of Salmonella enterica serotype Typhi, once 
uniformly susceptible to aminopenicillins, often are resistant due to 
β-lactamase production. Klebsiella spp., Serratia spp., Acinetobacter 
spp., indole-positive Proteus, Pseudomonas spp., and strains of Bacte-
roides fragilis are resistant to aminopenicillins.

Ampicillin
Ampicillin is moderately well absorbed after oral administration, but 
peak levels are delayed and lowered if it is ingested with food. Peak 
blood levels of 3 µg/mL occur 1 to 2 hours after ingestion of 0.5 g; 
levels peak later in diabetic patients with neurologic disease and in 
patients with renal failure. After intramuscular injection of 0.5 g, peak 
levels of 10 µg are achieved at 1 hour. The elimination half-life is 
approximately 80 minutes. Probenecid increases the magnitude of 
peak levels and the area under the concentration-time curve. Ampicil-
lin is well distributed to body compartments and after parenteral 
administration achieves therapeutic concentrations in cerebrospinal 
fluid and in pleura, joint, and peritoneal fluids in the presence of 
inflammation . The drug undergoes enterohepatic circulation, and sig-
nificant levels appear in bile and stool. Urinary levels are high even in 
the presence of markedly reduced renal function. Peritoneal dialysis is 
ineffective in removing the drug, but hemodialysis removes approxi-
mately 35% in a 4-hour period. The half-life of ampicillin is about 3 
hours during continuous venovenous hemofiltration.

Ampicillin is available for oral use as the sodium salt as 250-mg or 
500-mg capsules and oral suspensions of 125 or 250 mg/5 mL. The 
sodium salt can be used for either intramuscular or intravenous 
administration. For most indications, oral ampicillin has been aban-
doned in favor of oral amoxicillin because of the greater bioavailability 
of the latter. Ampicillin is effective for upper and lower respiratory tract 
infections caused by S. pneumoniae, β-hemolytic streptococci, and 
non–β-lactamase–producing strains of H. influenzae. It is effective in 
the treatment of meningitis caused by group B streptococci, Listeria 
monocytogenes, N. meningitidis, and penicillin-susceptible strains of 

half-life is prolonged by probenecid. The usual dosage of nafcillin is 6 
to 12 g/day, depending on the severity of the infection, and 100 to 
200 mg/kg/day for children.

Isoxazolyl Penicillins
The isoxazolyl penicillins (oxacillin, cloxacillin, dicloxacillin, and flu-
cloxacillin) are absorbed after oral administration, but absorption is 
adversely affected by food. Dicloxacillin and flucloxacillin yield the 
highest total drug serum concentrations, but because of differences in 
protein binding, free-drug concentrations are similar for all three com-
pounds (see Table 20-5). After intravenous infusion of 1 g over 15 
minutes, serum levels are approximately 25 µg/mL 1 hour later and 
less than 1 µg/mL at 6 hours. The isoxazolyl penicillins undergo some 
metabolism but are excreted primarily by the kidney, with slight biliary 
excretion. Oxacillin undergoes more rapid degradation in the body 
than does cloxacillin or dicloxacillin.

Oxacillin sodium for injection may be given intramuscularly or 
intravenously. The adult dosage is 2 to 12 g/day, and for children it is 
100 to 200 mg/kg/day given every 4 to 6 hours. Oxacillin may be asso-
ciated with a higher incidence of hepatotoxicity and rash than nafcillin 
or other antistaphylococcal agents.38

Cloxacillin sodium is available in the United States only as an oral 
solution (125 mg/5 mL) or capsules of 250 and 500 mg. The dosage for 
children is 50 to 100 mg/kg/day given as four equal doses, and the 
dosage for adults is 1 to 2 g/day given as four equal doses.

Dicloxacillin sodium is available as a suspension (62.5 mg/5 mL) 
and as capsules of 125 and 250 mg. The dosage for children weighing 

FIGURE 20-5  Antistaphylococcal penicillins. 
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FIGURE 20-6  Aminopenicillins. 
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S. pneumoniae. Although formerly useful in treating urinary tract 
infections caused by E. coli and gastroenteritis caused by Salmonella 
enterica or Shigella spp., owing to the high prevalence of β-lactamase–
producing strains, ampicillin should not be used until susceptibility 
has been documented.

Dosage varies with the age of the patient, the status of renal func-
tion, and the severity of the disease. For children older than 1 month 
of age, the oral dosage is 50 to 100 mg/kg/day in four divided doses; 
the intramuscular or intravenous dosage is 100 to 300 mg/kg/day in 
four or six doses. For adults, the oral dosage is 2 to 4 g/day given in 
divided doses every 6 hours. For severe infection, the parenteral dosage 
is 6 to 12 g/day given in divided doses every 4 hours.

Amoxicillin
Amoxicillin differs from ampicillin only in the presence of hydroxyl 
group in the para position of the benzene side chain. Its in vitro activity 
is identical to that of ampicillin. It is significantly better absorbed when 
given by mouth compared with ampicillin, and for this reason it is 
preferred for most indications. Peak blood levels are from 2 to 2½ 
times those achieved with a similar dose of ampicillin, and food does 
not decrease absorption. Oral amoxicillin produces blood levels similar 
to those produced by intramuscularly administered sodium ampicillin 
or ampicillin trihydrate. The elimination half-life averages 80 minutes 
in adults with normal renal function. Urinary excretion of amoxicillin 
is greater than that of ampicillin, and tissue distribution is similar to 
that of ampicillin. Parenteral amoxicillin, which is available in Europe 
but not in the United States, is pharmacologically identical to parenter-
ally administered ampicillin.

Clinical studies with amoxicillin have been extensive; this antibiotic 
has been used in the treatment of otitis media, bronchitis, pneumonia, 
typhoid, gonorrhea, and urinary tract infections. High-dose amoxicil-
lin (80 to 90 mg/kg/day) is first-line therapy for otitis media in children 
because it covers penicillin-resistant pneumococci.50 Amoxicillin 1 g 
three times daily is recommended in the oral therapy for community-
acquired pneumonia.42 Amoxicillin can achieve concentrations that 
exceed MICs effective for nonmeningeal infections caused by 
penicillin-resistant strains of S. pneumoniae.51,52 Amoxicillin is less 
effective than ampicillin for the treatment of shigellosis.53

Side effects of amoxicillin are similar to those seen with ampicillin, 
although diarrhea may be less common than with ampicillin. The usual 
dosage for children is 20 to 40 mg/kg/day and as high as 90 mg/kg/day 
given in two or three divided doses every 8 hours; for adults, the dosage 
is 0.5 to 1 g every 8 to 12 hours, although it has been used in doses up 
to 1 g every 4 hours.

Carboxypenicillins
Carbenicillin
Carbenicillin and indanyl carbenicillin (Fig. 20-7), its α-carboxy ester 
for oral administration, are no longer used because of the large doses 
required, the greater potential for toxicity, and the availability of more 
potent alternatives. Fluoroquinolones have largely replaced this agent 
for the treatment of urinary tract infections and prostatitis.

Ticarcillin
Ticarcillin (see Fig. 20-7) is no longer available as a single agent. It  
is susceptible to hydrolysis by class A β-lactamases and is used as a 
fixed combination of ticarcillin-clavulanate. It is less active than ami-
nopenicillins against penicillin-resistant streptococci and relatively 
inactive against enterococci but is more active against many gram-
negative species, including Pseudomonas aeruginosa. Serum levels of 
260 µg/mL are achieved after a 3-g intravenous dose.54 Ticarcillin is 
excreted by renal tubules. Probenecid delays renal excretion and 
increases serum concentrations. Tissue distribution is similar to that 
of ampicillin, but cerebrospinal fluid concentrations are inadequate for 
treatment of meningitis. Its half-life is approximately 70 minutes, and 
it accumulates in the presence of renal failure. Greater accumulation 
occurs if there is combined hepatic and renal dysfunction. Hemodialy-
sis and continuous venovenous hemofiltration reduce plasma concen-
trations. Side effects are similar to those seen with penicillins and in 
addition can interfere with platelet function because it binds to the 
adenosine diphosphate receptor site on platelets and prevents normal 

FIGURE 20-7  Penicillins active against gram-negative bacteria. 
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contraction.55 Thus, bleeding may occur in the presence of high serum 
levels and in the presence of renal failure.

Ureidopenicillins
Ureidopenicillins (see Fig. 20-7) all have similar spectrums of activity 
and pharmacologic properties. Azlocillin and mezlocillin are no longer 
on the market, having been replaced in clinical practice by ticarcillin-
clavulanate and piperacillin-tazobactam, and are not discussed further.

Piperacillin is similar to ampicillin in activity against gram-positive 
species. It has excellent activity against streptococcal species and 
against Neisseria and Haemophilus and many members of the family 
Enterobacteriaceae. It also has excellent activity against anaerobic 
species of both cocci and bacilli. It inhibits 60% to 90% of P. aeruginosa 
strains at concentrations less than 16 µg/mL. Like ampicillin, it is 
hydrolyzed by class A β-lactamases. Although it is hydrolyzed by class 
C β-lactamases produced by P. aeruginosa and Enterobacter spp., it is 
not an inducer, which accounts for its activity against the majority of 
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influenzae, Moraxella catarrhalis, Bacteroides spp. (the β-lactamases 
are chromosomal in the latter two species), and Enterobacteriaceae, 
which produce the TEM and SHV β-lactamases. They also inhibit 
extended-spectrum β-lactamases (ESBLs) including the emerging 
CTX-M type, which are class A β-lactamases, although the role of 
inhibitor combinations for treatment of infections caused by ESBL-
producing organisms is yet to be established. KPC-type β-lactamase, 
although belonging to class A, is only minimally inhibited. Ambler 
class C β-lactamases (i.e., AmpC cephalosporinases) of Serratia spp., 
C. freundii, Enterobacter spp., P. aeruginosa, and some other Entero-
bacteriaceae species, which typically are chromosomally encoded, are 
not inhibited by these β-lactamase inhibitors. However, several 
β-lactamase inhibitors that inhibit both class A and C β-lactamases 
(e.g., avibactam) are currently in late-stage clinical development. 
β-Lactamase inhibitors also do not inhibit class D enzymes nor the 
class B metallo-β-lactamases, the latter being structurally unrelated to 
the other β-lactamase classes in that they are not penicillin-binding 
proteins but derived from metalloproteases.

Clavulanic Acid
The β-lactamase inhibitor clavulanic acid (Fig. 20-8) was originally 
identified in cultures of Streptomyces clavuligerus. Clavulanic acid is 
formulated in combination with amoxicillin, which is available for oral 
administration only in the United States, and is available as a parenteral 
preparation in many other countries. Clavulanic acid is also available 
in combination with ticarcillin for intravenous administration.

Pharmacology
Clavulanic acid is moderately well absorbed from the gastrointestinal 
tract. Peak serum concentration of 4 µg/mL in children and adults 
occurs 40 to 120 minutes after ingestion of 125 mg. Combining clavu-
lanic acid with amoxicillin does not alter significantly the pharmaco-
logic parameters of either drug. The absorption of clavulanic acid is 
unaffected by the simultaneous administration of food, milk, or alu-
minum hydroxide–containing antacids. After intravenous infusion of 
clavulanic acid combined with either amoxicillin or ticarcillin, the drug 

strains of these and related species. Emergence of resistance to piper-
acillin is often due to selection of mutants that constitutively express 
high levels of AmpC β-lactamase.56 Piperacillin acts synergistically 
against most P. aeruginosa strains and against some of the Enterobac-
teriaceae species when it is combined with aminoglycosides57,58; the 
antibacterial activity is either synergistic or additive when combined 
with a fluoroquinolone.59,60

Intravenous bolus administration of 4 g produces peak serum drug 
levels above 300 µg/mL. Piperacillin’s kinetics are dose dependent. It 
accumulates in renal failure to a lesser degree than does carbenicillin, 
and its half-life is only 4 to 6 hours at creatinine clearances less than 
10 mL/min. It is removed through hemodialysis and should be dosed 
after dialysis. The half-life with continuous venovenous hemofiltration 
is approximately 5 hours, and 4 g administered twice daily is 
recommended.61

Piperacillin has shown adverse reactions similar to those for the 
other penicillins noted earlier. After prolonged administration at high 
doses, neutropenia has been reported. Alteration of bleeding time and 
hypokalemia occur infrequently. Clinical studies have shown that it is 
a useful agent in the treatment of a variety of infections.26 It is admin-
istered to adults in daily doses of 12 to 18 g. Although currently avail-
able as a single agent, it is almost always used as a piperacillin-tazobactam 
combination to extend activity against class A β-lactamase–producing 
strains.

β-LACTAMASE INHIBITORS AND 
INHIBITOR COMBINATIONS
β-Lactamase inhibitors are clavulanic acid and penicillanic acid sulfone 
derivatives and are themselves β-lactam compounds. They have weak 
antibacterial activity but are potent inhibitors of many class A 
β-lactamases. When combined with a β-lactam antibiotic that is sub-
strate for class A β-lactamases and therefore inactive against bacteria 
producing them, the inhibitor prevents hydrolysis of the antibiotic, 
thereby restoring its activity (Table 20-11). Although competitive inhi-
bition is seen, β-lactamase inhibitors primarily act as a suicide 
substrate that forms a stable intermediate, rendering the enzyme 
inactive.

Three β-lactamase inhibitors are in clinical use: clavulanic acid, 
sulbactam, and tazobactam. Each inhibitor is available only as a fixed-
combination preparation that includes an active β-lactam antibiotic as 
the companion agent. There are minor differences in potency, activity, 
and pharmacology among the β-lactamase inhibitors, but it is the 
companion β-lactam antibiotic that primarily determines antibacterial 
spectrum of activity. β-Lactamase inhibitors are effective only against 
Ambler class A β-lactamases (i.e., penicillinases), which often are 
plasmid encoded. Class A β-lactamases are produced by S. aureus, H. 

TABLE 20-11  Usual Minimal Inhibitory Concentrations (µg/mL) of Penicillin–β-Lactamase Inhibitor 
Combinations

ORGANISM
AMOXICILLIN, 
AMPICILLIN

AMOXICILLIN-
CLAVULANATE*

AMPICILLIN-
SULBACTAM* PIPERACILLIN

PIPERACILLIN-
TAZOBACTAM†

Staphylococcus aureus (MSSA) 16 1 1 8 1

S. aureus (MRSA) >16 16 8 >16 >16

Haemophilus influenzae‡ >16 0.5 0.25 16 0.06

Moraxella catarrhalis 2 0.06 0.06 0.5 0.015

Escherichia coli >16 4 2 2 2

Klebsiella pneumoniae >16 2 4 8 4

Proteus mirabilis 1 1 1 0.5 0.5

Proteus vulgaris >16 4 8 1 0.5

Bacteroides fragilis >16 0.5 2 8 2

Enterobacter, Citrobacter, Serratia spp. >16 8->16 2->16 2-8 1-8

Pseudomonas aeruginosa >16 >16 >16 4 4

*Contains amoxicillin or ampicillin and clavulanic acid or sulbactam in a 2 : 1 ratio.
†Contains piperacillin and tazobactam in an 8 : 1 ratio.
‡β-Lactamase–producing strains.
MRSA, methicillin-resistant S. aureus; MSSA, methicillin-susceptible S. aureus.
Data from references 119, 140, 141, 142-144, 145-147, 148, 149, and 150.

FIGURE 20-8  Clavulanic acid. 
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strains remain susceptible to the agent.68 The usual dose is 3.1 g admin-
istered every 4 to 6 hours.

Sulbactam
Sulbactam (Fig. 20-9) is a 6-desaminopenicillin sulfone. It is a some-
what broader spectrum β-lactamase inhibitor than clavulanic acid 
but less potent. Sulbactam is available in the United States only in 
combination with ampicillin (Unasyn), in a ratio of 0.5 g of sulbactam 
to 1 g of ampicillin as a parenteral formulation for intravenous 
administration.

Pharmacology
Sulbactam has pharmacokinetics in humans similar to those of ampi-
cillin.69 The average peak serum level after intravenous infusion of 1 g 
is 60 µg/mL. The serum half-life is 1 hour. Sulbactam is excreted by 
the kidney and has a urinary recovery rate of 70% to 80% of a dose. 
Biliary excretion is minimal, and metabolism is less than 25%. Renal 
excretion is blocked by probenecid. The half-life is not altered signifi-
cantly until the creatinine clearance decreases to less than 30 mL/min. 
The half-life is 9.2 hours at clearances of 5 to 15 mL/min and 20 hours 
in anuria. Dosage adjustment is required for creatinine clearance less 
than 50 mL/min and is based on the ampicillin component. Concen-
trations of sulbactam in intestinal fluid and peritoneal secretions are 
comparable to levels in serum. Penetration of sulbactam into inflamed 
meninges is low and variable, with levels of less than 1% to 32% of the 
concentrations in the serum.

Adverse Reactions
Clinical studies of the combination of sulbactam plus ampicillin have 
revealed no major hematologic, renal, hepatic, or central nervous 
system reactions. Diarrhea has not been a major problem after intra-
venous use. Skin reactions are similar to those found for ampicillin, 
and there is occasional elevation of aminotransferase levels.

Clinical Use
Ampicillin-sulbactam has a spectrum of antibacterial activity that is 
similar to that of amoxicillin-clavulanate. It has been used in the treat-
ment of mixed bacterial infections, such as intraabdominal infections, 
obstetric and gynecologic infections, and soft tissue and bone infec-
tions.70 Sulbactam alone has modest activity in vitro against strains of 
Acinetobacter baumannii.71 Because it is only available as a combina-
tion, its clinical utility independent of the companion β-lactam for 
treatment of infections caused by A. baumannii cannot be determined. 
One retrospective study found that ampicillin-sulbactam was more 
efficacious than polymixins for treatment of infections caused by 
carbapenem-resistant A. baumannii strains.72

Tazobactam
Tazobactam is a penicillanic acid sulfone β-lactamase inhibitor with a 
structure similar to that of sulbactam (Fig. 20-10). Its spectrum of 
β-lactamase inhibition is similar to that of sulbactam, but its potency 
is more like that of clavulanic acid. It is available for parenteral admin-
istration only in combination with piperacillin (Zosyn) in an 8 : 1 ratio 
of piperacillin to tazobactam by weight.

is distributed rapidly, producing peak serum concentrations of approx-
imately 8 µg/mL after a 100-mg intravenous dose. The serum half-life 
of clavulanic acid is about 1 hour. No accumulation occurs until cre-
atinine clearance is less than 10 mL/min. Dose adjustment is made on 
the basis of the desired dose for amoxicillin or ticarcillin. Clavulanic 
acid is degraded in vivo, with metabolites being excreted via lung, 
feces, and urine; only 20% to 60% appears unchanged in urine 6 hours 
after an oral dose. Urinary levels after a 125-mg dose of clavulanic acid 
are greater than 40 µg/mL for 4 to 6 hours after dosing.

Clavulanic acid produces therapeutic levels in bile, middle ear fluid, 
and tonsillar tissue. It crosses the placenta and may be found in the 
cord blood of neonates and in the amniotic fluid, but no clavulanic 
acid can be detected in breast milk. Clavulanic acid does not penetrate 
noninflamed meninges. In patients with meningitis, cerebrospinal 
fluid levels are in the range of 0.25 µg/mL.62 Clavulanic acid concentra-
tions of less than 1 µg/mL are achieved in sputum after the oral admin-
istration of amoxicillin-clavulanate, but pleural fluid levels are 46% to 
91% of peak serum levels. There is rapid penetration of clavulanic acid 
into peritoneal fluid, with mean peritoneal fluid levels of clavulanic 
acid equaling 66% of serum levels.

Adverse Reactions
No major adverse reactions to the use of clavulanic acid combined with 
either amoxicillin or ticarcillin have been reported. Delayed hepato-
toxicity may occur, which usually follows a benign course.63 The inci-
dence of skin reactions has been similar to that seen when penicillin 
is used alone. Diarrhea is the most common side effect, particularly at 
oral doses above 250 mg. Nausea also accompanies use of these doses. 
Accordingly, the oral dose of clavulanic acid is recommended not to 
exceed 125 mg two or three times a day.

Amoxicillin-Clavulanate
Amoxicillin-clavulanate (Augmentin) has proved useful as therapy for 
acute otitis media in children.64,65 It also has been used to treat sinusitis 
or pneumonia caused by susceptible β-lactamase–producing or non–
β-lactamase–producing bacteria. It is particularly useful to treat poly-
microbial infections in which β-lactamase–producing organisms may 
be present, including bite wounds of human or animal origin and 
diabetic foot infections.66 Skin structure infections caused by strepto-
cocci and staphylococci have responded to amoxicillin-clavulanate 
with results comparable to those achieved with oral antistaphylococcal 
agents and oral cephalosporins.

The agent is formulated as tablets containing 250, 500, or 875 mg 
of amoxicillin combined with 125 mg of clavulanic acid and also as a 
sustained-release formulation of 1000 mg of amoxicillin combined 
with 62.5 mg of clavulanic acid. The usual dose is 250 mg of amoxicil-
lin every 8 hours to 875 mg every 12 hours by mouth. The 500/125-mg 
and 875/125-mg dosage forms are effective as twice-daily regimens, 
which are associated with less diarrhea.67 In children, the dose is 20 to 
45 mg/kg/day in two or three divided doses; a variety of oral suspen-
sions and chewable tablets are available.

The extended-release formulation is administered as a dose of 
1000/62.5 mg twice daily. This dosage is effective for treatment of  
bacterial sinusitis and community-acquired pneumonia, including 
infections caused by penicillin-resistant strains of S. pneumoniae. 
Infectious Diseases Society of America guidelines include amoxicillin-
clavulanate 2000 mg/125 mg twice daily in combination with a mac-
rolide as an alternative to fluoroquinolones for empirical, outpatient 
therapy for community-acquired pneumonia in patients with medical 
comorbidities.42

Ticarcillin-Clavulanate
Ticarcillin-clavulanate (Timentin) has a broad spectrum of activity, 
including gram-negative cocci other than enterococci and methicillin-
resistant staphylococci; Enterobacteriaceae, including drug-resistant 
strains; P. aeruginosa; and gram-positive and gram-negative anaerobes. 
It is effective in the treatment of a variety of infections, including 
community-acquired pneumonia (although other agents are generally 
preferred), hospital-acquired and ventilator-associated pneumonia, 
gynecologic infections, intraabdominal infections, skin and skin struc-
ture infections, and osteomyelitis. Some Stenotrophomonas maltophilia 

FIGURE 20-9  Sulbactam (top) and sulbactam oral ester (bottom). 
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Adverse Reactions
Limited clinical data do not indicate any new or unusual toxicity 
unique to tazobactam. Diarrhea and skin reactions are common.

Clinical Use
Piperacillin-tazobactam has the broadest spectrum of the three paren-
teral β-lactamase inhibitor combinations. Published clinical studies 
have been conducted mainly in adults; experience with this combina-
tion for treatment of serious infections in children indicates that it  
is safe and effective.76 In general, the antibacterial spectrum of 
piperacillin-tazobactam is similar in vitro to that of ticarcillin-
clavulanate. Piperacillin-tazobactam is slightly more active than 
ticarcillin-clavulanate for some strains (including enterococci), pre-
sumably because of the greater intrinsic activity of piperacillin.77 In 
clinical trials, the efficacy of piperacillin-tazobactam has been equiva-
lent, and occasionally superior, to similarly broad-spectrum compara-
tor drugs (e.g., ticarcillin-clavulanate, carbapenems, third-generation 
cephalosporins) for treatment of pneumonia, skin and soft tissue infec-
tions, intraabdominal infections, polymicrobial infections, and febrile 
neutropenia in combination with an aminoglycoside.78 The usual adult 
dose is 12 g of piperacillin/1.5 g of tazobactam administered at a dose 
of 3.375 g (3 g piperacillin, 0.375 g of tazobactam) every 6 hours, or 
4.5 g every 8 hours for creatinine clearance greater than 40 mL/min.

ESBL-producing strains of E. coli and Klebsiella spp. often are sus-
ceptible to piperacillin-tazobactam in vitro, but there has been some 
reluctance to use this agent because of the possibility of treatment 
failure when β-lactam antibiotics other than carbapenems are used to 
treat infections caused by ESBL-producing strains. Nevertheless, in a 
post hoc analysis of prospective cohorts of ESBL-producing E. coli 
bacteremia, no association was found between therapy with β-lactam/
β-lactamase inhibitor combinations including piperacillin-tazobactam 
over carbapenems and increased mortality.79

Pharmacology
Mean peak serum concentration after a 30-minute intravenous infu-
sion of 500 mg of tazobactam in combination with piperacillin is about 
24 µg/mL in healthy subjects.73 Plasma elimination half-life is approxi-
mately 1 hour. Tazobactam is cleared primarily renally, and dosage 
interval should be extended for creatinine clearances of less than 
40 mL/min. Combining tazobactam with piperacillin reduces clear-
ance of tazobactam, but the clearance of piperacillin is not affected. 
Clearances of piperacillin and tazobactam are similar in subjects with 
normal renal function. Peak serum concentrations are approximately 
50% higher in patients with end-stage renal disease.74 The half-life of 
tazobactam is approximately 7 hours in patients with end-stage renal 
disease. These differences in pharmacokinetics of piperacillin and tazo-
bactam do not require adjustment of the dose of tazobactam indepen-
dent of piperacillin; the dose is adjusted based on the pharmacokinetics 
of piperacillin.

Tissue levels of tazobactam reflect a percent penetration that is 
similar to that of piperacillin for each tissue type. Tazobactam pene-
trates inflamed meninges. Cerebrospinal fluid concentrations of piper-
acillin and tazobactam were 16% and 32% of simultaneous serum 
concentrations in a rabbit meningitis model.75

FIGURE 20-10  Tazobactam. 
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21  Cephalosporins
William A. Craig and David R. Andes

Although the discovery of the cephalosporin antibiotic class was 
reported in 1945, it took almost 2 decades for this class to achieve 
clinical utility. Giuseppe Brotzu is widely credited for discovery of the 
broad-spectrum inhibitory effects of sewage outflow in Sardinia, Italy.1 
Professor Brotzu subsequently isolated the mold Cephalosporin acre-
monium (now Acremonium chrysogenum) and demonstrated antimi-
crobial activity of culture filtrates against both gram-positive and 
gram-negative bacteria. He also demonstrated the in vivo activity of 
these culture filtrates in animal infection models and in several patients. 
The filtrate was administered both locally by injection into skin 
abscesses and systemically for the treatment of brucellosis and typhoid 
fever.

A decade after the initial discovery, the cephalosporin substances 
were isolated and identified as fermentation products of the mold.2 
Investigators at Oxford, including Florey and Abraham, systematically 
studied the physical, chemical, and structural characteristics of cepha-
losporins, as they had for the penicillin class a decade earlier. Three 
substances—cephalosporin P, N, and C—were identified. Each of the 
products possessed antimicrobial activity but only cephalosporin C 
demonstrated activity against both gram-negative and gram-positive 
bacteria. In addition, it had advantageous stability in the presence of 
acid and penicillinases.2 Cephalosporin C became the foundation of 
subsequent drug development.

The first cephalosporin pharmaceutical, cephalothin, was intro-
duced for clinical use in 1964. There are more than 20 cephalosporin 
antibiotics in use today (17 in the United States). The cephalosporin 
class is among the most widely prescribed antimicrobial classes because 
of its broad spectrum of activity, low toxicity, ease of administration, 
and favorable pharmacokinetic profile.

CHEMISTRY
Most of the available cephalosporins are semisynthetic derivatives of 
cephalosporin C. The basic structure of the cephem nucleus includes 
a β-lactam ring fused to a six-member sulfur-containing dihydrothi-
azine ring (Fig. 21-1). The cephem nucleus is chemically distinct from 
the penicillin nucleus, which contains a five-member thiazolidine ring. 
Basic structure numbering of the cephalosporin ring system begins 
within the dihydrothiazine ring at the sulfur moiety. The starting mate-
rial used as the nucleus for current cephalosporin development is 
7-aminocephalosporanic acid (7-ACA). Attempts to alter the physio-
chemical and biologic properties of the cephalosporins by chemical 
side chain modifications were based on successes with similar struc-
tural changes at the 6-aminopenicillanic acid side chain of penicillin.3 
Chemical modifications of the basic cephem structure by substitution 
of constituents at positions C1, C3, and C7 led to the various cephalo-
sporin compounds in use today.4,5 Alterations in position C7 and C3 
are also commonly referred to as R1 and R2, respectively. In general, 
changes at R1 affect the microbial spectrum of activity. These modifica-
tions often have an impact on the stability of the compound to enzy-
matic destruction by β-lactamases or on its affinity for the drug target. 

Modifications at R2 often alter the pharmacology of the compound. 
Changes in the R2 constituent may influence the ability of the com-
pound to reach certain infection sites, such as the central nervous 
system, or may simply prolong the elimination half-life of the drug.

The predominant changes at R1 (position C7) include the addition 
of an acyl side chain and the substitution of the hydrogen with  
a methoxy group.5 The R1 methoxy substitution led to the develop-
ment of the cephamycin group of compounds, including cefoxitin, 
cefmetazole, and cefotetan. This alteration enhanced resistance  
to β-lactamase produced by gram-negative anaerobic and aerobic 
bacteria.5,6 However, these compounds have lower affinity for the 
penicillin-binding protein (PBP) target in gram-positive bacteria.7 The 
cephamycin group is structurally related to the cephalosporins but 
originated as a metabolite from Streptomyces lactamdurans.6 The basic 
building block of the cephamycin group is cephamycin C. Hydrolysis 
of cephamycin C produces the 7-ACA nucleus.

Many modifications of the acyl side chain have been undertaken. 
The first compounds resulting from addition of a thienyl ring or a 
tetrazole structure at R1 included the first-generation cephalosporins—
cephalothin, cephaloridine, and cefazolin (Fig. 21-2). The simple sub-
stitution of an aminobenzyl group in the C7 position is important for 
oral absorption of the cephalosporins.5 Cephalexin, cephradine, cefa-
clor, cefprozil, and loracarbef all have this structure or a closely related 
one (Fig. 21-3). Absorption of later-generation cephalosporins is 
enhanced by the production of ester formulations. Axetil, proxetil, or 
pivoxil esters of cefuroxime, cefpodoxime, and cefditoren are currently 
available.

Most of the chemical modifications in cephalosporin development 
that have resulted in changes in microbiologic spectrum are alterations 

FIGURE 21-1  Basic cephalosporin nucleus. 
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have a similar structure at the C7 position. Ceftazidime and ceftolo-
zane differ from these drugs in that the methoxyimino group is 
replaced with a dimethylacetic acid moiety attached to the imino 
group.8,10 This alteration enhances activity against Pseudomonas aeru-
ginosa but reduces activity against staphylococci. Two other modifica-
tions that have resulted in compounds with increased activity against 
P. aeruginosa are the addition of an ureido-2,3-dioxopiperazine group 
or a carboxyl group on the α-carbon, producing cefoperazone and 
moxalactam, respectively.5 These changes are similar to those of piper-
acillin and carbenicillin.

Numerous modifications at R2 (the C3 position) have also played 
a significant role in the development of the current cephalosporins. An 

at the α-carbon of the acyl side chain.5 These changes have ranged from 
the relatively simple addition of a hydroxyl group to the addition of 
large synthetic moieties. Each of the acyl side chain alterations has led 
to enhanced gram-negative potency because of improved β-lactamase 
stability. The addition of a hydroxyl group at the α-carbon led to the 
second-generation cephalosporin, cefamandole. The second-generation 
cephalosporin cefuroxime resulted from the addition of a methoxyimino 
group in the α position, along with a furyl ring at the β-acyl side chain. 
Addition of a 2-aminothiazol group to the C7 β-acyl side chain and a 
methoxyimino group to the α-carbon led to many of the third- and 
fourth-generation cephalosporins (Figs. 21-4 and 21-5).8,9 Cefotaxime, 
ceftizoxime, ceftriaxone, cefepime, cefpirome, and cefpodoxime all 

FIGURE 21-3  Second-generation cephalosporins. A, Cefuroxime. B, Cefotetan. C, Cefoxitin. D, Cefprozil. 

N

NH2N

O

O
O

C O

C

C

OCH3

H
Cefuroxime

CH2

S

N
O

COOH

CH

O

O

C

C S

SH2N

HO

Cefotetan
OCH3

N

O

C

COOH

H
S

N
O

SCH2
N

N N

N

CH3

S

Cefoxitin
OCH3

N

O

CCH2

COOH

H
S

N
O

O

COCH2 NH2

Cefprozil

CHHO

NH2
CH CH

CH3
S

NO
O

C HN

COOH

A

D
B

C

FIGURE 21-4  Third-generation cephalosporins. A, Cefotaxime. B, Ceftazidime. C, Ceftriaxone. D, Cefdinir. E, Cefditoren. F, Cefixime. G, Cefpo-
doxime. H, Ceftibuten. 

Ceftibuten

S
OCH2COOH

N

CHN

O

C

H2N

N

H
S

N
O

COOH
H

Cefpodoxime

S
OCH3

N

CHN

O

C

H2N

N

H
S

N
O

COOH

CH2 OCH3

Cefixime

S
OCH2COOH

N

CHN

O

C

H2N

N

H
S

N
O

COOH

CH CH2

CH3

S
OCH3

N

CHCHN

S

N

O

C

H2N

N

H
Cefditoren

O

N
O

COOH

S
OH

N

N

CN

O

C
H

H H
H2N

Cefdinir

CH=CH2

S

N
O

CO2H

OHS

N

N N

O

CH3

Ceftriaxone

S

O

N

N CC

OCH3
H2N

CH2

S

N

H

O

N

COOH

N

O C CH3

CH3 +

COOH

Ceftazidime

S

O

N

N CC

H2N

CH2

S

N

H

O

N

COOH

S

O

CH3N

N O

O

CC

C

OCH3

H2N

Cefotaxime

CH2

S

N

H

O

N

COOHA
E

F

G

H

B

C

D

http://www.myuptodate.com


P
a
rt

 I
 B

as
ic

 P
ri

n
ci

p
le

s 
in

 t
h

e 
D

ia
g

n
o

si
s 

an
d

 M
an

ag
em

en
t 

o
f 

In
fe

ct
io

u
s 

D
is

ea
se

s
280

lipophilicity at the C3 position for activity, prodrugs have been required 
to enhance aqueous solubility.16,17

CLASSIFICATION
There are several microbiologic and pharmacologic differences that 
could serve as a basis for classification among the cephalosporin drug 
class. The most widely accepted classification includes five divisions, 
or generations, based loosely on the microbial spectrum of activity 
(Table 21-1). The first-generation cephalosporins exhibit activity 
focused primarily on gram-positive bacteria. The second-generation 
drugs have enhanced activity against gram-negative bacilli but main-
tain varying degrees of activity against gram-positive cocci. The cepha-
mycin group is included in the second-generation classification. The 
cephamycins are noted for their additional activity against gram-
negative anaerobic bacteria, such as Bacteroides spp.

The third-generation cephalosporins have markedly increased 
potency against gram-negative bacilli; however, for some compounds 
in this group, activity against gram-positive cocci is reduced. Among 
the third-generation group, a few compounds, such as ceftazidime and 
ceftolozane, are considered separately for activity against P. aeruginosa. 
The fourth generation has the widest spectrum of activity of the five 
groups. These drugs, such as cefepime and cefpirome, have activity 
against most gram-negative bacilli, including P. aeruginosa, and main-
tain their potency against gram-positive cocci. The third- and fourth-
generation drugs combined are also called the extended-spectrum 
cephalosporins.

The fifth group is referred to as the MRSA-active cephalosporins 
and currently includes ceftaroline and ceftobiprole (not yet available in 
the United States). In addition to this unique activity against MRSA 
among the cephalosporins, these drugs also have enhanced activity 
against Streptococcus pneumoniae and Enterococcus faecalis. Their 

acetoxy side chain is present in cephalothin, cephapirin, and cefotax-
ime.5 Cephalosporins with this structure can be metabolized in both 
serum and liver to a less active desacetyl derivative. Such drugs also 
tend to have a short half-life. A chloride substitution at R2 enhanced 
the gram-negative spectrum of activity and led to the development of 
cefaclor, an early second-generation cephalosporin. The unique phar-
macology of ceftriaxone results from an R2 modification. Substitution 
of a heterocyclic thiomethyl group at the C3 position increases biliary 
secretion and remarkably prolongs the elimination half-life of the com-
pound because of high protein binding.5,11 The addition of a positively 
charged quaternary ammonium moiety in the C3 position contributed 
to the development of the fourth-generation cephalosporins, cefepime 
and cefpirome.9 The chemical modification produces a zwitterion, 
which enhances the ability of the compound to penetrate the outer 
membrane of gram-negative organisms. The inclusion of additional 
amino groups to this ammonium moiety further enhances activity 
against P. aeruginosa.10 Not all modifications have led to desired effects. 
The placement of a thiomethyl tetrazole ring (MTT) at the R2 position 
enhanced antibacterial activity but also resulted in two important 
adverse effects that have limited use of these compounds.12,13 Cefaman-
dole, cefotetan, cefoperazone, and moxifloxacin (an oxycephem) 
contain this MTT side chain, which is responsible for coagulation 
abnormalities related to antagonism of vitamin K action. This side 
chain is also responsible for the disulfiram-like properties of these 
compounds.

More recently, cephalosporins with enhanced activity against 
methicillin-resistant Staphylococcus aureus (MRSA) have been devel-
oped (Fig. 21-6). A variety of structural alterations at the C3 and  
C7 positions have increased the drug’s stability to β-lactamase inactiva-
tion and enhanced tight binding to the altered penicillin-binding 
protein 2a′.14,15 Because some of these compounds require more 

FIGURE 21-5  Fourth-generation cephalosporins. A, Cefepime. 
B, Cefpirome. 
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FIGURE  21-6  Methicillin-resistant Staphylococcus aureus–active 
cephalosporins. A, Ceftaroline. B, Ceftobiprole. 
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TABLE 21-1  Classification of Parenteral and Oral Cephalosporins

FIRST GENERATION
SECOND 
GENERATION CEPHAMYCINS

THIRD 
GENERATION

FOURTH 
GENERATION MRSA-ACTIVE

Parenteral Cephalosporins
Cefazolin (Ancef, Kefzol)
Cephalothin (Keflin, Seffin)*
Cephapirin (Cefadyl)*
Cephradine (Velosef)*

Cefamandole (Mandol)*
Cefonicid (Monocid)*
Cefuroxime (Kefurox, 

Zinacef)

Cefmetazole (Zefazone)*
Cefotetan (Cefotan)
Cefoxitin (Mefoxin)

Cefoperazone (Cefobid)*
Cefotaxime (Claforan)
Ceftazidime (Fortaz)
Ceftizoxime (Cefizox)*
Ceftriaxone (Rocephin)
Moxalactam*

Cefepime (Maxipime)
Cefpirome (Cefrom)*

Ceftaroline (Teflaro)
Ceftobiprole (Zeftera)*

Oral Cephalosporins
Cefadroxil (Duricef, Ultracef)
Cephalexin (Keflex, Biocef, 

Keftab)
Cephradine (Velosef)*

Cefaclor (Ceclor)*
Cefprozil (Cefzil)
Cefuroxime-axetil (Ceftin)
Loracarbef (Lorabid)*

Cefdinir (Omnicef)
Cefditoren (Spectracef)
Cefixime (Suprax)
Cefpodoxime (Vantin)
Ceftibuten (Cedax)

*No longer marketed in the United States.

http://www.myuptodate.com


C
h

ap
ter 21 Cephalosporins

281

The first-generation cephalosporins are not very active against Hae-
mophilus influenzae or Moraxella catarrhalis. The second-generation 
drugs are about fourfold more potent against these respiratory patho-
gens. The third-generation cephalosporins have the lowest MICs for 
H. influenzae and M. catarrhalis—10 to 100 times lower than those 
of the second-generation drugs. The first-generation cephalosporins 
also are not as active against Neisseria spp. as the second-, third-, and 
fourth-generation drugs.

Although all of the cephalosporins are considered to be active 
against Escherichia coli, Klebsiella pneumoniae, and Proteus mirabilis, 
the potency of the third- and fourth-generation drugs and the MRSA-
active cephalosporins is 10- to 100-fold greater than that of the first- 
and second-generation cephalosporins. The increased potency of the 
later-generation drugs extends to strains of Enterobacter, Serratia, 
Citrobacter, and Morganella spp., which are usually resistant to the 
first- and second-generation drugs. Several cephalosporins, such as 
ceftazidime, ceftolozane, cefoperazone, cefepime, cefpirome, and cef-
tobiprole, are active against many strains of P. aeruginosa. The third- 
and fourth-generation cephalosporins also exhibit enhanced potency 
against strains of Salmonella and Shigella.

Many cephalosporins are active against penicillin-susceptible 
gram-positive anaerobes, such as peptostreptococci.64,65 Among the 
cephalosporins, the best activity against Bacteroides fragilis is with 
drugs such as the cephamycins—cefotaxime, ceftriaxone, and ceftizox-
ime. Many of the drugs are active against spirochetes, including the 
agents of Lyme disease and syphilis.66,67As a group, the cephalosporins 
have very poor activity against Chlamydia, Mycoplasma, and Listeria 
spp.68-70

MECHANISMS OF RESISTANCE
Four general mechanisms can result in resistance to cephalosporin 
antibiotics: (1) antibiotic destruction by hydrolyzing β-lactamase 
enzymes, (2) reduced penetration of the antibiotic through the LPS 
membrane to the PBP target, (3) enhanced efflux of the drug from the 
periplasmic space, and (4) alteration in the PBP target, resulting in 
reduced binding affinity. Most often, resistance in a bacterial popula-
tion is caused by a single mechanism; however, an increasing percent-
age of organisms are exhibiting multiple mechanisms.71

Production of β-lactamase enzymes that hydrolyze the β-lactam 
ring is a predominant resistance mechanism for many gram-negative 
bacteria. With staphylococci, most cephalosporins, with the exception 
of cephaloridine, are poorly hydrolyzed by staphylococcal penicillin-
ases. Resistance to cephalosporins in these organisms is due almost 
entirely to reduced binding affinity of the PBPs. Although all gram-
negative bacilli produce β-lactamase enzymes, the type and amount of 
enzyme varies among organisms. These enzymes are located in the 
periplasmic space between the outer LPS membrane and the inner cell 
membrane. Drugs that are able to penetrate the outer membrane can 
be degraded before reaching the PBP target. The net antimicrobial 
activity of cephalosporins against gram-negative bacilli is dependent 
on the rate of penetration across the outer membrane and the stability 
of the drug to the various hydrolyzing β-lactamases. The penetration 
of drugs across the outer membrane is through water-filled channels 
formed by various membrane proteins, termed porins. Movement 
through porin channels depends on the size, shape, charge, and hydro-
philic properties of the compound. The concentration of a drug with 
a slow rate of penetration is low relative to the amount of β-lactamase 
within the periplasmic space, so the relatively high β-lactamase con-
centration can enhance antibiotic inactivation. For a drug that can 
penetrate rapidly, the converse is true. For example, the zwitterion of 
cefepime enhances movement across the membrane, resulting in high 
concentrations in the periplasmic space and a relative net resistance to 
drug hydrolysis.72

The number of unique β-lactamases is markedly increasing with 
more than 1000 distinct enzymes. Some of this increase is due to point 
mutations in the β-lactamases. These proteases may be genetically 
encoded chromosomally or extrachromosomally. Stable derepression 
of a chromosomal mutation is a common genotypic scenario. This is 
observed predominantly in Enterobacter spp., Serratia spp., Citrobacter 
freundii, and P. aeruginosa.73 Transmissible plasmids have acquired the 
genes for AmpC enzymes and are appearing in bacteria, such as E. coli 

activity against gram-negative bacilli is similar to that of the third-
generation cephalosporins. Ceftobiprole also has activity against P. 
aeruginosa.

More recently, a few cephalosporins susceptible to inactivation by 
extended-spectrum β-lactamases (ESBLs) have been combined with 
β-lactamase inhibitors to expand their activity against gram-negative 
bacilli. Ceftazidime and ceftaroline are combined with avibactam, 
whereas ceftolozane is combined with tazobactam.18

MECHANISM OF ACTION
The mechanism of antibacterial activity of cephalosporins is similar to 
that of other β-lactam drugs. Bacterial growth is inhibited by interfer-
ence with the synthesis of the cell wall. The primary target of these 
compounds within the cell wall is the peptidoglycan cross-linkage 
structure.19 Peptidoglycans are polysaccharide chains consisting of 
alternating N-acetylglucosamine and N-acetylmuramic acid residues. 
The polysaccharide chains are cross-linked at the pentapeptide side 
chain of the N-acetylmuramic acid residues to form a netlike structure. 
These structures are inserted into the cytoplasmic membrane from the 
cytoplasm by the action of a group of enzymes that includes transpep-
tidases, carboxypeptidases, and endopeptidases. The lactam ring pro-
vides for penicillins and cephalosporins a conformation similar to the 
terminal d-alanine-d-alanine of the pentapeptide.20 The antibiotics 
bind covalently to these enzymes, in particular to the transpeptidases, 
resulting in loss of enzyme activity.19 The enzyme drug targets are 
referred to as penicillin-binding proteins (PBPs).21,22

The location of the PBPs relative to the extracellular space differs 
between gram-positive and gram-negative bacteria. The peptidoglycan 
of gram-positive bacteria is located on the outer surface of the cell. A 
complex lipopolysaccharide (LPS) structure is located on the outer-
most surface of gram-negative bacteria; cephalosporins must first pen-
etrate or diffuse across the LPS membrane to reach the PBPs. The PBP 
targets within bacteria vary by type and amount. These targets are 
numbered by convention on the basis of molecular weight, with letters 
differentiating proteins of similar molecular weight. Gram-positive 
and gram-negative cocci typically have 3 to 5 PBPs; gram-negative 
bacilli usually contain 7 to 10 PBPs. The cephalosporin drugs can vary 
in their affinity for each of these drug targets. At low concentrations, 
cephalosporins preferentially bind to PBP 3 in gram-negative bacilli, 
resulting in filament formation with septae.15,23 The events after the 
covalent binding of cephalosporins to the PBP targets that lead to cell 
lysis and death are not entirely understood.

In general, cephalosporins are considered to be bactericidal drugs. 
The rate of killing of bacteria by cephalosporins exhibits minimal 
dependence on the concentration of the antibiotic.24 Maximal bac-
terial killing is observed at concentrations four times the minimal 
inhibitory concentration (MIC). Cephalosporins produce persistent 
suppression of bacterial growth (i.e., the postantibiotic effect) of 
several hours’ duration with gram-positive bacteria, but they induce 
very short or no postantibiotic effects with gram-negative bacilli.25,26 
The duration of time during which drug concentrations exceed the 
MIC is the major determinant of the antibacterial activity of the 
cephalosporins.26-28

SPECTRUM OF ACTIVITY
The cephalosporins are active against a wide variety of aerobic and 
anaerobic bacteria (Tables 21-2 and 21-3).29-63 Most drugs are active 
against streptococci and staphylococci. Some of the differences in 
potency among the agents are magnified by their activity against 
penicillin-resistant pneumococci. Ceftaroline and ceftobiprole have 
the greatest potency against this organism, followed by cefditoren, 
ceftriaxone, cefotaxime, cefepime, and cefpirome.59,63 The cephamy-
cins, ceftazidime, cefixime, and ceftibuten have the poorest activity 
against methicillin-susceptible staphylococci. Although MRSAs are 
resistant to all the earlier cephalosporins, the new MRSA-active cepha-
losporins, ceftaroline and ceftobiprole, exhibit MICs of approximately 
0.5 to 4 µµg/mL with such strains.59,63 Enterococci have also consis-
tently been resistant to the cephalosporins, with most MICs greater 
than 32 µg/mL. However, the new MRSA-active cephalosporins have 
much lower MICs for ampicillin-susceptible strains. These have ranged 
from 0.12 to 4 µg/mL for both drugs.59,63
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Changes in the PBP target are responsible for reduced cephalospo-
rin affinity and subsequent drug resistance for S. pneumoniae, MRSA, 
H. influenzae, and some Neisseria gonorrhoeae strains. Changes in the 
PBP target may result from amino-acid substitutions or insertions. 
Almost 40 amino-acid substitutions in PBP 2b have been described in 
the pneumococcus.103,104 Multiple mutations have also been described 
in PBP 2a′ of a strain of MRSA resulting in resistance to ceftobiprole.105 
Resistance in S. pneumoniae and several other pathogens has also 
resulted from the insertion of resistance sequences from other related 
species.

PHARMACOLOGIC PROPERTIES
The pharmacologic properties of selected cephalosporins are listed  
in Table 21-4.106-110,111-132,133-135 Cephalosporins are polar, water-soluble 
compounds. Within each of the first-, second-, and third-generation 
classifications, there are both oral and parenteral formulations. The 
fourth-generation compounds and those with activity against MRSA 
are available for parenteral use only. The parenteral formulations are 
available for both intravenous and intramuscular administration. All 
of the parenteral formulations, with the exception of cephradine, are 
stable in solution at room temperature for 24 hours or longer.136,137 
Drug stability at room temperature facilitates use of these compounds 
for home intravenous therapy, including continuous infusions. Many 
of the parenteral compounds can also be administered by the intra-
peritoneal route for treatment of peritoneal infections associated with 
continuous ambulatory peritoneal dialysis.138 Formulations of the oral 
cephalosporins are available as tablets, capsules, or suspensions.

In contrast to many other β-lactams, oral preparations of the cepha-
losporins are stable in the acid milieu of the upper gastrointestinal 
tract. Cephalosporins can be actively absorbed if their structure medi-
ates transport by the dipeptide and tripeptide transport systems in the 
brush border membrane of the small intestine.139 Cephalexin, cephra-
dine, cefadroxil, cefaclor, cefprozil, and loracarbef have an aminoben-
zyl group or a similar group in the C7 position and have high oral 
bioavailability (80% to 95%). Ceftibuten, cefixime, and cefdinir have 
other groups in the C7 position and exhibit more variable bioavail-
ability after oral dosing. Absorption by the dipeptide and tripeptide 
transport systems appears to be both pH and calcium dependent.139 
Drugs that have low oral bioavailability can be esterified to enhance 
absorption; the ester prodrug is hydrolyzed after absorption in the 
intestinal epithelial cells. The esters commonly used include axetil, 
proxetil, and pivoxil formulations.140 Ester prodrug formulations exist 
for cefuroxime, cefditoren, and cefpodoxime. Absorption of the ester 
is still not complete; in fact, the percent oral bioavailability of ester 
formulations is lower than that of most nonesterified compounds. 
Absorption of the ester formulations is enhanced by concomitant food 
intake140 because food within the stomach delays gastric emptying and 
prolongs contact with the mucosal surface.

Distribution of cephalosporins within the body is governed by  
the lipid solubility of the drug and the extent of protein binding. 
β-Lactams bind almost exclusively to albumin. The extent of protein 
binding can vary from less than 10% to as much as 98%.126 Because 
only unbound drug can pass through capillary pores into interstitial 
fluid or across cell membranes into intracellular fluid, avidly bound 
compounds tend to exhibit high serum concentrations and low tissue 
concentrations. In general, the cephalosporins are largely confined to 
the extracellular compartment. Drug concentrations in subcutaneous 
blisters, a model for extracellular drug penetration, are similar to those 
found in serum.126,141 Techniques measuring extracellular drug con-
centrations in human tissues (e.g., microdialysis) have demonstrated 
that concentrations of unbound drug in interstitial fluid are also similar 
to those in serum.142,143 The cephalosporins have relatively poor intra-
cellular concentrations. Tissue homogenates, which mix intracellular 
and extracellular fluid, always provide concentrations that are lower 
than those in serum because of dilution by the larger intracellular 
volume.141 This group of compounds does not achieve intracellular 
concentrations adequate to treat most intracellular pathogens (e.g., 
Legionella spp.).144

In the absence of infection, drug concentrations in the cerebro-
spinal fluid (CSF) and in the vitreous humor are low. None of the  
oral cephalosporins achieve therapeutic concentrations in the CSF. 

and K. pneumoniae, that lack or poorly express a chromosomal 
enzyme.74 The AmpC cephalosporinase is capable of inactivating 
almost all current cephalosporins, including the cephamycins. Emer-
gence of this type of resistance is frequent when infections resulting 
from these organisms are treated only with broad-spectrum 
cephalosporins.75,76

Many of the newer enzymes represent variants of the common 
plasmid-encoded Temoneira (TEM)-1, TEM-2 and sulfhydryl variable 
(SHV)-1 β-lactamases. These enzymes have been observed most com-
monly in K. pneumoniae and E. coli and are referred to as extended-
spectrum β-lactamases (ESBLs) because they are capable of inactivating 
many third- and fourth-generation cephalosporins.77,78 The new 
MRSA-active cephalosporins are also susceptible to inactivation by 
ESBLs.79,80 These enzymes are the result of amino-acid substitutions 
related to point mutations in the common β-lactamase genes (i.e., 
TEM and SHV). SHV ESBLs are the most common ESBLs found in K. 
pneumoniae.81 More recently, the cefotaxime/ceftazidime-hydrolyzing 
(CTX-M) family of β-lactamases, derived from the chromosomal 
enzyme of Kluyvera spp., have spread into K. pneumoniae and E. coli.82 
This worldwide spread of these organisms is complicating initial treat-
ment of urinary tract infections in many regions.83 Gram-negative 
bacilli producing carbapenemases are also emerging in certain parts of 
the world. These enzymes, often called K. pneumoniae carbapenemases 
(KPCs), are capable of hydrolyzing most of the cephalosporins.84

The different β-lactamase enzymes can vary significantly in their 
affinity for drugs within the cephalosporin class. For example, cefepime, 
cefpirome, and ceftobiprole are less susceptible than other cephalospo-
rins to inactivation by AmpC cephalosporinases.79,85,86 The cephamy-
cins are not susceptible to inactivation by ESBLs. Ceftazidime and 
cefpodoxime generally exhibit high sensitivity to inactivation by 
ESBLs.77 On the other hand, cefepime, cefpirome, and even cefotaxime 
and ceftriaxone may exhibit only modest inactivation, and the organ-
ism may still be considered susceptible by standard susceptibility 
testing.

Tests using ceftazidime, cefpodoxime, cefotaxime, or ceftriaxone to 
identify strains of K. pneumoniae, E. coli, and P. mirabilis producing 
ESBLs have been devised for clinical laboratories by the Clinical and 
Laboratory Standards Institute (CLSI).87 However, the identification of 
ESBLs in the clinical laboratory is complicated by new emerging ESBLs 
called the CTX-M enzymes, which hydrolyze ceftazidime much less 
than other third- and fourth-generation cephalosporins.88-90 The previ-
ous recommendation of the CLSI was that all such strains should be 
called resistant to cephalosporins other than the cephamycins, even if 
they are susceptible on standard susceptibility tests.87 This recommen-
dation was in line with a large, prospective observational study of 
patients with Klebsiella bacteremia that reported a significantly poorer 
outcome in patients treated with third- and fourth-generation cepha-
losporins, compared with carbapenems.91 The poorer outcome was 
observed primarily in strains with MICs greater than 2 µg/mL. The 
current susceptibility breakpoints for cephalosporins have been 
lowered in the United States, as has already been accomplished in 
Europe.92,93 According to CLSI, strains with ESBLs that have susceptible 
MICs are considered treatable with cephalosporins at the cited dosages, 
but there are some recent studies that would support lower MIC sus-
ceptibility breakpoints for cefepime. 94,95

It is unlikely that deletion or mutation of porin proteins causes 
primary resistance to cephalosporins. However, such changes can alter 
the relationship between the concentrations of drug and β-lactamase 
in the periplasmic space, resulting in much more hydrolysis of the 
cephalosporin. For example, strains of K. pneumoniae containing 
ESBLs have been shown to be resistant to cephamycins because of the 
lack of an outer membrane porin protein.96 Porin-deficient strains are 
especially high in Enterobacter aerogenes.97

The endogenous AcrAB multidrug efflux system in E. coli affects 
the potency of penicillins but has little effect on the activity of cepha-
losporins.98 However, resistance in P. aeruginosa has been associated 
with the MexAB-OprM efflux pump for ceftazidime and the MexXY-
Opr efflux pump for cefepime and ceftobiprole.99-101 The differences 
among these organisms in the impact of somewhat similar pumps are 
probably due to markedly higher outer membrane permeability in E. 
coli compared with P. aeruginosa.102

http://www.myuptodate.com


TA
B

LE
 2

1
-4

 
P
h

a
rm

a
co

k
in

e
ti

cs
 o

f 
C

e
p

h
a
lo

sp
o

ri
n

s

C
E
P
H

A
LO

S
P
O

R
IN

A
D

U
LT

 D
O

S
E

P
E
A

K
 S

E
R

U
M

 
C

O
N

C
E
N

TR
A

TI
O

N
 

(µ
g

/m
L)

H
A

LF
-L

IF
E
 

(h
r)

S
E
R

U
M

 
P
R

O
TE

IN
 

B
IN

D
IN

G
 (

%
)

R
O

U
TE

 O
F 

E
X

C
R

E
TI

O
N

C
S
F 

C
O

N
C

E
N

TR
A

TI
O

N
 

R
A

N
G

E
 (

µg
/m

L)

C
S
F 

P
E
N

E
TR

A
TI

O
N

 
(%

)

S
TA

B
IL

IT
Y

 A
T 

R
O

O
M

 
TE

M
P
E
R

A
TU

R
E
 (

h
r)

 o
r 

O
R

A
L 

B
IO

A
V

A
IL

A
B

IL
TY

 (
%

)
Fi

rs
t 

G
en

er
at

io
n

C
ef

az
ol

in
0.

5-
1 

g 
q8

h
19

3 
(1

 g
)

1.
9

74
-8

6
R 

(6
5%

-1
00

%
)

<0
.7

0-
4

24

C
ep

ha
lo

th
in

0.
5-

2 
g 

q4
-6

h
64

 (
1 

g)
0.

5-
1.

0
50

-8
0

R 
(5

0%
-7

0%
)

0.
16

-0
.3

1
1

24

C
ep

ha
pi

rin
0.

5-
2 

g 
q4

-6
h

70
 (

1 
g)

0.
6

50
-6

0
R 

(6
0%

-8
5%

)
N

A
N

A
24

C
ep

hr
ad

in
e

0.
5-

1 
g 

q6
h

50
 (

1 
g)

0.
7

8-
17

R 
(7

5%
-1

00
%

)
N

A
N

A
2-

10

Se
co

n
d

 G
en

er
at

io
n

C
ef

am
an

do
le

0.
5-

2 
g 

q6
h

88
 (

1 
g)

0.
7-

1.
3

50
-7

8
R 

(8
0%

)
0.

35
-7

.4
0-

8.
6

24

C
ef

on
ic

id
0.

5-
1 

g 
q2

4h
22

1 
(1

 g
)

4.
4

98
R 

(9
5%

)
N

A
N

A
24

C
ef

ur
ox

im
e

0.
75

-1
.5

 g
 q

8h
39

 (
1 

g)
1.

2-
1.

8
33

-5
0

R 
(7

0%
-1

00
%

)
0.

35
-2

2.
5

11
.6

-1
3.

7
24

C
ep

h
am

yc
in

s
C

ef
m

et
az

ol
e

2 
g 

q8
h

14
3 

(2
 g

)
1.

3-
1.

8
68

R 
(7

5%
-8

5%
)

N
A

N
A

24

C
ef

ot
et

an
1-

2 
g 

q1
2h

15
8 

(2
 g

)
3.

5
76

-9
0

R 
(8

0%
)

1.
1-

4.
8

0.
8-

3.
6

24

C
ef

ox
iti

n
1-

2 
g 

q6
h

11
0 

(1
 g

)
0.

8-
1

41
-7

9
R 

(9
0%

)
1.

2-
22

0.
8-

35
24

Th
ir

d
 G

en
er

at
io

n
C

ef
op

er
az

on
e

1-
3 

g 
q8

-1
2h

15
3 

(1
 g

)
1.

6-
2.

1
90

H
 (

80
%

)
R 

(2
0%

)
<0

.8
-1

19
2.

5-
5.

9
12

C
ef

ot
ax

im
e

1-
2 

g 
q1

2h
10

2 
(1

 g
)

1-
1.

2
35

-4
0

R 
(5

0%
-8

0%
)

1-
83

4-
55

24

C
ef

ta
zi

di
m

e
1-

2 
g 

q8
-1

2h
10

7 
(1

 g
)

1.
5-

2
17

R 
(8

0%
-9

0%
)

1.
4-

30
14

-4
5

24

C
ef

tiz
ox

im
e

1-
2 

g 
q6

-1
2h

11
3 

(1
 g

)
1.

4-
1.

7
31

R 
(7

0%
-1

00
%

)
<0

.5
-2

9
3-

22
.6

24

C
ef

tr
ia

xo
ne

1-
2 

g 
q1

2-
24

h
14

5 
(1

 g
)

6.
4

85
-9

5
R 

(5
0%

)
H

 (
40

%
)

2-
20

1.
5-

7
72

M
ox

al
ac

ta
m

1-
2 

g 
q8

h
70

 (
1 

g)
2.

2
50

R 
(6

7%
-8

8%
)

0.
8-

39
12

-6
9

24

C
ef

to
lo

za
ne

1-
1.

5 
g 

q8
-1

2h
90

 (
1 

g)
2.

2-
2.

7
<2

0
R 

(8
5%

-9
3%

)
N

A
N

A
24

Fo
u

rt
h

 G
en

er
at

io
n

C
ef

ep
im

e
1-

2 
g 

q8
-1

2h
79

 (
1 

g)
2

16
-1

9
R 

(8
5%

)
5.

7
11

.8
24

C
ef

pi
ro

m
e

1-
2 

g 
q8

-1
2h

80
 (

1 
g)

2
10

R 
(9

0%
)

0.
8-

4.
2

5-
67

24

M
R

SA
-A

ct
iv

e
C

ef
ta

ro
lin

e
0.

6 
q 

q8
-1

2h
21

 (
0.

6 
g)

2.
6

7-
19

R 
(8

5%
)

N
A

N
A

24

C
ef

to
bi

pr
ol

e
0.

5 
g 

q8
-1

2h
34

 (
0.

5 
g)

2.
85

17
R 

(8
2%

)
N

A
N

A
24

O
ra

l: 
Fi

rs
t 

G
en

er
at

io
n

C
ef

ad
ro

xi
l

0.
5-

1g
 q

12
h

15
 (

0.
5 

g)
1.

3-
1.

6
20

R 
(9

0%
)

N
A

N
A

80
%

C
ep

ha
le

xi
n

0.
5-

1g
 q

6h
5.

8 
(2

50
 m

g)
0.

5-
1.

2
6-

15
R 

(8
0%

-1
00

%
)

N
A

N
A

90
%

C
ep

hr
ad

in
e

0.
5-

1g
 q

6h
15

 (
0.

5 
g)

1-
2

10
-2

0
R 

(8
0%

-9
0%

)
N

A
N

A
95

%

O
ra

l: 
Se

co
n

d
 G

en
er

at
io

n
C

ef
ac

lo
r

25
0-

50
0 

m
g 

q8
h

37
5 

m
g 

q1
2h

6 
(2

50
 m

g)
19

.2
 (

40
0 

m
g)

0.
5-

1
25

-5
0

R 
(5

0%
-8

0%
)

N
A

N
A

50
%

-9
0%

 F
E

C
ef

pr
oz

il
50

0 
m

g 
q1

2h
9.

3 
(5

00
 m

g)
1.

3
35

-4
5

R 
(6

1%
)

N
A

N
A

95
%

C
ef

ur
ox

im
e 

(a
xe

til
)

25
0-

50
0 

m
g 

q1
2h

4.
6 

(2
50

 m
g)

1.
2

33
-5

0
R 

(6
6%

-1
00

%
)

N
A

N
A

52
%

-6
8%

 F
E

Lo
ra

ca
rb

ef
20

0-
40

0 
m

g 
q1

2h
8 

(2
00

 m
g)

1.
0

25
R 

(8
7%

)
N

A
N

A
90

%

O
ra

l: 
Th

ir
d

 G
en

er
at

io
n

C
ef

di
ni

r
30

0 
m

g 
q1

2h
2.

9
1.

5-
1.

7
60

-7
3

R 
(1

8%
)

N
A

N
A

25
%

C
ef

di
to

re
n 

(p
iv

ox
il)

20
0-

40
0 

m
g 

q1
2h

2.
5 

(2
00

 m
g)

0.
8-

1.
6

88
R 

(1
6%

-2
2%

)
N

A
N

A
17

%
 F

E

C
efi

xi
m

e
20

0-
40

0 
m

g 
q1

2-
24

h
2.

8 
(2

00
 m

g)
4.

5 
(4

00
 m

g)
3-

4
65

-7
0

R 
(5

0%
)

H
 (

5%
)

N
A

N
A

40
%

-5
0%

C
ef

po
do

xi
m

e 
(p

ro
xe

til
)

20
0 

m
g 

q1
2h

2.
2 

(2
00

 m
g)

2.
2-

2.
7

18
-4

0
R 

(2
9%

-3
3%

)
N

A
N

A
50

%
-8

0%
 F

E

C
ef

tib
ut

en
40

0 
m

g 
q2

4h
15

 (
40

0 
m

g)
2.

4
65

-7
7

R 
(5

7%
)

N
A

N
A

75
%

-9
0%

C
SF

, 
ce

re
br

os
pi

na
l fl

ui
d;

 F
E,

 f
oo

d 
ef

fe
ct

; 
H

, 
he

pa
tic

; 
M

RS
A

, 
m

et
hi

ci
lli

n-
re

si
st

an
t 

St
ap

hy
lo

co
cc

us
 a

ur
eu

s;
 N

A
, 

no
t 

ap
pl

ic
ab

le
; 

R,
 r

en
al

.

http://www.myuptodate.com


P
a
rt

 I
 B

as
ic

 P
ri

n
ci

p
le

s 
in

 t
h

e 
D

ia
g

n
o

si
s 

an
d

 M
an

ag
em

en
t 

o
f 

In
fe

ct
io

u
s 

D
is

ea
se

s
286

Most cephalosporins are eliminated by the kidney, with half-lives 
of 1 to 2 hours. The major mechanism for renal excretion of many 
compounds is tubular secretion. This active transport process is largely 
unaffected by protein binding.129 Probenecid inhibits this organic acid 
transport system and can prolong the half-life of these compounds. For 
several compounds, glomerular filtration is more important, and 
protein binding can significantly prolong their elimination half-life.149 
For some drugs, the elimination half-life is 3 to 8 hours, allowing for 
12- and 24-hour dosing intervals. A few compounds with high protein 
binding and high molecular weights, such as ceftriaxone and cefopera-
zone, are eliminated to a large extent by the biliary route.150 Between 
50% and 70% of the active parent compound may be recovered in the 
bile and eventually in the feces.

The maximal daily doses of agents eliminated primarily by the 
kidney must be reduced for patients with renal impairment. Most 
often, this adjustment includes both a reduction in dose level and 
lengthening of the dosing interval. Recommended dose adjustments 
for various degrees of renal impairment and for patients receiving 
dialysis are presented in Table 21-5 for the currently available cepha-
losporins.151,152 For drugs eliminated by the biliary system, such as 
ceftriaxone, dose adjustments are unnecessary unless concomitant 
severe hepatic insufficiency and renal insufficiency are present.151 Most 
of the cephalosporins excreted by the renal route are eliminated by 
hemodialysis. Between 20% and 50% of the parent compound is 
removed after a usual dialysis session. It is recommended that the  
drug be given again after hemodialysis. On the other hand, few cepha-
losporins are removed to any significant extent (<10%) by peritoneal 

Penetration of most parenteral drugs from the first- and second-
generation groups is similarly poor. Parenteral cefuroxime is an excep-
tion, and this drug also has the lowest MICs for common meningeal 
pathogens among the first- and second-generation cephalosporins.129 
The parenteral third- and fourth-generation drugs, such as ceftriaxone, 
cefotaxime, ceftazidime, and cefepime, achieve concentrations that 
would allow treatment of central nervous system infections.130-133,134,135 
The presence of an active transport system that transports many cepha-
losporins from the CSF back to serum contributes to the low drug 
levels in the CSF observed with many of the earlier-generation drugs. 
The transport protein involved in this system is similar to the protein 
involved in renal secretion of β-lactam antibiotics.145 Ceftriaxone, cefo-
taxime, ceftazidime, and cefepime exhibit minimal renal tubular secre-
tion and are poor substrates for the choroid plexus pump, contributing 
to higher CSF concentrations. Probenecid is a competitive substrate 
for this pump and can produce higher concentrations with drugs that 
are effluxed by this transport system.146 Infection results in higher CSF 
levels because inflammation can enhance penetration as well as inter-
fere with efflux by active transport.

Very few drugs from the cephalosporin class are extensively metab-
olized. The three exceptions are cefotaxime, cephalothin, and cephapi-
rin, which undergo deacetylation of the acetoxymethyl side chain in 
the liver.147,148 The metabolic desacetyl products still possess modest 
microbiologic activity. The elimination half-life of desacetylcefotaxime 
is significantly longer than that of the parent compound, allowing less 
frequent administration of this cephalosporin.148 The remaining drugs 
in the cephalosporin class are excreted from the body unchanged.

TABLE 21-5  Dosing Adjustment of Cephalosporins in Patients with Renal Insufficiency

CEPHALOSPORIN

USUAL ADULT 
DOSING 
REGIMEN

DOSING REGIMEN WITH RENAL INSUFFICIENCY
DOSING REGIMEN WITH 

DIALYSIS
GFR <10 mL/min GFR 10-50 mL/min GFR 50-90 mL/min Hemodialysis CAPD

First Generation
Cefazolin 1 g q8h 0.5-1 g q24h 0.5-1 g q12h NC 0.5-1 g after 0.5 g q12h

Second Generation
Cefuroxime 1.5 g q8h 0.75g q24h 0.75 g q8-12h NC 0.75 g after 0.75 q24h

Cephamycins
Cefotetan 2 g q12h 1 g q24h 2 g q24h NC 1 g after 1 g q24h

Cefoxitin 2 g q6h 1 q q12h 2 g q12h 2 g q8h 1 g after 1 g q12h

Third Generation
Cefotaxime 2 g q8h 2 g q24h 2g q12h NC 1 g after 1 g q24h

Ceftazidime 2 g q8h 0.5 g q24h 2g q24h 2 g q12h 1 g after 0.5 q24h

Ceftriaxone 1 g q24h NC NC NC None NC

Fourth Generation
Cefepime 2 g q12h 0.5-1 g q24h 1g q24h NC 1 g after 0.5-1 g q24h

Cefpirome 2 g q12h 0.5 g q12h 1g q12h NC 1 g after 0.5 g three times 
weekly

MRSA-Active*
Ceftobiprole 0.5 g q8h 0.25 g q12h 0.5 g q12h NC 0.25 g after 0.25 g q12h

Ceftaroline 0.6 g q12h 0.2 g q12h 0.3-0.4 g q1h NC 0.2 g after 0.2 g q12h

Oral: First Generation
Cefadroxil 500 mg q12h 500 mg q24h 500 mg q24h NC 500 mg after 500 mg q24h

Cephalexin 500 mg q6h 250 mg q12h 500 mg q12h NC 500 mg after 500 mg q12h

Oral: Second Generation
Cefprozil 500 mg q12h 250 mg q24h 500 mg q24h NC 500 mg after 250 mg q24h

Cefuroxime (axetil) 500 mg q8h 500 mg q24h 500 mg q12h NC 500 mg after 500 mg q24h

Oral: Third Generation
Cefdinir 300 mg q12h 300 mg q24h NC NC 300 mg after 300 mg q24h

Cefditoren 400 mg q12h 200 mg q24h 200 mg q12h NC None 200 mg q24h

Cefixime 400 mg q24h 200 mg q24h 300 mg q24h NC 300 mg after 200 mg q24h

Cefpodoxime 200 mg q12h 200 mg q24h NC NC 200 mg after 200 mg q24h

Ceftibuten 400 mg q24h 100 mg q24h 200 mg q24h NC 300 mg after 100 mg q24h

*Studies not available for ceftaroline.
CAPD, continuous ambulatory peritoneal dialysis; GFR, glomerular filtration rate; MRSA, methicillin-resistant Staphylococcus aureus; NC, no change.
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Use of the penicillin skin test to predict cephalosporin reactions is 
unreliable. In a study of almost 100 individuals who were given a 
cephalosporin and had a history of reaction to the penicillin determi-
nants used in skin testing, only 1 patient had a reaction.163 The practical 
clinical decision to use a cephalosporin in a patient with a prior history 
of reaction to either a penicillin or another cephalosporin should be 
guided by the severity of the prior reaction and the cephalosporin to 
be used. In patients with prior nonsevere, non–IgE-mediated reactions 
to other β-lactams, use of a cephalosporin with a different side chain 
than the prior agent is considered safe.159,162 Although the risk of a 
similar reaction is slightly increased, the reactions are rarely severe. 
However, in the setting of a prior severe IgE-mediated reaction with 
another β-lactam compound, use of a cephalosporin is discouraged.

Immunologically mediated reactions to cephalosporins may mani-
fest as hematologic or renal toxicities. Eosinophilia is the most com-
monly reported laboratory abnormality.164 Cytopenias associated with 
cephalosporin use are rare.165 Cytotoxic reactions from immuno-
globulin antibodies can rarely result in neutropenia, thrombocytope-
nia, or anemia. A high incidence of neutropenia was observed after 
prolonged therapy with cefepime for osteomyelitis but resolved after 
the drug was stopped.165 The incidence of hemolytic anemia is highest 
with ceftriaxone.166 Although Coombs laboratory tests are reported to 
be positive in a significant percentage of patients receiving many of the 
cephalosporins, these patients most often do not have hemolytic 
anemia167 because this is a false-positive reaction related to cross-
reactivity that occurs in up to 3% of patients. A similar cytotoxic reac-
tion can result in renal damage from interstitial nephritis168; the 
frequency of this reaction appears to be less than with drugs from the 
penicillin class.

Nonimmunologic hematologic and renal toxicities have been 
reported with a similarly low frequency. Bleeding abnormalities have 
been reported with increased frequency related to two mechanisms. 
Impaired adenosine diphosphate–induced platelet aggregation has 
been reported with moxalactam169 but not with other cephalosporins. 
Another coagulopathy is specifically associated with the MTT side 
chain present on cefamandole, cefotetan, cefoperazone, and moxalac-
tam.170 The MTT side chain can dissociate from the parent cephalo-
sporin and act as a competitive inhibitor of the vitamin K–dependent 
carboxylase responsible for converting clotting factors II, VII, IX, and 
X to active forms.171 In addition, other cephalosporin side chains may 
interact with warfarin and increase inhibition of vitamin K 2,3-epoxide 
reductase, which converts vitamin K to its active form.172,173 These reac-
tions can lead to prolongation of the prothrombin time and clinically 
significant bleeding. Patients with poor nutritional status, advanced 
age, or recent surgery on the gastrointestinal tract are at increased risk 
for clinically significant bleeding.174-176 In addition, patients with renal 
failure may be at increased risk for bleeding because of the accumula-
tion of the side chain.177 Vitamin K administration rapidly reverses the 
abnormality in 24 to 36 hours. The MTT side chain can also produce 
a disulfiram-like reaction with ethanol ingestion that may persist for 
several days after antibiotic administration.13,178 The disulfiram reac-
tion manifests with flushing, tachycardia, headache, sweating, nausea, 
vomiting, hypotension, confusion, or blurred vision. The reaction is 
caused by a block in alcohol metabolism at the acetaldehyde step, 
which results in the accumulation of acetaldehyde and subsequent 
symptoms.

A variety of adverse reactions within the gastrointestinal tract have 
been reported with variable frequency. Diarrhea is the most commonly 
reported side effect, with rates ranging from 1% to 20%.156 Upper gas-
trointestinal symptoms occur much less frequently. Mild and transient 
hepatic toxicity has been reported with most compounds from the class 
and manifests as twofold to fourfold elevations in transaminase levels 
in up to 7% of patients.179 Obstructive biliary toxicity has also been 
reported with ceftriaxone.180,181 The high biliary ceftriaxone concentra-
tions cause crystallization of a ceftriaxone-calcium salt and the clinical 
syndrome of biliary pseudolithiasis. This biliary abnormality has been 
reported most often in children who were receiving high ceftriaxone 
doses and in patients with preexisting biliary abnormalities.182 The 
syndrome is reversible and in most reports has cleared within 10 to 60 
days after discontinuation of the drug. It was recommended that cef-
triaxone and calcium-containing products not be mixed in vials or 

dialysis, and additional dosing is not recommended after a peritoneal 
dialysis session. Continuous venous hemofiltration (CVH) is fre-
quently used in critically ill patients. Compounds eliminated by the 
kidneys and by hemodialysis are also removed by CVH. Most often, 
the efficiency of drug removal is thought to be similar to a creatinine 
clearance of 10 to 30 mL/min, and appropriate dosing modification is 
recommended.153

ADVERSE REACTIONS AND 
TOXICITIES
The safety profile of the cephalosporins as a class is generally favorable. 
The incidence of specific adverse reactions for these compounds is 
relatively similar among drugs within the class, with few exceptions 
(Table 21-6). As with other β-lactam drugs, hypersensitivity reactions 
are the most common adverse effect associated with cephalosporin 
therapy.154,155 The frequency of hypersensitivity reactions to cephalo-
sporins is less than that for penicillins. Various cutaneous rashes, often 
associated with eosinophilia and occasionally with fever, occur in 1% 
to 7% of patients receiving these drugs.156 More severe hypersensitivity 
reactions, such as serum sickness, anaphylaxis, or angioedema, occur 
very infrequently. These immunoglobulin E (IgE)-mediated reactions 
are estimated to occur in fewer than 1 in 100,000 patients.157 However, 
there have been reports of a strong association between serum sickness 
in children and use of cefaclor.158

Cross-reactivity among drugs from the cephalosporin class and 
other β-lactams has been extensively investigated. The risk appears to 
depend on the similarity of side chains on the molecule to those on 
penicillins or other cephalosporins.159 For example, in patients with 
allergy to amoxicillin, cross-reactivity was observed in 38% of those 
receiving cefadroxil, which has a similar side chain, and in none of 
those receiving cefamandole, which has a different side chain.160 Recent 
estimates suggest a cross-reaction frequency of 1% or less.161 Cross-
reactivity with second-, third- and fourth-generation drugs has been 
very low.161,162

TABLE 21-6  Potential Adverse Effects of 
Cephalosporins

EFFECT TYPE SPECIFIC EFFECT FREQUENCY (%)
Hypersensitivity Rash 1-3

Urticaria <1

Serum sickness <1

Anaphylaxis 0.01

Gastrointestinal Diarrhea 1-19

Nausea/vomiting 1-6

Transient transaminase 
elevation

1-7

Biliary sludge 20-46*

Hematologic Eosinophilia 1-10

Neutropenia <1

Thrombocytopenia <1-3

Hypoprothrombinemia <1

Impaired platelet 
aggregation

<1

Hemolytic anemia <1

Renal Interstitial nephritis <1

Central nervous system Seizures <1

Encephalopathy <1

False-positive laboratory result Coombs positive 3

Glucosuria Rare

Serum creatinine Rare

Other Drug fever Rare

Disulfiram-like reaction† Rare

Superinfection Rare

Phlebitis Rare

*Ceftriaxone.
†Cephalosporins with thiomethyl tetrazole ring side chain.
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creatinine were reported in patients receiving cefoxitin or cephalothin 
in laboratories using the Jaffe technique.192

Because the cephalosporins have broad-spectrum activity, superin-
fection or overgrowth of Candida in the gastrointestinal and vaginal 
tracts can occur.193,194 Similarly, overgrowth of Clostridium difficile in 
the gastrointestinal tract with diarrhea and, less commonly, colitis has 
been associated with increased use of broad-spectrum cephalospo-
rins.195,196 However, the incidence of these superinfections is similar to 
rates reported with drugs from some other antibiotic classes.

CLINICAL USES OF SPECIFIC DRUGS
The usual dosing regimens for adults and children for the various 
cephalosporins by generation are listed in Table 21-7. The daily doses 
recommended to treat serious infections are also listed.

First-Generation Cephalosporins
The first-generation cephalosporins available in the United States are 
cefazolin, cephalexin, and cefadroxil. The first-generation cephalospo-
rins have been extensively used as alternatives to penicillin for staphy-
lococcal and nonenterococcal streptococcal infections. Most commonly, 
these include skin and soft tissue infections.

Cefazolin is not metabolized and is eliminated more by glomerular 
filtration than by tubular excretion.149 Its moderate protein binding 
slows the glomerular filtration of the drug, resulting in a half-life of 1.5 
to 2 hours, which allows 8- and 12-hourly dosing. With co-administration 
of probenecid, cefazolin has been effective in skin and soft tissue infec-
tions with once-daily dosing.197 Cefazolin is still recommended in 
penicillin-allergic patients for more serious staphylococcal infections, 
such as endocarditis, even though the drug is more readily hydrolyzed 

infusion lines for therapy in neonates younger than 28 days because of 
the risk of precipitation in their plasma. This warning was later 
retracted as other cephalosporins had a similar low precipitation 
risk.183

Adverse reactions in the nervous system are uncommon and are 
similar in nature to those reported with other β-lactams.184 The main 
mechanism of neurotoxicity is inhibition of γ-aminobutyric acid A.185 
Encephalopathy and seizures have been reported primarily in patients 
with renal insufficiency who were receiving high doses of these 
drugs.185-187 Decreased protein binding and inhibition of the choroid 
plexus pump occur with uremia and may contribute to enhanced toxic-
ity in patients with renal impairment. Local phlebitis reactions related 
to intravenous administration of the parenteral compounds have been 
reported with variable frequency, ranging from 1% to 5%.188 On the 
other hand, pain associated with intramuscular administration is 
common with all of the parenteral compounds.189 The local discomfort 
can be reduced by the use of 1% lidocaine in diluent. With the excep-
tion of once-daily intramuscular ceftriaxone and cefepime, most par-
enteral cephalosporins are administered by the intravenous route.

The cephalosporins have not been studied extensively in pregnancy. 
All drugs within the cephalosporin group are placed in pregnancy class 
B.190 All of the compounds are secreted to a small degree into breast 
milk, but as a class they are considered safe for use in this situation.

In addition to the false-positive Coombs test, laboratory abnormali-
ties in urine glucose and serum creatinine have been reported with 
certain cephalosporins. False-positive results on glucosuria tests per-
formed with the copper reduction technique (Clinitest) have been 
reported with cefaclor, cefadroxil, cefamandole, cefonicid, cefotaxime, 
cefoxitin, and ceftazidime.191 Similarly, false increases in serum 

TABLE 21-7  Dosing Regimens for Cephalosporins in Adults and Children

CEPHALOSPORIN
ADULT CHILDREN

Usual Dose Severe Disease Usual Dose
First Generation
Cefazolin 0.5-1 g q8-12h 2 g q6-8h 12.5-33 mg/kg q6-8h

Second Generation
Cefuroxime 0.75-1.5 g q8h 1.5 g q8h 12.5-60 mg/kg q6-8h

Cephamycins
Cefotetan 1-2 g q12h 2-3 g q12h Not recommended

Cefoxitin 1-2 g q6h 2 g q4-6h 20-25 mg/kg q4-6h

Third Generation
Cefotaxime 1 g q8-12h 2 g q4-8h 25-30 mg/kg q4-6h

Ceftazidime 1 g q8-12h 2 g q8h 30-50 mg/kg q8h

Ceftriaxone 1 g q24h 2 g q12-24h 50-100 mg/kg q24h

Fourth Generation
Cefepime 1 g q12h 2 g q8-12h 50 mg/kg q8h

Cefpirome 1 g q12h 2 g q12h Not recommended

MRSA-Active
Ceftaroline 0.6 g q12h 0.6 g q8h Not recommended

Ceftobiprole 0.5 g q12h 0.5 g q8h Not recommended

Oral: First Generation
Cephalexin 250-500 mg qid 1 g qid 6.25-25 mg/kg qid

Cefadroxil 500 mg bid 1 g bid 15 mg/kg bid

Oral: Second Generation
Cefprozil 250-500 mg bid 500 mg bid 7.5-15 mg/kg bid

Cefuroxime (axetil) 250-500 mg bid 500 mg bid 10-15 mg/kg bid

Oral: Third Generation
Cefdinir 300 mg bid or

600 mg qd
300 mg bid or
600 mg qd

7 mg/kg bid or
14 mg/kg qd

Cefditoren 200-400 mg bid 400 mg bid Not recommended

Cefixime 200 mg bid or
400 mg qd

400 mg bid 4 mg/kg bid or
8 mg/kg qd

Cefpodoxime 200-400 mg bid 400 mg bid 5 mg/kg bid

Ceftibuten 400 mg qd 400 mg qd 9 mg/kg qd

MRSA, methicillin-resistant Staphylococcus aureus.
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cefprozil are the best agents for S. pneumoniae and are effective against 
penicillin-susceptible isolates and most penicillin-intermediate strains. 
None of the oral second-generation cephalosporins provides optimal 
therapy for penicillin-resistant pneumococci. For H. influenzae and M. 
catarrhalis, cefuroxime axetil would be a better choice than cefprozil. 
Clinical and bacteriologic outcomes have demonstrated that 5- to 
10-day courses of therapy with the second-generation cephalosporins 
are equivalent to or more effective than 10 days of therapy with penicil-
lin V for the treatment of group A β-hemolytic streptococcal pharyn-
gitis.215,216 Cefuroxime axetil is also a recommended alternative to 
doxycycline and penicillin for treatment of early Lyme disease.217

The cephamycins, cefoxitin and cefotetan, have provided effective 
therapy for a variety of infections involving aerobic gram-negative  
and anaerobic organisms, especially B. fragilis. These include intra-
abdominal, pelvic, and gynecologic infections; infected decubitus 
ulcers; diabetic foot infections; and mixed aerobic-anaerobic soft tissue 
infections.218-220 Cefotetan has a half-life of 3 to 4 hours because of its 
high protein binding and can be administered twice daily, compared 
with every 6 hours for cefoxitin. Cefotetan contains the MTT side 
chain, which increases its potential for hypoprothrombinemia and 
disulfiram reactions. In terms of antimicrobial activity, cefotetan is 
more active than cefoxitin against gram-negative bacilli but is less 
active against non–B. fragilis members of the B. fragilis group.221,222 Of 
more importance, as many as 15% to 20% of B. fragilis strains are 
resistant to the various cephamycins, and drugs with better anaerobic 
activity should be used for empirical therapy of serious Bacteroides 
infections.223 All of the cephamycins are active against N. gonorrhoeae, 
including penicillin-resistant strains. However, recommended therapy 
for infections with this organism is with ceftriaxone, which is effective 
as a single dose.224 However, resistance of N. gonorrhoeae to ceftriaxone 
is starting to increase worldwide.225 Cefoxitin and cefotetan, in combi-
nation with doxycycline, provide effective therapy for pelvic inflamma-
tory disease.226 For antimicrobial prophylaxis during surgery, cefoxitin 
and cefotetan are recommended over cefazolin only for colorectal pro-
cedures and appendectomies.200 For elective colorectal surgery, cefoxi-
tin or cefotetan is still commonly administered even when an oral 
bowel preparation with erythromycin and neomycin is used.

Third-Generation Cephalosporins
Third-generation cephalosporins available in the United States are  
cefdinir, cefditoren, cefixime, cefotaxime, cefpodoxime, ceftazidime, 
ceftibuten, and ceftriaxone. The third-generation cephalosporins are 
major drugs for the treatment of many important infections because 
of their high antibacterial potency, wide spectrum of activity, low 
potential for toxicity, and favorable pharmacokinetics (e.g., enhanced 
drug concentrations in the CSF). They have been especially useful in 
infections resulting from gram-negative bacilli that are resistant to 
other β-lactam antibiotics. However, their superior activity against the 
Enterobacteriaceae is being challenged by the increasing frequency  
of organisms with β-lactamase–mediated resistance. New AmpC 
β-lactamases, ESBLs, and carbapenemases, which inactivate third-
generation cephalosporins, present a distinct threat to the continued 
utility of these agents.

Cefotaxime, ceftriaxone, and ceftazidime are the major parenteral 
third-generation cephalosporins in clinical use for the treatment of 
nosocomial infections caused by susceptible gram-negative bacilli. 
Cefotaxime and ceftriaxone are also two of the most potent cephalo-
sporins against penicillin-resistant pneumococci. Because of its high 
protein binding, ceftriaxone has the longest half-life and is usually 
administered once daily. Ceftazidime is dosed two or three times daily, 
and effective dosing of cefotaxime, which has the shortest half-life, has 
varied from every 4 hours to twice daily. Ceftazidime is usually reserved 
for infections that are likely to involve P. aeruginosa.

Monotherapy with cefotaxime or ceftriaxone has provided effec-
tive treatment for a variety of nosocomial infections caused by sus-
ceptible gram-negative bacilli, including complicated skin and soft 
tissue infections, prosthetic joint infections, pneumonia, complicated 
urinary tract infections, and intra-abdominal infections such as 
peritonitis.227-231 However, cephalosporin monotherapy for infections 
caused primarily by Enterobacter, Citrobacter, and Serratia spp. can 
be complicated by the emergence of stably derepressed resistant 

by staphylococcal β-lactamase than other first-generation cephalospo-
rins.198,199 Cefazolin is recommended as the prophylactic antibiotic of 
choice for foreign-body implantation and for many clean and clean 
contaminated surgical procedures in which there is a high risk of infec-
tion.200 These include cardiac and vascular surgery, insertion of ortho-
pedic devices, head and neck surgery that crosses the oropharyngeal 
mucosal barrier, vaginal and abdominal hysterectomy, high-risk cesar-
ean section, and high-risk gastroduodenal and biliary tract procedures. 
Because of its poor activity against Bacteroides spp., cefazolin alone is 
not recommended for intra-abdominal procedures that involve the 
intestine.

The oral first-generation cephalosporins, cephalexin and cefadroxil, 
have very high oral bioavailability. Cefadroxil has a slightly longer half-
life than cephalexin, which allows twice-daily dosing instead of the 
usual four times a day.107 These drugs provide appropriate outpatient 
therapy for many skin and soft tissue infections. However, they are not 
effective for animal bites and scratches involving Pasteurella multo-
cida.201 The drugs are quite active against Streptococcus pyogenes and 
provide effective therapy in streptococcal pharyngitis.202,203 They have 
poor activity against penicillin-resistant pneumococci, H. influenzae, 
and M. catarrhalis and are not recommended for sinusitis, otitis media, 
or lower respiratory tract infections. The drugs are effective in uncom-
plicated urinary tract infections; however, they are less effective than 
trimethoprim-sulfamethoxazole or fluoroquinolones.204

Second-Generation Cephalosporins
The second-generation cephalosporins currently available in the 
United States include two true cephalosporins, cefprozil and cefurox-
ime, and two cephamycins, cefoxitin and cefotetan. The two groups of 
drugs have different spectra of antimicrobial activity and different 
clinical uses. The true cephalosporins have increased activity against 
H. influenzae, M. catarrhalis, and Neisseria spp. and comparable activ-
ity against staphylococci and nonenterococcal streptococci. The cepha-
mycins have inferior activity against staphylococci but enhanced 
antibacterial activity against certain Enterobacteriaceae. The cephamy-
cins are especially noted for their activity against anaerobic bacteria, 
especially B. fragilis. They also demonstrate good in vitro activity 
against ESBL-producing strains of E. coli and K. pneumoniae. However, 
their reliability in treating infections caused by ESBL-producing strains 
has not been proven.

Because of their activity against S. pneumoniae, H. influenzae, and 
M. catarrhalis, the true second-generation cephalosporins, such as 
cefuroxime, have been used extensively for treatment of various respi-
ratory tract infections in hospitalized patients.205 Cefuroxime can also 
be used to treat meningitis caused by penicillin-susceptible pneumo-
cocci, H. influenzae, or Neisseria meningitidis.206 However, its use has 
been largely replaced by third-generation cephalosporins, which result 
in faster eradication of bacteria from the CSF.207 Cefuroxime was in 
the past one of the recommended agents for empirical therapy of 
community-acquired pneumonia (CAP) in hospitalized patients.208 
Although cefuroxime has good activity against penicillin-susceptible 
and penicillin-intermediate strains of S. pneumoniae, its activity against 
most penicillin-resistant strains is suboptimal. In an observational 
study of 844 patients with pneumococcal bacteremia, mostly resulting 
from pneumonia, resistance to cefuroxime was associated with signifi-
cantly greater mortality.209 The latest recommendations on CAP list 
ceftriaxone or cefotaxime for initial empirical therapy.210 Cefuroxime 
provides effective therapy for other serious infections caused by sus-
ceptible pathogens, including skin and soft tissue infections, epiglot-
titis, complicated sinusitis, and gynecologic infections.211,212 Cefuroxime 
should not be considered for empirical therapy of nosocomial pneu-
monia or other nosocomial infections because of its poor activity 
against most strains of Enterobacter, Citrobacter, Serratia, Morganella, 
and P. aeruginosa.

The oral second-generation cephalosporins, including cefuroxime 
axetil and cefprozil, are effective for treatment of a variety of mild-to-
moderate community-acquired infections. Double-tap studies in acute 
otitis media and acute maxillary sinusitis demonstrated that bacterial 
eradication was related to the drug’s ability to produce serum concen-
trations exceeding the MIC of the infecting pathogen for 40% to 50% 
of the dosing interval.213,214 In this regard, cefuroxime axetil and 
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intramuscularly is highly active against N. gonorrhoeae, including 
penicillin- and quinolone-resistant strains. It is the drug of choice for 
all forms of gonococcal infection and is used in combination with a 
single oral dose of azithromycin or 7 days of oral doxycycline.224 A 
single oral dose of cefixime is also highly effective for uncomplicated 
gonococcal infections of the cervix, urethra, and rectum.254,255 However, 
because of increasing resistance, it is no longer recommended as first-
line therapy.256 Single-dose intramuscular ceftriaxone is recommended 
therapy for chancroid.224 Ceftriaxone and cefotaxime are recom-
mended therapy for treatment of early Lyme disease in patients with 
neurologic involvement or third-degree atrioventricular heart block.257 
These drugs are also recommended in Lyme disease patients with both 
arthritis and objective evidence of neurologic disease and for those 
with late neurologic disease affecting the central or peripheral nervous 
system. Ceftriaxone is considered as alternative therapy in penicillin-
allergic patients with syphilis.224,258 Ceftriaxone is a recommended 
alternative therapy for typhoid fever and for severe infections caused 
by Shigella spp. or by non-typhi spp. of Salmonella.259 Third-generation 
cephalosporins have provided effective therapy for focal Salmonella 
infections, brain abscess caused by gram-negative bacilli, and endocar-
ditis caused by fastidious gram-negative coccobacilli.260,261 Single doses 
of ceftriaxone are highly effective in eradicating nasopharyngeal car-
riage of N. meningitidis.262,263 The long half-life of ceftriaxone, which 
allows for once-daily dosing, has enhanced its use in the outpatient 
setting for both streptococcal and staphylococcal infections. Ceftriax-
one has been effective for the outpatient treatment of staphylococcal 
and streptococcal skin and soft tissue infections, including osteomyeli-
tis and prosthetic joint infection.231,264,265 The drug is also effective as 
monotherapy for the outpatient treatment of nonenterococcal strepto-
coccal endocarditis.266

Fourth-Generation Cephalosporins
Cefepime is the only fourth-generation cephalosporin available in the 
United States. The fourth-generation cephalosporins have the widest 
spectrum of all the cephalosporins. They have enhanced activity 
against certain gram-negative bacilli, such as Enterobacter, Citrobacter, 
and Serratia spp. These drugs are zwitterions, which cross the outer 
membrane of gram-negative bacilli more rapidly than other cephalo-
sporins. They are also less susceptible to inactivation by AmpC 
β-lactamases. As a result, about 75% to 80% of the Enterobacteriaceae 
resistant to ceftazidime are susceptible to the fourth-generation drugs. 
They are active against P. aeruginosa and, unlike ceftazidime, maintain 
good potency against gram-positive cocci. Only two fourth-generation 
agents have been developed so far. Cefepime has a slightly longer half-
life than ceftazidime and is usually administered twice daily, although 
8-hour dosing is recommended for documented P. aeruginosa infec-
tions. Cefpirome, which is not available in the United States, has a 
pharmacokinetic profile very similar to that of cefepime. Both of these 
agents maintain excellent activity against methicillin-susceptible S. 
aureus, S. pneumoniae (including most penicillin-resistant strains), 
and other streptococci.267,268

At some hospitals, the fourth-generation agents have largely 
replaced third-generation cephalosporins for treatment of serious 
gram-negative bacillary infections. They have proved to be effective in 
a variety of serious gram-negative infections, such as bacteremia, pneu-
monia, skin and soft tissue infections, prosthetic joint infections, and 
complicated urinary tract infections.231,269-271 With continuous infusion 
of cefepime, optimal efficacy was observed when serum concentrations 
were at least fourfold greater than the MIC.272 Comparative trials with 
ceftazidime or other agents have generally demonstrated equivalent 
efficacy.273-276 Still, cefepime has demonstrated efficacy against organ-
isms with reduced susceptibility or resistance to ceftazidime.277 
Cefepime is recommended as monotherapy or in combination with an 
aminoglycoside for initial empirical therapy in febrile neutropenic 
patients. The drug is one of the recommended agents for the empirical 
treatment of severe CAP when P. aeruginosa is suspected. The drug’s 
activity against pneumococci is similar to that of ceftriaxone in patients 
with CAP requiring hospitalization.278,279 The drug penetrates well into 
the CSF and produces outcomes similar to those of cefotaxime in acute 
bacterial meningitis.280,281 However, it is not approved for treatment of 
meningitis in the United States. Although emergence of resistance 

mutants.84,232 Combination antimicrobial therapy may be beneficial in 
reducing this emergence of resistance, which results from increased 
chromosomal β-lactamase production. Organisms containing ESBLs 
have also been observed to result in failed therapy with cephalospo-
rins, even when the organism was judged susceptible in laboratory 
tests.91 The carbapenems are the recommended drugs for these ESBL-
producing strains.

Cefotaxime and ceftriaxone have provided effective therapy for 
meningitis caused by a variety of different bacteria.233-236 They are the 
drugs of choice for meningitis caused by H. influenzae and various 
Enterobacteriaceae.237 Cefotaxime and ceftriaxone also provide effec-
tive therapy for meningitis caused by N. meningitidis and against pneu-
mococci that have MICs of 1.0 µg/mL or less. Organisms with higher 
MICs have resulted in failed monotherapy with these cephalosporins. 
Therefore, empirical therapy with cefotaxime or ceftriaxone is com-
bined with vancomycin (with or without rifampin) until the laboratory 
determines the susceptibility of the pneumococcal isolate.237 If the 
organism is susceptible to cefotaxime or ceftriaxone, the vancomycin 
(and rifampin) can be discontinued. Treatment of meningitis requires 
maximal doses of these cephalosporins, such as 2 g every 12 hours in 
adults and 50 mg/kg twice daily or 100 mg/kg once daily in children 
for ceftriaxone, and 2 g every 4 to 6 hours in adults or 100 to 150 mg/
kg every 6 to 8 hours in children for cefotaxime.

Cefotaxime and ceftriaxone continue to be active against most bac-
teria producing CAP. In a large observational study of pneumococcal 
bacteremia, resistance to cefotaxime and ceftriaxone was not associ-
ated with higher mortality.209 Cefotaxime and ceftriaxone were also 
effective in treating patients with nonmeningeal pneumococcal infec-
tions, mostly pneumonia, caused by strains with MICs as high as 2 µg/
mL.238 The CLSI has created higher susceptibility and resistance break-
points for pneumococci causing nonmeningeal infections than for S. 
pneumoniae causing meningitis.239 As a result of these changes, cefo-
taxime and ceftriaxone are considered active against most penicillin-
resistant pneumococci and are recommended, in combination with a 
macrolide, for empirical therapy for CAP requiring hospitalization.210 
Single intramuscular doses of ceftriaxone are also highly effective in 
eradicating H. influenzae and penicillin-susceptible strains of S. pneu-
moniae from middle ear fluid.240 However, three daily doses of ceftri-
axone were required in one study to eradicate penicillin-resistant 
pneumococci.241

The oral third-generation cephalosporins, which include cefdinir, 
cefditoren pivoxil, cefixime, cefpodoxime proxetil, and ceftibuten, are 
approved for oral therapy of mild-to-moderate respiratory infections, 
such as otitis media, sinusitis, and acute exacerbations of chronic bron-
chitis. These drugs have very potent activity against H. influenzae, but 
their activity against pneumococci is more variable.242-244 Cefdinir, 
cefditoren, and cefpodoxime have activity similar to that of cefuroxime 
or cefprozil and are active against penicillin-susceptible and most 
penicillin-intermediate strains of S. pneumoniae. Cefixime is active 
only against penicillin-susceptible strains, and ceftibuten is marginal 
even for penicillin-susceptible pneumococci. Short courses of most of 
these drugs have also provided equivalent rates of eradication in group 
A β-hemolytic streptococcal pharyngitis.245-247 Their increased potency 
over other oral cephalosporins for E. coli, K. pneumoniae, and Entero-
bacter, Citrobacter, and Serratia spp. enhances their utility for treat-
ment of complicated urinary tract infections.248

Ceftazidime is the third-generation cephalosporin used for serious 
infections in which P. aeruginosa is documented or highly likely. It is 
one of the recommended drugs, either alone or in combination with 
an aminoglycoside, for initial empirical management of febrile neutro-
penia.249 However, ESBLs and AmpC β-lactamases have reduced the 
utility of ceftazidime for monotherapy. Continuous infusion of ceftazi-
dime has been used to increase trough concentrations, but trials of 
intermittent versus continuous administration have only rarely dem-
onstrated any significant difference in efficacy.250-252 Ceftazidime has 
been effective for the treatment of acute exacerbations of chronic pul-
monary infections in patients with cystic fibrosis. The drug penetrates 
into CSF and is one of two cephalosporins as treatment of choice for 
meningitis caused by P. aeruginosa.253

Third-generation cephalosporins have also become established 
therapy for a variety of specific infections. Ceftriaxone 250 to 500 mg 
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daptomycin-nonsusceptible MRSA, resulting in enhanced killing and 
improved clinical outcome.295,296 Little is known about the CSF penetra-
tion of ceftobiprole and ceftaroline in humans or whether the enhanced 
activity of these drugs against pneumococci will be useful in treating 
meningitis. These drugs may also become useful agents for treating 
severe enterococcal infections in penicillin-allergic patients.297

Cephalosporins Plus β-Lactamase 
Inhibitors
Because of increasing resistance to cephalosporins, more recent efforts 
have been focused on combining some cephalosporins with β-lactamase 
inhibitors. The current preparation being studied combines ceftazi-
dime and avibactam at a 4 : 1 ratio, ceftaroline and avibactam at a 1 : 1 
ratio, and ceftolozane and tazobactam at a 2 : 1 ratio.18 The addition of 
avibactam to ceftazidime completely restores full susceptibility (MIC 
≤ 1 mg/L) for a collection of almost 300 ceftazidime-resistant strains 
producing ESBLs, hyperproducing AmpCs, or both.298 For P. aerugi-
nosa, avibactam reduces the MIC90 fourfold and produces MICs less 
than or equal to 8 mg/L for 60% of multidrug-resistant strains.299 Avi-
bactam has minimal effect on ceftazidime MICs for Acinetobacter bau-
manii and most anaerobic bacteria.300,301 At concentrations less than or 
equal to 4 mg/L, avibactam also protects ceftaroline against Enterobac-
teriaceae with ESBLs, AmpCs, and most KPC carbapenemases.302,303 
However, strains with metallo-β-lactamases remain resistant. Avibac-
tam is eliminated primarily in the urine, with a half-life of approxi-
mately 2 hours, which is similar to the half-lives of ceftazidime and 
ceftaroline.301 So far, the combination of avibactam and ceftazidime has 
resulted in comparable efficacy to carbapenems in complicated urinary 
tract infections and in complicated intra-abdominal infections.304,305

Tazobactam is the β-lactamase inhibitor that is being combined 
with ceftolozane, a new cephalosporin with enhanced activity against 
strains of P. aeruginosa. The MICs of ceftolozane against P. aeruginosa 
are 4- to 16-fold lower than ceftazidime.306,307 The drug also appears to 
have earlier in vitro killing and more rapid in vivo killing than ceftazi-
dime.308,309 Although tazobactam has a minimal effect on ceftolozane’s 
activity against P. aeruginosa, it does enhance its activity against other 
gram-negative bacilli producing various β-lactamases. At a concentra-
tion of ceftolozane and tazobactam of 8 and 4 mg/L, respectively, 70% 
to 76% of Enterobacter strains that are AmpC hyperproducers or pro-
ducing ESBLs are susceptible to the drug combination.310 Isolates with 
KPC or other carbapenemases remain resistant. The half-life of tazo-
bactam is about 1 hour, which is 2.5 times shorter than the half-life of 
ceftolozane.128 This combination is currently being evaluated in com-
parative clinical trials.

during therapy may be less of a problem with the fourth-generation 
cephalosporins, it does occur. Many of the new ESBLs and carbapen-
emases can inactivate these fourth-generation drugs.

A recent meta-analysis of cefepime versus other β-lactam drugs in 
the treatment of febrile neutropenia and other serious infections 
reported that all-cause mortality with cefepime was higher than with 
other cephalosporins or with a β-lactam/β-lactamase inhibitor combi-
nation.282,283 An additional report suggested that the difference in mor-
tality in patients with febrile neutropenia was caused by greater 
progression of underlying disease in the cefepime arm.284 A meta-
analysis by the Center for Drug Evaluation of the U.S. Food and Drug 
Administration using a larger database of both published and nonpub-
lished comparative studies did not find a significant increase in mortal-
ity in cefepime-treated patients, compared with those treated with 
other antibacterials.285

MRSA-Active Cephalosporins
The MRSA-active cephalosporins have unique activity compared with 
other cephalosporins. They have excellent activity again MRSA and 
against ampicillin-susceptible strains of E. faecalis.59,62 They also exhibit 
potent activity against pneumococci with multiple mutations in genes 
encoding PBPs 1A, 2B, and 2X. MIC90 values that were as high as 4 
and 8 µg/mL to the most active third-generation cephalosporins were 
fourfold to eightfold lower with the MRSA-active cephalosporins.286,287 
On the other hand, the activity of these drugs against gram-negative 
bacilli is similar to that of many of the third-generation cephalospo-
rins. The first approved drug in this group (in a few countries, but not 
the United States) was ceftobiprole medocaril, the prodrug for ceftobi-
prole. The U.S.-approved MRSA-active cephalosporin is ceftaroline 
fosamil, the prodrug for ceftaroline. Ceftobiprole is more resistant than 
ceftaroline to inactivation by AmpC β-lactamase.81 Ceftobiprole also 
has activity against strains of P. aeruginosa that is similar to that of 
ceftazidime. However, the maximal doses of ceftobiprole studied so far 
are fourfold lower than those of ceftazidime.

The MRSA-active cephalosporins have exhibited comparable effi-
cacy to vancomycin plus a broad-spectrum β-lactam in patients with 
complicated skin and skin-structure infections.288-290 The results with 
ceftobiprole and ceftaroline were similar to those obtained with van-
comycin in the large number of patients with MRSA infections.  
Studies with ceftaroline and ceftobiprole have shown efficacy in  
hospitalized patients with CAP similar to that of comparators.291,292 
Ceftaroline has been very effective in small groups of patients with 
complicated MRSA bacteremia with or without endocarditis.293,294 Cef-
taroline also increases the membrane binding of daptomycin against 
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22  Other β-Lactam Antibiotics
Yohei Doi and Henry F. Chambers

CARBAPENEMS
Four carbapenems—imipenem, meropenem, ertapenem, and 
doripenem—are approved for clinical use in the United States. In addi-
tion, panipenem, biapenem, and tebipenem, which are not discussed 
here, are approved in Japan. Carbapenems are active against a broad 
range of gram-positive and gram-negative aerobic and anaerobic bac-
teria due to their efficient penetration through the bacterial outer 
membrane, high affinity for multiple penicillin-binding proteins 
(PBPs), and their stability against most β-lactamases including class A 
extended-spectrum β-lactamases (ESBLs) and class C β-lactamases 
(AmpCs).

Chemistry
Carbapenems are derivatives of thienamycin, an antibiotic produced 
by the soil organism Streptomyces cattleya. They differ from penicillins 
by a carbon atom replacing for the sulfur at position 1 and a double 
bond between C2 and C3 in the five-membered thiazolidine ring  
(Fig. 22-1). The trans-1α-hydroxyethyl side chain in the trans-
configuration at C6 confers the excellent β-lactamase stability, which 
is associated with the broad spectrum of activity of carbapenems. 
Thienamycin was chemically too unstable, which prompted the devel-
opment of its N-formimidoyl derivative imipenem. However, imipe-
nem is degraded in vivo by mammalian renal dehydropeptidase 
(DHP-I) and must be co-administered with cilastatin, a selective antag-
onist of this enzyme. Meropenem, ertapenem, and doripenem differ 
from imipenem by having a 1β-methyl, 2-thio pyrrolidinyl substituent 
at C2. The 1β-methyl constituent is believed to provide stability to 
DHP-I, which allows it to be administered without a DHP-I inhibitor 
unlike imipenem.

Mechanism of Action
Carbapenems inhibit cell wall synthesis by binding to most high-
molecular-weight PBPs. They traverse the outer membrane of gram-
negative bacteria through specific outer membrane proteins (OMPs) 
to reach the periplasmic space. The most significant OMP is OprD in 
Pseudomonas aeruginosa. Although variations exist depending on the 
specific agent, they preferentially bind to PBPs 1a, 1b, 2 and 4, and to 
a lesser extent PBP3, which is the primary target of aminopenicillins 
and cephalosporins. This low affinity with PBP3 is thought to be 
responsible for the formation of sphere forms without the production 
of long filaments on bacterial lysis. The affinity of carbapenems to 
multiple PBPs of various bacteria contributes to the broad spectrum of 
activity of these agents.

Resistance
Resistance to carbapenems is mediated by one or a combination of the 
following mechanisms: (1) production of β-lactamase that hydrolyzes 
carbapenems; (2) diminished permeability due to impaired expression 
of certain outer membrane proteins; (3) efflux of drug across the outer 
membrane; and (4) production of an altered or low-affinity target, 
which is more relevant in gram-positive bacteria. In gram-negative 
bacteria, although a single mechanism may not be sufficient to cause 
a clinically relevant degree of resistance, frank resistance occurs 
through an interplay involving β-lactamase production, impaired per-
meability, and enhanced efflux.

Carbapenems are readily hydrolyzed by Ambler class B β-lactamases, 
which are zinc-dependent metalloenzymes.1 Some lactose-non-
fermenting species including Stenotrophomonas maltophilia and Eliza
bethkingia meningoseptica are intrinsically resistant to carbapenems 
due to class B β-lactamase production. In addition, acquired class B 

β-lactamases, such as VIM and NDM, confer resistance in a wide array 
of gram-negative bacteria. Several Ambler class A β-lactamases hydro-
lyze carbapenems. In particular, KPC-type carbapenemases have 
emerged as an important carbapenem resistance determinant in gram-
negative bacteria worldwide, mostly in Klebsiella pneumoniae.2 Ambler 
class D β-lactamases (OXAs) that hydrolyze carbapenems are also 
found frequently in Acinetobacter baumannii and are emerging in K. 
pneumoniae in certain geographic areas.2

Downregulated production or absence of porin protein OprD is 
responsible for resistance to carbapenems in P. aeruginosa when com-
bined with background production of AmpC β-lactamase.3,4 Imipenem 
is the preferred substrate of OprD and is affected most, whereas the 
effect of the lack of OprD on resistance is less pronounced for merope-
nem and doripenem.5,6 Likewise, decreased expression of OmpK35 and 
OmpK36 for K. pneumoniae and OmpC and OmpF for Enterobacter 
spp. has been associated with carbapenem resistance.5,7-9

Meropenem and doripenem, but not imipenem, are substrates of 
the tripartite multidrug efflux system MexA-MexB-OprM in P. aerugi
nosa.10,11 Here, MexB is the cytoplasmic protein, OprM is the outer 
membrane component forming channels, and MexA is the membrane 
fusion protein linking the two membrane proteins. Upregulation of 
this efflux system augments resistance to meropenem and doripenem.

Production of a low-affinity PBP may mediate β-lactam class resis-
tance including carbapenem resistance in gram-positive bacteria. 
Examples include PBP2a in oxacillin-resistant staphylococci12 and 
PBP5 in Enterococcus faecium.13 Approximately 60% of Staphylococcus 
aureus clinical strains are resistant to oxacillin and by extension to 
carbapenems, whereas 90% of E. faecium clinical strains are resistant 
to ampicillin and by extension to carbapenems due to low-affinity 
PBPs.14,15

CARBAPENEM-RESISTANT 
ENTEROBACTERIACEAE
Increasing incidence of carbapenem-resistant Enterobacteriaceae 
(CRE), including NDM-1 (New Delhi metallo-β-lactmase-1) and KPC 
(Klebsiella pneumoniae carbapenemase), has aroused concern about 
erosion of utility for this important class of antibacterial agents.2 
Equally concerning is the difficulty encountered in detecting CREs in 
the routine diagnostic laboratory. In 2011, the Clinical and Laboratory 
Standards Institute (CLSI) decreased the carbapenem breakpoints of 
Enterobacteriaceae fourfold for imipenem, meropenem, and ertape-
nem.16 This change was made to accommodate carbapenem resistance 
mechanisms that were being undetected at the higher 2010 break-
points. Automated susceptibility testing systems do contain low drug 
concentrations to account for the lowered breakpoints, but manufac-
turers are not permitted to change the interpretive criteria on their 
instrument without FDA approval of the revised system. Before imple-
menting new interpretive criteria onto FDA-approved instruments, 
microbiology laboratories are required to conduct rigorous in-house 
validation. The revised breakpoints negate the need to do phenotypic 
carbapenemase detection tests (e.g., Modified Hodge test) unless war-
ranted by epidemiologic and infection control purposes. Carbapenem 
resistance in Enterobacteriaceae by current standards may be missed 
if susceptibility testing is only done on automated systems for which 
the laboratory did not implement the updated breakpoints.

Antibacterial Activity
The carbapenems have similar antibacterial spectra.17,18 All have excel-
lent in vitro activity against gram-positive cocci in general (Table 22-1). 
For Streptococcus pneumoniae, the minimal inhibitory concentrations 
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and 2 µg/mL for imipenem. Ertapenem has no activity against P. aeru
ginosa. Carbapenem-susceptible strains of A. baumannii are inhibited 
by less than 1 µg/mL of imipenem, meropenem, and doripenem, but 
resistance to carbapenems is increasingly reported in this species. 
Ertapenem is not active against A. baumannii. All S. maltophilia and 
most Burkholderia cepacia strains are resistant to carbapenems.

Carbapenems are highly active against most obligately anaerobic 
species, including anaerobic gram-positive cocci, Bacteroides fragilis, 
non-fragilis species of Bacteroides, Clostridium spp. with the exception 
of Clostridium difficile, Fusobacterium spp., Prevotella spp., Porphy
romonas spp., and other species with MICs of 1 µg/mL or less.

Nocardia spp. are inhibited by carbapenems, but Nocardia farcinica 
and Nocardia otitidiscaviarum may be resistant.20 Actinomyces spp. are 
susceptible to carbapenems.21 Susceptibility of rapidly growing Myco
bacterium species to imipenem is variable.22 Mycobacterium tuberculo
sis and Mycobacterium avium are considered resistant to carbapenems, 
but in vivo efficacy of imipenem has been proposed.23

Pharmacology
Ertapenem, imipenem, meropenem, and doripenem are formulated  
as parenteral agents because they are absorbed poorly after oral inges-
tion. Imipenem, meropenem, and doripenem are pharmacologically 
similar. A 30- to 60-minute infusion of 500 mg of any of these agents 
in healthy persons produces mean peak serum concentrations of 
approximately 25 µg/mL and areas under the plasma concentration-
time curve (AUC) of 30 to 45 µg⋅h/mL.24-26 A 1-g dose of ertapenem 
administered intravenously produces a peak serum concentration of 
approximately 150 µg/mL and AUC of greater than 500 µg⋅h/mL.27 
The plasma half-life is 1 hour for imipenem, meropenem, and doripe-
nem and 4 hours for ertapenem. The longer half-life of ertapenem is 
due to extensive protein binding (>90%) compared with imipenem 
(20%), meropenem (2%), and doripenem (8%) and permits once-daily 
dosing. Imipenem is typically administered every 6 hours, and merope-
nem and doripenem are given every 8 hours. All carbapenems undergo 
extensive renal elimination and thus require dosage adjustment in 
patients with reduced renal function, but not in patients with impaired 
liver function. Between 30% and 50% of ertapenem, imipenem, 
meropenem, and doripenem is removed by hemodialysis. Between 
25% and 50% of imipenem, meropenem, and doripenem is removed 
during continuous venovenous hemofiltration or hemodiafiltration.

Imipenem is subject to degradation by DHP-I located in the brush 
border of renal tubules; thus, it is co-formulated with selective com-
petitive DHP-I antagonist cilastatin.24 Ertapenem, meropenem, and 
doripenem do not require a DHP-I antagonist because they are not 
substrates of this enzyme.

Carbapenems are well distributed to various body compartments 
and penetrate well into most tissues.28

As β-lactam agents, the most important pharmacodynamic param-
eter predicting bacteriologic and clinical efficacy of carbapenems is the 
time of free plasma drug concentration exceeding the MIC (f T > MIC) 
of the infecting organism.29 fTs greater than MICs of 20% and 40% of 
the dosing interval are required for bacteriostatic and bactericidal 
activity in vivo, respectively.29

Adverse Reactions
Carbapenems are generally well tolerated. There seems to be no par-
ticular propensity for them to cause major adverse effects, Clostridium 
difficile–associated colitis, coagulation abnormalities, nephrotoxicity, 
or hepatotoxicity. The most common adverse events possibly, probably, 
or definitely related to the carbapenems are nausea, vomiting, diarrhea, 
rash, headache, and phlebitis, occurring in 1% to 3% of patients. All 
carbapenems have been associated with seizures, believed to be related 
to their structural similarity with γ-aminobutyric acid (GABA) and 
antagonism at the receptor site.30 Although the overall incidence is low, 
the risk is elevated in patients with renal failure and neurologic comor-
bidities. Seizures are more common with imipenem (1% to 2%) than 
ertapenem, meropenem, and doripenem (0.1% to 0.3%). Drug interac-
tions are uncommon, though the combination of valproic acid and 
carbapenems leads to grossly subtherapeutic valproic acid levels.31

The incidence of imipenem and meropenem hypersensitivity has 
been estimated to be less than 3% in the general population.32 

(MICs) are less than 0.03 µg/mL for penicillin-susceptible strains and 
around 0.5 µg/mL for penicillin-resistant strains, which are far 
exceeded by plasma levels. β-hemolytic streptococci are exquisitely 
susceptible to carbapenems. Oxacillin-susceptible strains of S. aureus 
and coagulase-negative staphylococci are inhibited at carbapenem 
concentrations of less than 0.5 µg/mL, but oxacillin-resistant strains 
are highly resistant to currently available carbapenems. Enterococcus 
faecalis is typically susceptible to imipenem with MICs of 2 µg/mL or 
less but is more resistant to ertapenem, meropenem, and doripenem. 
None of the carbapenems is active against E. faecium.

Neisseria gonorrhoeae and Neisseria meningitidis are highly suscep-
tible to carbapenems with MICs typically less than 0.1 µg/mL. 
Ceftriaxone-resistant N. gonorrhoeae remains fully susceptible to 
ertapenem.19 MICs of Haemophilus influenzae are 0.1 µg/mL or less for 
ertapenem, meropenem, and doripenem and 1 µg/mL or less for imi-
penem, including β-lactamase-producing strains. Most Enterobacte-
riaceae are inhibited by imipenem at concentrations of 1 µg/mL or less, 
whereas Morganella and Proteus strains have slightly higher MIC 
values. Corresponding MICs of ertapenem, meropenem, and doripe-
nem are typically 0.1 µg/mL or less, including for strains producing 
ESBLs. Carbapenemase-producing Klebsiella pneumoniae strains are 
highly resistant to all carbapenems with MICs of 8 µg/mL or greater. 
Carbapenemase-producing Escherichia coli are inhibited at lower car-
bapenem concentrations between 1 and 4 µg/mL.

Doripenem is the most active carbapenem against P. aeruginosa, 
including strains hyperproducing AmpC β-lactamase, with typical 
MICs of 0.5 µg/mL or less compared with 1 µg/mL for meropenem 

FIGURE  22-1  Core structure and substituents for carbapenem 
antibiotics.  They differ  from penicillins  by  a  carbon  atom  replacing  for 
the  sulfur  at position 1 and a double bond between C2 and C3  in  the 
five-membered thiazolidine ring. The trans-1α-hydroxyethyl side chain  in 
the transconfiguration at C6 confers the β-lactamase stability.28 
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Clinical Use
Carbapenems display broad-spectrum activity covering gram-positive, 
gram-negative, and anaerobic bacteria and thus are useful for treat-
ment of a wide variety of moderate to severe infections, including 
bacteremia, hospital-acquired pneumonia, intra-abdominal infections, 
complicated urinary tract infections, bone and soft tissue infections, 
and obstetric and gynecologic infections. Meropenem is the only car-
bapenem approved by the U.S. Food and Drug Administration (FDA) 
for treatment of bacterial meningitis. Imipenem should be avoided 
because of its propensity to cause seizures.

Carbapenems are generally active against cephalosporin-resistant 
Enterobacteriaceae producing ESBLs and AmpC β-lactamases but not 
those producing KPC β-lactamases. Ertapenem has only limited activ-
ity against enterococci and lactose nonfermenting gram-negative 
species including P. aeruginosa. Carbapenems other than ertapenem 

Carbapenems have been considered potentially cross-allergenic with 
penicillins. The occurrence of hypersensitivity reactions to a carbape-
nem has ranged between 0% and 11% of patients with documented or 
self-reported history of penicillin allergy.33-35 Most of the reactions 
observed were maculopapular rash. However, studies using skin testing 
suggest that patients with a positive skin test to penicillins for IgE-
mediated (i.e., immediate) hypersensitivity rarely have a positive skin 
test to carbapenems (<1%), and those with a negative skin test tolerate 
graded challenge doses of imipenem or meropenem.36,37 Therefore, 
administration of a carbapenem is considered safe in patients with 
history of penicillin immediate hypersensitivity if their skin test is 
negative for that carbapenem. In the absence of skin testing, it appears 
prudent to administer carbapenem in graded doses until extended 
safety data on upfront administration of full doses to patients with 
history of penicillin immediate hypersensitivity become available.

TABLE 22-1  Comparative Activity of Ertapenem, Imipenem, Meropenem, and Doripenem against Selected 
Aerobic and Anaerobic Bacteria*

ORGANISM
MIC90 (µg/mL)

REFERENCESErtapenem Imipenem Meropenem Doripenem
Gram-Positive Organisms
Staphylococcus aureus, oxacillin susceptible 0.25 0.12 0.12 0.06 50-54

Staphylococcus aureus, oxacillin resistant >16 >16 >16 >16 50, 53, 55

Coagulase-negative staphylococci, oxacillin susceptible 0.25 0.12 0.12 0.03 54, 56

Coagulase-negative staphylococci, oxacillin resistant >16 >16 >16 >16 53, 57

Streptococcus pneumoniae 0.06-0.5 0.06-0.25 0.06-1 0.06-0.5 51, 53, 54

β-Hemolytic streptococci 0.06 0.06 0.06 0.06 51, 53, 54

Viridans group streptococci 0.12 0.03 0.03 0.06 51, 53, 54

Enterococcus faecalis 8 1 8 4 51, 53

Enterococcus faecium >8 >8 >8 >8 51, 53, 54

Bacillus anthracis —† 0.12 0.05 —† 58, 59

Gram-Negative Organisms
Listeria monocytogenes 0.25 0.06 0.12 0.12 18, 60, 61

Haemophilus influenzae 0.03 0.25 0.06 0.12 53-55, 62

Moraxella catarrhalis 0.03 0.25 0.03 0.03 54, 55

Neisseria gonorrhoeae 0.06 0.25 0.03 0.05 19, 63, 64

Neisseria meningitidis 0.03 0.03 0.03 0.06 18, 63, 65

Escherichia coli 0.06 0.5 0.03 0.03 50, 51, 53, 54

Escherichia coli, ESBL producing 0.06 0.5 0.06 0.06 50, 53, 54

Salmonella spp. 0.06 ≤0.5 0.03 0.06 54

Shigella spp. 0.06 ≤0.5 0.03 0.06 54

Klebsiella pneumoniae‡ 0.12 0.5 0.12 0.12 50, 51, 53

Klebsiella oxytoca 0.06 0.5 0.12 0.12 53

Enterobacter cloacae 0.06 0.5 0.12 0.12 50, 52, 62

Enterobacter aerogenes 0.06 0.5 0.12 0.12 53, 62

Morganella morganii 0.06 8 0.12 0.5 61, 66, 67

Citrobacter spp. 0.06 0.5 0.12 0.12 53, 54, 68

Serratia marcescens 0.06 0.5 0.12 0.12 53, 62

Proteus mirabilis 0.06 1 0.12 0.12 53, 54

Aeromonas spp. 0.25 0.5 0.12 0.5 54

Pseudomonas aeruginosa‡ >8 1->8 0.5->8 0.5-8 51-54

Acinetobacter baumannii‡ 4->8 0.5->8 0.5->8 0.25->8 53, 54, 69

Stenotrophomonas maltophilia >8 >8 >8 >8 53, 54

Burkholderia cepacia >8 >8 4 8 54

Anaerobic Organisms
Peptostreptococcus spp. 0.125 0.25 0.125 0.125 51, 70

Fusobacterium spp. 0.03 0.12 0.03 0.03 71

Bacteroides fragilis 0.5 0.5 0.25 0.5 70

Clostridium perfringens 0.06 0.5 0.06 0.06 70

Clostridium difficile 4 2 2 2 70, 72

*Values less than 0.03 µg/mL are rounded up to 0.03 µg/mL.
†No specific data available.
‡Susceptibility varies widely on the basis of local epidemiology.
ESBL, extended-spectrum β-lactamase.
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against gram-negative bacteria but has no activity against gram-
positive or anaerobic bacteria.41 Aztreonam readily penetrates the 
outer membrane of gram-negative bacteria. It is resistant to hydrolysis 
by all class B β-lactamases and most class A and D β-lactamases but 
is hydrolyzed by KPC β-lactamases, ESBLs, and also AmpC 
β-lactamases when they are produced in large amounts.

Aztreonam inhibits most Enterobacteriaceae at concentrations less 
than 0.5 µg/mL (Table 22-2). Some P. aeruginosa, Enterobacter cloacae, 
and Citrobacter freundii strains are resistant. Most P. aeruginosa strains 
are inhibited by less than 16 µg/mL of aztreonam. Most B. cepacia, S. 
maltophilia, and A. baumannii strains are resistant.

Aztreonam is not absorbed from the gastrointestinal tract. A 1-g 
intravenous dose of aztreonam produces serum concentrations of 
approximately 50 µg/mL at 1 hour.42 Aztreonam is 56% protein bound 
and distributes well in tissues and fluids throughout the body. Mean 
cerebrospinal fluid concentration in the presence of inflamed menin-
ges after a single 2-g dose is 2 to 3 µg/mL; higher concentrations can 
be achieved after multiple doses.43

Aztreonam is renally excreted, with 60% to 65% recovered in 
urine.42 In adults with normal renal and hepatic function, the elimina-
tion half-life is 1.7 hours.42 In neonates 7 days old, the half-life of 
aztreonam is approximately 6 hours.44 The rate of serum clearance of 
aztreonam is linearly related to the rate of urinary creatinine clearance. 
The half-life of aztreonam is approximately 6 hours at creatinine clear-
ances of 10 mL/min or less. The half-life of aztreonam is slightly pro-
longed in patients with hepatic impairment; dose adjustment is not 
necessary in patients with chronic hepatic disease if renal function is 
not impaired. Aztreonam is cleared by continuous venovenous hemo-
filtration, hemodialysis, and peritoneal dialysis. Standard hemodialysis 
removes about half of a 1-g dose given just before dialysis.45

Aztreonam is well tolerated. Local reactions including phlebitis 
occur in less than 2%. Diarrhea, nausea, vomiting, and rash can occur 
in about 1%.46 Cross-reactivity with penicillins and cephalosporins is 
extremely rare, even in patients with immunologically proven hyper-
sensitivity to other β-lactams,47 though caution is still recommended 
in the setting of repeated exposure to aztreonam.48

Aztreonam is rarely used alone empirically because its spectrum of 
activity is limited entirely to aerobic gram-negative bacteria. Aztreo-
nam has been used safely and effectively in conjunction with agents 
that have gram-positive and anaerobic activity. Its greatest utility is for 
definitive treatment of infections caused by gram-negative aerobic 

FIGURE  22-2  The structure of aztreonam.  The  core  structure  is 
monocyclic unlike penicillins and cephalosporins, which are bicyclic.  The 
1-sulfonic acid group activates the β-lactam, whereas the 4α-methyl group 
provides  stability  against β-lactamases.  The  aminothiazole  oxime moiety 
on the acyl side chain is responsible for the activity against aerobic gram-
negative bacteria.75 
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TABLE 22-2  Activity of Aztreonam against 
Selected Aerobic Bacteria

ORGANISM
MIC50 
(µg/mL)

MIC90 
(µg/mL) REFERENCES

Haemophilus influenzae 0.06 0.12 73

Moraxella catarrhalis 0.12 0.25 73

Neisseria gonorrhoeae 0.125 0.25 74

Neisseria meningitidis ≤0.06 ≤0.06 75

Escherichia coli ≤0.12 0.25 76

Escherichia coli, ESBL producing 4 >16 76

Salmonella spp. ≤0.12 0.25 76

Shigella spp. ≤0.12 ≤0.12 76

Klebsiella spp. ≤0.12 0.5 76

Klebsiella spp., ESBL producing >16 >16 76

Enterobacter spp. ≤0.12 >16 76

Citrobacter spp. ≤0.12 >16 76

Serratia spp. ≤0.12 0.5 76

Proteus mirabilis ≤0.12 ≤0.12 76

Aeromonas spp. ≤0.12 0.25 54

Pseudomonas aeruginosa 8 >16 54

Acinetobacter spp. >16 >16 54

Stenotrophomonas maltophilia >16 >16 54

Burkholderia cepacia 16 >16 54

ESBL, extended-spectrum β-lactamase.

are drugs of choice for treatment of infections caused by multidrug-
resistant strains of A. baumannii that remain susceptible to carbapen-
ems; however, resistance to carbapenems is rapidly increasing.38

Imipenem, meropenem, and doripenem are therapeutically equiva-
lent and interchangeable in most clinical situations, with imipenem 
being slightly more active against gram-positive organisms than 
meropenem and doripenem (especially E. faecalis), and meropenem 
and doripenem are slightly more active against gram-negative organ-
isms than imipenem.28 In P. aeruginosa, however, predominant mecha-
nisms of resistance can be different for imipenem (most affected by 
downregulation of OprD but not substrate for multidrug efflux pumps) 
and meropenem and doripenem (substrates of MexAB-OprM efflux 
pump but less affected by downregulation of OprD). Consequently, 
resistance to imipenem is not always predictive of resistance to merope-
nem or doripenem, and vice versa.39 Doripenem is the most active 
carbapenem against P. aeruginosa in vitro. Imipenem, meropenem, and 
doripenem are all appropriate for use in the treatment of hospital-
acquired infections because of their antipseudomonal activity. S. 
maltophilia, E. meningoseptica, and Chryseobacterium indologenes are 
intrinsically resistant to all carbapenems because of chromosomal pro-
duction of metallo-β-lactamase.

The recommended adult dose of imipenem for patients with creati-
nine clearance of greater than 50 mL/min is 250 to 500 mg every 6 
hours or 1 g every 8 hours intravenously. The pediatric dose is 15 to 
25 mg/kg every 6 hours. The recommended adult dose of meropenem 
for patients with creatinine clearance greater than 50 mL/min is 
500 mg to 1 g every 8 hours. For treatment of severe infections, doses 
of up to 6 g/day have been used safely. The pediatric dose is 10, 20, or 
40 mg/kg, with the highest dose indicated for treatment of meningitis, 
every 8 hours. The recommended adult dose of doripenem for patients 
with creatinine clearance greater than 50 mL/min is 500 mg every 8 
hours. The pediatric dose has not been established for doripenem. The 
doses should be adjusted according to the creatinine clearance for 
patients with renal impairment.

Ertapenem differs from other carbapenems in two important 
respects: it has a long half-life permitting once-daily dosing, and it has 
relatively poor activity against P. aeruginosa and A. baumannii. Like all 
carbapenems, ertapenem has excellent anti-anaerobic activity and thus 
is especially useful in a single daily dosage regimen for polymicrobial 
infections. Ertapenem is active against ESBLs and AmpC-producing 
Enterobacteriaceae and can be used for infections caused by these 
organisms. The recommended adult dose of ertapenem for patients 
with creatinine clearance greater than 30 mL/min is 1 g daily. The 
pediatric dose is 15 mg/kg twice daily.

MONOBACTAMS
Monobactams are monocyclic β-lactam agents characterized by the 
presence of a 2-oxoazetidine-1-sulfonic acid moiety. Aztreonam is the 
only monobactam currently approved by the FDA. Aztreonam is a 
synthetic monocyclic β-lactam, the core structure of which was origi-
nally isolated from Chromobacterium violaceum (Fig. 22-2). It has high 
affinity for PBP3 of gram-negative bacteria, causing their filamenta-
tion, bacterial lysis, and death.40 It has a broad spectrum of activity 
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β-lactamases that hydrolyze aztreonam.49 The usual dose is 1 to 2 g 
every 6 to 8 hours intravenously or intramuscularly, with a daily dose 
for serious infection of up to 6 g. The pediatric dose is 30 mg/kg every 
6 to 8 hours.

bacteria, which is susceptible to aztreonam in a patient who has severe 
allergy to penicillin or other β-lactams. It may also have a role in 
combination therapy of infections caused by metallo-β-lactamase-
producing gram-negatives, although these strains often produce other 
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The majority of adverse drug events are not immunologically mediated 
allergic reactions but rather what are categorized as type A drug reac-
tions, referring to predictable, dose-dependent events secondary to  
the pharmacologic action of the drug. Only 10% to 15% of reactions 
are defined as type B, which are seemingly random and unrelated to 
pharmacologic effects and include the development of drug hyper-
sensitivity as well as other idiosyncratic reactions. Antibiotics are the 
most important cause of allergic drug reactions for infectious disease 
specialists. Maculopapular exanthems and urticaria account for most 
of these, but more severe reactions may also occur.

PATHOPHYSIOLOGY
According to the Gell and Coombs classification, there are four main 
pathophysiologic mechanisms that result in allergic drug reactions. 
IgE-mediated immediate reactions (type 1) are relatively common and 
may present as symptoms of urticaria/angioedema or anaphylaxis. 
Cytotoxic reactions (type 2) are exemplified by drug-induced hemo-
lytic anemia or thrombocytopenia and are a relatively uncommon 
reaction from antimicrobial agents. Immune complex reactions (type 
3) present as serum sickness–like reactions with rashes, fever, and 
arthralgias and typically occur several days after initiation of the culprit 
drug. Finally, delayed-type hypersensitivity reactions (type 4) represent 
the most common manifestation of antimicrobial drug reactions as 
exemplified by the maculopapular exanthem.

Four additional subclassifications have been introduced for type  
IV reactions that highlight the heterogeneous T-cell response and  
clinical variability in these delayed drug reactions.1,2 Type IVa subclas-
sifications represent a Th1-mediated reaction involving macrophage 
activation and presents as an exanthem; type IVb are Th2 mediated 
with eosinophil-rich exanthems or bullous lesions; type IVc are cyto-
toxic reactions with bullous exanthems or pustular reactions; and type 
IVd are neutrophil-rich pustular reactions, such as acute generalized 
exanthematous pustulosis.

Approach to a Patient with an 
Antibiotic Allergy
The accurate diagnosis of drug allergy is important not only to prevent 
serious reactions secondary to further exposure but also to avoid the 
unnecessary restriction of a drug to which the patient may not truly 
be allergic.

The clinical history is integral in evaluating the likelihood of a drug 
allergy, because only a small percentage of patients with a reported 
reaction have a history compatible with actual hypersensitivity. Even 
in the presence of a consistent history, the proportion of true reactors 
is low.

Key historical features to seek out include a detailed description of 
the nature and timing of the reaction, as well as concomitant ingestion 
of other medications. In addition, taking a thorough medical history 
for underlying risk factors (e.g., viral infections, prior drug reactions, 
atopy) is crucial for evaluating antibiotic allergy.

Information to be Obtained When 
Taking a History of Antibiotic Allergy
Concerns regarding the reaction include the following:
• Timing of the reaction in relation to drug administration
• Symptoms and evolution of the reaction
• Description of cutaneous symptoms (e.g., maculopapular, urticarial, 

bullous)
• Involvement of mucosal surfaces or internal organs

• Treatment administered, response, and duration of reaction
• History of prior exposure to the implicated agent
• Other medications ingested at the time of the reaction
• Was the medication or similar medications taken (and tolerated) 

thereafter?
• Are there potential confounders (e.g., underlying viral or bacterial 

infections)?
• History of other drug reactions and allergies (many patients with 

multiple drug intolerance syndrome do not have true drug 
allergies)

• Has the patient experienced recurrent, similar reactions without 
known exposures (e.g., chronic urticaria)?

• The likelihood of future need of the medication

Clinical Manifestations
The clinical spectrum of antibiotic allergy is extremely heterogeneous. 
There are two broad entities based on timing and pathophysiologic 
mechanism.

Immediate (IgE-Mediated or 
Pseudoallergic) Drug Reactions
Immediate IgE-mediated reactions result from the interaction of drug 
antigens with preformed drug-specific IgE antibodies bound to mast 
cells or basophils, with the consequent release of preformed mediators 
(histamine, proteases, and chemotactic factors) and newly generated 
mediators (prostaglandins, leukotrienes, and platelet-activating factor). 
They usually occur within 1 hour of drug administration and clinically 
manifest as urticaria, angioedema, rhinitis, bronchospasm, or anaphy-
laxis. IgE-mediated reactions require prior sensitization to the drug  
or structurally related drugs typically from prior exposure. Pseudoal-
lergic reactions may also result in immediate reactions, often with first 
exposure to the drug. These reactions are due to nonspecific (IgE-
independent) activation of mast cells and can cause reactions clinically 
indistinguishable from IgE-mediated reactions.

Nonimmediate Drug Reactions
These have been further subdivided as accelerated (predominantly 
urticaria) or late reactions. By definition, they occur more than 1 hour 
and within 7 days after the last drug administration. While drug reac-
tions can involve multiple organs, cutaneous reactions are the most 
common. There are numerous cutaneous manifestations of drug reac-
tions, which include maculopapular exanthems, bullous lesions, and 
pustules to name a few. Severe cutaneous adverse reactions including 
Stevens-Johnson syndrome and toxic epidermal necrolysis may have 
internal organ involvement. It should be kept in mind that a significant 
proportion of maculopapular or urticarial reactions labeled as drug 
reactions are secondary to the underlying infection itself, without any 
contribution by the suspected agent.3 In other situations, the incrimi-
nated antibiotic may cause allergic manifestations only in the presence 
of a specific underlying predisposing factor (e.g., ampicillin-induced 
rash in Epstein-Barr infection; increased risk for sulfonamide-related 
rashes in the population infected with human immunodeficiency 
virus).

Drug Rash with Eosinophilia and 
Systemic Symptoms
Drug rash with eosinophilia and system symptoms (DRESS), also 
known as drug (induced) hypersensitivity syndrome (DHS or DiHS), 
is a systemic reaction that is distinguished from other antimicrobial 
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dose is achieved. Similar to immediate drug challenges, a dose escala-
tion starting with 1/100th or 1/10th of the final dose is performed but 
the interval of dose escalation may be 2 to 3 days or a week. Another 
approach uses the immediate drug challenge approach, reaching a 
therapeutic dose in 1 to 2 hours. For more acute indications of antimi-
crobial agents, this latter approach may be more practical. If the entire 
therapeutic course is tolerated without reaction, it is reasonable to 
remove the drug allergy label from the patient’s chart.

Contraindications to drug challenges include noncutaneous-based 
reactions (e.g., hepatitis, cytopenias, and pneumonitis), serum-sickness 
reactions, drug-induced vasculitis, bullous eruptions, and severe cuta-
neous adverse reactions, which include Stevens-Johnson syndrome/
toxic epidermal necrolysis, DRESS, and acute generalized exanthema-
tous pustulosis reactions. Although anaphylaxis is rare, equipment to 
treat anaphylactic reactions should be readily available, including 
epinephrine.

Skin and in Vitro Tests for 
Nonimmediate Reactions
There is currently no established gold standard for the diagnosis of a 
delayed-type allergy.

Skin Testing: Delayed Intradermal and 
Patch Tests
Intradermal testing with delayed readings at 24 and 48 hours as well 
as patch testing have been recommended.8,9 The negative predictive 
value for most drugs has not been well established. Thus, a positive test 
may suggest delayed hypersensitivity but a negative test does not 
exclude a drug allergy.

In Vitro Tests
The lymphocyte transformation test and the lymphocyte activation test 
evaluating for CD69 expression by flow cytometry have been used  
to assess drug-specific T-cell activity in vitro.10,11 Performance charac-
teristics of these tests vary by laboratory and are mainly used for 
research purposes. Commercially available assays have not undergone 
rigorous testing and are generally not recommended for management 
decisions.

PROCEDURES TO INDUCE 
TEMPORARY DRUG TOLERANCE
Drug Desensitization
In drug-allergic patients for whom no therapeutic alternative exists, a 
procedure to induce temporary drug tolerance can be considered. 
These procedures are usually referred to as drug desensitizations. In 
contrast to drug challenges, which are merely a diagnostic test for toler-
ance to a drug, desensitization procedures actively induce tolerance 
through mechanisms that are still unclear but may involve internaliza-
tion of high-affinity IgE receptors.12 Desensitization procedures cause 
a state of temporary tolerance and allow a patient to receive an uninter-
rupted therapeutic course of an antimicrobial agent. It is critical to 
recognize that this “desensitized” state of drug tolerance is transient 
and that after cessation of the drug the patient’s prior hypersensitive 
state returns. If the patient requires the drug again, a desensitization 
procedure will be required before each therapeutic course.

Desensitization protocols have been established for several different 
antibiotics in the event of documented (e.g., positive drug skin tests) 
or presumed IgE-mediated sensitization. Most protocols begin with  
a dilute concentration of drug (e.g., 1/10,000th of dose), and the dose 
is typically doubled every 15 minutes until a full therapeutic dose  
is reached. Drug desensitizations for antibiotics are generally well  
tolerated, and anaphylactic reactions are rare. Antibiotic desensitiza-
tions should be conducted by personnel familiar with the procedure, 
equipment should be available to treat anaphylaxis, and close monitor-
ing maintained. Owing to the requirement for close monitoring and 
frequent dose adjustments, desensitization procedures are often per-
formed in an intensive care unit, although this is not a strict require-
ment. Desensitizations can be performed intravenously or orally. If 
feasible, an oral route is preferred because it may be a safer route of 
administration. The same aforementioned contraindications for drug 
challenges apply to drug desensitizations.

reactions by a delayed appearance after a 2- to 10-week exposure to 
several antibiotics, including sulfonamides and vancomycin. Clinical 
characteristics include rash, fever, lymph node swelling, hepatitis, or 
involvement of other organs. Facial swelling is a common feature and 
may be confused with IgE-mediated angioedema; some patients have 
signs of a capillary leak syndrome. Interestingly, patients may develop 
disease flares after discontinuation of the culprit drug, which may 
result in other medications being falsely labeled as causing a drug reac-
tion. Additionally, the course is characterized by relapses that have 
been attributed to the reactivation of latent viral infection, in particular 
human herpesvirus 6.4 DRESS reactions are also atypical in that clinical 
manifestations may worsen despite drug withdrawal, and symptoms 
may persist for months and in some cases require immunosuppressive 
therapies.

DIAGNOSIS AND MANAGEMENT 
OF ANTIBIOTIC ALLERGY
Suspected allergic reactions to drugs occur commonly, but investiga-
tion is often hampered by lack of reliable immunologic tests, which are 
available for only a few drugs. Avoidance of antimicrobial agents asso-
ciated with allergic reactions is the most straightforward approach. In 
some cases, no suitable alternative agent exists and treatment with a 
drug previously linked to an allergic reaction must be considered. Skin 
tests for most antimicrobial agents lack high negative predictive values. 
Therefore, patients may be tested for drug tolerance via a drug chal-
lenge or a desensitization procedure may be performed to induce tem-
porary drug tolerance.

TESTS FOR IgE-MEDIATED 
IMMEDIATE REACTIONS
Skin Testing: Prick and Intradermal Tests
The reagents used in skin testing are seldom standardized (except for 
penicillins, as detailed later); and in the majority of cases, the predictive 
value of skin testing remains indeterminate. Its use for various antibiot-
ics is described in the sections on individual antibiotics.

In Vitro Tests
Serum-specific IgE assays have been used for evaluating immediate 
reactions to β-lactams (mainly penicillins), with a relatively low sensi-
tivity (~50%) compared with skin testing and a specificity approaching 
90%.5 The role of the flow cytometric basophil activation test (BAT) in 
the diagnostic evaluation of immediate reactions to β-lactams and 
other antibiotics is still being investigated. The BAT detects the upregu-
lation of activation markers CD63 and CD203c on the surface of baso-
phils after incubation with the implicated drug. Commercially available 
assays have not undergone rigorous testing and are generally not rec-
ommended for management decisions.

Drug Challenge (Drug Provocation Tests)
A drug challenge is generally accepted as the gold standard to establish 
tolerance to a drug. For clinical purposes, drug challenges are recom-
mended when a true drug allergy is deemed unlikely based on the 
history and available diagnostic tests. In most cases, when the pretest 
probability is determined to be low for a drug allergy, drug challenges 
allow drug hypersensitivity to be excluded in a large percentage of 
patients.6,7 Unlike desensitization, challenge protocols are not designed 
to alter the immune response to a drug and merely confirm the pres-
ence or absence of sensitization. If the clinical question is whether a 
patient will tolerate a drug, a drug challenge is the appropriate proce-
dure. Most drug challenges for immediate reactions are performed in 
a graded fashion with escalated dosing every 30 to 60 minutes. A 
common protocol is to start with 1/100th of the therapeutic dose, fol-
lowed by 1/10th dose, then the final therapeutic dose. If a patient toler-
ates the challenge, he or she may receive a therapeutic course of the 
drug. If the entire therapeutic course is tolerated without reaction, it 
is reasonable to remove the drug allergy label from the patient’s chart.

For delayed reactions such as maculopapular exanthems and 
delayed-appearing urticaria, drug challenges are recommended when 
a true drug allergy is deemed unlikely based on the history and avail-
able diagnostic tests.7,8 Protocols vary for delayed drug challenges. 
Some protocols are performed over days to weeks until a therapeutic 
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toxic epidermal necrolysis, DRESS, and other noncutaneous organ-
based reactions.

Desensitization.  Patients with positive penicillin skin testing 
should receive alternate agents, but if there are no other alternative 
antibiotics indicated, desensitization procedures may be employed. 
The procedure is typically successful, although 30% of patients tend to 
develop minor cutaneous reactions such as urticaria.

Cephalosporins
Pathophysiology.  Allergic reactions to cephalosporins may occur 

because of sensitization to antigenic determinants shared with penicil-
lin or to unique cephalosporin haptens. In contrast to penicillins, 
cephalosporins undergo extensive fragmentation at the dihydrothi-
azine ring, with the consequent formation of a large number of degra-
dation products, which has hindered the understanding of its haptenic 
determinants. However, the R1 group side chain and β-lactam ring are 
believed to contribute to most of the antigenicity.

Clinical  Manifestations.  The majority of allergic reactions to 
cephalosporins are delayed rashes, but IgE-mediated urticaria and ana-
phylaxis can also occur.

Diagnosis.  Evaluation of immediate reactions to cephalosporins 
may include skin testing with the suspected compound, along with 
other cephalosporins and penicillin determinants. Testing with nonir-
ritating concentrations (2 mg/mL) has been used to identify IgE-
mediated allergy, although the exact sensitivity (ranging from 30.7% 
to 72% in various studies) and specificity of this skin test have not been 
determined.18,19

The role of skin testing is even less well defined with a history of 
delayed reactions to cephalosporins. Although intradermal and patch 
testing have been employed, overall rates of sensitization are extremely 
low (~5%). In a recent study, most delayed skin manifestations attrib-
uted to cephalosporin treatment did not demonstrate positive skin 
tests and subsequent challenges failed to reproduce the symptoms.18 
Thus, like patients with histories of penicillin allergy, many patients 
with histories of cephalosporin allergy appear to tolerate cephalospo-
rins. Drug challenges are also appropriate to evaluate cephalosporin-
allergic patients where the likelihood of true allergy is low.

Desensitization.  Desensitization to cephalosporins may be con-
sidered for documented or presumed IgE-mediated reactions. Success-
ful desensitization to cefotaxime and ceftazidime has been reported 
without major side effects.

Carbapenems
Current carbapenems available in the United States include imipenem-
cilastatin, meropenem, doripenem, and ertapenem, and the incidence 
of associated hypersensitivity is estimated to be less than 3%.

Skin testing has not been well studied in carbapenem allergy, and 
thus the negative predictive value is unknown. Successful desensitiza-
tion regimens to both imipenem and meropenem have been described, 
mostly as case reports, where carbapenems were the only antibiotic 
indicated.

Monobactams
Aztreonam is generally less immunogenic than other β-lactams 
because reactive haptenic breakdown products are less likely to be 
formed. It is considered a useful therapeutic alternative to patients with 
sensitivity to other β-lactams. Aztreonam does not cross react with 
other β-lactams except for ceftazidime, with which it shares an identi-
cal R-group side chain.

Cross-Reactivity among β-Lactams
There has been a definite paradigm shift in the use of cephalosporins 
among the penicillin-allergic population. It is now recognized that 
cross-reactivity is not equal among all β-lactams, with most recent 
studies describing much lower rates of potential cross-reactivity.20 In 
most instances, positive in vitro testing suggestive of potential cross-
reactivity between penicillins or cephalosporins does not translate into 
clinical reactions.21 In addition, penicillin allergy predisposes to a 
threefold higher risk for reactions to structurally unrelated antibiotics, 
and a concomitant cephalosporin allergy does not necessarily indicate 
cross-reactivity.

DRUG ALLERGY TO SPECIFIC 
ANTIMICROBIAL AGENTS
β-Lactams
β-Lactams remain one of the most commonly involved medications in 
allergic drug reactions. The four main groups share in common a four-
member β-lactam ring; and if this ring is fused to a thiazolidine ring, 
the β-lactam is classified as a penicillin. This includes piperacillin and 
the antistaphylococcal penicillins. The thiazolidine ring is replaced by 
a dihydrothiazine ring in the cephalosporin nucleus. In addition, peni-
cillins have only one side chain (R1 group at 6-position) whereas 
cephalosporins have two side chains (R1 and R2 at the 3- and 
7-positions, respectively). Monobactams contain a monocyclic ring 
structure, whereas carbapenems have a bicyclic nucleus composed of 
a β-lactam ring with an associated five-membered ring.

β-Lactams act as haptens and require conjugation to a carrier mol-
ecule to be recognized as a sensitizing molecule and to elicit an allergic 
response.

Penicillins
Epidemiology.  The prevalence of self-reported penicillin allergy is 

high, at 10% to 15% among hospitalized patients, and because the 
diagnosis is often not substantiated by further testing, the use of sub-
optimal antibiotics contributes to worsening antibiotic resistance and 
increased health care costs. Recent literature suggests that up to 95% 
of patients with a history of penicillin allergy are negative on investiga-
tion.13 In addition to the previously discussed factors of inaccurate 
history and compounding infectious causes that elicit similar reac-
tions, IgE-mediated sensitivity to penicillins has been documented to 
wane over time, to less than 20% at 10 years after the reaction.14

Pathophysiology.  Two major mechanisms have been implicated in 
allergic reactions to β-lactams: IgE-dependent responses and T-cell–
mediated reactions. In the event of the former, rapid and stable cleav-
age of the β-lactam ring results in the generation of defined epitopes 
that act as haptens, as described earlier. The major determinant derived 
from the β-lactam ring is known as benzylpenicilloyl (accounting for 
95% of haptenated penicillin), and there are also minor determinants 
(of which only penicillin G is commercially available in the United 
States).15 Further, the R1 side chain is recognized as the antigenic 
determinant in the case of some reactions involving aminopenicillins 
and these patients are selectively allergic to amoxicillin or ampicillin 
while tolerating other agents. This selective aminopenicillin allergy is 
commonly reported in European studies but is rarely reported in the 
United States.

Clinical  Manifestations.  Penicillin allergy may either present as 
anamnestic responses to IgE formation or as delayed T-cell–mediated 
reactions. Maculopapular exanthems occur at a frequency of 2% to 3% 
during treatment, but severe cutaneous adverse reactions may also 
develop. Amoxicillin is the most commonly used β-lactam in North 
America and Europe, as well as the most frequent drug involved in 
immediate as well as nonimmediate reactions.

Diagnosis.  Penicillin skin testing is an excellent diagnostic tool. 
The clinical history is known to have a poor correlation with skin test 
results. The negative predictive value for skin testing with commer-
cially available reagents (benzylpenicilloyl polylysine [PRE-PEN])  
and penicillin G) is approximately 97%, but according to current 
guidelines, drug challenge is still needed to confirm the absence of 
allergy.

Although mainly indicated for immediate reactions, penicillin skin 
testing is often performed in histories of delayed reactions because 
histories are often inaccurate and exclusion of the presence of penicil-
lin IgE is important. Studies have demonstrated uneventful oral chal-
lenges in patients with a history of non–life-threatening reactions, 
particularly in the case of drug exanthems.16 Further, fatal anaphylaxis 
to penicillin is rare, with the majority of reported cases occurring in 
patients without a prior allergic reaction. Hence, a graded-dose chal-
lenge is often appropriate and usually well tolerated in these situa-
tions.17 It is typically recommended that penicillin skin testing be 
performed at least 6 weeks after a reaction (especially if anaphylactic) 
owing to the potential for false-negative skin tests. This recommenda-
tion is more theoretical and not evidence based. It is important to note 
that penicillin skin testing has no value in Stevens-Johnson syndrome/
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challenges can be performed to ensure tolerance.23,27 Figure 23-1 out-
lines a suggested approach to patients with penicillin allergy in need 
of other β-lactams.

Conversely, in patients evaluated after an immediate allergic reac-
tion to cephalosporins, the rates of positive testing to penicillin deter-
minants have been found to be 4.8% to 25.5% in various series.28-30 
However, the studies with higher rates of sensitization were not  
confirmed in most patients by subsequent clinical challenges. If  
penicillin skin testing is not available, graded challenges may be  
performed starting with 1/100th of the therapeutic dose. Only 1%  
to 3% of cephalosporin-allergic patients have positive skin tests to 
carbapenems or aztreonam.28 Among the different kinds of cephalo-
sporins themselves, the R1 side chain is an important antigenic deter-
minant, and cross-reactivity must be considered in terms of structural 
similarity.19,30 Of note, important cross-reactivity has been detected 
between ceftriaxone, cefotaxime, and cefepime, which share an identi-
cal side chain at the R1 position.30-32 However, reactions to cephalospo-
rins with different side chains may also occur, owing to antibodies 
against the common β-lactam ring. Figure 23-2 outlines a suggested 
approach to patients with cephalosporin allergy in need of other 
β-lactams.

The first study to determine the potential for cross-reactivity 
between carbapenems and penicillins based on skin testing estimated 
a frequency of approximately 50% in penicillin skin test–positive 
patients.33 Subsequent clinical studies of penicillin-allergic patients 
have evidenced progressively lower rates, between 0% to 11% for imi-
penem and meropenem,34-36 in patients with histories of penicillin 
allergies. The lowest rates (0%) have been noted in prospective studies 
of penicillin skin test–positive subjects (all carbapenem skin test nega-
tive) who were challenged with carbapenems in clinical studies. Higher 
incidences (6% to 11%) of reactions have been reported in retrospec-
tive studies of patients with reported penicillin allergy who received 
carbapenems. This discrepancy in rates may be due to potential con-
founding factors in the retrospective reports. Carbapenems may be 
safely administered in patients with negative skin tests to both penicil-
lins and carbapenems. A typical approach for penicillin-allergic 
patients (when penicillin skin tests are unavailable or are positive) is 
to administer 1/10th of the carbapenem, and, if tolerated, administer 
the rest of the therapeutic dose 1 hour later.

For patients with histories of nonsevere reactions to penicillin, the 
likelihood of reacting to cephalosporins is approximately 0.2%, based 
on retrospective evaluations of patients with reported allergy.22,23 If 
patients with a history of penicillin allergy are found to have negative 
skin tests, the risk for reacting to a cephalosporin is negligible. However, 
the presence of identical side chains, such as occurs between ampicillin/
amoxicillin and cephalexin/cefadroxil, is a factor contributing to cross-
reactivity between penicillins and cephalosporins, in the range of  
10% to 38% (Table 23-1).24-26 Although most patients tolerate the cor-
responding cephalosporin, anaphylactic reactions have been noted. 
For these and other more high-risk patients, graded cephalosporin 

TABLE 23-1  β-Lactams with Common Side Chains

Five Groups of β-Lactams with Common R1 Side Chains

Common 
Aminobenzyl Group

Common 
Aminobenzyl 
Group

Common 
Methylene 
Group

Amoxicillin
Cefadroxil
Cefatrizine
Cefprozil

Ampicillin
Cephalexin
Cefaclor
Cephradine
Cephaloglycin
Loracarbef

Benzyl penicillin
Cephalothin

Common 
Methoxyimino Group

Common 
Aminothiazole 
Group

Ceftriaxone
Cefuroxime
Cefotaxime
Cefepime

Ceftazidime
Aztreonam

Six Groups of β-Lactams with Common R2 Side Chains
Cephalexin
Cefadroxil
Cephradine

Cefotaxime
Cephalothin
Cephaloglycin

Cefuroxime
Cefoxitin

Cefotetan
Cefamandole
Cefmetazole
Cefpiramide

Cefaclor
Loracarbef

Ceftibuten
Ceftizoxime

FIGURE 23-1 Approach to the use of β-lactams in patients with a history of penicillin allergy. 

History of penicillin allergy

Penicillin skin test available?

Perform penicillin skin testReaction benign and remote?

No Yes

Consider full therapeutic
dose of cephalosporin or

carbapenem

*All patients with prior drug reaction histories are at increased risk for future drug reactions. Drug challenges should
therefore be performed with equipment and personnel available to treat anaphylaxis.

Consider graded challenge
to cephalosporin or

carbapenem*

Full therapeutic dose
of cephalosporin or

carbapenem

Starting dose:
1/100–>1/10–> Full dose

Yes No Positive Negative
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may or may not truly induce drug tolerance and do require monitoring 
for more serious systemic involvement. These measures should not be 
pursued in patients with severe nonimmediate reactions and have not 
been studied in immunocompetent patients.

Vancomycin
One of the most common adverse reactions to vancomycin is the 
infusion-related red man syndrome, which is secondary to direct mast 
cell activation and histamine release. It is related to the rate of infusion 
and typically manifests as pruritus and erythematous flushing, particu-
larly of the face and neck. In some cases, urticaria, angioedema, and 
even hypotension may also occur but may not always be IgE mediated. 
These pseudoallergic reactions can be prevented by slowing the rate of 
infusion and premedicating with H1 blockers. Concomitant opiates 
can also contribute to these pseudoallergic reactions. Desensitization 
protocols have been described for both IgE-mediated and non–IgE-
mediated hypersensitivity reactions. Vancomycin has also been linked 
to linear IgA bullous dermatosis, which is an autoimmune, subepider-
mal vesiculobullous reaction typically associated with the use of van-
comycin41 that resolves with drug withdrawal. Mucosal lesions may be 
confused with Stevens-Johnson syndrome.

Fluoroquinolones
Because of the increased recent use of quinolones, a history of quino-
lone allergy is becoming more frequent. Immediate hypersensitivity to 
quinolones has been estimated to range from 0.4% to 2%, with delayed 
exanthems being a more common reaction.42

Overall, skin testing has not been validated to provide useful infor-
mation due to nonspecific histamine release induced by quinolones at 
even minimal concentrations, and drug challenges remain the corner-
stone of diagnosis. There are reports of cross-sensitization among the 
different quinolones, but the true rate of this apparent cross-reactivity 
is unclear. Limited data suggest levofloxacin may be the most reason-
able alternative.43

The tolerability of aztreonam in populations with IgE-mediated 
hypersensitivity to β-lactams has been well established,37 except with 
a history of reactions to ceftazidime by reason of identical side chains 
(see Table 23-1).

In conclusion, in most instances, there is minimal evidence for 
clinical cross-reactivity between various classes of β-lactams. The 
highest reported rate is in skin test–positive cephalosporin-allergic 
patients in whom 25% have positive penicillin skin tests. It should be 
noted that this cross-sensitization on skin testing does not always 
translate into true clinical reactivity on subsequent challenge.

Sulfonamides
Pathophysiology.  Sulfonamide antibiotics contain an SO2-NH2 

group that gets metabolized to reactive, haptenic nitroso compounds 
in the liver. IgE-mediated reactions are infrequent, and most cases are 
due to T-cell–mediated reactions.

Clinical Manifestations.  Although maculopapular exanthems are 
the most common form of drug allergy with sulfonamides, they are an 
established cause of more serious reactions, such as Stevens-Johnson 
syndrome/toxic epidermal necrolysis or DRESS. Of note, these antibi-
otics, especially trimethoprim-sulfamethoxazole, have been observed 
to cause a much higher reaction rate in the HIV-infected population, 
mostly in the form of exanthems.38

Diagnosis.  Skin testing with sulfonamides lacks good predictive 
value. As with other drugs, graded challenges can be performed if the 
likelihood is low for true allergy.39 Most experts believe that testing for 
sulfonamide allergy should be approached with caution because of the 
well-known propensity for these drugs to cause severe cutaneous 
adverse reactions.

Treatment.  In nonimmediate reactions with mild rashes, espe-
cially in HIV-positive individuals, the antibiotic can be continued 
(“treating through”) or readministered after a gradually increasing 
dosing protocol, with good success rates.40 Such reactions are not IgE 
mediated. Furthermore, these so-called desensitization procedures 

FIGURE 23-2 Approach to the use of β-lactams in patients with a history of cephalosporin allergy. 

History of cephalosporin allergy

Need for another cephalosporin

*Graded challenge to
cephalosporin with

different R group side chain

†Graded challenge to
carbapenem

Penicillin
desensitization

OK to use
penicillin

‡Graded challenge
OR

empirical penicillin
desensitization

Penicillin skin test available?

Penicillin skin test

Need for carbapenemNeed for penicillin

Yes No 

Positive Negative

   *May consider cephalosporin skin test prior to challenge.
  †May consider carbapenem skin test prior to challenge.

‡All patients with prior drug reaction histories are at increased risk for future drug reactions. Drug challenges
    should therefore be performed with equipment and personnel available to treat anaphylaxis.

http://www.myuptodate.com


C
h

ap
ter 23 Antibiotic Allergy

303

anaphylaxis to various compounds such as gentamicin and 
tobramycin.47,48

Multiple Drug Intolerance Syndrome
This syndrome has been defined to include patients with reactions to 
three or more drugs that are not structurally or pharmacologically 
related. In studies of these patients, confirmation of true allergy is often 
lacking and anxiety (rather than IgE-mediated reactions) is fre-
quent.49,50 Many patients may have subjective symptoms of their drug 
reactions. Evaluation of these patients typically requires blinded, 
placebo-controlled drug challenges.

Macrolides
A history of allergic reactions to macrolides is rare. These reactions 
develop in 0.4% to 3% of the treated population. Few studies have 
evaluated the role of skin testing in macrolide allergy; however, posi-
tive challenges were confirmed in only 6% to 8%,44,45 suggesting drug 
challenge may be the most straightforward approach.46

Aminoglycosides
Although topical aminoglycoside antibiotics are common causes  
of allergic contact dermatitis, systemic hypersensitivity is unusual  
and descriptions have mostly been limited to isolated reports of 
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24  Fusidic Acid
Jason Trubiano and M. Lindsay Grayson

STRUCTURE AND MECHANISM  
OF ACTION
Fusidic acid is an antibiotic derived from the fungus Fusidium coc-
cineum and the only commercially available antibiotic from the fusi-
dane group. It has a steroid structure, without steroid activity and with 
chemical similarities to cephalosporin P1. The sodium salt of fusidic 
acid (sodium fusidate) is used clinically and was developed in Denmark 
by Leo Laboratories and introduced into practice in 1962, primarily as 
an antistaphylococcal therapy.1-3

Fusidic acid is a bacteriostatic antibiotic, with bactericidal proper-
ties at higher concentrations. Its mode of action is via inhibiting bacte-
rial protein synthesis.4 It inhibits protein synthesis primarily by 
blocking the translocation of peptidyl transfer RNA to the growing 
peptide chain (elongation phase) via impeding the action of the elonga-
tion factor “G” (EF-G) on the ribosome. Subsequent reductions in 
surface proteins render organisms such as staphylococci more suscep-
tible to phagocytosis.5

ANTIMICROBIAL ACTIVITY
The antimicrobial activity of fusidic acid is summarized in Table 24-1. 
The European Committee on Antimicrobial Susceptibility Testing 
(EUCAST) provides clinical breakpoints (see Table 24-1), with a 
minimal inhibitory concentration (MIC) breakpoint of less than or 
equal to 1 µg/mL as susceptible for Staphylococcus aureus (99.7% 
methicillin-resistant S. aureus [MRSA] strains; 99.3% to 99.9% 
multidrug-resistant S. aureus phenotypes).8 A number of authors have 
described MICs and zone diameters for fusidic acid against staphylo-
cocci, assigning less than or equal to 0.5 µg/mL as susceptible and 
greater than or equal to 2 µg/mL as resistant (≥21 mm susceptible, 
≤17 mm resistant for zone diameters).11,12,26 Thus, routine susceptibility 
testing methods appear to all provide comparable accurate results for 
fusidic acid against S. aureus.27

Overall, fusidic acid has a narrow spectrum with activity against 
gram-positive bacteria such as staphylococci, including MRSA and 
coagulase-negative staphylococci; Clostridia spp., including C. tetani, 
C. perfringens, and C. difficile; Corynebacterium spp.; Peptostreptococ-
cus spp.; and most anaerobes except Fusobacterium spp. It has some 
activity against streptococci6 and limited activity against enterococci. 
Gram-negative organisms are generally resistant, except for Neisseria 
spp., Legionella pneumophilia, and some anaerobic gram-negative 
organisms.6,28 A recent study found reasonable in vitro activity against 
multidrug-resistant strains of Neisseria gonorrhoeae, as well as Chla-
mydia trachomatis, raising the possibility of fusidic acid as a treatment 
option for such sexually transmitted diseases.29

Despite having some in vitro activity against Mycobacterium tuber-
culosis6 and Plasmodium falciparum,25 this has no clinical relevance. 
Limited activity against Mycobacterium leprae30,31 and Coxiella bur-
netii32 has been noted, but therapeutic efficacy requires exploration.

RESISTANCE
The mechanisms of resistance to fusidic acid have been recently 
reviewed.33,34 Although fusidic acid resistance was recognized during 
drug development,35 only modest rates of resistance were noted glob-
ally until the past 10 years or so.33,36 Subsequently, resistance emergence 
has been largely linked to the increased use of fusidic acid mono-
therapy (especially in topical ointments).8,33 Such isolates display 
enhanced “fitness” and are often clonally linked.13,37 Although there is 
no known cross-resistance between fusidic acid and other antibiotic 
classes, the barriers to developing resistance are low because only a 
single point mutation is required.38,39

Information regarding fusidic acid resistance is largely based on 
research associated with staphylococci. Overall, the mean rate of 
fusidic acid resistance is approximately 5% in this species. It is higher 
in regions with increased topical fusidic acid use (Europe > United 
States/Australia),9,40-43 especially among burn patients treated with 
chronic monotherapy.36 Rates of fusidic acid resistance among S. 
aureus are up to 78% in dermatology patients exposed to prior topical 
fusidic acid monotherapy,42 with outpatient topical fusidic acid pre-
scribing associated with high rates of fusidic acid–resistant methicillin-
susceptible S. aureus.33,44 In the United States, where fusidic acid use 
has been limited largely to clinical trials, the rate of resistance (MIC ≥ 
2 µg/mL) among S. aureus strains was 0.3%, but for coagulase-negative 
staphylococci it was 7.2%.9

Traditional resistance to fusidic acid is mediated via various muta-
tions in the fusA gene that encodes EF-G, a GTPase that binds the 
ribosome and catalyzes the final step of peptide chain elongation.45-47 
Fusidic acid binds EF-G, preventing release from the ribosome and 
ongoing protein synthesis. At least four other resistance genes have 
been identified (fusB-E). FusB, fusC, and fusD are thought to encode 
proteins that protect EF-G,13,48,49 whereas fusE encodes a secondary 
fusidic acid binding region, rplF (ribosomal protein L6).50 FusB and 
FusC are elements that can be chromosome or plasmid mediated 
(plasmid puB101). A combination of fus resistance mutations does not 
appear to translate into increased resistance.13 Fusidic acid–resistant 
S. aureus generally has detectable resistance mechanisms (fusA, B, 
C, and E),8 particularly if MIC values are greater than or equal to 
4 µg/mL. Throughout Europe and Scandinavia, chromosomal fusB 
resistance mutants have caused epidemic clonal outbreaks.13,37,51,52 
Fusidic acid resistance has also been noted to occur in non–multidrug-
resistant strains of community-associated MRSA.53,54 Meanwhile, fusA 
has also been described in Clostridium spp., Bacillus spp., and Salmo-
nella enterica.55 In some lesser susceptible β-haemolytic streptococci 
strains, the resistance mechanism remains unknown, despite apparent 
clinical treatment response for soft tissue skin infections involving 
streptococci.2

Gram-negative bacilli appear to be inherently resistant to fusidic 
acid due to an inability of the drug to penetrate the cell wall; in cell 

•	 Fusidic	acid	is	an	antimicrobial	largely	used	for	
oxacillin-resistant	Staphylococcus	aureus	
(methicillin-resistant	S.	aureus	[MRSA]),	though	
drug	susceptibility	is	much	broader	(see	Table	
24-1).	Drug	resistance	arises	rapidly	in	MRSA	
when	fusidic	acid	is	used	alone.

•	 Nearly	complete	absorption	from	the	
gastrointestinal	tract	and	few	side	effects	or	
drug	interactions	have	made	fusidic	acid	
useful	in	soft	tissue	infections,	particularly	in	
combination	with	another	active	agent	such	as	
rifampin	(see	Table	24-2).

•	 Metabolism	is	through	the	liver,	and	no	useful	
amount	of	bioactive	drug	is	in	the	urine.

•	 Topical	preparations	for	the	skin	and	
conjunctiva	have	been	useful.	Fusidic	acid	is	
not	available	in	the	United	States	as	of	this	
writing.

SHORT VIEW SUMMARY
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TABLE 24-1  In Vitro Activity of Fusidic Acid against Common Pathogens Using EUCAST Criteria

ACTIVITY
MIC50 
(µg/mL)

MIC90 
(µg/mL)

MIC (RANGE) 
(µg/mL)

MIC 
BREAKPOINT 
(µg/mL)* REGIONS OF EMERGING RESISTANCE

Gram Positive
MSSA 0.066 0.066 0.06-0.126 1 Limited Staphylococcus aureus resistance in United 

States (0.35%), Australia, and Canada (7%)8,9

Highest rates in Greece (52.5%), Ireland (19.9%), 
United Kingdom (11.8%). 1%-3% S. aureus 
resistance in Germany, Israel, Italy, Poland, Spain, and 
Sweden9

0.067 0.1257 <0.015-0.1247 1

0.128 0.258 — 1

MRSA 0.066 0.066 0.03-86 1

0.12510 410 0.03-810 1

hVISA — — 0.03-810 1

CoNS 0.126 0.256 0.03-86 ND Overall CoNS resistance (2.5%) > S. aureus.11 CoNS 
resistance highest in Ireland (50%), France (49.4%), 
Switzerland (47.4%), and Belgium (42.9%) isolates9

Staphylococcus epidermidis 0. 26 0.256 0.03-86 ND

0.2511 0.511 <0.12-411 ND

Staphylococcus 
saprophyticus

411 411 0.12-411 ND S. saprophyticus intrinsically resistant (fusD mutation)13

412 412 2-812 ND

Enterococcus spp.† 258 258 12->88 IE

Enterococcus faecalis 411 811 1-3211 ND Enterococcus faecalis resistant to fusidic acid, 99.3% in 
one study10

2514 2514 3.12-2514 ND

VRE 415 415 2-1615 ND

Corynebacterium jeikeium 0.0316 0.0616 ND ND No data available for Corynebacterium diphtheriae

Micrococcus luteus — — 0.25-0.5 ND

Streptococcus pneumoniae 814 814 2-814 ND

216 416 ND ECOFF < 3216

Streptococcus agalactiae 168 168 168 328 Despite increased MIC values, β hemolytic streptococci 
have been clinically responsive to fusidic acid therapy2

814 814 4-814 ND

Streptococcus pyogenes 216 416 ND ECOFF < 1616

48 88 1-88

Gram Negative‡

Bacteroides fragilis 218 218 ND ND

Enterobacteriaceae spp. >1006 — — IE Aerobic gram-negative bacilli inherently resistant

Haemophilus spp. — — 8-32 ND

Legionella spp. — — — IE No available data despite case report evidence of 
treatment success

Moraxella catarrhalis 0.1214 0.1214 0.06-0.1214 ND

Neisseria gonorrhoeae 0.619 219 0.25-219 ND

Neisseria meningitidis 0.0320 0.1220 0.015-0.520 ND No reports of global resistance

≤0.01517 ≤0.01517 ≤0.015-0.0617,20 ND

Prevotella melaninogenica 0.518

—
0.518

—
<0.25-0.518

0.6-0.1214,17
ND

Anaerobic Gram Positive
Clostridium difficile 221 221 0.5-6421 ECOFF: <221 Fusidic acid not used widely for C. difficile due to 

rapid inducible resistance due to fusA resistance 
mechanisms

Clostridium perfringens 0.1222 0.522 ≤0.06-122 ND

Fusobacterium necrophorum 1622 3222 16-3222 ND

Peptostreptococcus spp. 0.2522 0.522 <0.06-222 ND

Propionibacterium acnes 0.2522 122 <0.06-222 ND

Other
Actinomyces israelii 6.323 12.523 6.3-2523 ND

Coxiella burnetii 0.522 122 <0.06-222 ND

Mycobacterium leprae — — — IE

Mycobacterium tuberculosis 824 1624 4-3224 IE

Nocardia asteroides 3.12 6.25 0.78-6.25 ND

*When available EUCAST breakpoints reported; the disk content used for EUCAST was 10 µg.
†Enterococcus spp. included E. faecium, E. faecalis, and 82 other enterococcal species.
‡Gram-negative bacteria predominately found to have fusidic acid MIC values greater than 32 µg/mL.
CoNS, coagulase-negative Staphylococcus; ECOFF, common epidemiological cutoff values; EUCAST, European Committee on Antimicrobial Susceptibility Testing; hVISA, 

heterogeneous vancomycin intermediate S. aureus; IE, insufficient evidence that species is a good fusidic acid target; MIC, minimum inhibitory concentration; MRSA, 
methicillin-resistant S. aureus; MSSA, methicillin-sensitive S. aureus; ND, no data; VRE, vancomycin-resistant Enterococcus.
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69% bioavailability.1,60,63,65 Thus, it should be noted that older pharma-
cokinetic studies, which used the capsule formulations and reported 
intersubject variation, may not be totally representative of the pharma-
cokinetics of the newer film-coated tablet formulation.63

Peak serum levels occur at 2 hours (range: 24 to 52 µg/mL after a 
500-mg dose)1,60 via both oral and IV administration.66 Food consump-
tion reduces the rate of oral drug absorption and serum levels but not 
overall absorption.59,60 The drug is metabolized via the liver, with no 
bioactive drug in urine.66,67 A small amount is metabolized and excreted 
in bile. Fecal excretion is minimal,67 although there is good intralumi-
nal gut activity against C. difficile (see “Clinical Uses” later). The serum 
half-life ranges from 10 to 16 hours independent of administration 
mode.68 Mean serum levels following a 96-hour, 500-mg three-times-
daily regimen are 71 µg/mL, with a maximum of 123 µg/mL recorded.66 
Steady state for a 500-mg, twice-daily regimen is achieved in 3 weeks62 
compared with 1 day with regimens that include a loading dose (e.g., 
up to 1650 mg twice daily on day 1 and 500 mg twice daily thereaf-
ter).62,68,69 In one study that used a 1650-mg loading dose followed by 
high-dose maintenance therapy (825 mg twice daily), the day 1 and 
day 8 trough levels were 146 µg/mL and 204 µg/mL, respectively.68

Fusidic acid is detectable in phagosomes, has good intracellular 
activity (40% to 100% of extracellular), and performs better at reduced 
pH.70 It achieves good tissue, bone, and abscess levels but has limited 
penetration into normal meninges (Table 24-3) and can accumulate 
with repeated infusions.60

wall–free Escherichia coli systems, fusidic acid inhibits protein synthe-
sis.56 Other mechanisms of fusidic acid resistance include binding and 
sequestering of fusidic acid by the type 1 chloramphenicol acetyltrans-
ferase found in Enterobacteriaceae, deacetylation by an esterase pro-
duced in Streptomyces species,36 and efflux by the AcrAB efflux system 
in E. coli.57

ADMINISTRATION AND DOSING
The modes of administration and dosing are shown in Table 24-2. 
Fusidic acid can be administered as oral, IV, or topical formulations 
and has been used in antibiotic-impregnated gauze, tulle, or wicks. 
Where appropriate, oral administration with film-coated tablets 
(sodium fusidate) is preferred over IV formulations due to its excellent 
bioavailability. Bioavailability and tolerability have improved signifi-
cantly since the advent of film-coated tablets, compared with previ-
ously marketed capsules and enteric-coated tablets.63 Dosing regimens 
that include a loading dose have gained interest due to possible reduc-
tions in emergence of resistant subpopulations and faster attainment 
of steady state.61,62

The routine dose for adults with normal renal and hepatic function 
(oral: 500 mg three times daily; IV: 20 mg/kg/day in two to three 
divided doses1,60,63) does not need to be altered in renal impairment, 
with routine dosing for hemodialysis, continuous ambulatory perito-
neal dialysis (CAPD), and continuous renal replacement therapy 
(CRRT). However, fusidic acid should be avoided in acute liver disease 
or severe impairment. In chronic liver disease low albumin levels and 
reduced protein binding are offset by reduced glucuronidation and 
excretion. In acute liver disease higher bilirubin concentrations 
compete for limited glucuronidation mechanism, without being offset 
by chronic hypoalbuminemia.64

Regular doses can be used in the elderly, unless gastrointestinal 
intolerance (e.g., nausea) is encountered, when a dose reduction to 
500 mg twice daily may be considered. Pediatric dosing should be 
given in three divided doses as follows: age 1 year or younger: 50 mg/
kg/day; 1 to 5 years: 250 mg three times daily; and 6 to 12 years: 500 mg 
three times daily.1

PHARMACOKINETICS AND 
PHARMACODYNAMICS
Fusidic acid is highly (95% to 97%) protein bound,1 and oral bioavail-
ability is excellent (91%) with newer film-coated tablets introduced 
since the 1980s. Older capsule formulations were associated with  

TABLE 24-2  Dosage and Mode of Administration 
for Fusidic Acid Therapy

ROUTE FORMULATION DOSAGE FREQUENCY
Orala Film-coated tablets

(Fusidate sodium)
500 mgb BD-TDSc

Intravenousd Fusidate sodium 500 mg  
(per vial)

BD-TDSc,e

Topicalf

 Cream
 Ointment
 Gel

2% Fusidic acid
2% Fusidate sodiumg

2% Fusidate sodium

Small quantity 
topically

BD

Ophthalmology 1% viscous eye 
drops fusidic acid

Topical to 
conjunctival 
sac

BD

aAvailable in film-coated tablets or pediatric oral suspension (fusidic acid 
hemihydrate), recommended with food.

bFront-loaded dosing regimens can be used; see “Pharmacokinetics and 
Pharmacodynamics” section.

cBD dosing generally for skin and soft tissue infections. For serious infections, 
TDS dosing recommended.

dDilute with normal saline for administration. Intravenous rarely used clinically 
due to excellent oral bioavailability.

eInfuse over 2 hours or longer.
fIn some countries combined with steroid formulation (with hydrocortisone 

acetate or betamethasone 17-valerate).
gOintment-impregnated sterile gauze squares available.
BD, twice daily; TDS, three times daily.
Modified from references 2, 36, 58-62.

TABLE 24-3  Penetration of Fusidic Acid Therapy 
into Various Tissues

REGION PENETRATION COMMENTS
Adipose tissue Good Levels above MIC achieved following 

oral FA 500 mg TDS71

Blood Good Highly protein bound (95%-97%) with 
peak serum levels up to 64 times 
Staphylococcus MIC1

CSF and CNS Poor Limited data to support use due to 
poor levels in un-inflamed meninges. 
Animal modeling suggests 
infiltration in inflamed meninges; 
however, antagonism occurs with 
β-lactam therapy72,73

Bile and biliary 
system

Good Good FA levels noted within bile fluid63

Bone and joint Good Good penetration into synovial tissue 
(28%-78% of serum)74-76 and bone 
(16%-78% of serum).63 Likely to be 
improved since the introduction of 
film-coated formulation in 1980s 
with increased bioavailability

Soft tissue and 
muscle

Good Topical FA penetrates normal, 
damaged, and avascular skin.77 Oral 
therapy achieves high levels in blister 
fluid at BD dosing, burn crusts, and 
interstitial dermal edema60,78,79

Heart tissue 
and 
mediastinum

Good Levels 12- to 20-fold higher than 
staphylococcal MIC have been 
isolated from cardiac tissue after FA 
dosing80,81

Ocular tissue Good Topical FA resulted in corneal tissue 
levels well above MIC at BD 
dosing,82,83 yet poor aqueous humor 
levels with oral dosing63

Placenta Good Known to cross the placenta. TGA 
pregnancy category C; use with 
caution, insufficient data84

Prostate Unknown No clear in vitro or in vivo evidence for 
use in prostatitis

Pus Good Good levels, slightly lower than that 
achieved in serum (83% of serum)63

Respiratory 
secretions

Poor Low FA levels in sputum from cystic 
fibrosis patients (6%-8% serum)85

BD, twice daily; CNS, central nervous system; CSF, cerebral spinal fluid; FA, fusidic 
acid; MIC, minimum inhibitory concentration; TDS, three times daily; TGA, 
therapeutic drugs administration.
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ADVERSE REACTIONS
Key potential adverse reactions are shown in Table 24-4. Overall, 
fusidic acid use has limited safety concerns, even among patients 
requiring treatment for extended durations.89,90,91 Mild gastrointestinal 
symptoms have been reported with oral use, and reduced toxicity has 
been noted with newer formulations. No clear renal toxicities exist, and 
anaphylaxis is rare.92 Recent phase II studies purposed for U.S. licens-
ing suggest a similar safety profile for fusidic acid as for linezolid for 
short-term therapy,69 with limited adverse events occurring in patients 
treated for longer than 11 days.90

Fusidic acid should be avoided in newborns because its strong 
protein binding may displace bilirubin and be associated with bilirubin 
encephalopathy.

Although fusidic acid is generally associated with few drug interac-
tions, rhabdomyolysis secondary to concurrent fusidic acid and statin 
therapy has now been widely reported.93-98 This important but infre-
quent interaction is thought to be secondary to fusidic acid inhibition 
of glucuronidation pathways, resulting in elevated statin levels. Thus, 
careful monitoring of such patients is required and, in some cases, 
temporary cessation of statin administration may need to be consid-
ered during fusidic acid therapy.

CLINICAL USES
Fusidic acid has predominately been used in countries outside the 
United States in combination therapy regimens for treatment of 

TABLE 24-4  Adverse Reactions Associated with Fusidic Acid

ADVERSE EVENT FREQUENCY COMMENTS
Allergic reactions U Allergic responses, including urticaria and atopic dermatitis infrequently reported (4.6% of recorded events)86

No cross-reactivity with β-lactam allergies
Anaphylaxis rare

Gastrointestinal and 
hepatic

C Gastrointestinal side effects constitute the majority of recorded adverse events associated with fusidic acid (30%-58%)
Nausea, vomiting, and diarrhea can occur with oral administration; reduction to twice daily can ameliorate
Up to 30% of patients may have raised bilirubin, usually transient and more frequent with higher dosing.68 The noted 

rise in bilirubin occurs without fulminant hepatotoxicity and is due to inhibition of bile transport as in Dubin-Johnson 
syndrome.*87,88

Hematologic U Infrequent; immune thrombocytopenic purpura occurs rarely and cytopenias noted in 7.4% of events

Neurologic U Infrequent; 3.3% of reported events

Phlebitis U Infrequent; generally associated with older IV preparations

Rash U Infrequent; maculopapular rash most common

Rhabdomyolysis U Uncommon, but potentially serious—due to drug interaction with concurrent statin use†

*More severe if IV dosing given to rapidly or excessive dosing.38

†Rosuvastatin, atorvastatin, and simvastatin known interactions (see text for references).
C, common; U, uncommon.

staphylococcal infections.99 Monotherapy is associated with resistance 
rates of 5.1% compared with 0.8% seen in combination therapy.33,36,100 
Widespread monotherapy use corresponds with high rates of fusidic 
acid–resistant S. aureus isolates and treatment failures.40,43,101-103

Various antibiotics have been used in combination with fusidic  
acid therapy, including rifampin, novobiocin, and β-lactams, although 
rifampin plus fusidic acid regimens are most common.33,89,91 Despite 
discrepancies in historical synergy studies, modern in vitro studies 
demonstrate improved fusidic acid activity when combined with 
rifampin and, to a lesser extent, with other antimicrobial combinations 
(levofloxacin, oxacillin, ceftriaxone, vancomycin, ciprofloxacin, genta-
micin).17 Nonetheless, combination therapy is recommended not pri-
marily for synergy but rather to prevent emergence of resistance.7 
Fusidic acid resistance is low in countries that use combination therapy, 
despite decades of availability.9,104

The current clinical indications for fusidic acid use are shown in 
Table 24-5. Primary indications include staphylococcal infections 
involving skin and soft tissue, bone, and joints. After a period of effec-
tive control with IV antibiotic therapy, oral fusidic acid in combination 
with another orally active agent (e.g., rifampin) may provide a suitable 
treatment option for such infections. Other orally available alternatives 
with possible activity against S. aureus may include linezolid, tetracy-
clines, and trimethroprim/sulfamethoxazole, but the safety profile of 
fusidic acid has advantages in many clinical situations, especially when 
prolonged therapy may be required.8

TABLE 24-5  Clinical Indications and Recommended Dosing for Fusidic Acid Therapy

INFECTION SITE/PATHOGEN DOSING COMMENTS*

Common Indications
Skin and soft tissue Systemic therapy

500 mg BD-TDS 
oral

Antistaphylococcal therapy with concurrent streptococci activity; 81%-96% cure rate122

FA 500 mg BD achieves blister levels of 79 µg/mL; above staphylococci and streptococci MICs2

Similar cure rates with FA compared with flucloxacillin therapy1,90

Similar efficacy, tolerance, and end-of-treatment resistance when loading dose FA regimens compared 
with linezolid therapy for soft tissue infections69

Topical Effective therapy for superficial staphylococcal soft tissue infections,33 with equal or greater efficacy to 
oral FA for limited impetigo123

Review of overall effectiveness reported to be 82%-100%122

FA successful for impetigo treatment with 2% therapy as effective as mupirocin124 or retapamulin125

Major concerns regarding emerging resistance with topical use. Increased FA use associated with the 
emergence of Staphylococcus aureus–resistant clones and impetigo outbreaks across Europe.33,42,44 
Limited end-of-treatment FA resistance following <14 days topical therapy noted in some 
populations40,122

Bone and joint 500 mg TDS oral† FA not recommended for monotherapy due to high failure rates107

Successful combination therapy for osteomyelitis, septic arthritis, and prosthetic joint infections, 
primarily involving S. aureus33

FA commonly used with β-lactam108 or rifampin89,91,99

Successful FA/rifampin therapy for S. aureus prosthetic joint infections with prosthetic retention and 
debridement.89 77% 24-month infection-free survival for FA/rifampin therapy in prosthetic joint 
infections with prosthetic retention; better outcomes in non-MRSA and longer therapy91

Continued
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INFECTION SITE/PATHOGEN DOSING COMMENTS*
Other Reported Uses
Endocarditis and bacteremia 500 mg TDS IV/

oral
For staphylococcal bacteremia, FA is not effective as staphylococci monotherapy and is only 

recommended for use in combination therapy,105 especially with rifampin33,99

FA/β-lactam or glycopeptide therapy of staphylococci endocarditis in some countries, despite limited 
published evidence106

Evidence of in vitro antagonism with penicillin G is of uncertain clinical significance‡

Clostridium difficile diarrhea 250-500 mg TDS 
oral

FA not superior to standard therapies (metronidazole and vancomycin) in randomized trials
Concerns over higher relapse rates109,110 and rapid emergence of resistance during therapy111,112

Cystic fibrosis–associated respiratory 
infections

500 mg BD-TDS 
oral

FA/β-lactam used in S. aureus infections in cystic fibrosis patients113,114

Prolonged treatment reduced rates of MRSA infections,115 while FA/rifampin based decolonization 
regimens have been used in MRSA colonized patients116

Leprosy 500-750 mg daily Weak bactericidal antileprosy agent with clinical improvement noted only in case studies.31 Possible 
future role in combination Mycobacterium leprae therapy

Topical nasal FA reduced smear positivity; utility in reducing infectiousness unknown117

Meningitis —
500 mg TDS oral

No supportive data for FA or FA/β-lactam therapy from in vitro or in vivo animal studies73

A retrospective review suggestive of improved outcome with IV FA/β-lactam therapy118

Conjunctivitis 1% BD topical 
drops

Similar efficacy compared with first-line antibiotics in randomized control trials83,119,120

Similar effectiveness as placebo raises concerns over therapy for conjunctivitis in general121

Neisseria spp. Uncertain Rising fluroquinolone resistance may cause FA use in future postexposure Neisseria meningitidis 
prophylaxis20

In vitro susceptibility reported for resistant Neisseria gonorrhoeae; also in vitro activity against Chlamydia 
trachomatis17,29

Legionella spp. Uncertain Addition of FA achieved cure in single case of legionella pulmonary abscess in renal transplant patient126

Anaerobic infections due to 
Bacteroides fragilis

Uncertain Effective high-dose therapy (1 g TDS) in case series of 5 patients28

Staphylococcal decolonization Uncertain Topical or oral FA therapy does not eradicate S. aureus100

FA/rifampin therapy was effective at MSSA/MRSA eradication115,116

Surgical prophylaxis Topical and oral 
therapy

Not recommended. Lower infection rate vs. placebo in neurosurgical patients given single-dose FA 
monotherapy72 and in catheter line prophylaxis127 without evaluation of impact on resistance

No difference in peritonitis rates in patients with continuous ambulatory peritoneal dialysis119 or 
postoperative orthopedic infections when used as prophylaxis128

Effective preoperative prophylaxis before ocular surgery with fusidic acid drops (1%)129,130

*Oral single-agent therapy is not recommended for any clinical indication due to observed rapid emergence of resistance.
†In most cases, IV antibiotic (β-lactam or glycopeptide) therapy was used initially and then changed to ongoing oral fusidic acid.
‡Evidence of failure of flucloxacillin and fusidic acid therapy for staphylococcal endocarditis.1,106

BD, twice daily; FA, fusidic acid; MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-susceptible S. aureus; TDS, three times daily.

TABLE 24-5  Clinical Indications and Recommended Dosing for Fusidic Acid Therapy—cont’d
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25  Aminoglycosides
James E. Leggett

Aminoglycoside antibiotics have been an important part of the anti-
bacterial drug arsenal since the 1940s, when systematic screening of 
soil actinomycetes for the elaboration of antimicrobial substances 
yielded streptomycin. Produced by a species of Streptomyces, it was the 
first antibiotic in the aminoglycoside family (Table 25-1)1 to be derived, 
directly or indirectly, from Streptomyces spp. (those aminoglycosides 
with names ending in -mycin) or from Micromonospora spp. (those 
with names ending in -micin). Neomycin, kanamycin, and gentamicin 
are fermentation products with two or three chemical constituents. 
Amikacin, netilmicin, dibekacin, and isepamicin are semisynthetic 
derivatives of the natural product. All aminoglycosides share similar 
physical, chemical, and pharmacologic properties.

They demonstrate concentration-dependent killing and prolonged 
postantibiotic effects against susceptible organisms.2,3 Several members 
of the aminoglycoside family have predictable in vitro activity against 
Pseudomonas aeruginosa and most other aerobic gram-negative bacilli. 
Some aminoglycosides have useful activity against mycobacteria; one, 
paromomycin, has been used to treat selected colonic protozoan 
pathogens, and a related antibiotic, spectinomycin, has been used to 
treat infections with Neisseria gonorrhoeae. The aminoglycoside anti-
microbial activity may be additive to or synergistic with that of 
β-lactams against infection by aerobic gram-negative bacilli or aerobic 
gram-positive cocci. Although most studies have failed to demonstrate 
improved outcomes in patients treated with antibiotic combinations 
compared with monotherapy,4,5 those in septic shock receiving combi-
nations including aminoglycosides have shown reduced mortality in a 
recent trial.6 The prevalence of aminoglycoside resistance has remained 
low,7 and emergence of bacterial resistance during therapy has been 
rare. Mean aminoglycoside use in U.S. academic centers has declined 
by 41% from 2002 to 2009, with concomitant significant and opposite 
change in rates of resistance for some organisms and no change for 
others.7

The members of the aminoglycoside family share the potential for 
nephrotoxicity, ototoxicity, and, rarely, neuromuscular blockade. The 
risk of toxicity may be decreasing as mechanisms are understood, new 
dosage strategies introduced, concomitant risk factors avoided, and 
shorter drug courses used. Allergic reactions are rare. Because of patent 
expirations, the cost of many aminoglycosides is low. Although new 
β-lactams and fluoroquinolones share the same antibacterial spec-
trum, the efficacy of the aminoglycosides and resistance problems with 
the newer drugs presage a continued need. Recent reviews have indeed 
reported that aminoglycoside use is once again increasing because of 
emerging gram-negative resistance to other available drugs.8,9

CHEMISTRY
All aminoglycosides have an essential six-membered ring with amino 
group substituents, hence the name aminocyclitol.1 The descriptor ami-
noglycoside results from the glycosidic bonds between the aminocycli-
tol and two or more amino-containing or non–amino-containing 
sugars. Spectinomycin differs in that it has an aminocyclitol ring but 
no amino sugars and no glycosidic bonds. The central aminocyclitol 
for streptomycin is streptidine, whereas for all other current aminogly-
cosides, it is 2-deoxystreptamine. The standard numbering convention 
is illustrated in Figure 25-1. The aminocyclitol ring is numbered coun-
terclockwise, and the linked sugar molecules clockwise. Figure 25-1 
also illustrates the structural basis of the aminoglycoside subgroups. 
Neomycin and paromomycin are derived from Streptomyces spp. and 
link to cyclic sugars at positions 4 and 5 of 2-deoxystreptamine. Both 
drugs contain a distinctive pentose linkage as well as linkage to two 
hexose sugars. Among the commonly used aminoglycosides, neomy-
cin contains the largest number of free amino groups (six). The neo-
mycin family comprises framycetin, neomycin, and paromomycin. All 
are too toxic for parenteral use. Framycetin is available outside of the 
United States.

Kanamycin, tobramycin, amikacin, arbekacin, and dibekacin com-
prise the kanamycin family (Table 25-2). All derive from Streptomyces 
spp. and link to cyclic sugars at positions 4 and 6 of 2-deoxystreptamine. 
Tobramycin is 3′-deoxykanamycin B. Amikacin is kanamycin A with 
the semisynthetic addition of 2-hydroxy-4-aminobutyric acid to the 
amino group at position 1 of the aminocyclitol. Arbekacin and dibeka-
cin are available for clinical use outside of the United States.

Gentamicin is a mixture of C1, C1a, and the enantiomers C2 and C2a 
elaborated by Micromonospora spp. with glycosidic linkages at posi-
tions 4 and 6. Sisomicin is the dihydro analogue of gentamicin C1a, and 
netilmicin is derived from sisomicin by the addition of an ethyl group 
to the amino group at position 1 of the aminocyclitol. Isepamicin is 
not approved for use in the United States. Aminoglycosides are highly 
soluble in water and insoluble in organic solvents.10 The latter property 
correlates with the limited ability of aminoglycosides to cross lipid-
containing cellular membranes. Aminoglycosides have a molecular 
size in the range of 445 to 600 daltons.10 The molecular structure is 
unchanged by freezing, by heating to 100° C for up to 4 hours, or by 
changes in solution pH ranging from 3.0 to 12 over several hours.11-13 
The pKa values of the individual amino groups can be determined by 
nuclear magnetic resonance spectroscopy.14 The overall pKa for genta-
micin is about pH 8.4.10 Hence, at pH 7.4, the aminoglycosides have a 
very high positive charge and are cationic.

•	 Usual	intravenous	(IV)	adult	dose:	7	mg/kg	
every	24	hours	for	gentamicin,	netilmicin,	and	
tobramycin	or	20	mg/kg	every	24	hours	for	
amikacin

•	 Usual	dose	for	synergy	against	gram-positive	
infections:	3	mg/kg/day	gentamicin	every	8,	
12,	or	24	hours

•	 Renal	failure:	60%	dose	reduction
•	 Therapeutic	drug	monitoring:	not	always	

necessary	for	brief	administration	(<5	to	6	
days);	trough	concentrations	should	be	

unmeasurable;	typically,	two	serum	
concentrations	in	postdistribution	phase	(≥1	
hour	after	administration,	separated	by	≥1.5	
half-lives)

•	 Cerebrospinal	fluid	penetration:	low
•	 Common	adverse	effects:	nephrotoxicity,	

ototoxicity
•	 Contraindications:	hypersensitivity
•	 Drug-drug	interactions:	increased	

nephrotoxicity	risk	with	concomitant	
amphotericin	B,	clindamycin,	foscarnet,	

furosemide,	IV	radiocontrast	agents,	and	
vancomycin

•	 Indications:	atypical	mycobacterial	infections,	
brucellosis,	cholangitis,	cystic	fibrosis,	
diverticulitis,	endocarditis,	endophthalmitis,	
meningitis,	pelvic	inflammatory	disease,	
plague,	health	care–associated	pneumonia,	
synergy	for	gram-positive	infections,	tularemia,	
urinary	tract	infections

SHORT VIEW SUMMARY
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TABLE 25-1  The Family of Aminoglycosides in Clinical Use*

GENERIC NAME PROPRIETARY NAME SOURCE YEAR REPORTED CHEMISTRY
Streptomycin None Streptomyces griseus 1944 Unique central aminocyclitol ring

Neomycin Mycifradin, Neobiotic Streptomyces fradiae 1949 Roughly equal proportions of neomycin B and C

Kanamycin Kantrex Streptomyces kanamyceticus 1957 Mixture of 95% kanamycin A and 5% 
kanamycin B

Paromomycin Humatin Streptomyces fradiae 1959 Part of “neomycin” family

Spectinomycin Trobicin Streptomyces spectabilis 1961 Chemically distinct but closely related to 
aminoglycosides

Gentamicin Garamycin Micromonospora purpurea and 
Micromonospora echinospora

1963 Roughly equal proportions of gentamicin C1, C1a, 
and the enantiomers C2 and C2a

Tobramycin Nebcin Streptomyces tenebrarius 1967 Natural 3′-deoxy derivative of kanamycin B

Sisomicin† Siseptin Micromonospora inyoensis 1970 Dehydro analogue of gentamicin C1a

Dibekacin*,† Streptomyces kanamyceticus 1971 Dideoxy derivative of kanamycin B

Amikacin* Amikin Streptomyces kanamyceticus 1972 Semisynthetic derivative of kanamycin A

Netilmicin* Netromycin Micromonospora inyoensis 1975 N-Ethyl derivative of sisomicin

Isepamicin*,† Micromonospora purpurea 1978 I-N-S-α-Hydroxy B amino propionyl derivative of 
gentamicin B

*Semisynthetic aminoglycosides.
†Approved for human use in countries other than the United States.
From Wright GD, Berghuis AM, Mobashery S. Aminoglycoside antibiotics: structures, functions, and resistance. In: Rosen BP, Mobashery S, eds. Resolving the Antibiotic 

Paradox: Progress in Understanding Drug Resistance and Development of New Antibiotics. New York: Plenum; 1998.

FIGURE 25-1 Chemical structure of the aminoglycosides and spectinomycin. Neomycin contains approximately equal amounts of neomycin B 
(R1 = H; R2 = CH2NH2) and neomycin C (R1 = CH2NH2; R2 = H). Kanamycin is principally kanamycin A, as shown. Gentamicin is gentamicin C complex 
with roughly equal amounts of C1 (R1 = R2 = CH3), C1a (R1 = R2 = H), and C2 (R1 = CH3; R2 = H). The sites of action of four inactivating enzymes are shown, 
including three acetyltransferases—Aac(3′), Aac(2′), and Aac(6′)—and one adenyltransferase, Ant(2″). 
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TABLE 25-2  Chemical Families, Names, and Worldwide Availability

FAMILY MEMBERS
EXAMPLE 
TRADE NAME

AVAILABLE IN 
UNITED STATES

AVAILABLE OUTSIDE 
UNITED STATES

Streptomycin Streptomycin Streptomycin Yes Yes

Kanamycin Amikacin Amikin Yes Yes

Arbekacin Habekacin No Yes

Dibekacin Dikacine No Yes

Kanamycin Kantrex Yes Yes

Tobramycin Nebcin Yes Yes

Gentamicin Gentamicin (C1, C1a, C2, C2a) Garamycin Yes Yes

Isepamicin Isepacine No Yes

Netilmicin Netromycin No Yes

Sisomicin Sisogen No Yes

Neomycin Framycetin Soframycin No Yes

Neomycin Mycifradin, Neobiotic Yes Yes

Paromomycin Humatin Yes Yes

Spectinomycin* Spectinomycin Trobicin No Yes

*An aminocyclitol, no glycosidic bonds.
U.S. Food and Drug Administration approved but not available in United States.

The overall positive charge contributes to both antimicrobial activ-
ity and toxicity. Antibacterial activity is enhanced in media with an 
alkaline pH and reduced in media with an acidic pH.13 The positively 
charged aminoglycosides bind to the negatively charged RNA back-
bone, cell wall lipopolysaccharide (LPS), cell membrane phospholip-
ids, and other anionic molecules.15

Cationic aminoglycosides interact chemically with β-lactam 
antibiotics.16-18 The reaction results in a nucleophilic opening of the 
β-lactam ring, with acylation of an amino group of the aminoglycoside 
and mutual loss of antibacterial activity. In vitro, gentamicin and tobra-
mycin are inactivated with greater ease than netilmicin, amikacin, or 
isepamicin. Perhaps because their dosage is in grams rather than mil-
ligrams, the antipseudomonal penicillins (carbenicillin, ticarcillin, 
piperacillin, mezlocillin, and azlocillin) are the β-lactams most suscep-
tible to the reaction. The reaction requires several hours in vitro, so the 
clinical import is limited. In general, penicillins and aminoglycosides 
should not be mixed in the same solution before infusion, although a 
recent product reformulation does allow piperacillin/tazobactam 
co-administration with gentamicin at specific doses.19 Serum speci-
mens for drug concentration determination from patients receiving 
both drugs should be assayed immediately or frozen. If patients with 
renal failure are given an aminoglycoside and an antipseudomonal 
penicillin concomitantly, there is a 10% to 20% reduction in the serum 
aminoglycoside concentration compared with the levels observed 
when each drug is administered alone.20

MECHANISMS OF ACTION
Both electrostatic interactions between positively-charged aminogly-
coside amino groups and negatively-charged RNA phosphate groups, 
as well as hydrogen bonds between multiple amino and hydroxyl 
groups of both, contribute to production of a tightly bound complex 
that derails translation.21 Deoxystreptamine rings I and II, conserved 
and sequence specific among most aminoglycosides, are essential for 
binding to the ribosomal decoding A site. Aminoglycoside antibiotics 
preferentially bind with high avidity to a region of highly conserved 
nucleotides at the A (acceptance) site22-24 in the 16S reverse transfer 
RNA portion of the messenger RNA (mRNA) decoding region of the 
30S subunit of prokaryotic ribosomes.21,25 Aminoglycoside binding 
induces a conformational change in three adenine residues that reduces 
the fidelity of normal mRNA translation and translocation (Fig. 
25-2),25,26 leading to the accumulation of truncated or nonfunctional 
proteins in bacteria. The respective nucleotide sequence differences 
between bacterial and human ribosomal subunits leads to lower affin-
ity of aminoglycosides for the latter. In eukaryotic cytosolic ribosomes, 
adenosine is replaced by a guanosine within the A site, with a concomi-
tant reduction in binding of aminoglycosides. The double-adenosine 
nucleotides in prokaryotic ribosomes create an internal bulge and a 
larger groove that allows access to the ribosomal binding site.27 Avidity 

FIGURE 25-2 Three-dimensional structures of the aminoglycoside 
antibiotics paromomycin (yellow) and gentamicin C1a (red) bound 
to different sections of the Escherichia coli 16S ribosomal RNA 
(shown in light tan and dark tan, respectively). Rings I and II of the 
two drugs, which are required for antibiotic activity, bind in the same mode 
in both complexes; the additional rings (III and IV in paromomycin and III 
in gentamicin C1a), which are less important for drug activity, make diverse 
contacts with the RNA. (Courtesy Joseph D. Puglisi, Director, Stanford 
Magnetic Resonance Laboratory, Stanford University School of Medicine.)

G1405 U1495

IV
III

III II

I

A1492

of binding varies with the aminoglycoside, depending upon the 
number of amino groups and their state of protonation.14

Permeability of the polycationic aminoglycosides is enhanced in 
aerobic bacteria that use membrane-bound electron transporters. 
Initial electrostatic binding of aminoglycosides to the cell surface is 
followed by two energy-dependent uptake phases and binding to  
ribosomes.28,29,30 In gram-negative bacteria, the cationic aminoglyco-
sides rapidly bind to negatively charged residues in the LPS, polar 
heads of phospholipids, and anionic outer membrane proteins.31-34 By 
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the membrane. Therefore, anaerobic bacteria are intrinsically resistant 
to aminoglycosides.

Low-level aminoglycoside resistance attributed to impaired cell 
wall permeability may be the result of drug efflux mechanisms. Multi-
drug (including aminoglycoside) efflux pumps are adenosine 
triphosphate–dependent active pumps recently recognized as major 
contributors to antibiotic resistance.21 Constitutive expression results 
in intrinsic low-level resistance; overexpression of these transporters 
may result from regulatory gene mutations or increased antibiotic sub-
strate concentration. Examples include the resistance nodulation cell 
division (RND)-type superfamily in P. aeruginosa and the major facili-
tator superfamily (MFS) in Escherichia coli.21,60 Activation of the 
MexXY efflux pump also appears to explain adaptive resistance, defined 
as transient resistance to aminoglycosides that follows the rapid, early, 
concentration-dependent killing of susceptible bacteria.32,57 The refrac-
tory state lasts beyond the postantibiotic effective period into the time 
of regrowth. Adaptive resistance has been documented in vitro in 
animal models and in patients with CF,58,65,66 where the predominant 
identified mechanism of aminoglycoside resistance is efflux by the 
MexXY-OprM system.21,67 Exposure of susceptible bacteria to amino-
glycosides can select a second type of drug resistance. A subpopulation 
results from small colony variants with deficient energy-dependent 
uptake of aminoglycosides and may result in clinical treatment failure.68

The least common mechanism involves alteration of the 16S ribo-
somal target of aminoglycosides. The best known example is resistance 
of Mycobacterium tuberculosis to streptomycin as a result of point 
mutations in ribosomal protein S12 and in the 16S rRNA. Resistance 
of Mycobacterium abscessus and Mycobacterium chelonae to amikacin 
is the result of a 16S rRNA point mutation. Methylating enzymes that 
modify the 16S rRNA and decrease drug-binding affinity, mostly 
located on transposons within transferable plasmids, have been 
described in a growing number of aminoglycoside-resistant clinical 
isolates worldwide.69-74

The most common cause of aminoglycoside resistance is deactiva-
tion by specific enzymes derived from bacterial genes originally encod-
ing enzymes involved in normal cellular metabolism of both 
gram-positive and gram-negative bacterial pathogens.1,21 Examples of 
sites of enzyme activity are shown in Figure 25-1. Enzyme modification 
results in loss of antibacterial activity.

Three covalent modifications of aminoglycosides are recognized.1,75 
The amino groups can be modified by N-acetyltransferases (AAC). The 
hydroxyl groups can be modified by either O-nucleotidyltransferases 
(ANT) or O-phosphotransferases (APH). The enzymatically modified 
drugs bind poorly to ribosomes and result in high levels of resistance. 
In addition, the aminoglycoside may bind directly to a modifying 
enzyme in lieu of the ribosomal target.76

Specific enzymes are categorized by a nomenclature published in 
1993.1,77 Each enzyme is described by its class (AAC, ANT, or APH), 
a number in parentheses signifying the location of modification of the 
drug, and a Roman numeral indicating a unique aminoglycoside resis-
tance profile. Distinct genes resulting in identical resistance pheno-
types are indicated by a lowercase letter after the Roman numeral. For 
example, Aac(6′)-Ia describes an acetylating enzyme that modifies 
aminoglycosides at the 6′ position (see Fig. 25-1); the resistance profile 
is the same as that of Aac(6′)-Ib, but the enzyme protein is unique. A 
summary of modifying enzymes and their profile, source, and pheno-
type is available elsewhere.1

Modifying enzyme genes are spread by plasmids or transposons, or 
both. Some are chromosomal. The plasmid-transposon genes can 
result in rapid spread of drug-resistant phenotypes both within and 
between bacterial species. The resistance genes in gram-negative 
pathogens are diverse. In gram-positive pathogens, resistance is limited 
to Aph(3′)-IIIa, Ant(6′), and a unique bifunctional enzyme known as 
Aac(6′)-Aph(2″). In gram-negative organisms, a complex pattern of 
aac(6′)-I genes, combined with aac(3) and ant(2″) and others, is 
observed. The presence of the enzyme results in high-level resistance 
of gram-positive cocci to all aminoglycosides except streptomycin. 
Similar genes have been described in amikacin-resistant gram-negative 
bacterial clinical isolates.78,79

All enterococci have intrinsic resistance to aminoglycosides, with 
minimal inhibitory concentrations (MICs) ranging from 4 to 256  

competitively displacing cell wall magnesium ion (Mg2+) and calcium 
ion (Ca2+) bridges that normally link adjacent LPS molecules,35,36 ami-
noglycosides result in a rearrangement of LPS with subsequent bleed-
ing of the outer membrane, formation of transient holes in the cell wall, 
and disruption of the cell wall’s normal permeability function.37

After initial binding, aminoglycosides are transported across the 
bacterial cytoplasmic membrane by a slow energy-dependent phase, 
EDP-I, that transports the drug into the cytosol and then bind to the 
ribosome in a subsequent rapid energy-dependent phase, EDP-II.* The 
onset of bacterial killing is coincident with the transition from EDP-I 
to EDP-II.29,30 Most bacterial cells manifest lethal injury after only 25% 
of the maximum EDP-II uptake.39 The higher the external concentra-
tion of aminoglycoside, the quicker the intracellular drug concentra-
tion reaches a level necessary to trigger EDP-II uptake, which in turn 
forecasts the death of the organism.40

Binding of aminoglycosides to prokaryotic ribosomes is a prereq-
uisite for the drugs’ antimicrobial activity. However, the exact mecha-
nisms of bactericidal activity remain unknown.1,21 The binding to 
ribosomes is reversible, which usually results in a bacteriostatic rather 
than a bactericidal effect.1 Ribosomal binding results in a measurable 
decrease in protein synthesis as a result of misreading of mRNA. 
Chloramphenicol and other drugs that inhibit protein synthesis are 
bacteriostatic and not bactericidal, which suggests additional unidenti-
fied mechanisms of bactericidal activity. Recent work suggests that 
only bactericidal drugs stimulate hydroxyl radical formation in bacte-
ria as a function of metabolism-related depletion of reduced nicotin-
amide adenine dinucleotide, destabilization of iron-sulfur clusters, and 
stimulation of the Fenton reaction.41 However, others have subse-
quently shown that killing by antibiotics appears to be unrelated to 
reactive oxygen species.42

The mechanisms of the intracellular accumulation of high concen-
trations of drug and of cell death are unclear. It is suggested that the 
high intracellular concentrations result from aminoglycoside closure 
of voltage-gated channels, with subsequent trapping of drug.43 There 
are many consequences of the accumulation of large concentrations  
of aminoglycoside inside bacterial cells, including binding to ribo-
somes with mistranslation of mRNA yielding abnormal proteins, loss 
of cell membrane integrity with efflux of intracellular ions, and inhibi-
tion of DNA replication, in addition to stimulating hydroxyl radical 
formation.1,41

The aminoglycosides have a variety of other biologic activities that 
are the subjects of ongoing study. Some 1800 genetic diseases arise, in 
part, from base pair insertions, deletions, or substitutions that produce 
premature stop codons, resulting in production of incorrectly trun-
cated, nonfunctional proteins.44 Examples include the transmembrane 
conductance regulator protein of cystic fibrosis (CF), Duchenne mus-
cular dystrophy, Hurler syndrome, and nephrogenic diabetes insipidus. 
Aminoglycosides can suppress premature stop codons and restore 
physiologically active amounts of functional protein.45-51,52,53 The mech-
anism of the suppression of the stop codons is under study; uracil and 
cytosine nucleotides are major determinants of optimal gentamicin-
induced readthrough.54

MECHANISMS OF RESISTANCE
Bacterial resistance to aminoglycosides results from some combination 
of three mechanisms: (1) reduction of intracellular aminoglycoside 
accumulation resulting from bacterial membrane alterations that 
reduce uptake and/or active efflux systems, (2) decreased aminoglyco-
side binding by mutation or methylation of the 16S ribosomal RNA 
(rRNA) binding site, and (3) enzymatic deactivation of aminoglyco-
sides by N-acetylation, O-nucleotidation, or O-phosphorylation.55-60,61 
Aminoglycosides also induce bacterial biofilm formation, with associ-
ated bacterial cell wall surface adhesiveness. Biofilm formation is a 
concern in the treatment of chronic infections, especially those with 
foreign bodies.62 In addition, genomic studies in Pseudomonas aerugi-
nosa have suggested other novel mechanisms of resistance.63,64 For 
aminoglycosides to enter a bacterial cell after initial electrostatic 
adsorption to the membrane, there must be an active electron trans-
port chain sufficient to generate an electrical potential difference across 

*References 28, 29, 30, 34, 38, 39.
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Nonetheless, aminoglycosides are used successfully in the treatment of 
other intracellular infections, such as brucellosis, chronic forms of 
bartonellosis, tuberculosis, tularemia, and yersiniosis.94-96 Aminoglyco-
sides in combination with other drugs have been used successfully to 
treat infections with staphylococci, streptococci, enterococci, Listeria, 
and mycobacteria. Susceptibility of mycobacteria varies with the 
species. Streptomycin is the most potent aminoglycoside in vitro 
against M. tuberculosis, whereas amikacin is the most active against 
Mycobacterium avium-intracellulare.

The aminoglycoside paromomycin is too toxic for parenteral 
administration. Because the drug is not absorbed from the intestinal 
tract, it can be used safely as an alternative therapy for infection caused 
by Entamoeba histolytica.95 In addition, a recent phase III trial provided 
evidence of its efficacy for ulcerative Leishmania major.97 Spectinomy-
cin was an alternative agent used intramuscularly in the treatment of 
N. gonorrhoeae95 but is no longer distributed in the United States.

Urine is known to partially inhibit the activity of aminoglycosides 
against urinary tract pathogens. Inhibition is believed to result from 
the low pH and high osmolality caused by the high salt and glucose 
concentrations. In addition, present data support the hypothesis that 
betaines, normally found in urine, permit the expression of increased 
aminoglycoside resistance.98

Three characteristics describe aminoglycoside antibacterial activity: 
concentration-dependent killing, the presence of a postantibiotic effect 
(PAE), and synergism with other drugs.99 Aminoglycosides are rapidly 
bactericidal, and their rate of bacterial killing increases as the antibiotic 
concentration is increased, regardless of the inoculum.3 Exposure of 
both gram-positive and gram-negative organisms to less frequent, 
higher doses with in vitro pharmacokinetic models resulted in more 
and faster killing initially, followed by regrowth of resistant mutants 
and very similar 24-hour results, compared with more frequent dosing 
regimens.100,101 Further studies indicated that emergence of resistance 
could be prevented with peak-to-MIC ratios greater than 8.102

In thigh infections of neutropenic mice, the rate of killing increases 
with increasing mg/kg doses over the first few hours, whereas regrowth 
is suppressed for several hours despite aminoglycoside levels less than 
the MIC.103 The duration of this postexposure growth suppression, or 
PAE, also increases with higher doses.104,105

The PAE represents suppression of bacterial growth after short anti-
microbial exposure.104,105 In vitro, the tobramycin-induced PAE against 
E. coli correlated with inhibition of protein synthesis but not of DNA 
or RNA synthesis.106 An aminoglycoside PAE can be demonstrated 
after incubation with S. aureus but not after contact with S. pneu-
moniae.104 Inoculum size, oxygenation, and pH of the medium affect 
the duration of in vitro PAE.104,105,107 For the aerobic or facultative 
gram-negative rods tested, combinations with β-lactams other than 
imipenem result in the same PAE as that of the aminoglycoside 
alone.104,108 Rifampin was associated with synergistic enhancement of 
the PAE induced in P. aeruginosa by tobramycin.105,109

The in vivo PAE of aminoglycosides has been studied in at least five 
animal models.103,104,110 In neutropenic mouse thighs infected with 15 
clinical isolates of Enterobacteriaceae, the in vivo PAE after gentamicin 
therapy varied from 1.4 to 6.9 hours. In the same model infected with 
P. aeruginosa, increasing the dose of tobramycin fivefold increased the 
PAE from 2.2 to 7.3 hours.103 The in vivo PAE is prolonged further in 
renally-impaired or non-neutropenic mice and larger animals.111

Aminoglycoside combinations have been widely studied in vitro 
and for many years have been used in combination with other antibiot-
ics to enhance bacterial killing and improve clinical efficacy. Synergy, 
a more than additive effect, has been shown in multiple time-kill curve 
experiments between an aminoglycoside and a cell wall–active antimi-
crobial (e.g., penicillin, cephalosporin, monobactam, carbapenem, 
glycopeptide).2,99,112 The mechanism of aminoglycoside synergistic 
activity may not be the same for all target organisms. Enhanced ami-
noglycoside uptake in the presence of a cell wall–active drug has been 
demonstrated with enterococci, viridans streptococci, S. aureus, and 
P. aeruginosa.99 No combination of aminoglycoside and cell wall–active 
drug is indicated as effective for MRSA. In vitro synergism against  
P. aeruginosa and Enterobacteriaceae99,113 does not appear to translate 
into all clinical situations.114 Of equal import, the bactericidal activity 
of aminoglycosides can be antagonized by bacteriostatic agents such 

µg/mL.80 The resistance is attributed to the facultative anaerobic 
metabolism of enterococci, which reduces the transmembrane poten-
tial and thereby limits drug intake. Concomitant exposure of entero-
cocci to a cell wall–active drug such as ampicillin or vancomycin 
facilitates access of aminoglycosides to their ribosomal target site and 
classic synergistic bactericidal activity.

Acquisition of genes that encode aminoglycoside-modifying 
enzymes leads to high-level aminoglycoside resistance and loss of syn-
ergistic activity with penicillins or vancomycin. At least nine genes 
have been described that mediate resistance to aminoglycoside syner-
gism in enterococci.81 The most important is the bifunctional gene 
aac(6″)-Ie–aph(2″)-Ia, which encodes the bifunctional enzyme 
Aac(6′)-Ie–Aph(2″)-Ia. A combination of resistance genes can result in 
failure of synergism with all aminoglycosides available in the United 
States. Arbekacin, a derivative of dibekacin, available only in Japan, has 
shown somewhat promising results in the presence of a variety of 
modifying enzymes.81

The current threshold for detection of high-level resistance to gen-
tamicin in vitro is an MIC of 500 µg/mL or greater82; for resistance to 
streptomycin, it is an MIC of 2000 µg/mL or greater. There are species 
differences in susceptibility to aminoglycosides. The MIC of tobramy-
cin against Enterococcus faecium ranges from 62 to 1000 µg/mL; there 
is no synergism with a cell wall–active drug. The difference is caused 
by an enzyme that modifies tobramycin but not gentamicin.83

Surveillance of the in vitro susceptibility of Enterobacteriaceae and 
nonfermentative gram-negative bacilli demonstrates increasing resis-
tance to aminoglycosides as well as other classes of antibacterial drugs. 
Because the multiclass resistance genetic elements are on mobile units, 
such as transposons or plasmids, their continued spread is anticipated. 
One or more of the mechanisms of aminoglycoside resistance (e.g., 
enzymatic, target methylation, efflux pumps) are present in multidrug-
resistant gram-negative bacilli. As a result of rapidly changing patterns 
of resistance, only general statements are possible regarding the antici-
pated in vitro and in vivo spectrum of antibacterial activity of 
aminoglycosides.84-90

ANTIMICROBIAL ACTIVITY
Although marked regional and individual hospital differences exist for 
in vitro susceptibility patterns, the majority of aerobic and facultative 
gram-negative bacilli, including Enterobacteriaceae, P. aeruginosa, and 
Acinetobacter spp., in the United States remain susceptible to gentami-
cin, tobramycin, and amikacin.7 Yersinia pestis is inhibited by strepto-
mycin, and Francisella tularensis is inhibited by both streptomycin and 
gentamicin. The aminoglycosides show no inhibitory activity against 
Stenotrophomonas maltophilia or Burkholderia (Pseudomonas) cepacia. 
Among gram-positive aerobic bacteria, methicillin-sensitive Staphylo-
coccus aureus (MSSA) is susceptible and methicillin-resistant S. aureus 
(MRSA) isolates are resistant. All streptococci, including Streptococcus 
pneumoniae, are resistant. Because the aminoglycosides require aerobic 
metabolism to exert an antibacterial effect, it is not surprising that all 
the anaerobic bacteria are resistant to aminoglycosides.

There are some minor differences in relative degrees of in vitro 
potency of aminoglycosides. For strains of S. aureus, gentamicin and 
netilmicin show the most potency. The MIC or minimal bactericidal 
concentration (MBC) of gentamicin against Serratia spp. is consis-
tently twofold lower than that of the other aminoglycosides, and the 
MIC or MBC of tobramycin against P. aeruginosa is also consistently 
twofold lower than that of the other aminoglycosides. This increased 
potency increases both the peak/MIC and 24-hour area under the 
curve (AUC)/MIC ratios. Although tobramycin is more active in 
animal models of pneumonia, to date, no clinical efficacy data have 
been presented that parallel these in vitro differences. Even though 
amikacin MICs are generally higher against Enterobacteriaceae than 
gentamicin, amikacin remains active against most (>80%) strains, as 
well as many P. aeruginosa strains that have acquired both gentamicin 
and tobramycin resistance.13,91-93

Aminoglycosides have in vitro activity against Haemophilus spp. 
and Legionella spp. but are not used clinically for infections with these 
organisms. Legionellae are intracellular pathogens, and the intracel-
lular antimicrobial activity of the aminoglycosides is hampered by  
their low concentration in the acidic lysosomal compartment.94 
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Five meta-analyses have shown statistically significantly improved 
clinical outcomes, and three have shown significantly lower nephro-
toxicity when aminoglycosides were dosed once daily. Likewise, equiv-
alence or a trend toward lower ototoxicity was shown with once-daily 
administration. Among trials identifying a time to onset of toxicity, 
once-daily dosing delayed nephrotoxicity compared with 8-hour 
dosing, until total duration approached 10 to 14 days when the inci-
dence became similar in both groups. Two trials comparing once-daily 
to twice-daily dosing of amikacin, gentamicin, and tobramycin showed 
that the incidence of nephrotoxicity was lower with once-daily dosing 
when using short courses of therapy and was delayed more for an 
equivalent total amount of standard therapy drug.189,190

Once-daily dosing regimens have similar or slightly better efficacy 
than twice- or three times–daily regimens. If current recommenda-
tions limiting duration to only 5 to 6 days189-191 are followed, once-
daily dosing can also delay the onset of nephrotoxicity. For treatment 
regimens lasting longer than 5 to 6 days, aminoglycoside dosing by 
individualized pharmacokinetic modeling may result in less nephro-
toxicity.192 Consideration should also be given to morning administra-
tion of aminoglycosides to minimize nephrotoxicity, when food intake 
and higher urinary pH in diurnally active humans may reduce renal 
toxicity.193

The overview414 of the large, published, extensively analyzed 
experience in patients indicates that once-daily aminoglycoside 
administration
• Is as efficacious as the traditional multiple-dose method (see later 

discussion of exceptions).
• May lower but not eliminate the risk of drug-induced nephrotoxicity 

and ototoxicity.
• Is simpler, less time consuming, and more cost-effective than 

multiple-dose regimens.
• Probably should not be used in patients with enterococcal 

endocarditis.359

• Needs further study in selected populations of patients, such as 
pregnant women, CF patients (see “Cystic Fibrosis”), patients with 
meningitis caused by aerobic gram-negative bacilli, and patients 
with osteomyelitis.420

• Does not worsen neuromuscular function even in critically ill, ven-
tilated patients; nonetheless, rapid intravenous infusion should be 
avoided.421

At present, once-daily aminoglycoside administration is as effica-
cious as traditional multiple-dose regimens and may reduce the risk of 
nephrotoxicity but needs further study in selected populations.

CLINICAL PHARMACOLOGY
Aminoglycosides are generally administered intravenously (IV) over a 
30- to 60-minute period. However, outpatient slow push infusion over 
3 to 5 minutes has been safely administered in more than 5000 patients 
over 15 years in one center.194 Aminoglycoside given intramuscularly 
is absorbed completely, with maximal serum levels achieved between 
30 and 120 minutes after administration.195 Absorption may be delayed 
in the elderly and those patients with compromised renal function, 
hypotension, or impaired tissue perfusion. Aminoglycosides are mini-
mally absorbed from the gastrointestinal tract.196 Nonetheless, instances 
of deafness have resulted from administration of oral neomycin to 
patients with hepatic encephalopathy and impaired renal function.197 
Also, increased absorption in the presence of concomitant inflamma-
tory bowel disease is of theoretical concern. In contrast, patients with 
acquired immunodeficiency syndrome and severe cryptosporidiosis 
have ingested large amounts of paromomycin over protracted periods 
without evidence of toxicity. Other exposures may lead to systemic 
toxicity. Topical application of aminoglycoside on inflamed skin leads 
to no or minimal absorption. However, patients with extensive burns 
or other severe dermal injury may absorb a drug and be at risk for 
toxicity.198 Aminoglycosides can be instilled into the pleural space or 
the peritoneal cavity; absorption is rapid, with resultant serum concen-
trations proportionate to the concentration of drug instilled. The use 
of aminoglycosides in abdominal irrigation solutions is not recom-
mended because rapid absorption with subsequent neuromuscular 
blockade has been reported.199 In contrast, aminoglycosides have 
been administered as a bladder irrigant, as an aerosol, and by direct 

as chloramphenicol and tetracycline.99 The mechanism is unclear. Pos-
sibilities include inhibition of the energy-dependent uptake of amino-
glycosides and interference with movement of the ribosome along 
mRNA. Recent provocative modeling work suggests new innovative 
combinations may likewise prove synergistic.115

Aminoglycoside combinations have been evaluated in animal 
models of endocarditis, meningitis, pneumonia, peritonitis-bacteremia, 
pyelonephritis, osteomyelitis, myositis (mouse thigh), subcutaneous 
infection with or without a foreign body, and in additional condi-
tions.99,105,116-121,122-125 In general, if the organism is susceptible to both 
the aminoglycoside and the companion drug, antibacterial activity is 
enhanced; virtually all studies showing effectiveness of combined 
therapy used a cell wall–active drug (β-lactam or glycopeptide) with 
the aminoglycoside.

An aminoglycoside as part of combination therapy may prevent or 
delay the emergence of bacteria resistant to either the aminoglycoside 
or the companion drug. In a series of studies, aminoglycosides were 
shown to reduce but not to fully prevent the emergence of quinolone-
resistant strains of Enterobacteriaceae or P. aeruginosa in a murine 
model of peritonitis.126-178 The concomitant use of an active β-lactam 
appears to prevent the emergence of gentamicin-resistant subpopula-
tions in neutropenic animals.129

Treatment of infected animals with gentamicin markedly reduced 
mortality but had virtually no influence on the incidence of abscess 
formation.130-132 Treatment with clindamycin or metronidazole reduced 
the incidence of abscess formation but had no effect on peritonitis-
bacteremia or lethality.133 Combination therapy reduced both acute 
mortality and late abscess formation despite conditions adversely 
affecting aminoglycoside activity, such as low pH, at low oxygen 
tension, and in the presence of drug-binding purulent debris.13,15,134

Data from infected animals and analysis of clinical trial data 
support the correlation between high peak levels, increased dose, and 
antibacterial efficacy.121,135-137,138 Dose fractionation studies reduce the 
interdependence among the various pharmacokinetic parameters in 
small rodents with rapid aminoglycoside clearance. In these models, 
the therapeutic efficacy of aminoglycosides correlates with the peak 
serum concentration and the area under the concentration versus time 
curve (i.e., AUC) over time.121,122 A compilation of clinical trials involv-
ing aminoglycosides for gram-negative bacillary infections has shown 
that peak/MIC and 24-hour AUC/MIC ratios predicted outcome.137,139,140 
Clinical efficacy increased from 55%, for a peak/MIC ratio less than or 
equal to 2, to 90%, for a ratio greater than 8, when four different ami-
noglycosides were all administered by identical traditional every-8-
hour–dosing regimens. Efficacy improved from 47%, for tobramycin 
AUC/MIC ratios less than 110, to 80%, for ratios greater than110. Both 
peak greater than or equal to 10 and AUC greater than 150 correlated 
with rapidity of fever and leucotytosis resolution in gram-negative 
pneumonia. These favorable results applied only to organisms with 
MICs less than or equal to 0.5 µg/mL. Current maximal dosing regi-
mens of 7 mg/kg routinely achieve peak/MIC ratios greater than or 
equal to 10 for bacteria with MICs less than or equal to 1 µg/mL, but 
Clinical and Laboratory Standards Institute susceptibility breakpoints  
are 4 µg/mL. Synergistic activity with β-lactams might allow adequate 
coverage for those increasing numbers of organisms with MICs 2 to 
4 µg/mL.141,142

More than 55 clinical trials, including more than 30 prospective 
randomized trials and 9 formal meta-analyses, have compared amino-
glycoside once-daily administration with traditional 8- or 12-hour 
administration, showing equivalency or superiority of once-daily regi-
mens. In largely prospective fashion, more than 6500 mostly non-
neutropenic adult patients have received amikacin, gentamicin, 
netilmicin, or tobramycin for periods of 7 to 14 days.143-185,186-188 
Comparable antimicrobial efficacy and toxicity were recorded for a 
broad range of infections, including pneumonia, intra-abdominal 
infections, gram-negative sepsis, febrile neutropenia, pelvic inflam-
matory disease, and urinary tract infections. Populations studied 
included the elderly,159,172 febrile neutropenic patients,† critically ill 
patients,146,154,172,188 and patients with variable levels of renal 
insufficiency.152,172,183,186

†References 145, 160, 167, 172, 183, 187.
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and AUCs are larger. Suggested initial dosing regimens for typical 
aminoglycosides in clinical use are listed in Table 25-4. One caveat to 
proper interpretation of these published nomogram concentrations is 
that the “peaks” were likely obtained before the end of distribution, 
whereas pharmacodynamic data uses real postdistribution peaks. 
Blind use of a 7-mg/kg dose may not achieve peaks related to expected 
pharmacodynamic outcomes.241 Disease states that result in significant 
loss of muscle mass are associated with low serum creatinine values. 
In such patients, the Cockcroft-Gault formula may seriously overesti-
mate the glomerular clearance of aminoglycosides.242 For this reason, 
it has been suggested that the minimum value for subcutaneous (SC) 
administration used in the formula be 0.8 µg/mL.243 However, a recent 
study in geriatric patients showed that such a practice significantly 
underestimated creatinine clearance (CrCl) and recommends that the 
practice should be avoided.244 The U.S. Food and Drug Administration 
(FDA), several decades before pharmacodynamic research into dose 
optimization, approved gentamicin and tobramycin for up to 1.7 mg/
kg per dose and three doses per day, for a total daily dose of 5.1 mg/
kg.245 For netilmicin, the total daily dose is 6.0 mg/kg, and for amika-
cin, it is 15 mg/kg. In one clinical study that included a high percentage 

instillation into the lumbar sac or lateral ventricles without evidence 
of detectable concentrations in the blood.200-202 Inhalation has also been 
used, especially in cystic fibrosis patients.203-207,208

As anticipated for drugs with a low level of protein binding (approx-
imately 10%) and a high level of solubility in water, the aminoglyco-
sides are distributed freely in the vascular space and relatively freely in 
the interstitial spaces of most tissues.209 Significant interpatient vari-
ability in aminoglycoside volume of distribution has been demon-
strated, as well as intrapatient variation during therapy.210,211 In the 
absence of disease or infection, the volume of distribution mirrors that 
of the extracellular fluid compartment—0.2 to 0.3 L/kg.212 The volume 
of distribution increases in edematous states, including ascites, in 
patients with burns, in patients with cystic fibrosis, and in some severe 
infections, when conditions may vary from hour to hour in critically 
ill patients.213 The volume of distribution increases less than expected 
or actually decreases in obese individuals.214 Because of their size, 
polycationic charge, and lipid insolubility, aminoglycosides cross bio-
logic membranes poorly, with the exception of renal tubular cells and 
perhaps inner ear cells that appear to have an inherent transport mech-
anism. The cells of the renal proximal convoluted tubule can concen-
trate aminoglycosides to levels that exceed those of plasma or interstitial 
fluid.215

Adequate antibiotic concentrations are achieved in most body 
fluids.216 Aminoglycosides enter synovial fluid easily, with subsequent 
concentrations only slightly less than simultaneous serum concentra-
tions.217 Parenteral aminoglycoside administration results in low con-
centrations of active drug in bronchial secretions.202 Penetration into 
epithelial lining fluid ranges from 32% to 54% of serum concentra-
tions.218,219 Much higher concentrations can be achieved by aerosol 
administration.204 Diffusion is slower in bile, feces, prostatic, and amni-
otic fluid.220-222

Aminoglycosides traverse the blood–cerebrospinal fluid and blood-
brain barriers poorly223 but do cross the placenta and achieve fetal 
serum concentrations 21% to 37% of maternal concentrations.222 Intra-
ventricular administration results in high concentrations in both ven-
tricular and spinal fluid.223-226 Therefore, the intraventricular route is 
recommended for meningitis caused by aerobic gram-negative bacilli 
in adults in the rare cases in which this therapy is necessary. However, 
in newborns, intraventricular aminoglycoside is no more effective and 
perhaps more toxic than the drug given IV. Aminoglycoside penetra-
tion into the tissues of the eye is poor; neither systemic nor subcon-
junctival administration in single doses produces reliable levels in the 
vitreous humor of humans.227-230 Direct intravitreal injection is recom-
mended for the treatment of endophthalmitis.

Urine concentrations of aminoglycosides exceed peak plasma levels 
25- to 100-fold within 1 hour after drug administration.231,232 Because 
of renal tubular cell absorption and subsequent release, urine concen-
trations remain above therapeutic levels for several days after a single 
dose, even in severe renal impairment. After termination of a multiple-
dose regimen, urine levels remain above therapeutic levels for days, 
with a terminal half-life of 48 to 200 hours.232-234

Aminoglycosides are primarily eliminated unchanged by the kidney 
via glomerular filtration. Less than 1% is eliminated in the feces and 
1% in saliva.235 Aminoglycosides can be removed by dialysis, leading 
to unpredictable clearance depending upon the specific modality and 
dialysis membrane capacity.236 With normal renal function in adults, 
more than 90% of an administered dose is recovered in urine unchanged 
during the first 24 hours.235,237 The remainder is slowly recycled to the 
tubular lumen, with a tissue half-life of 30 to 700 hours,237,238 creating 
a multicompartmental elimination profile.239,240

The pharmacokinetics of aminoglycosides in clinical use are very 
similar, even though interpatient variability is broad and associated 
with body weight, body composition, and renal function as noted 
above. Typical expected aminoglycoside pharmacokinetic parameter 
values are summarized in Table 25-3. Peak serum concentrations of 
gentamicin, netilmicin, and tobramycin after a 7-mg/kg dose infused 
over 30 minutes range from 15 to 20 µg/mL, and yield an AUC of 
70 to 100 mg/hr/L. Amikacin 15 mg/kg similarly infused produces 
peak levels of 41 to 49 µg/mL and an AUC of 110 to 145 mg.hr/L.2 
In patients with renal impairment, peak concentrations are higher  

TABLE 25-3  Typical Pharmacokinetic Parameters 
for Amikacin, Gentamicin, Netilmicin, and 
Tobramycin in Adults with Normal Renal Function

PARAMETER MEAN (± SED) OR RANGE
Clearance (mL/min/kg)

 Creatinine ≤ 1.5 1.33 (0.61)

 Creatinine > 1.5 0.53 (0.35)

 CrCl ≥ 100 1.51 (0.63)

Volume of distribution (L/kg)

 Dehydration 0.07-0.15

 Euvolemic 0.15-0.25

 Expanded ECF 0.35-0.70

Half-life (hr)

 Creatinine < 1.5 0.15-15

 CrCl ≥ 100 0.5-7.6

 Age < 30 yr 0.5-3

 Age > 30 yr 1.5-15

Urinary excretion 85%-95%

CrCl, creatinine clearance; ECF, extracellular fluid; SED, standard error of the 
difference.

Modified from Schentag JJ, Meagher AK, Jelliffe RW. Aminoglycosides. In: 
Burton ME, Shaw LM, Schentag JJ, et al, eds. Applied Pharmacokinetics and 
Pharmacodynamics: Principles of Therapeutic Drug Monitoring. Philadelphia: 
Lippincott Williams & Wilkins; 2006.

TABLE 25-4  Suggested Dosing Regimens for 
Adults

ESTIMATED 
CREATININE 
CLEARANCE 
(mL/min)

DOSE (mg/kg)
DOSING 
INTERVAL 
(hr)

Gentamicin, 
Netilmicin, 
Tobramycin Amikacin

100 7 20 24

90 7 20 24

80 7 20 24

70 5 15 24

60 5 15 24

50 4 12 24

40 4 12 24

30 5 15 48

20 4 12 48

10 3 10 48

<10 2.5 7.5 48

Modified from Gilbert DN, Bennett, WM. Use of antimicrobial agents in renal 
failure. Infect Dis Clin North Am. 1989;3:517-531.
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Also important are untoward effects that are encountered rarely. 
Hypersensitivity reactions are uncommon, and the aminoglycosides do 
not provoke inflammation. Hence, phlebitis at intravenous infusion 
sites is rare; intramuscular injection sites do not become painful; instil-
lation into the pleural space, abdominal cavity, or cerebrospinal fluid 
causes no irritation; and incorporation of an aminoglycoside into 
methyl methacrylate prosthetic joint cement is well tolerated over pro-
tracted periods. The aminoglycosides are not hepatotoxic, do not 
induce photosensitivity, and have no identified adverse influence on 
hematopoiesis or the coagulation cascade.

Nephrotoxicity
Experimental Nephrotoxicity
The precise mechanisms of aminoglycoside-induced injury to renal 
proximal tubular cells remain incompletely understood. There are as 
yet unidentified genetic factors and major differences in susceptibility 
to nephrotoxicity between animal species and between inbred strains 
of a specific animal.259

Aminoglycosides initially bind to an endocytotic receptor, 
megalin,260,261 important in the endocytotic uptake of proteins in the 
renal proximal tubule.260-262 In megalin receptor knockout mice, there 
was no renal uptake of aminoglycosides.263 After binding to the anionic 
megalin in clathrin-coated pits,260,264 the cationic aminoglycoside is 
then transferred to endosomes, and the megalin is returned to the 
apical plasma membrane. A portion of drug-containing endosomes 
fuse with lysosomes, where the aminoglycosides inhibit lysosomal 
phospholipases, resulting in lysosomal whorl-like membrane changes 
that, because of their morphologic appearance, have been termed 
myeloid bodies.260 Some of the aminoglycoside-containing endosomes 
move rapidly to the Golgi apparatus.265 The time frame correlates with 
the observed rapid decrease in cellular protein synthesis after amino-
glycoside exposure.266-269

In cells that internalize aminoglycosides, cellular necrosis occurs 
gradually, during which time a variety of abnormalities are demon-
strable,270-281 leading to activation of the apoptotic pathway, with sub-
sequent necrosis of the cells of the proximal tubules.281 Initially, 
animals manifest nonoliguric renal failure.282 After several days, there 
is a fall in glomerular filtration. The cells of the proximal tubule can 
regenerate with return of glomerular filtration. Regeneration occurs 
even if there is continued administration of the aminoglycoside.283 In 
animals, the regenerated tubular cells have a reduced capacity to take 
up aminoglycosides.

A hierarchy of nephrotoxic potential exists among the 
aminoglycosides.284-286 Neomycin is the most toxic aminoglycoside,287 
and streptomycin is the least nephrotoxic, perhaps because the drug 
does not accumulate in the renal cortex.

Aminoglycoside uptake into the proximal renal tubular cell is satu-
rable at clinically relevant concentrations, governed by Michaelis-
Menten kinetics.260 Thus, for a given total daily dose of a specific 
aminoglycoside, the magnitude of toxicity is greatest when the dose  
is divided into multiple small increments and least when it is given  
as a single daily dose.285,288,289 In addition, age, sex, volume status, 
pH, and electrolyte balance have all been examined, with older age, 
dehydration, lower urinary pH, and electrolyte depletion associated 
with increased toxicity.61-74,75-275,290-301 The impact of experimental liver 
disease or diabetes is unclear, but accumulated clinical data indicate 
that concomitant liver disease is a risk factor for nephrotoxicity.302-306 
Various drugs influence the severity of experimental aminoglycoside 
nephrotoxicity.307-315 Vancomycin and the related drug teicoplanin 
amplify experimental aminoglycoside nephrotoxicity.307-315 Extended-
spectrum penicillins lower the risk of kidney injury.310,311 Polymers of 
aspartic acid dramatically reduce renal tubular injury despite the accu-
mulation of very high renal concentrations of aminoglycoside.316-325 
Animal experiments with an aminoglycoside plus cephalothin, cefazo-
lin, or cefamandole indicated either no effect or an attenuation of 
nephrotoxicity, compared with an aminoglycoside plus placebo.326 Fos-
fomycin may reduce aminoglycoside experimental nephrotoxicity by 
inhibiting gentamicin-induced lipid peroxidation.327 In general, ascrib-
ing causation to a single factor in a multivariate interaction resulting 
in toxicity is not a statistically valid approach. In a clinical study, no 

of critically ill patients, the peak serum gentamicin concentration after 
the first dose of 5.1 mg/kg was less than 16 µg/mL in 48% of the 
patients.245 Therefore, in critically ill patients, it is reasonable to give an 
initial dose of 7.0 mg/kg.188 Extended-interval dosing is the norm 
today, used in 75% of all acute care hospitals.246 No controlled studies 
have compared 5 versus 7 mg/kg/day of gentamicin or tobramycin, but 
clinical experience with the 7-mg/kg/day dosage is substantial.182,183 
With the exception of patients with CF, the clinical use of single doses 
of amikacin or netilmicin exceeding the licensed total daily dose has 
not been reported. To date, FDA-approved labeling on therapeutic 
drug monitoring kits for aminoglycosides suggests “normal ranges” of 
serum concentrations achievable with traditional three times–daily 
dosing rather than the higher, more effective serum concentrations 
now achievable with extended-interval dosing.

Various dialysis modalities clear differing amounts of aminoglyco-
sides, roughly one half of circulating aminoglycoside per hemodialysis 
period, depending on the characteristics of the dialysis membrane, 
duration of dialysis, the patient’s blood pressure during dialysis, and 
other variables. Depending on variables related to both the patient  
and the filter, continuous hemofiltration results in the equivalent of a 
CrCl of 10 to 50 mL/min.247,248 For patients undergoing continuous 
ambulatory peritoneal dialysis who have a systemic infection and are 
receiving an intravenous dose of aminoglycoside every 2 to 3 days, it 
is necessary to give small daily intravenous supplements to replace the 
drug lost in the dialysate or dosed based upon seum concentrations 
(www.pdiconnect.com/content/30/4/393.full.pdf+html). For patients 
on hemodialysis, a traditional dose is given every 48 to 72 hours and, 
on the day of hemodialysis, an additional one half of the full dose is 
given, after dialysis, to replace drug that was removed by the dialysis 
or simply dosed after dialysis. Because of individual variability, serum 
levels should be measured.249-251

Dosing for the morbidly obese is generally based on excess body 
weight multiplied by 0.4 plus ideal body weight. More recent work 
indicates that lean body weight permits simplified aminoglycoside 
dosing across all weight strata, with clearance best predicted by the 
chronic kidney disease–epidemiology (CKD-EPI) equation.252-254 
However, the best clinical descriptor of renal function for pharmaco-
kinetic modeling in geriatric patients is the Cockcroft-Gault–based 
model.255 Monitoring early peak concentration (and another to esti-
mate AUC) may assist in optimizing aminoglycoside efficacy.8,141 It 
remains unclear whether every patient administered an aminoglyco-
side requires an individual pharmacokinetic evaluation,256 but indi-
vidualized dosing is essential in the critically ill patient with altered 
volume of distribution of drug and unstable renal function. Use of new 
Bayesian analysis in routine clinical care holds promise.257 Overall, 
individualized dosing results in greater efficacy and reduced toxicity 
when compared with the nomogram approach.244,255,258

Typically, two concentrations in the postdistribution phase (>1 
hour after administration, separated by greater than 1.5 half-lives) are 
used; trough levels should be unmeasurable.

With the exception of the aminocyclitol spectinomycin, aminogly-
coside antibiotics share the potential for causing injury to the renal 
proximal convoluted tubules, damage to the cochlea or vestibular 
apparatus or both, and neuromuscular blockade (Table 25-5). The 
inherent toxicity and relative toxic potential of the aminoglycosides 
correlate with their positive electrical charge at physiologic pH.10

TABLE 25-5  Estimated Frequency of Serious 
Clinical Adverse Reactions after Administration 
of Aminoglycoside Antibiotics

ADVERSE 
REACTION

ESTIMATED USUAL 
FREQUENCY (%) REFERENCES

Nephrotoxicity 5-15 237-247

Ototoxicity 2-14

 Cochlear 2-10 268-270

 Vestibular 3-14 268, 296, 297

Neuromuscular blockade Exceedingly rare 135, 309

http://www.pdiconnect.com/content/30/4/393.full.pdf+html
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preexisting decrease in the GFR, and was not a risk factor in several 
studies.329,330,334 Hypotensive patients, especially those with septic shock 
or sepsis syndrome, have an increased incidence of renal insufficiency. 
The role of aminoglycosides is unclear in that infection-induced low 
perfusion pressures, consumptive coagulopathy, cytokine-mediated 
endothelial damage, and other factors may be etiologic in the fall in 
the GFR.341,342 Liver disease was identified as a risk factor in the retro-
spective analysis of two large clinical trials and was then validated in 
two additional prospective trials.304,339

Clinical trial data support the concept that several days of therapy 
are needed to cause nephrotoxicity of clinical consequence. In an 
observational study of patients treated with combination therapy, 
including an aminoglycoside for infective endocarditis, there was a 
0.5% decrease per day in the estimated endogenous CrCl.340 In con-
trast, accidental massive overdosage of 1 day or less has not resulted in 
acute tubular necrosis.343,344

The influence of concomitant drugs is difficult to interpret in 
patients with serious or complex disease states who are receiving many 
drugs. Nonetheless, most studies suggest an increased risk of a fall in 
the GFR when other nephrotoxic drugs are administered concomi-
tantly with aminoglycosides.§ Three prospective studies, one of which 
was double blind, found the combination of cephalothin plus amino-
glycoside more nephrotoxic than that of a penicillin derivative plus  
an aminoglycoside.349-351 Subsequent multiple logistic regression risk 
factor analysis identified a variety of cephalosporins as risk factors. 
These results are consistent with ceftazidime enhancement of gentami-
cin enzymuria in healthy volunteers.352 Two studies evaluated con-
comitant vancomycin administration; one analysis included a control 
group that received only an aminoglycoside.353,354 Both studies indi-
cated that vancomycin was a risk factor. In febrile neutropenic patients 
administered gentamicin or tobramycin plus carbenicillin or ticarcil-
lin, the reported incidence of nephrotoxicity was 2% to 6%, compared 
with 10% to 15% or higher when the aminoglycoside was combined 
with other β-lactam antibiotics.349,350,355 Of interest, a risk factor analy-
sis found an increased risk with concomitant piperacillin but not with 
carbenicillin or ticarcillin. The authors speculated that the lower 
sodium content of piperacillin might explain the difference.311

Ototoxicity
Aminoglycoside antibiotics can cause cochlear and vestibular damage 
in experimental animals and humans.356 Streptomycin-induced hearing 
loss and dizziness were included in the first clinical report of the drug’s 
efficacy.357 Overt ototoxicity was noted in 2% to 10% of patients in early 
clinical experience.358,359 Ototoxicity is of particular concern because it 
is usually irreversible and can appear after the end of treatment; more-
over, repeated exposure engenders cumulative risk.360 A given patient 
may suffer only cochlear damage or only vestibular damage, but in 
general, the predominant lesion is vestibular.361 Rarely, both organs are 
injured. It is unusual to have both ototoxicity and nephrotoxicity in the 
same patient.

Cochlear Toxicity
Few recipients of aminoglycoside therapy complain of hearing loss, 
and yet the reported incidence is as high as 62% when asymptomatic 
high-frequency audiograms are performed repeatedly.362 The overall 
incidence has been reported to be between 3% and 14%.363

Normal sound perception extends to frequencies of 20 kHz; per-
ception of human speech requires sound detection in the range of 0.3 
to 3 kHz. A loss of hearing threshold of 25 to 30 dB is necessary before 
the patient is aware of the deficit. A commonly used definition for 
drug-induced ototoxicity is an increase in auditory threshold of 15 dB 
or greater at any of two or more frequencies.360

Controlled data on cochlear toxicity are sparse. In a series of pro-
spective clinical studies that examined the efficacy and toxicity of gen-
tamicin, tobramycin, and amikacin in combination with β-lactam 
antibiotics, 22% of the aminoglycoside recipients had documented 
audiometric toxicity compared with 7% of cefotaxime-treated 
patients.333 In a different study of 53 subjects administered gentamicin, 
tobramycin, or amikacin for at least 4 days, loss was unilateral in 55% 

identifiable risk factor alone or in combination reliably predicted 
nephrotoxicity.328

Clinical Nephrotoxicity
Aminoglycosides accumulate in the kidney, accounting for 40% of the 
total drug in the body,240 and nearly 85% of this is located in the renal 
cortex.

The reported incidence of nephrotoxicity varies from 0% to 50%, 
with most reports in the 5% to 15% range (see Table 25-5).329-336 The 
variability results from differences in the definition of nephrotoxicity, 
the frequency of testing, and the particular tests used to measure renal 
function and the clinical setting in which the drugs are administered. 
Minimal clinical differences were seen in a survey of clinical trials 
involving approximately 10,000 patients between 1975 and 1982.329 
Frequencies of nephrotoxicity averaged 14.0% for gentamicin, 12.9% 
for tobramycin, 9.4% for amikacin, and 8.7% for netilmicin. In pro-
spective, randomized studies with definitions of nephrotoxicity that 
reflect a substantive decrement in the glomerular flow rate (GFR) in 
seriously ill patients, the reported incidence varied between 5% and 
10% of patients’ courses.331-334,335,336

In studies of the etiology of acute renal failure, medication-induced 
renal injury is reported as a major cause. In an analysis of more than 
2000 hospitalized patients, almost 100 experienced renal insufficiency, 
and seven episodes were attributed to aminoglycoside therapy.337 In 
general, the aminoglycoside-induced decrement in the GFR is small. 
Most patients have a nonoliguric fall in CrCl; progression to dialysis-
dependent oliguric-anuric renal failure is rare. As in animal models, 
the tubular injury is reversible, and in a few patients, recovery of renal 
function has been documented despite continued administration of 
the aminoglycoside.338

Reported clinical risk factors for aminoglycoside nephrotoxicity 
can be grouped as being related to the patient, to the aminoglycoside, 
or to the influence of the selected concomitant drug (Table 25-6).‡ 
Factors identified in clinical trials include older age, preexisting renal 
or liver disease, shock, larger volume of distribution, location in inten-
sive care, pneumonia, rapidly fatal prognosis, leukemia, longer dura-
tion of therapy, and concomitant vancomycin or other nephrotoxin. 
Female sex was identified as a risk factor in one study but not con-
firmed in others.292,329,334-336 Reported clinical studies with cephalospo-
rins did not include an aminoglycoside-only group of patients, so it is 
not possible to ascertain the effect of cephalosporins on the risk of 
nephrotoxicity. The correlation of increased risk of toxicity with age 
and with preexisting renal disease may be misleading. It is unclear 
whether a risk exists when the dosing regimen is adjusted for a 

TABLE 25-6  Factors That Increase Risk for 
Aminoglycoside Nephrotoxicity

Patient-related factors
 Older patient
 Preexisting renal disease
 Female200

 Male245

Volume depletion, hypotension
Hepatic dysfunction
Aminoglycoside factors
 Recent aminoglycoside therapy
 Larger doses
 Treatment for ≥3 days
 Drug choice (e.g., gentamicin)240

 Frequent dosing interval118,253

Concomitant drugs
 Vancomycin261-263

 Amphotericin B
 Furosemide
 Clindamycin
 Piperacillin
 Cephalosporins?248,258-260

 Methoxyflurane266

 Foscarnet
Intravenous radiocontrast agents

Data from references 201, 202, 238, 245, and references cited in the table.

§References 292, 293, 329, 330, 334, 345-348.‡References 292, 293, 329, 330, 334, 339, 340.
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blockade has been described in patients administered neomycin, strep-
tomycin, kanamycin, tobramycin, gentamicin, amikacin, or netilmi-
cin.199,414 In general, blockade has occurred in clinical situations in 
which a disease state or a concomitant drug interferes with neuromus-
cular transmission.414-420 Drug exposure may have been a result of 
intraperitoneal, intravenous, intramuscular, intrapleural, oral, topical, 
or retroperitoneal administration.199,414 Aminoglycoside therapy in 
ventilated patients or others in intensive care has not been associated 
with adverse effects.421,422

Blockade results from inhibition of the presynaptic release of  
acetylcholine as well as blockage of postsynaptic receptor sites of 
acetylcholine.423-426

CLINICAL INDICATIONS
The aminoglycosides are effective in the empirical treatment of infec-
tions caused by or suspected to be caused by aerobic gram-negative 
bacilli, including P. aeruginosa. Aminoglycosides have in vitro activity 
against S. aureus, but resistant small colony variants may appear 
within 24 hours unless a concomitant antistaphylococcal β-lactam 
or vancomycin is administered.427 Activity against Enterococcus spp. 
requires a concomitant active penicillin or vancomycin. Aminoglyco-
sides have no practical activity against pneumococci or anaerobic 
organisms. For reasons of anticipated spectrum of activity or to achieve 
an additive or synergistic effect, aminoglycosides are often combined 
with a β-lactam antibiotic, vancomycin, or a drug active against anaer-
obic bacteria.

The efficacy of empirical aminoglycoside therapy has been docu-
mented in published symposia describing the results of clinical trials 
that served as the basis for licensure and subsequent trials that com-
pared one aminoglycoside with another or with a β-lactam.‖ In febrile 
neutropenic patients, a high failure rate was experienced after mono-
therapy with an aminoglycoside; therefore, in such patients, the ami-
noglycosides are administered in combination with a β-lactam 
antibiotic active against aerobic gram-negative bacilli.355 Guidelines on 
the treatment of the febrile neutropenic patient suggest avoidance of 
aminoglycosides, if possible; instead, empirical monotherapy with a 
carbapenem or broad-spectrum β-lactam is used.432

Given that optimal peak/MIC and AUC/MIC pharmacodynamic 
ratios are obtained only for organisms with MICs of 0.5 µg/mL or less 
with conventional doses of gentamicin, netilmicin, and tobramycin 
(2 µg for amikacin), and MICs of 1.0 µg/mL with 7-mg/kg doses,8 it is 
not surprising that several reviews have demonstrated inferior clinical 
efficacy of aminoglycoside monotherapy in severe gram-negative 
infections compared with therapy with β-lactams and fluoroquino-
lones.355,442 Although aminoglycosides have been used in combination 
with β-lactams and fluoroquinolones to enhance killing and improve 
clinical efficacy, most studies have failed to demonstrate better out-
comes with combinations compared with monotherapy.443

Bacteremia
In contrast to most older studies,444 and a recent retrospective review 
of P. aeruginosa bacteremia,114 other recent studies demonstrate 
improved outcome in patients with septic shock and gram-negative 
bacillary bacteremia treated with combination aminoglycoside plus 
β-lactam.

Combination therapy provided a greater degree of initial appro-
priate therapy than β-lactam monotherapy, broader coverage than 
fluoroquinolones, and improved outcomes even in neutropenic 
patients.445,446 Reduced endotoxin release seen with aminoglycoside 
therapy341,342 may contribute to the diminished early mortality observed 
with combination therapy in patients with septic shock. Combination 
therapy in selected cases is endorsed in the most recent international 
guidelines for management of severe sepsis.447

A detailed analysis and a meta-analysis of use of aminoglycosides 
in the treatment of bacterial endocarditis have been published.448,449 
The use of aminoglycosides in combination with a β-lactam or vanco-
mycin may be of benefit for patients with streptococcal or enterococcal 
endocarditis. The standard dosage to achieve a synergistic effect is 
1 mg/kg IV every 8 hours; newer regimens have used 12- and 24-hour 

and bilateral in 45% of the patients, and hearing loss was initially 
detected after a mean of 9 days of therapy.363

Aminoglycosides penetrate into endolymph and cochlear and ves-
tibular tissue364 cells either by endocytotic uptake or mechanoelectrical 
transduction channels365 and lysosomal accumulation after trans-strial 
trafficking.366-368 In experimental animals, aminoglycosides can be 
detected in inner ear fluid within 3 hours of administration but 
cochlear damage requires 3 weeks of daily injections.360,369,370 The 
precise mechanism of cochlear toxicity has eluded detection.371-373 As 
in renal tubular cells, there is evidence for aminoglycoside-induced 
apoptotic cell death in cells of both the organ of Corti and the vestibu-
lar apparatus.374 Hair cell loss has been considered irreversible. 
However, animal studies in nonmammals and mammals have docu-
mented potential regeneration.375-377

The greatest risk for cochlear toxicity may be genetic predisposi-
tion.378 In numerous reports, deafness has developed in family members 
of multiple pedigrees after treatment with an aminoglycoside and has 
been associated with five or more different mutations in the mitochon-
drial 12S rRNA gene,379-386,387,388 which may result in greater binding 
affinity. No genetic predisposition to aminoglycoside vestibular or 
renal toxicity has been identified.

Human toxicity is related to the dose and duration of aminoglyco-
side therapy.360 Ototoxicity is related to the AUC of concentrations in 
cochlear endolymph, itself correlated with AUC in serum.389 Thus, the 
same total daily dose will result in the same incidence of ototoxicity, 
independent of the frequency of dosing.176,177,179,356 Measurable differ-
ences in the risk of cochlear toxicity between gentamicin, tobramycin, 
amikacin, and netilmicin are minimal, and less than some chemothera-
peutic agents.363,390-399,400 Prolonged therapy beyond 10 days, renal or 
hepatic impairment, and prior exposure to aminoglycosides are major 
risk factors.397-399,401,402

Concomitant “loop” diuretics, vancomycin, and loud ambient noise 
increase the risk of cochlear toxicity.360,394-396 The use of aspirin reduced 
the incidence of ototoxicity from 13% to 3%.390,403

Vestibular Toxicity
The target of drug-related vestibular toxicity is the type I hair cell of 
the summit of the ampullary cristae.404 The true incidence of vestibular 
toxicity in ill patients is virtually impossible to determine. Because 
vestibular injury is bilateral and initially symmetrical, it can be com-
pensated by visual and proprioceptive cues, so patients can suffer con-
siderable injury before the appearance of symptoms or clinical findings. 
Suspicion is raised at the bedside by complaints of nausea, vomiting, 
and imbalance.361,405 Visual blurring with head movement (i.e., oscil-
lopsia) may occur. Symptoms are exacerbated in the dark, when the 
eyes are closed, with moving or uneven surfaces, and in other situa-
tions that block compensatory pathways. Nystagmus may be evident. 
Systematic surveillance of patients with electronystagmography is 
seldom performed; in one clinical study using electronystagmographic 
surveillance, abnormalities were demonstrated in 4% to 6% of patients 
receiving gentamicin or amikacin.335,336 There are no data that compare, 
in a controlled fashion, the toxic potential of the commonly prescribed 
aminoglycosides.

Vestibular injury can be unilateral or bilateral and mild or 
severe.361,405 Functional recovery, even with bilateral damage, was 
reported to occur in up to 53% of patients at 10 days to 9 months after 
cessation of drug exposure.405-408 In addition to visual and propriocep-
tive compensation, recovery may be due to hair cell regeneration, as 
demonstrated in animal models.390,409,410 The relevance of the latter to 
humans is unclear.

Vestibular hair cells are purposely damaged by gentamicin as 
therapy for Meniere’s disease that fails to respond to conservative  
measures.411,412 Injection into the middle ear allows gentamicin to 
pass through the round window membrane, penetrate the labyrinth, 
and destroy hair cells. A single injection is reported to effect good 
control of vertigo in 75% of patients, with minimal sensorineural 
hearing loss.413

Neuromuscular Blockade
Neuromuscular blockade after aminoglycoside administration is a  
rare but serious and potentially lethal adverse effect. Neuromuscular ‖References 4, 5, 331, 358, 359, 428-441.
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aminoglycoside therapy in adult patients (aged 18 to 37 years) with CF 
is 17%, which is roughly the same as the rate in non-CF patients. 
However, the risk per course of treatment is 2% in CF patients, com-
pared with 7.5% in patients without CF.471 It is unclear how CF might 
protect against aminoglycoside cochlear toxicity.

The Cochrane Database of Systematic Reviews provides updated, 
periodic critical evaluation of the use of aminoglycosides and other 
anti-infectives in the treatment of pneumonia in patients with CF. 
Examples include single versus combination intravenous antibiotic 
therapy, nebulized antipseudomonal antibiotics, once-daily amino-
glycoside therapy, and elective versus symptomatic antibiotic 
therapy.472-477

In 10 placebo-controlled trials of nebulized antipseudomonal anti-
biotics that included 758 patients,207 patients receiving treatment had 
a 12% increase in forced expiratory volume in 1 second and a reduced 
odds ratio (0.69; 95% CI, 0.5 to 0.96) of need for hospitalization. Over 
time, the incidence of aminoglycoside-resistant P. aeruginosa was 
greater in the treatment group.

Within 2 hours after the dose, sputum concentrations fall to 
approximately 14% of the levels found at 10 minutes after inhalation.206 
Absorption into serum is low. The average serum drug concentration 
1 hour after inhalation was 1.0 µg/mL, with a range of 0.2 to 3.0 µg/
mL.208 Ototoxicity has not been reported, but transient tinnitus 
occurred in a few individuals during clinical trials. Nephrotoxicity has 
not been observed. Aerosol therapy presents advantages of higher local 
and less systemic exposure, self-administration at home, and improve-
ment in lung function with a reduced burden of P. aeruginosa.

PROPHYLAXIS
Clinical practice guidelines for antimicrobial prophylaxis in surgery 
have recently been updated.478 Gentamicin or tobramycin, 5 mg/kg IV, 
is recommended as an alternative in patients with β-lactam allergy in 
genitourinary and gastrointestinal procedures. For patients with val-
vular heart disease, prophylaxis is no longer recommended solely to 
prevent endocarditis. For patients with a known or possible enterococ-
cal urinary tract infection, it is reasonable to include drugs with anti-
enterococcal activity in the perioperative regimen for gastrointestinal 
or genitourinary procedures.479

The risk of infection after elective colorectal procedures was signifi-
cantly reduced by mechanical cleansing of the bowel plus oral admin-
istration of, usually, neomycin and erythromycin or metronidazole in 
addition to standard IV antibiotic prophylaxis in recent controlled 
trials.478,480 A recent controlled trial demonstrated that an oral selective 
digestive decontamination containing gentamicin effectively eradi-
cated carbapeneum-resistent Klebsiella pneumoniae gastrointestinal 
carriage,481 and might be used in nosocomial outbreaks.482 On the other 
hand, the safety and efficacy of topical gentamicin in cardiac surgery 
have not been clearly established.478,483 Multiple tunneled-catheter 
antibiotic-lock studies, including a recent prospective randomized 
trial,484 have demonstrated reduced catheter-related infections, but 
emergence of resistant pathogens remains a concern.485

Spectinomycin and Gonorrhea
Spectinomycin has not been available in the United States since 2006. 
It was previously recommended for pregnant women, patients in areas 
of high fluoroquinolone-resistance prevalence, and in men having sex 
with men. It showed 98% efficacy in uncomplicated urogenital and 
anogenital infections but only 52% efficacy in gonococcal infections 
involving the pharynx, where it does not reach therapeutic concentra-
tions.435 It is not effective in the treatment of infections with Treponema 
pallidum or Chlamydia trachomatis. The drug is neither nephrotoxic 
nor ototoxic. It is an alternative therapy for patients who are allergic 
to β-lactams and for those who are infected with resistant strains of 
gonococci. No intravenous form of the drug is available. Alternatively, 
gentamicin has been used to treat gonococcal urethritis in Africa, and 
isolates in Europe appear to be similarly susceptible.486

Aminoglycosides in Orthopedic Surgery
Antibiotic-impregnated cement is used with increasing frequency in 
primary hip and knee arthroplasties, as well as revision procedures of 
infected total joint arthroplasties,478 for which the FDA has approved 

intervals.450 The risk of nephrotoxicity increased in parallel with the 
duration of therapy.340 For viridans streptococcal endocarditis, three 
times–daily, twice-daily, and once-daily regimens appear to be of equal 
efficacy in reported clinical trials.429,448,449-451

The long-held practice of administering combination β-lactams 
plus aminoglycosides for staphylococcal bacteremia and endocarditis 
has been challenged by recent investigators,452,453 who recommended 
against the addition of low-dose gentamicin (1 mg/kg every 8 hours), 
because of its added nephrotoxicity. Others have instead emphasized 
the suboptimal dosing strategy used454 or emphasized the significant 
earlier (2 days vs. 4 days) defervescence.455 Aminoglyocoside combina-
tions remain the standard of care for enterococcal bacteremia and 
endocarditis, although dual β-lactam regimens are being used as 
alternatives.456,457

Pneumonia
Aminoglycoside use in pneumonia is typically reserved for hospital-
acquired or hospital-associated gram-negative bacillary respiratory 
tract infections, including those seen in patients on ventilators or  
with cystic fibrosis. Combination therapy with a β-lactam yields 
superior results458 compared with aminoglycosides alone, without 
generally improving outcome over β-lactam monotherapy for Entero-
bacteriaceae.459 The role of combination therapy for P. aeruginosa 
pneumonia is still unclear, with one meta-analysis suggesting signifi-
cant mortality benefit459 but another recent large study showing no 
additional benefit as long as the isolate was susceptible to more than 
one agent.114

Aerosolized aminoglycosides, initially used to treat cystic fibrosis 
exacerbations,203-207,208 have recently shown promise in chronic bron-
chiectatic infections460,461 and ventilator-associated pneumonias. Most 
of the infections studied have involved P. aeruginosa, and the inhaled 
aminoglycoside used in conjunction with a systemic β-lactam. Aero-
solized aminoglycosides were associated with improved clinical and 
microbiologic cure rates, with less nephrotoxicity.462-464 A large, ran-
domized placebo-controlled trial is currently underway.463

Intra-abdominal Infections
Current guidelines on empirical therapy for intra-abdominal infec-
tions of moderate or high severity do not recommend the combination 
of an aminoglycoside with metronidazole.431 This judgment is based 
on both the toxic potential of the aminoglycosides and the availability 
of equally efficacious regimens. Two recent meta-analyses of more than 
5000 patients (including more than 3000 enrolled in randomized con-
trolled trials) demonstrated clinical inferiority of aminoglycoside 
therapy (usually as clindamycin/gentamicin combination) to its com-
parator, β-lactam, for intra-abdominal infections. Nephrotoxicity was 
seen more often with aminoglycoside therapy, but overall toxicity was 
equivalent, as were all-cause and attributable-to-infection mortality.465 
Alternative first-choice regimens include a β-lactam–β-lactamase 
inhibitor combination, (e.g., piperacillin-tazobactam) plus a fluoroqui-
nolone or monotherapy with a carbapenem.

Urinary Tract Infections
A recent systemic review and meta-analysis of randomized controlled 
trials in nearly 2500 patients enrolled in 26 trials showed that amino-
glycoside monotherapy was equally effective as comparators in terms 
of all-cause mortality and treatment failure.428 Few trials enrolled 
patients with sepsis. A higher rate of bacteriologic failure and nephro-
toxicity was observed with aminoglycosides. The duration of therapy 
was not recorded in the report, so it is unclear if 5 to 7 days of therapy 
would provide equivalent clinical efficacy to longer courses, given the 
presence of therapeutic aminoglycoside levels for most pathogens in 
urine for 72 hours or longer after a single dose. Intravesicular genta-
micin has been investigated, with anecdotal success, for recurrent uri-
nary tract infections in intermittently catheterized patients.466

Cystic Fibrosis
CF patients demonstrate altered aminoglycoside pharmacokinetics 
requiring much larger doses of drug to achieve therapeutic serum 
levels.467,468 The frequency of nephrotoxicity in CF patients is less than 
that in non-CF patients.469,470 The prevalence of hearing loss after 
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appears favorable, but a recent multicenter evaluation failed to show 
reduction in the risk of infection.495 A recent review of 20 mostly 
uncontrolled reports of antibiotic-containing spacers did not allow 
evaluation of whether such adjunctive therapy provided additional 
benefits to systemic antibiotic therapy.496 Prospective trials in 
aminoglycoside-containing beads for established osteomyelitis and 
prosthetic joint-associated infections are needed.497

premixed aminoglycoside in bone cement products. Incorporation  
of larger amounts of antibiotic, usually gentamicin or tobramycin, 
allows release of higher drug concentrations but may adversely affect 
mechanical properties. Concentrations and properties vary among 
producers.487-492 Persistence of bacterial growth as adherent biofilms 
remains a potential problem,427,491,493 and nephrotoxicity has been 
reported.494 To date, prophylactic use in primary joint arthroplasty 
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26 
Tetracyclines, Glycylcyclines,  
and Chloramphenicol
Matthew Moffa and Itzhak Brook

TETRACYCLINES
Historical Overview and Classification
Tetracyclines have been an important class of broad-spectrum antibi-
otics since the discovery of chlortetracycline in 1948 by mycologist 
Benjamin M. Duggar.1 They are bacteriostatic with a wide range of 
activity, including gram-positive bacteria, gram-negative bacteria, 
intracellular organisms, and protozoan parasites. Duggar derived 
chlortetracycline from Streptomyces aureofaciens, a golden yellow bac-
terium found in soil. In 1950, oxytetracycline was isolated from Strep
tomyces rimosus. Tetracycline was later prepared by the catalytic 
dehalogenation of chlortetracycline in 1953 at Lederle Laboratories, as 
well as being independently derived from oxytetracycline at Pfizer 
Laboratories during that same time period.2,3 Doxycycline is a semi-
synthetic derivative of oxytetracycline and became available in 1967. 
Minocycline, also derived semisynthetically, was derived in 1972.

Shortly after the discovery of tetracyclines, resistance developed 
due in large part to their extensive clinical and nonclinical uses, includ-
ing growth promoters in animal feeds.4,5 This widespread usage has 
selected for a large number of resistant determinants collectively 
termed the tetracycline resistome.6 This resistance led to a period of 
time when tetracyclines were replaced by newer antibiotics, such as the 
fluoroquinolones in the 1970s and 1980s. Like every other antibiotic, 
the fluoroquinolones would also fall to the selective pressure of anti-
microbial resistance, leading to the development of newer, semisyn-
thetic tetracyclines called glycylcyclines. Tigecycline was the first 
glycylcycline approved by the U.S. Food and Drug Administration 
(FDA) in 2005 for treatment of complicated skin and soft tissue infec-
tions, as well as complicated intraabdominal infections. Later, it was 
approved for community-acquired pneumonia in 2009.

Tetracyclines, as a class, are commonly divided into two distinct 
classification methods, by either duration of action or year of discovery 

(Table 26-1, Fig. 26-1). Short-acting tetracyclines include the first-
generation oxytetracycline and tetracycline. Intermediate-acting tetra-
cyclines include another first-generation member, demeclocycline. Of 
note, demeclocycline is rarely used for infections. Its main side effect 
is nephrogenic diabetes insipidus. Thus, it has found its niche treating 
hyponatremia in the setting of the syndrome of inappropriate antidi-
uretic hormone secretion, first reported in the 1970s.7 Long-acting 
tetracyclines include the second-generation doxycycline and minocy-
cline, as well as the third-generation glycylcycline, tigecycline.

Structure and Mechanism of Action
Tetracyclines all share a four benzene ring as their core structure, with 
a hydronaphthacene nucleus (see Fig. 26-1). Variations in gastrointes-
tinal absorption, affinity for multivalent cations, protein binding, and 
antimicrobial activity can be achieved with substitutions at carbons 5, 
6, and 7 of the four-ring, six-membered carbocyclic structure, leading 
to variations in pharmacokinetic properties.3

Tetracyclines work by inhibiting bacterial protein synthesis. This is 
accomplished primarily by reversibly binding to the 30S ribosomal 
subunit of the bacteria. This inhibits the enzyme binding of aminoacyl-
tRNA to the adjacent ribosomal acceptor site, which in turn prevents 
peptide chain elongation and inhibits protein synthesis.2 Because the 
binding of tetracyclines to the 30S ribosomal subunit is reversible, it is 
postulated that this is the explanation as to why they exhibit bacterio-
static properties. In order for tetracyclines to get to the 30S ribosomal 
subunit, they need to be able to penetrate cell walls, which is accom-
plished by passive diffusion. With gram-negative organisms, tetracy-
clines become positively charged cation complexes, presumably with 
magnesium. They then use OmpF and OmpC porin channels to cross 
the outer membrane. After entering the periplasmic space, tetracycline 
dissociates, resulting in an accumulation of uncharged tetracycline. 

Doxycycline
•	 Usual	adult	dose	PO	or	IV:	100	mg	every	

12	hours
•	 Renal	or	hepatic	failure:	no	dose	adjustment
•	 Cerebrospinal	fluid	(CSF)	penetration:	low
•	 Common	adverse	effects:	gastrointestinal	

upset,	photosensitivity,	rash,	Candida	vaginitis,	
dental	staining	in	children

•	 Contraindication:	children,	pregnancy,	
breast-feeding

•	 Drug-drug	interactions:	none	important
•	 Indications:
○	 Used	to	treat	rickettsioses,	scrub	typhus,	

ehrlichiosis,	anaplasmosis,	psittacosis,	
actinomycosis,	cholera,	Mycoplasma	
pneumoniae,	Chlamydia	pneumoniae,	Lyme,	
syphilis,	rat	bite	fever,	Chlamydia	
trachomatis	(including	cervicitis,	urethritis,	
lymphogranuloma	venereum,	and	
trachoma),	Whipple’s	disease,	community-
associated	methicillin-resistant	
Staphylococcus	aureus

○	 Used	in	combination	for	brucellosis,	
tularemia,	malaria,	Helicobacter	pylori,	

some	rapid-growing	Mycobacteria,	some	
filaria	(Wolbachia),	Vibrio	vulnificus

○	 Used	for	prophylaxis:	leptospirosis;	malaria;	
or	tick	bite	(Lyme)	or	bioterrorism
■	 Exposure	to	anthrax,	tularemia,	plague,	

Q	fever,	or	brucellosis

Minocycline
•	 Usual	adult	dose	PO	or	IV:	200	mg	then	

100	mg	every	12	hours
•	 Renal	or	hepatic	failure:	no	dose	adjustment
•	 CSF	penetration:	low
•	 Common	adverse	effects:	like	doxycycline	but	

more	vertigo
•	 Indications:	doxycycline	usually	preferred,	

though	minocycline	is	preferred	for		
nocardiosis

Tigecycline (A Glycylcycline)
•	 Usual	adult	dose:	loading	dose	100	mg,	then	

50	mg	IV	every	12	hours
•	 Renal	failure:	no	dose	adjustment
•	 Severe	hepatic	failure	(Child-Pugh	C):	100	mg	

loading,	then	25	mg	every	12	hours
•	 CSF	penetration:	low

•	 Common	adverse	effects:	like	doxycycline	
except	nausea	and	vomiting	more	frequent,	
anorexia,	dry	mouth,	dysgeusia,	small	increase	
in	mortality	across	all	clinical	trials	but	cause	
unknown

•	 Indications:	complicated	skin	and	skin	structure	
infections,	complicated	intraabdominal	
infections,	community-acquired	bacterial	
pneumonia	and	off-label	use	in	combination	
with	other	drugs	for	infections	with		
susceptible	multidrug-resistant,		
gram-negative	bacilli

Chloramphenicol
•	 Usual	adult	dose:	50	mg/kg	per	day,	divided	

into	6	hourly	doses.	Only	available	IV	in	United	
States

•	 Renal	failure:	no	dose	adjustment.	Decrease	
dose	or	avoid	in	hepatic	failure

•	 CSF	penetration:	moderate
•	 Adverse	effects:	neutropenia,	aplastic	anemia,	

optic	neuritis,	gray	baby	syndrome	(circulatory	
collapse	in	infants),	rash

•	 Indications:	none;	replaced	by	safer	drugs

SHORT VIEW SUMMARY
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TABLE 26-1  Tetracycline Formulations Currently Available in the United States*

GENERIC 
NAME

MAJOR BRAND 
NAME (COMPANY) PREPARATION

USUAL ADULT ORAL 
DOSAGE NOTES

Short-Acting
Oxytetracycline Terramycin (Pfizer) Capsules: 125, 250 mg 500 mg q6h No longer widely used

Syrup: 125 mg/5 mL

Tetracycline HCl — Capsules: 250, 500 mg 500 mg q6h

Syrup: 125 mg/5 mL

Intermediate-Acting
Demeclocycline HCl Declomycin (Wyeth) Tablets: 150, 300 mg 150 mg q6h or 300 mg q12h Used for syndrome of inappropriate 

antidiuretic hormone secretion

Long-Acting†

Doxycycline Vibramycin (Pfizer) Capsules (hyclate): 50, 100 mg
Tablets: 50, 100 mg

200 mg (or 100 mg q12h) for 
first day, then 100 mg q12h

Syrup (calcium): 50 mg/5 mL

Syrup (monohydrate): 25 mg/5 mL

Minocycline Minocin (Wyeth) Capsules and tablets: 50, 100 mg 200 mg, then 100 mg q12h

Suspension: 50 mg/5 mL

Solodyn ER tablets (Medicis) Extended-release tablets 45, 90, 135 mg 1 mg/kg/day

Long-Acting, Third-Generation
Tigecycline Tygacil (Wyeth) Vial: 50 mg lyophilized (reconstituted to 

10 mg/mL)
100 mg, then 50 mg q12h IV

*Other brands are available for some of the analogs.
†Long-acting agents exist in intravenous preparations and can be given at the same doses recommended for oral therapy (doxycycline 100-mg vial, 200-mg vial; 

minocycline, 100-mg vial).

FIGURE 26-1 Chemical structures of various tetracycline antibiotics. A, Structure of tetracycline. B, Advances in new-generation tetracycline 
development over a period of time. (From Thaker M, Spanogiannopoulos P, Wright GD. The tetracycline resistome. Cell Mol Life Sci. 2010;67:419-431.)
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with renal failure, and excretion in such patients is not significantly 
reduced.18,19 This is because only a small amount of drug is eliminated 
in the urine. Other reports have found that minocycline can exacerbate 
preexisting renal insufficiency and possess a prolonged serum half-life, 
which is directly related to the severity of any renal insufficiency.20,21 
With hemodialysis and peritoneal dialysis, minocycline pharmacoki-
netics are not significantly altered.18,22 In cirrhotic patients, no changes 
for minocycline are observed.22

Absorption and Bioavailability
The absorption of the tetracyclines occurs primarily in the stomach 
and proximal small bowel. Tetracycline has a bioavailability of 77% to 
88%, and maximum serum concentrations are reached 2 to 4 hours 
after standard doses with a serum half-life of 7 hours.2,23 Doxycycline 
is almost completely absorbed in the duodenum and has a prolonged 
serum half-life of 12 to 16 hours with peak serum levels usually 
achieved 2 to 3 hours after administration.10 Minocycline is almost 
completely absorbed in the stomach, duodenum, and jejunum. It peaks 
in serum after 2 hours and also has a prolonged half-life of 16 hours 
after the first dose, as well as up to 21 hours after repeated doses.17,20,24

Doxycycline and minocycline absorption are not significantly 
altered by the administration of food, with levels decreased by less than 
20%.25,26 In contrast, tetracycline absorption decreases by approxi-
mately 50% when administered with food.26 Multivalent cations (such 
as aluminum, calcium, iron, and magnesium) chelate with the tetracy-
clines, resulting in a decrease in drug absorption by 50% to 90%. An 
interval of 3 hours between the ingestion of tetracyclines and cations 
prevents this interaction.27

Drug Distribution
The tetracyclines penetrate well into various body fluids and tissues. 
Protein binding varies between drugs. Doxycycline is the highest 
protein-bound drug, estimated between 82% and 93%, followed by 
minocycline at 70% to 80% and tetracycline at 24% to 65%.3,13,17,28 
Tissue and fluid penetration differs on the basis of how lipid soluble 
each compound is. Doxycycline has been reported to be five times as 
lipophilic as tetracycline, and minocycline is 10 times more lipophilic 
than tetracycline.29,30

Tetracycline penetrates readily into pleural, ascitic and synovial 
fluids and placental-cord serum.2 In maxillary sinus secretions, tetra-
cycline concentrations can nearly equal serum concentrations with 
repeated dosing.31 However, tetracycline can only be detected in low 
concentrations in saliva and tears. Sputum levels of tetracycline in the 
range of 0.4 to 2.6 µg/mL have been detected after oral dosing of 
250 mg every 8 hours.32 Cerebrospinal fluid (CSF) levels of tetracycline 
are about 10% of the simultaneous serum concentration.2 Tetracycline 
penetrates readily into breast milk but chelates with milk, thus lower-
ing its bioavailability.33

Doxycycline concentrates in the bile with 10 to 25 times greater 
levels than the serum.34 In thoracic duct lymph and peritoneal fluid, 
doxycycline concentrations are about 75% of serum levels.35 In the 
prostate, doxycycline concentrations are up to 60% of serum.36 After 
an IV dose of 200 mg was given to patients with pleurisy, pleural fluid 
levels of doxycycline were 25% of serum levels after 2 hours.37 Blister 
fluid model studies have shown that interstitial fluid concentrations of 
doxycycline are 54% of serum levels.38 Lower levels of doxycycline have 
been noted in sputum (8% to 25%), as well as in bone, skin, subcutane-
ous fat, and tendon tissue.39-41 In the CSF, doxycycline penetration has 
been studied in both neuroborreliosis and neurosyphilis. In patients 
with Lyme borreliosis treated with doxycycline 200 mg orally every 12 
hours, CSF penetration was noted to be 15% with a concentration of 
1.1 µg/mL. At a dose of 100 mg orally every 12 hours, the CSF con-
centration was only 0.6 µg/mL, suggesting treatment should be with 
the higher dose.42 In five patients with latent or neurosyphilis receiving 
200 mg orally every 12 hours, doxycycline CSF penetration was 26% 
with a concentration of 1.3 µg/mL, suggesting doxycycline as an alter-
native to penicillin.43 Like tetracycline, doxycycline penetrates readily 
into breast milk with levels up to 40% of plasma.33 Because it is less 
bound to calcium than the other tetracyclines, an infant being breast-
fed is at greater risk of side effects.

With gram-positive organisms, tetracyclines penetrate through the 
inner cytoplasmic membrane via an active transport system that 
depends on the ΔpH.3,8 Tetracyclines also reduce bacterial pathogenic-
ity by suppressing adhesion of bacteria to human cells. This is likely 
achieved by inhibiting the synthesis of a specific protein in the bacterial 
cell surface.9

Doxycycline displays additional protein synthesis inhibition in 
mitochondria through binding of the 70S ribosomes.10 This enables 
it to exhibit activity against various protozoa because they contain 
mitochondria. Doxycycline also targets parasites via the apicoplast 
ribosomal subunits in Plasmodium falciparum. This occurs late in 
the malarial cell cycle, resulting in the slow antimalarial effect of 
doxycycline.10,11

Pharmacology
Administration and Dosing
Tetracycline
Tetracycline HCl comes in 250 mg and 500 mg capsules, as well as 
125 mg/5 mL syrup. The usual adult oral dosage is 250 mg every 6 
hours or 500 mg every 6 hours for more serious infections. Larger 
doses do not provide additional benefit and the excess drug is excreted 
in feces. Intravenous preparations of tetracycline are no longer used 
due to their potential hepatotoxicity. Tetracycline is labeled category D 
and is to be avoided in pregnancy. It should also be avoided in children, 
particularly those younger than 8 years old during the period of tooth 
development to avoid permanent discoloration. Children are also at 
risk for bone developmental retardation.

With renal impairment, tetracycline should be avoided because it 
can cause further deterioration of kidney function and the drug tends 
to accumulate in the serum.12 Tetracycline is slowly removed by hemo-
dialysis, but not very well by peritoneal dialysis.13 Caution is advised 
in administering tetracycline in patients with hepatic impairment 
because this may result in liver damage.

Doxycycline
Doxycycline comes in various doses, but most typically in both 50 mg 
and 100 mg capsules and tablets. It is also available as 25 mg/5 mL and 
50 mg/5 mL syrup. The usual adult dosage is 100 mg every 12 hours 
and should be taken with at least 100 mL of water. For malaria chemo-
prophylaxis, the adult dosage is 100 mg daily. Occasionally an intrave-
nous preparation of doxycycline is required for certain cases of 
rickettsial infections, ehrlichiosis, or severe psittacosis. The usual adult 
dosage is 200 mg followed by 100 mg every 12 hours. The dose should 
be given over 30 to 60 minutes and be dissolved in 500 to 1000 mL of 
glucose or saline.10 Like tetracycline, doxycycline is also pregnancy 
category D and should be avoided in children. If the benefits of doxy-
cycline outweigh the risks in children, the pediatric dose is 2.2 mg/kg 
every 12 hours.

Unlike tetracycline, doxycycline is safe to use with renal impair-
ment. Urinary excretion is reduced in renal impairment, but doxycy-
cline does not accumulate in the serum because its gastrointestinal 
excretion increases.14 During hemodialysis, only about 10% of the drug 
is removed.15 With hepatic impairment, there is not much pharmaco-
kinetic data. Unlike tetracycline and minocycline, doxycycline does 
not appear to cause hepatitis.16

Minocycline
Like tetracycline and doxycycline, minocycline is primarily adminis-
tered orally. It comes in 50-mg, 75-mg, and 100-mg capsules and 
tablets, as well as a 50 mg/5 mL suspension. There are also 45-mg, 
90-mg, and 135-mg extended-release tablets. The usual adult dosage is 
200 mg followed by 100 mg every 12 hours. The dosage is the same if 
minocycline is given intravenously. Each dose should be given over 30 
to 60 minutes and must be dissolved in 500 to 1000 mL of glucose or 
saline.17 Like tetracycline and doxycycline, minocycline is pregnancy 
category D and should also be avoided in children. If minocycline 
needs to be given to children, the pediatric dose is 4 mg/kg followed 
by 2 mg/kg every 12 hours.

With impaired renal function, various studies have shown contrast-
ing results. Minocycline does not accumulate in the serum in patients 
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North America, 60% in Europe, and 60% to 70% in Asia-Pacific.56 
Actinomyces israelii has shown susceptibility to tetracycline,57 and 
Listeria monocytogenes58 and Bacillus anthracis59,60 have shown suscep-
tibility to both tetracycline and doxycycline.59,60

Gram-Negative Bacteria
As a class, tetracyclines also have a broad range of activity against 
gram-negative organisms, although they are infrequently used  
against Enterobacteriaceae. Doxycycline has shown good activity 
against Yersinia pestis and has more activity than tetracycline.61,62 
Among Campylobacter jejuni and Campylobacter coli strains, isolates 
that have resistance to ciprofloxacin tend to also be resistant to doxy-
cycline.63 Tetracyclines are useful in the treatment of Vibrio spp. in a 
wide range of clinical conditions from food-borne gastroenteritis to 
necrotizing skin and soft tissue infections.64-66

In a recent Spanish study with Acinetobacter baumannii, doxycy-
cline had activity against only 30% to 40% of strains tested, while 
minocycline was active against 70% and tigecycline was active against 
76%.67 Doxycycline has excellent activity against Burkholderia pseudo
mallei with susceptibility rates above 96%, along with low rates or 
resistance developing during treatment.68 Stenotrophomonas malto
philia is highly susceptible to doxycycline,69 which also exhibits activity 
against Aeromonas hydrophila.70 Anaerobes in the gastrointestinal 
tract, including the Bacteroides fragilis group, have shown susceptibil-
ity to doxycycline, but with higher MIC breakpoints.71 Brucella spp. 
and Bartonella spp. are also highly susceptible to doxycycline, with low 
MIC values.72,73

Atypical Bacteria
Among the Mycoplasma spp., tetracyclines are highly active against 
Mycoplasma pneumoniae. Mycoplasma hominis is usually susceptible, 
while Mycoplasma genitalium is often doxycycline resistant.74-76 Legio
nella pneumophila is susceptible to doxycycline in vitro, but this is 
dependent on the inoculum size because Legionella is intermediately 
susceptible to doxycycline with larger inocula.77 Chlamydia pneumoniae 
and Chlamydia psittaci have also been shown to be susceptible to 
doxycycline.78,79,80 Chlamydia trachomatis is typically susceptible to the 
tetracyclines, although susceptibility testing is not standardized.79,81

Spirochetes and Rickettsiae
The tetracyclines play a prominent role in the treatment of spirochetes. 
Doxycycline is the mainstay treatment of Lyme disease caused by  
Borrelia burgdorferi.82 In a recent study looking at doxycycline, tetra-
cycline, and tigecycline activity against B. burdorferi, tigecycline had 
the lowest MIC90 (≤0.016 mg/L) versus 0.25 mg/L for both doxycycline 
and tetracycline.83 For Leptospira spp., doxycycline has been a mainstay 
of treatment as well.84 Tetracycline has been shown to have activity 
against Treponema pallidum.85 Among Rickettsiae spp., tetracyclines 
display activity against the spotted fever group, scrub typhus, and 
epidemic typhus. Doxycycline has been shown to be the most active 
antimicrobial agent.86,87 Doxycycline has also shown to be highly active 
against Anaplasma phagocytophilum, Ehrlichia chaffeensis, and Ehrlichia 
canis.88

Mycobacteria and Nocardia
Among mycobacteria, tetracyclines have activity among different 
species. Against the rapidly growing bacteria, doxycycline has been 
reported to have activity against 41% to 56% of Mycobacterium fortui
tum strains. Less activity is seen against Mycobacterium chelonae (8% 
to 26%) and Mycobacterium abscessus (4% to 8%).89-91 Similar results 
are seen with minocycline, although minocycline appears to be more 
active against M. chelonae and M. fortuitum. Minocycline also appears 
to have more activity against Mycobacterium marinum than doxycy-
cline and has activity against Mycobacterium kansasii as opposed to 
doxycycline.91-93 All of the tetracyclines show poor in vitro activity 
against Mycobacterium avium complex.91 More recently, interest in 
using doxycycline against Mycobacterium tuberculosis has developed. 
A Russian study that evaluated second-line agents with activity against 
multidrug-resistant M. tuberculosis found doxycycline to be active 
against 92.6% of the 68 isolates tested.94 Doxycycline has also been 

Because minocycline is the most lipophilic of the tetracyclines, it 
penetrates the most readily into tissues and bacterial cells.44 The highest 
concentrations are found in the thyroid, lung, gastrointestinal tract, 
liver, gallbladder, and bile. Other tissues with concentrations higher 
then serum levels are the prostate, uterus, ovaries, fallopian tubes, 
breast, skin, tonsils, maxillary sinuses, and eyes.17,22,30,45,46 Minocycline 
penetrates into CSF better than the other tetracyclines but is only able 
to achieve low levels.18,22,30 Minocycline can gain higher concentrations 
in saliva than other tetracyclines, likely explaining why it is effective at 
eliminating meningococcal carriage.47 Like tetracycline, bioavailability 
in breast milk is low due to chelation with milk.33

Drug Elimination
The tetracyclines are each eliminated slightly differently. Tetracycline 
is eliminated primarily in the kidneys, and about 30% to 60% of an 
oral dose is excreted in the urine.2,3 The drug accumulates with renal 
insufficiency, which is why it should be avoided in such patients. About 
20% to 60% is eliminated in feces.2 With doxycycline, usually less than 
30% of an oral dose is renally excreted.3,48,49 However, unlike tetracy-
cline, fecal excretion is increased in the setting of renal impairment 
and prevents accumulations of the drug. As much as 90% of doxycy-
cline can be excreted in feces. Minocycline is extensively metabolized 
in the liver to produce at least six inactive metabolites. Only about 4% 
to 19% is eliminated by the kidneys, and 20% to 34% is excreted in the 
feces.19,22,30,50

Antimicrobial Activity
The tetracyclines as a class have a wide spectrum of antimicrobial 
activity. Similar susceptibility patterns are displayed among the nong-
lycylcycline members. They have activity against many aerobic and 
anaerobic gram-positive and gram-negative bacteria, as well as intra-
cellular organisms and protozoan parasites. Because they are bacterio-
static and many organisms have developed resistance over the years, 
they have been replaced by other antibiotics as first-line therapy in the 
majority of cases. When interpreting minimal inhibitory concentration 
(MIC) results, tetracycline is generally used as the class representative. 
However, there may be times when specific testing for minocycline or 
doxycycline is warranted. Most bacterial organisms are considered 
susceptible to tetracycline when the MIC is 4 µg/mL or less. At 8 µg/
mL, tetracycline is considered intermediately active. Resistance is 
defined as 16 µg/mL or greater. Haemophilus influenzae and Strepto
coccus pneumoniae have lower MIC breakpoints, with susceptible, 
intermediate, and resistant set at 2 µg/mL or less, 4 µg/mL, and 8 µg/
mL or more, respectively. Even lower is Neisseria gonorrhoeae, with 
susceptible, intermediate, and resistant set at 0.25 µg/mL, 0.5 to 1 µg/
mL, and 2 µg/mL or more, respectively.3

Gram-Positive Bacteria
Tetracyclines possess broad activity against gram-positive organisms, 
including community-acquired Staphylococcus aureus and Streptococ
cus pneumoniae. Data from the SENTRY Antimicrobial Surveillance 
Program from 1997-1999 evaluated the susceptibilities of 15,439 
patients infected with S. aureus and 6350 infected with coagulase-
negative Staphylococcus species (CoNS).51 Samples were taken from 
various parts of the globe. In the United States, 94.2% of methicillin-
susceptible S. aureus (MSSA) strains and 83.7% of methicillin-resistant 
S. aureus (MRSA) strains were susceptible to tetracycline. Results were 
similar in isolates from Canada, whereas those obtained from Latin 
America, Europe, and the Western Pacific had much lower MRSA 
susceptibilities to tetracycline, 17.8% to 41.4%. In the United States, 
CoNS was susceptible to tetracycline in 82.9% of the oxacillin-sensitive 
strains and 79.6% of the oxacillin-resistant strains. These findings were 
similar to the other regions.51 More recent studies have also shown that 
the majority (80%) of MRSA isolates were susceptibile to doxycycline 
and minocycline.52

Reports of S. pneumoniae resistance to doxycycline range geo-
graphically from 2% to more than 20%, limiting their use for severe 
pneumococcal infections.10,53-55 Resistance may be more than 60% in 
penicillin-resistant strains.55 Among Enterococcus spp., surveillance 
data from 1997-1999 observed resistance rates approaching 50% in 
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shown to decrease matrix metalloproteinase activity in a cellular model 
and suppress mycobacterial growth in vitro and in guinea pigs.95

Among the Nocardia asteroides complex, minocycline appears to 
have the greatest activity against these and a large number of Nocardia 
farcinica isolates.10,96 Minocycline has also been shown to be more 
active than tigecycline with an MIC90 of 2 µg/mL.97

Parasites
Tetracyclines are effective but slow-acting antimalarial drugs. They 
have been shown to specifically block expression of the apicoplast 
genome in cultured Plasmodium falciparum, resulting in the distribu-
tion of nonfunctional apicoplasts into daughter merozoites.11 The tet-
racyclines have also been shown to have activity against Toxoplasma 
gondii, Giardia lamblia, Trichomonas vaginalis, Leishmania major, and 
Entamoeba histolytica.17,98-100

Clinical Uses
General
Tetracyclines had previously been widely used for an array of respira-
tory, gastrointestinal, and genitourinary tract infections. The wide-
spread increase in resistance, along with newer, more bactericidal 
drugs, has decreased the number of diseases where they are now con-
sidered to be the drugs of choice. For most diseases, the use of tetra-
cycline and doxycycline is interchangeable. Often doxycycline is the 
preferred agent because it can be given just twice a day, has fewer 
gastrointestinal side effects, and can be taken with food or milk. For a 
full table of therapeutic indications for tetracyclines, see Table 26-2.

Respiratory Tract Infections
According to the 2007 community-acquired pneumonia practice 
guidelines of the Infectious Diseases Society of America, doxycycline 
was given a weak level III recommendation as empiric monotherapy 
in the outpatient setting in previously healthy patients with no risk 
factors for drug-resistant S. pneumoniae (DRSP) infection.101 It may 
also be used as an alternative to a macrolide in combination with a 
β-lactam antibiotic for use in outpatients with comorbidities or at risk 
for DRSP, as well as those treated in inpatient non–intensive care unit 

settings.101 Doxycycline has good coverage of the atypical pathogens 
encountered, such as M. pneumoniae, L. pneumophila, C. pneumoniae, 
and C. psittaci. Increasing rates of resistance with S. pneumoniae and 
H. influ enzae limit doxycycline’s use as monotherapy. Higher doses of 
doxycycline, 200 mg every 12 hours for 72 hours followed by standard 
100 mg every 12 hour dosing, has been used to treat moderate to severe 
legionellosis.102,103 Tetracycline has been shown to be as effective as 
erythromycin for treatment of M. pneumoniae.104 The drug of choice 
for psittacosis caused by C. psittaci has been shown to be doxycycline 
and may require intravenous therapy.105-107

Gastrointestinal Tract Infections
Tetracycline has been extensively studied in the treatment of cholera, 
a Vibrio cholerae infection. Oral tetracycline has been shown to be 
effective in decreasing the amount and duration of diarrhea from 
cholera, as well as eradicating the pathogen from stool.108 It is also 
useful for prophylaxis of close contacts during an outbreak.109 Later 
studies have shown that a single dose of 1 g of tetracycline was effective 
in treating cholera.110,111 Doxycycline has been shown to be as effective 
as tetracycline with a 4-day course of each drug, although bacterial 
elimination took slightly longer.112

Second-line therapy for Helicobacter pylori infection typically 
includes a quadruple drug-based regimen with tetracycline 500 mg 
every 6 hours along with metronidazole, bismuth salt, and a proton-
pump inhibitor for 7 to 14 days. This combination has led to  
eradication rates close to 100%.113 When comparing triple- versus 
quadruple-based regimens, a meta-analysis showed equal efficacy 
when used as first-line therapy, with similar compliance and side effect 
profiles.114 Doxycycline-containing regimens with amoxicillin, bismuth 
salt, and omeprazole for 1 week have been studied as salvage regimens 
with a reported 91% eradication rate.115

Doxycycline at a dose of 100 mg daily for 3 weeks has been shown 
to be effective in preventing traveler’s diarrhea in regions with 
doxycycline-susceptible enterotoxigenic strains of Escherichia coli 
(ETEC).116 Newer data suggest that the addition of doxycycline to 
ceftriaxone offers protection against the development of Clostridum 
difficile infection (CDI). In a study of 2305 patients, the incidence of 

TABLE 26-2  Therapeutic Indications for Tetracyclines

MAJOR INDICATIONS SECOND-LINE TREATMENT PROPHYLAXIS
Anaplasma (formerly Ehrlichia) phagocytophilum infection
Anthrax inhalation, cutaneous postexposure
Bacillary angiomatosis in patients with human immunodeficiency 

virus infection (Bartonella henselae and Bartonella quintana)
Balantidium coli infection (infectious colitis)
Bartonellosis: Oroya fever and verruga peruana (Bartonella 

bacilliformis)
Brucellosis (plus rifampin, streptomycin, or gentamicin)
Cat-scratch fever (B. henselae)
Cervicitis due to Chlamydia trachomatis
Cholera
Community-acquired pneumonia
Ehrlichia chaffeensis infection
Granuloma inguinale (Klebsiella granulomatis)
Inclusion conjunctivitis (C. trachomatis)
Lyme disease (Borrelia burgdorferi)
Lymphogranuloma venereum (C. trachomatis)
Mycobacterial infections caused by Mycobacterium marinum 

and some isolates of Mycobacterium fortuitum and 
Mycobacterium chelonae

Nongonococcal urethritis
Pelvic inflammatory disease
Peptic ulcer (with other agents; Helicobacter pylori)
Periodontitis
Pneumonia caused by Chlamydia pneumoniae
Psittacosis and ornithosis (C. psittaci)
Q fever (Coxiella burnetii)
Relapsing fever, both louse- and tick-borne
Rickettsial infections (spotted fever group and rickettsialpox)
Scrub typhus (Orientia tsutsugamushi)
Trachoma (C. trachomatis)
Trench fever (B. quintana)
Urethral infections caused by C. trachomatis or Ureaplasma 

urealyticum
Vibrio vulnificus infection

Acinetobacter baumannii infections (sensitive strains)
Acne
Actinomyces israelii when penicillin is contraindicated
Acute intestinal amebiasis (as adjunct therapy)
Burkholderia mallei (glanders) infections (only in 

combination with other drugs)
Burkholderia pseudomallei (melioidosis; only in combination 

with other drugs)
Campylobacter fetus infections
Clostridium infections when penicillin is contraindicated
Dientamoeba fragilis
Eikenella corrodens infection
Filariasis
Leptospirosis if penicillin contraindicated
Mycobacterium leprae (only minocycline is active)
Nocardia (minocycline)
Pasteurella multocida
Rat-bite fever (Spirillum minus, Streptobacillus moniliformis)
Syphilis, primary and secondary (patients with penicillin 

allergy; Treponema pallidum)
U. urealyticum infection
Vincent’s angina
Whipple’s disease (Tropheryma whipplei)
Yaws caused by Treponema pertenue when penicillin is 

contraindicated

Anthrax (Bacillus anthracis)
Colonic surgery
Lyme disease, post–tick bite
Malaria
Plague (Yersinia pestis)
Traveler’s diarrhea
Treatment of asymptomatic carriers 

of Neisseria meningitidis to 
eliminate meningococci from 
the nasopharynx (minocycline)

Tularemia (Francisella tularensis)
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orally twice daily for 14 days in early syphilis was shown to be just as 
effective as penicillin in treating early syphilis.135 In human immuno-
deficiency virus (HIV)-infected individuals, doxycycline also appears 
to be effective in early syphilis with similar serologic response to 
patients given penicillin.136 In latent and neurosyphilis, five patients 
treated with doxycycline 200 mg orally twice daily for 21 days showed 
good CSF drug levels of doxycycline.43 Small case reports of HIV-
infected individuals with neurosyphilis treated successfully with oral 
doxycycline 200 mg twice daily for 28 days have been documented but 
would need further studying.137 Minocycline was studied in three 
penicillin-allergic patients with neurosyphilis, at a dose of 100 mg 
twice daily for 14 consecutive days per month for 9 months. Clinical 
improvement was noted within 1 month and there were no significant 
side effects.138 Nonvenereal treponemal infections, such as Yaws 
(caused by Treponema pallidum subspecies pertenue), Bejel or endemic 
syphilis (caused by T. pallidum subspecies endemicum), and Pinta 
(caused by T. carateum), can also be treated with tetracyclines as an 
alternative to penicillin.139

Doxycycline has been shown to be as effective as penicillin or  
cefotaxime in treating severe leptospirosis in a randomized trial in 
northern Thailand. There was no difference in mortality or time to 
defervescence among the different treatment groups.140

Malaria Treatment and Chemoprophylaxis
Doxycycline is used for both treatment and chemoprophylaxis of 
malaria. Both Plasmodium falciparum and Plasmodium vivax are sus-
ceptible to doxycycline. Along with atovaquone-proguanil and arte-
misinin compounds, the combination of quinine and doxycycline (or 
tetracycline) is recommended for treatment of chloroquine-resistant P. 
falciparum strains.141 Doxycycline is less often used to treat P. vivax 
infections due to its slower rate of parasitic clearance and limited activ-
ity in the liver stages compared with other regimens.142

As for chemoprophylaxis, doxycycline has been shown to be as 
effective as mefloquine in regions with chloroquine-resistant P. falci
parum. In two studies, doxycycline was protective in 99% to 100% 
of participants, although mefloquine was better tolerated in one 
study.143,144 Other studies have shown malaria develop in those taking 
doxycycline prophylaxis who ended therapy shortly after leaving an 
endemic area, likely due to the fact that doxycycline has limited effect 
on pre-erythrocytic liver stages of malaria.145-148 On the basis of these 
studies, it is recommended that doxycycline be taken for 4 weeks after 
returning from an endemic area.149

Other Infections
Doxycycline is the preferred agent for treating rickettsial infections 
such as Rocky Mountain spotted fever (RMSF), Mediterranean spotted 
fever, epidemic louse-borne typhus, murine typhus, scrub typhus, and 
tick typhus.87,150-153 Regimens are usually between 5 and 15 days long.87 
However, shorter courses of doxycycline may also be appropriate. A 
randomized controlled trial of 43 patients with Mediterranean spotted 
fever showed that a 2-day course of doxycycline or ciprofloxacin is 
effective, and all participants were cured. Those treated with doxycy-
cline produced more rapid defervescence.151

Brucellosis is typically treated with a 6-week course of doxycycline 
100 mg orally twice daily with either streptomycin 15 mg/kg intramus-
cularly daily for the first 2 to 3 weeks, or rifampin 600 to 900 mg daily 
for 6 weeks. This has been the long-standing recommendation by the 
World Health Organization and is still recommended as first-line 
therapy for brucellosis without serious complications.154 However, the 
doxycycline with streptomycin regimen has been shown to be superior 
with lower rates of relapse.155 In a randomized controlled study looking 
at the combination of intramuscular gentamicin 5 mg/kg daily for 7 
days with doxycycline versus standard doxycycline-streptomycin 
therapy, both arms were equivalent.156 Complications of brucellosis, 
such as spondylitis, need to be treated at least 12 weeks.157

Q fever, caused by Coxiella burnetti, ranges from a self-limiting 
febrile illness to difficult-to-treat endocarditis. Treatment with a tetra-
cycline must begin within 2 days of symptom onset to become effec-
tive.158 Doxycycline has been shown to reduce the duration of fever 
slightly better than tetracycline.159 Recommended therapy in acute 
disease is doxycycline 100 mg orally twice daily for 14 days.160 Patients 

CDI was 1.67 cases per 10,000 patient-days in those receiving doxycy-
cline along with ceftriaxone, compared with 8.11 per 10,000 patient-
days in those who did not receive doxycycline along with ceftriaxone. 
For each day of doxycycline receipt, the rate of CDI was 27% lower 
than for patients who did not receive doxycycline.117 This apparent 
protective effect of doxycycline was also observed in a large case-
control study from 1999-2005 that evaluated multiple antibiotics.118

Genitourinary Tract Infections
Doxycycline is a mainstay of treatment for nongonoccocal urethritis. 
Along with a single 1 g dose of azithromycin, doxycycline 100 mg 
orally twice daily for 7 days is recommended for treatment of uncom-
plicated C. trachomatis genital infection by the CDC’s 2010 sexually 
transmitted diseases treatment guidelines.119 Cure rates with doxy-
cycline have been reported to be 98% as compared with 97% for 
azithromycin, with similar tolerability noted.120 Even when suboptimal 
compliance with doxycycline is documented, cure rates have been 
noted to remain high at 94%.121 Other causes of nongonococcal ure-
thritis, such as Ureaplasma urealyticum and M. hominis, are responsive 
to the tetracyclines but with less consistency. Resistant strains of U. 
urealyticum have been reported.122 Mycoplasma genitalium has been 
shown to be a persistent and recurring cause of urethritis in those 
treated with doxycycline.123,124 Doxycycline is no longer recommended 
for the treatment of gonorrhea due to increasing N. gonorrhoeae 
resistance.125,126

The tetracyclines are active against the sexually transmitted infec-
tion lymphogranuloma venereum caused by C. trachomatis serovars 
L1, L2, and L3.127 Clinical manifestations include inguinal lymphade-
nopathy and proctitis. Recommended therapy is doxycycline 100 mg 
orally twice daily for 21 days.119 Granuloma inguinale (donovanosis) 
caused by Klebsiella granulomatis causes painless genital ulcerative 
disease and regional lymphadenopathy. It is rarely found in the United 
States and is endemic in certain parts of India, Papua New Guinea, 
central Australia, and southern Africa. Recommended therapy is doxy-
cycline 100 mg orally twice daily for at least 3 weeks and until all 
lesions have completely healed.119 Due to Haemophilus ducreyi resis-
tance, doxycycline is not recommended for chancroid.119

In mild to moderate pelvic inflammatory disease (PID), a combina-
tion of initial intravenous cefotetan or cefoxitin with oral doxycycline 
100 mg every 12 hours for 14 days is recommended.119 For outpatient 
treatment of mild to moderate PID, an intramuscular cephalosporin 
combined with 14 days of doxycycline with or without metronidazole 
is recommended. When comparing inpatient versus outpatient therapy 
in mild to moderate PID, there were no differences in pregnancy rates 
or recurrence of PID.128

Spirochetal Infections
The tetracyclines are often used to treat illnesses caused by spirochetal 
infections. Doxycycline (100 mg orally twice daily for 10 to 21 days), 
along with amoxicillin or cefuroxime, is recommended for treatment 
of adult patients with early localized or early disseminated Lyme 
disease, caused by Borrelia burgdorferi, associated with erythema 
migrans in the absence of specific neurologic manifestations or 
advanced atrioventricular heart block.129 This is an A1 recommenda-
tion by the Infectious Diseases Society of America. In areas where 
human granulocytic anaplasmosis (HGA) is prevalent, doxycycline is 
preferred because it will treat both Lyme disease and HGA. Lyme 
arthritis should be treated with a longer course of 1 month.130 A ran-
domized controlled study has shown that a single 200-mg dose of 
doxycycline is effective in preventing clinical Lyme disease in patients 
with an Ixodes scapularis tick bite if given within 72 hours.131 Although 
the recommended treatment of neuroborreliosis is parenteral agents, 
doxycycline 200 mg orally twice daily appears reasonable and an  
alternative for patients with a significant penicillin allergy.132 A single 
oral 100-mg dose of doxycycline or a 500-mg dose of tetracycline is 
effective in treating louse-borne relapsing fever caused by Borrelia 
recurrentis.133

Doxycycline can also be used in patients with a significant penicil-
lin allergy with treponemal infections. In primary or secondary syphi-
lis caused by Treponema pallidum, doxycycline 200 mg orally once 
daily for 14 to 28 days may be appropriate.134 A regimen of 100 mg 
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These are found primarily on mobile units such as plasmids and 
transposons.8,174,175

There are various mechanisms of resistance to the tetracyclines. In 
the clinical setting, resistance via active efflux pumps and the produc-
tion of ribosomal protection proteins are the principal mechanisms. 
Resistance can also develop via enzymatic degradation, decreased drug 
permeability, and target mutation.6

The tetracycline efflux system contains 26 different classes of efflux 
pumps that are responsible for the export of tetracycline from the cell. 
The efflux occurs due to genes encoding proteins that are members of 
the major facilitator superfamily (MFS) group of integral membrane 
transporters.176 The efflux pumps are integral membrane proteins that 
span the lipid bilayer of the inner cell membrane 12 to 14 times.6 This 
results in the export of tetracycline from the cell by an energy-
dependent process. The end effect is a reduction of intracellular con-
centration of tetracycline resulting in ribosomal protection of the 
bacteria. These pumps can be found in both gram-positive and gram-
negative bacteria and typically confer resistance to early-generation 
tetracyclines but not to doxycycline and minocycline.

Ribosomal protection proteins (RPPs) protect the ribosomes from 
the action of tetracycline. Eleven different types of RPPs have been 
identified, spanning both gram-positive and gram-negative bacteria. 
Tet(O) and tet(M) are the most prevalent and widely studied of the 
RPPs.6 The RPPs work by weakening the interaction of tetracycline 
with the ribosome, preventing tetracycline from binding.177 Thus, 
protein synthesis continues on tetracycline release. This mechanism 
generates resistance to both first- and second-generation tetracyclines 
but not to the newer third-generation glycylcyclines. Tigecycline is able 
to effectively exhibit antibacterial activity against tet(M) RPPs, likely 
due to a stronger affinity to its ribosomal target.178

Newer methods of tetracycline resistance have been identified 
through mosaic derivatives of known tetracycline resistance genes and 
are products of the RPP group of resistance determinants. At least one 
part of the gene shares more than 80% homology with a known tetra-
cycline resistance gene, while the other part shares homology with 
another known or new determinant.6 Perhaps the best described 
example is from a ribosomal protection gene tet(32) isolated from 
Clostridium strain K10. This gene shares 60% identity with tet(O).179

A less common method of tetracycline resistance is a result of drug 
inactivation by tetracycline inactivators. In the entire tetracycline 
resistome, only three genes have been associated with tetracycline 
enzyme inactivation: tet(X), tet(34), and tet(37).6 The first discovered 
was tet(X) in 1989 from a strain of B. fragilis that conferred resistance 
to E. coli when cells with the gene were grown aerobically.180 The 
gene tet(X) inactivates tetracycline by selectively adding a hydroxyl 
group to the C-11a position of the antibiotic that causes an unstable 
compound and undergoes nonenzymatic decomposition to a black 
polymer.181 Tet(X) confers resistance to first- and second-generation 
tetracyclines, as well as tigecycline. Tet(X) uses nicotinamide adenine 
dinucleotide phosphate (NADPH) in the presence of magnesium and 
converts tigecycline to 11a-hydroxytigecycline, which has a weakened 
ability to inhibit protein translation.182

Other less common methods of tetracycline resistance include 
decreased drug permeability and target mutation. Tetracyclines are 
able to pass through the lipopolysaccharide-containing outer mem-
brane of gram-negative bacteria by forming a magnesium complex 
followed by passage via porin channels. E. coli is able to overexpress 
the global activator protein MarA. This both induces the multidrug-
resistant (MDR) efflux pump AcrAB and downregulates synthesis of 
the porin channel OmpF. The net effect reduces tetracycline uptake and 
accumulation in the cell.183 Target modification has been shown in 
mutations of the 16S-rRNA of H. pylori. Studies have shown substitu-
tions of nucleotides at positions 926, 927, and 928 in tetracycline-
resistant isolates of H. pylori.184,185 These substitutions can have a 
cumulative effect on the level of tetracycline resistance.

Adverse Reactions
General
As a class, the tetracyclines are generally well tolerated. A systematic 
review between 1966 and 2003 summarized the adverse events  
(AEs) of doxycycline and minocycline. A total of 130 and 333 AEs  

with Q fever meningoencephalitis may respond to a 21-day course of 
doxycycline.161 Patients with preexisting valvular heart disease who 
contract acute Q fever are at risk of developing endocarditis, reported 
to be 39%. Therapy with doxycycline and hydroxychloroquine for 1 to 
15 months has been shown to reduce the risk of endocarditis. This 
observation has led the authors to recommend a 12-month course  
of dual therapy in such at-risk individuals.162 Doxycycline 100 mg 
twice daily with hydroxychloroquine 200 mg three times a day is  
also typically used in treatment of Q fever endocarditis. This regimen 
was shown to have fewer patients relapse than those treated with  
doxycycline combined with ofloxacin. In the doxycycline with hydro-
xychloroquine group, two patients who were treated for 12 months 
relapsed, while no patient who was treated for at least 18 months 
relapsed.163

Melioidosis, a Burkholderia pseudomallei infection, is usually 
treated initially with intravenous ceftazidime. After the induction 
phase, maintenance treatment is given for 12 to 20 weeks with a  
multidrug regimen. In an open-label, randomized study looking at 
chloramphenicol, doxycycline, and trimethoprim-sulfamethoxazole 
(TMP-SMX) versus doxycycline and TMP-SMX, the latter group was 
just as effective and better tolerated than the traditional four-drug 
group.164 However, when comparing the traditional four-drug regimen 
with doxycycline monotherapy, doxycycline was inferior.165

Acne Vulgaris
Acne vulgaris is a common adolescent disease usually treated with 
topical keratolytics for mild disease. Both doxycycline and minocycline 
are used for more severe disease as a way of treating patients with 
Propionibacterium acnes who have infected sebaceous glands in hair 
follicles. Antibiotics are usually prescribed for an average of 6 months 
and should be given for at least 2 months before considering switching 
antimicrobials due to poor therapeutic response.166 In a randomized 
placebo-controlled study, minocycline 1 mg/kg daily over 12 weeks 
significantly reduced the number of inflammatory lesions compared 
with placebo.167

Anti-inflammatory Uses
The tetracyclines have also drawn interest for their anti-inflammatory 
properties. In a randomized study of 66 patients with early seropositive 
rheumatoid arthritis, initial therapy with methotrexate (MTX) plus 
doxycycline was superior to treatment with MTX alone. The thera-
peutic responses to low-dose (20 mg twice daily) and high-dose  
doxycycline (100 mg twice daily) were similar, suggesting that the  
antimetalloproteinase effects of doxycycline were more important than 
the antibacterial effects.168 Minocycline has also been shown to be safe 
and effective for patients with mild to moderate rheumatoid arthritis, 
as well as Takayasu’s arteritis.169-171

Bioterrorism Prophylaxis
Doxycycline is active against potential bioterrorism agents, including 
B. anthracis, Yersinia pestis, Francisella tularensis, Coxiella burnetii, and 
Brucella spp. Compared with the fluoroquinolones, doxycycline is 
much less expensive and appears to have similar efficacy in most sce-
narios on the basis of clinical case studies. As a result, doxycycline 
should be considered as a first-line antibiotic in the event of a bioter-
rorism attack.172

Mechanism of Resistance
Resistance to the tetracyclines developed soon after their clinical intro-
duction. The first reported case was in 1953 by an isolate of Shigella 
dysenteriae.173 Tetracycline-resistant isolates can currently be found 
among a wide range of organisms. Increased prevalence of tetracycline 
resistance has been documented among Enterobacteriaceae, Staphylo
coccus, Streptococcus, and Bacteroides species by the 1970s, and in N. 
gonorrhoeae by the mid-1980s.8 On the other hand, obligate intercel-
lular pathogens, such as Chlamydia and Rickettsia species, have not 
been demonstrated to have significant tetracycline resistance.174

Resistance has developed among many different bacterial species  
as a result of horizontal exchange of resistance genes. There have  
been 33 distinct tetracycline-resistant genes identified, called tet 
genes, and 3 oxytetracycline resistant genes identified, called otr genes. 
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displayed a 40% reduction of normal fibula skeletal growth after receiv-
ing tetracycline.206 Fortunately, this appears to be reversible after drug 
discontinuation.

Hepatotoxicity
Even though hepatotoxicity is rarely associated with tetracycline use, 
it is potentially fatal. Hepatotoxicity has been well described with high-
dose intravenous preparations of tetracycline.207 This has led to the 
withdrawal of intravenous tetracycline from the U.S. market. Rarely, 
acute symptomatic hepatitis requiring hospitalization may develop 
with prolonged usage of oral tetracycline over a period of 10 days.208 
Doxycycline does not appear to have the same side effect profile and 
is rarely associated with significant liver toxicity.16,209

Nephrotoxicity
In the setting of impaired renal function, the tetracyclines can exacer-
bate renal malfunction by inhibiting protein synthesis. This causes a 
catabolic effect on amino acid metabolism leading to azotemia, hyper-
phosphatemia, and acidosis.210 Expired tetracycline has been shown to 
produce a reversible Fanconi-like syndrome with renal tubular acido-
sis, likely due to citric acid, which accelerates the deterioration of 
stored tetracycline.211 Current formulations of tetracycline have been 
modified so that they do not contain citric acid. Doxycycline is con-
sidered safe to use in the setting of renal impairment since it does not 
accumulate in the serum because its gastrointestinal excretion 
increases.14 The side effect of demeclocycline, which causes nephro-
genic diabetes insipidus, is used to treat the chronic syndrome of inap-
propriate antidiuretic hormone secretion.7

Neurotoxicity
Central nervous system effects have been described the most with 
minocycline. Minocycline has been noted to cause reversible dizziness, 
vertigo, tinnitus, and lack of concentration. Vestibular side effects have 
been reported to be higher in women (70.4%) than men and are usually 
seen by the third day.190 Pseudotumor cerebri, or idiopathic intracra-
nial hypertension, has been noted with prolonged usage of minocy-
cline, as well as tetracycline and doxycycline.212-216 Symptoms may 
occur within 2 weeks to 6 months of therapy. Withdrawal of the offend-
ing antibiotic and treatment for increased intracranial pressure should 
lead to resolution of the pseudotumor cerebri syndrome, but visual 
field loss may persist.

Hypersensitivity Reactions
Hypersensitivity reactions are uncommon but appear to occur more 
frequently with minocycline.187 They can range from urticaria, facial 
edema, drug-induced auto-immune disease, and rarely anaphylaxis. 
Minocycline has been associated with drug-induced autoimmune dis-
orders, the most common being drug-induced lupus.217 Rare cases of 
anaphylaxis have been reported with administration of tetracycline to 
a penicillin-allergic patient.218 Stevens-Johnson syndrome due to doxy-
cycline is also rare but has been reported.219 Cross-allergic reaction 
occurs between different drugs in this class. A patient with a hyper-
sensitivity reaction to one antibiotic should be considered hypersensi-
tive to all tetracyclines.

Teratogenicity
The tetracyclines are able to cross the placenta into the fetus. In a 
review of 18,515 pregnancies with congenital abnormalities, 0.3% were 
exposed to doxycycline. This was slightly higher than 0.19% of the 
32,804 pregnancies without congenital abnormalities that were exposed 
to doxycycline. The conclusion of the study was that doxycycline poses 
little, if any, teratogenic risk to a fetus and there should be no contra-
indication to its use in pregnancy.220 A more recent study of 1795 
pregnancies exposed to doxycycline showed that there was no increase 
in risk of fetal abnormalities.221 The tetracyclines are still generally 
avoided in pregnancy due to their potential to stain teeth and cause 
enamel hypoplasia.

Drug and Food Interactions
Significant interactions between tetracyclines and other drugs or food 
are summarized in Table 26-3.

were published in case reports of doxycycline and minocycline,  
respectively. In 24 doxycycline clinical trials (n = 3833) and 11 mino-
cycline trials (n = 788), the ranges in incidence of AEs were 0% to 61% 
and 11.7% to 83.3%, respectively. The most common AEs encountered 
with doxycycline were gastrointestinal. Central nervous system and 
gastrointestinal AEs were most common with minocycline. The inci-
dence of AEs with either drug is very low, but doxycycline had fewer 
reported AEs.186

In a more recent French review, adverse drug reactions (ADRs) of 
the tetracyclines were reviewed between 1985 and 2007. Minocycline-
associated ADRs were more serious and were reported more frequently 
than for the other tetracyclines. Minocycline and doxycycline ADR 
patterns differed. With doxycycline, gastrointestinal disorders (espe-
cially esophageal lesions) predominated. Intracranial hypertension and 
hepatic disorders were primarily reported with minocycline. Autoim-
mune disorders, drug reaction with eosinophilia and systemic symp-
toms, and other hypersensitivity reactions were also more frequent 
with minocycline. These findings led to the recommendation that 
minocycline should no longer be considered first-line therapy for 
inflammatory skin disorders, especially acne.187

Gastrointestinal Side Effects
As a class, nausea, vomiting, diarrhea, heartburn, and epigastric  
pain are common with the tetracyclines. As stated earlier, gastrointes-
tinal side effects are clearly the most common side effect of doxycy-
cline, including pill esophagitis. Prolonged retention of the capsule  
in the esophagus, along with the high acidity of doxycycline in solu-
tion, is the likely cause of esophageal ulceration, and patients should 
drink at least 100 mL of water while standing upright for at least  
90 seconds.188,189 Patients with esophageal strictures should not take 
doxycycline. Diarrhea may occur with doxycycline, but there appears 
to be a reduced risk of C. difficile infection.117,118 Minocycline also com-
monly causes nausea, but vomiting, diarrhea, and esophageal ulcer-
ations occur much less frequently.186,190

Photosensitivity and Hyperpigmentation
A photosensitive rash commonly occurs in sun-exposed areas of 
patients taking tetracyclines.186,187 This is caused by radiant-exposure-
dependent inhibition of cellular incorporation of thymidine.191 This 
reaction occurs as a result of drug accumulation in the skin and is 
phototoxic. This may occur shortly after exposure to the sun and can 
persist for a few days after the drug is discontinued. Severe cases may 
be associated with edema, papules, vesiculations, and onycholysis.192

Hyperpigmentation of various body parts has been well described 
with the tetracyclines, particularly minocycline.186 Different types of 
cutaneous pigmentation have been described. It can cause a blue-black 
discoloration that occurs at sites of prior inflammation or scarring, a 
blue-black or gray localized macular pigmentation on normal arm 
skin, and a muddy-brown pigmentation predominantly on sun-
exposed areas.193,194 Blue-black discoloration of gums secondary to 
bone pigmentation that is visible through nonpigmented oral mucosa 
has been described with long-term use of minocycline and appears to 
be permanent.195-197 Asymptomatic black pigmentation of the thyroid 
associated with minocycline has also been reported.198,199

Teeth and Bone
Tetracyclines deposit in teeth and bones as a result of chelation of 
tetracycline with calcium. The teeth can become stained due to the 
formation of tetracycline-calcium orthophosphate complexes that 
darken with sun exposure.200,201 This phenomenon is mostly cosmetic, 
but it may also cause demineralization and enamel hypoplasia leading 
to tooth decay.202 Enamel hypoplasia has been most commonly 
described in premature infants.203 Doxycycline has a lower potential 
for teeth and bone deposition than the other tetracyclines because of 
its lower avidity for calcium. The degree of teeth discoloration is 
dependent on the total amount of tetracycline product administered.204 
Children receiving tetracycline early in life tend to have deposition in 
their deciduous teeth. This can also occur in developing fetuses when 
their mother receives tetracycline during pregnancy, particularly after 
the 25th week of gestation.205 Tetracycline has also been noted to 
inhibit bone growth in infants receiving the drug. Premature infants 
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TABLE 26-3  Significant Food–Drug and Drug–Drug Interactions with Tetracyclines

INTERACTING AGENT EFFECT COMMENTS
Food Tetracycline

Food may reduce absorption by 50% Bioavailability is 60%-80% when taken on an empty stomach

Doxycycline

Absorption may be reduced by up to 20% when 
taken with food or milk

Food effect not clinically significant

Minocycline

Absorption may be reduced by up to 20% when 
taken with food or milk

Food effect not clinically significant

Divalent or trivalent cations: 
aluminum, calcium, 
magnesium, iron, zinc

Significant reduction of all tetracycline absorption Should not be administered concurrently with foods or drugs containing 
divalent or trivalent cations (i.e., antacids, sucralfate, didanosine, 
multivitamins)

Kaolin and pectin Significant reduction of tetracycline absorption

Bismuth subsalicylate Significant reduction of tetracycline absorption Separate administration of tetracycline from divalent or trivalent cations by 2 hr

Sodium bicarbonate May decrease absorption of tetracycline

Cimetidine Decreased tetracycline absorption Effect not clinically significant

Carbamazepine, phenytoin, 
barbiturates

Decreased half-life of doxycycline Increases hepatic metabolism

Chronic ethanol ingestion Decreased half-life of doxycycline but not tetracycline Possible mechanism: induction of hepatic microsomal enzymes

Methoxyflurane or 
fluorinated anesthetic

Nephrotoxicity when administered with tetracycline 
agents

Diuretics Increased blood urea nitrogen Volume depletion may increase the nephrotoxic effects of tetracycline by 
unknown mechanisms

Oral anticoagulants Increased risk of bleeding Tetracyclines may impair utilization of prothrombin and may decrease vitamin K 
production by intestinal bacteria; tigecycline decreases warfarin clearance, 
although a study found no effect in healthy volunteers

Oral contraceptives Reduced levels when administered with tetracyclines Women should use an additional (mechanical) form of birth control
Possible mechanism: reduction in bacterial hydrolysis of conjugated estrogen in 

the intestine

Anti-infectives May reduce antimicrobial activity of aminoglycosides 
and penicillins

Rare reports of in vitro antagonism
Some clinicians recommend that the drugs not be used concomitantly

GLYCYLCYCLINES
Tigecycline
Glycylcyclines are a novel class of antibacterial drugs that have been 
developed to combat the emergence of resistant organisms. Tigecycline 
is the first member of the class to be approved by the FDA in June 2005. 
It was originally approved for the treatment of complicated skin and 
skin structure infections (cSSSIs), as well as complicated intra-
abdominal infections (cIAIs) based on noninferiority studies.222,223 In 
March 2009, tigecycline was approved for the treatment of community-
acquired bacterial pneumonia (CAP) based on comparable cure rates 
in patients treated with levofloxacin.224,225 Tigecycline is considered 
bacteriostatic and is active in vitro against a broad range of resistant 
aerobic and anaerobic bacteria. Recently, the FDA has issued a warning 
of an increased risk of death with tigecycline compared with other 
antibiotics used to treat similar infections based on the pooled analysis 
of 13 clinical trials.226 In 2013, the FDA approved a new boxed warning 
about this risk of death and warned health care professionals to reserve 
tigecycline for use in situations when alternative treatments are not 
suitable.226a

Structure and Mechanism of Action
Tigecycline is a semisynthetic derivative of minocycline. It has an 
N-alkyl-glycylamido moiety attached to the 9-position of minocy-
cline.227 (See Fig. 26-1 for molecular structure.) The design is based on 
the premise that a peptide substituent would enhance ribosomal per-
meation and binding. The 9-glycyl substitution results in steric hin-
drance that enables tigecycline to overcome the two major types of 
tetracycline resistance: tetracycline-specific efflux pumps and ribo-
somal protection.228

Tigecycline’s antibacterial mechanism of action is similar to that of 
older tetracyclines. It works by inhibiting bacterial protein synthesis 
by binding to bacterial 30S ribosomal subunits, ultimately blocking 
entry of aminoacyl transfer RNA molecules into the A site of the  
ribosome. This prevents amino acids from incorporating into elongat-
ing peptide chains, thus inhibiting protein synthesis.228,229 Like other 

tetracyclines, tigecycline is considered bacteriostatic because its inter-
action with the ribosome is reversible.8 Because glycylcyclines bind five 
times stronger to the ribosome than tetracyclines, they are able to 
overcome the ribosomal protection mechanism of the tetracycline 
resistome.230,231

Pharmacology
Administration and Dosing
Tigecycline is only available in intravenous formulation due to its poor 
oral absorption. The recommended dosage is an initial dose of 100 mg, 
followed by 50 mg every 12 hours. Intravenous infusions should be 
administered over approximately 30 to 60 minutes. According to the 
package insert, the recommended duration of treatment for compli-
cated skin and skin structure infections or for complicated intra-
abdominal infections is 5 to 14 days. The recommended duration for 
treatment of community-acquired bacterial pneumonia is 7 to 14 days. 
It has not been studied in children younger than the age of 18.232

In patients with renal impairment, no dose adjustment is necessary. 
In a pooled pharmacokinetic evaluation of tigecycline in healthy adult 
volunteers and in those with renal impairment, tigecycline had mostly 
linear pharmacokinetics across all dose ranges. Tigecycline is also not 
significantly removed by hemodialysis.233

In patients with mild-moderate hepatic impairment (Child-Pugh 
A and B), no dose adjustment is necessary. In patients with severe 
hepatic impairment (Child-Pugh C), the recommended dosage is an 
initial dose of 100 mg, followed by a reduced maintenance dose of 
25 mg every 12 hours. These patients should be treated with caution 
and monitored closely. In a study looking at various stages of liver 
dysfunction, patients with moderate liver disease had systemic clear-
ance reduced by 25%, and the half-life was increased by 23%. In 
patients with severe liver disease, they had decreased systemic clear-
ance by 55% and the half-life was increased by 43%.234

There do not appear to be any significant differences in tigecycline 
pharmacokinetic parameters on the basis of age, sex, or weight. There-
fore, no dose adjustment appears necessary.235
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Drug Elimination
The primary route of elimination for tigecycline is biliary excretion  
of unchanged tigecycline and its metabolites. Using radiolabeled 
14C-tigecycline, studies have shown elimination primarily by the liver 
via biliary excretion of unchanged tigecycline in the feces (59%). Gluc-
uronidation and renal excretion of unchanged tigecycline are second-
ary routes. 32% of tigecycline is eliminated in the urine.236,242

Antimicrobial Activity
Tigecycline has antibacterial activity against a wide variety of aerobic 
and anaerobic bacteria. For reference to MIC cutoff values for various 
clinically relevant species, see Table 26-4.

Gram-Positive Bacteria
Tigecycline is active against many Staphylococcus, Enterococcus, and 
Streptococcus species, including organisms resistant to many other 
classes of antibiotics. Among S. aureus, tigecycline has shown potent 
activity among both methicillin-sensitive and methicillin-resistant 
strains.243-245 Tigecycline has also been shown to be highly active 
against community-acquired MRSA strains as seen in a study of 1989 
isolates with a susceptibility rate of 98.2%.246 In a recent European 
survey of common skin and skin structure pathogens, all MRSA iso-
lates were susceptible to tigecycline.247 Staphylococcus epidermidis has 
also been shown to be susceptible to tigecycline, including strains that 
are erythromycin resistant.248

Absorption and Bioavailability
Tigecycline has limited oral bioavailability; hence, it is only available 
in intravenous preparations. Food does not significantly alter pharma-
cokinetics and may lessen the amount of nausea and vomiting seen as 
a side effect. The half-life of tigecycline ranges from 37 to 67 hours.236

Drug Distribution
In vitro plasma protein binding of tigecycline is 71% to 89%, and the 
volume of distribution is 7 to 10 L/kg, indicating extensive distribution 
into the tissues.236 After a 100-mg dose, serum concentrations are about 
1.5 µg/mL.237 Following standard dosing to 33 healthy volunteers, the 
tigecycline area under the curve (AUC)0-12 h in alveolar cells was 78-fold 
higher than the AUC0-12 h in the serum. In epithelial lining fluid, the 
AUC0-12 h was about 32% higher than in the serum.232,238 In a 100-mg 
single-dose study of patients undergoing elective surgery or a medical 
procedure for tissue extraction, various tissue concentrations were 
measured. Tissue penetration, expressed as the ratio of AUC0-24 h in 
tissue or body fluid to serum, was 537 for bile, 23 for gallbladder, 2.6 
for colon, 2.0 for lung, 0.41 for bone, 0.31 for synovial fluid, and 0.11 
for CSF.239 In the urine, after a 100-mg dose of tigecycline, urinary 
concentrations are about 0.3 µg/mL.237 However, clinical trials in 
urinary tract infections were abandoned on precompletion review 
because there was limited urinary recovery of active drug.240 Like the 
earlier-generation tetracyclines, tigecycline displays a time-dependent 
killing pattern and exhibits a considerable postantibiotic effect.241

TABLE 26-4  Overview of the MIC50 and MIC90 Ranges, and the Wild-Type Cutoff Values for Various Species 
That Are Clinically Relevant for Tigecycline Use

MIC50 (µg/mL) MIC90 (µg/mL) RANGE (µg/mL) EUCAST WILD-TYPE CUTOFF
Gram-Positive Bacteria
Staphylococcus aureus, methicillin-resistant 0.12-0.25 0.25-0.5 0.06-1 0.25

S. aureus, methicillin-sensitive 0.12 0.12-0.5 ≤0.06-1 0.25

Staphylococcus epidermidis, methicillin resistant 0.12-0.25 0.25-0.5 ≤0.06-2 0.5

S. epidermidis, methicillin-sensitive 0.12-0.25 0.25-0.5 0.06-2 0.5

Enterococcus faecalis, vancomycin susceptible ≤0.06-0.12 0.12-0.25 ≤0.06-2 0.25

Enterococcus faecium, vancomycin susceptible ≤0.06 ≤0.06-0.25 ≤0.06-2 0.25

E. faecium, vancomycin resistant ≤0.06 ≤0.06-0.12 0.25

Streptococcus pyogenes 0.06 0.06-0.12 0.06-0.5 0.125

Streptococcus agalactiae 0.03-0.06 0.12-0.25 0.03-1 0.25

Streptococcus pneumoniae ≤0.03-0.12 0.06-0.5 ≤0.06-1 0.125

Gram-Negative Bacteria
Enterobacteriaceae 0.5 1 0.04-16 —

Enterobacter spp. 0.5 1-2 0.06-8 —

Enterobacter cloacae 0.5-1 1-2 0.5-16 2

Enterobacter aerogenes 0.5-1 1-2 0.06-16 2

Escherichia coli 0.12-0.25 0.25-0.5 0.03-4 1

Haemophilus influenzae 0.12-0.5 0.25-1 ≤0.008-2 1

Klebsiella spp. 0.5 1-2 0.5-8 2 (K. pneumoniae)

Klebsiella pneumoniae ESBL+ 1 2 0.12-8 —

Moraxella catarrhalis 0.06-0.12 0.12-0.25 ≤0.03-0.5 0.125

Morganella morganii 2 4 1-8 8

Proteus spp. 4 4-8 1-16 4/8

Serratia spp. 1-2 1-4 0.5-16 4

Stenotrophomonas maltophilia 0.38-1 1.5-4 0.25-8 4

Pseudomonas aeruginosa 8-16 16-≥32 0.12-64 64

Acinetobacter spp. 0.5-3 1-6 0.03-8 —

Anaerobic Bacteria
Bacteroides fragilis group 0.5-1 0.5-8 0.06-32 —

Clostridium difficile 0.06-0.12 0.06-0.25 ≤0.06-2 —

Clostridium perfringens 0.12 1 0.06-2 —

Fusobacterium spp. 0.03-0.12 0.06-0.12 ≤0.015-0.25 —

Peptostreptococcus spp. 0.06 0.06-0.125 0.06-0.12

ESBL, extended-spectrum β-lactamase; EUCAST, European Committee on Antimicrobial Susceptibility Testing; MIC, minimal inhibitory concentration.
From Nabuurs-Franssen M, Mouton JW. Tigecycline. In: Grayson ML, ed. Kucers’ The Use of Antibiotics. 6th ed. London: Hodder Arnold/ASM Press; 2010:881-892.
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for meropenem and tigecycline. Of note, tigecycline showed the lowest 
MIC90 against C. difficile (0.25 mg/L).271

Atypical Bacteria
Tigecycline is highly active against C. pneumoniae, C. trachomatis, M. 
pneumoniae, and M. hominis.79,272 It is less active against U. urealyticum 
than tetracycline, with an MIC90 of 8 µg/mL.272 In a guinea pig model, 
tigecycline was shown to be as effective as erythromycin against L. 
pneumophila, but the drug was inactivated by test medium that con-
founded susceptibility data. Tigecycline prevented death in the study, 
but treated guinea pigs were noted to have residual bacterial concentra-
tions in the lungs, suggesting tigecycline may not be the drug of choice 
for severe legionnaires’ disease and would require prolonged therapy.273

Mycobacteria and Nocardia
The rapidly growing mycobacteria (RGM) appear to be highly sensitive 
to tigecycline. In two separate studies, every RGM isolate, mostly con-
sisting of M. fortuitum, M. abscessus, and M. chelonae, was susceptible 
to tigecycline.91,274 All slowly growing nontuberculous mycobacteria, 
including M. avium complex, Mycobacterium lentiflavum, M. marinum, 
and M. kansasii, are resistant to tigecycline.91 There are no data for M. 
tuberculosis. Tigecycline has modest activity against Nocardia spp. with 
an MIC90 of 4 µg/mL. By comparison, minocycline has an MIC90 of 
2 µg/mL.97

Clinical Uses
Tigecycline is currently FDA approved for three indications: treatment 
of complicated skin and skin structure infections (cSSSIs), complicated 
intra-abdominal infections (cIAIs), and community-acquired bacterial 
pneumonia (CAP). It is also used off label for many other disease 
processes.

Skin and Skin Structure Infections
Several clinical studies have compared tigecycline to a combination of 
vancomycin and aztreonam for up to 14 days for the treatment of skin 
and skin structure infections. Similar results have been seen across 
studies that have shown tigecycline to be noninferior. Among the clini-
cal modified intent-to-treat populations, tests of cure were between 
73.3% and 84.3% for tigecycline and between 66.6% and 86.9% for the 
vancomycin/aztreonam group. Tests of cure for the clinically evaluable 
populations were 78.6% to 89.8% and 75.8% to 95%, respectively. An 
increased amount of nausea and vomiting was consistently seen in the 
tigecycline group, while rash and elevated transaminases were consis-
tently seen in the vancomycin/aztreonam group.222,275-278 In the largest 
study, no differences were noted in clinical cure rates between patients 
who were bacteremic (86% vs. 87.5%). Tigecycline had equal efficacy 
in patients with monomicrobial and polymicrobial infections.222

Intra-abdominal Infections
Tigecycline is an attractive option to treat complicated intra-abdominal 
infections because its broad spectrum of activity is favorable against a 
potentially polymicrobial infection. In two large studies of complicated 
intra-abdominal infections, tigecycline was compared with imipenem/
cilastatin for 5 to 14 days of treatment. Complicated appendicitis was 
the most common infection, followed by complicated cholecystitis. 
APACHE II scores were similar, and less than 4% of patients had scores 
over 15. Clinical cure rates were 86.1% for tigecycline and 86.2% for 
imipenem/cilastatin, meeting noninferiority criteria. There was no dif-
ference in cure rates between the two drugs for monomicrobial versus 
polymicrobial infections. Clinical cure rates for bacteremia were also 
similar (82% vs. 80%, respectively). The most common organisms were 
E. coli, Streptococcus anginosus group, and Bacteroides fragilis. Only 
vancomycin-susceptible isolates were included. Eradication rates were 
similar for ESBL-producing bacteria. Nausea and vomiting were more 
frequent in the tigecycline group.223,279 In a more recent Chinese study 
comparing the same two agents for up to 2 weeks, 86.5% (45 of 52) of 
tigecycline and 97.9% (47 of 48) of imipenem/cilastatin-treated patients 
were cured at the test-of-cure assessment (12 to 37 days after therapy).280

Two other studies have compared tigecycline with a combination 
of ceftriaxone plus metronidazole for complicated intra-abdominal 
infections. Clinical cure rates were between 70.4% and 81.8% in the 

Tigecycline is also highly active against Enterococcus spp., including 
strains resistant to vancomycin. In a study of 97 vancomycin-resistant 
isolates, tigecycline was equally active against all VanA, VanB, and 
VanC phenotypes of glycopeptide resistance of enterococci.249 In the 
recent Tigecycline Evaluation and Surveillance Trial (TEST) program 
that took place from 2004-2009 looking at various antimicrobials 
against Enterococcus faecalis and Enterococcus faecium, all 2068 isolates 
of E. faecalis were susceptible to tigecycline in various European coun-
tries. Only 2 out of 893 (0.2%) of E. faecium isolates were resistant to 
tigecycline.250 In a Korean study, 4 out of 2005 (0.2%) of vancomycin-
resistant enterococci (VRE) isolates were resistant to tigecycline.251

Streptococci have also been shown to be highly susceptible to tige-
cycline, including bloodstream isolates of viridans group streptococci 
species.252 Tigecycline has shown excellent activity against β-hemolytic 
streptococci as well.253 Tigecycline was twofold to fourfold more active 
than comparator agents against all 435 isolates of S. pneumoniae 
studied in the global TEST program, including those that were penicil-
lin resistant and penicillin intermediate. Against the penicillin-
susceptible S. pneumoniae isolates, tigecycline was less active than 
β-lactam agents.254 In another study, tigecycline was noted to be bac-
tericidal against 11 of 12 strains of S. pneumoniae.255

Tigecycline has also been shown to be highly active against Listeria 
monocytogenes and coryneform bacteria.256

Gram-Negative Bacteria
Tigecycline has good activity against most Enterobacteriaceae with the 
exception of most strains of Proteus spp. and Providencia spp., as well 
as many strains of Morganella spp.253,257,258 Enterobacteriaceae that have 
developed resistance to tetracycline remain susceptible to tigecycline 
as it remains stable and largely unaffected by the commonly occurring 
efflux and ribosomal protection resistance mechanisms. In a large 
global study, tetracycline-resistant populations demonstrated only 
modest decreases in potency to tigecycline, which appeared to be 
species dependent (up to twofold only for E. coli, Salmonella spp., 
Shigella spp., and Pantoea agglomerans and up to fourfold for Klebsiella 
spp., Enterobacter spp., and Citrobacter spp.259 Other resistance mecha-
nisms, such as extended-spectrum β-lactamase (ESBL) production, 
AmpC hyperproducers, carbapenemase-producing Enterobacteria-
ceae, serine- and metallo-β-lactamases, fluoroquinolone resistance, 
fluoroquinolone/ampicillin resistance phenotype, fluoroquinolone/
trimethoprim-sulfamethoxazole resistance phenotype, and isolates 
with MDR phenotypes, do not have an influence on the MIC value of 
tigecycline.238,259-262

Tigecycline has good activity against most nonfermenting gram-
negative bacilli with the notable exception of Pseudomonas aeruginosa. 
It remains one of the most active agents against Acinetobacter 
spp.254,257,263 Although most studies have noted a high level of Acineto
bacter spp. susceptibility to tigecycline, one study in Israel noted that 
of 82 isolates, 66% were resistant, 12% were intermediate, and just 22% 
were susceptible to tigecycline.264 In the United States, most antimicro-
bial agents have shown reduced susceptibility to A. baumannii over 
recent years, including tigecycline.263 S. maltophilia has been shown to 
be highly susceptible to tigecycline in vitro. In a large global survey of 
1586 isolates, 95.5% were susceptible to tigecycline, which was second 
only to TMP-SMX (96%).265

In another global study, 1220 strains of H. influenzae, 495 strains 
of Moraxella catarrhalis, and 17 strains of Neisseria meningitidis were 
all susceptible to tigecycline.266 Brucella melitensis is highly susceptible 
to tigecycline both in vitro and in blood and bone marrow cultures of 
adult patients with acute brucellosis.267-269 Tigecycline has reduced 
activity against Burkholderia cepacia.231

Anaerobic Bacteria
Tigecycline is active against most gram-positive and gram-negative 
anaerobes. In vitro activities of tigecycline were tested against 831 
isolates of the B. fragilis group representing all of the species within the 
group. Tigecycline was more active than clindamycin, minocycline, 
and cefoxitin and less active than imipenem or piperacillin-tazobactam 
against all isolates of the B. fragilis group.270 In the European TEST 
program looking at Bacteroides, Prevotella, Anaerococcus, Clostridium, 
Finegoldia, and Peptostreptococcus, the lowest MIC values were noted 
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microbiologically evaluable population (n = 117) were 81.4% (70/86 
patients) with tigecycline and 83.9% (26/31 patients) with vancomycin. 
Most infections were cSSSI. There were only 15 patients enrolled with 
VRE and the authors were not able to draw any conclusions.291 In a 
report of 110 cancer patients who developed serious infections, 64% 
were noted to have a clinical response when treated with tigecycline 
(92% were treated in combination with an antipseudomonal agent). 
Interestingly, more patients with bacteremia than pneumonia had 
clinical response (79% vs. 51%). Mortality rates of those with pneumo-
nia were 44%, compared with 16% with bacteremia.292

Clinical trials that have looked at using tigecycline for urinary tract 
infections were abandoned on precompletion review because there was 
limited urinary recovery of active drug.240 In a retrospective cohort 
study of carbapenem-resistant K. pneumoniae bacteriuria, usages of 
tigecycline, polymyxin B, and an aminoglycoside were compared. The 
microbiologic clearance rate was 88% in the aminoglycoside cohort  
(n = 41), 64% in the polymyxin B (n = 25), 43% in the tigecycline 
(n = 21), and 36% in an untreated cohort.293 Success with tigecycline 
for treating MDR K. pneumoniae and A. baumannii has been reported 
by using “high-dose” tigecycline, with initial doses between 200 and 
400 mg and subsequent maintenance doses of 100 to 200 mg every  
24 hours.237

Currently there are no clinical trials evaluating tigecycline for the 
treatment of C. difficile infections (CDIs). There have been six case 
reports where tigecycline (alone or in combination with other CDI 
therapies) was used for the treatment of CDI that was refractory to 
metronidazole or vancomycin, or both (except 1 case). Each case 
reported treatment success following initiation of tigecycline therapy, 
which lasted for 2 to 4 weeks. One patient died following a compli-
cated hospitalization. None of these patients experienced recurrence 
during follow-up of various lengths.294 In another case report, a 
70-year-old man died after receiving 3 weeks of tigecycline (along  
with metronidazole, vancomycin, and intravenous immunoglobulin) 
for CDI after developing complications such as Proteus mirabilis 
bacteremia.295

Mechanism of Resistance
Tigecycline remains active against bacteria that contain efflux-mediated 
resistance to tetracyclines. This is likely a result of the efflux pump’s 
ineffectiveness in transporting tigeclycine out of the cell, or from the 
inability of tigecycline to induce efflux proteins.296,297 There is also cur-
rently no evidence of gene mutations coding for RPPs for the tet family 
(tet M, O, S) for reduced susceptibility to tigecycline.

The most common intrinsic tigecycline resistance observed in P. 
mirabilis and Morganella morganii is drug recognition and upregula-
tion by the AcrAB and MexAB-OprM efflux pumps, which typically 
confer multidrug resistant phenotypes.298,299 Overexpression of these 
pumps is also associated with the development of resistance to other 
gram-negative bacteria. P. aeruginosa is intrinsically resistant to tige-
cycline as a result of the MexXY multidrug efflux pump.300

The overexpression of mepA, a novel MATE family efflux pump, 
may contribute to decreased activity of tigecycline against S. aureus.301

Adverse Reactions
Gastrointestinal Side Effects
As with older tetracyclines, the most commonly reported adverse reac-
tions to tigecycline are gastrointestinal related. As seen in multiple 
phase 3 clinical trials, nausea (26%) and vomiting (18%) were the most 
reported side effects.222,223,232,275,302 The majority of these symptoms 
(95%) were mild-moderate and occurred after 1 to 2 days of therapy. 
The side effects are dose related because 100 mg was the highest dose 
tolerated in fasting healthy subjects and 200 mg was the highest dose 
tolerated with food.236 Less-reported side effects are anorexia, dry 
mouth, dysgeusia, and loose stool.238

Hepatotoxicity and Pancreatitis
Transient elevations in transaminases and alkaline phosphatase levels 
have been seen.303 However, in phase 3 clinical trials, the incidence of 
increased liver function tests was significantly lower with tigecycline 
than for comparator drugs.222,224 Case reports of mild tigeycline-
induced acute pancreatitis have also been reported.304

tigecycline group and 74.3% and 79.4% in the ceftriaxone/metronidazole 
group, again displaying noninferiority.281,282

Respiratory Tract Infections
Tigecycline has been approved for the treatment of community-
acquired bacterial pneumonia. It has been compared with levofloxacin 
in multiple studies with treatment durations between 7 and 14 days 
and Fine Pneumonia Severity Index scores typically from II to IV. 
Among the clinical modified intent-to-treat populations, tests of cure 
were between 78.7% and 84.4% for tigecycline and between 77.8% and 
82.1% for the levofloxacin group. Tests of cure for the clinically evalu-
able populations were 88.9% and 90.6% and 85.3% and 87.2%, respec-
tively. All trials met noninferiority criteria for tigecycline. As with 
other clinical trials, more patients tended to have nausea and vomiting 
in the tigecycline groups.224,225,283,284

Tigecycline has also been looked at for treating ventilator-associated 
pneumonia (VAP) and hospital-acquired pneumonia (HAP). In a ret-
rospective review of 117 patients with VAP treated with tigecycline,  
74 (63%) were determined to have clinical success deemed by the 
physician. About half of the patients had a microbiologic diagnosis, 
and of those the most common organisms were Acinetobacter spp. 
(69%) and MRSA (22%). Eighty-four percent of the cases with Acineto
bacter spp. were carbapenem resistant. Global mortality proportion 
was 33%.285 In a phase 3, randomized, controlled trial involving 945 
patients, tigecycline was compared with imipenem/cilastatin for the 
treatment of HAP. Cure rates were 67.9% for tigecycline and 78.2%  
for imipenem/cilastatin in the clinically evaluable group and 62.7% 
and 67.6% in the clinical modified intent-to-treat group, respectively. 
A statistical interaction occurred between VAP and non-VAP sub-
groups, with significantly lower cure rates in tigecycline-treated VAP 
patients compared with imipenem; in non-VAP patients, tigecycline 
was noninferior to imipenem. Overall mortality did not differ between 
the tigecycline (14.1%) and imipenem/cilastatin regimens (12.2%), 
although more deaths occurred in VAP patients treated with tigecy-
cline than imipenem/cilastin.286

Other Uses
Tigecycline is also used for many off-label indications. In an early-use 
registry of 113 patients, 22% received tigecycline for approved indica-
tions, and 78% for off-label indications (56% with scientific support 
and 22% with limited or without any scientific support).287

Although there are no randomized prospective trials looking at the 
use of tigecycline for bacteremia, secondary bacteremia in prior clini-
cal trials has been analyzed. Pooled data from subjects enrolled for 
treatment of cSSSI, cIAI, or CAP presenting with bacteremia from 7 
double-blind and one open-label trial of tigecycline compared with 
vancomycin-aztreonam, imipenem/cilastatin, levofloxacin, vancomy-
cin, or linezolid were analyzed. 170 subjects were identified, and clini-
cal cure rates were 81.3% and 78.5% for tigecycline and the comparator, 
which did not achieve significance. Nine patients treated with tigecy-
cline were noted to have persistent bacteremia, as compared with one 
in the comparator group.288

Tigecycline, in a solution with N-acetylcysteine and heparin, was 
evaluated as a catheter-lock solution for catheter salvage in patients 
with hemodialysis catheter-associated bacteremia. Eighteen case 
patients received the catheter-lock solution for 14 days plus systemic 
antibiotic therapy. Treatment was successful for 15 (83%) of the 18 case 
patients within 90 days of follow-up.289

In critically ill patients who have developed bacterial infections 
with multidrug resistance, tigecycline remains an attractive option due 
to its ability to maintain in vitro activity. A phase 3, open-label, non-
comparator study evaluated tigecycline in patients with selected serious 
infections caused by resistant gram-negative bacteria, treatment fail-
ures who had received prior antimicrobial therapy, or patients unable 
to tolerate other appropriate antimicrobials. Infections included cSSSI, 
cIAI, CAP, HAP, VAP, and bacteremia (including catheter-associated). 
Clinical cure rate was 72.2%, and the microbiologic eradication rate 
was 66.7%.290 Another phase 3 study compared the safety and efficacy 
of tigecycline with vancomycin or linezolid in hospitalized patients 
with MRSA or VRE infections. Infections included cSSSI, cIAI, pneu-
monia, and bacteremia. For MRSA infection, clinical cure rates in the 
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FIGURE 26-2 Chemical structure of chloramphenicol. 

H. influenzae.316 It has been postulated that the dose-related bone 
marrow suppression of chloramphenicol is caused by its inhibition  
of protein synthesis in mammalian mitochondria, which contain 70S 
ribosomes.317

Pharmacology
Administration and Dosing
Chloramphenicol is available in multiple formulations. Oral prepara-
tions are 250-mg capsules and a 150-mg/mL palmitate solution. In the 
United States, the oral preparations have not been manufactured since 
1991. Intravenous preparations come in 1-g vials of sodium succinate 
powder for reconstitution. Infusions in adults are generally adminis-
tered over a period of 30 minutes. There is an otic topical formulation 
that is a 0.5% otic solution, which is not available in the United States. 
There are a few different ophthalmic preparations: 0.5% solution, 1% 
ointment, and 25 mg/vial powder for ophthalmic solution. Only the 
ointment is available in the United States.

The recommended dosage for newborn infants younger than 2 
weeks old is 25 mg/kg/day divided in 6-hour intervals. Full-term 
infants older than 2 weeks can receive 50 mg/kg/day divided in 6-hour 
intervals. In older children and adults, the dose is 50 mg/kg/day 
divided in 6-hour intervals. For severe infections, such as meningitis, 
doses up to 100 mg/kg/day in 6-hour intervals may be used. The 
maximum daily intake should not exceed 4 g total.312 Routine monitor-
ing of serum concentrations should be performed, particularly in  
newborns and those with hepatic dysfunction. Peak serum levels 
between 15 and 25 mg/L have been suggested for children.318,319 Others 
have suggested 10 to 20 mg/L and that levels higher than 25 mg/L  
are associated with toxicity.320 If the white blood cell count decreases 
below 2500/µL, discontinuation of the drug should strongly be 
considered.

In patients with impaired renal function, usual doses may be 
administered because active chloramphenicol does not accumulate in 
the serum.13 Inactive chloramphenicol metabolites do accumulate in 
the serum, but this has not been associated with toxicity.321 Increased 
clearance of chloramphenicol occurs during dialysis, but this may only 
be important in patients with hepatic dysfunction. It is recommended 
that the normal maintenance dose of the drug be administered after 
dialysis to avoid the possibility of increased clearance.322 Peritoneal 
dialysis does not alter the half-life of active chloramphenicol; thus, the 
dosage does not need adjustment.323 Limited data exist for dosing 
during continuous renal replacement therapy.

Total body clearance of chloramphenicol is reduced in patients with 
liver dysfunction because the drug is metabolized by the liver.324 Serum 
levels should be monitored closely.

Absorption and Bioavailability
Oral chloramphenicol capsules are approximately 80% bioavailable as 
they are rapidly absorbed from the intestinal tract. Serum levels with 
the oral palmitate solution are lower than the capsule form. The pal-
mitate ester is biologically inactive and is absorbed after being hydro-
lyzed by pancreatic lipases in the upper intestinal tract to free 
chloramphenicol. Even so, the oral palmitate ester can achieve higher 
serum levels as compared with the intravenous succinate form.321 The 
rate of hydrolysis of the succinate by hepatic enzymes determines the 
concentration of active chloramphenicol, which is why oral prepara-
tions can be more bioavailable. Approximately 44% to 60% of the drug 
is bound to protein in the serum.324 After a 1-g dose in adults, peak 
serum levels occur after 2 hours with levels of 10 to 13 mg/L.325 The 

Other Side Effects
Other side effects reported from clinical trials that have an incidence 
between 2% and 7% include (in descending order) infection, headache, 
anemia, hypoproteinemia, asthenia, phlebitis, elevated BUN, abnormal 
healing, dizziness, skin rash, pneumonia, and abscess formation.232

Increased Mortality
In 2010, the FDA issued a warning of an increased risk of death with 
tigecycline compared with other antibiotics used to treat similar infec-
tions on the basis of pooled analysis of 13 clinical trials.226 In those 
studies, death occurred in 4% (150/3788) of patients receiving tigecy-
cline and 3% (110/3646) of patients receiving comparator drugs. Based 
on a random effects model by trial weight, an adjusted risk difference 
of all-cause mortality was 0.6% (95% confidence interval, 0.1 to 1.2) 
between tigecycline and comparator-treated patients. Deaths were  
generally the result of worsening infection, complications of infections, 
or underlying comorbidities. Among each indication, the mortality 
difference was not statistically significant. However, mortality in  
tigecycline-treated patients was numerically greater in every infection 
and considerably greater in VAP (19.1% vs. 12.3%).

In 2013 the FDA approved a new boxed warning about this risk of 
death and warned health care professionals to reserve tigecycline for 
use in situations when alternative treatments are not suitable. Since 
issuing the 2010 warning, data were analyzed from 10 clinical trials 
conducted only for FDA-approved uses (cSSSI, cIAI, CABP), including 
trials conducted after the drug was approved. This analysis showed a 
higher risk of death among patients receiving tigecycline compared 
with other antibacterial drugs: 2.5% (66/2640) versus 1.8% (48/2628), 
respectively. The adjusted risk difference for death was 0.6% with cor-
responding 95% confidence interval (0.0 to 1.2).226a

Several meta-analyses prompted the FDA to look into the efficacy 
and safety of tigecycline. Depending on what clinical trials (published 
and unpublished) were included, results varied.305-307

Drug Interactions
In vitro studies in human liver microsomes indicate that tigecycline is 
not a substrate, inhibitor, or inducer of common cytochrome P450 
enzymes; thus, such pharmacokinetic drug interactions are unlikely.308 
However, concomitant administration of tigecycline and warfarin in 
healthy subjects resulted in a decrease in clearance of R-warfarin and 
S-warfarin by 40% and 23%, an increase in Cmax by 38% and 43%, and 
an increase in AUC by 68% and 29%, respectively.232 No significant 
effects of tigecycline on digoxin pharmacokinetics and pharmacody-
namics were noted in a study of 20 healthy men.309

CHLORAMPHENICOL
Chloramphenicol is a broad-spectrum antibiotic that has been in clini-
cal use since 1949. It was developed from the soil organism Streptomy
ces venezuelae.310 It remains an inexpensive drug that is active against 
many gram-positive, gram-negative, anaerobic, and atypical organ-
isms. Due to the risk of aplastic anemia, chloramphenicol is no longer 
the drug of choice for any specific infection.311,312 Its usage in the devel-
oped world is limited to life-threatening infections without safer alter-
natives. However, it is still commonly used in many parts of the 
developing world.

Structure and Mechanism of Action
The structure of chloramphenicol is shown in Figure 26-2. It has  
a paranitrobenzene ring attached to a propanediol group with a 
dichloracetamide side chain. Thiamphenicol, which is an analogue of 
chloramphenicol, is available in Europe and Japan, but not in the 
United States.

Chloramphenicol inhibits protein synthesis by reversibly binding 
to the peptidyl transferase cavity of the 50S subunit of the bacterial  
70S ribosome. This prevents the aminoacyl-tRNA from binding to  
the ribosome, thus terminating polypeptide chain synthesis.313,314 
Once chloramphenicol is removed, protein synthesis is able to resume 
if drug exposure was brief enough.315 This mechanism results in bac-
teriostatic activity against most organisms. However, chloramphenicol 
is bactericidal at clinically achievable concentrations against some 
meningeal organisms such as S. pneumoniae, N. meningitidis, and 
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Gram-Negative Bacteria
Chloramphenicol has variable activity against gram-negative organ-
isms. It is highly active against community-acquired organisms, such 
as H. influenzae and Moraxella catarrhalis.334 N. meningitidis and N. 
gonorrhoeae are also both highly susceptible.344,345

Activity against E. coli is variable worldwide. A recent surveillance 
study demonstrated a wide range of chloramphenicol-resistant isolates, 
from 8% in Curaçao to 82% in Ghana.346 Another study in the United 
Kingdom has shown rates of resistance decline from 20.2% in 1991 to 
7.9% in 2004.347 Chloramphenicol generally has good activity against 
some other members of the Enterobacteriaceae, such as P. mirabilis, 
Salmonella spp., Shigella spp., and Yersinia spp., whereas others, such 
as Klebsiella spp., Serratia spp., Morganella spp., and Enterobacter spp., 
are usually more resistant.348-351

P. aeruginosa is generally resistant to chloramphenicol by means of 
an active efflux pump.352 Acinetobacter spp. is also generally resistant, 
while S. maltophilia is usually susceptible.353,354 Chloramphenicol has 
activity against B. pseudomallei, whereas Burkholderia cepacia is usually 
resistant due to decreased drug permeability.355,356

Anaerobic Bacteria
Most gram-positive and gram-negative anaerobic bacteria are suscep-
tible to chloramphenicol. Anaerobic gram-positive cocci, such as Pep
tostreptococcus spp., are all susceptible at achievable concentrations. 
Anaerobic gram-positive bacilli, such as Clostridium, Lactobacillus, 
and Propionibacterium spp., are also readily susceptible.357 However, 
resistant strains of Clostridium perfringens and C. difficile have been 
isolated.358,359 Against gram-negative anaerobic bacteria, chloramphen-
icol is one of the most active antimicrobial agents. Bacteroides spp., 
Fusobacterium spp., and Prevotella spp. are all highly susceptible.357 A 
recent U.S. study of 5225 B. fragilis group isolates demonstrated that 
every single one was susceptible to chloramphenicol.360

Other Organisms
Chloramphenicol has activity against chlamydiae, mycoplasma, rick-
ettsiae, T. pallidum, Coxiella burnetii, and leptospirae.312,361-363 It is not 
active against mycobacteria and protozoa.

Clinical Uses
In the developed world, chloramphenicol is generally reserved for 
serious infections with limited alternative antimicrobial choices due to 
its well-known toxicities. In the developing world, it is still commonly 
used because it may be the only broad-spectrum agent available. It also 
has the advantage of an oral formulation and is available without a 
prescription in many parts of the world.

Bacterial Meningitis and Brain Abscess
Chloramphenicol remains a useful drug for the treatment of bacterial 
meningitis in countries that do not have access to third-generation 
cephalosporins. The use of single-dose intramuscular injections of oily 
chloramphenicol has been suggested as a nationwide antibiotic of 
choice for meningitis epidemics.364 Conclusions from a recent meta-
analysis determined that in circumstances where ceftriaxone or cefo-
taxime is not available or affordable, an ampicillin-chloramphenicol 
combination may be used as an alternative because the two treatment 
groups did not have important clinical differences.365 In a Nigerian 
study of childhood bacterial meningitis, similar results were seen in 
children treated with chloramphenicol as compared with those given 
cephalosporins.366 Another study during a meningococcal meningitis 
epidemic in sub-Saharan Africa demonstrated that single dose intra-
muscular ceftriaxone had comparable clinical outcomes at 72 hours as 
single-dose intramuscular oily chloramphenicol and was actually 
cheaper.367 Unfortunately, poor outcome was noted in areas with high 
rates of chloramphenicol-resistant H. influenzae type b. This was seen 
in children treated in Papua New Guinea, where resistance rates were 
20%.368 Areas with penicillin-resistant pneumococcal meningitis also 
have poor outcomes. In one study in South Africa, 20 of 25 children 
with chloramphenicol-susceptible, penicillin-resistant strains had poor 
outcomes, including death.369

Chloramphenicol had been used extensively for the treatment of 
brain abscesses until the availability of safer agents. It may still have a 

half-life is 1.6 to 3.3 hours, and therapeutic levels may persist 6 to 8 
hours after dosing.326

Chloramphenicol succinate given intravenously has a wide vari-
ability of half-lives in infants. In adults, the serum half-life is approxi-
mately 1.2 hours, with an elimination half-life of approximately 4 
hours.321 Intramuscular injection is not recommended due to variable 
hydrolysis and/or delayed absorption, leading to unpredictable serum 
concentrations.327

Drug Distribution
Chloramphenicol is highly lipid soluble and has good penetration into 
many body tissues, penetrates well into pleural and ascitic fluids, and 
also crosses the placenta and can be found in breast milk. It does not 
usually achieve adequate concentrations in the bile.312 In bacterial peri-
tonitis, drug levels in ascitic fluid can exceed half of the serum con-
centration.328 Chloramphenicol is also able to achieve high levels in 
synovial fluid.329 Even without inflamed meninges, chloramphenicol 
readily crosses the blood-brain barrier. CSF concentration may be 50% 
or more of the serum concentration, a higher proportion than any 
other antibiotic.330 Also, unlike most antibiotics, chloramphenicol can 
penetrate well into many parts of the eye.331 It has also been shown to 
be concentrated in alveolar macrophages and polymorphonuclear 
leukocytes.332

Drug Elimination
Chloramphenicol is primarily metabolized by the liver, where it under-
goes conjugation with glucuronic acid. The major metabolite is the 
inactive chloramphenicol glucuronide. This, along with other minor 
metabolites, is then eliminated through the urine (accounting for 
about 75% to 90% of drug elimination). About 5% to 15% of the 
unchanged, active drug is eliminated through glomerular filtration. 
Less than 3% is eliminated through bile. Less than 1% is eliminated in 
feces.326

Antimicrobial Activity
Chloramphenicol has a broad spectrum of activity against many gram-
positive and gram-negative bacteria, anaerobes, rickettsiae, chlamyd-
iae, and mycoplasmas. As stated previously, chloramphenicol is 
generally bacteriostatic but may be bactericidal against meningeal 
organisms, especially at higher concentrations. For most organisms, 
susceptibility is defined as having an MIC value of 8 mg/L or less. 
Exceptions are S. pneumoniae (≤4 mg/L) and H. influenzae (≤2 mg/L).333

Gram-Positive Bacteria
Chloramphenicol has in vitro activity against streptococci, staphylo-
cocci, and enterococci. Resistance varies in many different geographic 
regions. In surveillance studies from the late 1990s, S. pneumoniae had 
higher rates of resistance in the Western Pacific Region and South 
Africa (17.1%), compared with Europe (12.7%), the United States 
(10.6%), Canada (4.5%), and Latin America (4.3%).334,335 Chloram-
phenicol resistance is typically higher among penicillin-intermediate 
and penicillin-resistant strains.

In a recent North American surveillance study, chloramphenicol 
had activity against 81.6% of all S. aureus isolates tested.336 Another 
recent North American study also reported high susceptibility rates  
to both methicillin-sensitive (96%) and methicillin-resistant (81%) 
strains.337 Chloramphenicol has also been demonstrated to have 
activity against vancomycin-intermediate and vancomycin-resistant 
strains.338,339

Against Enterococcus spp., chloramphenicol susceptibility rates in 
North America have recently been shown to be 87%.340 Another recent 
study of 886 VRE isolates reported that 28.6% of 56 E. faecalis isolates 
from North America were chloramphenicol resistant, compared with 
7.1% of 14 isolates from Europe. This was in contrast to E. faecium 
isolates. In North America, 0.5% of 776 isolates were resistant, com-
pared with 15% of 40 isolates from Europe, the latter due to clonal 
occurrences.341

Certain gram-positive bacilli are sensitive to chloramphenicol. 
Corynebacterium diphtheriae, L. monocytogenes, and B. anthracis are 
almost always susceptible, whereas Corynebacterium jeikeium and 
Nocardia spp. are usually resistant.312,342,343
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often confer resistance to other classes of antimicrobial drugs.395,396 The 
plasmid-mediated spread of these resistant genes was the cause of the 
global decrease in S. typhi susceptibility.397

Other mechanisms of resistance occur by decreasing membrane 
permeability, which prevent uptake of chloramphenicol. Some gram-
negative bacteria prevent drug penetration by a change in their outer 
membrane proteins.398 This was demonstrated to be plasmid mediated 
in P. aeruginosa and chromosomally mediated in H. influenzae.399,400

Transmembrane efflux pumps have also been shown to confer resis-
tance to both gram-positive and gram-negative organisms.401,402 Lastly, 
alteration of a 50S ribosomal subunit was found to reduce chloram-
phenicol binding in Bacillus subtilis.403

Adverse Reactions
Hematologic Toxicity
Bone Marrow Suppression
The most significant toxic effect of chloramphenicol is its effect on the 
bone marrow. There are two types of adverse effects. The first is the 
more common reversible bone marrow suppression that is a direct 
pharmacologic effect of the antibiotic and results from inhibition of 
mitochondrial synthesis. It has been postulated that chloramphenicol 
does this by binding to the 70S ribosomes in mammalian mitochon-
dria, as well as suppressing the activity of ferrochelatase. Ferrochelatase 
is an enzyme that normally catalyzes hemoglobin synthesis in the 
mitochondria of bone marrow erythroid cells.317 As a result, any com-
bination of reticulocytopenia, anemia, leukopenia, or thrombocytope-
nia may occur. Serum iron levels may also increase in association with 
a reduced uptake of radioactive iron by the red blood cells, indicating 
diminished hemoglobin synthesis. Within the bone marrow, there is 
vacuolization of the erythroid and myeloid precursors. These findings 
are common, are dose related, and occur during therapy.404 They are 
more likely to occur in patients receiving at least 4 g/day or in patients 
with serum levels over 25 mg/L. The effect is reversible once chloram-
phenicol is discontinued.405

Hemolytic anemia has also been described in patients with glucose-
6-phosphate dehydrogenase deficiency who have been treated with 
chloramphenicol.406

Aplastic Anemia
The other hematologic toxicity is the rare, but often fatal, aplastic 
anemia. This is the reason why chloramphenicol use has been widely 
replaced by other antibiotics. In an epidemiologic U.S. study, aplastic 
anemia was estimated to occur in 1 in 24,500 to 1 in 40,800 courses of 
treatment. It was felt that fatal aplastic anemia appeared to be 13 times 
more frequent after the use of chloramphenicol than in the general 
population. It was also not related to dosage.407 Most cases occur after 
the completion of therapy and only about 20% occur during active 
treatment.330 Mortality from aplastic anemia has been estimated to be 
higher than 50%.408

The mechanism appears to be different from the previously 
described dose-related bone marrow suppression and is not completely 
understood. It is believed to occur as a result of the metabolism of 
chloramphenicol to toxic nitro derivatives, which subsequently damage 
hematopoietic stem cell DNA.409-411 Thiamphenicol, which has not 
been reported to cause aplastic anemia, does not have a p-NO2 group. 
There also appears to be a possible host factor as well. Aplastic anemia 
has been reported in identical twins, suggesting a genetic predisposi-
tion.412 A study involving mice demonstrated that mice given chloram-
phenicol after treatment with busulfan had a progressive decline in 
pluripotential stem cells as opposed to control mice. This suggests that 
aplastic anemia might occur in patients with unrecognized preexisting 
residual bone marrow damage, either genetic or acquired.413

It was previously thought that only the oral administration of  
chloramphenicol was associated with aplastic anemia.414 This belief 
changed in the late 1970s after reports of aplastic anemia associated 
with parenteral administration started surfacing.415-418 Whether or not 
chloramphenicol eyedrops cause aplastic anemia has been a topic of 
debate. In a British study, estimates of serious hematologic toxicity 
were reported to be 3 in 442,543.419 Another study from Spain found 
that the risk of aplastic anemia could not be totally excluded but was 
less than 1 per million treatment courses.420 In a review of 426 cases of 

role in treating this infection, particularly in patients with severe peni-
cillin allergies.370 A recent case report of a patient with a culture-
negative brain abscess that failed multiple antibiotic regimens had 
dramatic clinical and radiographic improvement after 7 days of chlor-
amphenicol therapy.371

Salmonella Infections
Chloramphenicol was previously felt to be the drug of choice for 
typhoid fever.372 It has been largely replaced by the more efficacious 
and safer fluoroquinolones and ceftriaxone.373-375 In areas previously 
burdened with chloramphenicol-resistant S. typhi, sensitive strains are 
reappearing.376 Usual treatment for typhoid fever is a 2-week course.377 
Clinical failure rates are rather low (estimated 4.8%), but relapse rates 
approach 5.6%.378

Treatment of acute salmonella gastroenteritis with chlorampheni-
col is not indicated and usually prolongs fecal excretion after clinical 
recovery.379,380 There does not appear to be any benefit with antibiotics 
in general with mild disease. Infections due to Salmonella enterica 
serotype choleraesuis and Salmonella enterica serotype typhimurium 
can be treated with chloramphenicol, but resistance rates have been 
reported as high as 83%.381 Third-generation cephalosporins seem to 
be the drug of choice.

Other Infections
There are various other potential uses of chloramphenicol. It may be 
the drug of choice in rickettsial infections, such as RMSF, in pregnant 
women or in patients allergic to tetracyclines.382 Overall, it is inferior 
to the tetracyclines for the treatment of RMSF.383 It may be useful when 
it is clinically difficult to distinguish between RMSF and meningococ-
cemia. Chloramphenicol is also effective therapy for Mediterranean 
spotted fever, tick typhus, epidemic louse-borne typhus, murine 
typhus, and scrub typhus.87

Renewed interest was previously seen in chloramphenicol for  
treatment of serious VRE infections, including bacteremia.384,385 
However, this enthusiasm has since subsided with the availability  
of newer agents, such as daptomycin, linezolid, quinupristin/
dalfopristin, and tigecycline. Other serious infections may find roles 
for chloramphenicol, such as a case report of successful treatment in 
combination with ciprofloxacin for prosthetic valve endocarditis due 
to S. maltophilia.386

Chloramphenicol has fallen out of favor as inclusion in multidrug 
therapy for the maintenance treatment of melioidosis, caused by B. 
pseudomallei. In an open-label, randomized study looking at chloram-
phenicol, doxycycline, and TMP-SMX versus doxycycline and TMP-
SMX, the latter group was just as effective and better tolerated than the 
traditional four-drug group.164

Topical chloramphenicol can be used for treatment of bacterial 
conjunctivitis, and it has excellent intraorbital penetration.387 It was 
also found to be superior to topical povidone-iodine in preventing 
neonatal chlamydial conjunctivitis in a trachoma-endemic area of 
Mexico.388 However, two randomized trials have trivialized the early 
usage of topical chloramphenicol. In one trial, 326 children with infec-
tive conjunctivitis (250 were bacterial) were randomized to chlor-
amphenicol or placebo. There was no significant difference in clinical 
cure rates at day 7 or with further episodes of conjunctivitis. Adverse 
events were rare in both groups.389 Another trial of 307 patients with 
infective conjunctivitis compared early topical chloramphenicol, 
delayed treatment, or no treatment. Delaying antibiotics was found to 
reduce antibiotic use, provided similar duration and severity of symp-
toms to immediate prescribing, and reduced reattendance for eye 
infections.390

Because of its activity against tularemia, plague, and anthrax, chlor-
amphenicol has been suggested by the Working Group on Civilian 
Biodefense as an effective alternative agent in the setting of biological 
warfare.391-393

Mechanism of Resistance
Resistance to chloramphenicol occurs by various mechanisms. The 
most common is by enzymatic acetylation and inactivation by chlor-
amphenicol acetyltransferases (CATs).394 Most CAT genes are located 
on mobile genetic elements, can be distributed to other bacteria, and 
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activity of several liver enzymes, including CYP2C9 and 3A4. Chlor-
amphenicol may prolong the half-life of tolbutamide, chlorpropamide, 
phenytoin, cyclophosphamide, and warfarin.437 Concurrent adminis-
tration of phenytoin and chloramphenicol may result in potentially 
toxic serum chloramphenicol levels.438 Rifampin and phenobarbital 
have been observed to increase the total body clearance of chloram-
phenicol, thus decreasing the serum concentration. This is felt to occur 
by the induction of hepatic microsomal enzymes, and serum concen-
trations should be monitored when these drugs are administered 
concurrently.439

Chloramphenicol, which is primarily a bacteriostatic agent, may 
antagonize the bactericidal activity of certain penicillins, cephalospo-
rins, fluoroquinolones, and aminoglycosides in vitro.440-442 The clinical 
significance may be minimal in most instances. However, caution 
should be implemented in the event of such combinations for infec-
tions requiring bactericidal activity for efficacy, such as meningitis. 
Chloramphenicol may also delay the response of various anemias to 
supplementation with iron, folic acid, and vitamin B12.437
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aplastic anemia, no patient was found to have used chloramphenicol 
eyedrops.421

Chloramphenicol as a cause of childhood leukemia has also been a 
concern, but reports have been conflicting. A Chinese population-
based case-control interview study of 309 childhood leukemia cases 
and 618 age- and sex-matched control subjects showed a significant 
dose-response relationship between chloramphenicol and the risk for 
acute leukemia.422 However, another study from the same area failed to 
demonstrate a similar association.423 Interestingly, another study from 
the United States actually found that the odds ratio for total leukemia 
was decreased among patients who took chloramphenicol.424

Gray Baby Syndrome
The gray baby syndrome is a type of circulatory collapse that can occur 
in premature and newborn infants and is associated with excessively 
high serum levels of chloramphenicol.425 It is characterized by an ashen-
gray color, abdominal distention, vomiting, flaccidity, cyanosis, circula-
tory collapse, and death. It usually starts 2 to 9 days after treatment is 
started. The syndrome is a result of chloramphenicol impairing myo-
cardial contractility by directly interfering with myocardial tissue res-
piration and oxidative phosphorylation.426,427 It is believed to occur 
more often in neonates due to their diminished ability to conjugate 
chloramphenicol and to excrete the active form in the urine. There have 
also been reports in small children and adults that have had accidental 
overdoses of the drug.428 The syndrome is generally associated with 
serum levels of chloramphenicol greater than 50 mg/L and may occur 
with unexplained metabolic acidosis.429 To accelerate drug removal, 
exchange transfusion and charcoal hemoperfusion have been used.430,431

Optic Neuritis and Neurologic Side Effects
Optic atrophy and blindness have been described in patients receiving 
prolonged chloramphenicol therapy.432 Symptoms typically tend to be 
reversible, although permanent vision loss may occur. Fundal changes 
may not necessarily be seen. Supplementation with B vitamins has 
been used for treatment.433 Other neurologic manifestations of chlor-
amphenicol use include peripheral neuritis, headache, ophthalmople-
gia, depression, and confusion.

Other Reactions
Gastrointestinal adverse reactions, including nausea, vomiting, diar-
rhea, glossitis, and stomatitis, may occur but are usually not a signifi-
cant problem. Hypersensitivity reactions, including rashes, drug fever, 
and anaphylaxis, are rare. Jarisch-Herxheimer reactions have been 
observed during therapy for syphilis, brucellosis, and typhoid fever.312 
With prolonged oral administration, chloramphenicol may induce 
bleeding. This may be a result of either bone marrow suppression or 
by reducing intestinal flora with consequential inhibition of vitamin K 
synthesis.434 Chloramphenicol has also been associated with acute por-
phyria attacks and should be avoided in patients with porphyria.435 If 
given during active immunization, chloramphenicol may interfere 
with the development of immunity.436

Drug Interactions
Significant interactions between chloramphenicol and other drugs  
are listed in Table 26-5. Particular attention needs to be made to moni-
toring serum drug levels of chloramphenicol when other agents metab-
olized by the liver are used concurrently. Chloramphenicol inhibits the 

TABLE 26-5  Important Drug–Drug Interactions 
with Chloramphenicol

OBJECT DRUG EFFECT
Cimetidine Possible additive or synergistic bone-marrow-

suppressant effects with concomitant administration

Two case reports of fatal aplastic anemia

Cyanocobalamin Can diminish the therapeutic effect of cyanocobalamin

The expected response for the treatment of anemia 
may be opposed

Cyclophosphamide Reduced effectiveness of cyclophosphamide due to 
decreased metabolism to active cyclophosphamide 
metabolite by chloramphenicol

Cyclosporine Increased concentration of cyclosporine due to 
inhibition of metabolism by chloramphenicol

Increased risk of renal dysfunction, cholestasis, 
paresthesias

Phenobarbital Reduced serum concentration of chloramphenicol by 
30%-40%

Increased serum concentration of phenobarbital by up 
to 50%

Phenytoin (and 
fosphenytoin)

Can increase or decrease chloramphenicol serum 
concentration

Chloramphenicol can inhibit the metabolism of 
phenytoin, resulting in increased serum 
concentration of phenytoin

Rifampin/rifabutin Decreased serum concentrations of chloramphenicol 
due to induction of chloramphenicol metabolism

Sulfonylureas May decrease the metabolism of sulfonylureas

Tacrolimus Increased blood concentrations of tacrolimus due to 
decreased metabolism of chloramphenicol

Typhoid vaccine May diminish the therapeutic effect of the live-
attenuated Ty21a strain of typhoid vaccine
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27  Rifamycins
Melanie Jane Maslow and Cynthia Portal-Celhay

The rifamycins were isolated by Sensi and colleagues at the Dow-
Lepetit Research Laboratories in Milan in 1959 as a mixture of five 
substances from fermentation cultures of the organism now classified 
as Amycolatopsis mediterranei, which belongs to the Actinomycetaceae. 
Nicknamed “Rififi” after a French crime movie, the official name 
became rifamycin.1 Rifamycin SV, the first rifamycin used clinically in 
1963, was replaced by rifampicin (rifampin) in 1968, owing to its 
improved bioavailability and greater activity against gram-positive and 
gram-negative bacteria and, especially, Mycobacterium tuberculosis. 
Rifampin is increasingly utilized as an adjunct for foreign-body infec-
tions associated with biofilm production, in combination with other 
antibiotics for infections due to multidrug resistant gram-negative 
bacilli, and for infections caused by intracellular pathogens.2 The newer 
rifamycins have fewer drug interactions and improved pharmacokinet-
ics, resulting in shorter treatment courses for tuberculosis. Some of the 
newer rifamycins have an expanded spectrum of activity and unique 
pharmacokinetics and are used for the treatment of Clostridium difficile 
infection, hepatic encephalopathy, traveler’s diarrhea, and irritable 
bowel syndrome. Novel investigational rifamycins and new delivery 
systems are in development.

STRUCTURE AND MECHANISM  
OF ACTION
The rifamycins belong to the ansamycin family (from the Latin ansa, 
meaning “handle”) of antimicrobial agents, so named because of their 
basket-like structure containing an aliphatic chain connecting two 
ends of a naphthoquinone core. Rifampin is the 3-(4-methyl-1-
piperazinyl)-iminomethyl derivative of rifamycin SV. The structures of 
the four rifamycins currently approved in the United States—rifampin, 
rifabutin, rifapentine, and rifaximin—are shown in Figure 27-1.

The antibacterial action of the rifamycin derivatives results from 
high-affinity binding to the DNA-dependent RNA polymerase of pro-
karyotes (RNAP) and inhibition of RNA synthesis. RNAP is a complex 
enzyme with an α2ββ′ω-subunit structure. The structure of the 
Thermus aquaticus core RNAP in complex with rifampin determined 
at 3.3-Å resolution showed that rifampin binds to a site on the β-subunit 
deep within the DNA/RNA channel, in a position that physically gets 
in the way of the growing oligonucleotide chain after the first- or 

second-chain elongation step.3 The structure, combined with biochem-
ical results, led to a mechanistic model for inhibition of RNAP in which 
rifamycins sterically block synthesis of an RNA product longer than 
three nucleotides (“steric-occlusion model”). More recently, Artsimov-
ich and associates4 proposed a new mechanism for inhibition of RNAP 
by rifamycins that operates in addition to, or instead of, the steric-
occlusion mechanism. Their model proposes that rifamycins also 
inhibit transcription at earlier steps through an allosteric signal that 
disfavors binding of Mg2+ ion in the active site, thus slowing down 
catalysis and facilitating dissociation of short RNA transcripts. 
However, the allosteric model remains controversial, because others 
have shown that rifamycins do not affect the affinity of binding of Mg2+ 
to the RNAP active center.5

MECHANISMS OF RESISTANCE
Rifampin possesses highly effective bactericidal action against M. 
tuberculosis and is used as a first-line regimen against this agent. 
However, pathogens develop resistance to rifampin at a rate of 10−8 to 
10−9 per bacterium per cell division. Mutations conferring rifampin 
resistance are confined almost exclusively to the rpoB gene in most 
organisms and result in a decreased affinity of the RNAP to the anti-
biotic. More than 95% of M. tuberculosis clinical strains resistant to 
rifampin harbor a mutation in an 81-base pair region of the rpoB gene 
known as the rifampin resistance determining region (RRDR) that 
includes codons 507 to 533 and encodes 27 amino acids.6 Importantly, 
most of the strains have alterations at codon 526 that result in amino 
acid replacements or have missense mutations in codon 531. Studies 
with patient isolates have confirmed and extended these findings.7,8 
Studies designed to determine the relationship between rpoB structural 
changes and rifampin minimal inhibitory concentrations (MICs) have 
found a strong correlation. In particular, amino acid substitutions at 
positions 526 and 531 conferred high-level resistance to rifampin, 
rifabutin, and rifapentine.9 The molecular mechanism in the 4% of the 
rifampin-resistant M. tuberculosis isolates that lack RRDR changes is 
unknown.

Alternative mechanisms of rifampin resistance also have been 
observed. Pseudomonas fluorescens has impaired cellular uptake of 
rifampin. Antibiotic modification occurs in strains of Mycobacterium 

RIFAMPIN
•	 Mycobacterium	tuberculosis	infection:	600	mg	

daily	(10	mg/kg)
•	 Mycobacterium	kansasii	and	Mycobacterium	

leprae	infection:	600	mg	daily
•	 Staphylococcal	prosthetic	valve	endocarditis:	

300	mg	three	times	daily
•	 Staphylococcal	prosthetic	joint	infections:	300	

to	450	mg	twice	daily	or	600	mg	daily
•	 Methicillin-resistant	Staphylococcus	aureus	

osteomyelitis:	600	to	900	mg	daily	(single	
dose	or	divided	in	two)

•	 Multidrug-resistant	gram-negative	bacilli:	
10	mg/kg	intravenously	every	12	hours

•	 Bartonella	henselae	infection:	300	mg	
twice	daily	with	doxycycline	for	complicated	
disease

•	 Brucellosis:	600	to	900	mg	daily	with	
doxycycline	(second-line	therapy)

•	 Chemoprophylaxis	for	Neisseria	
meningitidis:	600	mg	twice	daily	for	
2	days

•	 Chemoprophylaxis	for	infection	with	
Haemophilus	influenzae	type	b:	600	mg	daily	
for	4	days

RIFABUTIN
•	 Mycobacterium	avium	complex	infection:	

300	mg	daily;	450	mg	daily	when	used	with	
efavirenz	and	150	mg	daily	when	used	with	
human	immunodeficiency	virus	(HIV)	protease	
inhibitors

•	 M.	avium	complex	prophylaxis:	300	mg	daily	
(azithromycin	is	preferred)

•	 M.	tuberculosis:	300	mg	daily;	for	HIV-infected	
patients	on	protease	inhibitors:	150	mg	daily;	
if	on	efavirenz,	450	mg	daily;	decrease	dose	to	
150	mg	daily	for	creatinine	clearance	less	than	
30	mL/min

RIFAPENTINE
•	 Tuberculosis	(active):	600	mg	(10	mg/kg)	twice	

weekly	for	induction	phase	and	once	weekly	
for	maintenance;	for	latent	disease:	900	mg	
weekly	with	isoniazid	for	12	weeks

RIFAXIMIN
•	 Hepatic	encephalopathy:	400	mg	every	8	

hours;	prevention:	550	mg	twice	daily
•	 Recurrent	Clostridium	difficile	infection:	

400	mg	twice	daily
•	 Traveler’s	diarrhea:	400	mg	twice	daily
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FIGURE 27-1  Structures of the four major rifamycins. A, Rifampin. B, Rifabutin. C, Rifapentine. D, Rifaximin. 
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smegmatis that carry the arr gene, causing ribosylation of rifampin and 
decreased susceptibility. An arr2 gene, similar to that in M. smegmatis, 
has been identified on a plasmid in clinical isolates of Klebsiella pneu-
moniae, Pseudomonas aeruginosa, and Enterobacteriaceae. Finally, the 
enzyme from some species, such as Nocardia, is intrinsically less sus-
ceptible to rifampin inhibition because of metabolic changes at the 
critical hydrogen-binding sites.10

Delineation of the molecular mechanisms of rifamycin resistance 
has resulted in the development and application of several polymerase 
chain reaction (PCR)-based strategies designed to rapidly detect muta-
tions associated with rifampin resistance. One of the latest assays, 
Xpert MTB/RIF, a hemi-nested PCR, detects M. tuberculosis and 
rifampin resistance by amplifying five overlapping probes complemen-
tary to the RRDR of the rpoB gene and subsequently probes this region 
for mutations associated with rifampin resistance.11,12 Compared with 
conventional diagnosis methods, the Xpert MTB/RIF assay can detect 
M. tuberculosis and rifampin resistance in one sputum sample within 
2 hours, is nearly fully automated, and requires minimal biosafety 
measures. The Xpert MTB/RIF assay has been validated by several 
studies as a highly sensitive and specific detection test for the diagnosis 
of tuberculosis and rifampin resistance.13 Other molecular assays to 
detect rifampin resistance are commercially available, such as the Gen-
oType MTBDR assay 14 and the INNO-LiPA Rif assay.15 However, both 
tests have lower sensitivity on clinical specimens compared with 
culture isolates. More novel diagnostic tests, such as TB ID/R,16 are 
being configured in a low-cost test platform to provide rapid diagnosis 
and drug susceptibility information for tuberculosis in the developing 
world and in countries dealing with a dual burden of human immu-
nodeficiency virus (HIV) infection and multidrug-resistant tuberculo-
sis, where the need is acute.

ANTIMICROBIAL ACTIVITY
Although most commonly associated with the treatment of tuberculo-
sis, the rifamycins exhibit broad antibacterial activity. Rifampin is  
most potent against gram-positive bacteria, including Staphylococcus 
aureus, coagulase-negative staphylococci, Streptococcus pyogenes, 
Streptococcus pneumoniae, Streptococcus viridans, C. difficile, and 

Listeria monocytogenes. Gram-negative bacteria against which rifampin 
is effective include Haemophilus influenzae, Neisseria meningitidis, and 
Helicobacter pylori.17,18 Rifampin has shown synergistic activity with 
other agents against multidrug resistant bacteria, especially P. aerugi-
nosa and Acinetobacter baumannii. In addition to potent activity 
against M. tuberculosis, rifamycins have activity against nontubercu-
lous mycobacteria, including Mycobacterium avium-intracellulare 
complex (MAC), Mycobacterium kansasii, and Mycobacterium 
marinum.19 Intracellular pathogens against which it is active include 
Chlamydia, Legionella, Brucella, and Bartonella species.20,21 The MICs 
of representative organisms to rifampin are shown in Table 27-1.

PHARMACOKINETICS
The rifamycins are highly lipophilic compounds that share a common 
chemical structure but differ in their pharmacokinetic properties,22 
which are summarized in Table 27-2. Rifampin is dosed daily as 
600 mg in adults and 10 to 20 mg/kg in children. The drug undergoes 
rapid and complete absorption, which is improved if taken on an 
empty stomach. Rifampin is the only rifamycin that has an intravenous 
formulation. It is widely distributed to most body tissues and fluids 
including the cerebrospinal fluid (CSF), where doses of 20 mg/kg in 
children achieve mean CSF levels of 2 µg/mL.23 Concentrations in 
bone are similar to or exceed serum concentrations,24 and the drug 
crosses the placenta and enters breast milk. Rifampin undergoes an 
enterohepatic circulation and deacetylation with rapid elimination in 
bile. Urinary excretion is 13% to 24% with no dose adjustment neces-
sary in renal insufficiency. However, dose adjustment is recommended 
with severe hepatic insufficiency. The rifampin substrate is red, and the 
high lipophilic properties and wide distribution often turn body fluids 
such as urine, tears, sweat, feces, and contact lenses red-orange. 
Rifampin, rifabutin, and rifapentine have long postantibiotic effects 
against M. tuberculosis of 68 to 75 hours.25

Rifabutin is a spiropiperidyl rifamycin analogue with a relatively 
slower and larger volume of distribution compared with rifampin and 
a long terminal half-life, permitting once-daily dosing. Food does  
not affect the area under the concentration-time curve (AUC) but 
increases the peak concentration. Rifabutin is more lipid soluble than 
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TABLE 27-1  Antimicrobial Activity of Rifampin

SPECIES
MIC* RANGE 
(µg/mL)

MIC90 
(µg/mL)

MIC50 
(µg/mL)

Staphylococcus aureus 0.008-0.015 0.015 0.015

Staphylococcus epidermidis 0.004-0.015 0.015 0.015

Group A streptococcus 0.03-0.12 0.12 0.12

Group B streptococcus 0.25-1 1 1

Streptococcus pneumoniae 0.06-32 0.12 0.12

Streptococcus viridans 0.03-8 0.06 0.12

Enterococcus faecalis 1-8 2 8

Haemophilus influenzae 0.5-64 1 1

Neisseria meningitidis 0.015-1 0.03 0.5

Listeria monocytogenes ≤0.12-0.25 ≤0.12 0.25

Escherichia coli 8-16 8 16

Klebsiella pneumoniae 16-32 32 32

Proteus mirabilis 4-8 4 8

Enterobacter cloacae 16-64 64 64

Acinetobacter spp. 4-16 8 8

Clostridium difficile 0.10->100 1.56 >100

Pseudomonas aeruginosa 32->64 32 64

Mycobacterium tuberculosis 0.06-0.25 0.25 0.25

Mycobacterium avium-
intracellulare

0.78->100 6.25 50

Mycobacterium kansasii 0.025-3.13 0.2 3.13

Mycobacterium marinum 0.1-0.39 0.2 0.39

Mycobacterium fortuitum 12.5-100 50 100

Mycobacterium scrofulaceum 0.1-6.25 0.78 6.25

Legionella spp. 0.001-0.5 ≤0.25† 0.125

Bartonella spp. 0.03-0.06 0.12 0.25

Chlamydia spp. 0.0075-0.03 0.015 0.031

Brucella spp. 0.5-1 2 4

Helicobacter pylori 0.125-0.75 0.125 0.125

*MIC ≤ 2 µg/mL is considered susceptible.
†Geometric mean MIC.
MIC, minimal inhibitory concentration; MIC50, minimal inhibitory concentration 

for 50% of isolates; MIC90, minimal inhibitory concentration for 90% of isolates.

TABLE 27-2  Comparative Pharmacokinetics of the Rifamycins in Healthy Adults

DRUG BIOAVAILABILITY (%) tmax (hr) Cmax (µg/mL) t1/2 (hr) PROTEIN BINDING (%)
Rifampin 68 1.5-2 8-20 2-5 80

Rifabutin 20 2.5-4 0.2-0.9 32-67 72-85*

Rifapentine 70 with food 4.8-6.6 8-30 14-18 98

Rifaximin <0.4 0.8-1 3.4 ± 1.6 ng/mL 1.8-4.8 62-67.5

*From Blaschke TF, Skinner MH. The clinical pharmacokinetics of rifabutin. Clin Infect Dis. 1996;22(suppl 1):S15-S21.
Cmax, peak serum concentration; ng, nanograms; tmax, time to Cmax; t1/2, serum half-life.
Modified from Burman WJ, Gallicano K, Peloquin C. Comparative pharmacokinetics and pharmacodynamics of the rifamycin antibacterials. Clin Pharmacokinet. 

2001;40:327-341.

rifampin and extensively distributed throughout the body, with a CSF 
concentration one half that of serum after a 450-mg dose.26 The exten-
sive redistribution of rifabutin in tissues leads to minimum plasma 
concentrations of 10% to 15% of the peak 24 hours after an oral dose. 
The two active metabolites are 25-O-desacetyl rifabutin and 
31-OH-rifabutin. Fifty-three percent of the dose is excreted in urine as 
the primary active C-25 desacetyl metabolite, and dose reduction is 
recommended for a creatinine clearance less than 30 mL/min.27 Rifab-
utin should be administered with caution in patients with severe 
hepatic disease.

Rifapentine, a cyclopentyl rifamycin, is a more potent and longer-
acting rifamycin.28 Food increases the absorption, and a high-fat meal 
results in a 50% increase in serum concentration. It is therefore recom-
mended that rifapentine be taken with a meal. Rifapentine achieves 
high intracellular concentrations, exceeding that of rifampin. Concen-
trations in the CSF are undetectable.28 Less than 10% of rifapentine is 

excreted in urine unchanged.22 Rifapentine does not induce its own 
metabolism. The primary route of metabolism, mediated by an esterase 
enzyme, is nonoxidative to the 25-desacetyl metabolite.

Rifampin, rifabutin, and rifapentine are metabolized in hepatocytes 
and intestinal microsomes to deacetylated, hydroxylated, and formyl 
derivatives.22 The parent drug and the active 25-O-deacetyl metabolite 
are found in serum, excreted in bile, and eliminated in feces. Cyto-
chrome P450 (CYP) 3A is the major isozyme involved in the hydrox-
ylation of rifabutin.22 Repeated administration of rifampin and 
rifabutin, but not rifapentine, results in autoinduction by gut or hepatic 
metabolism and increasing biliary secretion. This results in a decrease 
in the AUC of both drugs and a decrease in the half-life of rifampin.

Rifampin has the greatest effect on induction of hepatic and intes-
tinal enzymes, especially CYP3A, followed by rifapentine, with rifabu-
tin having the weakest effect. Induction is responsible for the majority 
of rifamycin drug interactions. The maximal effect occurs approxi-
mately 1 week after initiation of therapy. The serum concentration of 
rifampin is rarely affected because the metabolism is not mediated by 
CYP, but rifabutin is metabolized by CYP3A and bidirectional interac-
tions have been observed.

Rifaximin has an additional ring linking the C-3 and C-4 positions. 
Absorption after an oral dose is minimal secondary to low intestinal 
permeability and water solubility. Less than 0.01% of a rifaximin dose 
is detectable in plasma, and 97% is recovered unchanged in the stool. 
Fecal concentrations were 8000 µg/mL in one study.29 The AUC 
increases 10 to 20 times, and the Cmax increases 6 to 10 times in patients 
with cirrhosis.30 Rifaximin can induce cytochrome P450 3A4, but no 
significant drug interactions have been reported secondary to the 
extremely low systemic concentrations. Although caution is recom-
mended in using rifaximin in patients with Child-Pugh class C cir-
rhosis, no dosage adjustments are required.

DRUG INTERACTIONS
Most drug interactions with the rifamycins result from induction of 
metabolic enzymes, especially CYP3A4, in the liver and small intestine. 
Rifampin and the other rifamycins have numerous interactions, out-
lined in Table 27-3, that usually result in a decrease in the AUC or  
Cmax of the concomitant drug, requiring dose adjustments. Rifampin 
also induces CYP1A2, CYP2C, and CYP2D6 and some drug trans-
porter proteins, including P-glycoprotein, a transmembrane protein 
that acts as a cellular efflux pump. The HIV protease inhibitors are 
especially problematic when used with rifampin, with significant 
decreases in AUC.

The ability to induce metabolic enzymes, especially CYP3A4, is 
greatest with rifampin, intermediate with rifapentine, and least with 
rifabutin.22 When used with HIV protease inhibitors, this leads to 
an increase in the rifabutin level and decreased doses are required.22 
Rifapentine also induces CYP3A4 and CYP2C and can interact with 
the same drugs as rifampin. The degree of interaction correlates with 
the dose and frequency of administration. Rifapentine is not recom-
mended for use in combination with the HIV protease inhibitors  
and may be associated with decreased absorption in HIV-infected 
patients.22

The hepatitis C virus protease inhibitors boceprevir and telaprevir 
are contraindicated with the rifamycins because of an increase in the 
plasma concentrations of the rifamycin and a decrease in the plasma 
concentrations of the protease inhibitors. A recent comprehensive 
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such as rash, from prior or intermittent dosing. Patients with HIV 
infection had poorer outcomes, and anti-rifampin serum IgE antibod-
ies were detected.35

The rifampin-associated flulike syndrome consists of fever, chills, 
malaise, myalgias, and headache several hours after dosing and usually 
resolves within several hours. Daily rifampin dosing at 600 mg is well 
tolerated, although HIV-infected patients experience a higher inci-
dence of side effects with higher dosages that may be due to a direct 
toxic effect of the drug in this population.35 The incidence of flulike 
syndrome escalates with higher doses (900 to 1200 mg) given weekly 
and can be as high as 54%.35 The flulike syndrome usually develops 
after 3 months of therapy and is rarely associated with thrombocyto-
penia, hemolysis, and renal failure. The etiology is believed due to 
circulating immunoglobulin (Ig) G (IgG) or IgM immune complexes 
that fix complement on endothelial cells or bind on the surface of 
cytokine-producing cells.35 After a change to weekly dosing or inter-
mittent therapy, a more robust immune response may be seen on 
rechallenge. Switching to daily rifampin therapy usually results in dis-
appearance of all symptoms. Thrombocytopenia and hemolysis are 
also likely immune mediated with formation of antigen–antibody com-
plexes that bind to erythrocytes and platelets. Recent reports highlight 
newly observed adverse reactions, including recurrent disseminated 
intravascular coagulation, with intermittent rifampin dosing.36

Acute renal failure from rifampin usually occurs with intermittent 
dosing and presents as acute interstitial nephritis with tubular necrosis. 
Less common presentations are rapidly progressive glomerulonephritis 
and light chain proteinuria with polyclonal κ and λ chains. Most cases 
are secondary to adhesion of anti-rifampin antibodies to the renal 
tubular epithelium with subsequent complement binding. Recovery is 
usually complete after stopping the drug.37 Hemolysis and thrombocy-
topenia may occur in conjunction with renal toxicity.

Rifampin can cause changes in liver function, but serious injury is 
usually confined to patients with underlying liver disease due to 
alcohol, viral hepatitis, and other hepatotoxins, such as isoniazid, 
which often is co-prescribed. Long-term therapy with rifampin is asso-
ciated with minor, transient elevations in serum aminotransferase 
levels in 10% of patients. Liver injury from rifampin is primarily cho-
lestatic. In most patients, serum bilirubin levels increase during the 
first few days of therapy and normalize spontaneously. Within a few 
weeks of starting rifampin in patients with underlying liver disease, 
there may be a significant increase in direct and total bilirubin without 
evidence of liver injury. The bilirubin elevation is attributed to inhibi-
tion of bilirubin excretion and may be related to genetic defects in 
MRP2, the major bilirubin glucuronide transporter in hepatocytes. 
There are many reports of hepatitis and jaundice in patients with tuber-
culosis treated with rifampin, isoniazid, and pyrazinamide. However, 
the actual incidence of hepatotoxicity from rifampin is 1.1%.38 When 
rifampin is combined with isoniazid there is an increased incidence  
of hepatotoxicity. One explanation is an additive hepatotoxic effect of 
these drugs; however, a synergistic effect is favored. The induction of 
isoniazid hydrolase by rifampin is believed to lead to increased produc-
tion of hydrazine, which can be activated by rifampin-induced CYP to 
hepatotoxins. This is seen more frequently in slow acetylators with the 
N-acetyltransferase 2 genotype.39 It is recommended that all antituber-
culous medications be discontinued if hepatotoxicity occurs. If the 
patient is severely ill, an option is to start three new medications (often 
a fluoroquinolone, streptomycin, and ethambutol) until liver function 
normalizes, at which time the original drugs are introduced one at a 
time, usually starting with rifampin.40

Severe hepatitis has been reported in 1.2% to 13% of patients 
treated with rifampin and pyrazinamide for latent tuberculosis infec-
tion, leading to updated recommendations regarding use and monitor-
ing of this combination.41 A single nucleotide polymorphism in the 
gene encoding the organic anion transporting polypeptide 1B1 that 
plays a role in transporting bile acids and rifampin has recently been 
identified with the *15 haplotype, a predisposing factor to rifampin-
induced liver injury.42

Gastrointestinal symptoms from the rifamycins are nausea, vomit-
ing, diarrhea, and abdominal pain. Headache, fever, and pruritus can 
be seen. Rash may occur early in the course and resolve without dis-
continuation of the drug. More severe reactions include urticarial  

update on rifamycin drug interactions and recommendations for 
dosing was done by Baciewicz and colleagues31 and can also be found 
in the antiretroviral interactions section of the most recent U.S. Depart-
ment of Health and Human Services guidelines.32

Rifabutin concentrations can be significantly increased, and there 
may be complex bidirectional interactions with concomitant adminis-
tration of other medications, particularly in patients infected with HIV 
who are taking antiretroviral agents. Some of the major interactions 
are seen with fluconazole, ketoconazole, clarithromycin, and all of the 
HIV protease inhibitors.33

ADVERSE DRUG REACTIONS
The major rifamycin adverse reactions can be divided by association 
with daily versus intermittent administration. The rifamycins have 
similar side effect profiles, except for rifabutin, which may cause uveitis 
and polyarthralgias. Despite the adverse reactions, the overall inci-
dence of drug discontinuation was 1.9% in a large retrospective study, 
with discontinuation in over half the cases judged to be unnecessary.34

Allergic reactions to rifampin are infrequent, ranging from 0.01% 
to 0.26%, and often occur in patients previously treated or with inter-
mittent dosing. Type I hypersensitivity reactions mediated by IgE anti-
bodies can occur with symptoms ranging from angioedema, 
bronchospasm, and urticaria to shock. Anaphylaxis with symptoms 
can occur within minutes of the dose or be associated with prodromes, 

TABLE 27-3  Rifamycin Drug Interactions

Anticoagulants
Warfarin
Clopidogrel
Dabigatran
Rivaroxaban
Antimicrobial Agents
Atovaquone
Azoles*
Caspofungin
Chloramphenicol
Clarithromycin
Dapsone
Doxycycline
HIV NNRTIs†

HIV and HCV protease inhibitors‡

Linezolid
Mefloquine
Moxifloxacin
Maraviroc
Praziquantel
Raltegravir
Trimethoprim-sulfamethoxazole
Cardiovascular Drugs
β-Blockers
Calcium channel blockers
Digoxin
Disopyramide
Endothelin receptor antagonists and agonists§

Losartan
Quinidine
Tocainide
Immunosuppressive Agents
Cyclosporine
Mycophenolate mofetil
Sirolimus
Tacrolimus

Endocrine Agents
Biguanide
HMG-CoA reductase inhibitors
Glucocorticoids
Levothyroxine
Oral contraceptives
Sulfonylureas
Tamoxifen
Neuropsychiatric and 
Neurologic Agents
Benzodiazepines
Bupropion
Citalopram
Clozapine
Haloperidol
Lamotrigine
Nortriptyline
Phenytoin
Risperidone
Opiates/Analgesics
Buprenorphine‖

Cyclooxygenase inhibitors
Fentanyl transdermal
Ketamine
Methadone
Oxycodone
Other Drugs
Deferasirox
Vandetanib
Imatinib
Mirodenafil
Roflumilast
Theophylline

*Posaconazole and voriconazole recently added.
†Efavirenz, nevirapine, etravirine, rilpivirine.
‡Rifabutin preferred for use with HIV protease inhibitors in decreased doses; 

HCV protease inhibitors contraindicated with rifampin and rifabutin.
§Includes bosentan, ambrisentan, and atrasentan.
‖Reported with rifampin only.
HCV, hepatitis C virus; HIV, human immunodeficiency virus; HMG-CoA, 

3-hydroxy-3-methylglutaryl coenzyme A; NNRTIs, non-nucleoside reverse-
transcriptase inhibitors.

Modified with permission from Baciewicz AM, Chrisman CR, Finch CK, et al. 
Update on rifampin, rifabutin, and rifapentine drug interactions. Curr Med Res 
Opin. 2013;29:1-12; and Panel on Antiretroviral Guidelines for Adults and 
Adolescents. Guidelines for the use of antiretroviral agents in HIV-1-infected adults 
and adolescents. Department of Health and Human Services. Tables 14, 15a, 15b, 
and 15e. Available at http://aidsinfo.nih.gov/contentfiles/lvguidelines/
AdultandAdolescentGL.pdf. 2011.

http://aidsinfo.nih.gov/contentfiles/lvguidelines/AdultandAdolescentGL.pdf
http://aidsinfo.nih.gov/contentfiles/lvguidelines/AdultandAdolescentGL.pdf
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been cornerstone agents in the treatment of tuberculosis, particularly 
when it was shown that rifampin in combination therapy reduced the 
overall treatment time from 18 to 9 months.56 In addition, it has been 
shown that infections caused by rifampin-resistant strains of M. tuber-
culosis require a longer duration of treatment and are associated with 
higher rates of treatment failure than those caused by drug-susceptible 
strains.56 Rifampin is bactericidal against M. tuberculosis and among 
the first-line agents against tuberculosis has the most potent sterilizing 
activity, which is defined as the ability of a drug to kill persistent  
and/or metabolically dormant organisms. This may be in part due to 
its rapid onset of action.57 International guidelines recommend a 
maximum daily dose of 600 mg (10 mg/kg) for daily and intermittent 
treatment. However, these recommendations were based on historical 
pharmacokinetic,58,59 toxicity,60,61 and cost arguments62 and have largely 
been refuted by more recent scientific data.63 Data from in vitro systems 
and animal models provide compelling evidence that rifampin’s activ-
ity against M. tuberculosis is concentration dependent and correlates 
best with the quotient of the AUC and the MIC.63 Using the mouse 
model, Jayaram and co-workers found that the 10 mg/kg dose of 
rifampin used in humans falls at the low end of a steep and tall dose-
response curve, indicating that increasing doses may produce log 
linear increases in bactericidal activity.64 These data are supported by 
small-scale studies that showed an early bactericidal activity using high 
doses (20 mg/kg) of rifampin.65,66 However, studies of early bactericidal 
activity reflect bactericidal and not necessarily sterilizing activity. 
Therefore, more studies are needed to evaluate the potential of a higher 
dose of rifampin to further reduce treatment duration to less than 6 
months. Evidence of this potential is provided by the study of Kreis 
and associates, who evaluated a 3-month regimen with daily rifampin 
(1200 mg), isoniazid (900 mg), and streptomycin (1 g) and achieved 
near-complete sputum culture negativity after 90 days, without addi-
tional toxicity.67 Unfortunately, this study had several limitations. First, 
without pyrazinamide, the recurrence rate was 11.4% during the first 
year after treatment. Second, there was no direct comparison of daily 
administration of the current standard dose (600 mg) against daily 
administration of higher doses.

The primary toxicities attributed to rifampin are discussed in detail 
in the section on adverse reactions and are usually associated with 
intermittent dosing and not expected to occur more frequently with 
increased daily dosing. Transaminitis and increased bilirubin levels 
after starting treatment do not appear dose related,68 and hepatoxicity 
usually occurs with preexisting liver disease or with use of concomitant 
hepatotoxins.69 Systemic side effects such as the “flulike syndrome” are 
related to intermittent treatment rather than to the dose of rifampin.70 
Furthermore, rifampin has been used at higher doses for nonmycobac-
terial infections such as brucellosis,71 staphylococcal infections,72 and 
cutaneous leishmaniasis,73 without reports of increased adverse effects, 
supporting the idea that the majority of rifampin’s adverse effects are 
idiosyncratic and not dose related.

A recent study has suggested that high-dose rifampin may play a 
role in infections caused by low-level resistant strains74 and may help 
prevent the emergence of drug resistance.75 Recent data also suggest 
that regimens containing higher doses of rifampin are safe and could 
be associated with a survival benefit in patients with severe disease.76

In summary, higher doses of rifampin may help reduce the duration 
of treatment of tuberculosis without a significant increase in adverse 
events. However, more extensive, dose-ranging, tolerability, and 
extended bactericidal activity studies of high doses of rifampin are 
warranted.

Rifapentine, with its more potent in vitro activity (MIC, 0.06 vs. 
0.25 µg/mL)77 and longer serum half-life (11 to 18 hours vs. 2 to 4 
hours) than rifampin,22,78 was developed with the goal to provide an 
option for once-weekly therapy for tuberculosis.79 The approved U.S. 
Food and Drug Administration (FDA) dose for the treatment of active 
tuberculosis is 600 mg administered once or twice weekly in combina-
tion with other antimycobacterial drugs. However, it has seen little 
clinical use because once-weekly rifapentine-isoniazid during the con-
tinuation phase of treatment was associated with greater drug-
susceptible relapse among HIV-negative patients with lung cavitation80 
and a significant incidence of acquired rifamycin monoresistance 
among HIV-positive patients.81

and diffuse rash, which may be accompanied by systemic symptoms. 
A lupus-like syndrome with detection of antinuclear antibodies has 
been reported with rifampin and rifabutin, often attributed to CYP 
drug interactions, and usually resolves after discontinuation of the 
drug.43

Rifapentine is better tolerated than rifampin, likely owing to higher 
protein binding. Once-weekly dosing is associated with a lower inci-
dence of the flulike syndrome28; however, cases with hemolysis and 
renal failure have been reported. The incidence of hepatotoxicity is 
similar to rifampin. Hyperuricemia has been reported with rifapentine 
in up to 21.3% of patients.28

Rifabutin has a unique toxicity profile, including uveitis, leukope-
nia, and polyarthralgias. In a study of elderly patients with pulmonary 
MAC treated with 600 mg of rifabutin with ethambutol, streptomycin, 
and a macrolide, adverse events were seen in 77%, requiring dose 
adjustment in over half.44 The most common event was leukopenia, 
followed by gastrointestinal symptoms, abnormal liver enzymes, a 
diffuse polyarthralgia syndrome in 19%, and anterior uveitis in 8%. 
Uveitis was seen in patients receiving clarithromycin and is likely sec-
ondary to a drug interaction that raises rifabutin serum concentra-
tions. Uveitis may mimic an infectious endophthalmitis with the 
presence of a hypopyon and has been reported in both HIV-infected 
and non–HIV-infected patients with pulmonary MAC infection with 
the 600-mg dose. Cases typically occur after several months of therapy, 
predominantly involve the anterior chamber, and respond to cortico-
steroids and cycloplegics. The etiology is believed to be an immuno-
logic reaction to cell wall proteins of dead organisms, although a direct 
toxic effect of rifabutin has been suggested.45 Uveitis has been seen in 
HIV-infected patients receiving 300-mg dosing for prophylaxis as late 
as 14 months after initiation,46 often in combination with fluconazole 
or azithromycin or both. The flulike syndrome has been reported with 
intermittent therapy. Hepatitis, like that with rifampin, is more likely 
from concomitant use of hepatotoxins.

Rifaximin is associated with few adverse effects. An unusual case 
of rifaximin-associated neutropenia was described in a patient receiv-
ing 1200 mg daily with severe ulcerative colitis and a transjugular 
intrahepatic portosystemic shunt, suggesting increased absorption and 
decreased metabolism.47 The investigational drug rifalazil can cause 
arthralgias, fever, myalgias, taste perversion, transient neutropenia, 
and flulike symptoms.48

IMMUNE-MODULATING EFFECTS 
OF RIFAMPIN
In addition to its bactericidal activity, rifampin has immune-modulating 
properties. An in vitro study showed inhibition of interleukin (IL)-1β 
and tumor necrosis factor-α (TNF-α), with increases in IL-6 and IL-10 
when rifampin was added to stimulated human monocytes.49 Incuba-
tion of rifampin with proinflammatory cytokines in alveolar cells and 
human epithelial liver cells (HepG2) led to increased production of 
nitric oxide and increases in IL-8, interferon-γ (IFN-γ), and IL-β1.50 
Cytoprotective effects of rifampin have also been observed. Pretreat-
ment of cells derived from a human lung carcinoma with rifampin 
before infection with A. baumannii significantly decreased the rate of 
cell death by reducing oxidative stress and release of TNF-α and IL-6; 
this effect occurred in the absence of bactericidal activity.51 Pretreat-
ment with rifampin in animal models of S. pneumoniae meningitis 
decreased neuronal loss by decreasing inflammation and free radical 
production in the CSF.52,53 Rifampin also decreased TNF-α production 
and inhibited macrophage apoptosis in M. tuberculosis infection.54 In 
vivo, patients with tuberculosis who were able to mount a higher IFN-γ 
response after 2 months of therapy had higher AUC0-8 values to 
rifampin, which predicted a disease-free outcome. It is unclear whether 
the higher rifampin concentrations led to a stronger IFN-γ response, 
but the authors suggest that IFN-γ may be a useful surrogate marker 
for predicting outcome in tuberculosis.55

RIFAMYCINS FOR THE 
TREATMENT OF TUBERCULOSIS
The treatment of active tuberculosis requires combination chemother-
apy to avoid the selection of naturally occurring drug-resistant mutants. 
Since the introduction of rifampin 4 decades ago, the rifamycins have 
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RIFAMYCINS FOR TREATMENT  
OF LATENT TUBERCULOSIS 
INFECTION
The current standard regimen for the treatment of latent M. tuber-
culosis infection (LTBI) is 9 months of daily isoniazid. Shorter LTBI 
regimens based on other regimens are of growing interest, given con-
cerns about isoniazid-related hepatoxicity, poor adherence attributed 
to long duration of isoniazid regimens, and the growing proportion  
of tuberculosis cases that are resistant to isoniazid in foreign-born 
persons.

Early experiments in a mouse model demonstrated the potential 
efficacy of three short-course regimens that included rifampin, with or 
without companion medications. The results suggested that 2 months 
of therapy with rifampin with pyrazinamide or 3 months of therapy 
with rifampin alone were more effective than 6 months of therapy with 
isoniazid alone.95 This study prompted a number of clinical trials with 
three different rifampin-containing regimens. A 2-month regimen of 
rifampin and pyrazinamide was shown to be as effective as isonia-
zid.96,97 Unfortunately, this regimen has been largely abandoned, owing 
to severe liver toxicity.98 Results from several randomized trials evalu-
ating the combination of isoniazid and rifampin given for 3 to 4 
months have shown an equivalent completion rate, toxicity, and effec-
tiveness as 6 to 9 months of isoniazid.99,100 A 4-month daily rifampin 
regimen has been recommended by the American Thoracic Society 
(ATS) as alternative regimen in the treatment of LTBI after few studies 
have consistently found significantly better completion rates and sig-
nificantly lower serious adverse effects, particularly hepatotoxicity, 
when compared with 9 months of isoniazid.101

With the use of animal models, it was shown that once-weekly 
isoniazid plus rifapentine combination therapy for 18 weeks was an 
effective preventive regimen with sterilizing potency and bacillary load 
reduction comparable with daily isoniazid therapy for 18 weeks.102,103 
These promising results were followed by a large-scale randomized 
clinical trial that was recently completed and published. Sterling and 
colleagues showed that directly observed, once-weekly therapy with 
rifapentine plus isoniazid for 3 months was as effective as self-
administered daily isoniazid for 9 months, with higher completion 
rates and lower rates of severe adverse events.104 This regimen has now 
been recommended as an equal alternative to the 9-month isoniazid 
regimen for otherwise healthy patients aged 12 years or older with 
LTBI.105

RIFAMYCINS FOR 
NONTUBERCULOUS 
MYCOBACTERIAL INFECTIONS
Mycobacterium leprae
Rifampin is rapidly bactericidal against M. leprae, with bacteriologic 
success within 3 weeks of starting therapy. Even a single high dose was 
efficacious in a mouse footpad model.106 Rifampin should never be 
used as monotherapy because of rapid development of resistance. 
Although not FDA approved for leprosy, rifampin is recommended by 
the World Health Organization (WHO) for every manifestation of 
disease. Recommendations are a combination therapy of rifampin with 
dapsone for paucibacillary disease or rifampin with dapsone and clo-
fazimine for multibacillary disease. The recommended duration of 
therapy is 6 months for patients with paucibacillary disease and 12 
months for those with multibacillary disease, although longer treat-
ment might be required in some patients with a high bacterial burden 
at diagnosis to prevent relapse.107 The use of rifamycins as chemopro-
phylaxis against leprosy has been suggested. The overall incidence of 
leprosy among contacts of patients with newly diagnosed disease can 
be reduced by a single dose of rifampin. Whether to use this approach 
more widely is under discussion, and a longer observation time is 
necessary to show whether the effect of rifampin prophylaxis will be 
sustained over long periods of time.108

Mycobacterium avium-
intracellulare Complex
A variety of compounds and their combinations have been reported to 
be effective against MAC, the rifamycins (particularly rifampin and 
rifabutin) among them.109 Medical treatment of MAC pulmonary 

Recent work using the mouse model of antituberculosis chemo-
therapy has shown that regimens containing rifapentine administered 
5 days per week can achieve durable cure without relapse after 3 
months. Their results also indicated that rifapentine is four times more 
potent than rifampin in the murine model.82 These encouraging results 
prompted a randomized, multicenter, phase II clinical trial conducted 
by the Tuberculosis Trials Consortium (TBTC study 29) to determine 
the safety, tolerability, and antimicrobial activity of a regimen in which 
rifampin 10 mg/kg was replaced by rifapentine 10 mg/kg adminis-
tered 5 days per week during the first 8 weeks (intensive phase) of 
combination treatment of pulmonary tuberculosis.83 Their results 
showed that the rifapentine regimen was safe but not significantly 
more active than a standard rifampin regimen by the surrogate end 
point of culture status at completion of the intensive phase. However, 
one limitation of this study was administration without food, which 
has been shown to increase the Cmax of rifampin84 but decreases rifa-
pentine bioavailability.85

The optimal rifapentine dose and schedule for treating tuberculosis 
in humans have not been established, but the mouse model suggests 
that the bactericidal and sterilizing activity of rifapentine increases 
virtually without plateau up to doses of 160 mg/kg and that daily 
dosing improves outcomes. Dooley and colleagues recently conducted 
a rifapentine dose-escalation study in healthy adults and showed that 
daily rifapentine doses of up to 20 mg/kg administered with food were 
safe and produced rifapentine exposures exceeding those in mice 
receiving 10 mg/kg.86 Their results provided safety and tolerability data 
to support the need of future clinical trials of rifapentine at high daily 
doses for treatment of tuberculosis.

Rifabutin has a much longer half-life than rifampin (35 hours vs. 2 
to 4 hours). In clinical trials, the efficacy of rifabutin administered daily 
or intermittently has been shown to be similar to that of rifampin.87,88 
Rifabutin’s primary advantage in the treatment of tuberculosis is its 
reduced induction of hepatic metabolism (cytochrome P450 system) 
and its usefulness in patients with tuberculosis and HIV coinfection 
who are also receiving antiretroviral therapy. Rifampin markedly 
decreases serum concentrations of the HIV type 1 (HIV-1) protease 
inhibitors89 and has substantial effects on concentrations of non-
nucleoside reverse-transcriptase inhibitors (NNRTIs).90 Therefore, 
rifabutin-based therapy was recommended by the Centers for Disease 
Control and Prevention as a way of avoiding serious drug-drug interac-
tions and allowing use of rifamycins during treatment of tuberculosis 
in HIV-coinfected patients.91 However, Benator and colleagues raised 
the question of whether the use of rifabutin was a cause of acquired 
rifampin resistance in HIV-infected patients who had low CD4+ 
T-lymphocyte counts.80 Additional studies suggest that low concentra-
tions of the rifamycin component related to intermittent dosing, rather 
than the specific agent, determine the risk for acquired rifamycin 
resistance.92

The most recent guidelines for the treatment of active tuberculosis 
in HIV-coinfected patients recommend that, despite pharmacokinetic 
drug interactions, a rifamycin should be included in regimens for 
patients receiving antiretroviral agents, with dosage adjustment if  
necessary. If a protease inhibitor–based regimen is used, rifabutin  
is the preferred rifamycin, but the dose should be decreased from 
300 mg daily to 150 mg every other day (daily if given with atazanavir). 
If given with efavirenz, the rifabutin dose should be increased from 
300 mg to 450 mg daily and the dose of efavirenz should remain 
unchanged.32

Recent data examined the tolerability of rifabutin when co- 
administered with other medications affected by rifampin’s induction 
of cytochrome P450, such as methadone and coumadin, and in patients 
who previously had a rifampin-related adverse effect. Their results 
showed that rifabutin is well tolerated and have limited the need for 
dosing adjustments of other medications. Their results also suggest that 
rifabutin could be considered as an alternative agent in patients who 
develop rifampin-related liver injury but that rifabutin should be used 
with caution in patients with other types of underlying liver disease.93 
Data from tuberculosis-infected transplant patients receiving tacroli-
mus or cyclosporine also suggest that rifabutin should be used in this 
population instead of rifampin to avoid pharmacologic interactions 
and achieve a lower risk for acute graft rejection.94
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RIFAMYCINS FOR 
NONTUBERCULOUS 
MYCOBACTERIAL INFECTIONS
Staphylococcal Infections
Rifampin is a logical choice for therapy for staphylococcal infections 
because of its potent bactericidal activity in vitro against both S. aureus 
and coagulase-negative staphylococci. The ability of rifampin to steril-
ize phagocytes containing bacteria was demonstrated by Mandell and 
colleagues in the 1970s.119 Rifampin monotherapy was short-lived, 
however, owing to the rapid emergence of resistance, especially with 
high bacterial burdens seen in abscesses and endocarditis, resulting in 
combination regimens containing rifampin.

In vitro studies, including time kill and checkerboard studies, were 
inconsistent when rifampin was added to β-lactams, vancomycin, qui-
nolones, linezolid, and daptomycin. Results yielded synergy, antago-
nism, and/or indifference, varying rates of rifampin resistance, and 
little correlation with in vivo results. When added to bactericidal anti-
biotics there was decreased or unchanged killing, whereas if added to 
a bacteriostatic antibiotic there was some increased bactericidal activ-
ity.2 The rabbit model of S. aureus endocarditis120 provided the first 
correlation to human infection. The combination of penicillin with 
rifampin was less effective than penicillin with gentamicin and led to 
emergence of rifampin-resistant strains.120 In the mouse model of 
methicillin-sensitive S. aureus (MSSA) endocarditis, rifampin with 
nafcillin resulted in an improved survival rate of 77% without selection 
of resistance.121 Animal studies of methicillin-resistant S. aureus 
(MRSA) bacteremia and endocarditis yielded variable results. Only 
daptomycin and linezolid were effective in animal models of MSSA 
and MRSA endocarditis in reducing colony-forming units (CFUs) in 
vegetations and septic pulmonary emboli, respectively.122

In the 1960s there were reports of successful outcomes when 
rifampin was used in combination for patients with MSSA and MRSA 
bacteremia and native valve endocarditis (NVE).2 Early retrospective 
data demonstrated emergence of resistance and treatment failure, 
leading to the conclusion that addition of rifampin to treat S. aureus 
bacteremia without surgery or drainage or both did not improve out-
comes and selected for resistance.2,123 A study of a quinolone with 
rifampin versus standard therapy for catheter-associated and second-
ary bacteremia found a shortened length of stay but more adverse 
reactions in the rifampin-quinolone group.124 A study of patients with 
complicated S. aureus infections, including NVE, comparing oxacillin 
or vancomycin with rifampin, showed no clinical difference and emer-
gence of resistance.125 Based on these and other studies, the IDSA 
Clinical Practice Guidelines for MRSA infections and the American 
Heart Association guidelines do not recommend the addition of 
rifampin for the treatment of staphylococcal NVE.126,127

Rifampin in combination with other antimicrobial agents has been 
used to treat S. epidermidis NVE. In a rabbit model of methicillin-
resistant S. epidermidis (MRSE) endocarditis, rifampin in combination 
with vancomycin, gentamicin, and vancomycin plus gentamicin were 
equivalent to vancomycin alone in reducing CFUs in vegetations.128 
Other studies of experimental endocarditis in rabbits found increased 
sterilization rates with rifampin-gentamicin-vancomycin and cipro-
floxacin plus rifampin.129 Human data, however, do not support the 
routine use of rifampin in NVE caused by coagulase-negative 
staphylococci.

In 1998 a new species of coagulase-negative staphylococci, Staphy-
lococcus lugdunensis, was identified. S. lugdunensis causes fulminant 
NVE with a high incidence of annular abscesses, embolization, and a 
high mortality.130 S. lugdunensis also causes pacemaker lead endocar-
ditis and bone and joint infections, produces biofilm, and may be toler-
ant to vancomycin. Combination therapy may be indicated for 
bactericidal effects, and rifampin has been used in infections caused 
by S. lugdunensis with success.130

Staphylococcal Biofilms: Foreign-Body 
Infections and the Role of Rifampin
The ability of S. aureus and coagulase-negative staphylococci to 
produce biofilm significantly impacts chronicity of infections, particu-
larly those caused by indwelling devices. Biofilm is a community of 
bacterial cells encased within a polymeric matrix produced by the 

disease has yielded inconsistent results and limited cure rates. Major 
limitations for effective therapy include the lower bactericidal activity 
of the rifamycins against MAC than against M. tuberculosis,77 the 
absence of correlation between in vitro susceptibility for rifampin, 
clinical response for MAC disease, as well as the markedly decreased 
immunologic status of the host.110 The limited success of current treat-
ment regimens is also caused by an incomplete understanding of the 
relationships between the doses of the drugs used, their pharmacoki-
netics, and the eventual in vivo treatment outcome. The interactions 
between rifamycins and macrolides are likely most important, because 
these drugs are cornerstones of recommended treatment regimens for 
MAC lung disease. The ATS and the Infectious Diseases Society of 
America (IDSA) currently recommend for most patients with nodular/
bronchiectatic disease a three-times-weekly regimen of clarithromycin 
(1000 mg) or azithromycin (500 mg), rifampin (600 mg), and etham-
butol (25 mg/kg). For patients with fibrocavitary MAC lung disease or 
severe nodular/bronchiectatic disease, a daily regimen of clarithromy-
cin (500 to 1000 mg) or azithromycin (250 mg), rifampin (600 mg) or 
rifabutin (150 to 300 mg), and ethambutol (15 mg/kg), with consider-
ation of three times per week amikacin or streptomycin early in 
therapy, is recommended.111 A recent study showed that currently rec-
ommended regimens for MAC lung disease yield important pharma-
cologic interactions and low concentrations of key drugs.112 Trials of 
new drugs and new strategies are needed.

Disseminated MAC infection occurs largely in patients with HIV 
infection, especially with CD4+ cells less than 50 cells/mm3. The role 
of rifamycins in the treatment of disseminated MAC disease is unclear. 
If a rifamycin is used as a second-line agent, most experts would use 
rifabutin, which is more potent than rifampin against MAC, has a 
postantibiotic effect of 26 hours at the MIC, and has activity against 
some strains that are resistant to rifampin. Rifabutin accumulates 
within phagocytes to a greater extent compared with rifampin113 and 
is easier to use with most antiretroviral agents, especially protease 
inhibitors. A study of 160 patients with the acquired immunodeficiency 
syndrome (AIDS) and MAC bacteremia compared triple therapy with 
rifabutin, clarithromycin, and ethambutol to double therapy with clar-
ithromycin with rifabutin or ethambutol. After 12 weeks, the microbio-
logic response was the same but patients in the triple-therapy group 
had increased survival and fewer relapses.114 Based on this study, some 
experts recommend the addition of rifabutin as a third drug for dis-
seminated MAC infection in AIDS, especially with a high mycobacte-
rial burden, but with careful monitoring for drug-drug interactions.115 
There is no role for rifabutin therapy in the prophylaxis of MAC due 
to the added toxicity seen when added to a macrolide.

Mycobacterium kansasii
There have been no randomized trials of treatment of disease caused 
by M. kansasii. However, there are several retrospective and prospec-
tive studies of various treatment regimens. Strains of M. kansasii often 
are susceptible to rifampin. With rifampin-containing multidrug regi-
mens, sputum conversion within the first 4 months of treatment was 
achieved in 100% of the cases, and treatment failures and long-term 
relapses occur in approximately 1% of the cases when treated for at 
least 12 months.116,117 The ATS and IDSA currently recommend a 
regimen for treating pulmonary M. kansasii disease of rifampin 
(600 mg/day), isoniazid (300 mg/day), and ethambutol (15 mg/day) 
for a duration that includes 12 months of negative sputum cultures.111 
However, in a recent study, a 12-month course of treatment, although 
effective in most cases, did not cure all patients with M. kansasii pul-
monary disease. For older patients with debilitating conditions, treat-
ment for longer periods guided by periodic sputum cultures is 
advisable.118

Other Nontuberculous Mycobacteria
The rifamycins show in vitro activity against several other nontuber-
culous mycobacteria, including M. marinum, M. xenopi, M. scrofula-
ceum, M. haemophilum, M. terrae complex, M. malmoense, M. szulgai, 
and M. gordonae. Rifampin is included in the multidrug therapy for 
infections caused by these nontuberculous mycobacteria. Rapidly 
growing mycobacteria, such as M. fortuitum and M. chelonae, are natu-
rally resistant to rifamycins.17
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staphylococcal infections and did not influence cure. Infection with 
MRSA and an infected arthroplasty (prosthesis) were factors inversely 
associated with cure.141

A 3- to 6-month regimen of rifampin with ciprofloxacin was evalu-
ated in patients with prosthetic joint infection after débridement and 
a 2-week course of parenteral antibiotics. All patients in the rifampin-
containing group who completed the study were cured.142 The efficacy 
of a rifampin-based regimen in débridement and prosthesis retention 
due to S. aureus and coagulase-negative staphylococci according to 
institutional practice guidelines incorporating an oral regimen of 
rifampin (900 mg/day) and levofloxacin (750 mg/day) was compared 
with a historical cohort with and without rifampin. Patients treated 
according to practice guidelines in the prospective cohort had a lower 
failure rate (7%) compared with the historical rifampin and nonri-
fampin groups (32% and 37%, respectively).143 In a recent retrospective 
series, 77% of patients with prosthetic joint infections due to 
methicillin-resistant Staphylococcus treated with rifampin and fusidic 
acid were infection free at 2 years.144 Treatment failure was associated 
with MRSA infection, a single or four or more débridements, and fewer 
than 90 days of antibiotics. The incidence of rifampin resistance was 
7%. The IDSA recommendations for MRSA prosthetic joint infections 
with débridement and prosthesis retention are parenteral therapy com-
bined with rifampin for 2 weeks followed by a fluoroquinolone with 
rifampin for 3 months for hip prostheses and for 6 months for knee 
prostheses.127

Propionibacterium acnes also produces biofilm and causes pros-
thetic joint infections and other foreign-body infections, including 
ventriculoperitoneal shunts and PVE. An in vitro guinea pig model of 
P. acnes biofilm demonstrated that rifampin showed the highest activity 
in biofilm with an MIC of 0.007 µg/mL. The combination of rifampin 
and daptomycin had the highest in vivo success rate of 63% without 
detection of resistance.145 In a review of 50 patients with P. acnes pros-
thetic joint infections treated with débridement and prosthetic reten-
tion or one- or two-stage exchange arthroplasty or both, 35 patients 
received long-term parenteral and oral therapy with rifampin with 
either cefazolin or clindamycin. The overall cure rate was 92%; however, 
analysis by antibiotic regimen was not reported.146

Osteomyelitis
Chronic staphylococcal osteomyelitis is associated with multiple 
relapses, repeated débridements, and long treatment courses. Recent 
in vitro models demonstrate the ability of S. aureus to invade osteo-
blasts and remain active for long periods of time, recruiting phago-
cytes and causing cytokine expression, contributing to the chronic 
inflammatory process.147 Therapeutic levels of rifampin are measurable 
12 hours after administration in cancellous bone,24 and rifampin eradi-
cates slow-growing staphylococci at the chronic phase of osteomyelitis. 
In animal models of chronic staphylococcal osteomyelitis, rifampin  
is synergistic with other antibiotics.148,149 In humans, débridement 
followed by parenteral and oral antibiotics, including β-lactams, 
linezolid, clindamycin, and trimethoprim-sulfamethoxazole (TMP-
SMX), is recommended for staphylococcal bone and joint infec-
tions.127,150,151 In a retrospective study of 100 patients with staphylococcal 
deep sternal wound infection, a rifampin-containing regimen was the 
only factor associated with a decrease in failure rate.152 For MRSA 
osteomyelitis, many experts recommend the addition of an extended 
course of an oral rifampin-based combination with either TMP-SMX, 
a quinolone, clindamycin, and either doxycycline or minocycline 
based on susceptibilities.127 In a recent review of chronic osteomyelitis, 
the authors recommend adding rifampin for all patients who can tol-
erate it.153

Central Nervous System Infections
Rifampin has good central nervous system (CNS) penetration and 
activity against many meningeal pathogens. Rifampin has been added 
to vancomycin for cephalosporin-resistant strains of S. pneumoniae 
and when dexamethasone is used with vancomycin.154,155 For MRSA 
meningitis, some experts recommend addition of rifampin. Rifampin 
with vancomycin is also recommended for the treatment of staphylo-
coccal CNS shunt infections, especially when the shunt cannot be 
removed.154,156

organisms that adhere to a living or foreign body.131 Within biofilms, 
organisms exist in distinct populations and in different stages of  
growth and exhibit heterogeneous gene expression. Antimicrobial 
resistance occurs by decreased penetration and tolerance induced by 
the anoxic environment and nutrient depletion.132 Rifampin in vitro is 
effective against staphylococci in various stages of growth, including 
metabolically dormant bacteria, is able to penetrate S. epidermidis 
biofilm, and can prevent biofilm formation within minutes. The lipid 
solubility of rifampin, activity within the acidic environment within 
some biofilms, and accumulation within neutrophils facilitate the 
activity of rifampin,133 and it is commonly used as part of the regimen 
in infections in which biofilms are known or presumed to be present.

In vitro, the addition of rifampin to S. epidermidis and MRSA 
biofilm infections improved the susceptibility to other antibiotics and 
decreased the adherence of bacteria to the foreign material.134 Studies 
of rifampin with linezolid and daptomycin in animal models of foreign-
body infection showed higher activity against planktonic bacteria 
when rifampin was used.135,136 When used with daptomycin, tigecy-
cline, and linezolid against MRSA biofilms in catheter lock solutions, 
rifampin combinations were better at eradicating biofilm compared 
with vancomycin and linezolid alone.137

In vivo studies and case reports have reported combinations of 
rifampin with vancomycin, β-lactams, and aminoglycosides for the 
treatment of S. epidermidis prosthetic valve endocarditis (PVE). An 
early retrospective study of 23 patients with methicillin-resistant S. 
epidermidis PVE found a cure rate in 87% of patients treated with 
vancomycin with rifampin (dosed at 900 to 1200 mg/day) or with 
rifampin and an aminoglycoside. Only 38% of those receiving a 
β-lactam with rifampin with or without an aminoglycoside were cured. 
The lower response in the patients treated with β-lactams was attrib-
uted to heteroresistance within the S. epidermidis population.138 This 
study and multiple case reports led to inclusion of rifampin as part of 
a triple therapeutic regimen for coagulase-negative staphylococcal 
PVE with vancomycin, rifampin, and gentamicin for 2 weeks followed 
by vancomycin and rifampin for at least 4 weeks. These recommenda-
tions were expanded to include S. aureus PVE, for which vancomycin 
plus rifampin (300 mg orally every 8 hours) for at least 6 weeks with 
gentamicin for the first 2 weeks is recommended.127

Vancomycin-Intermediate and 
Vancomycin-Resistant S. aureus 
and Rifampin
Since the emergence of vancomycin-intermediate S. aureus (VISA) and 
vancomycin-resistant S. aureus (VRSA) strains, alternative antibiotics 
have been studied in vitro. Rifampin was active against 92% of VRSA 
isolates but only 51% of VISA isolates in one study.139 A possible expla-
nation for this finding may be found in a study by Watanabe and col-
leagues that identified five rpoB mutations in 71% of VISA strains.140 
Among these strains, 55% were resistant to rifampin, supporting a 
possible link between resistance to vancomycin and rifampin exposure 
in S. aureus. In 29% of VISA strains there was no rpoB mutation, sug-
gesting a different resistance mechanism. When rifampin-resistant 
mutants from nine clinical MRSA isolates were tested, more than 95% 
had decreased vancomycin susceptibilities. The rpoB mutations were 
observed in 31% of rifampin-susceptible VISA strains, raising the pos-
sibility that selection of resistance in these strains occurred by vanco-
mycin and/or other antibiotics.140

Prosthetic Joint Infections
The majority of prosthetic joint infections are caused by staphylococci 
and are a leading cause of morbidity. Prosthetic joint infections usually 
require explantation of the device, prolonged antibiotic therapy, and 
reimplantation of a new device for cure. Rifampin has been shown to 
penetrate biofilm on the surface of the hardware. For patients who are 
not candidates for a two-stage procedure, débridement and prosthesis 
retention is used. Clinical outcomes differ with different staphylococcal 
species. In a study of 163 patients with staphylococcal orthopedic 
implant infections and different procedures, cure was achieved in 57% 
of MRSA, 72% of MSSA, and 82% of coagulase-negative staphylococcal 
infections. Rifampin was used in combination with other antibiotics  
in 45% of MRSA, 55% of MSSA, and 64% of coagulase-negative 
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of rifampin differed according to the resistance mechanism.173 Human 
studies of multidrug-resistant A. baumannii with rifampin and colistin 
are encouraging. Bassetti and colleagues used this combination in 29 
patients with pneumonia (19 cases) and bacteremia (10 cases) in iso-
lates susceptible to colistin. Clinical and microbiologic responses were 
observed in 76% of patients with an infection-related mortality rate of 
21%.174 Aerosolized colistin has been used with intravenous rifampin 
for multidrug-resistant A. baumannii pneumonia with encouraging 
results.175

Taking advantage of the immune-modulating effects of rifampin, 
Smani and associates pretreated human lung epithelial cells with mul-
tidrug- and pan-resistant A. baumannii. There was a decrease in oxida-
tive stress and proinflammatory responses, evidenced by decreased 
superoxide anion, TNF-α, and IL-6, indicating attenuation of cellular 
damage with rifampin without decrease in bacterial counts.51 Although 
the number of patients studied was small, the combination of rifampin 
and colistin should be considered in patients with serious infections 
due to carbapenem-resistant gram-negative bacilli, especially A. 
baumannii.

Brucella
The most widely used combination for treatment of brucellosis for 
decades is doxycycline with either an aminoglycoside or rifampin. 
Other regimens include rifampin with a quinolone or triple combina-
tions. In a recent meta-analysis, doxycycline and streptomycin had 
lower relapse and higher response rates than rifampin and doxycy-
cline.176,177 However, parenteral therapy is problematic in areas of the 
world where brucellosis is endemic and quinolones with rifampin were 
better tolerated than doxycycline-containing regimens in another 
review.176 In vitro susceptibility testing of 355 Brucella species to 
rifampin in Egypt revealed intermediate susceptibilities (MIC, 2 µg/
mL) in 45% and resistance (MIC, ≥4 µg/mL) in 19% compared with a 
7% rate of resistance in 2000, confirming emergence of rifampin resis-
tance in Egypt.178 The significance of this finding for treatment is 
unclear at this time. For laboratory and other environmental exposures 
the recommended prophylaxis is a 3-week course of doxycycline and 
rifampin.179

Bartonella
Rifampin has potent in vitro activity against Bartonella henselae (MIC, 
0.03 to 0.06 µg/mL), the agent of cat-scratch disease. Azithromycin is 
first-line therapy for extensive lymphadenopathy; doxycycline with 
rifampin is an alternative.180 For complicated disease (retinitis, enceph-
alitis, and hepatosplenic) the combination of doxycycline and rifampin 
is recommended in adults for 4 to 6 weeks and rifampin with azithro-
mycin or TMP-SMZ for children.180 B. henselae also causes endocardi-
tis and bacillary angiomatosis in HIV-infected persons. Bacillary 
angiomatosis is usually treated with long courses of erythromycin or 
doxycycline. However, combination therapy with rifampin and either 
erythromycin or doxycycline is recommended for immunocompro-
mised patients with life-threatening Bartonella infection and doxycy-
cline with rifampin is preferred for CNS disease.180 It has been observed 
that AIDS patients receiving a macrolide or a rifamycin for MAC 
prophylaxis may be protected from developing Bartonella infections.181 
Bartonella quintana, the etiologic agent of trench fever, is usually 
treated with doxycycline. However, in areas of the world such as Thai-
land, where doxycycline is less active, rifampin is more effective.182

Fungal Infections
Based on early evidence of synergistic activity of amphotericin B with 
rifampin against fungi, Medoff demonstrated synergy in vitro with this 
combination against Histoplasma capsulatum, Aspergillus species, and 
Saccharomyces cerevisiae. Extending these observations to a mouse 
model, combination therapy with amphotericin B and rifampin was 
more effective against H. capsulatum, Blastomyces dermatitidis, and 
Aspergillus species.183 There are limited data on the use of rifampin for 
Candida infections. A recent in vitro study on killing of Candida bio-
films using amphotericin B alone or in combination with either 
rifampin or clarithromycin found a synergistic effect of rifampin and 
amphotericin B in 66.6% of C. parapsilosis, 42.8% of C. albicans, and 
33.3% of C. glabrata biofilms.184 In vitro data show synergy with 

Infections Caused by Other Bacteria
Streptococcus pneumoniae
Two in vitro studies of penicillin-resistant S. pneumoniae (PRSP) men-
ingitis in the rabbit model found the combination of ceftriaxone with 
rifampin equivalent to ceftriaxone plus vancomycin.157,158 Other animal 
studies showed poorer outcomes with rifampin. With the increasing 
incidence of PRSP, in 2004 the IDSA recommended adding rifampin 
to a third-generation cephalosporin if resistance is documented and 
the isolate is rifampin sensitive or if there is an expected delay in clini-
cal or bacteriologic response or both.154 Emergence of rifampin-
resistant isolates has been documented.159

Enterococci
Rifampin may be emerging as an adjunct therapy for Enterococcus 
faecalis and Enterococcus faecium infection. When E. faecalis biofilm 
from hip and knee prosthetic joint infection was grown in microtiter 
wells or on beads of bone cement treated with ampicillin, vancomycin, 
linezolid, ciprofloxacin, and rifampin alone and in combination and 
combinations of ciprofloxacin or linezolid with rifampin were most 
effective in reducing the bacterial count.158 Rifampin resistance devel-
oped when used with ampicillin but was reduced with linezolid and 
ciprofloxacin.160 Rifampin and tigecycline were effective in a rat ureteral 
stent model of E. faecium in preventing infection.161 Another effective 
combination in an E. faecalis mouse wound model is tigecycline with 
rifampin or daptomycin.162 For serious urinary tract infections caused 
by multidrug resistant (MDR) Enterococcus, aminoglycosides or 
rifampin are suggested as adjunct therapy in a recent review.163

Legionella
Earlier retrospective studies of rifampin, with a macrolide or quinolone 
for severe Legionella pneumophila pneumonia, showed the combina-
tion with erythromycin or pefloxacin to be superior to erythromycin 
alone. The quinolone alone and in combination with rifampin was the 
most active regimen.164 The combination of clarithromycin with 
rifampin was evaluated in 32 patients with no additional benefit in the 
combination group and a longer length of stay, possibly owing to 
adverse reactions and drug interactions from rifampin.165 A recent 
literature review concluded that rifampin should be considered only 
for patients with severe Legionella infection or serious comorbid condi-
tions. Caution is advised for drug interactions and other adverse 
events.166

Rhodococcus
Rhodococcus equi is predominantly a veterinary pathogen but can 
cause opportunistic infections in AIDS and transplant patients. 
Rifampin achieves high intracellular concentrations and is bactericidal 
against this organism. Most authors suggest a combination of two to 
three antibiotics, including rifampin, vancomycin, a macrolide, quino-
lones, minocycline, and carbapenems for 6 to 9 months for these 
infections.167,168

Resistant Gram-Negative Bacilli
Rifampin has been used in combination with other antibiotics to treat 
multidrug-resistant and/or pan-resistant strains of gram-negative bac-
teria, especially Acinetobacter baumannii and P. aeruginosa. With the 
emergence of carbapenem-resistant strains, many in vitro studies use 
rifampin and polymyxin in combination. This is especially relevant 
with reports of heteroresistant A. baumannii.169 In time-kill studies, 
rifampin and polymyxin demonstrated bactericidal killing in 42% of 
carbapenem-resistant A. baumannii isolates and was the most effective 
combination tested.170 A study of 20 carbapenem-resistant isolates of 
P. aeruginosa, A. baumannii, K. pneumoniae, and Escherichia coli found 
bactericidal activity in 90% of isolates using combinations of poly-
myxin B, doripenem, and rifampin.171 In a rat model of sepsis due to 
a strain of multidrug-resistant P. aeruginosa, colistin and rifampin led 
to a significant reduction in bacterial count compared with colistin 
alone but no difference in mortality.172 In an immunosuppressed 
mouse model of pneumonia using carbapenem-resistant A. baumannii 
isolates with different resistance mechanisms, rifampin-based regi-
mens (with imipenem, colistin, and tigecycline) were effective in bac-
teremia and improved survival in all strains but the antibacterial effects 
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The efficacy of rifaximin for traveler’s diarrhea was established in 
clinical trials showing rifaximin (400 mg twice daily) to be similar to 
traditional antimicrobial agents such as quinolones in decreasing time 
to resolution of symptoms.199 Rifaximin was demonstrated to be 72% 
effective in chemoprophylaxis of traveler’s diarrhea in Mexico, where 
most cases were caused by E. coli.201 When chemoprophylaxis is indi-
cated, the fluoroquinolones are preferred for their effectiveness of over 
90% and known activity against most invasive intestinal pathogens.202 
Rifaximin at subinhibitory concentrations was also found to reduce 
expression of bacterial enterotoxins and surface adhesion intestinal-
binding factors of enterotoxigenic E. coli.203

In 2010, a 550-mg tablet of rifaximin was approved for the treatment 
of hepatic encephalopathy. In a study of 299 patients, rifaximin use led 
to fewer breakthrough episodes of hepatic encephalopathy, defined as 
impaired mental status and neuromotor function, and significantly 
reduced the risk for hospitalization compared with placebo.204 The 
reduction of microbes that degrade nitrogenous compounds results in 
decreased ammonia levels and was more than or equally effective as 
lactulose and other traditional agents and better tolerated.205

Small trials of rifaximin for C. difficile infection have been pub-
lished, although rifaximin may best be utilized for recurrent C. difficile 
infection, with a response rate as high as 83% observed in one study.206 
A 2-week course of rifaximin is often used after a 6-week course of 
vancomycin for recurrent disease. There is concern about development 
of resistance, however. Using the rifampin Etest, which reliably predicts 
the rifaximin MIC, one study found 14 of 80 clinical isolates had an 
MIC greater than 32 µg/mL. Of these 14 isolates, 9 (64%) belonged to 
the BI/NAP1/027 group.207 In small bowel overgrowth, rifaximin may 
play a role in microbial decontamination.197 Studies in irritable bowel 
syndrome demonstrate a modest symptomatic improvement of 10%, 
which is similar to other therapies.208 Additional clinical studies are 
needed to establish the efficacy and safety of rifaximin for irritable 
bowel syndrome.

Rifaximin may be beneficial in inflammatory bowel diseases, 
including ulcerative colitis, Crohn’s disease, and pouchitis as a steroid-
sparing regimen, although additional studies are needed.200 The role of 
the gut microbiota in promoting and maintaining the inflammatory 
response has been demonstrated in inflammatory bowel diseases, and 
clinical improvement is seen with systemic antibiotics. Multiple studies 
of rifaximin alone or in combination with other therapies (including 
corticosteroids) have demonstrated improved rates of remission  
and/or clinical improvement in Crohn’s disease, ulcerative colitis, and 
pouchitis.209 There may be a role for rifaximin in the treatment of 
diverticular disease when used 7 days per month along with traditional 
therapies.210 Caution is warranted for such empirical therapies because 
rifampin-resistant strains of S. aureus and coagulase-negative staphy-
lococci were found in the perineum, hands, and upper extremities after 
rifaximin therapy that persisted up to 9 weeks after discontinuation, 
consistent with other studies demonstrating rifaximin-resistant E. coli 
in the intestinal tract.211,212

RIFALAZIL
Rifalazil is a benzoxazinerifamycin discovered by the Kaneka Corpora-
tion in the late 1990s and licensed to PathoGenesis for marketing in 
the United States. Rifalazil has an MIC 64-fold higher than rifampin 
against many M. tuberculosis isolates, has a half-life greater than 100 
hours, achieves high intracellular concentrations, and has no CYP 
interactions.213 Rifalazil has potent in vitro bactericidal activity against 
Chlamydia species with an MIC90 of 0.00025 µg/mL against C. tracho-
matis214 and is active against H. pylori and nontuberculous mycobac-
teria. Initial development was limited by a flulike syndrome and 
leukopenia in phase I clinical trials. A phase II trial in pulmonary 
tuberculosis with once-weekly dosing with isoniazid for 2 weeks fol-
lowed by 6 months of standard therapy was better tolerated, but a 
higher incidence of adverse events was observed in the rifalazil arm of 
the trial.48 Hypotheses as to why the flulike syndrome is so common 
with rifalazil include increased release of cytokines or an antibody-
mediated reaction or effects on the microbiota. The greatest potential 
for rifalazil may be the treatment of Chlamydia, where the drug is 
active against all stages of the life cycle and against rifampin-resistant 
strains of Chlamydia trachomatis and Chlamydia pneumoniae. The 

rifampin and amphotericin B in 68.7% of Fusarium species.185 There 
are rare reports of combination therapy in patients, but there are insuf-
ficient data to support the use of rifampin in combination with anti-
fungal agents.

SECOND-LINE INDICATIONS  
FOR RIFAMYCINS
Rifabutin has been successful as fourth-line “rescue therapy” for H. 
pylori infection. A combination of rifabutin with amoxicillin and a 
proton-pump inhibitor for 10 days used after failure of standard quad-
ruple therapy was successful and well tolerated in 50% to 66.6% of 
patients in two studies.186,187 Q fever endocarditis is usually treated with 
doxycycline in combination with hydroxychloroquine. Doxycycline 
with rifampin (900 mg/day) was effective in some case reports, and 
erythromycin with rifampin was successful in chronic Q fever of preg-
nancy.188 In an outbreak of Bacillus anthracis from infected cattle in 
Italy, a patient was cured with tigecycline, rifampin, and ciprofloxa-
cin.189 Doxycycline is first-line treatment for scrub typhus, but in areas 
of the world where doxycycline resistance is present, rifampin is an 
alternative.190 Doxycycline is also the treatment of choice for human 
granulocytic ehrlichiosis, but rifampin is successful in treating young 
children.191 Rifampin at doses of 300 to 600 mg/day reduces pruritus 
associated with cholestasis, possibly by induction of microsomal 
enzymes that promote glucuronidation of toxic bile salts. A review of 
12 trials documented a significant decrease in pruritus.192

Chemoprophylaxis
Antibiotics for chemoprophylaxis of N. meningitidis contacts include 
rifampin, ciprofloxacin, minocycline, and ceftriaxone. A 2-day course 
of rifampin (600 twice daily) is effective in eradicating the bacteria 
from 75% to 95% of carriers; however, adverse drug reactions, drug 
interactions, and selection of resistant isolates have limited use to 
young children. An extensive review found that ceftriaxone was more 
effective than rifampin after 1 to 4 weeks of follow-up. Rifampin was 
effective for up to 4 weeks after treatment, but resistant isolates were 
seen, raising concern that use of rifampin during an outbreak may lead 
to the circulation of resistant strains. Use of ciprofloxacin, ceftriaxone, 
or penicillin should be considered.193

Use of H. influenzae type b conjugate vaccines has significantly 
decreased the incidence of invasive disease in children. Chemoprophy-
laxis is recommended for close contacts of a child with invasive H. 
influenzae type b infection using rifampin at doses of 20 mg/kg in 
children and 600 mg in adults daily for 4 days, based on earlier studies 
showing elimination of oropharyngeal carriage of H. influenzae type b 
in 97% of household or daycare contacts.194,195

Another area of infection prophylaxis is the use of rifampin-
minocycline–impregnated catheters. Studies have found these cathe-
ters to be effective in decreasing catheter-related bacteremia.196 Two 
recent studies in pediatric burn patients197 and in immunocompro-
mised patients with transplants, cancer, or on dialysis198 concluded that 
these catheters are effective in reducing the incidence of catheter-
associated bacteremia.

For decolonization of MRSA carriers, mupirocin ointment and 
chlorhexidine are effective in 60% of patients long term. Oral therapy 
is recommended if the topical regimen fails, which may be seen with 
the increasing rates of isolates resistant to mupirocin. Rifampin for 5 
to 10 days in combination with another agent is recommended if the 
strain is susceptible and other regimens are ineffective.127

RIFAXIMIN: A SELECTIVE 
GASTROINTESTINAL RIFAMYCIN
Rifaximin is a unique rifamycin with low systemic absorption, 
enhanced fecal concentrations, decreased systemic toxicity, and few 
drug interactions. Rifaximin is bactericidal against many enteric 
pathogens, including enterotoxigenic and enteroaggregative E. coli, 
Salmonella, Shigella, and Campylobacter with MIC90 ranging from 4 to 
64 µg/mL.199 Rifaximin is also active against C. difficile (MIC90, 0.25 µg/
mL), although high-level resistance (MIC90, ≥256 µg/mL) has been 
reported.200 Rifaximin has antiprotozoal activity, including Cryptospo-
ridium parvum and Blastocystis hominis.199 The major effects of rifaxi-
min are inhibition and alteration of enteric pathogens.198
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bacterial growth and prevented biofilm formation within the scaffolds 
through the first 6 hours.219

Rifamycin SV MMX is a semisynthetic derivative of rifamycin SV 
in a nonabsorbable modified release multimatrix structure that deliv-
ers the active ingredient directly into the colon.220 The bioavailability 
is less than 0.1%, and close to 90% of the dose was recovered in feces. 
This compound is under investigation for treatment of traveler’s diar-
rhea, C. difficile infection, diverticulitis, inflammatory bowel diseases, 
and hepatic encephalopathy.

Novel rifamycins are under development to improve the binding 
affinity to the RNAP and utilize new binding interactions. Reduction 
of the C-11 ketone group to an alcohol yields derivatives with enhanced 
antibacterial properties and improved resistance profiles compared 
with rifampin and rifalazil.221 A new 3-(4-cinnamyl-piperazinyl imino-
methyl) rifamycin SV derivative, rifacinna, has broad-spectrum in 
vitro activity, including some multidrug-resistant M. tuberculosis 
strains and high intraphagocytic activity against MAC. Clinical studies 
in patients with cavitary tuberculosis showed good tolerability, low 
toxicity, and higher therapeutic efficacy than rifampin.222 Further in 
vitro investigation and in vivo studies are needed, but these com-
pounds offer exciting prospects for the future.

PROVIDENCE-1 study of rifalazil versus placebo for intermittent 
claudication in patients seropositive for C. pneumoniae failed to show 
improvement in exercise performance or quality of life, but there were 
no safety concerns.215 A phase IIB study in men with nongonococcal 
urethritis showed superiority of 25 mg of rifalazil compared with 1 g 
of azithromycin.216 A phase II trial of safety and efficacy for uncompli-
cated C. trachomatis infection in women is underway.

RIFAMYCINS IN DEVELOPMENT
New rifamycins in development include aerosolized formulations, 
rifamycin-loaded scaffolds for prevention of orthopedic prosthetic 
infections, and compounds that circumvent development of resistance. 
The advantages of aerosol formulations are decreased dosing, improved 
compliance, decreased adverse events, and improved pharmacody-
namics, since particles attain high intracellular concentrations in pul-
monary macrophages. Two of many investigational compounds are a 
dry powder formulation with rifampin-derived microcrystals coated 
with polymers217 and liposomes coated with chitosan-xanthan gum.218 
Synthetic bone scaffolds constructed by electrospinning nanofiber 
poly(caprolactone) with concentrations of 10% and 20% rifampin 
inoculated with S. epidermidis and P. aeruginosa completely inhibited 
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28  Metronidazole
Jerod L. Nagel and David M. Aronoff

Metronidazole (1-[2-hydroxyethyl]-2-methyl-5-nitroimidazole) is a 
nitroimidazole drug active against anaerobic bacteria and certain para-
sites. It is a widely used drug given its tolerability, high oral bioavail-
ability, and capacity to penetrate into tissues well, including the central 
nervous system.

HISTORY
Metronidazole was first synthesized in the 1950s when the pharmaceu-
tical company Rhône-Poulenc was searching for an effective anti-
trichomonal drug for the treatment of vaginal trichomoniasis.1 Initially, 
a crude extract of a Streptomyces bacterium was found to kill Tricho-
monas vaginalis and the active component was determined to be 
azomycin, a previously characterized nitroimidazole antibiotic.2 Met-
ronidazole was a synthetic analogue of azomycin that was both more 
active against T. vaginalis and less toxic.1,3 It was initially called 8823 
R.P.1 This discovery soon led to its successful use in human clinical 
studies of trichomoniasis.4,5 The presumed antibacterial activity of met-
ronidazole was discovered incidentally by Shinn in 1962, who reported 
improvement in ulcerative gingivitis in a patient treated for a concomi-
tant T. vaginalis infection, a result he confirmed in a series of patients 
with ulcerative stomatitis.6

MECHANISM OF ACTION
Metronidazole and other nitroimidazoles (e.g., nimorazole, ornidazole, 
ronidazole, secnidazole, tinidazole) are inert, and their spectrum of 
antimicrobial activity is determined by the capacity of susceptible 
organisms to activate the drugs once they enter the cell via passive 
diffusion. The structures of metronidazole and related compounds are 
illustrated in Figure 28-1. Their bactericidal and parasiticidal activities 
are rapid and proportional to the concentration of the activated drugs 
within the target cell.7 The members of this class of antibiotics are 
therefore best considered as prodrugs, which are activated through a 
reduction step to form highly reactive products that interact with intra-
cellular targets (see later).8 Metronidazole’s mechanism of action 
describes that of the other nitroimidazoles.

The nitroimidazoles share a heterocyclic structure consisting of an 
imidazole-based nucleus with a nitro group, NO2, in position 5. There 
are four major steps involved in the mechanism of action of metroni-
dazole that result in the intracellular formation of critical redox inter-
mediate metabolites.9 In the first two steps, the drug enters cells by 
passive diffusion and an electron is transferred to the nitro group of 
metronidazole, resulting in the production of a short-lived nitroso free 
radical, which is cytotoxic and can interact with cellular DNA.10 This 
process of activating the prodrug creates a concentration gradient that 
augments the increased uptake of the drug by the organism, further 
increasing its antimicrobial effect. The third step in metronidazole’s 
action relates to the cytotoxic effect of the reduced product because the 
activated metronidazole compound can inhibit DNA synthesis and 
induce DNA damage via oxidation, resulting in single-strand and 
double-strand breaks.10 Thus, metronidazole induces DNA degrada-
tion and cell death.10 Finally, there is the release of inactive end prod-
ucts of the drug.11

The microbial selectivity of metronidazole reflects the inability of 
aerobic bacteria to activate the prodrug because they lack the necessary 
electron transport proteins with sufficient negative redox potential.10 
However, in susceptible anaerobic bacteria, the redox potential of com-
ponents of the electron transport chain is sufficiently negative to 
reduce the nitro group of metronidazole. The drug is activated in 
anaerobic bacteria when it receives an electron from ferredoxin or 
flavodoxin, which are themselves reduced by iron-sulfur proteins 

called pyruvate:ferredoxin oxidoreductases (PFORs).12 The exact elec-
tron donors involved in nitroimidazole reduction vary, depending on 
the organism.10 In the microaerophile Helicobacter pylori, for example, 
a separate mechanism appears to be involved in metronidazole suscep-
tibility, involving a 2-electron transfer step mediated by an oxygen-
insensitive nitroreductase (RdxA).10 Several microaerophilic protists 
(Giardia lamblia, Entamoeba histolytica, and T. vaginalis) have bacteria-
like enzymes (nitroreductases) capable of activating metronidazole.13

SPECTRUM OF ACTIVITY
Metronidazole and related nitroimidazoles are active against a variety 
of anaerobic bacteria, as well as microaerophilic bacteria and protozoa. 
Resistance, as detailed later, has been increasingly detected in certain 
organisms, though this may not be identified easily because sensitivity 
testing for anaerobes is not performed routinely. However, the emer-
gence of resistance suggests that ongoing surveillance is important.10

Many gram-negative anaerobes are susceptible to metronida-
zole.14,15 As a rule, members of the genera Bacteroides and Parabacte-
roides are susceptible to metronidazole, with resistance generally 
detected in less than 5% of isolates.16-19 Higher rates of resistance have 
been reported among Bacteroides isolates in South Africa.20 Desulfovi-
brio species are also highly susceptible,21 and clinically relevant 
members of the Fusobacterium, Porphyromonas, Prevotella, and Biloph-
ila genera are usually sensitive.14,22 However, nonsusceptible Prevotella 
strains have been described.14 Recently, metronidazole resistance has 
been reported in oral isolates of Porphyromonas gingivalis.23 Reduced 
susceptibility has also been noted in isolates of Sutterella14 and in the 
gram-negative coccus Veillonella.15,24 The bacterial vaginitis-associated 
bacteria of the genus Mobiluncus are usually not susceptible to 
metronidazole.25,26

Facultative anaerobes have variable susceptibility to metronidazole 
and are generally not empirically treated with this agent. Aggregati-
bacter actinomycetemcomitans is occasionally susceptible, but resis-
tance is sufficiently common that empiric metronidazole should not  
be used for these infections.23,27 Another oral, facultative anaerobe, 
Eikenella corrodens, is generally resistant to the nitroimidazoles.28 The 
CO2-requiring members of the genus Capnocytophaga are generally 
resistant to metronidazole.29 Although Campylobacter jejuni and Cam-
pylobacter coli isolates may be susceptible in vitro to metronidazole, 
the drug is not recommended for therapy against these pathogens.30 
Gardnerella vaginalis, which is associated with bacterial vaginosis, is 
variable in its sensitivity, with nearly 30% of isolates in one series 
demonstrating resistance, suggesting that resistance should be consid-
ered in cases of treatment failure.31 A more recent survey from India 
documented nearly 70% of G. vaginalis strains were metronidazole 
resistant, but the cases included metronidazole-exposed women exhib-
iting recurrent infection.32 The clinical relevance of in vitro resistance 
of Gardnerella to metronidazole is difficult to interpret because a 
hydroxy metabolite of metronidazole is actually more active against G. 
vaginalis than the parent compound.33,34

H. pylori is a facultative anaerobe that was initially sensitive to 
metronidazole but has increasingly developed clinically important 
resistance. A recent survey of 10,670 clinical isolates obtained from H. 
pylori–treated and H. pylori–untreated individuals revealed metroni-
dazole resistance in 17.4% of isolates from previously untreated chil-
dren and 26.1% of strains from previously untreated adults. Resistance 
rates in strains obtained from antibiotic-exposed children and adults 
were higher, at 37.7% and 49.0%, respectively.35 Treatment failure for 
H. pylori was a significant risk factor for harboring a metronidazole-
resistant isolate.35
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concentrations in the feces of healthy adults.40,53 At present there are 
few studies of metronidazole’s impact on the gastrointestinal microbi-
ome that have used culture-independent techniques such as DNA 
pyrosequencing, apart from studies involving antibiotic combina-
tions.50 This is an area in need of new research.

Nucleic acid sequencing methods have been applied to understand 
the impact of metronidazole on the microbiome of the female repro-
ductive tract, particularly in the context of bacterial vaginosis. Topical 
metronidazole has recently been evaluated for its impact on the vaginal 
microbiome in women with bacterial vaginosis.54-56 Five to seven 
days of metronidazole consistently reduced the diversity of bacterial 
communities in these studies of bacterial vaginosis, compared with  
no treatment, and for many women it restored a more normal, 
Lactobacillus-dominated mucosal microbiome.54-56

PHARMACOLOGY
Metronidazole is commercially available in a variety of formulations: 
oral capsules and tablets (immediate and extended release); intrave-
nous solution; topical gels, creams, and lotions; and vaginal gels.7,57 
Although oral metronidazole suspension is not commercially available, 
it is commonly compounded in pharmacies by crushing immediate 
release tablets and mixing with a 1 : 1 ratio of an aqueous suspending 
solution and buffered oral syrup.58 The dose and duration of metroni-
dazole is dependent on the specific product and indication (Table 
28-1). An IV loading dose of 15 mg/kg, followed by 7.5 mg/kg every 
6 to 8 hours, is recommended in the package insert, with a maximum 
daily dose limit of 4 g.7 A fixed dose of 500 mg IV every 8 hours main-
tains concentrations above typical MICs for Bacteroides species and is 
effective for treatment of intra-abdominal infections.59-61 An infusion 
time of 1 hour is traditionally recommended, but 20- to 30-minute 
infusions have been used.62 Given the long half-life and concentration-
dependent activity, high-dose metronidazole, administered as 1 to 
1.5 g every 24 hours, may be a safe and effective alternative to 500 mg 
every 6 to 8 hours.63,64 The typical duration of oral or intravenous 
metronidazole courses ranges from 1 to 10 days depending on the 
indication and patient condition. Longer durations may be prescribed, 
but caution should be exercised with durations greater than 1 month 
due to increased risk of peripheral neuropathy and central nervous 
system adverse effects.65-67

Oral metronidazole is rapidly and almost completely absorbed, 
with bioavailability approaching 100%.7,57 When rectally administered, 
metronidazole is also well absorbed with reported bioavailability of 
59% to 94%; topical and vaginal metronidazole achieves detectable 
systemic concentrations with bioavailability ranging from 2% to 
25%.7,57,68 Administration of oral metronidazole with food is encour-
aged to minimize gastrointestinal adverse effects and does not affect 
bioavailability but may delay the time to peak serum concentrations. 
Peak serum concentrations range from 12 to 40 µg/mL and occur 1 to 

Among the gram-positive anaerobes, the clostridia remain quite 
susceptible to metronidazole.36 However, reduced susceptibility to met-
ronidazole has been noted among a limited number of Clostridium 
difficile isolates.37-39 Notably, the Etest overestimates metronidazole sus-
ceptibility in C. difficile isolates, compared with the more involved 
agar-incorporation-based methods for determining minimal inhibi-
tory concentrations (MICs).37,39 Whether the clinical response to met-
ronidazole is affected by reduced in vitro susceptibility remains to be 
determined. However, this deserves closer attention in light of the 
highly variable concentrations of metronidazole in the stools of treated 
patients40,41 and increasing reports of treatment failure and recurrence 
of C. difficile infection (CDI) in metronidazole-treated patients.42

An important hole in the anaerobic spectrum of metronidazole is 
found in its lack of activity against a number of non–spore-forming, 
gram-positive anaerobic bacteria that possess intrinsic resistance to the 
drug. These include isolates of Actinomyces, Bifidobacterium, Lactoba-
cillus, and Propionibacterium.10,36,43 Propionibacterium acnes is highly 
resistant.15,36,44 Metronidazole should not be routinely used to treat 
infections with these organisms unless susceptibility is confirmed. In 
contrast, the genus Eubacterium is generally sensitive to metronidazole 
in vitro.36

The nitroimidazoles possess good activity against several protozoa. 
Apart from T. vaginalis, metronidazole has activity against Giardia 
(syn. G. duodenalis, G. lamblia, G. intestinalis) and Entamoeba histo-
lytica. Resistance is uncommon in Giardia, and clinical efficacy is gen-
erally greater than 90%, but in vitro testing has revealed reduced 
susceptibility to metronidazole in clinical isolates, causing concern.45,46 
Nitroimidazoles exhibit in vitro activity against Dientamoeba fragilis, 
which is a trichomonad known to cause gastroenteritis.47

Apart from its antimicrobial actions, metronidazole exhibits immu-
nosuppressive and anti-inflammatory actions48 and has been used 
effectively in the treatment of rosacea,49 although the extent to which 
this relates to metronidazole’s antibacterial properties is unclear.

EFFECTS ON THE HUMAN 
MICROBIOME
Metronidazole, like many antimicrobials, affects the human microbi-
ome, although because this has mostly been examined in subjects 
exposed to metronidazole in combination with other antimicrobials, it 
is difficult to fully understand the impact of metronidazole itself.10,50 
Early culture-based studies of the impact of metronidazole mono-
therapy on bacterial communities in the human gastrointestinal tract 
described little impact of the drug on microbial populations.41,51 
However, some investigators reported a suppression of anaerobes  
and a relative increase in the abundance of certain aerobic bacteria 
(Escherichia coli and fecal streptococci).52 The reasons for the relatively 
low impact on normal gut microbes are not well understood but may 
relate to the pharmacology of metronidazole, which achieves low 

FIGURE 28-1  Structures of nitroimidazoles. A, Metronidazole. B, Tinidazole. C, Ornidazole. D, Secnidazole. E, Nimorazole. F, Ronidazole. 
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TABLE 28-1  Major Preparations and Indications for Metronidazole: Administration and Dosage

PRODUCT DOSAGE FORM STRENGTHS INDICATIONS DOSE AND ADMINISTRATION
Metronidazole Tablet 

(Flagyl)
Tablet 250 mg

500 mg
Symptomatic trichomoniasis, 

asymptomatic trichomoniasis, 
treatment of asymptomatic 
consorts, amebiasis, 
anaerobic bacterial 
infections, intra-abdominal 
infections, skin and skin 
suture infections, gynecologic 
infections, bacterial 
septicemia, bone and joint 
infections, CNS infections, 
lower respiratory tract 
infections, endocarditis

Adults
Acute intestinal amebiasis: 750 mg tid for 

5-10 days
Amebic liver abscess: 500 or 750 mg tid for 

5-10 days
Anaerobic bacteria: 7.5 mg/kg every 6 hr for 

7-10 days (may be longer)
Trichomoniasis:
250 mg tid daily for 7 days
375 mg (capsule) bid for 7 days
2 g single dose or 1 g bid for 1 day

Metronidazole Capsule 
(Flagyl)

Capsule 375 mg

Children
35-50 mg/kg daily divided into 3 doses for 10 days

Metronidazole 
extended-release 
tablet (Flagyl ER)

Extended-release tablet 750 mg* Bacterial vaginosis Adults
750 mg once daily for 7 days

Metronidazole 
intravenous solution 
(Metro)

Intravenous solution 500 mg/100 mL 
(0.74% NaCl)

5 mg/mL (0.74% 
NaCl)

Anaerobic infections, 
intra-abdominal infections, 
skin and skin structure 
infections, gynecologic 
infections, bacterial 
septicemia, bone and joint 
infections, CNS infections, 
lower respiratory tract 
infections, endocarditis, 
prophylaxis

Adults
Anaerobic infections:
Loading dose of 15 mg/kg IV over 1 hr
Maintenance dose: 7.5 mg/kg IV over 1 hr every 

6 hr. Usual duration 7-10 days.
Colorectal surgery prophylaxis:
Initial: 15 mg/kg IV over 30-60 min about 1 hr 

before surgery
Maintenance: 7.5 mg/kg IV over 20-60 min at 6 

and 12 hr after initial dose

Metronidazole gel 
(MetroGel-Vaginal, 
Vandazole)

Vaginal gel 0.75% Bacterial vaginosis Adults
Bacterial vaginosis: 1 applicatorful (≈5 g containing 

metronidazole 37.5 mg) intravaginally once or 
twice daily for 5 days. For once-a-day dosing, 
administer at bedtime.

Metronidazole cream 
(MetroCream, 
Rosadan—0.75%) 
(Noritate—1.0%)

Cream 0.75%
1.0%*

Rosacea Adults
1% strength: apply a thin film once daily
0.75% strength: apply a thin film twice daily

Metronidazole gel 
(Metrogel—1.0%) 
(Rosadan—0.75%)

Gel 0.75%
1.0%*

Metronidazole lotion 
(MetroLotion)

Lotion 0.75%

Metronidazole Kit 
(Rosadan)

Kit Metronidazole 0.75% 
cream + wash*

Trinidazole
(Tindamax)

Tablet 250 mg
500 mg

Trichomoniasis, amebiasis, 
anaerobic bacterial vaginosis, 
intra-abdominal surgical 
prophylaxis, giardiasis, and 
Helicobacter pylori infection, 
nongonococcal urethritis

Adults
Acute intestinal amebiasis: 2 g qd for 3 days
Amebic liver abscess: 2 g qd for 3-5 days
Trichomoniasis: 2 g one-time dose
Giardiasis: 2 g one-time dose
Bacterial vaginosis: 2 g qd for 2 days

Children
Acute intestinal amebiasis: 50 mg/kg qd for 

3 days
Amebic liver abscess: 50 mg/kg qd for 3-5 days
Giardiasis: 50 mg/kg one-time dose

Secnidazole Tablet 1000 mg Adults
Acute intestinal amebiasis: 2 g one-time dose
Trichomoniasis: 2 g one-time dose
Giardiasis: 2 g one-time dose
Bacterial vaginosis: 2 g one-time dose

Children
Acute intestinal amebiasis: 30 mg/kg one-time 

dose
Giardiasis: 30 mg/kg one-time dose

Ornidazole Tablet 500 mg Adults
Acute intestinal amebiasis: 1.5 g qd for 3 days
Bacterial vaginosis: 1.5 g qd for 3 days

Children
Acute intestinal amebiasis: 25 mg/kg qd for 

5-10 days
Giardiasis: 40-50 mg/kg one-time dose

*No generic available.
CNS, central nervous system.
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drug is found in the urine.7,57,73 Oxidation, glucuronidation, and 
metabolism by cytochrome P-450 system yield five major metabolites, 
including 1-2 hydroxyethyl-2-hydroxy-methyl-5-nitroimedazole 
(hydroxy metabolite), which maintains antimicrobial activity; 
2-methyl-5-nitroimidazole-1-acetic acid (acetic acid metabolite) is 
another major metabolite but has no antimicrobial activity.7,57,73 All 
metabolites are extensively excreted in the feces or urine.7 The half-life 
of metronidazole is approximately 8 hours in healthy patients and 18 
to 20 hours with end-stage hepatic failure.74 Patients with moderate-
to-severe hepatic diseases should receive a 50% dose reduction.7 Addi-
tionally, patients with end-stage renal disease (creatinine clearance  
<10 mL/min) will have slightly longer half-life of metronidazole and 
significantly impaired clearance and accumulation of the hydroxy and 
acetic metabolites.7,75-81 Metronidazole and metabolites are removed by 
conventional, continuous, and peritoneal hemodialysis. During a 
4-hour conventional hemodialysis session, 45% of drug is removed, 
and patients should receive a supplemental dose post dialysis. Patients 
receiving continuous renal replacement therapy also experience sig-
nificant removal of metronidazole and its metabolites and do not 
require dose adjustment.74 Peritoneal dialysis removes approximately 
10% of drug.82 Patients on peritoneal dialysis and those with creatinine 

2 hours after oral administration and approximately 3 hours after rectal 
administration.7,57

Metronidazole is a lipophilic molecule with low protein binding 
and moderate to large volume of distribution, allowing extensive dis-
tribution into various tissues (Table 28-2).7,57 Penetration into inflamed 
cerebrospinal fluid, epithelial lining fluid, saliva, and bile is excellent 
and concentrations are similar to serum.7,57,69 Patients with nonin-
flamed meninges still achieve therapeutic concentrations at approxi-
mately 43% of serum.70 Additionally, penetration into abscesses, 
appendix tissue, peritoneal fluid, and pancreatic tissue is very good, 
ranging from 2.3 to 7.2 µg/mL.7,57,71 However, patients with obstructive 
cholecystitis have negligible amounts of drug detected in the bile.7,57 
Metronidazole crosses the placental barrier and penetrates into breast 
milk and may be teratogenic during the first trimester (see “Precau-
tions”).72 Stool concentrations during C. difficile colitis are highest at 
the beginning of infection and taper as inflammation subsides and 
stool is formed, but concentrations generally remain well above 
reported MICs.40 This effect of higher stool concentrations when diar-
rhea is present is also noted during flares of Crohn’s disease.41

Metronidazole undergoes oxidation as the primary step in elimi-
nating the drug from the body, and 6% to 18% of active unchanged 

TABLE 28-2  Pharmacokinetic and Pharmacologic Properties of Metronidazole

PHARMACOLOGIC OR PHARMACOKINETIC FACTOR RESULT COMMENTS
Absorption
Oral 98%-100%

Rectal 59%-94%

Vaginal cream 20%

Vaginal gel 56%

Topical 2%

Time to Peak
Oral 1-2 hr

Rectal 3 hr

Topical 8-12 hr

Peak Serum Concentrations
Intravenous 25 and 18 µg/mL After 15 mg/kg load and 7.5 mg/kg every 6 hr

Oral 6, 12, 21.4, and 40 µg/mL After single dose of 250 mg, 500 mg, 750 mg, and 
2000 mg

Rectal 18.5 µg/mL After 500-mg dose

Topical 27.5 µg/mL After application of 1% cream

Volume of Distribution
Adults 0.55 L/kg

Neonates 0.54-0.81 L/kg

Tissue and Fluid Penetration
CSF (inflamed meninges) Approximates serum concentration

CSF (noninflamed meninges) 45% of serum concentration

Bile Approximates serum concentration

Epithelial lining fluid Approximates serum concentration

Saliva Approximates serum concentration

Abscess Variable, but high concentration

Peritoneal fluid High concentrations: 7.2-14.2 µg/mL

Pancreatic tissue High concentration: 5.1-8.5 µg/mL

Metabolism
Oxidation Primary mechanism of elimination

Glucuronidation Secondary mechanism of elimination

Cytochrome P450 Secondary mechanism of elimination

Excretion
Unchanged drug 6%-18%

Metabolites 60%-80%

Hemodialysis Removes 25%-45% over 4 hr

Peritoneal dialysis Removes 10% over 7.5 hr

Protein Binding <20%

Pregnancy Avoid in first trimester Category B

Lactation Avoid Significant penetration into breast milk

CSF, cerebrospinal fluid.
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nim (5-nitroimidazole reductase) genes (nimA–F).19 The nim genes 
induce the reduction of the nitrate residue of metronidazole (and 
related compounds) into an inert amino derivate without any toxicity 
for the bacterial chromosome.16 These genes may occur in all Bacteroi-
des species and are either located on plasmids or on the chromosome.19 
In a recent survey of 640 Bacteroides isolates obtained from across 
Europe, 21 strains (3.3%) had MIC values greater than or equal to 4 µg/
mL. Notably, of only three isolates (two Bacteroides fragilis strains and 
one Bacteroides thetaiotaomicron isolate) harboring nim genes, one was 
resistant to metronidazole.19 The two metronidazole-susceptible B. fra-
gilis isolates had chromosomal nimA and nimC genes, while a nimE 
gene was identified on a plasmid in the resistant B. thetaiotaomicron 
strain.19 It was speculated that a small number of nim-negative, but 
metronidazole-resistant, Bacteroides strains identified in this study 
might have used diverse resistance strategies, including reduced 
uptake, nitroreductase and/or PFOR activities, increased lactate dehy-
drogenase activity, or mutations that alter the carbohydrate utilization 
affecting the redox state.19 Recent studies suggest that alterations in the 
recA gene encoding the RecA protein involved in DNA damage repair 
might be a resistance strategy in Bacteroides.91

The high prevalence of metronidazole resistance among H. pylori 
strains appears to be due primarily to decreased activation of the drug, 
which would also be expected to affect its accumulation within the 
bacterium. Mutations in the oxygen-insensitive reduced nicotinamide 
adenine dinucleotide phosphate (NADPH) nitroreductase RdxA or the 
NADPH-flavin-oxidoreductase FrxA confer resistance to metronida-
zole in H. pylori.92 H. pylori might employ other strategies to protect 
itself against nitroimidazole-induced damage, but its relevance in vivo 
remains speculative.93,94

Resistance to metronidazole has emerged in protozoal pathogens. 
Trichomonal resistance was noted as early as 1962 in clinical isolates,95 
but prevalence has generally remained below 10%.96 A recent survey 
from six U.S. cities tested 538 T. vaginalis isolates for nitroimidazole 
resistance (aerobic minimum lethal concentration [MLC] > 50 µg/mL) 
and found that 23 (4.3%) exhibited low-level in vitro metronidazole 
resistance (MLC 50 to 100 µg/mL).96 However, there were no isolates 
identified with moderate- to high-level nitroimidazole resistance.96 An 
unsettling report from New Guinea revealed 17.4% of T. vaginalis 
strains (4 out of 23 isolates) exhibited metronidazole resistance under 
aerobic conditions (MIC > 200 µM), but the number of isolates tested 
was relatively small and the organisms were sensitive under anaerobic 
conditions.97

The mechanisms of resistance in T. vaginalis appear to differ 
between laboratory-generated nitroimidazole resistance and those 
found in clinical isolates.98 Laboratory-induced resistance manifests in 
anaerobic conditions and results from a loss of the aforementioned 
drug-activating pathways that reduce the inert prodrug metronidazole 
to active metabolites.98 Clinical resistance, on the other hand, typically 
occurs under aerobic conditions due to actions of oxygen itself.98 For 
example, a study of resistance in clinical strains of T. vaginalis found 
that flavin reductase activity was downregulated, or even absent, in 
metronidazole-resistant strains.98 It was postulated that because flavin 
reductase can reduce oxygen to hydrogen peroxide, its downregulation 
might impair oxygen scavenging.98 This would result in resistance 
because oxygen interferes with the activation of nitroimidazoles by 
either inhibiting drug-activating pathways or by re-oxidizing a critical, 
toxic, nitroradical anion intermediate, also resulting in reduced met-
ronidazole uptake.98

As noted, in Giardia, clinical resistance occurs in approximately 
20% of cases.46 Microbiologic resistance to metronidazole is complex 
but appears to be due to a lack of activation of the prodrug to the active 
nitroso free radical.99 Resistance to metronidazole has traditionally 
been explained by a loss of ferredoxin and PFOR activities.100 However, 
recent studies suggest that some metronidazole-resistant G. lamblia 
strains have normal activity levels of these redox proteins and metro-
nidazole can be activated by a flavin adenine dinucleotide (FAD)-
dependent G. lamblia thioredoxin reductase.99 Although not entirely 
clear, drug resistance in those isolates appeared to be related to lower 
availability of reduced FAD.99 Resistance to metronidazole in amoebae 
has been associated with an increase in iron-containing superoxide 
dismutase, without a significant decrease of the PFOR activity.100

clearance less than 10 mL/min not receiving conventional or continu-
ous hemodialysis will have accumulation of active metabolites.74-76,78,79,81 
Renal dose adjustment is currently not recommended because the 
ramifications of metabolite accumulation are not well understood, but 
caution should be used in long-term therapy.57 Finally, preterm infants 
32 weeks’ gestational age or younger will have impaired clearance and 
may require dose adjustment depending on chronologic age.83,84

ADVERSE EFFECTS, 
CONTRAINDICATIONS,  
AND PRECAUTIONS
Contraindications
Metronidazole is associated with carcinogenic activity in rats and mice. 
It should be avoided during the first trimester of pregnancy and used 
during the second and third trimester only if clearly necessary.7,57 There 
are case reports of fetal malformation occurring with metronidazole 
exposure during pregnancy, but three large studies failed to demon-
strate a link of fetal malformations compared with the general popula-
tion.72,85,86 Metronidazole is also excreted in breast milk87 and has been 
shown to achieve infant plasma concentrations approximately one fifth 
of those observed in the mother’s plasma.88 It has been recommended 
to withhold nursing during metronidazole therapy for 12 to 24 hours 
following oral single-dose regimens.88

Whenever possible, metronidazole should be avoided during lacta-
tion because of its effects on the developing microbiota. Infants may 
have increased risk of diarrhea, but there is a lack of evidence linking 
breast milk with carcinogenic effectors or developmental disorders.88

Precautions
Patients should avoid metronidazole if there is a history of hypersensi-
tivity with metronidazole, parabens or nitromidazole agents, intake of 
alcohol within 3 days of therapy, and/or concomitant use of disulfuram 
within 2 weeks of metronidazole therapy. Disulfuram-like reactions 
with alcohol can occur with all routes of administration, including topi-
cal and vaginal administration.7,57 Caution should be exercised when 
prescribing metronidazole in patients with peripheral neuropathy, 
hepatic disease, history of seizures, or a history of antibiotic-associated 
vaginal candidiasis.7,57 Additionally, patients currently taking metroni-
dazole presenting with aseptic meningitis, conjunctivitis, edema, sei-
zure, local skin lesions, and peripheral neuropathy should discontinue 
therapy until drug-related adverse effects can be excluded.7,57

Adverse Effects
Metronidazole is generally well tolerated. The most common adverse 
effects are dose dependent, mild, and reversible. Nausea, diarrhea, dry 
mouth, metallic taste, candidal vaginitis, and stomatitis occur in 2% to 
10% of patients.7,57 Serious central nervous system adverse effects 
(ataxia, encephalopathy, dysarthria, seizure, aseptic meningitis, and 
peripheral neuropathy) have been reported most commonly with pro-
longed therapy but are reversible.72,89 Caution should be used when 
prescribing metronidazole in patients with seizure history. Other mild 
central nervous system effects have been reported, including dizziness, 
headache, confusion, vertigo, and insomnia. Additionally, rare and 
serious adverse effects associated with metronidazole therapy include 
Stevens-Johnson syndrome, pancreatitis, ophthalmologic toxicity 
(myopia and blurred vision), ototoxicity, and hemolytic uremic 
syndrome.7,57

MECHANISMS OF RESISTANCE
Resistance to metronidazole (and other nitroimidazoles) in strict 
anaerobes remains unusual, and not all mechanisms that reduce sus-
ceptibility to the nitroimidazoles have been characterized.10 On the 
basis of critical steps in its mechanism of action, several models of drug 
resistance have been proposed, including reduced antibiotic uptake, 
active drug efflux, reduced drug activation (e.g., by decreased expres-
sion of activating nitroreductase enzymes), drug inactivation (e.g., 
nim-encoded nitroimidazole reductase), and altered DNA repair.10

Metronidazole resistance (MIC ≥32 µg/mL) among Bacteroides 
strains is uncommon, generally occurring in less than 5% of isolates.15,16 
Although many mechanisms of resistance have been induced in vitro,90 
the best-characterized mechanism in clinical isolates is encoded by the 
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role in CDI management.116 Metronidazole resistance in C. difficile 
isolates remains uncommon but a concern for the future (see  
earlier).

Despite increasing antimicrobial resistance in H. pylori, metronida-
zole remains an important agent for use against this infection.117 It is 
recommended as part of a combination three- or four-drug approach 
to treatment.117

Other Therapeutic Uses
Metronidazole has been used to treat a number of (apparently) nonin-
fectious diseases. For example, metronidazole has been applied in the 
treatment of inflammatory bowel disease, with the best evidence for 
benefit in the settings of perianal Crohn’s disease and ulcerative colitis-
associated pouchitis.118 A number of dermatologic disorders have been 
treated successfully with topical metronidazole, including rosacea and 
acne vulgaris.7 In neoplastic diseases, metronidazole has been used in 
high doses as a radiosensitizing agent.119

Prophylactic Use
Metronidazole has held an important place in surgical prophylaxis, 
particularly for procedures involving mucosal organs colonized by 
anaerobes, such as the gastrointestinal tract and female reproductive 
tract. According to recent surgical prophylaxis guidelines,120 metroni-
dazole (usually in combination with other antimicrobials) is a first-line 
recommended agent for the prevention of infection in appendectomy 
for uncomplicated appendicitis, obstructed small intestinal surgery, 
colorectal surgery, clean contaminated head and neck cancer surgery, 
and clean contaminated urologic surgery (extensively reviewed by 
Bratzler and colleagues120). Metronidazole is also recommended as an 
alternative agent for β-lactam-allergic/intolerant patients for many 
surgical indications that carry risk for anaerobic infection, in combina-
tion with other antimicrobials.120

In obstetric and gynecologic procedures, metronidazole has been 
recommended for preoperative prophylaxis. For example, recent data 
suggest metronidazole reduces infectious complications of surgical 
abortion.121 It has been recommended for manual removal of the pla-
centa after parturition and repair of third- and fourth-degree vaginal 
tears.122 It has also been recommended in hysterectomy cases and hys-
terosalpingography or hysteroscopy or chromotubation for patients 
with dilated tubes or a history of pelvic inflammatory disease or tubal 
damage.122

DRUG INTERACTIONS AND 
INTERFERENCE WITH 
LABORATORY TESTS
The major interactions between metronidazole and other pharmaceu-
ticals or food are listed in Table 28-3. An important and serious inter-
action exists between warfarin and metronidazole, as metronidazole 
increases the blood levels and hypothrombotic effects of warfarin 
through inhibition of enzymes responsible for oxygenation of 
S-warfarin.123 Preemptive dose reduction of warfarin and close moni-
toring of prothrombin activity have been recommended if the two 
drugs require concomitant administration.124 An uncommonly 
reported interaction suggests that metronidazole reduces the clearance 
of the alkylating chemotherapy agent busulfan, increasing the levels of 
the latter drug.125 Metronidazole therapy should be avoided with con-
comitant busulfan whenever possible.

Several case reports have proposed that metronidazole use can 
increase the systemic concentration of concomitant CYP3A substrates, 
including amiodarone, carbamazepine, quinidine, tacrolimus, and 
cyclosporine.126 However, in vitro studies have not consistently sup-
ported CYP3A inhibition as a mechanism of metronidazole drug inter-
action.126 Empiric dose adjustments are not required for potential 
CYP3A interactions, but increased monitoring and patient education 
are prudent.

Although it is not commonly thought of as a drug that poses a risk 
for inducing QT interval prolongation or arrhythmias, recent reports 
have linked metronidazole to long QT and torsades de pointes.127,128 
In most cases, this appeared to be due to metronidazole impairing  
the cytochrome P450 metabolism of other agents that were responsi-
ble for lengthening the QT interval.127 Anecdotal reports suggest that 

CLINICAL USES
Parasitic Infections
Metronidazole was developed for its use as an antitrichomonal agent.3 
The nitroimidazoles remain the most important pharmaceutical class 
for these infections, and tinidazole appears to be equivalent or superior 
to metronidazole in this regard.101 The emergence of nitroimidazole 
resistance (see earlier) and treatment failures is problematic because 
alternative therapies are not reliably curative.101 Metronidazole appears 
to be safe for use in pregnant women with T. vaginalis infections.102 
Giardia infections are primarily treated with nitroimidazole drugs like 
metronidazole.103

Amebic infections caused by E. histolytica are treated with metro-
nidazole, depending on whether the infection is luminal within the 
intestinal tract or invasive, such as occurs with hepatic abscess.103 Met-
ronidazole is the most commonly used medication for amebic colitis, 
although tinidazole was reported to be better tolerated and more effica-
cious.103,104 The treatment of amebic liver abscess includes metronida-
zole (or tinidazole) with or without aspiration.103 Treatment for colitis 
or hepatic abscess with a tissue amebicide such as metronidazole 
should be followed by an agent active against luminal amebae, such as 
paromomycin.103 Symptomatic gastrointestinal Dientamoeba fragilis 
infections of adults and children have been treated successfully with 
metronidazole.105,106 The nitroimidazoles are among the most potent 
agents against this parasite in vitro.47

Anaerobic Infections
In light of metronidazole’s potent bactericidal activity against anaer-
obes and its favorable pharmacodynamics profile (distributing 
throughout the body, including the central nervous system and into 
abscess cavities), it is effective for the management of a myriad of 
anaerobic infections.7,10 Metronidazole is commonly used to treat 
anaerobic infections of the abdomen, central nervous system (includ-
ing meningitis and brain abscess), gynecologic infections, bacteremia, 
endocarditis, bone and joint infections, respiratory tract infections, 
skin and skin-structure infections, oral and dental infections, and 
tetanus.7,10,107

The role of metronidazole in the management of lung abscesses is 
unclear.108 Small clinical studies have demonstrated striking clinical 
failures of metronidazole monotherapy in the management of anaero-
bic lung abscess,109,110 including a comparative trial with clindamycin 
that was halted prematurely because of poor response in the metroni-
dazole arm. Metronidazle failed in patients with lung abscess or nec-
rotizing pneumonia.110 It has been postulated that the lack of response 
in lung abscess therapy reflects metronidazole’s lack of activity against 
aerobic and microaerophilic streptococci, and the inclusion of a beta 
lactam could surmount this challenge.108

The emergence of antimicrobial resistance has created new difficul-
ties in treating previously susceptible infections, as described earlier. 
However, metronidazole is not effective in the treatment of actinomy-
cosis and infections with P. acnes due to intrinsic resistance.111,112 These 
exceptions to metronidazole use should be kept in mind.

Metronidazole, tinidazole, and clindamycin are each approved for 
use to treat bacterial vaginosis.113 Both metronidazole and clindamycin 
are approved for either oral or topical application.113 Head-to-head 
trials have demonstrated equal efficacy of oral and vaginal clindamycin 
and metronidazole, although in the majority of studies clindamycin 
tended to have fewer adverse effects, with oral metronidazole primarily 
causing a disturbing metallic taste and gastrointestinal upset.113 Met-
ronidazole appears to be safe for use to treat bacterial vaginosis in 
pregnancy, although this has not reduced preterm births, a complica-
tion associated with bacterial vaginosis.113,114

Metronidazole was once the first-line drug of choice for the treat-
ment of CDI, but increasing reports of treatment failures, recurrent 
disease following treatment, and inferior performance compared with 
oral vancomycin in some clinical trials have led to changes to metro-
nidazole’s place in CDI therapy.115,116 In 2010 guidelines for CDI in 
adults written by the Society for Healthcare Epidemiology of America 
and the Infectious Diseases Society of America, oral metronidazole  
is recommended as a first-line agent for mild-to-moderate CDI.115 
Vancomycin was recommended as first-line therapy for severe infec-
tion.115 More recent guidelines are similar regarding metronidazole’s 
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metronidazole itself can prolong the QT interval, but this is likely 
rare.128

Metronidazole is largely believed to cause a disulfiram-like effect 
on ethanol metabolism, leading to symptoms such as severe nausea 
and vomiting.129 Adverse effects similar to disulfiram-like reactions 
have been reported with topical metronidazole administration, includ-
ing vaginal, so ethanol should be avoided while on therapy.129 However, 
there is controversy about the actual risk for and nature of ethanol-
metronidazole interactions.129,130 Although disulfiram inhibits hepatic 
aldehyde dehydrogenase, resulting in the accumulation of blood acet-
aldehyde concentrations following ethanol consumption, metronida-
zole has not been demonstrated to share this ability.129 Thus, although 
metronidazole is associated with disulfiram-like symptoms when 
administered with ethanol, the mechanism is poorly defined and the 
incidence is not well understood.129

OTHER NITROIMIDAZOLE 
ANTIMICROBIALS
Tinidazole, secnidazole, and ornidazole are other members of the 
5-nitroimidazole class. Trindiazole, which has been widely prescribed 
in Europe and developing countries, was approved for used in the 
United States in 2004. All agents in the class exhibit similar mechanism 
of action, spectrum activity, toxicity, and adverse effects.131 However, 
the distinguishing feature among agents is the half-life and need for 
less frequent dosing compared with metronidazole.131 The half-life for 
tinidazole, secnidazole, and ornidazole is 10 to 15 hours, 17 to 28.8 
hours, and 11 to 14 hours, respectively, which allows for once-daily 
dose (see Table 28-1).131 These agents offer a potential advantage over 
metronidazole, as a single-dose option for the treatment of intestinal 
amebiasis, giardiasis, and bacterial vaginosis. However, metronidazole 
should be considered the drug of choice for life-threatening anaerobic 
infections because there are limited data evaluating the efficacy and 
safety of other nitromidazole agents.132,133

TABLE 28-3  Drug–Drug and Drug–Food 
Interactions

INTERACTING 
AGENT RESULT COMMENTS
Alcohol Disulfiram reaction Symptoms include vomiting, 

tachycardia, palpitations, or 
nausea. Possible acute psychosis 
or confusion in severe cases.

Amiodarone May increase 
amiodarone levels

May increase risk for torsades de 
pointes and ventricular 
tachycardia

Amprenavir oral 
solution

Disulfiram reaction Propylene glycol in oral solution 
may cause disulfiram reaction

Busulfan May increase busulfan 
levels

Avoid metronidazole 
administration if possible

Carbamazepine May increase 
carbamazepime 
levels

May increase risk for dizziness, 
diplopia, nausea

Cimetidine May increase 
metronidazole levels

Cyclosporine May increase 
cyclosporine levels

Monitor levels and adjust 
accordingly

Lithium May increase lithium 
levels

Monitor levels and adjust 
accordingly

Phenytoin May increase 
phenytoin levels

Monitor levels and adjust 
accordingly

Rifampin May decrease 
metronidazole levels

Tacrolimus May increase 
tacrolimus levels

Monitor levels and adjust 
accordingly

Warfarin May increase wafarin 
levels

Monitor levels and adjust 
accordingly. Empiric dose 
adjustment may be considered 
depending on anticoagulation 
indication and international 
normalized ratio
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MACROLIDES

Erythryomycin
•	 Usual	dose
○	 Oral:	base—250	to	500	mg	every	6	to	12	

hours;	maximum:	4	g	daily
○	 Ethylsuccinate:	400	to	800	mg	every	6	to	12	

hours;	maximum:	4	g	daily
○	 IV:	lactobionate—15	to	20	mg/kg/day	

divided	every	6	hours	or	500	mg	to	1	g	
every	6	hours,	or	given	as	a	continuous	
infusion	over	24	hours;	maximum:	4	g	daily

•	 Renal	or	hepatic	failure
○	 In	renal	failure,	slightly	dialyzable	(5%	to	

20%);	supplemental	dose	is	not	necessary	
in	hemodialysis	or	peritoneal	dialysis	or	in	
continuous	arteriovenous	or	venovenous	
hemofiltration.	No	dose	adjustment	in	
hepatic	failure.

•	 Cerebrospinal	fluid	(CSF)	penetration
○	 CSF-to-blood	level	ratio:	normal	

meninges—2%	to	13%;	inflamed	
meninges—7%	to	25%

○	 Adverse	effects:	cardiovascular	(QTc)	
prolongation,	torsades	de	pointes,	
gastrointestinal	(GI)	upset,	pruritis,	
erythema	multiforme,	cholestatic	jaundice

•	 Contraindications
○	 Caution	for	patients	with	underlying	heart	

disease	or	for	those	taking	other	drugs	that	
may	prolong	the	QT	interval	regarding	
potential	for	inducing	fatal	ventricular	
arrhythmias.	Hypersensitivity	to	
erythromycin,	any	macrolide	antibiotics,	or	
any	component	of	the	formulation.	
Concomitant	use	with	cisapride,	ergotamine,	
terfenadine,	lovastatin,	or	simvastatin.

•	 Drug-drug	interactions
○	 Major	inhibitor	of	CYP3A4

•	 Indications
○	 Bartonella	spp.	infections,	chancroid,	

granuloma	inguinale,	legionnaires’	disease,	
lymphogranuloma	venereum,	nongonococcal	
urethritis,	pertussis

Azithromycin
•	 Usual	dose
○	 500	mg	on	day	1,	followed	by	250	mg	once	

daily	on	days	2	to	5
•	 Renal	or	hepatic	failure
○	 No	dosage	adjustment	required.	Use	with	

caution	in	patients	with	severe	renal	
impairment	(glomerular	filtration	rate	
<10	mL/min).

•	 CSF	penetration
○	 Poor	central	nervous	system	(CNS)	

penetration

•	 Adverse	effects
○	 Cardiovascular	(QTc)	prolongation,	torsades	

de	pointes,	GI	upset,	pruritis,	erythema	
multiforme,	vaginitis,	cholestatic	jaundice

•	 Contraindications
○	 Caution	for	patients	with	underlying	heart	

disease	or	for	those	taking	other	drugs	that	
may	prolong	the	QT	interval	regarding	
potential	for	inducing	fatal	ventricular	
arrhythmias.	Hypersensitivity	to	
azithromycin,	any	macrolide	antibiotics	or	
any	component	of	the	formulation.	History	
of	cholestatic	jaundice/hepatic	dysfunction	
associated	with	prior	azithromycin	use.

•	 Drug-drug	interactions
○	 Amiodarone	and	other	QTc-prolonging	

agents,	quinine
•	 Indications
○	 Treatment	of	acute	otitis	media;	pharyngitis/

tonsillitis;	community-acquired	pneumonia;	
pelvic	inflammatory	disease	(PID);	genital	
ulcer	disease	(in	men)	due	to	Haemophilus	
ducreyi	(chancroid);	acute	bacterial	
exacerbations	of	chronic	obstructive	
pulmonary	disease	(COPD);	acute	bacterial	
sinusitis;	prevention	of	Mycobacterium	
avium	complex	(alone	or	in	combination	
with	rifabutin)	in	patients	with	advanced	
human	immunodeficiency	virus	(HIV)	
infection;	treatment	of	disseminated		
M.	avium	complex	(in	combination	with	
ethambutol)	in	patients	with	advanced	HIV	
infection;	skin	and	skin	structure	infections	
(uncomplicated)	due	to	Staphylococcus	
aureus,	Streptococcus	pyogenes,	or	
Streptococcus	agalactiae;	urethritis	and	
cervicitis	due	to	Chlamydia	trachomatis	or	
Neisseria	gonorrhoeae

Clarithromycin
•	 Usual	dose
○	 Oral:	250	to	500	mg	every	12	hours	or	

1000	mg	(two	500-mg	extended-release	
tablets)	once	daily	for	7	to	14	days

•	 Renal	or	hepatic	failure
○	 Clcr	<30	mL/min:	decrease	clarithromycin	

dose	by	50%
○	 Hemodialysis:	administer	after	hemodialysis	

session	is	completed.	In	hepatic	failure,	no	
dosing	adjustment	is	necessary	as	long	as	
renal	function	is	normal.

•	 CSF	penetration
○	 Poor	CNS	penetration

•	 Adverse	effects
○	 Cardiovascular	(QTc)	prolongation,	torsades	

de	pointes,	hypersensitivity	reactions

•	 Contraindications
○	 Caution	for	patients	with	underlying	heart	

disease	or	for	those	taking	other	drugs	that	
may	prolong	the	QT	interval	regarding	
potential	for	inducing	fatal	ventricular	
arrhythmias.	Hypersensitivity	to	
azithromycin,	any	macrolide	antibiotics,	or	
any	component	of	the	formulation.	History	
of	cholestatic	jaundice/hepatic	dysfunction	
associated	with	prior	azithromycin	use.

•	 Drug-drug	interactions
○	 Colchicine	toxicity,	major	inhibitor	of	

CYP3A4
•	 Indications
○	 Pharyngitis/tonsillitis;	acute	maxillary	

sinusitis;	acute	exacerbation	of	chronic	
bronchitis;	community-acquired	pneumonia;	
uncomplicated	skin/skin	structure	infections	
due	to	susceptible	S.	aureus,	S.	pyogenes;	
disseminated	mycobacterial	infections	due	
to	M.	avium	or	Mycobacterium	
intracellulare;	prevention	of	disseminated	
mycobacterial	infections	due	to	M.	avium	
complex	disease	(e.g.,	patients	with	
advanced	HIV	infection);	duodenal	ulcer	
disease	due	to	Helicobacter	pylori	in	
regimens	with	other	drugs	including	
amoxicillin	and	lansoprazole	or	omeprazole

KETOLIDES
•	 Usual	adult	dose
○	 Telithromycin	800	mg	(2	tablets	of	400	mg)	

taken	orally	once	every	24	hours,	for	7	to	
10	days

•	 Renal	failure
○	 Clcr	<30	mL/min,	including	dialysis:	600	mg	

once	daily;	when	renal	impairment	is	
accompanied	by	hepatic	impairment,	reduce	
dosage	to	400	mg	once	daily

○	 Hemodialysis:	administer	following	dialysis.	
In	hepatic	impairment:	no	adjustment	
required	unless	severe	renal	impairment	is	
present.

•	 CSF	penetration
○	 Poor

•	 Adverse	effects
○	 Diarrhea,	headache,	dizziness,	nausea,	

vomiting
•	 Contraindications
○	 Hypersensitivity	to	telithromycin,	macrolide	

antibiotics,	or	any	component	of	the	
formulation;	myasthenia	gravis;	history	of	
hepatitis	or	jaundice,	or	both,	associated	
with	telithromycin	or	other	macrolide	
antibiotic	use;	concurrent	use	of	colchicine	
(if	patient	has	concomitant	renal	or	hepatic	
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often inconsistently absorbed after oral administration. Pharmaceuti-
cal preparations for oral use have been made with an aim to diminish 
destruction by gastric acid and to promote better absorption. Six prep-
arations for oral use are available: enteric-coated tablets, enteric-coated 
pellets in capsules for delayed release, and “film”-coated tablets of the 
base; the stearate salt (formed in association with the amino group on 
desosamine), available as film-coated tablets; the ethylsuccinate ester 
(formed with the hydroxyl group on desosamine), available in tablet, 
chewable, and liquid forms; and the lauryl sulfate salt of the propionyl 
ester (the estolate), available in tablet, capsule, or liquid form. There 
are two water-soluble salts of erythromycin prepared for intravenous 
use, erythromycin gluceptate and erythromycin lactobionate. The drug 
is not given intramuscularly because of pain on injection. Erythromy-
cin base is also available in 1.5% and 2% topical solutions, gels, and 
creams for treatment of acne vulgaris and in an ophthalmic ointment 
for treatment of bacterial conjunctivitis and prevention of neonatal 
gonococcal and chlamydial conjunctivitis.

Mechanisms of Action
Erythromycin inhibits RNA-dependent protein synthesis at the step  
of chain elongation in susceptible prokaryotic organisms. X-ray crys-
tallography studies indicate that several functional groups on erythro-
mycin A bind to sequences on domain V of the 23S rRNA that is  
a component of the 50S subunit of the bacterial ribosome.1,2 That 
binding site is near the peptidyltransferase center, and peptide chain 
elongation is thereby prevented by blocking of the polypeptide exit 
tunnel.1-3 As a result, peptidyl-tRNA is dissociated from the ribo-
some.1,2 Data provided by macrolide-resistant mutants indicate that 
there are also important interactions between macrolides and specific 
ribosomal proteins or bases of the 50S subunit near the peptidyltrans-
ferase center.3,4

Studies in Escherichia coli and Staphylococcus aureus have demon-
strated that erythromycin also inhibits the formation of the 50S  
ribosomal subunit.1,3,5 In some bacteria, erythromycin interferes with 
the ribosomal binding of other macrolides, lincomycin, and chloram-
phenicol, suggesting common or overlapping binding sites for these 
antibiotics.

Mechanisms of Resistance
Decreased Microbial Entry or Export of Drug
Enterobacteriaceae exhibit decreased permeability of the outer cell 
envelope to macrolides; cell-free systems and protoplasts of these 
organisms are susceptible to the drug.6-8 This intrinsic resistance is also 
exhibited by Pseudomonas spp. and Acinetobacter spp. In addition, 
chromosomally encoded efflux pumps of several families can provide 
macrolide and, in some cases, lincosamide and streptogramin resis-
tance.4 These pumps are energized by the proton motive force or by 
adenosine triphosphate (ATP) hydrolysis. For example, plasmid-
mediated erythromycin resistance in Staphylococcus epidermidis and 
S. aureus (MSB phenotype) caused by active efflux of the drug is 
encoded by the msr(A) gene and is carried out by an adenosine 
triphosphatase–binding protein working together with additional 
transmembrane domains to complete the transporter functions.6,9 A 
different efflux system for erythromycin and other 14- and 15-member 
macrolides (but not 16-member macrolides, lincosamides, or ana-
logues of streptogramin B), called the M phenotype, has been 

The macrolide antibiotics (erythromycin, azithromycin, clarithromy-
cin, and others) and the lincosamide antibiotics (lincomycin and 
clindamycin) are chemically unrelated but possess many similar bio-
logic properties in terms of mechanisms of action and resistance, anti-
microbial activity, and clinical pharmacology. Erythromycin, the 
macrolide in longest use, still has several primary indications in 
therapy and is sometimes useful as an alternative to penicillin G and 
other antibiotics. Azithromycin and clarithromycin have some advan-
tages over erythromycin related to their antimicrobial activity, phar-
macokinetics, fewer gastrointestinal side effects, and effectiveness in 
certain infections.Though more expensive, they have largely replaced 
erythromycin in clinical use. Azithromycin is noteworthy among the 
macrolides for its many fewer drug interactions. Some of the macro-
lides possess interesting anti-inflammatory activities that deserve 
futher study for potentially important clinical applications. All of the 
macrolide antibiotics in clinical use have the potential for inducing 
cardiac arrhythmias. The ketolides are a new class of antibiotics derived 
from erythromycin that are potentially important because of their 
increased activity against many bacterial strains that are resistant to 
macrolides. Telithromycin, the first member of that class to be brought 
to clinical use, has been associated with rare, severe hepatic toxicity 
that substantially limits its clinical usefulness. Clindamycin has been 
restricted in use by its assocation with Clostridium difficile colitis; it 
remains mostly as an alternative-choice antibiotic in the treatment of 
several infections, especially certain anaerobic infections. Lincomycin 
is now mainly of historic interest.

ERYTHROMYCIN
Derivation, Chemistry, and 
Preparations
Erythromycin was derived in 1952 from a strain of Saccharopolyspora 
erythraea (originally named Streptomyces erythreus) obtained from soil 
from the Philippines. It consists of a mixture of antibiotics in which 
erythromycin A is the active component. The structure (Fig. 29-1) of 
erythromycin A consists of a 14-member macrocyclic lactone ring—
therefore the class name macrolide—attached to two sugar moieties, 
desosamine and l-cladinose. Erythromycin base is poorly soluble in 
water, has a pKa of 8.8, is rapidly inactivated by gastric acid, and is 

FIGURE 29-1  Erythromycin base. 
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impairment),	cisapride,	pimozide,	lovastatin,	
or	simvastatin

•	 Drug-drug	interactions
○	 Major	inhibitor	of	CYP3A4

•	 Indications
○	 Treatment	of	community-acquired	

pneumonia	(mild	to	moderate)

Clindamycin
•	 Usual	dose
○	 Oral:	150	to	450	mg/dose	every	6	to	8	

hours;	maximum	dose:	1800	mg	daily

○	 IM,	IV:	1.2	to	2.7	g/day	in	2	to	4	divided	
doses;	maximum	dose:	4800	mg	daily

○	 Renal	failure:	no	adjustment	required
•	 CSF	penetration
○	 Poor

•	 Adverse	effects
○	 Diarrhea,	abdominal	pain,	vaginitis

•	 Contraindications
○	 Hypersensitivity	to	clindamycin,	

lincomycin,	or	any	component	of	the	
formulation

•	 Drug-drug	interactions
○	 Lincosamide	antibiotics	may	diminish	the	

therapeutic	effects	of	erythromycin
•	 Indications
○	 Treatment	of	susceptible	bacterial	infections,	

mainly	those	caused	by	anaerobes,	
streptococci,	pneumococci,	and	
staphylococci;	pelvic	inflammatory		
disease	(IV)
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Antimicrobial Activity
The antimicrobial activity of erythromycin is broad in spectrum, being 
exhibited against gram-positive and gram-negative bacteria, including 
actinomycetes and mycobacteria, as well as against treponemes, myco-
plasmas, Chlamydia, and rickettsiae. Depending on drug concentra-
tion, bacterial species, phase of growth, and density of the inoculum, 
erythromycin may be primarily bacteriostatic or bactericidal. Bacterial 
killing is favored by higher antibiotic concentrations, lower bacterial 
density, and rapid growth.17 The activity of erythromycin, which is a 
weak base, increases markedly with increasing pH over the range 5.5 
to 8.5 for both gram-positive and gram-negative bacteria,18,19 possibly 
reflecting increased entry into the bacterial cell of the un-ionized drug 
that is more plentiful at the higher pH.

The in vitro susceptibilities of potential pathogens to erythromycin 
are listed in Table 29-1.4,14,20-31 Erythromycin shows high activity against 
the majority of pneumococci and group A streptococci isolated in the 
United States; however, resistant clinical isolates have been increasingly 
encountered worldwide, especially in S. pneumoniae and particularly, 
in the latter species, if the strain shows resistance to penicillin.20,32,33,34,35 
In the United States (2000-2004), the prevalence of erythromycin resis-
tance among S. pneumoniae strains was approximately 30%.36 In 
another study of S. pneumoniae strains from the United States, approxi-
mately 37% of strains of intermediate resistance to penicillin (MIC, 
0.12 to 1.0 µg/mL) and 69% of strains showing high-level resistance to 
penicillin (MIC, >2.0 µg/mL) were resistant to erythromycin.37 The 
prevalence of clinical isolates of S. pneumoniae in Taiwan not suscep-
tible to erythromycin ranged from 67% to 100%.34 S. pneumoniae 
strains demonstrate complete cross-resistance among the macro-
lides,38,39 but cross-resistance extending from the macrolides to clinda-
mycin is variable, depending on whether the resistance mechanism is 
of the MLSB or M phenotype.39,40 The M phenotype had been the pre-
dominant one for S. pneumoniae in the United States, accounting for 
83% of isolates and usually associated with low levels of erythromycin 
resistance, which typically does not extend to clindamycin.33,41 Recent 
surveillance data from the United States, however, demonstrate a 
decrease in prevalence of the M phenotype and an increase in preva-
lence of clones with both MLSB and M phenotypes.36,42 The MLSB 
phenotype is the predominant one in most of Europe43 and Asia44 for 
S. pneumoniae, and it is associated with a high level of erythromycin 
resistance (MIC, 128 to >1024 µg/mL)41 and generally with clindamy-
cin resistance.

Since the first description of group A streptococcus resistance  
to erythromycin in 195545 in the United Kingdom, a rapid increase 
in macrolide resistance occurred in the 1980s and continued in  
the 1990s.35,46 Worldwide, erythromycin resistance in S. pyogenes 
is demonstrated in approximately 7% to 39% of isolates,47-49 with 
lower rates of macrolide resistance of 5% to almost 7% reported in  
the United States.15,50,51 A longitudinal study in one elementary school 
in Pittsburgh in 2001 documented an outbreak of erythromycin-
resistant group A streptococcus infections due to a single clone; labo-
ratory surveillance in the surrounding community revealed that 38% 
of the 100 isolates tested were also resistant to erythromycin.35 In 
Finland, where there had been a great increase in the use of eryth-
romycin in the 1980s through 1991, resistance to that antibiotic  
was found in up to 44% of clinical isolates of group A streptococci  
from some communities in 1990.52 However, nationwide policies in 
Finland reduced the use of macrolides for respiratory and skin infec-
tions in outpatients after 1991, and erythromycin resistance among 
clinical isolates steadily dropped, from 16.5% in 1992 to 8.6% in 1996.53 
As with S. pneumoniae, there is cross-resistance among the macrolides 
in S. pyogenes; however, resistance does not extend to clindamycin 
if resistance is due to the M phenotype.46,49 In the 1990s the M pheno-
type of S. pyogenes macrolide resistance had been more prevalent in 
the Americas than in the Asia-Pacific or Europe, where the MLSB 
phenotype was predominant47; however, a survey of 1885 clinical 
strains isolated in 2002-2003 from 45 medical centers in the United 
States showed that almost 7% were macrolide resistant, with 56% of 
them demonstrating the MLSB phenotype and 44% having the M 
phenotype.15

Resistance to erythromycin by S. aureus may be selected by its 
use in hospitals.54 Most methicillin-resistant strains and many 

elucidated in erythromycin-resistant strains of Streptococcus pyogenes, 
Streptococcus pneumoniae, group C streptococci, and enterococcal 
species.That efflux system is encoded by the mef(A) gene, is carried on 
a transposable element, and consists of transmembrane domains across 
the cytoplasmic membrane that are driven by the proton motive force.1 
The M phenotype resistance is expressed by S. pneumoniae at moderate 
levels with erythromycin minimal inhibitory concentrations (MICs) of 
1 to 64 µg/mL.

Target Site Alterations
Mutations in genes for 50S ribosomal proteins or bases of critical 
domains of the 23S rRNA receptor site confer resistance to erythromy-
cin and sometimes to other macrolides, lincomycin, and clindamycin; 
in some but not all strains, this is associated with a decreased binding 
affinity for erythromycin.1,3,4,10-12 This type of resistance may be of a 
high level and has been demonstrated in some strains of S. pneu-
moniae, Helicobacter pylori, Mycobacterium avium, Bacillus subtilis,  
S. pyogenes, Campylobacter spp., Mycoplasma pneumoniae, E. coli, and 
S. aureus.

Alteration in the 23S ribosomal RNA of the large 50S ribosomal 
subunit by dimethylation of adenine, at a defined position (the A2058 
residue within a conserved region of domain V of the 23S ribosomal 
RNA), is associated with resistance to erythromycin and most other 
macrolides (M), and sometimes to the lincosamides (L, lincomycin, 
and clindamycin), and streptogramin type B (SB).1,3,12-14 This pattern of 
resistance, referred to as the MLSB phenotype, is mediated by the erm 
(erythromycin ribosome methylation) genes on plasmids or transpo-
sons on chromosomes, which are self-transferable. There are many 
identified classes of erm genes, most important of which are the ermA, 
ermB, ermC, and ermF classes. The resistance results from decreased 
binding of the antibiotics to their overlapping targets on the ribosome, 
which are probably altered in conformation by methylation. It is the 
most widespread mechanism of resistance to the macrolides and the 
lincosamides and can be exhibited by strains of S. aureus (particularly 
having ermA or ermC genes), S. pyogenes (with ermA or ermB genes), 
S. pneumoniae, Enterococcus spp., Corynebacterium diphtheriae, Cam-
pylobacter spp., Bacteroides fragilis (ermF gene), C. perfringens, Listeria 
spp., M. pneumoniae, and Legionella spp. This MLSB resistance pheno-
type may be constitutive or inducible by subinhibitory concentrations 
of erythromycin or other macrolides that bring about induction of the 
methylating enzyme. The lincosamides are not inducers of this system. 
When of the inducible type, macrolide resistance is manifest, but 
clindamycin susceptibility is often found in vitro; however, in that latter 
case resistance will often emerge in vivo by selection of mutants that 
are constituitively producing a methylating enzyme, especially in infec-
tions with high bacterial density.12 The ermC gene is mostly responsible 
for erythromycin resistance in methicillin-sensitive strains of S. aureus 
and is located on plasmids, whereas the ermA gene is mostly carried in 
methicillin-resistant S. aureus and is located on transposons.12 Strains 
of S. pyogenes with the ermB gene are constitutive producers of meth-
ylase and therefore are usually resistant to the macrolides and clinda-
mycin.15 Strains of S. pyogenes with the ermA gene are usually inducible 
producers of methylase that consistently exhibit macrolide resistance 
resistance and both macrolide and clindamycin resistance when the 
strain is exposed to a macrolide or likely emerging if clindamycin were 
to be used in treatment by the selection of constitutive mutants 12,15

Drug Inactivation
Enzymatic inactivation of erythromycin and some other 14-, 15-, and 
16-member ring macrolides by phosphotransferases has been described 
in strains of S. aureus, E. coli, and Nocardia spp. and is encoded by 
genes designated mph(A), mph(B), and mph(C).4 Esterase genes (ere[A] 
and ere[B]) on plasmids encode for the hydrolysis of the macrocyclic 
lactone of erythromycin and have been found in strains of E. coli, 
Klebsiella spp., Citrobacter spp., Proteus spp., Enterobacter spp., and 
rare strains of S. aureus.4

Polymerase chain reaction (PCR) methods that allow for relatively 
rapid detection of the different mechanisms of macrolide resistance 
among clinical isolates (genotypic testing) have been developed.16 A 
given bacterial strain may possess more than one type of macrolide 
resistance mechanism, resulting in complex resistant phenotypes.
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TABLE 29-1  In Vitro Susceptibilities* to Erythromycin, Azithromycin, Clarithromycin, and Telithromycin

ERYTHROMYCIN AZITHROMYCIN CLARITHROMYCIN TELITHROMYCIN
ORGANISM MIC50 MIC90 MIC50 MIC90 MIC50 MIC90 MIC50 MIC90

Streptococcus pneumoniae

  Penicillin-susceptible (MIC 
≤ 0.06 µg/mL)

0.03 1.0 0.125 1.0 0.016 0.25 0.016 0.03

  Penicillin-intermediate 
(MIC = 0.12-1.0 µg/mL)

0.03 >64.0 0.125 >64.0 0.03 >64.0 0.016 0.06

  Penicillin-resistant (MIC  
≥ 2.0 µg/mL)

1.0 >64.0 1.0 >64.0 0.5 >64.0 0.03 0.25

Streptococcus pyogenes ≤0.06 0.06 0.12 0.25 0.03 0.06 0.015 0.015

Streptococcus agalactiae 0.06 8 0.06 0.12 0.03 0.06 0.015 0.06

Viridans streptococci 0.12 >128 2.0 8.0 0.5 8 0.06 0.12

Enterococcus spp.

  Vancomycin-sensitive 1 2 >8 >8 0.5 1 0.03 0.06

  Vancomycin-resistant >128 >128 >8 >8 >128 >128 8 32

Staphylococcus aureus

  Methicillin-sensitive 0.25 >128 — — 0.06 >128 0.06 0.25

  Methicillin-resistant >128 >128 >128 >128 >128 >128 0.25 0.5

Staphylococcus epidermidis 32 >128 16 128 16 >128 0.06 >128

Corynebacterium diphtheriae 0.015 0.026 0.044 0.058 0.006 0.008 0.004 0.008

Listeria monocytogenes 0.125 0.25 1 1 0.06 0.125 0.03-0.125 0.03-0.25

Moraxella catarrhalis ≤0.25 ≤0.25 ≤0.06 0.06 ≤0.25 ≤0.25 0.06 0.12

Haemophilus influenzae 4 8 1 2 8 16 1 2

Bordetella pertussis 0.03 0.06 0.03 0.06 0.06 0.06 0.015 0.03

Neisseria gonorrhoeae 0.5 2 0.12 0.25 0.25 1 0.06 0.12

Neisseria meningitidis 1 1 0.5 1 0.12 0.5 ≤0.015 0.12

Campylobacter jejuni 0.5-2 1-4 0.25 0.12-0.5 0.5-2 1-8 — —

Helicobacter pylori 0.12 0.25 0.25 0.5 0.008 0.015 — 0.5

Mycoplasma pneumoniae ≤0.015 ≤0.015 ≤0.015 0.015 ≤0.015 ≤0.015 0.015 ≤0.015

Chlamydia trachomatis — ≤0.25† — 0.25† — ≤0.015† — —

Chlamydia pneumoniae 0.125 0.25 0.125 0.25 NA 0.03 0.06 0.25

Legionella pneumophila 0.125 0.5 0.12 0.5 0.032 0.046 0.032 0.125

Bacteroides fragilis 32 >32 >32 >32 4 8 16 32

Peptococcus, 
Peptostreptococcus

2 16 1 >64 1 4 0.03 0.03

Clostridium perfringens 2 2 4 4 0.125 0.125 0.25 0.25

Propionibacterium spp. ≤0.06 0.5 0.125 2 ≤0.06 ≤0.06 ≤0.06 ≤0.06

Mycobacterium avium 
complex

— ≥64 8‡ — 2‡ — >128 >128

*MIC50 (MIC90), minimal inhibitory concentration for 50% (90%) of isolates (µg/mL); values are ranges reported in referenced publications.4,14,20-30,62,64,70,190,299-301

†Reported as MIC100.
‡Reported as median MIC.

methicillin-sensitive clinical isolates are now resistant to this agent.55,56 
Analyses of Staphylococcal isolates from pediatric and adult patients 
revealed that across all ages, strains that were methicillin sensitive were 
on average 35% resistant to erythromycin, whereas strains that were 
methicillin resistant were 88% resistant.57 In addition, there is a poten-
tial for the emergence, during treatment in an individual patient, of 
erythromycin resistance by S. aureus.58,59 These strains may demon-
strate the emergence of high-level resistance to erythromycin alone, or 
they may show cross-resistance to other macrolides and to lincomycin 
and clindamycin.12 Staphylococci isolated from patients treated with 
erythromycin may exhibit a phenomenon first called dissociated resis-
tance by Garrod.60 Only a small proportion of the population of such 
staphylococcal isolates exhibit resistance when grown in large concen-
trations of erythromycin; however, in the presence of lower concentra-
tions of erythromycin, almost the entire population demonstrates 
resistance to erythromycin, to other macrolides, and often to the lin-
cosamide antibiotics. The mechanism of that phenomenon is now 
understood as the inducible type of MLSB resistance, described earlier.

The viridans group of streptococci has traditionally been consid-
ered generally susceptible to erythromycin. However, macrolide resis-
tance may be increasing in some areas, with 57.8% susceptible in North 
America, 62.7% in Asia-Pacific, and 73.7% in Europe.47,61 The majority 

of strains of Listeria monocytogenes and Corynebacterium diphtheriae 
show appreciable susceptibility to erythromycin.62,63 Many strains of 
Clostridium perfringens may be only moderately sensitive.64 Appre-
ciable in vitro activity has been demonstrated against Actinomyces 
israelii65 and against Nocardia asteroides when combined with ampicil-
lin.66 Both clarithromycin and azithromycin are more active than 
erythromycin against mycobacteria.67

With gram-negative bacteria, erythromycin displays excellent 
activity against Bordetella pertussis,68 moderate activity against Neis-
seria meningitidis69 and Neisseria gonorrhoeae,70,71 and fair to poor 
activity against Haemophilus influenzae.70 Resistance to erythromycin 
in isolates of B. pertussis was first reported in the United States in 
Arizona in 1994, but this continues to be rare.68,72 In 2004, only 0.3% 
of Campylobacter jejuni isolates tested in the United States were resis-
tant (MIC, ≥32) to erythromycin.73 Breakpoint interpretive criteria for 
macrolide activity against anaerobic bacteria has not been established, 
but erythromycin generally has moderate activity against some species 
of gram-negative anaerobes, such as Prevotella and Porphyromonas, 
but B. fragilis strains are usually resistant.74 The Enterobacteriaceae are 
usually resistant, except as the pH rises to 8.5.19

The extensive spectrum of activity of erythromycin is also demon-
strated by its clinically useful activity against such diverse organisms 
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concentrations reduce the adherence of various pathogenic bacterial 
species to host cells.98

Clinical Pharmacology
The peak serum levels obtained after single doses of various erythro-
mycin preparations are given in Table 29-2.99-101 Erythromycin base is 
subject to destruction by gastric acid, and preparations of the base have 
been made with an acid-resistant coating to delay dissolution of the 
drug until it reaches the small bowel. The esters and ester salts of 
erythromycin are more acid stable, form a stable suspension in water, 
and are tasteless. These characteristics are used in the liquid suspension 
for children. Erythromycin base (absorbed intact), stearate (absorbed 
as the base), and ethylsuccinate (absorbed both as the intact ester and 
as the free base after hydrolysis in the intestine) are usually absorbed 
more completely in the fasting state, although one study demonstrated 
increased absorption of a stearate preparation when it was taken with 
a meal.102 After absorption, about 45% of the ethylsuccinate prepara-
tion is present in the serum as the inactive ester and about 55% as the 
active base.

Average serum levels achieved under fasting conditions with these 
preparations are similar; however, results with the base may be erratic. 
Erythromycin base has become available in a capsule containing 
enteric-coated granules; this preparation is promoted as giving more 
uniform absorption,102,103 but some enteric-coated tablets may provide 
similar blood levels.104 The absorption of the estolate is not affected by 
food, and the resulting peak serum level consists of both free base (20% 
to 30%, active form) and estolate (70% to 80%, much less active); the 
level of base achieved is similar to that achieved by the other oral 
preparations taken in comparable doses in the fasting state. The clinical 
significance of the much less active esterified form of the drug that is 
present in serum in appreciable concentration is controversial. It would 
seem that in treatment of infections of only moderate severity by 
organisms highly sensitive to erythromycin, differences in therapeutic 
results using the various oral preparations would be insignificant. 
Limited clinical comparisons confirm that suspicion.105 However, in 
the treatment of group A streptococcal pharyngitis in children, sub-
stantially higher rates of bacteriologic eradication and lower rates  
of gastrointestinal side effects have been reported with the estolate 
preparation in comparison with the ethylsuccinate formulation.106 
Intravenous preparations of erythromycin achieve appreciably higher 
serum levels and should be used to treat serious infections requiring 
erythromycin.

Erythromycin is distributed through total body water.107 Values 
given for protein binding vary from 40% to 90%; however, the signifi-
cance of such binding is speculative. The drug persists in tissues longer 
than in the blood. The ratios of tissue or body fluid concentrations to 
simultaneous serum concentrations (usually at peak) are as follows: 

as Legionella pneumophila,28 M. pneumoniae,28 Ureaplasma urealyti-
cum,75 some strains of Rickettsia, Chlamydia trachomatis,26 and Chla-
mydia pneumoniae.76 Erythromycin is about 30 times more potent 
against M. pneumoniae than is levofloxacin28 and 50 times more potent 
than tetracycline.77 Macrolide-resistant variants of M. pneumoniae 
have been detected from almost 20% of clinical isolates in Japan78 and 
some from China,79 but using PCR methods, from only 5 of 100 clinical 
isolates from 1991 to 2008 at the Respiratory Disease Branch of the 
Centers for Disease Control and Prevention (CDC).80 Extracellular and 
intracellular L. pneumophila strains show substantial susceptibility to 
erythromycin.28,81

Other Activities of Erythromycin
Erythromycin and other 14-member ring macrolides have a gastroin-
testinal motility–stimulating effect. In this regard, erythromycin acts 
as a motilin receptor agonist in the gut and gallbladder.82 These proki-
netic effects are being studied for their potential in the treatment of 
diabetic gastroparesis,83 postvagotomy gastroparesis,84 gastroparesis in 
critically ill patients receiving mechanical ventilation,85 and intestinal 
dysmotility in young infants.86 Other 14-member ring macrolides, such 
as clarithromycin, have similar promotility effects, but the latter 
requires more than double the dose of erythromycin.87 The efficacy of 
erythromycin as a therapeutic agent in the treatment of symptoms 
associated with delayed gastric emptying has not been well studied and 
remains anecdotal.88

There has been appreciable interest in the anti-inflammatory activi-
ties of erythromycin and other macrolides, first suggested in Japan by 
the beneficial effect of erythromycin treatment of patients with diffuse 
panbronchiolitis.89,90 Those activities include interference with oxidant 
production by neutrophils (in which the cladinose moiety of erythro-
mycin was found to be the key structure91), acceleration of neutrophil 
apoptosis, suppression of the release of proinflammatory cytokines, 
and promotion of the release of nitric oxide from endothelial cells.91,92 
At the molecular level, macrolides appear to modulate inflammation 
at the transcriptional level in some cells, such as human bronchial 
epithelial cells, by inhibiting two transcription factors, nuclear factor 
kappa B (NF-κB) and activation protein-1 (AP-1),93,94 both of which 
are important regulators of, among others, expression of interleukin-8, 
a chemokine that acts as a major recruiter of neutrophils in chronic 
airway disease.95 The anti-inflammatory protective effects of erythro-
mycin appear to be a slow process as demonstrated by the requirement 
of at least a 28-day pretreatment with erythromycin to suppress an 
inflammatory response in zymosan-induced peritonitis in rats.96 The 
14-member ring macrolides have been effective in animal models in 
preventing the acute exacerbation of interstitial pneumonia and acute 
lung injury, such as after the use of bleomycin.21,97 In vitro studies have 
demonstrated that erythromycin and other macrolides at subinhibitory 

TABLE 29-2  Serum Levels of Erythromycin in Adults

PEAK SERUM LEVELS
PREPARATION DOSE (mg) ROUTE Hours after Dose Concentration (µg/mL)
Base 250 Oral 4 0.3-1.0*

500 0.3-1.9

Stearate 250 (fasting) Oral 3 0.2-1.3

500 (fasting) 3 0.4-1.8

500 (after food) 3 0.1-0.4†

Ethylsuccinate 500 Oral 0.5-2.5 1.5‡ (0.6§)

Estolate 250 Oral 2-4 1.4-1.7

500 3.5-4 4.2‡ (1.1§)

Lactobionate 200 Intravenous Immediately 3-4

500 1 9.9

Gluceptate 250 Intravenous Immediately 3.5-10.7

1000 1 9.9

*Somewhat higher levels reported with some enteric-coated preparation after repeated doses.63

†One study demonstrated higher levels (to 2.8 µg/mL) with dose taken during a meal.
‡Total drug (inactive ester and free base).
§Free base.
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when AST is determined by colorimetric procedures rather than by an 
enzymatic method and seems to result from an interfering substance 
present in the blood in association with estolate administration. 
Reversible hepatotoxicity, including jaundice, has occurred with the 
stearate salt and with the ethylsuccinate ester of erythromycin.125

Transient hearing loss has been reported rarely in association with 
the use of large intravenous doses of erythromycin lactobionate or 
large doses of oral erythromycin.126,127 This may occur more commonly 
in older adults with renal insufficiency.128,129 The ototoxicity depends 
on the serum concentration of the drug.130

Polymorphic ventricular tachycardia with QT prolongation (torsades 
de pointes) has been reported in association with treatment with intra-
venous and oral erythromycin.131-133 The drug has been shown to affect 
repolarization in the isolated heart and to block electrical current in 
guinea pig ventricular myocytes in a way consistent with the observed 
arrhythmia.134 The possibility for interaction with potential-lengthening 
drugs (classes Ia and III antiarrhythmics) and for increased risk in the 
presence of electrolyte abnormality or prolonged QT interval should be 
kept in mind. Other major contributing factors to macrolide-associated 
torsades de pointes include the co-adminstration of CYP3A4 inhibitors 
(resulting in increased drug exposure). One study reported that 
co-administration of CYP3A4 inhibitors and erythromycin led to a 
fivefold greater risk of cardiac sudden death.133 See further discussion 
of the potential for macrolide-induced arrhythmias and sudden death 
in the section on adverse effects of azithromycin.

Superinfection, especially of the gastrointestinal tract or vagina, 
with Candida species or gram-negative bacilli may occur, as with other 
antibiotics.

Pseudomembranous colitis caused by overgrowth of toxin-producing 
Clostridium difficile occurs rarely with the use of erythromycin.135,136

Infantile hypertrophic pyloric stenosis has been epidemiologically 
linked to early exposure to erythromycin in children. It has been 
hypothesized that erythromycin interacts with motilin receptors, 
inducing strong gastric and pyloric contractions leading to pyloric 
hypertrophy.137,138 There is no substantive evidence of a risk associated 
with prenatal exposure.139

Drug Interactions
Incompatibility during administration between intravenous prepa-
rations of erythromycin and other drugs has been reported; the  
latter include vitamin B complex and vitamin C, cephalothin,  
tetracycline, chloramphenicol, colistin, heparin, metraminol, and 
diphenylhydantoin.

Erythromycin may produce interactions with other drugs by inter-
fering with their hepatic metabolism through the cytochrome P-450 
enzyme (CYP3A subclass) system.140,141 This may occur because eryth-
romycin metabolites are capable of forming inactive complexes with 
cytochrome P-450 enzymes.141,142 The resulting raised level of drug may 
result in serious toxicity (Table 29-3).143 For example, elevations of 
terfenadine or astemizole serum concentrations have led to serious 
ventricular arrhythmias, and the same phenomenon with midazolam 
has led to unconsciousness. The reverse of that process has already 
been discussed earlier (see “Adverse Reactions” under “Erythromycin”) 
in which drugs that elevate levels of erythromycin may promote its 
proarrhythmic effects.

Erythromycin can increase the bioavailability of digoxin, possibly 
by interfering with its inactivation by gut flora.140 Erythromycin may 
inhibit the assay organism used in some determinations of serum folic 
acid. Sequential use of erythromycin and clindamycin should be 
avoided when possible because of the potential for the development of 
cross-resistance or dissociated resistance.

Uses of Erythromycin
Erythromycin has a few indications for use as the drug of choice and 
some important applications as an alternative drug to penicillin G and 
other antibiotics (Table 29-4).4,71,117,144-155 When given to adults by the 
oral route, preparations other than the estolate are generally preferable 
because they have less risk of cholestatic hepatitis. Absorption, particu-
larly with the enteric-coated base, stearate, or ethylsuccinate prepara-
tions taken in the fasting state or before meals, is usually adequate. The 
estolate preparation should be particularly avoided during pregnancy, 

aqueous humor, 0.3; ascites, 0.4; bile, 28; middle ear exudate in otitis 
media, 0.3 to 0.7; pleural fluid, 0.7; prostatic fluid, 0.4; cerebrospinal 
fluid without meningitis, 0 to 0.02, and with meningitis, 0.05 to 0.1; 
infected maxillary paranasal sinus, 0.4 to 0.8; and tonsil, 0.3. Concen-
trations achieved in the middle ear in otitis media are adequate to  
treat pneumococcal and group A streptococcal infections involving 
sensitive strains of these species but are not adequate to consistently 
eradicate H. influenzae.108,109 High concentrations of erythromycin are 
achieved in alveolar macrophages110 and polymorphonuclear leuko-
cytes111 compared with those in extracellular fluid.

There are limited data on concentrations of erythromycin achieved 
in the cerebrospinal fluid of patients with meningitis that suggest that 
large parenteral doses may be effective against meningeal infection by 
highly susceptible organisms such as S. pneumoniae.112 Limited data 
from patients with septic arthritis suggest poor penetration of synovial 
fluid. Erythromycin is transferred across the placenta; fetal serum con-
centrations are about 2% of those in maternal serum, but higher con-
centrations accumulate in fetal tissue and amniotic fluid.113 The drug 
is excreted in breast milk.

Up to 4.5% of an oral dose and 15% of a parenteral dose of erythro-
mycin are recoverable in the urine. Urine concentrations after oral 
doses are often high but quite variable. Erythromycin is concentrated 
by the liver and excreted into the bile in high concentrations; however, 
only about 1.5% of the dose of the base and 0.2% of the ester can be 
recovered from bile in the first 8 hours, and some of this is reabsorbed 
from the intestine.114 The higher serum levels achieved by the estolate 
have been attributed to both better absorption and lower biliary excre-
tion. After an oral dose, large concentrations of the antibiotic are found 
in feces, probably representing ingested drug that was never absorbed 
as well as some that was excreted in bile. A large proportion of absorbed 
drug cannot be accounted for by urinary or biliary excretion or by 
tissue binding and may be inactivated in the liver by demethylation.115

The normal serum half-life of erythromycin is 1.4 hours, and appre-
ciable serum levels are maintained for 6 hours. In anuric patients, the 
half-life is prolonged to about 5 hours, but dosage reduction in patients 
with renal failure is generally not necessary.116,117 Erythromycin is not 
removed by peritoneal dialysis or hemodialysis.

Adverse Reactions
Untoward reactions caused by erythromycin, except for C. difficile 
colitis and ventricular arrhythmias, are not life threatening and, with 
the exception of the irritative reactions, are rare.

Irritative reactions include dose-related abdominal cramps, nausea, 
vomiting, diarrhea, and gas; these reactions occur more commonly in 
children and young adults than in older persons and may be associated 
with either intravenous or oral administration. They result from the 
motility-stimulating effects of erythromycin discussed previously. 
Enteric coating of erythromycin base in the form of pellets in a capsule 
(e.g., ERYC [Mayne Pharma, Salisbury South, South Australia]) does 
not reduce the common dose-related gastrointestinal side effects of 
oral erythromycin.118 Thrombophlebitis with intravenous use can be 
decreased by appropriate dilution of the dose in at least 250 mL of 
solution and by avoidance of rapid infusions. Infusion should take 
place over 45 to 60 minutes.

Allergic reactions include skin rash, fever, and eosinophilia.
Cholestatic hepatitis occurs rarely,119 almost always with the estolate 

preparation and chiefly in adults.120 The syndrome typically begins 
after 20 days of therapy, but more rapidly in those previously treated, 
and consists of nausea, vomiting, and abdominal pain followed by 
jaundice, fever, and abnormal liver function tests consistent with cho-
lestatic hepatitis. These findings are sometimes accompanied by rash, 
leukocytosis, and eosinophilia. The abnormalities usually clear within 
days to a few weeks after the drug is stopped but may return rapidly 
on rechallenge. The syndrome appears to represent a hypersensitivity 
reaction to the specific structure of the estolate compound.121 However, 
hepatocyte toxicity induced by the drug or its metabolites, as well as 
allergy to altered hepatocyte components, may be contributory.122 
Milder forms of the syndrome occur with the estolate and may be more 
common in pregnant women.123 It must be distinguished from false-
positive serum glutamic-oxaloacetic transaminase (AST) elevations 
that occur in patients taking the estolate.124 The latter may be found 
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when hepatotoxicity may be more common.123 When higher serum 
levels are necessary in more severe infections requiring erythromycin 
therapy, the drug should be given intravenously.

Although erythromycin continues to be useful in the treatment of 
community-acquired respiratory infections, its utility has become more 
limited in areas in which the incidence of penicillin-resistant pneumo-
cocci has become substantial. Such strains are often resistant to eryth-
romycin, as discussed.36,156 Treatment of M. pneumoniae infection with 
erythromycin, as with tetracycline, shortens the clinical course of the 
infection, even if started late in the course of illness; radiologic clearing 
of pulmonary lesions occurs earlier with erythromycin.157,158

Clinical experience and studies in vitro and in guinea pigs suggest 
that erythromycin is effective in treating pneumonia caused by L. pneu-
mophila or Legionella micdadei159; however, the newer macrolides, 
azithromycin and clarithromycin, are at least as active as erythromycin 
in vitro, clinically efficacious, and more easily tolerated when given 
orally.160 The U.S. Food and Drug Administration (FDA) has approved 
azithromycin and levofloxacin for the treatment of legionellosis, and 
they are now considered preferable to erythromycin, especially when 
given orally.149,161

Early treatment of pertussis with erythromycin is associated with 
clinical improvement, a rapid clearance of B. pertussis from the naso-
pharynx, and a reduction in secondary transmission in households. 
Erythromycin is also recommended for postexposure prophylaxis of 
pertussis.162,163 Treatment of infants with erythromycin for pneumonia 
or conjunctivitis caused by C. trachomatis is approximately 80% effec-
tive, although a second course of antimicrobial therapy may be 

TABLE 29-3  Potentially Clinically Significant 
Drug Interactions Produced by Macrolides*

DRUG INTERACTIONS
Erythromycin Alfentanil, astemizole, bromocriptine, buspirone, 

carbamazepine, cilostazol, cisapride, clomipramine plus 
risperidone, clozapine, colchicine, cyclosporine, digoxin, 
disopyramide, dofetilide, ergot alkaloids, felodipine, 
lidocaine, loratadine, lovastatin, methylprednisolone, 
midazolam, phenytoin, pimozide, quinidine, repaglinide, 
rifabutin, ropivacaine, saquinavir, sertraline, sildenafil, 
simvastatin, tacrolimus, terfenadine, theophylline, 
triazolam, valproate, verapamil, warfarin

Clarithromycin Carbamazepine, cisapride, cyclosporine, digoxin, 
disopyramide, disulfiram, dofetilide, ergot alkaloids, 
lidocaine, loratadine, lovastatin, midazolam, pimozide, 
repaglinide, rifabutin, rifampin, ritonavir, saquinavir, 
sildenafil, simvastatin, tacrolimus, terfenadine, 
theophylline, verapamil, warfarin, zidovudine

Azithromycin Cyclosporine (one case)

*Interactions generally lead to increased levels of the listed drugs caused by 
interaction of the macrolide with CYP-450 hepatic metabolism. Exceptions are 
digoxin, in which the raised levels are caused by interference with digoxin 
inactivation by gut flora, and zidovudine, in which serum concentrations may be 
decreased by unknown mechanisms. Rifampin and rifabutin may lower the levels 
of clarithromycin, and clarithromycin may raise the levels of rifampin and rifabutin. 
Ritonavir may raise clarithromycin levels. Clarithromycin may produce modest 
reduction of zidovudine levels.

Modified from Kim RB and the Editors of the Medical Letter. The Medical Letter 
Handbook of Adverse Drug Interactions. New Rochelle, NY: The Medical Letter on 
Drugs and Therapeutics; 2003.

TABLE 29-4  Major Indications for Use of Macrolides

INFECTIONS IN WHICH MACROLIDES 
ARE THE DRUGS OF CHOICE MACROLIDE ADULT DOSAGESa

Bartonella henselae (cat-scratch bacillus) Azithromycin 500 mg PO on day 1, then 250 mg PO on days 2-5

Clarithromycin 500 mg PO bid for 7-10 days

Bartonella henselae or B. quintana (bacillary 
angiomatosis, trench fever)

Erythromycin 0.5 g qid PO for 12 wk

Azithromycin 500 mg qd PO for 4-6 weeks (patients with endocarditis should 
receive treatment for 4-6 mo)

Bordetella pertussis Erythromycin
Azithromycin
Clarithromycinb

40-50 mg/kg/day (maximum, 2 g/day) in four doses for 14 days
500 mg PO on day 1, then 250 mg PO on days 2-5
1 g/day in 2 divided doses for 7 days

Campylobacter jejunic Azithromycin 500 mg daily for 3-7 days

Erythromycin 250 mg qid PO for 5-7 days

Chlamydia pneumoniae (TWAR strain) Azithromycin 500 mg qd PO/IV for 1-2 days, then 500 mg PO qd to 
complete 7-10 daysd

Clarithromycinb 250-500 mg bid PO for 7-10 days

Erythromycin 0.5 g tid-qid PO for 7-10 days

Chlamydia trachomatis (inclusion conjunctivitis)e Erythromycin
Azithromycin

Erythromycin base or ethylsuccinate 50 mg/kg/day PO divided 
into four doses daily for 14 days

Single dose of 20 mg/kg up to a maximum dose of 1 g

Chlamydia trachomatis (pneumonia)e Erythromycin Erythromycin base or ethylsuccinate 50 mg/kg/day PO divided 
into four doses daily for 14 days

Chlamydia trachomatis (trachoma) Azithromycin 1 g PO, single dose

Chlamydia trachomatis (urethritis or cervicitis) Azithromycin 1 g PO, single dose

Diphtheriaf Infection: erythromycin 125-500 mg qid PO for 14 days

Carrier: erythromycin 250 mg qid PO for 7-10 days

Haemophilus ducreyi (chancroid) Azithromycin 1 g, single dose

Helicobacter pylori Clarithromycinb (+amoxicillin or 
metronidazole + proton pump inhibitor)

500 mg bid PO for 10-14 days

Legionella spp. pneumonia Azithromycin ± rifampin (or a 
fluoroquinolone ± rifampin)

1 g IV or PO on day 1, then 500 mg qd for 7-10 days total 
duration

Mycobacterium avium complex disseminated disease Clarithromycinb (+ethambutol ± rifabutin) 500 mg PO bid for variable periodsg

Azithromycin (+ethambutol ± rifabutin) 500-600 mg qd PO for variable periodsg

Mycobacterium avium complex prophylaxis Azithromycin 1200 mg once weekly

Clarithromycinb 500 mg bid

Mycobacterium avium complex pulmonary infiltrative 
disease

Clarithromycinb (+ethambutol ± rifabutin) 500 mg bid PO for 1 yr after sputum cultures are negative

Azithromycin (+ethambutol ± rifabutin) 500 mg qd PO for 1 yr after sputum cultures are negative
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INFECTIONS IN WHICH MACROLIDES 
ARE THE DRUGS OF CHOICE MACROLIDE ADULT DOSAGESa

Mycobacterium fortuitum/chelonae complex Clarithromycinb (+amikacin) 500 mg bid PO for 4-6 mo

Mycoplasma pneumoniae Azithromycin 500 mg PO qd for 5-10 days

Clarithromycinb 250 mg PO bid for 14 days

Erythromycin 0.5 g tid-qid PO for 14-21 days

Nongonococcal urethritis in men (C. trachomatis or 
Ureaplasma urealyticum)

Azithromycin 1 g PO, single dose

INFECTIONS IN WHICH MACROLIDES 
ARE AN IMPORTANT ALTERNATIVE DRUG

MACROLIDES AND ADULT 
DOSAGESa DRUG OF CHOICE

Groups A, C, G streptococcal infection Erythromycin 250-500 mg qid POh

Azithromycin 500 mg PO on day 1, then 
250 mg PO on days 2-5

Clarithromycinb 250 mg bid POh

Penicillin G or V

Streptococcus pneumoniae infection Erythromycin 250-500 mg qid POi

Azithromycin 500 mg qdi

Clarithromycinb 250-500 mg bidi

Penicillin G, ceftriaxone, or cefotaxime

Moraxella catarrhalis Azithromycin 500 mg PO on day 1, then 
250 mg PO on days 2-5

Erythromycin 250-500 mg qid PO
Clarithromycinb 250-500 mg bid

Cefuroxime; a fluoroquinolone

Haemophilus influenzae (upper respiratory infection 
and bronchitis)

Azithromycin 500 mg PO on day 1, then 
250 mg PO on days 2-5

Clarithromycinb 250-500 mg bid PO

Trimethoprim-sulfamethoxazole

Shigella Azithromycin 500 mg on day 1, then 
250 mg on days 2-5

Fluoroquinolone

Prevention of infection after colorectal surgery 1 g PO each of neomycin and 
erythromycin base at 1, 2, and 11 PM 
on the day before 8 AM surgery 
(combined with vigorous purgation 
over second day before surgery)

Cefoxitin or cefotetan

Rheumatic fever prophylaxis Erythromycin 250 mg bid PO Penicillin G

Anthrax Erythromycin 500 mg qid PO for 10 daysj Ciprofloxacin, doxycycline

Lymphogranuloma venereum Erythromycin 500 mg qid PO for 21 days A tetracycline

Acne vulgaris Erythromycin 250 mg qid PO or topical 
preparation

A tetracycline PO and a number of topical drugs

Borrelia burgdorferi (Lyme disease) Azithromycin 500 mg PO for 7-10 daysk Doxycycline, amoxicillin, cefuroxime axetil
POk

Babesia microti Azithromycin 500 mg on day 1 and 
250 mg on days 2-7 + atovaquone 
750 mg q12h

Clindamycin + quinine

aIntravenous therapy should be used in serious illness or when oral therapy is not possible or reliable.
bNot recommended for use in pregnancy.
cIn some areas, such as in Thailand, macrolide- and fluoroquinolone-resistant strains have become common.
dMild to moderate severity: azithromycin 500 mg PO on day 1, then 250 mg PO on days 2-5.
eDiseases of infants.
fAntitoxin is essential primary therapy for disease.
gMay be discontinued after >1 yr with M. avium complex treatment, when CD4 cell count > 100 cells/mm3 for 3-6 mo on highly active antiretroviral therapy (HAART), 

and patient is asymptomatic.
hTreatment should be continued for 10 days for group A.
iResistance to macrolides is increasing and is particularly frequent in penicillin-resistant strains.
jTherapy may need to be continued for prolonged periods until vaccination is completed in those infected by the pulmonary route.
kFor treatment of erythema migrans, uncomplicated facial nerve palsy, mild cardiac disease, and arthritis, oral therapy is satisfactory. For other neurologic or more serious 

cardiac disease intravenous therapy with ceftriaxone, cefotaxime, or penicillin G is recommended.

TABLE 29-4  Major Indications for Use of Macrolides—cont’d

required.164 Because of reports of an association between oral erythro-
mycin and infantile hypertrophic pyloric stenosis (IHPS), monitoring 
for signs and symptoms of IHPS should be implemented in treated 
infants who are younger than 6 weeks of age.138

Erythromycin treatment of patients with gastroenteritis caused by 
C. jejuni hastens the eradication of the organism from the feces but 
does not appear to alter the clinical course of uncomplicated infection 
when therapy begins 4 days or more after the onset of symptoms.165 
However, earlier treatment of young children with acute dysentery 
associated with C. jejuni has been shown to shorten the course of diar-
rhea and fecal excretion of the organism.166 Nevertheless, in an insti-
tutional setting in Thailand, where C. jejuni strains were frequently 
resistant to erythromycin in vitro, early treatment of infants with diar-
rhea caused by this organism was not beneficial.167

Erythromycin base given orally together with neomycin on the day 
before colorectal surgery and combined with vigorous purgation is 

about as effective as parenteral cephalosporin administration just 
before surgery in decreasing the incidence of septic complications.168 
No advantage has been demonstrated for the use of a combination of 
oral and intravenous antibiotics.169 In the presence of bowel obstruc-
tion or when there is need for emergency surgery, the parenteral anti-
biotic regimen should be used.117

Erythromycin given orally for 3 months remains the drug of choice 
in treating Bartonella infections (bacillary angiomatosis and bacillary 
peliosis hepatis in immunocompromised patients).117,170 Relapses have 
been described, especially of lesions in bone and skin and when anti-
biotics are given for a shorter duration (<3 months), particularly in 
severely immunosuppressed patients.171

A comparative study involving a small number of children with 
cholera, who were all treated with rehydration solutions, showed that 
erythromycin or trimethoprim-sulfamethoxazole was effective and 
superior to treatment without an antimicrobial agent.172 Erythromycin 
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Clarithromycin is provided in 250- or 500-mg film-coated tablets, 
extended-release 500 mg tablets, and as granules for oral suspension 
(125 mg/5 mL and 250 mg/5 mL).

Mechanisms of Action and Resistance
Limited studies suggest that azithromycin, clarithromycin, and eryth-
romycin bind to the same receptor on the bacterial 50S ribosomal 
subunit and inhibit RNA-dependent protein synthesis by the same 
mechanism.2,178 Azithromycin has greater activity than the 14-member 
macrolides erythromycin and clarithromycin against gram-negative 
bacteria (especially for M. catarrhalis and H. influenzae) and therefore 
appears to better penetrate the outer envelope of those organisms.179 
Like other macrolides, azithromycin and clarithromycin are generally 
considered to be bacteriostatic agents; however, bactericidal activity is 
easily demonstrated in vitro against such species as S. pyogenes, S. 
pneumoniae, and H. influenzae.178,179 In vitro activity of the newer mac-
rolides increases with rising pH, as with erythromycin.

Mechanisms of resistance to azithromycin or clarithromycin are the 
same as or similar to those for erythromycin.1,3,4 There is complete 
cross-resistance among erythromycin, azithromycin, and clarithromy-
cin for gram-positive organisms showing resistance to erythromycin 
by the MLSB phenotype because the methylation mechanism already 
described operates for all of the 14- and 15-member macrolides.13 
Cross-resistance among the 14- and 15-member macrolides is also 
characteristic of the M phenotype and is the result of an efflux system 
for the drugs. Clarithromycin-resistant strains of H. pylori with point 
mutations in the 23S rRNA genes that presumably result in diminished 
binding of the drug to the ribosomal target have been isolated from 
patients with peptic ulcer disease treated with that antibiotic.180 Further 
studies with such strains suggest that horizontal transfer of the mutated 
gene can occur.181 Similar point mutations in the 23S rRNA gene asso-
ciated with macrolide resistance in M. avium complex have been 
selected in patients undergoing clarithromycin or azithromycin mono-
therapy for disseminated infections.182

Antimicrobial Activity
Clarithromycin is highly active against gram-positive bacteria, being 
twofold to fourfold more active than erythromycin against most strep-
tococci, including S. pneumoniae and S. pyogenes, and methicillin-
sensitive S. aureus.32,176,178 However, azithromycin is about twofold to 
fourfold less active than erythromycin against those organisms.176,178 
Streptococci and staphylococci that are resistant to erythromycin  
are resistant to clarithromycin and azithromycin.38,39,178,183 The emer-
gence of macrolide resistance in clinical isolates of S. pneumoniae and 
S. pyogenes was discussed in the section on erythromycin. Most 
methicillin-resistant staphylococci are resistant to the newer macro-
lides.55,56 The activity of clarithromycin against many gram-negative 
bacteria is similar to that of erythromycin,4,178 although it is slightly 
more active against M. catarrhalis. An active metabolite of clar-
ithromycin, 14-hydroxyclarithromycin, has slightly greater activity 
than the parent compound against S. aureus, S. pneumoniae, H. influ-
enzae, and M. catarrhalis and is additive in vitro to the activity of 
clarithromycin.4,183

may be used as an alternative antibiotic in the treatment of anthrax 
and in infections by Moraxella catarrhalis and Eikenella corrodens. 
Erythromycin is not consistently effective in treatment of infections 
caused by H. influenzae.108,109 In view of the availability of more effec-
tive alternative drugs, erythromycin should not be used alone in the 
treatment of deep-seated staphylococcal infections because of the 
potential for the emergence of resistant strains during therapy.59,173 
The results of treating syphilis with erythromycin during pregnancy 
must be considered uncertain at best; fetal syphilis may not be eradi-
cated,174 and this treatment is no longer recommended when pregnant 
women with syphilis have a history of penicillin allergy.164 Erythromy-
cin may occasionally be useful in treating urinary tract infections 
caused by gram-negative bacilli that might otherwise require the use 
of more toxic agents.175 Urine pH must generally be raised to 8.0 or 
above to achieve effective activity at urinary concentrations against the 
gram-negative bacilli.

Diffuse panbronchiolitis, a chronic inflammatory disease of the 
airways, particularly encountered in Japan, is associated with an 
increase in survival of patients treated with erythromycin at a low dose 
(400 to 600 mg/day) and for a prolonged course.89 The beneficial effect, 
as already noted, is generally attributed to the anti-inflammatory activ-
ity of the macrolide and to its effect in reducing the production of 
adhesion and other virulence molecules of Pseudomonas aeruginosa, 
which colonizes the lungs of those patients.

AZITHROMYCIN AND 
CLARITHROMYCIN
Azithromycin and clarithromycin were developed to improve the qual-
ities of erythromycin. They have better oral absorption, longer half-life, 
fewer gastrointestinal side effects, and a greater antimicrobial spectrum 
of activity than erythromycin.

Derivation, Chemistry, and 
Preparations
Azithromycin is derived from erythromycin, differing in having a 
methyl-substituted nitrogen in its 15-member lactone ring (Fig. 29-2). 
It is therefore an azalide antibiotic. Clarithromycin, having a 14-member 
ring structure, is produced by modifying position C6 of the lactone 
ring of erythromycin to possess a methoxy group (Fig. 29-3). These 
changes increase the stability of these compounds in gastric acid, 
improving absorption by the oral route.176

Azithromycin is available in capsules for oral use as azithromycin 
dihydrate equivalent to 250 mg of azithromycin, in film-coated tablets 
of 250 mg, 500 mg, and 600 mg, as a powder for oral suspension (1 g/
packet, 100 mg/5 mL, 200 mg/5 mL), and as IV powder for solution 
(2.5 g and 500 mg). In 2005, the FDA approved a novel 2 g/60 mL 
single-dose administration formulation of azithroymin (Zmax) for the 
treatment of community-acquired pneumonia and acute bacterial 
sinusitis.177 In this formulation, azithromycin is incorporated into 
sustained-release microspheres that release the drug slowly. Because of 
this sustained release mechanism, most of the drug is released into the 
lower gastrointestinal tract, potentially reducing gastrointestinal side 
effects, and allowing for a higher dose to be administered.

FIGURE 29-2  Azithromycin base. 
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FIGURE 29-3  Clarithromycin base. 
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face of severe hepatic disease, there is an increase in the renal clearance 
of clarithromycin associated with a decrease in metabolic clearance, to 
the extent that no dosage adjustment is recommended at present.183

Clarithromycin is widely distributed and penetrates well into 
various tissues, generally exceeding peak maximum serum levels by 
severalfold.183 Concentrations of clarithromycin and its 14-hydroxy 
metabolite in middle ear fluids of children with acute otitis media 
exceeded the plasma concentrations by approximately ninefold and 
fourfold, respectively, 12 hours after the sixth dose when the drug was 
given every 12 hours.194 Concentrations generally exceed the MIC of 
most strains of middle ear pathogens, except for highly penicillin-
resistant S. pneumoniae. Limited data indicate minimal penetration of 
clarithromycin and its 14-hydroxy metabolite into cerebrospinal fluid 
in patients without meningitis.195 The levels achieved were below the 
MIC for the usual pathogens associated with bacterial meningitis and 
were 1% to 2% of the corresponding plasma levels. Clarithromycin, like 
the other macrolides, penetrates well into phagocytic cells.196

The oral bioavailability of azithromycin after a single 500-mg dose 
is 37%.197 Food decreases the absorption by 50%; therefore, the dose 
should be taken at least 1 hour before or 2 hours after a meal.198 The 
drug should not be taken simultaneously with magnesium- or 
aluminum-containing antacids, which decrease the rate of absorption 
and therefore the peak serum concentration but do not change the 
extent of absorption (i.e., the area under the curve).199 The maximum 
serum concentration achieved after a single 500-mg oral dose was 0.41 
µ/mL; after a 500-mg loading dose on day 1 followed by 250 mg daily 
for 4 additional days, it was 0.24 µ/mL; after 500 mg twice on day 1 
followed by 500 mg daily for 5 additional days, it was 0.62 µ/mL.178 The 
maximum concentration and 24-hour area under the curve after a 
single 2-g dose of azithromycin sustained-release microspheres (Zmax) 
are two and three times higher than those achieved with 1.5 g of con-
ventional, immediate-release azithromycin administered over either 3 
days (500 mg daily) or 5 days (500 mg on day 1, followed by 250 mg 
daily), respectively.177

Protein binding of azithromycin in serum varies between 7% and 
50% depending on the drug concentration.178 Azithromycin is widely 
distributed in tissues, and for most the drug concentration exceeds that 
in serum by 10- to 100-fold,197 particularly in sputum and lung. Very 
high concentrations were found in alveolar macrophages and neutro-
phils.200 The extensive tissue uptake of azithromycin has been attrib-
uted to cell uptake of this basic compound into relatively acidic 
lysosomes because of ionic trapping.200 Very low concentrations were 
noted in cerebrospinal fluid in patients without meningitis and in the 
aqueous humor of the uninflamed eye.201 However, appreciable con-
centrations of azithromycin have been detected in the brains of patients 
undergoing resections of brain tumors after they received 500 mg 
orally.201 The average half-life in many tissues is between 2 and 4 
days,197 so it is estimated that significant antibacterial activity against 
many pathogens persists in tissue for at least 5 days after a 5-day course 
of treatment.197 The average terminal half-life is 68 hours, consistent 
with a slow release of drug from tissues followed by elimination from 
the vascular compartment. About 6% of an oral dose appears as 
unchanged drug in the urine within 1 week of administration, and 
another small proportion is metabolized to inactive compounds, par-
ticularly by demethylation.197 Most of the drug that is absorbed remains 
unmetabolized and is probably eliminated in feces by way of biliary 
excretion and possibly transintestinal elimination.197 Biliary concentra-
tions of azithromycin are higher than in the serum, and most of the 
drug in the bile is unchanged.197 There are no data available on dose 
adjustments required with severe renal or hepatic failure.

Adverse Reactions
Adverse reactions to clarithromycin and azithromycin at the usual 
doses have been rare.176,178,198 The most common complaints are gastro-
intestinal (diarrhea, nausea, abdominal pain), and discontinuance of 
therapy is rarely required. This is in contrast to the relatively common 
abdominal complaints encountered with erythromycin, which not 
infrequently leads to cessation of therapy.176,178 Acute psychosis or 
“mania” has been noted in a few patients receiving clarithromycin.131,132 
High doses of clarithromycin in animals have been associated with 
teratogenic effects, and therefore that drug is not recommended for use 

Azithromycin is more active than erythromycin or clarithromycin 
against gram-negative bacteria, especially against H. influenzae and M. 
catarrhalis.176,184 The greater activity of azithromycin against the 
Enterobacteriaceae is of questionable clinical significance. However, it 
is of interest that prolonged incubation of P. aeruginosa strains with 
macrolides at clinically achievable concentrations is associated with 
decreased viability and diminished protein synthesis.185 Azithromycin 
is the most potent in that regard. Furthermore, macrolides have been 
shown to inhibit the expression of quorum sensing of P. aeruginosa, 
thereby downregulating quorum sensing–regulated genes that encode 
virulence factors such as adhesion molecules and those that bring 
about cytotoxicity and inflammation.186

The correlation between azithromycin MIC for N. gonorrhoeae and 
treatment failure is not well studied. Therefore, the National Commit-
tee on Clinical Laboratory Standards (NCCLS) criteria for resistance 
and susceptibility to erythromycin have not been established for N. 
gonorrhoeae.

Azithromycin and clarithromycin have equal or slightly better in 
vitro activities than erythromycin against L. pneumophila.28,81 In guinea 
pigs infected with L. pneumophila, azithromycin was found to be 
a more effective treatment than clarithromycin or erythromycin.187 
All three of those macrolides generally have good activity against  
M. pneumoniae and C. pneumoniae,28,75,183 although M. pneumoniae 
macrolide-resistant isolates have been detected sporadically in recent 
years, especially in Japan, as discussed in the section on erythromycin 
antimicrobial activity. Azithromycin and clarithromycin have signifi-
cantly greater activity than erythromycin against C. trachomatis and 
U. urealyticum26,75 and somewhat greater activity against Borrelia burg-
dorferi.178,179 The small in vitro differences in potency among these 
macrolides may not have any clinical significance with regard to 
efficacy.188

The macrolides show little activity against Mycobacterium tubercu-
losis.189 In contrast, clarithromycin shows substantial activity against 
Mycobacterium leprae and is superior in this respect to erythromycin 
and azithromycin.183,189

Clarithromycin and azithromycin have appreciable activities against 
M. avium complex. Clarithromycin is about fourfold more active than 
azithromycin against this organism in vitro190 and is somewhat more 
active in slowing its replication in infected human macrophages.191 
However, macrolide-resistant populations of M. avium emerge fre-
quently after treatment of experimentally infected beige mice with 
clarithromycin or azithromycin.192 Both of these macrolides also have 
significant and approximately equal activity against Toxoplasma gondii 
in tissue culture systems.193

The potentially useful anti-inflammatory actions of the macrolides 
(aside from their antimicrobial activity) were discussed under “Eryth-
romycin,” earlier.

Clinical Pharmacology
Clarithromycin is well absorbed after oral administration, with or 
without food, and is approximately 50% bioavailable.178 Mean peak 
serum concentrations in the steady state with oral doses of 250 and 
500 mg every 12 hours are 1 and 2 to 3 µg/mL, respectively. The elimi-
nation half-lives for those two regimens are 3 to 4 and 5 to 7 hours, 
respectively. Clarithromycin is appreciably metabolized in the liver by 
oxidation and hydrolysis to a number of compounds, accounting for a 
recovery of 78%. The major metabolite, 14-hydroxyclarithromycin, has 
antibacterial activity and accounts for 20% of the metabolites.178 With 
the 250-mg oral dose given every 12 hours, about 20% of the drug is 
excreted into the urine unchanged and 10% to 15% as the hydroxy 
metabolite. With the 500-mg dose given at the same interval, about 
30% is excreted into the urine unchanged and 10% to 15% as the major 
metabolite. At higher doses, there is some nonlinearity of half-life, 
apparently because of saturation of metabolic mechanisms with a 
higher proportion of unchanged drug eliminated in the urine.178 About 
65% to 70% of the drug is bound to protein in the serum. With renal 
insufficiency involving creatinine clearances of less than 30 mL/min, 
there is a marked increase in half-life of clarithromycin.183 Dose adjust-
ment is suggested in patients with severe renal failure, including rec-
ommendations for a 500-mg loading dose followed by 250 mg once or 
twice daily depending on the type of infection being treated.183 In the 
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or superior tolerability and clinical and bacterial efficacy of azithromy-
cin (12 mg/kg, once daily for 5 days) compared with a 10-day therapy 
with penicillin V in the treatment of pediatric streptococcal pharyngi-
tis.219,220 However, the effectiveness of short-course azithromycin in 
preventing acute rheumatic fever is unknown.221 Moreover, with the 
variable prevalence of macrolide resistance by group A streptococci, 
the effectiveness of these agents in treating such infections when the 
susceptibility of the organism is unknown should be questioned.

Azithromycin administered for 5 days or clarithromycin for 7 to 10 
days for the treatment of acute otitis media in children has been effec-
tive.222,223 Side effects, mostly gastrointestinal, were more common with 
clarithromycin in those studies but similar to azithromycin in one 
study that directly compared the two macrolides.223 As with other 
antimicrobial agents, bacterial meningitis may develop during oral 
therapy with macrolides for otitis media in children, particularly  
when the susceptibility of the pathogen is not optimal and spinal fluid 
penetration of the drug is limited.224 The dosage of clarithromycin 
recommended for adults for those conditions is 250 mg orally twice 
daily for 7 to 14 days, except with sinusitis or bronchitis caused by  
H. influenzae, in which case 500 mg twice daily is suggested. The rec-
ommended azithromycin dosage for the same conditions in adults is 
500 mg orally on day 1 and 250 mg on days 2 through 5 for a 5-day 
course of therapy. The 5-day course is used because of the prolonged 
persistence of good concentrations of azithromycin in tissues.178 In 
children, the recommended total dose of azithromycin administered 
over 5 days is 30 mg/kg (10 mg/kg on day 1 and 5 mg/kg on days 2 to 
5) to treat acute otitis media. At present, the consideration to use 
azithromycin or clarithromycin rather than erythromycin for those 
aforementioned conditions must balance the potential advantages of a 
low incidence of side effects and infrequent dosing with the disadvan-
tages of no increased effectiveness and somewhat higher cost. Azithro-
mycin can be given effectively for a shorter duration than clarithromycin 
and may be associated with fewer gastrointestinal disturbances, espe-
cially in children. However, with the substantial and rising prevalence 
of macrolide-resistant S. pneumoniae strains, poor response to treat-
ment of acute otitis media can be expected in some patients treated 
with a macrolide alone.

Guidelines available for the treatment of adult outpatients with 
community-acquired pneumonia include the use of a macrolide alone 
as a first-line agent in patients with no significant medical problems 
and without the recent use of antimicrobial agents or with a β-lactam 
plus a macrolide or a respiratory fluoroquinolone in patients with 
comorbidities such as chronic heart, lung, or liver disease; diabetes; or 
immunosuppressing conditions.156 The aforementioned guideline is 
now further complicated for patients with heart disease by the concern 
for potentiating cardiac arrhythmias with either a macrolide or a fluo-
roquinolone. The use of doxycycline in place of the macrolide or a 
fluoroquinolone in such ambulatory patients is probably safer. Eryth-
romycin administered orally is poorly tolerated because of gastrointes-
tinal side effects; therefore, the more expensive macrolides, azithromycin 
and clarithromycin, are often used instead. All three macrolides have 
good activity against most pathogens that commonly cause community-
acquired pneumonia, many strains of S. pneumoniae, and almost all 
strains of M. pneumoniae, C. pneumoniae, Legionella species, and 
Moraxella catarrhalis (see Table 29-1).32 However, the rising preva-
lence, already discussed, of macrolide resistance by strains of S. pneu-
moniae, especially those that are penicillin resistant, requires caution 
in the use of any of the macrolides as a sole agent when that organism 
may be causing pneumonia. That concern would be greatest for older 
adults or persons with underlying medical conditions. Macrolides, 
with their ability to concentrate intracellularly, are effective against 
intracellular pathogens, including C. pneumoniae, Legionella species, 
and C. burnetii (the agent of Q fever).225 Treatment with macrolides of 
lower respiratory tract infection with M. pneumoniae and C. pneu-
moniae in children shortens the clinical course of infection.226 In the 
treatment of patients with nonpneumococcal pneumonia, erythromy-
cin and azithromycin were equally effective (76% and 79%, respec-
tively) in achieving clinical and radiologic resolution.188 The longer 
half-life of azithromycin allows a shorter duration of therapy, and in 
one retrospective study, a 3-day course of azithromycin (daily dose, 
500 mg) was as effective as a 5-day course (500 mg in a single dose the 

in pregnancy.117 Abnormalities in liver function are occasionally 
encountered in patients treated with these drugs, and reversible cho-
lestatic hepatitis has been reported with azithromycin.202 With the high 
doses of these drugs used in the treatment of M. avium complex, tin-
nitus, dizziness, and reversible hearing loss have been reported.203,204 
Rarely, severe allergic reactions have occurred with the use of 
azithromycin.

The risk of macrolide-associated torsades de pointes (a polymor-
phic ventricular tachycardia) has been associated with increasing age, 
female sex, and concomitant drug use, especially with cisapride.205 A 
retrospective study of a Tennessee Medicaid cohort reported that 
patients taking a 5-day course of azithromycin had a 2.88 increased 
risk of cardiovascular death compared with those taking no antibiotics, 
with risk being most pronounced among patients at high risk for car-
diovascular disease.206 Although, this observation is of concern, defini-
tive association of increased cardiovascular-related death and exposure 
to azithromycin cannot be based on a retrospective cohort design, 
given residual confounding that may have influenced the outcome.207 
However, as a result of that study the FDA is requiring changes in the 
labeling of azithromycin warning about the risk of QT interval prolon-
gation and cardiac arrhythmias.208 It now seems prudent not to use a 
macrolide antibiotic together with another drug known to prolong QT 
interval and to use caution in the use of a macrolide antibiotic, even 
alone, in patients with underlying heart disease.

Drug Interactions
Clarithromycin has been reported to be associated with increased con-
centrations of several drugs that undergo hepatic metabolism by the 
CYP3A system (see Table 29-3).143 As with erythromycin, these inter-
actions can lead to serious toxicity. It is not yet clear whether the 
clarithromycin interactions can occur with all the drugs that interact 
with erythromycin, but a conservative clinical approach would be to 
consider that potential. These interactions with the hepatic metabolism 
of other drugs have not been documented with azithromycin, which 
does not appear to induce or bind and inactivate the CYP-450 enzymes, 
probably because of its different azalide structure.141,142 Because azithro-
mycin minimally inhibits CYP3A4, it appears to be the safest macro-
lide derivative from a drug interaction perspective.209

Clarithromycin may decrease the serum concentration of zidovu-
dine by unknown mechanisms when the two drugs are taken at the 
same time.210 However, in another study, with a somewhat different 
design, there was no significant alteration of zidovudine bioavailability 
in volunteers with acquired immunodeficiency syndrome (AIDS) who 
took the two drugs 2 hours apart.211

Clarithromycin, like erythromycin, may occasionally lead to 
digoxin toxicity, possibly by diminishing the bacterial metabolism of 
digoxin in the gut.212

Uses of Clarithromycin  
and Azithromycin
Clarithromycin and azithromycin have several indications for use as 
the drug of choice and some important applications as an alternative 
drug (see Table 29-4).4,71,117,144-155 Clarithromycin and azithromycin 
were as effective as other commonly used antimicrobial agents when 
employed in randomized multicenter trials for the treatment of  
pharyngitis, sinusitis, community-acquired pneumonia (including  
M. pneumoniae and C. pneumoniae pneumonia), and skin infec-
tions.156,176,178,213 Clarithromycin or azithromycin have been considered 
alternatives to penicillin in treating group A β-hemolytic streptococcal 
pharyngitis, especially in patients with penicillin allergies.214 Treatment 
with a 10- to 14-day course of either clarithromycin (250 mg twice 
daily) or penicillin VK (250 mg every 6 hours) is equally effective.178,215 
Azithromycin administered for 5 days (500 mg on day 1 followed by 
250 mg daily for 4 days) is effective in eradicating group A streptococci 
from the pharynx,216 although shorter courses of 3-day treatment with 
azithromycin were associated with lower levels of bacteriologic eradi-
cation when compared with a 10-day course of penicillin V.217 One 
study demonstrated that a 10-day course of treatment with clarithro-
mycin (250 mg twice daily) led to more bacteriologic eradication com-
pared with a 5-day course with azithromycin (500 mg on day 1, 
followed by 250 mg daily).218 Clinical studies have demonstrated equal 
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twice daily) or azithromycin (1200 mg orally once weekly) is effec-
tive.242,243 Clarithromycin prophylaxis of this condition has been dem-
onstrated to increase survival.242 Discontinuation of a macrolide-based 
prophylaxis for M. avium complex infection may be possible in patients 
who have been given prophylaxis for at least 1 year and whose CD4+ 
counts have increased to greater than 100 cells/µL on highly active 
antiretroviral therapy.244 In patients who develop disseminated infec-
tion despite prophylaxis, macrolide-resistant isolates are frequently 
found.242

A single oral dose of azithromycin (20 mg/kg, up to 1 g) is highly 
effective in treating trachoma and has become the treatment of 
choice.117,245 A single oral 1-g dose of azithromycin has been as effective 
as a 1-week course of doxycycline in the treatment of C. trachomatis 
urethritis and cervicitis150 and acute nongonococcal urethritis (caused 
by C. trachomatis or Ureaplasma urealyticum) in men.246 Azithromycin 
(1-g single oral dose) is as effective as ceftriaxone (250-mg intramus-
cular dose) in treating chancroid and is considered first-line treat-
ment.164 A single-2-g dose therapy of azithromycin is not recommended 
as treatment for N. gonorrhoeae infection because of gastrointestinal 
side effects, expense, and concern for the induction of resistance.247

The majority of patients with peptic ulcer disease can now be cured 
with short courses of antimicrobial agents combined with an acid-
reducing agent, often a proton pump inhibitor or ranitidine bismuth 
citrate.248 Clarithromycin (500 mg orally twice daily) combined with 
amoxicillin (1 g twice daily) or metronidazole (500 mg twice daily)  
and a proton pump inhibitor for 10 to 14 days is effective.248a Failure is 
often associated with primary resistance by H. pylori strains to one of 
these antimicrobials (more common to metronidazole [30%] than to 
clarithromycin [10% to 15%]249 or with the emergence of secondary 
resistance, which occurs more frequently if only one antimicrobial 
agent is used or if two are used in the presence of primary resistance 
to one of them.250,251 Sequential therapy involving 5 days of use of a 
proton pump inhibitor together with amoxicillin, followed by another 
5 days of the proton pump inhibitor plus clarithromycin and tinida-
zole, is suggested as giving the best cure rates (≈90%) on the basis of 
a recent meta-analyisis.249

Azithromycin is effective in the treatment of Campylobacter enteri-
tis, but in some areas azithromycin (macrolide)-resistant strains are 
common.147,252 Azithromycin treatment for 5 days was found to be as 
effective as ciprofloxacin in the treatment of shigellosis in a random-
ized controlled trial and can be considered a good alternative therapy 
for that condition, especially for children and pregnant women.152,117

Clarithromycin has been used effectively in a variety of mycobacte-
rial infections other than tuberculosis and infections caused by M. 
avium complex. It can serve as the central drug or as an alternative in 
treating infections caused by Mycobacterium chelonae,253 Mycobacte-
rium fortuitum, Mycobacterium genavense, and Mycobacterium kansa-
sii.117 In deep-seated infections and in immunocompromised patients 
with these infections, it is suggested that therapy be carried out with 
more than one active agent to decrease the chance for the emergence 
of resistant strains.254 Clarithromycin has had a limited trial, suggesting 
its effectiveness in treating leprosy, and can serve as an alternative drug 
for that disease.117,255

Several studies suggest that clarithromycin (500 mg twice daily for 
21 days) or azithromycin (for 7 to 10 days) is effective in treating most 
cases of early Lyme disease.256,257 One of those studies demonstrated 
that azithromycin (500 mg daily for 7 days) was less effective than 
amoxicillin (500 mg three times daily for 20 days).257 In some situa-
tions, such as allergy to β-lactam antibiotics in pregnant women or 
allergy to both β-lactam and tetracycline antibiotics, azithromycin may 
be an effective alternative treatment for Lyme disease. However, present 
guidelines do not recommend macrolides as first-line therapy for Lyme 
disease.258 Azithromycin (when given with atovaquone) is as effective 
as clindamycin and quinine for the treatment of Babesia microti infec-
tions, a frequent coinfecting agent with B. burgdorferi.155 Although 
clindamycin and quinine remain the preferred regimen in severe cases 
of babesiosis, atovaquone and azithromycin is an effective treatment 
regimen for non–life-threatening babesiosis in immunocompetent 
adult patients.155,258

Azithromycin has been shown to have antimalarial activity similar 
to that of doxycycline in animal models.259 Two human volunteer 

first day, followed by 250 mg daily for 4 days) in the treatment of atypi-
cal pneumonia.227

The generally recommended empirical therapy for community-
acquired pneumonia requiring hospitalization includes the combina-
tion of a macrolide and a β-lactam.156 This recommendation is based 
on observational studies that indicated that treatment with this com-
bination as the initial regimen was associated with briefer hospital stays 
and a lower mortality rate than treatment with a cephalosporin 
alone.228,229 In addition, two retrospective studies found that in cases of 
bacteremic pneumococcal pneumonia, dual antimicrobial therapy, 
including a macrolide, reduced mortality.230,231 A study by Martinez 
and colleagues232 suggests that a benefit of lower mortality is achieved 
with combination therapy, including a macrolide, in community-
acquired pneumonia associated with S. pneumoniae, including 
penicillin-susceptible strains, although sample size was small and the 
study was retrospective in design. The possible benefit of adding a 
macrolide to a β-lactam agent in the treatment of bacteremic pneumo-
coccal pneumonia may result from several factors,233 including antimi-
crobial synergism, macrolide-induced attenuation of cytokine 
production,93 diminished adherence of pneumococci to respiratory 
epithelial cells,43 and the coexistence of atypical pathogens. However, 
in vitro studies have not shown antimicrobial synergism,234 and one 
study demonstrated in vitro and in vivo (in a mouse peritonitis model) 
antagonism between penicillin and erythromycin against S. pneu-
moniae, possibly caused by the inhibitory activity of erythromycin on 
the growth rate of the bacteria, attenuating the bacterial activity of 
penicillin.235 The resolution of this issue requires a prospective ran-
domized controlled trial. Although macrolides are becoming less reli-
able in the treatment of pneumococcal pneumonia, clarithromycin and 
azithromycin continue to be effective in the treatment of Legionella 
pneumonia.149,156,161 Azithromycin showed superior results in an animal 
model of that infection,187 and its lower likelihood of drug interactions 
compared with the other macrolides gives it a potential advantage, 
especially in the treatment of immunodeficient patients, who are often 
receiving multiple medications, and including those undergoing 
hepatic metabolism by the CYP-450 system. The suggested dosage of 
azithromycin for this condition for adults is 500 mg orally or intrave-
nously for 5 to 10 days.149

Bordetella pertussis is susceptible in vitro to azithromycin and clar-
ithromycin. Furthermore, data from a multicenter randomized trial in 
North America demonstrated that azithromycin was as effective as 
erythromycin, better tolerated, and associated with improved compli-
ance.236 The CDC recommends that azithromycin should be used for 
all neonates younger than 1 month, with erythromycin, clarithromy-
cin, or azithromycin acceptable for the treatment of pertussis in 
persons aged 1 month or older.237 Resistance to azithromycin has been 
rarely reported, but limited studies are available on its clinical effective-
ness.238 In a study involving a small number of children with pertussis 
in Japan, a 5-day course of azithromycin and a 7-day course of clar-
ithromycin were as effective in eradicating B. pertussis from cultures 1 
week after treatment as in historical control subjects who had been 
treated with erythromycin for 2 weeks.146 Until more data from clinical 
studies evaluating clarithromycin and azithromycin are available, the 
American Academy of Pediatrics recommends erythromycin as the 
antimicrobial agent of choice for treatment of and prophylaxis against 
pertussis and clarithromycin (15 to 20 mg/kg/day orally in two divided 
doses, with a maximum of 1 g/day, for 10 to 14 days) and azithromycin 
(10 to 12 mg/kg/day orally in one dose, with a maximum of 500 mg/
day, for 5 to 7 days) as alternatives for patients who cannot tolerate 
erythromycin.239

Clarithromycin (500 mg orally twice daily) or azithromycin 
(500 mg orally once daily) in addition to ethambutol with or without 
rifabutin are now considered the drugs of choice in the treatment of 
disseminated M. avium complex infections in patients with AIDS.117 
Relatively few mutations are associated with macrolide resistance in 
mycobacteria, and all are in genes encoding the peptidyltransferase 
region of the 23S rRNA.240 Therefore, the use of macrolides alone is 
often associated with clinical relapse and the emergence of macrolide-
resistant organisms.241 In AIDS patients with CD4+ T-lymphocyte 
counts lower than 100 cells/mm3, prophylaxis of disseminated M. 
avium complex infection with clarithromycin (500 mg orally once or 
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The use of daily azithromycin at a dose of 250 mg once daily for 1 
year was found to decrease exacerbations among patients at high risk 
for acute exacerbations of chronic obstructive pulmonary disease 
(COPD). However, patients were also more likely to have hearing loss 
and harbor macrolide-resistant organisms.280 Beneficial effects demon-
strated in CF, COPD, and ventilator-associated pneumonia281,282 are 
likely related not only to the bacterial growth-inhibiting effects of the 
macrolide but also to the general anti-inflammatory activities of the 
macrolides and/or the downregulating effects of the drug on the pro-
duction of bacterial virulence factors of P. aeruginosa already dis-
cussed.283 The full potential of the macrolides, especially azithromycin, 
as anti-inflammatory agents that may benefit serious chronic pulmo-
nary diseases merits further study in both animal models and 
patients.284 The use of azithromycin chronically in patients with COPD 
requires prior screening for QT interval prolongation and hearing loss 
and should not be used in those needing the administration of other 
drugs that are known to prolong QT interval. Caution is also advised 
for such use in those with underlying heart disease.206 When azithro-
mycin is used chronically for those with COPD, it seems likely that 
adminstration three time per week rather than daily may be sufficient, 
given the long half-life of the drug in macrophages. Another caution 
comes from a recent study that reported long-term use of azithromycin 
by adults with CF was associated with the development of infection 
with nontuberculous mycobacteria (NTB), particularly multidrug-
resistant Mycobacterium abscessus. A suggested possible mechanism 
was that azithromycin can block autophagosomal clearance by pre-
venting lysosomal acidification, thereby attenuating killing of intracel-
lular mycobacteria.285

KETOLIDES
Ketolides are a class of semisynthetic agents derived from erythromy-
cin A that have increased acid stability and increased antibacterial 
potency against many bacteria resistant to macrolides. They are unable 
to induce the MLSB methylase type of resistance. Telithromycin (HMR 
3647, or Ketek), which was approved for clinical use in the United 
States in April 2004 and had been in use in Europe since 2001 and 
some Latin American countries, is the first member of this new class. 
However, its potential, though rare, for serious, even fatal, hepatotoxic-
ity recognized in 2006 has severely and appropriately limited its use.

Derivation, Chemistry,  
and Preparations
Ketolides are derived from erythromycin A, differing in having a 
replacement of the l-cladinose moiety that is present at position 3 in 
other 14-member macrolides with a ketone group. This is the only 
chemical modification necessary to classify a ketolide. The name 
ketolide is derived from keto (3-keto group) and olide (lactone).286 
Telithromycin (Fig. 29-4) has additional modifications, including a 
11,12-cyclic carbamate linkage in place of two hydroxyl groups of 
erythromycin A. The latter ring also has a butyl imidazolyl pyridinyl 
side chain. In addition, a methoxy group replaces a hydroxyl group at 
position 6 of the lactone ring of telithromycin.

The alterations in structure of telithromycin are related to its 
improved antimicrobial properties. The replacement of l-cladinose 

studies suggested that azithromycin has potential in the prevention of 
chloroquine-resistant Plasmodium falciparum infection.259,260 Two field 
trials on the use of azithromycin as a single agent for malaria prophy-
laxis demonstrated only moderate efficacy (70% to 90%) for P. falci-
parum compared with high efficacy for Plasmodium vivax.261,262 
Azithromycin in combination with other antimalarial agents, such as 
chloroquine or quinine, produces synergistic interactions in vitro.263 
One randomized study conducted in Thailand found azithromycin 
combination therapy with artesunate or quinine effective for the treat-
ment of uncomplicated P. falciparum malaria in adults.264 The antima-
larial effect of azithromycin and its good safety profile in pregnant 
women led to the investigation of azithromycin combination therapy 
with sulfadoxine-pyramethamine versus artesunate with sulfadoxine-
pyrimethamine for the treatment of malaria in pregnant women in 
Malawi.265 Both combinations were found safe, well tolerated, and effi-
cacious. In an uncontrolled study, nine patients with AIDS and chronic 
cryptosporidiosis were treated with azithromycin at a variety of doses 
for 30 to 360 days (mean, 129 days) and in seven there was a “complete” 
clinical response, with a major decrease (five patients) or eradication 
(two patients) of parasites in the stool.266 However, in another limited 
study of azithromycin, given for shorter periods for the same condi-
tion, results were poor.267 In one study, the use of clarithromycin for 
prophylaxis for M. avium complex was highly protective against devel-
opment of cryptosporidiosis in immune-suppressed HIV-infected 
persons, whereas no protective effect was seen in the 54 patients 
reporting taking azithromycin.268 With the availability of highly active 
antiretroviral therapy for AIDS, the relative role of a drug with activity 
against cryptosporidia in improving diarrheal disease in these patients 
needs to be interpreted with data from appropriate control groups.

There has been great interest in the potential role of chronic infec-
tions (especially those caused by C. pneumoniae), and more recently 
in the role of inflammation per se in potentiating atherosclerosis and 
vascular thromboses, including coronary artery disease.269 In this 
regard, azithromycin has been investigated because of its activity 
against C. pneumoniae and its ability to accumulate in high concentra-
tions in atherosclerotic plaques.270 One study in a small number of men 
who had survived myocardial infarction demonstrated a significant 
decrease in subsequent adverse cardiovascular events in those who had 
substantial titers of antibody to C. pneumoniae and were given azithro-
mycin (500 mg daily for 3 or 6 days), compared with a similar group 
of men who were not treated with azithromycin.271 However, clinical 
trials have not shown a benefit of macrolide use in preventing recurrent 
events in patients with acute coronary syndromes.272,273 Assuming a 
real effect of the macrolide on such cardiac events, it is uncertain 
whether the result is related to its antimicrobial activity, its anti-
inflammatory activity on atheromata or thrombogenesis (discussed 
earlier; see “Antimicrobial Activity” under “Erythromycin”), both of 
these activities, or other unknown effects. A large randomized, placebo-
controlled trial of stable patients with previous myocardial infarction 
and IgG antibodies to C. pneumoniae treated with azithromycin for 12 
weeks and followed for a median of 14 months did not demonstrate a 
significant reduction of clinical sequelae of coronary heart disease.274 
A randomized placebo-controlled trial of clarithromycin 500 mg once 
daily for 2 weeks in several thousand Danish patients with stable coro-
nary artery disease followed over 3 years showed no benefit of treat-
ment and a significant increase in cardiovascular mortality in those 
receiving clarithromycin (5.1% vs. 3.5%, P value 0.01).275 Potential 
reasons for the increase in cardiovascular mortaility found in those 
who received clarithromycin include a nonspecific random effect, 
unknown inequalities in risk between the two randomized groups, and 
proarrhythmic and drug interaction effects of clarithromycin (though 
cardiovascular mortality did not differ during the first month of 
follow-up).

Efficacy of azithromycin has been evaluated for treatment of 
patients with cystic fibrosis (CF), a genetically inherited disorder 
marked by chronic colonization by P. aeruginosa and recurrent bacte-
rial exacerbations. Four randomized, placebo-controlled trials com-
paring placebo with azithromycin administered for a period of 3 to 12 
months found considerable improvement of lung function as assessed 
by increase of FEV1, from baseline and reduced risk of bacterial exac-
erbations among patients receiving azithromycin.276-279 FIGURE 29-4  Telithromycin. 
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erythromycin-resistant strains of S. pyogenes when resistance is of the 
M or inducible MLSB phenotype, but their activity is reduced when 
resistance is of the constitutive MLSB phenotype.295 Ketolides show 
excellent activity against S. aureus isolates that are erythromycin sus-
ceptible or with inducible erythromycin resistance (including most 
strains of methicillin-resistant S. aureus); however, the ketolide shows 
little activity against S. aureus isolates with constitutive erythromycin 
resistance.296 Ketolides are more potent than macrolides against 
erythromycin-susceptible and erythromycin-resistant Enterococcus 
faecalis isolates but exhibit poor activity against Enterococcus faecium 
strains.296

Enterobacteriaceae are intrinsically resistant to macrolide antibiot-
ics, and the same is true for ketolides.296 However, the activity of 
ketolides against H. influenzae is similar to that of azithromycin.297 In 
addition, ketolides demonstrate consistent activity against M. catarrha-
lis298 and B. pertussis.299 Telithromycin has shown good in vitro activity 
against Propionibacterium and peptostreptococcal species but poor 
activity against B. fragilis and Fusobacterium species.286

Ketolides are similar to, or slightly more active than, the macrolides 
against C. pneumoniae, L. pneumophila, and M. pneumoniae.300-302

Ketolides have poor in vitro activity against M. tuberculosis and are 
less potent than clarithromycin against M. avium.303

Clinical Pharmacology
Telithromycin is well-absorbed after oral administration with or 
without food, and it is approximately 60% bioavailable in both young 
and older persons.23 The maximum concentration (Cmax) after 7 days 
of once-daily dosing with 800 mg telithromycin is approximately 
2.27 mg/L,304 well above MICs of common respiratory pathogens. 
Telithromycin concentrates well in both extracellular tissue and intra-
cellular compartments, such as in alveolar macrophages and polymor-
phonuclear granulocytes.14 Approximately 70% of telithromycin is 
metabolized, mainly by the cytochrome P450 3A4 enzyme system in 
the liver.14 The elimination half-life is approximately 9.5 hours.304 No 
dosage adjustment is necessary in patients with mild to moderate renal 
impairment, although in the presence of severe renal impairment, the 
dose should be reduced by 50%.23

Adverse Reactions
Premarketing clinical trials of telithromycin suggested that telithromy-
cin had a safety profile similar to that of clarithromycin and azithro-
mycin, with complaints involving mainly the gastrointestinal tract 
(diarrhea, nausea, vomiting).304,305 Additional adverse reactions 
observed in those clinical trials included allergic reactions, pseudo-
membranous colitis, erythema multiforme, blurred vision, and severe 
gastroenteritis and vomiting.305 Telithromycin showed no significantly 
increased risk of QT prolongation when used at therapeutic dosages.305

Abnormalities in liver function were occasionally encountered in 
patients treated with telithromycin in premarketing clinical trials, but 
they resolved with discontinuation of the drug.305 However, in 2006 
serious hepatotoxicity, likely related to telithromycin, was reported in 
three patients, including one who died and another who required a 
liver transplant.306 Subsequent reviews by the FDA found additional 
reports of severe hepatotoxicity. As a result, the FDA revised the 
approved indications for use of the drug and required an updated label 
for its use with strengthened warnings regarding potential hepatotoxic-
ity. An analysis of adverse event reports to the FDA from 2005 found 
an 82% excess risk of hepatotoxicty associated with the use of telithro-
mycin compared with that from other agents.307

Several reports, beginning in early 2003, of exacerbation of myas-
thenia gravis in patients treated with telithromycin, including one 
death, led to a drug warning to European physicians calling for extreme 
caution in the use of telithromycin in patients with that condition. 
Patients with myasthenia gravis experienced worsening dyspnea and 
muscle weakness within hours of first taking telithromycin.308 The 
cause of this serious side effect is unknown, but the effect may be 
similar to the problems with ciliary body function that can lead to 
difficulties in visual accommodation, causing blurred vision in appar-
ently healthy young persons. In 2007 the FDA initiated a required black 
box warning and a contraindication that no one with myasthenia 
gravis should take telithromycin.

with a 3-keto function prevents induction of MLSB resistance.1,286,287 In 
conjunction with the 3-keto group, the addition of a methoxy group at 
position C6 of erythromycin A prevents internal hemiketalization, 
thereby making ketolides more acid stable.286,288 Substitution of the 
C11-C12 hydroxyl groups of the erythronolide A ring by a carbamate 
residue results in enhanced antibacterial activity when compared with 
erythromycin A and increases stability in an acid medium.286 The butyl 
imidazolyl pyridinyl side chain of the cyclic carbamate is responsible 
for tighter binding to ribosomes and thereby greater potency, as well 
as diminished susceptibility to bacterial efflux systems.286,288,289 Telithro-
mycin is available in 300 mg and 400-mg film-coated tablets.

Mechanisms of Action and Resistance
Ketolides, specifically telithromycin, have a mechanism of action essen-
tially similar to that of erythromycin A and other macrolides—that is, 
to inhibit bacterial protein synthesis by interacting closely to the pep-
tidyl transferase site of the 50S ribosomal subunit,1,2 and to interfere 
with the formation of the 50S ribosomal subunit.5 The difference 
between the mechanisms of action of telithromycin and macrolides is 
in the nature of their interaction with the ribosome: telithromycin has 
a higher binding affinity and mechanisms that may sometimes over-
come the methylation of binding sites on the peptidyl transferase loop.

The 23S rRNA molecule in the 50S ribosomal subunit contains six 
distinct structural domains, with domains II and V being the most 
important sites for interaction with macrolides and ketolides. Although 
the major site of interaction of traditional macrolides is domain V, at 
nucleotides A2058 and A2059,289 ketolides are also able to interact with 
domain II of 23S rRNA, at nucleotide A752.289 This additional interac-
tion is mainly due to the heteroaromatic ring side chain of the C11-C12 
cyclic carbamate. The dual interaction between telithromycin and 
domains V and II allows a higher overall binding affinity for telithro-
mycin than for traditional macrolides. That property allows telithro-
mycin to have greater potency and often greater and significant activity 
compared with traditional macrolides against bacterial strains exhibit-
ing the M type (drug efflux) and MLSB (ribosomal methylase) types of 
resistance.

In addition to inhibiting protein synthesis by directly interfering 
with elongation of polypeptide chains, telithromycin is able to inhibit 
the formation of the 50S ribosomal subunit, and at high enough con-
centrations, unlike macrolides, it is also able to inhibit the formation 
of the 30S ribosomal subunit.290

Resistance to telithromycin is as yet uncommon. Telithromycin is 
a poor inducer or poor substrate for bacterial strains expressing efflux 
mechanisms of resistance. The telithromycin MICs for such strains are 
sometimes higher than for strains without efflux pumps but generally 
remain in the therapeutic range.286 Ketolides are also poor inducers of 
the MLSB methylase genes, and telithromycin retains good activity 
against strains of S. pneumoniae, S. pyogenes, and S. aureus with induc-
ibly expressed MLSB resistance, but strains of S. aureus harboring a 
constitutive erm gene are resistant.286,291 Among S. pyogenes isolates 
harboring a constitutive ermB gene, and therefore resistant to erythro-
mycin A, telithromycin MIC values ranged from 4 to 64 µg/mL.292 In 
contrast, telithromycin remains potent against S. pneumoniae isolates 
with the constitutive erm gene.292 Structural differences in the ribo-
somes of bacteria may explain this difference in activity of telithromy-
cin against strains harboring a constitutive erm gene.292 Rare bacterial 
strains have shown increased MICs to telithromycin caused by muta-
tions in the bases of 23S rRNA of the 50S ribosomal subunit or in 
ribosomal proteins; most have been laboratory isolates,286 but these 
may predict future clinical isolates that will be ketolide resistant. Nocar-
dia species are capable of inactivating telithromycin by glycosylating 
or phosphorylating the hydroxyl group on the desosamine sugar.286

Antimicrobial Activity
Compared with macrolides, the ketolides have improved in vitro  
activity against a majority of gram-positive aerobic bacteria.293 
Ketolides show greater activity than clarithromycin and azithromycin 
against erythromycin-susceptible strains of S. pneumoniae.294 Against 
erythromycin-resistant strains of S. pneumoniae, ketolides have 
higher MIC values (compared with erythromycin-susceptible strains) 
but retain good activity.292 Ketolides are highly active against 
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pharmaceuticals. Both are weak bases that are readily water soluble 
when provided as salts.

Lincomycin (Lincocin) is available in the United States as the 
hydrochloride salt in solution (300 mg/mL) for parenteral use. Clinda-
mycin is prepared as the hydrochloride salt of the base in 75-, 150-, 
and 300-mg capsules and of the palmitate ester as a powder for pedi-
atric suspension (75 mg/5 mL). It is supplied as the phosphate ester for 
IM use (150 mg/mL) and for IV use (150 mg/mL, 300 mg/mL, 600 mg/
mL, 900 mg/mL). It is also available in topical solution, gel, lotion, 
foam, and pad (all at 1%) for the treatment of acne vulgaris and in a 
concentration of 2% in a vaginal cream and as a vaginal suppository 
(100 mg) for the treatment of bacterial vaginosis.

Mechanism of Action
The lincosamide antibiotics have, in susceptible organisms, the same 
or overlapping 50S ribosomal binding sites as those for the macrolides 
and chloramphenicol, and they may compete with these drugs for 
binding.1 Protein synthesis is inhibited primarily in early chain elonga-
tion by interference with the transpeptidation reaction,1 possibly by 
blocking of the P (peptidyl donor) site. Like the macrolides, the lin-
cosamide antibiotics may also stimulate the dissociation of peptidyl-
tRNA from ribosomes.

Mechanisms of Resistance
There are several mechanisms of resistance to the lincosamide antibiot-
ics. First, and most important, is the alteration in the 23S ribosomal 
RNA of the 50S ribosomal subunit by methylation of adenine,1,310 
which has been discussed in the macrolide section. It is usually plasmid 
mediated and provides the MLSB type of resistance, which includes 
that exhibited by some strains of S. aureus, S. pyogenes, and B. fragilis 
to clindamycin.This type of resistance in S. aureus is encoded by the 
ermA or ermC genes and when of the macrolide-inducible variety is 
characterized by a positive erythromycin-clindamycin “D test”—a 
double-disk diffusion test in which the zone of inhibition around the 
clindamycin disk is blunted on the side facing the erythromycin  
disk.311 The MLSB resistance mechanism in staphylococci more fre-
quently manifests clindamycin resistance when the strain possesses  
the ermA gene as compared with the ermC gene.312 With that type of 
resistance in S. aureus, exposure to clindamycin (which is not an 
inducer) in vitro or in vivo may result in clindamycin resistance due 
to selection of preexisting constitutive erm mutants, especially when 
the organism is at high inoculum.312,313 Second, mutations in the 
bacterial ribosomal RNA may confer resistance to clindamycin as  
demonstrated in some strains of Mycobacterium smegmatis.314 Third, 
alteration in particular 50S ribosomal proteins of the receptor site 
confers resistance to erythromycin and often to the lincosamides1; this 
mechanism was previously discussed for erythromycin. Fourth, resis-
tance is conferred through inactivation of lincomycin and clindamycin 
by a few isolates of staphylococci (including S. aureus) and Bacteroides 
spp. that possess a plasmid-mediated 3-lincomycin 4-clindamycin 
0-nucleotidyltransferase that catalyzes the nucleotidylation of the 
hydroxyl group in position 4 of clindamycin.6,315,316 This adenylation of 
the lincosamides is associated with high-level resistance to lincomycin, 
but clindamycin resistance may not be detected by routine methods. 
The adenylation of clindamycin is associated with impaired bacteri-
cidal activity and decreased activity at high inoculum levels. The nucle-
otide sequences of the plasmid-mediated genes linA and linA′, which 
encode for the inactivating enzymes, have been determined.315 A 
similar, but not identical, mechanism was found in a strain of Strepto-
coccus agalactiae that adenylates lincomycin and clindamycin but 
confers in vitro resistance only on the former.316

Finally, Enterobacteriaceae, Pseudomonas spp., and Acinetobacter 
spp. are intrinsically resistant to clindamycin, apparently because of 
poor permeability of the cellular outer envelope to the drug.6

Antimicrobial Activity
In vitro susceptibilities to clindamycin are given in Table 29-5.* Clinda-
mycin is more potent than lincomycin but similar in potency to  
erythromycin against staphylococci, pneumococci, S. pyogenes, and 

Drug Interactions
Ketolide use is associated with increased concentrations of several 
drugs that undergo hepatic metabolism by the cytochrome P450 3A4 
system.305 As with some macrolides, these interactions can lead to 
serious toxicity. For example, telithromycin slows the metabolism of 
simvastatin, leading to increased concentrations. Although rhabdomy-
olysis has not been specifically observed with the concomitant use of 
telithromycin and simvastatin, the combination is to be avoided.305 
Because co-administration of cisapride with telithromycin can lead to 
increased serum cisapride concentrations and prolongation of the QT 
interval, this combination is also contraindicated.305 It should be 
assumed that drug interactions involving telithromycin will be similar 
to those that have been observed with erythromycin and clarithromy-
cin (see Table 29-3).

Potential Uses for Telithromycin
The FDA originally approved telithromycin at an 800-mg oral dose 
daily for the treatment of community-acquired pneumonia, acute bac-
terial exacerbation of chronic bronchitis, acute sinusitis, and group A 
β-hemolytic Streptococcus tonsillitis or pharyngitis in adults.305 
However, in 2007, the FDA-approved indications for the treatment of 
acute exacerbation of chronic bronchitis and acute bacterial sinusitis 
were removed from the labeling because the risks such as visual dis-
turbances and hepatotoxicity were considered greater than the benefits 
of use for these conditions. Currently, telithromycin is approved for 
community-acquired pneumonia at a dose of 800 mg (2 tablets of 
400 mg) taken orally once every 24 hours, for 7 to 10 days. However, 
given that there are many antibiotics with better side effect profiles 
available for the treatment of community-acquired pneumonia, it is 
our opinion that telithromycin should generally not be used for this 
indication.

In community-acquired pneumonia, telithromycin administered 
orally (800 mg daily for 7 to 10 days) has comparable efficacy (clinical 
cure rate, 93% to 94%) with amoxicillin (1 g three times a day for 10 
days), clarithromycin (500 mg twice a day for 10 days), and trovafloxa-
cin (200 mg once daily for 10 days).305 Telithromycin was also effica-
cious in treating community-acquired pneumonia in older adults and 
in treating severe disease, including pneumococcal bacteremia.305 
When analyzed by pathogens, telithromycin was highly efficacious in 
patients with community-acquired pneumonia caused by penicillin- or 
macrolide-resistant S. pneumoniae and atypical pathogens such as C. 
pneumoniae, Legionella, and M. pneumoniae.305

LINCOMYCIN AND CLINDAMYCIN
Derivation, Chemistry,  
and Preparations
Lincomycin was isolated in 1962 from an organism, Streptomyces lin-
colnensis, obtained from soil near Lincoln, Nebraska. Many of its bio-
logic properties are similar to those of erythromycin, but it is chemically 
unrelated, consisting of an amino acid linked to an amino sugar (Fig. 
29-5). Chemical modification provided clindamycin (7-chloro-7-
deoxy-lincomycin) (see Fig. 29-5) with increased antibacterial potency 
and absorption after oral administration.309 Because there are no thera-
peutic advantages for lincomycin over clindamycin, the discussion 
here concentrates on the latter, although both are still marketed as 

FIGURE 29-5  The lincosamide antibiotics. In lincomycin, R = OH; in 
clindamycin, R = Cl. 
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A streptococcal clinical strains from Italy, 5% of 303 isolates from 1993 
and approximately 17% of 799 isolates from 1995 were resistant to 
clindamycin.326

The antibacterial activity of clindamycin against S. pyogenes dis-
plays several characteristics that have the potential to be clinically 
advantageous and are less prominently demonstrated or absent in  
the penicillin family. Subinhibitory concentrations of clindamycin 
diminish encapsulation of group A streptococci,327 production of M 
protein,328 pyrogenic exotoxin A, and promitogenic activity329 in broth 
cultures of S. pyogenes. The in vitro effect of clindamycin on the pro-
duction of various S. pyogenes exoproteins varies with the time of 
addition of the compound, with increase in production of some of 
them occurring with addition in early log phase growth and inhibition 
of production occurring with addition in mid log phase growth.330 In 
a mouse model of S. pyogenes myositis, clindamycin administration 
was more effective than penicillin in limiting bacterial growth and 
bringing about survival.331,332

Clindamycin continues to have substantial activity against 
methicillin-sensitive S. aureus but against fewer strains that are methi-
cillin resistant. Cross-resistance of S. aureus between lincomycin and 
clindamycin is complete. The MICs of clindamycin and erythromycin 
in vitro are generally similar for S. aureus strains that are sensitive 
to both agents; however, resistance can be selected in vitro by serial 
subculture in the presence of subinhibitory concentrations of either 
drug, and it occurs slowly for clindamycin and more rapidly for eryth-
romycin.309,333 In contrast, strains that are sensitive to clindamycin and 
resistant to erythromycin can be rapidly selected for clindamycin resis-
tance by serial subculture on clindamycin. Consistent with these in 
vitro observations, the emergence of clindamycin-resistant S. aureus 
has been noted in clindamycin-treated patients, in particular when  
the organisms had demonstrated erythromycin resistance at the onset 
of treatment (i.e., the dissociated resistance of Garrod [inducible 
MLSB]).309,333 The bacterial strains possessing the inducible MLSB resis-
tance mechanism can often be detected in the laboratory with the D 
test, already discussed.That test should be performed when clindamy-
cin treatment is being considered for the treatment of S. aureus or S. 
pyogenes infections when the bacterial strain shows macrolide resis-
tance. A positive D test suggests that emergence of resistance to clinda-
mycin will often emerge if that is used in treatment. A survey of nasal 
strains of S. aureus isolated in 2003-2004 showed that among 237 that 
were methicillin sensitive, 2% were resistant to clindamycin with only 
a constitutive MLSB phenotype and 22.4% were resistant when includ-
ing both inducible and constitutive MLSB phenotype strains.334 In the 
same study, among 134 strains that were methicillin resistant, 33.6% 
were resistant to clindamycin with only a constitutive MLSB phenotype 
and 62.4% were resistant when including both inducible and constitu-
tive MLSB phenotype strains. When methicillin-resistant S. aureus 
strains are of the community-associated (CA) variety, clindamycin 
resistance has been less common than among hospital-associated 
methicillin-resistant strains335; however, the proportion of the CA 
strains that are clindamycin resistant, often of the MLSB inducible 
phenotype, has been increasing.336 The antibacterial activity of linco-
mycin and clindamycin has been shown, in limited in vitro studies, to 
be bactericidal for S. pneumoniae, S. pyogenes, and S. aureus. Its killing 
activity is similar to that of erythromycin and therefore probably varies 
with the concentration, bacterial species, and inoculum. It is more 
slowly bactericidal for S. aureus than are the penicillins,337 and it is 
inconsistently bactericidal for B. fragilis.338 Studies in vitro have dem-
onstrated that clindamycin is capable of suppressing the production of 
some S. aureus extracellular toxin proteins.339

Clindamycin has substantial in vitro activity against T. gondii in 
infected human fibroblasts.340 Clindamycin and its three major metab-
olites are inhibitory against P. falciparum.341

Clinical Pharmacology
Peak serum levels achieved after oral administration of clindamycin 
occur earlier and are at least twice as high as those of lincomycin. 
Absorption of clindamycin is about 90% and is slightly delayed, but 
not decreased, by ingestion of food, whereas that of lincomycin is 
markedly decreased.309 Mean peak serum concentrations of clindamy-
cin in adults after single oral doses of 150 and 300 mg occur at 1 hour 

streptococci of the viridans group when strains are sensitive to both. 
However, although erythromycin demonstrates at least moderate 
activity against Enterococcus, H. influenzae, and N. meningitidis, 
clindamycin is generally inactive against these organisms at clinically 
achievable concentrations. In contrast, clindamycin shows significantly 
greater activity than erythromycin against most clinically significant 
anaerobic bacteria, particularly B. fragilis.74

Clindamycin has been one of the most active antibiotics available 
against B. fragilis; however, resistance is now quite high (≈30% to 60%). 
With other agents available that are more reliably active (metronida-
zole, piperacillin-tazobactam, and carbapenems), empiric therapy with 
clindamycin for an anaerobic infection should be started with 
caution.321,322 Clindamycin resistance to anaerobes can show substan-
tial variation among hospitals and across geographic regions.323 Resis-
tance to clindamycin by anaerobes also includes 10% to 20% of 
clostridial species other than C. perfringens,324 8% of peptostreptococci, 
9% of Fusobacterium species, and 11% to 31% of Prevotella strains.318,319 
All the Enterobacteriaceae are resistant to clindamycin.

Clindamycin provides high activity against pneumococci and 
group A streptococci; however, clinical isolates showing resistance to 
clindamycin and erythromycin have been increasingly reported from 
different areas, as already discussed under Erythromycin. One study 
of isolates of S. pneumoniae from middle ears and nasal sinuses of 
infected children in Houston showed that more than 90% of strains 
that had in vitro susceptibilities to penicillin classified as intermediate 
or highly resistant were sensitive to clindamycin.325 In a more recent 
study, 70% of erythromycin-resistant S. pneumoniae isolates collected 
from 1994 through 1999 were sensitive to clindamycin (MIC, <1 µg/
mL).40 In the United States, most surveys conducted on macrolide-
resistant S. pneumoniae and S. pyogenes strains isolated through the 
1990s found them to be of the M phenotype, which does not show 
cross-resistance to clindamycin39; however, a survey of 1885 clinical 
strains of S. pyogenes isolated in 2002-2003 from 45 medical centers in 
the United States showed that almost 7% were macrolide resistant and 
0.5% were clindamycin resistant, with 56% of the macrolide-resistant 
strains demonstrating the MLSB phenotype (almost all of the inducible 
type) and 44% having the M phenotype.14 Emergence of resistance 
might be expected during clindamycin treatment of macrolide-resistant 
S. pyogenes, initially showing clindamycin susceptibility, when the 
strain possesses the MLSB-inducible phenotype. It is therefore sug-
gested that the D test be performed on macrolide-resistant S. pyogenes 
to determine clindamycin susceptibility.14 In a study involving group 

TABLE 29-5  In Vitro Susceptibilities to 
Clindamycin

MINIMAL INHIBITORY 
CONCENTRATION (µg/mL)

ORGANISM Range MIC50

Streptococcus pneumoniae ≤0.25-≥128 ≤0.25

Streptococcus pyogenes ≤0.06->64 ≤0.06

Viridans streptococci ≤0.06->256 ≤0.06-0.12

Enterococcus 0.12->8 >8

Staphylococcus aureus ≤0.06->8 0.25

Staphylococcus epidermidis <0.12->8 0.12

Clostridium perfringens ≤0.06->4 1

Neisseria gonorrhoeae 0.01-6.3 3.1

Haemophilus influenzae 0.4-50 12.5

Bacteroides fragilis group 0.03->128 1-3

Bacteroides melaninogenicus ≤0.1-1 <0.1

Bacteroides thetaiotaomicron 0.06->128 1.7-4

Fusobacterium spp. ≤0.008->16 0.25

Peptococcus spp. ≤0.1->100 ≤0.5

Peptostreptococcus spp. ≤0.06->32 0.125

Prevotella sp. 0.03->128 0.12

Mycoplasma pneumoniae 1.6-3.1 3.1

MIC50, µg/mL: minimal inhibitory concentration for 50% of isolates.
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more frequently involved as inducers of the infection because they are 
now used more frequently than clindamycin.358,359 C. difficile infection 
has been reported after the use of clindamycin vaginal cream in a 
patient being treated for bacterial vaginosis.360

Minor reversible elevation of transaminase levels, unassociated 
with other evidence of liver abnormality, has commonly been observed 
in patients receiving clindamycin, especially by the parenteral route. 
Some of these may have been false-positive reactions associated with 
colorimetric rather than specific enzymatic measurements.309 However, 
rare cases of frank hepatotoxicity, including jaundice associated with 
hepatocellular damage, have been observed.361

Isolated cases of reversible neutropenia, thrombocytopenia, and 
agranulocytosis associated with lincomycin or clindamycin therapy 
have been reported; their relation to the administration of the antibi-
otic was uncertain.

Hypotension and electrocardiographic changes have occasionally 
been reported, Cardiopulmonary arrest has occurred rarely, when 
large intravenous doses of lincomycin were given rapidly. These effects 
have not been reported with clindamycin.

Local irritative reactions are rare with these drugs. Intramuscular 
or intravenous administration is generally well tolerated.

Drug Interactions
Clindamycin may block neuromuscular transmission and may enhance 
the action of other blocking agents.143 Clindamycin may decrease the 
effect of cyclosporine.143 Clindamycin phosphate in solution is physi-
cally incompatible with ampicillin, diphenylhydantoin, barbiturates, 
aminophylline, calcium gluconate, and magnesium sulfate.

Uses of Clindamycin
The higher activity and absorption properties of clindamycin com-
pared with lincomycin, along with no greater potential for toxicity, 
favor the former in all indications for use of these antibiotics. The 
lincosamides have been used in a variety of infections, often with good 
effect; however, appreciation of the potential for serious or even fatal 
toxicity with pseudomembranous colitis and the availability of safer 
alternative antibiotics should now generally limit the use of clindamy-
cin to a few indications as an alternative-choice antibiotic.117

Clindamycin is an alternative choice for the treatment of infections 
that are outside of the central nervous system and are likely to involve 
B. fragilis or other penicillin-resistant anaerobic bacteria. These par-
ticularly involve polymicrobial intra-abdominal or gynecologic pelvic 
infections. Clindamycin is likely to be beneficial where there is spillage 
of fecal flora associated with tissue damage, as in cases involving bowel 
damage or perforation. In these situations, studies of experimental 
animal models and patients with infection suggest that clindamycin 
decreases the likelihood of abscess formation involving fecal organ-
isms, especially B. fragilis.362 In these conditions, clindamycin is admin-
istered together with an aminoglycoside, a third-generation 
cephalosporin, or aztreonam because additional activity is required 
against Enterobacteriaceae. One study found the beneficial effect of 
clindamycin in preventing or ameliorating morbidity from fecal 
abscess formation or other infections superior to that of penicillin, 
cephalothin, or aminoglycosides.363 However, in comparative trials of 
therapy for intra-abdominal or pelvic sepsis, clindamycin, cefoxitin, 
metronidazole, imipenem, meropenem, ticarcillin-clavulanic acid, and 
chloramphenicol have shown similar effectiveness.364-366 Although 
increasing resistance by the B. fragilis group to clindamycin has been 
reported321 there has not been good documentation correlating that 
with clinical failure of treatment probably because of the complex 
nature of those infections, which are usually polymicrobial and often 
are treated with broad-spectrum regimens combined with mechanical 
drainage.

Clindamycin may offer some advantage over penicillin G in the 
treatment of anaerobic bronchopulmonary infections,367 and, in addi-
tion, it may serve as an alternative in patients who are allergic to peni-
cillin. In a prospective, randomized study of 39 patients with 
community-acquired putrid lung abscess, clindamycin was more effec-
tive than penicillin in the time until eradication of fever and fetid 
sputum and in the “overall response” to treatment.368 The study involved 
small numbers of patients and had some flaws in the analysis369; 

and are 2.5 and 3.6 µg/mL, respectively; at 6 hours, they are 0.7 and 
1.1 µg/mL, respectively. The esters clindamycin palmitate in suspen-
sion for oral use and clindamycin phosphate for parenteral use are 
absorbed as the inactive ester and are rapidly hydrolyzed in the blood 
to the active base. After IM administration, which causes little pain, 
mean peak serum levels are reached in 3 hours and are about 6 µg/mL 
after a 300-mg dose and 9 µg/mL after a 600-mg dose; at 12 hours, they 
are 0.7 and 0.9 µg/mL, respectively.342 In adult healthy volunteers, 
immediately after 20- to 45-minute intravenous infusions of 600, 900, 
or 1200 mg of clindamycin phosphate, serum levels of base are 10, 11, 
and 14 µg/mL, respectively. Higher levels after intravenous infusion 
have been reported in infected patients under treatment.343 Dose regi-
mens of IV clindamycin using 900 mg every 8 hours or 600 mg every 
6 hours are considered acceptable.344

Limited studies have demonstrated good penetration of most 
tissues by the lincosamides, except for clinically insignificant entry of 
clindamycin into the cerebrospinal fluid, even with meningitis.345 The 
concentration in bone compared with serum is particularly high.346 
Clindamycin administered to pregnant women readily passes the pla-
cental barrier and enters fetal blood and tissues.113 Clindamycin is 
actively transported into polymorphonuclear leukocytes and macro-
phages347 and is present in relatively high concentrations, compared 
with peak serum levels, in experimental abscesses.348

The normal half-life of clindamycin is 2.4 hours. Most of the 
absorbed drug is metabolized, probably by the liver, to products with 
variable antibacterial activity, including N-demethyl-clindamycin 
(more active than the parent compound) and clindamycin sulfoxide 
(less active), which have been detected in bile and urine but not in 
serum.342 High bioactivity is found in bile, mostly as the N-demethyl 
metabolite; this represents a minor route of excretion and accounts for 
the activity assayed in feces after parenteral administration.342,349 
Clindamycin activity in feces persists for at least 5 days after 48 hours 
of parenteral administration and is associated with a major reduction 
in the population of sensitive bacteria in the colon that lasts for up to 
14 days.350 Clindamycin concentration in bile is markedly diminished 
or absent when the common bile duct is obstructed.351 High clindamy-
cin bioactivity, also mostly in the N-demethyl form, is found in the 
urine and persists for up to 4 days after a single dose, suggesting slow 
release from tissues.343 Accurate data on the proportion of absorbed 
clindamycin that is excreted in the urine are not available because of 
the variable activity of the metabolites and their unknown proportions 
in urine.

The half-life of clindamycin is increased from 2.4 to about 6 hours 
in patients with severe renal failure, and peak blood levels after paren-
teral administration are about twice those in healthy people.352 If modi-
fied at all, parenteral doses should be halved in such patients. Some 
prolongation of clindamycin activity in serum is noted in patients with 
severe liver disease.353 Appreciable dose modification should be made 
when a patient exhibits concomitant severe renal and hepatic disease. 
Neither hemodialysis nor peritoneal dialysis removes significant 
amounts of clindamycin.

Adverse Reactions
In a report from the CDC of emergency department (ED) visits in 
2004-2006 for antibiotic-associated adverse events, those associated 
with clindamycin use were among the highest with 18.5 ED visits per 
10,000 outpatient prescription visits.354 Allergic reactions include a 
variety of rashes, fever, and rare cases of erythema multiforme and 
anaphylaxis. Diarrhea occurs in up to 20% of patients and is more 
common with oral administration. However, the major toxicity of lin-
comycin and clindamycin that now appreciably limits their use is the 
occurrence of pseudomembranous colitis caused by toxins secreted by 
C. difficile that overgrows in the presence of these antibiotics.355 In the 
early reports of that infection, it was noted in 0.01% to 10% of 
clindamycin-treated patients.356 The syndrome may occur in associa-
tion with the administration of other antibiotics or occasionally 
without a history of recent antibiotic use and it has become more 
frequent and severe.357 Antibiotics, other than clindamycin, particu-
larly cephalosporins and the fluoroquinolones, which have less potency 
than clindamycin to change the normal balance of intestinal micro-
biota and thereby allow the overgrowth of C. difficile, have become 
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Clindamycin is effective in treating experimental animals and when 
combined with pyrimethamine in treating patients with toxoplasmosis 
of the central nervous system.382 A randomized, controlled study found 
pyrimethamine-clindamycin therapy for that condition in AIDS 
patients to be less effective in preventing relapses than a pyrimethamine-
sulfadiazine regimen.383

Clindamycin in combination with primaquine is an effective and 
well-tolerated regimen for the treatment of mild and moderately severe 
Pneumocystis jirovecii pneumonia in patients with AIDS. In a com-
parative trial, this combination showed an efficacy similar to that  
of trimethoprim with sulfamethoxazole or trimethoprim with dap-
sone.384 A recent analysis of 82 AIDS cases with Pneumocystis jirovecii 
pneumonia from Copenhagen, London, and Milan, which had pre-
viously been reported in observational studies and had initial treat-
ment regimens that were switched to other regimens after at least  
5 days because of poor clinical response, showed that in 22 in which 
the switch was made to clindamycin with primaquine the response  
rate was 73% and was comparable with that for trimethoprim-
sulfamethoxazole (68%) and superior to that for intravenous pentami-
dine (44%).385

Clindamycin in combination with quinine is effective in the treat-
ment of falciparum malaria.117 That regimen used for 4 days was found 
to be superior to quinine used alone for 7 days in a randomized trial 
in Gabonese children with severe disease.386 The same combination has 
also been reported to be useful in the treatment of babesiosis.117,387 A 
randomized, controlled trial conducted in sub-Saharan Africa involv-
ing 100 Gabonese children with uncomplicated P. falciparum malaria 
showed that a 3-day oral regimen of artesunate with clindamycin was 
highly successful and at least comparable in efficacy and safety with a 
3-day oral regimen of quinine with clindamycin.388

The coexistence of β-lactamase-producing S. aureus or Bacteroides 
species and group A streptococci may be associated with the failure of 
penicillin to eradicate the latter, resulting in recurrent tonsillitis. 
Limited evidence suggests that recurrence rates may be lowered when 
clindamycin is used.389 In a more recent study, patients with group A 
streptococcal pharyngitis in whom the organisms with the same T 
protein type persisted (in some with symptoms and signs as well) after 
10 days of treatment with phenoxymethyl penicillin were randomly 
allocated to retreatment for 10 days with phenoxymethyl penicillin or 
clindamycin.390 Group A streptococci were not recovered from any of 
the patients receiving clindamycin, but the same T type was cultured 
from 64% of those re-treated with the penicillin. However, widespread 
use of clindamycin for this common problem is likely to lead to a 
substantial number of cases of C. difficile colitis, as well as selection for 
clindamycin-resistant strains of group A streptococci.

Although penicillin has been the traditional drug of choice for the 
treatment of group A streptococcal infections, clindamycin must be 
considered as potentially more effective in serious soft tissue infections, 
on the basis of data, already discussed, from the treatment of experi-
mental infections in mice and the effectiveness of that agent compared 
with penicillin in decreasing the in vitro production of several of the 
virulence factors of the pathogen. However, there are as yet no data 
from clinical trials to substantiate such an advantage for clindamycin, 
and, because some strains of S. pyogenes may be resistant to clindamy-
cin, that drug should be used in combination with penicillin for the 
empirical treatment of life-threatening group A streptococcal infec-
tions, until sensitivity data are available.391 Limited in vitro data suggest 
that the addition of penicillin to clindamycin does not antagonize the 
bactericidal effects of the latter.392

The dosage of clindamycin for adults depends on the site and sever-
ity of infection and the condition of the patient. Oral doses are usually 
150 to 450 mg every 6 hours, and parenteral doses, given every 6 to 12 
hours, usually total 600 to 2700 mg/day, occasionally higher.

however, the superiority of clindamycin for some patients was demon-
strated and may relate to observations that 15% to 25% of anaerobic 
pulmonary infections involve β-lactamase–producing strains of B. fra-
gilis, Bacteroides melaninogenicus, Prevotella ruminicola, and Bacteroi-
des ureolyticus, which are resistant to penicillin.369 Another similar 
study also demonstrated a higher failure rate with penicillin than with 
clindamycin and attributed it to penicillin-resistant anaerobes.370 That 
study was problematic in that penicillin oral therapy was used to com-
plete the course of treatment of some patients in the penicillin group. 
Nevertheless, clindamycin may be preferable for treatment of this con-
dition, particularly in seriously ill patients and in those who have 
responded poorly to penicillin.

Clindamycin is useful as an alternative to penicillin in treatment of 
C. perfringens infections. Clindamycin was more effective than penicil-
lin in reducing mortality in a mouse model of C. perfringens gas gan-
grene and in vitro in suppressing the alpha toxin activity produced by 
that organism.371,372

Clindamycin may sometimes be useful in the treatment of staphy-
lococcal infections, especially when therapy is appropriate by the oral 
route for a methicillin-resistant strain and when there is a history of 
β-lactam allergy for a methicillin-sensitive strain. However, the more 
limited bactericidal rate with clindamycin for staphylococci compared 
with that of the β-lactams, the real potential for the emergence of 
clindamycin-resistant strains in treated patients, and the substantial 
potency of clindamycin for sometimes inducing C. difficile colitis are 
disadvantages. The problem of emergence of clindamycin resistance, 
already discussed and noted especially, but not only with erythromycin-
resistant strains, appreciably limits its effectiveness as therapy for deep-
seated, high-bacterial-density staphylococcal infections, particularly 
endocarditis.373 The use of the D test, already discussed, is recom-
mended to detect the likelihood of emergence of resistance to clinda-
mycin when a strain is resistant to erythromycin. In general,vancomycin, 
daptomycin (not for pneumonia), or linezolid for methicillin-resistant 
strains or β-lactams for methicillin-sensitive strains are better choices 
for treatment of staphylococcal infections. Although high concentra-
tions of clindamycin are achieved in bone, an advantage of clindamycin 
for the treatment of osteomyelitis has not been established.346

The topical clindamycin/benzoyl peroxide gel is more effective in 
the treatment of acne vulgaris than topical clindamycin alone.374 
However, pseudomembranous colitis associated with the use of topical 
clindamycin has been reported.375 In the treatment of bacterial vagino-
sis, clindamycin vaginal cream (2%) appears to be similar in efficacy 
and in the incidence of side effects to oral metronidazole (both used 
for 7 days).376 The case report of C. difficile colitis associated with 
clindamycin vaginal cream has already been noted.360 Bacterial vagi-
nosis is a risk factor for preterm delivery, and studies have shown that 
although intravaginal clindamycin treatment in pregnancy eradicates 
bacterial vaginosis, it fails to reduce the risk of preterm delivery, pos-
sibly because of lack of endometrial activity of intravaginal drugs.377 
Several studies have evaluated the use of oral clindamycin during preg-
nancy in reducing the risk of preterm delivery. Two studies did not 
show benefit from treatment.378,379 In contrast, a more recent study 
demonstrated that treatment with oral clindamycin (300 mg twice 
daily for 5 days) of asymptomatic women with abnormal vaginal flora 
and bacterial vaginosis early in the second trimester significantly 
reduced the rate of late miscarriage and preterm birth.380 In the latter 
study, patients were treated earlier in pregnancy and with oral clinda-
mycin for a longer course than in previous studies. Complicating the 
interpretation of those older studies on the use of clindamycin in 
pregnancy are the recent reports of community-acquired, severe, even 
fatal, C. difficile colitis in pregnant or postpartum women, most of 
whom, though not all, received recent antibiotics, including in one case 
the use of oral clindamycin for the treatment of bacterial vaginosis.381
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Glycopeptides (Vancomycin and 
Teicoplanin), Streptogramins 
(Quinupristin-Dalfopristin), 
Lipopeptides (Daptomycin), and 
Lipoglycopeptides (Telavancin)
Barbara E. Murray, Cesar A. Arias, and Esteban C. Nannini

VANCOMYCIN
•	 Vancomycin	inhibits	late	stages	of	cell	wall	

synthesis	in	dividing	gram-positive	
microorganisms	by	interacting	with	the	
D-Ala-D-Ala	termini	of	peptidoglycan	
precursors.

•	 Decreased	susceptibility	to	vancomycin	has	
been	increasingly	reported	among	
Staphylococcus	aureus	strains.	Vancomycin-
intermediate	S.	aureus	(VISA)	isolates	display	
minimal	inhibitory	concentrations	(MICs)	
between	4	and	8	µg/mL.	Their	precursors,	
heteroresistant	VISA	(hVISA)	strains,	exhibit	
MICs	within	the	susceptible	range	(≤2	µg/mL).	
Vancomycin-resistant	S.	aureus	(VRSA)	isolates	
harboring	the	enterococcal	vanA	gene	cluster	
have	been	reported	rarely.

•	 Vancomycin-resistant	enterococci	(VRE)	are	
found	worldwide,	with	the	VanA	and	VanB	
phenotypes	accounting	for	the	majority	of	
these	isolates.	In	the	United	States,	
Enterococcus	faecium	is	the	predominant	
species	exhibiting	vancomycin	resistance	
(about	80%	of	E.	faecium	isolates	are	
vancomycin	resistant).

•	 In	adults	with	normal	renal	function,	the	
average	dose	is	15	to	20	mg/kg	every	8	to	12	
hours.	For	many	infections,	15	mg/kg	every	12	
hours	is	adequate	(obtaining	trough	levels	
≤15	µg/mL).	For	serious	infections	caused	by	
methicillin-resistant	S.	aureus	(MRSA),	it	is	
recommended	that	the	dose	given	is	sufficient	
to	achieve	a	trough	vancomycin	concentration	
between	15	and	20	µg/mL.	Dosing	should	be	
modified	in	patients	with	renal	failure,	and	
adjustment	based	on	blood	levels	is	still	
recommended.

•	 The	most	common	side	effect	is	the	red	neck	
or	red	man	syndrome.	The	risk	for	vancomycin-
induced	nephrotoxicity	increases	with	trough	
levels	greater	than	or	equal	to	15	µg/mL,	
concomitant	use	of	nephrotoxic	agents,	and	
duration	of	therapy.	Ototoxicity,	vertigo,	and	
tinnitus,	as	well	as	neutropenia	and	
thrombocytopenia,	are	rarely	reported.

•	 Vancomycin	is	still	the	drug	of	choice	for	
treatment	of	severe	skin	infections	and	
osteomyelitis	and	probably	also	for	treatment	
of	bacteremia	and	endocarditis	caused	by	
MRSA;	many	clinicians	still	use	it	as	the	
first-line	agent	for	MRSA	pneumonia	and	as	

an	alternative	agent	for	enterococcal	
endocarditis	and	for	endocarditis	caused	by	
other	gram-positive	bacteria.	Vancomycin	is	
used	in	combination	with	cefotaxime	or	
ceftriaxone	for	suspected	or	proven	penicillin-
resistant	pneumococcal	meningitis	and	for	
cerebrospinal	fluid	shunt–related	infections	
caused	by	methicillin-resistant	staphylococci.

•	 Oral	vancomycin	should	be	considered	for	
severe	Clostridium	difficile	colitis.

TEICOPLANIN
•	 Teicoplanin	is	available	in	many	countries	in	

Europe,	Asia,	and	South	America	but	not	in	the	
United	States.	The	spectrum	of	antimicrobial	
activity	overlaps	with	that	of	vancomycin.

•	 It	is	administered	once	daily	by	intravenous	
bolus	or	by	the	intramuscular	route.	After	an	
intravenous	loading	dose	of	6	mg/kg	every	12	
hours	for	three	doses,	the	maintenance	dose	
follows	with	400	mg	(6	mg/kg)	every	24	hours.	
For	more	serious	infections,	the	loading	dose	
should	be	800	mg	(up	to	12	mg/kg)	every	12	
hours	for	three	times	and	then	every	24	hours.

•	 Teicoplanin	is	less	nephrotoxic	than	
vancomycin,	and	the	most	common	side	
effects	are	rash	and	drug-related	fever.	The	red	
neck	syndrome	is	uncommon.

•	 In	countries	where	both	antibiotics	are	
available,	teicoplanin	is	infrequently	used	in	
place	of	vancomycin,	although	it	could	be	
considered	for	enterococcal	infections	or	to	
continue	the	outpatient	treatment	of	certain	
MRSA	infections.

QUINUPRISTIN-DALFOPRISTIN
•	 Quinupristin-dalfopristin	contains	a	

streptogramin	A	(dalfopristin)	and	a	
streptogramin	B	(quinupristin)	component	in	a	
30	:	70	ratio.	Streptogramins	act	synergistically	
within	the	50S	ribosomal	subunit	of	the	70S	
unit	in	the	elongation	stage	of	protein	
synthesis.

•	 This	combination	is	active	against	most	
gram-positive	(except	Enterococcus	faecalis)	
and	a	few	gram-negative	organisms.

•	 Variable	rates	of	resistance	among	E.	faecium	
isolates	have	been	reported.	Staphylococcus	
spp.	strains	with	high	MICs	of	quinupristin-
dalfopristin	have	been	rare.

•	 The	intravenous	dosing	is	7.5	mg/kg	every	8	
hours	for	the	treatment	of	

vancomycin-resistant	E.	faecium	and	7.5	mg/
kg	every	12	hours	for	acute	bacterial	skin	and	
skin	structures	infections	(ABSSSI).	Dosage	
adjustment	is	not	required	in	renal	failure,	but	
a	lower	dose	may	be	considered	with	hepatic	
disease.	It	may	increase	the	levels	of	drug	
metabolized	through	the	cytochrome	P-450	
3A4	isoenzyme	system.

•	 Irritation	at	the	venous	site	is	common	when	
administered	through	peripheral	veins.	
Arthralgias	and	myalgias	may	lead	to	drug	
discontinuation.

•	 Quinupristin-dalfopristin	is	U.S.	Food	and	Drug	
Administration	(FDA)	approved	for	
vancomycin-resistant	E.	faecium	infections	
and,	not	as	a	first-line	agent,	for	ABSSSI	
caused	by	methicillin-susceptible	S.	aureus	or	
Streptococcus	pyogenes.	Because	of	its	
potential	adverse	events,	the	need	for	a	
central	venous	catheter	for	administration,	and	
issues	with	efficacy	and	resistance,	it	is	not	
often	used	in	clinical	practice.

DAPTOMYCIN
•	 Daptomycin	is	a	high-molecular-weight	cyclic	

lipopeptide	antibiotic	that	targets	the	cell	
membrane	of	gram-positive	bacteria	in	a	
calcium-dependent	manner.

•	 The	antimicrobial	activity	closely	overlaps	that	
of	glycopeptides.	Daptomycin	maintains	its	
activity	against	most	organisms	with	
decreased	susceptibility	to	glycopeptides,	
although	high	MICs	have	been	observed	in	
some	VISA	isolates.

•	 Administered	intravenously,	once	daily;	the	
approved	doses	are	4	and	6	mg/kg/day	for	
ABSSSI	and	for	S.	aureus	bacteremia	and	
right-sided	endocarditis,	respectively.	However,	
some	experts	recommend	higher	doses	(8	to	
10	mg/kg/day)	for	serious	infections.	Dosage	
adjustment	is	required	if	the	creatinine	
clearance	is	less	than	30	mL/min.

•	 Reversible	muscle	toxicity	is	the	main	adverse	
event.	Other	less	frequent	adverse	events	are	
paresthesias,	peripheral	neuropathies,	and	
eosinophilic	pneumonia.

•	 Currently,	daptomycin	is	FDA	approved	for	
ABSSSI	caused	by	gram-positive	cocci	
(especially	if	prior	glycopeptides	failure	or	
intolerance	or	the	presence	of	MRSA	with		
high	vancomycin	MIC)	and	for	S.	aureus	
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that the acyl-d-alanyl-d-alanyl moiety is held firmly by the antibiotic 
via five hydrogen bonds. Binding of the antibiotic at this step blocks 
the incorporation of disaccharide pentapeptide subunits into the 
nascent peptidoglycan by transglycosylation and is also expected  
to inhibit reactions catalyzed by d,d-transpeptidases and d,d-
carboxypeptidases (penicillin-binding proteins).

Antimicrobial Activity
Vancomycin has broad activity against gram-positive microorganisms. 
Staphylococci are normally susceptible to vancomycin with minimal 
inhibitory concentrations (MICs) less than or equal to 2 µg/mL and 
minimal bactericidal concentrations (MBCs) within twofold of the 
MIC; heteroresistance of S. aureus (hVISA) to vancomycin is discussed 
later. Glycopeptides remain active against most Enterococcus faecalis 
and a variable percent of Enterococcus faecium but are not bactericidal 
even against susceptible isolates, with MBCs more than 32 times the 
MICs; however, as with other cell wall agents, the addition of an ami-
noglycoside (if the strain is not highly aminoglycoside resistant) 
increases the bactericidal activity. All strains of Streptococcus pneu-
moniae and Streptococcus pyogenes are susceptible to vancomycin, as 
are virtually all Streptococcus agalactiae and group C and group G 
streptococci, although rare isolates of streptococci (Streptococcus bovis, 
now Streptococcus gallolyticus) have acquired vanB genes typical of 
VanB type enterococci. Vancomycin also shows good in vitro activity 
against Granulicatella spp. and Abiotrophia defectiva (formerly classi-
fied as nutritionally variant streptococci).

Listeria monocytogenes is susceptible to vancomycin, but strains 
with high MBCs have been reported. Although vancomycin is listed 
by some as an alternative therapy for Listeria, it is not recommended 
for meningitis. Vancomycin also displays good in vitro activity against 
Bacillus anthracis isolates, Bacillus cereus, and other Bacillus spp., with 
MICs 2 µg/mL or less. Against Corynebacterium spp., including Cory-
nebacterium jeikeium, vancomycin has good activity and is the drug of 
choice for serious infections caused by these organisms until suscepti-
bilities are known. Rhodococcus equi is also susceptible to vancomycin. 
The typical susceptibility to vancomycin of Lactobacillus acidophilus 
helps differentiate this organism from other Lactobacillus spp., which 
are intrinsically vancomycin resistant. Leuconostoc spp., Pediococcus 
spp., and Erysipelothrix rhusiopathiae are also intrinsically resistant to 
glycopeptides.

Among the gram-positive anaerobes, Peptostreptococcus spp., Acti-
nomyces spp., Propionibacterium spp., and Finegoldia magna are usually 
susceptible to vancomycin, as are most Clostridium spp., including 
Clostridium difficile, except strains of Clostridium ramosum (minimal 
inhibitory concentration in 90% of isolates [MIC90], 8 µg/mL) and 
Clostridium innocuum (MIC90, 16 µg/mL). Vancomycin displays no 
in vitro activity against gram-negative organisms, except for some 
nongonococcal Neisseria spp. A few successful reports of its use alone 
or in combination with rifampin (and/or ciprofloxacin) against Chry-
seobacterium (formerly, Flavobacterium) meningosepticum have been 
described.

Mechanisms of Resistance
Development of resistance to vancomycin by mutations was predicted 
to be a rare occurrence in the clinical setting since the MIC of vanco-
mycin against staphylococcal isolates increased only modestly after 

GLYCOPEPTIDES
Vancomycin
Vancomycin, the first glycopeptide antibiotic developed for clinical use, 
was isolated from Amycolatopsis orientalis (known previously as Strep-
tomyces orientalis and later as Nocardia orientalis) found in a soil sample 
from Borneo in the mid-1950s. In 1958, vancomycin was introduced 
into clinical practice as an agent active against penicillin-resistant 
Staphylococcus aureus. However, a few years later, the use of vancomy-
cin was relegated to patients allergic to β-lactam antibiotics because of 
the availability of new penicillinase-resistant β-lactams, methicillin and 
cephalothin, and the high rate of toxicity observed with the initial 
vancomycin formulation. Indeed, early lots of vancomycin (compound 
05865) were called “Mississippi mud,” owing to the color provided by 
their large quantity of impurities; later manufacturing procedures 
markedly improved purification. Since the 1980s, a steady rise in van-
comycin use has occurred (e.g., in the United States, from 2000 kg/yr 
in 1984 to 11,200 kg/yr in 19961), which has likely contributed to the 
increase in organisms with decreased glycopeptide susceptibility. Of 
note, an important proportion (between 40% and 70%) of the inpatient 
and outpatient use of vancomycin has been deemed inappropriate.2,3

Structure and Mechanism of Action
Vancomycin is a complex tricyclic glycopeptide that consists of a 
seven-membered peptide chain forming the tricyclic structure (Fig. 
30-1) and an attached disaccharide composed of the amino sugar van-
cosamine and glucose. The molecular weight is 1485.73 Da, much 
higher than that of other antimicrobial agents except teicoplanin, dap-
tomycin, and telavancin.

The primary effect of glycopeptides is inhibition of late stages of  
cell wall synthesis in dividing bacteria. The target of glycopeptides is 
the nascent peptidoglycan precursor units (lipid II) as they emerge 
from the bacterial cytoplasm. Vancomycin and other glycopeptides 
form complexes with two carboxyl-terminal d-alanine residues of 
peptidoglycan precursors, and molecular modeling studies indicate 

FIGURE 30-1  Chemical structure of vancomycin. 
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bacteremia,	including	right-sided		
endocarditis.

•	 Based	on	the	concentration-dependent	activity	
of	daptomycin	and	the	risk	for	development	of	
resistance,	several	in	vitro	and	in	vivo	studies	
appear	to	support	the	use	of	high	doses	or	
combination	with	other	agents,	particularly	
some	β-lactams.

TELAVANCIN
•	 Telavancin	is	the	first	commercially	available	

agent	among	lipoglycopeptides,	a	group	of	

semi-synthetic	derivatives	of	glycopeptides	
that	is	approved	in	the	United	States	for	
ABSSSI	due	to	gram-positive	pathogens	and	
nosocomial	pneumonia	caused	by	susceptible	
S.	aureus	when	other	alternatives	are	not	
suitable.

•	 Telavancin	inhibits	peptidoglycan	synthesis	
as	glycopeptides	and	produces		
concentration-dependent	alterations	of		
the	cell	membrane.

•	 The	in	vitro	activity	includes	S.	aureus,	
coagulase-negative	staphylococci,	and	

vancomycin-susceptible	E.	faecalis	and	E.	
faecium	strains.	Higher	concentrations	are	
needed	to	suppress	growth	of	VanA	type	VRE	
in	vitro.

•	 The	approved	dose	is	10	mg/kg/day,	which	
should	be	reduced	with	a	creatinine	clearance	
of	less	than	50	mL/min.

•	 Reversible	renal	impairment,	infusion-related	
reactions,	and	minor	increases	in	the	QTc	are	
among	the	potential	side	effects.
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envelope and activates the cytoplasmic response regulator (VanR), 
which triggers transcription of the resistance as well as the regulatory 
genes. Similarly, the vanB gene cluster has VanSB and VanRB; the VanB 
sensor kinase (VanSB) does not appear to recognize teicoplanin.

Recent work has revealed two very distinct clades of E. faecium that 
differ significantly in both their core and accessory genomes and 
appear to have diverged from each other long before the modern anti-
microbial era.8 The clade with most human clinical and outbreak 
strains also contains animal isolates and shows higher MICs of ampicil-
lin. The community-associated clade consists primarily of non–
hospital-associated human isolates with MICs of ampicillin less than 
4 µg/mL. Remarkably, the hospital-associated isolates carry not only a 
variety of antimicrobial-resistance genes but also more putative viru-
lence genes, which likely contribute to a survival advantage in the 
hospital environment. Some particular clonal clusters (CC2 and CC9) 
of E. faecalis have also been reported to predominate in clinical speci-
mens from hospitalized subjects.

The epidemiology and the beginning of VRE spread in Europe and 
the United States have notable differences. In Europe, the glycopeptide 
avoparcin was frequently fed to animals as a growth enhancer, appar-
ently selecting for vancomycin resistance in commensal strains found 
in the intestinal microbiota of animals. The contamination of food 
from animals, such as poultry products, presumably led to the VRE 
colonization seen in many healthy individuals from European coun-
tries. In the United States, on the other hand, glycopeptides have never 
been approved for animal feed use and VRE carriage was not detected 
(except the endogenously resistant species E. gallinarum and E. cas-
seliflavus) outside the health care setting, at least early on. The wide-
spread use of vancomycin in the hospital setting is likely one of the 
culprits, along with the widespread broad-spectrum cephalosporin 
use, for the rapid selection and proliferation of VRE within this envi-
ronment. The proportion of E. faecium among enterococcal isolates 
from health care–associated infections has continued to rise during 
recent years, and this species now accounts for over one third of 
enterococci that are identified to the species level, as reported by the 
National Healthcare Safety Network of the Centers for Disease Control 
and Prevention (CDC).9 About 80% of E. faecium strains are vancomy-
cin resistant, and 90% of them are also ampicillin resistant.

Despite the differences between Europe and the United States, the 
evolution of E. faecium in the European Union is now following the 
experience of the United States more than 3 decades ago. Namely, there 
has been spread of a major hospital-adapted E. faecium subcluster 
(largely CC17), which typically shows higher levels of resistance to 
ampicillin than non-CC17 strains, with subsequent acquisition of van-
comycin resistance by these ampicillin-resistant strains. During 2011, 
among E. faecium isolates causing invasive infections, six European 
countries had rates of vancomycin resistance between 5% and 10%, 
three between 10% and 25%, and one greater than or equal to 25% 
(European Antimicrobial Resistance Surveillance System, www.rivm. 
nl/earss 2011 report).

Another phenomenon described in E. faecalis and E. faecium is the 
existence of strains that can only sustain growth in the presence of 
vancomycin, so-called vancomycin-dependent enterococci (VDE), or 
when supplemented with the dipeptide d-alanyl-d-alanine. VDE 
strains have an inactive d-alanine : d-alanine ligase (and thus do not 
produce d-alanyl-d-alanine) but, with vancomycin exposure, are able 
to synthesize cell wall utilizing the d-alanine : d-lactate ligase produced 
from their vanA or vanB gene cluster. When vancomycin is not present, 
these precursors are not produced and the organism cannot grow. 
Dependence on vancomycin appears to be related to mutations in the 
gene (ddl) leading to loss of the cell’s endogenous d-alanine : d-alanine 
ligase. It has been suggested that strains of VRE may make the transi-
tion into VDE after prolonged exposure to vancomycin. Discontinua-
tion of vancomycin may not suffice to cure VDE infections because 
these strains can revert to vancomycin-independent growth, either by 
a reverting of the mutation in the ddl gene or by constitutively express-
ing their van genes.

Staphylococcus aureus
hVISA/VISA.  As mentioned earlier, the different phenotypes of 
decreased susceptibility in S. aureus isolates include VISA/hVISA and 

serial passages in the presence of the drug, compared with 100,000-fold 
when penicillin was used. Although higher MICs and MBCs of van-
comycin are noted when using high inocula (107 colony-forming units 
[CFUs]/mL) of Staphylococcus epidermidis isolates,4 it was not until the 
mid-1980s that the first clinical isolates of S. epidermidis with reduced 
susceptibility to glycopeptides were described. Several years later, 
vancomycin-resistant enterococci (VRE) (MIC ≥32 µg/mL) isolates 
were reported in Europe and, subsequently, the rest of the world. In 
1997, the first clinical isolate of S. aureus with diminished susceptibility 
to vancomycin (strain Mu50) was described from Japan.5 This strain 
displayed a vancomycin MIC of 8 µg/mL, which is in the range of 
intermediate susceptibility (4 to 8 µg/mL) per current Clinical and 
Laboratory Standards Institute (CLSI) breakpoints6 and thus was 
referred to as vancomycin-intermediate S. aureus (VISA) or 
glycopeptide-intermediate S. aureus (GISA). The European Committee 
on Antimicrobial Susceptibility Testing (EUCAST) has deleted the 
intermediate classification for S. aureus, and strains with MICs greater 
than 2 µg/mL are now considered vancomycin resistant (www.eucast
.org/clinical_breakpoints). The initial VISA strain report was followed 
by others from various countries. Precursors of these VISA isolates are 
the heteroresistant VISA (hVISA or hGISA) with subpopulations of 
cells that are able to grow in the presence of vancomycin. More recently, 
highly vancomycin-resistant S. aureus (VRSA) strains with much 
higher MICs (ranging from 32 µg/mL to 1024 µg/mL7) that harbor the 
enterococcal vanA gene cluster have been described, mostly from the 
United States.

Enterococci
Among enterococci, nine types of glycopeptide resistance have been 
described (VanA, VanB, VanC, VanD, VanE, VanG, VanL, VanM, and 
VanN), which are named based on their specific ligase (e.g., VanA, 
VanB, etc.). Related gene clusters have been found in nonpathogenic 
organisms: vanF, in Paenibacillus (formerly Bacillus) popilliae strains 
(a biopesticide used in the United States to suppress Japanese beetle 
population) and vanJ and vanK in the non–glycopeptide-producing 
actinomycete Streptomyces coelicolor. The common end point for van-
comycin resistance is the formation of peptidoglycan precursors with 
decreased affinity for glycopeptides, resulting in decreased inhibition 
of peptidoglycan synthesis. Peptidoglycan precursors ending in the 
depsipeptide d-alanyl-d-lactate are produced by VanA-, VanB-, and 
VanD- and VanM-type strains, whereas VanC, VanE, VanL, and VanN 
isolates produce precursors terminating in d-alanyl-d-serine, instead 
of the normally occurring d-alanyl-d-alanine. The vanA gene cluster 
is often found on Tn1546 transposon or related genetic elements that 
are usually carried on plasmids and occasionally on host chromosome; 
vanA carrying Tn1546 also has been found in clinical isolates of S. 
aureus (VRSA strains).

Glycopeptide resistance in enterococci is classified as either intrin-
sic (as a species characteristic) or acquired. The former is a character-
istic of the motile species Enterococcus gallinarum and Enterococcus 
casseliflavus/flavescens, members of which all carry the naturally 
occurring vanC-1, and vanC-2/vanC-3 genes, respectively, as part of 
their core genome. These enterococci show variable MICs of vancomy-
cin, with many falling in the susceptible range, and clinical failures 
have been reported after vancomycin use. In general, the isolation of 
these species does not require strict infection control isolation proce-
dures, unless they are highly resistant, suggesting the added presence 
of potentially transferable vanA or vanB genes.

Acquired glycopeptide resistance is found most often in E. faecium, 
followed by E. faecalis (~80% of E. faecium and ~5% of E. faecalis 
strains are vancomycin resistant), and is much less common in other 
enterococcal species. VanA and VanB account for the vast majority of 
glycopeptide resistance, with the former more frequently found. VanA 
isolates (and the recently described VanM) show high MICs of vanco-
mycin and teicoplanin, whereas VanB strains often have lower MICs 
of vancomycin and, typically, are susceptible to teicoplanin. VanD 
strains have moderate-level resistance to both glycopeptides, whereas 
VanC, VanE, VanG, VanL, and VanN isolates display low-level resis-
tance to vancomycin and susceptibility to teicoplanin.

Expression of the vanA gene cluster is regulated by a membrane-
associated sensor kinase (VanS) that likely senses changes in the cell 
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The accessory gene regulator (agr) operon in S. aureus encodes a 
global regulatory system that coordinates several virulence pathways. 
The loss of agr functionality (agr genotype II) predominates among 
VISA strains and has been linked to a survival advantage in the pres-
ence of vancomycin and to vancomycin treatment failure.19-21 Because 
a downregulation of the dhl gene (encoding delta-hemolysin) expres-
sion was seen in both hVISA and VISA isolates, the delta-hemolysin 
assay has been proposed as a biomarker for reduced vancomycin 
susceptibility.22

Laboratory Detection of hIVSA Strains. Heteroresistance means 
that only some of cells, sometimes as low as 1 in 100,000 bacteria, are 
able to grow at a relatively higher concentration of vancomycin (>2 µg/
mL) on vancomycin-containing agar. When testing these isolates at 
standard inoculum (5 × 104 per well with broth MIC), this subpopula-
tion of cells will not be detected and the vancomycin MIC will fall 
within the susceptibility range most of the time. Therefore, conven-
tional susceptibility tests would not identify heteroresistance until a 
much higher fraction of resistant cells is present; population analysis 
profile (PAP) (determination of the number of surviving cells at 
increasing antibiotic concentrations) is required for detection. This test 
was later modified by calculating the area under the time-concentration 
curve (AUC) of the original PAP result and comparing it with the PAP 
of the reference hVISA strain Mu3; a PAP/AUC ratio of less than 0.9, 
from 0.9 to 1.3, and greater than 1.3 defines a strain as vancomycin-
susceptible S. aureus (VSSA), hVISA, and VISA, respectively.23 As 
mentioned earlier, this test is not suitable for clinical practice. Several 
screening methods have been studied for routine laboratory conditions 
to detect these strains using a higher inoculum, prolonged incubation, 
or more nutritious agar. In routine laboratory conditions, the “macro” 
Etest method (MET) may be used to identify hVISA with a fair degree 
of accuracy. The method uses a higher inoculum (equivalent to a 2 
McFarland standard) that is streaked onto the surface of a brain-heart 
infusion agar to which vancomycin and teicoplanin Etest strips are 
applied; readings take place at 24 and 48 hours and are considered 
positive if vancomycin and teicoplanin MICs are greater than or equal 
to 8 µg/mL or the teicoplanin MIC is greater than or equal to 12 µg/
mL.24 Another method for hVISA screening utilizes a double strip Etest 
combining vancomycin and teicoplanin with a nutritional supplement 
(Etest GRD [bioMérieux, Marcy l’Étoile, France]), a Mueller-Hinton 
5% blood agar with standard inoculum, and a 24- and 48-hour reading; 
an MIC of vancomycin or teicoplanin of greater than or equal to 8 µg/
mL by one of these methods for a strain that tested as susceptible for 
standard methods defines an hVISA strain.25 Both the MET and the 
Etest GRD methods may be used to identify hVISA strains with a fair 
degree of accuracy, although some differences in sensitivity and speci-
ficity with the population analysis exist.24,26 The vancomycin and teico-
planin MIC determined by broth macrodilution method (105 CFU in 
1 mL) or agar testing when read at 48 hours could detect a significantly 
higher number of strains classified as hVISA and VISA than the stan-
dard microdilution method; the higher inocula used in the broth mac-
rodilution method could at least partially explain these findings.27 
Several other screening tests have been developed with variable sensi-
tivity, but the potential clinical impact in the management of patients 
with deep-seated S. aureus infections is unclear.

Clinical Impact of Strains with Increased Vancomycin MIC. Several 
studies have reported a rise in the vancomycin MICs over time, a 
phenomenon also known as vancomycin “MIC creep.” This increase in 
vancomycin MICs might be explained by replacement of local MRSA 
clones with strains with higher vancomycin MICs rather than by  
a vancomycin “creep” per se within an MRSA clone.28 In fact, a rela-
tionship between certain clones such as CC22 (based on multilocus 
sequence typing (MLST), spa typing, and SCCmec allotyping) and 
higher median vancomycin/teicoplanin MICs has been described.28 
On the other hand, when the assessment included S. aureus strains 
from multiple centers worldwide or was done in the setting of low 
vancomycin use, no changes in the vancomycin MICs over certain time 
were detected.29,30 Therefore, whereas the phenomenon called vanco-
mycin MIC creep can be seen in centers where vancomycin is fre-
quently prescribed and/or in the setting of a specific clone predominance 
with high vancomycin MIC, there does not appear to be increased 
resistance overall in S. aureus around the world.

VRSA. Because the disk diffusion method only detects strains with 
very high vancomycin MICs (i.e., VRSA) and fails to detect VISA 
isolates, MIC determinations by agar or broth dilution or by Etests 
(bioMérieux, Marcy l’Étoile, France) (a gradient diffusion method 
employing antibiotic impregnated strips) are recommended for vanco-
mycin susceptibility. In 2006, and to improve the correlation of the in 
vitro susceptibility assessment with clinical response, the CLSI 
decreased the vancomycin MIC breakpoints for S. aureus (susceptible: 
to ≤2 µg/mL, intermediate: to 4 to 8 µg/mL, and resistant: to ≥16 µg/
mL). It should be noted that VISA isolates also display decreased sus-
ceptibility to teicoplanin (MIC ≥8 µg/mL)10 and that S. aureus strains 
with decreased susceptibility to teicoplanin, while remaining suscep-
tible to vancomycin, were reported before the emergence of VISA 
isolates. The combination of vancomycin plus β-lactams (e.g., nafcillin, 
cefazolin, and ceftaroline) showed synergistic activity against hVISA 
and VISA isolates in an in vitro infection model,11,12 but conflicting 
data were found in different animal models using oxacillin13 and cef-
tobiprole.14 S. aureus isolates exhibiting vancomycin MICs within the 
susceptible range might still have another form of decreased suscepti-
bility to vancomycin, a phenomenon called heteroresistance. hVISA 
are considered precursors of VISA isolates having the same but less 
pronounced changes associated with decreased susceptibility to van-
comycin. It is recognized that hVISA strains are more often encoun-
tered in clinical practice than VISA isolates. The exact prevalence of 
these isolates has been difficult to establish largely because the only 
reliable manner to detect hVISA isolates is by population analysis (see 
later), a technique that is too cumbersome for clinical laboratories. 
Geographic variability in the hVISA prevalence is seen, which may be 
related to clonal spread in certain institutions. A recent study reported 
an overall prevalence of hVISA in the United States of 0.3% of all S. 
aureus and 0.4% among the MRSA isolates; this study included 4210 
S. aureus isolates recovered during 2009.15 As noted in previous studies, 
increasing rates of hVISA were found among isolates with higher van-
comycin MIC (10.5% in those with an MIC of 2 µg/mL and only 0.1% 
in those with an MIC of 1 µg/mL determined by Etest).

Mechanisms of Decreased Susceptibility to Vancomycin. The exact 
mechanism and genetic basis underlying the decreased susceptibility 
to vancomycin of VISA isolates is a subject of active investigation, but 
none of these strains carries the vancomycin-resistance genes found in 
enterococci. A common feature of VISA isolates appears to be the 
presence of a thickened cell wall; indeed, it has been postulated that 
the enhanced availability of d-alanyl : d-alanine ending precursors in 
thickened cell walls may trap vancomycin molecules in outer layers of 
the peptidoglycan, allowing newly emerged peptidoglycan precursors 
to be utilized for transglycosylation and transpeptidation reactions 
(close to the cytoplasmic membrane).10 Other common phenotypic 
characteristics of the VISA strains include an increased cell wall turn-
over, decreased autolytic activity, an increased positive cell wall charge 
(presumably responsible also for decreased susceptibility to daptomy-
cin), and a reduced Agr functionality. The hVISA phenotype appears 
to be a precursor of VISAs and has been associated with mutations in 
a two-component regulatory system (TCS, designated GraSR) that 
control several genes involved in cell wall homeostasis, including the 
susceptibility of S. aureus to lysozyme and cationic antimicrobial pep-
tides. Further sequential mutations in other TCSs have been shown to 
be responsible for full expression of VISA.

One of the latter systems is the VraSR system, harboring a histidine-
kinase (VraS) and a response regulator (VraR) that are involved in the 
regulation of transcription of genes encoding proteins and enzymes 
participating in cell wall turnover (designated cell wall regulon, ca. 30 
genes) and cell envelope stress response.16 Another TCS associated 
with full expression of the VISA phenotype is WalKR (also designated 
YycFG; WalK is the histidine kinase and WalR is the response regula-
tor), which appears to contribute to decrease the autolytic activity.17,18 
Mutations in these two-component regulatory systems are associated 
with increased vancomycin MICs and cell wall thickness and with 
significant reduction in autolytic activity and biofilm formation.18 Of 
note, alteration of some of these two-component regulatory systems is 
also associated with decreased susceptibility to daptomycin, suggesting 
a common pathway of resistance to cell envelope–acting antimicrobial 
agents.
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due to heterogeneous resistance to glycopeptides is a rare event among 
coagulase-negative staphylococci but may be more common among S. 
haemolyticus strains. As described with S. aureus, the mechanism for 
reduced glycopeptide susceptibility among coagulase-negative strains 
appears to be related to increased cell wall thickness. No increase in 
the vancomycin MICs among coagulase-negative staphylococci has 
been noted in the last several years.29

Other Gram-Positive Bacteria
Vancomycin-resistant pneumococci have not been reported, although 
some series have found reduced bactericidal activity of vancomycin, 
that is, tolerance, in 0% to 8.7% of isolates42,43; bacterial tolerance is 
typically defined as an MBC/MIC ratio of greater than or equal to 32. 
The first S. pneumoniae isolate showing this phenotype was isolated 
from a patient with meningitis and named the Tupelo strain. Tolerant 
strains appear to be more commonly resistant to other antibiotics and 
could be recovered as colonizers or causing invasive disease with 
similar frequency.42 The clinical implications of this phenomenon are 
difficult to assess; an apparent vancomycin (with cefotaxime) therapeu-
tic failure for pneumococcal meningitis caused by a vancomycin-
tolerant strain has been reported and, in a retrospective analysis, 
vancomycin-tolerant isolates causing meningitis were associated with 
worse clinical outcome.42 The mechanism for tolerance is not well 
understood but may involve a deficiency in LytA (a cell-wall hydrolase 
with major autolytic function) activity or in the CiaRH system, which 
has an established lysis protection role. Surveillance for the detection 
of vancomycin tolerance in S. pneumoniae could presage the onset of 
vancomycin resistance in this pathogen.

Although less often associated with human disease, the genera Leu-
conostoc and Pediococcus, and certain Lactobacillus spp. (L. rhamnosus, 
L. casei, and L. plantarum) are intrinsically resistance to glycopeptides. 
The mechanism of resistance involves production of peptidoglycan 
precursors that terminate in d-alanyl-d-lactate. The d-alanyl-d-lactate 
ligase of these organisms, however, is only remotely related to the VanA 
or VanB ligase found in VRE strains. Another gram-positive organism, 
E. rhusiopathiae, is also typically vancomycin resistant. The gram-
positive and glycopeptide-producing organisms A. orientalis and Strep-
tomyces toyocaensis have been proposed as potential ancestors of some 
of the vancomycin-resistant genes found in VRE.

Clinical Pharmacodynamics and 
Pharmacokinetics
A considerable number of studies have found that the bactericidal 
activity of vancomycin is concentration independent once a concentra-
tion of four to five times the MIC for the organism is reached. Finding 
the pharmacodynamic parameter able to predict vancomycin treat-
ment success has not been straightforward,44 but it seems that the 
24-hour AUC/MIC ratio is the best predictor of efficacy in clinical 
studies.45,46 For example, in patients with MRSA pneumonia, higher 
rates of clinical success and more rapid bacterial eradication were 
associated with achievement of an AUC/MIC ratio greater than or 
equal to 400.46 Of note, no relationship between percent of time above 
the MIC and response was found in this study.46

For the correct interpretation of the data related to studies address-
ing the pharmacodynamics of vancomycin, the following consider-
ations should be taken into account: (1) since vancomycin susceptibility 
is determined by methods that significantly differ from the standard 
broth microdilution method (e.g., vancomycin MICs by Etest are 
onefold or 0.5 to 1.5 log2 dilution higher than broth microdilution 
MICs, whereas automated methods such as Sensititre and Vitek-2 tend 
to underestimate the MICs value), small variations in the MIC will 
represent significant changes in the AUC/MIC ratio; (2) most of the 
studies looking for a correlation between vancomycin AUC/MIC 
values and outcome measured the vancomycin MIC by broth micro-
dilution; (3) trough level is used as a surrogate marker for AUC because 
the latter is not calculated in clinical practice; (4) in patients with 
serious infections, especially those caused by MRSA, vancomycin 
levels may be used to modify the dose to attain the target serum level; 
(5) maximal optimization of the vancomycin dosing does not seem  
to be required for less serious MRSA infections such as most acute 
bacterial skin and skin structure infections (ABSSSI), for which  

There is increasing evidence that VISA isolates (MICs of 4 to 8 µg/
mL) are likely to fail vancomycin therapy. In addition, poorer clinical 
outcomes have been associated with hVISA isolates in many but not 
in all clinical studies compared with non-hVISA isolates among 
patients treated with vancomycin. A decrease in the virulence proper-
ties of hVISA isolates has been suggested by some studies that reported 
lower rates of invasive infections and diminished risk for septic shock 
compared with vancomycin-susceptible S. aureus strains. It is also 
important to note that a poor response to vancomycin has been docu-
mented in an experimental endocarditis model using hVISA strains 
and that decreased in vitro killing by vancomycin (likely to be seen 
with hVISA isolates) has been significantly associated with worse clini-
cal outcome,31,32 although time-kill experiments cannot be performed 
by most laboratories.

Regardless of the presence of hVISA phenotype, several retrospec-
tive studies have reported high rates of unsatisfactory response to 
vancomycin in the treatment of bacteremia caused by strains with 
vancomycin MICs of 2 µg/mL.31-34 Other prospective studies have con-
firmed these findings,35,36 whereas others failed to confirm such asso-
ciation.37 A recent review of 22 selected published studies assessing the 
outcome of patients with MRSA infections in relationship to the infect-
ing strain’s vancomycin MIC found that those with high vancomycin 
MIC (≥1.5 µg/mL measured by Etest) were associated with increased 
mortality and with treatment failure, especially in the setting of MRSA 
bacteremia and isolates having an MIC greater than or equal to 2 µg/
mL.38 It should be taken into account that vancomycin MICs measured 
by Etest and by some automated methods are generally one-half to one 
dilution higher and one to two dilutions lower than the gold standard 
broth microdilution method, respectively.39 Thus, the exact meaning of 
a high vancomycin MIC (but within the susceptible range) among 
invasive S. aureus isolates is still a matter of debate. Current Infectious 
Diseases Society of America (IDSA) practice guidelines for the treat-
ment of MRSA infections suggest that, for strains with vancomycin 
MIC less than or equal to 2 µg/mL, continuation of vancomycin treat-
ment depends more on clinical response than on the MIC value.40 Part 
of the dilemma arises from the inherent variability of the MIC testing 
method and differing results using different methods.

VRSA.  Another mechanism of decreased susceptibility to vanco-
mycin defined as “true” vancomycin resistance (MIC >16 µg/mL) has 
been reported since 2002, primarily in the United States (mainly in the 
state of Michigan) with 13 VRSA clinical isolates reported to date.7 
These isolates display a median vancomycin MIC of 512 µg/mL, with 
a range of 32 to 1024 µg/mL. Most of the patients from whom the 
VRSA were isolated had chronic underlying diseases, prior or current 
MRSA and VRE colonization or infection, and extensive exposure to 
vancomycin. All the strains had acquired the enterococcal vanA gene, 
and most of them belonged to the MRSA lineage USA100 containing 
the staphylococcal cassette chromosome mec (SCCmec) type II within 
clonal cluster 5.7 Molecular studies of the transfer of the vanA cluster 
from enterococci to these MRSA isolates resulted in replication of the 
actual enterococcal vanA plasmid in the new staphylococcal host after 
plasmid transfer by conjugation or transposition of the Tn1546 element 
to a staphylococcal plasmid with subsequent loss of the enterococcal 
plasmid.41 Infection control measures appear to have controlled the 
spread of these isolates. VRSA strains have been reported, albeit very 
rarely, from other parts of the world, such as India, Iran, and Brazil. 
Since co-colonization with MRSA and VRE strains is not a rare event 
and the population of S. aureus that can acquire the vanA-containing 
enterococcal plasmid is very widespread, it is likely that reports of 
VRSA strains will increase in the future.

Coagulase-Negative Staphylococci
Studies in the 1980s found high MICs of teicoplanin, sometimes within 
the resistance range, among methicillin-resistant Staphylococcus hae-
molyticus. Overall, MICs of teicoplanin against coagulase-negative 
staphylococci show a wide range, occasionally higher than the CLSI 
resistance breakpoint (MIC ≥32 µg/mL). For this group of organisms, 
MICs of vancomycin are generally less variable and within the suscep-
tible range (susceptible ≤4 µg/mL, intermediate 8 to 16 µg/mL, and 
resistant ≥32 µg/mL by CLSI, and susceptible ≤4 µg/mL and resistant 
>4 µg/mL by EUCAST). Overall, reduced vancomycin susceptibility 
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vancomycin is reduced when a high inoculum of S. aureus is used. The 
activity of vancomycin is affected, at least to some degree, by the pres-
ence of biofilm, which is often seen in the setting of medical device–
related infection.

The pharmaceutical equivalence of several generic versions of van-
comycin compared with innovator vancomycin has been tested in a 
neutropenic murine thigh infection model and the innovator product 
was significantly more efficacious than the vancomycin generics tested, 
some of which displayed the Eagle effect.53 It was hypothesized that 
generic vancomycin has more crystalline degradation products 
(CDP-1) and less concentration of factor B (the active component), 
which drives the activity of the drug, than does the innovator.53 U.S. 
Food and Drug Administration (FDA) laboratories have tested six 
commercially available vancomycin generic products and found that, 
in all of them, the amount of CDP-1 was well below 2%.54 A more 
recent study tested six vancomycin generic products used in the United 
States and Europe in an endocarditis animal model and, even though 
the colony-forming unit per gram of vegetation was higher with one 
of the products, no statistically significant differences were observed 
with the innovator molecule.55

Distribution
Vancomycin concentrations achieved in serum in normal volunteers 2 
hours after a single intravenous dose of 0.5 g and 1 g are about 10 µg/
mL and 25 µg/mL, respectively.56 These levels decrease to 2 µg/mL by 
6 to 8 hours after 0.5 g and by 12 hours after 1 g.56 Vancomycin phar-
macokinetics in adults is best described by a two- or three-compartment 
model. The drug shows a short distribution phase of about 7 minutes 
and then an intermediate phase of serum decline (half-life of 30 to 90 
minutes). This is followed by a highly variable elimination phase of 3 
to 11 hours (averaging 6 hours) in subjects with normal renal function; 
in this phase, the vancomycin concentration is inversely affected by the 
creatinine clearance. The volume of distribution of vancomycin at 
steady state ranges from 390 to 970 mL/kg in studies including adults, 
children, and infants; and the percent protein binding in serum varies 
between 30% and 55%. Penetration of vancomycin into the CSF is 
minimal in the absence of meningeal inflammation.57 In adults with 
ventriculitis, CSF penetration ranges from 5% to 10% after intravenous 
administration, probably resulting in subtherapeutic levels. Several 
studies have reported a positive correlation between vancomycin CSF 
concentration and CSF protein concentration. In children with men-
ingitis, the vancomycin concentration in CSF has ranged from 14% to 
28% (mean, 21%) of that in serum after a vancomycin dose of 60 mg/
kg/day in conjunction with dexamethasone; this concentration is con-
sidered adequate and predictable. Dexamethasone, through reduction 
of meningeal inflammation, may decrease vancomycin CSF penetra-
tion, which was associated with delayed CSF sterilization in experi-
mental meningitis, although with higher doses, therapeutic CSF levels 
were achieved. Low vancomycin CSF levels have been associated with 
clinical failures in adults with pneumococcal meningitis. To overcome 
the poor vancomycin CSF penetration, high-dose vancomycin admin-
istered in continuous infusion (50 to 60 mg/kg/day after a loading dose 
of 15 mg/kg) has been evaluated in adults with meningitis, resulting in 
CSF penetration rate of a mean of 30%58 to 48%.59 CSF vancomycin 
levels were considered therapeutically adequate despite the concomi-
tant administration of dexamethasone.58

Animal studies have documented high concentrations of vancomy-
cin in kidney, liver, and spleen of rats, but data on concentrations in 
these human organs are limited. A relatively good concentration was 
found in kidney, liver, aorta, lung, heart tissue, and in abscess fluid in 
a patient after several vancomycin doses; and the concentration of 
vancomycin in soft tissue appears to be lower in diabetic than nondia-
betic patients. Vancomycin concentrations are generally adequate to 
treat susceptible organisms in fluids from the pericardial, ascitic, 
pleural, and synovial spaces.57 Concentrations in heart valve, subcuta-
neous tissue, and muscle were found to be 52%, 29%, and 27% of the 
concomitant serum level, respectively, 6 hours after a single vancomy-
cin dose.60 In patients undergoing vascular surgery receiving continu-
ous vancomycin infusion after a loading dose, serum/tissue 
concentration ratios of 0.22 and 0.50 for fat and vessel wall, respec-
tively, were reported.61 These results appear to support adequate 

dosing based on renal function and actual patient weight is likely to  
be adequate; (6) measurement of the peak value is no longer recom-
mended; (7) low trough vancomycin levels (<10 µg/mL) have been 
associated with development of hVISA isolates; and (8) the correct 
trough level should be obtained at steady state, usually 1 hour before 
the fourth dose.

For serious infections caused by MRSA, such as endocarditis, bac-
teremia, arthritis, osteomyelitis, meningitis, pneumonia, and severe 
ABSSSI, the consensus from the American Society of Health-System 
Pharmacists, the IDSA, and the Society of Infectious Diseases Phar-
macists recommends trough vancomycin concentration between 15 
and 20 µg/mL.47 This range of trough serum levels has been correlated 
with an AUC (± standard deviation) of 418 ± 152,46 which will achieve 
a vancomycin AUC/MIC ratio of greater than or equal to 400 if the 
MIC of the infecting strain is less than or equal to 1 µg/mL. To attain 
these levels, the vancomycin dose is usually 15 to 20 mg/kg every 8 to 
12 hours based on actual body weight in patients with normal renal 
function.

The need to target an AUC/MIC ratio greater than or equal to 400 
was initially based on clinical studies in patients with MRSA lower 
respiratory tract infections reporting higher rates of clinical success 
and more rapid bacterial eradication in those patients with achieve-
ment of an AUC/MIC ratio greater than or equal to 400, where van-
comycin MICs were determined by broth microdilution.46 In patients 
with MRSA pneumonia and bacteremia, higher vancomycin levels 
were associated with better initial response.33 More recently, patients 
with MRSA bacteremia treated with vancomycin that did not reach an 
AUC/MIC ratio of at least 421 were associated with a significantly 
higher failure rate (61% vs. 49%, P = .038) (MIC measured by broth 
microdilution).48 Accordingly, vancomycin failure was also associated 
with low initial vancomycin levels (<15 µg/mL) and high vancomycin 
MIC by Etest (>1 µg/mL).

Recent findings from a Monte Carlo simulation model suggest that 
targeting a vancomycin trough level of greater than 15 µg/mL may not 
be necessary for strains with an MIC of 0.5 µg/mL.49 On the other hand 
and as previously shown50 for strains with vancomycin MICs of 2 µg/
mL, the probability of achieving the target AUC/MIC ratio is 57% and 
15% for vancomycin dosing of 2 g and 1 g every 12 hours, respec-
tively,49 implying that many of these patients would be given vancomy-
cin doses of greater than or equal to 4 g/day. The use of this dosage has 
been associated with significant nephrotoxicity,51 especially in patients 
in intensive care units.49

When obtaining a trough vancomycin level, it is important to 
collect the sample at the correct time. A retrospective study found that 
about 40% of the samples that were collected more than 2 hours before 
the next dose erroneously yielded high vancomycin levels.52 In those 
receiving vancomycin as a continuous infusion, the recommended 
target plateau concentration has been 20 to 25 µg/mL.

Besides the management of serious staphylococcal infections, other 
special circumstances where it seems prudent to measure vancomycin 
concentrations include, for the most part, patients concomitantly 
receiving another nephrotoxic agent, especially aminoglycosides; 
patients receiving high-dose vancomycin (e.g., very obese patients); 
those with rapidly changing renal function; and subjects undergoing 
hemodialysis, especially if high-flux membranes are used. Other situ-
ations include the measurement of cerebrospinal fluid (CSF) levels in 
patients receiving vancomycin for central nervous system (CNS) infec-
tion, whether by intrathecal, intraventricular, or intravenous routes; 
vancomycin administration in neonates; and in extremely ill patients 
or in the presence of possible therapeutic failure, to ensure adequate 
drug presence.

The detection of vancomycin degradation products, which accu-
mulate in renal failure, can result in an overestimate of the (active) 
vancomycin concentration if levels are measured by fluorescence 
polarization immunoassay (FPIA) using polyclonal antibodies. Enzyme 
multiplied immunoassay technique (EMIT) and modified FPIA, both 
utilizing monoclonal antibodies, are the suggested methods of choice 
in this setting.

The in vitro postantibiotic effect of vancomycin against staphylo-
cocci and enterococci has been described mostly as of short duration. 
As with β-lactams (i.e., nafcillin), the in vitro bactericidal activity of 
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resorption.57 A linear correlation between creatinine clearance and 
vancomycin levels was recognized early on in patients with varying 
degrees of renal dysfunction. Some investigators report a lower rate of 
vancomycin clearance in patients with hepatic dysfunction. However, 
nonrenal clearance does not appear to account for more than 5% of 
the total drug clearance and, therefore, dose adjustment in patients 
with hepatic dysfunction alone is unlikely to be necessary.

Administration
Vancomycin is given intravenously for the treatment of systemic infec-
tions caused by susceptible organisms. In certain circumstances, van-
comycin can be administered through oral, intraperitoneal, intrathecal 
or intraventricular, and intraocular routes, but intramuscular injection 
is not recommended because it causes severe local pain. Vancomycin 
is poorly absorbed when administered orally, yielding high fecal con-
centrations (1406 ± 1164 µg/g of feces) using doses of 125 mg every 6 
hours; in the presence of diffuse colonic inflammation and renal insuf-
ficiency, detectable levels of vancomycin may be obtained in serum, 
but monitoring drug levels does not seem necessary.

For intravenous administration, vancomycin is generally diluted in 
100 to 250 mL of 5% dextrose or 0.9% saline solution with a concentra-
tion of less than or equal to 5 mg/mL and infused at a rate not exceed-
ing 15 mg/min (i.e., 0.5 g and 1 g over 30 and 60 minutes, respectively) 
to minimize the occurrence of infusion-related toxicities. Antihista-
mines may be used to reduce the incidence of “red man” (or “red neck”) 
syndrome, characterized by an acute onset of an erythematous rash 
affecting the upper trunk and neck during or at the end of an infusion, 
which, when seen, is usually associated with rapid infusion or a high 
vancomycin dose. The usual recommended intravenous dose in adults 
with normal renal function is 30 mg/kg/day divided into two or four 
doses (typically, 500 mg every 6 hours or 1 g every 12 hours). Based 
on pharmacodynamics studies, the need for higher trough levels 
(between 15 and 20 µg/mL) in the setting of severe MRSA infections 
has been reflected in a dosing recommendation of 15 to 20 mg/kg 
every 8 to 12 hours; this dose should be based on actual body weight, 
not exceeding 2 g per dose (Table 30-1). Continuous infusion at a dose 
of 30 mg/kg/day after a loading dose of 15 mg/kg also has also been 
used. This mode of administration appeared to be associated with 
lower rates of nephrotoxicity but not with increased efficacy66; prospec-
tive randomized studies are needed.

A few studies have evaluated the use of a loading dose of 25 to 
30 mg/kg (at an infusion rate of 500 mg/hr) or of 2 g, particularly in 
suspected severe MRSA disease such as endocarditis, meningitis, 
pneumonia, or sepsis, to achieve higher trough concentration earlier 
in therapy,67,68 which has been associated with better initial outcome.33,50 
Prospective studies to address this therapeutic issue would be needed 
to make firmer recommendation on clinical criteria but is a logical 
pharmacologic approach.

vancomycin penetration into vascular tissue but probably not into fat, 
at least with the mentioned dosing. Heterogeneous diffusion of vanco-
mycin into vegetations has been demonstrated in experimental endo-
carditis models.

Studies addressing vancomycin concentrations in lung tissue have 
significant variability depending mainly on the sample utilized and the 
presence or not of inflamed lung tissue. Moreover, indirect measure-
ments of vancomycin concentrations have been used for distal airways 
and alveoli. Twenty to 30 percent of the serum concentration has been 
reported in lung tissue. Others have reported its penetration into the 
epithelial lining fluid as approximately 16% that of concomitant van-
comycin serum level. In another study, vancomycin serum trough 
levels above 20 µg/mL were required to have detectable concentration 
in the epithelial lining fluid in patients with MRSA pneumonia. In 
contrast, the vancomycin epithelial lining fluid concentrations were 
50% of those obtained in serum in 10 healthy volunteers after a 1-g 
infusion; however, a high degree of variability was found among the 
pharmacokinetic results.62 Patients with higher concentrations of 
albumin in the bronchoalveolar lavage had higher concentrations of 
vancomycin, probably linked to inflammation.

Although vancomycin appears to penetrate into bile, it is not con-
centrated there. Vancomycin, like many other antimicrobial agents, 
penetrates very poorly into the aqueous humor of the eye. Human 
studies evaluating the concentration of vancomycin in infected and 
uninfected bone have reported highly variable results. A mean concen-
tration of vancomycin in the sternum of 10.4 µg/g 60 minutes after 
administration of 15 mg/kg has been documented in subjects undergo-
ing cardiac surgery.63 In another study, the penetration of vancomycin 
appeared to be satisfactory and suboptimal into the cancellous and the 
cortical bone, respectively.64 Of note, this study also reported higher 
vancomycin bone concentrations in association with increased local 
inflammatory markers, likely secondary to bone inflammatory condi-
tions. Nonetheless, it has been difficult to find a correlation between 
antibiotic bone concentrations and clinical outcome.

Transplacental passage of vancomycin during the second trimester 
of pregnancy and at time of delivery has been documented, and the 
concentration of vancomycin in breast milk 4 hours after intravenous 
infusion was 12.7 µg/mL. This could lead to a potential infant oral dose 
of 1.9 mg/kg/day.

A vancomycin formulation prepared by liposome encapsulation has 
been developed to increase its tissue concentration.65 This form and a 
surface modification of it through pegylation showed higher vancomy-
cin levels in lung, liver, and spleen than standard vancomycin. However, 
there is little information available on this compound.

Excretion
Vancomycin is primarily excreted unchanged via the kidneys by glo-
merular filtration, with no direct evidence of tubular secretion or 

TABLE 30-1  Route of Administration, Recommended Dosages, and Infusions of Vancomycin, Teicoplanin, 
Quinupristin-Dalfopristin, Daptomycin, and Telavancin

DRUG
ROUTE OF 
ADMINISTRATION

RECOMMENDED 
DOSAGE (ADULTS) INFUSION COMMENTS

Vancomycin Intravenous The average dose is 15-20 mg/kg 
q8-12h

Should use a 
concentration of 
≤5 mg/mL and a rate 
of <15 mg/min (i.e., 
1 g over 60 min)

For many infections, 15 mg/kg q12h is adequate 
(reaching trough concentration ≤15 µg/mL). For 
severe MRSA infections, a loading dose (see text) 
should be considered and a trough concentration 
between 15-20 µg/mL is recommended.

Oral 125-500 mg q6h Severe Clostridium difficile colitis

Teicoplanin Intravenous or 
intramuscular

Loading dose: 400 mg (6 mg/kg) 
q12h for 3 doses

Maintenance: 400 mg q24h

Can be administered in 
bolus

For serious infections: 800 mg (up to 12 mg/kg) 
q12h for 3 times and then q24h

Oral 100-400 mg q12h Severe C. difficile colitis

Quinupristin-dalfopristin Intravenous (frequent 
need for a central 
venous access)

7.5 mg/kg q8h for vancomycin-
resistant Enterococcus faecium; 
7.5 mg/kg q12h for ABSSSI

One-hour infusion Infrequently used owing to side effects

Daptomycin Intravenous 4 mg/kg/day for ABSSSI; and 
6 mg/kg/day for bacteremia 
and right-sided endocarditis

2-min injection or 
30-min infusion

For severe infections: higher doses (8-10 mg/kg/
day) are recommended by some experts

Telavancin Intravenous 10 mg/kg/day One-hour infusion

ABSSSI, acute bacterial skin and skin structure infections; MRSA, methicillin-resistant Staphylococcus aureus.
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the CSF, the drug should be diluted in up to 2 mL of 0.9% saline solu-
tion to a concentration of 2.5 to 25 mg/mL.76

The use of intravenous vancomycin in patients with postoperative 
endophthalmitis results in subtherapeutic concentrations in the vitre-
ous. However, after intraocular administration of 1 mg of vancomy-
cin, vitreous concentrations are in the therapeutic range for at least  
3 days.

Vancomycin for oral administration is formulated in capsules and 
oral solution and can be given by mouth or, as needed in case of ileus 
or toxic megacolon, by nasogastric tube and even via rectal tube (intra-
colonic administration) or ileostomy. The recommended oral dose for 
pseudomembranous colitis in adults ranges from 125 mg to 500 mg 
every 6 hours, depending on the severity of the colitis. In children, the 
usual dose is 40 mg/kg/day (not exceeding 2 g/day) divided in three 
or four doses. For intracolonic administration, 500 mg of vancomycin 
dissolved in 1 to 2 L of 0.9% saline solution has been infused as a 
retention enema several times (two to six) a day.

Dosing in Renal Insufficiency
There are several nomograms and formulas to determine the dosing 
schedule in patients with decreased creatinine clearance. The total daily 
dose of vancomycin (in milligrams) needed to achieve a mean steady-
state serum level of 15 µg/mL was established by Moellering and col-
leagues77 using a graph derived from the following formula:

Dose mg day creatinine clearance mL min( / ) . ( / )= ×15 4
These authors also recommended not using the nomogram for aneph-
ric patients; instead, a dose of 1.9 mg/kg/day should be given after a 
loading dose of 15 mg/kg.

New dosing nomograms have been developed to reflect the more 
recent recommendation of targeting higher vancomycin trough con-
centration (between 15 and 20 µg/mL) for severe staphylococcal infec-
tions.40,47 Despite the bedside calculation of the vancomycin dosing, 
individualized drug monitoring based on patient’s serum levels is 
required owing to the relatively high interindividual variability in 
patients with any degree of renal failure. The prediction of vancomycin 
pharmacokinetics in patients undergoing hemodialysis is difficult; the 
actual body weight, the timing of vancomycin administration, the 
residual kidney function, and the type of dialysis membranes are 
among the variables that affect this prediction.78 The use of a loading 
dose of 20 to 25 mg/kg followed by a fixed 500-mg dose during or after 
high-flux dialysis membranes has been a commonly used dosing 
regimen.79 However, only 28% of the patients were within the target 
trough vancomycin range of 15 to 20 µg/mL using this dosage. Another 
dosing schedule for patients on dialysis included a loading dose of 
20 mg/kg, followed by 1 g of maintenance during the last hour of 
dialysis, which obtained a good mean trough of 19 ± 6.6 µg/mL, but 
38% of the patients had levels higher than 20 µg/mL.80 More recently, 
also including patients on high-flux hemodialysis and using a Monte 
Carlo simulation method, a new protocol for vancomycin dosing was 
developed considering a subject’s weight: a 1-g loading dose followed 
by 500-mg maintenance (given during the last hour of each dialysis 
session) dose for patients weighing less than 70 kg, 1.25 g followed by 
750 mg for those weighing 70 to 100 kg, and 1.5 g followed by 1 g for 
those weighing more than 100 kg; this dosing regimen was prospec-
tively validated to achieve therapeutic serum troughs, with a mean of 
17.3 ± 4.0 mg/L, and almost 90% of the maintenance troughs between 
10 and 22 µg/mL.81 In addition, trough levels before each dialysis 
session should be obtained to guide therapy.78 Because CAPD can 
decrease the elimination half-life of vancomycin, a modest increase in 
the intravenous dose appears necessary in these patients.

The pharmacokinetics of vancomycin in patients managed with 
intermittent hemodialysis is significantly different from those receiv-
ing continuous renal replacement therapy (CRRT). Clearance of van-
comycin in patients with acute renal failure undergoing CRRT such as 
continuous venovenous hemofiltration (CVVH) or continuous veno-
venous hemodialysis (CVVHD) is significantly increased. This clear-
ance depends on operational factors, such as the ultrafiltration flow 
rate and the type of hemofilter. Based on the study of 24 critically ill 
patients undergoing CVVHD and posterior Monte Carlo simulation, 
the recommended initial dosing regimen of vancomycin for a target 

Because obese patients were found to have increased volumes of 
distribution, higher renal clearance, and probably lower levels of free 
vancomycin in serum,69 these individuals should receive vancomycin 
based on their actual total body weight instead of their ideal weight. 
To avoid very high peak values, a more frequent dosing schedule 
should be considered and serum concentration should be obtained 
routinely when high doses are used. Significantly higher vancomycin 
clearance has been shown in burn patients, suggesting also the need 
for higher and more frequent doses and monitoring of serum levels in 
this group of patients. Even though a significant decrease of serum 
vancomycin levels during cardiopulmonary bypass has been docu-
mented, concentrations were maintained within the therapeutic range 
after a 15-mg/kg dose of this drug administered intravenously 1 hour 
before skin incision. No dosage adjustment appears to be necessary 
during pregnancy.

The dose of intravenous vancomycin for children with non-CNS 
infections should be 10 mg/kg every 6 hours, and for infections involv-
ing the CNS and other serious infections it should be 15 mg/kg every 
6 hours.70 In children from 1 month to 12 years old with normal renal 
function, an increase in the prescribing dose from 45 mg/kg/day 
divided every 8 hours to 60 mg/kg/day divided every 6 hours was cor-
related with higher initial trough levels. This decreased the percentage 
of patients with trough levels below 5 µg/mL from 38% to 17%.71

Neonates and young infants appear to have a lower vancomycin 
clearance rate. For neonates younger than 1 week of age, the recom-
mended dose is 15 mg/kg every 12 hours; and for those between 1 
week and 30 days of age, it is 15 mg/kg every 8 hours.70 In premature 
infants, longer intervals may be required because the clearance of van-
comycin correlates with postconceptional age.72 The classic dosing 
schedule in premature neonates has been to dose vancomycin every 12 
or 18 hours and every 8 or 12 hours when the postconceptional age is 
29 weeks or younger and 30 to 44 weeks, respectively. However, because 
this dosing guideline aimed for a trough concentration between 5 and 
10 µg/mL, and in one study 30% of neonates had serum concentrations 
less than 5 µg/mL, higher doses have been suggested.73 It is also recom-
mended to closely monitor serum concentrations of vancomycin in 
these patients.

After intraperitoneal administration of vancomycin in patients  
on continuous ambulatory peritoneal dialysis (CAPD), the concentra-
tions of vancomycin were still 7 ± 1.2 µg/mL and 3.6 ± 1.1 µg/mL for 
serum and dialysate, respectively, 7 days after the intraperitoneal 
administration of 30 mg/kg (in 2 L of dialysate, with 6 hours’ retention/
settling).74 An intermittent dosing schedule targeting a serum trough 
level above 15 µg/mL has been recommended using a loading dose 
of intraperitoneal vancomycin of 15 to 30 mg/kg (up to 2 to 3 g) fol-
lowed by a dose of 15 mg/kg in long dwell (at least 6 hours) every 3 to 
5 days; the dosing interval will depend on patient’s residual renal func-
tion and peritoneum permeability.75 A continuous (in each dialysate 
exchange) dosing regimen (loading dose of 1000 mg/L followed by  
a maintenance dose of 25 mg/L) has also proven to be efficacious in 
this setting.75 This empirical dose should be increased 25% in those 
patients with residual renal function.75 Conversely, the peritoneal dial-
ysate concentration of vancomycin after intravenous administration 
does not reliably provide adequate levels to treat peritonitis caused by 
susceptible organisms.57 The pharmacokinetics of vancomycin in chil-
dren undergoing CAPD appear to be similar to those described in 
adults.

Because of concern that CSF levels of vancomycin are inadequate 
to treat ventriculitis, even with active infection, intrathecal or intraven-
tricular administration of vancomycin should be considered, particu-
larly when vancomycin is used as monotherapy. The recommended 
initial intraventricular dose for the treatment of ventriculitis or shunt-
related infections is 5 to 10 mg/day in infants and 10 to 20 mg/day in 
children and adults; however, further adjustments based on CSF levels 
should be made because of variable and unpredictable kinetics.76 The 
recommended optimal vancomycin trough concentration in CSF 
ranges from 5 µg/mL to 10 to 20 µg/mL.76 A peak CSF concentration 
that is fourfold to eightfold higher than the MBC for the infecting 
organism was adequate for bacterial clearance in an experimental 
model, if the concentration was maintained above the MBC for the 
majority of the dosing interval. For administration of vancomycin into 
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and aminoglycosides has been reported. Rarely, acute interstitial 
nephritis has been associated with vancomycin use.

The overall risk for nephrotoxicity appears lower in the pediatric 
population than in the adult one. A rate of 14% has been noted in a 
retrospective study including patients from 1 week to 19 years old.90 
Trough levels higher than 15 µg/mL, concomitant use of furosemide, 
and critically ill patients were the factors associated with decreased 
renal function.90 Premature infants appear to have an even lower risk 
for developing vancomycin-related nephrotoxicity.

A recent meta-analysis found that continuous infusion of vanco-
mycin was associated with a lower risk for nephrotoxicity compared 
with intermittent infusion.66 Prospective randomized trials of this 
mode of administration are required before further recommendation. 
Specific biologic markers for early detection of vancomycin-induced 
renal damage have been developed, and they will probably be a useful 
tool for patients on vancomycin and at risk for nephrotoxicity.86

Infusion-related reactions are the most common side effects seen 
with vancomycin. A rapid onset of an erythematous rash or pruritus 
affecting the head, face, neck, and upper trunk, with or without associ-
ated angioedema and hypotension (anaphylactoid reaction), com-
monly known as red neck or red man syndrome, has been reported 
during the infusion of vancomycin with variable frequency, ranging 
from 3.4% to 14%. A retrospective study done in children observed a 
red man syndrome incidence of 14%; factors associated with it were 
vancomycin concentration and dose, white ethnicity, age older than 2 
years old, and antecedent use of antihistamines; a single nucleotide 
polymorphism in the diamine oxidase gene may be associated with 
predisposition to this reaction.91

Severe hypotension and even cardiac arrest have also been reported 
during vancomycin infusion. The mechanism for these effects is prob-
ably related to histamine release from basophils and mast cells. These 
reactions usually subside soon after stopping the infusion without 
other measures. The incidence of these side effects can be reduced by 
decreasing the infusion rate or the concentration and by using antihis-
tamines (histamine type 1 receptor antagonists). Local reactions, such 
as phlebitis, have been reported in 3% to 14% of patients receiving 
vancomycin.

Neutropenia is also observed with vancomycin with a frequency of 
1% to 2%, although this increases to 12% to 13% in patients with long-
term vancomycin therapy. Neutropenia usually resolves after discon-
tinuation of the drug, and it is recommended to monitor the leukocyte 
count weekly in patients receiving vancomycin for more than 1 week. 
A case of agranulocytosis was described on rechallenge in a patient 
with prior vancomycin-induced neutropenia. Neutropenia can be a 
glycopeptide class effect since cross-reactivity with teicoplanin has 
been described.

Thrombocytopenia associated with vancomycin use is very rarely 
reported, although it may be frequently unrecognized. Vancomycin-
dependent, platelet-reactive antibodies have been found in a high  
proportion of patients with suspected vancomycin-induced thrombo-
cytopenia, suggesting an immune-mediated platelet destruction.92 
Some cases can be associated with significant bleeding and, rarely, a 
significant drop in the platelet count can be seen within 24 hours after 
initiation of vancomycin administration.92

Presumptive vancomycin-induced maculopapular or erythematous 
rash and drug-related fever were noted in 3% and 2% of patients receiv-
ing vancomycin, respectively. Cases of more severe reactions, such as 
erythema multiforme, toxic epidermal necrolysis, linear IgA bullous 
dermatosis, and Stevens-Johnson syndrome have also been reported. 
Adults and pediatric patients receiving vancomycin with DRESS syn-
drome (drug rash, eosinophilia, and systemic symptoms) have also 
been described.93 These cutaneous reactions associated with vancomy-
cin may also show cross-reactivity with teicoplanin. Despite the clinical 
efficacy of oral vancomycin for treating C. difficile–related diarrhea, 
cases of C. difficile colitis attributed to the use of intravenous vanco-
mycin have been reported. Even though mild increases of transami-
nases have been reported in some patients receiving vancomycin, this 
antibiotic is not considered a drug with associated risk for severe liver 
injury.94

Intraventricular administration of vancomycin is regarded as safe, 
although an episode of reversible decreased consciousness and two 

attainment between 15 and 20 µg/mL was 1.25 to 1.5 g (or 15 mg/kg) 
every 24 hours.82 However, attainment of desired target concentrations 
was low, suggesting the importance of therapeutic drug monitoring for 
further adequacy of vancomycin dosing. Since about 20% of the van-
comycin dose is removed during a 12-hour period of CVVH, the 
recommended maintenance dose of vancomycin is 500 to 750 mg 
every 12 hours targeting a steady-state trough concentration of 15 to 
20 µg/mL.83 Drug removal appears to be higher when continuous 
venovenous hemodiafiltration (CVVHDF) (~50%) is used, requiring 
doses of 750 mg every 12 hours, although drug accumulation has been 
described. Measurements of vancomycin levels are generally needed 
for patients on any form of CRRT.

Adverse Reactions
One of the first reports of the clinical use of vancomycin included six 
patients who developed severe ototoxicity.84 Most of them were receiv-
ing 1 to 2 g of vancomycin per day despite renal insufficiency; when 
vancomycin levels were measured, values between 80 and 100 µg/mL 
were observed.84 After 50 years of clinical use of vancomycin, with 
more purified material and because of the relatively few cases of con-
firmed vancomycin-related ototoxicity reported and existing data from 
animal studies showing no evidence of vancomycin-induced hearing 
damage, many authors concluded that vancomycin-related ototoxicity 
was a rare reaction. However, a retrospective study evaluating patients 
receiving higher doses of vancomycin (mean trough level of 19 µg/mL) 
reported an overall occurrence of worsening audiogram of 12%, a rate 
that was higher in subjects more than 53 years old.85 Animal studies 
showed augmentation of the ototoxic effects of aminoglycosides by the 
co-administration with vancomycin, but this has been difficult to prove 
in humans. When ototoxicity develops, it generally appears to be 
reversible after drug discontinuation. Vertigo and tinnitus are also 
rarely reported during vancomycin therapy and may precede hearing 
loss. Prospective studies addressing the true rate of vancomycin-related 
ototoxicity in the era of higher vancomycin target serum levels are 
needed.

Nephrotoxicity associated with vancomycin has been reported 
since the beginning of its clinical use, thought to be related, at least in 
part, to impurities in the early preparations. The mechanism underly-
ing vancomycin-related nephrotoxicity is based on its oxidative effects 
on cells of the proximal renal tubule leading to renal tubular isch-
emia.86 Initial studies noted renal toxicity in animals when high doses 
of vancomycin were administered. However, and despite its prior repu-
tation as a nephrotoxic agent, vancomycin use alone has been associ-
ated with a low rate of renal dysfunction in clinical studies that avoided 
the inclusion of confounding factors. Most prospectively designed 
studies report an incidence of renal function impairment between 0% 
and 12%, which appeared associated with vancomycin trough levels 
greater than or equal to 15 µg/mL,33 concomitant use of nephrotoxic 
agents, and duration of vancomycin therapy.33,87 A prospective multi-
center study conducted between 2008 and 2010 found nephrotoxicity 
(defined as an increase in serum creatinine concentration of 0.5 mg/
dL or a greater than or equal to 50% increase from the baseline serum 
creatinine level) rates of 29.6% and 8.9% in patients with vancomycin 
serum trough concentrations of greater than or equal to 15 µg/mL 
and less than 15 µg/mL, respectively.88 Using the same definition for 
nephrotoxicity in a retrospective study, Lodise and associates had pre-
viously reported a significantly higher rate of nephrotoxicity in patients 
receiving 4 g/day or more of vancomycin versus those receiving less 
than 4 g/day (34.6% and 6.7%, respectively).51 The length of vancomy-
cin administration, not just the daily dose, has also been associated 
with a higher risk for renal function impairment.

Other factors associated with increased vancomycin-related neph-
rotoxicity are weight greater than or equal to 101.4 kg (224 lb), an 
estimated creatinine clearance of less than or equal to 86.6 mL/min, 
and critically ill patients.51 The co-administration of vancomycin (or 
an antistaphylococcal penicillin) plus gentamicin even at low dose  
(and for only the first 4 days of therapy) for S. aureus native valve 
endocarditis and bacteremia in a prospective randomized trial was 
associated with a significant decrease in creatinine clearance (~25%) 
compared with those treated with daptomycin alone (~8%).89 In 
animal studies, synergistic nephrotoxic effect between vancomycin  
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to vancomycin in the treatment of native valve endocarditis caused by 
S. aureus was successful in a few reports and in an animal model, but 
not in a randomized clinical trial, done in an era prior to the docu-
mentation of emergence of hVISA. Indeed, a retrospective study of 
patients with native valve S. aureus endocarditis, some of whom 
received rifampin, warned about the potential risks associated with the 
addition of rifampin such as emergence of rifampin resistance, hepa-
totoxicity, and drug interactions.

Different studies have reported a median of 7 to 9 days of bactere-
mia in patients with MRSA endocarditis treated with vancomycin. The 
decision as to when a patient treated with vancomycin for a serious 
MRSA infection is a clinical failure is a matter of debate. Several factors 
might be involved in this determination, such as the patient’s overall 
clinical response, the presence of adequate vancomycin levels and of 
eradicable foci of infection, and the vancomycin MIC of the infecting 
strain. Although some have promoted a move away from vancomycin 
use at a lower MIC value (1.5 µg/mL per Etest measurement), this 
needs to be carefully interpreted because of the limitations and vari-
ability of the available susceptibility methods such as Etest, automated, 
and broth microdilution.31,100 Even with MRSA strains having vanco-
mycin MICs less than 2 µg/mL, clinical and microbiologic response 
should be closely monitored; if response is not considered adequate 
despite removal of foci of infection or foreign-body device, then 
another treatment might be indicated regardless of the vancomycin 
MIC of the infecting strain.40 In any situation, an alternative treatment 
to vancomycin is recommended for MRSA isolates with MIC greater 
than 2 µg/mL (VISA strains).40

For the treatment of enterococcal endocarditis, vancomycin may be 
considered if the infecting strain is highly ampicillin resistant (typically 
an E. faecium isolate) or the patient is truly allergic to β-lactam anti-
biotics (preferably confirmed by skin test) and cannot be desensitized. 
In these instances, vancomycin could be combined with gentamicin or 
streptomycin to achieve bactericidal activity (if the organism does not 
display high-level resistance to the aminoglycoside).101

For native valve endocarditis caused by viridans streptococci, Gran-
ulicatella spp. and Abiotrophia defectiva (both formerly classified 
within the group of nutritionally variant streptococci), Gemella spp., 
and S. bovis (now Streptococcus gallolyticus), a 4-week course of van-
comycin has been recommended for patients unable to tolerate 
β-lactams.97,102 In the rare case of oral streptococci highly resistant to 
penicillin (MIC ≥4 µg/mL), vancomycin is the first therapeutic option.

For prosthetic valve endocarditis due to methicillin-resistant staph-
ylococci, vancomycin in combination with rifampin for 6 weeks, 
together with gentamicin for the first 2 weeks (if the strain is suscep-
tible) is the recommended regimen. This combination was derived 
from patients with S. epidermidis prosthetic valve endocarditis and has 
also been recommended for MRSA prosthetic valve endocarditis 
despite lack of proven clinical benefit,97 because of the poor prognosis 
associated with this condition; also for the latter reason, surgical treat-
ment should be undertaken whenever possible.

Vancomycin also plays an important role in the treatment of endo-
carditis caused by diphtheroids, including Corynebacterium jeikeium, 
which typically occurs in patients with prosthetic valves. The addition 
of rifampin has been suggested, although without much clinical evi-
dence. Vancomycin has also been effective in a few reported cases of 
penicillin- and cephalosporin-resistant S. pneumoniae endocarditis 
and in the experimental model of endocarditis caused by this organ-
ism. Vancomycin in combination with gentamicin can be used for the 
treatment of L. monocytogenes bacteremia and endocarditis, although 
ampicillin (with or without gentamicin) is preferred. Empirical treat-
ment of central venous catheter–related infections should include a 
glycopeptide antibiotic because methicillin-resistant coagulase-
negative staphylococci, MRSA, or other gram-positive organisms are 
frequently found, and clinical trials have shown the effectiveness of 
vancomycin in this setting.

Meningitis and Ventriculitis
Vancomycin in combination with cefotaxime or ceftriaxone is the 
treatment of choice for empirical therapy of patients with suspected  
or proven pneumococcal meningitis until susceptibility data are  
available, in areas where infections caused by penicillin-resistant  

cases of CSF eosinophilia have been reported. Intraperitoneal admin-
istration of vancomycin is rarely associated with chemical peritonitis. 
Scarce published data exist on the use of vancomycin during preg-
nancy, and it is classified as pregnancy category C. Vancomycin was 
noted to show minimal maternal-fetus transplacental passage in an ex 
vivo human placental perfusion model, but it reaches therapeutic levels 
in fetal circulation in the setting of overt amnionitis. Infants born to 
mothers who received a course of vancomycin during the second or 
the third trimester of pregnancy had no nephrotoxicity or sensorineu-
ral hearing loss. However, because no reports exist on vancomycin use 
during the first trimester, it is unknown if this drug produces fetal 
harm. This drug should be used only in situations when it is needed 
considering the maternal benefit and the possible fetal risk. Vancomy-
cin is excreted in human milk, resulting in potential exposure of infants 
to this agent.

Drug Interactions
Precipitation has been noted with a highly concentrated solution of 
vancomycin mixed with ceftazidime, and the use of different syringes 
for the intraocular administration of these two antibiotics for the treat-
ment of endophthalmitis is recommended. Vancomycin has also been 
reported to be incompatible in intravenous solutions with other com-
pounds, such as chloramphenicol, methicillin, corticosteroids, amino-
phylline, barbiturates, thiazides, phenytoin, sodium bicarbonate, and 
sulfisoxazole. Precipitation with decreased activity of vancomycin was 
reported when infused together with heparin, although others were 
unable to detect an effect of heparin on vancomycin stability or activity. 
Anion-exchange resins such as cholestyramine can bind to vancomy-
cin, decreasing the activity of vancomycin in the gut lumen when orally 
administered. In neonates with patent ductus arteriosus, the use of 
indomethacin and ibuprofen has been associated with a 40% and 28% 
decreased clearance of vancomycin, respectively.

Clinical Uses
Skin and Soft Tissue Infections
During the past decade, vancomycin has been included as the com-
parator in numerous studies of ABSSSI caused by gram-positive bac-
teria when new agents with activity against MRSA were evaluated. 
None of these trials showed significant differences in the primary clini-
cal outcome, although post-hoc analysis done in some of these studies 
displayed some differences favoring the new drug. Thus, and because 
of its long experience and low cost, when an intravenous antibiotic is 
required, vancomycin is still considered the drug of choice for ABSSSI 
caused by MRSA.40,95

Bacteremia and Endocarditis
Although recently debated,50,96 vancomycin is still the first treatment 
option for bacteremia, endocarditis, and other serious infections 
caused by methicillin-resistant staphylococci; the same indication 
applies for those infections caused by methicillin-susceptible strains in 
subjects with a history of significant allergic reactions to β-lactams. 
Failures have been reported with this glycopeptide in the treatment of 
staphylococcal endocarditis, and its effectiveness has been questioned 
based on the high rate of unsatisfactory response among injection drug 
users with S. aureus endocarditis, the slow response (median duration 
of bacteremia, 7 days) in patients with MRSA endocarditis, and the 
higher failure rate for right-sided methicillin-susceptible S. aureus 
(MSSA) endocarditis were compared with cloxacillin. Because of 
studies showing worse outcomes in patients with MSSA bacteremia, 
vancomycin should not be used purely for its dosing convenience and, 
in patients with MSSA endocarditis with a suspicious history of imme-
diate hypersensitivity reaction to β-lactam antibiotics, skin testing for 
penicillin allergy should be performed and patients desensitized, as 
needed.

The addition of gentamicin to vancomycin was previously sug-
gested for the treatment of MRSA native valve endocarditis.97 However, 
owing to the lack of clinical studies showing improved outcome with 
this combination and the synergism between vancomycin and ami-
noglycosides in terms of nephrotoxicity (which may be higher than 
previously appreciated),98 the risks of the addition of gentamicin 
appear to exceed the presumed benefits.99 The addition of rifampin 
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nosocomial pneumonia than standard vancomycin (without loading) 
dosing, particularly in patients at high risk for nephrotoxicity. The 
addition of rifampin to vancomycin appeared to improve the outcomes 
of ventilator-associated pneumonia caused by MRSA compared with 
vancomycin alone in a small randomized open-label trial110; this 
finding should be confirmed in other prospective studies.

Osteomyelitis
Vancomycin is the agent of choice for osteomyelitis caused by 
methicillin-resistant staphylococci, and it is an alternative for 
methicillin-susceptible strains in patients with intolerance or with 
allergic reactions to β-lactams agents.40 Among serious MRSA infec-
tions, osteomyelitis is among those with highest relapse and failure 
rates.111 Failure rates between 35% and 46% have been reported in 
retrospective studies of patients with osteomyelitis treated with vanco-
mycin.111,112 Accordingly, animal models have shown poor results using 
vancomycin for the treatment of experimental MRSA osteomyelitis, 
whereas the co-administration of rifampin has been consistently asso-
ciated with improved response. The duration of treatment of osteomy-
elitis has not been clearly defined; at least 8 weeks of therapy has been 
suggested for MRSA osteomyelitis, although the decision about the 
length of intravenous versus oral (or oral step-down after an intrave-
nous course) has to be individualized.40 Complete surgical débride-
ment is critical for a successful outcome. Vancomycin has been used 
successfully in conjunction with rifampin as in some studies of pros-
thetic joint infection.

Pseudomembranous Colitis
Oral vancomycin was used historically for the treatment of pseudo-
membranous colitis caused by C. difficile and pseudomembranous 
enterocolitis caused by S. aureus, now a rare disease. Oral metronida-
zole and oral vancomycin, administered for 7 to 10 days, were found 
to have similar failure and relapse rates in the treatment of C. difficile 
colitis and, because of concern about selection of VRE, this drug was 
recommended for the treatment of C. difficile colitis only when there 
is no clinical response or intolerance to metronidazole or when the 
infected woman is pregnant.113 However, since the emergence of an 
epidemic toxin hyperproducing strain in North America and Europe 
(named BI/NAP1/027) associated with more severe disease, higher 
rates of metronidazole failures have been reported. Studies comparing 
oral metronidazole with oral vancomycin showed no differences in the 
outcome for mild disease but, for severe C. difficile colitis, the response 
rate was 76% and 97% for metronidazole and vancomycin, respectively 
(P = .02).114 Therefore, treatment with vancomycin should be consid-
ered in patients with severe C. difficile disease, defined as those having 
two or more of the following: age older than 65 years, fever, leukocyte 
count of greater than or equal to 15,000 cells/mm3, serum creatinine 
concentration increase of greater than or equal to 50% from baseline, 
and serum albumin concentration less than 2.5 mg/dL, or the presence 
of pseudomembranous colitis at endoscopy or hospitalization in an 
intensive care unit.114 Until 2011 when fidaxomicin was approved, oral 
vancomycin was the only FDA-licensed drug for the treatment of C. 
difficile colitis. It can be administered as a capsule formulation or by 
directly taking the intravenous form. Because of the poor concentra-
tion in stools after intravenous administration, vancomycin should not 
be used solely via this route. In cases of severe disease or in the pres-
ence of ileus or toxic megacolon, or both, intravenous metronidazole 
plus high doses of oral vancomycin (500 mg every 6 hours)115 and 
intracolonic administration of this glycopeptide antibiotic115 have been 
helpful, although, in some cases, colectomy has been needed. More 
recently, fecal transplantation has been successful in various reports, 
including for severe and/or relapsing disease. In two randomized trials, 
the new macrocyclic nonabsorbable antibiotic fidaxomicin showed 
similar efficacy with fewer recurrence rates than oral vancomycin for 
the treatment of C. difficile colitis.116

Febrile Neutropenia
The use of vancomycin in febrile neutropenic patients has been a con-
troversial issue for a number of years. No differences in morbidity  
and mortality have been detected with the use of vancomycin as  
part of the initial regimen, even if a gram-positive organism was 

S. pneumoniae have been documented,103 or where the prevalence of 
isolates not susceptible to ceftriaxone is more than 3% in adult and 9% 
in children.104 If pneumococcal meningitis is confirmed and the isolate 
shows an MIC of ceftriaxone/cefotaxime of greater than or equal to 
1 µg/mL (considered nonsusceptible for meningeal isolates by the 
CLSI), the administration of vancomycin and ceftriaxone or cefotax-
ime should continue.105 In children, rifampin might be added to this 
regimen if the S. pneumoniae isolate shows an MIC of ceftriaxone/
cefotaxime of greater than 2 µg/mL.103 In adults, the addition of 
rifampin, if susceptible, to the regimen appears justified in cases caused 
by ceftriaxone-nonsusceptible S. pneumoniae strains when dexametha-
sone is also administered105; the clinical benefit of this approach has 
not been evaluated, but rifampin increased the activity of ceftriaxone 
and vancomycin in an experimental model using a highly ceftriaxone-
resistant S. pneumoniae strain. Vancomycin as the only antimicrobial 
agent with concomitant administration of dexamethasone has been 
associated with a high failure rate in adults with pneumococcal men-
ingitis. Higher vancomycin doses appear to overcome the negative 
effect of dexamethasone on the vancomycin CSF concentration.

Vancomycin has a major role in the treatment of infections related 
to CSF shunts, the most common cause being S. epidermidis. Intrave-
nous with or without intraventricular vancomycin administration, 
together with shunt hardware removal followed by external drainage 
and placement of a new shunt after confirmed CSF sterility, appears to 
be the most appropriate treatment modality. Determination of vanco-
mycin levels in the CSF is recommended to ensure adequate concentra-
tions. The addition of rifampin to the regimen should be contemplated 
for susceptible organisms when bacterial eradication is not achieved 
with vancomycin alone. Vancomycin is also recommended for the 
empirical treatment of postsurgical meningitis.105

Owing to the poor prognosis and low therapeutic response to stan-
dard doses of vancomycin in patients with postsurgical MRSA menin-
gitis, high-dose vancomycin (15 to 20 mg/kg every 8 to 12 hours) 
targeting a trough concentration of 25 to 30 µg/mL has been recom-
mended40; another option, especially in nonresponding cases, is to 
administer vancomycin by continuous infusion, also at a high dose (50 
to 60 mg/kg/day after a loading dose of 15 mg/kg)59; the toxicity of 
both options is likely greater. Rifampin could be added to vancomycin 
despite the lack of clinical data supporting the combination, and intra-
thecal administration of vancomycin may also be another therapeutic 
approach.105 In rare but severe cases of community-acquired meningi-
tis caused by MRSA, the addition of rifampin or trimethoprim-
sulfamethoxazole to vancomycin has been used.106

Pneumonia
Vancomycin has been considered the drug of choice for MRSA pneu-
monia, but high failure rates associated with its use have been consis-
tently reported, which may be related, at least in part, to underdosing 
this agent, including lack of a loading dose. Indeed, clinical and bac-
teriologic success rates have been associated with higher AUC/MIC 
values (≥400) in patients with MRSA pneumonia.46 In two random-
ized, double-blind trials of patients with nosocomial pneumonia, no 
significant differences in the response rate were observed in the van-
comycin group compared with the linezolid group.107,108 However, 
when a post-hoc analysis of a subset of patients with MRSA ventilator-
associated pneumonia was done, linezolid displayed significantly 
better cure rates. In a more recent randomized multicenter clinical 
trial, linezolid showed significantly better cure rates than vancomycin 
(15 mg/kg every 12 hours, with adjustment based on trough levels)  
in patients with nosocomial pneumonia caused by MRSA (57.6%  
vs 46.6%, respectively, 95% confidence interval, 0.5% to 21.6%;  
P = .042).109 The group of patients treated with linezolid also experi-
enced a significantly higher rate of eradication or presumed eradica-
tion at the end of the study. However, this trial had different 
shortcomings, including the fact that fewer than half of the patients 
had achieved the target trough level (15 µg/mL) on day 3, there was 
no vancomycin loading dose, more patients receiving vancomycin had 
concomitant bacteremia and kidney disease, about half of the patients 
received vancomycin for fewer than 10 days, and there was no differ-
ence in the 60-day mortality. Considering these caveats, linezolid is as 
good if not a better choice for the treatment of documented MRSA 
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lock solutions also appears to be effective, and it is currently a relatively 
common practice in the United States.

Teicoplanin
Teicoplanin (formerly known as teichomycin A2), obtained from the 
actinomycete Actinoplanes teichomyceticus isolated from soil in India 
in 1978, is currently commercially available in many countries in 
Europe, Asia, and South America but not in the United States, where 
the FDA has not approved it, probably because of lack of efficacy shown 
in initial clinical trials and no clear benefit over vancomycin (Fig. 
30-2). Teicoplanin is actually a mixture of related glycopeptide ana-
logues with a basic structure characterized by a linear heptapeptide, 
the distinct carbohydrates d-mannose and d-glycosamine, and an acyl 
residue that carries various fatty acids, which define the members of 
the teicoplanin complex. Teicoplanin has a molecular weight estimated 
as 1900 Da.

Antimicrobial Activity and Resistance
Teicoplanin inhibits cell wall synthesis by a mechanism similar to that 
described for vancomycin, although some differences in activity exist. 
For instance, MICs of teicoplanin against coagulase-negative staphylo-
cocci tend to be more variable. In one survey, 20% and 0.2% of 
coagulase-negative staphylococci and S. aureus strains from bacteremic 
patients were nonsusceptible to teicoplanin (MIC >8 µg/mL).122 High 
teicoplanin MICs appear to be more frequent among S. haemolyticus 
than other staphylococcal species.123 On the other hand, the MICs of 
teicoplanin for Enterococcus spp., S. pneumoniae, S. gallolyticus (for-
merly S. bovis), viridans streptococci, and other streptococci are usually 
a few twofold dilutions lower than those of vancomycin. Activity 
similar to that reported with vancomycin has been described for tei-
coplanin against L. monocytogenes, Corynebacterium spp. (including 
C. jeikeium), and gram-positive anaerobes such as Clostridium spp. 
(including C. difficile), Peptostreptococcus spp., Actinomyces spp., and 
Propionibacterium spp. No international consensus has been estab-
lished for the teicoplanin susceptibility breakpoints in S. aureus, but 
they have been set as less than or equal to 2 µg/mL and less than or 
equal to 8 µg/mL by the EUCAST and CLSI, respectively (www.eucast
.org/clinical_breakpoints). The same breakpoints have been provided 
by both groups for Enterococcus spp. For coagulase-negative staphylo-
cocci these values have been set as less than or equal to 4 µg/mL by 
the EUCAST and less than or equal to 8 µg/mL by the CLSI.

Strains of S. aureus susceptible to vancomycin but displaying higher 
MICs of teicoplanin were reported before the description of VISA 
isolates, and high MICs of teicoplanin were subsequently found in 
VISA isolates as well10 (also called GISA for glycopeptide-intermediate 
S. aureus strains). Almost all VISA strains are cross-resistant to teico-
planin. However, some teicoplanin-heteroresistant S. aureus strains 
may appear as susceptible to vancomycin, and specific cell wall changes 
may affect teicoplanin more so than vancomycin. Greater MIC 
increases for teicoplanin compared with vancomycin were found by 
inactivation of the tcaA gene in GISA strains, which encodes a trans-
membrane protein presumably associated with cell wall metabolism. 
As expected, decreased activity of teicoplanin and selection of sub-
populations with higher glycopeptide MICs were observed in animal 
models infected with VISA strains. Because disk tests and some auto-
mated systems do not reliably recognize MRSA strains with decreased 
susceptibility to teicoplanin, Etest and agar dilution methods are rec-
ommended when appropriate. As described with vancomycin, MICs 
determined by Etest tend to be higher than those determined by broth 
microdilution. Most of the VRSA isolates carrying the enterococcal 
vanA gene described in the United States also showed decreased sus-
ceptibility to teicoplanin (≥16 µg/mL).

VanA-type VRE strains, and the more recently described VanM 
VRE, are resistant to teicoplanin; VanB, VanE, VanG, and VanN show 
low teicoplanin MICs, whereas VanD strains typically show intermedi-
ate teicoplanin MICs. An outbreak caused by a VRE strain carrying 
the vanA gene cluster but with VanD phenotype probably arose because 
of an interruption in the vanY gene. Even if MICs are within the sus-
ceptible range, teicoplanin should probably not be used to treat infec-
tions caused by VRE strains owing to the risk for development of 
resistance while on therapy.

initially isolated or in persistently febrile patients despite the use of 
piperacillin-tazobactam for 48 to 60 hours. The inclusion of vancomy-
cin in the initial empirical treatment of patients with febrile neutrope-
nia is recommended in certain clinical situations, such as presumptive 
serious catheter-related infection, prior colonization with resistant 
microorganisms (i.e., penicillin- and cephalosporin-resistant S. pneu-
moniae and viridans streptococci or MRSA), positive blood culture for 
a gram-positive microorganism, skin or soft tissue infection of any site, 
radiologically documented pneumonia, or evidence of hemodynamic 
instability.117 Others advocate empirical initial use of vancomycin in 
the presence of severe mucositis and prior prophylaxis with quino-
lones, which could be associated with severe penicillin-tolerant viri-
dans streptococci infections. However, carbapenems, cefepime, and 
piperacillin-tazobactam are considered effective monotherapy regi-
mens in this situation. Empirical vancomycin could be stopped after 2 
days if initial workup did not reveal a gram-positive organism resistant 
to the patient’s antimicrobial regimen.

Prophylaxis
Vancomycin is an alternative choice for prophylaxis against endocar-
ditis in subjects with cardiac conditions considered at risk for endo-
carditis and who are allergic to ampicillin.118 Vancomycin is also 
recommended as a prophylactic agent for β-lactam–allergic patients 
undergoing cardiovascular surgery or orthopedic procedures with 
hardware placement and for surgical procedures requiring prophylaxis 
in centers with a high prevalence of MRSA, although not all studies 
have shown the effectiveness of this approach.119 In the setting of a 
cluster of infections by methicillin-resistant staphylococci at the insti-
tutional level, a switch from β-lactams to vancomycin, or the addition 
of vancomycin, as surgical prophylaxis may be recommended.119 If 
vancomycin is chosen for prophylaxis of endocarditis or surgical site 
infections, the infusion should start within 120 minutes of the begin-
ning of the procedure. Each hospital should develop institutional 
guidelines on the use of vancomycin for the prevention of surgical site 
infections.119 The CDC guidelines have recommended the use of van-
comycin for the prevention of perinatal group B streptococcal disease 
in the case of penicillin-allergic women at high risk for β-lactam ana-
phylaxis, in whom a streptococci isolate was resistant (or with inducible 
resistance) to clindamycin or with unknown susceptibility pattern.120

Other Uses
Vancomycin is active against the majority of bacteria that cause post-
traumatic and postoperative endophthalmitis and is the recommended 
agent for empirical therapy for intraocular gram-positive organisms in 
this disease. Animal models of endophthalmitis have also demon-
strated the usefulness of vancomycin in this setting. Administration of 
intraperitoneal vancomycin as an intermittent or continuous dosing 
schedule is recommended in patients undergoing CAPD with bacterial 
peritonitis.75 For uncomplicated peritonitis caused by coagulase-
negative staphylococci, the duration of treatment is usually 2 weeks; 
for enterococci and S. aureus, a 3-week course appears necessary. Many 
of the peritonitis cases caused by S. aureus are associated with exit-site 
infection that required peritoneal catheter removal to resolve the infec-
tious process.

In uncomplicated intraluminal bacteremia associated with a tun-
neled central venous catheter or implantable devices, especially those 
caused by coagulase-negative staphylococci, the use of antibiotic lock 
therapy could improve the rate of catheter salvage when added to the 
standard intravenous treatment. A lock solution containing vancomy-
cin at a final concentration of 5 mg/mL plus normal saline or 50 to  
100 units of heparin has been recommended.121 The lock solution 
should have an indwelling time of no more than 48 hours, and the 
duration of the lock therapy is usually 2 weeks. If the isolated pathogen 
is S. aureus, because high failure rates have been described with anti-
biotic lock therapy, the catheter should be removed. The use of pro-
phylactic antibiotic lock solution has also been recommended for the 
prevention of long-term central venous catheter infection for patients 
with recurrent catheter-related bacteremia despite adherence to stan-
dard preventive measures. This approach could be considered in 
patients at high risk for severe infections. Prevention of central venous 
catheter infections in patients undergoing hemodialysis with antibiotic 
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Teicoplanin is almost entirely eliminated by renal mechanisms and, 
even though this agent used to be regarded as a nondialyzable drug, 
hemodialysis using high-flux membranes, CVVHD, CVVH, and 
CVVHDF remove significant quantities. Teicoplanin levels seem not 
to be significantly modified in subjects undergoing cardiopulmonary 
bypass surgery. Teicoplanin should not be used during pregnancy 
(pregnancy category B) or lactation unless the potential benefits out-
weigh the possible risks.

The oral dose of teicoplanin for the treatment of C. difficile pseu-
domembranous colitis ranges from 100 to 400 mg twice daily for 10 
days. The parenteral teicoplanin dose depends on the patient’s age and 
renal function, the suspected or known microorganism, and site of 
infection. Because of its long half-life, a loading dose of teicoplanin is 
required to achieve prompt optimal steady-state serum levels. For most 
infections, the regimen recommended is 400 mg (6 mg/kg) twice daily 
for three doses and then once daily, which was able to attain a trough 
level above 10 µg/mL at the fourth day of treatment. The loading dose 
should be given to all patients regardless of the patient’s creatinine 
clearance. Then, in adults with normal renal function, 400 mg (6 mg/
kg) every 24 hours is the usual maintenance dose. A higher dose, 
800 mg (up to 12 mg/kg) every 12 hours for three times and then every 
24 hours to target a trough concentration of more than 20 µg/mL, is 
recommended for more difficult infections, such as endocarditis 
caused by S. aureus, septic arthritis, and in burn patients (see Table 
30-1). The recommended doses for neonates is 16 mg/kg initially, fol-
lowed by 8 mg/kg daily, and for children older than age 2 months, 
10 mg/kg every 12 hours for three doses and then every 24 hours.125 
In subjects with creatinine clearance between 40 and 60 mL/min and 
in those with more severe renal failure or on hemodialysis with con-
ventional membranes, the chosen dose (6 or 12 mg/kg) should be 
administered every 48 hours and 72 hours, respectively.125 Others have 
suggested the administration of 10 mg/kg every 48 to 72 hours in 
patients on hemodialysis, which was consistently associated with 
trough levels above 10 µg/mL.127 Teicoplanin is significantly removed 
by CVVH and CVVHDF but with high variability depending on the 
operating conditions of the renal replacement therapy used and the 
patient’s serum albumin concentration. A reasonable proposed dosing 
regimen to generate a trough teicoplanin level of 10 to 20 µg/mL 
is 6 mg/kg every 12 hours for three or four doses, followed by 3 to 
6 mg/kg/day128; others have suggested higher daily doses (600 to 

Clinical Pharmacokinetics
The favorable pharmacokinetic properties of teicoplanin allow its 
administration by intravenous bolus or by the intramuscular route. As 
with vancomycin, however, this agent is not significantly absorbed 
when administered orally. After an intravenous dose of 6 mg/kg, the 
mean peak (at 2 hours) and trough (at 24 hours) concentrations of 
teicoplanin in serum are 111.8 µg/mL and 4 µg/mL, respectively. At 
steady state, teicoplanin mean trough concentrations are 14 µg/mL 
after intravenous administration of 6 mg/kg/day and 23 µg/mL after 
12 mg/kg/day. It appears that teicoplanin trough concentrations of 
greater than or equal to 10 µg/mL are required for clinical success in 
the majority of infections by susceptible organisms, although for 
serious staphylococcal infections (i.e., endocarditis), trough levels 
above 20 µg/mL are recommended.124

The distribution of teicoplanin is best described by a three-
compartment kinetic model, and its volume of distribution at steady 
state ranges from 800 to 1600 mL/kg.125 Teicoplanin is approximately 
90% bound to serum proteins (albumin) and highly bound in tissues, 
which may explain its low clearance and long half-life, which has 
ranged from 83 to 168 hours.125 Animal studies have reported better 
bone concentrations with teicoplanin than with vancomycin after 
equivalent intravenous infusion. However, in patients with osteomyeli-
tis, vancomycin achieved slightly higher levels in cortical and cancel-
lous bone than teicoplanin.64 The concentration of teicoplanin in 
cortical and cancellous bone, which has more abundant vascular 
supply, was 12% (mean of 2 µg/mL) and 49% (mean of 7.5 µg/mL) of 
concomitant plasma concentration at steady state (with a daily dose  
of 10 mg/kg), respectively.64 Penetration into heart, pericardium, 
mediastinal tissue, and synovial, pleural, peritoneal, and pericardial 
fluid is also considered adequate. The concentration of teicoplanin  
in the epithelial lining fluid at steady state was about 30% (mean  
concentration, 4.9 µg/mL) of the corresponding trough serum level 
in 13 patients with ventilator-associated pneumonia treated with 
12 mg/kg/day.126

In experimental endocarditis, teicoplanin appears to be concen-
trated only at the periphery of the vegetation. After intravenous infu-
sion, significant concentrations of teicoplanin are generally not 
achieved in vitreous samples nor in the CSF, even in the presence of 
meningitis. A high concentration of teicoplanin in feces is achieved 
after oral administration of 100 mg.

FIGURE 30-2  Chemical structure of teicoplanin. 
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infections. Even at higher doses (6 mg/kg/day and 10 mg/kg/day), tei-
coplanin was associated with a significantly poorer response compared 
with vancomycin in patients with endocarditis or intravascular infec-
tion caused by S. aureus, and teicoplanin trough levels below 20 µg/
mL have been correlated with treatment failure.124 As described with 
vancomycin, a high teicoplanin failure rate (at a dose of 400 mg/day) 
was described for patients with MSSA bacteremia. Therefore, if teico-
planin is used for the treatment of S. aureus endocarditis or other 
serious staphylococcal infection, a high dose (probably 12 mg/kg/day) 
should be considered. For less serious infections, teicoplanin at stan-
dard doses appears as efficacious as vancomycin, as shown by a meta-
analysis including 24 randomized clinical trials in which no difference 
in terms of 30-day mortality was found.134

Teicoplanin might be an efficacious alternative in the treatment of 
native valve endocarditis caused by viridans streptococci and entero-
cocci, in doses of 6 mg/kg/day and 600 mg/day. Interestingly, against 
enterococci, several patients were cured receiving teicoplanin mono-
therapy. In an experimental model of enterococcal endocarditis, teico-
planin was shown to be as effective as ampicillin and more effective 
than vancomycin. In this model, the addition of an aminoglycoside to 
teicoplanin resulted in enhanced activity.

Teicoplanin has been shown to be effective in the treatment of 
susceptible organisms causing skin and soft tissue infections (the 
6-mg/kg/day dose more so than the 3-mg/kg/day one), lower respira-
tory tract infections, and catheter-related infections. Teicoplanin was 
equivalent to vancomycin in a study of neutropenic patients with per-
sistent fever. Oral teicoplanin results in response and relapse rates 
similar to those observed with metronidazole and vancomycin in 
patients with C. difficile colitis. Intraperitoneal administration of tei-
coplanin has been successfully used for the treatment of CAPD-related 
peritonitis. Small case series of CSF shunt-related infections treated 
with intraventricular teicoplanin have been reported, using doses of 10 
to 20 mg every 24 to 48 hours. Teicoplanin (400 mg intravenous dose 
at the time of anesthesia induction) is as effective as first-generation 
cephalosporins in the prevention of hip or knee implant-related infec-
tions, although it was not as effective as standard of care in patients 
undergoing cardiac and prosthetic vascular surgeries. Teicoplanin, like 
vancomycin, is recommended as an option for prophylaxis of infective 
endocarditis in patients allergic to penicillin.

Overall, in countries where both antibiotics are available, teico-
planin is infrequently used in place of vancomycin, at least in the acute 
phase of the infection under treatment. In some situations, teicoplanin 
could be considered for mild to moderate enterococcal infections or, 
as outpatient therapy, to continue the treatment of certain MRSA infec-
tions (e.g., osteoarticular infections) once the patient has improved. In 
other instances, teicoplanin could be chosen as a prophylactic antibi-
otic for selected surgical procedures such as cardiovascular surgery in 
centers with a high prevalence of MRSA. More rarely, teicoplanin is 
used in cases of vancomycin allergic reactions, although cross-reactions 
between both have been reported, and as home therapy for some 
streptococcal infections (e.g., viridans) when there is documented 
β-lactam allergy.

STREPTOGRAMINS
Quinupristin-Dalfopristin
The group of antibiotics named streptogramins is composed of differ-
ent compounds, including mikamycin, virginiamycin, pristinamycin, 
and quinupristin-dalfopristin (Fig. 30-3). Each of these streptogramin 
antibiotics contains two macrocyclic lactone peptolide components 
referred to as streptogramin A and streptogramin B. The former are 
polyunsaturated cyclic peptolides and the latter are cyclic hexadepsi-
peptides. Virginiamycin, a secreted product from Streptomyces vir-
giniae, includes virginiamycin M (a streptogramin A) and virginiamycin 
S (a streptogramin B) and has been utilized mainly in animals as a 
growth promoter. Pristinamycin, a naturally occurring mixture pro-
duced by Streptomyces pristinaespiralis, also contains a streptogramin 
A (pristinamycin IIA) and a streptogramin B (pristinamycin IA) com-
ponent, and has been used orally in some European countries, mainly 
France, for the treatment of skin and soft tissue infections caused by 
streptococci and staphylococci. Quinupristin-dalfopristin (Synercid, 
formerly RP 59500) is a water-soluble combination in a 30 : 70 ratio 

1800 mg/day), targeting 15 to 25 µg/mL in patients under CVVH.129 
However, because teicoplanin serum levels in this setting can be 
affected by the serum albumin concentration, by the presence of resid-
ual renal function, and by the volume ultrafiltration rate, therapeutic 
drug monitoring is recommended in critically ill patients undergoing 
CRRT.128

Peritoneal administration of teicoplanin results in serum concen-
trations similar to those achieved by intravenous concentration; 
however, after intravenous administration, penetration of teicoplanin 
into the peritoneal dialysate does not achieve local therapeutic levels. 
Teicoplanin has been administered in doses of 20 mg/L in each bag for 
the first week, in alternate bags during the second week, and only in 
the overnight dwell bag in the third week. Another approach is to dose 
20 mg/L in each exchange (four times daily) for 10 days or for 5 days 
after clearing of bacteria from the dialysate. Others have successfully 
used intermittent intraperitoneal dosage of teicoplanin (15 mg/kg 
every 7 days) in children with CAPD peritonitis.

Monitoring of teicoplanin serum levels is not generally needed with 
doses below 12 mg/kg/day. Intravenous drug abusers with endocarditis 
have a higher clearance rate of teicoplanin, thus suggesting a need for 
serum level measurements in this population. It has been suggested 
that a trough level should be obtained to ensure concentrations in 
serum of at least 20 µg/mL in patients with endocarditis receiving 
treatment with teicoplanin124 and probably in other staphylococcal 
deep-seated infections, especially if teicoplanin is administered as 
monotherapy. Other clinical scenarios in which measurement of teico-
planin serum levels might be appropriate include patients not respond-
ing to treatment, patients with severe burns, and patients with rapidly 
changing renal function or on CRRT.

As with vancomycin, some discrepancies exist on the clinical 
impact of teicoplanin MIC in patients with MRSA bacteremia because 
a teicoplanin MIC greater than 1.5 µg/mL by Etest was associated with 
worse outcome in one retrospective study but not in others, including 
101 and 270 patients treated with teicoplanin (6 mg/kg/day after 
loading dose), respectively.130,131 Interestingly, in one of these studies, a 
higher proportion of patients with MRSA strains belonging to multi-
locus sequence type 5 had teicoplanin MICs greater than 2 µg/mL 
than those with other multilocus sequence types.131

Adverse Events
Teicoplanin is generally regarded as a safe drug. Rates of adverse events 
and nephrotoxicity have been reported more frequently in individuals 
receiving vancomycin than those receiving teicoplanin. Teicoplanin is 
nephrotoxic in animals, although at much higher doses than those used 
in humans. This antibiotic also appears to have less nephrotoxic syn-
ergism with aminoglycosides than vancomycin. A lower rate of neph-
rotoxicity also has been reported when teicoplanin is combined with 
amphotericin B, compared with vancomycin. The most common side 
effects associated with teicoplanin are maculopapular or erythematous 
rash and drug-related fever in around 7% and 6% of the patients, 
respectively132; these are more frequent in patients receiving doses of 
more than 12 mg/kg/day. Cases of allergic cross-reactions between 
vancomycin and teicoplanin have been reported, but vancomycin-
allergic patients also have been successfully treated with teicoplanin. 
For example, in one study, cross-reaction in patients with vancomycin-
induced fever or rash or both was seen in about 10%, whereas 50% of 
patients with vancomycin-related neutropenia developed neutropenia 
while on teicoplanin.133 Compared with vancomycin, a meta-analysis 
showed that teicoplanin was associated with a lower rate of total adverse 
events, nephrotoxicity, and red man syndrome than vancomycin.134

The anaphylactoid reaction that has been described with vancomy-
cin intravenous administration (known as red man or red neck syn-
drome) is extremely uncommon with the infusion of teicoplanin. 
Ototoxicity related to teicoplanin is also rare. Thrombocytopenia can 
occur at a rate similar to that found with vancomycin use and also 
appears to be more frequent at higher doses. Other hematologic effects, 
such as neutropenia and eosinophilia, are infrequently reported.

Clinical Uses
A failure rate of more than 50% was found in initial studies using  
a low dose of teicoplanin (3 mg/kg/day) for severe staphylococcal  

http://www.myuptodate.com


C
h

ap
ter 30 G

lycopeptides	(Vancom
ycin	and	Teicoplanin),	Streptogram

ins	(Q
uinupristin-Dalfopristin),	Lipopeptides	(Daptom

ycin),	and	Lipoglycopeptides	(Telavancin)
391

susceptible, as are Bacillus spp., Leuconostoc spp., Lactobacillus spp., 
Pediococcus spp., and E. rhusiopathiae. Low MICs of quinupristin-
dalfopristin against a variety of gram-positive anaerobes and some 
gram-negative organisms (e.g., Haemophilus influenzae, Moraxella 
catarrhalis, Neisseria gonorrhoeae, and Neisseria meningitidis) have 
been reported, but in vivo studies have not been performed. 
Quinupristin-dalfopristin displays no activity against Enterobacteria-
ceae, Pseudomonas aeruginosa, or Acinetobacter spp.

Resistance
Because quinupristin and dalfopristin are chemically distinct com-
pounds and their specific target sites within the 50S ribosomal subunit 
are different, the mechanism(s) leading to resistance to these compo-
nents are specific for each one. The three general types of resistance  
to these compounds are (1) through a conformational change in  
the target site decreasing the binding affinity of the drug (quinupris-
tin), (2) by enzymatic inactivation (quinupristin and dalfopristin),  
and (3) through active transport of the compound(s) out of the cell 
(quinupristin and dalfopristin).

The species E. faecalis is naturally resistant to quinupristin-
dalfopristin, owing to the presence of an apparently intrinsic gene, 
named lsa, which encodes a homologue of an adenosine triphosphate 
(ATP)–binding protein that mediates resistance to lincosamides  
and type A streptogramins. E. faecium human clinical isolates with 
a quinupristin-dalfopristin MIC greater than or equal to 4 µg/mL 
have been infrequently reported. However, among VRE (E. faecium) 
strains, resistance to quinupristin-dalfopristin appears more common, 
especially in Europe. Indeed, in 2003, resistance to quinupristin-
dalfopristin was found in 0.6% of these isolates from the United States 
and in 10% of those from Europe.136 More recently, 30% of 60 clinical 
VRE E. faecium (VanA or VanB) strains from France isolated between 
2006 and 2008 were resistant to quinupristin-dalfopristin (MIC90 of 
4 µg/mL).137 Higher rates of resistance are found among E. faecium 
strains isolated from animals in some European countries, probably 
related to the use of virginiamycin in animal feeds. Staphylococcus spp. 
and S. pyogenes strains with high MICs of quinupristin-dalfopristin 
have been rare. The most common mechanism of resistance to strep-
togramin B in gram-positive cocci is through modification of the ribo-
somal target site, known as MLSB (conferring resistance to macrolides, 
lincosamides, and streptogramins B), which does not affect dalfopris-
tin; this phenotype is encoded by various erm (erythromycin ribo-
somal methylation) genes. The erm genes encode methylases that add 
one or two methyl groups to a specific adenine residue (A2058) in the 
23S ribosomal RNA within the 50S ribosomal subunit, which results 

suitable for intravenous administration. Quinupristin, a derivative of 
pristina mycin IA, is the streptogramin B constituent, and dalfopristin, 
a derivative of pristinamycin IIB, is the streptogramin A component. 
The molecular weights for quinupristin and dalfopristin are 1022.24 Da 
and 690.85 Da, respectively.

Mechanism of Action
Streptogramins exert their action within the 50S ribosomal subunit of 
the 70S unit in the second phase, or elongation stage, of protein syn-
thesis. Type A streptogramins (i.e., dalfopristin) appear to bind to the 
free arms of the peptidyl transferase site in the 50S ribosomal subunit, 
blocking the addition of new amino acids from the aminoacyl-tRNA 
molecule to the growing peptide chain, inhibiting, therefore, the earli-
est process of elongation. Quinupristin (a streptogramin B compound), 
like macrolides, works at a later phase of protein synthesis, preventing 
further peptide elongation and causing release of incomplete peptide 
chains. In the absence of specific resistance mechanisms, the affinity of 
quinupristin for the 50S ribosomal subunit is considerably enhanced 
by a conformational change produced within it by the binding of dal-
fopristin, explaining the synergistic antimicrobial activity observed 
between the two streptogramin components. The irreversibility of the 
complex formed results in bactericidal activity against most susceptible 
organisms. The blockage of different steps of the protein synthesis 
pathway may also help explain this synergistic activity.

Antimicrobial Activity
Quinupristin-dalfopristin is active against most gram-positive (with 
the notable exception of E. faecalis) and some gram-negative organ-
isms. Each compound separately displays bacteriostatic activity, and 
the bactericidal activity that can be observed with the combination 
may be diminished if resistance to one or both components is present. 
Against E. faecium isolates, quinupristin-dalfopristin generally displays 
MICs of less than or equal to 1 µg/mL, including against vancomycin- 
and erythromycin-resistant isolates, and is primarily bacteriostatic. E. 
faecalis strains are inherently resistant to quinupristin-dalfopristin,135 
although some exceptions exist. The in vitro activity of quinupristin-
dalfopristin against other enterococcal species is variable.

The MIC90 of quinupristin-dalfopristin against S. aureus and S. 
epidermidis is less than or equal to 1 µg/mL, regardless of the methicil-
lin, vancomycin, erythromycin, or clindamycin resistance pattern. 
Ninety percent of S. pyogenes, S. agalactiae, group C and group G 
streptococci, S. pneumoniae, and viridans streptococci are inhibited by 
less than or equal to 1 µg/mL of quinupristin-dalfopristin. Corynebac-
terium spp., including C. jeikeium, and L. monocytogenes are also 

FIGURE 30-3  Chemical structure of quinupristin and dalfopristin. 

O

O

O

O

N

N

N

H

H

N

N

N

NH

NH NH

OH

S

O

O
O

O

O

CH3

CH3

CH3

H3C OH

O

O

O

CH

O

O

O O
O

N

N
HN

N

SH

HH

CH3

CH3

CH3

CH3

H3C

H3C H2C
H2C

DalfopristinQuinupristin

http://www.myuptodate.com


P
a
rt

 I
 B

as
ic

 P
ri

n
ci

p
le

s 
in

 t
h

e 
D

ia
g

n
o

si
s 

an
d

 M
an

ag
em

en
t 

o
f 

In
fe

ct
io

u
s 

D
is

ea
se

s
392

the pharmacodynamic parameter that best predicts response to 
quinupristin-dalfopristin.

Distribution and Elimination
The mean peak concentration of quinupristin and dalfopristin after a 
single intravenous infusion of 7.5 mg/kg in healthy volunteers was 
2.3 µg/mL and 6.1 µg/mL, respectively.140 The terminal half-lives of 
both compounds are relatively short, ranging from 0.7 to 1.2 hours. 
The volume of distribution at steady state was reported as 460 to 
540 mL/kg and 240 to 300 mL/kg of quinupristin and dalfopristin, 
respectively. Quinupristin displayed protein binding of 55% to 78% 
and, for dalfopristin, 11% to 26%.140 Quinupristin-dalfopristin is 
excreted mainly in the feces and only partially in the urine; it does not 
reach therapeutic levels in CSF and appears not to cross the placenta. 
Excretion into breast milk was detected in lactating rats, although no 
data exist in women. Both streptogramins are metabolized in the liver, 
resulting in metabolites with antimicrobial activity. Studies in monkeys 
found high levels of drug in bile, gallbladder, liver, and kidney tissues 
after infusion of radiolabeled quinupristin-dalfopristin. Quinupristin 
diffuses homogeneously within infected vegetation, whereas dalfopris-
tin concentrates only in the periphery, which may hinder clinical effi-
cacy. Quinupristin-dalfopristin penetrates poorly into the peritoneal 
fluid of patients undergoing CAPD.

Administration and Dosing
The recommended intravenous dosing for quinupristin-dalfopristin  
is 7.5 mg/kg every 8 hours for the treatment of vancomycin-resistant 
E. faecium and 7.5 mg/kg every 12 hours for ABSSSI, respectively 
(see Table 30-1). The same doses have been safely used in pediatric 
patients. Reconstituted drug should be diluted in 5% dextrose (not in 
saline) to a concentration of about 2 mg/mL and then infused over  
60 minutes. If significant venous irritation is noted, which it often is, 
the solution can be further diluted or the drug administered through 
a central line, the preferred route. Dosage adjustment appears not to 
be necessary in patients with renal failure whether or not they are 
receiving hemodialysis or are undergoing CAPD. The lack of data in 
subjects undergoing CRRT precludes making dosing recommenda-
tions in this setting. A lower dose of quinupristin-dalfopristin may be 
considered in patients with hepatic disease, although further studies 
are needed.

Adverse Events and Drug Interactions
More than 30% of patients experience irritation at the venous site  
when quinupristin-dalfopristin is administered through peripheral 
veins.141,142 Arthralgias (9.1%) and myalgias (6.6%), sometimes severe 
and typically with normal creatine phosphokinase (CPK) levels, are the 
side effects that most commonly lead to drug discontinuation; these 
can be severe, resolving after cessation of therapy.141,143 Risk factors 
associated with the development of these symptoms are chronic liver 
disease, elevated bilirubin concentrations at baseline, being a liver 
transplant recipient, and concomitant use of cyclosporine or mycophe-
nolate. Other less common adverse events associated with quinupristin-
dalfopristin are nausea, vomiting, diarrhea, rash, pruritus, headache, 
and asthenia,141,144 whereas laboratory abnormalities are mostly 
increased liver enzyme and total and conjugated bilirubin levels, which 
appear to be secondary to competition for excretion between bilirubin 
and this agent.141,144 These laboratory abnormalities are rarely severe 
enough to cause discontinuation of this drug. Quinupristin-dalfopristin 
has not been associated with significant teratogenic abnormalities in 
animal studies, but there are no data on the use of this antibiotic in 
pregnant women (pregnancy category B) or in nursing woman, for 
whom this drug should be used only in situations in which there are 
no other therapeutic alternatives.

Quinupristin-dalfopristin produces significant inhibition of the 
cytochrome P-450 3A4 isoenzyme system, resulting in increased levels 
of drugs that are metabolized through it; a few examples include diaz-
epam, verapamil, 3-hydroxy-3-methylglutaryl coenzyme A (HMG-
CoA) reductase inhibitors, most of the human immunodeficiency 
virus type 1 protease inhibitors, Vinca alkaloids, cyclosporine, tacroli-
mus, methylprednisolone, quinidine, lidocaine, and disopyramide.144 
Drugs that are metabolized through the cytochrome P-450 3A4 

in reduced binding affinity of MLSB antibiotics for their specific target. 
The erm genes are often located on conjugative or nonconjugative 
transposons and can reside on the chromosome or on plasmids. These 
genes can be constitutively expressed or inducible and are found in 
many species, including staphylococci, streptococci, enterococci, Clos-
tridium spp., and Bacillus spp., among others. In staphylococci, the 
ribosomal binding of 14-membered (like erythromycin and clarithro-
mycin) and 15-membered ring macrolides (azithromycin) causes a 
conformational change in the mRNA upstream of the specific erm 
gene, for example, erm(C), which then unblocks Erm translation and 
results in synthesis of the Erm methylase at an increased efficiency.138 
The genes conferring MLSB resistance typically found in staphylococci 
are erm(A), erm(B), erm(C), and erm(Y). Staphylococcal strains with 
inducible MLSB (iMLSB) resistance are resistant to inducer macrolides 
(e.g., erythromycin) and susceptible to noninducer macrolides, lincos-
amides (clindamycin), and streptogramin B (quinupristin). However, 
deletions, duplications, and multiple- or single-point mutations in the 
erm regulatory region can lead to constitutive expression, that is, con-
stant synthesis of the Erm methylase, and resistance to all the MLSB 
antibiotics, including clindamycin and quinupristin. Constitutive 
mutants can be selected from iMLSB strains in vitro, and clinical fail-
ures using clindamycin have been reported during treatment of such 
staphylococcal strains.139 Among nosocomial MRSA isolates, constitu-
tive expression of MLSB (cMLSB) resistance is much more common 
than iMLSB type which, on the other hand, is more frequent in MSSA 
isolates and also among recent isolates from community-onset MRSA 
infections. Despite causing resistance to quinupristin, the presence of 
the cMLSB phenotype alone has no effect on the MICs of quinupristin-
dalfopristin against staphylococci but decreases the bactericidal activ-
ity in vitro and in animal models. Increased MICs of quinupristin or 
of clindamycin appear to be a useful tool for screening for the decreased 
bactericidal activity of quinupristin-dalfopristin.

In enterococci, MLSB resistance is most frequently related to the 
presence of ermB and is often iMLSB type. However, unlike with staph-
ylococci, all the MLSB antibiotics can act as inducers of the MLSB 
resistance system; thus, resistance is expected to all MLSB antibiotics 
whether MLSB resistance is inducible or constitutively expressed. In the 
experimental endocarditis model, quinupristin-dalfopristin was less 
efficacious when the infecting E. faecium strain had the iMLSB-
resistance phenotype (vs. an MLSB-lacking strain), although different 
degrees of diffusion of the two streptogramins into the vegetation may 
partially explain these results. The MICs of quinupristin-dalfopristin 
against S. pneumoniae, S. pyogenes, S. agalactiae, and viridans strepto-
cocci appear not to be affected by the presence of MLSB resistance. The 
cfr gene, typically associated with linezolid resistance through ribo-
some methylation in staphylococci, has also been shown to decrease 
the susceptibility to streptogramin A.

Hydrolysis of streptogramin B compounds is another mechanism 
of resistance to this agent. The vgb genes encoding a streptogramin-
inactivating enzyme (lyase) have been identified in staphylococci and, 
rarely, in E. faecium. Efflux systems coding for ATP-binding transport-
ers such as msrA and msrB in staphylococci and msrC in E. faecium 
can pump macrolides and streptogramin B compounds out of the cell. 
Streptogramin A compounds can be inactivated by acetyltransferases, 
which are encoded by the genes vatA, vatB, and vatC in staphylococci 
and by vatD and vatE in E. faecium, and are subjected to the action of 
efflux pumps encoded by the vgaA and vgaB genes in staphylococci. 
High MICs of quinupristin-dalfopristin generally require the presence 
of more than one gene conferring resistance to the individual compo-
nents. Organisms with decreased susceptibility (E. faecium more so 
than S. aureus isolates) have been recovered from subjects failing 
therapy, most likely owing to a mutational mechanism.

Clinical Pharmacodynamics and 
Pharmacokinetics
Quinupristin-dalfopristin displays a postantibiotic effect against many 
gram-positive organisms with a mean of 2.8 hours for pneumococci 
and 4.7 hours for staphylococci, although it is shorter for isolates with 
cMLSB expression. For E. faecium isolates, the postantibiotic effect 
averages 2.6 and 8.5 hours for vancomycin-resistant and vancomycin-
susceptible strains, respectively. The AUC/MIC ratio appears to be  
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because of its potential adverse events and drug-drug interactions, the 
need for a central venous catheter for administration, and issues with 
efficacy and resistance (erm genes are often found in E. faecium clinical 
isolates), it is not often used in clinical practice.

LIPOPEPTIDES
Daptomycin
Daptomycin (Cubicin) is a high-molecular-weight (1620.67 Da) cyclic 
13-member lipopeptide antibiotic produced by Streptomyces roseospo-
rus that was discovered in the early 1980s (Fig. 30-4). In 1991, despite 
showing some efficacy in clinical trials, skeletal muscle toxicity was 
observed with twice-daily doses in phase II trials, which led to discon-
tinuation of clinical studies. It was subsequently “resurrected” using 
once-daily dosing, which reduced the muscle toxicity; daptomycin was 
approved for use in 2003 in the United States and in 2006 in Europe.

Mechanism of Action
The exact mechanism for the antimicrobial activity of daptomycin is 
not fully understood. This agent targets the cell membrane of gram-
positive organisms in a calcium-dependent manner, becoming a de 
facto cationic antimicrobial peptide.148 Recent insights into the mecha-
nism of action of daptomycin suggest that the antibiotic binds to the 
cell membrane preferentially at the level of the division septum.149 The 
interaction of the antibiotic with the bacterial cell membrane produces 
important distortions in the architecture of the membrane that results 
in altered cell morphology and recruitment of proteins essential for cell 
division. Moreover, an important step in the mechanism of daptomycin-
mediated disruption of the cell membrane is the oligomerization of 
antibiotic molecules within the cell membrane, a step that seems to 
depend on the presence of the phospholipid phosphatidylglycerol, a 
negatively charged phospholipid.150 As a final result, daptomycin pro-
duces irreversible alteration of the cell membrane structure and physi-
ology, leading to loss of ions such as potassium that eventually leads 
to cell death by mechanisms that have not been fully elucidated.148 
Interestingly, staphylococci and enterococci that develop nonsuscepti-
bility to daptomycin are able to avoid antibiotic-mediated alteration of 
the cell membrane potential, supporting the fact that the membrane is 
the primary target. Additionally, daptomycin exerts its bactericidal 
effect against S. aureus without significant cell lysis, which may explain 
the decreased release of proinflammatory mediators from infected 
macrophages compared with oxacillin and vancomycin.

Antimicrobial Activity
The spectrum of antimicrobial activity of daptomycin closely overlaps 
that of glycopeptides, except that daptomycin generally maintains its 
activity against relevant organisms with decreased susceptibility to 
glycopeptides. Because the in vitro activity of this drug is dependent 
on the presence of calcium in the medium, susceptibility to daptomy-
cin needs to be performed by dilution methods using calcium-adjusted 

isoenzyme system that can produce prolongation of the QTc interval 
should not be co-administered with quinupristin-dalfopristin.

Clinical Uses
Quinupristin-dalfopristin is currently approved in the United States for 
the treatment of vancomycin-resistant E. faecium infections and skin 
and skin structure infections caused by MSSA or S. pyogenes, although 
this combination is seldom used and is not considered a first-line agent 
for this indication. In open-label trials, quinupristin-dalfopristin 
showed a response rate between 75% to 86% in subjects with urinary 
tract infections, catheter-related bacteremia, and bone and joint infec-
tions caused by vancomycin-resistant E. faecium isolates.141,142 Slightly 
lower response rates were attained for individuals with skin and skin 
structure infections, intra-abdominal infections, and bacteremia of 
unknown origin; only about 25% of patients with endocarditis had a 
successful outcome.141,142 In another study including mostly liver trans-
plant recipients with vancomycin-resistant E. faecium infections at 
diverse sites, an initial favorable response was seen in approximately 
80% of the patients, although 4 of 23 patients later experienced bacte-
riologic and clinical relapse.145 In a prospective randomized study in 
cancer patients with vancomycin-resistant E. faecium infections, a 
clinical response of 43% was seen with quinupristin-dalfopristin, 
which was comparable to that of linezolid. A few cases of vancomycin-
resistant E. faecium endocarditis have been successfully treated with 
quinupristin-dalfopristin in combination with rifampin and doxycy-
cline or with high-dose ampicillin. Some patients with shunt-related 
meningitis caused by vancomycin-resistant E. faecium have been suc-
cessfully treated with the addition of intraventricular quinupristin-
dalfopristin146; based on pharmacokinetics of quinupristin-dalfopristin 
in the CSF, a dose of 2 mg or greater appears to be the appropriate 
intraventricular daily dose.146 Intravenous plus intraperitoneal 
quinupristin-dalfopristin (25 mg/L in alternate dialysate bags) has 
been effective in a few cases of vancomycin-resistant E. faecium, 
CAPD-related peritonitis.

Clinical success rates of about 70% were observed for skin and skin 
structure infections and bone and joint infections when quinupristin-
dalfopristin was evaluated for the treatment of patients with MRSA 
infections that were intolerant or were not responding to other thera-
pies.143 Lower response rates (about 50%) were seen in patients with 
endocarditis, and neither of two bacteriologic evaluable patients 
responded favorably.143 A randomized trial including patients with 
nosocomial-acquired pneumonia (aztreonam was given for gram-
negative coverage), where S. aureus was the most common isolated 
organism, reported a clinical success rate of 56% for quinupristin-
dalfopristin and 58% for vancomycin,147 suggesting that quinupristin-
dalfopristin may be an alternative for the treatment of staphylococcal 
nosocomial pneumonia, although it is rarely used for this indication. 
Quinupristin-dalfopristin was the first compound approved by the 
FDA for the treatment of VRE (E. faecium) infections; however, 

FIGURE 30-4  Chemical structure of daptomycin. 
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of cell wall teichoic acids, contributing to increased cell surface  
charge22; (4) rpoB and rpoC, encoding the subunits of RNA poly-
merase; and (5) pgsA and cls, which encode enzymes involved in cell 
membrane phospholipid metabolism (phosphatidylglycerol synthase 
and cardiolipin synthase, respectively), which are believed to contrib-
ute to changes in cell membrane phospholipid metabolism.161 Addi-
tionally, development of daptomycin nonsusceptibility has also been 
associated with cross-resistance to endogenous antimicrobial peptides, 
including thrombin-induced platelet microbicidal proteins and human 
neutrophil-derived defensin 1.162

The emergence of daptomycin nonsusceptibility seems to be more 
frequent in enterococci. Indeed, several case reports have documented 
development of resistance to daptomycin (MICs ranging from 6 to 
>32 µg/mL) during treatment of enterococcal infections caused by 
E. faecalis and E. faecium. Moreover, the presence of daptomycin 
nonsusceptibility in the absence of exposure to the antibiotic has  
also been described.163 Insights into the mechanism of daptomycin 
resistance have recently been provided.164-166 Although phenotypic 
changes in the cell envelope and cell membrane appear to be similar 
to those described in staphylococci, the genetic pathways seem to  
be different. With the use of an allelic replacement strategy, it was 
shown that the initial crucial event in the development of daptomycin 
resistance in enterococci involves changes in the LiaFSR system (a 
homologue of VraTSR of S. aureus), a three-component regulatory 
system that is predicted to orchestrate the cell envelope response to 
antibiotics and antimicrobial peptides. Indeed, a mutation in the first 
gene of the system, liaF, encoding a putative transmembrane protein, 
was sufficient to decrease daptomycin susceptibility (although not 
above the clinical breakpoint) and abolish the in vitro bactericidal 
activity of the antibiotic.166 The mechanism of resistance was com-
pleted by mutations in genes (gdpD and cls) encoding two enzymes, 
glycerophosphoryldiester-phosphodiesterase and cardiolipin synthase, 
respectively, which are involved in cell membrane phospholipid 
metabolism, producing changes in cell membrane phospholipid 
content.166 Of note, a marked decrease in cell membrane phosphatidyl-
glycerol content, important for daptomycin oligomerization within  
the cell membrane (see earlier discussion), has been documented in 
daptomycin-resistant E. faecalis and E. faecium recovered from patients 
during therapy with daptomycin.167

Another interesting observation is that the events leading to 
increased daptomycin nonsusceptibility in both staphylococci and 
enterococci can result in increased susceptibility to certain β-lactams 
(the “seesaw effect”).168 Indeed, daptomycin plus oxacillin produced 
significantly decreased colony-forming units per gram of vegetation 
when compared with daptomycin alone in experimental endocarditis 
caused by S. aureus using daptomycin-nonsusceptible strains (MICs of 
2 and 4 µg/mL).168 The combination of daptomycin with other 
β-lactams (nafcillin, imipenem, amoxicillin-clavulanate, cefotaxime, 
and ceftaroline) has been associated with increased in vitro and in vivo 
activity against daptomycin-nonsusceptible MRSA strains. It has been 
postulated that β-lactams decrease the net cell membrane positive 
charge in daptomycin-nonsusceptible strains favoring daptomycin 
binding to the cell membrane.169 Similarly, in vitro studies have shown 
that the addition of ampicillin to daptomycin prevented or delayed the 
emergence of daptomycin nonsusceptibility using two E. faecalis and 
two E. faecium isolates.170

CIinical Pharmacokinetics and 
Pharmacodynamics
Distribution and Elimination
The pharmacokinetics of once-daily intravenous daptomycin are linear 
up to doses of at least 12 mg/kg with minor accumulation.171 The mean 
daptomycin peak serum concentrations in healthy volunteers are 
approximately 55, 86, 116, 130, and 165 µg/mL after a single intrave-
nous dose (infused over 30 minutes) of 4, 6, 8, 10, and 12 mg/kg, 
respectively.171,172 The daptomycin AUC0-24hr at steady state is in the 
range of 500 and 750 µg•hr/mL for once-daily doses of 4 and 6 mg/kg, 
and 850 µg•hr/mL for a dose of 8 mg/kg/day.171,172 Daptomycin exhib-
its a long terminal half-life (ranging from 7.3 to 9.6 hours) and small 
volume of distribution (92 to 117 mL/kg), suggesting distribution 
mainly into plasma and interstitial fluid.171,172

Mueller-Hinton broth medium (calcium concentration of 50 µg/mL), 
which is associated with twofold to fourfold lower MICs; the use of the 
Kirby-Bauer disk diffusion method is inaccurate and is not recom-
mended. Calcium-supplemented gradient diffusion strips (Etest [bio-
Mérieux, Marcy l’´Etoile, France]) for use on agar are reliable; 
automated and semi-automated systems for susceptibility have been 
developed and are also available.

The FDA- and the EUCAST-approved breakpoints for daptomycin 
using calcium-supplemented Mueller-Hinton broth are less than or 
equal to 1 µg/mL (susceptible) for staphylococci and streptococci and 
4 µg/mL for E. faecalis (susceptible). Breakpoints for E. faecium isolates 
have not been established. Importantly, daptomycin shows rapid, 
concentration-dependent bactericidal activity in vitro against staphy-
lococci, pneumococci, and E. faecalis and E. faecium,151 including 
MRSA, vancomycin-intermediate S. aureus, and VRE isolates.151,152 
Daptomycin also shows in vitro activity against gram-positive anaer-
obes such as Peptostreptococcus spp. (MIC90, 1 µg/mL), C. perfringens 
(MIC90, 0.5 µg/mL), and C. difficile (MIC90, 1 µg/mL); some other clos-
tridial species require higher concentrations for inhibition. It should 
be noted, however, that there are no established breakpoints for dap-
tomycin susceptibility for anaerobes. The activity of daptomycin 
against different species of Actinomyces is variable (MIC90s, 4 to 32 µg/
mL), and some Lactobacillus spp. appear to be less susceptible to dap-
tomycin, whereas most Propionibacterium spp. and the vancomycin-
resistant species Leuconostoc and Pediococcus are inhibited by 2 µg/mL 
of daptomycin.

A correlation between increased vancomycin MICs and daptomy-
cin nonsusceptibility has been observed in S. aureus, with a high pro-
portion of VISA strains (80% of isolates with vancomycin MIC of 4 µg/
mL) reported as nonsusceptible to daptomycin (MIC, ≥2 µg/mL)153; 
this observation has not been confirmed in other studies.154 Unlike 
many other antibacterial agents, daptomycin at high concentrations 
maintains its bactericidal activity against S. aureus even in stationary 
phase cultures,155 a phenomenon that could be related to its effect on 
the cell membrane. Daptomycin appears to maintain its activity against 
S. epidermidis and S. aureus strains embedded in biofilm, perhaps 
explaining its reported efficacy, systemically and as antibiotic lock 
therapy, in an animal model of staphylococcal central venous catheter 
infection.

Resistance
Development of resistance to daptomycin in vitro is reported as rare, 
although strains with decreased susceptibility were obtained after serial 
passage.156 Although only 0.7% and 0.04% of 10,000 clinical S. aureus 
strains in one large survey had an MIC greater than or equal to 1 µg/
mL and greater than or equal to 2 µg/mL, respectively,154 increased 
daptomycin MICs of 2 µg/mL or greater were observed in 6% of 
patients participating in a large S. aureus bacteremia and endocarditis 
clinical trial.98 The majority of these strains were associated with 
microbiologic failure; and, in most cases, patients had an undrained 
focus of infection.98 A much higher rate of development of nonsuscep-
tibility to daptomycin was described among 10 patients with persistent 
S. aureus bacteremia who were switched from vancomycin to an 
approved dose of daptomycin (4 to 6 mg/kg/day).157 S. aureus strains 
with higher daptomycin MICs displayed several phenotypic changes  
at the level of the cell membrane, including enhanced membrane  
fluidity, increased net positive surface charge, resistance to depolar-
ization and/or permeabilization, a reduced amount of phosphatidyl-
glycerol, increased pigment production, and decreased daptomycin 
surface binding, all of which result in reduction of the subsequent 
daptomycin-induced depolarization and cell autolysis.158 Mutations 
in several genes have been implicated in the development of dapto-
mycin nonsusceptibility in S. aureus. Among the most studied are 
(1) mprF, a gene that encodes a lysyl-phosphatidylglycerol (LPG) syn-
thase with flippase activity that contributes to increased cell membrane 
positive charge by increasing the amount of LPG (a positively charged 
phospholipid) in the outer leaflet of the cell membrane159; (2) genes 
encoding two-component regulatory systems, specifically yycFG 
(walKR) and vraSR, which appear to participate in the regulation of 
cell envelope homeostasis and stress response160; (3) the dlt cluster, 
which encodes enzymatic machinery necessary for the d-alanylation 
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Daptomycin dosage does not require adjustment in patients with 
moderate hepatic impairment (Child-Pugh class B). Subjects with 
obesity have higher Cmax and AUC concentration than non-obese 
patients but still within the safety range, indicating that dosage adjust-
ment is not required for this population. Even though daptomycin has 
not been approved for use in children, a favorable outcome with no 
attributable adverse events was accomplished in most of 15 children 
(median age, 6.5 years) with invasive staphylococcal infection, the 
majority of whom had persistent community-acquired MRSA bactere-
mia.186 A multicenter randomized trial was recruiting pediatric patients 
(2 to 17 years old) with complicated skin and soft tissue infections to 
receive daptomycin given at 5, 7, and 9 mg/kg/day for ages 12 to 17 
years, 7 to 11 years, and 2 to 6 years, respectively (see NCT 00711802 
at clinicaltrials.gov), although it is currently on hold. Animal studies 
have failed to detect abnormalities or harm to the fetus, but there are 
insufficient clinical data to support the use of daptomycin during preg-
nancy in humans (teratogenic effect: pregnancy category B). Because it 
is unknown if this drug is excreted in human milk, daptomycin should 
be administered in these circumstances only when the potential ben-
efits outweigh risks.

Adverse Reactions and Drug Interactions
Daptomycin has been generally well tolerated in preclinical and clinical 
studies; the proportion of patients who discontinued the drug due to 
an adverse event has been similar in the daptomycin arm of the study 
to that of those study participants receiving the comparator antibiotic. 
Of initial concern was the description of daptomycin-related skeletal 
muscle toxicity in early trials when the drug was dosed at 4 mg/kg 
every 12 hours. Subsequent animal studies showed that this reversible 
toxicity was more related to the frequency than to the total daily dose 
of the drug. Analysis of daptomycin-related muscular toxicity disclosed 
a microscopic degenerative-regenerative process of the myofibers asso-
ciated with increased serum CPK levels with no muscle cell lysis or 
fibrosis and no electrophysiologic changes. Of note, cardiac muscle cells 
do not appear to be affected by daptomycin. The mechanism of skeletal 
muscle damage has not been delineated yet, but a good correlation with 
the daptomycin minimal concentration (Cmin) in serum and time of 
exposure appears to exist. In clinical trials using the 4 mg/kg/day dose, 
no significant differences were observed in the level of serum CPK 
during treatment between those patients receiving daptomycin and 
those receiving standard of care (2.1% vs. 1.4%, respectively).187 When 
daptomycin was administered at 6 mg/kg/day in a S. aureus bacteremia 
and endocarditis phase III clinical trial,98 a higher rate of CPK elevation 
was observed in the group of patients receiving daptomycin than those 
in the standard of care group receiving other antibiotics (6.7% vs. 0.9%, 
respectively); however, daptomycin was discontinued owing to CPK 
elevation in only 2.5% of the patients and CPK serum level returned 
to normal range during or after daptomycin therapy in the majority of 
the patients who suffered this adverse event.98 After analyzing data from 
this trial, a significantly higher number of patients (50%) with Cmin 
values of greater than or equal to 24.3 mg/L developed CPK elevation 
than those with levels below this value (2.9%).188 A retrospective case 
series study of 61 patients receiving daptomycin for various indications 
at a mean dose of 8 mg/kg/day and for 25 days reported a rate of 
symptomatic CPK elevation of 4.9%.189 Overall, symptoms associated 
with muscle toxicity typically appear after at least 7 days of therapy and 
resolve about 3 days after daptomycin is discontinued. Daptomycin 
should be discontinued in patients with unexplained signs and symp-
toms of myopathy together with increased CPK serum level to more 
than 1000 units/L and in those without muscle pain but with CPK levels 
above 2000 units/L (10 times the normal upper limit).

In clinical trials using daptomycin at 6 mg/kg/day, the frequency of 
gastrointestinal symptoms was not different from that observed in the 
comparative arm; however, at this dosage, symptoms related to the 
peripheral nervous system such as paresthesias, dysesthesias and 
peripheral neuropathies were significantly more common in partici-
pants in the daptomycin arm of the study than in those on standard 
therapy (9% vs. 2%, respectively); these events were mild to moderate 
in severity and most resolved during treatment.98 Daptomycin use was 
associated in a single patient with acute renal failure and hepatotoxicity 
without CPK increase or rhabdomyolysis.

Daptomycin has significant affinity for plasma proteins in humans 
(90% to 93% protein bound)171,172 but lower affinity for tissue proteins 
and is eliminated primarily through renal excretion, largely as 
unchanged drug. Little daptomycin crosses the uninflamed blood-
brain barrier (about 2%), although it was effective for the treatment of 
S. pneumoniae in a rabbit meningitis model of CNS infection (penetra-
tion rate of ~6%).173 A similar percentage of CNS penetration (5%) was 
reported in a clinical case of MSSA meningitis treated with daptomy-
cin.174 Mean daptomycin concentrations in inflammatory skin blisters 
of 68% of those in plasma have been observed in healthy volunteers 
after a dose of 4 mg/kg/day.175 In an experimental endocarditis model, 
daptomycin achieved concentrations in cardiac vegetations that were 
about half those in serum and with homogeneous distribution within 
the vegetations. Importantly, the antimicrobial activity of daptomycin 
is abolished by the interaction with pulmonary surfactant, resulting in 
failure to reduce bacterial burden in a mouse bronchioalveolar pneu-
monia model caused by S. pneumoniae. On the other hand, daptomy-
cin was effective in an animal model of S. aureus hematogenous 
pneumonia and inhalation anthrax. Poor penetration of daptomycin 
into uninfected and infected bone has been shown in a rabbit model 
of osteomyelitis. However, bone maximal concentrations (Cmax) of dap-
tomycin in metatarsal bones of a group of patients with diabetic foot 
infection was 4.7 µg/mL.176

Pharmacodynamics
The in vivo parameter that best correlated with efficacy in an animal 
model infected with S. aureus and S. pneumoniae was the peak MIC 
ratio and the 24-hour AUC/MIC ratio.177 In the same model of infec-
tion, daptomycin unbound (free drug) peak concentrations of 2.5 to 7 
and 7 to 25 times the MIC were required to produce a bacteriostatic 
and bactericidal effect, respectively.177 Clinical studies have not been 
able to confirm a specific AUC/MIC cutoff value to predict clinical 
efficacy. Daptomycin was shown to produce an in vitro postantibiotic 
effect of a mean of 2.5 and 1.7 hours against staphylococci and pneu-
mococci, respectively.178 The in vivo postantibiotic effect in a neutro-
penic murine thigh infection model was 5 hours against S. aureus and 
10.8 hours against S. pneumoniae.177 Against E. faecalis, daptomycin 
exerted a dose-dependent postantibiotic effect that was longer than 
that noted with vancomycin (0.6 to 6.7 hours and 0.5 to 1.0 hours, 
respectively).179

Drug Dosage and Administration
Daptomycin is administered intravenously, diluted in 0.9% sodium 
chloride, once daily (by injection over a 2-minute period or infused  
in 30 minutes); the drug is not compatible with dextrose-containing 
solutions. The approved doses are 4 and 6 mg/kg/day for ABSSSI  
and S. aureus bacteremia and right-sided endocarditis, respectively, 
although some experts recommend a higher dose of 8 to 10 mg/kg/day 
(see Table 30-1). In patients on hemodialysis, the dose should be  
given after the completion of the hemodialysis. Dosage adjustment is 
required in subjects with a creatinine clearance of less than 30 mL/min, 
including patients on hemodialysis and on peritoneal dialysis. Thus,  
in these patients, according to the underlying infection, the dose  
prescribed should be given every 48 hours. This proposed dosing 
yielded adequate serum levels even in 3-day interdialysis periods in 
one study 180 but not in another.181 In patients under extended inter-
mittent dialysis (starting 8 hours after daptomycin infusion), a daily 
dose of 6 mg/kg appears to be needed.182 There is still no uniform 
recommendation as to how to administer daptomycin to patients  
on CRRT. In a small number of critically ill patients undergoing 
CVVHD, daptomycin dosed as 8 mg/kg every 48 hours resulted in 
higher peak and lower trough concentration than the 4 mg/kg every-
24-hour dosing schedule.183 Patients treated with CVVHDF appear to 
have higher clearance of daptomycin than those under CVVHD.184 
Because daptomycin dosed as 6 mg/kg/day led to drug accumulation 
in patients under CVVHDF, a dosing schedule of 8 mg/kg every 48 
hours has been suggested in this setting, although, owing to high  
variability in serum levels, performing drug monitoring would be 
useful if feasible.185 Daptomycin-related muscle toxicity should be 
monitored more frequently than once weekly in patients with renal 
insufficiency.
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vancomycin.98 Low success rates in both arms of the study were found 
in the few patients with left-sided infective endocarditis, owing, at least 
in part, to the very rigorous definition of cure. Similar outcomes in 
subgroups of patients with different degrees of renal impairment 
(excluded from the S. aureus bacteremia/endocarditis trial) were 
observed in a retrospective postmarketing study evaluating daptomy-
cin for the treatment of bacteremia caused by gram-positive organisms 
(mainly MRSA, VRE, and coagulase-negative staphylococci). A clini-
cal cure rate of 83% among 92 patients with S. aureus endocarditis 
has been observed in a retrospective report on the European post-
marketing use of daptomycin. Most of these patients were treated with 
a dose of 6 mg/kg but only 36% as monotherapy.192 Similar cure rates 
were found for patients with endocarditis caused by coagulase-negative 
staphylococci.

In a retrospective study, the use of high doses of daptomycin 
(≥8 mg/kg/day) for patients (n = 250) with a variety of invasive infec-
tions caused by MRSA and VRE, mostly as second-line therapy, was 
associated with a good clinical response rate (84%), low frequency of 
adverse events (1.2%), and a 5.2% rate of development of nonsuscep-
tibility strains (mainly in patients with prior extensive exposure to 
vancomycin).193

Two retrospective studies have compared the use of daptomycin 
with vancomycin for the treatment of MRSA bacteremia caused by 
strains with vancomycin MICs greater than 1 µg/mL. The first study 
reported decreased mortality at day 60 in the daptomycin group (6 mg/
kg/day) compared with those receiving vancomycin (8% vs. 20%, 
respectively; P = .046).194 However, patients on the daptomycin arm 
received consultation by infectious disease specialists more frequently 
and the initial median trough level of those receiving vancomycin was 
only 10 µg/mL. The second study reported significantly lower rates of 
clinical failure, mortality at day 30, and persistent bacteremia in those 
receiving daptomycin (median dose of 8.4 mg/kg/day) versus those 
treated with vancomycin (mean trough level of 18.1 µg/mL) (20% 
and 48.2%, 3.5% and 12.9%, and 18.8% and 42.4%, respectively).195 
However, despite these reported apparent benefits associated with dap-
tomycin use, prospective data are needed before a universal early treat-
ment with high-dose daptomycin is recommended in this setting.196

The combination of daptomycin with other agents against staphy-
lococci has been explored in in vitro and in vivo models. The bacteri-
cidal activity of daptomycin against S. aureus was enhanced by the 
addition of gentamicin in various in vitro models. The interaction 
between daptomycin and rifampin in vitro has been strain dependent, 
and neither synergism nor antagonism has been reported consistently. 
However, when this combination was evaluated in an experimental 
MRSA endocarditis model, antagonism between these two antibiotics 
was reported.197 High-dose daptomycin (10 mg/kg/day) as well as com-
bination with gentamicin or rifampin prevented the development of 
daptomycin-nonsusceptible isolates that appeared when daptomycin  
at 6 mg/kg/day was used in the simulated vegetations model using  
S. aureus strains. Another approach includes the co-administration 
of a β-lactam plus daptomycin to take advantage of the previously 
mentioned “seesaw effect.” In vivo studies have also shown that this 
strategy prevented the emergence of isolates with high daptomycin 
MICs as compared with daptomycin monotherapy.198 Six patients with 
persistent non–catheter-related MRSA bacteremia have been success-
fully treated with daptomycin (8 to 10 µg/kg) plus nafcillin (or oxacil-
lin in one case) after failing multiple regimens including vancomycin 
and daptomycin (6 to 8 µg/kg).169 Another patient with endocarditis 
cleared a daptomycin-nonsusceptible MRSA-persistent bacteremia by 
the addition of ceftaroline to daptomycin; this combination was associ-
ated with restored in vitro activity of daptomycin against this strain.199

Therefore, based on the concentration-dependent activity of dapto-
mycin and the reported risk of development of resistance while on 
treatment of deep-seeded gram-positive infections, clinicians often use 
high-dose daptomycin (e.g., 8 to 10 mg/kg/day), especially if the 
patient has previously failed vancomycin therapy. Preliminary clinical 
data suggest that daptomycin at 10 mg/kg/day might be effective in 
clearing MRSA bacteremia due to strains with daptomycin MICs of 
2 µg/mL. Other approaches considered by some experts consist 
of combining high-dose daptomycin with gentamicin or rifampin  
or both, if the infecting strain is susceptible to these antibiotics;  

Daptomycin did not affect the QTc interval in human studies and, 
in the bacteremia trial, the rate of nephrotoxicity was lower in those 
on daptomycin than in those in the comparator arm of the study, which 
included gentamicin for the first few days.98 Interestingly, daptomycin 
has been reported to exert a protective role on the aminoglycoside-
induced renal toxicity by counteracting the inhibition of the phospho-
lipase activity induced by these drugs, especially gentamicin.

Confirmed cases of acute eosinophilic pneumonia associated with 
the use of daptomycin have been described.190 This potentially serious 
event of unclear mechanism is rare, usually occurs after 10 days of 
therapy, tends to affect older patients, and is associated with fever, 
diffuse pulmonary infiltrates, hypoxemia, and a high percentage of 
eosinophils in bronchoalveolar lavage (eosinophilia might be absent) 
or eosinophilic pneumonia at lung biopsy. A high degree of clinical 
suspicion is essential because discontinuation of daptomycin is fol-
lowed by resolution of the clinical picture. Corticosteroids have been 
used for treatment of this condition in some cases, and chronic corti-
costeroid dependence has been reported.

Because daptomycin is not metabolized through the cytochrome 
P-450 system, no interactions are expected with drugs metabolized in 
this system. CPK levels should be monitored more frequently when 
daptomycin is co-administered with other drugs carrying potential 
muscle toxicity such as HMG-CoA reductase inhibitors, although  
retrospective studies found no increase in rates of muscular toxicity 
when patients received daptomycin plus these drugs. Daptomycin may 
cause a false increase in the prothrombin time depending on the 
reagents/assay utilized to measure it; if this occurs, blood for pro-
thrombin time assessment should be drawn at the lowest serum dap-
tomycin concentration.

Clinical Uses
Skin and Soft Tissue Infections
Two randomized phase III, evaluator-blinded trials for the treatment 
of ABSSSI at a dose of 4 mg/kg every 24 hours showed efficacy com-
parable to that of conventional therapy (vancomycin or antistaphylo-
coccal semi-synthetic penicillins), leading to FDA approval for use in 
the treatment of infections caused by the following susceptible gram-
positive cocci: E. faecalis (vancomycin-susceptible isolates only), S. 
aureus (including methicillin-resistant isolates), S. agalactiae, Strepto-
coccus dysgalactiae subsp. equisimilis, and S. pyogenes. A subset analysis 
of patients with infected diabetic foot ulcers enrolled in the two phase 
III studies of ABSSSI showed comparable results in terms of clinical 
and microbiologic outcome in the two study arms.191 Daptomycin 
could be considered an option in patients with ABSSSI with prior 
failure or intolerance to glycopeptides and those caused by MRSA with 
high vancomycin MIC.

S. aureus Bacteremia and Endocarditis
Daptomycin has also been granted FDA approval for S. aureus blood-
stream infection, including right-sided endocarditis, based on a mul-
ticenter, open-labeled, randomized trial comparing daptomycin at 
6 mg/kg/day with standard of care (penicillinase-resistant penicillins 
or vancomycin, each with gentamicin 1 mg/kg every 8 hours for the 
first 4 days).98 About half of the patients had complicated bacteremia 
(defined by positive blood cultures for at least 2 days up to study day 
5, evidence of spread of infection, or infected prosthesis material not 
removed within 4 days), and less than 10% had left-sided endocarditis; 
MRSA accounted for 38% of the isolated strains. Daptomycin was not 
inferior to standard therapy, with similar success rates across all final 
diagnoses; and no significant differences were observed when patients 
with MSSA and MRSA infection were analyzed separately. The median 
time to clear the MSSA or MRSA bacteremia was similar in both treat-
ment groups: 4 and 8 days for daptomycin and 3 and 9 days for stan-
dard therapy, respectively. Persisting or relapsing S. aureus infection 
occurred in 16% (19 of 120) of subjects receiving daptomycin and in 
10% of those in the standard therapy group (11 of 115, with 9 receiving 
vancomycin and 2 receiving antistaphylococcal penicillin); most of 
these patients did not receive adequate surgical procedure for a deep-
seated infection.98 Among those patients with microbiologic failure, 
strains with increased MICs to greater than or equal to 2 µg/mL were 
found in 6 of 19 patients receiving daptomycin and in 4 of 9 receiving 
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possibility of development of resistance during therapy, a high-dose 
regimen of daptomycin (e.g., 8 to 12 mg/kg/day) in combination with 
another active agent might be considered for severe enterococcal infec-
tions.163 High-dose daptomycin has been successfully used with con-
comitant administration of rifampin and gentamicin, gentamicin and 
ampicillin, fosfomycin, trimethoprim-sulfamethoxazole, and tigecy-
cline for selected cases of VRE endocarditis. This approach may 
enhance daptomycin activity and avoid the emergence of mutant 
strains with decreased susceptibility to this agent. More recently, high-
dose daptomycin plus ampicillin was effective in a patient with 
ampicillin-resistant VRE (E. faecium) native aortic valve endocarditis 
refractory to 7 days of daptomycin (standard dose) and linezolid.208 In 
vitro analysis of this strain revealed increased bactericidal activity of 
daptomycin in the presence of ampicillin; interestingly, the activity of 
some innate cationic antimicrobial peptides was also augmented by 
ampicillin. The use of ampicillin and daptomycin, despite ampicillin 
resistance, for enterococcal infections deserves further clinical study.

Other Clinical Uses
In a retrospective study, success rates (cure plus improvement) of dap-
tomycin (median initial dose of 4 mg/kg) for the treatment of catheter- 
and non–catheter-related bacteremias caused by coagulase-negative 
staphylococci were 87% and 100%, respectively.205 Even though dapto-
mycin has been successfully used in some cases of staphylococcal men-
ingitis, including postsurgical meningitis and ventriculitis, daptomycin 
has been administered with another active agent in most of these 
reports.209 The poor CNS penetration of daptomycin (about 5% with 
inflamed meninges)174 and a reported daptomycin failure in a neutro-
penic patient with MRSA meningitis precludes the use of this antibiotic 
for CNS infections as monotherapy. Intraventricular administration of 
daptomycin has been used at a dose of 5 mg/day together with intra-
venous linezolid for the treatment of ventriculitis associated with an 
external drain device caused by a VRE strain.210 A suggested potential 
benefit of the use of daptomycin in pneumococcal meningitis might 
be derived from its induction of fewer inflammatory changes than 
ceftriaxone in an experimental model.211 Because of the inhibitory 
interaction between daptomycin and pulmonary surfactant described 
earlier, daptomycin (4 mg/kg/day) was inferior against the comparator 
drug (ceftriaxone, 2 g/day) in a clinical trial of community-acquired 
pneumonia.212 Therefore, daptomycin should not be administered for 
the treatment of pulmonary infections unless the lung process is sec-
ondary to hematogenous spread of infection (mainly S. aureus).212

LIPOGLYCOPEPTIDES
Telavancin
Structure and Mechanism of Action
Lipoglycopeptides are semi-synthetic derivatives of naturally occur-
ring glycopeptides produced by physicochemical changes of glycopep-
tide molecules. Telavancin (Vibativ), the first from this group of 
antibiotics on the market, has been approved in the United States and 
Canada for the treatment of ABSSSI due to gram-positive pathogens 
(Fig. 30-5). Telavancin was approved by the European Medicines 
Agency to treat adults with hospital-acquired pneumonia, including 
those with ventilator-associated pneumonia caused or believed to be 
caused by MRSA when other treatments are not suitable. In June 2013, 
the FDA approved the use of telavancin for the treatment of nosoco-
mial pneumonia caused by susceptible S. aureus when other alterna-
tives are not suitable. Other compounds from this family are in 
advanced phases of development, such as dalbavancin (derived from 
teicoplanin) and oritavancin (derived from vancomycin).

Lipoglycopeptides contain a lipophilic side chain that varies among 
the compounds of this class. This lipophilic chain confers a longer half-
life and converts these agents (with the exception of dalbavancin) into 
concentration-dependent bactericidal antibiotics.213 These compounds 
have greater potency against gram-positive cocci than glycopeptides 
and a different pharmacokinetic profile. Telavancin, a derivative of 
vancomycin, is produced by alkylation of the vancosamine nitrogen 
with a hydrophobic (decylaminoethyl) side chain and a substitution of 
an amine at the resorcinol position of the cyclic peptidic core.213

The mechanism of action of telavancin is similar to that of glyco-
peptides because this antibiotic also binds to peptidoglycan precursors 

with β-lactams (including ceftaroline); or with trimethoprim-
sulfamethoxazole, which demonstrated a significant increase in the in 
vitro activity of daptomycin. Any of these interesting approaches 
deserves further clinical evaluation.

Staphylococcal Osteoarticular Infections
Daptomycin displayed efficacy similar to vancomycin in animal models 
of chronic MRSA osteomyelitis. Daptomycin has not been approved 
for this indication, but many studies addressing its efficacy have been 
published. In humans, a retrospective analysis of daptomycin for 
chronic osteomyelitis caused by gram-positive bacteria, mostly MRSA, 
showed an overall success rate of 82% (cure, 63%; improvement, 19%) 
at a median follow-up of 76 days (range, 1 to 547).200 About half of the 
patients had received another antibiotic, and, importantly, a signifi-
cantly higher success rate was observed in those patients receiving an 
initial dose higher than 4 mg/kg/day.200 Post-hoc analysis of 32 patients 
from the S. aureus bacteremia/endocarditis study who also had osteo-
articular infections (mostly septic arthritis and vertebral osteomyelitis) 
showed similar success rates to those in the comparator arm of the 
study.201 Daptomycin, at 6 and 8 mg/kg/day, was compared with stan-
dard of care (vancomycin, teicoplanin, or semi-synthetic penicillin) in 
a phase II randomized trial including 49 patients with prosthetic joint 
infections caused by S. aureus undergoing two-stage revision arthro-
plasty. Nonsignificant higher clinical success rates were observed in the 
daptomycin arm of the trial (58% and 61% for the 6- and 8-mg/kg/day 
dosing groups, respectively) compared with the pooled comparator 
arm (38%).202 Because daptomycin does not reach high levels in bone 
tissue and resistance might emerge during therapy, high-dose dapto-
mycin (i.e., 8 to 10 mg/kg/day) and the administration of other agents 
with good bone penetration is suggested by some investigators. In this 
regard, the addition of rifampin to daptomycin in an experimental 
model of MRSA osteomyelitis in rabbits was associated with increased 
efficacy and reduced incidence of development of nonsusceptibility to 
either drug.203 Daptomycin also appeared to be efficacious for the treat-
ment of septic arthritis caused by S. aureus, as shown in a retrospective 
study204 in which 41% and 50% of the treated patients were considered 
cured or to have improved, respectively. The median dose of daptomy-
cin in this study was 5 mg/kg/day (range, 3 to 6.3 mg/kg/day), the drug 
was administered for a median of 22 days (range, 3 to 52 days), and in 
two thirds of the subjects another antibiotic (most commonly rifampin) 
was concomitantly given.204

Enterococcal Infections
Daptomycin showed similar efficacy to the comparator agent for the 
treatment of ABSSSI in which vancomycin-susceptible E. faecalis was 
isolated in the randomized clinical trials mentioned earlier.187 Infec-
tions caused by VRE were excluded in this study because vancomycin 
was in the comparator arm and there were insufficient vancomycin-
susceptible E. faecium isolates to assess efficacy. Daptomycin displayed 
similar activity to comparator agents (vancomycin, teicoplanin, and 
amoxicillin) for a variety of enterococci strains in an experimental 
endocarditis model. Daptomycin activity has been shown to be 
enhanced by the addition of gentamicin against enterococci, both in 
vitro and in animal models. In humans, the use of daptomycin for the 
treatment of VRE infections has been published, mainly in retrospec-
tive analysis, and with variable success rates. Around 45% of patients 
with VRE (E. faecium) bacteremia in neutropenic or non-neutropenic 
patients were considered as achieving clinical cure, as were about 90% 
of those with catheter- and non–catheter-related bacteremia in a post-
marketing study.205 Two retrospective studies including patients with 
VRE bacteremia have reported no difference in microbiologic and 
clinical cure and in mortality rates between daptomycin- and linezolid-
treated patients.206,207 In one of these studies, those receiving daptomy-
cin experienced a higher rate of recurrence but significantly more 
patients in this group had hematologic malignancies or were liver 
transplant recipients. Despite these reports, several others have shown 
daptomycin failure in the treatment of VRE infections, mainly bacte-
remia and endocarditis, with emergence of resistant strains during 
daptomycin therapy. Therefore, because of the high percentage of dap-
tomycin that is protein bound, the relatively high daptomycin MICs 
displayed by enterococci (reflected in their higher breakpoint) and the 
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Telavancin maintains its activity against VanB VRE (MIC90, 0.5 µg/
mL), but concentrations needed to suppress growth of VanA VRE are 
higher (MIC90, 16 µg/mL for both VanA E. faecalis and E. faecium).220,223 
For viridans streptococci group, S. gallolyticus (formerly S. bovis), and 
S. pneumoniae, telavancin MIC90s are less than 0.06 µg/mL.220 Also, a 
variety of gram-positive anaerobes are susceptible to concentrations of 
telavancin of less than or equal to 2 µg/mL,224 including Actinomyces 
spp., C. difficile, and several other Clostridium spp., Eubacterium group, 
Lactobacillus spp., Propionibacterium spp., Peptostreptococcus spp., and 
Corynebacterium spp.224 L. monocytogenes and B. anthracis are also 
highly susceptible to telavancin.

With the use of several in vitro selection methods, development of 
resistance to telavancin among susceptible gram-positive isolates has 
been difficult to achieve,214 which is probably due to the dual mecha-
nism of action of this drug. Clinical isolates with decreased susceptibil-
ity, except for VanA VRE and VRSA isolates, to telavancin have not yet 
been reported.

Clinical Pharmacodynamics and 
Pharmacokinetics
The approved intravenous dose of telavancin is 10 mg/kg daily, which 
should be administered as a 1-hour infusion (see Table 30-1).225 This 
dosing schedule has resulted in peak plasma concentrations of 93.6 ± 
14.2 µg/mL and an AUC of 666 ± 107 µg•hr/mL.225 The elimination 
half-life of telavancin ranges from 6.1 to 9.1 hours, and serum levels of 
telavancin are linear and predictable with minimal accumulation in 
patients with normal renal function.226 The percentage of drug bound 
to protein is relatively high (90%),213,227 and the tissue distribution 
of telavancin is similar to that of vancomycin.213 The concentration of 
telavancin in blister fluid was 40% that of serum.228 In healthy adults, 
telavancin concentrations in the epithelial lining fluid displayed a mean 
peak of 3.7 µg/mL and a trough of 1 µg/mL, 8 hours and 24 hours after 
infusion, respectively.229 The concentration in the alveolar macro-
phages was delayed in appearance but extensive with a concentration 
of 45 µg/mL and 42 µg/mL at 12-hour and 24-hour time points, 
respectively. Other authors, using population pharmacokinetic model-
ing, also reported that the telavancin concentrations achieved in lung 
tissue are above the MIC for MRSA isolates for most of the time 
between two doses.230

Because renal function is the most important factor that affects 
telavancin clearance,231 dosing adjustment is required in the presence 
of renal dysfunction. The dose of telavancin should be reduced to 
7.5 mg/kg/day and to 10 mg/kg every 48 hours in patients with a cre-
atinine clearance of 30 to 50 mL/min and between 10 and 30 mL/min, 
respectively.225,231 These recommendations were validated using a pop-
ulation pharmacokinetic model derived from 749 subjects enrolled in 

at the outside of the bacterial cell as they emerge from the cytoplasm. 
In addition, the concentration-dependent bactericidal potency of tela-
vancin was noted to be higher than that expected as a result of only its 
inhibition of peptidoglycan synthesis. Based on this and the fact that 
telavancin retains its activity against hVISA, VISA, VRSA, and some 
VRE isolates, a second mechanism of action was recognized.214-216 
Indeed, a rapid and concentration-dependent depolarization of the cell 
membrane of S. aureus strains by telavancin has been described.217 This 
alteration in membrane function has been associated with ATP and 
potassium leakage, increased cell permeability, and decreased cell 
viability. Even though the interaction between telavancin and lipid II 
seems crucial for membrane depolarization, the nature of such interac-
tion is unknown.218 Of interest, the resulting inhibition of transglyco-
sylase activity achieved by telavancin is about 10-fold greater on a 
molar basis than that observed with vancomycin.217

Antimicrobial Activity and Resistance
As mentioned, potent concentration-dependent bactericidal activity 
has been described with telavancin,215 which also occurs in stationary 
phase of growth. The MIC90 of telavancin against S. aureus and 
coagulase-negative staphylococci strains was reported as less than or 
equal to 1 µg/mL in several studies, regardless of methicillin resistance. 
Within a worldwide collection of 10,000 S. aureus isolates from 2007-
2008, telavancin minimal inhibitory concentration in 50% of isolates 
(MIC50)/MIC90 was 0.125 µg/mL and 0.25 µg/mL, respectively, with 
the same MICs for MSSA as well as for MRSA isolates.219 Similar results 
were found using S. aureus strains isolated from U.S. hospitals.220 
Community-associated MRSA isolates are also efficiently inhibited by 
telavancin. Using a variety of gram-positive clinical isolates from 
patients with nosocomial pneumonia, telavancin maintained its potent 
in vitro activity against most of them.221 Telavancin was also reported 
to maintain its bactericidal activity against daptomycin-nonsusceptible 
S. aureus strains,222 although higher MICs have been reported against 
VRSA isolates (2 to 4 µg/mL).215 Bactericidal activity was achieved by 
telavancin against MSSA, MRSA, and VISA strains with MBCs within 
twofold the MIC.215 Against VRSA strains, telavancin displayed 
decreased bactericidal activity, which might be explained by the loss 
of the peptidoglycan synthesis inhibition effect.216

Susceptibility breakpoints of telavancin for S. aureus are MIC less 
than or equal to 1 µg/mL and less than or equal to 0.12 µg/mL for S. 
pyogenes, S. agalactiae, and the Streptococcus anginosus group as set up 
by the FDA. The EUCAST reports the same breakpoint for S. aureus 
and insufficient evidence to define one for streptococci and enterococci 
(www.eucast.org/clinical_breakpoints).

The MIC90s of telavancin against vancomycin-susceptible E. faecalis 
and E. faecium were 0.5 and 0.12 µg/mL, respectively, in one study.220 

FIGURE 30-5  Chemical structure of telavancin. 
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Telavancin has been associated with laboratory interference with 
results of urine protein quantification (when tested by reagent strip and 
dye methods), prothrombin time, activated partial thromboplastin, 
activated clotting time, and factor Xa coagulation tests; since this effect 
appears to be minimal at drug trough, blood for these tests should be 
drawn just before the next dose of telavancin. As a derivative of van-
comycin, telavancin has been associated with infusion-related reac-
tions such as red man syndrome–like reaction, flushing, pruritus, and 
rash. Slowing the infusion rate might mitigate these reactions.

There are no data on the use of telavancin in pregnant women, 
lactating mothers, or pediatric patients. Telavancin is considered a 
pregnancy drug class C and should be avoided in pregnant women 
unless the potential benefit outweighs the fetal risks. Increased rates of 
limb and digit malformations were seen in three animal species 
exposed to telavancin.225

Clinical Uses
Skin and Soft Tissue Infections
Telavancin is currently approved for the treatment of ABSSSI due to 
gram-positive pathogens. Two phase II studies and a large phase III 
study with telavancin in patients with ABSSSI have been pub-
lished.240,242,243 The first phase II study used a daily dose of 7.5 mg/kg242 
but, thereafter, the dose was 10 mg/kg/day. MRSA was the most 
common isolated pathogen. The cure rates for telavancin and vanco-
mycin were 88.3% and 87.1% and 90.6% and 86.4% in the clinically 
evaluable patient group and those infected with MRSA, respectively.240 
A recent meta-analysis of the ABSSSI trials addressing the efficacy of 
telavancin found that clinical response if the infected organism was 
MRSA and the eradication rate of MRSA were more favorable in those 
receiving telavancin than those treated with vancomycin.239 However, 
among patients with renal insufficiency (creatinine clearance <50 mL/
min), decreased efficacy was seen only in the telavancin group.

Hospital-Acquired Pneumonia
Telavancin was noninferior to vancomycin (1 g every 12 hours) in two 
large randomized trials of hospital-acquired pneumonia caused by 
gram-positive pathogens.238 Ninety percent of the patients in the 
microbiologic evaluable population had an S. aureus strain isolated 
from respiratory samples, of which more than 55% were MRSA. The 
observed cure rates for telavancin- and vancomycin-treated patients 
were 82.4% and 80.7%, respectively. Telavancin performed somewhat 
better than vancomycin in those with monomicrobial S. aureus pneu-
monia as well as in those infected with MRSA, although the difference 
only reached statistical significance for monomicrobial hospital-
acquired pneumonia caused by S. aureus isolates with a vancomycin 
MIC of greater than or equal to 1 µg/mL. In 2013, the FDA approved 
telavancin for the treatment of hospital-acquired pneumonia caused 
by susceptible S. aureus isolates when other alternatives are not 
suitable.

Dalbavancin
Dalbavancin is a semisynthetic lipoglycopeptide, as are telavancin and 
oritavancin. It is derived from teicoplanin and has a half-life of 8.5 
days, which allows once-weekly dosing. Dalbavancin shows activity 
against staphylococci, streptococci, and vancomycin-susceptible 
enterococci. For VRE, dalbavancin lacks useful activity against VanA-
type strains and appears to be active against VanB type (presumably 
due to lack of induction of resistance, similar to teicoplanin). However, 
mutants that can express VanB resistance constitutively may be readily 
selected during therapy (as seen with teicoplanin). The MIC90 of dal-
bavancin is 0.06 µg/mL for MSSA and MRSA.244 Dosage adjustment 
appears to be required for patients with severe renal failure but not for 
those with hepatic impairment. In phase III trials for the treatment  
of ABSSSI, dalbavancin (1000 mg on day 1 followed by 500 mg on  
day 8) was noninferior and had comparable rate of adverse events to 
linezolid in one trial245 and to vancomycin followed by oral linezolid 
in two other trials (NCT00678106 and NCT01339091). On March 31, 
2014, the FDA Anti-Infective Drugs Advisory Committee recom-
mended the approval of dalbavancin (Dalvance) for the treatment of 
adult patients with ABSSSI caused by susceptible gram-positive bacte-
ria, including MRSA.

clinical trials.232 Insufficient information has been collected to make 
recommendations to adjust dosage for patients with creatinine clear-
ance less than 10 mL/min, including those receiving hemodialysis. 
Telavancin is co-formulated with hydroxypropyl-β-cyclodextrin to 
improve its solubility, which might accumulate in patients with renal 
dysfunction. No drug adjustment is required for subjects with mild and 
moderate (Child-Pugh class B) hepatic impairment, and no significant 
drug interactions are expected to occur with telavancin through 
hepatic metabolism.233

The efficacy of telavancin has been evaluated in various animal 
models. In the neutropenic murine thigh infection and subcutaneous 
infection models, telavancin showed significant concentration-
dependent decreases in the bacterial titer of MRSA and MSSA and 
compared favorably to vancomycin and linezolid and, for MSSA, naf-
cillin.227 In a rabbit model of staphylococcal endocarditis, telavancin 
produced a significantly greater reduction in colony-forming units per 
gram of vegetation than vancomycin against two MRSA strains234; in 
the same model but using two VISA isolates, telavancin also displayed 
better efficacy than vancomycin, although the difference was not sta-
tistically significant.235 In an experimental animal model of MRSA 
pneumonia, telavancin and vancomycin showed similar efficacies 
against MRSA strains with vancomycin MICs of less than or equal to 
2 µg/mL, but telavancin produced significantly greater reduction than 
vancomycin in the lung bacterial count for three of four VISA isolates 
tested.236 In the rabbit model of meningitis caused by a penicillin-
resistant S. pneumoniae strain (telavancin MIC: 0.06 µg/mL), despite 
having penetration into the inflamed meninges of only 2%, telavancin 
produced a statistically significant reduction of CFUs in CSF compared 
with ceftriaxone plus vancomycin.237

The AUC/MIC ratio is the best predictor of telavancin efficacy in 
animal models.227 Based on a population pharmacokinetic model, tela-
vancin is expected to provide an AUC/MIC ratio of greater than or 
equal to 219 (this was identified as the exposure pharmacodynamic 
target in a neutropenic murine thigh infection model caused by MRSA) 
for most of the simulated subjects if the infecting strain has an MIC of 
less than or equal to 1 µg/mL.232 Telavancin displays a postantibiotic 
effect against S. aureus isolates longer (~4 hours) than that of vanco-
mycin (1.2 hours).

Adverse Reactions
Early studies of telavancin infusions in healthy volunteers showed 
minor increases in the QTc interval; in advanced-phase clinical trials, 
no significant differences in the QTc interval were found compared 
with the vancomycin arm of the trials.238 However, telavancin should 
be used with caution in patients taking drugs that are known to cause 
prolongation of the QTc interval and should be avoided in patients 
with known long QTc interval, uncompensated heart failure, and 
severe left ventricular hypertrophy because these patients were 
excluded from the clinical trials,225 which may limit its clinical use. A 
pooled analysis of all side effects in the phase II and phase III ABSSSI 
and hospital-acquired pneumonia trials showed that nausea, vomiting, 
taste disturbance, chills, and creatinine elevation were significantly 
more frequent in the telavancin group than in the comparator arm of 
the trials.239 The most common adverse events that led to discontinu-
ation of telavancin were nausea, vomiting, and renal dysfunction.238,240 
Nephrotoxicity was reported to be greater in patients with concomitant 
medication that might affect kidney function (e.g., diuretics, nonste-
roidal anti-inflammatory drugs, angiotensin-converting enzyme 
inhibitors) and in those older than 65 years. The rate of significant 
creatinine increase (>50% increase from baseline and a maximum 
value of >1.5 mg/dL) was higher in patients receiving telavancin than 
those treated with vancomycin, both in the ABSSSI trials (6% vs. 2%)240 
and in the hospital-acquired pneumonia trials (16% vs. 10%).238 In a 
recent retrospective analysis of the postmarketing use of telavancin, 
this level of creatinine increase was found in 33% of the patients after 
a median of 9 days of treatment, although these patients had different 
comorbidities, were receiving other potentially nephrotoxic agents, 
and telavancin was prescribed for nonapproved indications.241 This 
observed renal toxicity, the most worrisome telavancin adverse effect, 
appears to be reversible; however, frequent laboratory testing is neces-
sary for patients receiving this compound.
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The polymyxins are old drugs, discovered in 1947. They were used 
parenterally from 1962 until anti-Pseudomonas aminoglycosides (e.g., 
gentamicin) came into common use after the middle-to-late 1960s.

The polymyxins fell into disuse by 1980 because of their nephro-
toxicity and subsequently were reserved mainly for topical and oral 
use.1,2 However, the emergence of Pseudomonas aeruginosa, Acineto
bacter baumannii, carbapenem-resistant Enterobacteriaceae (CRE), 
and other gram-negative bacilli resistant to all other antimicrobial 
agents has resulted in the increasing need for use of an injectable 
polymyxin. The two parenteral polymyxins that have been used are 
polymyxin B and polymyxin E (colistin, formulated as colistimethate 
sodium, which is also named colistin methanesulfonate sodium). 
There are no solid head-to-head studies comparing the effectiveness 
and toxicities of colistimethate and polymyxin B. The only direct  
comparison was a small retrospective review, which showed similar 
rates of efficacy and toxicity.3 Unfortunately, this analysis is limited by 
small numbers, suboptimal dosing, concomitant antimicrobial expo-
sures, and a questionable definition of toxicity. In recent years, series 
of patients treated with colistimethate have been reported in the  
literature much more frequently than series of patients treated with 
polymyxin B.

STRUCTURE, SOURCE, AND 
AVAILABLE PREPARATIONS
The polymyxins are cyclic cationic polypeptide detergents with molec-
ular weights greater than or equal to 1000 Daltons. Polymyxin B (Fig. 
31-1) is derived from products of strains of Bacillus polymyxa, and 
colistin (polymyxin E; Fig. 31-2) is derived from products of Bacillus 
colistinus. The sulfomethylated formulation of colistin, colistimethate, 
is an inactive prodrug that must be hydrolyzed to be active as an anti-
biotic.4 Hydrolysis occurs at body temperature and with in vitro testing 
systems. Polymyxin B is available in a parenteral preparation that can 
be given intramuscularly and intravenously. Polymyxin B is also avail-
able for topical use.

Colistin has been available as colistin sulfate for use topically and 
orally and as colistimethate formulations for intramuscular (IM) and 
intravenous (IV) use. Colistimethate has also been used for inhalation 
therapy, and colistimethate and polymyxin B have been administered 
intrathecally or intraventricularly. Colistimethate and polymyxin B are 
both available in the United States, whereas other countries typically 
only have one agent available; colistin sulfate is only available topically.

In the United Kingdom and Europe, colistimethate and polymyxin 
B are dosed based on international units (IU), with the rationale that 
the various preparations have different weights and this can cause 
confusion (see dosing section later).

MECHANISM OF ACTION
The polymyxins are surface-active amphipathic agents containing both 
lipophilic and lipophobic groups. They penetrate into the outer cell 
membranes of bacteria, interact electrostatically with phospholipids in 
the membranes, and quickly disrupt the membranes via competitive 
displacement of divalent cations. They also bind to the lipid A portion 
of cell wall endotoxin or lipopolysaccharide (LPS) and, in animal 
studies, block many of the biologic effects of endotoxin.5 Resistance of 
gram-negative bacteria is usually related to modifications of LPS, such 
as the addition of ethanolamine or aminoarabinose, which lowers the 
overall charge of the LPS, effectively inhibiting the initial interaction 
between the positively charged peptides of the polymyxin and the 
negatively charged LPS.2 In addition, complete loss of LPS in A. bau
mannii has been reported as a mechanism of resistance.6

ANTIMICROBIAL ACTIVITY
The polymyxins are active against a broad array of gram-negative 
aerobic bacilli, with the notable exception of Proteus species, most of 
which are highly resistant. They also have poor activity against Provi
dencia, Burkholderia, Serratia, Moraxella, Helicobacter, Campylobacter, 
Vibrio, Brucella, Aeromonas, Morganella, and Edwardsiella species.2 
Gram-positive organisms, gram-negative cocci, and most anaerobes 
are resistant. The antibacterial activity of the polymyxins is decreased 
by the presence of divalent cations such as calcium and magnesium. 
The polymyxins have retained activity against many multidrug-
resistant (MDR) gram-negative bacilli, such as MDR P. aeruginosa and 
A. baumannii, and CRE with minimal inhibitory concentrations for 
90% of isolates (MIC90) of less than or equal to 2 µg/mL. However, 
heteroresistance is common in polymyxin-susceptible strains of these 
organisms.7-9 There is complete cross-resistance between different 
polymyxins.

There is a lack of uniformity between susceptibility breakpoints of 
the Clinical Laboratory Standards Institute (CLSI) and those of the 
European Committee on Antimicrobial Susceptibility Testing 
(EUCAST). CLSI has a susceptibility breakpoint for colistin and poly-
myxin B of less than or equal to 2 µg/mL for P. aeruginosa and A. 
baumannii but lacks a breakpoint for the Enterobacteriaceae. This is in 
contrast to EUCAST, which has no formal breakpoints for polymyxin 
B, but for colistin it lists P. aeruginosa as susceptible at MICs less than 
or equal to 4 µg/mL and A. baumannii and Enterobacteriaceae suscep-
tible at concentrations less than or equal to 2 µg/mL. There are signifi-
cant concerns regarding the appropriateness of these breakpoints in 
light of recently published pharmacokinetic/pharmacodynamic (PK/
PD) data (see next two sections).

PHARMACOKINETICS
None of the polymyxins are absorbed when given orally, and oral usage 
is reserved for selective gut decontamination. Pharmacokinetic param-
eters of intravenous colistimethate and polymyxin B from the “old” 
literature are poorly described, and this poor description is one of the 
major reasons that current dosing regimens are difficult to understand 
and, in many cases, inappropriate and inadequate. Colistimethate 
package insert dosing recommendations differ significantly with regard 
to which preparation is selected and are based on levels obtained by 
nonspecific microbiologic assays of biologic fluids. These assays were 
unable to differentiate the inactive prodrug, colistimethate, from the 
active moiety, colistin. Recent evidence has shown that only approxi-
mately 20% of the sum of colistimethate and colistin in serum is active 
colistin.10

When comparing recommended doses of colistimethate from dif-
ferent manufacturers, it is important to know that 1 million IU (MIU) 
= 80 mg of colistimethate. It will be helpful to understand that although 
the U.S. product comes in vials containing 400 mg colistimethate, the 
vials are labeled as containing 150 mg “colistin base activity” (CBA), 
which is equal to 5 MIU. In the literature, because of the U.S. labeling, 
1 MIU has been considered as equal to 30 mg of CBA. However, the 
term CBA has been challenged as inaccurate because there is no 
directly available “colistin base” in the vials, but the term will be used 
in this chapter because so much of the literature uses it.11 The recom-
mended U.S. package insert dosage of colistimethate for patients with 
normal renal function is 2.5 to 5 mg/kg of ideal body weight of CBA 
each day, not to exceed 300 mg CBA daily. Although the package insert 
limits the daily dose to 300 mg CBA, this limit is often ignored in 
patients greater than 60 kg in whom doses greater than 300 mg CBA 
are required to give 5 mg/kg of CBA. In terms of IU, this recommended 
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by continuous IV infusion or in divided doses every 12 hours, infused 
over a period of 60 to 90 minutes. Recent papers have helped to clarify 
the pharmacokinetics of polymyxin B.14,15 An analysis of eight critically 
ill patients reported serum peak levels ranging from 2.4 to 13.9 µg/mL 
at the end of a 60-minute IV infusion, obtained after at least 2 days of 
polymyxin B therapy with doses of 0.5 to 1.5 mg/kg; the infusions were 
given 12 or 48 hours apart, depending on renal function.14 Because of 
the high protein binding in the critically ill patients found by these 
authors (79% to 92% as compared to 56% in healthy subjects), unbound 
plasma concentrations of polymyxin B were in the vicinity of or lower 
than the MIC for the infecting pathogen.14 In a larger study of 24 criti-
cally ill patients, it was demonstrated that dosing by total body weight 
was preferable to dosing by ideal body weight and that a loading dose 
would be required to give an adequate area under the curve (AUC) 
plasma levels on day 1.15 Even with the loading dose, AUCs were of 
questionable efficacy for microorganisms with MICs greater than 1 µg/
mL. In this study, the half-life of polymyxin B in plasma was found to 
be 11.9 hours.

Recommendations in the package insert for the dose adjustment of 
the U.S. colistimethate product in renal insufficiency are based on 
plasma creatinine, whereas recommendations for the European 
product are based on creatinine clearance (Table 31-1). The current 
polymyxin B package insert has no specific recommendations for  
dose adjustment and merely states that the dose “should be reduced 
from 15,000 units/kg/day downward for individuals with kidney 
impairment.”15a

dosage equates to 5 to 10 MIU/day in a 60-kg person and 5.8 to 
11.7 MIU in a 70-kg person if the 300-mg (10 MIU) limit is ignored. 
Recommended package insert dosages in the United Kingdom and 
Europe are 50,000 to 75,000 IU/kg/day of colistimethate for patients 
up to 60 kg, whereas for patients greater than 60 kg, there is a flat 
recommendation of 1 to 2 MIU (30 to 60 mg CBA) every 8 hours.12 
Thus, the European recommended daily dose equates to 3 to 4.5 MIU/
day in a 60-kg person, which is substantially less than the U.S. dose of 
10 MIU (5 mg/kg/day of CBA). However, many clinicians in Europe 
and the United Kingdom are using a dose of up to 9 MIU/day (270 mg  
CBA/day).

In critically ill patients, after administration of 3 MIU (90 mg CBA) 
intravenous colistimethate, serum levels of colistin peak at 0.6 µg/mL 
at about 7 hours with the initial dose and 2.3 µg/mL when steady state 
is reached after four half-lives.13 The serum half-life of the active moiety 
colistin is 9 to 14 hours.10,13 There are virtually no data available per-
taining to dose adjustments in obese patients, and optimal dosing to 
use in this patient population remains undefined.

One mg of polymyxin B contains 10,000 IU. Although dosing for 
polymyxin B is simpler and is the same in the United States and else-
where, no pharmacokinetic rationale for the dosing recommendation 
is given in the package insert, and the dosing recommendation appears 
to be empirical. The recommended IM dose is 2.5 to 3 mg/kg/day 
(25,000 to 30,000 IU/kg/day) in divided doses every 4 to 6 hours, but 
because of severe pain, the drug should not be used IM. The recom-
mended IV dose is 1.5 to 2.5 mg/kg/day (15,000 to 25,000 IU/kg/day) 

FIGURE 31-1  Polymyxin B. 
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binding of colistin, it is likely that concentrations of free colistin are 
insufficient to eradicate organisms with MICs at the higher end of 
susceptibility breakpoints.10

The fact that only a small portion of infused polymyxin B is  
recovered unchanged in urine suggests that, despite package insert 
recommendations and current practices, dose adjustments in renal 
insufficiency are not warranted.14,15 In addition, one of the reports 
suggested the need for a loading dose based on total body weight, 
unlike colistimethate, for which the loading dose is based on ideal body 
weight.15

Distribution of polymyxins to the cerebrospinal fluid, biliary tract, 
pleural fluid, and joint fluid is poor. The polymyxins are readily dia-
lyzed. Serum levels of the polymyxins are very low after inhalation 
therapy in cystic fibrosis patients.16 However, a recent analysis reported 
detectable systemic levels in patients receiving 5 MIU every 8 hours of 
inhalation colistimethate.17

PHARMACODYNAMICS
In vitro, the polymyxins are rapidly bactericidal in a concentration-
dependent manner. There is a postantibiotic effect for P. aeruginosa but 
not for A. baumannii or Klebsiella pneumoniae.18,19 There is rapid in 
vitro regrowth of A. baumannii and K. pneumoniae because of hetero-
resistance; regrowth also occurs with P. aeruginosa but is delayed.2,9,18,19 
The AUC/MIC ratio appears to be the pharmacodynamic parameter 
best associated with bactericidal activity. However, concerns exist for 
the ability to safely achieve target concentrations. For these reasons, it 
has been suggested that polymyxins be used in combination with 
another active or synergistic drug and to avoid long intervals between 
doses. An in vitro model has suggested that three-times daily dosing 
may be effective in suppressing emergence of resistance.20

TOXICITY
Hypersensitivity is unusual. There is dose-related nephrotoxicity, 
which is usually, but not always, reversible after discontinuing the drug. 
Rates of nephrotoxicity vary greatly in the literature, in part because 
different definitions of nephrotoxicity are used and because critically 
ill patient populations are often studied. Recent analyses report rates 
of nephrotoxicity, as defined by the RIFLE criteria (risk, injury, failure, 
loss, end-stage renal disease), in the 30%-to-60% range for both 
agents.21-23 There is also dose-related reversible neurotoxicity mani-
fested by neuromuscular blockade, which can result in muscle weak-
ness and even apnea. Neuromuscular blockade is most likely to occur 
with drug overdosage and in patients with renal insufficiency or those 
who are receiving curariform drugs. However, only one case of neuro-
muscular blockade has been reported in the literature in the last 20 
years or more. With respiratory paralysis, support of respiratory func-
tion is required until the effects of the polymyxin wear off. IV calcium 

The controversy and confusion with regard to dosing with renal 
insufficiency has taken on a new dynamic over the past decade because 
pharmacokinetic analyses have demonstrated that elimination of poly-
myxin B and colistin is complex. Although polymyxin B, colistimeth-
ate, and colistin are all filtered by the glomeruli, both colistin and 
polymyxin B undergo extensive tubular reabsorption and are not elim-
inated in urine.10,14,15 On the contrary, colistimethate is eliminated in 
urine.10

Two recent pharmacokinetic analyses with intravenous colisti-
methate in critically ill patients have enhanced understanding of the 
kinetics of colistimethate.10,13 Plachouras and colleagues13 demon-
strated that with a colistimethate dose of 3 MIU (90 mg CBA) every 8 
hours, the predicted peak plasma concentration (Cmax) of active colistin 
was approximately 7 hours after each dose and was only 0.6 µg/mL 
with the initial dose; the half-life of colistin was 14.4 hours, and at 
steady state (i.e., after 4 to 5 half-lives), the Cmax was 2.3 µg/mL. There-
fore, a loading dose of 9 to 12 MIU (270 to 360 mg CBA) was recom-
mended to ensure more rapid attainment of therapeutic concentrations. 
This finding is in marked contrast to all package insert dosing recom-
mendations. The analysis by Garonzik and colleagues10 included 
patients with renal insufficiency. In their analysis, patients received a 
wide range of daily doses (median CBA dose, 200 mg/day; range, 75 
to 415 mg/day). The steady-state Cmax of colistin was similar in this 
analysis (median, 2.36 µg/mL), but there was a wide range of steady-
state peak concentrations (0.48 to 9.38 µg/mL). The higher concentra-
tions were primarily seen in patients with lower creatinine clearance. 
The authors demonstrated that the half-life in plasma of colistimethate 
increased from a median of 4.6 hours in patients with creatinine clear-
ances of greater than or equal to 70 mL/min to a median of 11 hours 
in patients with varying degrees of renal insufficiency; whereas the 
colistin half-life ranged from a median of 9 hours in those with creati-
nine clearances of greater than or equal to 70 mL/min to a median of 
13 hours in those with creatinine clearances of less than or equal to 
10 mL/min. The increase in colistimethate half-life was not surprising 
because colistimethate is cleared by the kidneys. It was somewhat 
unexpected that the colistin half-life also increased in renal insuffi-
ciency because the drug is not eliminated by the kidneys because of 
extensive tubular reabsorption. The proposed mechanism for the 
increase in colistin half-life relates to decreased colistimethate removal 
secondary to renal insufficiency. Increased colistimethate concentra-
tions lead to increased hydrolysis and conversion to active colistin. 
These findings support the need for dose adjustments based on renal 
function. The authors also confirmed the need for a loading dose and 
suggested 5 mg/kg of CBA, with a maximum dose of 300 mg CBA.

An important conclusion based on these analyses is that even with 
a loading dose, steady-state concentrations of colistin, on average, 
would range from 2 to 3 µg/mL. After allowing for 50% serum protein 

TABLE 31-1  Package Insert Dosing Recommendations for Polymyxins

POLYMYXIN 
PREPARATION NORMAL DOSE ClCr 20-50 (mL/min) ClCr 10-20 (mL/min) ClCr <10 (mL/min)
United Kingdom 

CMS package 
insert (based on 
IU of CMS)

≤60 kg
50,000-75,000 IU/kg/day divided q8h

No recommendation given No recommendation given No recommendation 
given

>60 kg
1-2 MIU q8h

1-2 MIU q8h 1 MIU q12-18h 1 MIU q18-24h

PCr 0.7-1.2 PCr 1.3-1.5 PCr 1.6-2.5 PCr 2.6-4.0
United States CMS 

package insert 
(based on mg/kg 
IBW of CBA)*

Urea clearance (% of normal) 80-100 40-70 25-40 10-25

Unit dose of CMS (in mg of CBA) 100-150 75-115 66-150 100-150

Total daily dose, mg 300 mg divided in two to 
four doses

150-230 mg divided in 
two doses

133-150 mg in one or 
two doses

100 mg q36h

Approximate daily dose, mg/kg/day 5† 2.5-3.8 2.5 1.5

NORMAL DOSE ClCr 20-50 mL/min ClCr 10-20 mL/min
ClCr <10 mL/min 
OR HEMODIALYSIS

Polymyxin B‡ 
package insert

1.5-2.5 mg/kg/day divided q12h This amount should be reduced from 15,000 units/kg downward for individuals with 
kidney impairment

*One million international units colistin = 30 mg CBA.
†Package insert gives a range of 2.5-5 mg/kg, but the package insert table only lists 5 mg/kg/day.
‡Polymyxin B: 1 mg = 10,000 IU.
CBA, colistin base activity; ClCr, creatinine clearance (mL/min); CMS, colistimethate; IBW, ideal body weight; IU, international units; M, million; PCr, plasma creatinine 

(mg/100 mL).
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3 days of therapy and then every other day. Oral polymyxin B has also 
been used for selective decontamination of the gastrointestinal tract.

Colistimethate has been given via the intrathecal and intraventricu-
lar routes. The Infectious Diseases Society of America recommends 
that a CBA dose of 10 mg/day be used via the intraventricular route to 
treat gram-negative bacillary meningitis.26 Colistin sulfate orally has 
been used for intestinal decontamination. The oral preparation is not 
available in the United States.

Inhalation therapy with aerosolized colistimethate sodium has been 
used with varying results to treat colonization or infection of the bron-
chial system in patients with cystic fibrosis, especially with MDR P. 
aeruginosa, often in conjunction with systemic therapy.27,28 The recom-
mended dose of aerosolized colistimethate in the United Kingdom is 
500,000 IU every 12 hours for patients with body weight less than 
40 kg and 1 MIU every 12 hours for patients with body weights greater 
than 40 kg.12 Although there are no formal U.S. recommendations, 
clinicians often empirically use a CBA dose of 75 to 150 mg every 12 
hours. Recent data suggest that some systemic absorption can occur 
with inhaled colistimethate. Nebulization therapy may cause broncho-
constriction; to avoid bronchoconstriction, colistimethate should not 
be premixed until immediately before therapy.29

Colistimethate has been used parenterally to treat systemic infec-
tions caused by MDR gram-negative bacilli, often ventilator-associated 
pneumonia.27,28,30,31 In general, rates of response to therapy have been 
similar in patients receiving colistimethate, compared with patients 
receiving piperacillin, imipenem, and ciprofloxacin for the treatment 
of pneumonia caused by P. aeruginosa.27 However, there are data sug-
gesting inferior outcomes of both polymyxin agents when compared 
with other antimicrobial classes.32-34 Use of suboptimal dosing strate-
gies has likely contributed to the poor performance of the polymyxins 
in some of these studies. Superinfection with colistin-resistant strains 
of Serratia marcescens and Stenotrophomonas maltophilia has been 
reported.35

Because of high toxicity rates, a still undefined optimal dosing 
strategy, and questionable current breakpoints for susceptibility, par-
enteral colistimethate and polymyxin B should be reserved for use 
when no other less toxic or potentially more effective drug is available. 
For serious infections, whenever possible, another agent, preferably 
one that demonstrates in vitro activity or synergism with polymyxins, 
should be added to the polymyxin.

may help reverse apnea. Aminoglycosides may potentiate the neuro-
toxic effects.

Paresthesias around the lips, tongue, and extremities; peripheral 
neuropathy; and other neurotoxic side effects are not uncommon.1 
Intrathecal and intraventricular administration have generally been 
well tolerated.

CLINICAL USE
Package insert recommendations for the use of colistimethate and 
polymyxin B are listed in Table 31-1. Our recommendations, based on 
the newer PK/PD information, are found in Table 31-2.

Polymyxin B is very painful when given intramuscularly, and this 
route of administration should be avoided; if necessary, the usual IM 
dose is 2.5 to 3 mg/kg/day in divided doses every 4 to 6 hours. The 
package insert recommended IV dose is 1.5 to 2.5 mg/kg/day (15,000 
to 25,000 IU/kg/day) by continuous IV infusion or in divided doses 
every 12 hours infused over a period of 60 minutes (see Table 31-1). 
Our recommendations are similar, but based on the newer litera-
ture,14,15 we would recommend a loading dose of 2.5 mg/kg followed 
by a maintenance dose of 2.5 mg/kg/day. No adjustment for renal 
insufficiency is recommended.

The U.S. package insert recommendation for colistimethate is 2.5 
to 5 mg/kg IV or IM per day of colistin base activity (CBA), depending 
on the severity of the infection. In some reports, doses higher than 
5 mg/kg/day CBA have been used. When a range of doses have been 
used, the efficacy appeared to be dose dependent.24,25 The usual IV 
administration has been in divided doses every 12 hours given over 3 
to 5 minutes, but there is precedence for using every-8-hour dosage. 
Because of the long delay until therapeutic blood levels are reached, 
some have advocated (and we agree) a loading dose of 5 mg/kg CBA, 
not to exceed 300 mg CBA, for serious infection.10 Because of the 
complex pharmacokinetics, IM administration should be avoided.

For colistimethate, 30-minute infusions are commonly used, and 
we recommend giving the loading dose and then every-8-hour admin-
istration of 5 mg/kg/day CBA, as detailed in Table 31-2. Recommenda-
tions for modification of doses for patients with renal insufficiency are 
found in Tables 31-1 and 31-2. The usual duration of therapy is 7 to  
14 days.

For treatment of gram-negative bacillary meningitis, polymyxin B 
has been given intrathecally in doses of 5 to 10 mg/day for the initial 

TABLE 31-2  Authors’ Dosing Recommendations for Polymyxins Based on Newer PK/PD Information

LOADING 
DOSE

ClCr ≥50 (mL/min) ClCr 30-49 (mL/min) ClCr 10-29 (mL/min)
ClCr <10 (mL/min) 
OR HEMODIALYSIS

Start 8 hr after 
Load

Start 12 hr after 
Load

Start 12 hr after 
Load

Start 24 hr after 
Load

CMS (in mg/kg IBW of 
CBA): daily dose can 
exceed 300 mg CBA*

5 mg/kg × 1 dose 
(maximum 
300 mg CBA)

5 mg/kg/day divided q8h 3.5 mg/kg/day divided q12h 2.5 mg/kg/day divided q12h 1.5 mg/kg q24h†

Start 12 hr after 
Load

Polymyxin B‡ (in mg/kg 
ABW)

2.5 mg/kg × 1 dose 2.5 mg/kg/day divided in 
two equal daily doses§

*One million international units (MIU) colistin = 30 mg CBA.
†Colistin and colistimethate are efficiently removed via hemodialysis, and, therefore, doses should be given after dialysis on dialysis days.
‡Polymyxin B: 1 mg = 10,000 IU.
§At the time of publication, the best evidence suggests that renal dose adjustments are unnecessary. Therefore, the authors recommend not reducing the dose in the 

setting of renal insufficiency.14,15

ABW, actual body weight; CBA, colistin base activity; ClCr, creatinine clearance (mL/min); CMS, colistimethate sodium; IBW, ideal body weight; PD, pharmacodynamic; 
PK, pharmacokinetic.
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32  Linezolid and Other Oxazolidinones
Heather L. Cox and Gerald R. Donowitz

The oxazolidinones are a class of antimicrobial agents prepared com-
pletely by organic synthesis. In 1978, a patent was issued to E. I. du 
Pont de Nemours and Company for a series of 5-(halomethyl)-3-aryl-
2-oxazolidinones that had antimicrobial activity against plant patho-
gens. Further manipulation of the molecule led to the development  
of linezolid, which displayed activity against human pathogens.1 A 
number of oxazolidinones are being investigated. Only linezolid 
(Zyvox) is approved by the U.S. Food and Drug Administration (FDA) 
for clinical use.

CHEMICAL STRUCTURE
The basic molecular structure of the oxazolidinones is shown at the top 
of Figure 32-1. Initial chemical manipulation included the incorpora-
tion of a piperazine moiety into the basic structure at site A. Antibacte-
rial activity was increased by the addition of a hydroxyacetyl group to 
the heterocyclic nitrogen at site B. Further antibacterial activity was 
derived by fluorine substitution at the phenyl 3 position. Only the 
enantiomers with a 5S acetamidomethyl configuration have antibacte-
rial activity. The molecular structure of linezolid is shown at the bottom 
of Figure 32-1. The unique chemical structure of the compound makes 
cross-resistance with older compounds such as β-lactams and vanco-
mycin, as well as newer agents such as quinupristin-dalfopristin and 
daptomycin, unlikely.

MECHANISM OF ACTION
The oxazolidinones are inhibitors of protein synthesis and are bacte-
riostatic against most bacteria. The mechanism of action is believed  
to be unique, involving inhibition of the earliest steps of bacterial 
protein synthesis.2 These agents bind to the 50S ribosome at its inter-
face with the 30S unit, thereby preventing the formation of the 70S 
initiation complex. Some data have shown that production of the 50S 
subunit may also be inhibited in some bacteria.3 Binding is competi-
tively inhibited by chloramphenicol and lincomycin, which suggests 
either shared or overlapping binding sites.2 It has been shown that 
oxazolidinones do not inhibit the formation of initiator transfer RNA 
(N-formylmethionyl-tRNA). The ribosomal peptidyltransferase center 
appears to be the major site of drug action.4

ANTIMICROBIAL ACTIVITY
Linezolid has consistent activity against the majority of clinically 
important gram-positive organisms, including Staphylococcus aureus 
(methicillin-susceptible and methicillin-resistant [MRSA] strains), 

coagulase-negative staphylococci, Enterococcus faecium and Entero
coccus faecalis (vancomycin-susceptible and vancomycin-resistant 
strains), and streptococci (including penicillin-resistant strains of 
Streptococcus pneumoniae) (Table 32-1).2,5-8 The distribution of minimal 
inhibitory concentrations (MICs) for most of these organisms is uni-
modal and typically ranges from 0.12 µg/mL or less to more than 8 µg/
mL for staphylococci, enterococci, and streptococci.6,7 Although line-
zolid is usually bacteriostatic, it is bactericidal against strains of S. 
pneumoniae. However, tolerant strains have been reported.5,9

Other gram-positive organisms appear to be susceptible to line-
zolid, although fewer strains have been evaluated. These include Cory
nebacterium spp., Listeria monocytogenes, Bacillus spp., Micrococcus 
spp., Erysipelothrix rhusiopathiae, Leuconostoc spp., Rhodococcus equi, 
Pediococcus spp., and many strains of Actinomyces spp.5,10

Linezolid has demonstrated activity against Neisseria spp., incon-
sistent activity against Haemophilus influenzae,2,11 and virtually no 
activity against other gram-negative bacteria. Resistance in organisms 
such as Escherichia coli appears to be related to an efflux pump that 
effectively removes the drug from within the bacterial cell.2 Linezolid 
has in vitro activity against Bacteroides fragilis, Clostridium spp. includ-
ing Clostridium difficile, Fusobacterium, and anaerobic cocci, but clini-
cal information is sparse.5,12

Mycoplasma pneumoniae and Ureaplasma urealyticum are usually 
resistant to linezolid. Mycoplasma hominis is susceptible.13 Linezolid 
has activity against a wide number of strains of Nocardia with MIC90 
values of 1 to 4 µg/mL.14 Virtually all strains tested have proved sus-
ceptible. Finally, linezolid has demonstrated in vitro activity against 
Mycobacterium tuberculosis, Mycobacterium avium complex, Mycobac
terium marinum, and strains of rapidly growing mycobacteria.2,15-17

Significant synergy of linezolid with other antimicrobial agents has 
not been consistently documented. However, when used with genta-
micin, linezolid demonstrated bactericidal rather than bacteriostatic 
activity against streptococci. This finding was not observed with 
staphylococci.18

PHARMACOLOGY
Absorption after ingestion is rapid, with peak serum levels occurring 
after 1 to 2 hours. Bioavailability approaches 100%. Intravenous or oral 
dosing at 625 mg twice daily maintains mean serum concentrations at 
the MIC90 or higher for target pathogens throughout the dosing inter-
val.19 The most common dosing regimen of 600 mg intravenously or 
orally twice daily generates peak serum levels of 15.1 and 21.2 µg/mL, 

•	 Linezolid	is	the	first	and	only	oxazolidinone	
approved	for	clinical	use	by	U.S.	Food	and	
Drug	Administration	(FDA).

•	 FDA-approved	indications	include	the	
following:
○	 Infection	with	vancomycin-resistant	

Enterococcus	faecium,	including	associated	
bacteremia

○	 Community-acquired	and	nosocomial	
pneumonia	caused	by	Staphylococcus	
aureus	and	Streptococcus	pneumoniae

○	 Uncomplicated	skin	and	skin	structure	
infections	caused	by	S.	aureus	and	
Streptococcus	pyogenes

○	 Complicated	skin	and	skin	structure	
infections,	including	diabetic	foot	infections	
(without	osteomyelitis)	caused	by	S.	aureus,	
S.	pyogenes,	and	Streptococcus	agalactiae

•	 Unlabeled	use:	alternative/adjunctive	therapy	
of	mycobacterial	and	Nocardia	infections

•	 Usual	oral	or	intravenous	adult	dose:	600	mg	
every	12	hours	with	no	dosage	adjustment	for	
renal	or	hepatic	dysfunction

•	 Drug	interactions:	serotonergic	and	adrenergic	
agents	due	to	monoamine	oxidase	inhibition

•	 Serious	adverse	effects:	hematologic	toxicity	
(most	commonly	thrombocytopenia),	lactic	
acidosis,	peripheral	and	optic	neuropathy

•	 Resistance:	uncommon	but	most	often	
associated	with	a	23S	RNA	G2576T	point	
mutation	or	acquisition	of	the	cfr	rRNA	
methyltransferase;	clinically	related	to	
previous/prolonged	drug	exposure	or	
horizontal	spread
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to the MIC (AUC/MIC).19 A study of intermittent versus continuous 
infusion of linezolid in 18 critically ill patients showed that administra-
tion by continuous infusion was more likely to achieve proposed 
targets of T > MIC exceeding 85% and AUC/MIC values between 80 
and 120. However, the study was not designed to determine clinical 
efficacy.19,26

Linezolid does present some potential for drug-drug interactions. 
When administered to healthy volunteers in combination with 
rifampin, a 32% decrease in the linezolid AUC was observed.27 Con-
versely, the addition of clarithromycin produced a more than threefold 
increase in the linezolid AUC in a patient receiving treatment for 
extensively drug-resistant M. tuberculosis.28 Although the clinical sig-
nificance of these interactions remains unclear, some have proposed 
that they may be explained by linezolid acting as a P-glycoprotein 
substrate and that therapeutic drug monitoring may be warranted.28,29 
Drug-drug interactions with serotonergic and adrenergic agents are 
discussed later in the chapter under “Untoward Reactions.”

CLINICAL USE
Linezolid has been approved by the FDA since April 2000 for use in a 
variety of clinical situations involving gram-positive organisms that 
may or may not be resistant to more commonly used agents. Current 
FDA-approved indications include (1) infections with vancomycin-
resistant Enterococcus faecium, including those with associated bacte-
remia; (2) nosocomial pneumonia caused by Staphylococcus aureus 
(methicillin-susceptible and methicillin-resistant strains) and Strepto
coccus pneumoniae; (3) uncomplicated skin and skin structure infec-
tions caused by S. aureus (methicillin-susceptible strains only) and 
Streptococcus pyogenes; (4) complicated skin and skin structure infec-
tions, including diabetic foot infections (without osteomyelitis) caused 
by S. aureus (methicillin-susceptible and methicillin-resistant strains), 
S. pyogenes, and Streptococcus agalactiae; and (5) community-acquired 
pneumonia caused by S. aureus (methicillin-susceptible strains) and 
S. pneumoniae (including cases with concurrent bacteremia).20 Therapy 
for infections caused by specific organisms is described in the follow-
ing paragraphs.

Staphylococcus aureus Including MRSA
Linezolid has been shown to be as effective or superior to comparators 
in patients with complicated skin and soft tissue infections, including 
susceptible strains of staphylococci.10 It has also been evaluated for 
therapy of a variety of infections with MRSA. A single open-label study 
of patients with suspected or proven MRSA-complicated skin and soft 
tissue infections showed better outcomes with linezolid versus vanco-
mycin; however, adverse effects were significantly more common 
among linezolid-treated patients.10 Linezolid has also been compared 
with vancomycin for the treatment of nosocomial pneumonia. In 
pooled data from two randomized, double-blind studies, linezolid in 
combination with aztreonam proved equivalent to vancomycin plus 
aztreonam for treatment of nosocomial pneumonia in which S. aureus 
(both MSSA and MRSA) and S. pneumoniae were the most commonly 
isolated gram-positive pathogens.30 Subgroup analysis revealed that 
linezolid was associated with significantly higher clinical cure and 
improved survival when considering only those treated for MRSA 
infection; however, the methodology involved in the subgroup analysis 
has been questioned.31 In a subsequent randomized, double-blind, 
multicenter study of linezolid versus dose-optimized vancomycin for 
the treatment of hospital-acquired or health care–associated MRSA 
pneumonia by the same investigators, significantly higher cure rates 
were observed in the linezolid arm. More patients randomized to van-
comycin were mechanically ventilated and had MRSA bacteremia at 
baseline, while the median serum trough concentration at day 3 was 
suboptimal at 12.3 µg/mL. The incidence of adverse effects was similar, 
although nephrotoxicity occurred more frequently in the vancomycin 
group, particularly in the setting of baseline glomerular filtration rates 
greater than 50 mL/min. No difference in all-cause 60-day mortality 
was observed.32

Although levels of evidence vary, guidelines for the treatment of 
MRSA infections in adults and children recommend linezolid as initial 
or alternative therapy for complicated skin and soft tissue infections, 
pneumonia, bone and joint infections, and central nervous system 

respectively.20 These concentrations represent data from small numbers 
of healthy volunteers and likely do not represent significant differences 
between formulations.

Linezolid is 31% bound to plasma proteins.20 Penetration into 
various body sites has been documented in small numbers of patients. 
Trough cerebrospinal fluid concentrations in patients after neurosur-
gery and in a patient with meningitis ranged from 1.46 to 7.0 µg/
mL21,22 with cerebrospinal fluid/plasma ratios greater than 1.21 Peak 
cerebrospinal fluid concentrations of 3.12 to 12.5 µg/mL have been 
documented in patients with meningitis.22,23 Concentrations adequate 
to treat most relevant pathogens are achievable in pulmonary epithelial 
lining fluid, alveolar cells, pancreatic secretions, and bone.24

Linezolid is metabolized by oxidation and appears to interact mini-
mally with cytochrome P-450 enzymes. Urinary excretion accounts for 
approximately 85% of drug elimination, with 30% to 40% of drug 
excreted unchanged. Fecal excretion of its two major metabolites 
accounts for most of the remaining drug.19,20 The elimination half-life 
in adults is approximately 5.5 hours. No dose adjustment has been 
suggested for patients with renal or hepatic insufficiency. However, 
because linezolid and its metabolites are removed by dialysis, admin-
istration after hemodialysis is suggested.20 Similarly, continuous renal 
replacement modalities also remove linezolid but no routine change in 
dosage has been recommended.25

The approved dose of linezolid for adults and adolescents is 600 mg 
intravenously or orally every 12 hours for serious infections, with a 
dose of 400 mg every 12 hours for adults with uncomplicated skin  
and soft tissue infections. Pharmacokinetic/pharmacodynamic param-
eters most predictive of efficacy are the time above MIC (T > MIC) 
and the ratio of the area under the concentration-time curve (AUC)  

FIGURE 32-1  Top, Basic molecular structure of the oxazolidinones. 
Bottom, Molecular structure of linezolid. 
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TABLE 32-1  In Vitro Susceptibility of Common 
Aerobic Gram-Positive Organisms to Linezolid

ORGANISM
MIC90 
(µg/mL)

SUSCEPTIBLE 
(% OF STRAINS)

Staphylococcus aureus

  Methicillin-susceptible 2 100*

  Methicillin-resistant 1-2 99.8-100

Coagulase-negative staphylococci

  Oxacillin-susceptible 1 99.6-100

  Oxacillin-resistant 1 98.3-98.4

β-Hemolytic streptococci 1 100

Streptococcus pneumoniae 1 100*

Viridans group and other streptococci 1 99.8-100

Enterococci† 1-2 99.6-99.7

*A resistant strain has been reported.
†Includes vancomycin-susceptible and vancomycin-resistant strains.
MIC90, minimum concentration at which 90% of strains are inhibited.
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RESISTANCE
Resistance in clinical isolates was first noted among patients treated for 
vancomycin-resistant enterococcal infection as part of the Linezolid 
Compassionate Use Program.47 Subsequently, a single strain of MRSA 
resistant to linezolid was described.55 Although the incidence of 
linezolid-resistant staphylococci and enterococci remains low, out-
breaks continue to occur.6,7,56-59 In general, resistance has been associ-
ated with prior exposure to the drug and with long durations of 
therapy.55,57 However, resistance without prior linezolid exposure has 
been described, particularly in cases of horizontal transmission or in 
institutions with high linezolid use.56,59-61

Most known resistance mechanisms result in small modifications 
to the linezolid binding site. Mutation in the 23S ribosomal RNA 
(rRNA) domain V region appears to be the major cause of linezolid 
resistance in both enterococci and staphylococci. The 23S RNA G2576T 
point mutation is reported most frequently in clinical isolates, and the 
number of mutated rRNA operons correlates with the linezolid 
MIC.55,62 Additional binding site modifications resulting from muta-
tions in genes encoding ribosomal proteins such as L3 and L4 have 
contributed to resistance in staphylococci, S. pneumoniae, and Clos
tridium perfringens, among other pathogens.63-65 Nonmutational resis-
tance has also been identified among strains expressing an acquired cfr 
(chloramphenicol-florfenicol resistance) rRNA methyltransferase that 
confers resistance to phenicols, lincosamides, oxazolidinones, pleuro-
mutilins, and streptogramin A antibacterial agents.62 The cfr gene 
resides primarily in mobile genetic elements such as plasmids and 
transposons and has been implicated in outbreaks of linezolid-resistant 
S. aureus and S. epidermidis.57,58 More recently, the first human entero-
coccal clinical isolate carrying the gene on a transferable plasmid has 
been described.62

UNTOWARD REACTIONS
Linezolid is relatively well tolerated, with gastrointestinal symptoms of 
diarrhea, nausea, and vomiting predominating in larger clinical trials. 
Headache and hypertension have also been observed. In phase II and 
phase III studies, insomnia, constipation, rash, and dizziness were all 
noted in at least 2% of patients.20

Hematologic Toxicities
Reversible myelosuppression has been clearly documented and related 
to linezolid use.66 Thrombocytopenia, pure red blood cell aplasia, and 
pancytopenia have all been described. Therapy durations longer than 
2 weeks appear to be associated with these effects, with thrombocyto-
penia being more likely to occur than anemia or neutropenia.66 Anemia 
appears to be caused by suppression of normal erythropoiesis, similar 
to the marrow effect of chloramphenicol. Thrombocytopenia seems 
related to an immune-mediated mechanism.67 Up to 47% of patients 
receiving linezolid therapy for 10 days or longer developed thrombo-
cytopenia, and similar toxicity has been observed with shorter dura-
tions of therapy. Delayed neutrophil recovery and worsening 
thrombocytopenia have been documented in patients with baseline 
marrow suppression.68,69 Serial monitoring of hematologic parameters, 
especially platelet count, is recommended.20

Monoamine Oxidase Inhibition
Linezolid is a reversible, nonselective monoamine oxidase inhibitor 
and has been associated with the development of serotonin syndrome 
(fever, agitation, mental status changes, tremors) in patients receiving 
concurrent serotonergic agents.20,70 Small increases in systolic blood 
pressure have been documented in patients receiving tyramine con-
currently with linezolid, leading to recommendations for dietary 
restriction. Similarly, blood pressure monitoring is recommended  
for patients taking adrenergic agents such as pseudoephedrine and 
phenylpropanolamine.20

Mitochondrial Toxicity: Neuropathy 
and Lactic Acidosis
Linezolid-induced neuropathies have been increasingly reported.70,71 
Peripheral neuropathy may begin with dysesthesias in the hands and 
is poorly reversible. Optic neuropathy causes gradual onset of blurring 
and if the drug is not discontinued can lead to permanent loss of useful 

infections and for select patients with persistent bacteremia and/or 
vancomycin treatment failure.33 Linezolid has been used as therapy in 
cases of MRSA endovascular infection with mixed results.34 Animal 
models have suggested that linezolid serum concentrations exceeding 
those achievable with present dosing regimens are required for suc-
cessful therapy.35 Lower than expected concentrations may also play a 
role in clinical failure.36

Increasing MICs to vancomycin have been observed to lead to 
poorer clinical outcomes even with MRSA strains considered to be 
vancomycin susceptible.37 Consequently, the role of vancomycin versus 
other agents as first-line therapy for MRSA infections has been ques-
tioned. Data would suggest that vancomycin should be viewed as first-
line therapy for MRSA infections where MICs of the organism are less 
than 2 µg/mL. MICs greater than or equal to 2 µg/mL or lack of clini-
cal response to vancomycin could be cause to use alternative agents 
including linezolid for MRSA infections.38,39

Coagulase-Negative Staphylococci
Case reports and case series have described cure after linezolid therapy 
for bone and joint infections, meningitis, ventriculoperitoneal shunt 
infections, and endocarditis caused by coagulase-negative staphylo-
cocci, often in the setting of prosthetic material.34,40-42 There are inad-
equate data to recommend linezolid routinely for initial treatment of 
these infections.

Vancomycin-Resistant Enterococci
Linezolid has been shown to be effective in the treatment of infec-
tion with vancomycin-resistant enterococci. Successful treatment of 
bacteremia,43 endocarditis,34 peritoneal dialysis–related infections,44 
osteomyelitis,41 endophthalmitis,45 ventriculitis,42 meningitis,22,23,42,46 
intra-abdominal infections,47 and urinary tract infections47 has been 
reported, although failures have occurred.47-49 Clinical data are insuf-
ficient to denote superiority among available agents for therapy for 
vancomycin-resistant enterococcal infections. Selection should be 
individualized and based on considerations such as source of infec-
tion and potential drug-related toxicity.

Streptococci Including Streptococcus 
pneumoniae
The efficacy of linezolid against S. pneumoniae has been demonstrated 
in open-label trials involving community-acquired pneumonia in hos-
pitalized adults and children and in a controlled multicenter study.30 
Despite its approval for treatment of pneumococcus in community-
acquired pneumonia, it has been noted that limited activity against 
Haemophilus influenzae and inconsistent activity against Mycobacte
rium pneumoniae and Chlamydia pneumoniae should preclude its use 
as first-line empirical therapy.2

Data describing the efficacy of linezolid for central nervous system 
infections involving pneumococcal disease are limited to case reports 
and case series and largely involve its use in combination with ceftri-
axone for penicillin-nonsusceptible isolates. In a single case, a postsur-
gical cerebral abscess caused by penicillin-susceptible S. pneumoniae 
was treated successfully with linezolid.42

Linezolid has also been used successfully for therapy of skin and 
soft tissue infections caused by streptococci, including S. pyogenes and 
S. agalactiae.10

Mycobacterial Infections and 
Nocardiosis
Linezolid demonstrates in vitro bacteriostatic activity against strains 
of Mycobacterium tuberculosis, including those with multiple drug 
resistance. In small numbers of patients with infection caused by resis-
tant and extremely resistant strains, the addition of linezolid to failing 
regimens led to sterilization of sputum after 4 to 6 months of therapy. 
However, since the majority of patients demonstrated adverse effects 
from taking the drug, and only small numbers of patients have been 
treated, linezolid’s overall role in mycobacterial infections remains 
unclear.50,51 Similarly, case reports have also suggested that linezolid, 
alone or in combination with other agents, may be used successfully 
in the treatment of nontuberculous mycobacterial infections and 
nocardiosis.52-54
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OTHER OXAZOLIDINONES
Although linezolid remains the only oxazolidinone currently mar-
keted, other novel oxazolidinones with similar in vitro activity are 
under development. Tedizolid phosphate (TR-701), a prodrug con-
verted in vivo to the active tedizolid (TR-700), is the only agent to 
complete phase III study. In a recent randomized, double-blind, 
double-dummy, multicenter trial, oral tedizolid, 200 mg once daily for 
6 days, was noninferior to oral linezolid, 600 mg twice daily for 10 
days, in the treatment of acute bacterial skin and skin structure infec-
tions. Adverse effects were similar between the groups.81 Proposed 
advantages of tedizolid compared with linezolid include less frequent 
dosing, greater potency, reduced hematologic effects, and less concern 
for monoamine oxidase inhibition.82 Compounds completing phase II 
study include radezolid (RX-1741) for community-acquired pneumo-
nia and skin and skin structure infections, sutezolid (PNU-100480) 
and AZD-5847 for treatment of infection with M. tuberculosis, and 
cadazolid (ACT-179811), a non-absorbable quinolonyl-oxazolidinone 
that is active against C. difficile, including hypervirulent epidemic 
strains as well as those resistant to fluoroquinolones and linezolid.83-88

Not all oxazolidinone molecules have antimicrobial activity. Several 
such compounds have been identified with immune-modulating activ-
ity. Whether all members of this class are immune modulators has not 
been demonstrated.89,90

visual acuity. When detected early, visual loss has generally been 
reversible. Lactic acidosis, including fatal cases, has been described as 
well.70 Although these adverse effects typically emerge during pro-
longed durations of therapy, lactic acidosis has developed within the 
first week of linezolid treatment.70,72

Disruption of mitochondrial protein synthesis has been viewed as 
the explanation for both linezolid-induced neuropathies and lactic 
acidosis.70,73,74 More recent case reports of suspected linezolid-
associated rhabdomyolysis and drug-induced liver injury have also 
raised the possibility of mitochondrial toxicity as a cause of these less 
common untoward reactions.75,76

Miscellaneous Toxicities
In patients treated with linezolid for intravascular catheter-related 
infections, increased mortality was observed in the setting of gram-
negative infection, mixed gram-positive and gram-negative infections, 
or no clear infection at the time of therapy.77 Linezolid’s poor gram-
negative activity should limit its use as a single agent in clinical situa-
tions that may involve these organisms. Increased mortality with no 
clear infection remains to be explained.

Other notable yet rare postmarketing reports of adverse effects 
include posterior reversible leukoencephalopathy syndrome, seizures, 
tooth and tongue discoloration, black hairy tongue (lingua villosa 
nigra), and hypoglycemia among diabetic patients receiving insulin or 
oral hypoglycemic agents.20,78-80

Key References
The complete reference list is available online at Expert Consult.

1. Slee AM, Wuonola MA, McRipley RJ, et al. Oxazolidinones, 
a new class of synthetic antibacterial agents: in vitro and in 
vivo activities of DuP105 and DuP721. Antimicrob Agents 
Chemother. 1987;31:1791-1797.

2. Moellering RC. Linezolid: the first oxazolidinone antimicro-
bial. Ann Intern Med. 2003;138:135-142.

4. Colca JR, McDonald WG, Waldon DJ, et al. Crosslinking in 
the living cell locates the site of action of oxazolidinone 
antibiotics. J Biol Chem. 2003;278:21972-21979.

5. Diekema D, Jones R. Oxazolidinone antibiotics. Lancet. 
2001;358:1975-1982.

6. Flamm RK, Mendes RE, Ross JE, et al. An international 
activity and spectrum analysis of linezolid: ZAAPS Program 
results for 2011. Diagn Microbiol Infect Dis. 2013;76:
206-213.

7. Flamm RK, Mendes RE, Ross JE, et al. Results for the United 
States: LEADER surveillance program 2011. Antimicrob 
Agents Chemother. 2013;57:1077-1081.

10. Ager A, Gould K. Clinical update on linezolid in the treat-
ment of gram-positive bacterial infections. Infect Drug 
Resist. 2012;5:87-102.

12. Goldstein EJ, Citron DM, Merriam CV. Linezolid activity 
compared to those of selected macrolides and other agents 
against aerobic and anaerobic pathogens isolated from soft 
tissue bite infections in humans. Antimicrob Agents Che
mother. 1999;43:1469-1474.

14. Larruskain J, Idigoras P, Marimón JM, et al. Susceptibility of 
186 Nocardia sp. isolates to 20 antimicrobial agents. Antimi
crob Agents Chemother. 2011;55:2995-2998.

15. Ashtekar DR, Costa-Periera R, Shrinivasan T, et al. Oxa-
zolidinones, a new class of synthetic antituberculosis agent: 
in vitro and in vivo activities of DuP-721 against Mycobac
terium tuberculosis. Diagn Microbiol Infect Dis. 1991;14:
465-471.

19. Stalker DJ, Jungbluth GL. Clinical pharmacokinetics of line-
zolid, a novel oxazolidinone antibacterial. Clin Pharmacoki
net. 2003;42:1129-1140.

20. Zyvox® (linezolid) [package insert]. New York: Pharmacia 
and Upjohn Company; 2012.

22. Zeana C, Kubin CJ, Della-Latta P, et al. Vancomycin-
resistant Enterococcus faecium meningitis successfully 
managed with linezolid: case report and review of the litera-
ture. Clin Infect Dis. 2001;33:477-482.

24. Lovering AM, Zhang J, Bannister GC, et al. Penetration of 
linezolid into bone, fat, muscle and haematoma of patients 
undergoing routine hip replacement. J Antimicrob Che
mother. 2002;50:73-77.

25. Di Paolo A, Malacarne P, Guidotti E, et al. Pharmacological 
issues of linezolid: an updated critical review. Clin Pharma
cokinet. 2010;49:439-447.

30. Wunderink RG, Rello J, Cammarata SK, et al. Linezolid 
vs vancomycin: analysis of two double-blind studies of 
patients with methicillin-resistant Staphylococcus aureus 
nosocomial pneumonia. Chest. 2003;124:1789-1797.

31. Powers JH, Lin D, Ross D, et al. FDA evaluation of antimi-
crobials: subgroup analysis. Chest. 2004;127:2298-2299.

32. Wunderink RG, Niederman MS, Kollef MH, et al. Linezolid 
in methicillin-resistant Staphylococcus aureus nosocomial 
pneumonia: a randomized, controlled study. Clin Infect Dis. 
2012;54:621-629.

33. Liu C, Bayer A, Cosgrove SE, et al. Clinical practice guide-
lines by the Infectious Diseases Society of America for the 
treatment of methicillin-resistant Staphylococcus aureus 
infections in adults and children. Clin Infect Dis. 2011;
52:1-38.

34. Mancino P, Ucciferri C, Falasca K, et al. Methicillin-resistant 
Staphylococcus epidermidis (MRSE) endocarditis treated 
with linezolid. Scand J Infect Dis. 2008;40:67-73.

40. Soriano A, Gómez J, Gómez L, et al. Efficacy and tolerability 
of prolonged linezolid therapy in the treatment of orthope-
dic implant infections. Eur J Clin Microbiol Infect Dis. 2007;
26:353-356.

42. Ntziora F, Falagas ME. Linezolid for the treatment of 
patients with central nervous system infection. Ann Phar
macother. 2007;41:296-308.

43. McNeil SA, Clark NM, Chandrasekar PH, et al. Successful 
treatment of vancomycin-resistant Enterococcus faecium 
bacteremia with linezolid after failure of treatment with Syn-
ercid (quinupristin/dalfopristin). Clin Infect Dis. 2000;30:
403-404.

47. Birmingham MC, Rayner CR, Meagher AK, et al. Linezolid 
for the treatment of multidrug-resistant, gram-positive 
infections: experience from a compassionate-use program. 
Clin Infect Dis. 2003;36:159-168.

50. Lee M, Lee J, Carroll MW, et al. Linezolid for treatment of 
chronic extensively drug-resistant tuberculosis. N Engl J 
Med. 2012;367:1508-1518.

55. Meka VG, Gold HS. Antimicrobial resistance to linezolid. 
Clin Infect Dis. 2004;39:1010-1015.

56. Pogue JM, Paterson DL, Pasculle W, et al. Determination of 
risk factors associated with isolation of linezolid-resistant 
strains of vancomycin-resistant Enterococcus. Infect Control 
Hosp Epidemiol. 2007;28:1382-1388.

57. García MS, De la Torre MA, Morales G, et al. Clinical out-
break of linezolid-resistant Staphylococcus aureus in an 
intensive care unit. JAMA. 2010;303:2260-2264.

58. Bonilla H, Huband MD, Seidel J, et al. Multicity outbreak of 
linezolid-resistant Staphylococcus epidermidis associated 

with clonal spread of a cfr-containing strain. Clin Infect Dis. 
2010;51:796-800.

59. Ntokou E, Stathopoulos C, Kristo I, et al. Intensive care unit 
dissemination of multiple clones of linezolid-resistant 
Enterococcus faecalis and Enterococcus faecium. J Antimicrob 
Chemother. 2012;67:1819-1823.

60. Scheetz MH, Knechtel SA, Malczynski M, et al. Increasing 
incidence of linezolid-intermediate or -resistant 
vancomycin-resistant Enterococcus faecium strains parallels 
increasing linezolid consumption. Antimicrob Agents Che
mother. 2008;52:2256-2259.

62. Diaz L, Kiratisin P, Mendes RE, et al. Transferable plasmid-
mediated resistance to linezolid due to cfr in a human 
clinical isolate of Enterococcus faecalis. Antimicrob Agents 
Chemother. 2012;56:3917-3922.

63. Long KS, Vester B. Resistance to linezolid caused by modi-
fications at its binding site on the ribosome. Antimicrob 
Agents Chemother. 2012;56:603-612.

65. Arias CA, Vallejo M, Reyes J, et al. Clinical and microbio-
logical aspects of linezolid resistance mediated by the cfr 
gene encoding a 23S rRNA methyltransferase. J Clin Micro
biol. 2008;46:892-896.

66. Gerson SL, Kaplan SL, Bruss JB, et al. Hematologic effects of 
linezolid: summary of clinical experience. Antimicrob Agents 
Chemother. 2002;46:2723-2726.

70. Narita M, Tsuji BT, Yu VL. Linezolid-associated peripheral 
and optic neuropathy, lactic acidosis, and serotonin syn-
drome. Pharmacotherapy. 2007;27:1189-1197.

72. Velez JC, Janech MG. A case of lactic acidosis induced by 
linezolid. Nat Rev Nephrol. 2010;6:236-242.

73. De Vriese AS, Van Coster R, Smet J, et al. Linezolid-induced 
inhibition of mitochondrial protein synthesis. Clin Infect 
Dis. 2006;42:1111-1117.

74. Barnhill AE, Brewer MT, Carlson SA. Adverse effects of 
antimicrobials via predictable or idiosyncratic inhibition of 
host mitochondrial components. Antimicrob Agents Che
mother. 2012;56:4046-4051.

77. Wilcox MH, Tack KJ, Bouza E, et al. Complicated skin and 
skin-structure infections and catheter-related bloodstream 
infections: noninferiority of linezolid in a phase 3 study. Clin 
Infect Dis. 2009;48:203-212.

81. Prokocimer P, De Anda C, Fang E, et al. Tedizolid phosphate 
vs linezolid for treatment of acute bacterial skin and skin 
structure infections: the ESTABLISH-1 randomized trial. 
JAMA. 2013;309:559-569.

82. Shaw KJ, Barbachyn MR. The oxazolidinones: past, present, 
and future. Ann N Y Acad Sci. 2011;1241:48-70.

http://www.myuptodate.com


C
h

ap
ter 32 Linezolid	and	O

ther	O
xazolidinones

409.e1

References
1. Slee AM, Wuonola MA, McRipley RJ, et al. Oxazolidinones, 

a new class of synthetic antibacterial agents: in vitro and in 
vivo activities of DuP105 and DuP721. Antimicrob Agents 
Chemother. 1987;31:1791-1797.

2. Moellering RC. Linezolid: the first oxazolidinone antimicro-
bial. Ann Intern Med. 2003;138:135-142.

3. Champney WS, Miller M. Linezolid is a specific inhibitor of 
50S ribosomal subunit formation in Staphylococcus aureus 
cells. Curr Microbiol. 2002;44:350-356.

4. Colca JR, McDonald WG, Waldon DJ, et al. Crosslinking in 
the living cell locates the site of action of oxazolidinone 
antibiotics. J Biol Chem. 2003;278:21972-21979.

5. Diekema D, Jones R. Oxazolidinone antibiotics. Lancet. 
2001;358:1975-1982.

6. Flamm RK, Mendes RE, Ross JE, et al. An international 
activity and spectrum analysis of linezolid: ZAAPS Program 
results for 2011. Diagn Microbiol Infect Dis. 2013;76:
206-213.

7. Flamm RK, Mendes RE, Ross JE, et al. Results for the United 
States: LEADER surveillance program 2011. Antimicrob 
Agents Chemother. 2013;57:1077-1081.

8. Flamm RK, Farrell DJ, Mendes RE, et al. LEADER Surveil-
lance program results for 2010: an activity and spectrum 
analysis of linezolid using 6801 clinical isolates from the 
United States (61 medical centers). Diagn Microbiol Infect 
Dis. 2012;74:54-61.

9. Malm A, Korona-Głowniak I, Biernasiuk A, et al. Bacterio-
static or bactericidal effect of linezolid against multiresis-
tant Streptococcus pneumoniae. New Microbiol. 2008;31:
363-370.

10. Ager A, Gould K. Clinical update on linezolid in the treat-
ment of gram-positive bacterial infections. Infect Drug 
Resist. 2012;5:87-102.

11. Biedenbach DJ, Jones RN. In vitro activity of linezolid 
(U-100766) against Haemophilus influenzae measured by 
three different susceptibility testing methods. Diagn Micro
biol Infect Dis. 2001;39:49-53.

12. Goldstein EJ, Citron DM, Merriam CV. Linezolid activity 
compared to those of selected macrolides and other agents 
against aerobic and anaerobic pathogens isolated from soft 
tissue bite infections in humans. Antimicrob Agents Che
mother. 1999;43:1469-1474.

13. Kenny GE, Cartwright FD. Susceptibilities of Mycoplasma 
hominis, M. pneumoniae, and Ureaplasma urealyticum to 
GAR-936, dalfopristin, dirithromycin, evernimicin, gati-
floxacin, linezolid, moxifloxacin, quinupristin-dalfopristin, 
and telithromycin compared to their susceptibilities to refer-
ence macrolides, tetracyclines, and quinolones. Antimicrob 
Agents Chemother. 2001;45:2604-2608.

14. Larruskain J, Idigoras P, Marimón JM, et al. Susceptibility of 
186 Nocardia sp. isolates to 20 antimicrobial agents. Antimi
crob Agents Chemother. 2011;55:2995-2998.

15. Ashtekar DR, Costa-Periera R, Shrinivasan T, et al. Oxa-
zolidinones, a new class of synthetic antituberculosis agent: 
in vitro and in vivo activities of DuP-721 against Mycobac
terium tuberculosis. Diagn Microbiol Infect Dis. 1991;14:
465-471.

16. Wallace RJ, Brown-Elliott BA, Ward SC, et al. Activities of 
linezolid against rapidly growing mycobacteria. Antimicrob 
Agents Chemother. 2001;45:764-767.

17. Brown-Elliott BA, Crist DJ, Mann LB, et al. In vitro activity 
of linezolid against slowly growing nontuberculous myco-
bacteria. Antimicrob Agents Chemother. 2003;47:1736-1738.

18. Jones RN, Anderegg TR, Deshpande LM. AZD2563, a new 
oxazolidinone: bactericidal activity and synergy studies 
combined with gentamicin or vancomycin against staphylo-
cocci and streptococcal strains. Diagn Microbiol Infect Dis. 
2002;43:87-90.

19. Stalker DJ, Jungbluth GL. Clinical pharmacokinetics of line-
zolid, a novel oxazolidinone antibacterial. Clin Pharmacoki
net. 2003;42:1129-1140.

20. Zyvox® (linezolid) [package insert]. New York: Pharmacia 
and Upjohn Company; 2012.

21. Villani P, Regazzi MG, Marubbi F, et al. Cerebrospinal  
fluid linezolid concentrations in postneurosurgical central 
nervous system infections. Antimicrob Agents Chemother. 
2002;46:936-937.

22. Zeana C, Kubin CJ, Della-Latta P, et al. Vancomycin-
resistant Enterococcus faecium meningitis successfully 
managed with linezolid: case report and review of the litera-
ture. Clin Infect Dis. 2001;33:477-482.

23. Shaikh ZH, Peloquin CA, Ericsson CD. Successful treatment 
of vancomycin-resistant Enterococcus faecium meningitis 
with linezolid: case report and literature review. Scand J 
Infect Dis. 2001;33:375-379.

24. Lovering AM, Zhang J, Bannister GC, et al. Penetration of 
linezolid into bone, fat, muscle and haematoma of patients 
undergoing routine hip replacement. J Antimicrob Che
mother. 2002;50:73-77.

25. Di Paolo A, Malacarne P, Guidotti E, et al. Pharmacological 
issues of linezolid: an updated critical review. Clin Pharma
cokinet. 2010;49:439-447.

26. Adembri C, Fallani S, Cassetta MI, et al. Linezolid 
pharmacokinetic/pharmacodynamic profile in critically ill 

septic patients: intermittent versus continuous infusion. Int 
J Antimicrob Agents. 2008;31:122-129.

27. Gandelman K, Zhu T, Fahmi OA, et al. Unexpected effect of 
rifampin on the pharmacokinetics of linezolid: in silico and 
in vitro approaches to explain its mechanism. J Clin Phar
macol. 2011;51:229-236.

28. Bolhuis M, van Altena R, Uges DR, et al. Clarithromycin 
significantly increases linezolid serum concentrations. Anti
microb Agents Chemother. 2010;54:5418-5419.

29. Pea F, Viale P, Cojutti P, et al. Therapeutic drug monitoring 
may improve safety outcomes of long-term treatment with 
linezolid in adult patients. J Antimicrob Chemother. 2012;
67:2034-2042.

30. Wunderink RG, Rello J, Cammarata SK, et al. Linezolid vs 
vancomycin: analysis of two double-blind studies of patients 
with methicillin-resistant Staphylococcus aureus nosocomial 
pneumonia. Chest. 2003;124:1789-1797.

31. Powers JH, Lin D, Ross D, et al. FDA evaluation of antimi-
crobials: subgroup analysis. Chest. 2004;127:2298-2299.

32. Wunderink RG, Niederman MS, Kollef MH, et al. Linezolid 
in methicillin-resistant Staphylococcus aureus nosocomial 
pneumonia: a randomized, controlled study. Clin Infect Dis. 
2012;54:621-629.

33. Liu C, Bayer A, Cosgrove SE, et al. Clinical practice guide-
lines by the Infectious Diseases Society of America for the 
treatment of methicillin-resistant Staphylococcus aureus 
infections in adults and children. Clin Infect Dis. 2011;52:
1-38.

34. Mancino P, Ucciferri C, Falasca K, et al. Methicillin-resistant 
Staphylococcus epidermidis (MRSE) endocarditis treated 
with linezolid. Scand J Infect Dis. 2008;40:67-73.

35. Dailey CF, Dileto-Fang CL, Buchanan LV, et al. Efficacy of 
linezolid in treatment of experimental endocarditis caused 
by methicillin-resistant Staphylococcus aureus. Antimicrob 
Agents Chemother. 2001;45:2304-2308.

36. Sperber S, Levine JF, Gross PA. Persistent MRSA bacteremia 
in a patient with low linezolid levels. Clin Infect Dis. 2003;
36:675-676.

37. van Hal SJ, Lodise TP, Paterson DL. The clinical significance 
of vancomycin minimum inhibitory concentration in Staph
ylococcus aureus infections: a systematic review and meta-
analysis. Clin Infect Dis. 2012;54:755-771.

38. van Hal SJ, Fowler VG Jr. Is it time to replace vancomycin 
in the treatment of methicillin-resistant Staphylococcus 
aureus infections? Clin Infect Dis. 2013;56:1779-1788.

39. Murray KP, Zhao JJ, Davis SL, et al. Early use of daptomycin 
versus vancomycin for methicillin-resistant Staphylococcus 
aureus bacteremia with vancomycin minimum inhibitory 
concentration >1 mg/L: a matched cohort study. Clin Infect 
Dis. 2013;56:1562-1569.

40. Soriano A, Gómez J, Gómez L, et al. Efficacy and tolerability 
of prolonged linezolid therapy in the treatment of orthope-
dic implant infections. Eur J Clin Microbiol Infect Dis. 
2007;26:353-356.

41. Rao N, Hamilton CW. Efficacy and safety of linezolid for 
gram-positive orthopedic infections: a prospective case 
series. Diagn Microbiol Infect Dis. 2007;59:173-179.

42. Ntziora F, Falagas ME. Linezolid for the treatment of 
patients with central nervous system infection. Ann Phar
macother. 2007;41:296-308.

43. McNeil SA, Clark NM, Chandrasekar PH, et al. Successful 
treatment of vancomycin-resistant Enterococcus faecium 
bacteremia with linezolid after failure of treatment with Syn-
ercid (quinupristin/dalfopristin). Clin Infect Dis. 2000;30:
403-404.

44. Yang JW, Kim YS, Choi SO, et al. Successful use of intrave-
nous linezolid in CAPD patient with vancomycin-resistant 
enterococcal peritonitis. Perit Dial Int. 2011;31:209-210.

45. Bains HS, Weinberg DV, Feder RS, et al. Postoperative 
vancomycin-resistant Enterococcus faecium endophthalmi-
tis. Arch Ophthalmol. 2007;125:1292-1293.

46. Frasca KL, Schuster MG. Vancomycin-resistant entero-
coccal meningitis in an autologous stem cell transplant 
recipient cured with linezolid. Transpl Infect Dis. 2013;15:
E1-E4.

47. Birmingham MC, Rayner CR, Meagher AK, et al. Linezolid 
for the treatment of multidrug-resistant, gram-positive 
infections: experience from a compassionate-use program. 
Clin Infect Dis. 2003;36:159-168.

48. Tsigrelis C, Singh KV, Coutinho TD, et al. Vancomycin-
resistant Enterococcus faecalis endocarditis: linezolid failure 
and strain characterization of virulence factors. J Clin Micro
biol. 2007;45:631-635.

49. Webster DP, Griffiths S, Bowler IC. Failure of linezolid 
therapy for post-neurosurgical meningitis due to Enterococ
cus faecium. J Antimicrob Chemother. 2009;63:622-623.

50. Lee M, Lee J, Carroll MW, et al. Linezolid for treatment of 
chronic extensively drug-resistant tuberculosis. N Engl J 
Med. 2012;367:1508-1518.

51. Dietze R, Hadad DJ, McGee B, et al. Early and extended early 
bactericidal activity of linezolid in pulmonary tuberculosis. 
Am J Respir Crit Care Med. 2008;178:1180-1185.

52. Brown-Elliott BA, Wallace RJ, Blinkhorn R, et al. Successful 
treatment of disseminated Mycobacterium chelonae infec-
tion with linezolid. Clin Infect Dis. 2001;33:1433-1434.

53. Nannini EC, Keating M, Binstock P, et al. Successful treat-
ment of refractory disseminated Mycobacterium avium 
complex infection with the addition of linezolid and meflo-
quine. J Infect. 2002;44:201-203.

54. Jodlowski TZ, Melnychuk I, Conry J. Linezolid for the treat-
ment of Nocardia spp. infections. Ann Pharmacother. 2007;
41:1694-1699.

55. Meka VG, Gold HS. Antimicrobial resistance to linezolid. 
Clin Infect Dis. 2004;39:1010-1015.

56. Pogue JM, Paterson DL, Pasculle W, et al. Determination of 
risk factors associated with isolation of linezolid-resistant 
strains of vancomycin-resistant Enterococcus. Infect Control 
Hosp Epidemiol. 2007;28:1382-1388.

57. García MS, De la Torre MA, Morales G, et al. Clinical out-
break of linezolid-resistant Staphylococcus aureus in an 
intensive care unit. JAMA. 2010;303:2260-2264.

58. Bonilla H, Huband MD, Seidel J, et al. Multicity outbreak 
of linezolid-resistant Staphylococcus epidermidis associated 
with clonal spread of a cfr-containing strain. Clin Infect Dis. 
2010;51:796-800.

59. Ntokou E, Stathopoulos C, Kristo I, et al. Intensive care 
unit dissemination of multiple clones of linezolid-resistant 
Enterococcus faecalis and Enterococcus faecium. J Antimicrob 
Chemother. 2012;67:1819-1823.

60. Scheetz MH, Knechtel SA, Malczynski M, et al. Increasing 
incidence of linezolid-intermediate or -resistant 
vancomycin-resistant Enterococcus faecium strains parallels 
increasing linezolid consumption. Antimicrob Agents Che
mother. 2008;52:2256-2259.

61. Cox HL, Sifri CD, Sawyer RG, et al. Institutional outbreak  
of linezolid-nonsusceptible Enterococccus faecium (LNEF) 
emerges during linezolid cycling in a surgical intensive care 
unit (SICU) [abstract]. Presented at ID Week 2012, San 
Diego, October 17-21, 2012.

62. Diaz L, Kiratisin P, Mendes RE, et al. Transferable plasmid-
mediated resistance to linezolid due to cfr in a human 
clinical isolate of Enterococcus faecalis. Antimicrob Agents 
Chemother. 2012;56:3917-3922.

63. Long KS, Vester B. Resistance to linezolid caused by modi-
fications at its binding site on the ribosome. Antimicrob 
Agents Chemother. 2012;56:603-612.

64. Hölzel CS, Harms KS, Schwaiger K, et al. Resistance to line-
zolid in a porcine Clostridium perfringens strain carrying a 
mutation in the rplD gene encoding the ribosomal protein 
L4. Antimicrob Agents Chemother. 2010;54:1351-1353.

65. Arias CA, Vallejo M, Reyes J, et al. Clinical and microbio-
logical aspects of linezolid resistance mediated by the cfr 
gene encoding a 23S rRNA methyltransferase. J Clin Micro
biol. 2008;46:892-896.

66. Gerson SL, Kaplan SL, Bruss JB, et al. Hematologic effects of 
linezolid: summary of clinical experience. Antimicrob Agents 
Chemother. 2002;46:2723-2726.

67. Bernstein WB, Trotta RF, Rector JT, et al. Mechanisms for 
linezolid-induced anemia and thrombocytopenia. Ann 
Pharmacother. 2003;37:517-520.

68. Jaksic B, Martinelli G, Perez-Oteyza J, et al. Efficacy and 
safety of linezolid compared with vancomycin in a random-
ized, double-blind study of febrile neutropenic patients with 
cancer. Clin Infect Dis. 2006;42:597-607.

69. Grim SA, Rene L, Gupta S, et al. Safety of linezolid in 
patients with baseline thrombocytopenia. J Antimicrob Che
mother. 2008;62:850-851.

70. Narita M, Tsuji BT, Yu VL. Linezolid-associated peripheral 
and optic neuropathy, lactic acidosis, and serotonin syn-
drome. Pharmacotherapy. 2007;27:1189-1197.

71. Nambiar S, Rellosa N, Wassel RT, et al. Linezolid-associated 
peripheral and optic neuropathy in children. Pediatrics. 
2011;127:e1528-1532.

72. Velez JC, Janech MG. A case of lactic acidosis induced by 
linezolid. Nat Rev Nephrol. 2010;6:236-242.

73. De Vriese AS, Van Coster R, Smet J, et al. Linezolid-induced 
inhibition of mitochondrial protein synthesis. Clin Infect 
Dis. 2006;42:1111-1117.

74. Barnhill AE, Brewer MT, Carlson SA. Adverse effects of 
antimicrobials via predictable or idiosyncratic inhibition of 
host mitochondrial components. Antimicrob Agents Che
mother. 2012;56:4046-4051.

75. Carroll MW, Choi H, Min S, et al. Rhabdomyolysis in a 
patient treated with linezolid for extensively drug-resistant 
tuberculosis. Clin Infect Dis. 2012;54:1624-1627.

76. De Bus L, Depuydt P, Libbrecht L, et al. Severe drug-induced 
liver injury associated with prolonged use of linezolid. J Med 
Toxicol. 2010;6:322-326.

77. Wilcox MH, Tack KJ, Bouza E, et al. Complicated skin and 
skin-structure infections and catheter-related bloodstream 
infections: noninferiority of linezolid in a phase 3 study. Clin 
Infect Dis. 2009;48:203-212.

78. Nagel S, Köhrmann M, Huttner HB, et al. Linezolid-induced 
posterior reversible leukoencephalopathy syndrome. Arch 
Neurol. 2007;64:746-748.

79. Refaat M, Hyle E, Malhotra R, et al. Linezolid-induced 
lingua villosa nigra. Am J Med. 2008;121:e1.

80. Bodnar T, Starr K, Halter JB. Linezolid-associated hypogly-
cemia in a 64-year-old man with type 2 diabetes. Am J 
Geriatr Pharmacother. 2011;9:88-92.

http://www.myuptodate.com


P
a
rt

 I
 B

as
ic

 P
ri

n
ci

p
le

s 
in

 t
h

e 
D

ia
g

n
o

si
s 

an
d

 M
an

ag
em

en
t 

o
f 

In
fe

ct
io

u
s 

D
is

ea
se

s
409.e2

81. Prokocimer P, De Anda C, Fang E, et al. Tedizolid phosphate 
vs linezolid for treatment of acute bacterial skin and skin 
structure infections: the ESTABLISH-1 randomized trial. 
JAMA. 2013;309:559-569.

82. Shaw KJ, Barbachyn MR. The oxazolidinones: past, present, 
and future. Ann N Y Acad Sci. 2011;1241:48-70.

83. U.S. National Institutes of Health. Safety and Efficacy Study 
of Oxazolidinones to Treat Uncomplicated Skin Infections. 
Available at http://www.clinicaltrials.gov. Accessed March 
2013.

84. U.S. National Institutes of Health. Safety and Efficacy Study 
of Oxazolidinone to Treat Pneumonia. Available at http://
www.clinicaltrials.gov. Accessed March 2013.

85. U.S. National Institutes of Health. A Study of PNU-100480 
in Newly Diagnosed, Treatment Sensitive Patients with Pul-
monary Tuberculosis to Assess Early Bactericidal Activity 
(EBA) and Whole Blood Activity (WBA). Available at http://
www.clinicaltrials.gov. Accessed March 2013.

86. U.S. National Institutes of Health. Phase 2a EBA Trial of 
AZD5847. Available at http://www.clinicaltrials.gov. 
Accessed March 2013.

87. U.S. National Institutes of Health. ACT-179811 in Patients 
with Clostridium difficile Infection. Available at http://
www.clinicaltrials.gov. Accessed March 2013.

88. Rashid MU, Lozano HM, Weintraub A, et al. In vitro activity 
of cadazolid against Clostridium difficile strains isolated 

from primary and recurrent infections in Stockholm, 
Sweden. Anaerobe. 2013;20:32-35.

89. Ménoret A, McAleer JP, Ngoi S, et al. The oxazolidinone 
derivative locostatin induces cytokine appeasement. J 
Immunol. 2009;183:7489-7496.

90. McHenry KT, Ankala SV, Ghosh AK, et al. A non-
antibacterial oxazolidinone derivative that inhibits epithelial 
cell sheet migration. Chembiochem. 2002;3:1105-1111.

http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
http://www.myuptodate.com


410

33  Sulfonamides and Trimethoprim
Stephen H. Zinner and Kenneth H. Mayer

The modern era of antimicrobial chemotherapy began in 1932 with  
the first reports by Domagk of the protective activity of sulfachrysoi-
dine (Prontosil) against murine streptococcal infections. This drug  
was developed initially by the German dye industry and had been 
available commercially since the early 20th century. Sulfachrysoidine 
exerted its antibacterial activity through the release in vivo of para-
aminobenzenesulfonamide (sulfanilamide). This was the first antibac-
terial agent used in the United States, in July 1935, in an unsuccessful 
attempt to treat a 10-year-old girl late in the course of meningitis and 
sepsis caused by Haemophilus influenzae.1 During the late 1930s, the 
basic sulfanilamide compound was modified to remove unpleasant 
side effects and expand its spectrum of activity, resulting in compounds 
of specific usefulness—for example, in urinary infections (sulfon-
amides that are highly soluble) or within the gastrointestinal tract 
(nonabsorbable sulfonamides).

Trimethoprim is a 2,4-diaminopyrimidine and, as such, inhibits the 
enzyme dihydrofolate reductase, resulting in interference in folic acid 
and subsequent pyrimidine synthesis in the bacterial cell. Trime-
thoprim is one of several such compounds synthesized and studied by 
Hitchings and co-workers in the 1950s and 1960s. The use of trime-
thoprim as a potentiator of sulfonamide activity was introduced by 
Bushby and Hitchings2 in 1968. In the subsequent decade, the combi-
nation of trimethoprim-sulfamethoxazole (TMP-SMX) was intro-
duced clinically and gained a place in chemotherapy for many infectious 
diseases. These agents, available in a fixed-drug combination, show 
true antibacterial synergism against a wide variety of organisms.

SULFONAMIDES
Structure
The clinically useful sulfonamides are derived from sulfanilamide, 
which is similar in structure to para-aminobenzoic acid (PABA), a 
factor required by bacteria for folic acid synthesis (Fig. 33-1). A free 
amino group at the 4-carbon position is associated with enhanced 
activity. Increased activity caused by increased PABA inhibition is 
associated with substitutions at the sulfonyl radical (SO2), which is 
attached to the 1-carbon, as seen with sulfadiazine, sulfisoxazole, and 
sulfamethoxazole, all of which are more active than the parent com-
pound, sulfanilamide. The nature of these substitutions determines 
other pharmacologic properties of the drug, such as absorption, solu-
bility, and gastrointestinal tolerance. Substitutions at the 4-amino 
group result in decreased absorption from the gastrointestinal tract 
(e.g., phthalylsulfathiazole).

Derivation and Nomenclature
Since the introduction of sulfonamides into clinical medicine, dozens 
of compounds have been used. Relatively few survive today, however. 
The various compounds can be classified as (1) short-acting or 
medium-acting sulfonamides, (2) long-acting sulfonamides, (3) sul-
fonamides limited to the gastrointestinal tract, or (4) topical sul-
fonamides. Many branded sulfonamide preparations have been 
discontinued or replaced by generic products.

Short-Acting or Medium-Acting Sulfonamides
Sulfisoxazole (U.S. Pharmacopeia [USP]; sulphafurazole [British Phar-
macopeia]; N′-(3,4-dimethyl-5-isoxazolyl) sulfanilamide is available for 
urinary infections; sulfamethoxazole USP, N′-(5-methyl-3-isoxazolyl) 
sulfanilamide is less soluble than sulfisoxazole and yields higher blood 
levels. It is the sulfonamide most frequently combined with trime-
thoprim. Sulfadiazine USP (N′-2-pyrimidinylsulfanilamide) is highly 
active, attains high blood and cerebrospinal fluid levels, and is associ-
ated with low protein binding and lower solubility than the previously 
mentioned drugs.

Short-acting sulfonamides also are available in several combina-
tions. Sulfisoxazole and sulfamethoxazole have been combined with 
phenazopyridine, a urinary analgesic.

Long-Acting Sulfonamides
Sulfamethoxypyridazine (N′-[6-methoxy-3-pyridazinyl] sulfanil-
amide) and sulfameter (N′-[5-methoxy-2-pyrimidinyl] sulfanilamide) 
are no longer available for single-daily-dose therapy because they were 
associated with hypersensitivity reactions such as Stevens-Johnson syn-
drome. Neither sulfadimethoxine nor any other long-acting sulfon-
amides other than sulfadoxine is currently available in the United States.

Sulfadoxine, originally known as sulformethoxine (N′-[5,6-
dimethoxy-4-pyrimidyl] sulfanilamide) is a very long-acting sulfon-
amide that, combined with pyrimethamine, was formerly available in 
the United States. Sulfadoxine has a half-life of 100 to 230 hours and 
reaches a peak serum level of 51 to 76 µg/mL 2.5 to 6 hours after an oral 
dose of 500 mg. Although resistance is noted, this combination is still 
used in malaria prophylaxis during pregnancy in some countries.3

Sulfonamides Limited to the  
Gastrointestinal Tract
Sulfaguanidine (N′-[diaminomethylene] sulfanilamide), sulfasuxidine 
(succinylsulfathiazole [4′-{2-thiazolylsulfamoyl}] succinanilic acid), 

•	 Among	the	earliest	antimicrobial	compounds	
in	clinical	use,	sulfonamides	still	remain	useful	
for	the	treatment	of	urinary	tract	infections	
and	infections	caused	by	Nocardia	species,	
atypical	mycobacteria,	and	Toxoplasma	gondii.

•	 The	most	common	adverse	reactions	to	
sulfonamide	include	leukopenia,	
thrombocytopenia,	acute	hemolytic	anemia,	
nausea,	vomiting,	rash,	and	fever.

•	 Serious	but	less	common	adverse	reactions	
include	agranulocytosis,	aplastic	anemia,	acute	
tubular	necrosis,	interstitial	nephritis,	
drug-induced	lupus,	toxic	epidermal	necrolysis,	

and	Stevens-Johnson	syndrome.	The	risk	of	
kernicterus	precludes	the	use	of	sulfonamides	
in	late	pregnancy.

•	 Today,	sulfonamides	are	most	frequently	
used	with	trimethoprim	as	a	fixed-dose	
combination	of	160	mg/800	mg	of	
trimethoprim-sulfamethoxazole.

•	 Trimethoprim-sulfamethoxazole	is	useful	
in	the	treatment	of	Stenotrophomonas	
maltophilia,	Pneumocystis	jirovecii,	Listeria	
monocytogenes,	Cystoisospora	belli,	leprosy	
(as	part	of	combination	therapy);	urinary	tract	
infections,	prostatitis,	acute	exacerbations		

of	chronic	bronchitis,	methicillin-resistant	
staphylococcal	skin	and	soft	tissue	infections,	
and	malarial	infections	caused	by	susceptible	
organisms.

•	 Trimethoprim-sulfamethoxazole	is	indicated	
for	the	prophylaxis	of	P.	jirovecii	in	
immunocompromised	patients,	including	those	
with	human	immunodeficiency	virus	(HIV)	
infection.

•	 The	adverse	effects	of	trimethoprim-
sulfamethoxazole	are	similar	to	those	seen	
with	sulfonamides	alone	and	may	be	more	
frequent	in	HIV-infected	patients.

SHORT VIEW SUMMARY
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Antimicrobial Activity in Vitro
Sulfonamides exhibit in vitro inhibitory activity against a broad spec-
trum of gram-positive and gram-negative bacteria and Mycobacterium, 
Actinomyces, Chlamydia, Plasmodium, and Toxoplasma species and 
some fungi. The in vitro antimicrobial sensitivity of sulfonamides is 
influenced strongly by the size of the inoculum and the composition 
of the test medium. High concentrations of PABA and thymidine 
inhibit sulfonamide activity.

Antimicrobial Resistance
Resistance to sulfonamides is widespread and increasingly common in 
community-acquired and nosocomial strains of bacteria, including 
streptococci, staphylococci, Enterobacteriaceae, Neisseria spp., and 
Pseudomonas spp. Cross-resistance among different sulfonamides is 
common. In recent decades, sulfonamide resistance in Enterobacteria-
ceae and gram-positive bacteria has increased substantially.10-12

Organisms may develop a structural change in dihydropteroate 
synthetase that produces an enzyme with lowered affinity for sulfon-
amide. PABA overproduction has been implicated in resistant strains 
of Neisseria gonorrhoeae and Staphylococcus aureus; altered dihydrop-
teroate synthetase has been found in strains of Escherichia coli.13 Resis-
tance also may be mediated by plasmids that code for the production 
of drug-resistant enzymes, such as dihydropteroate synthetase,14 or 
decrease bacterial cell permeability to sulfonamides. Plasmid transfer 
can occur in the gastrointestinal tract and in vitro and has been seen 
especially with multiple species of Enterobacteriaceae.15

Transformational exchanges of dihydropteroate synthetase among 
Neisseria spp. raise the specter of wider dissemination of sulfonamide 
resistance by chromosomal and plasmid genes. More than one resis-
tance mechanism may be operating simultaneously.16

Plasmid-mediated sulfonamide resistance has increased greatly in 
more recent years, often in conjunction with trimethoprim resistance. 
Salmonella resistance to sulfonamides has also increased, often in con-
junction with resistance to other antibiotic classes. A recent U.S. survey 
showed 32% of 1118 Shigella isolates were sulfonamide resistant.11 The 
increase in sulfonamide-resistant Haemophilus ducreyi in Asia and 
Africa has been associated with a plasmid related to plasmids found in 
Enterobacteriaceae.17 More than 20% of 442 clinical isolates of Neis-
seria meningitidis from an international survey were resistant to sul-
fonamide.18 Bacterial resistance to sulfonamides has increased among 
human immunodeficiency virus (HIV)-infected patients during the 
era of increased use of TMP-SMX prophylaxis.

Pharmacology
Routes of Administration
Sulfonamides are usually administered orally. Sulfacetamide is avail-
able as ophthalmic preparations; silver sulfadiazine and mafenide 
acetate are applied topically in burn patients and are associated with 
significant absorption of sulfonamide percutaneously. Vaginal prepara-
tions are available for topical application.

Absorption
Most of the short-acting and medium-acting sulfonamides are 
absorbed rapidly and almost completely in the nonionized state from 
the small intestine and stomach. Compounds with N-1 substitutions 
are absorbed poorly, as are more acidic compounds (e.g., phthalylsul-
fathiazole; see Fig. 33-1F). Topical sulfonamides are absorbed and may 
be detectable in blood.

Distribution
The sulfonamides are generally well distributed throughout the body, 
entering the cerebrospinal fluid and synovial, pleural, and peritoneal 
fluids with concentrations approaching 80% of serum levels. Blood and 
tissue levels are related to the degree of protein binding (Table 33-1) 
and lipid solubility. Sulfonamides administered in pregnancy readily 
cross the placenta and are present in the fetal blood and amniotic fluid.

Metabolism and Excretion
Acetylation and glucuronidation occur in the liver, and free and 
metabolized drug appears in the urine. Glomerular filtration is prob-
ably a route of excretion, although partial reabsorption and active 

and sulfathalidine (phthalylsulfathiazole [4′-{2-thiazolylsulfamoyl}] 
phthalanilic acid) are relatively poorly absorbed from the gastrointes-
tinal tract. They have been used in the past to suppress the susceptible 
bowel flora before surgery. Salicylazosulfapyridine (sulfasalazine, 
Azulfidine) is a sulfonamide derivative used to treat ulcerative colitis. 
This drug is absorbed in its parent form as sulfapyridine, and signifi-
cant blood levels of this compound are measurable.

Topical Sulfonamides
Mafenide acetate (para-aminomethylbenzene sulfonamide) is available 
for use in the topical treatment of burns. Its use has been limited, 
however, by metabolic acidosis caused by carbonic anhydrase inhibi-
tion. Silver sulfadiazine has fewer side effects and is used for burns,4 
although newer silver compounds are being introduced.5 In these for-
mulations, the sulfonamide acts primarily as a vehicle for release of 
silver ions that exert an antibacterial effect. Outbreaks of silver-resistant 
infections in burn units ultimately may limit its usefulness.6 Various 
combinations of other sulfonamides are available as vaginal creams or 
suppositories. A variety of ophthalmic ointments and solutions of sul-
facetamide sodium USP (a highly soluble sulfonamide) are available 
for use in the treatment of conjunctivitis caused by susceptible bacteria 
and as adjunctive therapy for trachoma.

Mechanisms of Action
Although a wide variety of chemical modifications of the sulfonamides 
have been synthesized, all basically share the same mechanism of 
action. The sulfonamides are bacteriostatic in that they inhibit bacterial 
growth by interfering with microbial folic acid synthesis. More specifi-
cally, sulfonamides inhibit competitively the incorporation of PABA 
into tetrahydropteroic acid,7 and they may be incorporated into dihy-
dropteroate.8 Sulfonamides may have a higher affinity for the microbial 
enzyme tetrahydropteroic acid synthetase than the natural substrate 
PABA. Richmond9 has suggested that sulfonamides may act on bacte-
rial repressor genes or by feedback inhibition to decrease formation of 
new enzymes. The ultimate result of decreased folic acid synthesis is a 
decrease in bacterial nucleotides, with subsequent inhibition of bacte-
rial growth.

FIGURE  33-1  Sulfonamides.  A-F,  Structural  formulas  of  selected 
sulfonamides. 
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Anticoagulant dosage should be reduced during sulfonamide therapy. 
Sulfonamides also displace methotrexate from its bound protein, 
increasing methotrexate toxicity. An increased hypoglycemic effect of 
chlorpropamide and tolbutamide may occur during sulfonamide 
therapy, possibly because of the same mechanism or structural simi-
larities. Sulfonamides may compete for binding sites with some anes-
thetic agents such as thiopental, and reduced barbiturate doses might 
be necessary. Sulfonamides may potentiate the action of some thiazide 
diuretics, phenytoin, and uricosuric agents. Conversely, sulfonamides 
themselves can be displaced from binding sites by indomethacin, 
phenylbutazone, salicylates, probenecid, and sulfinpyrazone, resulting 
in increased sulfonamide activity. Cyclosporine levels may be reduced 
by sulfonamides. Oral contraceptive failure during sulfonamide 
therapy has been noted rarely.25

The activity of sulfonamides may be decreased by procaine and 
other local anesthetics derived from PABA. Methenamine compounds 
should not be used with sulfonamides because of the formation of 
insoluble urinary precipitates. Sulfonamides may decrease protein-
bound iodine and 131I uptake and may produce false-positive Benedict 
test results for urine glucose and false-positive sulfosalicylic acid test 
results for urine proteins.

Major Clinical Uses
Sulfonamides are used in the treatment of acute urinary tract infec-
tions. Increasing resistance has diminished their effectiveness. Because 
of widespread resistance of uropathogenic E. coli, the choice of therapy 
should be based on community prevalence of susceptible infecting 
organisms (see Chapter 74).

Sulfonamides are also effective for the treatment of infections 
caused by Nocardia asteroides, although resistance may be increasing.26 
Therapy must include 4 to 6 g or more daily after a loading dose of 4 g 
and should be continued for 4 to 6 months or longer, if necessary (see 
Chapter 255). Sulfonamides may be useful in combination with other 
antimycobacterial drugs for the management of infections caused by 
some atypical mycobacteria (see Chapter 254).

Sulfonamides have been used to treat toxoplasmosis in patients 
with or without acquired immune deficiency syndrome (AIDS) and 
chloroquine-sensitive or chloroquine-resistant Plasmodium falciparum 
malaria (with pyrimethamine). Studies have noted the successful pro-
phylactic role of sulfadoxine-pyrimethamine treatment in pregnant 
women,3 but increased resistance has been reported. The optimal treat-
ment for toxoplasmic encephalitis is the combination of pyrimeth-
amine plus sulfadiazine or, for patients intolerant to sulfonamides, 
pyrimethamine plus clindamycin. In most studies, both regimens seem 
equally efficacious.27 The pyrimethamine-sulfadiazine regimen begins 
with a 4- to 8-week induction course of pyrimethamine (100 to 200 mg 
once daily for 1 day, followed by 50 to 75 mg once daily) plus sulfadia-
zine (1 to 2 g four times daily). Leucovorin (5 to 50 mg once daily) is 
administered to prevent pyrimethamine-associated folinic acid defi-
ciency. Sulfadiazine may be given twice daily (2 g), even during induc-
tion therapy.28 Sulfonamide desensitization has been effective for 
patients with cerebral toxoplasmosis and allergies to sulfonamides. 
High-dose trimethoprim-sulfamethoxazole (see later) is an effective 
alternate for AIDS-related cerebral toxoplasmosis, but pyrimethamine-
sulfadiazine is preferable.27 Melioidosis, dermatitis herpetiformis, 
lymphogranuloma venereum, and chancroid have responded to sul-
fonamides. Nongonococcal urethritis caused by Chlamydia, but not 
that caused by Ureaplasma urealyticum, responded to sulfonamide 
therapy (see Chapters 182 and 186). Sulfasalazine is used in the 

tubular secretion are also involved, especially at low creatinine clear-
ance rates. Urinary excretion is more rapid for sulfonamides with low 
pKa values (e.g., sulfamethizole, sulfisoxazole), and alkalinization of the 
urine increases excretion by this route. Plasma half-lives vary widely; 
they are related inversely to lipid solubility and directly to pKa values 
but are not related clearly to the degree of protein binding. Small 
amounts of sulfonamides are found in bile, human milk, prostatic 
secretions, saliva, and tears.19

Sulfamethoxazole is primarily metabolized by the CYP2C9 hepatic 
enzyme system, but also by CYP3A4, and the substrate inhibits the 
activity of CYP2C9.20 Excretion may be decreased in older patients, 
especially those with decreased creatinine clearance. Sulfadoxine half-
life and area under the concentration versus time curve (AUC) are 
reduced, and clearance is increased during pregnancy.21

Protein Binding and Blood or Tissue Levels
Sulfonamides are bound variably and not irreversibly to plasma 
albumin, and the bound drug is inactive (see Table 33-1). Levels 
obtainable in cerebrospinal fluid and other body fluids are related 
inversely to the degree of protein binding. The amount of free drug in 
plasma is related directly to the pKa.

Toxicity and Adverse Reactions
Sulfonamides can cause nausea, vomiting, diarrhea, rash, fever, head-
ache, depression, jaundice, hepatic necrosis, drug-induced lupus,22 and 
a serum sickness–like syndrome. Sulfadiazine used in excessively high 
doses is associated with crystalluria and tubular deposits of sulfon-
amide crystals. These complications can be minimized by maintenance 
of high urine flow and alkalinization of the urine. Tubular necrosis, 
interstitial nephritis, and necrotizing angiitis may be associated rarely 
with sulfonamide sensitivity.

More serious adverse reactions caused by sulfonamides may include 
acute hemolytic anemia sometimes related to a deficiency in erythro-
cyte glucose-6-phosphate dehydrogenase (G6PD), aplastic anemia, 
agranulocytosis, thrombocytopenia, and leukopenia.

Sulfonamides administered during the last month of pregnancy 
compete for bilirubin-binding sites on plasma albumin and may 
increase fetal blood levels of unconjugated bilirubin, increasing the risk 
of kernicterus. Also, because of the immature fetal acetyltransferase 
system, blood levels of free sulfonamide may be increased, further 
adversely affecting the risk of kernicterus.

Significant hypersensitivity reactions can occur with sulfonamides 
administered via any route. The most important of these reactions are 
erythema nodosum, erythema multiforme (including Stevens-Johnson 
syndrome), fixed-drug eruption, vasculitis similar to periarteritis 
nodosa, and anaphylaxis. One report has suggested that cutaneous 
reactions, including toxic epidermal necrolysis, may be related to an 
inherited constitutional defect in detoxification of metabolites.23 
Locally applied sulfonamides (e.g., to skin) may be associated with any 
of these adverse reactions.

Many HIV-infected patients who have adverse reactions to sulfa 
drugs can be desensitized by gradual dose escalation or may tolerate 
rechallenges without severe adverse reactions.24 Patients who are not 
desensitized successfully to sulfa drugs have tolerated changing their 
regimen to dapsone, with or without pyrimethamine.

Drug Interactions
Sulfonamides may displace from albumin-binding sites drugs such  
as warfarin, increasing the effective activity of the displaced drug. 

TABLE 33-1  Blood Levels, Cerebrospinal Fluid Levels, Plasma Half-life, and Protein Binding of Some 
Sulfonamides

DRUG PEAK BLOOD LEVEL* (mg/mL) LEVEL IN CSF (%) PLASMA HALF-LIFE (hr) PROTEIN BINDING (%)
Sulfadiazine 30-60 40-80 17 45

Sulfisoxazole 40-50 30-50 5-6 92

Sulfamethoxazole 80-100 25-30 11 70

Sulfadoxine 50-75 20-30 100-230 80-98

*Approximate free sulfonamide level after a 2-g oral dose.
CSF, cerebrospinal fluid.
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resistance, which might be a useful monitoring parameter in 
hospitals.33

Trimethoprim resistance may be caused by changes in cell perme-
ability, loss of bacterial drug-binding capacity, and overproduction of 
or alterations in dihydrofolate reductase. Clinically, the most important 
mechanism is plasmid-mediated dihydrofolate reductases that are 
resistant to trimethoprim.34 Distinctive dihydrofolate reductases have 
been described in Enterobacteriaceae, P. aeruginosa, H. influenzae, 
Streptococcus pneumoniae, S. aureus, and Campylobacter spp. (chromo-
somally resistant to high trimethoprim concentrations). They are fre-
quently plasmid mediated and may be disseminated by highly mobile 
transposons (e.g., Tn7) with wide host species ranges. Outbreaks 
caused by trimethoprim-resistant conjugative plasmids have been 
noted in western and eastern Europe, eastern Asia, South America, and 
the United States.35 Many of the outbreaks occurred in immunocom-
promised hosts, associated with resistance to multiple other antibiotic 
groups.

Variable local increases in trimethoprim resistance, particularly 
among Enterobacteriaceae, have been reported. A recent survey found 
trimethoprim resistance in 15% to 19% of E. coli uropathogens.36 
Whether the clinical use of trimethoprim alone in some countries has 
resulted in increasing resistance to TMP-SMX is unclear.

Pharmacology
Routes of Administration
Trimethoprim is available as 100-mg tablets for oral use. Trime-
thoprim is absorbed readily and almost completely from the gastroin-
testinal tract. Peak serum levels appear 1 to 4 hours after ingestion  
of 100 mg and approach 1 µg/mL. The co-administration of sulfa-
methoxazole does not affect the rate of absorption or serum levels of 
trimethoprim.

Distribution
Trimethoprim is distributed widely in tissues and may appear in 
kidney, lung, and sputum in higher concentrations than in plasma and 
in bile, saliva, human breast milk, and seminal fluid.37 Trimethoprim 
is also found in prostatic fluid at two to three times the serum concen-
tration, but lower levels may be present in patients with chronic pros-
tatitis. Cerebrospinal fluid concentrations are about 40% of serum 
levels.

Metabolism and Excretion
Approximately 60% to 80% of an administered dose of trimethoprim 
is excreted in the urine via tubular secretion within 24 hours. The 
remainder of the drug is excreted by the kidney in one of four oxide 
or hydroxyl derivatives. The urinary metabolites are bacteriologically 
inactive.38 Trimethoprim is also a major substrate of CYP2C9 and a 
minor substrate of CYP3A4. Its metabolism inhibits CYP2C8 and 
CYP2C9.20 Trimethoprim is also excreted in the bile. The serum half-
life ranges from 9 to 11 hours in healthy subjects and is prolonged in 
patients with renal insufficiency. In contrast to sulfamethoxazole, the 
excretion rate of trimethoprim is increased with acidification of the 
urine, and serum protein binding (65% to 70%) does not decrease 
significantly with increasing degrees of uremia. Urine concentrations 
in healthy subjects (60 to 1000 µg/mL) are usually greater than the 
MIC of many urinary pathogens.

Clinical Use
The primary use of trimethoprim alone is in the prevention of recur-
rent uncomplicated urinary tract infections in women with structurally 
normal anatomy.39 Trimethoprim has also been successful in the treat-
ment of acute urinary tract infections at a dose of 100 mg twice daily,40 
but increasing resistance threatens its usefulness.34

TRIMETHOPRIM-
SULFAMETHOXAZOLE
Mechanism of Action and 
Antimicrobial Activity
Potentiation of the action of trimethoprim is seen in combination  
with sulfamethoxazole. The combination of trimethoprim and sulfa-
methoxazole (TMP-SMX, co-trimoxazole) is active in vitro against 

treatment of inflammatory bowel diseases.29 Currently, sulfonamides 
are used most frequently in combination with trimethoprim (see later).

TRIMETHOPRIM
Structure and Derivation
Trimethoprim is a 2,4-diamino-5-(3′,4′,5′-trimethoxybenzyl) pyrimi-
dine (Fig. 33-2). This drug was synthesized by Bushby and Hitchings2 
as a dihydrofolate reductase inhibitor thought to potentiate the activity 
of sulfonamides by sequential inhibition of folic acid synthesis. In the 
United States, trimethoprim is available as a single agent and in com-
bination with sulfamethoxazole (co-trimoxazole; see later). Trime-
thoprim has antibacterial activity of its own.

Mechanism of Action
Trimethoprim owes its activity to powerful inhibition of bacterial dihy-
drofolate reductase, which is the enzyme step after the step in folic acid 
synthesis blocked by sulfonamides. Trimethoprim is 50,000 to 100,000 
times more active against bacterial dihydrofolate reductase than against 
the human enzyme. Trimethoprim interferes with the conversion of 
dihydrofolate to tetrahydrofolate, the precursor of folinic acid and 
ultimately of purine and DNA synthesis (Fig. 33-3). The sequential 
blockage of the same biosynthetic pathway by sulfonamides and trim-
ethoprim results in a high degree of synergistic activity against a wide 
spectrum of microorganisms. Humans do not synthesize folic acid but 
require it in their diet, and human purine synthesis is not affected 
significantly by the enzyme inhibition of trimethoprim.30

Antimicrobial Activity
Trimethoprim is active in vitro against many gram-positive cocci and 
most gram-negative rods, except for Pseudomonas aeruginosa and Bac-
teroides spp. Treponema pallidum, Mycobacterium tuberculosis, Myco-
plasma spp., and most anaerobes are resistant. Thymidine inhibits the 
in vitro activity of trimethoprim, but the addition of thymidine phos-
phorylase or 5% lysed horse blood to Mueller-Hinton medium or other 
sensitivity media removes this inhibition. The minimal inhibitory con-
centration (MIC) varies considerably with the medium used. Trime-
thoprim alone has good in vitro activity against H. influenzae; a recent 
survey has shown that 76% of 978 strains remain susceptible, but 
higher resistance rates are reported elsewhere.31 Streptococcus pyogenes 
MICs have been reported at less than or equal to 2 µg/mL.32

Resistance to Trimethoprim
Bacteria may develop trimethoprim resistance by several mechanisms, 
which can be chromosome or plasmid mediated. Clinical resistance 
has increased. A decrease in the ratio of strains resistant to sulfa-
methoxazole and trimethoprim compared with strains resistant only 
to trimethoprim may reflect an increase in independent trimethoprim 

FIGURE 33-2  Chemical structure of trimethoprim. 
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(2,4-diamino-5-[3′,4′,5′-trimethoxybenzyl] pyrimidine)

FIGURE  33-3  Action of sulfonamides and trimethoprim on the 
metabolic pathway of bacterial folic acid synthesis. DNA, deoxyribo-
nucleic acid; PABA, para-aminobenzoic acid. 
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available. When administered intravenously, 10 mL or 160 mg of tri-
methoprim (with 800 mg of sulfamethoxazole) produces a peak serum 
trimethoprim concentration of 3.4 µg/mL in 1 hour. After repeated 
doses, the peak trimethoprim concentration may approach 9 µg/mL.38 
Similar peak levels may be reached with oral therapy, but at 2 to 4 hours 
after administration.58

Metabolism and Excretion
TMP-SMX can be given in the usual doses to patients with a creatinine 
clearance of 30 mL/min or higher. One half of the usual daily dose can 
be given to patients with a creatinine clearance of 15 to 30 mL/min, 
but TMP-SMX is not recommended for use in patients with a creati-
nine clearance lower than 15 mL/min.59 Trimethoprim and nonacety-
lated sulfamethoxazole are removed by hemodialysis. Patients needing 
long-term peritoneal dialysis can be given the equivalent of one 
double-strength TMP-SMX tablet every 48 hours.

Toxicity and Side Effects
The toxic and undesired effects of TMP-SMX include all the effects 
discussed previously for sulfonamides. Nausea, vomiting, diarrhea, 
anorexia, and hypersensitivity reactions are the most common.60 Rash 
and other adverse reactions, including hypouricemia (after high-dose 
therapy)61 and Sweet’s syndrome (acute febrile neutrophilic dermato-
sis), have been noted frequently in patients with AIDS.62 Toxic epider-
mal necrolysis and Stevens-Johnson syndrome may occur in 1 to 2 per 
thousand treated individuals.63 Patients have been desensitized suc-
cessfully with the use of oral regimens.27 Other dermatologic manifes-
tations, including exanthems, fixed-drug eruptions, baboon syndrome, 
erythrodermic psoriasis, and nail loss, have been reported.

In addition, impaired folate usage may be seen in humans with 
prolonged administration. This usually manifests as a megaloblastic 
marrow, with hypersegmented polymorphonuclear leukocytes. Methe-
moglobinemia (neonatal) and leukopenia, thrombocytopenia, and 
granulocytopenia may be seen with fatal results.60,64 Hypoprothrom-
binemia and drug-induced thrombocytopenia have been reported.60 
The administration of folinic acid usually prevents or treats effectively 
the antifolate effects of trimethoprim, and trimethoprim’s antibacterial 
efficacy is not impaired, except possibly against enterococci.

Pseudomembranous colitis has been described with TMP-SMX  
but is uncommon. Renal dysfunction may occur in patients with  
preexisting renal disease, but this is reversible with dose reduction. 
Hyponatremia, hypernatremia, and hyperkalemia have been noted, 
especially after high doses and in patients with renal insufficiency.60 
The incidence of TMP-SMX–induced hyperkalemia is increased in 
older patients, especially those treated with angiotensin-converting 
enzyme inhibitors, angiotensin receptor blockers, and spironolactone, 
but not with β-blockers.60,65 Interstitial nephritis attributable to TMP-
SMX has been described, especially in transplant recipients66 and 
patients with AIDS. Renal tubular acidosis is uncommon67 but has 
been reported in children undergoing treatment for acute lymphocytic 
leukemia.

Drug-induced cholestasis and hepatitis have been reported,68 and 
prolonged cholestasis with pruritus may occur rarely. Pancreatitis69 and 
fulminant hepatic failure have also been reported, especially in liver 
transplant patients.70 TMP-SMX–induced meningoencephalitis and 
meningitis have been described.60 Although other central nervous 
system effects are seen primarily in HIV-infected patients, tremor and 
gait disturbances have been reported.60 Acute psychosis associated with 
TMP-SMX treatment has been reported.71,72 Drug-induced hypoglyce-
mia may occur,60 and rhabdomyolysis has been described in an HIV-
infected patient.73 Acute parotitis may occur.74 Anterior uveitis and 
retinal hemorrhage have been described with trimethoprim alone and 
with TMP-SMX, as have reversible myopia and angle-closure glau-
coma. In patients with AIDS, anaphylactoid reactions and transient 
diffuse pulmonary infiltrates with hypotension have been described 
after reexposure to TMP-SMX.

Antiphospholipid antibody syndrome may occur.75 TMP-SMX is 
associated with an increased risk of fetal abnormalities,60 low birth 
weight, and preterm delivery.76 Anti-RNP antibodies or genetic poly-
morphisms may predict TMP-SMX hypersensitivity and adverse 
events.77,78

many isolates of S. aureus, including the prevalent community-
associated methicillin-resistant S. aureus (MRSA) clone.41 In vitro 
TMP-SMX activity is reported for S. pyogenes, S. pneumoniae (although 
resistance is increasing in patients receiving TMP-SMX prophylaxis42), 
Moraxella catarrhalis, E. coli, Proteus mirabilis, Burkholderia cepacia, 
Burkholderia pseudomallei,4,43 Yersinia enterocolitica (but resistance 
reported), N. gonorrhoeae (resistance rates higher than 20% reported44), 
and Stenotrophomonas maltophilia. TMP-SMX–resistant strains of S. 
maltophilia are increasing and may occur in severely ill patients with 
serious morbidity.45 Of pneumococci carried in the nasopharynx of 
children treated for malaria with a sulfonamide or TMP-SMX, 50% 
were resistant to TMP-SMX.46 A study from Finland has documented 
an increasing prevalence of TMP-SMX resistance in S. pneumoniae, M. 
catarrhalis, and H. influenzae and found that regional use of TMP-SMX 
was associated with increasing resistance among pneumococci.47 Vari-
able TMP-SMX resistance has been reported in penicillin-susceptible 
and nonsusceptible pneumococci.48 A large Finnish study of more than 
20,000 S. pneumoniae isolates correlated TMP-SMX resistance with 
increasing use.49 A more recent study among HIV-infected South 
African patients with invasive pneumococcal infections reported that 
TMP-SMX prophylaxis was associated with pneumococcal nonsuscep-
tibility to TMP-SMX, as well as to rifampin and penicillin.42 The Etest 
might not be reliable for the determination of TMP-SMX–resistant 
pneumococci. A wide range of TMP-SMX susceptibilities among Sal-
monella and Shigella spp. has been reported.

Variable bactericidal effects have been noted when enterococci  
are tested against TMP-SMX, but TMP-SMX is not clinically useful. 
However, one report has suggested that standard in vitro testing might 
not predict clinical outcome and might underestimate the effectiveness 
of trimethoprim alone in enterococcal urinary tract infections.50 The 
susceptibility of Enterobacteriaceae may vary greatly among locations 
and within the same location from year to year because of the spread 
of trimethoprim-resistant plasmids and transposons. Almost all strains 
of P. aeruginosa are resistant in vitro to TMP-SMX.

Trimethoprim combined with sulfamethoxazole or dapsone has 
been effective in the treatment of Pneumocystis jirovecii pneumonia in 
immunocompromised patients (see later). Listeria monocytogenes, M. 
catarrhalis, and atypical mycobacteria have been shown to be suscep-
tible to TMP-SMX, but variable rates of resistance are reported.

The optimal ratio for in vitro synergism of TMP-SMX in com-
bination is 1 : 20, but this ratio does not always obtain in vivo. The 
synergism seen depends on the sensitivity of the organism to each 
drug.

Trimethoprim-Sulfamethoxazole Resistance
Concomitant trimethoprim and sulfonamide resistance may limit the 
usefulness of TMP-SMX against some strains of methicillin-resistant 
S. aureus and Staphylococcus epidermidis. However, the most com-
monly circulating CA-MRSA clone (USA300) is usually susceptible to 
TMP-SMX.41,51 In HIV-infected patients, TMP-SMX use has been asso-
ciated with TMP-SMX resistance among S. aureus and Enterobacteria-
ceae.52 There is limited evidence that TMP-SMX selects for resistance 
to other antibiotic classes.53 Multiple drug resistance is common now 
in E. coli isolated from the urinary tract; TMP-SMX resistance rates 
approach 20% to 25% in the United States.54,55

Permeability changes may occur in the bacterial cell and result in 
resistance to trimethoprim and sulfonamides. Thymine-requiring 
auxotrophs may also account for clinically significant resistance to 
both drugs. These mutants lack thymidylate synthetase and are prob-
ably less virulent than sensitive strains.34 Many Shigella spp. are resis-
tant, and resistance is increasing among Salmonella spp.,56 although 
most Salmonella typhi strains retain susceptibility. P. jirovecii may also 
develop sulfonamide and trimethoprim resistance mutations in the 
course of therapy of immunocompromised HIV-infected patients, 
resulting in treatment failure.57

Trimethoprim is also available in fixed combination with sulfa-
methoxazole in a ratio of 1 : 5 for oral use (trimethoprim, 80 mg;  
sulfamethoxazole, 400 mg). Double-strength and quarter-strength 
pediatric tablets are available, as is an oral suspension containing 
40 mg of trimethoprim and 200 mg of sulfamethoxazole per 5 mL.  
IV trimethoprim (16 mg/mL) plus sulfamethoxazole (80 mg/mL) is 

http://www.myuptodate.com


C
h

ap
ter 33 Sulfonam

ides	and	Trim
ethoprim

415

combinations is lacking. A randomized controlled trial of HIV-infected 
patients with mild to moderate P. jirovecii pneumonia found that 
trimethoprim-dapsone was comparable with TMP-SMX in terms of 
overall activity and tolerability.84 Because it is the least expensive and 
most carefully studied regimen, TMP-SMX continues to be first-line 
therapy for HIV-associated P. jirovecii pneumonia.

Clinical Uses of 
Trimethoprim-Sulfamethoxazole
The increasing worldwide rates of TMP-SMX resistance have seriously 
limited the clinical usefulness of co-trimoxazole and its components.

Urinary Tract Infections
TMP-SMX is useful in the treatment of recurrent or chronic urinary 
tract infections caused by susceptible organisms. The combination is 
effective for acute pyelonephritis and cystitis (see Chapter 74), although 
either antibiotic alone could be appropriate for susceptible isolates. 
Recent reports have cautioned against their routine use if rates of 
resistance approach 20%, as they currently do in several popula-
tions.36,55,85 Because trimethoprim accumulates in prostatic secretions, 
TMP-SMX is often effective in bacterial prostatitis and in orchitis and 
epididymitis caused by susceptible bacteria.

The usual adult dosage for the treatment of acute prostate or urinary 
infection is two tablets every 12 hours or one double-strength tablet 
every 12 hours. The pediatric dose for urinary tract infection is 150 to 
185 mg/m2 for trimethoprim and 750 to 925 mg/m2 for sulfamethoxa-
zole daily in two divided doses. Single-dose therapy with one or two 
double-strength tablets may be effective in some women with uncom-
plicated lower urinary tract infection, but longer term therapy is 
usually necessary in patients with complicated urinary tract infections 
(see Chapter 74).

TMP-SMX has been shown to be useful in the long-term suppres-
sive therapy of adults and children with chronic or recurrent urinary 
infections, and extremely low doses (one half to one tablet at bedtime 
or every other night) may still be effective. This approach has been 
useful in preventing recurrent urinary tract infections in children with 
vesicoureteral reflux. Postcoital prophylactic TMP-SMX may reduce 
recurrent urinary tract infections related to intercourse. Trimethoprim 
achieves effective concentrations in the vaginal secretions, and it might 
exert a protective effect on reducing the number of recurrent infections 
despite the fact that TMP-SMX–resistant organisms may be present in 
the vaginal and stool flora.86 As mentioned earlier, trimethoprim alone 
is effective therapy for uncomplicated and recurrent urinary infections 
in women. Usual doses are 100 to 200 mg twice daily, and nightly doses 
of 100 mg may be effective suppressive therapy. Increasing rates of 
trimethoprim and TMP-SMX resistance should minimize the wide-
spread empirical use of these drugs, unless bacterial susceptibility is 
known.86

Respiratory Tract Infections
TMP-SMX is effective in the treatment of acute bronchitis and pneu-
monitis caused by sensitive organisms, although it is not the treatment 
of choice for any single organism. Previously, TMP-SMX was as effec-
tive as tetracyclines in the reduction of acute exacerbations in patients 
with chronic bronchitis, but more recent studies show equivalent 
results with TMP-SMX compared with ciprofloxacin.87

TMP-SMX was effective for the treatment of otitis media, otitis 
externa, and sinusitis. However, a later report strongly suggested that 
TMP-SMX no longer be used as first-line therapy for acute otitis 
media, especially when resistant respiratory tract pathogens predomi-
nate.88 Ampicillin-resistant strains of H. influenzae and M. catarrhalis 
might or might not be susceptible.

Gastrointestinal Infections
Although antibiotics per se prolong the carrier state in acute gastroen-
teritis caused by Salmonella spp., TMP-SMX was effective in eliminat-
ing chronic Salmonella carriage, including carriage of Salmonella typhi, 
especially in patients older than 2 years. Typhoid fever was also treated 
successfully with this combination, although the development of resis-
tant strains has been reported. TMP-SMX may be effective in shigel-
losis, but resistance is high.11 TMP-SMX also was effective in treating 

Drug Interactions
Drug-drug interactions occur; the major interactions are summarized 
in Table 33-2.20 TMP-SMX interacts with warfarin through the CYP450, 
CYP2C9 system, increasing bleeding risk.79 Active levels of phenytoin 
may be increased markedly by TMP-SMX, especially in elderly 
patients.80 Also, concomitant administration of TMP-SMX and metho-
trexate results in decreased renal clearance of free methotrexate and 
severe pancytopenia may result.81 Reversible inhibition of tubular cre-
atinine excretion may be caused by trimethoprim in the presence of 
cyclosporine,20 but TMP-SMX did not affect sirolimus pharmacokinet-
ics in a study of renal transplant recipients.82 Digoxin levels may be 
increased, and sulfonylureas may be potentiated with resulting hypo-
glycemia. Serum rifampin levels may increase during concomitant 
therapy with TMP-SMX.20 Although TMP-SMX may inhibit the 
metabolism of some antiretroviral drugs, including lamivudine and 
saquinavir,83 the effect is minimal and does not require adjustment of 
antiretroviral drug dosage.

Trimethoprim Plus Other Antimicrobial 
Agents
Other sulfonamides, such as sulfamoxole, sulfadiazine, sulfadimidine, 
and sulfametrole, have been combined with trimethoprim, but clinical 
experience is limited. Although combinations of trimethoprim with 
other agents, such as rifampin, polymyxin, amikacin, and metroni-
dazole, have been studied, extensive clinical experience with these 

TABLE 33-2  Clinically Relevant Drug Interactions 
with Trimethoprim (TMP) and Sulfamethoxazole 
(SMX)

Drugs That May Increase TMP-SMX Levels
Carbamazepine

Phenobarbital

Phenytoin

Rifampin

Rifapentine

Secobarbital

Drugs Used with TMP-SMX That May Result in Toxicity
Angiotensin-converting enzyme inhibitors (hyperkalemia)

Amantidine (delirium)

Angiotensin receptor antagonists (hyperkalemia)

Methotrexate (anemia)

Pyrimethamine (anemia)

Sulfonylureas (hypoglycemia)

Warfarin (hypoprothrombinemia and bleeding)

Cyclosporine (nephrotoxicity)

TMP-SMX May Increase Drug Levels of:
Amiodarone

Bosentan

Dapsone

Fluoxetine

Glimepiride

Glipizide

Losartan

Montelukast

Nateglinide

Paclitaxel

Phenytoin

Pioglitazone

Repaglinide

Rifampin

Rosiglitazone

Warfarin

Zafirlukast

Modified from Wen X, Wang JS, Backman JT, et al. Trimethoprim and 
sulfamethoxazole are selective inhibitors of CYP2C8 and CYP2C9, respectively. 
Drug Metab Dispos. 2002;30:631-635.
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recommended for the treatment of Stenotrophomonas maltophilia bac-
teremia109; most isolates are susceptible in vitro.110 In a recent study 
from Greece, although only 15% of 68 isolates were resistant to TMP-
SMX, other agents were used more frequently to treat S. maltophilia 
infections.111 Outcome was good in those patients who were treated 
with TMP-SMX. Meningitis caused by susceptible organisms may be 
treated successfully, but other agents are usually preferred. The combi-
nation is effective in meningitis caused by L. monocytogenes,112 and 
TMP-SMX prophylaxis may prevent listeriosis in transplant recipi-
ents.113 Mycobacterium kansasii, Mycobacterium marinum, and Myco-
bacterium scrofulaceum are inhibited in vitro by TMP-SMX, and 
several clinical successes have been reported, often in combination 
with other agents.114 TMP-SMX is used in combination with isoniazid 
and rifampin to treat leprosy.115

TMP-SMX has been used in the treatment of susceptible P. falci-
parum infections, although this combination is not active against 
multidrug-resistant strains.116 Sulfadoxine-pyrimethamine with or 
without azithromycin is effective antimalarial therapy in pregnant 
women at delivery.117 HIV-infected patients with Cystoisospora belli 
enteritis have had clinical responses after receiving TMP-SMX; however, 
relapse after treatment is common, necessitating long-term suppressive 
therapy.27,118 TMP-SMX has been shown to decrease the duration of 
oocyst excretion in children with Cyclospora cayetanensis infection118 
and is more effective than ciprofloxacin in HIV-infected adults with 
cyclosporiasis or isosporiasis. TMP-SMX has no activity against other 
related coccidial parasites, such as Cryptosporidium parvum.

TMP-SMX is active against Toxoplasma gondii in vitro and has 
been used clinically but is not superior to first-line therapy with 
pyrimethamine-sulfadiazine. However, a study has suggested compa-
rable activity in ocular toxoplasmosis,119 and TMP-SMX plus azithro-
mycin is also effective.120 TMP-SMX prophylaxis in HIV-infected 
patients protects against toxoplasmosis and may reduce the incidence 
of bacterial infections.27 TMP-SMX plus spiramycin may reduce toxo-
plasma transmission from mother to child.121 Two cases of Acantham-
oeba meningitis were treated successfully with combination therapy 
that included TMP-SMX.122 TMP-SMX is recommended in the man-
agement of Q fever in pregnant women123 and is as effective as a mac-
rolide in the eradication of nasopharyngeal Bordetella pertussis.124

Pneumocystis jirovecii Infections
TMP-SMX has been highly efficacious in the treatment of P. jirovecii 
pneumonia in immunocompromised patients with and without AIDS 
and is considered first-line therapy for both indications.125 TMP-SMX 
therapy for HIV-infected patients with P. jirovecii pneumonia had been 
associated with a better safety and toxicity profile than trimetrexate or 
pentamidine and a higher survival rate than atovaquone (see also 
Chapter 271).125 Other alternative agents include trimethoprim-
dapsone or clindamycin and primaquine. Patients with AIDS fre-
quently respond to therapy but have a higher incidence of adverse 
reactions, particularly neutropenia and rash.27,60 Severe hyponatremia 
and hyperkalemia have also been described. TMP-SMX may be admin-
istered orally (two double-strength tablets every 8 hours) or intrave-
nously (5 mg/kg of TMP plus 25 mg/kg of SMX every 8 hours) for 3 
weeks. Patients were more likely to manifest a hypersensitivity reaction 
while receiving TMP-SMX if they were less immunocompromised (i.e., 
had higher CD4+ T-lymphocyte counts) and were treated for longer 
than 2 weeks, suggesting a role for intact cell-mediated immunity in 
the pathogenesis of these reactions. Trimethoprim has also been used 
successfully with dapsone for treatment of mild to moderate P. jirovecii 
pneumonia.84 The development of TMP-SMX resistance mutations has 
been associated with P. jirovecii treatment failures.57 The clinical signifi-
cance of P. jirovecii mutations has been debated; at this time there is no 
indication to monitor P. jirovecii resistance mutations prospectively.

TMP-SMX has been used successfully for primary and secondary 
chemoprophylaxis of P. jirovecii pneumonia,27 is highly cost-effective, 
and is generally selected as the first-line agent, but its long-term use 
may be limited by toxicities such as rash or leukopenia.60 All HIV-
infected patients with a CD4+ count of 200 cells/mm3 or lower, thrush, 
or prior P. jirovecii pneumonia should be prophylaxed with TMP-SMX 
unless sulfa-allergic. A prospective study has shown that a double-
strength tablet taken every other day had comparable efficacy with 

diarrhea caused by enteropathogenic E. coli and in the treatment and 
prophylaxis of traveler’s diarrhea with or without loperamide, but 
increased resistance precludes its empiric use. The combination may 
be a useful adjunct to fluids in the treatment of cholera, but Huovinen34 
has suggested that with the exception of this possible second-line or 
third-line use in cholera, TMP-SMX no longer is indicated for Salmo-
nella, Shigella, Campylobacter, or enterotoxigenic E. coli infections. One 
report showed comparable efficacy with a fluoroquinolone for the pre-
vention of spontaneous bacterial peritonitis in cirrhotics.89

Skin and Soft Tissue Infections
With the increasing incidence of community-acquired methicillin-
resistant staphylococcal soft tissue infections,90 antimicrobial suscepti-
bility testing of clinical isolates has become important. Several 
community-based series have documented that the vast majority of 
isolates from the most commonly disseminated USA300 clone are sus-
ceptible to TMP-SMX.41,91 Several studies have suggested that oral TMP-
SMX in combination with prompt incision and drainage of fluctuant 
lesions can result in rapid resolution of infections that, if untreated, can 
result in bacteremia, pyomyositis, and other severe complications.92 A 
recent study of uncomplicated abscesses suggested that TMP-SMX did 
not reduce failure following incision and drainage but did decrease 
subsequent abscesses.93 TMP-SMX may be useful in cellulitis, impe-
tigo,94 acne vulgaris,95 and head lice (with topical permethrin).96

Sexually Transmitted Diseases
Historically, TMP-SMX had been effective in the treatment of uncom-
plicated gonorrhea when used in several dosage regimens (e.g., two 
tablets orally twice daily for 5 days, four tablets for 2 days, and a single 
dose of eight tablets). For pharyngeal gonorrhea, especially that caused 
by penicillinase-producing N. gonorrhoeae, nine tablets daily for 5 days 
had been recommended previously, but these regimens no longer are 
included in the Centers for Disease Control and Prevention guidelines 
for treatment of sexually transmitted infections. TMP-SMX is ineffec-
tive for syphilis. As a result of increased resistance, TMP-SMX is no 
longer indicated for the treatment of gonorrhea, chancroid, or Chla-
mydia trachomatis infections.

Recent reports have documented clusters of community-acquired 
MRSA among men who have sex with men (MSM).51 A review of 
personal practices has suggested that increased transmission of MRSA 
in MSM occurs among those with increased numbers of sexual part-
ners, particularly if they engage in practices that abrade skin and/or 
mucous membranes. Almost all isolates from these clusters were mul-
tidrug resistant, but most were susceptible to TMP-SMX.41

Other Infections
TMP-SMX remains useful against brucellosis (long-term therapy for 6 
weeks), but resistance is increasing. Nonetheless, a publication from 
Turkey reported that only 1 of 42 bacteremic isolates was resistant to 
TMP-SMX.97 In combination with rifampin and a tetracycline, TMP-
SMX was successful in treating brucella endocarditis.98 Sulfonamides 
and TMP-SMX are useful in nocardiosis, including Nocardia keratitis, 
but resistance may occur.99 Prolonged oral TMP-SMX following 10 to 
14 days of IV broad-spectrum β-lactam therapy has been successful in 
many cases of melioidosis,100 but optimal dosing should be weight 
based.101 TMP-SMX may be successful in B. cepacia bacteremia. Trim-
ethoprim and sulfonamides have been used successfully in Whipple’s 
disease, but genetically mediated Tropheryma whippeli resistance can 
be acquired during therapy, resulting in treatment failure.102 Optimal 
outcomes were obtained with 2 weeks of IV ceftriaxone followed by 3 
months of oral TMP-SMX.103 TMP-SMX alone may result in relapse.104 
TMP-SMX is used in granulomatosis with polyangiitis (GPA) alone or 
as adjunctive therapy and may reduce relapses.105,106 TMP-SMX can be 
used to treat infections caused by Mycobacterium chelonae, Mycobac-
terium fortuitum, and Cyclospora cayetanensis.

Intravenous TMP-SMX has been useful in treating gram-negative 
rod bacteremia and staphylococcal bacteremia and endocarditis, 
although other agents are preferred. A recent study showed comparable 
efficacy for TMP-SMX or vancomycin in the treatment of MRSA  
bacteremia.107 Oral TMP-SMX was reported to be effective in the 
treatment of acute osteomyelitis in children.108 TMP-SMX has been 
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Prophylactic Use in Immunocompromised 
Patients
Previous evidence for a striking reduction in gram-negative rod  
bacteremia in neutropenic patients treated prophylactically with  
TMP-SMX is controversial.133 In a more recent meta-analysis, TMP-
SMX was effective in reducing gram-positive bacteremia in these 
patients.134 Oral prophylaxis with TMP-SMX may decrease the inci-
dence of serious bacterial infections in patients with multiple 
myeloma. Concerns have been raised against the routine use of 
TMP-SMX prophylaxis in neutropenic patients because of increasing 
streptococcal resistance.135 Effective prophylactic use of TMP-SMX in 
chronic granulomatous disease has been reported.136 Twice-weekly 
TMP-SMX is effective Pneumocystis prophylaxis for leukemic 
children.137

Trimethoprim Use in Pregnancy
The teratogenicity of trimethoprim in humans is not defined clearly, 
but this drug is not recommended for use in pregnancy. One study has 
shown an increased risk of neural tube defects, oral clefts, and cardio-
vascular defects in infants whose mothers received difolate reductase 
inhibitors, including trimethoprim, early in pregnancy.138 Trime-
thoprim is well tolerated, however, in pediatric patients.

daily TMP-SMX, with fewer side effects. AIDS patients receiving P. 
jirovecii prophylaxis with TMP-SMX may have fewer serious bacterial 
infections than nonprophylaxed patients. TMP-SMX is comparable in 
tolerability and efficacy to second-line regimens, is much less expen-
sive,125 and is associated with improved survival.126 Current guidelines 
suggest discontinuing primary prophylaxis for patients who have a 
sustained CD4+ count higher than 200 cells/mm3 for at least 3 months 
after the initiation of highly active antiretroviral therapy.27

P. jirovecii pneumonia prophylaxis with TMP-SMX confers cross-
protection against toxoplasmosis.27 TMP-SMX is the recommended 
prophylactic agent for toxoplasmosis for all patients with a CD4+ count 
lower than 100 cells/mm3 and a previous episode of toxoplasmic 
encephalitis. Dapsone is an effective alternative in patients with 
TMP-SMX allergy. TMP-SMX prophylaxis has been lifesaving when 
used in immunosuppressed AIDS patients in sub-Saharan Africa and 
is now the standard of care.127 TMP-SMX prophylaxis is moderately 
protective against malaria in HIV-exposed infants and HIV-infected 
children,128 as well as African children in areas with high levels of anti-
folate resistance.129 HIV-infected patients who discontinue TMP-SMX 
prophylaxis are at increased risk of malaria and diarrhea.130,131

TMP-SMX may be indicated in patients with 
paracoccidioidomycosis.132
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34  Quinolones
David C. Hooper and Jacob Strahilevitz

The first member of the quinolone class of antimicrobial agents, nali-
dixic acid, is a 1,8-naphthyridine structure that was identified by 
Lesher and associates in 1962 among the byproducts of chloroquine 
synthesis. Oxolinic acid and cinoxacin were also developed in the 
1970s, but it was the identification in the 1980s of the fluorine- and 
piperazinyl-substituted derivatives with substantially greater potency 
and expanded spectrum that began a resurgence in development and 
a rapid and steady expansion of this class of compounds. A broad 
spectrum of activity, good oral absorption, and generally good overall 
tolerability have resulted in extensive clinical use of the newer fluoro-
quinolones. Several quinolones, however, including temafloxacin, 
sparfloxacin, grepafloxacin, trovafloxacin, and gatifloxacin, were 
removed from clinical use after approval because of toxicities, which 
were uncommon but severe in some cases. This chapter focuses on 
those quinolones that are currently in clinical use.

CHEMICAL STRUCTURES
All current quinolone derivatives in clinical use have a dual ring struc-
ture with a nitrogen at position 1, a carbonyl group at position 4, and 
a carboxyl group attached to the carbon at the 3 position of the first 
ring (Fig. 34-1). Several different dual ring structures (cinnoline [nitro-
gens at positions 1 and 2], pyridopyrimidine [nitrogens at positions 1, 
6, and 8], and 2-pyridone [a dual ring structure with the nitrogen 
located at the junction of the two rings]) have been developed, but 
quinolones, which themselves have a carbon at position 8 in the second 
ring, and naphthyridines, which contain a nitrogen at position 8, have 
been most widely successful. Both quinolones and naphthyridines, 
however, are commonly referred to as quinolones.

Nalidixic acid is a 1,8-naphthyridine with 1-ethyl and 7-methyl 
substituents (see Fig. 34-1). Oxolinic acid (quinolone ring; see Fig. 
34-1) and cinoxacin (cinnoline ring; not shown in Fig. 34-1) also have 
1-ethyl substitutions, as well as a dioxolo ring bridging positions 6 and 
7. Potency is greatly improved by the addition of a fluorine at position 
6, and potency against gram-negative bacteria is further enhanced by 
the addition of a piperazinyl (norfloxacin, enoxacin, ciprofloxacin), 
methyl-piperazinyl (pefloxacin, ofloxacin, lomefloxacin, fleroxacin, 
temafloxacin, levofloxacin, grepafloxacin, gatifloxacin), or dimethyl-
piperazinyl (sparfloxacin) substituent at position 7.1 Methyl substitu-
ents on the piperazine ring generally result in improved oral 
bioavailability. These structural features are common to most of the 
newer quinolone derivatives now in clinical use. Pyrrolidinyl (tosu-
floxacin, clinafloxacin, gemifloxacin) or dual ring substituents (trova-
floxacin, moxifloxacin, sitafloxacin) at position 7 enhance activity 
against gram-positive bacteria. A number of compounds (sparfloxacin, 
gatifloxacin, moxifloxacin, gemifloxacin) use the 1-cyclopropyl group, 
which enhances potency, particularly against gram-negative bacteria, 
and was originally identified for ciprofloxacin. The 1-difluorophenyl 
group found in temafloxacin, tosufloxacin, and trovafloxacin adds 
potency against gram-positive bacteria. An additional ring structure 
bridging positions 1 and 8 is found in ofloxacin and levofloxacin; the 
additional ring of ofloxacin contains an asymmetrical carbon, resulting 
in stereoisomeric forms. Thus, ofloxacin is a racemic mixture of the 
two stereoisomers, one of which is responsible for most of the potency 
against bacteria and purified DNA gyrase. Levofloxacin is the more 
potent of the ofloxacin stereoisomers and thus predictably has twice 
the potency of ofloxacin in vitro. At position 5, replacement of the 

•	 Usual	adult	dose:
○	 Norfloxacin,	oral	(PO)	400	mg	every	

12	hours
○	 Ciprofloxacin,	PO	250	to	750	mg	every	

12	hours;	intravenous	(IV)	200	to	400	mg	
every	12	hours

○	 Ofloxacin,	PO	or	IV	200	to	400	mg	every	
12	hours

○	 Levofloxacin,	PO	or	IV	250	to	750	mg	
daily

○	 Moxifloxacin,	PO	or	IV	400	mg	daily
○	 Gemifloxacin,	PO	320	mg	daily

•	 Renal	and	hepatic	failure:	decrease	dose	in	
renal	failure	for	all	except	moxifloxacin

•	 Cerebrospinal	fluid	penetration:	low
•	 Adverse	effects:
○	 Common:	gastrointestinal	upset,	central	

nervous	system	stimulation
○	 Less	common:	seizures,	tendinitis	and	

tendon	rupture,	Clostridium	difficile	disease,	
dysglycemia,	exacerbations	of	myasthenia	
gravis

•	 Contraindications:	Prior	quinolone	allergy
•	 Drug-drug	interactions:
○	 Do	not	take	oral	formulations	with	

aluminum,	calcium,	magnesium,	or	
iron-containing	compounds

○	 Avoid	other	agents	that	prolong	QT	interval	
(particularly	with	moxifloxacin)

○	 Avoid	concomitant	use	of	tizanidine
○	 Variable	interactions	with	warfarin;	monitor	

international	normalized	ratio
•	 Indications	(U.S.	Food	and	Drug	Administration	

approved):
○	 Norfloxacin:	used	to	treat	uncomplicated	

and	complicated	urinary	tract	infections,	
and	prostatitis.	Can	be	used	for	urethral	or	
cervical	gonorrhea	only	if	infecting	isolates	
are	known	to	be	susceptible.

○	 Ciprofloxacin:	used	to	treat	urinary	tract	
infections,	chronic	bacterial	prostatitis,	
uncomplicated	cervical	and	urethral	
gonorrhea	(only	if	infecting	isolates	are	
known	to	be	susceptible),	complicated	
intra-abdominal	infections,	bacterial	
diarrhea,	typhoid	fever,	acute	bacterial	
sinusitis,	lower	respiratory	tract	infections	
(when	not	caused	by	Streptococcus	
pneumoniae),	inhalational	anthrax,	skin	and	
skin	structure	infections,	and	bone	and	joint	
infections.

○	 Ofloxacin:	used	to	treat	complicated	and	
uncomplicated	urinary	tract	infections,	
bacterial	prostatitis,	uncomplicated	cervical	

and	urethral	gonorrhea	(only	if	infecting	
isolates	are	known	to	be	susceptible),	
nongonococcal	urethritis	and	cervicitis	
caused	by	Chlamydia	trachomatis,	acute	
pelvic	inflammatory	disease,	acute	bacterial	
exacerbations	of	chronic	bronchitis,	
community-acquired	pneumonia,	and	
uncomplicated	skin	and	skin	structure	
infections.

○	 Levofloxacin:	used	to	treat	complicated	and	
uncomplicated	urinary	tract	infections,	acute	
pyelonephritis,	chronic	bacterial	prostatitis,	
acute	bacterial	exacerbations	of	chronic	
bronchitis,	community-acquired	pneumonia,	
hospital-acquired	pneumonia,	inhalational	
anthrax,	acute	bacterial	sinusitis,	
complicated	and	uncomplicated	skin	and	
skin	structure	infections.

○	 Moxifloxacin:	used	to	treat	community-
acquired	pneumonia,	acute	bacterial	
exacerbation	of	chronic	bronchitis,	acute	
bacterial	sinusitis,	and	alternative	agent	in	
multidrug-resistant	tuberculosis	(off-label	
use).

○	 Gemifloxacin:	used	to	treat	community-
acquired	pneumonia	and	acute	bacterial	
exacerbations	of	chronic	bronchitis.
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complexes. DNA gyrase, which was the first-recognized target of qui-
nolones, is an essential bacterial enzyme composed of two A and two 
B subunits, products of the gyrA and gyrB genes, respectively.6,7 DNA 
gyrase uniquely catalyzes the introduction of negative superhelical 
twists into closed covalently circular chromosomal and plasmid DNA 
within the bacterial cell. The superhelical state of intracellular DNA is 
regulated by the actions of DNA gyrase and topoisomerase I, which 
removes DNA superhelical twists but is not inhibited by quinolones. 
DNA superhelicity affects the initiation of DNA replication and tran-
scription of many genes. DNA gyrase is also responsible for removing 
positive superhelical twists that accumulate ahead of the DNA replica-
tion fork. These activities result from the enzyme’s coordinated break-
ing of both strands of duplex DNA, passage of another segment of 
DNA through the break, and resealing of the break, a mechanism that 
defines type II topoisomerases.

Quinolones also inhibit the activities of topoisomerase IV, another 
type II topoisomerase that is composed of two subunits encoded by 
the parC and parE genes. Topoisomerase IV and DNA gyrase are 
structurally related; parC is homologous to gyrA, and parE is homolo-
gous to gyrB.8 Topoisomerase IV functions to resolve (decatenate) 
interlinked (catenated) daughter DNA molecules that result from rep-
lication of circular DNA, to allow their segregation into daughter cells. 
Thus, DNA gyrase and topoisomerase IV have distinct essential roles 
in bacterial DNA replication.9 Although gyrase can mediate the func-
tions of topoisomerase IV (albeit less efficiently as a decatenase), topoi-
somerase IV lacks the ability to introduce negative supercoils into 
DNA, a function that is unique to DNA gyrase. A few species of human 
pathogens (e.g., Mycobacterium tuberculosis, Treponema pallidum) lack 
topoisomerase IV, and in the case of M. tuberculosis, gyrase appears to 
serve the decatenation function of topoisomerase IV, in addition to its 
own functions.10

Quinolones appear to function by trapping or stabilizing the 
enzyme-DNA complexes after strand breakage and before resealing of 
DNA. This trapped complex appears to function as a cellular poison, 
possibly by generating a DNA break that the cell is able to repair only 
poorly.5,11 Quinolones have been shown to bind specifically to the 
complex of DNA gyrase and DNA rather than to DNA gyrase alone.12,13 
The importance of the interaction of quinolones with the gyrase-DNA 
complex for the antibacterial activities of the quinolones in Escherichia 
coli is indicated by the identification of bacterial single gyrA or gyrB 
mutants that are resistant to quinolone enzymatic inhibition and 
produce gyrase-DNA complexes with reduced quinolone binding (see 
“Mechanisms of Acquired Bacterial Resistance”).13 In contrast to the 
information for E. coli, which is also similar to that for other gram-
negative bacteria studied, for Staphylococcus aureus and Streptococcus 
pneumoniae, interactions of quinolones with topoisomerase IV have 
been shown to determine antibacterial activity by the identification of 
parC (initially named grlA in S. aureus) and parE (grlB in S. aureus) 
single mutants that have reduced quinolone activity.14 Based on studies 
of mutants of this type, a general pattern has emerged. For most gram-
negative bacteria, DNA gyrase is the primary quinolone target, and for 
many gram-positive bacteria, topoisomerase IV is the primary target, 
with gyrase being the secondary target. There are exceptions, however, 
that depend on the quinolone studied.15,16 These patterns appear to 
result from the relative sensitivities of these two topoisomerases to a 
given quinolone, with the more sensitive of the two enzymes defining 
the primary target of a particular quinolone.17 Some quinolones under 
development appear to have similar potencies against both DNA 
gyrase and topoisomerase IV in some bacterial species.18,19

Quinolone inhibition of bacterial DNA replication and bacterial 
killing may be dissociated under some conditions, suggesting that 
events in addition to the initial interaction of quinolones with the 
topoisomerase-DNA complex may be required for cell killing.20 In 
particular, inhibitors of RNA and protein synthesis reduce the bacte-
ricidal activity of some quinolones but do not affect their ability to 
inhibit bacterial DNA synthesis.21 Thus, inhibition of bacterial DNA 
synthesis per se is not sufficient to account for bacterial killing, and 
possibly, newly synthesized gene products may also be necessary. This 
effect may account for the observations that at high concentrations  
of quinolones, which also secondarily inhibit protein synthesis, cell 
killing is reduced.5,20

hydrogen by an amino group (sparfloxacin) or a methyl group (grepa-
floxacin) results in some enhancement of activity against gram-positive 
bacteria. At position 8, addition of a halide (chlorine-clinafloxacin, 
fluorine-sparfloxacin, and sitafloxacin) or a methoxy group (gatifloxa-
cin, moxifloxacin) enhances activity against anaerobic bacteria. Halides 
at position 8 increase the risk of phototoxicity, but methoxy groups at 
this position reduce risks of phototoxicity, even relative to compounds 
with a hydrogen at position 8.

Coming full circle in structural modifications, most recently, newer 
“desfluoro” quinolones (garenoxacin) have been identified with excel-
lent and similar potency to their fluorinated counterparts but with 
possible reductions in joint toxicities.2-4

MECHANISM OF ACTION
The quinolones rapidly inhibit bacterial DNA synthesis, an event that 
is followed by rapid bacterial cell death. The molecular events that 
underlie these actions are understood in part, but details remain to  
be defined.5

Quinolones inhibit the enzymatic activities of two members of the 
topoisomerase class of enzymes—DNA gyrase and topoisomerase 
IV—and promote the cleavage of DNA in these enzyme-DNA  

FIGURE 34-1  Structures of selected quinolones in clinical use or 
under development. The circle indicates the asymmetrical carbon result-
ing  in  the stereoisomers  that make up the  racemic mixture  in ofloxacin. 
Levofloxacin is the more active of the two stereoisomers of ofloxacin. 
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concentration and the drug. For gram-negative bacteria selected with 
the newer fluoroquinolones, frequencies range, in general, from 10-6 or 
higher at twofold above the minimal inhibitory concentration (MIC) 
to undetectable (<10-10) at 16- to 32-fold above the MIC. With a similar 
selection with nalidixic acid, mutants are detected more frequently 
when selected at a similar factor greater than the MIC because single 
mutations can cause a higher level of increase in resistance (>30-fold) 
relative to ciprofloxacin (eightfold) and other fluoroquinolones. This 
difference results in part because the magnitude of the increase in 
resistance conferred by a single-target mutation is modified by the 
interaction of drug with the second target enzyme. For example, for 
nalidixic acid, which has little activity against topoisomerase IV, a 
common mutation in the GyrA subunit of DNA gyrase causes a 30-fold 
increase in MIC. In contrast, for ciprofloxacin, which has activity 
against topoisomerase IV (albeit less than its activity against gyrase), 
the same gyrA gene mutation causes only an eightfold increase in MIC, 
despite the fact that both drugs exhibit similar loss of activity against 
purified DNA gyrase reconstituted with the resistant GyrA subunit.39 
Thus, quinolone interaction with a second target enzyme puts a ceiling 
on the magnitude of the increase in resistance caused by mutation in 
the first enzyme target. For some quinolones that have similar potency 
against both target enzymes, frequencies of selection of first-step 
mutants may be particularly low because single-target mutations 
produce little or no increment in resistance.40 Thus, for such quino-
lones, mutations in both targets are needed to produce substantial 
increments in MIC. Serial passage of bacteria with increasing concen-
trations of quinolones selects mutants with high levels of resistance 
resulting from the additive effects of several mutations involving both 
enzyme targets.41

Alterations in the A subunit of DNA gyrase that cause quinolone 
resistance have now been defined in a substantial number of clinical 
and laboratory isolates of E. coli. These alterations are clustered between 
amino acids 67 and 106 in the amino terminus of the A protein near 
the active site of the enzyme (tyrosine-122).31 In particular, changes in 
serine-83 (to leucine or tryptophan) are most common and cause the 
largest increment in resistance, as well as reduced binding of drug to 
the gyrase-DNA complex in vitro. Leucine-83 causes a 128-fold 
increase in resistance to nalidixic acid but lesser increases in resistance 
to the newer fluoroquinolones (16- to 32-fold), thus likely accounting 
for the greater ease of selection of resistant mutants with nalidixic acid. 
Similar changes in the A subunit have been associated with resistance 
in many species of gram-negative bacteria. Single amino-acid changes 
in the midportion of the gyrase B protein have also been found to cause 
lower levels of resistance to nalidixic acid and fluoroquinolones.31,42

Resistance mutations in the parC gene of topoisomerase IV in 
S. aureus and S. pneumoniae have been most commonly found at 
position 80, in which a wild-type serine (homologous to serine-83  
of DNA gyrase) is replaced by phenylalanine or tyrosine.14,43 These 
mutations cause eightfold increases in resistance to several fluoroqui-
nolones. Resistance mutations have also been found less commonly in 
the parE gene, often in positions similar to those of resistance muta-
tions gyrB.31

The quinolone resistance-determining region is probably larger 
than previously thought. New quinolones can select in vitro for novel 
mutations that are responsible, in part, for the resistance phenotype.44 
Of interest, sampling soil flora thought to lack prior exposure to fluo-
roquinolones identified unfamiliar mutational changes in the gyrA 
gene. However, their role in resistance has not yet been vigorously 
proven.45

Stepwise increasing resistance occurs by sequential mutations in 
the gyrA (or gyrB) and parC (or parE) genes, with the first target muta-
tion occurring in a gene for the more sensitive target enzyme. The level 
of susceptibility of the first-step mutant is then usually determined by 
the intrinsic level of sensitivity of the secondary target enzyme. A 
second mutation in a gene for the secondary target then further 
increases resistance to the level that is determined by the already 
mutant primary enzyme target. This finding implies that the drug 
concentration above which two mutations will be required to select 
resistance will decrease to the extent that the similarity of sensitivities 
of DNA gyrase and topoisomerase IV to given quinolone approach  
the same value. In the most highly resistant clinical strains of both 

The nature of the gene products (in addition to DNA gyrase and 
topoisomerase IV) that contribute to killing, however, has yet to be 
defined. The gene products in the RecA-SOS DNA repair and recom-
bination system, the expression of which is known to be induced by 
the damage to bacterial DNA caused by quinolones and other agents, 
appear to function at least in part to repair quinolone-induced DNA 
damage because rec mutants with defective function are hypersuscep-
tible to killing by quinolones.22 Certain hip mutants exhibit a higher 
fraction of persisters or surviving cells after treatment with bactericidal 
antimicrobial agents, without exhibiting major differences in the con-
centrations of drug that inhibit bacterial growth. hipA mutants selected 
for reduced killing by ampicillin have alterations in the cell wall and 
are also killed less well by quinolones, and hipQ mutants selected for 
reduced killing by quinolones also exhibit selective reduced killing by 
β-lactams.23,24 The function of the hipA and hipQ gene products is not 
known, but the overlap in reduced killing by both β-lactams and qui-
nolones suggests that after the interaction of these classes of drugs with 
their different targets, there may be common overlapping pathways 
that are necessary for bacterial lethality. Quinolones, β-lactams, and 
aminoglycosides have all been shown to generate the production of 
hydroxyl radicals through a proposed complex series of events involv-
ing stimulation of oxidation of reduced nicotinamide adenine dinucle-
otide via electron transport, which generates superoxide radicals that 
then damage intracellular thiol-bound iron clusters, releasing ferrous 
iron for oxidation by the Fenton reaction). Production of hydroxyl 
radicals can damage cellular macromolecules and contribute to bacte-
rial cell death, thus suggesting one component of a common pathway 
of bacterial lethality for different classes of bactericidal antibiotics.25

Differences among quinolones in the magnitude of bacterial killing 
in the presence of rifampin (an inhibitor of RNA synthesis), chloram-
phenicol (an inhibitor of protein synthesis), phosphate-buffered saline, 
or anaerobiasis have led to the suggestions that some quinolones may 
have more than one mechanism of killing.20,26 The molecular events 
underlying these phenomena, however, remain poorly understood, 
except that bacterial killing is dependent on drug interaction with com-
plexes of DNA gyrase and topoisomerase IV with DNA5 and is associ-
ated with the release of constraints on the DNA breaks in the bacterial 
chromosome generated by these drug-enzyme-DNA complexes.20

Eukaryotic cells also contain topoisomerases, and eukaryotic topoi-
somerase II, which is a homodimeric enzyme that is a member of the 
type IIA class of topoisomerases, such as DNA gyrase and topoisom-
erase IV, has a similar domain structure and limited primary amino-
acid sequence homology to the bacterial enzymes.27-29 Current 
antibacterial quinolones in clinical use have only minimal activity 
against mammalian topoisomerase II,30 but other quinolone structures, 
containing a 7-hydroxyphenyl substituent or an isothiazolo ring bridg-
ing positions 2 and 3, have been shown to have substantially enhanced 
potency against the mammalian enzyme.28

MECHANISMS OF ACQUIRED 
BACTERIAL RESISTANCE
Bacteria acquire resistance to quinolones by spontaneously occurring 
mutations in chromosomal genes that either alter the target enzymes, 
DNA gyrase and topoisomerase IV, or alter drug permeation across the 
bacterial cell membranes.31 Recently, several plasmid-mediated quino-
lone resistance mechanisms have been identified in clinical isolates of 
Enterobacteriaceae. These horizontally acquired genes are not suffi-
cient to confer clinical resistance to fluoroquinolones but enable sur-
vival under drug exposure and facilitate selection of chromosomal 
mutations.32 The products of the plasmid-encoded qnr genes have been 
shown to protect DNA gyrase and topoisomerase IV from quinolone 
action.33,34 A modification of a common plasmid-encoded aminogly-
coside acetylating enzyme, Aac(6′)-Ib-cr, mediates quinolone resis-
tance through acetylation of the nitrogen on the piperazinyl substituent 
at position 7 of ciprofloxacin and norfloxacin.35 Genes encoding efflux 
pumps, such as QepA36,37 and OqxAB,38 that include quinolones in 
their substrate profiles have also been found on plasmids, albeit infre-
quently to date.

Resistant chromosomal mutants may be selected in the laboratory 
by plating bacteria on drug-containing agar. The frequency of occur-
rence of spontaneous mutants differs with the selecting drug 
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emerging in gram-positive bacteria, and it is likely that regulation of 
transporter expression is controlled at a number of levels. For example, 
the global regulator MgrA acts as a positive regulator of NorA62 but as 
a negative regulator of NorB and NorC.56,57 Moreover, expression of 
efflux pumps may not necessarily be to extrude the antibiotics. Using 
the community-acquired methicillin-resistant S. aureus MW2 strain in 
a murine abscess model, NorB was selectively upregulated in the 
abscess relative to the expression in laboratory media, and this was 
associated with improved growth fitness of strain MW2 in the abscess 
(in the absence of antibiotic exposure).63 Thus, physiologic over-
expression of NorB or other drug-resistance pumps in an abscess  
environment might contribute in part to the reduced responses to 
antibacterial agents seen during treatment of abscesses, as well as dis-
cordance between determinations of bacterial susceptibility in vitro 
and responses to antimicrobials in vivo. Two plasmid-mediated quino-
lone efflux pumps have also been found: OqxAB, which confers resis-
tance to the antibiotic olaquindox (a quinoxaline derivative that is used 
in agriculture as a veterinary growth promoter) as well as an increased 
MIC to nalidixic acid and ciprofloxacin, and QepA, which mediates 
increased resistance to several antibiotics, including ciprofloxacin and 
erythromycin.64,65

Physiologic overexpression of pumps (without regulatory muta-
tions) occurring during infection but not during laboratory growth 
conditions could also affect outcomes of therapy in a way not neces-
sarily predicted by in vitro methods for susceptibility testing. Com-
pounds that can inhibit all of the known MDR pumps of P. aeruginosa 
have been identified with the idea of combining such compounds with 
quinolones or other antimicrobial agents to improve activity in wild-
type bacteria and to reduce resistance caused by pump overexpression, 
a concept analogous to the combination of β-lactams with β-lactamase 
inhibitors.66 As yet, no such MDR pump inhibitor–containing combi-
nations are available for clinical use.

Plasmid-mediated quinolone resistance, long thought not to occur, 
was first identified and verified in multidrug-resistant, clinical isolates 
of K. pneumoniae from Alabama.67 Used as donors, these isolates trans-
ferred plasmids by conjugation to a recipient laboratory E. coli with 
selection for resistance to β-lactams. Unexpectedly, the recipients also 
acquired low-level resistance to quinolones as well. The plasmid-
encoded gene responsible for quinolone resistance, qnr, was located on 
class I integrons flanked by other resistance genes, which can tranfer 
multidrug resistance en bloc with the plasmid.33 The gene qnr encodes 
a protein of the pentapeptide repeat family that is able to protect puri-
fied DNA gyrase and topoisomerase IV from quinolone action. How 
this protection occurs at the molecular level has not yet been defined. 
The plasmid-borne qnr genes currently comprise five families—qnrA, 
qnrB, qnrS, qnrC, and qnrD—and include more than 80 alleles.68,69 qnr 
genes have already been detected worldwide and are found in 1% to 
7% of tested Enterobacteriaceae, predominantly in strains of Entero-
bacter spp., Klebsiella pneumoniae, and E. coli. Although resistance 
mediated by qnr genes alone is usually low level, qnr plasmids are 
usually found in strains of Enterobacteriaceae with additional chromo-
somal resistance mutations, and the presence of qnr has been shown 
to increase the frequency of selection of these mutations, presumably 
by reducing the quinolone therapeutic index.

Resistance mediated by a fluoroquinolone-modifying enzyme has 
also been recently reported. A variant of the gene encoding aminogly-
coside acetyltransferase Aac(6′)-Ib was able to reduce the activity of 
ciprofloxacin by N-acetylation at the amino nitrogen on its piperazinyl 
substituent.35 The increase in MIC conferred by Aac(6′)-Ib-cr was 
smaller than that conferred by Qnr proteins, and it was selective only 
for ciprofloxacin and norfloxacin, as predicted by their chemical struc-
ture. Other quinolones lacking an unsubstituted piperazinyl nitrogen 
were unaffected (see Fig. 34-1). Although the increase in MIC of cip-
rofloxacin and norfloxacin was modest (threefold to fourfold), the 
effect on mutant prevention concentration was marked and facilitated 
selection of resistant clones of wild-type E. coli at 1.6 µg/mL, a level 
approximating the peak serum concentration of free ciprofloxacin 
during therapy.35

Infections by salmonellae with gyrA mutations have been associ-
ated with poor clinical response among patients receiving cipro-
floxacin. Because of the reduced activity of nalidixic acid relative to 

gram-positive and gram-negative bacteria, one or more mutations in 
each of gyrA and parC have been found commonly. Some species, 
including M. tuberculosis, Helicobacter pylori, and T. pallidum, appear 
to lack genes for topoisomerase IV.31 Thus, gyrase or another enzyme 
may carry out the functions of topoisomerase IV in these organisms, 
and target resistance may occur more readily in the absence of a second 
drug target to limit the effects of resistance mutations in gyrase.

The routes of quinolone permeation across bacterial cell mem-
branes are not fully defined, but the hydrophilic congeners appear to 
diffuse across the gram-negative bacterial outer membrane through 
porin channels. In E. coli and Pseudomonas aeruginosa, resistance 
mutations in genes that affect expression of outer membrane proteins 
have been described.46,47 In both cases, resistance cannot be explained 
by reduced diffusion alone, and reduced drug accumulation in some 
mutants is energy dependent, being abolished by agents that collapse 
the proton gradient across the membrane. In E. coli, resistance of 
multiple antibiotic resistance (Mar) mutants, which exhibit reduced 
porin channels, is dependent on the AcrAB efflux pump, which is 
linked to the TolC outer membrane protein.48,49 Overexpression of 
AcrAB has also been associated with quinolone resistance in clinical 
isolates.50 In P. aeruginosa, resistance has been shown to be caused by 
increased expression of one of several sets of three genes that appear 
to encode an efflux pump in the inner membrane, a periplasm-
spanning membrane fusion protein, and a linked outer membrane 
protein (e.g., MexAB-OprM, composed of the MexA membrane fusion 
protein, MexB inner membrane efflux pumps, and OprM outer mem-
brane protein),31,46,51 and such increased expression of one or more 
pump complexes is found commonly along with gyrA mutations in 
quinolone-resistant clinical isolates of P. aeruginosa.52 Regulation of 
expression appears to be complex, and overexpression has in some 
cases been shown to be due to mutations in specific regulators. Resis-
tance in many mutants of this type is pleiotropic, with additional low 
levels of resistance to tetracycline, chloramphenicol, and some 
β-lactams, because of the broad substrates profiles of most such 
pumps; hence, the term multidrug resistance (MDR) is often applied 
to these efflux pumps.46,53 For an extensive review of clinically 
relevant chromosomally encoded MDR efflux pumps see the review  
by Piddock.53

In gram-positive bacteria, which lack an outer membrane, overex-
pression of endogenous efflux pumps has also been shown to cause 
low-level quinolone resistance. The S. aureus norA gene encodes a 
native membrane protein that pumps hydrophilic quinolones, driven 
by the proton gradient across the cell membrane,54 and overexpression 
of NorA, because of a mutation in the norA promoter region or in other 
regulators, causes resistance to norfloxacin, ciprofloxacin, and levo-
floxacin, in order of decreasing magnitude of the effect on MICs.55 
Some quinolones, such as moxifloxacin, are not affected by NorA over-
expression. Among the more recently discovered pumps, NorB and 
NorC can cause resistance to these quinolones as well.56,57 In S. pneu-
moniae, PmrA, a pump with a structure similar to NorA, can also 
contribute to reduced quinolone susceptibility.58 Reserpine, an inhibi-
tor of several efflux pumps in gram-positive bacteria, improves MICs 
of some quinolones in clinical isolates of S. pneumoniae and viridans 
streptococci.59 More recently, a PatA/PatB heterodimer was shown to 
form an ABC transporter that confers resistance to norfloxacin and 
ciprofloxacin in S. pneumoniae.60 It is likely that further study of poten-
tial MDR pumps in S. aureus, S. pneumoniae, and other gram-positive 
bacteria, aided by the increasing number of species with completely 
sequenced genomes, will identify additional quinolone resistance 
mechanisms resulting from overexpression of other as yet undefined 
MDR efflux pumps.

MDR efflux pumps of this type appear to be present in most, if not 
all, bacteria, and in many cases multiple pumps, which may vary in 
their relative levels of expression under different conditions of growth 
or antibiotic exposure and selection, are present in a given species. For 
example, in P. aeruginosa, the MexAB-OprM pump complex is nor-
mally expressed, but selection with different quinolones can result in 
mutants that overexpress the MexCD-OprJ or MexEF-OprN pump 
complexes, presumably reflecting the particular ability of the overex-
pressed pump to remove the selecting quinolone from the cell.61 A 
similarly complex picture of expression of various efflux pumps is also 
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newer fluoroquinolones against topoisomerase IV, this phenotype  
can be easily detected by decreased fluoroquinolone susceptibility and 
nalidixic acid resistance.70,71 The clinical significance of plasmid-
mediated quinolone resistance has not been well characterized, and 
plasmid-mediated quinolone resistance is difficult to detect in the 
clinical laboratory. The MIC elevation of both nalidixic acid and cip-
rofloxacin for Qnr-positive strains is modest, and Aac(6′)-Ib-cr does 
not affect nalidixic acid. Nevertheless, guidelines to clinical laborato-
ries were recently changed to better detect salmonellae that do not 
carry these resistance mechanisms.72

ANTIMICROBIAL ACTIVITY
Current quinolones are most active against aerobic gram-negative 
bacilli, particularly members of the family Enterobacteriaceae and 
Haemophilus spp., and against gram-negative cocci, such as Neisseria 
spp. and Moraxella (Branhamella) catarrhalis (Table 34-1).73-76 Relative 
to nalidixic acid, the fluoroquinolones also have additional activity 
against gram-negative bacilli, such as P. aeruginosa (see Table 34-1), 
and against staphylococci (Table 34-2). Ciprofloxacin remains the most 
potent marketed fluoroquinolone against gram-negative bacteria, and 
it and levofloxacin in the United States and sitafloxacin in Japan are 
the only available quinolones with sufficient potency for use against 
susceptible strains of P. aeruginosa. Resistance may emerge easily, 
however, when these quinolones are used alone for treatment of serious 
pseudomonal infections. For norfloxacin, ciprofloxacin, and ofloxacin, 
activity against streptococci and many anaerobes is limited (see Table 
34-2; Table 34-3). Agents released subsequently in the United States—
levofloxacin, gatifloxacin (marketed as an ophthalmic solution), moxi-
floxacin, and gemifloxacin—however, have greater potency against 
these organisms, with gemifloxacin being especially potent against S. 
pneumoniae. For the fluoroquinolones that are used for treatment of 
infections outside the urinary tract, the MICs listed in Table 34-1 
should be interpreted in relation to peak drug concentrations in serum, 
which range from 1.1 to 6.4 µg/mL (with usual dosing), and in relation 
to drug concentrations in urine that are manyfold higher for most 
quinolones, except those that are largely excreted by nonrenal mecha-
nisms (see “Pharmacology”). For highly susceptible organisms, MICs 
may be 10- to 30-fold below achievable serum concentrations. Oral 
ciprofloxacin and levofloxacin are recommended for prophylaxis of 
anthrax, with potential similar efficacy and toxicity to doxycycline. For 
treatment of severe anthrax disease, parenteral fluoroquinolones are 
favored over doxycycline.77 It should be noted that quinolone resis-
tance can be selected for in Bacillus anthracis. 78 Thus, efficacy may not 
be predicted in the unfortunate case of use of B. anthracis as an agent 
of bioterrorism. Fluoroquinolones may have activity against S. aureus 
isolates, but they are not routinely recommended because resistance 
may emerge with monotherapy.

Fluoroquinolones also have activity against mycobacteria (see Table 
34-3).73,79 Ciprofloxacin, ofloxacin, levofloxacin, gatifloxacin, and mox-
ifloxacin are active against M. tuberculosis, Mycobacterium fortuitum, 
Mycobacterium kansasii, and some strains of Mycobacterium chelonae 
but, except for moxifloxacin, have only fair or poor activity against 
Mycobacterium avium-intracellulare. Ofloxacin and pefloxacin have 
activity against Mycobacterium leprae in animal models.

Other bacteria are also inhibited by quinolones in vitro (see Table 
34-1).80 Ciprofloxacin, ofloxacin, levofloxacin, gatifloxacin, moxifloxa-
cin, and gemifloxacin all have activity against the agents of atypical 
pneumonias, including Legionella pneumophila, Mycoplasma pneu-
moniae, and Chlamydia pneumoniae, and against genital pathogens, 
such as Chlamydia trachomatis, Ureaplasma urealyticum, and Myco-
plasma hominis. T. pallidum is resistant to ofloxacin in animal models, 
and no other quinolone has been shown to have activity against this 
spirochete. Moxifloxacin and sitafloxacin among available quinolones 
have increased potency against anaerobes.

Activity in vitro is reduced in the presence of urine but generally 
not in the presence of serum. Activity is also reduced at pH values 
below 7 and in the presence of magnesium concentrations at 8 to 
16 mM. Both of these factors often contribute to the reduced quino-
lone activity observed in the presence of urine. Low pH and elevated 
concentrations of magnesium are associated with reduced drug accu-
mulation in E. coli.74

Minimal bactericidal concentrations of quinolones are usually 
within twofold to fourfold of the MIC, and the magnitude of bacterial 
killing increases with further increases in drug concentration, reaching 
a maximum at about 30-fold above the MIC. Above this maximal 
killing concentration, paradoxical reductions in killing are observed 
and are associated with additional inhibition of protein synthesis by 
high concentrations of quinolones.5,81

The postantibiotic effect (PAE) is the period of time required for 
bacteria surviving a brief exposure to an antimicrobial agent to resume 
growth. Although PAE may be relevant in estimating the proper inter-
val for drug dosing, its clinical importance, which may be greatest in 
patients with compromised host defenses, has not been proved. For 
quinolones, the duration of PAE has been in the range of 1 to 2 hours 
and tends to increase with increasing drug concentrations and length 
of drug exposure.

Combinations of quinolones with other antimicrobial agents have 
been extensively studied, and interactions with β-lactams and amino-
glycosides, as measured by fractional inhibitory or bactericidal con-
centrations or time-kill curve studies, have generally been found to be 
indifferent or additive.73 Synergistic interactions were found in a 
minority of strains, although for P. aeruginosa in some studies, synergy 
with ciprofloxacin in combination with imipenem or azlocillin was 
seen in a substantial minority (30% to 50%) of strains. In vitro, a fluo-
roquinolone with a β-lactam was also effective against P. aeruginosa 
strains already lacking susceptibility to one or both drugs.82,83 Antago-
nistic interactions of quinolones with other antimicrobial agents have 
been rare. Rifampin reduced the bactericidal activity of ciprofloxacin 
against S. aureus and of moxifloxacin against M. tuberculosis in some 
studies.84,85

PHARMACOLOGY
Absorption
The quinolones are well absorbed from the upper gastrointestinal tract, 
with bioavailability exceeding 50% for all compounds and approaching 
100% for several (Table 34-4).86,87 Peak concentrations in serum are 
usually attained within 1 to 3 hours of administering a dose. Neither 
food nor achlorhydria substantially affects the extent of quinolone 
absorption, but food may delay the time to reach peak drug concentra-
tions in serum.88,89 Enteral feedings given orally, however, may reduce 
absorption.90 Absorption is good when ciprofloxacin is given by naso-
gastric or jejunostomy tube91 but may be decreased by concurrent 
enteral feedings given through these tubes.90

Peak fluoroquinolone concentrations in serum, after a 200-mg to 
500-mg dose, range from 1.4 to 1.5 µg/mL for gemifloxacin and nor-
floxacin to 5.7 µg/mL for levofloxacin (see Table 34-4). A 1-g dose of 
nalidixic acid produces concentrations of 20 to 50 µg/mL of serum. 
Drug binding to serum proteins is generally low—20% to 50%; binding 
of gemifloxacin to serum proteins is somewhat higher—55% to 70%.

Distribution in Tissues
The volumes of distribution of quinolones are high and in most cases 
exceed the volume of total body water (see Table 34-4), indicating 
accumulation in some tissues. Concentrations in prostate tissue, stool, 
bile, lung, and neutrophils and macrophages usually exceed serum 
concentrations (Table 34-5). Concentrations in urine and kidney tissue 
are high for quinolones with a major renal route of elimination, par-
ticularly so for levofloxacin and substantially less for moxifloxacin, 
which has a major route of nonrenal elimination. Concentrations of 
quinolones in saliva, prostatic fluid, bone, and cerebrospinal fluid 
(CSF) are usually lower than drug concentrations in serum. Active 
transport systems appear to be involved in reducing concentrations of 
levofloxacin in CSF.92 Fluoroquinolones vary in terms of penetration 
into CSF. Their penetration into the CSF in the absence of meningeal 
inflammation is, however, much higher than that of β-lactam antibiot-
ics.93 In patients with tuberculous meningitis, CSF penetration 
(AUCCSF/AUCPlasma ratio) of levofloxacin was similar to that of moxi-
floxacin and greater than than that of ciprofloxacin.94,95 Penetration 
into ascitic fluid in patients with liver failure has been found for ofloxa-
cin (120%).96 Penetration into human breast milk has also been docu-
mented for ciprofloxacin and ofloxacin.97

Text continued on p. 428

http://www.myuptodate.com


P
a
rt

 I
 B

as
ic

 P
ri

n
ci

p
le

s 
in

 t
h

e 
D

ia
g

n
o

si
s 

an
d

 M
an

ag
em

en
t 

o
f 

In
fe

ct
io

u
s 

D
is

ea
se

s
424

TA
B

LE
 3

4
-1

 
A

ct
iv

it
y
 o

f 
S
e
le

ct
e
d

 Q
u

in
o

lo
n

e
s 

a
g

a
in

st
 S

e
le

ct
e
d

 G
ra

m
-N

e
g

a
ti

v
e
, 

M
y
co

p
la

sm
a
l,

 a
n

d
 C

h
la

m
y
d

ia
l 

P
a
th

o
g

e
n

s 
in

 V
it

ro

O
R

G
A

N
IS

M
R

E
P
R

E
S
E
N

TA
TI

V
E
 M

IC
9
0
 (

R
A

N
G

E
) 

(µ
g

/m
L)

*,†

N
a
li

d
ix

ic
 A

ci
d

N
o

rfl
o

x
a
ci

n
P
e
fl

o
x
a
ci

n
C

ip
ro

fl
o

x
a
ci

n
O

fl
o

x
a
ci

n
Le

v
o

fl
o

x
a
ci

n
G

a
ti

fl
o

x
a
ci

n
M

o
x
ifl

o
x
a
ci

n
G

e
m

ifl
o

x
a
ci

n
A

ci
ne

to
ba

ct
er

 s
pp

.
(3

2-
25

6)
(8

-6
4)

(1
-8

)
0.

25
-2

(0
.2

5-
>1

28
)

0.
25

->
8

0.
05

-3
2

0.
03

-8
>0

.2
5-

16
4-

32
(0

.0
08

-3
2)

A
er

om
on

as
 s

pp
.

0.
5

0.
03

0.
03

0.
00

8-
≤0

.0
6

0.
03

-≤
0.

06
≤0

.0
15

-0
.0

3
0.

03
0.

03
0.

03

Bu
rk

ho
ld

er
ia

 c
ep

ac
ia

16
8

(8
-5

0)
—

(2
->

25
6)

4-
25

4-
25

6
12

.5
-2

56
4-

25
6

64

C
am

py
lo

ba
ct

er
 je

ju
ni

8
(0

.2
5-

2)
0.

5
0.

12
-6

4
0.

25
-3

2
0.

12
-3

2
0.

25
-4

0.
06

-0
.1

3
—

C
hl

am
yd

ia
 p

ne
um

on
ia

e
—

—
—

2
1

0.
5-

1
0.

12
0.

06
-1

0.
25

C
hl

am
yd

ia
 t

ra
ch

om
at

is
—

≥1
6

—
0.

5-
2

2 
(0

.2
5-

4)
0.

25
-0

.5
0.

06
0.

06
 (

0.
01

5-
0.

12
)

—

C
itr

ob
ac

te
r 

sp
p.

8
0.

5
(<

0.
25

-5
0)

0.
4-

1
0.

06
-0

.2
5

0.
25

-1
0.

13
-0

.5
0.

25
-2

0.
25

-2
2

(0
.0

04
-1

6)

En
te

ro
ba

ct
er

 a
er

og
en

es
8

0.
5

(0
.2

-2
)

0.
25

0.
5

(0
.0

3-
>1

6)
0.

25
(0

.1
-1

)
0.

5
(0

.0
6-

16
)

1
(1

-1
6)

2
(0

.2
5-
>1

6)
0.

25
(0

.0
08

-2
)

En
te

ro
ba

ct
er

 c
lo

ac
ae

8
0.

5
(<

0.
25

-2
)

0.
5

0.
25

(0
.0

25
-2

)
1

(0
.1

2-
1)

0.
5

(0
.0

5-
2)

0.
5

(0
.0

6-
1)

1
(0

.0
6-

2)
0.

25
-1

(0
.0

08
-1

6)

Es
ch

er
ic

hi
a 

co
li

4
0.

12
(0

.0
1-

0.
5)

0.
12

-0
.2

5
0.

25
(0

.0
15

->
12

8)
0.

25
(0

.0
6-

0.
25

)
0.

5
(0

.0
25

-3
2)

0.
25

(0
.0

16
-8

)
0.

25
(0

.0
08

-3
2)

0.
01

6-
0.

03
(0

.0
04

-3
2)

H
ae

m
op

hi
lu

s 
in

flu
en

za
e

1
0.

06
0.

06
≤0

.0
15

-0
.0

6
0.

05
-0

.1
2

0.
01

5-
≤0

.5
0.

01
3-

0.
03

0.
03

-0
.0

6
≤0

.0
04

-0
.0

3

K
le

bs
ie

lla
 p

ne
um

on
ia

e
8-

16
0.

5
(0

.2
-2

)
2

(0
.5

-2
)

0.
5

(0
.0

3-
>4

)
2

(0
.2

5-
2)

0.
5

(0
.0

3-
>8

)
1

(0
.0

3-
>4

)
1

(0
.1

3-
1)

0.
25

(0
.0

6-
>4

)

Le
gi

on
el

la
 s

pp
.

1
(0

.2
-2

)
—

0.
01

6-
0.

06
0.

03
-0

.1
2

0.
01

6-
0.

03
0.

03
0.

06
0.

00
3-

0.
03

M
or

ax
el

la
 c

at
ar

rh
al

is
2

0.
4

0.
25

≤0
.0

15
-0

.1
2

0.
06

-0
.1

2
≤0

.0
3-
≤0

.5
≤0

.0
3-

0.
05

≤0
.0

15
-0

.1
2

≤0
.0

04
-0

.0
15

M
or

ga
ne

lla
 m

or
ga

ni
i

8
0.

12
(<

0.
06

-2
5)

(0
.2

5-
4)

0.
06

(0
.0

15
-1

)
0.

25
(0

.1
2-

0.
25

)
0.

12
(0

.0
6-

1)
0.

5
(0

.2
5-

2)
0.

5
(0

.1
3-

4)
0.

12
(0

.0
16

-8
)

M
yc

op
la

sm
a 

ho
m

in
is

>2
56

8-
16

4
0.

5-
4

0.
5 

(0
.2

5-
4)

0.
25

 (
0.

03
-2

)
0.

12
 (

0.
03

-0
.2

5)
0.

06
 (

0.
03

-0
.2

5)
0.

06
 (

0.
01

5-
0.

12
)

M
yc

op
la

sm
a 

pn
eu

m
on

ia
e

—
12

4
1-

5
1

0.
5-

2.
5

0.
13

-0
.5

0.
12

-0
.3

0.
25

N
ei

ss
er

ia
 g

on
or

rh
oe

ae
1

0.
06

0.
06

0.
00

1-
2

0.
03

-2
≤0

.0
08

-2
0.

00
4-

0.
02

5
0.

01
5-

1
—

N
ei

ss
er

ia
 m

en
in

gi
tid

is
0.

5
0.

03
0.

03
0.

00
4-

0.
00

8
0.

03
≤0

.0
08

-0
.0

16
≤0

.0
08

≤0
.0

08
-0

.0
16

0.
00

2

Pr
ot

eu
s 

m
ira

bi
lis

8
0.

1
(0

.1
2-

0.
5)

0.
25

0.
12

(0
.0

25
-4

)
0.

25
(0

.1
2-

0.
5)

0.
12

(0
.0

5-
4)

0.
25

(0
.2

-4
)

0.
5

(0
.2

5-
16

)
0.

12
-0

.5
(0

.0
3-

8)

Pr
ot

eu
s 

vu
lg

ar
is

8
0.

1
(0

.1
2-

0.
5)

0.
25

0.
06

(0
.0

3-
0.

12
)

0.
5

(0
.1

2-
0.

5)
0.

12
(0

.0
6-

0.
25

)
0.

39
(0

.2
5-

0.
5)

1
(0

.5
-1

)
0.

12
(0

.0
3-

0.
12

)

Pr
ov

id
en

ci
a 

re
tt

ge
ri

16
2

(0
.2

5-
3.

1)
0.

5
0.

5
(0

.0
25

-4
)

2-
4

1
(0

.1
-4

)
0.

5
1

(0
.5

-2
)

—

Pr
ov

id
en

ci
a 

st
ua

rt
ii

32
2

(<
0.

25
-2

)
4

4-
8

(0
.1

2-
>1

6)
>8

(1
->

16
)

4
(0

.2
5-
>1

6)
0.

5
1

(0
.5

-2
)

0.
25

-1
6

(0
.0

15
-1

)

Ps
eu

do
m

on
as

 a
er

ug
in

os
a

16
2

(2
-1

6)
2

0.
5-

12
8

4-
>1

28
2-

12
8

>4
-3

2
8-
>1

28
4-

8
(0

.0
3-

25
6)

Sa
lm

on
el

la
 s

pp
.

2-
4

≤0
.0

6
(≤

0.
06

-0
.2

5)
0.

12
0.

01
-0

.2
5

0.
12

-0
.5

0.
03

-0
.2

5
0.

06
-0

.2
5

0.
12

-0
.2

5
0.

01
5-

0.
12

Se
rr

at
ia

 m
ar

ce
sc

en
s

≥1
00

1
(0

.0
25

-5
0)

1
(1

-8
)

2
(0

.5
-1

2.
5)

4
(1

-2
5)

2
(0

.2
5-

8)
4

(2
-1

2.
5)

4
(0

.5
-8

)
1-

2
(0

.0
08

-4
)

Sh
ig

el
la

 s
pp

.
8

≤0
.0

6-
0.

12
0.

25
0.

00
8-
≤0

.0
6

0.
06

-0
.1

2
0.

01
6-

0.
03

0.
01

6-
0.

03
0.

03
-0

.0
6

≤0
.0

15
-0

.2
5

St
en

ot
ro

ph
om

on
as

 
m

al
to

ph
ili

a
16

2
(2

-2
5)

4
>2

-3
2

8-
64

2-
32

2-
32

1-
12

8
4

(0
.0

16
-1

6)

Ye
rs

in
ia

 e
nt

er
oc

ol
iti

ca
2

≤0
.1

2
0.

25
0.

01
6-

0.
06

0.
12

-0
.2

5
0.

03
-0

.0
6

0.
06

0.
06

-0
.1

2
0.

01
5-

0.
03

*M
IC

90
, 

m
in

im
al

 in
hi

bi
to

ry
 c

on
ce

nt
ra

tio
n 

fo
r 

90
%

 o
f 

st
ra

in
s.

† Re
si

st
an

ce
 h

as
 b

ee
n 

in
cr

ea
si

ng
 in

 m
an

y 
ho

sp
ita

l p
at

ho
ge

ns
 o

ve
r 

tim
e.

 T
he

re
fo

re
, 

it 
is

 im
po

rt
an

t 
to

 c
on

su
lt 

in
di

vi
du

al
 a

nt
ib

io
gr

am
s,

 b
ec

au
se

 r
es

is
ta

nc
e 

ca
n 

va
ry

 a
m

on
g 

in
st

itu
tio

ns
.

D
at

a 
fr

om
 E

lio
po

ul
os

 a
nd

 E
lio

po
ul

os
,73

,7
4  J

on
es

 e
t 

al
,76

 G
ar

cí
a 

et
 a

l,80
 a

nd
 B

eb
ea

r 
et

 a
l.51

8

http://www.myuptodate.com


C
h

ap
ter 34 Q

uinolones
425

TA
B

LE
 3

4
-2

 
A

ct
iv

it
y
 o

f 
S
e
le

ct
e
d

 Q
u

in
o

lo
n

e
s 

a
g

a
in

st
 S

e
le

ct
e
d

 G
ra

m
-P

o
si

ti
v
e
 B

a
ct

e
ri

a
 I

n
 V

it
ro

*

O
R

G
A

N
IS

M
R

E
P
R

E
S
E
N

TA
TI

V
E
 M

IC
9
0
 (

R
A

N
G

E
) 

(µ
g

/m
L)

*

N
a
li

d
ix

ic
 A

ci
d

N
o

rfl
o

x
a
ci

n
P
e
fl

o
x
a
ci

n
C

ip
ro

fl
o

x
a
ci

n
O

fl
o

x
a
ci

n
Le

v
o

fl
o

x
a
ci

n
G

a
ti

fl
o

x
a
ci

n
M

o
x
ifl

o
x
a
ci

n
G

e
m

ifl
o

x
a
ci

n
St

ap
hy

lo
co

cc
us

 a
ur

eu
s—

m
et

hi
ci

lli
n 

su
sc

ep
tib

le
10

0
2

(1
-4

)
0.

5
(0

.1
-2

)
0.

5
(0

.0
3-

2)
0.

5
(0

.2
5-

1)
0.

25
(0

.2
5-

0.
5)

0.
12

(0
.1

0-
0.

25
)

0.
12

(0
.0

6-
0.

25
)

0.
06

(0
.0

3-
0.

06
)

St
ap

hy
lo

co
cc

us
 a

ur
eu

s—
m

et
hi

ci
lli

n 
re

si
st

an
t

—
—

—
≥3

2
(2

5-
12

8)
32

(6
2.

5-
50

)
16

(8
->

32
)

16
(4

->
32

)
4

(2
-1

6)
8

(1
-8

)

C
oa

gu
la

se
-n

eg
at

iv
e 

st
ap

hy
lo

co
cc

i—
m

et
hi

ci
lli

n 
su

sc
ep

tib
le

10
0

2
(0

.4
->

4)
1

(0
.5

-4
)

2
(0

.2
5-

16
0.

5
1

(0
.5

-2
)

(0
.2

5-
4)

0.
13

(0
.1

2-
1)

0.
3

(0
.0

15
-0

.0
3)

C
oa

gu
la

se
-n

eg
at

iv
e 

st
ap

hy
lo

co
cc

i—
m

et
hi

ci
lli

n 
re

si
st

an
t

—
—

—
>1

6
(0

.3
9-

64
)

32
(>

8-
32

)
(0

.3
9-

16
)

(0
.2

5-
8)

4
(0

.1
3-

8)
2

(0
.2

5-
2)

St
re

pt
oc

oc
cu

s 
pn

eu
m

on
ia

e
>1

28
16

(4
-1

6)
12

(8
-1

6)
2

(1
-8

)
2

(1
-8

)
1

(1
-2

)
0.

5
(0

.2
5-

1)
0.

25
(0

.0
6-

0.
5)

0.
06

(0
.0

3-
0.

06
)

St
re

pt
oc

oc
cu

s 
py

og
en

es
>1

00
4

(2
-1

6)
8

(8
-1

6)
2

(0
.5

-3
.1

)
2

(1
-4

)
1

(0
.5

-2
)

0.
5

(0
.3

9-
0.

5)
0.

25
(0

.1
2-

0.
25

)
0.

06
(0

.0
15

-0
.0

6)

St
re

pt
oc

oc
cu

s 
ag

al
ac

tia
e

>1
28

16
(4

-1
6)

32
2

(0
.5

-2
)

4
(1

-4
)

1
0.

5
0.

5
(0

.1
2-

0.
5)

0.
12

(0
.0

3-
0.

25
)

St
re

pt
oc

oc
cu

s 
sp

p.
>6

4
16

(4
-3

2)
>1

2.
5

4
(1

-8
)

4
(2

-8
)

2
(1

-2
)

0.
5

(0
.5

-1
)

0.
25

(0
.2

5-
2)

0.
12

En
te

ro
co

cc
us

 f
ae

ca
lis

>6
4

8
(4

-3
2)

4-
8

(1
-1

28
)

(2
-3

2)
(2

-5
0)

(1
->

4)
(0

.5
-1

6)
2

(2
-4

)

En
te

ro
co

cc
us

 f
ae

ci
um

>6
4

≥1
2.

5
—

(2
->

12
8)

(4
-1

00
)

(2
-6

4)
(3

->
32

)
(4

-≥
32

)
8

Li
st

er
ia

 m
on

oc
yt

og
en

es
>6

4
8

(4
-1

6)
6-

8
1

(0
.5

-4
)

4
(2

-4
)

1
(1

-2
)

0.
5

0.
5

0.
25

(0
.1

2-
0.

25
)

C
or

yn
eb

ac
te

riu
m

 s
pp

.
—

4
(4

->
12

8)
8

(8
->

12
8)

1
(0

.0
5-

12
8)

1
(0

.5
-6

4)
(2

->
16

)
>4

2
(0

.5
-1

6)

Ba
ci

llu
s 

sp
p.

—
1

—
0.

25
(0

.0
6-

1)
0.

5
0.

25
(0

.0
6-

2)
0.

25
—

—

N
oc

ar
di

a 
sp

p.
>1

28
64

64
(1

.4
->

25
)

(2
.6

->
25

)
(0

.1
2-
>3

2)
—

(0
.0

3-
32

)
(0

.0
3-

32
)

*M
IC

90
, 

m
in

im
al

 in
hi

bi
to

ry
 c

on
ce

nt
ra

tio
n 

fo
r 

90
%

 o
f 

st
ra

in
s.

D
at

a 
fr

om
 E

lio
po

ul
os

 a
nd

 E
lio

po
ul

os
,73

,7
4 , 

C
er

ce
na

do
 e

t 
al

,51
9,

52
0  a

nd
 L

ai
 e

t 
al

.52
1

http://www.myuptodate.com


P
a
rt

 I
 B

as
ic

 P
ri

n
ci

p
le

s 
in

 t
h

e 
D

ia
g

n
o

si
s 

an
d

 M
an

ag
em

en
t 

o
f 

In
fe

ct
io

u
s 

D
is

ea
se

s
426

TA
B

LE
 3

4
-3

 
A

ct
iv

it
y
 o

f 
S
e
le

ct
e
d

 Q
u

in
o

lo
n

e
 a

g
a
in

st
 S

e
le

ct
e
d

 A
n

a
e
ro

b
ic

 B
a
ct

e
ri

a
 a

n
d

 M
y
co

b
a
ct

e
ri

a
 i

n
 V

it
ro

*

O
R

G
A

N
IS

M
R

E
P
R

E
S
E
N

TA
TI

V
E
 M

IC
9
0
 (

µg
/m

L)
*

N
a
li

d
ix

ic
 A

ci
d

N
o

rfl
o

x
a
ci

n
P
e
fl

o
x
a
ci

n
C

ip
ro

fl
o

x
a
ci

n
O

fl
o

x
a
ci

n
Le

v
o

fl
o

x
a
ci

n
G

a
ti

fl
o

x
a
ci

n
M

o
x
ifl

o
x
a
ci

n
G

e
m

ifl
o

x
a
ci

n
Ba

ct
er

oi
de

s 
fr

ag
ili

s
51

2
>1

28
16

4-
64

2-
12

.5
2-
>1

6
0.

25
-8

0.
5-

8
0.

5-
4

Ba
ct

er
oi

de
s 

sp
p.

51
2

12
8

—
16

->
64

2-
32

4-
16

2-
8

8
—

Fu
so

ba
ct

er
iu

m
 s

pp
.

25
6

16
32

2-
4

2-
16

0.
39

—
2

0.
5

C
lo

st
rid

iu
m

 s
pp

.
25

6
2

1
1-

16
1-

8
0.

12
-4

—
—

—

C
lo

st
rid

iu
m

 p
er

fr
in

ge
ns

64
8

8
0.

5-
1.

56
0.

5-
8

0.
39

0.
39

-1
1

0.
12

C
lo

st
rid

iu
m

 d
iffi

ci
le

>1
28

12
8

64
6.

25
-1

2.
5

12
.5

-1
6

6.
25

-1
28

1.
56

-2
2-

16
2

A
na

er
ob

ic
 g

ra
m

-p
os

iti
ve

 c
oc

ci
25

6-
51

2
16

-6
4

16
2-

6.
25

2-
8

0.
39

-0
.7

8
2

1-
2

0.
12

5-
0.

5

M
yc

ob
ac

te
riu

m
 t

ub
er

cu
lo

si
s

—
8

8
1

0.
8-

1.
3

0.
25

-1
0.

12
-0

.5
0.

12
5-

0.
5

8

M
yc

ob
ac

te
riu

m
 a

vi
um

 c
om

pl
ex

—
≥1

6
>6

4
16

10
-1

00
0.

5-
64

0.
5-

32
0.

5-
16

—

M
yc

ob
ac

te
riu

m
 c

he
lo

na
e

—
>1

6
>6

4
8

>2
0

4-
12

8
4-

64
8-

64
—

M
yc

ob
ac

te
riu

m
 f

or
tu

itu
m

—
2

2
0.

3
1-

3.
2

0.
06

-2
0.

03
-0

.2
5

0.
06

-0
.5

—

M
yc

ob
ac

te
riu

m
 k

an
sa

si
i

—
8

4
8

1-
3.

2
0.

25
—

—
—

*M
IC

90
, 

m
in

im
al

 in
hi

bi
to

ry
 c

on
ce

nt
ra

tio
n 

fo
r 

90
%

 o
f 

st
ra

in
s.

D
at

a 
fr

om
 E

lio
po

ul
os

 a
nd

 E
lio

po
ul

os
,73

,7
4  S

an
o 

et
 a

l,52
2  K

oh
no

 e
t 

al
,52

3  a
nd

 D
is

ra
tt

ha
ki

t 
et

 a
l.52

4

http://www.myuptodate.com


C
h

ap
ter 34 Q

uinolones
427

TA
B

LE
 3

4
-4

 
P
h

a
rm

a
co

k
in

e
ti

cs
 o

f 
S
e
le

ct
e
d

 Q
u

in
o

lo
n

e
s

P
H

A
R

M
A

C
O

K
IN

E
TI

C
 

PA
R

A
M

E
TE

R
N

O
R

FL
O

X
A

C
IN

P
E
FL

O
X

A
C

IN
C

IP
R

O
FL

O
X

A
C

IN
O

FL
O

X
A

C
IN

LE
V

O
FL

O
X

A
C

IN
M

O
X

IF
LO

X
A

C
IN

G
E
M

IF
LO

X
A

C
IN

D
os

e 
(m

g)
 P

O
40

0
40

0
50

0
40

0
50

0
40

0
32

0

C
m

ax
 (
µg

/m
L)

 P
O

1.
5

3.
2

2.
4

4.
6

5.
7

4.
3

1.
4

D
os

e 
(m

g)
 IV

—
40

0
40

0
40

0
50

0
40

0
—

C
m

ax
 (
µg

/m
L)

 IV
—

5.
8

3.
4-

6.
7

5.
5

5.
7

4.
5

—

Se
ru

m
 p

ro
te

in
 b

in
di

ng
 (

%
)

30
24

-5
2

39
-5

2
55

-7
3

H
al

f-
lif

e 
(h

r)
3.

3
11

4
4-

5
6-

8
9.

5
7

Bi
oa

va
ila

bi
lit

y 
(%

)
(5

0)
>9

5
70

>9
5

99
86

-1
00

71

V
D
 (

L)
—

11
2

23
1

10
2

10
2

12
2

28
0

C
l r 

(m
L/

m
in

)
23

4
20

35
8

19
5

11
6

30
19

3

Re
na

l e
xc

re
tio

n 
(%

)
27

—
40

73
77

20
36

C
m

ax
, 

pe
ak

 s
er

um
 c

on
ce

nt
ra

tio
n;

 C
l r,

 r
en

al
 c

le
ar

an
ce

; 
IV

, 
in

tr
av

en
ou

s;
 P

O
, 

or
al

; 
V

D
, 

vo
lu

m
e 

of
 d

is
tr

ib
ut

io
n.

http://www.myuptodate.com


P
a
rt

 I
 B

as
ic

 P
ri

n
ci

p
le

s 
in

 t
h

e 
D

ia
g

n
o

si
s 

an
d

 M
an

ag
em

en
t 

o
f 

In
fe

ct
io

u
s 

D
is

ea
se

s
428

accumulation, dosage reduction (increase in the dose interval from 12 
to 24 hours or halving the daily dose for those quinolones normally 
given once daily) is indicated at creatinine clearances below 50 mL/
min for ofloxacin and levofloxacin, below 40 mL/min for gemifloxacin, 
and below 30 mL/min for norfloxacin and ciprofloxacin. No dosage 
reduction is indicated for nalidixic acid and moxifloxacin. Clearance 
by hemodialysis is low (<14% of plasma clearance) for norfloxacin, 
ciprofloxacin, ofloxacin, levofloxacin, and moxifloxacin.99 Similarly, 
peritoneal dialysis contributes little to the clearance of ciprofloxacin 
and ofloxacin.100 Continuous venovenous hemofiltration (CVVH) in 
patients with severe renal failure constitutes 16% to 70% clearance of 
levofloxacin, 6% to 37% clearance of ciprofloxacin,101,102 and about 9% 
of moxifloxacin.103 In patients on CVVH, levofloxacin is dosed at 
250 mg/day and ciprofloxacin at 400 mg/day. No dose adjustment is 
needed for moxifloxacin.

Fewer data are available on the effects of hepatic insufficiency on 
quinolone half-lives, but there is no need for dosage adjustments of 
norfloxacin, ciprofloxacin, ofloxacin, and moxifloxacin.104 Changes in 
renal function that accompany severe liver disease may, however, affect 
ciprofloxacin and ofloxacin elimination to a lesser extent.

Interactions with Other Drugs
When co-administered by mouth with aluminum-, magnesium-, or,  
to a lesser extent, calcium-containing antacids, quinolones have mark-
edly reduced oral bioavailability, presumably because of the formation 
of cation-quinolone complexes that are poorly absorbed.105,106 Sucral-
fate, which contains large amounts of aluminum ions, also reduces 
absorption of quinolones. Although staggering of doses of antacids  
and quinolones may reduce this interaction, there is sufficient vari-
ability to suggest that this maneuver may not be fully reliable in an 
individual patient. In general, H2-receptor antagonists and proton-
pump inhibitors do not have important effects on absorption of qui-
nolones. Concurrent administration of quinolones with iron sulfate, 
multivitamin-mineral regimens containing zinc, and the buffered for-
mulation of dideoxyinosine have also been reported to reduce quino-
lone absorption.107 Nutritional supplements given by nasogastric tube 
may reduce the absorption of quinolones given concurrently by the 
same route, probably because these supplements also contain multiva-
lent cations such as iron and zinc. Concomitant administration of 
morphine decreases maximal serum concentrations of oral ciprofloxa-
cin by 35% to 50%.

For intravenous formulations of ciprofloxacin, precipitates have 
been reported when these quinolones were infused through the same 
intravenous tubing with aminophylline, amoxicillin with and without 
clavulanate, or flucloxacillin. Separate infusions are indicated.

Quinolones vary in the extent to which they impair the elimination 
of the methylxanthines theophylline and caffeine. The effects appear to 
result from inhibition by some quinolones of hepatic cytochrome P450 
isozyme 1A2 (CYP1A2),108 which is involved in theophylline and caf-
feine metabolism. With ciprofloxacin, a 30% reduction in clearance 
and 20% to 90% increases in serum concentrations of theophylline are 
observed, but norfloxacin, ofloxacin, levofloxacin, moxifloxacin, and 
gemifloxacin had little or no effect (2% to 11% increases in serum 
concentrations of theophylline).106,109,110 In patients receiving cipro-
floxacin in combination with theophylline, serum levels of theophyl-
line should be monitored and reductions in the dose of theophylline 

Elimination
The terminal half-lives of elimination from serum range from 3 hours 
for norfloxacin and ciprofloxacin to 12 hours for moxifloxacin, allow-
ing twice- or once-daily dosing (see Table 34-4; Table 34-6). The prin-
cipal routes of elimination differ among quinolones. Ofloxacin, 
levofloxacin, and sitafloxacin are eliminated predominantly by the 
kidneys, and nalidixic acid and moxifloxacin are eliminated predomi-
nantly by nonrenal pathways. Most other quinolones have mixed 
excretion by both renal and nonrenal routes.

Renal clearances of norfloxacin, ciprofloxacin, ofloxacin, sitafloxa-
cin, and levofloxacin exceed glomerular filtration rates (GFR), indicat-
ing net tubular secretion. In support of tubular secretion, renal 
clearances of norfloxacin and ciprofloxacin are reduced by probenecid, 
but drug accumulation did not occur. In contrast, the renal clearance 
of pefloxacin is below or equal to GFR, suggesting net tubular 
reabsorption.98

Hepatic metabolism accounts for the majority of the elimination of 
moxifloxacin and nalidixic acid. In the latter case, however, active 
metabolites contribute to antibacterial effects. The hydroxynalidixic 
derivative of nalidixic acid is more active than its parent compound. 
The metabolites and inactive glucuronide conjugate to the 3-carboxyl 
group are excreted in the urine. Conversion of norfloxacin and cip-
rofloxacin to less active metabolites accounts for 10% to 20% of  
elimination. There is minimal hepatic biotransformation (<10%) of 
ofloxacin and levofloxacin. Hepatic metabolism and biliary excretion 
are the principal routes of elimination of moxifloxacin (>60% of dose; 
38% sulfoconjugation, 14% glucuronide conjugation). In addition to 
glucuronide conjugates and desmethylpiperazinyl derivatives, other 
metabolites of quinolones that have been identified have had predomi-
nantly alterations of the piperazine ring, including N-oxide, N-sulfo, 
N-formyl, and desethylene derivatives.86,98

Transintestinal secretion has been identified after intravenous 
administration of ciprofloxacin and accounts for about 10% to 15% of 
drug excretion,98 and this effect may be mediated by P-glycoprotein 
and other intestinal transporters.86

Dosage Adjustments in Renal and 
Hepatic Insufficiency
As expected from differences in the routes of excretion, increases in 
drug half-life in the presence of severe renal insufficiency are greatest 
for ofloxacin and levofloxacin (fourfold to fivefold) and least for moxi-
floxacin (no change), with other quinolones exhibiting intermediate 
effects (about twofold; see Table 34-6). To prevent excessive drug 

TABLE 34-5  Body Tissues, Fluids, and Cells in 
Which Quinolone Concentrations Exceed 
Quinolone Concentrations in Serum

SITE FOLD INCREMENT
Prostate tissue 0.9-2.3

Feces 100-1000

Bile 2-20

Lung tissue 1.6-6

Macrophages and neutrophils 2 to >100

TABLE 34-6  Dosing of Quinolones in Patients with Normal and Reduced Renal Function

QUINOLONE
NORMAL RENAL FUNCTION RENAL FAILURE WITH GFR (mL/min)

REMOVAL BY DIALYSISOral Intravenous 10-50 <10
Norfloxacin 400 mg q12h — 1× dose q24h 1×dose q24h No (H, P)

Pefloxacin 400 mg q12h 400 mg q12h No change No change No (H)

Ciprofloxacin 250-750 mg q12h 200-400 mg q12h 1×dose q18h 1×dose q24h No (H, P)

Ofloxacin 200-400 mg q12h 200-400 mg q12h 1×dose q24h 1
2 dose q24h No (H, P)

Levofloxacin 250-750 mg q24h 250-750 mg q24h 1
2 dose q24h 1

2 dose q48h No (H, P)

Moxifloxacin 400 mg q24h 400 mg q24h No change No change No (H, P)

Gemifloxacin 320 mg q24h — 1
2 dose q24h 1

2 dose q24h 20%-30% (H)

GFR, glomerular filtration rate; H, hemodialysis; P, peritoneal dialysis.
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quinolones and NSAIDs has also been reported in animals. Assays of 
the displacement of the inhibitory neurotransmitter γ-aminobutyric 
acid (GABA) or a related molecule from GABA receptors in rat brain 
tissue have demonstrated displacement of GABA by quinolones and 
enhancement of this displacement by fenbufen and by theophyl-
line.117,118 Clinical experience does not suggest, however, that concur-
rent use of quinolones other than enoxacin with other NSAIDs will 
result in central nervous system toxicities, but patients receiving both 
classes of drugs should be cautioned about and monitored for these 
potential adverse effects.

Although probenecid reduces the renal clearance of norfloxacin 
and fleroxacin, no quinolone accumulation occurred. The effect of 
probenecid might be predicted to be greater with quinolones such as 
ofloxacin and lomefloxacin, for which renal clearance includes tubular 
secretion and is the predominant mode of clearance, but data are 
lacking.

CLINICAL USES
Earlier quinolones such as nalidixic acid, oxolinic acid, and cinoxacin 
were used almost exclusively for treatment of urinary tract infections, 
although nalidixic acid was also used for treatment of shigellosis. With 
the development of the more potent fluoroquinolones, an increasingly 
broad array of infections is treated with members of the fluoroquino-
lone class.

Urinary Tract Infections
Although the low pH and magnesium concentrations present in  
urine may reduce quinolone activity, the concentrations of many  
quinolones in urine are usually sufficient to provide substantial thera-
peutic ratios of urinary drug concentration to the MIC of most urinary 
pathogens.

For uncomplicated urinary tract infections, usually in symptomatic 
young women with cystitis caused by highly susceptible organisms 
such as E. coli, most quinolones are likely to be highly effective when 
given for brief courses of 3 to 10 days,119-121 and norfloxacin, ciprofloxa-
cin, and ofloxacin have been found to be comparable to trimethoprim-
sulfamethoxazole (TMP-SMX)122 and nitrofurantoin120,123,124 and better 
than amoxicillin-clavulanate.125 Usually, the lowest dose in the dosage 
range (see Table 34-6) is sufficient for treatment of these infections. 
Three-day regimens of norfloxacin, ciprofloxacin, and ofloxacin result 
in cure rates of 81% to 96%.120 An extended release formulation of 
ciprofloxacin (500 mg oral [PO] once daily) was comparable to con-
ventional ciprofloxacin (250 mg PO twice daily) when both were given 
for 3 days.126,127 Limited data on single-dose therapies with ciprofloxa-
cin, ofloxacin, and norfloxacin indicate eradication in 75% to 96% of 
patients.128,129 Single-dose norfloxacin (800 mg) was equivalent to a 
3-day regimen for E. coli infections,130 but for Staphylococcus sapro-
phyticus infections, a 7-day regimen is preferred because of failures 
with shorter courses.131,132 Women with uncomplicated acute pyelone-
phritis given norfloxacin, ciprofloxacin (either orally or intrave-
nously),133 or ofloxacin for 7 to 10 days have bacteriologic cure rates 
comparable to or better than those with TMP-SMX, and levofloxacin 
and ciprofloxacin were comparable to each other with 95% eradication 
rates.134,135

Increased fluoroquinolone resistance among community uropatho-
gens and associated microbiologic and clinical failure, similar to that 
observed with TMP-SMX, is a major consideration when deciding to 
use fluoroquinolone for urinary tract infections.136,137 Although data 
are still limited, a disturbing finding has been the widespread distribu-
tion of urinary tract infections caused by multidrug-resistant E. coli 
clonal groups in the United States138 and the more recent European 
emergence of ciprofloxacin-resistant E. coli clones causing community-
acquired uncomplicated cystitis.139 Of interest, strains belonging to this 
clone isolated from blood in the United Kingdom were recently found 
to harbor the gene aac(6′)-Ib-cr.140 In addition, the potential for col-
lateral damage (i.e., the selection of drug-resistant organisms and colo-
nization or infection with multidrug-resistant organisms) complicates 
the use of this antimicrobial class. The Infectious Diseases Society of 
America (IDSA) incorporated these considerations into their guide-
lines.141 The recommended antibiotics for acute uncomplicated cystitis 
are nitrofurantoin, TMP-SMX, fosfomycin, or pivmecillinam, whereas 

considered. No such adjustments should be needed in patients receiv-
ing theophylline concurrently with other fluoroquinolones. Concur-
rent administration of ciprofloxacin at the usual daily dose (500 mg 
twice daily) with caffeine resulted in a higher peak serum concentra-
tion (Cmax) and cumulative 24-hour serum concentration of ciprofloxa-
cin in females relative to males. This effect, however, disappeared when 
parameters were corrected for body weight.111

Tizanidine, clozapine, and methadone are also metabolized by 
CYP1A2. Concomitant administration of ciprofloxacin and tizanidine 
may increase the central nervous system and systemic hypotensive 
effects of the latter.111a Low doses of ciprofloxacin have increased serum 
levels of clozapine, and one patient was reported to have developed 
symptoms of methadone overdose while taking ciprofloxacin.112 Thus, 
the effects of ciprofloxacin on tizanidine, clozapine, and methadone 
(and possibly other drugs affected by CYP1A2, such as haloperidol, 
mexiletine, cimetidine, and paroxetine) should be monitored similar 
to those with methylxanthines.

Another hepatic P450 enzyme, CYP3A4, is affected by many classes 
of antimicrobials, which can be inhibitors, inducers, or substrates of 
this metabolism enzyme. Such antimicrobials include macrolides, 
streptogramins, rifampin, azoles, and a variety of antiretroviral agents 
but not quinolones. Thus, the occasional case reports of apparent inter-
actions of quinolones with other drugs interacting with CYP3A4 are 
difficult to assess for their importance or predictive value. Such case 
reports include those associating ciprofloxacin with increased cyclo-
sporine levels and nephrotoxicity or increased levels of diazepam.106

Moxifloxacin is co-administered with rifampicin in the treatment 
of mycobacterial and other bacterial infections. Increased activity of 
the sulfate conjugation pathway of moxifloxacin metabolism by rifam-
picin has been shown to reduce moxifloxacin levels and may warrant 
an increase of moxifloxacin dosage.113,114 In direct studies of interac-
tions of warfarin with quinolones, no effects on coagulation tests were 
seen generally, and in those cases in which a drug interaction was seen 
(ciprofloxacin), there was an increase in the relatively inactive R enan-
tiomer of warfarin, which is metabolized by CYP2C9, and there was 
no effect on the active S enantiomer or prothrombin times.115 Case 
reports of patients who developed bleeding while on warfarin and 
ciprofloxacin have appeared, however, suggesting that in uncommon 
special settings, quinolone promotion of an anticoagulant effect of 
warfarin may occur, possibly caused by other concomitant therapies, 
effects on microbial flora that synthesize vitamin K in the intestine, 
changes in patients’ food intake, or promoted by the underlying disease 
conditions or genetic predispositions, which would not be reflected in 
data collected in controlled clinical studies. Limited case series suggest 
that treatment with moxifloxacin, which has enhanced activity against 
anaerobic bacteria compared with either ciprofloxacin or levofloxacin, 
may prolong the prothrombin time earlier than the other quinolones.116 
A case-control study of continuous warfarin users older than 65 years 
identified an association between exposure to quinolones and an 
increased risk of bleeding, albeit lower than that with other antibiot-
ics.117 As a precaution, prothrombin times should be rechecked in 
patients on warfarin after initiation of quinolones or other antimicro-
bial agents.

Disturbances of glucose metabolism have been rarely reported with 
quinolones, but there have been recent case reports of elevated glybu-
ride levels and hypoglycemia in a diabetic patient given ciprofloxacin 
and in several patients receiving gatifloxacin and hypoglycemic 
agents.101 These effects were unexpected and not fully explained. Gly-
buride may be metabolized by CYP2C9, which is not known to be 
affected by quinolones, and when directly studied, there was no detect-
able effect of gatifloxacin on glyburide metabolism or glucose tolerance 
in diabetic volunteers. Furthermore, hypoglycemia has been reported 
in patients receiving gatifloxacin and clinafloxacin without concomi-
tant hypoglycemic agents, and hyperglycemia has also been reported 
in patients receiving gatifloxacin. Thus, effects in addition to potential 
drug interactions likely contribute to the occurrences (see “Adverse 
Events”).

Nonsteroidal anti-inflammatory drugs (NSAIDs) may affect the 
central nervous system stimulant effects of some quinolones. Seizures 
were reported in a group of Japanese patients receiving enoxacin and 
the NSAID fenbufen. Potentiation of seizures by combinations of 
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therapy and infections caused by less susceptible organisms, such as P. 
aeruginosa and enterococci, failures appear to be more frequent.104,168 
Recent studies indicate that approximately 11% to 22% of men under-
going transrectal prostate biopsy harbor fluoroquinolone-resistant 
organisms within the rectum before the administration of antimicrobi-
als, and that fecal carriage of fluoroquinolone-resistant E. coli strains 
was a risk factor for infectious complications after prostate biopsy.169,170 
Fluoroquinolone-resistant E. coli sequence type 131 has been the pre-
dominant clone causing bloodstream infection after transrectal pros-
tate biopsy.169 It remains to be determined to what extent active 
antimicrobial prophylaxis would prevent infectious complications 
caused by this clone.

Sexually Transmitted Diseases
Neisseria gonorrhoeae is an important pathogen in urogenital, anogeni-
tal, and pelvic inflammatory diseases (PID). Because patients are 
managed on the basis of presenting symptoms and signs and associated 
risk factors (i.e., syndromic approach), stringent clinical efficacy crite-
ria are used to ensure that therapy is effective against this patho-
gen.171,172 After the emergence of quinolone resistance among N. 
gonorrhoeae, the Centers for Disease Control and Prevention (CDC), 
in April 2007, updated its recommendations and removed fluoroqui-
nolones from the treatment guidelines.173 Earlier data indicate, however, 
that susceptible strains can be treated with quinolones. Quinolones 
have retained activity in vitro against the sexually transmitted patho-
gens C. trachomatis and Haemophilus ducreyi, but they appear to lack 
activity against T. pallidum.174

Uncomplicated quinolone-susceptible gonococcal urethritis and 
cervicitis are effectively eradicated by single doses of quinolones (nor-
floxacin, 800 mg; ciprofloxacin, 250 mg; ofloxacin, 400 mg).175,176 
Rectal infections appear to have virtually complete cure rates with all 
of these quinolones, and pharyngeal infections are similarly highly 
cured by ciprofloxacin and ofloxacin.176,177

Single doses of quinolones are ineffective for genital chlamydial 
infections.123 Seven-day courses of therapy with norfloxacin and cipro-
floxacin have failed, but 7-day courses of ofloxacin and levofloxacin 
were comparable to a similar course of doxycycline for treatment of 
chlamydial infections.178-181

Small numbers of patients with gonococcal and nongonococcal 
PID have been cured with 10- to 14-day courses of sequential intra-
venous and oral ciprofloxacin or oral ofloxacin.182,183 Results from 
three more recent randomized clinical trials of treatment for PID,  
a syndrome with mixed microbiology, including gonococci, chla-
mydiae, enteric bacteria, and anaerobes, were published. Ofloxacin 
(400 mg twice daily for 10 days) and cefoxitin (2 g intramuscular [IM] 
once) plus doxycycline (100 mg twice daily for 10 days) were similar, 
and ofloxacin was highly effective in eradicating gonococci and chla-
mydiae.184 Ciprofloxacin (250 mg twice daily) plus clindamycin 
(300 mg three times daily) given for 14 days was also comparable to 
ceftriaxone plus doxycycline, with high clinical cure rates, and was 
effective for C. trachomatis eradication (100% in both groups).185 In 
randomized trials, moxifloxacin (400 mg once daily) monotherapy  
was clinically and bacteriologically as efficacious as metronidazole 
(500 mg twice daily) plus either ofloxacin (400 mg twice daily) or 
levofloxacin, with all drugs administered for 14 days.164 In the latter 
trial, a single IM dose of ceftriaxone was also given if N. gonorrhoeae 
was detected.

In patients with chancroid, H. ducreyi was eradicated from genital 
ulcers by ciprofloxacin (500 mg twice daily for 3 days) in all patients, 
a result comparable to that with TMP-SMX.186 A once-daily dose of 
500 mg or 250 mg for 5 days was effective in 88% of patients.186 In 
another randomized, double-blind, placebo-controlled clinical trial, 
single-dose ciprofloxacin (500 mg) was comparable to a 7-day course 
of erythromycin (500 mg three times daily), with an overall cure  
rate of 92%.187 The 3-day ciprofloxacin regimen is an option for treat-
ment of chancroid in the CDC guidelines.188

Two cases of septic arthritis with susceptible gonococci have 
responded to ciprofloxacin. For bacterial vaginosis, ofloxacin was less 
effective than metronidazole.189 There are no data on treatment of 
syphilis with quinolones in humans, but in experimentally infected 
rabbits, ofloxacin lacked efficacy.

a 3-day fluoroquinolone is a second-line treatment option. For acute 
pyelonephritis, fluoroquinolones (5 to 7 days) are an appropriate 
choice for therapy where the prevalence of resistance of community 
uropathogens to fluoroquinolones is not known to exceed 10%.141 For 
prophylaxis of recurrent infections in women, norfloxacin (200 mg at 
bedtime) was highly effective and superior to nitrofurantoin,142 and low 
doses of ofloxacin (100 mg), norfloxacin (200 mg), and ciprofloxacin 
(125 mg) given after coitus have also been effective as prophylaxis.143 
Other agents, such as nitrofurantoin or TMP-SMX, are preferred for 
this indication, however, because of expense and the risks of potential 
pregnancy.

Cystitis occurring in elderly women is more often complicated by 
comorbid conditions and is more likely to be caused by pathogens, in 
addition to E. coli, that are less susceptible to antimicrobial agents.144 
For such infections, ofloxacin and ciprofloxacin given for 7 days have 
high eradication rates145,146 but have no clear advantage over a short 
course.147

Complicated urinary tract infections occurring in men and in 
patients with catheters or structural or functional abnormalities of the 
urinary tract are often caused by more resistant pathogens and have a 
higher frequency of relapse and reinfection. Bacteriologic cure rates 
for ciprofloxacin were superior to those for TMP-SMX and aminogly-
cosides shortly after completion of a 7- to 10-day course, but the low 
fractions of patients who continued to have sterile urine were similar 
by 4 to 6 weeks after therapy.123,148 In patients with spinal cord injury, 
treatment with ciprofloxacin (250 mg twice daily) for 3 and 14 days 
had similar clinical cure. The percentage of patients with microbiologic 
cure was, however, significantly higher for the 14-day treatment arm 
at long-term follow-up and was attributable to the significantly lower 
rates of both clinical and microbiologic relapse.149 High cure rates were 
seen with both ofloxacin and levofloxacin.150,151 In collected noncom-
parative trials, infections caused by P. aeruginosa were eradicated in 
70% of patients given ciprofloxacin and 83% given norfloxacin. Devel-
opment of bacterial resistance has been associated with therapeutic 
failure in about 2% of patients overall, but resistance rates (10% to 20%) 
are often higher for P. aeruginosa infections, and resistance can be 
selected with fluoroquinolone therapy.152 Ciprofloxacin is the preferred 
fluoroquinolone for treatment of P. aeruginosa infections, and when 
chosen, doses of at least 500 mg PO twice daily should be used. In 
patients with bladder dysfunction resulting from spinal cord injury 
who used intermittent suprapubic taps or self-catheterization for 
bladder emptying, ciprofloxacin (100 mg at bedtime) reduced episodes 
of infection about 10-fold relative to placebo.153 Whereas infections in 
the placebo group represented a mixture of enteric and nonenteric 
bacteria and enterococci, breakthrough infections in the ciprofloxacin 
group were largely nonenteric bacteria, particularly P. aeruginosa, 
which were often resistant.

Fluoroquinolones are now commonly used in prophylaxis in uro-
logic surgery. When postoperative bacteriuria, but not other secondary 
outcomes, was the parameter to define efficacy of antimicrobial pro-
phylaxis, single-dose ciprofloxacin (500 mg) or levofloxacin (500 mg) 
have been shown to be effective after transurethral prostate resection 
and transrectal prostate biopsies,154-160 but infections with quinolone-
resistant E. coli have been seen increasingly with this use (see “Prosta-
titis”). There is no evidence that prophylaxis should extend beyond 24 
hours after a procedure.161,162 Prophylaxis of urinary tract infection in 
renal transplant recipients is routinely done because of high risk from 
infection. Although ciprofloxacin is effective,163 TMP-SMX is often 
used because it may be additionally useful as prophylaxis against other 
opportunistic pathogens in this patient group.

Prostatitis
Fluoroquinolones concentrate in prostatic tissue, with lower levels in 
prostatic fluid. In one small comparative study of men with predomi-
nantly E. coli infections, norfloxacin given for 4 to 6 weeks was superior 
(92% eradication) to TMP-SMX (67% eradication) at 1-month 
follow-up.164 In open studies, similar courses of norfloxacin, cipro-
floxacin, ofloxacin, and levofloxacin have produced eradication rates 
of 60% to 86% at follow-up, ranging from 1 to 13 months.165,166 Similar 
results were obtained with levofloxacin and prulifloxacin (a fluoroqui-
nolone marketed outside the United States).167 With 2-week courses of 
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ciprofloxacin (250 mg once daily) and a standard tetracycline (500 mg 
four times daily) regimen were comparable.218 A single dose of cipro-
floxacin (1 g) or two 500-mg doses of ciprofloxacin has been effective 
and superior to doxycycline in shortening diarrhea and eradicating 
Vibrio cholerae from stool.218,219 A single 20-mg/kg dose of ciprofloxa-
cin achieved clinical outcomes similar to, or better than, those achieved 
with erythromycin (12.5 mg/kg every 6 hours for 3 days).220 In some 
areas, such as Bangladesh, however, progressively decreasing suscepti-
bility to ciprofloxacin has been more recently associated with low effi-
cacy (27%) of single doses of ciprofloxacin.221 In patients with diarrhea 
caused by Yersinia enterocolitica, Plesiomonas shigelloides, and Aeromo-
nas spp., quinolones have eradicated the organisms from stool but have 
not yet been clearly shown to shorten clinical illness.190

In noncomparative studies performed in the late 1980s and early 
1990s in patients with enteric fever caused predominantly by Salmo-
nella enterica serovar Typhi or serovar Paratyphi, ciprofloxacin cured 
92% of patients, and ofloxacin cured 96% of patients, with resolution 
of fever within 5 days.222,223 Three- to 5-day courses of ofloxacin 
(200 mg twice daily; 10 mg/kg once daily in pediatric patients) have 
been highly effective and in adults shown to be superior to ceftriaxone 
given for 3 days for patients with enteric fever. Ciprofloxacin was also 
shown to be superior to ceftriaxone.224 Because of their effectiveness in 
short-course regimens and the common occurrence of resistance to 
other antimicrobials in S. enterica isolates in some areas of the develop-
ing world, ciprofloxacin or ofloxacin became the agents of choice for 
treatment of patients with enteric fever. Although fluoroquinolone 
resistance in S. enterica isolates was initially rare, since the mid-1990s, 
outbreaks of serovar Typhi strains that were resistant to nalidixic acid 
(the prototype quinolone that is used for in vitro screening tests)225,226 
and had reduced susceptibility to fluoroquinolones have been reported 
in a number of countries and in travelers to them.227-231 Clinical failures 
and delayed defervescence after short courses (2 to 3 days) of ofloxacin 
are more frequent in patients with nalidixic acid–resistant strains 
versus those with nalidixic acid–susceptible strains.232,233 All isolates 
were defined as susceptible to ofloxacin, but 93% of isolates were resis-
tant to nalidixic acid, with a corresponding ofloxacin MIC of 0.25 to 
1.0 µg/mL. A similar increase in nalidixic acid–resistant S. enterica 
serovar Typhi and slow response to quinolone treatment have more 
recently been seen in patients with enteric fever who had traveled to 
the Indian subcontinent.234,235 Chronic fecal carriage of S. enterica 
serovar Typhi has been eradicated in 83% to 93% of small numbers of 
patients, including a few with gallstones, given norfloxacin, ciprofloxa-
cin, or ofloxacin for 4 weeks.236,237

Quinolones are active against H. pylori in vitro. Several randomized 
comparative trials have demonstrated that levofloxacin- and 
moxifloxacin-based multidrug regimens administered for 7 to 10 days 
were effective in eradication of H. pylori. The eradication rate was 
approximately 80%, similar to other standard non–fluoroquinolone-
containing regimens,238-244 but was jeopardized in the presence of qui-
nolone resistance, which has been as high as 23% in some areas of 
Europe.245

Data are quite limited on the use of quinolones for treatment of 
biliary tract infections. In a single small study, 83% of patients with 
cholecystitis and cholangitis, most associated with E. coli bacteremia, 
responded to intravenous and then oral ciprofloxacin.246 In patients 
with biliary stents, late blockage has been thought to be due in part to 
bacterial adherence to the stent with biofilm formation. In small 
studies, ciprofloxacin (250 mg PO twice daily) and ofloxacin (200 mg 
twice daily) were not shown to delay stent blockage.247,248

For patients with complicated intra-abdominal infections caused  
by disruption of the integrity of the gastrointestinal tract, a mixture  
of anaerobes and facultative gram-negative aerobes, with or without 
enterococci, are usually involved. In a randomized, double-blind trial, 
ciprofloxacin (400 mg IV every 12 hours/500 mg PO every 12 hours) 
plus metronidazole (500 mg IV/PO every 6 hours) was compared with 
imipenem (500 mg every 6 hours) for patients with complicated infec-
tions largely caused by disease of the colon, small bowel, and appendix. 
Ciprofloxacin and metronidazole were given either entirely intrave-
nously or with a switch to orally after initial response. Clinical out-
comes were similar in all three arms of the study. There was, however, 
regardless of treatment, a significantly higher rate of treatment failure 

Gastrointestinal and Abdominal 
Infections
Quinolones have been active against all bacterial pathogens known to 
cause gastroenteritis, but resistance has emerged in some settings. 
Although fecal material may decrease the activity of quinolones, drug 
concentrations in feces are exceedingly high. The penetration of qui-
nolones into macrophages (see Table 34-5) may also be important for 
their effectiveness in systemic Salmonella infections.

Bacterial gastroenteritis is often a self-limited disease, but in a 
number of circumstances, quinolones have been shown to shorten the 
duration of diarrhea and to eradicate pathogens from stools.190 In trav-
eler’s diarrhea, which is often caused by enterotoxigenic E. coli and 
Shigella spp., norfloxacin (400 mg twice daily for 3 days) and cipro-
floxacin (500 mg twice daily for 5 days), begun shortly after the onset 
of diarrhea, have shortened the duration of loose stools by 1 to 3 days 
relative to placebo and have been comparable to TMP-SMX.191,192 
Because of resistance to TMP-SMX among E. coli in many parts of the 
developing world, quinolones are often the preferred therapeutic 
agents in travelers.193 Single-dose therapies, including ciprofloxacin 
(500 mg or 1 g)194,195 and ofloxacin (400 mg),196 are also effective with 
or without loperamide for this indication. After the emergence of qui-
nolone resistance, the combination of levofloxacin and loperamide was 
evaluated in adult U.S. military personnel or their families located in 
Turkey and who presented with acute noninflammatory diarrhea, and 
the effectiveness was comparable to that of azithromycin plus loper-
amide.197 When given as prophylaxis to travelers, quinolones have pro-
duced protection rates ranging from 68% to 92% compared with those 
in placebo control subjects, but routine use of quinolones or other 
antimicrobials is not recommended for prevention of diarrhea in trav-
elers.190,198,199 Contingency treatment at the onset of diarrhea is pre-
ferred for travelers, and with this approach, norfloxacin (400 mg twice 
daily for 3 days)200 and ciprofloxacin (500 mg single dose)195 were 
shown to shorten diarrhea by 1 to 3 days relative to placebo.

In patients with shigellosis, for whom antimicrobials are generally 
indicated, 5-day courses of norfloxacin, ciprofloxacin, and ofloxacin 
have been highly effective and generally at least as effective as compara-
tor agents, including ampicillin, TMP-SMX, azithromycin, and ceftri-
axone.190,201 Addition of loperamide to ciprofloxacin may further 
shorten the duration of diarrhea, but there is risk of clinical worsening 
and intestinal perforation in this condition.202 Even a single dose of 
ciprofloxacin, 750 mg, may be effective in shigellosis, except those 
cases caused by Shigella dysenteriae type 1, the most virulent of Shigella 
types.203 Failure rates for ciprofloxacin have increased, however, associ-
ated with the emergence of strains resistant to nalidixic acid and cip-
rofloxacin, particularly in Asia and Africa.204

In patients with nontyphoidal Salmonella gastroenteritis, symptoms 
were shortened with ciprofloxacin or norfloxacin in some205,206 but not 
all studies.207 Eradication of stool carriage of Salmonella is generally 
transient,206,208 but carriage is not necessarily prolonged relative to no 
treatment.209 Treatment of Salmonella gastroenteritis is generally not 
indicated, except in immunocompromised and elderly patients because 
of the risk of invasive disease. In immunocompromised hosts, sys-
temic, nontyphoidal Salmonella infections have been successfully 
treated with ciprofloxacin, but there have been no comparative trials, 
and some relapses have occurred in acquired immunodeficiency syn-
drome (AIDS) patients.210

For Campylobacter jejuni gastroenteritis, studies of treatment with 
quinolones have had variable results. Ciprofloxacin (500 mg twice 
daily for 5 days)211 and norfloxacin (400 mg twice daily for 5 days)206 
were superior to placebo. Clinical and microbiologic failures have been 
associated with development of resistant C. jejuni in some,194,212 but not 
in all, studies using ciprofloxacin.209 Quinolone resistance in C. jejuni 
is now highly prevalent in Europe and Latin America and is increasing 
in the United States.213,214 In a trial done in the years 2000 through 2001 
on U.S. military personnel based in Thailand who presented with acute 
diarrhea, 50% of the Campylobacter isolates were resistant to fluoro-
quinolones, and levofloxacin (500 mg daily for 3 days) was clinically 
and microbiologically inferior to 1 or 3 days of azithromycin.215

For treatment of patients with cholera, norfloxacin (400 mg twice 
daily for 3 days) was shown to be superior to TMP-SMX, a single dose 
of doxycycline, and placebo in shortening diarrhea,216,217 and 3 days of 
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was significantly higher in patients receiving norfloxacin.270 Thus, the 
risks of selecting resistant enteric bacteria must also be considered 
before embarking on prolonged use of quinolones in prophylaxis.

Respiratory Tract Infections
A range of respiratory tract pathogens is susceptible to a number of 
quinolones in vitro. H. influenzae, M. catarrhalis, many enteric gram-
negative bacilli, as well as the agents of atypical pneumonias—M. pneu-
moniae, C. pneumoniae, and L. pneumophila—are generally susceptible 
to systemic quinolones, such as ciprofloxacin, ofloxacin, levofloxacin, 
moxifloxacin, and gemifloxacin. High intracellular concentrations of 
quinolones are likely advantageous for intracellular pathogens, such as 
L. pneumophila and M. tuberculosis. Levofloxacin, moxifloxacin, and 
gemifloxacin have improved activity against S. pneumoniae and have 
been referred to as respiratory quinolones. Use of quinolones in treat-
ment of lower respiratory tract infections has been reviewed.271

Patients with acute bacterial exacerbations of chronic bronchitis 
have been treated with many different quinolones, which have gener-
ally been effective in eradicating H. influenzae from sputum.272 In 
studies with ciprofloxacin, eradication rates for S. pneumoniae and 
P. aeruginosa were lower, and some failures have been associated with 
the development of bacterial resistance. In comparative trials with 
respiratory quinolones, however, clinical responses have usually been 
similar to or better than those with ampicillin, amoxicillin, cefaclor, 
and macrolides.273 Clinical and microbiologic outcomes were similar 
for levofloxacin (500 mg once daily) versus cefuroxime axetil;274-276 
moxifloxacin (400 mg once daily) versus clarithromycin,277,278 azithro-
mycin,279,280 or levofloxacin;281 and gemifloxacin (320 mg once daily) 
versus clarithromycin282 or levofloxacin.283 Five- or 7-day courses 
seemed to be sufficient with clinical response rates of 85% to 95%, and 
5- and 10-day courses of moxifloxacin were comparable to each other 
(94% responses).278

Moxifloxacin and gemifloxacin were superior to clarithromycin in 
eradicating H. influenzae from sputum, probably because of the lesser 
activity of clarithromycin against this organism.277,281 In a double-blind, 
randomized study of patients with acute exacerbations of chronic 
bronchitis (AECB), characterized by dypsnea and increased volume of 
purulent sputum, moxifloxacin (400 mg once daily for 5 days) was 
superior to standard therapies (7 days of amoxicillin, 500 mg three 
times daily; clarithromycin, 500 mg twice daily; or cefuroxime axetil, 
250 mg twice daily) in clinical cure and bacteriologic eradication.284 In 
a study of more severely ill, hospitalized patients with AECB, gemi-
floxacin (320 mg PO once daily for 5 days) had better clinical responses 
in the intent-to-treat analysis and a shorter time to hospital discharge 
relative to ceftriaxone (1 g IV once daily ≤3 days), followed by cefu-
roxime axetil (500 mg PO twice daily ≤7 days).285 Time to next recur-
rent exacerbation was lengthened after treatment with ciprofloxacin 
versus clarithromycin286 but was comparable to that after treatment 
with cefuroxime axetil,287 and average infection-free intervals were 
similar in both comparisons. Moxifloxacin treatment was associated, 
however, with a significant 13% to 27% increase in the time to next 
exacerbation relative to conventional therapies with amoxicillin, clar-
ithromycin, or cefuroxime,284 and the proportion of patients without a 
recurrence after treatment of an exacerbation with gemifloxacin was 
significantly lower than that after treatment with clarithromycin (71% 
vs. 58%, respectively, at 26 weeks).282

In patients with community-acquired pneumonias, ciprofloxacin 
and ofloxacin have consistently eradicated H. influenzae and M. 
catarrhalis.75 Although cures of pneumococcal pneumonias, including 
a few cases with bacteremia, have been reported with intravenous and 
then oral ciprofloxacin288 and ofloxacin289,290 and with oral ofloxacin 
alone,291 failures with both drugs have occurred, and pneumococcal 
bacteremia has developed during ciprofloxacin therapy of pneumo-
nia.123 For this reason, ciprofloxacin is generally not used to treat lower 
respiratory infections, with the exception that it is recommended as 
part of a combination regimen for treatment of inhalational anthrax 
(see “Skin and Soft Tissue Infections”). For respiratory quinolones with 
greater pneumococcal activity, similar or better clinical and microbio-
logic efficacies have been found for levofloxacin (500 mg IV/PO once 
daily) versus ceftriaxone (with or without erythromycin), followed by 
cefuroxime axetil,292 ceftriaxone alone,293 amoxicillin-clavulanate alone 

if enterococci were isolated from the site of infection (28%) than if they 
were not (14%),249 suggesting that additional agents active against 
enterococci should be considered if culture results dictate. Cipro-
floxacin plus metronidazole also appeared superior to piperacillin-
tazobactam in another double-blind trial, although analysis of 
treatment failures was incomplete,250,251 and another study found no 
differences when ciprofloxacin plus metronidazole was compared with 
ceftriaxone plus metronidazole.252

Moxifloxacin, which has activity against enteric gram-negative 
bacilli similar to that of ciprofloxacin and additional activity against 
anaerobic bacteria, was studied in double-blind randomized trials as a 
single agent (400 mg IV/PO once daily) in comparison to piperacillin-
tazobactam (3.75 g IV every 6 hours), followed by amoxicillin-
clavulanate (914 mg PO every 12 hours), both regimens given for up 
to 14 days,253 and in comparison to ceftriaxone (2 g IV once daily) plus 
metronidazole (500 mg IV twice daily) given for 3 to 14 days.254 In the 
first study, clinical cure rates were 80% and 78% in the two arms, 
respectively. In the second study, although clinical response rates for 
moxifloxacin met the noninferiority criteria, they were significantly 
lower than in the ceftriaxone-metronidazole arm (90.2% vs. 96.5%).254 
The high rates of response in both studies would be expected because 
of the low overall Acute Physiology and Chronic Health Evaluation 
(APACHE) II scores of the enrolled patients. High rates of susceptibil-
ity to moxifloxacin among baseline anaerobic isolates (87%) were 
found overall in these and related moxifloxacin intra-abdominal infec-
tion trials.255 Current IDSA guidelines for intra-abdominal infections 
include moxifloxacin alone and combinations of either ciprofloxacin 
or levofloxacin with metronidazole among recommended regimens for 
initial therapy.256

Use of quinolones in peritonitis has been evaluated most in patients 
undergoing chronic ambulatory peritoneal dialysis (CAPD) and in 
patients with cirrhosis. Oral ofloxacin, 300 mg once daily, and cipro-
floxacin, 500 mg once daily, have cured episodes of peritonitis in CAPD 
patients, but failures in infections caused by the common coagulase-
negative staphylococci have occurred. Higher concentrations of cipro-
floxacin have been achieved by adding drug to the dialysate (20 to 
50 µg/mL), with outcomes similar to those with standard regimens of 
intraperitoneal vancomycin plus gentamicin.257 A combination of 
intraperitoneal ciprofloxacin (50 mg/L) and rifampin (50 mg/L) pro-
duced a 65% cure rate, which was superior to that with intraperitoneal 
cephradine.258 When intraperitoneal vancomycin was used, oral levo-
floxacin was inferior to an intraperitoneal aminoglycoside in patients 
with gram-negative CAPD infections, a limitation that appeared to be 
related to the prevalence of levofloxacin resistance in these organ-
isms.259 In treatment of spontaneous bacterial peritonitis in cirrhotic 
patients, ciprofloxacin has been compared with cefotaxime, ceftriax-
one, or ceftazidime; ofloxacin has been compared with cefotaxime; and 
moxifloxacin has been compared with amoxicillin-clavulanate.260 With 
35 to 123 patients in these studies, no differences in clinical outcomes 
were found. In patients with cirrhosis at high risk for recurrent sponta-
neous bacterial peritonitis, norfloxacin, 400 mg once daily, given as 
prophylaxis, reduced recurrences by threefold.261 Norfloxacin and cip-
rofloxacin were also studied for up to 1 year for the primary prophy-
laxis of spontaneous bacterial peritonitis among high-risk patients 
with low ascitic protein concentration.262-266 A trend toward reduced 
number of episodes of peritonitis was observed in all studies, and in a 
few, a notable increased probability of survival was also found. Pro-
longed use of norfloxacin was, however, later associated with increas-
ing occurrence of quinolone-resistant bacteria265,267; in this respect, it is 
interesting that the survival advantage was substantial at 3 months 
(94% vs. 62%; P = .003) but only 60% versus 48% by 1 year (P = .05).263 
Patients who have been on this prophylaxis and develop peritonitis 
should be treated with agents other than a fluoroquinolone because the 
risk of quinolone resistance is high in this group.268 Similarly, primary 
prophylaxis had also been recommended for patients with cirrhosis 
and gastrointestinal bleeding because in several studies, performed in 
the 1990s, that tested mainly quinolones, prophylaxis was efficacious in 
reducing the number of deaths and bacterial infections.269 In a more 
recent study,263 however, oral norfloxacin and intravenous ceftriaxone 
were compared for prophylaxis in 111 cirrhotic patients with gastro-
intestinal bleeding. Spontaneous bacteremia or bacterial peritonitis 
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Hospital-acquired pneumonias, which are commonly caused by 
gram-negative bacilli, have responded to intravenous ciprofloxa-
cin123,319 and ofloxacin,289 and responses to ciprofloxacin correlated 
with the level of susceptibility of the infecting organism, with better 
bacteriologic responses in infections caused by Haemophilus spp. and 
members of the Enterobacteriaceae than in infections caused by the 
less susceptible P. aeruginosa. Comparative trials of imipenem versus 
ciprofloxacin320 or levofloxacin321 for treatment of patients with noso-
comial pneumonia have been published. For hospitalized patients with 
severe pneumonia, ciprofloxacin in high dose (400 mg IV every 8 
hours) was compared with imipenem (1000 mg IV every 8 hours) in 
a multicenter, randomized, double-blind trial.320 Most of the patients 
had nosocomial pneumonia (78%) and were mechanically ventilated 
(79%). Clinical and microbiologic response rates were somewhat 
higher in the ciprofloxacin (69% and 69%, respectively) than the imi-
penem (56% and 59%, respectively) group, and bacterial eradication 
rates were highest for members of the Enterobacteriaceae. Substantially 
poorer responses in both treatment groups were seen in patients with 
P. aeruginosa infection, and for both P. aeruginosa and S. aureus, per-
sistence in sputum was substantial (60% to 67% and 35% of patients, 
respectively) and was associated with development of resistance. For 
these reasons, combination therapy and use of maximum approved 
doses of ciprofloxacin, 750 mg PO or 400 mg IV every 8 to 12 hours, 
may be preferred when ciprofloxacin is used in patients with P. aeru-
ginosa infection. Addition of ciprofloxacin to meropenem did not 
provide additional clinical benefit over meropenem alone overall in 
patients with ventilator-associated pneumonia, but in the subset of 
patients with P. aeruginosa, Acinetobacter spp., or multidrug-resistant 
gram-negative bacilli, bacteriologic eradication was higher in the com-
bination therapy group.322 In a multicenter, randomized, open-label 
trial, high-dose levofloxacin (750 mg IV/PO) produced clinical 
responses similar to those with imipenem (500 mg to 1 g every 6 to 12 
hours), followed by ciprofloxacin (750 mg PO every 12 hours), when 
both regimens were given for 7 to 15 days (66% [135/204] vs. 69% 
[143/206] intent-to-treat analysis), including a severely ill subset of 
patients with APACHE II scores less than 20 (mean APACHE II scores 
were 15.0 vs. 14.8).321 A later analysis of the subgroup of patients with 
ventilator-associated pneumonia also found similar efficacy in the two 
treatment groups.323 Patients also received additional therapy if they 
had documented infection with methicillin-resistant S. aureus (vanco-
mycin for both arms) or P. aeruginosa (ceftazidime for levofloxacin 
arm and amikacin for imipenem arm). Microbiologic eradication rates 
were also similar overall. In patients with P. aeruginosa infection, 
however, there was a trend toward better clinical and microbiologic 
responses in the levofloxacin arm, suggesting that levofloxacin plus 
ceftazidime might be somewhat better than imipenem plus amikacin 
for these infections. No data were included about emergence of bacte-
rial resistance in this study, but prior exposure to levofloxacin has been 
associated with the emergence of resistance in P. aeruginosa.324 There 
has been a single reported study of moxifloxacin (400 mg IV/PO once 
daily) in treatment of hospital-acquired pneumonia in patients who 
were screened to exclude clinical risk factors for resistant pathogens. 
The study was terminated early because of slow enrollment and had 
identified no differences in outcomes relative to ceftriaxone, followed 
by cefuroxime.325

Mild-to-moderate respiratory exacerbations in patients with cystic 
fibrosis and P. aeruginosa in sputum responded clinically to oral cip-
rofloxacin, 750 mg twice daily, and ofloxacin, 400 mg twice daily, and 
similarly to conventional parenteral therapies that use an antipseudo-
monal β-lactam and tobramycin.123 In patients with more severe exac-
erbations, however, conventional parenteral combination therapy may 
be superior. Rarely is P. aeruginosa eliminated from sputum by any 
regimen in patients with cystic fibrosis. Rotating the use of different 
regimens may reduce the selective pressure for persistence of resistant 
bacteria that may emerge with either type of regimen.

Acute purulent sinusitis acquired in the community is often caused 
by a similar group of pathogens to those that cause acute bacterial 
exacerbations of chronic bronchitis (ABECB) and may be seen as a 
complication of viral upper respiratory infections. Anaerobic bacteria 
are usually present in only a small percentage of patients and are more 
likely if sinusitis is chronic or associated with dental infections. 

or together with clarithromycin, or tigecycline.294-296 Five days of a 
higher-dose regimen of levofloxacin (750 mg once daily) was compa-
rable in clinical success to 10 days of the lower dose (500 mg once 
daily),297 with a higher proportion of patients with resolution of fever 
and purulent sputum by day 3.298 Comparable outcomes with generally 
high cure rates have also been seen in comparisons of moxifloxacin 
(400 mg PO once daily) versus clarithromycin299 or amoxicillin300 
and comparisons of gemifloxacin (320 mg PO once daily) versus cef-
triaxone, followed by cefuroxime axetil,301 or versus amoxicillin-
clavulanate.302 A 5-day course of gemifloxacin also appeared to be 
comparable to a 7-day course.303

In addition to the initial study with levofloxacin,292 a few studies, 
including one with moxifloxacin304 and another with gemifloxacin,305 
have also demonstrated superiority relative to the comparator agents 
in treatment of patients with community-acquired pneumonia. In hos-
pitalized patients requiring initial parenteral therapy, moxifloxacin 
(400 mg IV/PO once daily) was superior to amoxicillin-clavulanate 
(IV/PO) with or without clarithromycin, with more rapid deferves-
cence, higher rates of clinical success (93% vs. 85%), and higher rates 
of bacterial eradication from sputum (94% vs. 82%).304 For hospitalized 
patients older than 65 years, moxifloxacin (400 mg IV/PO once daily) 
produced a trend toward slightly better overall clinical outcomes than 
levofloxacin (500 mg IV/PO once daily), with a higher proportion of 
patients with clinical recovery by days 3 to 5.306 No studies have com-
pared moxifloxacin with the higher dose of levofloxacin. Gemifloxacin 
(320 mg PO once daily) produced modestly better clinical success in 
comparison to trovafloxacin (200 mg PO once daily) in an intent-to-
treat analysis (88% vs. 81%), with similar responses in the per-protocol 
analysis (96% vs. 94%).305

Clinical responses in the subgroups of patients (usually numbering 
10 to 20 patients) with pneumococci isolated from sputum from 
various trials were usually similar to the overall response rates (levo-
floxacin, 81% to 100%292; moxifloxacin, 100%),299,304 and gemifloxacin 
(90% to 100%)].301,305 Most studies have included patients with mild-
to-moderate pneumonia, but those with levofloxacin and gemifloxa-
cin301 included patients with severe pneumonia by using clinical criteria 
similar to those used for stratification of risk of death,307 with 91% and 
87% clinical cures, respectively. Outcomes in patients with pneumo-
coccal bacteremia and pneumonia, a more severe test of drug efficacy, 
were good overall with levofloxacin (91%, 107 of 117 cured),292,308 
moxifloxacin (88%, 21 of 24 cured),304,309 and gemifloxacin (100%, 12 
of 12 cured).301 Clinical failures associated with prior or acquired qui-
nolone resistance in pneumococci have been reported with levofloxa-
cin therapy but have not yet been reported associated with the less 
extensive use of moxifloxacin or gemifloxacin.310

In aspiration pneumonia and lung abscess, coverage for oral anaer-
obic bacteria is generally important. Moxifloxacin, relative to other 
fluoroquinolones, exhibits enhanced activity in vitro against anaerobic 
bacteria and, at 400 mg IV/PO once daily, produced similar clinical 
responses compared with ampicillin/sulbactam (2 g/1 g IV three times 
daily), followed by sultamicillin (750 mg PO twice daily), in treatment 
of patients with aspiration pneumonia (32 of 48 [67%] in both groups) 
or lung abscess (15 of 19 [79%] vs. 11 of 15 [73%]).311

Among atypical pneumonias, smaller numbers of patients with 
pneumonias caused by Legionella,312,313 Mycoplasma,75 and C. pneu-
moniae314 have also responded to ciprofloxacin and ofloxacin, but some 
apparent failures were seen in patients with M. pneumoniae and C. 
pneumoniae infection treated with ofloxacin.290 Clinical responses to 
levofloxacin,292 moxifloxacin,304,315 and gemifloxacin301,303,307 in usually 
small numbers (except for the larger number in the trial of gemifloxa-
cin)307 of patients with C. pneumoniae, M. pneumoniae, and L. pneu-
mophila infection, usually diagnosed serologically, have generally been 
high. In observational studies, patients with Legionella pneumonia had 
similar or better clinical responses to levofloxacin relative to macro-
lides.316,317 With pneumonia caused by other atypical pathogens, par-
ticularly with M. pneumoniae infections, which may improve without 
treatment, assessment of responses is difficult, because study designs 
often do not compare the rapidity of symptomatic improvement 
between active and inactive agents. Respiratory quinolones appear to 
be at least as good if not superior to macrolides for treatment of Legio-
nella pneumonia.318
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For septic arthritis of prosthetic joints, standard therapy involves 
staged prosthesis removal and débridement, prolonged antibiotic treat-
ment, and prosthesis reimplantation. Infections of prosthetic joints 
caused by S. aureus and coagulase-negative staphylococci have been 
treated with ofloxacin (200 mg PO three times daily) plus rifampin 
(900 mg once daily) for 6 to 9 months using the standard approach as 
well as débridement with retention of the prosthesis in patients for 
whom removal was not possible.338 With prolonged follow-up after 
completion of therapy, response rates were high in patients after the 
standard approach (81% to 93%) and unexpectedly high in the patients 
with retained prostheses (54% to 70%). Similar results have been 
reported for ciprofloxacin plus rifampin, which also document the 
importance of rifampin in the antimicrobial regimen because failure 
rates were high when ciprofloxacin was used alone.339 Ceftazidime 
(1.5 g every 12 hours) given for 6 weeks plus ciprofloxacin (500 mg PO 
every 8 hours) given for 6 months also appeared to cure P. aeruginosa–
infected orthopedic implants without prosthesis removal.340 Patients 
with infections of prosthestic joints caused primarily by staphylococci 
have also been successfully treated with a combination of levofloxacin 
(500 mg PO once daily) and rifampin (600 mg once daily) given for 
extended periods after débridement with prosthesis retention.341,342 The 
same regimen has also been used for patients with rigid internal fixa-
tion devices (plates and screws) infected by staphylococci that were 
débrided and retained, with an overall cure rate of 72%.343 For patients 
with either prostheses or internal fixation devices, failures were associ-
ated with a longer duration of symptoms before débridement.341,343 
Thus, for salvage of some patients in whom orthopedic devices cannot 
be removed, early débridement and extended treatment with a combi-
nation of a fluoroquinolone and rifampin (or ceftazidime) could be 
considered if the infecting organism is susceptible to both agents in 
the combination.

There are few other data on treatment of septic arthritis with qui-
nolones, most often with ciprofloxacin or ofloxacin.75 Infections caused 
by N. gonorrhoeae and E. coli have responded to oral therapy. Failures 
have been seen in infections of prosthetic joints and infections caused 
by S. aureus and P. aeruginosa infections.

Skin and Soft Tissue Infections
Although the most common causes of cellulitis and pyodermas are 
streptococci and S. aureus, in patients with diabetes and peripheral 
vascular disease, decubitus ulcers, and some surgical wound infections, 
soft tissues may become infected with a mixture of bacteria that 
includes, in addition to streptococci and staphylococci, aerobic gram-
negative bacteria and anaerobes. Quinolones have been evaluated as 
treatment for skin and soft tissue infections in some of these subgroups 
of patients.344,345

For uncomplicated skin infections, comparable clinical response 
rates (usually 90% or higher in both arms) have been reported for 
ofloxacin (400 mg PO twice daily) versus cephalexin (500 mg four 
times daily),346 levofloxacin (500 mg PO once daily) versus ciprofloxa-
cin (500 mg PO twice daily),347 and moxifloxacin (400 mg PO once 
daily) versus cephalexin (500 mg three times daily).348 S. aureus and 
Streptococcus pyogenes were the dominant pathogens in these studies, 
but methicillin-resistant strains of S. aureus, which are commonly 
resistant to quinolones, were infrequently reported. Levofloxacin was 
significantly better than ciprofloxacin in eradicating S. aureus in one 
study.347 In these and noncomparative studies,75 failures have been seen 
with infections caused by P. aeruginosa (11%), streptococci (6%), and 
S. aureus (5%) and have been associated with the development of 
resistant organisms, which for P. aeruginosa may be more frequent in 
diabetic patients.346

For complicated skin infections, comparisons of oral ciprofloxacin 
(750 mg twice daily)349,350 and ofloxacin (400 mg twice daily)351 with 
intravenous cefotaxime or ceftazidime given for 9 to 12 days to patients 
with mixed infections in which gram-negative bacilli predominated, 
showed similar rates of clinical and bacteriologic efficacy, in the range 
of 79% to 98% clinical cures. S. aureus and P. aeruginosa were the most 
common pathogens in these studies, with few methicillin-resistant 
strains of S. aureus identified. Levofloxacin (750 mg IV/PO once daily) 
compared with ticarcillin-clavulanate (3.1 g IV every 4 to 6 hours), 
followed by amoxicillin-clavulanate (875 mg PO every 12 hours), 

Establishment of drainage of the infected sinus cavity by use of nasal 
decongestants or other means is an important adjunctive therapy in 
addition to antimicrobial agents. There are a number of trials compar-
ing quinolones with other therapies in patients with acute purulent 
sinusitis, including ciprofloxacin (500 mg PO twice daily) versus cefu-
roxime axetil,326 levofloxacin (500 mg PO once daily) versus 
amoxicillin-clavulanate327 or clarithromycin,328 and moxifloxacin 
(400 mg PO once daily) versus cefuroxime axetil329,330 or amoxicillin-
clavulanate.331 In all of these studies, there were comparable clinical 
responses between the quinolone and its comparator with generally 
high response rates (87% to 96%). A 5-day course of levofloxacin at 
the higher dose (750 mg once daily) was also comparable to a 10-day 
course at the lower dose (500 mg once daily).332 In these or other 
studies in which microbiologic samples were obtained by sinus punc-
ture or nasal endoscopy before therapy, H. influenzae and S. pneu-
moniae were the predominant pathogens, and clinical responses in the 
subset of patients from whom S. pneumoniae was isolated were high: 
100% for levofloxacin333 and 97% for moxifloxacin.334 Thus, these qui-
nolones may be an alternative to, but offer no advantage over, nonqui-
nolone therapies for treatment of acute community-acquired purulent 
sinusitis.

Although acute otitis media (AOM) is caused by similar pathogens 
to those that cause acute bacterial sinusitis, fluoroquinolones have not 
been widely used because AOM is usually a disease of children in 
whom joint toxicity of fluoroquinolones had been a concern. Invasive 
otitis externa in diabetics is usually caused by P. aeruginosa and may 
respond to oral ciprofloxacin, 750 mg twice daily, given for 6 weeks.335,336 
No studies comparing quinolones with conventional parenteral thera-
pies have been reported.

Bone and Joint Infections
The prolonged antimicrobial therapy usually given for bone and joint 
infections is facilitated by effective oral agents, and quinolones may fill 
this role in some cases.326 For treatment of chronic osteomyelitis, there 
have been noncomparative trials using ciprofloxacin, ofloxacin, peflox-
acin, or levofloxacin, in which treatment was usually for 6 or more 
weeks and follow-up was for at least 6 months after completion of 
therapy.75,123,327,328 Clinical cures after oral ciprofloxacin, 750 mg twice 
daily, were 75% overall in infections in which gram-negative bacilli 
predominated, and similar rates of cure were reported in the smaller 
subgroups of patients with P. aeruginosa and methicillin-susceptible S. 
aureus (MSSA) infections. Failures were associated with incomplete 
débridement, the presence of foreign bodies, and the development of 
resistance in P. aeruginosa, S. aureus, and Serratia marcescens. Levo-
floxacin (500 mg once daily) was effective in 9 of 15 patients (60%), 
with largely polymicrobial (S. aureus in 7 and P. aeruginosa in 3; all but 
3 had other organisms as well) infections; in 4 cases, failures were 
thought to be due to inadequate débridement.327 Three months of treat-
ment with ciprofloxacin produced a cure rate of 60% in one study of 
osteomyelitis in the feet of diabetics329; ofloxacin produced a similar 
response rate.330 Calcaneal osteochondritis caused by nail puncture 
wounds of the foot is often due to P. aeruginosa. Local débridement in 
combination with ciprofloxacin (400 mg IV every 12 hours, then 
750 mg PO twice daily) given for 14 days appears to be highly effective 
for this condition, with cures in all 18 patients with P. aeruginosa infec-
tion and in 2 with S. aureus infection.331

In four small comparative trials, ciprofloxacin (750 mg twice daily) 
and ofloxacin (400 mg twice daily) have generally produced apparent 
rates of cure similar to those of conventional parenteral therapies using 
β-lactams with or without an aminoglycoside,123,332 but the power of 
these studies to detect differences between the regimens has been 
small. For ofloxacin, cures of methicillin-susceptible S. aureus (MSSA) 
infections were 80% (10 of 12), but cures of P. aeruginosa infections 
were only 25% (1 of 4).332 For patients with spinal brucellosis, cipro-
floxacin (500 mg PO twice daily) plus rifampin (600 mg PO once 
daily) produced similar cure rates to doxycycline plus streptomycin 
given for 12 to 24 weeks when compared in consecutive, nonrandom-
ized groups.335 Randomized, controlled studies do not, however, 
provide support for the use of quinolone-based combinations as a first-
line therapy, and quinolone-based regimens were associated with a 
higher relapse rate than comparators.337
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in undiagnosed tuberculosis patients, particularly in areas of high 
endemicity. Prior quinolone exposure for longer than 10 days has been 
associated with a 7-fold increased risk of quinolone resistance in M. 
tuberculosis isolates and a 17-fold increased risk if the exposure was-
greater than 60 days before the diagnosis of tuberculosis.367 In a ran-
domized trial of patients in Hong Kong, with community-acquired 
pneumonia or exacerbations of bronchiectasis, 4.8% of those treated 
with amoxicillin-clavulanate were diagnosed with active tuberculosis 
within 12 months, in contrast to 2.4% of those treated with moxifloxa-
cin for 5 days and 0% of those treated for 10 days, suggesting potential 
masking by moxifloxacin.368

For nontuberculous mycobacteria, ciprofloxacin (750 mg twice 
daily or 500 mg three times daily) has been used in three-drug (clar-
ithromycin plus amikacin)369 and four-drug (rifampin, ethambutol, 
and clofazimine)370 regimens in patients with AIDS and M. avium-
intracellulare complex bacteremia. Improvement in symptoms occurred 
with both regimens, but clearance of bacteremia appeared better with 
the clarithromycin-containing three-drug regimen.371 In cutaneous M. 
fortuitum infections, ciprofloxacin used alone was followed by relapse 
and the development of drug resistance,123 but ofloxacin has been used 
successfully in some sternotomy infections caused by this pathogen.372 
With agents used against M. leprae, there have been reports of clinical 
improvement in patients with lepromatous leprosy given ofloxacin 
(400 mg once daily) and pefloxacin (800 mg once daily),373 and in a 
randomized, double-blind study of patients with paucibacillary leprosy, 
at 10 years follow-up, ofloxacin (400 mg once daily) plus rifampin 
(600 mg once daily) given for 28 days produced clinical improvements 
comparable to dapsone (100 mg once daily) plus rifampin (600 mg 
every month) given for 6 months.374

For patients with bacteremias, intravenous ciprofloxacin and oflox-
acin have been effective in cases caused by enteric gram-negative 
bacilli, although responses have been poor for P. aeruginosa bactere-
mias when these drugs were used in relatively low doses of 200 mg 
twice daily.375,376 In neutropenic patients with fever, ciprofloxacin in 
combination with aminoglycosides produced defervescence and cure 
of documented infections comparable to standard β-lactam–
aminoglycoside combinations,377 but ciprofloxacin monotherapy was 
less effective than such combinations378 and should not be used. 
Although lower doses were used in earlier studies, more recent studies 
have used regimens of ciprofloxacin, 400 mg IV every 8 hours (in one 
case, followed by 750 mg PO twice daily), either alone379 or in combi-
nation with piperacillin.380 Ciprofloxacin alone was comparable to cef-
tazidime plus amikacin, and ciprofloxacin plus piperacillin was 
comparable to tobramycin plus piperacillin in resolution of fever, but 
changes in therapy were necessary in more than half of patients in both 
arms of both studies. Use of quinolones in this setting should be cau-
tious and should be considered principally as an alternative regimen 
when there are reasons for not choosing standard regimens with com-
binations of β-lactams and aminoglycosides.

There has been an increase in interest in defining low-risk groups 
of neutropenic patients who might be safe candidates for oral antimi-
crobial therapy for fever because of the potential for increased conve-
nience and reduced costs. Quinolones have been components of such 
oral regimens.381,382 These trials evaluated a combination of oral cipro-
floxacin and amoxicillin-clavulanate compared with intravenous cef-
tazidime in one trial382 and with intravenous ceftriaxone plus amikacin 
in the other.381 The trials involved patients with fever and neutropenia 
from cancer chemotherapy and who were able to take oral medications 
and were considered to have low risk of serious complications, based 
on the absence of other diseases and documented infection and a 
projected duration of neutropenia of less than 10 days. Success of treat-
ment in patients given the oral and parenteral regimens was similar in 
both studies, although the oral regimen was associated unexpectedly 
with a higher incidence of adverse effects (16% vs. 1%, respectively), 
largely nausea and vomiting.382 Renal failure reported in an earlier trial 
of ciprofloxacin plus clindamycin for treatment of a similar group of 
patients was not seen in these trials.383 Guidelines of the IDSA recom-
mend that febrile neutropenic patients with low risk, defined as antici-
pated neutropenia for less than or equal to 7 days and no or few 
comorbidities, are candidates for oral therapy with a regimen of cipro-
floxacin or levofloxacin plus amoxicillin-clavulanate.384

produced similar overall clinical success (116 of 138 [84%] vs. 106 of 
132 [80%]).352 Levofloxacin was superior in eradicating MSSA, the 
dominant pathogen, and similar in eradicating a mix of gram-negative 
pathogens. The subgroup with diabetic foot infections was too small 
to assess adequately. In diabetic foot infections without osteomyelitis, 
the overall rate for complete healing using ciprofloxacin alone was 
50%.329 The polymicrobial nature of these infections, which may 
include anaerobes, may be a limiting factor for efficacy of some fluo-
roquinolones. Use of additional antimicrobial agents with activity 
against anaerobes should be considered in these patients. In a double-
blind, randomized trial, moxifloxacin (400 mg IV/PO once daily) pro-
duced comparable clinical responses and bacterial eradication rates 
relative to piperacillin-tazobactam (3.375 g IV every 6 hours), followed 
by amoxicillin-clavulanate in patients with dominant cellulitis or skin 
abscess.353 In the subgroups of patients with S. aureus (only a minority 
were methicillin-resistant S. aureus [MRSA]), S. pyogenes, and enteric 
gram-negative bacteria isolated and in the subgroup of diabetic foot 
infections, clinical response rates were also similar.

The role of quinolones in the treatment of cutaneous and other 
forms of anthrax received considerable attention as a result of bioter-
rorism cases of anthrax in the United States in 2001. Activity in vitro 
is excellent for a number of fluoroquinolones, and ciprofloxacin 
(500 mg PO twice daily) is the recommended regimen for cutaneous 
disease and prophylaxis after exposure to anthrax spores.354 Inhala-
tional anthrax is treated with IV ciprofloxacin in combination with 
other agents.

For patients with uncomplicated cellulitis or pyodermas, in whom 
streptococci and staphylococci are the most likely pathogens, respec-
tively, conventional therapies with penicillin, semisynthetic penicillins, 
and cephalosporins, either oral or parenteral, remain the therapy of 
choice. For infections with MRSA, for which the quinolones were 
initially hoped to be valuable oral therapies, rapid emergence of qui-
nolone resistance has become a particular problem, and resistance is 
now highly prevalent in many medical centers.355,356 In addition, with 
the increasing frequency of MRSA as a cause of skin infections in the 
community and the emergence of fluoroquinolone resistance in com-
munity strains (along with established resistance in hospital strains),357 
fluoroquinolones cannot be relied on for empirical therapy of serious 
skin infections possibly caused by staphylococci, and therapy should 
be determined by isolation and susceptibility testing of the relevant 
pathogen if possible.

Other Uses
Because of resistance to conventional antituberculosis agents, quino-
lones are being used for treatment of mycobacterial infections.358 In 
patients with multidrug-resistant pulmonary tuberculosis, ofloxacin 
(300 or 800 mg once daily) has been used in combination with other 
second-line agents, with sputum conversions and apparent clinical 
cures,359 but in cases in which ofloxacin was the only active drug, 
there was failure of sputum conversion and development of ofloxacin 
resistance.359,360 Ciprofloxacin (750 mg PO once daily) is less effective 
in combination regimens than other first-line agents.361,362 Levofloxa-
cin and moxifloxacin, however, are being used in second-line regimens 
for treatment of multidrug-resistant tuberculosis. For early bacteri-
cidal activity against M. tuberculosis in sputum, levofloxacin (1 g once 
daily) and moxifloxacin (400 mg once daily) were similar to isoniazid 
(300 mg once daily).363 Moxifloxacin (400 mg) was comparable to eth-
ambutol as the fourth component of a regimen of isoniazid, rifampin, 
and pyrazinamide for sputum conversion within the first 2 months  
of therapy, with no difference between dosing 5 days per week versus 
3 days per week, after the first 2 weeks of daily therapy.364 A later study, 
however, in which almost all patients had lung cavities found that 
moxifloxacin versus ethambutol, in a four-drug regimen, was associ-
ated with accelerated reduction in viable bacilli in sputum when 
adjusted for patient factors that affect rate of sputum conversion.365 
Somewhat surprisingly, in extensively drug-resistant (XDR) tubercu-
losis, which by definition includes resistance to quinolones, the pres-
ence of moxifloxacin in the treatment regimen was associated with 
40% higher favorable outcomes in a meta-analysis.366 Because of wide-
spread quinolone use for respiratory and other indications, there have 
been concerns about selection of resistance and masking of symptoms 
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of nasopharyngeal carriage of Neisseria meningitidis, which is indicated 
in the setting of close contact with patients with meningococcal men-
ingitis, ciprofloxacin (750 mg) or ofloxacin (400 mg) given as a single 
dose has been highly effective,409,410 and ciprofloxacin had efficacy 
similar to rifampin (600 mg twice daily for 2 days) and ceftriaxone (2 g 
IM).411 The recent emergence of quinolone-resistant strains of N. men-
ingitidis, however, could compromise the efficacy of quinolones for this 
indication.412

Quinolones have been used for treatment of a variety of other infec-
tions in small numbers of patients. A few patients with tularemia have 
responded to ciprofloxacin or levofloxacin,413,414 and several patients 
with cat-scratch disease improved more rapidly after ciprofloxacin 
treatment than might be expected without treatment.415 Patients with 
Mediterranean spotted fever caused by Rickettsia conorii and Q fever 
caused by Coxiella burnetii may respond to ciprofloxacin or ofloxacin, 
but doxycycline remains the preferred therapy.401,416,417 Attempts to 
treat patients with brucellosis with quinolones have been complicated 
by a high frequency of relapses,337,418 but a combination of ofloxacin 
(400 mg once daily) and rifampin (600 mg once daily) for 6 weeks 
resulted in a low relapse rate and was comparable to doxycycline plus 
rifampin.419 Patients with falciparum malaria have had inconsistent 
responses to quinolones.420,421 Ciprofloxacin decreased polyoma BK 
virus load in patients who underwent allogeneic hematopoietic stem 
cell transplantation.421,422 Ciprofloxacin and metronidazole alone or 
together have been used in the treatment of inflammatory bowel 
disease, particularly Crohn’s disease, but studies using ciprofloxacin 
have not shown consistent benefit.423

PROBLEMS WITH QUINOLONE 
RESISTANCE DURING  
CLINICAL USE
Development of bacterial resistance among pathogens during clinical 
use of quinolones is multifactorial. Because spontaneous chromosomal 
resistance mutations causing resistance increments of fourfold to eight-
fold for fluoroquinolones may occur at frequencies of 10−8 to 10−10, 
resistance is predicted to occur more often in settings in which there 
are large numbers of bacteria at the site of infection and the concentra-
tion of the drug is below the MIC of the least drug-susceptible mutant 
subpopulation (a value called the mutant prevention concentra-
tion).31,424,425 Therefore, resistance is more likely in infections caused by 
less susceptible pathogens, such as P. aeruginosa and S. aureus, at sites 
of infection where the bacterial burden is high or at which drug deliv-
ery or host eradication mechanisms may be compromised, and in 
patients who receive inadequate drug doses. Once selected, the rate of 
amplification of the drug-resistant mutant population will be governed 
by the degree of resistance conferred by the mutation to the drug being 
used, the fitness cost that bearing the mutation exacts, the dose of the 
drug being used, and the duration of treatment.426

Epidemiologic factors also affect the extent to which resistant 
pathogens can spread and thereby amplify the prevalence of resis-
tance.427 General surveys of resistance patterns occurring over time 
have found resistance to increase after the introduction of fluoroqui-
nolones and to occur most often with Pseudomonas spp. and staphy-
lococci and in soft tissue infections and infections associated with 
foreign bodies.428-430 In many medical centers, ciprofloxacin resistance 
has increased markedly (to <90%) among MRSA but not MSSA 
strains.356,431,432 Resistance appears to have been selected in patients 
colonized with MRSA and given ciprofloxacin for other infections.356 
Clonal dissemination may also contribute to spread of resistance 
during outbreaks. The community-acquired MRSA strains that have 
spread into health care systems are more likely ciprofloxacin suscep-
tible, but resistance has occurred in some isolates.433,434 Susceptibility 
rates have also decreased among coagulase-negative staphylococci.435 
A similar difference between methicillin-resistant and -susceptible 
strains has been seen for ciprofloxacin resistance in coagulase-negative 
staphylococci, and in this setting, cross-selection by exposure to other 
antibiotics, in addition to direct quinolone selection, appears to 
augment ciprofloxacin resistance in methicillin-resistant strains, which 
are usually also multidrug resistant.436,437

More surprising has been the emergence of substantial quinolone 
resistance in initially highly susceptible species of bacteria, particularly 

Oral ciprofloxacin, 500 mg twice daily; ofloxacin, 300 mg twice 
daily; and norfloxacin, 400 mg twice daily, given as prophylaxis in 
neutropenic patients have consistently reduced the occurrence of 
gram-negative bacteremia and, in some cases, prolonged the time to 
first fever, but breakthrough gram-positive bacteremias have occurred, 
particularly streptococcal bacteremias in bone marrow transplant 
recipients.385,386 Ciprofloxacin and ofloxacin appear superior to nor-
floxacin,387,388 with lower rates of gram-negative and, in the case of 
ofloxacin, streptococcal bacteremias. Addition of penicillin to nor-
floxacin reduced breakthrough streptococcal bacteremias,389 and addi-
tion of rifampin to ofloxacin reduced staphylococcal bacteremias.388 
Colonization and breakthrough bacteremias with quinolone-resistant 
viridans streptococci have also been reported when levofloxacin was 
used alone as prophylaxis in recipients of autologous stem cell trans-
plants and hematologic malignancies.390,391 Use of additional agents 
with activity against gram-positive pathogens in combination with 
fluoroquinolones in prophylaxis can reduce gram-positive bacteremias 
but is less well tolerated.392,393 In addition, breakthrough bacteremias 
with quinolone-resistant E. coli have occurred as well with fluoroqui-
nolone prophylaxis.394-396 IDSA guidelines recommend prophylaxis 
with ciprofloxacin or levofloxacin (the latter preferred in patients with 
increased risk of mucositis-related streptococcal bacteremia) in high-
risk patients, defined as having an expected absolute neutrophil count 
less than or equal to 100 cells/mm3 for greater than or equal to 7 
days.384 Patients who have received quinolone prophylaxis should not 
be treated with quinolones for fever and neutropenia because of the 
risk of quinolone resistance.

There is limited experience in using quinolones for treatment of 
endocarditis.397 One study reported good responses in intravenous 
drug abusers with right-sided S. aureus (methicillin-susceptible) endo-
carditis and who complied with the full course of ciprofloxacin: 300 mg 
IV twice daily for 1 week, then 750 mg PO twice daily for 3 weeks, plus 
rifampin, 300 mg PO twice daily for 4 weeks.398 An additional study 
compared 28 days of inpatient therapy with ciprofloxacin (750 mg PO 
twice daily) plus rifampin (300 mg PO twice daily) versus IV oxacillin 
or vancomycin plus gentamicin (given for the first 5 days) for similar 
patients, with similar response rates for the two regimens when patients 
were evaluated at 6 to 7 days after completion of therapy.399 Drug 
resistance, however, has occurred in this setting, and there have been 
failures in patients with left-sided S. aureus endocarditis. Because of 
limited case report data, it is not clear if quinolones, such as levofloxa-
cin and moxifloxacin, which would be preferred based on greater activ-
ity against susceptible strains of S. aureus, would have better outcomes 
of treatment. There have been a number of single-case reports of 
patients with gram-negative bacillary endocarditis whose infections 
have been suppressed with oral quinolones, but there have been fail-
ures. Q fever endocarditis, which responds poorly to conventional 
antimicrobial therapy, has been successfully cured with prolonged 
courses of ciprofloxacin (12 weeks)400 or ofloxacin plus doxycycline (4 
years).401 Doxycycline combined with hydroxychloroquine was, 
however, superior to ofloxacin plus doxycycline.401 Use of quinolones 
for endocarditis should currently be limited to circumstances in which 
established therapies are not possible.

Quinolones vary in their penetration across the blood-brain barrier 
into CSF.402 In the presence of meningeal inflammation, concentrations 
in CSF have reached as high as 39%, 40%, and 60% of peak serum 
concentrations for ciprofloxacin, levofloxacin, and pefloxacin, respec-
tively.403,404 In two small studies of patients with predominantly gram-
negative bacillary meningitis, pefloxacin (800 mg IV every 12 hours) 
cured 12 of 16 neurosurgical patients, many of whom had failed to 
respond to β-lactam therapies,405 and ciprofloxacin (200 mg IV every 
12 hours) cured 18 of 20 similar patients.406 Ten of 12 neonates with 
gram-negative bacillary meningitis (and in some cases mixed infec-
tions) were also reported to have been cured with IV ciprofloxacin  
(10 to 60 mg/kg/day).407 Treatment of P. aeruginosa meningitis with 
ciprofloxacin may require very high doses in some patients (800 mg 
every 8 hours).408 Use of these quinolones for treatment of meningitis 
should only be considered in those circumstances in which standard 
therapies are not possible or have failed. Ciprofloxacin has been used 
successfully in the treatment of brain abscess caused by S. enterica 
serovar Enteritidis in a small number of case reports.402 For eradication 

http://www.myuptodate.com


C
h

ap
ter 34 Q

uinolones
437

was the observation that among the Spanish isolates, 30% of the strains 
belonged to one of two international, epidemic, multidrug-resistant 
clones (France9V-3 and Spain23F-1), raising concerns of possible 
future spread. In the United States, between 1999 and 2000 and 
between 2001 and 2002, in one survey, there was a twofold increase in 
the rate of ciprofloxacin (1.2% to 2.7%) and levofloxacin resistance 
(0.6% to 1.3%), with a significant minority related to widespread 
quinolone-resistant pneumococcal clones.466 In different surveys, 
which also included invasive and noninvasive strains from across the 
United States, resistance to respiratory quinolones has remained con-
sistently low (0.5% to 1.1%) since 1996 and through 2004.464,467-470 
Several factors potentially account for the variable trends in quinolone 
susceptibilities. Preferential use of quinolones that have better phar-
macokinetic and pharmacodynamic profiles against pneumococci rela-
tive to ciprofloxacin could slow selection of resistant mutants.471,472 In 
addition, introduction of the pneumococcal conjugate vaccine, which 
targets drug-resistant pneumococcal serotypes, may have limited the 
spread of resistant clones. Strains that contain single parC resistance 
mutations are circulating,473 and these strains, which may be the pro-
genitors of fully resistant strains with dual mutations in parC and gyrA, 
would be classified as susceptible and thus are difficult to detect with 
routine testing.474 In this background, there is no reason to assume that 
resistance to newer quinolones will not ultimately emerge among S. 
pneumoniae.464 Because children are a major reservoir of pneumococci, 
concerns have been raised that possible future increased use of quino-
lones in children could increase the rate of development of resistance 
to quinolones in S. pneumoniae.475

Resistance to quinolones should be monitored, and strategies for 
minimizing its occurrence, including focused quinolone use, should 
be used to avoid compromising the future utility of the class. Preven-
tion of emergence of resistance needs to be addressed in several ways, 
including monitoring of preexisting chromosomal and transferable 
mechanisms of resistance, better defining the optimal selected quino-
lone, dosage, and duration of treatment for particular infections, and 
infection control to prevent spread of resistant organisms.425,426,476,477

ADVERSE EFFECTS
The tolerability of the fluoroquinolones is best assessed in double-blind 
randomized trials in which the effects of patient populations, methods 
of ascertainment, and possible bias can be controlled. In some cases, 
however, such trials may not have the power to detect adverse effects 
occurring at low frequency or in more diverse patient populations. In 
an analysis of 56 such trials, in which fluoroquinolones were compared 
with placebo or other antimicrobial agents, most studies found similar 
adverse effect profiles.478 In a minority of studies, there were either 
significantly fewer or more adverse effects relative to a variety of com-
parator agents. In a number of instances, increasing doses and dura-
tions of therapy were associated with higher rates of adverse effects. 
The overall adverse effect profile has been recently reviewed.479

The most frequent category of adverse effect involves the gastroin-
testinal tract, occurring in 3% to 17% of patients in clinical trials. In 
most patients, anorexia, nausea, vomiting, and abdominal discomfort 
when they occur are mild. Diarrhea is less frequent, and antibiotic-
associated colitis has been rare, possibly because most current quino-
lones have limited effect on the anaerobic bowel flora.478,480 
Fluoroquinolone use has, however, been a strong epidemiologic risk 
factor for Clostridium difficile–associated diarrhea in some studies and 
was particularly noted in outbreaks of the NAP1 strain, which is resis-
tant to fluoroquinolones.481

The next most frequent category of adverse effects involves the 
central nervous system, occurring in 0.9% to 11% of patients.482 Symp-
toms of mild headache and dizziness have predominated, followed by 
insomnia and alterations in mood. Hallucinations, delirium, psychosis, 
and seizures are rare.483 Seizures may have resulted in some cases from 
theophylline accumulation or from the ability of theophylline and 
NSAIDs to augment the ability of quinolones to displace GABA from 
its receptors.484 Postmarketing surveillance has also identified uncom-
mon cases of exacerbations of myasthenia gravis occurring after 0.5 to 
10 days (median, 1 day) of exposure to various quinolones. The effect 
is usually reversible within 24 hours of stopping therapy and has 
recurred with rechallenge.485

N. gonorrhoeae, C. jejuni, and E. coli. Fluoroquinolone resistance in N. 
gonorrhoeae was first identified in the 1990s in some countries in the 
Far East.438 The first fluoroquinolone-resistant N. gonorrhoeae isolate 
was found in the United States in 1991. Data from a national sentinel 
surveillance system showed that fluoroquinolone resistance increased 
from 0.4% in 1999 to 4.1% in 2003 and to 13.8% in 2006 (www.cdc.gov/
std/gisp2006/GISPSurvSupp2006Short.pdf).439 Reduced susceptibility 
of N. gonorrhoeae to ciprofloxacin was associated with increased likeli-
hood of failure with ciprofloxacin treatment.440-442 Subsequently, in 
2007, the CDC changed its guidance and recommended that fluoro-
quinolones no longer be used as empirical treatment of gonococcal 
infections.173 Quinolone resistance has now also been reported in N. 
meningitidis.412

Resistance emerged in C. jejuni in human and poultry populations 
in parallel after quinolone use in both groups in Europe.443 In the 
United States, travel to Spain or Latin America was a risk factor for 
acquiring resistant C. jejuni, and the occurrence of domestically 
acquired cases in patients without prior treatment with a fluoroquino-
lone also increased. Strain typing has shown an overlap in resistant C. 
jejuni strains from humans and poultry, and contamination of food 
products with resistant C. jejuni has been demonstrated,213,444 suggest-
ing contaminated poultry products as the source of some resistant 
infections in humans. Resistance acquired by an initially susceptible 
isolate of C. jejuni during treatment of Campylobacter gastroenteritis 
with a quinolone has also been reported.212

Quinolone-resistant strains of Enterobacteriaceae have emerged 
among inpatients and outpatients in the United States445 and globally, 
in association with fluoroquinolone use.446,447 Hospital-wide fluoroqui-
nolone use correlated with resistance among E. coli, K. pneumoniae, 
and Proteus mirabilis.445,448 Risk factors in Spanish patients with resis-
tant E. coli urinary isolates have included use of quinolones, compli-
cated infections, and use of urinary catheters.449 Clinically important 
resistance in E. coli has also developed in some hematology-oncology 
units in Europe in which quinolones were used as prophylaxis during 
periods of neutropenia450-452 as well as in non-neutropenic patients in 
Spain.453 In these units, breakthrough bacteremias with quinolone-
resistant E. coli have become problems. These bacteremias as well as 
colonization of the fecal flora with quinolone-resistant E. coli454 have 
been associated with quinolone use as prophylaxis and were caused by 
distinct strains, rather than representing clonal spread within the units. 
In addition, some patients not receiving quinolones were found to be 
colonized with quinolone-resistant E. coli,454 and a survey suggested 
that 25% of the population in Spain may have fecal colonization with 
such strains.455 These findings, in conjunction with earlier findings of 
high rates of colonization of poultry with resistant E. coli in Spain,456 
raise the possibility that contamination of the food supply with resis-
tant E. coli could be a contributing factor in these areas.457 Surprisingly, 
in the United States, fluoroquinolone resistance in extraintestinal E. 
coli isolates has been linked to a clonal lineage with distinctive mutant 
alleles of gyrA and parC.458 Quinolone resistance in E. coli bloodstream 
isolates has been linked with a higher likelihood of initial inappropriate 
therapy459 and, in some studies, higher mortality.460

With increasing use of quinolones for treatment of patients with 
respiratory tract infections, there are concerns about the emergence of 
quinolone resistance in S. pneumoniae. In Canada, ciprofloxacin resis-
tance in isolates of S. pneumoniae was 0%, 0.6%, 1.7%, and 4.2% in 
1993, 1997 to 1998, 2000 to 2001, and 2005, respectively,461 with the 
increase between 1993 and 1997 to 1998 preceded by increasing use of 
quinolones, largely ciprofloxacin. Resistance to levofloxacin and moxi-
floxacin also increased significantly, from 0.2% and 0% between 1997 
and 1998 to 1.1% and 1.0% in 2005, respectively.462 Rates of resistance 
to ciprofloxacin of 15.2% in Northern Ireland and 5.3% in Spain437 have 
also been reported. In 2000 in Hong Kong, rates of resistance to cip-
rofloxacin, levofloxacin, and moxifloxacin were as high as 17.8%, 
13.3%, and 8.9%, respectively.463 Resistant isolates were generally 
reported in adults but not children, who would be less likely to have 
received a quinolone, and in noninvasive diseases.462-464 Although resis-
tant isolates in Hong Kong were clonal, indicating spread from person 
to person, in Canada, increased genetic homogeneity of resistant 
clones, as well as de novo mutations, were associated with quinolone 
resistance,461-465 and in Spain, the strains were polyclonal. Worrisome 
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in ocular tissues and their effects on collagen and connective tissues, 
similar to tendinitis.

Quinolones, to varying extents, can block the potassium channels 
and thereby delay repolarization in cardiac tissue, an effect that under-
lies their ability to prolong the QT interval on the electrocardiogram. 
Prolongation of QT interval can predispose to ventricular arrhythmias 
such as torsades de pointes.504 Older quinolones, sparfloxacin and 
grepafloxacin, which had QT interval prolongation greater than that 
of currently available quinolones, were removed from the market in 
part because of reports of unexpected cardiac events.504 Although QT 
prolongation of a lesser magnitude was also found with moxifloxacin, 
arrhythmias have not been noted to be a problem with its use. Cipro-
floxacin and levofloxacin have lesser effects on prolongation of QT 
interval than moxifloxacin.505-507 Additive effects on QT prolongation 
may occur when quinolones are given together with other agents that 
prolong the QT interval. Thus, quinolones should be avoided or used 
with caution in patients also receiving class III (block potassium 
channel, e.g., amiodarone, sotalol) or class IA (block potassium and 
sodium channels, e.g., quinidine, procainamide) antiarrhythmics, or 
other agents (e.g., erythromycin) that prolong QT interval. Risk is also 
potentially increased in the presence of cardiomyopathy, bradycardia, 
hypokalemia, and hypomagnesemia.507,508

Leukopenia and eosinophilia generally occur in less than 1% of 
patients, and mild elevations in serum transaminases occur in less  
than 1% to 3% of patients receiving quinolones; these abnormalities 
are rarely of sufficient severity to require cessation of therapy. An 
exception occurred with trovafloxacin, which was associated with 
elevated transaminases in approximately 10% of patients receiving  
a 4-week course for prostatitis. After release of trovafloxacin for clini-
cal use, rare cases of idiosyncratic, symptomatic hepatitis (1 : 17,000 
reporting incidence) were identified in postmarketing surveillance, 
some of which were associated with eosinophilic infiltrates and suffi-
ciently severe to cause hepatic failure requiring liver transplanta-
tion.478,509 These events led to the restrictions of trovafloxacin use 
and later to its withdrawal. Temafloxacin was found through post-
marketing surveillance to be associated with rare cases of hemolytic 
anemia, thrombocytopenia, and renal failure at a reporting incidence 
of 1 in 5000; such occurrences led to its removal from the market.510 
These severe toxic effects of trovafloxacin and temafloxacin are of 
uncertain mechanism and have not been seen with currently available 
quinolones.

Although there have been occasional reports of hypoglycemia asso-
ciated with the use of ciprofloxacin, levofloxacin, and moxifloxacin, 
cases of severe hypoglycemia associated with use of gatifloxacin in 
diabetics on oral hypoglycemic agents and other patients have 
occurred.511 In addition, hyperglycemia has been reported in elderly 
nondiabetics receiving gatifloxacin. Various quinolones have been 
shown to stimulate release of insulin from rat pancreatic islet cells. 
Although the frequency of dysglycemia appears to be low overall, the 
relative risk was greater with gatifloxacin than levofloxacin and 
ciprofloxacin.512,513Although systemic gatifloxacin has been withdrawn 
from the market, topical ophthalmic formulations are still available and 
have not been associated with dysglycemia.514

Safety in pregnancy478 has not been established for any of the qui-
nolones, but studies of babies born to women exposed to norfloxacin 
or ciprofloxacin during the first trimester identified no increase in 
major malformations, still births, or premature births.515-517 In one 
prospective case-control study comparing 200 women exposed to fluo-
roquinolones and 200 women exposed to known nonembryotoxic 
antibiotics, there were no differences in birth defects, spontaneous 
abortions, prematurity, or fetal distress, but a higher rate of therapeutic 
abortions, suggesting that concerns about teratogenic risks may exceed 
the actual risks.516 Because quinolones can be excreted in breast milk, 
they should be avoided for nursing mothers.

Allergic and skin reactions have occurred in 0.4% to 2.8% of 
patients in clinical trials overall. Unspecified rashes have been most 
frequent. With gemifloxacin, rashes developed in 2.8% of patients in 
clinical trials, but in young women receiving gemifloxacin for 7 or 
more days, a self-limited, maculopapular rash without biopsy evidence 
of vasculitis occurred in 14%.486 In patients with durations of therapy 
of 5 or less days, rash occurred with low frequency, similar to that of 
other fluoroquinolones. The occurrence of a rash to gemifloxacin 
resulted in a somewhat higher rate of rash to subsequently given cip-
rofloxacin (5.9%) relative to placebo (2.0%).487 Hypersensitivity cross-
reactivity among different fluoroquinolones can vary and is difficult to 
predict,488 with, for example, reports of patients with prior reactions to 
moxifloxacin tolerating ciprofloxacin or levofloxacin but not vice versa. 
Phototoxicity reactions are uncommon with currently used quinolones 
but can occur in some patients after exposure to ultraviolet A (320 to 
400 nm) light. Earlier quinolones with a halide at position 8, which are 
no longer available, had higher rates of phototoxicity.489,490 Drug fever, 
urticaria, angioedema, vasculitis, serum sickness–like syndromes, and 
anaphylactoid reactions have been uncommon. Acute interstitial 
nephritis, probably allergic in origin, also occurs infrequently and has 
been associated with eosinophiluria but generally not crystalluria. 
Infiltrates of lymphocytes and eosinophils have been found in the renal 
interstitium on renal biopsies.478

Arthropathy with cartilage erosions and noninflammatory effu-
sions occurs in the weight-bearing joints of juvenile animals given 
quinolones.491 Experience with use of quinolones in children has 
increased, particularly in children with cystic fibrosis given ciprofloxa-
cin.492 These children and others receiving nalidixic acid, norfloxacin, 
and ciprofloxacin have only uncommonly had joint symptoms, which 
have been reversible.492,493 Studies to identify subclinical cartilage 
damage by nuclear magnetic resonance imaging of joints of treated 
children have also been negative.494 Because of concerns about cartilage 
toxicity in children, quinolones have not been recommended for 
routine pediatric use, but there is an evolving view, based on absence 
of human arthropathy seen over the past decades of fluoroquinolone 
use, that in some children, particularly those with cystic fibrosis, the 
benefit of quinolones outweighs what appears to be a small short-term 
risk of joint toxicity, and expanded use of quinolones in pediatrics is 
under consideration.492,495

Tendinitis with acute onset of pain, swelling, and inflammatory skin 
changes has been reported in adults given various quinolones496,497 and 
has resulted in a highlighted warning in drug safety labeling in the 
United States. The Achilles tendon is most often involved, and rupture 
can occur. Symptom onset can be after completion of quinolone 
therapy. The risks are highest in patients older than 60 years, patients 
on corticosteroids, and organ transplant recipients.497-499 The mecha-
nism of this toxicity is uncertain, but exposure of cultured tendon cells 
to ciprofloxacin has been associated with increases in expression of 
matrix metalloproteinases and cellular apoptosis.500

Retinal detachment is a medical emergency that may lead to irre-
versible vision loss. Recent large cohort studies show conflicting results 
with respect to an association of retinal detachment and fluoroquino-
lone use. In a study of patients who had visited an ophthalmologist in 
British Columbia, Canada, current use of fluoroquinolones was associ-
ated with a 4.5-fold higher risk of developing a retinal detachment, 
whereas no risk was observed among recent users and past users, and 
the absolute risk was low.501 In a study from Taiwan, patients who 
received oral fluoroquinolones within the preceding 90 days had a 
twofold higher risk for rhegmatogenous retinal detachment versus 
amoxicillin users.502 A larger nationwide, registry-based cohort study 
in Denmark, however, failed to find such an association; neither current 
nor recent or past fluoroquinolone use was associated with a signifi-
cantly increased risk of retinal detachment.503 The mechanism of this 
potential toxicity may relate to the concentrations of fluoroquinolones 
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35  Unique Antibacterial Agents
Gerard R. Barber and Amar Safdar

During the past 6 decades, introduction of effective antimicrobial 
drugs has enormously improved global public health. These vastly 
important therapeutic achievements are faced with challenges of  
emergence and widespread distribution of multidrug-resistant organ-
isms (MDROs), such as methicillin-resistant Staphylococcus aureus, 
penicillin-resistant Streptococcus pneumoniae, vancomycin-resistant 
enterococci, fluoroquinolone, extended-spectrum cephalosporin, and, 
recently, carbapenem-resistant Klebsiella pneumoniae, Escherichia coli, 
Pseudomonas, and other clinically relevant gram-negative bacteria.1 
There is an urgent need to develop “unique antibacterials” that prefer-
ably are bactericidal in action, have a high therapeutic index, have a 
targeted spectrum of antimicrobial activity that limits perturbation of 
the normal host microbiota, and have a low potential for promoting 
drug resistance.1 In this chapter, we outline drugs that are presently in 
various stages of development, carry potential for future clinical feasi-
bility, and fulfill an existing need.

CLOSTRIDIUM DIFFICILE 
INFECTION
For approximately 40 years, metronidazole and oral vancomycin have 
been the two major treatment mainstays for Clostridium difficile–
associated diarrhea (CDAD). In the United States, oral vancomycin 
and, recently, fidaxomicin have U.S. Food and Drug Administration 
(FDA)-approved indication for treatment of CDAD. The limited treat-
ment options are underscored by the fact that colitis caused by Clos-
tridium difficile is the second most common cause of hospital-acquired 
colitis. Amid clusters, outbreaks, and epidemics, the increased fre-
quency of infection accompanied by the emergence of hypervirulent 
C. difficile strains, such as NAP-1/027/BI, has further increased com-
plexity of this often serious nosocomial infection seen particularly in 
older individuals and also in those exposed to later-generation cepha-
losporins, carbapenems, or fluoroquinolones.2-5 The two agents with 
promising activity against this intestinal obligate anaerobe are dis-
cussed below.

LFF571
LFF571 (Novartis, New York/Basel) is a semisynthetic thiopeptide  
and a novel analogue of the natural product GE2270A. Both products 
slow bacterial growth by inhibiting the bacterial elongation factor Tu 
(EF-Tu), which is required for protein synthesis.6 EF-Tu forms a 
ternary complex with the purine nucleoside triphosphate guanosine-
5′-triphosphate and aminoacylated transfer RNA (aa-tRNA), deliver-
ing the aa-tRNA to the receptor “A” site of elongating ribosome.7 A 
multicenter, randomized, blinded phase II trial in adults with moder-
ately severe CDAD compared a 10-day course of oral vancomycin and 
LFF571 and is expected to finish soon.8 In the Clostridium difficile 
infection experimental model, involving Golden Syrian hamsters, the 
efficacy of LFF571 in several weight-based doses was compared with 
vancomycin, 20 mg/kg, and placebo; each drug was given orally once 
daily for 5 days. Survival of the animals was determined 21 days after 
the treatment commenced. All hamsters given placebo died within 2 
days. Five of seven animals (71%) given 5 mg/kg LFF571 survived; one 
hamster was excluded on day 1 in this group, whereas three of eight 
(37.5%) animals treated with vancomycin survived, and three (37.5%) 
died of recurrent disease 12 days after stopping therapy. All animals 
that survived at the end of the study had no detectable levels of C. dif-
ficile toxins A or B in cecal contents. In contrast, all hamsters that died 
during the study had detectable toxins A or B. LFF571 at the 5 mg/kg 
dose reduced the risk of death by 79% compared with saline controls 
(P <.0001) and 69% compared with animals treated with vancomycin 

(P = .0022). A further analysis of pooled data concluded that that 
survival benefit in animals treated with LFF571 compared with vanco-
mycin was due to a significant decrease in the risk of recurrent C. 
difficile disease.9

LFF571, when compared with fidaxomicin, appears to demonstrate 
enhanced in vitro activity against a variety of aerobic and anaerobic 
gram-positive and gram-negative bacteria. In 50 C. difficile isolates, the 
minimal inhibitory concentration for 90% of organisms (MIC90) for 
LFF571 was 0.25 µ/mL. This was one dilution lower than that for 
fidaxomicin (0.50 µ/mL) and three dilutions lower than either metro-
nidazole or vancomycin (2 µ/mL).10 These promising in vitro suscep-
tibility data may predict favorable clinical outcomes; the results of a 
soon-to-be finished phase II study are currently awaited.

Surotomycin (CB-183,315)
Surotomycin (Cubist Pharmaceuticals, Lexington, MA) is a novel 
cyclic lipopeptide that is an analogue of daptomycin. The oral analogue 
has extremely limited bioavailability when given via the enteral route.11 
The mechanism of action involves disrupting cytoplasmic membrane 
function (membrane potential) without inducing changes in mem-
brane permeability to small molecules.11a

In vitro, it appears to confer rapid bactericidal activity to tested C. 
difficile and aerobic gram-positive intestinal bacteria.12 Citron and col-
leagues12 assessed in vitro activity of surotomycin against C. difficile 
and other fecal microbiota. The minimum inhibitory concentration  
in 556 clinical, disease-associated C. difficile isolates during 2005 to 
2008 was evaluated using the agar dilution method. Among 511 iso-
lates, for surotomycin the MIC ranges were from 0.06 to 2 µ/mL. The 
MIC50 and MIC90 were both 0.5 µ/mL. The vancomycin MIC ranged 
from 0.5 to 4 µ/mL with MIC50 and MIC90, 1 and 2 µ/mL, respectively. 
In vitro time-kill studies for two hypervirulent (NAP1/ribotype 027, 
NAP4/ribotype 014) C. difficile strains showed a 3-log10 reduction 
after 24-hour exposure to 4 or 8 times the MIC of CB-183,315 and 
vancomycin.12

The impact on normal gut commensal microbiota because of anti-
bacterial agents used in the treatment of Clostridium difficile infection 
is increasingly being recognized as a factor limiting clinical response 
and significantly associated with higher risk for disease recurrence. 
Surotomycin is a highly selective agent for C. difficile and appears to 
spare most enteric colonizing bacterial species. Table 35-1 provides in 
vitro activity of surotomycin and vancomycin against lower intestinal 
microbiota, which are now widely considered to be critical for sustain-
ing local gut homeostasis.

In a phase II oral dose selection study, surotomycin was compared 
with vancomycin for the treatment of CDAD. In the lower intestinal 
tract, Bacteroides and Prevotella spp. were unchanged after a 10-day 
course of surotomycin in 125-mg or 250-mg doses given twice daily, 
and during an 18-day follow-up, there was no impact on these impor-
tant intestinal anaerobic bacteria. However, in patients given vancomy-
cin, 125 mg four times daily, a significant reduction in these bacterial 
counts occurred 10 and 14 days after treatment commenced.13 In 
another phase II study with a similar design and a 4-week follow-up 
after completion of therapy, the cure rate was similar in all three groups 
among 199 patients.14 The infection recurrence was 17.2% in patients 
given 250 mg surotomycin twice daily, whereas 27.9% recurrence was 
observed in patients treated with 125 mg twice daily dose. This was in 
contrast to a 35.9% rate of CDAD recurrence noted in patients given 
conventional oral vancomycin therapy. Similarly, patients treated with 
250 mg surotomycin twice daily had a high (n = 44/66; 66.7 %) rate of 
clinical cure, without evidence of disease recurrence during the 4-week 
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plazomicin elimination was independent of the dose given. Similar to 
gentamicin, tobramycin, and particularly amikacin, the plasma protein 
binding of plazomicin is relatively low, about 16 ± 5%, with plasma 
AUC values high against most gram-negative bacteria studied. E. coli 
and K. pneumoniae AUC/MIC target attainment was 80 and 160, with 
MICs less than or equal to 1 and less than or equal to 0.5 µ/mL, respec-
tively, which could be achieved with a 7-mg/kg once-daily dose.19 
Renal function was assessed by estimated creatinine clearance by using 
the Cockcroft-Gault formula. Ototoxicity was measured by pure tone 
audiometry, with bone conduction and otoacoustic emission evaluated 
before, at the end of, and 3 and 6 months after treatment. Electro-
nystagmography was also performed at similar intervals to assess  
vestibular function. plazomicin was well tolerated. Mild-to-moderate 
headache, tinnitus, dizziness, and somnolence were common adverse 
events, albeit they were transient and resolved rapidly. Tinnitus had 
occurred in two patients at higher doses, although both subjects 
retained normal cochlear and vestibular function.

A phase II multinational study comparing a once-daily plazomicin 
regimen (10 mg/kg or 15 mg/kg) with a levofloxacin 750-mg once-
daily dose for 5 days in 145 patients with complicated E. coli urinary 
tract infection and pyelonephritis was recently concluded. The 
plazomicin/levofloxacin randomization was 2 : 1, and the median ages 
were 39 and 43 years, respectively. Serious adverse events related to the 
study drug were observed in 1 patient treated with levofloxacin and in 
a single patient given plazomicin who developed unilateral permanent 
tinnitus. A mild increase in serum creatinine was comparable in 
plazomicin-treated (5.2%) and levofloxacin-treated (4.5%) patients; 
with the exception of 1 patient given plazomicin, all serum creatinine 
values returned to pretreatment measurements within 30 days. In the 
modified intent-to-treat population, microbiologic eradication rates 
for plazomicin and levofloxacin were 76.2% each, and the test-of-cure 
rates were 69.8% versus 65.5%, respectively.20

Plazomicin demonstrated higher activity against a Pseudomonas 
aeruginosa and Acinetobacter baumannii complex having aminoglyco-
side modifying enzymes versus isolates exhibiting altered membrane 
permeability and/or expression of drug efflux pumps. Analysis of 407 
A. baumannii and 679 P. aeruginosa isolates from 16 New York City–
area hospitals in 2009 compared in vitro activity of plazomicin, genta-
micin, tobramycin, and amikacin. The plazomicin MIC90 for A. 
baumannii was 16 µ/mL, compared with greater than 64 µ/mL for the 
other three licensed aminoglycosides commonly used in clinical prac-
tice. Also, the plazomicin MIC90 for P. aeruginosa was 32 µ/mL, com-
pared with 16, 64, and greater than 64 µ/mL for amikacin, tobramycin, 
and gentamicin, respectively.21 The clinical efficacy breakpoints for 
ACHN-490 have not been established. In vitro MICs for plazomicin 
alone or in combination with cefepime, doripenem, imipenem-
cilastatin, or piperacillin-tazobactam were evaluated in 25 clinical P. 
aeruginosa blood, urine, wound, and respiratory tract isolates from the 
United States and Poland. Four strains exhibited drug-resistant pheno-
types, including 3 with the Ant(2″)-Ia and 1 with the Acc(6′)-Ib ami-
noglycoside modifying enzyme.22 The investigators found no difference 
in plazomicin susceptibility among susceptible or resistant bacteria. 
Synergy was defined as greater than or equal to a 2-log10 decrease in 
bacterial colony-forming units (CFU)/mL 24 hours after exposure to 
the drug combination versus active drug alone. The MIC range was as 

follow-up, followed by patients who received 125 mg of the study drug 
twice daily (n = 47/67; 70.1%), and lowest (n = 37/56; 56.1%) for 
patients treated with vancomycin 125 mg four times daily. The interim 
study results in the published meeting abstract did not indicate adverse 
events, other than a mention of no clinically important differences in 
serious toxicity among the three groups.14 A post-hoc analysis that 
sought to differentiate recurrence from reinfection showed that most 
(80%) of 41 cases of CDAD relapse were due to the original strain of 
C. difficile, and a smaller number of cases (20%), clinically thought to 
have disease relapse, were in fact reinfections caused by a different C. 
difficile strain. Differences in relapse rates and timing of recurrence 
favored the 250-mg twice-daily arm of surotomycin. The investigators 
postulate that surotomycin at doses of 250 mg twice daily may delay 
recurrence and decrease CDAD relapses. Historically, relapse rates 
among patients treated with oral vancomycin or metronidazole are 
approximately 20% to 30%. The substantial reduction in relapses with 
the higher dose of the investigational drug could reflect upon this 
drug’s lower potential of perturbing the host anaerobic intestinal 
microbiota; more efficient, faster killing of the vegetative bacteria; or 
both.11 Surotomycin is currently being evaluated in phase III trials.

MULTIDRUG-RESISTANT 
BACTERIA
Plazomicin (ACHN-490)
Plazomicin (Achaogen, San Francisco), a next-generation aminoglyco-
side hailed as a “neoglycoside,” is derived from the aminoglycoside 
sisomicin, which was the parent compound from which 400 deriva-
tives were evaluated.15 The increasing frequency of gram-negative 
MDROs has renewed interest in the utility of the aminoglycoside class, 
which was ignored because of the introduction of drugs such as tige-
cycline, linezolid, niche β-lactams, and carbapenems and because 
aminoglycoside-induced kidney injury had long been a potentially 
serious concern. Development of drug resistance to amikacin and 
tobramycin among clinical gram-negative bacteria isolates has been 
less often observed compared with antipseudomonal penicillins, 
advanced-generation cephalosporins, monobactams, and carbapen-
ems, along with the markedly improved ototoxicity profile of the major 
aminoglycosides in clinical use.16,17 Given the improved knowledge of 
pharmacokinetics (PK)/pharmacodynamics (PD) for the aminoglyco-
side class of drugs, including skilled drug dosing based on serum level 
monitoring, these antimicrobials are used for patients with serious 
systemic bacterial infections, often in combination with a β-lactam 
agent.

Two phase I randomized, double-blind, placebo-controlled clinical 
trials examined the pharmacokinetics, safety, and tolerability of plazo-
micin intravenous injection in healthy adults.18 The first, a dose-
escalation study, involved 39 subjects between age 18 and 55 years  
who received a 10-day course of single versus multiple daily doses.  
The second study included 8 individuals between age 18 and 65 years, 
in whom the maximum tolerated dose from the first phase I study 
(15 mg/kg once daily) was assessed for a treatment duration of 5 days. 
In these healthy subjects, it was noted that the area under the curve 
(AUC) and maximum serum concentration (Cmax) of plazomicin 
increased linearly and proportionately with dose escalation without 
evidence of drug accumulation when given once daily; renal 

TABLE 35-1  Antimicrobial Profile of Surotomycin Compared with Vancomycin against Common Colonic 
Bacteria

ORGANISM (NO. ISOLATES TESTED)
SUROTOMYCIN (CB-813,315) VANCOMYCIN

MIC Range MIC90 MIC Range MIC90

Bacteroides fragilis group, including DOT (21) 8192->8192 8192 32-256 128

Prevotella spp. (n = 20 isolates) 8192->8192 8192 32-512 256

Escherichia coli (18) 4096->8192 8192 64-256 256

Enterobacter spp. (18) >8192 256-1024 1024

Klebsiella spp. (20) >8192 256-1024 1024

DOT, Bacteroides distasonis, Bacteroides ovatus, Bacteroides thetaiotaomicron; MIC, minimal inhibitory concentration/MIC90 in µ/mL.
Data from Citron DM, Tyrrell KL, Merriam CV, et al. In-vitro activities of CB-183,315, vancomycin, and metronidazole against 556 strains of Clostridium difficile, 445 other 

intestinal anaerobes, and 56 Enterobacteriaceae species. Antimicrob Agents Chemother. 2012;56:1613-1615.
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microbiologic response in 62 evaluable patients was achieved in 70.4% 
and 71.4% of patients given ceftazidime-avibactam and imipenem-
cilastatin, respectively (95% confidence interval, −27.2% to 25%, sta-
tistically nonsignificant). Among microbiologically evaluable patients 
with ceftazidime-resistant uropathogens, 85.7% receiving ceftazidime-
avibactam had a response. The small number of patients (n = 6/7) in 
the microbiologically evaluable population was an important limita-
tion of this study. Adverse events were observed in 67.6% and 76.1% 
of patients receiving ceftazidime-avibactam and imipenem-cilastatin, 
respectively.

Another phase II multinational trial for the treatment of compli-
cated intra-abdominal infection in 18- to 90-year-old hospitalized 
patients has recently been completed.35 Patients were randomized 
(1 : 1) to receive avibactam (500 mg)-ceftazidime (2000 mg) plus met-
ronidazole (500 mg), or meropenem (1000 mg), with a placebo of 
60-minute intravenous infusion every 8 hours for 5 to 14 days. The 
only other allowable concomitant antibiotics were vancomycin, dapto-
mycin, or linezolid for empirical coverage of MRSA or Enterococcus 
species. The ceftazidime higher dose of 2000 mg was used for patients 
with gram-negative bacteria with high MICs.36,37 In most patients, 
Acute Physiological Assessment And Chronic Health Evaluation 
(APACHE) II scores were less than or equal to 10, and those with high 
scores (>10 and ≤25) were comparable in both study arms. Site of 
infection, infection/disease severity, and surgical procedures were also 
comparable. Patients with multiple microorganisms isolated in culture 
samples and when an organism was resistant to the study drug could 
be continued in the study at the discretion of the investigator. Gram-
negative bacteria were considered susceptible when their susceptibility 
to the study drugs was based on Clinical and Laboratory Standards 
Institute 2010 MIC breakpoints. For instance, the breakpoint of an 
MIC less than 8 µ/mL for ceftazidime alone was also used for ceftazi-
dime-avibactam.38 A test-of-cure visit was performed 2 weeks after the 
last dose of study antibiotics and at a late follow-up 4 to 6 weeks later. 
The clinically evaluable patients needed confirmation of complicated 
intra-abdominal infection by operative findings and received a 
minimum of 5 days of study drugs. In the ceftazidime-avibactam-
metronidazole arm, 87 were clinically evaluable and 68 were microbio-
logically evaluable; whereas 90 and 67 patients, respectively, were in 
these categories in the meropenem-placebo treatment arm. Patients 
with no pathogen isolated before treatment commenced or those with 
organisms resistant to study drugs were excluded from evaluation  
of microbiologic response. Treatment with ceftazidime-avibactam-
metronidazole resulted in clinical and microbiologic response in 25 
(96.2%) of 26 patients in whom gram-negative bacteria isolates were 
intermediate or resistant to ceftazidime alone. E. coli was the most 
prominent pathogen (20), followed by K. pneumoniae (3), and 1 each 
of A. baumannii, Proteus mirabilis, and P. aeruginosa. Sixteen of 17 
patients (94.1%) with gram-negative infection given meropenem-
placebo had microbiologic response. The limitations of this study were 
the limited number of subjects, especially the small population of criti-
cally ill patients. The rates and occurrences of adverse events and 
serious adverse events were comparable in both groups. Nausea, vom-
iting, abdominal pain, and elevated hepatic enzymes were common 
adverse events, occurring in greater than 5% of patients in each group. 
Gastrointestinal toxicity was higher in patients treated with ceftazidime-
avibactam-metronidazole, although this was not significantly increased 
compared with patients given meropenem without metronidazole. 
Five deaths were not attributed to the studied drugs. In 1 patient, 
elevated liver enzymes were regarded as a sign of serious toxicity 
caused by ceftazidime-avibactam-metronidazole. At present, avibac-
tam is being studied in combination with ceftaroline, which is a new 
fifth-generation cephalosporin with activity against MRSA. In prelimi-
nary clinical trials, avibactam appears promising and holds the poten-
tial to salvage existing broad-spectrum β-lactam antibiotics, to which 
resistance has emerged among common gram-negative bacteria. 
Further larger studies with inclusion of critically ill patients are needed.

Omadacycline (PTK 0796)
The aminomethylcyclines are a novel class of antibiotics derived from 
the core structure of tetracycline; they inhibit protein synthesis and 
exhibit potent in vitro activity against tetracycline-resistant organisms. 

follows: plazomicin, 0.5 to 256; cefepime, 1 to 256; doripenem, 0.12 to 
256 µ/mL; imipenem-cilastatin, 0.25 to 512 µ/mL, and piperacillin-
tazobactam, 2 to 4096 µ/mL. Antagonism was not seen for any four 
drug combinations. In vitro synergy was demonstrated among most 
bacterial strains: plazomicin plus imipenem-cilastatin showed the least 
synergy (68%), whereas 92% of the isolates tested showed synergy for 
the plazomicin plus piperacillin-tazobactam combination. Plazomicin 
in combination with piperacillin-tazobactam appears promising and 
needs clinical validation to assess efficacy for treatment of P. aeruginosa 
infections, especially those involving multidrug-resistant bacteria.

In 493 blood and nasal methicillin-resistant S. aureus (MRSA) iso-
lates collected from 23 hospitals in the United States during 2009 and 
2010, plazomicin demonstrated activity similar to gentamicin and 
greater activity than tobramycin or amikacin.23 Unlike gram-negative 
bacteria, S. aureus can only produce three aminoglycoside modifying 
enzymes, which may influence variable susceptibility to aminoglyco-
sides. In addition, plazomicin is being investigated for treating Yersinia 
pestis and Francisella tularensis infections in the setting of biological 
warfare.24

Avibactam (NXL104)
Avibactam (Novexel, Paris) is a potent inhibitor of both class A K. 
pneumoniae carbapenemases (KPCs) and C β-lactamases. It is a rep-
resentative of a novel class of bridged bicyclo[3.2.1]diazabicyclo-
octanones.25 Alone, it exhibits no antibacterial activity against most 
bacterial species and only marginal activity against some E. coli iso-
lates. However, it inhibits class A Temoniera (TEM) enzymes including 
extended-spectrum β-lactamase (ESBL) and some inhibitor-resistant 
enzymes (IRTs), class A sulfhydryl variable (SHV) enzymes including 
ESBLs, class A cefotaxime-hydrolyzing enzymes, ceftazidime-
hydrolyzing enzymes, other class A enzymes (such as Vietnam 
extended-spectrum β-lactamase [VEB], Pseudomonas extended-
resistance β-lactamase [PER], and Guyana extended-spectrum 
β-lactamase [GES]). Avibactam also inhibits plasmid-encoded and 
chromosomal class C enzymes. It is not active against class B metal-
loenzymes. Its role would be in combination with a known antibacte-
rial agent, such as piperacillin or a third-generation cephalosporin, just 
as tazobactam or clavulanic acid was combined with piperacillin or 
amoxicillin, respectively. Combining avibactam with various β-lactam 
antibiotics restores antibacterial activity against class A– and class C–
producing organisms. This has been shown with piperacillin, aztreo-
nam, ceftazidime, ceftriaxone, cefpodoxime, and cefixime.26-28 When 
combined with ceftazidime, activity against ceftazidime-resistant P. 
aeruginosa is restored for most class A and class C β-lactamase–
producing bacteria.29 Of importance, avibactam does not induce class 
C β-lactamase production in Enterobacter cloacae, as does clavulanic 
acid.30 In vivo efficacy has also been demonstrated using mouse pneu-
monia and septicemia models. The combination of avibactam with 
ceftazidime has been shown to be effective against ceftazidime-resistant 
enterobacterial strains producing class A and class C β-lactamases.31,32 
Phase I studies of avibactam have shown that the drug is well tolerated, 
with a half-life of 1.5 to 2.7 hours. The PK was linear and unaffected 
by coadministration with ceftazidime.33 Avibactam in combination 
with ceftazidime has just completed a phase II prospective, multina-
tional, multicenter, investigator-blinded, randomized trial. Adminis-
tered every 8 hours, ceftazidime-avibactam, 500 mg/125 mg, was 
compared with imipenem-cilastatin, 500 mg every 6 hours for compli-
cated urinary tract infections, including pyelonephritis in hospitalized 
adults, aged 18 to 90 years.34 Ceftazidime-avibactam or imipenem-
cilastatin each was administered as a 30-minute intermittent infusion 
for 7 to 14 days duration. After 4 days, patients in either arm were 
allowed to switch to oral ciprofloxacin, 500 mg twice daily for 14 days, 
as clinically indicated. Patients having a permanent indwelling cathe-
ter, ureteral reflux or obstruction of the urinary tract, intrarenal or 
perinephric abscess, ileal loop, or nephrostomy were excluded from 
this study. The primary outcome, microbiologic response, was defined 
as reduction of urinary tract pathogenic bacterial burden from greater 
than or equal to 105 CFU/mL to less than 104 CFU/mL, without evi-
dence of bacteremia during the 5 to 9 days after completion of therapy. 
Sixty-four patients were clinically evaluable: 28 with ceftazidime-
avibactam and 36 patients with imipenem-cilastatin. A favorable 
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telithromycin and cethromycin (ABT-773), a new agent in phase III 
trials.49 An important distinction is the absence of the pyridine-
imidazole ring responsible for nicotinic acetylcholine receptor antago-
nism, which was thought to be responsible for the serious adverse 
events attributed to telithromycin.50 Another structural distinction is 
that solithromycin replaces the imidazole ring of telithromycin with a 
triazole ring, promoting chemical stability of the drug. It also possesses 
a fluorine, giving solithromycin an additional third binding site with 
the bacterial ribosome and perhaps thereby expanding coverage against 
drug-resistant bacteria.51 The side chain appears to also be responsible 
for enhanced activity against macrolide-lincosamide-streptogramin B 
(MLSB)-resistant bacteria associated with community-acquired bacte-
rial pneumonia and acute bacterial skin and skin-structure infections.52 
Tested against 400 bacterial strains of Staphylococcus and Enterococcus 
spp. from 53 European and North American medical centers, in vitro 
solithromycin activity was compared with a variety of other anti-
microbial agents. Overall, it demonstrated substantial but varied activ-
ity against numerous bacterial isolates. It was twofold more potent  
than telithromycin and eightfold more potent than linezolid against 
USA300, the main strain of community-acquired MRSA, but was sig-
nificantly less active, similar to telithromycin, against vancomycin-
intermediate and vancomycin-resistant S. aureus; quinupristin/
dalfopristin, linezolid, and trimethoprim-sulfamethoxazole demon-
strated less activity against these strains of S. aureus. Compared with 
vancomycin-susceptible strains of Enterococcus faecalis and Enterococ-
cus faecium, the MIC50 of solithromycin was eightfold higher for 
vancomycin-resistant enterococcal isolates.53 Solithromycin possesses 
good oral bioavailability compared with earlier ketolides and macro-
lides; approximately 67% of intravenous drug levels is achieved after 
oral administration. Solithromycin is well distributed throughout the 
body and achieves high concentration in lung tissue, particularly the 
epithelial lining fluid, and alveolar macrophages where the concentra-
tions are approximately 10 and 200 times the serum concentrations, 
respectively.

In a phase II multicenter, double-blind, randomized study, solithro-
mycin was compared with levofloxacin in 132 adult patients with 
community-acquired bacterial pneumonia—class II to IV pneumonia 
severity PORT (Pneumonia Outcomes Research Team) score.54 Patients 
not included in this trial were those with a recent hospital admission 
within 90 days, residents of long-term care facilities for 30 days or 
more, patients with ventilator-associated pneumonia, those with stage 
IV chronic obstructive pulmonary disease, and those with later–stage 
IV (>105) or stage V pneumonia severity PORT scores. Patients on 
medications known to prolong the QT interval or those with a cor-
rected QTc greater than 450 msec were also excluded. Patients were 
randomized (1 : 1 ratio) to oral solithromycin 800 mg followed by 
400 mg daily, or to levofloxacin, 750 mg daily. In the intent-to-treat 
subset, continued clinical success or test of cure assessed 4 to 11 days 
after treatment ended was comparable for solithromycin (84.6%) and 
levofloxacin (86.6%). Similarly, microbiologic success in this subset 
was also not dissimilar among the group of patients given solithromy-
cin (77.8%) versus levofloxacin (71.4%). Early response success on day 
3 after therapy commenced was defined as improvement in at least two 
cardinal symptoms of pneumonia and was comparable between the 
two groups: 72.3% versus 71.6% for patients given solithromycin and 
levofloxacin, respectively. Adverse events related to antimicrobials 
occurred more frequently in patients treated with levofloxacin (45.6%) 
than those given solithromycin (29.7%). Common adverse events were 
mild-to-moderate gastrointestinal symptoms, such as nausea (1.6%, 
solithromycin; 10.3%, levofloxacin), vomiting (0%, solithromycin; 
4.4%, levofloxacin), and diarrhea (7.8%, solithromycin; 5.9%, levo-
floxacin). In 6 patients, treatment was discontinued because of adverse 
events, and all 6 were receiving levofloxacin. Solithromycin demon-
strated comparable efficacy and a favorable safety profile compared 
with levofloxacin for the treatment of mild to modestly severe 
community-acquired bacterial pneumonia.55 Solithromycin activity 
against gonococci and Plasmodium spp. is also being investigated.56,57 
The role of solithromycin in the treatment of community-acquired 
pneumonia needs further investigation. An important limitation of 
this investigational drug is in the coverage for vancomycin-resistant 
Enterococcus spp.

Omadacycline (Paratek Pharmaceuticals, Boston, MA) is a semisyn-
thetic agent and is the first of this class to enter clinical development. 
It is available in intravenous and oral formulations. The MIC range for 
clinical MRSA isolates, including vancomycin-resistant S. aureus and 
intermediate-resistant S. aureus strains was 0.06 to 2 µ/mL.39 Among 
Legionella species, the MIC was 0.25 µ/mL.40 Omadacycline is active 
against vancomycin-resistant enterococci and MDR gram-negative 
bacteria such as A. baumannii, with an MIC of 8 µ/mL.41,42 In mice with 
experimental lung infection, infection during neutropenia and thigh 
infection in nonimmunosuppressed animals, omadacycline had prom-
ising efficacy against Streptococcus pneumoniae, methicillin-susceptible 
and -resistant S. aureus, E. coli, and K. pneumoniae.43,44 A 2011 study 
from Europe showed potent in vitro activity of omadacycline in 1024 
respiratory isolates, including S. pneumoniae, Haemophilus influenzae, 
and Moraxella catarrhalis, which was not influenced by penicillin or 
tetracycline susceptibility patterns among these pathogens.45

A phase II randomized study comparing omadacycline, 100 mg 
every 24 hours, and linezolid, 600 mg every 12 hours, given intrave-
nously for complicated skin and skin-structure infections was carried 
out in more than 200 patients. There was an option to start these anti-
biotics orally, and doses used were omadacycline, 200 mg daily, versus 
linezolid, 600 mg twice daily. Aztreonam could be added in patients 
given linezolid for added gram-negative coverage.46 Comparable effi-
cacy was observed in intention-to-treat, modified-intention-to-treat, 
and clinically and microbiologically evaluable populations. Omadacy-
cline was also well tolerated.

A phase III efficacy trial has started, enrolling patients with compli-
cated skin and skin-structure infections, comparing omadacycline, 
100 mg intravenously or 300 mg orally daily, versus oral or intravenous 
linezolid, 600 mg twice daily.47 If gram-negative bacteria were sus-
pected, moxifloxacin could be added to patients randomized to receive 
linezolid. This multicenter trial, which is being conducted in the United 
States, includes patients with wound infections and cellulitis, and 20% 
had major abscesses. Patients could be switched to an oral agent at the 
investigator’s discretion; the intravenous phase of the study was double 
blinded; while on oral therapy, only the evaluator remained unaware 
(evaluator-blinded) which agent was being administered. Intravenous 
treatment was anticipated to last for 4 to 7 days, and maximal duration 
of therapy was 14 days. The study intended to enroll 790 subjects; it was 
placed on hold because of an FDA-mandated change in the study defi-
nitions for complicated skin and skin-structure infections, changing to 
acute bacterial skin and skin-structure infections.48 Until that point, 
140 subjects were enrolled: 68 in the omadacycline arm and 72 in the 
linezolid arm were evaluated. Patients were evenly matched according 
to the disease state. Sixty patients in whom omadacycline was given and 
67 patients treated with linezolid were evaluable, clinical responses at 
the end of treatment were 98.3% versus 95.5%, and test of cure that was 
assessed 10 to 17 days after the end of antimicrobial therapy was 96.7% 
versus 95.5%, respectively. Both these parameters were comparable for 
the disease state and in patients with microbiologically proven infection 
versus infections in which no bacterial pathogen was identified. The 
most frequently isolated pathogen was MRSA, and successful clinical 
response among these patients was 96.2% for omadacycline and 93.5% 
after therapy with linezolid. For all pathogens among the microbiologi-
cally evaluable population, eradication rates were 95.9% and 98.1% 
after therapy with omadacycline and linezolid, respectively. Adverse 
events were comparable among the two groups. Patients treated with 
omadacycline complained of headaches more often (23.5%) than 
patients undergoing treatment with linezolid (6.9%). There were two 
nonspecified adverse events, resulting in discontinuation of omadacy-
cline, whereas in linezolid-treated patients, there were no treatment 
disruptions caused by adverse events. This partially completed phase 
III trial concluded that omadacycline was noninferior to linezolid in 
the treatment of complicated skin and skin-structure infections.

Solithromycin (CEM-101 and OP-1068)
Solithromycin (Cempra Pharmaceuticals, Chapel Hill, NC) is a novel 
fluoroketolide, a fourth-generation macrolide agent demonstrating 
activity against pathogens resistant to earlier-generation macrolides, 
such as erythromycin and azithromycin. Solithromycin also appears to 
possess activity against pathogens resistant to earlier ketolides, such as 
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TABLE 35-2  Other Novel Antibacterial Drugs in Advanced Stages of Development

AGENT NUMBER/CHEMICAL 
NAME (PHARMACEUTICAL 
COMPANY) STUDY PHASE MECHANISM OF ACTION COMMENTS
AFN-1252 (Affinium Pharmaceuticals; 

Toronto, Ontario, Canada)
IIa (acute skin, 

skin-structure 
staphylococcal 
infections)

Novel agent (Fabl-inhibitor). Inhibits bacterial 
fatty acid biosynthesis, targeting the Fabl 
enzyme in staphylococci.

Multicenter trials in United States and Canada 
for targeted oral therapy of acute bacterial 
skin and skin-structure (ABSSSI) infections due 
to staphylococci. Inactive against streptococci 
including enterococci and Enterobacteriaceae.

ABT-773/cethromycin (originally 
Abbott, Taisho, then Advanced 
Life Sciences; Woodridge, IL)

III (moderate-to-severe 
community-acquired 
bacterial pneumonia)

Ketolide. Reversibly binds to the 50S subunit of 
the bacterial ribosome, blocking protein 
synthesis, preventing bacterial growth and 
reproduction. Binds at two sites in the 
bacterial ribosome, compared with current 
macrolide agents that bind at one site. (Note: 
Solithromycin, a fluoroketolide discussed in 
detail, binds at three sites and has IV and PO 
formulations.)

Potent pneumococcal and atypical respiratory 
organism activity, including macrolide-resistant 
strains. Oral formulation; wide distribution in 
pulmonary compartments. Like solithromycin, 
additional side chain structures/modifications 
appear to ameliorate CNS adverse effects of 
telithromycin (lacks telithromycin’s pyridine-
imidazole side chain) and necessitate additional 
bacteria mutations to effect resistance. Has 
FDA orphan drug status for prophylaxis in 
patients exposed to inhalational Bacillus 
anthracis (anthrax), tularemia, and plague.

PA-824 (Chiron; Emeryville, CA) II (treatment, 
Mycobacterium 
tuberculosis)

Bicyclic nitroimidazole prodrug with apparent 
activity against replicating and nonreplicating, 
hypoxic M. tuberculosis. Aerobically appears 
to inhibit mycolic acid cell wall biosynthesis. 
Anaerobic MOA: donates nitric oxide which 
acts as a respiratory poison among hypoxic, 
nonreplicating Mtb.

Orally active agent demonstrating efficacy with 
minimal drug (dose) exposure, potentially 
improving patient tolerability in the treatment 
of drug-sensitive and drug-resistant Mtb. 
Mycobacterium leprae is inherently resistant.

Tedizolid (TM-700; Formerly, Torezolid, 
DA-7157)
Tedizolid (TM-700) (Cubist Pharmaceuticals), an oxazolidinone, is an 
active moiety of the prodrug tedizolid phosphate (TM-701). Tedizolid 
inhibits bacterial translation at the 23S ribosome and demonstrates 
potent in vitro activity against a wide variety of gram-positive bacteria, 
including linezolid-resistant S. aureus.58,59 Oral bioavailability is greater 
than 90% and similar to linezolid; tedizolid can be given both orally 
and via the intravenous route. After a single 600-mg oral dose in 
healthy adult volunteers, 13% of unbound free drug had excellent 
distribution in interstitial fluid of adipose and skeletal muscle tissue, 
and the serum half-life was 8 hours.60,61 A model of murine thigh infec-
tion caused by methicillin-susceptible S. aureus (MSSA) and two 
MRSA strains demonstrated that the prodrug did not have antimicro-
bial efficacy, and tedizolid was superior to linezolid in reducing bacte-
rial burden measured by log reduction in the density of viable bacterial 
colonies.62 In a phase II dose-ranging study, a 200-mg oral daily dose 
was found to be effective in patients with complicated skin and skin-
structure infections.63

A phase III, randomized, double-blind, noninferiority trial was 
carried out in 81 centers from North and South America and Europe. 
In 667 adult patients, efficacy and safety of 6-day tedizolid therapy was 
compared with a 10-day course of linezolid for the treatment of acute 
bacterial skin and skin-structure infection. The study compared 
200 mg once-daily oral tedizolid with 600 mg oral linezolid adminis-
tered twice daily. Early and sustained clinical response to tedizolid, 48 
to 72 hours after initiation of therapy, was statistically noninferior to a 
10-day course of linezolid: 79.5% and 79.4%, respectively. Continued 
clinical response 1 to 2 weeks after the treatment ended was also com-
parable for tedizolid (85.5%) and linezolid (86%).64 In 178 patients with 
MRSA infection, clinical responses remained unchanged.64 An assess-
ment of response to treatment for Panton-Valentine leukocidin-
positive MRSA infection was approximately 85% in each group. 
Ninety-five percent of MRSA isolates and 72% of MSSA isolates had  
a tedizolid MIC of less than or equal to 0.25 µ/mL (range, 0.125 to 
0.5 µ/mL), whereas linezolid MICs for MRSA ranged from 1 to 
4 µ/mL; 99% of MRSA and 86% of MSSA isolates had MICs of less 
than or equal to 2 µ/mL.

Treatment-related adverse events were similar in each group; most 
were mild to moderate in severity. Thrombocytopenia was noted in 
2.3% of patients treated with tedizolid versus 4.9% in the linezolid 

treatment group; the study was not adequately powered to assess risk 
for drug-induced myelosuppression. Instances of serotonin syndrome 
were not noted in either group, and it has been suggested that the short 
course of oxazolidinone therapy may have minimized potentially 
serious drug toxicity. Two patients in each group discontinued treat-
ment; 3 patients had nausea, vomiting and diarrhea. Tedizolid may 
provide a treatment option for skin and skin-structure infection caused 
by linezolid nonsusceptible S. aureus.

CONCLUSION
The present challenge in finding effective treatment for locally invasive 
or systemic disease caused by MDROs has reached near-alarming  
concerns. E. faecium, S. aureus, K. pneumoniae, A. baumannii, P. aeru-
ginosa and Enterobacter spp. were abbreviated as “ESKAPE” to identify 
problem pathogens that elude treatment with commonly used antibi-
otics.65 The present emphasis on new drug development has focused 
on chronic medical conditions, such as cardiovascular, autoimmune, 
endocrine, and neurologic diseases. Economic incentives for industry-
sponsored new drug development are promoted by a relative ease  
in gaining market entry, as regulatory agencies recognize limited avail-
able options for cure of conditions such as cancer.66 At present, it is 
estimated that 500 million to 1 billion dollars are spent in the launch-
ing of a new antimicrobial drug for clinical use; this includes costs  
for biochemical research, preclinical development, and mandatory 
clinical trials.67 Therefore, it is not unexpected, albeit alarming, that 
in 2009, the Infectious Diseases Society of America (IDSA) reported 
that within the pharmaceutical industry, only three new antibacterial 
compounds were in advanced stages of clinical development.68 This 
ignited IDSA’s “10 by ’20” initiative focused on scientists, industry, and 
governmental agencies for a global commitment to develop and bring 
to market 10 new antibacterial agents by the year 2020.69 Recently, an 
update identified only two new antibiotics approved in the last IDSA 
pipeline status report since 2009.70 New entries to the market should 
be shepherded with the best intentions for antimicrobial stewardship 
and cautious pharmacovigilance, especially to monitor for adverse 
events and toxicities that become apparent during the postmarketing 
period (Table 35-2). The antimicrobial agents outlined in this chapter 
appear promising. After scrutiny during phase III trials, some of these 
may become additions to our depleted armamentarium against bacte-
rial infections that pose daunting management challenges in clinical 
practice.
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AGENT NUMBER/CHEMICAL 
NAME (PHARMACEUTICAL 
COMPANY) STUDY PHASE MECHANISM OF ACTION COMMENTS
ACHN-975 (Achaogen; San 

Francisco)
I (safety, dose-escalation 

trial)
Novel, LpxC-inhibitor. LpxC-1 is an inhibitor of 

LpxC, a deacetylase enzyme present in many 
gram-negative bacteria.

Subcutaneous injection in murine models 
infected with MDR–Acinetobacter baumannii 
does not actively kill or stunt bacterial growth, 
but reduces endotoxin production and the 
subsequent ability of the bacteria to activate 
the sepsis cascade. Development to target 
MDRO–gram-negative bacteria, including 
MDR–Pseudomonas aeruginosa.

BC-3781 (Nabriva Therapeutics; 
Vienna, Austria)

II (acute bacterial skin 
and skin-structure 
infections)

Novel pleuromutilin antimicrobial; inhibits 
bacterial protein synthesis by interaction with 
23S rRNA of the 50S bacterial ribosome 
subunit. Potent in vitro activity against 
common gram-positive skin organisms, 
including S. aureus (MSSA and MRSA), 
coagulase-negative Staphylococcus spp., 
Streptococcus agalactiae, and Streptococcus 
pyogenes. Also exhibits in vitro activity 
against a broad spectrum of gram-positive 
and gram-negative community respiratory 
pathogens, including Streptococcus 
pneumoniae, Moraxella catarrhalis, and 
Haemophilus influenzae, as well as atypical 
bacteria: Legionella pneumophila, Chlamydia 
pneumoniae, and Mycoplasma pneumoniae.

Intravenous formulation dosed q12h in first 
human ABSSSI trial (duration 5-14 days). 
Previously used only in veterinary medicine or 
topical use in humans because of toxicity 
(retapamulin, Altargo, Altabax; 
GlaxoSmithKline). In ABSSSI, demonstrated 
clinical success comparable to vancomycin. 
Relatively well tolerated among 141 subjects; 
most frequent AEs were headache, nausea, 
and infusion site phlebitis. Expected to move 
to phase III trials.

JNJ-Q2 (Furiex Pharmaceuticals; 
Morrisville, NC)

III (ABSSSI) Fourth-generation fluorinated quinolone with 
broad activity against gram-negative and 
gram-positive activity, including MICs of 
0.5 µ/mL against approximately 90% of 
earlier-generation fluoroquinolone-resistant 
MRSA.

At 250-mg twice-daily dosing compared with 
linezolid 600 mg, demonstrated noninferiority 
in patients with ABSSSI. Well tolerated; most 
frequent AEs were prominent nausea, 
vomiting, and diarrhea (23%, 15%, and 12% 
respectively). QTc prolongation appeared 
comparable to linezolid; in previous studies, 
less than moxifloxacin.

AEs, adverse events; CNS, central nervous system; FDA, U.S. Food and Drug Administration; IV, intravenously; MDR, multidrug resistant; MDRO, multidrug-resistant 
organism; MICs, minimal inhibitory concentrations; MOA, mechanism of action; MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-sensitive 
Staphylococcus aureus; Mtb, Mycobacterium tuberculosis; PO, orally; rRNA, ribosomal RNA.
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36 
Urinary Tract Agents: Nitrofurantoin, 
Fosfomycin, and Methenamine
James M. Horton

Nitrofurantoin and fosfomycin are considered first-line treatments for 
acute cystitis because of their pharmacologic properties.1 At tolerated 
doses after oral administration, nitrofurantoin achieves adequate con-
centrations only in the urine.2 Although parenteral fosfomycin has 
been used for systemic infections, the oral formulation is used only for 
urinary tract infections. Methenamine becomes active only after chem-
ical degradation in acidic bladder urine to generate its active break-
down product, formaldehyde, and is used only for the prophylaxis of 
urinary tract infections.3

NITROFURANTOIN
Nitrofurantoin is a member of a group of synthetic nitrofuran com-
pounds and a weak acid (pKa 7.2) (Fig. 36-1).4,5 A microcrystalline 
form was introduced in 1952, and macrocrystalline forms were devel-
oped in 1967. Mixtures of the microcrystalline and macrocrystalline 
forms are now available (Macrobid: 25 mg macrocrystals plus 75 mg 
monohydrate form), as are the macrocrystals alone (Macrodantin).5

Mechanisms of Drug Action and 
Bacterial Resistance
The mechanism of bactericidal activity appears to involve multiple 
sites, including inhibition of ribosomal translation, bacterial DNA 
damage, and interference with the Krebs cycle.6-8 The role of each of 
these mechanisms is unclear.7 It is metabolized by bacterial nitroreduc-
tases, which convert nitrofurantoin to a highly reactive electrophilic 
intermediate that attacks bacterial ribosomal proteins, causing com-
plete inhibition of protein synthesis.9

Resistance to nitrofurantoin is uncommon, probably because of the 
multiple sites of action of the antibiotic.1,2,10-12 A sixfold to sevenfold 
increase in resistance of Escherichia coli has been reported when the 
bacteria lack nitrofuran reductase enzyme activity.10

Spectrum of Activity
Nitrofurantoin is active against more than 90% of E. coli strains causing 
urinary tract infections, but Proteus, Serratia, and Pseudomonas have 
natural resistance.6,8,12 In a study of catheter-associated urinary tract 
infections, fewer than half of the Klebsiella spp., Enterobacter spp., and 
Serratia spp. are susceptible.13 The drug has increasingly been used to 
treat enterococcal infections, including those due to vancomycin-
resistant enterococci.1,12 Staphylococcus aureus and Staphylococcus 
saprophyticus are usually susceptible.1

Most strains are considered susceptible to nitrofurantoin if the 
minimal inhibitory concentration (MIC) is 32 µg/mL or less.14 Testing 
is indicated only for Enterobacteriaceae, Staphylococcus spp., and 
Enterococcus spp. Pseudomonas aeruginosa is almost universally 
resistant.14

Pharmacology
Absorption
Orally administered nitrofurantoin is 40% to 50% absorbed; absorption 
is improved when the drug is taken with food.4,15 Absorption occurs 
principally in the small intestine. The microcrystalline form is more 
rapidly and completely absorbed than the macrocrystalline form (43% 
vs. 36%) but is associated with more gastrointestinal side effects.4,15

Distribution
Serum concentrations of nitrofurantoin are low or undetectable with 
standard oral doses.12 Animal studies with intravenous nitrofurantoin 
suggest distribution in extracellular and intracellular tissues.15 Drug 
concentration in the urine (50 to 250 µg/mL) easily exceeds the MIC 
of 32 µg/mL for susceptible organisms.4 Concentrations in prostatic 
secretions are too low for effective use in prostate infections.16 Concen-
trations in human breast milk are extremely low (0 to 0.5 µg/mL).17,18 
Biliary concentrations are about the same as those in the serum.15

Excretion
Nitrofurantoin is eliminated predominantly in the urine. Renal elimi-
nation involves glomerular filtration, tubular secretion, and tubular 
reabsorption.15 Alkalinization of the urine can prevent the reabsorp-
tion of the nitrofurantoin in the renal tubules, but nitrofurantoin has 
reduced antimicrobial activity in alkaline urine.2

In patients with renal failure, nitrofurantoin excretion is propor-
tionally decreased and should not be used in patients with substantial 
renal insufficiency (creatinine clearance of <60 mL/min).5

In patients with normal renal function, a small proportion of nitro-
furantoin is eliminated by metabolism and biliary excretion, but these 
are minor pathways. No dose adjustment is needed in patients with 
liver failure.

Dosing
For therapy for urinary tract infections, nitrofurantoin (Furadantin, 
Macrodantin) in the macrocrystalline formulation is given orally at 50 

NITROFURANTOIN
•	 Nitrofurantoin	is	a	first-line	treatment	for	

uncomplicated	cystitis,	with	an	efficacy	of		
88%	to	92%.	It	is	not	indicated	for	
pyelonephritis.

•	 The	most	common	side	effect	is	nausea,	
but	the	most	serious	is	pulmonary	
hypersensitivity,	which	occurs	in	about	1	in	
100,000	cases.

•	 Studies	have	shown	no	teratogenicity	
from	the	use	of	nitrofurantoin	during	
pregnancy.

FOSFOMYCIN
•	 Fosfomycin	is	administered	orally	as	3	g	of	

powder	mixed	with	at	least	a	half	a	cup	of	
water	in	a	one-time	dose	before	a	meal.

•	 Fosfomycin	is	a	first-line	treatment	for	
uncomplicated	cystitis.	A	cure	rate	of	91%	has	
been	reported,	but	other	data	suggest	
fosfomycin	is	slightly	less	effective	than	other	
agents.

•	 Observational	trials	have	shown	that	
fosfomycin	is	effective	against	multidrug-
resistant	bacteria.

METHENAMINE
•	 Methenamine	is	hydrolyzed	to	formaldehyde	

in	the	acidic	urine	of	the	bladder.	It	is	not	
effective	in	patients	with	indwelling	Foley	
catheters	or	urostomies	because	of	the		
rapid	elimination	of	the	drug	from	the		
bladder.

•	 Methenamine	is	indicated	only	for	prevention	
of	cystitis.
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Prophylaxis for Recurrent Urinary Tract 
Infections
In young women with two or more episodes of symptomatic urinary 
tract infections within 12 months, nitrofurantoin (100 mg) was effec-
tive and comparable to trimethoprim-sulfamethoxazole in preventing 
further urinary tract infections.23,24 In a more heterogeneous popula-
tion, nitrofurantoin was equivalent to cefaclor (250 mg at bedtime) or 
norfloxacin (200 mg at bedtime).25,26 Nitrofurantoin was slightly less 
well tolerated owing to nausea.

For women in whom recurrence of infection is associated with 
sexual intercourse, a single dose of nitrofurantoin (100 mg) taken 
shortly after intercourse has been effective in preventing symptomatic 
infection.26 Postcoital prophylaxis was also effective in pregnant women 
with a history of recurrent urinary tract infections before pregnancy.27

In postmenopausal women with recurrent urinary tract infections, 
nitrofurantoin (100 mg every day) was more effective than an estriol-
containing vaginal pessary in preventing symptomatic and asymptom-
atic bacteriuria.28 In one pediatric study of children with intermittent 
catheterization, nitrofurantoin prevented E. coli urinary tract infec-
tions but infections due to resistant uropathogens increased.23

Antimicrobial prophylaxis is not of value in patients with long-term 
indwelling catheters.20

Adverse Effects
Pulmonary Reactions
Pulmonary reactions have been classified into acute and chronic 
forms.4,29 Most studies cite a frequency of one or fewer cases per 
100,000 courses of treatment,17 although others have reported a rate of 
1 in 5000 courses.30-32 Determining a precise incidence is difficult 
because the clinical presentation of nitrofurantoin lung disease over-
laps with that of many other illnesses, such as pneumonia, exacerbation 
of bronchitis, heart failure, or chronic pulmonary fibrosis.31,32

Acute reactions occur within hours to weeks of drug exposure and 
are characterized by a reversible hypersensitivity phenomenon.31,33 The 
reaction comprises the rapid onset of fever, cough, dyspnea, myalgia, 
and occasionally a rash. Peripheral blood eosinophilia (83% of cases), 
lower lobe infiltrates (94% of cases), and pleural effusions (20% of 
cases) often accompany these signs and symptoms. Sputum produc-
tion, rash, pruritus, and chest discomfort may also occur. Lung biopsy 
can show vasculitis, alveolar exudates, and interstitial inflammation. 
Most reports have occurred in women, which is consistent with the 
much greater use of nitrofurantoin in women than in men, and most 
cases occur in patients older than age 40 years.31,33 The reason for the 
frequency in older adults is unclear, but the American Geriatrics 
Society warns against the use of nitrofurantoin in patients older than 
age 65 years.34 Symptoms usually improve within 15 days with discon-
tinuation of the drug, although case reports of fatalities have 
occurred.29,33 One study cites the mortality from acute pulmonary reac-
tion as 2 in 398 cases (0.5%).33

Chronic pulmonary reactions are 10 to 20 times less common, 
perhaps because the drug is infrequently used for prolonged therapy. 
These reactions occur after 1 to 6 months of therapy29 and are charac-
terized by nonproductive cough, dyspnea, interstitial infiltrates, and 
usually fever. Eosinophilia is less common than in patients with acute 
reactions. Abnormal results of liver enzyme studies (40%) and positive 
assays for antinuclear antibodies have been reported. Improvement can 

to 100 mg four times daily. For prophylaxis for recurrent urinary tract 
infections, it is dosed at 50 to 100 mg once daily. The dose of the 
mixture of microcrystalline and macrocrystalline formulations (Mac-
robid) is 100 mg twice a day.

Indications
Nitrofurantoin is indicated only for the treatment and prophylaxis of 
urinary tract infections.

Acute Uncomplicated Cystitis
Nitrofurantoin is now considered a first-line therapeutic agent for 
acute uncomplicated cystitis1 because of the efficacy of a 5-day course 
of nitrofurantoin and the risks for collateral damage to the normal 
human microbes by fluoroquinolones (Table 36-1).1

Studies indicate a clinical cure rate with nitrofurantoin of 88% to 
92% and a microbiologic cure rate of 81% to 92%.1 Four randomized 
trials have demonstrated that nitrofurantoin has an efficacy equivalent 
to a 3-day course of trimethoprim-sulfamethoxazole or ciprofloxacin. 
It is equivalent to one dose of fosfomycin. Past studies with 3 days of 
treatment with nitrofurantoin have demonstrated persistence of the 
pathogen in the periurethral, vaginal, and rectal areas,19 so a 7-day 
course was recommended.16 More recent studies have demonstrated 
the efficacy of a 5-day course of nitrofurantoin.1 Overall, infections 
caused by E. coli respond well to nitrofurantoin,2 but infections due to 
Proteus and Pseudomonas spp. do not respond. Nitrofurantoin may 
have a role in treatment of nosocomial urinary tract infections, but 
studies have been limited.7

Nitrofurantoin has been used safely in pregnant women20 and in 
children.4

Acute Pyelonephritis and Complicated 
Urinary Tract Infections
Nitrofurantoin should not be used for treatment of pyelonephritis. It 
not only has failed to successfully treat pyelonephritis but also two 
cases of bacteremia have been reported while patients were receiving 
nitrofurantoin therapy.2

Complicated urinary tract infections resulting from anatomic 
abnormalities, indwelling Foley catheters, or nosocomial infections are 
more likely to be caused by organisms such as Pseudomonas that are 
resistant to nitrofurantoin. In men with recurrent bacteriuria, nitrofu-
rantoin has reduced the recurrences by 40%, but other agents that 
achieve higher concentrations in the prostate are more effective.21

Many strains of vancomycin-resistant enterococci remain suscep-
tible to nitrofurantoin, so it can be used for cystitis caused by these 
organisms.22

FIGURE 36-1  Chemical structure of nitrofurantoin. 
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TABLE 36-1  Efficacy of Agents Commonly Used for Uncomplicated Urinary Tract Infections

ANTIBIOTIC DOSE
CLINICAL EFFICACY 
(%, RANGE)

MICROBIOLOGIC 
EFFICACY (%, RANGE) SIDE EFFECTS

Nitrofurantoin monohydrate/
macrocrystals

100 mg bid for 5-7 days 93 (84-95) 88 (86-92) Nausea, headache

Trimethoprim-sulfamethoxazole 160/800 mg bid for 3 days 93 (90-100) 94 (91-100) Rash, hematologic toxicity, nausea

Fosfomycin 3-g single-dose packet 91 80 (78-83) Diarrhea, headache

Fluoroquinolones Dose varies, 3 days 90 (85-98) 91 (81-98) Nausea, diarrhea, insomnia, 
prolonged QT interval

β-Lactam antibiotics Dose varies, 3-5 days 89 (79-98) 82 (74-98) Diarrhea, nausea, rash

Modified from Gupta K, Hooton TM, Naber KG, et al. International clinical practice guidelines for the treatment of acute uncomplicated cystitis and pyelonephritis in women: 
a 2010 update for the Infectious Diseases Society of America and the European Society for Microbiology and Infectious Diseases. Clin Infect Dis. 2011;52:e103-e120.
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hyperkalemia, thus drugs such as spironolactone and triamterene 
should be avoided.47

Use in Children and during Pregnancy
Adverse events in children appear to be similar to those in adults. 
Nitrofurantoin is not recommended for neonates.48 Although the drug 
crosses the placenta, only low concentrations reach the amniotic 
fluid.49 When adverse events in 165 pregnant patients receiving nitro-
furantoin were reviewed, no increased incidence was found of fetal loss 
or fetal abnormality when compared with the general population.50 
Other studies have confirmed these findings.43,51,52 Although nitrofu-
rantoin is mutagenic in bacterial studies, no teratogenicity or carcino-
genicity has been found in animal studies.18 Healthy infants with G6PD 
deficiency have been born to mothers who received nitrofurantoin 
during pregnancy.18

FOSFOMYCIN
Fosfomycin was discovered in 1969 as a member of a novel class of 
phosphonic antibiotics (Fig. 36-2). It has been used as a parenteral 
antibiotic for systemic infections but more recently has been available 
as an oral formulation that is used solely for treatment of uncompli-
cated cystitis.53

Mechanism of Action and 
Antimicrobial Activity

Fosfomycin blocks cell wall synthesis by inhibiting the synthesis of 
peptidoglycans. The drug requires transport into the cell wall by two 
main transport systems—the l-α-glycerophosphate and the hexose 
phosphate uptake systems.53 Glucose-6-phosphate must be added to 
the medium to determine the in vitro susceptibilities. Fosfomycin has 
been available in Europe for parenteral use, but in the United States  
it is available only in the oral form for treatment of urinary tract 
infections.53

Fosfomycin has broad-spectrum bactericidal activity against staph-
ylococci, enterococci, Haemophilus spp., and most enteric gram-
negative bacteria. It also has excellent activity against most E. coli, 
including 95.5% of extended-spectrum β-lactamase (ESBL)-producing 
E. coli.53 ESBL 025b/B2 E. coli strains are resistant to fosfomycin.53 
Klebsiella spp., Enterobacter spp., and Serratia spp. have higher MICs; 
fosfomycin has activity against only 57.6% of ESBL-producing Klebsi-
ella spp.54 P. aeruginosa is variably susceptible to fosfomycin, with MICs 
ranging from 4 to more than 512 µg/mL.53 Acinetobacter baumannii is 
usually resistant. Fosfomycin retains excellent in vitro activity against 
both Enterococcus faecalis (97.7%) and Enterococcus faecium (100%).55 
Susceptibilities to fosfomycin should be determined by disk diffusion 
and not broth dilution.14

Most resistance is chromosomally mediated and interferes with the 
transport of the antibiotic into the bacteria.56 Three resistance genes 
carried by plasmids—fosA in P. aeruginosa, fosB in S. aureus, and fosX 
in Listeria monocytogenes—confer resistance by breaking the oxirane 
ring of the fosfomycin molecule.57

Pharmacology
Fosfomycin is best absorbed if given before food intake, with up to  
58% absorbed and excreted in the urine.53 The fosfomycin molecule 
(138 Da) is smaller than other antibiotics, and it diffuses across mem-
branes easily. It is water soluble and hydrolyzed to an active form  
but not metabolized. After a 3-g oral dose, the peak serum levels are 
22 to 32 µg/mL at 4 hours. Fosfomycin achieves high concentrations 

occur with discontinuation of the drug, but about half of the affected 
persons have persistent mild signs of pulmonary fibrosis.29 An inter-
stitial pattern on chest tomography has been reported but does not 
correlate with progression of disease.35 The mortality rate from the 
chronic pulmonary reaction is reported as 4 in 49 cases (4%).33

The most important treatment includes early recognition of the 
complication and prompt discontinuation of the drug. The chronic 
pulmonary complications can be insidious, leading to erroneous diag-
noses such as congestive heart failure.31 Corticosteroids have been used 
in some patients who recovered, but no large trials exist.36 Bronchiolitis 
obliterans and organizing pneumonia have been reported.37 Desqua-
mative interstitial pneumonitis has been reported in a child.38

Gastrointestinal Reactions
The tolerability of nitrofurantoin is limited by the gastrointestinal 
adverse effects, which occur particularly with the microcrystalline for-
mulation.18 The macrocrystalline formulations are associated with 
nausea and vomiting in 17% of patients, compared with 39% in patients 
using the microcrystalline forms at doses of 100 mg four times daily. 
Slower dissolution of the macrocrystalline formulation is believed to 
be responsible for its lower frequency of gastrointestinal side effects. 
In a double-blind study, ciprofloxacin had fewer episodes of nausea 
than did nitrofurantoin (3% vs. 11%).39

Cutaneous Reactions
Rashes occur in about 1% of patients being treated with nitrofurantoin. 
Trimethoprim-sulfamethoxazole is significantly more likely to cause a 
rash than nitrofurantoin (4% vs. 0.4%).39 Most cutaneous reactions 
with nitrofurantoin are relatively mild, particularly when compared 
with those that may occur after therapy with trimethoprim-
sulfamethoxazole.18

Hepatic Reactions
Hepatic reactions occur at about the same frequency as the pulmonary 
reactions and can occur at the same time.33 Acute hepatitis associated 
with short-term use of nitrofurantoin was self-limited and reversible 
in eight patients in one study.40 Prolonged use of nitrofurantoin has 
been associated with chronic active hepatitis, cirrhosis, and death.41 In 
these cases, antinuclear antibodies are often present but eosinophilia 
occurs less frequently.41

Hematologic Reactions
Hemolytic anemia in patients receiving nitrofurantoin is most com-
monly associated with glucose-6-phosphate dehydrogenase (G6PD) 
deficiency.42 Hemolysis from deficiencies in enolase and glutathione 
peroxidases has been described, as have folic acid–responsive ane-
mias.43 Eosinophilia has been described in patients with pulmonary 
and hepatic reactions. Other leukocyte dyscrasias are uncommonly 
reported.33

Peripheral Neuropathy
A peripheral sensorimotor neuropathy has been reported uncom-
monly but is especially noted in patients with renal failure who are 
receiving the drug.18,33 The neuropathy is characterized by distal dys-
esthesias and paresthesias. Distal muscle weakness also can occur.43 
Histopathology shows demyelination and axonal degeneration. Reso-
lution of symptoms is slow and variable after cessation of the drug.

Systemic Inflammatory Response Syndrome
One case of systemic inflammatory response syndrome has been 
described in a patient on long-term prophylactic therapy with nitrofu-
rantoin. The syndrome resolved with discontinuation of the drug.44

Drug Interactions
There has been one case report of fluconazole precipitating nitrofuran-
toin pulmonary toxicity.45 Theoretically, nitrofurantoin can precipitate 
methemoglobinemia; other drugs causing methemoglobinemia, most 
commonly dapsone or benzocaine, in high-risk patients should be 
avoided.46 Nitrofurantoin can inhibit the oral live typhoid vaccine.5 
Magnesium-containing compounds can inhibit its absorption.5 It also 
interacts with probenecid. Nitrofurantoin has been associated with 

FIGURE 36-2  Chemical structure of fosfomycin. 
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Mechanism of Action and 
Antimicrobial Activity
Methenamine itself has little antibacterial activity, but at acid pH each 
molecule of methenamine is hydrolyzed to produce four molecules of 
ammonia and six molecules of formaldehyde.66,67

The active product in formaldehyde is a nonspecific denaturant of 
proteins and nucleic acids with broad-spectrum antimicrobial activity. 
Microbial resistance has not been described, but Proteus spp. may 
produce urease, causing an alkaline urine and preventing the conver-
sion of methenamine to formaldehyde.

Pharmacology
Absorption and Distribution
Methenamine is rapidly absorbed after oral administration, and 82% 
to 88% is recovered in the urine of normal volunteers in the 24 hours 
after a 1-g dose.68 Methenamine may be partially degraded in the pres-
ence of gastric acid before absorption.69 An enteric-coated formulation 
prevents this degradation but slows absorption. Methenamine is widely 
distributed to tissues and crosses the placenta, and concentrations in 
breast milk are similar to those in the plasma.70 The drug is 95% 
excreted through the kidneys by glomerular filtration and tubular 
secretion.68 The elimination half-life from the serum is 3 to 4 hours. 
The amount of accumulation of methenamine in patients with renal 
failure is not known.71

Factors Affecting Formaldehyde 
Concentrations in Urine
Antimicrobial activity correlates with urinary formaldehyde concen-
trations; those concentrations are determined by (1) the methenamine 
concentrations in the urine, (2) the rate of hydrolysis of methenamine 
to formaldehyde, and (3) the rate of urine loss from the bladder  
by voiding or drainage. Methenamine concentrations usually reach 
150 µg/L but are lower with higher volumes of urine. The conversion 
to formaldehyde increases with more acidic urine; at a urine pH of 6.8 
or above no hydrolysis occurs. The time required for effective concen-
trations of formaldehyde is 6 hours at a pH of 6.5 and 2 hours at a pH 
of 5.6.72,73 A formaldehyde concentration of 25 µg/mL requires 2 hours 
of bacterial exposure to be effective. Methenamine is ineffective in the 
presence of indwelling bladder catheters or frequent catheterization 
because the rapid elimination of urine does not allow time for the 
conversion into formaldehyde. It is also ineffective for treatment of 
upper urinary tract infections.

Acidification of Urine during Methenamine 
Treatment
A urine pH below 6 is required for antibacterial activity of methena-
mine. Ascorbic acid has been given to aid urine acidification, but 
ascorbic acid doses of 12 g/day may be required.66

Dosing
For adults and children older than 12 years, methenamine mandelate 
and methenamine hippurate are usually given at a dose of 1 g orally 
twice daily, but up to 4 g/day may be given. For children between 6 
and 12 years, the dose is 500 mg to 1 g twice daily.65

Indications
Methenamine should not be used for treatment of established urinary 
tract infections and is not effective for pyelonephritis.

Methenamine is effective in preventing recurrent lower urinary 
tract infections. In young, otherwise healthy women, 1 g of methena-
mine twice daily reduced the frequency of recurrent cystitis by 73%.74 
Methenamine mandelate (500 mg four times daily) with ascorbic  
acid reduced cystitis by 56%.75 This drug is not as effective in sup-
pressing urinary tract infections when compared with trimethoprim-
sulfamethoxazole or nitrofurantoin.76

Methenamine is not effective in preventing urinary tract infec-
tions in patients with indwelling bladder catheters.77 Trials of meth-
enamine in patients undergoing intermittent catheterization have had 
variable results.77,78 In patients undergoing bladder retraining with 
catheterization, voiding and controlled drinking resulted in a decrease 

in the urine of 2000 µg/mL and maintains high levels for over 24 
hours.56 Its long half-life allows for one dose to treat uncomplicated 
cystitis.

Dosing
Fosfomycin (Monurol) is administered as a powder containing 3 g of 
the drug mixed into a slurry with at least half a cup (4 ounces) of water 
before meals. It should never be taken as the dry powder formulation.58 
It is generally administered as one dose for acute uncomplicated cys-
titis, but the dose has been repeated every 3 days to successfully treat 
more complicated urinary tract infections.58

Indications
Acute Uncomplicated Cystitis
The clinical efficacy of one (3 g) dose of fosfomycin (91% cure) is 
comparable to nitrofurantoin (93%), trimethoprim-sulfamethoxazole 
(93%), and fluoroquinolones (90%) in acute uncomplicated cystitis.1 
The microbiologic cure rate of fosfomycin (80%) is lower than compa-
rable antibiotics at 88% to 94%.1 One review reports unpublished data 
that show fosfomycin is slightly less effective than these comparable 
agents.1 The Infectious Diseases Society of America lists fosfomycin as 
first-line therapy for cystitis because of the ease of administration but 
cautions that it might be slightly less effective than other agents.1 One 
meta-analysis demonstrated equivalent clinical success between fosfo-
mycin and other antibiotics for urinary tract infections.59

One niche use for fosfomycin is in the treatment of multidrug-
resistant organisms. There has been increasing use against ESBL- and 
Klebsiella pneumoniae carbapenemase (KPC)-producing Enterobacte-
riaceae.60 Observational trials indicate that fosfomycin can be effective 
in treatment of urinary tract infections due to multidrug-resistant 
organisms such as KPC-producing Enterobacteriaceae with 3-g doses 
repeated every 48 to 72 hours.60,61 One study documented a parallel 
increase in resistance to fosfomycin among ESBL-producing E. coli 
with more frequent use of fosfomycin in the community.62

Fosfomycin is not indicated for pyelonephritis.1 Shrestha and 
Tomford56 report one case of the successful treatment of prostatitis 
with 3 g fosfomycin given orally every 3 days for 3 weeks.

Adverse Effects
Fosfomycin has been associated with diarrhea, vaginitis, nausea, and 
headache at rates comparable to those of other antibiotics used for 
urinary tract infections.53,58 Cases of optic neuritis and hearing loss 
have been reported.53,58 At least one case of anaphylaxis due to fosfo-
mycin has been reported,63 as well as a single case of Clostridium dif-
ficile diarrhea.53

Use during Pregnancy
Fosfomycin is considered safe during pregnancy and is considered a 
U.S. Food and Drug Administration (FDA) category B drug; it is one 
of the choices for treatment of cystitis during pregnancy.58,64 Safety with 
breast-feeding and in children younger than 12 years old has not been 
established.

METHENAMINE
The chemical structure of methenamine (hexamethylenetetramine) is 
shown in Figure 36-3. It is available as a salt of mandelic acid (Man-
delamine) or hippuric acid (benzoyl amino acetic acid) (Hiprex) or 
without these acids (Urised, Prosed/DS, Urimax).65

FIGURE 36-3  Chemical structure of methenamine. 
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possibly related to the high bladder concentration of formaldehyde.79 
Methenamine may predispose to the development of urate crystals in 
the urine and may cause precipitation of sulfonamides. Because of the 
ammonia produced by the hydrolysis of methenamine, use of this drug 
should be avoided in patients with liver failure. The safety of methena-
mine in renal failure has not been established,80 and the data on use in 
pregnancy are limited.81

in urinary tract infection over 21 days.78 More prolonged use may 
only postpone the bacteriuria.

Adverse Effects
Side effects from methenamine are infrequent and usually mild.66,75 
Nausea, vomiting, rashes, or pruritus have been described.66 At higher 
doses, gastrointestinal intolerance and hemorrhagic cystitis may occur, 
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37  Topical Antibacterials
Judith A. O’Donnell, Steven P. Gelone, and Amar Safdar

Topical antibacterial therapy has an important but often undervalued 
role in the prevention and management of specific infections. Topical 
antibacterial agents can be subdivided into two types: topical antimi-
crobials and topical antiseptics. The topical antimicrobial agents usually 
have a primary target site and mechanism of action. They include 
bacitracin, clindamycin, erythromycin, metronidazole, mupirocin, 
neomycin, and retapamulin, and they may be administered concomi-
tantly with other systemic antimicrobial agents. Topical antimicrobials 
have been used to prevent wound infections, treat superficial skin and 
soft tissue infections, and eradicate carriage of undesirable bacteria, 
such as Staphylococcus aureus. Moreover, these agents may be used to 
prevent postoperative infections and catheter-related infections in 
certain patient populations. The topical antiseptics (such as chlorhexi-
dine gluconate, povidone-iodine, alcohol, and triclosan) have multiple 
target sites of action against bacteria and are sometimes referred to as 
biocides.1 For the purposes of this chapter, the term topical antibacteri-
als will refer to both types of agents.

Topical antibacterial therapy has several potential advantages over 
oral or parenteral antibacterial administration in specific clinical set-
tings (Table 37-1).2 After the application of small amounts directly to 
an infection or wound, very high local drug concentrations are 
achieved, levels that may be toxic if delivered systemically. When 
administered topically, these agents first enter the skin (the first target 
organ), and then a variable quantity is distributed throughout the body 
and finally eliminated. Concentrations of a topical antibacterial decline 
from the skin surface to the subcutis (after systemic administration, 
the opposite occurs) (Fig. 37-1).3 Therefore, topical administration 
is favored if the pathologic process is in the epidermis or papillary 
dermis because the highest doses are delivered directly to the site  
of infection. For infection in the lower dermis or subcutis, it is neces-
sary to determine whether a topically administered antibacterial pro-
vides the necessary drug concentrations to effectively eradicate the 
infection. Topical preparations formulated to contain combinations of 
topical antibacterial agents may offer the benefits of synergism and 
delay the selection of resistant microorganisms. In this chapter, we 
review the general uses of topical antibacterial agents in the therapy 
and prevention of infections. Topical agents are also effective in 

treating eye (see Chapters 113 through 118) and ear (see Chapter 62) 
infections.

GENERAL USES OF TOPICAL 
ANTIBACTERIALS
Skin Disinfection
Skin disinfection is a critical component of safe and effective patient 
care and includes disinfection of patients’ skin to provide a sterile 
environment for procedures, and disinfection of health care workers’ 
skin to prevent transmission of pathogenic bacteria through contact 
with patients. Some topical antibacterial agents, in particular the 
topical antiseptics, are very effective at decreasing the number of bac-
teria on the skin. The ideal antiseptic agent should have the following 
properties: a broad antimicrobial spectrum; rapid bactericidal activity; 
persistent activity on the skin; an absence of irritating, allergic, or toxic 
reactions; an absence of systemic absorption; activity in the presence 
of body fluids (e.g., blood); and cosmetic acceptance.2 Unfortunately, 
no single compound meets all these criteria. However, depending on 
the specific clinical situation, only certain properties may be required. 
For example, for repeated hand washing (e.g., by medical personnel), 
lack of irritation and persistence of activity are essential properties. In 
contrast, for the preparation of operative sites, rapid bactericidal activ-
ity is required.

Several topical antiseptic agents are used as skin disinfectants. 
Hexachlorophene is no longer used as a skin disinfectant for many 
reasons. The iodophors, in particular povidone-iodine, are widely used 
as skin antiseptics. Povidone-iodine is an organic complex of polyvi-
nylpyrrolidone and tri-iodine ions (the antimicrobial component) that 
slowly liberates iodine on reduction. Iodophors have a broad antimi-
crobial spectrum; however, antibacterial activity does not persist for 
prolonged periods on the skin, in wounds, or on mucous membranes, 
and iodophors may be inactivated by blood and body fluids. Their 
microbicidal effects are the result of cell wall penetration, oxidation, 
and substitution of microbial contents with free iodine. Povidone-
iodine’s antibacterial effect is directly related to its dessication, or 
drying, after application. Failure to allow the product to dry completely 
will result in incomplete antisepsis. For proper effect, povidone-iodine 

•	 Topical	antimicrobial	agents	include	topical	
antibacterials,	such	as	mupirocin,	clindamycin,	
and	metronidazole,	and	topical	antiseptics,	
such	as	chlorhexidine	gluconate	(CHG),	
alcohol,	and	povidone-iodine.

•	 CHG	is	available	in	impregnated	cloths	for	
bathing,	in	impregnated	sponges	for	vascular	
catheter	dressing	sites,	and	as	a	liquid	solution	
for	skin	site	preparation	or	washing.	
Preparations	that	combine	CHG	with	70%	
alcohol	are	recommended	for	skin	site	
antisepsis	in	surgical	procedures,	vascular	
access	placements,	and	for	blood	culture	
phlebotomy.

•	 Daily	bathing	of	critically	ill	patients	with	
CHG-impregnated	cloths	has	been	shown	to	
decrease	the	subsequent	development	of	
multidrug-resistant	organism	colonization	and	

health	care–associated	infections,	including	
bloodstream	infections.

•	 Topical	mupirocin	is	available	for	intranasal	
use	and	in	cream	formulations	for	use	on	skin.

•	 Topical	mupirocin	can	be	used	to	treat	
impetigo.

•	 Intranasal	mupirocin	for	decolonization	may	
be	beneficial	as	a	preventive	strategy	for	
surgical	site	infections	in	patients	undergoing	
cardiac	surgery,	joint	replacement	surgery,	and	
neurosurgery.

•	 Topical	mupirocin	applied	to	the	exit	site	of	
hemodialysis	catheters	is	recommended	for	
bloodstream	infection	prevention.

•	 Topical	povidone-iodine	applied	to	the	
hemodialysis	catheter	exit	site	may	also	be	
beneficial	in	prevention	of	bloodstream	
infections	in	this	population.

•	 Topical	mupirocin	applied	to	peritoneal	dialysis	
exit	sites	may	be	beneficial	in	preventing	
peritoneal	catheter	site	infection	and	
peritonitis.

•	 Intranasal	mupirocin	and	CHG	bathing	have	
been	used	as	a	decolonization	regimen	for	
outpatients	with	recurrent	methicillin-resistant	
Staphylococcus	aureus	(MRSA)	skin	and	soft	
tissue	infections	and	for	critically	ill	inpatients	
for	hospital-acquired	infections	prevention.

•	 The	optimal	decolonization	regimen	for	MRSA	
is	still	not	known,	and	definitive	
recommendations	on	when	to	attempt	
decolonization	are	unclear.

•	 The	cornerstone	of	management	of	acne	is	
topical	combination	therapies	that	include	a	
benzoyl	peroxide	and	an	antimicrobial,	such	as	
topical	clindamycin	or	erythromycin.
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skin when used regularly, rapid bactericidal activity, a broad antibacte-
rial spectrum, little evidence of irritation or allergy, activity in the 
presence of body fluids, and minimal absorption. Chlorhexidine-
containing products have become more widely available in the United 
States since the U.S. Food and Drug Administration approved a 2% 
tincture of a chlorhexidine gluconate (CHG) preparation for use as a 
skin antiseptic in 2000. CHG formulations containing 0.5% to 0.75% 
are more effective than plain soap and water but less effective than 
preparations containing 4% chlorhexidine. Preparations containing 2% 
chlorhexidine are slightly less effective than those containing 4%. 
When 0.5% to 1% CHG is combined with 70% alcohol-based prepara-
tions, the greatest antibacterial activity can be observed. In a study 
comparing 2% chlorhexidine, povidone-iodine, and 70% alcohol for 
sterile skin preparation of central venous and arterial catheter sites, the 
2% chlorhexidine lowered rates of subsequent bloodstream infections 
significantly more than the other two preparations.6 Chlorhexidine-
containing preparations are not currently recommended for use in 
children 2 months of age or younger or in surgery involving the inner 
or middle ear because of the ability of chlorhexidine to cause ototoxic-
ity. Current guidelines for the prevention of vascular catheter–related 
infections recommend CHG-containing products for preparation of 
the skin before catheter insertion.7 Several additional uses of CHG-
containing products are discussed below and include use as skin prepa-
ration before blood culture phlebotomy, use as a skin antiseptic agent 
in the preoperative setting, and use as a skin wash to prevent hospital-
acquired infections (HAIs) in critically ill hospitalized patients.

Triclosan (2,4,4′-trichloro-2′-hydroxydiphenyl ether) is a synthetic 
bisphenol active against a broad range of gram-positive and gram-
negative bacteria. It is a biocide that has been used extensively for many 
years in dental hygiene products and soaps and has been incorporated 
into plastic kitchenware products, toys, and tea towels.8,9 Although 
theoretical concerns have been raised that its chronic use and presence 
in certain products may lead to resistance to it and other antimicrobi-
als, this has remained very uncommon.8

A summary of the antimicrobial spectrum and characteristics of 
antiseptic agents is provided in Table 37-2.

Prophylaxis of Infection in  
Clean Wounds
When a wound leads to disruption of epidermal integrity (e.g., second-
ary to abrasions, cuts, or bites), the application of a topical antibacterial 
agent to prevent infection from developing can be considered. However, 
no antibacterial formulation has ever been proven to be efficacious in 
the prophylaxis of clean wounds because so few clean wounds become 
infected. Studies of topical preparations (e.g., neomycin alone or in 
combination with bacitracin, polymyxin, or both) have shown efficacy 
in the prevention of infection in some circumstances, although these 
studies have been criticized because of the absence of control groups.10 
Controlled studies are unlikely to ever be performed.

To avoid the difficulties in performing a large randomized, con-
trolled trial, a human skin infection model was developed to test the 
efficacy of topical antibiotic formulations in the prophylaxis of minor 
skin infections.10 After the induction of abrasion-type wounds in 
human volunteers, the wounds were inoculated with either 105 organ-
isms of S. aureus or 107 organisms of Streptococcus pyogenes and covered 
with an impermeable dressing for 6 hours. Both neomycin and bacitra-
cin were more effective in preventing infection with both S. aureus and 
S. pyogenes than with the placebo ointment vehicle. The treated wounds 
did not develop pus and reepithelialized within 3 to 5 days. Other 
investigators have also found that the use of either topical neomycin-
bacitracin-polymyxin ointment or bacitracin alone enhanced the epi-
dermal healing of wounds11 and significantly reduced streptococcal 
skin colonization and the subsequent infection of small skin trauma in 
children.12 Despite these studies, the efficacy of topical antibacterials in 
the prevention of infections in clean wounds and wound healing 
remains uncertain. The use of topical antibacterials in superficial 
wounds for a few days, until the integrity of the epidermis is reestab-
lished, has been recommended because the longer the epidermal 
barrier remains defective, the more likely it is that infection will occur.

The use of topical antibacterials in chronic nonhealing, noninfected 
wounds, such as pressure ulcers, has been recommended by the U.S. 

TABLE 37-1  Advantages of Topical Antibacterial 
Therapy

Ease of administration
Lower potential for adverse reactions
Lower risk of noncompliance
Delivery of high drug concentrations to site of infection
Decreased risk of bacterial resistance or antimicrobial cross-resistance
Cost savings (depending on agent used)

FIGURE 37-1 Skin structures. 
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must be applied properly, according to manufacturer’s instructions, 
and allowed to dry thoroughly. Povidone-iodine has been widely used 
for many years in preoperative skin preparation, preparation of skin 
for blood culture phlebotomy, certain catheter placements, hand 
scrubbing, and the treatment and prevention of skin infections.2

Povidone-iodine in a 5% cream preparation has been studied for 
its in vitro activity against various strains of S. aureus, including 
methicillin-resistant strains (MRSA) and mupirocin-resistant strains. 
It has also been evaluated for its bioavailability in human nasal secre-
tions, and has demonstrated rapid bactericidal activity and good bio-
availability within the human nares.4 The cream formulation may play 
a role in the prevention of infection and eradication of nasal coloniza-
tion by S. aureus.

Alcohols are rapidly bactericidal, but older preparations were not 
widely adopted because of their transient antiseptic action, local irrita-
tion, and excessive drying, especially when associated with repeated 
use. Over the last 15 years, newer waterless, alcohol-based hand 
hygiene products have been brought to market in the United States. 
These products contain 70% alcohol as the active antiseptic ingredient, 
and also contain emollients to minimize or eliminate the drying or 
irritating side effects.. Alcohol-based hand sanitizers also differ from 
older preparations in that their antiseptic action is far more prolonged. 
Because these products are waterless, and there is no need for a sink 
or paper towels, alcohol-based hand sanitizers can be made widely 
available in and around patient care areas, which encourages more 
widespread use. Current guidelines on hand hygiene recommend these 
products over soap and water as the preferred method for cleaning 
unsoiled hands before and after patient encounters.5

Chlorhexidine, a cationic bisbiguanide that achieves its antiseptic 
activity by causing disruption of microbial cell membranes and pre-
cipitation of cell contents, is an ideal agent for skin cleaning and surgi-
cal scrubs. Its noteworthy properties include persistent activity on the 
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S. aureus nasal decolonization is a complex issue that remains unre-
solved. Currently, it is not considered cost-effective or efficacious when 
used for all surgeries, but many experts believe it has real benefits in 
specific surgical populations. In addition, some guidelines do recom-
mend use of mupirocin preoperative nasal decolonization in patients 
with known MRSA, who are undergoing cardiac surgery, joint replace-
ment procedures, hip fracture repair, or spinal surgery.16,17

Although some randomized controlled trials have demonstrated a 
significant decrease in SSIs in patients undergoing preoperative mupi-
rocin nasal decolonization, other studies have noted no benefit. In one 
recent randomized double-blind, placebo-controlled, multicenter trial, 
researchers screened more than 6700 patients, of whom 1270 were 
positive for nasal carriage of S. aureus.18 Roughly 900 of these carriers 
were randomized in an intent-to-treat analysis to receive either nasal 
mupirocin plus CHG baths versus placebo. Of the 808 who eventually 
had a surgical procedure, the rate of S. aureus SSI was 3.4%, compared 
with a rate of SSI of 7.7% in the placebo group. The relative risk of 
infection was 0.42 and statistically significant in the treated group. 
Further, researchers showed that the most benefits were seen with 
respect to deep SSIs, leading to a nearly fivefold reduction in these 
types of postoperative infections. This study showed that an SSI pre-
vention strategy that combines a rapid nasal screening process and a 
combination decolonization regimen can lead to significant reductions 
in SSI rates.

The first large randomized, controlled, multicenter trial looking at 
use of intranasal mupirocin versus placebo enrolled 4030 patients 
undergoing general, cardiothoracic, neurosurgical, and gynecologic 
surgical procedures.19 Of the 3864 patients included in the intent-to-
treat analysis, 2.3 % of mupirocin-treated patients developed a surgical 
site infection, compared with 2.4% of the placebo recipients. In a sec-
ondary analysis of 891 patients who were noted to have S. aureus nasal 
carriage before surgery, those patients treated with mupirocin had a 
subsequent surgical site infection rate of 4%, compared with their 
placebo-treated counterparts, who had a 7.7% rate of subsequent infec-
tion. This difference did not achieve statistical significance. It has been 
suggested that the lack of a statistically significant outcome in this 
study resulted in part from the fact that the sample size calculation had 
85% power to detect a relative reduction of 50% in the rate of S. aureus 
surgical site infections.20 Moreover, because fewer patients than antici-
pated remained in the study, and there were less than the expected 
number of S. aureus surgical site infections in the placebo group, there 
may have been as much as a 25% likelihood that the study results would 
be negative even if the mupirocin were effective.

Several additional studies have assessed the effectiveness of preop-
erative intranasal mupirocin therapy in a variety of surgical patients. 
In two open trials performed in patients undergoing open heart 
surgery, the patients were treated with preoperative intranasal mupi-
rocin and compared with historical control subjects.21,22 The patients 

Agency for Health Care Policy and Research.13 The goal of such therapy 
is to decrease the bacterial burden in these wounds and possibly to 
promote healing. However, there is no substantial evidence in the 
published medical literature that this goal has been achieved.14 More-
over, the chronic use of topical antibacterials may be expected to 
promote bacterial resistance and should be avoided. None of the cur-
rently marketed topical antibacterials has been labeled for use specifi-
cally in the setting of chronic nonhealing wounds.14 Therefore, the use 
of topical antibacterials for chronic nonhealing wounds should be 
discouraged.

Prophylaxis of Recurrent Skin and  
Soft Tissue Infections
Some patients with recurrent furuncles, carbuncles, and other skin and 
soft tissue infections caused by S. aureus may have persistent nasal 
carriage of this organism. It has been suggested that eradication of  
S. aureus from the nares could reduce the recurrence of these infec-
tions. One randomized trial treated such patients with a 5-day course 
of intranasal mupirocin and then randomized half the patients to 
receive successive monthly therapy for 1 year and half to receive a 
placebo.15 Intranasal mupirocin reduced the recurrence of furunculo-
sis by approximately 50% in study subjects who were colonized with 
S. aureus in their nares. The small size of the study precluded the 
authors from making definitive recommendations for the management 
of recurrent furunculosis and folliculitis in staphylococcal carriers. The 
results of this study provide support for the clinical practice of mupi-
rocin maintenance therapy in patients with persistent S. aureus nasal 
colonization; however, well-controlled clinical trials have never been 
performed. More commonly, nasal mupirocin is being used as part of 
a prophylactic regimen that includes topical CHG washes, with or 
without systemic antimicrobials, as a skin decolonization regimen. 
This is discussed in further detail below.

Prophylaxis of Infection in  
Operative Wounds
With more than 30 million surgical procedures performed annually in 
the United States, surgical site infections (SSIs) have become one of the 
most common HAIs. Current estimates are that between 2% to 5% of 
the 30 million will develop an SSI. Most SSIs are caused by endogenous 
flora, including S. aureus. Estimates suggest S. aureus is the etiologic 
agent of 20% to 30% of all SSIs. SSI prevention strategies have focused 
not only on proper skin site preparation and optimal management of 
the host but also on decolonization or decreasing the bioburden on the 
host’s skin before the operative procedure. Several studies have been 
performed in a variety of surgical patients to evaluate the effectiveness 
of preoperative decolonization with intranasal mupirocin, alone or  
in combination with other products, on the subsequent rate of post-
operative surgical site infections. The practice of routine preoperative 

TABLE 37-2  Antimicrobial Spectrum and Characteristics of Antiseptic Agents*

GROUP
GRAM-POSITIVE 
BACTERIA

GRAM-NEGATIVE 
BACTERIA MYCOBACTERIA FUNGI VIRUSES

SPEED OF 
ACTION COMMENTS

Alcohols +++ +++ +++ +++ +++ Fast Optimum concentration 
60%-95%; no persistent 
activity

Chlorhexidine (2% 
and 4% aqueous)

+++ ++ + + +++ Intermediate Persistent activity; rare allergic 
reactions

Iodine compounds +++ +++ +++ ++ +++ Intermediate Causes skin burns; usually too 
irritating for hand hygiene

Iodophors +++ +++ + ++ ++ Intermediate Less irritating than iodine; 
acceptance varies

Phenol derivatives +++ + + + + Intermediate Activity neutralized by 
nonionic surfactants

Triclosan +++ ++ + − +++ Intermediate Acceptability on hands varies

Quaternary 
ammonium 
compounds

+ ++ − − + Slow Used only in combination 
with alcohols; ecologic 
concerns

*Hexachlorophene is not included because it is no longer an accepted ingredient of hand disinfectants.
+++, excellent; ++, good but does not include the entire bacterial spectrum; +, fair; −, no activity or not sufficient.
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hubs, connectors without needles, and injection ports before accessing 
the catheter with an alcohol-chlorhexidine preparation or 70% alcohol 
to reduce contamination.

A chlorhexidine-impregnated sponge applied as a standard CVC 
exit site dressing cover has been shown to reduce bloodstream infec-
tions in several studies. A meta-analysis looking at chlorhexidine-
impregnated sponge dressings demonstrated its use was associated 
with a trend toward reduction of central line–associated bloodstream 
infections (CLA-BSIs).32 A recent large randomized, controlled trial 
comparing the chlorhexidine-impregnated sponge with standard 
dressings revealed that the impregnated sponge significantly reduced 
the incidence of CLA-BSIs from 1.3 to 0.4 per 1000 catheter-days.33 
Society guidelines recommend considering the addition of this dress-
ing in several circumstances, including (1) hospital units or patient 
populations with CLA-BSI rates higher than the institutional goal, 
despite compliance with an evidence-based prevention bundle; (2) in 
patients with limited venous access and a history of recurrent CLA-BSI; 
or (3) in patients at increased risk for severe sequelae from CLA-BSI, 
such as patients with a recently implanted intravascular device, pros-
thetic heart valve, or aortic graft.7

Applying a topical antibacterial agent to the vascular access site to 
decrease bacterial burden and prevent bacterial colonization of intra-
vascular catheter sites is of unclear benefit. In one prospective evalua-
tion of 827 random catheter insertions in which three regimens of 
catheter care (neomycin-bacitracin-polymyxin at insertion and every 
48 hours versus iodophor ointment at insertion and every 48 hours 
versus no ointment) were used, no differences in catheter-acquired 
sepsis (two patients in each group) or local inflammation (38.9% vs. 
41.9% versus 41.7%, respectively) were noted.34 The only differences 
were in semiquantitative cultures of catheter tips, with 6 positive cul-
tures in the neomycin-bacitracin-polymyxin group, 10 in the iodophor 
group, and 18 in the no-treatment group. In contrast, a randomized, 
controlled trial of povidone-iodine in the prevention of infection in 
subclavian vein hemodialysis (HD) catheters found that povidone-
iodine was associated with a significant decrease in the incidence of 
septicemia (5% vs. 18%; P < .02).35 See the next section for more infor-
mation on prevention of dialysis catheter infections through the use of 
topical agents.

Prophylaxis of Dialysis Catheter 
Infections
Catheter-associated infections in patients undergoing either HD or 
peritoneal dialysis are one of the most common reasons for hospitaliza-
tion and catheter removal in this patient population. In patients who 
undergo peritoneal dialysis, a few strategies have demonstrated efficacy 
in prophylaxis against exit site and tunnel infections. In the absence of 
prophylaxis, the average rates of S. aureus exit site infections range 
from 0.34 to 0.41 episodes per patient-year.36 Patients with S. aureus 
nasal colonization have exit site infection rates that are significantly 
higher (>0.5 infections per year).37 Moreover, the rates of peritonitis in 
patients with one or more positive naris cultures for S. aureus have 
been shown to be significantly higher than they are in patients never 
colonized (0.24 per year vs. 0.08 per year).38 With the use of some 
prophylaxis regimen, the rates of infection can be reduced to less than 
half of these numbers.39

The application of povidone-iodine at the exit site of the peritoneal 
dialysis catheter was shown to be effective in reducing subsequent 
infection rates in some published studies.39 However, this strategy has 
also failed to demonstrate effectiveness in other published data.38 The 
overall effectiveness of povidone-iodine in this setting remains unclear. 
As discussed above, the use of intranasal mupirocin twice daily for 5 
days for the treatment of S. aureus nasal carriage has been shown to 
be an effective strategy in decreasing S. aureus carriage and catheter 
infections in those patients who are proven nasal carriers.40-42 The long-
term effectiveness of intranasal mupirocin is approximately 60%, and 
therapy may need to be repeated either monthly or, if routine cultures 
are performed, whenever cultures return positive for S. aureus. In a 
prospective, open trial of intranasal mupirocin, peritoneal dialysis 
patients were treated with mupirocin when naris cultures were positive 
for S. aureus.41 Compared with historical control subjects, exit site 
infections were significantly decreased from 0.22 per patient-year 

in the treatment group had a statistically significant decrease in subse-
quent postoperative sternal wound infections. Based on cost-
effectiveness analyses, it appears that it may be cost-effective to use 
preoperative intranasal mupirocin in patients undergoing cardiotho-
racic surgery.20,23 In another large, open trial in which 1044 orthopedic 
surgery patients in the Netherlands were treated with preoperative 
intranasal mupirocin and compared with 1260 historical control sub-
jects, the mupirocin-treated patients had a statistically significant 
decrease in postoperative wound infections.24 However, in a separate 
randomized, controlled trial looking at orthopedic surgery patients, no 
significant SSI reduction was found among patients undergoing routine 
nasal decolonization.25

A recent cost-effectiveness analysis did show that nasal mupirocin 
was cost-effective with respect to joint replacement surgeries.26 In a 
randomized controlled trial of orthopedic surgery patients undergoing 
total hip or total knee implantation, researchers compared three dif-
ferent strategies: screen for S. aureus and then treat with nasal mupi-
rocin (screen and treat), treat all patients with nasal mupirocin (treat 
all) or provide no preoperative screening (no treatment). Results 
showed that both the screen-and-treat and treat-all strategies had both 
lower costs and greater benefits compared with the no-treatment 
strategy.

In summary, decolonization as an SSI prevention strategy should 
be considered for specific surgical populations or in certain circum-
stances. Decolonization may be appropriate for known MRSA carriers 
or in the case of the severely immunocompromised host. Decoloniza-
tion strategies appear to be reasonable, and perhaps cost-effective, 
when there is a high risk of devastating outcomes associated with SSI, 
such as in neurosurgical, cardiac, or joint replacement procedures.

The routine application of topical antiseptics to the skin before a 
surgical procedure is a standard practice. The choice of topical antisep-
tic in this setting has varied in the past. However, several recent pub-
lications and a recent meta-analysis all have concluded that preoperative 
skin site preparation with CHG-alcohol preparations are superior to 
povidone-iodine. In a randomized controlled trial of 849 patients 
undergoing clean contaminated surgical procedures, the SSI rate was 
statistically significantly lower in the CHG-alcohol group (9.5%) com-
pared with the povidone-iodine group (16%).27-29 Chlorhexidine-
alcohol may be superior because CHG is not inactivated by blood or 
serum, as is povidone-iodine. Some experts have suggested that when 
CHG-alcohol is compared with povidone-iodine plus alcohol, there 
may be no significant benefit to the CHG-containing product. Cur-
rently, this alternative point of view is supported by only one published 
single-center trial. In a study that compared a povidone-iodine-alcohol 
preparation with a CHG-alcohol preparation and a standard povidone-
iodine paint with an isopropyl alcohol wash in between, researchers 
determined that SSI rates were the lowest in the period during which 
the povidone-iodine–alcohol product was in use.30

As noted earlier in the Bode study,18 the use of chlorhexidine 
bathing preoperatively, as part of a bundle of interventions, has become 
a trend in SSI prevention. Patients may be told to bathe the evening 
before, morning of, or on several occasions before the planned surgical 
procedure. Different CHG-containing products may be used, either a 
wash or a wipe. The benefit of bathing with any antiseptic preparation 
before surgery has no proven benefit, as concluded in a 2006 Cochrane 
Database System Review.31 Given that CHG bathing is often part of a 
several-pronged approach to SSI reduction, it may not be possible to 
determine its efficacy as a single intervention.

Prophylaxis of Vascular  
Catheter–Related Infections
The use of topical antibacterial agents to prevent vascular catheter–
related infections includes choice of appropriate skin site antiseptic 
preparation and the use of a topical agent applied to the catheter site 
as part of line site maintenance. Studies assessing skin site preparation 
before central venous catheter (CVC) insertion have demonstrated  
that 2% CHG-alcohol preparations are superior to povidone-iodine 
preparations or 70% isopropyl alcohol–only preparations.6 Current 
guidelines on the prevention of vascular catheter–related infections 
recommend CHG-alcohol preparations as the preferred skin site anti-
septic.7 After insertion, guidelines recommend disinfecting catheter 
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in 2010 concluded that topical mupirocin reduced HD catheter–
associated bloodstream infections.53 The study determined there was 
insufficient evidence to support the use of povidone-iodine ointment, 
polysporin ointment, honey, or a variety of topical catheter site dress-
ings in bloodstream infection prevention. Topical mupirocin is an 
effective strategy in prevention of bacteremias in HD catheter patients.

Although not determined to be definitively effective in a Cochrane 
Database review, povidone-iodine ointment is recommended in the 
2011 Centers for Disease Control and Prevention guidelines for pre-
vention of catheter-related bloodstream infections in HD patients.7 In 
a randomized open-trial study of 129 patients, exit site infection and 
bacteremia were significantly higher in the control group compared 
with patients provided povidone-iodine ointment.54 Another single-
site, prospective, randomized, open-label study evaluated the use of 
povidone-iodine at the exit site of the HD catheter, along with a sterile 
dressing, versus sterile dressing alone.55 At the onset of this study, 22% 
of the patients in the treatment group and 32% of those in the placebo 
group were positive for S. aureus nasal carriage. The incidence of 
bacteremia was statistically significantly higher in the control group 
compared with those treated with povidone-iodine—17% versus 2% 
incidence. Similar results were found with respect to exit site infections 
in this study. The value of povidone-iodine ointment is likely real, and 
additional studies in which povidone-iodine ointment is used as part 
of catheter site care are needed.

The efficacy of intranasal mupirocin as a preventive strategy for HD 
catheter bacteremias or exit site infections has been studied in several 
published trials. However, topical mupirocin at the exit site is currently 
recommended and preferred over intranasal mupirocin. In one study, 
intranasal mupirocin was used three times daily for 2 weeks after 
catheter insertion, followed by three times weekly as a maintenance 
regimen, versus placebo.56 All patients were positive for S. aureus nasal 
carriage before enrollment and were followed for 9 months. The 
authors observed a significant decrease in nasal colonization in the 
mupirocin-treated group as well as a significant decrease in the rate of 
S. aureus infections. However, the rates of S. aureus bacteremia did not 
differ between the treated group and the placebo recipients. A subse-
quent prospective open-trial study, performed by the same group, used 
intranasal mupirocin in HD patients three times weekly for 6 months 
and then once weekly for 6 months.57 The study patients were com-
pared with historical control subjects and were found to have had a 
statistically significant decrease in S. aureus bacteremia over the study 
period. Another prospective open trial assessing intranasal mupirocin 
applied once weekly in HD patients showed significantly decreased 
rates of S. aureus bacteremia in the mupirocin-treated study patients 
compared with historical control subjects.58 A single cost-effectiveness 
analysis of intranasal mupirocin in HD patients suggested that such a 
strategy was cost-effective.59

Prophylaxis of Health Care–Associated 
Infections
Despite ongoing prevention efforts over the last decade across the 
United States and globally, HAIs continue to result in morbidity, mor-
tality, and increased costs. Twenty percent of HAIs are acquired in the 
critical care setting, and risk of HAI increases with length of critical 
care stay.60 The three most common critical care HAIs are catheter-
associated urinary tract infection (CA-UTI), CLA-BSI, and ventilator-
associated lower respiratory tract infections. Over the last decade, 
national device-associated HAI rates have declined somewhat, in par-
ticular because of implementation of bundled prevention strategies. 
Recently, the use of daily CHG bathing has been proved to be an  
effective method of reducing both the development of HAIs and pre-
venting colonization of critical care patients with multidrug-resistant 
organisms.61-64

Most of the published studies in which CHG bathing was found to 
be an effective prevention strategy used CHG-impregnated cloths for 
bathing. Instead of a soap and water daily bath, patients were wiped 
down with CHG-impregnated cloths, from the jawline down, avoiding 
the face. Currently, no studies have been performed to assess whether 
or not using a CHG-containing liquid and applying it to a wet wash-
cloth and cleansing patients from the neck down would result in 
similar HAI prevention benefits.

among control subjects to 0.09 per patient-year in the mupirocin-
treated patients. Topical intranasal mupirocin also resulted in a signifi-
cant decrease in the subsequent rates of S. aureus peritonitis in this 
study, although the rates of peritonitis caused by gram-negative organ-
isms increased over the study period. The only randomized, double-
blind, placebo-controlled trial of monthly intranasal mupirocin was 
performed by the Mupirocin Study Group in nine centers throughout 
Europe.43 Peritoneal dialysis patients with positive naris cultures for S. 
aureus were randomized to receive twice-daily intranasal mupirocin or 
placebo for 5 days every 4 weeks and followed for 18 months. Although 
the rate of S. aureus exit site infections was significantly lower in the 
mupirocin group in this study, the total rate of exit site infections, 
tunnel infections, and peritonitis was not significantly different 
between treated and placebo recipients. Of note, in a cost-effectiveness 
analysis, it was not cost-effective to use prophylactic topical intranasal 
mupirocin in chronic peritoneal dialysis patients.44

Another prophylactic strategy is the application of topical mupiro-
cin to the exit site as part of the routine daily care of the peritoneal 
dialysis catheter. In a prospective, randomized study comparing oral 
rifampin with topical mupirocin applied daily to the exit site, the rates 
of infection were compared with those of historical control groups.45 
The rates of S . aureus exit site infections, tunnel infections, peritonitis, 
and catheter loss caused by S. aureus infections were not statistically 
different between the two treatment groups, but they were significantly 
lower than those in the historical control group. In another prospec-
tive, controlled, historical study, in which a group of peritoneal dialysis 
patients were treated with topical mupirocin at the exit site three times 
weekly,46 there was a significant reduction in S. aureus exit site infec-
tions (21 vs. 3 episodes) and S. aureus peritonitis (35 vs. 11 episodes); 
however, the patients were not screened for S. aureus carrier status. 
There were several smaller studies (none of which were randomized, 
placebo-controlled, or blinded) in which topical mupirocin was applied 
to the exit site either daily or three times weekly, and the results were 
similar with respect to decreased rates of peritoneal dialysis catheter–
related infections.38,47,48 A more recently published experience also 
advocated exit site mupirocin in peritoneal dialysis patients.49 However, 
no cost-effectiveness analyses have been performed for the use of 
topical mupirocin in this patient population.

As a result of the findings in these studies and despite the fact that 
there has not been a definitive, well-designed, large, multicenter, ran-
domized, placebo-controlled trial to date, topical mupirocin has been 
advocated and prescribed at many centers in Europe and North America 
as part of the routine management of the peritoneal dialysis catheter. 
This practice has led to concerns about the long-term use of mupirocin 
and the emergence of resistance as well as concerns about changing the 
predominant pathogen associated with peritoneal dialysis–catheter 
infections from staphylococci to gram-negative bacteria.38 In addition, 
although topical mupirocin is generally very well tolerated and has been 
safely used in patients for prolonged periods of time, there have been 
a few case reports of spontaneous rupture of polyurethane peritoneal 
dialysis catheters possibly linked to this topical agent.50

Catheter-associated bloodstream infection rates in the HD patient 
population remain high, even as bloodstream infection rates in hospi-
talized patients continue to decline.51 Several potential prophylactic 
strategies have been evaluated in the HD catheter population, some of 
which include topical antibacterial agents, including topical mupirocin 
applied to the catheter exit site, topical povidone-iodine application to 
the exit site, and intranasal mupirocin.38 Several studies have looked at 
the use of topical mupirocin at the catheter exit site. Studies of topical 
mupirocin used at the HD catheter exit site have shown decreased 
incidence rates of exit site infections, bacteremia, and longer times to 
onset of bacteremia.52 In one such randomized, controlled, open-label 
trial of topical exit site mupirocin application in patients with tunneled, 
cuffed HD catheters, a total of 50 HD patients were randomized to 
topical mupirocin applied to the catheter exit site three times weekly 
versus no treatment.52 The rates of S. aureus nasal carriage in the two 
groups were similar. Compared with control subjects, the mupirocin-
treated patients had significantly fewer incidents of catheter-related 
bacteremia (7% vs. 35%) and had a longer time interval to the first 
incident of bacteremia. Median catheter survival was also significantly 
longer in the treated group.52 A Cochrane Database Systematic Review 
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and pathophysiology of the burn wound, the delivery of systemic anti-
microbial therapy to the deepest, most severely ischemic areas of the 
wound cannot be relied on because gradient diffusion from the wound 
periphery is the sole means of access.68

The use of topical antibacterial agents for burned patients is well 
established. Before the development of effective topical burn wound 
chemotherapy, burn wound sepsis was diagnosed as the principal cause 
of death in 60% of burn patients who died69; the use of mafenide acetate 
has reduced to 28% the incidence of burn wound sepsis as a cause of 
death. After administration, high antimicrobial concentrations are 
found on the wound surface, where the risk of bacterial contamination 
is the greatest. In patients with deep, extensive wounds, dense bacterial 
colonization, particularly by gram-positive cocci, often occurs within 
24 hours; aerobic gram-negative bacilli typically appear within 3 to 7 
days. If this initial bacterial colonization is not treated, deeper spread 
and ultimate systemic invasion of pathogenic bacteria can occur. 
Therefore, topical antibacterial therapy should be initiated as soon as 
possible to delay or prevent these processes.

There is evidence that effective topical antibacterial therapy delays 
colonization of the burn wound for a variable period (measured in 
days, not weeks), maintains the bacterial density of the wound at lower 
levels than those which could otherwise be achieved and for appre-
ciable intervals (measured in weeks), and tends to result in a relatively 
homogeneous and less diverse wound flora than that which would 
otherwise be expected.68 The specific antimicrobial agent chosen for 
topical therapy should have a broad in vitro spectrum of activity 
against gram-positive cocci (staphylococci, streptococci, and entero-
cocci) and the aerobic gram-negative flora (including Pseudomonas 
aeruginosa). Ideally, the agent should penetrate the eschar, but because 
it may be absorbed, it must have low toxicity70; the agent must also 
remain active in the presence of serum and necrotic debris. Further-
more, with the increasing use of cultured skin grafts in the therapeutic 
approach to the burned patient, topical antibacterials may be required 
to prevent microbial colonization and the destruction of grafts contain-
ing cultured skin cells. The successful use of topical agents prevents the 
bacterial conversion of superficial burns to deeper injury, results in the 
spontaneous healing of wounds that initially appeared clinically to be 
of full thickness, and decreases the frequency of episodes of systemic 
sepsis.21 Specific topical agents for use in burned patients are discussed 
in Chapter 319.

Treatment of Pyoderma
There is no role for topical antibacterials in the treatment of erysipelas, 
cellulitis, or furuncles.

There is a role for topical agents in the management of one specific 
type of pyoderma—impetigo. Impetigo is a superficial infection of the 
skin caused by group A streptococci (see Chapter 199), S. aureus, or 
both. Bullous impetigo is usually caused by S. aureus. One of the goals 
of antimicrobial therapy in impetigo is to prevent the spread of infec-
tion to uninvolved skin.2 Early uncontrolled and controlled trials of 
topical antibacterial therapy in patients with impetigo suggested the 
efficacy of topical antibacterials, although other studies found that 
systemic antimicrobial therapy was more efficacious.71 Systemic anti-
microbial therapy is somewhat superior to topical therapy in the man-
agement of streptococcal pyoderma, with swifter healing and fewer 
failures. However, topical therapy may be used early in infection, when 
the number of lesions is small and there is a reasonable chance that 
these agents will be scrupulously and skillfully applied.71 Exclusions to 
the use of topical antibacterials in pyoderma include the following: 
bullous impetigo, because the pathogenesis of this exfoliative infection 
may lead to continuing infection, rapid spread, recurrence, or all of 
these, unless S. aureus is promptly eradicated; and extensive pyoderma, 
regardless of the clinical form or bacterial cause.72 Topical mupirocin 
has been shown to be as efficacious as systemic antibiotics in the 
therapy for limited impetigo (see later).

Retapamulin, a newer topical antibacterial, has been approved for 
use in adults and children 9 months of age and older. Retapamulin 
administered twice daily for 5 days was compared with placebo or 
fusidic acid in two separate double-blind, randomized trials in patients 
with impetigo. The response rates for retapamulin were 85.6% versus 
52.1% for placebo and 94.8% for retapamulin versus 90.1% for fusidic 

In the largest published prospective study to date, daily bathing 
with 2% CHG-impregnated washcloths was implemented in a multi-
center, cluster-randomized, nonblinded crossover trial.61 Primary out-
comes included incidence rates of multidrug-resistant organism 
(MDRO) acquisition and rates of CLA-BSIs. Nine critical care settings 
or bone marrow transplant units were used. Patients were randomized 
to either CHG daily bathing for 6 months or a nonantimicrobial 
bathing cloth, and in the second 6 months, the daily bathing product 
was alternated. More than 7700 patients were enrolled, and a 23% 
reduction in MDRO acquisition rate was found. The MDRO acquisi-
tion rate was 5.1 cases per 1000 patient-days in the CHG bathing 
group, compared with 6.6 cases per 1000 patient-days in the standard 
bathing group; this was statistically significant. CHG-bathed patients 
had a CLA-BSI rate of 4.78 per 1000 patient-days, compared with 6.6 
CLA-BSIs per 100 patient-days in the control group. This translated to 
a 28% lower rate of CLA-BSIs in those patients bathed with CHG, and 
this result was also statistically significant.

A 2012 meta-analysis to assess the efficacy of daily CHG bathing in 
reducing HAI occurrences in intensive care unit (ICU) patients con-
cluded there was benefit to the practice.62 One randomized and 11 
nonrandomized trials were included in the analysis. CHG bathing led 
to a significant reduction in bloodstream infection rates and CLA-BSI 
rates, with a pooled odds ratio of 0.44. The authors noted there was a 
wide variation across studies with respect to the type of product and 
concentration of CHG, along with differences in use of other infection-
control practices, such as active surveillance cultures, nasal mupirocin 
use, and enhanced hand hygiene. Of note, adverse events were extraor-
dinarily rare.

Researchers have also addressed the question of whether targeted 
or universal decolonization to prevent ICU infection or colonization 
is effective.63 Forty-three hospitals with 74 ICUs participated in a 
cluster-randomized trial assessing three strategies: MRSA screening 
and isolation (standard practice), targeted decolonization (for patients 
who were MRSA-screen positive), or universal decolonization. Patients 
in the universal decolonization study group were not assessed for 
MRSA carrier state. Universal decolonization included daily CHG 
bathing for the entire ICU stay plus 5 days of nasal mupirocin upon 
admission for all patients. Compared with baseline preintervention 
rates, universal decolonization reduced MRSA acquisition rates and 
rates of BSIs caused by any pathogen more often than either standard 
practice or targeted decolonization. The cost of universal decoloniza-
tion was approximately $40 per patient. Researchers determined that 
181 patients would need to be decolonized to prevent one MRSA infec-
tion, whereas 54 patients would require decolonization to prevent one 
ICU bloodstream infection. Because CHG bathing and nasal mupiro-
cin were used together in this study, it is not possible to determine 
whether the infection reduction was from CHG or mupirocin. This 
study adds to the growing literature identifying benefits to CHG 
bathing and nasal decolonization.

Daily CHG bathing in pediatric critical care unit patients has also 
been studied and resulted in a nonsignificant reduction in subsequent 
bacteremia.65 CHG-impregnated cloths were used in all patients older 
than 2 months during the study period, and no adverse events were 
observed in this trial.

CHG is generally well tolerated, with a very low incidence of 
adverse effects. Rarely, CHG may cause an allergic contact dermatitis 
or local irritation. With the potential widespread adoption of CHG 
bathing in ICU settings, the question of CHG resistance is a concern.66 
Multidrug efflux pumps, encoded in plasmid-borne qacA/B genes, may 
lead to CHG resistance.67 The issue of CHG resistance will be an area 
for future study as CHG bathing becomes common practice in health 
care settings.

Prophylaxis of Infection in Burn Wounds
The prevention of infection in the burned patient is extremely difficult 
because burn wound sites are favorable for bacterial overgrowth, the 
epidermal barrier is often defective for extended periods, and the 
patients are in the hospital, where multiple antibiotic-resistant organ-
isms are found.2 Frequent débridement and the establishment of an 
epidermis, or a surrogate such as a skin graft or skin substitute, are 
essential for the prevention of infection. As a result of the pathogenesis 
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inhibit the production of proinflammatory mediators by organisms 
that are not killed.78 Preparations containing clindamycin and eryth-
romycin are the most commonly used78,79; topical tetracyclines have 
also been used but are less effective than either clindamycin or eryth-
romycin. Topical azelaic acid, a dicarboxylic acid derivative that is 
bacteriostatic for P. acnes, has been shown to reduce colony counts of 
P. acnes by about the same degree as clindamycin. However, the most 
effective topical antibacterial regimens against P. acnes are the combi-
nation formulations that include benzoyl peroxide and either erythro-
mycin or clindamycin. A randomized 10-week trial comparing the 
efficacy of erythromycin (3%)–benzoyl peroxide (5%) gel with that of 
erythromycin (4%)–zinc (1.2%) solution in 72 acne vulgaris patients 
revealed that both inflammatory lesions and comedones showed a 
significantly greater percentage reduction from baseline in those 
patients receiving the erythromycin–benzoyl peroxide combination80; 
both physician and patient efficacy evaluations were also more favor-
able for this regimen. Additional studies have also demonstrated the 
efficacy of the combination formulation of benzoyl peroxide with 
erythromycin, and this regimen is considered one of the most effective 
in the treatment of acne.

The combination formulation of 1% clindamycin and 5% benzoyl 
peroxide gel has been marketed and evaluated for its effectiveness in 
the treatment of acne vulgaris.81 Several clinical trials have demon-
strated that the twice-daily application of this product for 10 to 16 
weeks was more effective in reducing the number of inflammatory 
lesions than 5% benzoyl peroxide, 1% clindamycin, or placebo gel in 
patients with mild to moderately severe acne.82,83 In another multi-
center blinded trial, clindamycin–benzoyl peroxide gel was directly 
compared with benzoyl peroxide alone and the erythromycin–benzoyl 
peroxide combination formulation.84 The clindamycin–benzoyl perox-
ide was significantly more effective in reducing the mean number of 
inflammatory lesions than benzoyl peroxide alone, and it was similar 
in efficacy to erythromycin–benzoyl peroxide. Both patient and physi-
cian assessments at the end of the study indicated that global improve-
ment was significantly greater with clindamycin–benzoyl peroxide 
than with benzoyl peroxide alone and similar to that identified with 
erythromycin–benzoyl peroxide. Therefore, the clindamycin–benzoyl 
peroxide and erythromycin–benzoyl peroxide formulations are equally 
efficacious and can both be considered first-line topical therapies in 
the treatment of acne vulgaris.

Elimination of Staphylococcus aureus 
Nasal Carriage
Decolonization to eliminate MRSA nasal carriage is a complex topic 
somewhat beyond the scope of this chapter. The general role of decolo-
nization in the prevention of MRSA infections is unclear. Decoloniza-
tion has been attempted in colonized hospital patients, in outpatients 
with recurrent MRSA infections, and as part of a universal decoloniza-
tion protocol without assessment of MRSA carrier state. It has also 
been used in the prevention of dialysis catheter infections and in the 
prevention of surgical site infections as discussed above. The optimal 
approach to MRSA decolonization for outpatients and inpatients is  
not known. Whether inpatient decolonization should be attempted 
only in the setting of outbreaks or more universally is also undecided. 
Currently, there is no definitive evidence to support routine MRSA 
decolonization of inpatients. However, decolonization may be reason-
able in the setting of hospital outbreaks, for outpatients with recurrent 
MRSA infections, and within households where ongoing MRSA trans-
mission is documented despite the implementation of other hygiene 
measures.85-87

With respect to decolonization in hospitalized patients, it is well 
known that 20% to 40% of healthy persons carry S. aureus in their 
anterior nares. In hospitalized patients, serious infection caused by S. 
aureus may occur from autoinoculation to susceptible sites or the 
transfer of organisms from another patient or staff member who is a 
carrier. Attempts to control hospital outbreaks have included methods 
to eradicate nasal carriage of staphylococci by means of systemic  
antimicrobial agents with or without topical treatment; however, recol-
onization is frequent, and the development of resistance has been 
reported.88 Several topical antibacterial agents have been used in the 
nasal eradication of S. aureus, with varied degrees of success.

acid. Retapamulin was found to be superior to placebo and not inferior 
to fusidic acid. The two most commonly identified pathogens in these 
studies were S. aureus and S. pyogenes, with similar response rates 
against both organisms.

Topical antibacterial agents may have some efficacy in the therapy 
for secondary types of pyoderma, although the available studies gener-
ally did not include control groups.71 Despite organism eradication, the 
underlying process persisted. Therefore, a cure (in the sense of com-
plete healing) was not achieved. Because topical antibacterials can 
lower the bacterial colony counts in acute dermatitis, the use of these 
agents in combination with topical glucocorticoids is a logical treat-
ment regimen.2

Treatment of Erythrasma and Rosacea
Erythrasma is a cutaneous eruption caused by the bacterium Coryne-
bacterium minutissimum. The rash of erythrasma is commonly found 
in intertriginous areas that include axillae, inframammary areas, the 
interspaces of toes, and intergluteal and crural folds. Once the diagno-
sis is confirmed, systemic antibacterial therapy with erythromycin is 
usually prescribed as first-line therapy.73 However, there is an impor-
tant role for topical antibacterial therapy in the management of this 
dermatologic infection. Most experts recommend the addition of a 
topical agent to systemic therapy in patients with intertriginous area 
involvement and the exclusive use of topical therapy in those patients 
intolerant of the recommended active systemic therapies.73 Topical 2% 
clindamycin has been shown to be effective in the treatment of ery-
thrasma and, when it is in an alcohol-based formulation, has the addi-
tional advantage of a drying effect.74 Topical fusidic acid has also been 
shown to be effective as a topical treatment for erythrasma, but is not 
available in the United States. Topically administered erythromycin, 
tetracycline, and chloramphenicol have all been evaluated and found 
not to be effective in the treatment of erythrasma.73

Rosacea is a dermatologic condition with several disease phases 
that include flushing, followed by erythrosis, papulopustular rosacea, 
and finally phimosis. The etiology of rosacea remains somewhat con-
troversial and is considered to be multifactorial, depending on the 
phase of disease. Helicobacter pylori has been implicated as a potential 
causative factor by some authorities, and the Demodex mite has been 
implicated as a significant contributing factor of papulopustular 
rosacea.75 There are no clear data that rosacea has a bacterial etiology, 
although the disease clearly responds to both systemic and topical 
treatment with antibacterial agents. Topical metronidazole, in either a 
1% cream or a 0.75% gel, is the topical therapy that has been most 
widely evaluated in the treatment of papulopustular rosacea and the 
preceding erythrosis. Numerous randomized, controlled trials have 
been published that confirm the tolerability and superior efficacy of 
topical metronidazole.76,77 Because topical metronidazole has no anti-
inflammatory effects, its mechanism of action with respect to a cure 
for rosacea remains unknown. Topical clindamycin, retinoids, and 
azelaic acid in a 20% cream formulation have all also been identified 
as acceptable topical alternatives in the management of rosacea.75

Treatment of Acne Vulgaris
Topical antibacterials are helpful for inflammatory acne.78,79 The pro-
liferation of Propionibacterium acnes is considered critical for the 
development of inflammatory lesions. The blocked follicles become an 
ideal anaerobic culture medium filled with nutrients in the form of 
lipid substrates; P. acnes metabolizes the lipid, producing free fatty 
acids, and this may be the triggering mechanism that leads to retention 
hyperkeratosis and microcomedone formation. Benzoyl peroxide 
exerts its effects by bacteriostatic activity on the proliferation of P. 
acnes. Oxygen is liberated when the drug is decomposed by cysteine 
in the skin, and bacterial proteins are thus oxidized. After 2 weeks of 
daily application, a 10% benzoyl peroxide preparation reduces concen-
trations of free fatty acids by about 50% and P. acnes by about 98%, 
comparable to the levels obtained after 4 weeks of treatment with other 
antibiotics.

Topical antibiotics are used almost universally by dermatologists 
for the treatment of acne vulgaris.78,79 These agents also exert their 
beneficial effects by decreasing the population of P. acnes in the follicle, 
although not as effectively or rapidly as benzoyl peroxide, and they also 
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chapters of this book. This section provides additional information on 
the three most common topical antimicrobials.

Bacitracin
Mechanism of Action. Bacitracin is a polypeptide antibiotic pro-
duced by Bacillus subtilis. There are three bacitracin subgroups: A, B, 
and C. Subgroup A is the major constituent of commercial prepara-
tions.91 Bacitracin contains a thiazoline ring and peptide side chains. 
After administration, it forms a complex with C55-isoprenyl pyrophos-
phate, a component of the bacterial cell wall. This molecule acts as a 
carrier involved in the transfer of polysaccharides, peptidoglycans, and 
lipopolysaccharides to the growing cell wall. Therefore, formation of 
the bacterial cell wall is stunted.

In Vitro Spectrum of Activity. The activity of bacitracin is primar-
ily against gram-positive organisms: staphylococci, streptococci, cory-
nebacteria, and clostridia.91 The development of resistance to bacitracin 
is rare, although it has been reported in S. aureus.

Clinical Uses. Topical bacitracin has been used for many years, 
although its efficacy in controlled clinical trials has never been shown. 
In impetigo, bacitracin ointment was shown to be 80% effective in 
clearing pathogenic organisms,72 although slow or delayed healing 
was noted in one third of those patients cured. Bacitracin was the  
least effective in bullous impetigo, in which four of six patients con-
tinued to develop new lesions, requiring systemic erythromycin 
therapy. Furthermore, in a trial comparing topical bacitracin with 
topical mupirocin or oral cephalexin for the treatment of impetigo, the 
treatment failed in most patients (six of nine) treated with bacitracin.92 
Bacitracin has also been evaluated in the eradication of nasal carriage 
of S. aureus, although its efficacy has never been shown.93 For topical 
use, bacitracin is often formulated with neomycin, polymyxin B, or 
both (see Table 37-2).

Adverse Effects. Toxicity with bacitracin is minimal. Minor skin 
irritation may occur. Cases of anaphylaxis have been reported after the 
topical administration of bacitracin to open lesions91; these patients 
had previous multiple exposures to the drug. In addition, there have 
been rare reports of anaphylaxis after the use of bacitracin as an irrigat-
ing solution in the intraoperative setting and when used topically in 
conjunction with nasal packing after rhinoplasty.94,95 Ready access to 
the systemic circulation appears to be a prerequisite for the develop-
ment of anaphylaxis from this externally applied agent. On rare occa-
sions, allergic contact dermatitis has been reported. Because bacitracin 

A systematic review of this subject was published by Ammerlaan 
and colleagues in 2009.89 This review included all known studies inves-
tigating the eradication of S. aureus carriage. Of the 2388 studies iden-
tified, 23 met the authors’ inclusion criteria, all of which were published 
between March 1977 and October 2008. Of these, 13 studies evaluated 
mupirocin, with either placebo or active comparator arms. In summary, 
short-term nasal application of mupirocin was shown to be effective  
at eradicating S. aureus, with an estimated 90% probability of success 
1 week after treatment and approximately 60% after longer-term 
follow-up (ranging from 14 to 365 days). This compares with an esti-
mated success rate from oral antibiotic administration of 60% 1 week 
after treatment and 50% after longer follow-up. The effectiveness  
of mupirocin was comparable among methicillin-sensitive S. aureus 
(MSSA) and MRSA carriers. Long-term duration of effect is not to be 
expected, and many patients will eventually recolonize. Decolonization 
using mupirocin has had variable efficacy in other groups, including a 
study of soldiers, in which no difference was found in MRSA infection 
rates when mupirocin was compared with placebo.90

Many experts recommend combination topical therapy with nasal 
mupirocin and CHG bathing, with or without oral antibiotics, when 
MRSA decolonization is desired.86 A 5- to 10-day total course with the 
topical therapies is suggested. Longer courses should be avoided 
because of the potential for adverse effects and development of resis-
tance. Once decolonization is complete, routine screening cultures are 
not recommended.86 The value of repeated decolonization attempts is 
unknown.

A noteworthy concern associated with mupirocin decolonization is 
the development of acquired drug resistance. Based on the studies 
evaluated by Ammerlaan and colleagues,89 the use of mupirocin is asso-
ciated with a 1% risk of acquiring a drug-resistant strain during therapy. 
Although this is a low rate, recent surveillance studies have demon-
strated mupirocin-resistant MRSA in up to 13% of the patients in 
institutions that do not practice routine mupirocin use and up to 65% 
in patients in areas where there is widespread use of mupirocin.39

SPECIFIC TOPICAL 
ANTIBACTERIALS
Numerous topical antibacterial agents are available for clinical use in 
various concentrations, vehicles, and mixtures (Table 37-3). Although 
they are used as topical agents, antimicrobials such as clindamycin, 
erythromycin, tetracycline, and gentamicin are covered in other 

TABLE 37-3  Selected Topical Antibacterial Agents in Clinical Use

TOPICAL ANTIBACTERIAL (TRADE 
NAME) CONCENTRATION FREQUENCY INDICATION
Azelaic acid (Azelex) 20% cream Twice daily Acne vulgaris

Benzoyl peroxide 2.5%-10% Once to twice daily Acne vulgaris

Clindamycin (Cleocin,* Clindagel) 1%, 2% Twice daily Acne vulgaris; bacterial vaginosis

Clindamycin–benzoyl peroxide (BenzaClin) 1%-5% Twice daily Acne vulgaris

Erythromycin (Emgel) 2% Twice daily Acne vulgaris

Erythromycin–benzoyl peroxide (Benzamycin) 3%-5% Twice daily Acne vulgaris

Fusidic acid (Fucidin)† 2% Three times daily Skin infections; eradication of nasopharyngeal 
carriage of Staphylococcus aureus

Mafenide (Sulfamylon) — Twice daily Burns

Metronidazole (MetroGel, MetroCream, 
MetroLotion, Noritate)‡

0.075% Once to twice daily Inflammatory pustules, papules, and rosacea; 
bacterial vaginosis

Mupirocin (Bactroban) 2% ointment Three times daily Skin infections; elimination of nasopharyngeal 
carriage of S. aureus

Polymyxin B–bacitracin–neomycin (Neosporin)§ 5000 units/g–400 units/g–3.5 mg/g One to three times daily Prevention of infection in minor cuts, scrapes, 
and burns

Polymyxin B–neomycin–hydrocortisone 
(Cortisporin)

10,000 units/g–3.5 mg/g–0.5% Two to four times daily Corticosteroid-responsive dermatoses with 
secondary infection

Retapamulin (Altabax) 1% ointment Two times daily for 5 days Impetigo caused by S. aureus or Streptococcus 
pyogenes

Silver sulfadiazine (SSD, Silvadene) 1% Once to twice daily Burns

*The 2% formulation is recommended for bacterial vaginosis.
†Not licensed in the United States.
‡Supplied in a 1% cream and given once daily for inflammatory lesions and erythema of rosacea.
§Maximum strength formulation contains 10,000 units/g polymyxin B, 500 units/g bacitracin, and 3.5 mg/g neomycin.
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Mupirocin
Structure and Mechanism of Action. Mupirocin has a chemical 
structure unlike that of any other antimicrobial agent,99,100 containing 
a short fatty acid side chain (9-hydroxy-nonanoic acid) linked to monic 
acid by an ester linkage. Mupirocin is formulated in a bland water-
miscible ointment base consisting of polyethylene glycol 400 and poly-
ethylene glycol 3350. Mupirocin used to be called pseudomonic acid 
because its major metabolite is derived from submerged fermentation 
by Pseudomonas fluorescens. Pseudomonic acid A represents 90% to 
95% of the pseudomonic acid family and is responsible for most of the 
antibacterial activity; three other minor metabolites of similar chemi-
cal structure and antimicrobial spectrum have been denoted as pseu-
domonic acids B, C, and D.99 Mupirocin inhibits bacterial RNA and 
protein synthesis by binding to bacterial isoleucyl–transfer RNA 
(tRNA) synthetase, which catalyzes the formation of isoleucyl-tRNA 
from isoleucine and tRNA.99,100 This prevents the incorporation of iso-
leucine into protein chains of the bacterial cell wall, leading to the 
arrest of protein synthesis. Because of this unique mechanism of 
action, mupirocin does not cross react with other antimicrobial agents.

In Vitro Spectrum of Activity. Mupirocin is bacteriostatic at low 
concentrations near the minimal inhibitory concentration (MIC) for 
S. aureus, but it is bactericidal at concentrations achieved by topical 
administration (20,000 µg/mL with the 2% formulation) after 24 to 
36 hours of exposure.99 It is highly active in vitro against MRSA, staph-
ylococcal strains resistant to other antibacterials (e.g., penicillin,  
streptomycin, neomycin, erythromycin, fusidic acid, lincomycin, 
chloramphenicol, and tetracycline), and streptococci that are associ-
ated with primary and secondary skin infections.99 The exception to 
the antistreptococcal activity of mupirocin is the enterococci. Mupiro-
cin is inactive in vitro against P. aeruginosa, anaerobes, fungi, and the 
Enterobacteriaceae. An important feature of the antibacterial spectrum 
of mupirocin is its weaker in vitro activity against the normal skin flora 
(e.g., Micrococcus, Corynebacterium, and Propionibacterium), which is 
part of the skin’s natural defense against infection. The in vitro antibac-
terial activity of mupirocin is the greatest at an acidic pH, which is 
advantageous because of the low pH of the skin; in one study, mupiro-
cin was fourfold to eightfold more active in vitro at pH 6 than at pH 7.

Long-term therapy with mupirocin can lead to the development of 
resistant staphylococci,99,101 an effect that is irreversible. Staphylococcal 
isolates with low- or intermediate-level resistance have MICs in the 
range of 8 to 256 µg/mL, whereas isolates with MICs at or greater than 
512 µg/mL demonstrate high-level resistance. This resistance can be 
induced in S. aureus by subculturing the organisms onto media con-
taining increasing concentrations of the drug. Naturally occurring 
clones of staphylococci with low-level resistance to mupirocin have 
been described, although their clinical significance is unclear because 
the concentration of mupirocin in ointment exceeds 20,000 µg/mL. 
High-level mupirocin resistance, associated with clinical treatment 
failure, has emerged in both MRSA and Staphylococcus epidermidis.102 
Most mupirocin-resistant staphylococcal isolates have been found in 
patients with chronic skin infections, many of whom had been treated 
with prolonged courses of mupirocin.100 A report from France that a 
5-day course of intranasal mupirocin for decolonization of a patient 
with glycopeptide–intermediate S. aureus (GISA) failed to eradicate 
this isolate, even though the strain was susceptible in vitro to mupiro-
cin.103 The patient went on to develop nosocomial pneumonia with the 
GISA strain, and the strain had developed resistance to mupirocin on 
repeat testing. Several mechanisms have been advanced to explain 
mupirocin resistance in staphylococci. Low-level resistance is most 
likely mediated by altered access to binding sites on isoleucyl-tRNA 
synthetase, whereas high-level resistance appears to be mediated by a 
transferable plasmid carrying the mupA gene, which codes for a modi-
fied isoleucyl-tRNA synthetase.100 It has been suggested that high-level 
resistance may have evolved by the conjugate transfer of plasmids from 
enterococci,104 which are inherently resistant to mupirocin; the conju-
gate transfer of high-level mupirocin resistance has also been observed 
among coagulase-negative staphylococci.105 A study has demonstrated 
that two different isoleucyl-tRNA synthetase enzymes are present in 
highly mupirocin-resistant S. aureus isolates (MIC ≥512 µg/mL), 
whereas only a chromosomally encoded isoleucyl-tRNA synthetase 
enzyme was detected in strains expressing intermediate levels of  

and polymyxin B are both derived from the Bacillus species, cross-
reactivity between the two agents may occur.

Neomycin
Mechanism of Action. Neomycin is an aminoglycoside antibiotic iso-
lated from cultures of Streptomyces fradiae.91 The mechanism of action 
involves inhibition of protein synthesis by binding to the 30S subunit 
of the bacterial ribosome, leading to misreading of the genetic code; 
neomycin may also inhibit the bacterial DNA polymerase.

In Vitro Spectrum of Activity. Neomycin has in vitro activity 
against many gram-positive and gram-negative bacteria, including 
Escherichia coli, Haemophilus influenzae, Proteus species, S. aureus, 
and Serratia species. Pseudomonas aeruginosa is generally resistant.96 
There is minimal in vitro activity against streptococci, although at the 
high concentrations achieved on the skin, S. pyogenes organisms are 
probably killed by topical neomycin preparations.2 Resistance to neo-
mycin has been reported in both gram-positive and gram-negative 
bacteria71,91 and can be plasmid mediated; resistance to other amino-
glycosides, such as kanamycin and gentamicin, may be on the same 
plasmid.

Clinical Uses. Neomycin is widely used in combination with other 
antibiotics, antifungals, and corticosteroids because of its availability, 
relatively low cost, and perceived efficacy.10,71 There are few well-
controlled clinical trials documenting the efficacy and safety of topical 
neomycin.72 Neomycin has been shown to enhance reepithelialization 
in wound healing.11 However, in view of its well-documented contact 
sensitivity, possible systemic toxicity, and cross-reactivity with other 
antibiotics and because of the emergence of resistance, it is difficult to 
recommend the use of topical neomycin in the treatment of superficial 
skin infections.91

Adverse Reactions. Neomycin is not absorbed through intact skin, 
although application to denuded or damaged epithelium can lead to 
sensitization and systemic toxicity.96 After systemic absorption, neo-
mycin is excreted by the kidney. Patients with decreased renal function 
may develop ototoxicity, which is irreversible and may progress after 
discontinuation of the drug. Allergic contact sensitivity is widely 
reported, with a prevalence of 1% to 6% and an incidence of 3% to 
6%.96,97 The incidence of hypersensitivity, as assessed by patch testing 
in 390 patients with suspected contact dermatitis from topical medica-
tions, was approximately 36%.98 Sensitivity is most likely to occur with 
chronic use on inflamed skin. Sensitivity to neomycin was reported in 
49% of patients with a history of allergy to any topical agent.91 Neomy-
cin may also cause mast cell degranulation and histamine release.

Polymyxin B
Mechanism of Action. Polymyxin B is isolated from the aerobic 
gram-positive rod Bacillus polymyxa, a soil organism (see Chapter 31). 
The polymyxins are cationic, branched, cyclic decapeptides that destroy 
bacterial membranes with a surface detergent–like mechanism by 
interacting with membrane phospholipids and increasing cellular 
permeability.

In Vitro Spectrum of Activity. The spectrum of activity of poly-
myxin B is almost exclusively limited to gram-negative organisms. The 
agent is bactericidal against many aerobic gram-negative organisms, 
including P. aeruginosa, but it is not active against Proteus species and 
poorly active against Providencia, Burkholderia, and Serratia species. 
There is no in vitro activity against gram-positive organisms. Although 
Pseudomonas is usually sensitive, the in vitro activity of polymyxin B 
against Pseudomonas is promptly neutralized by divalent cations at 
concentrations in body fluids. Organisms resistant to polymyxin B 
have cell walls that prevent access of the drug to the bacterial cell 
membrane. There is no cross-resistance with other antimicrobial 
agents, and resistance rarely develops during therapy.

Clinical Uses. Polymyxin B is used primarily in the prevention and 
treatment of minor skin infections. It is most often added to neomycin 
and bacitracin (see earlier) to broaden coverage against gram-negative 
organisms.

Adverse Effects. Because polymyxin B binds to cell membranes 
with very high affinity, there is little systemic absorption, and there are 
few reactions even when applied to open wounds. Contact sensitiza-
tion has been reported.
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flucloxacillin, ampicillin, and cephalexin) in the therapy for impetigo, 
and topical mupirocin was found to be as or more effective than the 
oral agent.92,109 However, in many of these studies, the entry criteria 
excluded patients who, in the judgment of the investigator, had too 
many lesions to allow reliable compliance with topical therapy.115 No 
studies have shown that topical therapy is as effective as systemic anti-
microbial therapy for the treatment of widespread, extensive lesions.

Mupirocin is effective for the treatment of secondarily infected 
eczema, burns, lacerations, and leg ulcers. In a study in which 33 
centers contributed a total of 1030 cases,116 mupirocin ointment pro-
duced significantly better bacteriologic and clinical responses than its 
vehicle in the treatment of secondary skin infections. Of 851 evaluated 
patients with 1131 pathogens, mupirocin eliminated 87% (505/583)  
of pathogens versus only 53% (288/548) for the vehicle. In a double-
blind, vehicle-controlled study, mupirocin successfully eradicated 85% 
of S. aureus in 33 patients, compared with a 6% eradication rate in the 
vehicle-treated group117; for all pathogens, the success rate of mupiro-
cin versus the vehicle was 69% versus 14%, respectively. Comparative 
trials have also demonstrated the efficacy of mupirocin compared with 
other topical antibacterials and systemic antimicrobial agents in the 
treatment of secondary skin infections.

The use of mupirocin to eliminate nasal carriage of S. aureus in a 
variety of settings that include outbreaks, preoperative patients, and 
chronic dialysis patients has already been discussed above.

Adverse Effects. Mupirocin is not associated with substantial tox-
icity in humans because of its very low affinity for mammalian 
isoleucyl-tRNA synthetase. The propylene glycol base may irritate 
mucous membranes and eroded skin. There is minimal potential for 
inducing allergic contact dermatitis; only two cases have been 
reported.118 The drug is not phototoxic. Local effects, such as itching, 
stinging, or rash, have been reported when mupirocin is used on 
broken skin or mucous membranes. As mentioned previously, chronic 
exposure to topical mupirocin rarely has been associated with the 
rupture of polyurethane peritoneal dialysis catheters, which may be 
caused by the vehicle portion of the preparation interacting with the 
polyurethane in the catheter.50 No photosensitivity reactions have 
occurred. Mupirocin is listed as a pregnancy category B drug. In exper-
imental animal models, doses were used that were between 14 and 43 
times greater than usual human doses, and no teratogenic effects, 
embryotoxicity, or fertility or reproductive issues were identified.116 
Prolonged use may lead to the overgrowth of nonsusceptible organisms 
such as fungi.

resistance (MIC, 8 to 256 µg/mL). Commercially available Etests (bio-
Mérieux, Durham, NC) to detect mupirocin resistance in S. aureus are 
available and are quite accurate in differentiating low-level from high-
level resistance patterns.106 Etests compare favorably with the more 
traditional disk diffusion method and MIC determination in the detec-
tion of resistance.107 Adding to the concerns about mupirocin resis-
tance is the identification of the gene encoding high-level mupirocin 
resistance in USA300 MRSA clones, one of the most common clones 
found in community-acquired MRSA infections.

Pharmacokinetics. After systemic administration, mupirocin is 
immediately metabolized to monic acid, which is bacteriologically 
inactive and rapidly eliminated (plasma half-life < 30 minutes). Mupi-
rocin is not appreciably absorbed after topical administration to intact 
skin. In one study, a mean of 0.24% of applied radiolabeled ointment 
was absorbed through intact skin after 24 hours of occlusion.108 Greater 
penetration of mupirocin is expected in damaged or diseased skin. 
However, any drug that is absorbed is converted to monic acid, formed 
by deesterification of mupirocin at the ester linkage between the side 
chain and the nucleus, and rapidly eliminated in the urine.91 Skin can 
also metabolize mupirocin to its inactive metabolite but at a rate less 
than 3%. Therefore, because only small amounts of mupirocin pene-
trate the skin and equally small amounts are degraded, most of the 
drug is available to act at the skin level. Because mupirocin is highly 
protein bound (approximately 95%), its activity decreases in the pres-
ence of serum.99

Clinical Uses. Mupirocin is used primarily in skin infections, such 
as impetigo and folliculitis, which are usually caused by S. aureus and 
S. pyogenes, to decolonize the nares in outbreak settings and as prophy-
laxis against a variety of catheter-related and surgical site infections. In 
trials of mupirocin alone in the therapy for impetigo (772 evaluated 
patients),109-111 clinical cure rates ranged from 81% to 100% and bacte-
rial elimination rates from 67% to 100%. Several trials have shown 
mupirocin to be more effective in the treatment of impetigo than its 
polyethylene glycol vehicle, which also has antibacterial activity. Clini-
cal cure and bacterial elimination rates have ranged from 85% to 100% 
and from 80% to 95%, respectively, for mupirocin versus those from 
12% to 84% and from 12% to 63%, respectively, for the vehicle.109-112 
Of eight comparative trials of mupirocin versus several other topical 
antibacterials (neomycin, fusidic acid, chlortetracycline, polymyxin 
B–bacitracin–neomycin),109,113,114 six found mupirocin to be the most 
effective agent. Multiple studies have also compared topical mupirocin 
with systemic antibiotics (erythromycin, cloxacillin, dicloxacillin, 
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38  Antimycobacterial Agents
Richard J. Wallace, Jr., Julie V. Philley, and David E. Griffith

Drugs for mycobacterial infections are discussed in three groups: those 
primarily for the treatment of infections caused by Mycobacterium 
tuberculosis, drugs for infections caused by nontuberculous (atypical) 
mycobacteria (NTM), and agents principally for the treatment of 
leprosy. Approaches to antituberculous chemotherapy have been 
affected by the increasing prevalence of multidrug-resistant M. tuber-
culosis (MDR-TB), defined as resistance to at least isoniazid (INH) and 
rifampin,1-5 and extensively drug-resistant M. tuberculosis (XDR-TB), 
defined as resistance to at least INH and rifampin, resistance to any 
fluoroquinolone, and resistance to at least one second-line injectable 
drug,5-10 and by the special impact on M. tuberculosis of those infected 
with human immunodeficiency virus (HIV).5,11,12

MDR-TB and XDR-TB strains have necessitated the use of drugs 
that are considered second-line agents, as well as drugs that must be 
administered by injection.13 The list of agents active against MDR-TB 
and XDR-TB strains remains limited; however, recent development 
and introduction of new antituberculous drugs has significantly 
improved the outlook for successful treatment of M. tuberculosis 
strains resistant to “standard” first-line and second-line agents. The 
current pace of new tuberculosis drug development is unprecedented 
and cause for optimism even in the presence of increasing MDR-TB 
and XDR-TB disease prevalence. It still must be emphasized that to 
prevent the emergence of acquired drug resistance and to treat opti-
mally both drug-susceptible and drug-resistant M. tuberculosis infec-
tion universal supervised therapy is essential.14,15

MDR-TB and XDR-TB infections are of increased concern in 
persons immunologically disabled by HIV with or without acquired 
immunodeficiency syndrome (AIDS) because the host contribution to 
controlling the infection is severely diminished. HIV-infected indi-
viduals have a number of other special problems. They are especially 
prone to adverse drug reactions.16,17 The susceptibility of protease 
inhibitors (PIs) and non-nucleoside reverse transcriptase inhibitors 
(NNRTIs) to hepatic metabolism induced by rifamycins, especially 
rifampin and rifapentine, necessitates the ongoing need for regimens 
that exclude these agents.16,17 In addition, malabsorption of antituber-
culous drugs can occur in AIDS patients, resulting in suboptimal anti-
tuberculous serum drug levels, which predisposes to acquired drug 
resistance.18

The early years of HIV disease saw a dramatic increase in the preva-
lence and severity of infections caused by M. avium and other NTM, 

especially in their disseminated forms. Fortunately, the combination  
of the macrolide-azalide group with ethambutol was active against  
M. avium and other NTM, even in patients with markedly impaired 
cell-mediated immune defenses. In recent years, with great advance-
ment in antiretroviral therapy and the use of disseminated M. avium 
prophylaxis, the incidence of disseminated disease in advanced HIV 
infection has markedly declined. The effects of HIV infection and 
AIDS on leprosy and its chemotherapy do not appear to be as great as 
expected.

Traditionally, antimicrobial agents for tuberculosis have been clas-
sified as first-line drugs, having superior efficacy with acceptable toxic-
ity, and second-line drugs, having less efficacy and greater toxicity. 
Several excellent reviews of antimycobacterial agents and therapy are 
available,13,19-24 including guidelines for therapy for MDR-TB infec-
tion.13,19,21 Effective treatment of both MDR-TB and XDR-TB strains 
requires detailed information about extended drug susceptibilities to 
guide individualized treatment regimens.8,13,25

Antituberculous drugs differ in their mechanism of bactericidal 
action and in their delivery to tuberculous lesions. Three of the first-
line agents—INH, rifampin, and ethambutol—are active against the 
large populations of tubercle bacilli in cavities. Streptomycin (now 
considered a second-line agent), other aminoglycosides, and capreo-
mycin penetrate cells poorly and are inactive at acidic pH. Pyrazin-
amide (PZA; the fourth first-line agent), which is inactive at the neutral 
or slightly alkaline pH that may occur extracellularly, is active only in 
acidic environments such as within macrophages. Slowly replicating 
organisms in necrotic foci are killed by rifampin and somewhat less 
readily by INH.

First-line antituberculous agents, except ethambutol, are bacteri-
cidal. The bactericidal activities of both INH and rifampin against 
tubercle bacilli in cavitary, intracellular, or necrotic foci provide the 
basis for the efficacy of short-course INH-rifampin regimens. A com-
bination of three bactericidal agents that are active against intracellular 
organisms—INH, rifampin, and PZA—is essential for the 2-month 
initiation phase of the standard 6-month regimen currently recom-
mended for drug-susceptible disease in the United States. A residual 
population consisting of virtually nonreplicating dormant tubercle 
bacilli within necrotic foci is especially difficult to eradicate, perhaps 
explaining the minimum of 4 months of continuation phase therapy 
needed even in persons with competent immune defenses.

Therapy for Tuberculosis (Mycobacterium 
tuberculosis) (see Chapter 251)
• Isoniazid, rifampin, pyrazinamide, and 

ethambutol are first-line agents for drug-
susceptible tuberculosis. Doses of antiretroviral 
agents may need adjustment (see Table 38-3).

• Initiation of treatment for HIV infection may 
need to be delayed in patients starting 
treatment for tuberculosis (see Table 38-2 and 
http://aidsinfo.nih.gov/guidelines).

• Streptomycin is a potent but more toxic 
first-line agent.

• Rifabutin is used instead of rifampin in 
patients receiving protease inhibitors for HIV 
infection (see Table 38-5).

• Rifapentine is recommended for directly 
observed therapy along with isoniazid, both 
given once weekly for 12 weeks for latent 
tuberculosis.

• Once-a-week administration of rifapentine and 
isoniazid can be used for the continuation 
phase of noncavitary pulmonary tuberculosis 
in patients without HIV infection whose smear 
is negative at 2 months.

• Capreomycin, a polypeptide antibiotic, 
amikacin, kanamycin, para-aminosalicylic  
acid, quinolones, cycloserine, linezolid,  
and ethionamide are second-line agents  
used for drug-resistant M. tuberculosis 
infection.

• Bedaquiline is a recently marketed drug for 
drug-resistant tuberculosis.

Therapy for Leprosy (Mycobacterium 
leprae) (see Chapter 252)
• Dapsone, rifampin, and clofazimine are 

first-line agents. Clofazimine use is restricted 
(see text).

Therapy for Other Mycobacterial 
Infections
• Tetracyclines, macrolides, and quinolones are 

discussed more extensively in Chapters 26, 29, 
and 34.

SHORT VIEW SUMMARY
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resistant in over 70% of cases treated with INH monotherapy for 3 
months. Resistance results from selection under antimicrobic pressure 
of resistant mutants of M. tuberculosis that number 1 in 106 among 
untreated bacillary populations. Large populations like the 109 to 1010 
bacilli in pulmonary cavities are especially likely to contain significant 
numbers of inherently resistant tubercle bacilli. Low-level INH resis-
tance, defined as an INH minimal inhibitory concentration (MIC) for 
M. tuberculosis of greater than 0.1 µg/mL but less than 1.0 µg/mL is 
most commonly associated with point mutations or short deletions 
within the catalase-peroxidase gene (katG), which still produces some 
enzymatic activity, whereas high-level resistance, defined as an INH 
MIC for M. tuberculosis of greater than 1.0 µg/mL, is associated with 
major deletions within the gene with loss of all enzymatic activity.26,27 
Resistance in the regulatory region of a second gene involved in 
mycolic acid synthesis (inhA) also confers INH resistance.26,27 The inci-
dence of INH resistance among new cases of tuberculosis in 2011 was 
7% in persons born in the United States and 11% in persons born 
outside the United States, including immigrants from Africa, Southeast 
Asia, Eastern Europe, and Central America, where INH resistance is 
more common.11,12,28

Pharmacology.  INH is well absorbed orally or intramuscularly 
and is distributed throughout the body. Cerebrospinal fluid (CSF) 
levels are generally about 20% of plasma concentrations but may 
approach plasma levels in the presence of meningeal inflammation. 
Co-administration with vitamin C appears to inactivate INH suspen-
sions markedly.29

Metabolism of INH occurs initially by hepatic N-acetyltransferase. 
Diminished acetylation capacity is inherited as an autosomal recessive 
trait that varies from a 5% prevalence rate in Canadian Eskimos to  
83% in Egyptians. Ten percent to 15% of Asians are “slow” acetylators, 
as are 58% of American whites. Six hours after a 4-mg/kg oral dose, 
slow acetylators exhibit plasma INH levels of more than 0.8 µg/mL and 

Much of the following discussion of individual antimycobacterial 
agents is taken from existing guidelines. In collaboration with other 
organizations, the Centers for Disease Control and Prevention (CDC) 
will be updating treatment guidelines for latent M. tuberculosis infec-
tion (LTBI) and established tuberculosis probably close to the publica-
tion of this volume. Additionally, new technologies such as the widely 
available TB GeneXpert and gene sequencing (available through the 
CDC) offer the clinician the ability to rapidly (within days) detect 
drug-resistant M. tuberculosis strains to avoid ineffective and toxic 
empirical second-line medication regimens for tuberculosis. The 
reader is strongly encouraged to monitor the CDC website for timely 
review of the anticipated new guidelines and details about the indica-
tions and procedures for utilizing the tubercular drug resistance rapid 
identification technologies.

Chemical structures of the major drugs discussed in this chapter 
are shown in Figure 38-1.

FIRST-LINE ANTITUBERCULOUS 
DRUGS
Isoniazid
Derivation  and  Structure.  Isoniazid, isonicotinic acid hydrazide 
(INH), a synthetic agent, was introduced in 1952.

Mechanism  of  Action.  Isoniazid is bactericidal against actively 
growing M. tuberculosis and bacteriostatic against nonreplicating 
organisms. It acts by inhibition of synthetic pathways of mycolic acid, 
an important constituent of mycobacterial cell walls. It also likely 
inhibits the catalase-peroxidase enzyme, coded for by the gene katG.

Antimicrobial  Activity  and  Resistance.  Against M. tuberculosis, 
0.025 to 0.05 µg/mL of INH is inhibitory, and higher concentrations 
are bactericidal against replicating organisms. When INH is adminis-
tered alone as monotherapy in the presence of active tubercular disease, 
resistance to INH will emerge. Initially susceptible isolates become 

FIGURE 38-1  Structures of major antimycobacterial agents. A, Isoniazid. B, Rifampin. C, Ethambutol. D, Rifabutin. E, Rifapentine. F, Pyrazinamide. 
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TABLE 38-1  Need for Dosage Modification for 
Antituberculous Drugs in Hepatic or Renal Failure

ANTIMICROBIAL 
DRUG

MODIFY IN 
HEPATIC FAILURE

MODIFY IN 
RENAL FAILURE

Isoniazid No No

Pyrazinamide Yes Yes

Ethambutol No Yes

Rifampin ?Yes No

Rifabutin ?Yes No

Amikacin No Yes

Capreomycin No Yes

Kanamycin No Yes

Streptomycin No Yes

Quinolones No Yes (levofloxacin, not 
moxifloxacin)

Para-aminosalicylic acid No Yes

Ethionamide Yes No

Cycloserine No Yes

FIGURE 38-1, cont’d  G, Streptomycin. H, Dapsone. I, clofazimine. J, Capreomycin. K, Para-aminosalicylic acid. L, Cycloserine. M, Ethionamide. 

rapid acetylators have levels of less than 0.2 µg/mL.20 The striking 
bimodal distribution of plasma half-lives of INH depending on acety-
lator status generally does not affect the outcome with daily therapy, 
because plasma levels are maintained well above inhibitory concentra-
tions. Metabolically altered INH is principally excreted in urine along 
with lesser amounts of unaltered drug. Dosage modification in renal 
insufficiency is not necessary. The benefit of dosage adjustment with 
significant hepatic disease is not established. Table 38-1 summarizes 

dosage modifications for INH and other antituberculous drugs in 
hepatic or renal failure.
Adverse Reactions
Hepatitis.  INH has infrequent major toxicities, most notably hepatitis. 
Ten to 20 percent of INH recipients have asymptomatic minor eleva-
tions in serum aspartate aminotransferase levels that usually resolve 
even with continued therapy.30 A meta-analysis of six studies estimated 
the rate of clinical (symptomatic) hepatitis in patients given INH alone 
to be approximately 0.6%.31 Recent data indicate that the incidence of 
clinical hepatitis is even lower. Hepatitis occurred in only 0.1% to 
0.15% of 11,141 persons receiving INH alone as treatment for LTBI in 
an urban tuberculosis control program.32 Early estimates of the inci-
dence of severe or major INH hepatotoxicity were provided from the 
results of a large multicenter U.S. National Institutes of Health (NIH)–
sponsored trial. Fatal hepatitis occurred in 8 of nearly 14,000 patients 
receiving INH.33 All but one of the deaths occurred in one study center, 
and patients did not receive routine monitoring for toxicity during the 
trial.33 More recent studies, however, suggest that the rate of fatal INH-
related hepatitis is substantially lower.32,34,35 The likely explanation is 
the adoption in the early 1980s of uniform clinical toxicity monitoring 
for patients receiving INH for treatment of LTBI.34,35 Hepatotoxicity 
can occur at any time but generally occurs after weeks to months of 
therapy rather than days to weeks after treatment is begun. INH hepa-
totoxicity is correlated with age, presumably owing to a diminished 
capacity for repair of INH-induced hepatocellular damage in the 
elderly. Undernutrition may also play a role in the expression of INH 
hepatotoxicity.36 Hepatotoxicity is increased in several groups: alco-
holic patients; patients with preexisting liver damage33; pregnant 
women and women up to 3 months postpartum37; patients also taking 
INH in combination with acetaminophen38; patients receiving other 
potentially hepatotoxic agents such as rifampin35; patients with active 
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reactions are not necessarily related to pyridoxine deficiency but have 
responded to its administration.20

Hypersensitivity  Reactions.  Fever, which may be sustained or 
“spiking,” skin eruptions, or hematologic abnormalities can occur. INH 
recipients can develop positive antinuclear antibody reactions and 
rarely manifest a lupus-like syndrome that is reversible on discontinu-
ation of the INH.

Miscellaneous  Adverse  Reactions.  INH-associated arthritic dis-
orders have included Dupuytren’s contracture and shoulder-hand syn-
drome.20,24 Pellagra can occur in malnourished INH recipients.20,49 
Pyridoxine deficiency–related anemia can occur in children or adults.50

Overdose.  Accidental ingestion of INH by children or ingestion 
during a suicide attempt may result in metabolic acidosis, hyperglyce-
mia, seizures, and coma. High-dose pyridoxine usually reverses these 
toxicities.

Significant  Drug  Interactions.  Particular caution is indicated 
when administering INH to those with a seizure disorder. INH may 
alter metabolism of antiseizure medications, so it is important to 
monitor the blood levels of seizure medications for patients taking 
INH. Phenytoin (Dilantin) toxicity is potentiated by INH. Mental 
changes, nystagmus, and ataxia can result, especially in slow acetylators 
whose high INH levels inhibit phenytoin metabolism. Theophylline 
toxicity has been reported with co-administration of INH. INH 
decreases the efficacy of clopidogrel by decreasing the metabolism of 
the parent compound to the more biologically active metabolite. Com-
bined INH and rifampin therapy predisposes to elevation of plasma 
hepatic enzymes. Plasma INH concentrations are increased by para-
aminosalicylic acid (PAS) through interference with acetylation. 
Although significant drug interactions are less frequent with INH than 
with rifampin, it is important to check for all potential drug-drug 
interactions for any patient taking INH.

Usage.  INH is indicated for all clinical forms of tuberculosis. It is 
used alone for therapy for LTBI for selected purified protein derivative 
(PPD) skin test or interferon-γ release assay (IGRA) reactors at high 
risk for developing active tuberculosis disease.35 The most recent CDC/
American Thoracic Society (ATS) guidelines state that INH is consid-
ered safe in pregnancy, but the risk for hepatitis may be increased both 
before and after delivery. Supplementation with pyridoxine is recom-
mended if INH is administered during pregnancy.19,35 It is approved 
for treating active tuberculosis in pregnant patients, but it should be 
given with caution, and then only for selected high-risk patients with 
LTBI (e.g., HIV-seropositive patients or recent contacts to individuals 
with active tuberculosis).35

Availability  and  Dosage.  INH is available generically (tablets, 
syrup, injectable solutions) and under brand names—INH tablets or 
Nydrazid injectable solution. Dosage forms include 100- and 300-mg 
tablets; syrup containing 10 mg/mL; 100 mg/mL solution for paren-
teral injection; and combination capsules combining 150 mg of INH 
with 300 mg of rifampin (Rifamate) or tablets of 50 mg with 120 mg 
of rifampin and 300 mg of PZA (Rifater). The usual adult dosage is 
5 mg/kg/day (preferably 300 mg once daily). A higher dosage (10 to 
15 mg/kg; maximum, 300 mg/day) has been recommended for infants 
and children.

With the routine use of directly observed therapy for all patients, 
twice- or three-times-weekly high-dose INH, 15 mg/kg orally (maxi-
mum 900 mg), is combined with rifampin, 10 mg/kg (maximum 
600 mg orally), and PZA, 50 mg/kg (maximum 4 g), after an initial 
period of daily drug therapy for drug-susceptible tuberculosis. For 
most patients in the United States with tuberculosis, these drugs  
are combined with ethambutol, 50 mg/kg orally (maximum 4 g)  
twice weekly, or streptomycin, 20 mg/kg intramuscularly, until sus-
ceptibilities are available. A reliable urine test is available to confirm 
INH ingestion.51 Although the preferred parenteral route is intra-
muscular injection, INH for injection can be administered safely 
intravenously.52

Rifampin (see also Chapter 27)
Derivation and Structure.  Rifampin (termed rifampicin in the United 
Kingdom) is a semisynthetic derivative of a complex macrocyclic anti-
biotic, rifamycin B, produced by Streptomyces mediterranei. It was 
introduced for clinical trials in tuberculosis in 1967.

hepatitis B; and HIV-seropositive patients on highly active antiretro-
viral therapy.39 Histologically, hepatocellular damage can progress to 
submassive necrosis. Although active hepatitis B is considered a con-
tributing factor to INH hepatotoxicity,40,41 INH has been safely admin-
istered to some with acute hepatitis42 and for LTBI to persons 
chronically infected with hepatitis B and C.39,43,44 Educating patients 
about the recognition of symptoms of INH-induced liver disease is key 
in preventing its progression. As noted, routine clinical monitoring of 
patients receiving INH is mandatory.35 Routine monitoring of serum 
hepatic enzyme concentrations is not indicated for all patients at the 
start of treatment of LTBI. Baseline testing is recommended for patients 
whose initial evaluation suggests a liver disorder, patients infected with 
HIV who are receiving highly active antiretroviral therapy, pregnant 
women and those in the immediate postpartum period (i.e., within 3 
months of delivery), persons with a history of chronic liver disease 
(e.g., hepatitis B or C, alcoholic hepatitis, or cirrhosis), persons who 
use alcohol regularly, and others who are at risk for chronic liver 
disease.35,39 Baseline testing is no longer routinely indicated in persons 
older than 35 years of age.35,39 Laboratory monitoring during treatment 
of LTBI is indicated for patients whose baseline liver function test 
results are abnormal and for other persons at risk for hepatic 
disease.35,39,45 Although biochemical monitoring may contribute to 
patient confidence and adherence with the treatment regimen, the 
contribution of routine biochemical monitoring to the safety of INH 
administration is not proven. The importance of routine clinical moni-
toring is clear, however, and must be applied rigorously with or without 
biochemical monitoring.

The most feared INH-related toxicity is fulminant hepatic failure 
necessitating liver transplantation or resulting in death. The CDC con-
ducted a detailed analysis of 17 patients with severe INH-related hepa-
toxicity over a 4-year period.46 The estimated incidence of death and 
liver transplantation was 1/150,000 to 1/220,000 patients receiving 
INH therapy for LTBI. Although continuation of INH after the onset 
of hepatitis-related symptoms was associated with severe hepatotoxic-
ity, some patients still developed severe hepatotoxicity after stopping 
INH within days to a week of symptom onset. Although it is not uni-
versally protective, patients should be strongly advised to discontinue 
INH therapy at the onset of symptoms consistent with incipient hepa-
titis, such as nausea, loss of appetite, and dull midabdominal pain. 
Perhaps most disconcerting, there were two children younger than 15 
years of age in this series of patients. The overall conclusions of this 
analysis were that severe hepatotoxicity was idiosyncratic, occurred at 
any time during INH treatment, occurred even with careful clinical 
and biochemical monitoring and with appropriate (recommended) 
doses of INH, and could occur in children.46

Most hepatotoxicity subsides after INH discontinuation. Cautious 
readministration of INH after a resolution of hepatitis for selected 
patients has been reported to be well tolerated and safe,47 although 
consideration should be given in these patients to alternative therapies 
for LTBI, such as rifampin.35,39 Recognition of the frequency and sever-
ity48 of INH hepatotoxicity has not curtailed therapeutic usage but has 
led to a revision of indications for treatment of LTBI, with special 
caution indicated for groups identified at high risk for INH hepatotox-
icity (see earlier discussion).35,39,48

Neurotoxicity.  Peripheral neuropathy has been described in 17% 
of recipients of 6 mg/kg/day of INH but is less frequent when adults 
receive the standard dose of 300 mg/day. Poor nutrition or underlying 
alcoholism, diabetes mellitus, or uremia predisposes to neuropathy, 
which is more frequent in slow acetylators who have higher plasma 
levels of unaltered drug. Increased pyridoxine excretion is promoted 
by INH. Pyridoxine, 10 to 50 mg daily, can ameliorate the neuropathy 
without interfering with the antimycobacterial effect. Current guide-
lines suggest that pyridoxine use is necessary only for patients with 
underlying predispositions for neuropathy, as outlined earlier, but pyri-
doxine use is essentially universal for patients receiving INH. It is 
noteworthy that neuropathy is a manifestation of excessive pyridoxine 
dosing.

INH-induced central nervous system (CNS) toxicity can produce 
aberrations ranging from memory loss to psychosis or seizures. Optic 
neuropathy has been reported and can be confused with ethambutol-
related optic neuritis in patients receiving both drugs. Toxic CNS 
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no recommendations for rifampin dosage modification (i.e., dose 
reduction) with either hepatic or renal insufficiency. Rifampin is 
removed by hemodialysis or peritoneal dialysis.57

Adverse  Reactions.  Minor adverse reactions are rather frequent 
with rifampin, but cessation of therapy because of adverse effects was 
necessary in only 6 of 372 patients taking the drug for 20 weeks.58

Hepatitis.  Rifampin’s major adverse effect is hepatitis. Minimal 
abnormalities in liver function tests are common in those taking 
rifampin and usually resolve, possibly because of autoinduction of its 
metabolism even with continuation of the drug. Characteristically, 
elevations of bilirubin and alkaline phosphatase levels result, whereas 
elevation of hepatocellular enzyme concentrations can be caused by 
rifampin, INH, or both. Alcoholic patients with preexisting liver 
damage appear to be especially prone to rifampin-induced liver reac-
tions. There is no clear evidence that rifampin monotherapy for LTBI 
is associated with fulminant hepatic failure as reported with INH 
therapy for LTBI.

Effects on Immune Parameters.  Rifampin has widespread effects 
on humoral and cell-mediated immunity, but they appear to be of no 
clinical significance.

Hypersensitivity  Reactions.  Flushing, fever, pruritus without 
rash, urticaria, cutaneous vasculitis, eosinophilia, thrombocytopenia, 
hemolysis, or renal failure due to interstitial nephritis can occur 
because of rifampin. A systemic flulike syndrome, at times associated 
with thrombocytopenia, has been described almost exclusively with 
intermittent, high-dose therapy.

Miscellaneous  Adverse  Reactions.  Widespread distribution of 
rifampin is reflected in an orange color appearing in urine, feces, saliva, 
sputum, pleural effusions, tears, soft contact lenses, sweat, semen, and 
CSF. With overdosage, a red man syndrome of skin discoloration has 
been described. Gastrointestinal upset is frequent but is usually ame-
liorated by a temporary reduction in dosage.

Significant Drug Interactions.  By induction of microsomal cyto-
chrome P-450–mediated enzymatic activities, rifampin causes 
increased hepatic metabolism of many substances. Rifampin interac-
tion with more than 100 drugs has been described.16,17,59-61 A compila-
tion of this expanding list of compounds is given in Table 38-2. The 
induction period with rifampin may last for weeks after the drug is 
discontinued. The recent introduction of PIs and NNRTIs for the  

Mechanism  of  Action.  Rifampin inhibits DNA-dependent RNA 
polymerase; human RNA polymerase is insensitive.

Antimicrobial  Activity  and  Resistance.  Rifampin is bactericidal 
against actively replicating M. tuberculosis to a degree comparable to 
INH with MICs of 0.005 to 0.2 µg/mL. It is also active against intracel-
lular, slowly replicating bacilli and somewhat against nearly dormant 
organisms in necrotic foci. Rifampin’s efficacy is indicated in suscep-
tible pulmonary tuberculosis by sputum conversion 2 weeks earlier 
with rifampin-containing regimens than with regimens without the 
drug. Resistance emerges rapidly if the drug is given as monotherapy. 
Approximately 95% of resistance to rifampin results from a point muta-
tion or deletion within an 81-base pair region of the gene encoding the 
β-subunit of RNA polymerase (rpoB).27,53 Mutations in the rpoB gene 
can be rapidly detected with the tuberculosis GeneXpert technology 
that is widely available in the United States. The prevalence of rifampin 
resistance among new cases of tuberculosis in the United States is cur-
rently less than 1%.4,11,12 Isolated resistance to rifampin in the United 
States has been strongly associated with HIV infection.54 Resistance to 
rifampin is associated in all instances with cross-resistance to rifapen-
tine and in most instances with rifabutin, especially in the presence of 
high-level resistance. Rifampin resistance coupled with resistance to 
INH and other antituberculous agents defines either MDR-TB or 
XDR-TB isolates, depending on the number and type of antitubercu-
lous agents to which the M. tuberculosis isolate is resistant.5

Pharmacology.  Rifampin is well absorbed orally, yielding peak 
plasma concentrations of 7 to 8 µg/mL after a dose of 600 mg. It is 
widely distributed throughout the body. CSF concentrations range 
from undetectable to 0.5 µg/mL in healthy persons and reach 50% of 
plasma concentrations with meningeal inflammation. Rifampin’s high 
lipid solubility enhances phagosomal penetration. Rifampin is deacety-
lated to an active form that undergoes biliary excretion and enterohe-
patic recirculation. Because of autoinduction of rifampin metabolism 
(cytochrome P-450–coupled),55 biliary excretion increases with contin-
ued therapy. Induction of rifampin’s metabolism with consequent 
reduction in its half-life and plasma concentrations becomes maximal 
after approximately six doses.56 Excretion is primarily into the gastro-
intestinal tract, with lesser amounts in the urine. The plasma concen-
tration and urinary excretion increase in hepatic failure. Probenecid 
blocks hepatic uptake, causing decreased biliary excretion. There are 

TABLE 38-2  Mycobacterium tuberculosis Disease in Human Immunodeficiency Virus (HIV) Coinfection
•  The principles for treatment of active tuberculosis (TB) disease in HIV-infected patients are the same as those for HIV-uninfected patients.

•  All HIV-infected patients with diagnosed active TB should be started on TB treatment as soon as possible.

•  All HIV-infected patients with diagnosed active TB should be treated with antiretroviral therapy (ART).

•  In patients with CD4 counts <50 cells/mm3, ART should be initiated within 2 weeks of starting TB treatment.

•  In patients with CD4 counts ≥50 cells/mm3 who present with clinical disease of major severity as indicated by clinical evaluation (including low Karnofsky score, low 
body mass index, low hemoglobin, low albumin, organ system dysfunction, or extent of disease), ART should be initiated within 2 to 4 weeks of starting TB treatment. 
The strength of this recommendation varies on the basis of CD4 cell count:
○  CD4 count 50 to 200 cells/mm3 (BI)
○  CD4 count >200 cells/mm3 (BIII)

•  In patients with CD4 counts ≥50 cells/mm3 who do not have severe clinical disease, ART can be delayed beyond 2 to 4 weeks of starting TB therapy but should be 
started within 8 to 12 weeks of TB therapy initiation. The strength of this recommendation also varies on the basis of CD4 cell count:
○  CD4 count 50 to 500 cells/mm3 (AI)
○  CD4 count >500 cells/mm3 (BIII)

•  In all HIV-infected pregnant women with active TB, ART should be started as early as feasible, both for maternal health and for prevention of mother-to-child 
transmission of HIV.

•  In HIV-infected patients with documented multidrug-resistant and extensively drug-resistant TB, ART should be initiated within 2 to 4 weeks of confirmation of TB drug 
resistance and initiation of second-line TB therapy.

•  Despite pharmacokinetic drug interactions, a rifamycin (rifampin or rifabutin) should be included in TB regimens for patients receiving ART, with dosage adjustment if 
necessary.

•  Rifabutin is the preferred rifamycin to use in HIV-infected patients with active TB disease on a protease inhibitor (PI)-based regimen because the risk for substantial 
drug interactions with PIs is lower with rifabutin than with rifampin (AII).

•  Co-administration of rifampin and PIs (with or without ritonavir boosting) is not recommended (AII).

•  Rifapentine is not recommended in HIV-infected patients receiving ART for treatment of latent TB infection or active TB, unless in the context of a clinical trial (AIII).

•  Immune reconstitution inflammatory syndrome (IRIS) may occur after initiation of ART. Both ART and TB treatment should be continued while managing IRIS (AIII).

•  Treatment support, which can include directly observed therapy of TB treatment, is strongly recommended for HIV-infected patients with active TB disease (AII).

Rating of Recommendations: A = Strong; B = Moderate; C = Optional.
Rating of Evidence: I = data from randomized controlled trials; II = data from well-designed nonrandomized trials or observational cohort studies with long-term clinical 

outcomes; III = expert opinion
Modified from Department of Health and Human Services: Guidelines for the Use of Antiretroviral Agents in HIV-1 Adolescents and Adults. Last updated 3/27/2012. For 

the most up-to-date guidelines, see http://aidsinfo.nih.gov/guidelines.

http://aidsinfo.nih.gov/guidelines
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Competition for excretion with contrast agents used for biliary tract 
imaging may cause inability to visualize the gallbladder. Probenecid 
interferes with renal excretion, whereas PAS may interfere with gastro-
intestinal absorption.

Usage.  Rifampin is indicated for treatment of all forms of pulmo-
nary and extrapulmonary tuberculosis. It is recommended for treat-
ment of LTBI as an alternative choice to INH.35 The available data 
suggest that the efficacy of rifampin for treating LTBI appears compa-
rable to that of INH, and, as noted, it appears to be less frequently 
associated with severe hepatotoxicity. Rifampin in combination with 
PZA was shown to be effective in HIV-positive patients for prophylaxis 
when given for only 2 months,63 but for reasons that have yet to 
be elucidated the combination of rifampin and PZA for treatment  
of LTBI was associated with an unanticipated high rate (almost 6%)  
of severe or fatal hepatotoxicity, especially in HIV-seronegative 
patients.64,65 The rifampin/PZA combination is, therefore, not currently 

treatment of HIV infection has complicated the treatment of tubercu-
losis in this setting (see Table 38-2). Because rifampin induces metabo-
lism of PIs and NNRTIs, rifampin should not be co-administered with 
these agents.16,17,62 The most recent guidelines for co-administration of 
rifamycins with antiretroviral agents are summarized in Table 38-3 and 
can be found on the NIH website (http://aidsinfo.nih.gov/guidelines), 
which is a “living document” with ongoing updates.17 Assistance can 
also be found at the CDC website (www.cdc.gov/tb/publications/
guidelines/TB_HIV_Drugs/default.htm).17 As new antiretroviral 
agents and more pharmacokinetic data become available, treatment 
recommendations are likely to be modified, so the reader is encouraged 
to check these websites periodically for updates.

In general, the co-administration of antituberculosis drugs and 
antiretroviral drugs should be initiated and guided by clinicians expe-
rienced in the treatment of these patients and familiar with the poten-
tial drug-drug interactions.

TABLE 38-3  Recommendations for Co-administering Antiretroviral Drugs with Rifampin

RECOMMENDED CHANGE IN DOSE OF 
ANTIRETROVIRAL DRUG

RECOMMENDED CHANGE 
IN DOSE OF RIFAMPIN COMMENTS

Non-nucleoside Reverse Transcriptase Inhibitors
Efavirenz None (some experts recommend 800 mg for patients 

>60 kg)
No change (600 mg/day) Efavirenz AUC ↓ by 22%; no change in 

rifampin concentration. Efavirenz 
should not be used during the first 
trimester of pregnancy.

Nevirapine Nevirapine and rifampin should not be used together Nevirapine AUC ↓ 37%-58% and Cmin ↓ 68% with 200 mg twice daily

Rilpivirine Rifampin and Rilpivirine should not be used together Rilpivirine AUC ↓ by 80%

Etravirine Etravirine and rifampin should not be used together Marked decrease in etravirine predicted, based on data on the interaction 
with rifabutin

Single Protease Inhibitors
Ritonavir Rifampin and ritonavir should not be used together Significantly ↓ PI exposure (>75%) 

despite ritonavir boosting

Fosamprenavir Rifampin and fosamprenavir should not be used 
together

Atazanavir Rifampin and atazanavir should not be used together Atazanavir AUC ↓ by >95%

Indinavir Rifampin and indinavir should not be used together Indinavir AUC ↓ by 89%

Nelfinavir Rifampin and nelfinavir should not be used together Nelfinavir AUC ↓ 82%

Saquinavir Rifampin and saquinavir should not be used together Saquinavir AUC ↓ by 84%

Dual Protease-Inhibitor Combinations
Saquinavir/ritonavir Saquinavir 400 mg + ritonavir 400 mg twice daily No change (600 mg/day) Use with caution; the combination of 

saquinavir (1000 mg twice-daily), 
ritonavir (100 mg twice-daily), and 
rifampin caused unacceptable rates of 
hepatitis among healthy volunteers

Lopinavir/ritonavir 
(Kaletra)

Increase the dose of lopinavir/ritonavir (Kaletra) to 4 
tablets (200 mg of lopinavir with 50 mg of 
ritonavir) twice daily

No change (600 mg/day) Use with caution; this combination 
resulted in hepatitis in all adult healthy 
volunteers in an initial study

“Super-boosted” 
lopinavir/ritonavir 
(Kaletra)

Lopinavir/ritonavir (Kaletra)—2 tablets (200 mg of 
lopinavir with 50 mg of ritonavir) + 300 mg of 
ritonavir twice daily

No change (600 mg/day) Use with caution; this combination 
resulted in hepatitis among adult 
healthy volunteers. However, there are 
favorable pharmacokinetic and clinical 
data among young children.

Atazanavir/ritonavir The standard dose of ritonavir-boosted atazanavir 
(300 mg once daily with 100 mg of ritonavir) 
should not be used with rifampin

Atazanavir trough concentration ↓ 
by >90%

Tipranavir/ritonavir Rifampin and tipranavir/ritonavir should not be used together

Darunavir/ritonavir Rifampin and darunavir/ritonavir should not be used together

CCR-5 Receptor Antagonists
Maraviroc Increase maraviroc to 600 mg twice daily No change (600 mg/day) Maraviroc Cmin ↓ by 78%. No reported 

clinical experience with ↑ dose of 
maraviroc with rifampin.

Integrase Inhibitors
Raltegravir No change No change (600 mg/day) Increase raltegravir dose to 800 mg orally 

twice daily; monitor for antiretroviral 
efficacy or switch to rifabutin

Elvitegravir/cobicistat/
tenofovir/emtricitabine 
(Stribild)

Co-administration should be avoided Cobicistat and elvitegravir concentrations 
may be significantly ↓. Consider an 
alternative antimycobacterial or 
alternative antiviral regimen.

AUC, area under the curve; PI, protease inhibitor.
Modified from UpToDate, 2013. For the most up-to-date information, see http://www.aidsinfo.nih.gov/contentfiles/lvguidelines/adultandadolescentgl.pdf

http://www.aidsinfo.nih.gov/contentfiles/lvguidelines/adultandadolescentgl.pdf
http://aidsinfo.nih.gov/guidelines
http://www.cdc.gov/tb/publications/guidelines/TB_HIV_Drugs/default.htm
http://www.cdc.gov/tb/publications/guidelines/TB_HIV_Drugs/default.htm
http://www.myuptodate.com
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50 µg/mL, with a half-life of 12 hours, making once-daily or less fre-
quent dosing practical. PZA crosses inflamed meninges and has been 
recommended in combination regimens for tuberculous meningitis.71 
It is metabolized by the liver, and metabolic products, including prin-
cipally pyrazinoic acid, are excreted mainly by the kidneys, requiring 
dosage modification in renal failure. PZA is dialyzable, so dosing is 
recommended after dialysis sessions consistent with dosing recom-
mendations for INH, rifampin, and ethambutol.57

Adverse Reactions.  The most common side effects are nausea and 
vomiting. Hepatotoxicity occurred in nearly 15% of PZA recipients in 
early trials that employed dosages of 40 to 50 mg/kg/day for prolonged 
periods. Current regimens of 20 to 35 mg/kg/day are safer,72 although 
recent data suggest that PZA is the most common cause of hepatotoxic-
ity in multidrug regimens also containing INH and rifampin.73,74 
Patients with preexisting liver disease should have symptoms and 
hepatic function tests monitored closely. PZA is also a frequent cause 
of hypersensitivity reactions and nongouty polyarthralgia in these mul-
tidrug regimens.73 Other adverse reactions (1% of patients or less) 
include interstitial nephritis,75 rhabdomyolysis with myoglobinuric 
renal failure,76 and photosensitivity. Asymptomatic urate retention 
occurs in 50% of PZA recipients, with symptomatic gout usually occur-
ring in patients with preexisting gout.72

Significant Drug Interactions.  As just noted, the combination of 
rifampin and PZA for treatment of LTBI is associated with a high rate 
of severe or fatal hepatotoxicity.63-65 There are no other significant drug 
interactions with PZA.

Usage.  PZA is included as an essential component of multidrug 
6-month short-course chemotherapy.19,73 Without PZA for the first 2 
months initiation phase of therapy, relapse rates after 6 months of 
therapy are unacceptable.19 Efficacy with intermittent administration 
makes PZA suitable for directly observed therapy regimens. PZA is a 
class C drug and should be used with caution in pregnancy. Although 
PZA is recommended for routine use in pregnant women by the World 
Health Organization (WHO), the drug has not been recommended for 
general use in pregnant women in the United States by the Food and 
Drug Administration (FDA) and the CDC because of insufficient data 
to determine safety.19 The practical consequence of this policy is that 
pregnant women in the United States with active tuberculosis require 
9 months of therapy, because PZA is not included in the first 2 months 
of therapy.

Availability and Dosage.  PZA is available in 500-mg tablets or as 
300-mg tablets in combination with INH (50 mg) and rifampin 
(120 mg) (Rifater). Dosage is 20 to 25 mg/kg/day (maximum, 2.0 g) 
orally once or in two divided doses. PZA has been well tolerated in a 
twice-weekly dosage of 50 mg/kg (not to exceed 4 g/day) for short-
course regimens.

Ethambutol
Derivation  and  Structure.  Ethambutol (ethylenediiminobutanol) 
was discovered in 1961 among synthetic compounds screened for anti-
tuberculous activity.

Mechanism of Action.  Ethambutol inhibits arabinosyl transferase 
enzymes that are involved in arabinogalactan and lipoarabinomannan 
biosynthesis within the cell wall.77

Antimicrobial  Activity  and  Resistance.  Ethambutol is bacterio-
static in vitro or within macrophages67 at concentrations of 1 µg/mL 
against susceptible strains of M. tuberculosis. Primary ethambutol 
resistance in the United States is only approximately 2%.11,12 Ethambu-
tol’s principal role has been as a “companion” drug to curtail resistance. 
However, resistance rates as high as 80% for ethambutol in INH-
rifampin–resistant isolates from New York City apparently indicate 
limited utility against MDR-TB.2 Ethambutol resistance relates to point 
mutations in the arabinosyl transferase enzyme EmbB, which is coded 
for by the embB gene.78

Pharmacology.  Ethambutol administered orally is 75% to 80% 
absorbed, yielding peak plasma concentrations of 5 µg/mL after a 
dose of 25 mg/kg. It is distributed throughout the body, including  
the CSF. Although little ethambutol crosses normal meninges, levels 
10% to 50% of those in plasma occur in CSF with meningeal inflam-
mation. After conversion of approximately 25% of absorbed ethambu-
tol to inactive metabolites, 80% of the parent drug, together with 

recommended for treatment of LTBI, although the use of this regimen 
might rarely be indicated for carefully selected patients under very 
unusual and stringent circumstances with close clinical and biochemi-
cal monitoring and supervision by experienced clinicians. Rifampin  
is a category C drug, but it is approved for use in pregnant patients 
with active tuberculosis. It should only be used in pregnancy (as with 
INH) for high-risk patients with LTBI, and then only if INH is not 
appropriate.

Availability and Dosage.  Rifampin is supplied in the United States 
as Rifadin, available in 150- or 300-mg capsules and in combination 
300-mg capsules with 150-mg INH (Rifamate) or in 120-mg tablets 
with 50-mg INH and 300 mg of PZA (Rifater). Rifampin for intrave-
nous infusion (600 mg/vial, Rifadin) should not be used intramuscu-
larly. The usual oral dosage is 10 mg/kg/day (maximum, 600 mg) for 
adults and 10 to 20 mg/kg/day for children (not to exceed 600 mg/
day). A 600-mg twice-weekly schedule generally has been well toler-
ated. The current rifampin dosing recommendations have raised con-
cerns that some patients may be receiving suboptimal rifampin doses.66 
For instance, with current recommendations for 10-mg/kg, maximal 
600 mg, dosing, a 60-kg individual would receive the same rifampin 
dose as a 100-kg person. Studies are ongoing to investigate the safety 
and efficacy of weight-adjusted rifampin doses higher than the 600-mg 
dose. Rifampin from opened capsules can be suspended (usually 
10 mg/mL) in simple or flavored sugar syrups that should not include 
ascorbic acid, which can inactivate rifampin.29 Suspensions can be 
refrigerated up to 2 weeks.

Pyrazinamide
Derivation  and  Structure.  PZA is a synthetic pyrazine analogue of 
nicotinamide.

Mechanism of Action.  The mechanism of action of PZA remains 
unknown.

Antimicrobial  Activity  and  Resistance.  PZA is bactericidal for 
tubercle bacilli at 12.5 µg/mL. Its optimal activity appears to be against 
semi-dormant organisms in an acid pH environment, like that existing 
intracellularly in phagolysosomes. Despite good activity at acid pH in 
vitro and inhibitory concentrations within monocytes,67 PZA exhibits 
low activity alone in pretreated macrophages.68 Resistance rapidly 
evolves if PZA is used alone. Primary resistance is seen in less than 1% 
of isolates, but nearly 50% of INH-rifampin–resistant MDR-TB isolates 
are PZA resistant.2 Most isolates resistant to PZA have mutations in 
the gene encoding pyrazinamidase (pncA) (Table 38-4).69,70 This results 
in the loss of pyrazinamidase activity, an enzyme that converts PZA to 
the active form of pyrazinoic acid.

Pharmacology.  Well-absorbed orally, PZA is widely distributed 
throughout the body, attaining concentrations above that needed to 
inhibit tubercle bacilli. Peak plasma concentrations are approximately 

TABLE 38-4  Mechanism of Action and 
Recognized Mutational Resistance in Commonly 
Used Antituberculous Agents

DRUG
MECHANISM OF 
ACTION

SITE OF MUTATIONAL 
RESISTANCE (GENE)

Isoniazid Inhibits mycolic acid synthesis inhA (regulatory region) 
(mycolic acid gene)

Catalase/peroxidase enzyme katG (catalase/peroxidase gene)

Rifampin Inhibits RNA polymerization β subunit rpoB (RNA 
polymerase gene)

Pyrazinamide Unknown pncA (pyrazinamidase gene)

Ethambutol Inhibits cell wall synthesis 
(blocks arabinosyl 
transferase)

embB (gene for arabinosyl 
transferase enzyme)

Streptomycin Inhibits protein synthesis rpsL (gene for ribosomal S12 
protein); 16-S ribosomal 
RNA gene

Amikacin Inhibits protein synthesis 16-S ribosomal RNA gene (? 
amikacin-binding site)

Capreomycin Inhibits cell wall synthesis Unknown

Quinolones Inhibits DNA structure gyrA (gyrase A gene)
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Unlike other aminoglycosides, allergic or hypersensitivity reactions 
can be seen with streptomycin. These include fever, chills, eosinophilia, 
and rash.

Significant  Drug  Interactions.  There are no significant drug 
interactions with streptomycin.

Usage.  Streptomycin is indicated as the fourth drug along with 
INH, rifampin, and PZA in patients at significant risk for drug resis-
tance. It is also used for multidrug therapy for drug-resistant tubercu-
losis. Dosages of greater than 1 g/day should be avoided. Dosage 
reduction or frequency of administration, or both, are indicated in 
patients older than 50 years, those with low body weight, and those  
in whom renal function is impaired. Streptomycin blood levels may  
be useful for guiding streptomycin dosing in these circumstances. 
Special care must be taken when streptomycin is used in combination 
with other nephrotoxic or ototoxic drugs, such as capreomycin or 
amikacin. It is a category D drug in pregnancy because of fetal 
ototoxicity.

Availability  and  Dosage.  Streptomycin sulfate for intramuscular 
injection is provided in 1-g single-injection vials. The recommended 
dosage in younger adults (<50 years) with normal renal function is 
15 mg/kg/day or 0.5 to 1 g daily to 1 g twice weekly. Children receive 
20 to 40 mg/kg/day (maximum, 1 g) in divided doses every 12 hours. 
Although not approved for such use, the drug can be safely given 
intravenously when needed. Streptomycin is currently available in the 
United States, but its supply has been interrupted in the past.

ALTERNATIVES TO RIFAMPIN
Rifabutin
Derivation  and  Pharmacology.  Several spiropiperidyl rifamycins 
have activity against mycobacteria, including M. tuberculosis, M. 
avium-intracellulare complex, and M. kansasii.83-87 Rifabutin (Mycobu-
tin), a derivative of rifamycin-S, is more active in vitro and more effec-
tive on a weight basis in experimental murine tuberculosis than is 
rifampin.86 The mechanism of action is inhibition of RNA polymerase, 
as it is with rifampin. It has a long plasma half-life (45 hours) in 
humans and marked tissue tropism, producing tissue concentrations 
5-fold to 10-fold greater than in serum. Peak serum concentrations of 
rifampin (5 to 10 µg/mL) are 5-fold to 10-fold higher than those of 
rifabutin (0.5 µg/mL).88

Adverse Reactions.  A polymyalgia syndrome, a yellowish tan dis-
coloration of the skin (pseudojaundice), and anterior uveitis have 
occurred in patients taking rifabutin, usually at doses exceeding 
300 mg daily.89,90 Almost all persons with these side effects have also 
been receiving clarithromycin, fluconazole, or ritonavir. Symptoms of 
uveitis include ocular pain and blurred vision.90 Neutropenia occurs 
infrequently when rifabutin is used to treat tuberculosis but has been 
reported in one third of patients receiving therapy for pulmonary M. 
avium complex disease.91 The incidence of rash, hepatitis, and gastro-
intestinal distress appears comparable to that with rifampin. It also can 
produce an orange-red discoloration of urine, saliva, tears, and contact 
lenses similar to that of rifampin.

Significant  Drug  Interactions.  Rifabutin induces the hepatic 
cytochrome P-450 system but only about 50% of that seen with 
rifampin. This induction produces lowered serum levels of numerous 
drugs normally metabolized in the liver, including the PIs (Table 
38-5).16,17 Concurrent administration of delavirdine or saquinavir with 
rifabutin is not recommended for this reason.92 Rifabutin is also 
metabolized by this same system, so enzyme inhibitors such as the PIs 
fluconazole and clarithromycin increase plasma rifabutin concentra-
tions (see Table 38-3).16,17,89,92

Usage.  Rifabutin appears as effective as rifampin in the treatment 
of drug-susceptible tuberculosis.93,94 In patients with HIV infection, 
rifampin is replaced by rifabutin if PIs are used (amprenavir, atazana-
vir, darunavir, fosamprenavir, nelfinavir, lopinavir-ritonavir [Kaletra], 
tipranavir-ritonavir, darunavir-ritonavir, and ritonavir).16,17 Current 
guidelines suggest that rifabutin should be given as 300 mg three times 
a week or every other day with the option for monitoring rifabutin 
levels.17 Rifabutin’s potential for treatment of infection with MDR-TB 
is of interest because approximately 25% of rifampin-resistant tuber-
culosis strains are inhibited by low concentrations of rifabutin and 
there are some data suggesting that rifabutin adds to the efficacy  

metabolites, is excreted in urine. Consequently, it becomes necessary 
to modify the dosage in significant renal failure.

Adverse Reactions.  The major toxicity of ethambutol is neuropa-
thy, including peripheral neuropathy and retrobulbar optic neuritis. 
Characteristically, patients complain of bilateral blurry vision and are 
found to have impairment of visual acuity and red-green color vision. 
Common in association with high-dose (50 mg/kg/day) therapy with 
prolonged administration, and more common with 25 mg/kg/day than 
with 15 mg/kg/day dosing, retrobulbar neuritis is usually slowly 
reversible. Visual loss has rarely occurred in elderly persons receiving 
as little as 15 mg/kg/day.79 The administration of ethambutol at 25 mg/
kg on a three times weekly basis appears to be associated with a reduced 
risk for visual toxicity in this patient population compared with daily 
dosing at 15 mg/kg.80 This observation is important because baseline 
visual acuity is often impaired in the elderly and associated with other 
diseases such as cataracts that are associated with blurred vision. 
Recipients of ethambutol should be instructed to report symptoms of 
blurry vision promptly and to discontinue the drug until confirmatory 
visual testing can be done. Visual acuity and red-green color percep-
tion testing is recommended at baseline, whenever a change in visual 
symptoms occurs, and monthly for patients taking ethambutol for 
more than 2 months or at higher than usual doses.19 Monthly testing 
in patients on 15 mg/kg can be useful in establishing the range of visual 
abnormalities in those already visually impaired.

Gastrointestinal intolerance is infrequent. Hyperuricemia occurs 
because of decreased renal uric acid excretion. Hypersensitivity reac-
tions are rare and include dermatitis, arthralgias, and fever.

Significant  Drug  Interactions.  There are no significant drug 
interactions with ethambutol.

Usage.  Ethambutol is routinely included as the fourth drug along 
with INH, rifampin, and PZA in initial therapy for tuberculosis before 
the availability of drug susceptibility information. Ethambutol is 
included to protect against the emergence of rifampin resistance in 
patients with occult INH resistance who, if receiving only INH, 
rifampin, and PZA, would be functionally on only INH and PZA. It is 
also routinely used in treatment regimens for patients with isolates 
resistant to INH or rifampin, or both. Ethambutol has no detectable 
effects on the fetus and is approved for treatment of tuberculosis in the 
United States.

Availability  and  Dosage.  Ethambutol is available as ethambutol 
hydrochloride (Myambutol) supplied in 100- or 400-mg tablets. The 
usual dosage is 15 to 25 mg/kg/day initially, followed after 60 days by 
15 mg/kg/day (maximum, 1600 mg) as a single daily dose.

Streptomycin
Derivation, Structure, and Pharmacology.  Streptomycin, an amino-
glycoside antibiotic introduced in the 1940s, was the first drug to 
reduce tuberculosis mortality. Its structure, mechanism of action, and 
pharmacology are covered in other chapters. Briefly, intramuscular 
injection of 1 g yields peak plasma concentrations of 25 to 45 µg/mL. 
It is virtually excluded from the CNS.

Antimicrobial Activity and Resistance.  Streptomycin is bacteri-
cidal against M. tuberculosis in vitro but is inactive against intracellular 
tubercle bacilli. Concentrations of 4 to 10 µg/mL of plasma are inhibi-
tory. The rapid emergence of resistance to streptomycin was quickly 
recognized as a consequence of single-drug therapy. Approximately 1 
in 106 tubercle bacilli is spontaneously resistant to streptomycin. 
Primary resistance to streptomycin is seen most often in patient popu-
lations having a high incidence of INH resistance. In MDR-TB disease 
outbreaks, approximately 80% of INH-rifampin–resistant isolates are 
also streptomycin resistant.2 Streptomycin resistance relates to muta-
tional changes involving ribosomal binding protein or the ribosomal 
binding site.27,81,82 Isolates resistant to streptomycin are not cross-
resistant to amikacin, kanamycin, or capreomycin.

Adverse Reactions.  Streptomycin toxicity is like that of other ami-
noglycoside antibiotics but with less renal and auditory toxicity and 
greater vestibular toxicity than more commonly used aminoglycosides. 
Patients receiving streptomycin should be instructed to be aware of 
tinnitus, decreased hearing, and problems with balance, and they 
should be instructed to notify their caregiver immediately if such reac-
tions occur.
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than rifampin. It therefore may increase metabolism of co-administered 
drugs that are metabolized by these enzymes.

Usage.  Rifapentine has recently been approved for once-weekly 
use with INH in the continuation phase of therapy for HIV-negative 
patients without cavitation on chest radiograph and negative acid-fast 
bacilli smears at 2 months.19 The drug should be avoided in HIV-
positive patients on antiretroviral therapy because of interaction with 
PIs and NNRTIs and the unexplained development of rifamycin 
monoresistance in some patients.17,102 Rifapentine in combination with 
INH given once weekly for 12 weeks (12 total doses) has recently been 
shown to be as effective and safe as INH with higher treatment comple-
tion rates than INH for treating LTBI in HIV-seronegative and HIV-
seropositive patients not on antiretroviral therapy. This form of LTBI 
therapy should be administered by directly observed therapy.103,104

Availability  and  Dosage.  Rifapentine is available in 150-mg 
tablets. The recommended dosage for adults in the continuation phase 
of therapy for tuberculosis has been 10 mg/kg or a maximum 600 mg 
per week, although studies are ongoing to determine the optimal dose 
for rifapentine with active tubercular disease. The recommended dose 
for LTBI therapy is 900 mg per week, but weekly doses as high as 
1200 mg appear to be tolerated reasonably well. The drug is not 
approved for use in children or pregnant women. The pharmacokinet-
ics of rifapentine have not been evaluated in patients with renal impair-
ment. Only about 17% of an administered dose is excreted via the 
kidneys. The clinical significance of impaired renal function in the 
disposition of rifapentine is unknown. Similarly, the clinical signifi-
cance of impaired hepatic function in the disposition of rifapentine 
and its 25-desacetyl metabolite is not known.

of treatment regimens in this circumstance.95,96 It remains controver-
sial whether rifampin-resistant/rifabutin-susceptible M. tuberculosis 
patients can be treated for shorter durations than other rifampin-
resistant patients, especially those with concomitant INH resistance. 
Until there is more supportive evidence, it seems prudent to include 
rifabutin in the regimens of these patients but not to assume it has 
activity in this situation comparable to its activity for M. tuberculosis 
isolates without rpoB mutations.97

Rifapentine
Derivation  and  Pharmacology.  With the microbiologic success of 
rifabutin but problems with low serum levels and complex adverse 
reactions, investigators searched for other rifamycin compounds. The 
most promising agent so far is rifapentine.98-101 In the study leading to 
licensure in 1998, rifapentine, 600 mg twice weekly, was compared 
with rifampin, 450 to 600 mg, when both were given with daily isonia-
zid, pyrazinamide, and ethambutol for 2 months, followed by rifapen-
tine, 600 mg, plus isoniazid once weekly or rifampin, 450 to 600 mg, 
plus isoniazid twice weekly. Results after 6 months were comparable, 
although the rifapentine relapse rate was slightly higher (10% vs. 5%).99 
When given with a fatty meal, peak blood levels after the administra-
tion of 600 mg rifapentine are 15 µg/mL of native drug and 6 µg/mL 
of 25-desacetyl rifapentine, the active metabolite. The half-life of rifa-
pentine is 13 hours.

Adverse  Drug  Reactions.  The adverse effects of rifapentine are 
similar to those associated with rifampin.

Significant Drug Interactions.  Rifapentine appears to be a more 
potent inducer of the cytochrome P-450 system than rifabutin but less 

TABLE 38-5  Recommendations for Co-administering Antiretroviral Drugs with Rifabutin

ANTIRETROVIRAL 
DOSE CHANGE

RIFABUTIN DOSE 
CHANGE COMMENTS

Non-nucleoside Reverse-Transcriptase Inhibitors
Efavirenz No change To 450-600 mg (daily or 

intermittent)
Rifabutin AUC ↓ by 38%. Effect of efavirenz + protease inhibitor(s) 

on rifabutin concentration has not been studied. Efavirenz 
should not be used during the first trimester of pregnancy.

Nevirapine No change No change (300 mg daily or 
3 times/wk)

Rifabutin and nevirapine AUC not significantly changed

Rilpivirine Rifabutin and rilpivirine should not be used together Rilpivirine AUC ↓ by 46%

Etravirine No change No change (300 mg daily or 
3 times/wk)

No clinical experience; etravirine Cmin ↓ by 45%, but this was not 
thought to warrant a change in dose

Single Protease Inhibitors
Fosamprenavir No change ↓ to 150 mg/day

or
300 mg 3 times/wk

No published clinical experience

Atazanavir No change ↓ to 150 mg every other day 
or 3 times/wk

No published clinical experience. Rifabutin AUC ↑ by 250%

Indinavir 1000 mg q8h ↓ to 150 mg/day
or
300 mg 3 times/wk

Rifabutin AUC ↑ by 170%; indinavir concentrations ↓ by 34%

Nelfinavir No change ↓ to 150 mg/day
or
300 mg 3 times/wk

Rifabutin AUC ↑ by 207%; insignificant change in nelfinavir 
concentration

Dual Protease Inhibitor Combinations
Lopinavir/ritonavir (Kaletra) No change ↓ to 150 mg every other day 

or 3 times/wk
Rifabutin AUC ↑ by 303%; 25-O-desacetyl rifabutin AUC ↑ by 

47.5-fold

Ritonavir (any dose) with saquinavir, 
indinavir, amprenavir, fosamprenavir, 
atazanavir, tipranavir, or darunavir

No change ↓ to 150 mg every other day 
or 3 times/wk

Rifabutin AUC and 25-O-desacetyl rifabutin AUC ↑, by varying 
degrees

CCR-5 Receptor Antagonists
Maraviroc No change No change No clinical experience; a significant interaction is unlikely

Integrase Inhibitors
Raltegravir No change No change No clinical experience; a significant interaction is unlikely

Elvitegravir/cobicistat/tenofovir/
emtricitabine (Stribild)

Co-administration should be avoided Consider an alternative antimycobacterial or alternative antiviral 
regimen. If used, consider rifabutin 150 mg once daily or every 
other day. Monitor rifabutin concentrations and adjust dose 
accordingly. Elvitegravir AUC ↓ 21%, Cmin ↓ 67%; rifabutin 
active metabolite (25-O-desacetyl rifabutin) AUC ↑ 625%.

AUC, area under the curve.
Modified from UpToDate, 2013. For the most up-to-date information, see http://www.aidsinfo.nih.gov/contentfiles/lvguidelines/adultandadolescentgl.pdf.

http://www.aidsinfo.nih.gov/contentfiles/lvguidelines/adultandadolescentgl.pdf
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prolongation or whether to add another agent that also may prolong 
the QT interval is clearly a risk-benefit decision especially for patients 
with MDR-TB disease for which the quinolone may be the most 
important drug in the treatment regimen. Tendonitis and tendon 
rupture are also concerns with fluoroquinolones, which has prompted 
a special warning by the FDA on package inserts for fluoroquinolone 
use. As with potential cardiac toxicity, the decision to continue a qui-
nolone in a patient with tendonitis requires an individualized risk-
benefit analysis.

Significant Drug Reactions.  Because antacids and other medica-
tions containing divalent cations markedly decrease absorption of fluo-
roquinolones, it is important that fluoroquinolone not be administered 
within 2 hours of such medication.

Linezolid (see Chapter 32)
Linezolid is an oxazolidinone with activity against drug-resistant 
gram-positive bacteria.118 It has been shown to inhibit all strains of 
M. tuberculosis at concentrations of less than 1 µg/mL in vitro. 
Although it has potentially severe toxicity with long-term use, it has 
been shown to have significant activity in multidrug regimens for 
MDR-TB and XDR-TB. In a recent series of 41 XDR-TB patients unre-
sponsive to therapy, linezolid at initial doses of 600 mg/day followed 
by either 600 mg/day or 300 mg/day was associated with a sputum 
conversion rate of 87%. Acquired linezolid resistance occurred in less 
than 10% of patients with both 300 mg and 600 mg linezolid dosing. 
Remarkably, 82% of patients had clinically significant adverse events 
but only 3 patients permanently discontinued linezolid because of drug 
toxicity.119

Linezolid is marketed as Zyvox and is available as 600-mg tablets 
and infusions. The usual daily dose for bacterial infections has been 
600 mg twice daily. However, the usual dose for tuberculosis is 300 to 
600 mg once daily. The oral form is almost 100% bioavailable. The 
emergence of mutational resistance is not surprising because the drug 
inhibits the ribosome and M. tuberculosis only has one copy of this 
gene. Significant adverse reactions have emerged associated with long-
term administration, especially bone marrow suppression, peripheral 
neuropathy, and blindness, which, combined with the high cost of the 
drug, may limit its use. However, the poor efficacy and significant side 
effects of other second-line drugs such as PAS and cycloserine, make 
linezolid a relatively attractive choice for initial MDR-TB and XDR-TB 
disease treatment regimens rather than as a salvage agent after patients 
have failed therapy with older second-line drugs. All patients with 
MDR-TB and XDR-TB disease should have their treatment guided by 
physicians experienced in the management of these diseases.

Capreomycin, Amikacin, and Kanamycin
Capreomycin, amikacin, and kanamycin are considered as a group 
because all are administered by intramuscular or intravenous injection, 
have similar pharmacokinetics and toxicities, and are excreted by the 
renal route. These drugs have been used principally as alternative 
agents for MDR-TB disease. All have additive ototoxicity and nephro-
toxicity and in that regard should be given cautiously, just like strep-
tomycin or other aminoglycosides.

Capreomycin
Antimicrobial Activity and Resistance.  Capreomycin, a polypeptide 
antibiotic obtained from Streptomyces capreolus, is active against M. 
tuberculosis, including most MDR-TB strains,2 at concentrations of 1 
to 50 µg/mL (usually 10 µg/mL). Average peak plasma concentrations 
of 30 µg/mL are achievable. There is no cross-resistance between strep-
tomycin and capreomycin,120 but some isolates resistant to kanamycin 
or amikacin are cross-resistant to capreomycin. The site of mutational 
change resulting in capreomycin resistance is unknown.

Adverse Reactions.  Capreomycin can cause hearing loss, tinnitus, 
and decreased renal function but is considered less toxic than amika-
cin, and especially kanamycin.

Significant  Drug  Interactions.  There are no significant drug 
interactions with capreomycin.

Usage.  Capreomycin has emerged as the first-line injectable agent 
in regimens for the treatment of drug-resistant tuberculosis, especially 
when there is streptomycin resistance.

SECOND-LINE ANTITUBERCULOUS 
DRUGS
Quinolones (see Chapter 34)
Mechanism  of  Action.  Emerging outbreaks of MDR-TB disease2-6 
have stimulated the investigation of fluorinated quinolones for their 
activity against mycobacteria.105-111 Some are bactericidal against M. 
tuberculosis, presumably by inhibition of its DNA gyrase at concentra-
tions within achievable serum levels.106

Antimicrobial Activity and Resistance.  Ciprofloxacin and ofloxa-
cin inhibit more than 90% of strains of drug-susceptible tubercle bacilli 
at concentrations of 0.5 and 1.0 µg/mL, respectively.107-109 Fluoroqui-
nolones, particularly sparfloxacin, have produced additive effects with 
other antituberculous drugs in vitro and in animals. Clinical trials of 
ofloxacin in combination with INH and rifampin indicate activity 
comparable to that of ethambutol.111 Ofloxacin used alone in a dose 
of 300 mg/day in patients infected with MDR-TB has produced 
decreases in sputum colony counts, with sputum conversion in 26%.112 
In nonconverters, ofloxacin resistance emerged. Usage as a single  
agent in animal models or in human trials with inactive drugs has  
led to the rapid emergence of resistance. Resistance appears to result 
from mutations in the genes responsible for DNA configuration (DNA 
gyrase).27,113

Of the fluoroquinolones, gatifloxacin (no longer marketed in the 
United States), moxifloxacin, and levofloxacin, in that order, have the 
most activity against M. tuberculosis,114 with significant early bac-
tericidal activity against M. tuberculosis relative to first-line anti-
tuberculous drugs.115 Cross-resistance has been demonstrated among 
ciprofloxacin, ofloxacin, and levofloxacin.

Two phase II studies sponsored by the CDC have been conducted 
recently evaluating the effect of moxifloxacin substitution for either 
ethambutol or isoniazid during the first 2 months of treatment of newly 
diagnosed tuberculosis.116,117 In the first trial, moxifloxacin substitution 
for ethambutol resulted in no apparent effect on 2-month sputum 
conversion rates to negativity but did show a faster median time to 
sputum conversion.116 In a second trial, moxifloxacin substituted for 
INH in the first 2 months of treatment of tuberculosis had no effect on 
2-month sputum conversion rates.117 These studies suggest that substi-
tution of moxifloxacin for ethambutol or isoniazid during the first 2 
months of therapy is no less efficacious than standard intensive-phase 
therapy and may result in more rapid clearance of M. tuberculosis from 
the lungs. Ongoing trials will investigate if moxifloxacin, as part of a 
first-line regimen, will shorten treatment duration.

Usage.  Quinolones are now routinely incorporated into treatment 
regimens for MDR-TB disease along with other agents and are the 
cornerstones of therapy for quinolone-susceptible MDR-TB isolates. 
The usual dosage is levofloxacin, 750 to 1000 mg/day, or moxifloxacin, 
400 mg/day. The use of quinolones in children and adolescents has not 
been approved, but most experts agree that the drugs should be con-
sidered for children with MDR-TB disease. This class of drugs should 
be avoided in pregnancy. Fluoroquinolones are cleared primarily by 
the kidney, and dosage adjustment is recommended if creatinine clear-
ance is less than 50 mL/min. They are not cleared by hemodialysis, so 
supplemental doses after dialysis are not necessary. Drug levels are not 
affected by hepatic disease. There is also ongoing concern about the 
use of quinolones as first-line therapy for community-acquired pneu-
monia, which is the most common misdiagnosis applied to missed 
cases of tuberculosis. It appears that either multiple or prolonged 
courses of quinolones are required to promote quinolone-resistant 
tuberculosis, which is unfortunately not a circumstance without 
precedence.

Adverse  Reactions.  The adverse effects for levofloxacin (these 
apply to most of the quinolones) include nausea and bloating, dizzi-
ness, insomnia, tremulousness, headache, rash, pruritus, and photo-
sensitivity. There are limited data on the safety and tolerability of 
long-term moxifloxacin and gatifloxacin at 400 mg/day. One issue of 
long-term safety for the newer quinolones is their cardiac effect on the 
QT interval, resulting in a ventricular tachycardia known as torsades 
de pointes. The optimal approach for monitoring possible cardiac tox-
icity in patients on long-term quinolone therapy is not established. 
Whether to continue a quinolone in the presence of QT-interval 
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broad range of prokaryotic organisms including mycobacteria. From 5 
to 20 g/mL inhibits susceptible M. tuberculosis in vitro.

Pharmacology.  Cycloserine is readily absorbed orally. Serum con-
centration measurements aiming for a peak concentration of 20 to 
35 mg/L are often useful in determining the optimum dose for a given 
patient. Widely distributed among tissues, no blood-brain barrier 
exists to cycloserine.19 Little of the drug is metabolized, and approxi-
mately two thirds is excreted unchanged by the kidneys.

Adverse Reactions.  Cycloserine levels are essential for optimal use 
of this toxic drug. Peak serum concentrations of cycloserine should be 
kept between 20 and 35 µg/mL.19 Cycloserine can cause peripheral 
neuropathy or CNS dysfunction, including confusion, irritability, som-
nolence, headache, nervousness, vertigo, dysarthria, and seizures. 
Behavioral alterations include severe depression with suicidal ideation. 
Cycloserine is contraindicated in patients with a history of seizures or 
those with severe underlying depression. Because the CNS toxicity 
appears to be dose related and only a few specialized laboratories do 
serum drug levels, the drug is generally avoided, even by clinicians 
experienced in treating tuberculosis, unless no other options are avail-
able, such as with some patients infected with MDR-TB and XDR-TB 
strains.

Usage.  Cycloserine is one of several alternatives for re-treatment 
regimens or for treatment of primary drug-resistant M. tuberculosis. It 
does not appear to have great activity against MDR-TB strains.2 It is 
classified as a category C drug in pregnancy.

Availability  and  Dosage.  Cycloserine is provided in the United 
States as Seromycin in 250-mg pulvules. The usual dosage is 500 to 
1000 mg/day in two divided doses, with 500 mg/day commonly used. 
Cycloserine levels can be obtained to guide drug dosage and minimize 
toxicity.

Ethionamide
Derivation, Mechanism of Action, and Resistance.  Ethionamide, a 
derivative of isonicotinic acid, was first synthesized in 1956. It is tuber-
culostatic at 0.6 to 2.5 µg/mL against susceptible strains, presumably 
by inhibition of oxygen-dependent mycolic acid synthesis.122 The 
mechanism of ethionamide resistance is unknown, but some isolates 
are resistant to both INH and ethionamide and harbor mutations in 
the region of the inhA gene, which is involved in mycolic acid 
biosynthesis.26

Pharmacology.  Ethionamide is absorbed well orally, yielding peak 
plasma concentrations of 20 µg/mL. It is widely distributed and pene-
trates both normal and inflamed meninges to yield CSF concentrations 
equivalent to those in plasma. It is metabolized by the liver, with metab-
olites renally excreted. Ethionamide interferes with INH acetylation.

Adverse  Reactions.  Gastrointestinal distress with nausea and 
vomiting frequently leads to poor compliance and drug discontinu-
ance. Various neurologic disorders have been caused by ethionamide, 
including peripheral neuropathy and psychiatric disturbances. Neuro-
logic side effects have been reported to be alleviated by pyridoxine or 
nicotinamide. Reversible hepatotoxicity occurs in approximately 5% of 
ethionamide recipients. A hypersensitivity-type rash and poor diabetic 
control are infrequent complications. Its usage is limited also by a high 
frequency of severe gastrointestinal intolerance. Hypothyroidism is a 
recognized complication of ethionamide use and is more common 
when ethionamide is combined with PAS. Patients should have peri-
odic screening for hypothyroidism in patients receiving ethionamide 
long term.

Usage.  Ethionamide is among the agents that can be chosen for the 
treatment of drug-resistant tuberculosis. It appears to be active against 
most MDR-TB isolates; although there is some similarity in the mode 
of action of ethionamide with INH, their mode of actions are suffi-
ciently different so that cross-resistance with clinical M. tuberculosis 
isolates usually does not occur. Regardless, confirmation of in vitro 
susceptibility to ethionamide for INH-resistant isolates must be 
obtained.

Availability  and  Dosage.  Ethionamide is available in the United 
States as Trecator-SC in 250-mg coated tablets. The initial dosage is 
250 mg twice daily (or as a single dose at bedtime), which is increased 
by 250 mg daily until 1 g/day in divided doses is reached. Usually, 500 
to 750 mg is the maximal tolerated dose.

Availability  and  Dosage.  Capreomycin sulfate is supplied as 
Capastat. The dosage is the same as with streptomycin, with a range of 
500 mg to 1 g deep intramuscularly five times weekly for 2 to 4 months 
in those younger than 50 years and having normal renal function. The 
dose is thereafter reduced to 1 g two to three times weekly. It is a cat-
egory C pregnancy drug.

Amikacin
Antimicrobial Activity and Resistance.  In vitro and in animals, ami-
kacin is among the most active aminoglycosides against M. tuberculo-
sis. Because of its expense and greater toxicity, it has in the past been 
considered after streptomycin and capreomycin for the treatment of 
MDR-TB. However, several factors have made it the preferred paren-
teral agent, including (1) the high rate of streptomycin resistance in 
MDR-TB isolates and (2) the ready availability of amikacin levels facili-
tating amikacin dosing that does not cause early severe toxicity and 
loss of the parenteral agent for long-term use. It has generally replaced 
kanamycin in the United States. There is cross-resistance to amikacin 
and kanamycin that results from an A-G change at base pair 1408 of 
the 16-S ribosomal RNA gene.121

Adverse Reactions.  Common side effects include tinnitus, hearing 
loss, and nonoliguric renal failure. Hypersensitivity events are rare.

Usage.  Amikacin is an alternative injectable agent for the treat-
ment of resistant M. tuberculosis infections. The customary dose is 7 
to 10 mg/kg (not to exceed 1 g) five times weekly. Because most pathol-
ogy laboratories can determine blood levels of amikacin but not kana-
mycin, streptomycin, or capreomycin, amikacin is especially suited 
when parenteral therapy is required in patients with renal failure or in 
elderly patients with preexisting hearing loss. It is a category D drug 
in pregnancy.

Kanamycin
Kanamycin is an aminoglycoside that has activity against most strains 
of streptomycin-resistant tubercle bacilli. Except for its lower cost, 
kanamycin offers no advantage over amikacin in combination therapy 
and has substantial ototoxicity. In addition, serum levels are not readily 
available.

Availability  and  Dosage.  Kanamycin sulfate is available as 
Kantrex, 0.5 g/2 mL, 1 g/3 mL, or 75 mg/2 mL (pediatric formula-
tion) for intramuscular injection. The usual dose is 15 mg/kg (maxi-
mum, 1.0 g), generally limited to 500 mg/day in adults because of 
ototoxicity.

Para-aminosalicylic Acid
Derivation, Structure, and Pharmacology.  As a calcium or sodium 
salt, this synthetic compound inhibits the growth of tubercle bacilli by 
the impairment of folate synthesis. PAS is incompletely absorbed orally. 
A 4-g dose yields plasma concentrations of 70 to 80 µg/mL. Eighty-five 
percent of absorbed PAS is excreted in urine as various metabolic 
products.

Adverse Reactions.  Chief among PAS side effects is gastrointesti-
nal intolerance, which is often severe and results in poor compliance. 
PAS can cause reversible drug-induced lupus-like reactivity and, when 
given as the sodium salt, sodium overload. It can produce lymphoid 
hyperplasia, and recipients can develop mononucleosis-like syndromes 
with fever, rash, hepatosplenomegaly, occasionally toxic hepatitis, and 
adenopathy. Hypersensitivity to PAS is frequent.

Usage.  PAS has retained a limited role in multidrug therapy in 
developing countries because of its low cost. However, it is becoming 
less favored because of poor compliance and primary resistance. Its use 
in the United States is limited to the treatment of MDR-TB and 
XDR-TB disease.

Availability and Dosage.  PAS in the United States is available from 
the CDC (www.cdc.gov). Dosage forms include 500-mg tablets or 4-g 
resin packets. The usual dosage is 10 to 12 g/day in three or four 
divided doses for adults (6 to 8 g/day of the sodium-potassium–free 
ascorbate) and, in children, 200 to 300 mg/kg/day in divided doses.

Cycloserine
Derivation  and  Mechanism  of  Action.  By virtue of inhibiting cell 
wall synthesis, cycloserine possesses antimicrobial activity against a 
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significant increase in sputum-culture conversion at 2 months. Most 
adverse events were mild to moderate in severity and were evenly 
distributed across groups. QT-interval prolongation was reported sig-
nificantly more frequently in the groups that received delamanid.

PA-824 is a nitroimidazole that has undergone extensive testing in 
animal models and is currently being studied, primarily in MDR-TB 
patients.140-143 The mechanism of action of delamanid and PA-824 are 
not yet known, but they appear to generate radicals with toxic effects 
on mycolic acids and protein biosynthesis.144 PA-824 is potent in vitro 
against drug-susceptible and drug-resistant TB strains and appears to 
have activity against nonreplicating or slowly replicating strains. 
PA-824 has undergone initial dose-ranging monotherapy studies and 
has shown dose-related early bactericidal activity.140 In a recent study 
involving patients with drug-susceptible tuberculosis, the combination 
of PA-824, moxifloxacin, and PZA had a 14-day antituberculosis activ-
ity in sputum comparable with that of the current standard regimen 
for drug susceptible tuberculosis.143 The important implication is that 
this regimen is effective and does not contain rifampin; therefore, there 
is a low interaction potential with antiretroviral regimens. PA-824 
would also be suitable for MDR-TB isolates. Trials of longer-duration 
PA-824 administration are ongoing.

MAJOR DRUGS FOR THE 
TREATMENT OF 
NONTUBERCULOUS 
MYCOBACTERIAL INFECTIONS  
(SEE CHAPTERS 253 AND 254)
Nontuberculous mycobacteria (NTM) vary greatly in susceptibility to 
antimicrobial agents.145-148 Some, such as M. kansasii, are susceptible to 
agents used principally for the treatment of tuberculosis; others, such 
as M. fortuitum and M. chelonae, respond to antibiotics used more 
commonly for pyogenic bacterial infections; and still others, especially 
M. avium-intracellulare, are broadly resistant. Susceptibility testing of 
the NTM has been greatly facilitated by the publication in 2003 and 
2011 of national guidelines for testing by the Clinical Laboratory Stan-
dards Institute (CLSI).149,150 Hence, chemotherapy for NTM infections 
based on susceptibility results is now feasible for many species. An 
important exception is that susceptibility testing has no clinically pre-
dictive value in infections due to M. avium-intracellulare except for the 
newer macrolide clarithromycin.148

Macrolides (see Chapter 29)
Antimicrobial  Activity  and  Resistance.  Pretreatment strains of 
M. kansasii, M. marinum, M. haemophilum, M. malmoense, M. avium-
intracellulare, M. chelonae, and M. abscessus are susceptible to 
achievable therapeutic concentrations of the newer macrolides clar-
ithromycin and azithromycin. This has resulted in a dramatic change 
in therapy for NTM infections, with a macrolide now part of the  
treatment regimen for most species. Clarithromycin inhibits almost  
all species with the exception of 20% of M. fortuitum and M. simiae 
at 4 µg/mL or less.151-155 Initial therapeutic results have indicated 
that these agents are clinically efficacious as well, including against 
both pulmonary and disseminated M. avium-intracellulare infec-
tions.148,156,157 Both macrolides have proved efficacious for the preven-
tion of disseminated M. avium infection in patients with AIDS.158,159

Macrolides should not be used as monotherapy because of the rapid 
emergence of resistance, which results from a point mutation at 
adenine 2058 or 2059 on the 23-S ribosomal RNA gene, the presumed 
macrolide-binding site, and produces cross-resistance to all macro-
lides.160,161 Intrinsic resistance due to a series of chromosomal erm 
(erythromycin methylase) genes has recently been described in M. 
fortuitum, M. smegmatis, and M. abscessus, but in none of the slowly 
growing species.162

Pharmacology.  Clarithromycin is metabolized in the liver, and 
significant concentrations of the 14-OH metabolite are detectable in 
the serum.163 Clarithromycin is also excreted in part by the kidneys, 
and a reduction in dosage is required in elderly patients, patients with 
low body weights, and reduced renal failure.

Adverse  Reactions.  The most common side effects are nausea, 
vomiting, and diarrhea, which are generally dose related.164 A toxic 

β-Lactams
All mycobacteria produce β-lactamase. M. tuberculosis is protected 
from β-lactam antibiotics through its potent β-lactamase–encoded 
gbya gene called BlaC. Several β-lactamase–resistant β-lactam antibi-
otics are active in vitro against M. tuberculosis.122-125 Clavulanate in 
particular has demonstrated in vitro the capacity to inhibit the activity 
of BlaC-encoded products. Meropenem, a carbapenem offering a 
limited substrate to hydrolysis, has demonstrated high bactericidal in 
vitro activity when combined with clavulanate against susceptible 
MDR-TB and XDR-TB strains.126 Reports of β-lactam success for treat-
ing TB have been sporadic, but in a recent study of 31 patients, 
meropenem-clavulanate was added to a linezolid-containing regimen 
for treating MDR-TB/XDR-TB. The patients receiving meropenem-
clavulanate had a higher percentage of smear and culture conversion 
than patients who did not.127 Unfortunately, activity of β-lactam agents 
against intracellular mycobacteria is generally poor.128,129 In concentra-
tions as high as 50 µg/mL in a macrophage model, ceforanide, active 
in vitro, was unable to inhibit tubercle bacilli.

Amithiozone
Amithiozone (thiacetazone), a thiosemicarbazole, is active against 
many strains of M. tuberculosis.20 Because of its low cost, amithiozone 
has been employed as a first-line drug, particularly in East Africa.20 
However, because of severe toxicity in HIV-infected recipients there, 
clinical usage no longer appears appropriate.17

New Drugs for Tuberculosis
This is an era of unprecedented interest and activity in the development 
of new antituberculous drugs. Currently there are more than 15 new 
compounds with potential antituberculosis activity in the preclinical 
or clinical phases of development. Approximately twice that number 
of other interesting molecules have been identified in screening, lead 
identification, or lead optimization.

The diarylquinoline bedaquiline (also referred to as TMC207 or 
Sirturo) is a novel compound that acts by inhibiting the M. tuberculosis 
adenosine triphosphate (ATP) synthase.130,131 This compound demon-
strates significant in vitro potency against M. tuberculosis—both drug-
susceptible and multidrug-resistant strains as well as multiple other 
mycobacteria.130 Animal studies suggested that bedaquiline has signifi-
cant potential to shorten treatment duration for both drug-susceptible 
and drug-resistant strains.132 In initial and follow-up reports of a ran-
domized trial of bedaquiline versus placebo in multidrug regimens for 
newly diagnosed patients with MDR-TB disease, the patients receiving 
bedaquiline had significantly reduced time to sputum conversion with 
an increased proportion of patients with sputum conversion. Bedaqui-
line also prevented resistance against companion drugs in the course 
of treatment.133,134 The only side effect that occurred more frequently 
with bedaquiline than placebo was nausea. Bedaquiline is also known 
to prolong the QT interval. One caveat that has emerged from data 
filed with the FDA is that in a larger cohort of patients, the bedaquiline 
treatment arm was associated with five times the number of deaths 
compared with the placebo arm.135 Investigation of these deaths has 
shown that half of them were due to progressive tuberculosis and that 
to date there is no direct pathophysiologic link between bedaquiline 
and the other deaths. The FDA has approved bedaquiline for treatment 
of drug-resistant tuberculosis with a black box warning relating to 
possible cardiac toxicity and sudden death. As with the quinolones, a 
risk-benefit analysis is necessary for any patient to receive bedaquiline, 
but it would seem difficult to withhold bedaquiline to patients with few 
other antibiotic choices even in the presence of a prolonged QT inter-
val on an electrocardiogram.

OPC-67683, or delamanid, is a new agent derived from the nitro-
dihydro-imidazooxazole class of compounds that inhibits mycolic acid 
synthesis and has shown potent in vitro and in vivo activity against 
both drug-susceptible and drug-resistant M. tuberculosis strains.136,137 
In one assessment of early bactericidal activity of delamanid in tuber-
culosis patients, doses of 200 and 300 mg daily resulted in decreased 
sputum M. tuberculosis burden of a magnitude similar to that of 
rifampin.138 In a recent placebo-controlled trial of delamanid, 100 mg/
day or 200 mg/day, administered over 2 months as part of a multidrug 
regimen for MDR-TB,139 both delamanid doses were associated with a 
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Amikacin is the most active aminoglycoside against the  
NTM.148,170-172 However, marked variability exists between mycobacte-
rial species in susceptibility. All strains of M. marinum, M. kansasii, 
and M. fortuitum are susceptible to 4 µg/mL or less,166,171,172 whereas 
isolates of M. chelonae, M. abscessus, and M. avium-intracellulare are 
more resistant but are usually inhibited by 8 to 32 µg/mL of amika-
cin.171,172 Doses for streptomycin and amikacin are generally the same 
as those for treatment of tuberculosis. Tobramycin is the most active 
aminoglycoside and is the recommended aminoglycoside for treat-
ment of M. chelonae.171,172 Other aminoglycosides, such as gentamicin, 
are less active and are generally not clinically useful.

Mutational resistance to amikacin on therapy is rare, probably 
because of relatively high toxicity, which limits therapy. Resistance has 
been described with M. abscessus and results from the same 16-S ribo-
somal RNA gene mutation described with M. tuberculosis.173

Ethambutol
Ethambutol has good in vivo activity against M. avium complex and 
is included as part of treatment regimens for these organisms.148 It 
also has activity against most other slowly growing NTM, including  
M. kansasii, M. marinum, and M. xenopi. Species of rapidly growing 
mycobacteria are all highly resistant, with the exception of the M. 
smegmatis.

LESS FREQUENTLY USED 
MISCELLANEOUS ANTIMICROBIAL 
AGENTS FOR TREATMENT OF 
NONTUBERCULOUS 
MYCOBACTERIA
Isoniazid
Drugs such as INH used principally for treatment of M. tuberculosis 
were evaluated relatively early for their activity against NTM. INH 
inhibits nearly 90% of strains of M. kansasii at concentrations of 1 to 
5 µg/mL, as contrasted to only 10% to 30% of M. avium-intracellulare 
strains. At present, INH is included routinely in the therapy for M. 
kansasii in the United States,148 M. xenopi, and M. szulgai. It has been 
replaced by more active agents for therapy for other species, including 
M. avium-intracellulare.

Tetracyclines
Approximately 50% of isolates of the rapidly growing species M. for-
tuitum and 20% of M. chelonae are susceptible to tetracycline.172 Mino-
cycline and doxycycline are twofold to fourfold more active than 
tetracycline171 and have been effective in therapy when the isolates were 
susceptible in vitro.129 Minocycline and doxycycline are also active 
against M. marinum166,174,175 and have been used successfully in M. 
marinum infections.148,174 A parenteral tetracycline, tigecycline, with 
activity against all rapidly growing mycobacteria, has been marketed. 
It is frequently used as part of combination therapy for M. abscessus 
lung disease; however, little data are available evaluating its efficacy in 
this role.176

Sulfonamides
Sulfamethoxazole is active against M. fortuitum but not against M. 
chelonae or M. abscessus.171,172 Localized infections have been cured 
with sulfamethoxazole alone or in combination with trimethoprim.129 M. 
marinum infections have responded to therapy with trimethoprim-
sulfamethoxazole,148 but strains are susceptible in vitro only against a 
low inoculum.155

Both M. marinum and M. kansasii exhibit very similar drug sus-
ceptibilities. Sulfamethoxazole is also active against isolates of M. kan-
sasii. It has been curative in combination regimens used for the 
treatment of rifampin-resistant M. kansasii infections.167

Limited experience indicates some in vitro activity and clinical 
efficacy of sulfonamides against M. terrae complex, M. haemophilum, 
M. simiae, and M. avium-intracellulare.148

Quinolones
The newer fluorinated quinolones (ciprofloxacin, ofloxacin, moxifloxa-
cin, levofloxacin) have in vitro activity against a number of NTM at 

hepatitis occurs with daily doses above 1.0 g and is associated with 
elevated levels of alkaline phosphatase and γ-glutamyltransferase.164 
Temporary hearing loss may also occur with high doses of 
azithromycin.145

Significant Drug Interactions.  Clarithromycin is metabolized by 
the cytochrome P-450 enzyme system, and serum levels are dramati-
cally reduced by enzyme inducers such as rifampin.163 Clarithromycin 
is an inhibitor of the P-450 enzyme system, and its use results in 
increased serum levels and potential increased toxicities of multiple 
drugs metabolized by these enzymes, including rifabutin,86,87 carbam-
azepine, cisapride, astemizole, terfenadine, and theophylline. Clar-
ithromycin inhibits the metabolism of PIs as well. In contrast, 
azithromycin is not metabolized by the cytochrome P-450 system and 
has no significant drug interactions.165

Dosage.  The usual therapeutic doses are 500 mg twice daily for 
clarithromycin and 250 mg once daily for azithromycin. For M. avium 
complex lung disease, the usual clarithromycin dose is 500 mg morning 
and evening, and for azithromycin the dosage is 500 mg given three 
times weekly. For disseminated M. avium prophylaxis, the dosage of 
azithromycin is 1200 mg once a week.159

Rifampin
Antimicrobial  Activity.  Rifampin is employed for the treatment of 
many slowly growing NTM infections. In vitro, all untreated strains  
of M. kansasii, M. marinum, M. haemophilum, and M. xenopi are 
inhibited by 0.25 to 1.0 µg/mL.148,166,167 Other species are much less 
susceptible. Only one half of M. avium-intracellulare strains are inhib-
ited in vitro by 4 to 16 µg/mL of rifampin. Synergy between rifampin 
and other agents has been demonstrable for a number of species in 
vitro. Its role as a single agent is discouraged because resistance will 
occur.167

Pharmacology,  Adverse  Events,  and  Significant  Drug  Interac-
tions.  See the earlier discussion in the section on tuberculosis.

Usage.  The excellent response of M. kansasii infections to rifampin-
containing regimens has made rifampin a recommended component 
of most treatment regimens.148 Rifampin doses are the same as those 
for treatment of tuberculosis. For patients with HIV infection on PIs, 
rifabutin (150 mg three times per week) or clarithromycin (500 mg 
twice daily) is recommended over rifampin,148 because of its lesser 
effect on the cytochrome P-450 system.

Rifabutin
Antimicrobial Activity.  Rifabutin is inhibitory against 90% of strains 
of M. avium-intracellulare at a concentration of 2 µg/mL.83,84 It is con-
centrated severalfold in tissue and, like rifampin, has gastrointestinal 
toxicity as its most common adverse effect. Rifabutin at a dose of 
300 mg/day has been shown to reduce by 50% the incidence and rate 
of dissemination of M. avium-intracellulare infections in AIDS patients 
having CD4 counts of less than 200,168 although it is probably not as 
effective as the newer macrolides.

Pharmacology,  Adverse  Events,  and  Significant  Drug  Interac-
tions.  The reader is referred to the earlier discussion in the section on 
tuberculosis.

Usage.  Rifabutin is used in place of rifampin in HIV-infected 
patients on PIs, although it is not recommended with saquinavir or 
delavirdine.17 Rifabutin is frequently used in the multidrug regimen for 
treatment of M. avium-intracellulare lung disease, especially in patients 
who may have failed a regimen containing rifampin.148 However, for 
disseminated disease in patients with AIDS, a placebo-controlled study 
showed that through 16 weeks of follow-up, a dose of 300 mg daily did 
not increase the culture conversion rate over clarithromycin and eth-
ambutol alone but did protect against the development of macrolide 
resistance.169

Aminoglycosides
Aminoglycoside antibiotics have been used extensively for the treat-
ment of rapidly growing and some slow-growing NTM infections. 
Among M. kansasii strains, 86% demonstrated streptomycin suscepti-
bility. Forty-four percent of strains of M. avium-intracellulare have 
been susceptible to streptomycin. Rapidly growing mycobacteria, 
including M. fortuitum and M. abscessus, are resistant.
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Dapsone
Derivation and Structure.  Dapsone (4,4′-diaminophenyl sulfone), a 
synthetic compound, was demonstrated to be effective in rat leprosy 
in 1941 and soon thereafter was used successfully in human trials.

Mechanism of Action.  Sulfones inhibit bacterial dihydropteroate 
synthase, as do sulfonamides, and presumably inhibit M. leprae by the 
same mechanism.

Antimicrobial Activity.  By mouse foot pad inoculation, as little as 
0.003 µg/mL of dapsone is estimated to inhibit multiplication of M. 
leprae. Dapsone has been described as “weakly bactericidal” for sus-
ceptible leprosy bacilli. In humans, it has been estimated that 99.9% of 
bacillary populations are killed after 3 to 4 months of dapsone 
therapy.183 In lepromatous (multibacillary) patients on monotherapy, 
secondary dapsone resistance often emerges 5 to 24 years after begin-
ning therapy.184 Before the usage of current standard multidrug regi-
mens, secondary resistance occurred in approximately 20% of cases.

Pharmacology.  Dapsone is well absorbed orally. Distributed 
throughout body fluids, tissue concentrations are approximately 2 µg/
mL. The plasma half-life of dapsone is 21 to 44 hours, with some drug 
retention for up to 3 weeks. Dapsone becomes acetylated, with 70% to 
80% excreted as metabolites in urine. The dosage should be reduced 
accordingly in renal failure.

Adverse  Reactions.  An oxidant drug, dapsone produces dose-
dependent hemolysis, which is not of clinical consequence in patients 
without a hematologic disorder taking dapsone 50 to 100 mg daily. 
Hemolysis is greatly enhanced in patients with glucose-6-phosphate 
dehydrogenase deficiency, especially in its severe forms. Gastrointesti-
nal intolerance occurs with resulting anorexia, nausea, or vomiting. 
Hematuria, fever, pruritus, rashes, and granulocytopenia can occur.

Dapsone is now being used in AIDS patients as prophylaxis and 
treatment of Pneumocystis jirovecii pneumonia. These patients usually 
have preexisting anemia, making dapsone-induced hemolysis less  
well tolerated. Conversion of up to 20% of erythrocyte hemoglobin  
to methemoglobin can occur with dapsone doses of 100 mg daily. 
Although methemoglobinemia is usually asymptomatic, it may become 
of clinical consequence if the patient develops hypoxemia from lung 
disease. Rash is common in this patient population. In one study using 
dapsone, 100 mg daily, for prophylaxis, 33 of 47 patients discontinued 
the drug.185

In leprosy patients, reactions with dapsone may be difficult to extri-
cate from the reactions attendant with the disease itself.186 A sulfone 
syndrome occurring 5 to 6 weeks after the initiation of therapy can be 
characterized by fever, jaundice, dermatitis, and lymphadenopathy—a 
presentation not unlike that of infectious mononucleosis.187 During 
initial dapsone therapy, erythema nodosum leprosum reactions com-
monly become manifest in those with multibacillary disease.

Usage.  Dapsone and rifampin are the principal therapeutic agents 
for the treatment of both multibacillary and paucibacillary M. leprae 
infections. Usage in prophylaxis or treatment of P. jirovecii pneumonia 
(PCP) is discussed in Chapter 271. Dapsone is also useful in dermatitis 
herpetiformis, a subject beyond the scope of this chapter.

Availability  and  Dosage.  Dapsone is available generically in 
tablets of 25 or 100 mg. The adult daily dose is 100 mg, and for children 
it is 1.0 to 1.5 mg/kg/day. It is administered daily for 6 months in 
paucibacillary disease and for a minimum of 2 years in multibacillary 
disease.

Rifampin
Mechanism of Action and Resistance.  The mechanism of action of 
rifampin is presumed to be inhibition of M. leprae DNA-dependent 
RNA polymerase that produces a relatively rapid bactericidal effect. Its 
inhibitory concentration of human strains of M. leprae tested in mice 
is 0.3 µg/mL. Acquired rifampin resistance is caused by mutational 
changes in RNA polymerase.188

Usage.  Clinical usage of rifampin has confirmed that it is more 
bactericidal by several orders of magnitude than all other antileprosy 
drugs either alone or in combination. It is considered the only rapidly 
bactericidal drug against M. leprae. Using a skin biopsy assay, a single 
1500-mg dose of rifampin was determined to reduce the viability of 
leprosy bacilli to undetectable levels by 3 to 5 days.189 Despite such a 
dramatic impact on numbers of tissue M. leprae, rifampin must be 

achievable serum levels.101,102,172,177 M. fortuitum strains are the most 
susceptible, with ciprofloxacin MICs of 0.25 µg/mL or less and good 
responses clinically.177 Recent studies have shown levofloxacin to 
have comparable activity to ciprofloxacin, while the newer quinolone 
moxifloxacin has twofold to fourfold lower MICs than these older 
agents.178 A number of species are inhibited by intermediate concen-
trations of ciprofloxacin (1 to 4 µg/mL). These include M. chelonae 
(25%), M. malmoense, M. marinum, M. xenopi, M. kansasii, M. hae-
mophilum, and some strains of M. avium-intracellulare. Again, the 
newer quinolones gatifloxacin and moxifloxacin are more active than 
ciprofloxacin.158 The clinical efficacy of the quinolones for these 
species has yet to be established. Resistance to ciprofloxacin after 
monotherapy has been described179 and presumably involves the same 
DNA gyrase mutations observed with quinolone resistance with M. 
tuberculosis.108

Linezolid
Recent studies have shown that many NTM are inhibited by 8 µg/mL 
(susceptible MICs) of linezolid, including M. fortuitum, M. kansasii, 
M. marinum, and M. haemophilum. Isolates of M. chelonae are all 
susceptible or intermediate to linezolid, and in vitro it is the most active 
oral drug available for this species after the macrolides. Isolates of M. 
avium complex and M. simiae are usually resistant.180

β-Lactams
All mycobacteria produce β-lactamase, although it can be difficult to 
detect in M. avium complex. β-Lactams or combinations of β-lactam/
β-lactamase inhibitors have been shown to be active or useful clini-
cally, however, only for the M. fortuitum complex. Cefoxitin, cef-
metazole, and imipenem-cilastatin are active in vitro against 
approximately 80% of M. fortuitum strains and most isolates of M. 
abscessus at clinically achievable plasma concentrations.120,181

Clofazimine
Discussed more fully later in the section “Drugs for Treatment of 
Leprosy (Hansen’s Disease),” clofazimine (Lamprene) possesses in vitro 
activity against M. chelonae, M. abscessus, and M. avium-intracellulare. 
Most strains are inhibited by 1.6 to 2.0 µg/mL.148 Clinical experience 
with clofazimine in therapy against M. avium in AIDS has been disap-
pointing.148 Clinical experience with M. avium-intracellulare lung 
disease has been infrequently reported, although it is used for this 
indication with some frequency.

Susceptibility Tests
Standardized methods for susceptibility testing of the NTM were 
approved for the first time in 2003 by the CLSI.129 In vitro susceptibility 
of NTM drugs is no guarantee of therapeutic efficacy. Previously cited 
failures of clofazimine in M. avium-intracellulare infections indicate 
limitations in extrapolating in vitro data to clinical experience. As  
a rule, favorable therapeutic results are likely when drugs are used  
to which NTM are susceptible in vitro, and poor outcomes can be 
anticipated when there is in vitro resistance. Least predictable are  
outcomes of M. avium-intracellulare infections, for which routine sus-
ceptibility testing is not recommended except for clarithromycin (or 
azithromycin).129,130,148

DRUGS FOR TREATMENT OF 
LEPROSY (HANSEN’S DISEASE)
Background
The special parasite-host relationship of M. leprae (Hansen’s bacillus), 
characterized by persistence of the organism in tissue for years, has 
mandated prolonged chemotherapy to prevent relapse. For years,  
chemotherapy for leprosy mainly consisted of dapsone alone, which 
produced gratifying clinical results and was affordable. However, 
because of self-supervised monotherapy, resistance of leprosy bacilli, 
both secondary and now primary, became a problem worldwide.182 
Currently, multidrug therapy is the rule for both multibacillary and 
paucibacillary disease, and this has markedly increased cure rates  
and decreased the incidence of drug resistance. The principal agents 
used in therapeutic multidrug regimens are dapsone, rifampin, and 
clofazimine.
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and provide alternatives to clofazimine in multidrug regimens for mul-
tibacillary disease in those who are unable to tolerate clofazimine or 
refuse it because of skin pigmentation. Ethionamide and protionamide 
are apparently weakly bactericidal against M. leprae. Ethionamide is 
provided in 250-mg tablets. The usual dosage is 250 mg daily. Both 
agents are expensive and cause considerable gastrointestinal intoler-
ance and occasional hepatitis.

Other Substituted Rifamycins
Rifabutin (Mycobutin) and rifapentine (Priftin) are substituted rifamy-
cins that are active against M. leprae. Both are approved for the treat-
ment of tuberculosis by the FDA. In mice, these compounds are even 
more active than rifampin,193 which raises interest in their use, espe-
cially in intermittent regimens.

Other Sulfones
Acedapsone
Acedapsone (4,4′-diacetyldiaminodiphenyl sulfone) is a long-acting 
intramuscular repository derivative of dapsone. The parent compound 
possesses little activity against M. leprae but is metabolized into active 
dapsone. Its half-life is 46 days, and that of the derived dapsone is 43 
days.194 A 300-mg intramuscular dose maintains dapsone levels in 
volunteers above the inhibitory concentration for M. leprae for approx-
imately 100 days. Microbiologic and clinical responses are somewhat 
slower than those for daily dapsone. Long-term studies with acedap-
sone by injection five times yearly have yielded encouraging results. 
Acedapsone shows promise especially in regions where, or in patients 
in whom, long-term oral therapy is not practical.

Sulfoxone
Less well absorbed and more expensive than dapsone, sulfoxone, a 
disubstituted sulfone, may be better tolerated gastrointestinally. It is 
formulated in 165-mg enteric-coated tablets, with a usual daily dosage 
of 300 mg.194

Newer Agents
Several other agents have shown promising activity against M. leprae 
in mouse foot pad models and early clinical trials. Among these are 
included minocycline (Minocin),195 clarithromycin (Biaxin),195 and 
fluorinated quinolones—pefloxacin, ofloxacin (Floxin),196 and espe-
cially sparfloxacin.197 Their roles in replacing drugs in existing multi-
drug regimens remain to be determined, although none of these agents 
appears to be as bactericidal against M. leprae as rifampin and neither 
pefloxacin nor sparfloxacin is on the market. Current efforts with these 
newer agents are also focusing on short-course therapy198 rather than 
the current standard 2-year regimens.

Chemotherapy-Associated Reactions  
in Leprosy
Febrile reactions in leprosy can be ameliorated with acetylsalicylic acid 
(aspirin) in conventional dosage. Immunologic reactions are common 
during chemotherapy. “Reversal” reactions associated with swelling 
and edema in preexisting skin lesions or peripheral neuropathy in 
more severe reactions usually occur in the first year of therapy. Corti-
costeroids such as prednisone, 40 to 80 mg/day initially with subse-
quent tapering of dosage, have been reasonably efficacious for reversal 
reactions. Thalidomide is not used for reversal reactions.

For patients with erythema nodosum leprosum reactions, thalido-
mide in an initial dosage of 100 mg four times a day is the treatment 
of choice. Its beneficial effect for these reactions appears to be mediated 
by the inhibition of tumor necrosis factor-α.199 Treatment is initiated 
at 400 mg/day to attain control of the disease but should then be 
tapered over the first week, with a maintenance dose of 50 to 100 mg/
day. Thalidomide is commercially available for the treatment of leprosy, 
but its usage is tightly regulated (see Chapter 252). Because of its 
marked teratogenicity, thalidomide should never be administered to 
women of childbearing potential. In patients with erythema nodosum 
leprosum for whom thalidomide is unacceptable, high-dose predni-
sone offers an alternative. Patients who manifest puzzling or severe 
reactions are best managed by specialists such as those at the Hansen’s 
Disease Clinic in Carville, Louisiana.166

employed with one or more companion drugs to prevent the develop-
ment of resistance.183 The high cost of rifampin has discouraged daily 
usage in economically disadvantaged regions. However, once-monthly 
therapy with 600 to 1200 mg of rifampin in combination drug regi-
mens has produced satisfactory clinical responses with a minimum of 
adverse reactions.190 Current recommendations are that rifampin 
should be administered in a single monthly supervised dose of 600 mg. 
This dosage is continued for 6 months in paucibacillary disease and for 
a minimum of 2 years in multibacillary disease. In the United States, 
rifampin is given as a 600-mg daily dose in both of the settings 
described. Reversal and erythema nodosum leprosum reactions with 
rifampin have been comparable or less severe than with sulfones alone. 
Daily rifampin treatment may reduce both the serum levels and sub-
sequently the beneficial effects of corticosteroids for reactions by 
inducing hepatic microsomal enzymes.

Clofazimine (Lamprene)
Derivation and Structure.  Clofazimine is a phenazine dye.

Mechanism of Action and Antimicrobial Activity.  Clofazimine’s 
precise mechanism of action is unknown. Highly lipophilic and bound 
to mycobacterial DNA, clofazimine is weakly bactericidal against M. 
leprae. Its action may relate to iron chelation with resulting production 
of nascent oxygen radicals intracellularly.191 The inhibitory concentra-
tion of clofazimine in mouse tissue is between 0.1 and 1.0 mg/kg. A 
delay of some 50 days ensues before tissue antimicrobic activity can be 
demonstrated in humans. Owing to new limited availability in the 
United States, the drug is now available only under a research protocol 
and in that respect is again considered “investigational” despite many 
years of use as a routine antibiotic.

Pharmacology.  Clofazimine pharmacokinetics are complex. 
Absorption is quite variable, with 9% to 74% of an administered dose 
appearing in feces. Oral administration results in plasma concentra-
tions of 0.4 to 3 µg/mL with a half-life of approximately 70 days. 
Clofazimine is widely distributed throughout reticuloendothelial 
tissues, especially liver, spleen, lung, adrenals, adipose tissue, and skin 
lesions. Red-orange phagocytized crystals of clofazimine are observed 
microscopically in macrophages. It is largely unmetabolized and sub-
sequently slowly excreted with less than 1% in urine. Biliary excretion 
appears to be the major route of excretion. Excretion also occurs in 
breast milk. Dosage of 100 mg/day has been calculated to result even-
tually in a total accumulation of at least 10 g in human tissue.

Adverse  Reactions.  Gastrointestinal intolerance (anorexia, diar-
rhea, abdominal pain) is the most common therapy-limiting side effect 
and is generally dose related. Dry mouth and skin may occur. Skin 
pigmentation is quite common, resulting from drug accumulation and 
producing red-brown to nearly black discoloration, especially in dark-
skinned persons. It is only partly reversible.

Usage.  Clofazimine’s current role is principally in combination 
with rifampin and dapsone for multibacillary disease. It is also used in 
combination for sulfone-resistant infections and for individuals who 
are intolerant to sulfones, usually because of severe sulfone-associated 
erythema nodosum leprosum or reversal reactions. Such reactions 
occur much less often with clofazimine than with dapsone,192 possibly 
because of anti-inflammatory properties of clofazimine.

Availability  and  Dosage.  Clofazimine is supplied in 50- and 
100-mg capsules. For multibacillary disease, it is administered in a 
dosage of 50 mg/day for a minimum of 2 years in combination with 
rifampin and dapsone. A dapsone alternative dosage has usually been 
100 to 300 mg/day.

Additional or Second-Line Drugs
Thiacetazone (Amithiozone)
Thiacetazone’s efficacy is greater in tuberculoid (paucibacillary) than 
in lepromatous (multibacillary) disease. It can be administered when 
sulfones are not tolerated. Considerable cross-resistance occurs with 
sulfones. Thiacetazone is unavailable in the United States.

Ethionamide and Protionamide
Ethionamide (Trecator-SC) is described under “Second-Line Antitu-
berculous Drugs.” It and its congener protionamide (which is unavail-
able in the United States) possess similar pharmacokinetics and dosing 
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Drugs Active against Fungi, 
Pneumocystis, and Microsporidia
John H. Rex and David A. Stevens

Systemic antifungal agents and their use for the therapy of invasive 
mycoses, infections caused by Pneumocystis jirovecii (formerly Pneu-
mocystis carinii), and infections caused by microsporidia are discussed 
in this chapter. Many of these agents can also be used to treat the muco-
cutaneous forms of candidiasis, but those usages are discussed in detail 
in Chapter 258 and thus mentioned only in passing here. Likewise, the 
therapy of the various forms of tinea and of onychomycosis with either 
topical agents or systemic agents is discussed in Chapter 268.

AMPHOTERICIN B–BASED 
PREPARATIONS
General Features
Mechanism of Action
Amphotericin B is available in a formulation with deoxycholate and in 
three lipid-associated formulations. For all preparations, the active 
component is amphotericin B produced by Streptomyces nodosus. 
Amphotericin B is a lipophilic molecule (Fig. 39-1) that exerts its 
antifungal effect by insertion into the fungal cytoplasmic membrane, 
probably orienting as head-to-tail oligomers perpendicular to the 
plane of the membrane.1 The drug is closely bound to sterols such as 
ergosterol. Amphotericin B causes membrane permeability to increase 
(Fig. 39-2). At lower drug concentrations, potassium ion (K+)-channel 
activity is increased.2 At higher concentrations, pores are formed in the 
membrane. Loss of intracellular potassium and other molecules 
impairs fungal viability. The onset of action is rapid and unrelated to 
the growth rate, consistent with the concept that the drug acts at 

preformed sites and no metabolic processing is required before a target 
is exposed. Amphotericin B also has effects via oxidative pathways that 
may enhance antifungal activity. In addition, amphotericin B localizes 
to endothelial cells and may thereby produce endothelial cell activa-
tion.3 The possible effects of amphotericin B and its lipid formulations 
on the immune system have been recently reviewed.4

Spectrum of Activity and Mechanisms of 
Resistance
Amphotericin B is active against most fungi, and its spectrum of activ-
ity is not influenced by the choice of formulation. Where resistance 
occurs, it is generally attributed to reductions in ergosterol biosynthesis 
and synthesis of alternative sterols that lessen the ability of amphoteri-
cin B to interact with the fungal membrane.5 Resistance may also 
follow from increased production of reactive-oxidant scavengers.6 
Primary resistance is common for Aspergillus terreus, Scedosporium 
spp., and Trichosporon spp.5 Among the Candida spp., primary resis-
tance is noted at meaningful frequencies most often for Candida lusita-
niae. Development of resistance in isolates of normally susceptible 
species is uncommon but has been described for essentially all common 
pathogens. Although such isolates may exhibit altered growth and 
reduced pathogenicity,7 invasive and lethal infections are well described. 
Identification of amphotericin B–resistant isolates by standardized sus-
ceptibility testing methods is difficult, and optimal methods are as yet 
undefined.8 In studies of amphotericin B deoxycholate as therapy for 
candidiasis, the principal pharmacodynamic driver of in vivo response 

FUNGI

Drug Class: Polyene Antifungal 
(Amphotericin B)
•	 Binds	to	ergosterol	in	fungal	cell	membrane,	

increases	permeability

Administration and Usage
•	 Usage:	candidiasis,	cryptococcosis,	

histoplasmosis,	blastomycosis,	aspergillosis,	
mucormycosis,	coccidioidomycosis,	
paracoccidioidomycosis,	penicilliosis	marneffei

•	 Amphotericin	B	deoxycholate:	0.7	to	
1.0	mg/kg	daily

•	 Liposomal	amphotericin	B:	3	to	5	mg/kg	daily	
(Abelcet)

•	 Lipid	complex	amphotericin	B:	5	mg/kg	daily	
(AmBisome)

•	 Cholesteryl	amphotericin	B:	3	to	6	mg/kg	daily	
(Amphotec)

Drug Class: Azole Antifungals
•	 Binds	to	cytochrome	P-450	enzymes	and	

reduces	ergosterol	in	fungal	cell	membrane

Administration and Usage
•	 Itraconazole:	200	mg	PO	once	or	twice	daily;	

treatment	of	blastomycosis,	
coccidioidomycosis,	paracoccidioidomycosis,	
sporotrichosis,	histoplasmosis

•	 Fluconazole:	400	mg	PO	or	IV;	treatment	of	
candidiasis,	cryptococcal	meningitis,	
coccidioidomycosis

•	 Voriconazole:	6	mg/kg	q12h	×	2	then	4	mg/kg	
PO	or	IV	q12h;	treatment	of	aspergillosis,	
candidiasis,	fusariosis,	pseudallescheriasis

•	 Posaconazole:	200	mg	PO	2	to	4	times	daily;	
treatment	of	oropharyngeal	candidiasis,	
prophylaxis	in	prolonged	neutropenia,	
graft-versus-host	disease

Drug Class: Flucytosine
•	 Interferes	with	DNA	synthesis	and	RNA	function
•	 Dose	100	mg/kg	PO	in	four	divided	doses

Drug Class: Echinocandin Antifungals 
(Caspofungin, Anidulafungin, Micafungin)
•	 Inhibits	synthesis	of	1,3-β-D-glucan	in	fungal	

cell	wall

Administration and Usage
•	 Intravenous	(IV):	in	general,	well	tolerated;	

occasional	histamine-like	symptoms
•	 Few	drug-drug	interactions
•	 Caspofungin:	75	mg,	then	50	mg	daily;	

treatment	of	candidiasis,	aspergillosis
•	 Anidulafungin:	200	mg,	then	100	mg	daily;	

candidiasis
•	 Micafungin:	100	mg	daily;	candidiasis,	

prophylaxis	in	hematopoietic	stem	cell	
transplant	recipients

PNEUMOCYSTIS

Treatment
•	 See	text	and	Table	271-3	for	details	and	use	of	

prednisone.
•	 Preferred:	trimethoprim	(TMP),	15	to	20	mg/

kg/day,	and	sulfamethoxazole	(SMX),	75	to	
100	mg/kg/day

•	 IV	or	PO	(oral)	divided	into	q6-8h	doses

Treatment Alternatives (see Table 271-3)
•	 Moderate-to-severe	infection:	pentamidine	

4	mg/kg	IV	daily
•	 Mild-to-moderate	infection:	clindamycin-

primaquine,	trimethoprim-dapsone,	or	
atovaquone

Prophylaxis (see Table 271-4)
•	 Trimethoprim-sulfamethoxazole:	one	

double-strength	tablet	PO	qd	or	1	single-
strength	tablet	PO	qd

•	 Dapsone:	100	mg	PO/day	in	one	or	two	doses
•	 Dapsone:	50	mg	PO	qd	plus	pyrimethamine	

50	mg	q	wk	plus	leucovorin	25	mg	q	wk
•	 Atovaquone:	1500	mg/day	in	one	or	two	doses

MICROSPORIDIA

Treatment
•	 See	text	and	Table	272-3	for	albendazole	and	

fumagillin	use.

SHORT VIEW SUMMARY
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FIGURE 39-1  Structures of the most commonly used systemic antifungal agents. 

has been ratio of the peak achieved serum concentration to the minimal 
inhibitory concentration (MIC).9

Available Formulations
There are four commercially available amphotericin B formulations. 
Amphotericin B deoxycholate (ABD, Fungizone) was licensed in 1959 
in the United States.10 Subsequently, three lipid-associated formula-
tions have been marketed: amphotericin B colloidal dispersion (ABCD, 
Amphotec or Amphocil), amphotericin B lipid complex (ABLC, 
Abelcet), and liposomal amphotericin B (LAMB, AmBisome).11 In 
attempts to produce lower-cost lipid-associated formulations, some 
reports have advocated mixing ABD with a parenteral fat emulsion at 
an ABD concentration of 1 to 2 mg/mL. Although less nephrotoxicity 
in adults has been suggested with this preparation, at a dose of 1 mg/
kg daily, than with infusions of ABD in 5% dextrose,12 no advantage 
was found in children,13 and serum amphotericin B concentrations 
were also lower with the fat emulsion, thus raising the possibility that 
amphotericin B was simply aggregating in the fat emulsion, but that 

the resulting cloudiness could not be perceived in the milky-looking 
lipid. Use of such preparations should be reserved for investigational 
settings.

Amphotericin B Deoxycholate
Formulation.  ABD is insoluble in water at physiologic pH. The drug 
is marketed for intravenous (IV) use as a powder containing ampho-
tericin B, 50 mg; sodium deoxycholate, 41 mg; and sodium phosphate 
buffer, 25.2 mg. Although a clear yellow solution forms when the 
powder is hydrated, the colloidal nature of ABD is easy to demonstrate. 
If a filter with a 0.22-µpore diameter is placed in the infusion line, 
considerable drug is removed by the filter. ABD must be prepared by 
dissolving in water or dextrose in water: dissolution in electrolyte-
containing diluents (e.g., sodium chloride or sodium bicarbonate)  
will aggregate the colloids, produce visible clouding, and must be 
avoided. ABD is currently manufactured by a number of different 
generic manufacturers, and significant differences in amphotericin A 
contamination and the ability of the product to induce interleukin-1β 
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in situ, with only a small percentage being excreted in urine or bile. 
Blood levels are uninfluenced by hepatic or renal failure. Hemodialysis 
does not alter blood levels, except in an occasional patient with lipemic 
plasma, who may be losing drug by adherence to the dialysis mem-
brane. Concentrations of amphotericin B in fluid from inflamed areas, 
such as pleura, peritoneum, joint, vitreous humor, and aqueous humor, 
are roughly two thirds of the trough serum level. Cord blood from one 
infant contained an amphotericin B concentration of 0.37 µg/mL, half 
the simultaneous maternal trough blood level. Amphotericin B pene-
trates poorly into CSF (whether meninges are normal or inflamed), 
saliva, bronchial secretions, brain, pancreas, muscle, bone, vitreous 
humor, or normal amniotic fluid. Urine concentrations are similar to 
serum concentrations. Peak serum concentrations with conventional 
IV doses are 0.5 to 2.0 µg/mL and rapidly fall initially to slowly 
approach a plateau of 0.2 to 0.5 µg/mL.15 The initial half-life is about 
24 hours; the β-phase half-life is roughly 15 days. Serum concentra-
tions can be detected for at least 7 weeks after the end of therapy, 

production have been reported and may be part of the cause of the 
intersubject variation in toxicities observed with this compound.14

Pharmacology.  Concentrations of amphotericin B in biologic 
fluids have usually been measured by bioassay,15 but use of high-
pressure liquid chromatography (HPLC),16,17 immunoassay,18 and 
radiometric respirometry19 have been described. Despite the prolifera-
tion of methods, routine determination of amphotericin B serum, 
urine, or cerebrospinal fluid (CSF) concentrations has no definite clini-
cal value. Nonetheless, amphotericin B assays have revealed some 
remarkable pharmacologic properties of ABD. When colloidal ampho-
tericin B is admixed in serum, deoxycholate separates from amphoteri-
cin B, and more than 95% of the latter binds to serum proteins, 
principally to β-lipoprotein. Presumably the drug is bound to the cho-
lesterol carried on this protein. Most of the drug leaves the circulation 
promptly, perhaps bound to cholesterol-containing cytoplasmic mem-
branes. Amphotericin B is stored in the liver and other organs; the drug 
appears to reenter the circulation slowly. Most of the drug is degraded 

OH

OH

OH

OH

OH
H

H

H
H

H

H

H

H

H H

H H

H

H

H

N
N

N

N N

N

N N N
N

N

OH

OH

NH

NH

NH

HN
OH

OH

OH

OH

HO

HO

HO

OH

CH3

CH3

CH3

O

O

H3C

H3C

H3C

H3C

SO3Na

H3C

H2N

NH2

NH
C C(CH2)5*O *O

HN

Pentamidine Fumagillin

[R] [R]

NH NH
HO

HN

H
N

H

H H

H H H

H

H

H

H

N

N

H

H
H

H2N
O

O

O
O

OO
O

O
O

O

O

O

O

O

FF

O

O

O
O

O

O

OH
OMe

O

O

O

O
NH

HO

HO

HO

H

Anidulafungin

OC5H11

Micafungin

Posaconazole

FIGURE 39-1, cont’d

http://www.myuptodate.com


P
a
rt

 I
 B

as
ic

 P
ri

n
ci

p
le

s 
in

 t
h

e 
D

ia
g

n
o

si
s 

an
d

 M
an

ag
em

en
t 

o
f 

In
fe

ct
io

u
s 

D
is

ea
se

s
482

presumably reflecting release from cell membranes. The drug also has 
complex immunomodulatory properties, potentially of clinical signifi-
cance but presently undefined.

Nephrotoxicity.  ABD causes a dose-dependent decrease in the 
glomerular filtration rate. The direct vasoconstrictive effect of ampho-
tericin B on afferent renal arterioles results in reduced glomerular 
and renal tubular blood flow.20 Other primary or secondary effects 
on the kidney include potassium, magnesium, and bicarbonate wasting 
and decreased erythropoietin production. Permanent loss of renal 
function is roughly related to the total dose, not the level of temporary 
azotemia, and is due to destruction of renal tubular cells, disruption 
of tubular basement membrane, and loss of functioning nephron units. 
Saline loading, such as infusion of 1 L of saline before ABD, has been 
associated with reduced nephrotoxicity in some studies but not 
others.21 Benefits from oral salt loading have also been reported.22 
Potassium wasting often requires supplemental oral or IV potassium. 
Renal tubular acidosis from bicarbonate wasting rarely requires base 
replacement, but other drugs and diseases that promote acidosis may 
act synergistically.

Azotemia caused by amphotericin B is often worse in patients 
taking other nephrotoxic drugs, such as cyclosporine or aminoglyco-
sides. Hypotension, intravascular volume depletion, renal transplanta-
tion, and other preexisting renal disease all magnify the management 
problems associated with amphotericin B–induced azotemia. These 
toxicities are lessened by use of the lipid-associated formulations  
of amphotericin B (LFAB; see “Lipid-Associated Formulations of 
Amphotericin B”).

Early in a course of therapy with ABD, azotemia may increase 
rapidly, often falls a little, and then stabilizes after several days. Adults 
with no other renal disease may develop an average serum creatinine 
level of 2 to 3 mg/dL at therapeutic doses, and therapy should not be 
withheld unless azotemia exceeds this level. Attempting to give ABD 
to an adult without causing azotemia will usually lead to inadequate 
therapy.

Other  Chronic  Toxicity.  Nausea, anorexia, and vomiting are 
common. Phlebitis occurs if peripheral vein catheters are used. Nor-
mocytic normochromic anemia occurs gradually and is associated 
with lower plasma erythropoietin levels than anticipated from the level 
of anemia. The hematocrit rarely falls below 20% to 25% unless other 
causes of anemia are present. Rarely, thrombocytopenia, modest leu-
kopenia, arrhythmias, coagulopathy, hemorrhagic enteritis, tinnitus, 
vertigo, encephalopathy, seizures, hemolysis, or dysesthesia of the soles 
of the feet may be observed.

Acute Reactions.  About 30 to 45 minutes after beginning the first 
few ABD infusions, chills, fever, and tachypnea may occur, peak in 15 
to 30 minutes, and slowly abate over a period of 2 to 4 hours. A patient 
with underlying cardiac or pulmonary disease may have hypoxemia. 
These reactions are less common in young children or patients receiv-
ing adrenal corticosteroids. Subsequent infusions of the same dose 
cause progressively milder reactions. Premedication with acetamino-
phen or the addition of hydrocortisone, 25 to 50 mg, to the infusion 
solution can diminish the reactions. Meperidine given early in a chill 
shortens the rigors but may induce nausea or emesis. Concern about 
this kind of reaction in an unstable patient had led some physicians to 
use a test dose of 1 mg given over a 15-minute period to assess the 
subsequent reaction over 1 hour before deciding whether the next dose 
should be a full therapeutic dose of at least 0.5 mg/kg or an intermedi-
ate dose. Whether or not a test dose is given, patients with rapidly 
progressive mycoses should receive a full therapeutic dose within 24 
hours, without any delay entailed by test or intermediate doses. Equally 
important, this reaction should not be mistaken for anaphylaxis or 
otherwise considered a contraindication to further ABD. True allergic 
reactions are extremely rare.

Administration.  ABD is infused in 5% dextrose over a 2- to 
4-hour infusion interval. Infusion 1 hour in duration appears to gener-
ally be safe for persons who have tolerated slower infusions and may 
be advantageous for outpatient therapy.23,24 Early in the course of 
therapy, fever is more pronounced with infusion intervals of only 45 
minutes than with infusion lasting 4 hours.25 Rapid infusion in patients 
with severely compromised renal function may lead to acute, marked 
hyperkalemia and ventricular fibrillation.

FIGURE  39-2  Mechanisms of action of the antifungal agents. 
Shown are the major mechanisms and sites of action for the most com-
monly used and currently licensed antifungal agents. Many of the precise 
details of the physical  interactions are not known, and the diagram is at 
best  an  approximation.  (1)  The  interaction  between  amphotericin  B  (A) 
and  ergosterol  (E)  in  the  fungal  cell  membrane  is  consistent  with  the 
formation of pores with a diameter of approximately 0.8 nm.278 The struc-
ture of the pore is not known, but the available data suggest that ampho-
tericin molecules would line the inner surface of the pore.279,280 These pores 
permit  leakage of  intracellular contents.  (2) The  interaction between the 
echinocandins and glucan synthase leads to reduced synthesis of 1,3-β-D-
glucan, a critical component of the interwoven glucan polymers that form 
the  fungal  cell  wall.189  The  site  of  action  of  the  echinocandin  and  the 
precise  molecular  mechanism  by  which  enzyme  function  is  inhibited 
remain unsettled at present. (3) The azole antifungal agents act within the 
cell  to  inhibit  14α-demethylase  and  thus  to  reduce  synthesis  of  ergos-
terol,281 a sterol that is critical to cell membrane function. (4) Flucytosine 
is  (a)  converted  into 5-fluorouridine  triphosphate  (5-FUTP),  incorporated 
into fungal RNA, and thus becomes an inhibitor of fungal protein synthesis 
or  (b)  converted  into  5-fluorodeoxyuridine  monophosphate  (5-FdUMP),  
an  inhibitor  of  thymidylate  synthetase  and  thus  of  DNA  synthesis.282 
These  compounds  presumably  are  created  in  the  cytoplasm  with  sub-
sequent  diffusion  into  the  nucleus.  Not  shown  are  trimethoprim-
sulfamethoxazole  (interferes  with  folate  metabolism),  pentamidine  (an 
ill-understood mechanism that involves interactions with DNA, RNA, topoi-
somerase, and ubiquitin248), and fumagillin (acts by binding to methionine 
aminopeptidase 2.260) 5-FC, 5-fluorocytosine; 5-FU, 5-fluorouracil. 

DNA and
RNA inside
nucleus

5-FC: disrupts RNA
(via 5-FUTP) and
DNA (via 5-FdUMP)
synthesis

5-FC

5-FU

5-FdUMP
and
5-FUTP

Cytoplasm

Nuclear
membrane

Cytoplasm

Echinocandins: disrupt
function of the 1,3-β-D-
glucan synthase complex

Azoles: block biosynthesis
of ergosterol, a sterol 
needed for cell membrane 
stability

Lipid bilayer 
fungal cell 
membrane

Fungal cell wall:
interwoven polymers
of glucans, chitins, and
various proteins

Outside

Amphotericin B: forms 
aggregates in cell
membrane with
ergosterol, leading to
pores that cause
leakage of cellular
contents

glucan
synthase

E EA A

E EA A

http://www.myuptodate.com


C
h

ap
ter 39 Drugs	Active	against	Fungi,	Pneum

ocystis,	and	M
icrosporidia

483

mg/kg dosages, the LFABs produce tissue amphotericin B concentra-
tions that range from 10% to 500% of those seen with ABD,10 with a 
consistent relative reduction seen in the kidney concentration (80% to 
90% reduction). Because the LFABs are typically given at mg/kg doses 
that are 3- to 12-fold higher than those used for ABD, the relevance of 
these comparisons is uncertain, although it is generally clear that all 
three LFABs require higher doses in experimental animals to achieve 
the same therapeutic effect as ABD.

These higher but equipotent doses of the LFABs are notably better 
tolerated than ABD, with reductions in both the frequency and severity 
of acute infusion-related reactions and chronic nephrotoxicity.33 An 
exception to this rule is ABCD, which generally shows acute infusion-
related reactions similar or worse than those with ABD.

Amphotericin  B  Colloidal  Dispersion.  ABCD, which contains 
cholesterol sulfate in equimolar amounts to amphotericin B, forms 
disc-like colloidal particles about 122 ± 48 nm in diameter. Like ABD, 
it forms a clear yellow solution when hydrated. A randomized prospec-
tive, double-blind comparison of ABD, 0.8 mg/kg/day, and ABCD, 
4 mg/kg/day, was done in neutropenic patients whose fever had not 
abated after 72 hours of antibacterial therapy.34 Efficacy was the same 
in the 98 patients receiving ABCD as in the 95 receiving ABD, with 
53% and 58%, respectively, becoming afebrile after 48 hours, and 14% 
compared with 15% having a suspected or documented mycosis 
emerge during amphotericin B therapy. Acute febrile reactions were 
significantly more common with ABCD than ABD, with hypoxia 
developing in 15% and 3%, respectively. The percentage of patients 
having amphotericin B therapy discontinued because of some toxicity 
was the same in the two arms (14% and 15%), with the ABD discon-
tinuations much more often being due to azotemia. In a randomized, 
double-blind study of ABCD, 6 mg/kg/day, versus ABD, 1 to 1.5 mg/
kg/day, as therapy for invasive aspergillosis,35 response rates for the two 
therapies were similar (52% vs. 51%, respectively), with reduced rates 
of nephrotoxicity noted with ABCD (25% vs. 49%). However, infusion-
related chills and fever were more common with ABCD than with 
ABD. The recommended dose for adults and children is 3 to 4 mg/kg 
once daily infused as 0.6 mg/mL at a rate of 1 mg/kg/hr. The infusion 
duration can be reduced to 2 hours for patients who tolerate the drug 
well. Premedication with acetaminophen has not been studied pro-
spectively but should be considered.

Amphotericin  B  Lipid  Complex.  ABLC is a complex of almost 
equimolar concentrations of amphotericin B and lipid, the latter being 
a 7 : 3 mixture of dimyristoylphosphatidylcholine and dimyristoylphos-
phatidylglycerol. The drug is shipped as a cloudy suspension with 
particles 1.6 to 11 µm in diameter. Particle shape is not globular but 
ribbon-like. The manufacturer provides a device for the pharmacy to 
filter out aggregates larger than 5 µm before dispensing in 5% dextrose 
solution. The major efficacy data are from the manufacturer’s open-
label, noncomparative studies: one of 556 adult and pediatric patients36 
and another of 111 pediatric patients.37 All patients in these studies had 
either failed prior ABD therapy or were intolerant of ABD therapy. Of 
the enrolled patients, only 345 were considered to have a documented 
mycosis and had sufficient data to evaluate the drug’s therapeutic effect. 
If all the mycoses are considered together, a complete response to 
ABLC was judged to have occurred in 28% and a partial response in 
32%, for an overall response rate of 60%.

Liposomal Amphotericin B.  LAMB comprises a unilamellar lipo-
some about 55 to 75 nm in diameter that contains roughly one mole-
cule of amphotericin B per nine molecules of lipid. The latter is a 
mixture of hydrogenated soy lecithin–cholesterol-distearoylphosphati-
dylglycerol in a 10 : 5 : 4 ratio. Unlike the other lipid-associated ampho-
tericins, serum concentrations are not lower than those obtained with 
the same dose of ABD, the circulating drug is liposome-associated after 
IV infusion, and the amount of unbound amphotericin is less than with 
ABD. A randomized three-way trial comparing LAMB at 3 mg/kg/day, 
LAMB at 6 mg/kg/day, and ABD at 0.7 mg/kg/day enrolled 267 HIV-
infected subjects with cryptococcal meningitis, and the trial reported 
global response rates of 66%, 75%, and 66%, respectively.38 A random-
ized comparison of LAMB at 3 mg/kg/day versus ABD at 0.7 mg/kg/
day for histoplasmosis in HIV-infected subjects reported superior  
efficacy for LAMB (89% vs. 59% response, P = .01).39 Open-label 
efficacy data in patients with invasive mycoses (mostly candidiasis and 

Once therapy is well under way, patients receiving a stable daily 
dose may be changed to a double dose on alternate days to reduce the 
frequency of infusion-associated toxicity, particularly anorexia, and as 
a convenience for outpatient therapy. Doses greater than 1.5 mg/kg are 
not generally given on this schedule because the toxicity of such infu-
sions is not well described. Amphotericin B should not be switched to 
alternate-day administration at the same dose as daily therapy. This 
dosage results in reduced trough serum concentrations and may lead 
to serious underdosing. As another approach to reduction of toxicity, 
continuous infusion of amphotericin B with doses up to 2.0 mg/kg  
per 24 hours has been described based on limited data,26 but this 
approach is not consistent with the observation that the principal phar-
macodynamic driver of efficacy for amphotericin B is peak drug 
concentration.27,28

Dosage.  Daily ABD doses of 0.3 mg/kg often suffice for esophageal 
candidiasis. A dose of 0.5 mg/kg is appropriate for blastomycosis, dis-
seminated histoplasmosis, and extracutaneous sporotrichosis. Patients 
with cryptococcal meningitis are generally given doses of 0.6 to 0.8 mg/
kg; those with coccidioidomycosis may require doses of 1 mg/kg. 
Patients with mucormycosis or invasive aspergillosis are given daily 
doses of 1 to 1.5 mg/kg until improvement is clearly present. Doses of 
0.5 to 1.0 mg/kg are often used in neutropenic patients receiving 
empirical amphotericin B (see Chapter 310).29 Local instillation of 
amphotericin B into cerebrospinal fluid, joints, or pleura is rarely indi-
cated. One exception is coccidioidal meningitis, which can be treated 
with intrathecal amphotericin B, because it may produce superior 
results, particularly in the long term, although with far greater toxicity 
than seen with systemic azole therapy. Intraocular administration for 
fungal endophthalmitis is occasionally used; doses of 5 to 10 µg appear 
to avoid retinal toxicity. Corneal baths with 1 mg/mL in sterile water 
are useful for fungal keratitis but are irritating. Bladder irrigation with 
50 µg/mL in sterile water is useful for patients with Candida cystitis 
and a Foley catheter, particularly as preparation for genitourinary 
surgery. Equivalent results may be obtained with oral fluconazole.

Lipid-Associated Formulations of 
Amphotericin B (LFABs)
General.  The three LFABs are licensed in the United States for a variety 
of indications and at a range of doses. When using these agents, it is 
critical to be aware of the ease with which their names can be confused. 
Only one of the products (LAMB, trade name AmBisome) is a liposo-
mal formulation. The other two (ABLC, trade name Abelcet) and 
ABCD (two trade names: Amphotec and Amphocil) are aggregates of 
lipid and amphotericin B rather than liposomes. The problem is that the 
phrase “liposomal amphotericin B” is often used mistakenly as a label 
for the entire class of compounds. Thus, this chapter uses the phrase 
lipid-associated formulation of amphotericin B (LFAB) as a general 
label for the class. Because the tolerance to one product does not always 
translate to tolerance for another, it is important that the physician use 
an unambiguous name when prescribing these compounds.

ABLC is licensed in the United States for treatment of invasive 
fungal infections in patients who are refractory to or intolerant of 
conventional amphotericin B therapy (5 mg/kg/day).30 LAMB is 
licensed for empirical therapy for presumed fungal infection in febrile, 
neutropenic patients (3 mg/kg/day); treatment of cryptococcal menin-
gitis in human immunodeficiency virus (HIV)-infected patients (6 mg/
kg/day); treatment of patients with Aspergillus spp., Candida spp., and/
or Cryptococcus spp. infections refractory to amphotericin B deoxycho-
late; or in patients where renal impairment or unacceptable toxicity 
precludes the use of amphotericin B deoxycholate. LAMB is also indi-
cated for treatment of visceral leishmaniasis (3 mg/kg/day for immu-
nocompetent patients, 4 mg/kg/day for immunocompromised patients; 
see Chapter 277 for further details).31 ABCD is licensed for treatment 
of invasive aspergillosis in patients where renal impairment or unac-
ceptable toxicity precludes the use of amphotericin B deoxycholate in 
effective doses or where prior amphotericin B deoxycholate therapy 
has failed (3 to 4 mg/kg/day).32 All formulations must be infused in 5% 
dextrose with no electrolytes added. Infusion bottles need not be pro-
tected from light.

Pharmacology and Toxicity.  The three LFABs have quite different 
pharmacokinetic patterns.10,11 When compared on the basis of equal 
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develops despite prophylaxis with an azole that has activity against 
molds) and for treatment of selected cases of candidiasis.51 Use of 
ABCD has been restricted by the high incidence of acute reactions and 
the relative paucity of efficacy data.

Inhaled Amphotericin B
Inhalation of amphotericin B has been used both therapeutically and 
prophylactically, but the supporting data for this practice are relatively 
sparse.52 Nebulized forms of the lipid-associated amphotericins have 
been better tolerated than amphotericin B deoxycholate, in part 
because of the bitter taste of the bile salt. Formal studies on prophylaxis 
in high-risk populations have shown encouraging results.53 An argu-
ment has been made that the aerosol might decrease Aspergillus infec-
tions in lung transplant recipients, including infections at the 
bronchotracheal anastomotic site.54,55

FLUCYTOSINE
Formulation  and  Pharmacology.  Flucytosine (5-fluorocytosine, 
Ancobon) is the fluorine analogue of a normal body constituent, cyto-
sine (see Fig. 39-1). Flucytosine is moderately soluble in water, very 
stable in dry storage, and marketed as 250- and 500-mg capsules. 
Absorption from the gastrointestinal tract is rapid and complete, and 
approximately 90% is excreted unchanged in the urine. Protein binding 
is barely measurable.56 CSF concentrations approximate 74% of simul-
taneous serum concentrations. Limited data suggest that it also pene-
trates well into aqueous humor, joints, bronchial secretions, peritoneal 
fluid, brain, bile, and bone. The drug is readily cleared by hemodialy-
sis56 and peritoneal dialysis.

The half-life of the drug in the serum of patients with normal renal 
function is 3 to 5 hours and higher in newborns. Abnormal hepatic 
function has no influence, but decreased renal function prolongs the 
half-life.

Mechanisms  of  Action  and  Resistance.  Isolates of Candida spp. 
other than C. krusei are usually susceptible to flucytosine,57 as are 
most isolates of Cryptococcus neoformans.58 It is often active against 
isolates of Aspergillus spp. and against the melanin-pigmented molds 
that cause chromoblastomycosis. The mechanism of flucytosine’s  
antifungal action appears to be by deamination to 5-fluorouracil and 
then conversion through several steps to 5-fluorodeoxyuridylic acid 
monophosphate, a noncompetitive inhibitor of thymidylate synthetase 
that interferes with DNA synthesis, or through its conversion to 
5-fluorouridine triphosphate, which causes aberrant transcription (see 
Fig. 39-2).5 In studies of therapy of candidiasis, the principal pharma-
codynamic driver of response was the proportion of the time the blood 
level exceeded the MIC.9 Resistance may be due to loss of the cytosine 
permease that permits flucytosine to cross the fungal cell membrane 
or loss of any of the enzymes that lead to its conversion into the forms 
that interfere with DNA or RNA synthesis. Induction of resistance 
during monotherapy is sufficiently frequent and rapid that flucytosine 
is essentially always used as part of combination therapy.

Administration and Dosage.  Flucytosine is usually administered 
by mouth at 100 mg/kg/day in four divided doses. Patients with a 
serum creatinine level of 1.7 mg/dL or greater usually require dose 
reduction. As an approximation, the total daily dose should be reduced 
to 75 mg/kg, with a creatinine clearance of 26 to 50 mL/min and to 
37 mg/kg when the creatinine clearance is 13 to 25 mL/min.59 Ideally, 
the blood level should be measured in azotemic patients 2 hours after 
the last dose and immediately before the next dose. The target blood 
level range has long been thought to be between 20 and 100 µg/mL, 
although recent pharmacodynamic work suggests that levels of 10 to 
50 µg/mL would be adequate.60,61 Patients requiring hemodialysis may 
be given a single postdialysis dose of 37.5 mg/kg. Further doses are 
adjusted by blood level. Reliable biologic,62 enzymatic,63 and physical64 
methods are available to assay flucytosine, even in the presence of 
amphotericin B.

Flucytosine given alone to patients with normal renal, hematologic, 
and gastrointestinal function is associated with very infrequent adverse 
effects, including rash, diarrhea, and in about 5%, hepatic dysfunction. 
In the presence of azotemia—such as that caused by concomitant 
amphotericin B—leukopenia, thrombocytopenia, and enterocolitis 
may appear and can be fatal. These complications seem to be far more 

aspergillosis) not responding to or intolerant of ABD have also been 
reported.40-43 Of the patients in these studies with defined mycoses and 
evaluable outcomes, 118 of 161 (73%) were judged to have a complete 
or partial response to therapy. The European Organization for Research 
and Treatment of Cancer conducted a prospective randomized com-
parison of 1 and 4 mg/kg LAMB in 120 patients with proven and 
probable aspergillosis.44 Of the 87 evaluable patients, responses were 
the same in the 41 receiving 1 mg/kg as in the 46 receiving 4 mg/kg, 
although the group receiving the higher dosage did contain the greater 
proportion of subjects with proven (rather than probable) aspergillosis. 
In a subsequent study, the response rate for invasive aspergillosis after 
2 weeks of therapy was the same at 3 mg/kg/day (50% of 107 patients) 
as at 10 mg/kg/day (46% of 94 patients) but with greater nephrotoxicity 
and hypokalemia at the higher dosage.45

Three prospective randomized studies, in both adults and children, 
have compared LAMB with ABD in neutropenic patients with fever 
not responsive to 96 hours of antibacterial antibiotics. The U.S. study 
compared 343 patients receiving 1.5 to 6.0 mg/kg LAMB daily and 344 
patients receiving 0.3 to 1.2 mg/kg ABD daily.46 Even though some 
patients received relatively low doses of ABD, the two regimens had 
identical efficacy. A subset analysis of possible and proven mycoses 
emerging during therapy suggested an advantage for LAMB. A report 
of two combined studies in Europe that compared ABD, 1 mg/kg, with 
LAMB, 3 mg/kg, also found equal efficacy in neutropenic patients 
failing 96 hours of antibacterial therapy.47 No difference was noted in 
mycoses emerging during empirical therapy.

The above studies generally suggest that LAMB causes less nephro-
toxicity and less severe hypokalemia than ABD, a result supported by 
a direct comparison of these two formulations.48 Infusion at 1 to 2 mg/
mL over a 2-hour period is recommended. Infusion intervals can be 
shortened to 60 minutes for patients in whom the treatment is well 
tolerated. A triad of infusion-related reactions (symptoms from the 
categories of [1] chest pain, dyspnea, and hypoxia; [2] severe pain in 
the abdomen, back, flank, or leg; and [3] flushing and urticaria) have 
been reported to occur, most often within the first 5 minutes of infu-
sion and apparently unrelated to infusion speed.49 These reactions are 
effectively managed by administration of diphenhydramine and brief 
interruption of the LAMB infusion. LAMB is the only lipid-associated 
amphotericin B formulation that does not contraindicate the use of an 
in-line filter, although pore size should be at least 1.0 µm.

Comparison of Amphotericin B Deoxycholate 
and the Lipid-Associated Formulations of 
Amphotericin B
Randomized clinical trials comparing ABD as therapy for a defined 
mycosis are limited to the demonstrations for LAMB of similar efficacy 
for cryptococcal meningitis38 and greater efficacy for histoplasmosis.39 
Randomized comparisons with ABD as therapy in the persistently 
neutropenic and febrile cancer patient provide consistent demonstra-
tions of a generally better tolerability profile, but there are few data on 
differential antifungal effect other than a subset analysis showing a 
reduced rate of breakthrough infections in one study.46 Consistent with 
these results, the aggregate open-label data efficacy rates for the LFABs 
are similar to those for ABD.10 Although the LFABs are notably more 
costly (10- to 60-fold) than ABD, the purchase cost of the compound 
must be balanced against the morbidity and financial costs of monitor-
ing, treating, and managing ABD-related nephrotoxicity. Of impor-
tance, such toxicity may be well tolerated in an outpatient with few 
other comorbidities or in children, whereas ABD-related nephrotoxic-
ity (50% increase in baseline creatinine to a minimum of 2 mg/dL) was 
associated with a 6.6-fold increased odds of death and an absolute 
increase in mortality from 16% to 54%.50 In the majority of patients, 
liposomal amphotericin B or ABLC is preferred over ABD.

The lipid-associated amphotericins also remain valuable agents 
when compared with the azoles and echinocandins. Although associ-
ated with more adverse events than agents from these two other classes, 
ABLC and liposomal amphotericin B remain appropriate for acute 
management of severe disseminated histoplasmosis, initial manage-
ment of cryptococcosis, and treatment of suspected mucormycosis. 
They also provide important options for management of the persis-
tently febrile neutropenic patient (particularly when this syndrome 
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measurable, has not been clinically significant. Most of the imidazoles 
reaching clinical trials have had similar in vitro activity against a broad 
range of superficial and deep pathogens.76 Methods for in vitro suscep-
tibility testing are increasingly available as standardized tools. Stan-
dardization has facilitated the establishment of clinically predictive 
interpretive breakpoints for susceptibility testing results of Candida 
spp.77,78

N-substitution of imidazoles has created a family of drugs, called 
triazoles, that have the same mechanism of action as imidazoles, a 
similar or broader spectrum of activity, and less effect on human sterol 
synthesis. Both imidazoles and triazoles inhibit C-14α demethylation 
of lanosterol in fungi by binding to one of the cytochrome P-450 
enzymes, which leads to the accumulation of C-14α methylsterols and 
reduced concentrations of ergosterol, a sterol essential for a normal 
fungal cytoplasmic membrane (see Fig. 39-2). Inhibition of cyto-
chrome P-450 also decreases the synthesis of testosterone and gluco-
corticoids in mammals, an effect seen clinically with ketoconazole but 
not with later azoles. In studies of candidiasis, the principal pharma-
codynamic driver for response to the triazole antifungal agents has 
been the ratio of total drug exposure (area under the curve [AUC]) to 
the MIC.9 By studying cytochrome P-450 inhibition in vitro, new drugs 
can be selected that have better antifungal specificity. Some azoles, in 
addition to blocking ergosterol synthesis, have an immediate effect of 
damaging the fungal cytoplasmic membrane.

Because of their interaction with the P-450 system (including 
metabolism of the azoles by same), the azoles as a class have a sig-
nificant number of drug-drug interactions. Fluconazole and posacon-
azole have the fewest significant interactions with itraconazole and 
voriconazole having many more. Key interactions are summarized in 
Table 39-1.

Newer triazoles have properties that make them preferable to 
ketoconazole—not only less hormonal inhibition but also both paren-
teral and oral formulations, a broader spectrum, better distribution 
into body fluids, less gastrointestinal distress, and less hepatotoxicity. 
For this reason, ketoconazole will not be included in the discussion 
below. The reader is referred to this chapter in prior editions of this 
text if further details on ketoconazole are needed. The ideal triazole 
has not arrived because none has all these properties yet, and resistance 
to azoles in previously susceptible species is emerging. Resistance 
mechanisms include increased drug efflux and altered or increased 
C-14α demethylase.5 Development of fluconazole resistance has been 
documented in C. albicans, and increased resistance has been seen in 
Candida glabrata. Candida krusei, C. glabrata, Candida norvegensis, 
and Candida inconspicua are intrinsically more resistant to azoles.79 
Increased isolation of C. glabrata and C. krusei has been observed in 
patients receiving long-term azoles. Isolates resistant to fluconazole are 
variably cross-resistant to other azoles.5 Because of a common muta-
tion, possibly driven by agricultural azole usage, resistance (and often, 
cross-resistance) to the three azoles (itraconazole, voriconazole, 
posaconazole) that have reliable mold activity toward Aspergillus spp. 
has also emerged in some localities.80

Itraconazole (Sporanox)
Formulations  and  Pharmacology.  Itraconazole is marketed as a 
100-mg capsule, as an oral suspension of 100 mg/10 mL in cyclo-
dextrin (an oligosaccharide ring), and, formerly, as a solution in 
cyclodextrin for IV administration.81 The ring entraps the hydropho-
bic, water-insoluble drug. The drug is thus made soluble and is then 
released either at the lipid membrane of the enterocyte after oral 
administration or directly into tissues after IV administration. The 
solution makes possible delivery of the drug through a nasogastric 
tube in intubated patients and makes dosing of infants and small 
children more convenient. Oral absorption of the capsule is signifi-
cantly enhanced by food, although absorption of the solution is best 
on an empty stomach.82 Bioavailability of the capsule is 55% when 
ingested after breakfast, and the area under the time-concentration 
curve is increased 30% if the capsules are taken with food or if the 
solution is used. Bioavailability increases 25% to 30% with the solu-
tion in a fasting state.83-86 Co-administration of a cola beverage with 
itraconazole capsules almost doubled the area under the plasma 
concentration-time curve.87 Peak levels with either preparation are 

frequent among patients whose flucytosine blood levels attain, and 
especially if they exceed, 100 to 125 µg/mL.59 Patients receiving flucy-
tosine and whose renal function is changing should have their serum 
flucytosine concentrations determined as often as twice per week and 
the leukocyte count, platelet count, alkaline phosphatase, and amino-
transferase levels measured at a similar frequency. Patients in whom 
loose stools or dull abdominal pain suddenly develops or who have 
laboratory evidence consistent with flucytosine toxicity should have 
their flucytosine blood levels determined and consideration given to 
withholding therapy with the drug until the situation is clarified. 
Patients with bone marrow and gastrointestinal toxicity from flucyto-
sine often tolerate the drug at reduced dosage. Patients with rash or 
hepatotoxicity have not been rechallenged. Uncommonly, vomiting, 
bowel perforation, confusion, hallucinations, headache, sedation, and 
euphoria have been reported. Flucytosine is teratogenic for rats and is 
contraindicated in pregnancy.

Conversion of flucytosine to 5-fluorouracil within the human body 
occurs in sufficient degree to be a possible explanation for toxicity to 
bone marrow and the gastrointestinal tract.65 It is likely that the drug 
is secreted into the gut where flucytosine becomes deaminated by 
intestinal bacteria and is reabsorbed as 5-fluorouracil.66

Flucytosine has a beneficial effect in patients with cryptococcosis,67 
candidiasis, and chromoblastomycosis. It is not the drug of choice for 
any infection because (1) its clinical efficacy in the first two mycoses 
is inferior to that of amphotericin B, (2) primary drug resistance is not 
uncommon in Candida infection, and (3) secondary drug resistance is 
common in cryptococcosis and chromoblastomycosis.

Flucytosine and amphotericin B are at least additive in their effects 
in vitro and in mice experimentally infected with susceptible isolates 
of Candida and Cryptococcus. Flucytosine permitted a lower dose of 
amphotericin B to be used to gain the same therapeutic effect, and 
amphotericin B prevented the emergence of secondary drug resistance. 
The same advantages have been confirmed in two large multicenter 
studies of cryptococcal meningitis conducted during the pre-HIV 
era.68 The current recommendation that flucytosine be added during 
the first 2 weeks of IV amphotericin B therapy for patients with 
acquired immunodeficiency syndrome (AIDS) and cryptococcal men-
ingitis69 was based initially on these data plus a retrospective analysis.70 
Subsequently, a four-arm randomized study of 64 patients demon-
strated that the combination of amphotericin B deoxycholate, 0.7 mg/
kg/day, with flucytosine, 100 mg/kg/day, produced more rapid steril-
ization of the CSF than amphotericin B alone or in combination with 
fluconazole but did not show an improvement in mortality.71 Observa-
tional data from a 208-patient experience likewise found the lowest 
failure rate with this combination.72 Experience with candidiasis 
remains limited.73 Finally, results with Aspergillus are contradictory, 
with the combination never shown to be better than an optimum dose 
of amphotericin B alone.74,75

Flucytosine is more difficult to manage in patients with diminished 
bone marrow reserve. Leukopenia and diarrhea are difficult to manage 
in patients with AIDS, as are leukopenia and thrombocytopenia in 
patients after bone marrow transplantation or patients with leukemia 
or other hematologic malignancies. Oral flucytosine may not be reli-
ably administered in patients who are confused or vomiting. IV flucy-
tosine is no longer available in the United States but is used at the same 
dose as the capsule formulation. The incidence of diarrhea or leuko-
penia is not lower with IV administration.

Flucytosine resistance has occurred, albeit uncommonly, during 
combination therapy. Use of the combination in such patients incurs 
the risk of toxicity without evidence that flucytosine adds to the thera-
peutic effect. Whenever flucytosine is used to treat a patient who has 
received that drug before, the isolate should be tested for susceptibility. 
In most laboratories, an MIC of 20 µg/mL or less is considered 
susceptible.

AZOLE ANTIFUNGAL AGENTS
General Features
Mechanism of Action
The imidazole ring (see Fig. 39-1) confers antifungal activity on a 
variety of synthetic organic compounds. Unlike the 5-nitroimidazoles, 
such as metronidazole, activity against bacteria and protozoa, although 
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TABLE 39-1  Azole Drug-Drug Interactions

DRUG FLUCONAZOLE VORICONAZOLE ITRACONAZOLE* POSACONAZOLE
A. Azole Causes Increased Blood Levels of Other Drug
Alfentanil Yes Yes

Alprazolam Yes Yes

Astemizole Yes† Yes† Yes Yes

Calcium channel blockers Yes Yes (Nisoldipine†) Yes

Carbamazepine Yes Yes

Cisapride Yes† Yes† Yes† Yes†

Coumarin-type anticoagulants Yes Yes Yes

Cyclosporine Yes Yes Yes Yes*

Digoxin No Yes

Disopyramide Yes

Dofetilide Yes†

Ergot alkaloids Yes† Yes† Yes†

HMG-CoA reductase inhibitors (“statins”) Yes Yes† Yes, if CYP3A4 substrate†

Levacetylmethadol (levomethadyl) Yes†

Methadone Yes Yes Yes

Midazolam (and other short-acting benzodiazepines) Yes Yes† Yes† Yes*

Nisoldipine Yes†

Omeprazole Yes

Oral hypoglycemics (e.g., tolbutamide, glyburide, glipizide) Yes Yes Yes No for glipizide

Phenytoin Yes Yes Yes Yes

Pimozide Yes† Yes† Yes† Yes†

Quinidine Yes† Yes† Yes† Yes†

Rifabutin Yes Yes† Yes Yes

Saquinavir and other protease inhibitors Yes Yes Yes

Sirolimus Yes Yes† Yes Yes†

Tacrolimus Yes Yes Yes Yes*

Terfenadine Yes Yes† Yes Yes

Theophylline Yes

Triazolam Yes Yes Yes† Yes

Vinca alkaloids Yes Yes

B. Azole Level is Reduced by Other Drug

DRUG FLUCONAZOLE VORICONAZOLE ITRACONAZOLE POSACONAZOLE
Antacids of any type, including proton pump inhibitors No No Yes Yes for suspension,‡ no for 

tablets

Carbamazepine Yes Yes† Yes Yes

Efavirenz Yes§ Yes Yes

Fosamprenivir Yes

Isoniazid Yes

Long-acting barbiturates Yes†

Metoclopramide Yes for suspension, no for 
tablets

Nevirapine Yes Yes

Phenobarbital Yes† Yes

Phenytoin Yes Yes Yes

Rifabutin Yes† Yes Yes

Rifampin Yes Yes† Yes Yes

Ritonavir Yes†

St. John’s wort Yes† Yes

*In addition, itraconazole levels are increased by clarithromycin, erythromycin, indinavir, and ritonavir.
†Absolute contraindication.
‡When given concomitantly with the suspension formulation, cimetidine and esomoprazole have been shown to reduce plasma posaconazole levels.
§Concomitant usage requires unusually careful dose adjustments and monitoring.
Note: Azoles are involved in drug-drug interactions either (1) by interfering with metabolism and thus increasing the concentration of other drugs (Table 39-1A) or (2) by 

having their level reduced via either induction of hepatic metabolism or reduced absorption (Table 39-1B). The principal interactions are via CYP3A4 (all azoles) plus 
CYP2C9 (fluconazole, voriconazole) and CYP2C19 (fluconazole, voriconazole). Because of the differential distribution of the cytochrome P-450 enzymes in the liver and gut, 
the magnitude of drug-drug interactions may be influenced by the route of drug administration.283 For example, voriconazole’s effect on tacrolimus is even more 
pronounced (higher tacrolimus levels) when voriconazole is given orally rather than intravenously.284,285 Key interactions found in the U.S. prescribing information are 
summarized here; more exhaustive reviews153 and discussions of management strategies286 are available in the published literature.

HMG-CoA, hydroxymethylglutaryl coenzyme A.
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that IV itraconazole (which is no longer manufactured), followed by 
oral itraconazole, was similarly effective and less toxic.103 The solution 
shows promise for the treatment of oral and esophageal candidiasis 
when used at 100 to 200 mg daily.104,105 Leishmania major infections 
respond poorly.106

Fluconazole (Diflucan)
Formulations and Pharmacology.  Fluconazole is currently available 
in 50-, 100-, 150-, and 200-mg tablets, a powder for oral suspension, 
and an IV formulation of either 200 or 400 mg, both as 2 mg/mL.107 
Fluconazole is well absorbed from the gastrointestinal tract.108 After 
ingestion of fluconazole, more than 80% of the drug can be found 
in the circulation. Of the oral dose, 60% to 75% appears unchanged 
in the urine, and 8% to 10% appears unchanged in the feces. Oral 
absorption is not decreased in patients with AIDS or patients taking 
H2 blocking agents.109 Only 11% of serum fluconazole is protein 
bound.

Concentrations of fluconazole in CSF are approximately 70% of 
simultaneous blood levels, whether or not the meninges are inflamed 
and the drug penetrates into the brain. Penetration into saliva, sputum, 
urine, and other body fluids has also been excellent.106 Local instillation 
into the CSF, bladder, or another site is unnecessary because of excel-
lent penetration of the drug into body compartments.

The half-life in patients with normal renal function is 27 to 34 hours 
and increases to 59 and 98 hours in groups with creatinine clearances 
of 35 and 14 mL/min, respectively. According to the manufacturer, the 
normal dose should be reduced to 50% when the creatinine clearance 
is reduced to 50 mL/min and to 25% when creatinine clearance is less 
than 20 mL/min. A loading dose of twice the daily dose is recom-
mended. Patients receiving hemodialysis should have one daily dose 
after each session. A dose of 6 mg/kg every 3 days has been advocated 
for premature infants in the first week of life, with dosing every 2 days 
during the second week of life.110

Drug Interactions.  As noted in the introductory discussion of the 
azoles, fluconazole has a moderate number of clinically relevant drug 
interactions. Key interactions are summarized in Table 39-1. Most 
notably, fluconazole is contraindicated in combination with CYP3A4-
metabolized drugs with the potential to prolong the QT interval (e.g., 
cisapride, astemizole, pimozide, and quinidine).

Side Effects.  Adverse effects are uncommon.111 Even with chronic 
therapy, including doses exceeding 400 mg/day, headache, hair loss, 
and anorexia were the most common symptoms, each occurring in 3% 
of patients, whereas 10% had rises in aspartate aminotransferase levels. 
Alopecia is reversible, even in some instances when the drug is con-
tinued at lower doses.112 Neurotoxicity has been described after heroic 
doses of 2000 mg daily. Rarely, anaphylaxis after the first dose or 
Stevens-Johnson syndrome has been observed. Fluconazole is U.S. 
Food and Drug Administration (FDA) pregnancy category D, meaning 
that it should be avoided during pregnancy except for single 150-mg 
doses used for vulvovaginal candidiasis. This decision was based on 
evidence of teratogenicity in animals and three children with similar 
birth defects. However, a review of 7352 fluconazole-exposed Danish 
pregnancies did not confirm the same pattern of birth defects but 
found an increased prevalence of tetralogy of Fallot.113

Indications
Candidiasis.  Fluconazole, 50 to 100 mg once daily, is one of the most 
effective agents for the treatment of oropharyngeal candidiasis. Daily 
doses of 100 mg are effective for esophageal candidiasis.114 A single 
dose of 150 mg is approximately as effective as topical treatment of 
vulvovaginal candidiasis. Patients with candidemia who are not neu-
tropenic or otherwise seriously immunosuppressed respond as well to 
IV fluconazole therapy as to amphotericin B, provided that they do not 
have fluconazole-resistant Candida spp.115 A study comparing flucon-
azole with a combination of fluconazole plus amphotericin, as initial 
therapy of candidemia, suggested that the combination might produce 
more rapid clearance of the bloodstream, but this result was con-
founded by differences in severity of illness between the two study 
groups.116 In a small number of patients with Candida endocarditis, 
long-term fluconazole therapy has been used to prevent relapse after 
amphotericin B therapy. For immunosuppressed patients and rapidly 

achieved 4 to 6 hours after a dose. Steady state is achieved only after 
13 to 15 days, at which time the β-elimination half-life is about 19 
to 22 hours. Absorption of the capsules in patients with AIDS is 
about half that in normal volunteers.88 Absorption of the capsule is 
markedly depressed in bone marrow transplant recipients, probably 
because of hypochlorhydria, mucositis, and graft-versus-host intestinal 
changes, but the depressed absorption can be alleviated by using the 
solution.82

For deep mycoses, an initial itraconazole dose of 200 mg three 
times daily is recommended for the first 3 days to give quickly high 
serum and tissue levels. Hydroxyitraconazole, a metabolite of itracon-
azole, appears in blood in amounts roughly twice that of the parent 
drug and has antifungal activity and pharmacokinetics similar to those 
of the parent compound.89

Therapeutic blood level monitoring is useful to confirm adequate 
exposure. Because the existence of the active metabolite causes bioas-
says of itraconazole to give much higher concentrations than does 
HPLC (the difference follows from the susceptibility of the bioassay 
organism to hydroxyitraconazole), interpretation of the results depends 
on the method used. Target levels of the parent (unmetabolized) itra-
conazole molecule of 500 ng/mL, determined by HPLC, generally 
appear adequate, especially for prophylactic usage. A target of 1000 ng/
mL for the parent and its bioactive metabolite by bioassay also seem 
adequate. Limited data suggest that levels of 1000 ng/mL determined 
by HPLC might be preferred for proven infection.60,61

Tissue, pus, and bronchial secretion concentrations of itraconazole 
are generally higher than plasma concentrations, but CSF concentra-
tions are usually unmeasurable, even in patients with meningitis. 
Ocular levels are low. Saliva concentrations persist for 8 hours after the 
solution and provide a possible benefit in treating oral disease or eradi-
cating oral colonization. The drug is metabolized in the liver and 
excreted in feces as metabolites. Fifty percent to 64% of the cyclodex-
trin liquid administered is secreted intact in feces, with most of the 
remainder broken down by gut bacteria amylases; less than 0.5% is 
absorbed. No significant amount of bioactive itraconazole appears in 
urine. Plasma concentrations do not increase in patients with renal 
insufficiency or decrease with hemodialysis. The half-life is prolonged 
in those with cirrhosis. About 99% of serum itraconazole is bound to 
plasma proteins.

Adverse Effects.  The most common adverse effect is dose-related 
nausea and abdominal discomfort, but symptoms rarely necessitate 
stopping therapy.90 Dividing the dose into twice-daily administration 
improves tolerance and absorption. Hypokalemia and edema may 
occur at 400 mg/day or higher doses. Allergic rash is seen occasionally. 
Therapy is contraindicated during pregnancy and in nursing mothers. 
Itraconazole is infrequently hepatotoxic and does not suppress adrenal 
or testicular function at the dosages recommended. Flavoring in the 
solution somewhat ameliorates the unpleasant taste of cyclodextrin. 
Diarrhea, nausea, and other gastrointestinal complaints are more  
frequent with the solution. This increased toxicity is probably due to 
the osmotic effect or bile salt complexing with unmetabolized 
cyclodextrin.

Interactions.  As noted in the introductory discussion of the azoles, 
itraconazole has many clinically relevant drug interactions. Key inter-
actions are summarized in Table 39-1. Most notably, itraconazole is 
contraindicated in combination with a range of CYP3A4-metabolized 
drugs: cisapride, oral midazolam, nisoldipine, pimozide, quinidine, 
dofetilide, triazolam, levacetylmethadol (levomethadol), lovastatin, 
simvastatin, and the ergot alkaloids.

Uses.  Itraconazole is useful for treatment of invasive aspergillosis,91 
allergic bronchopulmonary aspergillosis,92 blastomycosis,93 histoplas-
mosis,93 meningeal94 and nonmeningeal95 coccidioidomycosis, para-
coccidioidomycosis, sporotrichosis,96,97 phaeohyphomycosis, ringworm 
(including onychomycosis),98 and tinea versicolor. Itraconazole is also 
useful for the prevention of relapse in AIDS patients with disseminated 
histoplasmosis.99 Itraconazole suspension may be useful for prophy-
laxis against fungal infections during neutropenia,100-102 and possibly 
reduced the rate of invasive aspergillosis in one study.100 A comparison 
of itraconazole with amphotericin B as therapy for persistent fever in 
384 neutropenic patients, 56% of whom had acute myelogenous leu-
kemia and 38% of whom had received marrow transplantation, found 
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taken with prior studies,137 these data suggest that neonatal units might 
consider use of fluconazole prophylaxis in additional to standard infec-
tion control procedures for very-low-birth-weight neonates.

Voriconazole (Vfend)
Formulations  and  Pharmacology.  Voriconazole is marketed as a 
50-mg tablet, a 200-mg tablet, a powder for oral suspension at 40 mg/L, 
and as a solution in sulfobutyl ether β-cyclodextrin for IV administra-
tion.138 The oral bioavailability of voriconazole is ≈96% and plasma 
protein binding is ≈58%.139,140 Detailed tissue distribution data are not 
available, but voriconazole’s volume of distribution (4.6 L/kg) greatly 
exceeds that of water, thus suggesting extensive distribution into 
tissues. Concentrations in the CSF are approximately 50% of plasma 
concentrations.141 Voriconazole is cleared by hepatic metabolism with 
less than 2% of the dose excreted unchanged in the urine. Hepatic 
clearance is via the P-450 system. Voriconazole exhibits significantly 
nonlinear pharmacokinetics because of saturation of the clearance 
pathways at higher doses. The principal enzyme involved in clearance 
is CYP2C19.142,143 This enzyme has significant genetic polymorphisms 
that permit any given individual to be a homozygous extensive metab-
olizer, a homozygous poor metabolizer, or a heterozygous intermediate 
metabolizer. A heterozygous metabolizer will have, on average, a 
twofold higher total voriconazole exposure relative to a homozygous 
extensive metabolizer. A homozygous poor metabolizer will have a 
fourfold higher drug exposure on average. Fifteen percent to 20% of 
Asians, but only 3% to 5% of whites and blacks, are homozygous poor 
metabolizers. Despite these differences in metabolism, the achieved 
plasma levels overlap across the three possible groups, and dose adjust-
ment based on genotype or racial group is not recommended. Usual 
trough concentrations are in the range of 0.5 to 5 mg/L, with consider-
able intraindividual variation.60,144 Therapeutic drug monitoring is of 
use in settings where systemic exposures are less well predicted (e.g., 
in combination with inducers of hepatic metabolism or in chil-
dren).145,146 Target exposures of greater than 0.5 mg/L are suggested for 
prophylaxis and 1 to 2 mg/L for treatment, although the data are weak 
61, 147,148 In a randomized trial comparing active monitoring, with a goal 
of maintaining trough levels in the range 1 to 5.5 mg/L, with standard 
dosing and clinical observation, active monitoring of plasma levels did 
not reduce the overall frequency of adverse events but was associated 
with reduced drug discontinuation for adverse events as well as a trend 
toward improved response.149

Standard loading dosing regimens, followed by maintenance doses 
that are 50% of normal are recommended for individuals with mild-
to-moderate hepatic cirrhosis (Child-Pugh class A and B). However, 
no data are available on rates of clearance in individuals with severe 
hepatic cirrhosis (Child-Pugh class C). Dosage adjustments are not 
required for renal dysfunction, and voriconazole is not significantly 
cleared by hemodialysis. Children aged 2 to 12 years have variably 
increased metabolism and may require higher doses. In one study, a 
dose of 4 mg/kg every 12 hours in the children was found to produce 
systemic exposures comparable to those produced by a dose of 3 mg/
kg every 12 hours in adults. Initiation of therapy in children with 6 mg/
kg q12h times two doses has been suggested.150,151 The European pre-
scribing information for voriconazole recommends that children aged 
2 to younger than 12 years should be treated twice daily IV with a 
loading dose of 9 mg/kg q12h (two doses), followed by 8 mg/kg q12h. 
For oral dosing, 9 mg/kg is given twice daily to a maximum of 350 mg/
day.152 Data for children younger than 2 years were inadequate to 
permit dose selection.

Drug Interactions.  As noted in the introductory discussion of the 
azoles, voriconazole has many clinically relevant drug interactions. Key 
interactions are summarized in Table 39-1. Of particular note, 
co-administration is contraindicated with terfenadine, astemizole, cis-
apride, pimozide, quinidine, sirolimus, rifampin, carbamazepine, long-
acting barbiturates, high-dose ritonavir (400 mg q12h), rifabutin, ergot 
alkaloids, and St. John’s wort.

Side  Effects.  Voriconazole is generally well tolerated and has a 
side-effect profile that is largely similar to other triazoles,153 with an 
increased frequency of adverse events at plasma concentrations greater 
than 5 to 6 mg/L in some studies.61,148 The most frequently reported 
adverse event is a visual disturbance that appears to be unique to 

progressing or severely ill patients with deep candidiasis, amphotericin 
B or caspofungin would be preferred.

Cryptococcal  Meningitis.  Fluconazole has been used for the 
initial treatment of AIDS patients with cryptococcal meningitis who 
are neurologically intact and judged to have a good prognosis.117 Many 
authorities recommend amphotericin B or amphotericin B plus flucy-
tosine for at least the first 2 weeks and until clinically improved. 
Therapy can be changed to fluconazole, 400 mg daily for 2 months, 
after the patient has remained clinically stable. The propensity of AIDS 
patients to relapse has led to lifelong maintenance therapy with fluco-
nazole, 200 mg daily.118 Patients who have completed 1 to 2 years of 
antifungal therapy, have achieved an increase in CD4+ count to at least 
100/µL, have had an unmeasurable viral load for at least 3 months, and 
have a negative or low serum cryptococcal antigen may have their 
maintenance therapy discontinued. If the CD4+ count subsequently 
falls below 200/µL, maintenance therapy should be resumed.119 Itra-
conazole capsules, 200 mg daily, are inferior to fluconazole, 200 mg 
daily, for maintenance therapy.120 Thus far, relapse because of flucon-
azole resistance has been rare. Fluconazole is effective for the eradica-
tion of genitourinary foci. For initial treatment, fluconazole at doses of 
800 mg121 or given with flucytosine122 has been advocated, but insuf-
ficient data exist to recommend these regimens (see Chapter 264). For 
patients without AIDS, fluconazole is useful for those who have com-
pleted a course of amphotericin B and seem to have a high risk of 
relapse. At present, there are few firm data to guide selection of either 
dose or duration of fluconazole therapy for non-AIDS patients with 
cryptococcosis.

Other Mycoses.  Fluconazole is useful for coccidioidal meningitis 
and for disseminated nonmeningeal coccidioidomycosis,112,123 but a 
direct comparison with itraconazole found a trend favoring itracon-
azole that was driven by superior efficacy of itraconazole for skeletal 
infections.95 The two drugs were similarly efficacious for soft tissue and 
pulmonary infection. Cutaneous sporotrichosis,112,124 ringworm, histo-
plasmosis,125 and blastomycosis may respond, but the results are infe-
rior to those with itraconazole. Fluconazole is not indicated for 
aspergillosis, mucormycosis, or scedosporiosis.

Prophylaxis  in  Neutropenic  Patients.  In a multicenter trial, 
administration of fluconazole, 400 mg daily, decreased the incidence 
of death from deep mycoses in bone marrow transplant recipients, 
most of whom had received allogeneic transplants, from 10 per 177 
placebo recipients to 1 per 179 fluconazole recipients.126 All the protec-
tion afforded seemed to be in deep candidiasis, not aspergillosis. This 
result was confirmed in a similar study of bone marrow transplant 
recipients.127 Fluconazole resulted in decreased use of empirical 
amphotericin B in one study127 but not the other.126 Reduction in deep 
mycoses has not been convincingly demonstrated in other groups, 
such as patients with acute leukemia.128,129 In a long-term follow-up of 
one study of the above studies, bone marrow transplant recipients who 
received at least 75 days of fluconazole prophylaxis also had improved 
survival.130 Use for prophylaxis may result in shifts to less susceptible 
species.131,132

Prophylaxis  in Patients with Acquired Immunodeficiency Syn-
drome.  Fluconazole, 200 or 400 mg once per week, has reduced the 
incidence of oral and vulvovaginal candidiasis in patients with 
advanced HIV infection, but this regimen has not been demonstrated 
to prevent histoplasmosis, cryptococcosis, or esophageal candidiasis in 
this population.133,134 Prophylaxis with 200 mg daily does reduce the 
incidence of oropharyngeal and esophageal candidiasis, as well as cryp-
tococcosis in patients with a CD4 count of less than 200/mm3. Cost, 
lack of effect on survival, and the possibility of azole resistance has led 
the U.S. Public Health Service–Infectious Diseases Society of America 
advisory committee to recommend against fluconazole prophylaxis  
in AIDS patients. Fluconazole is an alternative to itraconazole for 
maintenance therapy in AIDS patients with prior disseminated 
histoplasmosis.135

Prophylaxis  in  Preterm  Neonates.  Fluconazole at 3 to 6 mg/kg 
(every third day for first 2 weeks of life, then every day) until day 30 
of life (neonates weighing 1000 to 1500 g at birth) or day 45 (neonates 
weighing <1000 g at birth) reduced the rate of invasive candidal infec-
tion from 13% (placebo) to 2.7% (6-mg group) and 3.8% (3-mg group) 
in a randomized multicenter study of 322 evaluable infants.136 When 
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affected by food but not by buffering of gastric acidity: nonfat and 
high-fat meals increase absorption 2.6- and 4.0-fold, respectively, and 
drug administration with food or a nutritional supplement is 
recommended.169-171 Although the half-life is 20 to 30 hours,169 and thus 
potentially consistent with daily dosing, exposure is further increased 
by dividing the daily dose, with the maximum AUC being with four 
divided doses, each taken with a fatty meal.172

A delayed-release 100-mg tablet of posaconazole was approved in 
late 2013 in the United States.169 When dosed as three 100-mg tablets 
given twice on day 1 and then once daily thereafter, the tablets produce 
plasma exposures that generally exceed that of the solution dosed at 
200 mg three times daily.172a,172b In phase 1 studies of dosing in human 
volunteers, exposures were similar when the tablet was given with and 
without food.169,172b In addition, exposures produced by the tablets are 
not altered by concomitant use of agents that alter gastric pH or 
motility.169,172a

Posaconazole is lipophilic, greater than 98% protein bound, and has 
a volume of distribution much greater than body water (1774 L in 
adults).169 These data suggest extensive distribution and penetration 
into tissues. Posaconazole circulates primarily as the parent com-
pound. Clearance is primarily by fecal excretion, with only a minority 
(13%) via renal clearance. Hepatic metabolism via uridine diphosphate 
glucuronidation plays only a small role in clearance, and CYP450-
mediated oxidation does not occur.169 Posaconazole is a substrate for 
P-glycoprotein.

Posaconazole is indicated for prophylaxis of invasive fungal infec-
tion during neutropenia or moderate-to-severe graft-versus-host 
disease (GVHD).173,174 When used in this setting, posaconazole may be 
dosed either as the suspension (200 mg [5 mL] three times daily) or as 
the tablets (three 100-mg tablets given twice on day 1 and then once 
daily thereafter). For oropharyngeal candidiasis, posaconazole suspen-
sion (the tablets are not indicated for treatment of oropharyngeal can-
didiasis) is dosed at 100 mg (2.5 mL) twice daily on day 1 and then 
100 mg daily for 13 days; the dosage may be increased to 400 mg twice 
daily for infections refractory to itraconazole or fluconazole. Dose 
adjustment is not required for renal insufficiency; the principal concern 
is that plasma exposures in this group are more variable and that 
inadequate exposures might result.169 Data in hepatic insufficiency are 
limited, but dose adjustment is recommended in patients with mild-
to-severe hepatic insufficiency.169,175 The dosage in pediatrics is not 
known, but limited data suggest similar pharmacology in older 
children.169,176

Although data on definitive target exposures have been confus-
ing,147 low or negligible levels are sufficiently common177 that monitor-
ing of posaconazole plasma concentrations appears useful. Plasma 
concentrations of at least 0.5 to 0.7 mg/L at steady state (typically after 
7 or more days of therapy) appear linked to greater efficacy.61,147,178

Drug Interactions.  As noted in the introductory discussion of the 
azoles, posaconazole has a moderate number of clinically relevant drug 
interactions. Key interactions are summarized in Table 39-1. The most 
important of these is that posaconazole is contraindicated in combina-
tion with ergot alkaloids, sirolimus, CYP3A4 substrates that prolong 
the QT interval (e.g., pimozide, quinidine), and hydroxymethylglutaryl–
coenzyme A reductase inhibitors primarily metabolized through 
CYP3A4 (e.g., atorvastatin, lovastatin, and simvastatin).

Side Effects.  The tolerability of posaconazole is generally similar 
to that of fluconazole, with gastrointestinal symptoms and headache 
being the most commonly reported adverse events.175 Although all 
azoles have at least some predisposition to hepatic injury, significant 
hepatitis resulting from posaconazole appears to be rare. Posaconazole 
did not prolong QT intervals in studies of volunteers, but caution 
should still be taken (e.g., careful attention to correction of electrolyte 
disturbances) when administering to patients with potentially proar-
rhythmic conditions and co-administration with proarrhythmic drugs 
metabolized by CYP3A4 should be avoided.169 Plasma levels have not 
been consistently linked to adverse events.

Indications
Prophylaxis  of  Invasive  Fungal  Infection  during  Periods  of  Very 
High Risk.  Posaconazole decreases the incidence of fungal infections 
in high-risk patients during GVHD associated with allogeneic bone 

voriconazole. In the clinical studies reported to date, approximately 
30% of patients reported altered or enhanced light perception, begin-
ning approximately 30 minutes after a dose and lasting for approxi-
mately 30 minutes. The visual alteration is described as blurred vision, 
color vision change, and/or photophobia. The effect is mild, only rarely 
results in discontinuation of therapy, and is uniformly reversible. 
Despite extensive studies, the mechanism for this side effect is not 
known. Although the effect is usually transient, patients should be 
advised to avoid activities that require keen visual acuity while experi-
encing visual changes. Hallucinations and confusion have also been 
reported; hallucinations occurred in 12 of 72 patients in one study, were 
visual or auditory, and most often occurred in the first 24 hours of IV 
therapy at 6 mg/kg.154 Similarly, hallucinations were reported in 16 of 
25 patients treated with voriconazole in another series.141 Voriconazole 
can cause severe photosensitivity,155 and observational experience sug-
gests that prolonged voriconazole usage may be a risk factor for skin 
cancer in immunosuppressed patients.156,157,158 Periostitis with bone 
pain, elevated alkaline phosphatase, and periosteal elevation on bone 
films has been observed after months of voriconazole.159 Finally, vori-
conazole has been rarely associated with prolongation of the QT inter-
val and torsade de pointes. These events have occurred in individuals 
with multiple proarrhythmic factors (e.g., cardiotoxic chemotherapy, 
cardiomyopathy, hypokalemia), and caution is thus recommended 
when voriconazole is given to such patients. In particular, electrolyte 
disturbances, such as hypokalemia, hypomagnesemia, and hypocalce-
mia, should be corrected before initiation of voriconazole therapy.

Indications
Aspergillosis.  Voriconazole was licensed for treatment of invasive 
aspergillosis on the basis of a randomized, unblinded comparative trial 
in which patients with invasive aspergillosis were randomized to 
receive initial therapy with either voriconazole (two IV doses of 6 mg/
kg on day 1, two IV 4-mg/kg doses daily for at least the next 7 days, 
and then 200 mg PO twice daily) or ABD (1 to 1.5 mg/kg/day).160 After 
initial randomization, patients could be switched to other licensed 
therapies as dictated by clinical events. After 12 weeks, 53% of the 
patients randomized to voriconazole, but only 32% of those random-
ized to ABD, had a successful outcome. In addition, the survival rate 
of the voriconazole group was 71% versus only 58% for those random-
ized to ABD. Subsequently, the combination of voriconazole with 
anidulafungin versus voriconazole alone as therapy for proven or prob-
able aspergillosis was studied in patients with hematologic malignan-
cies.161 Although the response was not significantly different between 
the two arms, the combination was associated with reduced mortality 
at week 6 of therapy (P = .0868). Collectively, these results clearly 
demonstrate the efficacy of voriconazole for aspergillosis and its supe-
riority over ABD and are supported as well by data from open-label 
studies of therapy of aspergillosis with voriconazole.162

Other  Mycoses.  Voriconazole is also licensed for treatment of 
invasive fusariosis and scedosporiosis, based on data submitted to the 
FDA showing a 43% (9 of 21 patients) and 63% (15 of 24 patients) 
response rate for these two diseases, respectively. Although not licensed 
for esophageal candidiasis, voriconazole, 200 mg twice daily PO, was 
at least as effective as fluconazole, 200 mg once daily, in a randomized 
and blinded trial but was more often associated with adverse events.163 
Based on data from a trial of voriconazole versus amphotericin B 
deoxycholate as therapy for invasive candidiasis in which voriconazole 
was not inferior to amphotericin B deoxycholate,164 voriconazole is 
indicated for treatment of candidemia in non-neutropenic patients as 
well as for other forms of deeply invasive candidiasis. Efficacy in refrac-
tory candidiasis has also been reported.165,166

Fever and Neutropenia.  Voriconazole was compared with liposo-
mal amphotericin B as empirical antifungal therapy for persistent fever 
in the neutropenic cancer patient in a large open-label randomized 
study.167 The results were mixed, but the most conservative analyses 
found voriconazole to be possibly inferior to liposomal amphotericin 
B, and the FDA did not approve voriconazole for this indication.168

Posaconazole (Noxafil)
Formulations  and  Pharmacology.  Posaconazole is marketed as a 
40-mg/mL suspension.169 The oral bioavailability of posaconazole is 
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vitro activity is generally similar for the three, especially when testing 
is performed in the presence of serum.192,193 The only direct compari-
son of any of the three has been a study of micafungin versus caspo-
fungin for treatment of invasive candidiasis.194 The two drugs gave 
essentially identical results. It is notable that very few patients with 
neutropenia and candidemia have been included in clinical trials of 
echinocandins, largely because of the infrequency of those cases.

The echinocandins are fungicidal for all Candida spp., including 
isolates resistant to other agents.190,191 A paradoxical effect has been 
described in which the fungicidal activity of caspofungin against some 
isolates of C. albicans and C. dubliniensis disappears at higher concen-
trations. Attempts to demonstrate this effect in experimentally infected 
mice has been inconclusive.195 All echinocandins have somewhat 
reduced activity against isolates of C. parapsilosis and C. guilliermondii, 
but this lesser activity does not appear clinically relevant in studies 
reported to date. Although C. glabrata was initially routinely suscep-
tible to the echinocandins, isolates with reduced echinocandin suscep-
tibility resulting from fks1 or fks2 gene mutations have been reported 
with increasing frequency with these isolates, also often exhibiting 
fluconazole resistance.196

All echinocandins are active in vitro against Aspergillus spp., but 
activity is limited to growing and dividing hyphal elements; resting 
forms are not killed.197

The echinocandins are not active against Cryptococcus neoformans 
or Trichosporon asahii, and their activity against other fungi is variable 
with complete resistance noted in many cases. Thus, these agents are 
presently limited to therapy of candidiasis and aspergillosis. Available 
susceptibility testing methods do correlate with defined molecular 
resistance mechanisms,198-199 and a consensus has emerged on detec-
tion of clinically relevant resistance.200

Caspofungin (Cancidas)
Formulations  and  Pharmacology.  Caspofungin is marketed in 50- 
and 70-mg dose units as a powder to be reconstituted in water or saline 
for IV infusion.201 In a murine study, caspofungin tissue levels were 
higher than serum levels in liver and kidney; lower in the heart, brain, 
and thigh; and similar in lung and spleen.202 Caspofungin is 97% bound 
to serum albumin. The plasma kinetics of caspofungin are driven pri-
marily by tissue distribution; metabolism is limited, and clearance of 
caspofungin occurs via a combination of spontaneous chemical deg-
radation, hydrolysis, and N-acetylation.203 Dose adjustments are not 
required for renal function because caspofungin is neither excreted by 
the kidney nor cleared by hemodialysis. The clearance of caspofungin 
is modestly reduced in subjects with moderate hepatic insufficiency 
(Child-Pugh score, 7 to 9), and a dosage reduction from the usual daily 
dose of 50 mg/day to 35 mg/day is recommended. There are no data 
from individuals with more advanced hepatic insufficiency. Children 
aged 3 months to 17 years are given a loading dose of 70 mg/m2 body 
surface area, followed by 50 mg/m2 per day, with the total daily dose 
not to exceed 70 mg.201 Based on very limited data, neonates would be 
treated with 1 mg/kg daily × two doses and then 2 mg/kg daily.151

Drug Interactions.  Caspofungin is not an inhibitor or inducer of 
the hepatic cytochrome metabolism enzymes and has very few mean-
ingful drug interactions. Cyclosporine co-administration increases 
caspofungin exposure and has been associated with increased hepatic 
transaminase levels in volunteers. As a consequence, concomitant 
usage of caspofungin and cyclosporine is not recommended unless the 
potential benefit outweighs the potential risk to the patient. Caspofun-
gin co-administration reduces tacrolimus exposure by approximately 
20%, and dosage adjustments may be required. Rifampin reduces 
caspofungin blood levels by approximately 30%, and the daily dosage 
of caspofungin should be increased from 50 mg to 70 mg if these drugs 
are co-administered. Likewise, limited data with other inducers of drug 
clearance (efavirenz, nevirapine, phenytoin, dexamethasone, and car-
bamazepine) suggest that reduced caspofungin levels are possible and 
that an increase in the daily dose to 70 mg should be considered.

Side Effects.  Adverse reactions with caspofungin have overall been 
infrequent and minor. Symptoms possibly related to histamine release 
have been reported and infusion over 1 hour is recommended.201 
Caspofungin does not appear to be significantly hepatotoxic or 
nephrotoxic.

marrow transplantation or the neutropenic period associated with 
myelosuppressive chemotherapy for acute myelogenous leukemia or 
myelodysplastic syndrome. In the study by Ullman and co-workers173 
of prophylaxis during GVHD, posaconazole was similar to fluconazole 
in the incidence of overall fungal infections, but it was superior in 
prevention of aspergillosis (2.4% vs. 7.0%, respectively), and preven-
tion of breakthrough fungal infections (2.4% vs. 7.6%, respectively). In 
the study by Cornely and co-workers174 of prophylaxis during chemo-
therapy, posaconazole was superior to standard regimens of either 
fluconazole or itraconazole in prevention of invasive fungal infections 
in general (2% vs. 8%, respectively) and aspergillosis in particular (1% 
vs. 7%, respectively). In both studies, probable aspergillosis was largely 
diagnosed by serum galactomannan. Adverse events resulting from 
posaconazole were more common in the study by Cornely and 
co-workers174 but occurred at similar rates to the comparator therapy 
in the study by Ullman and co-workers.173

Oropharyngeal  Candidiasis.  In a report by Vazquez and 
co-workers,179 posaconazole (200 mg on day 1, 100 mg daily for 13 
days thereafter) was as effective as fluconazole (same dosage regimen) 
in treatment of oropharyngeal candidiasis in subjects with HIV/AIDS. 
Consistent with its long half-life, post-therapy mycologic suppression 
was somewhat better and clinical relapse was somewhat less frequent 
in the posaconazole-treated group. Refractory cases of posaconazole 
have been reported to respond effectively to extended courses (up to 3 
months) of posaconazole at 400 mg twice daily.180 Extended therapy in 
this setting appears well tolerated.

Therapy of Various Mold Infections.  Consistent with its in vitro 
activity against a broad range of yeast and mold fungi, a variety  
of observational studies have suggested utility in refractory aspergil-
losis,181 fusariosis,182 coccidioidomycosis,183 eumycetoma,184 and chro-
moblastomycosis.184 Posaconazole has also shown activity in a small 
number of case reports of treatment of mucormycosis, although limited 
data suggest limited penetration into the central nervous system and 
thus uncertain potential for therapy at that site.185,186 Therapy has gen-
erally been with 800 mg/day in divided doses. The long-term therapy 
often required in these settings appears well tolerated.183-184,187

Investigational Triazoles
Isavuconazole, albaconazole, and ravuconazole are additional triazoles 
currently in the later stages of development.188 All three appear to 
possess good antifungal spectra. Isavuconazole and ravuconazole have 
half-lives that may permit very infrequent dosing.

ECHINOCANDIN ANTIFUNGAL 
AGENTS
General Features
The echinocandin antifungal agents act by inhibiting the synthesis of 
1,3-β-d-glucan. Along with 1,6-β-d-glucan, chitin (a polymer of 
N-acetyl glucosamine), and cell wall proteins, 1,3-β-d-glucan is one 
of the fibrillar and interwoven macromolecules that form the fungal 
cell wall.189 1,3-β-d-glucans are the predominant component of the cell 
wall of the ascomycetous fungi, provide much of the rigidity of the 
wall, and are synthesized by a transmembrane glucan synthase complex. 
Although the precise mechanism of action is unknown, the echinocan-
dins inhibit the functioning of this complex (see Fig. 39-2). Disruption 
of 1,3-β-d-glucan synthesis leads to reduced wall integrity, abnormal 
cell morphology, and finally cell rupture and death. To date, in studies 
of echinocandins as therapy for candidiasis, the principal pharmaco-
dynamic driver of in vivo response has been the ratio of the peak 
achieved concentration to the MIC.9

There are three licensed echinocandins: caspofungin, micafungin 
and anidulafungin. These agents are much more similar than they are 
different. All are cyclic lipopeptides (see Fig. 39-1) that must be given 
intravenously, they have very few drug interactions, they have an admi-
rably low adverse event rate, and they have essentially identical anti-
fungal spectra.190,191 Selection of which echinocandin to use is based 
on price and published data on efficacy. Caspofungin has the broadest 
array of approved indications and the most available clinical data of 
the three products.190 Micafungin has the most detailed data on use in 
neonates and children. Anidulafungin appears to have somewhat fewer 
drug-drug interactions and no dose adjustments for hepatic failure. In 
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Indications
Candidiasis.  Anidulafungin is indicated for the treatment of invasive 
candidiasis and of esophageal candidiasis. In the key study of invasive 
candidiasis,221 anidulafungin (200 mg on day 1, then 100 mg/day) was 
compared with fluconazole (800 mg on day 1, followed by 400 mg 
daily). Success rates at the end of IV therapy were significantly higher 
with anidulafungin than fluconazole (76% vs. 60%). The superiority of 
anidulafungin was particularly marked in one center, and removing 
the results from this one center removed the statistical significance of 
superiority. Efficacy data were also provided from a smaller dose-
ranging study in invasive candidiasis222 and from a larger noncompara-
tive study of anidulafungin as therapy for candidemia and invasive 
candidiasis in the critical care setting.223 Anidulafungin (100 mg on 
day 1, then 50 mg/day) was found to be noninferior to fluconazole 
(200 mg PO on day 1, then 100 mg PO per day) in esophageal candi-
diasis, with success rates greater than 97% for both arms. The safety 
profile of anidulafungin was essentially the same as that of fluconazole 
in the comparative studies.

Use  in  Other  Settings.  Anidulafungin is active in vitro against 
Aspergillus spp., but data on its clinical utility as monotherapy against 
this fungus are limited.218, 224 Use in combination with voriconazole for 
invasive aspergillosis has also been described (see “Aspergillosis” under 
“Voriconazole [Vfend]”). Studies have not as yet been reported on its 
use as either a prophylactic agent during periods of risk for invasive 
aspergillosis or candidiasis or as empirical therapy of persistently 
febrile neutropenic patients.

Micafungin (Mycamine)
Formulations and Pharmacology.  Micafungin is marketed in 50- and 
100-mg unit doses for reconstitution in saline.225 Micafungin is more 
than 99.5% bound to serum proteins (mostly albumin), and its volume 
of distribution approximates that of body water.226 Micafungin under-
goes a small amount of metabolic transformation, but the primary 
route of elimination is via fecal excretion. Dose adjustments are not 
required for race, gender, renal function (any severity), or hepatic 
dysfunction (mild and moderate).225 No data are available in severe 
hepatic dysfunction. Appropriate pediatric dosing has not been well 
established. A dose of 2 mg/kg/day in both premature infants and older 
children was associated with clinical responses comparable to those for 
liposomal amphotericin B (3 mg/kg).227 In children aged 2 to 8 years, 
micafungin has a somewhat higher clearance and volume of distribu-
tion than in older children or adults,228,229 with dosages of 2 to 3 mg/
kg/day (children aged 9 to 17 years) and 3 to 4 mg/kg/day (children 
aged 2 to 8 years) producing systemic exposures similar to those seen 
in adults.220,230 Limited data suggest the possible need for doses greater 
than 5 mg/kg/day in very young or premature infants.220,231

Drug  Interactions.  Micafungin does not have any meaningful 
interactions with the hepatic oxidative CYP450 enzymes (it does not 
induce any of these enzymes, is only minimally metabolized, and is not 
an inhibitor of CYP3A). Further, micafungin lacks interactions with 
the P-glycoprotein transport system. Based on specific drug-drug 
interactions studies conducted by the drug sponsor, no dose adjust-
ments are required when micafungin is co-administered with myco-
phenolate mofetil, cyclosporine, tacrolimus, prednisolone, fluconazole, 
voriconazole, amphotericin B, ritonavir, or rifampin. As judged by 
AUC, micafungin increases the systemic exposure of itraconazole, 
nifedipine, and sirolimus by about 20%. Dose adjustment is not rou-
tinely recommended for these three agents, but patients should be 
monitored closely for toxicity.225,226

Side Effects.  Adverse reactions with micafungin have overall been 
infrequent and minor,226 even at very high doses.232,233 Histamine 
release–related symptoms (pruritus, facial swelling, vasodilatation) 
have been reported and are reduced when the drug is given over 1 
hour.225 Phlebitis may occur, and appears more common with admin-
istration via a peripheral vein.225 Micafungin does not appear to be 
significantly hepatotoxic or nephrotoxic.

Indications
Candidiasis.  Based on both randomized194,234 and open-label data,235 
micafungin is indicated at 100 mg/day for the treatment of invasive 
candidiasis. In the study by Kuse and co-workers,234 micafungin 

Indications
Candidiasis.  Caspofungin is indicated for the treatment of several 
forms of invasive candidiasis (candidemia, intra-abdominal abscesses, 
peritonitis, and pleural space infections) as well as for treatment of 
esophageal candidiasis.204 This licensure was based primarily on a ran-
domized, double-blind, placebo-controlled comparison of caspofun-
gin (70 mg loading dose, followed by 50 mg daily) versus ABD (0.6 to 
1.0 mg/kg/day) as therapy for invasive candidiasis in adults, with 80% 
of the subjects enrolled for candidemia.205 Both study arms permitted 
a switch to oral fluconazole after 10 days of IV therapy. The success 
rates showed a trend favoring caspofungin (73% success) over ampho-
tericin B (62%), with far fewer adverse events noted in the caspofungin-
treated group. Responses for the two study regimens were similar for 
each of the Candida spp. causing meaningful numbers of infections 
(C. albicans, C. parapsilosis, C. tropicalis, and C. glabrata). The results 
are entirely consistent with the efficacy and safety data shown in three 
related studies of caspofungin as therapy for esophageal candidia-
sis,206-208 including disease caused by fluconazole-resistant isolates.209

Aspergillosis.  Caspofungin is also licensed as therapy for invasive 
aspergillosis in patients who are refractory to or intolerant of other 
therapies. The dosage is the same as for candidiasis. This indication is 
based on a series of open-label cases of invasive aspergillosis.201,210,211 
An overall success rate of approximately 40% was reported in a series 
of patients where neutropenia, malignancy, and concomitant immu-
nosuppressive therapy were common. Subsequent reports have pro-
vided further open-label monotherapy211,212 and open-label combination 
experience210,213,214 documenting response rates in the same range. In 
most cases, caspofungin was used as salvage after initial therapy with 
another antifungal.

Empirical  Therapy  of  Presumed  Fungal  Infections  in  Febrile, 
Neutropenic  Patients.  Caspofungin was noninferior to liposomal 
amphotericin B in a large comparative study of treatment of adults with 
persistent fever and neutropenia.215 Caspofungin was overall better 
tolerated than liposomal amphotericin B.

Mucormycosis.  In a retrospective analysis of patients with rhino-
orbital mucormycosis, 6 of 7 patients given the combination of caspo-
fungin with amphotericin B were successfully treated (4 with ABLC 
and 2 with liposomal amphotericin B).216 These results were better than 
7 of 22 started on ABLC alone but not better than monotherapy with 
other amphotericin B formulations (P = .15). Because of the small 
numbers, retrospective nature, the important but confounding role of 
sinus surgery, and inconsistencies in the results, future studies are 
needed to determine the usefulness of this combination.

Anidulafungin (Eraxis)
Formulations and Pharmacology.  Anidulafungin is marketed in 50- 
and 100-mg dose units as a powder to be reconstituted in water.217 
Anidulafungin is more than 99% bound to plasma proteins. Distribu-
tion from the circulation occurs quickly into a volume of distribution 
(30 to 50 L) that is similar to total body fluid volume. Anidulafungin 
is slowly degraded by chemical opening of its ring structure.218 Dose 
adjustments are not required for renal insufficiency, hepatic insuffi-
ciency, age, or gender. Pediatric dosing has not been well established. 
In pediatric (age 2 to 11 years) and adolescent (age 12 to 17 years) 
children, doses of 0.75 mg/kg/day and 1.5 mg/kg/day, respectively, 
produced blood levels similar to those achieved in adults with 50- and 
100-mg/day doses.219,220

Drug  Interactions.  Anidulafungin has no meaningful CYP450 
enzyme interactions: it is not an inducer, inhibitor, or substrate and 
has no interaction with either drugs cleared by these pathways or with 
drugs that induced these pathways.217 Specifically, dose adjustments or 
other special precautions are not needed during co-administration of 
cyclosporine, voriconazole, tacrolimus, liposomal amphotericin B, or 
rifampin.217

Side  Effects.  Histamine-mediated symptoms (rash, urticaria, 
flushing, pruritus, dyspnea, hypotension) have been noted on occasion 
but are infrequent when the rate of infusion does not exceed 1.1 mg/
min.217 Adverse reactions with anidulafungin have otherwise overall 
been infrequent, minor, and overall comparable to those observed  
with fluconazole. Anidulafungin is not significantly hepatotoxic or 
nephrotoxic.
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100 mg/kg/day SMX), divided into three or four daily doses and given 
for 21 days.246

As discussed further in Chapter 271, hypersensitivity reactions to 
TMP-SMX are particularly common when treating HIV-infected sub-
jects, with hypersensitivity reactions reported in up to approximately 
two thirds of subjects versus rates of less than or equal to 5% in subjects 
with normal immunity or other forms of immunosuppression.247

Pentamidine
Formulations,  Pharmacology,  and  Indications.  Pentamidine is an 
aromatic diamidine used as its isethionate salt, both intravenously for 
treatment and by inhalation for prophylaxis. It has also been used in 
the treatment of leishmaniasis and trypanosomiasis. Pentamidine’s 
mechanism of action remains ill understood but appears broad based; 
it has been shown to interact with DNA, RNA, topoisomerase, and 
ubiquitin.248 Pentamidine has been reported to be embryotoxic in 
rats,249 and its use should be avoided in pregnancy.250

For injection, it is provided as a 300-mg unit-dose powder for 
reconstitution in 5% dextrose or sterile water.250 A dosage of 4 mg/
kg/day is given in a total infusate volume of 50 to 250 mL over 1 to 
2 hours. Pentamidine distributes principally to the liver and kidney 
and is slowly excreted unchanged into both the urine and feces; 
decreasing amounts of pentamidine are detected in the urine up to 8 
weeks250 and in the plasma for up to 8 months251 after IV dosing. 
When given for 21 days as treatment for Pneumocystis pneumonia, 
the overall efficacy and safety of pentamidine appears similar to that 
for TMP-SMX.243,244

Although often supplanted by easier oral therapies, pentamidine 
can also be used for prophylaxis.245 For this indication, it is available 
as a 300-mg unit-dose powder for reconstitution in 6 mL sterile 
water.252 Given by nebulizer (Marquest Respirgard II [Marquest 
Medical Products, Englewood, CO] nebulizer must be used for best 
results), the recommended dosage is 300 mg once every 4 weeks. The 
protective effect is limited to the lung. Aerosol pentamidine should not 
be used for treatment: plasma levels are negligible, efficacy is limited 
to the lung, and relapses are frequent.245,252

Drug  Interactions.  Formal drug-drug interactions studies have 
not been conducted with pentamidine.250 Because of the potential for 
additive nephrotoxicity, concomitant or sequential use with other 
nephrotoxic agents (e.g., amphotericin B preparations, aminoglyco-
sides, vancomycin, foscarnet, cisplatin) should be avoided. If such 
combinations are required, close monitoring of renal function is 
advisable.

Side Effects.  Intravenous pentamidine is associated with a number 
of significant drug-related adverse events.245,246,250 Hypotension fre-
quently results if pentamidine is infused over a period shorter than 1 
hour. Mild-to-moderate nephrotoxicity is also common during therapy, 
as are electrolyte disturbances. Pentamidine is toxic to pancreatic beta-
islet cells, occasionally thereby causing abrupt release of insulin and 
hypoglycemia.253 Cumulative islet cell damage can lead to drug-
induced diabetes mellitus. Pancreatitis, cardiac arrhythmias, and QT 
prolongation may also occur.

Aerosol pentamidine is generally well tolerated except for local 
irritation (coughing or bronchospasm) during therapy, which responds 
to symptomatic management. Hypoglycemia may be seen but is less 
common than with IV pentamidine therapy.253

Other Therapies for P. jirovecii Infection
Dapsone combined with TMP, primaquine combined with clindamy-
cin, and atovaquone are all alternative therapies for mild-to-moderate 
severity infections in both adults and children.245,246 These agents can 
also be used for prophylaxis and are discussed in further detail in 
Chapters 29, 33, 40, and 271.

AGENTS USED TO TREAT 
MICROSPORIDIA
Limited options exist for treatment of infections caused by micro-
sporidia.254 Because this intracellular organism emerges as a pathogen 
primarily in immunosuppressed patients, improvement in immune 
status (e.g., initiation of antiretroviral therapy) is the key first step. 
Albendazole (discussed further in Chapter 41) at 400 mg twice daily 

(100 mg/day) was noninferior to liposomal amphotericin B (3 mg/
kg/day; success rates of 90% for both arms), with fewer drug-related 
adverse events seen in the micafungin arm. Similarly, a three-way 
comparison of micafungin, (dose groups at 100 mg/day and 150 mg/
day) with caspofungin (70 mg on day 1, 50 mg/day on subsequent 
days) found very similar response rates (76%, 71%, and 72%, respec-
tively) across the three arms.194 Adverse event rates were similar for 
the caspofungin and micafungin arms. Finally, a comparison of 
micafungin (2 mg/kg/day) with liposomal amphotericin B (3 mg/
kg/day) as treatment of invasive candidiasis in both premature infants 
and older children found similar response rates of 73% and 76%, 
respectively.236

Based on a pair of studies by De Wet and co-workers,237,238 mica-
fungin is also registered for treatment of esophageal candidiasis at a 
dose of 150 mg/day.

Prophylaxis of Candidal Infections in Hematopoietic Stem Cell 
Transplant Recipients.  Based on a study reported by Van Burik and 
co-workers,239 micafungin is registered for use at 50 mg/day during the 
at-risk period after hematopoietic stem cell transplantation. In this 
study, micafungin was compared with fluconazole (400 mg/day). The 
level of risk for infection varied substantially across the study group: 
about half of the enrolled subjects had received an allogeneic trans-
plant, and half had received an autologous transplant. Subjects were 
treated for a median of only 19 days, and the rate of proven fungal 
infection was similar and low (2%) in both arms. Because the mycoses 
were nearly all candidiasis, micafungin is approved for the prevention 
of candidiasis and not aspergillosis. Adverse events were similar for the 
two study groups.

Use in Other Settings.  Micafungin is active in vitro against Asper-
gillus spp., but only a small amount of open-label monotherapy data 
on its clinical utility against this fungus have been reported.240,241 Simi-
larly, studies have not as yet been reported on its use as empirical 
therapy of persistently febrile neutropenic patients.

Combination Antifungals
A combination of amphotericin B plus voriconazole has been used in 
empirical therapy of highly immunosuppressed patients with pre-
sumed mold pneumonia that might be either aspergillosis or mucor-
mycosis. Should a diagnosis be established, therapy would continue 
with a single agent. Combining voriconazole with an echinocandin for 
treatment of invasive pulmonary aspergillosis appeared to have an 
effect that was at least additive, if not synergistic, in animal models, 
but a randomized clinical trial did not find voriconazole plus anidula-
fungin superior to voriconazole alone.161

AGENTS USED TO TREAT AND 
PREVENT PNEUMOCYSTIS 
JIROVECII
Trimethoprim-Sulfamethoxazole
Trimethoprim-sulfamethoxazole (TMP-SMX) has long been the stan-
dard treatment and prophylaxis for Pneumocystis infections in at-risk 
individuals.242 Specific details on these two components are provided 
in Chapter 33.

Treatment with TMP-SMX of adults with pneumonia caused by  
P. jirovecii is given for 21 days and may be either IV or PO at a dosage 
of 15 to 20 mg/kg/day (TMP) and 75 to 100 mg/kg/day (SMX), with 
the total daily dosage divided into three or four doses.243-245 For further 
details on treatment, including a discussion of the important role 
played by concomitant corticosteroid therapy, see Chapter 271. The 
standard prophylaxis regimen in at-risk HIV-infected adults is one 
double-strength tablet of TMP-SMX (160 mg and 800 mg of the two 
components, respectively) daily.245 Also effective, and perhaps better 
tolerated, is a reduced dosage of one single-strength tablet daily or one 
double-strength tablet three times weekly.245

TMP-SMX is also the standard for treatment and prevention of 
Pneumocystis infection in children. Prophylaxis is given at 150 mg/m2 
and 750 mg/m2 body surface area/day (TMP and SMX, respectively; 
total daily dose not to exceed 320 mg and 1600 mg, respectively), 
administered orally in two equally divided doses given on 3 consecu-
tive days per week.246 For treatment, children receive the same body 
weight–adjusted dosage as adults (15 to 20 mg/kg/day TMP plus 75 to 
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bocytopenia. These may be severe but reverse quickly upon discon-
tinuation of therapy.

Microsporidial keratitis has been treated topically with a solution 
of fumagillin in saline.265-270 The solution used has varied because of 
use of different sources of material with differing proportions of fuma-
gillin relative to inactive components (e.g., “bicyclohexylammonium 
fumagillin at 0.113 mg/mL”268 or “Fumidil B (Mid-Con) 5.2 mg/mL 
(0.11 mg/mL active fumagillin)”266), but it appears that active drug at 
approximately 70 to 100 mg/L is effective.

INVESTIGATIONAL ANTIFUNGAL 
AGENTS
Drugs being evaluated in preclinical studies include novel azoles, novel 
echinocandin-like compounds, sordarins (inhibit protein synthesis by 
their effect on fungal elongation factor 2), nikkomycin Z (inhibits 
chitin synthesis), and various peptides with unknown mechanisms of 
action.271,272 Iron chelation has been explored as a therapy, but addition 
of deferasirox to liposomal amphotericin B was associated with 
increased mortality in a small study.273 Immunomodulators hold 
promise, but insufficient clinical data exist to determine where and 
how these drugs might be used. 274-277

appears reliable for species other than Enterocytozoon bieneusi.245,246,254,255 
Based on carriage of a marker for benzimidazole resistance, it is likely 
that Vittaforma corneae (Nosema corneum) would also respond poorly 
to albendazole.256 When albendazole is inactive, fumagillin may be 
used orally for gastrointestinal infections and topically for ocular 
infections. Other successful approaches to ocular infections have 
included local débridement,257 topical therapy with a 1% voriconazole 
solution,258 and topical therapy with fluoroquinolone solution (e.g., 
0.3% ciprofloxacin, 0.5% levofloxacin).259

Fumagillin
Originally identified as an antiangiogenic natural product of Aspergil-
lus fumigatus, fumagillin acts by binding to methionine aminopepti-
dase 2.260 Fumagillin is available in 20-mg capsules and is primarily 
used in veterinary applications, such as control of Nosema infections 
in honey bees.261

Given orally at 20 mg three times daily262-264 for courses of 7 to 
14 days, fumagillin has been curative in cases of symptomatic diar-
rhea caused by Enterocytozoon bieneusi. Systematic studies of drug-
drug interactions and adverse events in humans are not available. 
The most commonly noted adverse events are leukopenia and throm-
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40  Antimalarial Drugs
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Antimalarial drugs can be classified in the following ways: chemical 
class, mechanism of action, or life cycle stage of the parasite against 
which they are active. In clinical medicine, the focus of antimalarial 
chemotherapy is predominantly on the life cycle stage that causes 
illness, namely blood stage infection, and indeed most of the available 
antimalarials are active against this life cycle stage. However, a number 
of drugs are also active against the pre-erythrocytic life cycle stage  
in the liver, and such activity is important for a number of drugs  
used in chemoprophylaxis, as well as in circumstances where the  
objective is to eliminate latent infection with hypnozoites of Plasmo
dium vivax and Plasmodium ovale. A small number of drugs are also 
active against the sexual stage of the parasite, the gametocyte that 
resides in the blood and is picked up when a mosquito feeds. Killing 
parasites in this stage of the life cycle is important if the intention is  
to interrupt transmission (e.g., where gametocytemic individuals are 
living in an environment where Anopheles vectors are present). The 
life cycle stages that available antimalarial drugs target are shown in 
Figure 40-1.

Pharmacokinetic properties of major antimalarials are presented in 
Table 40-1 and discussed with each drug.

ARTEMISININ DERIVATIVES
Artemisinin is the active principle extract of Artemisia annua 
(Qinghao), a plant used for centuries in traditional Chinese herbal 
remedies for the treatment of febrile illness. In the 1960s during the 
Cultural Revolution, Chinese scientists began an extensive search  
for new antimicrobial compounds from their traditional pharmaco-
poeia, a search that brought to light the novel antimalarial properties 
of artemisinin, which were announced to the Western literature in 
1979.1 The artemisinin drugs are unusual in that they consist of a 
peroxide bridge within a 1,2,4-trioxane configuration, which contains 
a sesquiterpene lactone ring with an endoperoxide bridge that is essen-
tial for their antimalarial activity.2 Subsequent clinical studies have 
shown that artemisinin and its derivatives are highly potent antima-
larials with a broad-stage specificity of action, resulting in a faster 
clinical and parasitologic response than any other antimalarial agents  
in clinical use.

The use of the parent compound artemisinin has been superseded 
in most countries by the development of four main derivatives: the 
water-soluble hemisuccinate artesunate, dihydroartemisinin (DHA), 

and the lipophilic methyl ethers artemether and artemotil (formerly 
known as arteether). Artesunate, the most widely used of the deriva-
tives, is available in oral, intravenous, intramuscular, or rectal formula-
tions. It is the only formulation that can be administered intravenously. 
Artemether, a methyl ether derivative, can be administered by intra-
muscular injection suspended in peanut oil, or as capsules for oral 
administration. Artesunate, artemether, and artemotil are synthesized 
from the active metabolite DHA. Novel synthetic and semisynthetic 
derivatives are also available, with potent antimalarial activity in vitro.3 
Artemisone and artemiside (semisynthetic 10-alkylaminoartemisinin 
derivatives) demonstrate even greater potency than the artemisinin 
derivatives but suffer from chemical instability.4 Artelinic acid was 
designed and synthesized as a more stable alternative to artesunate for 
intravenous use5 and demonstrates potent in vitro activity,6 but it has 
yet to be tested in vivo. Two synthetic peroxides (OZ277 and OZ439) 
are undergoing early clinical trials.7

Structures of Artemisinin Compounds
The artemisinin derivatives demonstrate excellent efficacy against all 
human malaria parasites, including multidrug-resistant strains of  
Plasmodium falciparum8 and P. vivax9 (Fig. 40-2). These drugs have 
also been shown to have in vitro activity against other parasites, includ-
ing Schistosoma, Fasciola, Opisthorchis, Clonorchis, and Leishmania, 
although susceptibility is more modest, and they have not received  
the same degree of preclinical and clinical development for these  
indications.10-12 Although the activity of the artemisinins is known to 
be dependent on the endoperoxide dioxygen bridge, the exact mecha-
nism of their antimalarial activity remains unclear. The active endo-
peroxides accumulate in various parasite compartments, including the 
cytosol, digestive vacuole, and membranes. The interaction between 
the drug and intraparasitic heme-derived iron appears to be a crucial 
step both in vitro and in vivo,13,14 in which the endoperoxide bridge is 
cleaved to hydroperoxide, the resultant hydro-peroxide-metal complex 
acting as a powerful oxidizing agent, releasing carbon-centered free 
radicals and other reactive metabolites.15,16 These reactive metabolites 
bind with hemin, parasite proteins, and red cell membranes, which are 
thought to cause critical damage to parasite organelles.17 Other studies 
have implicated interference with calcium homeostasis, a translation-
ally controlled tumor protein homologue (TCTP), the mitochondrial 
electron transport chain, and inhibition of angiogenesis.

•	 The	major	drugs	discussed	in	this	chapter	are	
given	as	follows.	For	details	of	diagnosis	and	
drug	doses,	the	reader	is	referred	to	Chapter	
276	with	treatment	summarized	in	Table	276-3	
and	prophylaxis	in	Table	276-4	of	that	chapter.

•	 Artemisinin	compounds	are	drugs	of	choice	for	
treatment	by	oral,	intravenous,	intramuscular,	
or	intrarectal	route	because	of	rapid	action,	
safety,	and	activity	against	all	malaria	species,	
with	little	drug	resistance	reported	to	date.	
Combinations	with	lumefantrine	(Coartem	in	
the	United	States)	or	other	drugs	(overseas)	
are	recommended.

•	 Uncomplicated	malaria	can	also	be	treated	
with	one	of	the	following:	

atovaquone-proguanil	(Malarone);	quinine	plus	
either	doxycycline,	tetracycline,	or	clindamycin;	
or	mefloquine.

•	 Complicated	malaria	is	treated	intravenously	
with	artesunate	(available	through	the		
Centers	for	Disease	Control	and	Prevention),	
quinidine,	or	quinine	(not	available	in	the	
United	States).

•	 Chloroquine	prophylaxis	once	weekly	is	used	
in	areas	without	chloroquine-resistant	
falciparum	malaria.

•	 Prophylaxis	against	chloroquine-resistant	
falciparum	malaria	includes	once-weekly	
mefloquine,	once-daily	doxycycline,	or	
once-daily	atovaquone-proguanil	(Malarone).	

Mefloquine	use	is	limited	by	central	nervous	
system	side	effects.	Doxycycline	
photosensitivity	and	cost	of	atovaquone-
proguanil	are	considerations.

•	 Primaquine	can	be	used	for	prophylaxis	
during	travel	or	used	after	return	from	
malarious	areas	to	lessen	incidence	of	
recurrent	vivax	malaria.	Travelers	should		
be	tested	for	G6PD	deficiency	before	use.	
Tafenoquine	is	a	new,	long-acting	drug		
that	may	prove	to	be	a	substitute	for	
primaquine.

•	 Pharmacology	of	halofantrine,	amodiaquine,	
piperaquine,	pyronaridine,	sulfadoxine,	and	
pyrimethamine	is	included	in	this	chapter.

SHORT VIEW SUMMARY
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FIGURE 40-1  Summary of the activity of the most widely used antimalarials throughout the life cycle of Plasmodium. The three main phases 
(i.e.,  liver stage, blood stage, and vector stage) of  the  life cycle of Plasmodium are shown. Parasite  forms specific  to each stage are highlighted, and 
drugs identified as inhibitors of development of these forms are listed in boxes. (Modified from Delves M, Plouffe D, Scheurer C, et al. The activities of 
current antimalarial drugs on the life cycle stages of Plasmodium: a comparative study with human and rodent parasites. PLoS Med. 2012;9:e1001169.)
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TABLE 40-1  Pharmacokinetic Properties of the Major Antimalarials

DRUG

DOSE 
(mg/kg) 
(oral/IV)

CMAX 
(mg/L)

TMAX 
(hr)

VD 
(L/kg)

CLEARANCE 
(mL/kg/min) T1/2

PLASMA 
BINDING 
(%) COMMENTS

Quinine 10 (PO/IV) 8 6 (PO) 0.8 1.5 16 hr 90

Quinidine 10 (IV) 8 1 (PO) 2-3 1.7 6-8 hr 80-88

Chloroquine 10 0.12 5 (PO) 10-1000 2 30-60 days 55

Amodiaquine 30 0.5 Active metabolite responsible for activity

Mefloquine 25 0.5-1.2 17 20 0.35 14 days >98

Piperaquine 55 0.15 6 728 23 28 days

Primaquine 0.6 0.15 3 3 6 6 hr 87 Active metabolites responsible for activity

Artesunate 4 0.5 1.5 0.15 50 0.75 hr Rapidly converted to dihydroartemisinin

Artemether 4 0.5 1.5 1.5 50 0.75 hr Rapidly converted to dihydroartemisinin

Dihydroartemisinin 4 4 1 hr 70

Halofantrine 8 0.9 15 7.5 113 hr >98 Variable absorption, increased by fats

Lumefantrine 9 3.5 6 2.7 3 86 hr >98 Variable absorption, increased by fats

Pyrimethamine 0.3 0.35 4 2.9 0.4 85 hr

Proguanil 3.5 0.17 3 24 19 16 hr 75 Active metabolite partially responsible for activity

Dapsone 3.2 1.1 1.5 10-50 hr 50-90

Pyronaridine 10.2 0.50 0.66 41.2 13 195 hr 96

Atovaquone 6 24 0.6 2.5 67 hr 99 Absorption, increased by fats
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artemisinin primarily involves CYP2B6,31 with the inactive metabolites 
excreted via bile. Artemether and arteether are metabolized predomi-
nantly by the hepatic cytochrome CYP3A4 to DHA. Dihydroartemis-
inin is metabolized by hepatic cytochrome P-450, involving 
biotransformation to biologically inert glucuronides that are elimi-
nated in bile.32

Available pharmacokinetic data suggest that the plasma concentra-
tions of the artemisinin derivatives and DHA are similar in children 
and adults, although no data exist in infants younger than 1 year of 
age. Conversely, the kinetics of DHA are significantly modified in late 
pregnancy, with plasma concentrations lower than in nonpregnant 
adults,29 suggesting dose-optimization studies in pregnant women may 
be necessary.

Clinical Use. Comparative clinical studies have shown the arte-
misinin compounds to act faster than any other antimalarial, with 
typical fever clearance times being approximately 20 hours and parasite 
clearance achieved within 48 hours.33 Although this class of drugs is 
extremely potent, treatment failure appears to depend on the duration 
of artemisinin therapy, rather than on the magnitude or frequency of 
the dose given. Because these compounds are rapidly eliminated, a 
prolonged course (minimum 7 days) of monotherapy is required to 
effect cure,34 particularly in patients presenting with high initial para-
sitemia.35 For this reason the World Health Organization recommends 
that artemisinin derivatives always be administered with a longer half-
life partner drug to improve cure rates,36 so-called artemisinin combi-
nation therapy (ACT).

Combination regimens with an artemisinin derivative offer several 
inherent benefits. The rapid clinical response can improve the tolerabil-
ity and absorption of the combination partner drug, which can often 
be compromised in an acutely febrile patient.37,38 The rapid reduction 
of the pathogen biomass achieved with an artemisinin derivative also 
reduces the number of asexual parasites exposed to the second drug, 
thereby reducing the chances of a resistant mutant emerging during 
treatment.39 Although difficult to prove, the sustained clinical efficacy 
of several ACTs suggests that this strategy has indeed slowed the rise 
of antimalarial resistance in areas where use has been widespread.40 A 
combination treatment regimen also serves to protect the artemisinin 
compounds because neither drug will be exposed to the parasites 
alone.40a-40d Artemisinin derivatives have the additional benefit of dra-
matically reducing the production of gametocytes, the sexual stages of 

Pharmacokinetics and Dynamics. The artemisinins are absorbed 
rapidly after oral administration, the maximum plasma concentration 
occurring at 2 to 3 hours for artemisinin and artemether, and at less 
than 1 hour for artesunate.18,19 When administered rectally, peak con-
centrations are achieved between 4 and 7 hours for artemisinin, but 
within 1 hour for artesunate. Absorption of artemether when admin-
istered by intramuscular is more variable, with maximum concentra-
tions varying between 2 and 10 hours after injection.20

Artesunate is metabolized almost immediately to dihydroartemis-
inin, such that it is often considered a prodrug. Pharmacokinetic 
studies therefore tend to present the profile of dihydroartemisinin 
rather than artesunate. Maximum concentrations of dihydroartemis-
inin occur at 10 minutes after IV injection of artesunate, 30 to 40 
minutes after IM injection, and 1 to 2 hours after oral and rectal 
administration.21,22 Bioavailability of these compounds varies with the 
route of administration and duration of therapy. For instance, the bio-
availability of oral artesunate is approximately 60%22,23 but falls to 16% 
when administered rectally,21 whereas the bioavailability of dihydroar-
temisinin after artesunate is 86% to 88% when it is given parenterally.24 
The bioavailability of artemisinin after oral administration is signifi-
cantly less (32%) than that for oral artesunate.25 The bioavailability of 
oral artemether is far more variable, ranging from 43% to 200%.26,27

Host factors can affect the bioavailability of some artemisinin deriv-
atives. The bioavailability of dihydroartemisinin is increased twofold 
in patients with malaria, compared with healthy volunteers,28 and is 
twofold higher during the acute phase of infection compared with 
convalescence.23 However, in pregnant women with malaria the bio-
availability of artesunate is reduced fourfold compared with nonpreg-
nant malaria patients.29 The bioavailability of oral artemisinin, but not 
artesunate, falls by more than 80% after 5 days of treatment, a process 
thought to relate to autoinduction of metabolism.30

Once artemether, artesunate, and arteether are absorbed, there is 
extensive first-pass metabolism and rapid biotransformation to dihy-
droartemisinin. The elimination half-life of dihydroartemisinin after 
all routes of administration of artesunate is less than 1 hour.21,24 The 
elimination half-life of artemether and dihydroartemisinin after arte-
mether, given either orally or intramuscularly, is longer, varying from 
2 to 12 hours. Metabolic pathways for the biotransformation of arte-
sunate, artemether, arteether, and dihydroartemisinin differ from that 
observed for the parent compound artemisinin. The metabolism of 

FIGURE 40-2  Structures of artemisinin derivatives. A, Artemisinin. B, Artemether. C, Artesunate. D, Dihydroartemisinin. 
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regions, undermining the current treatment strategies, which are 
heavily dependent on the ACTs.44

Modeling of parasite clearance data suggests that the artemisinin 
resistance phenotype is associated with reduced inhibition of the 
immature ring stages of parasite development,58 and there is some in 
vitro evidence to support this.59,59a This parasite trait appears to be 
heritable,60 with genetic studies identifying several key areas of the 
parasite genome under selective pressure.61,61a Work is ongoing to iden-
tify the genetic loci responsible for artemisinin resistance.

The public health consequences of declining treatment efficacy, 
particularly in areas of high transmission, are alarming, a threat that 
is heightened by the fact that no other antimalarial medicines are cur-
rently available that offer the same level of efficacy and tolerability as 
ACTs. This has prompted the World Health Organization to produce 
the Global Plan for Artemisinin Resistance Containment (GPARC),62 
which sets out a proposed strategy for better coordination and resources 
to contain and prevent artemisinin resistance at both global and local 
levels.

Toxicity. The artemisinin drugs have an excellent toxicity profile, 
the most commonly reported adverse effects being nausea, vomiting, 
and diarrhea, all of which are frequently reported during an acute 
episode of malaria.63,64 No differences in the incidence of possible clini-
cal adverse reactions have been noted between derivatives. There have 
been a few cases of acute urticaria and anaphylaxis after oral artesunate 
and artemether alone65 or in combination63; readministration to these 
individuals should be avoided.

High doses of the liposoluble compounds (artemether and 
arteether) have been associated with neurologic toxicity in animal 
studies involving rodents, dogs, and monkeys.66-69 The pattern of neu-
ronal damage is unusual, preferentially affecting the brainstem, in par-
ticular the reticular formation, vestibular system nuclei, and trapezoid 
nucleus. In animals, manifestation includes gait disturbance, loss of 
spinal, brainstem, and pain responses and cardiorespiratory depres-
sion. However, prolonged exposure at high doses (>15 mg/kg/day for 
more than 15 days) through parenteral administration is required to 
elicit these phenomena, the risk being far greater after parenteral rather 
than oral administration.

The clinical relevance of such neurotoxicity in humans exposed to 
treatment doses of artemisinin derivatives (generally no more than a 
total dose of 12 mg/kg) is unclear. There have been several reports of 
neurologic abnormalities after artesunate treatment of patients with 
malaria, some of which attribute these to artemisinin neurotoxicity.70-72 
However, the doses of drug administered suggest that toxicity would 
be unlikely. Furthermore, cerebellar dysfunction, although rare, is a 
well-recognized complication of malaria73; hence, these reports may 
reflect the presentation of patients with postmalarial neurologic syn-
drome, rather than drug toxicity.74

The artemisinin derivatives have been used in several million 
patients over the past 20 years, with more than 10,000 enrolled in clini-
cal trials and more than 300 patients undergoing formal neurophysi-
ologic testing. Despite this, there have been no convincing clinical 
reports of neurotoxicity reliably associated with these drugs.63,75 These 
studies have been supported further by the analysis of patients under-
going audiometry and auditory-evoked responses, which have also 
failed to reveal significant neurologic pathology.76,77 However, although 
reassuring, ongoing surveillance of cumulative dosing is warranted, in 
view of the animal data.

Cardiotoxicity does not appear to be a significant issue with the 
artemisinins; electrocardiographic changes are confined to minor QT 
prolongation, sinus bradycardia, and a few cases of transient first-
degree heart block.78 Hematologic abnormalities have been noted, par-
ticularly mild transient neutropenia (1.3%), when doses of artesunate 
in excess of 18 mg/kg total dose have been administered. A dose 30% 
higher than the 12 mg/kg total is usually recommended.79-81

Embryotoxicity and fetal resorption, but not teratogenicity, have 
been reported in animal studies at relatively low doses of artemether 
(7.5 to 15 mg/kg/day).82 However, clinical studies from the Thai-
Myanmar border and The Gambia have indicated that artesunate and  
artemether are well tolerated in pregnancy, with no evidence of  
an increased risk of abortion, stillbirth, congenital abnormality, or  
premature delivery.83-86 In one study, where infants were monitored 

the parasite.41 Because recrudescent infections are associated with an 
increase in gametocyte carriage, the reduction in their carriage after 
ACT therapy may help to slow the emergence of resistance and reduce 
malaria transmission in settings of low endemicity.41a

More than 80 malaria endemic countries have now endorsed the 
use of ACT as the first treatment of uncomplicated malaria, with huge 
clinical experience supporting their safety and efficacy.36 To date 
more than 100 million treatments of artemether-lumefantrine have 
been dispensed in malaria-endemic countries. A fixed-dose com-
bination has been registered by regulatory authorities in Europe, the 
United States, and Australia (Coartem), where it is prescribed for the 
treatment of returning travelers and migrants with malaria. More 
recently two new ACTs have been licensed through the European Drug 
agency: dihydroartemisinin-piperaquine (Eurartesim) and artesunate-
pyronaridine (Pyramax), although their use in nonendemic countries 
is so far limited.

Severe Malaria. The rapid action and broad-stage specificity of the 
artemisinin derivatives are critically important for their role in the 
treatment of severe malaria and for prevention of the development of 
severe disease. Patients with high parasitemia (>4%) are at far greater 
risk of mortality compared with those with lower parasite biomass. In 
this context, oral artesunate results in a far faster parasite reduction 
compared with intravenous quinine, with potential to arrest the pro-
gression to severe disease.42 More recently the clinical benefits of accel-
erated parasite clearance have been highlighted in patients with severe 
malaria in multicenter, randomized clinical trials comparing intrave-
nous quinine to artesunate. The first, conducted at four sites in South-
east Asia in 1461 patients, highlighted a 35% reduction in case fatality 
with intravenous artesunate (from 22% to 15%).43 The second, con-
ducted in 5425 patients enrolled at 11 African sites, involved a greater 
proportion of children and showed a 22% reduction in fatality (from 
10.9% to 8.5%).44 A meta-analysis of these results, together with other 
smaller clinical trials, highlights overwhelming evidence for the clini-
cal efficacy of intravenous artesunate in reducing the mortality from 
severe malaria in an endemic setting (odds ratio [OR] 0.69 [95% con-
fidence interval [CI: 0.57 to 0.87]).44

Artesunate can be given by slow IV or IM injection, at an initial 
dose of 2.4 mg/kg (≈140 mg in adults), followed by 2.4 mg/kg at 12, 
24, and 48 hours, with further daily doses if required. Once oral treat-
ment can be tolerated, an appropriate artemisinin combination partner 
can be administered to complete eradication of remaining infecting 
parasites. In addition to parenteral formulations, the rapid absorption 
of rectal artesunate and high plasma concentrations gives it significant 
advantages over the other artemisinin derivatives in prehospital treat-
ment of malaria.45 In settings without ready access to parenteral 
therapy, an artesunate suppository at a dose of 10 mg/kg may be 
administered before reaching a health care facility where more inten-
sive treatment can be given.46

Resistance. The artemisinin derivatives have been in clinical use 
in China and Cambodia for almost 40 years, while deployment in the 
rest of the world has increased substantially over the past 15 years. 
Artemisinin resistance has been induced in laboratory strains, the 
speed of acquisition varying between different plasmodium species.47-50 
Evidence of declining artemisinin susceptibility in P. falciparum has 
been observed from in vitro studies, suggesting reduced drug sus-
ceptibility in field isolates in areas with high levels of multidrug 
resistance.8,51,52

Recent clinical studies from Cambodia have raised concerns over 
declining efficacy to artemether-lumefantrine, with the risk of recur-
rence rising to 15% to 30% within 1 month of treatment.53 Subsequent 
studies have documented concerning trends of increasingly delayed 
parasite clearance on the western provinces of Cambodia, historically 
an epicenter of drug-resistant malaria.54,55 These reports have been 
followed by others from the border regions between Thailand and 
Myanmar and greater Mekong region showing a similar trend, albeit 
at less prominent levels as that reported from Cambodia.56,57 There is 
ongoing controversy regarding the phenotypic characterization of such 
artemisinin resistance. However, patients who are slow to clear their 
initial parasitemia are at greater risk of producing gametocytes and 
having recrudescent infection after combination therapy. These para-
sites thus have the potential of spreading to other malaria endemic 
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world where this species remains sensitive to this drug. Against sensi-
tive parasites, chloroquine induces rapid parasite clearance only 
slightly slower than artemisinin drugs. Chloroquine remains the treat-
ment of choice for both prophylaxis and treatment of the nonfalci-
parum malarias, although this is under threat for P. vivax due to an 
increasing prevalence of chloroquine resistance in this species.96 It 
lacks activity against sporozoites and mature gametocytes. Although it 
is not active against liver stage infection, it may potentiate the activity 
of primaquine as a causal prophylactic agent.97

Resistance. Chloroquine accumulates at concentrations 4 to 10 
times lower in drug-resistant parasites compared with chloroquine-
sensitive (CQ-S) parasites; it is this marked decrease in chloroquine 
accumulation that underlies the phenomenon of chloroquine resis-
tance. CQ-R parasites can be partially resensitized to chloroquine in 
vitro by a range of weak bases, including the antihistamine chlorphe-
niramine and the calcium channel blocker verapamil.98 This ”resistance 
reversal” effect is characterized by both an increase in chloroquine 
accumulation and an increase in the chloroquine sensitivity of CQ-R 
parasites. However, the concentration of these reversal agents required 
to reverse chloroquine resistance is generally higher than that tolerated 
in vivo. The key molecular determinants of chloroquine resistance 
involve a number of mutations in the so-called “chloroquine resistance 
transporter” gene, or pfcrt. Of these, the predominant resistance-
conferring mutation (K76T)99 results in the loss of a positive charge 
from the putative substrate-binding site on the vacuolar side of the 
protein.100 Chloroquine-resistant P. falciparum is now found through-
out the malaria-endemic world, with the exception of Central America 
and the Panama Canal. High-grade drug resistance of P. vivax has been 
documented from the Island of Papua (both Indonesian and Papua 
New Guinea) and across the Indonesia archipelago, Thailand, Myanmar, 
Horn of Africa, and Brazil.96,101 The mechanism of resistance and 
genetic basis of chloroquine resistance in P. vivax appears to be differ-
ent from that underlying resistance to P. falciparum.102

Toxicity. Chloroquine is generally well tolerated.64 The most com-
monly reported adverse effect is pruritus, which is more common in 
dark-skinned populations.103 It predominantly affects the palms, soles, 
and scalp and starts within 24 hours of exposure and can last for several 
days. As systemic equilibration of chloroquine is relatively slow, this 
combined with the cardiac and central nervous system (CNS) toxicity 
of high plasma levels renders parenteral administration or overdose 
hazardous, with seizures and death from cardiovascular collapse 
resulting from high plasma levels.104 Although chloroquine crosses the 
placenta,105 doses used for chemoprophylaxis do not cause a significant 
increase in fetal abnormalities. Chloroquine is safe in nursing mothers. 
When used for prolonged periods (>5 years prophylaxis), the cumula-
tive accumulation can cause retinal damage,106 and regular ophthalmo-
logic examination is appropriate if long-term therapy is undertaken.

Amodiaquine
Amodiaquine (AQ) (Fig. 40-4) is a 4-aminoquinoline that was widely 
used for prevention of malaria until the mid-1980s, when reports of 
fatal adverse drug reactions described in travelers using AQ as pro-
phylaxis107 resulted in a dramatic decrease in its use for these indica-
tions. However, reevaluation of the drug for treatment rather than 
prophylaxis108 resulted in increased recognition that the drug is not 
significantly more toxic than chloroquine when used for treatment. Its 

in the first year of life, normal developmental milestones were  
attained.87

Available data are reassuring for administration of these drugs in 
later pregnancy, although data are less comprehensive in the first 3 
months.88 In view of the serious adverse effects of malaria on fetal 
well-being and the lack of evidence of toxicity, the 2006 World Health 
Organization guidelines recommended using ACT to treat pregnant 
women in the second and third trimesters but endorsed quinine plus 
clindamycin in the first trimester.36

4-AMINOQUINOLINES
Chloroquine
Chloroquine (7-chloro-4-[4-diethylamino-1-methylbutylamino] quin-
oline) (Fig. 40-3) was first synthesized in Germany in 1934 but not 
developed until after World War II.89 Hydroxychloroquine (Plaquenil), 
which differs from chloroquine only by hydroxylation at the end of  
the side chain, has identical antimalarial properties to chloroquine  
and is increasingly used in parts of the world where the availability  
of chloroquine is becoming limited. Hydroxychloroquine has anti-
inflammatory and antimalarial properties and is less prone to cause 
ocular toxicity than chloroquine in those receiving prolonged treat-
ment.90 Chloroquine and other 4-quinoline antimalarials are only 
active against the blood stages of the parasite life cycle during which 
hemoglobin is degraded.

Chloroquine, a weak base, concentrates in the food vacuoles of 
intraerythrocytic parasites due to a pH gradient between the parasite 
cytoplasm and the acidic food vacuole of the parasite. Once it enters 
the food vacuole it is rapidly converted to a membrane-impermeable 
protonated form, where it is trapped. It binds to heme released after 
the parasite’s digestion of host hemoglobin, preventing its conversion 
to the inert crystal haemozoin. It is the resulting accumulation of toxic 
heme monomers or the heme-chloroquine complex, or both, that is 
believed to kill the parasite.91

Pharmacokinetics. Chloroquine is well absorbed whether given by 
oral, subcutaneous, or intramuscular routes. Rectal bioavailability 
exceeds 90% but falls to 22% to 24% of the oral dose92 unless a noncoated 
tablet is used, in which case plasma concentrations are only slightly 
lower than those found with oral administration.93 Chloroquine is 46% 
to 74% protein bound; it has an extremely large apparent volume of 
distribution and very long terminal half-life. As a consequence, a 
loading dose is required to yield effective plasma concentrations and its 
pharmacokinetic profile is largely determined by its distribution rather 
than the elimination phase. Therapeutic drug levels in plasma are 
reached 2 to 3 hours after oral administration, with a mean initial half-
life of 4 days. As plasma levels decline, the rate of excretion decreases, 
thus enabling once-weekly administration for prophylaxis. The esti-
mated terminal elimination half-life is 45 to 55 days for chloroquine and 
59 to 67 days for its active metabolite desethylchloroquine. Chloroquine 
is detectable in the urine for up to a year after drug administration.94 
Urinary excretion is the main route of elimination for both chloroquine 
and desethylchloroquine. The elimination half-life of chloroquine is 
significantly prolonged in chronic renal disease, with an associated 
increase in the area under the curve (AUC); hence, a dose reduction is 
warranted in patients with renal insufficiency taking chloroquine for 
prophylaxis, although not required for acute malaria.95

Clinical Use. Chloroquine remains the drug of choice for the treat-
ment and prophylaxis of P. falciparum malaria in the few regions of the 

FIGURE 40-3  Structure of chloroquine. 
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of accumulation.122 Mefloquine pharmacokinetics are highly stere-
oselective, with the (−) enantiomer demonstrating a significantly 
greater Cmax, AUC, and longer elimination half-life than the (+) 
enantiomer.123

No dose adjustment is necessary in renal impairment or hemodi-
alysis. Excretion of the drug and its metabolites is largely in the bile 
and feces. No studies have examined mefloquine disposition in patients 
with significant hepatic dysfunction, ascites, or cardiac failure. Because 
mefloquine is largely metabolized by the liver, the use of usual prophy-
lactic doses over time may cause significant accumulation and conse-
quent increased toxicity in patients with liver disease.

Clinical Use. Mefloquine is indicated for the treatment and pro-
phylaxis of malaria, including chloroquine-resistant strains. Treatment 
regimens initially recommended a single dose of 15 mg/kg, although 
a higher dose (25 mg/kg) has been recommended to overcome declin-
ing efficacy. A combination with artesunate (4 mg/kg/day) as a 3-day 
regimen has been used in parts of Southeast Asia for almost 20 years 
and appears to retain efficacy despite underlying high-grade meflo-
quine resistance.40 A fixed-dose combination of artesunate-mefloquine 
is now available.124

Resistance. High-grade mefloquine-resistant strains of P. falci
parum have been documented in Southeast Asia, particularly the 
western border of Thailand, since the early 1990s. Cross-resistance of 
mefloquine with halofantrine and with quinine has been docu-
mented.125 P. falciparum isolates resistant to mefloquine have both 
increased copy number of the pfmdr1 gene and increased expression 
of the gene product.126

Toxicity. The adverse effects of mefloquine have been the subject 
of much study. More than 20 million doses have been prescribed since 
1984. Consistent with the frequency of side effects during other che-
moprophylactic regimens, weekly mefloquine is associated with symp-
toms such as dizziness, nausea, and diarrhea in 20% of travelers.127 
These symptoms are usually mild and self-limiting. Dose-related drug-
induced vomiting can be problematic, particularly in young children, 
in whom rates can reach 30% in infants younger than 2 years of age. 
When given as part of an ACT, vomiting can be reduced by delaying 
the administration of the mefloquine component of the ACT until day 
1 or 2.128 Less serious side effects include rash, pruritus, and oral 
ulcers.129 More serious dermatologic reactions have been reported but 
are exceptionally rare.

The most serious adverse effect of mefloquine is neuropsychiatric 
toxicity. This can develop at any time during prophylaxis or treatment, 
and symptoms range from mild to life threatening. The incidence of 
neuropsychiatric effects appears higher in Caucasians and Africans 
than in Asians and higher in women than men.127 Although difficult 
to assess in the context of an infection that can itself cause profound 
neurologic disturbances, psychosis, depression, encephalopathy, con-
vulsions, and other severe neuropsychiatric effects occur after the use 
of mefloquine for treatment of falciparum malaria, with a frequency 
of 1 : 200 to 1800 courses.130 Symptoms typically resolve within 3 to 4 
weeks.127 Serious reactions similar to those seen after treatment courses 
can occur during prophylaxis, with rates of 1 : 10,000 to 20,000 courses 
reported in large trials.129,130 Sleep abnormalities (e.g., insomnia, abnor-
mal dreams) have occasionally been reported. Mefloquine should not 
be prescribed to patients with neuropsychiatric conditions, including 
depression, anxiety, psychosis, schizophrenia, and seizure disorder. If 
acute anxiety, depression, restlessness, or confusion develops during 
prophylaxis, the drug should be discontinued. Mefloquine-induced 
neurotoxicity can be difficult to distinguish from the postmalarial  
neurologic syndrome (PMNS), which typically lasts 1 to 10 days and 
consists of acute confusion, psychosis, and tremor, with or without 
convulsions. PMNS has been reported to occur at a rate of 1 : 1000 
patients131 but appears to be more common among patients with severe 
malaria, with frequencies of PMNS being reported in 1 in 20. This late 
complication is almost 10 times more likely to occur after treatment 
with mefloquine than quinine.131 Of note, re-treatment with meflo-
quine within 1 month of a course of therapy markedly increases the 
risk of adverse effects sevenfold, rising from 1/1217 to 1/173.132 Of, 
importance, the incidence of neurotoxicity is significantly higher fol-
lowing severe malaria (1/20), and thus the drug should not be used in 
this setting.

activity against chloroquine-resistant parasites gives it an important 
role in the antimalarial pharmacopoeia. However, this activity against 
CQ-R parasites shows significant geographic variation, activity being 
greater in isolates from Africa,109-111 whereas those from Southeast 
Asia, South America, and Papua New Guinea display high levels of AQ 
resistance.112 The apparent geographic specificity of AQ resistance may 
be due to differences among the PfCRT haplotypes found in these 
locations.113 The mechanism of action of AQ is believed to be similar 
to that of chloroquine.

Pharmacokinetics. In contrast to chloroquine, AQ has a relatively 
short half-life (5 hours), being rapidly cleared by the liver by the action 
of CYP2C8 to an active metabolite, desethylamodiaquine AQ. The 
half-life of this metabolite has been variously estimated to be 1 to 3 
weeks in adults and 3 to 12 days in children. Polymorphism of this 
enzyme may be a factor in drug interactions.

Clinical Use. The principal use of the drug is as a component of 
fixed-dose co-formulation with artesunate (4 mg/kg daily for 3 days). 
Recently, AQ has been used and co-formulated with artemisinin  
drugs, particularly artesunate, as an ACT. AQ retains efficacy against 
chloroquine-resistant P. vivax,9 although recurrence rates after AQ 
monotherapy and AQ plus artesunate are high.114,115

Toxicity. The most important adverse effects of AQ are hepatotox-
icity (1/15,000 exposures) and bone marrow toxicity (1/2200 expo-
sures; fatality rate, 1 in 31,000). Of note, none of these toxic effects have 
been reported when AQ has been used for malaria treatment but only 
in more prolonged use as a prophylactic agent. However, the actual 
incidence of such serious side effects in the setting of treatment is 
unknown. An important recently reported side effect is the significant 
risk of severe neutropenia in HIV-infected children treated for malaria 
with artesunate-AQ.116

Mefloquine
Mefloquine (Fig. 40-5) is a chiral quinoline methanol. It is active 
against the asexual erythrocytic stages of malarial parasites but not 
against sporozoites, liver-stage parasites, or gametocytes. Mefloquine 
forms a complex with heme that may be toxic to the parasite,117 
although its mechanism of action is believed to be distinct from that 
of chloroquine. Of note, chloroquine-resistant parasites are more sen-
sitive to mefloquine and vice versa.118

Pharmacokinetics. Mefloquine is only available as an oral tablet 
formulation. Absorption is adversely affected by vomiting and diarrhea 
but significantly enhanced when administered with or after food.119 
The mean absorption half-life of mefloquine after a single oral dose is 
2.1 hours in healthy volunteers and 5.4 hours in patients with uncom-
plicated falciparum malaria.120 About 98% of the drug binds to 
protein.121 The terminal elimination half-life is 14 to 28 days. The 
apparent volume of distribution is compatible with plasma protein 
binding of more than 98%.121 Pharmacokinetic parameters are similar 
in single- and multiple-dose studies of healthy volunteers, suggesting 
that there are no significant changes in clearance when mefloquine is 
taken for prophylaxis. Mefloquine at a dose of 250 mg taken weekly 
reaches steady-state concentrations in 10 weeks without any indication 

FIGURE 40-5  Structure of mefloquine. 
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Pharmacokinetic parameters of quinine in patients with acute renal 
failure appear to be similar to patients with severe malaria without 
renal failure.146 A dose reduction (of 30% to 50%) is suggested only 
after 2 days of standard quinine therapy (including standard loading 
doses) for patients with acute renal failure or who remain severely 
unwell.140

Clinical Use. Quinine is less well tolerated than other antimalari-
als (see later) and requires prolonged course of treatment (at least 7 
days) to effect a cure. Hence, completion of a therapeutic course is 
problematic. It remains an option as an oral treatment of all species of 
malaria, particularly in pregnant women, infants, and patients with 
suspected drug resistant infections recurring following a compromised 
treatment regimen. To reduce the risk of recrudescence, quinine 
(10 mg salt/kg three times daily for 7 days) is often combined with 
clindamycin (10 mg/kg twice a day for 7 days). In children older than 
8 years, clindamycin can be substituted for either doxycycline (3 mg/
kg orally daily) or tetracycline (4 mg/kg orally four times per day).147,148 
Further, because of the poor tolerability of quinine, especially after 3 
days, many recommended oral regimens for mild malaria entail 3 days 
of quinine, with a full 7 days of the partner drug. When used for treat-
ment of severe malaria, it is imperative that therapeutic drug concen-
trations are reached as quickly as possible and hence an initial loading 
dose should be prescribed141 followed by a maintenance dose or infu-
sion. Two loading-dose regimens can be used:
• The standard regimen is quinine dihydrochloride 20 mg of salt/kg 

by IV infusion over 4 hours OR
• An alternative regimen has been suggested with quinine dihydro-

chloride 7 mg of salt/kg by IV infusion over 30 minutes followed by 
10 mg/kg infused over 4 hours.149

A common clinical dilemma is whether to administer a loading 
dose if there is a history of self-medication with antimalarials. The risk 
of inadequate treatment due to underdosing must be weighed against 
the risk of serious cardiac toxicity due to overdose. Authorities suggest 
omitting the loading dose if more than 2 g of quinine has been admin-
istered within the past 48 hours.150,151

If an intravenous infusion cannot be safely administered, quinine 
can also be administered intramuscularly. Although pharmacokinetic 
studies of intramuscular quinine are lacking in adult patients with 
severe malaria, a loading dose appears to be well absorbed in patients 
with uncomplicated malaria152 and efficacious in severe malaria.153 
Quinine should be diluted with water to reach a concentration for 
administration of less than 150 mg/mL to reduce local pain and 
improve absorption, and be administered in divided doses into each 
thigh.140,154

Quinine Resistance. Quinine resistance in P. falciparum was first 
reported in Brazil in 1908.155 Although quinine resistance of P. falci
parum varies globally, published data on its prevalence since the 
increased use of artemisinin antimalarials are sparse. Resistance is 
more common and severe in Southeast Asia and has paralleled the rise 
of resistance to mefloquine,156 suggesting cross-resistance between 
these two drugs may be playing a role. As is the case for mefloquine, 
amplification of the drug transporter pfmdr1 is associated with 
increased quinine IC50. However, there is a paucity of data associating 
pfmdr1 amplification and clinical outcome.157

Quinine for Treatment of Babesiosis. Quinine in combination 
with clindamycin is the treatment of choice for severe babesiosis at 
doses similar to those used for treatment of malaria; quinine 8 mg  
salt/kg (up to 650 mg in adults) every 8 hours, with clindamycin 7 to 
10 mg/kg (up to 600 mg in adults) every 6 to 8 hours.158 Azithromycin 
with atovaquone is a better-tolerated regimen and equally effective in 
patients with mild-moderate babesiosis.159

Toxicity. The syndrome of cinchonism (tinnitus, high-tone 
deafness, visual disturbances, headache, dysphoria, vomiting, and  
postural hypotension) commonly occurs at therapeutic plasma levels, 
with plasma levels correlating with severity.160 Reversible deafness, 
which is predominantly high-tone, also correlates with plasma 
concentrations.161-164 The most common cardiovascular adverse events 
associated with quinine and quinidine are postural hypotension and 
syncope.78 Although cardiotoxicity due to quinine is unusual at plasma 
concentrations in the therapeutic range,164,165 quinidine causes QT 
interval prolongation in approximately 3% of patients.166 Fatal 

Mefloquine should not be used concurrently with quinine, quini-
dine, or drugs producing β-adrenergic blockade owing to the risk of 
electrocardiographic abnormalities or cardiac arrest. Administration 
of mefloquine with quinine or chloroquine may increase the risk of 
convulsions. Mefloquine may lower plasma levels of anticonvulsants.133 
Minor or inconsistent interactions have been observed between meflo-
quine and sulfadoxine-pyrimethamine, primaquine, metoclopramide, 
and oral contraceptives. Mefloquine has been shown to exert variable 
effects on ritonavir pharmacokinetics.

Although mefloquine prophylaxis is not recommended during 
pregnancy, the drug is probably safe and effective and discovery  
of pregnancy during mefloquine prophylaxis is not an indication for 
pregnancy termination.134

Quinine and Quinidine
Derived from the bark of the cinchona tree, quinine remained the sole 
effective antimalarial until the development of synthetic antimalarials 
during and after World War I. As the availability of the racemic mixture 
of quinine is reducing in the developed world, its D-enantiomer, quini-
dine, which is also used as a cardiac antiarrhythmic, can be used as a 
replacement135 (Fig. 40-6). Intravenous quinine is the second-line alter-
native to intravenous artesunate for treatment of severe malaria.135,136 
In recent large-scale. multicentered randomized trials undertaken in 
both children and adults, parenteral artesunate was shown to be more 
efficacious in the SEQUAMAT and AQUAMAT studies,43,44 reducing 
mortality by 22% to 35%. As is the case for chloroquine, the only life 
cycle stage of P. falciparum that quinine is active against is the asexual 
erythrocytic form. It has little effect on sporozoites or liver-stage para-
sites. It is gametocidal against P. vivax and P. malariae but not against 
P. falciparum. Quinine is active against the zoonotic primate malaria 
species P. knowlesi.137 Although the mechanism of action of quinine 
against Plasmodium spp. is not known, it appears to inhibit the diges-
tion of hemoglobin. It has also been shown to inhibit the ATPase of P. 
falciparum food vacuoles138; this mechanism appears to be indepen-
dent of its alkalinization of the food vacuole.139

Pharmacokinetics. The pharmacokinetic properties of quinine 
have been extensively reviewed.140 Two clinically important pharma-
cokinetic issues are the risk of underdosing in severe malaria neces-
sitating a loading dose (see later)141 and the variation in pharmacokinetic 
parameters in patients with severe malaria.140 Although quinine levels 
are higher in severe malaria, toxicity is uncommon compared with 
equivalent doses in healthy subjects. This is due to increased plasma 
binding to alpha-1 acid glycoprotein, an acute-phase reactant elevated 
in malaria,142 which reduces free quinine levels by 25% to 30% in 
uncomplicated malaria and by 40% in severe malaria.143-145 With 
increasing severity of malaria, there is also a reduction in the volume 
of distribution and clearance (particularly hepatic clearance) because 
of the changes in free quinine levels.140 Both quinine and quinidine are 
metabolized by the hepatic microsomal enzyme cytochrome P-450 
3A4; quinidine is also metabolized by CYP 2D6.140

It is important to avoid confusion arising from calculation of the 
dose of quinine depending on its various salts. The following doses are 
equivalent: quinine base 100 mg; quinine sulphate 121 mg; quinine 
bisulphate 169 mg; and quinine dihydrochloride 122 mg. The dose of 
quinine for treatment of malaria is 10 mg/kg, given three times a day 
for 7 days.

FIGURE 40-6  Structure of quinine. 
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an increase of the weight-adjusted dosage in young children may be 
required.189a

Piperaquine is highly lipophilic, and its oral bioavailability is 
approximately doubled by administration with a high-fat meal.190,191 
However, data on the food effect of bioavailability of piperaquine are 
conflicting.187,192,193 In a study carried out in Papua New Guinea, 
a surprisingly low efficacy of DHP was reported (88% at day 42), sig-
nificantly lower than that for artemether-lumefantrine. However, the 
difference had wide CIs and was apparent at day 28 but not day 42. 
This reduced efficacy is in contrast to other studies carried out in 
Africa194-196 and Asia,197,198 where DHP had similar or higher efficacy 
to other ACTs.

Clinical Use. Eurartesim is available in tablets of two strengths, 
either 20/160 or 40/320 mg of dihydroartemisinin/piperaquine, 
respectively. It should be administered over three consecutive days for 
a total of three doses taken at the same time each day. The recom-
mended dose is 2/16 mg/kg, once daily for 3 days (equivalent to 3 to 
4 40/320 tablets for adults). Some manufacturers recommend four 
doses (at 0, 6 to 8, 24, and 32 hours), although there is no evidence 
that this regimen has any better efficacy than the simpler once-daily 
dosing. Development of a pediatric formulation is under way.

Resistance. Although cross-resistance between piperaquine and 
chloroquine has been reported,9,184 piperaquine has potent activity 
against highly chloroquine-resistant P. falciparum189 and P. vivax.9 
More recently, declining efficacy of DHP has been noted in the eastern 
provinces of Cambodia in the epicenter of artemisinin resistance, with 
the risk of true recrudescence rising to 25%.199 However, CIs were wide, 
pharmacokinetic measures were not taken, and it is unclear whether 
the failures were due to the DHA or piperaquine component of the 
drug combination. Further studies are ongoing.

Toxicity. DHP is well tolerated both in adults and in children,189 
with the main side effects reported to be gastrointestinal (GI) distur-
bance such as diarrhea,197 although this varies considerably according 
to geographic region. Electrocar diographic effects of piperaquine have 
been specifically evaluated in two studies.200,201 Both demonstrated 
minor lengthening of the corrected QT interval during treatment 
(between 11 and 14 ms). Very few individual patients experienced a 
prolongation that could be regarded as clinically significant (>60 ms). 
Therefore, although statistically significant, the QT prolongation 
observed following piperaquine therapy is unlikely to be clinically 
significant. European regulatory authorities have, however, demanded 
that DHP not be administered with food (to reduce peak concentra-
tions) and caution that prior electrocardiographic monitoring be 
undertaken in those at risk of QT prolongation.

Pyronaridine
Pyronaridine is a Mannich base antimalarial synthesized in China in 
the 1970s.202,203 It demonstrates potent in vitro activity against eryth-
rocytic stages of P. falciparum204-206 and P. vivax.207 Importantly, the 
drug retains excellent efficacy even in those with high-grade chloro-
quine resistance.208-210 These ex vivo observations have led to the devel-
opment of a fixed-dose formulation (Pyramax) of pyronaridine and 
artesunate combined in a 3 : 1 ratio for multidrug-resistant uncompli-
cated malaria. This novel ACT was licensed by the European Medicines 
Agency in 2012; it has recently been reviewed comprehensively by 
Croft.211

Clinical trials have shown potent efficacy of monotherapy against 
multidrug-resistant falciparum malaria,212-214 as well as P. ovale and P. 
malariae.212 The early therapeutic response was faster when pyronari-
dine was combined with artesunate.215 Subsequent multicentered clini-
cal trials have demonstrated excellent efficacy against multidrug-resistant 
strains of P. falciparum216,217 and P. vivax.218

Pharmacokinetics. The pharmacokinetic profile of pyronaridine 
suggests that peak concentrations after single administration are 
reached within 1 hour, with a large volume of distribution (907 L) and 
a terminal elimination half-life of between 10 and 13 days.219 The 
pharmacokinetic profile in children is similar, with a slightly faster 
elimination (half-life 6 to 9 days).

Clinical Use. Pyronaridine has been used successfully in China as 
monotherapy, without serious toxicity or development of widespread 
resistance. It is now available in combination (Pyramax) currently 

ventricular arrhythmias have only been described in a patient with a 
preexisting prolonged QT interval (490 ms).167 Acute toxicity caused 
by inadvertent rapid infusion may cause life-threatening cardiac 
arrhythmias, including ventricular tachycardia and ventricular fibril-
lation.168 Patients being treated with quinidine should have regular 
clinical assessment for hypotension, a baseline electrocardiogram 
(ECG) for assessment of corrected QT interval, and cardiac monitor-
ing. Patients being treated with quinine do not generally require 
cardiac monitoring unless there is preexisting heart disease or the 
potential of interactions with other medications that are known to 
affect cardiac electrophysiology or in children younger than 2 years 
receiving intravenous treatment. Quinine has been associated with 
transient retinal toxicity, which typically occurs in drug overdose; the 
majority of patients report complete blindness, but alterations  
in color vision, blurring of vision, or visual field restriction are 
described.169

An important adverse effect of quinine treatment in severe malaria 
is hypoglycemia.170,171 Pregnant women are particularly susceptible to 
this complication.172 All patients receiving quinine or quinidine should 
be monitored for hypoglycemia, and any deterioration in clinical status 
(including seizures or altered mental status) should prompt assessment 
of plasma glucose. Patients receiving intravenous therapy should also 
receive an intravenous infusion of dextrose.

Blackwater fever is the syndrome of massive hemolysis (with visible 
hemoglobinuria) in the setting of severe malaria, glucose-6-phosphate 
dehydrogenase deficiency (G6PD), and quinine treatment. Because 
malaria is also associated with hemolysis, the relative roles of quinine 
and G6PD are unclear.153,173,174

Allergic reactions, such as drug-induced thrombocytopenia,175 
hepatitis, urticaria, and other more severe dermatologic phenomena 
(erythema multiforme, fixed drug eruptions, and toxic epidermal 
necrolysis),168,176,177 are all much less common following malaria che-
motherapy than when the drug has been used long term.

The risks of using quinine in pregnancy must be weighed against 
the known deleterious effects of malaria on pregnancy. Some, but not 
all, animal studies have demonstrated abnormalities of the inner ear, 
auditory nerve, and CNS.134,178-180 At standard doses, quinine does not 
increase the rate of spontaneous abortion, and its use in the first tri-
mester does not appear to be associated with birth defects.181 Con-
trolled trials have not found evidence of an increased risk of birth 
defects.182 As noted earlier, in pregnant women with severe malaria, 
hypoglycemia appears to be a common complication of quinine 
treatment.183

Piperaquine
Piperaquine is a bisquinoline 4-aminoquinoline antimalarial structur-
ally related to chloroquine. It was synthesized independently in France 
and China in the 1960s184 and widely used for malaria control activities 
in China in the 1970s and 1980s.185 In the 1990s, piperaquine was 
reconsidered as a partner drug in artemisinin-based combination 
therapy and led to the development of a novel combination formula-
tion of dihydroartemisinin plus piperaquine, each tablet containing 
40 mg dihydroartemisinin and 320 mg piperaquine phosphate (DHP). 
The mechanism of action and resistance of piperaquine have not been 
well studied but are likely to be similar to those of drugs of the same 
class.185

Pharmacokinetics. The pharmacokinetic properties of pipera-
quine are similar to those of chloroquine. It has a large volume of 
distribution, ranging from 103 to 716 L/kg, values that are significantly 
larger even than comparable drugs such as chloroquine.186-188 It has a 
long terminal elimination half-life of 22 days and 20 days in adults and 
children, respectively.189 The prolonged half-life results in a beneficial 
post-treatment prophylactic period, estimated to be about 20 days, and 
protects against both P. vivax and P. falciparum. Although early recur-
rent infections are reduced, infections treated with DHP are more 
likely to produce gametocytes than artemether-lumefantrine, an obser-
vation hypothesized to reflect the lower dosing of artemisinin deriva-
tive in DHP (total ≈7.5 mg/kg of DHA compared with ≈11.5 mg/kg 
of artemether in artemether-lumefantrine). Furthermore, the drug has 
a smaller volume of distribution and shorter half-life in children, 
resulting in a higher risk of recrudescence and earlier reinfection. Thus, 
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Electrocardiographic changes occur within 48 hours, are transient, and 
generally resolve within 72 hours. Although these effects are usually 
asymptomatic, there have been more than 20 reports of sudden cardiac 
death following administration of halofantrine.64 The apparent cardio-
toxicity is dose dependent, is enhanced by prior mefloquine exposure, 
and is related to circulating plasma concentrations of the drug.233,237

The risk of adverse events is increased in patients with congenital 
QT prolongation,238 but clinically significant QTc prolongation also 
occurs at standard therapeutic doses of halofantrine in otherwise 
healthy patients with malaria.232,239 Identifying patients at greatest risk 
of halofantrine-induced cardiotoxicity is problematic, even in those 
with a normal baseline ECG, because the phenomenon is concentra-
tion dependent and peak plasma concentrations vary widely among 
individuals.64 For this reason halofantrine has been removed from the 
latest World Health Organization guidelines.36

Lumefantrine
Lumefantrine (previously called benflumetol) (Fig. 40-7) is an aryl-
amino alcohol, currently only available as a fixed-dose oral formula-
tion, combined with artemether (co-artemether: 20 mg of artemether 
and 120 mg of lumefantrine). Artemether and lumefantrine have com-
plementary activity, the potent but short-lived antimalarial activity of 
artemether resulting in a rapid reduction of parasite biomass over the 
first 3 days of treatment, and the longer-acting lumefantrine providing 
sustained antimalarial activity to kill the residual blood-stage parasites. 
The combination has become one of the most highly used ACTs, with 
more than 100 million treatments dispensed in malaria-endemic coun-
tries over the past decade.

The schizonticidal activity of lumefantrine has been well docu-
mented against the erythrocytic stages of both P. falciparum and P. 
vivax, but this does not extend to activity against gametocytes, hypno-
zoites, or the pre-erythrocytic stages. Although the mechanism of 
action is not completely understood, it is thought that lumefantrine 
and other members of this class exert their antimalarial effect in the 
parasite’s acid food vacuole by interacting with heme. Desbutyl-
benflumetol, the putative metabolite of lumefantrine, has significantly 
higher blood schizonticidal activity compared with lumefantrine.

Pharmacokinetics. Following ingestion, lumefantrine is slowly 
and erratically absorbed with peak concentrations occurring within 4 
to 10 hours. Bioavailability is highly variable and is reduced signifi-
cantly during the acute phase of the infection,240 but increases when 
administered with a small amount of food.241 Only a small amount of 
fat is necessary, with as little as 36 mL of milk (corresponding to 1.2 g 
of fat) being sufficient for a clinically relevant increment (up to 16-fold) 
in blood concentrations.242

Absorption is dose limited and results in the need for twice-daily 
dosing over 3 days rather than once-daily dosing. Lumefantrine is 
extensively and rapidly distributed to body tissues and highly protein 

licensed by the European Medicines Agency for the treatment of acute, 
uncomplicated malaria infection caused by P. falciparum or by P. vivax 
in adults and children weighing 20 kg or more. Pyramax comes in 
tablets for adults with pyronaridine 180 mg and artesunate 60 mg. The 
dose for adults 65 to 90 kg is four tablets once daily for three days. A 
pediatric formulation has also been developed.220

Toxicity. Pyronaridine is generally well tolerated, the most 
common side effects being headache, vomiting, abdominal pain, bra-
dycardia, and hypoglycemia. Early animal studies and several clinical 
trials have shown that individuals receiving pyronaridine are at 
increased risk of mild transient elevation of liver enzymes.216-218 So far 
the safety/efficacy balance of Pyramax has been established with only 
one single treatment course. There are no data on repeat treatment with 
Pyramax, although studies are under way to address this. In view of 
these concerns pyronaridine is only recommended as a single treat-
ment course in any given patient, pending further data.

Halofantrine
Halofantrine is a 9-phenanthrene methanol, belonging to a class of 
arylaminoalcohols. It was identified in the 1940s but not developed 
commercially until the 1980s when it was identified as an oral alterna-
tive for the treatment of malaria due to chloroquine-resistant P. falci
parum. Halofantrine is administered as a racemic mixture, with the 
enantiomers having similar in vitro antimalarial activity.125 Halofan-
trine and its principal metabolite N-desbutyl-halofantrine are blood 
schizonticides with selective activity against the intraerythrocytic 
asexual stages of plasmodia, particularly trophozoites and schizonts, 
but lack activity against gametocytes and pre-erythrocytic liver stages.221

Pharmacokinetics. Halofantrine is a highly lipophilic drug that is 
available in tablet, capsule, and suspension formulations for oral 
administration. Absorption is erratic following oral administration 
and further decreased in patients with malaria but can increase three-
fold when given with food.222 Clearance is reduced by the rise in plasma 
lipoproteins in the postprandial state, resulting in a sharp rise in cir-
culating plasma concentrations. The Cmax is achieved 6 hours after oral 
administration; it exhibits a large apparent volume of distribution 
(≈50 L/kg),223 with an elimination half-life of 1 to 5 days in patients 
with malaria.

Halofantrine is metabolized into N-desbutyl-halofantrine by 
CYP3A4, being excreted mainly in the feces; it inhibits CYP2D6, 
thereby resulting in drug-drug interactions with substrates for these 
enzymes.224,225 For instance, ketoconazole decreases metabolism of 
halofantrine to desbutyl-halofantrine, whereas tetracycline signifi-
cantly increases plasma concentrations of both halofantrine and its 
metabolites.

Clinical Use. The clinical use of halofantrine is limited by its short 
half-life (1 to 2 days), slow absorption, and its propensity to induce 
potentially fatal cardiotoxicity. Because there are many safer alterna-
tives, it has little role in the clinical management of malaria. The drug 
is available for adults (>40 kg), to be given 500 mg orally every 6 hours 
for 3 doses. For nonimmune travelers, a second dose is recommended 
7 days after the first three doses. For children, the same dose is given 
(8 mg/kg) but as a flavored suspension (20 mg/mL). In view of the risk 
of dose-related cardiotoxicity (see later), the manufacturer recom-
mends that tablets not be taken with food because this increases the 
absorption of the drug to potentially toxic levels.

A three-dose regimen of halofantrine (total dose of 24 mg/kg over 
18 hours) resulted in rapid parasite clearance and good clinical efficacy 
against chloroquine-resistant strains of P. falciparum,226-228 with clinical 
trials in returning travelers with malaria demonstrating almost 100% 
cure rates.229 A notable exception was a study from Thailand in an area 
with high levels of mefloquine resistance, where failure rates reached 
25% by day 28.230 Increasing the total dose of halofantrine to 72 mg/
kg improved cure rates to 90% but was associated with high rates of 
cardiotoxicity.

Toxicity. In humans, halofantrine is generally well tolerated, the 
most reported adverse effects being nausea, vomiting, abdominal  
pain, diarrhea, pruritus, and rash, all of which tend to be mild and 
transient. The most serious adverse reaction of halofantrine is its dose-
related cardiotoxicity, including QTc prolongation, torsades de 
pointes,215-217,218-223,231-233,234,235 PR prolongation, and heart block.232,233,236 

FIGURE 40-7  Structure of lumefantrine. 
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However, rates of recurrence of malaria following co-artemether 
are high in pregnant women, a likely reflection of the increased rate of 
elimination of lumefantrine.260 The current WHO guidelines do not 
preclude lactating mothers from taking artemether-lumefantrine 
because the amount of either active antimalarial drug entering breast 
milk is small with no associated evidence of toxicity to the baby.36

8-AMINOQUINOLINES
Primaquine
Primaquine (Fig. 40-8) is the most widely used of the 8-aminoquinoline 
class of antimalarials. These drugs are unique in their spectrum of 
activity, including both asexual and sexual blood stages of the parasite, 
as well as against the liver-stage schizonts and hypnozoites.261 Although 
discovered almost 80 years ago and now an intrinsic part of most 
national and international malaria treatment guidelines, primaquine is 
often underused owing to fear regarding toxicity and uncertainty 
regarding the efficacy. This is especially the case in settings where 
G6PD testing (see later) is not readily available. However, there has 
been a resurgent interest in this drug and its role in interrupting 
malaria transmission, achieving the radical cure of P. vivax, and reduc-
ing the spread of drug resistance.262

Unlike the 4-aminoquinolines, the antimalarial potency of the 
8-aminoquinolines does not appear to be mediated through heme 
polymerization and detoxification. Rather, oxidative metabolites may 
affect parasite pyrimidine synthesis and disrupt the mitochondrial 
electron transport chain.

Pharmacokinetics. Primaquine is essentially a prodrug that is 
extensively and rapidly metabolized, with only a small fraction of  
the parent drug excreted unchanged. However, little is known of the 
pharmacokinetics of the metabolites that are responsible for both its 
antimalarial activity and toxicity. Its principal metabolite, carboxypri-
maquine, is formed as a result of oxidative deamination, which is 
thought to involve both the cytochrome-P450 enzyme complex and 
monoaminooxidases (MAOs).263 Primaquine is rapidly and almost 
completely absorbed following oral administration, with Cmax reached 
within 3 hours. It is cleared by hepatic biotransformation, with an 
elimination half-life of 8 hours. The pharmacokinetics do not seem to 
be time dependent, showing similar kinetics after repeated dosages.264 
Although there are no human pharmacokinetic studies of the enantio-
mers, animal studies point to stereoselective metabolism of positive (+) 
and negative (−) primaquine,265 with the (+) enantiomer exhibiting a 
significantly longer elimination half-life.266 These studies also suggest 
a difference in toxicity between the two enantiomers that may be rel-
evant to humans. Recent data indicate that the activity of primaquine 
is dependent on its metabolism by the cyochrome P-450 CYP2D6 
metabolic pathway, and that slow metabolism may explain drug failure 
in some situations.266a

Clinical Use. Primaquine has three main clinical applications: the 
radical cure of P. vivax and P. ovale infection, causal prophylaxis, and 
the reduction of P. falciparum transmission. The dose of primaquine is 
expressed as the amount of base. There is only one salt, the diphos-
phate, available for use. A dose of 15 mg primaquine base is equivalent 
to approximately 26.3 mg primaquine diphosphate salt.

Radical Cure. Primaquine is the only widely licensed agent for the 
radical cure of P. vivax and P. ovale. Despite more than 60 years of 
continuous use, there is still neither evidence nor consensus on the 
optimal dose or dosing regimen.267 The main determinant of prima-
quine antirelapse efficacy is the total dose of primaquine administered, 
rather than the dosing schedule.261 The World Health Organization 

bound (90%). It is predominantly metabolized by the liver and elimi-
nated through the bile,241 with a terminal elimination half-life of 3 to 
6 days in patients with malaria. Pregnancy is associated with a signifi-
cantly faster terminal elimination half-life compared with nonpregnant 
patients (49 vs. 77 hours, respectively).243

The principal pharmacokinetic determinant of lumefantrine effi-
cacy in patients with malaria is the AUC, which is correlated closely 
with the plasma lumefantrine concentrations on day 7.244,245

Clinical Use. Artemether-lumefantrine is registered in many 
countries for the treatment of uncomplicated malaria, especially of 
multidrug-resistant P. falciparum infection. In view of its excellent 
tolerability and efficacy against all species of plasmodia and most 
multidrug-resistant isolates, it has been proposed as standby medica-
tion for travelers to countries endemic for malaria.

The dose for adults weighing more than 35 kg is four tablets of the 
fixed-dose combination per dose (total per dose: artemether 80 mg, 
lumefantrine 480 mg) given twice daily over 3 days (0, 8, 24, 36, 48, 
and 60 hours). Patients should be instructed to take their medication 
with milk or a fat-containing food, particularly on the second and third 
day of treatment.

The efficacy and safety of artemether-lumefantrine in children 
weighing 5 to 10 kg is similar to that in older children.246,247 A pediatric 
formulation is now available for this age group.36 The dosing schedule 
is the same as for adults, with the body-weight–adjusted doses strati-
fied into three groups: 25 to 35 kg, 3 tablets per dose; 15 to 25 kg, 2 
tablets per dose; 5 to 15 kg, 1 tablet per dose. The child should take the 
medication with a small quantity of fat.

Co-administration of antiarrhythmics, β-blockers, macrolides, qui-
nolones, antidepressants, antifungals, and grapefruit juice should be 
avoided. However, there is no evidence of harmful interactions follow-
ing co-administration with these drugs. Mefloquine reduces plasma 
concentrations of lumefantrine by 30% to 40%,248 whereas ketocon-
azole increases the AUC by 70%249; neither interaction is considered 
sufficient to warrant altering dosing.

Lumefantrine has good activity against chloroquine-resistant 
strains of P. falciparum and P. vivax,9 although the positive correlation 
of the in vitro antimalarial activity with other schizonticidal antima-
larials (particularly quinine, mefloquine, and halofantrine) suggests a 
common mode of action.8 Both polymorphisms and copy number of 
the pfmdr1 gene modulate susceptibility to lumefantrine118,245 and are 
under selective pressure, with the 86N allele (wild-type) significantly 
more prevalent in patients failing treatment.250,251 Recent studies from 
Cambodia have raised concerns over declining efficacy to artemether-
lumefantrine. Whether this is due to reduced susceptibility to arte-
mether or lumefantrine is unclear.53

Toxicity. Artemether-lumefantrine has an excellent toxicity pro-
file. The most commonly reported adverse effects are nausea, vomit-
ing, and diarrhea.252 Pruritus and rash occur in less than 2% of the 
patients. In light of the significant cardiotoxicity of halofantrine, 
despite its structural similarity with lumefantrine, no significant pro-
longation of the QTc intervals is observed following administration of 
co-artemether.252,253 Although data are generally lacking on potential 
adverse interactions between lumefantrine and other drugs, there is no 
evidence of an interaction between lumefantrine and either meflo-
quine254 or quinine.249

Neurotoxicity has been observed following high-dose parenteral 
administration of lipophilic artemisinin derivatives such as artemether 
(see earlier).66,255 However, this toxicity is not apparent following 
oral administration and does not appear to be enhanced by the 
co-administration of lumefantrine. Audiometric studies in healthy  
volunteers and patients administered co-artemether did not show  
any evidence of brainstem toxicity.256,257 Large prospective studies of 
patients with recurrent exposure to co-artemether are in progress.

Lumefantrine has not been evaluated sufficiently to recommend its 
widespread use in pregnancy. Although animal reproductive toxicity 
studies have failed to demonstrate mutagenic or embryotoxic proper-
ties in doses up to 1000 mg/kg of lumefantrine, concerns have been 
raised with the partner drug artemether. However, increasing amounts 
of accumulating data indicate that artemether-lumefantrine is better 
tolerated than conventional quinine, which is associated with hypogly-
cemia and poor adherence to a 7-day regimen.88,258,259

FIGURE 40-8  Structure of primaquine. 
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Primaquine metabolites induce the oxidation of hemoglobin into 
methemoglobin, a process that is dose dependent and occurs in normal 
and G6PDd erythrocytes. In most treatment regimens methemoglobin 
concentrations induced by primaquine are asymptomatic, transient, 
and rarely apparent. However, prolonged administration of 45 mg 
(0.75 mg/kg) weekly or 15 mg (0.25 mg/kg) daily may increase methe-
moglobin levels to more than 30% in some individuals.277 Individuals 
with a genetic deficiency of NADH cytochrome 5b reductase are  
particularly vulnerable to this effect. Quinine appears to offer some 
protection against methemoglobinemia, whereas combination with 
chloroquine can result in methemoglobin levels fourfold higher in 
healthy subjects.278

Primaquine exerts other hematologic side effects, such as mild leu-
cocytosis and leukopenia (specifically granulocytopenia) within several 
days of starting treatment. It has also been associated with arrhythmias, 
although these are only induced at supratherapeutic doses.

Tafenoquine
Tafenoquine, also known as WR238605, is a new 8-aminoquinoline 
antimalarial drug jointly developed by the Walter Reed Army Institute 
of Research (WRAIR) and GlaxoSmithKline Pharmaceuticals (GSK). 
Like primaquine, it is active against all forms of malaria. Tafenoquine 
is being developed as a potential replacement for primaquine and is 
currently undergoing clinical trials as a short-course treatment regimen 
for the radical cure of P. vivax.

Like primaquine, tafenoquine has clinically useful activity against 
hypnozoites, and as a causal prophylactic. Tafenoquine is approximately 
10 times more potent than primaquine when used as a causal prophy-
lactic in rhesus monkeys. It is also active as a treatment for P. vivax 
strains from Oceania that are known to be tolerant to chloroquine.279 
Unlike primaquine, tafenoquine inhibits heme polymerization similar 
to the 4-aminoquinolines, an effect that may explain its potent activity 
against the asexual intraerythrocytic stages of P. falciparum and P. 
vivax.280 Tafenoquine has additional antiparasitic activity in mosqui-
toes, preventing sporozoite development in the mosquito.281,282

Pharmacokinetics. Tafenoquine is rapidly absorbed; absorption is 
increased when taken with food, which also reduces the severity of GI 
adverse effects.283 It has a large volume of distribution and a prolonged 
elimination half-life (≈16 days),284 thus offering the potential of a 
longer dosing interval for prophylaxis compared with primaquine. 
Unlike primaquine, tafenoquine accumulates in erythrocytes, which 
may contribute to its greater potency compared with primaquine.285 
Like primaquine, the activity of tafenoquine may require CYP 2D6 
metabolism.285a

Clinical Use. Tafenoquine is formulated as the succinate salt, with 
250 mg of salt equal to 200 mg base. The prophylactic activity of 
tafenoquine against P. falciparum in a variety of weekly regimens 
varied from 86% to 89%, rising to 95% against P. vivax.286,287 Against 
P. vivax hypnozoites, it appears that a single or 3-day regimen may 
suffice to achieve reliable radical cure,287 although studies are ongoing 
to determine the safety of these regimens and efficacy in different 
endemic settings.287a The ability of tafenoquine to kill parasites in the 
mosquito suggests that it may be useful during malaria epidemics by 
blocking transmission.282

Toxicity. The most frequently noted adverse events are mild GI 
upset, headaches, and myalgia. As with primaquine, the main concern 
is that of hemolysis in persons with G6PD deficiency, particularly if 
tafenoquine’s slow elimination results in sustained toxicity.288 There-
fore, G6PD status should be checked before administering the drug.

Atovaquone
Originally developed as an antimalarial agent on the basis of potent in 
vitro activity against drug-resistant strains of P. falciparum,289 the 
hydroxynaphthoquinone atovaquone (Fig. 40-9) has subsequently 
found to be active against a number of other microorganisms, includ-
ing Pneumocystis jirovecii,290 Toxoplasma gondii,291 Babesia microti, 
Cryptosporidium parvum, Encephalitozoon intestinalis, Leishmania 
donovani, Entamoeba histolytica, and Trichomonas vaginalis. In par-
ticular, toxoplasmosis and babesiosis can be effectively treated with 
atovaquone, when used in combination with pyrimethamine and 
azithromycin, respectively.

(WHO) guidelines for the radical cure of vivax malaria currently  
recommend the use of a daily dose of 0.25 mg/kg/day for 14 days 
(3.5 mg/kg total dose) taken with food once daily, co-administered 
with chloroquine or ACT depending on chloroquine sensitivity in the 
region.36,268 However, the standard dose regimen of primaquine fails to 
prevent relapses in many different endemic locations.267 High rates of 
recurrence can be overcome by administering a higher total dose 
(7 mg/kg, equivalent to an adult dose of 30 mg per day for 14 days), a 
regimen that is now recommended for Southeast Asia and Oceania. 
However, in practice most national guidelines still recommend lower 
doses. To reduce the risk of hemolysis and improve tolerability from 
GI disturbance, the target cumulative dose of primaquine is recom-
mended to be administered over 14 days, either as a once- or twice-
daily regimen. Advocating such prolonged courses of treatment can 
result in significant problems with adherence.269,270 Short-course, high-
dose regimens have the potential to increase patient adherence and 
thus effectiveness,271 but appropriately powered prospective multi-
centered, randomized, controlled trials are necessary.

Primaquine can induce hemolysis in patients with glucose-6-phos-
phate dehydrogenase deficiency (G6PDd). In patients with mild G6PD 
deficiency, primaquine 45 to 60 mg once weekly for 8 weeks may be 
better tolerated.272 In some patients, particularly those who have previ-
ously suffered severe adverse effects of primaquine, it may be prudent 
to withhold primaquine treatment and instead promptly treat relapses. 
Primaquine use is contraindicated in pregnancy because fetal red cells 
are relatively deficient in G6PD. Instead, after treatment of P. vivax or 
P. ovale infection, a pregnant woman should take weekly chloroquine 
prophylaxis until after delivery, when hypnozoite eradication can be 
considered. Because there is no information on excretion of prima-
quine and its metabolites in breast milk, treatment is contraindicated 
in breast-feeding women. Data on the administration of primaquine 
to children are limited, and the current WHO guidelines recommend 
only giving to patients older than 4 years of age. However, available 
data suggest that primaquine is safe in G6PD-normal children as 
young as 6 months of age. The dose is the same as for adults adjusted 
for body weight.

Prophylaxis. The activity of primaquine activity against all species 
of plasmodia makes it a useful agent for prophylaxis. For this indica-
tion a daily dose of 0.5 mg/kg (equivalent to an adult dose of 30 mg 
base) is well tolerated and effective.

Reduction of Transmission. Interrupting transmission has 
become a priority of many malaria control programs now set on 
achieving its elimination. The use of primaquine as a gametocytocidal 
drug in areas of low malaria transmission has potential to reduce the 
incidence of infection. Indeed, the addition of primaquine to current 
artemisinin combination therapies has been shown to reduce gameto-
cyte carriage after ACT administration.273 Current recommendations 
advocate a single dose of 0.5 to 0.75 mg/kg at the start of schizonticidal 
treatment, although a recent review of the literature suggests that a 
lower dose (0.25 mg base/kg) would be safer and as effective.274

Toxicity. Although primaquine is generally well tolerated, its pro-
pensity to cause certain adverse effects warrants caution. Nausea, head-
ache, vomiting, and abdominal pain are relatively common, particularly 
when doses exceed 30 mg (0.5 mg/kg). These adverse effects can be 
reduced substantially by taking the drug with food. Diarrhea, weak-
ness, visual disturbance, and pruritus occasionally occur.

The most important adverse effect of primaquine is its propensity 
to induce significant hemolysis, particularly in those with G6PDd.275 
G6PDd is the most common heritable enzymopathy in the world, with 
a prevalence ranging from 2% to 40%.101 The gene encoding G6PD is 
found on the long arm of the X chromosome, and inheritance is thus 
sex linked. Individuals with less than 10% of normal enzyme activity 
are at risk of life-threatening hemolysis,276 whereas those with milder 
variants may suffer negligible effects.261 Primaquine-induced hemolysis 
is dose dependent, the dose-effect relationship depending on the 
degree of G6PD deficiency, which is graded according to the level of 
enzyme activity. This is particularly important in poorly resourced 
settings where routine G6PD testing is not available. In these circum-
stances health care providers simply omit radical cure or prescribe 
lower and prolonged courses and stop treatment in the event of frank 
hematuria or overt hemolysis.
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atovaquone-resistant parasites identified with prophylaxis failures. 
Mutations in the cytochrome b gene occur more commonly in patients 
with P. jirovecii infection in the acquired immunodeficiency syndrome 
(AIDS) after treatment with atovaquone, but the clinical significance 
is unknown.304 Phenotypic resistance to atovaquone has not been dem-
onstrated for P. jirovecii. Atovaquone-resistant isolates of T. gondii also 
demonstrate mutations in the cytochrome b gene.305 Clinical failures 
of azithromycin-atovaquone therapy for babesiosis in immunocom-
promised patients have been reported.306

Toxicity. Atovaquone is generally well tolerated, but reported 
adverse events include nausea, vomiting, diarrhea, headache, fever, and 
transient elevations in liver function tests. Caution should be used 
when administering atovaquone concurrently with other highly plasma 
protein–bound drugs with narrow therapeutic indices because compe-
tition for binding may occur. Co-administration of rifampin results in 
significant reductions in atovaquone plasma concentrations. Tetracy-
cline and metoclopramide reduce atovaquone plasma concentrations 
by 40% and 50%, respectively. Atovaquone increases plasma concen-
trations of zidovudine by approximately 33% due to inhibition of 
hepatic glucuronidation. Clinically insignificant reductions in both 
trimethoprim and sulfamethoxazole occur with atovaquone.307

Folate Antagonists
This class of drugs has been used for both prophylaxis and treatment 
of malaria. In view of their ability to act synergistically, they are often 
used in combination. However, the efficacy and therefore use of the 
antifolates have fallen due to the development of high-grade resistance. 
Activity of the antifolates derives from selective inhibition of parasite 
rather than host enzymes responsible for one-carbon metabolism.

DIHYDROFOLATE REDUCTASE 
INHIBITORS
Unlike mammalian cells, P. jirovecii and protozoan parasites cannot 
utilize preformed pyrimidines obtained through salvage pathways but 
rely completely on de novo pyrimidine synthesis, for which folate 
derivatives are essential cofactors. This process, thymidine synthesis, is 
dependent on the enzyme dihydrofolate reductase (DHFR). DHFR 
inhibitors compete with the substrate, dihydrofolate, by binding revers-
ibly to the active site of DHFR. Although DHFR is found in almost all 
organisms, the amino acid sequence of DHFR varies between species, 
thus explaining the selective action of different DHFR inhibitors.308

Proguanil (Chloroguanide)
Although proguanil (Fig. 40-10) is an effective schizonticide, its onset 
of action is too slow to recommend its use alone for malaria treatment. 
Proguanil is now almost exclusively used with atovaquone for malaria 
chemoprophylaxis, and for the oral treatment of uncomplicated 
malaria. It exerts its antimalarial activity primarily through its metabo-
lites cycloguanil and 4-chlorophenyl biguanide, which inhibit dihydro-
folate reductase in the parasite and disrupt deoxythymidylate synthesis, 
thus interfering with the biosynthesis of pyrimidines required for 
nucleic acid replication. Proguanil also exhibits intrinsic activity, pos-
sibly involving mitochondrial toxicity, that is synergistic in combina-
tion with atovaquone.296 This is further suggested by the finding that 
cycloguanil-resistant parasites retain their sensitivity to high concen-
trations of proguanil.309 In addition, a P. falciparum strain transfected 
with a variant form of human dihydrofolate reductase selectable by 
methotrexate had increased resistance to cycloguanil but remained 
susceptible to proguanil.310

Studies on the potentiation of atovaquone by other antimalarial 
drugs revealed evidence of synergistic activity with proguanil.292 After 
clinical trials, this culminated in the development of a fixed-dose com-
bination (Malarone) for the treatment and prevention of malaria.293,294 
Although atovaquone is active against both the erythrocytic and pre-
erythrocytic (liver) stages of Plasmodium spp., it does not eradicate 
hypnozoites from the liver, so patients with P. vivax or P. ovale infec-
tions require radical prophylaxis.

Atovaquone inhibits the electron transport system at the cyto-
chrome bc1 complex.295 There is obligatory coupling of pyrimidine 
biosynthesis and electron transport via ubiquinone/ubiquinol. Selec-
tivity is achieved through the difference between mammalian and  
plasmodial electron transport systems in their sensitivity to the 
hydroxynaphthoquinones. In addition, plasmodia depend completely 
on pyrimidine synthesis while mammalian cells use a pyrimidine 
salvage pathway. The mechanism of potentiation of atovaquone by 
proguanil appears to be related to proguanil itself; metabolism to cyc-
loguanide is not required.296

Pharmacokinetics. Atovaquone is highly lipophilic and shows sig-
nificant variation in oral bioavailability. After a single oral dose, 
absorption is slow, increasing twofold to threefold with a fatty meal, 
and is dose limited above 750 mg.289 It is highly protein bound 
(>99.9%).297 The liver is the main route of elimination, with enterohe-
patic circulation contributing to its prolonged half-life. Atovaquone is 
eventually eliminated through the feces, with less than 1% excreted in 
the urine. The drug is subject to negligible metabolism. Its elimination 
half-life is increased in patients with moderate hepatic impairment, 
probably due to impaired enterohepatic circulation. Caution is advised 
in patients with hepatic dysfunction. Because urinary excretion is  
negligible, no dosage adjustment is necessary in patients with renal 
impairment. However, because proguanil and its metabolite cyclogua-
nil are primarily excreted in the urine, use of the atovaquone-proguanil 
combination (Malarone) is contraindicated in patients with creatinine 
clearance of less than 30 mL/minute. Atovaquone is not teratogenic 
and does not cause reproductive toxicity in rats at plasma concentra-
tions of up to two to three times human levels.

Clinical Use. Atovaquone-proguanil (Malarone), administered as 
a single tablet a day (250/100 mg) is a highly effective chemoprophy-
lactic regimen. Its major drawback is the cost of the medication due  
to the high cost of synthesis of atovaquone. It is also an effective  
treatment for all species of human malaria (in a dose of 15 to 20/6 to 
8 mg/kg/day for 3 days), including drug-resistant strains of P. falci
parum. However, for the latter it is probably safer to combine it with 
an artemisinin drug. Of interest, clinical trials have shown that a full 
treatment course (4 tablets daily for 3 days) of atovaquone-proguanil 
results in protection from reinfection with P. falciparum for 28 to 32 
days,298-301 and a recently undertaken clinical trial showed that a single 
dose of atovaquone-proguanil results in prophylaxis of sufficient dura-
tion to suggest that a weekly dosing schedule may be sufficient. The 
study also supported previous data indicating activity against incubat-
ing liver-stage parasites.302

Resistance. Reports of clinical strains of P. falciparum resistant 
to atovaquone-proguanil typically involve changes at codon 268290 
of the cytochrome b gene.303 There have been no reports of 

FIGURE 40-9  Structure of atovaquone. 
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Trimethoprim
For a discussion of trimethoprim, see Chapter 33.

DIHYDROPTEROATE SYNTHETASE 
INHIBITORS
Unlike multicellular eukaryotes, many unicellular organisms synthe-
size folate rather than relying on dietary sources of this cofactor. The 
sulfonamides and sulfones inhibit the enzymatic activity of a key 
enzyme in the folate synthesis pathway, dihydropteroate synthetase 
(DHPS). DHPS catalyzes the conversion of PABA (para-aminobenzoate) 
to dihydropteroate.

Sulfonamides
Sulfonamides are synthetic drugs with low potency against a wide 
range of protozoa. No drug of the group is potent enough to have 
therapeutic activity when used alone for these infections; all are given 
in synergistic combination with a DHFR-inhibitor such as pyrimeth-
amine or trimethoprim.

Sulfadiazine and Sulfamethoxazole
For a discussion of sulfadiazine and sulfamethoxazole, see Chapter 33.

Sulfadoxine
Sulfadoxine is available as an oral formulation with pyrimethamine.

Pharmacokinetics. When a single oral dose is given to healthy 
patients, it is rapidly and extensively absorbed from the gut, reaching 
Cmax within 4 hours. The Cmax in healthy patients is about 55% that of 
nonimmune adults with falciparum malaria. Sulfadoxine is about 94% 
bound to plasma proteins. It appears to concentrate within malaria-
infected erythrocytes and crosses the blood-brain barrier, achieving 
30% to 60% of the plasma concentration. The majority of sulfadoxine 
undergoes glomerular filtration unchanged; however, of the filtered 
drug, about 70% undergoes tubular resorption. Sulfadoxine is excreted 
in the bile, but the majority is reabsorbed from the gut. Weekly dosing 
results in steady-state concentration after 7 doses.

Toxicity. The adverse effects of sulfonamides are best considered 
together; distinctions between drugs typically result from differences 
in elimination. The most common adverse effects include fever, arthral-
gias, marrow suppression, rash including the Stevens-Johnson syn-
drome, methemoglobinemia, and hemolysis in patients with G6PD 
deficiency. At high doses, and in patients with volume depletion, sul-
fonamides may crystallize in acidic urine, leading to tubular damage 
and severe renal insufficiency.

Sulfonamides typically cause adverse drug interactions by dis-
placement of a drug from plasma protein binding sites, inhibition of 
biotransformation, and increasing the pharmacodynamic response. 
Sulfonamides potentiate the effects of warfarin, sulfonylureas, phe-
nytoin, and other drugs with a narrow therapeutic range through the 
first two mechanisms.

Sulfones
Dapsone is the only member of this group in regular clinical use. It is 
active against P. falciparum, T. gondii, and P. jirovecii, but its potency 
is limited, and treatment of these pathogens requires combination  
with a DHFR-inhibitor. For a detailed discussion of sulfones, see 
Chapter 38.

Dapsone is slowly absorbed, with an absorption half-life of 1 hour 
in healthy subjects; it is more slowly absorbed in children with uncom-
plicated malaria.318 Dapsone is extensively metabolized by acetylation, 
hydroxylation, and conjugation with glucuronic acid to a variety of 
inactive metabolites. The parent drug and these metabolites are mainly 
excreted in the bile, and there is significant enterohepatic circulation. 
The half-life of dapsone is about 30 hours in healthy subjects and young 
children with malaria.

Agranulocytosis has been commonly reported among individuals 
taking dapsone with pyrimethamine for malaria prophylaxis. The esti-
mated prevalence of this reaction is 1 : 2000 to 5000 prescriptions. For 
this reason, this combination was removed from recommendations for 
malaria chemoprophylaxis. The mechanism of this was unclear but 
presumed to be due to the dapsone component.

Pharmacokinetics. Proguanil is extensively absorbed in the fasting 
or fed state, with peak plasma levels occurring 1 to 6 hours after a  
single dose. The drug is 75% protein bound; this appears to be unaf-
fected by the concentration of atovaquone. Metabolism of proguanil to 
cycloguanil is mediated in the liver by cytochromes 3A4 and 2C19.311 
Genetic polymorphism of CYP2C19 leads to a bimodal distribution of 
proguanil and cycloguanil concentrations in humans. Therefore, mark-
edly lower cycloguanil and moderately higher proguanil plasma con-
centrations occur in poor metabolizers (18% to 25% in Asians and 
Africans; 3% in Caucasians312). However, this does not appear to affect 
therapeutic response.294 The main routes of elimination are hepatic 
biotransformation and renal excretion, with 40% of proguanil and 20% 
of its metabolites excreted in the urine. Patients with renal failure may 
develop hematologic toxicity due to accumulation of the drug. Drug 
levels are increased and elimination is impaired in patients with hepatic 
impairment. There are no clinical data indicating that folate supple-
mentation diminishes drug efficacy; women of childbearing age for 
whom atovaquone-proguanil is prescribed should continue taking 
folate supplements to prevent neural-tube birth defects. Symptomatic 
adverse effects are dose related and can include mouth ulcers, dyspep-
sia, and hair loss. Idiosyncratic reactions are rare. No significant clini-
cal drug interactions have been reported.

Pyrimethamine
Pyrimethamine (Fig. 40-11) in combination with short-acting sulfon-
amides is effective in malaria, toxoplasmosis, and isosporiasis. Drug 
resistance to pyrimethamine due to mutations in DHFR is an impor-
tant problem in treatment of P. falciparum and P. vivax. Pyrimethamine 
is always used in combination with either a sulfonamide or dapsone.

Pharmacokinetics. Pyrimethamine is well absorbed after oral 
administration to healthy volunteers, patients with malaria, and in 
AIDS patients with cerebral toxoplasmosis. Pyrimethamine is about 
90% bound to plasma proteins, principally albumin, but this varies 
with drug concentration; the unbound fraction increases concomi-
tantly with drug concentrations. In healthy volunteers, drug concentra-
tion remains at therapeutic levels for up to 2 weeks; drug levels are 
lower in patients with malaria. In infants with congenital toxoplasmo-
sis, cerebrospinal fluid drug concentrations reach 10% to 25% of serum 
concentrations.313 The high lipid solubility of pyrimethamine suggests 
that it probably crosses the placenta readily, but no data are available. 
Pyrimethamine is excreted into breast milk, but its concentration 
appears too low to cause dose-related adverse effects.314 Pyrimeth-
amine clearance is not reduced by renal disease, but caution is advised 
in both kidney and liver disease.

Toxicity. Adverse effects are common but rarely serious. In 
children, toxicity is frequently seen with doses greater than 25 mg. 
Concentration-dependent suppression of marrow function occurs at 
the higher doses used for toxoplasmosis; at these doses, the drug 
should be administered with folinic acid. Prolonged use and folate 
deficiency put patients at significant risk for marrow toxicity, glossitis, 
stomatitis, and exfoliative dermatitis. Rarely, a photosensitive rash can 
develop; it regresses after treatment stops.315 When combined with 
dapsone, agranulocytosis can develop but usually only when the 
maximum dose is exceeded.316 When combined with sulfadoxine, 
severe skin reactions can occur rarely but are probably attributable to 
the sulfa component. Severe idiosyncratic reactions to pyrimethamine 
are rare. The synergy of pyrimethamine and sulfadiazine against T. 
gondii may be reversed by zidovudine.317

FIGURE 40-11  Structure of pyrimethamine. 
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but relapse rates were unacceptably high with maintenance doses  
used for suppression.320,321 It may be useful as alternative therapy for 
ocular toxoplasmosis.322 Although azithromycin has activity against 
Plasmodium spp., it is not sufficiently potent to be used for prophylaxis 
or treatment of P. falciparum.323,324 However, it may be efficacious in 
preventing P. vivax infection.325 Although it has been studied as a 
partner drug for artemisinins, results of clinical trials do not support 
a role for this drug in ACT. The drug is under active investigation  
as an option for intermittent preventative therapy of malaria in preg-
nancy (IPTp).

Clindamycin
Clindamycin shows useful activity against several protozoa. Its phar-
macokinetics are discussed in Chapter 29. It has been used with 
quinine for the treatment of chloroquine-resistant falciparum malaria; 
this regimen is the preferred one for treatment of malaria in the first 
trimester of pregnancy and as a second-line treatment in the second 
and third trimesters. It is also an option for the oral phase of treatment 
for severe malaria and is the treatment of choice for severe babesio-
sis.326 The combination of clindamycin with artesunate rather than with 
quinine leads to faster parasite clearance and equivalent cure rates.327 
The major adverse effect of clindamycin is the development of pseu-
domembranous colitis.

ANTIBIOTICS WITH 
ANTIMALARIAL ACTIVITY
Doxycycline and Tetracycline
Both doxycycline and tetracycline are important antimalarial agents. 
For details of their pharmacokinetic properties and adverse effects, see 
Chapter 26. Neither agent acts rapidly enough to be used alone in 
patients with acute falciparum malaria. The slow action of these and 
other antibiotics discussed below is due to the fact that the drugs target 
the translational machinery of the plastid organelle of the parasite,319 
and therefore a lag of one parasite life cycle is required before antipara-
sitic activity is apparent. However, both agents are useful as follow-on 
agents after initial treatment with quinine or artesunate to prevent 
recrudescence of parasitemia. Daily doxycycline is a preferred prophy-
lactic regimen for malaria.

MACROLIDES
Azithromycin
Azithromycin, a macrolide, has activity against several protozoa. For a 
detailed discussion of its pharmacokinetics and adverse effects, see 
Chapter 29. It is an effective treatment of babesiosis when combined 
with atovaquone.159 This combination is better tolerated than quinine 
and clindamycin as a treatment for this infection. Azithromycin has 
been used with pyrimethamine to treat patients infected with T. gondii, 
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41 
Drugs for Protozoal Infections  
Other Than Malaria
James S. McCarthy, Glenn W. Wortmann, and Louis V. Kirchhoff

This chapter includes the antiprotozoal drugs other than those used to 
treat malaria, namely drugs to treat infections caused by Leishmania 
parasites, African and American trypanosomes (causes of sleeping  
sickness and Chagas’ disease, respectively), and drugs used to treat 
intestinal protozoal infections, particularly giardiasis and amebiasis. 
The drugs of choice for these infections are summarized in Table 41-1. 
Doses and alternative drugs are given in this chapter as well as in the 
chapters describing the parasites. Antiprotozoal drugs with antima-
larial activity are covered in Chapter 40, sulfonamide drugs are covered 
in Chapter 33, and metronidazole is covered in Chapter 28.

DRUGS FOR LEISHMANIASIS AND 
TRYPANOSOMIASIS
For leishmaniasis and trypanosomiasis, selection of drugs is influenced 
by the geographic location where the infection was acquired and by 
the clinical features of the infection, particularly its anatomic location. 
Many of the agents used can be difficult to obtain and for use in the 
United States, often must be sourced from the Centers for Disease 
Control and Prevention (CDC). In addition, many of these agents have 
significant toxicity profiles and complex treatment regimens, so seeking 
specialist advice is advised.

Amphotericin B
Conventional amphotericin B deoxycholate, typically used as an anti-
fungal agent, has demonstrated efficacy for the treatment of cutaneous 
leishmaniasis (CL), mucocutaneous leishmaniasis (MCL), and visceral 
leishmaniasis (VL).1-3 However, toxicity (primarily renal) limits its use, 
and the better-tolerated liposomal formulation (AmBisome) has 
emerged as the preferred therapy. Liposomal amphotericin B has been 
reported to have cure rates greater than or equal to 95% in VL, with 
Indian VL being the most responsive and Brazilian and Sudanese VL 
less so.1,4,5 Accumulating case reports and small case series suggest that 
this agent may also have a role in the treatment of MCL and CL.6-10,11 
The U.S. Food and Drug Administration (FDA)-approved regimen for 
liposomal amphotericin B in VL for immunocompetent patients is 
21 mg/kg in seven infusions over a 21-day period (3 mg/kg/day on 
days 1-5, 14, and 21), although success with a single dose of 10 mg/kg 
has been reported in India.12,13 The dosing regimens for CL and MCL 
vary, with some cohorts reporting success with doses of 3 mg/kg/day 
given for 6 to 10 days.6-8 See Chapter 39 for a full discussion of the uses 
and toxicities associated with amphotericin.

Antimonials
Antimony has been used for medicinal purposes for several centuries, 
with efficacy for leishmaniasis reported in the early 1900s.14 Pentava-
lent antimony Sb(V) is used for treatment of leishmaniasis and  
is available as sodium stibogluconate (sodium antimony gluconate), 
sold under the brand name Pentostam (GlaxoSmithKline, Brentford, 
Middlesex, England) (Fig. 41-1), and as meglumine antimoniate, sold 
under the brand name Glucantime (Sanofi-Aventis, Paris). Generic 
preparations of both formulations of pentavalent antimony are manu-
factured in India and China. In the United States, neither meglumine 
antimoniate nor sodium stibogluconate is commercially available, but 
sodium stibogluconate can be obtained under an Investigational New 
Drug protocol through the CDC for civilian physicians and the Walter 
Reed National Military Medical Center for military physicians.

The detailed chemical structure of pentavalent antimony is not fully 
known, although analysis by electrospray ionization mass spectrome-
try (ESI-MS) and osmolarity measurements suggest that both meglu-
mine and sodium stibogluconate contain 1 : 1, 1 : 2, 2 : 2, and 2 : 3 
Sb(V)-ligand complexes. ESI-MS analysis of meglumine showed 
negatively-charged 1 : 1 (m/z 364) and 2 : 2 (m/z 765) Sb(V)-meglu-
mine complexes, supporting the predominance of zwitterionic species 
in solution. ESI-MS measurements of sodium stibogluconate also dem-
onstrate a mixture of oligomeric structures.15

Despite almost a century of use, the mechanism of action of pen-
tavalent antimonials is not completely understood. One model suggests 
that Sb(V) acts as a prodrug and is reduced to the more active/toxic 
trivalent form of antimony, Sb(III). Sb(III) affects glucose metabolism, 
fatty acid beta oxidation, and adenosine triphosphate (ATP) forma-
tion.16,17 Other specific targets, such as topoisomerase or trypanothione 
reductase, have been identified.18,19 Sb(III) also competes with Zn(II) 
for its binding to the motif CCHC that is a constituent of zinc-finger 
domains, suggesting that zinc-finger proteins may be targets of anti-
mony.20 A second model holds that Sb(V) has intrinsic antileishmanial 
activity. Sb(V) has been reported to complex with adenine nucleosides, 
which might act as an inhibitor of Leishmania purine transporters or 
interfere with the purine salvage pathway.21 A third model suggests that 
activation of the host immune system is the major mechanism of action 
for pentavalent antimonials. Sodium antimony gluconate has been 
shown to induce nitric oxide synthesis (NO) and reactive oxygen 
species (ROS), with both ROS and NO involved in parasite killing in 
the early stage of infection and NO in the late stage.22,23 Sodium 

Definition
•	 Drugs	are	included	here	for	leishmaniasis,	

trypanosomiasis,	cryptosporidiosis,	
trichomoniasis,	amebiasis,	giardiasis,	and	
toxoplasmosis.	Many	of	the	listed	drugs	are	
only	available	from	the	Centers	for	Disease	
Control	and	Prevention	(CDC,	800-639-3670).	
See	Table	41-1	for	dosing.

Leishmaniasis
•	 Cutaneous	and	mucosal	leishmaniasis	can	

be	treated	with	antimonials,	sodium	
stibogluconate	(Pentostam)	in	the	United	

States	and	meglumine	(Glucantime)	in	South	
America	or	liposomal	amphotericin	B.	
Miltefosine	is	an	alternative.	Visceral	
leishmaniasis	(kala-azar)	can	be	treated	with	
liposomal	amphotericin	B,	miltefosine,	or	an	
antimonial.

Trypanosomiasis
•	 Chagas’	disease	can	be	treated	with	

nifurtimox	or	benznidazole,	both	toxic	agents.	
Treatment	of	African	trypanosomiasis	(sleeping	
sickness)	should	only	be	undertaken	by	highly	
experienced	physicians.

Amebiasis, Giardiasis, and  
Trichomoniasis
•	 Treated	with	tinidazole	or	metronidazole.

Cryptosporidiosis
•	 In	noncompromised	patients	cryptosporidiosis	

can	be	treated	with	nitazoxanide.

Toxoplasmosis
•	 Toxoplasmosis	acquired	during	pregnancy	can	

be	treated	with	spiramycin.	Early	in	the	
infection,	spiramycin	can	decrease	the	chance	
of	fetal	infection.
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antimony gluconate has also been shown to upregulate interferon-γ 
(IFN-γ) receptors in both Leishmania donovani–infected and –unin-
fected Th1 cells and in monocytes derived from kala-azar patients 
treated with sodium antimony gluconate, thus potentially influencing 
host response by altering IFN-γ responsiveness.24

Although Sb(V) has been successfully used as the first-line drug for 
leishmaniasis for decades, therapeutic failure to pentavalent antimoni-
als is being increasingly reported. In Bihar State, India, up to 65% of 
previously untreated patients relapse or fail to respond promptly to 
therapy because of drug resistance.25 Available evidence indicates that 
the primary mechanism of resistance is mediated by a reduction in 
active drug concentration within the parasite. This may occur through 
decreased uptake, increased efflux, inhibition of drug activation, inac-
tivation of active drug by metabolism or sequestration, or by the devel-
opment of a bypass pathway. Currently, the exact mechanism of drug 
resistance is undefined, and no biomarker for antimony susceptibility/
resistance has been identified.26,27

Sb(V) can be directly administered into cutaneous lesions for treat-
ment, typically at a dose of 1 to 5 mL sodium stibogluconate injection 
per session every 3 to 7 days for one to five sessions.28 Systemic therapy 
is generally administered in a dose of 20 mg/kg/day for 20 to 30 days 
by intravenous infusion or by intramuscular (IM) injection.29 The 
maximum licensed dose for sodium stibogluconate is 850 mg per day, 
but expert opinion and clinical experience support no upper limit to 
dosing.29 Intravenous administration is preferred over IM injection 
because of pain associated with injection. Sodium stibogluconate is 
provided as a 100-mg antimony/mL solution that contains a preserva-
tive, m-chlorocresol. The drug is renally excreted, with substantial 
interindividual variability in clearance. The drug is well absorbed after 
IM administration, with rapid distribution and a slower elimination 
half-life of about 10 hours and a first-order absorption rate constant.30,31 
Administration to patients with significant renal impairment is not 
recommended.

Side effects of systemic administration include pancreatitis, hepati-
tis, arthralgias and myalgias, reactivation of herpes zoster virus, and 
cardiotoxicity.32-35 To monitor for toxicity, baseline and at least weekly 
complete blood counts, serum creatinine, serum liver transaminases, 
serum amylase, and electrocardiograms (ECG) are suggested. Asymp-
tomatic laboratory abnormalities, such as transient elevations of 
amylase and liver transaminases, are common during therapy but may 
herald serious toxicity. Marked abnormalities or abnormalities associ-
ated with clinical symptoms should prompt a review of the risk/benefit 
of treatment and a discussion with an expert in the use of antimony. 
The arthralgias and myalgias associated with antimony use can be 
severe and persist for weeks after treatment.

Drug interactions with sodium stibogluconate have not been 
reported, but it is advised that the product be given with caution in 
patients with cardiovascular disease, a history of ventricular arrhyth-
mias, or other risk factors known to predispose toward QT prolonga-
tion, including use of class III antiarrhythmics, such as sotalol and 
amiodarone. A risk of fatal cardiac arrhythmias has been observed 
when amphotericin B deoxycholate is administered after sodium sti-
bogluconate during re-treatment of visceral leishmaniasis.36 Sodium 
stibogluconate should be withheld during pregnancy, and alternative 
treatments offered.

Triazoles
A variety of triazole agents typically used for treatment of fungal  
infections have been reported to show activity for treatment of leish-
maniasis, most commonly for CL. Fluconazole, itraconazole, and keto-
conazole are the drugs with the most data, with varying rates of 
efficacy.37,38 See Chapter 39 for a full discussion of the uses and toxici-
ties associated with azole drugs.

Miltefosine  
(Hexadecylphosphocholine, HePC)
Miltefosine (Impavido; Paladin Labs, St. Laurent, Quebec) (Fig. 41-2) 
is an oral agent originally developed as an antineoplastic agent for 
treatment of breast cancer and other solid tumors, but its development 
as an antineoplastic agent was curtailed because of dose-limiting gas-
trointestinal toxicity. In immunocompetent patients, a 28-day regimen 

TABLE 41-1  Drugs for Protozoa Other 
Than Malaria

INFECTING 
ORGANISM

TREATMENT OF 
CHOICE

ALTERNATIVE 
TREATMENTS

Leishmaniasis: Leishmania donovani, L. major, L. infantum, L. chagasi, L. 
mexicana, L. tropica, L. (Viannia) spp.

 Cutaneous 
leishmaniasis

Sodium stibogluconate 
or meglumine 
antimoniate, 20 mg/
kg/day IV or IM × 20 
days, or liposomal 
amphotericin B, 
3 mg/kg/day IV × 
7-10 doses*

Miltefosine, 2.5 mg/kg/day 
(max. 150 mg) PO × 28 
days

 Mucosal 
leishmaniasis

Liposomal amphotericin 
B at 20-35 mg/kg 
(total dose) given as 
3 mg/kg IV once 
daily

Sodium stibogluconate or 
meglulmine antimoniate 
20 mg/kg/day IV or IM × 
28 days; miltefosine 
2.5 mg/kg/day (max. 
150 mg) PO × 28 days; 
amphotericin B 
deoxycholate, 1 mg/kg 
IV qod or daily to a total 
dose of 20-40 mg/kg

 Visceral 
leishmaniasis

Liposomal amphotericin 
B, 3 mg/kg/day IV × 
days 1-5, then at day 
14 and 21

Sodium stibogluconate or 
meglumine antimoniate, 
20 mg/kg/day IV or IM × 
28 days; miltefosine 
2.5 mg/kg/day (max. 
150 mg/day) PO × 28 
days; amphotericin B 
deoxycholate, 0.5-1 mg/
kg/day or qod to a total 
dose of 15-20 mg/kg*

Amebiasis 
(Entamoeba 
histolytica)

Tinidazole, 2 g PO once 
daily × 3-5 days

Metronidazole, 
500-750 mg PO or IV 
tid × 7-10 days

Giardiasis (Giardia 
lamblia, also called 
G. duodenalis or 
G. intestinalis)

Tinidazole, 2 g PO once Metronidazole, 250 mg PO 
tid × 5-7 days

Trichomoniasis 
(Trichomonas 
vaginalis)

Tinidazole, 2 g PO once Metronidazole, 2 g PO 
once

Cryptosporidiosis 
(Cryptosporidium 
spp.)

Nitazoxanide, 500 PO 
bid × 3 days†

American 
trypanosomiasis 
(Chagas’ disease; 
Trypanosoma cruzi)

Benznidazole, 5-7 mg/
kg/day PO in two 
doses × 60 days

Nifurtimox, 8-10 mg/kg/
day PO in three to four 
doses × 90 days

African 
trypanosomiasis 
(Trypanosoma 
brucei gambiense 
[W. African]; T. b. 
rhodesiense [E. 
African]

Pentamidine/suramin/
eflornithine/

nifurtimox/melarsoprol

Drug treatment depends 
on stage of disease 
(hemolymphatic stage or 
CNS disease) and on 
geographic origin (W. or 
E. African); consult 
expert guidelines

*Not specifically approved by the U.S. Food and Drug Administration for use in 
this infection.

†Relatively ineffective in immunosuppressed patients.
CNS, central nervous system; IM, intramuscularly; IV, intravenously; PO, orally.

FIGURE 41-1 Sodium stibogluconate. 
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Leishmania species and, in addition, has activity against some protozoa 
and cestodes.56 Its antileishmanial properties were recognized in 
1961.57 Efficacy for treatment of VL has been reported.58,59 Some studies 
have shown that the combination of paromomycin and sodium stibo-
gluconate is more effective than monotherapy with either drug.60-62 
Data supporting the use of injectable paromomycin for the treatment 
of CL are modest and suggest limited efficacy.63,64 Topical paromomy-
cin, formulated as an ointment with various additional components, 
has been reported as effective treatment of CL with mixed results.65 A 
recent randomized study conducted in Tunisia reported that a topical 
cream containing 15% paromomycin was more effective than placebo 
in curing patients with CL secondary to Leishmania major.65a Intrave-
nous paromomycin is not available for use in the United States. The 
drug can be administered orally for clearance of Entamoeba histolytica 
cysts and for treatment of Dientamoeba fragilis infection.

The leishmanicidal activity of paromomycin is poorly understood, 
with activity proposed to be mediated through inhibition of parasite 
metabolism and mitochondrial respiration.66,67 Resistance to paromo-
mycin is readily induced in vitro and appears to result from a decrease 
in drug uptake. In an in vitro model, the acquisition of resistance by 
L. donovani did not lead to loss of infectivity and was stable in the 
absence of continuing drug pressure.68 Paromomycin resistance has 
been induced in L. major, Leishmania tropica, and in Leishmania aethi
opica isolated from patients with diffuse CL after 60 days of treatment 
with paromomycin; parasites were three to five times less sensitive to 
the drug than those isolated before treatment.69-71

Paromomycin sulfate is administered at a dose of 11 to 20 mg/kg 
IM daily for 10 to 21 days. As expected, the important aminoglycoside 
class adverse drug reactions are renal, cochlear, and vestibular toxicity. 
The rates of adverse reactions reported in clinical trials have been low, 
although audiometric studies were not performed in most trials. Insuf-
ficient data are available regarding the use of paromomycin in pregnant 
women, although the drug is thought to be safe during lactation, pro-
vided the mother and infant have normal renal function.56 It shows 
some activity in human cryptosporidiosis,56 with most studies report-
ing on activity in the setting of human immunodeficiency virus (HIV) 
infection.72-75 However, available data indicate that the drug alone is 
not curative. It also has useful activity as an agent to clear cyst carriage 
of E. histolytica, with a small clinical trial indicting that it is more effec-
tive than diloxanide for this indication.76 The dose for this indication 
and for treatment of D. fragilis infection is 25 to 35 mg/kg/day orally 
in three divided doses for 7 days.

Pentamidine Isethionate
Pentamidine isethionate (4,4′-[pentane-1,5-diylbis(oxy)]dibenzene-
carboximidamide; Nebupent) is an aromatic diamidine that is used to 
treat the hemolymphatic form (stage 1 disease) of both East and West 
African trypanosomiasis. It also is a second-line drug for prophylaxis 
and treatment of Pneumocystis pneumonia77 and is also used for treat-
ment of leishmaniasis.78,79 In addition, pentamidine has activity against 
Acanthamoeba species and Balamuthia mandrillaris.80,81

Although the precise mechanism of action of pentamidine has not 
been determined, it is known that pentamidine affects a wide range  
of microbial processes, including interaction with trypanosomal 
kinetoplast DNA; interference with polyamine synthesis by decreasing 
the activity of ornithine decarboxylase; and inhibition of RNA poly-
merase, ribosomal function, and the synthesis of nucleic acids and 
proteins.

Intramuscular pentamidine is well absorbed, highly tissue bound, 
and is excreted slowly over several weeks. Renal secretion is minimal. 
The elimination half-life is 12 days,82 and it can be detected in plasma 
up to 8 months after a single dose.83 No steady-state plasma concentra-
tion is attained in persons given daily injections; the result is extensive 

has a reported cure rate of 60% to 80% in MCL and greater than 80% 
in VL.39-42 Cure rates for CL have ranged widely, perhaps reflecting a 
species-specific variation in response to therapy.43 The drug is not 
approved for use in the United States, and must be administered under 
an Investigational New Drug protocol. Providers seeking to use milt-
efosine are encouraged to contact the CDC for specific advice. The 
CDC has also expressed willingness to release miltefosine for treatment 
of encephalitis caused by free-living ameba (www.cdc.gov/mmwr/
preview/mmwrhtml/mm6233a4.htm; posted August 23, 2013). Also 
see Chapter 275.

Miltefosine is a member of the alkylphosphocholine class of drugs, 
which are phosphocholine esters of aliphatic long-chain alcohols. Milt-
efosine is considered an inhibitor of the AKT protein (also known as 
protein kinase B [PKB]), which is an important protein within the 
phosphatidylinositol-3-kinase/AKT/mammalian target of rapamycin 
(PI3K/AKT/mTOR) intracellular signaling pathway, a pathway that is 
essential for cell survival.44,45

Miltefosine is active in vitro against both promastigotes and amas-
tigotes of various species of Leishmania.46 The mechanism of action is 
only partly understood and is inferred from data in tumor cell lines 
where alkyl-lysophospholipids can trigger programmed cell death 
(apoptosis).47,48 Presumably, miltefosine moves across cell membranes 
via inward translocation via a transporter. A Leishmania P-type ATPase 
gene, belonging to the aminophospholipid translocase subfamily, 
termed LdMT (L. donovani Miltefosine Transporter), has been cloned. 
LdMT is expressed in the plasma membrane of Leishmania parasites, 
where it mediates translocation of phospholipids across the plasma 
membrane.49 The mechanism by which miltefosine induces apoptosis 
is unclear but may involve the inhibition of the synthesis of phospha-
tidyl choline, an essential element in the synthesis and integrity of 
cellular membranes and a source of signaling molecules.44,45

Resistance of Leishmania parasites to miltefosine appears to be 
related to decreased drug accumulation. Resistant lines achieve low 
drug levels by two independent mechanisms: either by increasing drug 
efflux, mediated by the overexpression of the ATP-binding cassette 
(ABC) transporter P-glycoprotein, or by decreasing drug uptake, 
which is achieved by the inactivation of any one of the two proteins 
known to be responsible for the miltefosine uptake, the miltefosine 
transporter LdMT and its beta subunit LdRos3.50

Miltefosine is administered for 28 days, at a dose of 2.5 mg/kg/day, 
up to 150 mg/day. Oral bioavailability in humans has not been reported, 
but the absolute bioavailability in rats and dogs is 82% and 95%, 
respectively.51 The drug has an extremely long second and terminal 
elimination half-life of 30.9 days, with drug detected at least 5 months 
post-treatment.52 Drug interactions are believed to be unlikely. Nausea, 
vomiting, and diarrhea have been consistently reported, and it is rec-
ommended that the drug be taken three times a day with meals to 
decrease gastrointestinal side effects. Elevated serum creatinine levels 
are frequently reported, although severe nephrotoxicity is rare. Mild 
elevations of transaminase levels (both alanine aminotransferase and 
aspartate aminotransferase) often occur during the first week of treat-
ment.39,53 In a cohort of soldiers treated with miltefosine, 70% were 
unable to fulfill daily military exercises, and 62% reported temporary 
diminished ejaculate volume.54 Miltefosine is teratogenic and, thus, 
administration is contraindicated during pregnancy. Because of the 
drug’s long half-life, it is recommended that females of childbearing 
potential use adequate contraception during and for at least 4 months 
after the standard 28-day treatment regimen.55 Miltefosine is not rec-
ommended for use in breast-feeding women.

Paromomycin
Paromomycin (aminosidine) is a legacy off-patent aminoglycoside 
antibiotic. It is the only aminoglycoside antibiotic with activity against 

FIGURE 41-2 Miltefosine. 
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benznidazole are available, and no data regarding drug-drug interac-
tions have been published.

Adverse effects occur in a substantial proportion of patients treated 
with benznidazole, but predisposing factors that increase the risk for 
side effects have not been established.96 Limited data suggest that there 
is no relationship between benznidazole levels and risk for adverse 
drug reactions.97 Peripheral neuropathy and rash are the most common. 
Granulocytopenia can also occur. On occasion, the latter can be severe, 
and because of this, blood counts should be monitored weekly during 
the first few weeks of treatment. Adverse effects usually disappear with 
dose reduction or stopping the drug, although granulocytopenia may 
take several weeks to resolve. It is noteworthy that patients with Chagas’ 
disease who undergo cardiac transplantation and who are given ben-
znidazole for management of reactivation of T. cruzi have an increased 
incidence of malignant tumors.98 However, the incidence of tumors in 
the general population of patients treated with benznidazole has not 
been studied.

In the United States benznidazole is available from the CDC Drug 
Service.

Eflornithine
Eflornithine (difluoromethylornithine, DFMO; Ornidyl) (Fig. 41-4) is 
a fluorinated analogue of ornithine used for treatment of human 
African trypanosomiasis (HAT), otherwise known as sleeping sick-
ness. The drug is effective against all stages of West African HAT, 
caused by Trypanosoma brucei gambiense. However, it lacks activity 
against East African HAT caused by Trypanosoma brucei rhodesiense.

Eflornithine acts as an irreversible suicide inhibitor of ornithine 
decarboxylase, the first enzyme in the biosynthesis of the polyamines 
putrescine and spermidine. Interference with polyamine synthesis 
impairs the ability of the parasite to maintain its redox state and to 
block reactive oxygen intermediates.95,99 Polyamines also are essential 
for parasite cell division. Although the drug has a similar effect on 
humans, there is a selective effect on trypanosomes because they have 
a relatively low turnover of ornithine decarboxylase and, as a con-
sequence, a more rapid decrease of polyamines with eflornithine 
treatment.

Eflornithine can be given intravenously or orally, but its bioavail-
ability after oral administration is only 54%. Eflornithine readily 
crosses the blood-brain barrier, and cerebrospinal fluid (CSF) levels are 
highest in persons with the most severe CNS involvement of the infec-
tion.100 The elimination half-life of eflornithine is 3.3 hours, with 
greater than 80% excreted in the urine unchanged.101 Given the pre-
dominant renal excretion of the drug, dose reduction should occur in 
patients with renal sufficiency. However, specific data to guide dose 
adjustments are not available. Dosing need not be adjusted in patients 
with hepatic dysfunction.

Treatment failures with eflornithine have been reported, with the 
loss of the gene that encodes the amino acid transporter TbAAT6 being 
proposed as the molecular basis of this resistance, at least in T. b. 

accumulation of pentamidine in tissues, primarily the liver, kidney, 
adrenal glands, and spleen. Pentamidine does not penetrate the central 
nervous system (CNS) well, reaching only 0.5% to 0.8% of plasma 
concentrations after a course of treatment.84 Thus, it should never be 
used to treat patients with the CNS form of trypanosomiasis (stage 2 
disease).

Resistance to pentamidine has been found in human African try-
panosomes that are also resistant to melarsoprol. Recent evidence sug-
gests that the unconventional aquaglyceroporin AQP2 renders cells 
sensitive to both melarsoprol and pentamidine and that loss of AQP2 
function could explain cases of innate and acquired pentamidine-
melarsoprol cross-resistance.85

Dosing of pentamidine is not generally modified in patients with 
renal or liver failure. There are no data regarding the pharmacokinetics 
of pentamidine in obese patients. In animal models, pentamidine is 
embryocidal but neither teratogenic nor mutagenic.86 Treatment with 
pentamidine should be delayed until after the first trimester of preg-
nancy. The relapse rate in children with trypanosomiasis treated with 
pentamidine is higher than in adults,87 and a delayed response in chil-
dren with leishmaniasis treated with pentamidine has been noted.88 
These observations suggest that the pharmacokinetics of pentamidine 
in children differ substantially from those in adults, but there are no 
experimental data to support this concept.

Sterile abscesses can result from IM injections of pentamidine. 
Hypotension is seen in roughly 15% of patients given the drug, espe-
cially if given intravenously (IV) over less than 1 hour. Pentamidine 
causes some degree of renal insufficiency, usually mild to moderate and 
reversible, in up to one third of patients. Electrolyte abnormalities, 
including hyponatremia, hyperkalemia, hypomagnesemia, and hypo-
calcemia, are common. Hypoglycemia, resulting from a cytotoxic effect 
on beta-islet cells and insulin release, is an unpredictable and occasion-
ally lethal complication seen in 15% to 25% of patients, particularly 
with prolonged therapy, azotemia, or high pentamidine levels.89,90 Pent-
amidine can cause severe pancreatitis, resulting in diabetes over the 
long term. Neutropenia has been noted; anemia and thrombocytope-
nia are less frequent. Nausea or vomiting is seen in up to one half of 
patients, and abnormalities of liver function tests are also common. A 
variety of electrocardiographic abnormalities, including torsades de 
pointes, have been reported. Data regarding interactions between 
pentamidine and other drugs are lacking.

Pentamidine is a second-line therapy for leishmaniasis, predomi-
nantly used for CL. Efficacy varies widely, with cure rates ranging from 
35% with L. (Viannia) braziliensis in Peru, to 90% with L. (Viannia) 
guyanensis in Suriname. Use as secondary prophylaxis for VL in immu-
nocompromised patients has been reported in a small number of 
patients.91 When used for treatment of CL, the dose is usually 3 mg/kg 
every other day for 4 doses or 2 mg/kg every other day for 7 days. The 
dose recommended for treatment of mucosal leishmaniasis is 2 to 
4 mg/kg every other day or three times per week for 15 doses, and for 
VL it is 4 mg/kg every other day or three times per week for 15 to 30 
doses. See Chapter 39 for a further discussion of the use and toxicities 
of pentamidine.

Benznidazole
Benznidazole (N-benzyl-2-nitroimidazole-1-acetamide; Rochagan, 
Radanil) (Fig. 41-3) is a nitroimidazole derivative that is the drug of 
choice for treating infections with Trypanosoma cruzi. The mechanism 
of action of benznidazole is not known. Benznidazole is readily 
absorbed, highly lipophilic, and extensively metabolized, with only 5% 
of the dose excreted unchanged in the urine.92,93

Benznidazole is only available in oral form. The dose and duration 
of treatment are the same regardless of the stage of the infection. No 
assays are available commercially to determine blood levels, and no 
data are available to guide dose adjustments in patients with renal or 
hepatic insufficiency, pregnancy, or in lactating women. It is recom-
mended that benznidazole not be given to such patients. Resistance  
to benznidazole has been reported94; efforts to understand the molecu-
lar mechanisms underlying resistance are underway.95,95a The clinical 
significance of resistance is unknown, in large measure because com-
pliance is often an issue, and also because assessment of parasitologic 
cure after treatment is difficult. No assays for testing for resistance to 

FIGURE 41-3 Benznidazole. 
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treated patients.113,114 The mortality of melarsoprol-induced reactive 
encephalopathy may be as high as 50%. Glucocorticoids administered 
with melarsoprol reduce the incidence of the encephalopathy. This 
toxic reaction is more common in East African (5% to 18%) than in 
West African HAT (4% to 8%) patients with CSF trypanosomes than 
in those without and in patients with high CSF white cell counts.115 
Polyneuropathy, probably caused by a direct toxic effect of the arsenic, 
is seen in up to 10% of patients. It typically presents as a glove-and-
stocking paresthesia that progresses proximally. Motor deficits appear 
and, if neglected, can progress to quadriplegia. Amelioration with thia-
mine suggests an interaction between toxic and nutritional factors. 
Other adverse effects include skin rash, tremor, abdominal pain, and 
fever. Melarsoprol is formulated in propylene glycol. Because this 
excipient is intensely irritating, care must be taken to avoid extravasa-
tion. No information is available about interactions between melarso-
prol and other drugs. In the United States, melarsoprol is available 
from the CDC Drug Service.

Nifurtimox
Nifurtimox (4-[(5-nitrofurfurylidine)amino]-3-methylthiomorpholine- 
1,1-dioxide, BAY 2502; Lampit) (Fig. 41-6) is a nitrofuran derivative 
that has been used for decades to treat infections with T. cruzi. More 
recently, it has been found to be useful for treatment of HAT when 
used in combination with eflornithine. The mechanism of action of 
nifurtimox is only partially understood and may be related to the 
generation of oxidative stress in trypanosomes.116 An additional mech-
anism may involve reductive activation by a type I nitroreductase.117 
Nifurtimox is well absorbed orally, is metabolized in the liver, and less 
than 0.5% is excreted unchanged in the urine.118

Nifurtimox is only available in oral form. The dose is the same for 
all clinical stages of T. cruzi infection, but the recommended dosage 
varies as a function of age. No assays are available to determine blood 
levels, and no data are available to guide dose adjustments in patients 
with renal or hepatic insufficiency, pregnancy, or in lactating women. 
It is recommended that nifurtimox not be given to such patients. 
Resistance to nifurtimox in T. cruzi occurs,94,118a and efforts to under-
stand the molecular mechanisms underlying the resistance are under-
way.119 The clinical significance of resistance is not known, in large 
measure because compliance is often uncertain, and also because con-
firmation of parasitologic cure after treatment is difficult. No assays are 
available commercially for testing T. cruzi for resistance to nifurtimox, 
and no data regarding drug-drug interactions have been published.

A sizable percentage of persons given nifurtimox develops adverse 
side effects.120,121,122 Common gastrointestinal complaints include 
nausea, vomiting, abdominal pain, anorexia, and weight loss. Neuro-
logic adverse effects include restlessness, insomnia, twitching, pares-
thesia, seizures, and disorientation. Rashes may also occur. Factors that 
predispose patients to side effects have not been defined, and pretreat-
ment protocols to reduce their occurrence have not been developed. 
Side effects usually resolve when the dosage is reduced or treatment is 
stopped. No information is available regarding the interaction of nifur-
timox with other drugs. The development of malignant tumors in 
rabbits and mice treated with nifurtimox and related drugs is of some 
concern,123 but tumor incidence in treated patients has not been 
studied.

As noted, nifurtimox is now used in combination with eflornithine 
for treating patients with stage 2 West African HAT. The safety and 
efficacy of the combined regimen (nifurtimox-eflornithine combina-
tion treatment, or NECT) have been demonstrated.124-125a In addition, 
NECT is markedly less complicated to administer and less costly com-
pared with eflornithine monotherapy. In the United States, nifurtimox 
is available from the CDC Drug Service.

gambiense.102,103 The relative lack of activity of eflornithine against T. b. 
rhodesiense may be based on additional mechanisms.100,104 At the end 
of a 14-day course of intravenous eflornithine, patients who failed 
therapy had eflornithine CSF trough concentrations of more than 
50 nmol/mL, suggesting parasite resistance to the drug rather than 
inadequate CSF drug levels as the cause of the failures. The pharmaco-
kinetics of eflornithine in children differ substantially from adults, with 
mean serum and CSF levels about 60% of levels found in adults; this 
may explain the higher failure rate in children.105

The most common toxicity of eflornithine is hematologic, with 
anemia (40%), leukopenia (20% to 30%), and thrombocytopenia  
(50%) being common. However, these effects are usually mild and 
without clinical significance. Seizures, associated with higher CSF  
concentrations, occur more commonly in cases of relapse (12%) than 
in new cases (4%). An osmotic diarrhea is seen more frequently  
when eflornithine is given orally. Hearing loss and alopecia have been 
reported in a few patients. Some patients die during treatment, but this 
appears to be related to the underlying disease rather than as a result 
of drug toxicity. In animal models, eflornithine is embryotoxic and 
induces abortions but is not teratogenic106; anecdotal data suggest that 
treatment of pregnant women with eflornithine is associated with 
abortion.107

No data are available concerning interactions between eflornithine 
and other drugs. However, animal models suggest that eflornithine 
may be synergistic with other trypanocidal drugs, particularly melar-
soprol, because eflornithine reduces the production of trypanothione, 
a spermidine-glutathione conjugate that is one of the targets of 
melarsoprol.108,109

Melarsoprol
Melarsoprol (melarsen oxide coupled to 2,3-dimercaptopropinol, mel 
B, melarsen-BAL; Arsobal) (Fig. 41-5) is an aromatic arsenical that has 
been used for more than 60 years for treatment of HAT with CNS 
involvement (stage 2 disease) and for the treatment of hemolymphatic 
(stage 1 disease) HAT that cannot be effectively treated with suramin 
or pentamidine. The mechanisms of action of melarsoprol and of drug 
resistance are complex and have been the subjects of considerable 
study.94,95,104 The metabolism of trypanothione appears to be a central 
effect of the drug on the parasite. Melarsoprol interacts with thiol 
groups of several key proteins, depriving the parasite of its main sulf-
hydryl antioxidant and inhibiting trypanothione reductase, also 
depriving the parasite of the essential enzyme system that is respon-
sible for keeping trypanothione reduced.99 Melarsoprol enters the 
parasite via an adenosine transporter, and resistant strains lack this 
transport system.110

Melarsoprol can only be given intravenously. Penetration into the 
brain and CSF is low but sufficient for activity because of the drug’s 
high trypanocidal activity. Melarsoprol is rapidly transformed into 
active metabolites in plasma, with the parent drug having a half-life of 
less than 30 minutes.111 Melarsen oxide is the predominant active 
metabolite, and it is excreted rapidly, with about 80% of the arsenic 
found in feces.112

There are no pharmacokinetic data on melarsoprol distribution and 
metabolism in patients with renal or liver disease, obesity, or ascites 
regarding dose adjustments in these settings. Melarsoprol has no 
known effect on pregnancy.

Melarsoprol is an extremely toxic drug. The most serious adverse 
reaction of melarsoprol is reactive encephalopathy, which typically 
develops within 4 days of the start of therapy and affects about 6% of 

FIGURE 41-5. Melarsoprol. 
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and C,132 Clostridium difficile,133 Helicobacter pylori,134 and Mycobacte
rium tuberculosis.135 Although clinical trials have indicated that it has 
activity against a broad range of intestinal protozoa and helminth 
parasites,136-139 it is approved by the FDA only for treatment of giardia-
sis and cryptosporidiosis.

Clinical trials in cryptosporidiosis indicate that it has useful activity 
in HIV-negative individuals140-142 when administered twice daily for 
3 days in the following doses: 500 mg (those older than 12 years), 
200 mg (children aged 4 to 11 years), and 100 mg (children aged 1 to 
3 years). Symptom resolution is expected in 4 to 5 days, with a sus-
tained response to treatment reported after 14 days of treatment. For 
cryptosporidiosis in the setting of HIV infection, the drug shows sig-
nificantly inferior efficacy,143 with randomized144-146 and uncontrolled142 
studies indicating that prolonged therapy results in a modest-at-best 
response.

For giardiasis, a 3-day course of therapy, administered in the same 
dose as for cryptosporidiosis, reduces the duration of diarrhea and 
shedding of parasites; it has been reported to cure refractory giardiasis 
in an acquired immunodeficiency syndrome patient with metronida-
zole- and albendazole-resistant giardiasis.147 However, in an open-
label, randomized, controlled trial undertaken in children, single-dose 
tinidazole, 50 mg/kg, was shown to be more effective than a 3-day 
course of nitazoxanide administered in a dose of 7.5 mg/kg twice daily 
for 3 days.148

Nitazoxanide shows useful activity against a range of protozoan and 
helminth parasites, including E. histolytica,149 Cystoisospora (Isospora) 
belli,150 Blastocystis hominis,151 microsporidiosis,152 and intestinal tape-
worm153 and nematode infections.136-138 In addition, it has been shown 
to have activity in fascioliasis.154 However, for all these parasites, it has 
not shown significant superiority to other agents.

Available data indicate that nitazoxanide acts by inhibiting the 
activity of pyruvate-ferredoxin oxidoreductase, an enzyme essential for 
electron transfer and energy metabolism in anaerobic bacteria and 
parasites.155 Although in vitro induction of drug resistance in Giardia 
intestinalis156 has been reported, the mechanism of drug resistance has 
not been clearly defined.157

Nitazoxanide is available in both liquid and tablet forms; adminis-
tration with food is recommended to improve bioavailability. Once 
absorbed, the drug is rapidly deacetylated to its main active metabolite, 
tizoxanide, which is handled by glucuronidation, followed by excretion 
in the urine and feces.158 When administered in the recommended 
doses, the Cmax of tizoxanide is between 10 and 17.5 µg/mL, with a 
half-life of 1.3 hours.159 Although no significant drug interactions have 
been reported, the high level of protein binding of tizoxanide (>99%158) 
indicates a potential interaction with other drugs with high-level 
protein binding. Nitazoxanide is well tolerated when administered in 
the recommended dose, with reported side effects being no different 
than placebo.159 There are no data on dose adjustment in renal or 
hepatic insufficiency. Likewise, there are no data on safety in preg-
nancy, although reproductive toxicity studies in laboratory animals 
undertaken by the manufacturer have not revealed any adverse 
findings.

Diloxanide
Diloxanide furoate, 4-(N-methyl-2,2-dichloroacetamido)phenyl-2-fu-
roate, is a luminal amebicide whose primary indication is the clearance 
of E. histolytica cysts. Available data indicate that paromomycin is the 
preferred drug for this indication.76,160 The drug is not effective in either 
amebic colitis or extraintestinal infection because it has little or no 
activity outside the intestinal lumen.161

The mechanism of action of diloxanide is unknown. It acts against 
trophozoites of E. histolytica that eventually form cysts. It has some 
structural similarities to chloramphenicol, suggesting that it may act 
in a similar way by blocking protein synthesis.162 In the gut, the drug 
is hydrolyzed into diloxanide and furoic acid by bacterial and gut 
esterases.163,164 It is then rapidly absorbed, rapidly conjugated to a gluc-
uronide, and rapidly excreted in the urine.165 The unabsorbed com-
ponent remains in the gut lumen as the active antiamebic agent to  
be excreted in the feces. Flatulence is a commonly reported adverse 
effect, occurring at a frequency of up to almost 90% in some studies.166 
Less common side effects include nausea, abdominal cramping, and 

Suramin
Suramin is a complex molecule containing eight benzene rings, with a 
molecular mass of 1297. It has been used to treat HAT for more than 
90 years. Suramin is only used to treat the hemolymphatic form (stage 
1 disease) of both East and West African trypanosomiasis. It does not 
penetrate the CNS to any useful degree and should never be used to 
treat patients with the CNS form of trypanosomiasis (stage 2 disease).

Suramin can only be given intravenously. It binds extensively to 
plasma proteins (>99%), accumulates during treatment, and is not 
metabolized to any great extent. It is slowly excreted in the urine, 
resulting in its persistence in plasma for several weeks after treatment 
ends.126

Trypanosomes take up only small amounts of suramin and do not 
actively concentrate the drug.127 Resistance to suramin is uncommon, 
and the mechanism of resistance has not been defined.94,128

Treatment with suramin should be initiated at low doses that then 
are gradually increased. No pharmacokinetic data are available regard-
ing the use of suramin in patients with renal or insufficiency, and no 
assays for monitoring blood levels are available. Given that it is excreted 
in the urine and is nephrotoxic, it seems prudent to reduce the dose 
in patients with renal insufficiency. There are no recommendations for 
dose reduction in liver failure. Suramin has been shown to induce 
abortions and to be teratogenic in animal models,129 but no adverse 
effects in pregnant women have been reported, despite the long history 
of its use.130

Serious treatment-related hypotension is uncommon, occurring in 
only one of several thousand patients. Mild proteinuria is the most 
frequent adverse effect, although renal failure is rare. Thus, monitoring 
patients for proteinuria throughout treatment is recommended. Fever 
occurs in approximately 10% of patients, often a few hours after infu-
sion and may be due to reaction to breakdown products of dead try-
panosomes rather than as a direct effect of the drug. Pruritus, urticaria, 
and stomatitis have been reported. Nausea and vomiting are uncom-
mon if the drug is administered slowly. Optic atrophy and sensorimo-
tor polyneuropathy have also been reported. Suramin has activity 
against filarial infections; aggravation of ocular lesions and allergic 
reactions has been reported in patients with onchocerciasis.129 Thus, 
patients with onchocerciasis should be given ivermectin before treat-
ment with suramin.

Suramin has been used in the past as therapy for cancer, albeit with 
doses substantially higher than those used today to treat patients with 
HAT. Additional adverse effects reported in such patients included 
corneal deposits, adrenal insufficiency, coagulopathy, neutropenia, 
thrombocytopenia, and fatal toxic epidermal necrolysis, but none of 
these effects have been observed in patients given suramin for HAT, 
presumably because the dosage is so much lower.

There are few data regarding interactions of suramin with other 
drugs. Suramin is known, however, to displace other drugs, such as 
chlorpromazine, sulfonamides, and anticoagulants.129 In the United 
States, suramin is available from the CDC Drug Service.

Nitazoxanide
Nitazoxanide (Fig. 41-7) is a nitrothiazolyl-salicylamide derivative. 
The benzamide moiety resembles that of the anthelmintic drug 
niclosamide, whereas the nitrothiazolyl resembles that of the nitro-
imidazole drugs, tinidazole and metronidazole. It was first developed 
as a veterinary anthelmintic, with its activity against human tapeworms 
first reported in 1984.131 Since then, the drug has been shown to have 
activity against a wide range of pathogens, ranging from hepatitis B 

FIGURE 41-7 Nitazoxanide. 
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Tinidazole may have a role among patients failing metronidazole 
therapy. In studies where tinidazole has been compared with metroni-
dazole for treatment of bacterial vaginosis, similar cure rates have been 
reported.176

Reported adverse effects with tinidazole have been generally similar 
to those reported for metronidazole, although generally less frequent 
or severe. These include a metallic taste, gastrointestinal disturbance 
(anorexia, nausea, vomiting, and epigastric discomfort), and weakness. 
Seizures and peripheral neuropathy have been reported with tinida-
zole. Tinidazole is contraindicated during the first trimester of preg-
nancy and in patients who are allergic to metronidazole.

Although there is a paucity of reports of drug interactions with 
tinidazole, the similar structure and metabolism of this drug compared 
with metronidazole, suggests that the same precautions regarding 
interactions with metronidazole should apply to tinidazole. Because 
tinidazole is a substrate for CYP3A4, levels of this drug may be affected 
by drugs that inhibit or induce this enzyme. Tinidazole shares the  
same propensity to interact with alcohol to cause an Antabuse-like 
reaction.

In summary, although there are no controlled comparative studies 
of the relative efficacy of metronidazole and tinidazole for treatment 
of parasitic infection, tinidazole appears to be as effective and is better 
tolerated.174 For trichomoniasis tinidazole appears to be more effec-
tive.177 The doses of these drugs for treatment of these infections are 
listed in Table 41-1.

Spiramycin
Spiramycin is a macrolide antibiotic, first isolated from Streptomyces 
ambofaciens. Although its antimicrobial spectrum is similar to that of 
other macrolide antibiotics, such as erythromycin, its principal use is 
for treatment of Toxoplasma gondii infection during pregnancy or 
when first-line antitoxoplasma agents are inappropriate. Although it 
has been used for treatment of a range of bacterial infections, the wide 
availability of alternative agents means that it is not commonly used 
for these purposes outside of France. It is formulated as 250- and 
500-mg capsules or tablets. Rectal and parenteral formulations are 
available in Europe. Spiramycin is not commercially available in the 
United States. It can be obtained at no cost and after consultation (with 
the Palo Alto Medical Foundation–Toxoplasma Serology Laboratory 
[PAMF-TSL] at 650-853-4828 or the U.S. [Chicago] National Collab-
orative Treatment Trial Study [NCCTS] at 773-834-4152) through the 
FDA at 301-796-1400 during office hours and after office hours at 
301-796-8240.

Although its mechanism of action is not fully defined, it is believed 
to act as an inhibitor of protein synthesis by binding to the 50S subunit 
of bacterial ribosomes. Like other macrolides, it is bacteriostatic.178 
Spiramycin has good bioavailability, ranging from 30% to 40%.178 
Administration away from meals is recommended because food 
reduces bioavailability by 50% and delays the time-to-peak serum con-
centration.179 The mean half-life after oral administration is 5.5 to 8.0 
hours, and the Cmax is 0.4 to 1.4 mg/L after a single 1-g dose.178 Although 
the drug is selectively concentrated in the placenta, reaching five times 
the maternal serum concentration, transfer across the placenta is 
incomplete, resulting in levels in the fetus approximately 50% of the 
corresponding maternal level. Spiramycin reaches higher concentra-
tions in prostate, muscle, lymph nodes, and lung relative to plasma. 
The drug is secreted in milk (up to 200 µg/mL). Because the drug does 
not cross the blood-brain barrier, spiramycin should not be used to 
treat toxoplasma encephalitis.180

Reported side effects of spiramycin include pseudomembranous 
colitis, cholestatic hepatitis,181 QT prolongation with dysrhythmia,182 
thrombocytopenia,183 and oxidative hemolysis in glucose-6-phosphate 
dehydrogenase–deficient patients.184 Spiramycin has not been shown 
to be teratogenic and has been safely administered to pregnant women. 
Excretion is predominantly through the biliary route, with some 
enterohepatic recirculation. The drug is relatively free of significant 
drug interactions. Unlike erythromycin, it does not induce cyto-
chrome P450 enzymes. It has been reported to prolong the elimination 
half-life of l-dopa and carbidopa in healthy volunteers, possibly 
because of effects on intestinal motility that are well-known effects of 
macrolides.185

diarrhea. The safety of diloxanide in pregnancy and lactation has not 
been established.

For treatment to clear passage of cysts of E. histolytica, after a course 
of metronidazole or tinidazole for treatment of invasive infection, a 
10-day course comprising a 500-mg tablet taken three times per day is 
recommended.166,167 If required, a second course of treatment may be 
prescribed. A 5-day course of combination diloxanide with metroni-
dazole given three times per day was shown to be efficacious in the 
treatment of symptomatic amebiasis, with or without dysentery. The 
drug can be given to children weighing more than 25 kg in a dose of 
20 mg/kg in three divided doses for 10 days.166 Doses of 25 mg/kg daily 
in three divided doses for 10 days have also been used.161,168

As noted above, paromomycin is more effective, requires a shorter 
duration of therapy (7 days vs. 10), and is more widely available. Iodo-
quinol (diiodohydroxyquin) has also been widely used as a luminal 
amebicide but requires 20 days of therapy and is contraindicated in 
patients with hepatic failure or allergy to iodine.169

Combined preparations of diloxanide furoate and metronidazole 
have also been shown to be effective in the treatment of giardiasis.170 
However, there is insufficient evidence to determine whether this 
regime is more effective than metronidazole alone.

The Nitroimidazoles
Metronidazole and tinidazole are nitroimidazole drugs (Fig. 41-8) and 
the drugs of choice for treatment of giardiasis, amebiasis, and tricho-
moniasis. The clinical pharmacology of metronidazole is discussed  
in detail in Chapter 28. Tinidazole is approved by the FDA for treat-
ment of trichomoniasis, giardiasis, and intestinal and extraintestinal  
E. histolytica infection. Although its precise mechanism of action is 
unknown, available evidence indicates that it acts in a similar way as 
metronidazole—through nitroradicals generated by metabolism of the 
drug within target organism. Apart from its activity against protozoa, 
tinidazole, like metronidazole, has in vitro activity against anaerobic 
bacteria, including organisms associated with bacterial vaginosis 
(Gardnerella vaginalis, Bacteroides, and Prevotella spp.) and against 
H. pylori.

The drug is only available for oral administration, as tablets of 250 
and 500 mg, and as an oral syrup. Bioavailability is excellent, with 
almost complete absorption after oral administration. It is metabolized 
in the liver by CYP3A4; it has the advantage over metronidazole of 
having a longer plasma half-life (12 to 14 hours vs. 8 hours171).

When administered as a single dose of 50 mg/kg (maximum of 2 g), 
it is an effective treatment for giardiasis. In a meta-analysis of single-
dose tinidazole, 50 mg/kg, versus metronidazole administered three 
times daily for 5 to 10 days,172 the single-dose tinidazole regimen 
appeared to be more effective. However, the authors commented that 
the studies were relatively small, enrolling only a total of 179 subjects, 
and were of relatively low quality.

For intestinal amebiasis, a meta-analysis173 of eight studies enrolling 
a total of 477 subjects, reported that tinidazole administered in a dose 
of 2 g once daily for 3 days was more effective than metronidazole 
(relative risk [RR], 0.28; 95% confidence interval [CI], 0.15 to 0.51) and 
was associated with fewer adverse events. Likewise, tinidazole appeared 
to be at least as effective as metronidazole for treatment of amebic liver 
abscesses and better tolerated.174

For treatment of trichomoniasis, tinidazole is at least as effective as 
single-dose metronidazole.175 In a meta-analysis of eight studies where 
metronidazole was compared with tinidazole, although no parasito-
logic failures were reported, significantly higher rates of treatment and 
clinical failure (RR, 3.24; 95% CI, 1.66 to 6.32 and RR, 3.81; 95% CI, 
1.83 to 7.90, respectively) and of side effects (RR, 1.65; 95% CI, 1.35  
to 2.02) were observed among those treated with metronidazole. 

FIGURE 41-8 Tinidazole. 
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to 23.9%, respectively (P < .018).193 In a nonrandomized study com-
paring infected neonates who had been diagnosed and treated as a 
result of prenatal screening with those who have been diagnosed as  
a result of postnatal screening (untreated), the use of prenatal treat-
ment, including the use of spiramycin for acutely infected women and 
sulfadiazine plus pyrimethamine when fetal infection was suspected  
or diagnosed, was associated with a significant decrease in severe  
neurologic sequelae and death in the neonate (RR, 0.24; 95% CI, 0.07  
to 0.71).194

In a nonrandomized study where 44 patients with toxoplasma cho-
rioretinitis were treated with spiramycin alone or combined sulfadia-
zine plus pyrimethamine, no difference in efficacy between treatments 
was observed, but subjects in the spiramycin arm had fewer side effects. 
Hence, spiramycin may be an alternative if standard therapy results in 
unacceptable toxicities.195

Atovaquone
Originally developed as an antimalarial agent on the basis of potent in 
vitro activity against drug-resistant strains of Plasmodium falciparum, 
this hydroxynaphthoquinone was subsequently found to be active 
against a number of other microorganisms, including Pneumocystis 
jirovecii, T. gondii, Babesia microti, Cryptosporidium parvum, Encepha
litozoon intestinalis, L. donovani, E. histolytica, and Trichomonas vagi
nalis. Toxoplasmosis and babesiosis can be effectively treated with 
atovaquone when used in combination with pyrimethamine and 
azithromycin, respectively. See Chapter 40 for the pharmacology of  
this drug.

OTHER DRUGS RARELY USED TO 
TREAT INTESTINAL PROTOZOAL 
INFECTIONS
A number of other luminal antiprotozoal agents that have activity 
against E. histolytica and G. intestinalis are now rarely used in most 
settings because of the availability of more active, more easily admin-
istered, and less toxic alternatives. These include iodoquinol, also 
known as diiodohydroxyquin; a halogenated 8-hydroxyquinolone, 
quinacrine, also known as mecaprine; emetine; and dehydroemetine. 
None is readily available, and supplies would need to be obtained in 
the United States from the CDC Drug Service.

As for other macrolides, gastrointestinal side effects, including 
nausea, vomiting, and abdominal pain, are common, particularly in 
high doses. On occasion, skin rashes and pruritus, including urticaria, 
may occur. Hypersensitivity to spiramycin has been described.186 Of 
interest, although cross-sensitivity by skin prick test to other macro-
lides (erythromycin and clarithromycin) was observed, oral therapy 
with these drugs was well tolerated. Nevertheless, it should be used 
with caution in patients with a history of macrolide hypersensitivity.

The utility of spiramycin in pregnancy rests on the fact that there 
is a delay between maternal toxoplasma infection, placentitis, and then 
fetal infection. Thus, the objective of spiramycin therapy is to prevent 
rather than treat fetal infection.187 Once fetal infection is established, 
pyrimethamine-sulfadiazine should be used. The recommended dose 
of spiramycin for prevention of fetal infection (placental prophylaxis) 
is 1 g three times daily in the first trimester. Uncontrolled studies have 
shown that spiramycin therapy in newly infected pregnant women 
reduces transmission by up to 68% in the first trimester, 65% in  
the second trimester, and 32% in the third trimester.188-190 Details 
of the management of infection during pregnancy are available in 
Chapter 280.

Because the rate of fetal infection rises with each trimester and the 
apparent effect of spiramycin falls, pyrimethamine and sulfadiazine  
are generally added later in pregnancy. Because controlled studies are 
ethically difficult to undertake, clinical trials have been poorly con-
trolled. A meta-analysis published in 2007 was not able to confirm a 
significant reduction in transmission resulting from spiramycin 
therapy,191 possibly because of small size of the studies and the lack of 
an untreated control group. A nonrandomized comparative study of 
255 live-born prenatally infected infants demonstrated a significant 
reduction (odds ratio [OR], 0.28) in fetal transmission with treatment 
initiated within 4 weeks of maternal infection, whether spiramycin or 
sulfadiazine plus pyrimethamine was used, compared with no treat-
ment (OR, 2.33).192 Two recent studies also support the use of monthly 
screening during pregnancy and treatment of acute toxoplasmosis. In 
one study, when prenatal screening to trigger treatment, including the 
use of spiramycin for acutely infected women and sulfadiazine plus 
pyrimethamine when fetal infection was suspected or diagnosed, was 
performed every month (after 1992) rather than every 3 months 
(before 1992); the rate of vertical transmission declined from 29.5%  
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42  Drugs for Helminths
James S. McCarthy and Thomas A. Moore

Although a large number of drugs have been used for anthelmintic 
chemotherapy, treatment is dominated by just three drugs, namely, 
albendazole, ivermectin, and praziquantel. This is because of their 
generally high-level efficacy, relatively low cost, and good safety pro-
files. The spectrum of activity of these drugs can be classified according 
to the class of helminths against which the drugs have specific efficacy: 
nematodes or roundworms, for which albendazole or ivermectin are 
generally used; flukes or trematodes, for which praziquantel is gener-
ally used; and cestodes, for which intestinal infection is generally 
treated with praziquantel and tissue infection with albendazole. Drug 
doses are given in Table 42-1.

BENZIMIDAZOLES
Since the identification in 1961 of the potent antiparasitic activity of 
thiabendazole, this class of drugs has played a critical role in the treat-
ment of parasitic infections worldwide. The structure of all members 
of this class is based on a bicyclic ring structure where benzene and 
imidazole rings are fused. The separate discoveries that thiabendazole 
is deactivated by hydroxylation of the benzene ring and that activity is 
enhanced by adding a 2-methylcarbamate moiety to the imidazole ring 
led to the development of mebendazole and albendazole.

The principal antiparasitic effect of the benzimidazoles (with the 
exception of triclabendazole) appears to be through selective binding 
to nematode tubulin, thus preventing polymerization into microtu-
bules, resulting in disruption of cell division and energy pathways,1,2 
and interference with similar vital processes, resulting in parasite 
death. This effect on tubulin also prevents hatching in helminth eggs.3

With the use of albendazole in mass treatment programs, there are 
concerns about the continued efficacy of the benzimidazoles to treat 
human infections, particularly given the well-documented reports of 
resistance from the veterinary literature. Resistance to albendazole in 
veterinary nematodes is caused by a small number of amino-acid sub-
stitutions in the parasite’s β-tubulin protein, the most important of 
which is a phenylalanine to tyrosine substitution at position 200, with 
less important changes at residues at 167 and 198.4 Until recently, these 
concerns were unsubstantiated by evidence of resistance in human 

isolates. However, recent reports suggest that benzimidazole resistance 
may be developing in Wuchereria bancrofti5, Trichuris trichiura,4,5a and 
hookworms,5a,5b particularly in areas where benzimidazoles have been 
extensively used in lymphatic filariasis control programs. These find-
ings portend potential threats to the future utility of benzimidazoles 
for treatment of helminth infections.

Albendazole
Albendazole (Fig. 42-1) has a mode of action similar to other benz-
imidazoles; it is effective against a wide range of helminths and some 
protozoa. It is directly active against intestinal parasites; thus, the rela-
tively poor absorption of the parent drug from the intestine is ideal for 
an intraluminal effect. For tissue-dwelling helminths, however, alben-
dazole acts as a prodrug, with the metabolite albendazole sulfoxide 
being responsible for anthelmintic activity outside the intestinal lumen. 
The efficacy of albendazole against tissue-dwelling helminth infections, 
such as echinococcosis, is difficult to reliably predict,6 in part because 
of variable intestinal levels of the active metabolite in blood and 
tissues.7

Albendazole is administered orally, either as tablets (200 mg or 
400 mg) or as a suspension (2% or 4%), with the dose regimen depen-
dent on the target parasite. Tablets may be swallowed whole, chewed, 
or crushed and mixed with food. The drug is poorly soluble in water, 
with alcohol increasing solubility. However, no studies have been 
undertaken in humans to investigate bioavailability and efficacy when 
the drug is administered with alcohol.

Bioavailability studies of the parent drug have not been possible 
because of the lack of availability of a parenteral form. An estimated 
5% to 10% of the drug is absorbed after oral administration. Once 
absorbed, the drug undergoes nearly complete first-pass metabolism 
either in the gut mucosa or in the liver to the active metabolite alben-
dazole sulfoxide, a mixture of R(+) and S(−) enantiomers. Formation 
of the R(+) enantiomer of albendazole sulfoxide is catalyzed by micro-
somal flavin monooxidase, and the S(−) enantiomer, by the cyto-
chrome P-450 enzyme CYP3A8 and in gut epithelium.9 Albendazole 
sulfoxide is then subject to biotransformation by cytochrome P-450 

•	 This	chapter	includes	anthelmintic	drugs,	
namely,	drugs	to	treat	infections	with	
roundworms	(nematodes)	and	flatworms,	with	
the	latter	subdivided	into	flukes	(trematodes)	
and	tapeworms	(cestodes).	The	drugs	of	choice	
for	these	are	listed	briefly	in	this	summary.	
Alternative	drugs	are	given	in	this	chapter	and	
in	the	chapter	describing	the	parasite.	Doses	
are	given	in	Table	42-1	and	in	the	text.

Intestinal Roundworms
•	 For	ascariasis,	capillariasis,	hookworm	(Necator	

and	Ancylostoma	spp.),	pinworm	(Enterobius),	
and	whipworm	(Trichuris),	albendazole	is	
generally	the	drug	of	choice,	with	
mebendazole	being	an	alternative.
○	 For	strongyloidiasis,	ivermectin	is	the	drug	

of	choice.

Tissue Roundworms
•	 Filariasis
○	 For	lymphatic	filariasis,	caused	by	

Wuchereria	bancrofti	and	Brugia	malayi	
diethylcarbamazine	or	ivermectin	is	used.

○	 For	loaiasis,	caused	by	Loa	loa,	
diethylcarbamazine	is	the	drug	of	choice,	
with	the	caveat	that	post-treatment	
reactions	need	to	be	avoided	in	high-grade	
microfilaremia.

○	 For	onchocerciasis,	ivermectin	is	the	drug	of	
choice,	potentially	followed	by	doxycycline	
for	its	anti-Wolbachia	effect.	Caution	is	also	
advised	in	onchocerciasis	if	high-grade	Loa	
loa	microfilaremia	is	present.

○	 Treatment	for	Trichinella	is	supportive	care	
+/−	prednisone	+	albendazole.

•	 For	flukes	(Schistosoma,	Paragonimus,	
Clonorchis,	Fasciolopsis,	and	Opisthorchis)	and	
intestinal	cestodes	(Diphyllobothrium,	
Hymenolepis	nana,	Taenia	saginata,	and	
Taenia	solium),	praziquantel	is	the	drug	of	
choice.

•	 The	exception	is	Fasciola	hepatica,	for	
which	triclabendazole	is	the	drug	of		
choice.

•	 For	tissue	cestodes	(Echinococcus	[hydatid	
disease]	and	cysticercosis),	albendazole	is		
the	drug	of	choice,	with	dexamethasone	
administered	in	neurocysticercosis	to	mitigate	
the	post-treatment	reaction.

SHORT VIEW SUMMARY
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sulfoxide crosses the blood-brain barrier to achieve levels in the CSF 
to approximately 43% of plasma levels.24 However, there is significant 
interindividual variation because of interindividual differences in drug 
handling that are influenced by age, gender, or inflammation in the 
subarachnoid space. The high efficacy of albendazole for treatment of 
neurocysticercosis is most likely due to penetration of the central 
nervous system (CNS) by albendazole sulfoxide, which reaches higher 
brain levels than that achieved in plasma.13

Albendazole is generally taken as a single dose of 400 mg for mass 
drug administration for intestinal nematode infections in adults and 
children older than 2 years. However, apart from ascariasis, single-dose 
therapy, although reducing infection intensity, is not curative. The drug 
has not been fully evaluated in infants, but in one study of children 
aged 9 to 23 months, no adverse laboratory abnormalities were noted.25 
Because it is mostly metabolized by the liver, albendazole requires no 
dose adjustments in renal failure. Conversely, absorption of albenda-
zole and clearance of albendazole sulfoxide have been shown to be 
delayed in patients with echinococcosis and significant biliary obstruc-
tion. However, a paucity of data limit dosing recommendations in this 
group.26 The maximum recommended dosage in humans, regardless of 
total body weight, is 800 mg/day.

In humans, single-dose albendazole therapy is very well tolerated, 
with an overall frequency of side effects attributable to the drug to  
be less than 1%.27 In a large placebo-controlled study involving 700 
patients, the incidence of side effects in both groups was equivalent.28 
Of importance, it is difficult to reliably differentiate symptoms attribut-
able to the drug itself from the immune response to antigen released 
from dead parasites. In an analysis of clinical trials where patients with 
lymphatic filariasis were administered albendazole, or given in combi-
nation with other agents, side effects were almost exclusively limited 
to patients with microfilaremia.27

Liver function abnormalities and bone marrow toxicity have been 
observed during the prolonged courses of therapy given for treatment 
of echinococcosis.27 These observations led to the initial recommenda-
tion that the drug be administered in treatment cycles of 28 days on/14 
days off when prolonged use is anticipated. With increased experience, 
however, there is less concern about continuous treatment, but moni-
toring is recommended.29 The most commonly encountered side effects 
have been transient liver function abnormalities (≤20%) and alopecia 
(5%).30 Bone marrow toxicity is rarely observed but can be irreversible. 
Abnormalities in liver function tests are typically less than five times 
the upper limit of normal and generally return to normal without stop-
ping treatment.

Animal studies have demonstrated that both albendazole and 
albendazole sulfoxide are teratogenic in rats and rabbits at doses 
greater than 6 mg/kg/day and 30 mg/kg/day, respectively.32 These 
and other observations have led to the recommendation that albenda-
zole not be administered during pregnancy. However, reports from 
clinical trials where single-dose albendazole therapy has been admin-
istered to pregnant women with hookworm infection (treated after  
the first trimester) demonstrated no effect on perinatal mortality, con-
genital malformations, or birth weight.33 Although a small reduction 
in human immunodeficiency virus (HIV) viral load was noted,34 no 
effect on vertical transmission of HIV was observed.35 Of note, the 
trials demonstrated an increase in childhood eczema among treated 
children.33,36

Cimetidine inhibits the absorption of albendazole through reduc-
tion of gastric acidity, yet inhibits metabolism of albendazole sulfoxide 
by interfering with CYP3A4 enzymes, thus prolonging the elimination 
half-life from 7.4 (+/−3.3) hours to 19.0 (+/−11.7) hours.37 Grapefruit 
juice inhibits metabolism of albendazole at the intestinal mucosa, but 
drug concentrations are higher than among those administered cimeti-
dine.20 Short-term administration of ritonavir, a potent CYP3A4 inhib-
itor, does not significantly alter the pharmacokinetic parameters of 
albendazole. However, long-term administration results in significant 
decreases in AUC and Cmax.38 The blood concentration of albendazole 
sulfoxide is increased by 50% when administered concurrently with 
dexamethasone.39 This has clinical relevance in the setting of treatment 
of neurocysticercosis, where albendazole is usually administered in 
conjunction with corticosteroid cover to prevent reactive cerebral 
edema caused by parasite death.

enzymes (primarily CYP3A4)10 into the inactive metabolite albenda-
zole sulfone.11 The proportion of enantiomer production is species 
dependent, but in humans, the R(+) enantiomer predominates.12 In 
patients with neurocysticercosis, albendazole R(+) sulfoxide accumu-
lates in the cerebrospinal fluid (CSF) at a higher level than the S(−) 
enantiomer.13 Data from a recent study indicated that the R(+) enan-
tiomer is more active than the S(−) enantiomer against Taenia solium.14

The pharmacokinetic profile of albendazole differs between men 
and women. For the main metabolites, albendazole sulfoxide and 
albendazole sulfone, there is no significant difference in half-life, time 
to reach peak concentration (tmax), and mean residence time (MRT). 
However, the apparent oral clearance (Clp/F) and apparent distribu-
tion volume (Vd/F) are lower in women, and the serum peak concen-
tration (Cmax), serum concentration-time curve (area under curve 
[AUC]), and area under the first-moment curve (AUMC) are lower in 
men.15

Food enhances the oral bioavailability of albendazole, presumably 
by stimulating gastric acid secretion, because albendazole absorption 
is pH dependent. This is true in both healthy patients16,17 and subjects 
infected with tissue cestodes.18,19 Plasma concentrations of albendazole 
sulfoxide are up to fivefold higher when albendazole is administered 
with a fatty meal (fat content ≈ 40 g) compared with the fasting state. 
The administration of a single 10-mg/kg oral dose of albendazole with 
a high-fat meal (57 g fat, 1399 kcal) has been shown to increase the 
mean Cmax and AUC by 6.5- and 9.4-fold, respectively.20 The time to 
reach Cmax increased from 2.5 to 5.3 hours, compared with the fasting 
state and administration with water. The elimination half-life was not 
affected.

Tissue and blood concentrations of albendazole are also deter-
mined by mucosal cytochrome P-450 enzymes, which metabolize the 
drug, and by P-glycoprotein, which acts as an efflux pump into the 
intestinal lumen.21

In studies of patients with Echinococcus granulosus infection, alben-
dazole administered orally in a dose of 10 to 14 mg/kg/day resulted in 
stable plasma concentrations of albendazole sulfoxide after 2 to  
4 days of treatment. Significant quantities of this metabolite are mea-
surable in lung and liver tissues and in hydatid cyst fluid obtained at 
surgery.22,23 This active metabolite is excreted in bile. Albendazole 

TABLE 42-1  Drugs for Helminth Infections

DRUG DOSE COMMENT
Albendazole 400 mg* Taken with a fatty meal

Mebendazole 100 mg twice daily for  
3 days

Less active than albendazole 
against extraintestinal 
infections

Triclabendazole 10 mg/kg once or twice Fasciola hepatica infections

Pyrantel pamoate 11 mg/kg base × 1 dose; 
max. dose, 1g

Ivermectin 150-200 µg/kg once 
daily × 1-2 days

Diethylcarbamazine 6 mg/kg/day × 12 days 
in 3 divided doses

Praziquantel 40/60 mg/kg/day in 1 or 
2 doses × 1 day

40 mg/kg for Schistosoma 
haematobium; 60 mg/kg 
for Schistosoma mansoni 
and Schistosoma japonicum

*Dose varies for indication: once for ascariasis and pinworm; once daily for 3 days 
for hookworm and whipworm; twice daily for 7 days for strongyloidiasis, and  
400 mg twice daily for 8-30 days for neurocysticercosis, and for 1-6 months for 
echinococcosis.

FIGURE 42-1  Albendazole. 
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effects occurred in approximately 20% of patients, were minimal and 
reversible in all patients without discontinuing treatment (transient 
elevation of transaminases, abdominal pain, headache, vertigo, urti-
caria, and dyspepsia).46,47 There are also case reports of reversible bone 
marrow suppression.48

Although teratogenic in rats, the safety of mebendazole in preg-
nancy has been examined in three large human studies. In a survey of 
170 women who took mebendazole in the first trimester of pregnancy, 
fetal loss or neonatal death was not significantly higher than that 
observed in the general population.49 In a second series, one congenital 
hand malformation was observed in 112 first-trimester exposures.49 In 
a larger retrospective study sponsored by the World Health Organiza-
tion (WHO), involving more than 7000 Sri Lankan women who had 
accidentally taken the drug anytime during their pregnancy, there was 
a significantly lower rate of fetal loss and perinatal death, presumably 
resulting from reduced levels of maternal anemia.50 Despite this osten-
sible beneficial effect, there was a trend toward a higher rate of con-
genital malformations among those who were exposed during the first 
trimester (2.5% vs. 1.5%). In a randomized, placebo-controlled trial in 
Peru, where women in the second and third trimesters were enrolled, 
no differences in the incidence of adverse effects were observed 
between the treatment arm compared with those receiving placebo.51 
The beneficial effect of decreased incidence of very low birth weight 
was again noted.

Thiabendazole
Thiabendazole (Fig. 42-3) remains one of the most potent of the benz-
imidazoles developed; however, its use has dramatically declined, and 
its availability has become increasingly limited because of the higher 
frequency of side effects compared with other equally effective agents 
from this class. It is active against most intestinal nematodes that infect 
humans and is active against the intestinal phase of Trichinella spiralis 
infection in humans. Although widespread resistance of helminths to 
thiabendazole has been reported in veterinary literature, there have 
been no reports of resistance in humans.

Although the mechanism of anthelmintic activity of thiabendazole 
remains unknown, it is presumed to be similar to the other benzimid-
azoles. Unlike mebendazole, thiabendazole has been shown to specifi-
cally inhibit fumarate reductase, a helminth-specific enzyme in the 
muscle-stage larvae of T. spiralis.52 In addition, animal studies have 
shown that thiabendazole exhibits anti-inflammatory, analgesic, and 
antipyretic effects, which may explain its putative benefit in patients 
suffering from trichinosis and dracunculiasis.

Thiabendazole is rapidly absorbed from the gut and can also be 
absorbed through the skin. After administration of a single oral dose, 
plasma levels peak within 1 to 2 hours, and most of the drug is cleared 
from the plasma within 8 hours.53 The drug should be taken after 
meals, primarily to reduce gastrointestinal (GI) side effects, which are 
common. Thiabendazole is extensively metabolized in the liver to 
5-hydroxythiabendazole before being excreted as glucuronide or 
sulfate conjugates. Most of the drug metabolites are excreted within 
the first 24 hours; at 48 hours, 87% of a single oral dose of thiabenda-
zole is excreted in urine, and 5% is excreted in feces.

The most commonly reported adverse effects include anorexia, 
nausea, vomiting, diarrhea, headache, and dizziness. Neurologic side 
effects can be significant and include drowsiness, visual disturbances, 
and giddiness. Therefore, tasks requiring mental acuity should be 
avoided during treatment. Stevens-Johnson syndrome and angioneu-
rotic edema have been reported, albeit rarely. Patients notice an 

Mebendazole
Mebendazole (Fig. 42-2) was first introduced in 1977 as a veterinary 
anthelmintic agent for treatment of Echinococcus multilocularis. Its 
mode of action is similar to other benzimidazoles. Although it has been 
approved for the treatment of both intestinal and tissue helminths, it 
is less effective than albendazole for treatment of extraintestinal hel-
minths, and therefore, it is used almost exclusively for the treatment of 
common intestinal nematode infections.

Like albendazole, mebendazole is poorly soluble, poorly absorbed, 
and undergoes extensive first-pass metabolism in the liver. However, 
it is even less well absorbed than albendazole, with a bioavailability  
of only 1% to 2% after administration of a single oral dose. The low 
bioavailability is attributable both to the low solubility of the oral for-
mulation and to the high-level of first-pass metabolism in the liver. 
Ingestion with fatty food increases absorption. The drug is highly 
protein bound (≈95%). The absorbed portion of mebendazole is pre-
dominantly metabolized by the liver. There are two major metabolites: 
2-amino-5-benzoylbenzimidazole, created by amide hydrolysis, and 
methyl-5[α-hydroxybenzyl]-2-benzimidazole carbamate, a product of 
ketone reduction. Unlike albendazole, these and other metabolites are 
not believed to have significant anthelmintic activity.

Mebendazole reaches its highest tissue concentrations in the liver. 
About half of the absorbed dose is excreted in the urine as metabo-
lites40; however, a significant portion is also excreted in bile as metabo-
lites. Mebendazole crosses the blood-brain barrier but reaches levels 
significantly lower than serum.

Cimetidine appears to improve the bioavailability of mebenda-
zole.41 Among patients with cystic echinococcosis, there is significant 
variability in absorption. Furthermore, concomitant administration of 
phenytoin and carbamazepine results in lower plasma levels, presum-
ably because of induction of the cytochrome P-450 enzyme CYP3A4. 
Although no other significant drug-drug interactions have been 
reported with mebendazole, like albendazole, caution is warranted 
among individuals prescribed prolonged treatment courses and who 
are also taking medications with effects on the P-450 system.38

For the treatment of soil-transmitted helminths, mebendazole is 
typically administered as 100 mg given twice daily for 3 days. However, 
its pharmacokinetic profile enables a single 500-mg dose to be admin-
istered for mass treatment campaigns to control soil-transmitted hel-
minths. Although mebendazole has not been fully evaluated in children 
2 years or younger, it is well tolerated in community geohelminth 
control programs.42,43 The maximum recommended dosage in humans, 
regardless of total body weight, is 500 mg/day.

Although metabolites are excreted in the urine, there are no clinical 
data on the use of mebendazole in patients with kidney disease, and 
dose adjustment does not appear to be necessary in this setting. Nev-
ertheless, caution seems warranted in these patients; therefore, if a 
prolonged course of therapy is anticipated, drug levels (if available) 
should be obtained. Similarly, there are no clinical data on the use of 
mebendazole in patients with liver disease, but increased drug levels 
have been observed in a patient with cholelithiasis.44

When given either as a single 500-mg dose or 100 mg twice daily 
for 3 days, mebendazole is very well tolerated. In a recent trial involv-
ing more than 600 children given treatment for a geohelminth eradica-
tion program in Zanzibar, the most common adverse events were 
limited to abdominal cramps (11%), fatigue (6%), headache (6%), 
vertigo (4.4%), and nausea (3.7%).45 This is similar to reports from 
other large clinical trials. When taken at higher doses for longer periods 
(50 mg/kg for 3 to 12 months) for the treatment of echinococcosis, side 

FIGURE 42-2  Mebendazole. 
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metabolism. Although dose adjustment may be necessary in patients 
with hepatic disease, no data exist to provide insight.

Triclabendazole appears to be remarkably safe. Adverse events, 
when they have occurred, have been mild, short lived, and limited to 
abdominal pain, headache, nausea, and fatigue.65 Abdominal pain, 
lasting less than 5 days, was reported by 21.5% of patients receiving 
triclabendazole, 5 mg/kg daily for 3 days, 6.7% receiving 10 mg/kg 
twice daily for one day, and 31.3% receiving a single dose of 10 mg/kg.66 
A recently concluded trial in the Bolivian Altiplano reported similar 
findings.65 The abdominal pain is typically located in the right upper 
quadrant, is relieved by oral spasmolytics, and has been attributed to 
the expulsion of dead or dying worms from the hepatobiliary system 
into the intestinal tract.64,67,68 The contention that nearly all the adverse 
reactions in human clinical studies can be attributed to the death of 
adult worms is supported by ultrasound studies that have demonstrated 
dilated intrahepatic bile ducts caused by transient biliary obstruction 
associated with expulsion of dying worms. This is further supported by 
evidence from clinical trials in paragonimiasis, where the only GI side 
effects reported were rare episodes of diarrhea. Fever has been reported 
in 6.3% of patients within 4 days of treatment for paragonimiasis. There 
have been no reports of derangement of liver function tests, renal func-
tion, or hematologic indices attributable to triclabendazole in human 
clinical trials. However, laboratory studies using high dosages of the 
drug in rats and dogs have demonstrated bone marrow depression and 
increased serum alkaline phosphatase. No evidence of dose-related 
toxicity or carcinogenicity has been observed in animals. Unlike the 
other benzimidazoles, triclabendazole has not been shown to cause 
birth defects in animal studies. Nevertheless, there are no data regard-
ing its safety in pregnancy. Where possible, it seems prudent to avoid 
use in the first trimester. Triclabendazole is known to pass into breast 
milk, but there are no reports of adverse events in nursing babies. No 
data exist regarding drug-drug interactions.

Ivermectin
Ivermectin is a semisynthetic antibiotic derived from Streptomyces 
avermitilis. The organism was isolated from a soil sample taken from 
a golf course in Japan. Ivermectin is marketed under the brand names 
Stromectol (Merck, Whitehouse Station, NJ) in the United States,  
Mectizan (Merck) in Canada, and Ivexterm (Valeant Pharmaceuticals, 
Montreal, Canada) in Mexico. It is lipophilic, with poor water solubil-
ity. It is a mixture of approximately 80% molecular structure C48H74O14 
(22,23-dihydroavermectin B1a) and approximately 20% molecular 
structure C47H72O14 (22,23-dihydroavermectin B1b), with an average 
molecular weight of 1736.2 (Fig. 42-5). The relative proportion of the 
B1a and B1b isoforms is a result of the fermentation process; both  
have nearly identical antiparasitic activity. After the discovery of its 
activity against nematodes of veterinary importance, it was later found 
to be extremely effective against the cattle parasite Onchocerca cervi-
calis; this led to its development for treatment of onchocerciasis.69 It is 
active at low doses against a wide range of helminths and ectoparasites 
and is the drug of choice for treatment of onchocerciasis and strongy-
loidiasis. It is an option for treatment of cutaneous larva migrans, head 
lice, and scabies. Although active against the intestinal helminths 
Ascaris lumbricoides and Enterobius vermicularis, it is only moderately 
effective in trichuriasis when given alone and has limited activity 
against hookworms.

Ivermectin activates neuromuscular membrane-associated, chlo-
ride channels, particularly glutamate-gated channels, by binding to 
α-type channel subunits. The subsequent influx of chloride ions results 
in hyperpolarization and muscle paralysis, particularly of the nema-
tode pharynx, thus halting ingestion of nutrients. Ivermectin binding 
sites have been identified in rat brain, but the affinity of the drug for 
nematode ligands is about 100 times greater than for mammals, likely 
explaining its selectivity.

It is available for human use only as an oral formulation (either a 
3-mg tablet or 6-mg scored tablet) and is generally administered as a 
single dose of 150 to 200 µg/kg. The bioavailability of ivermectin is 
increased twofold with food.70,71 Plasma concentrations of ivermectin 
have been shown to decrease with ingestion of orange juice72 and 
increase with ingestion of beer.73 Its absorption half-life is approxi-
mately 1 hour,74 with Cmax being reached in 4.7 to 5.6 hours.75,76 The 

asparagus-like odor of the urine that resolves within 24 hours of dis-
continuation of treatment.

Thiabendazole dosing is determined by actual weight, but some 
treatment regimens are parasite specific. Data regarding the safety and 
efficacy in children weighing less than 10 kg are not available. No 
specific adjustments are recommended in patients with renal or hepatic 
failure; only cautious use is advised. Thiabendazole has not been shown 
to cause birth defects or other problems in studies in rabbits, rats, and 
mice given 2.5 to 15 times the usual human dose. However, cleft palate 
and bone defects were observed in mice given 10 times the usual 
human dose.54 It is unclear if thiabendazole is significantly excreted 
into breast milk.

Thiabendazole is a potent inhibitor of CYP1A2.55 Thus, caution is 
warranted in patients also taking caffeine, theophylline, or melatonin 
because levels of these medications can be increased.

Triclabendazole
Triclabendazole (Fig. 42-4) is a benzimidazole compound used rou-
tinely since 1983 in veterinary practice for the treatment of fascioliasis. 
It was first used for the treatment of human infection in 1986; however, 
its use in humans expanded in 1989 during an outbreak of fascioliasis 
near the Caspian Sea, when Iranian authorities approved the use of the 
veterinary formulation to treat human infections. In 1997, after the 
remarkable success of clinical trials using triclabendazole for the treat-
ment of fascioliasis and paragonimiasis, the WHO recommended that 
the drug be placed on the Essential Drugs List. Although the U.S. Food 
and Drug Administration (FDA) has not approved triclabendazole for 
use in humans, it is registered in some countries where fascioliasis is 
endemic.

Triclabendazole is a narrow-spectrum agent and is unique among 
benzimidazoles in its highly specific activity against Fasciola spp. and 
Paragonimus spp., with minimal activity against nematodes, cestodes, 
or other trematodes. Like other benzimidazoles, the mechanism of 
action of triclabendazole results from inhibition of microtubule forma-
tion.56 The β-tubulin protein of F. hepatica exhibits species-specific 
protein changes at position 82 (glutamic acid) and position 91 (threo-
nine), which are unique among nematodes and cestodes. These substi-
tutions appear to cause the fluke β-tubulin to adopt a three-dimensional 
structure that is relatively unaccommodating to other benzimidazoles, 
which are flat or L-shaped.57 Triclabendazole exhibits a nonplanar 
U-shaped configuration that appears to be uniquely suited to binding 
to fluke β-tubulin.56 In addition, triclabendazole-sulfoxide, the active 
metabolite of triclabendazole, has been shown to disrupt the tegument 
of both mature and immature stages of F. hepatica.58 Furthermore, it is 
also a potent inhibitor of protein synthesis.59

Although no resistance to triclabendazole has yet been reported in 
humans, resistance in veterinary use has become widespread since its 
original description in Australia.60 Susceptibility to the drug appears to 
be enhanced by ketoconazole61 and methimazole62 among strains pre-
viously known to be resistant.

After oral ingestion, absorption of triclabendazole occurs rapidly.63 
Like albendazole and mebendazole, triclabendazole undergoes exten-
sive first-pass metabolism in the liver. It is converted into the active 
metabolite triclabendazole-sulfoxide, and then the inactive metabolite 
triclabendazole-sulfone.64 Both metabolites are highly protein bound 
(>99%).63

After oral administration, the parent drug cannot be detected in 
plasma. Food enhances absorption of triclabendazole but also shortens 
the elimination half-life of its metabolites.64

Although there are no clinical data regarding treatment of patients 
with renal disease, dose adjustment seems unnecessary in renal disease, 
given the short course of therapy and the drug’s extensive hepatic 

FIGURE 42-4  Triclabendazole. 
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the last dose, with evidence of additional metabolite accumulation and 
a sustained antiparasitic effect.89 An additional report has demon-
strated improved absorption with the subcutaneous route, using the 
same veterinary solution.90 The serum ivermectin concentration, 
drawn 3 hours after the third oral daily dose, was only 0.8 ng/mL. 
However, it increased to 5.8 ng/mL 16 hours after the first subcutane-
ous dose. Serum levels of 11.4 to 17.2 ng/mL were noted over the next 
15 days, without evidence of significant accumulation.

Pgp appears to be important in preserving the blood-brain barrier, 
and preventing accumulation of ivermectin in mammalian brain 
tissue.91 Pgp is an essential component of the intact blood-brain barrier 
in vivo. In knockout mice deficient for Pgp, the 50% lethal dose (LD50) 
of ivermectin is 100-fold lower than in wild-type mice.83 Collies and 
some other breeds of dogs are unusually susceptible to the toxic effects 
of ivermectin, resulting from a mutation in the canine multidrug-
resistance gene, designated MDR1-1,92 which results in increased CNS 
penetration of the drug. Differences in levels of Pgp expression, protein 
levels, and drug passage across the gut wall and blood-brain barrier 
have been reported in different age groups, both in laboratory animals 
and in human studies.93 However, how these results relate to potential 
CNS toxicity of ivermectin is uncertain, given the inter species varia-
tions and limited data available.94,95 It is unclear whether ivermectin is 
safe to use in infancy, when expression of Pgp at the blood-brain 
barrier is likely at its lowest levels; hence, it is recommended not to 
administer the drug to children weighing less than 15 kg. Although not 
specifically studied, ivermectin has been used without dosage altera-
tion to treat elderly individuals in mass treatment campaigns. Ivermec-
tin use in the elderly was reported to be associated with an increase in 
mortality within 6 months after treatment.96 However, this report has 
been criticized for not matching the patients for comorbidities.

The successful mass distribution programs with ivermectin to 
control onchocerciasis have prompted the development of programs 
entailing co-administration of albendazole and azithromycin. The 
pharmacokinetic interactions of these agents have not been well 
studied. In a study where azithromycin, ivermectin, and albendazole 
were co-administered, ivermectin AUC and Cmax were increased by 
31% and 27%, respectively.71 A population model developed to analyze 
drug interaction data suggests the maximum concentration of ivermec-
tin achieved in the interaction phase would not exceed 201 ng/mL.97

Ivermectin is the drug of choice for the treatment of onchocerciasis, 
called river blindness, which is caused by infection with the filarial 
nematode Onchocerca volvulus. Onchocerciasis is endemic in Central 
and Western Africa and until recently in certain areas of Central and 
South America. Administered as a single oral dose of 150 µg/kg, it has 
a rapid effect on microfilariae, which cause most of the ocular and 
cutaneous manifestations of this disease. Most microfilariae disappear 
by the end of the first week of therapy; within 1 month after treatment 
with ivermectin, skin microfilarial loads decrease by 95% to 99%.98 
The drug also blocks the production of new microfilariae by the  
adult female worms, which only resume release of microfilariae 3 to  

Cmax is proportional to dose, with a value of approximately 38 to 
46 µg/L reached after a therapeutic 150- to 200-µg/kg dose.75-77 No 
significant differences in absorption have been found between healthy 
volunteers and patients with onchocerciasis. A second rise in plasma 
levels occurs 6 to 12 hours after ingestion, suggesting significant 
enterohepatic recycling.74 Because it is a highly lipophilic drug, iver-
mectin is distributed widely throughout the body. Animal studies indi-
cate that it accumulates at the highest concentration in adipose tissue 
and liver. Plasma protein binding is 93%.78 The terminal half-life of 
the parent drug is 20 hours.79 The elimination half-life of the metabo-
lites of ivermectin is longer than that of the parent drug, at about  
3 days.79 It is not known whether the metabolites have antiparasitic 
activity. In healthy men, the volume of distribution in the central 
compartment (Vc) was 3.1 and 3.5 L/kg, after ingesting 6 and 12 mg of 
ivermectin, respectively.80 In patients with onchocerciasis, the volume 
of distribution of the area (Vl) was 9.9 L/kg after administration of a 
single 6-mg tablet.76 The tissue distribution was similar in both groups 
of patients. A two-compartment model of distribution is consistent 
with the disposition of ivermectin in humans and other species, with 
a high volume of distribution into a peripheral compartment.81 Iver-
mectin is metabolized extensively in the liver via the cytochrome P-450 
isozyme CYP3A4.82

Ivermectin is both a substrate for the transporter P-glycoprotein 
(Pgp),83,84 as well as a moderately potent Pgp inhibitor at concentra-
tions consistent with doses used in mass treatment campaigns.85,86 It is 
highly protein bound; scant pharmacokinetic/pharmacodynamic data 
exist regarding levels in individuals with conditions that would affect 
these parameters. The lack of significant macrofilaricidal activity in 
onchocerciasis cannot be explained by lack of penetration into oncho-
cercal nodules, as the drug penetrates well into nodules when given as 
a single dose.75 In an animal model of onchocerciasis, high concentra-
tions were detected in the capsule wall and inside the nodule after 
subcutaneous administration with 500 µg/kg.87 Because there is no 
significant renal handling of the drug, administration in renal failure 
should not be of concern. There are no data regarding safety in hepatic 
failure, but it is probably safe for use in this setting, given the lack of 
significant side effects at high doses.70 Less than 1% of the drug is 
excreted in the urine as 3′-O-demethyl-22,23-dihydroavermectin B1a 
and 23-dihydroavermectin B1a. The remainder is excreted as metabo-
lites in the feces, mainly as monosaccharide derivatives, which also 
exhibit enterohepatic recycling.88

In strongyloidiasis, the difficulty in achieving adequate drug levels 
of ivermectin in patients with disseminated strongyloidiasis and intes-
tinal ileus can be a serious clinical problem. In one patient with dis-
seminated strongyloidiasis, ivermectin levels were below the average 
of those reported by other authors after oral administration (1.1 ng/
mL) when ingesting a total dose of 1000 µg/kg over 3 consecutive days. 
This was then followed by the subcutaneous administration of a vet-
erinary formulation of ivermectin at a dose of 200 µg/kg given every 
2 days, which resulted in ivermectin levels to 7.9 ng/mL 1 week after 

FIGURE 42-5  Ivermectin. 
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indication, it is given at a dose of 150 to 200 µg/kg once daily for one 
to two doses.125

When given at a dose of 200 µg/kg/day for 2 days, ivermectin is 
effective for the treatment of gnathostomiasis, with a reported cure  
rate of 100% in one study.126 When administered as a single dose of 
200 µg/kg, cure rates range from 76% to 92%.127 Of those not cured, 
the signs of resurgent infection (as demonstrated by the recurrence of 
subcutaneous swelling) were not statistically significant when com-
pared with placebo.128 The drug is reasonably well tolerated in this 
disease, with self-limited adverse effects that are not dose-related.128

Ivermectin is safe and highly effective against A. lumbricoides. A 
single dose of 100 to 200 µg/kg results in cure.129 It is also active against 
pinworm, E. vermicularis, with a cure rate of up to 85% after a single 
oral dose ranging from 50 to 200 µg/kg.129 However, it has limited 
activity in hookworm infection, with treatment resulting in reduction 
of worm burden but not usually cure.129-131

Similar to its activity against hookworm, ivermectin is relatively 
ineffective for the treatment of infections caused by T. trichiura. The 
cure rate after a single dose of 50 to 200 µg/kg ranges from 11% to 
67%.129,130 Higher doses131 or extending daily treatment to 3 days117 
appear to be more effective. In this infection, combination with alben-
dazole appears to result in a greater efficacy than when either agent is 
used alone.132-134

Although recommended as a second-line alternative to topical per-
methrin,135 ivermectin is effective for the treatment of infection caused 
by Sarcoptes scabiei. The recommended dose is 200 µg/kg orally as a 
single dose, with a second dose given 2 weeks later.135,136 Ivermectin is 
effective for the more-difficult-to-treat crusted (Norwegian) scabies,137 
although repeated treatments are recommended. In this setting, it 
should be combined with a topical ascaricide, such as permethrin, 
alternating with keratolytic creams, such as salicylic acid or lactic acid/
urea, to facilitate breakdown of the skin crusting.135 A topical formula-
tion of ivermectin 0.4% has recently been approved by the FDA for 
control of head lice after the report of a randomized, controlled trial 
where efficacy of 73.8% was reported.138 Of note, however, short expo-
sure intervals of body lice to sublethal amounts of ivermectin was 
shown to induce upregulation of detoxification genes, including cyto-
chrome P-450 monooxygenase and ATP-binding cassette transporter 
genes, leading to tolerance.139 This suggested the vulnerability of this 
class of drugs to the development of resistance.

Ivermectin given in the absence of helminth infection has few if any 
side effects, as demonstrated by its continued use in mass treatment 
campaigns for more than 20 years. Although it does not cross the 
blood-brain barrier in vertebrates, high doses administered in animal 
studies and observations of human overdose indicate evidence of CNS 
toxicity, including emesis, mydriasis, and ataxia.140 No significant toxic-
ity was observed after administration of doses as high as 2000 µg/kg, 
10 times the recommended therapeutic dose.70,141 However, as noted 
above, patients with high parasite burden, for example with high levels 
of microfilariae in the skin (onchocerciasis) or blood (lymphatic fila-
riasis or loiasis) may have significant post-treatment reactions, includ-
ing postural hypotension, and thus should be observed for up to 36 
hours after treatment. In onchocerciasis, skin edema, pruritus, and 
mild eye irritation may also occur. Usually, recovery follows rapidly 
when the patient remains recumbent and no specific treatment is nec-
essary. On occasion, patients require symptomatic treatment with anti-
pyretics or antihistamines.

As noted above, severe complications of ivermectin therapy can 
occur among patients treated for onchocerciasis but with coincident 
heavy Loa loa infection (>30,000 microfilariae/mL blood). These 
include encephalopathy, characterized by confusion, urinary inconti-
nence, lethargy, and coma. This reaction led to the temporary suspen-
sion of ivermectin distribution in regions where the two filarial 
infections are co-endemic. A single case of hepatitis associated with 
ivermectin use has been reported,142 but there are no other reports of 
significant immune reactions with this agent.

Not surprisingly, the use of ivermectin in mass treatment cam-
paigns for 2 decades has occasionally resulted in the inadvertent 
administration of ivermectin to pregnant women.143 Although no 
adverse effects have been recorded in retrospective studies,144,145,146 
administration of the drug in pregnancy is not advised. However, the 

6 months after treatment.99 This embryostatic action of ivermectin 
explains why the microfilarial burden remains at a very low level for 
up to 1 year after treatment. Ivermectin also has been reported to 
exhibit a mild macrofilaricidal effect in reducing the longevity of the 
adult worms when treatments are repeated every 1 to 3 months.100,101 
Together, these effects result in a reduction of morbidity and transmis-
sion intensity. The adult worm may live more than 10 years; therefore, 
repeated doses of ivermectin may be required every 6 to 12 months for 
the life of the adult worm.

A single dose of ivermectin is similarly microfilaricidal against 
Wuchereria bancrofti. With a single oral dose of 10 to 20 µg/kg, micro-
filaremia disappears for up to 3 months.102 With higher doses (150 to 
400 µg/kg), microfilaremia takes longer to return, and the level of 
parasitemia is lower than baseline.103-105 Ivermectin appeared to be 
slightly inferior to diethylcarbamazine (DEC) in producing sustained 
reduction of microfilaremia, even when given in combination with 
albendazole.106 In lymphatic filariasis, as in onchocerciasis, ivermectin 
has no discernible effect on the adult worm, even when given at a  
dose of 4800 µg over 6 months.107 Given these data, it is not surprising 
that, when given as part of a mass treatment campaign, ivermectin 
resulted in a significantly smaller impact on hydrocele prevalence than 
DEC.108,109

Although the activity of ivermectin against Brugia malayi and 
Brugia timori—the less common lymphatic filarial parasites—is less 
well studied, it appears to be less effective against these species com-
pared with W. bancrofti. Single doses of ivermectin, even as high as 
400 µg/kg, result in slower clearance of microfilaremia, and this effect 
is shorter lived.110 However, this dose does result in a significant reduc-
tion in microfilaremic burden, and the level of microfilaremia remains 
suppressed for up to 2 years, suggesting, as with W. bancrofti, an effect 
on the adult worms. The addition of albendazole to both DEC and 
ivermectin treatments does not increase the efficacy of ivermectin 
against Brugia spp.111

The effect of ivermectin against Loa loa appears similar to that seen 
in brugian filariasis: high doses of the drug (400 µg/kg) are required 
to clear microfilaremia112 and the microfilaremia clears more slowly 
than in bancroftian filariasis.113 Serious adverse events, most notably 
fatal encephalopathy, have occurred after the administration of iver-
mectin for the mass treatment of onchocerciasis in areas endemic for 
loiasis. This led to a temporary suspension of ivermectin distribution 
in these areas, but this has now resumed after institution of a tiered 
strategy. Serious adverse effects have been confined to individuals with 
high levels of microfilaremia (>30,000 microfilariae/mL); ivermectin 
should therefore be used with extreme caution in these patients.

A single oral dose of ivermectin resulted in sustained suppression 
of microfilaremia in patients infected with Mansonella streptocerca114 
and in a significant reduction of intensity and prevalence of infection 
in Mansonella ozzardi.115,116 Ivermectin does not appear to be effective 
against Mansonella perstans.

Ivermectin is the drug of choice for the treatment of infection with 
Strongyloides stercoralis. Administration of a single 200-µg/kg dose 
to children with uncomplicated infections resulted in cure rate of 
83%.117 This finding is consistent with other clinical data.118-120 To 
increase the likelihood of cure, most experts recommend an additional 
dose given 7 to 10 days later. Repeated courses may be needed in 
individuals with impaired cellular immunity, particularly patients 
infected with human T-cell lymphotropic virus type 1.121 Although 
uncomplicated infection can be readily and easily treated with the 
orally administered drug, patients with disseminated strongyloidiasis 
(hyperinfection syndrome) present significant challenges. In this con-
dition, paralytic ileus and the frequent need for nasogastric drainage 
results in poor absorption of ivermectin by enteric routes.89,90 As noted 
above, the hyperinfection syndrome has been successfully treated by 
using a veterinary parenteral preparation of ivermectin administered 
by the subcutaneous route.89,90,122 Ivermectin has also been given by 
rectal enema.123 However, treatment is not reliably effective, and the 
pharmacokinetic profile of the drug when administered by means 
other than the oral route is poorly understood.124

Ivermectin is highly effective for treatment of cutaneous larva 
migrans (CLM), a zoonosis usually caused by hookworms of dogs 
(Ancylostoma caninum) or cats (Ancylostoma braziliense). For this 
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ivermectin, life-threatening encephalitis can develop in patients with 
loiasis and high-burden parasitemia.172

DEC is active against Ascaris spp. Patients with both filariasis and 
ascariasis may expel live, paralyzed worms after treatment. No signifi-
cant drug interactions have been reported with DEC.

Piperazine
Piperazine is a little-used anthelmintic that can be used for the treat-
ment of ascariasis and enterobiasis. Piperazine causes an influx of 
chloride into nematode musculature by acting as an agonist at extra-
synaptic γ-aminobutyric acid (GABA) receptors. The paralyzed worm 
is expelled in the feces.

Doxycycline
In the past decade, it has been discovered that filarial nematodes 
depend upon endosymbiotic bacteria of the Wolbachia spp. for normal 
development and fertility.173 More recently, this endosymbiont has 
been shown to be an important determinant of the clinical manifesta-
tions of onchocerciasis174 and has become an important drug target in 
patients with lymphatic filariasis.175,175a Based on its activity against 
Wolbachia, doxycycline has been shown to be active in onchocerciasis 
and lymphatic filariasis but not in loiasis because Loa loa lacks the 
endosymbiont. The mechanism of action of doxycycline against Wol-
bachia, although not proven, is presumed to be similar to its antibacte-
rial properties. For details of its pharmacokinetic properties and 
adverse effects, see Chapter 26.

Pyrantel Pamoate
Pyrantel pamoate is used to treat intestinal nematode infections, par-
ticularly hookworm and Ascaris infection but is ineffective in trichu-
riasis. Pyrantel acts by targeting the nicotinic acetylcholine receptor  
on the surface of nematode somatic muscle, thereby depolarizing the 
neuromuscular junction of the nematode, resulting in irreversible 
paralysis and natural expulsion of the worm.176 Resistance is associated 
with a modification of the nicotinic receptor.177,178 Pyrantel pamoate is 
poorly absorbed from the intestine; more than 85% of the dose is 
passed unaltered in feces. The absorbed portion is metabolized and 
excreted in urine. It is usually effective in a single dose. Safety in preg-
nancy and children younger than 2 years has not been established. It 
has minimal toxicity at doses used to treat intestinal helminth infec-
tion. Reported side effects are usually limited to anorexia, nausea, 
vomiting, abdominal cramps, and diarrhea.179 Pyrantel has been shown 
to increase theophylline levels.180 The related drug oxantel has recently 
been demonstrated to enhance the activity of albendazole against  
T. trichuria.5a

Levamisole
Levamisole is an anthelmintic agent effective against A. lumbricoides181 
and Ancylostoma duodenale.182 Like pyrantel, levamisole appears to act 
on nematode muscle, interfering with the function of a nicotinic ace-
tylcholine receptor.183 This depolarizes the muscle membrane and 
paralyzes the worm.184 Resistance appears to be due to ion channel 
desensitization in the nicotinic acetylcholine receptor.185 It is well 
absorbed orally and extensively metabolized in the liver.186 Levamisole 
is excreted in the urine mainly as metabolites; only a small amount 
(<6%) is excreted in the feces.187 The pharmacokinetics of levamisole 
have not been evaluated in renal or hepatic disease, in children, or in 
the elderly.188 Animal studies with levamisole have not shown any 
evidence of teratogenicity. Nevertheless, treatment of pregnant women 
with levamisole should be deferred until after delivery. When used for 
the treatment of helminth infections, levamisole is well tolerated, 
except for mild GI distress.181

Praziquantel
Praziquantel is highly active against a broad spectrum of trematodes 
and cestodes, with the exception of Fasciola hepatica. It is the major 
drug used for treatment of schistosomiasis, including for community 
control programs for this disease. The drug is rapidly and reversibly 
taken up by flukes and tapeworms but not metabolized.

The mechanism of action of praziquantel is incompletely under-
stood, but evidence from animal models189 and study of the 

established teratogenicity of the alternative treatments for strongyloi-
diasis (the benzimidazole drugs thiabendazole or albendazole) sug-
gests that ivermectin would be the drug of choice if life-threatening 
hyperinfection occurred in a pregnant woman. After a therapeutic 
dose, ivermectin reaches levels in breast milk that are about 35% of 
those seen in the serum.147 Although it should be avoided during lacta-
tion, operational constraints and the absence of observed toxicity in 
human studies have resulted in the decision not to exclude lactating 
women from mass treatment programs.

Because of overuse of ivermectin as a single agent for control of 
parasites in cattle, resistance to ivermectin has developed in Haemon-
chus contortus, the organism for which ivermectin was originally devel-
oped as a treatment.148 The mechanism of resistance in veterinary 
nematodes has not been precisely defined and may involve both target 
alteration and drug pumps. More than 1.3 billion tablets have been 
distributed in Africa, with some individuals having now received up 
to 20 annual treatments.149,150 However, in some areas, this program 
has not resulted in interruption of transmission.151 Reports of poor 
parasitologic responses to the drug152-154 have been followed by parasi-
tologic and epidemiologic evidence of ivermectin resistance.155 Further, 
in a study conducted in Cameroon, parasites obtained from individual 
patients demonstrated changes in the β-tubulin gene before and after 
those same patients were treated with ivermectin.156 Although these 
genetic changes developed over the 3 years the study was conducted, 
these parasites develop slowly, requiring about 1 year to go from birth 
to sexual maturity.

Diethylcarbamazine
Diethylcarbamazine (DEC) remains the treatment of choice for lym-
phatic filariasis and loiasis. It can also be used for treatment of visceral 
larva migrans. The piperazine ring of DEC is essential for activity of 
the drug. Despite the description of its activity against these parasites 
in 1940s, its mechanism of action remains poorly understood. When 
filarial parasites are exposed to DEC in vitro, no effect is observed. 
Proposed mechanisms of action include platelet-mediated triggering 
of the release of excretory antigen from microfilariae157; drug-induced 
alterations of prostaglandin metabolism in microfilariae and host 
endothelial cells, resulting in immobilization resulting from inhibition 
of parasite cholinergic muscle receptors158,159; disruption of microtu-
bule formation,160 and alteration of helminth surface membranes, 
resulting in enhanced killing by the host’s immune system. Although 
efficacy of DEC in filariasis is variable, this has not been established to 
be due to resistance.

DEC is only available for oral administration. It is well absorbed, 
with peak plasma concentrations occurring within 1 to 2 hours. There 
is no significant binding to plasma proteins.161 The drug is largely 
eliminated unchanged by renal excretion, with a terminal elimination 
half-life of 10 to 12 hours; less than 5% is excreted in feces. Alkaliniza-
tion of the urine increases the half-life of the drug.161 If more than one 
dose is to be administered to patients with renal impairment, the dose 
should be reduced commensurate with the reduction in glomerular 
filtration rate.162 The pharmacokinetic profile of the drug is similar in 
both healthy and infected persons.163 No data exist regarding the safety 
of DEC in pregnancy, but the finding of enhanced uterine contractility 
in rats suggests that caution is warranted.164

Worms can be refractory to repeated courses of therapy.165-167 
Monthly administration is known to be an effective chemoprophylactic 
agent for bancroftian filariasis and loiasis.168

Among uninfected persons, GI upset, characterized by anorexia 
and nausea, is the most common side effect. Among infected  
persons, adverse reactions to DEC are common and proportional to 
the dose administered and intensity of infection. In patients with 
onchocerciasis, DEC can precipitate a typical side effect termed the 
Mazzotti reaction, characterized by pruritus, fever, and arthralgia.169 
The inflammatory response occurring in both the anterior (cornea) 
and posterior (retina) segments of the eye can result in permanent 
visual damage.170 In persons with lymphatic filariasis, similar but gen-
erally less severe systemic adverse reactions may occur, characterized 
by fever, headache, malaise, myalgia, and microscopic hematuria.171 
Localized effects in patients with lymphatic filariasis can include  
pain, adenitis, lymphangitis, epididymitis, or lymphedema. As for 
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disorganization of the suckers with which the worms attach to blood 
vessels. The worms lose attachment and then shift from the mesenteric 
veins to the lungs and liver, where they are destroyed. Female worms 
may return to the mesenteric veins but are unable to produce eggs.

Oxamniquine is well absorbed after oral administration.207 Peak 
plasma concentrations are achieved 1 to 4 hours after oral administra-
tion of a 10-mg/kg dose.208,209 The elimination half-life of oxamniquine 
is 2 hours. Oxamniquine is administered orally as a single dose and is 
well absorbed. Food retards absorption and reduces bioavailability.210 
About 70% of an administered dose is excreted in urine as a mixture 
of pharmacologically inactive metabolites. No dose adjustment is nec-
essary in renal or hepatic disease.208 Oxamniquine is mildly embryo-
cidal in mice and rabbits at dosages an order of magnitude greater than 
those used in humans. It is suggested that breast-feeding be delayed 
for at least 4 hours after administration of oxamniquine.

The drug can turn urine bright orange-red. Side effects are uncom-
mon and usually mild at the recommended doses. However, hallucina-
tions and seizures have been rarely reported.211-213 There are no data 
available on interactions with other drugs, but the ability of oxamni-
quine to inhibit CYP2D6 may be of clinical importance.214

Metrifonate
First introduced as an insecticide, this organophosphate compound 
has selective activity only against S. haematobium. It was introduced 
as a drug for humans in the 1960s.215-217 The standard dose regimen is 
7.5 to 10 mg/kg, given three times at 14-day intervals; the drug is 19% 
to 48% effective against this parasite,218 with egg reduction rates of up 
to 90% 4 weeks after the final dose.219 Use of metrifonate has dramati-
cally declined with the recognition that praziquantel has superior clini-
cal properties, particularly because it can be given as a single dose and 
is now relatively inexpensive.220 Metrifonate has been withdrawn from 
the WHO Model List of Essential Medicines.221

Metrifonate is converted nonenzymatically in the body to the active 
form, dichlorvos (2,2-dichlorovinyl dimethylphosphate, DDVP), which 
irreversibly inhibits acetylcholinesterase. Dichlorvos is more active 
against schistosomal cholinesterase than against the human enzyme.

Metrifonate is well absorbed after oral administration; peak plasma 
concentrations for both metrifonate and dichlorvos are reached within 
1 to 2 hours of a single oral dose. Whole-blood concentrations of the 
active metabolite dichlorvos are about 1% of the parent drug. Elimina-
tion of metrifonate depends upon its conversion to dichlorvos, which 
occurs nonenzymatically. Although there are no data in humans, 
animal studies show that both metrifonate and dichlorvos are degraded 
largely by hydrolysis. Metrifonate and dichlorvos are predominantly 
eliminated in the urine as glucuronides.222

After a single oral dose, metrifonate produces a 95% decrease in 
plasma cholinesterase activity within 6 hours, with a fairly rapid return 
to normal. Erythrocyte cholinesterase levels return to normal more 
gradually, usually requiring about 2.5 months.219 Patients should not 
be exposed to neuromuscular blocking agents or organophosphate 
insecticides for at least 48 hours after treatment.

No serious side effects have been seen with recommended 
dosages222,223 but side effects resulting from cholinergic stimulation 
(fatigue, muscular weakness, tremor, sweating, salivation, fainting, 
abdominal colic, diarrhea, nausea, vomiting, and bronchospasm) have 
been reported. These are relatively rare and subside within a few hours. 
There is a strong relationship between the occurrence of side effects 
and plasma concentrations.224 Metrifonate potentiates the effect of suc-
cinylcholine. Food may delay the rate of its absorption.225

Niclosamide
Niclosamide is highly effective against a wide variety of adult tape-
worms but not against tissue cestodes, such as echinococcosis or cysti-
cercosis. Praziquantel is the preferred agent for treatment of tapeworm 
infection in most settings. Niclosamide has the unique indication for 
treatment of intestinal Taenia solium infection when it is desired not to 
treat tissue-dwelling parasites, usually neurocysticercosis. However, the 
scolex and proximal segments of the tapeworms are killed on contact 
with niclosamide and may be digested in the gut. There is theoretical 
concern that autoinfection may result from release of viable ova as the 
tapeworm disintegrates within the intestinal lumen. Whether or not 

drug’s relative efficacy in schistosomiasis-naïve and endemic human 
populations190 indicates that a preformed antiparasitic antibody 
response is required for optimal activity. Praziquantel disrupts the 
parasite tegument, causing tetanic contractures with loss of adherence 
to host tissues and, ultimately, disintegration or expulsion. It also inter-
feres with parasite metabolism, exposing concealed antigens in the 
parasite.191

Reports from Senegal192 and Egypt193 of Schistosoma mansoni infec-
tion resistant to praziquantel and animal models have documented 
decreased efficacy.194 The mechanisms of resistance remain unclear, but 
resistant strains were less susceptible to praziquantel-induced tegu-
mental damage in vivo.195 There have been no plausible reports of 
resistance in Schistosoma haematobium or Schistosoma japonicum; 
oxamniquine would be a treatment option for treatment of praziquantel-
resistant S. mansoni infection. Praziquantel has recently been shown 
to have good activity against Schistosoma mekongi and Opisthorchis 
viverrini.195a

Praziquantel is rapidly absorbed, with an estimated bioavailability 
of 80% to 100% but undergoes extensive first-pass hepatic metabolism 
to inactive metabolites so that most of the active drug does not reach 
the systemic circulation.196 Praziquantel is completely metabolized, 
with 80% of the dose recovered as metabolites in urine within 4 days. 
It is not known to what extent praziquantel crosses the placenta, but 
only a small amount (<0.001%) is excreted in breast milk.197 The bio-
availability of praziquantel is influenced by other drugs. Phenytoin and 
carbamazepine both substantially reduce praziquantel levels because 
of induction of first-pass hepatic metabolism and displacement of pra-
ziquantel from plasma protein binding.198 Dexamethasone, adminis-
tered 24 hours earlier, reduces the bioavailability of praziquantel by 
approximately 50%.199 Praziquantel plasma levels are reduced by chlo-
roquine and glucose. Levels of the drug are increased when it is taken 
with cimetidine and with food, particularly meals high in fat and 
carbohydrate.

Praziquantel is considered safe in children older than 2 years. 
Tablets can be divided but should not be chewed. It should be given 
with food and plenty of water because of its bitter taste. No dose adjust-
ment is required in renal failure.200 Serum praziquantel concentrations 
and side effects increase in proportion to the degree of hepatic impair-
ment201; thus, dose reduction may be indicated in these individuals. In 
a rodent study, fetal death ensued when the drug was administered in 
high doses to pregnant rats between the 6th and 10th day of gesta-
tion.202 Although there have been no reports of adverse maternal and 
fetal outcome in large-scale treatment programs in which inadvertent 
administration to women in early pregnancy was likely, it is recom-
mended that praziquantel be withheld during the first trimester. It is 
also recommended that mothers should not breastfeed for 3 days after 
drug ingestion.

Praziquantel is well tolerated. The most commonly reported side 
effects are relatively mild and include transient nausea, vomiting, 
abdominal pain, dizziness, headache, and lassitude. Symptoms begin 30 
minutes after ingestion, may require spasmolytics for relief, and usually 
disappear spontaneously after a few hours. In general, the adverse 
effects are related to the intensity and location of the infection, suggest-
ing that they are due to the host immune response to release of parasite 
antigen.203 In one study undertaken in an African population heavily 
infected with S. mansoni, the frequency of GI symptoms, namely 
abdominal pain and bloody diarrhea, exceeded 50%.204 However, in a 
large retrospective study of patients infected with S. japonicum, less 
than 0.5% had significant side effects attributable to the drug.205

Oxamniquine
Oxamniquine is a hydroxylated metabolite of a 2-aminotetra- 
hydroquinoline with activity against S. mansoni. After the development 
of praziquantel, it assumed a minor role because of its narrower spec-
trum of action and its more pronounced toxicity profile. In addition, 
drug efficacy shows regional variation.206

The primary mode of action of oxamniquine seems to be mediated 
by ATP-dependent generation of an intermediate that alkylates essen-
tial macromolecules, including DNA. After 4 to 8 days of treatment 
with oxamniquine, adult schistosomes show tegmental alterations 
similar to that induced by praziquantel. These changes result in 
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Bithionol
Bithionol is a little-used chlorinated bisphenol with activity against 
trematodes, including F. hepatica227 and Paragonimus spp.228 Prazi-
quantel or triclabendazole is generally preferred. It competitively 
inhibits electron transfer, resulting in impaired anaerobic energy 
metabolism and trematode death. Its parasite specificity is due to its 
unique target in the parasite respiratory chain.

Bithionol is readily absorbed from the GI tract and is widely dis-
tributed throughout the body. Peak blood concentrations are achieved 
within 4 to 8 hours after oral administration. A high blood concentra-
tion seems to be maintained when bithionol is administered at inter-
vals of 2 to 3 days.229 Excretion has been reported to be mainly through 
the kidneys.

Limited supplies of bithionol are available from the Centers for 
Disease Control and Prevention Drug Service. Bithionol is given as an 
oral dose of 30 to 50 mg/kg on alternate days for 10 to 15 doses. Data 
on dose adjustments in special groups are limited, but one study indi-
cated safety in patients with altered renal or liver function.230

Adverse effects of bithionol are usually mild and transient and include 
anorexia, nausea, abdominal cramps, diarrhea, and urticaria.227,228,231 
Data on drug interactions are limited.

this is true, a brisk purgative is recommended to be given 2 hours after 
the first dose given for T. solium infections. The drug acts by uncoupling 
oxidative phosphorylation.226 In vitro, niclosamide rapidly paralyzes 
the cestode. Little is known about the pharmacokinetics of niclosamide. 
Only a small amount of the drug is absorbed from the GI tract.226

Use of the drug is limited by side effects, necessary duration of 
therapy, the recommended use of purgatives, and by limited availabil-
ity. Tablets are given on an empty stomach in the morning after a liquid 
meal: for T. solium, 2 g as a single dose; in a child younger than 2 years, 
500 mg; and if 2 to 6 years of age, 1 g. All doses are to be taken as a 
single dose after a light breakfast. For Taenia saginata infection in an 
adult, 1 g is taken after breakfast and 1 g an hour later; in a child 
younger than 2 years, 250 mg after breakfast and 250 mg an hour later; 
and if 2 to 6 years of age, 500 mg after breakfast and 500 mg an hour 
later. For treatment of hymenolepiasis in an adult, the initial dose is 
2 g on the first day, followed by 1 g daily for 6 days.

Adverse effects of niclosamide are mild and infrequent. This may 
include GI disturbances, lightheadedness, malaise, and pruritus.226 
Alcohol may enhance the absorption of niclosamide, increasing the 
risk of side effects and therefore should be avoided when taking this 
drug. Niclosamide is safe for use in pregnancy.
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43  Antiviral Agents: General Principles
Raphael Dolin

The development of antiviral drugs has historically lagged behind the 
development of drugs against other microbial agents. In part, this was 
because of difficulties in detection and study of many viruses and 
because of challenges in the evaluation of the effectiveness of chemo-
therapeutic and chemoprophylactic agents against viral infections. 
However, in recent years, the search for and evaluation of antiviral 
drugs has become increasingly active, fueled in large part by advances 
in understanding of molecular virology and viral pathogenesis and by 
the development of highly specific, sensitive, and quantitative methods 
for viral detection. More than 50 antiviral agents are now available  
to treat various viral infections, including 23 to treat human immuno-
deficiency virus (HIV) infections (see Chapter 130), and many addi-
tional agents are at various stages of preclinical and clinical development. 
The development of laboratory methods to guide administration and 
to assess efficacy of antiviral drugs has also historically lagged behind 
that of methods utilized to treat bacterial infections. However, led by 
antiviral therapy for HIV and hepatitis B and C virus infections, 
methods are now becoming widely available to assess sensitivity of 
viruses to antiviral drugs, to quantitate viruses in host compartments 
(virus load), and to determine pharmacokinetics of antiviral drugs. 
These now provide the framework for appropriate use of antiviral 
agents.

General principles for the use of antiviral agents are reviewed in 
this chapter. Specific antiviral agents are discussed in Chapters 44 
through 47, and antiretroviral therapy is discussed in Chapter 130.

ACTIVITY OF ANTIVIRAL AGENTS
The antiviral activity of agents against viral infections can be divided 
into two broad categories: (1) agents that directly inhibit viruses,  
usually at the cellular level (antiviral agents); or (2) agents that aug-
ment or modify host defenses to viral infection (immunomodulating 
agents).

Mechanisms of Action
The mechanisms of action of antiviral agents generally involve inhibi-
tion of a virus-specific step in viral replication. Because viral replica-
tion depends primarily on host cell metabolic functions, useful antiviral 
agents should inhibit virus-specific functions and leave host cell func-
tions intact, or at least preferentially inhibit virus-directed as opposed 
to host cell–directed macromolecular synthesis. Consequently, antivi-
ral agents typically have a restricted spectrum of activity. Although 
many compounds can be found that exhibit antiviral activity in vitro, 
most also affect some host cell function and are associated with low 
therapeutic ratios or may have unacceptable toxicity in humans.  
Most current antiviral agents inhibit ongoing viral replication, and 
replication may resume when the drug is removed. Thus, current anti-
viral agents are ineffective in elimination of nonreplicating or latent 
viruses.

Inhibition of Viral Nucleic Acid Synthesis
Many antiviral compounds are nucleoside or nucleotide analogues 
whose mechanism of action is inhibition of viral nucleic acid synthesis. 
Nucleoside analogues such as acyclovir and penciclovir require phos-
phorylation to the monophosphate, which requires a thymidine kinase 
coded by herpes simplex virus and not present in uninfected cells.1 
Cellular kinases phosphorylate acyclovir to the triphosphate moiety, 
which inhibits the viral DNA polymerase and is incorporated into viral 
DNA as a chain terminator, thus inhibiting viral DNA synthesis. The 
requirement for a virus-encoded enzyme provides a virus-specific 

mechanism of action. Herpes simplex viruses that lack a thymidine 
kinase are resistant to acyclovir and penciclovir.2

Cidofovir is a monophosphorylated nucleotide analogue that does 
not require a virus-coded thymidine kinase for its activity. It utilizes 
cellular kinases to convert it to a diphosphate moiety that inhibits viral 
DNA polymerase and also causes premature chain termination. It is 
active against viruses that lack thymidine kinase and are therefore 
resistant to acyclovir and penciclovir.3

Foscarnet is not a nucleoside or nucleotide analogue but rather a 
pyrophosphate that blocks the pyrophosphate-binding site on the viral 
DNA polymerase. Thus, it does not require intracellular metabolism 
for its anti-herpesvirus activity.4

A novel mechanism of action, inhibition of the helicase-primase 
complex is manifested by amenamevir5 and pritelivir,6 which are active 
against herpes simplex viruses types 1 and 2. The helicase-primase 
complex is a heterotrimer consisting of helicase, primase, and cofactor 
subunits that are essential for DNA replication. Amenamevir and prite-
livir are not nucleoside analogues, do not require phosphorylation by 
thymidine kinase, and are therefore active against viruses that are 
resistant to acyclovir and penciclovir because of thymidine kinase defi-
ciencies. Amenamevir and pritelivir are undergoing clinical studies in 
suppression and treatment of genital herpes (see Chapter 45).

Letermovir is an antiviral agent with activity against cytomegalovi-
rus through inhibition of the viral terminase enzyme complex, which 
results in interference with processing and blockage of viral DNA.7 It 
does not inhibit the viral DNA polymerase and is therefore active 
against cytomegalovirus strains resistant to ganciclovir, cidofovir, and 
foscarnet.

In HIV infection, nucleoside and nucleotide analogues inhibit viral 
complementary DNA synthesis through inhibition of reverse tran-
scriptase. These drugs must be phosphorylated to the triphosphate 
moieties for anti-HIV activity. They include zidovudine, tenofovir, 
emtricitabine, and abacavir. Non-nucleoside reverse-transcriptase 
inhibitors (NNRTIs) also bind to reverse transcriptase but do so in a 
pocket far from the active site, in contrast to the nucleoside and nucleo-
tide analogues. NNRTIs include nevirapine and efavirenz.

RNA Antisense Nucleotides
Antisense nucleotides inhibit transcription of messenger (m)RNA and 
can be utilized to inhibit replication of viruses. Fomivirsen is an anti-
sense oligonucleotide that is complementary to a sequence in mRNA 
transcripts of the major immediate-early region 2 of cytomegalovirus.8 
It is administered intravitreally to treat cytomegaloviral retinitis in 
HIV-infected patients who have failed or are intolerant to other treat-
ments. Because of its unique antiviral mechanism of action, fomivirsen 
is active against cytomegaloviral strains that are resistant to ganciclovir, 
foscarnet, or cidofovir.

Viral Entry Inhibition
Inhibition of attachment of virus to its cellular reception or viral entry 
is an important mechanism for antiviral activity. Maraviroc is an allo-
steric inhibitor that interferes with attachment of HIV type 1 (HIV-1) 
to the CCR5 cellular chemokine receptor. Enfuvirtide is a synthetic 
peptide that inhibits gp41-mediated fusion of HIV-1 with the cell 
membrane and thus blocks virus entry (see Chapter 130).

Protease Inhibition
Many viruses require proteolytic cleavage of polypeptide precursors  
to activate essential viral proteins. For HIV-1, there are 10 clinically 
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influenza and parainfluenza infections in immunosuppressed patients 
(see Chapter 44).

RESISTANCE TO ANTIVIRAL 
AGENTS
As is the case with antibacterial antibiotics, resistance to antiviral 
agents has also been increasingly recognized as an important problem 
in antiviral therapy.

Although the prevalence of resistance is generally related to increas-
ing clinical use of drugs, the emergence and global spread of 
oseltamivir-resistant influenza A/H1N1 viruses in 2008, prior to the 
influenza A/H1N1 pandemic of 2009, did not appear to be related to 
concurrent oseltamivir use, nor did the subsequent emergence of resis-
tance to the adamantanes. This highlights the limited understanding 
of factors associated with emergence of resistant strains. The laboratory 
selection of a drug-resistant strain of virus implies that the drug has a 
specific antiviral mechanism. The development of resistance results 
from mutations in the viral genome, and the presence of selective drug 
pressure leads to the emergence of a resistant virus population. Resis-
tant subpopulations often exist naturally in clinical isolates, but resis-
tant mutations can also arise during drug exposure. Single nucleotide 
mutations leading to critical amino-acid substitutions in a target 
protein are often sufficient to cause antiviral resistance, as has been 
noted in HIV, hepatitis B and C, and influenza A virus infections.

The possibility of drug resistance is usually recognized because of 
a lack of clinical and virologic response to treatment. However, clinical 
failures of antiviral therapy may also involve drug-sensitive viruses in 
immunocompromised hosts who are unable to mount effective host 
responses. Factors favoring the emergence of resistant variants include 
high viral replicative load, as in infections with prolonged and rapid 
viral turnover; high intrinsic viral mutation rates, which are generally 
greater in RNA than in DNA viruses; degree of selective drug pressure, 
which is higher with prolonged or repeated courses of drug therapy, 
particularly with suboptimal doses; and an antiviral target that can 
mutate without adversely affecting viral fitness. Consequently, most 
drug-resistant viruses (including herpes simplex virus, varicella-zoster 
virus, cytomegalovirus, and HIV-1) are recovered from immunocom-
promised patients, although resistant influenza A virus and hepatitis 
B and C viruses are seen in immunocompetent individuals.

The consequences of the emergence of resistance may vary accord-
ing to the specific virus and to the antiviral drug that is involved. If 
resistant virus has similar replicative ability (“viral fitness”) to the 
parent sensitive virus, then a failure of antiviral therapy may ensue and 
may be associated with prolonged or severe disease in immunocom-
promised hosts. If resistant variants are at some biologic disadvantage 
(“less fit”) with respect to transmissibility, ability to establish chronic 
or latent infection, or ability to persist in the absence of selective drug 
pressure, emergence of resistance may have less overall impact or may 
be associated with an indolent clinical course.

Laboratory techniques to determine sensitivity of a virus isolate to 
antiviral drugs are now becoming increasingly available. Initially, these 
were based entirely on phenotypic assays in cell culture developed for 
individual viruses.21 Results in these assays varied with the in vitro 
system that was utilized and were often difficult to standardize. These 
assays are now being largely supplanted by highly sensitive, rapid, and 
specific genotypic assays (see Chapter 16), in which specific amino-
acid changes have been associated with phenotypic resistance.22 Geno-
typic assays that detect thymidine kinase mutations are associated with 
resistance to acyclovir and penciclovir in herpes simplex virus and 
varicella-zoster virus infections. Mutations in phosphotransferase and 
DNA polymerase genes of cytomegalovirus are associated with resis-
tance to ganciclovir, cidofovir, and foscarnet. Despite their advantages, 
genotypic assays rely only on mutations that have been previously 
recognized to be associated with phenotypic resistance. Thus, the 
probes that are utilized must be frequently updated to detect newly 
recognized mutations that are associated with antiviral resistance. In 
situations in which de novo resistance is uncommon, such as herpes 
simplex virus or varicella-zoster virus infections in normal hosts, geno-
typic assays for resistance are performed when failure of antiviral 
therapy is suspected. In other clinical settings in which antiviral resis-
tance may be relatively common, such as in HIV-1 infection, genotypic 

utilized inhibitors of such protease activity, which are important com-
ponents of combination antiretroviral regimens. These protease inhibi-
tors include ritonavir, nelfinavir, and atazanavir.

Boceprevir9 and telaprevir10 are peptidomimetics that inhibit the 
NS3/4A protease of hepatitis C virus by forming reversible covalent 
bonds with the NS3 active site. Multiple additional protease inhibitors 
against hepatitis C virus are under clinical development.

Integrase Inhibition
Integrase is an enzymatic activity required for integration of the HIV-1 
genome into the genome of host cells, thus maintaining stability of  
the viral genome in the host. This function is inhibited by raltegravir 
and represents a relatively new category of antiviral activity (see 
Chapter 130).

Inhibition of Uncoating of Virus
The adamantane compounds amantadine11 and rimantadine12 interfere 
with the function of the M2 protein of influenza A virus and inhibit 
uncoating of influenza virus shortly after entry of virus into cells.11,12 
Single amino acid changes can render viruses resistant to the adaman-
tanes, as is the case with currently circulating (2013-2014) influenza A 
viruses.13

Inhibition of Virus Release
The neuraminidase inhibitors oseltamivir and zanamivir interfere with 
release of influenza A and B from infected cells.14,15 Neuraminidase 
prevents the clumping of released virus, and thus inhibition of this 
enzyme retards the cell-to-cell movement of virus.

HOST DEFENSE MODIFIERS
Appropriate host defenses, including both innate and adaptive immune 
responses, are essential for prevention and recovery from viral infec-
tion. Immunosuppression resulting from organ transplantation, cancer 
chemotherapy, or HIV infection may be associated with more severe 
viral infections and with higher rates of recrudescent or chronic viral 
infections. Antiviral prophylaxis and preemptive therapy have become 
standard practice in immunocompromised patients, such as hemato-
poietic stem cell and solid-organ transplant recipients. Responses to 
antiviral treatment may be delayed in such patients, and the risk for 
selecting drug-resistant viruses is higher. In addition, some antiviral 
agents may blunt host immune responses through reductions in viral 
antigen that would otherwise stimulate such responses. Reduction of 
immunosuppression should be part of antiviral treatment whenever 
possible.

Interferons
Interferons are cytokines that do not directly have antiviral activity 
themselves but induce an antiviral state in host cells through activation 
of tyrosine kinases (Tyk2, JAK1, JAK2) and phosphorylation of cyto-
plasmic STAT proteins (see Chapter 47). This results in inhibition  
of multiple steps in viral replication, depending on the particular  
virus and cell type.16,17 Interferons have been most widely used in treat-
ment of hepatitis B and C virus infections, as part of combination 
regimens with ribavirin, and with protease inhibitors for hepatitis C 
(see Chapter 46).

Innate Immunity Stimulators
Imiquimod is an imidazoquinoline that is a Toll-like receptor (TLR) 7 
agonist that activates various cells in the innate immune system.18 It is 
topically administered and is approved for treatment of anogenital 
warts (see Chapter 47). Resiquimod is a structurally related investiga-
tional compound that is a TLR7 and TLR8 agonist.19

Sialidase Inhibitors
Influenza and parainfluenza viruses infect host cells through binding 
with sialic acid cell receptors. Host sialidases inactivate such receptors 
and reduce viral infection through inhibition of virus binding. DAS181 
is a sialidase attached to a respiratory epithelium–binding domain that 
has activity against influenza A and B and parainfluenza virus infec-
tions in vitro and in vivo.20 It is being evaluated in clinical studies in 
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and are the basis for definition of a sustained viral response to a par-
ticular antiviral regimen. Virus loads are also employed to follow 
immunosuppressed patients with potential or established viral infec-
tions, including cytomegalovirus, BK virus, and adenovirus. These  
may be used to assess whether the particular viral infection needs 
antiviral therapy or whether preemptive therapy might be desirable, as 
well as to monitor the effects of antiviral therapy, once instituted.

PHARMACODYNAMICS
Human pharmacokinetic studies that define absorption, stability in 
body fluids, tissue and cellular distribution, and metabolic fate of anti-
viral drugs are essential for selection of proper dosage and regimen of 
administration of antiviral agents. Data for pharmacodynamic rela-
tionships between drug concentrations in blood or other body fluids 
and clinical response to antiviral agents are now being accumulated for 
many antiviral agents.

The most extensive studies of pharmacodynamics of antiviral 
agents have been conducted with antiretroviral drugs. These have asso-
ciated peak plasma concentration (Cmax), trough plasma concentration 
(Cmin), as well as area under the concentration-time curve (AUC) with 
virologic responses to antiretroviral agents (see Chapter 19). The AUC 
has been correlated with virologic effects for protease inhibitors,23,24 
including atazanavir, darunavir, nelfinavir, and lopinavir, as well as for 
the inhibitor of CCR5 binding by maraviroc.25 Relationships of Cmin 
with virologic responses have been noted for the NNRTIs nevirapine26 
and efavirenz.27 Defining concentration-effect relationships between 
nucleoside analogue reverse-transcriptase inhibitors has been difficult 
because those drugs require intracellular phosphorylation that may be 
impacted by different intracellular phosphorylation activities in differ-
ent cell types and under different metabolic conditions.

Pharmacodynamic relationships have also been established for 
antiviral treatment of certain herpesvirus infections. Foscarnet, a pyro-
phosphate analogue that inhibits viral DNA polymerases of cytomega-
lovirus and other herpesviruses, has a correlation of AUC with 
treatment effects and with development of toxicity.28 In hepatitis C 
virus infection, virologic suppression by boceprevir and telaprevir is 
closely related to Cmin concentrations.29,30

Topical application of an antiviral agent to the cornea, skin, mucous 
membranes, or respiratory tract is intended to provide high concentra-
tions at the site of infection and to avoid the possible toxicity of sys-
temic administration. Topically applied drugs must be able, however, 
to penetrate such barriers as stratified epithelium or local secretions to 
reach the site of active viral replication.

assays of virus isolates may be used in selection of an appropriate initial 
antiviral regimen.

COMBINATIONS OF ANTIVIRAL 
AGENTS
Combinations of antiviral agents with different mechanisms of action 
are used as a means to prevent or reduce the likelihood of development 
of drug resistance. Viral isolates from treated patients may be geneti-
cally heterogeneous with respect to mixtures of sensitive and resistant 
viruses or have viruses with different resistance mutations, so that 
combinations of antiviral agents may be able to provide broader activ-
ity than single agents. Combination antiviral therapy is the standard of 
care in HIV and hepatitis C virus infections and is likely to become 
increasingly used in other viral infections.

Combinations of antiviral agents may also provide the advantage of 
increasing antiviral activity and reducing drug dosage that might be 
associated with toxicity. Individual drugs in combination regimens 
may act preferentially at different cell types or different tissues to 
enhance antiviral effects. However, combinations of antiviral agents 
may also result in increased toxicity, as is seen with combinations of 
interferon and ribavirin.

VIRUS LOAD ASSAYS
Quantitation of virus in body fluids, most commonly in plasma but 
also in cerebrospinal fluid and other fluids, is a measure of the extent 
and possible severity of a viral infection. Highly sensitive, specific, and 
precise assays for virus load are now commercially available and 
approved by the U.S. Food and Drug Administration and by CE 
marking in the European Union. The majority of assays utilize nucleic 
acid amplification tests that report results in copies of nucleic acid per 
milliliter. Virus load measurements are used most extensively to 
monitor the effect of antiviral therapy, but they also may be used to 
establish or confirm the diagnosis and to assess the extent and possible 
severity of the viral infection. Their most extensive use is in patients 
with HIV-1 infection, in which they are utilized to monitor the effec-
tiveness of antiretroviral therapy (see Chapter 130). The goal of anti-
retroviral therapy is to reduce viral load in plasma to below the level 
of detection of the assay, generally less than 20 to 80 copies of HIV 
RNA/mL in commercially available assays. Virus load assays are then 
periodically obtained to ensure that the effect of antiretroviral therapy 
is maintained, and rises in virus load are investigated for cause, includ-
ing assays for development of resistance. Virus loads are also utilized 
to assess the effect of antiviral therapy for hepatitis B and C infections 
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In this chapter, antiviral agents against influenza viruses and certain 
other respiratory viruses such as parainfluenza and respiratory syn
cytial virus are reviewed (Table 441). The antiviral agents are pre
sented in alphabetical order and include licensed (approved) as well  
as investigational agents. Agents that have been investigated in rhino
virus infections but have been utilized primarily in non–respiratory 
tract infections, such as interferons and pleconaril, are discussed in 
Chapter 47.

AMANTADINE AND RIMANTADINE
Spectrum
Amantadine (1adamantanamine hydrochloride; Symmetrel) and 
rimantadine (αmethyl1adamantane methylamine hydrochloride; 
Flumadine) are symmetrical tricyclic amines (Fig. 441A and B) that 
specifically inhibit the replication of influenza A viruses at low con
centrations (<1 µg/mL). Influenza B and C viruses are resistant.1 
In the past, epidemic human and avian strains of influenza viruses  
have generally been susceptible to amantadine.2 However, since 2008
2009, isolates of influenza A/H1N1 and H3N2, highly pathogenic  
avian H5N1, and A (H1N1)pdm09 are resistant to amantadine and 
rimantadine (see later discussion).3 By plaque assay, inhibitory con
centrations of the drugs range from 0.1 to 0.4 µg/mL or less for sensi
tive human influenza A viruses. Rimantadine is 4 to 10 times more 
active than amantadine in some assay systems. Both drugs are inhibi
tory for virus containing the M protein from the 1918 pandemic 
strain.4

Higher concentrations (10 to 50 µg/mL) inhibit other enveloped 
viruses in vitro, including parainfluenza, influenza B, rubella, dengue, 
several arenaviruses (Junin, Lassa, Pichinde), rabies, and African swine 
fever virus, but these concentrations are not achievable clinically  
and can be cytotoxic in vitro.5 Rimantadine has pHdependent 

trypanocidal activity at concentrations of approximately 1 µg/mL6; 
amantadine at the same concentration in combination with doxycy
cline inhibits Coxiella burnetii.7 Amantadine may transiently inhibit 
hepatitis C virus (HCV) replication in humans.8

These agents have prophylactic and therapeutic activity in experi
mental influenza A virus infection of animals after oral or parenteral 
dosing. Combinations of M2 inhibitors and neuraminidase inhibitors 
and ribavirin show enhanced antiviral and therapeutic effects in vitro 
or in animal models of influenza.912

Mechanism of Action
Amantadine and rimantadine share two concentrationdependent 
mechanisms of antiinfluenza action. Low concentrations inhibit the 
ion channel function of the M2 protein of influenza A viruses, which 
affects two different stages in virus replication.1315 The primary effect 
involves inhibition of viral uncoating or disassembly of the virion 
during endocytosis. For subtype H5 and H7 viruses, a late effect on 
hemagglutinin maturation and viral assembly is presumably mediated 
through altered pH regulation of the transGolgi network. Amantadine 
and rimantadine block proton permeation and prevent M2mediated 
changes in pH. This action probably accounts for inhibition of the 
acidmediated dissociation of the matrix protein from the ribonucleo
protein complex within endosomes early in replication and potentia
tion of acidic pH–induced alterations in the hemagglutinin during its 
transport late in infection.

Amantadine and rimantadine are also concentrated in the lyso
somal fraction of mammalian cells. Drugmediated increases in lyso
somal pH may inhibit virusinduced membrane fusion events and 
account for the broader antiviral spectrum at higher concentrations. 
In contrast, the selective anti–influenza A virus effects are quickly  
lost after removal of the drug from the surrounding medium, which 

INFLUENZA A AND B: NEURAMINIDASE 
INHIBITORS

Oseltamivir
•	 Orally	administered	oseltamivir	is	effective	in	

prevention	and	treatment	of	uncomplicated	
influenza	in	otherwise	healthy	adults.

•	 Observational	studies	suggest	it	is	beneficial	in	
serious	illness.

•	 Toxicity	is	primarily	gastrointestinal.

Zanamivir
•	 Administration	is	through	oral	inhalation	as	a	

powder.
•	 Effectiveness	is	similar	to	that	of	oseltamivir.
•	 It	is	active	against	some	oseltamivir-resistant	

strains.
•	 Bronchospasm	may	occur	in	individuals	with	

asthma	or	chronic	obstructive	pulmonary	
disease.

INFLUENZA A: ADAMANTANES

Amantadine and Rimantadine
•	 Widespread	resistance	to	these	agents	is	

present	in	currently	circulating	influenza	A	

viruses,	and	they	should	not	be	used	unless	
sensitivity	of	isolates	is	demonstrated.

•	 Orally	administered,	they	have	shown	efficacy	
against	uncomplicated	influenza	A.

•	 Effectiveness	in	serious	illness	is	not	
established.

•	 Toxicity	with	amantadine	is	primarily	
evident	as	central	nervous	system	symptoms;	
with	rimantadine	it	is	gastrointestinal	
intolerance.

INVESTIGATIONAL AGENTS AGAINST 
INFLUENZA
•	 Peramivir:	intravenously	administrated	

neuraminidase	inhibitor
•	 Laninamivir:	orally	inhaled	neuraminidase	

inhibitor	with	prolonged	presence	in	the	
respiratory	tract

RESPIRATORY SYNCYTIAL VIRUS

Ribavirin
•	 A	guanosine	analogue,	ribavirin	has	activity	

against	a	broad	variety	of	viruses,	including	
respiratory	syncytial	virus	(RSV)	and		
influenza.

•	 It	is	approved	for	aerosol	administration	to	
children	hospitalized	with	RSV	pneumonia	or	
bronchiolitis	and	has	been	used	to	treat	viral	
respiratory	tract	infections	in	
immunosuppressed	patients.

•	 It	is	teratogenic	and	should	not	be	used	near	
potentially	pregnant	staff.

RSV604
•	 An	investigational	agent,	RSV604	inhibits	RSV	

through	interaction	with	the	nucleocapsid	
protein.

•	 It	is	well	absorbed	orally,	and	phase	II	studies	
are	underway.

PARAINFLUENZA VIRUSES

DAS181 (Fludase)
•	 DAS181	is	an	investigational	compound	with	

activity	against	parainfluenza	and	influenza	
viruses.

•	 An	orally	inhaled	sialidase,	it	reduces	virus	
binding	to	epithelial	cells.

•	 It	has	been	used	to	treat	parainfluenza	virus	
type	3	infections	in	immunosuppressed	
patients.

SHORT VIEW SUMMARY

http://www.myuptodate.com


C
h

ap
ter 44 Antiviral	Drugs	for	Influenza	and	O

ther	Respiratory	Virus	Infections
531.e1

KEYWORDS
amantadine; chemoprophylaxis; chemotherapy; DAS181 (Fludase); 
influenza; inhaled; laninamivir; oseltamivir; outbreak (control); 
peramivir; pharmacokinetics; postexposure; resistance; respiratory 
syncytial virus; ribavirin; rimantadine; RSV604; seasonal; zanamivir

http://www.myuptodate.com


P
a
rt

 I
 B

as
ic

 P
ri

n
ci

p
le

s 
in

 t
h

e 
D

ia
g

n
o

si
s 

an
d

 M
an

ag
em

en
t 

o
f 

In
fe

ct
io

u
s 

D
is

ea
se

s
532

transmission of drugresistant virus may occur after cessation of  
drug use.

Before 2003, a small percentage of untreated patients (<1%) had 
infection with resistant influenza A virus.18 Approximately 30% of 
drugtreated ambulatory children and adults and 80% of hospitalized 
children or immunocompromised patients shed resistant virus.1921 
Immunocompetent individuals shedding resistant virus resolve their 
illness promptly,22 whereas immunocompromised hosts may experi
ence prolonged illness associated with persistent virus shedding.20 
Transmission of M2 inhibitor–resistant virus, associated with failure 
of drug prophylaxis, occurs in household contacts of treated index 
cases23 and in nursing home residents.24 Resistant variants can cause 
typical influenza illness. It is prudent to avoid contact between treated 
patients and susceptible highrisk contacts and to avoid use of treat
ment (specifically of young children) and postexposure prophylaxis in 
the same household.

Globally, up to 2003, epidemic influenza A H1N1 and H3N2 strains 
were M2 inhibitor sensitive. Since 2003, the prevalence of amantadine 
resistance has increased progressively, although rates vary by virus type 
and geography.25,26 Among H3N2 isolates, amantadine resistance 
increased from 12% worldwide in 200325 to 91% by 2005 and greater 
than 95% in 20082009.26 In the United States prior to March 2009, 
nearly all of the A/H1N1 isolates tested were sensitive to the adaman
tanes and, subsequently, virtually all A/H1N1 isolates have been resis
tant up to the present, including the A (H1N1)pdm09 virus.27 Among 
nonpandemic H1N1 isolates, the prevalence of amantadine resistance 
was 4% in 20042005 worldwide and 16% in isolates from 20052006, 
with rates ranging from 2% in South Korea to 72% in China.26,28,29 The 
reason for the emergence and global spread of amantadineresistant 
strains is unclear. Widespread inappropriate use of amantadine30 and 
acquisition of undefined advantageous mutations combined with lack 
of fitness impairment may have been contributing factors. Ribavirin 
and the neuraminidase inhibitors zanamivir and oseltamivir carboxyl
ate are active in vitro against M2 inhibitor–resistant strains.

The triple combination of amantadine, oseltamivir, and ribavirin 
impedes the selection of drugresistant influenza A virus in vitro at 
clinically achievable concentrations31 compared with double combina
tions and the agents used singly in vitro.32 The same combination of 
drugs was also synergistic in vitro in inhibiting the growth of both 
amantadine and oseltamivirresistant influenza A virus strains at con
centrations that had no activity as single agents.32

Pharmacokinetics
The clinical pharmacokinetic characteristics of amantadine and riman
tadine are shown in Table 442.

Amantadine
Amantadine is well absorbed after oral administration of capsule, 
tablet, or syrup forms.5 Steadystate peak plasma concentrations 
average 0.5 to 0.8 µg/mL with a 100mg twicedaily regimen in healthy 
young adults. Older adults require only one half of the weightadjusted 
dosage needed for young adults to achieve equivalent trough plasma 
levels of 0.3 µg/mL. Plasma protein binding of amantadine is about 
67%, and amantadine’s volume of distribution (Vd) is large (4 to 5 L/
kg). Nasal secretion and salivary levels of amantadine approximate 
those found in the serum. Cerebrospinal fluid levels are 52% to 96% 
of those in plasma, and amantadine is excreted in breast milk.

Amantadine is eliminated largely unchanged in the urine by glo
merular filtration and probably by tubular secretion by a bicarbonate
dependent organic cation transporter.33 The plasma elimination 
halflife (t elim1

2
) is 12 to 18 hours, ranges widely, and correlates with 

the creatinine clearance (CrCl). Because of agerelated declines in renal 
function, t elim1

2
 increases twofold in older adults and even more in 

patients with impaired renal function. Dosage reductions are required 
in renal insufficiency (Table 443). Amantadine is inefficiently cleared 
in patients receiving hemodialysis or continuous ambulatory perito
neal dialysis, and additional doses are not required. Monitoring of 
plasma concentrations in such patients is desirable but impractical.

Amantadine pharmacokinetics remained unaffected by concurrent 
administration of oseltamivir and ribavirin in healthy adult volunteers 
or stable immunocompromised patients.34

suggests that drug must be present in extracellular fluid early in the 
replicative cycle.

Amantadine inhibits the ion channel activity of expressed HCV p7 
protein at low concentrations,16 an effect that might account for its 
reported antiHCV effects in vivo. Neither agent inhibits HCV enzyme 
functions or internal ribosome entry in biochemical assays.17

Resistance
Amantadineresistant virus is readily selected by virus passage in the 
presence of drug. Resistance with more than 100fold increases in 
inhibitory concentrations has been associated with single aminoacid 
substitutions at critical sites (positions 26, 27, 30, 31, 34) in the trans-
membrane region of the M2 protein.13 Amantadine and rimantadine 
share crossresistance. In avian models, resistant viruses are virulent, 
genetically stable, and able to compete with wildtype virus so that 

TABLE 44-1  Antiviral Agents of Established 
Therapeutic Effectiveness for Respiratory  
Virus Infection

VIRAL 
INFECTION DRUG ROUTE

USUAL ADULT 
DOSAGE

Influenza A and 
B viruses

Oseltamivir Oral 75 mg bid for 5 daysa

Peramivir Intravenous 300 or 600 mg once

Zanamivir Inhalation 10 mg bid by inhaler for  
5 daysb

Laninamivir 
octanoate

Inhalation 40 mg oncec

Influenza A 
virus

Amantadine Oral 100 mg bid for 5 days for 
treatmentd

Rimantadine Oral 100 mg bid for 5 days for 
treatmente

Respiratory 
syncytial virus

Ribavirin Aerosol Aerosol treatment 18 hr/day 
for 3-7 daysf

aPediatric dosages: For infants 2 wk to <1 yr of age dose is 3 mg/kg twice daily. 
For children ≥1 yr of age, doses are weight adjusted: 30 mg bid for <15 kg, 
45 mg bid for 16-23 kg, 60 mg bid for 24-40 kg, and 75 mg bid for >40 kg. 
Prophylactic dosage is given once daily (one half of total daily treatment dosage). 
Not FDA approved currently for prophylaxis in children <1 yr old or treatment in 
children <2 wk old.

bFDA approved at same dosage for treatment of children ≥7 yr of age. 
Prophylactic dosage is 10 mg inhaled once daily for adults and children ≥5 yr 
of age.

cAdult dose and for children ≥10 yr of age. Pediatric dose: 20 mg once for 
children <10 yr of age.

dMaximum recommended dosage for older adults (≥65 yr) is 100 mg/day. 
Recommended pediatric dosage is 5 mg/kg/day up to a maximum of 150 mg/day 
in divided doses. For prophylaxis, the same daily dosage should be given for period 
at risk.

ePediatric dosage is 5 mg/kg up to a maximum of 150 mg/day in divided doses. 
Not approved by FDA for treatment in children <13 yr of age. For prophylaxis, 
same daily dosage should be given for period at risk.

fReservoir concentration of 20 mg/mL. Special aerosol-generating device 
(available from manufacturer) and expert respiratory therapy monitoring for 
administration are required. Higher reservoir concentration (60 mg/mL) given for 
2 hr tid is an alternative.

Note: Please consult text and manufacturer’s product prescribing information for 
dosage adjustments in renal or hepatic insufficiency and in other circumstances.

FIGURE  44-1 Chemical structures of amantadine hydrochloride 
(A) and rimantadine hydrochloride (B). 

NH2 HCl

NH2 HCl

H C CH3

Amantadine RimantadineA B
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of 3 mg/kg each day, peak serum levels range from 0.1 to 0.6 µg/mL. 
No important agerelated changes in pharmacokinetics have been 
found in healthy older adults or in children. However, steadystate 
plasma concentrations in older nursing home residents receiving 
100 mg twice daily average more than twofold higher (mean, 1.2 µg/
mL) than concentrations observed in healthy adults, which indicates 
the need for lower dosages in these patients. Plasma protein binding is 
about 40%. Rimantadine has a very large Vd (~12 L/kg), and concentra
tions in nasal mucus average 50% higher than those in plasma.

In contrast to amantadine, rimantadine undergoes extensive 
metabolism by hydroxylation, conjugation, and glucuronidation before 
renal excretion.5 The plasma t elim1

2
 of rimantadine averages 24 to 36 

hours. No clinically important differences in pharmacokinetics are 
found in patients with chronic liver disease without significant hepa
tocellular dysfunction. In hemodialysis patients with severe renal 
failure, the clearance of rimantadine is decreased by 40% and the t elim1

2
 

is about 55% longer. Reducing dosages by one half (e.g., to 100 mg/
day) is recommended for marked hepatic or renal insufficiency (CrCl 
<10 mL/min). Hemodialysis removes only a small amount of riman
tadine, so supplemental doses are not required.

Interactions
The risks for central nervous system (CNS) adverse effects with  
amantadine and possibly with rimantadine are increased by concomi
tant ingestion of antihistamines, antidepressants, anticholinergic 
drugs, and other drugs affecting CNS function. Concurrent use of 
trimethoprimsulfamethoxazole or triamterenehydrochlorothiazide 
has been associated with CNS toxicity resulting from decreased renal 
clearance of amantadine. Cimetidine is associated with 15% to 20% 
increases, and aspirin or acetaminophen is associated with 10% 
decreases in plasma rimantadine concentrations, but such changes are 
unlikely to be significant. Neither adverse clinical nor adverse pharma
cokinetic effects are observed when amantadine and oseltamivir are 
coadministered.35

Concurrent administration of recommended doses of amantadine, 
oseltamivir, and ribavirin for 10 days was well tolerated.34

Toxicity
Amantadine or rimantadine given in treatment courses of 5 days is 
generally well tolerated in young healthy adults.36 Longer periods 
of administration, such as 6 weeks for seasonal prophylaxis in  
young adults,36 and administration to fragile, elderly nursing home 
residents, such as octogenarians, for 10 days for outbreak control are 
associated with a significant frequency of adverse reactions and drug 
withdrawals.37

A casecontrol study demonstrated that in children younger than 
12 months of age, amantadine and rimantadine were well tolerated, as 
was oseltamivir.38 No evidence of adverse maternal or neonatal out
comes were observed after antepartum influenza treatment with ada
mantane antiviral agents.39

The most common side effects related to amantadine ingestion are 
minor, doserelated gastrointestinal and CNS complaints, including 
nervousness, lightheadedness, difficulty concentrating, confusion, 
insomnia, and loss of appetite or nausea.40 Complaints typically develop 
within the first week of administration, often resolve despite continued 
ingestion, and are reversible on drug discontinuation. CNS side effects 
occur in 5% to 33% of amantadine recipients at dosages of 200 mg/day 
but are significantly less frequent with rimantadine. When used for 
influenza prophylaxis in ambulatory adults, dosages of 200 mg/day are 
associated with excess withdrawals in 6% to 11% of recipients because 
of drug side effects. Dosages of 100 mg/day are better tolerated and 
may be protective against influenza illness. Amantadine dosage reduc
tions are required in older adults (100 mg/day), but 20% to 40% of 
nursing home residents experience significant adverse effects on this 
lower dosage despite some adjustment for renal insufficiency.4143 Con
sequently, further dosage reductions based on CrCl are warranted in 
this population.44

In the setting of renal insufficiency or high dosages, serious neuro
toxic reactions, including delirium, hostility, hallucinations, tremor, 
myoclonus, seizures, or coma; cardiac arrhythmias; and death can 
occur in association with elevated amantadine plasma concentrations 

Rimantadine
Rimantadine is well but slowly absorbed, with the time to peak plasma 
concentration averaging 2 to 6 hours. Absorption does not seem to be 
decreased by food. With multiple doses of 100 mg twice daily, the 
steadystate peak and trough plasma concentrations in healthy adults 
are 0.4 to 0.5 µg/mL and 0.2 to 0.4 µg/mL. In infants receiving dosages 

TABLE 44-2  Clinical Pharmacokinetic 
Characteristics of Amantadine and Rimantadine 
in Healthy Adults

CHARACTERISTIC
AMANTADINE RIMANTADINE

Young Elderly Young Elderly
Relative oral 

bioavailability (%)
62-93 53-100 75-93 NA

Vd (L/kg) at 200 mg/day 6.1 ± 2.1 3.6 ± 1.1 18.4 ± 9.6 11.5 ± 2.9

Plasma protein binding 
(%)

67 NA 40 NA

Clearance (mL/min/kg)

 Plasma or total 5 ± 2.1 2 ± 0.9 6.1 ± 1.9 4.7 ± 2

 Renal 6.4 ± 3.7 2 ± 1.1 1.2 ± 0.4 NA

 Nonrenal 0 0 6.4 ± 1.4 NA

Urinary excretion of 
unchanged drug (%)

62-93 53-100 8.3-43 NA

Plasma half-life (hr) 14.8 ± 6.2 26.1 ± 9.7 29.1 ± 9.7 36.5 ± 14.5

Therapeutic range  
(ng/mL)

 Cmax

  200 mg/day 475 ± 110 — 416 ± 108 447 ± 108

  100 mg/day — 362 ± 158 — —

 Ctrough

  200 mg/day 302 ± 80 — 300 ± 75 310 ± 87

  100 mg/day — 301 ± 75 — —

NA, not available.
Adapted from Hayden FG, Aoki FY. Amantadine, rimantadine, and related 

agents. In: Yu VL, Edwards D, McKinnon S, et al, eds. Antimicrobial Therapy and 
Vaccines. 2nd ed. Pittsburgh: E Sun Technologies; 2002:714.

TABLE 44-3  Amantadine Dosage Regimens for 
Prophylaxis and Alterations in Renal Failure

CONDITION SUGGESTED DOSAGE
No Renal Insufficiency
Children 1-9 yr 5 mg/kg/day in two divided doses, ≤150 mg/day

Ages 10-64 yr 100 mg twice daily

Ages ≥65 yr 100 mg once daily*

Creatinine Clearance (mL/min/1.73 m2)†

≥80 100 mg (1.4 mg/kg) twice daily

79-35 100 mg once daily

34-25 100 mg every 2 days

24-15 100 mg every 3 days

<15 100 mg every 7 days

Older Adults and Creatinine Clearance (mL/min/1.73 m2)‡

≥80 100 mg daily

60-79 100 mg and 50 mg on alternate days

40-59 100 mg every 2 days

30-39 100 mg twice weekly

20-29 50 mg twice weekly

10-19 100 mg and 50 mg on alternate weeks

*Use weight-adjusted dosing for smaller patients (<50 kg). Dosages of 1.4 mg/kg/
day have been suggested.5

†Based on adult dosage of 200 mg/day. Proportionate reductions should be 
made for older adults receiving lower dosages and for children.

‡This dosing schedule for older adults with renal insufficiency is taken from the 
Canadian guidelines and has been found to be reasonably well tolerated.44

Modified from Wu MJ, Ing TS, Soung LS, et al. Amantadine hydrochloride 
pharmacokinetics in patients with impaired renal function. Clin Nephrol. 
1982;17:19-23.
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Amantadine and rimantadine are also effective therapies for un
complicated adamantanesusceptible influenza A illness in healthy 
adults,5,22 but it is uncertain whether treatment reduces the risk for 
complications in highrisk patients or is useful in patients with estab
lished pulmonary complications. Early treatment in ambulatory adults 
(200 mg/day for 5 days) reduces the duration of fever and systemic 
complaints by 1 to 2 days, decreases virus shedding, and shortens time 
to resumption of usual activities.22 In illness caused by H3N2subtype 
influenza viruses, certain abnormalities of peripheral airways function, 
but not of airway hyperreactivity, resolve more quickly in amantadine
treated patients. Amantadine or rimantadine treatment in adults with 
leukemia or stem cell transplantation may reduce the risk for pneumo
nia,55 but more recent data suggest that in stem cell transplant recipi
ents, early neuraminidase inhibitor therapy may be preferred to 
adamantanes, because it may prevent progression to pneumonia and 
decrease viral shedding, thereby possibly preventing both influenza
related death in index patients and nosocomial transmission to others.56 
In children, rimantadine treatment is associated with lower symptom 
burden, fever, and viral titers during the first 2 days of treatment com
pared with acetaminophen administration, but rimantadinetreated 
children have more prolonged shedding of virus. Treatment generally 
does not seem to affect humoral immune responses to infection, but 
may blunt secretory antibody levels.57

Intermittent aerosol administration of amantadine or rimantadine 
seems to be therapeutically useful in uncomplicated influenza. No 
injectable formulation of either drug is available in the United States.

Other Viruses
Amantadine has been used in multiple trials for treatment of chronic 
hepatitis C with inconsistent evidence for increases in sustained viral 
response (SVR). In treatmentnaïve patients, the addition of amanta
dine (200 mg daily in single or divided doses) to interferon58,59 or 
to interferon plus ribavirin60 may modestly increase biochemical 
responses and the likelihood of SVR. In retreatment of interferon 
nonresponders, the combination of interferon plus amantadine is inef
fective61 but the addition of amantadine to the combination of inter
feron plus ribavirin may be associated with SVR in 10% to 25%.62 
Amantadine plus combined pegylated interferon and ribavirin may 
increase SVR modestly in treatmentexperienced patients compared 
with pegylated interferon plus ribavirin.63 Reports of possible activity 
in bornavirus infections and associated neuropsychiatric symptoms 
require confirmation.

DAS181 (FLUDASE)
DAS181 is an investigational antiviral agent with activity against influ
enza A and B viruses and parainfluenza viruses types 13.6469 It has a 
novel mechanism of action in that it is a sialidase from Actinomyces 
viscosus (Fig. 442) linked to a respiratory epitheliumanchoring 
domain.70 It cleaves the terminal sialic acid residues on the surface of 
human respiratory cells, thus reducing the binding of respiratory 
viruses, which use those as receptors. Desialylation is rapid and results 
in an antiviral effect, which lasts for at least 2 days.64 The effective 
concentration (EC) for 50% of all isolates (EC50) against influenza A 
and B viruses ranges from 0.04 to 0.9 µM.65 DAS181 is active against 
influenza viruses that are resistant to neuraminidase inhibitors.71 Low
level resistance to DAS181 can be induced, but resistant variants appear 
to be reduced in fitness.72

DAS181 is administered by oral inhalation and appears to be gener
ally well tolerated. A phase II placebocontrolled study was recently 
conducted in 177 subjects with influenza A and B virus infections.73 
DAS181 was administered either as a single 10mg dose or as a daily 
10mg dose for 3 days. Compared with placebo recipients, DAS181 
recipients had a statistically significant decrease in virus load deter
mined by polymerase chain reaction (PCR) assay between days 1 and 
3 and days 1 and 5. However, there were no differences in resolution 
of clinical illness among the groups. Administration of DAS181 
appeared to be generally well tolerated, although transient elevations 
in alkaline phosphatase level were reported.73

DAS181 has also been utilized to treat parainfluenza virus type 3 
infections in lung transplant and stem cell transplant patients.74,75 These 
case reports described clinical improvement, increased pulmonary 

(1 to 5 µg/mL).45 Neurotoxic reactions may be transiently reversed by 
physostigmine administration, and lidocaine has been used to treat 
ventricular arrhythmias. Longterm amantadine ingestion has been 
associated with livedo reticularis, peripheral edema, orthostatic hypo
tension, and, rarely, congestive heart failure, vision loss, or urinary 
retention. Peripheral edema and livedo reticularis may improve if 
treatment is switched from amantadine to rimantadine.46 Patients with 
preexisting seizure disorders have an increased frequency of major 
motor seizures during amantadine use, and dosage reductions are 
advised. Psychiatric side effects in patients with Parkinson’s disease  
and psychotic exacerbations in patients with schizophrenia may occur 
with addition of amantadine. Rash and leukopenia have been described 
rarely.

Rimantadine administration is associated with doserelated side 
effects similar to side effects observed with amantadine, although the 
risk for CNS side effects is lower with rimantadine at dosages of 
200 mg/day or 300 mg/day in ambulatory adults.5 During prophylaxis, 
excess withdrawal rates are usually less than 5%. In older nursing home 
residents, dosages of 200 mg/day are associated with higher side effect 
rates, whereas dosages of 100 mg/day seem to be better tolerated.41,47 
Rimantadine may uncommonly cause exacerbations of seizures in 
patients not receiving anticonvulsants and was associated with an 
unexplained excess mortality in one nursing home study.47

The clinical observations of dry mouth, pupillary dilation, toxic 
psychosis, and urinary retention in acute amantadine overdose suggest 
that anticholinergic activity is present in humans. Amantadine shows 
activity on the adrenergic nervous system by affecting accumulation, 
release, and reuptake of catecholamines in the CNS and in the periph
eral nervous system. Malignant ventricular arrhythmia after amanta
dine overdose has been described in humans.

Amantadine and rimantadine lack mutagenicity in vitro; carcino
genicity studies have not been reported for either. Amantadine is tera
togenic and embryotoxic in rats, and rimantadine may cause teratogenic 
effects in rabbits and maternal toxicity and embryotoxicity at high 
dosages in rodents. Both drugs are classified in pregnancy category C. 
Birth defects have been reported after amantadine exposure during 
pregnancy.48 The safety of neither amantadine nor rimantadine has 
been established in pregnancy. Because of excretion in breast milk, use 
is not recommended in nursing mothers.

Clinical Studies
Influenza A
Amantadine and rimantadine have been efficacious for the prevention 
and treatment of influenza A virus infections in young healthy 
adults.5,40,49 A systematic review of published studies in children and 
the elderly concluded that available data only demonstrate that aman
tadine has prophylactic efficacy and a modest therapeutic effect in 
children.50 In the elderly, no data were available to support a conclu
sion of prophylactic or therapeutic efficacy of either adamantane. The 
emergence of widespread and nearly complete amantadine resistance 
among influenza A/H3N2 isolates,26 as well as the amantadine resis
tance of the pandemic A (H1N1)pdm09 strains, precludes the empiri
cal use of adamantanes for management of an untyped influenza A 
outbreak. Amantadine and rimantadine, both at a dosage of 200 mg/
day in adults, are about 70% to 90% protective against clinical illness 
caused by various susceptible influenza A subtypes, including suscep
tible pandemic strains.51 Prophylaxis is effective in preventing nosoco
mial influenza and possibly in curtailing nosocomial outbreaks caused 
by such strains. Protection seems to be additive to that provided by 
vaccine.52

Rimantadine was less effective than zanamivir in reducing cases of 
influenza A illness in adults in a longterm care facility.53 The difference 
in protective efficacy was largely due to the emergence of rimantadine
resistant viruses that caused rimantadine prophylactic failure; no 
zanamivirresistant viruses were isolated. Rimantadine administration 
to schoolaged children (5 mg/kg/day) decreased the risk for influenza 
A illness in recipients and possibly in their family contacts. Postexpo
sure prophylaxis with these drugs provided inconsistent protection to 
family contacts, however, in part, depending on whether ill index chil
dren were treated.19 Dosages of 100 mg/day seem to be protective 
against influenza A illness and are well tolerated in adults.54
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Spectrum
Laninamivir octanoate exhibits little or no influenza virus neuramini
dase inhibitory activity in vitro.77 However, its hydrolysis product is a 
potent inhibitor of neuraminidases of N1 to N9 influenza A viruses 
plus influenza B and their replication in cell culture at nanomolar 
concentrations.78 These include seasonal and pandemic influenza A/
H1N1, highly pathogenic avian influenza (HPAI) H5N1 viruses, and 
clinical isolates of oseltamivirresistant H1N1, H3N2, H5N1, and A 
(H1N1)pdm09. Median inhibitory concentrations in cell culture vary 
over a wide range and in general appear to be intermediate between 
those of oseltamivir carboxylate (lower) and zanamivir (higher), but 
the clinical importance of these differences is not yet known.

In preclinical studies, laninamivir octanoate reduced fever in 
ferrets, mortality in mice, and virus concentrations in lung in ferrets 
and mice and brain in mice after induced influenza with a variety of 
viruses: A/PR/8/34, HPAI H5N1, A (H1N1)pdm09, B/Malaysia/2506/ 
2004, as well as oseltamivirresistant A H1N1 and HPAI H5N1 clinical 
isolates possessing the H274Y mutation, as reviewed by Yamashita and 
associates.78 In these studies, laninamivir octanoate was administered 
as a single intranasal dose after intranasal inoculation of virus and was 
either as or more efficacious than multiple doses of oral oseltamivir or 
intranasal zanamivir. The results of these studies in animals with exper
imental influenza have been replicated in part in therapeutic trials of 
a single laninamivir octanoate dose in the clinic (see later).

Single doses of laninamivir octanoate are also efficacious prophy
lactically in mice. One dose prevents mortality and reduces virus con
centration in lungs and brain when administered as much as 7 days 
before virus challenge.79

Mechanism of Action
See subsequent discussion of mechanism of action under 
“Oseltamivir.”

The basis for the prolonged persistence of laninamivir in the respi
ratory tract after intranasal or intratracheal administration of lanina
mivir octanoate in animals or oral inhalation in humans is not 
completely understood. In human volunteers, bronchoalveolar lavage 
samples obtained serially over 24 hours after oral inhalation of a single 
40mg dose of laninamivir octanoate reveal concentrations that exceed 
influenza virus neuraminidase inhibitory concentrations at all test 
times.80 In mice, intranasal administration of carbon14 (14C)–labeled 
laninamivir octanoate demonstrates prolonged retention of laninami
vir in lung tissues. Microautoradiography indicates that laninamivir 
octanoate is taken into airway epithelial cells, seemingly hydrolyzed to 
the antiviral molecule laninamivir by intracellular esterases, and then 
released slowly extracellularly, perhaps as a result of its hydrophobic 

function, and decreased virus loads. Additional clinical studies of 
DAS181 are being planned.

LANINAMIVIR OCTANOATE
Laninamivir octanoate (Inavir) is an investigational drug except for its 
approval in Japan. It is the prodrug of laninamivir, an inhibitor of 
influenza A and B neuraminidases.76 Laninamivir is (2R,3R,4S)3
acetamido2[CIR,2R2,3dihydroxy1methoxypropyl]4quanidino
3,4dihydro2Hpyram6carboxylic acid (Fig. 443D). Laninamivir 
octanoate consists of an octanoic acid ester side chain attached at the 
C3 position of laninamivir. Laninamivir octanoate, like polymeric 
zanamivir conjugates, shares the pharmacokinetic characteristic of 
persisting for a prolonged period in the respiratory tract after admin
istration intranasally or intratracheally in animals or by oral inhalation 
in humans. These observations have presaged therapeutic effects of a 
single dose in animals with experimentally induced influenza in 
patients as well.

FIGURE 44-2 Molecular model of DAS181. The catalytic domain of 
the sialidase (AvCD) is shown in green and the protruding anchoring 
domain (AR) on the carboxyl terminus in blue. (From Malakhov M, Aschen-
brenner L, Smee D, et al. Sialidase fusion protein as a novel broad-spectrum 
inhibitor of influenza virus infection. Antimicrob Agents Chemother. 
2006;50:1470.)

FIGURE 44-3 Chemical structures of oseltamivir carboxylate (A), zanamivir (B), peramivir (C) and laninamivir (D). 
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laninamivir octanoate across the range of persons in healthy and high
risk groups, these published data on laninamivir octanoate tolerance 
plus those from studies of orally inhaled zanamivir collectively suggest 
that orally inhaled laninamivir octanoate will likely prove to be well 
tolerated and safe in the clinic.

Postmarketing studies of laninamivir octanoate in Japan concluded 
that the safety profile of laninamivir octanoate for abnormal behavior/
delirium and syncope is similar to that of other neuraminidase inhibi
tors.90 In Japan, it is recommended in the product labeling that teenage 
patients inhaling laninamivir octanoate should remain under constant 
parental supervision for at least 2 days to monitor for behavioral 
changes to prevent associated selfinjury. To avoid syncope, patients 
should inhale laninamivir octanoate in a relaxed sitting position. In 
another postmarketing survey for laninamivir octanoate tolerance, 50 
patients of 3542 (1.4%) reported an adverse event.91 Commonly 
reported adverse events included psychiatric disorders (abnormal 
behavior), gastrointestinal symptoms, and nervous system disorders 
such as dizziness, with frequencies of 0.48%, 0.45%, and 0.17%, respec
tively. These usually appeared on the day of laninamivir octanoate 
treatment and resolved in 3 days. These adverse reactions and their 
frequency were considered comparable to those previously observed 
during clinical trials, and thus were believed to confirm no noticeable 
problem with safety.

Clinical Studies
Limited data from controlled trials are available on the efficacy of orally 
inhaled laninamivir octanoate for influenza treatment, although three 
randomized, controlled trials on the efficacy and tolerance of lanina
mivir octanoate and one observational study comparing it with other 
neuraminidase inhibitors have been reported. In these trials, lanina
mivir octanoate has been administered as an orally inhaled powder 
with a proprietary device that has two containers of 10mg dry lanina
mivir octanoate powder. The manufacturer’s instructions recommend 
two inhalations from each 10mg changer. For children, four inhala
tions are necessary, whereas eight inhalations from two devices are 
required for adults. Occasionally, young children do not inhale the 
medication completely owing to technical difficulty with the device.87

Of 87 pediatric patients with influenza of less than 48 hours in 
duration, 44 were randomized to treatment with a single inhaled dose 
of laninamivir octanoate (N = 55), 20 or 40 mg, according to age, or 
inhaled zanamivir, 10 mg twice daily for 5 days (N = 41).87 Median 
times to fever resolution were 36 hours in the laninamivir octanoate 
groups and 37 hours in the zanamivirtreated group. This relatively 
small study suggested that a single dose of inhaled laninamivir octano
ate was as efficacious as the recommended 5day treatment with zana
mivir. In another study, 180 children 9 years or younger with influenza 
of less than 36 hours in duration were randomized to a single oral 
inhalation of 40 (N = 61) or 20 mg (N = 61) laninamivir octanoate or 
oseltamivir 2 mg/kg (N = 62) ingested twice daily for 5 days.88 Of the 
180 children, 62% (112) were infected with influenza A H1N1 virus, 
of which all but 4 possessed the H274Y mutation, mediating oseltami
vir resistance. Oseltamivir therapy was likely not to have been different 
from placebo. The median times to alleviation of influenza illness in 
children were significantly less (49.6 and 44.3 hours) in the 40 and 
20mg laninamivir groups, respectively, than in the oseltamivirtreated 
group (110.5 hours). Treatment effects on virus concentration and 
persistence in upper airway secretions were inconsistent, although on 
day 3, 10%, none, and 25% of subjects in the three groups, respectively, 
were still excreting virus. There were no clinical therapeutic or viro
logic differences among children infected with influenza A H3N2 or B 
viruses, but the numbers of cases were small.

In a doubleblind, randomized noninferiority trial, 1003 young 
healthy adults with febrile influenza for no more than 36 hours were 
randomized to receive either 40 mg or 20 mg of laninamivir octanoate 
by oral inhalation once or oseltamivir, 75 mg twice daily orally, for 5 
days.89 The primary end point was time to influenza illness alleviation. 
Unfortunately, as in the pediatric study of Sugaya and Ohashi,88 66% 
of the subjects were infected with oseltamivirresistant influenza A 
H1N1 virus. The median times to resolution of illness in patients 
infected with this virus were 74.0, 85.8, and 77.8 hours, respectively, 
which were not different. Virus was detected by culture significantly 

poor membrane permeability.81 The cellular and molecular processes 
underlying these observations are not yet determined.

Resistance
No extensive studies have been reported on the emergence of 
laninamivirresistant strains after laninamivir exposure in vitro or 
laninamivir octanoate treatment in animals or patients. However, in 
one study in mice infected with an A H1N1 virus, no viruses with 
reduced susceptibility to laninamivir were recovered.82

Pharmacokinetics
Epithelial lining fluid concentrations of laninamivir octanoate and 
laninamivir calculated from analysis of bronchoalveolar lavage wash
ings after a single oral inhalation of 40 mg laninamivir octanoate were 
102.4 and 8.6 µg/mL, respectively, at 4 hours in healthy adult volun
teers.76 The disappearance halftimes in bronchoalveolar lavage fluid 
were 41 and 141 to 241 hours, respectively. The plasma t elim1

2
 values 

were 2.6 and 45.7 hours, respectively. Laninamivir concentrations in 
epithelial lining fluid exceeded the median inhibitory concentrations 
for influenza neuraminidases at all time points for 240 hours after dose 
inhalation. In other healthy adult volunteers, evaluation of the phar
macokinetics of laninamivir octanoate and laninamivir was done after 
oral inhalation of single doses from 5 to 120 mg.83 Laninamivir octano
ate appeared rapidly in plasma with a Cmax at 0.5 to 1.0 hour compared 
with 4.0 hours for laninamivir. Plasma t elim1

2
 values were 1.8 and 71.6 

to 80.8 hours, respectively. The plasma area under the concentration
time curve (AUC) of laninamivir octanoate was linearly related to 
dose, while that of laninamivir increased disproproportionately. The 
mean cumulative excretion in urine over 144 hours was 2.3% to 3.6% 
and 10.7% to 14.6%, respectively.

After intravenous administration of 14Claninamivir in rats, almost 
90% of the radioactivity was recovered in urine.84 In human volunteers, 
the clearance of both laninamivir octanoate and laninamivir is linearly 
related to CrCl.85 In subjects with none, mild, moderate, or severe renal 
impairment given a single orally inhaled dose of 20 mg laninamivir 
octanoate, the renal clearance of laninamivir octanoate and laninami
vir is directly related to CrCl, whereas t elim1

2
 values are not. Geometric 

mean laninamivir octanoate clearance values declined from 26.0 mL/
min in normal control subjects to 6.5 mL/min in patients with severe 
renal impairment. However, t elim1

2
 values were 2.3 to 3.5 hours and not 

different among the four groups. Laninamivir renal clearance declined 
from 65.0 to 12.7 mL/min across the four groups, whereas t elim1

2
 was 

not different among the groups, ranging from 53.2 to 57.0 hours. The 
likely explanation is that the elimination of both laninamivir octanoate 
and laninamivir reflect slow release of these compounds from tissues 
into plasma, rather than renal elimination, a pharmacokinetic concept 
called “flipflop.”86 These pharmacokinetic data indicate that reduction 
of laninamivir octanoate doses may be appropriate for patients with 
renal impairment for pharmacokinetic reasons, but the lack of clear 
doserelated toxicity (see later) and the minimal absorption of orally 
inhaled drugs suggest that no dose adjustment will be needed.

Toxicity
Like orally inhaled zanamivir, orally inhaled laninamivir octanoate 
powder is well tolerated. In a doubleblind study in healthy adult vol
unteers, single doses from 5 to 120 mg or multiple doses of 20 or 40 mg 
twice daily for 5 days were as well tolerated as placebo.85

In clinical trials, patients with influenza were randomized to single 
laninamivir octanoate doses of 20 or 40 mg in adults or children 10 
years old or older, 20 mg in children younger than 10 years old,  
or inhaled zanamivir as the control neuraminidase inhibitor treat
ments. Laninamivir octanoate inhaled once was as well tolerated as 
inhaled zanamivir 20 mg twice daily for 5 days.87 In a doubleblind 
trial in children 9 years of age or younger with influenza, a single  
dose of inhaled laninamivir octanoate of 20 or 40 mg was as well toler
ated as oseltamivir at 2 mg/kg body weight twice daily for 5 days.88 In 
a phase III doubleblind trial in adults 20 years of age or older with 
influenza, a single dose of inhaled laninamivir octanoate of 20 or 
40 mg was as well tolerated as oral oseltamivir at 75 mg twice daily for 
5 days.89 Notwithstanding the lack of data from large, randomized, 
placebocontrolled, doubleblind trials to establish the tolerability of 
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neuraminidase cleaves terminal sialic acid residues on glycoconjugates 
and destroys the receptors recognized by viral hemagglutinin on cells, 
on newly released virions, and on respiratory tract mucins. This action 
is essential for release of virus from infected cells and for spread within 
the respiratory tract.109 Inhibition of neuraminidase action causes 
newly formed virions to adhere to the cell surface and to form viral 
aggregates. Inhibitors limit spread of virus within the respiratory tract 
and may prevent virus penetration of respiratory secretions to initiate 
replication.

Resistance
Resistant variants selected by in vitro passage with oseltamivir carbox
ylate or zanamivir have point mutations in the viral hemagglutinin or 
neuraminidase genes.98,110 Hemagglutinin variants generally have 
mutations in or near the receptor binding site that make them less 
dependent on neuraminidase action for release from cells in vitro and 
that confer crossresistance among neuraminidase inhibitors. Most of 
these variants retain full susceptibility in vivo.98 Neuraminidase vari
ants contain single aminoacid substitutions in the framework or cata
lytic residues of the active enzyme site that alter drug binding and 
cause approximately 30fold to more than 1000fold reduced suscepti
bility in enzyme inhibition assays.96 Influenza A variants selected 
by oseltamivir carboxylate are subtype specific, most commonly 
Arg292Lys in N2 and H275Y in N1, without crossresistance to zana
mivir. The altered neuraminidases have reduced activity or stability in 
vitro, and early studies of these variants usually demonstrated decreased 
infectivity and transmissibility in animals.111

Oseltamivir therapy has been associated with recovery of viruses 
with reduced susceptibility in about 1% of immunocompetent adult 
and 18% of pediatric recipients.112,113 Generally, emergence of resistant 
variants has not been associated with clinical worsening, although 
prolonged recovery of resistant variants, sometimes in combination 
with M2 inhibitor resistance, has been observed in highly immuno
compromised hosts.114 Transmission of oseltamivirresistant virus has 
been documented.115,116

Although isolation of oseltamivirresistant strains from treated 
immunocompetent patients was uncommon, in 20072008, oseltamivir
resistant seasonal H1N1 virus appeared widely in immunocompetent 
individuals in Norway in the absence of antiviral pressure.117 This 
mutant virus became the transmissible, pathogenic prevalent global 
H1N1 virus strain. Similarly, during the 2009 A (H1N1)pdm09 pan
demic, there was no linkage between prevalent use of oseltamivir in 
immunocompetent patients and the appearance of oseltamivirresistant 
A (H1N1)pdm09 strains, which was uncommon. The prevalence of 
oseltamivirresistance ranged from 0.6% (5/804 strains) tested in 
Ontario, Canada,118 to 1.0% in the United States119 and 1.1% (16/1488 
isolates) in Southeast Asia.120 The prevalence was 8.11% in children 
whose immunocompetence was not specified.121

On the other hand, oseltamivirresistant isolates are not uncom
monly recovered from immunocompromised patients being treated 
with the drug. Reports indicated that some of the A (H1N1)pdm09 
oseltamivirresistant strains retained replicative fitness,116 transmissi
bility,122 and pathogenicity comparable with wildtype oseltamivir 
strains in murine and ferret models of influenza infection.123 Clinical 
illness caused by oseltamivirresistant H1N1 strains in immunocom
petent children responded less well to oseltamivir,124 as evidenced by 
higher fever at day 4 or 5 of treatment, although some found no evi
dence of prolonged illness in children infected with drugresistant 
virus.125 Others reported a significantly longer time to achieve nonde
tectable virus load in patients with oseltamivirresistant H1N1 com
pared with oseltamivirsensitive strains.126

Pharmacokinetics
Oral oseltamivir is rapidly absorbed and metabolized by esterases  
in the gastrointestinal tract, liver, and blood to the active carboxylate. 
The estimated bioavailability of the carboxylate is approximately 
80%,127 and its time to maximal plasma concentrations averages 2 to 
4 hours. Dose proportionality of oseltamivir has been reported over 
the dose range from 75 to 675 mg. Only low blood levels of the pro
drug are detectable. Rarely, possession of a constitutive variant of car
boxylesterase 1, the enzyme that normally catalyzes the conversion of 

less often at day 3 in the laninamivir octanoate 40mg (28%) and 20mg 
(32%) groups than in the oseltamivir group, which might be con
sidered analogous to a placebotreated cohort. Among individuals 
infected with influenza A H3N2 virus, median times to illness allevia
tion were not different between those treated with laninamivir octano
ate 40 mg (73.5 hours) and oseltamivir (67.5 hours) but significantly 
longer in the group treated with laninamivir octanoate 20 mg (91.2 
hours). There were no differences among the groups in H3N2 virus 
concentration in upper airway secretions or persistence. The 95% con
fidence intervals of the pooled analysis of all data were less than the 
prescribed noninferiority margin. It was concluded that a single inha
lation of laninamivir octanoate is effective for treatment of seasonal 
influenza including that caused by oseltamivirresistant virus in adults.

In an observational study, 211 children with febrile influenza of  
less than 48 hours due to influenza A H3N2 infection and 45 with A 
(H1N1)pdm09 infection were treated according to the recommenda
tions of clinicians and the preference of patients or their guardians.92 
Of the 256 children, 119 were treated with oseltamivir in weight
appropriate doses, zanamivir (124 cases), one dose of intravenous pera
mivir (4 children),79 or a single dose of orally inhaled laninamivir 
octanoate of 40 mg for children 10 years or older or 20 mg for those 
younger than 10 years (9 children). The primary end point was dura
tion of fever from the first dose of neuraminidase inhibitor. There were 
no differences in the duration of fever among the oseltamivir, zanami
vir, or laninamivir octanoate groups. The median time to resolution of 
fever in the peramivir group (17.0 hours) was significantly less than in 
the other three groups.

Available data suggest that a single inhaled dose of laninamivir 
octanoate is efficacious in children with influenza of less than 48 hours, 
but efficacy in other populations, especially those with highrisk condi
tions, remains to be evaluated, as does the impact on complications of 
influenza.

OSELTAMIVIR
Spectrum
Oseltamivir phosphate (Tamiflu) is the ethyl ester prodrug of oselta
mivir carboxylate, a sialic acid analogue (see Fig. 443A) that is a 
potent, specific inhibitor of the neuraminidases of influenza A and B 
viruses.93,94 The metabolite, oseltamivir carboxylate, is approximately 
50fold more potent than the phosphate prodrug.95 Oseltamivir car
boxylate competitively and reversibly interacts with the active enzyme 
site to inhibit neuraminidase activity at low nanomolar concentra
tions.96 Inhibitory concentrations for neuraminidase inhibitors in cell 
culture have a broad range (≥1000fold), depending on the assay 
method, and may not correlate with in vivo activity.97,98 Oseltamivir 
carboxylate is active against viruses containing all nine influenza A 
neuraminidase subtypes recognized in nature, including more recent 
pathogenic avian viruses (H5N1, H7N7, H9N2), reassortant virus con
taining neuraminidase from the 1918 pandemic strain, M2 inhibitor–
resistant strains,4,99 and the recently circulating (2009) pandemic A/
H1N1 viruses (SOIV).27 Resistance to oseltamivir has been recently 
reported in an H7N9 isolate.100

Influenza B viruses are 10fold to 20fold less susceptible to oselta
mivir carboxylate than influenza A viruses, and influenza B virus 
illness responds less well clinically and virologically to oseltamivir than 
influenza A illness.101,102,103 The carboxylate is not cytotoxic and inhibits 
neuraminidases from mammalian sources or other pathogens only at 
106fold higher concentrations. Oral oseltamivir is active in murine 
and ferret models of influenza.94,97 A prophylactic regimen given orally 
twice daily for 10 days completely protected ferrets against morbidity 
and mortality caused by H5N1 infection and did not interfere with 
development of a protective immunity against subsequent H5N1 infec
tion.104 Neuraminidase inhibitors combined with M2 inhibitors or 
ribavirin show enhanced antiviral activity in vitro and in animal 
models of influenza A virus infection,105 including H5N1 virus.106,107 
Amantadine combined with oseltamivir prevented the emergence of 
amantadine resistance in cell culture.108

Mechanism of Action
The neuraminidase inhibitor drugs oseltamivir, zanamivir, peramivir, 
and laninamivir share a common mechanism of action. Influenza 
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Oseltamivir is generally well tolerated in patients of all ages, includ
ing pregnant women and fetuses,150,151 and no serious endorgan toxic
ity has been recognized.97,152154 Oral administration is associated with 
nausea, epigastric distress, or emesis in 10% to 15% of adults receiving 
75 to 150 mg twice daily. These gastrointestinal complaints are usually 
mild to moderate in intensity, resolve despite continued dosing, and 
are ameliorated by administration with food. Nausea and vomiting 
(and possibly, dizziness) are dose related in adults.155 Discontinuation 
rates of 1% to 2% were observed in controlled treatment studies. The 
mechanism of nausea and vomiting is uncertain, but the risk seems to 
be lower in older adults. Longterm prophylaxis has not been associ
ated with an increased risk for adverse events,97,156 although headache 
may occur in older recipients. Selfinjury, delirium, and psychiatric 
illness have been reported in patients, primarily pediatric or adoles
cent, with influenza treated with oseltamivir, mostly in Japan.157 Analy
ses of neuropsychiatric reactions among patients with influenza treated 
with oseltamivir in three large U.S. administrative databases did not 
demonstrate such an association.158160 The decline in cases in Japan 
after a regulatory recommendation to restrict oseltamivir use in chil
dren 10 to 19 years of age has been associated with a decline in 
oseltamivirrelated cases but a corresponding rise in cases associated 
with zanamivir, the inhaled, minimally systemically bioavailable neur
aminidase inhibitor. The latter fact raises further doubts about a causal 
association between oseltamivir therapy and neuropsychiatric and 
behavioral adverse reactions in patients with influenza.161 Erythema
tous rashes and rare instances of severe eruptions or StevensJohnson 
syndrome, hepatic inflammation, hemorrhagic colitis, anaphylaxis, 
and thrombocytopenia have been reported, but their relationship to 
oseltamivir is uncertain.

Clinical Studies
Oseltamivir is efficacious for the prevention and treatment of influenza 
A and B virus infection. In the United States, it is approved for the 
prevention of influenza in patients 1 year and older and the treatment 
of acute uncomplicated influenza in patients 2 weeks of age and older 
who have been symptomatic for no more than 2 days.133

In early clinical experiments in volunteers with induced influenza 
it was demonstrated that oral oseltamivir is highly protective against 
experimental human influenza, and early treatment is associated with 
reductions in viral titers, symptoms, nasal cytokines, and middle ear 
pressure abnormalities.97 Subsequent controlled trials in patients—
mostly healthy adults and children with naturally acquired seasonal 
influenza A infection—demonstrated that early oseltamivir treatment 
of acute influenza reduces the time to illness alleviation by 1 to 11

2 days, 
fever duration, and viral titers in the upper respiratory tract.112,162164 
Earlier treatment maximizes the speed of resolution of illness.165 Treat
ment of children reduces the risk for otitis media and decreases overall 
antibiotic use.112 In healthy and highrisk adults, early treatment has 
been reported to decrease the risk for lower respiratory tract complica
tions leading to antibiotic administration and to hospitalization,166 but 
this has been questioned.167 A metaanalysis of observational studies of 
highrisk patients with seasonal influenza concluded that oseltamivir 
treatment may reduce hospitalization, whereas treatment of hospital
ized patients reduces respiratory failure, intensive care unit admission, 
and mortality.168,169 A recent metaanalysis based on a large number of 
observational data from individual cases suggested that oseltamivir 
treatment may be associated with a reduction in mortality risk.169a 
However, a Cochrane analysis did not conclude that the evidence indi
cated that oseltamivir treatment reduced complications or hospitaliza
tions.169b In hospitalized patients with infection with influenza A 
(H1N1)pdm09, oseltamivir provides similar benefits even if treatment 
is started more than 48 hours after clinical illness has begun.170172

It is uncertain to what extent oseltamivir treatment may reduce 
transmission, although a review of four trials of prophylaxis suggests 
that oseltamivir may have reduced transmission.173,174

Oseltamivir is less efficacious for the treatment of influenza B than 
for influenza A virus infection in children175,176 and adults.176 An analy
sis of 284 cumulated cases of influenza A (H5N1) infections in a global 
registry demonstrated that crude mortality was significantly less in 
those treated with oseltamivir (40%) than in those not treated (76%) 
when started up to 6 to 8 days after symptoms onset.177

oseltamivir phosphate to carboxylate, can markedly impair the hydro
lysis of the parent compound, resulting in the potential for a compro
mised antiviral effect after oseltamivir administration.128,129 Ingestion 
with food delays absorption slightly but does not decrease overall 
bioavailability. Oseltamivir administered via a nasogastric tube to 
patients with respiratory failure requiring mechanical ventilation was 
well absorbed and converted to oseltamivir carboxylate.130,131 In healthy 
adults, peak and trough plasma concentrations average 0.35 µg/mL 
and 0.14 µg/mL after 75mg doses.132 In infants up to 1 year of age, 
systemic exposure (AUC012 hr) to the carboxylate exhibits decreasing 
variability while clearance increases.121 Recommended doses of oselta
mivir are 3.0 mg/kg twice daily for infants from birth to 8 months of 
age and 3.5 mg/kg twice daily for those 9 to 11 months of age. In 
children older than 1 year, carboxylate exposure increases gradually 
with increasing age132 so that weightbased dosing is recommended.133 
In healthy elderly adults, overall drug exposure is about 25% greater 
than in younger adults, most likely owing to differences in renal elimi
nation. Morbid obesity (body mass index ≥40 kg/m2) does not alter 
oseltamivir pharmacokinetics.134 The effects of pregnancy on the phar
macokinetics of oseltamivir are unclear. One study reported no differ
ences among women in the third trimester of pregnancy and historical 
controls,135 whereas another reported a 25% to 30% reduction in 
systemic (AUC012 hr) oseltamivircarboxylate exposure in pregnant 
women compared with concurrent nonpregnant controls, perhaps 
suggesting a need for 75 mg three times a day of oseltamivir for 
treatment.136

Plasma protein binding of the prodrug (42%) and the carboxylate 
(<3%) is low.127 The Vd is moderate (23 to 26 L). In animals, lower 
respiratory tract levels are similar to or exceed the levels in blood137; 
and in humans, the carboxylate is detectable in middle ear and maxil
lary sinus fluid at concentrations similar to those in plasma.138

Oseltamivir concentrations occur in breast milk.139 In the ex vivo 
human placenta model, oseltamivir was extensively metabolized to the 
carboxylate moiety, but transplacental passage of oseltamivir carboxyl
ate occurred at a low rate, inferring that fetal exposure during maternal 
treatment with oseltamivir may be minimal.140 No carboxylate was 
detected in cerebrospinal fluid in one child,141 whereas Cmax values in 
cerebrospinal fluid were 2.1% and 3.5% for corresponding plasma con
centrations for oseltamivir and oseltamivir carboxylate in eight healthy 
adults after ingestion of 150 mg of oseltamivir.142 After oral oseltamivir, 
the plasma t elim1

2
 of the carboxylate averages 6 to 10 hours in healthy 

adults. The prodrug and carboxylate are excreted primarily unchanged 
through the kidney; the carboxylate is eliminated by glomerular filtra
tion and tubular secretion via a probenecidsensitive anionic trans
porter. Clearance varies linearly with CrCl, such that t elim1

2
 increases 

to 22 hours in patients with CrCl less than 30 mL/min, and dosage 
reductions are needed.127 Oseltamivir carboxylate is removed with dif
ferent degrees of efficiency by different renal replacement therapies 
(peritoneal, hemodialysis, and continuous renal replacement thera
pies). Doses of oseltamivir for patients with renal impairment receiving 
renal replacement therapy have been published.143

Uncomplicated influenza illness does not seem to alter the pharma
cokinetics of oseltamivir.127 Cystic fibrosis patients appear to clear osel
tamivir carboxylate more rapidly than patients who do not have the 
disease.144

Interactions
Probenecid reduces renal clearance of oseltamivir by about 50%.145 Few 
other clinically important drug interactions have been recognized. 
Sotalol appeared to induce a torsades de pointes cardiac arrhythmia 
during oseltamivir therapy for influenza.146 Specific studies have found 
no interactions with antacids, acetaminophen, or aspirin or known 
inhibitors of selected renal tubular secretion pathways, amoxicillin, 
cimetidine, cyclosporine, mycophenolate, tacrolimus,127,147 warfarin,148 
or rimantadine.149

Toxicity
Preclinical studies have found no evidence of mutagenic, teratogenic, 
or oncogenic effects. Highdose oseltamivir causes renal tubular min
eralization in mice and maternal toxicity in rabbits. It is classified as 
pregnancy category C.
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possessing the H275Y mutation, intravenous peramivir is likely to be 
suboptimal and intravenous zanamivir is preferred.205

Pharmacokinetics
The absolute oral bioavailability of peramivir is 2%.206 As a result, clini
cal development has focused on its efficacy and safety after intramus
cular and intravenous injection. Fortunately, its long elimination 
halflife supports singledose intravenous treatment regimens. At 
doses up to 2 mg/kg in adults, plasma t 1

2
 and AUC0α increase in pro

portion to dose. At higher doses of greater than 2 mg/kg being used 
in clinical trials in adults, the plasma t 1

2
 in healthy adults is approxi

mately 20 hours, which supports singledose treatment; apparent Vd is 
approximately 2 L/kg, and systemic clearance is 85 mL/hr/kg. The cor
responding values for children with mean age of 9 years are 7.7 hours, 
0.3 L/kg, and 173 mL/hr/kg.207 The physiologic counterpart of this 
large Vd is unknown, because no locus of drug sequestration has been 
identified. Plasma protein binding is less than 30%. Peramivir concen
trations in plasma are 10fold to 50fold higher than concurrent levels 
in nasal wash or pharyngeal gargle solutions.206 Peramivir is detectable 
at these sites 24 hours after dosing, at concentrations greater than levels 
that inhibit neuraminidases of most strains of influenza virus. The 
clinical relevance of these data is unknown.

A 300mg dose injected intravenously once in young healthy adults 
with influenza illness of less than 48 hours’ duration is efficacious and 
well tolerated.208 Infusion of this dose over a median of 38 minutes 
produced median plasma concentrations of 18,100 ng/mL at the end 
of the infusion and 14.8 ng/mL 18 to 24 hours later. The 600mg dose 
yielded corresponding values of 36,300 and 32.8 ng/mL. The median 
inhibitory concentration for 50% of isolates (IC50) for the neuramini
dase of the patient viruses ranged from 1.15 nmol/L for influenza A/
H1N1, 1.36 nmol/L for influenza A/H3N2, and 2.81 nmol/L for influ
enza B isolates.204 In pediatric patients 1 month to 15 years of age 
infected with influenza A (H1N1)pdm09, an intravenous infusion of 
10 mg/kg once daily produced comparable plasma concentrations to 
those seen in young healthy adults (see earlier): median peramivir 
plasma concentrations were 33,150 ng/mL at the end of the infusion 
and 20.7 ng/mL 18 to 24 hours later.207 The relationship of these plasma 
concentration data to efficacy is unclear. In mice, plasma AUC of pera
mivir is the pharmacokinetic characteristic related to efficacy.209

Data on peramivir distribution into breast milk in humans are 
unavailable.206 Less than 5% of 14Clabeled peramivir administered to 
rats is recovered in breast milk. Peramivir is eliminated unchanged into 
urine by glomerular filtration, and probenecid does not affect its excre
tion. In patients with renal insufficiency, mean t 1

2
 ranges from 24 to 

30 hours in subjects with mean CrCl of 21 to 68 mL/min. In individu
als with dialysisdependent renal failure, t 1

2
 averages 79 hours.

In October 2009, the U.S. Food and Drug Administration issued an 
Emergency Use Authorization (EUA) for the administration of intra
venous peramivir for the treatment of hospitalized patients with sus
pected or confirmed cases of influenza A (H1N1)pdm09 infection, 
because no other intravenous neuraminidase inhibitor drug was avail
able. In adults with normal renal function, the recommended intrave
nous dose was 600 mg/day; and in children 6 to 17 years of age it was 
10 mg/kg intravenously once daily. Doses for other age groups and 
patients with renal impairment including endstage renal disease 
requiring different renalreplacement therapies have been suggested.210 
The EUA was terminated in 2010, and peramivir was to be available 
only through clinical trials (see “Clinical Studies,” later).

Interactions
Adverse drugdrug interactions have not been reported in subjects 
given peramivir, but the number of individuals exposed is still modest. 
No pharmacokinetic interaction of intravenous peramivir and oral 
oseltamivir or rimantadine was observed in healthy volunteers.211 
Drugdrug interactions in individuals receiving peramivir are unlikely 
because it neither induces nor inhibits important drugmetabolizing 
cytochrome P450 enzymes.

Toxicity
Peramivir is generally nontoxic and well tolerated. Preclinical studies 
revealed no genotoxicity, reproductive toxicity, or developmental 

Oseltamivir treatment of hematopoietic stem cell transplant recipi
ents with influenza may prevent the development of pneumonia and 
virus shedding, thereby both preventing influenzarelated death in 
index patients and nosocomial transmission to others.178 Of 21 patients 
with leukemia who developed influenza and were treated with oselta
mivir, none died, compared with 3 of 8 who were not treated.179

Prophylactic administration of oncedaily oral oseltamivir (75 mg) 
is highly effective in reducing the risk for developing febrile illness 
during influenza season in unimmunized adults (efficacy 84%),180 
immunized nursing home residents (efficacy 92%),181 and transplant 
recipients (efficacy 80%).156 Prevention of influenza may reduce sec
ondary complications in institutionalized older adults.181 Oncedaily 
oseltamivir for 7 to 10 days is also effective for postexposure prophy
laxis in household contacts, including children, and when ill index 
cases receive concurrent treatment.182,183 Oseltamivir chemoprophy
laxis has been used to control institutional outbreaks of influenza A 
continuing despite M2 inhibitor use and of influenza B.184

PERAMIVIR
Spectrum
Peramivir ([1S,2S,3S,4R]3[(1S)1(acetylamino)2ethylbutyl]4
[(aminoiminomethyl)amino]2hydroxycyclopentanecarboxylic acid; 
Rapiacta) (see Fig. 443C) is an investigational agent in the United 
States but is approved in Japan, China, and South Korea. It is a potent, 
selective inhibitor of influenza A and B virus neuraminidases, includ
ing that of all nine avian NA subtypes185 and influenza A (H1N1)
pdm09.186 It is a sialic acid analogue designed to be structurally distinct 
from oseltamivir and zanamivir such that crossresistance to it among 
oseltamivirresistant and zanamivirresistant strains is not consistently 
observed.187,188 Like oseltamivir and zanamivir, peramivir inhibits 
influenza neuraminidase in enzyme assays at nanomolar concentra
tions189 and requires micromolar concentrations to inhibit influenza 
replication in cell culture.190 It is a more potent inhibitor of influenza 
A than B viruses in vitro than is oseltamivir or zanamivir.190 The clini
cal relevance of this difference has not yet been evaluated. Combina
tion treatment of influenza A virus infection in cell culture and in mice 
with peramivir and ribavirin yields additive or synergistic interactions 
with no increase in toxicity.191 The antiviral effect of combinations of 
peramivir plus rimantadine in vitro is variable, ranging from additive 
to synergistic.192 In mice with experimental influenza infections, the 
combination of peramivir and rimantadine is synergistic.193 In murine 
and ferret models of influenza infection, peramivir is effective when 
administered intranasally,194 orally,195 and intramuscularly.196

Mechanism of Action
See previous discussion of mechanism of action under “Oseltamivir.”

Resistance
Peramivirresistant influenza virus has been selected in vitro,187,188,197,198 
but not from peramivirtreated mice with experimental influenza 
infection,199 healthy volunteers given peramivir for prevention or treat
ment of experimentally induced influenza A or B infection, or healthy 
treated patients.200 A peramivirresistant virus possessing the H275Y 
mutation emerged during intravenous therapy for pandemic 2009 
influenza A/H1N1 in an immunocompromised patient.201 Peramivir
resistant mutants generated in vitro may possess unaltered or dimin
ished virulence and replicative capacity in mice and ferrets.202 Peramivir 
resistance associated solely with an alteration in the hemagglutinin 
gene conferred crossresistance to oseltamivir and zanamivir and could 
cause lethal disease in mice. Infection with the resistant virus in mice 
was still amenable to peramivir therapy, however.198

Naturally occurring oseltamivirresistant influenza viruses possess
ing the H275Y mutation have a 100186 to 661fold202 reduced suscep
tibility to peramivir, less than that of oseltamivir (982fold). Studies 
suggest that infection due to viruses possessing the H275Y mutation 
may be successfully treated with higher dose regimens of injected 
peramivir in mice203 and highrisk patients.204 However, intravenous 
peramivir was not more effective than oseltamivir in a case report201 
and in an observational study of influenza caused by H275Y mutant 
strains.204 In 2009, the World Health Organization recommended that 
for treatment of infection due to influenza A (H1N1)pdm09 strains 
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points among the peramivirtreated regimens or compared with 
reported patients treated with oseltamivir.215 A randomized controlled 
study of intravenously administered peramivir plus standard of care 
versus standard of care alone in patients hospitalized with influenza 
was recently terminated because of futility to show a difference between 
the peramivir and control groups.215,216

As noted earlier, intravenous peramivir is probably not effective for 
treatment of patients with oseltamivir resistance due to possession of 
the H275Y mutation; intravenous zanamivir has been recommended.

RIBAVIRIN
Spectrum
Ribavirin (1βdribofuranosyl1,2,4thiazole3carboxamide; Vira
zole, Rebetol, Copegus) is a guanosine analogue (Fig. 444A) in which 
the base and the dribose sugar are necessary for antiviral activity. 
Ribavirin inhibits the in vitro replication of a wide range of RNA  
and DNA viruses, including myxoviruses, paramyxoviruses, arenavi
ruses, flaviviruses, bunyaviruses, coronaviruses, togaviruses, reovi
ruses, herpesviruses, adenoviruses, poxviruses, and retroviruses. By 
plaque assay, inhibitory concentrations range from 3 to 10 µg/mL for 
influenza, parainfluenza, and respiratory syncytial virus (RSV). High 
concentrations inhibit group C adenoviruses214 and pathogenic flavivi
ruses,217 including West Nile virus in neural cells. Ribavirin does not 
inhibit severe acute respiratory virus (SARS) coronavirus in vitro.218

Low concentrations of ribavirin (1 to 10 µg/mL) reversibly inhibit 
macromolecular synthesis and the proliferation of rapidly dividing 
cells.219 Ribavirin decreases nucleic acid and protein synthesis, inhibits 
interferonγ release, and increases apoptosis in human peripheral 
blood mononuclear cells in vitro,218,220 but it does not adversely affect 
polymorphonuclear leukocyte functions.221 Ribavirin has been postu
lated to enhance cellmediated immune responses by increasing type 
1 and suppressing type 2 cytokine responses in T cells221 and to decrease 
proinflammatory cytokine elaboration and inflammatory cell numbers. 
Inhibition of mast cell secretory responses occurs in vitro.

Aerosol administration is more effective than parenteral dosing in 
animal models of influenza and RSV infection. Parenteral ribavirin has 
antiviral and therapeutic activity in animal models of infection with 
Lassa virus, other arenaviruses, and bunyavirus (see Chapters 47, 168, 
and 169). Combinations of ribavirin with immunoglobulin in RSV 
infection and with M2 or neuraminidase inhibitors in influenza A 
infection or with neuraminidase inhibitors in influenza B infection 
show enhanced antiviral activity.12 The use of ribavirin in treatment of 
hepatitis B and C is discussed in Chapter 46.

Mechanism of Action
The antiviral mechanisms of action of ribavirin are complex and most 
likely vary for different viruses. Ribavirin causes alterations of cellular 
nucleotide pools, inhibits viral RNA synthesis, and may cause lethal 
mutagenesis of certain RNA virus genomes.221223 Intracellular phos
phorylation to the monophosphate, diphosphate, and triphosphate 
derivatives is mediated by host cell enzymes. In uninfected and RSV
infected cells, the predominant derivative (>80%) is the triphosphate, 
which is rapidly lost, with an intracellular t elim1

2
 of less than 2 hours.

Ribavirin monophosphate competitively inhibits inosine mono
phosphate dehydrogenase and interferes with the synthesis of 

toxicity.206 In multiple species of animals, the only apparent adverse 
effect is reversible nephrotoxicity, which is species (rabbit only) and 
gender (female) specific. The nephrotoxic dose is greater than 200 mg/
kg/day intravenously for 9 days.

The largest doses administered to humans, 800 mg orally200 and 
600 mg intravenously,208 have not been associated with consistent 
adverse symptoms or laboratory abnormalities compared with 
placebo.208 In placebocontrolled clinical trials of peramivir orally up 
to 800 mg/day for 4 to 5 days,200 300 mg/day intramuscularly once,212 
and 600 mg intravenously once,208 adverse symptoms were not reported 
more frequently in peramivir recipients than in placebo recipients.

In controlled, blinded trials as well as uncontrolled studies of intra
venous peramivir, it has been generally well tolerated and safe. In a 
randomized, doubleblind study comparing a single dose of peramivir 
of 300 or 600 mg and a matching placebo given intravenously to 300 
young healthy adults in an outpatient setting,208 nausea may have been 
reported more frequently in drug recipients (3.0%, 6.1%, and 1.0%, 
respectively, in the three groups). Extensive blood and urine laboratory 
tests revealed no differences among groups. In a randomized, double
blind, doubledummy trial in young healthy adults with influenza 
treated with peramivir, 300 mg and 600 mg intravenously once, or 
oseltamivir, 75 mg orally twice daily for 5 days, the overall incidence 
of adverse effects was lowest in the 300mg group: 14.0% compared 
with 18.1% and 20.0% in the other groups, respectively. Diarrhea 
(3.8%, 5.5%, and 5.2%), nausea (0.5%, 1.9%, and 4.4%), and a decreased 
neutrophil count (2.5%, 3.8%, and 3.6%) all tended to be lowest in the 
300mg peramivir group.213 In a randomized, unblinded study in hos
pitalized patients treated for influenza with intravenous peramivir at 
200 or 400 mg once daily, or oseltamivir at 75 mg orally twice daily, all 
for 5 days, the “incidence of adverse events was low and generally 
similar among treatment groups.”214

Assessment of side effects of intravenous peramivir in uncontrolled 
studies in hospitalized adults with highrisk comorbid conditions204 
also suggested that the drug was generally well tolerated. A single case 
of dilated cardiomyopathy or myocarditis in a volunteer infected with 
an influenza B challenge virus and treated with peramivir has been 
reported.200 The relationship of the cardiac disorder to the drug is 
unknown.

Clinical Studies
In a study in serosusceptible volunteers, peramivir prophylaxis with 50 
to 800 mg orally daily or placebo, initiated 24 hours before influenza 
A or B virus challenge and continued for 5 days, tended to prevent 
illness at doses of 200 mg or greater and to reduce viral shedding and 
titer in nasal washings in subjects inoculated with influenza A virus. 
No effect on preventing illness caused by influenza B virus was 
observed, although the duration of virus shedding tended to be less in 
individuals receiving 400 mg and 800 mg of peramivir.200

In early studies in patients with influenza, oral peramivir therapy 
with doses of 400 to 800 mg daily for 5 days200 and single intramuscular 
doses of 150 or 300 mg206 reduced median times to relief of symptoms, 
but the differences were not statistically significant from controls. Sub
sequently, controlled trials with an intravenous formulation demon
strated peramivir therapeutic efficacy and tolerance in patients with 
influenza due to susceptible virus strains. Peramivir treatment of natu
rally acquired influenza in young adults with illness of 48 hours’ dura
tion or less with 300 or 600 mg injected once intravenously versus 
placebo, reduced median time to relief of symptoms significantly from 
82 hours in the placebo group to 59 hours and 60 hours in the pera
mivir 300mg and 600mg groups in the outpatient setting.208 Perami
vir treatments also significantly reduced the proportion of subjects still 
excreting virus in nasal and throat secretions at day 3 from 51% in 
placebo recipients to 26% to 37% in those treated with peramivir, 600 
or 300 mg, respectively.208

In 137 hospitalized patients randomized to 5 days’ treatment with 
intravenous peramivir, 200 or 400 g/day, compared with historical 
reports with oral oseltamivir at 75 mg twice daily, the reduction in 
virus concentration in nasopharyngeal secretion was similar across the 
three treatments.211 An additional study utilizing a higher dose of pera
mivir (300 mg twice daily or 600 mg four times a day) in 234 hospital
ized patients also showed no differences in virologic or clinical end 

FIGURE 44-4 Chemical structure of ribavirin (A) and the nucleo-
side guanosine (B). 
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occur during shortterm oral administration. Longterm use of oral 
ribavirin at dosages greater than 800 mg daily causes hemoglobin 
decreases of 2 to 4 g/dL in most recipients, usually within 4 weeks. 
When used in combination with interferon, hemoglobin levels less 
than 11 g/dL develop in 25% to 30% of patients.233 Renal impairment 
increases the risk for hemolysis. Severe anemia requires dosage reduc
tion or cessation, although erythropoietin has been used effectively.233 
Other reported side effects include pruritus, myalgia, rash, nausea, 
depression, nervousness, and cough or respiratory symptoms.234 High
dose intravenous ribavirin is associated with headache, hypomagnese
mia, and hypocalcemia.235 Bolus intravenous dosing may cause rigors, 
and infusion over 10 to 15 minutes is advised.

Aerosolized ribavirin may cause conjunctival irritation, rash, bron
chospasm, reversible deterioration in pulmonary function, and, rarely, 
acute water intoxication. No adverse hematologic effects have been 
associated with aerosolized ribavirin. The drug may precipitate on 
contact lenses, so they should not be worn during aerosol exposure. 
Ribavirin exposure may occur in health care workers working in the 
environment of aerosoltreated infants.235,236 Health care worker expo
sure is higher during delivery by oxygen hood than by ventilator or 
vacuumexhausted hood systems.235 Use of aerosol containment and 
scavenging systems, turning off the aerosol generator before providing 
routine care, and use of personal protective equipment have been 
recommended.236

When ribavirin is used in conjunction with mechanical ventilation, 
inline filters, modified circuitry, and frequent monitoring are required 
to prevent plugging of ventilator valves and tubing with precipitates of 
ribavirin. The possible effects of such modifications on drug delivery 
to the lower respiratory tract are undefined.

In preclinical studies, ribavirin is mutagenic, gonadotoxic, and tera
togenic.232 Low oral dosages have been teratogenic or embryotoxic in 
multiple species. Use of ribavirin is relatively contraindicated during 
pregnancy, and pregnant women should not directly care for patients 
receiving ribavirin aerosol. Ribavirin is categorized as pregnancy cat
egory X, and effective means of contraception for men and women are 
recommended for at least 6 months after discontinuation of treatment 
or exposure.

Interactions
Antacids slightly decrease the oral bioavailability of ribavirin. During 
coadministration clinically, ribavirin, amantadine, and oseltamivir do 
not interact pharmacokinetically.34 Ribavirin antagonizes the anti
HIV1 effects of zidovudine but enhances the activity of purine dide
oxynucleosides. Ribavirin use in patients who are coinfected with HIV 
and HCV and on antiretroviral drugs, particularly combined with 
didanosine, seems to increase the risk for mitochondrial toxicity and 
lactic acidosis. Ribavirin may inhibit the effect of warfarin.

Clinical Studies
Ribavirin aerosol is approved in the United States for treatment of RSV 
bronchiolitis and pneumonia in hospitalized children. Oral ribavirin 
in combination with various interferons is approved for treatment of 
chronic hepatitis C. The following describes only clinical studies on the 
prevention and treatment of respiratory virus infection with ribavirin. 
Treatment for infection with HCV is discussed elsewhere (see Chapters 
46, 119, and 156).

Respiratory Syncytial Virus
Aerosolized ribavirin (18hour exposure daily for 3 to 6 days) variably 
shortens the duration of virus shedding and may improve certain clini
cal measures in infants hospitalized with RSV illness.238 No consistent 
reductions in need for ventilatory support or duration of hospitaliza
tion have been documented, however. In infants receiving mechanical 
ventilation for RSVrelated respiratory failure, no significant reduc
tions in duration of ventilatory support, hospitalization, or mortality 
have been found.238,239 Intermittent, highdose therapy (2hour expo
sures three times daily for 5 days) is well tolerated and may be as 
effective as prolonged exposure.240

Use of aerosolized ribavirin is limited by concerns regarding its 
efficacy, ease of administration, risk of occupational exposure, and 
cost. The American Academy of Pediatrics states that aerosol treatment 

guanosine triphosphate (GTP) and with nucleic acid synthesis. 
Decreased concentrations of competing GTP likely potentiate ribavi
rin’s other antiviral effects. Ribavirin triphosphate inhibits influenza 
virus RNA polymerase activity and the GTPdependent 5′capping of 
viral mRNA. The monophosphate is incorporated inefficiently into 
viral RNA genomes, and this may lead to lethal mutagenesis and con
tribute to antiviral activity.222 HCV RNA polymerase incorporates riba
virin monophosphate into viral RNA, which causes mutations and 
inhibits viral RNA synthesis.224 Ribavirin diphosphates and triphos
phates also inhibit human immunodeficiency virus (HIV) reverse tran
scriptase activity.225

Ribavirin has immunosuppressive effects in experimental animals 
and shows therapeutic activity against transplantable virusinduced 
tumors and certain autoimmune diseases. Ribavirin increases type 1 
cytokine–mediated immune responses in vivo, an effect that may con
tribute to its therapeutic activities,221 and seems to augment type1 
cytokine responses ex vivo in peripheral blood mononuclear cells from 
patients with chronic hepatitis C.223

Resistance
Antiviral resistance to ribavirin has been documented only in Sindbis 
virus and HCV to date. One HCV RNA polymerase variant (F415Y) 
selected in genotype 1a–infected, ribavirintreated patients has been 
associated with ribavirin resistance in vitro.226 No ribavirinresistant 
RSVs have been detected during aerosol therapy of children.

Pharmacokinetics
Oral ribavirin is well absorbed, but bioavailability averages 45% to 65% 
in adults because of firstpass metabolism.227230 Administration with 
food increases absorption and peak plasma concentrations by 70%.227 
After single oral doses of 600 mg, 1200 mg, or 2400 mg, peak plasma 
concentrations occur at 1 to 2 hours and average 1.3 µg/mL, 2.5 µg/
mL, and 3.2 µg/mL. Plasma concentrations average approximately 
24 µg/mL and 17 µg/mL after intravenous doses of 1000 mg and 
500 mg in patients with Lassa fever. During longterm administration, 
overall exposure and t elim1

2
 increase substantially.227 Steadystate plasma 

levels of about 1 to 4 µg/mL occur by about 4 weeks with weight
adjusted dosing in chronic hepatitis C, and higher concentrations at 4 
weeks correlate with decline in hemoglobin and likelihood of sustained 
viral responses.231 Plasma protein binding is negligible, and ribavirin 
has a large Vd (>2000 L). At steady state, cerebrospinal fluid levels are 
about 70% of those in plasma.229

The disposition of ribavirin is complex, involving renal elimination 
and metabolism. After rapid initial distribution, there is a prolonged 
terminal t elim1

2
 of 37 to 79 hours.227229 Ribavirin triphosphate concen

trates in erythrocytes with an erythrocytetoplasma ratio of 40 : 1  
or greater, and erythrocyte levels gradually decrease, with an apparent 
t 1

2
 of 40 days. Renal excretion accounts for 30% to 60% of ribavirin’s 

overall clearance, but hepatic metabolism is contributory. About 5% to 
10% is recovered unchanged in the urine, and a much greater fraction 
is excreted as triazole carboxamide and carboxylic acid metabolites.227 
Plasma clearance is reduced threefold in patients with advanced renal 
impairment (CrCl ≤30 mL/min). Dosage adjustments are needed for 
renal insufficiency, and ribavirin should be used with caution in 
patients with CrCl less than 50 mL/min. Hemodialysis and hemofiltra
tion remove small amounts of drug. Higher initial blood levels occur 
in severe hepatic dysfunction.230

With aerosol administration, systemic absorption is low (<1% of 
deposited dose). Peak plasma levels range from 0.5 to 2.2 µg/mL after 
8 hours’ exposure and from 0.8 to 3.3 µg/mL after 20 hours in pediatric 
patients. Respiratory secretion levels often exceed 1000 µg/mL and 
persist with a t 1

2
 of 1.4 to 2.5 hours. A special aerosol generator (SPAG

2, ICN Pharmaceuticals) is needed to produce particles of proper aero
dynamic size to reach the lower respiratory tract. The delivered dose 
is twice as high in infants (1.8 mg/kg/hr) than in adults.

Toxicity
Systemic ribavirin causes doserelated anemia because of extravascular 
hemolysis and, at higher dosages, suppression of bone marrow release 
of erythroid elements.232 Reversible increases of serum bilirubin (in 
one fourth of recipients), serum iron, and uric acid concentrations 
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nucleocapsid (N) protein, which is highly conserved.275 The drug is well 
absorbed orally, and a single dose per day is sufficient to achieve anti
viral EC90 levels. In vitro resistance can be elicited, at an apparent low 
rate, and resistant virus appears similarly fit to wildtype RSV in terms 
of replication.275 Phase II studies of RSV604 are underway in transplant 
patients with RSV infections.

ZANAMIVIR
Spectrum
Zanamivir (4guanidino2,4dideoxyNacetylneuraminic acid; Relen
za) is a sialic acid analogue (see Fig. 443B) that is a potent and specific 
inhibitor of the neuraminidases of influenza A and B viruses.276 It 
inhibits influenza neuraminidase activity at nanomolar concentrations 
but has a higher and broader range of inhibitory concentrations in  
cell culture.277,278 Compared with oseltamivir carboxylate, zanamivir 
is more active against influenza B, and data from a comparative trial 
in children indicate that this difference is clinically important.279 Zana
mivir is less active against neuraminidases of influenza A/N2 clinical 
isolates,280 but the clinical importance of this difference is uncertain. 
Zanamivir inhibits certain influenza A neuraminidase variants that are 
resistant to oseltamivir carboxylate.96 Combinations of zanamivir plus 
rimantadine inhibit strains of influenza A/H1N1 and H3N2 viruses 
synergistically, but some concentrations seem antagonistic when 
assessed by reductions in cellassociated virus yield.281 Zanamivir is not 
cytotoxic and is highly selective for influenza neuraminidase, inhibit
ing neuraminidases from human282 and other mammalian sources or 
other pathogens only at 106fold higher concentrations. Millimolar 
concentrations inhibit parainfluenza virus type 3 in cell culture, most 
likely by blocking attachment.283 Topical zanamivir in the respiratory 
tract is active in murine and ferret models of influenza.277

Resistance
Resistance to neuraminidase inhibitor drugs has developed less fre
quently than to the adamantane compounds and less frequently to 
zanamivir than to oseltamivir.

A recent systematic review of the prevalence of neuraminidase 
inhibitor resistance among influenza viruses cultured from immuno
competent ambulatory adults enrolled in prophylactic and therapeutic 
trials of zanamivir found no reports of zanamivir resistance.284 In 
surveys of other collections of influenza isolates, a similar absence or 
dearth of zanamivir resistance was reported: influenza A H1N1 viruses 
circulating in the 20082009 influenza season in the United States prior 
to emergence of the 2009 pandemic were resistant to oseltamivir but 
susceptible to zanamivir.285 Among 391 nonpandemic A/H1N1 isolates 
from Australia and Southeast Asia patients from 2006 to 2008, 2.3% 
were resistant to zanamivir286 but susceptible to oseltamivir. Zanamivir 
resistance was not demonstrated among 3359 influenza A (H1N1)
pdm09 global isolates287 nor among 304 oseltamivirresistant isolates 
reported by the World Health Organization to August 2010.288 Avian 
influenza A/H5N1 isolates from 2003 to 2005 were susceptible to  
zanamivir.289 Of 680 influenza B viruses isolated in China from 2010 
and 2011, one with D197N aminoacid substitution was resistant to 
zanamivir.290

Several neuraminidase mutations mediate diminished susceptibil
ity to zanamivir: Q136K in an A (H1N1) seasonal virus (300fold 
reduction in zanamivir susceptibility)286 and S274N291 in nonpandemic 
A/H1N1 virus and I223R (5fold reduction)292 in an A (H1N1)pdm09 
isolate. The relationship of these virus resistance mutations and prior 
zanamivir therapy and immune competence was not consistently 
apparent. An influenza B virus with an Arg152Lys mutation resistant 
to both zanamivir and oseltamivir was recovered from an immuno
compromised child with prolonged virus excretion despite receipt of 
nebulized zanamivir.293 The effect of these neuraminidase mutations on 
infectivity and transmissibility compared with the wildtype parental 
strains is variable, but only some mutants have been characterized in 
this regard.293295

An observational study in pediatric patients with influenza treated 
with oseltamivir or zanamivir suggested that the lower prevalence of 
zanamivir than oseltamivir resistance is more related to the intrinsic 
properties of the drugs than to differences in the prevalence of use of 
the drugs.296

for RSV infection “is not recommended for routine use but may be 
considered for use in selected patients with documented, potentially 
lifethreatening RSV infection.”241 Decreased RSVspecific serum neu
tralizing antibody titers and diminished nasopharyngeal secretion 
RSVspecific IgE and IgA responses may occur in ribavirintreated 
children. No longterm adverse or beneficial effects of ribavirin therapy 
have been documented in children.242

Combinations of aerosolized ribavirin and intravenous immuno
globulin or palivizumab may be beneficial in treating RSV pneumonia 
in hematopoietic stem cell transplant recipients,243246 whereas intrave
nous ribavirin alone is ineffective.247 Therapy with either aerosolized248250 
or oral251,252 ribavirin appears to prevent progression from upper to 
lower respiratory tract illness in such patients. A similar benefit of 
preemptive treatment of RSV upper respiratory tract infection in  
lung transplant recipients with oral and inhaled ribavirin has been 
reported.253,254

Other Respiratory Viruses
Intravenous and aerosolized forms of ribavirin have been used to treat 
severe influenza virus infections.255,256 Aerosolized ribavirin inconsis
tently reduces viral titers and illness measures in adults with uncom
plicated influenza A or B and has modest efficacy in children 
hospitalized with influenza.257 However, oral ribavirin 300 mg three 
times per day combined with amantadine and oseltamivir may possibly 
be effective for treatment of influenza A (H1N1)pdm09 disease and 
more so than oseltamivir alone.258 Oral, intravenous, and aerosolized 
ribavirin have been used in immunosuppressed patients with severe 
parainfluenza virus and adenovirus infections with inconsistent  
clinical benefits.255,259,260 Intravenous ribavirin has been used to treat 
adenovirusassociated hemorrhagic cystitis, pneumonia, and invasive 
infections in immunocompromised patients, and it may be effective 
even in severe disease.261,262 Treatment with intravenous263,264 and oral265 
ribavirin of human metapneumovirus pneumonia in immunocompro
mised patients has been associated with resolution. Aerosolized riba
virin has been used in treating parainfluenza virus infections in 
solidorgan transplant recipients, but seems ineffective in parainflu
enza virus pneumonia in hematopoietic stem cell transplant recipi
ents.259 Oral ribavirin was effective in accelerating functional graft 
recovery and reducing late bronchiolitis obliterans in 38 lung trans
plant recipients266 and in a bone marrow transplant recipient267 with 
paramyxovirus respiratory infection. Intravenous ribavirin therapy 
was associated with successful treatment of paramyxovirus type 3 
respiratory infection in cardiac transplant recipients.268,269 Ribavirin 
has been used extensively in treating SARS coronavirus infections 
without proven antiviral effects in vitro218 or in patients270 and has been 
associated with frequent adverse effects.235 Intravenous ribavirin seems 
to be ineffective in treatment of hantavirus cardiopulmonary syn
drome.271 However, it inhibits Andes virus in vitro, an important cause 
of this syndrome, and is effective in a hamster model of hantavirus 
cardiopulmonary syndrome caused by this virus (see Chapter 168).272

RSV604
RSV604 is an oral benzodiazepine compound (C22H17FN4O2) under 
development for treatment of RSV infections (Fig. 445).273,274 It inhib
its both RSV A and B subtypes at submicromolar concentrations.  
Its antiviral activity is expressed through interaction with the RSV 

FIGURE 44-5 Chemical structure of RSV604. 
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improvement in peak expiratory flow rate than with inhaled placebo.310 
However, postmarketing reports indicate a potential risk for acute 
bronchospasm, respiratory arrest, or worsening of chronic obstructive 
pulmonary disease accompanied by pulmonary edema after zanamivir 
inhalation, particularly in patients with underlying airway disease.311 
Apparent declines in respiratory function have also been rarely 
reported in patients without recognized airway disease. Consequently, 
use in patients with underlying airway disease is not generally recom
mended in the United States, although treatment in atrisk patients is 
used in other countries.312 If used in patients with obstructive airway 
disease, zanamivir should be administered cautiously under close 
observation and with availability of fastacting bronchodilators.

Zanamivir inhaled as an experimental nebulized solution contain
ing 16 mg/mL for 10 minutes four times a day for 5 days for treatment 
of serious influenza with lower respiratory tract signs in hospitalized 
patients 10 years or older was well tolerated.313 However, when the oral 
formulation containing lactose has been reformulated as a solution and 
administered into the airway during mechanical ventilation, lactose 
precipitation in the airway filters has caused obstruction,314 precluding 
the reformulation of the powder in the orally inhaled formulation into 
a solution for nebulization and inhalation.

Zanamivir injected intravenously to healthy volunteers in doses 
from 50 to 600 mg twice daily for 5 days was also well tolerated.315 In 
130 hospitalized adults with influenza treated with zanamivir, 600 mg 
intravenously twice daily for 5 days, or reduced doses in those with 
renal impairment, no safety signals or clinically significant trends in 
laboratory values, vital signs, or electrocardiograms were identified 
that were considered attributable to the drug.316

Clinical Studies
Zanamivir has been administered to patients intranasally as a spray, by 
oral inhalation as a dry powder, by nasal inhalation as an aerosol from 
a nebulized solution, and by intravenous injections.

Intranasal and intravenous zanamivir are highly protective against 
experimental human influenza, and early treatment is associated with 
reductions in viral titers, symptoms, and middle ear pressure abnor
malities.163,277,317 Orally inhaled zanamivir powder is approved in the 
United States for prevention of influenza in individuals 5 years old and 
older, and for treatment of influenza in individuals 7 years old and 
older. Zanamivir (10 mg twice daily for 5 days) inhaled early in the 
course of illness for treatment of uncomplicated influenza in previously 
healthy adults and children 5 to 12 years old shortens the times to 
illness resolution and return to usual activities by 1 to 3 days.307,318,319 
Treatment benefits seem to be greater in patients with severe symptoms 
at entry, in patients older than 50 years, and in higherrisk patients.320 
Inhaled zanamivir treatment in adults is associated with a 40% reduc
tion in lower respiratory tract events leading to antibiotic use and a 
28% overall reduction in antibiotic prescriptions.321

Zanamivir inhaled orally is equally efficacious for treatment of 
influenza A and B infection.319,322 In individuals with influenza B illness, 
zanamivir reduces the median duration of fever by 32%, from 53 hours 
to 36 hours, compared with oseltamivir.279 In highrisk patients with 
primarily mild to moderate asthma or other chronic cardiopulmonary 
conditions, orally inhaled zanamivir treatment reduces illness duration 
and the incidence of complications leading to antibiotic use.310,323 It has 
been used to treat immunocompromised hosts with influenza A and 
B infections,324 including a child to whom an aqueous zanamivir solu
tion (16 mg/mL) was administered by aerosol and nebulizer via an 
endotracheal tube.325 More recently, in an observational study, orally 
inhaled zanamivir was more efficacious for treatment of oseltamivir
resistant influenza A/H1N1 than oseltamivir.326

Prophylactic administration of oncedaily inhaled zanamivir 
(10 mg) prevents febrile influenza illness during influenza season (84% 
efficacy),327 or when used for postexposure prophylaxis in households 
with or without treatment of the ill index case (82% efficacy).328,329 In 
an observational study with limited numbers of patients, orally inhaled 
zanamivir and oral oseltamivir were not different for prevention of 
secondary cases during nosocomial outbreaks on pediatric wards.330 In 
nursing home residents, 2 weeks of inhaled zanamivir was superior to 
oral rimantadine in preventing influenza A infection, in part because 
of a high frequency of rimantadine resistance,331 and inhaled zanamivir 

Pharmacokinetics
The oral bioavailability of zanamivir is low (<5%). The approved for
mulation is a dry powder containing a lactose carrier delivered by oral 
inhalation with a proprietary Diskhaler device. The proprietary inhaler 
device for delivering zanamivir is breath activated and requires a coop
erative, trained patient. The use of the Diskhaler device is unreliable in 
young children, very infirm or elderly patients, or cognitively impaired 
patients. Although the inhaler has been used effectively in many older 
adults,297 more than half of hospitalized older adults could not correctly 
use the device after instruction.298

After inhalation of the dry powder using the Diskhaler, approxi
mately 15% is deposited in the lower respiratory tract while the 
remainder is deposited in the oropharynx.277 Zanamivir concentrations 
in epithelial lining fluid obtained by bronchoalveolar lavage may 
approximate concentrations in alveoli. Median epithelial lining fluid 
concentrations of zanamivir 12 hours after oral inhalation of the rec
ommended 10mg dose by Diskhaler in healthy volunteers ranged 
from 0.3 to 0.9 µg/mL.299 In other uninfected individuals, median 
zanamivir levels in induced sputum were 1.34 µg/mL, 0.30 µg/mL, 
and 0.05 µg/mL at 6 hours, 12 hours, and 24 hours after dosing, with 
the pulmonary t elim1

2
 estimated to be 2.8 hours.300 Approximately 4% 

to 17% of an inhaled dose is absorbed systemically, and peak plasma 
levels are low, averaging 0.04 to 0.05 µg/mL.277 Because of the low 
bioavailability of zanamivir inhaled orally, dosage adjustments are not 
indicated in renal insufficiency.

After intravenous dosing, the plasma t elim1
2

 of zanamivir ranges 
from 1.6 to 2.9 hours,277,299 with about 90% eliminated unchanged in 
the urine.277 After intravenous administration of 600 mg zanamivir 
to healthy adults, the median serum Cmax is 39.4 µg/mL, AUC012 hr is 
86.6 µg/mL, and Ctrough is 0.6 µg/mL. The median epithelial lining fluid 
concentration 12 hours after dosing is 0.4 µg/mL, very similar to the 
value after inhalation of 10 mg (see earlier). This is 552 to 1653 times 
the in vitro IC50 for influenza A and B neuraminidases, respectively.280

The pharmacokinetics of zanamivir in 103 adults with influenza 
receiving 600 mg intravenously twice daily with dose adjustments for 
renal impairment were similar to those in previously described 
studies.301 Zanamivir renal clearance declines linearly with increasing 
renal impairment.302 The suggested dose for adults with normal renal 
function is 600 mg intravenously given twice daily. Doses for children 
and for patients with renal impairment who are or are not receiving 
replacement therapy have been published.303

Interactions
No clinically significant drug interactions have been recognized for 
inhaled zanamivir. No clinically relevant pharmacokinetic interaction 
was demonstrated between oseltamivir, 150 mg taken orally twice 
daily, and zanamivir, 600 mg administered intravenously every 12 
hours, in healthy volunteers.304 Zanamivir does not affect the immune 
response to injected inactivated influenza vaccine, but, similar to all 
antiviral medications, it has the potential to impair the immunogenic
ity of attenuated live influenza vaccine administered concurrently. 
Zanamivir should not be administered from 48 hours before to 2 weeks 
after intranasal administration of an attenuated influenza vaccine.305

Toxicity
Preclinical studies of zanamivir found no evidence of mutagenic, tera
togenic, or oncogenic effects. In cell culture, the inhibitory effect of 
zanamivir on influenza virus replication was not impaired by analge
sics, antihistamines, decongestants, or antibacterial drugs.306 Zanami
vir is classified as a pregnancy category C agent.

Orally inhaled zanamivir is generally well tolerated, and the fre
quencies of complaints are not significantly different from those in 
placebo recipients among adults and children 5 years old or older.277,306,307 
This includes oncedaily oral inhalation for prophylaxis by adults for 
16 weeks.308 Most reported symptoms in treatment studies are likely 
the result of the underlying illness. Similarly, in highrisk patients 
receiving zanamivir or placebo, no differences in adverse reactions 
have been seen in controlled trials.309 In patients with mild to moderate 
asthma or chronic obstructive pulmonary disease, orally inhaled  
zanamivir is associated with fewer bronchitis episodes, similar mea
surements of forced expired volume in 1 second, and more rapid 
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on pharmacokinetics. The specificity of polymeric zanamivir conju
gates for influenza A and B neuraminidase is presumed but not yet 
reported.

A zanamivir polymer can overcome zanamivir resistance. A zana
mivir polymer bound to the neuraminidase of zanamivirresistant 
avian influenza A viruses possessing a resistance mutation at position 
119 bound as much as 2000 times more strongly than did monomeric 
zanamivir.350

Mechanism of Action
The synthesis of polymeric conjugates of zanamivir that retain neur
aminidase inhibitory activity is possible because of the unique position 
of the molecule when it is docked in the enzymatic pocket, with the 
7OH group pointing out and away from the target site, making it 
accessible to linkage to different backbone molecules. Electron micro
graphs show influenza virus clumping in the presence of dimeric zana
mivir conjugates. The marked potency of some conjugates is postulated 
to reflect clumping caused by three types of bivalent binding: between 
two neuraminidase molecules in the tetrameric transmembrane spike 
protein (intratetramer), binding between sites on different tetramers 
on the same virion (intravirionic), and headtohead binding between 
different neuraminidase sites on separate virions (intervirionic 
binding).343

An additional mechanism for the marked enhancement of potency 
observed by synthesis of polymerattached zanamivir is postulated to 
be the result of interference with intracellular trafficking of endocy
tosed virus and subsequent virusendosome fusion.351

Resistance
Studies describing attempts to induce resistance in vitro by repeated 
passage in the presence of drug have not been reported.

Pharmacokinetics
Prolonged retention of polymeric zanamivir compared with mono
meric zanamivir in lung tissue accounts for the enhanced antiviral 
effect of polymeric conjugates. After intratracheal instillation of the 
same single dose of a polymeric zanamivir conjugate or monomeric 
zanamivir solution to rats, lung homogenate drug concentrations of 
the polymeric compound after 48 hours and 168 hours are 35 times 
and 160 times greater than zanamivir concentrations.343 Generally, 
lung retention time is directly related to molecular weight because 
small polar molecules leave the lung by passing through tight junctions 
between cells. Prolonged retention of highmolecularweight poly
meric conjugates compared with monomeric zanamivir is expected. 
However, the prolonged lung retention time of some smaller conju
gates indicates that aqueous insolubility and aggregate formation plus 
partitioning into cell membrane phospholipids may also play a role in 
the prolonged retention of zanamivir polymeric conjugates in the lung 
after inhalation.343

Interactions and Toxicity
Toxicity studies have been limited to assessments of in vitro cyto
toxicity. For a series of dimeric conjugates, concentrations of 100 to 
1000 ng/mL caused no cytotoxicity.345

Clinical Studies
No clinical studies have been reported.

has been used to curtail transmission of amantadineresistant influ
enza A in nursing homes.297

Orally inhaled zanamivir has been administered in combination 
with oral oseltamivir. For postexposure prophylaxis in families, such 
combined zanamiviroseltamivir administration was not more effica
cious than either agent alone.332 However, a subgroup analysis suggests 
greater efficacy of the combination treatment among contacts whose 
prophylaxis was begun within 24 hours of exposure to the index case 
compared with oseltamivir or zanamivir alone. For treatment of adults 
with mainly A/H3N2 influenza, zanamiviroseltamivir combination 
treatment was not more efficacious than zanamivir alone and was less 
efficacious than oseltamivir monotherapy.333

Zanamivir has been administered intravenously to treat patients 
seriously ill with influenza who could not receive or who had failed 
oral oseltamivir therapy. Immunocompetent334 and immunocompro
mised335,336 patients who were infected with oseltamivirresistant337 
and oseltamivirsusceptible336,338 influenza A/H1N1 nonpandemic 
viruses or oseltamivirresistant pandemic virus339 or oseltamivir
sensitive influenza A (H1N1)pdm09 virus335,340 have been successfully 
treated with intravenous zanamivir. There is a sense that intravenous 
zanamivir may be lifesaving.341 However, an apparent lack of a relation
ship between intravenous zanamivir treatment–associated reductions 
in pandemic virus load in upper and lower respiratory tract secretions 
and mortality have prompted questions about its effectiveness in seri
ously ill patients.342 A phase III study comparing intravenous zanamivir 
and oseltamivir in hospitalized patients is underway.

POLYMERIC ZANAMIVIR 
CONJUGATES
Polymeric zanamivir conjugates are experimental, highmolecular
weight antiinfluenza compounds comprising multiple zanamivir 
monomers connected at the 70 position to backbone or linker mol
ecules of various types and lengths.343349 These compounds are poten
tial secondgeneration inhaled neuraminidase inhibitors for influenza 
chemoprophylaxis and therapy with enhanced potency and prolonged 
lung retention time compared with zanamivir. In mice, one of these 
compounds has been associated with prophylactic efficacy for 7 days 
after a single intranasal administration.

Spectrum
Polymeric zanamivir conjugates exhibit broadspectrum antiinfluenza 
activity, inhibiting human influenza A N1, N2, and B viruses and an 
avian influenza A/H5N1 virus.343 Inhibitory potency varies according 
to the length345 and type of linker molecule344 and the number of zana
mivir derivatives, whether dimeric,343 trimeric, or tetrameric.346 The 
most potent polymeric zanamivir conjugate is a dimer with a 14carbon 
linker, which is 10fold less potent in a neuraminidase assay enzyme 
inhibition test (IC50, 7.86 nM vs. 0.76 nM for zanamivir) but is 500,000
fold more potent in inhibiting influenza A/WSN/33 (H1N1) in a cyto
pathic reduction assay (IC50, 0.0001 nM vs. 56 nM for zanamivir).343 In 
mice, this dimeric conjugate is 100 times more potent than zanamivir 
in preventing influenza virus replication in the lung for 7 days after a 
single intranasal dose of drug and 1 day after intranasal virus challenge 
(drug doses to reduce lung virus titer by 90% were 0.03 mg/kg and 
2.92 mg/kg for the dimeric conjugate and zanamivir). The prophylactic 
effect is associated with prolonged persistence of dimer conjugate in 
lung tissue after intranasal administration, as discussed in the section 
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45  Antivirals against Herpes Viruses
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The availability of efficacious and well-tolerated antiviral drugs that 
collectively inhibit the majority of the nine human herpesviruses 
(HHVs) has significantly reduced the morbidity and mortality caused 
by these viruses in healthy individuals. The availability of these drugs 
has also contributed to the control of herpesvirus infections resulting 
from immunosuppression caused by diseases, such as human immu-
nodeficiency virus (HIV) infection, or reticuloendothelial system 
malignancies, such as Hodgkin’s disease. As important, the availability 
of these drugs has permitted the increasing and successful use of potent 
immunosuppressive agents for the management of a wide variety of 
diseases, such as transplant rejection, because a substantial proportion 
of herpesvirus infections are due to reactivation of asymptomatic latent 
herpesvirus infection. Those antiviral drugs, which are of established 
therapeutic effectiveness, as evidenced by registration by drug regula-
tory bodies in various countries, are listed in Table 45-1.

ACYCLOVIR AND VALACYCLOVIR
Spectrum
Acyclovir (9-[{2-hydroxyethoxy}methyl]-9H-guanine; acycloguano-
sine; Zovirax) is a deoxyguanosine analogue that has an acyclic side 
chain lacking the 3′-hydroxyl group instead of the cyclic ribose base of 
natural nucleosides (Fig. 45-1A). Valacyclovir (Valtrex) is the l-valyl 
ester prodrug of acyclovir. The clinically useful antiviral spectrum of 
acyclovir is limited to certain herpesviruses. Acyclovir is approximately 
10 times more potent against herpes simplex virus type 1 (HSV-1) and 
herpes simplex virus type 2 (HSV-2) than against varicella-zoster virus 
(VZV), and it is even less active against cytomegalovirus (CMV) (Table 
45-2).1,2 Acyclovir inhibits the replication of Epstein-Barr virus (EBV) 
in productively infected cells but does not affect latent or persistent 
infection. Acyclovir has shown antiviral activity in experimental HSV 
infection when administered topically, parenterally, or orally, and in 
simian varicella when given systemically.1 Enhanced antiherpesvirus 
activity occurs when acyclovir is given in combination with interferons 
(IFNs) and other antiviral agents in vitro and in animal models.1

Growth of uninfected mammalian cells is generally unaffected by 
high acyclovir concentrations. Acyclovir (20 µg/mL) does not repro-
ducibly alter cell-mediated immune responses of human peripheral 
blood leukocytes or affect human granulocyte progenitor cell growth 
in vitro.3

Mechanism of Action
Acyclovir is the prototype of a group of antiviral agents that are acti-
vated by viral thymidine kinase (TK) to become inhibitors of viral 
DNA polymerase that block viral DNA synthesis.1,2,4

Acyclovir uptake and intracellular phosphorylation to the mono-
phosphate derivative are catalyzed by HSV TK. Cellular enzymes 
convert the monophosphate to acyclovir triphosphate, which is present 
in 40-fold to 100-fold higher concentrations in HSV-infected than in 
uninfected cells. Acyclovir triphosphate competitively inhibits viral 
DNA polymerase, and, to a much smaller extent, cellular DNA poly-
merases, with respect to deoxyguanosine triphosphate. Acyclovir tri-
phosphate is also incorporated into viral DNA, where it acts as a chain 
terminator because of the lack of the 3′-hydroxyl group. Formation of 
a complex between the terminated DNA template containing acyclovir 
and the enzyme may lead to irreversible inactivation of the DNA poly-
merase. The DNA polymerases of various herpesviruses differ in their 
degree of inhibition by acyclovir triphosphate; the polymerases of EBV 
and CMV seem to be especially insensitive.

Resistance
Acyclovir-resistant HSV, often defined by an in vitro inhibitory con-
centration greater than 2 to 3 µg/mL, can be readily selected by passage 
in the presence of acyclovir and is present in native virus populations, 
with an approximate frequency of 1 in 103 to 104 infectious virions.4-6 
Three basic resistance mechanisms have been identified: absent or low 
production of viral TK, altered TK substrate specificity (e.g., phos-
phorylation of thymidine, but not of acyclovir), and altered viral DNA 
polymerase. Changes in these viral enzymes relate to point mutations 
or base insertions or deletions in the corresponding genes.7,8 The most 
common mechanism found in clinical HSV isolates is absent or defi-
cient TK activity.4,9 Less commonly, resistant isolates have altered TK 
activity, and DNA polymerase mutants are rare in clinical strains. 
Heterogeneous mixtures are commonly found. TK-negative variants 
are cross resistant to other agents activated by viral TK (e.g., penciclo-
vir, ganciclovir), but TK-altered and DNA polymerase mutants vari-
ably retain susceptibility.4

The prevalence of acyclovir-resistant HSV isolates in immunocom-
petent hosts is about 0.1% to 0.7%, but increases to approximately 4% 
to 14% in immunocompromised patients.4,7,10 During several decades 
of use, no increase in the prevalence of acyclovir-resistant variants has 
occurred in immunocompetent individuals.4,11 Resistant HSV-2 has 
been found in 0.2% of HIV-negative and 5.3% of HIV-positive indi-
viduals with genital herpes,12 and it has been recovered from 11% to 
17% of individuals with acquired immunodeficiency syndrome (AIDS) 
or recipients of allograft transplants receiving acyclovir treatment for 
2 weeks or longer.13 Progressive HSV disease associated with recovery 
of acyclovir-resistant virus and poor response to acyclovir therapy is 
well recognized in immunocompromised patients. Painful ulcerating 
perirectal lesions, often indolent and necrotizing, caused by HSV-2 
represent the most common pattern in patients with AIDS. Orofacial 
disease caused by HSV-1 is common in transplant recipients. The risk 
factors for resistance emergence include degree of immunosuppres-
sion, size of lesions, repeated or prolonged use of acyclovir for treat-
ment rather than prophylaxis, and, possibly, the use of topical acyclovir 
in genital herpes.11

TK-negative HSVs are less neurovirulent than wild-type strains and 
are unable to reactivate from latency in animal models, although they 
may cause extensive mucocutaneous disease in immunocompromised 
hosts.4,6 TK-deficient, TK-altered, or DNA polymerase mutants have 
variable decreases in pathogenicity. Acyclovir-resistant HSV recurrent 
genital or ocular infections have rarely been found in immunocompe-
tent hosts.4 One case of possible person-to-person spread of resistant 
HSV has been reported. Recurrences after cessation of acyclovir are 
usually caused by sensitive virus.4 In patients with AIDS, persistent 
shedding of resistant HSV at the site of initial infection and recurrences 
with acyclovir-resistant variants have been found in the absence of 
selective drug pressure.14 Visceral disease is uncommon, but pneumo-
nitis, meningoencephalitis, esophagitis, hepatitis, retinal necrosis, and 
disseminated infection have occurred with resistant variants, including 
instances in neonates.4,12,15

Depending on the degree of immunosuppression, resistant HSV 
infections may undergo spontaneous healing during or after cessation 
of acyclovir therapy. In patients with progressive disease, intravenous 
foscarnet therapy is effective, but therapy with vidarabine is not.14 
Intravenous cidofovir also seems to be effective. High-dose continuous 
infusion of acyclovir,16 topical trifluridine, topical IFN-α2 alone or 
in combination with topical trifluridine,17 topical foscarnet,18 topical 
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TABLE 45-1  Antiviral Agents of Established Therapeutic Effectiveness for Herpesvirus Infections

VIRAL INFECTION DRUG ROUTE USUAL ADULT DOSAGE
Cytomegalovirus Ganciclovir IV 5 mg/kg/12 hr in 1-hr infusion for 14-21 daysa

Retinitis Valganciclovir PO 900 mg bid for 21 daysa

Cidofovir IV 5 mg/kg once weekly × 2, then every other week

Fomivirsen Intravitreal 330 µg every 2 wk × 2, then every 4 wk

Foscarnet IV 60 mg/kg/8 hr in 1- to 2-hr infusion for 14-21 daysb

Herpes Simplex Virus
Genital herpes

  First episode Acyclovir POc 400 mg tid or 200 mg 5×/day for 7-10 days

Famciclovir PO 250 mg tid for 7-10 days

Valacyclovir PO 1 g bid for 7-10 days

  Recurrent Acyclovir PO 800 mg tid for 2 days or 400 mg tid or 200 mg 5×/day or 800 mg bid for 5 days

Famciclovir PO 125 mg bid for 5 days or 1000 mg repeated once at 12 hr for 1 day

Valacyclovir PO 500 mg bid for 3 days or 1 g/day for 5 days

  Suppressiond Acyclovir PO 400 mg bid or 200 mg tid

Famciclovir PO 250 mg bid

Valacyclovir PO 500 mg/day or 1 g/day (≥10 episodes/yr) or 250 mg bid

Encephalitis Acyclovire IV 10-15 mg/kg/8 hr in 1-hr infusions for 14-21 days

Mucocutaneous disease in 
immunocompromised hosts

Acyclovirf IV 5 mg/kg/8 hr for 7-14 daysg

PO 400 mg 5×/day for 7-14 days

Valacyclovirh PO 500 mg or 1 g bid for 7-10 days

Penciclovirh IV 5 mg/kg/8-12 hr for 7 days

Famciclovir PO 500 mg bid for 7-10 days

Orolabial herpes

  First episode Acyclovir PO Children: 15 mg/kg 5×/day for 7 days (max. 200 mg/dose)

Adults: Drugs and doses recommended for first-episode genital herpes have been used

  Recurrent Penciclovir 1% Topical Apply cream for 4 days q2h while awake

Acyclovir 5% Topical Apply cream 5×/day for 4 days

Docosanol 10% Topical Apply cream 5×/day until healed

Valacyclovir PO 2 g repeated once at 12 hr

Famciclovir PO 1500 mg once or 750 mg repeated once at 12 hr

Acyclovir PO 400 mg tid/day for 5 days

Neonatal HSV Acycloviri IV 10-20 mg/kg/8 hr for 14-21 days

Keratoconjunctivitis HSV Trifluridinej Topical 1 drop of 1% solution topically q2h, ≤9 drops/day

Vidarabine Topical 1
2-inch ribbon of 3% ointment 5×/day

Varicella-Zoster Virus
Varicella in normal children Acyclovir PO 20 mg/kg (≤800 mg) qid for 5 days

Varicella in immunocompromised hosts Acyclovir IV 10 mg/kg/8 hr or 500 mg/m2/8 hr for 7-10 daysk

Herpes zoster in immunocompromised hosts Acyclovir IV 10 mg/kg/8 hr in 1-hr infusion for 7-10 daysk

Herpes zoster in normal hosts Acyclovir PO 800 mg 5×/day for 7-10 days

Valacyclovir PO 1 g tid for 7 days

Famciclovir PO 500 mg tid for 7 days

Brivudinh PO 120 mg daily for 7 days
aIn patients with acquired immunodeficiency syndrome (AIDS) or who are otherwise highly immunocompromised, long-term suppression with valganciclovir, 900 mg/day, is 
recommended after acute treatment. IV ganciclovir, 5 mg/kg given 7 day/wk or 6 mg/kg given 5 days/wk, or oral ganciclovir, 1 g tid are alternatives for suppression. These 
dosages are also approved for prevention of cytomegalovirus disease in transplant recipients.

bLong-term suppression with daily infusion of 90-120 mg/kg over 2 hr is recommended after initial treatment in patients with AIDS.
cIn patients with severe initial genital herpes and in patients unable to tolerate oral medicines, IV acyclovir, 5 mg/kg/8 hr for 5-7 days, is recommended before a switch to 

an oral agent.
dFamciclovir, 500 mg bid, and valacyclovir, 500 mg bid, are effective in reducing recurrences in human immunodeficiency virus–infected patients.
eHigher dosages and 21 days of IV therapy are recommended by some authorities. The possible value of additional oral valacyclovir treatment afterward is under study.
fIn acyclovir-resistant herpes simplex virus or varicella-zoster virus infections, IV foscarnet 40 mg/kg/8 hr seems beneficial. Duration of therapy depends on the clinical 

response. For limited cutaneous infections in immunocompromised patients, 5% acyclovir ointment can be applied to lesions every 3 hr, up to 6 times daily for 7 days 
(about  1

2-inch ribbon per 4 inches2), using a finger cot or glove.
gHigher dosages (30 mg/kg/day) are recommended in progressive or visceral infections. Suggested pediatric dosage in children younger than 12 years is 10 mg/kg/8 hr for 

7 days per manufacturer.
hNot approved by the U.S. Food and Drug Administration for this indication. IV penciclovir is unavailable in the United States.
iHigh dosage (20 mg/kg/8 hr) seems superior in disseminated and central nervous system disease in neonates.85

jAn ophthalmic ointment of 3% acyclovir is available in some countries. Idoxuridine 0.1% solution, q1h while awake and q2h at night, or 0.5% ointment 5×/day is a less 
effective alternative. Treatment of herpes simplex virus ocular infections should be supervised by an ophthalmologist.

kPediatric dosage of 500 mg/m2/8 hr for 7-10 days for children aged 1 year or older, although some experts recommend the 10-mg/kg/8 hr dosage for these children.111

HSV, herpes simplex virus; IV, intravenously; PO, orally.
Note: Please consult text and manufacturer’s product prescribing information for dosage adjustments in renal or hepatic insufficiency and in other circumstances.
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respectively, after intravenous administration of 5 mg/kg every 8 
hours, and 20.7 µg/mL and 2.3 µg/mL, respectively, after 10 mg/kg 
every 8 hours. Peak concentrations average 10.3 µg/mL and 20.7 µg/
mL after intravenous doses of 250 mg/m2 and 500 mg/m2, respectively, 
in children.

After oral administration, valacyclovir is readily absorbed, most 
likely via human peptide transporter 1 (hPEPT1), and rapidly con-
verted to acyclovir during first-pass enzymatic hydrolysis in the liver 
and intestine by an enzyme designated valacyclovir hydrolase.27,28 The 
relative bioavailability of acyclovir is three to five times greater after 
ingestion of valacyclovir, whose absolute bioavailability averages 54% 
to 70%.29 Estimated bioavailability is 48% in hospitalized immunocom-
promised children 5 years old or older.30 Peak plasma levels of valacy-
clovir are 0.4 µg/mL or less after 1000-mg doses. Peak plasma acyclovir 
levels average 5 µg/mL and 8.5 µg/mL after doses of 1000 mg and 
2000 mg in adults and are estimated to be 7 µg/mL to 8 µg/mL after 
doses of 30 mg/kg valacyclovir in children.29,31 Total acyclovir exposure 
with administration of valacyclovir is similar to that seen with intra-
venous acyclovir, although peak plasma concentrations are twofold to 
fourfold lower.30 In older adults, peak plasma concentrations increase 
15% to 20%, and overall acyclovir exposure increases 30% to 50%,27 
probably because of reduced renal clearance in this population.

Acyclovir is distributed widely in body fluids. Plasma protein 
binding is less than 20%. Concentrations over time in noninflamed 
cerebrospinal fluid (CSF) average 20% of those in serum.32 Salivary 
concentrations average 13% of plasma levels, but concentrations in 
vaginal secretions range from 15% to 170% of those in plasma. Zoster 
vesicular fluid levels are similar to those in plasma. Aqueous humor 
levels average 37% of concurrent plasma values. Acyclovir is concen-
trated in breast milk at approximately threefold higher levels than in 
maternal serum. Plasma levels in newborns are similar to maternal 
ones, and amniotic fluid and placental concentrations are severalfold 
higher.33 Percutaneous absorption of acyclovir after topical administra-
tion seems to be low.

The mean plasma elimination half-life (T elim1
2

) of acyclovir is about 
2.5 to 3 hours (range, 1.5 to 6.3 hours) in adults with normal renal 
function; it is slightly longer (3.8 hours) in neonates and increases to 
19.5 hours in anuric patients.33,34 Renal excretion of unmetabolized 
acyclovir by glomerular filtration and tubular secretion accounts for 
60% to 91% of an administered dose, whereas less than 15% is excreted 
as 9-carboxymethoxymethylguanine or minor metabolites.35 Acyclovir 
and valacyclovir dosage reductions are indicated in patients with a 
creatinine clearance (CrCl) of less than 50 mL/min (Tables 45-3 and 
45-4). Hemodialysis removes 33% to 60% of acyclovir during a 6-hour 
session, whereas peritoneal dialysis removes very little.36 Dosing is 
recommended after hemodialysis, but supplementation is not needed 
during continuous ambulatory peritoneal dialysis. Bioavailability is 
about 61% after intraperitoneal dosing.37 Table 45-4 lists dosage adjust-
ments for valacyclovir in patients with impaired renal function.

Interactions
Severe somnolence and lethargy may occur with combinations of zid-
ovudine and acyclovir.38 Concomitant use of cyclosporine, and prob-
ably of other nephrotoxic agents, enhances the risk for nephrotoxicity. 
Probenecid and cimetidine slow valacyclovir metabolism, decrease 

cidofovir gel, and topical imiquimod19 have been used with variable 
success.20

Acyclovir resistance in VZV isolates, associated with 20-fold to 
40-fold increases in inhibitory concentrations, is usually related to 
mutations in VZV TK with inability to phosphorylate acyclovir, or, less 
often, to mutations in viral DNA polymerase. Although rare, resistant 
isolates, including the Oka VZV vaccine strain,21 have been recovered 
from highly immunocompromised children and adults with chronic 
disseminated, hyperkeratotic, or verrucous papular lesions that failed 
to heal with intravenous acyclovir.22,23 Invasive disease with resistant 
variants occurs. Long-term suppressive therapy with subtherapeutic 
dosages of acyclovir seems to be a risk factor. Intravenous foscarnet or 
cidofovir may be effective for acyclovir-resistant VZV infections.24,25

Pharmacokinetics
The bioavailability of oral acyclovir is low (15% to 21%) and decreases 
with increasing dosages.1 Peak plasma concentrations average 0.4 to 
0.8 µg/mL after 200-mg oral doses and increase to about 1.6 µg/mL 
with 800-mg doses. Bioavailability is lower in transplant recipients, in 
whom doses of 400 mg provide peak levels of 0.7 to 0.9 µg/mL. A 
liquid suspension has lower oral bioavailability; peak plasma concen-
trations average 1 µg/mL in children receiving dosages of 600 mg/m2. 
In neonates and infants younger than 2 years, oral bioavailability aver-
ages 12%, acyclovir kinetics are affected by prematurity and age 
younger than 1 month, and weight-adjusted dosing is essential.26 Peak 
and trough plasma concentrations average 9.8 µg/mL and 0.7 µg/mL, 

FIGURE  45-1  Chemical structures of acyclovir (A), penciclovir 
(B), ganciclovir (C), and their natural nucleoside analogue deoxy-
guanosine (D). 
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TABLE 45-2  Representative in Vitro Inhibitory Concentrations of Acyclic Nucleosides and Nucleotides for 
Clinical Isolates of Herpesviruses in Human Cells

INHIBITORY CONCENTRATION (µg/mL)
VIRUS Acyclovir Penciclovir Ganciclovir Cidofovir
Herpes simplex virus 1 0.02-1.9 0.2-1.8 0.05-0.6 0.4-3

Herpes simplex virus 2 0.3-2.9 0.3-2.4 0.05-0.6 0.4-3

Varicella-zoster virus 0.8-5.2 0.9-5.1 0.2-2.8 0.25

Cytomegalovirus 2-57 52 0.2-2.8 0.2-0.9

Epstein-Barr virus 1.6 — 1.5 <0.03

Human herpesvirus type 6 7-23 — 0.3-7 —

Human herpesvirus type 8 15-17 — 0.9-1.4 0.1-0.23

Data from references 6, 8, 14, 153, 156, 230, 232, 348, 393, 395, 494-496.
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patients. Obstructive nephropathy may manifest as nausea, emesis, 
flank pain, and increasing azotemia. Co-administration with other 
nephrotoxic drugs, bolus infusion, dehydration, preexisting renal 
insufficiency, high doses, and high acyclovir plasma levels are risk 
factors. Nephrotoxicity usually resolves with drug cessation and 
volume expansion.

Oral acyclovir has been associated infrequently with nausea, diar-
rhea, rash, and headache, and uncommonly with renal insufficiency or 
neurotoxicity. Immediate hypersensitivity reactions to acyclovir are 
rare, but may be managed with oral desensitization.43 Long-term acy-
clovir suppression for frequently recurring genital or mucocutaneous 
infections seems well tolerated after long-term use,44,45 and no adverse 
effects on sperm production or peripheral blood lymphocyte cytoge-
netics have been detected.46 Oral acyclovir can cause neutropenia in 
infants, however.47 High-dose valacyclovir (8 g/day) is associated with 
gastrointestinal intolerance, azotemia, possibly thrombotic microangi-
opathy in patients with AIDS,48 and with confusion and hallucinations 
in transplantation patients.49 Tolerance at lower doses is comparable to 
that of acyclovir.

Localized bullous skin lesions50 and an acute generalized pustulosis 
confirmed by patch testing have been reported.51

Acyclovir has shown mutagenic activity in some in vitro assays at 
high concentrations, but no significant immunosuppressive activity, 
carcinogenicity, or teratogenicity has been noted in animal studies. 
High doses decrease spermatogenesis and cause testicular atrophy in 
animals. Acyclovir is classified as pregnancy category B and is present 
in breast milk. No excess frequency of congenital abnormalities has 
been recognized in infants born to women exposed to acyclovir during 
pregnancy, although whether exposure may increase the risk for spon-
taneous abortion is unresolved.52,53,54

Clinical Studies
Acyclovir is the agent of choice for management of many types of HSV 
and VZV infections because of its efficacy, safety, and ease of admin-
istration (see Table 45-1).1,2 Valacyclovir is comparably effective in 
most of the conditions in which oral acyclovir is used and offers more 
convenient dosing regimens.

Herpes Simplex Virus
Acyclovir by various routes is effective in primary genital HSV infec-
tions.55 Topical acyclovir is less effective than oral or intravenous 

renal acyclovir clearance, and increase overall acyclovir exposure by 
48% and 27%.39 By competing for the organic acid secretory pathway, 
acyclovir may decrease the renal clearance of other drugs eliminated 
by active renal secretion, such as methotrexate. Thiazide diuretics or 
the hPEPT1 substrate cephalexin do not substantially alter valacyclovir 
pharmacokinetics.27 No pharmacokinetic interaction was observed 
between tipranavir/ritonavir and single-dose valacyclovir at steady 
state in healthy volunteers.28

Toxicity
Topical acyclovir may cause transient burning when it is applied to 
genital lesions. The polyethylene glycol base of topical acyclovir may 
cause mucosal irritation and is not approved for intravaginal use. Acy-
clovir cream uncommonly causes allergic contact dermatitis.1

Intravenous acyclovir is generally well tolerated,1 although inflam-
mation, phlebitis, and, rarely, vesicular eruption can occur at the injec-
tion site after extravasation of the alkaline solution (pH 9 to 11). 
Uncommon side effects include rash, diaphoresis, hematuria, hypoten-
sion, headache, and nausea. Approximately 1% to 4% of patients 
receiving intravenous acyclovir have manifested neurotoxicity, char-
acterized by lethargy, confusion, obtundation, tremor, myoclonus,  
hallucinations, delirium, seizures, extrapyramidal signs, autonomic 
instability, or coma.40 Diffuse electroencephalographic abnormalities 
and increased CSF concentrations of myelin basic protein may occur. 
Symptoms of neurotoxicity usually develop within 1 to 3 days after 
starting treatment. Most of these patients have acute renal dysfunction 
or preexisting renal disease, and neurotoxicity occurs in association 
with high serum acyclovir concentrations (>25 µg/mL) and detectable 
CSF levels of 9-carboxymethoxymethylguanine, the main metabolite 
of acyclovir, which may be the cause of acyclovir neurotoxicity. It has 
been detected at higher concentrations in the CSF of subjects with 
neurotoxicity41 than in asymptomatic normal individuals or those with 
chronic kidney disease.31 Neurotoxicity occurs more often after vala-
cyclovir. Neurologic side effects usually resolve within several days 
after drug concentrations decrease. Hemodialysis may be useful in 
severe cases.

Reversible renal dysfunction has been observed in approximately 
5% of patients, and a higher proportion of children, treated with intra-
venous acyclovir.1 Acyclovir can cause a crystalline nephropathy and, 
rarely, interstitial nephritis.42 Acyclovir solubility decreases to 2.5 mg/
mL at 37° C, and crystalluria has been described in adult and pediatric 

TABLE 45-3  Acyclovir Dosage Adjustments Suggested for Patients with Impaired Renal Function

CREATININE CLEARANCE 
(mL/min/1.73 m2)

INTRAVENOUS ORAL*

Standard Dose (%) Dosing Interval (hr) Dose (mg) Dosing Interval (hr)
>50 100 8 800 4

25-50 100 12 800 4

10-25 100 24 800 8

0-10† 50 24 800 12‡

*Oral acyclovir dosage adjustments are needed for severe renal insufficiency. Recommendations are based on high-dose oral regimen (4000 mg/day). For the low-dose 
(1000 mg/day) oral regimen, the suggested dosage is 200 mg q12h when creatinine clearance is less than 10 mL/min/1.73 m2.

†An alternative in patients with end-stage renal disease is administration of 14% of standard dosage q8h after loading with 37% of the standard dosage. In 
hemodialysis, use 60% to 100% of standard dosage after the hemodialysis run only.

‡In dialysis-dependent patients, a further dosage reduction to 200 mg/12 hr and 400 mg after dialysis is recommended to avoid toxic levels. A dosage of 800 mg PO 
q24h has been suggested for patients on continuous ambulatory peritoneal dialysis.36 For adults during continuous renal replacement therapy, give q48h.

Modified from Blum MR, Liao SH, de Miranda P. Overview of acyclovir pharmacokinetic disposition in adults and children. Am J Med. 1982;73:186-192; and Laskin OL, 
Longstreth JA, Whelton A, et al. Effect of renal failure on the pharmacokinetics of acyclovir. Am J Med. 1982;73:197-201.

TABLE 45-4  Dosage Adjustments of Valacyclovir in Patients with Impaired Renal Function

CREATININE CLEARANCE 
(mL/min/1.73 m2)

HERPES ZOSTER
RECURRENT GENITAL 

HERPES SIMPLEX VIRUS
RECURRENT OROLABIAL 

HERPES
Dose Interval Dose Interval Dosage Interval

≥50 1g 8 hr 500 mg 12 hr 2 g × 2 12 hr

30-49 1g 12 hr 500 mg 12 hr 1 g × 2 12 hr

10-29 1g 24 hr 500 mg 24 hr 500 mg × 2 12 hr

<10 500 mg 24 hr 500 mg 24 hr 500 mg Once

Note: Based on manufacturer’s recommendations. Reductions are also indicated for other dosage regimens (e.g., for genital herpes suppression and initial treatment).
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benefit of acyclovir or valacyclovir alone or in addition to prednisolone 
for treatment of Bell’s palsy, but some consultants still use combined 
oral steroids and valacyclovir in severe disease.78,79

Acyclovir in various regimens and valacyclovir have been used 
successfully for prevention and treatment of mucocutaneous HSV 
infections in immunosuppressed patients.2,80 Intravenous acyclovir 
(250 mg/m2 every 8 to 12 hours or 125 mg/m2 every 6 hours), begun 
before transplantation and continuing for several weeks, is highly effec-
tive in reducing the incidence of HSV disease in seropositive bone 
marrow transplant recipients.81 For patients who can tolerate oral 
medications, oral acyclovir (400 mg five times daily or 600 mg every 6 
hours) or valacyclovir (500 mg twice daily) is effective in marrow 
transplant recipients, and long-term oral acyclovir (400 mg three times 
daily for 6 months) reduces the risk for HSV, CMV, and VZV infec-
tion.82,83 Low doses of oral acyclovir (200 mg every 6 to 8 hours) seem 
to be effective in renal transplant recipients. Valacyclovir (500 mg 
twice daily) is effective for suppression of recurrent genital herpes in 
HIV-infected individuals.84 Serial HSV DNA plasma load was moni-
tored during successful prevention of recurrent HSV disease with 
intravenous acyclovir and valacyclovir after hepatic transplantation for 
treatment of fulminant HSV hepatitis in an immunocompetent host.85

In immunocompromised patients with established mucocutaneous 
HSV infection, intravenous acyclovir (250 mg/m2 every 8 hours for 7 
days) shortens healing time, duration of pain, and virus shedding,86 
although recurrences are common after cessation of therapy. Oral acy-
clovir (800 mg five times daily) is also effective.87 Intravenous acyclovir 
may be beneficial in cases of disseminated HSV in pregnant women 
and in transplant recipients.88,89

In HSV encephalitis, acyclovir reduces mortality to 19% to 28% 
compared with 50% to 54% with vidarabine.2 In neonates, in immu-
nosuppressed patients, and, uncommonly, in apparently healthy indi-
viduals, early relapse of encephalitis may follow initial acyclovir therapy 
(see Table 45-1). Neurologic deterioration, interpreted as relapsing 
HSV encephalitis, seems to be unrelated to direct viral cytolysis.90 
High-dose intravenous acyclovir (60 mg/kg/day for 21 days) seems to 
be more effective than the lower dosage (10 to 15 mg/kg/day) approved 
by the U.S. Food and Drug Administration (FDA) for neonatal central 
nervous system (CNS) and disseminated HSV disease.91

Continuous infusion of acyclovir was reported to be effective in a 
neonate with HSV-2 encephalitis that did not respond to the intermit-
tent recommended acyclovir dose regimen.92 The efficacy of acyclovir 
for treating primary or recurring HSV-2 meningitis has not been dem-
onstrated. However, valacyclovir, 500 mg twice daily, was not effective 
compared with placebo, in preventing recurrent episodes of verified 
and probable HSV-2 meningitis.93 Acyclovir seems to be effective for 
treatment of presumed HSV acute retinal necrosis syndrome.94 Pro-
longed oral acyclovir (≥14 weeks) was significantly more effective than 
a shorter duration (<14 weeks) in preventing involvement of the other 
eye.95 Fulminant HSV hepatitis in two pregnant women was success-
fully treated with intravenous acyclovir.96

Epidemiologic studies demonstrate a strong synergistic relation-
ship between the dual contemporary epidemics of genital HSV-2  
and HIV-1 infection. HSV-2 increases the risk of HIV-1 acquisition 
twofold or threefold97 as well as of transmission. However, prophylactic 
daily acyclovir does not decrease HIV-1 acquisition rates,98,99 nor 
does administration of acyclovir prevent HIV-1 transmission100 even 
though HIV-1 plasma load101 as well as genital, rectal, seminal,102 and, 
perhaps, cervicovaginal103 concentrations are reduced. Prevalent HSV 
acyclovir resistance does not likely explain the incomplete antiviral 
effect104 whereas incomplete adherence may contribute to acyclovir 
inefficacy.103

HSV can cause exophytic, ulcerating, hypertrophic genital lesions 
in HIV-infected individuals.105,106 These respond best to intravenous 
acyclovir.105 Topical imiquimod may augment the effect of oral acyclo-
vir.106 Acyclovir, 4 g daily, was superior to oral erythromycin for treat-
ment of pityriasis rosea, which may be due to HHVs, mainly HHV 
types 6 and 7.107

Varicella-Zoster Virus Infections
High-dose oral acyclovir is effective treatment for herpes zoster in 
older adults and, if begun within 24 hours after rash onset, for varicella 

administration, and its use is discouraged. Intravenous acyclovir  
markedly reduces viral shedding, time to healing, and duration of 
symptoms in patients with severe primary genital HSV infections. In 
outpatients, oral acyclovir (200 mg five times daily for 10 days) is 
associated with significant reductions in virus shedding, symptoms, 
and time to healing. Higher doses of oral acyclovir do not increase 
efficacy,56 and valacyclovir (1 g twice daily for 10 days) is comparable 
to acyclovir in efficacy and tolerability for treating first-episode genital 
herpes.57 None of these regimens has been associated with consistent 
reductions in the risk for recurrent genital lesions. Acyclovir therapy 
decreases the humoral and cellular immune response to HSV after a 
first episode of genital herpes. Higher oral dosages (400 mg five times 
daily for 10 days) provide similar benefit in first episodes of HSV 
proctitis.

In recurrent genital HSV infections, patient-initiated oral acyclovir 
(200 mg five times daily for 5 days) during the prodrome or at the first 
sign of lesions is associated with reductions of 1.5 to 2 days in the 
duration of shedding and time to healing. A 2-day regimen of high-
dose acyclovir (800 mg three times daily) is also associated with 2-day 
reductions in duration of lesions and symptoms.58 Valacyclovir (500 mg 
twice daily for 5 days) is comparable to acyclovir and superior to 
placebo in the treatment of recurrent genital herpes.59,60 Famciclovir, 
1000 mg taken twice early in the course of a recurrent episode of 
genital herpes;61 a 3-day course of valacyclovir, 500 mg twice daily; and 
a 5-day course of valacyclovir, 500 mg twice daily, are equally effica-
cious and well tolerated.62 Topical acyclovir alone offers minimal clini-
cal benefit in this condition.

In patients with frequently recurring genital herpes, long-term oral 
acyclovir (400 to 1000 mg/day in divided doses) reduces the frequency 
of clinical recurrences by about 90%, protects 65% to 85% of patients 
from recurrence, and reduces the frequency of subclinical viral shed-
ding and viral DNA detectability.45,63 Dosages of 400 mg twice daily are 
effective for longer than 5 years. Once-daily or weekend-only use of 
acyclovir is inadequate, whereas once-daily valacyclovir (500 mg, or 
1000 mg if frequent recurrences) seems to be effective and well toler-
ated.64 Valacyclovir suppression (500 mg daily) reduces the risk of 
transmitting HSV-2 infection to a serosusceptible partner by approxi-
mately 50%.65 Asymptomatic shedding may occur during suppression, 
and transmission to sexual partners has occurred. After cessation of 
acyclovir, patients generally return to their previous pattern of recur-
rent infection. Oral acyclovir and valacyclovir suppression during late 
pregnancy reduces virus shedding, recurrences, and cesarean delivery 
rates for HSV after a first episode occurring during pregnancy and in 
women with recurrent genital herpes.66,67

Long-term suppression may be useful in other patients with dis-
abling recurrences of herpes whitlow or HSV-related erythema multi-
forme. In patients with recurrent herpes labialis or ocular HSV disease, 
prolonged oral acyclovir (400 mg twice daily) or valacyclovir (500 mg 
once daily) reduces the number of recurrences by about half.68-70 In 
patients with a history of sun-induced recurrences, short-term prophy-
laxis (400 to 800 mg twice daily) inconsistently reduces the risk for 
recurrence.71 Short-term prophylaxis during outbreaks in daycare cen-
ters may be effective in preventing primary infections in children,72 but 
the efficacy of postexposure prophylaxis remains to be established.

In recurrent orolabial HSV infections in immunocompetent indi-
viduals, topical acyclovir ointment is not beneficial. Topical 5% acyclo-
vir cream is available in many countries outside of the United States, 
and patient-initiated treatment reduces the duration of an episode by 
about 0.5 day.73 A cream consisting of 5% acyclovir and 1% hydrocor-
tisone prevented progression of cold sores to ulcerative lesions and 
significantly reduced the cumulative lesion area compared with acy-
clovir cream alone or placebo.74 High-dose, patient-initiated oral vala-
cyclovir (2 g twice in 1 day) reduces the duration of orolabial herpes 
episodes and healing time by about 1 day.75 Oral acyclovir (200 to 
400 mg five times daily for 5 days) provides modest clinical benefit in 
orolabial HSV but seems to be efficacious in recurrent whitlow.76 Acy-
clovir (15 mg/kg five times daily to a maximum of 200 mg/dose for 7 
days) is beneficial for treating primary HSV gingivostomatitis in chil-
dren,77 and long-term suppression reduces cutaneous recurrences after 
neonatal infection. In Bell’s palsy, prednisolone improves the chances 
of complete recovery. Controlled studies have shown that there is no 
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(12.5 to 15 mg/kg/8 hr) or ganciclovir is recommended for treating 
non-CNS herpes B virus infections; intravenous ganciclovir is advised 
for CNS infection (see Chapter 144).130 High-dose acyclovir has been 
reported to provide a modest survival benefit in advanced HIV infec-
tion, although this remains controversial.131 High-dose valacyclovir, 
but not acyclovir, reduces CMV disease risk in advanced HIV infection 
but is less well tolerated and is associated with higher mortality.40 
Valacyclovir reduced oropharyngeal shedding of HHV-8 in HIV-1 
infected individuals, but not as markedly as did antiretroviral drugs.132

In infectious mononucleosis, acyclovir is associated with transient 
suppression of salivary EBV excretion but no important effects on 
illness parameters.133 High-dose acyclovir is ineffective in patients with 
chronic fatigue syndrome.134 Some cases of post-transplantation EBV-
related polyclonal lymphoproliferation may respond to acyclovir,135 
and long-term acyclovir or related antivirals possibly reduce the risk 
for AIDS-related lymphoma.136 EBV-related oral hairy leukoplakia 
usually regresses with oral acyclovir or valacyclovir treatment but 
recurs.137 Topical 5% acyclovir with 25% podophyllin resin is effective 
in resolving the lesions with a reduced recurrence rate compared with 
podophyllin resin alone in HIV-1 seropositive patients.138 Neither 
intravenous nor oral acyclovir enhances the response to IFN in patients 
with chronic hepatitis B. Long-term acyclovir does not reduce neuro-
logic deterioration in multiple sclerosis.139

BRIVUDIN
Brivudin ([E]-5-[2-bromovinyl]-2′-deoxyuridine) is a halogenated 
thymidine nucleoside analogue that is licensed for treatment of herpes 
zoster in several European Union countries but not in the United States 
(Fig. 45-2).140 Brivudin potently and selectively inhibits replication of 
VZV and, to a lesser extent, HSV-1 in vitro. In vitro inhibitory con-
centrations of brivudin average 0.0033 µM for clinical VZV isolates 
and are more than 100-fold lower than those for acyclovir and penci-
clovir.141 Brivudin-resistant HSV-1 clones can be readily selected in 
vitro during replication in the presence of drug.142,143 Cross-resistance 
to acyclovir is common.142,143

When used for early treatment of nonophthalmic herpes zoster in 
immunocompetent adults, oral brivudin (125 mg once daily for 7 days) 
is not different from famciclovir given at 250 mg three times a day.144 
The same brivudin regimen is generally comparable to acyclovir 
(800 mg five times daily) in effects on acute pain and healing of lesions, 
although it may accelerate cessation of new lesion formation to a 
slightly greater extent.140 In adults 50 years old and older, brivudin 
treatment seems to reduce modestly the frequency, although not  
the duration, of postherpetic neuralgia compared with acyclovir.145 
Treatment-related adverse effects are similar to those of acyclovir, with 
low frequencies of gastrointestinal upset, headache, and dizziness145; 
delirium and hepatitis have been reported during therapy.146,147 The 
main metabolite of brivudin is bromovinyluracil, which interferes with 
the catabolism of fluorinated pyrimidines, such as 5-fluorouracil, with 
the result that potentially serious drug interactions can occur.148

in children,108 adolescents,109 and adults.110 In children, acyclovir’s 
effects include reductions of about 1 day in fever and of 15% to 30% 
in the severity of other illness measures, so routine use for uncompli-
cated varicella in otherwise healthy children younger than 13 years is 
not recommended.111 In adults with varicella, oral acyclovir (800 mg 
five times daily for 7 days), initiated within 24 hours after the onset of 
rash, reduces fever and the time to total crusting of lesion by approxi-
mately 2 days; it does not affect the course of illness if begun later.110 
Postcontact prophylaxis with oral acyclovir (40 mg/kg daily in divided 
doses), beginning 9 to 11 days after exposure, may reduce the risk for 
varicella in household contacts.112

In immunocompetent older adults with herpes zoster, intravenous 
acyclovir reduces virus shedding, time to healing of skin lesions, and 
duration of acute pain. Oral acyclovir (800 mg five times daily for 7 to 
10 days) also reduces acute pain and healing time in older adults, if 
treatment can be initiated within 72 hours after rash onset and particu-
larly within 1 or 2 days. Concomitant administration of steroids and 
antivirals resulted in improved quality of life in a placebo-controlled 
study.113 A reduction in ocular complications, particularly keratitis and 
anterior uveitis, occurs with oral acyclovir or valacyclovir (1 g three 
times daily for 7 days) treatment of zoster ophthalmicus.114 No consis-
tent effect of acyclovir on the incidence or severity of postherpetic 
neuralgia has been found115; evidence was insufficient to determine 
whether valacyclovir prevents postherpetic neuralgia. Compared with 
acyclovir, oral valacyclovir (1 g three times daily for 7 days) speeds 
resolution of zoster-associated pain and decreases the frequency of 
persistent pain.116 Intravenous acyclovir and steroid treatment was 
associated with recovery from cervical myelitis appearing 1 month 
after herpes zoster in an immunocompetent adult.117

Intravenous acyclovir is effective for varicella and herpes zoster in 
immunocompromised patients. It also seems to be effective in varicella 
pneumonia or encephalitis in previously healthy adults.118 In immuno-
compromised patients with herpes zoster, intravenous acyclovir 
(500 mg/m2 every 8 hours for 7 days) reduces the risk for cutaneous 
dissemination and visceral complications. In immunosuppressed chil-
dren with varicella, intravenous acyclovir reduces the risk for visceral 
complications and time to full crusting. Early relapse of infection may 
occur after cessation of therapy, and treatment may be ineffective in 
visceral disease. Early treatment with oral acyclovir (800 mg five times 
daily for 7 days) may be effective in immunocompromised children.119 
Herpes zoster recurrence in multiple myeloma patients treated with 
bortezomib-based therapy can be successfully prevented with acyclo-
vir.120 Valacyclovir is more efficacious than placebo in preventing 
herpes zoster in bone marrow transplant recipients.121

Cytomegalovirus
Acyclovir is therapeutically ineffective in established CMV infections. 
High-dose intravenous acyclovir (500 mg/m2 every 8 hours), begin-
ning 5 days before allogeneic bone marrow transplantation and con-
tinuing for 30 days afterward, is associated with a delayed risk for  
CMV infection and, when followed by oral acyclovir (800 mg four 
times daily for 6 months), improved overall survival.122,123 In seroposi-
tive allogeneic bone marrow or stem cell transplant recipients, valacy-
clovir (2 g four times a day after initial intravenous acyclovir) was  
more effective than high-dose oral acyclovir (800 mg four times a 
day)124 and comparable to intravenous ganciclovir125 in preventing 
CMV reactivation.

High-dose oral acyclovir also reduces the risk for CMV disease in 
renal and liver transplant recipients but seems to be less effective than 
ganciclovir,126,127 although in one report, valacyclovir and valganciclo-
vir were similarly effective.127 Acyclovir has not proved effective in liver 
transplant recipients receiving OKT3 therapy or in lung transplant 
recipients. High-dose valacyclovir prophylaxis (2 g four times a day for 
90 days) reduces the risk for CMV disease and of graft rejection in 
renal transplant recipients, including CMV seronegative recipients of 
seropositive grafts,128 and seems to be effective in preventing CMV 
reactivation after heart transplantation.129

Other Viruses
Valacyclovir is recommended in managing herpes B virus (cercopith-
ecine herpesvirus 1) exposures, and high-dose intravenous acyclovir FIGURE 45-2  Chemical structure of brivudin. 
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eightfold change in susceptibility).153,166 In patients with CMV retinitis, 
reduced cidofovir susceptibility has been detected in about 5% before 
treatment and in 29% by 3 months of therapy.167 Poxviruses selected 
for resistance to cidofovir in vitro (8-fold to 27-fold reduced suscepti-
bility) seem less virulent than wild-type viruses but are resistant to 
cidofovir in vivo.168

Pharmacokinetics
Oral bioavailability is low (<5%). After intravenous infusion, plasma 
levels are proportional to dose and decline in a biphasic pattern, with 
a terminal T elim12

 that averages about 2.6 hours.169 The maximum plasma 
concentration averages 19.6 µg/mL after a dose of 5 mg/kg in conjunc-
tion with probenecid.170 Plasma protein binding is low (<7%), and the 
volume of distribution approximates total body water (0.5 L/kg). CSF 
penetration is low.169 Cidofovir is cleared by the kidney via glomerular 
filtration and active tubular secretion. More than 90% of the dose is 
recovered unchanged in the urine, and no significant metabolism has 
been recognized in humans. High-dose probenecid (2 g 3 hours before 
and 1 g 2 hours and 8 hours after each infusion) reduces renal clear-
ance (by blocking tubular secretion of cidofovir) and increases blood 
levels. Clearance correlates with CrCl, and the T elim1

2
 increases to 32.5 

hours in patients receiving continuous ambulatory peritoneal dialysis. 
About 50% of a dose is removed by hemodialysis or continuous ambu-
latory peritoneal dialysis. After application of cidofovir gel, systemic 
absorption is low (peak plasma concentrations < 0.5 µg/mL) and is 
related to lesion size.154

Interactions
Probenecid, but not cidofovir, alters zidovudine pharmacokinetics, and 
zidovudine dosages should be reduced on administration days. Pro-
benecid may interact with various drugs (e.g., β-lactams, nonsteroidal 
anti-inflammatory drugs, lorazepam, furosemide, methotrexate, the-
ophylline, rifampin) and necessitate reductions in their dosage.170 Con-
comitant therapy with other nephrotoxic agents is contraindicated 
during cidofovir therapy, and an interval of at least 7 days is recom-
mended after aminoglycoside, intravenous pentamidine, amphotericin 
B, foscarnet, nonsteroidal anti-inflammatory drug, or contrast dye 
exposure.

Toxicity
Dose-related nephrotoxicity is the principal side effect of intravenous 
cidofovir.151 It is characterized by proximal tubular dysfunction, includ-
ing proteinuria, azotemia, glycosuria, metabolic acidosis, and, uncom-
monly, Fanconi syndrome. Nephrotoxicity occurs as a result of a 
cidofovir-avid renal organic anion transport protein that causes drug 
accumulation in the renal cortex. Nephrotoxicity occurs because of 
apoptosis induced by cidofovir in renal tubular epithelial cells.171 Con-
comitant oral probenecid and vigorous saline prehydration reduce, 
whereas prior foscarnet therapy and concurrent use of other nephro-
toxic agents increase, the risk for renal toxicity. On maintenance dosing 
(5 mg/kg every other week), approximately 12% to 39% of patients 
develop proteinuria, and 15% to 24% have elevated serum creatinine. 
Severe nephrotoxicity requiring dialysis sometimes occurs. Initiation 
of cidofovir is relatively contraindicated in patients with CrCl less than 

CIDOFOVIR
Spectrum
Cidofovir ([S]-1-[3-hydroxy-2-{phosphomethoxypropyl}] cytosine 
dihydrate); HPMPC; Vistide) is an acyclic phosphonate nucleotide 
analogue of deoxycytidine monophosphate (Fig. 45-3A) with inhibi-
tory activity against HHVs, including HSV, CMV, EBV, HHV-6, 
HHV-7, HHV-8, and certain other DNA viruses, including papilloma-
viruses, polyomaviruses, poxviruses, and adenoviruses.149-152 In vitro 
inhibitory concentrations range from less than 0.2 to 0.7 µg/mL for 
CMV,153 0.4 to 33 µg/mL for HSV,154 and 0.02 to 17 µg/mL for adeno-
viruses.155 Because phosphorylation does not depend on virus-specified 
enzymes, cidofovir is inhibitory for acyclovir-resistant, TK-deficient, 
or TK-altered HSV strains and ganciclovir-resistant CMV strains with 
UL97 mutations, although not for strains with UL54 mutations. TK 
mutants of HSV show 20-fold enhanced susceptibility to cidofovir 
compared with wild-type HSV because mutant viruses induce smaller 
elevations in competing deoxycytidine triphosphate pools in infected 
cells.156

In vitro, cidofovir shows synergistic inhibition of CMV in combina-
tion with ganciclovir or foscarnet.151 The prolonged intracellular T1

2
 of 

the diphosphate is associated with persistent antiviral activity and 
enables infrequent dosing regimens. Cidofovir is active in animal 
models of herpesvirus, papillomavirus, and, given systemically or by 
aerosol, poxvirus infections.157-159 Topical cidofovir is active against 
ocular adenovirus infection in rabbits but is associated with local 
irritation.160

Mechanism of Action
Cidofovir inhibits viral DNA synthesis. Cidofovir is metabolized intra-
cellularly to its active diphosphate form by cellular enzymes, and the 
levels of phosphorylated metabolites are similar in infected and unin-
fected cells. The diphosphate acts as a competitive inhibitor with 
respect to deoxycytidine triphosphate and as an alternative substrate 
for viral DNA polymerase. Incorporation of cidofovir slows chain elon-
gation and abrogates it if two consecutive cidofovir molecules are 
introduced. The diphosphate has a prolonged intracellular T1

2
, averag-

ing 17 to 65 hours depending on the cell type, and it competitively 
inhibits CMV and HSV DNA polymerase at concentrations 8-fold to 
600-fold lower than those inhibitory for human DNA polymerases.150,161 
An adduct with prolonged intracellular T1

2
 (>2 days) may serve as a 

reservoir of drug. Cidofovir has therapeutic effects in patients with 
HHV-8–associated lymphoma162 and HPV-associated vulvar intraepi-
thelial neoplasia.163

Resistance
Resistance to cidofovir selected by in vitro passage of CMV, poxviruses, 
and adenoviruses relates to point mutations in viral DNA polymerase. 
Highly ganciclovir-resistant clinical isolates of CMV that possess UL54 
mutations show cross-resistance to cidofovir in vitro, with 8-fold to 
16-fold increases in inhibitory concentrations.164 Foscarnet-resistant 
CMV and HSV isolates may retain susceptibility to cidofovir, but 
multidrug-resistant CMV variants with DNA polymerase mutations 
occur.165 The development of resistance to cidofovir as a result of 
cidofovir therapy seems to be uncommon and low level (less than 

FIGURE 45-3  Chemical structures of cidofovir (A), foscarnet (B), idoxuridine (C), trifluorothymidine (D), and vidarabine (E). 
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and foscarnet-resistant HSV-1 orolingual infection in an immunocom-
promised host.207 Intralesional and aerosolized cidofovir induce remis-
sions in respiratory papillomatosis.208-210 In a randomized, double-blind, 
placebo-controlled trial, intralesional cidofovir was not more effica-
cious than placebo, however.211 Intralesional cidofovir suppresses 
recurrent EBV-associated nasopharyngeal carcinoma.212 Topical cido-
fovir has been used for the treatment of recurrent anogenital herpes, 
including exophytic pseudotumorous lesions, anogenital warts, refrac-
tory condyloma, orf, poxvirus lesions,149,213-216 recurrent HPV-related 
nasal squamous papillomatosis,217 and high-grade vulvar intraepithe-
lial neoplasia. Intravenous cidofovir has resulted in resolution of ano-
genital218 and generalized219 warts. Topical and intravenous preparations 
have been used in recalcitrant molluscum contagiosum in immuno-
suppressed patients.149,220 Intravitreal cidofovir injection may be effec-
tive for treatment of CMV retinitis,173 but is contraindicated because 
of toxicity. A 1% ophthalmic solution reduced the risk for corneal 
opacities in adenoviral keratoconjunctivitis but was associated with 
severe, dose-dependent local toxicity.221

CMX001
Alkoxyalkyl ester prodrugs of cidofovir have enhanced cellular uptake, 
are more potent poxvirus inhibitors than the parent drug, are well 
absorbed orally, and are not renally concentrated.222 In target cells, 
the esters are cleaved to release cidofovir. Two ether lipid esters, 
hexadecyloxypropyl-cidofovir (CMX001) and octadecyloxyethyl-
cidofovir, administered orally are highly active in experimental poxvi-
rus, CMV, and adenovirus infections in animals.223-225 CMX001 is 
undergoing phase I and phase II testing. The renal toxicity of cidofovir 
is related to its concentration in renal cells through the organic ion 
transporter hDAT-1, and because CMX001 is not a substrate for 
hDAT-1, it has not been associated with nephrotoxicity.

A recent phase II study of CMX001 for the prevention of CMV 
infection in stem cell transplant recipients showed a reduction in new 
or progressive CMV infections in patients who received a dose of 
100 mg twice weekly. Diarrhea was dose limiting at a dose of 200 mg 
twice weekly.226 Planning for phase III trials is underway. CMX001 is 
also being considered for studies of BK virus nephropathy and adeno-
virus infections.

DOCOSANOL
Docosanol (n-docosanol or behenyl alcohol; Abreva) is a saturated 
22-carbon aliphatic alcohol that is inhibitory for a broad range of lipid-
enveloped viruses, including HSV-1 and HSV-2, at millimolar concen-
trations in vitro.227 Docosanol is not directly virucidal, and its principal 
anti-HSV mechanism of action in vitro apparently relates to interfer-
ence with viral fusion to host cell membranes early in replication, 
although other inhibitory effects may be possible.227 A non-antiviral 
mechanism of action resulting from anti-inflammatory effects has been 
described. In a guinea pig model of cutaneous HSV, topical docosanol 
does not show antiviral or therapeutic benefits, and is less active than 
topical penciclovir and acyclovir.228 No emergence of resistance has 
been described to date.

Docosanol 10% cream is available over the counter for treatment 
of recurrent herpes labialis in immunocompetent individuals. Early 
treatment (five applications daily until healing, up to a maximum of 
10 days) shortens the time to complete healing by about 0.7 day and 
time to resolution of symptoms by 0.5 day.229 Application site reactions 
occur in about 2%, and its use is generally well tolerated. Whether 
combined treatment with docosanol and topical nucleosides might 
provide greater therapeutic effects remains to be determined.

FAMCICLOVIR AND PENCICLOVIR
Spectrum
Penciclovir (9-[4-hydroxy-3-hydroxymethylbut-1-yl] guanine; 
Denavir) is an acyclic guanosine analogue (see Fig. 45-1B) similar to 
acyclovir in its spectrum of activity and potency against herpesviruses 
(see Table 45-2).230 Famciclovir (Famvir) is a prodrug, the diacetyl ester 
of 6-deoxy penciclovir, and lacks intrinsic antiviral activity. Because of 
its dependence on viral TK for initial phosphorylation, penciclovir is 
inactive against TK-deficient strains of HSV or VZV but may be active 
against some TK-altered or polymerase mutants that are resistant to 

55 mL/min or with significant proteinuria (2+). Dosage reductions 
(3 mg/kg) are indicated for minor increases in serum creatinine (0.3 
to 0.4 mg/dL), and cessation of administration is indicated for greater 
creatinine increases or development of proteinuria of 3+ or higher.

Neutropenia develops in approximately 24%, and regular monitor-
ing of neutrophil counts is necessary. Fever, nausea, emesis, diarrhea, 
headache, rash, asthenia, iritis, uveitis, and ocular hypotony may occur 
during combined therapy with cidofovir and probenecid.151,172 Mainte-
nance is withdrawn in approximately 25% to 35% of patients with 
AIDS because of intolerance.

Mucosal application is associated with dose-related application site 
reactions (burning, pain, pruritus) in one third of patients and occa-
sionally with ulceration, but no evidence of systemic toxicity has been 
reported.154 Intravitreal cidofovir may cause iritis, vitreitis, reduced 
intraocular pressure, and visual loss.173 Anterior uveitis has been 
reported after intravenous cidofovir administration.174 Conjunctival 
application causes local irritation; persistent epiphora related to lacri-
mal canalicular blockade has developed in some patients.

Preclinical studies indicate that cidofovir has mutagenic, gonado-
toxic, embryotoxic, and teratogenic effects. Because cidofovir causes 
carcinomas in rats, this agent is considered a potential human car-
cinogen. Intralesional cidofovir in patients with recurrent respiratory 
papillomatosis does not seem to increase the frequency of laryngeal 
dysplasia.175,176 In a case report, progressive laryngeal dysplasia devel-
oped during intralesional cidofovir therapy of recurrent laryngeal pap-
illomatosis over 27 months.177 Safety during pregnancy is uncertain, 
and it is classified in pregnancy category C.

Clinical Studies
Intravenous cidofovir is approved for the treatment of CMV retinitis 
in patients with AIDS. Intravenous cidofovir (5 mg/kg once a week for 
2 weeks, followed by every-other-week dosing) significantly increases 
the time to progression of CMV retinitis in previously untreated 
patients and in patients failing or intolerant of ganciclovir and foscar-
net therapy.151,178,179 Maintenance dosages of 5 mg/kg every other week 
are more effective, but less well tolerated than 3 mg/kg dosages.180 
Clearance of viruria but not viremia has been shown.181 Intravenous 
cidofovir seems comparable to a combined regimen of oral ganciclovir 
plus implant in preventing retinitis progression and mortality.182 When 
used as preemptive therapy for post-transplant CMV infection or treat-
ment of established disease, including CMV pneumonia, cidofovir has 
been associated with responses in 50% or more of allogeneic stem cell 
recipients.183,184

Intravenous cidofovir has been used to treat acyclovir- or foscarnet-
resistant mucocutaneous HSV infection149,185,186 and ganciclovir-
resistant CMV disease, including encephalitis in a stem cell transplant 
recipient.187,188 Early treatment has been advocated as being possibly 
efficacious in controlling invasive adenoviral infections of transplant 
recipients,189,191-194 although altered dosage schedules (e.g., 1 mg/kg 
three times weekly) may be needed to reduce nephrotoxicity.195 Low 
intravenous dosages (0.25 to 1 mg/kg every 2 to 3 weeks, without 
probenecid) have been used in treating refractory BK virus–associated 
nephropathy in renal transplantation patients,196,197 and hemorrhagic 
cystitis in stem cell transplant recipients.198 Cidofovir has been instilled 
into the bladder for treatment of BK-hemorrhagic cystitis.199 The addi-
tion of intravenous cidofovir to active antiretroviral therapy (ART) has 
inconsistent effects on neurologic outcomes and survival in HIV-
associated progressive multifocal leukoencephalopathy.200,201 A review 
of 33 cases suggests that cidofovir does not increase survival indepen-
dent of the beneficial effect of ART.202 Primary HHV-8 disease and 
Kaposi sarcoma in a liver transplant recipient was successfully treated 
with combination therapy, including glucocorticoids, doxorubicin, and 
intravenous cidofovir.203 However, in another report, cidofovir did not 
reduce HHV-8 viral load in peripheral blood mononuclear cells or 
prevent progression in Kaposi sarcoma.204 Intracavitary cidofovir was 
associated with resolution of pleural and peritoneal HHV-8–associated 
lymphoma in HIV-negative patients.205,226

Topical cidofovir gel formulated in polyethylene glycol reduces 
pain, virus shedding, and lesion healing time in HIV-infected and stem 
cell transplant patients with acyclovir-resistant mucocutaneous HSV 
infections.154,206 Cidofovir 3% oral rinses controlled acyclovir-resistant 
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Interactions
No clinically important drug interactions have been identified to date. 
Famciclovir does not interact pharmacokinetically with cimetidine, 
theophylline, allopurinol, digoxin, or zidovudine to a clinically signifi-
cant extent.251

Toxicity
Oral famciclovir is well tolerated but may be associated with headache, 
nausea, fatigue, and diarrhea.252 The frequencies of such complaints are 
generally comparable to those seen with placebo or acyclovir. At high 
doses (1000 mg twice in 1 day) used to treat recurrent genital herpes, 
headache occurs more commonly (14%), however, in famciclovir than 
placebo (5%) recipients.253 Case reports suggest famciclovir may cause 
cutaneous vasculitis.254,255 Urticaria, rash, and, predominantly in older 
adults, hallucinations or confusional states have been reported. Neu-
tropenia and elevated transaminase values occur in less than 5% of 
patients. The safety and efficacy of famciclovir are not established in 
children younger than 18 years.

Famciclovir reduces spermatogenesis and fertility in rodents and 
dogs, but long-term administration (1 year) does not affect spermato-
genesis in men.256 No teratogenic effects have been observed in animals. 
Safety of administration during pregnancy in patients has not been 
established (pregnancy category B).53 Very high penciclovir concentra-
tions are mutagenic, and long-term administration of high-dose fam-
ciclovir is associated with mammary tumors in female rats, but not in 
mice. The clinical significance of these observations is uncertain. Pen-
ciclovir is excreted in the breast milk of animals.

Topical penciclovir, which is formulated in 40% propylene glycol 
and a cetomacrogol base, is associated with application site reactions 
at low rates (approximately 1%), comparable to the vehicle.

Clinical Studies
Topical penciclovir and oral famciclovir are approved for clinical use 
in the United States, and intravenous penciclovir has been approved in 
some countries. In immunocompetent individuals with recurrent oro-
labial HSV, patient-initiated topical 1% penciclovir cream (applied 
every 2 hours while awake for 4 days) shortens healing time and symp-
toms by nearly 1 day.257

Oral famciclovir initiated within 1 hour of prodrome in a single 
dose of 1500 mg or 750 mg repeated 12 hours later shortens cold sore 
outbreaks by 2 days compared with placebo.258 Oral famciclovir 
(250 mg three times daily for 5 to 10 days) is as effective as acyclovir 
in treating first episodes of genital herpes.259 In non–HIV-infected 
patients with recurrent genital HSV, patient-initiated famciclovir treat-
ment of 125 mg twice daily for 5 days reduces healing time and symp-
toms and is comparable to acyclovir treatment.260,261 Famciclovir, 
125 mg twice daily for 5 days, is comparable to famciclovir, 500 mg 
once, followed by 250 mg twice daily for 2 days.262 A single-day treat-
ment with famciclovir, 1000 mg given twice 12 hours apart, reduces 
median healing times by 1.8 days and increases the percentage of 
patients whose lesions do not progress beyond the papule stage by 

acyclovir, and against some foscarnet-resistant HSV isolates.231,232 Pen-
ciclovir is also inhibitory for hepatitis B virus (HBV) and shows 
enhanced inhibition in combination with lamivudine or adefovir in 
vitro.233,234 Topical, parenteral, and oral penciclovir and oral famciclovir 
are active in experimental HSV infections.235 In a guinea pig model of 
primary cutaneous HSV-1 infection, penciclovir 1% cream was more 
efficacious than acyclovir 5% cream.236

Mechanism of Action
Penciclovir is an inhibitor of viral DNA synthesis. In infected cells, 
penciclovir is preferentially phosphorylated to its active form, penci-
clovir triphosphate, which serves as a competitive inhibitor of viral 
DNA polymerase.237 In contrast to acyclovir, it is not an obligate chain 
terminator. Although penciclovir triphosphate is approximately 100-
fold less potent in inhibiting viral DNA polymerase than acyclovir 
triphosphate, it is present in much higher concentrations and for more 
prolonged periods in infected cells. The prolonged intracellular T1

2
 of 

penciclovir triphosphate, which ranges from 7 to 20 hours, is associ-
ated with a sustained antiviral effect in cell culture and in animal 
models.238 This effect may allow infrequent dosing during clinical use. 
Although not preferentially phosphorylated in HBV-infected cells, 
penciclovir triphosphate is also a potent inhibitor of HBV DNA poly-
merase reverse transcriptase.239

Resistance
Penciclovir-resistant variants of HSV selected by in vitro passage  
have mutations in viral TK or DNA polymerase. Acyclovir-resistant, 
TK-negative mutants are resistant to penciclovir, but some variants 
with altered TK substrate specificity or with DNA polymerase muta-
tions are susceptible.4,240 Resistant HSV is detected in about 0.3% of 
patients with orolabial herpes, and emergence during clinical use has 
been very low in immunocompetent hosts.5,241 As seen with acyclovir, 
higher rates have been observed in immunocompromised patients.9 
Resistance of HBV to penciclovir is associated with point mutations in 
viral DNA polymerase, particularly L528M.242 Lamivudine resistance 
is associated with this mutation, and predicts poor virologic response 
to famciclovir.243

Pharmacokinetics244

Famciclovir is a prodrug that is well absorbed orally and is rapidly 
converted to penciclovir by deacetylation and oxidation of the purine. 
This occurs during and after absorption through the intestinal wall and 
in the liver.245 Although penciclovir itself is poorly absorbed, its bio-
availability averages 77% after oral administration of famciclovir. Little 
or no famciclovir is detectable in blood or urine. Penciclovir is less than 
20% bound to plasma proteins. The volume of distribution is approxi-
mately double that of body water. After single 250- and 500-mg doses 
of oral famciclovir, the peak plasma concentration of penciclovir aver-
ages 1.6 to 1.9 and 2.7 to 4.0 µg/mL, respectively. Food reduces peak 
plasma concentrations but does not significantly alter overall bioavail-
ability. After intravenous infusion of penciclovir (10 mg/kg), peak 
plasma levels average 12 µg/mL.

The plasma T elim1
2

 of penciclovir averages 2 to 3 hours, and approxi-
mately 70% is recovered unchanged in the urine. About 5% is excreted 
as the 6-deoxy precursor. Its rapid renal clearance suggests elimination 
by filtration and active tubular secretion. Nonrenal clearance accounts 
for about 30% of the dose, primarily by fecal excretion of penciclovir 
and its 6-deoxy precursor. The plasma elimination rate is reduced 
approximately fourfold, and penciclovir exposure is increased 10-fold 
in patients with severe renal failure (CrCl < 30 mL/min).246 Dosage 
reductions are indicated in moderate or advanced renal failure (Table 
45-5). In patients with compensated liver disease, peak plasma levels 
are reduced by approximately 40%, but overall penciclovir exposure is 
unchanged, and dosage adjustments are unnecessary.247 The pharma-
cokinetics of a single 1500-mg famciclovir dose in adolescents with 
herpes labialis are similar to those in adults.248 The pharmacokinetics 
of famciclovir in infants249 and children 1 to 12 years of age250 have 
been used to develop dose regimens that yield pharmacokinetic 
parameters comparable to those observed with 500-mg doses in adults. 
Older adults have approximately 40% higher penciclovir exposure 
because of lower renal clearance.

TABLE 45-5  Dosage Adjustment of Famciclovir 
for Renal Insufficiency

STANDARD 
DOSAGE*

CREATININE 
CLEARANCE (mL/min)†

ADJUSTED 
DOSAGE

500 mg q8h or q12h 40-59 500 mg q12h

20-39 500 mg q24h

<20 250 mg q24h

250 mg q12h ≥40 250 mg q12h

20-39 125 mg q12h

<20 125 mg q24h

125 mg q12h ≥40 125 mg q12h

20-39 125 mg q24h

<20 125 mg q24h

*Dosage is based on manufacturer’s recommendations.
†For hemodialysis patients, give the adjusted dosage for creatinine clearance less 

than 20 mL/min after dialysis.
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replication, and sequence-independent inhibition of virus absorption 
to the cell.296 With persistent in vitro passage, it has been possible to 
isolate CMV clones with 10-fold less susceptibility to inhibition of 
replication.297 Fomivirsen, because of its novel mechanism of antiviral 
action, retains activity against CMV strains that are resistant to ganci-
clovir, foscarnet, or cidofovir.

Fomivirsen is administered by intravitreal injection. In human eyes, 
concentrations at 1 hour after injection of 165-µg or 330-µg doses 
average 5.5 and 11.6 µmol/L, respectively.298 Clearance is first order 
with a T1

2
 of approximately 55 hours. The major route of elimination 

from the eye is metabolism by exonucleases; systemic exposure is not 
detectable. Similar to other phosphorothioate oligonucleotides, fomi-
virsen binds readily to proteins.

Fomivirsen is indicated for the intravitreal treatment of CMV reti-
nitis in HIV-infected patients who are intolerant of, have not responded 
to, or have contraindications to other treatments.295 Intravitreous injec-
tion is associated with delays in time to progression in patients with 
peripheral retinitis (dosages of 165 µg weekly for 3 weeks, followed by 
every 2 weeks).299 In patients with retinitis that reactivated or was 
persistent despite alternative agents, a comparison of two regimens 
(330 µg weekly for 3 weeks, followed by every 2 weeks, versus 330 µg 
on days 1 and 15, followed by every 4 weeks) found that the less intense 
regimen was better tolerated, more convenient, and apparently effec-
tive.300 Dose-dependent inflammation, including iritis, uveitis, and 
vitritis, is the most common adverse ocular effect, but usually responds 
to topical corticosteroids. Increased intraocular pressure is common 
and needs close monitoring. Retinal pigment epitheliopathy and 
detachments have been described. Fomivirsen is not recommended for 
use in patients who have received cidofovir within 2 to 4 weeks because 
of the increased risk for ocular inflammation.

FOSCARNET
Spectrum
Foscarnet (trisodium phosphonoformate; Foscavir) is an inorganic 
pyrophosphate analogue (see Fig. 45-3B) that inhibits herpesviruses 
and HIV.301 In vitro inhibitory concentrations vary widely among clini-
cal isolates but are generally 100 to 300 µmol/L for CMV and 80 to 
200 µmol/L for HSV, VZV, EBV, and HHV-8.302 Foscarnet inhibits 
most ganciclovir-resistant CMV and acyclovir-resistant HSV and VZV 
strains. Combinations of foscarnet and ganciclovir or acyclovir syner-
gistically inhibit CMV infection in vitro.303 Foscarnet also acts syner-
gistically with zidovudine in inhibiting HIV replication.

Concentrations of 500 to 1000 µmol/L reversibly inhibit the prolif-
eration or cellular DNA synthesis of uninfected cells. Foscarnet is 
active in animal models of herpesvirus and hepadnavirus infection.301

Mechanism of Action
In contrast to nucleosides, foscarnet does not undergo significant 
intracellular metabolism and directly inhibits herpesvirus DNA poly-
merase or HIV reverse transcriptase. Foscarnet reversibly blocks the 
pyrophosphate binding site of the viral polymerase in a noncompeti-
tive manner with respect to deoxynucleoside triphosphates and inhib-
its cleavage of pyrophosphate from deoxynucleoside triphosphates.301,304 
Concentrations that inhibit cell-free viral polymerases are many times 
lower than the concentrations required for inhibition of viral replica-
tion in cell culture,301 and cellular uptake is slow. Foscarnet’s selectivity 
relates to its 100-fold greater inhibitory effects against herpesvirus 
DNA polymerases or HIV reverse transcriptase compared with cellular 
DNA polymerase-α.304

Resistance
Resistance to foscarnet is caused by point mutations in DNA poly-
merase of HSV and CMV or in reverse transcriptase of HIV, which 
confer threefold to more than 10-fold increases in inhibitory concen-
trations in clinical isolates.7,305,306 Foscarnet-selected CMV mutations 
generally do not cause cross-resistance to ganciclovir or cidofovir, but 
simultaneous resistance to all three drugs has occurred.305 Foscarnet-
resistant CMV variants, defined by 50% inhibitory concentrations 
(IC50) greater than 400 µmol/L in plaque reduction or greater than 
600 µmol/L in DNA hybridization assays, develop in 37% of foscarnet 
recipients by 12 months of therapy and are associated with progressive 

45%—from 13% in placebo recipients to 23% in famciclovir-treated 
subjects.253 This famciclovir single-day regimen is not inferior to vala-
cyclovir, 500 mg twice daily for 3 days.263 Larger doses of 250 mg or 
500 mg of famciclovir twice daily do not increase the beneficial 
effects.261,264 Suppressive therapy (250 mg twice daily) for 1 year is effec-
tive in non–HIV-infected individuals with frequent recurrences, but 
single daily doses are not as effective.241,262 Famciclovir reduces recur-
rences of genital herpes and asymptomatic genital HSV shedding in 
individuals with recurring lesions241,265-268 but does not reduce shedding 
in asymptomatic seropositive individuals.266 Famciclovir, 250 mg twice 
daily, seems to be less effective than valacyclovir, 500 mg daily.269 Fam-
ciclovir suppressive therapy is not different from episodic treatment in 
terms of quality of life or patient satisfaction with treatment.270

In HIV-infected patients, famciclovir suppression (500 mg twice 
daily) reduces clinical HSV recurrences and asymptomatic viral shed-
ding.271 Famciclovir (500 mg twice daily for 7 days) is comparable to 
acyclovir (400 mg five times daily) in the treatment of mucocutaneous 
HSV infections in HIV-infected patients.272 Intravenous penciclovir 
(5 mg/kg every 8 or 12 hours for 7 days) is comparable to intravenous 
acyclovir in efficacy and tolerance for treatment of HSV infections in 
non–HIV-infected, immunocompromised hosts.273

In immunocompetent adults with herpes zoster of 3 days’ duration 
or less, famciclovir (500 mg three times daily for 7 days) is at least as 
effective as acyclovir (800 mg five times daily), and is superior to 
placebo in reducing acute manifestations, particularly in patients older 
than 50 years.274-277 The efficacy of famciclovir in preventing posther-
petic neuralgia is unclear.115 Famciclovir and valacyclovir provide com-
parable therapeutic effects in treating zoster in immunocompetent 
adults 50 years old or older.278 Famciclovir is comparable to high-dose 
oral acyclovir in the treatment of ophthalmic herpes zoster in immu-
nocompetent adults279 and, given for 10 days, in the treatment of non-
ophthalmic, localized zoster in immunocompromised patients.280

Famciclovir is associated with dose-related reductions in HBV 
DNA and transaminase levels in patients with chronic hepatitis B281 
but is less effective than lamivudine, with less than 10% of patients 
experiencing a greater than 100-fold decrease in HBV DNA levels after 
12 weeks.282 Combination therapy with famciclovir and lamivudine 
may be more efficacious in suppressing HBV replication than either 
agent alone.283 Famciclovir induces HBV resistance and is usually inef-
fective in treating lamivudine-resistant infections.284 It is ineffective in 
chronic hepatitis D.285 It has been used to treat recurrent HBV infection 
after liver transplantation, with reductions in HBV DNA levels for 
longer than 18 months in some patients.286

Studies of famciclovir combined with prednisone or prednisolone 
for treatment of idiopathic Bell’s palsy have shown that it is more effec-
tive than the glucocorticoid alone.287,288 (Note that controlled studies 
have not shown a benefit for acyclovir or valacyclovir alone or in 
combination with steroids compared with steroids alone in treatment 
of Bell’s palsy (see earlier).78,79 Facial nerve palsy associated with ipsi-
lateral acoustic neuroma resection is not prevented by perioperative 
famciclovir,289 and Meniere’s disease is not ameliorated by famciclo-
vir.290 Pityriasis rosea may be linked to reactivation of HHV-6 and 
HHV-7, but famciclovir treatment, 250 mg three times daily for 7 days, 
was no more effective in hastening resolution than treatment of histori-
cal control subjects with topical corticosteroid.291 Famciclovir pro-
duced resolution of oral hairy leukoplakia for at least 1 year in one 
HIV-infected patient not receiving antiretroviral therapy.292 Topical 
penciclovir 1% in 25% podophyllin resin was less effective than acy-
clovir 5% in 25% podophyllin resin or podophyllin resin alone for 
treatment of oral hairy leukoplakia in HIV-1 seropositive individu-
als.293 Famciclovir reduced oropharyngeal shedding of HHV-8 in HIV-
infected individuals but not as markedly as did antiretroviral drugs.294

FOMIVIRSEN
Fomivirsen (ISIS 2922; Vitravene) is a 21-nucleotide phosphorothioate 
oligonucleotide that inhibits human CMV replication through an  
antisense mechanism.295 Fomivirsen is complementary to a sequence 
in the messenger RNA (mRNA) transcripts of the major immediate-
early region 2 of CMV, which encodes proteins responsible for regula-
tion of viral gene expression. Other mechanisms of antiviral action 
may include non-antisense, sequence-dependent inhibition of virus 
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Foscarnet is a potent chelator of divalent cations, and metabolic 
abnormalities are common, including hypocalcemia (15% to 35%); 
hypomagnesemia (15% to 44%); hypokalemia (10% to 16%); and hyper-
calcemia, hypophosphatemia, and hyperphosphatemia.318 Decreased 
serum ionized calcium may cause paresthesias, arrhythmias, tetany, 
seizures, and other CNS disturbances.319 Intravenous magnesium 
sulfate does not prevent ionized hypocalcemia. Intravenous foscarnet 
should be administered at a fixed rate (maximum 1 mg/kg/min) by 
infusion pump, to minimize the possibility of acute metabolic abnor-
malities. Close monitoring with electrolyte supplementation and fos-
carnet dosage adjustments are often required during induction therapy.

CNS side effects include acute dystonia320 and headache in about 
one fourth of patients, seizures in 10%, tremor, irritability, and hallu-
cinosis. Other reported side effects are fever, generalized rash, diarrhea 
in 30%, nausea or emesis in up to one half, abnormal liver function 
tests, anxiety, fatigue, and painful genital ulcerations.318 In 59 alloge-
neic hematopoietic stem cell transplant recipients treated with intra-
venous foscarnet for 14 days for CMV disease, the incidences of 
hemorrhagic cystitis and genital ulcers were 37% and 29%, respectively, 
despite routine pretreatment hyperhydration and postvoiding genital 
cleaning.321 In 30% of patients, treatment had to be stopped because of 
adverse effects. Genital ulcerations are probably caused by high urinary 
foscarnet concentrations, appear on average after 8 days’ treatment, 
and usually resolve 15 days after therapy is stopped.321 Although 
anemia may develop in 20% to 50% of patients with AIDS, granulocy-
topenia is uncommon. Heart block and electrocardiogram changes 
occur in 5% or less of patients. Oral foscarnet causes dose-related 
gastrointestinal disturbances.

Preclinical studies indicate that high concentrations are mutagenic 
and that foscarnet causes fetal skeletal anomalies in rodents and rabbits. 
It may cause tooth and skeletal developmental abnormalities in growing 
animals. Safety in pregnancy (pregnancy category C) or in childhood 
is uncertain. Foscarnet is excreted in the breast milk of animals.

Clinical Studies
Intravenous foscarnet is approved for treatment of CMV retinitis in 
patients with AIDS and acyclovir-resistant mucocutaneous HSV infec-
tions. With the usual foscarnet regimen (60 mg/kg every 8 hours for 
14 to 21 days, followed by long-term maintenance at 90 to 120 mg/kg/
day), about 90% of patients with retinitis experience clinical stabiliza-
tion, and a smaller portion of patients cease CMV excretion.301,322,323 
An induction regimen of 100 mg/kg twice daily also is effective, but  
is associated with a higher risk for penile ulceration. Maintenance 
dosages of 120 mg/kg/day seem to be more effective in prolonging 
survival and controlling retinitis.324 Comparing it with ganciclovir, one 
study found that foscarnet provides comparable control of CMV reti-
nitis in patients with AIDS but improved survival, although patients 
had to be switched from foscarnet more than three times as often 
because of side effects.325 In patients with persistently active or relapsed 
retinitis, combined foscarnet (90 mg/kg/day) and ganciclovir (5 mg/
kg/day) delay progression significantly longer than higher dosages of 
either single agent.326 Intravitreal foscarnet has been used.

Foscarnet was useful in treating CMV encephalitis in a stem cell 
transplant recipient,327 in ganciclovir-resistant CMV retinitis, and in 

retinitis.307 Foscarnet-resistant HSV mucocutaneous and CNS infec-
tions have developed during therapy, including dually acyclovir-
resistant and foscarnet-resistant variants.308,309 Some foscarnet-resistant 
CMV infections respond to ganciclovir or cidofovir, and resistant HSV 
strains usually remain susceptible to cidofovir. Foscarnet resistance in 
HIV can phenotypically reverse zidovudine resistance.310,311

Pharmacokinetics
Oral bioavailability is low, averaging 7% to 9%. After an infusion of 
60 mg/kg every 8 hours, peak and trough plasma concentrations have 
a broad range, but average approximately 450 to 575 µmol/L and 80 to 
150 µmol/L, respectively. Peak concentrations range from 490 to 
2600 µmol/L after dosages of 90 mg/kg/day. Plasma protein binding is 
about 15%, and the volume of distribution is 0.4 to 0.7 L/kg. CSF 
concentrations vary widely but average 66% of plasma values at steady 
state.312 Vitreous concentrations average 1.4 times higher than concur-
rent plasma ones.313

Foscarnet is eliminated renally, with more than 80% of the dose 
excreted unchanged by glomerular filtration and tubular secretion. 
Plasma clearance is highly correlated with CrCl, so that dosage adjust-
ments are indicated for small decreases in renal function (Table 45-6). 
Initial plasma T elim1

2
 averages 2 to 3 hours in individuals with normal 

renal function but increases to greater than 100 hours in individuals 
with CrCl less than 25 mL/min.314 Plasma elimination is complex, with 
a prolonged terminal T elim1

2
 averaging 88 hours, which is attributed to 

bone deposition that is estimated to account for 15% to 20% of a dose. 
A hemodialysis run removes about 38% of a dose314; dosing after dialy-
sis is recommended. Peritoneal dialysis clears foscarnet to a limited 
extent.315

Interactions
Administration of foscarnet with amphotericin B or other nephrotoxic 
agents (e.g., aminoglycosides, intravenous pentamidine, intravenous 
acyclovir, cyclosporine) may cause enhanced renal toxicity,301 and 
administration with calcineurin inhibitors may cause neurotoxicity. 
Probenecid does not affect renal excretion. The risk for symptomatic 
hypocalcemia is increased by concomitant intravenous pentamidine. 
Ganciclovir does not alter foscarnet pharmacokinetics. Foscarnet and 
zidovudine do not affect the clearance of each other, but the risk for 
anemia is higher with the combination.

Toxicity
Foscarnet has a narrow therapeutic index. Nephrotoxicity with azote-
mia, proteinuria, and sometimes acute tubular necrosis is the major 
dose-limiting side effect.301,316 Approximately one third of patients 
develop significant renal impairment (serum creatinine ≥ 2 mg/dL). 
Increases in serum creatinine usually occur during the second week of 
therapy and are reversible within 2 to 4 weeks after cessation in most 
patients. High dosages, rapid or continuous infusion, dehydration, and 
concurrent use of nephrotoxic drugs are risk factors. Extra saline 
hydration before and during infusion seems to reduce the risk for 
nephrotoxicity.317,318 Crystalluria, crystalline glomerulopathy, renal 
tubular acidosis, nephrogenic diabetes insipidus, and interstitial 
nephritis have also been described.

TABLE 45-6  Foscarnet Dosage Reduction in Renal Insufficiency

CREATININE CLEARANCE 
(mL/min/kg)

INDUCTION DOSAGES MAINTENANCE DOSAGES
60 mg/kg/8 hr 90 mg/kg/12 hr 90 mg/kg/day 120 mg/kg/day

>1.4 60 q8h 90 q12h 90 q24h 120 q24h

>1-1.4 45 q8h 70 q12h 70 q24h 90 q24h

>0.8-1 50 q12h 50 q12h 50 q24h 65 q24h

>0.6-0.8 40 q12h 80 q24h 80 q48h 105 q48h

>0.5-0.6 60 q24h 60 q24h 60 q48h 80 q48h

≥0.4-0.5 50 q24h 50 q24h 50 q48h 65 q48h

<0.4 Not recommended Not recommended Not recommended Not recommended

Note: Dosages expressed in mg/kg.
Recommendations taken from Aweeka FT, Jacobson MA, Martin-Munley S, et al. Effect of renal disease and hemodialysis on foscarnet pharmacokinetics and dosing 

recommendations. J Acquir Immune Defic Syndr Hum Retrovirol. 1999;20:350-357.
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progenitor cells are similar to those that inhibit CMV replication. 
Inhibition of human lymphocyte proliferative responses to mitogen 
and antigen occurs at concentrations of 1 to 10 µg/mL, so immune 
responses requiring active DNA synthesis may be depressed at thera-
peutic ganciclovir concentrations.3 Cells transfected by viral TK are 
killed on exposure to ganciclovir in vitro,350 in animal models in vivo,351 
and in patients with malignancies such as carcinoma of the prostate352 
and glioblastoma multiforme.353

Mechanism of Action
Ganciclovir inhibits viral DNA synthesis.348,354 Intracellular ganciclovir 
is phosphorylated to the monophosphate derivative by a virus-induced 
enzyme, the viral TK, during HSV infection, and by a viral protein 
kinase homologue encoded by the UL97 gene during CMV infec-
tion.355,356 Ganciclovir diphosphate and triphosphate are formed 
through the action of cellular enzymes. At least 10-fold higher concen-
trations of ganciclovir triphosphate are present in CMV-infected than 
in uninfected cells. Intracellular ganciclovir triphosphate concentra-
tions are also more than 10-fold higher than the concentrations of 
acyclovir triphosphate in CMV-infected cells, and the intracellular T1

2
 

of ganciclovir triphosphate is prolonged (16.5 to >24 hours). These 
differences may account in part for ganciclovir’s greater anti-CMV 
activity and explain how single daily doses may be effective in sup-
pressing human CMV infections.

Ganciclovir triphosphate is a competitive inhibitor of deoxyguano-
sine triphosphate incorporation into DNA, and preferentially inhibits 
viral more than host cellular DNA polymerases. Incorporation of gan-
ciclovir triphosphate into viral DNA causes a slowing and subsequent 
cessation of viral DNA chain elongation. In contrast to acyclovir, gan-
ciclovir is not an obligate chain terminator, and continued viral DNA 
synthesis results in intranuclear accumulation of short, noninfectious 
viral DNA fragments.357 Ganciclovir is incorporated into host cell and 
viral DNA.

Resistance
Resistance in CMV isolates, often defined by inhibitory concentra-
tions greater than 1.5 to 3 µg/mL in vitro, has been related to two 
mechanisms: (1) reduced intracellular ganciclovir phosphorylation 
caused by point mutations or deletions in the phosphotransferase 
encoded by the UL97 gene and (2) point mutations in viral DNA 
polymerase (UL54).358,359 Most resistant clinical isolates with 4-fold to 
20-fold increases in inhibitory concentrations have single or some-
times multiple UL97 mutations and usually remain susceptible to 
foscarnet and cidofovir.169 Highly resistant CMV strains (inhibitory 
concentrations > 10 µg/mL) typically harbor UL97 and UL54 muta-
tions and are cross-resistant to cidofovir but are usually susceptible to 
foscarnet.169,170,360

Ganciclovir resistance is rare in ganciclovir-naïve patients but has 
been recognized clinically by progressive disease361 and persistent 
CMV viremia in patients receiving therapy.322 Risk factors include 
prolonged ganciclovir exposure, primary infection, combined immu-
nodeficiency, perhaps subtherapeutic doses,362,363 and higher immuno-
suppression, including use of antilymphocyte globulin. In patients with 
AIDS receiving ganciclovir for retinitis, resistant CMV is detectable in 
about 7% by 3 months and in 28% by 9 months.364 During the ART 
era, a 15% frequency of UL97 mutations has been found by 18 months 
in valganciclovir recipients.365 Emergence of resistance, sometimes 
within several weeks, also occurs with ganciclovir use in stem cell and 
solid-organ transplant recipients.366 Ganciclovir-resistant CMV disease 
developed in 7% of mismatched solid-organ transplant recipients 
receiving ganciclovir prophylaxis.367 Valganciclovir prophylaxis may 
be associated with a lesser risk of ganciclovir-resistant CMV mutants, 
but the frequency of resistant virus has ranged from 0%368 to 14%.369 
Mismatched lung transplant recipients are at particular risk for resis-
tance emergence.370 The transmissibility of ganciclovir-resistant CMV 
strains is undefined, but patients with such strains may have invasive 
disease, including retinitis, enteritis, polyradiculopathy, or pneumo-
nia.7,371 Foscarnet or cidofovir therapy may benefit patients with 
ganciclovir-resistant CMV infections.322 Successful treatment has been 
described with leflunomide, which has been postulated to have anti-
CMV activity.372,373

other CMV syndromes,322 including gastrointestinal and pulmonary 
infections in patients with AIDS,328 but not CMV pneumonia in bone 
marrow transplant recipients. In CMV-infected allogeneic stem cell 
transplant recipients, preemptive foscarnet therapy is as effective as 
intravenous ganciclovir317,329 and valganciclovir329 and is associated 
with less neutropenia.317 Foscarnet was effective and safe in eradicating 
viremia in 27 patients among 209 renal allograft recipients who devel-
oped ganciclovir-resistant CMV disease after preemptive ganciclovir 
therapy.330 Combinations of foscarnet and ganciclovir have been used 
to treat allogeneic transplant recipients with high CMV loads331 and 
solid-organ transplant recipients with ganciclovir resistance.332 In allo-
geneic bone marrow, liver, or renal transplant recipients with CMV 
DNA positivity in blood, determined by polymerase chain reaction 
(PCR), half-standard doses of foscarnet (90 mg/kg) and ganciclovir 
(5 mg/kg) given intravenously once daily for 14 days are not more 
efficacious in eliminating CMV DNA positivity in blood, determined 
by PCR, than a standard dose of ganciclovir (5 mg/kg intravenously 
twice daily for 14 days).333

Herpes simplex virus exophytic, genital pseudotumors in HIV-1–
infected patients respond to foscarnet.221 In acyclovir-resistant muco-
cutaneous HSV infections, lower dosages (40 mg/kg every 8 hours) are 
associated with complete healing in about 75% of patients.14 Other 
dosage regimens (e.g., 90 mg/kg every 12 hours) seem to be effective. 
Acute HSV and VZV retinal necrosis have been successfully treated 
with intravenous foscarnet.334 The outcome appears better in patients 
with HSV compared with VZV infection and with supplemental intra-
vitreal foscarnet injection.335 Foscarnet is also effective in patients with 
acyclovir-resistant VZV acute retinal necrosis336 as well as other VZV 
infections in patients with AIDS24 and transplant recipients.25 An 
immunocompetent adult with severe encephalomyelitis with inte-
grated HHV-6 recovered after combined foscarnet and ganciclovir 
therapy.337 HHV-6 encephalitis338 and erythrocyte aplasia339 in trans-
plant recipients responded to foscarnet therapy, but prophylactic fos-
carnet for 10 days after allogeneic stem cell transplantation did not 
prevent HHV-6 encephalitis.340 Foscarnet may reduce the risk for 
Kaposi sarcoma in HIV-infected patients with CMV disease.341,342 
Severe glandular fever caused by EBV has been treated with intrave-
nous foscarnet and immunoglobulin combined with prednisolone.343 
Foscarnet controlled EBV infection in a lung transplant recipient in 
whom reduced immunosuppression controlled post-treatment lym-
phoproliferative disease.344 Intravenous foscarnet reduces serum trans-
aminase and viral markers in previously untreated patients with active 
chronic HBV infection and individuals with lamivudine-resistant HBV 
infection and severe chronic HBV liver disease.345 In patients with 
AIDS, foscarnet administration significantly reduces p24 antigen and 
HIV RNA levels without clear increases in CD4+ counts.346 Foscarnet 
was effective for treatment of HIV-2 disease that did not respond to 
other antiretroviral drugs.347 In recurrent orolabial or genital herpes 
infections of immunocompetent hosts, topically applied foscarnet is 
not associated with reproducible clinical benefits.

GANCICLOVIR AND 
VALGANCICLOVIR
Spectrum
Ganciclovir (9-[1,3-dihydroxy-2-propoxymethyl] guanine; Cytovene) 
is a deoxyguanosine analogue that differs from acyclovir in that it has 
an additional hydroxymethyl group on the acyclic side chain (see Fig. 
45-1C). Valganciclovir (Valcyte) is the l-valyl ester of ganciclovir and 
is rapidly converted to ganciclovir after oral administration. Ganciclo-
vir has inhibitory activity against herpesviruses (see Table 45-2), but its 
distinguishing characteristic is potent inhibition of CMV replication.348 
Inhibitory concentrations are 10-fold to more than 50-fold lower than 
acyclovir for human CMV strains. Combinations of ganciclovir and 
foscarnet synergistically inhibit CMV replication in vitro.303 Ganciclo-
vir is about twofold more active than acyclovir for herpes B virus 
(cercopithecine herpesvirus 1), with an inhibitory concentration of 
9 µg/mL.130 Ganciclovir inhibits some adenoviruses in vitro, and inhi-
bition of HBV occurs in vivo.349 Systemic ganciclovir is effective at rela-
tively low dosages in animal models of CMV and HSV infections.

Although high concentrations are needed to inhibit the growth of 
uninfected cells, inhibitory concentrations for human bone marrow 
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after, but not simultaneously with, didanosine. Ganciclovir antagonizes 
the anti-HIV activity of didanosine and zidovudine in vitro,391 and 
zidovudine antagonizes the anti-CMV effects of ganciclovir.392,393 The 
clinical significance of these observations is unknown, but didanosine-
valganciclovir co-administration resulted in complete suppression  
of HIV in plasma, a paradoxical CD4+ decline, and didanosine 
toxicity.394

Zidovudine and probably other cytotoxic agents increase the risk 
for ganciclovir-induced myelosuppression, as do nephrotoxic or other 
agents (probenecid, trimethoprim-sulfamethoxazole) that impair gan-
ciclovir excretion. In animals, zidovudine (but not amphotericin B, 
ketoconazole, dapsone, or trimethoprim-sulfamethoxazole) antago-
nizes the anti-CMV effects of ganciclovir.392,395 Renal dysfunction may 
occur in patients given concurrent ganciclovir and either amphotericin 
B or cyclosporine, and ganciclovir may increase cyclosporine levels.

Toxicity
Myelosuppression is the principal dose-limiting toxicity of ganciclovir 
and its prodrug. The most common adverse events are neutropenia in 
24% to 40% and thrombocytopenia in 15% to 20% of patients with 
AIDS receiving intravenous ganciclovir or oral valganciclovir.348 The 
risk for these toxicities is lower in transplant recipients. Neutropenia 
occurs in approximately one fourth of patients receiving oral ganciclo-
vir. Neutropenia is most commonly observed during the second week 
of treatment and is reversible in most patients within 1 week after drug 
cessation. Recombinant granulocyte macrophage colony-stimulating 
factor may be useful in treating ganciclovir-induced neutropenia.396

CNS side effects, ranging in severity from headache, to behavioral 
changes with confusion or psychosis, to convulsions and coma, have 
been described in 5% to 15% of patients. Acute neurotoxicity with 
confusion and hallucinations was associated with serum and CSF con-
centrations of 3.9 µg/mL and 2.6 µg/mL 48 hours after the last valgan-
ciclovir dose.397 One third of patients receiving intravenous ganciclovir 
interrupt or prematurely stop therapy because of bone marrow or CNS 
toxicity, and catheter-related complications are common. Approxi-
mately 25% of valganciclovir recipients discontinue maintenance 
therapy within 10 months for toxicity or other reasons.398 Increased 
rates of azotemia occur in transplant recipients receiving intravenous 
ganciclovir prophylaxis.399 Oral valganciclovir and ganciclovir are asso-
ciated with diarrhea and possibly with mild nephrotoxicity.400

Ganciclovir is more than 40 times less active against acyclovir-
resistant, TK-deficient HSV strains than against wild-type strains.

Pharmacokinetics
The oral bioavailability of ganciclovir is about 5% under fasting condi-
tions. Food increases bioavailability to 6% to 9%, so dosing with meals 
is recommended.374-376 Peak and trough plasma levels average about 0.9 
to 1.2 µg/mL and 0.2 to 0.5 µg/mL, respectively, on an oral regimen of 
1000 mg every 8 hours. Valganciclovir is a monovalyl ester prodrug 
that is well absorbed, most likely by intestinal peptide transporter 1, 
and rapidly hydrolyzed to the parent by intestinal and hepatic esterases. 
After administration of oral valganciclovir tablets (900 mg) with food, 
ganciclovir bioavailability is approximately 60%, prodrug blood levels 
are low (1% to 2% of ganciclovir), ganciclovir peak plasma concentra-
tions average 5.9 to 6.7 µg/mL, and, overall, ganciclovir exposure is 
comparable to intravenous dosing of ganciclovir at 5 mg/kg.377,378 Simi-
larly, in a patient with a small bowel transplant and other patients with 
stable graft-versus-host disease of the gastrointestinal tract, absolute 
bioavailability of ganciclovir from valganciclovir is 65%379 to 75%,380 
and ganciclovir systemic exposure with a 900-mg dose of valganciclo-
vir is not inferior to that of 5 mg/kg of ganciclovir given intrave-
nously.381 A valganciclovir solution is bioequivalent to the tablet 
formulation.382 Valganciclovir has essentially supplanted oral ganciclo-
vir and is commonly used in place of intravenous ganciclovir.

After intravenous administration of doses of 5 mg/kg, peak and 
trough plasma concentrations average 8 to 11 µg/mL and 0.6 to 
1.2 µg/mL, respectively.348,383 Subcutaneous and intramuscular admin-
istration are too irritating for clinical use. Plasma protein binding is 
only 1% to 2%. After intravenous dosing, aqueous, vitreous, and sub-
retinal fluid levels are similar to those in serum.313,384 CSF levels are 
24% to 70%, and brain tissue levels are 38% of those in plasma.378 The 
plasma T elim1

2
 averages 2 to 4 hours in patients with normal renal func-

tion, but increases almost linearly as CrCl declines, increasing to 28 to 
40 hours in patients with severe renal insufficiency. Most ganciclovir 
is eliminated unmetabolized by renal excretion (>90% of dose) by 
glomerular filtration and tubular secretion. Dosage reductions of  
ganciclovir (Table 45-7) and valganciclovir (Table 45-8) are necessary 
in patients with CrCl less than 80 mL/min. Ganciclovir dosing regi-
mens for patients on continuous venovenous hemodiafiltration are 
suggested.385

A single hemodialysis session reduces the plasma levels of ganci-
clovir by approximately 50% to 60%, and dosing after dialysis is recom-
mended.386 In adults on continuous renal replacement therapy, 450 mg 
every 48 hours produces plasma concentrations comparable to concen-
trations observed in patients with normal renal function receiving 
900 mg daily.387 In neonates, valganciclovir, 15 mg/kg twice daily, 
yields plasma concentrations similar to intravenous ganciclovir, 5 mg/
kg twice daily.388

The intravitreal ganciclovir implant is designed to release the drug 
at a rate of approximately 1 µg/hr over 5 to 8 months.389

Interactions
Concurrent oral ganciclovir doubles the overall exposure to didano-
sine, increases zidovudine exposure by a much smaller extent, and may 
increase the risk for didanosine concentration–related toxicities.390 
Ganciclovir exposure is reduced about 20% when it is ingested 2 hours 

TABLE 45-7  Ganciclovir Dosage* Adjustments in Renal Insufficiency

CREATININE 
CLEARANCE 
(mL/min)

INTRAVENOUS 
GANCICLOVIR 
INDUCTION 
DOSE (mg/kg)

DOSING INTERVAL 
(hr)

INTRAVENOUS 
GANCICLOVIR 
MAINTENANCE 
DOSE (mg/kg)

DOSING INTERVAL 
(hr)

GANCICLOVIR CAPSULE 
MAINTENANCE DOSAGE

≥70 5 12 5 24 1000 mg tid

50-69 2.5 12 2.5 24 1500 mg qd or 500 mg tid

25-49 2.5 24 1.25 24 1000 mg qd or 500 mg bid

10-24 1.25 24 0.625 24 500 mg qd

<10 1.25 3×/wk after hemodialysis 0.625 3×/wk after hemodialysis 500 mg 3×/wk after hemodialysis

*Dosing suggestions are based on manufacturer’s recommendations.

TABLE 45-8  Dosage* Adjustments for 
Valganciclovir in Renal Insufficiency

CREATININE 
CLEARANCE (mL/min)

INDUCTION 
DOSAGE

MAINTENANCE 
DOSAGE

≥60 900 mg bid 900 mg qd

40-59 450 mg bid 450 mg qd

25-39 450 mg qd 450 mg q2d

10-24 450 mg q2d 450 mg 2×/wk

<10† Not recommended Not recommended

Hemodialysis† Not recommended Not recommended

*Dosage suggestions are based on manufacturer’s recommendations.
†Dose less than 450-mg tablet is needed. Use intravenous ganciclovir.
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mortality in bone marrow transplant recipients. In seropositive bone 
marrow transplant recipients, initiation of ganciclovir at the time of 
engraftment also markedly reduces CMV shedding and disease rates 
but does not improve survival, in part because of neutropenia-related 
infections.416,417

Short-term ganciclovir administration after transplantation reduces 
the risk for CMV disease in seropositive allograft recipients undergo-
ing heart, lung, or liver transplantation.399,418 More prolonged admin-
istration provides more sustained protection, but breakthrough CMV 
infection, toxicity and resistance can limit its utility.419 In lung trans-
plant recipients, extended ganciclovir prophylaxis was associated with 
less bronchiolitis obliterans and improved survival420,421; 24 weeks pro-
phylaxis in renal transplant recipients was more effective than 12 weeks 
prophylaxis in reducing symptomatic CMV disease.422 Indefinite pro-
phylaxis is now recommended in lung transplant recipients.423 Preemp-
tive intravenous ganciclovir during antilymphocyte antibody treatment 
for 2 weeks reduces the risk for disease.424 Ganciclovir is also effective 
in preventing HSV infection419 and results in clearance of EBV from 
oropharyngeal secretions, although a rapid rebound in excretion 
occurs after cessation of therapy.425

Oral ganciclovir (1 g three times daily to day 98) prophylaxis mark-
edly reduces the risk for invasive CMV disease in liver transplant 
recipients, including the high-risk group comprising seronegative 
recipients of seropositive donors’ organs.426 Ganciclovir prophylaxis 
(1 g three times daily for 12 weeks) is also effective in renal transplant 
recipients.427 Compared with oral ganciclovir (1 g three times daily), 
valganciclovir (900 mg once daily) has been associated with a lower 
rate of CMV viremia on prophylaxis and comparable rates of CMV 
viremia and disease at 12 months in high-risk mismatched solid-organ 
transplant recipients in one study,428 although other investigators have 
not observed a difference.429 The optimal duration of prophylaxis 
remains to be established, and studies of lower doses are in progress. 
Preemptive therapy with oral ganciclovir (1 g three times daily for 8 
weeks) when CMV DNA is detectable protects against CMV disease 
in liver transplant recipients.430 Oral ganciclovir (1 g every 8 hours) 
prophylaxis seems to decrease the incidence of disease in HIV-infected 
patients with CD4 T-cell counts less than 100 cells/mm,431 although 
not when administered with didanosine.432 In newborn infants with 
congenital CMV infection, ganciclovir therapy increased “the improve-
ment rate and the rate of CMV infection indexes becoming negative” 
and decreases the incidence of hearing disturbance, with few side 
effects.433 In infants with congenital CMV involving the central nervous 
system, 6 weeks of intravenous ganciclovir results in fewer develop-
mental delays.434 In neonates with asymptomatic congenital CMV 
infection, intravenous ganciclovir for 21 days in the newborn period 
reduces subsequent hearing loss.435

EBV infections have been prevented and treated with ganciclovir 
and valganciclovir. Primary infection is prevented in high-risk pedi-
atric renal transplant patients receiving a kidney from an EBV sero-
positive donor.436 Preemptive therapy may prevent post-transplant 
lymphoproliferative disease in pediatric liver transplant patients.437 
Post-transplant lymphoproliferative disease of the central nervous 
system has been successfully treated with combination therapy includ-
ing ganciclovir.438 Severe hepatitis complicating primary EBV infection 
responded to valganciclovir plus glucocorticoids439 as did EBV multi-
centric Castleman disease.440

Intravenous ganciclovir (5 mg/kg every 12 hours) is recommended 
for initial treatment of herpes B virus infections, particularly in patients 
with CNS involvement.130 Intravenous ganciclovir reduces biochemical 
abnormalities and HBV DNA levels by 90% in post-transplantation 
HBV infection.349 Additional viral infections treated with intravenous 
ganciclovir and valganciclovir include varicella acute retinal necro-
sis,441 HHV-6 meningoencephalitis or meningoradiculitis,442-444 HHV-8 
Castleman disease,445,446 and EBV CNS infection and lymphoma.447,448 
Topical 0.15% ganciclovir ophthalmic gel is comparable to acyclovir 
ointment in treating HSV keratitis449 but is not different from artificial 
tears for treatment of adenoviral conjunctivitis.450

IDOXURIDINE
Idoxuridine (5-iodo-2′-deoxyuridine, IDU; Herplex) is an iodinated 
thymidine analogue (Fig. 45-3C) that inhibits replication of various 

Anemia, rash, fever, liver function test abnormalities, nausea or 
vomiting, and eosinophilia have also been reported as have two cases 
of lactic acidosis.401 Phlebitis at the infusion site may be caused by the 
alkaline pH of the solution. In the event of massive overdosage, hemo-
dialysis and hydration may be effective in reducing plasma ganciclovir 
levels. Placement of the intravitreal insert and intravitreal injections 
may be associated with visual changes, hemorrhage, infection, and 
retinal detachment.402,403

Ganciclovir is mutagenic, carcinogenic, and immunosuppressive, 
and it causes irreversible reproductive toxicity in animals and possibly 
humans.348 Teratogenicity, embryotoxicity, testicular atrophy, and bone 
marrow hypocellularity have been observed in animals at ganciclovir 
exposures comparable to those in humans. Ganciclovir may be terato-
genic in humans (classified pregnancy category C), and mothers should 
avoid breast-feeding while receiving ganciclovir or valganciclovir.

Topical 0.15% ganciclovir ophthalmic gel is well tolerated.404

Clinical Studies
Ganciclovir and valganciclovir are currently approved for treatment 
and long-term suppression of CMV retinitis in immunocompromised 
patients and prevention of CMV disease in transplant recipients. 
Because of toxicities, administration is usually limited to patients at 
risk for or having life-threatening or sight-threatening CMV infec-
tions. With initial or induction intravenous dosages of 2.5 mg/kg every 
8 hours or 5 mg/kg every 12 hours for 10 to 21 days, about 85% of 
patients with CMV retinitis experience improvement or stabilization 
of their disease, and funduscopic improvement is usually evident by 10 
to 14 days.348,405 Ganciclovir is comparable to foscarnet in initial control 
of retinitis.325 Oral valganciclovir (900 mg twice daily for 3 weeks) is 
as effective as intravenous ganciclovir for initial treatment of non–
sight-threatening disease.377 Almost all patients with AIDS who 
respond to initial treatment relapse within weeks without suppressive 
therapy.405 High dosages of intravenous ganciclovir (30 to 35 mg/kg/
wk), but not low dosages (10 to 20 mg/kg/wk), and oral valganciclovir 
(900 mg daily)377 are effective for long-term suppression. Oral ganci-
clovir suppression (1 g three times daily) seems to be comparably 
effective to intravenous dosing.406

Retinal detachments are common during long-term follow-up. 
Combined ganciclovir and foscarnet are superior to monotherapy  
and may be effective when single-agent therapy fails.326 Intraocular 
sustained-release ganciclovir implants389,407 and repeated intravitreal 
injections are effective in controlling retinitis but do not prevent CMV 
disease in the other eye or in other sites.

Clinical improvement and virologic responses are also seen in 
CMV pneumonia and gastrointestinal infections in patients with AIDS 
and in solid-organ transplant recipients.354,405 Valganciclovir is as effec-
tive as intravenous ganciclovir for viremic CMV disease in solid-organ 
transplant recipients.408 Half doses (once daily) each of intravenous 
ganciclovir combined with foscarnet were not as effective as twice-
daily ganciclovir alone for the same indication.409 CNS syndromes 
respond less predictably and may progress despite therapy.410 In biopsy-
proven CMV colitis in patients with AIDS, ganciclovir (5 mg/kg every 
12 hours for 14 days) is associated with significant antiviral effects, 
stabilization of weight loss, and lower incidence of extracolonic CMV 
disease but no differences in symptoms compared with placebo.411 In 
bone marrow transplant recipients, virologic responses (but no reduc-
tion in mortality) occur in patients with CMV pneumonia treated with 
ganciclovir alone or in combination with corticosteroids. In contrast, 
ganciclovir combined with intravenous immunoglobulin or CMV 
immunoglobulin reduces the mortality rate among bone marrow 
transplant recipients with CMV pneumonia, from 80% to 90%, to 30% 
to 50%. Prolonged ganciclovir and valganciclovir treatment may 
reduce the risk for hearing loss in symptomatic infants with congenital 
CMV disease.412,413

Intravenous ganciclovir prophylaxis seems to be effective and rea-
sonably well tolerated in preventing CMV disease in bone marrow414,415 
and solid-organ transplant recipients.19,399 Preemptive ganciclovir 
treatment (5 mg/kg every 12 hours for 7 to 14 days, followed by 5 mg/
kg/day until days 100 to 120 after transplantation) when CMV is iso-
lated from bronchoalveolar lavage fluid414 or from other body sites415 
is highly effective in preventing CMV pneumonia and seems to reduce 
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HCMV isolates that are resistant to the currently available anti-CMV 
agents. Letermovir has highly potent anti-CMV activity, with an ID50 
of 5 µM in tissue culture and is selective for lack of cellular toxicity.459 
Drug-resistant virus can be selected by a one-step selection process 
and has a specific point mutation in the terminase complex.458

Letermovir is an orally administered, once-daily drug that has been 
reported to be well tolerated in phase I trials. A phase II study of leter-
movir was undertaken in stem cell transplant patients as prophylaxis 
against HCMV disease. Once-daily doses of 120 mg or 240 mg, or 
placebo, were administered for 84 days. Failure of prophylaxis was 
significantly less in recipients of either dose of letermovir than in the 
placebo group.460 Phase III studies are being planned.

TRIFLURIDINE
Trifluridine (trifluorothymidine, 5-trifluoromethyl-2′-deoxyuridine; 
Viroptic) is a fluorinated pyrimidine nucleoside (see Fig. 45-3D) that 
has in vitro inhibitory activity against HSV types 1 and 2, CMV, vac-
cinia, and, to lesser extent, certain adenoviruses. Concentrations of 0.2 
to 10 µg/mL inhibit replication of herpesviruses, including acyclovir-
resistant HSV strains.17 The antiviral mechanism of action involves 
inhibition of viral DNA synthesis. Trifluridine monophosphate irre-
versibly inhibits thymidylate synthetase, and the triphosphate competi-
tively inhibits DNA polymerases with respect to thymidine triphosphate. 
Trifluridine is incorporated into viral and, to a lesser extent, cellular 
DNA, and it inhibits cellular DNA synthesis at low concentrations. It 
also exhibits mutagenic, teratogenic, and antineoplastic activities in 
experimental systems. Trifluridine-resistant HSV with altered TK sub-
strate specificity can be selected on laboratory passage.453 The clinical 
significance of this observation is uncertain.

Trifluridine’s clinical use is limited to topical therapy for HSV infec-
tions, and it is approved in the United States for treatment of primary 
keratoconjunctivitis and recurrent epithelial keratitis caused by HSV 
types 1 and 2 (see Table 45-1).454 Topical trifluridine is more active 
than idoxuridine in HSV ocular infections, but trials comparing its 
efficacy with that of topical vidarabine or acyclovir have in the past 
found no important differences.461 However, a recent systematic review 
concluded that trifluridine is more effective than vidarabine as well as 
idoxuridine.462 Topical trifluridine is effective in some patients who 
have not responded clinically to idoxuridine or vidarabine. Adverse 
reactions include discomfort on instillation; palpebral edema; and, 
uncommonly, hypersensitivity reactions, irritation, and superficial 
punctate or epithelial keratopathy

Topical trifluridine also seems to benefit some patients with 
acyclovir-resistant HSV cutaneous infections.463 Combinations of tri-
fluridine and IFN-α act synergistically to inhibit HSV replication in 
vitro and have been used to treat ocular and drug-resistant mucocuta-
neous HSV infections.17

VIDARABINE
Vidarabine (9-β-d-ribofuranosyladenine; ara-A, adenine arabinoside; 
Vira-A) is an analogue of adenosine (see Fig. 45-3E) that has in vitro 
antiviral activity against herpesviruses, poxviruses, rhabdoviruses, and 
some RNA tumor viruses. Plaque formation by most HSV and VZV 
strains is completely inhibited by 3 µg/mL or less of vidarabine, and it 
is inhibitory for idoxuridine-resistant and acyclovir-resistant strains.

Vidarabine is phosphorylated by cellular enzymes to the triphos-
phate, which competitively inhibits the activity of viral and, to a lesser 
extent, cellular DNA polymerases. Vidarabine triphosphate is incorpo-
rated into cellular and viral DNA. Vidarabine triphosphate inhibits 
other host cell enzyme systems, including ribonucleoside reductase, 
RNA polyadenylation, and S-adenosylhomocysteine hydrolase. Resis-
tant variants resulting from mutations in viral DNA polymerase can 
be selected under laboratory conditions, but drug resistance is not a 
recognized clinical problem.

Little systemic absorption occurs after ophthalmic application. 
Absorbed vidarabine is rapidly converted to its hypoxanthine metabo-
lite (araHx), which has 30-fold to 50-fold less antiviral activity. The 
kidneys excrete vidarabine and araHx.

Vidarabine has been shown to be mutagenic, teratogenic, and onco-
genic in preclinical testing. Hypersensitivity reactions, including pru-
ritus, erythema, ocular pain, and foreign-body sensation, may occur 

DNA viruses in vitro, particularly herpesviruses and poxviruses.451 
Plaque production by most clinical isolates of HSV type 1 is inhibited 
by concentrations of 2 to 10 µg/mL. The median inhibitory concentra-
tion for two laboratory vaccinia strains was 0.2 to 0.3 µg/mL.452 Idoxu-
ridine and cidofovir were reported to inhibit synergistically the growth 
of a vaccinia virus at concentrations that were not cytotoxic. The anti-
viral mechanism of action of idoxuridine is not completely defined, but 
the phosphorylated derivatives interfere with various enzyme systems. 
The triphosphate inhibits viral DNA synthesis and is incorporated into 
viral and cellular DNA. Resistance to idoxuridine readily develops 
under laboratory conditions453 and occurs in viral isolates recovered 
from idoxuridine-treated patients with HSV keratitis.

In humans, extremely low plasma concentrations of idoxuridine 
(0.1 to 0.4 ppm) are detected in about half of patients treated topically 
with 40% idoxuridine in the penetration-enhancing agent dimethyl 
sulfoxide (DMSO). Idoxuridine is teratogenic, mutagenic, tumor- 
promoting, and immunosuppressive in preclinical testing. DMSO is 
teratogenic and can cause adverse ocular effects in laboratory animals.

In the United States, idoxuridine is approved only for topical treat-
ment of HSV keratitis, whereas idoxuridine in DMSO is available in 
Europe for treatment of herpes labialis, herpes genitalis, and herpes 
zoster. In ocular HSV infections, topical idoxuridine is more effective 
in epithelial infections, especially initial episodes, than in stromal 
infections.454 In a systematic review of antiviral drugs and other treat-
ments for herpes simplex virus epithelial keratitis, it was concluded 
that “trifluridine and acyclovir are more effective than idoxuridine or 
vidarabine.”455 Adverse reactions include pain, pruritus, inflammation, 
or edema involving the eye or lids and, rarely, allergic reactions.

Topical idoxuridine alone in solution is ineffective in mucocutane-
ous herpesvirus infections. Optimizing the dispersion of idoxuridine 
1% in a 5% liposome in gel formulation increased idoxuridine penetra-
tion and retention in vitro compared with a nonoptimized formulation 
and increased healing of HSV skin lesions in patients in a small pilot 
study by 1.6-fold to 2-fold. Itching, burning, and other side effects were 
much less common with the optimized liposomal gel.456 Frequent 
topical application of 5% to 40% idoxuridine dissolved in DMSO seems 
to hasten healing and shorten pain duration in localized herpes zoster. 
Topical 30% idoxuridine in DMSO may shorten the duration of viral 
shedding in recurrent or primary genital HSV infections, but it does 
not reduce the duration of symptoms or healing time. Topical 15% 
idoxuridine in DMSO reduces the duration of pain and healing time 
in recurrent herpes labialis.457 Mild local burning and aftertaste are 
common after topical application of DMSO; headache, dizziness, seda-
tion, nausea, and localized and generalized dermatitis have also been 
reported.

LETERMOVIR (AIC246)
Letermovir is an investigational drug with activity against human 
CMV (HCMV) (Fig. 45-4). It is a 3,4-dihydro-quinozoline that acts 
through inhibition of the viral terminase enzyme complex.458 It does 
not inhibit the viral DNA polymerase, and it is therefore active against 

FIGURE 45-4  Chemical structure of letermovir. 
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3 to 6 hours, and 30% to 40% of the dose is cleared in the urine as an 
N-alkylated metabolite and less than 2% as the parent compound.478 
Maribavir pharmacokinetics are not significantly affected by mild 
(CrCl, 50 to 80 mL/min) to severe (<30 mL/min) renal impairment.479 
Maribavir does not accumulate during twice-daily dosing for 10 
days.480 A dose of 400 mg twice daily for 10 days does not alter CYP1A2, 
CYP2C9, CYP3A, N-acetyl-transferase-2, and xanthine oxidase drug-
metabolizing activity, although this regimen may inhibit CYP2C19 and 
CYP2D6 activities.480 However, clinically important pharmacokinetic 
interactions have been demonstrated during co-administration of 
maribavir and tacrolimus (increasing tacrolimus exposure), presum-
ably caused by inhibition of CYP3A4 and P-glycoprotein, or both,481 
and rifampin (reducing maribavir), presumably because of induction 
of CYP3A4, P-glycoprotein, or both.482 Voriconazole did not interact 
pharmacokinetically with maribavir.483

In a randomized, placebo-controlled trial, maribavir did not 
prevent CMV disease when started after hematopoietic stem cell 
engraftment.484 Similarly, maribavir was safe but not efficacious com-
pared with ganciclovir in preventing CMV disease in adult liver trans-
plant recipients.485 Maribavir, used at somewhat higher doses than in 
the phase III studies, may be effective for treatment of refractory or 
resistant CMV-infection in transplant recipients,486 but resistance to it 
may appear rapidly and preclude a therapeutic effect.487 In HIV-
infected adults, maribavir (330 to 2400 mg daily in divided doses for 
28 days) is associated with approximately 3 log10 or greater reductions 
in semen CMV titers.488 Dose-related taste disturbance and diarrhea 
occur, and other possible adverse effects include rash, pruritus, head-
ache, nausea, and fever.488

HELICASE-PRIMASE INHIBITORS 
(AMENAMEVIR, PRITELIVIR)
Helicase-primase inhibitors are antiviral agents with a novel mecha-
nism of action against herpes simplex viruses type 1 and 2. They inhibit 
the viral heterotrimeric complex consisting of helicase, primase, and 
cofactor subunits that have functions essential for viral DNA replica-
tion. They are not nucleoside analogues and do not require phosphory-
lation by a thymidine kinase (TK) to inhibit HSV replication. They are 
therefore active against TK-deficient HSV, which is the major mecha-
nism of resistance to acyclovir and penciclovir.

Amenamevir (ASP2151)
Amenamevir (ASP2151) is an oxadiazolephenyl derivative (Fig. 45-6A) 
with potent activity against HSV-1 (median effective concentration 
[EC50]: 0.036 µM), HSV-2 (0.028 µM), and also against VZV 
(0.047 µM).489 Amenamevir is also active against nucleoside-resistant 
HSV strains.

Amenamevir was investigated in a dose-finding, placebo-controlled 
study with 437 patients with recurrent genital herpes.490 Amenamevir 
was administered orally at one of four doses: 100 mg, 200 mg, 400 mg 
daily for 3 doses, or 1200 mg as a single dose. Another group of sub-
jects received valacyclovir at 500 mg twice daily for 3 days. The dura-
tions of the recurrent episodes were each 1 to 2 days shorter in the 
amenamevir-treated groups compared with placebo. However, time to 

after ocular application. Other reported effects include photophobia, 
keratitis after exposure to ultraviolet light, and increased lacrimation.

Vidarabine has activity in certain life-threatening herpesvirus 
infections, including herpes simplex encephalitis and neonatal HSV463 
and adenovirus infection464 in immunocompromised individuals, 
and chronic EBV465 but not smallpox. Its use was discontinued in the 
United States in 1992. An ophthalmic ointment of vidarabine is less 
effective than trifluridine in HSV keratoconjunctivitis (see Table 
45-1)455 but is effective in patients who cannot receive idoxuridine 
because of allergy, toxicity, or drug resistance.

MARIBAVIR
Maribavir is an l-ribofuranosyl benzimidazole (5,6-dichloro-2-
isopropylamino-1-[β-l-ribofuranosyl]-1H-benzimadazole) that is 
inhibitory for CMV and EBV but not other HHVs in vitro (Fig. 
45-5).466,467 It inhibits replication of clinical isolates of CMV at concen-
trations of less than 1 µM to approximately 15 µM in cell culture, includ-
ing most variants resistant to ganciclovir, cidofovir, or foscarnet.466,468

In vitro, maribavir antagonizes the anti-CMV effect of ganciclovir, 
as predicted from its inhibitory effect on UL97 kinase, which phos-
phorylates ganciclovir to its active metabolite,469 although others report 
an additive or indeterminate effect.470,471 As expected, maribavir does 
not affect the anti-CMV effect of foscarnet or cidofovir, which are 
drugs that do not involve UL97-mediated phosphorylation.469 Mariba-
vir has a novel mechanism of anti-CMV action that does not require 
intracellular phosphorylation and that resistance selection studies map 
to the UL97 protein kinase and to the UL27 protein.472,473 Maribavir 
seems to inhibit viral DNA synthesis and to block nuclear egress of 
virions. Inhibition of UL97 function reduces the phosphorylation of 
several viral proteins, including UL44, which is essential for CMV 
DNA replication.474 Maribavir-resistant CMV strains selected during 
propagation with drug in vitro possess UL97 kinase gene mutations 
that confer moderate to high-level resistance and UL27 gene mutations 
that confer low-level resistance.475,476 Maribavir-resistant strains are 
sensitive to ganciclovir,474 whereas CMV strains resistant to ganciclovir, 
foscarnet, and cidofovir are sensitive to maribavir, consistent with their 
different mechanisms of action.477

Oral maribavir is rapidly absorbed and shows dose-proportional 
kinetics.468 A high-fat meal decreases absorption by 30%.478 Maribavir 
is highly bound to plasma proteins (>97%). The plasma T elim1

2
 is about 

FIGURE  45-5  Chemical structure of the investigational agent 
maribavir. 
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HSV-2.492 It is active against TK and DNA polymerase HSV mutants 
that are resistant to nucleoside analogues.

The drug is administered orally and has a long half-life (up to 80 
hours). Therefore, it can be administered once weekly and appears to 
be well tolerated. Its effect on potential suppression of genital herpes 
was studied in a recently conducted clinical trial in 156 individuals.493 
Subjects received one of three daily doses or one weekly dose of prite-
livir or placebo for 28 days. Reductions in HSV viral shedding and in 
rates of lesions, compared with placebo, were seen in those who received 
25- or 75-mg daily doses, or 400-mg weekly doses, compared with 
placebo. Studies of direct comparison to valacyclovir are underway.

lesion healing, the primary endpoint, was only significantly different 
between the 1200-mg single dose group and the placebo-tested group. 
The single-dose (1200 mg) amenamevir-treated group had a compa-
rable efficacy rate to that of the 3-day dose of valacyclovir. HSV isolates 
resistant to amenamevir were not detected before or after dosing.491 
Additional studies with amenamevir are being planned.

Pritelivir (AIC316)
Pritelivir (AIC316) is a thiazolylamide (Fig. 45-6B) inhibitor of 
helicase-primase functions of HSV. It has potent antiviral activity  
with EC50 values of 0.026 µM against HSV-1 and 0.029 µM against 
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Antiviral drugs for viral hepatitis are reviewed in this chapter and in 
Chapter 119.

HEPATITIS B
Overview
The first antiviral agent applied to the treatment of chronic hepatitis B 
was interferon-α (IFN-α), supplanted eventually by pegylated (poly-
ethylene glycol) interferon (PEG IFN; see Chapters 119 and 148). 
Although IFNs have immunomodulatory properties, data to support a 
direct immunologic effect of IFN in its antiviral efficacy against hepa-
titis B virus (HBV) are lacking. Instead, the effect of IFN in HBV 
infection may be mediated by direct virus inhibition, for instance, by 
such factors as protean interference at multiple points in the viral life 
cycle; by stimulation of the IFN signal-transduction pathway, culmi-
nating in antiviral activity; and by overcoming the effect of viral infec-
tion on suppression of IFN-stimulated genes. IFN therapy, although 
free of antiviral drug resistance, requires frequent subcutaneous injec-
tions and intensive clinical and laboratory monitoring, and tolerability 

is limited by adverse side effects, including sometimes disabling flulike 
symptoms, marrow suppression, emotional/psychiatric responses, 
autoimmune disorders, and a variety of miscellaneous reactions. Cur-
rently, potent (micromolar to nanomolar effective concentration for 
50% of isolates [EC50], with a high therapeutic index), well tolerated, 
direct-acting oral nucleoside/nucleotide analogues that inhibit HBV 
DNA polymerase are the dominant agents used to treat chronic hepa-
titis B; the most successful have been agents with high genetic barriers 
to resistance (Table 46-1). These nucleoside analogues require meta-
bolic activation within the cell by phosphorylation (to a nucleoside 
analogue triphosphate or nucleotide analogue diphosphate). To date, 
antivirals that target other events in the HBV life cycle have not been 
developed.

In chronic hepatitis B, oral antiviral agents can suppress viral rep-
lication by up to approximately 4 to 7 log10, which, in turn, translates 
to immediate biochemical (return to normal of aminotransferase activ-
ity), histologic (improvement in grade of necroinflammatory activity 
and grade of fibrosis), and serologic (seroconversion from hepatitis B 

ANTIVIRALS FOR HEPATITIS B  
(SEE TABLE 46-1)

Pegylated ([Polyethylene Glycol]; PEG) 
Interferon (IFN)-α2a (Has Largely 
Supplanted IFN-α2b)
• PEG IFN-α2a is administered subcutaneously, 

with hepatitis B early antigen seroconversion 
in 32% of patients.

• Toxicities include flulike symptoms, 
cytopenia, emotional lability, and autoimmune 
events.

Lamivudine
• Orally administered and well tolerated but has 

a low barrier to resistance
• Supplanted by entecavir

Adefovir
• Orally administered at low doses (10 mg/day) 

to avoid nephrotoxicity
• Less potent and slower activity than other 

anti–hepatitis B virus (HBV) drugs
• Supplanted by tenofovir

Entecavir
• Orally administered and well tolerated
• High barrier to resistance
• Currently, first-line therapy for hepatitis B

Telbivudine
• Orally administered and well tolerated
• Elevated creatine phosphokinase and 

peripheral neuropathy can occur.
• Frequent development of resistance limits use.

Tenofovir
• Orally administered
• Can cause nephrotoxicity, but rarely 

encountered in hepatitis B studies

• Active against human immunodeficiency virus 
and HBV

• High potency and high barrier to resistance 
against HBV

• Currently, first-line therapy for hepatitis B

ANTIVIRALS FOR HEPATITIS C  
(SEE TABLE 46-1)

PEG IFN-α2a or PEG IFN-α2b plus Ribavirin
• For genotype 1, protease inhibitors should be 

added (see below); response rates are 67% to 
75% in treatment-naïve patients and 69% to 
88% in prior relapsers.

• For genotypes 2, 3, and 4, protease inhibitors 
should not be used.

Boceprevir
• Inhibitor of hepatitis C virus (HCV) NS3 

protease
• Most active against HCV genotype 1 and 

limited activity against genotypes 2 and 3
• Orally administered with food and metabolized 

by cytochrome P3A4 (CYP3A4) system
• Main toxicity from bone marrow suppression 

additive to PEG IFN
• Approved for triple therapy with PEG IFN and 

ribavirin against genotype 1; should not be 
used as monotherapy because of emergence 
of resistance

Telaprevir
• Inhibitor of NS3/NS4A protease
• Active against HCV genotype 1, less so against 

genotypes 2 and 3
• Orally administered with fatty meal; 

metabolized by CYP3A4 system
• Toxicities primarily are anemia, rash, and rectal 

burning.

• Approved as part of triple therapy for genotype 
1; should not be used for monotherapy 
because of emergence of resistance

Simeprevir
• Inhibitor of NS3/NS4A protease
• Active against HCV genotype 1
• Orally administered once daily with food; 

metabolized by CYP3A4 system
• Toxicities primarily rash, hyperbilirubinemia
• Approved as part of triple therapy with PEG 

IFN and ribavirin for genotype 1; should not 
be used for monotherapy because of 
emergence of resistance

• In patients with HCV genotype 1a, requires 
testing for Q80K, which is predictive of 
nonresponse

Sofosbuvir
• Nucleoside inhibitor of NS5B polymerase
• Active against HCV genotypes 1, 2, 3, 4, 5, 

and 6
• Orally administered once daily with or without 

food; metabolized in the liver to form the 
active uridine triphosphate

• Negligible toxicity
• Approved as triple therapy with PEG IFN and 

ribavirin for 12 weeks against genotypes 1, 4, 
5, and 6. Approved with ribavirin (in the 
absence of PEG IFN) for genotype 2 (12 
weeks) and genotype 3 (24 weeks); should not 
be used as monotherapy.

Investigational Therapies
• Second-generation protease inhibitors: 

asunaprevir, faldaprevir, ritonavir-boosted 
ABT-450

• NS5A inhibitors: declatasvir, ledipasvir

SHORT VIEW SUMMARY
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Adefovir
Also see Chapter 130.

Spectrum
Adefovir dipivoxil (9-[2-phosphonomethoxyethyl]adenine; bis-POM, 
PMEA; Hepsera) is a diester prodrug of adefovir, an acyclic phospho-
nate nucleotide analogue of adenosine monophosphate (Fig. 46-1A). 
It is active in vitro against a range of DNA and RNA viruses, including 
hepatitis B, HIV, poxviruses, and herpesviruses.1,2 In cell culture, inhib-
itory concentrations for HBV range from 0.2 to 1.2 µM, whereas con-
centrations inhibiting growth of uninfected cells are generally greater 
than 100 µM. Adefovir retains activity against lamivudine-resistant 
HBV strains and shows dose-dependent inhibition of hepadnavirus 
replication in animal models.1 Combinations of adefovir with lamivu-
dine or penciclovir show enhanced antihepadnavirus activity in vitro.3

Mechanism of Action
After intracellular transport, adefovir is converted by cellular enzymes 
to the diphosphate, which acts as a competitive inhibitor of viral DNA 
polymerases and reverse transcriptases with respect to deoxyadenosine 
triphosphate and serves as a chain terminator of DNA synthesis.3,4 Its 
selectivity relates to higher affinity for HBV DNA polymerase than for 
host cell polymerases. The prodrug is taken up intracellularly much 
more readily than the parent. The intracellular half-life (T1

2
) of the 

diphosphate is prolonged, ranging from 5 to 18 hours in different cells, 
which makes once-daily dosing feasible.4

Resistance
Adefovir resistance in HBV is difficult to develop in the laboratory, and 
no resistant variants have been detected during 48 to 60 weeks of use 
in chronically infected patients.5-10 After 144 weeks of dosing, 3.9% of 
patients show a novel HBV DNA polymerase mutation (N236T or 
A181V) that confers reduced susceptibility.6-9 The nucleoside ana-
logues lamivudine, telbivudine, and entecavir are inhibitory for such 
variants (see Chapter 119).

Pharmacology
Adefovir has low oral bioavailability (<12%).4,11 In contrast, oral adefo-
vir dipivoxil is rapidly absorbed and hydrolyzed to the parent com-
pound by esterases in the intestine or blood or both, with liberation of 
pivalic acid. The bioavailability of adefovir ranges from approximately 
30% to 60%, and after 10-mg doses of adefovir dipivoxil, peak serum 
concentrations average 0.02 µg/mL. No intact prodrug is detectable in 
the blood, and ingestion with food does not affect bioavailability. Ade-
fovir has low protein binding (<5%), and has a volume of distribution 
approximating body water (≈0.4 L/kg).

e antigen [HBeAg] to anti-HBe [inactive carrier] or, more rarely, from 
hepatitis B surface antigen [HBsAg] to anti-HBs [recovery from infec-
tion]) effects and to long-term improvement in the natural history of 
disease (progression to cirrhosis, hepatic decompensation, hepatocel-
lular carcinoma, and death). The more profound the suppression of 
viral replication and the lower the level of residual viremia, the more 
frequent the immediate outcomes of therapy and, conversely, the lower 
the likelihood of antiviral resistance. Combination antiviral therapy is 
the standard of care in human immunodeficiency virus (HIV) and 
hepatitis C virus (HCV) infection but not in HBV infection. Whereas 
combination drug therapy is required for the older, lower-resistance-
barrier oral agents after the emergence of resistance, monotherapy 
suffices in almost all instances with the more potent, high-resistance-
barrier agents (entecavir, tenofovir). In addition, although replication 
must be suppressed to undetectable in patients with HIV and HCV 
infections, in patients with HBV infection, suppression to a threshold 
of less than 103 IU/mL is usually sufficient to achieve a meaningful 
clinical change, for instance, from chronic hepatitis to inactive car-
riage. In practice, HBV DNA can be suppressed to undetectable levels 
(as determined by sensitive amplification assays) in 70% to 90% of 
patients treated with current-generation potent oral antivirals.

Individual drugs for hepatitis B are discussed in alphabetic order 
below.

TABLE 46-1  Antiviral Agents of Established 
Therapeutic Effectiveness in Hepatitis B and C

DRUG ROUTE USUAL ADULT DOSAGE
Chronic Hepatitis B
IFN-α2b SC/IM 5 MU/day or 10 MU 3 times weekly for 16 wk

PEG IFN-α2a SC 180 µg weekly for 48 wk

Lamivudine* PO 100 mg/day

Adefovir PO 10 mg/day

Entecavir PO 0.5 mg/day (1.0 mg if lamivudine resistant)

Telbivudine PO 600 mg/day

Tenofovir PO 300 mg/day

Chronic Hepatitis C
PEG IFN-α2a 

or
SC 180 µg weekly for 48 wk

PEG IFN-α2b 
plus 
ribavirin†

SC
PO

1.5 µg/kg weekly for 48 wk
800-1400 mg/day, depending on weight and 

genotype

Boceprevir PO 800 mg tid (with meals) with PEG IFN plus ribavirin 
for up to 44 wk after 4 wk of lead-in therapy with 
PEG IFN plus ribavirin (see Chapter 119 for 
guidelines on response-guided therapy)

Telaprevir PO 750 mg tid (with fatty meal) with PEG IFN plus 
ribavirin for 12 wk, followed by another 12-36 wk 
of PEG IFN plus ribavirin (see Chapter 119 for 
guidelines on response-guided therapy)

Simeprevir PO 150 mg once daily with PEG IFN plus ribavirin for 
12 wk, followed by another 12 wk of PEG IFN plus 
ribavirin, for a total course of 24 wk (treatment 
naïve and relapsers) or another 24 wk for a total 
of 48 wk (prior partial and null responders) 
(approved for genotype 1) (see Chapter 119 for 
alternative regimens to be used in treatment-
experienced patients and in cirrhotic patients)

Sofosbuvir PO 400 mg once daily with PEG IFN plus ribavirin for 
12 wk (genotypes 1, 4, 5, 6) or with ribavirin (no 
PEG IFN) for 12 wk (genotype 2) or 24 wk 
(genotype 3) (see Chapter 119 for alternative 
regimens to be used in treatment-experienced 
patients and in cirrhotic patients)

*Dosage in children ≥2 years of age is 3 mg/kg/day to a maximum of 100 mg/day.
†Combination therapy is approved for patients with compensated liver disease 

for initial treatment and for patients who have relapsed after IFN therapy. For 
genotypes 2 and 3, 24 weeks of PEG IFN-α2a therapy and ribavirin dose of 
800 mg suffice. Monotherapy with PEG IFN is a less effective alternative for 
ribavirin-intolerant patients.

IFN, interferon; IM, intramuscular; MU, million units; PEG, polyethylene glycol 
(pegylated); PO, oral; SC, subcutaneous.

Note: Please consult text and manufacturer’s product prescribing information for 
dosage adjustments in renal or hepatic insufficiency and in other circumstances.

FIGURE 46-1 Chemical structures of adefovir (A), lamivudine (B), and 
telbivudine (C). 
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In preclinical studies, adefovir was genotoxic, and high doses 
caused renal tubular nephropathy, hepatotoxicity, and toxicity to lym-
phoid tissues in animals. Carcinogenicity studies in rodents were nega-
tive. Adefovir dipivoxil is not associated with reproductive toxicity, 
although high IV doses of adefovir cause maternal toxicity and 
embryotoxicity with fetal malformations in rats. Adefovir is classified 
as pregnancy category C.

Clinical Studies
A detailed discussion of the clinical uses of adefovir dipivoxil is pre-
sented in Chapter 119. Adefovir dipivoxil is approved for treatment of 
chronic hepatitis B and causes dose-dependent inhibition of HBV rep-
lication within 1 week of starting administration. In patients with 
chronic hepatitis B and who are positive for HBeAg, adefovir (10 mg 
daily for 48 weeks) results in improved hepatic histology in 53%, 
reduced serum HBV DNA levels (>3.5 log10 copies/mL), normal ami-
notransferase levels in 48%, and a 12% rate of HBeAg seroconversion.10 
Continued therapy is associated with sustained viral suppression and 
increasing frequencies of normalization of aminotransferase and 
HBeAg loss and seroconversion.6,7 Similarly, in patients with HBeAg-
negative chronic hepatitis B (precore or core-promoter mutants), 
adefovir dipivoxil (10 mg daily for 48 weeks) is associated with signifi-
cant reductions in HBV DNA (nearly 4 log10), normalization of ami-
notransferase levels in 72%, and histologic improvement in 64%.5 
Regression of cirrhosis may occur in some patients.6,7 In addition, 
adefovir reduces HBV DNA levels comparably across all genotypes,12 
and potential differences in clinical and serologic responses between 
different genotypes have not been found.

In patients with lamivudine-resistant HBV infections, adefovir dip-
ivoxil monotherapy results in sustained reductions in serum HBV 
DNA levels comparable to reductions seen with the combination of 
adefovir and lamivudine, whereas lamivudine monotherapy is 
ineffective.13-15 Still, in the face of lamivudine resistance, rather than 
switching from lamivudine to adefovir, adefovir should be added to 
lamivudine to reduce the likelihood of biochemical exacerbation and 
adefovir resistance. In patients with dual HIV and lamivudine-resistant 
HBV infections, adefovir dipivoxil (10 mg daily) causes sustained 
decreases in HBV DNA levels.16 Adefovir dipivoxil has also been used 
successfully in patients with lamivudine-resistant HBV infections 
before and after liver transplantation,17 in whom approximately 4 log10 
reductions in HBV DNA levels, improved biochemical markers, and 
stable or improved histology have been observed.

Although adefovir formerly had an important role in therapy of 
lamivudine-resistant HBV infection, it has several important limita-
tions. Adefovir is the least potent and slowest acting of the anti-HBV 
drugs and is ineffective in many patients.18 Adefovir has been sup-
planted by tenofovir (see “Tenofovir” ) and is no longer recommended 
as a first-line agent.19,20

Entecavir
Spectrum and Mechanism of Action
Entecavir (Baraclude) is a cyclopentyl 2′-deoxyguanosine nucleoside 
analogue that potently and selectively inhibits hepadnaviruses (Fig. 
46-2B) and is approved for the treatment of chronic hepatitis B  
infection. Entecavir is inhibitory for HBV replication at nanomolar 
concentrations and is 30-fold to greater than 1000-fold more active 
than lamivudine in cell culture.21-23 Entecavir is also inhibitory for 
lamivudine-resistant HBV variants possessing M550I or M550V/
L526M mutations, although at 20-fold to 30-fold or higher concentra-
tions.21,22 After intracellular phosphorylation by cellular enzymes, the 
triphosphate inhibits several viral DNA polymerase functions, includ-
ing priming, reverse transcription, and synthesis of positive-strand 
DNA. The triphosphate accumulates intracellularly at approximately 
10-fold to 30-fold higher concentrations relative to extracellular ente-
cavir levels and persists with a T1

2
 of approximately 15 hours. Oral 

entecavir is active in several animal models of hepadnavirus infection; 
prolonged administration for 3 years in hepatitis virus–infected wood-
chucks resulted in sustained viral suppression without emergence of 
resistance, in reductions in hepatocyte covalently closed circular (ccc) 
DNA levels, and in partial protection against hepatocellular carci-
noma.24 Entecavir inhibits HIV-1 isolates at EC50 values ranging from 

Adefovir is eliminated unchanged by renal excretion through  
a combination of glomerular filtration and tubular secretion. After  
intravenous (IV) dosing, more than 98% is recovered in urine within 
24 hours.11 After oral administration of adefovir dipivoxil, about 30% 
to 45% of the dose is recovered within 24 hours, and the serum elimi-
nation half-life (T elim1

2
) is approximately 5 to 7.5 hours. HIV-infected 

children have higher clearance than adults. Peak plasma levels increase 
and clearance decreases with decreasing renal function; therefore, 
dosage reductions are indicated (Table 46-2). Adefovir is removed by 
hemodialysis (approximately 35% of the dose during a 4-hour session), 
and a once-a-week dose after dialysis is recommended, but the effects 
of peritoneal dialysis are unknown. The pharmacokinetics of adefovir 
in patients with moderate-to-severe hepatic insufficiency (unrelated to 
hepatitis B) are not altered.

Interactions
No clinically important drug interactions have been recognized, 
although drugs that reduce renal function or compete for active tubular 
secretion could decrease adefovir clearance. Ibuprofen increases adefo-
vir exposure, but no interactions with lamivudine, acetaminophen, or 
trimethoprim-sulfamethoxazole have been found. An increased risk 
for lactic acidosis and steatosis may exist when used in conjunction 
with nucleoside analogues or other antiretrovirals.

Toxicity
Nephrotoxicity at higher doses was the primary adverse event leading 
to discontinuation of HIV clinical studies in 1999. Adefovir is effi-
ciently transported into tubular epithelium by a probenecid-sensitive 
human organic anion transporter (hOAT1), and inhibitory effects of 
the diphosphate on renal adenyl cyclase may contribute to nephrotox-
icity. In HIV trials with dosages of 60 mg daily, a Fanconi-like disorder 
with elevations of serum creatinine, decreases in serum phosphorus 
and bicarbonate, glycosuria, and proteinuria developed gradually after 
20 weeks of dosing. Such nephrotoxicity was generally mild to moder-
ate in severity and usually reversible after a median duration of 4 
months. Older age and preexisting renal insufficiency appeared to be 
risk factors.

In studies of chronic hepatitis B, a lower dose (10 mg daily) has 
been associated with few adverse events (headache, abdominal dis-
comfort, diarrhea, asthenia) and minimal renal toxicity compared with 
a higher dose (30 mg).5,10 Adverse events lead to premature discontinu-
ation in about 2% of patients. At 96 weeks of dosing, the estimated 
risks of an increase in serum creatinine of 0.3 or greater and of an 
increase of 0.5 mg/dL or greater are 10% and 2%, respectively, but the 
risk is substantially higher in patients with preexisting renal insuffi-
ciency. During therapy, marked increases in aminotransferase levels 
(>10 times the upper limit of normal) occur less often in adefovir 
recipients (10%) than in patients taking placebo. Acute, sometimes 
severe, exacerbations of hepatitis can occur in patients who stop adefo-
vir or other anti-HBV therapies. Close monitoring is necessary after 
cessation of therapy, and the threshold for resumption of therapy 
should be low for post-treatment viremia and/or biochemical evidence 
for reactivation, especially in patients with histologically or clinically 
advanced liver disease (cirrhosis, advanced fibrosis, borderline hepatic 
decompensation).

Pivalic acid, a product of adefovir dipivoxil metabolism, can esterify 
free carnitine and cause reduced free carnitine levels. Although 
l-carnitine was administered in some HIV studies, supplementation is 
generally not recommended at the dosages used in chronic hepatitis B.

TABLE 46-2  Dosage Adjustments of Adefovir 
Dipivoxil in Renal Impairment

CREATININE 
CLEARANCE (mL/min)

ORAL DOSE 
(mg) INTERVAL

≥50 10 q24h

30-49 10 q48h

10-29 10 q72h

Hemodialysis 10 q7days after dialysis

Note: Dosage is based on manufacturer’s recommendations.
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also affect serum levels of entecavir. Because of its low-level anti-HIV 
activity, entecavir monotherapy is contraindicated in patients with 
HBV-HIV coinfection who are candidates for anti-HBV therapy.33

Toxicity
Entecavir is generally well tolerated at dosages of 0.5 to 1 mg/day34,35 
and has a safety profile similar to that of lamivudine. Preclinical toxic-
ity identified hepatic, pulmonary, and brain tumors in rodents but not 
in other animal species; such toxicity has not been encountered in 
clinical trials or in postapproval surveillance. In clinical trials, the fol-
lowing adverse events were reported: hematuria (9% of patients); gly-
cosuria (4%); and elevations of amylase (8%), lipase (3%), and bilirubin 
(3%).32 A black box warning for entecavir has been issued by the U.S. 
Food and Drug Administration (FDA) for lactic acidosis and steatosis 
in patients treated with nucleoside analogues with or without antiret-
rovirals and for acute exacerbations of hepatitis B when therapy is 
stopped. Entecavir is classified as pregnancy category C.

Clinical Studies
Short-term administration (0.05 to 1 mg daily for 4 weeks) is associ-
ated with approximately a 2 to 3 log10 suppression of serum HBV DNA 
levels and at higher doses (0.5 mg and 1 mg) a delay in return of levels 
to baseline.36 Entecavir (0.1 mg or 0.5 mg once daily for 24 weeks) 
reduces HBV DNA levels by more than 4 log10 copies/mL or about 
10-fold more than lamivudine.37 When evaluated in phase III trials 
against lamivudine as a comparator, entecavir, 0.5 mg/day for 48 
weeks, was superior to lamivudine in both HBeAg-positive chronic 
hepatitis B (HBeAg seroconversion in 21%, 6.9 log10 reduction in HBV 
DNA, undetectable HBV DNA in 69%, normal alanine aminotransfer-
ase [ALT] activity in 68%, improved histology in 72%) and HBeAg-
negative chronic hepatitis B (5.0 log10 reduction in HBV DNA, 
undetectable HBV DNA in 90%, normal ALT in 78%, improved histol-
ogy in 70%).35,37,38 Sustained inhibition of lamivudine-resistant HBV 
infections occurs at dosages of 0.5 mg or 1 mg given daily for 48 
weeks23,39; however, in this population of lamivudine-experienced/
refractory patients, the rate of emerging entecavir resistance becomes 
prohibitive (reaching 43% at 4 years), rendering entecavir a poor 
choice for lamivudine-resistant HBV infection.26,39 Continuation of 
entecavir for 2 to 5 years or more is well tolerated and is followed by 
increased HBeAg seroconversion (40% at year 5) and HBsAg loss (5% 
to 6% at years 2 to 5, respectively).27,40,41 Entecavir is effective as well in 
patients with HBV reinfection after liver transplantation.23

The clinical use of entecavir is discussed in more detail in Chapter 
119. Because of its efficacy and excellent resistance profile, entecavir is 
recommended as first-line therapy for chronic hepatitis B.19,20

Interferons
The classification, mechanism of action, and pharmacokinetic proper-
ties of IFNs are reviewed in Chapter 47. Clinical studies of IFNs in 
hepatitis B are discussed below and in Chapters 119 and 148.

For patients with chronic hepatitis B, parenteral administration of 
various recombinant IFNs is associated with loss of HBV DNA, loss of 

0.026 to greater than 10 µM. Because its anti–HIV-1 activity can result 
in development of the M184V mutation, the drug should not be used 
as monotherapy in HIV-positive patients.25

Resistance
Entecavir has a high barrier to resistance; resistance requires the  
emergence of a YMDD (tyrosine-methionine-aspartate-aspartate) 
mutation and a second mutation in polymerase domain B, C, or D.26 
In treatment-naïve patients receiving entecavir at 0.5 to 1 mg/day, 
resistance has not been encountered in the first years of therapy and 
has not exceeded 1.2% after 6 years.27-30 In patients with previous 
lamivudine resistance, entecavir is effective, but a higher daily dose 
(1 mg/day) is required, and resistance to entecavir occurs in 7% at 
year 1 to 43% at year 4. Therefore, although approved for lamivudine-
resistant HBV infection, entecavir has not been adopted for this indi-
cation by the treating community; tenofovir is used instead (see 
“Resistance” under “Tenofovir”).

Pharmacokinetics
Oral administration of entecavir is essentially 100% bioavailable and 
results in peak plasma concentrations in 0.5 to 1.5 hours. After multiple 
doses of 1 mg/day, Cmax was 8.2 ng/mL, and Ctrough was 0.5 ng/mL.31 
Administration with food results in a 0.25- to 0.75-hour delay in 
absorption; therefore, ideally, entecavir should be administered on  
an empty stomach. The drug has an estimated T1

2
 of 24 hours and 

is predominantly (62% to 73%) eliminated by the kidneys, probably  
by glomerular filtration and tubular secretion. Dosage reductions 
should be undertaken with a creatinine clearance (CrCl) of less than 
50 mL/min (Table 46-3).32 For patients with liver impairment, the 
higher 1-mg dose is recommended, but pharmacokinetics are not 
altered, and dosage reductions are not necessary.

Interactions
Entecavir is not a substrate, inhibitor, or inducer of cytochrome P 
(CYP) isoenzymes and is not affected by drugs that are metabolized or 
otherwise affected by that system. Drugs that affect renal function may 

TABLE 46-3  Dosage Adjustments of Entecavir in 
Renal Impairment*

CREATININE 
CLEARANCE (mL/min) ORAL DOSE (mg) INTERVAL
≥50 0.5 q24h

30-50 0.5 q48h or 0.25 q24h q24h or q48h, 
respectively

10-30 0.5 q72h or 0.15 q24h q24h or q72h, 
respectively

<10 or hemodialysis 0.5 one/wk or 0.05 q24h q7days after dialysis

*Doses shown are for treatment-naïve patients; for lamivudine-refractory patients 
or patients with decompensated liver disease, all doses should be doubled.

Note: Dosage is based on manufacturer’s recommendations.

FIGURE 46-2 Chemical structures of tenofovir (A), entecavir (B), emtricitabine (C), and clevudine (D). 
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of 14% to 32%, 38%, 53%, and 67% have been found after 1, 2, 3,  
and 4 years, respectively, of treatment in chronic hepatitis B.8,64 
Most lamivudine-resistant variants possess L526M/M550V mutations, 
followed by M550I and L526M/M550I.22 The risk is higher in post-
transplantation infections, and patients coinfected with HIV and HBV 
have 50% and 90% frequencies of resistance at 2 and 4 years, respec-
tively, of lamivudine therapy.65,66

Viruses bearing YMDD mutations are less replication competent in 
vitro than wild-type HBV and may be associated with lower HBV DNA 
levels on lamivudine therapy64; however, eventually, the antiviral 
benefit of continued lamivudine therapy is impaired. Lamivudine resis-
tance is associated with an increase in HBV DNA levels, decreased 
likelihood of HBeAg loss or seroconversion, biochemical and histo-
logic deterioration, and graft failure in liver allograft recipients.60,67,68 
Moreover, in patients with histologically advanced chronic hepatitis B, 
lamivudine resistance reduces the beneficial impact of lamivudine 
resistance on preventing hepatic decompensation.69 Emergence of 
resistant variants may be associated with hepatitis exacerbations in 
67% of patients70 and with rapid clinical deterioration and progressive 
hepatic fibrosis.

Toxicity
At the dosages used for chronic hepatitis B, lamivudine is well toler-
ated, including by children; adverse event and laboratory abnormalities 
are similar to those of placebo.71 Increases in aminotransferase activity 
after therapy occur more often in lamivudine recipients, and substan-
tial post-treatment aminotransferase elevations (>500 IU/mL) occur 
in about 15% of patients after drug cessation.64 Among the oral antivi-
ral agents for hepatitis B, lamivudine has been used most widely during 
pregnancy and has an excellent safety record, but the FDA classifies 
lamivudine as pregnancy category C.

Clinical Studies
(See also Chapter 119.)

In adults with chronic hepatitis B, lamivudine is associated with 
dose-related, reversible decreases in serum HBV DNA levels.72 Dosages 
of 100 mg/day for 1 year suppress HBV DNA levels by a median of  
5.5 log10, normalize aminotransferase levels in 40% to 75% or more 
of patients, and reduce hepatic inflammation in 52% to 56%.35,64,68 
Seroconversion from HBeAg to anti-HBe occurs in only 15% to 17% 
of adults after 1 year but increases with each year of resistance-free 
therapy, reaching approximately 50% at 5 years.73 In children 2 to 17 
years of age, lamivudine (3 mg/kg daily for 1 year) is associated with 
HBeAg loss in 26%, HBeAg seroconversion in 22%, and normalization 
of aminotransferase levels in 55%.71 In cases without emergence of 
YMDD variants, prolonged therapy is associated with sustained sup-
pression of HBV DNA, normalization of aminotransferase activity, 
continued histologic improvement, and an increase in the proportion 
of patients experiencing a virologic response (loss of HBeAg and unde-
tectable HBV DNA).67 In patients coinfected with HIV, higher lamivu-
dine dosages are associated with reductions of HBV replication, 
reversal of hepatic decompensation, and, in a few patients, HBeAg 
seroconversion.65 Administration before and after liver transplantation 
is useful in preventing or suppressing recurrent HBV infection.74 The 
optimal duration of therapy with lamivudine has not been determined, 
but indefinite treatment is required until serologic responses are 
achieved (HBeAg loss/seroconversion in HBeAg-positive patients, 
HBsAg loss/seroconversion in HBeAg-negative patients), followed by 
a consolidation period of at least 6 to 18 months of additional therapy. 
Lamivudine was the first antiviral introduced against hepatitis B, and, 
in the absence of other antivirals, lamivudine therapy was continued 
after YMDD mutations emerged. Currently, newer, more potent, and 
less resistance-prone anti–hepatitis B drugs can be used; therefore, 
lamivudine has been largely supplanted (see Chapter 119 for further 
details) by entecavir (see earlier) and tenofovir (see later) and is no 
longer recommended as first-line therapy.19,20

Telbivudine
Spectrum and Mechanism of Action
Telbivudine is a synthetic thymidine nucleoside analogue (β-l-2′-
deoxythymidine, Tyzeka) (see Fig. 46-1C) that was approved in 2006 

HBeAg and development of anti-HBeAg, and biochemical and histo-
logic improvement in about 25% to 40% of patients.42,43 Lasting 
responses require moderately high IFN dosages and prolonged admin-
istration (5 MU/day or 10 MU three times a week for at least 16 weeks).

Responses with seroconversion to anti-HBeAg are usually associ-
ated with aminotransferase elevations and often a hepatitis-like illness 
during the second or third month of therapy, presumably related to 
immune clearance of infected hepatocytes. An increased risk for clini-
cal deterioration exists in patients with poor or decreasing hepatic 
synthetic function, and lower dosages have been suggested for such 
patients. Factors associated with reduced response rates include high 
plasma HBV DNA levels (>200 pg/mL), long-standing infection, male 
sex, low aminotransferase levels, inactive histology, immunosuppres-
sive therapy, and HIV infection.

Remissions in chronic hepatitis B induced by IFN are sustained in 
more than 80% of patients, and are frequently followed by later loss of 
HBsAg and improved long-term clinical outcomes.44-47 Patients with 
precore mutants of HBV may have higher relapse rates.48 IFN-γ is less 
effective than IFN-αs and IFN-βs, and combinations do not seem to 
enhance antiviral effects.49,50 Combinations of IFNs and lamivudine 
have not been shown to provide consistently greater antiviral effects or 
clinical benefits than monotherapy.51,52

IFN has been covalently linked to a polyethylene glycol (PEG) 
moiety (pegylation), which renders the drug more stable with a longer 
half-life and less immunogenic. PEG IFN-α2a at doses of 180 µg/wk 
and 270 µg/wk was more efficient than standard IFN-α2a at a dose of 
4.5 MU three times per week, which was half the standard dose used 
in registration trials.53 The higher dose (270 µg) was associated with 
more side effects but with no greater efficacy. Large-scale trials of 48 
weeks of PEG IFN-α2a (180 µg/wk), lamivudine (100 mg orally daily), 
or combinations of lamivudine and PEG IFN-α2a showed potent levels 
of HBV DNA suppression and HBeAg seroconversion in all three 
groups.54 Because of the convenience of administration and the posi-
tive results of the field trial, PEG IFN has largely supplanted the use of 
standard IFN for this indication (see Chapter 119). IFN may improve 
HBV-associated nephrotic syndrome and glomerulonephritis in some 
patients.55 Promising early data show that administration of PEG IFN-
λ, a type III IFN, leads to a greater decline in HBV DNA than PEG 
IFN-α2a after 24 weeks of treatment. In addition, PEG IFN-λ has fewer 
side effects.56

Standard doses of IFN-α seem to be ineffective against chronic 
hepatitis D. Longer duration of therapy (12 months) at doses of 9 MU 
three times a week resulted in return to normal aminotransferase activ-
ity and improvement in histology in two thirds of patients, although 
reactivation of disease occurred in many patients after therapy was 
discontinued.57 PEG IFN has also been shown to have efficacy in 
chronic hepatitis D infection (see Chapter 148).58,59

Lamivudine
Lamivudine (3TC; Epivir) is an l-configuration deoxycytidine ana-
logue with a β-oxathiolane ring that is inhibitory for HIV and HBV 
(see Fig. 46-1B). It is approved for treatment of HIV and chronic hepa-
titis B infection. Its use as an HIV reverse-transcriptase inhibitor is 
discussed in more detail in Chapter 130, and its use as an anti–hepatitis 
B drug is discussed in Chapter 119. The triphosphate moiety is a potent 
inhibitor of the DNA polymerase–reverse transcriptase of HBV, which 
results in chain termination, and oral lamivudine is active in animal 
models of hepadnavirus infection. Lamivudine shows enhanced anti-
viral activity in combination with adefovir or penciclovir against 
hepadnaviruses.3

Resistance
Point mutations in the YMDD motif of HBV DNA polymerase 
(M550I/V and others) result in 40-fold to 104-fold reduction in in vitro 
susceptibility.21,60,61 Lamivudine resistance confers cross-resistance to 
related agents such as emtricitabine and clevudine and is often associ-
ated with an additional non-YMDD mutation at codon L526M that 
confers cross-resistance to famciclovir.62,63 Lamivudine-resistant HBV 
retains susceptibility to adefovir, tenofovir, and entecavir.8,22,63,64

The frequency of lamivudine-resistant variants increases progres-
sively with continued drug administration, and cumulative frequencies 
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competitively inhibits HIV-1 and HBV polymerases, and after incor-
poration into DNA, acts as a chain terminator. The EC50 values for 
tenofovir against HBV in a hepatoma cell line ranged from 0.14 to 1.5 
µM.81 Activity of tenofovir against HIV-1 is discussed in Chapter 130 
and activity against HBV in Chapter 119.

Resistance
Tenofovir is active against lamivudine-resistant HBV and generally 
active against viruses with entecavir-resistant mutations. Development 
of resistance to tenofovir has not been observed in HBV-infected 
patients who were HIV-negative and were treated for up to 5 years.82-84 
HBV resistance to tenofovir has been noted in patients coinfected with 
HIV and HBV who had an rtA194T mutation, but this was not a con-
sistent finding.85,86 Tenofovir would be the drug of choice for treatment 
of entecavir-resistant HBV infection, if encountered.

Pharmacokinetics
Oral administration of tenofovir disoproxil fumarate provides a 25% 
bioavailability of tenofovir. Cmax is achieved in 1 ± 0.4 hours at a level 
of 0.30 ± 0.09 µg/mL. The terminal T1

2
 of tenofovir is 17 hours, and 

70% to 80% of the drug is recovered in the urine. Tenofovir’s pharma-
cokinetics and drug interactions are discussed in more detail in 
Chapter 130.

Toxicity
The general safety profile of tenofovir is similar to that of adefovir, but 
renal dysfunction has not been a major problem with tenofovir at the 
doses given in registration studies or in clinical practice; nephrotoxic-
ity has been observed in no more than 1% of patients treated for hepa-
titis B.84 Renal dysfunction is a recognized side effect of tenofovir,87 
however, and in an observational study, tenofovir was associated with 
a greater decline in renal function than that seen with other nucleoside 
reverse-transcriptase inhibitors.88 Additional studies with longer-term 
follow-up continue to support the safety of tenofovir and the rarity of 
nephrotoxicity.83,84 Tenofovir has also been associated, rarely, with 
reduced bone density, but, in patients treated for hepatitis B, this side 
effect is uncommon; in a 5-year study of 585 patients, only 3 had evi-
dence of reduced bone density.84 Tenofovir is classified as pregnancy 
category B.

Clinical Studies in Hepatitis B Virus Infection
(See also Chapter 119.)

In studies in immunocompetent and immunocompromised 
patients, treatment with tenofovir in naïve or lamivudine-resistant 
patients reduced HBV viral level by greater than 6 log10; achieved DNA 
suppression rapidly and consistently, with little development of resis-
tance; and was clearly superior to adefovir.89-93 Given its superiority to 
adefovir and its high barrier to resistance, tenofovir has supplanted 
adefovir for the treatment of chronic hepatitis B, and tenofovir is now 
recommended as a first-line antiviral agent for hepatitis B.19,20

In a large phase III trial,93 300 mg daily of tenofovir was compared 
with, and shown to be superior to, 10 mg daily adefovir for 48 weeks  
in both HBeAg-positive and HBeAg-negative patients. In HBeAg-
positive chronic hepatitis B, tenofovir achieved the following: HBeAg 
seroconversion in 21%, mean HBV DNA reduction of 6.2 log10, unde-
tectable HBV DNA in 76%, normalization of ALT in 68%, and histo-
logic improvement in 74%. In HBeAg-negative chronic hepatitis B, 
tenofovir achieved the following: mean HBV DNA reduction of 4.6 
log10, undetectable HBV DNA in 93%, normalization of ALT in 76%, 
and histologic improvement in 72%. In HBeAg-positive patients, 
HBeAg seroconversion increased from 21% at the end of 1 year to 40% 
at the end of 5 years, and HBsAg loss occurred in 3% at 1 year, 6% at 
2 years, and 8% at 3 and 5 years83,84,93 in the absence of resistance.83,84 
The long-term benefit of tenofovir has been demonstrated even in 
challenging patients with very high levels of HBV DNA—greater than 
or equal to 109 IU/ml.94 Long-term (5-year) therapy in 348 patients 
has also been associated with progressive histologic improvement in 
87%, regression in fibrosis score in 51%, and, among 96 patients with 
cirrhosis at baseline, reversal of cirrhosis in 71%.84 Tenofovir has also 
been used effectively as salvage therapy in patients with prior adefovir 
treatment failure (i.e., inadequate suppression of HBV DNA but not 

in the United States for the treatment of chronic hepatitis B infection.75 
A highly selective inhibitor of HBV, telbivudine is not active against 
HIV-1. This antiviral agent is phosphorylated by cellular kinases to the 
active 5′ triphosphate, which competitively inhibits HBV DNA poly-
merase and causes DNA chain termination.75,76 Telbivudine inhibits 
first-strand and second-strand DNA synthesis but may inhibit second-
strand synthesis preferentially. The mean EC50 against HBV in hepato-
cellular carcinoma cell lines is 0.2 µm.

Resistance
Telbivudine is generally cross-resistant with lamivudine and other 
l-nucleosides to which HBV may be resistant. Although telbivudine 
resistance after 1 year of treatment was less common than lamivudine 
resistance,77,78 by year 2, telbivudine resistance increased to 22% and 
9% for HBeAg-positive and HBeAg-negative patients, respectively.79 
Resistant virus usually has the M2041 resistance pattern with or 
without the rtL80I/V mutant.77

Pharmacokinetics
Telbivudine is rapidly absorbed orally, and Cmax is reached 1.5 to 4 
hours after administration.75,76 In a steady state after multiple 600-mg 
doses of telbivudine, Cmax was 3.7 µg/mL. Plasma concentrations 
declined in a biexponential manner with a terminal T elim1

2
 of 40 to 49 

hours.75 Approximately 42% of the dose is recovered in the urine, and 
50% is recovered in the feces.75,80 Dosage adjustments for renal impair-
ment are recommended for a CrCl less than 50 mL/min. Telbivudine 
absorption is not affected by food.75

Interactions
Telbivudine does not seem to be metabolized by the CYP450 isoen-
zymes, and the likelihood for interactions with drugs that use that 
pathway is low. Drugs that inhibit renal function may cause inhibition 
of excretion of telbivudine.

Toxicity
In general, telbivudine has a similar tolerability to lamivudine.  
Asymptomatic elevations of creatinine kinase (7 × upper limits of 
normal) occurred in 13% of telbivudine recipients in phase III studies, 
compared with 4% of lamivudine recipients.75 Fatigue and myalgias 
were also noted in those studies. FDA black box warnings for lactic 
acidosis and steatosis are included in the prescribing information, as 
they are for other nucleoside analogues. Exacerbations of hepatitis B 
upon discontinuation of the drug are noted as they are for other  
anti-HBV drugs. Peripheral neuropathy has been reported with  
telbivudine alone and may be exacerbated with co-administration of 
PEG IFN-α2a or other IFNs. Telbivudine is classified as pregnancy 
category B.

Clinical Studies
In large-scale trials, telbivudine, at a dose of 600 mg/day for 52 weeks, 
reduced HBV DNA by a median of 6.4 log10 in HBeAg-positive and 
5.2 log10 in HBeAg-negative patients.78 HBV DNA was reduced to 
undetectable (<100 copies/mL) in 60% and 88% of HBeAg-positive 
and HBeAg-negative patients, respectively. Alanine aminotransferase 
returned to normal in 74% to 77%, and histopathology improved in 
65% to 67% of patients, respectively.79 Despite its excellent activity, 
telbivudine has not been widely used as therapy for hepatitis B because 
of the frequency of resistance, as noted earlier, and its similarity to 
lamivudine. Telbivudine is not recommended as a first-line antiviral 
agent for the treatment of patients with HBV infection.19,20

Tenofovir
See also Chapters 119 and 130.

Spectrum and Mechanism of Action
Tenofovir disoproxil fumarate (Viread) is a prodrug of tenofovir (see 
Fig. 46-2A) that has been approved for treatment of HIV-1 infection 
since 2001 and was approved for treatment of chronic HBV infection 
in 2008. The prodrug is hydrolyzed to tenofovir, which is an acyclic 
nucleotide analogue of adenosine 5′-monophosphate. It is phosphory-
lated by cellular enzymes to form tenofovir diphosphate, which  
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when the duration of IFN therapy was extended to 48 weeks and 
increased again when ribavirin was added to IFN (SVR ≈ 40%) and 
when longer-acting pegylated IFNs were introduced (SVR ≈ 55%, 
lower in genotype 1, ≈45%, higher in genotypes 2 and 3, ≈80%). The 
addition of ribavirin added a new dimension of efficacy but also of 
intolerability, especially hemolytic anemia, to the profile of IFN adverse 
effects (see above under “Hepatitis B”), aggravating the challenge of 
navigating therapy for both patients and their clinicians. The combina-
tion of PEG IFN and ribavirin remained the standard of care for a 
decade. In 2011, the first oral protease inhibitors were approved for the 
treatment of chronic hepatitis C in patients with HCV genotype 1 but 
were highly prone to resistance when used as monotherapy. When 
these agents were evaluated in clinical trials and approved, they had to 
be taken together with the former standard of care, PEG IFN and riba-
virin. For patients with chronic hepatitis C and genotypes 2 and 3, the 
old standard remained the only option, although the duration of 
therapy was shorter and its intensity lower (reduced ribavirin doses) 
(see Table 46-1).

The new protease inhibitors ushered in a new era of antiviral 
therapy and catapulted the response rate for genotype 1 from approxi-
mately 45% with the old standard of care to greater than or equal to 
75%. Moreover, the duration of therapy could be shortened in half to 
two thirds of patients. Unfortunately, first-generation protease inhibi-
tor regimens added new and challenging side effects, a high pill burden 
and thrice daily dosing along with meals, cumbersome drug-drug 
interactions, and complicated response-guided therapy milestones and 
stopping rules. Fortunately, novel oral agents, both later-generation 
protease inhibitors and drugs that interfere with other targets in the 
HCV life cycle, are being studied in clinical trials; among them are 
pangenotypic drugs with improved pharmacokinetics (once-daily 
dosing), excellent resistance profiles, very high potency, excellent toler-
ability, and freedom from drug-drug interactions. Moreover, all-oral 
drug-combination regimens that do not require IFN injections and 
that require only 12 to 24 weeks of therapy are on the near horizon. In 
late 2013, two of these new drugs, the protease inhibitor simeprevir 
and the nucleoside polymerase inhibitor sofosbuvir, were approved 
and, superior to first-generation protease inhibitors, became the new 
standard of care.

As is true for hepatitis B, effective antiviral therapy for chronic 
hepatitis C has been shown to result in not only virologic improvement 
but also in biochemical, histologic, and clinical benefit, including a 
reduction in progression to cirrhosis, hepatic decompensation/liver 
death, and hepatocellular carcinoma.

Interferons
The classification, mechanism of action, and pharmacokinetic proper-
ties of IFNs are reviewed in Chapter 47. Clinical studies of IFNs in 
hepatitis C are discussed below and in Chapter 119 and Chapter 156.

In acute hepatitis C infection, high-dose IFN monotherapy (IFN-
α2b, 5 MU daily for 4 weeks, then three times per week for 20 weeks) 
markedly reduces the risk for chronicity.103 Lower dose regimens seem 
to be less effective.104 Currently, PEG IFN plus ribavirin at conventional 
doses (see later) for 24 weeks are used to treat patients with acute 
hepatitis C.105-107 Efficacy is improved by treating patients as early as 
possible. In chronic HCV infection, the combination of a PEG IFN and 
oral ribavirin is superior to IFN/ribavirin.108 Although IFN-α mono-
therapy (3 MU three times a week for 6 to 12 months) is associated 
with serum aminotransferase normalization109,110 and loss of detectable 
serum HCV RNA in about 40% to 60% of patients,111 more than 50% 
of responding patients relapse 1 to 2 months after treatment is stopped, 
and less than 20% have an SVR predictive of long-term biochemical 
and histologic improvement.112-115

Combining IFN with oral ribavirin (1000 to 1200 mg daily in 
divided doses) increases the likelihood of SVR to 35% to 45% and is 
superior to IFN monotherapy in initial treatment and re-treatment 
after IFN failure or relapse, especially in patients with high HCV RNA 
levels or genotype 1 infections.116,117 Combined IFN and ribavirin treat-
ment helps HCV-related systemic vasculitis, cryoglobulinemia, and 
glomerulonephritis.118,119 Ribavirin, as discussed later in the chapter, is 
an oral guanosine that has minimal activity against HCV in vitro  
and is ineffective against HCV when used alone.120 Although the 

adefovir resistance) or nucleoside analogue (lamivudine, entecavir) 
resistance.95,96

Other Agents of Potential Interest
Emtricitabine
Emtricitabine ([−]FTC) is a 5′-fluorinated derivative of lamivudine 
approved for treatment of HIV infection (see Fig. 46-2C; see also 
Chapter 130), but it is not currently approved for treatment of HBV 
infection. The potency and selectivity of emtricitabine for HBV are 
comparable to those of lamivudine in cell culture. It is not inhibitory 
for lamivudine-resistant HBV variants, and its resistance patterns are 
similar to those of lamivudine.22 Emtricitabine is phosphorylated by 
cellular enzymes to the triphosphate that inhibits HBV DNA poly-
merase. Once-daily emtricitabine reduces viremia in chronically 
infected woodchucks, with effects similar to those of lamivudine.

In humans, emtricitabine is rapidly absorbed and has a plasma 
T elim1

2
 of about 6 to 9 hours.97 Once-daily dosing (25 to 300 mg for 8 

weeks) is associated with nearly dose-proportional steady-state plasma 
concentrations (peak 1.7 µg/mL with 100-mg doses) and rapid antivi-
ral effects with approximate 3 log10 reductions in HBV DNA levels.97 
Resistance mutations develop in 19% of patients within 2 years of treat-
ment.65 Emtricitabine is generally well tolerated, and its safety profile 
is similar to that of lamivudine. Clinical studies have shown good 
activity against HBV in monotherapy98 and in combination therapy.99 
Although not formally approved as therapy for hepatitis B, emtric-
itabine (200 mg) is available in combination with tenofovir (300 mg) 
for the treatment of HIV infection. In clinical situations requiring 
combination lamivudine-tenofovir therapy (e.g., in a patient requiring 
tenofovir for lamivudine resistance), a single emtricitabine-tenofovir 
combination pill is a reasonable substitute for lamivudine and tenofo-
vir administered as two pills.

Clevudine
Clevudine (l-FMAU) is a fluorinated l-arabinofuranosyl nucleoside 
analogue (see Fig. 46-2D) that is inhibitory for hepadnaviruses and 
Epstein-Barr virus. Clevudine is about 10-fold more potent than lami-
vudine against HBV in cell culture, although it is not inhibitory for 
most lamivudine-resistant variants.22 Once-daily oral administration 
reduces woodchuck hepatitis virus replication profoundly, including 
hepatocyte ccc DNA levels.100

In patients with chronic HBV infection, clevudine (10 to 200 mg 
once daily for 4 weeks) reduces HBV DNA levels by 2.5 to 3 log10 
copies/mL and is associated with sustained biochemical and antiviral 
effects at 6 months after dosing, that is, delayed HBV DNA rebound 
after therapy.101 Administration for 24 weeks resulted in a 4.25 log10 
decrease in HBV DNA.102 Despite these promising early findings, clini-
cal trials demonstrated no advantage in potency or resistance profile 
over approved drugs, and, in 2009, the discovery that prolonged clevu-
dine administration was associated with severe myopathy resulted in 
the discontinuation of its development.

The Future
To date, no other nucleoside inhibitors are being developed that are 
competitive with the leading hepatitis B drugs entecavir or tenofovir, 
and these drugs are so potent and resistance free that they can be used 
effectively as monotherapy. In general, the current antivirals convert 
chronic hepatitis into an inactive carrier state with suppressed viral 
replication as well as biochemical, histologic, and clinical quiescence. 
Whether immunomodulatory therapy (e.g., with Toll-like–receptor 
agonists) can overcome host tolerance to HBV infection and lead to 
recovery from chronic infection, which is now the exception to the rule 
during antiviral therapy, remains an area of investigation.

HEPATITIS C
Overview
As was true for hepatitis B, IFN-α was the first agent applied to and 
approved for the treatment of hepatitis C (see Chapters 119 and 156). 
Approved originally as a 24-week course of therapy, IFN suppressed 
HCV RNA to undetectable levels during therapy and for greater  
than or equal to 24 weeks after therapy (sustained virologic response 
[SVR]) in fewer than 10% of patients. The frequency of SVR doubled 
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with genotypes 2 and 3, a daily ribavirin dose of 800 mg suffices. The 
combination of oral ribavirin and conventional IFNs or PEG IFNs 
significantly increases the frequency of sustained biochemical and 
virologic responses compared with IFN monotherapy.116,146 Increases 
in sustained responses also occur in patients nonresponsive to, or 
relapsing after, previous IFN monotherapy.117,134,146

Orally administered ribavirin causes a dose-related extravascular 
anemia. Dosages greater than 800 mg/day often result in decreases in 
hemoglobin of 2 to 4 g/dL in most patients. When used in combination 
with IFN, hemoglobin levels less than 11 g/dL develop in 25% to 35% 
of patients.147 Renal failure increases the risk for hemolysis. Severe 
anemia requires dosage reduction or cessation, but erythropoietin 
treatment can be used.147 Other reported side effects include pruritus, 
rash, myalgia, nervousness, depression, and cough. Weight-adjusted 
dosage of ribavirin improves tolerability and overall results.

Boceprevir
Spectrum
Boceprevir (Victrelis) is an orally administered ketoamide peptidomi-
metic inhibitor of the NS3 protease of HCV (Fig. 46-3A).150 Mono-
therapy at a dose of 400 mg three times daily resulted in a reduction 
of HCV RNA of 1.61 ± 0.21 log10 after 1 week.151 Boceprevir activity 
has been demonstrated against HCV genotype 1 (genotype 1b > 1a) 
and is approved for its treatment; its activity against genotypes 2 and 
3 are more limited, and boceprevir is not approved for these genotypes. 
In preliminary trials among patients with genotype 1 chronic HCV 
infection, when boceprevir was administered at a dose of 800 mg three 
times daily in combination therapy with weekly PEG IFN and twice 
daily weight-based ribavirin, at week 12, HCV RNA was undetectable 
in 80% of patients, and after 48 weeks of triple-drug therapy, SVR was 
as high as 66%.

Mechanism of Action
Boceprevir inhibits the HCV NS3/4A protease by forming a reversible 
covalent bond with the NS3 serine active site, preventing proteolytic 
cleavage by NS3 of the HCV polyprotein into NS4A, NS4B, NS5A, and 
NS5B proteins.150,152 In an HCV genotype 1b replicon, boceprevir has 
an EC50 of 200 nM; its activity against genotype 1a, relative to genotype 
1b, is reduced by approximately twofold; its activity against genotypes 
2 and 3 is reduced even more substantially; and its activity is additive—
not synergistic—with IFN.150

Resistance
In most patients who fail to achieve an SVR after boceprevir treatment, 
resistance-associated HCV variants emerge, the most common of 
which are V36M, T54S, and R155K for genotype 1a and T54A/S, 
V55A, A156S, and I/V170A for genotype 1b. For the R155K resistance-
associated variant, compared to genotype 1a, which requires only a 
single amino-acid substitution, genotype 1b has a higher barrier to 
resistance, requiring two amino-acid substitutions. These variants are 
not archived, and reversion to wild-type HCV occurs within 18 to 24 
months in almost all cases. Very low-level resistance variants are 
present before therapy in almost all patients,153 but their presence does 
not predict the emergence of resistance during boceprevir therapy; 
therefore, pretreatment resistance testing is not indicated. Because 
resistance-associated variants emerge efficiently and rapidly during 
boceprevir monotherapy, boceprevir must be used in combination 
with other antivirals, and boceprevir was developed as antiviral therapy 
as a triple-drug combination with PEG IFN and ribavirin.

Pharmacology
Boceprevir is metabolized primarily by aldoketoreductase to ketone-
reduced metabolites but also by oxidative metabolism via CYP3A4, 
and its pharmacokinetic disposition is the same in normal subjects  
and in patients with HCV infection. At an oral dose of 800 mg (four 
200-mg tablets) three times daily, boceprevir has a Cmax of 1723 ng/mL, 
Cmin of 88 ng/mL, area under the curve (AUC)(T) of 5408 ng × hr/mL, 
median absorption Tmax of 2 hours, plasma T1

2
 of approximately 3.4 

hours, and mean volume of distribution of approximately 772 L. 
Boceprevir is metabolized by the liver predominantly; approximately 
79% is eliminated in stool and approximately 9% in urine.150 Because 

mechanism of its effect in treatment of chronic HCV infection is not 
understood, it has been postulated that ribavirin exerts a subtle anti-
viral effect or an immunomodulatory effect, facilitating a Th2 
response.121 Combined IFN and ribavirin, but not IFN alone, may 
reduce the risk for recurrent HCV infection after liver transplantation, 
but treatment results in an SVR in only 21% and is not well tolerated.122 
A more recent study showed that antiviral therapy slowed disease 
progression after liver transplantation.123

Two PEG IFNs have been approved for treatment of hepatitis C: 
PEG IFN-α2b, which is 12 kDa in size, linear, and partially renally 
excreted, and PEG IFN-α2a, which is 40 kDa in size, branched, and 
nonrenally excreted. The 40-kDa molecule has a longer T1

2
 and a more 

restricted volume of distribution (8 L), which permits a common dose 
to be used over a wide range of patient weights. The 12-kDa molecule 
has a much larger volume of distribution (20 L) and is administered 
based on weight. PEG IFN monotherapy doubles the frequency of SVR 
(30% to 39%) relative to monotherapy of its nonpegylated counter-
part.112,113 Addition of ribavirin to PEG IFN increases the frequency of 
SVR to 55%.124-126 PEG IFN monotherapy is a treatment option in 
patients unable to take ribavirin. Combined therapy with PEG IFN-
α2a (180 µg once weekly for 48 weeks) and ribavirin (1000 or 1200 mg 
daily in divided doses) gives an overall SVR of 56%, compared with 
44% for IFN and ribavirin, and is more effective in genotype 1 infec-
tions (46% vs. 36%) in previously untreated patients.127 Similarly, com-
bined PEG IFN-α2b (1.5 µg/kg once weekly for 48 weeks) and ribavirin 
(800 mg daily) gives an overall SVR of 54%, compared with 47% for 
IFN/ribavirin.128

Higher, weight-adjusted doses of ribavirin are more effective, par-
ticularly in genotype 1 infections. A shorter duration of therapy (24 
weeks) and lower ribavirin dose (800 mg daily) are effective in geno-
type 2 and 3 infections (84% SVR), but prolonged therapy is needed 
for genotypes 1 and 4.129 Failure to achieve an early viral response 
(nondetectable HCV RNA or reduction of greater than or equal to 2 
log10 at 12 weeks) is highly predictive of lack of SVR after further 
therapy.130 Treatment is associated with reductions in steatosis and 
fibrosis progression, and histologic improvement may occur in patients 
who do not achieve SVRs. In patients with compensated cirrhosis, 
treatment may reverse cirrhotic changes and possibly reduce the risk 
for hepatocellular carcinoma.131-133 Re-treatment for 48 weeks may 
clear infection in patients relapsing after an initial course.134 Only 15% 
to 20% of nonresponders to combined IFN/ribavirin achieve SVR with 
PEG IFN/ribavirin (PEG IFN/RBV) therapy, however.108

Age (<40 years), genotype other than 1, host IL28B genotype C/C, 
body weight (<75 kg), disease duration (<5 years), absence of cirrhosis, 
serum levels of HCV RNA (<2 × 106 copies/mL), and ribavirin dosage 
(>10.6 mg/kg) are predictors of response to IFNs.127,128 Differences in 
genotype and, for genotype 1, mutations within an IFN sensitivity–
determining region of the NS5A gene affect virologic responses.135,136 
Individuals coinfected with HIV also seem to respond better to com-
bined PEG IFN/RBV therapy and can achieve SVRs.108,134

Ribavirin
The mechanism of action and pharmacokinetic properties of ribavirin 
are presented in Chapter 44. Clinical studies of ribavirin in hepatitis C 
are discussed below and in Chapter 119 and Chapter 156.

Ribavirin is an oral guanosine whose mechanism of action in treat-
ment of hepatitis C is not well understood. Its direct antiviral activity, 
if present, appears to be relatively weak. It may weakly inhibit the NS5B 
encoded RNA-dependant RNA polymerase,137 it may promote muta-
tional errors in RNA viruses,138 and it may inhibit cellular inosine 
monophosphate dehydrogenase and influence intracellular nucleoside 
pools. It may also stimulate IFN-response genes and modulate Th1/
Th2 balance, which may contribute largely to its clinical effect.137-140 
When administered alone, ribavirin reduces aminotransferase levels in 
21% of patients but has little impact on HCV RNA levels.141-143

In adults with chronic hepatitis C, long-term oral ribavirin therapy 
reversibly reduces serum aminotransferase elevations, hepatic inflam-
mation, and fatigue without significantly affecting serum HCV RNA 
concentrations.143-145 For patients with HCV genotype 1, ribavirin is 
administered in split (twice daily) doses of 1000 to 1200 mg for PEG 
IFN-α2a and doses of 600 to 1400 mg for PEG IFN-α2b. For patients 
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Toxicity
The major adverse effects encountered in patients receiving boceprevir-
based triple-drug therapy, including PEG IFN and ribavirin, are anemia 
(Hgb < 10 g/dL) in approximately half of patients and dysgeusia (altered 
sense of taste) in approximately a third. In the triple-drug combination, 
all three drugs have an effect on red blood cells, ribavirin through 
hemolysis, PEG IFN through mild marrow suppression, and boceprevir 
through more severe marrow suppression. Patients treated with the 
triple-drug, boceprevir-based combination also experienced the fol-
lowing side effects that appeared to be more frequent than in patients 
treated with PEG IFN and ribavirin (without boceprevir): neutropenia 
(25%) and vomiting (20%). Boceprevir is not associated with rash and 
does not have cardiac toxicity (no effect on QT interval).150 Because of 
the need to use boceprevir with PEG IFN and ribavirin, triple-drug 
boceprevir-based therapy is contraindicated in pregnancy.

Clinical Studies
A detailed review of boceprevir clinical trials appears in Chapter 119.

In clinical trials of boceprevir-based triple-drug therapy (in com-
bination with PEG IFN-α2b, 1.5 µg/kg subcutaneously and weight-
based ribavirin, 600 to 1400 mg/day orally) in treatment-naïve or 
treatment-experienced patients with genotype 1 chronic hepatitis C, a 
4-week PEG IFN/RBV lead-in period preceded the introduction of 
boceprevir, 800 mg three times daily orally.

In treatment-naïve subjects, patients were randomized to 48 weeks 
of PEG IFN/RBV versus PEG IFN/RBV/boceprevir triple therapy 
(“SPRINT 2”).154 One group of triple-drug recipients received a full, 
fixed 48-week course (triple-drug therapy for 44 weeks after the 4-week 
lead-in period), and another group received response-guided therapy 
(RGT) after the 4-week lead-in phase, that is, triple-drug therapy for 
24 weeks if HCV RNA was undetectable at weeks 8 and 24 or a full 44 
weeks of triple therapy if HCV RNA remained detectable at week 8 (as 
long as it was undetectable at week 24). SVRs occurred in 63% of RGT 
recipients (44% meeting criteria for shortened, 28-week therapy), in an 
indistinguishable 66% of full 48-week boceprevir-based therapy but in 
only 38% of PEG IFN/RBV recipients, and SVR was achieved in 67% 
to 69% of nonblack subjects but only 42% to 53% of black subjects. 
Among subjects in the RGT arm who did not meet criteria for short-
ened therapy, SVRs occurred in only 36%, no better than the PEG IFN/
RBV control arm.155

In treatment-experienced patients, prior relapsers and partial 
responders (≥2 log10 reduction but not complete suppression in HCV 
RNA during previous IFN-based therapy) were randomized to RGT (4 
weeks of PEG IFN/RBV lead-in plus 32 [instead of 24 in treatment-
naïve subjects] weeks of triple therapy, that is, potential for shortened, 
36-week treatment), full 48-week boceprevir-based therapy, or 48 
weeks of PEG IFN/RBV (“RESPOND-2”).156 In the RGT group, if HCV 
RNA was undetectable at week 8 through 36, therapy was discontinued 
at week 36; if this criterion was not met (as long as HCV RNA was 
undetectable at week 24 and thereafter), subjects received an additional 
12 weeks (to week 48) of PEG IFN/RBV. In this trial, 59% in the RGT 
arm, a statistically indistinguishable 66% in the full 48-week arm, and 
21% in the control PEG IFN/RBV arm achieved an SVR. In the RGT 
arm, among the 46% who met criteria for short-duration therapy, 86% 
had an SVR; whereas among the 54% who did not meet criteria for 
shortened therapy, 35% had an SVR. Efficacy was substantially higher 
in prior relapsers (up to 75%) than in prior partial responders (up to 
52%)156; null responders (<2 log10 HCV RNA reduction during prior 
IFN-based therapy) were not included in this trial, but in a small (n = 
46) subsequent, open-label trial of a full 48-week regimen (4 weeks of 
PEG IFN/RBV lead-in, followed by 44 weeks of boceprevir-based triple 
therapy), an SVR was observed in 38% of prior null responders.

Based on these trials and on additional analyses conducted by the 
FDA,157 RGT (28 weeks total if truncation criteria are met vs. an addi-
tional 8 weeks of triple therapy and then 12 weeks of PEG IFN/RBV) 
is recommended for noncirrhotic treatment-naïve patients. For non-
cirrhotic prior relapsers and partial responders, RGT (36 weeks total 
if truncation criteria are met vs. an additional 12 weeks of PEG IFN/
RBV) is recommended. For cirrhotic patients who fail to achieve a 
1-log10 HCV RNA reduction during the 4-week lead-in period and for 
null responders, a full 48 weeks (4 weeks of PEG IFN lead-in, followed 

food (independent of fat content) increases boceprevir exposure by as 
much as 65%, boceprevir is taken with food (fatty meal is not neces-
sary). No dose adjustments are necessary in patients with renal or 
hepatic impairment.

Interactions
Medications that are CYP3A4 inducers lower boceprevir plasma levels 
and efficacy, and boceprevir competition for CYP3A4 metabolism can 
raise plasma levels of multiple medications, leading to toxicity. Thus, 
boceprevir has multiple interactions with commonly prescribed drugs, 
including statins, benzodiazepines, calcineurin inhibitors, antiretrovi-
ral agents, antifungals, and opioid antagonists, to name a few. Before 
prescribing boceprevir, clinicians should consult the boceprevir 
product insert and/or the website www.hep-druginteractions.org.154

FIGURE  46-3 Chemical structures of boceprevir (A), telaprevir (B), 
simeprevir (C), and sofosbuvir (D). 
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appear in stool (median, 82%), urine (1%), and expired air (9%).160 
Food, and especially a fatty meal, increases telaprevir exposure by as 
much as 237% (low-fat meal by 117%, high-fat meal by 330%)160; 
therefore, telaprevir should be taken with a fatty (≈20 g fat) meal. No 
dose adjustments are necessary in patients with renal impairment. 
Because moderate hepatic impairment (Child class B) reduces telapre-
vir steady-state exposure by 46%, telaprevir is not recommended in 
moderate-to-severe hepatic impairment; however, mild hepatic impair-
ment, which has a minimal effect on telaprevir exposure, does not 
necessitate any telaprevir dose adjustment, and no dose adjustment is 
necessary in patients with compensated cirrhosis.160

Interactions
As is the case for boceprevir (see earlier), telaprevir is metabolized via 
the P450 (CYP3A4) system, accounting for multiple drug-drug inter-
actions. Careful review of co-administered medications is important 
before initiation of treatment. For example, statins should be stopped 
for the duration of telaprevir therapy. Medications that are CYP3A4 
inducers lower telaprevir plasma levels and efficacy, and telaprevir 
competition for CYP3A4 metabolism can raise plasma levels of mul-
tiple medications, leading to toxicity. Thus, telaprevir has multiple 
interactions with commonly prescribed drugs, including statins, 
calcium channel blockers, benzodiazepines, calcineurin inhibitors, 
antiretroviral agents, antifungals, and opioid antagonists, to name a 
few.160 Before prescribing telaprevir, clinicians should consult the 
product insert and/or www.hep-druginteractions.org.154

Toxicity
Telaprevir can amplify the anemia associated with PEG IFN/RBV 
therapy (Hgb ≤ 10 in a third of patients), mandating close laboratory 
monitoring and occasionally requiring red blood cell transfusions, 
especially in prior null responders with cirrhosis. Rectal burning and 
other anorectal discomfort occur in approximately a third and dysgeu-
sia (altered sense of taste) in approximately 10% of patients. Rash 
occurs in approximately half, but a severe, confluent, maculopapular, 
pruritic rash of the trunk and extremities occurs in 3% to 6% of 
patients at a median of 8 weeks. In clinical trials, such severe rash led 
to withdrawal from treatment and, in some cases, necessitated systemic 
corticosteroid therapy. If patients are monitored closely, such rashes 
can be identified when they are sufficiently early and mild, to stop 
therapy, thus preventing them from becoming severe. Telaprevir has a 
“boxed warning” regarding serious skin reactions and rashes, includ-
ing toxic epidermal necrolysis and erythema multiforme, which have 
been reported in postmarketing surveillance.160 Also more common 
than in patients treated with PEG IFN/RBV alone are pruritus (≈50%), 
nausea (≈49%), and diarrhea (≈25%). Telaprevir is not associated with 
renal, hepatic, or cardiac toxicity (no effect on QT interval). Because 
of the need to use telaprevir with PEG IFN/RBV, telaprevir triple-drug 
therapy is contraindicated in pregnancy.

Clinical Studies
A detailed review of telaprevir clinical trials appears in Chapter 119.

In registration clinical trials of telaprevir-based triple-drug therapy 
(in combination with PEG IFN-α2a, 180 µg subcutaneously, and 
weight-based ribavirin, 1000-1200 mg/day orally) in treatment-naïve 
or treatment-experienced patients with genotype 1 chronic hepatitis C, 
telaprevir was administered at a dose of 750 mg three times daily orally. 
Because phase II trials showed no advantage of continuing telaprevir 
beyond 12 weeks, in phase III trials, triple-drug therapy lasted only 12 
weeks, and subsequent extension of therapy involved PEG IFN/RBV. 
Unlike boceprevir trials, telaprevir trials in treatment-naïve subjects 
did not include a 4-week PEG IFN/RBV lead-in period,164,165 although 
a lead-in arm was included in the registration trial among prior non-
responders, and outcomes were indistinguishable between the arms 
with and without a lead-in period.166

In treatment-naïve subjects, patients were randomized to 48 weeks 
of PEG IFN/RBV versus response-guided PEG IFN/RBV/telaprevir 
triple therapy for 8 or 12 weeks, followed by PEG IFN/RBV for up to 
another 40 or 36 weeks, respectively. Trial subjects with undetectable 
HCV RNA at week 4 and 12 extended PEG IFN/RBV therapy for only 
an additional 16 (for the 8-week triple-drug arm) to 12 weeks (for the 

by 44 weeks of triple-drug therapy) is the recommended option.150,158,159 
Therapy should be stopped if HCV RNA equals or exceeds 100 IU/mL 
at week 12 or remains detectable at week 24; in such instances, addi-
tional therapy has been shown to be futile. Because of the superiority 
of the two drugs introduced in late 2013, simeprevir and sofosbuvir 
(see below), boceprevir is no longer recommended in the treatment of 
chronic hepatitis C.

Telaprevir
Spectrum
Telaprevir (Incivek; see Fig. 46-3B)160 is an orally administered pepti-
domimetic inhibitor of the HCV NS3/NS4A protease; the ketoamide 
moiety of telaprevir binds to the active enzymatic site. As monother-
apy, it induced a 4 log10 decrease in HCV RNA within 2 weeks, but it 
was followed by the frequent emergence of resistance.161,162 Telaprevir 
is active against HCV genotype 1 (genotype 1b > 1a), much less so for 
genotype 2 and even less so for genotype 3; it is approved for use in 
genotype 1. In studies of a combination of PEG IFN and ribavirin, 
along with telaprevir administered three times daily at a dose of 750 mg 
(total daily dose 2250 mg), HCV RNA was reduced rapidly (within 4 
weeks) in 80% of subjects. Telaprevir can also be administered, with 
comparable efficacy, at a dose of 1125 mg twice daily (three 375-mg 
tablets) for the same total daily dose of 2250 mg. In early-phase trials, 
12 weeks of triple-drug therapy, followed by 12 weeks of PEG IFN plus 
ribavirin resulted in SVRs in 61% to 68% of patients.162,163 In these early 
studies, patients who had either relapsed or been nonresponders to 
PEG IFN or standard IFN had SVRs of 41% to 72%. Responsiveness 
to combination telaprevir with PEG IFN alone was less than that to the 
combination with PEG IFN plus ribavirin; therefore, ribavirin is an 
important ingredient in combination therapy. A severe maculopapular 
rash was observed in 3% to 6% of patients, and gastrointestinal dis-
comfort and anemia were also seen. See additional details below.

Mechanism of Action
Telaprevir inhibits the HCV NS3/4A protease by forming a reversible 
covalent bond with the NS3 serine active site, preventing proteolytic 
cleavage by NS3 of the HCV polyprotein into NS4A, NS4B, NS5A and 
NS5B proteins.160 The 50% inhibitory concentration (IC50) in a bio-
chemical assay of HCV NS3 proteolytic activity is 10 nM. In an HCV 
genotype 1b replicon, telaprevir has an EC50 of 354 nM; its activity 
against genotype 1a is lower (EC50 of 280 nM) and lower still against 
genotypes 2 and 3. The activity of telaprevir does not interfere with the 
activity of IFN, and the activity of the two together is additive—not 
synergistic.160

Resistance
Please see the discussion of resistance to boceprevir, which applies  
as well to telaprevir. Resistance-associated variants appear to account 
for clinical nonresponse to telaprevir-based therapy. The telaprevir 
resistance-associated HCV variants that emerge most commonly 
during clinical trials are V36M/A/L, T54A/S, R155K, and A156S/T 
(V36M, R155K, or the combination of V36M and R155K for genotype 
1a and V36A, T54A/S, and A156S/T for genotype 1b).160 Telaprevir 
variants are not archived, and reversion to wild-type HCV occurs 
within 24 to 36 months in almost all cases. Very low-level resistance 
variants are present before therapy in almost all patients,160 but their 
presence does not predict the emergence of resistance during telaprevir 
therapy; therefore, pretreatment resistance testing is not indicated. 
Because resistance-associated variants emerge efficiently and rapidly 
during telaprevir monotherapy, telaprevir must be used in combination 
with other antivirals, namely PEG-IFN and ribavirin.

Pharmacology
Telaprevir is metabolized predominantly by ketoamide reduction but 
also by oxidative metabolism via CYP3A4 as well as by hydrolysis.  
At an oral dose of 750 mg (two 375-mg tablets) three times daily, tela-
previr has a mean ± SD Cmax of 3510 ± 1280 ng/mL, Cmin of 2030 ± 
930 ng/mL, AUC8hr 22,300 ± 8650 ng × hr/mL, median absorption Tmax 
of 4 to 5 hours, plasma T1

2
 of 4.0 to 4.7 hours after a single dose and 

at steady state approximately 9 to 11 hours, and mean volume of dis-
tribution of 252 L. Telaprevir is metabolized by the liver. Metabolites 
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dual therapy (total course 24 weeks); for prior nonresponders, based 
on data extrapolated from phase II trials, the initial 12 weeks of triple 
therapy are followed by 36 weeks of dual therapy (total course 48 
weeks). These treatment approaches apply to patients with any stage of 
fibrosis, including those with cirrhosis. If an HCV RNA suppression 
milestone of ≤25 IU/mL is not met by week 4, further treatment is 
futile, and therapy should be stopped; if HCV RNA is not suppressed 
to ≤25 IU/mL at week 12 or 24 (by which time simeprevir has been 
completed), PEG IFN and ribavirin should be stopped for futility. In 
black patients, simeprevir therapy is approximately 10% less effective 
in achieving an SVR than in white patients.168a

Mechanism of Action
Simeprevir inhibits the HCV NS3/A protease directly with an EC50 in 
a genotype-1b replicon of 9.4 nM, which is increased by up to 11-fold 
in isolates with a Q80K polymorphism. The activity of the drug in vitro 
is not reduced by IFN, ribavirin, or polymerase inhibitors (nucleoside 
or nonnucleoside). The simeprevir plasma concentration is reduced by 
two thirds when administered with darunavir/ritonavir. Like first-
generation protease inhibitors that have to be taken with PEG IFN and 
ribavirin, simeprevir-based therapy is most effective in patients with 
the IFN-λ-associated IL28B C/C haplotype and reduced in patients 
with non-C/C haplotypes C/T and T/T.168a

Resistance
The most common treatment-emergent, resistance-associated variants 
observed during clinical trials of simeprevir among study subjects who 
failed to achieve an SVR were NS3 substitutions Q80R, S122A/G/I/
T/R, R155K, and/or D168E/V/X. For genotype 1a, the most common 
variant was R155K (alone or along with Q80 S122, and/or D168 sub-
stitutions); for genotype 1b, D168V was the most common variant. For 
study subjects with genotype 1a and a baseline Q80K substitution 
(prevalent in 30% to 35% of persons with genotype 1a), the most 
common emerging variant was R155K. Cross-resistance has been  
demonstrated between simeprevir and the first-generation protease 
inhibitors boceprevir and telaprevir (e.g., boceprevir- or telaprevir-
induced R155K or A156T/V—less so V36A/G and I170A/T—would be 
expected to reduce simeprevir responsiveness).168a

Pharmacology
Simeprevir, formulated as a 150-mg capsule, is metabolized by hepatic 
cytochrome P450 3A (CYP 3A) and excreted by biliary excretion. The 
T elim1

2
 for simeprevir is 10 to 13 hours in healthy subjects and 41 hours 

in persons with HCV infection. The area under the plasma concentra-
tion curve (AUC) reaches steady state after 7 days—in patients with 
hepatitis C, the mean steady-state predose AUC was 1936 ng/mL, and 
the AUC24 was 57,469 ng•hr/mL; Cmax occurs 4 to 6 hours after oral 
administration, and oral bioavailability is increased by taking the drug 
with food. Almost all of the drug is plasma protein bound. Because the 
drug is not renally excreted, no dose modifications are necessary in 
patients with renal impairment, but, because of its hepatic metabolism, 
simeprevir should not be used in patients with decompensated liver 
disease.168a

Interactions
Simeprevir is metabolized in the liver by CYP 3A; therefore, concomi-
tant administration of simeprevir along with CYP 3A inducers or 
inhibitors can amplify or reduce simeprevir exposure; although 
simeprevir does not induce hepatic CYP 3A activity, co-administration 
of simeprevir with drugs metabolized by CYP 3A can increase plasma 
concentrations of these drugs. Similarly, concomitant administration 
of simeprevir with drugs that are substrates for hepatic organic anion-
transporting polypeptide 1B1 or 1B3 (OATP1B1/3) or P-glycoprotein 
(P-gp) transporters can elevate plasma concentrations of these drugs. 
Because of these substantial drug-drug interactions, prescribing infor-
mation and/or the website www.hep-druginteractions.org should be 
consulted before simeprevir is prescribed.168a

Toxicity
Potential toxicity encountered during clinical trials included photosen-
sitivity, rash (in 28%; mild-to-moderate in almost all, severe [grade 3] 

12-week triple-drug arm), for a total duration of 24 weeks; trial patients 
who did not meet the early stopping milestone but who cleared HCV 
RNA by week 24 continued PEG IFN/RBV therapy for 24 more weeks 
(“ADVANCE”).164 In the RGT groups, an SVR occurred in 75% of the 
12-week triple-therapy recipients and 69% of the 8-week triple-therapy 
recipients but in only 46% of PEG IFN/RBV recipients. Criteria for 
early stopping at week 24 were met by 58%, among whom the likeli-
hood of an SVR was 83% (8-week telaprevir arm) to 89% (12-week 
telaprevir arm); those failing to meet early stopping criteria (but in 
whom HCV RNA was undetectable by week 24) achieved SVR in  
50% to 54%, respectively, more frequently than in the PEG IFN/RBV 
arm, 39%. In a subsequent treatment-naïve follow-up study of RGT 
(“ILLUMINATE”), of the 65% who met criteria for early discontinua-
tion of therapy (undetectable HCV RNA at week 4 and 12), 92% 
achieved an SVR.165

In treatment-experienced patients, the registration trial of telapre-
vir (“REALIZE”)166 contained 12-week, but not 8-week, triple-drug 
treatment arms in which triple therapy was followed by PEG IFN/
RBV for the rest of 48 weeks and involved prior relapsers, partial 
responders, and null responders; the trial did not have an RGT arm 
(all trial patients were treated for 48 weeks) but did include a lead-in 
arm. In the triple-drug, telaprevir-based treatment arms, SVRs 
occurred in 64% with lead-in therapy and in 66% without a lead-in, 
compared with 17% in the 48-week PEG IFN/RBV control group. 
Relapsers had the best response: SVR in 86%, then partial responders 
(57%), and null responders with the poorest response (31%).166 In 
another trial, patients who failed PEG IFN/RBV therapy during phase 
II telaprevir trials were re-treated with telaprevir-based triple-drug 
therapy: RGT—12 weeks of triple therapy, followed by 12 to 36 weeks 
of PEG IFN/RBV therapy (based on meeting early stopping criteria) 
for relapsers and partial responders, or a fixed 48-week regimen—12 
weeks of three drugs, followed by 36 weeks of PEG IFN/RBV—for 
null responders. SVRs occurred in 97% of relapsers, 55% of partial 
responders, and 37% of null responders.167

Based on these trials and on additional analyses conducted by the 
FDA,168 RGT—12 weeks of triple therapy plus 12 weeks of PEG IFN/
RBV (total of 24 weeks) if truncation criteria are met versus an addi-
tional 24 weeks of PEG IFN/RBV if truncation criteria are not met 
(total of 48 weeks)—is recommended for noncirrhotic treatment-naïve 
patients and relapsers. For partial and null responders, a full 48-week 
course of therapy is recommended (12 weeks of triple therapy, followed 
by 36 weeks of PEG IFN/RBV) without RGT. For cirrhotic treatment-
naïve patients, even if they meet RGT criteria for shortened therapy,  
a full 48-week course is advisable.158-160,168 Therapy should be stopped 
for futility if HCV RNA exceeds 1000 IU/mL at week 4 or 12 or if  
HCV RNA remains detectable at week 24. After its initial approval at 
a three-times-daily dose of 750 mg, telaprevir was shown to be equally 
effective at a twice-daily dose of 1125 mg. Because of the superiority 
of the two drugs introduced in late 2013, simeprevir and sofosbuvir 
(see below), telaprevir is no longer recommended in the treatment of 
chronic hepatitis C.

Simeprevir
Spectrum
Simeprevir (Olysio; see Fig. 46-3C), a second-generation NS3/4A pro-
tease inhibitor (approved on November 22, 2013) with antiviral activity 
against HCV genotype 1 (1b > 1a), has improved pharmacokinetic 
properties compared with those of first-generation protease inhibitors 
and, therefore, can be taken once a day. Like first-generation protease 
inhibitors, simeprevir must be taken with PEG IFN and ribavirin and 
must be taken with food. Approximately a third of patients with HCV 
genotype 1a harbor an NS3 polymorphism, Q80K, which renders them 
refractory to the antiviral activity of simeprevir; if simeprevir therapy 
is being considered, Q80K testing is advisable, and, if positive, should 
discourage the use of simeprevir. In phase III clinical trials, 150 mg of 
simeprevir along with PEG IFN and ribavirin was associated with an 
SVR in 80% of treatment-naïve subjects as well as treatment-experi-
enced subjects who had relapsed after a prior course of PEG IFN and 
ribavirin. For treatment-naïve patients and prior relapsers, 150 mg by 
mouth of simeprevir daily is administered for an initial 12 weeks of 
triple therapy, followed by another 12 weeks of PEG IFN and ribavirin 
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in 1%), and reversible mild elevation of bilirubin (both unconjugated 
and conjugated; mild-to-moderate in 45% of treated subjects; grade 3 
in 4%). Although most other adverse events during simeprevir therapy 
are attributable to PEG IFN and ribavirin, the following were slightly 
more common in the simeprevir group than in the placebo group: 
pruritus, nausea, myalgias, and dyspnea. Simeprevir has no effect on 
the QT interval on electrocardiography. Simeprevir cannot be used in 
pregnant women because PEG IFN and ribavirin are contraindicated 
during pregnancy (pregnancy category X).168a

Clinical Studies
In phase III clinical trials among treatment-naïve subjects with chronic 
hepatitis C, simeprevir 150 mg daily plus PEG IFN and ribavirin for 12 
weeks, followed by another 12 weeks of PEG IFN and ribavirin, an SVR 
was achieved in 80% (compared with 50% of control subjects treated 
with PEG IFN and ribavirin). In subjects with genotype 1a and a Q80K 
variant, simeprevir triple-drug therapy was no more effective than PEG 
IFN/RBV, and the efficacy of simeprevir-based triple-drug therapy was 
reduced to 58% in subjects with cirrhosis. Phase III trials included 
response-guided therapy (if HCV RNA < 25 IU/mL at week 4 and unde-
tectable at week 12, the treatment course could end at week 24; if these 
milestones were not met [but stopping rules not violated], treatment 
was extended to 48 weeks); however, in the 8% of study subjects who 
failed to meet response-guided therapy milestones for shortened 
therapy, only 25% experienced an SVR. Therefore, response-guided 
therapy is not recommended for simeprevir. The efficacy of simeprevir-
based triple-drug therapy is similar in prior relapsers to IFN-based 
therapy, achieving an SVR in 79% (compared with 37% in a PEG IFN/
RBV-treated control group). Phase III trials did not include treatment-
experienced nonresponders, but, based on phase II trials, simeprevir-
based triple-drug therapy was approved for partial responders and null 
responders, for all of whom a full 48 weeks of therapy (12 weeks of 
simeprevir with PEG IFN and ribavirin, followed by 36 weeks of PEG 
IFN and ribavirin) is indicated; in these phase II trials, an SVR was 
achieved in 70% of partial responders and 45% of null responders. Com-
pared with sofosbuvir-based treatment for genotype 1 (see “Sofosbuvir,” 
below), simeprevir is approximately 10% less likely to yield an SVR and 
more likely to cause adverse effects. Moreover, treatment with simepre-
vir requires baseline Q80K testing in patients with genotype 1a and an 
additional 12 weeks (for treatment-naïve patients and prior relapsers) to 
36 weeks (for prior nonresponders) of PEG IFN/RBV therapy after the 
initial 12-week course of triple-drug therapy, which is not required after 
the initial 12 weeks of sofosbuvir-based triple-drug therapy. These 
observations reduce the appeal of simeprevir and favor sofosbuvir.168a

Sofosbuvir
Spectrum
The first nonprotease inhibitor direct antiviral to be approved (on 
December 6, 2013) was sofosbuvir (Sovaldi; see Fig. 46-3D), a uridine 
nucleoside polymerase inhibitor with one of the best profiles among 
the new oral hepatitis C antiviral agents being developed. It is very 
potent, has a high barrier to resistance and pan-genotypic activity, is 
very well tolerated with few adverse events, requires only once-daily 
oral administration, and appears to be relatively free from major drug-
drug interactions.169,170,170a In clinical trials, sofosbuvir has been studied 
in all genotypes (1 to 6); in treatment-naïve subjects and prior null 
responders to PEG IFN–based therapy; in prior telaprevir and bocepre-
vir nonresponders, with PEG IFN/RBV or in IFN-free regimens; in 
combination with ribavirin or with NS5A inhibitors; and for treatment 
periods as brief as 8 to 12 weeks to as long as 24 weeks.171,172

Mechanism of Action
Sofosbuvir is a prodrug nucleoside inhibitor of HCV RNA NS5B  
polymerase that is metabolized to the active uridine nucleoside tri-
phosphate, resulting in chain termination. Sofosbuvir is active against 
all HCV genotypes and has an EC50 of 0.7 to 2.6 µM against recombi-
nant NS5B and of 0.014 to 0.11 µM in NS5B-containing replicons.170a

Resistance
Susceptibility to sofosbuvir is reduced by an S282T substitution in 
NS5B, but clinically apparent, treatment-emergent resistance with this 

variant or others (M289L, L159F, V321A, C316N, S282R) is very rare 
in patients receiving sofosbuvir.170a

Pharmacology
In the liver, sofosbuvir is metabolized to the active triphosphate nucle-
oside analog by sequential hydrolysis, phosphoramidate cleavage, and 
phosphorylation. After oral administration of sofosbuvir, peak plasma 
concentrations of sofosbuvir and its active metabolite occur at 0.5 to  
2 hours and 2 to 4 hours, respectively; the AUC0-24 in normal subjects 
was 828 ng•hr/mL and 6790 ng•hr/mL, respectively; and the AUC50 in 
persons with HCV infection was 39% higher and 39% lower, respec-
tively. Food has no effect on sofosbuvir metabolism. Approximately 
61% to 65% of sofosbuvir is bound to plasma proteins, but plasma 
protein binding of its active metabolite is negligible. Most of sofosbuvir 
and its active metabolite are eliminated by renal clearance; the T1

2
 for 

sofosbuvir is 0.4 hours and of its metabolite is 27 hours.170a

Interactions
Clinically relevant drug-drug interactions are rare for sofosbuvir. P-gp 
inducers, which can reduce plasma sofosbuvir concentrations, should 
not be used with sofosbuvir; however, P-gp inhibitors do not affect the 
concentration of the active metabolite of sofosbuvir and can be given 
with sofosbuvir, and sofosbuvir does not increase exposure of drugs 
that are a substrate for P-gp. Drugs that can reduce concentrations of 
sofosbuvir and its active metabolite—and that should not be adminis-
tered with sofosbuvir—include carbamazepine, phenytoin, phenobar-
bital, oxcarbazepine, rifampin, rifabutin, rifapentine, St. John’s wort, 
and tipranavir/ritonavir.170a

Toxicity
In clinical trials, the most commonly reported side effects (in ≥20% 
of participants) associated with sofosbuvir appear to be attributable  
to concomitant PEG IFN and ribavirin (headache, fatigue, nausea, 
insomnia) or concomitant ribavirin (headache and fatigue). Sofosbuvir 
appears to have no effect on hematologic markers that are not attribut-
able to PEG IFN and ribavirin. Sofosbuvir does not prolong the QT 
interval on electrocardiography. Sofosbuvir is contraindicated in preg-
nancy when used with ribavirin (category X); however, when used 
without ribavirin, sofosbuvir, which has no effect in animals on fetal 
development, is in pregnancy category B.170a

Clinical Studies
In a phase III, IFN-free trial of sofosbuvir plus ribavirin—in patients 
with genotypes 2 and 3 who were IFN intolerant, ineligible, or unwill-
ing—78% achieved SVR (93% genotype 2, 61% genotype 3).173 Simi-
larly, among prior PEG IFN/RBV nonresponders with genotypes 2 and 
3 treated with open-label sofosbuvir/RBV (IFN-free) for 12 or 16 
weeks, 50% (86% genotype 2, 30% genotype 3) and 73% (94% genotype 
2, 62% genotype 3), respectively, experienced SVRs.173 In phase III 
trials, among patients with genotypes 1 and 4 to 6, open-label sofos-
buvir plus PEG IFN/RBV for 12 weeks yielded SVRs of 90% (compared 
with 60% in historical control subjects); 89% in genotype 1; and 97% 
in genotypes 4 to 6.172 In treatment-naïve subjects with genotypes 2 
and 3, SVRs occurred in 67% of patients treated with either sofosbuvir 
and ribavirin for 12 weeks or PEG IFN/RBV for 24 weeks; again, SVR 
was more frequent in sofosbuvir/RBV recipients with genotype 2 
(97%) than those with genotype 3 (56%).172 Exploratory trials of IFN-
free combinations of sofosbuvir plus NS5A inhibitors yielded near-
100% SVRs in both treatment-naïve subjects and prior null responders 
with genotypes 1, 2, and 3 after treatment durations as brief as 12 weeks 
(ledipasvir) and 24 weeks (daclatasvir). A combination fixed-dose  
pill containing 400 mg of sofosbuvir plus 90 mg of ledipasvir to be  
used with or without ribavirin for 8 weeks (treatment-naïve, noncir-
rhotic) to 12 weeks (treatment-experienced, cirrhotic) is expected to 
be approved by the end of 2014.174

Future Therapies
First-generation protease inhibitors, although improving antiviral effi-
cacy substantially over the previous standard of care, have been plagued 
by the complexity of their regimens, suboptimal resistance profiles, 
limited genotype specificity, intolerability, and frequent drug-drug 
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interactions. Fortunately, improved, next-generation HCV antivirals 
are being developed rapidly. These include second-generation NS3/4 
protease inhibitors, nucleoside and nonnucleoside NS5B polymerase 
inhibitors, and inhibitors of NS5A (a membrane-associated phospho-
protein that is part of the HCV RNA replication complex).169,170 The 
first of these, simeprevir and sofosbuvir, were approved in November 
and December of 2013, respectively (see previous sections).168a,169,170,170a 
In 2014, these two direct-acting antiviral agents supplanted telaprevir 
and boceprevir, which are no longer recommended for the treatment 
of chronic hepatitis C.

Among the most promising next-generation protease inhibitors 
with improved efficacy-tolerability-pharmacokinetic-resistance pro-
files are asunaprevir, faldaprevir, and ritonavir-boosted ABT-450.169,170 
When combined with PEG IFN/RBV or in IFN-free regimens with one 
or more other direct oral antivirals (polymerase inhibitors, NS5A 
inhibitors, and/or RBV), ABT-450 treatment was associated with SVR 
rates greater than or equal to 90% in both treatment-naïve patients and 
prior null responders with genotype 1 HCV infection.169,170

NS5A inhibitors suppress HCV replication rapidly and profoundly 
but tend to have a low barrier to resistance170; however, some NS5A 
inhibitors have been reported to have excellent resistance profiles and 
broad genotype specificity. In exploratory trials, the protease inhibitor 
asunaprevir (twice/day) has been studied in combination with the 

NS5A inhibitor daclatasvir (once/day, with or without RBV) for 24 
weeks in prior null responders to PEG IFN–based therapy, the most 
refractory patient group. This combination resulted in SVRs of 90% in 
patients with genotype 1b and of 36% in patients with the more chal-
lenging genotype 1a, providing proof of principle that an all-oral, IFN-
free regimen could cure chronic hepatitis C.175,176 Other promising 
NS5A inhibitors include ledipasvir; ABT-267; and pangenotypic, low-
resistance ACH-3102.

Also promising are all-oral, IFN-free combinations of the ritonavir-
boosted protease inhibitor ABT-450, the NS5A inhibitor ABT-267, the 
nonnucleoside polymerase inhibitor ABT-333, and RBV (i.e., up to  
five drugs) in patients with genotype 1. Whether in treatment-naïve 
patients or null responders, various combinations of four or five of 
these drugs (even without ribavirin) yielded SVRs of approximately 
90% to 95% when administered for as briefly as 8 weeks to as long as 
12 to 24 weeks.177

Based on this accelerating progress, we can predict with confidence 
that IFN-based therapy and first-generation protease inhibitors will be 
supplanted by combinations of once-daily, orally administered, well-
tolerated, direct-acting, pangenotypic, resistance-free HCV inhibitors 
with treatment courses as brief as 8 to 12 weeks and near-100% 
efficacy.
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Miscellaneous Antiviral Agents 
(Interferons, Imiquimod, Pleconaril)
Raphael Dolin

Antiviral agents are discussed here that have activity against a variety 
of viral infections in addition to those addressed in Chapters 43 to 46. 
The major clinical use of interferons is in treatment of hepatitis B and 
C, which is discussed in Chapter 46.

INTERFERONS
Classification
Since their discovery in 1957 as mediators of the phenomenon of viral 
interference (i.e., inhibition of growth of one virus by another), inter-
ferons (IFNs) have become recognized as potent cytokines that are 
associated with complex antiviral, immunomodulating, and antiprolif-
erative actions.1-3 IFNs are proteins that are synthesized by eukaryotic 
cells in response to various inducers and that cause biochemical 
changes leading to a nonselective antiviral state in exposed cells of the 
same species. Three subfamilies of IFNs are recognized. Type I IFNs 
are the largest subfamily and include the IFN-αs (13 subtypes in 
humans) and the IFN-βs. The type II subfamily has only one member, 
IFN-γ. Type III is the subfamily most recently identified and includes 
IFN-λ,4 of which there are three subtypes (λ1, λ2, λ3), also known as 
interleukin (IL)-28, IL-29, and IL-28R.5,6 A fourth interferon λ subtype 
(λ4) has been recently identified.6a The type I IFNs are clustered on the 
short arm of chromosome 9 in humans,7 Type II IFN is on chromo-
some 12, and type III IFNs are encoded on chromosome 19.8 Formerly 
designated on the basis of the cell types from which they were derived, 
the IFN-αs, the IFN-β, and IFN-γ are the IFNs currently in clinical use 
(Table 47-1), whereas IFN-λ is being studied for hepatitis C. Each type 
is immunologically distinct and has different producer cells, inducers, 
and biologic effects and unique physicochemical characteristics.2,4,9

The IFN-αs and IFN-βs are produced by almost all cells in response 
to viral infection and various other stimuli, including double-stranded 
RNA (dsRNA); bacteria; protozoa; mycoplasmas; polyanions; several 
low-molecular-weight organic compounds; and certain cytokines and 
growth factors, such as IL-1, IL-2, and tumor necrosis factor (TNF). 
IFN-γ production is restricted to T lymphocytes and natural killer cells 
responding to antigenic stimuli, mitogens, and certain cytokines, such 

as IL-2. The IFN-λs also appear to be produced by multiple cell types.10 
The principal antiviral IFNs, IFN-αs and IFN-βs, are approximately 
30% homologous at the amino-acid level. The human IFN-αs share 
a high degree of amino-acid sequence homology (>70%) but have dif-
fering in vitro antiviral and biologic effects on human cells.11 Com-
pared with the IFN-αs and IFN-βs, IFN-γ has less antiviral activity but 
more potent immunoregulatory effects, particularly with respect to 
macrophage activation, expression of class II major histocompatibility 
complex (MHC) antigens, and mediation of local inflammatory 
responses. Most IFNs in clinical use are produced by recombinant 
DNA techniques (see Table 47-1).

Mechanisms of Action
A wide range of animal viruses are sensitive to the antiviral actions of 
IFNs, although many DNA viruses are relatively insensitive and con-
siderable differences in potency exist among viruses and assay systems. 
IFN activity is usually measured in terms of antiviral effects in cell 
culture. Typically, one unit of IFN activity is the amount present in a 
sample dilution that causes a 50% reduction in virus replication or 
expression in certain cell lines; this is generally expressed as interna-
tional units (IU) relative to National Institutes of Health or World 
Health Organization reference standards.

IFNs are not directly antiviral but cause elaboration of effector 
proteins in exposed cells, which contribute to a state of viral resis-
tance.1,12,13 The initial step involves IFN binding to specific cell surface 
receptors. For the type I IFNs (IFN-αs and IFN-β) the cognate receptor 
is IFNAR1/2. Type II IFNs (IFN-γ) use the homodimeric receptors, 
IFNGR1/2. Type III IFNs (IFN-λ) signal through a receptor complex 
consisting of IL10R2 and IFNLR1.6,14 IFN receptors are linked to the 
Janus kinase/signal transducer and activator of transcription (JAK-
STAT) signaling pathways, which, through a multistep process, activate 
transcription factors that bind selectively to and upregulate approxi-
mately 100 IFN-regulated genes.15-17 The distinct pattern of STAT pro-
teins activated by different IFNs is one mechanism for eliciting different 
cellular responses. For IFN-α and IFN-β, a three-protein complex 

INTERFERONS
•	 Interferons	are	potent	cytokines	that	stimulate	

antiviral,	immunomodulating,	and	
antiproliferative	effects.

•	 They	are	classified	as	type	I	(α,	β),	II	(γ),	or	III	
(λ)	(see	Table	47-1)	and	administered	
subcutaneously	or	intramuscularly,	but	
pharmacokinetic	properties	are	not	well	linked	
to	physiologic	effects.

•	 Attachment	to	polyethylene	glycol	(pegylation)	
prolongs	half-life	and	possibly	decreases	
immunogenicity	and	results	in	more	
convenient	dosing,	but	toxicities	persist,	
including	anemia	and	other	cytopenias,	
depression,	thyroid	dysfunction,	and		
fatigue.

•	 Major	clinical	use	is	in	treatment	of	hepatitis	B	
and	hepatitis	C	(see	Chapter	46).

•	 They	are	also	approved	for	treatment	of	
anogenital	warts.

IMIQUIMOD AND RESIQUIMOD
•	 These	agents	are	topically	applied	Toll-like	

receptor	(TLR)	7	(imiquimod)	and	TLR7/TLR8	
(resiquimod)	agonists.

•	 Imiquimod	is	approved	for	treatment	
of	anogenital	warts	and	results	in		
clearance	of	these	lesions	in	37%	to		
52%	of	cases.

•	 Local	skin	toxicity	is	common,	consisting	of	
erythema,	burning,	and	tenderness.

•	 Resiquimod	is	an	investigational	compound	
with	somewhat	greater	potency	than	
imiquimod.

•	 Resiquimod	has	been	studied	in	genital	
herpes	simplex	virus	infection,	with	early	
suggestion	of	decreases	in	rates	of	
recurrences,	but	a	recent	phase	III	study		
failed	to	support	an	effect	on		
recurrences.

PLECONARIL
•	 An	antipicornavirus	drug,	pleconaril	inhibits	

viral	replication	by	binding	to	a	hydrophobic	
pocket	on	the	viral	capsid.

•	 In	vitro	activity	is	against	almost	all	commonly	
isolated	enteroviruses	and	90%	of	rhinovirus	
clinical	isolates.

•	 Orally	administered	and	generally	well	
tolerated,	pleconaril	induces	CYP3A	isoenzymes	
and	therefore	has	multiple	drug	interactions.

•	 Its	use	has	been	studied	in	enteroviral	
meningitis,	but	effects	on	headache	and	illness	
duration	were	inconsistent.

•	 Pleconaril	has	reduced	the	duration	of	
rhinovirus	infection	by	1	day	but	is	not	
approved	by	the	U.S.	Food	and	Drug	
Administration	for	this	indication.

•	 This	agent	is	no	longer	under	clinical	
development.
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histocompatibility complex (MHC) class I expression and promote 
cytotoxic T-cell responses, regulate the expression of cytokines (IL-12, 
IL-15, IFN-γ) and chemokines that affect T-cell responses, alter expres-
sion of Toll-like receptors (TLRs), enhance natural killer cell cytotoxic-
ity, and promote the differentiation of dendritic cells and T helper type 
1 (Th1) lymphocytes.12,24 IFN-α is produced by macrophages and can 
modify macrophage functions, increasing phagocytosis and cytolytic 
activity. Consequently, IFNs may ameliorate viral infections by exert-
ing direct antiviral effects and by modifying the immune response to 
infection. IFN-induced expression of MHC antigens may contribute to 
the antiviral actions of IFN by enhancing antigen presentation and the 
lytic effects of cytotoxic T lymphocytes. The IFN-αs, the IFN-βs, and 
IFN-γ lead to increased expression of class I MHC molecules, but only 
IFN-γ efficiently induces class II MHC molecules.1 Several viruses, 
including cytomegalovirus and varicella-zoster virus, antagonize 
IFN-γ–induced MHC expression. In addition, proapoptotic and anti-
apoptotic genes are induced by IFNs15 and IFN-α and IFN-β are 
important mediators of apoptosis, including induction of TP53.1,25

IFN titers generally appear at the sites of viral replication just after 
peak titers of virus and before humoral antibody responses. IFNs may 
mediate some of the systemic symptoms associated with viral infec-
tions and contribute to immunologically mediated tissue damage in 
certain viral diseases. High IFN titers are usually followed by a reduc-
tion of virus titers, although persistently elevated IFN titers have been 
recognized in certain chronic and acute viral infections (e.g., hemor-
rhagic fevers).

Pharmacokinetics
The prolonged biologic effects of IFNs are not easily related to serum 
concentrations or other conventional pharmacokinetic parameters. 
After intramuscular or subcutaneous injection of IFN-α, absorption is 
greater than 80%.26,27 Plasma levels are dose related, peaking at 4 to 10 
hours and returning to baseline by 18 to 36 hours. Levels of 2-5(A) 
synthetase in peripheral blood mononuclear cells, which have been 
used as an index of biologic responsiveness to IFN, show increases 
beginning at 6 hours and lasting through 4 days after a single dose. An 
antiviral state in these cells is detectable at 1 hour, peaks at 24 hours, 
and slowly decreases to baseline by 6 days after injection. Intramuscu-
lar or subcutaneous injections of IFN-β result in negligible plasma 
levels, although increases in 2-5(A) synthetase may occur. Oral admin-
istration does not result in detectable serum IFN levels or increases in 
2-5(A) synthetase activity in peripheral blood mononuclear cells.28

After systemic administration, low levels of IFNs are detected in 
respiratory secretions, cerebrospinal fluid, eye, and brain. After intra-
venous dosing, cerebrospinal fluid levels average less than 1% of serum 
concentrations.29 The IFN-αs are stable in most body fluids, whereas 
the IFN-βs and IFN-γ seem to lose activity readily. It is unknown, 
however, whether measurable IFN levels at a particular site accurately 
reflect its antiviral or other biologic activities. The IFN-αs and the 
IFN-βs are cleared rapidly in a complex fashion. Leukocyte and recom-
binant IFN-α species have a plasma elimination half-life (t elim1

2
) of 3 

to 8 hours. The clearance of IFN includes inactivation by various body 
fluids, cellular uptake, and metabolism by body organs, primarily the 
kidney, although negligible biologically active IFN is excreted in the 

known as IFN-stimulated gene factor 3 (ISGF-3) localizes to the 
nucleus and binds to a cis-acting DNA element (designated IRSE) that 
activates transcription of the target genes.1

A family of IFN regulatory factors exists, and other pathways may 
contribute to regulation of the IFN response. Microarray analysis 
shows that many genes are upregulated by IFN-β but not by IFN-α or 
IFN-γ in vitro.15 The onset of IFN-induced antiviral action is rapid, and 
IFN exposure leads to production of more than two dozen cellular 
proteins. For many viruses, the primary antiviral effect of IFN in vitro 
is mediated by inhibition of viral protein synthesis. Depending on the 
virus and cell type, the antiviral actions of IFNs may also include 
inhibition of viral penetration or uncoating, synthesis or methylation 
of messenger (m)RNA, or viral assembly and release.

Among the better-characterized IFN-induced proteins are unique 
2′-5′-oligoadenylate (2-5[A]) synthetases and protein kinase R (PKR), 
either of which can inhibit protein synthesis in the presence of dsRNA.1 
The 2-5(A) synthetase produces adenylate oligomers that activate  
a latent cellular endoribonuclease (RNase L) to cleave cellular and  
viral single-stranded (ss)RNAs, leading to inhibition of protein synthe-
sis. Activated PKR selectively phosphorylates and inactivates eukary-
otic initiation factor (eIF)-2 to impede translation. Activated PKR also 
phosphorylates the transcription factor inhibitor IκB and mediates 
dsRNA-induced activation of nuclear factor (NF)-κB, which is required 
for IFN-β synthesis. IFNs may also block mRNA capping by inhibiting 
transmethylation reactions. IFNs also induce human guanylate binding 
protein-1, which mediates antiviral activity for several RNA viruses; 
the soluble form of the low-density lipoprotein receptor inhibitory for 
rhabdovirus assembly18; the MxA protein (a guanosine triphosphatase 
with activity against orthomyxoviruses and certain RNA viruses)19; and 
the RNA-specific adenosine deaminase ADR1, which modifies RNA 
transcripts after transcription.1

IFNs also inhibit hepatitic C virus (HCV) internal ribosome entry 
site–dependent RNA translation in vitro.20 Induction of nitric oxide 
synthase seems to mediate a substantial antiviral effect of IFN-γ.21 
Increased levels of 2-5(A) synthetase activity and MxA protein or 
mRNA in peripheral leukocytes are also used as a marker for IFN 
exposure or endogenous release.19

Except possibly for the Mx proteins and influenza viruses and for 
2-5(A) synthetase/RNase-L and picornaviruses, no consistent correla-
tions exist between induction of a particular protein and resistance to 
a specific virus across a range of cell types.13 A particular virus may be 
inhibited at several steps, and the principal inhibitory effect differs 
among virus families. Many viruses are able to counter IFN effects by 
blocking signaling and production or activity of selected IFN-inducible 
proteins.1,13 The NS5A protein of HCV represses the function of the 
IFN-induced PKR,22 and another hepatitis C virus protein E2 competi-
tively inhibits PKR kinase activity. The NS1 gene of influenza is an IFN 
antagonist that binds dsRNA to inhibit IFN production and dsRNA-
activated pathways. IFN exposure may also reduce the expression of 
certain cellular genes, including selected oncogenes and genes involved 
in collagen synthesis.

The viral and immune IFN systems are functionally nonredun-
dant,1,23 and complex interactions exist between IFNs and between 
IFNs and other parts of the immune system.9,24 IFNs upregulate major 

TABLE 47-1  Nomenclature and Classification of Human Interferons (IFNs)

SUBFAMILY TYPE I TYPE I TYPE II TYPE III
Class* α β γ λ
No. of subtypes 13 1 1 4

Receptor IFNAR1/2 IFNAR1/2 IFNGR1/2 IL10R2, IFNLR1

Human chromosome 9 9 12 19

Commercial formulations rIFN-α2b (Intron A)
IFN-α2a (Roferon-A)
Le-IFN-αn3 (Alferon N)
Ly-IFN-αn1 (Wellferon)
rIFNalfacon-1 (Infergen)
Peg-IFN-α2a (Pegasys)
Peg-IFN-α2b (PEG-Intron)

rIFN-β1b (Betaseron)
rIFN-β1a (Avonex, Rebif)

rIFN-γ1b (Actimmune)
rIFN-γ (Immuneron)

Peg-IFNλ1

*Type I classes in humans also include IFNε and IFNώ.
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anti-HCV antibodies, can experience worsening of their disease if 
treated with IFN.35

The adverse effects of peg-IFNs are similar to the adverse effects 
with conventional IFNs, although dose-related neutropenia and 
thrombocytopenia and injection site reactions are more common. 
About 50% of peg-IFN–treated patients with chronic hepatitis C 
develop fatigue and systemic symptoms after injections; 20% to 30% 
experience depression or other psychiatric reactions; and approxi-
mately 10% to 16% discontinue treatment because of adverse events, 
most commonly psychiatric disorders.36,37 Peg-IFN-α2a may be associ-
ated with a lesser frequency of depression.37

The development of serum neutralizing antibodies to exogenous 
IFNs varies with the IFN type, dosage, and route of administration  
but may be more common with IFN-α2a.38 Neutralizing antibodies 
may be associated infrequently with loss of clinical responsiveness.27 
Pegylation may reduce the immunogenicity of IFNs, and anti-PEG 
antibody seems to be rare.

IFNs may impair fertility and alter hormone levels in women. IFN 
is an abortifacient in monkeys at high dosages and has been used in 
small numbers of pregnant women, so safety during pregnancy is not 
established.39 It is classified as pregnancy category C.

Clinical Studies
IFNs have undergone clinical studies in a broad variety of infections, 
malignancies, and other diseases. Depending on the IFN type, recom-
binant and natural IFN-α (see Table 47-1) are approved in the United 
States for treatment of condyloma acuminatum, chronic hepatitis C, 
chronic hepatitis B, Kaposi sarcoma in human immunodeficiency  
virus (HIV)-infected patients, and other malignancies. IFN-β is 
approved for management of multiple sclerosis. Recombinant IFN-γ is 
approved for treatment of chronic granulomatous disease. The major 
uses for interferons are treatments for hepatitis B and C, and the  
clinical studies of IFNs for those infections are discussed in detail in 
Chapters 46 and 119.

Herpesviruses
Although IFN is associated with antiviral effects against herpes simplex 
viruses (HSVs), no consistent reductions in symptoms or lesion dura-
tion have been observed with topical or systemic IFN treatment of 
genital herpes.40 Topical IFN seems to have some activity in combina-
tion with trifluridine in drug-resistant mucocutaneous HSV infections. 
In superficial HSV keratitis, combined administration of topical IFN-α 
with trifluridine or acyclovir seems to be more effective than single-
agent therapy.

In localized herpes zoster in cancer patients, early treatment with 
high-dose IFN-α (about 36 million IU/day for 5 to 7 days) reduces the 
risk for cutaneous or visceral dissemination, but systemic reactions  
are frequent, and more effective antiviral agents are available. IFN is 
ineffective in preventing cytomegalovirus (CMV) infection in bone 
marrow recipients or in treating CMV pneumonia.

Human Immunodeficiency Virus
HIV-infected patients frequently have detectable IFN levels, and 
plasma inhibitors of IFN activity are often present during the acquired 
immunodeficiency syndrome. High doses of IFN-α induce 10% to 40% 
response rates in patients with Kaposi sarcoma without benefiting 
concurrent herpesvirus infections or immune functions.41 IFN treat-
ment is associated not only with dose-related antiretroviral effects, 
particularly in early-stage infection, but also with adverse effects.42 IFN 
seems to benefit HIV-related thrombocytopenia43 and eosinophilic 
folliculitis.

Papillomavirus
Intralesional and systemic forms of administration of IFN produce 
some regression of anogenital warts,44 although more cost-effective and 
better tolerated modalities are available (see Chapter 146).45 Intrale-
sional injection of various natural and recombinant IFNs is associated 
with complete clearance of injected warts in 42% to 62% of patients 
within 12 to 20 weeks.46 Responders have low relapse rates (20% to 
30%). Responsiveness is poor in HIV-infected patients and patients 
with chronic lesions. Intralesional IFN does not reliably increase the 

urine. Clearance of IFN-α2 is reduced by 64% to 79% in hemodialysis 
patients.30

The attachment of polyethylene glycol to IFN slows absorption, 
decreases clearance, increases t elim1

2
, and results in higher and more 

sustained serum concentrations, so that once-weekly dosing is effec-
tive. Two types of pegylated (peg) IFN-α are currently approved: peg-
IFN-α2a has a 40-kDa branched polyethylene glycol moiety attached 
by a stable amide bond to lysine residues within the IFN protein, and 
peg-IFN-α2b has a 12-kDa linear moiety attached to histidine resi-
dues. Peg-IFN-α2a is more stable and dispensed in solution, whereas 
peg-IFN-α2b requires reconstitution before use. Peg-IFN-α2a is 
cleared primarily by the liver, whereas about 30% of peg-IFN-α2b is 
cleared renally.30 For peg-IFN-α2a (multiple 180-µg doses), a peak 
serum concentration of 26 ng/mL occurs at about 45 hours after the 
dosing, and t elim1

2
 is 80 to 90 hours. Steady-state serum levels are 

attained 5 to 8 weeks after initiation of weekly dosing. Moderate renal 
impairment and presence of cirrhosis do not affect pharmacokinetics, 
although clearance is reduced by 25% to 45% in patients with renal 
failure on hemodialysis. For peg-IFN-α2b, dose-related maximal 
plasma concentrations (1.4 ng/mL with multiple doses of 1.5 µg/kg) 
occur at 15 to 44 hours after dosing and decline with a t elim1

2
 of 30 to 

40 hours, or about 10-fold longer than for IFN-α2b.28 Some accumula-
tion occurs with repetitive dosing. Dosage reductions in both peg-IFNs 
are indicated in end-stage renal disease.

Interactions
IFN and its inducers reduce the metabolism of various drugs by the 
hepatic cytochrome P-450–dependent mixed-function oxidase system 
and specifically decrease CYP1A2-mediated clearance of theophylline. 
IFNs may increase the neurotoxic, hematotoxic, or cardiotoxic effects 
of other drugs, including increased risk for anemia with ribavirin.

Toxicity
Purified natural and recombinant IFNs are associated with dose-
related immediate- and late-onset toxicities.31 Adverse effects are gen-
erally mild and reversible at dosages of less than 5 million IU/day.27 
Intramuscular and subcutaneous injections of IFN doses of 1 to 2 
million IU or more are usually associated with an acute influenza-like 
syndrome, including fever, chills, headache, malaise, myalgia, arthral-
gia, nausea, vomiting, and diarrhea, especially during the first week of 
therapy. Symptoms begin several hours after administration and are 
most prominent 8 to 24 hours after dosing. Despite more prolonged 
blood levels, the duration of influenza-like symptoms after peg-IFN is 
similar to that after conventional IFNs.30 Tolerance develops in most 
patients within several weeks. Febrile responses can be moderated by 
pretreatment with various antipyretics. Half of patients receiving intra-
lesional therapy for genital warts experience the influenza-like illness. 
Intralesional IFN also causes discomfort at the injection site and leu-
kopenia. Local reactions consisting of tenderness and erythema also 
occur after subcutaneous injection, and intranasal IFN causes local 
irritation.

Major toxicities that limit dosage and duration of IFN therapy are 
bone marrow suppression with granulocytopenia and thrombocytope-
nia; neuropsychiatric disturbance manifested by depression, anxiety, 
somnolence, confusion, behavioral disturbance, electroencephalo-
graphic changes, and, rarely, seizures; reversible neurasthenia with 
profound fatigue, anorexia, weight loss, and myalgia; thyroid dysfunc-
tion and autoimmune thyroiditis; and cardiotoxicity with hypotension, 
arrhythmias, and reversible cardiomyopathy. Psychiatric disturbance 
and depression are more common in patients with preexisting disor-
ders but can also occur in otherwise healthy individuals. Elevations in 
hepatic enzymes and triglycerides and retinopathy are common.32 IFN 
may lead to the development of or exacerbate various immunologically 
mediated disorders, including sarcoidosis, systemic lupus erythemato-
sus, psoriasis, vitiligo, lichen planus, and eczematoid skin lesions. Rare 
pulmonary manifestations include interstitial pneumonia, bronchio-
litis obliterans, organizing pneumonia, asthma, and pleural effusion.33 
Alopecia, proteinuria, renal insufficiency, interstitial nephritis, autoan-
tibody formation, bacterial infections, and hepatotoxicity occur.34 
Acute allergic reactions are rare. Patients with autoimmune chronic 
hepatitis, who may have false-positive enzyme immunoassay tests for 
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clearance averages 8 to 10 weeks. Recurrences are less common (14% 
to 19%) than after ablative therapies, and re-treatment is frequently 
successful.52 Imiquimod may be useful as an adjunct to laser or surgical 
ablative therapies.52

Imiquimod has been used for warts at nongenital sites53 and in 
other types of HPV-related conditions. Both grade 2 and grade 3 
intraepithelial neoplasia of the vulva respond to imiquimod therapy.64 
HPV anal infection in HIV-infected men may65 or may not66 respond. 
Imiquimod seems beneficial in refractory cutaneous leishmaniasis in 
combination with other drugs,67,68 although other authors did not 
observe any benefit from combining standard intravenous antimony 
therapy with imiquimod.69 Depending on the level of immunocompe-
tence, imiquimod may be beneficial for treatment of molluscum con-
tagiosum.52,53 Imiquimod has been used successfully to treat chronic 
genital herpes resistant to acyclovir70 and to foscarnet71 in immuno-
compromised individuals with HIV and drug-induced immunosup-
pression.72 No beneficial effects on lesions or recurrences are seen in 
immunocompetent adults with genital herpes.73 Imiquimod 5% cream 
made recurrent herpes labialis lesions worse compared with the vehicle 
cream as control but increased the time to the next recurrence 80% 
from a median of 50 days to 91 days in the control and imiquimod-
treated groups.74 Other viral infections reported to respond to imiqui-
mod include oral hairy leukoplakia,75 orf,76 and Kaposi sarcoma.77 
Tinea pedis resolved during imiquimod treatment of a contiguous 
basal cell carcinoma.78

Because of encouraging preliminary findings, topical resiquimod 
was investigated for treatment of recurrent genital herpes in an effort 
to reduce recurrences.79 However, a controlled study did not show an 
effect of imiquimod on the rate of recurrences.73 Resiquimod 0.01% gel 
applied to recurrent genital herpes lesions two times a week for 3 weeks 
neither reduced healing time nor shedding of herpes simplex virus 
DNA by polymerase chain reaction assay compared with a control 
gel.80 The same treatment regimen was associated in the subsequent 60 
days with a reduction in lesional recurrence rate from 16% to 10%, and 
with a trend toward reduced shedding from 17% to 10%. Seven months 
later, recurrence rates were reduced from 26% to 10% in control and 
resiquimod groups.81 However, a phase III study of resiquimod did not 
show reduced rates of recurrence, and further development of the drug 
to treat anogenital herpes has been halted.80,82

Topical application of imiquimod 5% cream to affected skin can 
result in systemic absorption with serum levels of 0.1 to 3.5 ng/mL. 
Patients treated with imiquimod need to wash the affected area on 
awakening to remove residual drug. About two thirds of treated 
patients experience local erythema. Application site reactions with 
erythema, irritation, pruritus, burning, tenderness, and scabbing (and 
less often with erosion or ulceration at the wart site and other exposed 
areas) are generally mild to moderate in intensity. These usually resolve 
within 2 weeks of cessation of the drug. The frequency of local reac-
tions relates to frequency of application, and use in genital herpes may 
delay healing.73 Severe local reactions, including pain, erythema, or 
scarring, are rare.60 Unusual local reactions include erosive cheilitis83 
and aphthous ulcers,84 angioedema and urticaria,85 and worsening 
of psoriasis.86 Systemic reactions to imiquimod, such as fatigue and 
influenza-like symptoms, have been reported infrequently.87 General-
ized psoriasis,86 eczema,88 exacerbations of myasthenia gravis,89 and 
worsening of HLA-B27 spondyloarthropathy90 have been reported 
during topical therapy with imiquimod.

Systemic reactions may be caused not by the drug itself but rather 
by diffusion of cytokines from the skin into the systemic circulation. 
During repeated applications, small concentrations (<10 ng/mL of 
imiquimod) can be detected in the blood.91 Safety during pregnancy 
has not been established (pregnancy category B), but there are case 
reports of its safe use in pregnant women.92,93 Preclinical studies indi-
cate that imiquimod is not genotoxic or teratogenic.

PLECONARIL
Pleconaril (3-[3,5-dimethyl-4([3-(3-methyl-5-isoxazoyl)propyl]oxy) 
phenyl]-5-[trifluoromethyl]-1,2,4-oxadiazole) is an orally active anti-
picornaviral agent (Fig. 47-2). Pleconaril inhibits picornavirus replica-
tion by binding to a specific hydrophobic pocket within the viral capsid 
and preventing viral attachment or uncoating of the genome. In cell 

response to other local therapies.46 Mild to moderate systemic side 
effects (8% to 10% dropout rate), pain and irritation at injection site, 
and leukopenia (≤30%) are common with intralesional IFN. Topical 
IFN gel provides inconsistent effects and does not seem to reduce the 
recurrence rate substantially after ablative therapies.45

Systemic IFN may provide adjunctive benefit in recurrent juvenile 
laryngeal papillomatosis. Most children have some initial decrease in 
lesions, but recurrence rates are high after cessation of therapy, and the 
long-term response to parenteral IFN-α is variable.47 Laryngeal disease 
in older patients seems to be more responsive.

Respiratory Viruses
Except against adenovirus, IFNs have broad-spectrum antiviral activity 
against respiratory viruses in vitro, including severe acute respiratory 
syndrome (SARS) coronavirus.48 In experimentally induced infections 
in humans, intranasal administration of leukocyte or recombinant 
IFN-α is protective against rhinovirus, coronavirus 229E, respiratory 
syncytial virus (RSV), and, to a lesser extent, influenza virus infec-
tions.49 Under natural conditions, prophylactic intranasal IFN-α is 
protective only against rhinovirus colds, however, and long-term use 
is limited by the occurrence of nasal side effects. Intranasal IFN-α is 
ineffective in treating rhinovirus colds. The IFN-αs and the IFN-βs and 
IFN-γ inhibit SARS coronavirus replication in vitro,48 and the systemic 
IFN-αs have been used to treat SARS coronavirus illness, but the ben-
eficial effect, if any, is unclear.50,51

IMIQUIMOD AND RESIQUIMOD
Imiquimod (Aldara) is an imidazoquinoline compound (Fig. 47-1A) 
that is a TLR7 agonist; it acts as a topical immune response modifier 
lacking direct antiviral effects. Imiquimod exposure causes activation 
of immune cells (monocytes, macrophages, natural killer cells) to 
produce antiviral cytokines, particularly IFN-α and TNF-α and inter-
leukin (IL)-12, IL-10, IL-1, IL-6, and IL-8.52,53 Imiquimod indirectly 
enhances acquired immune responses through activation of antigen-
presenting dendritic cells, including Langerhans cells and Th1 lympho-
cytes. IFN-γ production from T cells stimulates cytotoxic T lymphocytes, 
which is important in clearance of virally infected cells. Clinical 
responses in anogenital warts are associated with decreases in human 
papillomavirus (HPV) DNA copies and RNA transcripts in treated 
skin.54 Resiquimod is a structurally related investigational compound 
(see Fig. 47-1B) that is a TLR7/TLR8 agonist and is associated with 
greater stimulation of cytokines and with activation of dendritic cells.55

Topical imiquimod 5% cream is approved for patient-applied treat-
ment of anogenital warts and has been used in other mucocutaneous 
infections and dermatologic conditions.52 In immunocompetent 
patients, imiquimod (three overnight applications [for approximately 
8 hours] weekly for up to 16 weeks) leads to complete wart clearance 
in 37% to 52%.45,52,56 Clearance rates (39% to 52%) are not different 
with 4, 8, 12, or 16 weeks of treatment.57 Daily application increases 
local adverse effects without increasing clearance rates.58 Imiquimod 
and podophyllin are similar in efficacy with 50% and 55% clearance 
rates.59 Clearance rates are higher in women than in men and substan-
tially lower (<15%) in HIV-infected individuals.60-62 In one study in 
women, clinical outcome was related to HPV type: complete response 
rates were 76% for HPV-6, 67% for HPV-11, 35% for HPV-6 and 
HPV-11 coinfection, and 6% for other HPV types.63 The time to 

FIGURE  47-1 Chemical structure of (A) imiquimod and (B) 
resiquimod. 
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but there is a prolonged terminal t elim1
2

 of approximately 180 hours.97 
Single oral doses of 5 mg/kg in children provide maximal plasma con-
centrations of 1.3 µg/mL and approximately 40% lower overall drug 
exposure because of a larger volume of distribution and more rapid 
clearance. Neonates seem to require higher dosages in part because of 
lower bioavailability.98

Pleconaril has been generally well tolerated, and the most common 
adverse events have been headache, nausea, diarrhea, and abdominal 
discomfort. Pleconaril induces CYP3A isoenzymes, however, and con-
sequently has the potential for multiple drug interactions, including 
with oral contraceptives.99 In children or adults with enteroviral men-
ingitis, pleconaril has inconsistent effects on headache and illness dura-
tion.97 Pleconaril (400 mg three times a day for 5 days) reduces the 
duration of uncomplicated rhinovirus colds by about 1 day99,100 but was 
not approved by the U.S. Food and Drug Administration for this indi-
cation. Pleconaril antiviral effects and clinical outcomes are related to 
in vitro susceptibility.100 Pleconaril treatment (15 mg/kg/day [children] 
and 600 to 1200 mg/day [adults] in divided doses for 7 to 10 days) 
seems to be beneficial in some patients with severe or life-threatening 
enteroviral syndromes, including chronic enteroviral meningoenceph-
alitis in agammaglobulinemic patients and possibly neonatal enterovi-
ral sepsis.97,101,102 The drug was formerly available for compassionate 
use, but it is no longer so.

culture, pleconaril inhibits replication of almost all commonly isolated 
enterovirus serotypes94 and approximately 90% of rhinovirus clinical 
isolates.95 Pleconaril is active in murine and human models of cox-
sackievirus infection.94,96

In adults, oral bioavailability is about 70% in the fed state, and peak 
plasma concentrations average 2.2 µg/mL after doses of 400 mg.97 
Pleconaril undergoes hepatic metabolism, and less than 1% is excreted 
unchanged in the urine. The initial plasma t elim1

2
 averages 2 to 3 hours, 

FIGURE 47-2 Chemical structure of pleconaril. 
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48  Immunomodulators
Andrea V. Page and W. Conrad Liles

Antimicrobial agents and vaccines are the traditional strategies 
employed for treatment and prevention of infectious diseases. Although 
both approaches have been remarkably successful, many infectious 
diseases continue to pose difficult clinical problems. Treatment may be 
hampered by defects of the immune system resulting from an underly-
ing disease or immunosuppressive medications, and enhancement or 
reconstitution of the host immune response may be a prerequisite to 
long-term cure. In contrast, it is the aggressive host immune response 
that mediates inflammation and tissue damage in syndromes such as 
sepsis, and in this case, downregulation of the host immune response, 
at least in the initial stages of the disease, may be beneficial.

An immunomodulator is a biologic or nonbiologic agent that alters 
the host immunoregulatory response. This response results from the 
actions and interactions of a complex network of cells and soluble 
mediators from both the innate and acquired arms of the immune 
system. As a result, immunomodulators can affect or influence a  
wide variety of targets. Immunomodulators currently in use can be 
divided into six main groups: (1) naturally occurring cytokines, many 
of which are produced by recombinant DNA technology, including the 
colony-stimulating factors (CSFs), interferons (IFNs), interleukins 
(ILs), and thymic hormones; (2) monoclonal antibodies that block the 
action of proinflammatory cytokines, components of the complement 
cascade, or the pathogen itself; (3) immunoglobulins, used either as 
replacement therapy in immunoglobulin-deficient individuals or as 
true immunomodulators to upregulate or downregulate the immune 
response; (4) glucocorticosteroids; (5) synthetic compounds with 
immunomodulatory activity, such as the 3-hydroxy-3-methylglutaryl 
coenzyme A (HMG-CoA) reductase inhibitors (statins), pentoxifyl-
line, imiquimod, and thalidomide; and (6) immunomodulatory cell-
based therapies, including mesenchymal stromal/stem cells (MSCs).

This chapter focuses on agents that have been used in an effort to 
manipulate the immune system for the treatment or prevention of 
infection in humans. Many potentially useful immunomodulators have 
been investigated in vitro or in experiments involving animal models 
of infection. However, because of the complexity of the host immune 
response, in vitro data may not correlate with in vivo results, and 
animal models have inherent limitations compromising their applica-
bility to human disease. Therefore, this chapter is limited to immuno-
modulatory agents that have been investigated in clinical trials in 
humans. As knowledge of the molecular pathogenesis of inflammation, 
immunity, and infection evolves, novel immunomodulatory therapeu-
tics and refinement of current immunomodulatory approaches are 
expected to emerge and change both the management and outcome of 
challenging infectious diseases.

COLONY-STIMULATING FACTORS
The CSFs are a group of naturally occurring glycoprotein cytokines 
that regulate the production, differentiation, survival, and activation of 
hematopoietic cells. Erythropoietin stimulates red blood cell produc-
tion and is widely employed clinically for the treatment of anemia. 
Thrombopoietin plays a key regulatory role in the growth and differ-
entiation of megakaryocytes. IL-5 stimulates the growth and survival 
of eosinophils and basophils. Stem cell factor (SCF, formerly called 
Steel factor or c-kit ligand) and IL-3 (formerly called multicolony-
stimulating factor or hematopoietic cell growth factor) are stimuli for 
multiple hematopoietic cell lineages. Granulocyte colony-stimulating 
factor (G-CSF), granulocyte-macrophage colony-stimulating factor 
(GM-CSF), and macrophage colony-stimulating factor (M-CSF) act as 
growth factors for specific cell types in the myeloid series and have 
attracted considerable interest as immunomodulators.

Granulocyte Colony-Stimulating Factor
G-CSF is a glycoprotein that acts almost exclusively on neutrophils 
(polymorphonuclear leukocytes) and neutrophilic precursors to 
promote cell growth, differentiation, and function.1 It is produced pre-
dominantly by monocytes/macrophages, fibroblasts, and endothelial 
cells and serves as a potent stimulus to both increase and accelerate 
neutrophil production.1 The essential role of G-CSF in normal regula-
tion of neutrophil development has been clearly demonstrated in 
studies of G-CSF knockout mice, which develop chronic neutropenia, 
with a 50% reduction in the number of granulocyte precursor cells in 
the bone marrow; fail to develop sepsis-related neutrophilia; and dem-
onstrate a diminished capacity to control experimental Listeria mono-
cytogenes infection.2 Endogenous G-CSF also influences the functional 
activity of developing and mature neutrophils, enhancing the inducible 
oxidative (respiratory) burst, phagocytosis, and chemotaxis, and delay-
ing spontaneous apoptosis.3-5

Recombinant G-CSF is available for clinical use in three forms: 
filgrastim, a nonglycosylated polypeptide produced in Escherichia coli; 
pegfilgrastim, a pegylated form of filgrastim with a long half-life and 
single-dose administration; and lenograstim, a glycoprotein produced 
in Chinese hamster ovary cells that bears the greatest resemblance to 
the naturally occurring molecule. A number of filgrastim biosimilar 
agents have recently been approved for use, one in the United States 
and at least five in Europe, and long-term outcome data on safety and 
efficacy are still being collected.6 For the purposes of this chapter, 
therefore, only the three original (reference) forms of G-CSF are 
discussed.

When administered in vivo, recombinant human G-CSF initially 
causes a transient decrease in the peripheral blood neutrophil count, 
followed by a sustained dose-dependent increase that persists while 
serum G-CSF concentrations remain elevated.7 After a single subcuta-
neous dose of G-CSF, the highest neutrophil count is reached in 
approximately 12 hours (for filgrastim) or 48 hours (for pegfilgrastim), 
after which there is a slow decline over 2 to 3 days in patients receiving 
filgrastim or over 1 week or longer in those receiving pegfilgrastim.8 
The increase in neutrophil count results from an enhanced rate of 
granulopoiesis combined with a shortened maturation time, culminat-
ing in increased release of immature neutrophil precursors from the 
bone marrow. In addition, recombinant G-CSF may also produce slight 
increases in monocyte and lymphocyte counts and relatively modest 
declines in platelet counts.9

Because of its potent ability to increase neutrophil counts, G-CSF 
has emerged as an important therapeutic option for a variety of neu-
tropenic conditions. In primary (congenital) neutropenic disorders, 
such as severe congenital neutropenia, cyclic neutropenia, and idio-
pathic neutropenia, the absolute neutrophil count (ANC) may remain 
less than 0.5 × 103/mm3 for months or years, thereby placing patients 
at risk of recurrent and severe bacterial and fungal infections. In this 
patient population, routine prophylactic administration of G-CSF sig-
nificantly increases the ANC, accompanied by concomitant reduction 
in infection, antibiotic use, and hospitalization.10 As a result, there has 
been widespread consensus that prolonged G-CSF therapy represents 
the standard of care for primary neutropenic disorders.11 It should be 
noted, however, that clinical experience with G-CSF in congenital neu-
tropenia has been largely limited to filgrastim and lenograstim, and 
that some investigators have reported more adverse events and reduced 
efficacy with pegfilgrastim in this patient population.12

The most common indication for use of G-CSF is the treatment  
of neutropenia after cancer chemotherapy, in which the risk of infec-
tion is related to both the degree and duration of neutropenia, and 
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transplantation is the subject of ongoing debate, the most recent clini-
cal practice guidelines from the European Society for Medical Oncol-
ogy (ESMO) support G-CSF use following bone marrow transplantation, 
but not peripheral blood stem cell transplantation.26 There is insuffi-
cient evidence to declare the superiority of a CSF versus antibiotic 
strategy in primary prophylaxis of febrile neutropenia or to recom-
mend that the two strategies be combined.27,28

Secondary prophylaxis refers to the use of a CSF to prevent neutro-
penia in patients who developed a neutropenic complication, typically 
an episode of febrile neutropenia, during a previous cycle of chemo-
therapy. Because the risk of a subsequent episode of febrile neutropenia 
may be 50% or more without colony-stimulating factor support, and 
because each episode of febrile neutropenia is associated with signifi-
cant mortality, it is not surprising that secondary CSF prophylaxis 
reduces episodes of febrile neutropenia and hospitalization in a mixed 
population of patients with solid and liquid tumors and reduces mortal-
ity in older patients with non-Hodgkin’s lymphoma.29,30 The 2010 
EORTC guidelines therefore recommend evaluation for secondary pro-
phylaxis with G-CSF during all subsequent cycles of chemotherapy.15

G-CSF is also often used with antibiotics for treatment (as opposed 
to primary or secondary prevention) of febrile neutropenia. Several 
randomized trials and meta-analyses have been undertaken to clarify 
the added benefit of G-CSF in this situation, and the results have been 
surprisingly consistent: G-CSF, when administered as therapy for an 
established episode of febrile neutropenia, shortens the duration of 
both neutropenia and hospitalization but does not reduce overall 
mortality.31,32,33 Given the lack of demonstrable improvement in 
outcome, guidelines from EORTC suggest that G-CSF be reserved for 
those with life-threatening infections or who are not responding to 
appropriate antimicrobial therapy.15

Finally, it is important to address the emerging literature on differ-
ences in efficacy among the various G-CSF preparations, once thought 
to be clinically interchangeable, in patients with cancer. Neutrophils 
stimulated with lenograstim in vivo best maintain their phenotype and 
function when studied ex vivo, while those stimulated with filgrastim 
demonstrated the greatest perturbation in function.34 Consistent with 
this finding, use of lenograstim, as compared with filgrastim, resulted 
in fewer febrile episodes after initial neutrophil reconstitution (ANC > 
0.5 × 103/mm3) following high-dose cyclophosphamide-induced neu-
tropenia before peripheral blood stem cell mobilization in patients 
with multiple myeloma.35 In other clinical settings, however, pegfilgras-
tim has demonstrated superiority. Meta-analysis of five randomized 
controlled trials comparing once-daily filgrastim to single-dose pegfil-
grastim for the primary prevention of chemotherapy-induced neutro-
penia in a mixed population of patients with solid organ and 
hematologic malignancies revealed a reduction in episodes of febrile 
neutropenia with the use of pegfilgrastim.36 Primary prophylactic peg-
filgrastim has also been associated with a lower rate of hospitalization, 
both overall and neutropenia related, than has either filgrastim or 
sargramostim (GM-CSF).37 This difference may arise from the dosing 
schedule: a single dose of pegfilgrastim can provide relatively long-
lasting protection from neutropenia, whereas daily-dose regimens of 
filgrastim may be stopped early. In keeping with this hypothesis, 
patients receiving daily-dose filgrastim for fewer than 7 days had a 
higher risk of hospitalization than those receiving it for at least 7 days. 
The most recent EORTC guidelines recommend optimization of dose, 
duration, and time of initiation of therapy with any G-CSF preparation 
to best prevent febrile neutropenia but also acknowledge that pegfil-
grastim may have some advantage in terms of convenience and dura-
tion of action.15

G-CSF has been used in other neutropenic patient populations, in 
whom its benefits have been less clear. In HIV-infected patients, mild-
to-moderate neutropenia commonly occurs as a result of medications, 
opportunistic infections, and the direct impact of HIV on neutrophil 
production and function.38 Neutropenia has been associated with an 
increased risk of bacterial infections and an increase in mortality in 
the setting of culture-confirmed bloodstream infections.39 However, 
neutropenia has not been shown to increase overall mortality in HIV-
infected patients, and G-CSF has not been rigorously studied for the 
prevention of neutropenia-associated infection in patients receiving 
the current standard of antiretroviral therapy (ART).40

opportunistic bacterial and fungal infections continue to be a major 
cause of morbidity and mortality. The risk of an episode of severe 
(absolute neutrophil count < 0.5 × 103/mm3) or febrile neutropenia 
during a first cycle of chemotherapy has been estimated at 24% in the 
absence of G-CSF, and each episode of febrile neutropenia has been 
shown to carry an in-hospital mortality rate of approximately 10%.13,14 
Therefore, G-CSF has been used to both prevent and shorten febrile 
neutropenic episodes.15 G-CSF administration for primary prophy-
laxis of neutropenia has been studied in multiple patient populations. 
However, because individual randomized controlled trials (RCTs) 
enrolling patients with specific malignancies may be underpowered to 
detect any potential effect on clinically relevant outcomes such as 
mortality, most of the recent data are derived from meta-analyses  
and systematic reviews, some of which combine data from studies 
using either G-CSF or GM-CSF. A reduction in the incidence of infec-
tion when G-CSF is administered for primary prophylaxis in adult 
patients who are undergoing chemotherapy for solid tumors or lym-
phoma has been demonstrated in one such meta-analysis.16 Impor-
tantly, a reduction in both infection-related and all-cause mortality 
was also reported. However, a second meta-analysis including only 
those studies of patients with lymphoma found no reduction in mor-
tality during the chemotherapy period, although the reduction in epi-
sodes of febrile neutropenia and documented infection remained 
significant.17 Similarly, a large meta-analysis of 148 studies of a mixed 
population of adults and children undergoing chemotherapy for solid 
tumors, hematologic malignancies, or as conditioning regimens before 
hematopoietic stem cell transplantation and randomized to receive 
either primary prophylactic G-CSF/GM-CSF or placebo/no treatment 
demonstrated an overall reduction in febrile neutropenia and docu-
mented infections, but no difference in infection-related or all-cause 
mortality.18 In this analysis, the median rate of febrile neutropenia in 
patients not receiving CSF support was 44.2%, highlighting the impor-
tance of chemotherapy-induced neutropenia. This study has also been 
one of the few meta-analyses to specifically examine the effect of CSFs 
in leukemia, reporting a reduction in febrile neutropenia and docu-
mented infection in this subgroup of patients in which individual 
studies have not always shown benefit.19 Meta-analyses and systematic 
reviews of CSF use for primary prophylaxis in leukemia have been 
hampered by significant heterogeneity among included studies but 
have shown (1) reduced infection in children with acute lymphoblas-
tic leukemia (ALL) but no survival benefit and (2) a reduction in  
the duration of neutropenia and hospitalization but no reduction in  
documented infections (including bacteremias and invasive fungal 
infections) or mortality in adults with acute myelogenous leukemia 
(AML).20,21,22 A large multicenter study reported fewer sterile site bac-
terial and Clostridium difficile infections in children receiving G-CSF 
for primary prophylaxis in AML; however, mortality was not 
addressed.23 Finally, in a meta-analysis of primary prophylactic 
G-CSF/GM-CSF before neutrophil engraftment during autologous or 
allogeneic hematopoietic stem cell transplantation, CSF use was asso-
ciated with a reduction in documented infection but not infection-
related mortality.24 No increase in acute or chronic graft-versus-host 
disease was observed, although an increased incidence of both has 
been associated with G-CSF use in individual retrospective studies, 
without impact on overall survival.25

The available evidence therefore suggests that the use of CSFs for 
primary prevention in patients undergoing chemotherapy for solid 
tumors, hematologic malignancies, or as conditioning therapy before 
hematopoietic stem cell transplantation can reduce the incidence of 
febrile neutropenia and proven infections and may, in certain patient 
subgroups, reduce infection-related and all-cause mortality. An expert 
panel from the European Organisation for Research and Treatment  
of Cancer (EORTC) has recommended that the use of G-CSF as 
primary prophylaxis be reserved for adult patients with solid tumors 
or lymphoproliferative disorders receiving chemotherapy regimens 
associated with a 20% or greater risk of febrile neutropenia or for 
patients receiving chemotherapy regimens associated with a 10% to 
20% risk of febrile neutropenia who have additional risk factors that 
predispose to febrile neutropenia, including previous episodes of the 
same.15 Although the most effective and appropriate use of G-CSF in 
patients undergoing autologous or allogeneic hematopoietic stem cell 
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issues in the harvesting and administration of the granulocytes. The 
RING study (Safety and Effectiveness of Granulocyte Transfusions in 
Resolving Infection in People with Neutropenia; ClinicalTrials.gov 
identifier NCT00627393), a multicenter RCT of high-dose (≥ 4 × 1010 
cells per collection) granulocyte transfusions with an expected comple-
tion date of June 2013 should provide key information on safety and 
efficacy.

Table 48-1 provides a complete list of approved indications for 
G-CSF and other recombinant cytokines in North America and 
Europe.

Adverse Effects
G-CSF is usually well tolerated. The most common adverse effect is 
mild-to-moderate bone and/or musculoskeletal pain, which is esti-
mated to occur in at least 25% of recipients but can be controlled with 
nonsteroidal anti-inflammatory drugs (NSAIDs).1,9,60 Other commonly 
reported adverse effects include mild local erythema at injection sites, 
headache, anemia, splenomegaly, thrombocytopenia, and asymptom-
atic elevations of lactate dehydrogenase and alkaline phosphatase.  
As a result of G-CSF–induced upregulation of osteoclast activity,  
osteopenia or osteoporosis has been found in approximately one half 
of the patients who received long-term G-CSF therapy.11 More rarely, 
G-CSF has been associated with cutaneous neutrophilic vasculitis 
(Sweet’s syndrome), progression of autoimmune disorders, cancer 
chemotherapy–induced lung toxicity, severe pulmonary edema, and 
splenic rupture.9

In severe chronic neutropenia, there is a dose- and duration-
dependent association between long-term G-CSF use and the risk of 
myelodysplastic syndrome (MDS) and AML.61 The overall cumulative 
incidence of MDS/AML after 15 years of G-CSF therapy was 22% and 
increased to 34% in patients who required higher-than-usual doses of 
G-CSF. However, a causal relationship has not been demonstrated. The 

In hepatitis C virus (HCV) infection, with or without HIV 
coinfection, interferon-induced neutropenia has not been associated 
with an increased risk of bacterial infection.41,42 Although some pre-
liminary reports suggested that more patients can achieve a sustained 
virologic response (SVR) when full-dose interferon therapy is contin-
ued with G-CSF support, a systematic review that included 19 studies 
found only weak evidence for improved SVR in patients with G-CSF 
support versus interferon dose adjustment.43 A randomized trial pub-
lished after the review and hampered by low enrollment and high 
withdrawal rates did not detect a difference in SVR between HIV/HCV 
coinfected patients with interferon-induced neutropenia treated with 
G-CSF and those treated with interferon dose reduction.44 As a result, 
routine use of G-CSF is not recommended in HCV-infected patients 
with interferon-induced neutropenia.45

G-CSF has also received interest as a potential therapeutic immu-
nomodulator in a number of non-neutropenic disease states. Although 
the goal of G-CSF therapy in this patient population was to enhance 
the microbicidal activity of existing phagocytes, the clinical results 
have been largely negative. In non-neutropenic patients with severe 
community-acquired pneumonia, treatment with G-CSF in addition 
to standard antimicrobial therapy reduced neutrophil apoptosis and 
increased absolute neutrophil counts, expression of cell surface markers 
of neutrophil activation, and release of anti-inflammatory cytokines.46 
However, a systematic review of six RCTs enrolling a total of 2018 
patients with pneumonia found no reduction in 28-day mortality or 
length of stay in the intensive care unit.47

Similarly, G-CSF is of no proven benefit in non-neutropenic adults 
with sepsis. In critically ill postoperative patients, G-CSF produced 
enhanced oxidative burst activity and phagocytosis when neutrophils 
were studied ex vivo.48 However, no improved neutrophil function was 
detected after administration of G-CSF to patients with the systemic 
inflammatory response syndrome (SIRS), and no mortality benefit 
could be detected in studies of sepsis secondary to pneumonia, severe 
sepsis secondary to melioidosis, or undifferentiated septic shock.49-51,52 
In a meta-analysis of 12 RCTs evaluating non-neutropenic patients 
with sepsis who were randomized to receive either G-CSF/GM-CSF or 
placebo, administration of a colony-stimulating factor increased the 
likelihood of resolution of infection but not in-hospital or 28-day 
survival.53

In patients with diabetic foot infections, a meta-analysis of five 
small RCTs, enrolling 167 patients in total, demonstrated that G-CSF 
did not hasten resolution of infection but did lead to fewer surgical 
interventions, including amputations.54 However, disease severity 
among the enrolled patients varied greatly, from mild cellulitis to limb-
threatening osteomyelitis, and guidelines from the Infectious Diseases 
Society of America concluded that there was insufficient evidence to 
recommend the routine use of G-CSF in these patients.55

G-CSF is now an established method of mobilizing large numbers 
of CD34+ hematopoietic stem cells from bone marrow to peripheral 
blood (peripheral blood stem cells [PBSCs]) in healthy donors for use 
in hematopoietic stem cell transplantation (HSCT). The ability to 
obtain large numbers of neutrophils has rekindled interest in granulo-
cyte (neutrophil) transfusions for the treatment of serious opportunis-
tic bacterial and fungal infections in patients with neutropenia or 
inherited disorders of neutrophil function, including chronic granulo-
matous disease and leukocyte adhesion deficiency, in which G-CSF 
therapy alone is inadequate. A murine model of pulmonary aspergil-
losis during neutropenia demonstrated a significant survival benefit 
with daily granulocyte transfusions and provides the rationale for 
human studies.56 Recent evidence in both adults and children has 
largely been limited to small, single-center retrospective analyses 
without comparator groups. In such studies, granulocyte transfusions 
appear to be safe and well tolerated, with transfusion-associated fever 
and chills most commonly reported and severe adverse events such as 
acute lung injury and human leukocyte antigen (HLA) alloimmuniza-
tion less frequent.57,58 One recent RCT enrolled 74 patients with febrile 
neutropenia and pulmonary or soft tissue infiltrates (largely fungal in 
origin) but did not detect a survival benefit of granulocyte transfusions 
at either 28 or 100 days.59 Notably, however, G-CSF was administered 
to both treatment and control arms, neutrophil reconstitution was 
equivalent between groups, and the study was hampered by logistical 

TABLE 48-1  North American and European 
Approved Uses of Cytokines to Prevent or  
Treat Infection

CYTOKINE INDICATIONS
G-CSF (filgrastim) After myelosuppressive chemotherapy for 

nonmyeloid malignancies

After induction or consolidation chemotherapy for 
AML

Myeloid reconstitution after HSCT

Severe chronic neutropenia

Neutropenia in advanced HIV disease*

Pegylated G-CSF After myelosuppressive chemotherapy for 
nonmyeloid malignancies

GM-CSF (sargramostim)† After induction chemotherapy for AML in patients 
>55 yr

After transplantation of autologous PBSC

Myeloid reconstitution after autologous HSCT for 
Hodgkin’s lymphoma, non-Hodgkin’s lymphoma 
or ALL

Following allogeneic bone marrow transplantation 
from an HLA-matched related donor

HSCT failure or engraftment delay

IFN-α Treatment of chronic HBV infection

Treatment of chronic HCV infection

Treatment of condyloma acuminatum

Treatment of HIV-related Kaposi’s sarcoma

Pegylated IFN-α Treatment of chronic HCV infection

Treatment of chronic HBV infection

IFN-γ Chronic granulomatous disease

*Canada and Europe only.
†United States only.
ALL, acute lymphoblastic leukemia; AML, acute myelogenous leukemia;  

G-CSF, granulocyte colony-stimulating factor; GM-CSF, granulocyte-macrophage 
colony-stimulating factor; HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, human 
immunodeficiency virus; HLA, human leukocyte antigen; HSCT, hematopoietic stem 
cell transplantation; IFN, interferon; PBSC, peripheral blood stem cell.
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neutropenia. GM-CSF is not included in recent ESMO or EORTC 
guidelines and has limited approved indications in the United States 
(see Table 48-1).15,26

Nonetheless, like G-CSF, GM-CSF has been studied for use in non-
neutropenic patients. GM-CSF–primed monocytes from patients with 
septic shock increased their oxidative burst activity in response to 
bacterial stimuli ex vivo, as compared with untreated cells from the 
same patients.71 In patients with the systemic inflammatory response 
syndrome but without hemodynamic instability, a 72-hour course of 
GM-CSF in addition to standard therapy resulted in multilineage leu-
kocyte activation and a greater number of patients with clinical or 
microbiologic resolution of infection.72 However, GM-CSF had no 
impact on organ failure or 28-day mortality. Similarly, an RCT of a 
5-day course of GM-CSF in 18 patients with sepsis and pulmonary 
dysfunction found no difference in the incidence of acute respiratory 
distress syndrome (ARDS), extrapulmonary organ failure, or 30-day 
mortality, despite increased superoxide production by peripheral 
blood neutrophils.73 An RCT of 38 patients with severe sepsis or septic 
shock and sepsis-induced immunosuppression as defined by mono-
cytes with decreased HLA class II expression documented a shorter 
duration of mechanical ventilation and improved APACHE II scores 
with GM-CSF treatment.74 Once again, 28-day mortality was 
unchanged. Finally, when 132 critically ill patients with acute lung 
injury (ALI) or ARDS, most commonly due to sepsis and pneumonia, 
were randomized to receive either GM-CSF for 14 days or placebo, no 
difference in ventilator-free days or 28-day mortality was found 
between the groups.75 Given the small numbers of enrolled patients, 
all of these studies should be regarded as preliminary and hypothesis 
generating, and conclusions regarding the utility of GM-CSF in adults 
with sepsis should be withheld pending larger RCTs adequately 
powered to detect an impact on survival.

Similarly promising but inconclusive findings have emerged from 
studies of GM-CSF in sepsis in the pediatric population. A meta-
analysis of treatment studies using G-CSF or GM-CSF in critically ill 
neonates found no survival benefit (14-day mortality) with the addi-
tion of CSF support to standard antimicrobial therapy, except in the 
small subgroup with severe neutropenia.76 In a relatively large RCT of 
280 low-birthweight, preterm infants, a 5-day course of prophylactic 
GM-CSF started within 72 hours of birth did not reduce the incidence 
of sepsis or mortality (within 14 days or up to hospital discharge), even 
among the 21% of participants who were neutropenic.77 Finally, in a 
small study of 14 critically ill children with failure of at least three 
major organs and immunoparalysis (as defined by blunted tumor 
necrosis factor [TNF] production in response to lipopolysaccharide 
[LPS] ex vivo), patients who received GM-CSF had significantly fewer 
nosocomial infections than those who received the standard of care 
without CSF support.78

No definitive benefit to GM-CSF treatment has been found in the 
many other infectious diseases for which its use has been proposed. 
Preclinical studies suggested that GM-CSF might reverse HIV-
associated defects in neutrophil recruitment and chemotaxis, but the 
results of clinical studies have been inconsistent.79,80 Based on ex vivo 
studies that demonstrated enhanced antifungal activity in human neu-
trophils, GM-CSF has been used, both alone and in combination with 
IFN-γ, as adjunctive therapy for refractory invasive fungal infections 
in neutropenic and non-neutropenic patients.81,82 Finally, a small RCT 
of 58 patients with nontraumatic generalized peritonitis who received 
GM-CSF for 4 days in addition to protocol-specified broad-spectrum 
antimicrobial therapy for at least 5 days reported fewer infectious com-
plications in those receiving GM-CSF therapy.83

Adverse Effects
Compared with G-CSF, GM-CSF–associated toxicity in adults is more 
frequent and more severe, possibly because of stimulation of proin-
flammatory responses in monocytes/macrophages. Fever is the most 
common adverse effect, often accompanied by myalgias and malaise, 
and occurs in more than 20% of recipients.1 First-dose reactions, con-
sisting of dyspnea, hypoxemia, hypotension, tachycardia, flushing, 
musculoskeletal pain, nausea, and vomiting, have been reported in 5% 
of patients receiving GM-CSF.84 Adverse effects are more common 

risk of MDS/AML is consistent with that of other high-risk inherited 
bone marrow syndromes, and the risk appears to plateau after 10 years. 
Patients with cyclic and chronic idiopathic neutropenia are at lower 
risk of evolution to MDS/AML. Concern has also been raised about 
secondary MDS/AML in patients receiving G-CSF support during 
treatment for a primary malignancy, and caution has been advised for 
the use of G-CSF in children with ALL for this reason. In a systematic 
review of 25 RCTs enrolling patients with solid tumors or lymphoma, 
both the relative and absolute risks of MDS/AML with G-CSF use were 
statistically significant at 1.92% and 0.41%, respectively.62 Mortality, 
however, was significantly reduced in patients who had received G-CSF 
support, with relative and absolute risk reductions of 0.9% and 3.4%, 
respectively. There is currently no evidence that G-CSF is associated 
with hematologic malignancies in otherwise healthy individuals.

Granulocyte-Macrophage  
Colony-Stimulating Factor
GM-CSF is a 127-amino-acid glycoprotein that is available in various 
recombinant forms, including sargramostim (produced in yeast),  
molgramostim (produced in E. coli), and regramostim (produced in 
Chinese hamster ovary cells), which differ slightly in amino acid 
sequence and degree of glycosylation. The principal sources of endog-
enous GM-CSF are T lymphocytes, monocyte-macrophages, fibro-
blasts, and endothelial cells.1 GM-CSF raises peripheral blood counts 
and stimulates the function of neutrophils, monocytes, and eosino-
phils.1 Unlike G-CSF, GM-CSF does not play an essential role in neu-
trophil development: GM-CSF knockout mice have normal numbers 
of peripheral blood cells and bone marrow progenitors. However, 
GM-CSF knockout mice have impaired leukocyte function: they 
develop alveolar proteinosis as a result of impaired macrophage clear-
ance of surfactant and have high rates of bacterial and fungal 
pneumonia.63,64

In the United States, GM-CSF is approved for human use only as 
sargramostim and has been employed primarily as an alternative to 
G-CSF to prevent neutropenia and its infectious risks in oncology 
patients after myelosuppressive chemotherapy.1 There are no biosimilar 
agents, and sargramostim is not available in Canada or Europe. In 
healthy volunteers, GM-CSF stimulates the release of mature neutro-
phils from the bone marrow, resulting in a rise in ANC to 3.5 times 
baseline levels.65 GM-CSF also enhances the induced neutrophil oxida-
tive burst in vitro and results in eosinophilia in vivo.

Despite these findings, GM-CSF does not appear to be clinically 
equivalent to G-CSF for the prevention or treatment of neutropenia in 
patients with malignancies. After myelosuppressive chemotherapy, 
patients who received GM-CSF experienced a longer duration of neu-
tropenia (14 vs. 12 days) than did those who received G-CSF.66 In a 
mixed population of patients undergoing chemotherapy for solid 
tumors or hematologic malignancies, GM-CSF reduced the incidence 
of febrile neutropenia and documented infections, but less so than 
G-CSF.18 Neither growth factor reduced all-cause or infection-related 
mortality. Compared with G-CSF, hospitalization rates for patients 
receiving GM-CSF for the prevention of neutropenia have been vari-
ously reported to be lower (infection-related), equivalent (febrile 
neutropenia-related), or higher (neutropenic complications including 
both fever and infection) depending on the outcome studied.31,37,67 In 
a meta-analysis of patients with lymphoma, G-CSF, but not GM-CSF, 
reduced the incidence of neutropenia and documented infection; 
however, few included studies used GM-CSF exclusively.17 In patients 
post-HSCT, the population in whom GM-CSF has been most widely 
studied, GM-CSF, but not G-CSF, reduced the incidence of docu-
mented infection. Once again, however, neither reduced all-cause  
or infection-related mortality.24 Prolonged use of GM-CSF after allo-
geneic HSCT appears to confer some antitumor activity (an effect 
related to GM-CSF–mediated increases in myeloid dendritic (antigen-
presenting) cells and interleukin-12–stimulated cytotoxic T cells)  
and does not exacerbate graft-versus-host disease (GVHD).68,69 When 
used for treatment of an established episode of febrile neutropenia, 
GM-CSF, like G-CSF, does not reduce mortality.70 On balance, evi-
dence does not support the use of GM-CSF in preference to G-CSF  
for either prophylaxis or treatment of chemotherapy-associated 
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The major adverse effects of systemic IFN-α therapy are dose 
dependent and influenza like, with fever, headache, myalgias, arthral-
gias, nausea, and anorexia common. These symptoms are usually  
alleviated by pretreatment with acetaminophen or nonsteroidal anti-
inflammatory agents and generally decrease in severity over a period 
of several weeks. At higher doses, bone marrow suppression; neuro-
psychiatric effects (depression, paresthesias, or change in mental status 
most commonly); and elevated serum hepatic aminotransferase levels 
are observed. Rash and erythema at the injection site are also reported. 
Intralesional IFN-α can cause local discomfort, inflammation, and 
mild systemic effects.

Interferon-γ
Recombinant human IFN-γ is available as interferon-gamma-1b. In 
vivo, IFN-γ is produced by CD4+, CD8+, and NK cells and targets 
monocytes, macrophages, and neutrophils, as well as nonprofessional 
host defense cells such as fibroblasts, hepatocytes, astrocytes, microg-
lia, and endothelial cells.1 IFN-γ plays a critical regulatory role in 
macrophage-mediated killing and granuloma formation in response to 
important intracellular pathogens, including Mycobacterium, Leishma-
nia, Rickettsia, Legionella, and Chlamydia species.1 Mice with targeted 
disruption of either the IFN-γ or IFN-γ receptor genes have increased 
susceptibility to viruses, M. tuberculosis, Calmette-Guérin bacillus, and 
L. monocytogenes.95,96 Individuals with autoantibodies against IFN-γ 
develop an adult-onset immunodeficiency syndrome characterized  
by multiple opportunistic infections by organisms including Myco-
bacterium species (tuberculous and nontuberculous, slow and rapid 
growing), Salmonella species, Cryptococcus neoformans, and varicella-
zoster virus.97

Recombinant IFN-γ is approved by the U.S. Food and Drug Admin-
istration (FDA) for the prophylactic treatment of individuals with 
chronic granulomatous disease (see Table 48-1). In an early clinical 
trial, IFN-γ–treated patients developed significantly fewer infections 
and required fewer days of hospitalization.98 An observational study of 
76 patients with chronic granulomatous disease documented persistent 
efficacy for up to 9 years when IFN-γ was used in combination with 
prophylactic trimethoprim-sulfamethoxazole and itraconazole.99 
However, long-term use of IFN-γ may not provide added benefit to 
standard antimicrobial prophylaxis and is often limited by discontinu-
ation due to adverse events.100

Hyperimmunoglobulin E syndrome (hyper-IgE syndrome) is a 
primary (congenital) immunodeficiency syndrome most commonly 
caused by mutations in the gene encoding STAT3 and characterized by 
recurrent skin and pulmonary abscesses, pneumonia, eczema, eosino-
philia, and elevated serum IgE levels.101 Lymphocytes of patients with 
hyper-IgE syndrome have a depressed response to IL-12, resulting in 
decreased IFN-γ production after challenge with bacterial antigens.102 
On the basis of these observations, a small, uncontrolled trial was per-
formed, and it suggested possible improvement in the clinical course 
of hyper-IgE patients when treated with systemic IFN-γ therapy.103

IFN-γ has also been administered as adjunctive therapy for infec-
tions caused by intracellular pathogens in patients without immuno-
deficiency. Administration of IFN-γ with pentavalent antimony in 
visceral leishmaniasis was reported to significantly improve the 
response rate compared with historical control groups treated with 
pentavalent antimony alone.104 However, a prospective RCT of a 30-day 
course of pentavalent antimony, with or without adjunctive IFN-γ, 
failed to demonstrate any treatment benefit for the combination 
therapy.105 Adjunctive IFN-γ has also been reported to be effective for 
treatment of cutaneous leishmaniasis when combined with pentavalent 
antimony.106 When administered in lepromatous leprosy, IFN-γ has 
been shown to increase the macrophage response to Mycobacterium 
leprae and to enhance clearance of mycobacteria from skin.107 However, 
a small RCT involving 21 patients with multibacillary leprosy failed to 
show a significant beneficial effect on clinical or microbiologic out-
comes when IFN-γ was added to standard multidrug therapy.108

When administered as adjunctive therapy to HIV-infected patients 
with disseminated Mycobacterium avium complex infection, systemic 
IFN-γ therapy decreased mycobacterial load.109 A study of HIV-
negative patients with atypical mycobacterial infection of the lungs 

when GM-CSF is administered intravenously and with doses greater 
than 3 µg/kg. High doses (20 µg/kg/day) of GM-CSF have been 
reported to cause a generalized capillary leak syndrome.

Macrophage Colony-Stimulating Factor
M-CSF is a glycoprotein that was first cloned and produced in recom-
binant form in 1985. It is produced endogenously by monocyte-
macrophages, fibroblasts, and endothelial cells. M-CSF acts specifically 
on cells of the monocyte-macrophage lineage to stimulate their pro-
duction and enhance their functional activity.1 Clinical experience 
with M-CSF has been limited, and it is not currently approved for 
human use.

INTERFERONS
IFNs are a class of cytokines distinguished by their intrinsic antiviral 
properties but produced in response to a variety of stimuli, including 
intracellular pathogens and bacterial toxins. IFNs play complex, pivotal 
roles in the host immune response, often augmenting the effects of 
other cytokines. Via JAK-STAT and other intracellular signaling path-
ways, IFNs act on T cells, natural killer (NK) cells, monocytes, macro-
phages, and dendritic cells to regulate apoptotic and antiapoptotic 
genes, influence cell-surface receptor expression, and activate virus-
specific genes.85

There are three main classes of IFNs with clinical applications: 
IFN-α and IFN-β (type I IFNs) are produced primarily by leukocytes 
and fibroblasts, respectively; IFN-γ (type II IFN) is produced by NK 
cells and T lymphocytes. Whereas IFN-α and IFN-β are primarily 
antiviral interferons, IFN-γ activates macrophages and contributes to 
host defense against intracellular pathogens.

Interferon-α
The antiviral activity of IFN-α is discussed in Chapter 4. The term 
IFN-α actually refers to a class of molecules, of which there are 12 
subtypes. Currently, IFN-α is available for clinical use as recombinant 
interferon-alfa-2a and interferon-alfa-2b, which differ by a single 
amino acid; interferon-alfa-n3, which is a mixture of subtypes of 
IFN-α purified from human leukocytes; and interferon-alfacon-1, a 
bioengineered form of IFN-α based on a “consensus” amino acid 
sequence of the most common forms of naturally occurring IFN-α. 
Pegylated forms of interferon-alfa-2a and interferon-alfa-2b have 
extended biologic half-lives.

IFN-α is most widely used as treatment for chronic hepatitis B and 
C virus infections (see Chapters 119, 148, and 156); however, it is also 
an effective therapy for various manifestations of human papillomavi-
rus infection, including condyloma acuminata (genital warts) and 
recurrent respiratory papillomatosis.86,87

As an immunomodulatory agent, IFN-α has been studied as an 
adjunct to conventional antimicrobial agents. A combination of topical 
trifluorothymidine and IFN-α was reported to be effective in three 
HIV-infected individuals with refractory cutaneous herpes simplex 
virus infection, and combined use of IFN-α with foscarnet was report-
edly successful in treating a single case of severe acyclovir-resistant 
perianal herpes simplex virus infection in an individual with advanced 
HIV disease.88,89 In virologically suppressed patients with HIV on ART, 
fewer patients who received pegylated IFN-α-2a had virologic failure 
when ART was subsequently stopped for 12 weeks than did historical 
control subjects.90 In a phase II, multicenter RCT of 259 patients with 
HIV who were failing current ART therapy (based on a detectable and 
increasing viral load), pegylated IFN-α-2b administered subcutane-
ously and once weekly for 4 weeks resulted in a significant decrease in 
plasma HIV RNA levels (mean 0.53 log10 copies/mL) despite an 
unchanged ART regimen.91 CD4+ T cell counts were also unchanged, 
but 15% of patients discontinued IFN therapy due to adverse events. 
IFN-α appears to have few long-term adverse effects on chronic HIV 
infection, and pegylated IFNs, both alfa-2a and alfa-2b, are used in 
combination with ribavirin for the treatment of HCV in HIV-infected 
individuals.92 Finally, preliminary studies have suggested that IFN-α 
may have clinical benefit in human T-cell lymphotropic virus (HTLV)-
1-associated myelopathy and pulmonary tuberculosis, the latter in 
combination with standard antimycobacterial therapy.93,94
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for treatment of metastatic renal cell carcinoma and melanoma and is 
available under the generic name of aldesleukin.

Impaired IL-2 production and reduced TH17 cells have been linked 
to clinical progression in HIV disease, while the role of Tregs in HIV 
(deleterious if HIV-specific immune responses are diminished but 
beneficial if HIV-induced chronic immune activation is diminished) 
is less clear.122 Although IL-2 was proposed as adjunctive therapy in 
HIV, its pleiotropic effects on the immune system, both proinflamma-
tory and anti-inflammatory, made its impact on HIV infection difficult 
to predict. Two large trials were conducted to settle the issue: the first 
(Subcutaneous IL-2 in HIV Infected Subjects with Low CD4 Counts 
under Active Antiretroviral Therapy [SILCAAT]) in 1695 patients with 
HIV and CD4+ cell counts between 50 and 299 cells/mm3 and the 
second (Evaluation of Subcutaneous Proleukin in a Randomized Inter-
national Trial [ESPRIT]) in 4111 patients with HIV and CD4+ cells 
counts greater than or equal to 300 cells/mm3.123 In both, participants 
were randomized to receive ART alone or ART plus IL-2, the latter on 
5 consecutive days every 8 weeks with trial-specific doses and dura-
tions: 4.5 million IU of IL-2 twice daily for six cycles in SILCAAT and 
7.5 million IU twice daily for three cycles in ESPRIT. Despite signifi-
cant and sustained increases in CD4+ T cell counts in both studies, the 
addition of IL-2 to standard ART did not change the risk of opportu-
nistic disease, grade 4 clinical events, or death. Furthermore, receipt  
of IL-2 within 180 days appeared to increase the risk of bacterial  
pneumonia.124 On the basis of these results, a third randomized trial 
(The Study of Aldesleukin With and without Antiretroviral Therapy 
[STALWART]) was halted. Preliminary results, however, demonstrated 
that in antiretroviral-naive patients with CD4+ cell counts greater than 
or equal to 300 cells/mm3, IL-2 alone or with intermittent ART 
increased CD4+ cell counts (and therefore delayed the initiation of 
continuous ART), but was associated with numerically more opportu-
nistic diseases.125 IL-2 has also been studied in patients with tubercu-
losis, hepatitis C, and HCV/HIV coinfection, with similarly negative 
results.126-128

Interleukin-7
Similar to IL-2 (with whom it shares the γ chain [γc] of its receptor), 
IL-7 plays a key role in leukocyte development, most critically for T 
cells, but also for B and NK cells.129 Secreted constitutively and at low 
levels by stromal cells, IL-7 provides continuous survival signals to T 
cells under normal conditions and is markedly increased during 
periods of lymphopenia, most notably in inverse proportion to levels 
of CD4+ T cells. Recombinant human IL-7 is not yet commercially 
available, but a glycosylated version produced in a Chinese hamster 
ovary cell culture system is being employed in phase I and II clinical 
trials (CYT107). In phase I trials, IL-7 produced a dose-dependent 
increase in CD4+ and CD8+ T cells, particularly naive and central 
memory T cells, and enhanced the T cell receptor repertoire but did 
not expand the CD4+CD25+FoxP3+ Treg population.130 This latter obser-
vation suggests that IL-7 might be employed as an immune stimulant 
without the confounding enhancement of Tregs that may have compro-
mised the clinical utility of IL-2.

IL-7 has been studied as an immunomodulatory therapy in HIV.  
In a simian immunodeficiency virus (SIV)-macaque model, IL-7  
was protective against an acute decline in CD4+ T cells.131 In HIV-
infected individuals receiving ART, IL-7 therapy increased CD4+ and 
CD8+ T cells, albeit with transient increases in viral load in some 
patients.132 A second RCT confirmed these results and documented a 
sustained increase in CD4+ T cells up to 9 months after IL-7 adminis-
tration.133 Importantly, this study was conducted in patients considered 
poor or nonresponders to ART on the basis of CD4+ T cell counts of 
101 to 400 cells/mm3 despite more than 1 year of therapy. Large-scale 
RCTs are necessary to demonstrate that IL-7-induced increases in 
CD4+ cell counts translate into clinical improvements in morbidity or 
mortality.

Interleukin-10
Endogenous IL-10 is produced primarily by T cells and acts to sup-
press the functional activity of macrophages. A clinical trial examin-
ing recombinant human IL-10 in HIV failed to demonstrate a 
beneficial effect on plasma viral load or CD4+ cell counts, and current 

reported significant clinical improvement, persisting for 12 months 
after completion of therapy, when a 5-month course of IFN-γ was 
combined with standard antimycobacterial therapy.110 An aerosolized 
form of IFN-γ has been used successfully in patients with antimicrobial-
refractory atypical mycobacterial infection of the lungs and in patients 
with pulmonary tuberculosis.111,112 In a meta-analysis of studies of 
adjunctive IFN-γ for the treatment of tuberculosis, the aerosolized 
form was associated with significantly higher rates of sputum clearance 
both at 1 month and at the end of treatment as compared with standard 
therapy alone.113 Chest radiograph improvement was also more likely 
in the IFN-γ-treated group. None of the included studies were of high 
methodologic quality, however.

Many recent studies have focused on the potential utility of IFN-γ 
for the treatment of invasive fungal infections. An RCT of two doses 
of adjunctive IFN-γ for the treatment of HIV-associated cryptococcal 
meningitis demonstrated significantly faster fungal clearance of the 
CSF with IFN-γ therapy versus amphotericin and 5FC alone.114 There 
was no difference in mortality or adverse events between the groups. 
Published case reports document the successful use of IFN-γ, in com-
bination with G-CSF, GM-CSF, or granulocyte transfusions to treat or 
stabilize refractory invasive fungal infections in patients with leukemia 
or persistent and prolonged neutropenia.115,116 IFN-γ was also reported 
to be safe and well tolerated when used in combination with standard 
antifungal therapy to successfully treat disseminated fungal infections 
in seven renal transplant patients.117

Adverse effects of systemic IFN-γ administration include fever, 
myalgias, and headache, which occur in 15% to 50% of treated indi-
viduals. Although IFN-γ–associated influenza-like symptoms are typi-
cally mild, decrease over time, and can usually be managed with 
prophylactic antipyretics, these adverse effects are largely avoided if 
IFN-γ is administered via inhalation.1 Although reversible neutropenia 
can occur, clinically significant hematologic abnormalities are infre-
quent, even in patients who have received IFN-γ therapy for years.1 
IFN-γ may exacerbate multiple sclerosis; therefore, caution should be 
exercised when using systemic IFN-γ therapy in patients with nonin-
fectious inflammatory diseases. In addition, concern persists regarding 
the possibility of exacerbating GVHD if IFN-γ is administered to allo-
geneic HSCT recipients. Further study is necessary to document the 
safety of IFN-γ in this particular patient population.

INTERLEUKINS
Interleukin-1
Clinical interest in IL-1 has focused primarily on strategies to block its 
proinflammatory activity in rheumatologic diseases such as rheuma-
toid arthritis, inflammatory bowel disease, adult-onset Still’s disease, 
and the autoinflammatory periodic fever syndromes. An IL-1 receptor 
antagonist (anakinra) was studied as a treatment for severe sepsis but 
found to be ineffective. Current interest is focused on upstream media-
tors, such as caspase-1, a component of the inflammasome and the 
enzyme responsible for cleaving pre-IL-1β into its active form. In a 
murine model of E. coli sepsis, caspase-1 knockout mice were protected 
from sepsis-related mortality, while caspase-1 activity was markedly 
reduced in 92 septic patients and 5 healthy volunteers within 2 hours 
of experimental endotoxin challenge.118,119 As with many of the cyto-
kines studied in sepsis, the effect of any therapeutic inhibitor may 
depend heavily on whether it is administered during the initial proin-
flammatory phase or the later CARS (compensatory anti-inflammatory 
response syndrome) or immunoparalytic phase.

Interleukin-2
IL-2 plays an important role in the proliferation, differentiation, and 
activation of lymphocytes and, in particular, promotes the develop-
ment of CD4+CD25+FoxP3+ T-regulatory cells (Tregs), and inhibits dif-
ferentiation of TH17 and follicular helper T cells.120 By doing so, IL-2 
can effectively limit or downregulate the immune response. However, 
IL-2 can also exert proinflammatory effects, by inducing the produc-
tion of other proinflammatory cytokines, stimulating the proliferation 
of activated B cells, and enhancing the activity of NK cells and cyto-
toxic T lymphocytes.121 As a result, IL-2 has gained interest as an 
immunomodulatory molecule for the treatment of various infectious 
diseases. Recombinant human IL-2 was approved by the FDA in 1992 
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antibody (pagibaximab) are awaited.149 IVIG has also been employed 
for treatment of infection in neonates. In a landmark multicenter, 
placebo-controlled, randomized trial enrolling 3493 neonates with sus-
pected or proven infection, the majority of whom had low birth weight, 
two weight-based infusions of IVIG failed to impact the incidence of 
sepsis (secondary outcome) or death/major disability at 2 years 
(primary outcome).150 In adults with established sepsis, the results of 
individual trials and meta-analyses of trials of high methodologic 
quality have likewise failed to show clear benefit of IVIG on morbidity 
or mortality.151,152 Although IgM- and IgA-enriched immunoglobulins 
have been proposed as adjunctive therapies in sepsis, insufficient data 
support their use at present.153

In toxic shock syndromes, exotoxins such as streptococcal pyro-
genic exotoxin A and toxic shock syndrome toxin-1 play key patho-
physiologic roles as superantigens. In vitro studies demonstrating the 
ability of pooled immunoglobulin to rapidly neutralize these exotoxins 
suggest a potential role for IVIG therapy in clinical management (see 
Chapters 196 and 199).154 However, a randomized, double-blind, 
placebo-controlled trial investigating IVIG therapy in adults with 
streptococcal toxic shock syndrome was prematurely terminated 
because of poor patient enrollment and failed to demonstrate a statisti-
cally significant benefit of IVIG therapy.155 A retrospective cohort study 
of children with streptococcal toxic shock syndrome found no survival 
benefit in those patients who received IVIG, but both overall numbers 
and mortality were low.156 Although high-dose IVIG has also been 
proposed as a surgery-sparing modality in severe group A streptococ-
cal skin and soft tissue infections, controlled clinical trials have not 
been performed.157

IVIG has been studied for host antibody replacement and immu-
nomodulation after HSCT. Results from individual studies were  
contradictory, but a large systematic review and meta-analysis ulti-
mately found no impact of IVIG on infection or mortality.158 There 
are also case reports of both prophylactic and therapeutic IVIG use in 
West Nile virus (WNV) infection, primarily in immunosuppressed 
patients.159,160 Because efficacy is likely to be influenced by anti-WNV 
titers in the IVIG preparation, it should be noted that titers in U.S.-
derived IVIG products are low but increasing, and a high-titer prepara-
tion derived from Israeli donors is available.161,162

Adverse effects of IVIG are common and include headache, myal-
gias, arthralgias, fatigue, and malaise, all or some of which may be 
alleviated by slowing the infusion rate.163 Transient acute renal insuf-
ficiency can occur, and arterial and venous thrombotic events are being 
recognized with increasing frequency. Because of the risk of anaphy-
laxis due to the possible presence of anti-IgA antibodies, IVIG is con-
traindicated in individuals with selective IgA deficiency. Rarely, 
administration of IVIG is associated with hypotension, fever, diapho-
resis, and chest tightness, especially when the recommended rate of 
infusion is exceeded, and in patients with primary immunodeficiency 
who have not received previous or recent infusions. Aseptic meningitis 
has also been reported.

Cytomegalovirus hyperimmune globulin (CMVIG) has likewise 
been used for both prevention and treatment of disease, primarily in 
solid organ transplant and HSCT recipients. In a meta-analysis of 12 
studies enrolling kidney, liver, heart, and lung transplant recipients, 
CMVIG did not reduce the risk of symptomatic CMV disease nor of 
CMV infection when compared with placebo.164 In adults, but not 
children, prophylactic CMVIG plus ganciclovir reduced the incidence 
of CMV disease, mortality, and brochiolitis obliterans syndrome in 
high-risk (D+/R−, D+/R+) lung transplant recipients.165,166 CMVIG is 
FDA approved for CMV prophylaxis after solid organ transplantation 
in combination with ganciclovir; however, ganciclovir monotherapy is 
more often used for this indication. CMVIG has also been administered 
to pregnant women for the prevention of congenital CMV disease.167

In C. difficile infection (CDI), an antibody response against toxin 
A is protective against recurrent disease.168 IVIG products contain 
antitoxin A IgG and therefore have been proposed as adjunctive 
therapy for CDI.169 Results from small, nonrandomized studies have 
been inconsistent, and no RCTs have been published to date.170,171 The 
best evidence for antibody therapy in CDI comes from the use of 
humanized antitoxin A and B monoclonal antibodies, which reduced 
overall recurrence rates during a 3-month follow-up period in patients 

studies of IL-10 or IL-10 receptor blockade are all in the preclinical 
phase.134

Interleukin-12
IL-12 is produced primarily by macrophages, dendritic cells, and B 
lymphocytes and regulates activation, IFN-γ production, and cytotox-
icity of T cells and NK cells.135 IL-12 appears to play a critical role in 
defense against intracellular pathogens, particularly Mycobacterium 
species, and has been studied for the treatment of nontuberculous 
mycobacterial infection, although the findings have yet to be pub-
lished. In chronic HBV and HCV infections, IL-12 has proved clini-
cally ineffective, and in HCV-infected patients it may be associated 
with serious toxicity, including fulminant liver failure.136,137 Phase I 
trials of IL-12 therapy in HIV-infected patients have likewise not 
shown positive treatment effects.138

IMMUNOGLOBULINS AND 
MONOCLONAL ANTIBODIES
Commercially available preparations of immunoglobulin (immune 
globulin) are available for intravenous, subcutaneous, and intramuscu-
lar use. Intravenous immune globulin (IVIG) has been used for the 
treatment of primary and secondary antibody deficiencies for more 
than 25 years.139 Currently, there are several “nonspecific” pooled IgG 
products available and a number of other hyperimmune IgG prepara-
tions for passive immunization against specific infectious diseases. 
Pooled IVIG products are prepared from plasma obtained from thou-
sands of donors per lot and contain more than 90% intact IgG with 
normal ratios of IgG subclasses. Although variable in terms of the 
protocol used to isolate IgG and the additives used for stabilization, 
they are believed to be therapeutically equivalent for most clinical situ-
ations.139 In the past, IVIG has transmitted HCV infection; however, 
viral inactivation procedures are now required in the production of all 
IVIG products, and input plasma is screened by minipool nucleic acid 
testing (NAT) for HBV, HCV, and HIV.140,141

One of the oldest uses of immunoglobulin therapy is to provide 
specific antibodies that are lacking in the recipient. Intramuscular IgG 
has traditionally been used to prevent hepatitis A in travelers and 
measles in selected patients. Intramuscular hyperimmune (high spe-
cific titer) IgG preparations are available for passive prophylaxis and 
treatment of a number of infectious diseases, including hepatitis B, 
varicella, rabies, and tetanus. IVIG therapy represents the cornerstone 
of treatment strategies for a number of primary immunodeficiency 
disorders, including X-linked agammaglobulinemia, severe combined 
immunodeficiency, hyper-IgM syndrome, Wiskott-Aldrich syndrome, 
and common variable immunodeficiencies (CVIDs), in which pneu-
monia and other invasive bacterial infections are significantly reduced 
by immunoglobulin replacement therapy.142

Despite normal or even elevated immunoglobulin levels, infants 
and young children with HIV infection often have depressed antibody 
responses and an associated increased incidence of bacterial and viral 
infections. Infants and children with advanced HIV disease were 
shown to benefit from IVIG alone (in the pre-antiretroviral era) or in 
combination with zidovudine.143 Since that time, however, a double-
blind, crossover study of children with HIV disease well controlled on 
combination ART found that discontinuation of IVIG prophylaxis was 
safe in the short term.144 In addition, a retrospective cohort study 
reported no benefit for IVIG use in the treatment of acute bacterial 
infections in the same patient population.145 An HIV hyperimmune 
globulin product has been studied as adjunctive therapy administered 
with, and compared to, single-dose nevirapine in HIV-infected preg-
nant women and their newborns in Uganda. The addition of HIV 
hyperimmune globulin to standard nevirapine therapy was associated 
with an increased rate of HIV infection in neonates that was statisti-
cally significant at 2 weeks but not at 6 months. This study confirmed 
the negative results of a much earlier study of HIV hyperimmune 
globulin in a non–breast-feeding American cohort.146,147

In preterm or low-birth-weight infants, prophylaxis with IVIG 
yielded only a small reduction in the incidence of infection and did 
not impact mortality.148 Similar results were obtained in studies of 
polyclonal antistaphylococcal immune globulin in this population; 
clinical trials of a human chimeric monoclonal antistaphylococcal 
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oxygenation and decreases the incidence of respiratory failure and 
mortality (see Chapters 125, 131, and 271).179

Adjunctive glucocorticosteroid therapy has also been employed to 
dampen the damaging host inflammatory response in extrapulmonary 
tuberculosis (TB) and in paradoxical reactions to appropriate antimy-
cobacterial therapy. A landmark RCT of adjunctive steroids for the 
management of tuberculous meningitis in individuals older than the 
age of 14 years demonstrated that patients who received steroids in 
combination with antituberculous therapy had a reduced risk of death 
versus those who received antituberculous therapy alone.180 A subse-
quent systematic review of seven RCTs, enrolling a total of 1140 par-
ticipants, confirmed this survival benefit and, in addition, found a 
reduced risk of disabling neurologic deficit in HIV-negative patients 
who received adjunctive steroids in combination with antituberculous 
therapy.181 Although the authors concluded that there was insufficient 
evidence on adjunctive steroid therapy in tuberculous meningitis in 
HIV-infected individuals, current guidelines recommend its use.182 
Relatively small clinical trials suggest that adjunctive glucocorticoste-
roid therapy may also reduce morbidity and mortality in tuberculous 
pericarditis (see Chapters 86 and 251) and tuberculous peritonitis, and 
a large trial is currently under way to confirm the former.183-185 A sys-
tematic review of studies of adjunctive steroid therapy for prevention 
of morbidity or mortality as a result of inflammatory complications of 
pulmonary TB, including tuberculous pleurisy and pleural effusion, 
concluded that there was insufficient high-quality evidence to support 
routine use in this context (see Chapters 70 and 251).186

In 1988 a pivotal study was reported in which adjunctive dexa-
methasone treatment significantly decreased sensorineural hearing 
loss in infants and children with Haemophilus influenzae meningitis.187 
In 2002 a prospective, randomized, double-blind, multicenter trial 
showed that early treatment with dexamethasone (10 mg administered 
15 to 20 minutes before or with the first dose of antibiotics, followed 
by 10 mg every 6 hours for 4 days) reduced mortality and improved 
overall clinical outcome in adults with acute bacterial meningitis, par-
ticularly pneumococcal meningitis.188 On the basis of this evidence, 
adjunctive dexamethasone administered with the first dose of empiric 
antimicrobial therapy has become the standard of care in adults with 
suspected bacterial meningitis in high-income countries. A subse-
quent meta-analysis reported less hearing loss and short-term neuro-
logic sequelae, but not deaths, among recipients of dexamethasone  
in high-income countries but no benefit to adjuvant dexamethasone  
in resource-poor countries.189 It is important to note that one of 
the studies that contributed the greatest number of patients to the 
resource-poor group was conducted in a population significantly dif-
ferent from that of studies in high-income countries, with 90% HIV 
infection and frequently delayed presentation to hospital.190 Glucocor-
ticosteroid therapy is also indicated for symptom relief in eosinophilic 
meningitis caused by helminths such as Angiostrongylus cantonensis 
and Gnathostoma spinigerum but is of no benefit in treating cerebral 
malaria.191,192

Glucocorticosteroids were also the first immunomodulatory agents 
studied in patients with sepsis. Although trials of high-dose glucocor-
ticosteroid therapy demonstrated no benefit, low-dose hydrocortisone 
and fludrocortisone were recommended for patients with adrenal 
insufficiency by cosyntropin test on the basis of a landmark RCT in 
which the regimen reduced 28-day mortality.193 A second, equally 
important RCT in 499 patients with septic shock, 47% of whom did 
not have a response to the cosyntropin test, found no difference in 
28-day mortality overall or in the predefined subgroup with adrenal 
insufficiency among patients who received hydrocortisone (50 mg IV 
every 6 hours for 5 days followed by a 6-day tapering dose) or placebo.194 
The apparently contrasting results of these studies have been attributed 
to methodologic issues, including different steroid regimens and 
changing enrollment criteria; to the frequent use of etomidate (which 
can reduce responsiveness to cosyntropin) to facilitate intubation; and 
to the suboptimal ability of the cosyntropin stimulation test to predict 
true adrenal insufficiency.195 As a result, international consensus guide-
lines from the Surviving Sepsis campaign continue to recommend 
adjunctive hydrocortisone (200 mg/day continuous infusion with 
taper once vasopressors are not required) in patients with septic shock 
unresponsive to fluid resuscitation and vasopressor therapy, without 

who received the antibodies as a single infusion in combination with 
standard antimicrobial therapy.172

Other pathogen-specific monoclonal antibodies may eventually 
supplant nonspecific IVIG and even hyperimmune globulin prepara-
tions for the treatment of specific pathogens. Although a number of 
pathogen-directed monoclonal antibodies are currently in develop-
ment, the most well established is palivizumab, the first FDA-approved 
humanized monoclonal antibody, which replaced high-titered human 
polyclonal respiratory syncytial virus (RSV) IVIG for prophylaxis of 
RSV infections in high-risk infants and children. Rather than reducing 
RSV infection rates, monthly intramuscular administration of palivi-
zumab (15 mg/kg) reduces the severity of infection, resulting in fewer 
hospitalizations in treated children.173 Currently, palivizumab is rec-
ommended for RSV prophylaxis for infants and children younger than 
2 years old with chronic lung disease of prematurity, congenital heart 
disease, or birth before 32 weeks’ gestational age, and it is administered 
in five monthly doses (three if the only risk factor is birth between 32 
and 35 weeks’ gestational age) during RSV season (e.g., November 
through March in the Northern Hemisphere).174 Although not yet 
approved for clinical use in North America or Europe, motavizumab, 
a monoclonal antibody with more potent RSV neutralization capabili-
ties than palivizumab, appears to be at least clinically noninferior to 
palivizumab and is undergoing further study.175 At the current time, 
palivizumab has no proven role in the prevention of RSV infection or 
disease in the adult population.

Eculizumab is a humanized monoclonal antibody that binds to  
C5 of the complement system and prevents its cleavage by C5 conver-
tases into C5a, a potent anaphylatoxin that can mediate degranulation 
and phagocytosis by neutrophils, and C5b, a terminal complement 
component and part of the membrane attack complex responsible for 
cytolysis.176 Eculizumab is currently approved in North America and 
Europe for the treatment of paroxysmal nocturnal hemoglobinuria 
(PNH) and atypical (without diarrhea or Shiga toxin–producing E. coli 
[STEC] infection) hemolytic-uremic syndrome (HUS) but is accom-
panied by a boxed warning regarding the risk of serious infections with 
encapsulated bacteria. Vaccination against Neisseria meningitidis at 
least 2 weeks before starting therapy is required, and vaccination 
against Streptococcus pneumoniae and Haemophilus influenzae as per 
national guidelines is recommended. During the 2011 outbreak of 
Shiga toxin–producing E. coli O104:H4 infection in Germany, eculi-
zumab therapy was employed for the first time in the treatment of 
typical, diarrhea-positive, STEC-associated HUS.177 Administration of 
eculizumab was not randomized, but when compared with a control 
group matched for severity of HUS, 67 patients who received eculi-
zumab (40% in combination with plasmapheresis) experienced the 
same rates of dialysis, mechanical ventilation, seizures, and death.  
Of note, patients in this study received azithromycin for 14 days  
as prophylaxis against meningococcal disease. In a retrospective  
nonrandomized, nonmatched registry analysis of 491 patients with 
HUS from the same outbreak, eculizumab combined with plasma 
exchange did not reduce seizures, need for dialysis, or mortality when 
compared with plasma exchange or best supportive care alone.178 Data 
from 198 patients who received eculizumab as part of an industry-
sponsored open-label trial are still awaited, but accumulated evidence 
thus far suggests that eculizumab has no role in the treatment of STEC-
induced HUS.

GLUCOCORTICOSTEROIDS
Glucocorticosteroids have prominent anti-inflammatory effects and 
are employed to contain an overactive host immune response that is 
contributing to the pathology of an infection. Glucocorticosteroids 
have proved beneficial to overall clinical outcome when combined with 
effective antimicrobial therapy in Pneumocystis jirovecii (formerly P. 
carinii; PCP) pneumonia in HIV-infected individuals, some forms of 
extrapulmonary tuberculosis, and bacterial meningitis. They are rec-
ommended for selected patients with sepsis and have been studied with 
varying effect in other infectious disease syndromes.

In HIV-infected individuals with PCP and moderate-to-severe 
hypoxia (arterial Po2 < 70 mm Hg), clinical studies have conclusively 
demonstrated that initiation of glucocorticosteroid therapy within  
72 hours after initiation of antibiotics significantly increases arterial 
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regarding statin use and the risk of infection, sepsis, or infection-
related mortality. The early literature has been summarized in multiple 
systematic reviews, which reported that statins may be useful for the 
prevention and treatment of a variety of infections, but that significant 
heterogeneity among included studies hampered firm conclusions.206,207 
Since that time, only two randomized, double-blind, placebo-controlled 
trials have been undertaken. In the first, 83 patients with suspected or 
proven bacterial infection were randomized to receive simvastatin or 
placebo on admission to hospital. No between-group difference in the 
risk of progression to severe sepsis was found.208 In the second, 150 
patients with sepsis and preadmission statin use were randomized to 
statin continuation or replacement with placebo.209 No difference was 
detected between the groups in either progression to severe sepsis or 
mortality. Likewise, a retrospective cohort study of 2139 bacteremic 
patients reported no impact of prehospital statin use on survival after 
a propensity-matched analysis was performed to account for differ-
ences in clinical characteristics between the groups at baseline.210 In 
multiple other nonrandomized retrospective and prospective studies, 
adequate adjustment for confounding variables in statin users elimi-
nated between-group differences in clinical outcome. At the current 
time, therefore, there is no evidence to support the initiation of statin 
therapy to either prevent or treat sepsis.

Although not currently approved for clinical use in North America 
or Europe, thymosin-α1, produced by the thymus and capable of induc-
ing expression of IL-1, IL-2, IFN-α, and IFN-γ, has also been proposed 
as immunomodulatory therapy for sepsis. In a multicenter, random-
ized, single-blind, placebo-controlled trial of 361 critically ill patients 
with severe sepsis, those who received a 5-day course of thymosin-α1 
had a significantly lower rate of in-hospital, but not 28-day, mortal-
ity.211 Eritoran, a synthetic molecule that prevents toll receptor (MD2-
TLR4) signaling by gram-negative lipopolysaccharide and a putative 
immunomodulator, also failed to demonstrate a reduction in 28-day 
mortality when it was studied in a randomized, double-blind, placebo-
controlled, multicenter trial conducted in 1961 patients with severe 
sepsis.212

Mesenchymal stromal (stem) cell (MSC) therapy is a promising 
candidate for immunomodulation in sepsis. MSCs are immune-
privileged progenitor cells that can differentiate into multiple stromal 
or supporting cell types, produce a wide variety of cytokines and che-
mokines that influence immune cell maturation and function, and 
respond in vivo to proinflammatory stimuli.213,214 In animal models of 
sepsis, intravenous administration of MSCs increases bacterial clear-
ance through enhanced phagocytic activity and reduces mortality.215 In 
addition, MSCs have already been studied for the treatment of a variety 
of cardiovascular diseases, as well as graft-versus-host disease, and are 
found to be safe for intravascular administration to humans.216 A 
Canadian Institutes of Health Research (CIHR)-sponsored phase I trial 
is currently under way using allogeneic MSCs from healthy donors for 
the treatment of sepsis.

OTHER IMMUNOMODULATORY 
AGENTS
Imiquimod is a Toll-like receptor 7 agonist that upregulates IFN-α, 
IFN-γ, TNF, and IL-12. It is available as a cream in multiple strengths 
and is approved for topical treatment of external genital and perianal 
condyloma acuminata. Multicenter, double-blind, vehicle-controlled 
trials have demonstrated that topical imiquimod effectively clears warts 
in both immunocompetent and HIV-infected individuals.217 Imiqui-
mod has been shown to induce either complete remission or histologic 
regression of high-grade human papillomavirus-induced cervical 
intraepithelial neoplasia or vaginal intraepithelial neoplasia and has 
also been used successfully in acyclovir-resistant anogenital herpes 
simplex virus infections in immunocompromised individuals.218-220

Pentoxifylline and a related compound, lisofylline, are methylxan-
thine derivatives that have been shown to inhibit the production and 
effects of TNF. Both have been used for the prevention and treatment 
of infectious diseases with mostly negative results. The sole exceptions 
are the use of pentoxifylline to reduce mortality in septic infants and 
to speed healing in combination with pentavalent antimony in adults 
with mucosal leishmaniasis.221,222 At this time, both drugs remain 
investigational anti-infective agents.

an attempt to predict benefit on the basis of the cosyntropin stimula-
tion test.153 An exception to the rule against high-dose steroid therapy 
may be typhoid fever, in which mortality was reduced approximately 
50% by chloramphenicol plus high-dose dexamethasone (3 mg/kg fol-
lowed by 1 mg/kg every 6 hours for eight doses) in a randomized, 
double-blind, placebo-controlled trial.196 No trials have been con-
ducted in the era of modern antimicrobial therapy.

Soon after initiation of highly active antiviral therapy for treatment 
of HIV infection, patients may experience the immune reconstitution 
inflammatory syndrome (IRIS), a paradoxical clinical deterioration 
due to restoration of immune responses against preexisting infectious 
antigens. Glucocorticosteroids were often used anecdotally in IRIS for 
their anti-inflammatory properties, although high-quality evidence for 
this practice was initially lacking. Subsequently, a randomized, placebo-
controlled trial was conducted in 110 patients in South Africa receiving 
treatment for HIV and TB who presented with new or recurrent TB 
symptoms and at least one of the following: infiltrate on chest radio-
graph, cold abscess, enlarging lymph node(s), or serous effusion.197 In 
this population, a 4-week course of weight-based prednisone therapy 
reduced days of hospitalization and improved symptoms in the 
short term, with an increased risk of minor infections (mucosal can-
didiasis or herpes simplex). Glucocorticosteroid therapy in addition to 
amphotericin B is recommended in the treatment of severe cryptococ-
cal meningitis complicated by IRIS.198 In other opportunistic infec-
tions, in the absence of high-quality evidence, the decision to use 
steroid therapy should be individualized.182

In contrast, steroid therapy is recommended to reduce the inflam-
matory sequelae of certain infections even in immunocompetent 
patients. It is common practice in severe type 1 (reversal) and type 2 
(erythema nodosum leprosum) reactions to administer glucocortico-
steroids to prevent nerve damage in patients with leprosy, although 
evidence for the use of glucocorticosteroids in this context is also 
limited.199,200 In addition, corticosteroids are recommended for the 
treatment of severe inflammatory syndromes, including pericarditis, 
rheumatologic disease, and mediastinal lymphadenitis associated with 
histoplasmosis.201

ANTI-INFLAMMATORY 
STRATEGIES FOR THE 
TREATMENT OF SEPSIS
Over the past 2 decades, more than 30 double-blind, placebo-
controlled, multicenter, phase II or III trials have been performed to 
investigate experimental therapeutic agents for the treatment of sepsis 
and septic shock.202 Approaches that have ultimately failed to demon-
strate convincing evidence of clinical efficacy include endotoxin neu-
tralization agents, anti–tumor necrosis factor (anti-TNF) strategies, 
recombinant IL-1 receptor antagonist, platelet activating factor (PAF) 
antagonists, bradykinin antagonist (deltibant), antithrombin III, and 
recombinant tissue factor pathway inhibitor (tifacogin). Recombinant 
human activated protein C (APC), or drotrecogin-alfa (activated), was 
the first immunomodulatory agent to gain FDA approval and wide-
spread clinical use for the treatment of severe sepsis. In the PROWESS 
(recombinant human activated PROtein C Worldwide Evaluation in 
Severe Sepsis) trial, administration of APC to patients with sepsis 
resulted in a statistically significant decrease in 28-day mortality.203 
However, the follow-up PROWESS-SHOCK trial found no survival 
benefit at either 28 or 90 days in patients with septic shock randomized 
to receive APC as compared with those randomized to receive placebo, 
a finding replicated across all predefined subgroups, including the 
subgroup with severe protein C deficiency at baseline.204 As a result, 
drotrecogin-alfa (activated) was withdrawn from the worldwide 
market in 2011.

Despite this discouraging history, interest in novel immuno-
modulators for the treatment of sepsis persists. The lipid-lowering 
3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase 
inhibitors—statins—have been shown to modulate the immune 
response through a variety of mechanisms, including alteration of 
intracellular signaling pathways, decreased cytokine production, and 
changes in leukocyte trafficking and function.205 Although the pub-
lished literature contains a wide variety of both prospective and retro-
spective cohort studies, these have yielded contradictory results 
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golimumab, certolizumab pegol, infliximab, adalimumab, etanercept), 
used for the treatment of rheumatoid arthritis, Crohn’s disease, and 
other chronic noninfectious inflammatory diseases, carries a high risk 
of serious infections in general and of TB in particular. All individuals 
should be screened for active or latent TB before therapy.224 Active TB 
should be treated appropriately before initiation of an anti-TNF agent, 
and at least 1 month of treatment for latent TB should be completed 
prior to initiation of anti-TNF therapy.225 Of the other biologic thera-
pies used for the treatment of rheumatoid arthritis, both tocilizumab 
(a humanized anti-IL-6 receptor monoclonal antibody) and rituximab 
(a B cell–depleting anti-CD20 monoclonal antibody) carry FDA boxed 
warnings regarding the risk of serious infection, the latter specific to 
progressive multifocal leukoencephalopathy. Both abatacept (an inhibi-
tor of T cell co-stimulation) and anakinra (a recombinant human IL-1 
receptor antagonist) have also been associated with serious infections.

Thalidomide functions as an immunomodulator via selective inhi-
bition of TNF production by monocytes/macrophages and is well 
established as an effective treatment for multiple myeloma and ery-
thema nodosum leprosum.223 Peripheral neuropathy is a relatively 
common adverse effect associated with long-term use, whereas arterial 
thromboembolic events and second primary malignancies are less 
common but more severe. The teratogenicity of thalidomide is well 
known, and both male and female patients must use barrier contracep-
tive methods.

INFECTION RISK ASSOCIATED 
WITH ANTICYTOKINE THERAPY
Cytokines play critical roles in the regulation of host defense against 
infection. Therefore, it is not surprising that anticytokine therapy  
is associated with increased infectious risk. Anti-TNF therapy (e.g., 
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49  Hyperbaric Oxygen
Juan Carlos Sarria and Norbert J. Roberts, Jr.

Hyperbaric oxygen treatment (HBOT) has been proposed for a wide 
range of indications. It has, in fact, been described as a treatment in 
search of diseases. Its indications vary between professional organiza-
tions and countries. Most accepted uses are based on experimental 
animal models and uncontrolled clinical experience. The role of HBOT 
in infectious diseases remains a contentious issue. In this chapter, we 
review aspects of HBO relevant to the infectious disease field, includ-
ing physiologic effects on inflammation and wound healing, methods 
of administration, clinical evidence supporting currently approved 
indications, side effects and complications, cost, and certification in 
hyperbaric medicine. Strengths, weaknesses, and controversial aspects 
of this treatment modality are also discussed.

PHYSIOLOGIC EFFECTS IN 
ANIMAL MODELS
Individuals breathing ambient air (21% oxygen) at sea level pressure 
(1 atmosphere absolute [1 ATA]) normally achieve an arterial oxygen 
pressure (Pao2) of 90 mm Hg and a tissue oxygen pressure (Pto2) of 
55 mm Hg. HBOT, in which patients breathe 100% oxygen inside a 
chamber at a pressure higher than sea level (>1 ATA), results in a Pao2 
of up to 2000 mm Hg and a Pto2 of up to 500 mm Hg.1 These high 
oxygen concentrations have been associated with several beneficial 
physiologic effects in experimental animal models. Those pertaining 
to infectious diseases are discussed here (Table 49-1).

Modulation of Inflammation and 
Immune Function
Increases in nitric oxide generation by HBO have been associated with 
decreased neutrophil adhesion and sequestration.2 These changes 
reduce reactive oxygen species formation, which in turn affects pro-
duction of inflammatory mediators. HBO showed a protective effect 

on mortality that appeared to be linked to enhanced interleukin (IL)-10 
expression in a murine sepsis model.3 It also decreased the serum 
concentration of tumor necrosis factor-α. HBO has also been shown 
to be effective in reducing tissue edema and lowering compartmental 
pressures.4

Angiogenesis and Improved  
Wound Healing
Animal models have demonstrated that HBO creates the necessary 
oxygen gradients between the blood and injured tissues to promote 
angiogenesis through regulation of vascular endothelial growth factor.5 
The proposed mechanism for improved wound healing is maintenance 
of a critical level of hyperoxia required for increased production of 
growth factors necessary for fibroblast proliferation. It has been shown 
that when the environment of the fibroblast has an oxygen tension of 
less than 10 mm Hg the cell can divide but it can no longer synthesize 
collagen. It also cannot migrate to where it is needed for healing. When 
the oxygen tension is increased, the fibroblast can again carry out these 
wound healing functions.6 In addition, there is evidence that HBO 
enhances osteogenesis. Animal data suggest that bone mineralization 
and healing can be accelerated by intermittent exposure to HBO.7

Antibacterial Properties
Increased superoxide levels achieved during HBO exposure cause 
increased output of other toxic oxygen radicals. Anaerobic organisms 
are extremely sensitive to these radicals because most lack the 
superoxide-degrading enzyme superoxide dismutase.8 HBO can also 
affect the production of bacterial toxins. At a Pto2 of 250 mm Hg, α-
toxin production by Clostridium perfringens completely ceases.9 This 
toxin is a virulence factor that degrades cell membranes and produces 
liquefactive necrosis. Neutrophil-mediated killing of gram-negative 

PHYSIOLOGIC EFFECTS IN ANIMAL 
MODELS
•	 Hyperbaric	oxygen	(HBO)	may	modulate	

inflammation	and	immune	function.
•	 Angiogenesis	and	improved	wound	healing	

have	been	reported.
•	 Direct	antibacterial	properties	and	increased	

activity	of	antimicrobial	agents	have	resulted	
from	use	of	HBO.

ADMINISTRATION
•	 Monoplace	chambers	are	used	more	

commonly	than	multiplace	chambers	owing	to	
their	portability.	Chamber	pressures	are	usually	
2	to	3	ATA.

•	 Most	sessions	last	90	to	120	minutes.	A	typical	
wound	healing	protocol	may	involve	40	or	
more	sessions.

INDICATIONS
•	 Diabetic	ulceration	of	the	lower	extremities	

(Wagner	grade	III	or	higher)	without	signs	of	
healing	after	30	days	is	the	most	common	
indication.	The	Infectious	Disease	Society	of	
America	diabetic	foot	infection	practice	

guideline	indicates	that	hyperbaric	oxygen	
treatment	(HBOT)	might	be	considered	for	
selected	wounds	that	are	slow	to	heal	(strong	
recommendation,	moderate-quality	evidence)	
but	has	not	been	proven	to	contribute	to	
resolution	of	infection.

•	 Necrotizing	soft	tissue	infections	and	
clostridial	myonecrosis	(gas	gangrene)	are	also	
treated	with	HBOT.	An	accumulating	body	of	
clinical	evidence	has	shown	benefits	including	
reduced	mortality	and	amputation	rates.	HBOT	
should	be	viewed	as	an	adjuvant	to	surgical	
and	antimicrobial	treatments.

•	 HBOT	may	be	used	for	refractory	osteomyelitis,	
bacterial	intracranial	abscess,	and	
mucormycosis,	but	there	is	insufficient	clinical	
evidence	to	routinely	support	its	use	for	these	
indications.

SIDE EFFECTS AND COMPLICATIONS
•	 HBOT	has	a	good	safety	record.	Serious	

complications	are	rare	in	the	elective	setting.
•	 Complications	can	result	from	barotrauma	due	

to	expansion	of	gases	in	enclosed	anatomic	

compartments	(middle	ear,	paranasal	sinuses,	
or	lung),	oxygen	toxicity	(central	nervous	
system,	lung),	ocular	effects,	and	confinement	
anxiety.

•	 Untreated	pneumothorax	is	the	only	absolute	
contraindication	for	HBOT.

•	 Careful	patient	selection	and	baseline	
evaluation	for	underlying	conditions	(e.g.,	
cataracts,	cardiopulmonary	disease,	seizures)	
may	reduce	the	risk	for	complications.

CONCLUSIONS
•	 Role	of	HBOT	in	infectious	diseases	

remains	controversial,	primarily	because	
advocates	have	not	generated	adequate	
controlled	data	to	define	definitely	its	
appropriate	uses.

•	 Selection	of	treatment	candidates	is	difficult	
and	should	be	individualized	for	each	patient	
and	each	clinical	situation.	It	is	critical	to	
weigh	the	risks	of	transport,	lack	of	access	to	
the	patient,	potential	complications,	and	cost	
against	any	potential	benefit	that	the	
treatment	may	provide.

SHORT VIEW SUMMARY
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3 treatments. Others, such as chronic diabetic foot ulcers, may require 
40 or more treatments. In the United States, HBO facilities are rela-
tively widely available and can be found in every state. They vary 
widely, from storefront clinics in strip malls to advanced wound care 
units in major academic medical centers. Directories of clinics and 
centers listing contact information, type of facility, and chamber types 
are available.15 Similarly, directories of HBO practitioners can be found 
covering the full range of training and education, from nonphysician 
wellness entrepreneurs to board-certified specialists. The Undersea and 
Hyperbaric Medicine Society (UHMS) warns that HBOT should not 
be self-administered in the home or administered by noncertified pro-
viders. Critical care monitoring and treatment, including mechanical 
ventilation, should be readily available during treatments.

INDICATIONS
The UHMS publishes a list of approved indications (Table 49-2).16 
Among the infectious diseases listed, necrotizing soft tissue infections, 
clostridial myonecrosis, and refractory osteomyelitis are reimbursable 
by the Centers for Medicare and Medicaid Services (CMS) and third-
party payers. Diabetic ulcers of the lower extremities (Wagner grade 
III or higher) without signs of healing after 30 days of standard treat-
ment are also reimbursable indications. The American College of 
Hyperbaric Medicine (ACHM) supports treatment of patients with 
nonapproved indications in a research setting.17 Although a number of 
randomized controlled trials (RCTs) in nonhealing diabetic ulcers have 
been published recently, most available studies addressing infectious 
diseases are small, retrospective, uncontrolled, or based on historical 
controls (see the following discussions). Comparative studies catego-
rize patients into HBOT and non-HBOT groups. The HBOT group 
refers to patients treated with HBO and standard treatment (typically 
antimicrobial agents and surgery). The non-HBOT group denotes 
patients managed with standard treatment alone.

Diabetic Foot Ulcerations
A Cochrane Database systematic review of RCTs compared wound 
healing of diabetic foot ulcers in patients treated with adjuvant HBO 
versus standard treatment.18 Eight trials (455 patients) were reviewed. 
Pooled data of three trials (140 patients) showed an increase in the rate 
of ulcer healing (risk ratio [RR], 5.2) with HBOT at 6 weeks, but this 
benefit was not evident at 1 year. There was no statistically significant 
difference in major amputation rates (RR, 0.3, five trials, 312 partici-
pants). Another systematic review that included observational and 
RCTs found that HBOT reduces the risk for amputation (odds ratio 
[OR], 0.2, seven trials) and improves healing (OR, 9.9, six trials) of 
diabetic foot ulcers.19 Similarly, a recent meta-analysis of 13 studies 
(n = 624), including seven RCTs, revealed that adjuvant HBOT resulted 
in a higher proportion of healed diabetic ulcers (RR, 2.33) and a sig-
nificant reduction in the risk for major amputations (RR, 0.29) com-
pared with standard treatment; however, the rate of minor amputations 
was not affected (P = .37).20 By contrast, HBOT was associated with a 
reduced hazard ratio of wound healing (0.68) and an increased hazard 

and gram-positive organisms is restored when a low Pto2 in osteomy-
elitic bone is increased to physiologic or supraphysiologic levels. An 
animal model of Staphylococcus aureus osteomyelitis demonstrated 
that phagocytic killing markedly decreased at a Po2 of 23 mm Hg, 
improved at 45 and 109 mm Hg, but was most effective at 150 mm Hg.10 
Animals exposed to air achieved a mean Po2 of 21 mm Hg and 
45 mm Hg in infected and uninfected bone, respectively. When the 
same animals were exposed to 100% oxygen at 2 ATA, mean Po2 levels 
of 104 and 321 mm Hg in infected and noninfected bone, respectively, 
were achieved.

Increased Activity of  
Antimicrobial Agents
Active transport of aminoglycosides across bacterial cell walls, an 
oxygen-dependent mechanism, does not occur if tissue oxygen pres-
sures fall below 20 to 30 mm Hg.8 HBO helps augment the transport 
of aminoglycosides and may improve their efficacy.11 In a Pseudomonas 
aeruginosa rabbit model of osteomyelitis, the presence of adjunctive 
HBO enhanced the activity of tobramycin in the eradication of the 
organism from infected bone.12 A beneficial effect has also been shown 
for certain cephalosporins. The combination of cefazolin and HBO 
produced a 100-fold greater reduction in bacterial counts than cefazo-
lin or HBO alone.13 The combined treatment of penicillin and HBO 
exerted additive effects in decreasing bacterial counts and increasing 
survival in a murine model of streptococcal myositis.14 In addition, the 
bacteriostatic activity of sulfonamides and trimethoprim is enhanced 
by an effect in the folate synthesis pathway.8

ADMINISTRATION
HBOT can be carried out in either monoplace (single person) or mul-
tiplace (typically 2 to 14 patients) chambers. In monoplace chambers 
the entire atmosphere is pressurized with 100% oxygen and the patient 
breathes the ambient chamber oxygen directly. To prevent oxygen tox-
icity, “air breaks” allow the patient to breathe room air. Modern mono-
place chambers have transparent acrylic walls offering a clear view of 
the patient and a less secluded feeling. Monoplace chambers are used 
more commonly because of their portability. In multiplace chambers, 
patients breathe 100% oxygen from oxygen hoods, masks, or endotra-
cheal tubes. The pressurized (typically 2 to 3 ATA) ambient oxygen 
inside these chambers contains normal room air. Modern multiplace 
chambers are integrated into hospital architecture to appear and func-
tion as ordinary treatment rooms. They incorporate patient monitor-
ing equipment, computer controls, entertainment systems, automatic 
fire suppression, and other technologic advancements to enhance clini-
cal support, safety, and patient comfort.

Most HBOT sessions are administered over 90 to 120 minutes. 
Some conditions, such as carbon monoxide poisoning and decompres-
sion sickness or gas embolism, may be treated successfully in just 1 to 

TABLE 49-1  Physiologic Effects of Hyperbaric 
Oxygen Shown in Experimental Models

Modulation of Inflammation and Immune Function
Decreased neutrophil adhesion and sequestration2

Altered production of inflammatory mediators (↑IL-10, ↓TNF-α)3

Reduction of tissue edema4

Improved Wound Healing
Increased angiogenesis5

Increased fibroblast proliferation and collagen synthesis6

Enhanced osteogenesis and bone mineralization7

Antibacterial Properties
Formation of toxic oxygen radicals8

Decreased α-toxin production by Clostridium9

Restoration of phagocytic mediated killing of bacteria by oxidative mechanisms10

Increased Activity of Antimicrobial Agents
Increased aminoglycoside transport across bacterial cell walls11

Potentiated effect of β-lactams, sulfonamides, and trimethoprim13,14

IL-10, interleukin-10; TNF, tumor necrosis factor-α.

TABLE 49-2  Indications Approved by the 
Undersea and Hyperbaric Medicine Society for 
Hyperbaric Oxygen Treatment

INFECTIOUS DISEASES NONINFECTIOUS DISEASES
Clostridial myositis and 

myonecrosis (gas gangrene)
Intracranial abscess
Necrotizing soft tissue 

infections
Osteomyelitis (refractory)

Air or gas embolism
Carbon monoxide poisoning
Crush injury, compartment syndrome, and 

other acute traumatic ischemias
Decompression sickness
Arterial insufficiencies
Central retinal artery occlusion
Enhancement of healing in selected 

problem wounds
Severe anemia
Delayed radiation injury (soft tissue and 

bony necrosis)
Compromised grafts and flaps
Acute thermal burn injury
Idiopathic sudden sensorineural hearing loss
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amputation compared with 1 of the HBOT group (P = .09). In a 5-year 
retrospective cohort study of 44 patients (HBOT group = 33 vs. non-
HBOT group = 11) with NSTIs, logistic regression analysis determined 
that the strongest association with survival was HBOT (P = .02).35 
HBOT increased survival with an odds ratio of 8.9 and a number of 3 
needed to treat to benefit. HBOT also reduced the incidence of ampu-
tation (P = .05) and improved long-term outcome (P = .002). Another 
study retrospectively evaluated 42 patients with necrotizing fasciitis 
over a 14-year period treated with adjunctive HBO.36 These patients 
incurred a mortality of 11.9%, compared with the historical control 
rate of 34%. There were no amputations in this cohort compared with 
the reported rate of 50% in historical controls. A recent noncompara-
tive study similarly reported a mortality rate of 11% in 70 patients with 
Fournier’s gangrene treated with adjuvant HBO.37 In another retro-
spective series of 26 cases with Fournier’s gangrene, 14 received adju-
vant HBO.38 This group had a mortality rate of 7%, versus 42% in the 
non-HBOT group (P = .04). Relative risk for survival was 11 times 
greater in the HBOT group. This study did not show a decrease in the 
number of débridements. A small retrospective study of necrotizing 
fasciitis of the head and neck (HBOT group = 11 vs. non-HBOT group 
= 8) showed decreased mortality in the HBOT group compared with 
the non-HBOT group (0% vs. 75%).39 Complete recovery and decreased 
length of hospitalization have also been reported in other studies of 
adjuvant HBOT in cervical necrotizing fasciitis.40,41 However, other 
investigators have shown less favorable results. A retrospective study 
of NSTIs analyzed 80 patients (HBOT group = 32 vs. non-HBOT group 
= 48).42 In-hospital mortality (16% HBO group vs. 19% non-HBO 
group; P = .77) and amputation rates did not differ significantly 
between the groups. A retrospective analysis (HBOT group = 48 vs. 
non-HBOT group = 30) found a mortality rate for the HBO group 
of 8% and of 13% for the non-HBO group (P = .48).43 The number of 
débridements was greater in the HBOT group, and hospital length of 
stay and duration of antibiotic use were similar for the two groups. A 
study of 42 patients with Fournier’s gangrene observed over 4 years 
showed a mortality of 12% in the non-HBO group (n = 16) and 27% 
in the HBO group (n = 26).44 According to the authors, the higher 
mortality in the HBOT group suggested that treatment may have been 
given to patients who were more ill.

The value of HBOT in NSTIs is a recurring clinical question, and 
published clinical studies have shown conflicting results. In the past 
decade, however, new studies have emerged that have shown more 
positive effects, including a significant mortality benefit and reduction 
in amputation rates. HBOT should be regarded as adjunctive to surgi-
cal débridement and antimicrobial treatment in patients with NSTIs.

Clostridial Myonecrosis (Gas Gangrene)
A review of 20 clinical series, including more than 1200 patients with 
clostridial myonecrosis in whom HBOT was used, reported a cumula-
tive mortality rate of 23%.45 Historical data suggest a mortality rate of 
45% without HBOT. A Medline review analyzed data of 650 patients 
with clostridial myonecrosis treated with HBO from four retrospective 
comparative studies and 13 case series.46 Most authors commented that 
adjunctive HBO was beneficial. However, because of the noncompara-
tive nature of the case series, it is difficult to assess the therapeutic 
effects of HBO reliably. The reported mortality rates in these studies 
ranged from 11% to 52%. Another review in the New England Journal 
of Medicine concluded that despite the lack of RCTs, experimental 
evidence supports HBO as an adjunctive therapy with the following 
benefits: improved demarcation of viable and dead tissue allowing 
more judicious débridement and decreased amputation rate.47,48

Although there has never been a prospective RCT evaluating the 
role of HBOT in clostridial myonecrosis, experimental animal data and 
clinical experience suggest benefit. Surgical débridement should never 
be delayed pending initiation of HBOT.

Refractory Osteomyelitis
In an RCT of adjunctive HBOT in chronic refractory osteomyelitis, 
there were three failures in 14 patients treated with HBO and one 
failure in 14 controls.49 HBOT had no effect on length of hospital-
ization, rapidity of wound repair, or recurrence of infection. In a non-
comparative trial of osteomyelitis of the mandible and maxilla, a 79% 

ratio of requiring an amputation (2.37) in a large observational cohort 
study of patients with diabetic foot ulcer (HBOT group = 793 vs. non-
HBOT group = 5466) from a U.S. national wound care company.21 In 
a prospective RCT, all patients in the non-HBOT group (n = 50) 
required either débridement in the operating room, amputation, or the 
use of a flap or skin graft whereas only 16% of those in the HBOT 
group (n = 50) required these treatments for healing.22 Forty-eight 
percent of those in the non-HBOT group underwent distal amputa-
tion, and 34% of them required proximal amputation. In the HBOT 
group, 8% underwent distal amputation and none required proximal 
amputation. The authors concluded that the use of HBOT in diabetic 
foot ulcers improved healing and diminished the risk for amputations. 
Another RCT reported ulcer healing in 61% of patients in the HBOT 
group (n = 38) and 27% of patients in the control group (n = 37).23 This 
difference was significant (P = .009), but no differences in amputation 
or death rates were observed. In a nonblinded randomized trial, 8% of 
34 patients treated with HBO underwent major amputation versus 34% 
of 32 patients in the non-HBO group (P = .016).24 A 3-year compara-
tive study (partially randomized, nonblinded) of 17 patients treated 
with HBO and 21 controls showed a trend to improved healing (76% 
vs. 48%) and a lower amputation rate (12% vs. 33%) in the HBOT 
group, but these differences did not reach statistical significance.25 In 
a small double-blinded RCT, healing was achieved in five of eight 
ulcers in the HBOT group compared with one of eight ulcers in the 
control group.26 The median decrease of wound areas in the treatment 
group was 100%, and in the control group it was 52%. In a prospective 
noncomparative study of 184 patients treated with adjuvant HBO, 115 
completely healed, 31 had no improvement, and 38 underwent ampu-
tation (9 major and 29 minor).27 The authors concluded that HBOT 
can help reduce major amputation rates. A retrospective study reported 
a 73% improvement rate (ulcer granulated or healed) among 1006 
patients receiving HBOT at five Texas hyperbaric facilities.28 A meta-
analysis of 5 studies of diabetic ulcers (118 patients) found that HBOT 
confers a reduction in the risk for lower extremity amputation by 
twofold to threefold, with an absolute rate of major amputation reduc-
tions of 20% and a number needed to treat of 4.29 In a dose-comparison 
study, 21 patients received fewer than 10 HBOT sessions and 21 
received more than 10 HBOT sessions.30 In the former group, 7 patients 
achieved wound healing and feet were preserved in 33%. In the latter, 
16 achieved wound healing and 78.3% preserved their feet. The authors 
concluded that adjunctive HBOT had a positive dose-dependent effect 
on wound healing and lowered amputation rates. The 2012 Infectious 
Diseases Society of America diabetic foot infection practice guideline 
stated that a limited number of RCTs are available to support the use 
of HBOT for wound healing and concluded that no adjunctive therapy, 
including HBO, has been proven to improve resolution of infection, 
but for selected diabetic foot wounds that are slow to heal clinicians 
might consider using HBOT (strong recommendation, moderate-
quality evidence).31

Necrotizing Soft Tissue Infections
In a retrospective analysis of 45,913 patients diagnosed with necrotiz-
ing soft tissue infections (NSTIs) in the Nationwide Inpatient Sample 
(1988 to 2009), 405 patients received HBOT (0.9%).32 These patients 
had lower mortality (4.5 vs. 9.4%, P = .001), higher hospitalization 
costs ($52,205 vs. $45,464), and longer length of stay (14.3 days vs. 10.7 
days) than those managed without HBOT. The authors concluded that 
despite the higher hospitalization cost and longer length of stay, the 
significant reduction in mortality supports the use of HBOT in NSTIs. 
A recent systematic review conducted by German investigators found 
250 articles (993 patients treated with HBO).33 There were only 10 
retrospective comparative studies. Fifty percent of the articles were 
case reports or series. The authors identified nine chambers enabling 
intensive care in the country and reported an average cost of €8,000 to 
€25,000/patient. They concluded that the published clinical studies 
lacked the quality to confirm a therapeutic benefit of HBOT in NSTIs 
and that care including HBOT in Germany is not feasible.

A retrospective review of 67 patients with necrotizing fasciitis com-
pared the outcomes of adjuvant HBOT (n = 29) versus non-HBOT 
(n = 38).34 This study did not find differences in length of hospital stay 
and mortality. However, 6 of the non-HBOT group patients required 
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(central nervous system, lung), ocular effects, and confinement anxiety 
(Table 49-3).

The incidence of middle ear barotrauma varies between treatment 
centers. In a report of 782 patients (11,376 sessions), 17% experienced 
ear pain or discomfort.65 Most episodes were self-limited, but barotrau-
matic lesions were verified in 3.8% of patients by ear microscopy. To 
prevent injury to the tympanic membrane, alert patients need to be 
appropriately coached to swallow to facilitate eustachian tube clearance 
during decompression, as one does during descent in an aircraft. In 
the obtunded or mechanically ventilated patient, it is recommended to 
perform a myringotomy before compression.66 Prophylactic myrin-
gotomy is performed at variable rates in hospital-based HBO centers 
in the United States.67

Paranasal sinus barotrauma occurs less frequently. This complica-
tion has been reported mainly in patients with upper respiratory tract 
infections or allergic rhinitis. Topical decongestants may help alleviate 
barotrauma-induced sinus pain. A more serious complication is pulmo-
nary barotrauma causing pneumothorax during decompression. Gas 
trapped in air spaces not in communication with the diminishing pres-
sure in the chamber (lung cysts or bullae) will expand rapidly. Broncho-
spasm, which may cause localized air trapping, should be corrected 
before institution of HBOT. Patients with a history of spontaneous 
pneumothorax must be evaluated for occult pneumothorax. Untreated 
pneumothorax is the only absolute contraindication for HBOT. Pulmo-
nary barotrauma is more problematic in monoplace chambers where 
the clinician cannot get to the patient until the chamber is decom-
pressed, which may take several minutes even in an emergency.

Pulmonary oxygen toxicity, manifested by a reversible decline of 
pulmonary function, occurs most commonly in patients receiving 
multiple treatments. Cardiovascular responses to HBOT include 
reduction in cardiac output and systemic vasoconstriction with 
increased peripheral vascular resistance. Although these effects are 
well tolerated by normal individuals, cardiogenic pulmonary edema 
was reported in three patients with underlying cardiac disease, includ-
ing one fatality.68

The incidence of oxygen-induced seizures was 0.03% in a survey 
that included 20,328 patient therapies.69 Seizure incidence has been 
markedly reduced with the routine use of “air breaks.” Underlying 
seizures unrelated to oxygen therapy are not a contraindication to 
HBOT. Pathologic changes in association with oxygen-mediated sei-
zures have not been found. Should a seizure occur in the chamber, it 
is important to wait until the seizure has ceased before beginning 
emergent decompression; rapid decompression with a closed glottis 
may result in tension pneumothorax.

Myopia, reported in up to 81% of patients receiving HBOT,70 is 
considered to be due to deformity of the lens as a result of repeated 
compressions and decompressions. It is characteristically mild and 
reverses to basic refraction within a few weeks of cessation of treat-
ment. Cataract development rarely occurs during the commonly used 
series of fewer than 40 treatments, but it has been described in patients 
who have received intense treatment for extended periods. Cataracts 
are not reversible after cessation of treatment.71

Claustrophobia may occur even in multiplace chambers. Occasion-
ally, anxiolytics are required to facilitate treatment. Clinical staff in 

remission rate was demonstrated in 33 patients who had a median 
follow-up of 34 months.50 In a study of tibial osteomyelitis, of 26 
patients treated with HBO with 24 months of follow-up, 81% remained 
free of drainage.51 At 60 months and 84 months, 80% and 63% were 
free of drainage, respectively. Another retrospective study examined 14 
patients with osteomyelitis of the tibia treated with HBO and moni-
tored for 2 years.52 No recurrence of infection was noted in 11 patients. 
A small retrospective study of postsurgical sternal osteomyelitis evalu-
ated 12 patients (HBOT group = 6 vs. non-HBOT group = 6).53 Hos-
pital mortality (0 vs. 3 cases), length of stay in an intensive care unit, 
and duration of mechanical ventilation were lower in the HBOT group. 
Successful treatment was reported in 8 of 10 hemodialysis patients with 
diffuse osteomyelitis treated prospectively with adjunctive HBO.54 A 
retrospective study of skull osteomyelitis showed infection cure in 8 of 
8 HBO-treated patients.55 Functional recovery of cranial nerve deficits 
was reached in 6 of 8. In a study of spinal osteomyelitis complicated 
by comorbidities or failure of primary therapy, HBOT enabled infec-
tion resolution in 5 of 6 patients monitored for 2.9 years.56

Results of these studies are conflicting and should be viewed with 
caution before HBOT is routinely recommended as an adjuvant to 
standard treatment in patients with refractory osteomyelitis.

Bacterial Intracranial Abscess
A cumulative review of 48 patients with bacterial intracranial abscess 
treated with adjuvant HBO reported a 2% mortality.57 In the largest 
case series reported to date, 13 patients treated with HBO for this 
infection had a decreased need for reoperations and duration of anti-
microbial therapy.58 Infection was controlled in all patients, and there 
were no recurrences. A study of 5 children treated with adjuvant HBO 
showed initial improvement, good clinical status at 6 months 
(symptom-free or minor residual deficits), and no recurrence at 21 
months.59 Adjunctive HBOT has been suggested for multiple or deep 
abscesses, underlying immunosuppression, suboptimal response to 
standard treatment, and poor surgical candidates.

The available clinical evidence is insufficient to support routine use 
of adjuvant HBOT in bacterial intracranial abscess.

Mucormycosis
A review of 28 published cases indicates that adjunctive HBOT may  
be beneficial in patients with mucormycosis and underlying diabetes 
(94% survival), whereas its benefit in patients with hematologic malig-
nancies or bone marrow transplantation is doubtful (33% survival).60 
A retrospective study examined 14 patients with invasive fungal infec-
tions caused by Mucor or Aspergillus over a 12-year period.61 Most had 
rhinocerebral or pulmonary involvement. These patients had a 50% 
survival with a treatment regimen consisting of surgery, antimicrobial 
therapy, and HBO. In a review of survival factors in 145 patients  
with rhino-orbital-cerebral mucormycosis, of 18 patients with bilateral 
disease who received standard treatment only 4 survived.62 Five of the 
6 patients with bilateral disease who received adjuvant HBOT survived. 
This difference was statistically significant (P = .02). In a retrospective 
review of patients at Duke University Medical Center with rhinocere-
bral mucormycosis, 4 of 6 not receiving HBOT died and 2 of 6 receiving 
HBOT died.63 In another retrospective review, 3 of 5 patients with 
mucormycosis treated with adjuvant HBO survived at 3 months.64

Although these case reports showed benefit of HBOT in mucormy-
cosis, the precise role of this treatment modality in the management 
of this serious infection remains uncertain. Furthermore, the underly-
ing predisposition appears to be more important than HBOT in defin-
ing outcomes.

SIDE EFFECTS AND 
COMPLICATIONS
Concerns about the safety aspects of HBOT have been raised owing to 
the unique atmospheric conditions to which patients are exposed.65 
In the elective setting, however, serious complications are rare  
when patients are properly prepared and monitored and treatment 
adheres to commonly recommended protocols (duration <120 minutes, 
pressure <3 ATA, and <40 sessions). Complications can result from 
barotrauma due to expansion of gases in enclosed anatomic com-
partments (middle ear, paranasal sinuses, or lung), oxygen toxicity 

TABLE 49-3  Side Effects and Complications of 
Hyperbaric Oxygen Treatment

Barotrauma
Middle ear: pain 17%, tympanic membrane lesions 3.8%65

Paranasal sinus65

Lung (pneumothorax)65

Oxygen toxicity
Pulmonary65

Central nervous system: seizures 0.03%69

Cardiogenic pulmonary edema: case reports68

Ocular effects
Myopia: 81%70

Cataract growth71

Claustrophobia
Decompression sickness for attendants
Chamber fire
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HBOT. In addition, it is difficult to assess the value of HBOT in patients 
already receiving appropriate standard treatment (local wound care, 
off-loading, antimicrobial therapy, surgical débridement, and revascu-
larization) in the absence of an RCT. Furthermore, there are challenges 
associated with HBOT administration. Using HBOT in unstable 
patients with life-threatening infections, such as necrotizing fasciitis, 
is difficult. Other standard treatments should never be delayed, access 
to the patient should never be compromised, and only a patient whose 
condition is stable should be considered for transfer to a facility with 
HBOT capability. Lastly, HBOT consumes substantial resources. How 
it should be used in practice alongside other treatment modalities in a 
real world with finite resources is unclear.72,74

CERTIFICATION IN HYPERBARIC 
MEDICINE
Board certification in hyperbaric medicine is available through the 
American Boards of Emergency Medicine and Preventive Medicine. A 
board-eligible physician must have successfully completed a minimum 
of 12 months in an accredited hyperbaric medicine fellowship program 
and pass the Undersea and Hyperbaric Medicine Examination for cer-
tification.17 For physicians who do not qualify for board certification, 
the ACHM offers an alternative pathway that certifies competence in 
clinical hyperbaric medicine. The prerequisites for sitting for the 
ACHM examination include a 40-hour course approved by the ACHM, 
the U.S. Department of Defense, or the UHMS. Applicants must also 
submit documentation of supervision of at least 300 hyperbaric treat-
ments for approved indications as noted by either the UHMS or the 
CMS. The UHMS also provides a program of facility accreditation 
based on adherence to recognized treatment protocols, facility safety, 
and operational methodology.16 Table 49-5 lists professional organiza-
tion and other Internet resources on hyperbaric medicine.

CONCLUSIONS
HBOT has been both lauded and questioned, primarily because advo-
cates have not generated adequate controlled data to define definitively 
its appropriate uses. It is difficult to assess the efficacy of HBOT in 
infectious diseases, even those endorsed by the UHMS and reimbursed 
by third-party payers. In clinical practice, nonhealing wounds, includ-
ing complicated diabetic foot ulcers, have become the most common 
indications for HBOT.47 It is not entirely clear which patients stand to 
benefit from HBOT and how they should be selected. Prospective 
RCTs are needed to provide definitive answers regarding efficacy of 
HBOT in infectious diseases. Until convincing controlled data appear, 
each patient and each clinical situation must be evaluated individually. 
Most importantly, it is critical to weigh the risks of transport, lack of 
access to the patient, potential complications, and cost against any 
potential benefit that the treatment may provide.

multiplace chambers may experience decompression and nitrogen-
saturation sickness by accruing a nitrogen load in their soft tissues, just 
as a scuba diver breathing compressed air. These attendants need to 
decompress gradually if they are to avoid gas bubbles forming in 
tissues. Decompression sickness can be treated through recompression 
and slowing of the decompression cycle. Chamber fires can occur due 
to sparks from static electricity. All metal objects should be removed. 
Cotton has less risk for developing static compared with other materi-
als and should be considered when selecting towels or bandaging 
materials.

HBOT providers need to be aware of these potential complications. 
Selection of patients mandates a careful risk-benefit analysis. Risk for 
complications may outweigh benefits in situations where treatment 
effectiveness is considered uncertain. Patients should be provided with 
complete information about potential risks as part of their informed 
consent. A baseline ophthalmology examination is suggested in 
patients at increased risk for cataract development (age >50 years, 
diabetes, radiation therapy of the head, and systemic corticosteroids). 
Similarly, evaluation for underlying cardiopulmonary disease, upper 
respiratory disease, and seizures may be warranted depending on the 
patient’s history. History of thoracic or ear surgery should be elicited. 
HBOT in small children and pregnant women poses particular chal-
lenges. When considering treatment of critically ill patients, it is 
important that central venous catheters not be placed in the subclavian 
or internal jugular position because the risk for occult pneumothorax 
is high during decompression. It is also important to consider the 
potential impact of reduced access to the patient during HBOT.

COST
Cost of an HBOT session in the United States can range from $150 in 
outpatient clinics to $1,800 or more in hospitals. Physician consulta-
tion fees, technical supervision, type of insurance carrier, and geo-
graphic location all impact costs. A full course of treatment for a 
conventional diabetic wound healing protocol in the United States 
typically costs $50,000 (Medicare) to $200,000 (private payer).72 
Despite these figures, some economic analyses suggest that HBOT is 
potentially cost-effective.73 These analyses, however, rely primarily on 
outcome data reported from uncontrolled studies. An in-depth analy-
sis of broad implementation of HBOT for diabetic foot ulcers in the 
United States concluded that the resources consumed by this treatment 
modality could be better spent on other aspects of management and 
prevention.74 HBOT is less expensive in other countries. A 40-session 
course was reported to cost €6,916 in the Netherlands.75 In the United 
Kingdom, most chambers are financed by the National Health Service 
and others are nonprofit. China and Russia treat more than 80 condi-
tions with HBO because their costs are low compared with those in 
the United States.

CONTROVERSY
Although HBOT has been proposed for many decades, a sense of 
controversy continues to pervade the field (Table 49-4). Advocates 
typically quote its beneficial physiologic effects, effectiveness shown by 
a growing body of clinical experience, indications recognized by pro-
fessional organizations and third-party payers, and its safety record. 
Opponents point at the lack of RCTs for the proposed indications as 
the main weakness of HBOT. In reference to diabetic foot ulcers in 
particular, it is important to recognize their multifactorial etiology. 
Numerous parameters affect wound healing. Wounds that exhibit 
normal tissue oxygenation usually fail to heal only when not appropri-
ately off-loaded or when not properly débrided. Failure to recognize 
correctable arterial insufficiency will result in a poor response to 

TABLE 49-4  Strengths and Weaknesses of 
Hyperbaric Oxygen Treatment

STRENGTHS WEAKNESSES
Positive physiologic effects in animal 

models
Effectiveness shown by accumulating 

clinical experience (mostly uncontrolled)
Indications approved and recognized by 

professional organizations and 
third-party payers

Good safety record

Lack of randomized controlled trials
Cumulative toxicities
Patient selection
Risks of transport and lack of 

access to the patient
Delay of standard treatments
Treatment availability
Cost

TABLE 49-5  Internet Resources on Hyperbaric Medicine

RESOURCE WEBSITE COMMENT
American College of Hyperbaric Medicine (ACHM) achm.org Specialty society, training, certification, credentialing

HBO Evidence hboevidence.unsw.wikispaces.net/home Database of randomized controlled trials (nonhealing diabetic wounds)

Hyperbaric Link hyperbariclink.com General information, list of U.S. treatment centers and clinicians

Undersea and Hyperbaric Medical Society (UHMS) uhms.org Primary scientific body for hyperbaric medicine, training, list of 
approved indications
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50 
Complementary and Alternative 
Medicines for Infectious Diseases
Jonathan Berman

A defining feature of alternative and traditional medicines is that they 
are in widespread use, irrespective of prior demonstration of safety and 
efficacy. In contrast, conventional agents first have to be shown to be 
safe and effective before being marketed and used. Alternative agents 
encompass botanicals and their extracts, extracts of animal tissues, 
vitamins, minerals, amino acids, and probiotics. In the United States, 
alternative medicines may be classified as dietary supplements if the 
only claim is that they promote well-being rather than safety and effi-
cacy. Dietary supplements can be legally marketed without prior 
review by the U.S. Food and Drug Administration (FDA).

Traditional medicines have been used for millennia. Personal 
effects found in melting alpine snows alongside the well-preserved 
iceman included medicinal herbs. Despite the dramatic advances in 
health over the past 2 centuries through conventional medicine, people 
have not abandoned their penchant for traditional medicinals. In a 
2007 Centers for Disease Control and Prevention survey of U.S. adults, 
18% used herbal medicine.1

Alternative medicines are sometimes marketed in such a way as to 
suggest efficacy without substantial side effects, are often easily acquired 
at health food stores without prescription, and may be recommended 
by alternative practitioners. The concept of synergy between dissimilar 
components provides a theoretical justification for complex plant 
extracts. The disadvantages of alternative medicines stem from the 
route by which these agents have entered clinical practice; a favorable 
therapeutic index has generally not been demonstrated, and manufac-
turing may not be standardized.

To simplify what could become an exhaustive catalog of agents, 
extracts, and potions, this review focuses on agents for which there is 
substantial evidence for clinical value, pro or con. Salient data are sum-
marized in Table 50-1.

SPECIFIC ALTERNATIVE AGENTS
Artemisinins to Treat Malaria
The use of artemisinins for malaria conveys in a compelling way the 
wisdom inherent in some traditional medical systems. Malaria caused 
by Plasmodium falciparum is an acute, often fatal disease characterized 
by cerebral dysfunction, respiratory failure, kidney dysfunction, and 
hypoglycemia in persons without immunity because of prior exposure. 
Once the patient has cerebral malaria there is generally a 20% death 
rate in spite of appropriate antimalarial therapy and supportive 
measures.

Ancient Chinese physicians identified an approach to fevers that 
held the secret to a new class of antimalarial drugs. In the year 340, the 
Chinese Handbook of Prescriptions for Emergency Treatments recom-
mended drinking an aqueous extract of the leaves of Artemisia annua 
for fever.2 Pursuing this early observation, in 1971 and 1972, Chinese 
scientists found that ether was more successful than hot water in 
extracting material with anti-Plasmodium activity. Crystalline artemis-
inin is now available from the Chinese A. annua and is the starting 
material for the semisynthetic artemisinins now being used worldwide. 
A. annua also grows along the Potomac River in Washington, DC 
(Fig. 50-1), but the yield from Potomac A. annua is 0.06%, as little as 
one tenth the yield from varieties grown in Szechuan province in 
China.2 Artemisinins illustrate the general principle that local growth 
conditions of identical species may have a marked effect on the quality 
of botanical extracts.

Artemisinin (Fig. 50-2), a sesquiterpene lactone peroxide, is poorly 
soluble in water.3 Medicinal chemists have improved the solubility 
of artemisinin by the addition of a polar succinic acid group to  
form water-soluble artesunate or a nonpolar methyl group to form 

oil-soluble artemether, both of which are essentially prodrugs of dihy-
droartemisinin (see Fig. 50-2). The active moiety of all the artemisinins 
is the endoperoxide ring, which is believed to lead to alkylation and 
oxidation of essential proteins and lipids.3 Completely synthetic per-
oxides are now being intensively investigated.4 The endoperoxide 
group in artemisinins is unique with respect to known antimalarial 
agents and was entirely unanticipated by malariologists.

Clinical artemisinins are effective against parasites resistant to other 
antimalarial agents. The short half-lives of artemisinins have encour-
aged their co-administration with longer half-life agents, to fully clear 
the few parasites remaining after artemisinin treatment. The advent  
of artemisinin combinations such as artemether-lumefantrine and 
artesunate-mefloquine into current formularies illustrates that tradi-
tional observations of efficacy of botanical extracts can be correct.

In the case of A. annua, a discrete molecule was found to account 
for the extract’s activity and that molecule was then developed accord-
ing to conventional drug standards.

Cranberry to Prevent Urinary  
Tract Infection
Approximately 80% of urinary tract infections (UTIs) are caused by 
Escherichia coli and from 25% to 35% of initial UTIs, including those 
caused by E. coli, recur within 6 months. E. coli possesses surface adhe-
sion organelles (fimbriae) that bind to uroepithelial cell receptors. Type 
1 fimbriae are expressed by almost all strains of E. coli and contain a 
mannose-specific lectin.5 Most pyelonephritogenic strains of E. coli 
also express P fimbria, characterized by mannose-resistant adhesion 
molecules.

Cranberry juice, widely used for UTI, typically contains 3% glucose 
and 1% fructose; cranberry juice cocktail has added sugars and usually 
contains 7% glucose and 5% fructose.5 Both pure 0.35% fructose and 
a dilution of cranberry juice that resulted in 0.4% fructose inhibited 
adherence of type 1 fimbriated E. coli to mannose-sensitive receptors. 
Several studies, however, have shown that these sugars do not inhibit 
adherence of P fimbria.5 Proanthocyanidins are also present (at perhaps 
0.01% by weight) in cranberries6 and have been identified as a cran-
berry constituent that inhibits binding to mannose-resistant receptors 
in vitro at concentrations of 10 to 50 µg/mL.7 Ex vivo evidence that 
cranberry and specifically proanthocyanidin contain specific inhibitors 
of P fimbria–mediated adherence is that urine from women after cran-
berry juice consumption prevented adhesion of a P-fimbriated E. coli 
to model cells in a proanthocyanidin dose-responsive fashion: inhibi-
tion was greater in the urine of women receiving 36 mg proanthocy-
anidin than in women receiving 18 mg.8 In another study, cranberry 
powder and a proanthocyanidin extract decreased adherence of E. coli 
to vaginal epithelial cells and to bladder epithelial cells, respectively, 
and there was a dose response in the latter model system.9

In spite of the suggestive in vitro and ex vivo data and early reviews 
that suggested a benefit of cranberry for UTI, recent meta-analyses do 
not support the efficacy of cranberry-containing beverages for UTI. In 
a 2012 Cochrane Review of 24 studies, Jepson and colleagues10 con-
cluded that cranberry products slightly but nonsignificantly reduce the 
occurrence of symptomatic UTI overall (risk ratio [RR], 0.86; upper 
limit [UL] 95% confidence interval [CI], 1.04) and for the following 
subgroups: women with recurrent UTIs (RR, 0.74; UL 95% CI, 1.31), 
older people (RR, 0.75; UL 95% CI, 1.44), pregnant women (RR, 1.04), 
children with recurrent UTI (RR, 0.48; UL 95% CI, 1.22), and people 
with neuropathic bladder or spinal injury (RR, 0.95; UL 95% CI, 1.20). 
Importantly, overall heterogeneity was moderate (I2 = 55%). Another 
recent review of 13 studies by Wang et al11 reached a different 
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TABLE 50-1  Efficacy of Selected Alternative Agents Used to Treat or Prevent Infectious Diseases

INFECTION AND 
PURPOSE PATIENTS AGENT DOSE

PRIMARY END 
POINT

EFFICACY VS. PLACEBO  
(P value or 95% CI)

Pneumonia
Treatment12 Children with measles Vitamin A 200,000 IU twice Pneumonia duration 6.3 days vs. 12.4 days (P < .001)

Treatment22 Children without measles Vitamin A 100,000-200,000 IU 
twice

Pneumonia duration 4.2 days vs. 4.2 days

Prevention24 Children (6-36 mo): 
underweight

Vitamin A 10,000 IU weekly Pneumonia incidence 8.5 vs. 22 (per 1000 child-weeks)  
(P = .01)

Children (6-36 mo): 
normal weight

Vitamin A 10,000 IU weekly Pneumonia incidence 9.8 vs. 4.4 (per 1000 child-weeks)  
(P = .005)

Diarrhea
Prevention28 Undernourished children Zinc 5-20 mg/day × 

12-54 wk
Diarrhea incidence OR, 0.82 (0.72-0.93)

Mortality prevention30 Children (2-12 mo) in 
Bangladesh

Zinc 70 mg weekly × 
12 mo

Death (mostly 
pneumonia)

2/309 pts. vs. 14/309 pts.  
(P = .01)

Prevention31 HIV-infected children Zinc 10 mg daily × 6 mo Diarrhea incidence 30/407 pts. vs. 65/447 pts.  
(P = .001)

Prevention32 Children (6-60 mo) in 
Tanzania

Zinc 10 mg daily × 45 wk Diarrhea incidence HR, 24% (4%-40%)

Treatment34 Undernourished children 
(symptoms ≤4 days)

Zinc 20 mg/day >7 days diarrhea RR, 0.61 (0.39-0.93)

Treatment36 Children (6-24 mo) Zinc 20 mg/day × 14 days Duration of symptoms 64 vs. 84 hr (P < .0001)

Treatment38 Children 3-59 mo in 
Bangladesh

Zinc 20 mg/day × 14 days Duration of symptoms 4.7 days vs. 5.9 days (0.65-0.90)

Treatment42 Infants 1-6 mo in 
Bangladesh

Zinc 20 mg/day Duration of symptoms 5 days vs. 5 days

Colds
Treatment43 U.S. population Zinc 13 mg 6×/day until 

cured
Duration of symptoms 4.5 days vs. 8.1 days. (P < .01)

Treatment44 U.S. adults Zinc 13 mg 6×/day Duration of symptoms 4.0 vs. 7.1 days (P < .0001)

Treatment46 U.S. population (natural 
colds)

Zinc 11 mg 6×/day until 
cured

Duration of symptoms 5.5 days vs. 5.5 days

U.S. population 
(rhinovirus challenged)

Zinc 13 mg 6×/day until 
cured

Duration of symptoms 2.5 days vs. 3.5 days (P = .035)

Prevention48 German adults Echinacea 4 mL bid × 8 wk % Patients with new cold 65% vs. 74% (RR, 0.6-1.2)

Prevention50 U.S. students (rhinovirus 
challenged)

Echinacea 300 mg tid × 14 days 
prechallenge

% Patients with cold 50% vs. 59% (P = .8)

% Patients with infection 44% vs. 57% (P = .3)

Treatment52 U.S. children (age 2-11 yr) Echinacea 2.5-5 mL bid × 10 day Duration of symptoms 9 days vs. 9 days

Severity of symptoms 33 vs. 33

Treatment55 Canadian adults Echinacea 10 doses on day 1, 
then qid × 6 days

Severity of symptoms 16 vs. 21 (P < .01)

Prevention and 
treatment53

U.S. students (rhinovirus 
challenged)

Echinacea day −7 to +5 Severity of symptoms 12-15 vs. 15

Treatment53 U.S. students (rhinovirus 
challenged)

Echinacea day 0 to +5 14-19 vs. 15

Treatment54 German adults Echinacea 5 mL bid × 10 day Duration of symptoms 6.0 vs. 9.0 days (P = .01)

Treatment57 U.S. adults Echinacea 5-10 g dried root for 
5 days

Symptom severity AUC 236 vs. 264 (P = .09)

Hepatitis C
Treatment63 U.S. adults Silymarin 420 mg or 700 mg 

tid × 24 wk
Decline in ALT values 11-14 U/L vs. 4 U/L (P = .75)

Genital Warts
Treatment70 European adults Polyphenon E Topical application tid Complete clearance 59% vs. 37% (P = .007)

Diarrhea
Treatment80 European children Lactobacillus GG Free access to 1010 

CFU/ 250 mL
Duration of symptoms 58 hr vs. 72 hr (P = .03)

Treatment of rotavirus 
infection81

Finnish children Lactobacillus 
reuteri

1010 CFU per day 
× 5 day

Duration of symptoms 1.5 days vs. 2.5 days (P = .01)

Acute Pancreatitis
Treatment87 Dutch adults Mixture of six 

probiotics
1010 CFU/day via 

nasojejunal tube
Death 24% [24/152] vs. 6% [9/144]  

(P = .01)

ALT, alanine aminotransferase; AUC, area under the concentration-time curve; CFU, colony-forming unit; CI, confidence interval; HR, hazard rate; OR, odds ratio;  
RR, relative risk.
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(RR, 0.33; UL 95% CI, 0.69). The larger number of studies in the review 
of Jepson and colleagues, and the substantial overall heterogeneity 
between the studies, makes it difficult to presently conclude that cran-
berry products are beneficial for UTIs.

Vitamin A for Pneumonia
Vitamin A (retinol) and its metabolites, retinaldehyde and retinoic 
acid, are needed for vision, growth, cell differentiation, and normal 
humoral and cell-mediated immunity. The normal plasma concentra-
tion of vitamin A is 30 to 65 µg/dL. Diets low in dark-green and 
colored fruits, liver, and fish can result in vitamin A deficiency. Defi-
ciency is treated with oral administration of 60 mg (200,000 IU) of 
vitamin A initially and then at 6-month intervals, if needed. Daily 
ingestion of 20,000 IU by children for several months, however, can 
lead to vitamin A toxicity, characterized by increased intracranial pres-
sure, bone pain, and fractures.

In children with poor nutrition who have acute complicated 
measles, the death rate because of pneumonia may be close to 10%.12 
Ellison’s report in 193213 was the first major study suggesting that 
measles morbidity and mortality might be improved by vitamin A 
treatment. Vitamin A (cod liver oil) was given for 7 days (mild cases) 
or 21 days (complicated cases) to hospitalized children with measles, 
and a reduction in mortality from 26 to 11 in 300 cases was noted (odds 
ratio [OR], 0.4; range, 0.19 to 0.83). Deaths caused by pneumonia 
decreased from 23 to 10. In the 1980s, Barclay and colleagues reported 
a trend toward reduced measles mortality in vitamin A–deficient Tan-
zanian children treated with vitamin A supplementation (200,000 IU 
× 2 over 2 days).14 More convincing evidence of benefit was then 
obtained with subsets of children whose measles was complicated by 
pneumonia or diarrhea. Hussey and colleagues,12 for example, studied 
189 South African children, 92% of whom were vitamin A deficient, 
who had complicated measles and who received vitamin A (200,000 IU 
× 2 over 2 days) or placebo. The mean recovery times for pneumonia 
and diarrhea in the vitamin A group (6.3 and 5.6 days, respectively) 
were shorter than in the placebo group (12.4 and 8.5 days, respectively; 
P < .001 for both pneumonia and diarrhea; see Table 50-1). Coutsoudis 
and associates15 followed with a smaller trial of 60 South African 
patients with measles pneumonia; the duration in vitamin A–treated 
patients (360,000 IU × 3 over 8 days) was 3.8 days versus 5.7 days in 
the placebo group (P = .04).

In contrast to these South African studies, in which two doses  
of vitamin A reduced measles morbidity, one dose of vitamin A has 
not been proven to reduce morbidity. Zambian children with acute 
measles who developed respiratory complications were then adminis-
tered one dose of 200,000 IU of vitamin A or placebo. The vitamin A 
group had a lower chance of developing pneumonia (OR, 0.73) if 
pneumonia was not present on admission but had a greater chance of 
failing to recover from pneumonia (OR, 1.2) if pneumonia was present 
on admission.16

In a meta-analysis of five prevention studies, vitamin A supplemen-
tation of the diet of 6- to 59-month-old children reduced measles-
specific mortality, although not quite statistically (RR, 0.73; 95% CI, 
0.47 to 1.13).17

It appears that respiratory morbidity and mortality from other spe-
cific infectious causes are not improved with vitamin A supplementa-
tion. Vitamin A prophylaxis of Indonesian children every 4 months for 
2 years18 resulted in a rise in acute lower respiratory disease compared 
with placebo (RR, 1.39%; 95% CI, 1.003 to 1.931); vitamin A treatment 
of Peruvian children with community-acquired pneumonia resulted in 
a modest increase in symptoms19; vitamin A supplementation of U.S. 
children with confirmed respiratory syncytial virus (RSV) infection 
had slightly longer hospital stays than placebo controls (5.0 vs. 4.4 days; 
P = .01)20; and Brazilian children with nonmeasles pneumonia did not 
materially benefit from vitamin A supplementation.21 When Tanzanian 
children hospitalized with nonmeasles pneumonia were treated with 
vitamin A (total dosage of 200,000 IU for infants and 400,000 IU for 
children older than 1 year), the number of deaths was nonsignificantly 
greater in the vitamin A group than in the placebo group, 13 of 346 
versus 8 of 341, respectively (P = .28; see additional data in Table 
50-1).22 In a meta-analysis of four prophylaxis trials and eight treat-
ment trials that included some of the just-mentioned articles, there was 

conclusion. The risk ratio for cranberry users versus nonusers was 0.62 
(UL 95% CI, 0.80), with a moderate degree of heterogeneity (I2 = 43%) 
after the exclusion of one outlier study. On subgroup analysis, 
cranberry-containing products seemed to be more effective in several 
subgroups, including women with recurrent UTIs (RR, 0.53; UL 95% 
CI, 0.83), female populations (RR, 0.49; UL 95% CI, 0.73), and children 

FIGURE 50-1 Artemisia annua. 

FIGURE  50-2 Artemisinin structures. Shown are qinghaosu (arte-
misinin), artemether, the oil-soluble derivative with a methyl group in  
ether linkage, the water-soluble artesunic acid with a succinic acid group 
in ester linkage, and the common metabolite dihydroqinghaosu 
(dihydroartemisinin). 
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in zinc-supplemented children who enrolled by day 4 of symptoms, 
but not in children who enrolled after any period of prior diarrheal 
symptoms (RR, 0.87; 95% CI, 0.65 to 1.16).34 Roy and co-workers have 
confirmed that if zinc supplementation (20 mg/day) is started in Ban-
gladeshi children 3 to 24 months old with diarrhea of less than 3 days’ 
duration, the time to recovery is shortened compared with controls 
(4.7 vs. 6.2 days; P < .04).35 In 2011, Indian children aged 6 to 24 
months with diarrhea and moderate dehydration were treated with 
20 mg zinc per day for 14 days or placebo. The duration of diarrhea 
was reduced from 88 hours in placebo to 64 hours in the zinc group 
(P < .0001) (see Table 50-1).36 Administration of three times the recom-
mended daily allowance of zinc to Nepalese children with diarrhea of 
96 hours or more significantly reduced disease duration. For patients 
whose diarrhea lasted longer than 3 days after starting the study, the 
risk ratio for zinc patients compared with controls was 0.75 (95% CI, 
0.61 to 0.91), and for the lesser number of cases lasting longer than 7 
days, the risk ratio was 0.57 (95% CI, 0.38 to 0.86).37 Plasma zinc values 
increased by approximately 4 µmol/dL in zinc-supplemented patients.37 
In Bangladeshi villages, zinc (20 mg/day × 14 days) significantly 
lowered the duration of diarrhea in 3- to 59-month-old children by 1.2 
days (see Table 50-1).38 In younger patients (aged 1 to 5 months) in 
Pakistan, India, and Ethiopia, however, 14-day treatment with zinc 
10 mg/day did not decrease the duration of diarrhea.39

A 2012 meta-analysis of treatment trials40 confirms the overall con-
clusions from the previously discussed articles. In five trials involving 
children older than age 6 months with acute diarrhea, zinc supplemen-
tation shortened the duration of diarrhea by 10.4 hours, although the 
difference between the zinc group and the placebo group was not quite 
significant (95% CI, −21 to 0.25). In three trials in children with signs 
of moderate malnutrition, the effect appeared greater. The duration of 
diarrhea was reduced by 27 hours (95% CI, −15 hours to −39 hours).

Zinc supplementation to prevent or to treat diarrhea has been asso-
ciated with an increased risk of vomiting. In one prevention study in 
India, there was a small but significant increase in the mean days of 
vomiting in the zinc group (4.3 days) compared with the placebo group 
(2.6 days).29 In a treatment study, 5% of zinc treatments regurgitated 
compared with 1.3% of placebo treatments.37

The use of zinc for prevention and treatment of childhood diarrhea 
represents a situation in which micronutrient supplementation of pre-
sumptively deficient populations leads to clinical improvement in most 
patients.

Treatment of the Common Cold
Zinc
Adults in temperate regions experience two to four viral colds annually. 
Rhinoviruses cause 30% to 50% of colds, but scores of other viruses 
can also be causative agents. Conventional treatment is symptomatic 
rather than specific for these causative factors. Cold symptoms are 
likely caused by the release of inflammatory mediators, including 
selected cytokines and chemokines. The mechanisms by which zinc 
could act include a direct antiviral effect or modulation of the inflam-
matory response to infection. Nonclinical reports have shown that  
zinc prevents the formation of rhinoviral capsid proteins and the 
binding of coat proteins to specific receptors on the respiratory epithe-
lium, and it can modulate the amount or function of inflammatory 
mediators.41,42

Treatment of patients with common cold symptoms has yielded 
contradictory results. For example, adults and students (mean age, 37 
years) in one study with 24 hours or less of cold symptoms who 
received one (13 mg) zinc acetate–containing oral lozenge six times 
daily had a statistically diminished duration of cold symptoms com-
pared with placebo recipients (4.5 vs. 8.1 days; P < .01; see Table 50-1).43 
Zinc intake in this study was approximately 80 mg/day, and zinc levels 
increased from 14.8 to 17.7 µmol/L. In another study, adults with at 
most 24 hours of common cold symptoms took 1 lozenge containing 
13.3 mg of zinc (as zinc acetate) or placebo every 2 to 3 hours while 
awake. Compared with the placebo group, the zinc group, in whom 
plasma zinc values increased by 15 µg/dL, had a shorter mean overall 
duration of cold (4.0 vs. 7.1 days; P < .0001).44

In contrast, a study of elementary schoolchildren who were enrolled 
in the study after 24 hours of cold symptoms and who received zinc 

no effect on vitamin A relative to placebo (RR, 1.01 for prophylaxis; 
RR, 1.05 for treatment).23

An Ecuadorian study has illustrated that the effect of vitamin A on 
nonmeasles pneumonia varies with the nutritional status of the popu-
lation. Poor urban Andean children were randomized between pro-
phylactic vitamin A (10,000 IU weekly) and placebo for 40 weeks. The 
incidence of acute lower respiratory tract infection did not differ 
between the two groups, being 8.9 versus 7.4 cases/1000 child-weeks, 
respectively. Subgroup analysis revealed that malnourished children 
(weight/age >2 standard deviations below the mean) receiving vitamin 
A did have statistically less pneumonia than placebo groups receiving 
vitamin A, but the authors were surprised to find that children of 
normal weight had statistically more pneumonia than those in placebo 
groups (see Table 50-1).24 The efficacy of vitamin A for pneumonia is 
complex and depends on the infecting agent (measles vs. nonmeasles) 
and probably also on the degree of malnutrition of the host.

Zinc for Diarrhea in Children of the 
Developing World
Compared with iron and copper, zinc is a divalent cation that is rela-
tively stable to oxidation and reduction. Zinc is therefore an ideal metal 
cofactor for enzymatic reactions that require a redox-stable cation to 
accept a pair of electrons.25 Hundreds of zinc metalloenzymes are 
known.26 The importance of zinc in infectious diseases is illustrated by 
acrodermatitis enteropathica, an autosomal recessive disorder attrib-
uted to a defect in zinc metabolism. These patients suffer from diarrhea 
and immune dysfunction, including T-cell dysfunction and suscepti-
bility to viral, bacterial, and fungal infections. The ubiquity of zinc-
requiring enzymes makes it difficult to determine precisely which 
enzymatic deficiencies cause these symptoms.

Unlike vitamin A, zinc does not have tissue reserves.27 Mild zinc 
deficiency can occur in breastfed children after 6 months of age if the 
diet does not include red meat, which is the major dietary source of 
exogenous zinc. Attempts have been made to ameliorate diarrhea in 
undernourished children of the developing world via zinc supplemen-
tation. In a meta-analysis of prophylaxis trials in which 5 to 20 mg 
zinc/day (the U.S. recommended daily allowance of zinc is 5 to 10 mg/
day) was provided to children younger than 5 years in developing 
countries for 12 to 54 weeks, the pooled OR for diarrhea incidence 
(0.82) was statistically decreased with respect to controls (see Table 
50-1).28 The normal plasma level of zinc is 65 to 140 µg/dL. Plasma 
zinc levels in the treated patients rose from a mean of 75 µg/dL before 
therapy to 93 µg/dL after therapy, whereas in controls zinc levels 
remained constant, at 77 to 78 µg/dL, confirming the use and bioavail-
ability of the prescribed zinc. A report of 2400 patients from India was 
confirmatory.29 Administration of 10 to 20 mg zinc daily for 4 months 
increased plasma zinc levels from 62 to 129 µg/dL in the zinc group, 
and the incidence of diarrhea was statistically decreased (OR, 0.88; 
95% CI, 0.82 to 0.95). The OR was 0.92 for a 1- to 6-day episode, 0.79 
for a 7- to 13-day episode, and 0.69 for a 13-day or longer episode. 
Thus, zinc appeared most effective in preventing episodes of diarrhea 
that are more severe and prolonged. In Bangladesh, weekly supplemen-
tation with zinc (70 mg) significantly decreased the risk of pneumonia, 
diarrhea, and death compared with placebo in 2- to 12-month-old 
infants (see Table 50-1). None of the zinc patients but 10 of the placebo 
patients died of pneumonia alone.30

In HIV-infected children in South Africa, zinc supplementation for 
6 months (10 mg daily) halved the incidence of diarrhea and there was 
a trend toward reduction of pneumonia (see Table 50-1).31 The effect 
of zinc on disease was direct, not indirect via a change in HIV status, 
because the HIV viral load was unaffected. Zinc supplementation 
(10 mg daily) reduced the rate of diarrhea in Tanzanian children by 
24% compared with placebo (see Table 50-1).32 In South America, the 
number of episodes of diarrhea in Peruvian children aged 6 months to 
15 years was statistically diminished by the administration of zinc 
20 mg daily.33

Zinc is also effective treatment for diarrhea in children in develop-
ing countries, although it may be necessary to enroll patients by day 3 
or 4 of symptoms to achieve statistical evidence of benefit.34 For Indian 
children 6 to 35 months of age, the relative risk of diarrhea lasting 
longer than 7 days was statistically reduced (RR, 0.61; see Table 50-1) 
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flowering E. purpurea twice daily for 10 days demonstrated a statisti-
cally significant reduction in median time of illness (6.0 vs. 9.0 days 
for placebo; see Table 50-1).54 Canadians who received Echinilin (a 
standardized Echinacea preparation) at the onset of a cold demon-
strated a statistically significant 23% lowering in total daily symptoms 
compared with placebo.55 A follow-up report on children who did not 
statistically benefit from treatment with Echinacea is intriguing, 
because the risk of subsequent upper respiratory tract infections over 
14 weeks was reduced by 16% (P = .07).56

In a recent large study of new-onset common cold, patients were 
assigned to placebo pills (176 patients) and Echinacea pills (183 
patients). Patients taking Echinacea received the equivalent of 10.2 g 
of dried Echinacea root during the first 24 hours and 5.1 g during each 
of the next 4 days. The primary outcome was the area under the 
concentration-time curve for global severity. Mean global severity  
was 236 for the Echinacea group and 264 for the placebo group, 
respectively, a 28-point difference that trended toward benefit for  
Echinacea (P = .09). Mean illness duration in the blinded Echinacea 
groups was 6.3 days compared with 6.9 days in the blinded placebo 
group (P = .075; see Table 50-1).57

The attempt to support the clinical use of Echinacea for colds has 
been particularly bedeviled by the multiplicity of Echinacea formula-
tions. The composition of an extract of a complex botanical can vary 
with the species, geographic source, time of harvest, plant part used, 
and method of extraction. Probably, eight different Echinacea formula-
tions were used in the nine reports summarized here.

Milk Thistle for Chronic Hepatitis
Milk thistle extracts have been used since ancient Rome as treatment 
for various disorders, including those of the liver, and studies have 
suggested plausible mechanisms whereby they could be beneficial in 
selected settings.58 Milk thistle seeds contain approximately 60% sily-
marin, which is a mixture of six flavonolignan isomers. Two isomers, 
silibinin A (Fig. 50-3) and silibinin B, comprise about half of silyma-
rin.59 Administration of oral formulations of milk thistle extract such 
as Legalon results in plasma Cmax values for silibinin A and B of 100 to 
600 ng/mL, and the half-life is approximately 1 to 2 hours.60

Silibinin and the other flavonoids are thought to function as anti-
oxidants. Saller and co-workers59 have reviewed the effects of silymarin 
and silibinin on cellular metabolism in vitro. Silibinin reacted rapidly 
with HO radicals but poorly with O2

− and with H2O2. In addition, 
formation of leukotriene B4 (but not prostaglandin E2) was inhibited, 
with an IC50 =15 µM. Silymarin suppressed nuclear factor kappa B 
DNA activation and binding activities. In human cells in vitro, silyma-
rin reduced natural killer cell–mediated cytotoxicity but not antigen-
dependent cellular cytotoxicity. In rats, silymarin and silibinin 
protected liver mitochondria and microsomes from lipid peroxidation 
induced by several hepatotoxic agents. In all, these mechanisms could 
retard inflammation and fibrosis.

In addition, the components of silymarin have been recently shown 
to have a direct antiviral effect. Silymarin and its components inhibited 
hepatitis C virus (HCV) RNA-dependent RNA polymerase function,61 
and silymarin inhibited the entry of viral pseudoparticles and fusion 
of HCV pseudoparticles with liposomes.62 Silymarin also blocked cell-
to-cell spread of virus.62 The mechanisms of silymarin’s antiviral action 
appear to include blocking of virus entry and transmission, possibly 
by targeting the host cell. A major clinical trial, however, has suggested 
that oral silymarin in the form of Legalon is not beneficial in viral 

lozenges of 10 mg five or six times daily showed no improvement in 
cure times (9 days) over placebo (9 days).45 In a study of subjects 18 to 
65 years of age with colds of 1 day’s duration, the median duration of 
illness was 5.5 days in both the oral zinc acetate group (approximately 
70 mg/day) and the placebo group (see Table 50-1).46 In this latter 
study, the effect of zinc on colds induced by specific challenge with 
rhinovirus type 39 was also determined. The duration of illness was 
2.5 days in a zinc gluconate group (78 mg/day) compared with 3.5 days 
in a placebo group (P = .035; see Table 50-1), but the severity of disease 
was unaffected.

Topical zinc treatment has also been the subject of contradictory 
reports. On the positive side, within 48 hours of onset of illness, 
patients received two 120-µL sprays of a nasal gel containing 33 mM 
of zinc four times daily until symptoms resolved. Their total dose was 
960 µL or 2.1 mg zinc/day. The duration of symptoms was statistically 
shortened in the zinc group (4.3 days) compared with the placebo 
group (6 days; P = .002).41 The improvement in the course of colds 
acquired naturally contradicted the previous study of Turner and col-
leagues47 on colds induced by challenge by rhinovirus type 23. In the 
challenge study, a slightly lower dose of zinc (120 µL of 33 mM zinc 
gluconate, five times daily for a total of 600 µL) was sprayed for 3 days 
before challenge and then for 6 days thereafter. The nares were lavaged 
with a solution of 6.5 µg/dL zinc just before virus challenge. In zinc 
recipients, the lavage fluid contained 48 µg zinc/dL; in placebo patients, 
zinc levels in the lavage fluid remained at 6.7 µg/dL, confirming deliv-
ery of the desired preparation. Rhinovirus infection occurred in 78% 
of zinc-treated volunteers and 74% of placebo-treated volunteers, and 
the incidence of clinical colds also did not differ between the groups 
(59% of active group vs. 54% of placebo group).

Thus, despite its prevalent use, there remains no consistent evidence 
that zinc (topically or orally) ameliorates or prevents viral colds.

Echinacea
Extracts of the genus Echinacea (purple coneflower) were used by 
Native Americans for a wide range of diseases, including colds, arthri-
tis, snakebite, rabies, seizures, and cancer.48 Echinacea is hugely popular 
in Europe and among the top several herbal products in the United 
States, in terms of annual sales. In 1996, there were more than 500 
distinct Echinacea-containing products sold in Germany. The encour-
aging earlier German literature has been reviewed by Borchers and 
associates.49 The often-claimed power of Echinacea to prevent or treat 
upper respiratory tract infections is attributed to the immunologic 
activity its constituents manifest in nonclinical models. For example, 
purified Echinacea polysaccharides activate phagocytes in vitro and in 
animal models.49

Despite these clinical claims and in vitro immunologic activities, it 
has been difficult to prove that Echinacea extracts are truly effective for 
prevention or treatment of the common cold. In a prevention trial in 
40-year old adults who received 4 mL of freshly expressed juice of 
whole flowering plants of Echinacea purpurea twice daily for 8 weeks, 
the incidence of natural colds was not statistically reduced (65% in the 
Echinacea group vs. 74% in the placebo group; see Table 50-1).48 Echi-
nacea (300 mg) twice daily for 14 days before challenge with rhinovirus 
type 23 and for 5 days thereafter was also not protective compared with 
placebo; infection occurred in 44% and 57% of volunteers, respectively, 
and illness occurred in 50% and 59% of volunteers, respectively, with 
documented rhinovirus infection (see Table 50-1).50 In treatment trials, 
students with 1-day onset of colds were administered a mixture of 
unrefined Echinacea root and herb (123 mg of Echinacea angustifolia 
root, 62 mg of E. purpurea root, 62 mg of E. purpurea herb) approxi-
mately three times daily until cold symptoms resolved. Compared with 
placebo, there was no difference in mean cold duration (6.3 days vs. 
5.8 days) or in illness severity.51 In prominently published reports, 
treatment with juice of above-ground E. purpurea herb did not dimin-
ish the duration of cold symptoms or the severity of symptoms in 
children (see Table 50-1),52 and three formulations of E. angustifolia 
did not diminish symptoms of experimental rhinovirus infection  
when given as prophylaxis and treatment or only as treatment (see 
Table 50-1).53

Conversely, in another study, adult Germans suffering with incipi-
ent cold symptoms who received 5 mL of pressed juice from fresh FIGURE 50-3 Structure of silibinin from milk thistle. 
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Polyphenon E was 63%, for 10% Polyphenon E it was 57%, and for 
placebo it was 46%.71 In a trial with apparently a competing topical 
polyphenol formulation, complete clearance of all baseline and newly 
occurring warts was obtained in 57% and 56% of patients treated with 
15% and 10% ointment, respectively, compared with 34% for vehicle 
ointment (both P < .001).72 For all patients reviewed by the FDA, 54% 
of 397 patients were completely cured by Polyphenon E, whereas 35% 
of 207 patients were cured with placebo.73 Discontinuation or reduc-
tion of dose occurred in 5% of patients as a result of local burning, 
erythema, pruritus, erosion, or edema.69 The 2006 approval of Polyphe-
non E for genital warts is a milestone for alternative medicines because 
it is the first time a complex botanical extract was approved as a drug 
by the FDA. It is attractive that the indication is an infectious disease–
associated condition.

Probiotics for Gastrointestinal Diseases
The use of probiotics represents a situation in which the alternative 
intervention is itself an infectious agent. Probiotics are defined as live 
microorganisms (generally bacteria) that when swallowed confer a 
beneficial health effect on the host.74 One postulate is that clinical 
benefit derives from gastrointestinal immune mechanisms. Colonizing 
bacteria interact with gastrointestinal cells, including immune cells of 
the gut epithelium, and probiotic bacteria could enhance mechanisms 
such as natural killer cell activity, cytokine production, macrophage 
activation, and secretory IgA activity.74 Probiotics might also be effec-
tive by nonimmunologic mechanisms, such as preventing pathogen 
adherence or invasion of gut tissues.75 Rat intestinal segments exposed 
to E. coli ex vivo exhibited an increase in mannitol permeability, which 
was abolished if the rats had been pretreated with Lactobacillus plan-
tarum.76 Intestinal segments from rats exposed to chronic stress dem-
onstrated excess ion secretion associated with increased bacterial 
adhesion and penetration into surface epithelial cells. Approximately 
70% of rats had bacterial translocation to mesenteric lymph nodes. 
Probiotic pretreatment alone had no effect on intestinal barrier func-
tion but reduced excess ion secretion, completely abrogated stress-
induced bacterial adhesion, and prevented translocation of bacteria to 
mesenteric lymph nodes.77

The ideal probiotic would survive stomach acid and intestinal bile, 
multiply within the human intestine and attach to human epithelial 
cells, and also produce antimicrobial substances.

Lactobacillus GG, for example, was chosen for probiotic interven-
tion specifically because it survives passage in the upper gastrointesti-
nal system, multiplies in the intestine, adheres well to epithelial cells 
in vitro and prevents adherence of E. coli O157:H7, and produces a 
substance effective against some pathogenic bacteria.78

Although probiotics have been used for allergies, colitis, inflamma-
tory bowel disease, and irritable bowel syndrome,79 the most relevant 
indication for an infectious disease textbook is the use of probiotics for 
acute diarrhea due to infection by microorganisms such as rotavirus 
or Helicobacter pylori. In earlier reports for rotavirus, approximately 
300 European children aged 1 to 36 months with acute diarrhea pre-
dominantly caused by rotavirus were randomized between treatment 
with oral rehydration solution plus L. GG (1010 colony-forming units 
[CFU]/250 mL) or oral rehydration solution plus placebo. The dura-
tion of diarrhea was 58 hours for the Lactobacillus group versus 72 
hours for the placebo group (see Table 50-1).80 In a smaller study, 
approximately 60 6- to 36-month-old Finnish children with rotavirus 
diarrhea were randomized to Lactobacillus reuteri at a high dose (1010 
CFU/250 mL), L. reuteri at a low dose (107 CFU/250 mL), or placebo. 
Duration of diarrhea was 1.5 days in the high-dose group, 1.9 days in 
the low-dose group, and 2.5 days in the placebo group (see Table 
50-1).81 In India, a low dose of L. GG (108 CFU/250 mL/day) did not 
decrease the duration of diarrhea in 1-year-old children, 75% of whom 
were infected with rotavirus82; but in a later report, both 1010 and 1012 
CFU/day in a population that was 57% positive for rotavirus statisti-
cally reduced the duration of diarrhea from 7.2 days to 5.1 days.83 In 
contrast, treatment of Bangladeshi 1-year olds with rotavirus diarrhea 
with 1010 CFU of Lactobacillus paracasei did not reduce the duration 
of diarrhea (94 hours in the probiotic group vs. 95 hours in the control 
group), although the duration was reduced for patients not infected 
with rotavirus (77 hours vs. 99 hours).84

hepatitis.63 Patients with chronic hepatitis C virus infection unsuccess-
fully treated with interferon-based therapy were randomly assigned to 
receive 420-mg silymarin, 700-mg silymarin, or matching placebo 
administered three times per day for 24 weeks. The primary outcome 
measure was a serum alanine aminotransferase (ALT) level of 45 U/L 
or less (considered within the normal range) or less than 65 U/L, pro-
vided this was at least a 50% decline from baseline values. Secondary 
outcomes included changes in ALT levels and HCV RNA levels. After 
24 weeks of treatment, only two participants in each treatment group 
met the primary outcome measure. The mean decline in serum ALT 
activity at the end of treatment did not differ significantly (P = .75) 
across the three treatment groups (mean decline, −4.3 U/L for placebo, 
−14.4 U/L for 420-mg silymarin, −11.3 U/L for 700-mg silymarin); 
there likewise were no significant differences in HCV RNA levels (see 
Table 50-1). Pure silibinin (SIL) administered intravenously has been 
more successful. Patients with hepatitis C who were nonresponders to 
pegylated interferon/ribavirin received 5, 10, 15, or 20 mg/kg/day SIL 
for 7 days. The viral load decrease was dose dependent. The log drop 
after 7 days SIL was 0.55 log units after 5 mg/kg, 1.41 log units after 
10 mg/kg, 2.11 log units after 15 mg/kg, and 3.02 log units after 20 mg/
kg.64 When 27 patients with less than a 2-log unit drop in viral load 
after 12 weeks or still detectable HCV RNA after 24 weeks of interferon/
ribavirin treatment then received 20 mg/kg/day SIL intravenously for 
14 or 21 days, 23 of 27 (85%) patients had undetectable HCV RNA.65 
Twenty patients who failed to achieve a complete virologic response to 
several interferon-based regimens received 1400 mg/day silibinin infu-
sions on 2 consecutive days. Complete viral suppression could be 
induced in 13 of 20 patients within the first week after the short-term 
silibinin infusion.66

The lack of clinical effect of oral Legalon and the attractive prelimi-
nary clinical data for intravenous-silibinin indicates that if silibinin-
containing formulations are to be useful for hepatitis C infection, it 
will be the intravenous formulation of pure silibinin with its assumed 
high exposure.

Green Tea Extract for Warts Caused by 
Human Papillomavirus
External genital warts are associated with human papillomavirus,  
especially types 6 and 11. Topical treatment, for example, with 5% 
imiquimod, which activates Toll-like receptor 7, increases the 11% 
placebo cure rate to 50%.67 Green tea leaves contain 36% polyphenols 
(catechins) by weight, with epigallocatechin gallate (EGCgl; Fig. 50-4), 
epigallocatechin (EGC), epicatechin gallate (ECgl), and epicatechin 
(EC) comprising approximately 10%, 5%, 5%, and 2%, respectively, of 
dry leaf weight.68 An additional 4% of the dry weight is caffeine. Green 
tea polyphenols have antioxidant activity at low concentrations and 
pro-oxidant activity at high concentrations and affect host cells in a 
number of ways, including suppression of nuclear factor kappa B and 
both upregulation and downregulation of protein kinases and protein 
kinase C.68 Polyphenon E is an ointment containing 15% green tea 
polyphenols. The polyphenols are only partially purified; 55% of Poly-
phenon E phenol is EGCgl, approximately 35% is other phenols, and 
2.5% is a combination of gallic acid, caffeine, and theobromine.69 When 
evaluated for genital warts in one study, the complete clearance rate 
was 59% compared with 37% for patients administered placebo (see 
Table 50-1).70 In a second study, the complete clearance rate for 15% 

FIGURE 50-4 Structure of epigallocatechin gallate. 
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patients administered placebo (see Table 50-1)90 signifies that the con-
dition of the host contributes importantly to adverse events with these 
agents.

SUMMARY
A defining characteristic of alternative medicines is that they are in use 
whether or not they have been formally tested. Public health consid-
erations, and the possibility that the low rate of new drugs through the 
conventional FDA approval process could be augmented if alternative 
agents can be shown to be safe and effective, have driven efforts to 
evaluate alternative agents according to conventional drug standards.

A biologically based alternative treatment, a tea of A. annua for 
fever, stimulated the isolation of the active ingredient, and artemisinins 
are now registered worldwide for the treatment for P. falciparum 
malaria. A complex botanical mixture, green tea polyphenols, has  
been registered in the United States for the treatment of venereal and 
genital warts. Zinc supplementation in undernourished children is 
probably effective both as prophylaxis and treatment for diarrhea. 
Vitamin A supplementation in undernourished children is probably 
effective in treating measles pneumonia but not effective in treating 
pneumonia of other causes. In spite of the suggestive in vitro and ex 
vivo data and early reviews that suggested a benefit of cranberry for 
urinary tract infections, recent meta-analyses do not support the effi-
cacy of cranberry-containing beverages for this disease. The utility of 
zinc and of Echinacea for the common cold cannot be decided from 
present studies. If milk thistle components are to be effective for hepa-
titis, it will probably be via intravenous injection of purified silibinin. 
Probiotics are infectious agents used as alternative medicines and are 
probably effective as treatment for diarrhea caused by rotavirus or  
H. pylori.

The use of probiotics as an adjunct during triple or quadruple 
antibiotic therapy for H. pylori infection was reviewed in 2013.85,86 The 
aims for probiotics in this indication are to prevent side effects of the 
antibiotics and, if possible, also assist in eradication of H. pylori. One 
issue is whether the probiotic bacteria would survive antibiotic therapy 
for H. pylori. At least when patients were treated with Lactobacillus 
rhamnosus GG and Propionibacterium freudenreichii subsp. shermanii 
JS, the concentrations of both probiotics in the feces increased by 2 to 
4 logs.87 Similarly, patients receiving Lactobacillus- and Bifidobacterium-
containing yogurt showed restoration of the percentage of Bifidobac-
terium in the anaerobes of stools.88 Wang and co-workers86 reviewed 
the use of specifically Lactobacillus-containing and Bifidobacterium-
containing probiotics. Of the 10 studies reviewed, H. pylori eradication 
rates in the probiotic-plus-antibiotic group versus the antibiotic-alone 
group increased in all but one of the studies with a pooled odds ratio 
of 2.1 (95% CI, 1.4 to 3.1). Six studies were reviewed for diminution 
of antibiotic adverse reactions, primarily nausea. The pooled odds ratio 
was significantly decreased in the probiotics supplementation group 
(OR, 0.31; 95% CI, 0.12 to 0.79). Madeiros reviewed the broader field 
of all probiotics for H. pylori and noted the difficulties in generalizing 
across studies when different probiotic strains, doses, and timing of 
doses are used in different-aged populations.85

Deliberately exposing humans to live microorganisms poses theo-
retical risks. Adverse metabolic reactions in the gut, untoward immu-
nologic reactions both in the gut and systemically, and transfer of 
resistance plasmids from the probiotic organism to gut flora are all 
possible. Probiotic bacteremia and endocarditis are also possible and 
have occurred, although rarely.89 The unexpected finding that patients 
with acute pancreatitis administered a mixture of probiotics (1010 total 
CFU/day) experienced a statistically higher number of deaths than 
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51  Antimicrobial Stewardship
Conan MacDougall

Issues associated with use of antibiotics were recognized shortly after 
their introduction into clinical medicine in the early 1940s. The intro-
duction of new antibiotics during the next decade saw increasing and 
often inappropriate use of these agents. In his review of the subject in 
1956, Jawetz1 was one of the first to recognize the problems caused by 
the attractiveness of new antibiotics to physicians, the exaggerated 
claims by the pharmaceutical industry, and the enormous impact  
that promotion by the drug companies had on medical practice.  
The problem has only worsened. In 2010, 258 million courses of anti-
biotics were prescribed to outpatients in the United States, a rate of  
833 per 1000 population.2 Approximately 60% of all hospitalized 
patients in the United States receive at least one dose of an antibacterial 
drug during hospitalization.3 About 50% of this use is considered 
unnecessary or otherwise inappropriate.4,5 Among the unwanted con-
sequences of antimicrobial therapy are adverse reactions, increased 
morbidity and mortality, increased length of stay, increased cost of 
hospitalization, predisposition to secondary infections, and the emer-
gence of drug-resistant microorganisms.6 Antimicrobial drug use is 
at least partially responsible for the rising incidence of serious infec-
tions caused by methicillin- and glycopeptide-resistant Staphylococcus 
aureus, vancomycin-resistant enterococci (VRE), extended-spectrum 
β-lactamase–producing Enterobacteriaceae, multidrug-resistant Pseu-
domonas aeruginosa and Acinetobacter spp., and Klebsiella spp. express-
ing Klebsiella pneumoniae carbapenemases, as well as the proliferation 
of more virulent strains of Clostridium difficile.7-9 Development of 
novel antimicrobial agents active against these resistant organisms  
has not kept pace with their proliferation; thus, more effective use of 
current agents is essential to preserve the value that antimicrobials 
provide to modern medicine.10

ANTIMICROBIAL STEWARDSHIP
The ideas that antimicrobial drugs are in a different class from all other 
pharmaceuticals because their use in one patient has the potential for 
adverse consequences in other patients who have not received them, 
and that the usefulness of these drugs is declining as their use increases, 
gave rise to the term “stewardship” in 1996 to draw attention to these 
unique characteristics.11 Programs designed to increase the appropri-
ateness of antimicrobial use in hospitals had been described since the 
1970s and were commonly referred to as antimicrobial “management” 
or “control” programs.12,13 The focus of these programs tended to be 
financial because antibiotic expenditures accounted for as much as 
30% to 50% of a hospital’s total drug budget.14 The currently preferred 
term, antimicrobial stewardship, serves to emphasize the special status 
of this class of drugs.

The focus of these programs is improvement in the quality of 
patient care, with the primary goals of improving clinical outcomes 
and stabilizing or reducing rates of resistance. Support for antimicro-
bial stewardship programs (ASPs) in hospitals received a major boost 
in 2007 with the publication of stewardship guidelines from the Infec-
tious Diseases Society of America (IDSA) and the Society for Health-
care Epidemiology of America (SHEA).15 This chapter reviews 
antimicrobial stewardship strategies that have been reported in the 
literature, summarizes their goals and the clinical and institutional 
outcomes of these efforts, and ends with recommendations for the 
development, implementation, and funding of a successful ASP.

PHILOSOPHY OF  
ANTIMICROBIAL USE
To address the problem of inappropriate antimicrobial usage, we first 
must understand the constraints under which physicians work and the 

pressures that are exerted on them to prescribe drugs. The prescription 
of antibiotics has become as much of a psychological or philosophical 
endeavor as a scientific exercise.16,17 Physicians must balance the risks 
of not treating or inadequately treating a patient with antimicrobials 
against the risks of antimicrobial use in terms of adverse effects, drug 
costs, and contribution to antimicrobial resistance. Because the last 
consequence (antimicrobial resistance) is typically removed in time 
and place from the original prescribing decision, it often receives  
little weight. Indeed, a study by Metlay and colleagues18 found that 
“risk of contributing to antimicrobial resistance” ranked last among 
seven factors that physicians were asked to weigh when deciding  
which antimicrobial to prescribe for a hypothetical patient. In the same 
study, patient expectations to receive antimicrobials when they visit a 
physician for a condition they perceive is infectious was identified as 
a key factor in overprescribing of antimicrobials. Although studies 
have demonstrated that patients can be successfully dissuaded from 
demanding unnecessary antimicrobials without adverse effects on sat-
isfaction with their physician, these interventions may be more time-
consuming and require more training relative to simply prescribing an 
antimicrobial.19 Diagnostic tests for infections may be perceived as 
overly expensive, invasive, or time-consuming relative to simply pre-
scribing an antimicrobial for a suspected infection. When diagnostic 
tests for infections are ordered, they are often slow to turn around and 
limited in their sensitivity. Prescribers may be unwilling to take the 
risks of not prescribing an antimicrobial or prescribing a narrower-
spectrum antimicrobial because of malpractice and litigation concerns 
if a patient truly has an infection. Clinicians may lack adequate knowl-
edge of infectious disease diagnostics and management, especially in 
the face of a growing population of immunocompromised patients 
(human immunodeficiency virus, stem cell and solid-organ transplan-
tation). All of these factors may lead physicians to fall back on the rela-
tive “comfort” of broad-spectrum antimicrobial use.20

In this environment, some physicians believe that ASPs impose 
unnecessary or even deleterious constraints on the practice of medi-
cine.21 Prescribers fail to appreciate that antimicrobial use has signifi-
cant ecologic consequences that extend beyond the individual patient 
under their care and can affect their entire practice population. Their 
skepticism may arise from the perception that there is a lack of docu-
mented efficacy of ASPs across varied health care settings, a paucity of 
direct evidence demonstrating an improvement in clinical outcomes, 
limited physician time or incentive to pursue such efforts, and a weak 
causal link between the emergence of resistance and antibiotic use 
patterns. Although there are no large multicenter, randomized con-
trolled trials to address all of these questions, the preponderance  
of evidence and recent publication of the IDSA/SHEA stewardship 
guidelines15 supports the implementation of antimicrobial stewardship 
efforts.

ANTIMICROBIAL STEWARDSHIP 
STRATEGIES
Many strategies have been used to curb soaring antimicrobial expen-
ditures and to limit the adverse consequences of inappropriate anti-
microbial therapy (Table 51-1). In a 1983 survey of 112 hospitals 
associated with medical schools, Klapp and Ramphal22 found that 62 
of 108 respondents had some form of direct control of antimicrobial 
usage, either through requirements for authorization by a specialist  
or through restriction of acceptable indications for the use of particu-
lar agents. A 2009 survey of 357 hospital practitioners at teaching 
(55%) and nonteaching hospitals found that although only 48% had an 
existing antimicrobial stewardship program, an additional 26% were 
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an effective method to achieve a long-term impact on prescribing 
practices.

Educational programs are difficult to assess because of the complex 
nature of educational variables, the diversity of efforts, the lack of 
standardized feedback, and the intricacy of the infectious diseases 
decision-making process. Nonetheless, several generalizations can be 
culled from the existing literature. Individual instruction by an 
antibiotic-utilization expert appears to be the most successful educa-
tional strategy, whereas utilization review is less useful.14,16 Contempo-
raneous interventions have a greater impact than those removed from 
the original antibiotic order by space and time. However, in the absence 
of continuous reinforcement, all results extinguish rapidly.34,35 There-
fore, although education should be the cornerstone of any ASP, this 
approach should not be used as the sole strategy.15

Antimicrobial Formulary  
Restriction Strategies
Limiting the availability of agents on formulary is the most direct 
method to influence antimicrobial utilization; it is a simple way to 
prohibit the use of newer, more expensive antibiotics in favor of older, 
equally effective drugs.36 One of the landmark studies in this area was 
published by Woodward and colleagues37 in 1987. Use of a restricted 
formulary resulted in cost savings of $34,597 per month for restricted 
agents and $24,620 per month for all antibiotics (P < .03), with no 
adverse impact on the clinical outcomes of patients with bacteremia or 
a variety of other infections. Before implementation, unnecessarily 
expensive agents were prescribed 37% of the time, compared with just 
2% of the time during the study period. The researchers were able to 
demonstrate that the restriction of certain agents could result in sig-
nificant cost savings without decreasing the quality of patient care. 
Conversely, a study by Himmelberg and associates38 evaluated the 
impact of removing long-standing formulary restrictions at a univer-
sity hospital. Antimicrobial expenditures escalated by 103% during the 
study. Imipenem-cilastatin accounted for the greatest proportion of the 
increase, with costs rising from $44,423 to $126,332 annually, whereas 
expenditures for unrestricted drugs did not change appreciably. 
Although the study was not designed to test this hypothesis, the results 
implied that the increase was due to unnecessary use of formerly 
restricted agents and not to substitution of drugs. Antimicrobial for-
mulary restriction is a simple and effective means of controlling drug 
costs without increasing adverse patient outcomes and should be 
included in most antimicrobial stewardship schemes.

Beyond the issue of cost, exercising control over which antimicrobi-
als are available for physicians to prescribe also may strongly influence 
the development of antimicrobial resistance in a health care institution. 
There is debate as to whether certain antibiotic classes or agents have 
a lower intrinsic risk of selecting for antimicrobial resistance. Patterson 
and Rice39 argued that third-generation cephalosporins may be most 
likely to result in resistance problems, and it is possible that selection 
of a different class of antibiotic for routine use may forestall resistance. 
Similarly, some have argued that preferential use of the most potent 
fluoroquinolone for treatment of respiratory tract infections caused by 
Streptococcus pneumoniae (e.g., moxifloxacin instead of levofloxacin) 
will delay or prevent the emergence of resistant strains.40 Livermore41,42 
noted that resistance in Pseudomonas spp. was more difficult to achieve 
with meropenem than with imipenem because two mutations were 
required rather than one. In addition to intrinsic differences in potency 
among agents for a particular pathogen, it is also possible that dose 
optimization using pharmacodynamic principles may help delay emer-
gence of resistance during therapy for some organisms.43

A restricted formulary tends to result in more homogeneous anti-
microbial use, because fewer drugs are available for selection. Clinical 
practice guidelines that encourage use of specific drug therapies for an 
infection also promote less variability in antimicrobial use. Two differ-
ent methods of formulary manipulation attempt to increase the het-
erogeneity of the antimicrobials to which patients are exposed, albeit 
using very different approaches. The first approach is termed antimi-
crobial “cycling”—alternating the predominant antimicrobial used for 
empirical therapy for all patients in a particular patient care area in  
a regular pattern over time.44 The rationale behind cycling is that, 
as bacteria in an intensive care unit (ICU) or hospital acquire new 

developing an antimicrobial stewardship program.23 The most common 
strategies used among the institutions represented were restrictive for-
mularies (80%), prescriber education (77%), prospective audit and 
feedback (66%), and antimicrobial prior-approval programs (38%).

Almost 500 infectious diseases physicians who participated in the 
Emerging Infections Network of the IDSA responded to a question-
naire that assessed their roles in antimicrobial management programs.12 
Overall, half indicated that the hospitals in which they worked required 
approval of an infectious disease physician before restricted antimicro-
bials could be dispensed, but payment for such services was rare (18%). 
John and Fishman14 published a critical review of ASPs that summa-
rized the results of 37 strategies and evaluated the strengths and weak-
nesses of each approach.14 The emphasis of the programs that were 
reviewed is illustrated in Figure 51-1.

In the following sections, we consider the data supporting major 
strategies. The reader is referred to many excellent reviews of steward-
ship programs for additional details.24-31

Educational Strategies
Although education has long been considered one of the hallmarks of 
the activities of the infectious diseases physician, it is the least rigor-
ously studied intervention. A variety of approaches have been used, 
including staff conferences, lectures by visiting professors (grand 
rounds), clinical pharmacy consultations, drug-utilization evaluations, 
newsletters, and the development of clinical pathways or guidelines. 
Inasmuch as there are significant ongoing deficiencies in physicians’ 
knowledge concerning antibiotic actions, pharmacology, and inappro-
priate use,32,33 it is reasonable to assume that education alone is not 

TABLE 51-1  Antimicrobial Stewardship Strategies
Antibiotic order forms
Antibiotic rotation
Antimicrobial formulary restriction
Automatic stop orders
Clinical practice guidelines
Computer-assisted management programs
Costing of items in clinical microbiology laboratory
Direct interaction
Educational programs
Formal seminars
Multidisciplinary approaches
Newsletters
Performance evaluation
Prior-approval programs
Purchase plans
Simple chart entry
Telephone approval
Therapeutic substitution and streamlining programs

FIGURE 51-1 Organizational structure of a comprehensive antimi-
crobial management program. P and T, pharmacy and therapeutics. 
(Modified from John JF Jr, Fishman NO. Programmatic role of the infectious 
diseases physician in controlling antimicrobial costs in the hospitals. Clin 
Infect Dis. 1997;24:471-485.)
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did not differ between the prerestriction and postrestriction periods. 
The most significant decreases in use were seen with cefoxitin and 
clindamycin, whereas the largest increases were demonstrated with 
ticarcillin-clavulanate and cefotetan.

Enforcement of a prior-approval program can be difficult, and the 
process may be viewed as a punitive exercise. In a survey of residents 
in a teaching hospital, a majority agreed that a restrictive antimicrobial 
program was a “good idea” and that such a program “improved indi-
vidual patient care,” but a majority also agreed that the requirement for 
call approval led to delays in patient receipt of antimicrobial agents and 
that calling for approval was frustrating.62 In private practices, infec-
tious disease physicians are not enthusiastic about restricting antibiot-
ics because of concerns that the policies will place them in a policing 
role and thereby damage their traditional referral patterns.12 Although 
these strategies are the most onerous to prescribing physicians, they 
undoubtedly are the most effective single interventions to change or 
improve usage patterns and to control the antimicrobial budget.14

Prospective Audit and  
Feedback Strategies
Prospective audit of antimicrobial prescribing (usually accomplished 
by daily review of prescriptions of targeted antimicrobials), coupled 
with feedback to physicians to improve antimicrobial use, is an impor-
tant stewardship strategy. Feedback should be educational and evi-
dence based, with the goal of appropriate individualized therapy. 
Interventions occurring as part of an audit and feedback strategy 
include switching patients from intravenous to oral therapy (switch or 
step-down therapy), from broad-spectrum and combination therapy to 
more narrow-spectrum therapy (also called streamlining), and from 
excessive or inadequate doses to more appropriate doses (dose optimi-
zation strategies). Prescribers tend to view audit and feedback strate-
gies as less onerous than prior-approval programs. The most effective 
antibiotic stewardship programs will at least incorporate components 
of prospective audit and feedback along with other efforts such as 
restriction and prior approval.

The feasibility of switch therapy has been investigated primarily in 
the management of pulmonary infections. Early studies demonstrated 
significant savings in drug costs as well as decreased lengths of stay63 
and a decreased incidence of catheter-related infections.64 The largest 
and most ambitious study of switch therapy produced somewhat more 
modest results.65 A seven-hospital, cluster randomized trial evaluated 
outcomes of patients admitted for treatment of community-acquired 
pneumonia. The intervention was designed to switch patients to oral 
therapy, to discharge as early as medically feasible, and to assess 
medical outcomes. The physicians responsible for treatment of patients 
randomized to the control arm of 325 patients received only a practice 
guideline via the mail. In the intervention arm of 283 patients, physi-
cians received a “multifaceted guideline intervention,” consisting of 
daily monitoring of the patients’ status to meet criteria for conversion 
to oral therapy and early discharge; verbal and written interventions 
were made daily to the responsible physician as appropriate. There 
were nonsignificant trends toward earlier conversion to oral therapy 
(P = .06) and earlier discharge (P = .11), and medical complications 
were significantly fewer in the intervention group (P = .04). There were 
no differences in mortality between the groups.

Using an interrupted time-series design, Elligsen and colleagues66 
studied the impact of a prospective audit and feedback program on 
streamlining broad-spectrum antimicrobial use in three ICUs. Initial 
review of prescriptions for broad-spectrum antimicrobials was per-
formed by a pharmacist; cases that were considered opportunities for 
intervention were discussed with an infectious diseases physician 
before contacting the treating physician with recommendations. 
During the intervention period, suggestions for drug optimization 
were given in relation to 34% of broad-spectrum antimicrobial orders; 
of these, 82% were accepted. The most common suggestions involved 
antimicrobial discontinuation (56%), change to an alternative agent 
(26%), and change of antimicrobial dose (8%). Compared with the 
prior 12 months before the intervention, the mean monthly use of 
targeted antimicrobials decreased by 22% during the intervention 
period. Use of nontargeted antimicrobials did not increase during the 
intervention, leading to an overall reduction in antimicrobial use. The 

resistance genes directed against a predominant antibiotic, a new anti-
biotic to which the organism is susceptible will be introduced into the 
environment and will eradicate the emerging pathogens that are resis-
tant to the prior antibiotics. The identification of the optimal antibiot-
ics to be cycled, the duration of cycles, and the preferred order of 
rotation are key variables.

Since the initial quasi-experimental studies of aminoglycoside 
cycling by Gerding and colleagues,45,46 there have been a number of 
studies of cycling interventions, primarily in the ICU but also in 
hematology-oncology and transplantation wards. Outcomes of these 
studies included the percentage of pathogens resistant to study antimi-
crobials, infection rates, and mortality. Study results have been posi-
tive,47-49 negative,50-52 and mixed.53 Frequent methodologic limitations 
of these studies include co-interventions (including enhanced infec-
tion control measures), nonrandomized designs, and incomplete deliv-
ery of the intervention (compliance to cycling protocols was frequently 
50% or less). Mathematical models suggest that the standard antibiotic 
cycling designs (where there is heterogeneity in antimicrobials used 
over time but homogeneous use at any given time) ultimately will lead 
to greater rates of resistance than strategies that promote heterogeneity 
in antimicrobial use at any given time (either “mixing” protocols or 
cycling protocols with very short cycles).54,55 Some studies suggest that 
institutions with greater diversity in the types of antimicrobial used 
(but without cycling protocols) have a lower burden of antimicrobial 
resistance.56 Interventional studies of mixing protocols are limited57 but 
may become more feasible with the widespread adoption of computer-
ized provider order entry systems that could promote heterogeneity in 
antimicrobial use at a patient level, rather than the unit level.

Prior-Approval and  
Justification Strategies
At a level below institution-wide decisions about which antimicrobials 
are available are strategies that require physicians to justify their use of 
antimicrobials in some way. These stretch across a spectrum from less 
restrictive (requiring use of antimicrobial order forms, mandating an 
indication accompany every antimicrobial order) to more restrictive 
(requiring physicians to obtain approval from an infectious disease 
clinician before restricted antimicrobial release, mandating formal 
infectious disease consultation for use of specific agents).

McGowan and Finland58 were the first to use telephone calls to 
provide for justification by prescribers and for approval by infectious 
diseases physicians to limit the use of systemic antimicrobial agents. 
Most approvals were given by telephone, and formal consultation 
usually was not required. Chloramphenicol prescription rates demon-
strated the most dramatic alteration in this program, with annual usage 
decreasing from 20,000 to 3000 g. Recco and colleagues59 were first 
to demonstrate the economic impact of a prior-approval program. 
They also used a telephone-approval mechanism, but disagreements 
necessitated consultation with an infectious disease physician, and an 
educational program was implemented concomitantly. Antimicrobial 
expenditures decreased by $131,826 during the first year, and savings 
were sustained during the initial 3 years reported in the study. In addi-
tion, inappropriate use of antibiotics was curtailed significantly. Anti-
biotic order forms also have effected similar improvements in the use 
of anti-infective agents for empirical and prophylactic purposes.60 
However, order forms should be used in conjunction with a restricted 
formulary, and the forms should be reviewed regularly to document 
reporting accuracy.

The final landmark study in this category was conducted by 
Coleman and colleagues61 and was the first effort to critically analyze 
long-term reductions in antibiotic expenditures among many different 
clinical syndromes. The authors collected baseline data for 18 months 
before instituting four categories of restricted usage (cephalosporins, 
penicillins, aminoglycosides, and miscellaneous agents) and maximal 
dosage guidelines for seven drugs. In addition, a review of treatment 
plans was required before the pharmacy could distribute drugs. The 
program yielded savings of $7600 per month ($91,200 annually). The 
doses and cost of antibiotics decreased for pneumonia, urinary tract 
infection, and septicemia but increased for cellulitis. The cost per treat-
ment day, cost per admission, and total number of doses all differed 
significantly from those in the prestudy period. The length of therapy 
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framework needed to develop a multidisciplinary ASP. Approaches 
that used four or more strategies appeared to be the most effective. For 
example, the ASP at Hartford Hospital emphasized formulary stream-
lining reinforced by formulary restriction and review, antibiotic order 
forms, and educational efforts.36 Such programs also tend to be more 
readily accepted because they involve input from a variety of hospital 
services, including the departments of infectious diseases, clinical 
pharmacy, infection control, clinical microbiology, nursing, and hos-
pital administration. The team approach supports the implementation 
of multiple strategies and offers the best option for sustained success.

OUTCOMES OF ANTIMICROBIAL 
STEWARDSHIP PROGRAMS
In assessing whether comprehensive ASPs are effective, one must con-
sider both clinical and institutional (economic) outcomes. Although 
the preponderance of evidence supports the positive impact of such 
efforts, the literature is of “limited strength.” A systematic review of the 
quality of the literature describing methods to improve antibiotic use 
in hospitals found that only 30% of 306 papers published by 2003 met 
the minimal inclusion criteria for a Cochrane review.72

Clinical Outcomes
Most studies of the impact of antimicrobial stewardship programs have 
had as their primary outcome the amount of aggregate antimicrobial 
use, antimicrobial costs, or rates of antimicrobial resistance.* When 
clinical outcomes such as clinical cure rate, length of hospital stay, or 
mortality have been examined, there has typically been no difference 
between the stewardship group and control, although many of these 
studies are underpowered to detect these differences.† The best evi-
dence supporting improved clinical outcomes resulting from an anti-
microbial stewardship strategy comes from the computerized antibiotic 
assistant at LDS Hospital discussed earlier.70 Additional data come 
from a retrospective review before and after the initiation of a prior-
approval program at Indiana University Medical Center (Indianapolis, 
IN).73 In this review, Frank and co-workers found statistically signifi-
cant decreases in the rates of enterococcal bacteremia (0.34 vs. 0.16 
events per 1000 patient-days), selected gram-negative bacteremias 
(0.26 vs. 0.11), methicillin-resistant S. aureus (MRSA) colonization or 
infection (0.66 vs. 0.20), and Stenotrophomonas colonization or infec-
tion (0.35 vs. 0.17). The program also resulted in a decrease in yearly 
antimicrobial expenditures, from $2,486,902 to $1,701,522. The effort 
resulted in improved clinical outcomes in the form of significant 
decreases in rates of selected nosocomial infections caused by resistant 
organisms, coupled with substantial cost savings.

Further support can be found in the results of a randomized, con-
trolled trial designed to assess the clinical and economic outcomes  
of a comprehensive ASP compared with required approval by the 
Infectious Disease Fellow at the Hospital of the University of Pennsyl-
vania.74 A summary of this univariate analysis is shown in Table 51-2. 
The program resulted in an improved cure rate, a decreased failure  
rate, and more appropriate use of antimicrobial agents, as judged by 
adherence to institutional guidelines. A more recent, albeit small,  
randomized controlled trial performed at the same institution24 
also demonstrated increased cure rates and decreased failure rates 
when comparing usual practice to use of antimicrobial stewardship 

percentage of drug-resistant isolates was similar between the two 
periods, except for a reduction in meropenem resistance among gram-
negative organisms. The monthly rate of Clostridium difficile infections 
was decreased by 31% during the intervention period. Hospital and 
ICU length of stay and mortality were similar between the two study 
periods.

Although the streamlining component of prospective audit with 
feedback is usually considered to emphasize a change to a more 
narrow-spectrum agent, discontinuation of therapy when none is indi-
cated is an important goal of any program.39 Hecker and colleagues4 
reviewed 1941 days of antimicrobial therapy in 129 patients and 
reported that 30% of the days represented unnecessary therapy, mostly 
related to excessive treatment duration or treatment for nonbacterial 
syndromes. In addition, drugs with activity against anaerobes were 
often prescribed when an anaerobic spectrum was not indicated. Singh 
and colleagues67 described an innovative and aggressive program to 
limit the duration of therapy to 3 days in patients with suspected 
ventilator-associated pneumonia but with less severe infection scores. 
There were significantly fewer superinfections in the short-duration 
arm and a lower mortality rate that neared significance (P = .06). There 
is an urgent need to better define the duration of therapy for many 
infections.31

Computer-Assisted  
Stewardship Programs
Information systems have the potential to be outstanding methods for 
antibiotic stewardship and education. Computer order entry affords a 
unique opportunity for instantaneous feedback, education, and altera-
tion in prescription patterns.68 The best demonstration of the potential 
of computer assistance in stewardship was performed by the group at 
the LDS Hospital in Salt Lake City, Utah. They developed a computer-
ized decision-support program that is linked to computer-based 
patient records.69,70 The program presents epidemiologic data, detailed 
information, and warnings and assists in the selection of anti-infective 
regimens and courses of therapy for patients. The system was prospec-
tively studied for 1 year in a 12-bed ICU.70 When compared with 
management in the same ICU during the 2 years before the interven-
tion period, computer-assisted antimicrobial selection led to signifi-
cant reductions in orders for drugs to which patients had reported 
allergies (35 vs. 146; P < .01), excess drug dosages (87 vs. 405; P < .01), 
and mismatches of antibiotic susceptibility (12 vs. 206, P < .01). There 
were also marked reductions in the mean number of days of excessive 
drug dosage and in adverse events caused by antimicrobial agents. In 
addition, those patients treated with regimens that were recommended 
by the computer program demonstrated significant reductions in anti-
infective costs, total hospital costs, and length of stay, compared with 
controls. This computer-assisted stewardship program is one of several 
commercially available and is designed to be integrated into the hos-
pital information system. In addition, systems for computerized physi-
cian order entry (CPOE) are beginning to integrate their own clinical 
decision support, creating the potential for effective antimicrobial 
stewardship interventions at the point and time of prescribing.

Multidisciplinary and  
Multistrategy Approaches
The review by John and Fishman14 demonstrated that multidisciplinary 
programs offer the best potential for sustained improvements in both 
clinical and economic outcomes. DeLisle and Perl71 described the 

TABLE 51-2  Comparison of Antimicrobial Treatment Managed by an AMT or by ID Fellows

OUTCOME OF PATIENTS WHOSE TREATMENT 
WAS MANAGED BY

AMT (n = 87) ID Fellows (n = 93) UNADJUSTED OR (95% CI) P VALUE
Appropriate 76 44 7.7 (3.7-16.2) <.001

Cure 49 35 2.4 (1.3-4.5) .007

Failure 13 26 0.5 (0.2-0.9) .03

AMT, antimicrobial management team; CI, confidence interval; ID, Division of Infectious Diseases; n, number of patients; OR, odds ratio.
From Gross R, Morgan AS, Kinky DE, et al. Impact of a hospital-based antimicrobial management program on clinical and economic outcomes. Clin Infect Dis. 

2001;33:289-295.

†References 37, 56, 61, 63, 67, 70.
*References 34, 37, 38, 47, 51, 61, 63, 67, 70.
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caused by gram-negative bacilli and gram-positive organisms, includ-
ing VRE and MRSA.

Future studies should be multicenter investigations with random 
allocation to the interventions studied and appropriate outcome mea-
sures that have minimal potential confounders. Clearly, much work 
needs to be done to determine which specific changes in drug use 
convincingly produce a beneficial effect on rates of resistance. However, 
this is an emerging field of study, and the appropriate methodology is 
still evolving, including basic statistical procedures. An ASP that is 
planning to monitor the effects of an intervention on antimicrobial use 
or rates of resistance should give serious consideration to performing 
ITS by consulting the previous references and a statistician familiar 
with these methods.

DESIGN AND IMPLEMENTATION
As discussed earlier, IDSA and SHEA have published evidence-based 
guidelines for developing an institutional program to enhance antimi-
crobial stewardship.15 These guidelines are summarized in Table 51-3. 
A detailed discussion of recommendations for the design and imple-
mentation of a successful ASP follows.

1. Define the philosophy of the program. This may seem to be a 
trivial step, but the initial approach defined at this early time is 
likely to form the foundation for the success or failure of the 
program. Although most physicians generally understand that 
resistance is important, increasing in scope, and costly, they do not 
necessarily agree that the care of individual patients affects this 
issue. However, antibiotic misuse more often results from inade-
quate information than from inappropriate behavior.85 Therefore, 
physicians are more likely to respond to a program designed to 
“improve” antibiotic use or patient care rather than an effort to 
“restrict” or “control” antimicrobials or solely to decrease costs. 
Most physicians will alter their behavior to improve the quality of 
patient care.

2. Gather baseline data concerning antimicrobial expenditures, anti-
microbial utilization patterns, and susceptibilities of nosocomial 
and community pathogens. Benchmark the antimicrobial budget 
and antimicrobial use to similar institutions, if possible. There is 
no agreement on the best metric to assess antimicrobial use. The 
most often recommended measures of hospital antibiotic use are 
defined daily doses per 1000 patient-days (DDD/1000 PD)86 or 
days of therapy (DOT) per 1000 PD.2

3. Define the structure of participation in the ASP. An example of a 
comprehensive program is diagrammed in Figure 51-1.

4. Develop a budget for all official positions and operating costs.
5. Involve hospital administrators early in the design and implemen-

tation process and clarify budgetary issues. Agree on a formula to 
calculate cost savings. It may be prudent to involve managed-care 
organizations in these discussions if they are at risk for pharmacy 

interventions. Although a large multicenter trial of the impact of 
various interventions on clinical outcomes is lacking, the majority  
of published evidence demonstrates a beneficial or neutral impact of 
ASPs on these outcomes.

Economic Outcomes
It is clear from the discussion of antimicrobial stewardship strategies 
that most published reports have demonstrated successful cost con-
tainment. However, if savings are calculated as a function of pharmacy 
expenditures, they tend to plateau over time, probably as a function of 
improved antimicrobial utilization practices and sustained benefits  
of the program. To address this issue, Gross and colleagues74 devel-
oped a probability pathway model to calculate both the direct and  
the indirect cost savings of a stewardship program. In this model,  
total cost was defined as the sum of drug expenditures, microbiology 
costs, bed costs, and the costs of infectious diseases consultations; 
additional costs accrued if the initial antibiotic regimen failed. The 
median drug costs per recommendation were $50 lower for the ASP 
compared with usual practice, and total costs were $379 lower per 
recommendation. Based on the probability pathway model, the annu-
alized savings were $363,000 in antibiotic expenditures and $2.7 
million in total costs.

More recent studies have indicated that more significant savings 
may result from improved clinical outcomes rather than decreased 
antimicrobial expenditures. For instance, the bulk of cost savings in 
several studies24,68 appeared to be attributable to decreased length of 
stay in the ICU. With antimicrobial pressure driving C. difficile infec-
tion rates, reductions in usage would be expected to lower such noso-
comial infections.

DO ANTIMICROBIAL 
STEWARDSHIP PROGRAMS ALTER 
RESISTANCE IN THE HOSPITAL?
The effectiveness of antimicrobial stewardship as a means to prevent 
the emergence of resistance has been reviewed in detail.75,76 Available 
studies are suggestive but not conclusive concerning the efficacy of this 
approach. The shortcomings of published studies include the presence 
of selection biases, small sample sizes, limitation to single institutions, 
and failure to control for confounding variables.76 The relationship 
between antibiotic use in the hospital and rates of antimicrobial resis-
tance is complex, and further work is needed to evaluate the relative 
impact of infection control interventions to limit transmission, impor-
tation of resistant organisms from long-term care facilities and other 
health care settings, and antimicrobial changes within the acute care 
institution.12 In addition, most studies used a “before and after” design 
and did not follow trends in antibiotic use or resistance for sufficiently 
long periods before and after the intervention to establish a causal 
relationship.72 A recent systematic review of the literature on ASPs in 
pediatric settings reached similar conclusions.77

A significant development in efforts to link an intervention, such 
as a new stewardship program, to changes in antimicrobial use or 
changes in resistance has been the application of quasi-experimental 
studies, such as interrupted time series (ITS) analysis, to these data, as 
initially described by Monnet and López-Lozano.78,79 A number of 
investigators have reported on the use of ITS to link interventions to 
changes in drug use and isolation of resistant orgranisms.80-83 New 
guidelines for investigators that recommend standards for the conduct 
and analysis of quasi-experimental interventions to reduce nosocomial 
infections have been published. Called the ORION Statement (out-
break reports and intervention studies of nosocomial infection), the 
recommended statistical procedure for assessment of intervention out-
comes is the ITS.84

ITS has been used in systematic reviews to provide additional rigor 
to assess the effects of stewardship interventions on outcomes. Davey 
and colleagues76 performed a systematic review of reports published 
from 1980 through 2003 that were designed to improve the quality of 
antimicrobial prescribing and reanalyzed the original reports using 
segmented time series regression. Among the 10 investigations that 
met their criteria for sound study methodology, the strongest evidence 
supported interventions that reduced infections caused by C. difficile. 
Less consistent evidence was found for a beneficial effect on infections 

TABLE 51-3  IDSA/SHEA Guidelines for 
Developing an Institutional Program to Enhance 
Antimicrobial Stewardship

Core members
 Infectious diseases physician
 Clinical pharmacist with infectious diseases training
 Health care epidemiologist
 Infection preventionist
 Clinical microbiologist
 Information systems specialist
Close collaboration with the hospital infection prevention and control program 

and the pharmacy and therapeutics committee
Support and collaboration of:
 Hospital administration
 Quality assurance and patient safety programs
Negotiate for adequate authority, compensation, and expected outcomes
Hospital administrative support for necessary infrastructure
Use both process and outcome measures to monitor impact

IDSA, Infectious Diseases Society of America; SHEA, Society for Healthcare 
Epidemiology of America.

Data from Dellit TH, Owens RC, McGowan JE, et al. Infectious Diseases Society 
of America and the Society for Healthcare Epidemiology of America: guidelines  
for developing an institutional program to enhance antimicrobial stewardship.  
Clin Infect Dis. 2007;44:159-177.
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comprehensive ASPs have the potential to decrease costs while improv-
ing both patient and institutional outcomes. However, further work is 
needed to clearly identify the relationship between antimicrobial use 
and the emergence of resistance in a way that colleagues will appreciate 
and accept.88 Relevant studies will require sufficient statistical power to 
characterize baseline resistance, to deal with random variation, and to 
control for a multitude of confounding variables.

We also must begin to focus on issues of antimicrobial use and the 
emergence of resistance throughout the entire health care system. As 
these systems expand and become a prominent feature of medical 
practice in the United States, it is no longer sufficient to consider infec-
tion solely in the context of the academic teaching hospital, from which 
most reports of antimicrobial stewardship programs originate. Rather, 
health care must be viewed in the larger context of community and 
tertiary acute care settings, extended-care facilities, and especially 
ambulatory practices, where most of the usage occurs.89 A number of 
recent studies have demonstrated the feasibility and effectiveness of 
antimicrobial stewardship programs in these settings.90-94 Future efforts 
to improve the use of antimicrobial agents and studies to document 
efficacy must be expanded to include these arenas.

The high cost of antimicrobial drugs remains an important reason 
to implement stewardship procedures, as described in this chapter. 
However, the rising prevalence of resistance and its clinical and eco-
nomic impacts are being recognized as critical by clinicians, adminis-
trators, and increasingly by health care regulatory bodies. The state of 
California has recently mandated that all acute care hospitals enact 
programs to evaluate and promote the judicious use of antimicrobi-
als.95 Recently, a joint statement by leading United States infectious 
diseases societies recommended that the Centers for Medicare and 
Medicaid Services require participating hospitals to put in place anti-
microbial stewardship programs.96 Because it is likely that few new 
drugs will become available for these multidrug-resistant pathogens 
during the next 5 to 10 years, therapeutic options will become increas-
ingly limited. The focus on antimicrobial stewardship strategies must 
continue to shift from cost containment to efforts to limit resistance. 
It is likely that the increasingly sophisticated information systems 
being deployed in all hospitals will play a more prominent role in 
antimicrobial stewardship. Several companies currently market prod-
ucts that can either assist in monitoring antimicrobial therapy and 
evaluating interventions or actually offer computer decision support 
for antimicrobial selection and dosing. A report of an Internet-based 
ASP developed and studied at the Johns Hopkins Children’s Medical 
and Surgical Center demonstrated improved communication, more 
timely antimicrobial administration, increased user satisfaction, and 
significant cost savings.97 However, the current crisis of antimicrobial 
resistance and the lack of viable therapeutic options mandate that, 
regardless of how antimicrobial stewardship may be defined or imple-
mented, the types of measures summarized in this chapter will increas-
ingly become the responsibility of all clinicians.
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costs. The support of key officials is critical to the success of the 
program. Physicians are more likely to comply with a health 
system effort rather than with an infectious diseases or pharmacy 
program that may be perceived to have predominantly financial 
motives. Maintain an open dialogue with chief administrative per-
sonnel, and update them frequently concerning the progress of the 
program.

6. Evaluate the antimicrobial formulary for redundancy and seek 
competitive bidding between therapeutic equivalents.

7. Develop and publish guidelines for antibiotic use and empirical 
antimicrobial therapy. Recommendations should be based on local 
susceptibility profiles. In addition, establish appropriate dosing 
and dosage intervals based on disease-state and pharmacokinetic 
principles. This step is critical to the success of the program. 
Involve key personnel from all departments when designing the 
guidelines, to build consensus for the program. Be willing to com-
promise on certain issues, but demand that all recommendations 
be evidence based. It is also worthwhile to consider multimedia 
formats. For example, we have posted University of Pennsylvania 
guidelines on the Internet and have included links to relevant 
articles, as well as other educational materials.87 It is also useful to 
publish reports of antimicrobial susceptibility and price lists along 
with the clinical guidelines.

8. Define the strategies that the program will use. As previously dis-
cussed, multidisciplinary efforts offer the greatest potential for 
sustained improvements. However, interventions must be tailored 
to the character of the institution. For example, telephone-approval 
mechanisms are less likely to be successful at a community hospital 
staffed by busy private practitioners. Begin with a focus on the 
most frequently used and most costly agents.

9. Develop mechanisms to arbitrate disagreements. A discussion 
between the prescriber and the director of the program is usually 
sufficient if the director has administrative time to handle these 
issues. A mandatory infectious diseases consultation is another 
option.

10. Develop innovative educational methods. The Internet can be a 
useful tool in this regard.87 Information systems personnel may be 
helpful in incorporating guidelines, recommendations, or remind-
ers into the hospital computer network.

11. Develop and maintain a database to monitor clinical and institu-
tional outcomes.

12. Continually reevaluate the program, paying particular attention to 
changes in susceptibility profiles and patterns of use. Drug utiliza-
tion evaluations should be a part of this process. Reformulate the 
program as indicated to address problems as they arise. This 
should be a dynamic process that is responsive to the needs of 
prescribers and their patients.

THE FUTURE
Health care is constantly changing. Providers are challenged to deliver 
high-quality care in an increasingly cost-constrained environment. This 
requires limiting cost-increasing technology while improving patient 
and population health outcomes. Although the data are still evolving, 
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The volume of information available to caregivers and patients increases 
exponentially with each passing year. The availability of information 
in textbooks, journals, and through the Internet requires an ability to 
sift through data efficiently to determine what is valuable in clinical 
decision making from what is hypothetical, hype, or harmful. A com-
parison of the time necessary to review medical journals compared 
with the time available for general practitioners showed that clinicians 
would need to read 19 journal articles per day for 365 days a year to 
stay current.1 However, this same study showed clinicians indicated by 
self-reports that they had well less than an hour a week to review new 
medical information. The half-life of scientific information is quite 
short, and therefore, there is a continual need to reevaluate as new 
information emerges. Inappropriately designed studies may be accu-
rate measures of prevailing biases rather than informative for clinical 
practice.2,3 These issues make the requisite knowledge to critically 
evaluate evidence a necessity rather than a luxury.

Clinical practice and clinical research continuously interact. Obser-
vations in clinical practice form the basis for research questions that 
are then evaluated to determine the probability of their truthfulness, 
their generalizability, and their reliability. The results of research are 
then applied in practice, leading to a new set of questions. However, 
clinical practice and clinical research differ in important aspects. Clini-
cal practice refers to interventions designed solely to enhance the well-
being of an individual patient and that have reasonable expectations of 
success. The purpose of clinical practice is to provide diagnosis, pre-
ventive treatment, or therapy to particular individuals. By contrast, 
clinical research designates an activity designed to test hypotheses in 
groups of research participants, to permit conclusions to be drawn, and 
thereby develop or contribute to generalizable knowledge expressed in 
theories, principles, and statements of relationships.4 Research is 
described in a formal protocol that sets forth an objective and a set of 
procedures designed to reach that objective. Because interventions are 
used in clinical practice does not necessarily make them more benefi-
cial than harmful. In addition, although in vitro data and pharmaco-
kinetic and animal studies form the building blocks for proofs of 
principles and generating important hypotheses concerning effective-
ness and harms of medical interventions, these hypotheses require 
adequate testing in humans to ascertain the benefits and harms of 
medical interventions, including drugs, biologics (e.g., vaccines, anti-
bodies), diagnostics, and devices. A study showed that 28.1% of inves-
tigational new drug (IND) applications for antimicrobials submitted 
to the U.S. Food and Drug Administration (FDA) were subsequently 
approved, a higher percentage than any other therapeutic area.5 
However, all of the 71.9% of drugs that were not approved had promis-
ing in vitro data and animal studies, showing the importance of appro-
priately designed trials in humans to test hypotheses. More than half 
the recommendations in treatment guidelines are based on opinions 
or case series, demonstrating the need for appropriate testing of much 
of what is recommended in the absence of substantial evidence.6 Clini-
cal research performs the systematic evaluations that allow clinicians, 
caregivers, patients, payers, and policymakers to understand that inter-
ventions truly are helping more than hurting.

HISTORY
Before the 1930s, fields in science based conclusions on personal expe-
rience and observations that were then extrapolated widely. This 
observationalist-inductivist view led to incorrect and harmful theories, 
such as bloodletting for various infections, a practice that lasted for 
thousands of years.7 Since the 1930s, however, science has been based 
on falsifiability, that is, testing hypotheses to ascertain whether they 

may be false.8 For example, one might conclude by observing a lake 
full of white swans that all swans are white. Further testing of this 
hypothesis and finding a single black swan “falsifies” this conclusion. 
To test the percentage of swans that are white, one would have to make 
enough observations to draw valid conclusions. This relates to the 
statistical principle of the “null” hypothesis—starting with the hypoth-
esis that the intervention is not effective then gathering evidence to 
show with sufficient probability that the null hypothesis is unlikely to 
be correct. In this regard, hypotheses are not “proven” but are shown 
likely to be correct based on the evidence. Inherent in this view is that 
hypotheses must be appropriately tested in a fair and unbiased manner.9

The field of infectious diseases has a distinguished history in 
advancing the methodology to elucidate descriptions of disease and 
testing hypotheses by making fair comparisons among medical inter-
ventions. The first studies to use control groups, placebos, double-
blinding, and randomization were all performed to study various 
infections.10 The investigators of these studies were well aware of how 
the play of chance and bias could affect the validity and clinical utility 
of their results. Although drugs such as penicillin, used in the treat-
ment of various infections, had large treatment effects on decreasing 
mortality, even penicillin was studied in thousands of patients to 
understand its effects in different infections.11 The promotion of inef-
fective as well as harmful antibiotics in the 1950s prompted infectious 
disease physician-scientists to lead the way in establishing “adequate 
and well-controlled trials” as the regulatory standard in law for deter-
mining the effectiveness of new drugs, including antibiotics.12

DEFINING TERMS
A common language is necessary to communicate about both the 
design and the results of clinical research studies. Research and science, 
in general, entail making measurements and applying those measure-
ments to study natural phenomena. Some terms are commonly used 
in the description of measures. One of the most common is the term 
validity. Validity refers to the extent to which measures actually reflect 
what they purport to measure. Although all measures have some asso-
ciated error, validity implies that the amount of error does not appre-
ciably affect the truthfulness and the utility of the results.13 Therefore, 
even though measures are not “perfect,” the goal is to minimize error 
as much as possible. Validity is not an all-or-none quality but rather is 
contextual, affected by factors such as the use to which the measure is 
put (diagnosis vs. prognosis vs. outcome) or the population from 
which the measures are obtained. A measurement that is valid in one 
situation may lack validity in another setting. Internal validity refers to 
the validity of the results of an individual study in that the study is 
capable of providing adequate evidence for the primary research ques-
tion. External validity refers to the generalizability of the results to 
patients or clinical settings outside the study. Internal validity is a 
prerequisite for external validity. If the results are not valid for the 
study itself, it is not possible to extrapolate those results to other set-
tings. Reliability is the ability to obtain similar data that is reproducible 
on repeated measurements. Validity must precede consideration of 
reliability. If a measure lacks validity, it may be reliable but just reliably 
wrong. Responsiveness is the ability of measurements to detect change 
over time.

Association, correlation, and causation are terms used to describe 
the relationships between measures.14 Association implies a general 
relationship, whereas correlation is a means of quantifying that rela-
tionship. Correlation is a subset of association and implies that as the 
value of a measure changes, the value of a related measure also changes, 
either in the same or an opposite direction. For instance, as the human 

http://www.myuptodate.com


C
h

ap
ter 52 Designing and Interpreting Clinical Studies in Infectious Diseases

612.e1

KEYWORDS
clinical research; clinical trials; evidence-based medicine; 
noninferiority; surrogate endpoints; superiority

http://www.myuptodate.com


C
h

ap
ter 52 Designing and Interpreting Clinical Studies in Infectious Diseases

613

is a form of descriptive research. These types of studies are useful in 
providing observations that form hypotheses for future testing.

Analytical research studies attempt to make comparisons between 
groups. Analytical research entails specific hypotheses stated by inves-
tigators that are evaluated during the course of the study. Hypotheses 
are investigators’ statements of belief, but they are not decided upon 
haphazardly because they are based on prior studies that have informed 
both the research question and design of the planned study. However, 
multiple prior hypothesis-generating studies do not obviate the need 
to test specific hypotheses.20

TYPES OF ANALYTICAL  
STUDY DESIGNS
Analytical research is divided into experimental and nonexperimental 
(observational) research designs.15 The primary difference is that in 
nonexperimental designs the investigator does not assign research par-
ticipants to the study groups. Rather, participants are assigned accord-
ing to usual practice, which may result in differences in both measured 
and unmeasured factors between study groups, affecting the compara-
bility of those groups. Nonexperimental research designs include 
cohort, case-control, and cross-sectional study designs. Case-control 
studies choose participants based on outcomes and then look back in 
time to evaluate differences in exposures between the groups. Case-
control studies are inherently retrospective, meaning data collection 
occurs before hypotheses are formed. Case-control studies are useful 
when the outcomes evaluated are uncommon.21 Cohort studies begin 
with exposures and then evaluate differences in outcomes between the 
groups. Cohort studies can be prospective, meaning that hypotheses 
precede collection of the data, or retrospective. Cohort studies can also 
contain nested case-control studies. Cohort studies are useful when 
exposures are uncommon. Cross-sectional studies evaluate exposures 
and outcomes at a particular point in time.

In experimental studies, also called clinical trials, investigators 
choose the groups to which participants are assigned, as discussed in 
more detail below. There are two basic approaches to clinical trials that 
differ in design characteristics. The first type is called an explanatory 
trial, in which an intervention is evaluated under “optimal” conditions 
where the intervention is expected to have an effect, such as in a narrow 
population where the intervention is administered by specialists in the 
field. These trials test for a causal effect on outcomes but often do not 
ask the more generalizable question of outcomes with the intervention 
as used in practice. The other approach is a pragmatic trial, which 
evaluates strategies or approaches under usual care conditions, with 
the goal of helping to select options for care as interventions as used 
in practice.22 In reality, trials often extend along a continuum between 
explanatory and pragmatic, but investigators should be clear about the 
particular approach and the reason for choosing elements of trial 
design for that approach. Explanatory and pragmatic trials differ in 
their selection criteria for participants, flexibility in application of the 
interventions, and intensity of follow-up and measurement of adher-
ence, as well as other design factors.

When testing interventions, investigators should clearly explain if 
they plan to evaluate whether those interventions will be used for 
diagnosis, to prevent disease, or to treat existing disease. The design 
characteristics differ for each of these types of studies.

COMPARISON WITH A  
CONTROL GROUP
The purpose of control groups is to distinguish the effect of some 
chosen factor in the test group on outcomes from effects caused by 
other factors, such as the natural history of disease, placebo effects, or 
observer or patient expectations.23,24 A control group demonstrates 
what would happen to patients who are not in the test group. A control 
group is necessary except in rare circumstances where the course of 
disease is uniform for any given patient or group of patients and out-
comes are predictable based on patient characteristics. In most situa-
tions, variability exists in patient outcome such that a control group is 
necessary. Even when diseases are claimed to be “universally fatal,” 
collection of such information for a historical control group, to validate 
that assumption, usually is necessary. The selection of control groups 
depends upon the goals of the study. For instance, in evaluating a 

immunodeficiency virus (HIV) load increases, mortality from HIV/
acquired immunodeficiency syndrome (AIDS) increases (a positive 
correlation), whereas, as CD4 count decreases, mortality increases (an 
inverse correlation). Neither association nor correlation implies cau-
sality. Causality means that one measure precedes the other and that 
the first measure is necessary and sufficient to cause the second 
measure. Correlation is often sufficient when evaluating questions 
related to risk factors and prognosis of disease, but correlation alone 
is insufficient when evaluating effects of interventions on outcomes, 
where assessment of causality is needed.

Treatment effects are measures of the causal impacts of interventions 
on outcomes, measured by differences in outcomes between baseline 
comparable test and control groups. Treatment effects are not mea-
sured by correlation alone. For instance, there is a correlation between 
patients with disease caused by organisms with higher minimum inhib-
itory concentrations (MICs) to a specific drug and increased mortal-
ity.15,16 However, this relationship may not be a measure of treatment 
effects if patients infected with higher MIC organisms differ from 
patients with lower MICs on important factors that influence mortal-
ity.17,18 Therefore, higher MICs are not a measure of treatment effects 
of the chosen drug because other factors such as age, severity of disease, 
and comorbidities also affect outcomes. Factors that affect outcomes 
independent of the chosen factors because of imbalances between 
study groups are called confounders. Confounding can occur when 
there are baseline imbalances between study groups, most often in 
nonrandomized, observational studies. For instance, in an observa-
tional study comparing interventions, if there are more patients with 
higher Acute Physiology and Chronic Health Evaluation (APACHE) 
scores in the test group than in the control group, then an imbalance 
in severity of disease may be causally related to outcomes rather than 
the interventions tested. Confounding differs from effect modification. 
Effect modification refers to treatment effects that differ in specific 
groups of patients that are baseline comparable on other factors. For 
instance, in a randomized trial, if the treatment effect on mortality (the 
difference between the test and control group) of a new drug is greater 
in an appropriately designed subgroup analysis of patients with lower 
baseline APACHE scores, but smaller or nonexistent in an appropri-
ately designed subgroup of patients with higher APACHE scores, then 
the severity of illness as measured by APACHE is a causal effect modi-
fier, not a confounder, because randomization balances other factors 
between the groups besides the interventions received.

CHOOSING A RESEARCH 
QUESTION AND DEFINING GOALS 
OF A STUDY
Before discussing other aspects of a clinical research study, one must 
first decide on the research question that will be evaluated. Many types 
of questions form the basis for clinical research, including questions 
related to biology, behavioral, cognitive, environmental, and sociologic 
and cultural aspects of disease. This chapter focuses mainly on biologic 
questions. Biologic questions include those related to natural history, 
diagnosis, risk factors for acquisition of disease or outcomes, progno-
sis, as well as testing of interventions to influence the outcomes of 
disease.19

A common error in clinical research is lack of clarity on the specific 
question or questions asked by the study, or asking too many questions, 
resulting in a study that cannot answer any question validly or reliably. 
Because the type of research question directly impacts the choice of 
the study design, greater specificity about the research question allows 
better choice of study design.

There are two main categories of research studies. Descriptive 
research makes observations and describes the results of those findings, 
providing an accounting and delineating components of a problem 
(such as the number of persons in a hospital with a particular disease) 
without making inferences regarding causality. There are usually no 
specific hypotheses in this type of study, and the sample size is defined 
based on the setting (e.g., all patients in a hospital) or on obtaining a 
certain degree of precision around the estimate of the described data. 
Examples of descriptive research include single case reports and case 
series. An “open-label, noncomparative, single-arm trial” is in fact not 
a trial but a case series. Qualitative research, such as patient interviews, 
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the test group might be slightly inferior to those in the control group, 
as long as that amount of inferiority is judged not to be clinically 
meaningful—making them really “not too much inferior” trials. 
Neither type of hypothesis can show that two interventions are equal 
or “just as good as” one another because this would require an infinite 
sample size to rule out any difference at all.28 Rather, these trials attempt 
to rule out some amount of inferiority and/or superiority of a chosen 
magnitude between the groups. Equivalence trials attempt to rule out 
that the test intervention is both not worse than a chosen amount and 
no better than a chosen amount when compared with the control 
group. The classic examples are bioequivalence trials, where a new 
formulation of a drug is compared with an older formulation with the 
goal of showing that concentrations with the new formulation are not 
much lower or higher with the test formulation compared with the 
control formulation. Equivalence trials entail a choice of an upper 
boundary as well as a lower boundary for superiority and inferiority.29 
In most cases, however, investigators would be happy to show that a 
test intervention was more effective than the active intervention in the 
control group. In these situations, investigators only wish to rule out 
that the test group is not too much inferior to the control group. These 
types of trials carry the unfortunate name of “noninferiority” trials.30 
This name is misleading because the test group can show frank inferi-
ority or superiority to the control group, yet still be termed “noninfe-
rior,” as long as the amount of inferiority of the test drug demonstrated 
in the trial compared with the control drug does not exceed a precho-
sen magnitude of inferiority.31,32

The reason to perform a noninferiority trial is not just the existence 
of an older intervention that is shown to be effective, but that the test 
intervention is hypothesized to have benefits other than improved 
effectiveness, such as fewer harms or greater convenience, while pre-
serving most of the effectiveness seen with the control intervention.33 
It is ethically questionable to expose research participants to more toxic 
and somewhat less effective interventions, remembering that noninfe-
riority trials cannot demonstrate that a new intervention is “as good 
as” the control. A noninferiority hypothesis is not appropriate if the 
hypothesized benefits of the new intervention are superior effective-
ness, which is tested by superiority hypotheses. If the intervention is 
hypothesized to have advantages in a specific population (those intol-
erant to other interventions or in whom other interventions fail), it is 
more logical and ethical to test the intervention in the target group of 
patients, to avoid exposing the nontarget population to less effective or 
more toxic interventions.33 For instance, in the setting where there is 
no effective therapy, as in patients infected with pan-resistant organ-
isms, there is no effective control regimen; therefore, interventions 
should be tested in superiority hypotheses. Showing noninferiority in 
patients with susceptible organisms does not test the hypothesis of 
treatment effects in patients with resistant organisms, given differences 
in characteristics between the patient groups, and exposes patients 
who have other effective options to potentially less effective drugs.34 
For instance, tigecycline was shown to be “noninferior” to control 
drugs on an outcome of “clinical response,” yet it had higher mortality 
in all patient groups, and excess mortality, compared with the control 
drugs, was highest in those with resistant pathogens.35

Noninferiority trials are justifiable when placebo-controlled trials 
cannot be used because the demonstrated effect of the control inter-
vention has important benefits for patients on irreversible morbidity 
and mortality. Placebo-controlled trials are still ethical if the benefits 
of the control intervention are improvements in non–life-threatening 
symptoms. Placebo-controlled superiority trials are also ethical in  
the setting of add-on trials, where all participants receive current stan-
dard of care, such as in recent clinical trials in multidrug-resistant 
tuberculosis.36

Conclusions from superiority and noninferiority trials have differ-
ent implications in that demonstration of superiority is direct evidence 
an intervention has some effect (whether that effect is clinically mean-
ingful is a different question). Demonstration of noninferiority is indi-
rect evidence of an effect and could mean that the two interventions 
are either similarly effective or similarly ineffective if a noninferiority 
trial is not designed properly.24 This is because in noninferiority trials, 
the evidence that the control intervention is superior to a putative 
placebo usually is external to the study itself, unless the study has a 

diagnostic the test and control groups consist of those with and without 
a disease diagnosed by some reference standard.

The choice of comparison groups is based on selecting participants 
who are like those in the test group except the factor that is analyzed. 
Some types of control groups, such as patients who refuse a particular 
therapy or those who receive “inappropriate” therapy are inherently 
different than the test group of patients who agree to therapy or receive 
“appropriate” therapy.20 Also, for a group to function as a control, the 
outcomes in that group should be known or expected based on prior 
evidence. Experimental studies make comparisons between test out-
comes that are unknown and control groups in which the outcomes 
are known or expected. Experimental studies assign participants by 
using the process of randomization (explained later in this chapter) or 
nonrandom methods to assign participants to study groups. Control 
groups can be concurrent or historical. In concurrent studies, partici-
pants in the test and control groups are evaluated over a similar time 
frame. In historical studies, a current test group is compared with a 
control group from which the data was collected sometime in the past 
and therefore are always nonrandomized. Patient characteristics 
between the historical control and current patients often differ because 
of changes in medical practice over time or differences in selection 
criteria for current versus past patients.24 Historical studies, on average, 
show lower success rates for their control groups than do concurrent 
control groups, biasing the studies toward showing a difference that 
may not exist or toward a larger treatment effect than truly exists.25

In concurrent studies, investigators can choose several types of 
control groups. No specific treatment concurrent controls and placebo 
concurrent controls both compare the test group with groups that 
receive no specific active interventions. The placebo intervention does 
not contain the active test intervention but appears similar in all 
aspects to it. The main difference is that assignment to study groups 
can be blinded in placebo-controlled studies but not in no-specific–
treatment trials. Placebo-controlled trials do not mean that patients 
receive no treatment at all. In add-on studies, patients receive current 
standard of care plus placebo in the control group, whereas the test 
group receives current standard of care plus the new intervention. 
Dose-response trials compare higher and lower exposure of the test 
intervention. Active controlled trials compare the test intervention to 
another active intervention.

Types of Hypotheses
Because an investigator cannot directly test interventions in the entire 
population of interest, the investigator starts off with the hypothesis 
that the intervention does not have an effect and then gathers evidence 
to show this hypothesis of lack of effect is unlikely to be correct. This 
is consistent with the principles of falsification expounded in the 
1930s.8 An analogous situation is assuming a defendant in a court case 
is innocent until shown guilty by examining evidence showing beyond 
a reasonable doubt that the defendant is not innocent. The hypothesis 
that the intervention does not have the proposed effect is called the 
null hypothesis, termed null because the assumption is that there is no 
proposed effect of the intervention being studied. If there is sufficient 
evidence from the study, then the null hypothesis is said be “rejected,” 
and the investigators can “accept” the alternative hypothesis that the 
intervention does have the observed effect. Note that the alternative 
hypothesis is not “proven” but rather is accepted based on available 
evidence. The result is the somewhat confusing double-negative termi-
nology of not showing that the intervention is not effective.26

No-therapy, placebo-controlled, and dose-response trials are 
usually designed as superiority trials. The null hypothesis in a superior-
ity trial is that the intervention is not more effective than the control 
regimen, whereas the alternative hypothesis states that there exists a 
difference between the test and control groups. This difference must be 
at least greater than zero in absolute terms or different than one in 
relative terms.27

Active controlled trials can be designed to test superiority, equiva-
lence, or noninferiority hypotheses.27 Equivalence and noninferiority 
trials attempt to rule out absolute differences, other than zero, or rela-
tive differences, other than one, between two groups. The null hypoth-
esis is that the intervention is less effective than the control regimen 
by some amount. In other words, these trials show that outcomes in 
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10%, for instance, 5% to ensure that a new intervention has any effect 
at all compared with placebo. Because the goal of noninferiority trials 
is to preserve the important effects of the control intervention, the 
chosen margin should be smaller than the total effect of the control. 
The amount of preservation of the effect of the control intervention 
should be based on what is clinically meaningful rather than sample 
size considerations alone or some fixed value, such as half the effect of 
the control. For instance, in nonbacteremic patients older than 50 
years, the margin (M2) would be substantially smaller than 26%, to 
ensure that patients on the new intervention do not have substantially 
increased probability of death compared with patients who receive the 
control treatment. The overall margin (M2) in such a case might be 
10% or smaller because a 20% increase in death would show the drug 
has some effect, but it would be clinically unacceptable to allow an 
increase in death in one of every 5 patients treated with the new drug. 
Smaller noninferiority margins result in larger sample sizes; however, 
patients in noninferiority trials already have available effective options 
and therefore ethically cannot be subjected to greatly increased risk of 
poor outcomes. For instance, for control interventions that decrease 
mortality, larger noninferiority margins would expose patients to 
excess mortality in the setting of the trial and in clinical practice.

Fourth, the conduct of noninferiority trials must minimize loss to 
follow-up and nonadherence to decrease bias toward showing no 
difference.43

SELECTION OF STUDY 
PARTICIPANTS
Selection of study participants is based upon the goals of the study.44 
In explanatory trials, investigators often ensure that patients have a 
high probability of a diagnosis for the disease under study. In prag-
matic trials, investigators may use less stringent criteria that more 
closely match those that are used in general practice. In diagnostic 
studies, investigators choose participants who do and do not have the 
disease, based on some reference standard. In case-control studies, 
investigators select participants based on the presence or absence of a 
chosen outcome. In cohort studies, investigators select participants on 
the basis of presence or absence of the chosen exposure, which can be 
a drug, a behavior such as smoking, or an environmental factor such 
as being in a hospital.

When studying interventions in clinical trials to evaluate their 
treatment effects in treating disease, one must first define the disease 
and then select a subset of the population for study from the popu-
lation of patients with that disease. Clear definitions of the disease 
under study allow (1) consistency among investigators about the types 
of patients they enroll in a trial, (2) generalization of the results to 
patients outside the trial, (3) accurate description by regulatory agen-
cies of the intended use of the drug in prescription drug labeling, and 
(4) appropriate application of the information presented in the trial in 
clinical practice.

The availability of rapid diagnostics with adequate positive and 
negative predictive values for the disease under study greatly aids selec-
tion of participants. In some situations, the lack of rapid diagnostics 
has hindered development of new therapies, for instance, in disease 
caused by resistant pathogens. In this setting, criteria based on signs 
and symptoms alone lack sufficient sensitivity and specificity, and 
culture data often are too slow in providing results that would influence 
study enrollment.

Diagnostic tests with both high sensitivity and specificity are always 
preferable in both clinical trials and clinical practice. However, when 
diagnostic testing is less than optimal and one must choose between 
high sensitivity or high specificity, the desirable characteristics of a 
diagnostic test differ significantly between clinical practice and clinical 
trials. In clinical practice, clinicians may choose to use a diagnostic test 
with high sensitivity so that clinicians do not fail to diagnose patients 
with the disease, especially for infections with high morbidity and 
mortality. In the setting of an explanatory clinical trial, however, tests 
with high specificity are needed to ensure that patients enrolled in the 
trial actually have the disease under study, especially in the setting of 
noninferiority trials, where inappropriate diagnosis can bias toward a 
false conclusion of noninferiority. For instance, practice guidelines 
recommend treating patients with symptoms of uncomplicated urinary 

third placebo group in addition to the two active intervention groups. 
In this sense, noninferiority trials are like historically controlled trials 
in that the evidence of the effect in the control group could have 
changed over time. Patients could receive co-interventions currently 
that were not prescribed in the past, which could attenuate the effects 
of the control intervention, for instance, by receiving prior effective 
antimicrobial before enrollment in a noninferiority trial.37

Last, bias in trials affects superiority and noninferiority trials dif-
ferently. Many types of bias that tend to skew results toward no differ-
ence between groups tend to bias superiority trials toward a 
false-negative result, whereas those same biases result in false-positive 
conclusions for a noninferiority trial.38 For instance, enrolling partici-
pants who have the common cold in a pneumonia trial would bias a 
noninferiority trial toward concluding that the two interventions are 
similar in the treatment of pneumonia, whereas a superiority trial 
would conclude that the test intervention lacks effect, compared with 
the control group.

Design of Noninferiority Trials
Appropriate design of noninferiority trials entails four consider-
ations.24,39 First there must be reliable and reproducible comprehensive 
quantitative evidence of the effect of the control intervention compared 
with placebo or no specific therapy in comparable patients, taking into 
account the variability of that estimate. Prior use in clinical practice or 
the investigator’s belief in effects alone does not justify a noninferiority 
design. For instance, in nonfatal diseases such as acute bacterial sinus-
itis, antimicrobials routinely fail to show superiority to placebo; there-
fore, there is a lack of justification for noninferiority trials in this 
setting.40 It is irrelevant to show that a new regimen is “not too much 
worse” than a standard regimen if the standard regimen is ineffective. 
For instance, clinical trials in acute bacterial sinusitis, acute otitis 
media, and acute exacerbations of chronic obstructive pulmonary 
disease routinely show “noninferiority” of one antimicrobial to another, 
yet the effects of the control drug compared with placebo are unclear 
in these diseases.40-42 It is insufficient to merely know that a control 
intervention “works.” It is also necessary to know the magnitude of the 
effect of the control intervention compared with placebo or no specific 
therapy. Such an analysis should include all information from adequate 
and well-controlled studies, not only studies that showed favorable 
effects of the control intervention.

Second, similar to maintaining the conditions of a laboratory test 
as constant as possible when repeating the test, the design of the 
planned noninferiority study should be similar in all important aspects 
(enrollment criteria, dose of the control intervention, co-medications 
and other co-interventions, definition and timing of outcome mea-
sures) to the studies that showed the effect of the control intervention. 
This is done to increase the likelihood that the control intervention will 
have similar effects in the current study as it did in past studies. For 
instance, if the timing of an outcome in an acute self-resolving disease 
that showed the effect of a control drug was seen at 3 days in placebo-
controlled trials, moving the timing of the end point to 3 months in a 
subsequent noninferiority trial may make ineffective drugs appear 
“noninferior.” The lack of difference between the groups would be due 
to natural history of the disease rather than the drug’s effects because 
the patients’ disease would resolve spontaneously over this period.

Third, the investigators must choose a value for how much inferior 
the test intervention might be yet still be considered clinically useful. 
This value, called the “noninferiority margin,” or “delta,” cannot exceed 
the magnitude of the effect of the control intervention over placebo in 
previous studies (a value termed “M1”) and should be somewhat 
smaller than that value to preserve the important effects of the control 
intervention (a value called M2). For example, the treatment effect of 
older effective antimicrobials on mortality in treatment of pneumococ-
cal pneumonia, compared with no specific therapy, in nonbacteremic 
patients older than 50 years is a 33% absolute reduction in death, with 
95% confidence intervals (CIs) from 26% to 40% (M1). In nonbacte-
remic patients aged 30 to 49 years, the treatment effect on mortality is 
10%, with 95% CIs from 5% to 14% (M1).39 The amount of inferiority 
for a planned noninferiority trial comparing a new antimicrobial with 
an older antimicrobial in patients older than 50 years should be less 
than 26%, but in patients aged 30 to 49 years, it should be smaller than 
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however, expose more participants to potential risk and cost more in 
terms of time, manpower, and money. Therefore, the sample size of a 
study should be carefully chosen before the trial, to maximize valid 
results while achieving the greatest efficiency. Interim blinded pre-
planned analyses during the course of a study may show that initial 
assumptions about sample size were incorrect and require adjustment 
for valid reasons during the study. However, it is ethically and scientifi-
cally questionable to start with a sample size in mind and then choose 
hypotheses that are not clinically meaningful but for which data can 
be acquired with the chosen sample size. For instance, one could 
choose to use a laboratory test as an outcome measure because of the 
ability to show differences between study groups with smaller sample 
sizes. However, this approach is questionable if the laboratory test does 
not validly reflect differences on the true outcome of interest, such as 
mortality, patient function, or patient symptoms. Smaller trials require 
greater planning and foresight than larger trials.52

The second type of error in studies is systematic error.53 Systematic 
error is any type of error at any point of inference in a study that causes 
the results to not provide valid inferences related to the research ques-
tion. Systematic error can be divided into bias and confounding. Bias 
is any type of systematic error at any point in the study that gives results 
or conclusions that differ systematically from the true values.54 In other 
words, the measured values are incorrect. For example, a nonrandom-
ized, nonblinded, placebo-controlled clinical trial of the drug patulin, 
prescribed for the common cold in the 1940s, showed a 48% (95%  
CI, 35% to 60%; P = .002) absolute reduction in symptoms with the 
drug.55 However, a subsequent randomized, blinded trial with better 
definitions of outcomes showed a treatment effect of zero (95% CI, 
−4% to +4%; P = .96).56 The difference between these two results is due 
to bias inherent in the design of the first study. Confounding is the 
presence of factors associated with both exposure and outcome that 
influence causal conclusions related to the interventions resulting from 
imbalances in the confounding factors between the study groups.57 
With confounding, the measured values are correct, but confounding 
means the observed effects may be due to factors other than those 
measured. For instance, in nonrandomized studies of interventions, if 
there are baseline differences between groups with factors known to 
influence outcomes, such as age and severity of illness, then outcomes 
may be confounded by those factors and not be due to the interven-
tions under study. The process of randomization addresses the problem 
of confounding.58

Many types of bias can affect the results of clinical studies, and 
authors have divided bias into various types.54 Selection bias means that 
subjects in one study group systematically differ from subjects in 
another group by factors that influence outcomes.59 One of the major 
issues with nonrandomized trials is that even when attempting to 
control for known factors influencing outcomes, one cannot account 
for unknown factors or the various combinations of known and 
unknown factors that influence outcomes. Randomization addresses 
this issue as discussed later. Observer bias is the process by which 
persons who assess outcomes can influence the measurement of those 
outcomes. Blinding participants, investigators, and outcome assessors 
to study group assignment can address this issue. Studies that are not 
blinded to treatment assignment are called “open-label.” Misclassifica-
tion bias is related to observer bias and occurs when a value is defined 
in error, for instance, when participants who experience failure of a 
study medication are coded as successes and vice versa. Blinding 
addresses this issue in part, but also clearly defined study measures and 
procedures help minimize this bias. Instrument bias is when the 
instrument, scoring system, laboratory test, or other measure is sys-
tematically incorrect. For example, one study asked clinicians to 
measure marbles of the same and different sizes used as a substitute 
for tumors. The results of the study showed that clinicians systemati-
cally erred in measuring marbles of the same size such that there would 
be a large “treatment effect” on tumor shrinkage, when, in fact, they 
were measuring marbles of identical size.60 In infectious diseases, lack 
of reliability of measurements, such as the Clinical Pulmonary Infec-
tion Score (CPIS), could result in biased measurements.61,62

Bias is most problematic because there is no way to specifically test 
for it. Bias cannot be addressed or measured by statistical testing alone, 
and increasing sample size actually magnifies the effects of bias on 

tract infections and colony counts as low as 102 colony-forming units 
(CFU)/mL of urine.45,46 However, to increase specificity, clinical trials 
usually enroll only patients with at least 105 CFU/mL of urine, to more 
accurately differentiate patients with true uncomplicated urinary tract 
infection from those with symptoms of dysuria caused by other etiolo-
gies with potentially contaminated urine specimens. In noninferiority 
trials, investigators must use the same definition of disease as that used 
in the historical studies that demonstrated the effect of the control 
intervention compared with no specific therapy.47

In some diseases, microbiologic information is not available or 
helpful in making diagnoses, for instance, in settings where culture 
data has low sensitivity and specificity (e.g., cellulitis) or in culture data 
from nonsterile body sites where differentiation of colonization from 
disease is challenging.

Selecting the appropriate patient population often entails striking a 
balance between including enough different types of patients so that 
one may extrapolate the results of the trials to clinical practice but not 
be so inclusive as to blur important distinctions in drug efficacy or 
safety across patient subgroups. For instance, by including patients 
with various types of infections caused by the same organism but with 
differing pathophysiologies, patient characteristics and outcome mea-
sures may result in uninterpretable results for any type of infection. 
For instance, both sinusitis and pneumonia are respiratory tract infec-
tions but differ substantially in pathophysiology and outcomes. Con-
versely, skin infection studies often include patients with both cellulitis 
and wound infections given the similar pathophysiology of the dis-
eases. However, investigators wish to be inclusive enough so that 
results of the trial are useful in making treatment decisions for a broad 
range of patients. For instance, clinical trials often include patients who 
are elderly or who have mild renal or hepatic insufficiency in an 
attempt to determine outcomes in these patient populations.

MINIMIZING ERROR IN STUDIES
Two types of error can impact the validity of study results. Random 
error refers to variability that occurs because of chance alone. Common 
statistical tests are used to evaluate the impact of random error on 
study results, and studies are designed to minimize random error as 
much as possible. Increasing the sample size of studies, studying a 
more homogeneous population, or using more precise measurement 
tools decreases random error.

Two types of random error exist in trials. Type 1 error, or alpha, is 
the probability of concluding false-positive results. This means reject-
ing the null hypothesis when, in fact, the null hypothesis of lack of 
effect of the test intervention is true.48 This value is conventionally set 
at 5% for most studies, meaning an error rate of 1 in 20. If one considers 
the thousands of studies conducted each year, an error rate of 1 in 20 
studies is actually a low standard of evidence.

Therefore, independent confirmation of evidence from similar 
studies is important because a confirmatory study with a type 1 error 
rate of 5% lowers the overall type 1 error rate of the two studies  
to 0.25% (5% times 5%). Type 2 error, or beta, is the probability of 
a false-negative result, that is, not rejecting the null hypothesis when, 
in fact, the alternative hypothesis is true. This value is usually set at 
10% to 20% for most studies.49 Power is the ability of the study to detect 
a difference, should such a difference exist, and is defined as 100% 
minus the type 2 error. Therefore, for a study with a type 2 error rate 
of 10%, the study has 90% power to be able to detect a difference.

The type 1 and type 2 error rates are values selected before the study, 
to choose a sample size for the study.50,51 In addition, two other vari-
ables impact sample size. The first is the hypothesized difference in 
effect size between the test and control groups, called delta, based on 
available evidence from similar studies. This value often represents the 
investigators’ best guess, and the actual difference between study 
groups cannot be known until after the study is over. A common error 
is selecting a larger difference between study groups than is justifiable 
based on available evidence in order to decrease the sample size of the 
study. However, if the true difference between groups is smaller, then 
the study will have an insufficient sample size to detect differences.

The appropriate sample size for a study is that which allows one to 
answer the chosen research question while minimizing random error 
and achieving adequate precision of the results. Larger sample sizes, 
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depends not on the statistical significance of the difference in the dis-
tribution of the factor between the study arms but on the strength of 
the association of the outcome with that factor.67,68 In other words, one 
should consider small differences in the distribution of factors between 
study arms as clinically significant if the factor has a known large 
impact on outcomes, even though the baseline differences in patient 
characteristics are not statistically significant.69

The randomization code also should remain blinded so that inves-
tigators cannot consciously or unconsciously influence assignment to 
study groups. This process of blinding of the randomization code is 
called allocation concealment. Studies without allocation concealment 
on average show larger treatment effects than those with allocation 
concealment, indicating the potential for bias influencing results.70

Stratification may be used along with randomization to ensure 
baseline comparability between groups, especially when sample sizes 
are small.71 Stratification entails dividing the study group before ran-
domization by the important baseline variables that affect outcomes 
and then randomizing separately in each stratum. For instance, patients 
could be divided by age category before randomization and then ran-
domized to study groups within each age category. Stratification 
ensures equal numbers of participants in each stratum, but unless there 
are separate hypotheses, sample size calculations and appropriate 
adjustment for increasing the false-positive error rate (type 1 error) 
stratification alone does not allow confirmatory conclusions in each 
stratum. Keeping the number of strata to a minimum of important 
categories known to affect outcomes helps simplify trial operations.

The benefit of randomization on decreasing selection bias relies on 
participants remaining in their assigned study groups and analysis of 
results based on the randomized groups. Eliminating participants from 
the analysis or analyses that evaluate only subgroups of participants 
may still suffer from selection bias. Missing data are an important 
consideration in clinical studies as well as an important cause of bias.72 
Minimizing missing data in terms of loss to follow-up or eliminating 
participants from analyses requires careful study planning. Although 
the best way to address missing data is to avoid it, imputation methods 
are available to perform analyses based on various assumptions related 
to the reason for missing data. The challenge is that these assumptions 
are often unverifiable based on the available evidence in the study.73

OUTCOME ASSESSMENTS
The specific definitions of outcomes, who does the measuring, when 
assessments are performed, and how to analyze the outcomes depend 
upon the clinical context and the research questions of the study initia-
tion. In case-control studies, investigators choose the outcomes first 
and then look backward in time to examine differences in exposures. 
In cohort studies and clinical trials, investigators choose exposures  
and then follow patients forward in time to examine outcomes. In 
clinical trials, outcomes are termed end points. An end point is the 
outcome measure used to examine differences between study groups, 
such as differences in mortality between groups treated with different 
antimicrobials.

The variables that make up an end point should be clearly defined 
and reliably measured. Terms such as “clinical response” or “success” 
and “failure” are meaningful only if the defining of specific variables 
allow one to determine what is actually measured. In addition, if end 
points have components related to judgment in measuring or inter-
preting the variables, there may be substantial variability in the mea-
surements, with resulting misclassification bias.61,62

The definitions of end points for trials should be clinically relevant 
to patients: measuring how patients feel in terms of their symptoms, 
function in their daily lives, or survive.74 Direct measures of how 
patients feel, function, or survive are defined as “clinical” end points; 
however, the term “clinical” is often misunderstood in trials as any 
measure obtained as part of patient care.75 Clinical end points are direct 
measures of resolution or improvement of symptoms or impaired 
functioning that cause patients to seek medical care, as well as sur-
vival.76 Direct measures of how patients feel or function include patient 
reported outcomes (PROs), in which patients report information on 
their symptoms and function without interpretation by anyone else.

Investigators sometimes are concerned about “specificity” of 
symptom-based outcome measures; however, appropriate diagnosis 

outcomes. Therefore, a larger trial will minimize random error but give 
a more precisely incorrect answer to the research question in the pres-
ence of biases.. Bias is addressed most effectively at the design and 
conduct stages of a study. Appropriate design of a study helps to mini-
mize the occurrence of bias before initiation of the study. Appropriate 
conduct, such as minimizing loss to follow-up, helps control bias 
during the study. Controlling bias is also an important ethical issue in 
studies. Studies cannot contribute to generalizable knowledge if their 
results are not valid and free from bias.

BASELINE COMPARABILITY 
BETWEEN STUDY GROUPS
With some research questions, the goal is to evaluate the differences in 
baseline factors that influence outcomes between groups. For instance, 
when evaluating risk factors for disease acquisition or prognostic 
factors for outcomes, the goal of the research is to find the baseline 
differences between the groups that may or may not be causal but still 
bear some relationship to each other. For instance, hospitalization is a 
risk factor for acquisition of resistant pathogens, but hospitalization 
alone does not cause colonization with resistant pathogens because 
other factors may be equally or more important, or hospitalization may 
be a marker for the presence of other factors.

However, when attempting to evaluate causal relationships between 
exposures and outcomes, one of the most important aspects of study 
design and analysis is ascertaining that study groups are as comparable 
as possible so that investigators can draw valid conclusions about rela-
tionships between study groups.63

In nonrandomized trials, investigators can attempt to evaluate base-
line comparability of known factors that influence outcomes, but it is 
challenging, if not impossible, to ascertain the influence of unmea-
sured factors on outcomes. For this reason, nonrandomized studies are 
often used as a basis for hypothesis generation for future randomized 
trials, and randomized trials have become the gold standard for evalu-
ating medical interventions.64 A study that evaluated the importance of 
randomization and blinding on potential bias in study results showed 
that at least one prognostic factor was not distributed equally between 
arms of the trial in 14% of trials that were blinded and randomized, in 
26.7% of open-label randomized trials, and in 58.1% of the open-label 
observational trials. The authors found statistically significant differ-
ences in case-fatality rates between the treatment and control groups 
in 8.8% of the blinded and randomized trials, 24.4% of the open-label 
randomized studies, and 58.1% of open-label observational trials.65

The process of randomization is a nonsystematic way of assigning 
participants to study groups.66 These include processes as simple as 
flipping a coin or using computer-generated number tables. Nonsys-
tematic ways of assignment to study groups, such as alternately assign-
ing participants to study groups or enrollment in groups based on 
admission date or social security numbers are not random processes 
and are not defined as randomization. Randomization in studies of 
sufficient sample size results in an equal probability of similar distribu-
tion of both measured and unmeasured factors and thereby minimizes 
confounding. This addresses the issue of confounding resulting from 
baseline imbalances between groups and obviates discussion of con-
founding in randomized superiority trials. As noted previously, con-
founding is often confused with effect modification in the setting of 
randomized trials, where the effect of interventions may differ in dif-
ferent types of patients or clinical settings. The minimization of selec-
tion bias and confounding by randomization allows causal inferences 
between the interventions studied and outcomes. Differences between 
study groups in the randomized population causally relate the inter-
ventions to observed outcomes, as long as other sources of bias that 
can occur after randomization are minimized.

It is still possible for baseline imbalances to remain in randomized 
trials, especially in trials with small sample sizes. Randomization pro-
vides a probability of equally distributing important variables between 
arms of a trial. When important variables are not equally distributed 
across arms of the trial, randomization has not “failed” because the 
process of random distribution did occur as planned but without  
the desired result. However, unequal distribution of factors between 
the arms of a trial may have an impact on the interpretation of the 
results. The importance of unequal distribution of various factors 
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evaluate an indirect measure as a surrogate end point.79 Correlations 
often compare patients with and without the indirect measure and then 
evaluate the relationship to the direct outcome measure. However, such 
evaluations may be measuring differences in patient characteristics 
rather than differences in the treatment effects of the interventions the 
patients receive. In addition, correlations often evaluate only one side 
of the relationship between the direct and indirect measures. For 
instance, a microbiologic outcome of negative cultures may “correlate” 
with resolution of symptoms. However, one must also evaluate whether 
positive cultures also correlate with lack of resolution of symptoms. 
Therefore, microbiologic success should predict clinical success, and 
microbiologic failure should predict clinical failure. Although it seems 
intuitive that suppression of pathogenic organisms below some level of 
detection should reflect direct outcomes, this is not always the case. 
Antimicrobials may exert direct effects on the immune system that 
may affect direct outcomes.80-82 Antimicrobials may also have effects 
on organisms, such as rapid lysis with subsequent stimulation of the 
immune system, which also may influence direct outcomes. The rec-
ommendation to administer steroids before the administration of anti-
microbials in acute bacterial meningitis is based on this phenomenon.65,66 
Immune reconstitution inflammatory syndrome in HIV is another 
such example. Because these effects are the result of administration of 
the antimicrobial, they are not solely effects related to the host. In 
addition, host inflammatory reactions may continue to cause disease 
manifestations even after decreasing organism burden, thereby con-
tributing to discordance between indirect microbiologic outcomes and 
direct outcome measures. Measuring direct outcomes is the only way 
to capture such effects.

Thus, the ultimate evaluation of an indirect measure as a surrogate 
end point means that the test of the hypothesis of a treatment effect of 
the indirect measure should reflect the test of the hypothesis of a treat-
ment effect on the direct measure of interest.83 This entails comparison 
of treatment differences between the test and control group regarding 
the indirect measure and the direct measure. This also requires clearly 
defining the direct measure, in terms of symptoms, function, or sur-
vival, for which the indirect measure is a substitute.

Biomarkers have been successful in some settings, such as treat-
ment effects on viral load measurements in trials of HIV/AIDS, reflect-
ing treatment effects on mortality and AIDS-defining opportunistic 
infections. On the other hand, surrogate end points often fail to reflect 
direct outcomes. For instance, improved microbiologic outcomes with 
clarithromycin in Mycobacterium avium complex bacteremia showed 
increased mortality in trials in patients with HIV/AIDS.84 This rein-
forces the idea that the utility of surrogate end points is contextual, 
requiring reevaluation when used in different patient populations or 
with different interventions.85

Biomarkers as surrogate end points are useful in hypothesis-
generating studies to demonstrate proof of principle that an interven-
tion has a biologic effect. Such trials are appropriate for selecting 
candidate interventions and to generate hypotheses for further trials 
that demonstrate that the effect of the biomarker translates into treat-
ment effects on direct measures of symptoms, function, or survival.

The timing of end-point measurements also is important.86 Inves-
tigators should time the measurements based on the natural history of 
the disease and the timing of clinically relevant treatment effects. For 
example, placebo-controlled trials show that most cases of traveler’s 
diarrhea will resolve spontaneously within a few days.87 Therefore, 
measuring resolution of diarrhea several weeks after the start of symp-
toms would not allow one to differentiate the effects of antimicrobial 
therapy from placebo in a superiority trial or would make two agents 
appear similar in a noninferiority trial. Often, in spontaneously resolv-
ing diseases, the time to resolution of symptoms may be a more clini-
cally meaningful end point than measurement of clinical outcomes at 
some fixed time point. However, in life-threatening acute diseases, 
where death occurs in days to weeks, a fixed time point may be more 
informative because whether the patient dies earlier or later in the 
course of a short illness may not be clinically relevant. Also, it is impor-
tant to follow patients for long enough to evaluate the durability of 
treatment effects. Again, in noninferiority trials, the timing of the end 
point should reflect the timing used in prior superiority trials that 
demonstrated the effect of the control regimen.

ensures that patients’ symptoms are due to the disease. For instance, 
many patients with cough do not have pneumonia, but after radio-
graphic confirmation of the diagnosis, cough is no longer a “non-
specific” outcome measure but due to pneumonia. In addition, 
randomization addresses baseline comparability and balances groups 
for outcomes unaffected by the intervention such that any remaining 
differences between groups are causally related to the interventions 
tested. Examining “all-cause” outcomes is important because interven-
tions may worsen symptoms, function, or survival due to off-target 
effects. For instance, all-cause mortality evaluates the net benefits and 
harms of an intervention, whereas cause-specific mortality does not 
because all-cause mortality takes into account adverse effects of inter-
ventions that may cause death even if the test intervention “works” 
according to its specified mechanism of action. In addition, the tools 
and judgments used to evaluate cause-specific mortality lack sensitivity 
and specificity. For instance, current diagnostic tools used to diagnose 
fungal infections are not sufficiently sensitive or specific.74 Autopsy 
studies show substantial misclassification of clinicians’ judgments 
regarding causes of death.77

Often, more than one manifestation of a disease is clinically rele-
vant, and/or different outcomes may occur at different rates. In these 
cases, it may be appropriate to evaluate relevant symptoms as well as 
mortality in a composite end point. For types of diseases or stages of 
diseases where mortality is low, a measure of symptoms plus survival 
may be most useful. The use of a composite end point can provide a 
comprehensive evaluation of the efficacy of interventions.77 For 
example, in clinical trials of patients at low risk of death with 
community-acquired pneumonia, an appropriate end point may evalu-
ate resolution or improvement of cough, shortness of breath, and chest 
pain as well as mortality.77a Survival is always measured because it is 
not possible to evaluate symptoms in patients who do not survive. 
However, composite end points are driven by the most common out-
comes in the composite, so similarity of symptoms may mask differ-
ences in outcomes between groups regarding mortality if mortality  
in the study population is low. In noninferiority trials, investigators  
are limited to using the same definition and timing of end points  
used in previous studies that demonstrated the effect of the control 
intervention.15

End points in clinical trials also can measure indirect outcomes that 
are hypothesized to reflect how patients feel, function, and survive. 
These indirect end points can be events determined by clinician judg-
ment (termed clinician-reported outcomes [ClinROs]), such as deci-
sions to switch medications, prescribe additional medications, or 
decisions on hospital admission or discharge. Such end points assume 
that the reasons for the event are related to patient symptoms. Bio-
markers, defined as laboratory measurements (e.g., radiography, cul-
tures, polymerase chain reaction (PCR), and serologic testing) or 
physical signs, used as a substitute for direct measures of how patients 
feel, function, or survive, can also be used as indirect outcomes or 
“surrogate” end points.76 Microbiologic end points that measure the 
suppression of pathogenic organisms below some level of detection are 
surrogate end points because they do not measure patient outcomes 
directly. The most useful indirect measures for use in clinical trials are 
those that are reproducible (analytically valid), are on the causal 
pathway of the disease, and whose relationship to direct outcomes of 
interest are well known.75,78 Indirect measures that are not on the causal 
pathway of disease are less useful because they can be affected by 
interventions other than those that affect the disease process. For 
instance, in pneumonia, fever is not on the causal pathway of disease 
because pneumonia causes fever rather than fever causing pneumonia. 
Therefore, interventions such as antipyretics can lower body tempera-
ture without affecting the course of pneumonia. Measurements of 
pathologic organisms that are on the causal pathway of the disease may 
be candidates for potential surrogate end points. Surrogate end points 
are most useful in chronic diseases when direct outcomes cannot be 
measured for a prolonged period of time.

However, the major issue with surrogate end points is they may not 
reflect the outcomes of how patients feel, function, or survive because 
of off-target benefits or harms or pathways of disease not captured by 
the indirect measures. Correlation between an indirect outcome and a 
direct outcome, such as mortality, is necessary but not sufficient to 
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false-positive conclusion.91 However, in a noninferiority trial, if there 
are large numbers of participants excluded or missing data, then the  
analysis of the ITT population may make the test and control inter-
ventions appear more similar, although more recent studies demon-
strate that this concern may be more theoretical than real.92,93 The 
theoretical concern is that ITT analyses may lead to a false-positive 
conclusion that the drugs are similar in efficacy when there may be 
important differences between the drugs. Because the benefits of ran-
domization may be lost in the per-protocol population, this population 
also may not reflect the true efficacy of drugs in a noninferiority trial. 
Given the limitations of both the intention-to-treat and the per-
protocol population in noninferiority trials, it is often most informative 
to examine analyses of the primary end point in both populations. 
Differences in the comparative efficacy of the study and control drugs 
between the intention-to-treat and per-protocol populations in a non-
inferiority trial would require an examination of the reasons for such 
differences. Trial results are most convincing in noninferiority studies 
when ITT, mITT, and PP analyses reach similar conclusions.

Calculating Differences between 
Groups
Once investigators decide which population to analyze, they calculate 
the point estimate for successful outcomes for the primary end point 
in the study drug and control groups.94 The point estimate is the 
number of patients with successful outcomes divided by the total 
number of patients in the analyzed population. For instance, consider 
an example of a trial in which the primary analysis population contains 
300 patients in each arm of the trial, where 225 and 240 patients have 
successful outcomes in the study drug and control drug arms, respec-
tively. In this case, the point estimates of successful outcomes are 75% 
(225/300) in the study drug arm and 80% (240/300) in the control arm. 
Investigators should present numerator and denominator data rather 
than summaries alone so that readers can perform these calculations 
on their own.

However, in experimental studies, the differences between the test 
and control group are of primary importance rather than solely pre-
senting “success rates” in the individual study groups. Clinical trials 
are comparative, and “success rates” can vary from study to study by 
random variation alone or because of differences in patient groups 
between studies. This makes cross-study comparisons challenging.

Investigators can present comparisons of the differences between 
the test and control group as absolute differences, relative differences 
or odds. Absolute differences are the difference between proportions 
between the groups.94 In our example, the absolute difference in out-
comes between the study and control drugs is 75% minus 80% or a 
difference of −5%. Absolute differences are easy to calculate and inter-
pret and are symmetrical (number of successes and number of failures 
sum to 100%). However, when percentages are small (below 1%) these 
differences are challenging for patients and clinicians to understand.

The inverse of the absolute difference (one divided by the absolute 
difference) is the number needed to treat (NNT).95 This value shows the 
number of patients who are exposed in order to benefit or harm one 
person. In our example, 1 divided by the 5% absolute difference gives 
an NNT of 20. This means that 20 patients must be treated with the 
drug for one person to benefit. This provides a basis for numerically 
comparing benefits and harms in a single study but does not provide 
a context for the numbers because the nature of the benefits and harms 
may differ. For instance, a smaller number needed to treat to harm 
(NNTH) regarding nausea may be justified if the benefit is a larger 
NNT regarding mortality given that nausea would be a tolerable 
adverse effect in order to achieve benefits on mortality. However, NNT 
is useful when the nature of benefits is similar to the nature of harms, 
such as the benefit of decreasing symptoms compared with the harms 
of headache, skin rash, or diarrhea. There is no single “good” NNT 
number, and comparing across therapeutic areas and between treat-
ment and prevention studies is challenging, given the different contexts 
and different balances between benefits and harms. Several studies 
show that patients and clinicians more readily understand absolute 
differences and the NNT.

Relative differences express the event rates in the test group as a 
proportion of those measured in the control group, with a range of 

When measuring outcomes in diseases that tend to recur, such as 
diarrhea caused by Clostridium difficile, studies should evaluate out-
comes in the entire randomized population and not recurrence only 
in the subgroups of patients who experience resolution of diarrhea. 
Outcome measures should include both patients in whom interven-
tions initially fail combined with those in whom disease recurs. Evalu-
ating only subjects who are initially cured and then following that 
subgroup alone for recurrence gives biased estimates when initial cure 
rates differ between the two interventions. The “recurrence rate” in an 
intervention that cures no one is zero, but this means the intervention 
is “preventing” recurrence through being ineffective.88

ANALYSIS OF STUDY RESULTS
Investigators and consumers of trial results should evaluate the results 
in light of the primary research questions posed by the study. Second-
ary hypotheses or subgroup analyses may pose interesting questions, 
but the primary analysis is of primary importance, as reflected by the 
design of the trial.

In addition to presentation of estimates of difference between test 
and control groups, investigators use statistical tests to examine the 
likelihood that the results of the trial could have occurred by chance 
alone (random error), to examine the direction and magnitude of 
treatment effects, and to determine the precision of the results. If the 
likelihood of accepting a chance result is low and bias is minimized, as 
determined by the error rates set up before initiation of the trial and 
design and conduct of the study, then investigators conclude that the 
evidence is strong enough to reject the null hypothesis. They then can 
assume that the alternative hypothesis is likely true.89

Analysis of Populations
Before performing statistical calculations, investigators must first 
decide on the population of patients in the trial that they wish to 
analyze. In the intention-to-treat (ITT) population, patients are assigned 
according to the group to which they were initially randomized, 
regardless of whether the patient received the drug, discontinued 
therapy, or switched to a different therapy.90 In other words, investiga-
tors evaluate patients by the treatment they intended to give. This 
population preserves the protection from selection bias that random-
ization offers. It also provides the most clinically meaningful results 
because in practice patients and clinicians often do not use interven-
tions as prescribed, and the reasons for not adhering to the interven-
tion may be related to the intervention itself, such as adverse effects 
and tolerability. The ITT analysis also allows appropriate statistical 
testing based on the principle of randomization. Investigators can use 
a modified intention-to-treat (mITT) population of patients who 
received at least one dose of the study medication and who have the 
disease under study. This analysis is valid only if the difference in the 
number of patients between the mITT and ITT populations is small, 
for instance less than 5%. The per-protocol population (sometimes 
called the “clinically evaluable” population) is a subgroup analysis com-
posed of patients who follow the protocol as specified, for instance, 
those who received some minimal amount of the study or control drug 
and returned for an assessment of their outcome. Such analyses may 
lack the protection of randomization from selection bias if patients are 
excluded from analyses based on events that occur after randomization 
and/or those who drop out of the study systematically differ from those 
who complete the study. Exclusion of participants from the per-
protocol population assumes that the missing data are uninformative, 
a conclusion that is usually not verifiable or justifiable. Exclusion of 
subjects based on lack of receiving a “sufficient” duration of the study 
intervention is not scientifically justifiable and is based on the notion 
that antimicrobials take some fixed amount of time to exert an effect. 
Also, excluding participants post randomization may mitigate the pro-
tection of randomization from selection bias because investigators are 
selectively choosing which patients to analyze. Exclusions based on 
receipt of concomitant medications during the study are also problem-
atic, especially if the subjects received additional antimicrobials 
because of spread of their disease or new disease elsewhere in the body.

In superiority trials, the intention-to-treat population is usually the 
most appropriate patient population used for analysis of the primary 
end point because it provides the least likelihood of coming to a 
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In our example, the P value for the difference between a study drug 
with a success rate of 75% and a control drug with a success rate of 
80%, with 300 patients per arm, is .14. If one studies 1000 patients per 
arm and the success rates remain at 75% and 80% for the study and 
control drugs, respectively, the P value decreases to .007, even though 
the difference in point estimates remains at −5%. However, if the study 
drug success rate remains at 75% and the success rate in the control 
increases to 85%, with 300 patients per arm in the trial, the P value is 
.002. The assumption that point estimates will remain constant with 
increased sample size is often erroneous because the principle of 
regression to the mean indicates that point estimates will change 
toward the true value with increasing sample size. Therefore, it is often 
erroneous to propose that increasing sample size would yield a “sig-
nificant” result in trials that “just miss” demonstrating statistical sig-
nificance, or that show a “trend” toward statistical significance (e.g., P 
values of .6 to .9). This is an empirical question that needs evaluation 
in future studies.

P values as traditionally calculated are of little utility in noninferior-
ity trials because they are based on difference around zero rather than 
difference around the noninferiority margin. Interventions that meet 
a noninferiority margin and those that do not will both have P values 
of greater than .05, as traditionally calculated, whenever the interven-
tions are not frankly superior or inferior.

A P value of .05 means that 1 in 20 studies will demonstrate a false-
positive result. Also it reflects that 1 in 20 comparisons made in a 
clinical trial may represent a false-positive result. If an investigator 
makes more than one comparison in a clinical trial, the chance of 
drawing a false conclusion increases. For five independent compari-
sons, the type 1 error increases from 5% to 20% and for 10 comparisons 
to 40%. For 20 comparisons, the type 1 error increases to 64%.101 In 
other words, by making multiple comparisons with P values at a .05 
level of statistical significance, one is more likely than not to find a 
statistically significant result that is false. This is called the problem of 
multiplicity. Examining many P values without adjustment for multi-
plicity is appropriate in exploratory hypothesis-generating studies. 
However, in confirmatory studies testing medical interventions, it 
often is appropriate to use a lower P value to define statistical signifi-
cance when making multiple comparisons. Investigators or readers 
may use methods such as the Bonferroni procedure103 or other correc-
tions for P values. The Bonferroni method is easy for casual readers to 
use because one divides the P value by the number of comparisons to 
determine the corrected definition for statistical significance. There-
fore, if one makes five comparisons, the P value used to define statisti-
cal significance decreases from .05 to .01. An important caveat is that 
one should divide by the total number of comparisons made by the 
investigators, not just the number of comparisons presented. If the 
comparisons are not independent, some authors feel that the Bonfer-
roni correction is too conservative.104 Alternatively, investigators can 
perform “sequential testing” by spelling out a hierarchy of assessments 
before study initiation, testing each sequential difference at the same 
.05 significance level, proceeding from one to the next as long as each 
test reaches statistical significance. For instance if a study has three 
hierarchical end points of survival, spread of disease to another organ 
system, and improved symptoms, each can be tested at the .05 signifi-
cance level. If the P value for survival is less than .05, then the inves-
tigator can proceed to test the hypothesis related to spread of disease 
at the .05 significance level. If this hypothesis does not reach statistical 
significance, then the investigator cannot test the third hypothesis 
related to symptoms at the .05 level. The important point for readers 
of clinical trials is that authors should describe what procedure was 
used when accounting for multiple comparisons. The most common 
use of multiple comparisons is in subgroup analyses, but it also occurs 
with multiple secondary end points or a primary end point measured 
at multiple times.105

Confidence intervals are another way of analyzing trial results and 
provide adjunctive information to P values.106 CIs are measured in the 
same units as the point estimate of the primary endpoint, for example, 
percentage of patients with a successful outcome. Therefore, CIs can 
provide an estimate of the size of the treatment effect. The range of the 
CI also provides some estimate of the precision of the result in clini-
cally meaningful terms. With larger sample sizes, the range of the CI 

values between 0 and +1.0 or −1.0. In our example, the rate of unsuc-
cessful outcomes is 25% for the study drug and 20% for the control. 
Therefore, the relative reduction in unsuccessful outcomes is a 20% 
decrease in treatment failures for the control drug relative to the study 
drug (1 minus 20% divided by 25%). Relative differences do not reflect 
the baseline rate of events in the control group. Hence, a decrease in 
the absolute event rate, from 2% to 1% and from 20% to 10%, are both 
50% relative decreases. The clinical meaning may differ substantially, 
however, and may overestimate or underestimate the actual impact of 
an intervention when event rates are very high or very low. Presenta-
tion of relative differences can lead to overinterpretation of treatment 
benefits.95

Odds are expressed as the number of persons experiencing an event 
divided by the number of persons not experiencing an event. For 
instance, if 8 of 10 people develop a disease in a test group, the odds 
are 8 divided by 2, which equals 4. The odds ratio is the odds in the 
test group divided by the odds in the control group. For instance, if 6 
people develop a disease in the control group, the odds in the control 
group is 6 divided by 4, which is 1.5, and the odds ratio is 4 divided 
by 1.5, which is 2.7. Odds are intrinsically more challenging to under-
stand. They are not the same as relative risk, but they are often misin-
terpreted in this way. Odds can range from zero to infinity, unlike 
relative risks. Odds and relative risks are similar when event rates are 
less than 20%, but they give different results when events rates exceed 
this value. Odds are useful in case-control studies where the denomi-
nator of events is unclear. They are also the output of logistic regression 
analyses and provide a greater “dynamic range” of values than relative 
risks because they can extend beyond a value of 1.

Examining the Evidence: P Values and 
Confidence Intervals
Investigators use statistical testing to examine the precision and vari-
ability of the difference between the test and control group and the 
probability that the difference could have occurred by chance alone. 
The actual statistical tests used depend on the types of data examined. 
A discussion of various statistical tests and their appropriate use is 
beyond the scope of this chapter. Investigators commonly use tests 
such as the chi-square to examine dichotomous variables (cure vs. 
success) and Student’s t-test to examine continuous variables (e.g., 
weight and age).96,97 However, at a minimum, readers of clinical trials 
and peer reviewers for journals should ensure that investigators iden-
tify the statistical tests used in examining the results of a trial.

One of the most commonly used results in statistical testing is the 
P value.98,99 Unfortunately, it is often misinterpreted. In one study, only 
about one fifth of respondents to a multiple-choice questionnaire 
understood the meaning of the P value.100 The P value is a measure of 
hypothesis testing. If the P value is less than the specified type I error, 
usually set at .05, the result is called “statistically significant.” A P value 
of less than .05 means that there is a less than 5% chance that results 
as extreme as those observed in the trial are due to chance or random 
error.101 Therefore, the P value is not a measure of clinical significance. 
P values do not measure bias that may be inherent in the design of a 
study or occur during the study. Increasing sample size decreases the 
P value for a given difference while increasing the effects of bias on the 
results. Authors have pointed out that the view of dichotomizing P 
values above and below .05 as “positive” and “negative” studies often 
clouds issues related to clinical meaningfulness of the results of studies. 
A P value of .01 does not mean that there is only a 1% chance that the 
intervention tested is ineffective or that there is a 99% chance that the 
intervention is effective. As discussed previously, given the thousands 
of trials performed each year, a P value of .05 is actually a low standard 
of evidence. A study with a P value of .05 has a probability of confirma-
tion in 57% of follow-up studies.102 P values also are affected by the size 
of the between-group difference and the sample size. The larger the 
difference between the study and control drugs, then the smaller the 
sample size needed to demonstrate statistical significance. Therefore, 
less effective interventions require larger sample sizes to demonstrate 
effects. Because P values are a unitless measure, they do not directly 
evaluate the magnitude or the clinical meaning of the treatment effect. 
Therefore, larger sample sizes may result in statistically significant P 
values but do not necessarily translate into meaningful clinical effects.
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not see an adverse event in 3000 patients, that observation rules out a 
risk of 1 in 1000, or greater than 0.1%. When there are no specified 
hypotheses or chosen sample size related to demonstration of harms, 
use of P values is less helpful, and nonsignificance of P values does not 
mean that no difference exists between groups. The goal of analysis of 
harms is to evaluate signals for toxicity along with data from preclini-
cal, early clinical, and other studies. Spontaneous reporting of harms 
from postmarketing databases often detects only a small proportion of 
the total number of harms, estimated at 1% to 10% of the true total. 
Therefore, comparisons of rates of adverse events are challenging when 
the denominators are not known.

Subgroup Analyses
Although the overall results based on the primary research question 
are the most valid, investigators often express an interest in examining 
whether differences observed in the overall population are present in 
specific subgroups of patients in the study as well. However, there are 
several pitfalls that may decrease the validity of subgroups.110

Valid subgroups analyses in confirmatory trials are those that (1) 
are spelled out before the study (“prespecified”), (2) have separate 
hypotheses (delineating what differences are expected in the subgroup 
compared with the entire study population) and sample size calcula-
tions, (3) have appropriate adjustment for multiple comparisons in the 
study, and (4) perform tests for interactions. Prespecification alone is 
not sufficient for valid analysis of subgroup analyses. Testing for inter-
action means comparing the observed differences between the test and 
the control group in the subgroup of interest with the observed differ-
ences in the complementary subgroup, rather than presenting only the 
statistical significance of the difference between the test and control 
group for the individual subgroup—in other words, evaluating a dif-
ference of differences. For instance, if a drug shows a larger effect in 
older patients than in younger patients, a test for interaction would 
compare the treatment effects in the test versus control group of older 
participants with the treatment effects in the test versus control group 

decreases. A 95% CI is a measure of estimation rather than hypothesis 
testing, meaning that the investigator attempts to estimate the true 
difference in a population from the results in a sample from that popu-
lation. A 95% CI means that if the same trial was repeated 100 times, 
one could expect the observed treatment effects of 95 of those trials to 
contain the true treatment difference, and 5 studies would not contain 
the true difference within their confidence bounds. When evaluating 
a single study, it is not possible to know if that study is one of the 95 
that contain the true difference or one of the 5 erroneous studies. This 
reinforces why confirmation of evidence from independent studies is 
important. The CI is not a measure of probability (like the P value). 
Any value within the limits of the CI is equally likely to represent the 
true value in the population from which the sample is chosen. Data 
simulations show that the point estimate for one study does not lie 
within the confidence bounds for a follow-up study in one in six repeti-
tions.107 Therefore, posing that the point estimate is the most likely 
“true” value in the population and that the lower and upper bounds of 
a given single CI are “unlikely” does not represent the true meaning of 
CIs.106 In our example, the difference in point estimates is −5%. For a 
trial with 300 patients in each arm, the lower bound of the 95% CI is 
−11.7%, and the upper bound is +1.7%. This means that based on the 
evidence from this single study, the study drug is somewhere from 
11.7% worse to 1.7% better than the control drug for the measured 
outcome. Increasing the sample size to 1000 patients in each arm 
would give greater precision to the results by narrowing the CI to 
−10.0% to +0.002% if the success rates remained the same.

Confidence intervals aid in the interpretation of “negative” studies 
that do not reach statistical significance. CIs whose range includes 
clinically meaningful differences can mean that further larger studies 
are needed to rule out an important effect. Narrow CIs that rule out 
clinically meaningful differences may indicate that future studies are 
not needed. In this way, CIs provide more information than dichoto-
mous evaluations of statistical significance.

An examination of the upper and lower bounds of the CI allows 
one to determine, as with P values, whether a study drug is statistically 
superior, inferior, or noninferior to a control drug (Fig. 52-1). The P 
value and the CI are related in that if the 95% CI excludes zero, then 
the P value is less than .05. A statistically superior drug has a lower 
bound of the 95% CI that is greater than zero for absolute differences. 
A statistically inferior drug has an upper bound of the 95% CI that is 
less than zero. To determine whether a study drug is noninferior to a 
control drug, one must compare the bound of the 95% CI to some 
prespecified margin of noninferiority. In our example, the lower bound 
of the 95% CI is −11.7%. If the noninferiority margin selected before 
initiation of the trial was −15%, then one can conclude that the study 
drug is statistically noninferior to the control. If the prespecified non-
inferiority margin was −10%, then the study drug fails to meet the 
statistical definition of noninferiority. Hence, the incentive for some 
investigators to push for larger noninferiority margins to both decrease 
the sample size of trials as well as increase the likelihood of “positive” 
results. However, as discussed previously, investigators should choose 
noninferiority margins based on ruling out clinically meaningful dif-
ferences in loss of effect with the test intervention compared with the 
control intervention rather than sample size considerations alone. For 
instance, allowing a new drug to potentially increase mortality by 15%, 
or 1 in every 6 patients treated with the new drug, compared with 
having received the older drug, seems hard to justify.

Measurement of Harms
Many clinical trials are designed to evaluate both the harms as well as 
benefits of an intervention. However, studies often have no specified 
hypotheses related to harms and do not have a large enough sample 
size to rule out many adverse events, especially those that are less 
common. Reporting of harms often is inadequate, with more space 
devoted to authors’108 affiliations than description of harms. Absence 
of evidence of a difference is not the same as evidence of absence of a 
difference between interventions. When a clinical trial shows no cases 
of a particular adverse event, one can only rule out a rate of 1 in the 
number of patients examined divided by 3.109 For example, if one sees 
no cases of a particular adverse event in 300 patients, that rules out a 
risk of 1 in 100 or, in other words, a rate greater than 1%. If one does 

FIGURE 52-1  Interpretation of results using confidence intervals 
in clinical trials. X represents the difference in the point estimates of two 
therapies. The central zero mark  indicates no difference between drugs. 
The parentheses represent the upper and lower bounds of the 95% con-
fidence intervals (CIs). The dashed lines are the noninferiority and equiva-
lence  margins.  A,  A  study  drug  that  demonstrated  superiority  over  the 
control has a point estimate and the upper and lower bounds of the 95% 
CIs greater than zero. B, A study drug that demonstrates equivalence to 
a  control  drug  has  upper  and  lower  bounds  of  the  95%  CIs  within  a 
prespecified margin. The point estimate can be greater or less than zero. 
C, A study drug that demonstrates noninferiority to a control drug has a 
lower bound of the 95% CI greater than some prespecified margin. If the 
lower bound is more negative than the prespecified margin, the study drug 
is said not to meet the definition of noninferiority. D, A drug that is inferior 
to the control drug has the upper bound of the 95% CI  less  than zero. 
(See text for further explanation.) 
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trials, this should include explanation of the types of error and the 
sample size. Understanding the chosen objective of the study also 
ensures that investigators chose the hypotheses before examining 
the results, rather than examining the results and deciding what 
the hypotheses “should have been.” For instance, clinical trials of 
monoclonal antibodies in sepsis failed to show decreases in mor-
tality compared with placebo, but post-hoc analyses claimed ben-
efits in patients with bacteremia, as if the hypothesis “should have 
been” related to only participants with bacteremia. Subsequent 
studies did not support this hypothesis.118

2. Drawing conclusions about treatment effects of interventions from 
studies where control groups lack baseline comparability: Many 
types of nonexperimental studies do not evaluate comparability 
between the test and control groups or make comparisons between 
groups that are known to differ in important baseline characteris-
tics. For instance, comparing unadjusted outcomes in patients with 
disease caused by resistant pathogens with outcomes in patients 
with susceptible pathogens compares people with inherently differ-
ent baseline characteristics that independently affect outcomes.

3. Concluding noninferiority from a trial designed to demonstrate 
superiority: Conclusions of superiority or noninferiority of the 
study drug should relate to the initial hypothesis. A noninferiority 
trial may show a superior result for one of the drugs when the 
results show a lower bound of the CI around the difference in the 
point estimates that is greater than zero. However, it is difficult to 
claim noninferiority from a superiority trial. In most cases, inves-
tigators do not select a noninferiority margin before initiation of 
a superiority trial or evaluate whether the design of the current 
study conforms to prior studies that demonstrated the effect of the 
control intervention. This results in difficulties in interpretation of 
the results because noninferiority is based upon comparison of the 
lower bound of the CI to the prespecified noninferiority margin. 
In addition, the sample size of a noninferiority trial is often larger 
than a superiority trial; therefore, the trial may not have an ade-
quate sample size to conclude noninferiority when designed for 
superiority. Studies demonstrate that the reporting of noninferior-
ity trials is often poor, and investigators often reported failed supe-
riority trials as showing noninferior results.119,120

4. Extrapolation of results to types of patients not studied in the trial 
and who differ substantially from patients in the trial: The results 
of the trial are most applicable to patients who fit the definition 
and stage of the disease and the population in the study. It is more 
difficult to extrapolate results to other populations, especially 
those that may differ in host immune function, age, and patho-
physiology or severity of underlying disease. For instance, demon-
stration of noninferiority of interventions in populations with 
disease caused by susceptible pathogens does not justify conclu-
sions of superiority of the test intervention in patients with disease 
caused by resistant pathogens, given differences in patient charac-
teristics between those with disease caused by susceptible or resis-
tant pathogens.

5. Extrapolating results of explanatory trials broadly to clinical prac-
tice when interventions are used under different conditions in 
practice: Data from explanatory trials may not describe the effec-
tiveness of interventions in the real-world setting. Conversely, 
pragmatic trials do not rule out effects of interventions in other 
populations or when used under other conditions. Using evidence 
from explanatory trials to justify noninferiority trials using prag-
matic designs is similarly problematic because it extrapolates 
effects from one setting to another without evidence.

6. Presenting the results in a way to make them appear more favor-
able: The presentation of results may influence clinicians’ interpre-
tations of trials and their application in clinical practice.78 A 
meta-analysis of studies showed that clinicians were more 
impressed and indicated a higher likelihood of prescribing an 
intervention to patients when investigators presented the results 
of trials as a relative difference in outcomes rather than as an 
absolute difference.78 One should examine both the relative and 
absolute differences in outcomes when interpreting the results of 
trials. Small absolute differences may translate into large relative 
differences that may be clinically insignificant.

of younger participants, rather than just evaluating the statistical sig-
nificance of the test versus control group of older participants.

The issue with subgroup analyses is that the protection of random-
ization from selection bias applies to the total randomized population 
but may not apply to specific subgroup analyses. Subgroups chosen 
based on factors that occur after randomization, such as adherence, 
drug concentrations, exposure to medication, or treatment success or 
failure, are particularly problematic.111 In these types of subgroup 
analyses, the patients comprising the groups may differ substantially 
for other factors that influence outcomes. For instance, drug exposure 
is influenced by severity of illness and concomitant medications. 
Therefore, comparing outcomes in subgroups of patients with higher 
drug exposures to those with lower drug exposures may not be mea-
suring treatment effects of the drugs, but observed differences may be 
measuring baseline differences between patients. The same issues apply 
to comparing patients who adhere to medication with less adherent 
patients because baseline differences exist between such patients. Prior 
studies show decreased mortality when comparing adherent with non-
adherent patients within the placebo group, demonstrating that such 
differences in patient characteristics influence the observed out-
comes.112,113 Finally, there is the issue of multiple comparisons dis-
cussed previously. The adjustment for multiple comparisons should be 
based on the number of comparisons made rather than the number of 
comparisons presented. There is an incentive to present only the “posi-
tive” subgroups in publication rather than all the subgroups evaluated. 
It is common, when subgroup analyses are performed without follow-
ing the three criteria outlined earlier, that follow-up randomized trials 
in the subgroup population fail to confirm the results in the subgroup 
analyses. The results of subgroup analyses are most useful when they 
confirm the primary findings of the study.

EXAMINING THE CONCLUSIONS
In the discussion section of published studies, investigators summarize 
the results, discuss the strengths and limitations of the data, and relate 
the results to other studies of the disease in the field.114 However, previ-
ous studies have shown that authors commonly make claims not justi-
fied by the results. A review of trials in obstetrics and pediatrics 
journals concluded that in only 10% of the trials were the conclusions 
justified by the results.115 In another study, the authors found doubtful 
or invalid statements in 76% of 196 trials.116 Authors may tend to 
highlight statistically significant results over other less impressive find-
ings, whether or not those results represent the primary hypothesis of 
the study or post-hoc subgroup analyses.117

Some common pitfalls readers should look for in examining the 
discussion section of clinical trials (Table 52-1) include the following:

1. Conclusions from studies with an unclear objective: Because the 
results of a study are evaluated based on the research questions 
chosen before study initiation, it is impossible to evaluate study 
results without clearly stated objectives or hypotheses. For clinical 

TABLE 52-1  Points to Examine in Interpreting 
Clinical Trials

Define goals of study
Type of research study—descriptive or analytical
Explanatory or pragmatic study
Define random error and sample size
Type of hypothesis—superiority or noninferiority

Select control groups
Select participants by appropriate inclusion and exclusion criteria
Baseline comparability of participants

Randomization
Blinding
Stratification

Minimizing bias
Selection bias—randomization
Observer bias—blinding
Confounding—randomization
Minimize missing data

Selection of appropriate end points with direct benefit to patients or valid 
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Appropriate conclusions based on data presented in trial
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randomized trials and may help readers to systematically evaluate 
the presence and impact of bias.121 The impact of bias is different 
in the setting of superiority and noninferiority trials, with many 
types of bias resulting in false-positive conclusions of noninferior-
ity. The evaluation of study design and results is not solely an 
academic exercise but one that directly impacts patient care. Sci-
entific validity is the basis for ethical testing of interventions 
involving humans, so minimizing bias is an ethical as well as a 
scientific concern.4

There can be significant variation in trial results based on differing 
definitions of disease, outcomes, and patient populations. When 
making treatment decisions in clinical practice, clinicians should 
examine a range of trials on a given disease. Reproducible or related 
confirmatory results in several trials of adequate design are the stron-
gest evidence of a true effect.11 Also, clinicians should examine all the 
evidence, including studies that show positive, negative, and neutral 
results, the potential sources of bias, and the variability and precision 
in those results. However, investigators are more likely to publish trials 
with positive results.122 This publication bias can, in turn, affect meta-
analyses and reviews. One study showed review articles tend to omit 
trials with negative or neutral results.3

Ultimately, clinicians must decide the relevance of a study to par-
ticular patients. The distinction between clinical significance and sta-
tistical significance is an important one. Statistical significance indicates 
that the results of the trial are unlikely to occur by chance and that the 
results likely reflect the outcomes in a population similar to those 
studied in the trial, as long as the results are not influenced by bias. 
However, statistics do not reflect the clinical importance of the out-
comes of the trial. Clinical significance reflects the value of the out-
comes for patients and reflects a balance of both benefits and harms.41 
A trial with a very large sample size may show that small differences 
in outcomes are statistically significant, but such small differences may 
be clinically meaningless.

Clinical studies examine average effect on a population of patients. 
When making individual treatment decisions, however, clinicians 
should examine the risks and benefits of administering the drug for a 
particular patient. This entails an evaluation of such factors as the 
patient’s comorbid illnesses, drug allergies and intolerance, concomi-
tant medications, and the severity of the disease under treatment. 
Whereas a careful consideration of the design, analysis, and results of 
clinical trials helps guide clinical decision making, there is no substi-
tute for sound clinical judgment based on applying the evidence from 
appropriately designed studies. Conversely, individual experience is 
not a substitute for sound evidence.

7. Conclusions based on results that do not achieve statistical signifi-
cance: Authors may describe results that do not achieve statistical 
significance as a “trend” toward successful outcomes. Readers 
should interpret such claims with care. A trend assumes that 
further study of a larger sample size with similar patients would 
yield similar results. However, the likelihood of confirmatory 
results in a second trial when the P value of the first trial is 0.10 
is 37%.102

8. Conclusions based on subgroup analyses when results were not 
significant for the primary end point: The results of the trial are 
most relevant for the specified primary end point. The most prob-
lematic types of subgroups are those based on factors chosen after 
randomization, such as adherence, drug exposure, or success or 
failure, because these subgroups select patients with different base-
line characteristics.111 As described above, results from subgroup 
analyses may be biased because of several issues. Subgroup analy-
ses are most useful in confirming the overall results rather than 
drawing difference conclusions from the primary analysis and for 
generating hypotheses for study in future clinical trials.

9. Conclusions regarding direct patient-centered outcomes on symp-
toms, patient function, or survival based on nonvalidated surro-
gate end points: The relationship between treatment effects on 
direct outcomes and indirect outcomes, including biomarkers, 
should be clearly demonstrated. A correlation between direct and 
indirect outcomes is not sufficient to evaluate this relationship. For 
instance, studies that use decrease in organism colonization as the 
primary end point in a prophylaxis trial or negative cultures in a 
treatment trial can claim a decrease in direct patient-centered 
outcomes only if results of the current trial or previous trials show 
that a treatment effect on colonization reflects a treatment effect 
on decreasing disease in similar patient populations tested under 
similar conditions. A correlation between patients who are decolo-
nized or who have negative cultures and direct outcomes does  
not provide such information. Validation of surrogate endpoints 
applies only to the population, disease definition, end-time point 
timing and definitions, and types of interventions used in the vali-
dation studies.

10. Ignoring the impact of bias on study outcomes: Various types  
of bias can influence the validity of study results and thereby 
impact clinical practice and patient outcomes through the promo-
tion of ineffective or unsafe interventions. Demonstration of sta-
tistical significance does not measure bias, and studies with larger 
sample sizes are more influenced by bias. Different scoring systems 
are available to evaluate the various biases that may occur in 
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Outpatient Parenteral Antimicrobial 
Therapy
Kevin Hsueh and Jeffrey Bruce Greene

Outpatient parenteral antimicrobial therapy (OPAT) refers to the treat-
ment of infections by intravenous therapy in settings other than acute-
care hospitals or subacute health care facilities. The earliest published 
report of OPAT was in 1974 by Rucker and Harrison,1 who treated 
children with cystic fibrosis for exacerbation of lung infections. This 
came 40 years after the discovery of sulfonamides and 30 years after 
the parenteral antibiotic therapy era began with the availability of 
penicillin and chloramphenicol. Until that point, hospitals had been 
considered the preferred site for the management of complicated infec-
tions. Using parenteral antibiotics in settings other than a hospital is 
not simply a matter of choosing an alternative venue of care. The deci-
sion to treat and monitor a patient outside a hospital requires specific 
skill sets, along with a firm foundation in the management of infectious 
disease therapies.

A number of nearly concurrent developments served to propel the 
use of parenteral antibiotics in outpatient settings. The first was the 
development, in the late 1970s, of elastomeric venous access devices 
with complication rates low enough to serve as stable antibiotic deliv-
ery platforms.2 In the early 1980s, antimicrobials such as ceftriaxone, 
having pharmacokinetic, clinical efficacy, and safety profiles advanta-
geous for outpatient administration, started to be widely used.3,4 
Finally, in addition to the clinical advances, financial incentives devel-
oped that encouraged earlier discharge from the hospital. In 1983, 
diagnostic-related group (DRG) models for payment of clinical ser-
vices were adopted nationally in the United States by the Health Care 
Financing Administration, now called the Centers for Medicare and 
Medicaid Services (CMMS). Other third-party payers subsequently 
adopted the DRG system, in which compensation to hospitals for 
inpatient care was no longer remitted on a fee-for-service manner but 
instead as a lump-sum payment based on a weighted estimate of cost 
for specific diagnoses multiplied by a fixed average length of stay. It 
was quickly understood that prolonged hospital stays represented 
financial liability, and means were sought to transfer patients from the 
acute-care setting earlier.5

There are many theoretical advantages to OPAT. Studies comparing 
parenteral antimicrobial treatment in the outpatient setting with hos-
pital care have repeatedly shown significantly lower costs of OPAT 
across a wide range of infections. Although there is a reimbursement 
disparity for OPAT among different types of payers, daily costs are in 
the range of 25% of the daily costs of in-hospital treatment.6-8 Of 
importance, there appears to be an acceptably high rate of successfully 
completed courses of therapy compared with inpatient treatment.9-13 
Furthermore, there is theoretically a lower risk of secondary nosoco-
mial infections, such as Clostridium difficile colitis, methicillin-resistant 
Staphylococcus aureus (MRSA) or infection by multiple drug-resistant 
bacteria, which some studies have indicated.14-16 From the patient and 
family’s point of view, OPAT allows treatment of serious infections in 
familiar surroundings, with loved ones present, and in some cases, 
affords the ability to remain gainfully employed during the course of 
therapy. This is especially important for particularly sensitive popula-
tions, such as children and the elderly, where the unfamiliar and often 
frightening inpatient setting can actively hamper or obstruct therapy.17,18

Despite the continued growth of OPAT in the United States and 
around the world, there is still a paucity of well-designed studies com-
paring it with hospital-based antimicrobial therapy. There are few ran-
domized controlled outcomes trials in the literature. The focus has 
instead been on cost and not efficacy. Even then, much of the recent 
cost savings data comes from cost-controlled health care systems, such 
as Canada and the United Kingdom. Therefore, these studies may not 
be representative of costs of OPAT in the less-regulated U.S. health care 
system. As OPAT became more commonly used in the United States, 
the diversity of infections and the case severity of patients treated 
increased in parallel. By the late 1990s, the organic growth of OPAT in 
the United States begged for a comprehensive database, similar to ones 
that those countries with national health services compile, so as to 
better analyze the risks, benefits, and outcomes. An attempt to address 
this issue in the United States came in the form of the OPAT Outcomes 
Registry (1997 to 2000), which studied more than 11,000 patients from 

•	 Outpatient	parenteral	antimicrobial	therapy	
(OPAT)	refers	to	the	intravenous	treatment	of	
infections	outside	of	the	acute	or	subacute	
health	care	setting.	Developed	in	the	1970s,	
OPAT	has	many	theoretical	advantages	over	
inpatient	intravenous	therapy,	including	lower	
cost,	greater	patient	satisfaction,	and	lower	
risk	of	nosocomial	infections.	The	downside	is	
that	outcomes	are	comparatively	less	well	
studied.	The	data	most	supportive	of	OPAT	are	
for	its	use	in	treating	infections	that	require	
prolonged	therapeutic	courses	where	oral	
therapy	is	inappropriate,	most	notably	bone	
and	joint	infections	and	select	cases	of	
infective	endocarditis.	However,	it	has	also	
been	used	with	some	success	in	skin,	soft	
tissue,	pulmonary,	and	genitourinary	infections.	
Anecdotal	evidence	even	reports	success	in	
treating	central	nervous	system,	chronic	
fungal,	viral,	and	opportunistic	infections	by	

OPAT,	although	the	body	of	literature	definitely	
cannot	be	said	to	support	its	use	as	standard	
of	care.

•	 Consideration	for	OPAT	must	be	made	on	a	
case-by-case	basis.	Optimally,	clearly	defined	
culture	and	sensitivity	data	for	the	infective	
organism(s)	should	be	available,	as	should	
easily	monitored	parameters	to	confirm	
response	to	therapy.	Caution	should	be	taken	
with	cases	where	either	the	infective	
organism,	source	of	infection,	or	most	
appropriate	avenue	of	management	is	unclear,	
because	these	types	of	cases	can	often	fare	
poorly	in	less-monitored	settings.	Similarly,	
every	effort	should	be	made	to	ensure	patients	
are	entirely	stable,	that	all	surgical	or	
radiologic	interventions	have	been	completed,	
and	that	the	home	environment	is	appropriate	
before	starting	OPAT.	The	infectious	disease	
physician	plays	a	key	role,	both	in	selecting	

cases	for	OPAT	and	managing	treatment	
during	the	therapeutic	course.	They	provide	
expertise	on	which	diseases	and	organisms	are	
amenable	to	outpatient	therapy,	which	
patients	can	tolerate	said	therapy,	and	which	
antibiotics	are	both	effective,	practical,	and	
minimize	complications.	They	also	help	monitor	
disease	response	and	side	effects	and	can	
alter	regimens	in	response	to	new	issues.

•	 It	is	likely	that	OPAT	will	continue	to	play	a	
larger	and	larger	role	in	anti-infective	therapy	
in	the	years	to	come.	Forces	both	within	and	
without	the	medical	community	continue	to	
advocate	further	minimization	of	the	hospital	
stay,	and	technologic	and	pharmacologic	
advances	are	making	OPAT	an	easier	and	
cheaper	option	of	care.	This	growth	should	be	
met	with	a	corresponding	growth	in	outcomes	
tracking	and	literature,	to	make	OPAT	use	as	
safe	and	practical	as	possible.
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24 contributing medical centers, providing important clinical data.19 
The registry reported critical information, such as the number and 
types of infections treated, the antimicrobial usage frequency, any inci-
dence of antimicrobial side effects, and the percentage of treatment 
regimens completed versus those that were terminated early for toxic-
ity or other reasons (Tables 53-1 and 53-2). Unfortunately, the registry 
could not be maintained for lack of resources, leaving an ever-widening 
gap in data collection that has yet to be filled.

DECISION MAKING IN CHOOSING 
PATIENTS FOR OPAT
Despite decades of growth in OPAT use, the number of patients treated 
yearly in this manner still represents a small percentage of total patient-
days of intravenous antibiotic use. This is because not every patient is 
suitable for OPAT, and not every physician has the skills or resources 
necessary for its use. To assess a patient for appropriateness for OPAT, 
it is necessary to consider a wide range of issues. This requires the input 
of a clinician who is versed in the principles of infectious diseases and 
who has experience in managing patients in the outpatient setting 
(Table 53-3).

Outpatient parenteral therapy may be considered when an infection 
requires treatment and no oral antimicrobial is appropriate, usually in 
the context of prolonged therapeutic courses. Ideally, most referrals for 
OPAT are for patients who have already begun their therapy in the 
hospital setting and have demonstrated a clear laboratory and clinical 
response to the planned therapeutic agent. Most patients receive the 
remainder of their antibiotic infusions at home after being taught how 
to self-administer, or, occasionally, entirely from a trained infusion 
nurse. In recent years, there has also been a modest growth in the 
numbers of patients referred for OPAT directly from physician clinics 
or emergency departments.

Making an accurate infectious disease diagnosis is the first key step 
in determining the suitability of OPAT. Conditions for which there is 
a clear standard of care, with available culture and sensitivity data, and 
for which there are easily obtainable clinical, laboratory, or radiologic 
parameters with which to assess the response to therapy are the pre-
ferred situations for application of OPAT (Table 53-4). For example, an 
appropriate referral to OPAT would be a patient with subacute bacte-
rial endocarditis caused by a viridans strain of Streptococcus, which is 

TABLE 53-1  Types of Infections Treated by OPAT 
(% of Total Courses)

OPAT Outcomes Registry 1996-2002
Skin and soft tissue (23%)

Osteomyelitis (15%)

Septic arthritis/bursitis (5%)

Bacteremia (5%)

Wound infection (4%)

Pneumonia (4%)

Pyelonephritis (3%)

OPAT, outpatient parenteral antimicrobial therapy.
Data from Tice AD, Rehm SJ, Dalovisio JR, et al. Practice guidelines for 

outpatient parenteral antimicrobial therapy. Clin Infect Dis. 2004;38:1651-1671.

TABLE 53-2  Types of Antibiotics Used in OPAT (% 
of Total Courses)

OPAT Outcomes Registry 1996-2002
Ceftriaxone (33%)

Vancomycin (20%)

Cefazolin (6%)

Oxacillin/nafcillin (5%)

Aminoglycosides (5%)

Clindamycin (3%)

Ceftazidime (3%)

OPAT, outpatient parenteral antimicrobial therapy.
Data from Tice AD, Rehm SJ, Dalovisio JR, et al. Practice guidelines for 

outpatient parenteral antimicrobial therapy. Clin Infect Dis. 2004;38:1651-1671.

TABLE 53-3  Decision Making in Outpatient 
Parenteral Antimicrobial Therapy

Determine the clinical 
syndrome

Bacteremia/fungemia, bacterial endocarditis, soft 
tissue/joint/bone/hardware, pulmonary, 
genitourinary, Lyme disease,* HIV-associated 
opportunistic infections, intra-abdominal abscess, 
CNS infections

Consider the pathogen Organism(s) identified, predictable pathogen(s), 
sensitivities identified, demonstrable response to 
therapy

Choose an 
antimicrobial

Good therapeutic index, drug levels predicted 
adequate for the infected site, expense/payer 
preference, ability or need to monitor drug levels

Weigh OPAT-limiting 
host factors

Advanced age, comorbid diseases (DM,  
hepatic/renal failure, neutropenia, cancer, 
immunodeficiency states), co-administered 
immunosuppressive therapies (corticosteroids, 
TNF inhibitors, chemotherapy), history of 
multiple antibiotic allergies, history of recurrent 
Clostridium difficile infection

Assess the outpatient 
treatment setting

Stable home, adequate clean treatment space, safe 
location for nursing visits, access to phone/
Internet communication, patient/family able to 
self-treat or cooperate with caregivers

Recognize and manage 
payer restrictions, 
and assume a 
leadership role for 
patient’s care

Indispensable components for care need to be 
covered; antimicrobial provision, infusion 
supplies, intravenous catheter care, nursing, 
physician oversight. Concrete assignment of who 
is monitoring patient for therapeutic efficacy and 
side effects, and who is the contact person 
responsible for regimen changes is necessary

*Use of intravenous antibiotic therapy for treatment of Lyme syndromes other 
than neuroborreliosis or carditis is controversial. Please refer to Chapter 243 for 
more specific recommendations regarding Lyme disease.

CNS, central nervous system; DM, diabetes mellitus; HIV, human 
immunodeficiency virus; OPAT, outpatient parenteral antimicrobial therapy; TNF, 
tumor necrosis factor.

without evidence of embolic complications, valvular dysfunction or 
large vegetations, and whose fever and bacteremia have resolved.20,21 
However, not all cases successfully managed in the outpatient setting 
are so ideal. Frequently, OPAT is used in soft tissue or bone infections, 
where the identification of the causative pathogen(s) is not known, or 
in patients previously treated with antimicrobials, making isolation of 
a pathogen difficult.22 The literature is also rife with anecdotal case 
reports where OPAT has been used for virtually every conceivable kind 
of infection. However, there are clearly some infections for which 
OPAT should not be recommended. Patients with hemodynamic insta-
bility, hyperpyrexia, altered mental status, or poor performance status 
should never be discharged for home therapy.23,24 Similarly, patients on 
empirical or multiple antimicrobial agents for what would be predicted 
to be polymicrobial infections pose special challenges. Higher risks of 
drug toxicity or breakthrough bacteremia with resistant organisms 
should generally exclude such persons from outpatient treatment. The 
most prudent advice is to limit referrals for OPAT to those infections 
that do not pose imminent or likely threats to patient survival and have 
demonstrated a clear response to the class of antibiotics that will be 
used at home.

Infections that demand combined antimicrobial and surgical man-
agement should not be referred for OPAT until both modes of treat-
ment are well underway. This might entail such interventions as 
percutaneous drainage of a liver abscess or empyema, stenting of an 
obstructed ureter, débridement of infected bone, or incision and drain-
age of a soft tissue abscess.

Identification of the causative organism(s) may influence the deci-
sion to consider outpatient therapy. In general, bacteremia demands 
an exhaustive evaluation to understand the source, pathogenesis, and 
potential effects before a patient is referred for OPAT. Polymicrobial 
bacteremia is especially worrisome. Patients infected with more patho-
genic bacteria, such as MRSA, the Enterobacteriaceae, and clostridial 
species, are more likely to experience poor outcomes.25-28 Especially 
challenging are those patients in whom no causative organisms are 
recovered. An adequate period of observation on the intended home 
antibiotic therapy is essential before discharge from the hospital.

http://www.myuptodate.com


C
h

ap
ter 53 O

utpatient	Parenteral	Antim
icrobial	Therapy

627

There are many nuances in OPAT that set it apart from inpatient 
care. With OPAT, day-to-day patient needs are typically provided  
by specialist infusion companies, often combined with an infusion 
pharmacy and a nursing agency.34 A responsible physician is typically 
designated as the care coordinator, but he or she is dependent on the 
information and observations of others. Care can be fragmented, and 
communication between the various providers is not always efficient. 
This places increased responsibility upon the physician, who is in the 
difficult position of making clinical recommendations without the 
benefit of firsthand information. Ideally, the physician should be an 
infectious diseases specialist who has been involved in the initiation of 
parenteral therapy in the hospital and who has experience in OPAT.

Beyond the physician’s challenges in managing a patient’s care from 
afar, there are nonmedical factors that require consideration. Under-
standing which services are covered by the patient’s payer, whether 
co-pays apply, and which medications are on the payer’s formulary  
are but a few of the areas that impact a patient’s appropriateness for 
OPAT.35 Patients or their caregivers must also be physically capable of 
performing the intricate tasks required of them. If they are receiving 
infusions at home, they must cognitively be able to comprehend the 
technologies they are using. Physically, they must also be able to 
manipulate the complicated packs and infusion devices provided by 
the infusion companies, often a difficult task for aged, neuropathic, or 
rheumatic fingers.

EVIDENCE-BASED DATA FOR OPAT
As previously described, the most frequent referrals for OPAT are in 
patients with infective endocarditis, complicated skin and soft tissue 
infection, and osteoarticular infections with or without hardware 
involvement. These indications for OPAT have the greatest representa-
tion in the literature, and there are data to support the conclusion that 
for most cases outpatient management of infection produces outcome 
results comparable to hospital-based therapies. For example, OPAT-
managed infective endocarditis caused by viridans streptococci has 
been shown to have a greater than 95% cure rate when ceftriaxone is 
used.36,37 Infective endocarditis caused by other organisms, such as 
Staphylococcus aureus, has lower cure rates and higher readmission 
rates.28,38,39

The most frequent use of OPAT is in the treatment of bone and 
joint infections, including prosthetic joint infections, and there is a 
sizable experience reported in the literature. In the largest published 
study, OPAT treatment of chronic osteomyelitis had a 70% overall cure 
rate.25 This is equivalent to that expected in patients completing their 

Host factors figure prominently in predicting successful antimicro-
bial therapy outcomes. Having patients of advanced age; those with 
comorbidities, such as diabetes mellitus, malignancy, chronic liver, or 
renal disease; those co-administered corticosteroids or other immuno-
suppressant agents; or those with neutropenia are but some of the 
factors that should argue against OPAT. In addition, patients with 
multiple medication allergies are more likely to experience OPAT com-
plications, as are patients who have had recurrent Clostridium difficile 
infection.

The choice of antibiotic for OPAT is influenced by the isolated or 
suspected pathogen, the site of infection and the drug level achievable 
at those sites, pharmacokinetics of the drug, the patient’s renal and 
hepatic function, allergy history, and any anticipated toxicity of long-
term therapy (Table 53-5).29 Although use of the narrowest-spectrum 
agent is usually advisable, in OPAT, selection of antimicrobials is often 
influenced by convenience of administration and the therapeutic 
margin of safety. For example, an infection caused by a methicillin-
sensitive Staphylococcus aureus might be treated with ceftriaxone in the 
OPAT setting, rather than a narrower-spectrum drug such as oxacillin 
or nafcillin.30 Ceftriaxone has once-daily dosing (because of a longer 
half-life), is more stable at room temperature, and is less likely to cause 
phlebitis than the semisynthetic penicillins. Aminoglycosides may  
be used daily at higher doses (5 mg/kg), and extended intervals to 
provide improved bactericidal activity and postantibiotic effect with 
less toxicity.31 Knowledge of drug stability characteristics is crucial 
when reconstituted agents are stored for days in the home for patient 
self-administration. Drugs such as the penicillin derivatives might be 
administered by intermittent administration via a compact program-
mable pump worn by the patient.32,33 Unfortunately, despite their great 
clinical utility and safety enhancement, many payers will not authorize 
the use of these devices because of their added expense.

Some technologically advanced home-care vendors permit first-
dose antimicrobial administration at home. However, it is preferable 
that first doses of antimicrobials be administered in more monitored 
settings, such as the hospital or clinical offices, so that acute allergic 
reactions can be promptly recognized and treated.

The “hospitalization” of the home setting demands a suitable area 
for nurse assessment and intravenous infusion. The home should be 
clean, have adequate storage space for supplies, proper refrigeration 
when necessary, and should be in a safe location for needed home visits 
by the clinical and technical staff. Easy contact by telephone or Internet 
is a must. Inadequate home environment is one of the more common 
obstacles to OPAT.23

TABLE 53-4  Infections That May Be Referred for Outpatient Parenteral Antimicrobial Therapy
Bacteremia SBE (excluding Staphylococcus aureus, large vegetation, CHF, perivalvular abscess, conduction defects)

IV device–associated (excluding cases where removal of device and/or needed débridement not performed

Neutropenic sepsis (after resolution of absolute neutropenia)

Pulmonary Community-acquired pneumonia (excluding multilobar, gram-negative pathogen, hypoxemia, undrained empyema)

Lung abscess

Bone/soft tissue Acute/chronic osteomyelitis

Septic arthritis

Cellulitis (after excluding necrotizing fasciitis, pyomyositis, synergistic anaerobic infection)

Diabetic foot infection

Surgical/nonsurgical wound infections

Intra-abdominal/retro-peritoneal Periappendiceal or diverticular abscess/phlegmon

Liver abscess (after drainage)

Pelvic inflammatory disease

Pyelonephritis/renal carbuncle

Central/axial nervous system Pyogenic discitis

Brain abscess (after clear response to therapy and assessment of seizure risk)

Meningitis (after clear response to therapy and assessment of seizure risk)

AIDS opportunistic infections CMV disease (retina, skin, GI tract)

Atypical mycobacterial infection

CNS toxoplasmosis

AIDS, acquired immunodeficiency syndrome; CHF, congestive heart failure; CMV, cytomegalovirus; CNS, central nervous system; GI, gastrointestinal; IV, intravenous; SBE, 
subacute bacterial endocarditis.
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successfully treated outside of the hospital by using the carbapenems 
or aminoglycosides.31,45

The use of OPAT for consolidation therapy in central nervous 
system (CNS) infections, such as meningitis or brain abscess, has been 
described in the literature. The experience suggests a relatively high 
rate of readmission for neurologic complications such as stroke or 
seizures.46 Further study is needed before routine use of OPAT can be 
recommended for CNS infection.

Carefully selected neutropenic patients have been treated by OPAT. 
Although studies of these carefully chosen and monitored patients 
report good outcomes, there is abundant evidence that empirical oral 
antimicrobials are equivalent to parenteral agents in these patients.47-50

Chronic fungal infections, viral infections, deep tissue abscess, 
empyema, human immunodeficiency virus (HIV)-associated opportu-
nistic infections, and Lyme disease are some of the infections treated 
with OPAT, despite a paucity of convincing efficacy and safety data. 
Note that prolonged intravenous therapy for Lyme disease is a hotly 
contended issue (see Chapter 243 for details).

ANTIMICROBIAL CONSIDERATIONS 
IN OPAT
In theory, almost any antibiotic can be used in the outpatient setting. 
Some of the first case reports of OPAT used agents such as oxacillin, 
cefazolin, and penicillin G at infusion frequencies up to every 4 hours.51 
For most patients, however, multiple infusions each day offset the 
benefits of leaving the hospital early. The development of antimicrobi-
als with long half-lives and postantibiotic effects has propelled the use 
of OPAT for a variety of infectious diseases. Ceftriaxone provided the 
first safe, broad-spectrum, effective once-daily alternative to the older 
β-lactam antimicrobials.

The most important characteristic that determines whether a drug 
lends itself to OPAT is its frequency of administration. Except in 
unusual situations, most OPAT regimens should use a maximum of 
twice daily infusions. An antimicrobial’s pharmacokinetic features and 
its kill properties determine the frequency of administration.29,52 For 
example, drugs that display time-dependent kill properties, such as the 
β-lactams, glycopeptides, and oxazolidinones, will need serum half-
lives of at least 6 to 8 hours in order to exceed the minimal inhibitory 
concentration (MIC) in the serum throughout the day for the pathogen 
being treated. For drugs that have concentration-dependent killing 

course in an inpatient setting.40 Different pathogens clearly influence 
the treatment outcomes. Pseudomonal osteomyelitis has a much lower 
rate of cure and a higher rate of limb amputation when compared with 
Staphylococcus aureus. MRSA has a poorer outcome than methicillin-
sensitive strains, and vancomycin may have a lower cure rate than 
infections treated with semisynthetic penicillins or ceftriaxone.25

The longer the duration of therapy, often 6 to 8 weeks or more, the 
higher the rate of adverse drug- and catheter-related complications. In 
one recent study, 20% of patients experienced a catheter-related com-
plication, and 16% had an adverse drug reaction.41 Given the compa-
rable outcome results and the long duration of therapy that is necessary, 
most experts recommend OPAT for patients with serious bone and 
joint infection.

Skin and soft tissue infections, such as cellulitis, erysipelas, cutane-
ous abscesses, and surgical wound infections requiring parenteral 
therapy, are a common cause for emergency room visits or admission 
to a hospital. For complicated infections, standard treatment usually 
entails initial use of parenteral antimicrobials for 3 to 4 days, with the 
remainder of the course completed orally. Outpatient parenteral 
therapy has been extensively studied.12,42,43 Certain clinical signs, 
including leukocytosis, elevated band count, fever, tachycardia, tachy-
pnea may be harbingers of more serious soft tissue infection, such as 
necrotizing fasciitis, and should prompt initial therapy to be instituted 
in a hospital setting. Similarly, comorbidities such as diabetes and 
peripheral vascular disease should prompt caution before referring a 
patient for OPAT.26

There are many other infectious diseases for which OPAT has been 
used and reported in the literature. Community-acquired pneumonia 
has been considered for early OPAT. In a randomized control study in 
Australia, patients referred for OPAT were visited daily by physicians 
and twice daily by nurses. Clinical outcomes (resolution of symptoms) 
were identical between patients receiving OPAT versus inpatient care, 
although patients receiving OPAT had overall longer intravenous regi-
mens when compared with a randomly assigned inpatient control 
group. The study’s authors believed this effect was due to the OPAT 
group adhering more stringently to oral step-down criterion (need for 
48 hours afebrile before oral antibiotic conversion).44

Multidrug-resistant organisms have resulted in an increasing 
number of infections in otherwise healthy adults. Uncomplicated  
genitourinary infections requiring parenteral antimicrobials can be 

TABLE 53-5  Properties of Commonly Used OPAT Antimicrobials (Modified from 2004 IDSA Guidelines)

DRUG
HALF-LIFE 
(hr)

STABILITY 
AT 5° C/25° C

PHLEBITIS 
RISK* ISSUES OF CONCERN DURING OPAT

Caspofungin >48 24 hr/24 hr 1

Cefazolin 1-2 10 days/1 day 1

Ceftazidime 1.4-2 21 days/2 days 1

Ceftriaxone 5.4-10.9 10 days/3 days 1

Clindamycin 2-3 32 days/16 days 1

Daptomycin 8.1 12 hr/48 hr 1 Occasional myopathy; CPK should be checked weekly.
Can falsely prolong INR without changing anticoagulation; INR should be checked 

at least 24 hr after daptomycin dosing.

Ertapenem 4 24 hr/6 hr 2 LFTs should be checked weekly.

Gentamicin 2.3 30 days/30 days 1 Ototoxicity and nephrotoxicity common.
Drug levels, kidney function must be checked twice weekly.
Hearing and vestibular function must be monitored frequently.

Meropenem 1.5 24 hr/4 hr 1 LFTs should be checked weekly.

Nafcillin 0.5-1.5 3 days/1 day 3 Occasional hepatotoxicity; LFTs should be checked weekly.
Higher risk of thrombophlebitis and DVTs.
Frequent dosing requires advanced continuous infusion systems.

Oxacillin 0.3-0.8 7 days/1 day 2

Penicillin G 0.4-0.9 14 days/2 days 2

Tobramycin 2-3 4 days/2 days 1 Ototoxicity and nephrotoxicity common.
Drug levels, kidney function must be checked twice weekly.
Hearing and vestibular function must be monitored frequently.

Vancomycin 4-6 63 days/7 days 2 Occasional nephrotoxicity; kidney function should be checked weekly.
Drug level monitoring recommended.
Initial infusions must be monitored for red man syndrome.

*Degree of tendency to cause phlebitis: 1, mild; 2, moderate; 3, high.
CPK, creatine phosphokinase; DVTs, deep vein thromboses; IDSA, Infectious Disease Society of America; INR, international normalized ratio; LFTs, liver function tests; 

OPAT, outpatient parenteral antimicrobial therapy.
Data from Tice AD, Rehm SJ, Dalovisio JR, et al. Practice guidelines for outpatient parenteral antimicrobial therapy. Clin Infect Dis. 2004;38:1651-1671.
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rightly should be a meaningful team leader and advocate for the 
patient’s well-being. It is the authors’ opinion that the onus falls upon 
the hospital systems to ensure access to an OPAT specialist who will 
be involved in each aspect of care until the infection is deemed cured. 
Formal OPAT programs have developed in a growing number of medi-
cal centers around the United States. Ideally, an OPAT team should 
actively identify patients who might benefit from OPAT and begin their 
involvement early in the hospital course.55,56 Close working relation-
ships with nursing and infusion device vendors is the key to ensuring 
a team approach. Follow-up with the patient and the OPAT team in 
the form of telephone communications, interim office visits, and home 
visits would likely improve infection outcomes and prevent adverse 
events, although dedicated study on this topic has not yet been done.

THE FUTURE OF OPAT
The use of OPAT has increased since its inception in 1974, and there 
is every reason to expect its growth to continue into the future. There 
will be continued financial pressures on hospital systems to move 
patients to alternative care. On the horizon, experts in health care 
financing are expecting payments to hospitals for patient care to be 
bundled, which has already caused anticipatory changes in the way 
care is rendered in hospital settings. The roll-out of the Affordable Care 
Act in 2014, in particular, will greatly increase federal oversight of 
private insurers and health care vendors. Regulators will require hos-
pitals to collect increasing amounts of quality-of-care data, and com-
parison metrics will start being analyzed and reported to the public. 
Because OPAT is a multi–billion-dollar industry, it is likely to receive 
increasing scrutiny. On a positive note, these data may begin to fill the 
gaps in knowledge left after the OPAT registry was terminated in 2002.

The development of new pharmaceutical agents aimed at infections 
will also influence OPAT programs. New drugs with suitable dosing 
frequencies and unique antimicrobial spectra are entering the market. 
Ceftaroline fosamil, a next-generation cephalosporin with broad-
spectrum activity against gram-positive bacteria (most notably MRSA), 
gram-negative organisms, and a dosing frequency of every 12 hours is 
expected to find a niche in the outpatient setting, pending further 
study.57,58 As hospital lengths of stay for infections decrease and OPAT 
use expands, pharmaceutical companies are likely to start investing in 
boutique antimicrobial designs, with a specific eye on the OPAT 
market.

Last, the information technology revolution has already started to 
change the ways in which OPAT is performed. Telemedicine is likely 
to reduce the number of hands-on visits needed for routine monitoring 
and troubleshooting, potentially decreasing even further the cost of 
OPAT per patient.59
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characteristics (e.g., aminoglycosides, fluoroquinolones, metronida-
zole, and daptomycin), higher post dosing serum peak levels permit 
longer dosing intervals. However, concentration-dependent toxicity 
may limit their usefulness. Few available drugs are ideal for outpatient 
use. Ceftriaxone has a long (5- to 10-hour) half-life that allows once-
daily infusion. Ertapenem has a shorter (4-hour) half-life, but because 
of a long postantibiotic effect (continued antimicrobial effect even after 
drug levels are below the MIC), it too can be used once daily.

Vancomycin has a half-life of 4 to 6 hours in patients with normal 
glomerular filtration rates, allowing twice-daily dosing. In the elderly 
or in patients with chronic kidney disease, therapeutic plasma levels  
of vancomycin may be achieved with less-than-daily dosing. A 
vancomycin-related antimicrobial, teicoplanin, has an extraordinary 
70- to 100-hour half-life, allowing administration at frequencies of 
daily or less and making it a potentially useful OPAT drug, although 
currently, it is only available outside the United States. High-dose 
extended-interval dosing of aminoglycosides also allow once-daily 
dosing, although their ototoxicities and nephrotoxicities make pro-
longed usage risky in all but the most stable patients. Last, medications 
such as linezolid or the fluoroquinolones have excellent oral bioavail-
ability and may supplant the need for OPAT in some patients.

Consideration must be given to medication side effects and the use 
of therapeutic drug monitoring in OPAT, particularly because regi-
mens tend to be prolonged. Antimicrobial plasma level monitoring can 
be rendered difficult because it requires a timed specimen to be drawn 
in relation to the last dose of medication. Nonetheless, it is important 
to insist that samples be documented to have been drawn at the pre-
scribed times. Vancomycin, a drug with a narrow therapeutic window, 
should always be used with once- or twice-weekly drug levels and 
assessment of renal function. Amphotericin B, the aminoglycosides, 
and semisynthetic penicillins previously were used much more fre-
quently but have now fallen out of favor because of alternative thera-
peutic strategies.53 The OPAT registry documented that up to 10% of 
patients using these agents had medication-induced complications 
requiring the cessation of therapy.54

Knowledge of drug stability is crucial in OPAT. Unless delivered in 
an infusion center or doctor’s office, reconstituted infusate must often 
be stored either at room temperature or in a refrigerator (ideally) for 
several days (see Table 53-5).

THE INFECTIOUS DISEASES 
PHYSICIAN ROLE AND OPAT
The decision to discharge the patient from a hospital setting for OPAT 
is often initiated by providers other than infectious diseases (ID) spe-
cialists. If called at all, the ID specialist may be asked on the day of 
discharge for medication recommendations. Discharge planning ser-
vices or hospitalists may not have the depth of knowledge or experience 
necessary to safely transition a patient to OPAT. Furthermore, the 
patient will need to have ongoing monitoring for therapy-related  
complications as well as cure of infection. Rather than being a medical-
legal partner for the other elements of the care team, the physician 
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This chapter serves as a centralized source of pharmacologic informa-
tion on anti-infective agents. The first table provides an index of all the 
tables that are included in this chapter (Table 54-1). Tables detailing 
generic and trade name for anti-infective agents are provided in an 
alphabetized sequence (Tables 54-2 and 54-3). Tables describing exist-
ing dosage formulations are also categorized by chemical or pharma-
cologic class (Tables 54-4 through 54-16). Available information 
regarding the usual doses in adults and children, pharmacokinetic 
information, and dose adjustment in renal impairment is provided by 
chemical or pharmacologic class (Tables 54-17 through 54-30). Several 
anti-infective agents are substrates, inducers, and inhibitors of drug 
metabolism enzymes and transporters. Tables categorizing these 
potential mechanisms for drug-drug interactions as either the victim 
or perpetrator drug are included (Tables 54-31 through 54-35).

DOSING GUIDELINES
The selection of an appropriate dose of an anti-infective agent is based 
on the site of infection, identity and known or presumed antibiotic 
susceptibility of the infecting organism, dose-related drug toxicity, and 
patient’s ability to eliminate the drug (see Chapter 19). Generally, 
dosage selections from the higher end of the dosage range are recom-
mended for severe, life-threatening infections (e.g., sepsis, meningitis). 
Known organisms with intermediate susceptibility (i.e., high minimal 
inhibitory concentration [MIC]) should also prompt the use of higher 
dosages. More recent data with various types of anti-infectives suggest 
that higher doses or use of extended infusions of certain agents may 
increase the probability of response against some resistant organisms. 
This may be true with agents that concentrate at the infection site and 
that concentrate in the phagocytes that clear the organisms, such as 
quinolones and macrolides or azalides.

The lowest dosages are typically used for urinary tract infections or 
when the isolated pathogen is extremely susceptible to the anti-
infective. A sizable range in dosing intervals exists for some anti-
infective agents, with longer durations between doses appropriate for 
less severe infections in which a critical threshold level in serum or 
other site of infection (e.g., central nervous system) is not mandatory, 
or the drug concentrates significantly at the site of infection (e.g., urine, 
bile). Lower dosages are also appropriate when the patient has impair-
ment in the function of excreting organs.

Knowledge regarding the optimal dosing of an anti-infective agent 
is limited at the time that a drug is approved by regulatory bodies. This 
limited optimal dosing information is especially true in “special popu-
lations,” including pediatric, geriatric, or pregnant patients; those with 
liver and kidney disease; and those who are obese. Patients treated with 
anti-infectives may also concurrently be receiving other medications, 
minerals, herbal supplements, and foods that may be associated with 
drug-drug or drug-food interactions. These interactions and resultant 
untoward effects may not be apparent during drug development. 
Hence, dosing recommendations for all agents will change as research 
into them evolves. To prevent dosing errors, the recommendations 
discussed in this chapter should be compared with the most recent 
scientific literature, package labeling, and other current reference 
sources.

DOSAGE ADJUSTMENT FOR 
RENAL IMPAIRMENT
Drug half-lives in adults with impaired renal function and changes 
related to dialysis procedures (e.g., hemodialysis, peritoneal dialysis) 

are summarized for the user. However, these forms of renal replace-
ment therapies now encompass multiple potential modalities, such as 
(1) hi-flux hemodialysis; (2) nocturnal hemodialysis; (3) slow-low effi-
ciency hemodialysis; and (4) continuous veno-venous hemodiafiltra-
tion. Specific dosing guidance may not be present for these various 
dialysis modalities and so will require an educated decision based on 
the pharmacology of the anti-infective. An alternative to the elongation 
of the interval between doses is a reduction of the daily dose given at 
the usual dosing interval. Anti-infective serum concentrations should 
be determined and patient-specific dosage adjustments made on the 
basis of these determinations, when appropriate. In the absence of 
therapeutic drug monitoring, a surrogate biomarker of this impaired 
drug clearance mechanism is used. Serum creatinine is the most com-
monly used clinical biomarker for estimation of renal function and 
drug dosage adjustment in patients with chronic kidney disease. The 
production of creatinine is regulated by numerous factors such as diet 
composition and amount, patient muscle mass, liver function, age, and 
sex, which can bias the value of this biomarker. The elimination of 
creatinine is regulated by renal function that includes both glomerular 
filtration and tubular secretion. Creatinine clearance (CrCl) equates to 
an estimate of both elimination processes when using serum creati-
nine. The Cockcroft-Gault equation is the most common equation that 
has been used to define creatinine clearance and to inform the dose 
adjustments in the drug labels approved by regulatory bodies. Newer 
equations to estimate the glomerular filtration rate (GFR) have been 
developed to estimate kidney function in patients with chronic kidney 
disease (<60 mL/min/1.73 m2). Specific estimates of GFR may be auto-
matically reported with the measurement of serum creatinine in the 
clinical setting using the Modification of Diet in Renal Disease 
(MDRD) equation.

The estimated CrCl and GFR calculations derived from these equa-
tions may yield comparable results, but it is important to remember 
that these values may not be interchangeable. As such, this is a source 
of major controversy when applied to drug dosing. A fundamental 
point of consideration is that patients with serious infections are likely 
to be in a dynamic physiologic state that can influence the production 
and elimination of serum creatinine. Calculation of GFR and CrCl 
using these equations serves only as a point estimate for a patient under 
conditions of physiologic stability. These equations are not reliable in 
patients with changing renal function (increase or decrease), malnutri-
tion (overestimation), elderly patients (overestimation), low serum 
creatinine (overestimation), and moderate to severe liver disease (over-
estimation). Improvement in the estimation of kidney function is more 
likely to occur with the use of exogenously administered substrates 
(e.g., inulin, iohexol) or endogenous substrates such as cystatin C that 
are less confounded by clinical variables. However, use of these novel 
biomarkers to guide drug dosing will be difficult to validate in the  
near term.

DOSAGE ADJUSTMENT FOR 
HEPATIC IMPAIRMENT
In theory, although hepatic impairment can impair drug clearance, 
accurate biomarkers of hepatic function and correlation with dosage 
adjustment are generally not available. Several drug labels include dose 
adjustment recommendations that are based on pharmacokinetic 
studies performed in patients with cirrhosis that are classified using 
the three category Child-Pugh score (A, B, or C). This scoring system 
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TABLE 54-1  Index of Tables Included in This Chapter

TABLE NUMBER TABLE TITLE
Anti-infective Names (organized alphabetically)
54-2 Generic and Trade Names

54-3 Trade and Generic Names

Anti-infective Dosage Forms
54-4 Penicillin Dosage Forms

54-5 Cephalosporin Dosage Forms

54-6 Aminoglycoside Dosage Forms

54-7 Tetracycline and Related Products Dosage Forms

54-8 Macrolide, Azalide, Ketolide, Lincosamide, Chloramphenicol, and Metronidazole Dosage Forms

54-9 Miscellaneous Agent Dosage Forms

54-10 Folate Antagonist Dosage Forms

54-11 Quinolone and Urinary Anti-infective Dosage Forms

54-12 Antimycobacterial Dosage Forms

54-13 Antifungal Dosage Forms

54-14 Antiparasitic Dosage Forms

54-15 Antiviral Dosage Forms

54-16 Antiretroviral Dosage Forms

Clinical Pharmacology
54-17 Anti-infective Agent Pharmacology: Penicillins

54-18 Anti-infective Agent Pharmacology: Cephalosporins

54-19 Anti-infective Agent Pharmacology: Miscellaneous β-Lactams

54-20 Anti-infective Agent Pharmacology: Aminoglycosides

54-21 Anti-infective Agent Pharmacology: Tetracyclines and Glycyclines

54-22 Anti-infective Agent Pharmacology: Azalides, Macrolides, Ketolides, Lincosamides, Chloramphenicol, and Metronidazole

54-23 Anti-infective Agent Pharmacology: Miscellaneous Gram-Positive Agents and Polymyxins, Fusidic Acid

54-24 Anti-infective Agent Pharmacology: Sulfonamides and Trimethoprim

54-25 Anti-infective Agent Pharmacology: Quinolones and Urinary Anti-infectives

54-26 Anti-infective Agent Pharmacology: Antimycobacterials

54-27 Anti-infective Agent Pharmacology: Antifungal Agents

54-28 Anti-infective Agent Pharmacology: Antiparasitic Agents

54-29 Anti-infective Agent Pharmacology: Antiviral Agents

54-30 Anti-infective Agent Pharmacology: Antiretroviral Agents

Drug-Drug Interactions
54-31 Key Drug Substrates by Cytochrome P-450 (CYP) Drug Metabolizing Isozymes

54-32 Drug Inhibitors by Cytochrome P-450 (CYP) Drug Metabolizing Isozymes

54-33 Drug and Chemical Inducers by Cytochrome P-450 (CYP) Drug Metabolizing Isozymes

54-34 Select Drug Transporter Localization with Representative Substrates, Inducers, and Inhibitors

54-35 Adverse Drug Interactions Involving Anti-infective Agents

TABLE 54-2  Generic and Trade Names

GENERIC NAME TRADE NAME CLASS
Abacavir Epzicom,* Kivexa,* Trizivir,* Ziagen, Ziagenavir Antiretroviral

Acyclovir Lipsovir,* Zovirax Antiviral

Adefovir dipivoxil Hepsera Antiviral

Albendazole Albenza, Eskazole, Zentel Antiparasitic

Amantadine hydrochloride Symadine, Symmetrel Antiviral

Amdinocillin Coactin Penicillin

Amikacin sulfate Biclin, Biklin, Likacin Aminoglycoside

Aminosalicylic acid Paser Antimycobacterial

Amoxicillin Amoxil, Clamoxyl, Doxamil, Hiconcil, Polymox, Prevpac,* Trimox Penicillin

Amoxicillin/clavulanate potassium Amoxiclav,* Augmentin,* Augmentin XR,* Calvepen* Penicillin/β-lactamase inhibitor

Amphotericin B Amphocin, Fungilin, Fungizone Antifungal

Amphotericin B cholesteryl sulfate complex Amphotec Antifungal

Amphotericin B lipid complex Abelcet Antifungal

Amphotericin B liposomal AmBisome Antifungal

Ampicillin — Penicillin

Ampicillin sodium Polycillin-N, Totacillin-N Penicillin

Ampicillin trihydrate Polycillin, Totacillin Penicillin

Ampicillin/probenecid Probampacin* Penicillin/tubular secretion inhibitor

Ampicillin/sulbactam Bacimex,* Combactam,* Unasyn* Penicillin/β-lactamase inhibitor
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GENERIC NAME TRADE NAME CLASS
Anidulafungin Eraxis Antifungal

Artemether Coartem,* Paluther, Riamet* Antimalarial

Artesunate Plasmotrim (CDC†) Antimalarial

Atazanavir Reyataz Protease inhibitor

Atovaquone Mepron, Wellvone Antiparasitic

Atovaquone/proguanil Malarone* Antimalarial

Azithromycin Azitromax, Sumamed, Zithromax, Zithromax Tri-Pak, Zitromax, Zmax, Z-Pak Azalide

Azlocillin Securopen Penicillin

Aztreonam Azactam, Monobac, Primbactam, Urobactam Monobactam

Bacampicillin Ambaxin, Bacampicin, Penglobe, Spectrobid Penicillin

Bacitracin Baci-IM Polypeptide

Balofloxacin Baloxin Fluoroquinolone

Bithionol Bitin, Lorothidol (CDC†) Antiparasitic

Boceprevir Victrelis Antiviral (hepatitis C)

Butoconazole nitrate Femstat 3, Gynazole-1, Gynomyk, Mycelex-3 Antifungal

Capreomycin sulfate Capastat Sulfate Antimycobacterial

Carbenicillin indanyl sodium — Penicillin

Carbol-fuchsin Fungol Antifungal

Caspofungin Cancidas Antifungal

Cefaclor Distaclor, Keftid, Vercef Cephalosporin

Cefadroxil Baxam, Cefamox, Duracef, Duricef, Ultracef Cephalosporin

Cefamandole nafate Mandokef, Mandol Cephalosporin

Cefazolin sodium Ancef, Cefacidal, Cefamezin, Zolicef Cephalosporin

Cefdinir Cefzon, Omnicef Cephalosporin

Cefditoren pivoxil Spectracef Cephalosporin

Cefepime Maxcef, Maxipime Cephalosporin

Cefixime Cefspan, Denvar, Suprax Cephalosporin

Cefonicid sodium Monocid Cephalosporin

Cefoperazone sodium Cefobid, Cefodie, Cefoperazin* Cephalosporin

Cefoperazone/sulbactam Sulperazon,* Sulperazone* Cephalosporin/β-lactamase inhibitor

Ceforanide Precef Cephalosporin

Cefotaxime sodium Claforan Cephalosporin

Cefotetan disodium — Cephalosporin

Cefoxitin sodium Mefoxitin Cephalosporin

Cefpirome Cedixen, Cefrom, Cefron Cephalosporin

Cefpodoxime proxetil Orelox, Podomexef, Vantin Cephalosporin

Cefprozil Cefzil, Procef Cephalosporin

Cefsulodin Cefomonil, Monaspor Cephalosporin

Ceftaroline Teflaro Cephalosporin

Ceftazidime Ceptaz, Fortam, Fortaz, Fortum, Kefadim, Tazicef, Tazidime Cephalosporin

Ceftibuten Cedax, Keimax Cephalosporin

Ceftizoxime sodium Cefizox Cephalosporin

Ceftobiprole Zeftera Cephalosporin

Ceftriaxone sodium Rocephalin, Rocephin, Rocephine Cephalosporin

Cefuroxime axetil Ceftin, Zinnat Cephalosporin

Cefuroxime sodium Kefurox, Zinacef Cephalosporin

Cephalexin Cefanex, Ceporex, Keflex Cephalosporin

Cephalothin sodium Ceporacin, Keflin Cephalosporin

Cephapirin sodium Cefadyl Cephalosporin

Cephradine Anspor, Lisacef, Velosef Cephalosporin

Chloramphenicol Chloromycetin Chloramphenicol

Chloramphenicol palmitate Chloromycetin Palmitate Chloramphenicol

Chloramphenicol sodium succinate Chloromycetin Sodium Succinate Chloramphenicol

Chloroquine hydrochloride Aralen Hydrochloride Antimalarial

Chloroquine phosphate Aralen Phosphate Antimalarial

Ciclopirox Loprox Antifungal

Cidofovir Vistide Antiviral

Cinoxacin — Quinolone

Ciprofloxacin hydrochloride Ciflox, Ciloxan, Cipro, Ciprodex,* Cipro HC,* Ciproxin, Cipro XR,  
Proquin XR

Fluoroquinolone

Ciprofloxacin lactate Cipro IV Fluoroquinolone

TABLE 54-2  Generic and Trade Names—cont’d

Continued
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TABLE 54-2  Generic and Trade Names—cont’d

GENERIC NAME TRADE NAME CLASS
Clarithromycin Biaxin, Biaxin XL, Biclar, Klacid, Prevpac,* Zeclar Macrolide

Clindamycin hydrochloride Cleocin, Dalacin C Lincosamide

Clindamycin palmitate hydrochloride Cleocin Pediatric Lincosamide

Clindamycin phosphate Cleocin Phosphate Lincosamide

Clioquinol Corque,* Diproform* Antifungal

Clofazimine Lampren, Lamprene Antimycobacterial

Clotrimazole Canesten, Cruex, Desenex, FemCare, Fungoid, Gyne-Lotrimin, Lotrimin, 
Lotrisone, Mycelex

Antifungal

Cloxacillin sodium Bactopen, Cloxapen, Orbenin Penicillin

Colistimethate sodium Coly-Mycin M Polymyxin

Cyclacillin Calthor, Cyclapen Penicillin

Cycloserine Seromycin Antimycobacterial

Dapsone — Sulfone

Daptomycin Cidecin, Cubicin, Dapcin Cyclic lipopeptide

Darunavir Prezista Antiretroviral

Dehydroemetine Mebadin (CDC†) Amebicide

Delavirdine Rescriptor Antiretroviral

Demeclocycline hydrochloride Declomycin Tetracycline

Dicloxacillin sodium Diclocil, Dycill, Pathocil Penicillin

Didanosine Videx, Videx EC Antiretroviral

Diethylcarbamazine Hetrazan, DEC (CDC†) Antiparasitic

Diloxanide furoate Entamide, Furamide Antiparasitic

Dirithromycin Dynabac, Dynabac D5-Pak Macrolide

Dolutegravir Tivicay Antiretroviral

Doripenem Doribax, Finibax Carbapenem

Doxycycline calcium Vibramycin Calcium Tetracycline

Doxycycline hyclate Doryx, Doxy 100, Doxy Caps, Periostat, Vibramycin Hyclate, Vibra-Tabs Tetracycline

Doxycycline monohydrate Vibramycin Monohydrate, Monodox Tetracycline

Econazole nitrate Ecostatin, Gyno-Pevaryl, Pevisone, Spectazole Antifungal

Efavirenz Atripla,* Stocrin, Sustiva, Viraday* Antiretroviral

Atripla,* Coviracil, Emtriva, Truvada,* Viraday* Antiretroviral

Elvitegravir Stribild* Antiretroviral

Emtricitabine Emtriva, Stribild,* Truvada,* Complera* Antiretroviral

Enfuvirtide Fuzeon Fusion inhibitor

Enoxacin Comprecin, Enoxor, Penetrex Fluoroquinolone

Entecavir Baraclude Antiviral

Ertapenem Invanz Carbapenem

Erythromycin Akne-Mycin, Benzamycin,* E-Base, E-Mycin, ERYC, Ery-Tab, PCE, 
Robimycin

Macrolide

Erythromycin estolate Ilosone Macrolide

Erythromycin ethylsuccinate E.E.S., EryPed, Eryzole,* E.S.P.,* Pediazole,* Sulfimycin* Macrolide

Erythromycin gluceptate Ilotycin Macrolide

Erythromycin lactobionate Erythrocin Macrolide

Erythromycin stearate Erythrocin Stearate, Wyamycin Macrolide

Ethambutol hydrochloride Myambutol, Servambutol Antimycobacterial

Ethionamide Trecator Antimycobacterial

Etravirine Intelence Antiretroviral

Famciclovir Famvir Antiviral

Fidaxomicin Dificid Macrolide

Flomoxef Flumarin Cephalosporin

Flucloxacillin Floxapen, Flucil, Flucillin, Fluclox Penicillin

Fluconazole Diflucan Antifungal

Flucytosine Ancobon, Ancotil Antifungal

Fosamprenavir Lexiva, Telzir Antiretroviral

Foscarnet sodium Foscavir Antiviral

Fosfomycin tromethamine Monuril, Monurol Urinary anti-infective

Furazolidone Furoxone Antiprotozoal

Ganciclovir sodium Cymevene, Cytovene, Vitrasert Antiviral

Gatifloxacin Zymar Fluoroquinolone

Gemifloxacin Factive Fluoroquinolone

Gentamicin sulfate Cidomycin, Garamycin, Genoptic, Jenamicin, Storz-G Aminoglycoside

Gentian violet — Antifungal
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TABLE 54-2  Generic and Trade Names—cont’d

GENERIC NAME TRADE NAME CLASS
Griseofulvin Fulcin, Fulvicin P/G, Fulvicin U/F, Grifulvin V, Grisactin, Grisactin Ultra, 

Grisovin, Gris-PEG
Antifungal

Halofantrine Halfan Antiparasitic

Hydroxychloroquine sulfate Plaquenil Sulfate Antimalarial

Imipenem/cilastatin Primaxin,* Tienam* Carbapenem

Indinavir Crixivan Protease inhibitor

Interferon alfa-2a recombinant Roferon-A Antiviral

Interferon alfa-2b recombinant Intron A, Rebetron* Antiviral

Interferon alfacon-1 Infergen Antiviral

Interferon alfa-n3 Alferon N Antiviral

Iodoquinol Yodoxin M, Yodoxin Amebicide

Isoniazid Laniazid, Nydrazid, Rifamate,* Rifater,* Rifinah,* Rimactane/INH* Antimycobacterial

Itraconazole Sporanox Antifungal

Ivermectin Mectizan, Stromectol Antiparasitic

Josamycin Josalid Macrolide

Kanamycin sulfate Anamid Aminoglycoside

Ketoconazole Fungoral, Nizoral Antifungal

Lamivudine (3TC) Combivir,* Epivir, Epivir-HBV, Epzicom,* Kivexa,* Trizivir,* Zeffix Antiretroviral

Levofloxacin Cravit, Levaquin, Quixin, Tavanic Fluoroquinolone

Lincomycin hydrochloride Lincocin Lincosamide

Linezolid Zyvox, Zyvoxam Oxazolidinone

Lomefloxacin hydrochloride Maxaquin, Okacin, Uniquin Fluoroquinolone

Lopinavir/ritonavir Kaletra* Antiretrovirals

Loracarbef Lorabid Carbacephem

Lumefantrine Coartem* Antimalarial

Mafenide Sulfamylon Sulfonamide

Maraviroc Selzentry, Celsentri Antiretroviral

Mebendazole — Anthelmintic

Mefloquine Lariam Antimalarial

Meglumine antimonate Glucantim, Glucantime Antiparasitic

Melarsoprol Arsobal, Mel B (CDC†) Antiparasitic

Meropenem Meronem, Merrem Carbapenem

Methacycline Rondomycin Tetracycline

Methenamine hippurate Hiprex, Urex Urinary anti-infective

Methenamine mandelate Mandelamine Urinary anti-infective

Metronidazole Elyzol, Flagyl, Flagyl ER, Flagyl 375, Helidac,* MetroGel, Protostat, Rozex Nitroimidazole

Mezlocillin sodium Baypen Penicillin

Micafungin Mycamine Antifungal

Miconazole Daktacort,* Daktarin, Gyno-Daktarin, Micatin, Monistat Antifungal

Minocycline hydrochloride Dynacin, Minocin, Myrac, Vectrin Tetracycline

Moxalactam Moxam Cephalosporin

Moxifloxacin Avelox, Vigamox Fluoroquinolone

Mupirocin Bactroban Pseudomonic acid

Nadifloxacin Acuatim, Nadoxin, Nadixa Fluoroquinolone

Nafcillin sodium Nafcil, Unipen Penicillin

Naftifine Naftin Antifungal

Nalidixic acid NegGram Quinolone

Natamycin Natacyn Antifungal

Nelfinavir Viracept Protease inhibitor

Neomycin sulfate Kenacomb,* Maxitrol,* Mycifradin Sulfate, Neosporin* Aminoglycoside

Netilmicin sulfate Netilyn, Netromycin Aminoglycoside

Nevirapine Viramune Antiretroviral

Niclosamide Niclocide, Yomesan Anthelmintic

Nifurtimox Bayer 2502, Lampit (CDC†) Antiparasitic

Nitazoxanide Alinia Antiprotozoal

Nitrofurantoin Furadantin, Macrobid, Macrodantin Urinary anti-infective

Norfloxacin Floxacin, Noroxin Fluoroquinolone

Novobiocin sodium Albamycin —

Nystatin Kenacomb,* Mycostatin, Mycostatin Filmlok, Nilstat Antifungal

Ofloxacin Exocin, Floxin, Ocuflox, Tarivid Fluoroquinolone

Oritavancin diphosphate — Glycopeptide
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TABLE 54-2  Generic and Trade Names—cont’d

GENERIC NAME TRADE NAME CLASS
Oseltamivir phosphate Tamiflu Antiviral

Oxacillin sodium — Penicillin

Oxamniquine Mansil Anthelmintic

Oxiconazole nitrate Oxistat Antifungal

Oxolinic acid Oribiox Quinolone

Oxytetracycline hydrochloride Uri-Tet, Urobiotic Tetracycline

Palivizumab Synagis Antiviral

Paromomycin sulfate Humatin Amebicide

Pazufloxacin Pasil, Pazucross Fluoroquinolone

Pefloxacin Peflacine, Peflox Fluoroquinolone

Peginterferon alfa-2a Pegasys Antiviral

Peginterferon alfa-2b Pegetron,* PEG-Intron Antiviral

Penciclovir Denavir, Vectavir Antiviral

Penicillin G benzathine Bicillin,* Bicillin C-R,* Bicillin C-R 900/300,* Bicillin L-A, Permapen Penicillin

Penicillin G + phenoxymethyl penicillin Kesso-pen* Penicillin

Penicillin G potassium Pfizerpen Penicillin

Penicillin G procaine Bicillin C-R,* Bicillin C-R 900/300,* Crysticillin AS, Pfizerpen-AS, Wycillin Penicillin

Penicillin G sodium — Penicillin

Penicillin V potassium — Penicillin

Pentamidine isethionate NebuPent, Pentacarinat, Pentam Antiprotozoal

Phenazopyridine/sulfisoxazole Azo Gantrisin* Symptomatic bladder therapy/sulfonamide

Pipemidic acid Dolcol Quinolone

Piperacillin sodium Pipracil, Pipril Penicillin

Piperacillin sodium/tazobactam sodium Tazocin,* Zosyn* Penicillin/β-lactamase inhibitor

Piperazine citrate — Anthelmintic

Pivmecillinam Mecillin 200, Selexid Penicillin

Polymyxin B sulfate Aerosporin, Neosporin* Polymyxin

Posaconazole Noxafil Antifungal

Praziquantel Biltricide Anthelmintic

Primaquine phosphate — Antimalarial

Proguanil Paludrine Antiparasitic

Pyrantel pamoate Antiminth, Ascarel, Combantrin, Pin-X, Reese’s Pinworm Medicine Anthelmintic

Pyrazinamide Rifater,* Zinamide Antimycobacterial

Pyrimethamine Daraprim Antimalarial

Quinacrine hydrochloride Atabrine Anthelmintic

Quinine sulfate Qualaquin Antimalarial

Quinupristin/dalfopristin Synercid* Streptogramin

Raltegravir Isentress Antiretroviral

Retapamulin Altabax Anti-impetigo

Ribavirin Copegus, Pegetron,* Rebetol, Rebetron,* Ribasphere, Virazole Antiviral

Rifabutin Mycobutin Antimycobacterial

Rifampin Rifadin, Rifamate,* Rifinah,* Rimactane, Rimactane/INH* Antimycobacterial

Rifapentine Priftin Antimycobacterial

Rifaximin Lumenax, Xifaxan Rifamycin

Rilpivirine Complera,* Edurant Antiretroviral

Rimantadine Flumadine, Roflual Antiviral

Ritonavir Norvir Protease inhibitor

Rosoxacin Eradacil Quinolone

Roxithromycin Rulid, Rulide, Surlid Macrolide

Rufloxacin Uroflox Fluoroquinolone

Saquinavir Fortovase, Invirase Protease inhibitor

Sertaconazole Ertaczo Antifungal

Silver sulfadiazine Silvadene, Thermazene Sulfonamide

Sitafloxacin Gracevit Fluoroquinolone

Sodium stibogluconate Pentostam (CDC†) Antiparasitic

Sodium thiosulfate Versiclear Antifungal

Sparfloxacin Zagam Fluoroquinolone

Spiramycin Rovamycin, Rovamycine Macrolide

Stavudine (d4T) Zerit Antiretroviral

Streptomycin sulfate — Aminoglycoside

Sulconazole Exelderm Antifungal

Sulfabenzamide/sulfacetamide/sulfathiazole Sultrin,* Triple Sulfa* Sulfonamide
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TABLE 54-2  Generic and Trade Names—cont’d

GENERIC NAME TRADE NAME CLASS
Sulfadiazine — Sulfonamide

Sulfamethizole — Sulfonamide

Sulfamethoxazole — Sulfonamide

Sulfanilamide AVC Sulfonamide

Sulfisoxazole Azo-Sulfisoxazole,* Gantrisin Sulfonamide

Sulfisoxazole acetyl Eryzole,* Pediazole* Sulfonamide

Suramin Antrypol, Belganyl, Germanin, Naphuride (CDC†) Antiparasitic

Teicoplanin Targocid Glycopeptide

Lipoglycopeptide

Telaprevir Incivek Antiviral (hepatitis C)

Telavancin Vibativ Lipopeptide

Telbivudine Tyzeka Antiviral

Telithromycin Ketek Ketolide

Tenofovir Atripla,* Complera,* Stribild,* Truvada,* Viraday,* Viread Antiretroviral

Terbinafine Lamisil Antifungal

Terconazole Terazol, Zazole Antifungal

Tetracycline hydrochloride Achromycin V, Helidac,* Panmycin, Robitet, Sumycin, Tetrachel, Tetralan Tetracycline

Thiabendazole Mintezol Anthelmintic

Thiacetazone — Antimycobacterial

Ticarcillin disodium Tarcil Penicillin

Ticarcillin disodium/clavulanate potassium Timentin* Penicillin/β-lactamase inhibitor

Tigecycline Tygacil Glycylcycline

Tinidazole Tindamax Antiparasitic

Tioconazole Vagistat-1 Antifungal

Tipranavir Aptivus Antiretroviral

Tobramycin sulfate Nebcina, Obracin, TobraDex,* Tobrex Aminoglycoside

Tobramycin inhalation solution TOBI Aminoglycoside

Tolnaftate Mycil,* Tinactin, Tinaderm Antifungal

Tosufloxacin Ozex, Tosacin Fluoroquinolone

Trifluridine Viroptic Antiviral

Trimethoprim Monotrim, Primsol, Proloprim, Trimopan, Trimpex Folate antagonist

Trimethoprim/
sulfamethoxazole

Bactrim,* Bactrim DS,* Cotrim,* Cotrim D.S.,* Septra,* Septra DS,* 
Sulfatrim,* Sulfoxaprim,* Uroplus*

Folate antagonists

Trimetrexate glucuronate NeuTrexin Antiprotozoal

Tripanavir Aptivus Antiretroviral

Trisulfapyrimidines — Sulfonamide

Troleandomycin Tao Macrolide

Undecylenic acid Fungi-Nail Antifungal

Valacyclovir Valtrex, Zelitrex Antiviral

Valganciclovir Valcyte Antiviral

Vancomycin hydrochloride Lyphocin, Vancocin, Vancoled, Vancor Glycopeptide

Vidarabine Vira-MP Antiviral

Voriconazole Vfend Antifungal

Zanamivir Relenza Antiviral

Zidovudine Combivir,* Retrovir, Trizivir* Antiretroviral

*A combination product.
†CDC, Centers for Disease Control and Prevention Drug Service for distribution to U.S. clinicians.

TABLE 54-3  Trade and Generic Names

TRADE NAME GENERIC NAME CLASS
Abelcet Amphotericin B lipid complex Antifungal

Achromycin V Tetracycline hydrochloride Tetracycline

Acuatim Nadifloxacin Fluoroquinolone

Aerosporin Polymyxin B sulfate Polymyxin

Akne-Mycin Erythromycin Macrolide

Albamycin Novobiocin sodium —

Albenza Albendazole Antiparasitic

Alferon N Interferon alfa-n3 Antiviral

Alinia Nitazoxanide Antiprotozoal
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TABLE 54-3  Trade and Generic Names—cont’d

TRADE NAME GENERIC NAME CLASS
Altabax Retapamulin Anti-impetigo

Ambaxin Bacampicillin Penicillin

AmBisome Amphotericin B liposomal Antifungal

Amoxiclav* Amoxicillin/clavulanate potassium Penicillin/β-lactamase inhibitor

Amoxil Amoxicillin Penicillin

Amphocin Amphotericin B Antifungal

Amphotec Amphotericin B cholesteryl sulfate complex Antifungal

Anamid Kanamycin Aminoglycoside

Ancef Cefazolin sodium Cephalosporin

Ancobon Flucytosine Antifungal

Ancotil Flucytosine Antifungal

Anspor Cephradine Cephalosporin

Antiminth Pyrantel pamoate Anthelmintic

Antrypol Suramin Antiparasitic

Aptivus Tipranavir Antiretroviral

Aralen Hydrochloride Chloroquine hydrochloride Antimalarial

Aralen Phosphate Chloroquine phosphate Antimalarial

Arsobal Melarsoprol Antiparasitic

Ascarel Pyrantel pamoate Anthelmintic

Atabrine Quinacrine hydrochloride Anthelmintic

Atripla* Efavirenz/tenofovir/emtricitabine Antiretroviral

Augmentin* Amoxicillin/clavulanate potassium Penicillin/β-lactamase inhibitor

Augmentin XR* Amoxicillin/clavulanate potassium Penicillin/β-lactamase inhibitor

AVC Sulfanilamide Sulfonamide

Avelox Moxifloxacin Fluoroquinolone

Azactam Aztreonam Monobactam

Azitromax Azithromycin Azalide

Azo-Sulfisoxazole* Sulfisoxazole Sulfonamide

Bacampicin Bacampicillin Penicillin

Baci-IM Bacitracin Polypeptide

Bacimex* Ampicillin/sulbactam Penicillin/β-lactamase inhibitor

Bactopen Cloxacillin Penicillin

Bactrim, Bactrim DS* Trimethoprim/sulfamethoxazole Folate antagonists

Bactroban Mupirocin Pseudomonic acid

Baloxin Balofloxacin Fluoroquinolone

Baraclude Entecavir Antiviral

Baxam Cefadroxil Cephalosporin

Bayer 2502 Nifurtimox Antiparasitic

Baypen Mezlocillin Penicillin

Belganyl Suramin Antiparasitic

Benzamycin* Erythromycin/benzoyl peroxide Macrolide/antiseptic

Biaxin, Biaxin XL Clarithromycin Macrolide

Bicillin C-R* Penicillin G procaine/benzathine Penicillin

Bicillin L-A Penicillin G benzathine Penicillin

Biclar Clarithromycin Macrolide

Biclin Amikacin Aminoglycoside

Biklin Amikacin Aminoglycoside

Biltricide Praziquantel Anthelmintic

Bitin Bithionol Antiparasitic

Calthor Cyclacillin Penicillin

Cancidas Caspofungin Antifungal

Canesten Clotrimazole Antifungal

Capastat Sulfate Capreomycin sulfate Polypeptide

Cedax Ceftibuten Cephalosporin

Cedixen Cefpirome Cephalosporin

Cefacidal Cefazolin Cephalosporin

Cefadel Cefmetazole Cephalosporin

Cefadyl Cephapirin sodium Cephalosporin

Cefamezin Cefazolin Cephalosporin

Cefamox Cefadroxil Cephalosporin

Cefanex Cephalexin Cephalosporin

Cefizox Ceftizoxime sodium Cephalosporin
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TABLE 54-3  Trade and Generic Names—cont’d

TRADE NAME GENERIC NAME CLASS
Cefmetazon Cefmetazole Cephalosporin

Cefobid Cefoperazone Cephalosporin

Cefodie Cefoperazone Cephalosporin

Cefomonil Cefsulodin Cephalosporin

Cefoperazin* Cefoperazone/lidocaine Cephalosporin

Cefrom Cefpirome Cephalosporin

Cefron Cefpirome Cephalosporin

Cefspan Cefixime Cephalosporin

Ceftin Cefuroxime axetil Cephalosporin

Cefzil Cefprozil Cephalosporin

Cefzon Cefdinir Cephalosporin

Celsentri Maraviroc Antiretroviral

Ceporacin Cephalothin Cephalosporin

Ceporex Cephalexin Cephalosporin

Ceptaz Ceftazidime Cephalosporin

Chloromycetin Chloramphenicol Chloramphenicol

Chloromycetin Palmitate Chloramphenicol palmitate Chloramphenicol

Chloromycetin Sodium Succinate Chloramphenicol sodium succinate Chloramphenicol

Cidecin Daptomycin Cyclic lipopeptide

Cidomycin Gentamicin Aminoglycoside

Ciflox Ciprofloxacin hydrochloride Fluoroquinolone

Ciloxan Ciprofloxacin hydrochloride Fluoroquinolone

Cipro Ciprofloxacin hydrochloride Fluoroquinolone

Ciprodex* Ciprofloxacin/dexamethasone Fluoroquinolone/steroid

Cipro HC* Ciprofloxacin/hydrocortisone Fluoroquinolone/steroid

Cipro IV Ciprofloxacin lactate Fluoroquinolone

Ciproxin Ciprofloxacin hydrochloride Fluoroquinolone

Cipro XR Ciprofloxacin Fluoroquinolone

Claforan Cefotaxime sodium Cephalosporin

Clamoxyl Amoxicillin Penicillin

Clavepen* Amoxicillin/clavulanate potassium Penicillin/β-lactamase inhibitor

Cleocin Clindamycin hydrochloride Lincosamide

Cleocin Pediatric Clindamycin palmitate hydrochloride Lincosamide

Cleocin Phosphate Clindamycin phosphate Lincosamide

Cloxapen Cloxacillin sodium Penicillin

Coactin Amdinocillin Penicillin

Coartem* Artemether/Lumefantrine Antimalarial

Coly-Mycin M Colistimethate sodium Polymyxin

Combactam* Ampicillin/sulbactam Penicillin/β-lactamase inhibitor

Combantrin Pyrantel pamoate Anthelmintic

Combivir* Lamivudine/zidovudine Antiretroviral

Complera Emtricitabine/rilpivirine/tenofovir Antiretroviral

Comprecin Enoxacin Fluoroquinolone

Copegus Ribavirin Antiviral

Corque* Clioquinol/hydrocortisone Antifungal

Cotrim, Cotrim D.S.* Trimethoprim/sulfamethoxazole Folate antagonists

Coviracil Emtricitabine Antiretroviral

Cravit Levofloxacin Fluoroquinolone

Crixivan Indinavir Protease inhibitor

Cruex Clotrimazole Antifungal

Crysticillin Penicillin G procaine Penicillin

Cubicin Daptomycin Cyclic lipopeptide

Cyclapen Cyclacillin Penicillin

Cymevene Ganciclovir sodium Antiviral

Cytovene Ganciclovir sodium Antiviral

Daktacort* Miconazole/hydrocortisone Antifungal

Daktarin Miconazole Antifungal

Dalacin C Clindamycin hydrochloride Lincosamide

Dapcin Daptomycin Cyclic lipopeptide

Daraprim Pyrimethamine Antimalarial

DEC Diethylcarbamazine Antiparasitic
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TABLE 54-3  Trade and Generic Names—cont’d

TRADE NAME GENERIC NAME CLASS
Declomycin Demeclocycline hydrochloride Tetracycline

Denavir Penciclovir Antiviral

Denvar Cefixime Cephalosporin

Desenex Clotrimazole Antifungal

Diclocil Dicloxacillin Penicillin

Dificid Fidaxomycin Macrolide

Diflucan Fluconazole Antifungal

Diproform* Clioquinol/betamethasone Antifungal

Distaclor Cefaclor Cephalosporin

Dolcol Pipemidic acid Quinolone

Doribax Doripenem Carbapenem

Doryx Doxycycline hyclate Tetracycline

Doxamil Amoxicillin Penicillin

Doxy 100 Doxycycline hyclate Tetracycline

Doxy Caps Doxycycline hyclate Tetracycline

Duracef Cefadroxil Cephalosporin

Duricef Cefadroxil Cephalosporin

Dycill Dicloxacillin sodium Penicillin

Dynabac, Dynabac D5-Pak Dirithromycin Macrolide

Dynacin Minocycline Tetracycline

Dynapen Dicloxacillin Penicillin

E.E.S. Erythromycin ethylsuccinate Macrolide

E-Base Erythromycin Macrolide

Ecostatin Econazole Antifungal

Edurant Rilpivirine Antiretroviral

Elyzol Metronidazole Nitroimidazole

Emtriva Emtricitabine Antiretroviral

E-Mycin Erythromycin Macrolide

Enoxor Enoxacin Fluoroquinolone

Entamide Diloxanide furoate Antiparasitic

Epivir, Epivir-HBV Lamivudine (3TC) Antiretroviral

Epzicom* Abacavir/lamivudine Antiretroviral

Eradacil Rosoxacin Quinolone

Eraxis Anidulafungin Antifungal

Ertaczo Sertaconazole Antifungal

ERYC Erythromycin Macrolide

EryPed Erythromycin ethylsuccinate Macrolide

Ery-Tab Erythromycin Macrolide

Erythrocin Erythromycin lactobionate Macrolide

Erythrocin Stearate Erythromycin stearate Macrolide

Eryzole* Erythromycin ethylsuccinate/sulfisoxazole Macrolide/sulfonamide

Eskazole Albendazole Antiparasitic

E.S.P.* Erythromycin ethylsuccinate/sulfisoxazole Macrolide/sulfonamide

Exelderm Sulconazole Antifungal

Exocin Ofloxacin Fluoroquinolone

Factive Gemifloxacin Fluoroquinolone

Famvir Famciclovir Antiviral

Femcare Clotrimazole Antifungal

Femstat 3 Butoconazole Antifungal

Finibax Doripenem Carbapenem

Flagyl Metronidazole Nitroimidazole

Flagyl ER Metronidazole Nitroimidazole

Flagyl 375 Metronidazole Nitroimidazole

Floxacin Norfloxacin Fluoroquinolone

Floxapen Flucloxacillin Penicillin

Floxin Ofloxacin Fluoroquinolone

Flucil Flucloxacillin Penicillin

Flucillin Flucloxacillin Penicillin

Fluclox Flucloxacillin Penicillin

Flumadine Rimantadine Antiviral

Flumarin Flomoxef Cephalosporin

Fortam Ceftazidime Cephalosporin
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TRADE NAME GENERIC NAME CLASS
Fortaz Ceftazidime Cephalosporin

Fortovase Saquinavir Protease inhibitor

Fortum Ceftazidime Cephalosporin

Foscavir Foscarnet sodium Antiviral

Fulcin Griseofulvin Antifungal

Fulvicin P/G Griseofulvin Antifungal

Fulvicin U/F Griseofulvin Antifungal

Fungilin Amphotericin B Antifungal

Fungizone Amphotericin B Antifungal

Fungi-nail Undecylenic acid Antifungal

Fungoid Clotrimazole Antifungal

Fungol Carbol-fuchsin Antifungal

Fungoral Ketoconazole Antifungal

Furadantin Nitrofurantoin Urinary anti-infective

Furamide Diloxanide furoate Antiparasitic

Furoxone Furazolidone Antiprotozoal

Fuzeon Enfuvirtide Fusion inhibitor

Gantrisin Sulfisoxazole Sulfonamide

Garamycin Gentamicin Aminoglycoside

Geninax Garenoxacin Des-quinolone

Genoptic Gentamicin Aminoglycoside

Germanin Suramin Antiparasitic

Glucantim Meglumine antimonate Antiparasitic

Glucantime Meglumine antimonate Antiparasitic

Gracevit Sitafloxacin Fluoroquinolone

Grifulvin V Griseofulvin Antifungal

Grisactin Griseofulvin Antifungal

Grisactin Ultra Griseofulvin Antifungal

Grisovin Griseofulvin Antifungal

Gris-PEG Griseofulvin Antifungal

Gynazole-1 Butoconazole nitrate Antifungal

Gyne-Lotrimin Clotrimazole Antifungal

Gyno-Daktarin Miconazole Antifungal

Gynomyk Butoconazole Antifungal

Gyno-Pevaryl Econazole Antifungal

Halfan Halofantrine Antiparasitic

Helidac* Bismuth/metronidazole/tetracycline Anti-Helicobacter

Hepsera Adefovir dipivoxil Antiviral

Hetrazan Diethylcarbamazine Antiparasitic

Hiconcil Amoxicillin Penicillin

Hiprex Methenamine hippurate Urinary anti-infective

Humatin Paromomycin sulfate Amebicide

Ilosone Erythromycin estolate Macrolide

Ilotycin Erythromycin gluceptate Macrolide

Incivek Telaprevir Antiretroviral

Infergen Interferon alfacon-1 Antiviral

Intelence Etravirine Antiretroviral

Intron A Interferon alfa-2b recombinant Antiviral

Invanz Ertapenem Carbapenem

Invirase Saquinavir Protease inhibitor

Isentress Raltegravir Antiretroviral

Isepacin Isepamicin Aminoglycoside

Jenamicin Gentamicin sulfate Aminoglycoside

Josalid Josamycin Macrolide

Kaletra* Lopinavir/ritonavir Antiretroviral

Kefadim Ceftazidime Cephalosporin

Keflex Cephalexin Cephalosporin

Keflin Cephalothin sodium Cephalosporin

Kefurox Cefuroxime sodium Cephalosporin

Keimax Ceftibuten Cephalosporin

Kenacomb* Neomycin/nystatin Aminoglycoside/antifungal

TABLE 54-3  Trade and Generic Names—cont’d
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TABLE 54-3  Trade and Generic Names—cont’d

TRADE NAME GENERIC NAME CLASS
Kesso-pen* Penicillin G/phenoxymethyl penicillin Penicillins

Ketek Telithromycin Ketolide

Kivexa* Abacavir/lamivudine/zidovudine Antiretroviral

Klacid Clarithromycin Macrolide

Lamisil Terbinafine Antifungal

Lampit Nifurtimox Antiparasitic

Lampren Clofazimine Antimycobacterial

Lamprene Clofazimine Antimycobacterial

Laniazid Isoniazid Antimycobacterial

Lariam Mefloquine Antimalarial

Levaquin Levofloxacin Fluoroquinolone

Lexiva Fosamprenavir Antiretroviral

Likacin Amikacin Aminoglycoside

Lincocin Lincomycin Lincosamide

Lisacef Cephradine Cephalosporin

Loprox Ciclopirox Antifungal

Lorabid Loracarbef Carbacephem

Lorothidol Bithionol Antiparasitic

Lotrimin Clotrimazole Antifungal

Lotrisone Clotrimazole Antifungal

Lumenax Rifaximin Rifamycin

Lyphocin Vancomycin hydrochloride Glycopeptide

Macrobid Nitrofurantoin Urinary anti-infective

Macrodantin Nitrofurantoin Urinary anti-infective

Malarone* Atovaquone/proguanil Antimalarial

Mandelamine Methenamine mandelate Urinary anti-infective

Mandokef Cefamandole Cephalosporin

Mandol Cefamandole Cephalosporin

Mansil Oxamniquine Anthelmintic

Maxaquin Lomefloxacin Fluoroquinolone

Maxcef Cefepime Cephalosporin

Maxipime Cefepime Cephalosporin

Maxitrol* Dexamethasone/neomycin/polymyxin B Antifungal/polymyxin

Mebadin Dehydroemetine Amebicide

Mecillin 200 Pivmecillinam Penicillin

Mectizan Ivermectin Antiparasitic

Mefoxitin Cefoxitin Cephalosporin

Mel B Melarsoprol Antiparasitic

Mepron Atovaquone Antiparasitic

Meronem Meropenem Carbapenem

Merrem Meropenem Carbapenem

Metazol Cefmetazole sodium Cephalosporin

MetroGel Metronidazole Nitroimidazole

Micatin Miconazole Antifungal

Minocin Minocycline hydrochloride Tetracycline

Mintezol Thiabendazole Anthelmintic

Monaspor Cefsulodin Cephalosporin

Monistat Miconazole Antifungal

Monobac Aztreonam Monobactam

Monocid Cefonicid sodium Cephalosporin

Monodox Doxycycline monohydrate Tetracycline

Monotrim Trimethoprim Folate antagonist

Monuril Fosfomycin tromethamine Urinary anti-infective

Monurol Fosfomycin tromethamine Urinary anti-infective

Moxam Moxalactam Cephalosporin

Myambutol Ethambutol hydrochloride Antimycobacterial

Mycamine Micafungin Antifungal

Mycelex Clotrimazole Antifungal

Mycelex-3 Butoconazole Antifungal

Mycifradin Sulfate Neomycin sulfate Aminoglycoside

Mycil* Tolnaftate Antifungal

Mycobutin Rifabutin Antimycobacterial
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Mycostatin (Filmlok) Nystatin Antifungal

Myrac Minocycline Tetracycline

Nadixa Nadifloxacin Fluoroquinolone

Nadoxin Nadifloxacin Fluoroquinolone

Nafcil Nafcillin sodium Penicillin

Naftin Naftifine Antifungal

Naphuride Suramin Antiparasitic

Natacyn Natamycin Antifungal

Nebcina Tobramycin Aminoglycoside

NebuPent Pentamidine isethionate Antiprotozoal

NegGram Nalidixic acid Quinolone

Neosporin* Neomycin/polymyxin B Aminoglycoside/polymyxin

Netilyn Netilmicin Aminoglycoside

Netromycin Netilmicin Aminoglycoside

NeuTrexin Trimetrexate Antiprotozoal

Niclocide Niclosamide Anthelmintic

Nilstat Nystatin Antifungal

Nizoral Ketoconazole Antifungal

Noroxin Norfloxacin Fluoroquinolone

Norvir Ritonavir Protease inhibitor

Noxafil Posaconazole Antifungal

Nydrazid Isoniazid Antimycobacterial

Nyotran Liposomal nystatin Antifungal

Obracin Tobramycin Aminoglycoside

Ocuflox Ofloxacin Fluoroquinolone

Okacin Lomefloxacin Fluoroquinolone

Omnicef Cefdinir Cephalosporin

Orbenin Cloxacillin Penicillin

Orelox Cefpodoxime proxetil Cephalosporin

Oribiox Oxolinic acid Quinolone

Oxistat Oxiconazole nitrate Antifungal

Ozex Tosufloxacin Fluoroquinolone

Paludrine Proguanil Antiparasitic

Paluther Artemether Antimalarial

Panmycin Tetracycline hydrochloride Tetracycline

Paser Aminosalicylic acid Antimycobacterial

Pasil Pazufloxacin Fluoroquinolone

Pathocil Dicloxacillin sodium Penicillin

Pazucross Pazufloxacin Fluoroquinolone

PCE Erythromycin Macrolide

Pediazole* Erythromycin ethylsuccinate/sulfisoxazole Macrolide/sulfonamide

Peflacine Pefloxacin Fluoroquinolone

Peflox Pefloxacin Fluoroquinolone

Pegasys Peginterferon alfa-2a Antiviral

Pegetron* Peginterferon alfa-2b/ribavirin Antiviral

PEG-Intron Peginterferon alfa-2b Antiviral

Penetrex Enoxacin Fluoroquinolone

Penglobe Bacampicillin Penicillin

Pentacarinat Pentamidine isethionate Antiprotozoal

Pentam Pentamidine isethionate Antiprotozoal

Pentostam Sodium stibogluconate Antiparasitic

Periostat Doxycycline Tetracycline

Permapen Penicillin G benzathine Penicillin

Pevisone Econazole Antifungal

Pfizerpen Penicillin G potassium Penicillin

Pfizerpen-AS Penicillin G procaine Penicillin

Pin-X Pyrantel pamoate Anthelmintic

Pipracil Piperacillin Penicillin

Pipril Piperacillin Penicillin

Plaquenil Sulfate Hydroxychloroquine sulfate Antimalarial

Plasmotrim Artesunate Antimalarial

TABLE 54-3  Trade and Generic Names—cont’d
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TABLE 54-3  Trade and Generic Names—cont’d

TRADE NAME GENERIC NAME CLASS
Podomexef Cefpodoxime proxetil Cephalosporin

Polycillin Ampicillin trihydrate Penicillin

Polycillin-N Ampicillin sodium Penicillin

Polymox Amoxicillin Penicillin

Precef Ceforanide Cephalosporin

Prevpac* Amoxicillin/clarithromycin/lansoprazole Anti-Helicobacter

Prezista Darunavir Antiretroviral

Priftin Rifapentine Antimycobacterial

Primaxin* Imipenem, cilastatin Carbapenem

Primbactam Aztreonam Monobactam

Primsol Trimethoprim Folate antagonist

Probampacin* Ampicillin/probenecid Penicillin/tubular secretion inhibitor

Procef Cefprozil Cephalosporin

Proloprim Trimethoprim Folate antagonist

Proquin XR Ciprofloxacin Fluoroquinolone

Protostat Metronidazole Nitroimidazole

Qualaquin Quinine sulfate Antimalarial

Quixin Levofloxacin Fluoroquinolone

Rebetol Ribavirin Antiviral

Rebetron* Interferon alfa-2b recombinant/ribavirin Antiviral

Reese’s Pinworm Medicine Pyrantel pamoate Anthelmintic

Relenza Zanamivir Antiviral

Rescriptor Delavirdine Antiretroviral

Retrovir Zidovudine Antiviral

Reyataz Atazanavir Protease inhibitor

Riamet* Artemether/lumefantrine Antimalarial

Ribasphere Ribavirin Antiviral

Rifadin Rifampin Antimycobacterial

Rifamate* Rifampin/isoniazid Antimycobacterial

Rifater* Rifampin/pyrazinamide Antimycobacterial

Rifinah* Rifampin/isoniazid Antimycobacterial

Rimactane Rifampin Antimycobacterial

Rimactane/INH* Rifampin/isoniazid Antimycobacterial

Robimycin Erythromycin Macrolide

Robitet Tetracycline hydrochloride Tetracycline

Rocephalin Ceftriaxone Cephalosporin

Rocephin Ceftriaxone Cephalosporin

Rocephine Ceftriaxone Cephalosporin

Roferon-A Interferon alfa-2a recombinant Antiviral

Roflual Rimantadine Antiviral

Rondomycin Methacycline Tetracycline

Rovamycin Spiramycin Macrolide

Rovamycine Spiramycin Macrolide

Rozex Metronidazole Nitroimidazole

Rulid Roxithromycin Macrolide

Rulide Roxithromycin Macrolide

Securopen Azlocillin Penicillin

Selexid Pivmecillinam Penicillin

Selzentry Maraviroc Antiretroviral

Septra, Septra DS* Trimethoprim/sulfamethoxazole Folate antagonists

Seromycin Cycloserine Antimycobacterial

Servambutol Ethambutol Antimycobacterial

Silvadene Silver sulfadiazine Sulfonamide

Spectazole Econazole nitrate Antifungal

Spectracef Cefditoren pivoxil Cephalosporin

Spectrobid Bacampicillin hydrochloride Penicillin

Sporanox Itraconazole Antifungal

Stocrin Efavirenz Antiretroviral

Storz-G Gentamicin sulfate Aminoglycoside

Stribild Elvitegravir/cobicistat/emtricitabine/tenofovir Antiretroviral

Stromectol Ivermectin Antiparasitic

Sulfamylon Mafenide Sulfonamide
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TABLE 54-3  Trade and Generic Names—cont’d

TRADE NAME GENERIC NAME CLASS
Sulfatrim* Trimethoprim/sulfamethoxazole Folate antagonists

Sulfoxaprim* Trimethoprim/sulfamethoxazole Folate antagonists

Sulperazon* Cefoperazone/sulbactam Cephalosporin/β-lactamase inhibitor

Sulperazone* Cefoperazone/sulbactam Cephalosporin/β-lactamase inhibitor

Sultrin Triple Sulfa* Sulfabenzamide/sulfacetamide/sulfathiazole Sulfonamide

Sumamed Azithromycin Azalide

Sumycin Tetracycline hydrochloride Tetracycline

Suprax Cefixime Cephalosporin

Surlid Roxithromycin Macrolide

Sustiva Efavirenz Antiretroviral

Symadine Amantadine hydrochloride Antiviral

Symmetrel Amantadine hydrochloride Antiviral

Synagis Palivizumab Antiviral

Synercid* Quinupristin/dalfopristin Streptogramin

Tamiflu Oseltamivir Antiviral

Tao Troleandomycin Macrolide

Tarcil Ticarcillin disodium Penicillin

Targocid Teicoplanin Glycopeptide

Tarivid Ofloxacin Fluoroquinolone

Tavanic Levofloxacin Fluoroquinolone

Tazicef Ceftazidime Cephalosporin

Tazidime Ceftazidime Cephalosporin

Tazocin* Piperacillin/tazobactam Penicillin/β-lactamase inhibitor

Teflaro Ceftaroline Cephalosporin

Telzir Fosamprenavir Antiretroviral

Terazol Terconazole Antifungal

Tetrachel Tetracycline hydrochloride Tetracycline

Tetralan Tetracycline hydrochloride Tetracycline

Thermazene Silver sulfadiazine Sulfonamide

Tienam* Imipenem/cilastatin Carbapenem

Timentin* Ticarcillin disodium/clavulanate potassium Penicillin/β-lactamase inhibitor

Tinactin Tolnaftate Antifungal

Tinaderm Tolnaftate Antifungal

Tindamax Tinidazole Antiparasitic

Tivicay Dolutegravir Antiretroviral

TOBI Tobramycin inhalation solution Aminoglycoside

TobraDex* Tobramycin/dexamethasone Aminoglycoside/corticosteroid

Tobrex Tobramycin Aminoglycoside

Tosacin Tosufloxacin Fluoroquinolone

Totacillin Ampicillin trihydrate Penicillin

Totacillin-N Ampicillin sodium Penicillin

Trecator Ethionamide Antimycobacterial

Trimopan Trimethoprim Folate antagonist

Trimox Amoxicillin Penicillin

Trimpex Trimethoprim Folate antagonist

Triple Sulfa* Sulfabenzamide/sulfacetamide/sulfathiazole Sulfonamide

Trizivir* Abacavir/lamivudine/zidovudine Antiretroviral

Trobicin Spectinomycin hydrochloride Aminocyclitol

Truvada* Emtricitabine/tenofovir Antiretroviral

Tygacil Tigecycline Glycylcycline

Tyzeka Telbivudine Antiviral

Ultracef Cefadroxil Cephalosporin

Unasyn* Ampicillin/sulbactam Penicillin/β-lactamase inhibitor

Unipen Nafcillin sodium Penicillin

Uniquin Lomefloxacin Fluoroquinolone

Urex Methenamine hippurate Urinary anti-infective

Uri-Tet Oxytetracycline hydrochloride Tetracycline

Urobactam Aztreonam Monobactam

Urobiotic Oxytetracycline hydrochloride Tetracycline

Uroflox Rufloxacin Fluoroquinolone

Uroplus* Trimethoprim/sulfamethoxazole Folate antagonists

Continued
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TABLE 54-3  Trade and Generic Names—cont’d

TRADE NAME GENERIC NAME CLASS
Valcyte Valganciclovir Antiviral

Valtrex Valacyclovir Antiviral

Vancocin Vancomycin hydrochloride Glycopeptide

Vancoled Vancomycin hydrochloride Glycopeptide

Vancor Vancomycin hydrochloride Glycopeptide

Vantin Cefpodoxime proxetil Cephalosporin

Vectavir Penciclovir Antiviral

Vectrin Minocycline Tetracycline

Velosef Cephradine Cephalosporin

Vercef Cefaclor Cephalosporin

Versiclear Sodium thiosulfate Antifungal

VFend Voriconazole Antifungal

Vibativ Televancin Lipopeptide

Vibramycin Calcium Doxycycline calcium Tetracycline

Vibramycin Hyclate Doxycycline hyclate Tetracycline

Vibramycin Monohydrate Doxycycline monohydrate Tetracycline

Vibra-Tabs Doxycycline hyclate Tetracycline

Victrelis Boceprevir Antiviral (hepatitis C)

Videx Didanosine Antiretroviral

Videx EC Didanosine Antiretroviral

Vigamox Moxifloxacin Fluoroquinolone

Viracept Nelfinavir Protease inhibitor

Viraday* Efavirenz/emtricitabine/tenofovir Antiretroviral

Vira-MP Vidarabine Antiviral

Viramune Nevirapine Antiretroviral

Virazole Ribavirin Antiviral

Viread Tenofovir Antiretroviral

Viroptic Trifluridine Antiviral

Vistide Cidofovir Antiviral

Vitrasert Ganciclovir Antiviral

Wellvone Atovaquone Antiparasitic

Wyamycin Erythromycin stearate Macrolide

Wycillin Penicillin G procaine Penicillin

Xifaxan Rifaximin Rifamycin

Xigris Drotrecogin alfa (activated) Antisepsis

Yodoxin Iodoquinol Amebicide

Yodoxin M Iodoquinol Amebicide

Yomesan Niclosamide Anthelmintic

Zagam Sparfloxacin Fluoroquinolone

Zazole Terconazole Antifungal

Zeclar Clarithromycin Macrolide

Zeffix Lamivudine Antiretroviral

Zeftera Ceftobiprole Cephalosporin

Zelitrex Valacyclovir Antiviral

Zentel Albendazole Antiparasitic

Zerit Stavudine (d4T) Antiretroviral

Ziagen Abacavir Antiretroviral

Ziagenavir Abacavir Antiretroviral

Zinacef Cefuroxime sodium Cephalosporin

Zinamide Pyrazinamide Antimycobacterial

Zinnat Cefuroxime axetil Cephalosporin

Zithromax Azithromycin Azalide

Zithromax Tri-Pak Azithromycin Azalide

Zitromax Azithromycin Azalide

Zmax Azithromycin Azalide

Zolicef Cefazolin sodium Cephalosporin

Zosyn* Piperacillin/tazobactam Penicillin/β-lactamase inhibitor

Zovirax Acyclovir Antiviral

Z-PAK Azithromycin Azalide

Zymar Gatifloxacin Fluoroquinolone

Zyvox Linezolid Oxazolidinone

Zyvoxam Linezolid Oxazolidinone

*A combination product.
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TABLE 54-4  Penicillin Dosage Forms

FORMULATIONS
Oral

GENERIC NAME Tablets/Capsules (mg) Liquid (mg/mL) Parenteral (g)
Amoxicillin 125,* 250,* 400,* 250, 500, 875, 1000, 3000 50/1, 125/5, 250/5, 400/5, 500/5 0.25, 0.5, 1

Amoxicillin/clavulanate† 125, 125,* 200,* 250,* 375, 400,* 250, 500, 
875, 1000‡

125/5, 200/5, 250/5, 400/5 0.5, 1

Ampicillin 125,* 250, 500, 1000 100/1, 125/1.25, 125/5, 250/5, 500/5 0.1, 0.125, 0.25, 0.5, 1, 2, 10

Ampicillin/sulbactam 375 1.5, 3

Azlocillin 0.5, 1, 2, 3, 4

Bacampicillin 400, 800 125/5

Carbenicillin 1, 5

Carbenicillin indanyl sodium 382, 500

Cloxacillin 250, 500 125/5 0.25, 0.5, 1, 2

Cyclacillin 250, 500 125/5, 250/5

Dicloxacillin 125, 250, 500 62.5/5

Flucloxacillin 250, 500 125/5, 250/5 0.25, 0.5, 1

Methicillin 1, 2, 4, 6, 10

Mezlocillin 0.5, 1, 2, 3, 4, 5

Nafcillin 250, 500 250/5 0.5, 1, 2, 4, 10

Oxacillin 250, 500 250/5 0.25, 0.5, 1, 2, 4, 10

Penicillin G§ 0.1 MU, 0.2 MU, 0.25 MU, 0.4 MU, 0.5 MU, 
0.8 MU, 4 MU

0.2 MU/5, 0.25 MU/5, 0.5 MU/5 0.3 MU, 0.5 MU, 1 MU, 5 MU, 10 MU, 
20 MU

Penicillin G benzathine 0.3 MU, 0.6 MU, 1.2 MU, 2.4 MU

Penicillin G procaine 0.3 MU, 0.6 MU, 1.2 MU, 2.4 MU

Penicillin V potassium 125,* 250, 300, 312.5, 500, 625, 937.5 125/5, 180/5, 250/5, 300/5

Piperacillin 1, 2, 3, 4, 40

Piperacillin/tazobactam 2.25, 3.375, 4.5

Pivmecillinam 200

Ticarcillin 1, 3, 6, 20, 30

Ticarcillin/clavulanate 3.1, 31

*Chewable.
†Doses based on amoxicillin content.
‡Extended release.
§400,000 IU = 0.4 MU = 250 mg.

TABLE 54-5  Cephalosporin Dosage Forms

FORMULATIONS
Oral

GENERIC NAME Tablets/Capsules (mg) Liquid (mg/mL) Parenteral (g)
First Generation
Cefadroxil 250, 500, 1000 125/5, 250/5, 500/5, 500/10

Cefazolin 0.25, 0.5, 1, 2, 5, 10, 20

Cephalexin 250, 500, 1000 100/1, 125/1.25, 125/5, 250/5, 375/5, 500/5

Cephalothin 1, 2, 4, 20

Cephapirin 0.5, 1, 2, 4, 20

Cephradine 250, 500, 1000 125/5, 250/5 0.25, 0.5, 1, 2

Second Generation
Cefaclor 250, 375,* 500, 500* 125/5, 187/5, 250/5, 375/5

Cefamandole 0.5, 1, 2, 10

Cefonicid 0.5, 1

Cefotetan 0.5, 1, 2, 10

Cefoxitin 0.5, 1, 2, 10

Cefprozil 250, 500 125/5, 250/5

Cefuroxime 125, 250, 500 125/5, 250/5 0.25, 0.75, 1.5, 7.5

Third Generation
Cefdinir 300 125/5

Cefditoren pivoxil 200

Cefixime 50, 100, 200, 400 100/5

Cefoperazone 0.25, 0.5, 1, 2, 10

Cefotaxime 0.5, 1, 2, 10, 20

Cefpodoxime 100, 200 50/5, 100/5
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TABLE 54-6  Aminoglycoside Dosage Forms

GENERIC 
NAME

FORMULATIONS
Oral

Parenteral (g)
Tablets/
Capsules (mg)

Liquid 
(mg/mL)

Amikacin 0.1, 0.25, 0.35, 0.5, 0.75, 1

Gentamicin 0.01, 0.02, 0.04, 0.08, 0.8

Kanamycin 500 0.075, 0.5, 1

Neomycin 350, 500 125/5 0.5

Netilmicin 0.05, 0.1, 0.15, 0.2, 2

Streptomycin 1

Tobramycin 300* 0.02, 0.04, 0.06, 0.08, 0.3, 
1.2, 2

*For inhalation.

FORMULATIONS
Oral

GENERIC NAME Tablets/Capsules (mg) Liquid (mg/mL) Parenteral (g)
Cefsulodin 0.5, 1, 2

Ceftazidime 0.25, 0.5, 1, 2, 6, 10

Ceftibuten 218, 400, 435 90/5, 98/5, 196/5

Ceftriaxone 0.25, 0.5, 1, 2, 10

Moxalactam 0.25, 0.5, 1, 2, 10

Fourth Generation
Cefepime 0.5, 1, 2

Fifth Generation
Ceftobiprole 0.5

Ceftaroline 0.4, 0.6

*Sustained release.

TABLE 54-5  Cephalosporin Dosage Forms—cont’d

TABLE 54-7  Tetracycline and Related Products 
Dosage Forms

GENERIC 
NAME

FORMULATIONS
Oral

Parenteral (g)
Tablets/Capsules 
(mg)

Liquid 
(mg/mL)

Demeclocycline 75, 150, 300

Doxycycline 20, 50, 100, 100* 25/5, 50/5 0.1, 0.2

Methacycline 150, 300 75/5

Minocycline 50, 75, 100 50/5 0.1

Oxytetracycline 125, 250 100/1, 125/5 0.05, 0.25

Tigecycline 0.05

Tetracycline 50, 100, 250, 500 125/5 0.1, 0.25, 0.5

*Sustained release.

TABLE 54-8  Macrolide, Azalide, Ketolide, Lincosamide, Chloramphenicol, and Metronidazole Dosage Forms

FORMULATIONS
Oral

GENERIC NAME Tablets/Capsules (mg) Liquid (mg/mL) Parenteral (g)
Azithromycin 250, 500, 600, 1000 100/5, 200/5, 2000/60* 0.5

Clarithromycin 250, 500, 500* 125/5, 125/15, 187.5/5, 250/5

Dirithromycin 250

Erythromycin base 250, 250,* 333, 333,* 500, 500*

Erythromycin stearate 100, 250, 500 100/2.5, 125/5, 200/5, 250/5

Erythromycin ethylsuccinate 200,† 400, 600 100/2.5, 125/5, 200/5, 400/5

Erythromycin lactobionate 0.5, 1

Erythromycin gluceptate 0.5, 1

Erythromycin estolate 125, 125,† 250,† 250, 500 100/1, 125/1, 125/5, 250/1, 250/5

Fidaxomycin 200

Roxithromycin 150, 300

Telithromycin 800

Clindamycin 75, 150, 300 75/5 0.3, 0.6, 0.9

Lincomycin 250, 500 50/1, 250/5 0.3, 0.6

Chloramphenicol 250 30/1, 125/5 1

Metronidazole 200, 250, 375, 400, 500, 500,‡ 750,* 1000‡ 200/5 0.5

*Sustained release.
†Chewable.
‡Vaginal suppository.
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TABLE 54-9  Miscellaneous Agent Dosage Forms

FORMULATIONS
Oral

GENERIC NAME
Tablets/
Capsules (mg)

Liquid 
(mg/mL)

Parenteral 
(g)

Aztreonam 0.5, 1, 2

Colistimethate 25/5 0.15

Daptomycin 0.5

Doripenem 0.5

Ertapenem 1

Fusidic acid 250 246/5

Imipenem 0.25, 0.5, 0.75

Linezolid 400, 600 100/5 0.2, 0.4, 0.6

Loracarbef 200, 400 100/5, 200/5

Meropenem 0.25, 0.5, 1

Quinupristin/dalfopristin 0.15, 0.35

Rifaximin 200

Telavancin 0.25, 0.75

Teicoplanin 0.4

Vancomycin 125, 250 0.5, 1, 5, 10

TABLE 54-10  Folate Antagonist Dosage Forms

FORMULATIONS
Oral

GENERIC NAME
Tablets/
Capsules (mg)

Liquid 
(mg/mL) Parenteral (g)

Trimethoprim/
sulfamethoxazole

20/80, 100/400, 
160/800

8/40/1, 
40/200/5, 
80/400/5

0.080/0.400, 
0.160/0.800

Trimethoprim 100, 200, 300 50/5 0.020/1 mL

Sulfisoxazole 500 500/5

Sulfamethoxazole 500, 1000 500/5

Sulfamethizole 500, 1000 100/5

Sulfadiazine 500

Dapsone 25, 100

Trimetrexate 0.040

TABLE 54-11  Quinolone and Urinary Anti-infective Dosage Forms

FORMULATIONS
Oral

GENERIC NAME Tablets/Capsules (mg) Liquid (mg/mL) Parenteral (g)
Quinolones
Cinoxacin 250, 500

Ciprofloxacin 100, 200, 250, 500, 750 50/1, 100/1, 250/5, 500/5 0.2, 0.4

Enoxacin 200, 400

Gemifloxacin 320

Levofloxacin 250, 500, 750 0.25, 0.5, 0.75

Lomefloxacin 400

Moxifloxacin 400 0.4

Nalidixic acid 250, 500, 1000 50/1, 250/5

Norfloxacin 100, 400

Ofloxacin 100, 200, 300, 400 0.1, 0.2, 0.4

Pazufloxacin 0.5

Pefloxacin 400 0.4

Pipemidic acid 250

Rosoxacin 150

Rufloxacin 200

Sitafloxacin 50

Sparfloxacin 200

Urinary Anti-infectives
Fosfomycin 3000

Methenamine mandelate 250, 500, 1000 250/5, 500/5

Nitrofurantoin 25, 50, 100 25/5

TABLE 54-12  Antimycobacterial Dosage Forms

FORMULATIONS
Oral

GENERIC NAME Tablets/Capsules (mg) Liquid (mg/mL) Parenteral (g)
Aminosalicylic acid 4000

Capreomycin 1

Clofazimine 50, 100

Cycloserine 250

Ethambutol 100, 400

Ethionamide 125, 250

Isoniazid 50, 100, 300 10/1, 50/5 0.1
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TABLE 54-13  Antifungal Dosage Forms

FORMULATIONS
Oral

GENERIC NAME Tablets/Capsules (mg) Liquid (mg/mL) Parenteral (g)
Amphotericin B 10, 100 100/1 0.05

Amphotericin B cholesteryl sulfate complex 0.05, 0.1

Amphotericin B lipid complex 0.1

Amphotericin B liposomal 0.05

Anidulafungin 0.05, 0.1

Caspofungin 0.05, 0.07

Clotrimazole 10, 100,* 200,* 500*

Econazole 50,* 150*

Fluconazole 50, 100, 150, 200 10/1, 40/1, 50/5, 200/5 0.2, 0.4

Flucytosine 200, 250, 500 2.5

Griseofulvin 125, 165, 250, 330, 500 125/5

Itraconazole 100 10/1 0.25

Ketoconazole 200, 400* 20/1, 100/5

Micafungin 0.05, 0.1

Miconazole 100,* 200,* 250, 400* 0.01

Nystatin 100,000 U, 100,000 U,* 200,000 U, 500,000 U 100,000 U/1, 500,000 U/5

Posaconazole 40/1

Terbinafine 125, 250

Terconazole 80,* 240*

Tinidazole 250, 500

Voriconazole 50, 200 0.2

*Vaginal tablet, ovule, suppository form.

TABLE 54-14  Antiparasitic Dosage Forms

FORMULATIONS
Oral

GENERIC NAME Tablets/Capsules (mg) Liquid (mg/mL) Parenteral (g)
Albendazole 200

Artemether/lumefantrine 20/120

Artesunate 0.11

Atovaquone 750/5

Atovaquone/proguanil 250/100, 62.5/25

Bithionol 200

Chloroquine phosphate 150, 300

Diethylcarbamazine 50, 200, 400

Diloxanide furoate 500

Furazolidone 100

Halofantrine 250

Hydroxychloroquine sulfate 155

Iodoquinol 210, 650

Ivermectin 3

Mebendazole 100

Mefloquine 250

Meglumine antimonate 0.085

Melarsoprol 900

Niclosamide 500

FORMULATIONS
Oral

GENERIC NAME Tablets/Capsules (mg) Liquid (mg/mL) Parenteral (g)
Pyrazinamide 500

Rifabutin 150

Rifampin 150, 300, 450, 600 100/5 0.6

Rifapentine 150

Streptomycin 1

TABLE 54-12  Antimycobacterial Dosage Forms—cont’d
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FORMULATIONS
Oral

GENERIC NAME Tablets/Capsules (mg) Liquid (mg/mL) Parenteral (g)
Nifurtimox 30, 120

Nitazoxanide 500 100/5

Paromomycin sulfate 250

Pentamidine isethionate 0.3

Piperazine citrate 250

Praziquantel 600

Primaquine 7.5, 15

Proguanil 100

Pyrantel pamoate 62.5 250/5

Pyrimethamine 25

Quinine sulfate 324

Sodium stibogluconate 10

Suramin 1

Thiabendazole 500/5

Tinidazole 250

Trimetrexate glucuronate 0.2

TABLE 54-14  Antiparasitic Dosage Forms—cont’d

TABLE 54-15  Antiviral Dosage Forms*

FORMULATIONS
Oral

GENERIC NAME Tablets/Capsules (mg) Liquid (mg/mL) Parenteral (g)
Acyclovir 200, 400, 800 200/5 0.1, 0.5, 1

Adefovir 10

Amantadine 50, 100 50/5

Boceprevir 200

Cidofovir 0.375

Entecavir 0.5, 1 0.05/1

Famciclovir 125, 250, 500

Foscarnet 6, 12

Ganciclovir 250, 500 0.5

Interferon alfa-2a 3 MIU, 4.5 MIU, 6 MIU, 9 MIU, 18 MIU, 36 MIU

Interferon alfa-2b 1 MIU, 3 MIU, 3.5 MIU, 5 MIU, 10 MIU, 18 MIU, 30 MIU, 35 MIU, 50 MIU

Interferon alfacon-1 9 µg, 15 µg, 30 µg

Interferon alfa-n3 5 MIU

Oseltamivir 75 12/1

Palivizumab 0.1

Peginterferon alfa-2a 180 µg

Peginterferon alfa-2b 74 µg, 118.4 µg, 177.6 µg, 222 µg

Peginterferon alfa-2b/ribavirin 50 µg/200 mg, 80 µg/200 mg, 100 µg/200 mg, 120 µg/200 mg, 150 µg/200 mg

Ribavirin 200, 400, 500, 600 40/1 6†

Rimantadine 100, 200, 400 50/5

Telaprevir 375

Telbivudine 600

Valacyclovir 500, 1000

Valganciclovir 450 50/1

Zanamivir 5†

*Not including antiretrovirals, which are listed in Table 54-16.
†Powder for oral inhalation.
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TABLE 54-16  Antiretroviral Dosage Forms

FORMULATIONS
Oral

GENERIC NAME Tablets/Capsules (mg) Liquid (mg/mL) Parenteral (g)
Abacavir 300 20/1

Abacavir/lamivudine 600/300

Abacavir/lamivudine/zidovudine 300/150/300

Darunavir 300, 600

Delavirdine 100, 200

Didanosine 25, 50, 100, 125,* 150, 200, 200,* 250,* 400* 10/1

Dolutegravir 50

Efavirenz 50, 200, 600

Efavirenz/emtricitabine/tenofovir 600/200/300

Elvitegravir/cobicistat/emtricitabine/tenofovir 150/150/200/300

Emtricitabine 200 10/1

Emtricitabine/tenofovir 200/300

Emtricitabine/rilpivirine/tenofovir 200/25/300

Enfuvirtide 0.09

Etravirine 100

Fosamprenavir 700 50/1

Indinavir 100, 200, 333, 400

Lamivudine 150, 300 10/1

Lopinavir/ritonavir 100/25, 200/50 80/20/1

Maraviroc 150, 300

Nelfinavir 250, 625 50 mg/g†

Nevirapine 200 50/5

Raltegravir 400

Rilpivirine 25

Ritonavir 100 80/1

Saquinavir 200

Stavudine 15, 20, 30, 40 1/1

Tenofovir 300

Tipranavir 250

Zidovudine 100, 300 50/5 0.2

*Extended release.
†Oral 50 mg/g off-white powder containing 50 mg (as nelfinavir free base) in each level scoopful (1 g).

TABLE 54-17  Anti-infective Agent Pharmacology: Penicillins

DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—
SELECTED DOSES

DOSAGE RECOMMENDATIONS SERUM HALF-LIFE (hr)
STANDARD DOSE WITH DOSING 

INTERVALS IN RENAL IMPAIRMENT

Dosage with 
Dialysis Body Fluid ConcentrationsAdults Children: Dose/Interval

Newborn 
(Parenteral):  
Dose/Interval

With 
Normal 

and Anuric 
CrCl 

Values 
(mL/min)

With 
Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose (g)

Peak 
Serum 
(µg/mL)

Peak or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily Dose 
(g) Oral Parenteral Up to 1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera 

During 
PD 
(daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum 
(%)

Breast 
Milk/
Maternal 
Serum 
(%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Amdinocillin 10 mg/kg 50 1260 10 mg/kg 
q4-6h

10 mg/kg q4-6h 
(not approved)

0.8-1 3.4-5.6 1.8 10 mg/kg 4 4 6-8 8 10 mg/kg 400

Amoxicillin1 (74-92) 0.25 PO2

0.5 PO2
3.5-5
5.5-11

0.25-2 q8h 4 20-90 mg/kg/day 
in 3 doses3

0.7-1.4 7.4-21 0.25-0.5 8 8 8-12 12-16 0.25-0.5 5-10 25-33 5 100-
3000

Negligible

Amoxicillin/
clavulanate

0.25 PO
0.5 PO
0.875 PO

3.7-4.8
6-9.7
11.6

381 0.25-2 
q8-12h

4 20-90 mg/kg/day 
in 3 doses4

1.1-1.3 7.5 0.25-2.0 8-12 8-12 0.25-
0.5 
q12h

0.25-0.5 
q24h

0.25-0.5 0.25  
q12h

6 Low 1100

Ampicillin1 (30-55) 0.25 PO2

0.5 PO2

2 IV

1.8-2.9
3-6
47.6

0.25-0.5 
q6h

0.5-2 q4-6h 4 PO, 12 IV 6.25-255 mg/kg 
q6h

6.25-25 mg/kg 
q6h6

25 mg/kg q12h 25 mg/kg q8h 0.7-1.4 7.4-21 0.5-2 4-6 4-6 8 12 0.5-2 1-4 100 11 100-
3000

2-8

Ampicillin/sulbactam 1.5 IV
3 IV

40-71
109-150

1.5-3 q6h 12 25-50 mg/kg q6h 1 9 1.5-3.0 6-8 6-8 8-12 24

Azlocillin (minimal) 2 IV7

3 IV7
165
214

2200-8100 2-4 q4-6h 24 75 mg/kg q6h 
(not approved)6

1 5 1.5-2.6 2-4 4-6 4-6 8 12 3 13.38

Bacampicillin9 
(80-98)

0.4 PO
0.8 PO
1.6 PO

5.8-8.3
12.0-15.9
18.6-20.1

0.4-1.6 
q12h

3.2 12.5-25 mg/kg 
q12h

0.7-1.4 7.4-21 0.4-1.6 12 12 12 65-75 1.7-3.6 17
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was developed as a tool to predict mortality during surgery and the 
necessity for liver transplantation. Newer scoring systems such as the 
Model for End-Stage Liver Disease (MELD) have been developed as 
prognostic tools. However, these categorical estimates have limited 
clinical validity when considering dose modification. Many anti-
infective agents have a high therapeutic-to-toxic ratio and thus, dosage 
adjustment in hepatic impairment is not necessary, even in the face of 
impaired body clearance. In circumstances where narrow therapeutic-
to-toxic ratios are seen, clinical judgment and appropriate treatment 
of infection should take precedence in drug dosing.

DOSAGE ADJUSTMENT FOR BODY 
SIZE (OBESE AND UNDERWEIGHT)
The dosage of drugs in adults is often based on a fixed dose (no regard 
to body size), weight, or body surface area (height and weight metric). 
Several anti-infective agents have traditionally been dosed on the basis 
of body weight (mg/kg). Although this approach may be reasonable 
during maturation (birth to 2 years of age), the reliability of this body 
size metric has been called into question because drug clearance mech-
anisms do not increase proportionately with weight (>2 years of age). 
The underlying mathematical assumptions and dosing errors that may 
occur as a consequence of using weight or an alternate body size 
descriptor have been recently reviewed. In general, computing main-
tenance anti-infective doses on total body weight has the potential to 
overdose (obese) and underdose (underweight) individuals at the 
extremes of the weight distribution. Over time, several alternate body 
size descriptors such as body surface area, ideal body weight, adjusted 
body weight, and lean body weight have been developed to fix this 
dosing problem. Adjusted body weight and lean body weight are math-
ematically similar to body surface area as metrics for dosing adults.  
In contrast, ideal body weight is computed by sex using height only 
and so using this body size descriptor is conceptually equivalent to 

height-based dosing. As an example, if an anti-infective dose is 
approved as 10 mg/kg/day in an adult, then the dose will be 600 mg 
(60 kg) and 1200 mg (120 kg) if dosed on total body weight. If the 
60-kg and 120-kg adults are male and 69 inches (175 cm) in height, 
then the ideal body weight is 70.7 kg and both individuals would 
receive the same dose of 707 mg if dosed on ideal body weight. In 
contrast, the lean body weight would be 51.1 kg and 73.5 kg in the 
60-kg and 120-kg adults, respectively. So the doses would be 511 and 
735 mg (1.4-fold difference) across this twofold difference in total body 
weight. If the anti-infective had been approved as 12 mg/kg/day on the 
basis of lean body weight, the dose would be 613 mg and 882 mg in 
the 60- and 120-kg individuals. This last solution meets empirical 
observations that drug clearance typically increases by approximately 
50% across this twofold weight distribution. Unfortunately, early-phase 
clinical trials that define the dose for evaluation in phase 3 trials often 
exclude obese and underweight subjects. So this narrow weight distri-
bution in early-phase trials limits our ability to define drug-specific 
dose extrapolation for body size. Regrettably, consensus on a universal 
approach to dose extrapolation has not been reached and so specific 
guidance for anti-infective dosing in the obese and the underweight 
should be sought on a drug-by-drug basis.

DRUG-DRUG INTERACTIONS
Drug-drug interactions are categorized into pharmacodynamic and 
pharmacokinetic interactions. Many interactions deemed pharmaco-
dynamic are really the exposure-response effects of a pharmacokinetic 
interaction leading to greater pharmacologic effect. These pharmaco-
dynamic interactions are often exploited in anti-infective therapy; thus, 
combination therapy results in synergy. Quantitation of pharmacody-
namic interactions is at best difficult.

Pharmacokinetic interactions are somewhat more “predictable” but 
still show large variability in the population.

TABLE 54-17  Anti-infective Agent Pharmacology: Penicillins

DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—
SELECTED DOSES

DOSAGE RECOMMENDATIONS SERUM HALF-LIFE (hr)
STANDARD DOSE WITH DOSING 

INTERVALS IN RENAL IMPAIRMENT

Dosage with 
Dialysis Body Fluid ConcentrationsAdults Children: Dose/Interval

Newborn 
(Parenteral):  
Dose/Interval

With 
Normal 

and Anuric 
CrCl 

Values 
(mL/min)

With 
Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose (g)

Peak 
Serum 
(µg/mL)

Peak or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily Dose 
(g) Oral Parenteral Up to 1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera 

During 
PD 
(daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum 
(%)

Breast 
Milk/
Maternal 
Serum 
(%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Amdinocillin 10 mg/kg 50 1260 10 mg/kg 
q4-6h

10 mg/kg q4-6h 
(not approved)

0.8-1 3.4-5.6 1.8 10 mg/kg 4 4 6-8 8 10 mg/kg 400

Amoxicillin1 (74-92) 0.25 PO2

0.5 PO2
3.5-5
5.5-11

0.25-2 q8h 4 20-90 mg/kg/day 
in 3 doses3

0.7-1.4 7.4-21 0.25-0.5 8 8 8-12 12-16 0.25-0.5 5-10 25-33 5 100-
3000

Negligible

Amoxicillin/
clavulanate

0.25 PO
0.5 PO
0.875 PO

3.7-4.8
6-9.7
11.6

381 0.25-2 
q8-12h

4 20-90 mg/kg/day 
in 3 doses4

1.1-1.3 7.5 0.25-2.0 8-12 8-12 0.25-
0.5 
q12h

0.25-0.5 
q24h

0.25-0.5 0.25  
q12h

6 Low 1100

Ampicillin1 (30-55) 0.25 PO2

0.5 PO2

2 IV

1.8-2.9
3-6
47.6

0.25-0.5 
q6h

0.5-2 q4-6h 4 PO, 12 IV 6.25-255 mg/kg 
q6h

6.25-25 mg/kg 
q6h6

25 mg/kg q12h 25 mg/kg q8h 0.7-1.4 7.4-21 0.5-2 4-6 4-6 8 12 0.5-2 1-4 100 11 100-
3000

2-8

Ampicillin/sulbactam 1.5 IV
3 IV

40-71
109-150

1.5-3 q6h 12 25-50 mg/kg q6h 1 9 1.5-3.0 6-8 6-8 8-12 24

Azlocillin (minimal) 2 IV7

3 IV7
165
214

2200-8100 2-4 q4-6h 24 75 mg/kg q6h 
(not approved)6

1 5 1.5-2.6 2-4 4-6 4-6 8 12 3 13.38

Bacampicillin9 
(80-98)

0.4 PO
0.8 PO
1.6 PO

5.8-8.3
12.0-15.9
18.6-20.1

0.4-1.6 
q12h

3.2 12.5-25 mg/kg 
q12h

0.7-1.4 7.4-21 0.4-1.6 12 12 12 65-75 1.7-3.6 17

Continued
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DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—
SELECTED DOSES

DOSAGE RECOMMENDATIONS SERUM HALF-LIFE (hr)
STANDARD DOSE WITH DOSING 

INTERVALS IN RENAL IMPAIRMENT

Dosage with 
Dialysis Body Fluid ConcentrationsAdults Children: Dose/Interval

Newborn 
(Parenteral):  
Dose/Interval

With 
Normal 

and Anuric 
CrCl 

Values 
(mL/min)

With 
Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose (g)

Peak 
Serum 
(µg/mL)

Peak or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily Dose 
(g) Oral Parenteral Up to 1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera 

During 
PD 
(daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum 
(%)

Breast 
Milk/
Maternal 
Serum 
(%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Carbenicillin 1 IV
3 IV10

45-71
278

1000
4165

5-6 q4h 30 25-100 mg/kg 
q4-6h

66.7-100 mg/
kg q8h

400 mg/kg/day 
q6-8h

0.78-1 9.4-
23.4

6 4.2-7.4 5-6 4 4 2-3 q6h Avoid 0.75-2 2 q6-12h 9.49 50-100 0.4 50-75 Up to 3

Carbenicillin indanyl 
sodium (30-40)

0.382 PO 6.5 0.576-1.1311 0.382-0.764 
q6h

3 0.78-1 9.4-
23.4

Cloxacillin1 (37-60) 0.5 PO 6.9-15 0.25-1 q6h 2 12.5-25 mg/kg 
q6h

0.4-0.8 0.8-2.3 0.5-1 6 6 6 6 Usual 
regimen

Usual 
regimen

Cyclacillin 0.25 PO
0.5 PO

6-7
11-12

0.25-0.5 2 12.5-25 mg/kg 
q6h

0.25-0.5 6 6 12-24 24

Dicloxacillin1 (35-76) 0.5 PO 10-18 0.125-0.5 2 3.125-6.255 mg/
kg q6h

0.6-0.8 1-2.2 1-2.2 1-2.2 0.125-0.5 6 6 6 6 Usual 
regimen

Usual 
regimen

Minimal 0-10 5-8

Flucloxacillin1 (50-70) 0.25 PO
0.50 PO

6-9
11-20

0.25 q6h 0.25 q6h 8 62.5-125 mg 
q6h

62.5-250 mg q6h 0.75-
1.5

0.75-
1.5

0.75-1.5 0.75-
1.5

0.25 6-8 6-8 6-8 6-8 Usual 
regimen

Usual 
regimen

Methicillin 1 IV10

1 IM
2 IM

59.8
9-18
13.8

1-2 q4-6h 12 25-100 mg/kg 
q4-6h12

25-50 mg/kg 
q12h

25-50 mg/kg 
q8h

0.4-0.5 4-6 4-6 4-6 1-2 4-6 4-6 8 12 10 50-100 ≥100 Negligible

Mezlocillin 1 IV10

2 IV10

5 IV10

64-143
161-364
199-597

4000 3-4 q4-6h 24 50-75 mg/kg q4h 75 mg/kg q12h 75 mg/kg 
q6-8h13

0.71-
1.3

1.6-14 1.6-14 3-4 4-6 4-6 8 2 g q8h 2-3 3 g q8h 1.2-
11.79

70-500 Low 1000

Nafcillin1 (36) 1 PO
1 IM
7.6
0.5 IV10

7.7
40

0.5-1 q6h 0.5-2 q4-6h 2 PO, 9 IV 12.5-25 mg/kg 
q6h5

12.5-25 mg/kg 
q6h5

25 mg/kg 
q8-12h14

25 mg/kg 
q6-8h13

0.5-1.5 1.8-2.8 1.8-2.8 1.8-2.8 0.5-2 4-6 4-6 4-6 4-6 Usual 
regimen

Usual 
regimen

9-20 10-15 ≥100 Negligible

Oxacillin1 (30-35) 0.25 PO
0.5 PO
0.5 IV  

q6h5

1.65
2.6-3.9
52-63

0.5-1 q4-6h 0.5-2 q4-6h 4 PO, 12 IV 12.5-25 mg/kg 
q6h5

12.5-50 mg/kg 25-50 mg/kg 
q8-12h14

25-50 mg, kg 
q6-8h13

0.3-0.8 0.5-2 0.5-2 0.5-2 0.5-2 4-6 4-6 4-6 4-6 Usual 
regimen

Usual 
regimen

10-15 ≤3.5 20-30 0

Penicillin G1 (15-30) 400,000 U PO
2 mU q2h IV

0.5 U/mL15

20
0.5-1 q6h 1-4 mU q4-6h 4 PO, 24 mU 

IV
25,000-

90,000 U/kg/
day in 3-6 
doses

25,000-
400,000 U/kg/
day q4-6h16

50,000-
150,000 U/
kg/day 
q8-12h14

75,000-
200,000 U/
kg/day 
q6-8h13

0.4-0.9 6-20 6-20 1-4 mU 4-6 4-6 4-6 0.5-2 mU 
q4-6h

500, 
000 U

0-10 100 6 200-800

Penicillin G 
benzathine

1.2 mU IM 0.15 U/mL 0.6-1.2 mU 
IM × 1

2.4 mU 0.6 mU IM × 13 50,000 U/kg 
IM × 1

Days

Penicillin G procaine 0.6 mU IM
1.2 mU IM

1.6
1.95

0.6-1.2 mU 
IM q12h

4.8 mU 25,000-50,000  
U/kg/day IM16

50,000 U/kg/
day IM

24 Minimal

0.6-1.2 mU 12 12 12 12

Penicillin V 
potassium1 
(60-73)

0.25 PO
0.5 PO

2.3-2.7
4.9-6.3

0.25-0.5 
q6h

2 25,000-
100,000 U/kg/
day in 3-6 
doses

0.5 7-10 0.25-0.5 6 6 6 6 0.25

Piperacillin 2 IV10 4 IV10

6 IV10

695-849

159-615
389-484

8500
14,100

3-4 q4-6h 18 50 mg/kg q4h16 0.6-1.3 2.1-6 2.1-6 3-4 4-6 4-6 8 12 1 g post, 
then 
2 g q8h

1 3000-
6000

Piperacillin/
tazobactam

3.375 IV7

4.5 IV7
209
224

3.375-4.5 
q6-8h

13.5 0.7-1.1 1.9-3.5 2.5-4.5 6-8 6-8 >100

Ticarcillin 1 IV10

2 IV10

3 IV10

70-100
200-218
257

650-250011 3 q4-6h 18 200-300 mg/kg/
day q4-6h5

75 mg/kg 
q8-12h14

75 mg/kg q8h 
if <2 kg; 
100 mg/kg 
q8h if >2 kg

0.93-
1.3

13.5-
16.2

3 4-6 4-6 6-8 6-8 3 g post, 
then 
2 g 
q12h

3 g q12h 39

Ticarcillin/clavulanate 3.1 IV 324 1500 3.1 q4-8h 18.6 50 mg/kg q4-6h 1.1-1.5 8.5 3.1 4-6 4-6 2-3.1 g 
q6h

2 g q12h 3.1 3.1 q12h Low

1Decreased rate or extent of absorption, or both, when given with food.
2Fasting.
3Children <20-27 kg.
4Children <40 kg should not receive the 250-mg film-coated tablet.
5Children <40-50 kg.
616.7-33.3 mg/kg q4h for meningitis.
7Infusion over 15-30 min.
8Mean concentration.
9100% of bacampicillin is metabolized to ampicillin.
10IV push (over 2-10 min).
11Over 3 hr.
12Depending on severity of infection.
13q6h if >2 kg; q8h if <2 kg.
14q8h if >2 kg; q12h if <2 kg.
15Higher when given with probenecid.
16Dosage should not exceed adult dosage.
aSpecified dose is supplemental to that after hemodialysis.
bInflamed meninges.

TABLE 54-17  Anti-infective Agent Pharmacology: Penicillins—cont’d
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DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—
SELECTED DOSES

DOSAGE RECOMMENDATIONS SERUM HALF-LIFE (hr)
STANDARD DOSE WITH DOSING 

INTERVALS IN RENAL IMPAIRMENT

Dosage with 
Dialysis Body Fluid ConcentrationsAdults Children: Dose/Interval

Newborn 
(Parenteral):  
Dose/Interval

With 
Normal 

and Anuric 
CrCl 

Values 
(mL/min)

With 
Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose (g)

Peak 
Serum 
(µg/mL)

Peak or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily Dose 
(g) Oral Parenteral Up to 1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera 

During 
PD 
(daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum 
(%)

Breast 
Milk/
Maternal 
Serum 
(%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Carbenicillin 1 IV
3 IV10

45-71
278

1000
4165

5-6 q4h 30 25-100 mg/kg 
q4-6h

66.7-100 mg/
kg q8h

400 mg/kg/day 
q6-8h

0.78-1 9.4-
23.4

6 4.2-7.4 5-6 4 4 2-3 q6h Avoid 0.75-2 2 q6-12h 9.49 50-100 0.4 50-75 Up to 3

Carbenicillin indanyl 
sodium (30-40)

0.382 PO 6.5 0.576-1.1311 0.382-0.764 
q6h

3 0.78-1 9.4-
23.4

Cloxacillin1 (37-60) 0.5 PO 6.9-15 0.25-1 q6h 2 12.5-25 mg/kg 
q6h

0.4-0.8 0.8-2.3 0.5-1 6 6 6 6 Usual 
regimen

Usual 
regimen

Cyclacillin 0.25 PO
0.5 PO

6-7
11-12

0.25-0.5 2 12.5-25 mg/kg 
q6h

0.25-0.5 6 6 12-24 24

Dicloxacillin1 (35-76) 0.5 PO 10-18 0.125-0.5 2 3.125-6.255 mg/
kg q6h

0.6-0.8 1-2.2 1-2.2 1-2.2 0.125-0.5 6 6 6 6 Usual 
regimen

Usual 
regimen

Minimal 0-10 5-8

Flucloxacillin1 (50-70) 0.25 PO
0.50 PO

6-9
11-20

0.25 q6h 0.25 q6h 8 62.5-125 mg 
q6h

62.5-250 mg q6h 0.75-
1.5

0.75-
1.5

0.75-1.5 0.75-
1.5

0.25 6-8 6-8 6-8 6-8 Usual 
regimen

Usual 
regimen

Methicillin 1 IV10

1 IM
2 IM

59.8
9-18
13.8

1-2 q4-6h 12 25-100 mg/kg 
q4-6h12

25-50 mg/kg 
q12h

25-50 mg/kg 
q8h

0.4-0.5 4-6 4-6 4-6 1-2 4-6 4-6 8 12 10 50-100 ≥100 Negligible

Mezlocillin 1 IV10

2 IV10

5 IV10

64-143
161-364
199-597

4000 3-4 q4-6h 24 50-75 mg/kg q4h 75 mg/kg q12h 75 mg/kg 
q6-8h13

0.71-
1.3

1.6-14 1.6-14 3-4 4-6 4-6 8 2 g q8h 2-3 3 g q8h 1.2-
11.79

70-500 Low 1000

Nafcillin1 (36) 1 PO
1 IM
7.6
0.5 IV10

7.7
40

0.5-1 q6h 0.5-2 q4-6h 2 PO, 9 IV 12.5-25 mg/kg 
q6h5

12.5-25 mg/kg 
q6h5

25 mg/kg 
q8-12h14

25 mg/kg 
q6-8h13

0.5-1.5 1.8-2.8 1.8-2.8 1.8-2.8 0.5-2 4-6 4-6 4-6 4-6 Usual 
regimen

Usual 
regimen

9-20 10-15 ≥100 Negligible

Oxacillin1 (30-35) 0.25 PO
0.5 PO
0.5 IV  

q6h5

1.65
2.6-3.9
52-63

0.5-1 q4-6h 0.5-2 q4-6h 4 PO, 12 IV 12.5-25 mg/kg 
q6h5

12.5-50 mg/kg 25-50 mg/kg 
q8-12h14

25-50 mg, kg 
q6-8h13

0.3-0.8 0.5-2 0.5-2 0.5-2 0.5-2 4-6 4-6 4-6 4-6 Usual 
regimen

Usual 
regimen

10-15 ≤3.5 20-30 0

Penicillin G1 (15-30) 400,000 U PO
2 mU q2h IV

0.5 U/mL15

20
0.5-1 q6h 1-4 mU q4-6h 4 PO, 24 mU 

IV
25,000-

90,000 U/kg/
day in 3-6 
doses

25,000-
400,000 U/kg/
day q4-6h16

50,000-
150,000 U/
kg/day 
q8-12h14

75,000-
200,000 U/
kg/day 
q6-8h13

0.4-0.9 6-20 6-20 1-4 mU 4-6 4-6 4-6 0.5-2 mU 
q4-6h

500, 
000 U

0-10 100 6 200-800

Penicillin G 
benzathine

1.2 mU IM 0.15 U/mL 0.6-1.2 mU 
IM × 1

2.4 mU 0.6 mU IM × 13 50,000 U/kg 
IM × 1

Days

Penicillin G procaine 0.6 mU IM
1.2 mU IM

1.6
1.95

0.6-1.2 mU 
IM q12h

4.8 mU 25,000-50,000  
U/kg/day IM16

50,000 U/kg/
day IM

24 Minimal

0.6-1.2 mU 12 12 12 12

Penicillin V 
potassium1 
(60-73)

0.25 PO
0.5 PO

2.3-2.7
4.9-6.3

0.25-0.5 
q6h

2 25,000-
100,000 U/kg/
day in 3-6 
doses

0.5 7-10 0.25-0.5 6 6 6 6 0.25

Piperacillin 2 IV10 4 IV10

6 IV10

695-849

159-615
389-484

8500
14,100

3-4 q4-6h 18 50 mg/kg q4h16 0.6-1.3 2.1-6 2.1-6 3-4 4-6 4-6 8 12 1 g post, 
then 
2 g q8h

1 3000-
6000

Piperacillin/
tazobactam

3.375 IV7

4.5 IV7
209
224

3.375-4.5 
q6-8h

13.5 0.7-1.1 1.9-3.5 2.5-4.5 6-8 6-8 >100

Ticarcillin 1 IV10

2 IV10

3 IV10

70-100
200-218
257

650-250011 3 q4-6h 18 200-300 mg/kg/
day q4-6h5

75 mg/kg 
q8-12h14

75 mg/kg q8h 
if <2 kg; 
100 mg/kg 
q8h if >2 kg

0.93-
1.3

13.5-
16.2

3 4-6 4-6 6-8 6-8 3 g post, 
then 
2 g 
q12h

3 g q12h 39

Ticarcillin/clavulanate 3.1 IV 324 1500 3.1 q4-8h 18.6 50 mg/kg q4-6h 1.1-1.5 8.5 3.1 4-6 4-6 2-3.1 g 
q6h

2 g q12h 3.1 3.1 q12h Low

1Decreased rate or extent of absorption, or both, when given with food.
2Fasting.
3Children <20-27 kg.
4Children <40 kg should not receive the 250-mg film-coated tablet.
5Children <40-50 kg.
616.7-33.3 mg/kg q4h for meningitis.
7Infusion over 15-30 min.
8Mean concentration.
9100% of bacampicillin is metabolized to ampicillin.
10IV push (over 2-10 min).
11Over 3 hr.
12Depending on severity of infection.
13q6h if >2 kg; q8h if <2 kg.
14q8h if >2 kg; q12h if <2 kg.
15Higher when given with probenecid.
16Dosage should not exceed adult dosage.
aSpecified dose is supplemental to that after hemodialysis.
bInflamed meninges.

TABLE 54-17  Anti-infective Agent Pharmacology: Penicillins—cont’d
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TABLE 54-18  Anti-infective Agent Pharmacology: Cephalosporins

DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—
SELECTED DOSES

DOSAGE RECOMMENDATIONS
SERUM  

HALF-LIFE (hr)
STANDARD DOSE WITH DOSING INTERVALS IN 

RENAL IMPAIRMENT

Dosage with Dialysis Body Fluid ConcentrationsAdults
Children: Dose/

Interval

Newborn 
(Parenteral):  
Dose/Interval

With Normal and 
Anuric CrCl 

Values (mL/min)
With 

Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose 
(g)

Peak 
Serum 
(µg/mL)

Peak 
or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily 
Dose (g) Oral Parenteral

Up to 
1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera

During 
PD (daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum 
(%)

Breast 
Milk/
Maternal 
Serum 
(%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

First Generation

Cefadroxil (100) 0.5 PO
1 PO

10-18
24-35

1800 0.5-1 
q12-24h

2 30 mg/kg/
day q12h

1.1-2 20-25 0.5-1 12-24 12-24 0.5 q12-24h 0.5 q36 0.5-1 50 0.9-1.9 22

Cefazolin 1 IV
1 IM

188
64-76

4000 0.5-2 q8h 6 25-100 mg/
kg/day 
q6-8h

1.2-2.2 18-36 0.5-2 8 8 0.5-1 q8-12h 0.5-1 
q18-24h

0.25-0.5 1-4 35-69 3 29-300 <1.7

Cephalexin (100) 0.25 PO 9 2000 0.25-1 q6h 2 25-100 mg/
kg/day in 
4 doses

0.5-1.2 5-30 0.25-1 6 6 8-12 24-48 0.25-1 Minimal 60 2 216 11

0.5 PO 15-18

Cephalothin 1 IM 15-21 2500 0.5-2 12 80-160 mg/
kg/day q6h

0.5-0.9 3-8 0.5-2 4-6 4-6 1-1.5 q6h 0.5 q8h 0.5-2 ≤6 mg/L/
dialysate

1.2-5.6 16-41 22-172 4

1 IV 
q4-6h

30

Cephapirin 1 IV 67 2560 0.5-2 q4-6h 12 40-80 mg/kg/
day q6h

0.6-0.9 2.4 0.5-2 4-6 6 8 12 7.5-15 mg/kg 
before, then 
q12h postdialysis

60 7

Cephradine1 (>90) 0.25 PO 9 1600 0.25-1 q6h 0.5-2 q4-6h 2 PO, 8 IV 25-100 mg/
kg/day 
q6h or 
q12h

50-100 mg/
kg/day q6h

0.7-2 8-15 0.25-1.0 6 6 0.5 q6h 0.25 q12h 0.25 before, 
then 12 and 
36-48 hr 
later

0.5 q6h ≤1 9-22 14-20 10-400 5-9

0.5 PO 15-18 3200

8 IV

1 IV 86

Second Generation

Cefaclor1 (>52) 0.25 PO 5-7 600 0.25-0.5 
q8h

1.5 20-40 mg/
kg/day 
q8h2

0.5-1 2.8 0.25-0.5 8 8 8 8 0.25-0.5 2 ≥60 1-3

0.5 PO 13-15 900

Cefamandole 1 IV3

2 IV3

3 IV3

139
214
534

750
1400

0.5-2 q4-8h 8 50-150 mg/
kg/day 
q4-8h4

0.5-2.1 12.3-18 0.5-2 4-8 6 8 0.5-1 q12h 0.5-1 2 2.4 300-400 1.5

Cefmetazole 2 q6-12h 
0.5-2 q24h

8 1.2 1-2 6-12 12 16-24 48

Cefonicid 7.5 mg/
kg IV3

95-156 1020 3.5-5.8 50-60 0.5-2 4-8 6 8 0.5-1 q12h 0.5-1 2 2.4 300-400 1.5

2 3.5-5.8 50-60 0.5-2 24 8-25 mg/
kg 
q24h

4-15 mg/kg 
q24-48h

3-15 mg/
kg q3-5 
day

None <1 <10 0.2

0.5 IV 91

1 IV 221

Cefotetan 1 IV3 142-179.6 1400-
2000

1-2 q12h 4 40-60 mg/kg/
day q12h 
(not 
approved)

2.8-4.6 12-30 1-2 12 12 24 48 25% 
nondialysis 
days, 50% 
dialysis days

2.3 2-21

2 IV3 237 3500-
4000

Cefoxitin 1 IM

22-24 3000 1-2 q6-8h 8 80-160 mg/
kg/day 
q4-8h5

0.7-1.1 13-22 1-2 6-8 8-12 12-24 0.5-1 g 
q12-48h

1-2 2.8 100 ≤3 280 4-7

1 IV3 110-125

2 IV3 221

Cefprozil (95) 0.25 PO 5.6-6.8 250 0.25-0.5 
q12-24h

1 15 mg/kg 
q12h

0.9-1.5 5.9 0.25-0.5 12-24 12-24 50% q12-24h 50% 
q12-24h

0.5 PO 8.2-10.4 1000

1 PO 15.5-19.9 2900

Cefuroxime 
(37-52)6

0.5 PO
0.75 IV7

7 1150 0.125-0.5 
q12h

0.75-1.5 q8h 1 PO, 4.5 IV 0.125-0.25 
q12h8

50-100 mg/
kg/day 
q6-8h9

10 mg/kg 
q12h (not 
approved)

1-2 20 0.125-0.5 
PO

12 12 12 0.25 g 
q24h

0.75 15 mg/kg 
postdialysis

17-88 20-33 ≤3 35-80 10-14

51.1

Third Generation

Cefdinir1 (36) 0.2 PO
0.6 PO

0.7-1.7
2.4

0.3-0.6 
q12-24h

0.6 14 mg/kg/
day

1.1-4.4 0.75-1.5 
IV

8 8 8-12 0.75 g 
q24h

Cefditoren (14-16) 0.2 2.5-3 0.2-0.4 
q12h

0.8 3-6 mg/kg 
q8h

1.3-2 4.7 0.3-0.6 12-24

0.4 4.4-4.6
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TABLE 54-18  Anti-infective Agent Pharmacology: Cephalosporins

DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—
SELECTED DOSES

DOSAGE RECOMMENDATIONS
SERUM  

HALF-LIFE (hr)
STANDARD DOSE WITH DOSING INTERVALS IN 

RENAL IMPAIRMENT

Dosage with Dialysis Body Fluid ConcentrationsAdults
Children: Dose/

Interval

Newborn 
(Parenteral):  
Dose/Interval

With Normal and 
Anuric CrCl 

Values (mL/min)
With 

Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose 
(g)

Peak 
Serum 
(µg/mL)

Peak 
or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily 
Dose (g) Oral Parenteral

Up to 
1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera

During 
PD (daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum 
(%)

Breast 
Milk/
Maternal 
Serum 
(%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

First Generation

Cefadroxil (100) 0.5 PO
1 PO

10-18
24-35

1800 0.5-1 
q12-24h

2 30 mg/kg/
day q12h

1.1-2 20-25 0.5-1 12-24 12-24 0.5 q12-24h 0.5 q36 0.5-1 50 0.9-1.9 22

Cefazolin 1 IV
1 IM

188
64-76

4000 0.5-2 q8h 6 25-100 mg/
kg/day 
q6-8h

1.2-2.2 18-36 0.5-2 8 8 0.5-1 q8-12h 0.5-1 
q18-24h

0.25-0.5 1-4 35-69 3 29-300 <1.7

Cephalexin (100) 0.25 PO 9 2000 0.25-1 q6h 2 25-100 mg/
kg/day in 
4 doses

0.5-1.2 5-30 0.25-1 6 6 8-12 24-48 0.25-1 Minimal 60 2 216 11

0.5 PO 15-18

Cephalothin 1 IM 15-21 2500 0.5-2 12 80-160 mg/
kg/day q6h

0.5-0.9 3-8 0.5-2 4-6 4-6 1-1.5 q6h 0.5 q8h 0.5-2 ≤6 mg/L/
dialysate

1.2-5.6 16-41 22-172 4

1 IV 
q4-6h

30

Cephapirin 1 IV 67 2560 0.5-2 q4-6h 12 40-80 mg/kg/
day q6h

0.6-0.9 2.4 0.5-2 4-6 6 8 12 7.5-15 mg/kg 
before, then 
q12h postdialysis

60 7

Cephradine1 (>90) 0.25 PO 9 1600 0.25-1 q6h 0.5-2 q4-6h 2 PO, 8 IV 25-100 mg/
kg/day 
q6h or 
q12h

50-100 mg/
kg/day q6h

0.7-2 8-15 0.25-1.0 6 6 0.5 q6h 0.25 q12h 0.25 before, 
then 12 and 
36-48 hr 
later

0.5 q6h ≤1 9-22 14-20 10-400 5-9

0.5 PO 15-18 3200

8 IV

1 IV 86

Second Generation

Cefaclor1 (>52) 0.25 PO 5-7 600 0.25-0.5 
q8h

1.5 20-40 mg/
kg/day 
q8h2

0.5-1 2.8 0.25-0.5 8 8 8 8 0.25-0.5 2 ≥60 1-3

0.5 PO 13-15 900

Cefamandole 1 IV3

2 IV3

3 IV3

139
214
534

750
1400

0.5-2 q4-8h 8 50-150 mg/
kg/day 
q4-8h4

0.5-2.1 12.3-18 0.5-2 4-8 6 8 0.5-1 q12h 0.5-1 2 2.4 300-400 1.5

Cefmetazole 2 q6-12h 
0.5-2 q24h

8 1.2 1-2 6-12 12 16-24 48

Cefonicid 7.5 mg/
kg IV3

95-156 1020 3.5-5.8 50-60 0.5-2 4-8 6 8 0.5-1 q12h 0.5-1 2 2.4 300-400 1.5

2 3.5-5.8 50-60 0.5-2 24 8-25 mg/
kg 
q24h

4-15 mg/kg 
q24-48h

3-15 mg/
kg q3-5 
day

None <1 <10 0.2

0.5 IV 91

1 IV 221

Cefotetan 1 IV3 142-179.6 1400-
2000

1-2 q12h 4 40-60 mg/kg/
day q12h 
(not 
approved)

2.8-4.6 12-30 1-2 12 12 24 48 25% 
nondialysis 
days, 50% 
dialysis days

2.3 2-21

2 IV3 237 3500-
4000

Cefoxitin 1 IM

22-24 3000 1-2 q6-8h 8 80-160 mg/
kg/day 
q4-8h5

0.7-1.1 13-22 1-2 6-8 8-12 12-24 0.5-1 g 
q12-48h

1-2 2.8 100 ≤3 280 4-7

1 IV3 110-125

2 IV3 221

Cefprozil (95) 0.25 PO 5.6-6.8 250 0.25-0.5 
q12-24h

1 15 mg/kg 
q12h

0.9-1.5 5.9 0.25-0.5 12-24 12-24 50% q12-24h 50% 
q12-24h

0.5 PO 8.2-10.4 1000

1 PO 15.5-19.9 2900

Cefuroxime 
(37-52)6

0.5 PO
0.75 IV7

7 1150 0.125-0.5 
q12h

0.75-1.5 q8h 1 PO, 4.5 IV 0.125-0.25 
q12h8

50-100 mg/
kg/day 
q6-8h9

10 mg/kg 
q12h (not 
approved)

1-2 20 0.125-0.5 
PO

12 12 12 0.25 g 
q24h

0.75 15 mg/kg 
postdialysis

17-88 20-33 ≤3 35-80 10-14

51.1

Third Generation

Cefdinir1 (36) 0.2 PO
0.6 PO

0.7-1.7
2.4

0.3-0.6 
q12-24h

0.6 14 mg/kg/
day

1.1-4.4 0.75-1.5 
IV

8 8 8-12 0.75 g 
q24h

Cefditoren (14-16) 0.2 2.5-3 0.2-0.4 
q12h

0.8 3-6 mg/kg 
q8h

1.3-2 4.7 0.3-0.6 12-24

0.4 4.4-4.6

Continued
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DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—
SELECTED DOSES

DOSAGE RECOMMENDATIONS
SERUM  

HALF-LIFE (hr)
STANDARD DOSE WITH DOSING INTERVALS IN 

RENAL IMPAIRMENT

Dosage with Dialysis Body Fluid ConcentrationsAdults
Children: Dose/

Interval

Newborn 
(Parenteral):  
Dose/Interval

With Normal and 
Anuric CrCl 

Values (mL/min)
With 

Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose 
(g)

Peak 
Serum 
(µg/mL)

Peak 
or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily 
Dose (g) Oral Parenteral

Up to 
1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera

During 
PD (daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum 
(%)

Breast 
Milk/
Maternal 
Serum 
(%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Cefixime1 (30-50) 0.4 PO 
tabs

0.4 PO 
susp

3.7
4.6

15.7-305
15.7-305

0.4 q24h 0.4 8 mg/kg/day 
q24h

2.4-4 11.5 7 0.2-0.4 12 12 0.2 q12-24h >100

Cefoperazone 1 IV7

2 IV7
153
253

2200 1-2 q6-12h 12 25-100 mg/kg 25-100 mg/
kg q12h 
(not 
approved)

1.6-2.6 2-2.5 0.4 24 24 0.3 q24h 48 None 15-50

Cefotaxime 0.5 IM 11.7-11.9 90-3261 0.5-2 q8-12h 12 50-200 mg/
kg/day 
q4-8h

50 mg/kg 
q12h

50 mg/kg 
q6-8h

0.9-1.7 1-2 6-12 6-12 6-12 6-12 Dose after 
dialysis

1.8-3.1 20-50 ≤1.5 800-
1200

1-6

1 IV3 102.4

2 IV3 214.1

Cefpodoxime11 
(50)

0.1 PO 1.4 60 0.1-0.4 
q12h

0.8 5 mg/kg 
q12h12

1.9-3.2 9.8 0.5-2 8-12 8-12 12-24 24 0.5-2 27 Up to 3-8 15-7510 0.5-4

0.2 PO 2.3

0.4 PO 3.9

Cefsulodin (85 IM) 1 IV 65 0.5-2 q6-8h 12 60-200 mg/
kg/day in 
3-4 doses

1.6-1.9 13 2.1-2.6 8.9 0.1-0.4 12 12 2413 24 Usual dose 3 × 
wk

102-127

Ceftazidime14 0.5 IV7 42 1-2 q8-12h 6 25-50 mg/kg 
q8h

30-50 mg/
kg q8h15

30 mg/kg 
q8h

1.4-2 11.9-35

1 IV7 69

2 IV7 159-185.5

Ceftibuten (80) 0.4 PO 15 0.2-0.4 
q12-24h

0.6 9 mg/kg/day 1.5-2.9 18-29 16 0.5-2 6-8 6-8 0.25-1 q6-12h 0.5-2 q24h 60% of usual 
dose

1 q24h <10 Minimal

Ceftizoxime 1 IV7 84.4 >6000 1-3 q6-8h 12 33-50 mg/kg 
q6-8h5

1.4-1.8 25-35 1-2 8-12 8-12 12-24 0.5 g 
q24-48h

1-g load, then 
1 g 
postdialysis

0.5 g q24h or 
250 mg/2 L 
dialysate

20-40 7 13-54 3-12

2 IV 131.8 0.2-0.4 12-24 12-24 24 0.1 q24h 0.4 0.2 q24h Negligible

3 IV 221.1 1-3 6-8 0.5-1.5 g 
q8h

0.25-1 q12h 0.5 q24h Dose 
postdialysis

3 g q48h 22.5 28-33 1-6 34-82 3.6-6

Ceftriaxone 1 IV7 123.2-
150.7

504-995 0.5-2 q12-24h 4 50-100 mg/
kg/day 
q12-24h

50 mg/kg 
q24h

50-75 mg/
kg q24h17

5.4-10.9 12.2-18.2 12.2-
18.2

12.2-
18.2

0.5-2 12-24 12-24 12-24 12-24 None 16-32 18-25 3-4 200-500

2 IV7 223-276

2 IV16 216-281

Moxalactam 1 IV7 60-100 2100 0.5-4 
q8-12h18

1218 50 mg/kg 
q6-8h18,19

50 mg/kg 
q12h18,19

50 mg/kg 
q8h18,19

2 20 4 16.7 0.5-4 8-12 3 g q8h 2-3 g q12h 1 g 
q12-24h

1-2 g 
postdialysis

0.5 g q18-24h 4-55 30-40 2.7 152-224 1-16

2 IV3 150-200 4200

Fourth Generation

Cefepime 1 IV 81.7 0.5-2 q8-12h 6 50 mg/kg 
q8-12h

2 13.5 13.5 19 0.5-2 8-12 12-24 24 0.25-0.5 
q24h

0.25 1-2 q48h 0.5 mg/1 L 
milk

2 IV 163.9

Fifth Generation

Ceftobiprole 0.5 IV 34.2 0.5 q8h 1.5 3 3 0.5 8 8 0.25-0.5 q12h

Ceftaroline 0.6 21.3 0.6 q8h 1.8 1.6-2.7 6 0.6 12 12 0.3-0.4 q12h 0.2 q12h 0.2 q12h

1Decreased rate or extent of absorption, or both, when given with food.
2Should not exceed 1 g.
3IV push (over 2-10 min).
4Dosage should not exceed adult dosage.
5Should not exceed 12 g.
652% after food.
7Infusion over 15-30 min.
80.125 g q12h for children <2 yr.
9200-240 mg/kg/day q6-8h for meningitis.
10Microbiologic activity in hepatic bile/microbiologic activity serum.
11Should be given with food to increase absorption.
12No more than 400 mg/day for otitis or 100 mg/day for pharyngitis, tonsillitis.
13Creatinine clearance <30 mL/min.
14Arginine component not approved for children <12 yr.
1530-50 mg/kg q12h for <2 kg; 30 mg/kg q8h for >2 kg.
162g q24h at steady state.
I750 mg/kg/day for <2 kg; 50-75 mg/kg/day for >2 kg.
18Bleeding time should be monitored in patients receiving more than 4 g/day for more than 3 days. Prophylactic vitamin K, 10 mg/wk, should be given to patients treated with moxalactam.
19For gram-negative meningitis in children, the manufacturer recommends an initial loading dose of 100 mg/kg.
aSpecified dose is supplemental to that after hemodialysis.
bInflamed meninges.
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DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—
SELECTED DOSES

DOSAGE RECOMMENDATIONS
SERUM  

HALF-LIFE (hr)
STANDARD DOSE WITH DOSING INTERVALS IN 

RENAL IMPAIRMENT

Dosage with Dialysis Body Fluid ConcentrationsAdults
Children: Dose/

Interval

Newborn 
(Parenteral):  
Dose/Interval

With Normal and 
Anuric CrCl 

Values (mL/min)
With 

Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose 
(g)

Peak 
Serum 
(µg/mL)

Peak 
or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily 
Dose (g) Oral Parenteral

Up to 
1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera

During 
PD (daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum 
(%)

Breast 
Milk/
Maternal 
Serum 
(%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Cefixime1 (30-50) 0.4 PO 
tabs

0.4 PO 
susp

3.7
4.6

15.7-305
15.7-305

0.4 q24h 0.4 8 mg/kg/day 
q24h

2.4-4 11.5 7 0.2-0.4 12 12 0.2 q12-24h >100

Cefoperazone 1 IV7

2 IV7
153
253

2200 1-2 q6-12h 12 25-100 mg/kg 25-100 mg/
kg q12h 
(not 
approved)

1.6-2.6 2-2.5 0.4 24 24 0.3 q24h 48 None 15-50

Cefotaxime 0.5 IM 11.7-11.9 90-3261 0.5-2 q8-12h 12 50-200 mg/
kg/day 
q4-8h

50 mg/kg 
q12h

50 mg/kg 
q6-8h

0.9-1.7 1-2 6-12 6-12 6-12 6-12 Dose after 
dialysis

1.8-3.1 20-50 ≤1.5 800-
1200

1-6

1 IV3 102.4

2 IV3 214.1

Cefpodoxime11 
(50)

0.1 PO 1.4 60 0.1-0.4 
q12h

0.8 5 mg/kg 
q12h12

1.9-3.2 9.8 0.5-2 8-12 8-12 12-24 24 0.5-2 27 Up to 3-8 15-7510 0.5-4

0.2 PO 2.3

0.4 PO 3.9

Cefsulodin (85 IM) 1 IV 65 0.5-2 q6-8h 12 60-200 mg/
kg/day in 
3-4 doses

1.6-1.9 13 2.1-2.6 8.9 0.1-0.4 12 12 2413 24 Usual dose 3 × 
wk

102-127

Ceftazidime14 0.5 IV7 42 1-2 q8-12h 6 25-50 mg/kg 
q8h

30-50 mg/
kg q8h15

30 mg/kg 
q8h

1.4-2 11.9-35

1 IV7 69

2 IV7 159-185.5

Ceftibuten (80) 0.4 PO 15 0.2-0.4 
q12-24h

0.6 9 mg/kg/day 1.5-2.9 18-29 16 0.5-2 6-8 6-8 0.25-1 q6-12h 0.5-2 q24h 60% of usual 
dose

1 q24h <10 Minimal

Ceftizoxime 1 IV7 84.4 >6000 1-3 q6-8h 12 33-50 mg/kg 
q6-8h5

1.4-1.8 25-35 1-2 8-12 8-12 12-24 0.5 g 
q24-48h

1-g load, then 
1 g 
postdialysis

0.5 g q24h or 
250 mg/2 L 
dialysate

20-40 7 13-54 3-12

2 IV 131.8 0.2-0.4 12-24 12-24 24 0.1 q24h 0.4 0.2 q24h Negligible

3 IV 221.1 1-3 6-8 0.5-1.5 g 
q8h

0.25-1 q12h 0.5 q24h Dose 
postdialysis

3 g q48h 22.5 28-33 1-6 34-82 3.6-6

Ceftriaxone 1 IV7 123.2-
150.7

504-995 0.5-2 q12-24h 4 50-100 mg/
kg/day 
q12-24h

50 mg/kg 
q24h

50-75 mg/
kg q24h17

5.4-10.9 12.2-18.2 12.2-
18.2

12.2-
18.2

0.5-2 12-24 12-24 12-24 12-24 None 16-32 18-25 3-4 200-500

2 IV7 223-276

2 IV16 216-281

Moxalactam 1 IV7 60-100 2100 0.5-4 
q8-12h18

1218 50 mg/kg 
q6-8h18,19

50 mg/kg 
q12h18,19

50 mg/kg 
q8h18,19

2 20 4 16.7 0.5-4 8-12 3 g q8h 2-3 g q12h 1 g 
q12-24h

1-2 g 
postdialysis

0.5 g q18-24h 4-55 30-40 2.7 152-224 1-16

2 IV3 150-200 4200

Fourth Generation

Cefepime 1 IV 81.7 0.5-2 q8-12h 6 50 mg/kg 
q8-12h

2 13.5 13.5 19 0.5-2 8-12 12-24 24 0.25-0.5 
q24h

0.25 1-2 q48h 0.5 mg/1 L 
milk

2 IV 163.9

Fifth Generation

Ceftobiprole 0.5 IV 34.2 0.5 q8h 1.5 3 3 0.5 8 8 0.25-0.5 q12h

Ceftaroline 0.6 21.3 0.6 q8h 1.8 1.6-2.7 6 0.6 12 12 0.3-0.4 q12h 0.2 q12h 0.2 q12h

1Decreased rate or extent of absorption, or both, when given with food.
2Should not exceed 1 g.
3IV push (over 2-10 min).
4Dosage should not exceed adult dosage.
5Should not exceed 12 g.
652% after food.
7Infusion over 15-30 min.
80.125 g q12h for children <2 yr.
9200-240 mg/kg/day q6-8h for meningitis.
10Microbiologic activity in hepatic bile/microbiologic activity serum.
11Should be given with food to increase absorption.
12No more than 400 mg/day for otitis or 100 mg/day for pharyngitis, tonsillitis.
13Creatinine clearance <30 mL/min.
14Arginine component not approved for children <12 yr.
1530-50 mg/kg q12h for <2 kg; 30 mg/kg q8h for >2 kg.
162g q24h at steady state.
I750 mg/kg/day for <2 kg; 50-75 mg/kg/day for >2 kg.
18Bleeding time should be monitored in patients receiving more than 4 g/day for more than 3 days. Prophylactic vitamin K, 10 mg/wk, should be given to patients treated with moxalactam.
19For gram-negative meningitis in children, the manufacturer recommends an initial loading dose of 100 mg/kg.
aSpecified dose is supplemental to that after hemodialysis.
bInflamed meninges.
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TABLE 54-19  Anti-infective Agent Pharmacology: Miscellaneous β-Lactams

DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—
SELECTED DOSES

DOSAGE RECOMMENDATIONS

SERUM 
HALF-LIFE 

(hr)
STANDARD DOSE WITH DOSING 

INTERVALS IN RENAL IMPAIRMENT

Dosage with Dialysis Body Fluid ConcentrationsAdults
Children:  

Dose/Interval

Newborn 
(Parenteral): 
Dose/Interval

With 
Normal 

and 
Anuric 

CrCl 
Values 

(mL/min)
With 

Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose 
(g)

Peak 
Serum 
(µg/mL)

Peak 
or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily 
Dose (g) Oral Parenteral

Up to 
1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera

During 
PD (daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum 
(%)

Breast 
Milk/
Maternal 
Serum 
(%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Aztreonam 1 IV2

2 IV2
90-164
204-255

3000-
3500

5600-
6600

1-2 q6h 6 30-50 mg/kg 
q6-8h

30-50 mg/
kg 
q8-12h

1.3-2.2 6-9 2.7
7.93

1-2 6 8-12 12-18 24 1/8 initial 
dose 
postdialysis

Usual 
loading 
dose, then 

 usual 
dose at 
usual 
interval

3-52 0.1-0.6 115-405 5-14

Doripenem 0.5 IV 23 601 0.5 q8h 1.5 1 0.5 8 8 0.25 
q8-12h

117

Ertapenem (90 
IM)

1 IV2 155 1-2 q24h 2 4 14 1-2 24 24 0.5-2 
q24h

0.5 q24h 0.15 Minimal

Imipenem 0.25 
IV2

14-24 50 0.5-1 q6h 2 15-25 mg/kg 
q6h

25 mg/
kg 
q12h

25 mg/kg 
q8h

0.8-1 3.5 0.5-1 6 0.5 g 
q6-8h

0.5 g 
q8-12h

0.25-0.5 g 
q12h

0.25-0.5 
post-HD 
then q12h

1-10 Minimal 3

0.5 IV2 21-58 100

1 IV2 41-83 >100

Loracarbef1 (90) 0.2 PO 
cap

8 0.20-0.40 
q12-24h

0.8 15-30 mg/
kg/day 
q12h

1 32 4 0.2-0.4 12-24 12-24 24-48 3-5 days 0.2-0.4 
post-HD

0.4 PO 
cap

14

0.4 PO 
ssp.

17

Meropenem 0.5 IV2 26 0.5-2 q8-12h 6 20-40 mg/kg 
q8h

0.8-1 6-20 0.5-2 8-12 8-12 0.5-1 
q12h

0.5 q24h 0.5 12 40

1 IV2 55-62
1Decreased rate or extent of absorption, or both, when given with food.

2IV infusion over 15-30 min.
32.7 hr during dialysis, 7-9 hr between dialysis sessions.
aSpecified dose is supplemental to that in hemodialysis.
bInflamed meninges.
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TABLE 54-19  Anti-infective Agent Pharmacology: Miscellaneous β-Lactams

DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—
SELECTED DOSES

DOSAGE RECOMMENDATIONS

SERUM 
HALF-LIFE 

(hr)
STANDARD DOSE WITH DOSING 

INTERVALS IN RENAL IMPAIRMENT

Dosage with Dialysis Body Fluid ConcentrationsAdults
Children:  

Dose/Interval

Newborn 
(Parenteral): 
Dose/Interval

With 
Normal 

and 
Anuric 

CrCl 
Values 

(mL/min)
With 

Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose 
(g)

Peak 
Serum 
(µg/mL)

Peak 
or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily 
Dose (g) Oral Parenteral

Up to 
1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera

During 
PD (daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum 
(%)

Breast 
Milk/
Maternal 
Serum 
(%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Aztreonam 1 IV2

2 IV2
90-164
204-255

3000-
3500

5600-
6600

1-2 q6h 6 30-50 mg/kg 
q6-8h

30-50 mg/
kg 
q8-12h

1.3-2.2 6-9 2.7
7.93

1-2 6 8-12 12-18 24 1/8 initial 
dose 
postdialysis

Usual 
loading 
dose, then 
1

4 usual 
dose at 
usual 
interval

3-52 0.1-0.6 115-405 5-14

Doripenem 0.5 IV 23 601 0.5 q8h 1.5 1 0.5 8 8 0.25 
q8-12h

117

Ertapenem (90 
IM)

1 IV2 155 1-2 q24h 2 4 14 1-2 24 24 0.5-2 
q24h

0.5 q24h 0.15 Minimal

Imipenem 0.25 
IV2

14-24 50 0.5-1 q6h 2 15-25 mg/kg 
q6h

25 mg/
kg 
q12h

25 mg/kg 
q8h

0.8-1 3.5 0.5-1 6 0.5 g 
q6-8h

0.5 g 
q8-12h

0.25-0.5 g 
q12h

0.25-0.5 
post-HD 
then q12h

1-10 Minimal 3

0.5 IV2 21-58 100

1 IV2 41-83 >100

Loracarbef1 (90) 0.2 PO 
cap

8 0.20-0.40 
q12-24h

0.8 15-30 mg/
kg/day 
q12h

1 32 4 0.2-0.4 12-24 12-24 24-48 3-5 days 0.2-0.4 
post-HD

0.4 PO 
cap

14

0.4 PO 
ssp.

17

Meropenem 0.5 IV2 26 0.5-2 q8-12h 6 20-40 mg/kg 
q8h

0.8-1 6-20 0.5-2 8-12 8-12 0.5-1 
q12h

0.5 q24h 0.5 12 40

1 IV2 55-62
1Decreased rate or extent of absorption, or both, when given with food.

2IV infusion over 15-30 min.
32.7 hr during dialysis, 7-9 hr between dialysis sessions.
aSpecified dose is supplemental to that in hemodialysis.
bInflamed meninges.
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TABLE 54-20  Anti-infective Agent Pharmacology: Aminoglycosides

DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—
SELECTED DOSES

DOSAGE RECOMMENDATIONS

SERUM 
HALF-LIFE 

(hr)
STANDARD DOSE WITH DOSING 

INTERVALS IN RENAL IMPAIRMENT

Dosage with 
Dialysis Body Fluid ConcentrationsAdults

Children:  
Dose/Interval

Newborn 
(Parenteral):  
Dose/Interval

With 
Normal 

and 
Anuric 

CrCl 
Values 

(mL/min)
With 

Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose 
(g)

Peak 
Serum 
(µg/mL)

Peak 
or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily 
Dose (g) Oral Parenteral

Up to 
1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera

During 
PD 
(daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum 
(%)

Breast 
Milk/
Maternal 
Serum 
(%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Amikacin1 0.500 
IM

7.5 mg/
kg IV2

38 832 15 mg/kg/day 
q8-12h3

15 mg/kg 15 mg/kg/day 
q8-12h3

Not 
approved

Not 
approved

2-3 30-86 5-7.5 mg/
kg

8 8-12 12-48 484 2.5-
3.75 mg/
kg 
post-HD

2.5 mg/kg/
day

15-24 20 30 Minimal

Gentamicin5 1 mg/kg 
IM

1 mg/kg 
IV6

4-7.6

4-7.6

113-423 3-5 mg/kg/
day q8h3

3-5 mg/kg 3-7.5 mg/kg/
day q8h3

2.5 mg/kg 
q12h3

7.5 mg/kg/
day q8h3

2-3 24-60 1-1.7 mg/
kg

8 8-12 12-48 484 1.0-1.7 mg/
kg 
post-HD

1 mg/2 L 
dialysate 
removed

10-30 30-40 30-60 Minimal

Isepamicin 15 mg/
kg IV2

51 8-15 mg/kg 
q24h

15 mg/kg 7.5 mg/kg/24 
hr7

7.5 mg/kg 
q12h7

2-2.5 8 mg/kg 24 24 48-72 96

1 IM 38

Kanamycin1 (1) 7.5 mg/
kg IM

7.5 mg/
kg IV2

22

22

15 mg/kg/day 
q8-12h3

1.5 15 mg/kg/day 
q8-12h3

15-20 mg/
kg/day 
q12h3,8

15 mg/kg/
day 
q8-12h3

2-4 27-80 7.5 mg/
kg

8-12 8-12 12-48 ≥484 4-5 mg/kg 
post-HD

3.75 mg/
kg/day

43 50 35 Minimal

Neomycin9 (3) 4 g PO 2.5-6.1 50 mg/
kg/day 
q6h

3 PO 2-3 12-24 Minimal

Netilmicin10 2 mg/kg 
IV2

2 mg/kg 
IM

16.6

7

4-6.5 mg/kg/
day 
q8-12h3

3.9 mg/kg 3-7.5 mg/kg/
day 
q8-12h3

4-6.5 mg/
kg/day 
q12h3,8

4-6.5 mg/
kg/day 
q12h3,11

2-2.5 30 2-2.2 mg/
kg

8 8-12 12-48 484 2 mg/kg 
post-HD

21-26 Minimal

Spectinomycin 2 g IM 100 2 g/day IM 2 Not approved Not 
approved

Not 
approved

1.2- 
2.8

2 g 24 24 24 24 Minimal

Streptomycin12 0.5 IM
1 IM

5-12
25-50

400
≥1000

0.5-1 g q12h 1 20-40 mg/kg/
day q6-12h

2-3 Up to 
110

0.5-1 12 7.5 mg/kg 
q24h

7.5 mg/kg 
q24-72h

7.5 mg/kg 
q72-96h

0.5 g 
post-HD

20 10-40 <25 40-300 Minimal

Tobramycin5 1 mg/kg 
IM

1 mg/kg 
IV2

4-6
4-6

75-100 3-5 mg/kg/
day q8h3

3-5 mg/kg 3-6 mg/kg/
day q8h3

4 mg/kg/
day 
q12h3

3-5 mg/kg/
day q8h3

2-3 5-70 1-1.7 mg/
kg

8 8-12 12-48 48 1 mg/kg 
post-HD

1 mg/2 L 
dialysate 
removed

14-23 50 10-20 18

1Desired concentrations: peak 15-30 µg/mL; trough <5-10 µg/mL.
2Infused over 30-60 min.
3The dosing strategy for aminoglycosides involves the use of ideal (lean) body weight (IBW) for dosage calculation. In obese patients, this approach would result in serum 

aminoglycoside concentrations less than expected. Alternative dosing recommendations that account for the change in drug distribution volume with obesity have been  
proposed: (1) IBW + 40% of excess weight, defined as total body weight (TBW) minus IBW (J Infect Dis. 1978;138:499-505); (2) IBW + 58% of excess weight (TBW – IBW) 
(Clin Pharmacol Ther. 1979; 26:508); (3) IBW + 38% of excess weight (TBW – IBW) (Am J Hosp Pharm. 1980;37:519-522).

4Dosing at creatinine clearance ≤10 mL/min should be assisted with serum concentrations.
5Desired concentrations: peak, 4-10 µg/mL; trough, <2 µg/mL.
6Infused over 2 hr.
7q24h for infants <16 days old; q12h for ≥16 days old.
815 mg/kg/day q12h for ≤2 kg; 20 mg/kg/day q12h for >2 kg.
9Parenteral administration of neomycin is no longer recommended.
10Desired concentrations: peak 6-12 µg/mL; trough <2 µg/mL.
11For premature or full-term infants <6 wk.
12Desired concentrations: peak 5-25 µg/mL; trough <5 µg/mL.
aSpecified dose is supplemental to that in hemodialysis.
bInflamed meninges.
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TABLE 54-20  Anti-infective Agent Pharmacology: Aminoglycosides

DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—
SELECTED DOSES

DOSAGE RECOMMENDATIONS

SERUM 
HALF-LIFE 

(hr)
STANDARD DOSE WITH DOSING 

INTERVALS IN RENAL IMPAIRMENT

Dosage with 
Dialysis Body Fluid ConcentrationsAdults

Children:  
Dose/Interval

Newborn 
(Parenteral):  
Dose/Interval

With 
Normal 

and 
Anuric 

CrCl 
Values 

(mL/min)
With 

Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose 
(g)

Peak 
Serum 
(µg/mL)

Peak 
or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily 
Dose (g) Oral Parenteral

Up to 
1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera

During 
PD 
(daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum 
(%)

Breast 
Milk/
Maternal 
Serum 
(%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Amikacin1 0.500 
IM

7.5 mg/
kg IV2

38 832 15 mg/kg/day 
q8-12h3

15 mg/kg 15 mg/kg/day 
q8-12h3

Not 
approved

Not 
approved

2-3 30-86 5-7.5 mg/
kg

8 8-12 12-48 484 2.5-
3.75 mg/
kg 
post-HD

2.5 mg/kg/
day

15-24 20 30 Minimal

Gentamicin5 1 mg/kg 
IM

1 mg/kg 
IV6

4-7.6

4-7.6

113-423 3-5 mg/kg/
day q8h3

3-5 mg/kg 3-7.5 mg/kg/
day q8h3

2.5 mg/kg 
q12h3

7.5 mg/kg/
day q8h3

2-3 24-60 1-1.7 mg/
kg

8 8-12 12-48 484 1.0-1.7 mg/
kg 
post-HD

1 mg/2 L 
dialysate 
removed

10-30 30-40 30-60 Minimal

Isepamicin 15 mg/
kg IV2

51 8-15 mg/kg 
q24h

15 mg/kg 7.5 mg/kg/24 
hr7

7.5 mg/kg 
q12h7

2-2.5 8 mg/kg 24 24 48-72 96

1 IM 38

Kanamycin1 (1) 7.5 mg/
kg IM

7.5 mg/
kg IV2

22

22

15 mg/kg/day 
q8-12h3

1.5 15 mg/kg/day 
q8-12h3

15-20 mg/
kg/day 
q12h3,8

15 mg/kg/
day 
q8-12h3

2-4 27-80 7.5 mg/
kg

8-12 8-12 12-48 ≥484 4-5 mg/kg 
post-HD

3.75 mg/
kg/day

43 50 35 Minimal

Neomycin9 (3) 4 g PO 2.5-6.1 50 mg/
kg/day 
q6h

3 PO 2-3 12-24 Minimal

Netilmicin10 2 mg/kg 
IV2

2 mg/kg 
IM

16.6

7

4-6.5 mg/kg/
day 
q8-12h3

3.9 mg/kg 3-7.5 mg/kg/
day 
q8-12h3

4-6.5 mg/
kg/day 
q12h3,8

4-6.5 mg/
kg/day 
q12h3,11

2-2.5 30 2-2.2 mg/
kg

8 8-12 12-48 484 2 mg/kg 
post-HD

21-26 Minimal

Spectinomycin 2 g IM 100 2 g/day IM 2 Not approved Not 
approved

Not 
approved

1.2- 
2.8

2 g 24 24 24 24 Minimal

Streptomycin12 0.5 IM
1 IM

5-12
25-50

400
≥1000

0.5-1 g q12h 1 20-40 mg/kg/
day q6-12h

2-3 Up to 
110

0.5-1 12 7.5 mg/kg 
q24h

7.5 mg/kg 
q24-72h

7.5 mg/kg 
q72-96h

0.5 g 
post-HD

20 10-40 <25 40-300 Minimal

Tobramycin5 1 mg/kg 
IM

1 mg/kg 
IV2

4-6
4-6

75-100 3-5 mg/kg/
day q8h3

3-5 mg/kg 3-6 mg/kg/
day q8h3

4 mg/kg/
day 
q12h3

3-5 mg/kg/
day q8h3

2-3 5-70 1-1.7 mg/
kg

8 8-12 12-48 48 1 mg/kg 
post-HD

1 mg/2 L 
dialysate 
removed

14-23 50 10-20 18

1Desired concentrations: peak 15-30 µg/mL; trough <5-10 µg/mL.
2Infused over 30-60 min.
3The dosing strategy for aminoglycosides involves the use of ideal (lean) body weight (IBW) for dosage calculation. In obese patients, this approach would result in serum 

aminoglycoside concentrations less than expected. Alternative dosing recommendations that account for the change in drug distribution volume with obesity have been  
proposed: (1) IBW + 40% of excess weight, defined as total body weight (TBW) minus IBW (J Infect Dis. 1978;138:499-505); (2) IBW + 58% of excess weight (TBW – IBW) 
(Clin Pharmacol Ther. 1979; 26:508); (3) IBW + 38% of excess weight (TBW – IBW) (Am J Hosp Pharm. 1980;37:519-522).

4Dosing at creatinine clearance ≤10 mL/min should be assisted with serum concentrations.
5Desired concentrations: peak, 4-10 µg/mL; trough, <2 µg/mL.
6Infused over 2 hr.
7q24h for infants <16 days old; q12h for ≥16 days old.
815 mg/kg/day q12h for ≤2 kg; 20 mg/kg/day q12h for >2 kg.
9Parenteral administration of neomycin is no longer recommended.
10Desired concentrations: peak 6-12 µg/mL; trough <2 µg/mL.
11For premature or full-term infants <6 wk.
12Desired concentrations: peak 5-25 µg/mL; trough <5 µg/mL.
aSpecified dose is supplemental to that in hemodialysis.
bInflamed meninges.
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TABLE 54-22  Anti-infective Agent Pharmacology: Azalides, Macrolides, Ketolides, Lincosamides, 
Chloramphenicol, and Metronidazole

DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—
SELECTED DOSES

DOSAGE RECOMMENDATIONS SERUM HALF-LIFE (hr)
STANDARD DOSE WITH DOSING 

INTERVALS IN RENAL IMPAIRMENT

Dosage with 
Dialysis Body Fluid ConcentrationsAdults Children: Dose/Interval

Newborn (Parenteral):  
Dose/Interval

With Normal 
and Anuric 
CrCl Values 

(mL/min)
With 

Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose 
(g)

Peak 
Serum 
(µg/mL)

Peak or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily 
Dose (g) Oral Parenteral

Up to 
1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera

During 
PD 
(daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum 
(%)

Breast 
Milk/
Maternal 
Serum 
(%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Azithromycin1 
(35-40)

0.5 PO 0.09-0.44 8.64-26.8 0.5 q24h × 3 
days

0.5 q24h 0.5 IV 5-12 mg/kg/day 10-12 mg/kg/
day2

68 68 68 68 0.5 24 24 24 24 24 24 >100

0.5 IV 3.63

0.3 PO 0.5

Clarithromycin 
(50-55)

0.25 PO3 1 0.25-0.5 q12h 1 7.5 mg/kg q12h 5-7 0.25-0.5 12 12 12-24 24 Minimal 30 7000

0.5 PO3 2-3

0.5 PO3 14

Dirithromycin5 (6-14)

0.5 PO 0.3-0.4 Minimal 0.5 q24h 0.5 0.5 q24h6 20-50 20-50 20-50 0.5 24 24 24 24 Usual 
regimen

Usual 
regimen

Erythromycin base7,8 0.25 PO 0.1-2 0.25-0.5 q6h 2 30-50 mg/kg/day 
q6h

1.5-2 6 0.25-0.5 6 6 6 6 Usual 
regimen

Usual 
regimen

2-13 5-20 50

Erythromycin 
stearate8

0.25 PO 0.1-2 0.25-0.5 q6h 2 30-50 mg/kg/day 
q6h

1.5-2 6 0.25-0.5 6 6 6 6 Usual 
regimen

Usual 
regimen

2-13 5-20 50

Erythromycin ethyl 
succinate8

0.4 PO 0.1-2 0.4 q6h 2 30-50 mg/kg/day 
q6h

1.5-2 6 0.4 6 6 6 6 Usual 
regimen

Usual 
regimen

2-13 5-20 50

TABLE 54-21  Anti-infective Agent Pharmacology: Tetracyclines1 and Glycyclines

DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—
SELECTED DOSES

DOSAGE RECOMMENDATIONS
SERUM 

HALF-LIFE (hr)
STANDARD DOSE WITH DOSING INTERVALS IN RENAL 

IMPAIRMENT

Dosage with 
Dialysis Body Fluid ConcentrationsAdults

Children:  
Dose/Interval

Newborn 
(Parenteral):  
Dose/Interval

With Normal 
and Anuric CrCl 
Values (mL/min)

With 
Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose 
(g)

Peak 
Serum 
(µg/mL)

Peak or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily 
Dose (g) Oral Parenteral Up to 1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera

During 
PD (daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum (%)

Breast 
Milk/
Maternal 
Serum (%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Demeclocycline2 
(60-80)

0.15 PO 0.9-1.2 0.6/day 
q6-12h

0.6 6.6-13.2 mg/
kg/day 
q6-12h

Not 
recommended

10-17 42-68 0.15-0.3 6-12 Not 
recommended

Minimal 70 200-3200 10-30

0.3 PO 1.5-1.7

Doxycycline 
(90-100)

0.1 PO
0.1 IV3

1.5-2.1
2.5

0.1 q12h 0.1 q12h 0.2 2.2 mg/kg 
q12-24h

2.2 mg/kg 
q12-24h

Not 
recommended

14-24 18-30 18-30 0.1 12 12 12 12 0.1 g 
q12h

0.1 g 
q12h

26 30-40 200-3200 10-13

Methacycline2 (58) 0.15 PO 1.3 0.15 q6h 
or 0.3 
q12h

1.2 6.6-13.2 mg/
kg/day 
q6-12h

Not 
recommended

7-15 Up to 
44

0.15-0.3 6-12 Not 
recommended

0.3 PO 2.4

Minocycline 
(90-100)

0.2 PO 2-3.5 0.1 q12h 0.1 q12h 0.2 2 mg/kg 
q12h

2 mg/kg q12h Not 
recommended

11-26 12-30 0.1 12 12 12 12 0.1 g 
q12h

0.1 g 
q12h

77 8-26 200-3200 17

Oxytetracycline2 
(60)

0.25 PO 1.3-1.4 1-2/day 
q6h

0.25 IM q24h 2 25-50 mg/
kg/day 
q6h

15-25 mg/kg/
day 
q8-12h4

Not 
recommended

6-10 47-66 0.25-0.5 
PO

0.25 IM

6
24

6
24

Use doxycycline Minimal 20-140 200-3200

0.5 PO 4-4.2

Tetracycline2 
(75-80)

0.25 PO 1.5-2.2 0.25-0.5 
q6h

2 25-50 mg/
kg/day 
q6-12h

Not 
recommended

6-12 57-120 0.25-0.5 6 6 Use doxycycline 7 60-70 25-150 200-3200 9-11

0.5 PO 3-4.3

0.5 PO5 2-5

Tigecycline 0.1 IV 1.45 0.1 load, then 
0.05 q12h

0.1 Not 
recommended

27-42 27-42 27-42 0.1 load, 
then 
0.05

12 12 12 12 12 >100

1The tetracyclines cause a brown discoloration of the teeth and may retard the growth of bone in the human fetus and children. The American Academy of Pediatrics recommends that tetracyclines be 
used in children who are 9 yr of age or older.

2All tetracyclines should be given 1 hr before or 2 hr after meals.
3Infused over 60 min.
4No more than 250 mg/day.
5At steady state.
aSpecified dose is supplemental to that in hemodialysis.
bInflamed meninges.
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TABLE 54-22  Anti-infective Agent Pharmacology: Azalides, Macrolides, Ketolides, Lincosamides, 
Chloramphenicol, and Metronidazole

DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—
SELECTED DOSES

DOSAGE RECOMMENDATIONS SERUM HALF-LIFE (hr)
STANDARD DOSE WITH DOSING 

INTERVALS IN RENAL IMPAIRMENT

Dosage with 
Dialysis Body Fluid ConcentrationsAdults Children: Dose/Interval

Newborn (Parenteral):  
Dose/Interval

With Normal 
and Anuric 
CrCl Values 

(mL/min)
With 

Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose 
(g)

Peak 
Serum 
(µg/mL)

Peak or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily 
Dose (g) Oral Parenteral

Up to 
1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera

During 
PD 
(daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum 
(%)

Breast 
Milk/
Maternal 
Serum 
(%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Azithromycin1 
(35-40)

0.5 PO 0.09-0.44 8.64-26.8 0.5 q24h × 3 
days

0.5 q24h 0.5 IV 5-12 mg/kg/day 10-12 mg/kg/
day2

68 68 68 68 0.5 24 24 24 24 24 24 >100

0.5 IV 3.63

0.3 PO 0.5

Clarithromycin 
(50-55)

0.25 PO3 1 0.25-0.5 q12h 1 7.5 mg/kg q12h 5-7 0.25-0.5 12 12 12-24 24 Minimal 30 7000

0.5 PO3 2-3

0.5 PO3 14

Dirithromycin5 (6-14)

0.5 PO 0.3-0.4 Minimal 0.5 q24h 0.5 0.5 q24h6 20-50 20-50 20-50 0.5 24 24 24 24 Usual 
regimen

Usual 
regimen

Erythromycin base7,8 0.25 PO 0.1-2 0.25-0.5 q6h 2 30-50 mg/kg/day 
q6h

1.5-2 6 0.25-0.5 6 6 6 6 Usual 
regimen

Usual 
regimen

2-13 5-20 50

Erythromycin 
stearate8

0.25 PO 0.1-2 0.25-0.5 q6h 2 30-50 mg/kg/day 
q6h

1.5-2 6 0.25-0.5 6 6 6 6 Usual 
regimen

Usual 
regimen

2-13 5-20 50

Erythromycin ethyl 
succinate8

0.4 PO 0.1-2 0.4 q6h 2 30-50 mg/kg/day 
q6h

1.5-2 6 0.4 6 6 6 6 Usual 
regimen

Usual 
regimen

2-13 5-20 50

TABLE 54-21  Anti-infective Agent Pharmacology: Tetracyclines1 and Glycyclines

DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—
SELECTED DOSES

DOSAGE RECOMMENDATIONS
SERUM 

HALF-LIFE (hr)
STANDARD DOSE WITH DOSING INTERVALS IN RENAL 

IMPAIRMENT

Dosage with 
Dialysis Body Fluid ConcentrationsAdults

Children:  
Dose/Interval

Newborn 
(Parenteral):  
Dose/Interval

With Normal 
and Anuric CrCl 
Values (mL/min)

With 
Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose 
(g)

Peak 
Serum 
(µg/mL)

Peak or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily 
Dose (g) Oral Parenteral Up to 1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera

During 
PD (daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum (%)

Breast 
Milk/
Maternal 
Serum (%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Demeclocycline2 
(60-80)

0.15 PO 0.9-1.2 0.6/day 
q6-12h

0.6 6.6-13.2 mg/
kg/day 
q6-12h

Not 
recommended

10-17 42-68 0.15-0.3 6-12 Not 
recommended

Minimal 70 200-3200 10-30

0.3 PO 1.5-1.7

Doxycycline 
(90-100)

0.1 PO
0.1 IV3

1.5-2.1
2.5

0.1 q12h 0.1 q12h 0.2 2.2 mg/kg 
q12-24h

2.2 mg/kg 
q12-24h

Not 
recommended

14-24 18-30 18-30 0.1 12 12 12 12 0.1 g 
q12h

0.1 g 
q12h

26 30-40 200-3200 10-13

Methacycline2 (58) 0.15 PO 1.3 0.15 q6h 
or 0.3 
q12h

1.2 6.6-13.2 mg/
kg/day 
q6-12h

Not 
recommended

7-15 Up to 
44

0.15-0.3 6-12 Not 
recommended

0.3 PO 2.4

Minocycline 
(90-100)

0.2 PO 2-3.5 0.1 q12h 0.1 q12h 0.2 2 mg/kg 
q12h

2 mg/kg q12h Not 
recommended

11-26 12-30 0.1 12 12 12 12 0.1 g 
q12h

0.1 g 
q12h

77 8-26 200-3200 17

Oxytetracycline2 
(60)

0.25 PO 1.3-1.4 1-2/day 
q6h

0.25 IM q24h 2 25-50 mg/
kg/day 
q6h

15-25 mg/kg/
day 
q8-12h4

Not 
recommended

6-10 47-66 0.25-0.5 
PO

0.25 IM

6
24

6
24

Use doxycycline Minimal 20-140 200-3200

0.5 PO 4-4.2

Tetracycline2 
(75-80)

0.25 PO 1.5-2.2 0.25-0.5 
q6h

2 25-50 mg/
kg/day 
q6-12h

Not 
recommended

6-12 57-120 0.25-0.5 6 6 Use doxycycline 7 60-70 25-150 200-3200 9-11

0.5 PO 3-4.3

0.5 PO5 2-5

Tigecycline 0.1 IV 1.45 0.1 load, then 
0.05 q12h

0.1 Not 
recommended

27-42 27-42 27-42 0.1 load, 
then 
0.05

12 12 12 12 12 >100

1The tetracyclines cause a brown discoloration of the teeth and may retard the growth of bone in the human fetus and children. The American Academy of Pediatrics recommends that tetracyclines be 
used in children who are 9 yr of age or older.

2All tetracyclines should be given 1 hr before or 2 hr after meals.
3Infused over 60 min.
4No more than 250 mg/day.
5At steady state.
aSpecified dose is supplemental to that in hemodialysis.
bInflamed meninges.
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DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—
SELECTED DOSES

DOSAGE RECOMMENDATIONS SERUM HALF-LIFE (hr)
STANDARD DOSE WITH DOSING 

INTERVALS IN RENAL IMPAIRMENT

Dosage with 
Dialysis Body Fluid ConcentrationsAdults Children: Dose/Interval

Newborn (Parenteral):  
Dose/Interval

With Normal 
and Anuric 
CrCl Values 

(mL/min)
With 

Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose 
(g)

Peak 
Serum 
(µg/mL)

Peak or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily 
Dose (g) Oral Parenteral

Up to 
1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera

During 
PD 
(daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum 
(%)

Breast 
Milk/
Maternal 
Serum 
(%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Erythromycin 
lactobionate9, 10

0.2 IV 3-4 0.5-1 q6h 4 15-20 mg/kg/
day q6h

1.5-2 6 0.5-1 6 6 6 6 Usual 
regimen

Usual 
regimen

2-13 5-20 50

Erythromycin 
gluceptate9

0.2 IV 3-4 15-20 mg/kg/
day q6h

4 15-20 mg/kg/
day q6h

1.5-2 6 15-20 mg/kg/
day

6 6 6 6 Usual 
regimen

Usual 
regimen

2-13 5-20 50

Erythromycin 
estolate8

0.25 PO 0.1-211 0.25-0.5 q6h 2 30-50 mg/kg/day 
q6h

1.5-2 6 0.25-0.5 6 6 6 6 Usual 
regimen

Usual 
regimen

2-13 5-20 50

Fidaxomycin 0.2 PO 0.0052 0.2 q12h 11 11 11 11 0.2 12 12 12 12 12 12

Josamycin (>90) 0.5 PO
0.5 PO3

0.65
1.64

200-400 0.5-1 q8-12h 3 30-75 mg/kg/day 
q6-12h

0.9-2 0.5-1 6-12 6-12

Roxithromycin 0.15 PO 6 0.15-0.3 
q12-24h

0.3 5-7.5 mg/kg/day 
q12h

12 ~12 0.15-0.3 12-24 12-24 12-24 24-48 30-40 0.05 50-200

0.3 PO 10

Spiramycin (33-40) 1 PO 0.96 1 q6-12h 4-5 5-6 0.5-1 6-12 >100

2 PO 1.65

0.5 IV 2.28

Telithromycin 0.8 PO 1.4-2.4 0.8 q24h 0.8 10-13 0.8 24 24 24

Clindamycin7 (90) 0.15 PO 1.9-3.9 0.15-0.3 q6h 0.3-0.9 q6-8h 1.2 PO, 2.7 
IV

8-25 mg/kg/day 
q6-8h

15-40 mg/kg/
day q6-8h

15 mg/kg/day 
q6-8h13

15-20 mg/kg/day q6-8h13 2-3 2-3.5 0.15-0.3 PO
0.3-0.9 IV

6
6-8

6
6-8

6
6-8

6
6-8

Usual 
regimen

Usual 
regimen

Minimal 46 38-50 250-300

0.6 IV12 10

Lincomycin7 (20-30) 0.5 PO 1.8-5.3 0.5 q6-8h 0.6-1 q8-12h 8 30-60 mg/kg/day 
q6-8h

10-20 mg/kg/
day q8-12h

Not indicated 4-6.4 10 0.5 PO
0.6-1 IV

6-8
8-12

6-8
8-12

6-8
8-12

24
24-36

18 25 13 250-400 8.75

0.6 IM

9.3-18.5

0.6 IV14 15.9-20.9

Chloramphenicol15 
(75-90)

1 PO 11 0.25-0.75 q6h 0.25-1 q6h 4 50-100 mg/kg/
day q6h

50-100 mg/
kg/day q6h

25 mg/kg/day 
q24h16

50 mg/kg/day q12-24h17 1.5-4.1 3-7 3-7 0.25-0.75 PO
0.25-1 IV

6
6

6
6

6
6

6
6

Schedule 
dose 
post-HD

Usual 
regimen

45-89 30-80 100 100 33-50

1 PO3 18

1 IV 4.9-12

Metronidazole7 (80) 0.25 PO
7.5 mg/kg3

4.6-6.5
26

0.25-0.75 q8h 0.5 q6h 30 mg/kg 6-14 8-15 8-15 0.25-0.75 PO
0.5 IV

8
6

8
6

8
6

8
6

Usual 
regimen

Usual 
regimen

≥100 97 100

Tinidazole (~100) 2 PO 47.7 1-2 q24h 2 50 mg/kg/day 12-14 12-14 4.9 1-2 PO 24 24 24 24 Schedule 
dose 
post-HD

1Decreased extent of absorption of capsule formulation only when given with food.
2No studies to support; extrapolated from adult conversion.
3At steady state.
4Of 14-hydroxyclarithromycin (active metabolite).
5Must be given with food.
6Not approved for children <12 yr of age.
7Denotes decreased rate or extent of absorption, or both, when given with food.
8Erythromycin and its derivatives have varying degrees of bioavailability (18%-45%).
9Oral erythromycin therapy should replace IV therapy as soon as possible.
10Because of local irritative effects, the drug must not be administered rapidly by direct IV injection (IV push).
11Higher serum concentrations have been reported in patients taking erythromycin estolate versus other derivatives.
12Over 20 min.
13When IV clindamycin is given to neonates and infants, organ system functions should be monitored.
14When given over 2 hr.
15Chloramphenicol dosage should be administered to maintain plasma concentrations of 10-25 mg/L for peak and 5-10 mg/L for trough.
16<2 wk.
17>2 wk.
aSpecified dose is supplemental to that in hemodialysis.
bInflamed meninges.

TABLE 54-22  Anti-infective Agent Pharmacology: Azalides, Macrolides, Ketolides, Lincosamides, 
Chloramphenicol, and Metronidazole—cont’d
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DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—
SELECTED DOSES

DOSAGE RECOMMENDATIONS SERUM HALF-LIFE (hr)
STANDARD DOSE WITH DOSING 

INTERVALS IN RENAL IMPAIRMENT

Dosage with 
Dialysis Body Fluid ConcentrationsAdults Children: Dose/Interval

Newborn (Parenteral):  
Dose/Interval

With Normal 
and Anuric 
CrCl Values 

(mL/min)
With 

Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose 
(g)

Peak 
Serum 
(µg/mL)

Peak or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily 
Dose (g) Oral Parenteral

Up to 
1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera

During 
PD 
(daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum 
(%)

Breast 
Milk/
Maternal 
Serum 
(%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Erythromycin 
lactobionate9, 10

0.2 IV 3-4 0.5-1 q6h 4 15-20 mg/kg/
day q6h

1.5-2 6 0.5-1 6 6 6 6 Usual 
regimen

Usual 
regimen

2-13 5-20 50

Erythromycin 
gluceptate9

0.2 IV 3-4 15-20 mg/kg/
day q6h

4 15-20 mg/kg/
day q6h

1.5-2 6 15-20 mg/kg/
day

6 6 6 6 Usual 
regimen

Usual 
regimen

2-13 5-20 50

Erythromycin 
estolate8

0.25 PO 0.1-211 0.25-0.5 q6h 2 30-50 mg/kg/day 
q6h

1.5-2 6 0.25-0.5 6 6 6 6 Usual 
regimen

Usual 
regimen

2-13 5-20 50

Fidaxomycin 0.2 PO 0.0052 0.2 q12h 11 11 11 11 0.2 12 12 12 12 12 12

Josamycin (>90) 0.5 PO
0.5 PO3

0.65
1.64

200-400 0.5-1 q8-12h 3 30-75 mg/kg/day 
q6-12h

0.9-2 0.5-1 6-12 6-12

Roxithromycin 0.15 PO 6 0.15-0.3 
q12-24h

0.3 5-7.5 mg/kg/day 
q12h

12 ~12 0.15-0.3 12-24 12-24 12-24 24-48 30-40 0.05 50-200

0.3 PO 10

Spiramycin (33-40) 1 PO 0.96 1 q6-12h 4-5 5-6 0.5-1 6-12 >100

2 PO 1.65

0.5 IV 2.28

Telithromycin 0.8 PO 1.4-2.4 0.8 q24h 0.8 10-13 0.8 24 24 24

Clindamycin7 (90) 0.15 PO 1.9-3.9 0.15-0.3 q6h 0.3-0.9 q6-8h 1.2 PO, 2.7 
IV

8-25 mg/kg/day 
q6-8h

15-40 mg/kg/
day q6-8h

15 mg/kg/day 
q6-8h13

15-20 mg/kg/day q6-8h13 2-3 2-3.5 0.15-0.3 PO
0.3-0.9 IV

6
6-8

6
6-8

6
6-8

6
6-8

Usual 
regimen

Usual 
regimen

Minimal 46 38-50 250-300

0.6 IV12 10

Lincomycin7 (20-30) 0.5 PO 1.8-5.3 0.5 q6-8h 0.6-1 q8-12h 8 30-60 mg/kg/day 
q6-8h

10-20 mg/kg/
day q8-12h

Not indicated 4-6.4 10 0.5 PO
0.6-1 IV

6-8
8-12

6-8
8-12

6-8
8-12

24
24-36

18 25 13 250-400 8.75

0.6 IM

9.3-18.5

0.6 IV14 15.9-20.9

Chloramphenicol15 
(75-90)

1 PO 11 0.25-0.75 q6h 0.25-1 q6h 4 50-100 mg/kg/
day q6h

50-100 mg/
kg/day q6h

25 mg/kg/day 
q24h16

50 mg/kg/day q12-24h17 1.5-4.1 3-7 3-7 0.25-0.75 PO
0.25-1 IV

6
6

6
6

6
6

6
6

Schedule 
dose 
post-HD

Usual 
regimen

45-89 30-80 100 100 33-50

1 PO3 18

1 IV 4.9-12

Metronidazole7 (80) 0.25 PO
7.5 mg/kg3

4.6-6.5
26

0.25-0.75 q8h 0.5 q6h 30 mg/kg 6-14 8-15 8-15 0.25-0.75 PO
0.5 IV

8
6

8
6

8
6

8
6

Usual 
regimen

Usual 
regimen

≥100 97 100

Tinidazole (~100) 2 PO 47.7 1-2 q24h 2 50 mg/kg/day 12-14 12-14 4.9 1-2 PO 24 24 24 24 Schedule 
dose 
post-HD

1Decreased extent of absorption of capsule formulation only when given with food.
2No studies to support; extrapolated from adult conversion.
3At steady state.
4Of 14-hydroxyclarithromycin (active metabolite).
5Must be given with food.
6Not approved for children <12 yr of age.
7Denotes decreased rate or extent of absorption, or both, when given with food.
8Erythromycin and its derivatives have varying degrees of bioavailability (18%-45%).
9Oral erythromycin therapy should replace IV therapy as soon as possible.
10Because of local irritative effects, the drug must not be administered rapidly by direct IV injection (IV push).
11Higher serum concentrations have been reported in patients taking erythromycin estolate versus other derivatives.
12Over 20 min.
13When IV clindamycin is given to neonates and infants, organ system functions should be monitored.
14When given over 2 hr.
15Chloramphenicol dosage should be administered to maintain plasma concentrations of 10-25 mg/L for peak and 5-10 mg/L for trough.
16<2 wk.
17>2 wk.
aSpecified dose is supplemental to that in hemodialysis.
bInflamed meninges.

TABLE 54-22  Anti-infective Agent Pharmacology: Azalides, Macrolides, Ketolides, Lincosamides, 
Chloramphenicol, and Metronidazole—cont’d
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TABLE 54-23  Anti-infective Agent Pharmacology: Miscellaneous Gram-Positive Agents and Polymyxins, 
Fusidic Acid

DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—SELECTED 

DOSES

DOSAGE RECOMMENDATIONS SERUM HALF-LIFE (hr)
STANDARD DOSE WITH DOSING INTERVALS 

IN RENAL IMPAIRMENT

Dosage with 
Dialysis Body Fluid ConcentrationsAdults

Children:  
Dose/Interval Newborn (Parenteral): Dose/Interval

With 
Normal and 
Anuric CrCl 

Values  
(mL/min)

With 
Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose (g)

Peak 
Serum 
(µg/mL)

Peak or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily 
Dose (g) Oral Parenteral Up to 1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera

During 
PD 
(daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum 
(%)

Breast 
Milk/
Maternal 
Serum 
(%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Colistimethate1 0.15 IM 5-7.5 200-270 2.5-5 mg/kg/
day q6-12h1

5 mg/kg1 5-15 mg/
kg/day 
q8h2

2.5-5 mg/kg/
day q6-12h

Not 
recommended

1.5-8 48-72 2.5-5 mg/
kg/day 
IV

6-12 2.5-3.8 mg/
kg/day 
q12-24h

2.5 mg/kg/
day 
q12-24h

1.5 mg/kg 
q36h

Minimal 50 18 25-30

Polymyxin B3 20,000-
40,000 U/
kg/IM

1-8 15,000-
25,000 U/kg/
day q12h

25,000 U/
kg/day 
q12h

15,000-
25,000 U/
kg/day 
q12h

Not 
recommended

4.3-6 48-72 15,000-
25,000  
U/kg/
day

12 124 124 2250- 
3750 U/
kg/day 
q12h

Minimal

Vancomycin 
(minimal)

1 IV 25 0.5-2 g/
day 
q6-8h

1g q12h 1 PO/2 IV 40 mg/kg/
day 
q6-8h5

40 mg/kg/day 
q6-12h

15-mg/kg load, 
then 10 mg/
kg q12h

10 mg/kg q8h 4-6 44.1-
406.4

15 mg/kg 12 See Matzke et al 1984 1 g/wk 0.5-1 g/
wk

7.21 50 Minimal

Teicoplanin 3 mg/kg IV6 53 0.2-0.4 q24h 10 mg/kg 
q24h

6 mg/kg q24h 
(preliminary)

6 mg/kg q24h (preliminary) 40-70 125 163 0.4 g 24 48 48 72

6 mg/kg IV6 112

Fusidic acid 0.5 PO 14-387 <1 0.5-1 
q8h

0.58 q8h8 6.6-
16.6 mg/
kg q8h

6.6 mg/kg 
q8-12h

1.3- 
1.5

0.5-1 PO 8 8 8 8

Quinupristin-
dalfopristin

7 mg/kg IV 5 7.5 mg/kg 
q8-12h

22.5 mg/kg/
day

7.5 mg/kg 
q8h

8.6 7.5 mg/kg 8-12 8-12 8-12 8-12 10-20 mg/
kg/day 
q12h

Evernimicin 6 mg/kg IV 49-55 1-12 mg/kg/
day9

1-12 mg/
kg9

24 24

Linezolid (100) 0.4 PO 8.1 0.4-0.6 
q12h

0.4-0.6 q12h 1.2 10 mg/kg 
q8h

10 mg/kg q8h 10 mg/kg q8h 10 mg/kg q8h 5.5 0.4-0.6 g 12 12 12 12 30% of 
dose

20

0.6 PO 12.7

0.6 IV 15.1

Dalbavancin 1 day 1, 0.5 
day 8 IV

325 1 on day 1, 0.5 
day 8

1 >150

Daptomycin 4 mg/kg IV 57.8 4-6 mg/kg 
q24h

6 mg/kg10 9.4 27.8 29.8 4-6 mg/kg 24 24 24-48 48 4-6 mg/kg 
q48h

4-6 mg/kg 
q48h

6 mg/kg IV 93.9

Oritavancin 3 mg/kg IV 31 ≈200

Telavancin 7.5 mg/kg IV 87.5 10 mg/kg q24h 10 mg/kg 6-7.5 10 mg/kg 24 24

15 mg/kg IV 186

1Colistimethate is the sulfamethyl derivative of colistin and the doses are based on colistin base activity. This agent should be used in combination treatment regimens, when applied against 
multidrug-resistant gram-negative pathogens. Although 300 mg/day is considered to be the maximum daily dose, doses up to 480 mg/day (colistin base activity) may be necessary but are likely to also  
increase the risk for toxicity.

2Colistin is absorbed to some extent in infants.
3Bioavailability can be 10% in infants.
4Although recommendations to reduce the polymyxin B dose to 7500-12,500 U/kg/day q12h for patients with a creatinine clearance 5-20 mL/min exist, recent data suggest that no dosage 

adjustment is required on the basis of renal function.
5Not to exceed 2 g/day.
65-min infusion.
7Accumulation occurs with multiple doses of 0.5 g given q8h; a mean serum concentration of 71 µg/mL has been reported after 96 hr of therapy.
8Diethanolamine fusidate, 580 mg = 500 mg sodium fusidate.
9Based on early phase I studies.
10Some experts recommend the use of daptomycin 8-10 mg/kg in patients with infective endocarditis, persistent MRSA bacteremia, or vancomycin treatment failures in adults. Alternatively, an 

empiric fixed daily dose of 750 mg may be optimal in critically ill patients, whereas doses >1000 mg/day are likely to increase the probability of skeletal muscle toxicity without significantly increasing 
the probability of effect.

aSpecified dose is supplemental to that in hemodialysis.
bInflamed meninges.
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TABLE 54-23  Anti-infective Agent Pharmacology: Miscellaneous Gram-Positive Agents and Polymyxins, 
Fusidic Acid

DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—SELECTED 

DOSES

DOSAGE RECOMMENDATIONS SERUM HALF-LIFE (hr)
STANDARD DOSE WITH DOSING INTERVALS 

IN RENAL IMPAIRMENT

Dosage with 
Dialysis Body Fluid ConcentrationsAdults

Children:  
Dose/Interval Newborn (Parenteral): Dose/Interval

With 
Normal and 
Anuric CrCl 

Values  
(mL/min)

With 
Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose (g)

Peak 
Serum 
(µg/mL)

Peak or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily 
Dose (g) Oral Parenteral Up to 1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera

During 
PD 
(daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum 
(%)

Breast 
Milk/
Maternal 
Serum 
(%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Colistimethate1 0.15 IM 5-7.5 200-270 2.5-5 mg/kg/
day q6-12h1

5 mg/kg1 5-15 mg/
kg/day 
q8h2

2.5-5 mg/kg/
day q6-12h

Not 
recommended

1.5-8 48-72 2.5-5 mg/
kg/day 
IV

6-12 2.5-3.8 mg/
kg/day 
q12-24h

2.5 mg/kg/
day 
q12-24h

1.5 mg/kg 
q36h

Minimal 50 18 25-30

Polymyxin B3 20,000-
40,000 U/
kg/IM

1-8 15,000-
25,000 U/kg/
day q12h

25,000 U/
kg/day 
q12h

15,000-
25,000 U/
kg/day 
q12h

Not 
recommended

4.3-6 48-72 15,000-
25,000  
U/kg/
day

12 124 124 2250- 
3750 U/
kg/day 
q12h

Minimal

Vancomycin 
(minimal)

1 IV 25 0.5-2 g/
day 
q6-8h

1g q12h 1 PO/2 IV 40 mg/kg/
day 
q6-8h5

40 mg/kg/day 
q6-12h

15-mg/kg load, 
then 10 mg/
kg q12h

10 mg/kg q8h 4-6 44.1-
406.4

15 mg/kg 12 See Matzke et al 1984 1 g/wk 0.5-1 g/
wk

7.21 50 Minimal

Teicoplanin 3 mg/kg IV6 53 0.2-0.4 q24h 10 mg/kg 
q24h

6 mg/kg q24h 
(preliminary)

6 mg/kg q24h (preliminary) 40-70 125 163 0.4 g 24 48 48 72

6 mg/kg IV6 112

Fusidic acid 0.5 PO 14-387 <1 0.5-1 
q8h

0.58 q8h8 6.6-
16.6 mg/
kg q8h

6.6 mg/kg 
q8-12h

1.3- 
1.5

0.5-1 PO 8 8 8 8

Quinupristin-
dalfopristin

7 mg/kg IV 5 7.5 mg/kg 
q8-12h

22.5 mg/kg/
day

7.5 mg/kg 
q8h

8.6 7.5 mg/kg 8-12 8-12 8-12 8-12 10-20 mg/
kg/day 
q12h

Evernimicin 6 mg/kg IV 49-55 1-12 mg/kg/
day9

1-12 mg/
kg9

24 24

Linezolid (100) 0.4 PO 8.1 0.4-0.6 
q12h

0.4-0.6 q12h 1.2 10 mg/kg 
q8h

10 mg/kg q8h 10 mg/kg q8h 10 mg/kg q8h 5.5 0.4-0.6 g 12 12 12 12 30% of 
dose

20

0.6 PO 12.7

0.6 IV 15.1

Dalbavancin 1 day 1, 0.5 
day 8 IV

325 1 on day 1, 0.5 
day 8

1 >150

Daptomycin 4 mg/kg IV 57.8 4-6 mg/kg 
q24h

6 mg/kg10 9.4 27.8 29.8 4-6 mg/kg 24 24 24-48 48 4-6 mg/kg 
q48h

4-6 mg/kg 
q48h

6 mg/kg IV 93.9

Oritavancin 3 mg/kg IV 31 ≈200

Telavancin 7.5 mg/kg IV 87.5 10 mg/kg q24h 10 mg/kg 6-7.5 10 mg/kg 24 24

15 mg/kg IV 186

1Colistimethate is the sulfamethyl derivative of colistin and the doses are based on colistin base activity. This agent should be used in combination treatment regimens, when applied against 
multidrug-resistant gram-negative pathogens. Although 300 mg/day is considered to be the maximum daily dose, doses up to 480 mg/day (colistin base activity) may be necessary but are likely to also  
increase the risk for toxicity.

2Colistin is absorbed to some extent in infants.
3Bioavailability can be 10% in infants.
4Although recommendations to reduce the polymyxin B dose to 7500-12,500 U/kg/day q12h for patients with a creatinine clearance 5-20 mL/min exist, recent data suggest that no dosage 

adjustment is required on the basis of renal function.
5Not to exceed 2 g/day.
65-min infusion.
7Accumulation occurs with multiple doses of 0.5 g given q8h; a mean serum concentration of 71 µg/mL has been reported after 96 hr of therapy.
8Diethanolamine fusidate, 580 mg = 500 mg sodium fusidate.
9Based on early phase I studies.
10Some experts recommend the use of daptomycin 8-10 mg/kg in patients with infective endocarditis, persistent MRSA bacteremia, or vancomycin treatment failures in adults. Alternatively, an 

empiric fixed daily dose of 750 mg may be optimal in critically ill patients, whereas doses >1000 mg/day are likely to increase the probability of skeletal muscle toxicity without significantly increasing 
the probability of effect.

aSpecified dose is supplemental to that in hemodialysis.
bInflamed meninges.
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TABLE 54-25  Anti-infective Agent Pharmacology: Quinolones and Urinary Anti-infectives

DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—SELECTED 

DOSES

DOSAGE RECOMMENDATIONS

SERUM 
HALF-LIFE 

(hr)
STANDARD DOSE WITH DOSING INTERVALS IN 

RENAL IMPAIRMENT

Dosage with Dialysis Body Fluid ConcentrationsAdults
Children:  

Dose/Interval

Newborn 
(Parenteral):  
Dose/Interval

With Normal  
and Anuric 
CrCl Values 

(mL/min)
With 

Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose 
(g)

Peak 
Serum 
(µg/mL)

Peak or 
Range, 
Urine  
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily 
Dose (g) Oral Parenteral Up to 1 wk

1-4 
wk >80 <10 HD PD >80 80-50 50-10 <10 (anuric) Aftera

During 
PD 
(daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum 
(%)3

Breast 
Milk/
Maternal 
Serum 
(%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Cinoxacin (97) 0.25 PO
0.5 PO

8
16

400 0.25 q6h 
or

0.5 q12h2 1 1.5 8.4 3-4.4 0.25-0.5 6-12 0.25 
q8h

0.25 q12-24h Not recommended <100 (18-78)4

Ciprofloxacin1 
(50-85)

0.5 PO
0.75 PO
0.4 IV5

1.6-2.9
2.5-4.3
4.6

350 0.25-0.75 
q12h

0.2-0.4 
q8-12h

1.5 PO, 1.2 
IV

25 mg/kg/
day q12h

3.2-12.5 mg/
kg/day 
q12h

3-5 5-10 3.2/5.86 0.25-0.75 
PO

0.2-0.4 IV

12
8-12

12
8-12

0.25-0.5 q12h
12-24

0.25-0.5 q18h
0.2-0.4 q18-24h

0.25-0.5 
q24h 
post-HD

0.25-0.5 
q24h

11-46 400 2800-4500 3-227

Enoxacin1 (80-90) 0.4 PO
0.6 PO
0.2 IV

2.8-3.6
4
1.8

250-300
337

0.4 q12h 0.4 q12h 0.8 5-7 40 9.8 0.2-0.4 12 12 0.1-0.2 q12h8 0.1-0.2 q12h 67 900

Garenoxacin1 0.4 PO 5.9 0.4-0.6 
q24h

0.6 14 0.4-0.6 24 24 35-449

Gemifloxacin 0.32 PO 1.48 0.32 q24h 0.32 6.65 0.32 24 24

Levofloxacin (99) 0.5 PO
0.5 IV5

0.75 PO

5.7
6.2
7.1

0.25-0.75 
q24h

0.25-0.75 
q24h

1 6-8 0.25-0.75 24 24 24-48 0.25 q48h 0.25 q48h 0.25 q48h 15 100

Lomefloxacin 
(>95)

0.2 PO
0.4 PO

2.1
3-4.7

170 0.4 q24h 0.4 7-8.5 21 0.4 24 24 0.2 q24h 0.2 q24h 0.4 load, then 
0.2 q24h

700

Moxifloxacin (90) 0.4 PO
0.4 IV

3.1
3.9

0.4 q24h 0.4 q24h 0.4 9-16 0.4 24 24 24 24

Nalidixic acid1 
(100)

1 PO 20-40 1q6h 4 1.1-2.5 21 1 6 6 6 Avoid10 Minimal

Norfloxacin1 
(30-50)

0.4 PO 1.3-1.9 ≥200 0.4 q12h 0.8 2.3-4 7.6 0.4 12 12 24 24 1000

Ofloxacin1 
(85-100)

0.4 PO
0.2 PO
0.4 IV5

2.9-5.6
1.5-2.7
4

200 0.2-0.4 
q12h

0.2-0.4 q12h 0.8 4-8 16.9-
28.4

8-12/ 
13-4811

0.2-0.4 
PO/IV

12 12 24 0.1-0.2 q24h 0.2 load, then 
0.1 q24h

28-87 96-112 210-1886

TABLE 54-24  Anti-infective Agent Pharmacology: Sulfonamides and Trimethoprim

DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—SELECTED 

DOSES

DOSAGE RECOMMENDATIONS SERUM HALF-LIFE (hr)
STANDARD DOSE WITH DOSING 

INTERVALS IN RENAL IMPAIRMENT

Dosage with 
Dialysis Body Fluid ConcentrationsAdults Children: Dose/Interval

Newborn (Parenteral): 
Dose/Interval

With Normal 
and Anuric 
CrCl Values 

(mL/min)
With 

Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose (g)

Peak 
Serum 
(µg/mL)

Peak or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily 
Dose (g) Oral Parenteral Up to 1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera

During 
PD 
(daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum 
(%)

Breast 
Milk/
Maternal 
Serum 
(%)

Bile/Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Trimethoprim/
sulfamethoxazole1 
(85-90)

0.16/0.8 PO
0.16/0.8 IV

1-2/40-602
9/1052

0.16/0.8 q12-24h 3-5 mg/kg 
q6-8h3

1.2 IV3 6-12 mg/kg/day 
q6-12h3

6-12 mg/kg/
day 
q6-12h3

Not recommended 8-15/7-12 24/22-50 3-5 mg/kg 
IV3

6-12 18 24 Avoid 4-5 mg/kg 
post-HD3

0.16/0.8 
q48h

50/404 80/505 125/10 100-200/40-70 10-45/20-30

Trimethoprim (80) 0.1 PO
0.2 PO

1
2

30-60 0.1 q12h 0.2 4 mg/kg/day q12h6 8-15 24 0.1 12 12 18-24 Avoid 30-50 70-100 100 100 10

Sulfisoxazole1 
(70-90)

2-4 PO
2-4 IM

11.2-25
11.2-25

0.5-1 q6h 25 mg/kg q6h 4 120-150 mg/kg/day 
q4-6h

Not recommended 3-7 6-12 1-2 6 6 1 q8-12h 1 q12-24h 8-574 ≥50 10 40-70 20-30

Sulfamethoxazole1 
(70-90)

2 PO 50-120 1 q8-12h 2 50-60 mg/kg/day 
q12h

Not recommended 7-12 22-50 1 8-12 25-30 ≥50

Sulfamethizole1 
(70-90)

2 PO 60 0.5-1 q6-8h 6 30-45 mg/kg/day q6h Not recommended 4-8 58 0.5-1 6-8 ≥50

Sulfadiazine1 (70-90) 3 PO 50 2-4 g/day q4-8h 4 120-150 mg/kg/day 
q4-6h

100 mg/kg/
day q6-8h

Not recommended 17 34 0.5-1 4-6 50-80 ≥50

Dapsone 0.2 PO 0.1-72 0.05-0.1 q24h 0.1 1-2 mg/kg/day q24h 20-30 0.05-0.1 24 69

1Decreased rate or extent of absorption, or both, when given with food.
2At steady state.
3Based on the trimethoprim component.
4Uninflamed meninges.
5Amniotic fluid concentrations (µg/mL).
6Not approved for children <12 yr.
aSpecified dose is supplemental to that in hemodialysis.
bInflamed meninges.
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TABLE 54-25  Anti-infective Agent Pharmacology: Quinolones and Urinary Anti-infectives

DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—SELECTED 

DOSES

DOSAGE RECOMMENDATIONS

SERUM 
HALF-LIFE 

(hr)
STANDARD DOSE WITH DOSING INTERVALS IN 

RENAL IMPAIRMENT

Dosage with Dialysis Body Fluid ConcentrationsAdults
Children:  

Dose/Interval

Newborn 
(Parenteral):  
Dose/Interval

With Normal  
and Anuric 
CrCl Values 

(mL/min)
With 

Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose 
(g)

Peak 
Serum 
(µg/mL)

Peak or 
Range, 
Urine  
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily 
Dose (g) Oral Parenteral Up to 1 wk

1-4 
wk >80 <10 HD PD >80 80-50 50-10 <10 (anuric) Aftera

During 
PD 
(daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum 
(%)3

Breast 
Milk/
Maternal 
Serum 
(%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Cinoxacin (97) 0.25 PO
0.5 PO

8
16

400 0.25 q6h 
or

0.5 q12h2 1 1.5 8.4 3-4.4 0.25-0.5 6-12 0.25 
q8h

0.25 q12-24h Not recommended <100 (18-78)4

Ciprofloxacin1 
(50-85)

0.5 PO
0.75 PO
0.4 IV5

1.6-2.9
2.5-4.3
4.6

350 0.25-0.75 
q12h

0.2-0.4 
q8-12h

1.5 PO, 1.2 
IV

25 mg/kg/
day q12h

3.2-12.5 mg/
kg/day 
q12h

3-5 5-10 3.2/5.86 0.25-0.75 
PO

0.2-0.4 IV

12
8-12

12
8-12

0.25-0.5 q12h
12-24

0.25-0.5 q18h
0.2-0.4 q18-24h

0.25-0.5 
q24h 
post-HD

0.25-0.5 
q24h

11-46 400 2800-4500 3-227

Enoxacin1 (80-90) 0.4 PO
0.6 PO
0.2 IV

2.8-3.6
4
1.8

250-300
337

0.4 q12h 0.4 q12h 0.8 5-7 40 9.8 0.2-0.4 12 12 0.1-0.2 q12h8 0.1-0.2 q12h 67 900

Garenoxacin1 0.4 PO 5.9 0.4-0.6 
q24h

0.6 14 0.4-0.6 24 24 35-449

Gemifloxacin 0.32 PO 1.48 0.32 q24h 0.32 6.65 0.32 24 24

Levofloxacin (99) 0.5 PO
0.5 IV5

0.75 PO

5.7
6.2
7.1

0.25-0.75 
q24h

0.25-0.75 
q24h

1 6-8 0.25-0.75 24 24 24-48 0.25 q48h 0.25 q48h 0.25 q48h 15 100

Lomefloxacin 
(>95)

0.2 PO
0.4 PO

2.1
3-4.7

170 0.4 q24h 0.4 7-8.5 21 0.4 24 24 0.2 q24h 0.2 q24h 0.4 load, then 
0.2 q24h

700

Moxifloxacin (90) 0.4 PO
0.4 IV

3.1
3.9

0.4 q24h 0.4 q24h 0.4 9-16 0.4 24 24 24 24

Nalidixic acid1 
(100)

1 PO 20-40 1q6h 4 1.1-2.5 21 1 6 6 6 Avoid10 Minimal

Norfloxacin1 
(30-50)

0.4 PO 1.3-1.9 ≥200 0.4 q12h 0.8 2.3-4 7.6 0.4 12 12 24 24 1000

Ofloxacin1 
(85-100)

0.4 PO
0.2 PO
0.4 IV5

2.9-5.6
1.5-2.7
4

200 0.2-0.4 
q12h

0.2-0.4 q12h 0.8 4-8 16.9-
28.4

8-12/ 
13-4811

0.2-0.4 
PO/IV

12 12 24 0.1-0.2 q24h 0.2 load, then 
0.1 q24h

28-87 96-112 210-1886

TABLE 54-24  Anti-infective Agent Pharmacology: Sulfonamides and Trimethoprim

DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—SELECTED 

DOSES

DOSAGE RECOMMENDATIONS SERUM HALF-LIFE (hr)
STANDARD DOSE WITH DOSING 

INTERVALS IN RENAL IMPAIRMENT

Dosage with 
Dialysis Body Fluid ConcentrationsAdults Children: Dose/Interval

Newborn (Parenteral): 
Dose/Interval

With Normal 
and Anuric 
CrCl Values 

(mL/min)
With 

Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose (g)

Peak 
Serum 
(µg/mL)

Peak or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily 
Dose (g) Oral Parenteral Up to 1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera

During 
PD 
(daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum 
(%)

Breast 
Milk/
Maternal 
Serum 
(%)

Bile/Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Trimethoprim/
sulfamethoxazole1 
(85-90)

0.16/0.8 PO
0.16/0.8 IV

1-2/40-602
9/1052

0.16/0.8 q12-24h 3-5 mg/kg 
q6-8h3

1.2 IV3 6-12 mg/kg/day 
q6-12h3

6-12 mg/kg/
day 
q6-12h3

Not recommended 8-15/7-12 24/22-50 3-5 mg/kg 
IV3

6-12 18 24 Avoid 4-5 mg/kg 
post-HD3

0.16/0.8 
q48h

50/404 80/505 125/10 100-200/40-70 10-45/20-30

Trimethoprim (80) 0.1 PO
0.2 PO

1
2

30-60 0.1 q12h 0.2 4 mg/kg/day q12h6 8-15 24 0.1 12 12 18-24 Avoid 30-50 70-100 100 100 10

Sulfisoxazole1 
(70-90)

2-4 PO
2-4 IM

11.2-25
11.2-25

0.5-1 q6h 25 mg/kg q6h 4 120-150 mg/kg/day 
q4-6h

Not recommended 3-7 6-12 1-2 6 6 1 q8-12h 1 q12-24h 8-574 ≥50 10 40-70 20-30

Sulfamethoxazole1 
(70-90)

2 PO 50-120 1 q8-12h 2 50-60 mg/kg/day 
q12h

Not recommended 7-12 22-50 1 8-12 25-30 ≥50

Sulfamethizole1 
(70-90)

2 PO 60 0.5-1 q6-8h 6 30-45 mg/kg/day q6h Not recommended 4-8 58 0.5-1 6-8 ≥50

Sulfadiazine1 (70-90) 3 PO 50 2-4 g/day q4-8h 4 120-150 mg/kg/day 
q4-6h

100 mg/kg/
day q6-8h

Not recommended 17 34 0.5-1 4-6 50-80 ≥50

Dapsone 0.2 PO 0.1-72 0.05-0.1 q24h 0.1 1-2 mg/kg/day q24h 20-30 0.05-0.1 24 69

1Decreased rate or extent of absorption, or both, when given with food.
2At steady state.
3Based on the trimethoprim component.
4Uninflamed meninges.
5Amniotic fluid concentrations (µg/mL).
6Not approved for children <12 yr.
aSpecified dose is supplemental to that in hemodialysis.
bInflamed meninges.

Continued
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TABLE 54-25  Anti-infective Agent Pharmacology: Quinolones and Urinary Anti-infectives—cont’d

TABLE 54-26  Anti-infective Agent Pharmacology: Antimycobacterials

DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—
SELECTED DOSES

DOSAGE RECOMMENDATIONS
SERUM 

HALF-LIFE (hr)
STANDARD DOSE WITH DOSING INTERVALS IN 

RENAL IMPAIRMENT

Dosage with 
Dialysis Body Fluid ConcentrationsAdults Children: Dose/Interval

Newborn 
(Parenteral): 
Dose/Interval

With Normal 
and Anuric  
CrCl Values 

(mL/min) With Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose 
(g)

Peak 
Serum 
(µg/mL)

Peak or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily 
Dose (g) Oral Parenteral

Up to 
1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera

During 
PD 
(daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum 
(%)

Breast 
Milk/
Maternal 
Serum 
(%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Aminosalicylic acid 4 PO 76-104 150 mg/kg/
day q6-12h

12 150-360 mg/kg/
day q6-8h

1 23 150 mg/
kg/day

6-12 10-50

Capreomycin3 1 IM 20-47 1 g IM q24h4 1 10-20 mg/kg/
day q24h 
(not 
approved)

10-20 mg/
kg/day 
q24h (not 
approved)

4-6 29.4-55.5 1 24 24 7.5 mg/kg 
q24-48h

7.5 mg/kg 
2×/wk

Minimal

Clofazimine1 
(45-70)

0.1 PO5 0.76 0.1 q24h 0.1 8 days/70 
days7

0.1 8 8 8 8

Cycloserine8 
(70-90)

0.25 PO 10 0.25-0.5 
q12h

1 10-20 mg/kg/day 
q12h (not 
approved)

10 0.25-0.5 12 12 24 0.25 q24h 80-100 100 72

DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—SELECTED 

DOSES

DOSAGE RECOMMENDATIONS

SERUM 
HALF-LIFE 

(hr)
STANDARD DOSE WITH DOSING INTERVALS IN 

RENAL IMPAIRMENT

Dosage with Dialysis Body Fluid ConcentrationsAdults
Children:  

Dose/Interval

Newborn 
(Parenteral):  
Dose/Interval

With Normal  
and Anuric 
CrCl Values 

(mL/min)
With 

Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose 
(g)

Peak 
Serum 
(µg/mL)

Peak or 
Range, 
Urine  
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily 
Dose (g) Oral Parenteral Up to 1 wk

1-4 
wk >80 <10 HD PD >80 80-50 50-10 <10 (anuric) Aftera

During 
PD 
(daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum 
(%)3

Breast 
Milk/
Maternal 
Serum 
(%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Oxolinic acid 
(poor)

0.75 PO 0.9-3.6 45-100 0.75 q12h2 2 6-7 0.75 12 Not 
recommended

Not 
recommended10

200-300

Pefloxacin (98) 0.4 PO
0.4 IV5

3.8-5.6
5.8

100-115 0.4 
q12-24h

8-12 11-15 52-58 200-600

Sparfloxacin (92) 0.4 PO 1-2 0.4 day 1, 
then 0.2 
q24h

0.4 16-30 0.4 load, 
then 0.2

24 24 48 48

Urinary Anti-infectives

Fosfomycin (37) 3 PO 26.1 706 3 × 1 dose 3 5.7 40 40 3 Once Once Once

Methenamine 
hippurate12

1 PO 40 
(formaldehyde)

1 q6h2 4 12.5-
18.75 mg/
kg q6h2

Not 
recommended

3-6 1 6 6 Avoid10

Methenamine 
mandelate12

1 PO 70-100 
µmol/L

≈50 
(formaldehyde)

1 q12h2 2 12.5-25 mg/
kg q12h2

Not 
recommended

3-6 1 12 12 Avoid10 50 70-100

Nitrofurantoin 
(good but 
variable)

0.1 PO <2 50-150 0.05-0.1 
q6-8h

0.4 5-7 mg/kg/
day q6h

Not 
recommended

0.3 1 0.05-0.1 6 6 Avoid10,13 100 <2514 200-400

1Decreased rate or extent of absorption, or both, when given with food.
2Use primarily for the treatment of urinary tract infections.
3Use during pregnancy not recommended.
4Animal pharmacology studies indicate the presence of drug in the milk of lactating rats receiving oral doses of cinoxacin. Human data are not currently available.
5Infused over 60 min.
63.2 hr during dialysis, 5.8 hr in between sessions.
7Case report.
8For creatinine clearance < 30 mL/min; for >30 mL/min, use normal dose.
912-24 hr after dose.
10Ineffective urinary concentrations expected with compromised renal function.
118-12 hr during dialysis, 13-48 hr in between sessions.
12Usually co-administered with an acidifying agent to convert the methenamine salts in urine to ammonia and bactericidal formaldehyde (pH < 5.5). Mandelic acid and hippuric acid are mildly 

antiseptic and contribute to urine acidification.
13Nitrofurantoin accumulates in the serum of patients with creatine clearance <60 mL/min, which leads to systemic toxicity.
14Although only small amounts of nitrofurantoin have been detected in breast milk, the drug could cause hemolytic anemia in a glucose-6-phosphate dehydrogenase-deficient infant exposed in this 

manner.
aSpecified dose is supplemental to that in hemodialysis.
bInflamed meninges.
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TABLE 54-25  Anti-infective Agent Pharmacology: Quinolones and Urinary Anti-infectives—cont’d

TABLE 54-26  Anti-infective Agent Pharmacology: Antimycobacterials

DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—
SELECTED DOSES

DOSAGE RECOMMENDATIONS
SERUM 

HALF-LIFE (hr)
STANDARD DOSE WITH DOSING INTERVALS IN 

RENAL IMPAIRMENT

Dosage with 
Dialysis Body Fluid ConcentrationsAdults Children: Dose/Interval

Newborn 
(Parenteral): 
Dose/Interval

With Normal 
and Anuric  
CrCl Values 

(mL/min) With Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose 
(g)

Peak 
Serum 
(µg/mL)

Peak or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily 
Dose (g) Oral Parenteral

Up to 
1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera

During 
PD 
(daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum 
(%)

Breast 
Milk/
Maternal 
Serum 
(%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Aminosalicylic acid 4 PO 76-104 150 mg/kg/
day q6-12h

12 150-360 mg/kg/
day q6-8h

1 23 150 mg/
kg/day

6-12 10-50

Capreomycin3 1 IM 20-47 1 g IM q24h4 1 10-20 mg/kg/
day q24h 
(not 
approved)

10-20 mg/
kg/day 
q24h (not 
approved)

4-6 29.4-55.5 1 24 24 7.5 mg/kg 
q24-48h

7.5 mg/kg 
2×/wk

Minimal

Clofazimine1 
(45-70)

0.1 PO5 0.76 0.1 q24h 0.1 8 days/70 
days7

0.1 8 8 8 8

Cycloserine8 
(70-90)

0.25 PO 10 0.25-0.5 
q12h

1 10-20 mg/kg/day 
q12h (not 
approved)

10 0.25-0.5 12 12 24 0.25 q24h 80-100 100 72

DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—SELECTED 

DOSES

DOSAGE RECOMMENDATIONS

SERUM 
HALF-LIFE 

(hr)
STANDARD DOSE WITH DOSING INTERVALS IN 

RENAL IMPAIRMENT

Dosage with Dialysis Body Fluid ConcentrationsAdults
Children:  

Dose/Interval

Newborn 
(Parenteral):  
Dose/Interval

With Normal  
and Anuric 
CrCl Values 

(mL/min)
With 

Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose 
(g)

Peak 
Serum 
(µg/mL)

Peak or 
Range, 
Urine  
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily 
Dose (g) Oral Parenteral Up to 1 wk

1-4 
wk >80 <10 HD PD >80 80-50 50-10 <10 (anuric) Aftera

During 
PD 
(daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum 
(%)3

Breast 
Milk/
Maternal 
Serum 
(%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Oxolinic acid 
(poor)

0.75 PO 0.9-3.6 45-100 0.75 q12h2 2 6-7 0.75 12 Not 
recommended

Not 
recommended10

200-300

Pefloxacin (98) 0.4 PO
0.4 IV5

3.8-5.6
5.8

100-115 0.4 
q12-24h

8-12 11-15 52-58 200-600

Sparfloxacin (92) 0.4 PO 1-2 0.4 day 1, 
then 0.2 
q24h

0.4 16-30 0.4 load, 
then 0.2

24 24 48 48

Urinary Anti-infectives

Fosfomycin (37) 3 PO 26.1 706 3 × 1 dose 3 5.7 40 40 3 Once Once Once

Methenamine 
hippurate12

1 PO 40 
(formaldehyde)

1 q6h2 4 12.5-
18.75 mg/
kg q6h2

Not 
recommended

3-6 1 6 6 Avoid10

Methenamine 
mandelate12

1 PO 70-100 
µmol/L

≈50 
(formaldehyde)

1 q12h2 2 12.5-25 mg/
kg q12h2

Not 
recommended

3-6 1 12 12 Avoid10 50 70-100

Nitrofurantoin 
(good but 
variable)

0.1 PO <2 50-150 0.05-0.1 
q6-8h

0.4 5-7 mg/kg/
day q6h

Not 
recommended

0.3 1 0.05-0.1 6 6 Avoid10,13 100 <2514 200-400

1Decreased rate or extent of absorption, or both, when given with food.
2Use primarily for the treatment of urinary tract infections.
3Use during pregnancy not recommended.
4Animal pharmacology studies indicate the presence of drug in the milk of lactating rats receiving oral doses of cinoxacin. Human data are not currently available.
5Infused over 60 min.
63.2 hr during dialysis, 5.8 hr in between sessions.
7Case report.
8For creatinine clearance < 30 mL/min; for >30 mL/min, use normal dose.
912-24 hr after dose.
10Ineffective urinary concentrations expected with compromised renal function.
118-12 hr during dialysis, 13-48 hr in between sessions.
12Usually co-administered with an acidifying agent to convert the methenamine salts in urine to ammonia and bactericidal formaldehyde (pH < 5.5). Mandelic acid and hippuric acid are mildly 

antiseptic and contribute to urine acidification.
13Nitrofurantoin accumulates in the serum of patients with creatine clearance <60 mL/min, which leads to systemic toxicity.
14Although only small amounts of nitrofurantoin have been detected in breast milk, the drug could cause hemolytic anemia in a glucose-6-phosphate dehydrogenase-deficient infant exposed in this 

manner.
aSpecified dose is supplemental to that in hemodialysis.
bInflamed meninges.

Continued
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DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—
SELECTED DOSES

DOSAGE RECOMMENDATIONS
SERUM 

HALF-LIFE (hr)
STANDARD DOSE WITH DOSING INTERVALS IN 

RENAL IMPAIRMENT

Dosage with 
Dialysis Body Fluid ConcentrationsAdults Children: Dose/Interval

Newborn 
(Parenteral): 
Dose/Interval

With Normal 
and Anuric  
CrCl Values 

(mL/min) With Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose 
(g)

Peak 
Serum 
(µg/mL)

Peak or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily 
Dose (g) Oral Parenteral

Up to 
1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera

During 
PD 
(daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum 
(%)

Breast 
Milk/
Maternal 
Serum 
(%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Ethambutol 
(75-80)

25 mg/
kg 
PO

2-5 15 mg/kg 
q24h

15 mg/kg 10-15 mg/kg 
q24h (not 
recommended)

3.3 ≥7 15-25 mg/
kg

24 15 mg/kg 
q24h

15 mg/kg 
q24-36h

15 mg/kg 
q48h

15 mg/kg/
day 
post-HD

15 mg/kg/day 25-50 ∼100

Ethionamide (80) 1 PO 20 0.25-0.5 
q12h

1 15-20 mg/kg/
day9 q24h (not 
approved)

3 9 0.25-0.5 12 12 12 5 mg/kg q24h 100

Isoniazid2,10 7 mg/
kg 
PO

4.5/111 0.3 q24h 0.3 IM q24h 0.3 10-20 mg/kg/day 
q12-24h

10-20 mg/kg/
day 
q12-24h

0.5-4 2-10 0.3 PO/IM 24 24 24  dose in slow 
acetylators

5 mg/kg/
day 
post-HD

Daily dose 
postdialysis

100 High 100

Pyrazinamide 0.5 PO 9-12 15-30 mg/kg 
q24h

2 30 mg/kg/day 
q12-24h (not 
approved)

10-16 15-30 mg/
kg

24 24 24 12-20 mg/kg 
q24h

100

Rifabutin (≥20) 0.3 PO 0.375 0.3 q24h 0.3 4-18.5 mg/kg 
q24h12

16-69 0.3 24 24

Rifampin (100) 0.6 PO
0.6 IV13

7
17.5

0.6 q24h 0.6 q24h 0.6 10-20 mg/kg/day 
q12-24h

2-5 2-5 Minimal 
change

0.6 24 24 24 24 10-20 33 20-60 10,000

Rifapentine (70) 0.6 PO 15.05 0.6 twice 
weekly

0.6 13.19 0.6 Twice 
weekly

Twice 
weekly

Streptomycin 1 IM 25-50 ≥1000 1 IM q24h 1 20-40 mg/kg/
day q24h

2-3 Up to 110 114 24 7.5 mg/kg/
day 
q24h

7.5 mg/kg/day 
q24-72h

7.5 mg/kg/
day 
q72-96h

0.5 post-HD 20 10-40 <25 40-300

1Should be taken with food.
2Decreased rate or extent, or both, of absorption when given with food.
3Pharmacokinetics similar to streptomycin.
4Administer for 60-120 days followed by 1q 2-3×/wk.
5In leprosy patients.
6At steady state.
78-day serum half-life, 70-day tissue half-life.
8Dosage should be adjusted to maintain plasma concentrations <30 µg/mL.
9Limited evidence suggests that 20 mg/kg daily given as a single dose in children is more likely to produce cerebrospinal fluid concentrations exceeding the minimal inhibitory concentration of 

2.5 µg/mL for Mycobacterium tuberculosis.
10To minimize risk of polyneuritis from isoniazid-induced pyridoxine deficiency, pyridoxine (15-50 mg) is often given concurrently.
114.5 µg/mL in slow inactivators, 1.0 µg/mL in rapid inactivators.
12Dose varies significantly by age group; see manufacturer’s recommendations before prescribing.
13Infused over 30 min.
14Desirable serum concentrations: peak, 5-25 µg/mL; trough, <5 µg/mL.
aSpecified dose is supplemental to that in hemodialysis.
bInflamed meninges.

TABLE 54-26  Anti-infective Agent Pharmacology: Antimycobacterials—cont’d

TABLE 54-27  Anti-infective Agent Pharmacology: Antifungal Agents

DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—SELECTED 

DOSES

DOSAGE RECOMMENDATIONS

SERUM 
HALF-LIFE 

(hr)
STANDARD DOSE WITH DOSING 

INTERVALS IN RENAL IMPAIRMENT

Dosage with Dialysis Body Fluid ConcentrationsAdults
Children:  

Dose/Interval

Newborn 
(Parenteral): 
Dose/Interval

With Normal 
and Anuric 
CrCl Values 

(mL/min)
With 

Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose 
(g)

Peak 
Serum 
(µg/mL)

Peak or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily 
Dose (g) Oral Parenteral

Up to 
1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera

During 
PD 
(daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum (%)

Breast 
Milk/
Maternal 
Serum (%)

Bile/
Serum (%)

Aqueous 
Humor/
Serum (%)Oral Parenteral

Amphotericin B 
(poor)

0.03 IV2

0.05 IV2
1
2

0.25-1 mg/kg 
q24h3,4

1 mg/kg5 0.25-1 mg/kg 
q24-48h3

0.1-1 mg/
kg/day3

0.1-1 mg/
kg/day3

24 or 
more

24 or  
more

0.25-1 mg/kg 24 24 24 24 Usual regimen Usual 
regimen

3 50 25

Anidulafungin 0.1 IV 7.2 0.1-0.2 load, 
then 0.05-0.1 
q24h

0.1 0.75-1.5 mg/
kg/day

26-50 26-50 26-50 26-50 0.05-0.1 24 24 24 24 Usual regimen Usual 
regimen

Caspofungin 0.07 load, then 
0.05 q24h

9-11 9-11 9-11 0.05 24 24 24 24 Usual regimen

Fluconazole (≥90) 0.4 PO
0.1 IV6

6.72
3.86-4.96

0.05-0.4 
q24h

0.05-0.4 q24h 0.4 3-12 mg/
kgq24h

3-12 mg/kg 
q24h

20-50 48 71 0.05-0.4 24 24 50% of 
dose

25% of 
dose

Usual dose 
after

50-94 85

Flucytosine1,7 
(75-90)

2 PO 30-45 50-150 mg/
kg/day 
q6h

150 mg/kg 50-150 mg/
kg/day 
q6h

3-6 30-250 37 mg/kg 6 6 12-24 15-25 mg/
kg q24h

20-37.5 mg/
kg post-HD

60-100

Griseofulvin  
(50/>50)8

0.5/0.25 
PO

0.4-2/0.4-2 0.5-1 q24h/ 
0.33-0.66 
q24h

1 15 mg/kg/
day 
q24h

24 24 0.5-1/0.33-
0.66

24/24 24/24 24/24 24/24 80
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DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—
SELECTED DOSES

DOSAGE RECOMMENDATIONS
SERUM 

HALF-LIFE (hr)
STANDARD DOSE WITH DOSING INTERVALS IN 

RENAL IMPAIRMENT

Dosage with 
Dialysis Body Fluid ConcentrationsAdults Children: Dose/Interval

Newborn 
(Parenteral): 
Dose/Interval

With Normal 
and Anuric  
CrCl Values 

(mL/min) With Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose 
(g)

Peak 
Serum 
(µg/mL)

Peak or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily 
Dose (g) Oral Parenteral

Up to 
1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera

During 
PD 
(daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum 
(%)

Breast 
Milk/
Maternal 
Serum 
(%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Ethambutol 
(75-80)

25 mg/
kg 
PO

2-5 15 mg/kg 
q24h

15 mg/kg 10-15 mg/kg 
q24h (not 
recommended)

3.3 ≥7 15-25 mg/
kg

24 15 mg/kg 
q24h

15 mg/kg 
q24-36h

15 mg/kg 
q48h

15 mg/kg/
day 
post-HD

15 mg/kg/day 25-50 ∼100

Ethionamide (80) 1 PO 20 0.25-0.5 
q12h

1 15-20 mg/kg/
day9 q24h (not 
approved)

3 9 0.25-0.5 12 12 12 5 mg/kg q24h 100

Isoniazid2,10 7 mg/
kg 
PO

4.5/111 0.3 q24h 0.3 IM q24h 0.3 10-20 mg/kg/day 
q12-24h

10-20 mg/kg/
day 
q12-24h

0.5-4 2-10 0.3 PO/IM 24 24 24 1
2 dose in slow 

acetylators
5 mg/kg/

day 
post-HD

Daily dose 
postdialysis

100 High 100

Pyrazinamide 0.5 PO 9-12 15-30 mg/kg 
q24h

2 30 mg/kg/day 
q12-24h (not 
approved)

10-16 15-30 mg/
kg

24 24 24 12-20 mg/kg 
q24h

100

Rifabutin (≥20) 0.3 PO 0.375 0.3 q24h 0.3 4-18.5 mg/kg 
q24h12

16-69 0.3 24 24

Rifampin (100) 0.6 PO
0.6 IV13

7
17.5

0.6 q24h 0.6 q24h 0.6 10-20 mg/kg/day 
q12-24h

2-5 2-5 Minimal 
change

0.6 24 24 24 24 10-20 33 20-60 10,000

Rifapentine (70) 0.6 PO 15.05 0.6 twice 
weekly

0.6 13.19 0.6 Twice 
weekly

Twice 
weekly

Streptomycin 1 IM 25-50 ≥1000 1 IM q24h 1 20-40 mg/kg/
day q24h

2-3 Up to 110 114 24 7.5 mg/kg/
day 
q24h

7.5 mg/kg/day 
q24-72h

7.5 mg/kg/
day 
q72-96h

0.5 post-HD 20 10-40 <25 40-300

1Should be taken with food.
2Decreased rate or extent, or both, of absorption when given with food.
3Pharmacokinetics similar to streptomycin.
4Administer for 60-120 days followed by 1q 2-3×/wk.
5In leprosy patients.
6At steady state.
78-day serum half-life, 70-day tissue half-life.
8Dosage should be adjusted to maintain plasma concentrations <30 µg/mL.
9Limited evidence suggests that 20 mg/kg daily given as a single dose in children is more likely to produce cerebrospinal fluid concentrations exceeding the minimal inhibitory concentration of 

2.5 µg/mL for Mycobacterium tuberculosis.
10To minimize risk of polyneuritis from isoniazid-induced pyridoxine deficiency, pyridoxine (15-50 mg) is often given concurrently.
114.5 µg/mL in slow inactivators, 1.0 µg/mL in rapid inactivators.
12Dose varies significantly by age group; see manufacturer’s recommendations before prescribing.
13Infused over 30 min.
14Desirable serum concentrations: peak, 5-25 µg/mL; trough, <5 µg/mL.
aSpecified dose is supplemental to that in hemodialysis.
bInflamed meninges.

TABLE 54-26  Anti-infective Agent Pharmacology: Antimycobacterials—cont’d

TABLE 54-27  Anti-infective Agent Pharmacology: Antifungal Agents

DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—SELECTED 

DOSES

DOSAGE RECOMMENDATIONS

SERUM 
HALF-LIFE 

(hr)
STANDARD DOSE WITH DOSING 

INTERVALS IN RENAL IMPAIRMENT

Dosage with Dialysis Body Fluid ConcentrationsAdults
Children:  

Dose/Interval

Newborn 
(Parenteral): 
Dose/Interval

With Normal 
and Anuric 
CrCl Values 

(mL/min)
With 

Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose 
(g)

Peak 
Serum 
(µg/mL)

Peak or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily 
Dose (g) Oral Parenteral

Up to 
1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera

During 
PD 
(daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum (%)

Breast 
Milk/
Maternal 
Serum (%)

Bile/
Serum (%)

Aqueous 
Humor/
Serum (%)Oral Parenteral

Amphotericin B 
(poor)

0.03 IV2

0.05 IV2
1
2

0.25-1 mg/kg 
q24h3,4

1 mg/kg5 0.25-1 mg/kg 
q24-48h3

0.1-1 mg/
kg/day3

0.1-1 mg/
kg/day3

24 or 
more

24 or  
more

0.25-1 mg/kg 24 24 24 24 Usual regimen Usual 
regimen

3 50 25

Anidulafungin 0.1 IV 7.2 0.1-0.2 load, 
then 0.05-0.1 
q24h

0.1 0.75-1.5 mg/
kg/day

26-50 26-50 26-50 26-50 0.05-0.1 24 24 24 24 Usual regimen Usual 
regimen

Caspofungin 0.07 load, then 
0.05 q24h

9-11 9-11 9-11 0.05 24 24 24 24 Usual regimen

Fluconazole (≥90) 0.4 PO
0.1 IV6

6.72
3.86-4.96

0.05-0.4 
q24h

0.05-0.4 q24h 0.4 3-12 mg/
kgq24h

3-12 mg/kg 
q24h

20-50 48 71 0.05-0.4 24 24 50% of 
dose

25% of 
dose

Usual dose 
after

50-94 85

Flucytosine1,7 
(75-90)

2 PO 30-45 50-150 mg/
kg/day 
q6h

150 mg/kg 50-150 mg/
kg/day 
q6h

3-6 30-250 37 mg/kg 6 6 12-24 15-25 mg/
kg q24h

20-37.5 mg/
kg post-HD

60-100

Griseofulvin  
(50/>50)8

0.5/0.25 
PO

0.4-2/0.4-2 0.5-1 q24h/ 
0.33-0.66 
q24h

1 15 mg/kg/
day 
q24h

24 24 0.5-1/0.33-
0.66

24/24 24/24 24/24 24/24 80
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TABLE 54-27  Anti-infective Agent Pharmacology: Antifungal Agents—cont’d

DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—SELECTED 

DOSES

DOSAGE RECOMMENDATIONS

SERUM 
HALF-LIFE 

(hr)
STANDARD DOSE WITH DOSING 

INTERVALS IN RENAL IMPAIRMENT

Dosage with Dialysis Body Fluid ConcentrationsAdults
Children:  

Dose/Interval

Newborn 
(Parenteral): 
Dose/Interval

With Normal 
and Anuric 
CrCl Values 

(mL/min)
With 

Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose 
(g)

Peak 
Serum 
(µg/mL)

Peak or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily 
Dose (g) Oral Parenteral

Up to 
1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera

During 
PD 
(daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum (%)

Breast 
Milk/
Maternal 
Serum (%)

Bile/
Serum (%)

Aqueous 
Humor/
Serum (%)Oral Parenteral

Itraconazole 
(99.8)9,10

0.2 PO11 2.3/3.512 0.2-0.4 
q24h

0.2 q24h 0.4 3-5 mg/kg 
q24h

21-6013 0.2-0.4 24 24 <10

Ketoconazole10 0.2 PO 4.2 0.2-0.4 
q12-24h

0.8 5-10 mg/
kg/day 
q12-24h

8 8 0.2-0.4 12-24 12-24 12-24 12-24 Usual regimen Usual 
regimen

Minimal Minimal ∼10

Micafungin 0.1 IV 8.17 0.0125-0.15 
q24h

2-3 mg/kg 
q24h

15 15 0.012 24 24 24 24 Undetectable Low

Miconazole (50)14 0.0514 0.05 q24h 0.05 24 24 24 24

Nystatin (minimal) All doses Not detectable 0.4-1 mU 
q8h

2 mU 0.4-0.6 mU 
q6h

0.1 mU 
q6h

0.1 mU 
q6h

0.4-1 mU 8 8 8 8

Posaconazole 0.2 PO9 0.512 0.2 q8h-0.4 
q12h

0.8 35 35 35 35 0.2-0.4 8-12 8-12 8-12 8-12 Usual regimen Usual 
regimen

Terbinafine (80) 0.25 PO 1 0.125-0.5 
q12-24h

0.5 0.062-0.25 
q24h

22-30 0.125-0.25 12-24 12-24 Unsafe

Voriconazole1 (96) 0.2 PO15

3 mg/kg 
IV15

2.08
3.06

0.2-0.3 
q12h

6 mg/kg q12h × 
1 day, then 
4 mg/kg q12h

4 mg/kg 0.1-0.2 
q12h16

6 mg/kg q12h 
× 1 day, 
then 4 mg/
kg q12h16

6 4 mg/kg 12 12 12 Try to 
avoid

42-67

1Decreased rate or extent of absorption, or both, when given with food.
2Infused over several hr.
3A test dose of 1 mg infused over 15 min is often given to assess febrile reactions before proceeding to higher doses.
4Should be administered by slow infusion; rapid IV infusion should be avoided because potentially serious adverse effects (e.g., hypotension, hypokalemia, arrhythmias, shock) may occur.
5Or 1.5 mg/kg every other day.
6Infused over 30 min; ascertained on days 6-7.
7Peak concentrations should be 25 µg/mL to avoid development of resistance but should not exceed 100-120 µg/mL to avoid side effects.
8Microsize, ultramicrosize.
9When given with meals.
10Gastric acid-suppressing agents decrease bioavailability to <5%.
11Taken 2× day for 15 days.
12Parent drug, active metabolite (hydroxyitraconazole).
13Half-life extends as dosing continues.
14Oral buccal tablet.
15Administered q12h × 10 days after day 1 loading doses.
16≥12 yr.
aSpecified dose is supplemental to that in hemodialysis.
bInflamed meninges.

TABLE 54-28  Anti-infective Agent Pharmacology: Antiparasitic Agents

DRUG (ORAL 
ABSORPTION, %)

SERUM AND URINE 
CONCENTRATION—SELECTED 

DOSES

DOSAGE RECOMMENDATIONS SERUM HALF-LIFE (hr)
STANDARD DOSE WITH DOSING INTERVALS 

IN RENAL IMPAIRMENT

Dosage with 
Dialysis Body Fluid ConcentrationsAdults Children: Dose/Interval

Newborn 
(Parenteral): 
Dose/Interval

With Normal 
and Anuric 
CrCl Values 

(mL/min)
With 

Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose

Peak 
Serum 
(µg/mL)

Peak or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily Dose Oral Parenteral

Up to 
1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera

During 
PD 
(daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum 
(%)

Breast 
Milk/
Maternal 
Serum 
(%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Albendazole 0.4 g 0.4 0.4 15 mg/kg 0.4

Artemether/lumefantrine1 20 mg/120 mg 4 tablets × 61 4 tablets × 61 1-4 tablets × 61 4 tablets x 61

Artesunate 2.4 mg/kg 4-5 2.4 mg/kg × 52 2.4 mg/kg × 52 2.4 mg/kg × 52 2.4 mg/kg x 52

Atovaquone (23-47) 0.75-1.5 g 12 0.75-1.5 g 0.75-1.5 g 20 mg/kg 0.75-1.5g <1

Chloroquine 1 g 1.0 0.5-1 g 0.5-1 g 0.5-1 g 5 mg/kg 5 mg/kg 5 mg/kg 5 mg/kg 5 mg/kg 0.5-1 0.25-0.5

Diethylcarbamazine 0.5 0.15-0.25 2 mg/kg tid 0.5-2 mg/kg 2 mg/kg

Ivermectin 50-200 µg/kg 0.003-0.008 50-200 µg/kg 50-200 µg/kg 50-200 µg/kg 50-200 µg/kg

Mebendazole 0.1 g 0.006-0.051 0.1 g bid 0.1 g 0.1 g

Niclosamide 2 g 2 g 2 g 1-2 g 2 g

Nitazoxanide 0.5 g 3.0 0.5 g bid 0.5 g 0.1-0.5 g bid 0.5 g

Paromomycin 8-12 mg/kg 8-12 mg/kg tid 8-12 mg/kg 8-12 mg/kg 8-12 mg/kg

Pentamidine 3-4 mg/kg 0.5-3.4 3-4 mg/kg 4 mg/kg qd 3-4 mg/kg qd 3-4 mg/kg/qd

Praziquantel 25 mg/kg 2-8 25 mg/kg tid 25 mg/kg tid 25 mg/kg tid 25 mg/kg

Pyrimethamine 0.025-0.075 g 0.26-4.7 0.05-0.075 g qd 0.1/0.05-0.075 g qd 1 mg/kg 0.1/0.05-0.075 g

Sodium stibogluconate 0.02 g/kg 9-12 0.02 g/kg qd 0.02 g/kg qd 20 mg/kg 0.02 g/kg
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TABLE 54-27  Anti-infective Agent Pharmacology: Antifungal Agents—cont’d

DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—SELECTED 

DOSES

DOSAGE RECOMMENDATIONS

SERUM 
HALF-LIFE 

(hr)
STANDARD DOSE WITH DOSING 

INTERVALS IN RENAL IMPAIRMENT

Dosage with Dialysis Body Fluid ConcentrationsAdults
Children:  

Dose/Interval

Newborn 
(Parenteral): 
Dose/Interval

With Normal 
and Anuric 
CrCl Values 

(mL/min)
With 

Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose 
(g)

Peak 
Serum 
(µg/mL)

Peak or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily 
Dose (g) Oral Parenteral

Up to 
1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera

During 
PD 
(daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum (%)

Breast 
Milk/
Maternal 
Serum (%)

Bile/
Serum (%)

Aqueous 
Humor/
Serum (%)Oral Parenteral

Itraconazole 
(99.8)9,10

0.2 PO11 2.3/3.512 0.2-0.4 
q24h

0.2 q24h 0.4 3-5 mg/kg 
q24h

21-6013 0.2-0.4 24 24 <10

Ketoconazole10 0.2 PO 4.2 0.2-0.4 
q12-24h

0.8 5-10 mg/
kg/day 
q12-24h

8 8 0.2-0.4 12-24 12-24 12-24 12-24 Usual regimen Usual 
regimen

Minimal Minimal ∼10

Micafungin 0.1 IV 8.17 0.0125-0.15 
q24h

2-3 mg/kg 
q24h

15 15 0.012 24 24 24 24 Undetectable Low

Miconazole (50)14 0.0514 0.05 q24h 0.05 24 24 24 24

Nystatin (minimal) All doses Not detectable 0.4-1 mU 
q8h

2 mU 0.4-0.6 mU 
q6h

0.1 mU 
q6h

0.1 mU 
q6h

0.4-1 mU 8 8 8 8

Posaconazole 0.2 PO9 0.512 0.2 q8h-0.4 
q12h

0.8 35 35 35 35 0.2-0.4 8-12 8-12 8-12 8-12 Usual regimen Usual 
regimen

Terbinafine (80) 0.25 PO 1 0.125-0.5 
q12-24h

0.5 0.062-0.25 
q24h

22-30 0.125-0.25 12-24 12-24 Unsafe

Voriconazole1 (96) 0.2 PO15

3 mg/kg 
IV15

2.08
3.06

0.2-0.3 
q12h

6 mg/kg q12h × 
1 day, then 
4 mg/kg q12h

4 mg/kg 0.1-0.2 
q12h16

6 mg/kg q12h 
× 1 day, 
then 4 mg/
kg q12h16

6 4 mg/kg 12 12 12 Try to 
avoid

42-67

1Decreased rate or extent of absorption, or both, when given with food.
2Infused over several hr.
3A test dose of 1 mg infused over 15 min is often given to assess febrile reactions before proceeding to higher doses.
4Should be administered by slow infusion; rapid IV infusion should be avoided because potentially serious adverse effects (e.g., hypotension, hypokalemia, arrhythmias, shock) may occur.
5Or 1.5 mg/kg every other day.
6Infused over 30 min; ascertained on days 6-7.
7Peak concentrations should be 25 µg/mL to avoid development of resistance but should not exceed 100-120 µg/mL to avoid side effects.
8Microsize, ultramicrosize.
9When given with meals.
10Gastric acid-suppressing agents decrease bioavailability to <5%.
11Taken 2× day for 15 days.
12Parent drug, active metabolite (hydroxyitraconazole).
13Half-life extends as dosing continues.
14Oral buccal tablet.
15Administered q12h × 10 days after day 1 loading doses.
16≥12 yr.
aSpecified dose is supplemental to that in hemodialysis.
bInflamed meninges.

TABLE 54-28  Anti-infective Agent Pharmacology: Antiparasitic Agents

DRUG (ORAL 
ABSORPTION, %)

SERUM AND URINE 
CONCENTRATION—SELECTED 

DOSES

DOSAGE RECOMMENDATIONS SERUM HALF-LIFE (hr)
STANDARD DOSE WITH DOSING INTERVALS 

IN RENAL IMPAIRMENT

Dosage with 
Dialysis Body Fluid ConcentrationsAdults Children: Dose/Interval

Newborn 
(Parenteral): 
Dose/Interval

With Normal 
and Anuric 
CrCl Values 

(mL/min)
With 

Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose

Peak 
Serum 
(µg/mL)

Peak or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily Dose Oral Parenteral

Up to 
1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera

During 
PD 
(daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum 
(%)

Breast 
Milk/
Maternal 
Serum 
(%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Albendazole 0.4 g 0.4 0.4 15 mg/kg 0.4

Artemether/lumefantrine1 20 mg/120 mg 4 tablets × 61 4 tablets × 61 1-4 tablets × 61 4 tablets x 61

Artesunate 2.4 mg/kg 4-5 2.4 mg/kg × 52 2.4 mg/kg × 52 2.4 mg/kg × 52 2.4 mg/kg x 52

Atovaquone (23-47) 0.75-1.5 g 12 0.75-1.5 g 0.75-1.5 g 20 mg/kg 0.75-1.5g <1

Chloroquine 1 g 1.0 0.5-1 g 0.5-1 g 0.5-1 g 5 mg/kg 5 mg/kg 5 mg/kg 5 mg/kg 5 mg/kg 0.5-1 0.25-0.5

Diethylcarbamazine 0.5 0.15-0.25 2 mg/kg tid 0.5-2 mg/kg 2 mg/kg

Ivermectin 50-200 µg/kg 0.003-0.008 50-200 µg/kg 50-200 µg/kg 50-200 µg/kg 50-200 µg/kg

Mebendazole 0.1 g 0.006-0.051 0.1 g bid 0.1 g 0.1 g

Niclosamide 2 g 2 g 2 g 1-2 g 2 g

Nitazoxanide 0.5 g 3.0 0.5 g bid 0.5 g 0.1-0.5 g bid 0.5 g

Paromomycin 8-12 mg/kg 8-12 mg/kg tid 8-12 mg/kg 8-12 mg/kg 8-12 mg/kg

Pentamidine 3-4 mg/kg 0.5-3.4 3-4 mg/kg 4 mg/kg qd 3-4 mg/kg qd 3-4 mg/kg/qd

Praziquantel 25 mg/kg 2-8 25 mg/kg tid 25 mg/kg tid 25 mg/kg tid 25 mg/kg

Pyrimethamine 0.025-0.075 g 0.26-4.7 0.05-0.075 g qd 0.1/0.05-0.075 g qd 1 mg/kg 0.1/0.05-0.075 g

Sodium stibogluconate 0.02 g/kg 9-12 0.02 g/kg qd 0.02 g/kg qd 20 mg/kg 0.02 g/kg

Continued
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DRUG (ORAL 
ABSORPTION, %)

SERUM AND URINE 
CONCENTRATION—SELECTED 

DOSES

DOSAGE RECOMMENDATIONS SERUM HALF-LIFE (hr)
STANDARD DOSE WITH DOSING INTERVALS 

IN RENAL IMPAIRMENT

Dosage with 
Dialysis Body Fluid ConcentrationsAdults Children: Dose/Interval

Newborn 
(Parenteral): 
Dose/Interval

With Normal 
and Anuric 
CrCl Values 

(mL/min)
With 

Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose

Peak 
Serum 
(µg/mL)

Peak or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily Dose Oral Parenteral

Up to 
1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera

During 
PD 
(daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum 
(%)

Breast 
Milk/
Maternal 
Serum 
(%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Spiramycin 1 g 0.96 1 q6-12h 4-5 5-6 0.5-1 6-12

Suramin3 1 g 1 g/day 20 mg/kg 1 g 1

Thiabendazole 1.5 g 0.25-1.5 g bid 0.25-1.5 g 1.5 g bid

Tinidazole 2 g 42-60 2 g qd 2 g 50 mg/kg 2 g qd 50% dose

Triclabendazole 10 mg/kg 10 mg/kg 10 mg/kg × 2 10 mg/kg × 2 10 mg/kg ×2

1A 3-day regimen of 6 doses of the co-formulated artemether/lumefantrine (20 mg/120 mg per tablet) is recommended on the basis of weight category (adult and pediatric) as an initial oral dose 
followed by an oral dose 8 hours later, then the oral dose twice a day for the following 2 days. The dose is stratified by weight: 5-<15 kg (1 tablet per dose), 15-<25 kg (2 tablets per dose), 
25- <35 kg (3 tablets per dose), ≥35 kg (4 tablets per dose)

25-dose regimen given at 0, 12, 24, 48, and 72 hours.
3Suramin treatment courses require single-dose administrations on days 1, 3, 7, 14, and 21 of a treatment course.
aSpecified dose is supplemental to that in hemodialysis.
bInflamed meninges.

TABLE 54-28  Anti-infective Agent Pharmacology: Antiparasitic Agents—cont’d

TABLE 54-29  Anti-infective Agent Pharmacology: Antiviral Agents*

DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—SELECTED 

DOSES

DOSAGE RECOMMENDATIONS
SERUM 

HALF-LIFE (hr)
STANDARD DOSE WITH DOSING INTERVALS IN 

RENAL IMPAIRMENT

Dosage with 
Dialysis Body Fluid ConcentrationsAdults

Children:  
Dose/Interval

Newborn 
(Parenteral): 
Dose/Interval

With Normal 
and Anuric 
CrCl Values 

(mL/min)
With 

Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose (g)

Peak 
Serum 
(µg/mL)

Peak or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily Dose 
(g) Oral Parenteral

Up to 
1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera

During 
PD 
(daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum (%)

Breast 
Milk/
Maternal 
Serum (%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Acyclovir (15-30)2 0.2 PO3

0.8 PO3

5 mg/kg IV4

0.83
1.61
7.7

0.2-0.8 2-5 
days

5-12 mg/kg 
q8h

4 PO, 30 mg/
kg IV

0.2 5 days 25-50 mg/kg/
day q8h

2.1-3.5 19.5 Minimal 
change

0.2-0.8 PO
5-12 mg/kg 

IV

2-5×/
day 8

2-5×/day 
8

2-5×/day 
12-24

0.2-0.8 q24h
2.5-6 mg/kg 

q24h

0.5 post-HD 2.5 mg/
kg/day

50 ≥100 37

Adefovir (59) 0.01 PO 0.018 0.01-0.12 
q24h

0.12 7.5 0.01 24 24 48-72 0.01 qwk

Amantadine 
(85-90)

0.1 PO3 0.302 0.1 q12h 0.2 5-8 mg/kg/
day q12h

10-14 170 7-10.3  
days

0.1 12 24 0.1-0.2 
2-3×/wk

0.1-0.2 qwk 0.2 qwk 50

Boceprevir2 0.8 PO 0.1723 0.8 tid 2.4 3.4 3.4 0.8 g 8 8 8 8 8 8 <1

Cidofovir 10 mg/kg IV 24 5 mg/kg qwk5 5 mg/kg 2.5 5 mg/kg qwk qwk Do not use Do not use Do not use Do not 
use

Entecavir1 0.5 mg PO
1 mg PO

0.004
0.008

0.5-1 mg 
q24h

1 mg 128-149 0.5-1.0 mg 24 24 Give after HD

Famciclovir (75-77) 0.5 PO
0.75 PO

4
5.1-5.3

0.125-0.75 
q8-12h

2.25 2-2.3 0.125-0.75 8-12 8-12 0.125-0.5 
q12-24h

0.125-0.25 
q24h

0.125-0.25 
post-HD

Foscarnet 0.09 IV3 2186 60 mg/kg 
q8h7

120-180 mg/
kg

0.1-17 60 mg/kg 8 12 24 45-60 mg/kg 13-103

Ganciclovir (5) 5 mg/kg IV4

1.0 PO
9
0.98

1.0 q8h 5 mg/kg 
q12h8

5 mg/kg 
maintenance

30 mg/kg 
q8h

5 mg/kg 
q12h8

2.5-5 10 5 mg/kg 12 2.5 mg/kg 
q12h

2.5 mg/kg 
q24h

1.25 mg/kg 
q24h

1.25 mg/kg  
3×/wk 
post-HD

24-68 40

Interferon alfa-2a 
(80 IM, 90 SC)

3-6 MU 3×/wk 3.7-8.5 3-6 MU 3×/wk 3×/wk 3×/wk 3×/wk 3×/wk 3×/wk

Interferon alfa-2b 
(80 IM, 90 SC)

3-5 MU q24h 
3×/wk9

3-6 MU/m2 
3×/wk

2-3 3-5 MU q24h; 
3×/wk

q24h; 3×/
wk

q24h; 3×/wk q24h; 3×/wk

Interferon alfa-2b/
ribavirin10 
(33-69-ribavirin)

1-1.2 q24h 3-5 MU 3×/wk 0.2-0.4 
q12h

3 MU/m2 3×/
wk11

6.5/298 3-5 MU; 
1-1.2

3×/wk; 
q24h

3×/wk; 
q24h

Not to be 
used

Not to be used

Interferon-alfa-n3 3 MU 3×/wk 4.43-6.76 3 MU 3×/wk 3×/wk 3×/wk 3×/wk

Interferon 
alfacon-1 (80)

9 µg 3×/wk 0.5-7 9 µg 3×/wk 3×/wk

Oseltamivir (75) 0.075 PO 0.0652 0.075 
q12-24h

0.15 0.03-0.075 
q12-24h

6-10 0.075 12-24 12-24 24-48

Palivizumab 15 mg/kg IV 313 15 mg/kg 
qmo

15 mg/kg 
qmo

13-27 
days

Peginterferon 
alfa-2b

22-60 40-150 µg qwk qwk

Ribavirin 0.82 mg/kg/hr12

0.82 mg/kg/hr13
0.275
1.1

0.4-0.6 
q12h14

40-150 µg 
qwk

1.2 PO 15 24-36 Not to be 
used

Not to be used None 7016

Rimantadine (100) 0.2 0.05-
0.086

0.1 q12h 0.2 PO 5 mg/kg/
day 
q12-24h

19.8-36.5 0.1 12 12 12 24 Not to be 
used
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DRUG (ORAL 
ABSORPTION, %)

SERUM AND URINE 
CONCENTRATION—SELECTED 

DOSES

DOSAGE RECOMMENDATIONS SERUM HALF-LIFE (hr)
STANDARD DOSE WITH DOSING INTERVALS 

IN RENAL IMPAIRMENT

Dosage with 
Dialysis Body Fluid ConcentrationsAdults Children: Dose/Interval

Newborn 
(Parenteral): 
Dose/Interval

With Normal 
and Anuric 
CrCl Values 

(mL/min)
With 

Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose

Peak 
Serum 
(µg/mL)

Peak or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily Dose Oral Parenteral

Up to 
1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera

During 
PD 
(daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum 
(%)

Breast 
Milk/
Maternal 
Serum 
(%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Spiramycin 1 g 0.96 1 q6-12h 4-5 5-6 0.5-1 6-12

Suramin3 1 g 1 g/day 20 mg/kg 1 g 1

Thiabendazole 1.5 g 0.25-1.5 g bid 0.25-1.5 g 1.5 g bid

Tinidazole 2 g 42-60 2 g qd 2 g 50 mg/kg 2 g qd 50% dose

Triclabendazole 10 mg/kg 10 mg/kg 10 mg/kg × 2 10 mg/kg × 2 10 mg/kg ×2

1A 3-day regimen of 6 doses of the co-formulated artemether/lumefantrine (20 mg/120 mg per tablet) is recommended on the basis of weight category (adult and pediatric) as an initial oral dose 
followed by an oral dose 8 hours later, then the oral dose twice a day for the following 2 days. The dose is stratified by weight: 5-<15 kg (1 tablet per dose), 15-<25 kg (2 tablets per dose), 
25- <35 kg (3 tablets per dose), ≥35 kg (4 tablets per dose)

25-dose regimen given at 0, 12, 24, 48, and 72 hours.
3Suramin treatment courses require single-dose administrations on days 1, 3, 7, 14, and 21 of a treatment course.
aSpecified dose is supplemental to that in hemodialysis.
bInflamed meninges.

TABLE 54-28  Anti-infective Agent Pharmacology: Antiparasitic Agents—cont’d

TABLE 54-29  Anti-infective Agent Pharmacology: Antiviral Agents*

DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—SELECTED 

DOSES

DOSAGE RECOMMENDATIONS
SERUM 

HALF-LIFE (hr)
STANDARD DOSE WITH DOSING INTERVALS IN 

RENAL IMPAIRMENT

Dosage with 
Dialysis Body Fluid ConcentrationsAdults

Children:  
Dose/Interval

Newborn 
(Parenteral): 
Dose/Interval

With Normal 
and Anuric 
CrCl Values 

(mL/min)
With 

Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose (g)

Peak 
Serum 
(µg/mL)

Peak or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily Dose 
(g) Oral Parenteral

Up to 
1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera

During 
PD 
(daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum (%)

Breast 
Milk/
Maternal 
Serum (%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Acyclovir (15-30)2 0.2 PO3

0.8 PO3

5 mg/kg IV4

0.83
1.61
7.7

0.2-0.8 2-5 
days

5-12 mg/kg 
q8h

4 PO, 30 mg/
kg IV

0.2 5 days 25-50 mg/kg/
day q8h

2.1-3.5 19.5 Minimal 
change

0.2-0.8 PO
5-12 mg/kg 

IV

2-5×/
day 8

2-5×/day 
8

2-5×/day 
12-24

0.2-0.8 q24h
2.5-6 mg/kg 

q24h

0.5 post-HD 2.5 mg/
kg/day

50 ≥100 37

Adefovir (59) 0.01 PO 0.018 0.01-0.12 
q24h

0.12 7.5 0.01 24 24 48-72 0.01 qwk

Amantadine 
(85-90)

0.1 PO3 0.302 0.1 q12h 0.2 5-8 mg/kg/
day q12h

10-14 170 7-10.3  
days

0.1 12 24 0.1-0.2 
2-3×/wk

0.1-0.2 qwk 0.2 qwk 50

Boceprevir2 0.8 PO 0.1723 0.8 tid 2.4 3.4 3.4 0.8 g 8 8 8 8 8 8 <1

Cidofovir 10 mg/kg IV 24 5 mg/kg qwk5 5 mg/kg 2.5 5 mg/kg qwk qwk Do not use Do not use Do not use Do not 
use

Entecavir1 0.5 mg PO
1 mg PO

0.004
0.008

0.5-1 mg 
q24h

1 mg 128-149 0.5-1.0 mg 24 24 Give after HD

Famciclovir (75-77) 0.5 PO
0.75 PO

4
5.1-5.3

0.125-0.75 
q8-12h

2.25 2-2.3 0.125-0.75 8-12 8-12 0.125-0.5 
q12-24h

0.125-0.25 
q24h

0.125-0.25 
post-HD

Foscarnet 0.09 IV3 2186 60 mg/kg 
q8h7

120-180 mg/
kg

0.1-17 60 mg/kg 8 12 24 45-60 mg/kg 13-103

Ganciclovir (5) 5 mg/kg IV4

1.0 PO
9
0.98

1.0 q8h 5 mg/kg 
q12h8

5 mg/kg 
maintenance

30 mg/kg 
q8h

5 mg/kg 
q12h8

2.5-5 10 5 mg/kg 12 2.5 mg/kg 
q12h

2.5 mg/kg 
q24h

1.25 mg/kg 
q24h

1.25 mg/kg  
3×/wk 
post-HD

24-68 40

Interferon alfa-2a 
(80 IM, 90 SC)

3-6 MU 3×/wk 3.7-8.5 3-6 MU 3×/wk 3×/wk 3×/wk 3×/wk 3×/wk 3×/wk

Interferon alfa-2b 
(80 IM, 90 SC)

3-5 MU q24h 
3×/wk9

3-6 MU/m2 
3×/wk

2-3 3-5 MU q24h; 
3×/wk

q24h; 3×/
wk

q24h; 3×/wk q24h; 3×/wk

Interferon alfa-2b/
ribavirin10 
(33-69-ribavirin)

1-1.2 q24h 3-5 MU 3×/wk 0.2-0.4 
q12h

3 MU/m2 3×/
wk11

6.5/298 3-5 MU; 
1-1.2

3×/wk; 
q24h

3×/wk; 
q24h

Not to be 
used

Not to be used

Interferon-alfa-n3 3 MU 3×/wk 4.43-6.76 3 MU 3×/wk 3×/wk 3×/wk 3×/wk

Interferon 
alfacon-1 (80)

9 µg 3×/wk 0.5-7 9 µg 3×/wk 3×/wk

Oseltamivir (75) 0.075 PO 0.0652 0.075 
q12-24h

0.15 0.03-0.075 
q12-24h

6-10 0.075 12-24 12-24 24-48

Palivizumab 15 mg/kg IV 313 15 mg/kg 
qmo

15 mg/kg 
qmo

13-27 
days

Peginterferon 
alfa-2b

22-60 40-150 µg qwk qwk

Ribavirin 0.82 mg/kg/hr12

0.82 mg/kg/hr13
0.275
1.1

0.4-0.6 
q12h14

40-150 µg 
qwk

1.2 PO 15 24-36 Not to be 
used

Not to be used None 7016

Rimantadine (100) 0.2 0.05-
0.086

0.1 q12h 0.2 PO 5 mg/kg/
day 
q12-24h

19.8-36.5 0.1 12 12 12 24 Not to be 
used

Continued
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DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—SELECTED 

DOSES

DOSAGE RECOMMENDATIONS
SERUM 

HALF-LIFE (hr)
STANDARD DOSE WITH DOSING INTERVALS IN 

RENAL IMPAIRMENT

Dosage with 
Dialysis Body Fluid ConcentrationsAdults

Children:  
Dose/Interval

Newborn 
(Parenteral): 
Dose/Interval

With Normal 
and Anuric 
CrCl Values 

(mL/min)
With 

Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose (g)

Peak 
Serum 
(µg/mL)

Peak or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily Dose 
(g) Oral Parenteral

Up to 
1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera

During 
PD 
(daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum (%)

Breast 
Milk/
Maternal 
Serum (%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Telaprevir 0.75 PO 0.75 tid 2.25 9-11 9-11 0.75 8 8 8 8

Telbivudine 0.6 PO3 3.69 0.6 q24h 0.6 40-49 0.6 24 24 48-72 72-96 Give after HD

Valacyclovir (55) 2 PO3 8.49 0.5-2 
q8-24h

4 2.5-3.617 20 0.5-1 8-12 8-12 12-24 24 0.5-1 Normal 170

Valganciclovir18 
(60)

0.45 PO 3.1 0.9 
q12-24h

1.8 PO 3.7-4.6 0.9 12-14 12-24

Vidarabine 10 mg/kg IV 0.2-0.4/ 
3-619

10-15 mg/kg/
day over 
12h

15 mg/kg 10-15 mg/kg/
day over 
12h

15-30 mg/
kg/day 
over 
12h

15-30 mg/
kg/day 
over 
12h

1.5/3.3 15 mg/kg/
day

Over 12 Over 12 Over 12 10 mg/kg/day 
over 12h

Schedule 
post-HD

33-3520

Zanamivir (2) 0.01 PO 0.017-
0.142

10 mg 
q12h21

10 mg 
q12h21

1.6-5.1 10 mg 12 12 12 12 12 12

*Not including antiretrovirals, which are listed in Table 54-30.
1Decreased rate or extent, or both, of absorption when given with food.
2Bioavailability decreases as dosage is increased.
3At steady state.
4Infused over 1 hour.
5qwk × 2 wk, then qowk.
6µmol/L.
7For 14-21 days as initial induction therapy, then 90 mg/kg q24h as maintenance.
8For 14-21 days as induction therapy; then 5 mg/g q24h.
93 MU 3×/wk for hepatitis C; 5 MU q24h for hepatitis B.
10PO doses are ribavirin; parenteral doses are interferon.
11Based on weight.
12Inhaled over 5 hr each day for 3 days.
13Inhaled over 8 hr each day for 3 days.
14Mist of 190 µg/L via SPAG-2 aerosol generator; rate of 12.5 L mist/min × 16-18 hr/day 1 of influenza A or B infection, then × 12 hr/day on days 2 and 3; then × 4 hr on day 4 (not approved in 

United States).
15Mist of 190 µg/L via SPAG-2 aerosol generator; rate of 12.5 L mist/min × 12-18 hr/day for 3-7 days.
16After administration for 4-7 wk in acquired immunodeficiency syndrome (AIDS) or AIDS-related complex patients.
17Half-life of valacyclovir is <30 min but its metabolite, acyclovir, has a half-life of 2.5-3.6 hr.
18Should be taken with food.
19Vidarabine, ara-hypoxanthine (less active metabolite).
20With normal meninges.
qowk, every other week; qwk, every week; qmo, every month.
21Dose administered by oral inhalation.
aSpecified dose is supplemental to that in hemodialysis.
bInflamed meninges.

TABLE 54-29  Anti-infective Agent Pharmacology: Antiviral Agents*—cont’d

TABLE 54-30  Anti-infective Agent Pharmacology: Antiretroviral Agents

DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—SELECTED 

DOSES

DOSAGE RECOMMENDATIONS SERUM HALF-LIFE (hr)
STANDARD DOSE WITH DOSING INTERVALS 

IN RENAL IMPAIRMENT

Dosage with 
Dialysis Body Fluid ConcentrationsAdults Children: Dose/Interval

Newborn (Parenteral): 
Dose/Interval

With Normal 
and Anuric 
CrCl Values 

(mL/min)
With 

Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose 
(g)

Peak 
Serum 
(µg/mL)

Peak or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily 
Dose (g) Oral Parenteral

Up to 
1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera

During 
PD 
(daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum 
(%)

Breast 
Milk/
Maternal 
Serum 
(%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Abacavir (83) 0.3 PO 3.3 0.3 q12h 0.6 8 mg/kg q12h 1.2 1.2 0.3 12 12 12 18-33

Atazanavir4 0.4 PO 5.226 0.4 q24h 0.4 5-8 0.4 24 24

Darunavir (82*)4 0.6 PO 0.6-0.8 q12-24h 1.2 15 0.6-0.8 12-24 12-24 12-24

Delavirdine (60-100) 0.4 PO5 356 0.4 q8h 1.2 0.4 q8h7 2-11 0.4 8 0.4

Didanosine1 
(21-43)8,9

33 mg/kg 29.86 0.125-0.25 q12h 12 mg/kg/day 120 mg/m2 q12h 100 mg/m2 q12h 
PO

1.3-1.6 4.5 0.125-0.4 12-24 12-24 0.1-0.2 
q24h

0.075-0.125 
q24h

25% usual 
dose 
daily

21-46

Dolutegravir 0.05 PO 3.67 0.05 q12-24h10 0.05-0.1 0.0510 14 12-24 12-24 12-24 <2

Efavirenz 0.6 PO5 4.5 0.6 q24h 0.6 0.2-0.6 q24h11 40-55 10 0.6 24 24 24 24 0.6 q24h 0.6 q24h 1.19

Elvitegravir 0.15 PO 1.7 0.15 q24h 0.15 q24h 12.9 0.15 24 24 D/C D/C D/C D/C

Emtricitabine 0.2 PO 2.1 0.2 q24h 0.2 PO 2.5-7 0.2 24 24

Enfuvirtide 0.1 q12h 0.2 0.1 12 12

Etravirine4 0.2 q12h 0.4 41 0.2 12 12 12

Fosamprenavir 1.4 PO* 7.9 0.7-1.4 q12-24h 2.8 18-30 mg/kg q12h 7.7 7.7 0.7-1.4 12-24 12-24 12-24 12-24
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DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—SELECTED 

DOSES

DOSAGE RECOMMENDATIONS
SERUM 

HALF-LIFE (hr)
STANDARD DOSE WITH DOSING INTERVALS IN 

RENAL IMPAIRMENT

Dosage with 
Dialysis Body Fluid ConcentrationsAdults

Children:  
Dose/Interval

Newborn 
(Parenteral): 
Dose/Interval

With Normal 
and Anuric 
CrCl Values 

(mL/min)
With 

Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose (g)

Peak 
Serum 
(µg/mL)

Peak or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily Dose 
(g) Oral Parenteral

Up to 
1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera

During 
PD 
(daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum (%)

Breast 
Milk/
Maternal 
Serum (%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Telaprevir 0.75 PO 0.75 tid 2.25 9-11 9-11 0.75 8 8 8 8

Telbivudine 0.6 PO3 3.69 0.6 q24h 0.6 40-49 0.6 24 24 48-72 72-96 Give after HD

Valacyclovir (55) 2 PO3 8.49 0.5-2 
q8-24h

4 2.5-3.617 20 0.5-1 8-12 8-12 12-24 24 0.5-1 Normal 170

Valganciclovir18 
(60)

0.45 PO 3.1 0.9 
q12-24h

1.8 PO 3.7-4.6 0.9 12-14 12-24

Vidarabine 10 mg/kg IV 0.2-0.4/ 
3-619

10-15 mg/kg/
day over 
12h

15 mg/kg 10-15 mg/kg/
day over 
12h

15-30 mg/
kg/day 
over 
12h

15-30 mg/
kg/day 
over 
12h

1.5/3.3 15 mg/kg/
day

Over 12 Over 12 Over 12 10 mg/kg/day 
over 12h

Schedule 
post-HD

33-3520

Zanamivir (2) 0.01 PO 0.017-
0.142

10 mg 
q12h21

10 mg 
q12h21

1.6-5.1 10 mg 12 12 12 12 12 12

*Not including antiretrovirals, which are listed in Table 54-30.
1Decreased rate or extent, or both, of absorption when given with food.
2Bioavailability decreases as dosage is increased.
3At steady state.
4Infused over 1 hour.
5qwk × 2 wk, then qowk.
6µmol/L.
7For 14-21 days as initial induction therapy, then 90 mg/kg q24h as maintenance.
8For 14-21 days as induction therapy; then 5 mg/g q24h.
93 MU 3×/wk for hepatitis C; 5 MU q24h for hepatitis B.
10PO doses are ribavirin; parenteral doses are interferon.
11Based on weight.
12Inhaled over 5 hr each day for 3 days.
13Inhaled over 8 hr each day for 3 days.
14Mist of 190 µg/L via SPAG-2 aerosol generator; rate of 12.5 L mist/min × 16-18 hr/day 1 of influenza A or B infection, then × 12 hr/day on days 2 and 3; then × 4 hr on day 4 (not approved in 

United States).
15Mist of 190 µg/L via SPAG-2 aerosol generator; rate of 12.5 L mist/min × 12-18 hr/day for 3-7 days.
16After administration for 4-7 wk in acquired immunodeficiency syndrome (AIDS) or AIDS-related complex patients.
17Half-life of valacyclovir is <30 min but its metabolite, acyclovir, has a half-life of 2.5-3.6 hr.
18Should be taken with food.
19Vidarabine, ara-hypoxanthine (less active metabolite).
20With normal meninges.
qowk, every other week; qwk, every week; qmo, every month.
21Dose administered by oral inhalation.
aSpecified dose is supplemental to that in hemodialysis.
bInflamed meninges.

TABLE 54-29  Anti-infective Agent Pharmacology: Antiviral Agents*—cont’d

TABLE 54-30  Anti-infective Agent Pharmacology: Antiretroviral Agents

DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—SELECTED 

DOSES

DOSAGE RECOMMENDATIONS SERUM HALF-LIFE (hr)
STANDARD DOSE WITH DOSING INTERVALS 

IN RENAL IMPAIRMENT

Dosage with 
Dialysis Body Fluid ConcentrationsAdults Children: Dose/Interval

Newborn (Parenteral): 
Dose/Interval

With Normal 
and Anuric 
CrCl Values 

(mL/min)
With 

Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose 
(g)

Peak 
Serum 
(µg/mL)

Peak or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily 
Dose (g) Oral Parenteral

Up to 
1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera

During 
PD 
(daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum 
(%)

Breast 
Milk/
Maternal 
Serum 
(%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Abacavir (83) 0.3 PO 3.3 0.3 q12h 0.6 8 mg/kg q12h 1.2 1.2 0.3 12 12 12 18-33

Atazanavir4 0.4 PO 5.226 0.4 q24h 0.4 5-8 0.4 24 24

Darunavir (82*)4 0.6 PO 0.6-0.8 q12-24h 1.2 15 0.6-0.8 12-24 12-24 12-24

Delavirdine (60-100) 0.4 PO5 356 0.4 q8h 1.2 0.4 q8h7 2-11 0.4 8 0.4

Didanosine1 
(21-43)8,9

33 mg/kg 29.86 0.125-0.25 q12h 12 mg/kg/day 120 mg/m2 q12h 100 mg/m2 q12h 
PO

1.3-1.6 4.5 0.125-0.4 12-24 12-24 0.1-0.2 
q24h

0.075-0.125 
q24h

25% usual 
dose 
daily

21-46

Dolutegravir 0.05 PO 3.67 0.05 q12-24h10 0.05-0.1 0.0510 14 12-24 12-24 12-24 <2

Efavirenz 0.6 PO5 4.5 0.6 q24h 0.6 0.2-0.6 q24h11 40-55 10 0.6 24 24 24 24 0.6 q24h 0.6 q24h 1.19

Elvitegravir 0.15 PO 1.7 0.15 q24h 0.15 q24h 12.9 0.15 24 24 D/C D/C D/C D/C

Emtricitabine 0.2 PO 2.1 0.2 q24h 0.2 PO 2.5-7 0.2 24 24

Enfuvirtide 0.1 q12h 0.2 0.1 12 12

Etravirine4 0.2 q12h 0.4 41 0.2 12 12 12

Fosamprenavir 1.4 PO* 7.9 0.7-1.4 q12-24h 2.8 18-30 mg/kg q12h 7.7 7.7 0.7-1.4 12-24 12-24 12-24 12-24

Continued
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DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—SELECTED 

DOSES

DOSAGE RECOMMENDATIONS SERUM HALF-LIFE (hr)
STANDARD DOSE WITH DOSING INTERVALS 

IN RENAL IMPAIRMENT

Dosage with 
Dialysis Body Fluid ConcentrationsAdults Children: Dose/Interval

Newborn (Parenteral): 
Dose/Interval

With Normal 
and Anuric 
CrCl Values 

(mL/min)
With 

Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose 
(g)

Peak 
Serum 
(µg/mL)

Peak or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily 
Dose (g) Oral Parenteral

Up to 
1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera

During 
PD 
(daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum 
(%)

Breast 
Milk/
Maternal 
Serum 
(%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Indinavir1 (30) 0.8 PO5,9 251-12,61711 0.8 q8h 2.4 350 mg/m2 q8h 1.5-2 1.5-2 0.8 8 8 8 8 Usual 
regimen

5-9 Unsafe

Lamivudine (82-87) 2-8 mg/kg 
PO

1.725-5.815 0.1-0.3 q12-24h 0.6 3-4 mg/kg q12h13 3-7 0.15-0.3 12-24 12-24 0.05-0.15 
q24h

0.025 q24h 0.025 
q24h

6-11 ∼100 ∼100

Lopinavir/ritonavir4 0.4/0.05 
PO

6 (lopinavir) 0.4/0.1 q12h14 0.8/0.2 10-12/2.5-3 mg/kg 
q12h

5-6 0.4/0.1 12 12

Maraviroc (23-33) 0.3 PO5 0.888 0.15-0.6 q12h 1.2 14-18 0.15-0.6 12 12

Nelfinavir4 0.75 PO5 2.9 0.75-1.25 q8-12h4 2.5 20-30 mg/kg q8h4 3.5-5 3.5-5 3.5-5 3.5-5 0.75-1.25 8-12 8-12 8-12 8-12 None Normal 0

Nevirapine (>90) 0.4 PO 2.9-3.4 0.2 q12h 
maintenance

0.4 4 mg/kg q12h 
maintenance15

25-30 25-30 0.2 12 12 12 12 Usual 
regimen

Usual 
regimen

60

Raltegravir 0.4 q12h 0.8 9 9 0.4 12 12 12 12 Dose after 
HD

Rilpivirine 0.025 PO 0.079 0.025 q24h 0.025 50 0.025 24 24 Usual 
regimen

Ritonavir16 (80) 0.6 PO 
1.2 PO

5 11.2 0.6 q12h 1.2 400 mg/m2 q12h 3-3.5 3-3.5 0.6 12 12 12 None 0.2

Saquinavir4 0.6 PO 0.066 0.6-1.2 q8h17,18 7.2 13 13 0.6 or 
1.217

8 8 8 8 None 0.2

Stavudine (80) 4 mg/kg 
PO

4.2 0.03-0.04 q12h 2 mg/kg/day 2 mg/kg/day19 0.5 mg/kg 
q12h PO

1 mg/kg q12h PO 0.9-1.6 5.7 5.3 0.04 12 12 0.02 
q12-24h

0.02 q24h 0.015-0.02 
q24h

24-94

Tenofovir4 (40) 0.3 PO 0.296 0.3 q24h 0.3 PO 4-8 0.3 24 24

Tipranavir4 0.5 PO* 94.8 mcM 0.5 q12h 1 4.8-6 0.5 12 12 12

Zidovudine (50-76)20 0.2-0.3 q8-12h 1 mg/kg q4h21 0.6 160 mg/m2 q8h 0.5-3 1.4 0.2-0.3 8-12 8-12 8-12 0.1 q6-8h 0.1 q6-8h 50-70 100 100

1Decreased rate or extent, or both, of absorption when given with food.
4Give with food.
5At steady state.
6µmol/L.
7For children ≥13 yr old.
8Bioavailability decreases as dosage is increased.
9In human immunodeficiency virus–positive patients.
10Dosed once a day in HIV-1 integrase strand transfer inhibitor (INSTI) naïve patients but should be used twice daily in INSTI-experience with certain or clinically suspected resistance substitutions or 

used in combination with UGT1A/CYP3A inhibitors.
11Based on weight.
12nmol.
13>12 yr of age, 150 mg q12h.
14Needs dosage adjustment if given with nevirapine or efavirenz in treatment-experienced patients when reduced susceptibility to lopinavir is suspected.
15>9 yr, 120 mg/m2.
16In animals.
17Lower dose for saquinavir mesylate.
18600 mg q8h for saquinavir mesylate and 1200 mg q8h for plain saquinavir (Fortovase).
19Children >30 kg should receive adult dosage.
20Reaches systemic circulation as unchanged drug.
21An IV dose of 1 mg/kg q4h is equivalent to an oral dose of 100 mg q4h.
*When administered with ritonavir.
aSpecified dose is supplemental to that in hemodialysis.
bInflamed meninges.

TABLE 54-30  Anti-infective Agent Pharmacology: Antiretroviral Agents—cont’d
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DRUG (ORAL 
ABSORPTION, 
%)

SERUM AND URINE 
CONCENTRATION—SELECTED 

DOSES

DOSAGE RECOMMENDATIONS SERUM HALF-LIFE (hr)
STANDARD DOSE WITH DOSING INTERVALS 

IN RENAL IMPAIRMENT

Dosage with 
Dialysis Body Fluid ConcentrationsAdults Children: Dose/Interval

Newborn (Parenteral): 
Dose/Interval

With Normal 
and Anuric 
CrCl Values 

(mL/min)
With 

Dialysis

USUAL 
ADULT 
DOSE

For CrCl Ranges (mL/min)

Dose 
(g)

Peak 
Serum 
(µg/mL)

Peak or 
Range, 
Urine 
(µg/mL)

Dose (g)/Interval Serious 
Infection 
Daily 
Dose (g) Oral Parenteral

Up to 
1 wk 1-4 wk >80 <10 HD PD >80 80-50 50-10

<10 
(anuric) Aftera

During 
PD 
(daily 
dose)

CSF/
Serum 
(%)b

Newborn 
Serum/
Maternal 
Serum 
(%)

Breast 
Milk/
Maternal 
Serum 
(%)

Bile/
Serum 
(%)

Aqueous 
Humor/
Serum 
(%)Oral Parenteral

Indinavir1 (30) 0.8 PO5,9 251-12,61711 0.8 q8h 2.4 350 mg/m2 q8h 1.5-2 1.5-2 0.8 8 8 8 8 Usual 
regimen

5-9 Unsafe

Lamivudine (82-87) 2-8 mg/kg 
PO

1.725-5.815 0.1-0.3 q12-24h 0.6 3-4 mg/kg q12h13 3-7 0.15-0.3 12-24 12-24 0.05-0.15 
q24h

0.025 q24h 0.025 
q24h

6-11 ∼100 ∼100

Lopinavir/ritonavir4 0.4/0.05 
PO

6 (lopinavir) 0.4/0.1 q12h14 0.8/0.2 10-12/2.5-3 mg/kg 
q12h

5-6 0.4/0.1 12 12

Maraviroc (23-33) 0.3 PO5 0.888 0.15-0.6 q12h 1.2 14-18 0.15-0.6 12 12

Nelfinavir4 0.75 PO5 2.9 0.75-1.25 q8-12h4 2.5 20-30 mg/kg q8h4 3.5-5 3.5-5 3.5-5 3.5-5 0.75-1.25 8-12 8-12 8-12 8-12 None Normal 0

Nevirapine (>90) 0.4 PO 2.9-3.4 0.2 q12h 
maintenance

0.4 4 mg/kg q12h 
maintenance15

25-30 25-30 0.2 12 12 12 12 Usual 
regimen

Usual 
regimen

60

Raltegravir 0.4 q12h 0.8 9 9 0.4 12 12 12 12 Dose after 
HD

Rilpivirine 0.025 PO 0.079 0.025 q24h 0.025 50 0.025 24 24 Usual 
regimen

Ritonavir16 (80) 0.6 PO 
1.2 PO

5 11.2 0.6 q12h 1.2 400 mg/m2 q12h 3-3.5 3-3.5 0.6 12 12 12 None 0.2

Saquinavir4 0.6 PO 0.066 0.6-1.2 q8h17,18 7.2 13 13 0.6 or 
1.217

8 8 8 8 None 0.2

Stavudine (80) 4 mg/kg 
PO

4.2 0.03-0.04 q12h 2 mg/kg/day 2 mg/kg/day19 0.5 mg/kg 
q12h PO

1 mg/kg q12h PO 0.9-1.6 5.7 5.3 0.04 12 12 0.02 
q12-24h

0.02 q24h 0.015-0.02 
q24h

24-94

Tenofovir4 (40) 0.3 PO 0.296 0.3 q24h 0.3 PO 4-8 0.3 24 24

Tipranavir4 0.5 PO* 94.8 mcM 0.5 q12h 1 4.8-6 0.5 12 12 12

Zidovudine (50-76)20 0.2-0.3 q8-12h 1 mg/kg q4h21 0.6 160 mg/m2 q8h 0.5-3 1.4 0.2-0.3 8-12 8-12 8-12 0.1 q6-8h 0.1 q6-8h 50-70 100 100

1Decreased rate or extent, or both, of absorption when given with food.
4Give with food.
5At steady state.
6µmol/L.
7For children ≥13 yr old.
8Bioavailability decreases as dosage is increased.
9In human immunodeficiency virus–positive patients.
10Dosed once a day in HIV-1 integrase strand transfer inhibitor (INSTI) naïve patients but should be used twice daily in INSTI-experience with certain or clinically suspected resistance substitutions or 

used in combination with UGT1A/CYP3A inhibitors.
11Based on weight.
12nmol.
13>12 yr of age, 150 mg q12h.
14Needs dosage adjustment if given with nevirapine or efavirenz in treatment-experienced patients when reduced susceptibility to lopinavir is suspected.
15>9 yr, 120 mg/m2.
16In animals.
17Lower dose for saquinavir mesylate.
18600 mg q8h for saquinavir mesylate and 1200 mg q8h for plain saquinavir (Fortovase).
19Children >30 kg should receive adult dosage.
20Reaches systemic circulation as unchanged drug.
21An IV dose of 1 mg/kg q4h is equivalent to an oral dose of 100 mg q4h.
*When administered with ritonavir.
aSpecified dose is supplemental to that in hemodialysis.
bInflamed meninges.

TABLE 54-30  Anti-infective Agent Pharmacology: Antiretroviral Agents—cont’d
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TABLE 54-31  Key Drug Substrates, Organized by Cytochrome P-450 (CYP) Drug-Metabolizing Isozymes

CYP1A2 CYP2B6 CYP2C8 CYP2C9 CYP2C19 CYP2D6 CYP2E1 CYP3A
Amitriptyline
Caffeine
Clomipramine
Clozapine
Cyclobenzaprine
Estradiol
Fluvoxamine
Haloperidol
Mexiletine
Naproxen
Olanzapine
Ondansetron
Phenacetin
Propranolol
Riluzole
Ropivacaine
Tacrine
Theophylline
Tizanidine
Verapamil
R-warfarin
Zileuton
Zolmitriptan

Bupropion
Cyclophos-

phamide
Efavirenz
Ifosfamide
Methadone

Amodiaquine
Cerivastatin
Paclitaxel
Torsemide
Repaglinide

Amitriptyline
Celecoxib
Diclofenac
Fluoxetine
Fluvastatin
Glipizide
Glyburide
Ibuprofen
Irbesartan
Lornoxicam
Losartan
Meloxicam
Nateglinide
Omeprazole
Phenytoin
Piroxicam
Rosiglitazone
Rosuvastatin
S-warfarin
Tamoxifen
Tolbutamide
Torsemide

Carisoprodol
Chloramphenicol
Citalopram
Clomipramine
Cyclophosphamide
Esomeprazole
Hexobarbital
Indomethacin
Lansoprazole
Moclobemide
Nelfinavir
Nilutamide
Omeprazole
Pantoprazole
Phenobarbital
Phenytoin
Primidone
Progesterone
Proguanil
Propranolol
Rabeprazole
Teniposide
Voriconazole

Alprenolol
Amitriptyline
Amphetamine
Aripiprazole
Atomoxetine
Carvedilol
Chlorpheniramine
Chlorpromazine
Clomipramine
Codeine
Debrisoquine
Desipramine
Dexfenfluramine
Dextromethorphan
Duloxetine
Encainide
Flecainide
Fluoxetine
Fluvoxamine
Haloperidol
Imipramine
Lidocaine
Methoxyamphetamine
Metoclopramide
Paroxetine
Perphenazine
Propafenone
S-metoprolol
Thioridazine
Timolol

Acetaminophen
Chlorzoxazone
Enflurane
Ethanol
Halothane
Isoflurane
Methoxyflurane
Sevoflurane

Alfentanil
Alprazolam
Amlodipine
Aprepitant
Aripiprazole
Artemisinins
Astemizole
Atazanavir
Atorvastatin
Boceprevir
Buspirone
Cafergot
Chlorpheniramine
Cilostazol
Clarithromycin
Cocaine
Cyclosporine
Dapsone
Darunavir
Dexamethasone
Dextromethorphan
Diltiazem
Docetaxel
Domperidone
Eplerenone
Erythromycin
Estradiol
Etravirine
Felodipine
Fentanyl
Finasteride
Fosamprenavir
Haloperidol
Hydrocortisone
Imatinib
Indinavir
Irinotecan
Lidocaine
Lovastatin
Midazolam
Nateglinide
Nelfinavir
Nifedipine
Nisoldipine
Nitrendipine
Ondansetron

Pimozide
Progesterone
Quetiapine
Quinidine
Quinine
Risperidone
Ritonavir
Salmeterol
Saquinavir
Sildenafil
Simvastatin
Sirolimus
Tacrolimus
Tadalafil
Taxol
Telaprevir
Telithromycin
Terfenadine
Testosterone
Tipranavir
Trazodone
Triazolam
Troleandomycin
Vardenafil
Verapamil
Vincristine
Zaleplon
Ziprasidone
Zolpidem

TABLE 54-32  Drug Inhibitors* by Cytochrome P-450 (CYP) Drug-Metabolizing Isozymes

CYP1A2 CYP2B6 CYP2C8 CYP2C9 CYP2C19 CYP2D6 CYP2E1 CYP3A
Amiodarone
Cimetidine
Ciprofloxacin
Fluvoxamine
Interferon
Methoxsalen

Ticlopidine
Thiotepa

Gemfibrozil
Montelukast
Pioglitazone
Quercetin
Rosiglitazone
Trimethoprim

Amiodarone
Fenofibrate
Fluconazole
Fluvastatin
Fluvoxamine
Isoniazid
Probenecid
Sertraline
Sulfamethoxazole
Teniposide
Voriconazole
Zafirlukast

Cimetidine
Esomeprazole
Felbamate
Fluoxetine
Fluvoxamine
Indomethacin
Ketoconazole
Lansoprazole
Modafinil
Omeprazole
Oxcarbazepine
Pantoprazole
Probenecid
Rabeprazole
Ticlopidine
Topiramate

Amiodarone
Bupropion
Celecoxib
Chlorpheniramine
Chlorpromazine
Cimetidine
Citalopram
Clemastine
Clomipramine
Cocaine
Diphenhydramine
Doxepin
Doxorubicin
Duloxetine
Escitalopram
Fluoxetine
Halofantrine
Hydroxyzine
Metoclopramide
Mibefradil
Midodrine
Moclobemide
Paroxetine
Perphenazine
Quinidine
Ranitidine
Ritonavir
Sertraline
Terbinafine
Ticlopidine

Disulfiram Amiodarone
Aprepitant
Cimetidine
Clarithromycin
Cobicistat
Delavirdine
Diltiazem
Elvitegravir
Erythromycin
Fluconazole
Fluvoxamine
Gestodene
Imatinib
Indinavir
Itraconazole
Ketoconazole
Mibefradil
Mifepristone
Nefazodone
Nelfinavir
Norfloxacin
Norfluoxetine
Posaconazole
Ritonavir
Saquinavir
Telithromycin
Verapamil
Voriconazole

*Anti-infectives are bold.
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TABLE 54-33  Drug and Chemical Inducers* by Cytochrome P-450 (CYP) Drug-Metabolizing Isozymes

CYP1A2 CYP2B6 CYP2C8 CYP2C9 CYP2C19 CYP2D6 CYP2E1 CYP3A
Cigarette smoking
Marijuana smoking
Modafinil
Nafcillin

Phenobarbital
Rifampin

Rifampin Rifampin
Secobarbital

Carbamazepine
Norethindrone
Prednisone
Rifampin

Dexamethasone
Rifampin

Ethanol
Isoniazid

Barbiturates
Carbamazepine
Efavirenz
Glucocorticoids
Modafinil
Nevirapine
Oxcarbazepine
Phenobarbital
Phenytoin
Pioglitazone
Rifabutin
Rifampin
St. John’s wort

*Anti-infectives are bold.

TABLE 54-34  Select Drug Transporter Localization with Representative Substrates, Inducers, and Inhibitors*

FAMILY
ATP-BINDING CASETTE (ABC) 

TRANSPORTERS

SOLUTE-LIKE CARRIER (SLC) TRANSPORTERS

Subgroup
Organic Anion 

Transporters (OATs) OAT Polypeptide
Organic Cation 

Transporters (OCT)

Transporter

Breast Cancer 
Resistant 
Protein (BCRP)

P-glycoprotein
(P-gp) OAT1 OAT3 OATP1B1 OATP1B3 OCT2

Organ/Tissue 
Localization

Breast
Intestine
Liver
Placenta

Adrenal
Brain
Intestine
Kidney
Liver
Placenta
Testes

Brain
Kidney

Brain
Kidney

Liver Liver Brain
Kidney

Substrates Imatinib
Methotrexate
Mitoxantrone
Irinotecan
Lapatinib
Rosuvastatin
Sulfasalazine
Topotecan

Digoxin
Fexofenadine
Indinavir
Vincristine
Colchicine
Topotecan
Paclitaxel

Adefovir
Captopril
Furosemide
Lamivudine
Methotrexate
Oseltamivir
Tenofovir
Zalcitabine
Zidovudine

Acyclovir
Bumetanide
Ciprofloxacin
Famotidine
Furosemide
Methotrexate
Zidovudine
Oseltamivir
Carboxylate
Penicillin G
Pravastatin
Rosuvastatin
Sitagliptin

Atrasentan
Atorvastatin
Bosentan
Ezetimibe
Fluvastatin
Glyburide
Olmesartan
Pitavastatin
Pravastatin
Repaglinide
Rifampin
Rosuvastatin
Simvastatin acid
Valsartan

Atorvastatin
Olmesartan
Pitavastatin
Rosuvastatin
Telmisartan
Valsartan

Amantadine
Amiloride
Cimetidine
Dopamine
Famotidine
Memantine
Metformin
Pindolol
Procainamide
Ranitidine
Varenicline
Oxaliplatin

Inhibitors Cyclosporine
Eltrombopag
Gefitinib

Amiodarone
Azithromycin
Captopril
Carvedilol
Clarithromycin
Conivaptan
Cyclosporine
Diltiazem
Dronedarone
Erythromycin
Felodipine
Itraconazole
Ketoconazole
Lopinavir/

ritonavir
Quercetin
Quinidine,
Ranolazine
Verapamil

Cefadroxil
Cefamandole
Cefazolin
Probenecid

Cimetidine
Diclofenac
Probenecid

Atazanavir
Cyclosporine
Eltrombopag
Gemfibrozil
Lopinavir/ 

rifampin
Ritonavir
Saquinavir
Tipranavir

Atazanavir
Cyclosporine
Lopinavir/ 

rifampin
Ritonavir
Saquinavir

Cimetidine
Quinidine

Inducers Not yet identified Avasimibe
Carbamazepine
Phenytoin
Rifampin
St John’s wort
Tipranavir/

ritonavir

Not yet 
identified

Not yet 
identified

Not yet 
identified

Not yet 
identified

Not yet identified

*Anti-infectives are bold.
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TABLE 54-35  Adverse Drug Interactions Involving Anti-infective Agents*

INTERACTING DRUGS ADVERSE EFFECT PROBABLE MECHANISM
Abacavir with
Amprenavir Increased amprenavir effect, toxicity Increased bioavailability

Methadone Decreased methadone effect Mechanism not established

Ribavirin Increased risk of lactic acidosis Mechanism not established

Acyclovir, Valacyclovir with
Aminoglycosides Increased nephrotoxicity and/or neurotoxicity Mechanism not established

Cimetidine Increased acyclovir toxicity Mechanism not established

Cyclosporine Increased risk of nephrotoxicity Mechanism not established

Narcotics Increased meperidine effect Decreased renal excretion

Phenytoin Decreased phenytoin effect Altered gastrointestinal (GI) transit, pH

Probenecid Possible increased acyclovir toxicity Decreased renal excretion

Valproic acid Decreased valproic acid effect Altered GI transit, pH

Zidovudine Increased neurotoxicity (profound drowsiness and lethargy) Additive toxicity

Amantadine with
Anticholinergics Hallucinations, confusion, nightmares Mechanism not established

Antihistamines Increased CNS adverse reactions Additive anticholinergic effects

Bupropion Increased adverse events Mechanism not established

Central nervous system (CNS) stimulants Additive CNS stimulant effects Mechanism not established

Dopamine agonists Decreased amantadine effect Antagonism

Triamterene CNS toxicity Decreased renal clearance

Trimethoprim CNS toxicity Decreased renal clearance

Aminoglycoside Antibiotics with
Acyclovir Increased nephrotoxicity and/or neurotoxicity Additive toxicity

Amphotericin B Nephrotoxicity Synergism

Anticoagulants, oral Potentiation of anticoagulation effects Decreased GI absorption or synthesis of vitamin K

Bacitracin Increased nephrotoxicity Additive toxicity

Bumetanide Increased ototoxicity Additive toxicity

Capreomycin Increased nephrotoxicity and/or neurotoxicity Additive toxicity

Carboplatin Increased ototoxicity Additive toxicity

Cephalosporins Increased nephrotoxicity Mechanism not established

Cidofovir Increased nephrotoxicity Additive toxicity

Cisplatin Increased nephrotoxicity Mechanism not established

Colistimethate Increased nephrotoxicity and/or neurotoxicity Additive toxicity

Cyclosporine Increased renal toxicity Possibly additive or synergistic

Digoxin Probable decreased digoxin effect with oral gentamicin or 
neomycin

Decreased absorption

Ethacrynic acid Increased ototoxicity Additive toxicity

Furosemide Increased ototoxicity and nephrotoxicity Additive toxicity

Magnesium sulfate Increased neuromuscular blockade Additive toxicity

Methotrexate Possible increased methotrexate toxicity with kanamycin Mechanism not established

Possible decreased methotrexate effect with oral aminoglycosides Decreased absorption

Methoxyflurane Increased nephrotoxicity Additive toxicity

Miconazole Possible decreased tobramycin concentration Mechanism not established

Neuromuscular blocking agents Neuromuscular blockade Additive toxicity

Nonsteroidal anti-inflammatory drugs 
(NSAIDs)

Possible aminoglycoside toxicity in preterm infants with 
indomethacin given for patent ductus closure

Decreased renal clearance

Penicillins Decreased aminoglycoside effect with high concentrations of 
carbenicillin or ticarcillin

Inactivation

Polymyxins Falsely low aminoglycoside levels In vitro inactivation

Increased nephrotoxicity; neuromuscular blockade Additive toxicity

Tacrolimus Increased nephrotoxicity Additive toxicity

Vancomycin Possible increased nephrotoxicity and ototoxicity Additive toxicity

Aminosalicylic Acid (PAS) with
Anticoagulants, oral Enhanced hypoprothrombinemic effects Mechanism not established

Ammonium chloride Increased probability of crystalluria Acidification of urine

Bacillus Calmette-Guérin (BCG) vaccine Negates BCG effect Negates immune response

Digoxin Decreased digoxin effect Decreased absorption with time

Diphenhydramine Decreased effect of PAS Decreases GI absorption

Ethionamide GI distress, hepatotoxicity Additive

Isoniazid Increased Isoniazid (INH) serum concentrations Decreased metabolism

Probenecid Increased PAS toxicity Decreased renal excretion

Rifampin Rifampin effectiveness may be decreased; separate doses by 
8-12 hr

Decreased GI absorption due to excipient 
bentonite
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INTERACTING DRUGS ADVERSE EFFECT PROBABLE MECHANISM
Amphotericin B with
Aminoglycoside antibiotics Nephrotoxicity Synergism

Antineoplastics Possible increased renal toxicity, bronchospasm, and hypotension Mechanism not established

Capreomycin Increased nephrotoxicity Additive toxicity

Cidofovir Increased nephrotoxicity Additive toxicity

Cisplatin Increased nephrotoxicity Additive toxicity

Colistin Increased nephrotoxicity Additive toxicity

Corticosteroids Increased hypokalemia Additive toxicity

Cyclosporine Increased renal toxicity Possible synergism

Digitalis glycosides Increased digitalis toxicity Hypokalemia

Imidazole antifungals Possible antagonism in animal models Mechanism not established

Methoxyflurane Increased nephrotoxicity Additive toxicity

Neuromuscular blocking agents Increased neuromuscular blocking effects Hypokalemia

Pentamidine Increased nephrotoxicity Additive toxicity

Polymyxins Increased nephrotoxicity Additive toxicity

Tacrolimus Increased nephrotoxicity Additive toxicity

Vancomycin Increased nephrotoxicity Additive toxicity

Zidovudine Potential for increased myelotoxicity and nephrotoxicity Mechanism not established

Anidulafungin with
Cyclosporine Increased anidulafungin exposure Mechanism not established

Azithromycin with
Aluminum/magnesium antacids Decreased peak; no effect on overall exposure Mechanism not established

Cyclosporine Possible increased cyclosporine effect, toxicity Mechanism not established

Digoxin Increased digoxin concentrations Destruction of intestinal Eubacterium lentum in 
10% of digoxin patients

Nelfinavir Increased azithromycin exposure P-glycoprotein competition

Warfarin Possible increased warfarin effect, toxicity Decreased vitamin K–producing gut flora

Aztreonam with
Chloramphenicol Possible in vitro antagonism; administer a few hours apart Mechanism not established

Bacitracin with
Aminoglycosides Increased nephrotoxicity Additive toxicity

Anesthetics Potentiation of neuromuscular blocking effects Additive toxicity

Neuromuscular blocking drugs Potentiation of neuromuscular blocking effects Additive toxicity

Polymyxins Increased nephrotoxicity Additive toxicity

Capreomycin with
Aminoglycosides Increased nephrotoxicity and/or ototoxicity Additive toxicity

BCG vaccine Negates BCG effect Negates immune response

Colistin Increased nephrotoxicity Additive toxicity

Polymyxin B Increased nephrotoxicity Additive toxicity

Vancomycin Increased nephrotoxicity and/or ototoxicity Additive toxicity

Caspofungin with
Carbamazepine Decreased caspofungin effect Increased metabolism

Cyclosporine Increased caspofungin effect, toxicity Mechanism not established

Dexamethasone Decreased caspofungin effect Increased metabolism

Efavirenz Decreased caspofungin effect Increased metabolism

Nelfinavir Decreased caspofungin effect Increased metabolism

Nevirapine Decreased caspofungin effect Increased metabolism

Phenytoin Decreased caspofungin effect Increased metabolism

Rifamycins Decreased caspofungin effect Increased metabolism

Tacrolimus Decreased tacrolimus effect Mechanism not established

Cefditoren with
Antacids Decreased cefditoren effect Decreased bioavailability

H2 receptor antagonists Decreased cefditoren effect Decreased bioavailability

Proton pump inhibitors Decreased cefditoren effect Decreased bioavailability

Cephalosporins with
Alcohol Disulfiram-like effect with cefamandole, cefmetazole, cefotetan, 

cefoperazone, and moxalactam; cefonicid also in animals, but 
not shown in humans

Inhibition of intermediary metabolism of alcohol

Aminoglycoside antibiotics Increased nephrotoxicity Mechanism not established

Ampicillin In vitro antagonism with ceftazidime versus group B streptococci 
and Listeria

Mechanism not established

Continued

TABLE 54-35  Adverse Drug Interactions Involving Anti-infective Agents—cont’d
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INTERACTING DRUGS ADVERSE EFFECT PROBABLE MECHANISM
Anticoagulants, oral Possible increased anticoagulant effect with moxalactam, 

cefamandole, cefmetazole, or cefoperazone
Mechanism not established

Aspirin Possible increased bleeding risk with moxalactam Additive toxicity

Chloramphenicol In vitro antagonism Mechanism not established

Colistin Increased nephrotoxicity Additive toxicity

Diuretics Increased nephrotoxicity with some cephalosporins Mechanism not established

Ethacrynic acid Increased nephrotoxicity Mechanism not established

Furosemide Increased nephrotoxicity Mechanism not established

Heparin Possible increased bleeding risk with moxalactam Additive toxicity

Penicillins Possible increased cefotaxime toxicity with azlocillin in patients 
with renal impairment

Decreased excretion

Polymyxins Increased nephrotoxicity Additive toxicity

Probenecid Higher and prolonged cephalosporin concentrations Competitive inhibition of tubular secretion

Salicylates Decreased cefixime concentration and area under the serum 
anti-infective concentration curve (AUC)

Displacement from protein-binding sites

Vancomycin Increased nephrotoxicity Additive toxicity

Cethromycin with
Ranitidine Decreased cethromycin exposure Mechanism not established

Chloramphenicol with
Acetaminophen Possible decreased chloramphenicol effect Increased metabolism

Anticoagulants, oral Increased dicumarol effect Decreased metabolism

Aminoglycosides In vitro antagonism; not seen in vivo Mechanism not established

Aztreonam Antagonism; administer chloramphenicol separately a few hours 
later

Mechanism not established

Barbiturates Increased barbiturate effect; decreased chloramphenicol effect Decreased/increased metabolism

Cephalosporins Antagonism Mechanism not established

Cimetidine Aplastic anemia Possibly additive or synergistic

Cyclophosphamide Decreased cyclophosphamide effect Decreased clearance

Etomidate Prolonged anesthesia Decreased metabolism

Folic acid Delayed response to folic acid Mechanism not established

Hypoglycemics, sulfonylurea Increased hypoglycemic effect Mechanism not established

Iron Delayed response to iron Mechanism not established

Lincomycin Decreased lincomycin effect Target site antagonism

Penicillins In vitro antagonism; not seen in vivo Mechanism not established

Phenytoin, fosphenytoin Increased phenytoin toxicity Decreased metabolism

Possible increased chloramphenicol toxicity Mechanism not established

Rifampin, rifabutin Decreased chloramphenicol effect Increased metabolism

Vitamin B12 Delayed response to vitamin B12 Mechanism not established

Chloroquine with
Ampicillin Decreased ampicillin effect Decreased bioavailability

Aurothioglucose Blood dyscrasias Additive toxicity

Cholestyramine Decreased effect Decreased bioavailability

Cimetidine Increased toxicity Decreased clearance

Cyclosporine Increased cyclosporine toxicity Decreased clearance

Magnesium antacids Decreased efficacy Decreased bioavailability

Methotrexate (MTX) Decreased MTX efficacy Increased clearance

Rabies vaccine Decreased vaccine effect Interference with antibody response

Ritonavir Increased chloroquine toxicity Decreased metabolism

Succinylcholine Increased neuromuscular blockade Decreased clearance

Cidofovir with
Aminoglycosides Increased risk of nephrotoxicity Additive toxicity

Foscarnet Increased risk of nephrotoxicity Additive toxicity

Pentamidine Increased risk of nephrotoxicity Additive toxicity

Clarithromycin with
Astemizole Increased risk of cardiotoxicity Decreased metabolism

Benzodiazepines (BZDs) Increased CNS toxicity Decreased metabolism

Carbamazepine (CBZ) Increased CBZ toxicity Decreased metabolism

Cimetidine Decreased clarithromycin concentrations Prolonged absorption

Cisapride Increased cisapride effect, toxicity Decreased metabolism

Clindamycin In vitro antagonism; not documented clinically Mechanism not established

Corticosteroids Increased steroid effect, toxicity Decreased excretion

Coumarin derivatives Increased coumarin effect, toxicity Decreased metabolism

Cyclosporine Increased cyclosporine toxicity Decreased metabolism

TABLE 54-35  Adverse Drug Interactions Involving Anti-infective Agents—cont’d
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INTERACTING DRUGS ADVERSE EFFECT PROBABLE MECHANISM
Delavirdine Increased clarithromycin toxicity Decreased metabolism

Digoxin Increased digoxin effect Decreased gut metabolism, increased absorption

Disopyramide Increased disopyramide effect, toxicity Mechanism not established

Ergot alkaloids Increased ergot effect, toxicity Mechanism not established

Fluoxetine Increased fluoxetine effect, toxicity Decreased metabolism

Hydroxymethylglutaryl-coenzyme A 
(HMG-CoA) reductase inhibitors

Increased risk of rhabdomyolysis Decreased metabolism

Loratadine Increased loratadine exposure, toxicity (?) Decreased metabolism

Omeprazole Increased omeprazole effect, toxicity; increased clarithromycin 
gastric tissue exposure

Decreased metabolism; mechanism not 
established

Phenytoin Possible increased or decreased effect Altered metabolism

Pimozide Increased pimozide effect, toxicity Decreased metabolism

Rifamycins Decreased clarithromycin concentrations, increased rifamycin toxicity Increased/decreased metabolism

Ritonavir Increased clarithromycin effect, toxicity Decreased metabolism

Saquinavir Increased saquinavir effect, toxicity Decreased metabolism

Sildenafil Increased sildenafil effect, toxicity Decreased metabolism

Tacrolimus Increased tacrolimus effect, toxicity Decreased metabolism

Terfenadine Increased risk of cardiotoxicity Decreased metabolism

Theophylline Increased theophylline effect, toxicity Decreased metabolism

Zidovudine Decreased zidovudine effect Mechanism not established

Clindamycin with
Neuromuscular blocking agents Increased neuromuscular blockade Additive toxicity

Saquinavir Increased clindamycin toxicity Decreased metabolism

Clofazimine with
Dapsone Possible decrease or nullification of clofazimine’s anti-inflammatory 

activity
Opposing effects on neutrophil motility and 

lymphocyte transformation

Isoniazid Increased clofazimine serum and urine concentrations, decreased 
skin concentrations

Mechanism not established

Phenytoin Decreased efficacy Increased phenytoin clearance

Rifampin Decreased rate of absorption, time to reach peak, and AUC of 
rifampin

Mechanism not established

Colistimethate
Same as polymyxin B

Cycloserine with
Alcohol Increased alcohol effect or convulsions Mechanism not established

Anticoagulants, oral Increased effect Mechanism not established

Ethionamide Increased neurotoxicity Additive toxicity

Isoniazid CNS effects, dizziness, drowsiness; increased neurotoxicity Mechanism not established, additive toxicity

Phenytoin Increased phenytoin effect, toxicity Decreased metabolism

Dapsone with
Aniline Increased risk of hemolysis in glucose-6-phosphate dehydrogenase 

(G6PD) deficiency
Additive toxicity

Clofazimine Decreased or nullification of clofazimine’s anti-inflammatory 
effects

Opposing effects on neutrophil motility and 
lymphocyte transformation in vitro

Delavirdine Increased dapsone toxicity Decreased metabolism

Didanosine Increased incidence of Pneumocystis jirovecii (formerly P. carinii) 
pneumonia recurrence

Mechanism not established

Folic acid antagonists Increased risk of hematologic toxicity Additive toxicity

Naphthalene Increased risk of hemolysis in G6PD deficiency Additive toxicity

Niridazole Increased risk of hemolysis in G6PD deficiency Additive toxicity

Nitrite Increased risk of hemolysis in G6PD deficiency Additive toxicity

Nitrofurantoin Increased risk of hemolysis in G6PD deficiency Additive toxicity

Phenylhydrazine Increased risk of hemolysis in G6PD deficiency Additive toxicity

Primaquine Increased risk of hemolysis in G6PD deficiency Additive toxicity

Pyrimethamine Increased risk of hematologic toxicity Additive toxicity

Rifampin/rifabutin Decreased dapsone serum concentrations Hepatic enzyme induction

Saquinavir Increased dapsone toxicity Decreased metabolism

Trimethoprim Increased dapsone serum concentrations; increased risk of adverse 
effects

Mechanism not established

Zidovudine Increased risk of hematologic toxicity Additive toxicity

Daptomycin with
HMG-CoA reductase inhibitors Possible increased risk of myopathy Mechanism not established

Tobramycin Possible increased exposure to daptomycin, possible decreased 
exposure to tobramycin

Mechanism not established

Continued
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INTERACTING DRUGS ADVERSE EFFECT PROBABLE MECHANISM
Darunavir with
Antihistamines Increased antihistamine exposure, toxicity CYP3A inhibition

BZDs Increased benzodiazepine exposure, toxicity CYP3A inhibition

Cisapride Increased cisapride exposure, toxicity CYP3A inhibition

CYP3A metabolized agents Increased exposure CYP3A inhibition

Ergot derivatives Increased ergot exposure, toxicity CYP3A inhibition

Pimozide Increased pimozide exposure, toxicity CYP3A inhibition

Delavirdine with
Acenocoumarol Increased acenocoumarol effect, toxicity Decreased metabolism

Alfentanil Increased alfentanil effect, toxicity Decreased metabolism

Amiodarone Increased amiodarone effect, toxicity Decreased metabolism

Amprenavir Decreased amprenavir clearance; increased delavirdine clearance Cytochrome P-450 (CYP) 3A4 interaction

Antacids Decreased delavirdine effect Decreased bioavailability

Astemizole Increased risk of cardiotoxicity Decreased metabolism

Atorvastatin Increased exposure and statin side effects Decreased metabolism

Barbiturates Increased barbiturate effect, toxicity; decreased delavirdine effect Decreased/increased metabolism

Bepridil Increased bepridil effect, toxicity Decreased metabolism

BZDs Increased BZD effect, toxicity Decreased metabolism

Calcium channel blockers Increased calcium blocker effect, toxicity Decreased metabolism

CBZ Increased CBZ toxicity; decreased delavirdine effect Decreased/increased metabolism

Cisapride Increased cisapride effect, toxicity Decreased metabolism

Clarithromycin Increased clarithromycin, delavirdine effect, toxicity Decreased metabolism

Clindamycin Increased clindamycin effect, toxicity Decreased metabolism

Corticosteroids Increased steroid effect, toxicity Decreased metabolism

Cyclosporine Increased cyclosporine effect, toxicity Decreased metabolism

Cyclophosphamide Increased cyclophosphamide toxicity; decreased delavirdine effect Decreased/increased metabolism

Dapsone Increased dapsone effect, toxicity Decreased metabolism

Daunorubicin Increased daunorubicin effect, toxicity Decreased metabolism

Doxorubicin Increased doxorubicin effect, toxicity Decreased metabolism

Ergot derivatives Increased ergot effect, toxicity Decreased metabolism

Erythromycin Increased erythromycin, delavirdine effect, toxicity Decreased metabolism

Fluoxetine Increased delavirdine effect, toxicity Decreased metabolism

Fluvastatin Increased exposure and statin side effects Decreased metabolism

Garlic supplements Decreased delavirdine effect Increased metabolism

Glimepiride Increased glimepiride exposure, effects Decreased metabolism

Glipizide Increased glipizide exposure, effects Decreased metabolism

Glyburide Increased glyburide exposure, effects Decreased metabolism

H2 receptor antagonists Decreased delavirdine effect Decreased bioavailability

Ifosfamide Increased ifosfamide effect, toxicity Decreased metabolism

Itraconazole Increased itraconazole effect, toxicity Decreased metabolism

Ketoconazole Increased delavirdine effect, toxicity Decreased metabolism

Lidocaine Increased lidocaine effect, toxicity Decreased metabolism

Lovastatin Increased exposure and statin side effects Decreased metabolism

Metronidazole Increased metronidazole effect, toxicity Decreased metabolism

Nefazodone Increased nefazodone effect, toxicity Decreased metabolism

Paclitaxel Increased paclitaxel toxicity Decreased metabolism

Phenytoin Increased phenytoin effect, toxicity; decreased delavirdine effect Decreased/increased metabolism

Pimozide Increased pimozide effect, toxicity Decreased metabolism

Pioglitazone Possible increased pioglitazone exposure, effects; possible 
decreased delavirdine exposure

CYP inhibition; CYP induction

Proton pump inhibitors Decreased delavirdine effect Decreased bioavailability

Quinidine Increased quinidine effect, toxicity Decreased metabolism

Repaglinide Increased repaglinide exposure, effects Decreased metabolism

Rifamycins Increased rifamycin effect, toxicity; decreased delavirdine effect Decreased/increased metabolism

Sildenafil Increased sildenafil effect, toxicity Decreased metabolism

Simvastatin Increased exposure and statin side effects Decreased metabolism

Sirolimus Increased sirolimus effect, toxicity Decreased metabolism

St. John’s wort Decreased delavirdine effect Increased metabolism

Tacrolimus Increased tacrolimus effect, toxicity Decreased metabolism

Terfenadine Increased risk of cardiotoxicity Decreased metabolism

Tolbutamide Increased tolbutamide exposure, effects Decreased metabolism

Warfarin Increased warfarin effect, toxicity Decreased metabolism

Zolpidem Increased zolpidem effect, toxicity Decreased metabolism
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INTERACTING DRUGS ADVERSE EFFECT PROBABLE MECHANISM
Didanosine (DDI) with
Allopurinol Increased DDI effect, toxicity Decreased DDI clearance

Antacids Increased toxicity caused by ingredients in both Additive toxicity

Aurothioglucose Increased peripheral neuropathy Additive toxicity

BZDs Increased confusion Mechanism not established

Bisphosphonates Decreased effect of bisphosphonates Decreased bioavailability

Chloramphenicol Increased peripheral neuropathy Additive toxicity

Cisplatin Increased peripheral neuropathy Additive toxicity

Dapsone Decreased dapsone effect, increased peripheral neuropathy Decreased dapsone bioavailability, additive toxicity

Delavirdine Decreased delavirdine, DDI effect Mechanism not established

Disulfiram Increased peripheral neuropathy Additive toxicity

Ethambutol Increased peripheral neuropathy, ocular toxicity Additive toxicity

Ethionamide Increased peripheral neuropathy Additive toxicity

Fluoroquinolones Decreased fluoroquinolone, DDI effects Decreased bioavailability

Ganciclovir Increased peripheral neuropathy, pancreatitis Altered bioavailability of both

Glutethimide Increased peripheral neuropathy Additive toxicity

Hydralazine Increased peripheral neuropathy Additive toxicity

Indinavir Decreased indinavir effect Decreased bioavailability

Iodoquinol Increased peripheral neuropathy Additive toxicity

Isoniazid Increased peripheral neuropathy Additive toxicity

Itraconazole Decreased itraconazole effect Decreased bioavailability

Ketoconazole Decreased ketoconazole effect Decreased bioavailability

Methadone Decreased DDI effect Decreased bioavailability

Metronidazole Increased peripheral neuropathy Additive toxicity

Nitrofurantoin Increased peripheral neuropathy Additive toxicity

Pentamidine Increased risk of pancreatitis Additive toxicity

Phenytoin Increased peripheral neuropathy Additive toxicity

Ribavirin Increased risk of toxicity Additive toxicity

Tetracyclines Decreased tetracycline effect Decreased bioavailability

Trimethoprim/sulfamethoxazole Increased pancreatitis Additive toxicity

Vincristine Increased peripheral neuropathy Additive toxicity

Zalcitabine Increased neurotoxicity Additive toxicity

Dirithromycin with
Digoxin Increased digoxin effect, toxicity Change in GI flora

Warfarin Increased warfarin effect, toxicity Change in GI flora

Dolutegravir with
Antacids Decreased dolutegravir exposure with polyvalent cation containing 

medications
Decreased absorption

Carbamazepine Decreased dolutegravir exposure Increased metabolism

Efavirenz Decreased dolutegravir exposure Increased metabolism

Etravirine Decreased dolutegravir exposure Increased metabolism

Fosamprenavir Decreased dolutegravir exposure Increased metabolism

Metformin Increased metformin exposure Tubular secretion inhibition

Nevirapine Decreased dolutegravir exposure Increased metabolism

Oxcarbazepine Decreased dolutegravir exposure Increased metabolism

Phenobarbital Decreased dolutegravir exposure Increased metabolism

Phenytoin Decreased dolutegravir exposure Increased metabolism

St. John’s wort Decreased dolutegravir exposure Increased metabolism

Tripanavir Decreased dolutegravir exposure Increased metabolism

Doripenem with
Probenecid Increased doripenem exposure Tubular secretion inhibition

Valproic acid Decreased valproic acid exposure Mechanism not established

Efavirenz with
Acenocoumarol Decreased acenocoumarol effect Increased metabolism

Amiodarone Decreased amiodarone effect Increased metabolism

Astemizole Increased risk of cardiotoxicity Decreased metabolism

Barbiturates Decreased barbiturate, efavirenz effects Increased metabolism

Bupropion Decreased bupropion effect Increased metabolism

Benzodiazepines (BZDs) Decreased BZI effect Increased metabolism

CBZ Decreased CBZ, efavirenz effects Increased metabolism

Cisapride Increased cisapride effect, toxicity Decreased metabolism

Continued
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INTERACTING DRUGS ADVERSE EFFECT PROBABLE MECHANISM
Clarithromycin Increased efavirenz effect, toxicity Decreased metabolism

Corticosteroids Decreased efavirenz, steroid effects Increased metabolism

Cyclosporine Decreased cyclosporine effect; increased efavirenz effect, toxicity Increased/decreased metabolism

Ergot alkaloids Increased ergot effect, toxicity Decreased metabolism

Erythromycin Increased efavirenz effect, toxicity Decreased metabolism

Fluconazole Increased efavirenz effect, toxicity Decreased metabolism

Fluoxetine Increased risk of serotonin syndrome Decreased metabolism

Garlic supplements Decreased efavirenz effect Increased metabolism

Indinavir Decreased indinavir concentrations Increased metabolism

Itraconazole Decreased itraconazole effect; increased efavirenz effect, toxicity Increased/decreased metabolism

Ketoconazole Decreased ketoconazole effect; increased efavirenz effect, toxicity Increased/decreased metabolism

Methadone Decreased methadone effect; withdrawal Increased metabolism

Oral contraceptives Decreased contraceptive effect Increased metabolism

Paclitaxel Decreased paclitaxel effect Increased metabolism

Phenytoin Decreased phenytoin, efavirenz effects Increased metabolism

Repaglinide Decreased repaglinide effect Increased metabolism

Rifamycins Decreased efavirenz effect Increased metabolism

Ritonavir Decreased ritonavir concentration Increased metabolism

St. John’s wort Decreased efavirenz effect Increased metabolism

Terfenadine Increased risk of cardiotoxicity Decreased metabolism

Warfarin Decreased warfarin effect Increased metabolism

Zidovudine Decreased zidovudine concentration Increased metabolism

Elvitegravir/Cobicistat/Emtricitabine/Tenofovir with
Alfuzosin Increased alfuzosin exposure Decreased metabolism

Cisapride Cardiac arrhythmias Decreased metabolism

Ergotamine derivatives Life-threatening ergot toxicity Decreased metabolism

Lovastatin Myopathy including rhabdomyolysis Decreased metabolism

Midazolam (PO) Prolonged sedation or respiratory depression Decreased metabolism

Pimozide Cardiac arrhythmias Decreased metabolism

Rifampin Decreased elvitegravir exposure Increased metabolism

Sildenafil Visual disturbance, syncope, priapism, and hypotension Decreased metabolism

Simvastatin Myopathy including rhabdomyolysis Decreased metabolism

St. John’s wort Decreased elvitegravir exposure Increased metabolism

Triazolam Prolonged sedation or respiratory depression Decreased metabolism

Entecavir with
Probenecid Increased entecavir exposure Tubular secretion inhibition

Ertapenem with
Probenecid Increased ertapenem effect, toxicity Decreased tubular secretion

Valproic acid Decreased valproic acid exposure Mechanism not established

Erythromycin with
Alfentanil Increased alfentanil toxicity Decreased metabolism

Bromocriptine Increased toxicity Increased bioavailability

BZDs Increased BZD toxicity Decreased metabolism

CBZ Increased CBZ toxicity Decreased metabolism

Cisapride Cardiotoxicity Decreased metabolism

Clindamycin Antagonism Target site competition

Clozapine Increased clozapine toxicity Decreased metabolism

Corticosteroids Increased steroid effect, toxicity Decreased excretion

Coumarin derivatives Increased coumarin effect, toxicity Decreased metabolism

Cyclosporine Increased cyclosporine toxicity Decreased metabolism

Digoxin Increased digoxin effect Decreased GI metabolism and increased 
absorption

Disopyramide Cardiac arrhythmias Decreased metabolism

Ergot alkaloids Increased ergot toxicity Mechanism not established

Felodipine Increased toxicity Decreased metabolism

HMG-CoA reductase inhibitors Increased risk of rhabdomyolysis Decreased clearance

Loratadine Increased loratadine exposure, toxicity Decreased metabolism

Lidocaine Decreased clearance; increased monoethylglycinexylidide (MEGX) 
concentration

Decreased metabolism

Phenytoin Possible increased or decreased effect Altered metabolism

Quinidine Increased quinidine effect, toxicity Decreased metabolism

Ritonavir Increased erythromycin toxicity Decreased metabolism
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Sildenafil Increased sildenafil effect, toxicity Decreased metabolism

Tacrolimus Increased tacrolimus toxicity Decreased metabolism

Theophylline Increased theophylline effect and possible toxicity Decreased metabolism

Trimetrexate Increased trimetrexate toxicity Decreased metabolism

Valproic acid Increased toxicity Decreased metabolism

Vinblastine Increased vinblastine toxicity Decreased metabolism

Zafirlukast Decreased zafirlukast effect Mechanism not established

Ethionamide with
Aminosalicylic acid Increased GI distress, hepatotoxicity Mechanism not established

BCG vaccine Negates BCG effect Negates immune response

Cycloserine Increased neurotoxicity Additive toxicity

Ethambutol Increased ethambutol toxicity Mechanism not established

Isoniazid Increased neurotoxicity Additive toxicity

Pyrazinamide Increased hepatotoxicity Additive toxicity

Rifampin, rifabutin Increased hepatotoxicity Additive toxicity

Etravirine with
Antiarrhythmic agents Decreased antiarrhythmic exposure Metabolism induction

Anticonvulsants Decreased etravirine exposure, effect Metabolism induction

Atazanavir/ritonavir Increased etravirine and decreased atazanavir concentrations, 
effects

Metabolism inhibition and induction

Clarithromycin Decreased clarithromycin and increased 14-hydroxyclarithromycin 
exposures

Metabolism induction

Darunavir/ritonavir Decreased etravirine exposure Metabolism induction

Dexamethasone Decreased etravirine exposure Mechanism not established

Diazepam Increased diazepam exposure Metabolism inhibition

Fluconazole Increased etravirine exposure Metabolism inhibition

Fosamprenavir/ritonavir Increased amprenavir exposure, toxicity Metabolism inhibition

HMG-CoA reductase inhibitors Decreased lovastatin, simvastatin, increased fluvastatin exposures Metabolism induction, inhibition

Immunosuppressants Possible decreased cyclosporine, sirolimus, and tacrolimus 
exposures

Metabolism induction

Itraconazole Increased etravirine, decreased itraconazole exposures Metabolism inhibition, induction

Ketoconazole Increased etravirine, decreased ketoconazole exposures Metabolism inhibition, induction

Lopinavir/ritonavir Increased etravirine exposure Metabolism inhibition

Methadone Minimal change —

Non-nucleoside reverse transcriptase 
inhibitors

Decreased etravirine exposure with efavirenz or nevirapine, 
increased etravirine exposure with delavirdine

Metabolism induction, inhibition

Phosphodiesterase inhibitors Possible decreased sildenafil effect Mechanism not established

Posaconazole Increased etravirine exposure Metabolism inhibition

Protease inhibitors Must ensure low-dose ritonavir is given with any etravirine/
protease inhibitor combinations

Mechanism not established

Rifamycins Decreased etravirine exposures Metabolism induction

Ritonavir Significant decrease in etravirine exposure Metabolism induction

Saquinavir/ritonavir Decrease etravirine exposure Metabolism induction

St. John’s wort Decreased etravirine exposure Metabolism induction

Tipranavir/ritonavir Decreased etravirine effect Metabolism induction

Voriconazole Increased etravirine and voriconazole exposures Metabolism competition, inhibition

Warfarin Increased warfarin exposure Metabolism inhibition

Fluconazole with
Amitriptyline Increased amitriptyline toxicity Decreased metabolism

Amphotericin B Possible antagonism in animal models Mechanism not established

Astemizole Increased risk of cardiotoxicity Decreased metabolism

BZDs Increased CNS toxicity Decreased metabolism

Cimetidine Decreased fluconazole effect Decreased bioavailability

Cisapride Increased risk of cardiotoxicity Decreased metabolism

Coumarin anticoagulants Increased prothrombin times Mechanism not established

Cyclosporine Increased cyclosporine concentration Mechanism not established

Dihydropyridines Increased dihydropyridine toxicity Decreased metabolism

Etravirine Increased etravirine concentration Metabolism inhibition

HMG-CoA reductase inhibitors Increased risk of rhabdomyolysis Mechanism not established

Phenytoin Increased phenytoin concentration Decreased metabolism

Quetiapine Possible increased quetiapine concentration Decreased metabolism

Rifampin/rifabutin Decreased fluconazole concentration Mechanism not established

Continued
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INTERACTING DRUGS ADVERSE EFFECT PROBABLE MECHANISM
Sulfonylureas Increased plasma concentration, decreased metabolism of 

tolbutamide, glyburide, glipizide
Mechanism not established

Tacrolimus Increased tacrolimus toxicity Decreased metabolism

Terfenadine Increased risk of cardiotoxicity Decreased metabolism

Thiazides Increased fluconazole concentrations and AUC of fluconazole Decreased renal clearance

Zidovudine Increased zidovudine concentrations Decreased metabolism

Fluoroquinolones with
Antacids Decreased fluoroquinolone effect with aluminum or magnesium 

antacids
Decreased absorption

Anticoagulants, oral Prolonged prothrombin times Mechanism not established

BCG vaccine Negates BCG effect Negates immune response

Chloramphenicol Inhibition in vitro of norfloxacin bactericidal activity Mechanism not established

Cyclosporine Increased risk of nephrotoxicity; increased serum cyclosporine 
concentration

Mechanism not established

DDI Decreased fluoroquinolone effect Decreased GI absorption

Iron Decreased serum fluoroquinolone concentration Decreased GI absorption

Mineral fortified foods Decreased fluoroquinolone concentration Decreased GI absorption

Nitrofurantoin Decreased norfloxacin activity In vitro antagonism

NSAIDs Possible increased risk of CNS stimulation Mechanism not established

Oral contraceptives Possible decreased effect of trovafloxacin, moxifloxacin Increased metabolism of quinolones

Oral hypoglycemics Increased incidence, severity of hypoglycemia Unknown mechanism with gatifloxacin

Pirenzepine Decreased rate of fluoroquinolone absorption Mechanism not established

Probenecid Increased serum concentrations; prolonged AUCs Decreased tubular secretion

Rifampin/rifabutin Inhibition in vitro of norfloxacin bactericidal activity Mechanism not established

Riluzole Increased risk of riluzole toxicity Decreased elimination

Ropivacaine Increased risk of ropivacaine toxicity Decreased metabolism

Scopolamine Decreased rate of fluoroquinolone absorption Mechanism not established

Sucralfate Decreased serum fluoroquinolone concentration Decreased GI absorption

Tetracycline Inhibition in vitro of norfloxacin bactericidal activity Mechanism not established

Theophylline Possible theophylline toxicity Decreased metabolism

Zinc Decreased serum fluoroquinolone concentrations Decreased GI absorption

Fosamprenavir with
Antacids Decreased amprenavir exposure Mechanism not established

Antiarrhythmics Increased antiarrhythmic exposure, toxicity Metabolism interaction

Anticonvulsants Decreased amprenavir exposure, increased anticonvulsant 
exposure

Metabolism site competition

Azole antifungals Increased azole and amprenavir exposures Metabolism interaction

BZDs Increased benzodiazepine exposure, toxicity Metabolism interaction

Calcium channel blockers Increased calcium channel blocker exposures, toxicity Metabolism interaction

Cisapride Increased cisapride exposure, toxicity Metabolism interaction

Oral contraceptives Decreased amprenavir concentration, change in oral contraceptive 
exposure

Metabolism interaction

Corticosteroids Increased corticosteroid exposure Metabolism interaction

CYP3A4 inhibitors Increased amprenavir exposure Metabolism interaction

Delavirdine Increased amprenavir and decreased delavirdine exposures Metabolism interaction

Dexamethasone Decreased amprenavir exposure Metabolism interaction

Efavirenz/ritonavir Increased amprenavir exposure Metabolism interaction

Ergot derivatives Increased ergot exposure, toxicity Metabolism interaction

Esomeprazole Increased esomeprazole exposure Metabolism interaction

H2 receptor antagonists Decreased amprenavir exposure Mechanism not established

HMG-CoA reductase inhibitors Increased HMG-CoA exposure, toxicity, decreased amprenavir 
exposure

Metabolism interaction

Immunosuppressants Increased immunosuppressant exposure Metabolism interaction

Indinavir Increase in amprenavir and decrease in indinavir exposures Metabolism interaction

Lopinavir/ritonavir Decreased amprenavir, increased lopinavir-ritonavir exposures Metabolism interaction

Methadone Decreased amprenavir and methadone exposures Metabolism interaction

Nevirapine Decreased amprenavir, increased nevirapine exposures Metabolism interaction

Opiates Increased opiate exposure, toxicity Metabolism interaction

Paroxetine Decreased paroxetine exposure Metabolism interaction

Phenytoin Decreased phenytoin exposure Metabolism interaction

Phosphodiesterase inhibitors Increased phosphodiesterase inhibitor exposure, toxicity Metabolism interaction

Pimozide Increased pimozide exposure, toxicity Metabolism interaction

Ranolazine Increased ranolazine exposure, toxicity Metabolism interaction
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Rifabutin Increased rifabutin and amprenavir exposures Metabolism interaction

Rifampin Decreased amprenavir exposure Metabolism interaction

Saquinavir Decreased amprenavir exposure Metabolism interaction

St. John’s wort Decreased amprenavir exposure Metabolism interaction

Trazodone Increased trazodone exposure, toxicity Metabolism interaction

Tricyclic antidepressants Increased tricyclic exposure, toxicity Metabolism interaction

Warfarin Possible change in warfarin exposure Mechanism not established

Zidovudine Increased amprenavir and zidovudine exposures Metabolism interaction

Foscarnet with
Acyclovir Increased nephrotoxicity Additive toxicity

Cidofovir Increased nephrotoxicity Additive toxicity

Cotrimoxazole Increased nephrotoxicity Additive toxicity

Pentamidine Increased nephrotoxicity; increased hypocalcemia Additive toxicity

Probenecid Increased foscarnet serum concentration; increased possibility of 
adverse effects

Decreased tubular secretion

Suramin Increased nephrotoxicity Additive toxicity

Furazolidone with
Alcohol Disulfiram-like effect Either inhibition of aldehyde dehydrogenase or 

inhibition of monoamine oxidase

Antidepressants Increased adverse effects Additive

Sympathomimetics Hypertensive crisis Increased norepinephrine availability

Ganciclovir/Valganciclovir with
Aminoglycosides Increased nephrotoxicity Additive toxicity

Amphotericin B Increased nephrotoxicity; replication inhibition of rapidly dividing 
host cells

Additive toxicity; additive

Cotrimoxazole Replication inhibition of rapidly dividing host cells Additive

Cyclosporine Increased nephrotoxicity Additive toxicity

Cytotoxic antineoplastics Replication inhibition of rapidly dividing host cells Additive

Dapsone Replication inhibition of rapidly dividing host cells Additive

DDI Increased DDI effect, toxicity Increased bioavailability

Flucytosine Replication inhibition of rapidly dividing host cells Additive

Imipenem Generalized seizures Mechanism not established

Immunosuppressives Increased suppression of bone marrow and immune system Additive toxicity

Nucleoside analogues Replication inhibition of rapidly dividing host cells Additive

Pentamidine Replication inhibition of rapidly dividing host cells Additive

Probenecid Increased ganciclovir concentration; prolonged AUC Decrease in tubular secretion

Pyrimethamine Replication inhibition of rapidly dividing host cells Additive

Tacrolimus Increased risk of nephrotoxicity Additive toxicity

Zidovudine In vitro antiretroviral antagonism; increased risk of hematologic 
toxicity

Mechanism not established; additive toxicity

Griseofulvin with
Alcohol Increased alcohol effects, tachycardia and flushing Mechanism not established

Anticoagulants, oral Decreased anticoagulant effect Mechanism not established

Contraceptives, oral Decreased contraceptive effect Increased metabolism

Phenobarbital Decreased griseofulvin concentrations Decreased absorption or hepatic enzyme 
induction

Halofantrine with
Grapefruit juice Increased Q-T interval prolongation Decreased metabolism

Hydroxychloroquine with
Digoxin Increased digoxin effect Mechanism not established

Imipenem with
Aztreonam Antagonism β-Lactamase induction

Cephalosporins Antagonism β-Lactamase induction

Chloramphenicol Antagonism; administer a few hr after imipenem Mechanism not established

Cyclosporine Increased cyclosporine and imipenem/cilastatin exposures, toxicities Mechanism not established

Extended-spectrum penicillins Antagonism β-Lactamase induction

Ganciclovir Generalized seizures Mechanism not established

Probenecid Increased imipenem/cilastatin exposure Decreased tubular secretion

Interferon Alfa with
Captopril Increased hematologic toxicity Mechanism not established

Colchicine Decreased interferon alfa-2a effect Mechanism not established

Enalapril Increased hematologic toxicity Mechanism not established

Continued
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INTERACTING DRUGS ADVERSE EFFECT PROBABLE MECHANISM
Theophylline Increased theophylline effect, toxicity Mechanism not established

Zidovudine Increased risk of hematologic toxicity Additive toxicity

Isoniazid (INH) with
Alcohol Increased incidence of hepatitis Mechanism not established

Decreased INH effect in some alcoholic patients Increased metabolism

Aluminum antacids Decreased INH effect Decreased absorption

Aminosalicylic acid Increased INH concentration Reduced acetylation

Anticoagulants, oral Possible increased anticoagulant effect Decreased metabolism

BCG vaccine Vaccine may be ineffective INH inhibits multiplication of BCG

BZDs Pharmacologic effects of BZDs may be increased; documented 
with diazepam and triazolam

Decreased metabolism

CBZ Increased toxicity of both drugs Altered metabolism

Cycloserine CNS effects, dizziness, drowsiness Mechanism not established

Disulfiram Psychotic episodes, ataxia Altered dopamine metabolism

Enflurane Possible nephrotoxicity Increased metabolism of enflurane caused 
increased fluoride concentration

Ethionamide Increased CNS adverse effects Additive

Itraconazole Decreased itraconazole activity Increased metabolism

Ketoconazole Decreased ketoconazole effect Decreased concentration

Meperidine Increased risk of serotonin syndrome Additive toxicity

Phenytoin/fosphenytoin Increased phenytoin toxicity Decreased metabolism

Rifampin/rifabutin Possible increased INH hepatotoxicity Possible increased toxic metabolites

Selective serotonin reuptake inhibitor (SSRI) 
antidepressants

Increased risk of serotonin syndrome Additive toxicity

Itraconazole with
Alfentanil Increased alfentanil exposure Decreased metabolism

Amphotericin B In vitro antagonism Mechanism not established

Antacids Possible decreased itraconazole bioavailability Mechanism not established

Anticoagulants, oral Increased anticoagulant effect Decreased metabolism

Aripiprazole Increased aripiprazole exposure Decreased metabolism

Astemizole Increased risk of cardiotoxicity Decreased metabolism

Barbiturates Decreased itraconazole effect Increased metabolism

Buspirone Increased buspirone exposure Metabolism interaction

BZDs Increased CNS effects Decreased metabolism

CBZ Decreased itraconazole effect Increased metabolism

Celiprolol Increased celiprolol effect Increased absorption via P-glycoprotein (PGP)

Cisapride Increased risk of cardiotoxicity Decreased metabolism

Clarithromycin Increased itraconazole exposure Decreased metabolism

Corticosteroids Increased corticosteroid exposure Metabolism interaction

Cyclosporine Possible increased cyclosporine concentrations Mechanism not established

DDI Decreased itraconazole effect Decreased bioavailability

Digoxin Increased digoxin toxicity Decreased metabolism

Dihydropyridines Increased dihydropyridine effect Decreased metabolism

Docetaxel Increased docetaxel exposure Decreased metabolism

Dofetilide Increased dofetilide effect, toxicity Decreased metabolism

Eletriptan Increased eletriptan exposure Decreased metabolism

Ergot alkaloids Increased ergot alkaloid exposure, toxicity Metabolism interaction

Erythromycin Increased itraconazole exposure Decreased metabolism

H2 receptor antagonists Decreased itraconazole bioavailability Decreased gastric acidity

HMG-CoA reductase inhibitors Increased risk of rhabdomyolysis Decreased metabolism

Nevirapine Decreased itraconazole exposure Increased metabolism

Omeprazole/lansoprazole Decreased itraconazole bioavailability Decreased gastric acidity

Oral hypoglycemics Increased oral hypoglycemic effects Decreased metabolism

Phenytoin Decreased itraconazole effect Increased metabolism

Phosphodiesterase inhibitors Increased phosphodiesterase inhibitor exposure Decreased metabolism

Pimozide Increased pimozide effect, toxicity Decreased metabolism

Protease inhibitors Increased protease inhibitor exposure, increased itraconazole 
exposure

Decreased metabolism

Quinidine Increased quinidine effect, toxicity Decreased metabolism

Rifamycins Decreased systemic bioavailability of itraconazole Hepatic enzyme induction

Sirolimus Increased sirolimus exposure Decreased metabolism

Tacrolimus Increased tacrolimus toxicity Decreased metabolism

Terfenadine Increased risk of cardiotoxicity Decreased metabolism
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Tolterodine Increased tolterodine exposure Decreased metabolism

Trimetrexate Increased trimetrexate exposure Decreased metabolism

Vinca alkaloids Increased vinca toxicity Mechanism not established

Ketoconazole with (see Itraconazole for Others)
Alcohol Possible disulfiram-like reaction Mechanism not established

Antacids Decreased ketoconazole effect Decreased absorption

Anticoagulants, oral Increased anticoagulant effect Mechanism not established

Astemizole Increased risk of cardiotoxicity Decreased metabolism

BZDs Increased CNS toxicity Decreased metabolism

CBZ Increased CBZ toxicity Decreased metabolism

Cisapride Increased risk of cardiotoxicity Decreased metabolism

Corticosteroids Increased methylprednisolone effect Decreased metabolism

Cyclosporine Increased concentration of cyclosporine in blood Mechanism not established

Delavirdine Increased delavirdine concentration Mechanism not established

DDI Decreased ketoconazole effect Decreased absorption

Dihydropyridines Increased dihydropyridine effect Decreased metabolism

Donepezil Increased cholinomimetic effects Decreased metabolism

H2 receptor antagonists Possible decreased antifungal effect Decreased absorption

Hepatotoxic agents Increased hepatotoxicity Additive toxicity

HMG-CoA reductase inhibitors Increased risk of rhabdomyolysis Decreased metabolism

Indinavir Increased indinavir toxicity Decreased metabolism

INH Decreased ketoconazole effect Decreased blood concentrations

Loratadine Increased loratadine concentration Decreased metabolism

Omeprazole/lansoprazole Decreased ketoconazole bioavailability Decreased gastric acidity

Phenytoin Altered effects of one or both drugs Altered metabolism

Quetiapine Increased risk of quetiapine toxicity Decreased metabolism

Rifampin/rifabutin Decreased rifampin and ketoconazole effects Decreased blood concentration

Ritonavir Increased ketoconazole concentration Decreased metabolism

Saquinavir Increased saquinavir concentration Decreased metabolism

Tacrolimus Increased tacrolimus toxicity Decreased metabolism

Terfenadine Increased risk of cardiotoxicity Decreased metabolism

Theophylline Decreased theophylline concentration Mechanism not established

Lamivudine with
Nelfinavir Increased lamivudine concentration Decreased clearance

Pentamidine Increased risk of pancreatitis Additive toxicity profiles

Sulfonamides Increased lamivudine concentration Decreased clearance

Trimethoprim Increased lamivudine concentration Decreased clearance

Trimethoprim/sulfamethoxazole Increased risk of pancreatitis Additive toxicity profiles

Zidovudine Increased zidovudine concentration Mechanism not established

Linezolid with
Adrenergic agents Increased adrenergic agent effects Mechanism not established

Bupropion Increased bupropion exposure, toxicity Mechanism not established

Entacapone/tolcapone Decreased catecholamine metabolism Mechanism not established

Monoamine oxidase (MAO) inhibitors Increased MAO inhibitor actions, toxicity Additive toxicity

Meperidine Increased risk of serotonin syndrome Decreased serotonin degradation

Selective norepinephrine-serotonin reuptake 
inhibitor (SNRI) antidepressants

Increased risk of serotonin syndrome Decreased serotonin degradation

SSRI antidepressants Increased risk of serotonin syndrome Decreased serotonin degradation

Tramadol Increased risk of seizures Mechanism not established

Tricyclic antidepressants Increased risk of serotonin syndrome Mechanism not established

Triptans Increased triptan exposure, toxicity Metabolism interaction

Maraviroc with
CYP3A inhibitors Increased maraviroc exposure CYP3A inhibition

CYP3A inducers Decreased maraviroc exposure CYP3A induction

Mebendazole with
CBZ Decreased mebendazole concentrations Hepatic microsomal enzyme induction

Phenytoin Decreased mebendazole concentrations Hepatic microsomal enzyme induction

Meropenem with
Probenecid Increased meropenem effect, toxicity Decreased tubular secretion

Valproic acid Decreased valproic acid exposure Mechanism not established

Continued

TABLE 54-35  Adverse Drug Interactions Involving Anti-infective Agents—cont’d

http://www.myuptodate.com


P
a
rt

 I
 B

as
ic

 P
ri

n
ci

p
le

s 
in

 t
h

e 
D

ia
g

n
o

si
s 

an
d

 M
an

ag
em

en
t 

o
f 

In
fe

ct
io

u
s 

D
is

ea
se

s
698

INTERACTING DRUGS ADVERSE EFFECT PROBABLE MECHANISM
Methenamine with
Sulfonamides Increased risk of crystalluria; precipitate formation between 

formaldehyde and sulfamethizole
Acidification of the urine

Metronidazole with
Alcohol Mild disulfiram-like symptoms Possible inhibition of intermediary metabolism of 

alcohol

Anticoagulants, oral Increased anticoagulant effect Decreased metabolism

Azathioprine Transient neutropenia Mechanism not established

Barbiturates Decreased metronidazole effect with phenobarbital Probably increased metabolism

CBZ Increased CBZ toxicity Decreased metabolism

Cimetidine Possible increased metronidazole toxicity Decreased metabolism

Disulfiram Organic brain syndrome Mechanism not established

Fluorouracil Transient neutropenia Mechanism not established

Lithium Lithium toxicity Mechanism not established

Micafungin with
Cyclosporine Increased cyclosporine exposure Mechanism not established

Itraconazole Increased itraconazole exposure Mechanism not established

Nifedipine Increased nifedipine exposure Mechanism not established

Sirolimus Increased sirolimus exposure Mechanism not established

Miconazole with
Aminoglycosides Possible decreased tobramycin concentration Mechanism not established

Amphotericin B Possible antagonism in in vitro studies Mechanism not established

Anticoagulants, oral Increased anticoagulant effect Mechanism not established

Astemizole Increased risk of cardiotoxicity Decreased metabolism

Cisapride Increased cardiotoxicity Decreased metabolism

Cyclosporine Increased nephrotoxicity Decreased metabolism

Hypoglycemics, sulfonylurea Severe hypoglycemia Mechanism not established

Phenytoin Increased phenytoin toxicity Decreased metabolism

Terfenadine Increased risk of cardiotoxicity Decreased metabolism

Nalidixic Acid with
Antacids Decreased nalidixic acid effect Decreased bioavailability

Anticoagulants, oral Increased anticoagulant effect Displacement from binding sites

Nevirapine with
Acenocoumarol Decreased acenocoumarol effect Increased metabolism

Amiodarone Decreased amiodarone effect Increased metabolism

Barbiturates Decreased barbiturate, nevirapine effects Increased metabolism

Bupropion Decreased bupropion effect Increased metabolism

BZDs Decreased BZD effect Increased metabolism

CBZ Decreased CBZ, nevirapine effects Increased metabolism

Cimetidine Increased nevirapine effect, toxicity Decreased metabolism

Clarithromycin Increased nevirapine effect, toxicity Decreased metabolism

Corticosteroids Decreased nevirapine, steroid effects Increased metabolism

Cyclosporine Decreased cyclosporine effect; increased nevirapine effect, toxicity Increased, decreased metabolism

Erythromycin Increased nevirapine effect, toxicity Decreased metabolism

Garlic supplements Decreased nevirapine effect Increased metabolism

Indinavir Decreased indinavir concentration Increased metabolism

Itraconazole Decreased itraconazole effect; increased nevirapine effect, toxicity Increased, decreased metabolism

Ketoconazole Decreased ketoconazole effect; increased nevirapine effect, 
toxicity

Increased, decreased metabolism

Methadone Decreased methadone effect; withdrawal Increased metabolism

Oral contraceptives Decreased contraceptive effect Increased metabolism

Paclitaxel Decreased paclitaxel effect Increased metabolism

Phenytoin Decreased phenytoin, nevirapine effects Increased metabolism

Repaglinide Decreased repaglinide effect Increased metabolism

Rifamycins Decreased nevirapine effect Increased metabolism

Ritonavir Decreased ritonavir concentrations Increased metabolism

St. John’s wort Decreased nevirapine effect Increased metabolism

Warfarin Decreased warfarin effect Increased metabolism

Zidovudine Decreased zidovudine concentration Increased metabolism

Nitrofurantoin with
Antacids Possible decreased nitrofurantoin effect Decreased absorption

Fluoroquinolones In vitro antagonism of quinolone activity Mechanism not established
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Probenecid Increased nitrofurantoin serum concentration Inhibition of renal excretion

Sulfinpyrazone Increased nitrofurantoin serum concentration Inhibition of renal excretion

Pentamidine with
Aminoglycosides Increased nephrotoxicity Additive toxicity

Amphotericin B Increased nephrotoxicity Additive toxicity

Capreomycin Increased nephrotoxicity Additive toxicity

Cidofovir Increased nephrotoxicity Additive toxicity

Colistin Increased nephrotoxicity Additive toxicity

Cisplatin Increased nephrotoxicity Additive toxicity

Foscarnet Hypocalcemia Mechanism not established

Grepafloxacin Increased cardiotoxicity Additive toxicity

Methoxyflurane Increased nephrotoxicity Additive toxicity

Polymyxins Increased nephrotoxicity Additive toxicity

Sparfloxacin Increased cardiotoxicity Additive toxicity

Vancomycin Increased nephrotoxicity Additive toxicity

Piperazine with
Chlorpromazine Seizures Mechanism not established

Pyrantel pamoate Decreased piperazine and pyrantel pamoate activity Antagonism

Polymyxin B with
Aminoglycoside antibiotics Increased nephrotoxicity; increased neuromuscular blockade Additive toxicity

Neuromuscular blocking agents Increased neuromuscular blockade Additive toxicity

Parenteral quinidine Increased neurotoxicity Additive toxicity

Parenteral quinine Increased neurotoxicity Additive toxicity

Vancomycin Increased nephrotoxicity Additive toxicity

Posaconazole with
Astemizole Increased astemizole effect, toxicity Decreased metabolism

BZDs Increased benzodiazepine effect, toxicity Decreased metabolism

Calcium channel blockers Increased calcium channel blocker effect, toxicity Decreased metabolism

Cimetidine Decreased posaconazole effect Unknown mechanism

Cisapride Increased cisapride effect, toxicity Decreased metabolism

Ergot alkaloids Increased ergot effect, toxicity Decreased metabolism

Halofantrine Increased halofantrine effect, toxicity Decreased metabolism

HMG-CoA reductase inhibitors Increased statin effect, toxicity Decreased metabolism

Immunosuppressants Increased immunosuppressant effect, toxicity Decreased metabolism

Phenytoin Decreased posaconazole effect, increased phenytoin effect, toxicity Metabolism interaction

Pimozide Increased pimozide effect, toxicity Decreased metabolism

Rifabutin Decreased posaconazole effect, increased rifabutin effect, toxicity Metabolism interaction

Quinidine Increased quinidine effect, toxicity Decreased metabolism

Terfenadine Increased terfenadine effect, toxicity Decreased metabolism

Vinca alkaloids Increased vinca effect, toxicity Decreased metabolism

Primaquine with
Aurothioglucose Increased blood dyscrasias Additive

Quinacrine Increased toxicity to the antimalarial Additive

Ritonavir Increased primaquine concentrations Decreased metabolism

Protease Inhibitors (except Ritonavir) with
Alfentanil Increased alfentanil effects, toxicity Decreased metabolism

Amiodarone Increased amiodarone toxicity Decreased metabolism

Antacids Decreased efficacy of indinavir, tipranavir Decreased bioavailability

Antiarrhythmic agents Increased antiarrhythmic effects, toxicities Decreased metabolism

Astemizole Increased cardiotoxicity Decreased metabolism

Atorvastatin Increased AUC and statin side effects Decreased metabolism

Azithromycin Possible decreased nelfinavir efficacy PGP interaction

Barbiturates Decreased protease effect, increased barbiturate effect, toxicity Increased, decreased metabolism

Bepridil Increased bepridil effects, toxicity Decreased metabolism

Bupropion Possible increased bupropion toxicity Decreased metabolism

BZDs Increased CNS BZD toxicity Decreased metabolism

Calcium channel antagonists Increased calcium channel blocker effects Decreased metabolism

CBZ Decreased protease effect, increased CBZ effect Increased, decreased metabolism

Cisapride Increased cardiotoxicity Decreased metabolism

Clarithromycin Increased protease toxicity Decreased metabolism

Clindamycin Increased clindamycin toxicity Decreased metabolism
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INTERACTING DRUGS ADVERSE EFFECT PROBABLE MECHANISM
Corticosteroids Increased risk of hypercorticoidism Decreased metabolism

Coumarin derivatives Increased coumarin derivative toxicity Decreased metabolism

Cyclophosphamide Increased cyclophosphamide toxicity, decreased protease effect Decreased, increased metabolism

Cyclosporine Increased protease, cyclosporine toxicity Decreased metabolism

Dapsone Increased dapsone toxicity with saquinavir Decreased metabolism

Daunorubicin Increased risk of cardiotoxicity Decreased metabolism

Delavirdine Increased protease toxicity, increased hepatotoxicity, decreased 
delavirdine effect

Decreased metabolism

Desipramine Increased desipramine effect, toxicity Decreased metabolism

Diltiazem Increased diltiazem effect, toxicity Decreased metabolism

Dihydropyridines Increased dihydropyridine toxicity Decreased clearance

Doxorubicin Increased risk of cardiotoxicity Decreased metabolism

Ergot derivatives Increased ergot toxicity Decreased metabolism

Erythromycin Increased erythromycin, protease effect, toxicity Decreased metabolism

Fluconazole Possible decreased effect indinavir, increased effect nelfinavir Increased, decreased metabolism

Fusidic acid Increased saquinavir, fusidic acid toxicity Decreased metabolism

Garlic supplements Decreased protease effect Increased metabolism

Gamma-hydroxybutyrate (GHB) Increased GHB toxicity Decreased metabolism

Grapefruit juice Decreased indinavir effect, increased saquinavir effect Increased, decreased metabolism

H2 receptor antagonists Decreased indinavir effect Decreased bioavailability

Ifosfamide Increased ifosfamide toxicity Decreased metabolism

Interferon alfa-2 Increased indinavir toxicity Decreased metabolism

Isotretinoin Increased isotretinoin effect, toxicity Decreased metabolism

Itraconazole Increased itraconazole, protease effect, toxicity Decreased metabolism

Ketoconazole Increased ketoconazole, protease effect, toxicity Decreased metabolism

Levodopa Increased levodopa effect, toxicity Decreased metabolism

Lidocaine Increased risk of lidocaine toxicity Decreased metabolism

Loperamide Decreased protease efficacy Decreased bioavailability

Lovastatin Increased AUC and statin side effects Decreased metabolism

Methadone Decreased methadone, protease effect Increased metabolism

Metronidazole Increased metronidazole effect, toxicity Decreased metabolism

Nefazodone Increased nefazodone effect, toxicity Decreased metabolism

Oral contraceptives Altered efficacy of birth control possible Increased, decreased metabolism

Paclitaxel Increased effect, toxicity of paclitaxel Decreased metabolism

Phenytoin Decreased protease, increased phenytoin effects Increased, decreased metabolism

Phosphodiesterase inhibitors Increased phosphodiesterase inhibitor effect, toxicity Decreased metabolism

Pimozide Increased pimozide toxicity Decreased metabolism

Pravastatin Decreased pravastatin effect or nothing Possible increased metabolism

Primidone Decreased protease effect Increased metabolism

Proton pump inhibitors Decreased effect of indinavir Decreased bioavailability

Quinidine Increased quinidine effect, toxicity Decreased metabolism

Raloxifene Possible decreased raloxifene effect with nelfinavir Increased metabolism

Ranolazine Increased ranolazine effect, toxicity Decreased metabolism

Repaglinide Increased repaglinide exposure, effects Decreased metabolism

Rifampin/rifabutin Decreased protease effect, increased rifamycin toxicity Increased, decreased metabolism

Risperidone Increased risperidone toxicity Decreased metabolism

Ritonavir Increased protease toxicity Decreased metabolism

Sildenafil Increased sildenafil effect, toxicity Decreased metabolism

Simvastatin Increased AUC and statin toxicity Decreased metabolism

Sirolimus Increased sirolimus effect, toxicity Decreased metabolism

SSRI antidepressants Increased SSRI effect, toxicity Decreased metabolism

St. John’s wort Decreased protease effect Increased metabolism

Tacrolimus Increased tacrolimus effect, toxicity Decreased metabolism

Terfenadine Increased risk of cardiotoxicity Decreased metabolism

Verapamil Increased verapamil effect, toxicity Decreased metabolism

Zolpidem Increased zolpidem effect, toxicity Decreased metabolism

Pyrantel Pamoate with
Piperazine Decreased pyrantel pamoate and piperazine activity Antagonism

Theophylline Increased theophylline toxicity Decreased metabolism

Quinacrine with
Alcohol Possible disulfiram-like reaction Accumulation of acetaldehyde

Aurothioglucose Increased blood dyscrasias Additive
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Hepatotoxic agents Possible increased hepatotoxicity Additive

Primaquine Increased primaquine toxicity Release from tissue binding sites causing marked 
increase in primaquine concentrations

Quinine with
Acetazolamide Increased quinine serum concentration; increased toxicity Decreased clearance from increased urinary pH

Aluminum antacids Decreased quinine serum concentration Decreased absorption

Anticoagulants, oral Potentiation of hypoprothrombinemic effects Hepatic suppression of synthesis of vitamin  
K–dependent clotting factors

Astemizole Increased cardiotoxicity Decreased metabolism

Aurothioglucose Increased blood dyscrasias Additive

Cimetidine Decreased quinine clearance; prolonged AUCs Hepatic enzyme inhibition

Digoxin/digitoxin Increased digoxin, digitoxin concentration Mechanism not established

Flecainide Increased flecainide toxicity Decreased metabolism

Heparin Decreased anticoagulant effect Mechanism not established

Mefloquine Increased cardiac events Additive

Neuromuscular blocking agents Potentiation of neuromuscular blocking effects Additive

Ritonavir Increased quinine toxicity Decreased metabolism

Sodium bicarbonate Increased quinine serum concentration; increased toxicity Decreased clearance from increased urinary pH

Raltegravir with
Atazanavir Increased raltegravir exposure Metabolism inhibition

Rifampin Decreased raltegravir exposure Metabolism induction

Tipranavir/ritonavir Decreased raltegravir exposure Metabolism induction

Ribavirin with
Abacavir Increased risk of lactic acidosis Mechanism not established

DDI Increased risk of lactic acidosis Mechanism not established

Lamivudine Increased risk of lactic acidosis Mechanism not established

Stavudine Increased risk of lactic acidosis Mechanism not established

Zalcitabine Increased risk of lactic acidosis; in vitro retroviral antagonism Mechanism not established; decreased 
phosphorylation

Zidovudine Increased risk of lactic acidosis; in vitro retroviral antagonism Mechanism not established; decreased 
phosphorylation

Warfarin Decreased warfarin exposure Mechanism not established

Rifamycins (except Rifaximin) with
Analgesics Possible decreased analgesic effect Increased metabolism

Anticoagulants, oral Possible decreased oral anticoagulant effect Increased metabolism

Anticonvulsants Possible decreased anticonvulsant effect Increased metabolism

Atovaquone Decreased atovaquone effect Increased metabolism

Barbiturates Possible decreased barbiturate effect Increased metabolism

BCG vaccine Negates BCG effect Negates immune response

β-Blockers Possible decreased β-blocker effect Increased metabolism

Cardiac glycosides Possible decreased cardiac glycoside effect Increased metabolism

Chloramphenicol Possible decreased chloramphenicol effect Increased metabolism

Clarithromycin Decreased clarithromycin concentration, increased rifamycin 
toxicity

Increased, decreased metabolism

Clofibrate Possible decreased clofibrate effect Increased metabolism

Contraceptives, oral Possible decreased oral contraceptive effect Increased metabolism

Corticosteroids Possible decreased corticosteroid effect Increased metabolism

Cyclosporine Possible decreased cyclosporine effect Increased metabolism

Dapsone Possible decreased dapsone effect Increased metabolism

Delavirdine Decreased delavirdine concentration, increased rifamycin toxicity Increased, decreased metabolism

Diazepam Possible decreased diazepam effect Increased metabolism

Digitalis Decreased digitoxin and digoxin effects Increased metabolism

Dihydropyridines Decreased dihydropyridine effect Increased metabolism

Disopyramide Possible decreased disopyramide effect Increased metabolism

Doxycycline Decreased doxycycline effect Increased metabolism

Estrogens Decreased estrogen concentrations Hepatic enzyme induction

Ethionamide Increased hepatotoxicity Additive

Fluconazole Decreased fluconazole effect Increased metabolism

HMG-CoA reductase inhibitors Decreased HMG effect Increased metabolism

Hypoglycemics, oral Possible decreased oral hypoglycemic effect Increased metabolism

Indinavir Decreased indinavir effect; increased rifamycin exposure Increased metabolism; decreased metabolism

Isoniazid Possible increased hepatotoxicity Possible increased toxic metabolites
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INTERACTING DRUGS ADVERSE EFFECT PROBABLE MECHANISM
Itraconazole Decreased itraconazole effect Increased metabolism

Ketoconazole Possible decreased ketoconazole effect Increased metabolism

Mexiletine Possible decreased mexiletine effect Increased metabolism

Narcotics Possible decreased narcotic effect Increased metabolism

Nelfinavir Decreased nelfinavir effect Increased metabolism

Nevirapine Decreased nevirapine effect Increased metabolism

Praziquantel Decreased praziquantel effect Increased metabolism

Progestins Possible decreased progestin effect Increased metabolism

Quinidine Possible decreased quinidine effect Increased metabolism

Ritonavir Decreased ritonavir effect, increased rifamycin toxicity Increased, decreased metabolism

Saquinavir Decreased saquinavir effect, increased rifamycin toxicity Increased, decreased metabolism

Tacrolimus Decreased tacrolimus effect Increased metabolism

Terbinafine Decreased terbinafine effect Increased metabolism

Theophylline Possible decreased theophylline effect Increased metabolism

Verapamil Possible decreased verapamil effect Increased metabolism

Zidovudine Decreased zidovudine concentrations, AUCs Mechanism not established

Rilpivirine with
Antacids Decreased rilpivirine exposure Decreased absorption

Delavirdine Increased rilpivirine exposure Decreased metabolism

Efavirenz Decreased rilpivirine exposure Increased metabolism

Etravirine Decreased rilpivirine exposure Increased metabolism

H2 receptor antagonists Decreased rilpivirine exposure Decreased absorption

Macrolides Increased rilpivirine exposure Decreased metabolism

Methadone Decreased methadone exposure Increased metabolism

Nevirapine Decreased rilpivirine exposure Increased metabolism

Ritonavir Increased rilpivirine exposure Decreased metabolism

Triazole antifungals Increased rilpivirine exposure Decreased metabolism

Ritonavir, Lopinavir/Ritonavir same as with all Protease Inhibitors Plus
Albendazole Altered albendazole efficacy Increased or decreased metabolism

Alimemazine Increased alimemazine, ritonavir effect, toxicity Decreased metabolism

Astemizole Increased risk of cardiotoxicity Decreased metabolism

Atovaquone Decreased atovaquone effect Increased phase II metabolism

Chlorpromazine Increased ritonavir, chlorpromazine effect, toxicity Decreased metabolism

Clozapine Decreased clozapine effect Increased metabolism

Codeine Decreased analgesic effect Decreased metabolism

Dextropropoxyphene Increased dextropropoxyphene effect, toxicity Decreased metabolism

Digoxin Increased digoxin effect, toxicity Decreased clearance

Disopyramide Increased disopyramide effect, toxicity Decreased metabolism

Disulfiram Disulfiram-like reactions Alcohol in protease dosage forms

Encainide Increased encainide effect, toxicity Decreased metabolism

Ethosuximide Increased ethosuximide effect, toxicity Decreased metabolism

Fentanyl Increased fentanyl effect, toxicity Decreased metabolism

Flecainide Increased flecainide effect, toxicity Decreased metabolism

Fusidic acid Increased ritonavir, fusidic acid effect, toxicity Decreased metabolism

Gemfibrozil Increased ritonavir effect, toxicity Mechanism not established

Haloperidol Increased haloperidol effect, toxicity Decreased metabolism

Loratadine Increased risk of loratadine toxicity Decreased metabolism

Meperidine Increased risk of normeperidine toxicity Increased metabolism of parent

Methadone Decreased methadone effect Increased metabolism

MDMA (3,4-methyl- 
enedioxymethamphetamine)

Increased MDMA toxicity Decreased metabolism

Metoprolol Increased metoprolol effect, toxicity Decreased metabolism

Metronidazole Disulfiram-like reactions Alcohol in protease dosage forms

Mexiletine Increased mexiletine effect, toxicity Decreased metabolism

Morphine Decreased morphine effect Increased metabolism

Olanzapine Decreased olanzapine effect Increased metabolism

Perphenazine Increased perphenazine, ritonavir effect, toxicity Decreased metabolism

Prochlorperazine Increased prochlorperazine, ritonavir effect, toxicity Decreased metabolism

Promethazine Increased promethazine, ritonavir effect, toxicity Decreased metabolism

Propafenone Increased propafenone effect, toxicity Decreased metabolism

Quinine Increased quinine effect, toxicity Decreased metabolism

Tamoxifen Increased tamoxifen effect, toxicity Decreased metabolism
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Terfenadine Increased risk of cardiotoxicity Decreased metabolism

Thalidomide Increased thalidomide effect, toxicity Decreased metabolism

Theophylline Decreased theophylline effect Increased metabolism

Thioridazine Increased thioridazine, ritonavir effect, toxicity Decreased metabolism

Timolol Increased timolol effect, toxicity Decreased metabolism

Tramadol Increased tramadol effect, toxicity Decreased metabolism

Tricyclic antidepressants Increased tricyclic effect, toxicity Decreased metabolism

Trifluoperazine Increased trifluoperazine, ritonavir effect, toxicity Decreased metabolism

Triflupromazine Increased triflupromazine, ritonavir effect, toxicity Decreased metabolism

Roxithromycin with
Digoxin Increased digoxin effect, toxicity Change in gut flora

Warfarin Increased warfarin effect, toxicity Change in gut flora

Spectinomycin with
Lithium Increased lithium toxicity Decreased renal excretion

Stavudine (D4T) with
Aurothioglucose Increased peripheral neuropathy Additive toxicity

Chloramphenicol Increased peripheral neuropathy Additive toxicity

Cisplatin Increased peripheral neuropathy Additive toxicity

Clarithromycin Possible decreased stavudine effect Decreased bioavailability (?)

Dapsone Increased peripheral neuropathy Additive toxicity

Disulfiram Increased peripheral neuropathy Additive toxicity

Ethionamide Increased peripheral neuropathy Additive toxicity

Fluconazole Possible decreased stavudine effect Decreased bioavailability (?)

Glutethimide Increased peripheral neuropathy Additive toxicity

Hydralazine Increased peripheral neuropathy Additive toxicity

INH Increased peripheral neuropathy Additive toxicity

Iodoquinol Increased peripheral neuropathy Additive toxicity

Methadone Decreased stavudine effect Decreased bioavailability

Metronidazole Increased peripheral neuropathy Additive toxicity

Nitrofurantoin Increased peripheral neuropathy Additive toxicity

Pentamidine Increased pancreatitis Additive toxicity

Phenytoin Increased peripheral neuropathy Additive toxicity

Ribavirin Increased peripheral neuropathy Additive toxicity

Rifabutin Decreased stavudine effect Decreased bioavailability (?)

Trimethoprim/sulfamethoxazole Increased pancreatitis Additive toxicity

Vincristine Increased peripheral neuropathy Additive toxicity

Sulfadoxine/Pyrimethamine with
Aurothioglucose Increased hematologic toxicity Additive toxicity

Lorazepam Mild hepatotoxicity Mechanism not established

Para-aminobenzoic acid (PABA) Decreased pyrimethamine effect Interference with pyrimethamine action

Sulfonamides Increased toxicity Additive toxicity

Trimethoprim Increased toxicity Additive toxicity

Sulfonamides with
Antibiotics Altered action of sulfasalazine Alteration of intestinal flora

Anticoagulants, oral Increased anticoagulant effect Decreased metabolism and displacement from 
binding sites

Barbiturates Increased thiopental effect Decreased albumin binding

Chloroprocaine Possible antagonism of sulfonamide action Competition for PABA site

Cyclosporine Decreased cyclosporine effect with sulfamethazine Possible increased metabolism

Digoxin Possible decreased digoxin effect with sulfasalazine Decreased digoxin absorption

Folic acid Decreased absorption, metabolism, and concentrations with 
sulfasalazine

Inhibition of hepatic folate metabolism, intestinal 
transport of folic acid, and jejunal brush border 
folate conjugase

Hypoglycemics, sulfonylurea Increased hypoglycemic effect Mechanism not established

Iron Decreased sulfasalazine serum concentration Chelation

Lamivudine Increased lamivudine toxicity Competition for renal clearance

Methenamine Crystallization of sulfonamides in the urine; precipitate of 
formaldehyde, sulfamethizole

Acidification of the urine

Methotrexate Possible increased methotrexate toxicity Decreased renal clearance and displacement from 
binding

MAO inhibitors Possible increased phenelzine toxicity with sulfisoxazole Decreased metabolism

PABA Possible antagonism of sulfonamide action Competition for PABA site
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INTERACTING DRUGS ADVERSE EFFECT PROBABLE MECHANISM
Paraldehyde Crystallization of sulfonamides in the urine Acidification of the urine

Phenytoin Increased phenytoin effect, except possibly with sulfisoxazole Decreased metabolism

Piperocaine Possible antagonism of sulfonamide action Competition for PABA site

Procaine Possible antagonism of sulfonamide action Competition for PABA site

Propoxycaine Possible antagonism of sulfonamide action Competition for PABA site

Sulfinpyrazone Increased serum sulfonamide concentration Displacement from protein binding sites and 
inhibition of tubular secretion

Tetracaine Possible antagonism of sulfonamide action Competition for PABA site

Thiopental Increased thiopental effect; decreased dose necessary when given 
with sulfisoxazole

Plasma protein binding competition

Teicoplanin with
Aminoglycosides Increased risk of nephrotoxicity, ototoxicity Additive toxicities

Amphotericin B Increased risk of nephrotoxicity, ototoxicity Additive toxicities

Cisplatin Increased risk of nephrotoxicity, ototoxicity Additive toxicities

Colistin Increased risk of nephrotoxicity, ototoxicity Additive toxicities

Cyclosporine Increased risk of nephrotoxicity, ototoxicity Additive toxicities

Loop diuretics Increased risk of nephrotoxicity, ototoxicity Additive toxicities

Telaprevir
Alfuzosin Increased alfuzosin exposure Decreased metabolism

Cisapride Cardiac arrhythmias Decreased metabolism

Ergotamine derivatives Life-threatening ergot toxicity Decreased metabolism

Lovastatin Myopathy including rhabdomyolysis Decreased metabolism

Midazolam (PO) Prolonged sedation or respiratory depression Decreased metabolism

Pimozide Cardiac arrhythmias Decreased metabolism

Rifampin Decreased elvitegravir exposure Increased metabolism

Sildenafil Visual disturbance, syncope, priapism, and hypotension Decreased metabolism

Simvastatin Myopathy including rhabdomyolysis Decreased metabolism

St. John’s wort Decreased elvitegravir exposure Increased metabolism

Triazolam Prolonged sedation or respiratory depression Decreased metabolism

Telithromycin with
Antiarrhythmic agents Increased risk of cardiac arrhythmias Additive toxicities

BZDs Increased benzodiazepine effect, toxicity Decreased metabolism

Cisapride Increased cisapride effect, toxicity Decreased metabolism

Coumarin derivatives Increased coumarin effect, toxicity Change in GI flora

Cyclosporine Increased cyclosporine effect, toxicity Decreased metabolism

CYP3A4 inducers Decreased telithromycin effect Metabolism induction

Digoxin Increased digoxin effect, toxicity Change in GI flora

HMG-CoA reductase inhibitors Increased risk of rhabdomyolysis Decreased metabolism

Itraconazole Increased telithromycin effect, toxicity Decreased metabolism

Ketoconazole Increased telithromycin effect, toxicity Decreased metabolism

Sirolimus Increased sirolimus effect, toxicity Decreased metabolism

Tacrolimus Increased tacrolimus effect, toxicity Decreased metabolism

Theophylline Increased theophylline effect, toxicity Decreased metabolism

Tenofovir with
DDI Increased DDI effect, toxicity Mechanism not established

Terbinafine with
Caffeine Increased caffeine effect, toxicity Decreased metabolism

Cimetidine Increased terbinafine effect, toxicity Decreased metabolism

Cyclosporine Decreased cyclosporine effect Increased metabolism

Rifampin Decreased terbinafine effect Increased metabolism

Tetracyclines with
Alcohol Decreased doxycycline effect in alcoholics Increased metabolism

Aminoglycosides In vitro antagonism; no in vivo support Mechanism not established

Antacids, oral Decreased oral tetracycline effects Decreased tetracycline absorption

Anticoagulants, oral Increased anticoagulant effect Mechanism not established

Antidepressants, tricyclic Localized hemosiderosis with amitriptyline and minocycline Possible synergism

Barbiturates Decreased doxycycline effect Increased metabolism

Bismuth subsalicylate Decreased tetracycline effect Decreased absorption

CBZ Decreased doxycycline effect Increased metabolism

Contraceptives, oral Decreased contraceptive effect Possible decreased enterohepatic circulation of 
estrogen

Digoxin Increased digoxin effect Decreased gut metabolism and increased 
absorption

TABLE 54-35  Adverse Drug Interactions Involving Anti-infective Agents—cont’d
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INTERACTING DRUGS ADVERSE EFFECT PROBABLE MECHANISM
Iron, oral Decreased tetracycline effect, but not with doxycycline; decreased 

iron effect
Decreased absorption

Kaolin/pectin Decreased concentrations of tetracyclines Decreased absorption

Lithium Increased lithium toxicity Decreased renal excretion

Methotrexate Possible increased toxicity Mechanism not established

Methoxyflurane Increased nephrotoxicity Displacement from binding

Molindone Decreased tetracycline effect Calcium as an excipient inhibits absorption

Penicillins In vitro antagonism; rare in vivo support for this Mechanism not established

Phenformin Increased lactic acidosis Possible decreased phenformin excretion

Phenytoin Decreased doxycycline effect Increased metabolism

Rifampin/rifabutin Possible decreased doxycycline effect Increased metabolism

Theophylline Possible theophylline toxicity Mechanism not established

Zinc sulfate Decreased tetracycline effect Decreased absorption

Thiabendazole with
Theophylline Increased theophylline toxicity Decreased metabolism

Tinidazole with
Alcohol Increased alcohol side effects Decreased metabolism

Anticoagulants Increased anticoagulant effects Decreased metabolism

Cholestyramine Decreased tinidazole effect, toxicity Decreased absorption

Cyclosporine Increased cyclosporine effect, toxicity Decreased metabolism

CYP3A4 inducers Decreased tinidazole effect, toxicity Increased metabolism

CYP3A4 inhibitors Increased tinidazole effect, toxicity Decreased metabolism

Disulfiram Increased CNS toxicity Mechanism unknown

Fluorouracil Increased fluorouracil effect, toxicity Decreased clearance

Hydantoins Increased IV phenytoin effect, toxicity Mechanism unknown

Lithium Increased lithium effect, toxicity Mechanism unknown

Oxytetracycline Decreased tinidazole effect Antagonism

Tacrolimus Increased tacrolimus effect, toxicity Decreased metabolism

Trimethoprim with
Angiotensin-converting enzyme (ACE) 

inhibitors
Hyperkalemia Reduced potassium clearance

Amiloride Trimethoprim may potentiate hyponatremia because of 
concomitant use of amiloride with thiazide diuretics

Additive toxicity

Azathioprine Leukopenia Mechanism not established

Cerivastatin Increased risk of statin toxicity Inhibition of CYP2C8 metabolism

Cyclosporine Increased nephrotoxicity Synergism

Dapsone Increased dapsone toxicity Altered clearance

Digoxin Possible increased digoxin effect Decreased renal excretion and possibly decreased 
metabolism

Methotrexate (MTX) Increased MTX toxicity Decreased clearance

Phenytoin Increased phenytoin serum concentrations—increased risk of 
phenytoin toxicity; increased risk of folate deficiency

Decreased metabolism; additive toxicity

Thiazide diuretics Trimethoprim may potentiate hyponatremia because of 
concomitant use of amiloride with thiazide diuretics

Additive toxicity

Tripanavir with
Alfuzosin Increased alfuzosin exposure Decreased metabolism

Cisapride Cardiac arrhythmias Decreased metabolism

Ergotamine derivatives Life-threatening ergot toxicity Decreased metabolism

Lovastatin Myopathy including rhabdomyolysis Decreased metabolism

Midazolam (PO) Prolonged sedation or respiratory depression Decreased metabolism

Pimozide Cardiac arrhythmias Decreased metabolism

Rifampin Decreased elvitegravir exposure Increased metabolism

Sildenafil Visual disturbance, syncope, priapism, and hypotension Decreased metabolism

Simvastatin Myopathy including rhabdomyolysis Decreased metabolism

St. John’s wort Decreased elvitegravir exposure Increased metabolism

Vancomycin with
Aminoglycosides Possible increased nephrotoxicity and ototoxicity Possibly additive toxicity

Amphotericin B Increased nephrotoxicity Additive toxicity

Bacitracin Increased nephrotoxicity Additive toxicity

Cephalosporins Increased nephrotoxicity Additive toxicity

Cisplatin Increased nephrotoxicity Additive toxicity

Colistin Increased nephrotoxicity Additive toxicity

Continued

TABLE 54-35  Adverse Drug Interactions Involving Anti-infective Agents—cont’d
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INTERACTING DRUGS ADVERSE EFFECT PROBABLE MECHANISM
Digoxin Possible decreased digoxin effect Possibly decreased absorption

Paromomycin Increased nephrotoxicity Additive toxicity

Polymyxins Increased nephrotoxicity Additive toxicity

Warfarin Increased risk of bleeding Mechanism not established

Vidarabine with
Allopurinol Increased nephrotoxicity Decreased metabolism

Theophylline Increased theophylline effect Decreased metabolism

Voriconazole with
Amprenavir Increased amprenavir/voriconazole effect, toxicity Decreased metabolism

Astemizole Increased risk of cardiotoxicity Decreased metabolism

Atorvastatin Increased atorvastatin effect, toxicity Decreased metabolism

Barbiturates Decreased voriconazole effect Increased metabolism

BZDs Increased BZD effect, toxicity Decreased metabolism

Calcium channel antagonists Increased calcium channel antagonist effect, toxicity Decreased metabolism

CBZ Decreased voriconazole effect Increased metabolism

Cerivastatin Increased cerivastatin effect, toxicity Decreased metabolism

Cisapride Increased cisapride effect, toxicity Decreased metabolism

Coumarin derivatives Increased coumarin effect, toxicity Decreased metabolism

Ergot alkaloids Increased ergot effect, toxicity Decreased metabolism

Fosphenytoin, phenytoin Increased phenytoin effect, toxicity; decreased voriconazole effect Decreased, increased metabolism

Lovastatin Increased lovastatin effect, toxicity Decreased metabolism

Nelfinavir Increased nelfinavir, voriconazole effect, toxicity Decreased metabolism

Non-nucleoside reverse transcriptase 
inhibitors (NNRTIs)

Increased NNRTI effect, toxicity Decreased metabolism

Omeprazole Increased omeprazole effect, toxicity Decreased metabolism

Pimozide Increased pimozide effect, toxicity Decreased metabolism

Quinidine Increased quinidine effect, toxicity Decreased metabolism

Rifamycins Increased rifamycin effect, toxicity; decreased voriconazole effect Decreased, increased metabolism

Ritonavir Increased ritonavir, voriconazole effect, toxicity Decreased metabolism

Saquinavir Increased saquinavir, voriconazole effect, toxicity Decreased metabolism

Simvastatin Increased simvastatin effect, toxicity Decreased metabolism

Sirolimus Increased sirolimus effect, toxicity Decreased metabolism

Sulfonylureas Increased sulfonylurea effect, toxicity Decreased metabolism

Tacrolimus Increased tacrolimus effect, toxicity Decreased metabolism

Terfenadine Increased risk of cardiotoxicity Decreased metabolism

Vinca alkaloids Increased vinca effect, toxicity Decreased metabolism

Zidovudine (ZDV) with
Acetaminophen Granulocytopenia Mechanism not established

Acyclovir Neurotoxicity Mechanism not established

Amphotericin B Increased risk of nephrotoxicity, hematologic toxicity Additive toxicity

Antimycobacterials Possible increased risk of hematologic toxicity Decreased phase II ZDV metabolism

Aspirin Possible increased risk of hematologic toxicity Decreased phase II ZDV metabolism

Atovaquone Possible increased risk of hematologic toxicity Decreased phase II ZDV metabolism

Chloramphenicol Possible increased risk of hematologic toxicity Decreased phase II ZDV metabolism

Cimetidine Possible increased risk of hematologic toxicity Decreased phase II ZDV metabolism

Clarithromycin Decreased ZDV concentrations and AUCs Mechanism not established

Cytotoxic/myelosuppressive agents Increased risk of hematologic toxicity Additive toxicity

Dapsone Increased neutropenia Additive toxicity

Fluconazole Increased risk of hematologic toxicity Decreased phase I metabolism

Flucytosine Increased hematologic toxicity Additive toxicity

Ganciclovir Decreased ZDV effect; hematologic toxicity Increased clearance; additive toxicity

Hydroxycarbamide Increased hematologic toxicity Additive toxicity

Indomethacin Possible increased risk of hematologic toxicity Mechanism not established; additive

Interferon alfa Increased hematologic toxicity Additive toxicity

Interferon beta Increased hematologic toxicity Additive toxicity

Methadone Increased risk of hematologic toxicity Decreased phase II ZDV metabolism

Nephrotoxic agents Increased risk of toxicity Increased serum concentrations; decreased 
clearance

Nucleoside analogues Increased risk of hematologic toxicity Additive toxicity

Oral contraceptives Increased risk of hematologic toxicity Decreased phase II ZDV metabolism

Oxazepam Possible increased risk of hematologic toxicity Decreased phase II ZDV metabolism

Phenytoin Increased risk of hematologic toxicity Decreased clearance

TABLE 54-35  Adverse Drug Interactions Involving Anti-infective Agents—cont’d
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INTERACTING DRUGS ADVERSE EFFECT PROBABLE MECHANISM
Primaquine Increased risk of peripheral neuropathy Additive toxicity

Probenecid Increased risk of hematologic toxicity Decreased clearance, phase II metabolism

Pyrazinamide Decreased effect of pyrazinamide Mechanism not established

Pyrimethamine Increased hematologic toxicity Additive toxicity

Ribavirin In vitro antiretroviral antagonism Decreased phosphorylation of ZDV

Rifabutin Increased hematologic toxicity Additive toxicity

Rifamycins Decreased ZDV effect Increased phase II ZDV metabolism

Sulfadiazine Increased hematologic toxicity Additive toxicity

Trimethoprim Increased risk of hematologic toxicity Decreased ZDV clearance

Trimethoprim/sulfamethoxazole Increased hematologic toxicity Additive toxicity

Valproic acid Increased ZDV effect, toxicity Decreased phase II ZDV metabolism

*This table includes significant adverse drug interactions and is not a comprehensive list of all potential adverse drug interactions.

TABLE 54-35  Adverse Drug Interactions Involving Anti-infective Agents—cont’d

Pharmacokinetic drug-drug interactions can occur via a number of 
different mechanisms. These include the following:
• Reduction of drug absorption by concurrent drugs. The most 

common absorption interactions occur by chelation of an anti-
infective with a cation such as calcium, magnesium, or iron. A useful 
rule of thumb is that oral anti-infectives should not be administered 
1 hour before or 2 hours after the administration of oral divalent or 
trivalent cations unless a study has clearly demonstrated a lack of 
significant interaction with their co-administration.

• Displacement from protein-binding sites: Although this interaction 
in theory could enhance anti-infective tissue distribution and effi-
cacy, homeostasis occurs in these types of drug interactions, result-
ing in no substantial change in drug exposure due to increased drug 
elimination of unbound drug.

• Inhibition or induction of drug-metabolizing enzymes or trans-
porters: These drug interactions are by far the most important seen 
in clinical practice. Most information on drug-drug interactions  
is generated in a limited number of individuals, often healthy  
volunteers, and is usually not applicable to the general population. 
Some basic tenants of these drug interactions are important to 
remember:
• Genetic and environmental factors, as well as the microbiome 

composition, can affect the baseline activity of drug-metabolizing 
enzymes and transporters and thus will affect the potential for 
drug-drug interactions.

• Not all patients experience a drug-drug interaction, even if this 
has been described in the literature. This is determined by both 
genetic and environmental factors.

• Patients with low or null drug-metabolizing enzymes or trans-
porter activity have a low chance of drug-drug interactions; 
however, if this low baseline activity is due to a reversible patho-
logic process, the potential for drug-drug interaction will increase 
as the pathologic process is appropriately treated.

• Patients with normal or high drug-metabolizing enzymes or  
transporter activity have a high likelihood of drug-drug 
interactions.

• Patients with a low genetic potential to make a drug-metabolizing 
enzyme or transporter (poor or intermediate metabolizers/
transporters) have a small chance of an induction interaction 
because they do not have the genetic potential to make more of 
the enzyme or transporter when stimulated to do so.

• Patients with normal or high genetic potential to make a drug-
metabolizing enzyme or transporter are at greater risk of an induc-
tion interaction due to the greater genetic potential to make the 
enzyme or transporter.

• Patients can undergo enzyme heterocyclic activation of a drug-
metabolizing enzyme, which increases the activity of the enzyme 
approximately 33% where the peak effect occurs immediately, 
unlike induction, which can take up to 2 weeks for the peak effect 
to be seen. Heterocyclic activation is most often seen with CYP3A 
isozymes and CYP2B6.

• Over the course of many infectious diseases, patients with infec-
tions (acute and chronic) have the potential to substantially change 
over time in terms of their risk of drug-drug interactions; thus, 
this is not a static process.

We have provided a table of inducers, inhibitors, and substrates for 
important drug-metabolizing enzymes and transporters. Data on drug 
interactions and transporters are much more limited and less under-
stood because specific probes and biomarkers for transporters are not 
well developed and validated.

Although clinicians request a specific recommendation for dosage 
adjustment when a drug-drug interaction is identified, it is virtually 
impossible to provide a specific recommendation due to the previously 
mentioned factors. An approach that incorporates appropriate treat-
ment of an infection with the goal of optimizing efficacy, reducing the 
risk of resistance, and finally, attempting to avoid toxicity is recom-
mended. Being familiar with the toxic side effects of anti-infectives and 
how to monitor them is essential.
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A  Fever

Major Clinical Syndromes II

The oldest known written reference to fever exists in Akkadian cunei-
form inscriptions from the 6th century bc, most likely derived from 
an ancient Sumerian pictogram of a flaming brazier used to symbolize 
both fever and the local warmth of inflammation.1 Theoretical con-
structs of the pathogenesis of fever did not emerge until several  
centuries later, when Hippocratic physicians proposed that body tem-
perature, and physiologic harmony in general, involved a delicate 
balance among four corporal humors—blood, phlegm, black bile,  
and yellow bile.2 Fever was then believed to result from an excess of 
yellow bile, a concept in concert with the fact that many infections of 
that era caused both fever and jaundice. Galen later broadened the 
classification of fevers and expounded the idea that many types of fever 
developed from putrification of humors.3 During the Middle Ages, 
demonic possession was added to the list of mechanisms thought to 
be responsible for fever. By the 18th century, Harvey’s discovery of  
the circulation of blood and the birth of clinical chemistry led iatro-
physicists and iatrochemists to hypothesize alternatively that body heat 
and fever resulted from friction associated with the flow of blood 
through the vascular system and that they resulted from fermentation 
and putrefaction occurring in the blood and intestines.4 Ultimately, 
as a result of the work of Claude Bernard in the 19th century, the 
metabolic processes occurring within the body came to be recognized 
as the true source of body heat. Subsequent work established that  
body temperature is tightly controlled within a narrow range by mech-
anisms regulating the rate at which such heat is allowed to dissipate 
from the body.

The origin of the practice of monitoring body temperature as an 
aid to diagnosis is uncertain. The oldest known references to devices 
used to measure temperature date to the 1st or 2nd century bc, when 
Philo of Byzantium and Hero of Alexandria are believed to have 
invented several such devices.5 The 10th century ad Persian physician 
Akhawaynī appears to be the first to propose and use a fever curve.3 It 
is reasonably certain that Galileo manufactured a primitive (air) ther-
mometer at about the time that he assumed the chair in mathematics 
at Padua in 1592.6 However, thermometry was not fully assimilated 
into medical practice until 1868, when Carl Reinhold August Wun-
derlich published a magnum opus entitled Das Verhalten der Eigen-
wärme in Krankenheiten (The Course of Temperature in Diseases).7 In 
this work, Wunderlich gave 37° C (98.6° F) special significance with 
respect to normal body temperature.8 He described the diurnal varia-
tion of body temperature and, in the process, alerted clinicians to the 

fact that “normal body temperature” is actually a temperature range, 
rather than a specific temperature.

TERMINOLOGY
According to the International Union of Physiological Sciences Com-
mission for Thermal Physiology, fever is “a state of elevated core tem-
perature, which is often, but not necessarily, part of the defensive 
responses of multicellular organisms (host) to the invasion of live 
(microorganisms) or inanimate matter recognized as pathogenic or 
alien by the host.”8 The febrile response, of which the temperature rise 
is a component, is a complex physiologic reaction to disease, involving 
not only a rise in core temperature but also the generation of acute-
phase reactants and the activation of numerous physiologic, endocri-
nologic, and immunologic systems. The regulated rise in temperature 
during fever is to be distinguished from that occurring during episodes 
of heat stroke and other forms of hyperthermia. These represent dys-
regulated thermoregulation. Thus, thermophysiologists define the term 
hyperthermia as the condition of a temperature regulator when core 
temperature is above the range specified for the normal active state of 
the species,9 as in heat stroke, when heat gain exceeds the capacity of 
heat loss. Heat stroke and other forms of passive heat gain (e.g., due to 
ambient exposure) are characterized by a sustained elevation in core 
temperature lacking the diurnal fluctuation typical of fever and normal 
body temperature and do not respond to antipyretic therapy.10

In the clinical setting, fever is typically defined as a pyrogen-
mediated rise in body temperature above the normal range. Although 
consistent with the popular perception of fever, the definition ignores 
the fact that a rise in body temperature is but one component of this 
multifaceted response. This standard clinical definition is further 
flawed, because it implies that body temperature is a single entity when, 
in fact, it is a pastiche of many different temperatures, each representa-
tive of a particular body part, and each varying throughout the day in 
response to activities of daily living and the influence of endogenous 
diurnal rhythms.

CLINICAL THERMOMETRY
For over a century, the thermometer has been preeminent among clini-
cal instruments used to distinguish health from disease and to monitor 
the course of illness. Unfortunately, thermometric measurements are 
influenced by a host of variables, all too frequently ignored when 
interpreting the significance of clinical temperature readings.
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studies of many different tympanic membrane thermometers have 
shown that although convenient, such instruments tend to give highly 
variable readings that correlate poorly with simultaneously obtained 
oral or rectal readings.20,21,22-25 Additionally, two studies have demon-
strated the inaccuracy of tympanic membrane measurements in 
patients with hypothermia and hyperthermia.26,27 Temporal artery 
thermometry (using similar infrared technology as tympanic mem-
brane measurements) has gained popularity in the past several years; 
however, there are too few studies to determine the accuracy of these 
new thermometry devices.28-34

Several studies have shown that monitoring the skin temperature 
using temperature-sensitive crystals incorporated into plastic strips 
placed on the forehead is an insensitive technique for detecting eleva-
tions in the core temperature.35,36 Studies have consistently demon-
strated that axillary temperature measurements do not reflect core 
temperature and differ significantly from rectal temperatures.37-39 
The detection of fever and hypothermia by palpation is similarly 
insensitive.40-43 Bergeson and Stienfeld found that 42% of 138 febrile 
children (as defined by a body temperature of 38° C or higher) were 
judged to be afebrile by nurse assistants using palpation to detect 
fever.40 Only 1.8% of over 1000 afebrile children were judged to be 
febrile using this same technique. In an evaluation of a mother’s ability 
to assess the temperature of her child by palpation, Banco and Veltri 
found mothers to have a sensitivity of 73.9% and a specificity of 85.6% 
for detecting fever higher than 38° C (100.4° F).41 Thus, palpation by 
mothers was more sensitive than that by nurse assistants but was less 
specific for detecting the febrile state. Finally, in a study of infants 
younger than 2 months presenting to the emergency department with 
a history of fever, Bonadio and co-workers reported that those in 
whom fever had been documented at home by rectal thermometer 
were twice as likely to be febrile on presentation or during hospitaliza-
tion than those whose fever had been documented by palpation alone 
(92% vs. 46%; P < .001).44

Because the temperature of the rectum, mouth, and tympanic 
membrane are related but not identical, it would be useful to have a 
reliable formula for converting data from one site to another. In a study 
of healthy young adults, Rabinowitz and associates determined that on 
average, rectal readings exceed concurrent oral readings by 0.4° C 
(0.8° F) and exceed tympanic membrane readings (obtained with the 
IVAC Core) by 0.8° C (1.6° F).21 However, these relationships were 
extremely variable. Their findings concerning the relationship between 
rectal and oral readings were in agreement with those of several earlier 
investigations.45-48 Their findings with respect to the relationship 
between oral and tympanic membrane readings, however, differed 
from earlier reports,13 which had generally shown tympanic membrane 
readings to be higher than simultaneously obtained oral measure-
ments. This discrepancy most likely reflected the fact that unadjusted-
mode tympanic membrane thermometers (e.g., the IVAC Core) 
generally give lower readings than adjusted-mode tympanic mem-
brane thermometers, such as those used in earlier studies.20 Currently, 
oral and tympanic membrane measurements are the most common 
modalities used. While these differ from the core temperature as mea-
sured rectally,21 they are adequate for the majority of uses. We recom-
mend consistency in device use, at whichever site is chosen. In addition, 
practitioners should be aware of the limitations of each modality 
(hypothermia and hyperthermia for tympanic membrane readings, 
mucositis for oral readings) and should measure core temperature by 
other means when necessary.

Physiologic Variables
Wunderlich and Seguin believed that “old” people have lower body 
temperatures than younger persons,49 and their views in this regard 
were corroborated by Howell in a report published in Lancet in 1948.50 
There is also a substantial body of data suggesting that thermoregula-
tion is impaired in older persons because of various effects of aging on 
the autonomic nervous system.51,52 Several studies have shown lower 
oral temperature measurements in the elderly53,54; however, core tem-
peratures appear unchanged when comparing healthy older subjects 
(mean age, 80.3 years; range, 62 to 99 years) to healthy younger sub-
jects.55 Comparisons of simultaneous oral, axillary, and rectal tempera-
ture readings from these subjects have shown lower average oral and 

Anatomic Variability
Although clinicians frequently regard temperature readings from 
various anatomic sites as equivalent approximations of body tempera-
ture,1 no one temperature characterizes the thermal status of the 
human body. This is because the body has many different temperatures, 
each representative of a particular body part. Nevertheless, within the 
body, there are two basic thermal compartments worthy of special 
consideration—the core and the shell.11

The shell, which consists of skin and subcutaneous fat, insulates the 
core from the external environment. The core, of which the viscera and 
muscles are major components, although insulated by the shell, has 
temperature gradients of its own resulting from differences in the 
metabolic rates and blood flow patterns of the various organs con-
tained therein. Even during baseline conditions, organs with higher 
metabolic rates have slightly higher temperatures than those with 
lower metabolic rates; in general, tissues close to the skin have lower 
temperatures than those at deeper locations.11 Although such differ-
ences are normally small, muscle temperatures rise markedly during 
vigorous exercise in comparison with those of less metabolically active 
organs. During shock and under extreme environmental conditions, 
regional anatomic variations in temperature also may be exaggerated. 
Rectal measurements were once regarded as the most practical and 
accurate means of obtaining routine estimates of core temperature. 
Benzinger and Benzinger, however, have pointed out that no known 
thermoregulatory system exists at this particular anatomic site.11 Rectal 
temperature readings are consistently higher than those obtained at 
other sites (even pulmonary artery blood), which some authorities 
have suggested might be caused by heat generated as a result of the 
metabolic activity of fecal bacteria.11 However, an early study showed 
no significant decrease in the rectal temperature after a reduction in 
the colonic bacterial content.12 There is also concern that stool in the 
rectum acts as a heat sink to delay or mitigate changes in the rectal 
temperature, particularly if the thermometer is inserted directly into 
stool.13 A significant effect on rectal temperature, however, is also 
exerted by that of the blood returning to the core from the lower 
extremities, since the internal iliac vein passes near the anorectal canal. 
Thus, during shock, perfusion of the rectum may be markedly impaired, 
causing the rectal temperature to lag significantly behind a rapidly 
rising or falling core temperature.14 For this reason, Houdas and Ring 
have concluded that the rectal temperature provides a reliable approxi-
mation of the core temperature only if the patient is in thermal 
balance.15 In neonates, even in the absence of shock, the rectal tempera-
ture measured by standard technique has been reported to correlate 
poorly with the core temperature as measured by a deep rectal probe.16

The right atrium is the ideal site for measuring core temperature, 
because it is the nexus at which venous blood from all anatomic regions 
joins. However, because it is relatively inaccessible, the temperatures of 
other sites are more often used as approximations of core temperature. 
In addition to the rectum and right atrium, esophageal and bladder 
temperature can be used to measure the core temperature.17,18 Because 
of its proximity, esophageal temperature best approximates right atrial 
temperature.

The temperature of the tympanic membrane is believed by some to 
be particularly useful in this regard, because this membrane is perfused 
by a tributary of the artery that supplies the body’s thermoregulatory 
center.19 Although evidence is as yet inconclusive that the temperature 
of this center is uniquely responsible for determining the body’s 
responses to ambient temperature changes, the ease with which tym-
panic membrane measurements can be obtained using modern infra-
red thermometers has made these instruments the thermometers of 
choice in many clinics and intensive care units. There are two basic 
types of infrared tympanic membrane thermometers. One type detects 
radiant energy emitted from the tympanic membrane and portions of 
the ear canal, processes the information, and then displays a value 
representing tissue temperature in the ear canal (unadjusted mode).20 
The other displays an (adjusted) estimate of the core temperature (e.g., 
pulmonary arterial blood temperature) based on comparison data 
obtained from selected study samples. Readings obtained using the 
former type of tympanic membrane thermometer tend to be lower 
than simultaneously obtained oral readings, whereas those obtained 
with the latter type are generally higher.19 Unfortunately, numerous 
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temperature and humidity have been shown experimentally to affect 
both human sleep stages and body temperature,69 suggesting that body 
temperature might also vary according to the time of year and local 
climate. It is pertinent in this regard that Cheng and Partridge have 
shown that bundling and warm environments can elevate rectal tem-
peratures of neonates to the febrile range.70

“Normal Body Temperature”
A survey of physicians’ perceptions of body temperature published in 
1995 indicated widespread confusion regarding key features of the 
human body temperature.71 Of 268 physicians and medical students 
surveyed, 75% gave 37° C (98.6° F) as their definition of normal body 
temperature. An additional 13% defined the normal temperature as a 
narrow range of temperatures about a mean of 37° C (98.6° F). Only 10 
(4%) subjects in the group as a whole specified a particular body site 
(e.g., oral or rectal) for temperature measurements in their definition. 
Also, 98% percent thought that the normal temperature varies during 
the day, with quantitative estimates of such diurnal variability ranging 
from 0.2° C (0.4° F) to 2.8° C (5° F) (mean ± SD, 0.8° ± 0.4° C [1.6° ± 
0.8° F]). Such misconceptions are not limited to medical students and 
primary care physicians. In the latest (2008) joint update from the 
American College of Critical Care Medicine and the Infectious Dis-
eases Society of America for evaluation of new fever in critically ill 
adult patients, normal temperature is defined as 37° C (98.6° F).17

The origin of these perceptions of body temperature is uncertain, 
but in all likelihood it lies in Carl Wunderlich’s 1868 book on clinical 
thermometry (see earlier), which many regard to this day as the defini-
tive work on the subject.7 Unfortunately, several of Wunderlich’s 
dictums concerning body temperature, such as the perceptions of 
modern-day physicians, appear to be in error.

A 1992 descriptive analysis of 700 baseline oral temperature obser-
vations from 148 healthy men and women found a range of 35.6° C 
(96.0° F) to 38.2° C (100.8° F), with an overall mean of 36.8° ± 0.4° C 
(98.2° [±0.7° F]); 37° C (98.6° F) accounted for only 56 (8%) of the 700 
oral temperature observations recorded (Fig. 55-1).56 The mean tem-
perature varied diurnally, with a 6 am nadir and a 4 to 6 pm peak (Fig. 
55-2). The maximal temperature (as reflected by the 99th percentile) 
varied from a low of 37.2° C (98.9° F) at 6 am to a high of 37.7° C 
(99.9° F) at 4 pm. Age did not significantly influence temperature 
within the age range studied (18 to 40 years) (linear regression, P =.99). 
Women had a slightly higher average oral temperature than men 
(36.9° C [98.4° F] vs. 36.7° C [98.1° F]; t test, P < .001, degrees of 
freedom [df] = 698) but did not exhibit higher average diurnal tem-
perature oscillations than male counterparts (0.56° C [1.0° F] vs. 0.54° C 
[0.97° F]). There was a statistically significant linear relationship 
between temperature and pulse rate (regression analysis, P < .001), 
with an average increase in heart rate of 4.4 beats/min for each 1° C 

axillary readings in older persons but comparable average rectal tem-
peratures in older and younger subjects.

It has long been known that women exhibit increases in body tem-
perature of about 0.5° C (0.9° F) at the time of ovulation.15 Wunderlich 
and Seguin also maintained that women have slightly higher normal 
temperatures than men overall and often show greater and more 
sudden changes in temperature.49 Two other studies have corroborated 
Wunderlich and Seguin’s former but not latter observation.56,57 
However, in a recent study of over 18,630 white adults aged 20 to 98 
years (mean, 58.3 years), women were found to have higher oral tem-
peratures (97.5 ± 1.2° F) than men (97.2 ± 1.1° F; P < .0001).53 Finally, 
another recent study suggests that pregnancy itself can affect the core 
temperature.58 In this study, rectal temperatures were measured during 
the first trimester, second trimester, and third trimester and at 3 
months after delivery. A core temperature of 37.1° C (98.8° F) was 
noted in the first trimester that progressively decreased and reached a 
nadir (36.4° C [97.5° F]) after delivery.

Body temperature, like most physiologic functions, exhibits circa-
dian rhythmicity that is linked to the sleep-wake cycle.59 Prior to 8 
weeks of age, neonates exhibit hourly oscillations of body tempera-
ture.60 During this time there is a decrease in the core temperature 
(rectal) that occurs with sleep.61,62 The typical circadian rhythmicity of 
temperature seen in adults develops by 10 weeks of age.63 During 
normal sleep-wake cycles (i.e., asleep during the night and awake 
during the day), the core temperature reaches its zenith in the late 
afternoon or early evening and its nadir in the early morning.56 Adap-
tation to night-shift work causes a reversal of this pattern.64 Thermo-
regulation has also been reported to be altered in patients with 
neuropsychiatric disorders, such as chronic depression.65 Finally, there 
appears to be a blunting of the circadian amplitude in the elderly,54,66 
which is restored with melatonin therapy.66 Therefore, when interpret-
ing clinical thermometric measurements, it is important to consider 
not only the age of the patient, the time of the measurement, the site 
at which the temperature is taken, but also the sleep-wake cycle and 
the mental health of the person being studied.

In addition to these physiologic variables, exercise, medications 
(e.g., corticosteroids), digestion, and underlying disorders such as 
chronic renal failure, shock, and local inflammation at the site of the 
thermometric measurement (e.g., proctitis, external otitis, or stomati-
tis) may alter thermoregulatory responses, local temperature, or both. 
It has, for example, been shown that the core temperature varies by as 
much as 3° C (5.4° F) (i.e., 36° to 39° C [96.8° F to 102.2° F]) in states 
ranging from sleep to moderately high levels of sustained exercise,  
and this continuum of body temperature is related to a continuum of 
activity.67 One study has shown that mucositis in cancer patients is 
associated with a 0.89° C (1.6° F) elevated oral temperature measure-
ment compared with tympanic membrane measurements.68 Ambient 

FIGURE 55-1  Frequency distribution of 700 baseline oral temperatures obtained during 2 consecutive days of observation in 148 healthy 
young volunteers. Arrow indicates the location of 98.6° F (37° C). (From Mackowiak PA, Wasserman SS, Levine MM. A critical appraisal of 98.6° F, the 
upper limit of the normal body temperature, and other legacies of Carl Reinhold August Wunderlich. JAMA. 1992;268:1578-1580.)
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that study exhibited considerable individual variability, with some 
having daily temperature oscillations as wide as 1.3° C (2.4° F) and 
others having oscillations as narrow as 0.1° C (0.2° F). A more recent 
study which used a “temperature Holter,” a device that measures 
24-hour tympanic membrane and axillary temperature, demonstrated 
an increase in temperature amplitude in the circadian rhythm of 
patients with fever (particularly those with tuberculosis).76

According to Wunderlich and Seguin, women have slightly higher 
normal temperatures than men and often show greater and more 
sudden changes of temperature.49 In a study of nine healthy young 
adults (six men and three women), Dinarello and Wolff corroborated 
both observations.57 The investigation described earlier, which did not 
control for the effects of ovulation on thermal observations, was able 
to corroborate only the former observation of Wunderlich and Seguin 
that women have slightly higher normal temperatures than men.56

It has been maintained for more than a century that older persons 
have lower body temperatures than younger persons.49,50 Indeed, there 
are considerable data suggesting that thermoregulation is impaired in 
older persons because of various effects of aging on the autonomic and 
other systems.51,52 However, as noted, more recent investigation has not 
shown lower average core temperatures among healthy older persons 
than among healthy young people.55

As a result of work conducted in the past century,48,77 it is widely 
believed that the heart rate increases 10 beats/min for each 1° F rise in 
body temperature. More recent data (see earlier) indicate that the heart 
rate increases only 2.44 beats/min for each 1° F rise in temperature.56 
The difference between the earlier and more recent investigations most 
likely reflects the fact that in the latter study subjects were afebrile and 
were examined seated, whereas those examined in earlier investiga-
tions were mostly febrile and rested reclining on a couch for 20 minutes 
before examination.

The normal range of body temperature in children is not well delin-
eated. Lorin has written that the range is higher in children than in 
adults and that a decrease toward adult levels begins at about 1 year of 
age, continues through puberty, and stabilizes at 13 to 14 years of age in 
girls and at 17 to 18 years of age in boys.78 He has offered a 1937 publica-
tion by Bayley and Stolz as documentation of his views on the matter.79 
Unfortunately, these early investigators did not control for variables 
such as the time of day, bundling, and the thermometer dwell time, each 
of which might have significantly affected the results of their survey.

THERMOREGULATION
Previously, it was widely believed that integration in the preoptic area 
of the anterior hypothalamus (POA) of its own temperature and of 
thermal signals involved a designated thermal setpoint maintained by 

(2.44 beats/min for each 1° F) rise in temperature over the range of 
temperatures examined (35.5° C to 38.2° C [96.0° F to 100.8° F]).

According to Wunderlich and Seguin, “When the organism (man) 
is in a normal condition, the general temperature of the body main-
tains itself at the physiologic point: 37° C = 98.6° F.”49 Although several 
subsequent investigations have recorded mean temperatures of normal 
adult populations closer to 36.6° C (98.0° F),72 Wunderlich’s intimation 
that 37° C (98.6° F) is the most normal of temperatures73 persists to this 
day in lay thinking, although to a lessening extent in the thinking of 
health care workers.

The data reviewed earlier suggest that 37° C (98.6° F) has no special 
significance vis-à-vis body temperature in healthy young adults when 
such temperature is measured orally using modern thermometers. In 
the population examined, 37° C (98.6° F) was not the overall mean 
temperature, the mean temperature of any of the time periods studied, 
the median temperature, or the single most frequent temperature 
recorded. Furthermore, it did not fall within the 99.9% confidence 
limits for the sample mean (36.7° to 36.8° C; 98.1° to 98.2° F).

Wunderlich identified 38.0° C (100.4° F) as the upper limit of 
normal body temperature in his patient population and therefore 
regarded any temperature higher than 38.0° C (100.4° F) as fever.49 
However, the upper limit of normal body temperature varies among 
individuals, thereby limiting the applicability of mean values derived 
from population studies (even those as large as Wunderlich’s) to indi-
vidual subjects. However, the maximal temperature, like the mean 
temperature, exhibited by a population varies according to the time of 
day and the site at which the temperature measurement is taken. 
Because of such variability, no single temperature can be designated as 
the upper limit of normal. In the study population considered earlier, 
37.2° C (98.9° F) was the maximal oral temperature (i.e., the 99th per-
centile) recorded at 6 am, whereas at 4 pm, the maximal oral tempera-
ture observed reached 37.7° C (99.9° F). Thus, these data suggest that 
when modern thermometers are used to monitor oral temperature in 
young or middle-aged adults, fever is roughly defined as an early-
morning temperature of 37.2° C (99.0° F) or higher or a temperature of 
37.8° C (100° F) or higher at any time during the day.

Wunderlich wrote in 1868 that “[temperature] oscillates even in 
healthy persons according to time of day by 0.5° C = 0.9° F.” The next 
year, Wunderlich and Reeve wrote, “The lowest point is reached in the 
morning hours between two and eight, and the highest in the after-
noon between four and nine.”74 Modern authorities have generally 
concurred with these observations. However, Tauber has suggested 
that the amplitude of diurnal variation might be as high as 1° C 
(1.8° F).75 The data described earlier are more consistent with the views 
of Wunderlich and colleagues. Nevertheless, the subjects examined in 

FIGURE 55-2  Mean oral temperatures and temperature ranges in 148 healthy young volunteers according to time of day. The four tem-
peratures shown at each sample time are the 99th percentile (top), 95th percentile (second), mean (third), and fifth percentile (bottom) for each sample 
set. (The numbers in parentheses are the temperatures in degrees Fahrenheit.) The numbers in parentheses on the x-axis indicate the number of observa-
tions analyzed at each sample time. (From Mackowiak PA, Wasserman SS, Levine MM. A critical appraisal of 98.6° F, the upper limit of the normal body 
temperature, and other legacies of Carl Reinhold August Wunderlich. JAMA. 1992;268:1578-1580.)
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as the preoptic area, it actually includes the medial and lateral aspects 
of the preoptic area, anterior hypothalamus, and septum. Numerous 
studies extending over 60 years have established that a synaptic network 
of neurons located in this area exerts at least partial control over physi-
ologic and behavioral thermoregulatory responses.93,94

Hypothalamic warm-sensitive neurons integrate core and periph-
eral thermal information, orienting their dendrites medially and later-
ally to receive afferent input from cutaneous thermoreceptors via the 
median preoptic nucleus. In addition to receiving signals from periph-
eral and core sensors, the warm-sensitive neurons in the medial pre-
optic nucleus appear to be responsible for cold and warm sensing by 
the brain.95,96 The signals generated by the warm-sensitive neurons 
begin the efferent signaling, mediated by the dorsomedial hypothala-
mus and the rostral raphe pallidus nucleus, that ultimately result in the 
effector responses such as shivering, brown adipose tissue thermogen-
esis, vasoconstriction, vasodilation, and behavioral changes.82,92

In adult humans and most other large mammals, shivering is the 
primary means whereby heat production is enhanced. Nonshivering 
thermogenesis is more important in smaller mammals, neonates 
(including humans), and cold-acclimated mammals.88,97 Although 
several tissues (e.g., the heart, respiratory muscles, adipose tissue, and 
liver) contribute to the process, brown adipose tissue has been most 
closely associated with nonshivering thermogenesis. This highly spe-
cialized form of adipose tissue located near the shoulder blades, neck, 
adrenals, and deep blood vessels (adjacent to vital organs) is character-
ized by its brownish color, a profuse vascular supply, and an abundance 
of mitochondria.88,98 Recently, brown adipose tissue has been shown to 
be present in adult humans and to contribute to thermogenesis and, 
by extension, to body weight control.99,100,101-103

In response to neural input, the circulatory system determines both 
the temperature of the various body parts and the rate at which heat 
is lost from body surfaces to the environment—by conduction, convec-
tion, radiation, and evaporation.93 In a warm environment, or in 
response to an elevation in the core temperature resulting from exer-
cise, cutaneous blood flow increases so that heat is transported from 
the core to be dissipated at the skin surface. Simultaneous activation 
of sweating enhances such heat loss via evaporation. In anesthetized 

a negative feedback system. According to this theory, if the preoptic 
temperature rises above or falls below its setpoint, effector responses 
are activated to change the body temperature in the appropriate direc-
tion and return the temperature of the POA to its thermal setpoint 
(e.g., 36.8° C).80 However, more recent research supports a model with 
multiple independent feedback loops that regulate the core tempera-
ture (Fig. 55-3).81-83 Each effector loop is controlled by the core tem-
perature, which is the main variable, but also by a unique combination 
of shell and core temperatures.84-87 Although the POA remains of para-
mount importance to thermoregulation, this model supports the 
ability of the body to respond to changes in shell temperature before 
changes in core temperature.

Heat is derived from biochemical reactions occurring in all living 
cells.88 At the mitochondrial level, energy derived from the catabolism 
of metabolites such as glucose is used in oxidative phosphorylation to 
convert adenosine diphosphate to adenosine triphosphate (ATP). At 
rest, more than half of the body’s heat is generated as a result of the 
inefficiency of the biochemical processes that convert food energy into 
the free energy pool (e.g., ATP). Even if no external work is being 
performed, heat is generated as a result of both internal work (e.g., 
peristalsis, myocardial contractions, and the circulation of blood) and 
biochemical reactions involved in maintaining the structural and func-
tional integrity of the various organ systems (i.e., the uptake and resyn-
thesis of ATP). When external work is performed, additional heat is 
generated as a byproduct of skeletal muscle contractions. Heat gener-
ated primarily in vital organs lying deep within the body core is dis-
tributed throughout the body via the circulatory system.

Thermoregulation is a process that involves a continuum of neural 
structures and connections extending to and from the hypothalamus 
and limbic system through the lower brainstem and reticular forma-
tion to the spinal cord and sympathetic ganglia.88 Heat and cold recep-
tors in the periphery (skin) and core (viscera) are activated at varying 
temperature thresholds.89 The members of the transient receptor 
potential family of cation channels are thought to be involved in this 
thermosensing and activation.90 Once a signal is generated, it travels 
via the dorsal root ganglion and the lateral prebrachial nucleus to the 
preoptic area of the hypothalamus.91,92 Although generally referred to 

FIGURE  55-3  Thermoregulation.  Core  temperature  is  regulated  by  a  series  of  independent  feedback  loops  (symbolized here by two loops with 
arrows). Sensors in the periphery and core are triggered according to changes in temperature. Signals are sent via the spinal cord and brainstem to the 
preoptic area in the hypothalamus, where signals are integrated with core sensors in the brain. These, in turn, activate efferent pathways in the hypo-
thalamus, brainstem, spinal cord, and sympathetic system, which instigate physiologic changes that regulate temperature. BAT, brown adipose tissue. 
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cytokines meanwhile present in the POA supplement and augment the 
effect of PGE2.

The second fever peak is mediated by PGE2 production in the brain 
itself. The organum vasculosum of the lamina terminalis (OVLT), a 
partial blood-brain barrier that surrounds the POA, has long been 
suspected to be involved in the febrile response. LPS is also believed 
to stimulate PGE2 production by binding directly to TLR4-expressing 
cells in the OVLT.124,130 However, more recent research also points 
to the importance of endothelial cells elsewhere in the brain.131 Pyro-
genic cytokines activate their respective receptors on the endothelial 
surface in the brain, stimulating arachidonic acid production (which 
is converted to PGE2) and release in the POA.105 If injected into the 
POA, LPS and pyrogenic cytokines induce PGE2 production (thus the 
POA is also prepared to respond to local infection, local inflammation, 
or disruption of the blood-brain barrier). By a separate neural mecha-
nism (signaling via the vagus nerve), norepinephrine upregulation in 
the POA leads to local PGE2 production during the second fever 
peak.128,129

Current data point to PGE2 as the mediator primarily responsible 
for inhibiting warm-sensitive neurons expressing the EP3 receptor in 
the median preoptic nucleus and the medial preoptic nucleus. Mice 
and rats lacking the EP3 receptor have impaired fever responses to LPS, 
PGE2, and IL-1.132-134 The γ-aminobutyric acid (GABA)ergic warm-
sensitive neurons stimulate effector responses such as shivering 
through disinhibition of the dorsomedial hypothalamus and rostral 
raphe pallidus nucleus neurons, which in turn increases thermogenesis 
and heat conservation. A summary of the putative pathways for fever 
generation can be seen in Figure 55-4.

All fever models proposed to date have been concerned with mech-
anisms responsible for the induction phase of fever. None has consid-
ered the plateau or descending phase of fever or explained why a 
disorder such as endocarditis, in which exogenous pyrogens (i.e., bac-
teria) are present continuously in the blood, is associated with a remit-
tent rather than a continuous fever pattern. As a consequence, our 
understanding of the febrile response remains incomplete and largely 
speculative.

ACUTE-PHASE RESPONSE
As noted, a cytokine-mediated rise in the core temperature is but one 
of many features of the febrile response. Numerous other physiologic 
reactions, collectively referred to as the acute-phase response, are 
mediated by members of the same group of pyrogenic cytokines that 
activate the thermal response of fever. Such reactions include a host of 
behavioral, physiologic, biochemical, and nutritional alterations (Table 
55-1).135 Stimuli capable of inducing an acute-phase response include 
bacterial and (to a lesser extent) viral infections, trauma, malignant 
neoplasms, burns, tissue infarction, immunologically mediated and 
crystal-induced inflammatory states, strenuous exercise, and child-
birth.136,137 There is also evidence that major depression,138 schizophre-
nia,139 and psychological stress140 are capable of inducing an acute-phase 
response.

Traditionally, the term acute-phase response has been used to denote 
changes in plasma concentrations of a number of secretory proteins 
derived from hepatocytes. The acute-phase response is part of the 
innate immune response triggered through TLRs. Acute-phase pro-
teins, of which there are many (Table 55-2),135 exhibit increased syn-
thesis (positive acute-phase proteins) or decreased synthesis (negative 
acute-phase proteins) during the acute-phase response. IL-6 is the chief 
stimulator of the production of most acute-phase proteins. Other pyro-
genic cytokines, however, also influence the production of various 
subgroups of these proteins.135

Many of the acute-phase proteins are believed to modulate inflam-
mation and tissue repair.141 A major function of C-reactive protein 
(CRP), for example, is presumed to involve binding of phosphocholine 
on pathogenic microorganisms, as well as phospholipid constituents 
on damaged or necrotic host cells. Through such binding, CRP might 
activate the complement system and promote phagocyte adherence, 
thereby initiating the process whereby pathogenic microbes or necrotic 
cells are cleared from the host. Such activities are most likely potenti-
ated by CRP-induced production of inflammatory cytokines142 and 
tissue factor143 by monocytes. Nevertheless, the ultimate function of 

animals, increases in cutaneous blood flow in response to hypotha-
lamic warming are offset by concomitant reductions in gastrointestinal 
blood flow.104 In a cold environment or in response to a reduction in 
core temperature, cutaneous blood flow normally decreases as a means 
of conserving heat within the body core.

THE GENERATION OF FEVER
Various substances have been shown to affect temperature regulation 
by altering the activity of hypothalamic neurons. Traditionally, sub-
stances that raise core temperature (pyrogens) were divided into  
two general categories, ones that originate outside the body (exoge-
nous pyrogens such as bacterial endotoxin [lipopolysaccharide, LPS]) 
and those that are derived from host cells (endogenous pyrogens). 
However, with the discovery of cytokines, the term endogenous pyrogen 
has been replaced by pyrogenic cytokines.105 During infection, fever 
likely arises from a combination of exogenous pyrogens exerting a 
pyrogenic effect independent of pyrogenic cytokines, as well as the 
resultant innate immune response that results in the production of 
pyrogenic cytokines. Most studies have focused on individual cyto-
kines or LPS; however, a clearer picture of the fever response is begin-
ning to appear.

The list of currently recognized pyrogenic cytokines includes 
interleukin-1 (IL-1 [IL-1α and IL-β]), IL-6, tumor necrosis factor-α 
(TNF-α), ciliary neurotropic factor (CNF), and interferon-γ (IFN-
γ).106-114 Infusion of pyrogenic cytokines into animals and humans 
causes fevers in isolation.105 Although infections can trigger the pro-
duction of cytokines, pyrogenic cytokines can also be generated in 
response to noninfectious states, such as gout and cell death.115,116 In 
mice, injection of turpentine leads to a sterile abscess and fever medi-
ated by IL-1β.105,117

Even among these few cytokines, complex relationships exist, with 
certain members upregulating the expression of other members or 
their receptors in certain situations and downregulating them in 
others.118 The four major pyrogenic cytokines have monomeric molec-
ular masses that range from 17 to 30 kDa. Undetectable under basal 
conditions in healthy subjects, they are produced by many different 
tissues in response to appropriate stimuli. Once released, pyrogenic 
cytokines have short intravascular half-lives. They are pleiotropic, in 
that they interact with receptors present on many different host cells. 
They are active in picomolar quantities, induce maximal cellular 
responses even at low receptor occupancy, and exert local (autocrine-
paracrine) as well as systemic (endocrine) effects.118

LPS is perhaps the best studied example of an exogenous pyrogenic 
substance. In rabbits and other small mammals, intravenous injection 
of LPS produces at least two distinct fever peaks, the first occurring  
1 hour after intravenous injection and the second occurring 3 to  
4 hours after injection105; the latency of fever onset, however, is on 
the order of minutes after intravenous LPS injection. In humans, there 
is only one fever peak occurring 3 to 6 hours after injection,119-121 
although some studies suggest a second minor peak.105,122 In humans, 
LPS-induced fever can occur even when IL-1 or TNF-α is blocked 
by IL-1 receptor antagonist or soluble TNF receptor–Fc fusion 
protein.120,122,123 The final common step for fever generation by LPS and 
pyrogenic cytokines is the production of prostaglandin E2 (PGE2) in 
the periphery and/or the brain.

In small mammals, LPS-induced early and late fever peaks are 
associated with PGE2 produced in different anatomic locations. Binding 
of LPS to Toll-like receptor 4 (TLR4) on macrophages is likely the 
initial step of the fever response.124,125 The initial peak is mediated by 
PGE2, which is produced in the periphery and small enough to cross 
the blood-brain barrier. In rats, the increase in plasma PGE2 coincides 
with production of cyclooxygenase-2 (COX-2) and microsomal PGE 
synthase by macrophages in the lungs and liver (but not the hypothala-
mus).126,127 In guinea pigs, the message of PGE2 generated by C5a-
activated Kupffer cells is delivered to the brainstem via the hepatic 
branch of the vagus nerve, where it stimulates release of norepineph-
rine in the POA, which rapidly inhibits warm-sensitive neurons and 
more slowly activates phospholipase A2 and the consequent induction 
of PGE2.128,129 The neural mechanism of LPS-induced fever just 
described thus underlies, initially, the rapid onset of the first peak of 
fever and, secondarily, the slower development of the second peak; 
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CRP is uncertain, in that several in vivo studies have shown it to have 
anti-inflammatory properties.144-146

Another major human acute-phase protein, serum amyloid A, has 
been reported to potentiate adhesiveness and chemotaxis of phagocytic 
cells and lymphocytes.147 There is also evidence that macrophages bear 
specific binding sites for serum amyloid A; serum amyloid A–rich, 
high-density lipoproteins mediate the transfer of cholesterol to macro-
phages at sites of inflammation148; and serum amyloid A enhances 
low-density lipoprotein oxidation in arterial walls.149

Complement components, many of which are acute-phase reac-
tants, induce pyrogenic cytokines and PGE2; modulate chemotaxis, 
opsonization, vascular permeability, and vascular dilation; and have 
cytotoxic effects.135 Haptoglobin, hemopexin, and ceruloplasmin are all 
antioxidants and are thought to attenuate infection by binding their 
respective metals.150,151 It is therefore reasonable to assume that, like the 
antiproteases α1-antichymotrypsin and C1-esterase inhibitor, they play 
important roles in modulating inflammation. However, the functional 
capacity of such proteins is broad. There is also a growing literature 
concerned with the acute-phase protein LPS-binding protein, which 
appears both to enhance and neutralize the biologic activity of LPS 
through its interaction with the CD14 receptor on macrophages.152

Although closely associated with fever, the acute-phase response is 
not an invariable component of the febrile response.135 Some febrile 
patients (e.g., those with certain viral infections) have normal blood 
levels of CRP. Moreover, patients with elevated blood levels of CRP are 
not always febrile. Nutritional fatty acids (typically elevated in obesity) 
can act as TLR4 ligands generating a chronic acute-phase response.153

The acute-phase response, like the febrile response, is a complex 
response consisting of numerous integrated, although separately regu-
lated, components. The particular components expressed in response 
to a given disease process more than likely reflect the specific cytokines 
induced by the disease.

ENDOGENOUS ANTIPYRETICS
Hippocrates maintained that “heat is the immortal substance of life 
endowed with intelligence … However, heat must also be refrigerated 
by respiration and kept within bounds if the source or principle of life 
is to persist; for if refrigeration is not provided, the heat will consume 

FIGURE 55-4  Hypothetical model for the febrile response. Fever can be initiated by microbial products acting either directly or indirectly (through 
pyrogenic cytokines). Both pathways lead to production of prostaglandin (PGE2) in the periphery or the brain, in response to microbial products or cyto-
kines.  PGE2  acts  on  warm-sensitive  neurons  in  the  preoptic  area  (POA)  of  the  hypothalamus  expressing  the  EP3  receptor.  These  GABAergic  neurons 
produce changes in thermoeffectors (e.g., shivering) through disinhibition of the dorsomedial hypothalamus and the rostral raphe pallidus nucleus neurons. 
The increased thermogenesis and heat conservation in response to a new thermal threshold results in fever. IL, interleukin; LPS, lipopolysaccharides; OVLT, 
organum vasculosum of the lamina terminalis; TLR4, Toll-like receptor-4; TNF, tumor necrosis factor. 
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TABLE 55-1  Acute-Phase Physiologic Reactions

Neuroendocrine Changes
Fever, somnolence, and anorexia

Increased secretion of corticotropin-releasing hormone, corticotropin, and 
cortisol

Increased secretion of arginine vasopressin

Decreased production of insulin-like growth factor I

Increased adrenal secretion of catecholamines

Hematopoietic Changes
Anemia of chronic disease

Leukocytosis

Thrombocytosis

Metabolic Changes
Loss of muscle and negative nitrogen balance

Decreased gluconeogenesis

Osteoporosis

Increased hepatic lipogenesis

Increased lipolysis in adipose tissue

Decreased lipoprotein lipase activity in muscle and adipose tissue

Cachexia

Hepatic Changes
Increased metallothionein, inducible nitric oxide synthase, heme oxygenase, 

manganese superoxide dismutase, and tissue inhibitor of metalloproteinase-1

Decreased phosphoenolpyruvate carboxykinase activity

Changes in Nonprotein Plasma Constituents
Hypozincemia, hypoferremia, and hypercupremia

Decreased plasma retinol concentrations

Increased plasma glutathione concentrations

From Gabay C, Kushner I. Acute-phase proteins and other systemic responses to 
inflammation. N Engl J Med. 1999;340:448-454. Copyright © 1999 Massachusetts 
Medical Society.
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temperature is maintained within a specific range, the upper limit of 
which almost never exceeds 41° C in adult humans, regardless of the 
cause of the fever or the site at which the temperature measurement is 
taken.155 The physiologic necessity of this upper limit is supported by 
considerable experimental data demonstrating adverse physiologic 
consequences of core temperatures higher than 42° C (107.6° F).156

The mechanisms regulating fever’s upper limit have yet to be fully 
elucidated. They could lie with the intrinsic properties of the neurons 
themselves or involve the release of endogenous antipyretic substances 
that antagonize the effects of pyrogens on thermosensitive neurons. 
With regard to the former possibility, plots of the firing rates of neurons 
coordinating thermoregulatory responses and heat production tend to 
converge at 42° C (107.6° F; Fig. 55-5).156 At this temperature, the sus-
tained firing rates of warm-sensitive neurons reach their zenith and 
cannot be increased further in response to higher temperatures. Simi-
larly, the firing rates of cold-sensitive neurons reach their nadir at 42° C 
(107.6° F) and cannot decrease further, even if the temperature contin-
ues to increase. Thus, regardless of the pyrogen concentration, ther-
mosensitive neurons appear to be incapable of providing additional 
thermoregulatory signals once the temperature reaches 42° C (107.6° F).

These same thermosensitive neurons are influenced by various 
endogenous substances, at least some of which appear to function as 
endogenous antipyretics.156 One such substance is arginine vasopres-
sin. Studies from several laboratories using various animal models have 
established that arginine vasopressin is present in the fibers and termi-
nals of the ventral septal area of the hypothalamus, is released into the 
ventral septal area during fever, reduces fever by its action at type 1 
vasopressin receptors when introduced into the ventral septal area, 
and, when inhibited, prolongs fever.157-159

α-Melanocyte-stimulating hormone (α-MSH) is another neuro-
peptide exhibiting endogenous antipyretic activity.160 Unlike some of 
the other antipyretic peptides, α-MSH has not been identified in fibers 
projecting into the dorsolateral septal area.161 It does, nevertheless, 
reduce pyrogen-induced fever when administered to experimental 
animals in doses below those affecting the basal body temperature.162-166 

itself.”154 Modern-day clinicians also generally subscribe to the notion 
that the febrile range has an upper limit but do not agree on a precise 
temperature defining this limit.71 The lack of a consensus in this regard 
is understandable, because body temperature profiles exhibit consider-
able individual, anatomic, and diurnal variability. Thus, the upper limit 
of the febrile range cannot be defined as a single temperature applicable 
to all body sites of all people at all times during the day. Nevertheless, 
the febrile response is a regulated physiologic response, in which the 

TABLE 55-2  Human Acute-Phase Proteins

Proteins Whose Plasma Concentrations Increase

Complement System
C3

C4

C5

C9

Membrane attack complex

Factor B

C1 inhibitor

C4b-binding protein

Mannose-binding lectin

Coagulation and Fibrinolytic System
Fibrinogen

Plasminogen

Tissue plasminogen activator

Urokinase

Protein S

Vitronectin

Plasminogen-activator inhibitor I

Kininogen

Antiproteases
α1-Protease inhibitor

α1-Antichymotrypsin

Pancreatic secretory trypsin inhibitor

Inter-α-trypsin inhibitors

Transport Proteins
Ceruloplasmin

Haptoglobin

Hemopexin

Participants in Inflammatory Responses
Secreted phospholipase A2

Lipopolysaccharide-binding protein

Interleukin-1 receptor antagonist

Granulocyte colony-stimulating factor

Others
C-reactive protein

Serum amyloid A

α1-Acid glycoprotein

Fibronectin

Ferritin

Angiotensinogen

Proteins Whose Plasma Concentrations Decrease
Albumin

Transferrin

Transthyretin

α2-HS glycoprotein

α-Fetoprotein

Thyroxine-binding globulin

Insulin-like growth factor I

Factor XII

Retinol-binding protein

Modified from Gabay C, Kushner I. Acute-phase proteins and other systemic 
responses to inflammation. N Engl J Med. 1999;340:448-454. Copyright © 1999 
Massachusetts Medical Society.

FIGURE  55-5  Model showing responses (A, B) of the neuronal 
firing rate (FR) in the preoptic region and anterior hypothalamus 
and whole-body metabolic heat production (C) during changes in 
hypothalamic temperature (Th).  Thermosensitivity  is  reflected  by  the 
slope of  each plot.  The  letters  inside  the  cells  indicate  a warm-sensitive 
(w) neuron and a cold-sensitive  (c) neuron. With  increases  in Th, warm-
sensitive neurons raise their FRs and heat production decreases. Pyrogens 
inhibit (−) the FRs of warm-sensitive neurons, thereby resulting in acceler-
ated  FRs  of  cold-sensitive  neurons  and  increased  heat  production.  The 
plots show FR and heat production responses during normal conditions in 
the absence of pyrogens  (N) and  in  the presence of  low concentrations 
(P1)  and  high  concentrations  (P2)  of  pyrogens.  (From Mackowiak PA, 
Boulant JA. Fever’s glass ceiling. Clin Infect Dis. 1996;22:525-536.)
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Further evidence of fever’s beneficial effects can be found in numer-
ous investigations demonstrating enhanced resistance of animals to 
infection with increases in body temperature within the physiologic 
range.199 In classic studies involving experimental infection of the 
reptile Dipsosaurus dorsalis with Aeromonas hydrophila, Kluger and 
associates demonstrated a direct correlation between body tempera-
ture and survival.200,201 They also showed in their model that suppres-
sion of the febrile response with sodium salicylate was associated with 
a substantial increase in mortality.201 Covert and Reynolds corrobo-
rated these findings in an experimental model involving goldfish.202

In mammalian experimental models, increasing the body tempera-
ture by artificial means has been reported to enhance the resistance of 
mice to herpes simplex virus,203 poliovirus,204 coxsackievirus B,205 
rabies virus,206 Klebsiella pneumoniae,207 and Cryptococcus neofor-
mans208 but to decrease resistance to Streptococcus pneumoniae.209 
Increased resistance of rabbits to S. pneumoniae210 and C. neofor-
mans,211 dogs to herpesvirus,212 piglets to gastroenteritis virus,213 and 
ferrets to influenza virus214 has also been observed after the induction 
of artificial fever. Unfortunately, because raising the body temperature 
by artificial means does not duplicate the physiologic alterations that 
occur during fever in homeotherms (and, indeed, entails a number of 
opposite physiologic responses),215 evidence obtained using mamma-
lian experimental models must be interpreted with caution when used 
to understand the febrile response.

Clinical data supporting an adaptive role for fever have accumu-
lated slowly. Like animal data, clinical data include evidence of the 
beneficial effects of fever and adverse effects of antipyretics on the 
outcome of infections. In a retrospective analysis of 218 patients with 
gram-negative bacteremia, Bryant and associates reported a positive 
correlation between maximal temperature on the day bacteremia was 
diagnosed and survival.216 A similar relationship has been observed 
in patients with polymicrobial sepsis and mild (but not severe) 

When given centrally, α-MSH is more than 25,000 times more potent 
as an antipyretic than acetaminophen.160 Repeated central administra-
tion of α-MSH does not induce tolerance to its antipyretic effect.167 In 
addition, injection of anti–α-MSH antiserum into the cerebral ven-
tricles has augmented the febrile response of experimental animals  
to IL-1.168

Glucocorticoids and their inducers (e.g., corticotropin-releasing 
hormone and corticotropin) inhibit the synthesis of pyrogenic cyto-
kines such as IL-6 and TNF-α.169-171 Through such effects, they are 
believed to exert inhibitory feedback on LPS-induced fever.172 Lipocor-
tin 1, a putative mediator of glucocorticoid function, has also been 
shown to inhibit the pyrogenic actions of IL-1 and IFN.173 Injection of 
corticotropin-releasing hormone into the third ventricle of experimen-
tal animals produces similar antipyretic effects.174

Thyrotropin-releasing hormone,175 splenic antihyperpyretic 
factor,176 15-deoxy-Δ-12,14-prostaglandin J2 (15d-PGJ2),177 cis-
epoxyeicosatrienoic acids,178 gastric-inhibitory peptide,179 neuropep-
tide Y,180 nitric oxide,181 carbon monoxide,182 and bombesin183 similarly 
exhibit antipyretic properties under certain conditions. Of these, 
bombesin has exhibited the highest potency in that it consistently 
produces hypothermia associated with changes in heat dissipation and 
heat production when injected into the preoptic area or anterior hypo-
thalamus of conscious goats and rabbits.183-185 Bombesin is believed to 
exert its hypothermic effect by decreasing the sensitivity of warm-
sensitive neurons.185

IL-10 has been shown to mediate defervescence of the fever  
evoked by either LPS-induced or Staphylococcus aureus–induced 
inflammation in rats.186 Moreover, pyrogenic cytokines, the mediators 
of the febrile response, might themselves have a role in determining 
fever’s upper limit, in that under certain conditions (e.g., with intrace-
rebral injection of recombinant human TNF-α in Zucker rats), TNF-α 
acts to lower rather than raise body temperature,168,187 although only in 
the presence of LPS. Thus, it is possible that at certain concentrations 
or in the appropriate physiologic milieu, pyrogenic cytokines function 
paradoxically as endogenous antipyretics.

A growing body of literature has indicated that the release of pyro-
genic cytokines such as IL-1 is followed by increased release of soluble 
receptors for such cytokines, which function as endogenous scavengers 
of these pyrogens.188 In the case of IL-1, a 22- to 25-kDa molecule 
identified in supernates of human monocytes blocks binding of IL-1 
to its receptors.189 The IL-1 receptor antagonist is structurally related 
to IL-1α and IL-1β190 and binds to types I and II receptors on various 
target cells without inducing a specific biologic response.191,192 Shed-
ding of soluble receptors of TNF-α that bind to circulating TNF-α and 
thereby inhibit binding to cell-associated receptors has also been 
described.193-197 The precise biologic function of such circulating recep-
tor antagonists and soluble receptors is not known. However, it is 
possible that one function is to serve as a natural braking system for 
the febrile response.

RISK-BENEFIT CONSIDERATIONS
Questions concerning fever’s risk-benefit quotient have generated con-
siderable controversy.198 The controversy arises because of data indicat-
ing both potentiating and inhibitory effects of the response on 
resistance to infection. As a result, there is as yet no consensus as to 
the appropriate clinical situations (if any) in which fever or its media-
tors should be suppressed.

Evidence illustrating fever’s beneficial effects originate from several 
sources. Studies of the phylogeny of fever have shown the response to 
be widespread within the animal kingdom.199 With few exceptions, 
mammals, reptiles, amphibians, and fish, as well as several invertebrate 
species, have been shown to elevate their core temperature after chal-
lenge with microorganisms or other known pyrogens (Fig. 55-6). It has 
been assumed, although not established conclusively, that such eleva-
tions in temperature are the poikilothermic corollary of fever. The 
prevalence of such febrile responses has been offered as some of the 
strongest evidence that fever is an adaptive host defense response, 
based on the argument that the metabolically expensive increase in 
body temperature that accompanies the febrile response would not 
have evolved and been so faithfully preserved in the animal kingdom 
unless fever had some net benefit to the host.

FIGURE 55-6  Evolutionary tree of animals. A  febrile  response has 
been documented in Vertebrata, Arthropoda, and Annelida. These obser-
vations suggest  that  the febrile  response evolved more than 400 million 
years ago at about the time that evolutionary lines leading to arthropods 
and annelids diverged. 
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LPS is involved in the pathophysiology of the syndrome. Purified LPS 
induces a spectrum of physiologic abnormalities similar to those 
occurring in patients with gram-negative bacterial sepsis. In experi-
mental animals, challenge with LPS causes TNF-α and IL-1 to be 
released into the bloodstream coincident with the appearance of signs 
of sepsis.241 Furthermore, patients with the septic syndrome may have 
detectable levels of circulatory TNF-α, IL-1, and IL-6 independent of 
culture-documented infection, and these levels correlate inversely with 
survival.242 IL-1, alone or in combination with other cytokines, induces 
many of the same physiologic abnormalities (e.g., fever, hypoglycemia, 
shock, and death) seen after the administration of purified LPS.243 In 
a murine experimental model for septic shock, IFN administered 
before or as long as 4 hours after LPS challenge increases mortality, 
whereas pretreatment with anti-IFN antibody significantly reduces 
mortality.244 In several investigations, the adverse effects of gram-
negative bacterial sepsis, LPS injections, or both have been attenuated 
by pretreating experimental animals with IL-1 antagonists245,246 and 
monoclonal antibodies directed against TNF-α.247,248 Furthermore, 
animals rendered tolerant to TNF-α by repeated injections of the 
recombinant cytokine are protected against the hypotension, hypo-
thermia, and lethality of gram-negative bacterial sepsis.249

The theory derived from these observations—that death from 
sepsis is the consequence of cytokine-mediated overstimulation of the 
immune system—unfortunately correlates only loosely with the clini-
cal picture in humans, most likely because the studies cited used large 
doses of endotoxin or bacteria that induced levels of circulating pyro-
genic cytokines exponentially higher than those detected in patients 
with sepsis.250 Thus, the “cytokine storm” created in such animals most 
likely has only limited relevance for human sepsis. This perhaps 
explains why in clinical trials, inhibition of pyrogenic cytokines in 
septic patients has had only modest success, improving outcome in 
patients with a high risk for death but not those with a low risk.251

Finally, the previous discussion has centered on fevers caused by 
infection. Fever is known to occur after acute ischemic strokes or 
myocardial infarction. There is evidence in animal models that hyper-
thermia worsens ischemic strokes252 and that suppressing the fever 
caused by myocardial infarction is beneficial.253 In humans, there is 
evidence that fever in the setting of acute ischemic stroke is detrimen-
tal.254,255 However, the presence of fever depends on the size of the 
infarct254; thus, it remains to be seen whether fever is simply a marker 
of worse outcomes or if it additionally plays a role in worsening clinical 
outcomes.

ANTIPYRETIC THERAPY
Although clinicians have long had at their disposal effective means of 
lowering the core temperature in febrile patients, the actual benefit of 
such reductions in temperature is still uncertain. Moreover, it has yet 
to be shown in humans that increases in the core temperature encoun-
tered during fever are actually harmful. Certainly, during the course of 
heat stroke and other forms of hyperthermia, the core temperature can, 
and frequently does, rise to levels that are inherently harmful.256 
However, as noted, such levels are almost never reached during fever’s 
regulated rise in temperature, which rarely exceeds 41° C (105.8° F) in 
humans.156 Nevertheless, whereas healthy volunteers have been 
reported to withstand core temperatures of 42° C (107.6° F) for periods 
of as long as 4 hours without apparent ill effects,257 the possibility 
remains that in certain patients, even the relatively modest increases 
in core temperature encountered during fever are deleterious and 
should therefore be suppressed.

Antipyretic therapy might also be justified, at least in theory, if 
fever’s metabolic cost exceeded its physiologic benefit, if the treatment 
provided symptomatic relief without adversely affecting the course of 
the febrile illness, or if the toxicity (side effects) of the antipyretic 
regimen were appreciably lower than its beneficial effects. Unfortu-
nately, although clinicians have long argued the validity of each of these 
propositions as justification for antipyretic therapy, few scientific data 
exist to support any of these arguments.

Diagnostic Considerations
Numerous investigators have observed a direct correlation between the 
height of fevers and the rate of serious bacterial infections in children, 

underlying diseases.217 In an examination of factors influencing the 
prognosis of spontaneous bacterial peritonitis, Weinstein and 
co-workers identified a positive correlation between a temperature 
reading higher than 38° C (100.4° F) and survival.218 In studies of 
elderly patients with community-acquired pneumonia, those without 
a fever had higher mortality.219 In another study, patients in intensive 
care units with invasive Candida infections and temperatures less than 
36.5° C (97.7° F) had a higher mortality than those with temperatures 
greater than 38.2° C (100.8° F).220

It has been reported that children with chickenpox who are treated 
with acetaminophen have a longer time to total crusting of lesions than 
placebo-treated controls.221 Stanley and colleagues have reported that 
adults infected with rhinovirus exhibit more nasal viral shedding when 
they receive aspirin than when given placebo.222 Furthermore, Graham 
and colleagues have reported a trend toward a longer duration of rhi-
novirus shedding in association with antipyretic therapy and have 
shown that the use of aspirin or acetaminophen is associated with 
suppression of the serum-neutralizing antibody response and with 
increased nasal symptoms and signs.223 A more recent retrospective 
observational analysis of studies of human volunteers infected with 
influenza A has found a relationship between antipyretic therapy and 
prolonged illness.224 Prophylactic acetaminophen (paracetamol) has 
been shown to decrease febrile reactions to Haemophilus influenzae 
vaccination while simultaneously lowering the antibody response to 
the vaccine.225 Finally, in an investigation of children infected with 
Plasmodium falciparum, acetaminophen prolonged the parasite clear-
ance time.226 Interestingly, plasma concentrations of TNF and IL-6 in 
children not receiving acetaminophen were no different from those 
receiving acetaminophen, suggesting that elevated temperature itself 
was responsible for the accelerated parasite clearance.

The previously described data, like those reviewed earlier, are 
subject to several interpretations and do not prove a causal relationship 
between fever and improved prognosis during infection. Nevertheless, 
they are consistent with such a relationship and, when considered in 
concert with the phylogeny of the febrile response and the animal data 
summarized earlier, constitute strong circumstantial evidence that 
fever is an adaptive response in most situations.

Whereas many of the foregoing investigations examined the rela-
tionship between elevation of the core temperature and outcome of 
infection, others have considered the endogenous mediators of the 
febrile response. In such studies, all the principal pyrogenic cytokines 
have been shown to have immune-potentiating capabilities, which 
might theoretically enhance resistance to infection118,227; many of these 
capabilities have been shown to be enhanced by elevated body tem-
perature. In vitro and in vivo investigations of these cytokines have 
provided evidence of a protective effect of IFN, TNF-α, or IL-1, or all 
of these, against Plasmodium,228-230 Toxoplasma gondii,231 Leishmania 
major,232 Trypanosoma cruzi,233 and Cryptosporidium.234

Several reports have also shown enhancement of resistance to 
viral235-237 and bacterial infections238,239 by pyrogenic cytokines. Treat-
ment of normal and granulocytopenic animals with IL-1 has been 
shown to prevent death in some gram-positive and gram-negative 
bacterial infections.239 However, IL-1 is effective only if administered 
an appreciable time (e.g., 24 hours) before the initiation of infections 
having rapidly fatal courses. In less acute infections, IL-1 administra-
tion can be delayed until shortly after the infectious challenge. Such 
observations suggest that those physiologic effects of the febrile 
response that enhance resistance to infection might be limited to  
localized infections or systemic infections of only mild to moderate 
severity. They may also indicate that the beneficial actions of IL-1 and/
or fever are programmed for specific stages in the progression of an 
infection.

The febrile response’s potential for harm was reflected in a flurry of 
reports suggesting that IL-1, TNF-α, IL-6, and IFN mediate the physi-
ologic abnormalities of certain infections. Although proof of an adverse 
effect of fever on the clinical outcome of these infections has yet to be 
established, the implication is that if pyrogenic cytokines contribute to 
the pathophysiologic burden of infections, both the mediators them-
selves and the febrile response are potentially deleterious. The most 
persuasive evidence in this regard derives from studies of gram-
negative bacterial sepsis.240 It has long been suspected that bacterial 
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Because of the potential adverse consequences of these metabolic 
effects on cardiovascular and pulmonary function, fever has been 
attacked with particular vigor in patients with underlying cardiovas-
cular and pulmonary diseases.281 Although antipyretic therapy has 
theoretical merit in this regard, if it does not induce shivering,282 the 
detrimental effects of fever and the salutary effects of antipyretic 
therapy have yet to be critically evaluated.

External cooling, which is widely used in critically ill patients to 
suppress fevers unresponsive to antipyretic drugs, has been shown to 
decrease oxygen consumption by as much as 20% if shivering is pre-
vented by therapeutic paralysis.282 If shivering is not inhibited, external 
cooling causes an increase, rather than a decrease, in oxygen consump-
tion.282 Perhaps more important to febrile patients with underlying 
cardiovascular disease, external cooling has the capacity to cause vaso-
spasm of diseased coronary arteries by inducing a cold pressor 
response.283,284 For all these reasons, it has been suggested that a more 
rational strategy for treating fevers unresponsive to antipyretic drugs 
is to warm rather than to cool selected skin surfaces (e.g., the fore-
head), thereby reducing the vasoconstriction and shivering thresholds 
dictated by the elevated hypothalamic thermal setpoint and, in turn, 
effecting a decrease in the core temperature.285 Unfortunately, certain 
antipyretic drugs also appear to cause coronary vasoconstriction in 
patients with coronary artery disease. Friedman and associates 
observed significant increases in the mean arterial pressure, coronary 
vascular resistance, and myocardial arteriovenous oxygen difference 
after intravenous administration of indomethacin (0.5 mg/kg) in  
such patients.286 Coronary blood flow decreased simultaneously from 
181 ± 29 to 111 ± 14 mL/min (P < .05). Thus, in this investigation, 
myocardial oxygen demand increased in the presence of a decrease in 
coronary blood flow after indomethacin administration. The authors 
believe that indomethacin’s vasoconstrictor effect most likely derives 
from its capacity to block the synthesis of vasodilatory prostaglandins. 
Perhaps even more disturbing are reports suggesting that compared 
with other NSAIDs, COX-2-selective NSAIDs seem to increase the risk 
for cardiovascular thrombotic events in patients not taking aspirin.287

Antipyretic therapy is also commonly administered to enhance 
patient comfort.281 General experience with antipyretic drugs, which 
are usually also analgesic agents, seems to support this contention. 
However, carefully controlled efficacy studies have not yet established 
the validity of this contention. Although the side-effect profiles of these 
drugs are well known, there are also recent reports of the association 
of NSAIDs to inflammatory bowel disease, renal cell carcinoma, and 
Clostridium difficile colitis288-290 and an association between acetamino-
phen and development of asthma.291,292,293,294 Moreover, the relative cost 
of such symptomatic relief, in terms of drug toxicity and adverse effects 
of antipyretic agents on the course of the illness responsible for the 
fever, have rarely been studied. The importance of such information is 
underscored by studies suggesting there may be an immunologic cost 
in suppressing fever (see “Risk-Benefit Considerations”).221-225

Finally, there has been mounting interest in the use of certain anti-
pyretic drugs to modulate the activity of pyrogenic cytokines during 
bacterial sepsis.295 In some animal models of sepsis, antipyretic drugs 
that inhibit COX confer protection when given soon after bacterial 
challenge, presumably by blunting the adverse effects of TNF-α and 
IL-1. In a large clinical trial, Bernard and associates reported that 48 
hours of intravenous therapy with the COX inhibitor ibuprofen lowered 
the core temperature, heart rate, oxygen consumption, and lactic acid 
blood levels but did not decrease the incidence of organ failure or 
mortality at 30 days.296 In a more recent retrospective analysis of sepsis 
trials, Eichacker and co-workers found evidence of a beneficial effect 
of antipyretic agents only in septic patients with a high risk for death 
(see earlier).251 A recent meta-analysis of five studies (excluding the one 
just mentioned) found no evidence that treatment of fever influenced 
mortality in critically ill adults without acute neurologic injury.297 Thus, 
in spite of promising results obtained in some experimental models, 
antipyretic agents have been shown to be of only limited value for the 
treatment of bacterial sepsis and critically ill patients with fever.

Indications
Although clinicians have long resorted to various forms of antipyretic 
therapy, there is a dearth of scientific data concerning the actual 

with the maximal incidence of such infections at temperatures in 
excess of 40° C (104° F).258-261 It has also been suggested that the 
response of a fever to antipyretic therapy might have diagnostic impli-
cations, in that a drop in temperature, improvement in the appearance 
of a febrile child, or both generally indicate that the fever is not the 
result of a serious illness.262 This conclusion, however, is not supported 
by numerous investigations comparing the temperature response of 
bacteremic and nonbacteremic infections to antipyretic therapy in 
children.263-268

Several studies have suggested that an antipyretic response to non-
steroidal anti-inflammatory drugs (NSAIDs) can distinguish fevers of 
infectious origin from those caused by cancer by virtue of the fact that 
the latter fevers are more readily suppressed by such agents. Naproxen 
was the first such agent to be studied in this regard.269 Subsequent 
randomized comparisons have shown naproxen, indomethacin, and 
diclofenac to be equally effective in inhibiting cancer-induced fever,270 
although the sensitivity and specificity of the naproxen test for differ-
entiating neoplastic from infectious fevers are not yet known. More-
over, there is no physiologic rationale to explain why NSAIDs might 
be more effective in reducing fever caused by cancer than that caused 
by infection.

Benefits versus Risks
Two critical assumptions are made when prescribing antipyretic ther-
apy. One is that fever is, at least in part, noxious, and the other is that 
suppressing fever will reduce if not eliminate fever’s noxious effects. 
Neither assumption has been validated experimentally. In fact, there is 
considerable evidence that fever is an important defense mechanism 
that contributes to the host’s ability to resist infection.199 However, even 
if fever (or its mediators) does adversely affect the course of certain 
disorders (e.g., bacterial sepsis198), it does not necessarily follow that 
inhibiting fever using current modes of antipyretic therapy will obviate 
this effect, especially if such therapy has intrinsic toxicity of its own.

One category of patients in whom fever suppression has been 
studied includes children, primarily those between the ages of 3 
months and 5 years. In such children, seizures have been reported to 
occur during episodes of fever at a frequency as high as 14% in select 
populations.271 Although most children with febrile seizures have tem-
peratures of 39° C (102.2° F) or higher at the time of their seizure,272 
many tolerate even higher fevers at later dates without convulsing.273 
Unfortunately, antipyretic therapy has not been shown to protect 
against recurrences of febrile seizures in the few controlled trials con-
ducted thus far.274 Camfield and colleagues have conducted a random-
ized double-blind study comparing a single daily dose of phenobarbital 
plus antipyretic instruction to placebo plus antipyretic instruction to 
prevent recurrent seizure after an initial simple febrile seizure.275 In 
children treated with phenobarbital and antipyretics, the febrile seizure 
recurrence rate was 5%, whereas in those given placebo with antipyret-
ics, the rate was 25%, suggesting that a single daily 5-mg/kg dose of 
phenobarbital is more effective than counseling parents about anti-
pyretic therapy in preventing recurrent febrile seizures. Acetamino-
phen has been given to children with fever as prophylaxis against 
febrile seizure recurrences. Whether given in moderate dosage (10 mg/
kg dose four times daily)276 or in relatively high doses (15 to 20 mg/kg 
dose every 4 hours),277 acetaminophen failed to reduce the rate of 
febrile seizure recurrence.

Antipyretic therapy is also occasionally given to reverse fever-
induced mental dysfunction in frail elderly patients. Beisel and 
co-workers have shown that aspirin (in combination with propoxy-
phene) ameliorates fever-induced decrements in mental work perfor-
mance in young volunteers infected with sand fly fever virus, even in 
the presence of only partial relief of the fever or other symptoms of the 
illness.278 In view of these observations, antipyretic therapy might be 
expected to have a beneficial effect on fever-induced mental dysfunc-
tion in frail elderly patients. However, studies designed to test this 
hypothesis have not yet been reported.

One of the reasons commonly given to justify suppressing fever is 
that the metabolic cost of fever exceeds its clinical benefit.279 Such 
demands are particularly high during the chill phase if shivering is 
present, as evidenced by increases in the sympathetic tone,215 oxygen 
consumption, respiratory minute volume, and respiratory quotient.280 
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relative of COX-1, it was thought that the mechanism for the antipyretic 
action of acetaminophen was also uncovered. However, it appears that 
these enzymes vary considerably across mammalian species302,305,306 and 
that acetaminophen in humans does not reduce fever through COX-
3.305 More recently, one study has shown that acetaminophen is a potent 
COX-2 inhibitor in humans, thus challenging earlier work.307 Although 
the antipyretic activity of NSAIDs through inhibition of COX-2 con-
forms to current models of fever generation (see Fig. 55-4), our current 
understanding of the antipyretic activity of acetaminophen is limited. 
Studies have shown that aspirin and the NSAIDs also have COX-
independent antipyretic activity. Aspirin induces cytochrome P-450, 
which might augment its antipyretic effect by shifting arachidonic acid 
metabolism toward cytochrome P-450–mediated production of anti-
pyretic epoxyeicosanoids. Additionally, acetylation of COX-2 by aspirin 
increases the production of 15R-hydroxyeicosatetraenoic acid, which 
neutrophils use to form aspirin-triggered lipoxins. These lipoxins have 
potent anti-inflammatory activity independent of aspirin. Heat shock 
proteins have been shown to reduce the transcription of IL-1β in vitro, 
and therapeutic doses of aspirin and certain NSAIDs increase heat 
shock factor 1 concentration in vitro. These same drugs also diminish 
the activity of transcriptional activator nuclear factor kappa B (NF-
κB),303 which is involved in the transcription of pyrogenic cytokines, 
adhesion molecules, inducible nitric oxide synthase, and COX-2 in 
certain cell lines. Production of adenosine, an anti-inflammatory medi-
ator produced by leukocytes, is enhanced by aspirin and NSAIDs. The 
clinical implications of these alternative antipyretic pathways remain 
to be determined.

Physical Methods of Antipyresis
Various physical techniques are used to cool febrile patients. These 
include sponging with various solutions (e.g., tepid water or alcohol), 
the application of ice packs or cooling blankets, and exposure to cir-
culating fans (most often in conjunction with sponging). With the 
latter method, Helox (80% helium, 20% oxygen) has been shown to be 
superior to air in lowering core temperature, at least in experimental 
animals, because of the greater thermal conductivity of helium com-
pared with that of nitrogen.308 In contrast to antipyretic drugs, external 
cooling lowers the temperature of febrile patients by overwhelming 
effector mechanisms that have been evoked by an elevated thermo-
regulatory setpoint, rather than by lowering that setpoint. Therefore, 
unless concomitant antipyretic agents are used, or shivering is inhib-
ited by other pharmacologic means, external cooling is vigorously 
opposed in the febrile patient by thermoregulatory mechanisms 
endeavoring to maintain the elevated body temperature.

Physical methods of antipyresis promote heat loss by conduction, 
convection, and evaporation. Evaporative methods have traditionally 
been touted as the most effective physical means of promoting heat 
loss in febrile patients, because these methods are deemed to be least 
likely to induce shivering.309 However, carefully designed comparative 
trials have not yet established any one physical method of antipyresis 
as superior.

Similarly, direct comparisons of pharmacologic and physical 
methods of antipyresis are all but nonexistent. In the only extant con-
trolled study, Wenzel and Werner reported that salicylates reduced the 
second phase of endotoxin-induced fever in rabbits, whereas abdomi-
nal cooling increased heat production and did not lower the core 
temperature unless the animals were simultaneously exposed to envi-
ronmental hyperthermia.310 Neither antipyretic modality abolished the 
initial febrile response.

The few available clinical studies of the efficacy of physical methods 
of antipyresis have differed in their conclusions. Interpretation of the 
results of these studies has been difficult, because pharmacologic 
agents have almost invariably been administered concomitantly with 
external cooling. Steele and co-workers found acetaminophen (in age-
adjusted dosages ranging from 80 to 320 mg) and sponging to be 
equally effective in lowering fever in children admitted to a pediatric 
hospital because of fever.311 However, when combined, the two modali-
ties produced more rapid cooling than either alone. By contrast, 
Newman found that tepid water sponging in combination with acet-
aminophen (5 to 10 mg/kg) was no more effective than acetaminophen 
alone in lowering the temperature of febrile children.312 O’Donnell and 

benefits and relative risks of such treatments.298 Nevertheless, several 
tentative conclusions regarding antipyretic therapy seem warranted in 
light of the limited data available. It is clear, for example, that short 
courses of approved doses of standard antipyretic drugs carry a low 
risk for toxicity. Most of these drugs have analgesic as well as anti-
pyretic properties. Therefore, if not otherwise contraindicated (e.g., 
aspirin in young children because of the risk for Reye’s syndrome), 
such drugs can be prescribed to provide symptomatic relief in febrile 
patients, reduce the metabolic demands of fever in patients with under-
lying cardio vascular and pulmonary disorders, and possibly prevent or 
alleviate fever-induced mental dysfunction in older patients. To mini-
mize antipyretic-induced fluctuations in temperature, as well as the 
risk for recurrent shivering with its associated increased metabolic 
demands, antipyretic agents should be administered to febrile patients 
at regular intervals that preclude abrupt recurrences of fever, rather 
than as needed for temperatures above some arbitrary level. Whenever 
such medications are prescribed, it should also be recognized that each 
carries its own risk for toxicity and might prolong the course of the 
illness responsible for the fever while reducing the intensity of its 
symptoms.

In view of the capacity of external cooling measures to induce a 
cold pressor response, it is questionable whether this form of anti-
pyretic therapy should ever be administered to febrile patients, much 
less to patients in intensive care units for whom it is so frequently 
prescribed. If external cooling is used to treat fever, care must be taken 
to prevent shivering because of its associated increased oxygen con-
sumption. Unfortunately, even if shivering is prevented, there is no 
guarantee that a cold pressor response will be averted. In view of indo-
methacin’s capacity to cause coronary vasoconstriction in patients with 
coronary artery disease and the possible increased risk for cardiovas-
cular thrombotic events associated with COX-2-selective NSAIDs, it 
should be used cautiously to suppress fever in such patients.

Pharmacologic Agents
Antipyretic drugs can be grouped into three general categories on the 
basis of their mechanisms of action. These include corticosteroids, 
aspirin and the other NSAIDs, and acetaminophen. Each exerts its 
effects at different points in the febrile response pathway.

Although not generally used for antipyresis, corticosteroids sup-
press fever through direct and indirect mechanisms. They block the 
transcription of pyrogenic cytokines and inducible COX via interac-
tions involving the glucocorticoid receptor.299,300 They downregulate 
the synthesis of cytokine receptors and, by inducing lipocortin 1,  
they secondarily inhibit the activity of phospholipase A2, a critical 
enzyme in the prostaglandin synthetic pathway, which leads to fever 
suppression.300

Acetaminophen and aspirin and the other NSAIDs all inhibit COX-
mediated synthesis of inflammatory thromboxanes and prostaglandins 
from arachidonic acid. Cyclooxygenase has several distinct isoforms, 
of which COX-1 and COX-2 are the best studied. The former was long 
regarded as a constitutively expressed cellular enzyme involved in 
various housekeeping functions, whereas the latter was touted as an 
inducible enzyme responsible for hypothalamus-mediated fever and 
produced as part of the inflammatory process by various cell lines, 
including macrophages, synoviocytes, and endothelial cells. However, 
this dichotomous concept of a constitutive COX-1 and an inducible 
proinflammatory COX-2 has proved to be oversimplified. Not only do 
some cells express COX-2 constitutively but, under certain conditions, 
COX-2 has also been shown to promote healing of mucosal lesions and 
resolution of inflammation.301

The distinctive affinities of the various categories of antipyretic 
drugs for the different COX variants are thought to determine their 
relative antipyretic and analgesic potencies. NSAIDS are inhibitors of 
COX-1 and COX-2, and depending on the individual drug they are 
predominantly COX-1 selective (low-dose aspirin and ketorolac), are 
predominantly COX-2 selective (rofecoxib, lumiracoxib), or have 
mixed activity (ibuprofen, naproxen sodium, high-dose aspirin).302 
Only aspirin irreversibly inhibits COX via acetylation within the active 
site of the enzyme. Other NSAIDs and acetaminophen inhibit COX 
reversibly.303 Acetaminophen has traditionally been considered a weak 
inhibitor of COX-1 and COX-2. With the discovery of COX-3,304 a close 
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colleagues have concluded that in adults, although hypothermia 
blanket therapy adds little to the action of pharmacologic agents in 
lowering temperature, it induces wider temperature fluctuations and 
more episodes of rebound hypothermia.309 For these reasons, we 

believe that cooling blankets and ice water baths should generally be 
avoided in treating fevers (but not hyperthermia) and that wet sponges 
with tepid water can be used in combination with pharmacologic 
therapy to make febrile patients comfortable.
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56  Fever of Unknown Origin
William F. Wright and Philip A. Mackowiak

Most episodes of fever in humans are short-lived and do not require 
diagnostic investigation or specific therapy. Some are manifestations of 
more serious illnesses, most of which can be readily diagnosed and 
effectively treated. However, small but important subgroups of fevers 
are both persistent and difficult to diagnose. Such puzzling fevers have 
fascinated and frustrated clinicians since the earliest days of clinical 
thermometry,1 resulting in a welter of clinical publications. The two 
most important of these, from a historical perspective, are the classical 
treatises, Prolonged and Perplexing Fevers, published by Keefer and 
Leard in 1955,2 and Fever of Unknown Origin: Report on 100 Cases, by 
Petersdorf and Beeson in 1961.3

TERMINOLOGY AND DEFINITIONS
In the United States, the term fever of unknown origin (FUO) is gener-
ally used.4 In other countries an alternative term, pyrexia of unknown 
origin (PUO), is often used.5

The first formal definition of FUO to gain broad acceptance was 
proposed by Petersdorf and Beeson nearly 5 decades ago: “fever higher 
than 38.3° C (100.9° F) on several occasions, persisting without diag-
nosis for at least 3 weeks in spite of at least 1 week’s investigation in 
hospital.”3 Later investigators have modified and extended this classic 
definition to reflect evolutionary changes in clinical practice.6,7 These 
changes include the conduct of most diagnostic tests in the outpatient 
setting rather than in the hospital, the increasing number of immuno-
compromised patients (especially those with neutropenia), the prolif-
eration of increasingly complex surgical and intensive care treatment 
protocols, and the advent of human immunodeficiency virus (HIV) 
infection leading to the acquired immunodeficiency syndrome (AIDS). 
In response to this evolving environment, Durack and Street,7 in 1991, 
proposed a revised definition in which cases of FUO are currently 
codified into four distinct subclasses of the disorder: classic FUO, 
nosocomial (health care–associated) FUO, neutropenic (immune-
deficient) FUO, and HIV-related FUO (Table 56-1). Computed tomog-
raphy (CT), magnetic resonance imaging (MRI), ultrasound imaging, 
nucleic acid–based diagnostic testing, and rapid tests for pathogens 
have enlarged the diagnostic options for FUO. One could argue that 
the definitions of types of FUO have much overlap and are not as clini-
cally useful as they were in the past. In a prospective study of 80 

patients based on these two main definitions, Ergonul and colleagues8 
found that although the 1991 definition included more cases within 
the infectious diseases group, the overall distribution of diseases 
among the two definitions was not significantly different.

CLASSIC FEVER OF  
UNKNOWN ORIGIN
Classic FUO refers to the type of FUO defined by Petersdorf and 
Beeson in 1961.3 The only alteration to their definition required to 
conform to modern medical practice is to incorporate investigation in 
the outpatient setting, which today has become the preferred venue for 
evaluation and treatment. Most patients with classic FUO have sub-
acute or chronic symptoms and therefore can be safely investigated as 
outpatients. In a series of 53 such patients, for example, the median 
duration of fever before diagnosis was 40 days.1

Of the many publications concerning the etiology of FUO,3,4,9-15 
most have dealt with classic FUO rather than with the three other  
more recently defined subclasses listed earlier.7 Over the years a recur-
rent theme has become clear: of the myriad disorders causing classic 
FUO, almost all fall within one of five categories: infections, neo-
plasms, connective tissue diseases, miscellaneous other disorders, and 
undiagnosed illnesses. The relative frequencies of individual diagnoses 
within these five categories vary depending on the decade, geographic 
region, ages of the patients, type of medical practice, and other factors 
(Fig. 56-1).

In more recent series, infections have comprised the largest cate-
gory, accounting for 14% to 58% of cases.4 However, in patients older 
than 65 years, infections become less common, falling into second or 
third place as a cause of classic FUO.4,8,9 In the series of Knockaert and 
associates,9 infection was the cause of FUO in only 25% of cases 65 
years of age or older; temporal arteritis and various connective tissue 
diseases accounted for 31% of cases, and tumors accounted for 12%. 
Only 8% of cases went undiagnosed, which was a similar percentage 
reported by Colpan and colleagues14 but one substantially lower than 
that reported in surveys involving younger adults, in which as many 
as 30% of cases remain undiagnosed.16 The longer the duration of fever 
before medical consultation, the less likely that a definitive diagnosis 
will be made.17

Definition
•	 Occurrence	of	several	occasions	of	fever	higher	

than	38.3°	C	(101°	F)	with	a	duration	greater	
than	at	least	3	weeks	despite	1	week	of	
hospital	evaluation	is	still	recognized	as	the	
classic	definition	for	fever	of	unknown	origin	
(FUO).

•	 The	advent	of	improved	diagnostic	testing	
modalities	coupled	with	an	increasing		
number	of	immunocompromised	patients		
led	to	a	revised	definition	in	which	cases		
of	FUO	are	currently	codified	into	four		
distinct	subclasses:	classic	FUO,	health	
care–associated	FUO,	immune-deficient		
FUO,	and	human	immunodeficiency	virus	
(HIV)-related	FUO.

Etiology and Epidemiology
•	 Infections,	neoplasms,	connective	tissue	

diseases,	miscellaneous	causes,	and	
undiagnosed	fevers	remain	the	most	common	
causes	of	classic	FUO.

•	 The	frequency	with	which	infections	and	
neoplasms	have	been	identified	as	the	causes	
of	classic	FUO	has	decreased	steadily,	whereas	
the	proportion	of	miscellaneous	causes	and	
undiagnosed	conditions	has	risen	in	recent	
years.

Diagnosis
•	 A	comprehensive	medical	history	with	

verification	of	fever	and	a	detailed	physical	
examination	are	essential	in	directing	formal	
laboratory	testing.

Therapy
•	 Empirical	therapeutic	trials	of	antimicrobial	

agents	continue	to	have	a	limited	role	in	the	
management	of	patients	with	FUO.

•	 Owing	to	the	relatively	high	prevalence	of	
serious	bacterial	infections	responsible	for	
fevers	in	patients	with	neutropenia,	such	
patients	should	receive	broad-spectrum	
antipseudomonal	therapy	immediately	after	
samples	for	appropriate	cultures	have	been	
obtained.

Prognosis
•	 Although	the	prognosis	of	an	FUO	is	determined	

by	its	etiology	and	underlying	diseases,	most	
patients	with	prolonged	undiagnosed	FUO	
generally	have	a	favorable	outcome.

SHORT VIEW SUMMARY
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Among the infections responsible for classic FUO, abscesses, endo-
carditis, tuberculosis, and complicated urinary tract infections have 
consistently been among the most important. These tend to vary in 
incidence according to locale. Visceral leishmaniasis, for example, 
although absent from most series of classic FUO, accounted for 8%  
of cases in a study reported in 1997 from Spain.18 Other examples 
of causes of classic FUO in distinct populations include familial Medi-
terranean fever in Ashkenazi Jews; Kikuchi-Fujimoto disease, an 
unusual form of necrotizing lymphadenitis seen primarily in Japan19; 
and TRAPS (tumor necrosis factor receptor–associated periodic fever), 
formerly called familial Hibernian fever, an inherited periodic fever 
syndrome described originally in Ireland.20 The miscellaneous cate-
gory contains both varied and individually rare causes of classic FUO 
(Table 56-2).

Of the connective tissue diseases responsible for classic FUO, Still’s 
disease (juvenile rheumatoid arthritis), other variants of rheumatoid 
arthritis, and systemic lupus erythematosus predominate in younger 
patients, whereas temporal arteritis and polymyalgia rheumatica syn-
dromes are more common in elderly patients.

Malignant neoplasms, another important cause of FUO, can induce 
fever directly through the production and release of pyrogenic cyto-
kines, as in the case of certain lymphomas. They may also generate 
fevers indirectly by undergoing induced or spontaneous necrosis and/
or by creating conditions conducive to secondary infections.1 Among 
the malignant neoplasms responsible for FUO, hematologic cancers, 
hypernephromas, and gastrointestinal (mainly colorectal cancers) and 
central nervous system cancers have been documented as common 
causes.3,4 In a recent series of 80 patients with FUO, Ergonul and col-
leagues8 established a malignant neoplasm etiology in 14 (18%) cases.

The relative frequency with which the major diagnostic categories 
are represented in series of classic FUO varies according to both the 

TABLE 56-1  Summary of Definitions and Major Features of the Four Subtypes of Fever of Unknown 
Origin (FUO)

CLASSIC FUO
NOSOCOMIAL (HEALTH 
CARE–ASSOCIATED) FUO

NEUTROPENIC (IMMUNE-
DEFICIENT) FUO HIV-RELATED FUO

Definition >38.3° C (100.9° F), >3 wk, >2 
visits or 3 days in hospital

>38.3° C (100.9° F), >3 days, 
not present or incubating on 
admission

>38.3° C (100.9° F), >3 days, 
negative cultures after 48 hr

>38.3° C (100.9° F), >3 wk for 
outpatients, >3 days for 
inpatients, HIV infection 
confirmed

Patient 
Location

Community, clinic, or hospital Acute care hospital Hospital or clinic Community, clinic, or hospital

Leading Causes Cancer, infections, inflammatory 
conditions, undiagnosed, 
habitual hyperthermia

Health care–associated 
infections, postoperative 
complications, drug fever

Majority due to infections, but 
cause documented in only 
40%-60%

HIV (primary infection), typical and 
atypical mycobacteria, CMV, 
lymphomas, toxoplasmosis, 
cryptococcosis, IRIS

History 
Emphasis

Travel, contacts, animal and 
insect exposure, medications, 
immunizations, family history, 
cardiac valve disorder

Operations and procedures, 
devices, anatomic 
considerations, drug treatment

Stage of chemotherapy, drugs 
administered, underlying 
immunosuppressive disorder

Drugs, exposures, risk factors, 
travel, contacts, stage of HIV 
infection

Examination 
Emphasis

Fundi, oropharynx, temporal 
artery, abdomen, lymph nodes, 
spleen, joints, skin, nails, 
genitalia, rectum or prostate, 
lower limb deep veins

Wounds, drains, devices, sinuses, 
urine

Skin folds, IV sites, lungs, 
perianal area

Mouth, sinuses, skin, lymph nodes, 
eyes, lungs, perianal area

Investigation 
Emphasis

Imaging, biopsies, sedimentation 
rate, skin tests

Imaging, bacterial cultures CXR, bacterial cultures Blood and lymphocyte count; 
serologic tests; CXR; stool 
examination; biopsies of lung, 
bone marrow, and liver for 
cultures and cytologic tests; 
brain imaging

Management Observation, outpatient 
temperature chart, 
investigations, avoidance of 
empirical drug treatments

Depends on situation Antimicrobial treatment protocols Antiviral and antimicrobial 
protocols, vaccines, revision of 
treatment regimens, good 
nutrition

Time Course of 
Disease

Months Weeks Days Weeks to months

Tempo of 
Investigation

Weeks Days Hours Days to weeks

CMV, cytomegalovirus; CXR, chest radiograph; HIV, human immunodeficiency virus; IRIS, immune reconstitution inflammatory syndrome; IV, intravenous.
Modified from Durack DT. Fever of unknown origin. In: Mackowiak PA, ed. Fever. Basic Mechanisms and Management. 2nd ed. Philadelphia: Lippincott-Raven; 1997:

237-249.

TABLE 56-2  Examples of Rare Miscellaneous 
Causes of Fever

Addison’s disease
Adult-onset Still’s disease
Alcoholic hepatitis
Allergic alveolitis
Aortic dissection
Aortitis
Atrial myxoma
Autoimmune cholangitis
Bartonellosis
Behçet’s syndrome
Carcinomatous meningitis
Castleman’s disease
Chronic meningitis
Cirrhotic fever
Cyclic neutropenia
Drug fever and other hypersensitivities
Erythema multiforme
Fabry’s disease
Factitious fever
Familial Hibernian fever
Familial Mediterranean fever
Giant coronary aneurysm
Granulomatous hepatitis
Granulomatous peritonitis
Hantavirus infection
Hemoglobinopathies
Hemolytic anemias
Hemophagocytic syndrome
Histiocytosis X
Human picornavirus infection
Hypereosinophilic syndrome
Immunoblastic lymphadenopathy

Infected urachal cyst
Inflammatory bowel disease
Kikuchi-Fujimoto disease
Lofgren syndrome
Lymphomatoid granulomatosis
Metal fume fever
Myeloproliferative syndromes
Pancreatitis
Parathyroid apoplexy
Paroxysmal hemoglobinurias
Pericarditis
Periodic fever
Pheochromocytoma
Polyarteritis nodosa
Postpericardiotomy syndrome
Pulmonary emboli
Resorbing hematoma
Retroperitoneal fibrosis
Rosai-Dorfman disease
Sarcoidosis
Schnitzler’s syndrome
Sinusitis
Serum sickness
Sjögren’s syndrome
Subacute necrotizing lymphadenitis
Thrombotic thrombocytopenic purpura
Thyroiditis and thyrotoxicosis
Veno-occlusive disease
Vitamin B12 deficiency
Wegener’s granulomatosis
Whipple’s disease

Modified from Durack DT. Fever of unknown origin. In: Mackowiak PA, ed. Fever. 
Basic Mechanisms and Management. 2nd ed. Philadelphia: Lippincott-Raven; 
1997:237-249.
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In a series of 146 pediatric cases of FUO, Jacobs and Schutze25 
established a specific diagnosis in only 84 (57.5%). Of these, 64 (43.8%) 
had infections, 11 (7.5%) had autoimmune disorders, 4 (2.7%) had 
malignant neoplasms, and 5 (3.4%) had a variety of other disorders, 
such as drug-induced fever, sarcoidosis, and mercury poisoning. The 
most common infectious diseases diagnosed in their series were 
Epstein-Barr virus (EBV) infection (15%), osteomyelitis (10%), bar-
tonellosis (5%), and urinary tract infections (4%).

Chow and Robinson26 analyzed 18 papers concerned with pediatric 
FUO published between 1968 and 2008. Of 1638 children, age birth to 
18 years, 832 (51%) had infections, 93 (6%) had malignant neoplasms, 
150 (9%) had noninfectious inflammatory diseases, 179 (11%) had 
miscellaneous causes, such as inflammatory bowel disease and Kawa-
saki disease, and 384 (23%) had no diagnosis. Although the distribu-
tion of diagnostic categories was similar among developed versus 
developing countries, urinary tract infections, brucellosis, tuberculo-
sis, and typhoid fever were more common in developing countries. The 
most common infections diagnosed in cases of FUO in developed 
countries included urinary tract infections, osteomyelitis, tuberculosis, 
and bartonellosis.

Although a daily rectal temperature greater than 38.3° C (100.9° F) 
lasting more than 2 weeks despite diagnostic evaluation has been 

era in which the series was published6,13 and its country of origin 
(Fig. 56-2).4,8,15,21-24 Since the mid 1900s, the frequency with which 
infections and malignant neoplasms have been identified as causes of 
classic FUO has fallen steadily, whereas the proportion of miscella-
neous causes and undiagnosed conditions has risen.24 However, in 
developing countries, the frequency with which infections are diag-
nosed has changed little.15 Consequently, in these countries malignant 
neoplasms and connective tissue disorders are comparatively less 
important as causes of classic FUO than in developed countries.15

Infants and Children
The diseases responsible for classic FUO in infants differ from those 
in older children and adults. Respiratory infections cause classic FUO 
in infants more often than in children older than 12 months or in 
adults.10 The relative frequency of infections as the cause of FUO in 
infants is high because connective tissue diseases and cancers are rare 
in this age group. Kawasaki disease occurs predominantly in children 
younger than 5 years. Whereas connective tissue diseases are rarely 
seen in children younger than 12 months, Still’s disease is a leading 
cause of FUO in older children and young adults. Joint involvement in 
children with FUO usually signifies a serious underlying disorder, such 
as a connective tissue disease, endocarditis, or leukemia.10

FIGURE 56-1  A, Frequency of the five main etiologic categories of fever of unknown origin. B, Frequency of the five main etiologic categories of fever 
of  unknown  origin  by  decade.  (A from Hayakawa K, et al. Fever of unknown origin: an evidence-based review. Am  J  Med  Sci. 2012;344:307-316; 
B from Mourad O, Palda V, Detsky AS. A comprehensive evidence-based approach to fever of unknown origin. Arch Intern Med. 2003;163:545-551.)
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nonspecific. In elderly patients in whom infections are identified as the 
cause of FUO, intra-abdominal abscesses, complicated urinary tract 
infections, tuberculosis, and endocarditis have predominated.9 For 
unclear reasons, factitious fever is a rare cause of FUO in older adults. 
Relatively few cases of FUO go undiagnosed in elderly patients (see 
Table 56-3). The occurrence of classic FUO in an elderly patient has a 
distinctly poorer prognosis than for the younger patient because of the 
relatively high incidence of malignancies in the elderly.32

Returned Travelers
Fever in returned travelers (see Chapter 324) is most often due to 
common infections, such as malaria and respiratory or urinary tract 

defined as FUO in children, 9 of 18 papers analyzed by Chow and 
Robinson used the classic definition of FUO.26

Elderly Persons
One of the most striking features of classic FUO in patients older than 
65 years is the relatively high frequency with which connective tissue 
diseases are identified as the cause of the illness (Table 56-3).4,9,27-30 In 
developed countries, connective tissue diseases surpass even infections 
as the leading cause of classic FUO in the elderly.4,9,29 This is primarily 
because the temporal arteritis and polymyalgia rheumatica syndromes 
are common in this setting.4,29-31 Unfortunately, these diagnoses are 
frequently missed or delayed because their symptoms are subacute and 

FIGURE 56-2  Distinctive fever patterns. A, Malaria. B, Typhoid fever (demonstrating relative bradycardia). C, Hodgkin’s disease (Pel-Ebstein pattern). 
D, Borreliosis (relapsing fever pattern). (From Woodward TE. The fever pattern as a clinical diagnostic aid. In: Mackowiak PA, ed. Fever. Basic Mechanisms 
and Management. 2nd ed. Philadelphia: Lippincott-Raven; 1997:215-236.)
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tract instrumentation, intravascular devices, drug therapy, and immo-
bilization. Leading examples of causes attributable to health care–
associated FUO include drug fever, postoperative complications (i.e., 
occult abscesses), septic thrombophlebitis, recurrent pulmonary 
emboli, myocardial infarction, cancers, blood transfusion, and Clos-
tridium difficile colitis.4,7,34

Postoperative Patients
Several reports have highlighted the fact that it is often difficult to 
identify the precise cause of postoperative fevers. In a series of 537 
consecutive patients undergoing major gynecologic surgery, 211 (39%) 
developed postoperative fever.35 Of 77 blood cultures performed on 
these patients, none was positive. Although 11 of 106 (10%) urine 
cultures were positive and 5 of 54 (9%) chest radiographs were abnor-
mal, a specific pathologic process was detected in only 8% of febrile 
patients. In a prospective study by Kendrick and colleagues36 of post-
operative fever among 292 patients admitted to a gynecologic oncology 
service after abdominal or vaginal operation, 58 (20%) patients devel-
oped postoperative fever. Among 37 (16%) low-risk surgical patients 
developing postoperative fever, only 6 (3%) had an infection diagnosis. 
The majority of infections occurred within 4 days of the operative 
procedure and included pneumonia, vaginal cuff cellulitis, and urinary 
tract infection. The authors proposed that postoperative fever is 
common and frequently represents the response to surgically induced 
tissue injury with the release of pyrogenic cytokines and interleukins 
rather than the result of infection. Although fever is a well-recognized 
manifestation of some surgical procedures, most episodes are short-
lived and do not meet the classic definition of FUO. Postoperative 
fevers generally do not require extensive diagnostic investigation for 
unusual causes of fever.

In another series concerned with the etiology of persistent postop-
erative fever in patients undergoing total joint arthroplasty, few defini-
tive diagnoses were established, causing the authors to conclude that 
postoperative fever (postoperative days 1 through 5) is a normal com-
ponent of the inflammatory response to this type of major surgery.37

Intensive Care Unit Patients
Fever is common in intensive care units (ICUs), most often developing 
relatively early after admission to the ICU, in which case it tends to be 
of noninfective origin and carries a favorable prognosis.38 Prolonged 
fever, however, is associated with a worse prognosis. Health care–
associated sinusitis, often a complication of mechanical ventilation 
arising from supine positioning and the use of endotracheal, gastric, 
and feeding tubes, is common39 and should always be considered when 
evaluating FUO in ICU patients. More often than not, the causes of 
fever in the ICU are essentially no different from general causes of 
health care–associated fevers (i.e., abscesses, drug fever, postoperative 
complications, septic thrombophlebitis, recurrent pulmonary emboli, 
myocardial infarction, cancers, blood transfusion, and C. difficile 
colitis). Pulmonary abscesses are usually readily recognized on radio-
logic imaging and, therefore, would be an unlikely cause of FUO.

Stroke Patients
In patients with a recent stroke, fever is usually the result of an infec-
tion, most commonly a urinary tract infection related to urinary cath-
eterization. However, in some cases, a focus of infection cannot be 
identified; and when the fever does not respond to empirical antibiotic 
treatment, it is presumed to be due to the stroke itself. In a study of 
330 patients hospitalized for acute stroke, Georgilis and associates40 
observed that noninfective fevers were most often associated with 
intracranial mass effects and tended to occur earlier after the onset of 
stroke than fevers due to infection.

NEUTROPENIC (IMMUNE-
DEFICIENT) FEVER OF UNKNOWN 
ORIGIN
Obviously, various forms of immunosuppression predispose more or 
less strongly to a wide variety of infectious complications. Thus, it is 
not surprising that immunosuppressed patients have perhaps the 
highest incidence of FUO of any group of patients. In a recent series 
of 116 hematology-oncology patients, for example, Engelhart and 

infections.31,33 However, exotic causes of fever that typically fall short 
of the duration for FUO, such as amebic liver abscess or dengue, are 
occasionally diagnosed, especially among international travelers 
returning from the tropics. Of the many febrile conditions encountered 
among returning travelers (Table 56-4), malaria, typhoid fever, and 
acute HIV infection are the ones most likely to manifest as FUO.

NOSOCOMIAL (HEALTH  
CARE–ASSOCIATED) FEVER  
OF UNKNOWN ORIGIN
Nosocomial (health care–associated) FUO, as the name implies, is a 
condition in which patients first manifest fever during active medical 
treatment for some other illness. Such FUO cases, as might be expected, 
are frequently attributable to risk factors encountered in the health care 
environment, including surgical procedures, urinary and respiratory 

TABLE 56-3  Final Diagnosis in Elderly Compared 
with Younger Patients with Fever of Unknown 
Origin

DIAGNOSIS <65 YR (N = 152) >65 YR (N = 201)
Infections 33 (21%) 72 (35%)

Abscess 6 25

Endocarditis 2 14

Tuberculosis 4 20

Viral infections 8 1

Other 13 12

Tumors 8 (5%) 37 (19%)

Hematologic 3 19

Solid 5 18

Multisystem diseases* 27 (17%) 57 (28%)

Miscellaneous† 39 (26%) 17 (8%)

No diagnosis 45 (29%) 18 (9%)

*Rheumatic diseases, connective tissue disorders, vasculitis (including temporal 
arteritis), polymyalgia rheumatica, and sarcoidosis.

†Includes factitious fever (seven cases), habitual hyperthermia (five cases), and 
drug-induced fever (three cases).

Modified from Iikuni Y, Okada J, Kondo H, et al. Current fever of unknown 
origin 1982-1992. Intern Med. 1994;33:67-73; and Knockaert DC, Vanneste LJ, 
Bobbaers HJ. Fever of unknown origin in elderly patients. J Am Geriatr Soc. 
1993;41:1187-1192.

TABLE 56-4  Causes of Fever in the Returned 
Traveler

DIAGNOSIS

PERCENTAGE
Maclean et al91

(n = 587)
Doherty et al92

(n = 195)
Malaria 32 42

Hepatitis 6 3

Respiratory tract infection* 11 2.6

Urinary tract infection/
pyelonephritis

4 2.6

Dysentery 4.5 5.1

Dengue fever 2 6.2

Enteric fever 2 1.5

Tuberculosis 1 2

Rickettsial infection 1 0.5

Acute HIV infection 0.3 1.0

Amebic liver abscess 1 0

Other miscellaneous infections 4.3 9.2

Miscellaneous noninfectious 
causes

6 1

Undiagnosed 25 24.6

*Includes upper respiratory tract infection, pneumonia, and bronchitis.
HIV, human immunodeficiency virus.
Modified from Suh KN, Kozavsky PE, Keystone JS. Evaluation of fever in the 

returned traveler. Travel Med. 1999;83:997-1017.
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HUMAN IMMUNODEFICIENCY 
VIRUS–RELATED FEVER OF 
UNKNOWN ORIGIN
Episodes of fever are commonplace in patients infected with HIV—a 
special subgroup of immunodeficient patients now so numerous that 
a separate category of FUO is justified.45-48 The primary phase of HIV 
infection is characterized by a mononucleosis-like illness in which 
fever is a prominent feature. All too often, primary HIV infection 
eludes diagnosis because the illness is nonspecific and precedes sero-
conversion. For this reason it represents an important cause of HIV-
associated FUO. Once symptoms of the primary phase of the HIV 
infection resolve, HIV-infected patients enter a long period of subclini-
cal infection during which they are usually afebrile.48 However, in the 
later phases of untreated HIV infection, episodes of fever become 
common, often signifying a superimposed illness. Many of these are 
potentially devastating opportunistic infections, which tend to mani-
fest in atypical fashion owing to the tendency of the disordered immune 
response or prior therapy, or both,49 to distort their clinical features.

Once highly active antiretroviral therapy (HAART) has been 
started and HIV viral load effectively suppressed, the frequency of 
FUO in HIV-infected patients falls markedly. In a report of 274 HIV-
infected patients, for example, Abellan-Martinez and colleagues45 
observed an incidence range of 2.57 to 3.66 FUO episodes per 100 
HIV-infected patients per year prior to the initiation of HAART and 
an incidence range of 0.84 to 1.24 episodes after the introduction of 
therapy. Because of the lack of well-established diagnostic criteria 
during the study period, the immune reconstitution inflammatory syn-
drome (IRIS) was not reported as a cause of fever. In another study, 
the frequency of FUO was 3% in untreated patients compared with 
0.6% in those receiving therapy.50 Mycobacterial infections have been 
the most common cause of FUO in such patients; collagen vascular 
diseases have been distinctly uncommon.45,51 In a recent series reported 
by Armstrong and colleagues,52 the etiology of the FUO was identified 
in 56 of 70 (80%) patients. A single cause was identified in 43; three 
distinct causes of FUO were identified in 3 cases and two causes in 10 
others. The 70 causes of FUO in 56 patients in whom the etiology was 
determined are listed in Table 56-6. Most cases of FUO in HIV-infected 
patients are the result of opportunistic infections, the specific frequen-
cies of which are dictated, at least in part, by geographic variation in 
the prevalence of these infections.53

DIAGNOSIS
The evaluation of a patient with FUO typically includes a comprehen-
sive history, verification that the patient actually has fever, consider-
ation of the fever pattern, repeated physical examinations, a host of 
laboratory investigations, key imaging studies, and invasive diagnostic 
procedures (Table 56-7).

History
It is axiomatic that a comprehensive history is a cornerstone of the 
evaluation of any complex illness such as FUO. The history can be 
especially important in determining the choice of the initial laboratory 
investigations. Particular attention should be given to recent travel, 
exposure to pets and other animals, the work environment, and recent 
contact with people exhibiting similar symptoms. The family history 
should be carefully scrutinized for possible hereditary causes of fever—
for example, familial Mediterranean fever. Likewise, the past medical 
history must be scrutinized for prior episodes of FUO and for any 
previously diagnosed conditions, such as lymphoma, rheumatic fever, 
or intra-abdominal disorders, complications or reactivation of which 
might account for the source of fever. In cases of recurrent FUO, rare 
disorders are more common than in nonrecurrent cases and are also 
more likely to remain undiagnosed.54 Finally, a complete list of the 
patient’s medications must be obtained so that each may be evaluated 
as a potential source of drug-induced fever.

Verification of Fever and Fever Pattern
The next step in the evaluation of the patient with FUO is to verify the 
presence of fever. The importance of this step should be self-evident, 
yet it is often overlooked. In fact, in a series of 347 patients admitted 
to the National Institutes of Health for investigation of prolonged fever, 

associates41 observed 33 FUOs in 28 patients, for an overall rate of 8.2 
episodes per 1000 patient-days. Because of impaired immune 
responses, signs of inflammation other than fever are notoriously 
absent or diminished in such patients, leading to atypical clinical fea-
tures and absence of radiologic abnormalities in what otherwise would 
be readily diagnosed infections.42

In patients with impaired cell-mediated immunity, FUO is often 
due to conditions other than pyogenic bacterial infections, as illus-
trated in a recent survey of transplant recipients by Chang and 
co-workers.43 In that series, infections were the cause of 7 of the 12 
(58%) episodes of fever in which a diagnosis could not be established 
during 3 days of intensive investigation; these included five cases of 
human herpesvirus 6 infection, one of varicella-zoster virus infection 
with atypical skin lesions, and one of pneumonia due to Serratia marc-
escens (in which the pulmonary infiltrate was initially inapparent 
radiographically). Three (25%) cases were due to noninfectious condi-
tions: malignant neoplasm, drug-induced fever, and adrenal insuffi-
ciency. In two (17%) cases, the cause of the fever could not be 
determined.

Neutropenia is a dangerous condition that can be considered a 
special subclass of immunodeficiency. The number of patients with 
episodes of neutropenia resulting from cytotoxic therapy or from 
various malignancies affecting the bone marrow is rising, even as the 
median duration of neutropenia in such patients is falling, owing to 
the increasing application of treatment with colony-stimulating factors.

Episodes of fever are common in patients with neutropenia. Many 
such episodes are short-lived, because they either respond quickly to 
treatment or are manifestations of rapidly fatal infections. Because 
bacteremia and sepsis are frequent causes, empirical broad-spectrum 
antibiotics should be administered promptly, without waiting for the 
results of cultures, when fever develops in neutropenic patients. 
However, only about 35% of prolonged episodes of febrile neutropenia 
(usually defined as persistent fevers for >7 days after initiation of 
empirical antimicrobial therapy in association with a negative workup 
and neutropenia expected to last >7 days) respond to broad-spectrum 
antibiotic therapy. Although practitioners often assume that if fever 
does not respond promptly to antibacterial therapy, fungal infection 
must be responsible, other causes are equally likely to be identified 
(Table 56-5).42,44

TABLE 56-5  Possible Causes of Fever in 
Neutropenic Patients Not Responding to  
Broad-Spectrum Antibiotics

CAUSES
APPROXIMATE FREQUENCY 
IN HIGH-RISK PATIENTS (%)

Fungal infections susceptible to 
empirical therapy

40

Fungal infections resistant to empirical 
antifungal therapy

5

Bacterial infections (with cryptic foci, 
biofilms, and resistant organisms)

10

Toxoplasma gondii, mycobacteria, or 
fastidious pathogens (Legionella, 
Mycoplasma, Chlamydia 
pneumoniae, Bartonella)

5

Viral infections (herpesviruses, 
cytomegalovirus, Epstein-Barr virus, 
human herpesvirus 6, varicella-zoster 
virus, herpes simplex virus, 
parainfluenza virus, respiratory 
syncytial virus, influenza viruses)

5

Graft-versus-host disease after 
hematopoietic stem cell 
transplantation

10

Undefined (e.g., drug fever, toxic 
effects of chemotherapy, antitumor 
responses, undefined pathogens)

25

From Corey L, Boeckh M. Persistent fever in patients with neutropenia. N Engl J 
Med. 2002;346:222-224. Copyright © 2002 Massachusetts Medical Society. All 
rights reserved.
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utility.57 A few, such as the Pel-Ebstein pattern seen in some cases of 
Hodgkin’s disease, the typhus inversus (i.e., reversal of the normal 
diurnal pattern) in some cases of disseminated tuberculosis, and the 
pulse-temperature disassociation sometimes seen in typhoid fever, 
have been posited as having diagnostic value (see Fig. 56-2). Unfortu-
nately, with the possible exception of the well-known periodicity of 
tertian and quartan malaria, these fever patterns are neither sensitive 
nor specific enough for diagnosis of any disease.

Thus, although fever patterns per se are rarely diagnostic, they 
occasionally offer useful information57 and should be considered in the 
context of other signs, symptoms, and laboratory data. The resolution 
of fever after the institution of a disease-specific therapy (e.g., empirical 
therapy for suspected tuberculosis) sometimes provides good evidence 
to support a presumptive diagnosis.

In pediatric populations, the height of a fever correlates roughly 
with the likelihood of bacteremia. McCarthy and co-workers58,59 
reported that in young children with febrile illnesses, the likelihood of 
bacteremia is 7% in children with temperatures of 40° C (104° F) or 
less, 13% with temperatures of 40.5° C to 41° C (104.9° F to 105.8° F), 
and 26% with temperatures of 41.1° C (106° F) or greater. It is com-
monly believed that there may be a similar relationship between high 
fever and the likelihood of bacteremia in adults; this belief has not been 
substantiated. In any case, the relationship is at best loose, even in 
children, with numerous examples of bacteremia in which there is little 
or no fever and nonbacteremic conditions, such as drug-induced fever, 
thrombophlebitis, and recurrent pulmonary emboli, in which extremely 
high fevers sometimes are encountered.

Physical Examination
In the investigation of FUO, several aspects of the physical examination 
should be accorded closer scrutiny than generally given during the 
evaluation of other illnesses (Table 56-8). Frequently, key physical 
abnormalities in patients with FUO are so subtle as to require repeated 
examinations to be appreciated. Examples include the nodular or 
weakly pulsatile temporal artery of temporal arteritis, the telltale oral 
ulcers of disseminated histoplasmosis or Behçet’s syndrome, the 
choroid granuloma or epididymal nodule of extrapulmonary tubercu-
losis, the testicular nodule of polyarteritis nodosa, and the vague rectal 
fluctuance of a perirectal abscess. The diagnostic yield of the physical 
examination alone in the evaluation of FUO has not been studied 
directly. Nevertheless, in two pediatric series, abnormal physical find-
ings were reported to have contributed to the diagnosis in 60% of cases 
of FUO.60,61 In half of these, the abnormalities were detected only after 
repeated examinations. A vigorous search for lymphadenopathy is rec-
ommended. When enlarged lymph nodes are detected in a patient with 
FUO, lymph node biopsy is often undertaken. However, with the 
exception of the lymphomas, the diagnostic yield of lymph node biopsy 
in FUO is disappointingly low.60,62

Laboratory Investigations
The literature is replete with algorithms indicating which laboratory 
tests should be performed to evaluate FUO.4,21,29,63-67 Although useful 
as general guides, blind application of such algorithms may result in 
performance of an excessive number of tests. They should be selectively 
applied using clues gleaned from the history and physical examination, 
also referred to as potentially diagnostic clues (PDCs), to direct the 
choice and sequence of tests (Table 56-9). When formulating a diag-
nostic plan for FUO patients, the clinician should remember the old 
saying that the cause is more often a common disease presenting in 
atypical fashion than a rare disease presenting in typical fashion. Inap-
propriate diagnostic tests in the evaluation of FUO may not only delay 
identification of the correct diagnosis but also result in false-positive 
tests leading to misguided treatment plans.4,21,66 A well-conducted 
history and physical examination is perhaps more important than any 
other diagnostic procedure in focusing the FUO evaluation, accelerat-
ing initiation of appropriate therapy while minimizing the cost and 
potential toxicity of unnecessary interventions.

In most series, noninvasive laboratory tests have yielded the diag-
nosis in approximately a fourth of the cases.9,24 The most useful of these 
have been serologic tests for microbial pathogens and for various  
rheumatologic disorders. Examination of blood smears is occasionally 

35% were ultimately determined either not to have significant fever at 
all or to have fever of factitious origin.55

Clinicians have endeavored to diagnose particular diseases by ana-
lyzing the associated fever patterns since the earliest days of clinical 
thermometry.56 These efforts have given rise to an extensive and fre-
quently arcane terminology, including descriptors such as remittent, 
intermittent, hectic, quotidian, picket fence, sustained, quartan, and 
saddleback fevers. Such terms have been used to codify fever patterns 
into general categories in an attempt to enhance their diagnostic 

TABLE 56-6  Diseases Established as the Etiology 
of Fever in 70 Cases of HIV-Associated Fever of 
Unknown Origin

ETIOLOGY
NO. (%) OF TIMES DIAGNOSIS 
WAS ESTABLISHED

Infection
DMAC 22 (31)

Pneumocystis jirovecii pneumonia 10 (13)

CMV 8 (11)

Histoplasmosis 5 (7)

Viral (not CMV)* 5 (7)

Bacterial 4 (5)

Mycobacterium tuberculosis 4 (5)

Fungal (not histoplasmosis)*† 2 (3)

Parasitic*‡ 2 (3)

Mycobacterium genavense 1 (1)

TOTAL 63 (88)

Neoplasia
Lymphoma 5 (7)

Kaposi sarcoma 1 (1)

TOTAL 6 (8)

Miscellaneous
Drug fever 2 (3)

Castleman disease 1 (1)

TOTAL 3 (4)

*Includes hepatitis C, hepatitis B, adenovirus pneumonia, herpes simplex 
esophagitis, and varicella-zoster encephalitis (one case each).

†Includes disseminated cryptococcosis and pulmonary aspergillosis (one case each).
‡Includes cerebral toxoplasmosis and disseminated cryptosporidiosis (one case 

each).
CMV, cytomegalovirus; DMAC, disseminated Mycobacterium avium complex; 

HIV, human immunodeficiency virus.
Modified from Armstrong WS, Katz JT, Kazanjian PH. Human immunodeficiency 

virus–associated fever of unknown origin: a study of 70 patients in the United 
States and review. Clin Infect Dis. 1999;28:341-345.

TABLE 56-7  General Diagnostic Evaluation of 
Patients with Fever of Unknown Origin

Comprehensive history
Repeated physical examinations
Complete blood cell count
Routine blood chemistry determinations
Urinalysis, including microscopic examination
Chest radiograph
Erythrocyte sedimentation rate
Antinuclear antibodies
Rheumatoid factor
Blood cultures: three or more separate specimens obtained in absence of 

antimicrobial therapy
Cytomegalovirus IgM antibodies or viral detection in blood
Heterophil antibody test in children and young adults
Tuberculin skin test
Computed tomography of abdomen, pelvis, or other sites
Magnetic resonance imaging
Radionuclide scans
Human immunodeficiency virus antibodies or viral detection assay
Further evaluation of any abnormality detected by above tests
Venous duplex imaging of lower limbs

Modified from Arnow PM, Flaherty JP. Fever of unknown origin. Lancet. 
1997;350:575-580, with permission from Elsevier.
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contributing very little to diagnosis, there are reports that labeled leu-
kocyte scans can provide a higher diagnostic yield than that obtained 
by either CT or ultrasound scanning.76,77 Another technique for evalu-
ating undiagnosed fever, especially FUO, is gallium-67 (67Ga) scan-
ning. Its ability to image inflammation was first described by Lavender 
and colleagues in 1971.78 Shortly thereafter, Hilson and Maisey79 
reported positive results by 67Ga scanning in 50 of 67 patients with 
FUO, of whom 32 had abscesses. The 67Ga scan was considered at one 
time to be particularly effective in visualizing chronic infections and 
lymphomas,80 but this older test for FUO has been largely displaced by 
CT and MRI. Positron emission tomography (PET) using the positron-
emitting glucose analogue 18F-fluorodeoxyglucose (FDG) has generally 
not been helpful in the workup of patients with FUO, but there are 
reports to the contrary.81-83 In a prospective comparison of the two 
diagnostic modalities, Meller and colleagues81 reported a sensitivity of 
81% and a specificity of 86% for FDG-PET in detecting the focus of 
the fever, as compared with 67% and 78%, respectively, for 67Ga scin-
tigraphy. In a meta-analysis reported by Dong and colleagues,83 
FDG-PET/CT exhibited an overall pooled sensitivity of 98.2% and 
specificity of 85.9% for establishing a diagnosis in patients with FUO. 
Of the major diagnostic categories, the reported sensitivities were 
86.7% for malignant neoplasms, 81.5% for infectious diseases, and 
76.3% for noninfectious inflammatory conditions. The authors con-
cluded that FDG-PET/CT should be considered when conventional 
diagnostic methods have been unsuccessful in the diagnosis of an etiol-
ogy for FUO. Diagnostic considerations for which this technology may 
be most helpful included localized abscesses, osteomyelitis, sinusitis, 
sarcoidosis, vasculitis, adult-onset Still’s disease, Crohn’s disease, and 
subacute thyroiditis.

Invasive Diagnostic Procedures
Histopathologic examination of tissues obtained by excisional biopsy, 
needle biopsy, or laparotomy can provide a definitive diagnosis in some 
cases; but in most published series of FUO patients, biopsy gave the 
final answer in fewer than half.73 The majority of patients with FUO 
undergo at least one such procedure, even though the diagnostic yield 
is only fair, with an average of two or three, sometimes even more, 
separate biopsies required to establish a final diagnosis.13,84 The diag-
nostic yield of operative and CT-guided biopsies is higher than that of 
old-style bedside biopsy procedures.13 For this reason, bedside biopsies 
should rarely be performed today unless guided by localizing informa-
tion gained from imaging studies. An important exception to the 
injunction against blind biopsies concerns the temporal artery, which 
may merit biopsy in an elderly FUO patient with an erythrocyte sedi-
mentation rate greater than 50 to 100 mm/hr, even in the absence of 
localizing signs.9

Exploratory laparotomy, once a prominent procedure in the workup 
of FUO, is rarely performed today, unless localized abdominal physical 
signs or imaging findings, or both, are present. Laparoscopy, including 

diagnostic, especially in patients with tick-borne or louse-borne relaps-
ing fever, anaplasmosis, and ehrlichiosis. Paradoxically, the advent of 
enhanced microbial culture systems has had less of an impact on the 
proportion of successful diagnoses than might have been anticipated. 
This is because modern culture systems have become so proficient at 
recovering fastidious bacteria, mycobacteria, and fungi from blood 
that they provide the diagnosis promptly, before the time required to 
meet the definitions of FUO has elapsed. Bone marrow examination 
should be considered for diagnosis of suspected granulomatous dis-
eases (e.g., tuberculosis, histoplasmosis, and sarcoidosis), carcinoma-
tosis, and hemophagocytic syndrome, especially in patients with 
abnormal complete blood cell counts.68-70 In two recent series, bone 
marrow examination contributed to the diagnosis of FUO in approxi-
mately a fourth of cases.68,69 Whereas the majority of HIV-infected 
patients were diagnosed with an infectious etiology, nonimmunocom-
promised patients were more likely to have a neoplastic or noninfec-
tious inflammatory condition. In transplant patients, procalcitonin 
levels may be of use in differentiating infection from acute organ rejec-
tion, in that elevated levels are seen in the former but not the latter 
condition.71

Imaging Studies
Imaging studies have been used primarily to localize abnormalities as 
a preamble to more definitive invasive tests. CT of the abdomen and, 
to a lesser extent, ultrasound imaging of the gallbladder and hepatobili-
ary system have been used extensively to evaluate cases of FUO. In one 
series, more than three CT or ultrasound examinations, or both, were 
performed for each FUO patient evaluated.72 Nevertheless, the diagnos-
tic yield per test performed is low—about 10%. False-negative CT 
studies have occasionally been encountered, even in cases of abscesses 
in solid organs, as a result of distortions of normal anatomy, small 
abscess size, or failure to use both oral and intravenous contrast agents.73 
CT pulmonary angiograms can be very helpful in diagnosis of pulmo-
nary emboli. MRI is especially useful for evaluation of the central 
nervous system and, in the abdomen, the spleen and lymph nodes. In 
a series of 67 patients undergoing evaluation for FUO, Wagner and 
colleagues74 reported that application of MRI of the aortic arch and 
proximal cervical arteries in selected patients improved the diagnosis 
of large vessel vasculitis by 20%. Although one case did not demonstrate 
vasculitic changes by cervical imaging, four cases would have remained 
undiagnosed without the application of MRI. The most common dis-
eases diagnosed by this testing modality were giant cell arteritis (55%), 
Takayasu’s arteritis (27%), Wegener’s granulomatosis (9%), and micro-
scopic polyangiitis (9%). In another series involving prolonged fevers 
among neutropenic patients, MRI offered a reliable radiation-free 
option for diagnosing suspected pulmonary infections.75

Scanning with labeled autologous leukocytes has been used for 
evaluating cases in which infections and malignant neoplasms are the 
cause of FUO. Although this scan has generally fallen out of favor as 

TABLE 56-8  Examples of Subtle Physical Findings Having Special Significance in Patients with Fever of 
Unknown Origin

BODY SITE PHYSICAL FINDING DIAGNOSIS
Head Sinus tenderness Sinusitis

Temporal artery Nodules, reduced pulsations Temporal arteritis

Oropharynx Ulceration; tender tooth Disseminated histoplasmosis, periapical abscess

Fundi or conjunctivae Choroid tubercle, petechiae, Roth’s spot Disseminated granulomatosis,* endocarditis

Thyroid Enlargement, tenderness Thyroiditis

Heart Murmur Infective or marantic endocarditis

Abdomen Enlarged iliac crest lymph nodes, splenomegaly Lymphoma,† endocarditis, disseminated granulomatosis*

Rectum Perirectal fluctuance, tenderness Abscess

Prostatic tenderness, fluctuance Abscess

Genitalia Testicular nodule Periarteritis nodosa

Epididymal nodule Disseminated granulomatosis

Lower extremities Deep venous tenderness Thrombosis or thrombophlebitis

Skin and nails Petechiae, splinter hemorrhages, subcutaneous nodules, clubbing Vasculitis, endocarditis

*Includes tuberculosis, histoplasmosis, coccidioidomycosis, sarcoidosis, and syphilis.
†See text for note on the nonspecificity of lymphadenopathy identified on physical examination.
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to be an acceptable means of strengthening a presumptive diagnosis 
when all other means have failed.

The limitations and risks of empirical therapeutic trials are obvious. 
Underlying diseases may remit spontaneously during the course of 
ineffective therapy, giving the false impression of success. Furthermore, 
empirical treatment is rarely specific. Rifampin, for example, is likely 
to be included in empirical therapeutic regimens for tuberculosis but 
is highly active against numerous bacterial species other than Myco-
bacterium tuberculosis. Conversely, fluoroquinolones given for other 
reasons may have a beneficial effect on tuberculosis or Q fever. Simi-
larly, fevers caused by malignant neoplasms have been reported to 
respond better to nonsteroidal anti-inflammatory agents such as 
naproxen than fevers of infectious origin,87,88 but the action of naproxen 
is nonspecific; the ability of the so-called naproxen test to differentiate 

laparoscopic liver biopsy, has helped further obviate the need for lapa-
rotomy.85 Blind liver biopsy, even in patients with known liver abnor-
malities detected by laboratory tests or imaging, is less accurate than 
laparoscopic liver biopsy.86

THERAPY
Therapeutic Trials
In the past, empirical therapy with anti-inflammatory agents, such as 
corticosteroids, aspirin, or antimicrobial agents, was often given with 
the intent of providing an indirect diagnostic test in patients with 
unexplained FUO.1 In rare cases, even antineoplastic drugs were used 
for this purpose. Today such trials are seldom indicated. However, in 
carefully selected cases, therapeutic trials employing agents with 
limited spectrums of activity (e.g., antimycobacterial drugs) continue 

TABLE 56-9  Examples of Potential Diagnostic Clues to Infections Presenting as Fever of Unknown Origin

ETIOLOGY HISTORICAL CLUES PHYSICAL CLUES
Anaplasmosis Transmitted by the bite of an Ixodes tick in association with 

outdoor activity in North Central and Eastern United States
Fever, headache, arthralgia, myalgia, pneumonitis, 

thrombocytopenia, lymphopenia, and elevated liver enzymes

Babesiosis Transmitted by the bite of an Ixodes tick in association with 
outdoor activity in the Northeastern United States

Arthralgias, myalgias, relative bradycardia, hepatosplenomegaly, 
anemia, thrombocytopenia, and elevated liver enzymes

Bartonellosis Recent travel to the Andes mountains (Oroya fever; Bartonella 
bacilliformis), association with homelessness in urban settings 
(Bartonella quintana) or the scratch of an infected kitten or 
feral cat (Bartonella henselae)

Conjunctivitis, retro-orbital pain, anterior tibial bone pain, 
macular rash, nodular plaque lesions, and/or regional 
lymphadenopathy

Blastomycosis Contact with soil adjacent to the Mississippi and Ohio River 
valleys, Saint Lawrence River in New York and Canada, and 
North American Great Lakes or exposure to infected dogs

Arthritis, atypical pneumonia, pulmonary nodules, and/or 
fulminant adult respiratory distress syndrome, verrucous, 
nodular, or ulcerative skin lesions, and prostatitis

Brucellosis Associated with contact or consumption of products from 
infected goats, pigs, camels, yaks, buffalo, or cows and with 
abattoir work

Arthralgias, hepatosplenomegaly, suppurative musculoskeletal 
lesions, sacroiliitis, spondylitis, uveitis, hepatitis, and 
pancytopenia

Coccidioidomycosis Exposure to soil or dust in the southwestern United States Arthralgias, pneumonia, pulmonary cavities, pulmonary nodules, 
erythema multiforme, and erythema nodosum

Ehrlichiosis Transmitted by the bite of an Amblyomma, Dermacentor, or 
Ixodes tick in association with outdoor activity in midwestern 
and southeastern United States

Pneumonitis, hepatitis, thrombocytopenia, and lymphopenia

Enteric fever
(Salmonella enterica serovar 

Typhi)

Recent travel to a Third World country with consumption of 
potentially contaminated food or water

Headache, arthritis, abdominal pain, relative bradycardia, 
hepatosplenomegaly, and leukopenia

Histoplasmosis Exposure to bat or black bird excreta in roosts, chicken houses, 
or caves in the region surrounding the Ohio and Mississippi 
River valleys

Headache, pneumonia, pulmonary cavities, mucosal ulcers, 
adenopathy, erythema nodosum, erythema multiforme, 
hepatitis, anemia, leukopenia, and thrombocytopenia

Leptospirosis Occupational exposure among workers in sewers, rice and sugar 
cane fields, and abattoirs. Recreational water sports and 
exposure to contaminated waters or infected dogs.

Bitemporal and frontal headache, calf and lumbar muscle 
tenderness, conjunctival suffusion, hepatic and renal failure, 
and hemorrhagic pneumonitis

Leishmaniasis (visceral 
disease)

Associated with recent travel to areas endemic for sand flies Hepatosplenomegaly, lymphadenopathy, and hyperpigmentation 
of the face, hand, foot, and/or abdominal skin (kala azar)

Malaria Recent travel to endemic areas in Asia, Africa, and Central/South 
America

Fever, headaches, nausea, emesis, diarrhea, hepatomegaly, 
splenomegaly, and anemia

Psittacosis
(Chlamydia psittaci)

Associated with contact with birds, especially psittacine birds Fever, pharyngitis, hepatosplenomegaly, pneumonia, blanching 
maculopapular eruptions, erythema multiforme, erythema 
marginatum, and erythema nodosum

Q fever
(Coxiella burnetii)

Associated with farm, veterinary, or abattoir work; consumption 
of unpasteurized milk; and contact with infected sheep, goats, 
or cattle

Atypical pneumonia, hepatitis, hepatomegaly, relative 
bradycardia, and/or splenomegaly

Rat-bite fever
(Streptobacillus moniliformis)

Recent bite or scratch by a rat, mice or squirrel and/or ingestion 
of food or water contaminated by rat excrement

Headaches, myalgias, polyarthritis, and maculopapular, 
morbilliform, petechial, vesicular, or pustular rash over the 
palms, soles, and extremities

Relapsing fever
(Borrelia recurrentis)

Associated with poverty, crowding, and poor sanitation 
(louse-borne), or with camping (tick-borne), particularly in the 
Grand Canyon

High fever with rigors, headache, delirium, arthralgias, myalgias, 
and hepatosplenomegaly

Rocky Mountain spotted 
fever

Associated with outdoor activity in the South Atlantic or 
southeastern United States and exposure to Dermacentor tick 
bites

Headache, petechial rash involving the extremities, hand palms, 
and feet soles

Tuberculosis Recent contact with tuberculosis, recent immigration from an 
endemic country, and work or residence in homeless shelters, 
correctional facilities or health care facilities

Night sweats, weight loss, atypical pneumonia, cavitary 
pulmonary lesions

Tularemia Associated with bites by Amblyomma or Dermacentor ticks, deer 
flies, and mosquitoes or direct contact with the tissues of 
infected animals such as rabbits, squirrels, deer, raccoons, 
cattle, sheep, and swine

Ulcerated skin lesions at a bite site, pneumonia, relative 
bradycardia, lymphadenopathy, and conjunctivitis

Whipple’s disease
(Tropheryma whippelii)

Potential association with exposure to sewage Chronic diarrhea, arthralgia, weight loss, malabsorption, and 
malnutrition
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arteritis to prevent vascular complications such as blindness or stroke. 
Primary care physicians, who have learned from experience that the 
most cost-effective approach to many acute febrile illnesses is to try 
empirical antimicrobial therapy before undertaking expensive diag-
nostic exercises, should appreciate that this approach is less likely to 
succeed in patients with FUO.

In febrile neutropenic patients, the principles of treatment are 
entirely different. Because of the relatively high prevalence of serious 
bacterial infections responsible for these fevers, febrile neutropenic 
patients should generally receive broad-spectrum antipseudomonal 
antimicrobial therapy immediately after samples for appropriate cul-
tures have been obtained (see Chapter 309).44

PROGNOSIS
The prognosis of FUO is determined by the cause of the fever and by 
the nature of any underlying disease or diseases. The time required to 
establish the diagnosis is less important. Elderly patients and those 
with malignant neoplasms have the poorest prognosis.1 Diagnostic 
delay affects the prognosis adversely in intra-abdominal infections, 
miliary tuberculosis, disseminated fungal infections, and recurrent 
pulmonary emboli.73

Patients in whom FUO remains undiagnosed after extensive evalu-
ation generally have a favorable outcome, characteristically with reso-
lution of their fever in 4 or more weeks without sequelae.3,84,90 In a study 
of 61 patients observed long term for undiagnosed FUO, Knockaert 
and associates90 were largely unsuccessful in identifying specific etiolo-
gies. Most cases eventually resolved spontaneously, generally obviating 
the need for corticosteroid therapy. Some patients, however, required 
nonsteroidal anti-inflammatory drugs for symptomatic relief. In this 
series, the 5-year mortality rate for undiagnosed FUO was only 3.2%.

malignant from nonmalignant causes of FUO remains unvalidated. For 
these reasons, therapeutic trials, even when successful in reducing 
fever, may delay the correct diagnosis and thus the appropriate treat-
ment of FUO. Therefore, empirical therapeutic trials should be reserved 
for those very few patients in whom all other approaches have failed 
or those so seriously ill that therapy cannot be withheld for a further 
period of observation, or both. In practice, this occurs most often in 
the case of suspected tuberculosis.

Management
Traditional classic FUO cases are much less common than the complex 
and multifactorial FUO cases encountered among intensive care unit 
patients. The differential diagnosis for prolonged febrile episodes has 
expanded well beyond infectious causes to what has recently been 
termed fever of too many origins.89 Because there are few formal guide-
lines, decisions regarding FUO management have certainly become 
more complex as infectious disease physicians encounter increasingly 
vague or inconclusive diagnostic test results.

A fundamental principle in the management of classic FUO is that 
therapy should be withheld, whenever possible, until the cause of the 
fever has been determined, so that treatment can be tailored to a spe-
cific diagnosis.1 This approach is based on the oft-repeated observation 
that nonspecific treatment rarely cures FUO and has the potential to 
delay reaching a specific diagnosis. This ideal is, however, frequently 
ignored in clinical practice because the road to diagnosis of FUO is, 
by definition, often long and frustrating. As a result, clinicians may feel 
compelled to treat symptoms empirically, even though the agents used 
may obscure the very signs and symptoms on which the diagnosis 
depends. An important exception is that empirical treatment with 
corticosteroids may be appropriate in patients with suspected temporal 
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The Acutely Ill Patient with Fever 
and Rash
David J. Weber, Myron S. Cohen, and William A. Rutala

A recognizable rash can lead to immediate diagnosis and appropriate 
therapy. Material isolated from involved skin, when properly handled, 
can confirm a specific diagnosis. Unfortunately, rashes often present a 
bewildering array of diagnostic possibilities. Dermatologists, who are 
generally more comfortable with evaluation of the skin, are not always 
available for immediate consultation. Furthermore, dermatologists and 
infectious disease specialists frequently differ in their approach to the 
patient with a rash.

A framework is provided in this chapter for investigation of the 
cause of rash, with emphasis on the following: (1) a diagnostic approach 
to patients with fever and rash, (2) categories of skin lesions, and (3) 
brief descriptions of the most important febrile illnesses characterized 
by a rash.

APPROACH TO THE PATIENT
In the initial evaluation of a patient with fever and rash, four concerns 
must be addressed immediately. The first is whether the patient is well 
enough to provide further history or whether cardiorespiratory support 
is urgently required. The second is whether the nature of the rash, in 
the context of presentation, demands immediate institution of isolation 
precautions. Isolation is required primarily for patients whose illnesses 
allow droplet or airborne spread of the pathogen and includes both 
viral (e.g., possible viral hemorrhagic fever) and bacterial diseases  
(e.g., possible invasive meningococcal infection). If deemed necessary, 

isolation precautions should be adhered to scrupulously. Health care 
personnel should exercise caution in all interactions with patients with 
undiagnosed infectious diseases, and they should use standard precau-
tions, including the avoidance of direct contact with all excretions and 
secretions with the exception of sweat.1-4 Although the vast majority of 
skin eruptions are noninfectious, gloves should always be worn during 
the examination of the skin whenever an infectious cause is being 
considered because some infections (e.g., syphilis, herpes simplex virus 
[HSV]) may be acquired via direct skin contact. In the event of poten-
tial exposure to a pathogen, health care personnel should be evaluated 
by their occupational health service for postexposure prophylaxis or 
the need for work restrictions or both.4-7 The third concern is if skin 
lesions suggest a life-threatening infection, such as bacterial sepsis, 
staphylococcal or streptococcal toxic shock, Kawasaki disease, necro-
tizing fasciitis, toxic epidermal necrolysis, or Rocky Mountain spotted 
fever (RMSF).8-11 Early diagnosis is important because prompt initia-
tion of appropriate therapy may improve survival.12,13 If skin lesions are 
consistent with meningococcal disease (see later discussion), the 
immediate institution of antibacterial therapy is crucial.14,15-17 Finally, 
consideration must be given to the possibility that the patient has an 
exotic disease acquired as a result of travel or the intentional release of 
an agent of bioterrorism.18 Bioterrorist agents that may be acquired via 
person-to-person transmission and characteristically cause a general-
ized rash include smallpox1,19 and the viral hemorrhagic fevers (i.e., 

Definition
•	 Skin	lesions	are	frequently	present	in	acutely	

ill	patients	with	serious	infectious	diseases	and	
may	provide	important	clues	that	aid	in	early	
diagnosis	and	treatment.

Epidemiology
•	 Acutely	ill	patients	with	a	potential	infectious	

disease	and	skin	lesions	(or	rash)	should	have	
a	history	obtained	that	elicits	the	following:	
recent	drug	ingestion;	travel	outside	the	local	
area;	potential	occupational	exposures;	recent	
immunizations;	risk	factors	for	sexually	
transmitted	infections,	including	human	
immunodeficiency	virus	infection;	factors	
affecting	host	resistance	or	
immunocompromising	conditions;	prior	
allergies	to	antibiotics;	recent	exposures	to	
febrile	or	ill	persons;	exposure	to	rural	habits,	
insects,	arthropods,	and	wild	animals;	and	
exposure	to	pets	or	animals.

•	 Patients	with	skin	lesions	or	rashes	consistent	
with	a	communicable	infectious	disease	(e.g.,	
invasive	meningococcal	infection)	should	be	
immediately	placed	on	appropriate	isolation	
precautions	(i.e.,	contact,	droplet,	or	airborne).

•	 Infectious	disease	physicians	should	be	
familiar	with	the	skin	lesions	(or	rash)	that	
might	accompany	a	patient	with	disease	that	
could	be	the	result	of	the	intentional	use	of	a	
bioweapon	(e.g.,	anthrax,	smallpox,	plague,	
viral	hemorrhagic	fevers).

Microbiology
•	 Serious	bacterial	infections	with	skin	lesions	

include	Staphylococcus	aureus	(toxic	shock	
syndrome,	scalded	skin	syndrome),	
Streptococcus	pyogenes	(toxic	shock	
syndrome),	Salmonella	enterica	serotype	
Typhi,	Neisseria	meningitidis,	and	Rickettsia	
rickettsii.

•	 Potentially	serious	viral	infections	with	skin	
lesions	include	measles,	rubella,	Epstein-Barr	
infection,	cytomegalovirus,	human	herpesvirus	
6,	and	viral	hemorrhagic	fevers	(e.g.,	Ebola,	
Marburg,	Lassa).

•	 Life-threatening	drug	reactions	may	result	
from	antibiotic	therapy	for	disorders	such	as	
Stevens-Johnson	syndrome/toxic	epidermolysis	
necrosis	and	from	drug	reaction	with	
eosinophilia	and	systemic	symptoms	(DRESS).

Diagnosis
•	 Key	aspects	of	skin	lesions	that	aid	in	a	proper	

diagnosis	include	(1)	primary	type(s)	of	skin	
lesions,	(2)	distribution	of	the	lesions,	(3)	
pattern	of	progression	of	the	rash,	and	(4)	
timing	of	onset	of	the	rash	relative	to	the	
onset	of	fever	and	other	systemic	signs.

•	 The	appearance	of	skin	lesions	may	be	very	
useful	in	the	diagnosis	of	specific	infectious	
diseases.	Maculopapular	rashes	are	usually	
seen	in	viral	illnesses,	drug	eruptions,	and	
immune	complex–mediated	diseases.	Nodular	
lesions	are	suggestive	of	mycobacteria	or	

fungal	infections.	Diffuse	erythema	suggests	
scarlet	fever,	toxic	shock	syndrome,	Kawasaki	
disease,	or	Stevens-Johnson	syndrome/toxic	
epidermal	necrolysis.	Bullous	lesions	suggest	
streptococcal	erysipelas	with	necrotizing	
fasciitis,	ecthyma	gangrenosum,	and	Vibrio	
infections.	Petechial	eruptions	suggest	
gram-negative	sepsis,	invasive	Neisseria	
meningitidis	infection,	and	rickettsial	
infections.

•	 Consideration	should	be	given	to	biopsy	of	
skin	lesions,	if	present,	in	acutely	ill	
immunocompromised	patients	for	appropriate	
stains	(e.g.,	Gram	stain,	fungal	stain)	and	
cultures	and	for	pathologic	study.

Therapy
•	 Empirical	therapy	should	often	be	initiated	in	

acutely	ill	patients	with	skin	lesions	based	on	
the	clinical	diagnosis.

•	 Most	acutely	ill	patients	with	skin	lesions	will	
require	systemic	therapy.

Prevention
•	 Standard	vaccines	should	be	provided	to	

children	and	adults	because	many	vaccine-
preventable	diseases	produce	rashes	(e.g.,	
measles,	rubella,	varicella).

•	 Underlying	noninfectious	diseases	that	lead	to	
disruption	of	skin	should	be	treated	because	
the	damaged	skin	serves	as	risk	factor	for	
infection.
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TABLE 57-1  Systemic Infections with Prominent Cutaneous Manifestations

ORGANISM/DISEASE MACULES, PAPULES VESICLES, BULLAE PETECHIAE, PURPURA
Viruses
Human immunodeficiency virus type 1 X

Echoviruses X X X

Coxsackieviruses X X X

Rubeola (measles) X

Atypical measles X X

Adenovirus X X

Lymphocytic choriomeningitis X

Dengue X X

Viral hemorrhagic fevers X

Rubella (German measles) X X

Colorado tick fever X

Yellow fever X

Varicella-zoster (disseminated) X

Herpes simplex (disseminated) X

Varicella (chickenpox) X

Vaccinia X

Variola X X

Cytomegalovirus X

Congenital cytomegalovirus X

Epstein-Barr virus X X

Hepatitis B X X (as palpable purpura)

Monkeypox X

Parvovirus B19 (erythema infectiosum) X

Human herpesvirus 6 X

Human herpesvirus 7 X

Ebola, Lassa, Marburg, Crimean-Congo, Bolivian, and Argentin-
ean).1,20 Patients with plague1,21 and anthrax1,22 may present with local-
ized skin lesions. Patients with plague should be placed on droplet 
precautions (mask, private room) until pneumonia is excluded or until 
the patient has been on appropriate therapy for 48 hours.1,21 Unpro-
tected contact with cutaneous anthrax has rarely led to person-to-
person transmission, and patients with cutaneous anthrax lesions 
should be placed on contact precautions.23

The history obtained from the patient should elicit the following 
information:

1. Drug ingestion within the past 60 days
2. Travel outside the local area
3. Occupational exposure
4. Sun exposure
5. Immunizations
6. Sexually transmitted disease exposure, including risk factors for 

infection with human immunodeficiency virus (HIV)
7. Factors affecting immunologic status, including chemotherapy, 

corticosteroid use, use of immune modulators, hematologic malig-
nancy, solid-organ or stem cell transplantation, and functional or 
anatomic asplenia

8. Valvular heart disease including heart valve replacement
9. Prior illnesses, including a history of drug or antibiotic allergies

10. Exposure to febrile or ill persons within the recent past
11. Exposure to wild or rural habitats, insects, arthropods, and wild 

animals
12. Exposure to outdoor water sources such as lakes, streams, or 

oceans
13. Pets, animal exposures, and habits

The clinician should pay particular attention to the season of the 
year, which dramatically affects the epidemiology of febrile rashes of 
infectious origin.

Physical examination should focus on the following:
1. Vital signs
2. General appearance
3. Signs of toxicity

4. Presence and location of adenopathy
5. Presence and morphology of genital, mucosal, or conjunctival 

lesions
6. Detection of hepatosplenomegaly
7. Presence of arthritis
8. Signs of nuchal rigidity, meningismus, or neurologic dysfunction

Key ingredients in arriving at a correct diagnosis, or at least a useful, 
limited, “working” list of likely diagnoses, include determination of (1) 
the primary type(s) of skin lesions present, (2) the location and distri-
bution of the eruption, (3) the number and size of the lesions, (4) the 
pattern of progression of the rash, and (5) the timing of the onset of 
the rash relative to the onset of fever and other signs of systemic 
illness.24-28,29-32 It is important for physicians who observe a rash to 
carefully document the characteristics of the skin lesions in the medical 
record to aid other providers in the later care of the patient. Although 
histologic findings from lesional skin biopsies may help to confirm 
some diagnoses,30 the patterns observed are frequently not specific for 
a single organism, the presence of infectious agents may not always be 
detectable, and laboratory studies often require at least 24 hours to 
complete. Thus, the clinician must attempt to use other diagnostic 
skills during the early evaluation of a patient with fever and rash. As 
discussed elsewhere, specific types of primary skin lesions frequently 
suggest different infectious disorders in patients with fever and rash. 
For example, palpable purpura, the hallmark feature of leukoclastic 
vasculitis, is the prototypic early finding in meningococcemia and 
RMSF, whereas rapidly enlarging but asymptomatic red dermal nodules 
instead suggest candidemia in the appropriate host. Skin nodules noted 
on very deep palpation are probably located within the subcutaneous 
fat, suggesting one of several types of panniculitis, including erythema 
nodosum, a disorder caused by many different types of inflammatory 
or infectious processes, and erythema induratum, which is a classic 
tuberculoid reaction.

Examples of differences in the types of primary skin lesions present 
in the setting of underlying systemic infectious diseases are summa-
rized (Table 57-1), although it should be clear that such a classification, 
by itself, rarely ever suggests only a single diagnosis. On the other hand, 

Continued
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Salmonella infection, are characteristically present in much greater 
numbers in patients who have paratyphoid fever than in those who 
have typhoid fever. In contrast, brucellosis may be associated with only 
one or a few clinically subtle skin lesions, as seen in a fixed-drug 
eruption.

Finally, timing of the rash may be particularly helpful in allowing 
the clinician to exclude reactions due to certain drugs as the underlying 
cause. With the exception of urticarial eruptions, which usually occur 
within a few minutes to a few hours of the administration of a systemic 
agent, the more typical generalized maculopapular or morbilliform 
drug eruption typically occurs within the first 7 to 14 days of the first 
dose of the offending agent, suggesting the need for a very careful drug 
history (including start and stop dates for all medications taken within 
30 days of the onset of eruption).

It must be emphasized that noninfectious processes often include 
rash and fever and should be among the diagnostic considerations in 
the initial evaluation.35 As noted previously, the presence of some 
highly specific morphologic types or patterns of skin lesions may 
quickly suggest a noninfectious cause to the astute clinician, thereby 
obviating the need to pursue a more extensive clinical and laboratory 
evaluation.

Between 5% and 15% of all patients to whom a drug is administered 
experience an adverse reaction.36-38 Adverse cutaneous reactions to 

the presence of other, more specific lesions, most notably “target” or 
“iris” lesions (as in erythema multiforme), may suggest a single diag-
nosis, implicating a limited group of underlying infectious diseases as 
possible causes. Similarly, the presence of some lesions in the setting 
of fever may immediately exclude an infectious disorder as the cause 
of rash. For example, high fever accompanying a paucity of tender, red 
to violaceous, peripherally mammillated plaques suggests Sweet’s syn-
drome (acute febrile neutrophilic dermatosis), a rare hypersensitivity 
reaction frequently associated with selected underlying malignancies,33 
or neutrophilic eccrine hidradenitis, a rare neutrophilic dermatosis 
most commonly found in patients treated with chemotherapy for 
malignancies.34

Distribution or direction of spread of an eruption may be highly 
informative. The rash of RMSF and acute meningococcal infection, for 
example, most often begins on the lower extremities and then spreads 
centrally (i.e., centripetally), whereas most drug- and viral infection–
associated eruptions (with the exception of those caused by echovi-
ruses and coxsackieviruses) begin on the face or trunk and spread 
outward (centrifugally). “Streaky” facial involvement, usually without 
other skin findings, is characteristic of infection due to parvovirus B19 
(fifth disease, erythema infectiosum).

The number of lesions can also provide useful insight. For example, 
“rose spots” (see later discussion), the hallmark cutaneous feature of 

ORGANISM/DISEASE MACULES, PAPULES VESICLES, BULLAE PETECHIAE, PURPURA
Bacteria
Chlamydia psittaci X X

Mycoplasma pneumoniae X

Ehrlichia spp. X

Rickettsia rickettsii (RMSF) X X

Rickettsia akari (rickettsialpox) X X

Rickettsia prowazekii (epidemic/louse-borne typhus) X X

Rickettsia typhi (endemic/murine typhus) X

Rickettsia tsutsugamushi (scrub typhus) X

Bartonella henselae X

Bartonella quintana X

Salmonella enterica serotype Typhi X

Francisella tularensis X

Streptobacillus moniliformis (rat-bite fever) X X

Treponema pallidum (secondary syphilis) X

Mycobacterium haemophilum X

Neisseria gonorrhoeae X X

Neisseria meningitidis X

Leptospira spp. X

Listeria monocytogenes X (rare)

Bartonella bacilliformis X

Borrelia spp. (relapsing fever) X X

Borrelia burgdorferi (Lyme disease) X (annular)

Pseudomonas aeruginosa X

Spirillum minus (rat-bite fever) X X

Staphylococcus aureus X X

Streptococci—group A (scarlet fever) X

Capnocytophaga canimorsus X

Vibrio vulnificus X

Fungi (Disseminated Infection)
Candida spp. X

Cryptococcus neoformans X

Histoplasma capsulatum X

Blastomyces dermatitidis X

Coccidioides immitis X

Fusarium spp. (agents of mucormycosis) X

Protozoa
Plasmodium falciparum (malaria) X

TABLE 57-1  Systemic Infections with Prominent Cutaneous Manifestations—cont’d
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DIFFERENTIAL DIAGNOSIS  
IN RASH
There are two ways to approach the investigation of infectious rash: 
either by the type of lesion visualized or by knowledge of individual 
pathogens and the rashes they produce (Table 57-2). Unfortunately, 
neither system alone serves both to generate a complete list of diag-
nostic possibilities to rule out disorders as appropriate. Accordingly, 
both approaches should be incorporated into evaluation of the patient 
with rash and fever.

Characteristics of the Lesion
Morphologic types of primary skin lesions include macules, papules, 
nodules, vesicles, bullae, pustules, and plaques. Macules are flat, non-
palpable lesions in the plane of the skin. Papules are small, solid, pal-
pable lesions elevated above the plane of the skin. Masses that are 
located deeper within or below the skin are referred to as nodules. 
Vesicles and bullae are small and large blisters, respectively, and pustules 
are usually small, palpable lesions filled with pus. Plaques are large, flat 
lesions, usually greater than 1 cm in diameter, that are palpable. In 
addition to morphology, lesions are characterized by their color and, 
particularly in the setting of a systemically ill–appearing patient, by the 
presence or absence of hemorrhage, with hemorrhagic lesions being 
termed purpura or petechiae. Lesions may be skin colored, hyperpig-
mented, or hypopigmented or any of several other colors, of which red 
is the most common; the presence of such reddening is termed ery-
thema. Blanching erythematous lesions are those in which erythema is 
due to vasodilation, whereas nonblanching erythema may be due to 
extravasation of blood. As noted, purpuric lesions are those in which 
there is hemorrhage into the skin and may be small (petechial) or large 
(ecchymotic). For purposes of the following discussion, it is useful to 
divide eruptions into those that are maculopapular (characterized by 
both flat and elevated lesions), nodular, vesiculobullous, erythematous, 
and purpuric.

Maculopapular Rash
Maculopapular rashes are usually seen in viral illnesses, drug erup-
tions, and immune complex–mediated syndromes. Potentially respon-
sible viral disorders include the classic childhood viral diseases such 
as measles, rubella, erythema infectiosum, and roseola.72-75,76-78 Other 
viral agents that occasionally produce a maculopapular rash are cox-
sackieviruses, echoviruses, cytomegalovirus, parvovirus B19, parain-
fluenza virus, respiratory syncytial virus, rotavirus, human herpesvirus 
6 (HHV6), Epstein-Barr virus (EBV) infection, and hepatitis B virus. 

drugs are frequent, affecting 2% to 3% of all hospitalized patients,39-45 
20% of emergency department visits,45 and 0% to 8% of all patients 
placed on medications.42 Fortunately, only about 2% of adverse cutane-
ous reactions are severe and very few fatal.37 The rate of cutaneous 
reactions to drugs is highest for antibiotics (1% to 8% depending on 
the class of antibiotic), mainly penicillins and cephalosporins.43,45 
Exanthems (75% to 95%) and urticaria (5% to 6%) account for most 
drug reactions. Because of their frequency, a drug reaction must be 
considered in any patient with a generalized maculopapular rash, espe-
cially if associated with palmoplantar involvement. Severe cutaneous 
reactions often induced by drugs include Stevens-Johnson syndrome 
(SJS)/toxic epidermal necrolysis (TEN),11,39,46 hypersensitivity syn-
dromes (urticaria, angioedema, anaphylaxis),39,47 small vessel vasculi-
tis,39,40 serum sickness,11,39 and drug reaction with eosinophilia and 
systemic symptoms (DRESS).11,40,48,49 As with other rashes, a morpho-
logic approach to drug eruptions should be used in evaluating the 
patient.36,41,44

Rashes and skin infections associated with occupational expo-
sures,50-54 athletics,55-62 animal exposures,63 international travel,64,65-70 
and working in a clinical or research laboratory71 have been reviewed 
in other chapters in this textbook.

PATHOGENESIS OF RASH
Rash with fever can result from a local infectious process due to virtu-
ally any class of microbe that has been allowed to penetrate the stratum 
corneum and multiply locally. A typical example is streptococcal cel-
lulitis. In rare cases, such localized inoculations result in more general-
ized eruptions and the diagnosis is then relatively straightforward. 
However, eruptions that begin as generalized exanthems are the 
“rashes” that constitute the focus of the discussion in this chapter.

An exanthem is a cutaneous eruption due to the systemic effects of 
a microorganism infecting the skin. An enanthem is an eruption 
caused in similar fashion but involving the mucous membranes. 
Microorganisms may produce eruptions through (1) multiplication in 
the skin (e.g., HSV); (2) release of toxins that act on skin structures 
(e.g., in scarlet fever, infections due to Pseudomonas aeruginosa, toxic 
shock syndrome [TSS], staphylococcal scalded skin syndrome [SSSS]); 
(3) inflammatory response involving phagocytes and lymphocytes,  
in which the microbicidal/tumoricidal metabolism of host defense  
cells is directed at the skin; and (4) effects on vasculature, including 
vasoocclusion and necrosis or vasodilation with edema and hyperemia. 
Obviously, for many eruptions, several concurrent mechanisms can 
play a role.

TABLE 57-2  Skin Lesions and Systemic Infections

LESION COMMON PATHOGENS HISTOLOGIC FINDINGS
SMEARS POSITIVE 
FOR PATHOGENS

TIME TO APPEARANCE 
(AFTER ONSET OF ILLNESS)

Symmetrical peripheral 
gangrene, purpura 
fulminans, acrocyanosis

Noninfectious or gram-negative 
bacteria, Capnocytophaga 
canimorsus

Bleeding in the skin, vascular 
thrombosis, perivascular 
infiltration

No 12-36 hr

Multiple purpuric lesions 
in severely ill patients

Neisseria meningitidis, 
Capnocytophaga canimorsus, 
Rickettsia spp., other 
gram-negative bacteria

Vascular thrombosis, perivascular 
hemorrhage

Yes* 12-36 hr†

Ecthyma gangrenosum, 
other bullous lesions

Pseudomonas, gram-negative 
bacteria, Vibrio vulnificus

Veins, mainly involved, intima 
spared, inflammatory reaction

Yes Several days

Macronodular lesions Candida, Cryptococcus 
neoformans, Histoplasma 
capsulatum, Fusarium

Hyphae, mononuclear perivascular 
reaction

No Several days

Delayed-onset rash with 
nonsymmetrical, 
scattered maculopapular 
or vesicular lesions

Neisseria gonorrhoeae, N. 
meningitidis (chronic)

Perivascular mononuclear infiltrate, 
immune complex

Occasionally (few 
bacteria only)

3-10 days

Rose spots Salmonella spp. Perivascular mononuclear infiltrate, 
or leukoclastic vasculitis

No 5-10 days

“Toxic erythema” Staphylococcus aureus (SSSS) Dilation and perivascular edema No At presentation

*Except for Rocky Mountain spotted fever, in which therapy, biopsy, and immunofluorescent staining may aid early diagnosis.
†In Rocky Mountain spotted fever, 1-7 days.
SSSS, staphylococcal scalded skin syndrome.
Modified from Kingston ME, Mackey D. Skin clues in the diagnosis of life-threatening infections. Rev Infect Dis. 1986;8:1-11.
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traction or pressure to the skin. The Nikolsky sign (i.e., ability to extend 
the area of superficial sloughing by gentle lateral pressure on the 
surface of the skin at an apparently uninvolved site) may be positive. 
Constitutional symptoms and internal organ involvement occur often 
and may be severe.

A majority of cases in adults are drug induced; medications cause 
30% to 50% of cases of SJS and up to 80% of cases of TEN. Although 
infections may be an occasional trigger of SJS in adults, they uncom-
monly cause TEN. Rare precipitating causes include vaccinations,  
systemic diseases, chemical exposures, and foods. In contrast, in  
children, although medications are the leading cause of both SJS and 
TEN, infections such as M. pneumoniae and herpesviruses are more 
common causes of SJS and TEN. Although most of the highest-risk 
medications are not anti-infective agents, nevirapine is a confirmed 
high-risk drug.92 Anti-infective agents most commonly associated with 
SJS and TEN include amoxicillin, sulfadiazine, and trimethoprim-
sulfamethoxazole; less common anti-infective agents include cephalo-
sporins, macrolides, tetracyclines, rifampin, thiabendazole, ethambutol, 
and fluoroquinolones (sulfonamides >> penicillins > cephalosporins). 
Patients infected with HIV have been reported to be at 3-fold increased 
risk for SJS/TEN with a 40-fold increased risk for SJS/TEN due to 
trimethoprim-sulfamethoxazole. Unfortunately, there is no laboratory 
test to support the diagnosis of SJS or TEN. The following diseases 
must always be excluded before making a diagnosis of SJS or TEN: 
varicella, erythema multiforme major, staphylococcal scalded skin syn-
drome, staphylococcal toxic shock syndrome, skin necrosis from dis-
seminated intravascular coagulation or purpura fulminans, and 
chemical toxicity.97 Treatment should always include appropriate fluid 
and wound care (for extensive disease the patient should be managed 
in a burn center), strict aseptic care to prevent infections, and consid-
eration for topical antibiotic therapy (avoid silver sulfadiazine).92,96,98 
Adjunctive therapies that are based on extensive use but have not been 
studied in clinical trials include intravenous gammaglobulin and glu-
cocorticoids.92,98-100 Plasmapheresis, cyclosporine, and tumor necrosis 
factor antagonists (infliximab, etanercept) have been reported to be of 
benefit based on small case series.92,96,98-100 Thalidomide increased mor-
tality in a double-blind randomized placebo-controlled trial.101

Human parvovirus B19 infection, the cause of erythema infectio-
sum (fifth disease), is manifested as a common exanthem in childhood 
and as a polyarthropathy syndrome in adults.102-104,105 Symptoms 
associated with infection include fever, coryza, headache, and gastro-
intestinal distress (abdominal discomfort, nausea, vomiting). Other 
important disease syndromes include transient aplastic crisis in 
patients with hemoglobinopathies (e.g., sickle cell anemia), hydrops 
fetalis and intrauterine fetal death,106,107 chronic infection in immuno-
compromised hosts,108 persistent or recurrent arthropathy,109 myocar-
ditis, hepatitis, and neurologic disease. Modes of transmission include 
contact with respiratory tract secretions, percutaneous exposure to 
blood or blood products including transfusion, and vertical transmis-
sion from mother to fetus. Erythema infectiosum is characterized by 
a three-stage rash. The initial stage is that of an erythematous, warm 
but nontender “slapped cheek” or streaked facial rash. Simultaneously 
or up to 4 days later, a more variable rash appears, most often on the 
upper extremities, that may have a morbilliform, confluent, lacelike 
(“reticulate”), or even annular appearance. Later the rash may remit, 
but it may recur with stress, exercise, exposure to sunlight, or bathing. 
The rash usually disappears within 1 to 2 weeks. Because by the time 
this rash has appeared in immunocompetent patients, viremia can no 
longer be detected, such patients are infective only before the appear-
ance of the rash. Rarely (approximately 25 cases reported), parvovirus 
B19 may cause the “papular-purpuric gloves and socks syndrome,” 
which is characterized by a rapidly progressive painful and highly 
pruritic, symmetrical swelling and erythema of the distal hands and 
feet.110 Confluent papular, purpuric lesions then develop that involve 
the dorsal and palmar surfaces of the hands and feet, with sharp 
margins at the wrists and ankles. Subsequently, most patients develop 
a polymorphous enanthem involving the hard and soft palates, buccal 
mucosa, and lips. This syndrome generally clears spontaneously within 
1 to 2 weeks. The differential diagnosis includes serum sickness, ery-
thema multiforme, hand-foot-and-mouth disease, Gianotti-Crosti 
syndrome, Kawasaki disease, and RMSF. Treatment of persistent 

Up to 50% of patients with West Nile virus disease have been reported 
to have a rash described as an erythematous macular, papular, or mor-
billiform eruption involving some combination of the neck, the trunk, 
and the arms and legs.79,80

Erythema multiforme (EM) and its variants may be considered a 
special category of maculopapular rash. EM is an uncommon acute, 
immune-mediated, self-limited, usually mild mucocutaneous syn-
drome that is often relapsing.81,82,83 The disease is usually related to an 
acute infection, most commonly a recurrent herpes simplex virus 
infection. It is uncommonly related to drug ingestion (i.e., <10%).

The following classification of EM is based on that provided by 
Bastuji-Garin and colleagues.83,84 Subtypes of EM include (1) EM 
major: skin lesions with involvement of mucous membranes; (2) EM 
minor: skin lesions without involvement of mucous membranes;  
(3) herpes-associated EM; and (4) mucosal EM (Fuchs syndrome): 
mucous membrane lesions without cutaneous involvement. Until 
recently, EM was considered as a variant of the same pathophysiologic 
process as SJS and TEN. However, currently evidence suggests that EM 
with mucous membrane involvement and SJS are different diseases 
with distinct causes.85 Further, the epidemiology of EM differs from 
SJS/TEN because patients with EM are younger, are more often male, 
have frequent recurrences, have less fever, milder mucosal lesions,  
and lack association with collagen vascular diseases, HIV infection, or 
cancer.86

Target lesions are the hallmark of EM. The skin eruption generally 
arises abruptly; most commonly all lesions appear within 3 to 5 days 
and resolve in approximately 2 weeks. Initially, lesions may begin as 
round erythematous papules that evolve into classic target lesions. 
Typical target lesions consist of three components: a dusky central area 
or blister, a dark red inflammatory zone surrounded by a pale ring of 
edema, and an erythematous halo on the extreme edge of the lesion. 
Although there are often a limited number of lesions, in some cases 
hundreds may form. Most lesions occur in a symmetrical, acral distri-
bution on the extensor surfaces of the extremities (hands and feet, 
elbows, and knees), face and neck, and, less commonly, thighs, but-
tocks, and trunk. They often appear acrally and then spread in a cen-
tripetal manner. Although the lesions are usually asymptomatic, 
patients occasionally report burning or itching. Mucous membrane 
(~70%, ~25% genital, ~15% ocular) involvement usually accompanies 
the cutaneous lesions, although patients may present only with mucous 
membrane involvement.87

Although many factors (e.g., infections, medications, malignancy, 
autoimmune disease, immunizations, sarcoidosis, and radiation) have 
been linked to EM, infections account for approximately 90% of cases. 
HSV has been the infection most commonly linked to EM (~80% of 
infectious cases),88,89 but Mycoplasma pneumoniae is an important 
cause of EM (~5% to 10% of infectious cases), especially in children.90 
The differential diagnosis of target-appearing skin lesions has been 
reviewed and includes EM, SJS, TEN, ecthyma gangrenosum, syphilis, 
fixed-drug eruption, contact dermatitis, vasculitis, acute connective 
tissue diseases, and autoimmune blistering diseases.91

SJS and TEN are acute, life-threatening mucocutaneous reactions 
characterized by extensive necrosis and detachment of the epidermis.92-97 
Although TEN is rare, with an incidence of approximately 2 cases per 
million population per year, it is a devastating disease with a mortality 
rate of 30% to 50%. Owing to the similarity in clinical and histologic 
findings, risk factors, drug causality, and mechanisms, these two syn-
dromes are considered severity variants of an identical process that 
differs only in the final extent of body surface involved.97 TEN involves 
sloughing of greater than 30% of the body surface, whereas SJS involves 
less than 10% of the total body surface; total body surface area involve-
ment between 10% and 30% is known as SJS-TEN overlap. SJS and 
TEN typically have a prodrome of fever and flulike symptoms begin-
ning 1 to 3 days before the development of skin lesions. These may be 
accompanied by skin tenderness and photophobia. Both SJS and TEN 
are characterized by rapidly expanding, often irregular macules (“atyp-
ical target lesions”) and involvement of more than one mucosal site 
(oral, conjunctival, and anogenital). If untreated, TEN rapidly pro-
gresses to widespread full-thickness necrosis of the epidermis, result-
ing in separation of large sheets of epidermis from the underlying 
dermis either spontaneously or after the application of minimal lateral 
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contrast, erythema induratum, a known tuberculoid reaction, typically 
presents as painful, red, subcutaneous nodules over the posterior lower 
legs and ankles. These lesions tend to suppurate, distinguishing them 
morphologically from erythema nodosum and most other types of 
panniculitis. Furthermore, erythema induratum can usually be easily 
differentiated from erythema nodosum on histologic examination of a 
wedge biopsy specimen: inflammation can be seen within subcutane-
ous fat lobules in the former, rather than within septal connective 

infection in immunocompromised hosts consists of intravenous 
immune globulin, although multiple recurrences may occasionally 
occur.111

In several life-threatening infections, the presenting manifestations 
may include blanching erythematous maculopapular lesions that later 
evolve into petechiae, making initial diagnosis difficult on the basis of 
lesion morphology alone. These infections include acute meningococ-
cemia, RMSF, and viral hemorrhagic fevers such as dengue. Although 
a diagnostic feature of rheumatic fever is an annular or a polycyclic, 
migrating (or expanding) erythema known as erythema marginatum, 
this disease may also be associated with the presence of a maculopapu-
lar eruption and subcutaneous nodules. Patients with enteric fever due 
to Salmonella may develop “rose spots,” a transient scattering of rose-
colored macules over the abdomen. Typically, the rose spots of typhoid 
fever are pale pink, oval or circular, completely blanchable, few in 
number, moderately sized (up to 0.5 to 1.0 cm in diameter), and 
usually present on the abdomen or trunk.112 In contrast, rose spots of 
paratyphoid fever are typically smaller and more numerous.113

Physicians should be familiar with the cutaneous manifestations of 
syphilis, because primary and secondary syphilis and congenital syphi-
lis continue to occur in the United States, especially in the southern 
states. The primary skin lesion (chancre) typically develops about 21 
days after exposure. The differential diagnosis of patients with a genital 
ulcer in addition to syphilis includes genital herpes and chancroid. 
Secondary syphilis is often accompanied by a rash with highly variable 
morphology. Lesions may be macular, papular, maculopapular, papu-
losquamous, or pustular. Occasionally, all types of lesions may be 
present in the same patient. A characteristic presentation of secondary 
syphilis is that of a pityriasis rosea–like eruption appearing as numer-
ous, tan to reddish brown, scaly macules, usually distributed along skin 
tension lines on the trunk and, to a lesser extent, other body sites. 
Typically, no herald patch (a hallmark feature of pityriasis rosea) is 
present when this eruption is caused by syphilis, and usually the patient 
with secondary syphilis lacks associated pruritus and may have con-
current “copper penny” macules or plaques on the palms or soles. The 
differential diagnosis for secondary syphilis skin manifestations 
includes RMSF, pityriasis rosea, psoriasis, lichen planus, and exan-
thematous drug/viral eruptions. Condylomata lata, which are grayish, 
raised, broad, flat-appearing papular lesions, may occur in skin folds 
or apposed skin in moist areas, such as the anus, vulva, and scrotum. 
Condylomata lata need to be distinguished from condylomata acumi-
nata (genital warts), squamous cell carcinoma, molluscum contagio-
sum, and micropapillomatosis of the vulva.

Nodular Lesions
A nodule is a palpable, solid, round or ellipsoidal lesion, usually result-
ing from disease in the dermis and/or subcutis. Nodules may contain 
various inflammatory cells (as part of a hypersensitivity phenomenon), 
organisms (most notably fungi, as in septic emboli), or tumor cells 
(from metastatic cancer, lymphoma, or leukemia cutis). In the appro-
priate clinical setting, sudden development of dermal nodules may 
suggest candidal sepsis (see later discussion), but other fungal diseases 
including blastomycosis, histoplasmosis, coccidioidomycosis, and spo-
rotrichosis may produce skin nodules. Bacteria such as Nocardia 
and nontuberculous mycobacteria114-116 (especially Mycobacterium 
marinum)117 may also cause nodular lesions (which typically later 
ulcerate). Leishmaniasis can cause nodules. Lesions consistent with 
ecthyma gangrenosum, typified by the presence of deep, “punched-
out” ulcerations with overlying black eschar and peripheral erythema, 
suggest Pseudomonas sepsis. A skin biopsy specimen with appropriate 
stains and cultures defines the diagnosis.

Subcutaneous nodules pose a real diagnostic challenge, because 
they may reflect the presence of a variety of underlying disorders, 
including hypersensitivity reactions to systemic infection. The lesions 
of erythema nodosum are characterized by tender, erythematous 
nodules that range in diameter from less than a centimeter to several 
centimeters.118-120 They are usually multiple and located on the anterior 
portions of the legs but may be solitary and occur on other parts of the 
body. They typically do not suppurate. These lesions often develop in 
crops and usually heal in days to a few weeks without scarring. Infec-
tious agents are a prominent cause of this lesion (Table 57-3). In 

TABLE 57-3  Known Causes of Erythema Nodosum

Noninfectious
Systemic lupus erythematosus

Sarcoidosis

Ulcerative colitis

Crohn’s disease

Malignancies (Hodgkin’s and non-Hodgkin’s lymphoma, leukemia, renal cell 
carcinoma)

Behçet’s syndrome

Drugs (especially oral contraceptives, sulfonamides)

Pregnancy

Infectious

Viral
Hepatitis B virus

Hepatitis C virus

Herpes simplex virus

Human immunodeficiency virus

Epstein-Barr virus

Measles

Parvovirus B19

Varicella

Bacterial
Bartonella henselae (cat-scratch disease)

Brucella spp. (brucellosis)

Campylobacter spp. (campylobacteriosis)

Chlamydia trachomatis (lymphogranuloma venereum)

Chlamydia psittaci (psittacosis)

Corynebacterium diphtheriae (diphtheria)

Coxiella burnetii (Q fever)

Francisella tularensis (tularemia)

Haemophilus ducreyi (chancroid)

Mycoplasma pneumoniae

Mycobacterium tuberculosis (tuberculosis)

Mycobacterium leprae (leprosy)

Mycobacterium marinum (atypical mycobacteriosis)

Neisseria gonorrhoeae (gonorrhea)

Neisseria meningitidis (meningitis)

Salmonella spp. (salmonellosis)

Shigella spp. (shigellosis)

Streptococcus pyogenes (respiratory tract infection)

Treponema pallidum (syphilis)

Yersinia spp. (gastroenteritis)

Fungal
Aspergillus spp. (aspergillosis)

Cryptococcus neoformans (cryptococcosis)

Blastomyces dermatitidis (blastomycosis)

Histoplasma capsulatum (histoplasmosis)

Coccidioides immitis (coccidioidomycosis)

Sporothrix schenckii (sporotrichosis)

Protozoal/Helminths
Ascaris lumbricoides (ascariasis)

Giardia lamblia (giardiasis)

Toxoplasma gondii (toxoplasmosis)

Wuchereria bancrofti (filariasis)
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consumptive coagulopathy, and shock. The most common infectious 
agents include gram-negative organisms, especially Neisseria menin-
gitidis, and rickettsiae. Less commonly, L. monocytogenes or staphylo-
cocci may be associated with a similar clinical picture. Asplenic patients 
are at an increased risk for overwhelming sepsis (lifetime risk of 
approximately 5%), which may be accompanied by symmetrical 
peripheral gangrene.129-132 The lifetime risk for sepsis in asplenic hosts 
has been reported to range from 3% to 5%. Streptococcus pneumoniae 
is responsible for 50% to 90% of infections in the asplenic patients and 
has a mortality rate of approximately 50%. Other important pathogens 
include Haemophilus influenzae, N. meningitidis, and Capnocytophaga 
canimorsus. Additional occasional pathogens include Staphylococcus 
aureus, group B streptococci, Enterococcus, Escherichia coli and other 
Enterobacteriaceae, Salmonella, Campylobacter, Bacteroides, Bordetella 
holmesii, Pseudomonas, and Babesia spp. According to the 2013 immu-
nization schedule, adult asplenic patients should receive the following 
vaccines: influenza annually, tetanus/diphtheria/pertussis (Tdap), vari-
cella (two doses), human papillomavirus (through age 26) (three 
doses), zoster vaccine (at age 60), mumps-measles-rubella (two doses), 
pneumococcal (both the conjugate vaccine [PCV13] and the polysac-
charide vaccine [PPSV23]), and meningococcal vaccine (MCV4 if <56 
years and MPSV4 if ≥56 years) (two doses).133 Children should also 
receive H. influenzae type b vaccine. Pneumococcal vaccination sig-
nificantly reduces the risk for pneumococcal sepsis.132

Viral illnesses associated with petechial rashes include infections 
due to coxsackievirus A9, echovirus 9, Epstein-Barr virus, or cyto-
megalovirus; atypical measles; and the viral hemorrhagic fevers. 
Although children with coxsackievirus and echovirus infections are 
usually nontoxic in appearance, some may appear very ill. In these 
patients, differential diagnosis from acute meningococcemia is diffi-
cult. However, in a series of children presenting with fever and pete-
chiae, only 8% had meningococcal infections and 4% had bacterial 
sepsis secondary to other disorders.134,135

A diffuse rash is often a prominent characteristic of the tick-borne 
diseases found in the United States (i.e., infections caused by Rickettsia, 
Ehrlichia, Anaplasma, Borrelia, and Coxiella), with the exception of 
tularemia.136,137,138 The frequency of a diffuse rash has been reported as 
follows: Rickettsia rickettsii (RMSF), 99%; Ehrlichia chaffeensis 
(ehrlichiosis), 36%; Anaplasma phagocytophila (anaplasmosis), 2% to 
11%; Borrelia spp. (relapsing fever), 28%; and Coxiella burnetii (Q 
fever), 5% to 21%.136 Although Lyme arthritis is characterized by EM, 
a diffuse rash may occur at the time of disseminated infection. Lesions 
caused by rickettsiae are usually generalized and symmetrical. An 
eschar (tache noire) characteristically develops at the site of inoculation 
in the following rickettsial infections (infecting species): African tick 
bite fever (R. africae), Mediterranean spotted fever (R. conorii), North 
Asian tick typhus (R. sibirica), Queensland tick typhus (R. australis), 
rickettsialpox (due to R. akari), and scrub-or chigger-borne typhus (R. 
tsutsugamushi). New rickettsioses continue to be recognized world-
wide that are characterized by generalized skin lesions, often with tache 
noire lesions such as Japanese or Oriental spotted fever (R. japonica), 
Flinders Island spotted fever (R. honei), and Astrakhan fever (R. conorii 
Astrakhan).136

In patients with an appropriate travel history, infection with Plas-
modium falciparum must be considered.139 In addition, clinicians 
should be aware that malaria may occasionally be acquired in the 
United States.140 Heavy parasitization may lead to severe hemolysis, 
renal failure, central nervous system abnormalities, and petechiae sec-
ondary to thrombocytopenia (rash is present in about 5% of affected 
patients).

The most important causes of noninfectious petechiae are throm-
bocytopenia, large and small vessel necrotizing vasculitis (usually pre-
senting as palpable purpura), and the pigmented purpuric eruptions 
(which usually represent capillaritis).

Enanthems
In attempting to classify the enanthem, it is essential that a thorough 
search of the mucous membranes (including the mouth, conjunctiva, 
and occasionally also the vagina, rectum, and glans penis) be made for 
the presence of enanthems. In many allergic reactions, the mucous 
membranes are frequently involved. Koplik spots, diagnostic of 

tissue as classically seen in erythema nodosum. Acid-fast bacilli are 
rarely visible within the lesions of erythema induratum, because this 
condition typically represents reactivation of long-standing infection 
with, or hypersensitivity to, the tuberculosis bacilli that are present at 
distant sites.

Diffuse Erythema
Diffuse erythema, especially if desquamation or peeling is present, 
should lead to consideration of scarlet fever, TSS, mucocutaneous 
lymph node syndrome (Kawasaki disease), SSSS, SJS, and TEN. Des-
quamation may occur late in all of these syndromes, and its absence 
early in the clinical course should not be considered a reason for 
excluding any disease process. Most of these disorders can be easily 
diagnosed on the basis of the patient’s history and appropriate tests.

Vesiculobullous Eruptions
A vesicle is a circumscribed, elevated lesion containing free fluid. A 
vesicular lesion larger than 0.5 cm is termed a bulla. Most vesiculobul-
lous eruptions are immunologic in origin; few are associated with 
infectious systemic infections. Infectious diseases to be considered 
include varicella, disseminated herpes simplex, eczema herpeticum 
(herpes simplex superinfection of atopic eczema), and infections due 
to echoviruses and coxsackieviruses (including coxsackievirus A16, a 
cause of hand-foot-and-mouth disease). In addition, other poxvirus 
infections such as monkeypox, smallpox, and generalized vaccinia 
need to be considered (see later). HSV infection, the most common of 
these infections causing vesiculobullous lesions, is characterized by a 
grouped clustering of vesicles on an erythematous base that progresses 
to mucocutaneous ulceration.121-123 HSV can be detected by a viral 
culture of a scraping from a blister but more commonly is now accom-
plished by polymerase chain reaction assay. In addition, the demon-
stration of multinucleated giant cells in a scraping (Tzanck preparation) 
of the base of a vesicle indicates infection with HSV or varicella-zoster 
virus. Older vesicles can be easily confused with pustules. A pustule is 
an elevation of the skin enclosing a purulent exudate. Vesicular lesions 
may at times become pustules, as can occur with HSV or varicella-
zoster lesions. Diffuse pustular diseases usually represent a noninfec-
tious dermatologic illness (e.g., pustular psoriasis) or a cutaneous 
infection (e.g., pustular Pseudomonas lesions developing after the use 
of contaminated hot tubs or staphylococcal folliculitis). Pustular skin 
lesions associated with arthralgias should lead to a consideration of 
gonococcemia, Moraxella bacteremia, chronic meningococcemia, sub-
acute bacterial endocarditis, coxsackievirus infection, and Behçet’s 
syndrome.

Bullous skin lesions with sepsis are suggestive of the following 
infections: group A streptococcal erysipelas with necrotizing fasciitis 
(gangrenous erysipelas), ecthyma gangrenosum (due to Pseudomonas 
aeruginosa or Aeromonas spp.), Vibrio infections (especially those 
due to Vibrio vulnificus), staphylococcal cellulitis or impetigo, and 
streptococcal cellulitis. Rarely, in immunocompromised patients the 
initial manifestation of gram-negative sepsis may be the appearance  
of a solitary hemorrhagic blister. V. vulnificus infection should be 
strongly considered in patients with preexisting liver disease, or other 
immunocompromising states, who have recently ingested raw seafood, 
especially oysters.124,125 V. vulnificus sepsis may also occur in persons 
with open wounds exposed to a marine environment.126 Aeromonas 
hydrophila skin and tissue infections, which may be acquired from 
exposure to fresh or brackish water, may also present as cellulitis with 
bulla formation.127 Vesicopustular eruptions in the neonate may be due 
to both noninfectious and infectious causes. Potential infectious causes 
include congenital and neonatal candidiasis, staphylococcal infections, 
streptococcal infections, Listeria monocytogenes infection, infection 
with HSV, neonatal varicella, and bacterial sepsis (due to various 
organisms).128

Petechial and Purpuric Eruptions
Petechiae are lesions less than 3 mm in diameter that contain extrava-
sated red blood cells or hemoglobin. Larger lesions are termed ecchy-
moses or purpura. Diffuse petechial lesions should always prompt 
urgent investigation. In critically ill patients, these lesions are often 
associated with symmetrical peripheral gangrene (purpura fulminans), 
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Kingston and Mackey30 classified the skin lesions associated with 
sepsis into five pathogenic processes (major categories of infectious 
causes): (1) disseminated intravascular coagulation (DIC) and coagu-
lopathy (due to N. meningitidis, streptococci, enteric gram-negative 
bacilli); (2) direct vascular invasion and occlusion by bacteria and 
fungi (N. meningitidis, P. aeruginosa, Aspergillus spp., agents of mucor-
mycosis, Rickettsia spp.); (3) immune vasculitis and immune complex 
formation (associated with infection due to N. meningitidis, Neisseria 
gonorrhoeae, Salmonella enterica serotype Typhi); (4) formation of 
emboli in endocarditis (due to S. aureus, streptococci); and (5) vascular 
effects of toxins (in SSSS, TSS, scarlet fever). Various systemic bacterial 
infections may spread to the skin, generally producing discrete lesions 
from which the organisms can be isolated or recognized on biopsy with 
special stains. The most characteristic finding in DIC is noninflamma-
tory purpura with extensive microvascular occlusion referred to as 
purpura fulminans.147-150 Other manifestations include diffuse bleed-
ing, hemorrhagic necrosis of tissue, and skin necrosis. Although DIC 
may result from sepsis, it may also be caused by trauma, malignancy, 
obstetric calamities, severe hepatic failure, and severe toxic or immu-
nologic reactions. Purpura fulminans, a severe skin disorder that is 
typically associated with DIC, occurs in three clinical settings: (1) as a 
consequence of severe sepsis, (2) after infection, and (3) in neonates 
(usually seen in association with homozygous protein C deficiency). 
N. meningitidis is the organism most commonly responsible for sym-
metrical peripheral gangrene (i.e., ischemic necrosis simultaneously 
involving the distal portion of two or more extremities without arterial 
obstruction), but this disorder may also be due to S. pneumoniae and 
other streptococcal species, H. influenzae, S. aureus, E. coli, Klebsiella 
spp., Proteus spp., Aeromonas hydrophila, other gram-negative organ-
isms, and Aspergillus. Symmetrical peripheral gangrene is preceded 
by bleeding into the skin, ecchymosis, purpura, and acrocyanosis  
(a grayish cyanosis that does not blanch on pressure and occurs on  
the lips, legs, nose, ear lobes, and genitalia). Subsequently, the ecchy-
motic lesions become confluent, blister, undergo necrosis and ulcer-
ation, and develop overlying eschars. Histologic examination reveals a 
Schwartzman-like reaction in the skin characterized by diffuse and 
extensive hemorrhages, perivascular cuffing, and intravascular throm-
bosis. Bacteria are usually absent from smears of the lesions. Shock 
rather than DIC appears to be the major factor in the pathogenesis of 
symmetrical peripheral gangrene. As noted earlier, purpura fulminans 
may follow a benign infection, especially in children. Common preced-
ing illnesses include scarlet fever, streptococcal pharyngitis, staphylo-
coccal bacteremia, varicella, and measles.

Infections due to Neisseria Species
Neisseria meningitidis Infection
N. meningitidis is now the third common cause of bacterial meningitis 
after S. pneumoniae and group B streptococcus.151 Skin hemorrhages 
are the hallmark of invasive meningococcal disease.152-154 N. meningiti-
dis has been cultured from 0.5% to 27.5% of children presenting with 
fever and petechiae, but many of these studies were conducted before 
the availability of meningococcal vaccines. Hemorrhagic skin lesions 
have been present in 28% to 77% of patients with invasive meningococ-
cal disease.155 The lesions characteristically are petechial but may be 
noted to blanch with pressure early in the course of infection, thus 
resembling a viral exanthem. The petechiae are irregular and small and 
are often accompanied by palpable purpuric lesions, some of which 
may have pale centers. Coalescing lesions, often macular, may have a 
characteristic gun-metal gray color centrally, consistent with epider-
mal necrosis. Lesions most commonly occur on the extremities and 
trunk but may also be found on the head, palms and soles, and mucous 
membranes. Symmetrical peripheral gangrene may rapidly develop, 
often in association with DIC. Histologic examination reveals diffuse 
endothelial damage, fibrin thrombi, necrosis of the vessel walls, and 
perivascular hemorrhage in the involved skin. Gram staining of aspi-
rates of the involved areas frequently reveals the presence of organ-
isms.156 In addition to the direct involvement of skin vessels by 
meningococci, excessive activation of the coagulation system and con-
comitant downregulation of the fibrinolytic system caused by high 
concentrations of endotoxin in the blood may lead to cutaneous hem-
orrhagic lesions.

rubeola, are tiny, white or blue-gray specks superimposed on an ery-
thematous base, located on the buccal mucosa, most prominently on 
that adjacent to the molars. A “strawberry tongue” suggests the pos-
sibility of Kawasaki disease, TSS, or scarlet fever. Petechiae of the palate 
are common in scarlet fever and some vasculitides and with thrombo-
cytopenia. In infectious mononucleosis, petechiae of both the hard 
palate and soft palate are common. Oral ulcers occur in a variety of 
noninfectious immunologic diseases and also with coxsackievirus A16 
infection.

SWEET’S SYNDROME
The neutrophilic dermatoses are a heterogeneous group of diseases that 
can occur with localized, generalized, and systemic skin involvement 
and include Sweet’s syndrome, pyoderma gangrenosum, Behçet’s 
disease, and neutrophilic urticaria. Sweet’s syndrome, also known as 
acute febrile neutrophilic dermatosis, is characterized by a constella-
tion of clinical symptoms, physical features, and pathologic findings 
that include fever, neutrophilia, tender erythematous skin lesions 
(papules, nodules, and plaques), and a diffuse infiltrate consisting pre-
dominantly of mature neutrophils that are typically located in the 
upper dermis.141-144 Sweet’s syndrome occurs in a variety of clinical 
settings: idiopathic (or classic), malignancy associated, immunodefi-
ciency associated, and drug induced. The classic syndrome is more 
frequent in women between the ages of 30 and 50 years, is often pre-
ceded by symptoms of an upper respiratory tract infection, and may 
be associated with inflammatory bowel disease and pregnancy. The 
skin demonstrates one or more tender, red, edematous, urticarial 
plaques or large papules. Often the border of each plaque is studded 
with papules (or, infrequently, with vesicles or pustules), giving an 
irregularly contoured, mammillated appearance reminiscent of that of 
the areolae of the breast. If solitary and large, such lesions may be 
confused with those caused by a variety of infectious processes, includ-
ing primary HSV infection or streptococcal cellulitis. When solitary 
and present on the dorsum of the hand, a lesion of Sweet’s syndrome 
may mimic erysipeloid or a severe reaction to an arthropod bite. Occa-
sionally, these plaques become dusky in color and frankly hemor-
rhagic, suggesting instead erythema multiforme or leukocytoclastic 
vasculitis. Some lesions may also become bullous, suggesting bullous 
erythema multiforme or fixed drug eruption. Rare bullous lesions may 
erode or ulcerate, mimicking pyoderma gangrenosum. Mucosal sur-
faces may rarely be involved. Characteristically, patients with Sweet’s 
syndrome have associated fever; other findings may include leukocy-
tosis, malaise, arthralgias, myalgias, conjunctivitis, and episcleritis.

The diagnosis of Sweet’s syndrome is one of exclusion and includes 
infectious and inflammatory disorders, neoplastic conditions, reactive 
erythemas, systemic diseases, and vasculitis. Sweet’s syndrome 
responds rapidly to high-dose systemic corticosteroids, but relapse is 
frequent if tapering is too rapid. Second-line systemic agents include 
colchicine, dapsone, potassium iodide, tumor necrosis factor-α antag-
onists, and cyclosporine.144

PATHOGENS OR INFECTIOUS 
CONDITIONS STRONGLY 
ASSOCIATED WITH RASH
As noted previously, the investigation of infectious rash requires con-
sideration of not only the characteristics of the skin lesions but also the 
pathogens and infectious processes strongly associated with rash. The 
following discussion reviews the various skin manifestations of these 
pathologic processes.

Sepsis
Sepsis is a clinical syndrome that complicates severe infection and is 
characterized by inflammation, including vasodilation, increased 
microvascular permeability, and end-organ dysfunction. The inflam-
matory response has been divided into the systemic inflammatory 
response syndrome (SIRS), sepsis, severe sepsis, and septic shock,145 
and the pathophysiology has been reviewed.146 Although SIRS may 
result from infection or from noninfectious causes (e.g., autoimmune 
disorder, pancreatitis, vasculitis, thromboembolism, burns, surgery, 
heat shock), sepsis results from a dysregulated inflammatory response 
to an infection.
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generally been reported to occur in 1.3% to 2.8% of septic 
patients,166,169,170 but one report noted ecthyma gangrenosum in 28% of 
patients with Pseudomonas bacteremia.168

Ecthyma gangrenosum lesions begin as painless, round, erythema-
tous macules, with or without adherent vesicles, that soon become 
indurated and progress to hemorrhagic bluish bullae. Later, the lesion 
sloughs to form a deep gangrenous ulcer with a gray-black eschar and 
a surrounding erythematous halo. The process evolves rapidly over 12 
to 24 hours. Lesions may be discrete or multiple and are usually found 
in the groin, axillary, or perianal areas but may occur anywhere on the 
body. Although most commonly associated with P. aeruginosa sepsis, 
ecthyma gangrenosum–like lesions have also been reported in sepsis 
associated with other pseudomonal species, S. pyogenes, S. aureus, A. 
hydrophila, K. pneumoniae, Serratia marcescens, Stenotrophomonas 
maltophilia, Morganella morganii, E. coli, Citrobacter freundii, N. gon-
orrhoeae, Y. pestis, Chromobacterium violaceum, Candida spp., Asper-
gillus spp., Mucor spp. and herpes simplex virus.171 These lesions may 
also occur with vasculitis or malignant infiltration.172 Rarely, ecthyma 
gangrenosum due to P. aeruginosa may be found in the absence of 
sepsis.173-175

Histologically, ecthyma gangrenosum is characterized by three fea-
tures: bacterial invasion of the media and adventitia of vein walls deep 
in the dermis, sparing of the intima and lumen, and minimal inflam-
mation.172 Bacterial invasion results in marked fibrin exudation and 
frank hemorrhage, followed by bulla formation. Finally, necrosis of the 
dermis occurs. Bacteria are readily visible in biopsy samples and can 
be demonstrated in Gram-stained material scraped from the base of 
the lesion.

Subcutaneous nodules may also result from P. aeruginosa bactere-
mia. Characteristically, the nodules are erythematous and warm, may 
be either fluctuant or nonfluctuant, and may be tender. Despite pro-
longed antibiotic therapy, these lesions may contain viable bacteria 
weeks after the blood has been cleared of infection. The absence of 
fluctuance may be due to either the lack of pus in neutropenic patients 
or the deep location of the abscess, or both. Although successful treat-
ment may require incision and drainage,176,177 prolonged antibiotic 
therapy without drainage may result in a cure.178,179

Bacterial Endocarditis
Skin lesions have been reported to accompany bacterial endocarditis 
in 4% to 50% of cases.180-185 The cutaneous manifestations of bacterial 
endocarditis are important clues to the diagnosis, although they occur 
less frequently than in the preantibiotic era.186 Cutaneous lesions are 
also less frequent in older patients (i.e., ≥65 years of age).187 Skin lesions 
include Osler’s nodes, Janeway lesions, subungual splinter hemor-
rhages, cutaneous purpura and petechiae, and conjunctival petechiae 
(Roth’s spots). The prevalence of embolic and hypersensitivity lesions 
in skin and mucous membranes (50%) in heroin-associated infective 
endocarditis is similar to that described in patients with non–heroin-
associated infective endocarditis.188

Petechiae are the most common skin and mucous membrane 
lesions observed in endocarditis, occurring in 20% to 40% of patients. 
The lesions are small, flat, and reddish brown and do not blanch on 
pressure. The petechiae may be observed on the skin, especially on the 
heels, shoulders, and legs. Mucous membrane (oral and conjunctiva) 
involvement is common. Petechiae frequently occur in small crops. 
Lesions usually are transient.

In the preantibiotic era, Osler’s nodes were present in 10% to 90% 
of patients with bacterial endocarditis.189 In the 1980s, they were seen 
in 10% to 20% of cases. Recent series suggests that they are now present 
in less than 10% of patients with endocarditis because endocarditis is 
now diagnosed more rapidly before the development of Osler’s nodes. 
These lesions are tender, indurated, erythematous nodules, with a pale 
center that is 1.0 to 1.5 mm in diameter.189-191 Osler’s nodes most com-
monly occur on the pads of the fingers or toes but may also occur on 
the thenar and hypothenar eminences and over the arms. Pain may be 
elicited by palpating the tips of the digits. Osler’s nodes tend to occur 
in crops, are rarely numerous, and tend to be transient. The lesions 
usually resolve without necrosis or suppuration 1 to 3 days after anti-
biotic therapy is initiated. Histologically, Osler’s nodes show micro-
abscesses with microemboli in adjacent arterioles. Osler’s nodes are 

Chronic meningococcemia is a rare disease. The classic clinical 
constellation of symptoms includes intermittent or sustained fevers; 
recurring maculopapular, nodular, pustular, or petechial eruptions; 
and migratory arthritis or arthralgias with little systemic toxicity.157 In 
one large series comprising 148 patients, skin lesions were noted in 
93%.158 A variety of skin lesions may occur in chronic meningococ-
cemia, the most frequently reported being pale to pink macules and 
papules, seen in over 40% of cases. Nodular lesions may occur, mostly 
on the lower extremities. Petechiae of variable size may be seen, with 
superimposed vesicles or pustules centrally. Small, irregularly round, 
subcutaneous hemorrhages with a bluish gray center containing pus 
cells are a distinctive lesion of this syndrome. Ecchymotic areas or 
hemorrhagic, tender nodules that are located deep in the dermis may 
also occur. Lesions associated with chronic meningococcemia tend to 
appear in showers in association with the onset of fever. In contrast to 
the lesions associated with fulminant meningococcemia, those of 
chronic meningococcemia rarely include organisms demonstrable on 
Gram-stained smear or biopsy specimen. In addition, purpura fulmi-
nans is not a typical finding in chronic meningococcemia. A number 
of diseases with periodic fever, skin lesions, and joint involvement  
may resemble chronic meningococcemia, including subacute bacterial 
endocarditis, acute rheumatic fever, Henoch-Schönlein purpura, rat-
bite fever, erythema multiforme, and chronic gonococcemia.

Neisseria gonorrhoeae Infection
Disseminated gonococcal infection (DGI) follows untreated mucosal 
infection with N. gonorrhoeae in 1.0% to 3% of patients.159-161 Skin 
lesions are the most common manifestation of DGI and occur in 50% 
to 70% of patients. The eruption typically appears during the first day 
of symptoms and may recur with each bout of fever. The skin lesions 
associated with DGI begin as tiny red papules or petechiae 1 to 5 mm 
in diameter, many of which evolve rapidly through vesicular or pustu-
lar stages to develop a gray necrotic center, often on a hemorrhagic 
base. Papules, bullae, pustules, and hemorrhagic lesions all may be 
present simultaneously. The lesions tend to be scanty but widely dis-
tributed. The distal portions of the extremities are most commonly 
involved (at times associated with tenosynovitis), with sparing of the 
scalp, face, trunk, and oral mucous membranes. Histologic examina-
tion reveals leukocytoclastic vasculitis with fibrin thrombi. Gram-
stained smears of material from skin lesions infrequently contain 
organisms, although most smears are positive for gonococci when 
examined by immunofluorescence techniques. Circulating immune 
complexes may play a role in the pathogenesis of DGI-associated skin 
lesions and arthritis/tenosynovitis.

Pseudomonas Infection
Pseudomonas spp. are ubiquitous environmental organisms that are 
important pathogens in the hospital and in patients with certain under-
lying host defense abnormalities (e.g., cystic fibrosis). They may also 
cause infection in normal hosts, especially when the skin has been 
moistened. P. aeruginosa can cause folliculitis (“hot tub” folliculitis), 
which is characterized by follicular, macular, papular, vesicular, or pus-
tular lesions on any part of the body that has been immersed in con-
taminated water and has followed bathing in contaminated whirlpools, 
hot tubs, and swimming pools.162 Exposure to contaminated water may 
also result in nodular lesions on the palms and soles (“hot foot” syn-
drome).163,164 Importantly, 96% of P. aeruginosa isolates from swim-
ming and hot tubs have been reported to be multidrug resistant.165

Skin lesions have been reported to accompany P. aeruginosa sepsis 
in 13% to 39% of patients.166-168 The dermatologic manifestations of P. 
aeruginosa sepsis consist of four types of lesions. First, vesicles and 
bullae may occur singly or in clusters and frequently are spread in 
random fashion over the skin. They may become hemorrhagic as they 
evolve. Second, gangrenous cellulitis may occur as a sharply demar-
cated, superficial, painless, necrotic lesion. It may also begin abruptly 
as an acute infection with local pain, swelling, and erythema and 
involve deep tissue and fascia. Third, macular or papular nodular 
lesions are located predominantly over the trunk; the lesions are small, 
oval, and painless. These lesions may resemble the rose spots of typhoid 
fever. Finally, ecthyma gangrenosum is a lesion characteristic but not 
pathognomonic of P. aeruginosa sepsis. Ecthyma gangrenosum has 
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occur in association with renal impairment, lymphoma, or immuno-
suppression. A well-characterized animal model exists for SSSS, dem-
onstrating that decreased renal clearance of the causative toxin results 
in the clinical presentation. Unlike bullous impetigo, in which the 
staphylococcal infection produces skin lesions at the site of infection, 
in SSSS the infection produces a toxin (ETA or ETB) that disseminates, 
causing a diffuse, blanchable erythema in association with marked skin 
tenderness, fever, and irritability. Light stroking of involved skin causes 
rupture and separation of the upper portion of the epidermis (Nikol-
sky’s sign). Generalized desquamation usually occurs, especially in 
intertriginous areas. Unless secondary infection intervenes, the skin 
heals within 10 to 14 days. A skin biopsy specimen (or a frozen section 
of an induced peel for more rapid diagnosis) may be studied to distin-
guish between SSSS and TEN. In SSSS, the cleavage plane of the early 
intraepidermal bulla is just beneath the granular cell layer, whereas in 
TEN the bulla is subepidermal and associated with full-thickness 
necrosis of the epidermis. In addition, mucous membranes are rela-
tively spared in SSSS in contrast to TEN. Early distinction between 
these two diseases is important because the therapy for SSSS includes 
antistaphylococcal antibiotics, whereas in TEN the discontinuation of 
treatment with the offending drug and initiation of aggressive burn 
unit intervention may be lifesaving. SSSS due to MRSA has been 
reported.208,209

A mild form of SSSS is characterized by a generalized scarlatiniform 
eruption with exfoliation (“staphylococcal scarlet fever”). The skin has 
a sandpaper roughness, and Pastia’s lines are present, as in streptococ-
cal scarlet fever, but the strawberry tongue and palatal enanthem of 
streptococcal scarlet fever are absent.

Staphylococcal Toxic Shock Syndrome
TSS is an acute febrile illness characterized by a generalized erythema-
tous eruption that is due to in vivo production of a toxin at the site of 
localized, often relatively asymptomatic or unnoticed infection by S. 
aureus strains capable of toxin production.210-213,214 The multisystem 
effects observed in TSS patients are induced by TSST-1 and, to a lesser 
extent, other staphylococcal enterotoxins. The toxins act as superanti-
gens binding directly to the Vβ chain of the T-cell receptor and to the 
major histocompatibility complex molecule, which triggers clonal 
expansion of the T cells and an unregulated outpouring of proinflam-
matory cytokines.197,215 Although staphylococcal TSS has been most 
commonly linked to S. aureus, TSST-1–producing coagulase-negative 
staphylococci have also been described.216

Although in the early 1980s, most cases of TSS occurred in men-
struating females, often in association with tampon use, nonmenstrual 
staphylococcal TSS is now more common.213 Nonmenstrual TSS has 
been associated with a variety of infections, including postoperative 
wounds, cutaneous infections, burn wounds, postpartum complica-
tions, and S. aureus respiratory infections, often after viral influenza.217 
Recurrent nonmenstrual toxic shock has been described.218

TSS may range in severity from a relatively mild disease, often 
misdiagnosed as a viral syndrome, to a severe life-threatening illness. 
The most common symptoms include a temperature greater than 40° 
C (104° F), hypotension, and diffuse erythroderma with desquamation 
1 to 2 weeks after the onset of illness. Additional early features include 
conjunctival, oropharyngeal, and vaginal hyperemia; vomiting and 
diarrhea; and myalgias. Most patients have abnormalities in three or 
more organ systems: (1) muscular: rhabdomyolysis; (2) central nervous 
system: toxic encephalopathy; (3) renal: azotemia; (4) liver: abnormal 
aminotransferase levels; and (5) hematologic: thrombocytopenia. The 
rash of TSS is almost always noted within the first 24 hours of illness. 
Desquamation occurs after 7 to 10 days, most prominently on the 
hands and feet. Histologically, the epidermis exhibits cleavage in the 
basilar layers, which differentiates TSS from SSSS and from viral and 
drug eruptions. S. aureus septicemia may be associated with erythema-
tous, petechial, or pustular lesions. In addition, lesions associated with 
endocarditis, such as Osler’s nodes, Janeway lesions, and splinter hem-
orrhages, may occur. Such skin lesions have been reported in 10% to 
64% of patients with staphylococcal septicemia. Purpuric lesions may 
in some cases be so extensive as to suggest meningococcemia or RMSF. 
Gram-stained smears of the material in these lesions usually demon-
strate gram-positive cocci.

most commonly associated with subacute bacterial endocarditis due  
to infection with streptococci but may occur in endocarditis due to 
infection with fungi or gram-negative bacilli or in systemic lupus ery-
thematosus, typhoid fever, and gonococcemia. Osler’s nodes probably 
represent the sequelae of vascular occlusion by microemboli leading 
to localized vasculitis.192

Janeway lesions consist of small erythematous macules or, less com-
monly, small nodular hemorrhages in the palms and soles. Although 
they may be seen in subacute bacterial endocarditis, they are more 
common in acute endocarditis, especially that due to S. aureus. Unlike 
Osler’s nodes, Janeway lesions are painless. Histologically, they show 
microabscesses with neutrophil infiltration of capillaries.

Infections due to Staphylococcus 
aureus and Streptococcus pyogenes
Most commonly, S. aureus and Streptococcus pyogenes cause local 
skin infections, including impetigo; folliculitis; furuncles and carbun-
cles; hidradenitis suppurativa (follicular infection of intertriginous 
regions); and erysipelas, mastitis, and cellulitis.193 Both pathogens may 
produce serious local infection, including abscesses, myositis, and fas-
ciitis. S. aureus is responsible for a variety of infectious syndromes 
that may produce local or diffuse skin lesions.194 Skin lesions arise 
from (1) production of toxins,195-197 (2) septic shock, and (3) vascular 
invasion, often in association with endocarditis. S. aureus strains may 
produce more than 30 different extracellular proteins.167 Staphylococ-
cal disease syndromes linked to toxins include toxic shock (toxic shock 
syndrome toxin [TSST-1]), SSSS (mediated by exfoliative toxins, pri-
marily exfoliative toxin A and exfoliative toxin B [ETA and ETB]), 
staphylococcal food poisoning (due to staphylococcal exotoxins, prin-
cipally enterotoxin A and LukE-LukD), and community-associated S. 
aureus skin and soft tissue infections (α-toxins, phenol-soluble modu-
lins, leukocidins).198,199

Community-associated methicillin-resistant S. aureus (CA-MRSA) 
strains are now the predominant cause of community staphylococcal 
skin infections.200,201-207 In the United States most CA-MRSA strains 
carry the staphylococcal cassette chromosome (SCC) mec types IV or 
V, are typed as USA clones 300 or 400, and carry the gene for Panton-
Valentine leukocidin. Groups at higher risk for CA-MRSA infections 
include athletes, HIV-infected persons, homeless persons, household 
members of infected people, injecting drug users, military personnel, 
prisoners in correctional facilities, tattoo recipients, and urban dwellers 
who have lower socioeconomic status and live in crowded conditions. 
CA-MRSA strains are more likely to cause skin and soft tissue infec-
tions than methicillin-susceptible strains. Skin lesions may occur as 
tender red abscesses that are commonly misinterpreted as “spider 
bites” by the patient. CA-MRSA strains may manifest as furuncles, 
boils, erythematous patches and nodules, erythematous pustules (fol-
liculitis), crusted plaques (impetigo), or any combination of these. 
Other soft tissue infections described include chronic external otitis, 
paronychia, cellulitis, necrotizing fasciitis, and necrotizing myositis. 
However, the clinical picture is not sufficiently distinct to allow a diag-
nosis of CA-MRSA based on clinical features.

Staphylococcal Scalded Skin Syndrome
SSSS (Ritter’s disease) describes a spectrum of superficial blistering 
skin disorders caused by the exfoliative toxins (also known as epider-
molytic toxins, epidermolysins, and exfoliatins) of S. aureus.208 Its 
severity varies from localized blisters to generalized exfoliation affect-
ing the entire body surface. Although mortality in appropriately treated 
children is less than 4%, in adults it can reach almost 60%. Approxi-
mately 5% of all S. aureus strains produce exfoliative toxins; two sero-
types have been identified as affecting humans, ETA and ETB.

Bullous impetigo, a disorder usually confined to children that results 
from toxin-producing strains of S. aureus, is characterized by discrete, 
flaccid bullae containing clear or cloudy yellow fluid. Lesions are fre-
quently localized to the umbilicus, groin, or axillae. The surrounding 
skin may appear normal or mildly erythematous. The bullae rapidly 
rupture, leaving raw, denuded erosions that reepithelialize in 5 to 7 
days. Affected infants are usually afebrile and lack constitutional signs.

SSSS usually occurs in neonates or young children (<5 years of age) 
but may affect older children or, rarely, adults. Most cases in adults 

http://www.myuptodate.com


P
a
rt

 I
I 

M
aj

o
r 

C
lin

ic
al

 S
yn

d
ro

m
es

742

cellulitis with vesiculation or bulla formation. The differential diagno-
sis of a desquamative rash includes Kawasaki disease, erythema mul-
tiforme, toxic epidermal necrolysis, leptospirosis, and RMSF. Unlike 
staphylococcal toxic shock syndrome, a focus of pyogenic inflamma-
tion is usually present, and a large proportion of the patients have 
documented bacteremia. Commonly, the local focus of infection 
results in necrotizing fasciitis manifest by diffuse swelling and tender-
ness, a peau d’ orange appearance, and erythema with subsequent 
formation of bullae. Later the skin color changes from red to purple or 
black as the skin becomes necrotic. However, initially the clinical 
symptom of the local site of infection often is only severe pain, with 
tenderness and other physical findings appearing later. Rarely, group 
B223 and group G224 streptococci have been reported to cause myositis 
with TSS.

Rickettsial Infections
Rickettsiae comprise several important pathogens transmitted by ticks 
in the United States. Cutaneous manifestations often provide impor-
tant and early clues in the diagnosis of tick-borne diseases.225-228 Rick-
ettsiae are obligate intracellular parasites whose primary target in 
humans appears to be the endothelial cell. After parasitization of the 
endothelial cell, necrosis of the media and intima results in thrombosis, 
formation of microinfarcts, and extravasation of blood. The end result 
is increased vascular permeability and vasculitis.

Rash is a hallmark of RMSF,229,230 the most common serious rick-
ettsial disease in the United States. Initially, a maculopapular rash 
develops. Subsequently, the rash becomes more petechial. Character-
istically, the rash appears between the second and sixth days of illness 
(average, 4 days). However, the rash may be absent in 5% to 17% of 
patients, and in up to 50% it may not appear within the first 3 days of 
illness.231-233 Failure to initiate proper therapy within 5 days of onset of 
symptoms234 and failure to use a tetracycline235 have been associated 
with an increased mortality rate. Independent predictors of failure by 
the physician to initiate therapy the first time a patient was seen include 
absence of a rash, presentation between August 1 and April 30, and 
presentation within 3 days of illness.235 Most commonly, the rash 
begins on the extremities, often around the wrists and ankles, and 
spreads centripetally to the trunk, with relative sparing of the face. 
However, the rash may begin on the trunk (10%) and spread centrifu-
gally or may have a diffuse distribution at the time of onset (10%). 
Characteristically, the rash involves the palms or soles or both in the 
later stages of infection. Over time, the rash, which begins as maculo-
papular lesions, may progress to become petechial or ecchymotic. 
Rarely, gangrene or skin necrosis that requires amputation occurs.236 
The rash may rarely be urticarial or pruritic. Because the mortality rate 
for infection may be decreased from 15% to 3% with appropriate treat-
ment, institution of antibiotic therapy should never be delayed in the 
absence of rash. Signs and symptoms similar to those of RMSF may 
occur with ehrlichiosis and anaplasmosis (see later discussion). The 
rash of rickettsialpox typically begins as maculopapular and in its early 
phase may be confused with that of RMSF but it quickly becomes 
papulovesicular, which is not characteristic of the RMSF eruption. The 
rash of RMSF may also be confused with measles, mononucleosis, viral 
hepatitis, streptococcal infection, primary HIV infection, secondary 
syphilis, parvovirus infection (fifth disease), Kawasaki disease, and 
roseola. If a penicillin or cephalosporin is administered before the 
appearance of the rash, the subsequent rash may be incorrectly diag-
nosed as a drug eruption rather than the rash of RMSF.

Capnocytophaga canimorsus Infection
Capnocytophaga canimorsus (dysgonic fermenter-2 [DF-2]) is a fastidi-
ous, gram-negative, opportunistic pathogen that can cause serious 
multiorgan disease in humans. The organism is found worldwide. 
Studies suggest that it is part of the normal gingival flora of cats  
and dogs.

More than 100 cases of infection due to C. canimorsus have been 
described.237-239 Although infected patients have ranged in age from 5 
months to 77 years, most infections have been reported in adults older 
than 40 years of age. Approximately 80% of patients described in the 
literature have a predisposing condition, most commonly surgical 
asplenia. Other predisposing factors have included Hodgkin’s disease, 

Streptococcal Infections
The group A streptococci (S. pyogenes) cause a wide variety of local 
(e.g., impetigo, erysipelas, cellulitis, lymphangitis) and invasive syn-
dromes (e.g., bacteremia, necrotizing soft tissue infections, streptococ-
cal TSS) associated with cutaneous manifestations.219,220 These 
manifestations of streptococcal infection occur via three distinct 
mechanisms221: (1) direct infection of the skin, (2) immunologically 
mediated disease, and (3) toxin-mediated disease. Rheumatic fever 
affects up to 3% of people with untreated group A hemolytic strepto-
coccal infections of the nasopharynx. Cutaneous manifestations 
include erythema marginatum (occurring in 10% to 20% of cases), 
subcutaneous nodules (in up to 30%), and erythema papulatum (rare).

Scarlet fever is a diffuse erythematous eruption that results from 
the production of pyrogenic exotoxin (erythrogenic toxin) produced 
by S. pyogenes, most commonly in the setting of pharyngitis. There 
appear to be three distinct exotoxins (types A, B, and C) produced  
by approximately 90% of group A strains. The rash of scarlet fever 
requires both the presence of pyrogenic exotoxin and the existence of 
delayed-type skin reactivity to streptococcal products. The latter 
requires prior exposure to organism. The pharynx is usually beefy red 
with edema involving the tonsillar area extending anteriorly to the soft 
palate and uvula. The rash of scarlet fever usually starts on the head 
and neck and then rapidly expands to cover the trunk and finally the 
extremities. The palms and soles are usually spared. The rash is a 
diffuse erythema, blanching on pressure, with numerous small (1 to 
2 mm) papular elevations, giving a “sandpaper” quality to the skin. The 
rash is most marked in the skin folds of the inguinal, axillary, antecu-
bital, and abdominal areas and about pressure points (e.g., buttocks). 
The rash often exhibits a linear petechial character in the antecubital 
fossae and axillary folds (Pastia’s lines). The rash of scarlet fever may 
be confused with rashes due to erythema infectiosum (fifth disease), 
rubella, rubeola, Epstein-Barr virus, hepatitis B, HIV, enteroviruses, 
and Streptobacillus moniliformis (rat-bite fever). The cutaneous erup-
tions of TSS and secondary syphilis may also appear similar to that of 
scarlet fever, but vasomotor instability in the former and positive serol-
ogy in the latter should suffice to differentiate them from scarlet fever. 
Noninfectious syndromes that should be considered include Kawasaki 
disease, acute systemic lupus erythematosus, and juvenile rheumatoid 
arthritis.

In later part of the 1990s, an increased incidence of severe group A 
streptococcal infections was reported.219 Invasive group A streptococ-
cal infections are life threatening, especially when associated with 
streptococcal TSS. Similar to staphylococcal TSS, this syndrome is due 
to the production of highly potent exoproteins that act as superanti-
gens. The term streptococcal toxic shock syndrome is now used for those 
patients with hypotension and organ dysfunction as a result of toxin-
mediated streptococcal disease (Table 57-4).213,220,222 Many, but not all, 
patients have a rash at the time of presentation. Skin manifestations 
include generalized erythroderma with desquamation and localized 

TABLE 57-4  Staphylococcal versus Streptococcal 
Toxic Shock Syndrome

FEATURE STAPHYLOCOCCAL STREPTOCOCCAL
Age Primarily 15-35 yr Primarily 20-50 yr

Gender Higher frequency in 
women

Men and women 
equally affected

Severe pain Rare Common

Hypotension 100% 100%

Erythroderma rash Very common Less common

Renal failure Common Common

Bacteremia Low frequency 60%

Tissue necrosis Rare Common

Predisposing factors Tampons, surgery Cuts, burns, varicella

Thrombocytopenia Common Common

Mortality rare <3% 30%-70%

Data from Stevens DL. The toxic shock syndromes. Infect Dis Clin North Am. 
1996;10:727-746.
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care in an intensive care unit; and complicated intra-abdominal 
surgery.250-252

An older study reported that 13% of patients with disseminated 
candidiasis have skin lesions,254 whereas a more recent study reported 
35.8%.255 Typical skin lesions are 5 to 10 mm, erythematous or purpu-
ric, nontender, firm, deep dermal papules that characteristically do not 
develop a central eschar or necrosis.255,256 The lesions may have the 
appearance of papules, nodules, or plaques. In about half of the cases, 
they show characteristic central pale vesicular or pustular centers. 
Uncommonly, they may have necrotic centers. Usually the lesions are 
diffuse, involving the trunk and proximal extremities, but they may be 
localized to a small area. The face is usually spared. The diagnosis of 
systemic candidiasis may be confirmed by punch biopsy for touch 
prep, histology, and culture in approximately 70% of patients.255,257 
Congenital candidiasis is a rare disease with fewer than 100 cases 
reported that result from acquisition of infection in utero.258 It is char-
acterized by a diffuse erythematous skin eruption with or without 
vesicles and pustules. Systemic infection including pneumonia may 
occur with or without skin lesions.

Many other fungi produce nodular lesions identical to those caused 
by Candida and must be considered as possible pathogens in immu-
nocompromised patients. In patients with acquired immunodeficiency 
syndrome (AIDS), cryptococci may cause umbilicated nodules that 
mimic the lesions of molluscum contagiosum.

NEW AND EMERGING INFECTIOUS 
DISEASES
The Institute of Medicine defines new and emerging diseases as “new, 
reemerging or drug-resistant infections whose incidence in humans 
has increased within the past two decades or whose incidence threat-
ens to increase in the near future.”259 Many would also include infec-
tions whose geographic range is increasing. The factors leading to the 
development of new and emerging diseases have been reviewed in the 
literature.259-262 Approximately 75% of emerging or reemerging diseases 
are known to be zoonotic.263 It is important for infectious disease clini-
cians to realize that international travel has dramatically increased; 
accordingly, patients may present with diseases only rarely seen in the 
United States. Many of these diseases may be associated with either 
local or generalized skin lesions, including dengue fever, yellow fever, 
viral hemorrhagic fevers, malaria, and leptospirosis.

Infections due to New Herpesviruses
In recent years, the number of human viruses in the herpesvirus family 
has increased from five to eight.264-266 Human herpesvirus 6 (HHV-6) 
is now recognized as the cause of exanthem subitum (sixth disease) in 
infants and other febrile diseases in children.264-266,267,268 HHV-6 infec-
tion, a worldwide disease, is normally acquired at a very early age (i.e., 
children 6 months to 1 year of age). Classically, patients with exanthem 
subitum present with a high fever that lasts from 3 to 5 days. As the 
temperature normalizes, a macular or maculopapular rash develops, 
generally beginning on the trunk, with later spread to the extremities 
and often to the neck and face. Typical dermal lesions are 2 to 3 mm 
in diameter and blanch with pressure. In children, HHV-6 infection 
may be manifested as fever without a rash, rash without a fever, infec-
tious mononucleosis–like illness, or, rarely, a vesicular rash. Cases 
clinically identified as either measles or rubella can be due to primary 
HHV-6 infection. In adults, HHV-6 produces an infectious 
mononucleosis–like illness either occurring without a rash or associ-
ated with erythematous macules and papules or erythroderma.

Human herpesvirus 7 (HHV-7), like HHV-6, is ubiquitous (prob-
ably >85% of the population infected) with transmission occurring 
early in childhood. It generally causes asymptomatic infection but  
has also been considered as a cause of exanthem subitum, although less 
frequently than HHV-6.269 Although HHV-7 rarely causes clinical 
disease, in highly immune-compromised persons (e.g., solid-organ 
transplant recipients) it may cause fever, thrombocytopenia, and acute 
myelitis. Human herpesvirus 8 (HHV-8) is recognized as the cause of 
Kaposi sarcoma, which in the United States most frequently occurs in 
persons infected with HIV.270,271 In at-risk patients, purple macules or 
plaques mimicking purpura, hematomas, or small angiomas appear 
spontaneously on any portion of the body.265 Lesions may grow rapidly 

trauma, idiopathic thrombocytopenic purpura, alcohol abuse, cortico-
steroid therapy, and chronic lung disease.

Infection is strongly associated with dog bites, with more than 50% 
of patients reporting dog bites before clinical evidence of infection. 
Infections have also followed cat bites or scratches, scratches from 
dogs, and contact with wild animals. An additional 20% of patients 
have reported exposure to dogs without a history of an actual bite or 
scratch. The clinical syndrome in humans is characterized by fever, 
DIC, cellular necrosis in certain organs such as kidneys and adrenal 
glands, thrombocytopenia, hypotension, and renal failure with oliguria 
and anuria. Meningitis240 and endocarditis241 may occur as a result of 
C. canimorsus sepsis. Dermatologic lesions occur in about 50% of 
patients and may include petechiae, a macular or papular eruption, 
eschar formation, or painful erythema. Patients frequently develop a 
hemorrhagic diathesis with purpuric skin lesions and petechiae that 
may progress to cutaneous gangrene. Similar skin manifestations may 
be found in late RMSF and sepsis from gram-positive or gram-negative 
bacteria.

The case-fatality rate is approximately 25%. Death has not been 
confined to immunocompromised patients. Infection with C. canimor-
sus should be considered in patients who have a compatible clinical 
syndrome coupled with a history of a dog bite or animal exposure. 
Definitive diagnosis requires isolation of the organism from blood or 
other body fluids or tissues. Empirical therapy based on the clinical 
presentation should be given. In patients who show high-grade bacte-
remia, the organism has been demonstrated in peripheral blood 
smears. Therefore, in all patients suspected of having C. canimorsus 
sepsis, especially splenectomized patients, Gram staining of the buffy 
coat should be performed.

Borrelia burgdorferi Infection
Lyme disease is a tick-borne borreliosis with broad distribution and 
myriad manifestations.242-245 In early localized or disseminated Lyme 
disease, fever is present in approximately 15% of patients, although it 
is usually low grade. Skin lesions are prominent clinical manifestations 
of all stages of Lyme disease.246-249 Clinically, the disease is divided into 
three stages of illness: early localized disease, early disseminated 
disease, and persisting late disease. The most common manifestation 
of early localized Lyme disease is EM, which usually appears at the site 
of the tick bite within 7 to 10 days (range, 3 to 30 days). Seventy to 80 
percent of infected patients will demonstrate EM.225 Most patients 
(75% to 80%) who exhibit EM in the United States have only a single 
(primary) lesion. EM initially begins as a red macule or papule that is 
usually homogeneous in its redness and may remain so until it heals. 
More commonly, the lesion partly or totally clears centrally, leaving an 
annular erythema that spreads centrifugally. The EM skin lesions are 
typically 5 cm or more in their largest diameter. EM may develop 
anywhere but is most frequently located around the knees, in the 
axillae, and in the groin. Although the lesion may last from a few days 
to about 1 year, it usually disappears within a few weeks to months. In 
about half of the patients, itching, dysesthesia/hyperesthesia, or sensa-
tions of heat may develop at the site of erythema. Many patients who 
develop early disseminated disease exhibit EM-like lesions. The dis-
seminated lesions are usually smaller than the primary lesion and often 
multiple. These lesions may be ring shaped but are often homogeneous 
and nonmigrating.

Candidiasis
The incidence and relative frequency of health care–associated infec-
tions due to Candida has risen dramatically in the recent past, and this 
increase has been accompanied by a shift in the infecting pathogen 
away from Candida albicans to non–C. albicans species.250-252 The most 
recent data from the Centers for Disease Control and Prevention 
(2009-2010) reported that non–C. albicans species accounted for 8.1% 
and C. albicans for 6.5% of central line–associated bloodstream infec-
tions.253 Predisposing factors for disseminated or invasive infection are 
mucosal colonization with Candida; malignancy with cytotoxic 
therapy; neutropenia; antimicrobial therapy, especially with broad-
spectrum agents; parenteral hyperalimentation; severe burn injuries; 
very low birth weight; use of intravenous catheters; systemic adminis-
tration of adrenocortical corticosteroids; acute renal failure; prolonged 

http://www.myuptodate.com


P
a
rt

 I
I 

M
aj

o
r 

C
lin

ic
al

 S
yn

d
ro

m
es

744

States in travelers returning from endemic areas.286 After an incubation 
period of 2 to 4 days, patients have an abrupt onset of high fever, 
headache, back pain, myalgia, and arthralgia that may be intense. Skin 
involvement is present in 20% to 50% of cases and consists of a pru-
riginous maculopapular rash mostly located on the face, trunk, and 
extremities. The rash is transient. Facial edema and pruritus may 
accompany the rash. In children, a bullous rash with pronounced 
sloughing may occur. Hemorrhagic fever has been reported in 
Chikungunya-infected patients from Thailand.

Bacterial Diseases due to  
Bartonella Species
Bartonella are small, fastidious, intracellular gram-negative 
bacteria.287-289 The genus now includes more than 20 distinct species, 
several of which are capable of causing human disease. Most of our 
current knowledge on Bartonella infections is restricted to B. henselae, 
B. quintana, and B. tribocorum. Bartonella spp. that cause human 
disease are generally associated with well-defined reservoirs, usually 
domestic and wild animals.

Infection with B. henselae results in disease syndromes of variable 
severity, ranging from lymphadenopathy to systemic disease. Cat-
scratch disease occurs primarily in children and young adults and is 
generally a benign self-limited disease. Cat-scratch disease typically 
begins with a cutaneous lesion at the site of inoculation.290-292 The lesion 
that develops 3 to 10 days after introduction of the organism evolves 
through erythematous, vesicular, and papular crusted stages. Less com-
monly, it can be pustular or nodular. Approximately 2 weeks after 
inoculation, regional adenopathy develops proximal to the skin lesion. 
The nodes are usually tender, often have overlying erythema, and may 
suppurate. Low-grade fever and malaise occur in about 30% of chil-
dren. Uncommon cutaneous manifestations include a transient macu-
lopapular rash, erythema multiforme, erythema nodosum, and 
purpura. The differential diagnosis includes other diseases associated 
with regional lymphadenopathy and cutaneous inoculation lesions 
(e.g., nontuberculous mycobacteria, Nocardia, Yersinia pestis, Bacillus 
anthracis, Francisella tularensis, Erysipelothrix rhusiopathiae); pyogenic 
infections due to streptococci and staphylococci; viral-associated 
lymphadenopathy (e.g., cytomegalovirus, HIV, EBV); and lymphoma.

B. henselae and B. quintana are capable of causing a variety of dis-
eases in immunocompromised patients, principally patients with late 
stage HIV-1 infection, including bacillary angiomatosis, bacillary peli-
osis, splenitis, osteomyelitis, and bacteremia. Occasionally, bacillary 
angiomatosis has been reported in immunocompetent individuals.293 
Skin lesions are the most frequent clinical manifestation of bacillary 
angiomatosis with a prevalence of 55% to 90%. The typical lesion is 
solitary or disperses all over the body. The reddish purple papules may 
be difficult to distinguish clinically from Kaposi sarcoma and pyogenic 
granuloma. The lesions of bacillary angiomatosis may appear as 
smooth, warty, and pedunculated papules, subcutaneous nodules, and 
hyperkeratotic plaques. They rarely ulcerate or bleed.

Tick-borne Bacterial Diseases due to 
Ehrlichia and Anaplasma Species
Important tick-borne diseases that occur in the United States include 
RMSF, Lyme disease, tick-borne viral encephalitis, babesiosis, and tula-
remia. Recently, Ehrlichia spp. and Anaplasma spp. have emerged as 
important and potentially life-threatening pathogens.294-299

In the United States, ehrlichiosis caused by Ehrlichia chaffeensis 
(human monocytotropic ehrlichiosis) is most common in the southern 
and mid-Atlantic, and north and south central states and in isolated 
areas of New England. Common early signs and symptoms of infection 
include fever, headache, malaise, and myalgia. Rash occurs in approxi-
mately 60% of children but less than 30% of adults. The rash pattern 
varies from petechial to maculopapular to diffuse erythema and typi-
cally occurs late in the course of the disease (median, 5 days after 
onset). The rash pattern might involve the extremities, trunk, face, or 
rarely, the palms and soles. Rarely, Ehrlichia ewingii may cause human 
infection. Rash is rare in this disease.

Anaplasmosis is caused by Anaplasma phagocytophilum (human 
granulocytotropic anaplasmosis). In the United States it is most 
common in New England and the north central and Pacific coastal 

with subsequent ulceration or behave indolently. HHV-8–associated 
body cavity lymphoma (also known as primary effusion lymphoma 
and Castleman disease) is often characterized by fever, night sweats, 
and other constitutional manifestations related to interleukin-6 
overexpression.

Viral Hemorrhagic Fever
Hemorrhagic fever may be caused by viruses belonging to several 
families, including the Arenaviridae (e.g., Argentine hemorrhagic 
fever, Lassa fever, Venezuelan hemorrhagic fever), Bunyaviridae (han-
taviruses, Crimean-Congo fever, Rift Valley fever), Filoviridae (Ebola, 
Marburg), and Flaviviridae (yellow fever, dengue fever, Omsk hemor-
rhagic fever).272,273,274

Hantaviruses are RNA viruses that belong to the family Bunyaviri-
dae and include Hantaan, Seoul, Puumala, Dobrava, Sin Nombre, 
Bayou, Black Creek Canal, and New York viruses.275-277 Hemorrhagic 
fever with renal syndrome (HFRS) may be caused by seven hantavi-
ruses (e.g., Hantaan, Seoul, Dobrava, Saaremaa, Amur, Puumala, and 
Far East).276 Severe forms of HFRS have characteristic phases that may 
not be seen with milder disease. After an incubation period of 2 to 3 
weeks, patients present with abrupt onset of fever in association with 
malaise, headache, myalgias, back pain, abdominal pain, nausea, and 
vomiting. Conjunctival injection or hemorrhage with palatal and 
upper torso petechiae is commonly seen on physical examination. 
During this phase, a characteristic erythematous flush that blanches 
with pressure may be observed, usually affecting the face, neck, and 
upper torso. After the 3- to 7-day febrile phase, a period of hypotension 
and severe shock ensues that is characterized by hemorrhagic mani-
festations. Overall, about 20% of the patients manifest severe disease, 
with death from shock and renal failure in 5% to 10% of cases. The 
hantavirus pulmonary syndrome may be caused by multiple hantavi-
ruses including Sin Nombre virus.276 Some forms of hantavirus pulmo-
nary syndrome (e.g., Andes) can present as conjunctivitis, facial 
flushing, and variable numbers of fine petechiae on the trunk, axillary 
folds, soft palate, or neck.

Filoviruses include the agents that cause Marburg and Ebola hem-
orrhagic fever.278-281 Ebola virus is more virulent than Marburg virus 
and causes more severe clinical disease, with an accelerated course and 
high morbidity and mortality rates. Patients present with an acute 
onset of fever, severe frontal headache, anorexia, malaise, and myalgias. 
These signs and symptoms are followed 2 to 3 days later by clinical 
deterioration heralded by pharyngitis, conjunctivitis, severe nausea 
and vomiting, abdominal pain, and watery diarrhea. Five days later, 
patients develop a maculopapular rash on the trunk and back that is 
followed by the appearance of petechiae, ecchymoses, subconjunctival 
hemorrhages, epistaxis, hemoptysis, hematemesis, and melena. Hem-
orrhagic shock may progress to death. Patients with Marburg virus 
infection may develop a scarlatiniform rash rather than a maculopapu-
lar rash. Considerations in the differential diagnosis of African hemor-
rhagic fevers also include yellow fever and Lassa fever, but these 
illnesses are not accompanied by a rash.

The flaviviruses include yellow fever, Omsk hemorrhagic fever, and 
dengue.282 The etiologic agents of dengue fever are four serologically 
related RNA viruses belonging to the family Flaviviridae.283-285 Classic 
dengue fever begins after an incubation period of 3 to 15 days (average, 
5 to 8 days) with an abrupt onset of fever that may be accompanied by 
chills, headache, and general malaise. The fever usually lasts 3 to 7 days 
and may be biphasic. Erythema may appear shortly before the onset of 
fever, concurrently with fever onset, or 24 to 48 hours later. This rash 
may be noted as a flushing or erythematous mottling beginning on the 
trunk and spreading centrifugally to the face, neck, and extremities. 
Flushing may disappear after 1 or 2 days or may blend into an ery-
thematous macular or maculopapular rash that develops at any time 
during the course of illness. Pruritus and desquamation, especially on 
the palms and soles, may follow termination of the eruption. Dengue 
hemorrhagic fever/dengue shock syndrome is a more severe disease 
whose skin manifestations may include petechiae, purpura, ecchymo-
ses, epistaxis, and gum bleeding.

Chikungunya virus is an arbovirus (genus Alphavirus, family Toga-
viridae) that is prevalent in Africa and Asia, especially in India and 
islands in the Indian Ocean. Disease has been reported in the United 
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Eczema vaccinatum occurs in persons with a history of eczema  
or atopic dermatitis regardless of disease activity or severity. It has  
also been reported in persons without a history of dermatologic condi-
tions. Eczema vaccinatum is characterized by high fever and general-
ized lymphadenopathy with an extensive vesicular and pustular 
eruption. The syndrome begins concurrently or shortly after the onset 
of local vaccinial lesions in the vaccinee. It may also occur in contacts 
5 to 19 days after exposure. There is a significant risk for secondary 
bacterial or fungal infections. This adverse reaction is associated with 
a poor prognosis and high mortality. Therapy consists of multiple  
doses of variola immune globulin, hemodynamic support, and treat-
ment of secondary infections. Cidofovir might be useful for therapy, 
but there are no published clinical data on its efficacy. Historically,  
the rate of eczema vaccinatum per 1 million vaccinees was reported as 
10.4 to 41.5.

Monkeypox is enzootic in squirrels and monkeys in the rain forests 
of western and central Africa. The disease appears to be endemic in 
these regions of Africa, but multiple outbreaks have been described. 
Clinical signs of monkeypox include respiratory distress, lymphade-
nopathy, and a centrifugally distributed vesiculopustular rash. The 
case-fatality rate has been reported to be approximately 10% in persons 
not vaccinated against smallpox.

Skin Lesions in Immunocompromised 
Patients
The diagnosis of skin lesions in the immunocompromised patient is 
complex because of the wide range of potential microbial pathogens 
that may cause disease in patients with abnormal immune responses 
(Table 57-5).309-311,312-317 In addition, in immunocompromised persons, 
common infections may have unusual manifestations and such patients 
often have an insufficient response to conventional therapy. Johnson309 
recommends the following approach to cutaneous lesions suspected to 
be infectious. First, the most rapid and sensitive methods for detecting 
microbes both histologically and immunologically should be used. 
Second, appropriate cultures and stains should be obtained to optimize 
the chance for identifying the pathogen. A 6- or 8-mm punch biopsy 
is usually adequate. Half of the tissue is sent for histopathologic evalu-
ation by routine methods and by special stains for fungi, mycobacteria, 
and bacteria. The other half is sent to the microbiology laboratory for 
culture of aerobic and anaerobic bacteria, mycobacteria, and fungi (at 
25° C and 37° C) and for Gram stain, acid-fast, modified acid-fast, and 
direct fungal stains of touch preparations or ground tissue. Recom-
mendations for processing specimens have been published.312

Solid-organ transplant recipients are at high risk for disease due to 
opportunistic bacterial, viral, and fungal pathogens. The risk for infec-
tion and the most likely infecting pathogen depend on the type of 
transplant, type and dose of immunosuppressive medications, time 
since transplant, presence of coexisting diseases including viral infec-
tions, and epidemiologic exposures.

Cutaneous infections in immunocompromised persons may be cat-
egorized into four groups based on pathophysiology: (1) infection 
originating in skin that is typical of those occurring in immunocom-
petent persons, albeit with the potential for more serious illness; (2) 
extensive cutaneous involvement with pathogens that normally 
produce trivial or well-localized disease in immunocompetent patients; 
(3) infection originating from a cutaneous source that is caused by 
opportunistic pathogens that rarely cause disease in immunocompe-
tent patients but may cause either localized or widespread disease in 
immunocompromised patients; and (4) cutaneous or subcutaneous 
infection that represents metastatic spread from a noncutaneous site. 
Only life-threatening infections with cutaneous manifestations are dis-
cussed further here. In general, most cases of skin infection result from 
secondary dissemination after initial infection of the lungs or other 
organ systems. Primary cutaneous infection resulting from direct 
inoculation is less common. In transplant patients, infections with 
viruses and fungi are probably more common than skin infections 
caused by bacteria.

Immunocompromised patients are at increased risk for the devel-
opment of cellulitis due to S. pyogenes and S. aureus. Neutropenic 
patients are also susceptible to more unusual pathogens, such as 
members of the family Enterobacteriaceae and Pseudomonas spp. 

states. Common signs and symptoms include fever, headache, malaise, 
myalgia, and vomiting. Rash is reported in less than 10%. The clinical 
and epidemiologic features of anaplasmosis and ehrlichiosis overlap 
with those of RMSF. Rash is less common with ehrlichiosis and ana-
plasmosis than with RMSF, but it is important to remember that at 
presentation less than 50% of patients with RMSF do not have a rash 
and 15% will never demonstrate a rash (i.e., so-called Rocky Mountain 
spotless fever). As with RMSF the rash of these other tick-borne dis-
eases may resemble that of mononucleosis, thrombotic thrombocyto-
penic purpura, hepatitis A, and drug eruptions.

Orthopoxviruses
The genus Orthopoxvirus contains four species that infect humans: 
variola, monkeypox, vaccinia (includes buffalopox), and cowpox.300 
Variola and monkeypox are often life-threatening diseases, whereas 
vaccinia and cowpox generally are associated with local lesions. The 
eradication of smallpox represents one of the greatest public health 
achievements of the 20th century. After the successful eradication of 
smallpox, the routine use of vaccinia vaccine was discontinued. 
However, the threat of bioterrorism raises the prospect for an inten-
tional use of smallpox.301,302,303 Given the threat of bioterrorism, all 
health care personnel should be familiar with the skin manifestations 
of the category A bioterrorist agents (i.e., anthrax, plague, tularemia, 
Ebola, Marburg, Lassa, Machupo).304 Multiple outbreaks of monkey-
pox in humans have been reported,305,306 including a 2003 outbreak in 
the United States traced back to a consignment of rodents (giant 
Gambian rats) from Ghana. Thus, the clinician is now confronted with 
having to distinguish the skin lesions of several possible poxvirus 
infections, including smallpox, complications of vaccinia (i.e., general-
ized or progressive vaccinia, eczema vaccinatum), and monkeypox. 
These lesions must be distinguished from varicella, disseminated 
herpes simplex, and other disorders characterized by a similar erup-
tion, including meningococcal septicemia, coagulation disorders, and 
typhus.

After a 12- to 14-day incubation period (range, 7 to 17 days), the 
patient with smallpox typically develops high fever, malaise, and pros-
tration with headache and backache. A maculopapular rash then 
appears on the mucosa of the mouth and pharynx, face, and forearms 
and spreads to the trunk and legs. Within 1 to 2 days, the rash becomes 
vesicular and later pustular. The pustules are characteristically round, 
firm, and deeply embedded in the skin. Crusts begin to form after 7 to 
9 days; the eschars later separate, leaving pits and scars. Bacterial 
superinfection of skin lesions may complicate smallpox. The rash of 
variola differs from that of varicella in several ways. First, the lesions 
of variola appear during a 1- to 2-day period and evolve at the same 
time, whereas the lesions of varicella demonstrate different stages of 
maturation and generally appear in crops every few days. Second, the 
lesions of variola tend to involve the extremities and face, whereas the 
lesions of varicella have a centripetal predilection with a greater con-
centration of lesions on the trunk than on the face and extremities. 
Also, varicella lesions are almost never found on the palms and soles. 
Finally, the lesions of variola are much more deeply embedded than 
the rash of varicella, where the lesions are more superficial. The rash 
of smallpox may be confused with SJS, measles, and coxsackievirus 
infections.

Vaccinia vaccine is still being provided to members of the U.S. 
military. Recognition and management of the complications of vac-
cinia vaccination have been summarized.307,308 Vaccinia vaccination 
leads to the local lesion at the site of immunization. Local complica-
tions include satellite lesions, lymphangitis, secondary bacterial infec-
tions, lesions from inadvertent remote inoculation, and progressive 
vaccinia at the site of the vaccination most commonly in immune-
suppressed persons. Disseminated lesions include generalized vaccinia 
and eczema vaccinatum. Generalized vaccinia refers to a relatively 
benign generalized eruption in which each lesion is identical to its 
primary smallpox vaccination. The incidence has been reported to 
range from 23 to 242 per 1 million first-time vaccinees. Severe cases 
can be treated with variola immune globulin, cidofovir, or both. After 
vaccinia vaccination, patients also may develop a generalized erythema 
multiforme–like rash. This is a benign condition and does not require 
therapy.
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tract infection may be asymptomatic, with the initial signs of illness 
seen in the skin. In neutropenic patients, cutaneous lesions due to 
Aspergillus spp. are often found in association with the sino-orbital 
form of disease. Neutropenic patients may also develop disseminated 
infection with other fungi such as Fusarium spp. and Trichosporon 
beigelii.

HIV infection commonly results in dermatologic disorders in both 
adults and children.318-322 Clinically, the skin lesions associated with 
HIV infection may be classified by morphologic appearance, stage of 
HIV infection, pathophysiology (infectious, neoplastic, vascular, mis-
cellaneous), and, for infectious diseases, etiologic agent. Skin eruptions 
are observed in more than 50% of patients with primary HIV infection, 
generally developing on day 1 to 5 of the acute illness. The rash char-
acteristically consists of 10 to hundreds of 5- to 10-mm, oval or round, 
pink to deep-red macules or slightly raised papules. Other skin mani-
festations have included diffuse urticaria, vesicular and pustular exan-
thema, desquamation of palms and soles, and alopecia. Like other 
immunocompromised patients, individuals with AIDS develop infec-
tions with opportunistic pathogens that rarely, if ever, cause infection 
in immunocompetent people. These include unusually severe or per-
sistent herpes viral infections (HSV, varicella-zoster, cytomegalovirus), 
staphylococcal infections including CA-MRSA, nontuberculous myco-
bacterial infections, disseminated candidiasis, infections with endemic 
fungi, ectoparasites, and soil-dwelling fungi.

Patients with leukemia or impaired cell-mediated immunity may 
develop erysipelas-like lesions due to Candida spp. or Cryptococcus 
neoformans. Both local and diffuse skin infections with herpesviruses, 
especially herpes simplex and varicella-zoster, are very common. Cuta-
neous cytomegalovirus infection has a highly variable appearance that 
may include nodules, ulcers, indurated plaques, maculopapular erup-
tions, vesicles, and petechiae.

In immunocompromised patients, cutaneous lesions resulting from 
hematogenous spread of infection are caused by three classes of organ-
isms: (1) P. aeruginosa and other bacteria; (2) the endemic systemic 
mycoses caused by Histoplasma capsulatum, Coccidioides spp., and, 
rarely, Blastomyces dermatitidis; and (3) the opportunistic organisms 
Aspergillus, C. neoformans, Candida, Rhizopus, and Nocardia. P. aeru-
ginosa may cause either cellulitis or ecthyma gangrenosum, which may 
develop in the absence of bacteremia. Patients with malignancy may 
develop sepsis associated with a variety of uncommon bacteria that are 
also associated with skin lesions (e.g., A. hydrophila, C. canimorsus, 
Clostridium septicum, mycobacteria, and Salmonella enterica serotype 
Typhimurium). Most commonly, H. capsulatum causes cellulitis, but it 
may also cause papules, nodules, pustules, and hemorrhagic lesions. 
Metastatic spread to the skin from noncutaneous sites of infection 
most commonly occurs with Aspergillus spp., C. neoformans, Candida 
spp., Rhizopus spp., and Nocardia. With the exception of Candida, the 
initial portal of entry is the respiratory tract. However, the respiratory 

TABLE 57-5  Types of Skin Infections in Immunocompromised Hosts by Pathophysiologic Events

TYPE OF INFECTION PATHOGEN SITE OF INFECTION HEALTHY HOST COMPROMISED HOST
Primary skin infections with 

common pathogens
Staphylococcus aureus, 

group A
Epidermis, hair follicles Impetigo, ecthyma, 

folliculitis
Soft tissue infection, necrotizing

Septicemia Streptococcus Dermis Abscesses, intertrigo Soft tissue infection

Unusually widespread cutaneous 
infection

Dermatophytes, Candida 
spp.

Epidermis, intertriginous 
sites, hair follicles

Dermatophytosis; epidermal 
(limited), folliculitis

Dermatophytosis; epidermal 
(extensive), folliculitis

Candida spp. Oropharynx, esophagus, 
genitalia

Candidiasis; intertrigo, 
genital

Candidiasis; intertrigo, folliculitis, 
mucosal

HSV Localized herpes, resolves 
spontaneously

Chronic herpetic ulcers

VZV Herpes zoster (mild) Herpes zoster (extensive)

EBV Hairy leukoplakia

MCV MCV (localized, nonfacial) Widespread MCV, resistant to therapy

HPV Common and mucosal 
warts

Widespread warts; squamous cell 
carcinoma in situ

Opportunistic primary cutaneous 
infection

NTM Dermis, hypodermis Swimming pool granuloma Soft tissue infection ± necrosis

Nocardia Septicemia

Molds

Prototheca

Systemic infection metastatic to 
cutaneous and subcutaneous sites

Bacteria, fungal pneumonitis 
with fungemia

Dermis, hypodermis Soft tissue infection ± 
necrotic nodules

Soft tissue infection ± necrotic nodules

EBV, Epstein-Barr virus; HPV, human papillomavirus; HSV, herpes simplex virus; MCV, molluscum contagiosum virus; NTM, nontuberculous mycobacteria; VZV, varicella-zoster 
virus.

Data from Johnson RA. The immune compromised host in the twenty-first century: management of mucocutaneous infections. Semin Cutaneous Med Surg. 2000;19:
19-61.
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B  Upper Respiratory Tract Infections

The Common Cold
Ronald B. Turner58 

The term common cold refers to a syndrome of upper respiratory symp-
toms that may be caused by a variety of viral pathogens. References to 
these illnesses in ancient writings attest to the long association of colds 
and human health. Early observers noted that colds waned in fre-
quency during sea voyages and then reappeared when social contact 
was reestablished, suggesting that these illnesses were transmitted from 
person to person. This observation was confirmed in human transmis-
sion studies conducted in the early 20th century. These studies estab-
lished that transmission of colds was due to a “filterable agent” present 
in nasal secretions.1 Epidemiologic studies begun by Dingle and 
co-workers2 in the 1940s, among families in Cleveland, demonstrated 
the role of the family in the spread of colds and emphasized the greater 
incidence among children than adults. The pathogens responsible for 
the common cold syndrome were not identified, however, until the 
development of cell culture systems for detection of viral infections.

The clinical significance of the common cold derives primarily from 
the frequency of these illnesses in the general population. Although 
generally mild and self-limited, these illnesses are associated with an 
enormous economic burden both in lost productivity and in expendi-
tures for treatment. Viral respiratory tract infection accounts for 
approximately 21 million days of school absence and 20 million days 
of work absence in the United States annually.3 Each year there are 
approximately 110 million physician visits, and patients purchase 
almost $3 billion worth of over-the-counter cough and cold medica-
tions for treatment of common cold symptoms.4 In recent years, par-
ticularly since the widespread use of the polymerase chain reaction 
(PCR) for detection of viral pathogens, there has been an increasing 
appreciation of the morbidity associated with the common cold viruses 
and the complications of these illnesses.

ETIOLOGY
The pathogens most frequently associated with common cold symp-
toms are the rhinoviruses that cause approximately half of all colds 
(Table 58-1). Other important pathogens include the coronaviruses 

and respiratory syncytial virus (RSV). Influenza, parainfluenza, and 
adenoviruses may be associated with cold symptoms; however, these 
agents frequently cause lower respiratory or systemic symptoms in 
addition to the upper respiratory symptoms characteristic of the 
common cold. Recent data suggest that the prevalence of different 
viruses may be different in an urban compared with a suburban 
environment.5

Knowledge of the pathogens associated with the common cold is 
based primarily on studies that relied on cell culture isolation for detec-
tion of virus. Systematic studies of common cold epidemiology using 
more sensitive diagnostic methods have not been done, although 
studies using PCR techniques in selected study populations and over 
limited time periods have generally confirmed the cell culture find-
ings.6 The use of the more sensitive techniques, however, has permitted 
detection and characterization of previously unrecognized pathogens. 
Metapneumovirus, first detected in 2001, appears to be the cause of 
approximately 5% of common cold illnesses (see Chapter 161).7,8 Boca-
virus, a human parvovirus discovered in respiratory secretions in 2005, 
has since been detected in a small proportion (≈5%) of children with 
respiratory disease (see Chapter 149).9,10 This virus is frequently 
detected in patients who are coinfected with previously recognized 
respiratory pathogens or who are asymptomatic; thus, the role of boca-
virus as a common cold pathogen has not been established.11,12 The use 
of PCR assay has also revealed that coinfection by multiple viral patho-
gens is frequent during a common cold illness.13,14

EPIDEMIOLOGY
Seasonal Incidence
In temperate climates, colds occur year-round but have a decreased 
incidence during the summer months. The “respiratory virus season” 
in the northern hemisphere begins with an increase in rhinovirus 
infections in August or September and ends after the spring peak of 
rhinovirus infections in April or May.15-17 Although rhinovirus contin-
ues to circulate at lower levels throughout the winter months, the 

Definition
•	 The	common	cold	is	an	upper	respiratory	

illness	that	includes	rhinorrhea	and	nasal	
obstruction	as	prominent	symptoms.

Epidemiology
•	 Common	cold	illnesses	occur	5	to	7	times	per	

year	in	children	and	2	to	3	times	per	year	in	
adults.

•	 Illnesses	occur	most	commonly	between	the	
early	fall	and	late	spring	in	temperate	
climates.

•	 Transmission	of	the	viral	pathogens	causing	
the	common	cold	may	occur	via	direct		
contact,	large-particle	aerosol,	or	small-particle	
aerosol.

Microbiology
•	 The	rhinoviruses	are	responsible	for	the	

majority	of	common	cold	illnesses.
•	 Coronavirus,	respiratory	syncytial	virus,	and	

metapneumovirus	may	also	be	associated	with	
the	common	cold	syndrome.

•	 Other	respiratory	viruses	may	cause	common	
cold	symptoms,	but	are	frequently	associated	
with	lower	respiratory	symptoms	in	addition	to	
the	upper	respiratory	illness.

•	 Coinfection	with	more	than	one	pathogen	is	
common	in	these	illnesses.

Diagnosis
•	 The	diagnosis	of	the	common	cold	is	a	clinical	

diagnosis.

•	 The	responsible	pathogen(s)	can	be	
determined	by	polymerase	chain	reaction	
assay,	but	this	is	rarely	useful	in	the	
management	of	the	patient.

Therapy
•	 There	are	no	specific	antiviral	agents	that	are	

useful	for	treatment	of	the	common	cold.
•	 Management	depends	on	symptomatic	therapy	

with	treatment	directed	at	the	most	
bothersome	symptoms.

Prevention
•	 There	are	no	proven	interventions	for	

prevention	of	the	common	cold.
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virus appears to be related to the presence or absence of specific anti-
body to the pathogen. The frequency of infection with these viruses is 
due to the various mechanisms that the pathogens have evolved to 
avoid host defenses. Infections with rhinoviruses and adenoviruses 
result in the development of serotype-specific protective immunity. 
Repeated infections with these pathogens occur because there are a 
large number of distinct serotypes of each virus (see Table 58-1). Simi-
larly, the influenza viruses behave as though there were multiple virus 
serotypes, by virtue of the changes of the antigens presented on the 
surface of the virus. The interaction of coronaviruses with host immu-
nity is not well defined, but it appears that there are multiple distinct 
strains of coronavirus that are capable of inducing at least short-term 
protective immunity.32 In contrast, the parainfluenza viruses, meta-
pneumovirus, and RSV each have a small number of distinct serotypes. 
Reinfection with these viruses occurs because complete protective 
immunity to these pathogens does not develop after an infection. 
Although reinfection is not prevented by the adaptive host response to 
these viruses, the risk of infection is decreased, and the severity of 
subsequent illness is moderated by preexisting immunity.

A number of putative interventions for prevention of the common 
cold claim to act by enhancing or supporting nonspecific immune 
function. Despite these claims, there is no evidence that nonspecific 
depression of immune function plays any role in the risk of acquisition 
of infection or the severity of illness. Several studies have suggested 
that genetic polymorphisms that result in decreased concentrations of 
mannose-binding lectin may increase susceptibility to viral respiratory 
infection, particularly in young children.33,34 The data are not conclu-
sive, however, and the importance of polymorphisms in this compo-
nent of the innate immune system remains to be determined.35

The effect of personality and stress on infection and illness associ-
ated with upper respiratory pathogens has also been evaluated. These 
studies suggest that stress is not a factor in the acquisition of infection 
but that chronic stress, in particular, is associated with the develop-
ment of more severe symptoms.36 Personality type may also impact 
symptom severity. Introverted individuals are reported to have more 
severe illness.37 In contrast, a positive emotional style, characterized by 
a general attitude of vigor and well-being, is associated with a reduction 
in symptom severity.38

PATHOGENESIS
Viral infection of the nasal epithelium may be associated with destruc-
tion of the epithelial lining, as with influenza viruses and adenovi-
ruses; less extensive effects, as with coronavirus 229E;39 or there may 
be no apparent histologic damage, as with rhinoviruses and RSV. 
Regardless of the histopathologic findings, infection of the nasal epi-
thelium is associated with an acute inflammatory response character-
ized by release of a variety of inflammatory cytokines and infiltration 
of the mucosa by inflammatory cells. Although there is some variation 
in the specific pathways involved in the response to the different viral 
pathogens, this acute inflammatory response appears to be responsi-
ble, at least in part, for many of the symptoms associated with the 
common cold.

Information about the pathogenesis of specific symptoms of the 
common cold is limited. Nasal obstruction and rhinorrhea are the 
prominent symptoms of the cold. The nasal inflammatory response 
appears to be associated with pooling of blood in the capacitance 
vessels of the nose and increased nasal blood flow.40 The important 
contribution of these changes to nasal obstruction is demonstrated by 
the substantial decongestant effect associated with the use of topical 
vasoconstrictors.41 Increased vascular permeability with leakage of 
serum into the nasal mucosa and nasal secretions may also contribute 
to nasal obstruction.42-44 Transudation of serum into the secretions is 
a major contributor to rhinorrhea early in the course of the cold.42-44 
The contribution of glandular secretions from the nose to rhinorrhea 
becomes more important later in the course of the illness.43

Cough is a less common symptom in colds, but when it occurs, it 
is frequently reported as the most bothersome symptom. The patho-
genesis of cough in colds is poorly understood and may be due to a 
variety of different mechanisms. Extension of viral infection into the 
lower respiratory tract appears to be associated with cough in some 
patients.45 There is also evidence that in some patients cough is 

season bracketed by these rhinovirus peaks consists of sequential and 
relatively discrete outbreaks caused by different viral pathogens.16,18 
The seasonal incidence for parainfluenza viruses usually peaks late in 
the fall and late in the spring, and for RSV and influenza viruses, it is 
highest between December and April.16,19 An increased incidence of 
common cold symptoms is associated with each of these outbreaks. 
However, pathogens other than rhinovirus or coronavirus are generally 
associated with the occurrence in the community of other clinical 
syndromes, such as croup or bronchiolitis, that are more characteristic 
of an epidemic pathogen. In tropical climates, the common cold is 
prevalent throughout the year, and the incidence has little correlation 
to climatic changes, although outbreaks of influenza and parainfluenza 
may be associated with rainy seasons.20,21

Attack Rate
The average incidence of the common cold in preschool children is 5 
to 7 per year but 10% to 15% of children will have at least 12 infections 
per year.2,22,23 The incidence of illness decreases with age and averages 
2 to 3 per year by adulthood. The incidence of common colds is 
increased by contact with children in the home or extensive contact 
with children outside the home, as in child care centers. Children cared 
for in out-of-home daycare centers during the first year of life have 
50% more colds than children cared for only at home.24-26 The differ-
ence in the incidence of illness between these groups of children 
decreases as the length of time spent in daycare increases. However, 
the incidence of illness remains higher in the daycare group through 
at least the first 3 years of life.25

Transmission
In general, respiratory viruses are spread by three mechanisms: small-
particle aerosols, large-particle aerosols, and direct contact.27 Small-
particle aerosols form droplet nuclei that do not settle and can be 
transmitted over relatively long distances by airflow. When inhaled, 
these aerosols may reach the lower airway. Large-particle aerosols refer 
to droplets generated from the airway that settle rapidly and are trans-
mitted only over relatively short distances. These particles are generally 
filtered by the upper respiratory tract and are not deposited in the 
lower respiratory tract. Direct contact refers to contact with contami-
nated fomites as well as direct person-to-person contact. Studies of 
experimental and natural rhinovirus colds in human volunteers suggest 
that transmission may occur by both direct contact and by large-
particle aerosols.28,29 The transmission of the other pathogens associ-
ated with colds is less well studied. RSV appears to require close contact 
for spread and, under experimental conditions, has been spread by 
direct contact with contaminated fomites.30 In contrast to rhinovirus 
and RSV, influenza appears to spread from person to person predomi-
nantly by small-particle aerosols.31 Regardless of the mechanism of 
transmission, initiation of a common cold illness requires that the 
pathogen come in contact with, and infect, the nasal epithelium.

Immunity and Factors Predisposing to 
Infection or Illness
Infection with the respiratory viruses reliably produces an adaptive 
immune response. The risk of infection on subsequent exposure to the 

TABLE 58-1  Viruses Associated with the 
Common Cold

VIRUS GROUP
ANTIGENIC 
TYPES

PERCENTAGE 
OF CASES

Rhinoviruses >100 types 40-50

Coronaviruses 5 types 10-15

Parainfluenza virus 5 types 5

Respiratory syncytial virus 2 types 5

Influenza virus 3 types* 25-30

Adenovirus 57 types 5-10

Metapneumovirus 2 types 5

Other viruses: enteroviruses, bocavirus

*Multiple subtypes.
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with 30% of viral URIs.14,61 Sinusitis was associated with 8% of viral 
URIs.61 These complications may be a direct result of the viral infection 
or may be due to bacterial superinfection. Viral RNA was detected by 
PCR assay in the middle ear fluid of 44 (48%) of 91 patients with acute 
otitis media.62 In 25 (57%) of these patients, there was concurrent isola-
tion of a bacterial pathogen in the middle ear fluid. Similarly, rhinovi-
rus was detected in sinus brushings of 8 (40%) of 20 adult patients with 
maxillary sinusitis.63

THERAPY
Specific antiviral therapy is not currently available for the treatment of 
common cold illnesses. The neuraminidase inhibitors oseltamivir and 
zanamivir have a modest effect on the duration of symptoms associated 
with influenza virus infections. The difficulty of distinguishing influ-
enza from other common cold pathogens and the necessity that therapy 
be started early in the illness are practical limitations to the use of these 
agents for mild URIs. Antibacterial therapy is of no benefit in the treat-
ment of the common cold.

Symptomatic Therapies
The current treatment of the common cold relies on symptomatic 
remedies directed at specific symptoms. For common colds, the effi-
cacy of treatments for nasal obstruction, rhinorrhea, and the pain 
symptoms (i.e., sore throat and headache) has been demonstrated in 
studies done in adults (Table 58-2). Attempts to demonstrate beneficial 
effects of these agents in children have failed, although it is not clear 
whether this failure is due to a lack of effect in children or simply due 
to the difficulty in assessing subjective symptoms in this population. 
Given the absence of demonstrated benefit and the potential for toxic-
ity, symptomatic common cold therapies are not recommended for 
children younger than 4 years.

Nasal Congestion
Both topical and oral adrenergic agents are effective nasal deconges-
tants.41,64-66 Comparative studies have not been done regarding the 
common cold. However, it is generally accepted that the topical agents 
are more potent than the oral drugs.67 Prolonged use of the topical 
adrenergic agents should be avoided to prevent the development of 
rhinitis medicamentosa, an apparent rebound effect when the drug  
is discontinued. Systemic absorption of the imidazolines (e.g., oxy-
metazoline and xylometazoline) has been associated, rarely, with bra-
dycardia, hypotension, and coma. The systemic side effects of the  
oral adrenergic agents are central nervous system stimulation, hyper-
tension, and palpitations. The antihistamines have no effect on nasal 
congestion.

Rhinorrhea
The treatment of rhinorrhea is primarily by blockade of cholinergic 
stimulation of glandular secretion. Atropine or ipratropium bromide 
treatment of experimental rhinovirus colds produced a small decrease 
in rhinorrhea, or nasal mucus weights, that was not statistically signifi-
cant.68,69 In larger studies of subjects with natural colds, ipratropium 
produced a 22% to 31% decrease in rhinorrhea compared with 
placebo.70-72 Ipratropium has been approved for use for the treatment 
of rhinorrhea in the common cold. The most common side effects of 
intranasal ipratropium are nasal irritation and bleeding.

The first-generation antihistamines have been used for many years 
for treatment of rhinorrhea associated with the common cold. A 

triggered by neural reflexes as a result of stimulation of sensitized 
upper airway receptors.46,47 Throat irritation associated with postnasal 
drip may be associated with voluntary “throat-clearing” that appears 
to be a distinct mechanism of cough.48

The sore throat that is characteristic of rhinovirus colds may be 
produced by elaboration of bradykinin as a part of the inflammatory 
response. Increased concentrations of bradykinin are found in nasal 
secretions during rhinovirus colds, and challenge of normal volunteers 
with bradykinin produces sore throat symptoms.49,50

CLINICAL MANIFESTATIONS
The onset of common cold symptoms typically occurs 1 to 3 days after 
viral infection.51 The first symptom noted is frequently a sore or 
“scratchy” throat, followed closely by nasal obstruction and rhinorrhea. 
The sore throat usually resolves quickly, and by the second and third 
day of illness, nasal symptoms predominate. Cough is associated with 
approximately 30% of colds and usually begins after the onset of nasal 
symptoms. Systemic symptoms are uncommon in colds, but influenza 
viruses, RSV, and adenoviruses are more likely than are rhinoviruses 
or coronaviruses to be associated with fever and other constitutional 
symptoms. The usual cold persists about 1 week, although 25% last 2 
weeks.52,53 Recent data suggest that coinfection by multiple pathogens 
may be associated with prolonged illnesses.13 Virus shedding persists 
after the resolution of symptoms, and virus may be cultured from 10% 
to 20% of subjects for 2 to 3 weeks after infection.54,55

The physical findings of the common cold are limited to the upper 
respiratory tract. Increased nasal secretion is frequently obvious to the 
examiner. A change in the color or consistency of the secretions is 
common during the course of the illness and is not indicative of sinus-
itis or bacterial superinfection. Examination of the nasal cavity may 
reveal swollen, erythematous nasal turbinates, although this finding is 
nonspecific and of limited diagnostic usefulness.

DIFFERENTIAL DIAGNOSIS
The most important task of the physician caring for a patient with a 
cold is to exclude other conditions that are potentially more serious or 
treatable. The differential diagnosis of the common cold includes non-
infectious disorders as well as other upper respiratory tract infections 
(URIs). Allergic rhinitis has a similar symptom complex to the common 
cold. The presence of nasal or conjunctival itching suggests allergic 
disease, and some data suggest that patients can reliably differentiate 
these illnesses.56 Other less common causes of upper respiratory symp-
toms are a foreign body, streptococcosis, and the catarrhal phase of 
pertussis. Sinusitis may occur acutely or as a complication of the 
common cold. Sinus involvement is present in uncomplicated common 
cold illnesses and, most commonly, does not indicate a superimposed 
bacterial infection. Bacterial sinusitis may be difficult to differenti-
ate.57,58 Bacterial sinusitis is more likely to be present if symptoms 
persist for more than 10 days, if severe illness is present, or if symptoms 
worsen after improvement (see Chapter 63).59,60

LABORATORY FINDINGS
Routine laboratory studies are not helpful for the diagnosis and man-
agement of the common cold. A nasal smear for eosinophils may be 
useful if allergic rhinitis is suspected. A predominance of polymorpho-
nuclear leukocytes in nasal secretions is characteristic of uncompli-
cated colds and does not indicate bacterial superinfection.

The viral pathogens associated with the common cold may be 
detected by culture, antigen detection, PCR, or serologic methods. 
These studies are not generally indicated in patients with colds because 
a specific etiologic diagnosis is useful only when treatment with an 
antiviral agent is contemplated. Bacterial cultures or antigen detection 
is useful only when group A streptococcus, Bordetella pertussis, or 
nasal diphtheria is suspected. The isolation of other bacterial patho-
gens is not an indication of bacterial nasal infection and is not a specific 
predictor of the etiologic agent in sinusitis.

COMPLICATIONS OF THE 
COMMON COLD
Although the common cold generally has little medical significance, a 
recent study found that acute otitis media was diagnosed in association 

TABLE 58-2  Effective Treatments for Symptoms 
of the Common Cold

SYMPTOM TREATMENT
Nasal obstruction Topical adrenergic agents, oral adrenergic agents

Rhinorrhea First-generation antihistamines, ipratropium bromide

Sneezing First-generation antihistamines

Sore throat Acetaminophen, ibuprofen, and other NSAIDs

Cough First-generation antihistamines; bronchodilators (?)

NSAIDs, nonsteroidal anti-inflammatory drugs.
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A potential role for zinc as a treatment for the common cold was 
first suggested by the observation that zinc is an inhibitor of rhinovirus 
3C protease, an enzyme essential for virus replication.91,92 Although 
zinc has never been shown to have a significant antiviral effect in vivo, 
this observation produced numerous clinical trials to evaluate the 
effectiveness of zinc as a common cold therapy. The results of these 
studies range from dramatic reductions in common cold severity to no 
detectable effect.93 The studies that found no effect of zinc have been 
criticized as having small sample sizes, for using inadequate doses of 
zinc, or for using formulations of zinc that might inactivate the zinc 
salts. The studies reporting a significant effect of zinc have been criti-
cized for inadequate blinding either by the use of poorly matched 
placebos, or because the active preparation was associated with a high 
incidence of adverse effects. Studies in the experimental rhinovirus 
colds model have consistently shown either no or relatively modest 
treatment effects of zinc preparations on common cold illness.94-96 The 
uncertain treatment effects of zinc must also be viewed in light of the 
side effects of this treatment. Oral zinc lozenges may be associated with 
a sore mouth and occasional nausea. Intranasal zinc may cause nasal 
irritation and has been anecdotally linked to anosmia.

Echinacea is a traditional remedy for the common cold, and the use 
of this herb for treatment of respiratory symptoms dates to the late 
1800s. There are three species of Echinacea with different phytochemi-
cal characteristics that are used for medicinal purposes. The phyto-
chemical composition of Echinacea preparations may also vary because 
of differences in the part of the plant used, the type of extraction, and 
even the geographic location and time of year the plant is harvested. 
Despite the differences in the Echinacea preparations, only recently 
have there been attempts to standardize and characterize the material 
used in clinical trials. Many studies of Echinacea prevention or treat-
ment of the common cold have been reported, but the lack of charac-
terization of the product and inattention to careful study design limit 
the interpretation and generalizability of the results.97,98 Although early 
studies suggested that Echinacea may have beneficial treatment effects, 
recent, more rigorous studies have failed to find any effect of Echinacea 
on common cold symptoms.99,100 Given the variation in Echinacea 
products, the possibility that Echinacea preparations with different 
phytochemical profiles might be beneficial cannot be excluded. The 
accumulating evidence, however, suggests that it is prudent to assume 
that Echinacea has no beneficial effect until positive evidence of a treat-
ment effect is produced.

PREVENTION
Chemoprophylaxis or immunoprophylaxis is generally not available 
for the common cold. Immunization or chemoprophylaxis against 
influenza may be useful for prevention of colds caused by this patho-
gen; however, influenza is responsible for only a small proportion of 
all colds. Nonpharmacologic interventions touted as effective prophy-
laxis for the common cold include zinc; vitamins C, D, and E; Echina-
cea; ginseng; exercise; and hand hygiene. Unfortunately, when these 
interventions have been subjected to rigorous evaluation, evidence for 
effectiveness has not been found.99,101-103 Hand hygiene and exercise 
have undeniable benefits for health in general and can be recom-
mended despite the paucity of evidence specific to common cold pre-
vention. The other interventions, although apparently safe, have no 
demonstrable benefit and simply contribute to the unnecessary health 
care expenditures related to the common cold.

modest but statistically significant effect on rhinorrhea has been found 
in several small studies in adults, although other studies have failed to 
detect any therapeutic effect.73-76 A large study in experimental colds 
found that clemastine fumarate reduced rhinorrhea by approximately 
27% compared with placebo.77 This observation was subsequently con-
firmed in a natural cold trial.78 The second-generation or “nonsedat-
ing” antihistamines have had no effect on common cold symptoms in 
a limited number of studies.79-81 This observation, the absence of his-
tamine in the secretions of most subjects with colds, and the similarity 
of the response to ipratropium and the antihistamines, suggest that the 
effect of the antihistamines on rhinorrhea is related to the anticholin-
ergic rather than the antihistaminic properties of these drugs. The 
major side effect associated with the use of the antihistamines is seda-
tion and drying of the eyes, mouth, and nose.

Sneezing
Sneezing is frequently reported as a symptom during the common 
cold; however, it is rarely considered the most bothersome symptom 
by the patient. The antihistamines are effective for treatment of 
sneezing.76-78

Sore Throat
Sore throat is a common symptom early in the course of the cold and 
is frequently the first symptom noticed by the patient. The sore throat 
associated with colds is generally not severe and is often described as 
a “scratchy throat.” Treatment with mild analgesics is occasionally indi-
cated, particularly if there is associated myalgia or headache.

Cough
Cough during colds is produced by several different mechanisms, and 
treatment should be directed at the most likely underlying cause. 
Cough in some patients appears to be due to nasal obstruction or 
postnasal drip. Cough in these patients is most prominent during the 
time of greatest nasal symptoms and may respond to treatment with a 
throat-soothing demulcent, such as honey, or an antihistamine or 
antihistamine/decongestant combination.82-84 In other patients, cough 
may be a result of virus-induced reactive airway disease or to viral 
infection of the lower airways.45,47,85 These patients may have cough that 
persists for days to weeks after the acute illness and may benefit from 
bronchodilator therapy. Cough that persists after the resolution of 
other cold symptoms or that persists in association with unremitting 
rhinorrhea may be due to sinusitis and may respond to antibiotic 
therapy.86 Nonspecific cough suppression with either codeine or dex-
tromethorphan hydrobromide is frequently used; however, the efficacy 
of these agents has not been demonstrated in the common cold.87,88 A 
single study has described a modest effect of nonsteroidal anti-
inflammatory drugs (NSAIDs) on the acute cough of colds.89 Expec-
torants such as guaifenesin are not effective antitussive agents.90

Other Remedies
(Also see Chapter 50.)

Virtually everyone has experienced the common cold. Colds are 
self-limiting, vary in severity from episode to episode, and have an 
unpredictable incidence over time, providing a fertile environment for 
anecdotal reports of putative preventatives and remedies. Many differ-
ent, nonconventional remedies have been promoted, but few have been 
subjected to rigorous scientific evaluation.
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59  Pharyngitis
Anthony R. Flores and Mary T. Caserta

Acute pharyngitis is typically described as the triad of sore throat, 
fever, and pharyngeal inflammation characterized by erythema and 
edema, although exudates, vesicles, or ulcerations may also be present.1 
Although pharyngitis may be a primary disorder, sore throat and pha-
ryngeal erythema may also be prominent in systemic disorders, such 
as the acute retroviral syndrome, or part of a more generalized upper 
respiratory tract infection. Most cases of acute pharyngitis are due to 
common viral infections and are benign, self-limited processes. The 
appropriate recognition of patients with more complicated infections 
that require diagnostic evaluations and treatment is one of the chal-
lenges of primary care medicine.

ETIOLOGY
Viruses are the single most common cause of pharyngitis and account 
for 25% to 45% of all cases, often occurring with other signs or symp-
toms of upper respiratory tract infection (URI).2-4 Essentially all viruses 
known to cause URIs have been described in both adults and children 
with pharyngitis (Table 59-1). Although the methodology between 
different studies is highly variable, adenovirus is frequently identified 
as the most prevalent viral cause of pharyngitis, reported in 12% to 
23% of cases.2,3,5,6 Other respiratory viruses that cause pharyngitis 
include rhinoviruses, enteroviruses, influenza A and B, parainfluenza 
viruses, respiratory syncytial virus, coronaviruses, human metapneu-
movirus, and human bocavirus.3-5,7-9 Several human herpesviruses, 
such as Epstein-Barr virus, herpes simplex virus (HSV), and human 
cytomegalovirus (CMV), have also been reported to cause pharyngitis, 
as well as human immunodeficiency virus type 1 (HIV-1).

Streptococcus pyogenes, group A Streptococcus (GAS), is the bacte-
rial etiology of greatest concern in cases of acute pharyngitis because 
of the association between GAS and acute rheumatic fever (ARF). GAS 
is responsible for approximately 10% to 15% of cases of pharyngitis  
in adults10,11 and 15% to 30% of cases in children.12 Fusobacterium 
necrophorum, a gram-negative, non–spore-forming anaerobe, is a 

bacterial cause of sore throat in as many as 10% of cases of pharyngitis13 
and the etiologic agent in up to 23% of cases of peritonsillar abscess.14 
The organism has also been implicated in recurrent or chronic sore 
throat syndromes and may be identified in up to 21% of such cases.15 
Arcanobacterium haemolyticum (formerly Corynebacterium haemolyti-
cum), a gram-positive bacillus, has been recognized as a cause of phar-
yngitis for more than 60 years. A. haemolyticum has an incidence 
ranging from 0.2% to 0.5%, with the highest frequency of infection in 
adolescents and young adults.16,17 Corynebacterium diphtheriae is also 
a cause of pharyngitis and is of particular concern for travelers to areas 
where vaccination programs are not well established or have failed.18 
Nontoxigenic strains of C. diphtheria have been reported with increas-
ing frequency in individuals with sore throat, but their contribution as 
a causative agent of pharyngitis remains in question.19 Pharyngitis 
caused by gonorrhea should be considered in sexually active adoles-
cents and young adults. Throat cultures yield Neisseria gonorrhoeae in 
as many as 1% to 6% of individuals in sexually transmitted disease 
clinics.20,21 Mycoplasma pneumoniae, identified in 3% to 14% of cases 
of pharyngitis, and Chlamydia pneumoniae, less frequently detected at 
3% to 8%, should also be considered as potential etiologic agents of 
pharyngitis.4,5,22

EPIDEMIOLOGY
Pharyngitis is a common disorder in adults and children. In a pro-
spective family study, 16% of adults and 41% of children reported  
an illness with sore throat over a 1-year time frame.23 The incidence 
rate of medically attended tonsillitis in children has been estimated  
at 15 to 25 cases per 1000 children per year.24 The National Ambula-
tory Medical Care Survey and the National Hospital Ambulatory 
Medical Care Survey have documented 6.2 to 9.7 million visits to 
primary care physicians, clinics, and emergency departments each 
year for children with pharyngitis and more than 5 million visits per 
year for adults.25-27

Definition
•	 Pharyngitis	is	defined	as	the	triad	of	sore	

throat,	fever,	and	pharyngeal	inflammation.
•	 Generally	a	primary	disease,	pharyngitis	may	

be	associated	with	systemic	disorders.

Epidemiology
•	 Pharyngitis	is	one	of	the	most	common	

disorders	in	adults	and	children,	with	more	
than	10	million	ambulatory	visits	per	year.

•	 The	highest	burden	of	disease	is	found	in	
children	and	young	adults,	with	50%	of	cases	
identified	between	the	ages	of	5	to	24	years.

•	 In	temperate	climates,	most	cases	occur	in	
winter	months,	corresponding	with	peaks	in	
respiratory	viruses

Microbiology
•	 Viruses	are	the	single	most	common	cause	of	

pharyngitis,	with	adenovirus	being	the	most	
commonly	identified	(see	Table	59-1).

•	 Group	A	Streptococcus	(GAS)	is	the	bacterial	
cause	for	which	ample	evidence	exists	for	

antibiotic	therapy	to	prevent	postinfectious	
sequelae.

•	 Fusobacterium	necrophorum	has	been	recently	
recognized	as	a	cause	of	pharyngitis	with	
potential	severe	complications	(i.e.,	Lemierre	
syndrome),	especially	in	young	adults.

Diagnosis
•	 Essential	to	diagnosis	is	the	identification	of	

treatable	causes	(e.g.,	GAS)	to	prevent	
complications.

•	 Signs	and	symptoms	of	GAS	pharyngitis	
include	acute	onset	of	sore	throat	with	
tonsillar	or	pharyngeal	exudates,	tender	
anterior	cervical	lymphadenopathy,	and	fever	
(see	Table	59-2).

•	 Signs	and	symptoms	consistent	with	viral	
etiologies	include	conjunctivitis,	coryza,	oral	
ulcers,	cough,	and	diarrhea.

•	 Testing	for	GAS	pharyngitis	should	not	be	
pursued	in	those	with	signs	and	symptoms	
indicative	of	a	viral	etiology	(see	Table	59-3).

•	 Rapid	antigen	detection	tests	(RADTs)	alone	
are	sufficient	for	the	diagnosis	of	GAS	in	
adults,	but	negative	results	should	be	backed	
up	by	throat	culture	in	children.

•	 Specific	techniques	should	be	used	to	identify	
other	causes	where	appropriate.

Therapy
•	 Treatment	of	pharyngitis	is	focused	on	

prevention	of	postinfectious	sequelae	(e.g.,	
acute	rheumatic	fever)	from	GAS.

•	 Penicillin	and	its	derivatives	remain	the	
primary	treatment	for	GAS	pharyngitis	(see	
Table	59-4).

•	 Antimicrobial	therapy	should	not	be	used	to	
prevent	GAS	pharyngitis	except	in	special	
circumstances.

•	 Given	the	potential	severity	of	complications	
from	pharyngitis	caused	by	F.	necrophorum,	
signs	of	bacteremia	or	neck	swelling	warrant	
expansion	of	antibiotic	therapy	and	further	
evaluation.
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PATHOGENESIS
The exact mechanisms responsible for the development of the signs 
and symptoms of pharyngitis have not been fully delineated. Early 
studies have demonstrated that bradykinin is induced in symptomatic 
rhinovirus infections and that bradykinin challenge in healthy volun-
teers produces significant sore throat when delivered either to the 
oropharynx or the nasal mucosa.34,35 Other inflammatory mediators, 
including prostaglandins, have been postulated to play a role with 
bradykinin via their actions on sensory nerve endings in the pharynx.36 
Several randomized controlled trials have demonstrated a beneficial 
effect of either nonsteroidal anti-inflammatory drugs or corticosteroids 
on throat pain, also suggesting that inflammatory mediators play a key 
role in the pathophysiology of sore throat.37-39

Among bacterial causes of pharyngitis, the pathogenesis of GAS has 
been studied most extensively. Multiple virulence factors have been 
identified that ultimately lead to the manifestation of acute pharyngitis. 
Despite this growing fund of knowledge, major gaps exist regarding 
the events leading to tonsillopharyngeal disease. Furthermore, the 
mechanism underlying asymptomatic carriage has been the subject of 
much speculation. The role the immune system and possible molecular 
genetic changes in GAS play in asymptomatic carriage remains elusive. 
Proteins involved in immune avoidance (M protein, hyaluronic acid 
capsule, C5a peptidase), adherence to epithelial cells (pilus, fibronectin 
binding proteins, lipoteichoic acid), spread through host tissues (hyal-
uronidase, streptokinase, deoxyribonucleases [DNases]), and numer-
ous exotoxins (streptolysins, superantigenic toxins) have been 
described40,41 but are beyond the scope of this chapter. Expression of 
these virulence factors leads to symptomatic pharyngitis and complica-
tions such as invasive disease, acute rheumatic fever, and acute glo-
merulonephritis. The mechanism by which GAS pharyngitis results in 
acute rheumatic fever is unknown. However, autoimmunity through 
molecular mimicry is suspected. A growing body of evidence supports 
the existence of rheumatogenic GAS serotypes. Comparing M-type 
distribution between two periods separated by 40 years, Shulman and 
co-workers42 were able to demonstrate that decreases or complete dis-
appearance of certain M types were associated with the decline in 
incidence of acute rheumatic fever. Whether other strain-specific GAS 
virulence factors are involved is unknown.

CLINICAL MANIFESTATIONS
Although it is well documented that the etiology of pharyngitis in 
individual patients cannot be accurately discerned based on clinical 
characteristics alone, certain pathogens may cause more readily recog-
nizable syndromes as outlined below.

Group A Streptococcus
Pharyngitis attributable to GAS is sudden in onset in older children 
and adults. Sore throat associated with GAS may result in difficulty 
swallowing. Fever, headache, and gastrointestinal symptoms (nausea, 
vomiting, abdominal pain) are also associated with strep throat but are 
not always present. Physical examination generally reveals pharyngeal 
erythema, tonsillar enlargement, and a gray-white exudate covering 
the posterior pharynx and tonsillar pillars. Petechiae are sometimes 
observed on the soft palate, with erythema and edema of the uvula. 
Anterior cervical lymphadenopathy, often at the angle of the jaw, is 
typical of GAS pharyngitis, and nodes may be quite large and tender. 
Patients may also present with a characteristic scarlatiniform rash that 
typically begins on the trunk, spreads to the extremities, and spares the 
palms and soles. The rash is usually described as confluent with a 
sandpaper-like quality. Scarlet fever is caused by one or more of the 
pyrogenic exotoxins produced by pharyngeal strains of GAS. Signs and 
symptoms most indicative of GAS pharyngitis are tonsillar or pharyn-
geal exudates, tender anterior cervical nodes, fever or history of fever, 
and absence of cough.29

Non–group A Streptococcus
Group C and G streptococci are commonly found as normal micro-
biota in the human pharynx; however, they have also become increas-
ingly recognized as potential causes of pharyngitis. S. dysgalactiae 
subsp. equisimilis (group C) is the most commonly isolated non-
GAS associated with sore throat,43 although recently, S. equi subsp. 

Four factors affect the epidemiology of pharyngitis reported in the 
literature. These include the age of the population studied, laboratory 
methods used to identify the causative microorganisms, season of the 
year, and the clinical severity of the illness. Despite these caveats, the 
highest burden of disease from pharyngitis is consistently found in 
children and young adults, with approximately 50% of cases diagnosed 
in patients from 5 to 24 years of age.28 School-aged children from 5 to 
18 years of age usually account for the greatest overall number of cases 
of pharyngitis, similar to disease from GAS.23 The reported prevalence 
of GAS pharyngitis is influenced both by the age of the patient and the 
examination setting, with higher rates found in younger people evalu-
ated in urgent care and emergency centers.29 The most recent studies 
show GAS prevalence in cases of pharyngitis as high as 37% in chil-
dren30 and 17% in adults.31 Population-based data demonstrate that 
serologically proven GAS pharyngitis occurs at a rate of 0.14 cases per 
child-year in the developed world and is estimated to be 5 to 10 times 
greater in developing communities.32

In temperate climates, most cases of pharyngitis occur in the winter 
and early spring, corresponding to peak times of respiratory virus 
activity. This is also true for GAS pharyngitis, where up to half of  
the cases in children may be due to this agent during these peak 
months.22,33

Between 49% and 57% of children and 64% of adults evaluated for 
pharyngitis receive an antibiotic prescription, a rate much higher than 
the prevalence of GAS infection for which treatment is indicated.25-27 
In addition, recent surveys have demonstrated a significant increase in 
the use of broad-spectrum antibiotics for the treatment of pharyngitis, 
a practice that is thought to contribute to the growing problem of 
antibiotic resistance and the “medicalization” of a generally benign 
illness.27

TABLE 59-1  Microbial Causes of Acute 
Pharyngitis

PATHOGEN ASSOCIATED DISORDER(S)
Bacteria
Streptococcus, group A Pharyngitis, tonsillitis, scarlet fever

Streptococcus, groups C and G Pharyngitis, tonsillitis

Mixed anaerobes Vincent’s angina

Fusobacterium necrophorum Pharyngitis, tonsillitis, Lemierre syndrome

Neisseria gonorrhoeae Pharyngitis, tonsillitis

Corynebacterium diphtheria Diphtheria

Arcanobacterium haemolyticum Pharyngitis, scarlatiniform rash

Yersinia pestis Plague

Francisella tularensis Tularemia, oropharyngeal form

Treponema pallidum Secondary syphilis

Viruses
Rhinovirus Common cold

Coronavirus Common cold

Adenovirus Pharyngoconjunctival fever

Herpes simplex type 1 and 2 Pharyngitis, gingivostomatitis

Parainfluenza Cold, croup

Enteroviruses Herpangina, hand-foot-mouth disease

Epstein-Barr virus Infectious mononucleosis

Cytomegalovirus CMV mononucleosis

Human immunodeficiency virus Primary HIV infection

Influenza A and B Influenza

Respiratory syncytial virus Cold, bronchiolitis, pneumonia

Human metapneumovirus Cold, bronchiolitis, pneumonia

Mycoplasma
Mycoplasma pneumoniae Pneumonia, bronchitis, pharyngitis

Chlamydia
Chlamydia psittaci Acute respiratory disease, pneumonia

Chlamydia pneumoniae Pneumonia, pharyngitis

CMV, cytomegalovirus; HIV, human immunodeficiency virus.
Modified from Alcaide ML, Bisno AL. Pharyngitis and epiglottitis. Infect Dis Clin 

North Am. 2007;21:449-469, vii; with permission.
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for sexually transmitted infections, should be obtained in adolescents 
and young adults with pharyngitis to make this diagnosis.

Atypical Bacteria
Both Mycoplasma pneumoniae and C. pneumoniae have been identified 
as a cause of pharyngitis in all age groups, with a higher prevalence 
generally noted for M. pneumoniae.5,53 Disease occurs year round, but 
seasonal peaks and community outbreaks occurring every few years 
have also been described.54 Most adult cases appear to present as an 
undifferentiated acute respiratory infection or an influenza-like illness; 
however, isolated pharyngitis has also been noted.55 In an outbreak of 
respiratory disease caused by M. pneumoniae within a military unit, 
sore throat was reported in 35% to 70% of patients, with fatigue, head-
ache, and cough noted more commonly. The only risk factor for symp-
tomatic disease identified after the outbreak was cigarette smoking.56 
Esposito and colleagues5 have described several case series of children 
with pharyngitis caused by M. pneumoniae or C. pneumoniae and 
identified dysphagia in 25% to 36%, tonsillar hypertrophy in 76% to 
83%, cervical adenopathy in approximately half, and exudate in 25% to 
39%. Although these findings were not specific to pharyngitis caused 
by atypical bacterial infection compared with common viral causes of 
pharyngitis, children with infection caused by M. pneumoniae or C. 
pneumoniae were significantly more likely to have a history of recur-
rent pharyngitis.57 In addition, children with pharyngitis caused by 
atypical bacterial infections treated with azithromycin had lower rates 
of subsequent respiratory infections, including lower tract disease, 
compared with children given symptomatic treatment alone.58

Epstein-Barr Virus
Infectious mononucleosis (IM) is a multisystem disorder caused by 
primary infection with Epstein-Barr virus (EBV) and defined by the 
triad of fever, pharyngitis, and adenopathy.59 Among 150 young adults 
with serologically confirmed acute EBV infection, three quarters 
reported sore throat and fatigue, with approximately half noting fever, 
painful cervical adenopathy, and headache at their initial visit.60 Other 
symptoms included cough, myalgia, arthralgia, and nausea. Rash was 
uncommon and is typically described as a diffuse maculopapular erup-
tion in patients given ampicillin or related compounds. On examina-
tion, pharyngitis with mildly painful anterior and posterior cervical 
lymphadenopathy was detected in 75% of patients, whereas spleno-
megaly and hepatomegaly were uncommon despite minimally elevated 
transaminase levels in more than half of the group.60 The pharyngitis 
that accompanies IM is subacute in onset and may be accompanied by 
mild-to-moderate enlargement of the tonsils as well as exudates and 
palatal petechiae.59 Symptoms substantially improve over the first 
month of illness and after 6 months are almost completely resolved.60

Although IM has been traditionally described in adolescents and 
young adults, children also commonly develop fever, exudative phar-
yngitis, and painful cervical adenopathy during primary infection with 
EBV.61 In addition, rash and splenomegaly are more common in young 
children with primary EBV infection than in adolescents or adults.61 
Periorbital or eyelid edema, as a symptom of primary EBV infection, 
appears to be unique to children.61 A mononucleosis-like illness caused 
by primary infection with CMV, human herpesvirus 6, HSV-1, and 
HIV-1 has also been described.

Human Immunodeficiency Virus
Symptoms associated with primary HIV-1 infection develop in 40% to 
90% of infected individuals and are referred to as the acute retroviral 
syndrome.1,62,63 This illness is a multisystem disorder, typically occur-
ring 5 to 29 days after infection, and is characterized by the acute onset 
of one or more of the following complaints: fever, rash, pharyngitis, 
fatigue, weight loss, myalgia, arthralgia, headache, night sweats, cervi-
cal adenopathy, nausea, vomiting, or diarrhea.62 Hecht and co-workers64 
identified 145 patients with either primary HIV-1 infection or recent 
seroconversion and found that the most sensitive symptoms of primary 
infection were fever (80%) and malaise (68%), with the majority of 
patients reporting an illness lasting 1 to 2 weeks. The combination of 
fever and rash were identified as significant independent predictors  
of primary HIV-1 infection, with the rash described most commonly 
as a nonpruritic polymorphous eruption beginning on the face and 

zooepidemicus has emerged as a potentially important human patho-
gen.44 Group C streptococci are known to cause endemic,45 whereas 
group G is more frequently associated with epidemic pharyngitis46 after 
ingestion of contaminated food, including salads (especially those with 
eggs) and milk products. Signs and symptoms from pharyngitis caused 
by group C and G streptococci may be indistinguishable from GAS 
infection. The need for treatment in these cases is unclear because they 
have not been associated with the development of acute rheumatic 
fever.

Fusobacterium necrophorum
Although current guidelines emphasize the identification of GAS in 
the diagnosis and management of acute pharyngitis, F. necrophorum is 
being more frequently recognized as an agent of endemic pharyngitis 
in young adults. The clinical signs and symptoms of pharyngitis caused 
by F. necrophorum may be indistinguishable from those causing GAS 
pharyngitis. However, the clinician should maintain a high index of 
suspicion because of the potential for the severe complication of the 
Lemierre syndrome. Patients with Lemierre syndrome may initially 
present with symptoms of pharyngitis, tonsillitis, or peritonsillar 
abscess and show initial clinical improvement. A recent study from 
Denmark identified F. necrophorum as the most frequently detected 
bacteria in peritonsillar abscess.14 Approximately 4 days after clinical 
improvement of pharyngitis, the signs and symptoms of bacteremia 
(e.g., rigors) associated with the Lemierre syndrome may appear. It has 
been suggested that F. necrophorum be a major consideration in the 
treatment of pharyngitis in adolescents and young adults based on  
the severity of complications caused by F. necrophorum,47 in contrast 
to the markedly decreased incidence of acute rheumatic fever.

Arcanobacterium haemolyticum
Throat findings in patients with A. haemolyticum infection include 
pharyngeal erythema and exudate, fever, and cervical lymphadenopa-
thy, similar to GAS pharyngitis. The distinguishing clinical feature of 
pharyngitis caused by A. haemolyticum is the rash that may occur in 
up to one half of infected individuals. The rash is scarlatiniform, 
macular or maculopapular and is most frequently seen in adolescents 
and young adults.17 The rash begins on the distal extremities, typically 
involving the extensor surfaces but sparing the palms and soles, fol-
lowed by centripetal spread.48 Rarely, A. haemolyticum may cause more 
severe infection (e.g., pneumonia and pyomyositis) but in these cases 
is most often a coinfecting agent.49

Corynebacterium diphtheriae
Diphtheria is rare in developed countries because of widespread vac-
cination. The majority of respiratory infections caused by C. diphthe-
riae are tonsillopharyngeal. Sore throat is one of the most common 
symptoms of diphtheria and is usually accompanied by low-grade fever 
and malaise.50 Formation of a membrane on the tonsil or pharyngeal 
surface is the hallmark of diphtheria but occurs in only one third of 
patients. A relative lack of fever and the formation of a membrane 
distinguish diphtheria from pharyngitis caused by group A β-hemolytic 
streptococci and viral etiologies. The membrane that forms in diphthe-
ria is described as white early in the course of the illness, becomes dark 
gray, and leather-like, with attempts to dislodge the membrane poten-
tially causing bleeding.51 Membrane formation is the result of local 
toxin production, and spreading of the membrane indicates more sys-
temic toxicity. Extensive spreading of the membrane may lead to ton-
sillar, anterior cervical, and submandibular lymphadenopathy, as well 
as swelling of the neck (so-called bull neck). Continued progression 
may lead to respiratory distress and death.

Neisseria gonorrhoeae
Although pharyngeal infection with N. gonorrhoeae is often asymp-
tomatic, sore throat is reported by patients with tonsillar involvement.  
A review of published cases of oropharyngeal gonorrhea found that 
more than 10% were classified as tonsillitis.52 Fever is uncommon, 
as is cervical lymphadenopathy. Among patients with tonsillitis, a 
whitish-yellow exudate was observed in 20%.52 Because the clinical 
presentation of pharyngitis caused by N. gonorrhoeae is nonspecific 
and symptoms may be mild, a thorough history, including risk factors 
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adenovirus infections are identified as the etiologic agent in up to 25% 
of cases in children and in 3% of ambulatory adults.4-6,74 Not only are 
adenoviruses a common cause of pharyngitis, but infections with ade-
novirus also commonly cause pharyngitis. Retrospective reviews have 
demonstrated that pharyngitis or tonsillitis is reported in 40% to 88% 
of children with adenovirus infections.75,76 Exudates are noted in about 
half of the cases and are often described as thick and white with marked 
throat pain. In addition, almost three quarters of children with adeno-
virus infections have fever higher than 39° C that persists for a mean 
of 6 days.77 Among military recruits followed prospectively, approxi-
mately 35% of those with culture-confirmed adenovirus infection had 
sore throat, and 29% were febrile.78 Bilateral cervical lymphadenopathy 
(32%), conjunctivitis (17%), and rash (12%) have also been described 
in patients with adenovirus respiratory tract infections.76

Pharyngoconjunctival fever is a specific syndrome caused by ade-
novirus infections, often occurring in outbreaks and associated with 
swimming or bathing.79 Patients typically present with fever, conjunc-
tivitis, pharyngitis, and cough but may also complain of headache, 
myalgia, and malaise. Lymphadenopathy is found on examination in 
about half of the patients, whereas one quarter also have coryza.80 This 
disorder is highly contagious, with an attack rate of approximately 50% 
and spread via direct inoculation into the conjunctiva. Although the 
conjunctivitis may be quite intense and last for 1 to 2 weeks, there is 
invariably complete resolution of all symptoms with no sequelae.80

Herpes Simplex Virus
Primary infection with HSV commonly causes gingivostomatitis in 
young children, whereas pharyngitis is noted among adolescents and 
young adults. In a series of 35 college students with HSV pharyngitis, 
infections occurred year round, with the majority of patients present-
ing with fever, pharyngeal erythema, exudates, and enlarged tender 
cervical adenopathy.81 Approximately one third also had symptoms 
more characteristic of HSV, including either ulcerations of the mouth; 
lips; or pharynx; or swollen, tender, erythematous gingiva. One clue to 
the diagnosis of HSV pharyngitis is that esophagitis may also be 
present in immunocompetent adolescents and young adults and 
should be considered in patients complaining of substernal chest pain 
and dysphagia in addition to sore throat.

DIAGNOSIS
Because pharyngitis is one of the most common complaints a physician 
may encounter, diagnosis of treatable etiologies is paramount. The 
prevention of rheumatic fever requires antimicrobial treatment and 
eradication of GAS from the pharynx.82 Certain clinical findings help 
to distinguish GAS from viral causes of pharyngitis (Table 59-2). As 
noted, tonsillar or pharyngeal exudates, tender anterior cervical 
lymphadenopathy, and fever are commonly associated with GAS. 
Alternatively, symptoms such as conjunctivitis, coryza, oral ulcers, 
cough, and diarrhea suggest a viral cause.

Multiple clinical prediction rules have been developed to aid in the 
diagnosis of GAS pharyngitis. Scoring systems attempt to use clinical 
and epidemiologic data to assign a probability that acute pharyngitis 
is attributable to GAS (Table 59-3).11,83,84 Prediction rules for the diag-
nosis of GAS pharyngitis are limited because the signs and symptoms 
of many viral causes of acute pharyngitis overlap with infection caused 
by GAS, and the rules are best at identifying patients with a low prob-
ability for GAS infection. A large-scale study evaluating the modified 
clinical prediction rule (see Table 59-3) confirmed that even in subjects 
with all clinical features, streptococcal pharyngitis could only be con-
firmed in 57% of cases.85 For these reasons, the most recent guidelines 
from the Infectious Disease Society of America (IDSA) and the Com-
mittee on Infectious Diseases of the American Academy of Pediatrics 
(AAP) recommend confirmation of GAS infection by rapid antigen 
detection testing (RADT), throat culture, or both.86,87 In contrast, the 
guidelines issued by the Centers for Disease Control and Prevention 
and the American College of Physicians–American Society of Internal 
Medicine suggest empirical treatment based on a pharyngitis score 
alone with or without microbiologic confirmation.88

The difference in these guidelines has been the subject of intense 
debate, and empirical therapy based on the use of predication rules has 
been implicated in the overuse of antibiotics for the treatment of 

chest and spreading outward.1,59 Pharyngitis is recognized in 50% to 
70% of patients, whereas cervical adenopathy is noted in 25% to 
50%.63,64 Although extensive descriptions of the pharyngeal findings 
associated with primary HIV infection are lacking, exudates appear to 
be present in a minority of patients.1,64 In addition, the adenopathy 
tends to be nontender and may be generalized.59 Painful oral ulcer-
ations are one of the least common symptoms in patients with primary 
HIV-1 infection, identified in only 10% to 35%, but they are highly 
specific.64 Ulcerations can be found almost anywhere in the mouth, 
including the floor of the mouth, inner lips, buccal mucosa, gingiva, 
hard and soft palate, as well as the esophagus, anus, and penis.63,65 
Concomitant oral thrush has also been described.

Based on the common presenting symptoms of fever, pharyngitis, 
rash, and lymphadenopathy, it is easy to understand how primary 
HIV-1 infection may be confused with infectious mononucleosis, sec-
ondary syphilis, acute hepatitis A or B, toxoplasmosis, or other viral 
syndromes. In fact, Schacker and co-workers62 noted that only one 
quarter of patients with symptoms of primary HIV-1 infection had the 
diagnosis suspected at the initial medical evaluation. A recent report 
estimating the prevalence of primary HIV-1 infection in symptomatic 
adolescent and adult ambulatory patients found that pharyngitis was 
due to primary HIV-1 infection in 1.3 patients per 1000 cases.66 
Because up to one half of all new HIV-1 infections occur in adoles-
cents, physicians who care for adults and children should be familiar 
with the clinical characteristics of primary HIV-1 infection to maintain 
a high index of suspicion for this disorder.65 Early diagnosis via virus-
specific tests, such as p24 antigen or the detection of plasma HIV-1 
RNA, reliably identify people with primary HIV-1 infection before 
seroconversion and can potentially aid in both the control of virus 
transmission as well as treatment decisions for individual patients (see 
Chapter 122).

Enteroviruses
Enteroviruses classically cause an undifferentiated febrile illness but are 
also recognized as a cause of pharyngitis and upper respiratory tract 
infections, with most disease occurring in the summer and fall. Non-
polio enteroviruses have been identified in 8% to 29% of cases of 
pharyngitis in children by using reverse-transcriptase polymerase 
chain reaction (RT-PCR).67,68 Fever is common, but the throat exami-
nation typically reveals only mild erythema without significant ade-
nopathy. Although exudates are not generally described, in a recent 
report, enteroviruses were found in 16% of children with exudative 
pharyngitis.6

Two specific pharyngeal syndromes typically associated with 
enterovirus infections are herpangina and hand-foot-mouth disease 
(HFM). Among children with fever and clinical signs of pharyngeal or 
tonsillar infection, 24 were identified with herpangina, of whom 75% 
had an enterovirus detected in their throat swab.67 The majority of 
cases of herpangina are due to group A coxsackieviruses; however, 
group B coxsackieviruses, echoviruses, enterovirus 71, adenovirus, and 
HSV have also been detected.69,70 Both endemic and epidemic herpan-
gina are well described, with young children affected more commonly 
than newborns and adults. The clinical manifestations include hyper-
emia of the pharynx, with discrete 1- to 4-mm erythematous-based 
vesicles or ulcerations sparsely distributed on the tonsillar pillars, 
uvula, soft palate, or posterior pharynx.71 Sore throat and fever are 
invariably present, but symptoms typically resolve spontaneously in 
about a week. Similar to herpangina, HFM is characterized by the 
presence of erythematous-based vesicles and ulcerations in the pharynx 
in a patient with significant sore throat. In contrast to herpangina, 
vesicles are also noted on the hands, feet, and buttocks in patients  
with HFM, and the fever tends to be less prominent.71 Although most 
cases are self-limited, severe multisystem disease, particularly involv-
ing the central nervous system, accompanying HFM and herpangina 
has been described during outbreaks associated with enterovirus 71 
(see Chapter 174).72,73

Adenovirus
Respiratory infections with adenovirus are well described in children 
and young adults, occur year round, and cause both upper and lower 
tract disease. Examining sore throat or pharyngitis specifically, 
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pharyngitis.84 A study on the effectiveness of these strategies showed 
that empirical treatment is a reasonable strategy for those least likely 
to have GAS pharyngitis, but microbiologic confirmation was the most 
effective and least expensive when all factors were considered.89 In 
addition, in 78% of cases, physicians did not adhere to any guidelines, 
leading to overuse of antibiotics for the treatment of pharyngitis.90 
More recently, improved accuracy of the Centor score83 was achieved 
by adding real-time local biosurveillance for GAS pharyngitis. 
However, real-time biosurveillance is impractical in most settings. At 
this time, the evidence supports the practice of obtaining microbio-
logic confirmation of GAS as the cause of pharyngitis before antibiotic 
therapy.

Assaying for the presence of GAS by throat culture on sheep blood 
agar plate (BAP), as first described by Breese and Disney,91 has been 
accepted practice for diagnosing streptococcal pharyngitis for more 
than 50 years. Selective streptococcal media are used by some labora-
tories and reduce the number of contaminating normal flora and may 
increase the sensitivity and specificity of culture.92 However, the use of 
selective media may also reduce the likelihood of recovery of other 
bacterial etiologic agents. Ideally, specimens should be obtained from 
bilateral tonsillar surfaces and the posterior pharynx while avoiding 
the mouth, tongue, and other surfaces of the pharynx. The major dis-
advantage of throat culture for the confirmation of GAS pharyngitis is 
the 24 to 48 hours required for accurate detection. RADT has become 
more readily available and, in some instances, has been reported to 
equal or exceed the sensitivity and specificity of throat culture. Rapid 
testing may lead to more timely treatment and, in so doing, can reduce 
the spread of GAS, time missed from school or work, overtreatment 
of viral causes of pharyngitis, and minimize suppurative and nonsup-
purative sequelae of GAS. The original RADTs were based on the 
detection of GAS cell wall carbohydrate antigen by enzyme immunoas-
says. Newer assays use molecular biology methods to detect DNA 
specific to GAS by using chemiluminescence or real-time PCR but are 
restricted because of the need to batch specimens and the specialized 
equipment required. The sensitivity of RADTs is 70% to 90% when 
compared with BAP culture, with a specificity of approximately 95% 
and with all of the tests performing essentially the same.93 Of impor-
tance, RADT specimens must be collected in a manner similar to BAP 
culture. Swabs obtained from the mouth and subjected to RADT have 
a sensitivity of less than 20% versus 80% for those obtained properly 
from the posterior pharynx and tonsils.94 Currently, it is recommended 
that a negative RADT be confirmed by BAP culture for all children.86,87 
Because the incidence of a first attack of rheumatic fever is low in 
adults in the United States and the prevalence of GAS pharyngitis is 
minimal, the need to back up a negative RADT in adults is not uni-
versally recommended.84

The diagnosis of non-GAS pharyngitis is specific to the etiologic 
agent involved. A high index of suspicion must be maintained for 
alternative diagnoses in the appropriate epidemiologic setting because 
many pathogens are not screened, even in large clinical laboratories. 
Culture on either standard BAP or selective streptococcal media will 
identify both group C and G Streptococcus; however, they may be 
identified only as non–group A β-hemolytic Streptococcus. Arcanobac-
terium haemolyticum also grows on standard blood agar or selective 
streptococcal media but may be missed because colonies generally take 
up to 72 hours to appear and are small and dry.

Specific media and techniques are necessary to identify other causes 
of pharyngitis. If diphtheria is suspected, the laboratory must be noti-
fied so that selective media are used for isolation. Recently, multiplex 
PCR has been used for the identification of C. diphtheriae and to dif-
ferentiate toxin-producing from nontoxigenic strains95 but requires 
further investigation before use in a clinical setting. The diagnosis of 
Fusobacterium pharyngitis can be made by isolating the organism in 
anaerobic culture media, although most clinical laboratories rely on 
commercial kits and automated systems for identification. The accu-
racy of these systems is variable and may lead to initial misidentifica-
tion. Molecular detection of Fusobacterium has been used in some 
studies96 but currently is not commercially available. The diagnosis of 
pharyngitis caused by Neisseria gonorrhoeae is confirmed by isolation 
of the organism from a throat swab on selective media. Nucleic acid 
amplification tests are both sensitive and specific for urogenital 

TABLE 59-2  Clinical and Epidemiologic Findings 
Associated with Group A Streptococcus 
Pharyngitis

Suggestive of Group A Streptococcus
Sudden onset

Sore throat

Fever

Headache

Nausea, vomiting, and abdominal pain

Inflammation of pharynx and tonsils

Patchy discrete exudates

Tender, enlarged anterior cervical nodes

Patient aged 5-15 yr

Presentation in winter or early spring

History of exposure

Suggestive of Viral Etiology
Conjunctivitis

Coryza

Cough

Diarrhea

Discrete ulcerative lesions

Suggestive of Complications of Pharyngitis
Dysphagia

Stridor

Drooling

Dysphonia

Marked neck swelling

Respiratory distress

Pharyngeal pseudomembrane

Hemodynamic instability

HIV behavioral risk

Travel to or exposure to individuals from a region endemic for diphtheria

Lack of diphtheria immunization

HIV, human immunodeficiency virus.
Modified from Shulman ST, Bisno AL, Clegg HW, et al. Clinical practice guideline 

for the diagnosis and management of group A streptococcal pharyngitis: 2012 
update by the Infectious Diseases Society of America. Clin Infect Dis. 2012;55:
e86-e102; and Kociolek LK, Shulman ST. In the clinic. Pharyngitis. Ann Intern Med. 
2012;157:ITC3-1-ITC3-16; with permission.

TABLE 59-3  Modified Centor Score and Culture 
Management Approach for Pharyngitis

CRITERIA POINTS
Temperature > 38° C 1

Absence of cough 1

Swollen, tender 
anterior cervical 
nodes

1

Tonsillar swelling or 
exudate

1

Age
3-14 yr 1

15-44 yr 0

45 yr or older −1

SCORE

RISK OF 
STREPTOCOCCAL 
INFECTION

SUGGESTED 
MANAGEMENT

≤0 1%-2.5% No further testing or 
antibiotic1 5%-10%

2 11%-17% Culture all: antibiotics only 
for positive culture results3 28%-35%

≥4 51%-53% Treat empirically with 
antibiotics and/or culture

From McIsaac WJ, Kellner JD, Aufricht P, et al. Empirical validation of guidelines for 
the management of pharyngitis in children and adults. JAMA. 2004;291:1587-
1595; with permission.
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Penicillin-allergic patients should be given a macrolide (erythromycin) 
or first-generation cephalosporin for non–IgE-mediated allergy. Cur-
rently, the use of broad-spectrum cephalosporins, such as cefixime and 
ceftibuten, although approved by the U.S. Food and Drug Administra-
tion for the treatment of GAS pharyngitis, is not endorsed.

The use of amoxicillin for the treatment of GAS pharyngitis has 
increased because of improved taste and less frequent dosing intervals 
compared with penicillin, leading to better patient compliance. Two 
relatively small studies have shown that treatment of GAS pharyngitis 
with once-daily amoxicillin for 10 days achieved similar clinical and 
bacteriologic outcomes compared with traditional penicillin 
dosing.100,101 Furthermore, a larger study confirmed a once-daily amox-
icillin regimen as noninferior to twice-daily penicillin.102 Given the 
evidence, the most recent guidelines endorse the use of amoxicillin if 
greater compliance is anticipated.87

Antimicrobial therapy should not be used for the prevention of 
GAS pharyngitis except in special circumstances. Culture or RADT for 
diagnosis, coupled with treatment is indicated in those with a previous 
episode of rheumatic fever, during an outbreak of acute rheumatic 
fever or poststreptococcal glomerulonephritis, or in close contacts  
of persons with invasive infections, such as necrotizing fasciitis or 
streptococcal toxic shock syndrome.86,87 There is also no need to rou-
tinely obtain throat cultures at the end of treatment in asymptomatic 
patients, to document clearance of GAS except in those situations 
noted above.

Recommendations for treatment of Fusobacterium infections 
include a penicillin in combination with a β-lactamase inhibitor (e.g., 
ampicillin/sulbactam) together with metronidazole.103 Resistance to 
penicillin has been reported, but this is not widespread. Penicillin and 
erythromycin are the only two agents recommended for treatment of 
C. diphtheriae, although newer macrolides, such as azithromycin, are 
commonly used in clinical practice. Treatment of Arcanobacterium 
haemolyticum should include either a macrolide or β-lactam antibiotic. 
Penicillin resistance has been reported and appears to be more common 
in cases of pharyngitis.104 Treatment of pharyngitis caused by N. gonor-
rhoeae is problematic because pharyngeal eradication of the organism 
is more difficult than eradication from the urogenital tract. As such, it 
is recommended that repeat cultures be obtained at the end of therapy 
to confirm eradication. Specific treatment regimens for gonorrhea are 
discussed elsewhere.105

COMPLICATIONS
The potential suppurative complications of pharyngitis (see Table 59-2) 
include peritonsillar abscess, parapharyngeal space abscess, lymphad-
enitis, sinusitis, otitis media, mastoiditis, and invasive infections (e.g., 
necrotizing fasciitis and toxic shock syndrome with GAS). Peritonsillar 
abscess typically occurs in adolescents and young adults but has been 
described in all age groups. Patients present with fever, malaise, sore 
throat, and dysphagia. There may be trismus or ipsilateral ear pain. 
Physical examination reveals drooling and a muffled voice (“hot potato 
voice”) with tender cervical adenopathy and swelling of the anterior 
tonsillar pillar and soft palate on the affected side. The uvula is dis-
placed to the contralateral side by the abscess.106 In older adults, the 
signs and symptoms of a peritonsillar or parapharyngeal space abscess 
may be subtle, and disease appears to be more common in those with 
underlying immunocompromising conditions.107 In a series of 14 
patients older than 50 years, fever, trismus, and voice changes each 
were present in less than one third of patients with peritonsillar abscess 
or parapharyngeal space abscess.107 Drainage of purulent material 
coupled with antibiotics are the standard of treatment.108 Because peri-
tonsillar and parapharyngeal abscesses are often polymicrobial, involv-
ing aerobic and anaerobic bacteria, one suggested agent for treatment 
is ampicillin/sulbactam.106

Acute rheumatic fever (ARF) and acute glomerulonephritis are 
potential nonsuppurative complications of pharyngitis caused by GAS. 
Rheumatic heart disease and its complications affect almost two 
million individuals each year, primarily in developing countries.32 
Acute rheumatic fever has become rare in the United States except for 
sporadic outbreaks of rheumatogenic strains of GAS.109 Acute glo-
merulonephritis is associated with GAS skin infections and uncom-
monly associated with pharyngitis caused by GAS. Rarely, acute 

specimens. Ease of testing pharyngeal samples may be simplified by 
nucleic acid amplification of salivary samples, but this is still in an 
investigational stage.97

Serologic testing of acute and convalescent serum samples is the 
standard procedure for diagnosing pharyngitis caused by M. pneu-
moniae or C. pneumoniae; however, PCR and culture are commonly 
used in addition to serology for research purposes. The diagnosis of 
primary EBV infection is also confirmed by serology, either via a het-
erophil antibody test (monospot or monoslide) or detection of immu-
noglobulin M (IgM) antibodies to EBV viral capsid antigen in an acute 
serum specimen. Although 85% of adolescents and adults develop 
heterophil antibodies, usually at about 1 week into illness, specific 
serology for EBV is usually necessary to make the diagnosis in chil-
dren, especially those younger than 4 years.59,61 Common respiratory 
viruses that cause pharyngitis can be identified either by viral culture 
of a nasopharyngeal swab or molecular detection techniques such as 
PCR or RT-PCR.

THERAPY
Prescribing antibiotics for patients with sore throat is a common prac-
tice and is often done in an effort to prevent potential complications 
of pharyngitis. A systematic review of the use of antibiotics for sore 
throat that included almost 13,000 patients found that antibiotics did 
reduce the incidence of otitis media, acute sinusitis, peritonsillar 
abscess, and acute rheumatic fever.98 However, only 7 of the 58 studies 
included in the review were published since 1996, and the populations 
included were very heterogeneous, including those with and without 
GAS. A more recent evaluation used a national database of more than 
one million cases of sore throat and found that although there was a 
decrease in the incidence of quinsy (peritonsillar abscess) after the use 
of antibiotics, the number needed to treat to prevent one case was 4300, 
suggesting that the small decrease in risk of an uncommon complica-
tion did not warrant the widespread use of antibiotics for a self-limited 
disease.99

The goal of therapy for GAS pharyngitis is to decrease the time to 
resolution of symptoms, reduce risk of transmission, and reduce the 
incidence of suppurative and nonsuppurative sequelae. This is achieved 
by the elimination of GAS from the pharynx. Penicillin has been the 
mainstay of therapy for GAS pharyngitis for more than 60 years. 
Despite this long-term use, there has yet to be a confirmed instance of 
penicillin resistance in GAS. A 10-day course of penicillin or amoxicil-
lin is the treatment of choice and is recommended by the IDSA and 
AAP for the treatment of pharyngitis caused by GAS (Table 59-4).86,87 

TABLE 59-4  Antimicrobial Therapy for Group A 
Streptococcal Pharyngitis

DRUG DOSE DURATION
Oral Regimens
Penicillin V Children: 250 mg bid or tid

Adolescents and adults: 250 mg 
tid or qid or 500 mg bid

10 days

Amoxicillin 50 mg/kg once daily (maximum 
1000 mg) Alternative:  
25 mg/kg bid (maximum 
500 mg)

10 days

For Penicillin-Allergic Patients
Erythromycin Varies with formulation 10 days

First-generation 
cephalosporins

Varies with agent 10 days

Intramuscular Regimens
Benzathine penicillin G 600,000 units for patients 

<27 kg
1 dose

1.2 million units for patients 
≥27 kg

1 dose

Mixtures of benzathine 
and procaine penicillin G

Varies with formulation 1 dose

Modified from Alcaide ML, Bisno AL. Pharyngitis and epiglottitis. Infect Dis Clin 
North Am. 2007;21:449-469, vii; with permission.
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60  Acute Laryngitis
Mary T. Caserta

Acute laryngitis is a clinical syndrome commonly encountered by 
primary care physicians. The symptoms are often described as the 
recent onset of hoarseness or a husky voice with decreased voice pro-
jection often associated with a dry cough.1 There may be voice breaks 
or episodes of aphonia that frequently occur in the context of an upper 
respiratory tract infection with rhinorrhea and sore throat. The dura-
tion of symptoms is difficult to discern from the literature; however, in 
a study of 80 adults with the common cold, hoarseness was reported 
for a median of 3 days, and 5.5 days represented the 75th percentile.2 
Although most reports describe acute laryngitis as a mild and self-
limited syndrome, a survey of intercollegiate athletes found substantial 
morbidity associated with laryngitis.3 These students reported laryngi-
tis significantly more often as a cause of missed practice, compared 
with cough, nasal discharge, or myalgia, and as having an adverse effect 
on their athletic performance.

The incidence of acute laryngitis reported in the literature varies 
and is highly dependent on the research methods used. A study utiliz-
ing a large medical claims database found that approximately 1% of 
people presenting for care did so because of dysphonia, with 42% 
receiving a diagnosis of acute laryngitis.4 In reports including almost 
5000 children and adults with acute respiratory symptoms, 2% were 
given a primary diagnosis of laryngitis.5,6 In other studies, 38% of 
patients with pneumonia reported hoarseness as a symptom, as did 
53% of adults with colds and 67% of children with bacterial trache-
itis.2,7,8 Laryngitis has also been noted in approximately 22% of adoles-
cents or school-aged children with nonstreptococcal sore throat.9 
Despite this demonstration that laryngitis affects patients of all ages, a 
report of more than 800 patients seen in an ear, nose, and throat clinic 
showed that most patients with acute laryngitis presenting for care 
were women with a mean age of 36 years.10 In addition, the study 
showed that the frequency of laryngitis during the colder months was 
almost double that observed in the warmer seasons.

All of the major respiratory viruses have been etiologically associ-
ated with laryngitis. In the study of patients older than 5 years of age 
with a primary diagnosis of laryngitis, 21% had infection with parain-
fluenza virus, 15% had rhinovirus, 3% had influenza virus, and 3% had 
adenovirus.5 The risk of developing laryngitis with a particular type of 
respiratory tract infection is summarized in Table 60-1. McMillan and 
colleagues9 reported that laryngitis and cough were noted significantly 
more often among patients with influenza (29%) than among patients 

with group A β-hemolytic streptococcal infection (2.3%). In a retro-
spective review of an epidemic of influenza in the United Kingdom, 
the rate of laryngitis or tracheitis reported by general practitioners 
peaked at approximately 100 per 100,000 population, coincident with 
the peak of influenza illness.11 Younger patients were significantly more 
likely to report hoarseness than elderly subjects in a study of human 
metapneumovirus infection.12 Hoarseness was reported in 91% of 
young adults with human metapneumovirus infection compared with 
42% of similar-age subjects with respiratory syncytial virus infection. 
Acute laryngitis was the primary diagnosis in 3.3% of children from 1 
month to 14 years of age hospitalized with acute respiratory symptoms 
and infection with human metapneumovirus.6 Among older adults 
admitted to the hospital for respiratory disorders, hoarseness was 
reported by 25% of subjects with illness resulting from rhinovirus or 
coronavirus.13 Hoarseness or laryngitis has not been reported as a 
symptom in patients with severe acute respiratory syndrome second-
ary to human pneumonia–associated coronavirus.14

Bacterial respiratory infections have also been associated with acute 
laryngitis. Several authors have noted the presence of hoarseness in 
patients with acute streptococcal pharyngitis (see Table 60-1). Laryn-
gitis secondary to diphtheria has been virtually eliminated in the 
United States, although diphtheria continues to be an important cause 
of laryngeal disease worldwide. The possible etiologic role of Moraxella 
catarrhalis (formerly Branhamella catarrhalis) in adults with acute lar-
yngitis was investigated in several reports from Sweden. In a case-
control study of 40 adults with hoarseness and symptoms of upper 
respiratory tract infection, 55% of the patients and 14% of controls had 
M. catarrhalis isolated from a nasopharyngeal culture.15 Haemophilus 
influenzae was the second most frequently recovered bacterial patho-
gen from patients with laryngitis (8% to 20%), which suggests that 
organism may also play a role in this condition. However, treatment of 
patients with M. catarrhalis with oral penicillin or erythromycin for 5 
days failed to show any objective clinical benefit over placebo, despite 
a significant rate of bacteriologic eradication, casting doubt on the 
significance of the association.16,17 Infection with Bordetella pertussis or 
Mycoplasma pneumoniae has recently been suggested as a cause of 
chronic laryngitis in a single report of adults with symptoms of hoarse-
ness and throat clearing for more than 6 weeks.18

Uncommon causes of acute laryngitis include herpesviruses, parvo-
virus B19, mucosal candidiasis, Coccidioides immitis, Anncaliia algerae, 

Definition
•	 Acute	laryngitis	is	a	clinical	syndrome	

characterized	by	a	hoarse	voice	with	
decreased	phonation	and	voice		
projection,	usually	occurring	after	an		
upper	respiratory	tract	infection	with		
cough.

Epidemiology
•	 Approximately	1%	of	medical	care	claims	are	

due	to	dysphonia,	with	42%	of	those	classified	
as	acute	laryngitis.

•	 Two	percent	of	individuals	with	acute	
respiratory	symptoms	are	diagnosed	with	
acute	laryngitis.

•	 Acute	laryngitis	is	diagnosed	more	frequently	
in	women	(mean	age,	36	years)	than	men	
(mean	age,	41	years).

•	 More	cases	are	diagnosed	in	the	colder	
months	of	the	year.

Microbiology
•	 A	viral	upper	respiratory	tract	infection	is	often	

associated	(see	Table	60-1).
•	 Bacterial	infections	of	the	upper	respiratory	

tract	have	also	been	implicated.
•	 Unusual	causes	include	tuberculosis,	

blastomycosis,	histoplasmosis,	coccidiomycosis,	
cryptococcosis,	and	herpesvirus	infections	of	
the	larynx.

Diagnosis
•	 Clinical	diagnosis	is	based	on	the	

appropriate	history	and	changes	of		
the	voice.

•	 Visualization	of	the	larynx	reveals	edema	and	
vascular	engorgement	of	the	mucous	
membranes	with	hyperemic	and	erythematous	
vocal	folds.

Therapy
•	 Treatment	is	based	on	the	underlying	cause	of	

the	laryngeal	pathologic	process.
•	 Often,	symptomatic	therapy	with	voice	

rest,	analgesics,	and	humidification	is	
sufficient.
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lesions of the posterior larynx to anterior tumor-like masses. Given 
this changing clinical picture, a high degree of diagnostic suspicion is 
warranted to make a diagnosis of laryngeal TB.

Laryngeal histoplasmosis is a complication of disseminated infec-
tion and manifests as hoarseness of indolent onset without cough. 
Blastomycosis and histoplasmosis of the larynx can be mistaken for 
squamous carcinoma because of the indolent onset, gross appearance 
on laryngoscopy, and pseudoepitheliomatous hyperplasia on biopsy. 
Fever is low grade or absent. Diagnosis depends on demonstration of 
the fungi in the submucosa. Hoarseness may also be noted as a com-
ponent of other laryngeal infections, such as croup, acute epiglottitis, 
or supraglottitis. These conditions are discussed separately in Chapters 
61 and 64. Other noninfectious causes of acute laryngitis include voice 
abuse, gastroesophageal reflux disease, and laryngeal malignancy.

The diagnosis of acute laryngitis caused by an upper respiratory 
tract infection can often be made by history alone. Examination of  
the larynx reveals hyperemic and erythematous true and ventricular 
vocal folds resulting from edema and vascular engorgement of the 
mucous membranes.30 Treatment needs to be directed at the underly-
ing infectious cause of hoarseness but generally is symptomatic, with 
voice rest, analgesic therapy, and humidification.30 As noted previously, 
studies evaluating the use of antibiotics for patients with acute laryn-
gitis have not shown objective benefit, and a Cochrane Review con-
cluded that antibiotics should not be prescribed for patients with 
typical laryngitis.31

Long-term sequelae of laryngitis are uncommon, but prolonged 
hoarseness has been noted most frequently after infection with uncom-
mon pathogens. Superior laryngeal neuralgia has also been described 
as a rare complication of acute laryngitis.32 This disorder is character-
ized by painful paroxysms of the throat induced by head turning, 
swallowing, or voice straining and is associated with a trigger point on 
the lateral aspect of the neck overlying the thyrohyoid membrane. 
Various treatments, including injections of local anesthetic, have been 
used to treat this complication. An additional unusual complication of 
acute laryngitis is idiopathic ulcerative laryngitis.33 Criteria for diag-
nosing this condition include a history of a preceding upper respiratory 
tract infection with cough, the presence of bilateral ulcerations at the 
mid-membranous vocal folds on physical examination, and a lack of 
response to treatment with corticosteroids, antibiotics, and antireflux 
medications. Healing usually occurs over a minimum of 6 weeks with 
complete resolution of symptoms.

Cryptococcus neoformans, Sporothrix schenckii, methicillin-resistant 
Staphylococcus aureus (MRSA), and group G β-hemolytic streptococci 
in normal and immunocompromised patients.19-21,22-24,25,26 Clinical 
findings in patients with laryngitis secondary to herpes simplex virus 
types 1 or 2, varicella-zoster virus, or cytomegalovirus include edema 
and inflammation of the glottic or supraglottic region with vesicles or 
ulcerative lesions with or without vocal cord paralysis.26 Gastroesopha-
geal reflux is a recognized cause of both acute and chronic laryngitis 
and should be treated when recognized.

Laryngitis secondary to tuberculosis (TB) and blastomycosis is 
usually a chronic complication of pulmonary infection.25,27 Although 
in the past laryngeal TB was frequently detected in young patients with 
recognized pulmonary TB, more recent reports have described changes 
in the epidemiology and clinical features of TB of the larynx. In a study 
of 31 patients with biopsy-confirmed laryngeal TB, only 55% were 
referred because of a previous diagnosis of pulmonary TB, whereas 
33% had odynophagia or a suspicion of carcinoma.28 The mean age of 
patients with laryngeal TB was 60 years in a case series reported by 
Kandiloros and colleagues.29 Historically, patients with laryngeal TB 
had a large burden of organisms in their sputum. In a more recent 
study from India, patients with laryngeal TB were no more likely to 
have positive sputum results than patients with pulmonary TB without 
laryngeal disease.27 Clinical findings reported in laryngeal TB range 
from the classic description of cranial nerve palsies with ulcerative 

TABLE 60-1  Frequency of Laryngitis Associated 
with Common Respiratory Pathogens

PATHOGEN FREQUENCY (%) REFERENCES
Rhinovirus 25-29 13, 34

Influenza 28-35 9, 13, 34

Parainfluenza 8.5 35

Adenovirus 22-35 36

Coronavirus 25 13

Mycoplasma pneumoniae 3-37 7, 13

Chlamydia pneumoniae 30 37

Group A β-hemolytic streptococcus 2.3-19 9, 34

Human metapneumovirus 3-91 6, 12, 38
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61 
Croup in Children (Acute 
Laryngotracheobronchitis)
John Bower and John T. McBride

… the sharp stridulous voice which I can resemble to nothing more 
nearly than the crowing of a cock … is the true diagnostic sign of 
the disease.

Francis Home, 17651

Croup is an age-specific viral infection of the upper and lower respira-
tory tracts that produces inflammation in the subglottic area and 
results in a striking picture of dyspnea accompanied on inspiration by 
the characteristic stridulous notes of croup. Croup demonstrates the 
piquant interaction of host and microorganism. Age, gender, an unde-
fined predisposition of the child, and the specific virus all seem to 
influence whether a child’s respiratory tract infection manifests as 
croup and how severe it is.

HISTORY
Home first introduced the word “croup” in his treatise, “An Inquiry 
into the Nature, Causes and Cure of the Croup,” in which he described 
12 patients with croup.1 The term croup is descended from an Anglo-
Saxon word kropan2 or the old Scottish term roup, which meant “to cry 
out in a shrill voice.” For the next century, the term croup was applied 
to numerous probably viral and bacterial diseases, which included 
diphtheria and “cynache trachealis,” which was often called “membra-
nous” or “true” croup, as opposed to “spasmodic” or “false” croup. 
Differentiation awaited Klebs’ discovery of Corynebacterium diphthe-
riae in 1883. In 1948, Rabe3 classified the forms of infectious croup 
according to etiology—bacterial or nonbacterial—and suggested that 
the latter, larger group was viral in origin. He was able to identify a 
pathogen—C. diphtheriae or Haemophilus influenzae type b—in only 
15% of his 347 patients.

NOMENCLATURE
The term croup now generally refers to an acute respiratory tract illness 
characterized by a distinctive barking cough, hoarseness, and inspira-
tory stridor in a young child, usually between 6 months and 3 years 
old. This syndrome results from inflammation of varying levels of the 
upper respiratory tract, which sometimes spreads to the lower respira-
tory tract, producing concomitant lower respiratory tract findings. 

Croup is primarily laryngotracheitis and encompasses a spectrum of 
infections from laryngitis to laryngotracheobronchitis and sometimes 
laryngotracheobronchopneumonitis.

Most common among the clinical argot of croup are recurrent, 
allergic, and spasmodic croup. Most children develop croup only once 
or twice despite multiple infections with the viruses that are prime 
etiologic agents. Some children have recurrent episodes of croup, 
however, which is often referred to as “spasmodic croup.” Spasmodic 
croup and “allergic croup” also have been applied to cases that tend to 
be sudden in onset, often at night, with minimal coryza and fever, and 
that occur among children with a family history of croup or atopy.4 
Spasmodic croup generally cannot be differentiated from a single 
episode of the usual type of croup, however, in its clinical manifesta-
tions or in its etiology, which is usually viral.

INCIDENCE
Croup is a common illness among outpatients, but few cases require 
hospitalization.4-7 Croup occurs in 2% to 6% of young children each 
year. About 10% to 16% of all children experience at least one attack 
of croup, and 5% have recurrent croup, consisting of three or more 
episodes. The peak occurrence is in the second year of life, with most 
cases occurring between 3 months and 3 years of age. In a Seattle 
prepaid group practice, the annual incidence of croup was 7 per 1000 
for all children younger than 6 years, and the peak incidence in the 
second year of life was 14.9 per 1000 children.7 Among children 
younger than 2 years of age presenting to emergency departments in 
Alberta, Canada, for the period 1999 to 2005, the rates of croup ranged 
from 30.9 to 49.6 per 1000 emergency department visits.8

Hospital admissions have significantly declined in recent years in 
correlation with the use of effective outpatient therapy for croup. From 
1979 to 1997, croup cases associated with parainfluenza viruses, esti-
mated from the National Hospital Discharge Survey, showed that the 
number of admissions among children younger than 5 years decreased 
by approximately one third.5 The average annual rates of hospitaliza-
tions for croup during 1972 to 1984 compared with 1994 to 1997 for 
children younger than 1 year decreased by 25% from 2.8 to 2.1 per 
1000 children per year; and for children 1 to 4 years old, the annual 

Definition
•	 Croup	is	an	acute	viral	infection	of	the	upper	

airway	presenting	as	stridor	and	a	brassy	
cough.

•	 Most	children	develop	croup	only	once,	but	a	
few	children	develop	recurrent	episodes	called	
spasmodic	croup.

Epidemiology
•	 Croup	can	be	sporadic	but	usually	occurs	in	

epidemics	in	the	fall	that	in	temperate	
climates	recently	have	been	worse	in	
odd-numbered	years.

Etiology and Microbiology
•	 Parainfluenza	type	1	virus	infection	is	the	most	

common	cause	of	viral	croup.

•	 The	other	parainfluenza	viruses,	respiratory	
syncytial	virus	(RSV),	adenovirus,	and	measles	
are	a	few	of	the	other	agents	associated	with	
viral	croup.

•	 Bacterial	infections	of	the	airway,	including	
epiglottitis	(Haemophilus	influenzae	type	b)	
and	tracheitis	(Staphylococcus	aureus,	
Streptococcus),	represent	medical	emergencies	
and	should	be	rapidly	discriminated	from	viral	
croup.

•	 Diphtheria	should	be	considered	in	the	
developing	world	and	in	nonimmunized	
populations.

Diagnosis
•	 Diagnosis	is	clinical,	although	radiographs	of	

the	upper	airway	may	be	helpful.

•	 Children	with	epiglottitis	and	bacterial	
tracheitis	are	typically	toxic	and	have	difficulty	
swallowing	and	usually	lack	the	brassy	cough	
and	harsh	stridor.

•	 Recurrent	(spasmodic)	croup	may	be	more	
common	in	children	with	atopy	or	
gastroesophageal	reflux.

Therapy
•	 Home	remedies	including	mist	and	

cold	air	have	not	been	proven	to	be		
effective.

•	 A	single	dose	of	a	systemic	corticosteroid	
decreases	the	severity	and	length	of		
croup.

SHORT VIEW SUMMARY
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Outbreaks of measles in the United States and elsewhere serve as a 
reminder that rubeola in the prevaccine era often resulted in severe and 
complicated croup. During the 1989 to 1991 upsurge of measles cases 
in the United States, laryngotracheobronchitis complicated approxi-
mately 20% of the cases of measles among hospitalized patients in Los 
Angeles and Houston.18,19 Children with croup as a complication of 
measles tended to be younger, they had a more severe course, and 17% 
to 22% required intubation. In some children, the outcome was fatal.

EPIDEMIOLOGY
The epidemiologic patterns of croup reflect mainly the seasonal predi-
lection of the major agents (see Fig. 61-1). Parainfluenza virus type 1 
predominantly occurs every other year in the fall, resulting in the 
major outbreaks of croup recognized biennially in odd-numbered 
years since 1993.5,11 Other parainfluenza viruses have less distinctive 
seasonal patterns. Parainfluenza type 2 virus also contributes to the 
cases occurring in the fall and winter, but irregularly and at lower 
levels.20 Parainfluenza type 3 virus appears yearly, and although it may 
be present throughout much of the year, parainfluenza type 3 virus 
predominantly occurs in the spring to fall and is the major cause of 
the swell of croup cases observed each spring. Influenza A and B 
viruses and RSV also contribute to the cases in the winter and spring. 
Rhinoviruses, enteroviruses, bocavirus, and coronaviruses are present 
through most of the year. In some areas, enteroviruses have an increased 
prevalence during the summer and fall and bocavirus is prevalent 
during the fall to spring (see Fig. 61-1).

PATHOPHYSIOLOGY
The shrill sonorous inspiration so characteristic of this complaint, 
marks very unequivocally its seat.… From some cause there is an 
unusual approximation of the sides of the glottis … the influence 
being very analogous to that produced by too strong compression of 
the reed against the mouthpiece of the clarinet by the lips of one 
who has made no great proficiency in that instrument, when a 
harsh, squeaking sound is produced abundantly discordant and 
grating to the ear.

Hugh Ley, 183621

The virus initially infects the upper respiratory tract and usually pro-
duces congestion of the nasal passages and nasopharynx. Subsequently, 
especially during primary infection, the larynx, the trachea, and some-
times the bronchi become involved. The classic signs of croup—stridor, 
hoarseness, and cough—arise mostly from the inflammation of the 
larynx and trachea. The resulting obstruction is greatest at the sub-
glottic level because this is the least distensible part of the airway 
because it is encircled by the cricoid cartilage, with the narrow anterior 
ring and the larger posterior quadrangular lamina forming a “signet 
ring.” The impeded flow of air through this narrowed area produces 
the classic high-pitched vibratory sounds, or stridor. This is most 
apparent on inspiration because high linear velocity in the already 
narrowed airway creates a negative intraluminal pressure, narrowing 
the extrathoracic airway further, much as sucking on a partially 
occluded paper straw causes it to collapse inwardly. Airway collapse is 
enhanced in young children because of the increased compliance of 
their airway walls.22

Even minimal inflammation of the membranes lining the narrow 
passages of the larynx and glottis in a young child results in an appre-
ciable degree of obstruction because resistance to airflow is inversely 
related to the fourth power of the radius of the airway. The mucous 
membrane is also looser and more vascular, and the cricoid cartilage 
is less rigid. Nasal obstruction and crying can aggravate the dynamic 
narrowing of the child’s airway further.

With the subglottic obstruction, the child’s tidal volume initially 
declines. This is compensated by an increase in the respiratory rate to 
maintain adequate alveolar ventilation (Fig. 61-2). If the degree of 
obstruction worsens, the work of breathing may increase such that the 
child tires and can no longer maintain an adequate respiratory effort. 
The tidal volume may decrease further, and, as the respiratory rate 
declines, hypercarbia and secondary hypoxemia ensue.

In addition to airway narrowing related to mucosal swelling and 
dynamic collapse, it is possible that upper airway inflammation leads 

rates decreased by 33% from 1.8 to 1.2. In Ontario, the estimated 
annual rates of hospitalization from 1988 to 2002 also showed a decline 
among children younger than 5 years, and the rates were lower among 
children 1 to 4 years old than among infants.9 The decline did not begin 
until after the winter of 1993 to 1994, however, when the annual rate 
per 1000 children younger than 5 years was 2.67. In 2001 to 2002, the 
rate had declined by 86% to 0.37.

ETIOLOGY
Among children evaluated for croup in an emergency department, one 
or more viral agents were identified in 80% of specimens by reverse-
transcriptase polymerase chain reaction (RT-PCR) assay; the parain-
fluenza viruses were detected most frequently.10 No matter what means 
of detection were used, studies over decades have consistently shown 
that the parainfluenza viruses, especially type 1, are the most frequent 
cause of croup.4-7,10-12 Only the parainfluenza viruses are associated 
with the major peaks of occurrence of croup cases (Fig. 61-1). Parain-
fluenza type 1 has been identified in approximately one fourth to one 
third of cases. Parainfluenza type 3 generally is the second most com-
monly associated virus, accounting for 6% to 10% of cases. A small 
proportion of all influenza illnesses among children is associated with 
croup, but among croup cases, influenza accounts for 1% to 10% of 
cases depending on the year and circulating strain. Similarly, although 
respiratory syncytial virus (RSV) infections are particularly prevalent 
among this age group, relatively few (about 5% of RSV infections) 
manifest as croup.

More recent studies using RT-PCR methods have suggested an etio-
logic role for viruses other than the parainfluenza viruses. Rhinovi-
ruses, enteroviruses, adenoviruses, and bocavirus have been detected 
in 9% to 13% of specimens from children with croup.10,12,13 Croup has 
also been observed in a small percentage of children younger than 5 
years of age infected with metapneumovirus.14 The human coronavi-
ruses (hCoV) have been identified in up to 7% of young children with 
acute respiratory tract infections, with the NL63 strain most often 
associated with croup.15 In Seoul, South Korea, hCoV NL63 was the 
second most commonly isolated virus from children presenting with 
croup.16 The significance of these associations, however, is unclear 
because respiratory viruses often appear as coinfections and studies 
have been limited by small sample sizes. Larger studies are needed to 
confirm these findings.17

FIGURE 61-1  The seasonal occurrence of croup cases is shown in 
relation to the epidemiologic activity of the respiratory viruses 
associated with croup. The major seasons of croup cases in temperate 
climates occur  in  the  fall  to winter  every other  year when outbreaks of 
parainfluenza type 1 virus occur and in the spring to summer when para-
influenza type 3 is prominent. Influenza and respiratory syncytial virus are 
epidemic during the winter to spring but contribute small proportions of 
cases.  The  picornaviruses,  adenovirus,  coronaviruses,  and  bocavirus  are 
present through many months of the year. 
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DIAGNOSIS
The diagnosis of croup can almost always be made on the basis of the 
characteristic epidemiologic features, the clinical manifestations, and 
the history, especially in children 6 months through 3 years of age. 
Diagnostic procedures that upset the child may worsen the respiratory 
distress and should be avoided.7 Laboratory analysis generally should 
be limited to tests necessary for management of a more severely ill 
child, such as tests used to assess dehydration and oxygenation. White 
blood cell counts and differentials are rarely helpful or distinctive in 
diagnosing croup. Identification of the specific viral agent also is 
usually unnecessary, and obtaining respiratory tract swabs and secre-
tions is likely to augment the child’s respiratory distress.

Viral identification may be warranted when specific antiviral 
therapy is being considered, such as for severely ill or high-risk chil-
dren with influenza. In most instances, a rapid antigen assay, such  
as immunofluorescent and enzyme immunoassays, is used.24 Rapid 
multiplex PCR assays for respiratory viruses provide an increasingly 
available alternative with improved sensitivity and relatively short 
turnaround times.

Radiographic Findings
Radiographic evaluation is usually unnecessary for the diagnosis of 
croup and, as noted earlier, should be undertaken with caution and 
careful monitoring of the child. Among atypical cases, however, the 
radiologic picture may be helpful in the differential diagnosis.

The characteristic manifestation of viral croup noted on an antero-
posterior neck film is a 5- to 10-mm narrowed shadow of the trachea 
in the subglottic area. This is often described as the “hourglass” or 
“steeple” sign (Fig. 61-3). The lateral view of the neck may show an 
increased width of the airspace in the hypopharyngeal area. Dilation 
of the pharyngeal airway often is seen and is indicative of the child’s 
increased respiratory effort. The diagnostic value of these radiographic 
findings is nevertheless questionable. They are not consistently 
observed in all cases of viral croup, and some studies have shown them 
to be of low specificity and sensitivity for confirming or ruling out viral 
croup.

Differential Diagnosis
For children presenting with atypical features or history, a broad range 
of diagnoses should be considered.25 A case should be considered 

to active constriction of the muscles of the upper trachea and larynx 
that might contribute to airway narrowing in some children with 
croup, particularly those with spasmodic croup. This might explain  
the association between recurrent croup and asthma or airway 
hyperreactivity.

CLINICAL MANIFESTATIONS
The disease generally comes on in the evening after the little patient 
has been exposed to the weather during the day and often after a 
slight catarrh of some days’ standing. At first his voice is observed to 
be hoarse and pulling … he awakens with a most unusual cough, 
rough, and stridulous. And now his breathing is laborious, each 
inspiration being accompanied by a harsh, shrill noise.

John Cheyne, 18142

Although abrupt onset of stridor at night may be the initial indication 
of illness, most children have a prodrome of mild upper respiratory 
tract signs of rhinorrhea, cough, and sometimes fever 12 to 48 hours 
before the onset of the distinctive “rough and stridulous” cough of 
croup. The deepening cough and hoarseness herald the onset of the 
respiratory stridor. The cough is not productive but has the striking 
deep brassy tone of a “seal’s bark.”* The respiratory stridor may be 
accompanied by retractions of the chest wall, which are usually most 
marked in the supraclavicular and suprasternal areas. Some children 
may progress to have inspiratory and expiratory stridor. The respira-
tory rate may be slightly elevated, but rates greater than 50 per minute 
are unusual in children with croup, in contrast to the marked tachy-
pnea that is often evident with bronchiolitis.

The onset of stridor commonly occurs at night; in milder cases it 
may improve in the morning, only to worsen again at night. Children 
whose croup is characterized by abrupt nighttime onset with little 
prodrome of a respiratory tract infection, followed by daytime improve-
ment, are often designated as having “spasmodic croup.” These children 
tend to have repeated episodes over several days or separated by 
months. Generally, an episode of recurrent croup cannot be differenti-
ated from the usual case of viral croup clinically or by viral etiology.12 
A viral etiology was identified by RT-PCR in 68% of the children, and 
the proportion with an identified viral infection was not significantly 
different between children with single and recurrent episodes of croup. 
A few children with recurrent croup have an underlying condition 
such as subglottic stenosis or gastroesophageal reflux.

For most children, the course of croup is less than 3 to 4 days. 
Although the cough may persist longer, the characteristic barking 
quality resolves within 2 days in most children.23

FIGURE 61-2  Physiologic abnormalities in croup. 

Viral infection

Inflammation

Airways and lung parenchyma

Ventilation to
perfusion ratio

O2 therapy

Normal
PaO2

Hypoxemia

Subglottic area

Airflow

Respiratory effort

Ventilation

Normal
PaO2

 Fatigue 

Respiratory failure

FIGURE 61-3  Radiograph of the neck of a child with viral croup 
that shows the characteristic narrowing of the air shadow of the 
trachea in the subglottic area. 

*The characteristic cough and stridor have also been described by Ley in 183621 as “the 
crowing of a cock, the yelping of a fox, the barking of a dog, the braying of an ass, or a 
ringing sound, as if the voice came from a brazen tube.”
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Occasionally, recurrent episodes of stridor may be related to gastroin-
testinal reflux.33

THERAPY
Appropriate therapy for croup is determined by the severity of the 
child’s illness. Accurate assessment of the child’s clinical status is essen-
tial. The natural fluctuations in the course of croup often confound this 
evaluation, however, as well as complicate assessment of the success of 
therapy.

Most children with mild croup may be cared for at home. Keeping 
a child with croup comfortable and avoiding disturbing procedures are 
particularly important, because anxiety and crying may enhance the 
respiratory distress. The child should be given adequate liquids and 
antipyretics if necessary.

Despite a plethora of home therapies for croup, none has proved 
consistently effective. Taking a child with croup outside to breathe cold 
air or into a shower to breathe warm mist are commonly recom-
mended. Vaporizers and other means of producing mist in the home 
have long been advised. In the past century, steaming tea kettles were 
an integral and often primary mode of therapy. Nevertheless, the ben-
eficial effects of mist have not been proved.7,34-37

Multiple scoring systems have been used to assess the severity of 
croup. The scoring system most frequently used is the Westley clinical 
score.38 The major findings on physical examination used for this score 
are the degree of stridor, chest wall retractions, air entry, level of con-
sciousness or fatigue, and presence of cyanosis. Guidelines for the 
management of croup generally have classified croup as mild, moder-
ate, and severe, with patients with mild cases having corresponding 
Westley scores of 0 to 2, those with moderately severe cases having 
scores of 3 to 7, those with severe cases having scores of 8 to 11, and 
patients at risk for imminent respiratory failure having scores of 12 to 
17 (Table 61-1).4,7

The therapy recommended varies according to the assessed level of 
severity, but the mainstay of therapy beyond supportive care is dexa-
methasone. One dose of dexamethasone orally or, if necessary, intra-
muscularly, administered to outpatients and in emergency departments 
has been shown to be effective in reducing the need for hospitaliza-
tion.7,39,40,41 Repeated doses are seldom necessary. Nebulized epineph-
rine, racemic epinephrine, or l-epinephrine may be added to the 
dexamethasone for children with severe croup.38,42 Because improve-
ment after nebulized epinephrine is transient, treatment may be 
repeated. A child treated with one of these aerosols should be observed 
for at least 2 hours (see Table 61-1) prior to discharge.

Administration of a mixture of helium and oxygen has long been 
used to improve gas exchange in various obstructive disorders of the 
upper and lower respiratory tract. Little evidence exists, however, that 
administering heliox to children with croup is beneficial.43-45

atypical if the child does not have the most characteristic features of 
croup, especially the seal’s bark cough and hoarseness.

The physician’s most important clinical responsibility in evaluating 
a child with inspiratory upper airway obstruction is differentiating 
children with the common and usually benign viral croup from the 
few children who have life-threatening obstruction from bacterial epi-
glottitis or tracheitis. The history of a rapidly progressive course, high 
fever, a toxic appearance, and drooling are most characteristic of these 
bacterial processes, and the brassy cough of viral croup is characteristi-
cally absent. Children with these symptoms demand careful evaluation 
and management.

Acute bacterial epiglottitis is usually due to infection with H. influ-
enzae type b and has become rare since the widespread use of vaccina-
tion.25,26 The differentiating features of epiglottitis include the strikingly 
rapid onset and progression of the illness, high fever, and toxic appear-
ance. The child is often sitting, leaning forward, and anxious and may 
have a muffled voice, marked dysphagia, and drooling. The history of 
an upper respiratory tract infection with rhinorrhea and laryngitis 
usually is not present. Epiglottitis is almost always an indication for 
prompt antibiotic therapy and securing the airway by intubation in a 
controlled environment.

Bacterial tracheitis has an acute onset and presentation similar to 
that of epiglottitis.7,26-29 Its rapid and dramatic onset is characterized by 
high fever, stridor, and dyspnea with copious amounts of purulent 
sputum. The child may progress rapidly to complete airway obstruc-
tion. The course is unresponsive to therapy with nebulized epineph-
rine, and suspected cases should be managed as a medical emergency. 
Bacterial cellulitis and abscesses of the deep neck spaces, including 
peritonsillar and retropharyngeal abscesses, may also manifest with 
similar findings of high fever, dysphagia, and drooling.30,31 The charac-
teristic upper respiratory tract signs, hoarseness and barking cough, 
are usually not present. C. diphtheriae, although a major cause 
of stridor in the past, is now rarely seen in the United States and  
other developed countries but should still be considered in countries 
with low rates of immunization.32 All of these diagnoses represent 
pediatric emergencies, and, as with epiglottitis, usually justify careful 
intubation.

Noninfectious causes of obstruction that mimic croup include aspi-
ration of a foreign body, which is common in the same age group as 
that of viral croup; trauma to the upper airway, such as from toxic 
ingestions; and angioneurotic edema.25 Anatomic abnormalities, such 
as vocal cord paralysis and anomalies that impinge on the laryngotra-
cheal area, may cause stridor, especially when a respiratory tract infec-
tion augments the obstruction to airflow. These include tracheal 
stenosis, laryngeal webs, and papillomas. In most cases, the history  
and lack of acute signs of respiratory tract infection allow differentia-
tion. In the older child, pulmonary function testing may be helpful. 

TABLE 61-1  Evaluation and Management of Children with Croup

CROUP SEVERITY (WESTLEY SCORE)
Mild (≤2) Moderate (3-7) Severe (≥8)
Barking cough, hoarseness; no stridor, no 

or minimal chest wall retractions at rest
Stridor and chest wall retractions 

at rest; no agitation
Stridor, sternal contractions at rest, accompanied 

by agitation or fatigue

Therapy
Decongestants, cough 

suppressants, antibiotics
Not recommended Not recommended Not recommended

Humidification Not proven beneficial Not effective Not effective

Corticosteroids Dexamethasone (0.6 mg/kg, 1 dose PO) Dexamethasone (0.6 mg/kg, 1 
dose PO or IM)

Dexamethasone (0.6 mg/kg, 1 dose PO or IM)

Nebulized epinephrine Not recommended Not recommended Nebulized racemic epinephrine (2.25%, 0.5 mL 
in 2.5 mL of saline or L-epinephrine (1 : 1000 
dilution in 5 mL of saline)

Disposition Discharge home Discharge to home if no stridor 
and no retractions at rest. If 
no improvement in 4 hr, 
consider hospitalization.

Observe for 2 hr

Good response: no recurrence, no stridor, no 
retractions at rest. Discharge to home possible.

Poor response: stridor, retractions at rest after 2 
epinephrine doses. Hospitalize.

IM, intramuscularly; PO, orally.
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OUTCOME
Croup remains a common illness among young children. With the 
currently available modalities for management, most children may  
be cared for at home, and the illness usually resolves within 3 to  
4 days.23 Most have mild symptoms, and only about 5% of children 
discharged from the emergency department after corticosteroid 
therapy need to return because of worsening of symptoms.46 If the 
child’s symptoms are minimal at discharge, return within 24 hours is 

unlikely. In Canada, of all children with croup, about 4% have been 
estimated to require hospitalization and intubation was required for 
only 1 of the 170 hospitalized children or 1 in 4500 of all children with 
croup.7,23
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62 
Otitis Externa, Otitis Media, and 
Mastoiditis
Jerome O. Klein

OTITIS EXTERNA
Infection of the external auditory canal (otitis externa) is similar to 
infection of skin and soft tissue elsewhere. Unique problems occur 
because the canal is narrow and tortuous; fluid and foreign objects 
enter, are trapped, and cause irritation and maceration of the superfi-
cial tissues. The pain and itching that result may be severe because of 
the limited space for expansion of the inflamed tissue. Infections of the 
external canal may be subdivided into four categories: acute localized 

otitis externa, acute diffuse otitis externa, chronic otitis externa, and 
malignant otitis externa. Reviews by Senturia and co-workers,1 Hirsch,2 
and Rubin and Yu3 provide more complete information.

Pathogenesis
The external auditory canal is approximately 2.5 cm long from the 
concha of the auricle to the tympanic membrane. The lateral half of 
the canal is cartilaginous; the medial half tunnels through the temporal 

DEFINITION

Otitis Externa
•	 Otitis	externa	is	an	infection	and	inflammation	

of	the	external	auditory	canal.

Otitis Media
•	 Acute	otitis	media	(AOM)	is	an	acute	illness	

marked	by	the	presence	of	fluid	in	the	middle	
ear	and	inflammation	of	the	mucosa	lining	the	
middle	ear	space.	Fluid	may	persist	in	the	
middle	ear	for	weeks	to	months	after	
appropriately	treated	AOM	and	is	termed	otitis	
media	with	effusion.

Mastoiditis
•	 Mastoiditis	is	infection	and	inflammation	of	

the	mastoid	air	cells	and	usually	results	from	
episodes	of	severe	AOM.

EPIDEMIOLOGY

Otitis Externa
•	 Acute	diffuse	otitis	externa	or	swimmer’s	ear	

occurs	in	hot	humid	weather.
•	 Invasive	or	malignant	otitis	externa	occurs	in	

diabetic,	immunocompromised,	and	debilitated	
patients.

•	 Children	are	prone	to	place	foreign	objects	in	
the	external	ear	canal,	which	may	cause	
maceration	and	infection	of	the	skin	lining	the	
external	canal.

Otitis Media
•	 Otitis	media	occurs	at	all	ages,	but	the	peak	

age	group	is	children	in	the	first	3	years	of	life.
•	 Children	at	risk	for	severe	and	recurrent	otitis	

media	are	more	frequently	male,	have	a	
genetic	predisposition	to	ear	infections,	and	
may	be	in	large-group	daycare	exposed	to	
frequent	respiratory	viruses	and	bacterial	
pathogens.

Mastoiditis
•	 The	epidemiology	of	mastoiditis	parallels	that	

of	otitis	media.

MICROBIOLOGY

Otitis Externa
•	 The	microbial	microbiota	of	the	external	ear	

canal	responsible	for	otitis	externa	is	similar	to	

that	of	skin	elsewhere,	including	
staphylococcal	species	and	anaerobic		
bacteria.

•	 Pseudomonas	aeruginosa	is	a	frequent	cause	
of	swimmer’s	ear	and	malignant	otitis	externa.

Otitis Media
•	 Streptococcus	pneumoniae	and	nontypeable	

Haemophilus	influenzae	are	the	most	frequent	
bacterial	pathogens	in	all	age	groups.

•	 Moraxella	catarrhalis,	group	A	Streptococcus	
and	Staphylococcus	aureus	are	less	frequent	
causes	of	AOM.

•	 Respiratory	viruses	are	frequent	causes	of	
AOM	alone	or	associated	with	bacterial	
pathogens.

Mastoiditis
•	 The	microbiology	of	mastoiditis	is	similar	to	

that	of	AOM.
•	 Patients	with	persistent	perforation	of	the	

tympanic	membrane	may	have	invasion	of		
the	mastoid	by	organisms	present	in	the	
external	ear	canal,	including	S.	aureus	and	
P.	aeruginosa.

DIAGNOSIS

Otitis Externa
•	 Acute	localized	otitis	externa	may	occur	as	a	

pustule	or	furuncle	that	is	visualized	in	the	
canal.

•	 Swimmer’s	ear	is	identified	by	edema,	
swelling,	and	erythema	of	the	canal	wall.

•	 Malignant	otitis	externa	is	associated	with	
severe	pain	and	tenderness	of	the	tissues	
around	the	pinna	and	mastoid;	pus	may	be	
present	in	the	canal.

Otitis Media
•	 AOM	is	an	acute	illness	with	fluid	in	the	

middle	ear	and	bulging	or	decreased	mobility	
and	inflammation	of	the	tympanic	membrane.

Mastoiditis
•	 The	signs	of	mastoiditis	include	swelling,	

redness,	and	tenderness	over	the	mastoid	
bone.

•	 The	pinna	is	displaced	downward	and	
outward,	and	a	purulent	discharge	may	

emerge	through	a	perforation	of	the	tympanic	
membrane.

THERAPY

Otitis Externa
•	 Swimmer’s	ear	may	be	managed	with	

gentle	cleansing	and	irrigation	of	the		
external	canal.

•	 Antibiotic	solutions,	including	fluoroquinolone	
eardrops,	are	effective	in	localized	infections.

•	 Systemic	antimicrobial	therapy,	including	
activity	against	P.	aeruginosa,	is	necessary	to	
manage	invasive	external	otitis	media.

Otitis Media
•	 High-dose	amoxicillin	is	the	preferred	drug	for	

patients	with	AOM.
•	 If	amoxicillin	fails,	amoxicillin-clavulanate	or	

parenteral	ceftriaxone	is	preferred.
•	 Some	children	with	AOM	improve	without	use	

of	antimicrobial	agents.
•	 Placement	of	tympanostomy	tubes	may	be	

warranted	for	children	with	severe	and	
recurrent	episodes	of	AOM.

Mastoiditis
•	 Antimicrobial	therapy	is	similar	to	that	of	

AOM.
•	 Incision	and	drainage	may	be	necessary	when	

abscesses	form	in	the	mastoid	air	cells.

PREVENTION

Otitis Externa
•	 Patients	should	be	dissuaded	from	placing	

foreign	objects,	including	cotton-tipped	
applicators,	in	the	external	canal.

Otitis Media
•	 Chemoprophylaxis	may	be	of	value	for	

prevention	of	episodes	of	AOM	in	children	
with	severe	and	recurrent	disease.

•	 Pneumococcal	conjugate	vaccines	have	been	
effective	in	reducing	episodes	of	AOM	due	to	
vaccine	serotypes.

•	 Influenza	virus	vaccines	reduce	the	incidence	
of	AOM	during	the	winter	respiratory	season.

Mastoiditis
•	 Prevention	is	similar	to	that	of	AOM.

SHORT VIEW SUMMARY
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Older, diabetic, immunocompromised, and debilitated patients are at 
particular risk. Life-threatening disease may result from spread to the 
temporal bone and then on to the sigmoid sinus, jugular bulb, base of 
the skull, meninges, and brain. Permanent facial paralysis is frequent, 
and cranial nerves 9, 10, and 12 may also be affected.10 P. aeruginosa is 
almost always the causative agent (see Chapter 221). The extent of 
damage to soft tissue and bone may be identified and monitored by 
the use of computed tomography and magnetic resonance imaging.3 
Diagnostic tests for underlying disease should be instituted. The canal 
should be cleansed, devitalized tissue removed, and eardrops with 
antipseudomonal antibiotics combined with steroid instilled into the 
external auditory canal. Systemic therapy with regimens including 
activity for Pseudomonas spp. should be used for 4 to 6 weeks. The 
combination of ceftazidime, cefepime, or piperacillin with an amino-
glycoside (gentamicin or tobramycin) should be considered.10 Oral 
quinolones with activity against Pseudomonas spp., such as ciprofloxa-
cin, have been effective therapy early in the course of invasive external 
otitis.11

Aspergillus species, particularly A. niger, may grow in the cerumen 
and desquamated keratinaceous debris in the external auditory canal, 
sometimes forming a visible greenish or blackish fluffy colony. Role of 
the mold in acute otitis externa is usually modest, if any, although, in 
the severely immunocompromised patient, Aspergillus can cause nec-
rotizing otitis externa.12 Candida albicans is a frequent cause of external 
otitis in children with chronic mucocutaneous candidiasis.

OTITIS MEDIA
Acute otitis media (AOM) is defined as an acute illness marked by the 
presence of middle ear fluid and inflammation of the mucosa that lines 
the middle ear space. Otitis media with effusion (OME) is defined by 
the presence of middle ear fluid without acute signs of illness or inflam-
mation of the middle ear mucosa. It usually follows AOM but may also 
occur as a result of barotrauma or allergy. The peak incidence occurs 
in the first 3 years of life. The disease is less common in the school-aged 
child, adolescents, and adults. Nevertheless, infection of the middle ear 
may be the cause of fever, significant pain, and impaired hearing in all 
age groups. In addition, adults suffer from the sequelae of otitis media 
of childhood: hearing loss, cholesteatoma, adhesive otitis media, and 
chronic perforation of the tympanic membrane.

Three recent factors have and will alter the incidence, microbiology, 
and management of otitis media:
1. Introduction of the 7-valent conjugate pneumococcal vaccine 

(PCV7) in the United States in 2000 and the 13-valent vaccine 
(PCV13) in 2010 has reduced the number of episodes of vaccine 
serotype pneumococcal AOM and decreased the incidence of severe 
and recurrent disease.

2. Programs have been developed by the Centers for Disease Control 
and Prevention (CDC) and advocacy groups to inform health care 
workers and consumers about the appropriate use of antimicrobial 
agents and avoid use of these drugs for trivial, usually viral, respira-
tory tract infections, to decrease the selection of multidrug-resistant 
bacteria.

3. In 2004 and 2013, publication of management guidelines by the 
American Academy of Pediatrics (AAP) and the American Academy 
of Family Physicians (AAFP) presented criteria for managing AOM 
without antimicrobial agents.13,14

Interested readers are referred to the AAP/AAFP guidelines for 
management of AOM13,14 and OME15 and Otitis Media in Infants and 
Children by Bluestone and Klein.16

Epidemiology
By 3 years of age, more than two thirds of children have had one  
or more episodes of AOM, and one third have had three or more  
episodes.17 The highest incidence of AOM occurs between 6 and 
24 months of age. Subsequently, the incidence declines with age,  
except for a limited reversal of the downward trend between 5 and  
6 years of age, the time of school entry. Otitis media is infrequent  
in adults, but the bacteriology and therapy are similar to those in 
children.18

Longitudinal studies have provided information about the charac-
teristics of children who have recurrent and severe episodes of AOM. 

bone. A constriction, the isthmus, present at the juncture of the osseous 
and cartilaginous portions, limits the entry of wax and foreign bodies 
to the area near the tympanic membrane. The skin of the canal is 
thicker in the cartilaginous portion and includes a well-developed 
dermis and subcutaneous layer. The skin lining the osseous portion is 
thinner and firmly attached to the periosteum and lacks a subcutane-
ous layer. Hair follicles are numerous in the outer third and sparse in 
the inner two thirds of the canal. Cerumen and debris from epithelial 
cells accumulate in the canal and are extruded by normal cleansing 
mechanisms. On occasion, the material may become inspissated and 
obstruct the canal.

The microbial flora of the external canal are similar to the flora of 
skin elsewhere. There is a predominance of Staphylococcus epidermidis, 
Staphylococcus aureus, Corynebacteria, and, to a lesser extent, anaero-
bic bacteria such as Propionibacterium acnes.4,5 Pathogens responsible 
for infection of the middle ear (Streptococcus pneumoniae, Haemophi-
lus influenzae, or Moraxella catarrhalis) are uncommonly found in 
cultures of the external auditory canal when the tympanic membrane 
is intact.

The epithelium absorbs moisture from the environment. Desqua-
mation and denuding of the superficial layers of the epithelium may 
follow. In this warm moist environment, the organisms in the canal 
may flourish and invade the macerated skin. Inflammation and sup-
puration follow. Invasive organisms include those of the normal skin 
flora and gram-negative bacilli, particularly Pseudomonas aeruginosa. 
Invasive otitis media is a necrotizing infection frequently associated 
with P. aeruginosa. The organism gains access to the deeper tissues of 
the ear canal and causes a localized vasculitis, thrombosis, and necrosis 
of tissues. Diabetic microangiopathy of the skin overlying the temporal 
bone results in poor local perfusion and a milieu for invasion by P. 
aeruginosa.

Clinical Manifestations and 
Management
Acute localized otitis externa may occur as a pustule or furuncle associ-
ated with hair follicles; the external ear canal is erythematous, edema-
tous, and may be filled with pus and flakes of skin debris. S. aureus is 
the most frequent pathogen. Erysipelas caused by group A Streptococ-
cus may involve the concha and the canal. Pain may be severe. Bluish-
red hemorrhagic bullae may be present on the osseous canal walls and 
also on the tympanic membrane. Adenopathy in the lymphatic drain-
age areas is often present. Local heat and systemic antibiotics are 
usually curative. Incision and drainage may be necessary to relieve 
severe pain.

Acute diffuse otitis externa (swimmer’s ear) occurs mainly in hot 
humid weather. The ear itches and becomes increasingly painful. The 
skin of the canal is edematous and red. Gram-negative bacilli, mainly 
P. aeruginosa, may play a significant role. A severe hemorrhagic exter-
nal otitis caused by P. aeruginosa was associated with mobile redwood 
hot tub systems.6 Gentle cleansing to remove debris, including irriga-
tion with warm tap water should reduce symptoms; alternatively, 
hypertonic saline (3%) and cleansing with mixtures of alcohol (70%  
to 95%) and acetic acid may be used. . Hydrophilic solutions, such as 
50% Burrow’s solution, may be used for 1 to 2 days to reduce inflam-
mation. A cotton wick may be of value in enhancing distribution of 
the ototopical agent when the canal is swollen. A 10-day regimen of a 
fluoroquinolone otic solution, such as ofloxacin7 or ciprofloxacin-
dexamethasone otic8 or eardrops of neomycin alone or with polymyxin 
combined with hydrocortisone, are effective in reducing local inflam-
mation and infection.

Chronic otitis externa is caused by irritation from drainage  
through a perforated tympanic membrane. The underlying cause is 
chronic suppurative otitis media. Itching may be severe. Management 
is directed to treatment of the middle ear disorder. Rare causes of 
chronic otitis externa include tuberculosis, syphilis, yaws, leprosy, and 
sarcoidosis.

Invasive (“malignant”) otitis externa is a severe, necrotizing infec-
tion that spreads from the squamous epithelium of the ear canal to 
adjacent areas of soft tissue, blood vessels, cartilage, and bone3,9 (see 
Chapter 221). Severe pain and tenderness of the tissues around the ear 
and mastoid are accompanied by the drainage of pus from the canal. 
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Microbiology
Bacteria
The bacteriology of otitis media has been documented by appropriate 
cultures of middle ear effusions obtained by needle aspiration. Many 
studies of the bacteriology of AOM have been performed. The results 
are remarkably consistent in demonstrating the importance of S. pneu-
moniae and H. influenzae in all age groups, but more recent studies, 
since the introduction of the pneumococcal conjugate vaccine, suggest 
that H. influenzae may replace S. pneumoniae as the most frequently 
isolated pathogen of AOM in children (Table 62-1).28,29

S. pneumoniae remains the most important bacterial cause of otitis 
media in most regions of the world. Relatively few serotypes are 
responsible for most disease, although there may be variation in sero-
types in various regions of the world. The most common serotypes,  
in order of decreasing frequencies, were 19, 23, 6, 14, 3, and 18.30,31,32 
PCV7, introduced in 2000, contained serotypes 4, 6B, 9V, 14, 18C,  
19F, and 23F and was replaced in 2010 by PCV13, which added sero-
types 1, 3, 5, 6A, 7V, and 19A. PCV7 was effective in reducing the 
incidence of AOM caused by vaccine serotypes.33 Data are not yet 
available to determine the added benefit of PCV13. Otitis media caused 
by H. influenzae is associated with nontypeable strains in the vast 
majority of patients. In approximately 10% of cases, the otitis was 
caused by H. influenzae type B and was frequently severe and accom-
panied by bacteremia or meningitis. Type B is now rare because of the 
efficacy of the conjugate polysaccharide vaccine. Nontypeable strains 
of H. influenzae are a significant cause of otitis media in patients of 
all ages.18 H. influenzae is the primary pathogen in the unique 
conjunctivitis-AOM syndrome.34

Moraxella catarrhalis has been isolated from approximately 10% of 
children with AOM35 and is usually associated with a mild form of 
disease. Before 1970, almost all strains of M. catarrhalis were sensitive 
to penicillin. Today, most strains produce β-lactamase and are resistant 
to penicillin G, ampicillin, and amoxicillin.

S. aureus, including methicillin and multidrug-resistant strains, is 
an uncommon cause of AOM but may be associated with persistent 
otorrhea that follows insertion of tympanostomy tubes.36

During the preantibiotic era, AOM caused by group A Streptococcus 
(GAS) was a frequent cause of severe AOM, frequently complicated by 
mastoiditis and often associated with scarlet fever. For reasons 
unknown, AOM caused by GAS is now uncommon. A recent survey 
in Israel has identified GAS as being responsible for 3.1% of 11,311 
episodes of AOM.37

Viruses
Virologic and epidemiologic studies have suggested that viral infection 
is frequently the initial event in the development of AOM.38-42,43 Respi-
ratory viruses have been isolated from the nasopharynx in up to 50% 
of children with AOM and have been detected in approximately 25% 
of middle ear fluids of children with AOM. Respiratory syncytial virus, 
influenza virus, enteroviruses, coronaviruses, and rhinoviruses were 
the most common viruses found in middle ear fluids.38-41 Combined 
viral and bacterial infections are frequent and may be more severe than 
bacterial infection alone.41,42,43 Chonmaitree and co-workers42 have 

The vast majority of children have no obvious defect responsible for 
severe and recurrent otitis media, but a small number have anatomic 
changes (cleft palate, cleft uvula, submucous cleft), alteration of normal 
physiologic defenses (patulous eustachian tube), or congenital or 
acquired immunologic deficiencies. An increased incidence of AOM 
occurs in children with Down syndrome.19 Children with acquired 
immunodeficiency syndrome have a higher age-specific incidence of 
otitis media, beginning at 6 months of age, than uninfected children 
or children who initially were positive for human immunodeficiency 
virus antibody but who seroreverted.20

As is true for most infectious diseases of childhood, AOM occurs 
more often in males than in females. Correlation of the index child 
with severe or recurrent AOM in a sibling or parent identifies a likely 
genetic susceptibility. Proinflammatory cytokine gene polymorphisms 
and polymorphisms in immunoresponse genes were associated with 
recurrent AOM.21,22 The age at the time of the first episode of AOM 
appears to be among the most powerful predictors of recurrent middle 
ear infections. Breast-feeding for 3 or more months is associated with 
a decreased risk of AOM in the first year of life. Race and ethnicity 
provide additional data, suggesting a genetic basis for recurrent middle 
ear infections; Native Americans, Alaskan and Canadian Eskimos, and 
Aboriginals have an extraordinary incidence and severity of otitis 
media.

The role of increased exposure to infectious agents and the impor-
tance of environmental pollutants have been identified in studies of the 
incidence of infection in group daycare and the effects of passive 
smoking on children. The introduction of infants into large daycare 
groups increases the incidence of respiratory infections, including 
otitis media. The daycare risk of infection is associated with the number 
of children in the facility. For children in large-group daycare, almost 
one episode of respiratory tract infections a month occurs during the 
first year of life, and AOM is a complication in about one third to one 
half of respiratory tract infections.23 Children in daycare not only have 
more episodes of AOM than children in home care but have more 
severe disease, as measured by the need for more surgical procedures. 
A study of Pittsburgh children observed from birth through the second 
year of life noted that myringotomy and tympanostomy tube place-
ments were performed in 21% of children in group daycare and in only 
3% of children in home care.24 Exposure to tobacco smoke docu-
mented by measuring a nicotine metabolite, cotinine, in saliva and 
urine, correlated with an increased incidence of new episodes of OME 
and the duration of effusion.25 Kim and co-workers26 have identified 
an association of invasive pneumococcal disease and otitis media with 
atmospheric conditions, air pollution (identified by levels of sulfur 
dioxide), and the isolation of respiratory viruses.

Pathogenesis
The middle ear is part of a continuous system that includes the nares, 
nasopharynx, and eustachian tube medially and anteriorly and the 
mastoid air cells posteriorly. These structures are lined with a respira-
tory epithelium that contains ciliated cells, mucus-secreting goblet 
cells, and cells capable of secreting local immunoglobulins.

Anatomic or physiologic dysfunction of the eustachian tube appears 
to play a critical role in the development of otitis media. The eustachian 
tube has at least three physiologic functions with respect to the middle 
ear: protection of the ear from nasopharyngeal secretions, drainage 
into the nasopharynx of secretions produced within the middle ear, 
and ventilation of the middle ear to equilibrate air pressure with that 
in the external ear canal. When one or more of these functions is 
compromised, the results may be the development of fluid and infec-
tion in the middle ear. Most episodes of AOM occur in the following 
sequence: congestion of the mucosa of the upper respiratory tract, 
often caused by a respiratory viral infection; swelling of the mucosa of 
the eustachian tube, progressing to obstruction of the tube at its nar-
rowest section, the isthmus; secretions that are constantly formed by 
the mucosa of the middle ear accumulate behind the obstruction and 
if a bacterial pathogen is present, AOM may result. The pathogenesis 
of fluid that persists for weeks to months after episodes of adequately 
treated AOM or persistent OME remains uncertain. Recent studies 
have suggested that bacterial biofilms on the middle ear mucosa may 
play a role in chronic OME or OME.27

TABLE 62-1  Bacterial Pathogens Isolated from 
Middle Ear Fluid in Children with Acute Otitis 
Media, 1995-2003

CHILDREN WITH PATHOGEN (%)*
BACTERIAL 
PATHOGEN

1995-2000  
(N = 399)

2001-2003 
(N = 152)

Streptococcus pneumoniae 28 23

Haemophilus influenzae 25 36

Moraxella catarrhalis 3.5 3

Streptococcus, group A 1.5 1.3

None or nonpathogens 46 41

*Total percentages are more than 100% because of multiple pathogens per 
middle ear effusion.

Data modified from Casey JR, Pichichero M. Changes in frequency and pathogens 
causing acute otitis media in 1995-2003. Pediatr Infect Dis J. 2004;23:824-828.
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In addition to a professional model, a consumer model (Innovia 
Medical, Omaha, NE) is available that permits home monitoring of the 
development or persistence of middle ear fluid.

Fluid persists in the middle ear for prolonged periods after the 
onset of AOM, even though symptoms usually resolve within a few 
days after the initiation of antimicrobial therapy. About 70% of chil-
dren with otitis media have fluid in the middle ear 2 weeks after the 
onset of disease, 40% still have fluid 1 month after the onset, and 10% 
still have fluid 3 months after the first signs of middle ear infection.15

Patients with middle ear effusion suffer from hearing loss of vari-
able severity. On average, a patient with fluid in the middle ear has a 
25-dB (pure-tone average) loss.51 Because the development of speech, 
language, and cognitive skills is dynamic during infancy, when the 
incidence of AOM is highest, there is concern that any impediment to 
reception or interpretation of auditory stimuli might have an adverse 
effect. Children with histories of recurrent episodes of AOM score 
lower in tests of speech, language, and cognitive abilities than their 
disease-free peers.52,53

The results of microbiologic studies of middle ear effusions in 
patients with AOM are so consistent that the choice of antimicrobial 
agents may be based on knowledge of the bacteriologic characteristics 
of otitis media acquired from the many investigations, rather than on 
the results of cultures from other sites, such as the throat or nasophar-
ynx (see Table 62-1). If the patient is toxic or has focal infection else-
where, cultures of samples of the blood and of the focal infection are 
warranted. Needle aspiration of the middle ear effusion (tympanocen-
tesis) to define the microbiologic characteristics of the infection should 
be considered in select patients—the patient who is critically ill at the 
onset, the patient who has not responded to initial antimicrobial 
therapy in 48 to 72 hours and is toxic, and the patient with altered host 
defenses (e.g., an immunologic defect, including the newborn infant).

Management
Acute Otitis Media
Antimicrobial Agents
The preferred antimicrobial agent for the patient with AOM must be 
active against S. pneumoniae, H. influenzae, and M. catarrhalis. Group 
A streptococci and S. aureus are infrequent causes of AOM and need 
not be considered in initial therapeutic decisions. Gram-negative 
enteric bacilli and methicillin-resistant S. aureus must be considered 
when otitis media occurs in the newborn infant, the patient with a 
depressed immune response, and the patient with suppurative compli-
cations of chronic otitis media. The antimicrobial agent should achieve 
concentrations in middle ear fluid above the expected minimal inhibi-
tory concentration of the likely pathogens. Craig and Andes54 have 
examined the relationship between bacteriologic cure in otitis media 
and serum and middle ear fluid concentrations for various antimicro-
bial agents. They found that a bacteriologic cure required the presence 
of serum concentrations above the minimal inhibitory concentration 
for at least 70% of the dosing interval.

There are now 19 antimicrobial agents approved by the U.S. Food 
and Drug Administration (FDA) for AOM. Amoxicillin remains the 
drug of choice for initial treatment because of its 25-year record of 
clinical success, acceptability, limited side effects, and relatively low 
cost. The drug is ineffective against β-lactamase–producing strains of 
H. influenzae and M. catarrhalis. The current incidence of amoxicillin-
resistant H. influenzae and M. catarrhalis is not high enough to require 
a change in the initial therapy.

The recent recommendation of increasing the dosage of amoxicillin 
to 90 mg/kg/day achieves higher concentrations in middle ear fluid 
and further reduces the number of children in whom amoxicillin 
therapy will fail because of resistant pneumococci.50 Alternatives to 
amoxicillin include amoxicillin-clavulanate, three sulfa-containing or 
trimethoprim-containing preparations (erythromycin plus sulfisoxa-
zole, trimethoprim, and trimethoprim-sulfamethoxazole), two macro-
lides (azithromycin and clarithromycin), nine oral cephalosporins 
(cephalexin, cefaclor, cefixime, ceftibuten, cefprozil, cefpodoxime, 
cefuroxime axetil, loracarbef, and cefdinir), and one parenteral cepha-
losporin (ceftriaxone). Two topical fluoroquinolones, ofloxacin and 
ciprofloxacin-dexamethasone otic, are effective in children who have 
tympanostomy tubes and suffer acute otorrhea.

noted that a higher proportion of patients with virus and bacteria in 
middle ear fluids fail to clear the bacteria 2 to 4 days after initiation of 
therapy, compared with the group who had bacteria alone.

Mycoplasma, Chlamydia, and Unusual 
Organisms
Mycoplasma pneumoniae was responsible for hemorrhagic bullous 
myringitis in a study of nonimmune volunteers inoculated with the 
organism.44 However, the middle ear fluid of a large number of patients 
(771) has been studied, and M. pneumoniae was isolated in only one 
case.45,46 Although mycoplasmas do not appear to play a significant role 
in AOM, some patients with lower respiratory tract disease caused by 
M. pneumoniae may have concomitant otitis media.

Chlamydia trachomatis is associated with acute respiratory infec-
tions in infants younger than 6 months and is a cause of acute infection 
of the middle ear in this age group. The organism has been isolated 
from middle ear fluid of infants with acute infection.47

Uncommon forms of otitis include diphtheritic otitis, tuberculous 
otitis, otogenous tetanus, otitis caused by Mycobacterium chelonae,48 
and otitis caused by Ascaris lumbricoides or Wegener’s granulomatosis. 
Fungi are frequently associated with external otitis but rarely cause 
AOM; Candida and Aspergillus spp. have been isolated from middle 
ear fluids of immunodeficient patients who develop chronic suppura-
tive otitis media.

Immunology
The middle ear is the site of a secretory immune system similar to those 
of other areas of the respiratory tract. Local and systemic immune 
responses occur in patients with acute or chronic OME. In the middle 
ear, immunologically active antigen interacts with immunocompetent 
cells in the lamina propria to produce a local immune response. The 
middle ear effusion that results from acute or chronic infection con-
tains all the major classes of immunoglobulins, complement, cells, 
immune complexes of antigen and antibody, and various chemical 
mediators of inflammation. The role of these substances in the course 
of otitis media is uncertain. The immune response to various antigens 
may prevent subsequent infection, assist in clearance of fluid during 
the acute episode, or contribute to the accumulation and persistence 
of fluid in the middle ear cavity, which becomes the culture medium 
for the next infection.

Diagnosis and Clinical Course
Acute otitis media is defined by the presence of fluid in the middle ear, 
along with signs or symptoms of acute illness and inflammation of the 
mucosa of the middle ear identified by erythema of the tympanic 
membrane. Signs and symptoms may be specific, such as ear pain, ear 
drainage, or hearing loss, or nonspecific, such as fever, lethargy, or 
irritability. Vertigo, nystagmus, and tinnitus may occur. Redness of the 
tympanic membrane is an early sign of otitis media, but erythema 
alone is not diagnostic of middle ear infection because it may be caused 
by inflammation of the mucosa throughout the upper respiratory tract. 
However, AOM may present with intense erythema of the tympanic 
membrane as the only otoscopic finding.14

The presence of fluid in the middle ear is determined by the use of 
pneumatic otoscopy, a technique that permits an assessment of the 
mobility of the tympanic membrane. The motion of the tympanic 
membrane is proportional to the pressure applied by gently squeezing 
and then releasing the rubber bulb attached to the head of the oto-
scope. Normal mobility is apparent when positive pressure is applied 
and the tympanic membrane moves rapidly inward; with release of the 
bulb and the resulting negative pressure, the membrane moves outward. 
Fluid or high negative pressure in the middle ear dampens the mobility 
of the tympanic membrane. Adjunctive techniques are available to 
confirm the results of otoscopic examinations and assist in the accu-
racy of diagnosis. Tympanometry uses an electroacoustic impedance 
bridge to record compliance of the tympanic membrane and middle 
ear pressure. This technique presents objective evidence of the status 
of the middle ear and the presence or absence of fluid.49 Acoustic 
reflectometry measures sound reflectivity from the middle ear and is 
able to distinguish an air- or fluid-filled space. Spatial gradient analysis 
is correlated with the probability of middle ear effusion in children.50 
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antimicrobial agents and a placebo, have documented the efficacy of 
an antimicrobial agent in modified dosage in reducing the number of 
episodes of acute febrile illnesses caused by otitis media.63,64 However, 
a modified dosage form of an antimicrobial agent may select resistant 
strains in the nasopharynx, and chemoprophylaxis should be consid-
ered only for children with severe and recurrent infections. Children 
should be considered for prophylaxis if they have had two episodes of 
AOM in the first 6 months of life or, in older children, three episodes 
in 6 months or four episodes in 1 year. Amoxicillin, 20 to 40 mg/kg, 
or sulfisoxazole, 50 mg/kg, may be administered once daily. Chemo-
prophylaxis may suppress symptoms of otitis media, but asymptomatic 
middle ear effusion may persist. The physician who chooses to use 
chemoprophylaxis to prevent acute recurrent disease must examine the 
patient at approximately 1-month intervals for middle ear effusion.

Because of concern for development of multidrug-resistant bacteria 
in patients receiving chemoprophylaxis, the 2013 guidelines of the 
AAP and the AAFP discourage chemoprophylaxis. The guidelines 
suggest prevention by placement of tympanostomy tubes, although it 
necessitates a surgical procedure and anesthesia.14 Physicians must 
discuss with the parent the risk-benefit ratio of antibiotic prophylaxis 
versus surgery for prevention of further severe AOM.

Pneumococcal Vaccines
Polysaccharide pneumococcal vaccines have been evaluated for pre-
vention of recurrences of AOM in children.65-67 Children younger than 
2 years of age had unsatisfactory responses to single-dose regimens, 
and the vaccine was of limited efficacy in prevention of AOM. A seven-
valent conjugate pneumococcal polysaccharide vaccine, using a diph-
theria toxin mutant (CRM 197) as the protein carrier (Prevnar, Pfizer 
Vaccines, Philadelphia, PA), was approved by the FDA in February 
2000. The vaccine (PCV7) combined pneumococcal serotypes 4, 6B, 
9V, 14, 18C, 19F, and 23F and was demonstrated to be immunogenic 
in children as young as 2 months of age.68 Antibody titers that were 
protective for prevention of invasive disease were achieved after doses 
administered at 2, 4, and 6 months but waned during the next 6 
months, requiring a booster between the ages of 12 and 15 months.

PCV7 was effective in preventing vaccine-type invasive disease 
(97.4% efficacy in children immunized per protocol)68 and pneumonia 
(18% decrease for radiographically identifiable disease), but the results 
were more modest for prevention of AOM.32 The vaccine reduced the 
number of episodes of AOM by 7% and reduced the number of pro-
cedures for placement of ventilating tubes by 23%, as a reflection of 
recurrent episodes requiring placement of tubes. Bacteriologic efficacy 
of PCV7 was evaluated for prevention of AOM in Finnish infants.69 
Bacteriologic diagnosis was based on aspiration of middle ear fluids in 
patients with AOM who had completed the infant three-dose schedule 
(Table 62-2). Similar to a study in northern California, the vaccine 
reduced the incidence of AOM by 6%. The reduction in number of 
episodes of pneumococcal AOM was 34%, but the reduction in epi-
sodes caused by vaccine serotype disease was 57%. Of concern were 

If the patient fails amoxicillin therapy, preferred regimens include 
the increased dosage of amoxicillin clavulanate (90 mg/kg/day in  
two doses) or intramuscular ceftriaxone (50 mg/kg once a day for 1  
to 3 days). For children with severe and recurrent AOM, the use of 
tympanocentesis to identify the bacterial pathogen and susceptibility 
pattern may be necessary for choosing the most effective drug. For 
children with known and severe allergy to β-lactam antibiotics, a mac-
rolide (erythromycin plus sulfisoxazole, azithromycin, or clarithromy-
cin) is preferred, but trimethoprim-sulfamethoxazole may be useful in 
regions where pneumococcal resistance to this combination is not a 
concern.

Some children with AOM caused by a bacterial pathogen improve 
without the use of antimicrobial agents.55-57 Howie and Ploussard57 
performed dual aspirates of middle ear fluid in children with AOM 2 
to 7 days apart, with placebo given instead of an antibacterial drug. 
They found that 19% of middle ear fluids infected initially with pneu-
mococci became sterile, and 48% of middle ear fluids infected initially 
with H. influenzae became sterile. The discrepancy between the pro-
portion of infections becoming sterile after infection with the two 
bacterial species indicates that a simple mechanical effect (drainage of 
the infected fluid via a patent eustachian tube or a perforated tympanic 
membrane) was unlikely to be responsible for the microbiologic effect. 
It is more likely that a host mechanism, probably based on humoral or 
cellular immunity, acts preferentially to rid the infected ear of H. influ-
enzae more frequently than S. pneumoniae.

The microbiologic results indicating that many children have AOM 
caused by a viral pathogen, and that some of the episodes of bacterial 
otitis media resolve without antibacterial drugs, prompted some Euro-
pean physicians to withhold antibiotic therapy from children with ear 
infections.58,59 An option of observation of children with AOM rather 
than initial antimicrobial therapy is practiced extensively in Western 
Europe.60 In 2004, the AAP and AAFP proposed a similar protocol for 
withholding antimicrobial therapy for children older than 2 years of 
age, whose diagnosis was uncertain, and who did not have severe 
disease (severe disease defined as moderate to severe otalgia or fever 
of 39° C [102.2° F] or higher).13

With appropriate antimicrobial therapy, most children with AOM 
are significantly improved within 48 to 72 hours. If there is no improve-
ment, the patient should be reexamined. The child may have developed 
a new focus of infection or have received inadequate therapy.

Treatment of Otalgia
AOM may be painful due to pressure of the expanding abscess on the 
tympanic membrane. If pain is present, analgesic treatment should be 
considered. Acetaminophen or ibuprofen is effective analgesia for 
mild to moderate pain. Narcotic analgesia with codeine or its ana-
logues is effective for severe pain but should be carefully considered 
because of risk of respiratory depression and altered mental status. 
Incision and drainage of the middle ear abscess by means of tympa-
nostomy or myringotomy usually requires otolaryngologic support but 
provides immediate relief.14

Decongestants, Antihistamines, and Corticosteroids
Nasal and oral decongestants, administered alone or in combination 
with an antihistamine, are used extensively for the treatment of OME. 
The use of these drugs is based on the consideration that they reduce 
congestion of the respiratory mucosa and relieve the obstruction of the 
eustachian tube that results from inflammation caused by respiratory 
infection. The results of clinical trials, however, have indicated no 
significant evidence of efficacy of any of these preparations, used alone 
or in combination, for relief of signs of disease or a decrease in the time 
spent with middle ear effusion.61,62

Prevention of Acute Otitis Media
Prevention of severe and recurrent episodes of AOM includes chemo-
prophylaxis, use of bacterial and viral vaccines, and surgery.

Chemoprophylaxis
Chemoprophylaxis has been shown to be of value for the prevention 
of acute illness in children who have suffered from recurrences  
of middle ear infections. A variety of studies, including various 

TABLE 62-2  Efficacy of PCV7 in Finnish Children 
with Acute Otitis Media (AOM)

END POINT

AOM EPISODES VACCINE 
EFFICACY POINT 
ESTIMATE (%)

PCV7  
(N = 831)

Control* 
(N = 831)

Any AOM 1251 1345 6

Pneumococcal AOM 271 414 34

Vaccine serotypes 107 250 57

Cross-reactive 
serotypes

41 84 51

Nonvaccine serotypes 125 95 −33

Haemophilus 
influenzae AOM

315 287 −11

Moraxella catarrhalis 
AOM

379 381 −1

*Hepatitis B vaccine.
Data from Eskola J, Kilpi T, Palmu A, et al. Efficacy of a pneumococcal conjugate 

vaccine against acute otitis media. N Engl J Med. 2001;344:403-409.
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The tubes have also been of value in patients who have difficulty main-
taining ambient pressure in the middle ear, such as occurs because of 
barotrauma in airline personnel. The liabilities of the placement of 
tubes include those of anesthesia associated with the procedure, per-
sistent perforation, scarring of the tympanic membrane, development 
of cholesteatoma, and otitis media caused by swimming with ventilat-
ing tubes in place, but these occur infrequently.

MASTOIDITIS
The mastoid is the portion of the petrous temporal bone that lies 
superior to the middle ear cavity. The mastoid is filled with a system 
of interconnecting air-filled cells. The mastoid antrum serves as an 
open canal between the middle ear and mastoid air cells (Fig. 62-1). 
Thus, most cases of AOM with fluid filling the middle ear space are 
associated with some degree of inflammation of the mastoid air cells. 
The incidence of clinically significant mastoiditis, however, is low since 
the introduction of antimicrobial agents. Nevertheless, acute and 
chronic AOM still occur and may be responsible for significant mor-
bidity and life-threatening disease.

Pathogenesis
At birth, the mastoid consists of a single cell, the antrum, connected 
to the middle ear by a small channel. Pneumatization of the mastoid 
bone takes place soon after birth and is extensive by 2 years of age. The 
clinical importance of the mastoid is related to contiguous structures, 
including the posterior cranial fossa, the middle cranial fossa, the 
sigmoid and lateral sinuses, the canal of the facial nerve, the semicir-
cular canals, and the petrous tip of the temporal bone. The mastoid air 
cells are lined with modified respiratory mucosa, and all are connected 
with the antrum. Mastoiditis can occur at any age and may be particu-
larly severe in older adults.79,80

Infection in the mastoid follows middle ear infection. Initially, there 
is hyperemia and edema of the mucosal lining of the air cells. Serous 
and then purulent exudate collects in the cells. Necrosis of bone caused 
by pressure of the purulent exudate on the thin bony septa follows. 
Coalescence of pus in contiguous areas results in abscess cavities.

The bacteriology of mastoiditis is the same as that of AOM, includ-
ing S. pneumoniae and H. influenzae as the major pathogens. Patients 
with persistent perforation of the tympanic membrane may have inva-
sion of organisms from the ear canal, including Pseudomonas spp. A 
pattern similar to the changes of pneumococcal isolates responsible for 
AOM since the introduction of PCV7 has also been identified in chil-
dren with acute mastoiditis, including emergence of multidrug-
resistant serotype 19A.80

Clinical Manifestations
Acute mastoiditis is usually accompanied by acute infection in the 
middle ear. During early stages, the signs are those of AOM with 
hearing loss, otalgia, and fever. Subsequently, swelling, redness, and 

increases in the number of episodes of AOM caused by nonvaccine 
organisms in children who received PCV7, a 33% increase in nonvac-
cine serotype pneumococcal AOM, and an 11% increase in episodes 
caused by H. influenzae. These data suggested that the vaccine was 
successful in reducing carriage of vaccine serotypes but that pneumo-
coccal carriage was replenished with nonvaccine serotypes, which sub-
sequently spread from the upper respiratory tract to the middle ear to 
cause AOM. An example of this serotype replacement is the emergence 
of multidrug-resistant serotype 19A, a strain not included in PCV7, as 
an increasing cause of invasive disease and otitis media.70

The 13-valent conjugate pneumococcal vaccine (Prevnar 13, Pfizer 
Vaccines, Philadelphia, PA) was introduced in 2010 and replaced 
PCV7 in the United States. In addition to the serotypes in PCV7, the 
additional serotypes, including types 1, 3, 5, 6A, 7V, and 19A were 
added. There are no data, as of May 2013, to assess the efficacy of 
PCV13 for prevention of AOM caused by the additional serotypes.

An 11-serotype vaccine with pneumococcal polysaccharides con-
jugated to a carrier protein D of nontypeable H. influenzae was devel-
oped by GlaxoSmithKline (GlaxoSmithKline Biologicals, Rixensart, 
Belgium). A clinical trial of the 11-serotype vaccine for efficacy in the 
prevention of AOM was conducted in the Czech Republic and Slova-
kia. The vaccine prevented 52% of AOM episodes caused by pneumo-
coccal vaccine serotypes and 35% of episodes caused by nontypeable 
H. influenzae.71 The vaccine was introduced as a 10-valent vaccine 
combining serotypes 1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F, and 23 (Synflorix, 
GlaxoSmithKline Biologicals). The vaccine has been licensed in Europe 
and other regions but is not available in the United States.

The reasons why PCV7 was more effective in the prevention of 
invasive pneumococcal disease than in prevention of vaccine serotype 
pneumococcal AOM is uncertain, but it has been suggested that higher 
concentrations of serum antibody are necessary for the prevention of 
the local mucosal diseases such as AOM.

Respiratory Virus Vaccines
Because of the importance of respiratory viruses in the pathogenesis 
of AOM, viral vaccines could be of preventive value. Inactivated par-
enteral influenza virus vaccines were documented to decrease the inci-
dence of AOM in children in daycare in Finland72 and North Carolina.73 
A reduction of 30% of episodes of febrile otitis media was also reported 
in children after the administration of live-attenuated intranasal influ-
enza vaccine.74 Immunoprophylaxis against respiratory syncytial virus 
disease has progressed with the use of high-titer respiratory syncytial 
virus (RSV) immune globulin75 and the introduction of palivizumab, 
an RSV monoclonal antibody immune globulin with high titers of 
neutralizing RSV antibody.76 The RSV immune globulin, but not the 
monoclonal antibody, was effective in reducing the number of episodes 
of AOM.

Surgical Management
Surgical management of recurrent episodes of AOM and persistent 
effusion of the middle ear includes use of myringotomy, adenoidec-
tomy, and the placement of tympanostomy tubes. Myringotomy, or 
incision of the tympanic membrane, is a method of draining middle 
ear fluid. Before the introduction of antimicrobial agents, myringot-
omy was the primary method of managing suppurative otitis media. 
Today, the use of myringotomy is limited to the relief of intractable ear 
pain, hastening resolution of mastoid infection, and drainage of per-
sistent middle ear effusion that is unresponsive to medical therapy.

Enlarged adenoids may obstruct the orifice of the eustachian tube 
in the posterior portion of the nasopharynx and interfere with ade-
quate ventilation and drainage of the middle ear. Studies of the use of 
adenoidectomy in children with prolonged effusions in the middle ear 
have identified in select children a beneficial effect in reducing the time 
spent with effusion.77,78 Tympanostomy tubes resemble small collar 
buttons. They are placed through an incision in the tympanic mem-
brane to provide drainage of fluid and ventilation of the middle ear. 
The placement of these tubes is now one of the most common surgical 
procedures in children. Criteria for the placement of tubes include 
persistent middle ear effusions unresponsive to adequate medical treat-
ment over a period of 3 months and persistent negative pressure. 
Hearing improves dramatically after placement of the ventilating tubes. 

FIGURE 62-1 Diagrammatic representation of the anatomy of the 
middle and mastoid air cell system showing the narrow connection 
(aditus and antrum) between the two. 
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canal. The canal must be cleaned and fresh pus obtained as it exudes 
from the tympanic membrane. If the tympanic membrane is not per-
forated, tympanocentesis should be performed to obtain material from 
the middle ear.

Management
The antimicrobial drugs of choice for acute infection are similar to 
those for AOM—antibiotics with activity against S. pneumoniae and 
H. influenzae. If the disease in the mastoid has had a prolonged course, 
coverage for S. aureus and gram-negative enteric bacilli may be con-
sidered for initial therapy until the results of cultures become 
available.

A mastoidectomy is performed when an abscess has formed in the 
mastoid bone. The procedure should be performed when antimicrobial 
agents have controlled sepsis.

tenderness are present over the mastoid bone. The pinna is displaced 
outward and downward. A purulent discharge may emerge through a 
perforation in the tympanic membrane.

Chronic otitis media with mastoiditis can erode through the roof 
of the antrum, causing temporal lobe abscess, or extend posteriorly, 
causing septic thrombosis of the lateral sinus.

Diagnosis
Radiographs of the mastoid area may show a loss of sharpness of the 
shadows of cellular walls caused by demineralization of bony septa and 
cloudiness of areas of pneumatization caused by inflammatory swelling 
of the air cells. Computed tomography is helpful in delineating the 
extent of disease.

Cultures for bacteria from ear drainage fluid must be taken with 
care to distinguish fresh drainage fluid from material in the external 

Key References
The complete reference list is available online at Expert Consult.

2. Hirsch BE. Disease of the external ear. In: Bluestone CD, 
Stool SE, Alper CM, et al, eds. Pediatric Otolaryngology. 4th 
ed. Philadelphia: Saunders; 2003:464-473.

3. Rubin J, Yu VL. Malignant external otitis: insights into 
pathogenesis, clinical manifestations, diagnosis, and therapy. 
Am J Med. 1988;85:391-398.

7. Klein JO. The use of topical ofloxacin for otitic diseases in 
infants and children. Pediatr Infect Dis J. 2001;20:97-125.

8. Roland PS, Kreisler LS, Reese B, et al. Topical ciprofloxacin/
dexamethasone otitic suspension is superior to ofoxacin otic 
solution in the treatment of children with otorrhea through 
tympanostomy tubes. Pediatrics. 2004;113(1 pt 1):e40-e46.

13. American Academy of Pediatrics Subcommittee on Man-
agement of Acute Otitis Media. Diagnosis and management 
of acute otitis media. Pediatrics. 2004;113:1451-1465.

14. Lieberthal AS, Carroll AE, Chonmaitree T, et al. The diag-
nosis and management of acute otitis media. Pediatrics. 
2013;131:e964-e999.

15. American Academy of Family Physicians; American 
Academy of Otolaryngology—Head and Neck Surgery; 
American Academy of Pediatrics Subcommittee on Otitis 
Media with Effusion. Otitis media with effusion. Pediatrics. 
2004;113:1412-1429.

16. Bluestone CD, Klein JO. Otitis Media in Infants and Chil-
dren. 4th ed. Hamilton, Ontario: BC Decker; 2007.

17. Teele DW, Klein JO, Rosner B. Epidemiology of otitis media 
during the first seven years of life in children in greater 
Boston: a prospective, cohort study. J Infect Dis. 1989;160:
83-94.

18. Celin S, Bluestone C, Stephenson J, et al. Bacteriology of 
acute otitis media in adults. JAMA. 1991;266:2249-2252.

21. Patel JA, Nair S, Reval K, et al. Association of proinflamma-
tory cytokine gene polymorphisms with susceptibility to 
otitis media. Pediatrics. 2006;118:2273-2279.

22. Emonts M, Veenhoven RH, Wiertsema SP, et al. Genetic 
polymorphisms in immunoresponse genes TNFA, IL6, IL10 
and LRT4 are associated with recurrent acute otitis media. 
Pediatrics. 2007;120:815-823.

24. Wald ER, Dashefsky B, Byers C. Frequency and severity of 
infection in day care. J Pediatr. 1988;112:540-546.

25. Etzel RA, Pattishall EN, Haley NJ, et al. Passive smoking and 
middle ear effusion among children in day care. Pediatrics. 
1992;90:228-232.

26. Kim PE, Musher DM, Glezen WP, et al. Association of inva-
sive pneumococcal disease with season, atmospheric condi-
tion, air pollution, and the isolation of respiratory viruses. 
Clin Infect Dis. 1996;22:100-106.

27. Hall-Stoodley LH, Hu FZ, Gieseke A, et al. Direct detection 
of bacterial biofilms on the middle-ear mucosa of children 
with chronic otitis media. JAMA. 2006;296:202-211.

28. Block SL, Hedrick J, Harrison CJ, et al. Community-wide 
vaccination with the heptavalent pneumococcal conjugate 
vaccine significantly alters the microbiology of acute otitis 
media. Pediatr Infect Dis J. 2004;23:829-833.

29. Casey JR, Pichichero ME. Changes in frequency and patho-
gens causing acute otitis media in 1995-2003. Pediatric Infect 
Dis J. 2004;23:824-828.

32. Fireman B, Black SB, Shinefield HR, et al. Impact of the 
pneumococcal conjugate vaccine on otitis media. Pediatr 
Infect Dis J. 2003;22:10-16.

33. Poehling KA, Szilagyi PG, Grijalva CG, et al. Reduction of 
frequent otitis media and pressure-equalizing tube inser-
tions after introduction of penumocccal conjugate vaccine. 
Pediatrics. 2007;119:707-712.

37. Segal N, Givon-Lavi N, Leibovitz E, et al. Acute otitis media 
caused by Streptocccus pyogenes in children. Clin Infect Dis. 
2005;41:35-41.

38. Heikkinen T, Thint M, Chonmaitree T. Prevalence of various 
respiratory viruses in the middle ear during acute otitis 
media. N Engl J Med. 1999;340:260-264.

39. Pitkaranta A, Virolainen A, Jero J, et al. Detection of rhino-
virus, respiratory syncytial virus and coronavirus in acute 
otitis media by reverse transcriptase polymerase chain reac-
tion. Pediatrics. 1998;102:291-299.

40. Chonmaitree T, Revai K, Grady JJ, et al. Viral upper respira-
tory tract infection and otitis media complication in young 
children. Clin Infect Dis. 2008;46:815-823.

41. Ruohola A, Meurman O, Nikkari S, et al. Microbiology of 
acute otitis media in children with tympanostomy tubes: 
prevalences of bacteria and viruses. Clin Infect Dis. 2006;
43:1417-1422.

42. Chonmaitree T, Owen MJ, Howie VM. Respiratory viruses 
interfere with bacteriologic response to antibiotic in chil-
dren with acute otitis media. J Infect Dis. 1990;162:546-549.

49. Brookhouser PE. Use of tympanometry in office practice 
for diagnosis of otitis media. Pediatr Infect Dis J. 1998;17:
544-551.

50. Kimball S. Acoustic reflectometry: spectral gradient analysis 
for improved detection of middle ear effusion in children. 
Pediatr Infect Dis J. 1998;17:522-555.

51. Fria TJ, Cantekin EI, Eichler JA. Hearing acuity of children 
with effusion. Arch Otolaryngol. 1985;111:10-16.

52. Holm VA, Kunze LH. Effects of chronic otitis media on 
language and speech development. Pediatrics. 1969;43:
833-839.

53. Teele DW, Klein JO, Chase C, et al. Otitis media in infancy 
and intellectual ability, school achievement, speech and lan-
guage at age 7 years. J Infect Dis. 1990;162:685-694.

54. Craig WA, Andes D. Pharmacokinetics and pharmacody-
namics of antibiotics in otitis media. Pediatr Infect Dis J. 
1996;15:255-259.

55. Kaleida PH, Casselbrant ML, Rockette HE, et al. Amoxicillin 
or myringotomy or both for acute otitis media: results of a 
randomized clinical trial. Pediatrics. 1991;87:466-474.

60. van Buchem FL, Peeters MF, van’t Hof MA. Acute otitis 
media: a new treatment strategy. Br Med J. 1985;290:
1033-1037.

64. Teele DW, Klein JO, Word BM, et al. Antimicrobial prophy-
laxis for infants at risk for recurrent acute otitis media. 
Vaccine. 2001;19:S140-S143.

68. Black S, Shinefield H, Fireman B, et al. Efficacy, safety and 
immunogenicity of heptavalent pneumococcal conjugate 
vaccine in children. Pediatr Infect Dis J. 2000;19:187-195.

69. Eskola J, Kilpi T, Palmu A, et al. Efficacy of a pneumococcal 
conjugate vaccine against acute otitis media. N Engl J Med. 
2001;344:403-409.

70. Pichichero ME, Casey JR. Emergence of a multiresistant 
serotype 19 A pneumococcal strain not included in the 
7-valent conjugate vaccine as an otopathogen in children. 
JAMA. 2007;298:1772-1778.

71. Prymula R, Peeters P, Chrobok V, et al. Pneumococcal cap-
sular polysaccharides conjugated to protein D for preven-
tion of acute otitis media caused by both Streptococcus 
pneumoniae and nontypeable Haemophilus influrenzae; a 
randomized double-blind efficacy study. Lancet. 2006;367:
740-748.

http://www.myuptodate.com


C
h

ap
ter 62 O

titis	Externa,	O
titis	M

edia,	and	M
astoiditis

773.e1

References
1. Senturia BH, Marcus MD, Lucente FE. Diseases of the Exter-

nal Ear. An Otologic Dermatologic Manual. 2nd ed. New 
York: Grune Stratton; 1980.

2. Hirsch BE. Disease of the external ear. In: Bluestone CD, 
Stool SE, Alper CM, et al, eds. Pediatric Otolaryngology. 4th 
ed. Philadelphia: Saunders; 2003:464-473.

3. Rubin J, Yu VL. Malignant external otitis: insights into 
pathogenesis, clinical manifestations, diagnosis, and therapy. 
Am J Med. 1988;85:391-398.

4. Riding KH, Bluestone CD, Michaels RH, et al. Microbiology 
of recurrent and chronic otitis media with effusion. J Pediatr. 
1978;93:739-743.

5. Brook I, Schwartz R. Anaerobic bacteria in acute otitis 
media. Acta Otolaryngol. 1981;91:111-114.

6. Centers for Disease Control and Prevention. Otitis due to 
Pseudomonas aeruginosa serotype 0:10 associated with 
mobile redwood hot tub systems—North Carolina. MMWR 
Morb Mortal Wkly Rep. 1982;31:541-542.

7. Klein JO. The use of topical ofloxacin for otitic diseases in 
infants and children. Pediatr Infect Dis J. 2001;20:97-125.

8. Roland PS, Kreisler LS, Reese B, et al. Topical ciprofloxacin/
dexamethasone otitic suspension is superior to ofoxacin otic 
solution in the treatment of children with otorrhea through 
tympanostomy tubes. Pediatrics. 2004;113(1 pt 1):e40-e46.

9. Doroghazi RM, Nadol JB, Hyslop NE, et al. Invasive external 
otitis. Am J Med. 1981;71:603-613.

10. Johnson MP, Ramphal R. Malignant external otitis: report 
on therapy with ceftazidime and review of therapy and prog-
nosis. Rev Infect Dis. 1990;12:173-180.

11. Rapoport Y, Shalit I, Redianu C, et al. Oral ofloxacin therapy 
for invasive external otitis. Ann Otol Rhinol Laryngol. 1991;
100:632-637.

12. Phillips P, Bryce G, Shepherd J. Invasive external otitis 
caused by Aspergillus. Rev Infect Dis. 1990;12:277-281.

13. American Academy of Pediatrics Subcommittee on Man-
agement of Acute Otitis Media. Diagnosis and management 
of acute otitis media. Pediatrics. 2004;113:1451-1465.

14. Lieberthal AS, Carroll AE, Chonmaitree T, et al. The diag-
nosis and management of acute otitis media. Pediatrics. 
2013;131:e964-e999.

15. American Academy of Family Physicians; American 
Academy of Otolaryngology—Head and Neck Surgery; 
American Academy of Pediatrics Subcommittee on Otitis 
Media with Effusion. Otitis media with effusion. Pediatrics. 
2004;113:1412-1429.

16. Bluestone CD, Klein JO. Otitis Media in Infants and Chil-
dren. 4th ed. Hamilton, Ontario: BC Decker; 2007.

17. Teele DW, Klein JO, Rosner B. Epidemiology of otitis media 
during the first seven years of life in children in greater 
Boston: a prospective, cohort study. J Infect Dis. 1989;160:
83-94.

18. Celin S, Bluestone C, Stephenson J, et al. Bacteriology of 
acute otitis media in adults. JAMA. 1991;266:2249-2252.

19. Schwartz DM, Schwartz RH. Acoustic impedance and oto-
scopic findings in young children with Down syndrome. Arch 
Otolaryngol Head Neck Surg. 1978;104:652-656.

20. Barnett ED, Klein JO, Pelton SI, et al. Otitis media in chil-
dren born to human immunodeficiency virus-infected 
mothers. Pediatr Infect Dis J. 1992;11:360-364.

21. Patel JA, Nair S, Reval K, et al. Association of proinflamma-
tory cytokine gene polymorphisms with susceptibility to 
otitis media. Pediatrics. 2006;118:2273-2279.

22. Emonts M, Veenhoven RH, Wiertsema SP, et al. Genetic 
polymorphisms in immunoresponse genes TNFA, IL6, IL10 
and LRT4 are associated with recurrent acute otitis media. 
Pediatrics. 2007;120:815-823.

23. Schwartz B, Giebink GS, Henderson GW, et al. Respiratory 
infections in day care. Pediatrics. 1994;94:1018-1020.

24. Wald ER, Dashefsky B, Byers C. Frequency and severity of 
infection in day care. J Pediatr. 1988;112:540-546.

25. Etzel RA, Pattishall EN, Haley NJ, et al. Passive smoking and 
middle ear effusion among children in day care. Pediatrics. 
1992;90:228-232.

26. Kim PE, Musher DM, Glezen WP, et al. Association of inva-
sive pneumococcal disease with season, atmospheric condi-
tion, air pollution, and the isolation of respiratory viruses. 
Clin Infect Dis. 1996;22:100-106.

27. Hall-Stoodley LH, Hu FZ, Gieseke A, et al. Direct detection 
of bacterial biofilms on the middle-ear mucosa of children 
with chronic otitis media. JAMA. 2006;296:202-211.

28. Block SL, Hedrick J, Harrison CJ, et al. Community-wide 
vac cination with the heptavalent pneumococcal conjugate 
vaccine significantly alters the microbiology of acute otitis 
media. Pediatr Infect Dis J. 2004;23:829-833.

29. Casey JR, Pichichero ME. Changes in frequency and patho-
gens causing acute otitis media in 1995-2003. Pediatric Infect 
Dis J. 2004;23:824-828.

30. Austrian R, Howie VM, Ploussard JH. The bacteriology of 
pneumococcal otitis media. Johns Hopkins Med J. 1977;
141:104-111.

31. Gray BM, Converse GM, Dillion HC. Serotypes of Strepto-
coccus pneumoniae causing disease. J Infect Dis. 1979;140:
979-983.

32. Fireman B, Black SB, Shinefield HR, et al. Impact of the 
pneumococcal conjugate vaccine on otitis media. Pediatr 
Infect Dis J. 2003;22:10-16.

33. Poehling KA, Szilagyi PG, Grijalva CG, et al. Reduction of 
frequent otitis media and pressure-equalizing tube inser-
tions after introduction of penumocccal conjugate vaccine. 
Pediatrics. 2007;119:707-712.

34. Bodor FF, Marchant CD, Shurin PA, et al. Bacterial etiology 
of conjunctivitis—otitis media syndrome. Pediatrics. 1985;
76:26-28.

35. Van Hare GF, Shurin PA, Marchant CD, et al. Acute otitis 
media caused by Branhamella catarrhalis: biology and 
therapy. Rev Infect Dis. 1987;9:16-27.

36. Hartnick CJ, Shott S, Willging JP, et al. Methicillin-resistant 
Staphylococcus aureus otorrhea after tympanostomy tube 
placement: an emerging concern. Arch Otolaryngol Head 
Neck Surg. 2000;126:1440-1443.

37. Segal N, Givon-Lavi N, Leibovitz E, et al. Acute otitis media 
caused by Streptocccus pyogenes in children. Clin Infect Dis. 
2005;41:35-41.

38. Heikkinen T, Thint M, Chonmaitree T. Prevalence of various 
respiratory viruses in the middle ear during acute otitis 
media. N Engl J Med. 1999;340:260-264.

39. Pitkaranta A, Virolainen A, Jero J, et al. Detection of rhino-
virus, respiratory syncytial virus and coronavirus in acute 
otitis media by reverse transcriptase polymerase chain reac-
tion. Pediatrics. 1998;102:291-299.

40. Chonmaitree T, Revai K, Grady JJ, et al. Viral upper respira-
tory tract infection and otitis media complication in young 
children. Clin Infect Dis. 2008;46:815-823.

41. Ruohola A, Meurman O, Nikkari S, et al. Microbiology of 
acute otitis media in children with tympanostomy tubes: 
prevalences of bacteria and viruses. Clin Infect Dis. 
2006;43:1417-1422.

42. Chonmaitree T, Owen MJ, Howie VM. Respiratory viruses 
interfere with bacteriologic response to antibiotic in chil-
dren with acute otitis media. J Infect Dis. 1990;162:
546-549.

43. Chonmaitree T, Owen MJ, Patel JA, et al. Effect of viral 
respiratory tract infection on outcome of acute otitis media. 
J Pediatr. 1992;120:856-862.

44. Rifkind DR, Chanock RM, Kravetz H, et al. Ear involvement 
(myringitis) and primary atypical pneumonia following 
inoculation of volunteers with Eaton agent. Am Rev Respir 
Dis. 1962;85:479-489.

45. Klein JO, Teele DW. Isolation of viruses and mycoplasma 
from middle ear effusions: a review. Ann Otol Rhinol Laryn-
gol. 1976;85:140-144.

46. Sobeslavsky O, Syrucek L, Bruckoya M, et al. The etiological 
role of Mycoplasma pneumoniae in otitis media in children. 
Pediatrics. 1965;35:652-657.

47. Tipple MA, Beem MO, Saxon EM. Clinical characteristics 
of the afebrile pneumonia associated with Chlamydia tracho-
matis infection in infants less than 6 months of age. Pediat-
rics. 1979;63:192-197.

48. Lowry PW, Jarvis WR, Oberle AD, et al. Mycobacterium 
chelonae causing otitis media in an ear-nose-and-throat 
practice. N Engl J Med. 1988;391:978-982.

49. Brookhouser PE. Use of tympanometry in office practice 
for diagnosis of otitis media. Pediatr Infect Dis J. 1998;17:
544-551.

50. Kimball S. Acoustic reflectometry: spectral gradient analysis 
for improved detection of middle ear effusion in children. 
Pediatr Infect Dis J. 1998;17:522-555.

51. Fria TJ, Cantekin EI, Eichler JA. Hearing acuity of children 
with effusion. Arch Otolaryngol. 1985;111:10-16.

52. Holm VA, Kunze LH. Effects of chronic otitis media on 
language and speech development. Pediatrics. 1969;43:
833-839.

53. Teele DW, Klein JO, Chase C, et al. Otitis media in infancy 
and intellectual ability, school achievement, speech and lan-
guage at age 7 years. J Infect Dis. 1990;162:685-694.

54. Craig WA, Andes D. Pharmacokinetics and pharmacody-
namics of antibiotics in otitis media. Pediatr Infect Dis J. 
1996;15:255-259.

55. Kaleida PH, Casselbrant ML, Rockette HE, et al. Amoxicillin 
or myringotomy or both for acute otitis media: results of a 
randomized clinical trial. Pediatrics. 1991;87:466-474.

56. Marchant CD, Carlin SA, Johnson CE, et al. Measuring the 
comparative efficacy of antibacterial agents for acute otitis 
media: the “Pollyanna phenomenon.” J Pediatr. 1992;120:
72-77.

57. Howie VM, Ploussard JH. The “in-vivo sensitivity test”: bac-
teriology of middle ear exudate during antimicrobial 
therapy in otitis media. Pediatrics. 1969;44:940-944.

58. Van Buchem FL, Dunk JH, van’t Hof MA. Therapy of acute 
otitis media: myringotomy, antibiotics or neither? A double-
blind study in children. Lancet. 1981;2:883-887.

59. Browning GG. Childhood otalgia: acute otitis media. Br Med 
J. 1990;300:1005-1007.

60. van Buchem FL, Peeters MF, van’t Hof MA. Acute otitis 
media: a new treatment strategy. Br Med J. 1985;290:
1033-1037.

61. Cantekin EI, Mandel EM, Bluestone CD. Lack of efficacy of 
a decongestant-antihistamine combination for otitis media 
with effusion (“secretory” otitis media) in children. N Engl 
J Med. 1983;308:297-301.

62. Bluestone CD, Connell JT, Doyle WJ, et al. Symposium: 
questioning the efficacy and safety of antihistamines in the 
treatment of upper respiratory infection. Pediatr Infect Dis 
J. 1988;7:15-42.

63. Klein JO, Bluestone CD. Acute otitis media: management of 
pediatric infectious diseases in office practice. Pediatr Infect 
Dis. 1982;1:66-73.

64. Teele DW, Klein JO, Word BM, et al. Antimicrobial prophy-
laxis for infants at risk for recurrent acute otitis media. 
Vaccine. 2001;19:S140-S143.

65. Teele DW, Klein JO. Greater Boston Collaborative Study 
Group. Use of pneumococcal vaccine for prevention of 
recurrent acute otitis media in infants in Boston. Rev Infect 
Dis. 1981;3(suppl):S113-S118.

66. Sloyer JL, Ploussard JH, Howie VM. Efficacy of pneumococ-
cal polysaccharide vaccine in preventing acute otitis media 
in infants in Huntsville, Alabama. Rev Infect Dis. 1981;
3(suppl):S119-S123.

67. Makela PH, Leinonen M, Pukander J, et al. A study of the 
pneumococcal vaccine in prevention of clinically acute 
attacks of recurrent otitis media. Rev Infect Dis. 1981;
3(suppl):S124-S132.

68. Black S, Shinefield H, Fireman B, et al. Efficacy, safety and 
immunogenicity of heptavalent pneumococcal conjugate 
vaccine in children. Pediatr Infect Dis J. 2000;19:187-195.

69. Eskola J, Kilpi T, Palmu A, et al. Efficacy of a pneumococcal 
conjugate vaccine against acute otitis media. N Engl J Med. 
2001;344:403-409.

70. Pichichero ME, Casey JR. Emergence of a multiresistant 
serotype 19 A pneumococcal strain not included in the 
7-valent conjugate vaccine as an otopathogen in children. 
JAMA. 2007;298:1772-1778.

71. Prymula R, Peeters P, Chrobok V, et al. Pneumococcal cap-
sular polysaccharides conjugated to protein D for preven-
tion of acute otitis media caused by both Streptococcus 
pneumoniae and nontypeable Haemophilus influenzae; a 
randomized double-blind efficacy study. Lancet. 2006;367:
740-748.

72. Heikkinen T, Ruuskanen O, Waris M, et al. Influenza vac-
cination in the prevention of acute otitis media in children. 
Am J Dis Child. 1991;145:445-448.

73. Clements DA, Langdon L, Bland C, et al. Influenza A 
vaccine decreases the incidence of otitis media in 6- to 
30-month old children in day care. Arch Pediatr Adolesc 
Med. 1995;149:1113-1117.

74. Belshe RB, Mendelman PM, Treanor J, et al. The efficacy of 
live attenuated, cold-adapted, trivalent, intranasal influenza 
virus vaccine in children. N Engl J Med. 1998;338:
1459-1461.

75. Simoes EA, Groothuis JR, Tristram DA, et al. Respiratory 
syncytial virus-enriched globulin for the prevention of acute 
otitis media in high risk children. J Pediatr. 1996;129:
214-219.

76. Impact-RSV Study Group. Palivizumab, a humanized respi-
ratory syncytial virus monoclonal antibody, reduces hospi-
talization from respiratory syncytial virus infection in 
high-risk infants. Pediatrics. 1998;102:531-537.

77. Paradise JL, Bluestone CD, Rogers KD, et al. Efficacy of 
adenoidectomy in recurrent otitis media: historical over-
view and preliminary results from a randomized, controlled 
trial. Ann Otol Rhinol Laryngol. 1980;89:319-321.

78. Gates GA, Avery CA, Prihoda TJ, et al. Effectiveness of 
adenoidectomy and tympanostomy tubes in the treatment 
of chronic otitis media with effusion. N Engl J Med. 
1987;317:1444-1451.

79. Samuels MA, Gonzalez RG, Kim AY, et al. Case 34-2007: a 
77-year-old man with ear pain, difficulty speaking, and 
altered mental status. N Engl J Med. 2007;357:1957-1963.

80. Ongkasuwan J, Valez TA, Hulten KG, et al. Pneumococcal 
mastoiditis in children and the emergence of multi-drug 
resistant serotype 19A isolates. Pediatrics. 2008;122:34-39.

http://www.myuptodate.com


774

63  Sinusitis
Gregory P. DeMuri and Ellen R. Wald

Sinusitis is defined as an inflammatory disorder of the paranasal 
sinuses. This condition is one of the most common reasons for a patient 
to seek care from a primary care physician and is responsible for more 
than 20 million antibiotic prescriptions per year in the United States.1 
Sinusitis may be classified as acute or chronic. Because most cases of 
acute bacterial sinusitis are secondary to viral upper respiratory infec-
tion (URI) or allergic inflammation, nasal inflammation is a common 
finding. Some experts refer to this complex as rhinosinusitis. However, 
in these instances of bacterial superinfection of the paranasal sinuses, 
the nose is merely a conduit for the secretions originating in the sinuses. 
The preferred term is acute community-acquired bacterial sinusitis.2

Evidence of maxillary sinusitis has been found in human archeo-
logic specimens discovered in Africa, North America, and Europe.3 
Hippocrates recognized the association between high arched palate, 
nasal obstruction, headache, and discharging ears, likely rhinosinusitis 
associated with otitis media. Medieval physicians believed nasal dis-
charge emanated from fluid at the base of the brain. In fact, the pitu-
itary gland is named from the Latin word for slime or mucus because 
it was believed that the source of yellow discharge from the nose came 
from the hypophysis. The first accurate description of the paranasal 
sinuses was by Vesalius in the 16th century, and the first documented 
cases of suppurative sinusitis by Antonio Molinetti in Venice in 1697.4 
The unique and troublesome drainage of the maxillary sinus was rec-
ognized by William Cowper, who in 1707 eloquently described how 
“the antra have small openings situated high up in the cavity so that 
peccant humors could not escape into the nose unless the antrum were 
full to the top or the head held to one side.”4 Early treatment of sinusitis 
was mainly surgical, often involving either puncture of the sinus with 
a trocar or the removal of a molar with drainage through alveolar bone 
(Fig. 63-1).

ANATOMY AND PHYSIOLOGY OF 
THE PARANASAL SINUSES
Infections of the paranasal sinuses are a direct consequence of their 
unique anatomy and physiology. An appreciation of the anatomic 

relationships of the sinuses is necessary to understand the pathogenesis 
and complications of sinusitis. The paranasal sinus cavities consist of 
the maxillary, ethmoid, frontal, and sphenoid sinuses. The maxillary 
and ethmoid sinuses develop during the third month of gestation and 
thus are present, albeit small, at birth.5 The maxillary sinus originates 
as a slitlike cavity parallel to the middle turbinate and elongates into a 
pyramidal shape with a final volume of 15 to 30 mL in the adult. The 
floor of the maxillary sinus lies over the alveolar ridge of the maxilla, 
which holds the upper dentition. The walls of the maxillary sinus 
extend from the lateral wall of the nasal cavity to the zygomatic arch, 
and the roof of the sinus is the floor of the orbit. The proximal location 
of the paranasal sinuses to structures such as the teeth (maxillary sinus) 
and eye (ethmoid and frontal sinuses) explains many of the clinical 
manifestations in the affected patient. The outflow tract of the maxil-
lary sinus is located at the highest part of the medial wall of the sinus 
where it opens into the nasal cavity. This unfortunate positioning 
inhibits gravitational drainage of secretions and requires an intact 
mucociliary apparatus to move secretions and debris from the body of 
the sinus to the nose, thereby predisposing to infection. The ostium of 
the sinus empties via the hiatus semilunaris into the nasal cavity via a 
7- to 11-mm-long passage called the infundibulum, which drains into 
the middle meatus.6 The anterior ethmoid and frontal sinuses also 
empty into this same location, known as the osteomeatal complex (Fig. 
63-2). The ethmoid sinuses are a complex group of 5 to 15 tiny air cells 
separated from one another by thin bony partitions. The lamina papy-
racea, named for its paper-like thinness, comprises the medial wall of 
the orbit (lateral wall of the ethmoid) and provides a minimal barrier 
for spread of infection from the sinuses to the orbit. The ethmoid 
sinuses are divided into anterior and posterior cells. The larger anterior 
group empties into the middle meatus, and the posterior cells empty 
into the superior meatus. The frontal sinuses develop from an anterior 
ethmoid cell and are present above the orbital ridge by the fifth or sixth 
birthday. Up to 5% of individuals lack one or both frontal sinuses.7 The 
posterior wall of the frontal sinus is the anterior wall of the cranial 
fossa, and the floor of the frontal sinus forms the roof of the orbit. The 

Definition
•	 Sinusitis	is	defined	as	an	inflammatory	

disorder	of	the	paranasal	sinuses.

Epidemiology
•	 Bacterial	infection	of	the	sinuses	is	estimated	

to	occur	in	0.5%	to	2%	of	cases	of	viral	upper	
respiratory	infection	(URI)	in	adults	and	6%	to	
13%	of	children.

Microbiology
•	 Classic	studies	of	the	bacteriology	of	sinusitis	

have	obtained	a	specimen	of	sinus	secretions	
by	puncture	of	the	maxillary	antrum	to	reduce	
the	risk	of	nasal	contamination.

•	 Streptococcus	pneumoniae	is	the	most	
frequently	isolated	organism,	followed	by	
nontypeable	Haemophilus	influenzae	and	
Moraxella	catarrhalis.

•	 Staphylococcus	aureus	is	not	likely	a	
significant	cause	of	acute	sinusitis	but		

does	play	a	role	in	the	complications	of	
sinusitis.

•	 The	frequency	of	isolation	of	S.	pneumoniae	is	
decreasing	recently	with	an	increase	in	
β-lactamase-producing	H.	influenzae.

Diagnosis
•	 Imaging	studies	are	not	indicated	for	the	

routine	diagnosis	of	acute	sinusitis	but	may	be	
useful	when	complications	are	suspected.

•	 The	following	three	clinical	presentations	will	
identify	patients	with	acute	bacterial	sinusitis:
○	 Onset	with	persistent	symptoms	or	signs,	

lasting	at	least	10	days	without	evidence	of	
clinical	improvement

○	 Onset	with	severe	symptoms	or	signs	of	
high	fever	(≥39°	C)	and	purulent	nasal	
discharge	lasting	for	3	to	4	consecutive	days

○	 Onset	with	worsening	symptoms	or	signs	
characterized	by	the	new	development	of	

fever,	headache,	or	increased	nasal	
discharge	after	a	typical	viral	URI	that	
lasted	5	to	6	days	with	initial	improvement

Therapy
•	 For	most	adults	and	children,	amoxicillin	with	

or	without	clavulanate	remains	an	excellent	
first-line	agent	for	the	treatment	of	sinusitis.

•	 Second-line	agents	include	fluoroquinolones,	
cefdinir,	cefuroxime,	or	the	combination	of	
cefixime	with	either	clindamycin	or	linezolid.

•	 The	duration	of	therapy	should	be	for	7	days	
after	the	patient	becomes	free	of	signs	and	
symptoms.

•	 Adjunctive	therapies	such	as	antihistamines,	
decongestants,	nasal	steroids,	and	nasal	
washes	have	provided	minimal	improvement	
in	acute	sinusitis.

•	 Surgical	drainage	is	indicated	for	the	
complications	of	acute	bacterial	sinusitis.

SHORT VIEW SUMMARY

http://www.myuptodate.com


C
h

ap
ter 63 Sinusitis

774.e1

KEYWORDS
frontal; Haemophilus influenzae; maxillary; microbiology; paranasal 
sinuses; pathogenesis; sinusitis; Streptococcus pneumoniae; treatment; 
upper respiratory infection

http://www.myuptodate.com


C
h

ap
ter 63 Sinusitis

775

sinus, is a source for the spread of infection from the sinuses to the 
central nervous system.

The paranasal sinuses are lined with a pseudostratified columnar 
(respiratory) epithelium, which also lines much of the nasal cavity. This 
epithelial lining contains four types of cells: basal cells, which adhere 
to the basement membrane; columnar cells, which possess cilia; goblet 
cells, which produce mucus to protect and lubricate the epithelial 
surface; and inflammatory cells. These inflammatory cells consist of  
T and B lymphocytes, as well as antigen recognition cells.6,7

Mucus and other material produced in the maxillary sinus cavity 
are transported by ciliary action in a spiral direction up to and through 
the infundibulum into the middle meatus. These cilia beat at a fre-
quency of 1000 times per minute and move material at a rate of 3 to 
25 mm per minute.8 The mucus blanket in the sinus turns over two to 
three times per hour, and mucus normally does not accumulate in the 
sinus cavity.9

The paranasal sinuses are sterile under normal conditions, unlike 
the nasal passages, which are heavily colonized with bacteria.10-12 Steril-
ity is maintained in the sinus by mechanisms that are not fully under-
stood but are believed to include mucociliary clearance, the immune 
response, and possibly antibacterial concentrations of nitric acid in the 
sinus cavity.13 Nasal secretions contain the immunoglobulins IgA, IgG, 
IgM, and IgE; enzymes such as lysozymes; and proteins such as lacto-
ferrin and complement, all of which exert an antibacterial effect.14

Although the exact function of the paranasal sinuses in humans is 
unknown, multiple roles have been suggested. These include contribut-
ing to the resonance of the voice, warming and humidifying inspired 
air, and acting as a shock absorber for the brain by absorbing energy 
during trauma.6

PATHOGENESIS
The pathogenesis of rhinosinusitis involves three key elements: the 
patency of the sinus ostia, the function of the ciliary apparatus, and the 
character of sinus secretions. The narrow caliber of the sinus ostia sets 
the stage for obstruction to occur. Factors that predispose the ostia to 
obstruction include those that result in mucosal swelling and those that 
cause direct mechanical obstruction. Table 63-1 lists the most common 
factors that predispose to ostial obstruction. Of these multiple causes, 
viral infection of the upper respiratory tract and allergic inflammation 
are the most frequent and most important. During episodes of acute 
rhinitis, a completely patent ostia is present only 20% of the time.15

When obstruction of the sinus ostium occurs, there is a transient 
increase in pressure within the sinus cavity. As oxygen is depleted in 
this closed space, the pressure in the sinus becomes negative relative 
to atmospheric pressure. This negative pressure may allow the intro-
duction of nasal or nasopharyngeal bacteria into the sinuses during 
sniffing or nose blowing.16 When obstruction of the sinus ostia occurs, 
secretion of mucus by the mucosa continues, resulting in accumulation 
of fluid in the sinus. A study of adult volunteers investigated the role 
of nose blowing in introducing nasal fluid and thus possibly microbes 
into the sinus cavities.17 Serial computed tomography (CT) scans 
showed that up to 1 mL of viscous fluid was propelled into the sinus 
when volunteers blew their noses. This would serve as one potential 
mechanism for nasal fluid and flora to contaminate the sinuses, 

frontal sinuses drain into the middle meatus via the frontonasal duct. 
The location of the frontal sinuses allows for the easy and rapid spread 
of infection from the sinus cavity to the central nervous system and/
or the orbits. The sphenoid sinuses are located just anterior to the 
pituitary fossa and are surrounded by several vital structures including 
the optic nerve, internal carotid arteries, and cavernous sinuses. The 
sphenoid sinus drains via a narrow duct into the superior nasal meatus. 
The sphenoid sinuses are infrequently the only site of infection; rather, 
they accompany a pansinusitis. The sphenoid sinus, like the frontal 

FIGURE 63-1  Trocars used in the early surgical treatment of sinus-
itis.  (From Blegvad NR. History of the treatment of maxillary sinusitis. 
J Laryngol Otol. 1957;71:806-823.)

FIGURE  63-2  Selected features of the anatomy of the drainage 
system of the maxillary sinus shown on computed tomography 
scan.  The  ostium  is  located  between  the  two  small white arrows.  The 
ostium  opens  into  a  tubular  structure,  the  infundibulum,  shown  by  the 
large black arrow.  The  large white arrow  indicates  the  upper  part  of 
the uncinate process, which forms the  inferior portion of the  infundibu-
lum. The  infundibulum empties  into the middle meatus. The small black 
arrow  indicates the contralateral middle meatus, which is narrowed as a 
result of turbinal distention from the normal nasal cycle. 

TABLE 63-1  Factors That Predispose to Sinus 
Ostial Obstruction

MUCOSAL SWELLING MECHANICAL OBSTRUCTION
Systemic Factors
Viral upper respiratory infection
Allergic inflammation
Cystic fibrosis
Immune disorders
Ciliary dyskinesia
Tobacco smoke
Local Insult
Facial trauma
Swimming, diving
Rhinitis medicamentosa
Nasal intubation

Choanal atresia
Deviated septum
Nasal polyps
Foreign body
Tumor
Ethmoid bullae
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performed to examine this issue require close attention to the method 
of specimen collection. The nasal cavity is heavily colonized with respi-
ratory flora, which may easily contaminate material obtained from  
the paranasal sinuses. Classic studies of the bacteriology of sinusitis 
have obtained a specimen of sinus secretions by puncture of the maxil-
lary antrum to reduce the risk of nasal contamination. In this method, 
the maxillary sinus is accessed by puncture through a transnasal 
approach. A trocar is placed beneath the inferior nasal turbinate 
through the lateral nasal wall. Meticulous efforts to sterilize the 
mucosal area through which the trocar is placed avoid contaminating 
the specimen with nasal flora. In a further effort to discriminate true 
infection from contamination, quantitative methods are used to enu-
merate the density of microbes. Infection is defined as a colony count 
of at least 104 colony-forming units per milliliter (CFUs/mL) of aspi-
rated material.26

Because of the invasive nature of this procedure, there has been 
considerable interest in obtaining cultures of sinus material through 
less invasive means. Cultures obtained via an endoscope have been 
compared with those obtained by sinus aspiration. In this method, the 
sample is obtained from the middle meatus adjacent to the sinus ostia 
via swab or aspiration through the endoscope. Because the endoscope 
is passed through the nonsterile anterior nasal cavity, the potential for 
contamination is great. Many studies correlating sinus puncture with 
middle meatal culture attempt to improve the results of cultures 
obtained endoscopically by analyzing data only for Streptococcus pneu-
moniae, Haemophilus influenzae, and Moraxella catarrhalis while dis-
missing other bacteria. This may ignore potential pathogens such as 
β-hemolytic streptococci and anaerobes. Most studies of the perfor-
mance of endoscopic middle meatal culture in adult patients show  
a sensitivity of approximately 80%, specificity of 90%, positive pre-
dictive value of 80% to 90%, and negative predictive value of 80% to 
90% with maxillary sinus aspiration considered the gold standard 
(Table 63-2).27-30 It should be noted, however, that the sensitivity and 
specificity of cultures obtained by endoscope are much lower in chil-
dren. This is likely due to the smaller nasal cavity and more difficult 
technical aspects of the procedure.29 Furthermore, middle meatal cul-
tures obtained from a group of normal children without respiratory 
symptoms frequently showed the presence of the sinus pathogens, S. 
pneumoniae and H. influenzae.31 Accordingly, sinus puncture remains 
the gold standard in investigating the microbiology of sinusitis in 
children.

In studies of acute community-acquired bacterial sinusitis in which 
sinus puncture has been performed with attention to reducing con-
tamination and analyzing results quantitatively, S. pneumoniae is the 
most frequently isolated organism, followed by nontypeable H. influ-
enzae and M. catarrhalis. Streptococci, Staphylococcus aureus, and 
anaerobes are isolated much less frequently (Table 63-3). In children 
with acute bacterial sinusitis, M. catarrhalis is isolated with a greater 
frequency than in adults.

The predominance of pneumococci, Haemophilus, and Moraxella 
as pathogens in cases of acute sinusitis in children has not changed in 
more than 50 years.12,32,33-38 However, the relative role of pneumococci 
has diminished since the introduction of universal infant immuniza-
tion with pneumococcal conjugate vaccine and the serotypes have 
shifted.39 This has not been confirmed by direct sinus aspirates, which 
are rarely performed in children with uncomplicated acute sinusitis. 
Rather, inferential data may be obtained by performance of tympano-
centesis in children with acute otitis media. The similarity in patho-
genesis of acute otitis media and acute bacterial sinusitis in children 
permits this inference to be made. The middle ear is, after all, a para-
nasal sinus.40

particularly during a common cold. It should be noted, however, that 
young children who do not blow their noses still develop acute bacte-
rial sinusitis. Thus, there must be multiple factors that play a role in 
the development of acute infection.

Dysfunction of the mucociliary apparatus also contributes to the 
pathogenesis of sinusitis. During viral colds, both the structure and 
function of the mucociliary apparatus are impaired. In a study of chil-
dren with viral URI, subjects had nasal mucosal biopsies performed 
for examination of the ultrastructure of the cilia. Dysmorphic ciliary 
forms involving microtubular abnormalities were observed during the 
acute phase (7 days) of illness. Progressive loss of ciliated cells was 
noted throughout the illness in a patchy pattern.18 In a study of docu-
mented viral URIs in adults, mucociliary clearance was measured 
using a solution of blue-colored saccharin. Mucociliary clearance 
times, measured by taste and color, were significantly slower during 
the acute phase of illness.19 Presumably, these same changes in struc-
ture and function of the nasal mucosa during viral URI occur in the 
sinus mucosa. This contributes to the reduced clearance of fluid and 
material, which increases the likelihood of infection of the sinus cavity.

The quality and character of sinus secretions also plays a role in the 
pathogenesis of sinusitis. Cilia can only beat in a fluid media. The 
mucus blanket in the respiratory tract consists of two layers. The sol 
phase is a thin, low-viscosity layer that envelops the shaft of the cilia 
and allows the cilia to beat freely. A more viscous layer, the gel phase 
rides on the sol phase. Alterations in the mucus layer, which occur in 
patients with cystic fibrosis or allergy, may impair ciliary function. The 
presence of inflammatory debris, which is found in an infected sinus, 
may further impair ciliary movement.

Historically it has been stated that a reduction in airflow through 
the nasal passages contributes to the development of rhinosinusitis. An 
extensive review of this hypothesis, however, found no convincing 
evidence that diminished airflow is a factor in sinus pathology.20

Except in experimental animal models, the histologic findings 
during acute sinusitis had not been well characterized until recently. 
In a rabbit model of acute sinusitis, histologic changes include epithe-
lial desquamation, edema, and goblet cell hyperplasia. Of note is the 
distinct loss of ciliated cells from the epithelium.21,22 Berger examined 
biopsies of 11 humans who had acute sinusitis.23 Surprisingly, the epi-
thelial layer of the sinus remained intact. In contrast, the lamina 
propria showed edema and massive infiltration of neutrophils and 
mononuclear cells including lymphocytes and plasma cells. Occasion-
ally, aggregates of inflammatory cells with microabscesses were also 
detected. Thrombosed blood vessels and deep necrotic foci were 
observed in patients with complications of acute sinusitis. Immunohis-
tologic staining showed T lymphocytes scattered throughout the 
lamina propria with dense aggregates of B lymphocytes. An analysis of 
cytokine production in sinusitis has shown that IL-8, a potent che-
moattractant for neutrophils, is upregulated in the sinus during acute 
infection.24

In patients with acute sinusitis, healing of the mucosa occurs over 
a period of weeks after infection. In a study in which serial magnetic 
resonance images were performed in patients with acute bacterial 
sinusitis, clinical symptoms resolved within 3 days of treatment in most 
patients. Radiographic changes took much longer, however, to show 
improvement with only half of the sinuses showing resolution of opaci-
fication by 10 days. It took up to 56 days for 80% of the sinuses to be 
aerated.25

MICROBIOLOGY
Knowledge of the microbiology of acute community-acquired sinusitis 
is essential in choosing appropriate antimicrobial therapy. Studies 

TABLE 63-2  Comparison of Endoscopic Middle Meatal Culture vs. Sinus Puncture in Acute Sinusitis

STUDY N
SENSITIVITY 
%

SPECIFICITY 
%

POSITIVE PREDICTIVE 
VALUE %

NEGATIVE PREDICTIVE 
VALUE % POPULATION

Talbot27 46 85.7 90.6 8.0 93.5 Adults

Joniau28 24 80.0 100.0 100.0 78.6 Adults

Hsin29 41 75.0 88.9 96.0 50.0 Children

Benninger30 126 80.9 90.5 82.6 89.4 Adults
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of contamination of specimens with normal nasal flora. Nonetheless, 
although S. aureus is an infrequent cause of acute bacterial sinusitis in 
children, it is a frequent etiologic agent when complications (intracra-
nial and/or orbital) occur. The reason for this discrepancy is unknown.

Despite their prominent role in the pathogenesis of acute 
community-acquired bacterial sinusitis, viruses have been infrequently 
isolated from patients with acute sinusitis. This may relate, at least in 
part, to the timing of sinus aspiration, which is usually done when the 
patient has been symptomatic for at least 7 to 10 days, by which time 
the viral infection may be waning. Respiratory viruses such as adeno-
virus, parainfluenza, and rhinovirus have been recovered from approx-
imately 10% of sinus aspirates.12,33 Approximately 30% to 40% of sinus 
aspirates in patients with acute sinusitis do not yield bacteria. It is 
presumed that many of these infections are, in fact, viral. However, a 
detailed analysis using modern molecular techniques, such as poly-
merase chain reaction, to establish a viral etiology is lacking.

Fungi have long been recognized as important pathogens in selected 
patients with either acute or chronic sinusitis. Fungal sinusitis may take 
one of three forms (Table 63-4). Invasive fungal sinusitis is a fulminant 
disease often with dissemination. Most cases occur in patients with 
serious underlying diseases, such as diabetes mellitus, malignancy and 
associated neutropenia, or those using high-dose corticosteroids. Local 
invasion of the sinus cavity and surrounding structures of the skull 
occurs and is often accompanied by systemic fungal infection. The 
second form is mycetoma or fungus ball, which typically presents in 
the maxillary or sphenoid sinuses. A dense accumulation of hyphae is 
present, and local invasion may occur but dissemination is rare. Aller-
gic fungal sinusitis occurs in patients who are immunocompetent but 
atopic and is the third form of fungal infection. An exuberant immune 
response to fungal spores mediated by IgE results in mucinous material 
collecting in the sinus. Local invasion is not present, but a mucoid 
inflammatory infiltrate fills the sinus cavity. The causal agents in inva-
sive fungal sinusitis are the filamentous fungi including Aspergillus, 
Mucor, Rhizopus, Fusarium, Pseudallescheria boydii, and the dema-
tiaceous fungi such as Alternaria, Bipolaris, Cladophialophora, and 
Curvularia spp.49,50-56 Aspergillus, Bipolaris, Curvularia, and Drechslera 
have been associated with allergic fungal sinus disease. Sinus zygomy-
cosis refers to infection with members of the phylum Zygomycota, of 
which Mucor and Rhizopus spp. are the most common.

Nosocomial sinusitis is a relatively frequent complication of medical 
care, particularly in the critical care setting. The cumulative incidence 
of sinusitis in critically ill patients has been estimated to be 7.7% to 

Accompanying the decrease in the isolation of S. pneumoniae has 
been an increase in the rate of isolation of nontypeable H. influenzae 
from middle ear isolates. The most recent study from a center perform-
ing tympanocentesis in the United States demonstrates a dramatic 
decrease in the recovery of S. pneumoniae. In contrast, H. influenzae 
and M. catarrhalis have increased in frequency to account for up to 
90% of isolates. Surprisingly, the prevalence of β-lactamase-producing 
organisms is higher than expected, in the range of 70% to 80%.41 
Studies of nasopharyngeal colonization have demonstrated a similar 
decrease in carriage of pneumococcal serotypes contained in the 
13-valent pneumococcal conjugate vaccine.42 These shifts in microbiol-
ogy have important implications for the selection of appropriate anti-
microbial agents for the treatment of sinusitis.

The role of S. aureus in the etiology of sinusitis has been controver-
sial. Some authors have purported that this organism should be con-
sidered a major pathogen of the sinuses. This would have important 
implications for antimicrobial selection because most guidelines do 
not recommend agents that are directed at this organism.30,43,44 However, 
when examined carefully, the role of S. aureus as an etiologic agent 
of acute bacterial sinusitis is doubtful.45 In sinus aspiration studies of 
adults done over a 15-year period, S. aureus was detected in only 7 of 
226 (3%) positive specimens obtained from 339 patients.36 In the two 
studies in which maxillary aspirates were performed in 50 children 
with acute bacterial sinusitis, no isolates of staphylococci were 
detected.33,46 Most studies that argue that S. aureus is a pathogen in this 
setting are based on middle meatal cultures. To critically analyze these 
studies, it is imperative to understand the microbiology of the nose and 
middle meatus in healthy individuals. The nasal vestibule is a location 
that is frequently heavily colonized with S. aureus. In a study of healthy 
children in a community setting, S. aureus was detected in more than 
65% of children from the anterior nares.47 Any study of the microbiol-
ogy of the middle meatus will involve passage of the endoscope through 
this highly colonized region. Even with antiseptic measures, contami-
nation of the specimen is possible. Studies of the middle meatus have 
also shown similarly high levels of detection of S. aureus. Gordts and 
colleagues48 performed middle meatal cultures on healthy children 
undergoing surgery for reasons unrelated to the sinuses. S. aureus was 
found in 20% of children, indicating that this region is also frequently 
colonized.48

Thus, caution must be exercised in interpreting studies that high-
light the role of S. aureus as a major pathogen in acute bacterial sinus-
itis because there is serious concern that these studies have a high rate 

TABLE 63-4  Types of Fungal Sinus Disease

INVASIVE
NONINVASIVE

Mycetoma Allergic Fungal Sinusitis
Underlying 
Condition

Immunocompromise
Diabetes

None Atopy, nasal polyps

Histopathology Mucosal hyphal invasion Mycelial mass Eosinophilic inflammatory infiltrate

Etiologic Agents Mucor, Rhizopus, Fusarium, Pseudallescheria boydii, 
Alternaria, Bipolaris, Cladophialophora, Curvularia

Mucor, Rhizopus, Fusarium, Pseudallescheria boydii, 
Alternaria, Bipolaris, Cladophialophora, Curvularia

Aspergillus, Bipolaris, Curvularia, 
Drechslera

Therapy Surgery
Systemic antifungal

Surgery Anti-inflammatories
Antihistamines
Surgery

TABLE 63-3  Bacterial Etiology of Acute Sinusitis

ADULTS ( N = 339) CHILDREN (N = 30)
ORGANISM No. of Isolates % of Isolates No. of Isolates % of Isolates
Streptococcus pneumoniae 92 41 17 41

Haemophilus influenzae 79 35 11 27

Anaerobes 16 7

Streptococcal species 16 7 3 7

Moraxella catarrhalis 8 4 9 22

Staphylococcus aureus 7 3

Other 8 4 1 2

From references 11, 29, and 30-34.
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been found in many patients with chronic rhinosinusitis and may play 
a role in chronic inflammation and in exacerbations, although their 
exact role is not defined.68 Biofilms offer important survival advantages 
to bacteria. They are more resistant to the effects of antibiotics than 
free-floating planktonic bacteria. This is accomplished by several mech-
anisms: (1) greater cell-cell contact to facilitate plasmid exchange for 
the evolution of resistance, (2) production of β-lactamases, (3) slow 
bacterial growth resulting in decreased effectiveness of antibiotics that 
rely on cell growth and turnover for killing, and (4) the presence of 
“persister” cells that re-form the biofilm when the antibiotic is discon-
tinued.69 Although biofilms have been demonstrated on the mucosa of 
patients with chronic sinusitis, their precise role remains to be deter-
mined because they are not present in all cases of chronic rhinosinusitis 
and limited biofilms are present in some healthy controls.

In addition, it is also important to mention that although most cases 
of chronic sinusitis are not thought to be an “infectious process,” when 
patients with chronic sinusitis develop central nervous system compli-
cations, these are often caused by S. aureus and respiratory anaerobes.

Recently there has been intense interest in the role of fungi in the 
pathogenesis of chronic sinus disease. One study reported the isolation 
of multiple species of fungi in 95% of patients with chronic sinusitis. 
However, similar rates of isolation of fungi were present in control 
patients.70 It has been hypothesized that chronic rhinosinusitis may be 
the result of the allergic response to fungi present in the sinus cavity. 
Immunotherapy in these patients has been disappointing, as have been 
trials of topical or systemic antifungal agents.71,72

EPIDEMIOLOGY
The epidemiology of sinusitis parallels that of the common cold. In the 
United States, the incidence of the common cold is two to three per 
person per year in adults and five to seven in children.73 Bacterial 
infection of the sinuses is estimated to occur in 0.5% to 2% of cases of 
viral URI in adults and 6% to 13% of children.74-76 This makes sinusitis 
one of the most common infections presenting to the primary care 
physician. In a national health survey in the United States, 11% of 
adults reported having been diagnosed by a health care provider with 
sinusitis in the past year.77 A study done in 1996 estimating the eco-
nomic burden of sinusitis calculated that $5.8 billion in health expen-
ditures was attributable to sinusitis in the United States. It was estimated 
that sinusitis and its complications are responsible for 23 million visits 
to health care providers annually and result in more than 20 million 
prescriptions for antibiotics.1 Although sinusitis is primarily an outpa-
tient disease, acute sinusitis is associated with more than 8000 inpatient 
admissions per year in children in the United States.78 The impact of 
sinusitis on quality of life is also substantial. In a study of 15 adults 
with sinusitis compared with those with other chronic illnesses, scales 
of bodily pain and social function showed significantly more impair-
ment than in patients with congestive heart failure, angina, chronic 
obstructive pulmonary disease, and back pain.79 Sinusitis is diagnosed 
more frequently in adult women than men at a ratio of 1.8 : 1.80

Risk factors for the development of sinusitis include allergic rhinitis 
and asthma, swimming, and nasal obstruction due to polyps, foreign 
body, and tumor. Immunodeficiencies (agammaglobulinemia, human 
immunodeficiency virus, chronic granulomatous disease); structural 
defects (polyps and cleft palate); and functional disorders of mucocili-
ary clearance (ciliary, dyskinesia, and cystic fibrosis) are associated 
with sinusitis. A weak association between gastroesophageal reflux 
disease and sinusitis has been documented.81

CLINICAL MANIFESTATIONS
Because the pathogenesis of sinusitis and viral URI are similar, the 
clinical manifestations of these two diseases overlap greatly and must 
be compared. The uncomplicated URI will have a typical course of 5 
to 10 days, and although the symptoms may not have completely 
resolved by the 10th day of illness, they have usually peaked on days 3 
to 6 and are showing improvement.82 Nasal symptoms such as conges-
tion and discharge are prominent in viral URI. Nasal discharge has a 
predictable pattern in its progression from clear and watery to mucoid 
and thick and finally colored and opaque before resolving. Mild fever, 
when present, usually occurs in the first 48 hours of illness and is more 
common in children presenting with URI than adults.

32%.57,58 Nasal intubation has long been recognized as a risk factor for 
this infection. In addition, the use of a nasal-enteric tube increases the 
risk of sinusitis. A prospective study found an incidence rate of 15.7 
cases of sinusitis per 1000 patient days in patients with nasoenteric 
tubes versus 1.6 cases per 1000 patient days in patients without such 
tubes.58 It is hypothesized that the presence of a tube in the nose irri-
tates the nasal mucosa, resulting in inflammation, edema, and subse-
quent obstruction of the sinus ostia. Other risk factors include nasal 
colonization with gram-negative enteric bacilli, sedative use, and a 
Glasgow coma score below 8. S. aureus, gram-negative organisms 
including Pseudomonas, and S. pneumoniae are frequently isolated in 
patients with nosocomial sinusitis (Table 63-5). Ventilator-associated 
sinusitis has been described in critically ill patients and may be a cause 
of unexplained fever. Nasotracheal intubation increases the risk for this 
complication.59

CHRONIC SINUSITIS
Chronic rhinosinusitis, which is often referred to as chronic sinus 
disease, is defined as symptoms and signs of sinus inflammation that 
persist for at least 12 weeks. Despite the prevalence of this disorder in 
the general population, its pathogenesis is incompletely understood. 
However, many of the same factors that play a role in acute bacterial 
sinusitis are found in chronic sinus disease, namely obstruction of the 
sinus ostia, mucociliary impairment, and thickening of secretions. In 
addition, the risk factors for chronic disease are similar to those of 
acute sinusitis (see Table 63-1).60 The histopathology of the sinus in 
biopsies of patients with chronic sinusitis demonstrates an infiltration 
of T and B lymphocytes, macrophages, and eosinophils into the 
mucosa.61 The microbiology of chronic sinusitis has been studied exten-
sively, but the exact role of microorganisms is unclear. The same bacte-
rial species (S. pneumoniae and H. influenzae) that are found in acute 
sinus disease are occasionally found in chronic sinusitis, especially in 
patients with acute exacerbations of chronic sinusitis. Other bacteria 
such as S. aureus, gram-negative enteric organisms, and anaerobes have 
been isolated with a greater frequency in sinus puncture studies.62-66 
Despite the isolation of such bacteria, there has been doubt in the 
medical literature as to their pathogenic role.36,67 It is possible that in 
chronic sinusitis, mucociliary clearance and host defenses are impaired 
to the point that the sinus cavity loses its normal sterility and becomes 
colonized with nasal flora. Thus, chronic sinusitis may not truly be an 
“infectious process” but an aberration of the normal anatomy respon-
sible for drainage and damage to the mucosa of the sinus cavity.67 The 
frequent isolation of bacteria of low pathogenicity such as Corynebac-
terium species and coagulase-negative Staphylococci, as well as the 
unsatisfactory response to antimicrobials, support this hypothesis.

Biofilms, in which bacteria form specialized communities of micro-
organisms encased in complex extracellular polymeric substances, have 

TABLE 63-5  Microorganisms Associated with 
Nosocomial Sinusitis Based on Sinus Puncture

MICROORGANISM % OF ISOLATES
Pseudomonas spp. 10.7

Escherichia coli 5.9

Proteus mirabilis 5.9

Klebsiella spp. 7.2

Enterobacter spp. 7.2

Other gram negatives 8.4

Staphylococcus aureus 9.5

Viridans streptococci 8.3

Streptococcus pneumoniae 2.4

Other gram positives* 22.7

Anaerobic bacteria 3.6

Candida spp. 8.4

TOTAL 100

*Organisms of low pathogenicity such as coagulase-negative Staphylococci and 
Corynebacterium spp.

From Robinson MR, Fine HF, Ross ML, et al. Sino-orbital-cerebral aspergillosis in 
immunocompromised pediatric patients. Pediatr Infect Dis J. 2000;19:1197-1203.
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confirmatory or diagnostic modality in patients suspected to have 
acute bacterial sinusitis, it is no longer recommended. The membranes 
that line the nose are continuous with the membranes (mucosa) that 
line the sinus cavities, middle ear, nasopharynx, and oropharynx. 
When an individual experiences a viral URI, there is inflammation of 
the nasal mucosa and often the mucosa of the middle ear and paranasal 
sinuses as well. The continuity of the mucosa of the upper respiratory 
tract is responsible for the controversy regarding the usefulness of 
images of the paranasal sinuses in contributing to a diagnosis of acute 
bacterial sinusitis.

As early as the 1940s, observations were made regarding the fre-
quency of abnormal sinus radiographs in healthy children without 
signs or symptoms of current respiratory disease.88 It was hypothesized 
that sinus radiographs were frequently abnormal in healthy children 
because viral URIs are so common in children and that probably the 
so-called “normal” children either had a cold or were recovering from 
a URI and had persistent mucosal changes.89 In the 1970s and 1980s, 
several investigators demonstrated that children with uncomplicated 
viral URI had frequent abnormalities of the paranasal sinuses on plain 
radiographs.89-91 These abnormalities were the same as those usually 
interpreted as consistent with and emblematic of acute bacterial sinus-
itis (mucosal thickening of at least 4 mm, complete opacification, or 
an air-fluid level).

As technology advanced and CT scanning of the central nervous 
system and skull was performed, several studies reported on inciden-
tal abnormalities of the paranasal sinuses.90,92,93 Manning and col-
leagues94 evaluated children undergoing either CT or MRI of the head 
for indications other than respiratory complaints or suspected sinus-
itis. Each patient underwent rhinoscopy and otoscopy before imaging, 
and each patient’s parent was asked to fill out a questionnaire regard-
ing recent symptoms of URI. Sixty-two percent of patients overall had 
physical findings or history consistent with an upper respiratory 
inflammatory process, and 55% of the total group showed some 
abnormalities on sinus imaging; 33% showed pronounced mucosal 
thickening or an air-fluid level. Finally, Kristo and colleagues95,96 per-
formed MRIs in children with uncomplicated viral URI and con-
firmed the high frequency (68%) of major abnormalities seen in the 
paranasal sinuses.

Gwaltney and colleagues97 showed similar findings in young adults. 
Previously healthy subjects were recruited within 48 to 96 hours of 
developing symptoms of a cold. These patients were followed prospec-
tively, and CT scans of the sinuses were performed at the initial pre-
sentation of the cold. A follow-up scan was done 2 weeks later. Almost 
90% of the subjects had abnormalities of one or both maxillary sinuses, 
and 65% had abnormal ethmoid sinuses. The ethmoid, sphenoid, and 
frontal sinuses were abnormal less often. The authors concluded that 
the common cold is associated with frequent and striking anatomic 
involvement of the paranasal sinuses including air-fluid levels.

Thus, when the paranasal sinuses are imaged, either with plain 
radiographs, CT, or MRI in children or adults with uncomplicated  
URI, the majority of studies will be significantly abnormal with the 
same kind of findings that have been associated with bacterial infection 
of the sinuses. Because at the time of presentation with clinical symp-
toms patients are likely to have had a recent URI, abnormal imaging 
studies will be common. Accordingly, an abnormal image cannot con-
firm the diagnosis of acute bacterial sinusitis and is not necessary to 
perform in patients with uncomplicated episodes of clinical sinusitis.

In summary, the diagnosis of acute sinusitis should be made on 
clinical grounds in most patients. CT of the sinuses is useful for the 
evaluation of patients with intraorbital or intracranial complications of 
sinusitis and for the evaluation of patients in whom sinus surgery is 
being considered to define the patient’s anatomy. In addition, CT has 
an important role in the diagnosis and management of chronic rhino-
sinusitis.83,84,98 MRI may have a role in the diagnosis of fungal sinusitis 
and is useful in the diagnosis of the intracranial complications of 
sinusitis.

THERAPY
Antimicrobial
Antibacterial agents are the primary therapy for acute bacterial sinus-
itis. In the past 40 years, there have been numerous randomized, 

The clinical presentation of acute community-acquired bacterial 
sinusitis falls into one of three predictable patterns.83 The first pattern 
is that of persistent symptoms characterized by nasal discharge and/or 
cough that last more than 10 days without improvement. It is expected 
that the symptoms of a viral URI will have improved by the 10-day 
mark. Therefore, it is the lack of improvement that is a sign of an acute 
bacterial process. Accompanying symptoms may include periorbital 
edema, malodorous breath, or low-grade fever. The nasal discharge 
may vary in character from thin and mucoid to thick and purulent. 
The second presentation is characterized by the onset of severe symp-
toms. Fever will accompany purulent nasal discharge that is present 
over a 3- to 4-day period.84 These patients often appear ill. Worsening 
symptoms, referred to as “double sickening” in the Scandinavian litera-
ture, characterize the third presentation. These patients have an initial 
regression of symptoms of cough, nasal discharge, and congestion but 
then worsen again within the first 10 days of illness.83,85 Worsening may 
be signaled by new onset of fever, increasing nasal discharge, conges-
tion, or daytime cough.

Patients with chronic rhinosinusitis have symptoms for at least 12 
weeks. The presentation of such patients is characterized by anterior 
or posterior mucopurulent drainage and nasal obstruction. Facial pain 
or pressure, as well as hyposmia, are frequently present in patients with 
chronic sinus disease.

The physical examination is of limited utility in the diagnosis of 
acute sinusitis mainly because of the similarity of findings between 
patients with a viral URI and those with a bacterial process. Mucopu-
rulent discharge may be found on the nasal mucosa. The mucosa itself 
is erythematous and mildly edematous. Facial tenderness over the 
maxillary or frontal area may be present but is an unreliable finding. 
Periorbital edema and mild discoloration of the skin below the eyelids 
can be signs. Malodorous breath in the absence of dental disease or 
exudative pharyngitis may accompany acute sinusitis. Chronic sinus-
itis is characterized by facial discomfort and the presence of mucopu-
rulent discharge in the middle meatus. Polyps may be present in the 
nasal cavity or the middle meatus.

DIAGNOSIS
Clinical Diagnosis
The challenge to the clinician when faced with the patient with upper 
respiratory symptoms is to identify those patients who have acute bac-
terial sinusitis and thus would benefit from an antimicrobial agent. The 
clinician faces a particular challenge in that the symptoms and signs of 
viral rhinosinusitis (i.e., common cold) so closely overlap those of a 
bacterial process. Several studies have attempted to correlate signs and 
symptoms with the results of radiographic studies or cultures obtained 
through endoscopy; however, neither of these is reliable in the diagno-
sis of sinusitis, which brings the validity of these studies into question.

The duration of respiratory symptoms is the single most useful 
factor in discerning which patients have probable acute bacterial sinus-
itis. Studies on the microbiology of sinusitis in children showed that if 
rhinorrhea persisted at least 10 days with no improvement, bacterial 
burden in the sinuses was high.33

Sinusitis is best diagnosed on the basis of the type, duration, and 
severity of symptoms. Although not entirely specific, the type of symp-
toms include nasal discharge or congestion reported by the patient or 
seen on physical examination. In children, persistent cough, especially 
when present during the daytime, may also be a signal of bacterial 
infection of the paranasal sinuses.

The following three clinical presentations will identify patients with 
acute bacterial sinusitis: (1) onset with persistent symptoms or signs, 
lasting at least 10 days without evidence of clinical improvement;  
(2) onset with severe symptoms or signs of high fever (≥39° C) and 
purulent nasal discharge lasting for 3 to 4 consecutive days; and  
(3) onset with worsening symptoms or signs characterized by the new 
development of fever, headache, or increased nasal discharge after a 
typical viral URI that lasted 5 to 6 days with initial improvement 
(“double sickening”).86,87

Imaging
Although historically imaging (plain film radiography, CT, magnetic 
resonance imaging [MRI], and ultrasonography) have been used as a 
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placebo-controlled trials of antimicrobials in patients with sinusitis. 
When evaluating the quality of such studies, it is imperative to consider 
the diagnostic criteria used to enter patients into the trial. If the diag-
nosis is made on clinical grounds but criteria for subject entry are too 
liberal, a large number of patients who have viral rhinosinusitis rather 
than bacterial disease will be included. This will bias the trial toward 
a lack of effectiveness of antibacterial agents.

There has been a recent trend in the literature to publish such studies 
that mimic the “real-world” office setting in which the practitioner is 
making the diagnosis of sinusitis on the basis of the clinical criteria that 
are not stringent and without any kind of microbiologic confirmation. 
Table 63-6 summarizes randomized, placebo-controlled, trials of anti-
microbials in the treatment of sinusitis.99-116 These trials have shown 
variable benefit to antibiotics over placebo. In one study in which clini-
cal criteria such as purulent nasal discharge for at least 2 days and pus 
visualized on rhinoscopy were required for entry, 40% of patients 
included in the study had normal radiographs strongly suggesting that 
these patients did not have sinusitis.106

Further complicating the interpretation of antimicrobial efficacy 
studies is the fact that patients with sinusitis will have a high rate of 
spontaneous improvement within 2 weeks of presentation. Studies that 
included patients who had more severe or prolonged symptoms (i.e., 
>10 days), or those that used adjunctive diagnostic tests to confirm the 
diagnosis of sinusitis, were more likely to show a benefit to antimicro-
bials versus placebo.99,102,112,113,115 When patients enrolled in efficacy 

TABLE 63-6  Randomized, Controlled Trials of Antibiotic versus Placebo

STUDY 
AUTHOR POPULATION

DIAGNOSTIC 
CRITERIA ANTIBIOTIC

NO. (%) 
IMPROVED: 
ANTIBIOTIC

NO. (%) 
IMPROVED: 
PLACEBO

TIME AT 
FOLLOW-UP 
(DAYS)

MEASUREMENT 
OF SEVERITY

BENEFIT 
SHOWN TO 
ANTIBIOTICS?

Garbutt 
2012116

Adults Clinical Amoxicillin 78/85(92) 80/85(94) 10 Yes No

Wald 
2009115

Children Clinical Amox/clav 18/28 (64) 9/28 (32) 14 Yes Yes

Williamson 
2007105

Adults Clinical Amoxicillin 71/100 (79) 71/107 (66) 10 No No

Meltzer 
2005103

>12 yr Clinical Amoxicillin/
steroids

NS NS ≥15 No ±*

Merenstein 
2005104

Adults Clinical Amoxicillin 32/167 (48) 25/168 (37) 14 No ±†

Kristo 
2005107

Children
4-10 yr

Ultrasound/
radiograph

Cefuroxime 22/35 (63) 21/37 (57) 14 No No

Varonen 
2003108

Adults Clinical Amoxicillin
Penicillin
Doxycycline

70/88 (80) 39/59 (66) 14 No Yes

Bucher 
2003106

Adults Clinical† Amox/clav 94/124 (76) 93/127 (74) 14 No No

DeSutter 
2002109

≥12 yr Purulent
Rhinorrhea

Amoxicillin 59/170 (35) 47/164 (29) 7-10 No ±

Kaiser 
2001111

Adults Clinical + nasal 
culture

Azithromycin 29/40 (73) 17/37 (47) 7 No Yes

Garbutt 
2001110

1-18 yr Clinical Amoxicillin or 
amox/clav

83/103 (80) 43/55 (79) 14 No No

Hansen 
2000112

Adults Clinical + ESR/
CRP

Penicillin V 50/71 (71) 23/63 (37) 3-7 No Yes

Haye 
1998113

Adults Clinical + 
radiograph

Azithromycin 50/86 (58) 26/83 (31) 10 No Yes

Stalman 
1997114

Adults Clinical Doxycycline 84/198 (85) 78/94 (83) 10 No No

van 
Buchem 
1997101

Adults Radiograph Amoxicillin 87/105 (83) 78/101 (77) 14 No No

Lindbaek 
199699

Adults Clinical/CT Amoxicillin or 
penicillin V

71/83 (86) 25/44 (57) 10 Yes Yes

Wald 
1986102

Children Clinical + 
radiograph

Amoxicillin
Amox/clav

38/58 (65) 15/35 (43) 10 Yes Yes

Rantanen 
1973100

Adults Clinical + 
radiograph

Doxycycline 24/33 (72) 36/44 (81) 14 No No

*There was a benefit in some individual symptom scores but not in overall score.
†Median time to improvement was day 8 in amoxicillin treated vs. day 12 with placebo (P = 0.005).
Amox/clav, amoxicillin plus clavunalate; CRP, C-reactive protein; CT, computed tomography; ESR, erythrocyte sedimentation rate; NS, not stated.

studies are followed closely over time, those who received antimicro-
bials show a more rapid improvement in symptoms compared with 
patients receiving placebo (Fig. 63-3). A recent trial of amoxicillin/
clavulanate versus placebo in children in which sinusitis was diagnosed 
on the basis of careful clinical criteria in an office setting demonstrated 
a cure or improvement in 64% of patients receiving antibiotic and in 
32% of those receiving placebo.115

Several meta-analyses of clinical trials of antimicrobials in sinusitis 
have been published. These analyses have consistently found a benefit 
for antimicrobials over placebo, despite much heterogeneity in the 
diagnostic methods, exclusion criteria, and outcome measures in the 
studies included (Table 63-7). Overall, antimicrobial agents reduce  
the rate of clinical failure 25% to 30% within 7 to 14 days of initiating 
therapy.117 In most studies of the role of antimicrobials, the adverse 
event rate is higher in the antibiotic arm of the study. Diarrhea is the 
most common adverse event noted and is usually self-limited.

Guidelines developed by various organizations in the United States 
have been published on the use of antimicrobials in sinusitis. Most 
recommend that antibiotics be prescribed for those patients with clini-
cally diagnosed acute sinusitis.* Two such guidelines offer watchful 
waiting as an option for the clinician.87,120 The Infectious Disease 
Society of America (IDSA) and the American Academy of Pediatrics 
(AAP) have recently published updated guidelines for the diagnosis 

*References 84, 86, 87, 98, 118, 119.
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TABLE 63-7  Meta-analyses of Antibiotics versus 
Placebo in the Treatment of Acute Rhinosinusitis

STUDY
NO. OF 
STUDIES

NO. OF 
PATIENTS OR 95% CI NNT

Falagas 2008148 17 2648 1.64* 1.35-2.0

Young 2008149 9 2547 1.35* 1.15-1.59 8-15

Ahovuo-Saloranta 
2008150

5 631 0.66† 0.44-0.98

Rosenfeld 2007151 13 NS NS NS 7

Ip 2005117 39 15,739 0.69† 0.53-0.89

*In these studies an OR >1 favored antibiotics.
†In these studies an OR <1 favored antibiotics.
CI, confidence interval; NNT, number needed to treat; NS, not stated; OR, odds 

ratio.

TABLE 63-8  Comparison of Two Major Guidelines for the Diagnosis and Treatment of Acute Bacterial 
Sinusitis

DIAGNOSIS TREAT ANTIMICROBIAL OF CHOICE AMOXICILLIN DOSE
IDSA86 Clinical All patients Amoxicillin/clavulanate 40-45 mg/kg/day

80-90 mg/kg/day or 2 g/day for high risk*

AAP87 Clinical All severe patients treat or wait 3 days for 
mild-moderate

Amoxicillin with or without clavulanate 40-45 mg/kg/day
80-90 mg/kg/day or 2 g/day for high risk*

*≥10% nonsusceptible pneumococci, severe infection, attend day care, age <2 yr or >65 yr, recent hospitalization, and antibiotics in the past month.

FIGURE 63-3  Kaplan-Meir curve of antimicrobials versus placebo 
in the treatment of sinusitis.  (From Lindbaek M, Hjortdahl P, Johnsen 
UL. Randomised, double blind, placebo controlled trial of penicillin V and 
amoxycillin in treatment of acute sinus infections in adults. Br  Med  J. 
1996;313:325-329.)
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and treatment of acute bacterial sinusitis in children and adults (Table 
63-8).86,87 Both guidelines recommend making the diagnosis of sinus-
itis on the basis of clinical criteria. Both also recommend treating with 
antimicrobials, although the AAP gives an option to observe for 3 days 
before starting treatment for nonsevere sinusitis in children. The IDSA 
guideline recommends amoxicillin/clavulanate as first line for the 
treatment of sinusitis. The AAP guidelines recommend amoxicillin 
with or without clavulanate.

Patients who present with severe sinus disease or complications of 
sinusitis should be managed with parenteral antimicrobial therapy. 
Patients who have mild or moderately severe sinusitis may be treated 
with an oral antibiotic. Despite the heterogeneity of results in clinical 
studies, antimicrobial therapy in the treatment of acute sinusitis fits 
with our understanding of the pathogenesis of this infection. When 
there is an acute bacterial infection, effective agents should provide 
levels of antimicrobial that will adequately treat the expected patho-
gens. Table 63-9 lists oral antibiotics used in the treatment of acute 
bacterial sinusitis. Antimicrobial therapy is directed at the three major 
pathogens of sinusitis: S. pneumoniae, H. influenzae, and M. catarrha-
lis. Choosing an appropriate antibiotic in patients with sinusitis is a 

balance among clinical efficacy, toxicity, and minimizing the emer-
gence of resistant organisms. The current lack of recent microbiologic 
data from studies of sinusitis or otitis media creates a conundrum  
in selecting the most appropriate antibiotic for the treatment of sinus-
itis. If the proportion of patients infected with S. pneumoniae that 
are nonsusceptible to penicillin are decreasing, then standard-dose 
amoxicillin (45 mg/kg/day) rather than high-dose amoxicillin (80 to 
90 mg/kg/day, maximum 4 g/day) may be used. However, if rates  
of isolation of β-lactamase-producing H. influenzae are increasing, 
then a β-lactamase-stable drug such as amoxicillin/clavulanate or an 
advanced-generation cephalosporin would be indicated.

For most adults and children, amoxicillin with or without cla-
vulanate remains an excellent first-line agent.86,87,120-123 High-dose 
amoxicillin or high-dose amoxicillin/clavulanate (2 g orally twice 
daily) should be used when the patient is at high risk for penicillin 
nonsusceptible S. pneumoniae (≥10% nonsusceptible pneumococci, 
attendance at day care, age younger than 2 years or older than 65 years, 
recent hospitalization, antibiotics in the past month). In the child  
with a significant penicillin allergy, cefdinir, cefuroxime, or cefpo-
doxime proxetil may be used. Alternative agents in adults include a 
respiratory fluoroquinolone (such as levofloxacin or moxifloxacin) or 
doxycycline.

The macrolides have become popular in the treatment of sinusitis 
due to their once-daily dosing and shorter courses. Despite recom-
mendations against these agents, a study of prescribing habits in 
patients with sinusitis demonstrated that they are the second most 
commonly prescribed antibiotic after amoxicillin.124 However, because 
of increasing resistance and the change in epidemiology of respiratory 
pathogens, their use cannot be endorsed. Neither azithromycin nor 
clarithromycin have adequate coverage for H. influenzae and S. pneu-
moniae, the two leading pathogens in acute bacterial sinusitis.98

Patients treated with an antimicrobial may be expected to improve 
within 48 to 72 hours of starting therapy. If the patient fails to improve 
during this time frame, either the diagnosis of sinusitis should be sus-
pect or a broader-spectrum agent should be used. In order to achieve 
the most comprehensive coverage against both resistant S. pneumoniae 
and β-lactamase-producing H. influenzae and M. catarrhalis, regimens 
in the child or adult failing therapy with high-dose amoxicillin/
clavulanate should include a respiratory fluoroquinolone or the com-
bination of cefixime with either clindamycin or linezolid.

The exact duration required for the treatment of sinusitis is 
unknown. Recommendations based on clinical observations have 
varied widely, from 10 to 28 days of treatment. A treatment course of 
10 days is typical. Some guidelines suggest that therapy be continued 
for 7 days after the patient becomes free of signs and symptoms. The 
advantage of this strategy is that it results in a minimum of 10 days 
and avoids prolonged antimicrobial therapy in patients who are asymp-
tomatic.87 It is a particularly advantageous regimen when the patient 
responds more sluggishly to the antimicrobial regimen.

The efficacy of shorter courses of antimicrobials, particularly qui-
nolones and macrolides, has been reported. For example, azithromycin 
given for 3 days was reported to be equivalent to 5 days, and 5 days of 
gatifloxacin was equivalent to 10 days.117 Five-day courses of cefurox-
ime have also been compared with a 10-day course. Falagas and col-
leagues125 performed a meta-analysis of short courses (3 to 7 days) 
versus long courses (6 to 10 days) of antimicrobial treatment and found 
no difference between these groups. The diagnosis of sinusitis in these 
studies was radiographic, and thus many patients who had uncompli-
cated URI may have been included, which would have biased the 
results against showing a difference.
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Sinus Surgery
Surgical intervention in acute sinusitis may be indicated when there 
are intracranial or orbital complications or in the patient with severe 
acute infection refractory to antimicrobial therapy. Surgery is used 
frequently in patients with chronic sinusitis unresponsive to medical 
therapy.84,98,135 Functional endoscopic sinus surgery is the most 
common procedure currently performed for this condition. In this 
procedure, the emphasis is on restoring the normal anatomic and 
physiologic drainage of the sinuses through the osteomeatal complex. 
Diseased tissue, polyps, and bone within the ethmoid or frontal sinus 
cavities and sinus ostia are removed under endoscopic visualization. 
Recent attention has been focused on preserving the mucoperiosteum 
and normal structures as much as possible. Benefit from surgical inter-
vention has been demonstrated primarily in uncontrolled trials in 
which improvement in both symptoms and quality of life has been 
noted.136-139 Randomized, controlled trials have not demonstrated the 
advantage of functional endoscopic surgery over aggressive medical 
therapy.140,141

COMPLICATIONS
The complications of sinusitis result from the close proximity of the 
sinuses to critical structures of the skull and face and may be divided 
into intracranial and extracranial manifestations. Intracranial com-
plications include subdural empyema, epidural abscess, intrapa-
renchymal brain abscess, meningitis, and venous sinus thrombosis. 
Intracranial complications must be considered in any patient who 
presents with fever, altered mental status, seizures, or focal neurologic 
findings. Extracranial complications include orbital cellulitis, orbital 
abscess, and subperiosteal abscess.142 The Pott puffy tumor is a sub-
periosteal abscess of the frontal bone that presents as a swelling  
over the forehead secondary to an underlying osteitis.143 Orbital and 
intracranial complications are present together in up to 45% of com-
plicated cases. The majority of complications of sinusitis are a con-
sequence of infection of the frontal and ethmoid sinuses.144 The 
pathogenesis of complications involves either direct extension from the 
sinus cavity or retrograde thrombophlebitis from the valveless venous 
network.145

Acute bacterial sinusitis is occasionally complicated by periorbital 
edema, particularly when the ethmoid sinuses are involved. These 
patients will have findings of discoloration and soft, nontender edema 
of the upper and lower eyelids. The overlying skin may have a purple 
or reddish discoloration. This must be distinguished from signs of true 
orbital infection, such as orbital abscess or orbital cellulitis. Although 
these serious complications may also be associated with periorbital 
edema, accompanying proptosis or impairment of extraocular move-
ments should alert the clinician to a true intraorbital infection (Fig. 
63-4). A CT scan of the orbits and sinuses should be performed when 
an orbital infection is suspected. Immediate surgical intervention is 
indicated for many orbital and intracranial abscesses. However, small 
abscesses associated with sinusitis may be managed with a trial of 
antimicrobial therapy. If clinical improvement does not occur in 24 to 
48 hours, surgical drainage should be undertaken.

Anaerobic bacteria, viridans streptococci, gram-negative organ-
isms, and S. aureus are frequently isolated from intracranial collections 
of purulent material.145,146 Empiric antibiotic therapy should include 
vancomycin, ceftriaxone or cefotaxime, and metronidazole for intra-
cranial infections. Orbital infections may be treated with ampicillin/
sulbactam or the combination of ceftriaxone or cefotaxime plus clinda-
mycin or vancomycin.

PREVENTION
The prevention of rhinosinusitis is dependent on diagnosing and treat-
ing underlying conditions that predispose patients to recurrent or 
ongoing infection. Such conditions include allergic rhinitis, cystic 
fibrosis, gastroesophageal reflux disease, ciliary dyskinesia, or ana-
tomic defects. These patients may present with multiple episodes of 
sinusitis or sinusitis recalcitrant to medical therapy. These conditions 
should be sought in the patient with recurrent sinus disease and treated 
aggressively. Attendance of a child in day care is a risk for recurrent 
URI and subsequent sinusitis. Children attending day care have twice 
the rate of URIs than those who do not attend day care.

Adjunctive Treatment
Corticosteroids
A number of nonantimicrobial therapies have been used to provide 
symptom relief to patients with sinusitis. The literature on adjunctive 
treatment of sinusitis has the same limitations as that of antimicrobial 
trials; many studies lack stringent definitions of sinusitis. Accordingly, 
many of these studies include patients with uncomplicated viral URI 
and the results must be interpreted cautiously. Intranasal corticoste-
roids have been studied with and without antimicrobials. Placebo-
controlled trials of intranasal steroids have shown conflicting 
results.103,126-128 Two recent meta-analyses of such studies demonstrated 
similar results. Zalmanovici128 found an overall resolution rate of 
symptoms of 73% in corticosteroid-treated patients versus 66.4% in 
placebo controls. Hayward’s analysis showed a 7% increase in improve-
ment rate when patients were treated with intranasal corticosteroids 
compared with placebo. This modest benefit does not warrant recom-
mendation when it adds substantially to the cost and complexity of 
treatment.84,120

Antihistamines/Decongestants
Antihistamines have not been shown to be consistently effective in the 
symptomatic treatment of sinusitis. However, they do have a role in 
patients with underlying allergic disease. Topical and oral deconges-
tants, which are α-adrenergic agonists, are used frequently as adjunc-
tive therapy but have received little systematic study. Decongestants 
have a modest effect on decreasing nasal airway resistance. These 
agents may cause increased blood pressure, central nervous system 
stimulation, insomnia, or urinary retention. A recent review of the  
use of antihistamines and decongestants in children with sinusitis 
found a lack of well-controlled studies to determine the efficacy of 
these treatments.129 Because of concern for adverse events, antihista-
mines and decongestants should not be used for symptomatic relief in 
children.84,130

Saline
Nasal saline spray, large volume saline irrigation, and hypertonic saline 
have been popularized as a measure to reduce symptoms in patients 
with sinusitis. Such irrigations act by improving mucociliary function, 
decreasing mucosal edema, and mechanically reducing crusting and 
debris formation. This may serve to keep the osteomeatal complex 
clear and facilitate drainage. Evidence in clinical trials indicates that 
intranasal saline does provide a modest improvement, primarily in 
adults with chronic symptoms. Large-volume irrigation is more effec-
tive than saline sprays. Because adverse events are minimal and mainly 
include slight nasal irritation, such measures are an option in providing 
symptomatic relief.131,132,133,134 Data are limited for the effect of nasal 
saline for children with acute sinusitis.129

TABLE 63-9  Oral Antimicrobial Agents for Acute 
Bacterial Sinusitis

ANTIMICROBIAL ADULT DOSAGE
PEDIATRIC 
DOSAGE

Amoxicillin 500-875 mg q12h 40-80 mg/kg/day divided 
q12h

Amoxicillin/clavulanate* 875 or 2000 mg q12h 40-80 mg/kg/day divided 
q12h

Cefpodoxime proxetil 200 mg q12h 10 mg/kg/day divided 
q12h

Cefixime† 400 mg q12-24h 8 mg/kg/day divided 
q12-24h

Cefdinir 300 mg q12h or
600 mg q24h

14 mg/kg/day divided 
12-24h

Cefprozil 250-500 mg q12h 15-30 mg/kg/day divided 
q12h

Levofloxacin 500 mg daily 16 mg/kg/day divided 
q12h†

Moxifloxacin 400 mg daily 400 mg daily for 
adolescents†

*Dosages specify amoxicillin component.
†Not U.S. Food and Drug Administration–approved for this indication.
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isolation of S. pneumoniae in the years that the pneumococcal conju-
gate vaccine has been in use.39,147 A reduction in the actual incidence 
of sinusitis, however, has not been demonstrated after introduction of 
this vaccine.

Vaccination has not played a major role in the prevention of sinus-
itis. Vaccination against influenza will prevent one or more upper 
respiratory illnesses per year that may predispose the patient to an 
episode of acute bacterial sinusitis. Studies of the microbiology of the 
nasopharynx in adults and children have shown a reduction in the 

FIGURE 63-4  Child with orbital abscess as a complication of ethmoid sinusitis. A, Note the marked edema and proptosis. B, Computed tomog-
raphy scan of the orbit. Arrow demonstrates an orbital abscess. (A courtesy Gary Williams, MD.)
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64  Epiglottitis
Jennifer L. Nayak and Geoffrey A. Weinberg

Acute epiglottitis (supraglottitis) is an invasive cellulitis of the epiglottis 
and its adjacent supraglottic structures (aryepiglottic folds, vallecula) 
that has the potential for causing abrupt, complete airway obstruction.

EPIDEMIOLOGY AND ETIOLOGY
Although epiglottitis was reported in both children and adults in the 
first half of the 20th century, it became known as a classic pediatric 
infection by the 1970s.1 It likely is the modern explanation for the illness 
known in the 18th century as “cynanche trachealis” (literally, “dog 
strangulation”), now thought to have been the cause of death of George 
Washington in 1799 (albeit complicated by iatrogenic bloodletting).2,3

Epiglottitis has most often been reported to exhibit a slight male 
predominance (roughly 60% of both children and adult cases occur in 
males) and a slight excess in cases during the spring and summer.1,4-7

Before routine infant immunization with Haemophilus influenzae 
type b conjugate vaccines began in 1990, 65% to 75% of reported cases 
of epiglottitis occurred in children 1 to 4 years of age (peak, 3 years of 
age).1,6-10 Data from geographic areas in which routine H. influenzae 
type b conjugate vaccination is practiced show that 90% to 95% of all 

reported cases of epiglottitis now occur in adults and that the causative 
bacterial agent is often not found.1,4,9,11-14 Thus, the remarkable change 
in the epidemiology of epiglottitis involves both an upward shift in the 
average age of the patient as well as a shift in the likely microbiologic 
cause.

The virtual disappearance of classic pediatric epiglottitis is a direct 
consequence of the high protective efficacy of H. influenzae b conjugate 
vaccines, along with the fact that pediatric epiglottitis was, almost 
uniquely (60% to 98% of reported cases in various series) a bacteremic, 
invasive H. influenzae type b infection.6-9,15 In the prevaccination era, 
population-based, age-adjusted estimates of the annual incidence of 
invasive H. influenzae type b infection (the majority of which was 
meningitis, but also epiglottitis, bacteremia, and bone, joint, and soft 
tissue infections) in the United States and Scandinavian countries com-
monly ranged between 3 and 6 cases/100,000 children from birth to 
18 years of age.* The adjusted annual incidence rate for the population 
of children most at risk was even greater at 21 to 41 cases/100,000 

Epidemiology and Etiology
•	 Pediatric	epiglottitis:	a	localized,	invasive	

Haemophilus	influenzae	type	b	infection	of	the	
supraglottic	area	including	the	epiglottis	that	
can	be	associated	with	bacteremia	(60%	to	
98%);	routine	conjugate	vaccination	has	
largely	eliminated	this	form	of	epiglottitis.

•	 Adult	epiglottitis:	often	involves	more	of	the	
supraglottic	structures	(aryepiglottic	folds,	
vallecula,	tongue	base)	and	is	not	associated	
with	bacteremia	(<15%);	when	a	bacterial	
pathogen	is	identified,	it	is	more	likely	to	be	
Streptococcus	pneumoniae,	Streptococcus	
pyogenes,	or	Neisseria	meningitidis.

•	 Before	routine	infant	immunization	with	
H.	influenzae	type	b	conjugate	vaccines	65%	
to	75%	of	all	patients	with	epiglottitis	were	
children	1	to	4	years	of	age;	currently,	90%	to	
95%	are	adults.

•	 Incidence	of	adult	epiglottitis	in	the	United	
States	and	Europe	is	approximately	2/100,000	
population.

Clinical Manifestations
•	 Pediatric	epiglottitis:	an	abrupt	illness	in	a	

febrile	young	child	with	a	toxic	appearance,	
dysphagia	or	sore	throat,	a	muffled	or	hoarse	
voice,	stridor,	drooling,	and	often	a	distinctive	
posture—the	“tripod	position,”	comprising	
apprehension,	sitting	very	still,	preferring	to	
lean	forward	with	hyperextension	of	the	neck,	
and	protrusion	of	the	chin.	Cough	is	distinctly	
uncommon.

•	 Adult	epiglottitis:	80%	to	95%	have	
odynophagia	and	sore	throat;	only	20%	to	
40%	have	fever,	drooling,	or	stridor.

Diagnosis
•	 Airway	management	should	be	promptly	

evaluated	as	soon	as	the	diagnosis	is	
considered.	Laboratory	and	radiologic	testing	
in	a	child	with	suspected	epiglottitis	should	be	
performed	only	in	a	safe	environment	(i.e.,	in	
the	operating	room,	emergency	department,	or	
intensive	care	unit,	with	an	individual	trained	
in	pediatric	airway	intubation),	because	of	the	
propensity	to	develop	acute	airway	obstruction	
(although	airway	obstruction	is	much	less	
common	in	adults).

•	 Peripheral	leukocytosis	is	common	but	not	
universal.	Lateral	and	anteroposterior	neck	
radiographs	show	enlargement	of	the	
epiglottis	(the	“thumb	sign,”	as	opposed	to	
the	“pencil-point	narrowing”	of	the	airway	in	
viral	croup).

•	 Direct	or	indirect	laryngoscopy	and	fiberoptic	
nasopharyngeal	endoscopy	are	the	definitive	
diagnostic	tests.

Differential Diagnosis
•	 Stridor	with	toxicity	and	drooling	but	lack	of	

cough	favors	epiglottitis;	stridor,	barking	
cough,	and	lack	of	drooling	favors	viral	croup	
(laryngotracheobronchitis).	Other	conditions	
that	mimic	infectious	epiglottitis	include	
bacterial	tracheitis,	thermal	epiglottitis	(scald	
burn	from	smoke	or	hot	beverages),	possibly	
angioneurotic	edema,	retropharyngeal	or	
peritonsillar	abscesses,	uvulitis,	and	diphtheria.

Therapy
•	 Pediatric	epiglottitis:	ideally,	diagnosis	is	

confirmed	by	visualization	at	the	time	the	

airway	is	secured	by	intubation,	at	which	time	
laryngeal	and	blood	cultures	and	complete	
blood	cell	counts	may	be	obtained.	Emergent	
tracheotomy	or	cricothyroidotomy	is	rarely	
required.

•	 Adult	epiglottitis:	In	contrast	to	children,	
adults	with	epiglottitis	generally	tolerate	direct	
visualization	of	the	epiglottis	for	diagnosis.	
Hospitalization	in	an	intensive	care	unit	during	
the	acute	phase	of	the	illness	is	suggested;	
however,	in	most	adults	(75%	to	80%)	the	
infection	is	successfully	managed	without	
endotracheal	intubation	or	tracheotomy.

•	 Empirical	therapy	for	epiglottitis	includes	
intravenous	cefotaxime,	ceftriaxone,	or	
ampicillin-sulbactam	to	treat	streptococci,	
pneumococci,	H.	influenzae,	and	meningococci.	
In	areas	with	a	high	proportion	of	drug-
resistant	pneumococci,	empirical	therapy	
should	be	broadened.

•	 Therapy	directed	against	Staphylococcus	
aureus	should	be	considered	if	bacterial	
tracheitis	cannot	be	excluded.

Prevention
•	 Chemoprophylaxis	for	household	contacts	of	

children	with	H.	influenzae	type	b	epiglottitis	
should	be	given	for	those	households	
containing	underimmunized	or	nonimmunized	
children	younger	than	4	years	of	age	or	
immunocompromised	children.

•	 Contacts	of	adults	with	epiglottitis	are	unlikely	
to	require	any	prophylaxis,	except	in	the	rare	
instance	of	proven	H.	influenzae	type	b	or	
meningococcal	infection.

SHORT VIEW SUMMARY

*References 5, 7, 11, 13, 16, 17.
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rare to see concurrent meningitis, septic arthritis, or facial cellulitis, 
which were other well-known forms of pediatric invasive H. influenzae 
type b infections).7,10,27 However, pneumonia7,10,27 or epiglottic abscesses 
have been reported.7,29 In contrast, modern epiglottitis in adults is typi-
cally a nonbacteremic, somewhat less severe illness. Although most 
patients are in good health before onset of the disease, underlying 
conditions that compromise immunity may be a factor in some  
patients.4,5,11,12,30

Laboratory tests in individuals with acute epiglottitis often reveal 
leukocytosis with a left shift.5,7,13,15,29 Blood cultures yielded H. influen-
zae type b in 60% to 98% of children with classic epiglottitis, yet are 
positive for any pathogen in less than 10% of modern older child and 
adult epiglottitis.5,7,27,31

Lateral neck radiographs in patients with epiglottitis show an 
enlarged epiglottis (“thumb sign”), with ballooning of the hypophar-
ynx and prevertebral soft tissue swelling.1,12,15,23,32-34 Figure 64-1A shows 
a schematic view of the normal epiglottis anatomy, with a bold line 
outlining the position of an edematous epiglottis, which easily could 
provoke greatly increased airway resistance. An endoscopic view of 
such an inflamed epiglottis is shown in Figure 64-1B. Typical lateral 
neck radiographs of a normal child (see Fig. 64-1C) and a child with 
epiglottitis (see Fig. 64-1D) contrast the appearance of the normal and 
“thumb-like” swollen epiglottis. Although the lateral neck radiograph 
thus can be very helpful in diagnosing epiglottitis, radiographs were 
not recommended to be performed in children with classic acute epi-
glottitis because of the risks in delaying securing the airway, as well as 
the requirement for sending an ill and potentially unstable child to the 
radiology department (portable neck radiographs were generally not 
sufficient to properly interpret the anatomic borders).7

DIAGNOSIS
The diagnosis of epiglottitis is definitively established by visualization 
of an edematous, cherry-red epiglottis by direct or indirect laryngos-
copy or by nasal fiberoptic endoscopy.5-7,12,13,28 In children with classic 
epiglottitis, or in older children or adults with signs of respiratory 
distress, this examination should take place in a setting where the 
airway can be immediately secured, that is, in an intensive care unit or 
operating room, because airway obstruction may be sudden and pre-
cipitated by the examination.

children from birth to 4 years of age.16,18-20 After routine conjugate 
immunization there has been a 95% to 99% decline in pediatric epiglot-
titis incidence, such that current rates are 0.02 to 0.6 cases/100,000 
children from birth to 18 years of age.†

In contrast, in adults, the U.S. and European annual incidence of 
epiglottitis has remained stable, at 1.8 to 2.0 cases/100,000 adults, likely 
because adult epiglottitis tends to be associated with H. influenzae type 
b bacteremia in less than 10% of cases.‡ In general, no distinct patho-
gen is isolated; on occasion, other pathogens unrelated to H. influen-
zae, including Streptococcus pneumoniae, Streptococcus pyogenes, 
Staphylococcus aureus, or Neisseria meningitidis, are recovered from 
surface cultures of the epiglottis and rarely from blood cultures.1,7,11,12,15 
A few studies have reported mild increases in adult disease rates, both 
before and after conjugate pediatric vaccination, perhaps explained by 
better recognition of the syndrome.4,15

Unusual causes of epiglottitis include Pseudomonas aeruginosa 
or Candida albicans, especially in immunocompromised adults or 
in those with significant preceding antibiotic therapy that might  
allow opportunistic pathogen overgrowth. In addition, injury from 
consumption of very hot beverages or illicit substances such as  
inhaled crack cocaine can result in burns of the epiglottis (“thermal 
epiglottitis”).21-23

The pathophysiology of epiglottitis is not completely understood. It 
is possible that local physical trauma or irritation from preceding viral 
infection predisposes the epiglottis to bacterial infection. The clinical 
observation that classic pediatric epiglottitis was far more likely than 
adult epiglottitis to lead to severe respiratory distress and respiratory 
arrest is often assumed to be explained by a “ball-valve” effect of the 
child’s epiglottis, obstructing the anatomically smaller (with respect to 
the adult) airway. However, such an obstruction would not explain the 
success of bag-mask ventilation prior to intubation of these children. 
Instead, it seems more likely to be a consequence of pediatric airway 
physiology. Laminar airflow in the small bronchioles is governed by the 
Poiseuille equation, which can be expressed as stating that resistance to 
airflow is inversely proportional to the fourth power of the luminal 
radius; however, pharyngeal airflow is turbulent, which is less effi-
cient.24,25 Resistance to turbulent airflow is inversely proportional to the 
fifth power of the luminal radius. Thus, 1 mm of circumferential edema 
in the epiglottic region of a small child’s airway might reduce its diam-
eter from 4 mm to 2 mm; the cross-sectional area is decreased by 75%, 
and the resistance to turbulent flow is increased 32-fold. Yet, in an older 
child or young adult with an 8-mm airway, the same 1 mm of circum-
ferential edema reduces the cross-sectional area by only approximately 
44% and increases the resistance only by about fivefold.24,25

CLINICAL MANIFESTATIONS
The classic presentation of pediatric epiglottitis was a preschool-aged 
child who acutely developed fever, irritability, and rapidly progressive 
respiratory distress with stridor.1,6,7,13,26 These children frequently 
appeared toxic, were drooling oral secretions, and assumed a “tripod-
like” or “sniffing” position, leaning forward in an upright position with 
hyperextension of the neck, protrusion of the chin, and perhaps 
bracing themselves with their hands on knees. Such children also 
exhibited a muffled, “hot potato” voice or hoarseness.§ After the institu-
tion of routine H. influenzae type b conjugate vaccination, the typical 
age of children diagnosed with epiglottitis increased, as noted previ-
ously; in addition, a more indolent or subacute presentation of epiglot-
titis has been increasingly recognized in older children and adults.|| 
These older patients typically have a longer duration of symptoms 
before presentation, predominately complain of sore throat and ody-
nophagia, exhibit less frequent respiratory distress at presentation, and 
do not have H. influenzae type b as the etiologic agent.¶

Classic H. influenzae type b acute epiglottitis in children was a life-
threatening illness, with a high incidence of airway compromise and 
bacteremia but curiously few metastatic sites of infection (i.e., it was 

FIGURE 64-1  Epiglottitis. Schematic (A) and endoscopic (B) views of 
swollen epiglottis. The typical  lateral neck radiographs of a normal child 
(C) and a child with epiglottitis (D), demonstrating the “thumb sign” of 
the swollen epiglottis, are shown. (From Hammer J. Acquired upper airway 
obstruction. Paediatr Respir Rev. 2004;5:25-33.)

A B

C D

¶References 1, 4, 5, 7, 11-16, 29.
||References 4, 6-9, 11-13, 15, 20, 27-29.
§References 1, 6, 7, 13, 26, 27.
‡References 4, 5, 7, 11, 13, 14, 16.
†References 5, 7, 11, 13, 17, 18.
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the cherry-red epiglottis is made possible during intubation. Case 
series and widespread experiential data report that 70% to 100% of 
children with classic pediatric epiglottitis have undergone intubation 
for airway management and generally a small number (<5%) have 
emergent tracheotomy or cricothyroidotomy.# However, older children 
with subacute non–H. influenzae type b epiglottitis might be able to be 
safely managed conservatively without immediate intubation; fewer 
data exist to guide this decision.

In contrast, it appears reasonably safe for the adult with epiglottitis 
to be managed without intubation but with careful observation in an 
intensive care unit with the capability to secure an artificial airway 
immediately on impending airway compromise (increasing stridor  
or dyspnea). Most case series of adult epiglottitis report intubation 
rates of 10% to 25%.4,5,7,11-13,16 At the same time, adults or older 
adolescents with epiglottitis accompanied by a rapid onset of symp-
toms, dyspnea, tachycardia, or tachypnea may benefit from early 
intubation.12,13

Antibiotic Therapy
After the establishment of an airway, cultures should be obtained  
from blood and, if possible (i.e., immediately after intubation), the 
surface of the epiglottis and empirical intravenous antibiotic therapy 
begun. Antibiotic therapy is directed at the most likely causative  
bacterial pathogens (H. influenzae type b, Streptococcus pneumoniae 
[including those with penicillin-resistance] β-hemolytic streptococci, 
and possibly Staphylococcus aureus), although with the recognition 
that an etiologic agent may not be recovered. This is best accomplished 
by the use of a third-generation cephalosporin such as ceftriaxone  
or cefotaxime or a β-lactamase inhibitor combination drug such 
as ampicillin-sulbactam; for immunocompromised individuals, 
piperacillin-tazobactam would offer increased coverage for gram-
negative organisms while still including the more typical causes. Van-
comycin should be added if high-grade penicillin-resistant pneumococci 
are prevalent in the area or if methicillin-resistant staphylococcal bac-
terial tracheitis is a diagnostic possibility. For individuals allergic to 
β-lactams, a combination of a fluoroquinolone (levofloxacin or moxi-
floxacin) and clindamycin is suggested. Trimethoprim-sulfamethoxazole 
and clindamycin in combination might also be considered for the 
β-lactam–allergic patient, depending on the local prevalence of resis-
tance among pneumococci.

The decision to extubate is based on the patient’s clinical condition, 
evidence of resolution by direct visualization of the epiglottis with a 
fiberoptic laryngoscope, and the presence of an increasing air leak 
around the endotracheal tube. Pediatric patients with acute epiglottitis 
usually improve approximately 48 hours after the initiation of appro-
priate antibiotic therapy. Depending on the patient’s progress, the arti-
ficial airway can usually be removed within this period.27 Antibiotics 
should be continued for 7 to 10 days; in the past they were given intra-
venously, but likely this could be accomplished with oral third-
generation cephalosporins or respiratory fluoroquinolones, with or 
without clindamycin, depending on the individual patient’s culture 
results, response, and status.

The role of nebulized epinephrine, corticosteroids, or other adjuncts 
to therapy is unknown; evidence of benefits from such interventions is 
lacking.7,13,29

PREVENTION
Household contacts of children with H. influenzae type b epiglottitis 
may require chemoprophylaxis if the household contains unvaccinated 
or incompletely vaccinated children younger than 4 years of age;  
for households not containing other young children, or if all children 
are fully immunized, chemoprophylaxis is not indicated.36 The sug-
gested chemoprophylaxis regimen for young children is rifampin 
(20 mg/kg/day administered orally once daily for 4 days, maximum 
daily dose of 600 mg); for pregnant women in whom rifampin use is 
contraindicated, intramuscular ceftriaxone is an alternative.36 If a 
young underimmunized child is present in the household unit, pro-
phylaxis is given to all household contacts, regardless of age or immu-
nization status, to prevent “ping-pong” spread of carriage between 

As many as 29% of adults with epiglottitis have sought medical care 
previously for the same illness without the correct diagnosis being 
made.5 Most were assigned a diagnosis of pharyngitis, without under-
going examination of the epiglottis. This emphasizes the need for a 
complete examination of the epiglottis in adults with severe sore throat 
or severe pharyngitis with odynophagia.5 The epiglottis should be visu-
alized directly, even if the radiograph is negative, in patients in whom 
there is a suspicion of epiglottitis. In adults, examination in the sitting 
forward position, using a tongue depressor to gently depress the 
tongue, may reveal the epiglottis without the need for direct or indirect 
laryngoscopy.

In subacute epiglottitis of the older child or adult, lateral neck 
radiographs should be obtained. Computed tomography of the neck is 
generally not required but may be useful for evaluation of epiglottic 
abscess.29,35 Cultures of the blood or epiglottis may be of use in defining 
a causative organism, although the yield of blood cultures in adult 
epiglottitis is poor and interpretation of pharyngeal cultures may be 
complicated by a high carrier rate of certain organisms in the upper 
respiratory tract.11

DIFFERENTIAL DIAGNOSIS
Croup (viral laryngotracheobronchitis) is the most frequent and 
important diagnosis that mimics classic pediatric epiglottitis; the pre-
sentation is sometimes similar to epiglottitis, but the treatment of each 
syndrome is radically different. Although both illnesses can present as 
stridor, a toxic appearance is more common in epiglottitis. In a com-
parative analysis of 203 ill children with either epiglottitis or croup, the 
presence of drooling oral secretions was 79% sensitive and 94% specific 
for the diagnosis of epiglottitis; the absence of coughing was similarly 
predictive (98% sensitivity and 100% specificity).26 Conversely, the 
presence of coughing and the absence of drooling heavily favored the 
diagnosis of croup.26 Croup is frequently preceded by an upper respira-
tory tract infection, has a more gradual onset, involves somewhat 
younger children (median age 18 months as opposed to median age  
34 months in epiglottitis),26 and, in general, is a less febrile illness. 
However, differentiation of epiglottitis from croup is sometimes diffi-
cult unless the epiglottis is visualized.

Retropharyngeal abscess, peritonsillar abscess, and uvulitis (inva-
sive bacterial infections generally caused by S. pyogenes or oropharyn-
geal microaerophilic or anaerobic bacteria, rather than H. influenzae 
type b) can mimic epiglottitis but are usually able to be differentiated 
by physical examination as well as radiographically. Bacterial tracheitis 
may be confused with epiglottitis, especially in a patient who has 
already had antibiotic therapy and may have staphylococcal over-
growth in the trachea; the appearance on laryngoscopy or intubation 
should clarify the diagnosis. Diphtheria can be differentiated from 
epiglottitis by the presence of a pseudomembrane in the respiratory 
tract and the presence of typical organisms on direct smear and culture 
of the membrane. Noninfectious diagnoses that mimic epiglottitis 
include angioneurotic edema and foreign-body aspiration; results of 
the patient’s history and physical examination should help differentiate 
these entities from epiglottitis.

THERAPY
Initial Management
Maintenance of an adequate airway should be the primary concern as 
soon as the diagnosis of epiglottitis at any age is even suspected, but 
especially in a young child. Children who are suspected of having acute 
epiglottitis should be handled as a medical emergency because of the 
potential for rapid deterioration to complete respiratory obstruction. 
Painful or anxiety-provoking procedures (including phlebotomy and 
lateral neck radiography) should be minimized until the airway is 
secured or the diagnosis has been excluded. Patients being transported 
between and even within medical facilities must be accompanied by 
personnel capable of securing the airway in case obstruction occurs. 
At the same time, bag-mask ventilation should not be forgotten if 
intubation or cricothyroidotomy is not possible, because the obstruc-
tion is usually not absolute.

Appropriate management of the child with classic pediatric epiglot-
titis requires the immediate insertion of an endotracheal tube; this 
procedure is both therapeutic and diagnostic, because visualization of #References 6, 7, 16, 27, 28, 31.
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Contacts of older children and adults with epiglottitis do not require 
chemoprophylaxis at all, except in the rare case of documented menin-
gococcal or H. influenzae type b epiglottitis, in which case rifampin, 
ceftriaxone, or ciprofloxacin would be used as appropriate.36

Primary prevention of H. influenzae type b and most pneumococcal 
serotypes causing pediatric infection is now afforded by routine con-
jugate vaccination.36 Routine quadrivalent meningococcal vaccination 
of adolescents may lessen the rare cases of meningococcal epiglottitis 
as well.36

individuals.36 When the index child with invasive H. influenzae type b 
epiglottitis is treated with ceftriaxone or cefotaxime, colonization is 
successfully eliminated, such that the ill child does not require rifampin 
therapy. However, children who are treated with ampicillin-sulbactam 
or other agents will require “terminal prophylaxis” with rifampin at the 
end of their primary treatment, to prevent reintroduction of the organ-
ism into the household.36 In general, chemoprophylaxis is no longer 
considered for school contacts of children with H. influenzae type b 
disease.
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65 
Infections of the Oral Cavity, Neck, 
and Head
Anthony W. Chow

Infections of the oral cavity are most commonly odontogenic in origin. 
Odontogenic orofacial infections include dental caries, pulpitis, peri
apical abscess, gingivitis, periodontal disease, and infections in the 
deep fascial spaces. Complications such as intracranial, retropharyn
geal, or pleuropulmonary extension and hematogenous dissemination 
to heart valves, prosthetic devices, and other metastatic foci, although 
rare, clearly indicate the potentially serious nature of these infections. 
Nonodontogenic infections of the oral cavity include ulcerative muco
sitis, which complicates radiation and chemotherapy; noma (gangre
nous stomatitis); and infection of the major salivary glands. Suppurative 
orofacial infections can also arise from the oronasopharynx, middle 
ear and mastoids, and paranasal sinuses; these are discussed in Chap
ters 59, 62, and 63, respectively.

Infections of the neck and head in the adult most commonly result 
from human or animal bites, trauma, irradiation, and surgical pro
cedures. In children, cervical adenitis and thyroiditis caused by bacte
ria or viruses are more common. Rarely do embryologic cysts in the 
neck region become secondarily infected. These are considered sepa
rately from oral infections because they frequently involve different 
microflora and necessitate alternative approaches to diagnosis and 
therapy.

MICROBIOLOGIC CONSIDERATIONS
The microbiota associated with odontogenic infections are complex 
and generally reflect the indigenous oral flora. Such infections are typi
cally polymicrobial, and invasiveness is often influenced by synergistic 
interactions of multiple microbial species. Moreover, certain species or 
combinations may be more invasive or more resistant to therapy than 
others.1 Despite this complexity, there is strong evidence of a causative 
role of specific microorganisms in different forms of odontogenic 
infections.2 Because the microflora associated with these infections are 
typically polymicrobial, the components of these complex flora do not 
necessarily have equal pathogenic potential, and the numerically pre
dominant cultivatable microflora may not be the most pathogenic. 
Furthermore, it may not be necessary to eradicate the complete micro
flora for effective therapy. In addition, results of surveys with molecular 
tools indicate a level of diversity in the human subgingival microflora 
that cannot be recognized by conventional culture techniques.3 More 
than 700 bacterial species from the oral cavity have been identified.4 
In most instances, the cultivatable microflora probably represent less 
than 1% of the total extant population, as estimated by microscopy or 
other means.5 Nevertheless, an appreciation of the indigenous oral 
flora and the host factors that may modify its composition, as well as 

Definition
•	 Infections	of	the	oral	cavity,	neck,	and	head	

are	diverse	in	etiology	and	clinical	
presentation.

•	 Although	uncommon	in	the	postantibiotic	era,	
deep	fascial	space	infections	and	vascular	
complications	are	potentially	life-threatening.	
These	include	Lemierre	syndrome	and	Ludwig’s	
angina.

•	 A	clear	understanding	of	their	
interrelationships,	anatomic	routes	of	spread,	
and	salient	clinical	features	is	critical	to	
diagnosis	and	management.

Epidemiology
•	 Infections	of	the	oral	cavity	are	most	

commonly	odontogenic	in	origin	and	include	
dental	caries,	periodontal	disease,	and	deep	
fascial	space	infections.

•	 Nonodontogenic	infections	of	the	oral	cavity	
include	those	of	the	oral	mucosa	and	
infections	of	the	major	salivary	glands.

•	 Miscellaneous	infections	of	the	head	and	neck	
most	commonly	result	from	human	or	animal	
bites,	irradiation,	or	surgical	procedures	but	
may	also	arise	from	suppurative	adenitis,	
infected	embryologic	cysts,	and	suppurative	
thyroiditis.

Microbiology
•	 The	microbiota	associated	with	odontogenic	

infections	generally	reflect	the	indigenous	oral	
microbiota	and	are	typically	polymicrobial	

involving	both	strict	anaerobes	and	facultative	
bacteria.

•	 Dental	caries	originate	from	“cariogenic”	
bacteria	residing	within	the	supragingival	
plaque,	whereas	periodontal	disease	arises	
from	“periodontopathic”	bacteria	residing	
within	the	subgingival	plaque.

•	 Important	differences	within	these	complex	
bacterial	compositions	support	the	concept	of	
the	“specific”	plaque	hypothesis	of	dental	
caries	and	periodontal	disease.

Diagnosis
•	 Microbiologic	investigation	requires	proper	

specimen	collection,	taking	care	to	minimize	
contamination	by	resident	commensal	
microbiota.

•	 Needle	aspiration	of	loculated	pus	by	an	
extraoral	approach	is	desirable,	and	specimens	
should	be	transported	immediately	to	the	
laboratory	under	anaerobic	conditions.

•	 Tissue	biopsy	specimens	should	be	routinely	
examined	for	histopathologic	evidence	of	
acute	or	chronic	inflammation	and	infection.

•	 Immunofluorescence	staining	and	rapid	
molecular	diagnostic	tools	such	as	DNA	probes	
or	polymerase	chain	reaction	are	valuable	for	
the	detection	of	fastidious	or	noncultivable	
pathogens.

•	 Computed	tomography	(CT)	with	contrast	is	
the	most	effective	tool	for	localizing	and	
evaluating	the	extent	of	deep	space	infections	
of	the	oral	cavity,	head,	and	neck.

•	 Magnetic	resonance	imaging	(MRI)	with	or	
without	angiography	is	more	sensitive	than		
CT	for	assessing	soft	tissue	and	bone	
involvement,	as	well	as	vascular		
complications.

•	 Technesium	bone	scans	in	combination	with	
gallium-	or	indium-labeled	white	blood	cells	
may	be	useful	for	the	diagnosis	of	acute	or	
chronic	osteomyelitis.

Therapy
•	 Surgical	drainage	of	loculated	infection	and	

removal	of	necrotic	tissue	are	the	keys	to	
management	of	deep	fascial	space	infections	
of	the	oral	cavity,	head,	and	neck.

•	 Antimicrobial	therapy	is	important	in	halting	
the	local	spread	of	infection	and	in	preventing	
hematogenous	dissemination.

•	 Choice	of	antimicrobial	regimens	is	empirical,	
depending	on	the	primary	source	(e.g.,	
odontogenic	or	oropharyngeal	vs.	rhinogenic	
or	otogenic),	anticipated	causative	
microorganisms,	and	immunity	of	the	host	(see	
Tables	65-2	and	65-3).

Prevention
•	 Oral	hygiene	and	dental	treatment	to	prevent	

caries	and	advanced	periodontal	disease
•	 Dietary	counseling	and	use	of	topical	fluorides	

and	chlorhexidine	oral	rinses	for	patients	at	
high	risk	for	dental	caries

•	 Behavioral	modification	of	risk	factors	such	as	
tobacco	smoking
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wellestablished structures known as biofilms. These highly organized 
microorganisms are encased in an extracellular matrix composed 
mainly of polysaccharides and exist in a relatively protected environ
ment. Under normal “healthy” conditions, these commensal bacteria 
maintain an effective and nondestructive inflammatory barrier against 
potential pathogens.9 Under pathologic conditions, however, this 
microbial homeostasis is disrupted, and the commensal microbiota 
shifts to a pathogenic form, which results in inflammation and tissue 
destruction. Only certain microorganisms residing within dental 
plaques are cariogenic or periodontopathic (i.e., the “specific” plaque 
hypothesis of dental caries and periodontal disease).10 This microbial 
specificity demonstrated for different odontogenic infections probably 
reflects the acquisition of unique microflora during the development 
of a supragingival dental plaque and its progression to a subgingival 
dental plaque. Plaques that accumulate above the gingival margin are 
composed mainly of grampositive facultative and microaerophilic 
cocci and rods; plaques that accumulate below the gingival margin are 
composed mainly of gramnegative anaerobic rods and motile forms, 
including spirochetes (Fig. 651).11 Microorganisms residing within 
the supragingival plaque are characterized by their ability to adhere to 
the tooth surface and by their saccharolytic activity. Microorganisms 
in the subgingival plaque are frequently asaccharolytic but proteolytic, 
and they need not be adherent.

Important differences in bacterial compositions have been noted 
for dental caries, gingivitis, and different forms of periodontitis in 
comparison with cultures from healthy tissues.10 An etiologic associa
tion of S. mutans in dental caries has been firmly established.12 S. 
mutans is the only organism consistently isolated from all decayed 
dental fissures and is the only organism consistently found in greater 
numbers in carious teeth than in noncarious teeth. The infectious and 
transmissible nature of this organism in dental caries has been dem
onstrated in both experimental animals and in longitudinal studies in 
humans.12

Similarly, in gingivitis and periodontitis, a unique and specific bac
terial composition of the subgingival plaque has been identified.12,13 In 
the healthy periodontium, the microflora is sparse and consists mainly 
of grampositive organisms such as Streptococcus oralis, S. sanguis, and 
Actinomyces spp. In the presence of gingivitis, the predominant sub
gingival flora shift to a greater proportion of anaerobic gramnegative 
rods, and Prevotella intermedia (formerly Bacteroides intermedius), 
Capnocytophaga spp., Finegoldia magna, and Peptostreptococcus spp. 
are most commonly isolated. In adults with “established” periodontitis, 
the flora further increases in complexity, with a preponderance of 
anaerobic gramnegative and motile organisms and spirochetes. Por-
phyromonas gingivalis (formerly Bacteroides gingivalis), P. intermedia, 

knowledge of the most common microorganisms implicated in differ
ent odontogenic and nonodontogenic infections, should provide a 
more rational approach to the management of such infections arising 
from the oral cavity.

Unique Niches of the Indigenous  
Oral Flora
The oral cavity cannot be regarded as a single, uniform environment. 
Although representative species of microorganisms can be isolated 
from most areas of the mouth, certain sites such as the tongue, tooth 
surface, gingival crevice, and saliva are favored for colonization by 
specific organisms (Table 651).6

Quantitative studies indicate that obligate anaerobes constitute a 
large and important part of the residential oral flora. In the gingival 
crevice of healthy adults, for example, the total microscopic counts 
averaged 2.7 × 1011 microorganisms per gram of wet weight. The total 
cultivatable anaerobic bacteria averaged 1.8 × 1011 microorganisms per 
gram, whereas facultative bacteria averaged 2.2 × 1010 microorganisms 
per gram, which is an eightfold difference. Overall, Streptococcus, Fine-
goldia, Peptostreptococcus, Veillonella, Lactobacillus, Corynebacterium, 
and Actinomyces account for more than 80% of the total cultivatable 
oral flora. Facultative gramnegative rods are uncommon in healthy 
adults but may be more prominent in seriously ill, hospitalized, and 
elderly patients. Unique ecologic niches have been observed.6 For 
example, Streptococcus sanguis, Streptococcus mutans, and Streptococ-
cus mitis, as well as Actinomyces viscosus, preferentially colonize the 
tooth surface. In contrast, Streptococcus salivarius and Veillonella spp. 
have a predilection for the tongue and buccal mucosa. Fusobacterium, 
Porphyromonas, Prevotella, and anaerobic spirochetes appear concen
trated in the gingival crevice.7 The cultivable microbiota in the saliva 
most closely resemble those on the dorsum of the tongue. Factors that 
appear to govern these localization patterns include selective adher
ence characteristics of certain bacteria for various types of cells, local 
environmental conditions such as oxygen tension, oxidationreduction 
potential (Eh) and pH, interbacterial coaggregation, and microbial 
inhibition.6 Apart from anatomic considerations, numerous factors 
such as age, pregnancy, diet and nutrition, eruption of deciduous denti
tion, oral hygiene, smoking habits, the presence of dental caries or 
periodontal disease, antimicrobial therapy, hospitalization, and genetic 
or racial factors may influence the composition of the oral flora.8

Microbial Specificity in Odontogenic 
Infections
Of importance is that the normal commensal microflora are closely 
adapted to their unique ecologic niches in the oral cavity within 

TABLE 65-1  Predominant Cultivatable Bacteria from Various Sites of the Oral Cavity

TYPE
PREDOMINANT GENUS OR 
FAMILY

TOTAL VIABLE COUNT (mean %)
Gingival Crevice Dental Plaque Tongue Saliva

Facultative
Gram-positive cocci Streptococcus species 28.8 28.2 44.8 46.2

S. mutans group (0-30) (0-50) (0-1) (0-1)

S. sanguis (10-20) (40-60) (10-20) (10-30)

S. mitis (10-30) (20-40) (10-30) (30-50)

S. salivarius group (0-1) (0-1) (40-60) (40-60)

Gram-positive rods Lactobacillus 15.3 23.8 13.0 11.8

Gram-negative cocci Moraxella 0.4 0.4 3.4 1.2

Gram-negative rods Enterobacteriaceae 1.2 ND 3.2 2.3

Anaerobic
Gram-positive cocci Peptostreptococcus 7.4 12.6 4.2 13.0

Gram-positive rods Actinomyces, Eubacterium, Leptotrichia 20.2 18.4 8.2 4.8

Gram-negative cocci Veillonella 10.7 6.4 16.0 15.9

Gram-negative rods Fusobacterium 16.1 10.4 8.2 4.8

Prevotella 1.9 4.1 0.7 0.3

Porphyromonas 4.7 ND 0.2 ND

ND, not detected.
Data modified from Hull MW, Chow AW. Endogenous microflora and innate immunity of the head and neck. Infect Dis Clin North Am. 2007;21:265-282.
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produce extracellular adhesive polymers, known as glucans, which 
enable S. mutans to stick avidly to the tooth surface, facilitating cario
genesis in the underlying structures.19 In the healthy host, at least three 
mechanisms protect the tooth from carious decay: (1) the cleaning 
action of the tongue and buccal membranes, which removes any food 
particles from the proximity of the tooth; (2) the buffering effect of 
saliva, which has a neutral pH that washes away bacterial acids, and 
provides essential substrates for remineralization and repair of 
damaged tooth surfaces; and (3) the protective effect of an acellular 
bacteriafree coating of salivary origin on the tooth surface, known as 
the acquired pellicle, which acts as a surface barrier to most dietary and 
bacterial acids and other proteolytic substances. In the absence of tooth 
brushing and flossing, the acquired pellicle becomes rapidly colonized 
and is replaced by the bacterial plaque. It is not surprising, therefore, 
that carious lesions occur most often in areas inaccessible to the self
cleaning mechanisms of the mouth and on the occlusal surfaces and 
sites that are protected from the reaches of the toothbrush.

Periodontal disease is caused mainly by selective periodontopathic 
microorganisms within the subgingival dental plaque, which penetrate 
the gingival epithelium, elicit an inflammatory host response, and ulti
mately cause destruction of the periodontium.10 This tissue destruction 
results in apical migration of gingival tissues (gingival recession), loss 
of periodontal attachment, and an increase in the depth of the gingival 
crevice (periodontal pockets). Specific virulence factors such as lipo
polysaccharide and proteolytic enzymes play a role in this destruction. 
For example, several oral microorganisms associated with periodonti
tis, including A. actinomycetemcomitans, produce a leukotoxin that 
destroys polymorphonuclear leukocytes and macrophages and is 
believed to be a key virulence factor.18 Host and environmental factors, 
such as smoking, malnutrition, underlying disease such as diabetes 
mellitus, and certain genetic factors may play an even bigger role.20 In 
particular, patients with neutrophil defects (such as ChédiakHigashi 
syndrome, agranulocytosis, and cyclic neutropenia) have a higher inci
dence of periodontal disease.21 Other factors include various hormonal 
effects that may exacerbate disease activity during puberty, menstrua
tion, and pregnancy. Two major predisposing factors are poor oral 
hygiene and increasing age.22 In contrast to its role in dental caries, 
dietary carbohydrate intake does not appear to have a significant role 
in the pathogenesis of periodontal disease.

Aggregatibacter actinomycetemcomitans, Tannerella forsythensis (for
merly Bacteroides forsythus), and Treponema denticola are most com
monly isolated. In juvenile or “earlyonset” periodontitis, a clinical 
variant seen primarily in adolescents, the subgingival plaque consists 
mainly of saccharolytic organisms, with A. actinomycetemcomitans and 
Capnocytophaga spp. as the most common identifiable species. P. gin-
givalis is rarely found in this condition.

In suppurative odontogenic infections such as periapical abscesses 
or deep fascial space infections, polymicrobial flora are usually present; 
the predominant isolates are Fusobacterium nucleatum, pigmented 
Bacteroides spp., Peptostreptococcus spp., Actinomyces spp., and Strep-
tococcus spp.14 Except in patients with serious underlying illnesses, 
facultative gramnegative bacilli and Staphylococcus aureus are uncom
monly isolated.

PATHOGENETIC MECHANISMS
The mechanisms by which pathogenic microorganisms in the oral 
cavity can cause disease are varied. To some extent, these microbes 
must be able to adhere to mucosal or tooth surfaces, resist elimination 
by mechanical means such as flushing by oral fluids, compete for  
space and nutrients with other resident flora, evade host defenses,  
and penetrate host tissues. The ability to attach to mucosal and tooth 
surfaces appears important for both commensal and pathogenic 
microbes.15

For example, a 36kDa fimbrial protein identified in S. sanguis and 
Streptococcus parasanguis allows these organisms to bind to hydroxy
apatite on the tooth surface and is apparently an important virulence 
factor for infective endocarditis.16 In the case of P. gingivalis, various 
proteases, as well as collagenase and hyaluronidase, may enhance 
binding to fibroblasts and matrix proteins by degrading host proteins, 
thus exposing cryptic receptors for the microorganisms.17

Microorganisms that cause dental caries, such as S. mutans and 
Streptococcus sobrinus, reside within the supragingival plaque and are 
both acidogenic (able to produce acid) and aciduric (able to grow at 
low pH). They readily colonize the tooth surface shortly after tooth 
eruption but do not become cariogenic until they are exposed to 
dietary sucrose.18 Fermentation of dietary sucrose by acidogenic plaque 
bacteria lowers the pH on the tooth surface, promoting demineraliza
tion and eventually tooth decay. S. mutans can also use sucrose to 

FIGURE  65-1 Microbial specificity in odontogenic infections. A unifying hypothesis demonstrating a microbial shift from a plaque-free tooth 
surface and progression to supragingival and subgingival plaque organisms. (Modified from Chow AW. Odontogenic infections. In: Schlossberg D, ed. 
Infections of the Head and Neck. New York: Springer; 1987:148.)
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In addition, the lamina propria within the mucous membrane con
tains a full complement of immunocompetent cells that are responsible 
for adaptive immunity. These cells, which include lymphocytes, mac
rophages, dendritic cells, natural killer (NK) cells, and eosinophils, 
constitute a common mucosal immune system known as mucosa-
associated lymphoreticular tissue (MALT). Dendritic cells within MALT 
(Langerhans cells) process foreign antigens for presentation to and 
activation of T cells, as well as differentiation of B cells into 
immunoglobulinsecreting plasma cells. The primary immunoglobu
lin secreted at these sites within salivary and other exocrine glands is 
secretory immunoglobulin A (sIgA), whose major function is bacterial 
agglutination, inhibition of bacterial adherence, toxin neutralization, 
and antigen exclusion at the mucosal surface.27 IgA also downregulates 
the proinflammatory cytokine response by binding with the crystalliz
able fragment alpha receptor (FcαR receptor) on phagocytic cells. A 
number of oral microorganisms implicated in periodontitis, including 
P. gingivalis, P. intermedia, Prevotella melaninogenica, Capnocytophaga 
spp., S. sanguis, and S. mitis, are found to secrete IgA proteases.28 It has 
been suggested that cleavage of IgA by microbial IgA proteases may 
impair local mucosal immunity of the host. It remains to be seen 
whether similar or other defects of host resistance can be identified in 
different forms of destructive odontogenic infections.

Finally, saliva also acts as an important source of antimicrobial 
activity against oral pathogens.29 Mechanically, saliva serves to coat the 
teeth and contribute to the protective pellicle. In addition, it flushes 
the oral cavity, clearing away bacteria and their byproducts, as well as 
food debris that may aid bacterial growth and colonization. The buffer
ing capacity of saliva contributes to the maintenance of salivary pH. 
Numerous chemical constituents that inhibit bacterial growth, such as 
lysozyme, lactoferrin, defensins, and the peroxidase system, are found 
within the saliva.30 Lysozyme is able to lyse bacteria by catalyzing 
breakdown of the bacterial cell wall in a manner akin to the action of 
penicillin. It is also active against gramnegative bacteria in the pres
ence of complement and antibody, and it disrupts the lipopolysaccha
ride coat in the cell wall.31 Lactoferrin sequesters iron from the 
environment, thus inhibiting the growth of various facultative and 
aerobic bacteria that are dependent on iron for metabolism. Salivary 
lactoperoxidase and myeloperoxidase are generated by polymorpho
nuclear leukocytes within the gingival crevices and have potent bacte
ricidal properties. Lactoperoxidase generates a hypothiocyanate 
(HOSCN) molecule that is toxic to bacteria.32

ANATOMIC CONSIDERATIONS
Soft tissue infections of odontogenic origin tend to spread along planes 
of least resistance from the supporting structures of the affected tooth 
to various potential spaces in the vicinity. Accumulated pus, therefore, 
must generally perforate bone at the site where it is thinnest and 
weakest before it extends into the periapical areas or deeper fascial 
spaces. In the mandible, this is usually in the region of the molar teeth 
on the lingual aspect and, more anteriorly, on the buccal aspect. In the 
maxilla, the bone is weakest on the buccal aspect throughout and rela
tively thicker on the palatal aspect. If pus perforates through either the 
maxillary or the mandibular buccal plate, it does so intraorally if inside 
the attachment of the buccinator muscle to the maxilla or mandible 
and extraorally if outside this muscle attachment (Fig. 653A).33 When 
a mandibular infection perforates lingually, it does so in the sublingual 
space if the apices of the involved teeth lie above the attachment of the 
mylohyoid muscle (e.g., mandibular incisor, canines, premolars, first 
molars) and in the submandibular space if the apices lie below the 
attachment of this muscle (e.g., second and third molars) (see Fig. 
653B). Thus, these local anatomic barriers of bone, muscle, and fascia 
predetermine the routes of spread, the extent, and the clinical mani
festations of many orofacial infections of odontogenic origin. The clini
cally important “fascial spaces” most often involved are illustrated in 
Figures 654 and 655. These are potential spaces between layers of 
fascia normally bound together by loose connective tissue. The break
down of these attachments by a spreading infective process results in 
a fascial space infection. These spaces intercommunicate with one 
another to varied degrees, and the potential pathways of extension 
from one space to another are illustrated in Figure 656. A thorough 
understanding of the potential anatomic routes of infection not only 

An excessive inflammatory host response to commensal oral 
microflora or failure to downregulate this immune response may also 
be present in some patients with destructive forms of periodontal 
disease.23 Thus, hostmediated tissue injury as a consequence of micro
bial infection, rather than the infection itself, has become a major focus 
in the study of the pathogenesis of periodontitis and its possible link 
to coronary atherosclerosis and heart disease.24

MUCOSAL IMMUNITY OF THE 
ORAL CAVITY
The oral cavity has three major host defenses against bacterial invasion: 
the oral mucosa as a physical barrier, nonspecific (innate) immunity, 
and adaptive (acquired) immunity (Fig. 652).25 The oral mucosa con
sists of a layer of interconnected epithelial cells containing mainly 
keratinocytes resting on a basal membrane. The oral epithelium con
stantly undergoes cellular renewal and turnover. Microorganisms 
seeking to colonize mucosal surfaces must develop a strategy to coun
teract the constant turnover of the epithelial cell layer.

Keratinocytes also have an innate system for recognizing patho
genic microbes by the activation of Tolllike receptors (TLRs). TLRs 
function as pathogenrecognition receptors that interact with con
served domains on microorganisms (socalled pathogenassociated 
molecular patterns [PAMPs]).26 Activation of TLRs results in a cascade 
of signaling pathways, ultimately leading to the upregulation of various 
proinflammatory (e.g., interleukin [IL]1α, IL6, IL12, tumor necrosis 
factorα [TNFα]) and antiinflammatory (e.g., IL10, transforming 
growth factorβ [TGFβ]) cytokines and chemokines (e.g., RANTES 
[regulated on activation, normal Tcell expressed and secreted], mac
rophage inflammatory protein1 [MIP1], IL8), which are crucial for 
nonspecific defense in the oral cavity. Phagocytic cells such as leuko
cytes and macrophages are abundant in the lamina propria and serve 
as the first line of defense against pathogenic microbes. Keratinocytes 
also produce a variety of antimicrobial peptides, including histatins 
and βdefensins, which have broad antibacterial and antifungal prop
erties. Human βdefensin (hBD)1 is expressed constitutively in epi
thelial tissues, whereas hBD2 and hBD3 are expressed in response to 
bacterial stimuli or inflammation. Commensal and pathogenic bacte
ria have been found to use different signaling pathways in hBD2 
induction; this finding suggests that epithelial cells from different body 
sites may use common signaling mechanisms to distinguish between 
commensal and pathogenic bacteria.16

FIGURE 65-2 Mucosal defenses against invading bacteria in the 
oral cavity. The oral mucosa has three types of antimicrobial defenses: 
physical barrier of the epithelial layer; nonspecific (innate) immunity 
derived from salivary constituents, neutrophils, and epithelial antimicrobial 
peptides; and adaptive immunity associated with mucosa-associated lym-
phatic tissues. (Modified from Abiko Y, Saitoh M, Nishimura M, et al. Role 
of beta-defensins in oral epithelial health and disease. Med Mol Morphol. 
2007;40:392-402.)
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begins in pits and fissures on the occlusal surfaces of molars and pre
molars, in which food is likely to be retained. Interproximal sites and 
the gingival margin are the next most common areas where the carious 
process begins. Demineralization of the enamel results in discolor
ation, which is the first visible evidence of carious involvement. 
Destruction of the enamel and dentin and invasion of the pulp produce 
either localized or generalized pulpitis. If drainage from the pulp is 
obstructed, pulpal necrosis and rapid proliferation of endodontic 
microorganisms ensue and lead to invasion of the periapical areas 
(periapical abscess) and alveolar bone (acute alveolar abscess).

Clinically, the tooth is sensitive to percussion and to both heat and 
cold during early or reversible pulpitis, although the pain stops abruptly 
when the stimulus is withdrawn. During late or irreversible pulpitis, 
the tooth is exquisitely painful in response to a hot stimulus; the  
application of cold provides prompt relief. If drainage is established 
through the tooth before extension into the periapical region, chronic 
irritation from the necrotic pulp may result in periapical granuloma or 
cyst formation that may be relatively asymptomatic. Dental radio
graphs are particularly helpful for the detection of silent lesions—
particularly those caused by interproximal caries—that are difficult to 
detect clinically.

The principles of treatment of dentoalveolar infections include 
prompt elimination of the infected pulp, deep periodontal scaling, or 
extraction of the affected tooth.34 Dentoalveolar abscess should be 
surgically drained at the same time. Other supportive measures include 
hydration, a diet of soft foods, analgesics, and oral hygiene. Antibiotic 
therapy is indicated primarily if drainage cannot be adequately estab
lished or when infection has perforated the cortex and spread into 
surrounding soft tissue (see Table 652).

Gingivitis and Periodontal Infections
Periodontal disease is a general term that refers to all diseases involving 
the supporting structures of the teeth (periodontium), including the 
gingiva, periodontal ligament, alveolar bone, and cementum. In the 
early phase of periodontal disease, infection is confined to the gingiva 
(gingivitis). Later, the underlying supporting tissues are affected (peri
odontitis), ultimately leading to complete destruction of the periodon
tium and a permanent loss of teeth. Periodontal infections tend to 
localize in intraoral soft tissues and seldom spread into deeper struc
tures of the face or neck.

Gingivitis
Acute and chronic inflammation of the gingiva is initiated by local 
irritation and microbial invasion associated with subgingival plaque. In 
simple gingivitis, there is a bluishred discoloration, with swelling and 
thickening of the free gingival margin. A tendency for the gums to 
bleed after eating or toothbrushing may be one of the earliest findings. 
There is usually no pain, but a mild fetor oris may be noticed. In acute 
necrotizing ulcerative gingivitis, also known as Vincent’s angina or 
trench mouth, the patient typically experiences a sudden onset of pain 
in the gingiva that interferes with normal mastication. Necrosis of the 
gingiva occurs mainly in the interdental papilla and results in a 

provides valuable information on the nature and extent of infection 
but also suggests the optimal surgical approach for effective drainage.

CLINICAL MANIFESTATIONS AND 
MANAGEMENT
Orofacial Odontogenic Infections
Odontogenic infections originate in either the dental pulp or the peri
odontium (Fig. 657). The most common site is the dental pulp, and 
the most common infections are dentoalveolar. Deep fascial space 
infections are rare. Their clinical manifestations and management are 
briefly reviewed here. Antimicrobial therapy is further discussed later 
in the section “Therapeutic Considerations” (Tables 652 and 653).

Dentoalveolar Infections
Pulpal infection most frequently results from carious exposure, rarely 
from physical or chemical injury. The carious process most frequently 

FIGURE 65-3 Routes of spread of odontogenic orofacial infections 
along planes of least resistance. A, Coronal section in the region of 
the first molar teeth: a, maxillary antrum; b, nasal cavity; c, palatal plate; 
d, sublingual space (above the mylohyoid muscle); e, submandibular space 
(below the mylohyoid muscle); f, intraoral manifestation with infection 
spreading through the buccal plates inside the attachment of the buccina-
tor muscle; g, extraoral manifestation to buccal space with infection 
spreading through the buccal plates outside the attachment of the buc-
cinator muscle. B, Lingual aspect of the mandible: a, apices of the involved 
tooth above the mylohyoid muscle, with spread of infection to the sublin-
gual space; b, apices of involved tooth below the mylohyoid muscle, with 
spread of infection into the submandibular space. (From Chow AW, Roser 
SM, Brady FA. Orofacial odontogenic infections. Ann Intern Med. 1978;88:
392-402.)
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FIGURE  65-4 Fascial spaces around the mouth and face. A, Horizontal section at the level of the occlusal surface of the mandibular teeth. 
B, Frontal view of the face. (From Chow AW, Roser SM, Brady FA. Orofacial odontogenic infections. Ann Intern Med. 1978;88:392-402.)

 

Superficial

Deep

Temporal
space

Temporalis
muscle

Temporal
fascia

Zygomatic
arch

Masseter
muscle

Masseteric
space

Medial
pterygoid
muscle

Parotid
space

Medial
pterygoid
muscle
Masseteric
space

Masseter
muscle

Retro-
pharyngeal

space

Lateral
pharyngeal

space

Buccal
space

Buccinator
muscle

A
B

http://www.myuptodate.com


P
a
rt

 I
I 

M
aj

o
r 

C
lin

ic
al

 S
yn

d
ro

m
es

794

is always present, and both supragingival and subgingival calculi are 
usually abundant. Unlike pulpal infection, in which drainage is fre
quently obstructed, periodontal infections drain freely and affected 
patients experience little or no discomfort. Associated sensations 
include pressure and an itchy feeling in the gums and between the 
teeth, a bad taste in the mouth, sensitivity to hot and cold, and vague 
pains in the jaws. The gingiva is inflamed and discolored, bleeds 
readily, and appears as periodontal pockets around the affected teeth. 
Frank pus can be readily expressed by digital pressure, or it may exude 
freely from the pockets. As periodontitis advances, the supporting 
tissues are destroyed, ultimately leading to loosening and exfoliation 
of teeth. Localized juvenile periodontitis is a particularly destructive 
form of periodontitis seen in adolescents and is characterized by rapid 
vertical bone loss affecting the first molar and incisor teeth. Plaque is 
usually minimal, and calculus is absent. Excellent therapeutic results 
have been obtained with systemic tetracycline or metronidazole 
therapy combined with local periodontal treatment involving root 
débridement and surgical resection of inflamed periodontal tissues.36 
An effective plaque control program with root débridement may be 
necessary for longterm management of the diseased periodontium.

Periodontal Abscess
Periodontal abscesses may be focal or diffuse and manifest as red, 
fluctuant swelling of the gingiva, which is extremely tender to palpa
tion. These abscesses are always in communication with a periodontal 
pocket from which pus can be readily expressed after probing. Treat
ment is surgical and aimed at drainage of loculated pus. After abscess 
resolution, endodontic or periodontal infections should continue to be 
treated by removal of necrotic infected pulpal tissues or by subgingival 
scaling and root planing. Apical surgery may sometimes be necessary 
to reach the apical part of the root for débridement.

Pericoronitis
Pericoronitis is an acute localized infection associated with gum flaps 
overlying a partially erupted or impacted wisdom tooth. Food debris 

marginated, punchedout, and eroded appearance. A superficial 
grayish pseudomembrane is formed, and a characteristic halitosis with 
altered taste sensation is present. Fever, malaise, and regional lymph
adenopathy are usually associated. Treatment includes local débride
ment and lavage with oxidizing agents, which usually alleviates pain 
within 24 hours. Antibiotic therapy with penicillin or metronidazole is 
indicated and is highly effective during the acute phase of infection.35

Periodontitis
Chronic inflammation of the periodontium is the major cause of tooth 
loss in adults. The destructive process proceeds insidiously, usually 
beginning in early adulthood. With inflammation, subgingival plaque 

FIGURE 65-5 Relation of lateral pharyngeal, retropharyngeal, and prevertebral spaces to the posterior and anterior layers of the deep 
cervical fascia. A, Midsagittal section of the head and neck. B, Coronal section in the suprahyoid region of the neck. C, Cross-section of the neck at 
the level of the thyroid isthmus. In all illustrations, 1, superficial space; 2, pretracheal space; 3, retropharyngeal space; 4, danger space; 5, prevertebral 
space. 

3
4

5

C6

Anterior
   longitudinal

ligament

Layers of deep cervical fascia

Superficial

Middle
Deep

1

Hyoid

Sternohyoid m.

Thyroid gland

2
Sternum

1

1
Sternothyroid

Pharyngeal
wall

Tonsil

Hyoid

Parotid
gland

Lateral pharyngeal
space

Internal carotid artery

Internal jugular veinAnterior
longitudinal

ligament

Esophagus

Carotid sheath

1
Trachea

Thyroid
gland

Sternohyoid
membrane

Sternothyroid
membrane

Platysma
membrane

A

B

C

3
4

5 C6

2

FIGURE  65-6 Potential pathways of extension in deep fascial 
space infections. 

Parotid
space

Masseteric
Pterygoid
Temporal

Orbit

Infratemporal spaceCanine space

Maxillary periapical abscess
Mandibular periapical abscess

Buccal
space

Submandibular and
sublingual spaces

Masticator spaces

Lateral pharyngeal space

Retropharyngeal space

Mediastinum

Carotid sheath

Cranium

http://www.myuptodate.com


C
h

ap
ter 65 Infections	of	the	O

ral	Cavity,	N
eck,	and	Head

795

FIGURE 65-7 Odontogenic infections. A, Dental caries, pulpal infection, and periapical abscess. B, Periodontal infection. C, Pericoronal infection 
overlying impacted tooth. (From Chow AW, Roser SM, Brady FA. Orofacial odontogenic infections. Ann Intern Med. 1978;88:392-402.)
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TABLE 65-2  Antimicrobial Regimens for Various Odontogenic and Nonodontogenic Orofacial Infections

CLINICAL ENTITY COMMON CAUSATIVE ORGANISMS ANTIMICROBIAL REGIMENS
Odontogenic
Supragingival dental plaque and 

dental caries prevention
Streptococcus mutans, other streptococci, Actinomyces spp. Fluoride-containing toothpaste or oral rinses (e.g., 

sodium fluoride 1.1% or stannous fluoride 0.4%) 
two or three times daily with or without

Fluoride-containing varnishes (e.g., sodium fluoride 
5%) applied three or four times yearly

with or without

Chlorhexidine 0.12% oral rinses

Acute simple gingivitis Streptococci, Actinomyces spp., oral spirochetes Penicillin G, 2-4 MU IV q4-6h (or penicillin V, 500 mg 
q8h) plus metronidazole, 500 mg PO or IV q8h

or

Ampicillin-sulbactam, 1.5-3 g IV q6-8h

or

Amoxicillin-clavulanate, 500 mg PO q8h

or

Clindamycin, 450 mg PO q6-8h or 600 mg IV q6-8h

Acute necrotizing ulcerative gingivitis 
(ANUG), or Vincent’s angina

Prevotella intermedia, Fusobacterium spp., Tannerella forsythensis, 
Treponema denticola, other oral spirochetes

Metronidazole, 500 mg PO or IV q8h

or

Amoxicillin-clavulanate, 500 mg PO q8h

or

Ampicillin-sulbactam, 1.5-3 g IV q6h

or

Clindamycin, 450 mg PO q6h or 600 mg IV q6-8h

Early-onset, “aggressive,” or 
“localized juvenile” periodontitis

Aggregatibacter actinomycetemcomitans, Porphyromonas gingivalis, 
Treponema denticola, Prevotella intermedia

Doxycycline, 200 mg PO or IV q12h (only in patients 
≥8 yr of age)

or

Metronidazole, 500 mg PO or IV q8h

Adult or “established “ periodontitis Treponema denticola, other oral spirochetes, black-pigmented 
Bacteroides spp. (Porphyromonas gingivalis and Prevotella 
melaninogenica), Tannerella forsythensis

Topical application of minocycline microspheres 
(Arestin)

or

Topical application of doxycycline hyclate periodontal 
extended-release liquid (Atridox)

Nonodontogenic
Gangrenous stomatitis (noma) Fusobacterium nucleatum, Borrelia vincentii, Prevotella 

melaninogenica, other oral anaerobes
Penicillin G, 2-4 MU IV q4-6h plus metronidazole, 

500 mg PO or IV q8h

or

Ampicillin-sulbactam, 1.5-3 g IV q6-8h

or

Amoxicillin-clavulanate, 500 mg PO q8h

or

Clindamycin, 450 mg PO q6-8h or 600 mg IV q6-8h

Continued
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TABLE 65-3  Initial Empirical Antimicrobial Regimens for Suppurative Infections of the Head and Neck

INFECTION USUAL CAUSATIVE ORGANISMS ANTIBIOTIC REGIMENS, NORMAL HOST*
Suppurative orofacial odontogenic 

infections, including Ludwig’s angina
Streptococcus viridans and other streptococci, Peptostreptococcus 

spp., Bacteroides spp., and other oral anaerobes
Penicillin G, 2-4 MU IV q4-6h plus metronidazole, 

0.5 g IV q6h

or

Ampicillin-sulbactam, 2 g IV q4h

or

Clindamycin, 600 mg IV q6h

or

Cefoxitin, 1-2 g IV q6h

Lateral pharyngeal or retropharyngeal 
space infections

 Odontogenic S. viridans and other streptococci, Staphylococcus spp., 
Peptostreptococcus spp., Bacteroides spp., and other oral anaerobes

Penicillin G, 2-4 MU IV q4-6h plus metronidazole 
0.5 g IV q6h

or

Ampicillin-sulbactam 2 g IV q4h

or

Clindamycin 600 mg IV q6h

 Rhinogenic Streptococcus pneumoniae, Haemophilus influenzae, viridans and 
other streptococci, Bacteroides spp., Peptostreptococcus spp., and 
other oral anaerobes

One of the following:
(1) Penicillin G, 2-4 MU IV q4-6h, or levofloxacin, 

500 mg IV q24h, or ciprofloxacin, 750 mg IV q12h

plus

Metronidazole, 0.5 g IV q6h, or clindamycin, 600 mg 
IV q6h

or

(2) Moxifloxacin, 400 mg IV q24h

 Otogenic Same as for rhinogenic space infections Same as for rhinogenic space infections

Suppurative cervical adenitis and 
infected embryologic cysts

Streptococcus pyogenes, Peptostreptococcus spp., Fusobacterium 
spp., oral anaerobes

One of the following:
(1) Penicillin G, 2-4 MU IV q4h, plus metronidazole, 

500 mg IV q6h

or

(2) Ampicillin-sulbactam, 2 g IV q4h

or

(3) Clindamycin, 600 mg IV q6h

or

(4) Cefoxitin, 1-2g IV q6h

Suppurative thyroiditis S. aureus, S. pyogenes, S. pneumoniae, Haemophilus influenzae, 
Streptococcus viridans and other streptococci, oral anaerobes

Nafcillin, 2 g IV q4-6h, or vancomycin, 1 g IV q12h 
plus either

Metronidazole, 500 mg IV q6h

or

Clindamycin, 600 mg IV q6h

CLINICAL ENTITY COMMON CAUSATIVE ORGANISMS ANTIMICROBIAL REGIMENS
Severe oral mucositis in 

immunocompromised hosts
Viridans and other streptococci, Bacteroides spp., Peptostreptococcus 

spp., and other oral anaerobes, facultative gram-negative bacilli
Topical chlorhexidine (0.1%) mouth rinses TID plus 

one of the following:

Cefotaxime, 2 g IV q6h

or

Ticarcillin-clavulanate, 3.1 g IV q4h

or

Piperacillin-tazobactam, 3.375 g IV q6h

or

Imipenem, 500 mg IV q6h

or

Meropenem, 1 g IV q8h

Sialadenitis and suppurative parotitis Staphylococcus aureus,* Streptococcus viridans and other 
streptococci, Bacteroides spp., Peptostreptococcus spp., and other 
oral anaerobes

Nafcillin, 2 g IV q4h, or vancomycin, 1 g IV q12h 
plus either

Metronidazole, 0.5 g IV q6h

or

Clindamycin, 600 mg IV q6h

*For Staphylococcus aureus infections in which methicillin-resistant S. aureus (MRSA) is suspected, replace nafcillin with vancomycin, 1 g IV q12h; in immunosuppressed 
hosts, cefotaxime or ceftriaxone or imipenem, as described in the table, can be added.

IV, intravenously; MU, million units; PO, orally; TID, three times a day.

TABLE 65-2  Antimicrobial Regimens for Various Odontogenic and Nonodontogenic Orofacial 
Infections—cont’d
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INFECTION USUAL CAUSATIVE ORGANISMS ANTIBIOTIC REGIMENS, NORMAL HOST*
Cervicofacial actinomycosis Actinomyces israelii, Arachnia propionica, Actinobacillus 

actinomycetemcomitans
One of the following:
(1) Penicillin G, 2-4 MU IV q4-6h

or

(2) Doxycycline, 200 mg PO or IV q12h

or

(3) Clindamycin, 450 mg PO q6h or 600 mg IV q6h

Human or animal bites S. pyogenes, S. aureus, Eikenella corrodens, oral anaerobes 
Pasteurella multocida

One of the following:
(1) Ampicillin-sulbactam, 2 g IV q4h

or

(2) Amoxicillin-clavulanate, 500 mg PO q8h

or

(3) Moxifloxacin, 400 mg IV or PO q12h

Maxillofacial trauma, postsurgical 
wound infections

S. aureus, S. pyogenes, Peptostreptococcus spp., other oral 
anaerobes, Pseudomonas aeruginosa, Enterobacteriaceae spp.

Nafcillin, 2 g IV q4h, or vancomycin, 1 g IV q12h plus 
one of the following:

(1) Ticarcillin-clavulanate, 3.1 g IV q4h

or

(2) Piperacillin-tazobactam, 3.375 g IV q6h

or

(3) Imipenem-cilastatin, 500 mg IV q6h

or

(4) Meropenem, 1 g IV q8h

or

(5) Moxifloxacin, 400 mg IV or PO q24h

or

(6) Tigecycline, 100 mg IV, then 50 mg IV q12h

Suppurative jugular thrombophlebitis 
(Lemierre syndrome)

Fusobacterium necrophorum; same as for odontogenic space 
infections

Same as for odontogenic space infections

Suppurative cavernous sinus 
thrombosis

Same as for odontogenic, rhinogenic, or otogenic space infections Same as for odontogenic, rhinogenic, or otogenic 
space infections

Mandibular osteomyelitis Same as for odontogenic space infections Clindamycin, 600 mg IV q6h

or

Moxifloxacin, 400 mg PO or IV q24h

Extension of osteomyelitis from 
prevertebral space infection

Staphylococcus aureus,† facultative gram-negative bacilli Either nafcillin, 2 g IV q4h, or vancomycin, 1 g IV 
q12h plus

Either tobramycin, 1.7 mg/kg IV q8h, or ciprofloxacin, 
400 mg IV q12h

*For immunocompromised hosts, consider replacing penicillin G with one of the following: cefotaxime, 2 g IV q4h; ceftriaxone, 1 g IV q12h; or cefepime, 2 g IV q12h. 
Other regimens to consider are ticarcillin-clavulanate, 3.1 g IV q64h; piperacillin/tazobactam, 3.375 g IV q6h; imipenem, 500 mg IV q6h; meropenem, 1 g IV q8h; 
moxifloxacin, 400 mg IV q24h; or tigecycline, 100 mg IV, then 50 mg IV q12h.

†For Staphylococcus aureus infections in which methicillin-resistant S. aureus (MRSA) is suspected, replace nafcillin with vancomycin, 1 g IV q12h; in immunosuppressed 
hosts, cefotaxime or ceftriaxone or imipenem, as described in the table, can be added.

IV, intravenously; MU, million units; PO, orally.

TABLE 65-3  Initial Empirical Antimicrobial Regimens for Suppurative Infections of the Head and 
Neck—cont’d

and microorganisms become entrapped under the affected gingival 
tissues. If drainage is interrupted by sudden swelling or trauma, infec
tion extends along fascial planes of least resistance into adjacent soft 
tissues. The underlying alveolar bone is usually not involved. Clinically, 
the pericoronal tissues are erythematous and swollen. Digital pressure 
produces a small amount of exudate from under the infected flap. 
Because the masticator spaces are often involved, marked trismus sec
ondary to irritation of the masseter or medial pterygoid muscle is a 
prominent presenting feature. Treatment of pericoronitis includes inci
sion of the lesion and irrigation of the pericoronitis pouch with anti
septics. Systemic antibiotics may be necessary if cellulitis of fascial 
planes occurs. Excision of the operculum or extraction of the involved 
tooth may also be considered.

Deep Fascial Space Infections
Infections of either odontogenic or oropharyngeal origin may extend 
to potential fascial spaces of the lower part of the head and upper 
portion of the neck. These “space infections” can be conveniently cat
egorized as those around the face (masticator, buccal, canine, and 
parotid spaces); those in the suprahyoid region (submandibular,  

sublingual, and lateral pharyngeal spaces); and those involving the 
infrahyoid region or the total neck (retropharyngeal, danger, and pre
tracheal spaces) (see Figs. 654 and 655).37

Space Infections around the Face
Masticator Spaces. Masticator spaces consist of the masseteric, ptery
goid, and temporal spaces, all of which are well differentiated but 
intercommunicate with each other, as well as with the buccal, subman
dibular, and lateral pharyngeal spaces (see Fig. 654). Infection of the 
masticator spaces begins most frequently around molar teeth, particu
larly the third molars (wisdom teeth). Clinically, the hallmarks of mas
ticator space infection are trismus and pain in the area of the body or 
ramus of the mandible. Swelling may not be prominent, especially in 
the masseteric compartment, inasmuch as infection exists deep in large 
muscle masses, which obscures or prevents clinically apparent swell
ing. When present, swelling tends to be brawny and indurated, which 
could indicate cervicofacial actinomycosis or mandibular osteomyeli
tis. If infection extends internally, it can involve an area close to the 
lateral pharyngeal wall and result in dysphagia. A true lateral pharyn
geal space infection, however, is accompanied by displacement of the 
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submandibular spaces that does not pit on pressure (Fig. 658). They 
usually hold their mouths open, and the floor is elevated, which pushes 
the tongue to the roof of the mouth. Eating and swallowing are diffi
cult, and respiration may be impaired by obstruction from the tongue. 
A rapid progression of the infection results in edema of the neck and 
glottis and may precipitate asphyxiation; therefore, patients must be 
monitored and treated aggressively. Fever and systemic toxicity are 
usually present and may be severe. Treatment entails high doses of 
parenteral antibiotics, such as ampicillinsulbactam or penicillin G 
plus metronidazole; airway monitoring; early intubation or tracheos
tomy when required; soft tissue decompression; and surgical drainage. 
Systemic antibiotics combined with aggressive surgical intervention 
have lowered the rate of mortality from Ludwig’s angina dramatically 
from more than 50% in the preantibiotic era to 0% to 4% currently.40

Lateral Pharyngeal Space. The lateral pharyngeal space (also 
known as the pharyngomaxillary space) in the lateral aspect of the neck 
is shaped like an inverted cone, with its base at the skull and its apex 
at the hyoid bone (see Fig. 655). Its medial wall is contiguous with the 
carotid sheath, which contains several vital structures (including the 
internal carotid artery, the internal jugular vein, and the vagus nerve) 
and lies deep to the pharyngeal constrictor muscle. Infection of the 
lateral pharyngeal space may result from pharyngitis, tonsillitis, par
otitis, otitis, or mastoiditis, as well as from odontogenic infection, 
especially if the masticator spaces are primarily involved. The source 
of infection is best investigated through computed tomography (CT) 
or magnetic resonance imaging (MRI). If the anterior compartment is 
infected, the patient exhibits fever, chills, marked pain, trismus, swell
ing below the angle of the mandible, dysphagia, and medial displace
ment of the lateral pharyngeal wall. The contiguous parotid gland is 
usually swollen. Dyspnea can occur, although it is not prominent. 
Posterior compartment infection is potentially lifethreatening because 
of the carotid sheath; it is characterized by septicemia with little pain 
or trismus. Swelling is usually internal and deep and can often be 
missed because it is behind the palatopharyngeal arch. Complications 
include respiratory obstruction from edema of the larynx, thrombosis 
of the internal jugular vein, and erosion of the internal carotid artery. 
Suppuration may advance rapidly to other spaces, particularly the ret
ropharyngeal and danger spaces, thus reaching directly to the medias
tinum inferiorly or the base of the skull superiorly (see Fig. 655). 

lateral pharyngeal wall toward the midline, a finding not present in 
masticator space infections. Infection of the deep temporal space 
usually originates from involvement of the posterior maxillary molar 
teeth. Very little external swelling is observed early in the course of the 
infection; if present, it usually affects the preauricular region and an 
area over the zygomatic arch. As infection progresses, the cheek, 
eyelids, and whole side of the face may be involved.38 Infection may 
extend directly into the orbit via the inferior orbital fissure and produce 
proptosis, optic neuritis, and abducens nerve palsy.

Buccal, Canine, and Parotid Spaces. As noted previously, infec
tions arising from mandibular or maxillary premolar and molar teeth 
tend to extend in a lateral or buccal direction. The relation of the root 
apices to the origins of the buccinator muscle determines whether 
infection exits intraorally into the buccal vestibule or extraorally into 
the buccal space (see Fig. 653). Infection of the buccal space is readily 
diagnosed because of marked cheek swelling with minimal trismus and 
systemic symptoms. Antibiotic therapy alone tends to resolve infec
tion. Drainage, if required, is superficial and should be performed 
extraorally.

Involvement of the maxillary incisors and canines may result in a 
canine space infection, which manifests as dramatic swelling of the 
upper lip, canine fossa, and, frequently, the periorbital tissues. Pain is 
usually moderate, and systemic signs are minimal. On occasion, a 
purulent maxillary sinusitis may result from direct extension of infec
tion into the adjoining antrum. Treatment consists of antibiotics and 
drainage, which can be accomplished intraorally.

Parotid space infection from an odontogenic cause generally rep
resents secondary spread from a masseteric space infection in the area 
of the ramus of the mandible (see Fig. 654). Marked swelling of the 
angle of the jaw occurs without associated trismus. Pain may be intense 
and accompanied by high fever and chills. Because of its close relation
ship with the posterior aspect of the lateral pharyngeal space, a parotid 
space infection carries the potential risk of direct extension into the 
danger and visceral spaces and hence to the posterior mediastinum 
(see Fig. 655).

Suprahyoid Space Infections
Submandibular and Sublingual Spaces. These two spaces are sepa
rated by the mylohyoid muscle (see Fig. 653), and the submandibular 
space is further divided into the submaxillary and submental spaces. 
Infection in these spaces usually arises from the second and third 
mandibular molar teeth because their root apices lie inferior to the 
mylohyoid muscle. Swelling is typical, although much less trismus  
is present, in contradistinction to masseteric space infection, because 
the major muscles of mastication are usually not involved. Subman
dibular odontogenic infection should be distinguished from subman
dibular sialadenitis and lymphadenitis that arise from other causes. 
Therapy includes antibiotics, dental extraction, and extraoral surgical 
drainage.

Infection of the sublingual space generally arises from mandibular 
incisors because their root apices lie above the mylohyoid muscle. 
Clinically, this space infection manifests as a brawny, erythematous, 
tender swelling of the floor of the mouth that begins close to the man
dible and spreads toward the midline or beyond. Some elevation of the 
tongue may be noted in late states. Surgical drainage of the sublingual 
space should be performed intraorally by an incision through the 
mucosa parallel to Wharton’s duct. If the submandibular space is also 
to be drained, both spaces can be reached through a submandibular 
approach.

Ludwig’s Angina. The term Ludwig’s angina has been loosely 
applied to a heterogeneous array of infections involving the sublingual, 
submaxillary, and submandibular spaces.39 However, for therapeutic 
and prognostic purposes, it is desirable to restrict this diagnosis to 
cases that conform to the following classic description: (1) The infec
tion is always bilateral, (2) both the submandibular and sublingual 
spaces are involved, (3) the infection is a rapidly spreading indurated 
cellulitis without abscess formation or lymphatic involvement, and  
(4) the infection begins in the floor of the mouth. A dental source  
of infection has been found in 50% to 90% of reported cases. The 
second and third mandibular molars are most commonly involved. 
Clinically, affected patients have a brawny, boardlike swelling in the 

FIGURE 65-8 Early appearance of a patient with Ludwig’s angina 
with a brawny, boardlike swelling in the submandibular spaces. 
(From Reynolds SC, Chow AW. Life-threatening infections of the peripha-
ryngeal and deep fascial spaces of the head and neck. Infect Dis Clin North 
Am. 2007;21[2]:557-576.)
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spiking fevers, and profound prostration.46 However, symptoms of 
pharyngitis, which may be the initial presentation of infection, may be 
resolving before the onset of the septic syndrome. Localizing signs of 
pain and swelling at the angle of the jaw, tenderness and induration 
along the sternocleidomastoid muscle, and swelling of the lateral pha
ryngeal wall with dysphagia and neck rigidity are usually present. 
However, these findings may be subtle, and their clinical significance 
may not be fully recognized until postmortem examination. Dysphagia 
and dysphonia may also occur. Ipsilateral vocal cord paralysis or other 
neurologic signs representing lower cranial nerve involvement may be 
present. Systemic evidence of infection includes septic pulmonary 
emboli and metastatic abscesses to the brain, lungs, kidneys, and joints. 
Empyema may also occur. Contrast medium–enhanced CT may reveal 
the normal carotid artery and an enlarged jugular venous wall sur
rounding a more lucent intraluminal clot (Fig. 659). Thrombosis of 
the jugular vein can also be demonstrated by magnetic resonance angi
ography (MRA).49 The organisms most frequently involved are Fuso-
bacterium necrophorum, anaerobic streptococci, and Bacteroides (now 
including Prevotella) spp.45 Most cases of suppurative jugular throm
bophlebitis can be managed medically without the need for ligation or 
surgical resection of the infected vein. Prolonged courses of intrave
nous antibiotics (3 to 6 weeks) are required. Anticoagulants have some
times been used in this setting, but their efficacy is unconfirmed.45 
Surgical ligation of the internal jugular vein, the only available thera
peutic option before antibiotics were available, is now required only in 
the rare patient who fails to respond to antibiotic treatment alone.

Erosion of the carotid artery is a rare complication after odonto
genic infection involving the carotid sheath. Infection may arise by 
spread from the lateral pharyngeal space, Ludwig’s angina, or suppura
tion of deep cervical lymph nodes.50 The initial pathologic process is 
an arteritis caused by contiguous inflammation that eventually forms 
a false aneurysm. The patient is extremely ill with a fever of undeter
mined origin. Trismus is absent, and signs of local suppuration may be 
subtle because of the tight connective tissue around and within the 
carotid sheath. Rupture of the carotid artery may be heralded by recur
rent minor hemorrhages from the nose, mouth, or ear (“herald bleeds”). 
This is followed by hematoma formation in the surrounding tissues of 

Because respiratory obstruction from laryngeal edema can occur sud
denly, the patient must be closely observed, and prophylactic trache
ostomy may be required. Treatment includes high doses of antibiotics 
and surgical drainage. It is usually prudent to wait for the infection to 
localize before drainage is attempted unless respiratory obstruction or 
hemorrhage necessitates early surgical intervention.

Infrahyoid Space Infections
Retropharygeal and Danger Spaces. The retropharyngeal space com
prises the posterior part of the visceral compartment, in which the 
esophagus, trachea, and thyroid glands are enclosed by the middle 
layer of deep cervical fascia (see Fig. 655). It lies behind the hypophar
ynx and the esophagus and extends inferiorly into the superior medi
astinum to about the level of T1 to T2. Posterior to this compartment 
lies the danger space, which descends directly into the posterior medi
astinum to the level of the diaphragm. Infection of the retropharyngeal 
space may result from contiguous infection of the lateral pharyngeal 
space or from lymphatic spread of infection from more distant sites to 
involve the retropharyngeal lymph nodes. Dysphagia, dyspnea, nuchal 
rigidity, and esophageal regurgitation, as well as high fever and chills, 
may be present. Bulging of the posterior pharyngeal wall may be 
observed. Lateral soft tissue radiographs of the neck may reveal marked 
widening of the retropharyngeal space. Infection of the retropharyn
geal space is potentially lifethreatening, and prompt surgical drainage 
is required. Complications include hemorrhage and spontaneous 
rupture of retropharyngeal space contents (abscess) into the airway 
with asphyxiation, laryngeal spasm, bronchial erosion, and thrombosis 
of the jugular vein.

Pretracheal Space. The pretracheal space comprises the anterior 
portion of the visceral compartment and completely surrounds the 
trachea. Infections reach this space most commonly through perfora
tions of the anterior esophageal wall, occasionally through contiguous 
extension from a retropharyngeal space infection. The clinical presen
tation is characterized by severe dyspnea, but hoarseness may be the 
first complaint. Swallowing is difficult, and fluids may be regurgitated 
through the nose. A pretracheal space infection is always serious 
because of possible extension into the mediastinum, and prompt surgi
cal drainage is crucial.

Complications of Odontogenic Infections
Complications of odontogenic infections can occur either by hematog
enous spread or by direct extension. Transient bacteremia is common 
during or after various dental procedures, especially the extraction of 
infected teeth.41 The temporal relationship between these procedures 
and subsequent bacterial endocarditis and cardiovascular prosthetic 
infections is well documented.42 Reports of infected total hip replace
ments after dental procedures are of further concern.41 Prophylactic 
antibiotic treatment during dental procedures, although frequently 
used, remains a controversial issue, especially in the absence of preex
isting valvular heart disease.42,43 Complications of odontogenic infec
tions secondary to direct extension include mediastinal spread,44 
intracranial suppuration (especially cavernous sinus thrombosis),45 
suppurative jugular thrombophlebitis,46 carotid artery erosion,45 maxil
lary sinusitis,47 and osteomyelitis.48 Acute mediastinitis and intracra
nial suppuration secondary to odontogenic infections are relatively 
uncommon in the postantibiotic era.

Suppurative Jugular Thrombophlebitis (Lemierre 
Syndrome) and Carotid Artery Erosion
These complications of oropharyngeal or odontogenic infections are 
uncommon since the introduction of antibiotics. Extension of infec
tion to the carotid sheath, which encloses both the internal jugular vein 
and the internal carotid artery, usually arises from the lateral pharyn
geal space. Because the carotid sheath space in this area is relatively 
compact with little areolar connective tissue, there is little tendency to 
spread up and down this vascular sheath, with the exception of possible 
retrograde thrombophlebitis and intracranial extension. The major 
concern is protracted septicemia and erosion of the carotid artery or 
one of its branches.

The onset of suppurative jugular thrombophlebitis (also known as 
Lemierre syndrome or postanginal sepsis) is acute, with shaking chills, 

FIGURE 65-9 Jugular venous thrombosis associated with a right 
peritonsillar abscess in a young adult. Contrast medium–enhanced 
axial computed tomographic scan showing a normal right common carotid 
(C) artery but an enlarged right internal jugular vein (J) (arrow) with a 
dense or enhancing wall that surrounds the more lucent intraluminal clot. 
(From Chow AW. Head and neck infections. In: Baddour L, Gorbach SL, 
eds. Therapy of Infectious Diseases. Philadelphia: Saunders; 2003:37.)
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Osteomyelitis of the Jaws
The mandible is much more susceptible to osteomyelitis than is the 
maxilla, mainly because the cortical plates of the mandible are thin and 
its medullary tissues have relatively poor vascular supply. In view of the 
large number of odontogenic infections and the intimate relationship 
of teeth to the medullary cavity, it is surprising that osteomyelitis of the 
jaws is not more frequent. When osteomyelitis occurs, there is usually 
a predisposing condition that affects host resistance, such as a com
pound fracture, previous irradiation, osteopetrosis, Paget’s disease, 
diabetes mellitus, or steroid therapy. Osteomyelitis after dental extrac
tion in irradiated bone is termed osteoradionecrosis. Prior highdose 
radiation from squamous cell carcinoma of the tongue or oral mucosa 
commonly precedes osteoradionecrosis. At the initiation of mandibular 
osteomyelitis, the intramedullary pressure markedly increases, which 
further compromises blood supply and leads to bone necrosis. Pus 
travels through the haversian and perforating canals, accumulates 
beneath the periosteum, and elevates it from the cortex. If pus continues 
to accumulate, the periosteum is eventually penetrated, and mucosal 
and cutaneous abscesses and fistulas may develop. As the inflammatory 
process becomes chronic, granulation tissue is formed. Spicules of 
necrotic and nonviable bone may become either totally isolated (seques
trum) or encased in a sheath of new bone (involucrum).

Severe mandibular pain is a common symptom and may be accom
panied by damage to the mandibular nerve, which can result in anes
thesia or hypoesthesia on the affected side. In protracted cases, 
mandibular trismus may develop. A clinical variant is chronic scleros
ing osteomyelitis associated with a proliferative periostitis.53 This entity 
is more common in children and young adults after a periapical infec
tion of the mandibular first molar. It is a nonsuppurative form of 
osteomyelitis, characterized by a localized, hard, nontender swelling 
over the mandible. On radiographs, the newly formed periosteal bone 
looks like layers outside the cortex, with a characteristic “onion skin” 
appearance.54 Actinomycosis and radiation necrosis are two common 
causes of this form of osteomyelitis of the jaws. Actinomycosis may be 
associated with obvious or occult dental disease, usually progresses 
slowly, and is manifested by rockhard induration that can drain spon
taneously through the skin. Prolonged antibiotic treatment is usually 
required (see Chapter 256).

Association with Cardiovascular Risk
An association between chronic odontogenic infection and cardiovas
cular disease has been described in a number of studies.55 Of impor
tance is that intensive periodontal treatment appears to result in 
improvement of endothelial function, as well as in oral health.39,56 The 
mechanisms by which chronic periodontitis predisposes to coronary 
heart disease are not well understood, but an adverse effect of systemic 
inflammation on endothelial function may play a role. In addition to 
local infection, other factors may contribute to systemic inflammation, 
including intermittent bacteremia and release of bacterial endotoxins 
of oral origin into the bloodstream, an effect that can be induced by 
gentle chewing.57

Orofacial Nonodontogenic Infections
Nonodontogenic infections of the oral cavity are most frequently sec
ondary to chemical, thermal, or traumatic injury. Virtually all infectious 
microorganisms, particularly sexually transmitted agents and child
hood viral enanthems, can produce intraoral manifestations. Patients 
with cancer who develop mucositis from cytotoxic drugs and human 
immunodeficiency virus (HIV)infected individuals are especially sus
ceptible to acute and chronic opportunistic infections of the oral cavity, 
particularly candidiasis, aspergillosis, mucormycosis, herpetic gingivo
stomatitis, and mixed gramnegative infections.58 In this section, some 
of the conditions affecting primarily the oral mucosa and salivary 
glands, in which an infectious cause is either proved or suspected, are 
briefly discussed. Antimicrobial therapy is further reviewed in the 
section “Therapeutic Considerations” (see Tables 652 and 653).

Infections of the Oral Mucosa
Noma (Gangrenous Stomatitis)
Also known as cancrum oris, noma is an acute, fulminating, and gan
grenous infection of the oral and facial tissues. It usually occurs in the 

the neck, a protracted clinical course, and eventually shock caused by 
exsanguinations. Emergency ligation of the carotid artery may be  
necessary in cases of major hemorrhage, but the risk of stroke is sig
nificant. The mortality rate ranges from 20% to 40%, irrespective of 
treatment.38

Septic Cavernous Sinus Thrombosis
This dreaded complication is, fortunately, rare with the availability of 
antibiotics. Facial furuncles and purulent paranasal sinusitis were the 
major predisposing conditions. Infection of the maxillary teeth was  
the most common dental cause. Eagleton51 described six criteria for 
the diagnosis of septic cavernous sinus thrombosis to help distinguish 
it from other less lethal infections, particularly those of the ethmoid 
sinus and the orbit: (1) a known site of infection; (2) evidence of 
bloodstream invasion; (3) early signs of venous obstruction in the 
retina, conjunctiva, and eyelid; (4) paresis of the third, fourth, and sixth 
cranial nerves as a result of inflammatory edema; (5) abscess formation 
in neighboring soft tissue; and (6) evidence of meningeal irritation. 
Clinically, the onset is abrupt, with diplopia, photophobia, orbital 
edema, and progressive exophthalmos. Involvement of cranial nerves 
III, IV, V, and VI produces ophthalmoplegia, a midposition fixed pupil, 
loss of corneal reflex, and diminished sensation over the upper face. 
Obstruction of venous return from the retina results in papilledema, 
retinal hemorrhage, and visual loss. Contrast medium–enhanced CT 
(Fig. 6510) and MRI are useful diagnostic tests, but MRA most reli
ably demonstrates the thrombosed cavernous sinus (see Chapter 93). 
Successful treatment requires early recognition, highdose intravenous 
antibiotics, and surgical decompression of the underlying predisposing 
infection. Anticoagulation and steroid therapy are not indicated.45 The 
mortality rate remains high, approximately 15% to 30%.52

Maxillary Sinusitis
In many people, the roots of the maxillary molars lie proximal to the 
maxillary antrum. At times, congenital bony defects occur, with the 
root adjacent to the sinus membrane. In these cases, sinusitis can result 
from direct extension of an odontogenic infection or from perforation 
of the sinus floor during extraction of a maxillary tooth.47 The clinical 
manifestation of secondary sinus involvement is similar to that of 
primary sinus disease.

FIGURE 65-10 Cavernous sinus thrombosis associated with pan-
sinusitis in a young adult. Contrast medium–enhanced axial computed 
tomographic scan revealing opacification of the sphenoid and ethmoid 
sinuses and thrombus in the right cavernous sinus (arrow). (From Chow 
AW. Life-threatening infections of the head, neck, and upper respiratory 
tract. In: Hall JB, Schmidt GA, Wood LH, eds. Principles of Critical Care. 
2nd ed. New York: McGraw-Hill; 1998:899.)
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ulcers.64,65 Topical or systemic steroids may be beneficial in selected 
people with extensive disease, but caution must be exercised in their 
administration.66 Thalidomide (100 to 200 mg/day orally for 2 to 
6 weeks) has been reported to be effective for the treatment of  
large aphthous lesions in patients with acquired immunodeficiency 
syndrome.67

Mucositis and Stomatitis in the Severely 
Immunocompromised Patient
Much of what is known about the management of oromucosal infec
tions has been studied in patients with cancer being treated with radio
therapy, chemotherapy, and bone marrow transplantation.68 Mucositis 
involving the nonkeratinized oral epithelium is a frequent complica
tion after irradiation or during chemotherapy for acute leukemia. 
Other patients who develop oromucosal complications include those 
undergoing solid organ transplantation, patients with acquired immu
nodeficiency syndrome, and those with autoimmune diseases associ
ated with xerostomia and systemic immunosuppression. The underlying 
mechanism appears to be a breakdown of the mucosal epithelium that 
leads to mucositis and secondary bacterial or fungal infection, or reac
tivation of latent viral infection. Oral candidiasis, herpes simplex, 
varicellazoster, and cytomegalovirus infections may occur concomi
tantly. Four stages of disease progression are described: (1) inflamma
tory or vascular phase; (2) epithelial phase; (3) ulcerative/bacteriologic 
phase; and (4) healing phase.69 Ulceration and pseudomembrane for
mation are evident usually between 4 and 7 days after the initiation of 
chemotherapy, and they commonly involve the buccal and labial 
mucosa, soft palate, oropharynx, floor of the mouth, and the ventral 
and lateral surfaces of the tongue (Fig. 6511). The clinical manifesta
tions may be quite variable. The lesions are often protracted in duration 
and may not be associated with an obvious inflammatory reaction. 
Pain or tenderness may be the only abnormal finding.

Management of oral mucositis remains controversial and is pri
marily directed at symptomatic relief. Various intervention strategies 
have been attempted, but none has been shown to be superior to 
others.68

Frequent saline or bicarbonate rinses may reduce mucosal irrita
tion, remove thickened secretions or debris, and increase moisture  
in the mouth. Ice chips, topical anesthetics or analgesic gels (e.g.,  
benzydamine, viscous lidocaine), and cytoprotective coating agents 
(e.g., milk of magnesia or aluminum hydroxide gel) have provided 
symptomatic relief of painful oral lesions. In large doubleblind ran
domized trials, topical antiseptic with chlorhexidine has been shown 

presence of severe debilitation and malnutrition, and children are most 
often affected.59 The earliest lesion is a small, painful, red spot or vesicle 
on the attached gingiva in the premolar or molar region of the man
dible. A necrotic ulcer rapidly develops and undermines the deeper 
tissue. Painful cellulitis of the lips and cheeks is observed as the lesion 
extends outward in a conelike manner. Within a short period, slough
ing of necrotic soft tissues occurs and exposes underlying bone, teeth, 
and deeper tissues.

Noma is thought to be an infectious disease, but its cause remains 
unknown. Fusospirochetal organisms such as Borrelia vincentii and F. 
nucleatum are consistently cultured from noma lesions.60 P. melanino-
genica may also be present. Biopsy specimens of tissue from the 
advancing lesion show a mat of predominantly gramnegative thread
like bacteria that cannot be positively identified. Thus, this lesion bears 
a similarity to acute necrotizing ulcerative gingivitis in several respects 
but appears to be more focal and destructive, involving deeper tissues 
beyond the gingiva. Treatment of noma requires high doses of intra
venous antibiotics (see Table 652). Every effort should be directed to 
correct the dehydration and underlying malnutrition and debility. 
Loose teeth and sequestra may be removed, but saucerization should 
be avoided. Healing is by secondary intention. Serious mutilation and 
facial deformity may necessitate subsequent cosmetic surgery.61

Aphthous Stomatitis
Aphthous ulcers are the most common causes of recurrent oral lesions 
and must be distinguished from other conditions such as those caused 
by herpes simplex virus or coxsackievirus infections, agranulocytosis, 
and Behçet’s syndrome. The cause of aphthous ulcers remains uncer
tain, although a number of infectious agents, including viruses, have 
been implicated. The most commonly believed hypothesis suggests 
that the cause is an autoimmune mechanism.62 Crossreactivity 
between the 60kDa heat shock protein (HSP60) of oral streptococci 
(S. sanguis) and oral mucosal HSP60 has been demonstrated.63 It is 
postulated that the S. sanguis HSP60 may initiate an effector response 
that results in a cytotoxic Tlymphocyte reaction directed at human 
mitochondrial HSP60, thus causing mucosal damage. Reactivity to 
HSPderived peptides has been observed in γδ T cells and cytotoxic 
CD8+ T lymphocytes; the lymphoproliferative response is particularly 
marked in the ulcerative phase, in comparison with the healing phase. 
The elevated cytotoxicity of lymphocytes for epithelium suggests that 
these cells play a strong role in the pathogenesis of recurrent aphthous 
stomatitis.

Three major clinical variants are recognized: (1) minor aphthous 
ulcers, (2) major aphthous ulcers, and (3) herpetiform aphthous ulcers. 
In their most characteristic form, minor aphthous ulcers appear as a 
number of small ulcers on the buccal and labial mucosa, the floor of 
the mouth, or the tongue. The palatal soft tissues are rarely involved. 
Moreover, the ulcers are concentrated in the anterior part of the oral 
cavity, whereas the pharynx and tonsillar fauces are rarely implicated. 
A prodromal stage usually occurs. The ulcers appear grayyellow, often 
with a raised and erythematous margin, and are exquisitely painful. 
Lymph node enlargement is seen only with secondary bacterial infec
tion. The course of ulceration varies from a few days to a little more 
than 2 weeks and is followed by spontaneous healing. Major aphthous 
ulcers are more protracted and last up to several months. All areas of 
the oral cavity including the soft palate and tonsillar areas may be 
involved. Long periods of remission may be followed by intervals of 
intense ulcer activity. Herpetiform aphthous ulcers are small and mul
tiple and characteristically affect the lateral margins and tip of the 
tongue. The ulcers are gray, without a delineating erythematous border, 
and are extremely painful, which makes eating and speaking difficult. 
Despite its name, there is little clinical resemblance to an acute herpetic 
gingivostomatitis. Although intranuclear inclusions have been demon
strated in herpetiform aphthous ulcers, there is no evidence to suggest 
that these inclusions bear any relationship to the presence of viruses.

The treatment of aphthous ulcers is primarily symptomatic. Strict 
oral hygiene should be maintained, and the use of antiseptic mouth
washes may be helpful in temporarily reducing secondary infection. 
Local anesthetic lozenges or gels may be used as a last resort for brief 
periods of pain relief. Amlexanox, a topical immunomodulating agent, 
appears to provide symptomatic relief and shorten the duration of 

FIGURE  65-11 Severe mucositis with marked erythema, loss of 
epithelial barrier, and extensive ulceration of the labial and buccal 
mucosa in a patient undergoing radiation therapy. (From Epstein JB, 
Chow AW. Oral complications associated with immunosuppression and 
cancer therapies. Infect Dis Clin North Am. 1999;13:901-923.)
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Miscellaneous Infections of the Neck 
and Head
Since the advent of antibiotics, dental causes have outnumbered oro
pharyngeal and tonsillar sources of deep neck infections. Peritonsillar 
abscess (quinsy) is discussed separately in Chapter 59. Other miscel
laneous infections of the neck and head include suppurative cervical 
adenitis, infected embryologic cysts of the neck, suppurative thyroid
itis, and those secondary to human and animal bites, irradiation, or 
surgical procedures of the head and neck. Their clinical manifestations 
and management are briefly reviewed here. Antimicrobial therapy is 
further discussed in the section “Therapeutic Considerations.”

Suppurative Cervical Adenitis
The six groups of cervical lymph nodes (occipital, mastoid, parotid, 
facial, submandibular, and submental) form a collar at the junction of 
the head and neck. Within this collar near the base of the tongue lie 
the sublingual and retropharyngeal nodes. The anterior and lateral 
cervical nodes form a chain along the front and side of the neck, 
respectively. The lateral cervical chain serves as a common root for 
drainage. The final conduit from all lymphatic vessels in the head and 
neck is the large deep chain situated along the carotid sheath. Cervical 
adenitis that arises unilaterally is usually caused by pyogenic bacterial 
infections. Its anatomic location in relationship to major cervical land
marks provides the clinical clues to the primary source of infection. 
Bilateral acute cervical adenitis is generally suggestive of a nonspecific 
or viral cause, toxoplasmosis, or group A streptococcal infection. A 
more chronic or recurrent cervical adenitis is suggestive of typical or 
atypical mycobacteria, HIV infection, EpsteinBarr virus or cytomega
lovirus mononucleosis, catscratch fever, actinomycosis, sarcoidosis, or 
lymphoproliferative and neoplastic disorders.

Infected Embryologic Cysts
Three distinct embryologic abnormalities can manifest with infection 
in the neck: (1) cystic hygroma or lymphangioma, (2) pharyngeal and 
bronchial cleft cysts, and (3) thyroglossal duct cysts.74 Cystic hygroma 
is associated with a diffuse tumor mass, usually evident within the first 
2 years of life. It commonly involves the lower aspect of the neck, but 
it can appear anywhere in the cervical region. It is probably an abnor
mal development of lymphatic vessels from the jugular lymphatic sacs. 
Sudden enlargement by infection or hemorrhage into a lymphangioma 
may cause obstruction of the upper airways. Pharyngeal cleft cysts can 
develop from the first, second (most common), or third pharyngeal 
clefts. They usually manifest in childhood as fistulas or masses just 
posterior to the angle of the mandible along the anterior border of the 
sternocleidomastoid muscle. The mass can fluctuate in size, and 
enlargement can be associated with upper respiratory infection. Thy
roglossal duct cysts originate from the foramen cecum of the tongue 
and descend through the body of the hyoid bone into the anterior 
portion of the neck. Any residual secretory lining may give rise to a 
thyroglossal duct cyst that is midline. It can cause respiratory obstruc
tion or fistula formation if secondarily infected. Successful treatment 
of these congenital abnormalities during secondary bacterial infection 
requires broadspectrum antibiotics such as a penicillin or cephalospo
rin, in addition to clindamycin targeting the oral flora. Definitive surgi
cal excision to prevent recurrence should be performed after complete 
resolution of the acute process.

Suppurative Thyroiditis
Although infections of the thyroid gland are rare, they are potentially 
lifethreatening. Such infections may arise by a variety of pathways, 
including hematogenous dissemination, direct spread from an adja
cent deep fascial space infection, an infected thyroglossal fistula, or 
anterior perforation of the esophagus.74 Preexisting diseases of the 
thyroid gland such as a goiter or adenoma are frequently present. 
Acute suppurative thyroiditis is characterized by fever, local pain, ten
derness, warmth, erythema, and symptoms of dysphagia, dysphonia, 
hoarseness, or pharyngitis. The infection may involve a single lobe  
or both lobes, and fluctuance may not be apparent until late in the 
course. Subacute thyroiditis may produce similar local findings, but 
systemic manifestations are not as severe and tend to be more self
limiting. Laboratory investigation of thyroid infections should include 

to significantly reduce both the frequency and duration of severe  
oral mucositis.70 Because secondary infection is common but the etio
logic agents cannot be readily predicted on clinical grounds alone, 
specific microbiologic diagnosis by culture, histopathologic exami
nation, or antigen detection techniques may be necessary to guide 
appropriate antimicrobial treatment. However, a metaanalysis of the 
published literature on the usefulness of antimicrobial agents to ame
liorate the signs and symptoms of oral mucositis failed to demonstrate 
a clear benefit for the use of antimicrobial agents in the management 
of oral mucositis, mainly because of the generally poor quality of  
published studies and numerous confounding variables among this 
patient population.71 Meticulous oral and dental hygiene, effective 
management of xerostomia, selective suppression of oropharyngeal 
microbial colonization, and early control of reactivation by latent viral 
infections appear to be key for prevention and reduction of the overall 
morbidity of oromucosal infections in severely immunocompromised 
patients.72

Infections of the Salivary Gland
Sialadenitis, or infection of salivary tissue, is a relatively common 
disease. Sialolithiasis in elderly patients (particularly calculi in Whar
ton’s duct) often leads to ductal obstruction and secondary infection. 
Other predisposing factors for ductal occlusion include dehydration, 
sialogogic drugs, general debility, and trauma.

Suppurative Parotitis
Acute bacterial parotitis is a specific clinical entity affecting primarily 
elderly, malnourished, dehydrated, or postoperative patients.73,74 The 
onset of firm, erythematous swelling of the preauricular and postau
ricular areas is sudden and extends to the angle of the mandible. This 
is accompanied by exquisite local pain and tenderness. Systemic find
ings of high fevers, chills, and marked toxicity are generally present. 
Progression of the infection may lead to massive swelling of the neck, 
respiratory obstruction, septicemia, and osteomyelitis of the adjacent 
facial bones. Staphylococci have been the predominant isolates, and 
antibiotic therapy should include an antistaphylococcal agent (see 
Table 652). Enterobacteriaceae, other gramnegative bacilli, and 
anaerobes have also been reported to cause parotitis. Early surgical 
drainage and decompression of the gland are generally required 
because spontaneous drainage is uncommon.

Chronic Bacterial Parotitis
In this condition, parotitis is recurrent with intermittent acute exacer
bations. Chronic, lowgrade bacterial infection results in functional 
destruction of the salivary gland. Pus, when obtained directly from the 
gland, usually reveals the growth of staphylococci or mixed oral 
aerobes and anaerobes. Sialography during remission may reveal a 
sialectatic pattern of pooling of contrast medium that suggests multiple 
cystic cavities in place of the normal acinar pattern. Chronic parotitis 
may be confused with Sjögren’s syndrome, a noninfectious illness  
characterized by the triad of xerostomia, keratoconjunctivitis, and  
systemic autoimmune disease such as rheumatoid arthritis, lupus ery
thematosus, scleroderma, periarteritis nodosa, and polymyositis. The 
presence of associated temporomandibular arthritis or arthralgia is 
strongly suggestive of Sjögren’s syndrome rather than chronic bacterial 
parotitis.

Therapy for chronic parotitis should initially be conservative and 
consists of systemic antibiotics and ductal saline or antibiotic irriga
tions. Parotidectomy may eventually be required for people with long
standing infection.75

Viral Parotitis
Mumps parotitis is characterized by the rapid, painful swelling of one 
or both parotid glands within 2 to 3 weeks after exposure to the mumps 
virus. A prodromal phase of preauricular pain, fever, chills, and head
ache may be present (see Chapter 159). Other viral causes of parotitis 
include influenza and enteroviruses, and virus cultures or serologic 
examinations may be required for distinguishing these from true 
mumps. Mumps parotitis usually resolves spontaneously in 5 to 10 
days. Symptomatic relief of pain and fever is necessary, and prevention 
of dehydration and secondary bacterial infection is essential.
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hydroxide preparations for fungi should be routinely performed. 
Tissue biopsy specimens should be routinely examined for histopatho
logic evidence of acute or chronic inflammation and infection. In 
chronic osteomyelitis, soft tissue swelling and draining fistulas are 
frequently present. Aspirates from the adjacent soft tissue swellings 
may be valuable, but cultures from the sinus tracts may be misleading, 
because these sinus tracts are often colonized by organisms that do not 
reflect what is actually occurring within the infected bone. Bone biop
sies for histopathologic examination and culture are often necessary 
for a definitive diagnosis.

Immunofluorescence staining and DNA probes or polymerase 
chain reaction (PCR) are increasingly used to analyze pathogens that 
are fastidious or noncultivable.80,81 The benzoylDLarginine naphthyl
amide (BANA) test is a useful tool for the diagnosis of anaerobic 
periodontal infections.82 This test detects a trypsinlike enzyme 
(BANA) produced by various periodontopathic bacteria, including P. 
gingivalis, T. denticola, and Tannerella forsythensis. A positive BANA 
test result is correlated both qualitatively and quantitatively with the 
presence of these microorganisms and facilitates the diagnosis in the 
appropriate clinical setting.83

Imaging Techniques for the 
Localization of Infection
Orthopantomography (“wingbite” radiography) may reveal the true 
extent of advanced periodontitis or the presence of periapical abscess. 
Highresolution ultrasonography is useful for assessing the parotid 
gland or calculi within Stenson’s duct. Ultrasonography, radionuclide 
scanning, CT, and MRI are particularly useful for the localization  
of deep fascial space infections of the head and neck.49 CT can both 
localize a process and define its extent, particularly invasion into the 
cranial vault, mediastinum, or the bone; therefore, it is an invaluable 
tool for guiding needle aspiration or open drainage. A lateral radio
graph of the neck may demonstrate compression or deviation of  
the tracheal air column or the presence of gas within necrotic soft 
tissues. The soft tissues of the posterior wall of the hypopharynx are 
approximately 5 mm deep, less than one third the diameter of the 
fourth cervical vertebra (C4). The retropharyngeal soft tissues should 
be approximately two thirds the width of C4, and the retropharyngeal 
space slightly less.49 CT can determine whether the soft tissue swelling 
or an abscess originated from the retropharyngeal space or the pre
vertebral space. The former suggests an odontogenic source, whereas 
the latter likely indicates involvement of the cervical spine. Bone scan
ning with technetium, used in combination with gallium or indium
labeled white blood cells, is particularly useful for the diagnosis of 
acute or chronic osteomyelitis. In acute osteomyelitis, both the bone 
scan and the gallium scan are likely to yield positive findings. In 
chronic osteomyelitis, the gallium or indium scans may yield negative 
findings, but the result of the technetium scan may be positive. MRI is 
more sensitive than CT and probably more accurate than bone scan in 
detecting bone involvement.84 T2weighted images may identify and 
localize areas of pus for drainage or aspiration. Gadolinium enhance
ment is important for accurately defining the soft tissue component. 
Finally, MRA is useful for imaging vascular lesions, such as jugular 
thrombophlebitis or cortical venous thrombosis.49

THERAPEUTIC CONSIDERATIONS
Dental Caries and Periodontitis
For both caries prevention and the treatment of periodontitis, the  
most important strategy is the effective control of the supragingival 
and subgingival plaques through active promotion of and meticulous 
attention to oral hygiene. The diet should be scrutinized to eliminate 
or discourage frequent snacking on carbohydraterich foods or the 
intake of sugarcontaining beverages. Various antiseptic and antimi
crobial regimens are employed for the prevention of dental caries and 
treatment of different clinical forms of periodontal disease (see Table 
652). Fluoridecontaining dentifrices and rinses (e.g., 1.1% sodium 
fluoride or 0.4% stannous fluoride) and dental flossing should be 
encouraged after each meal. Fluoride forms a complex with the apatite 
crystals in dentin by replacing the hydroxyl group, thereby lending 
strength to the entire structure. Further, fluoride promotes remineral
ization of the carious lesions and also exerts a bacteriostatic effect. Oral 

ultrasonography, radionuclide scanning, and lateral radiography or 
computed tomographic scanning of the neck for evidence of peritra
cheal extension; thyroid function tests; and diagnostic needle aspira
tion for microbiologic diagnosis. S. aureus, Streptococcus pyogenes, and 
Streptococcus pneumoniae are most frequently isolated. Other isolated 
pathogens include Haemophilus influenzae, Streptococcus viridans, 
Eikenella corrodens, and Bacteroides, Peptostreptococcus, and Actino-
myces spp. Successful treatment requires specific antimicrobial agents 
and appropriate surgical drainage.

Infections from Bites, Irradiation, and 
Surgical Wounds
Human and Animal Bites
Human and animal bite wounds to the head and neck are relatively 
common. Although they may look innocuous initially, serious compli
cations can occur (also see Chapter 320). For this reason, empiric 
antibiotic therapy is recommended when the bite wound involves the 
face, head, or neck. According to researchers who used adequate anaer
obic culture techniques, indigenous oral flora rather than the skin flora 
may be the major source of bite wound infections.76,77 Streptococci, E. 
corrodens, and S. aureus are the most prevalent facultative organisms, 
and Bacteroides and Peptostreptococcus spp. are the most common 
anaerobic isolates. Penicillinresistant gramnegative rods are infre
quently found. E. corrodens is unique in that it is susceptible to penicil
lin and ampicillin but resistant to oxacillin, methicillin, nafcillin, and 
clindamycin.68a In animal bite wounds, Pasteurella multocida has been 
a common cause of infection.78 It is susceptible to penicillin, cefoxitin, 
and fluoroquinolones but resistant to clindamycin and erythromycin. 
In view of these findings, penicillin, amoxicillinclavulanate, or moxi
floxacin is a reasonable antibiotic choice of initial therapy for either 
human or animal bite wounds (see Table 653).

Irradiation and Postsurgical Wounds
Malignancies of the head and neck are frequently treated with a com
bination of irradiation, chemotherapeutic agents, and surgical resec
tion. Infectious complications are particularly common after such 
procedures.79 Pharyngocutaneous fistulas, osteonecrosis of the man
dible, or radionecrosis of the laryngeal cartilage may occur. S. aureus 
and Pseudomonas aeruginosa are pathogens commonly involved. Pro
longed courses of intravenous antibiotics should be selected according 
to culture and sensitivity data, and frequent wound débridement and 
cleansing are indicated. Although some controversy still exists, immu
nocompromised patients undergoing oropharyngeal surgery for cancer 
should receive perioperative antibiotics because they are at particularly 
high risk for infection. A broadspectrum antibiotic such as ticarcillin
clavulanate, piperacillintazobactam, or a carbapenem appears appro
priate in this setting (see Table 653). Coverage of methicillinresistant 
S. aureus (MRSA) may be prudent for known carriers.

DIAGNOSTIC APPROACHES
Microbiologic Investigation
A major challenge in the microbiologic investigation of oral infections 
is how to distinguish true pathogens from commensal flora. The mere 
presence of an organism is insufficient to assume that it is a cause of a 
polymicrobial endogenous infection. However, microorganisms with 
low virulence potential and usually considered harmless in a healthy 
host (e.g., coagulasenegative staphylococci, diphtheroids, enterococci) 
may nonetheless cause invasive disease in an immunocompromised 
patient. This possibility underscores the importance of proper speci
men collection and the need to correlate laboratory data with clinical 
information. Aerobic and anaerobic cultures should always be obtained. 
Surface cultures obtained from mucosal sites are regularly contami
nated by resident commensal flora and are generally not recommended. 
For closedspace infections, it is imperative that the normal resident 
oral flora be excluded during specimen collection so that the culture 
results can be interpreted appropriately. Needle aspiration of loculated 
pus by an extraoral approach is desirable, and specimens should be 
transported immediately to the laboratory under anaerobic conditions. 
For intraoral lesions, direct microscopic examination of stained smears 
often provides more useful information than do culture results from 
surface swabs. Gram and acidfast stains for bacteria and potassium 
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be particularly helpful for both microbiologic sampling and evacuation 
of pus. Effective surgical management requires a thorough understand
ing of the anatomic routes by which infection is most likely to spread. 
The neighboring potential fascial spaces should be carefully and sys
tematically surveyed. For effective drainage, the incision site should be 
in the most dependent location. It is equally important that the timing 
for incision and drainage be optimum. Premature incision into an area 
of poorly localized cellulitis in an illconceived search for pus can 
disrupt the normal physiologic barrier and cause further spread of 
infection.

Antimicrobial therapy is important in halting the local spread of 
infection and in preventing hematogenous dissemination. The initial 
choice of specific antibiotics is based more on knowledge of the indig
enous organisms that colonize the teeth, gums, and mucous mem
branes than on the results of culture and sensitivity testing.95 Whereas 
endogenous oral pathogens were almost universally susceptible to 
penicillin in the past, this is no longer the case. βLactamaseproducing 
anaerobic gramnegative bacteria in the oral cavity have been increas
ingly recognized.96 They include pigmented Prevotella spp., Porphy-
romonas spp., and Fusobacterium spp. Failure of penicillin therapy for 
odontogenic infections caused by these microorganisms has been well 
documented.95 Thus, a combination of a βlactam and βlactamase 
inhibitor (e.g., ampicillinsulbactam, amoxicillinclavulanate) should 
be considered. Apart from penicillin, there are also increasing reports 
of in vitro resistance to metronidazole and azithromycin among Fuso-
bacterium spp. and other anaerobic gramnegative bacteria isolated 
from odontogenic infections.97 Their clinical significance at this time 
is unclear, however. Nevertheless, the emergence of resistance among 
oral bacteria is disconcerting and probably results from widespread 
and inappropriate use of broadspectrum antibiotics. Accordingly, in 
vitro susceptibility testing of suspected oral pathogens has become 
more critical, particularly if the clinical response to initial empirical 
therapy is suboptimal.

The initial selection of antimicrobial agents should be guided by 
knowledge of the most likely causative organisms, their predicted anti
bacterial spectrum, and bioavailability in oral or parenteral formula
tions (see Tables 652 and 653). For normal hosts, metronidazole  
plus penicillin, combinations of βlactam and βlactamase inhibitors 
(e.g., ampicillinsulbactam, amoxicillinclavulanate), or clindamycin  
is generally the agent of choice. Cefoxitin, cefotetan, or moxifloxacin 
are alternative agents, although for each, the spectrum of anaerobic 
activity is limited. Erythromycin, other macrolides, and tetracycline 
are not recommended because of increasing resistance among some 
strains of streptococci and their lack of optimal anaerobic activity. 
Severely immunocompromised patients are at increased risk for 
unhalted and rapidly spreading infection, and coverage for nosocomial 
pathogens, including facultative gramnegative bacilli and MRSA,  
may be required. The antibiotic regimen must be broadspectrum, 
bactericidal, and appropriate in dose and schedule. Ciprofloxacin or a 
third or fourthgeneration cephalosporin (e.g., cefotaxime, ceftriax
one, ceftizoxime, cefepime), each in combination with metronidazole, 
is recommended. Monotherapy with an extendedspectrum penicillin
βlactamase inhibitor (i.e., ampicillinsulbactam, ticarcillinclavulanate, 
or piperacillintazobactam); a carbapenem (i.e., imipenemcilastatin, 
meropenem, or doripenem); or tigecycline is an alternative choice.

Osteomyelitis
Treatment of osteomyelitis of the jaws is complicated by the presence 
of teeth and persistent exposure to the oral environment. Antibiotic 
therapy needs to be prolonged, often for weeks to months.84 Clinda
mycin and moxifloxacin have excellent bioavailability in bone tissue, 
and either is recommended. Adjuvant therapy with hyperbaric oxygen 
may prove beneficial in hastening the healing process, but its overall 
efficacy remains controversial. In one study of 33 patients with early 
chronic osteomyelitis of the jaw, 79% were free of symptoms 10 to 34 
months after hyperbaric therapy combined with surgical débride
ment.98 Osteoradionecrosis (ORN) refers to osteomyelitis occurring 
after dental extraction, usually from the mandible that was included  
in a radiation port. ORN responds poorly to antimicrobial therapy 
alone. Surgical removal of necrotic bone, closure of the mucosa  
over the socket, and prolonged antibiotic therapy may be required. In 

antimicrobial rinses with 0.12% chlorhexidine are also effective for the 
control of dental plaque bacteria that lead to caries.85 Chlorhexidine 
acts as a cationic detergent that kills a wide range of bacteria and is 
retained on the oral surfaces for prolonged periods to prevent plaque 
advancement. A synergistic antibacterial effect has been demonstrated 
with the combination of chlorhexidine and fluoride, greater than that 
of either agent alone.86 A disadvantage of chlorhexidine is that it has a 
bitter taste and stains the enamel and tongue. Prolonged application 
may also promote the emergence of resistant microorganisms. Among 
topical antibiotics, although both penicillin and tetracycline have cari
ostatic effects in animal models, only the topical application of vanco
mycin has been shown to reduce dental caries with some degree of 
success in humans.87 None of these measures is routinely applied in 
clinical practice, but they are useful for the control of dental plaques 
in selected patients with rampant caries. With the development of 
improved restorative dental care and dental restorative materials, such 
as bonding and fluoridereleasing agents, the need for dental extrac
tions has become much less frequent.

Acute simple gingivitis may be treated with (1) penicillin plus met
ronidazole, (2) clindamycin, or (3) ampicillinsulbactam. Acute necro
tizing ulcerative gingivitis responds well to metronidazole alone. 
Clindamycin, ampicillinsulbactam, or amoxicillinclavulanate is an 
alternative choice (see Table 652). Certain types of severe periodon
titis are amenable to systemic antimicrobial therapy in conjunction 
with mechanical débridement (scaling and root planing).36 This pro
tocol has often obviated the need for radical surgical resection of  
periodontal tissues. In doubleblind clinical studies of advanced peri
odontitis, systemic metronidazole (500 mg PO three times daily) or 
doxycycline (200 mg PO twice daily) for 1 or 2 weeks in conjunction 
with rigorous mechanical débridement of the root surfaces was found 
to reduce the need for radical surgery by 80% in comparison with 
débridement plus placebo.88 A topical antibiotic approach is also fea
sible. The U.S. Food and Drug Administration has approved a powder 
containing minocycline microspheres (Arestin), which releases con
trolled amounts of the antibiotics beneath the gum, for use in conjunc
tion with scaling and root planing to reduce pocket depth in adults 
with “established” periodontitis.89 Alternatively, topical application of 
an extendedrelease doxycycline hyclate liquid (Atridox) may also be 
beneficial.90 In localized juvenile periodontitis, systemic tetracycline 
therapy directed against A. actinomycetemcomitans, combined with 
local periodontal treatment, has yielded excellent results. Unfortu
nately, the administration of tetracycline to children younger than 9 
years can cause staining of the permanent dentition and is not gener
ally recommended. Furthermore, tetracycline resistance among peri
odontal pathogens has been increasingly recognized. The routine use 
of systemic antimicrobials prophylactically during oral or periodontal 
surgery in a healthy host is unwarranted because the risk of postopera
tive infections after periodontal surgery is less than 1%.91

The need for definitive restoration or extraction of the infected 
tooth, the primary source of an odontogenic infection, is readily appar
ent. Deep periodontal scaling and endodontic treatment with root 
fillings are required in most instances. The key for the prevention and 
control of dental caries and advanced periodontitis is the active promo
tion of oral hygiene, including the following:
1. Rigorous brushing and dental flossing after each meal.
2. Dietary counseling to reduce the ingestion of carbohydraterich 

foods or beverages.
3. Use of topical fluorides and oral antimicrobial rinses such as 

chlorhexidine for patients at high risk for dental caries.
4. Behavioral modification of risk factors, such as tobacco smoking.
5. Overcoming the reluctance for regular visits to dental 

professionals.
Vaccines based on various immunogens derived from S. mutans, 

the principal bacterial agent associated with dental caries, have been 
explored.9294 However, the availability of an effective and safe vaccine 
for clinical application is unlikely in the near future.

Suppurative Soft Tissue Infections
The most important therapeutic modality for pyogenic odontogenic or 
nonodontogenic orofacial infections is surgical drainage and the 
removal of necrotic tissue. Needle aspiration by the extraoral route can 
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space, the most common causative organism is S. aureus, followed by 
facultative gramnegative bacilli in atrisk patient populations such  
as those with a history of intravenous drug abuse. Coverage with naf
cillin or vancomycin (if MRSA is suspected) plus ciprofloxacin is 
recommended.

other forms of osteomyelitis, surgical management, including seques
trectomy, saucerization, decortication, and closedwound suction  
irrigation is also occasionally necessary. In a few advanced cases, the 
entire segment of the infected jaw may have to be resected. For verte
bral osteomyelitis with or without extension into the prevertebral 
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Acute Bronchitis
Edward E. Walsh66 

C  Pleuropulmonary and Bronchial 
Infections

Acute bronchitis refers to a clinical syndrome distinguished by a rela-
tively brief, self-limited inflammatory process of large and mid-sized 
airways not associated with evidence of pneumonia on chest radiogra-
phy. It is characterized by a dry or productive cough of less than 3 
weeks’ duration, is most prevalent in winter, and is primarily caused 
by viruses. This definition does not pertain to acute exacerbations of 
chronic bronchitis, a clinical syndrome also frequently associated with 
viral infection but in which bacteria play a more important role (see 
Chapter 67). It should also be distinguished from acute bronchiolitis, a 
clinical syndrome involving small airways most closely linked to respi-
ratory syncytial virus (RSV) and human metapneumovirus (hMPV) 
infection in infants (see Chapters 160 and 161).

Acute cough is one of the most common reasons for physician visits 
in all age groups.1 Incidence data may be imprecise because symptoms 
overlap considerably with those of the common cold, pneumonia, and 
asthma. Estimates from the National Health Interview Survey of U.S. 
households have found that overall, 5% of persons annually report 
physician-diagnosed acute bronchitis, with highest rates during the 
winter months and in those younger than age 5 years.2 Studies from 
the United Kingdom have reported similar rates of 54 per 1000 persons, 
ranging from 36 per 1000 in younger men to 225 per 1000 in those 
older than 85 years of age.3,4

MICROBIAL ETIOLOGY
Despite failing to uncover a specific pathogen in most case series,  
acute bronchitis is believed to be most commonly caused by a wide 
range of viruses (Table 66-1). Approximately 10% or less of cases are 
attributed to bacterial pathogens, principally Mycoplasma pneumoniae, 
Chlamydia pneumoniae, and Bordetella pertussis. However, the recent 
increase in pertussis cases among adolescents and adults should be 
considered when evaluating illnesses. The relative proportion of cases 
caused by different pathogens varies according to age and the season 
studied but, importantly, is also influenced by the diagnostic methods 

used. Molecular tests, rather than standard culture, identify a greater 
number and wider range of viral pathogens, especially in adults, in 
whom many illnesses represent reinfection with common pediatric 
viruses (RSV, hMPV, parainfluenza viruses) or infections with newly 
discovered pathogens such as parainfluenza 4 and bocavirus.5-8 Many 
of these infections in adults are associated with low virus shedding.6,7 
Furthermore, at presentation to a physician, virus shedding may have 
already ceased. Influenza A and B viruses are most closely associated 
with winter outbreaks of acute bronchitis in both children and adults 
because of a high relative incidence of infection and the efficiency of 
influenza virus to infect and damage bronchiolar epithelial cells.3,8-10 
Although cough associated with most coronavirus and rhinovirus 
infections is commonly caused by postnasal congestion, these agents, 
including recently identified strains of rhinovirus and coronavirus, 
including severe acute respiratory syndrome, can infect the lower 
airway, causing acute bronchitis.11-14 The higher temperature of lower 
airways was considered inhospitable to rhinovirus replication; however, 
recent evidence has convincingly documented virus presence in bron-
chiolar epithelial cells, although cytopathology is less than that with 
influenza virus infection.13 Although found less frequently than other 
viruses in the general population, adenoviruses, including the recently 
identified adenovirus type 14, and adenovirus types 4 and 7, are impor-
tant causes of bronchitis in military recruits.8,15 Enteroviruses, primar-
ily echovirus and coxsackievirus, can cause acute bronchitis. 
Simultaneous infection with two or more viruses occurs in 10% to 30% 
of cases, as is frequently the case with bocavirus infection. Worldwide, 
measles virus remains an important respiratory tract pathogen causing 
cough during the early prodromal phase; especially vulnerable are 
malnourished children in developing countries lacking resources for 
vaccination.16 Although herpes simplex virus is commonly identified 
in respiratory secretions of patients with respiratory illness and is gen-
erally considered to be clinically insignificant, it has been associated 
on occasion with acute hemorrhagic tracheobronchitis in normal 

Definition
•	 Acute	bronchitis	is	a	self-limited	syndrome	

characterized	by	acute	cough	with	or	without	
sputum	but	without	signs	of	pneumonia.

Epidemiology
•	 Acute	bronchitis	occurs	year-round	and	is	

caused	by	a	large	number	of	respiratory	
pathogens	according	to	the	typical	
epidemiology	of	each	pathogen.

Microbiology
•	 Acute	bronchitis	is	primarily	caused	by	viral	

infections.	Most	common	are	rhinovirus,	

influenza	viruses,	respiratory	syncytial	virus,	
metapneumovirus,	coronaviruses,	and	
adenovirus.	Fewer	than	10%	of	cases	are	
caused	by	Mycoplasma	pneumoniae,	
Chlamydia	pneumoniae,	and	Bordetella	
pertussis.

Diagnosis
•	 Diagnosis	is	primarily	made	by	the	

clinical	presentation	in	the	absence		
of	signs	and	symptoms	of		
pneumonia.

Therapy
•	 Therapy	is	symptomatic	because	antibiotics	are	

uncommonly	required	and	unnecessary	in	the	
majority	of	cases.

Prevention
•	 Prevention	is	directed	at	specific	pathogens	

when	possible	(e.g.,	influenza	and	pertussis	
vaccination).
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TABLE 66-1  Viral and Bacterial Causes of Acute 
Bronchitis

PATHOGEN SEASONALITY COMMENTS
Influenza viruses Winter Local epidemics last 6-8 wk 

during which clinical illness 
of cough and fever has high 
predictive value; laboratory 
diagnosis readily available; 
early neuraminidase inhibitor 
therapy effective

Rhinoviruses Fall and spring Most frequent cause of 
common cold syndrome; 
immunity is serotype specific

Coronaviruses Winter to spring Causes common cold 
syndrome; newer strains are 
difficult to culture and 
require RT-PCR for diagnosis

Adenoviruses Year-round, winter 
epidemics

High attack rates in closed 
populations such as persons 
living in military barracks or 
college dormitories; 
serotype-specific immunity

Respiratory syncytial 
virus (RSV)

Late fall to early 
spring

Attack rates approach 75% in 
neonates, 3%-5% in adults; 
associated with wheezing in 
all age groups; rapid antigen 
test accurate in children but 
requires culture or RT-PCR to 
diagnose in adults

Human 
metapneumovirus 
(hMPV)

Winter to early 
spring

Associated with wheezing in 
adults and in infants; difficult 
to isolate in tissue culture 
and often requires RT-PCR

Parainfluenza viruses Fall to winter Similar to RSV and hMPV, 
parainfluenza viruses 
primarily pediatric pathogens 
but can cause severe acute 
disease in some adults

Measles virus Year-round Can cause respiratory disease in 
malnourished children; illness 
causes transient immune 
suppression

Mycoplasma 
pneumoniae

Year-round, fall 
outbreaks

Long incubation period (10-21 
days) results in staggered 
epidemic pattern in families; 
nonproductive persistent 
cough typical; diagnosed by 
IgM serology; treated with 
macrolide, quinolone, or 
tetracycline antibiotics

Chlamydia 
pneumoniae

Year-round Associated with sinusitis; 
diagnosis by RT-PCR not 
readily available

Bordetella pertussis Year-round Severe illness in nonimmunized 
children; illness milder in 
partially immune adults can 
be associated with prolonged 
cough; adults often reservoir 
for epidemics; early therapy 
with antibiotics can reduce 
spread

RT-PCR, reverse-transcriptase polymerase chain reaction.

persons and has been described in critically ill intubated adults.17 
Although occasionally involving the lower airways, infection with 
human papillomavirus types 6 and 11 produces symptoms of hoarse-
ness, stridor, and chronic cough.18

Mycoplasma pneumoniae, C. pneumoniae, and Bordetella pertussis 
are the bacteria most associated with acute bronchitis, implicated in 
perhaps 10% of cases.3 Cough caused by these agents, especially B. 
pertussis, may persist in some cases for several months. Recently, Bor-
detella holmesii has been recognized as a cause of pertussis syndrome 
(see Chapter 232). In a recent acellular pertussis vaccine trial in adults, 
the incidence of pertussis was 0.7% in the placebo group.19 However, 
the number of cases in adults has been increasing in recent years, 
attributed to incomplete vaccine uptake as well as failure of the vaccine 

to induce durable immunity.20 This has resulted in a recommendation 
to provide a vaccine booster dose to adults and pregnant women (see 
Chapter 321). Bordetella bronchiseptica, a canine pathogen, can occa-
sionally cause disease in humans, especially those who are immuno-
compromised.21 Streptococcus pneumoniae, Haemophilus influenzae, 
and Moraxella catarrhalis (formerly Branhamella catarrhalis) have not 
been conclusively demonstrated to cause acute bronchitis, despite their 
implication in postviral pneumonia and chronic bronchitis. Although 
many viruses enhance bacterial adherence to respiratory epithelial cells 
in vitro, the actual incidence of postviral bacterial infection in clinical 
situations has not been well defined.

PATHOGENESIS
The pathogenesis of acute bronchitis is the result of a combination of 
direct cytopathology of the pathogen and host immune response. 
Because cell tropism and pathogenic mechanisms vary for each of the 
viruses, it is not surprising that the location and extent of cytopathol-
ogy in the airways also varies. Histopathologic changes in the airways 
during infection are best characterized for influenza virus.10,11,22,23 In a 
recent autopsy series of 47 children with fatal influenza, submucosal 
congestion, hemorrhage, mononuclear cell infiltration, and epithelial 
necrosis were noted in 50% of cases.23 Similar findings have been 
reported in adults, along with occlusion of airways by desquamated 
necrotic debris.22 In less severe influenza, bronchoscopic examination 
reveals only mild inflammatory changes.24 RSV has also been demon-
strated to infect terminal bronchiolar lining cells with extensive debris 
occluding the lumen in infants, but similar data are lacking in adults.25 
Rhinovirus, which is primarily associated with upper respiratory 
common cold symptoms, produces patchy infection of bronchial epi-
thelial cells up to 15 days after experimental challenge.13

There is ample evidence that immune responses contribute signifi-
cantly to disease pathogenesis in acute bronchitis. The innate immune 
response, characterized by virus-induced release of proinflammatory 
cytokines and chemokines by respiratory epithelial cells and immune 
cells, contributes to systemic and local symptoms. Early after infection 
with influenza, type I interferons, tumor necrosis factor, and 
interleukin-6 can be detected.26 In experimental influenza virus infec-
tion, symptoms correlate temporally with the kinetics of cytokine 
secretion.27 Cytokine induction by rhinovirus may also explain the 
important role that this virus plays in asthma episodes.28 The immune 
response is thought likely to be responsible for the prolonged airway 
hyperreactivity that can be demonstrated for up to 6 weeks after influ-
enza or RSV infection in normal adults.29 Among the bacterial causes 
of acute bronchitis, B. pertussis is unique in that its expression of toxins 
may play a role in clinical symptoms, including the prolonged charac-
teristic cough. However, a defined and specific pertussis “cough” toxin 
has not yet been identified.

CLINICAL MANIFESTATIONS
In most children and adults, acute bronchitis begins with signs and 
symptoms typical of the common cold syndrome. Nasal congestion, 
rhinitis, sore throat, malaise, and low-grade fever typical of the 
common respiratory viral pathogens are noted first, followed shortly 
by the onset of cough, which becomes the dominant sign in acute 
bronchitis. In mild cases, the illness lasts only 7 to 10 days, whereas in 
others, cough may persist for up to 3 weeks or longer. Wheezing is not 
uncommon with acute bronchitis; in one study from the Netherlands, 
37% of patients with acute bronchitis ultimately were diagnosed with 
asthma.30 Disease severity and dominance of various symptoms may 
vary according to the specific pathogen. Fever is more common and 
higher with influenza or adenovirus infection, compared with rhino-
virus or RSV infection at all ages. In contrast, RSV- or hMPV-infected 
persons are more likely to wheeze than influenza virus–infected 
patients.7,31

Various host factors such as age, underlying medical conditions, 
immune status, and environmental factors such as second-hand smoke 
exposure can influence clinical presentation and illness severity. Older 
patients and those with underlying cardiopulmonary conditions 
infected with influenza, RSV, or hMPV remain ill for an average of  
16 to 17 days, in contrast to younger persons whose illness lasts an 
average of 7 to 10 days.6,7,31 In M. pneumoniae infection, cough can be 
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serology. Because of the large number of potential pathogens that can 
cause acute bronchitis, newer rapid multiplex RT-PCR assays could 
provide useful diagnostic information in managing acute bronchitis.

THERAPY
Therapy for patients with acute bronchitis is generally symptomatic, 
directed at relief of troublesome upper respiratory symptoms, cough, 
and wheezing. As noted, acute bronchitis and asthma can present with 
similar manifestations, and therapy directed toward bronchospasm 
may be required. Several approaches to controlling acute cough have 
included narcotic cough suppressants, expectorants, antihistamines, 
decongestants, and β2-agonists.41,42 Reviews of randomized controlled 
trials have not clearly concluded that they are beneficial. In a placebo-
controlled double-blind trial in experimental rhinovirus infection, the 
combination of ibuprofen (400 mg) plus chlorpheniramine (12 mg), 
administered every 12 hours for 4.5 days, reduced cough significantly, 
although the effect was optimal when combined with an intranasal 
antiviral compound (interferon-α).43

After their introduction after 1940, antibacterial agents were rapidly 
embraced for treatment of acute bronchitis; currently, 60% to 80% of 
patients receive antibiotics for this diagnosis.44,45 However, empirical 
antibacterial therapy for acute bronchitis without regard for demon-
strated pathogen-specific therapy has repeatedly been shown to pro-
vide no benefit for most patients.46 However, acute bronchitis remains 
one of the five most frequently cited rationales for excessive antibiotic 
use in outpatients. Acute bronchitis and other acute respiratory syn-
dromes (otitis media, sinusitis, pharyngitis, upper respiratory tract 
infections) account for approximately 75% of ambulatory prescriptions 
in the United States.1 Current guidelines, endorsed by a number of 
national societies, including the Infectious Diseases Society of Amer-
ica, do not recommend the routine use of antibiotics for uncomplicated 
acute bronchitis in otherwise normal persons.47 Various strategies to 
reduce antibiotic use, including patient and physician education or 
delayed prescription filling, can reduce antibiotic use by approximately 
50%.48,49 Recent randomized controlled studies using levels of serum 
procalcitonin to guide therapy in acute respiratory infections, includ-
ing acute bronchitis, have also demonstrated that antibiotic use can be 
partly reduced without adversely affecting outcome.39,40 If a specific 
viral diagnosis can be confirmed using a rapid RT-PCR test, perhaps 
physicians would be more willing to forego antibiotic treatment. Even 
patients with documented M. pneumoniae or C. pneumoniae infection 
may not benefit from specific therapy with macrolides or quinolones 
in the absence of pneumonia. In adults and adolescents, early therapy 
for infection with B. pertussis with macrolides or tetracyclines is indi-
cated to prevent transmission, although the clinical findings early in 
infection are indistinguishable from viral causes of bronchitis.

It may be useful to seek a specific diagnosis of influenza during 
community outbreaks, because specific treatment with neuraminidase 
inhibitors active against influenza A and B strains can reduce the dura-
tion of illness when administered early in its course. In one study of 
adults with influenza, subsequent antibacterial use was 11% in 
zanamivir-treated patients compared with 17% in placebo-treated con-
trols.50 However, bacteriologic and radiologic confirmation of bacterial 
pneumonia was not sought in this study.

PREVENTION
Preventive measures to reduce transmission of agents known to cause 
acute bronchitis should be limited to standard respiratory and contact 
precautions when a specific etiology is unknown. Immunization 
against specific pathogens, such as influenza and pertussis, is of benefit 
and can reduce the incidence of symptomatic infection with these 
agents (see Chapter 321).

particularly persistent and irritating, often with minimal phlegm, 
causing severe chest discomfort.

DIAGNOSIS
Acute bronchitis should be suspected in any person with an acute 
respiratory tract illness in which cough is the dominant complaint. 
Patient evaluation begins with a careful history, including identifica-
tion of underlying chronic obstructive pulmonary disease or asthma, 
which may require specific therapy. Taking note of the season and the 
presence of influenza or other circulating viruses in the community is 
important. During community outbreaks of influenza, the presence of 
an acute illness with fever and cough can have a predictive value of 
79% in young healthy persons.32 Among hospitalized older persons 
with acute respiratory tract illness, similar clinical parameters increase 
the odds of influenza approximately threefold.33 Exposure to environ-
mental irritants should be sought, especially in the absence of typical 
upper respiratory tract symptoms. Travel history or exposure to ill 
family members or close contacts may provide useful information 
about the incubation period and thus the etiology. M. pneumoniae, 
with an incubation period of 7 to 21 days, will progress slowly through 
the family in contrast to influenza with its 2- to 4-day incubation 
period and close clustering of illnesses. Recent vaccination does not 
eliminate influenza from consideration, especially in older persons  
in whom protective efficacy is poor.6,34 Prolonged cough longer than 
4 weeks, with or without paroxysms or vomiting, should suggest B. 
pertussis, even among vaccinated adolescents and adults, because 
immunity is not durable.19,20

Physical examination should be attentive to signs of pneumonia, 
because a primary goal of evaluation is to discriminate acute bronchitis 
from pneumonia. A concern for clinicians is the occurrence of bacte-
rial infection that can follow viral respiratory tract infection. This is 
best exemplified by the severe bacterial pneumonias that followed 
influenza infection during the 1918 H1N1 and 1957 H2N2 pandemics. 
Similarly, one report described bacteremic S. pneumoniae pneumonia 
in long-term care patients after antecedent parainfluenza virus infec-
tions.35 Despite concerns about postviral bacterial pneumonia, several 
large studies have indicated that only approximately 7% of patients 
diagnosed with acute bronchitis will have radiographic evidence of 
pneumonia.36 Combinations of signs and symptoms or overall clinical 
judgment is imprecise, with a sensitivity of only 23%.37,38 One study 
has found that in the absence of any vital sign abnormality, radio-
graphic evaluation could be safely omitted.37 Standard laboratory tests, 
such as white blood cell count or inflammatory markers such as serum 
C-reactive protein, do not reliably discriminate viral from bacterial 
infection.38 However, recent studies from Europe have suggested that 
a serum procalcitonin level below 0.1 ng/mL may be a more reliable 
indicator of patients with a variety of acute respiratory syndromes, 
including acute bronchitis, that do not require antibiotic therapy.39,40 
Procalcitonin, the prohormone of calcitonin, is synthesized by a variety 
of tissues in response to bacterial infection to a greater extent than to 
viral infections.

Ultimately, etiologic diagnosis requires laboratory confirmation. 
Rapid antigen detection in nasopharyngeal swabs is relatively sensitive 
for influenza virus in all age groups, as it is for RSV in infants. Identi-
fication of other viral pathogens requires tissue culture or reverse-
transcriptase polymerase chain reaction (RT-PCR) assay. The latter is 
especially useful in older adults because culture for many of the most 
prevalent viruses (RSV, hMPV, coronaviruses, parainfluenza viruses) 
is insensitive in adults.5-7 Diagnosis of M. pneumoniae rests on dem-
onstrating pathogen-specific IgM in serum or with RT-PCR assay. B. 
pertussis diagnosis can be made by serology, RT-PCR assay, or culture. 
C. pneumoniae is difficult to diagnose and requires RT-PCR assay or 
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Acute Exacerbations of Chronic 
Obstructive Pulmonary Disease
Leopoldo N. Segal, Michael D. Weiden, and  
Harold W. Horowitz

EPIDEMIOLOGY
Chronic obstructive pulmonary disease (COPD), including emphy-
sema and chronic bronchitis, has been the third leading cause of  
death since 2008 in the United States.1 It will become the third 
leading cause of death in the world by 2020.2,3 COPD prevalence 
has increased owing to increased longevity and long-term exposure  
to common environmental risk factors such as inhaled particulate 
matter. By 2030, 10% of the general population and 50% of smokers 
will have COPD.4,5,6 Consequently, COPD is an important driver of 
increased health care utilization, producing significant social and eco-
nomic costs.7-9

COPD is caused by multiple factors, including environmental expo-
sures, infections, inflammation, and genetic predisposition. Tobacco 
smoking is the largest environmental risk factor in the United States. 
In other countries, occupational dust exposures, outdoor air pollution, 
and poor indoor air quality from burning biomass fuels are major 
COPD risk factors.10 Among immune-competent adults, increased 
airway bacteria produce airway inflammation and accelerate airway 
obstruction.11 Immunosuppression is an independent risk factor for 
COPD. Immunoglobulin (Ig)A-deficient individuals have repeated 
lower respiratory tract infections during childhood and poor adult 
lung function.12 Human immunodeficiency virus (HIV) infection pro-
motes chronic pulmonary inflammation and increased pulmonary 
matrix metalloprotease expression, leading to smoking-related emphy-
sema.13,14 Even after effective antiretroviral therapy, patients with the 
acquired immunodeficiency syndrome (AIDS) have an increased  
frequency of pulmonary infection and accelerated lung function 
decline.15,16 Genetic susceptibility is another risk factor for developing 
COPD. Mutation of the α1-antitrypsin gene leads to low serum anti-
protease activity, causing a much higher risk for COPD in smokers and 
workers exposed to particulate matter.17 Homozygous α1-antitrypsin 
deficiency (PI*ZZ) occurs in 1% to 4.5% of COPD patients, and the 
heterozygous form (PI*MZ), with less severe deficiency, occurs in 
17.8% of COPD patients.18 Ethnic origin is an important risk factor 
for COPD, raising the possibility of differential group-level genetic 

susceptibility to lung injury.19 For most individuals, predisposition to 
abnormal lung function is polygenic, with more than 20 risk genes 
currently identified.20,21 Poor socioeconomic status, chronic asthma, 
fetal growth retardation, poor nourishment, and history of pulmonary 
tuberculosis are other risk factors for COPD.19,22-24

Acute exacerbations of COPD (AECOPD) produce significant 
morbidity and mortality. Risk factors include viral and bacterial infec-
tions, change in environmental conditions such as smog, gastroesopha-
geal reflux, lack of compliance with maintenance treatment, severity of 
baseline disease, and history of prior exacerbations.25 Seasonality has 
been demonstrated in AECOPD, which occurs in northern and south-
ern latitudes approximately two times more frequently during winter 
than in summer. AECOPD are responsible for the greatest proportion 
of health care–related costs associated with COPD.7-9 The discussion 
in this chapter will focus on the impact of AECOPD on disease course, 
infectious causes of AECOPD, and treatment as well as prevention 
options.

CLINICAL MANIFESTATIONS
Patients with COPD usually present with progressive shortness of 
breath, cough, and sputum production. These symptoms are associated 
with accelerated decline in lung function, which may continue despite 
smoking cessation. The dyspnea usually starts during exercise but can 
occur with minimal exertion or at rest as disease progresses. Cough 
and sputum production are usually intermittent and more pronounced 
in the morning. Other chronic pulmonary diseases with similar clinical 
presentation and acute exacerbations should be differentiated from 
those of COPD because treatment differs. Examples of these include 
asthma, cystic fibrosis, bronchiectasis, diffuse panbronchiolitis, and 
obliterative bronchiolitis. Worsening symptoms, increased sputum 
volume, and transition of sputum color from clear to green or yellow 
suggests an acute exacerbation, which more commonly occurs during 
the winter.26 The main differential diagnosis of exacerbations in patients 
with COPD includes pneumonia and congestive heart failure, both of 
which are common comorbidities in these patients.4

Definition
•	 Chronic	lung	disease	with	irreversible	airflow	

limitation	with	reduced	forced	expiratory	
volume	in	1	second	(FEV1)	and	FEV1/forced	
vital	capacity	(FVC)	ratio

•	 Acute	exacerbation	indicated	by	acute	change	
from	a	patient’s	baseline	with	increased	
dyspnea,	sputum	volume,	or	sputum	purulence;	
number	of	changes	clinically	defines	severity

Epidemiology
•	 Prevalence	expected	to	reach	10%	of	the	

overall	population	and	50%	of	smokers;	fourth	
leading	cause	of	death	worldwide

•	 Increased	risk	for	acute	exacerbation	in	winter
•	 Risk	factors:	cigarette	smoking,	environmental	

particulate	matter,	genetic	predisposition

Pathogenesis
•	 Intermittent	progressive	airway	inflammation;	

remodeling	and	loss	of	lung	function

•	 Ciliary	dysfunction;	excess	mucus	production;	
impaired	phagocytosis	leading	to	bacterial	
colonization

Microbiology
•	 Airways	of	patients	with	stable	disease	are	

frequently	colonized	with	Streptococcus	
pneumoniae,	Haemophilus	influenzae,	and	
Moraxella	catarrhalis;	respiratory	syncytial	
virus	is	most	frequent	colonizing	virus.

•	 Microaspiration	in	stable	disease	introduces	
oral	anaerobes	(e.g.,	Prevotella	and	Veillonella	
spp.)	into	lower	airway.

•	 During	acute	exacerbation,	bacteria	or	
viruses	or	both	may	be	isolated,	with		
more	gram-negative	rods	found	with	
worsening	lung	function.	“Atypical”	bacteria	
are	not	frequently	isolated.	Acquisition	of		
new	pathogen	is	associated	with		
exacerbation.

Diagnosis
•	 Acute	exacerbation	is	defined	by	increased	

sputum	purulence,	volume,	and	dyspnea.

Therapy
•	 Use	of	bronchodilators	has	increased	for	mild	

exacerbation	without	antibiotic	therapy.
•	 Oral	or	intravenously	administered	

corticosteroids	and	early	empirical	antibiotic	
therapy	are	advised	for	moderate	to	severe	
exacerbations.

Prevention
•	 Avoid	exposure	to	particulate	matter	and	

cease	smoking.
•	 Administer	influenza,	pneumococcal,	and	

pertussis	vaccines.
•	 Prescribe	prophylactic	daily	azithromycin	in	

patients	with	advanced	disease	with	a	history	
of	exacerbation	and	no	cardiac	risk	factors.

SHORT VIEW SUMMARY
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outpatient setting, the presence of high severity should prompt consid-
eration of hospital admission.4 The clinical signs of risk for respiratory 
failure are the most important measure of the current exacerbation’s 
severity. Tachypnea (especially with a respiratory rate above 25 breaths/
min), tachycardia, inability to speak full sentences, and fatigue are 
indications for hospitalization. Oxygen saturation above 90% can be 
misleading because hypoxemia is frequently a late event in the progres-
sion to respiratory failure. In an acutely symptomatic patient, arterial 
blood gas analysis is more useful than oximetry because it can diagnose 
hypercapnia as well as hypoxemia. Use of accessory muscles with para-
doxical breathing characterized by inward motion of the abdomen 
during inspiration indicates diaphragmatic fatigue and impending 
respiratory failure. Abdominal paradoxical breathing, progressive 
hypercapnia, or deteriorating mental status usually indicates the need 
for ventilatory support in an intensive care unit with noninvasive or 
invasive positive-pressure ventilation.4

Additional diagnostic tests include chest radiography to identify 
pulmonary infiltrates and electrocardiography to assess for cardiac 
ischemia and arrhythmias, particularly paroxysmal atrial tachycardia. 
The basic metabolic panel is helpful to assess severity for AECOPD. 
Elevated levels of sodium bicarbonate are a sign of chronic hypercap-
nia. Increased anion gap is a sign of anaerobic metabolism of the 
respiratory muscles or sepsis syndrome or both. Hyponatremia some-
times occurs as a result of the syndrome of inappropriate secretion of 
antidiuretic hormone. Hyperglycemia is a response to stress or sys-
temic corticosteroids, and renal insufficiency is a manifestation of 
reduced cardiac output in end-stage pulmonary hypertension. The 
presence of these derangements may warrant hospitalization.4

Radiology
Although chest radiography is an insensitive test to diagnose COPD, 
it is the usual first step in the evaluation of patients with progressive 
dyspnea and cough. It is useful to assess the symptomatic patient for 
advanced lung cancer, pulmonary fibrosis, or congestive heart failure. 
Sometimes COPD is suspected because the chest radiograph shows 
hyperinflation with flattened diaphragm or increased retrosternal 
space. If bullae are observed, then COPD is highly likely. CT is the 
imaging modality of choice for the evaluation of COPD and many 
other symptomatic pulmonary diseases. Data suggest that quantitative 
CT allows estimation of the risk for exacerbation frequency and deter-
mination of indices of disease impact such as BODE.40

PATHOPHYSIOLOGY
Impaired lung function in COPD is caused by destruction and remod-
eling of large and small airways due to chronic inflammation caused 
by complex interactions between the ambient (toxic inhalants, chang-
ing microbiome) and the airway mucosa (host immune response). 
Both inflammatory changes and lung function deterioration become 
more prominent with each exacerbation (Fig. 67-1). Early pathology 
is produced by inflammation in bronchioles less than 2 mm in diam-
eter followed by parenchymal remodeling.41,42 In early stages, the 
central airway walls are infiltrated with CD8+ lymphocytes, producing 
bronchial wall thickening evidenced on chest CT.43 Apoptosis and 
necrosis of epithelial and endothelial cells are also present, as are acti-
vated CD4+ T cells.44,45 As disease progresses, neutrophils become 
prominent and release neutrophil elastase, leading to parenchymal 
destruction.46,47 Persistent airway injury also produces squamous meta-
plasia with loss of cilia function in affected bronchial segments. Disease 
of both the large and small airways contributes to airflow obstruction 
and ventilation heterogeneity.48 Pulmonary hypertension due to loss of 
the pulmonary capillary bed can also develop in COPD. Chronic 
hypoxia also produces vasoconstriction, leading to fixed structural 
changes that worsen pulmonary hypertension.49 As disease progresses, 
frequent exacerbations of COPD further contribute to increased lung 
inflammation and persistent loss of lung function.50-54

Mucosal Inflammation
COPD patients have a 20-fold increase in alveolar macrophages in 
alveoli, bronchioles, and small airways.55,56 Because alveolar macro-
phages are a major source of inflammatory cytokines and growth 
factors, recruitment of inflammatory cells into the lung accelerates the 

DIAGNOSIS
COPD is characterized by progressive airflow obstruction, defined by 
reduction of forced expiratory volume after 1 second (FEV1) and a low 
ratio of FEV1/forced vital capacity (FVC) on pulmonary function tests. 
Chronic bronchitis and emphysema are the two major clinical sub-
types. Because overlap between them is common and treatment is 
similar, there is little clinical importance to distinguish chronic bron-
chitis from emphysema. Chronic bronchitis is defined by a history of 
productive cough for 3 months per year in at least 2 successive years. 
Emphysema used to be a pathologic diagnosis with distal airspace 
enlargement accompanied by destruction of alveolar walls. In the 
modern era, high-resolution computed tomography (CT) is able to 
define the extent and distribution of emphysema. With increasing use 
of CT to screen for lung cancer, more asymptomatic smokers are diag-
nosed with emphysema.27

Severity of stable COPD is based on pulmonary function (Table 
67-1).4 Initially, the results of standard pulmonary function tests are 
normal. Abnormalities in early disease may require more sensitive 
techniques that evaluate distal lung function, such as impulse oscil-
lometry.28 With progression, patients suffer decreasing FEV1, decreas-
ing FEV1/FVC ratio, and increased total lung capacity caused by air 
trapping during expiration. Alveolar destruction promotes airway col-
lapse and reduces diffusing capacity of carbon monoxide (DLco) in 
the lung. Eventually severe airflow obstruction can lead to abnormal 
arterial blood gases with hypoventilation (Pco2 >40 mm Hg) and 
hypoxemia (Po2 <60 mm/Hg). Integration of physiologic parameters 
with symptoms are useful, validated predictors of mortality.29,30 One of 
the most commonly used composite criteria to accurately characterize 
COPD is called BODE. It includes body-mass index, airflow obstruc-
tion (as defined by abnormal FEV1), dyspnea, and exercise capacity 
(evaluated by a 6-minute walk test).31,32 BODE predicts response to 
rehabilitation, hospitalization, and mortality.31,33-35

Acute Exacerbations of COPD
Although there is no universal agreement on how to define or diagnose 
AECOPD, they are commonly defined as acute events with worsening 
respiratory symptoms beyond normal day-to-day variations. They 
usually require increased rescue β-agonist inhaler use to control symp-
toms.36 One widely used scale to diagnose the presence and severity 
of AECOPD requires patients to have at least one of the following 
clinical presentations: upper respiratory tract infection symptoms 
within the previous 7 days, increased wheezing, fever without another 
identified cause, or an increase in heart rate or respiratory rate greater 
than 20% from baseline. This scale then categorizes patients into three 
groups based on whether they have worsening dyspnea, increase in 
sputum purulence, and/or increase in sputum volume. A severe exac-
erbation has all three criteria, a moderate exacerbation has two, and a 
mild exacerbation has only one.37 Risk factors associated with COPD 
exacerbations include having three or more COPD exacerbations in 
the previous year, reduced FEV1, smoking, and nonadherence with 
oxygen therapy.38,39 The risk for severe exacerbation depends on each 
patient’s medical history, including baseline FEV1, number of prior 
exacerbations, prior need for mechanical ventilation, and comorbidi-
ties. Whereas the vast majority of AECOPD can be managed in the 

TABLE 67-1  Spirometric General Classification 
of COPD

SEVERITY FEV1/FVC
FEV1 % 
PREDICTED

GOLD 0: At-risk patients who:
Smoke or have exposure to pollutants
Have cough, sputum, or dyspnea
Have family history of respiratory disease

>0.7 ≥80

GOLD 1: Mild COPD ≤0.7 ≥80

GOLD 2: Moderate COPD ≤0.7 50-80

GOLD 3: Severe COPD ≤0.7 30-50

GOLD 4: Very severe COPD ≤0.7 <30

COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume 
in 1 second; FVC, forced vital capacity; GOLD, Global Initiative for Chronic 
Obstructive Lung Disease.
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This vicious cycle could explain the association of poor oral health and 
increased airway bacterial load, COPD exacerbations, and reduced 
lung function.77-81

Viruses and bacteria in the lower airway perpetuate the inflamma-
tion in COPD, causing damage by a number of mechanisms.11,82,83 They 
may be ciliotoxic, invade epithelial cells causing apoptosis, increase 
mucin production, or degrade humoral immunity via secretion of IgA 
proteases.84,85 Bacterial molecules such as endotoxins, membrane lipo-
proteins, peptidoglycan fragments, and lipoteichoic acid activate the 
innate immune response, exacerbating inflammation.86 COPD patients 
whose airways are heavily colonized with bacteria have higher concen-
trations of inflammatory cytokines and neutrophils in respiratory 
secretions.83 High bacterial burden in the lower airway is associated 
with accelerated FEV1 decline, more comorbidity, more exacerbations, 
and worse symptoms during exacerbations.15,87,88-90

In stable COPD, the rates of positive routine bacterial cultures of 
sputum vary between 22% and 83%.91-93 However, interpreting sputum 
culture is difficult owing to upper airway contamination, which reduces 
specificity, and failure to grow fastidious bacteria from the complex 
lower airway microbiome, which reduces sensitivity. In stable COPD, 
nonpotential pathogenic microorganisms are isolated much more fre-
quently than potential pathogenic microorganisms.91 Nonpotential 
pathogenic microorganisms are usually oropharyngeal microbes such 
as Corynebacterium spp., Neisseria spp., Enterococcus spp., coagulase-
negative staphylococci, Streptococcus viridans, and fungi such as 
Candida spp.91 The most commonly isolated potential pathogenic 
microorganisms are Streptococcus pneumoniae, Haemophilus influen-
zae, and Moraxella catarrhalis.52,91,94 Culture-independent technologies 
that assay microbial nucleic acids and antigens often have found poten-
tial pathogens in culture-negative respiratory specimens.95,96 For 
example, one third of stable COPD patients have Haemophilus influ-
enzae within airway epithelial cells and alveolar macrophages.97 High-
throughput sequencing of microbial 16S rRNA genes yields relatively 
unbiased estimates of the relative abundance of uncultivable and cul-
tivable bacteria.98,99 The lower airways of normal individuals harbor 
low levels of oral bacteria such as Prevotella spp. and Veillonella 
spp.100,101 Culture-independent techniques have challenged the dogma 
that the lower airway is normally sterile and provide evidence that 

vicious inflammatory cycle produced by microaspiration. In spite of 
increased numbers, alveolar macrophages have impaired phagocytosis, 
reducing their ability to clear bacteria from the lower airway and 
thereby causing further inflammation and oxidative stress.57-60 Neutro-
phils are also recruited and activated by nonresolving pulmonary 
inflammation, particularly during exacerbations. Neutrophil elastase 
and metalloproteinases lead to lung parenchyma destruction. Neutro-
phil elastase is also a potent mucous secretagogue leading to mucous 
gland hyperplasia.61 Because neutrophils have a short tissue life span, 
the airway neutrophilia observed in COPD requires continuous neu-
trophil recruitment.62 Smoking also impairs neutrophil phagocytic 
function.63 Collectins, pentraxins, and complement also are deficient,64 
further impairing mucosal immunity and predisposing to lower respi-
ratory tract infections.

Pulmonary inflammation continues after smoking cessation, in 
part owing to permanent structural damage and in part owing to 
recovery of the proinflammatory capacity of epithelial cells.65 Bacterial 
colonization in the lower airways is also an important determinant of 
the degree of airway and systemic inflammation in stable COPD.66 
Inflammatory mediators “spill over,” producing systemic inflammation 
with elevated levels of C-reactive protein (CRP), fibrinogen, or leuko-
cyte count. An elevated CRP level is most strongly associated with 
ischemic heart disease in smokers. Systemic comorbidities such as 
vascular disease are major risk factors for mortality during COPD 
exacerbations.67,68 Systemic inflammation caused by COPD is also 
hypothesized to be associated with anemia, osteoporosis, depression, 
and the metabolic syndrome.69-71

Microbes in Stable COPD
Increased bacterial colonization of the lower airways in COPD occurs 
owing to chronic microaspiration, impaired clearance of bacteria, and 
frequent COPD exacerbations.72,73 COPD patients frequently have 
microaspiration owing to gastroesophageal reflux due to incoordina-
tion between breathing and swallowing.74-76 Impaired mucociliary 
clearance in smokers reduces the ability to clear oral microbes from 
the lower airways, exacerbating inflammation. This leads to chronic 
cough with progressive incoordination of breathing with swallowing. 
Inhaled medications may also carry oral bacteria into the lower airway. 

FIGURE 67-1 Chronic obstructive pulmonary disease (COPD) pathophysiology. α1-AT, α1-antitrypsin; FEV1, forced expiratory volume in 1 second; 
IL-8, interleukin-8; PPM, potentially pathogenic microorganism. 
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bacterial burden, more sputum eosinophils, greater lung function 
impairment, and longer hospitalization.105,113 It is likely that viruses and 
bacteria induce independent inflammatory pathways, accounting for 
more severe presentations and poorer outcome of patients with 
coinfection.

NONANTIMICROBIAL THERAPY 
FOR STEADY-STATE COPD
Treatment of stable COPD should improve the patient’s symptoms  
and functional status, reduce the risk for exacerbations, and slow  
the decline of lung function.4 Smoking cessation and avoidance of 
environmental exposure are the most important interventions to 
prevent disease progression and should be encouraged at every medical 
visit. Multiple different behavioral and pharmacologic treatments 
should be explored, including varenicline, nicotine replacement, and 
bupropion.121-124 Pneumococcal, influenza, and combined tetanus/
diphtheria/acellular pertussis (Tdap) vaccination is also recommended 
for every COPD patient.4,125

β2-Agonist and anticholinergic bronchodilators (usually long-
acting formulations) are the mainstays of symptom control (Table 
67-2).4 These drugs relax airway smooth muscle, producing broncho-
dilation, and also have anti-inflammatory activity, although the clinical 
significance of this is not clear.126 Anticholinergic medications also 
reduce sputum production in patients with chronic bronchitis. Corti-
costeroids in steady-state COPD are restricted to adjunctive therapy 
complementing long-acting bronchodilators in more severe cases of 

there are residential organisms, especially in individuals with already 
damaged lungs. Oral anaerobes likely modulate the pulmonary 
immune response in health and disease. This possibility is supported 
by a growing body of data linking periodontitis, COPD exacerbations, 
and reduced lung function.102 However, the technical challenges pro-
duced by contamination of lower airway samples with upper airway 
secretions needs to be resolved to better understand the role of airway 
microbiome in COPD pathogenesis.

Respiratory viruses are also frequently found in patients with stable 
COPD. Using culture or polymerase chain reaction (PCR) techniques 
to assess sputum, the most common respiratory virus is respiratory 
syncytial virus (RSV), which is found in up to 23.5% of COPD patients, 
followed by non-RSV viruses, such as rhinovirus, coronavirus, and 
parainfluenza virus, in 16.2% of samples.103 Increased inflammation 
has also been reported with adenovirus.104 High-throughput comple-
mentary DNA sequencing can identify viral transcripts in an unbiased 
approach. A fuller understanding of the role of the virome in stable 
COPD and in AECOPD awaits resolution of the technical challenges 
of high-coverage RNA sequencing in lower respiratory tract samples.

Microbes in Acute Exacerbations  
of COPD
Two thirds of patients with a COPD exacerbation have bacteria or 
viruses or both cultured from lower airway secretions. Aerobic bacteria 
are isolated in half of patients, respiratory viruses are isolated in one 
third, and bacterial/viral coinfection is present in a fourth of patients 
with acute exacerbations.52,105 The increased incidence of AECOPD 
during the winter may reflect the significant role that viruses play in 
the pathogenesis of AECOPD.

H. influenzae, S. pneumoniae, and M. catarrhalis are the bacterial 
pathogens most commonly isolated during COPD exacerbations. The 
same three also colonize stable COPD patients, and higher bacterial 
loads have been associated with AECOPD.52,94,95,106-109 In a series of 
studies using molecular biologic techniques, Sethi and associates have 
observed that acquisition of a new bacterial strain precedes 
AECOPD.83,96,106,109,110 The increase in total bacterial load during a 
COPD exacerbation is relatively small compared with the total bacte-
rial load.109 In their model, the humoral and cellular immune responses 
to the new bacterial or viral strain likely drive the increased inflamma-
tion that causes the COPD exacerbation.

Individuals with greater degrees of functional impairment, recent 
antibiotic use, or systemic corticosteroid therapy have higher rates of 
isolation of gram-negative bacteria, such as Pseudomonas aeruginosa, 
Stenotrophomonas maltophilia, and members of the Enterobacteria-
ceae, from sputum.111,112 Patients with an FEV1 greater than 35% of 
predicted value and no systemic corticosteroid or antibiotics within the 
preceding 3 months have a low probability of Enterobacteriaceae or  
P. aeruginosa in sputum culture.112 H. influenzae and P. aeruginosa are 
more common in patients with poorer lung function.108 Polymicrobial 
exacerbations occur with advanced pulmonary dysfunction and severe 
exacerbations.105,113

The role of “atypical” bacterial pathogens such as Mycoplasma pneu-
moniae, Chlamydia pneumoniae, and Legionella pneumophila in exac-
erbation is poorly defined, but they are rarely found in AECOPD.50,103,114 
Variations in reported rates of atypical pathogens could be related to 
the technical or geographic differences between reports.89,115 When 
serology or M. pneumoniae antigen detection has been used to indicate 
the presence of M. pneumoniae as a pathogen, PCR assay and culture 
frequently do not confirm its presence.103,116,117 Alternately, two reports 
from Italy and Greece demonstrate M. pneumoniae among between 7% 
and 9% of patients with AECOPD using serologic and PCR tech-
niques.118,119 Controversy also exists regarding the role of C. pneumoniae 
in COPD exacerbations. Several well-conducted studies detected no C. 
pneumoniae or L. pneumophila,103,117 whereas others detected C. pneu-
moniae in 6% to 9% of those with AECOPD.89,118 Chronic colonization 
with C. pneumoniae occurred in one third of patients and was associ-
ated with worse pulmonary function in one study.89

Unlike stable COPD, rhinovirus is the virus most frequently associ-
ated with AECOPD.103,105,120 Coronavirus, parainfluenza, adenovirus, 
influenza virus, and human metapneumovirus also occur but are less 
prevalent.113,120 Coinfection with viruses and bacteria produce higher 

TABLE 67-2  Modified Global Initiative for 
Chronic Lung Disease (GOLD) Treatment 
Recommendations According to Stable-State 
Patient-Group Category

PHARMACOLOGIC OPTIONS
Patient 
Group

First 
Choice

Second 
Choice

Alternative 
Choice

A
FEV1 >50%
Mild symptoms
≤1/yr Exacerbations

SABA prn
or
SAMA prn

LABA or LAMA
or
SABA and SAMA

Theophylline

B
FEV1 >50%
Moderate 

symptoms
≤1/yr Exacerbations

LABA
or
LAMA

LAMA and LABA SABA and/or 
SAMA

Theophylline

C
FEV1 ≤50%
Mild symptoms
≤1/yr Exacerbations

ICS + LABA
or LAMA

LAMA and LABA PDE-4 inhibitor
SABA and/or 

SAMA
Theophylline

D
FEV1 ≤50%
Moderate 

symptoms
≥1/yr Exacerbations

ICS + LABA
or LAMA

ICS and LAMA
or ICS + LABA and 

LAMA
or ICS + LABA and 

PDE-4 inhibitor
or LAMA and LABA
or LAMA and 

PDE-4 inhibitor

Carbocysteine
SABA and/or 

SAMA
Theophylline
Azithromycin

NONPHARMACOLOGIC TREATMENT OPTIONS
Patient 
Group Essential Recommended
A Smoking 

cessation
Physical activity
Influenza and pneumococcal 

vaccination; Tdap

B-D Smoking 
cessation

Pulmonary 
rehabilitation

Physical activity
Influenza and pneumococcal 

vaccination; Tdap

FEV1, forced expiratory volume in 1 second; ICS, inhaled corticosteroid; LABA, 
long-acting β2-adrenergic agonist; LAMA, long-acting muscarinic antagonist; 
PDE-4, phosphodiesterase-4; prn, as needed; SABA, short-acting β2-adrenergic 
agonist; SAMA, short-acting muscarinic antagonist; Tdap, combined tetanus/
diphtheria/pertussis vaccine.

Modified from Vestbo J, Hurd SS, Agusti AG, et al. Global strategy for the 
diagnosis, management, and prevention of chronic obstructive pulmonary disease. 
GOLD executive summary. Am J Crit Care Med. 2013;187:347-365.
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vs. 59.9%) and increased the median time to the next exacerbation 
from 160 days in the placebo group to 233 days in those receiving 
antibiotic.148 This study, which was published since the most recent 
meta-analysis, suggests that antibiotics may be beneficial for some 
patients with mild to moderate AECOPD. Several other studies have 
demonstrated a delayed time to relapse or exacerbation with the use 
of antibiotics to treat AECOPD. In a retrospective cohort outpatient 
study of 270 patient-visits (with relapse defined as a return visit within 
14 days), antibiotics reduced the relapse rate to 19% (50/270) com-
pared with 32% (29/92) among patients who did not receive antibiot-
ics. Patients who received amoxicillin, however, had an even higher 
relapse rate of 54% (20/37) compared with those who did not receive 
antibiotics.150 In another study, antibiotics added to oral corticosteroids 
increased the median time from second to third exacerbation from 189 
days to 258 days and reduced mortality.151 The limited effectiveness of 
antibiotics on less severe exacerbations may be a result of lower bacte-
rial burden in this healthier group of patients.

Whom to Treat
Given the large numbers of patients with COPD who develop AECOPD 
and the potential economic impact both in terms of antibiotic cost  
and toxicities of treatment, there has been much effort to identify 
patients who do not require antibiotics. Recent well-designed clinical 
investigations have used procalcitonin as a biomarker for bacterial 
infection in acute exacerbation in an attempt to limit unnecessary 
antibiotic use and reduce the emergence of antibiotic resistance and  
C. difficile infection.152,153,154

The authors of the GOLD guidelines recommend antibiotic therapy 
for patients who have AECOPD who meet one of the following criteria: 
(1) present with all three “cardinal” symptoms: increased dyspnea, 
increased sputum volume, and increased sputum purulence; (2) 
present with two of the cardinal symptoms if increased purulence of 
sputum is one of the two symptoms; (3) have a severe exacerbation that 
requires mechanical ventilation (invasive or noninvasive).4

In recent studies, patients who do not meet these criteria frequently 
are prescribed antibiotics. Studies involving outpatients and inpatients 
have demonstrated that although approximately 80% of patients receive 
antibiotics, purulent sputum is only found among only 39% to 64% of 
patients.155-157 In a study from the United States, there was no correla-
tion between the use of antibiotics and the presence of an indication 
for their use.158 In a more recent study, 20% of patients who did not 
meet GOLD criteria for antibiotics received antibiotics before hospi-
talization whereas approximately 20% who met the criteria did not 
receive antibiotics.159 Although the use of bacterial cultures for treat-
ment of AECOPD is debated, the use of purulence to define the need 
for antibiotics is based on several studies demonstrating a relationship 
between sputum color and/or neutrophils and positive bacterial 
cultures.160-163 Sputum purulence has been an excellent guide of antibi-
otic use in several studies. In one, if sputum purulence was not present 
and antibiotics withheld, only 2 of 32 patients failed therapy.163 In 
another study in which purulence was used to determine whether 
antibiotics would be prescribed, the therapeutic failure rate was 9% 
among those who had nonpurulent sputum and did not receive anti-
biotics versus 10% among those with purulent sputum who received 
antibiotics.164 It is clear that many patients are prescribed antibiotics 
who do not need them, but the current state of knowledge does not 
clearly define the group who will be harmed more than they will be 
helped by a course of antibiotics. The GOLD recommendation for 
using antibiotics is based on symptoms, in particular sputum puru-
lence, which remains the best guide to decide which patients with 
AECOPD require antibiotics.

Choice of Antibiotic
Most recent comparative studies have employed noninferiority designs 
to demonstrate equivalency between antibiotics. Among the more 
commonly studied antibiotics are macrolides (azithromycin and  
clarithromycin), second-generation cephalosporins (cefuroxime, cef-
podoxime, cefdinir), penicillin/penicillinase inhibitors (ampicillin/
clavulanate), quinolones (ciprofloxacin, levofloxacin, moxifloxacin, 
gemifloxacin), trimethoprim-sulfamethoxazole, and tetracyclines 
(doxycycline). Most of these trials have been performed among  

COPD. Inhaled corticosteroids do not reduce mortality but do reduce 
COPD exacerbations,127 decrease inflammation, and stabilize lung 
function in moderate and severe COPD.128 Unfortunately, inhaled cor-
ticosteroids increase the risk for pneumonia, which must be balanced 
with the benefit of less frequent exacerbations.127,129 Other drugs, such 
as nonselective and selective phosphodiesterase inhibitors (e.g., the-
ophylline and roflumilast, respectively), may also be considered in 
patients with severe COPD with frequent exacerbations that are not 
adequately controlled by long-acting bronchodilators.130,131

NONANTIMICROBIAL THERAPY 
FOR ACUTE EXACERBATIONS  
OF COPD
Systemic corticosteroids (either oral or intravenous) and bronchodila-
tors (inhaled β2-agonists with or without anticholinergics) are the cor-
nerstones of pharmacologic treatment of AECOPD. Short-acting 
bronchodilators are preferred because they allow titration of the dose 
required and because there is no clinical trial that has evaluated the 
use of long-acting bronchodilators during AECOPD. Although for 
sicker patients nebulized bronchodilators are routinely used in the 
hospital, data suggest similar bronchodilator effects with metered-dose 
inhalers.132 A 10- to 14-day course of systemic corticosteroids reduces 
treatment failure by 46% during both inpatient and outpatient manage-
ment of COPD exacerbations.133 Systemic corticosteroids are preferred 
during an exacerbation because they reduce recovery time, improve 
lung function, and increase arterial oxygenation.134-138 Systemic corti-
costeroids also reduce the rate of early relapse and length of hospital 
stay. Although there are no data to support a specific dose or route of 
administration for corticosteroids, the Global Initiative for Chronic 
Obstructive Lung Disease (GOLD) guidelines recommend 30 to 40 mg 
of oral prednisolone per day for 10 to 14 days.4,138-140

ANTIBIOTIC THERAPY FOR ACUTE 
EXACERBATIONS OF COPD
Rationale for Antibiotics
Early antibiotic treatment of AECOPD in both the outpatient and 
inpatient settings has become nearly routine in clinical practice even 
though the role of bacteria in many cases of AECOPD is uncertain. The 
choice of antibiotic has changed during the past several decades, in 
part reflecting the changing resistance patterns of infecting bacteria as 
well as the availability of newer antibiotics that are taken less fre-
quently, have improved antimicrobial activity, and are less toxic. Studies 
evaluating the effect of antibiotic treatment are mostly small and are 
difficult to compare because of heterogeneous patient populations, 
diverse outcome measures, and varied definitions of failure. Addition-
ally, many different antibiotics and treatment durations have been 
evaluated, reducing comparability between individual studies. Two 
recent meta-analyses and a Cochrane review concluded that antibiotics 
improve outcome in AECOPD among inpatients, especially those 
requiring admission to an intensive care unit.133,141,142 Among hospital-
ized patients, antibiotics reduced hospital mortality by 78%.143,144,145 
Antibiotics also led to improved peak expiratory flow by 22%.141 The 
largest study to date evaluating antibiotic efficacy is a retrospective 
cohort of 84,621 inpatients from 413 acute care centers in the United 
States.146 Administration of antibiotics within the first 48 hours reduced 
the need for mechanical ventilation after 2 hospital days (1.07% vs. 
1.80%), lowered rates of inpatient mortality (1.04% vs. 1.59%), reduced 
readmissions (7.91% vs. 8.79%), and produced fewer treatment failures 
(9.77% vs. 11.75%). However, there was a higher rate of Clostridium 
difficile in patients who were treated with antibiotics (0.19% vs. 0.94%). 
The weight of evidence supports antibiotic use for hospitalized patients, 
particularly those admitted to the intensive care unit.

As opposed to relatively high-quality evidence supporting the use 
of antibiotics in the inpatient setting, there has been less convincing 
evidence to recommend antibiotics for outpatients. In the Cochrane 
review cited earlier, reduction in treatment failure was found when 
analyzing all outpatient studies but not found when the analysis was 
restricted to studies using currently available antibiotics.37,142,147,148,149 
However, a recent multicenter double-blind, placebo-controlled clini-
cal trial of mild to moderate AECOPD documented that amoxicillin-
clavulanate improves response to therapy within 9 to 11 days (74.1% 
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macrolide cohort.172 Antimicrobial recommendations for the larger 
group of COPD patients with acute exacerbations are extrapolated 
from these data (Fig. 67-2).

Treatment is empirical and is based on risk factors for both antibi-
otic resistance and infection with Enterobacteriaceae or P. aeruginosa 
and to some extent dependent on the need for hospitalization (see Fig. 
67-2). The specific choice of antibiotic should be made with an under-
standing of local bacterial resistance patterns, toxicity, allergies, drug 
interactions, and comorbidities. A sputum sample is not recommended 
routinely by either the GOLD guidelines or those of the American 
College of Physicians/American Society of Internal Medicine and the 
American College of Chest Physicians.4,173 Sputum cultures and Gram 
stains are not reliable in terms of indicating the infecting pathogen. 
Furthermore, early sputum cultures do not seem to affect outcome 
with antibiotic treatment among inpatients.146 An exception to this 

patients with acute exacerbation of chronic bronchitis. Several meta-
analyses have been performed evaluating randomized, controlled anti-
biotic comparison trials for treatment of AECOPD.165-167 No agent or 
class is consistently superior in comparison to others using clinical 
endpoints, although in any single study one agent may appear superior 
in terms of microbiologic eradication of one bacterium or overall 
microbiologic eradication.165,168,169 There may be higher relapse rates 
when AECOPD are treated with amoxicillin as compared with other 
antibiotics.150 Increasing β-lactamase production by S. pneumoniae, H. 
influenzae, and M. catarrhalis challenges the use of amoxicillin or 
ampicillin as first-line treatment of AECOPD.170,171 An evaluation of 
19,608 patients who were treated with either a quinolone antibiotic 
(13,469 patients) or macrolide antibiotic (6,139 patients) taken from a 
larger retrospective cohort study of hospitalized patients with AECOPD 
showed similar rates of treatment success, although less diarrhea in the 

FIGURE 67-2 Flowchart for antibiotic treatment decision in chronic obstructive pulmonary disease (COPD) exacerbation. AECOPD, acute 
exacerbations of COPD; FEV1, forced expiratory volume in 1 second. 
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 levofloxacin, moxifloxacin, gemifloxacin.
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clarithromycin, and azithromycin have been the most widely studied 
prophylactic agents. Observational and placebo-controlled trials  
suggested long-term macrolide prophylaxis is effective in reducing 
exacerbations and hospitalizations.186-189 A recent large-scale random-
ized, placebo-controlled study of azithromycin, 250 mg daily for 1 year, 
reduced AECOPD from 1.82 exacerbations per patient-year in the 
placebo group to 1.48 exacerbations per patient-year in the azithromy-
cin group. Antibiotic treatment also extended time to first exacerbation 
from 174 to 266 days and improved quality of life.189 The azithromycin 
group, however, had more hearing loss.189 Among patients who became 
colonized, macrolide resistance occurred in 81% of the treated group 
versus 41% of the placebo control group. Importantly, this trial 
excluded patients with cardiovascular risks, including a resting heart 
rate greater than 100 beats per minute, prolonged QT (QTc) interval, 
or medications that increase the QTc interval. Therefore, the potential 
for adverse cardiac reactions reported with macrolides was minimized 
in this study. Controversy still exists about the increased risk for car-
diovascular events reported with azithromycin use.190,191 In addition, 
intermittent short courses of macrolides produced a fourfold increase 
in S. pneumoniae within 6 months.192 The mechanisms that reduce 
exacerbation go beyond their antibacterial effect. These drugs are 
directly anti-inflammatory, decreasing proinflammatory cytokine pro-
duction, adhesion molecules, and reactive oxygen species.193,194 Long-
term macrolides have also been studied in patients with cystic fibrosis 
and bronchiectasis in whom they have led to fewer exacerbations of 
disease and stabilization of lung function.195,196 For patients with low 
cardiovascular risk and frequent exacerbation in spite of adequate 
routine therapy, macrolides should be considered (see Table 67-2). 
However, more widespread use of macrolides in less severe COPD 
cases is not currently recommended.

Another strategy to prevent AECOPD is intermittent antibiotic 
therapy. Moxifloxacin, 400 mg for 5 days every 8 weeks for a total of 6 
courses, reduced the odds of exacerbation by 20% in the intention-to-
treat analysis and by 45% among patients with baseline purulent 
sputum. The authors reported no increased resistance to moxifloxacin 
among cultured bacteria but did find more gastrointestinal problems 
(4.7% moxifloxacin vs. 0.7% placebo).197 Further research is needed to 
confirm that benefits of this approach outweigh the risks for resistance 
and C. difficile colitis before this strategy gains widespread use.

Vaccination
The influenza, pneumococcus, and tetanus/diphtheria/acellular per-
tussis (Tdap) vaccines are recommended for patients with COPD. 
Influenza vaccination is recommended annually for persons with 
COPD by both the Centers for Disease Control and Prevention (CDC) 
and the Advisory Committee on Immunization Practices (ACIP).4,125,198 
Observational studies have demonstrated both decreased hospitaliza-
tions and mortality among elderly individuals who received influenza 
vaccine.199,200 However, data from randomized, placebo-controlled 
studies are less compelling.201,202 Influenza vaccine significantly reduces 
AECOPD, with over 60% effectiveness, but has failed to demonstrate 
significant reductions in hospitalization or mortality.201,202 The effec-
tiveness of the influenza vaccine is not related to age, sex, severity of 
COPD, or comorbid illness. Despite the results of the placebo-
controlled studies, given the lack of major toxicities, it is recommended 
for patients with COPD.

Pneumococcal vaccine is also recommended for all persons with 
COPD.4,125 Pneumococcus is a common colonizing organism as well 
as pathogen in this population. Some observational studies have dem-
onstrated a decrease in pneumococcal bacteremia in the elderly as well 
as hospitalization for pneumonia and mortality among elderly patients 
with chronic lung disease.203,204 Others have not been able to corrobo-
rate these findings.205 Randomized, placebo-controlled trials have fre-
quently not found the pneumococcal vaccine to be very effective. A 
recent meta-analysis included seven studies, of which two used the 
14-valent vaccine and five the 23-valent vaccine.206 The authors 
reported that there was no reduction in the likelihood of developing 
pneumonia nor in preventing AECOPD among patients who received 
the vaccine compared with those who did not.206 Other analyses in this 
Cochrane review did not demonstrate a decrease in all-cause mortality 
or death from cardiorespiratory causes. There are no published data 

recommendation should be considered for patients who have failed 
prior therapy and patients at high risk for infection due to Enterobac-
teriaceae or P. aeruginosa.

Patients with AECOPD generally do not present with significant 
systemic illness. By definition, chest radiographs do not demonstrate 
a new pulmonary infiltrate. Confusion is created because up to one 
fifth of patients hospitalized for community-acquired pneumonia have 
normal chest films on hospital admission but develop an infiltrate 
within 48 hours.174 The combination of overlap between AECOPD and 
community-acquired pneumonia along with antibiotic resistance leads 
to frequent use of broad-spectrum antibiotics in many hospitalized 
patients with AECOPD.158 If chest radiographs do not demonstrate an 
infiltrate at 48 hours, antibiotics can be tailored or stopped but still 
may be useful for AECOPD meeting other criteria.175

Despite increasing resistance to many of the older antibiotics, 
patients still respond to them clinically. Trimethoprim-sulfamethoxazole 
and ciprofloxacin were equally effective in a recent double-blind trial 
among patients with severe AECOPD requiring mechanical ventila-
tion.176 Surprisingly, bacterial susceptibility did not predict clinical 
success.176 This may be due to the poor sensitivity and specificity of 
sputum samples in defining the bacteria that caused the acute exacer-
bation. Alternately, AECOPD may be driven by changes of a complex 
lower airway microbiome and not by a single microorganism. A shift 
in the lung microbiome could produce a flare of inflammation. Given 
the polymicrobial nature of the microbiome, organisms may not need 
to be effectively treated to reduce inflammation. In the near future, 
unbiased culture-independent techniques will more accurately describe 
the lung microbiome in COPD. A better understanding of microbiome 
changes preceding AECOPD and alterations produced by antibiotics 
will improve our understanding of the antibiotic response.

Duration of Antibiotic Therapy
Outpatient studies have compared duration of therapy in acute exac-
erbations of chronic bronchitis. Five days of therapy with a quinolone, 
second-generation cephalosporin, or macrolide is as efficacious as  
and associated with fewer adverse reactions than 7 days of antimicro-
bial therapy.177-180 Although there are no comparable inpatient trials, 
durations of therapy have varied between 7 and 14 days; 10 days of 
treatment were used in recent studies of hospitalized patients with 
AECOPD.144,176 If tolerated, oral therapy is as effective as intravenous 
antibiotics.144 Eight days of therapy, which is currently recommended 
for ventilator-associated pneumonia, may suffice even in critically ill 
patients.181

Therapy for Viral Infection
Patients with COPD would be considered at high risk for severe influ-
enza infection and should be offered neuraminidase inhibitors (e.g., 
oseltamivir or zanamivir) when they present with an influenza-like 
illness during influenza season, even in the setting of a negative rapid 
virus detection study.182 Nonimmunized people with COPD who have 
had close family contact with a person with influenza should receive 
chemoprophylaxis with a neuraminidase inhibitor.182

Although numerous viruses other than influenza virus have been 
associated with AECOPD as noted earlier, currently there are no treat-
ment options for these viruses. Although inhaled ribavirin has been 
used therapeutically for infants and transplant patients with severe 
RSV infection, studies are not available using this agent in patients with 
COPD. As diagnostic and therapeutic modalities improve, specific 
antiviral therapy may become part of the armamentarium to decrease 
the duration of a COPD exacerbation.

PREVENTION OF ACUTE 
EXACERBATIONS OF COPD
Antibiotic Prophylaxis in  
Steady-State COPD
Because bacterial colonization of lower airways plays a significant role 
in AECOPD, prophylactic use of antibiotics has been investigated. 
Successful use of prolonged, continuous oxytetracycline in a small 
number of patients was attempted in Great Britain as early as the mid-
1950s.183 The effectiveness of prophylaxis with oxytetracycline was 
not corroborated in later studies.184,185 More recently, erythromycin, 
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have demonstrated better outcomes when both influenza vaccine and 
pneumococcal vaccines were administered compared with influenza 
vaccine alone.209,210

Although there are no studies regarding efficacy of Tdap among 
patients with COPD, serologic diagnosis in Switzerland has reported 
Bordetella pertussis in a significant portion of patients with AECOPD.211 
However, all cultures and PCR assays for Bordetella spp. were negative 
in this study. Therefore, it is not certain how to interpret the serologic 
data. Tdap is recommended by the CDC and ACIP for all adults of ages 
19 to 64 years, and patients with COPD should receive this vaccine, 
particularly in light of the recent surge in cases of pertussis reported 
among adults.125

regarding the use of the 13-valent conjugate vaccine, which provides 
better coverage. A recent study has demonstrated decreased hospital-
ization rates after introduction of the 7-valent pneumococcal vaccines 
that were most marked in the very young and elderly, although present 
in all age groups. Although this may hold true for patients with a 
history of COPD, the data did not stratify patients by underlying 
disease or risk factors.207

Several studies have reported that there is an additive effect using 
both the influenza vaccine and pneumococcal vaccine among patients 
with COPD. There was a significant reduction in hospitalization (63%) 
as well as mortality (81%) when both vaccines were administered com-
pared with no vaccine.208 Two more recent cohort studies from Japan 
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68  Bronchiolitis
John Bower and John T. McBride

With bronchiolitis we have to contend
with illness that’s now and disease that comes then;
For many such infants a mold has been cast,
perhaps by their unborn and unknown past,
which destines that they shall in time wheeze again.
For them this disease is the far, boding knell
Of vulnerable lungs to a microbe’s dark spell.

—Caroline Breese Hall (1939-2013, the original author of  
much of this chapter and to whose memory it is dedicated)

Bronchiolitis is the most common acute viral lower respiratory tract 
illness occurring during the first 2 years of life. Much interest and effort 
have been aimed at determining the pathogenesis and management of 
this illness among hospitalized and outpatient children. Despite this, 
concerns and controversies continue.

Bronchiolitis has acquired during its long lineage a notable number 
of sobriquets, including “acute catarrhal bronchitis,” “interstitial bron-
chopneumonia,” “spastic bronchopneumonia,” “capillary or obstructive 
bronchitis,” and, more commonly, “wheezy bronchitis” and “asthmatic 
bronchiolitis.” The diversity of these terms is indicative of the past and 
ongoing confusion and difficulty in clinical differentiation of bronchi-
olitis from asthma and infectious asthma. These entities usually refer 
to repeated episodes of wheezing that may be triggered by infectious 
agents and tend to occur in children beyond infancy.

The definition of bronchiolitis varies but usually applies to children 
younger than 2 years of age with a first episode of wheezing commonly 
associated with fever, cough, rhinorrhea, and tachypnea.1,2 Consensus 
does exist, however, that bronchiolitis continues to impose a major and 
increasing health care burden. Bronchiolitis has been estimated to be 
the leading cause of all hospitalizations among infants in the United 
States.3,4,5

ETIOLOGY
Bronchiolitis was not recognized as a distinct entity until the 1940s and 
was initially thought to be caused by bacteria.6,7 Viruses are now known 
to be the prime cause of the syndrome and the associated characteristic 
pathology of the lower respiratory tract. Respiratory syncytial virus 
(RSV) is the major pathogen identified. The roles played by other viral 

agents are controversial and depend partly on the population being 
studied and the laboratory methods used for detection. Correlation 
with disease is particularly problematic because viruses that commonly 
infect this young age group can cause high rates of asymptomatic infec-
tion or prolonged shedding, including adenoviruses and human boca-
virus (hBoV). In addition, some agents, such as rhinoviruses, may 
trigger asthmatic airway inflammation and bronchospasm without 
causing the small airway pathology characteristic of infection of the 
lower respiratory tract with bronchiolitis.

RSV has been identified as the principal agent in two thirds of the 
cases of bronchiolitis, and in hospitalized patients the proportion is 
likely higher.1,8,9 Other viruses that commonly have been identified as 
single or coinfecting agents among children with bronchiolitis include 
human metapneumovirus (hMPV), the parainfluenza viruses, influ-
enza viruses, rhinoviruses, human coronaviruses (hCoV), and hBoV 
(Table 68-1).

Among the parainfluenza viruses, parainfluenza virus types 1 and 
3 are more commonly associated with bronchiolitis in hospitalized 
children than type 2.10 Illnesses with hMPV and RSV are generally 
indistinguishable, although lower respiratory tract illness with hMPV 
is usually less severe.11-13 Both RSV and hMPV occur from fall to 
spring, but activity of hMPV in the community is generally less 
intense.11-13 Hospitalized children with hMPV infection tend to be 
slightly older than children with RSV, and almost all children are 
infected with hMPV by 5 to 10 years of age.12 Influenza A and B viruses 
frequently cause lower respiratory tract disease among children 
younger than 2 years of age, but the proportion manifesting as bron-
chiolitis is less than that observed with RSV.13-15

With the use of sensitive molecular techniques, additional viruses 
have been identified in young children with bronchiolitis including 
hCoVs (see Chapter 157) and hBoV (see Chapter 149). hCoVs are 
composed of four different strains, including the novel strains hCoV-
NL63 and hCoV-HKU1, and have been identified in 7% of young 
children hospitalized with respiratory illness.16 However, an equal per-
centage of asymptomatic children younger than 5 years of age have 
been observed to shed hCoV.16 The parvovirus hBoV is increasingly 
being detected by reverse-transcriptase polymerase chain reaction 
(RT-PCR) in respiratory and fecal specimens from adults and children 

Definition
•	 Bronchiolitis	is	small	airway	inflammation/

obstruction	most	frequently	caused	by	
infection	with	respiratory	syncytial	virus	(RSV)	
in	the	first	years	of	life.

Epidemiology
•	 RSV	bronchiolitis	occurs	in	winter	epidemics	in	

temperate	climates	and	sporadically	in	the	
tropics.

•	 Bronchiolitis	is	a	leading	cause	of	
hospitalization	in	the	first	year	of	life	in	the	
developed	world.

Microbiology
•	 Many	other	respiratory	viruses	may	

cause	bronchiolitis,	including	human	
metapneumovirus,	influenza,		

parainfluenza,	adenovirus,	coronavirus,	and	
bocavirus.

Diagnosis
•	 Diagnosis	is	clinically	based	on	presence	of	RSV	

in	the	community,	initial	episode	of	wheezing,	
and	evidence	of	upper	respiratory	infection.

•	 Other	causes	of	wheezing	in	early	childhood	
should	be	excluded,	such	as	congenital	heart	
disease	with	failure,	foreign	body	aspiration,	
dysphagia,	and	asthma.

•	 Apnea	may	occur	early	in	the	course	of	viral	
bronchiolitis,	usually	in	infants	younger	than	
44	weeks’	postconceptional	age.

Therapy
•	 Therapy	is	supportive	and	includes	hydration,	

oxygen,	and	respiratory	support	as	needed.

•	 Corticosteroids	and	bronchodilators	are	not	
generally	beneficial.

•	 Hypertonic	saline	aerosols	delivered	three	
times	daily	may	hasten	recovery	but	have	not	
been	widely	adopted.

•	 Respiratory	support	by	high-flow	nasal	
cannula	may	prevent	or	delay	intubation		
in	patients	with	apnea	or	respiratory		
failure.

Prevention
•	 Careful	attention	to	hand	sanitation	is	

important	in	limiting	spread	of	RSV	infection	
during	epidemics.

•	 Monoclonal	antibody	prophylaxis	may	
prevent	or	mitigate	infection	in	high	risk	
infants.
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http://www.myuptodate.com


C
h

ap
ter 68 Bronchiolitis

818.e1

KEYWORDS
apnea; bronchiolitis; human metapneumovirus; hypoxemia infant; 
hypertonic saline aerosol therapy; respiratory failure; respiratory 
syncytial virus; respiratory viruses; wheezing

http://www.myuptodate.com


C
h

ap
ter 68 Bronchiolitis

819

children younger than 5 years of age with lower respiratory tract 
illness. In children younger than 1 year of age presenting to the emer-
gency department with bronchiolitis, up to 40% are admitted with an 
average length of stay of 3.3 days.26

Despite the steady rates of hospitalization for bronchiolitis, the 
mortality rates associated with bronchiolitis have declined in the 
United States to fewer than 400 deaths per year.3,27 Most deaths 
(79%) occur in infants younger than 1 year, primarily during the first 
several months of life. Children with chronic conditions, especially 
conditions affecting cardiopulmonary function, are most likely to 
develop severe or fatal bronchiolitis. Children with prematurity and 
the associated chronic lung disease have a fivefold increased risk of 
developing disease requiring hospitalization than children with no 
comorbid conditions.3,28,29

Multiple demographic, environmental, and biologic factors have 
been associated with increased rates of hospitalization among other-
wise normal children. Bronchiolitis is more common in boys, espe-
cially among children with more severe illness, with a male-to-female 
ratio of about 1.5 : 1.30 Other factors that have been associated with a 
greater likelihood of severe illness include young maternal age, lower 
cord blood antibody titers to RSV, lower socioeconomic status, tobacco 
smoke exposure, living in crowded surroundings, having older sib-
lings, daycare attendance, lack of breast-feeding, a predisposition to 
atopy or hyperreactivity of the airway, and illness caused by RSV.11,31-33 
Infants with specific genotypes predicted to modify innate mucosal 
immunity are at greater risk of severe RSV infections.34 A similar 
mechanism might explain the fact that certain ethnic groups of infants 
have higher rates of hospitalization for bronchiolitis. Native American 
and Native Alaskan children have hospitalization rates two to three 
times higher than those of the general population of U.S. children of 
the same age.35 Nevertheless, the major independent risk factor for 
bronchiolitis requiring hospitalization is young age, within the first 6 
months of life.11,33

PATHOPHYSIOLOGY
In 1940, Engle and Newns6 carefully described the pathology of a 
severe and often fatal lower respiratory tract disease they observed in 
young infants. They called this “proliferate mural bronchiolitis.” Their 
findings of the generalized involvement of the respiratory epithelium 
of the small airways have been confirmed as being characteristic of 
infection-induced bronchiolitis among young children.

The virus initially replicates in the epithelium of the upper respira-
tory tract, with subsequent spread within a few days to the lower tract 
airways (Fig. 68-1). Early inflammation of the bronchial and bronchio-
lar epithelium occurs along with peribronchiolar infiltration, mostly 
with mononuclear cells, and edema of the submucosa and adventitia. 
The respiratory epithelium becomes necrotic and is sloughed into the 
lumina of the airways. Subsequently, the epithelium proliferates and 
shows cuboidal cells without cilia (Fig. 68-2).

with a spectrum of upper and lower respiratory illnesses, including 
bronchiolitis. hBoV has been reported as a sole pathogen in 1% to 6% 
of young children with bronchiolitis and as a coinfection in 6% to 20% 
of bronchiolitis cases. However, hBoV is shed for prolonged periods 
and may be detected long after the clinical manifestations associated 
with acute infection have resolved.8,17,18,19,20

Viruses that are primarily agents of upper respiratory tract infec-
tions are also commonly identified in specimens obtained from chil-
dren with bronchiolitis. Notable among these are the picornaviruses 
(rhinoviruses and enteroviruses) and adenoviruses. The direct role of 
these viruses in causing bronchiolitis is uncertain because their high 
prevalence in this age group makes them common agents of dual infec-
tion.8,9 Rhinoviruses, with more than 100 serotypes, are identified in 
3% to 30% of children with bronchiolitis, and more than half the time 
they are present as coinfecting agents, most commonly with RSV.8,21 
Interpreting the role of rhinoviruses in children with bronchiolitis is 
complicated by the association of rhinovirus with episodes of wheezing 
from reactive airway or asthma exacerbations.21 One group that 
appears to be at particular risk for severe lower respiratory tract infec-
tion due to human rhinoviruses are very-low-birth-weight infants.22 
Enteroviruses have been identified in up to 7% of children hospitalized 
with bronchiolitis and are usually present as coinfecting viruses.9

It remains uncertain whether dual viral infections increase the  
risk of developing more severe illness with bronchiolitis.8,9 Studies 
examining whether hMPV coinfection is associated with more severe 
RSV lower respiratory tract disease suggest an increase in disease 
severity among hospitalized children, but this has not been consistently 
demonstrated.9,23-25

EPIDEMIOLOGY
Bronchiolitis shows a yearly seasonal pattern that varies according to 
geography and climate. In temperate climates, the peak occurrence of 
cases is during the winter to early spring and usually correlates with 
the prevalence of RSV in the community. Outbreaks of bronchiolitis 
are less distinctive in warmer and tropical climates where RSV occurs 
over longer periods. Bronchiolitis cases in these areas may be seen 
throughout the year, and the prevalence of cases depends on the sea-
sonal patterns of the known and yet unknown agents associated with 
bronchiolitis (see Table 68-1).

Bronchiolitis is most common during the first year of life, with the 
peak attack rate occurring between 1 and 10 months of age and among 
hospitalized cases between 2 and 5 months of age. Each year, 1% to 3% 
of infants younger than 12 months of age are hospitalized with bron-
chiolitis; 80% are younger than 6 months of age. For the period 
1997 to 2006, age-specific rates of hospitalization for bronchiolitis 
remained steady with an overall rate of 26 per 1000 children younger 
than 1 year of age and 48.9 per 1000 for infants younger than 3 months 
of age.4,5 For children older than 1 year of age the rate was 1.8 per 1000.4 
Overall, RSV disease accounts for up to 24% of hospitalizations among 

TABLE 68-1  Agents That Cause Bronchiolitis

VIRUS
PROPORTION OF CASES 
WITH VIRUS DETECTED* SEASONAL OCCURRENCE†

PRIME AGE OF OCCURRENCE 
(PEAK AGE OF HOSPITALIZED)

Respiratory syncytial virus 50%-80% Yearly large outbreaks; late fall to spring <1 yr (<6 mo)

Human metapneumovirus 3%-19% Yearly occurrence; late fall to spring 3-18 mo (3-12 mo)

Rhinoviruses 3%-30% Endemic, yearly; most October-April All ages (<5 yr)

Influenza 6%-24% Yearly outbreaks; late fall to spring; onset, 
prevalence vary with year, strain

1-24 mo (<12 mo)

Parainfluenza viruses types 1-3 7%-18% Type 1: fall outbreak every other year <5 yr (<12 mo)

Type 2: sporadic, mostly fall, winter <5 yr (<2 yr)

Type 3: yearly, mostly spring to fall <2 yr (<12 mo)

Human bocavirus 1%-20% Endemic, yearly 6-24 mo

Human coronaviruses (NL63, 
HKU1, 229E, OC43)

1%-10% All year, most in winter All ages (<12 mo)

Adenoviruses 3%-20% Endemic, all year <5 yr (<2 yr)

*Proportion of respiratory samples with virus detected from young children with bronchiolitis or lower respiratory tract illness. Includes samples in which virus was detected 
along with another virus.

†Seasonal occurrence in temperate climates.

http://www.myuptodate.com


P
a
rt

 I
I 

M
aj

o
r 

C
lin

ic
al

 S
yn

d
ro

m
es

820

lethargy and poor feeding. Retractions of the chest wall, flaring of the 
nasal alae, and grunting are evidence of increased work of breathing. 
The hallmark of bronchiolitis is the rapid variability of the child’s 
respiratory signs. Auscultatory findings may vary from only wheezing 
or crackles, to both, or to neither. Decreasing lung sounds on ausculta-
tion associated with increasing dyspnea and diminished movement of 
air may indicate progressive obstruction and impending respiratory 
failure.

Dehydration commonly accompanies bronchiolitis, resulting from 
paroxysms of coughing, which may trigger vomiting, and from poor 
oral intake related to the child’s respiratory distress and lethargy. 
Tachypnea increases the fluid requirement further. Of children hospi-
talized with bronchiolitis in the United Kingdom, 82% on admission 
had feeding difficulties that lasted an average of 27 hours.36 Supplemen-
tal oxygen was administered at the time of admission to 22% of the 
children whose mean pulse oxygen saturation was 94%. Within 6 hours 
of admission, 70% were given supplemental oxygen, although the 
mean pulse oxygen saturation level decreased an average of 2%. No 
correlation was observed between the pulse oxygen saturation level 
obtained at 6 hours and the administration of supplemental oxygen or 
the length of hospital stay. Infants whose feeding difficulties resolved 
and who continued to be hospitalized for supplemental oxygen admin-
istration only had no evidence of clinical deterioration.

Considering that bronchiolitis is one of the most frequent causes of 
pediatric ambulatory visits and hospitalization, children at low risk for 
developing complicated illness have been evaluated to determine 
which children may be safely discharged home. Among children 
younger than 2 years of age presenting with bronchiolitis at 30 U.S. 
emergency departments during 2004 to 2006, 57% were discharged to 
home.37 Characteristics of the children whose home discharge was safe 
included age 2 months or older, a history of eczema, respiratory rates 

Inflammatory changes of variable severity are observed in most 
small bronchi and bronchioles. Because resistance to airflow is related 
inversely to the cube of the radius of the airway, the inflammation and 
edema make the lumina of small airways in infants particularly vulner-
able to obstruction (see Fig. 68-1). Plugs of necrotic material and fibrin 
may completely or partially obstruct the small airways. Smooth muscle 
constriction does not seem to be a major factor in the obstruction. In 
areas peripheral to sites of partial obstruction, air becomes trapped by 
a process similar to a “ball-valve” mechanism. Negative intrapleural 
pressure exerted during inspiration allows air to flow beyond the point 
of partial obstruction. On expiration, however, the size of the lumen 
decreases, resulting in obstruction and gas trapping. In areas periph-
eral to obstruction, trapped air is eventually absorbed, which results in 
multiple areas of atelectasis. This absorptive atelectasis is accelerated 
when a child breathes high concentrations of oxygen, which is absorbed 
into the blood much faster than nitrogen. The degree of atelectasis or 
hyperinflation that develops is greater in infants than it would be in 
older children or adults because collateral channels that maintain 
alveolar expansion in the presence of airway obstruction are not well 
developed early in life.

The physiologic correlates of airway obstruction are dyspnea, tach-
ypnea, a diminished tidal volume, and a diminished ratio of ventilation 
to perfusion resulting first in arterial hypoxemia. When an infant is no 
longer able to compensate for the disordered gas exchange by increas-
ing ventilation, hypercarbia may ensue. The pathologic process may 
progress to involve the alveolar walls and spaces, producing an inter-
stitial pneumonitis. Recovery tends to be slow, requiring several weeks.

CLINICAL MANIFESTATIONS
Bronchiolitis commonly has a prodrome of several days that is marked 
by upper respiratory tract signs, especially coryza, cough, and fever, 
which is usually mild. Lower respiratory tract involvement may be 
signaled by the development of a prominent cough, followed by an 
increased respiratory rate, and nonspecific systemic symptoms such as 

FIGURE  68-1 Factors that contribute to severity of viral 
bronchiolitis. 

I.  Upper Airway Infection

II.  Viral Propagation in Lower Airway

III.  Lower Airway Injury

IV.  Respiratory Distress

   Viral virulence
↑ Viral inoculum
↓ Mucosal immunity

   Viral particles reach-
       ing lower airway
↑ Viral inoculum size
↓ Airway clearance
↓ Mucosal immunity

   Viral virulence
↑ Viral burden
↑ Host inflammatory
     response

↑ Airway injury
   Premature/infant
       lung
    Abnormal lung 
       vasculature
    Preexisting airway
       dysfunction
    Muscle weakness
    Poor cough

↓ Specific immunity (lgA)
↓ Innate mucosal immunity

↑ Upper airway viral burden
Aspiration/dysphagia
Intubation

Ciliary dysfunction (smoke, etc.)
↓ Cough (neurologic dysfunction)

↓ Specific immunity (lgG)
↓ Innate mucosal immunity

↑ Pulmonary blood flow
Pulmonary hypertension

Chronic lung disease, exposure
to smoke, environmental toxins

↓ Airway diameters
↓ Collateral ventilation
↓ Lung recoil
↓ Chest wall stability
↓ Respiratory muscle reserve
↓ Pulmonary reserve

↑ Direct cytopathic effect

FIGURE 68-2 Bronchiolitis. A, Histopathology of bronchiolitis showing 
bronchiolar inflammation with regenerating epithelium. B, Characteristic 
inflammation and necroses in bronchiolitis, resulting in obliteration of the 
bronchiolar lumen. 
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management of bronchiolitis.2 Complete blood cell count values vary 
in children with bronchiolitis and have not been shown to be helpful 
in determining the diagnosis or therapy of bronchiolitis.2 Additional 
diagnostic procedures should be reserved for children whose history, 
findings, or clinical course are not as expected.

Although rapid diagnostic testing is generally unnecessary, it may 
be useful at times for implementing appropriate infection control, 
monitoring seasonal patterns of respiratory pathogens, restricting anti-
microbial use, or providing confirmation of the diagnosis in children 
with unusual clinical presentations or severe disease. Timely diagnosis 
of specific viral respiratory pathogens may occasionally be necessary 
to guide specific antiviral therapy in children with high-risk conditions 
or severe illness with influenza or RSV.

Rapid diagnostic approaches to identifying the common viral 
agents of bronchiolitis include tissue culture, antigen detection, and 
PCR. Nasopharyngeal washes provide the most appropriate specimen. 
When available, tissue culture by shell vial technique can provide posi-
tive culture results within several days. Rapid antigen detection 
includes direct and indirect immunofluorescent assays, optical immu-
noassays, and enzyme immunoassays. These rapid viral antigen tech-
niques are most commonly used because of their ease, cost, and 
availability of results within hours.52 Rapid real-time PCR testing is 
becoming increasingly available for the simultaneous diagnosis of mul-
tiple respiratory viruses and is capable of high sensitivity and specific-
ity, as well as short turnaround times.53 The positive predictive value 
of all these viral assays significantly diminishes when the prevalence of 
the agent, such as RSV or influenza, is low in the community.

Serologic tests to determine the etiologic agent are rarely helpful in 
clinical management and may be difficult to interpret because a young 
infant would have maternally acquired antibody to many of the viral 
agents of bronchiolitis.

The differentiation of wheezing caused by RSV infection from 
wheezing caused by many other mechanisms in infants is challenging 
because RSV occurs in epidemics. During the height of the epidemic, 
it is tempting to assume that RSV is the culprit in any wheezing infant. 
The differential diagnosis of wheezing in an infant is broad and requires 
a careful history and examination.54 Congestive heart failure is most 
important to consider because infants with left-to-right shunt are likely 
to become symptomatic and present with tachypnea and wheezing at 
around 8 to 10 weeks of age. Gastric reflux and aspiration may produce 
a picture that is indistinguishable clinically from acute bronchiolitis. 
An asthma exacerbation precipitated by a viral infection is possible, 
particularly in infants with a strong family history of asthma. Other 
considerations include foreign body aspiration, vascular ring, cystic 
fibrosis, and immunodeficiency.

THERAPY
Supportive care is the mainstay of therapy for outpatient and inpatient 
children. Guidelines for care have been published and updated.2 At 
home, care is aimed primarily at comfort, maintaining adequate hydra-
tion, and treating fever if necessary.2,55 Young children, especially 
infants, are particularly compromised by a respiratory rate of 60 or 
greater per minute and by the increased nasal congestion and mucus 
production in the lower respiratory tract. These may result in dimin-
ished fluid intake, inability to sleep, increased work of breathing, and 
the risk of requiring assisted ventilation. Clearance of secretions by 
administering chest percussion or deep pharyngeal and tracheal suc-
tioning has been ineffective in the management of bronchiolitis and is 
not advised.2

Among more severely ill children with hypoxemia, supplemental 
oxygen administration may be of prime importance. The Spo2 level at 
which supplemental oxygen should be administered is not well defined, 
however, and is controversial. Although Spo2 levels of 90% to 95% on 
room air have been commonly used, the American Academy of Pedi-
atrics has advised for previously healthy infants that supplemental 
oxygen should be initiated when persistent measurements of Spo2 
levels less than 90% are obtained.2 In fact, the use of pulse oximetry in 
previously healthy children without signs of respiratory distress has not 
been associated with a better clinical outcome but has led to increased 
use of medical services and cost and is not routinely recommended.2 
Other factors than just the Spo2 level should be considered in the 

that were below normal for age, oxygen saturation levels 94% or greater, 
no or mild chest wall retractions, fewer treatments with bronchodila-
tors during the first hour, and adequate oral intake.

The acute course of bronchiolitis typically lasts 3 to 7 days. A 
minority of children with RSV lower respiratory infection presents 
with critical hypoxemia, apnea, or respiratory failure and immediately 
requires intensive care. Most children admitted to the hospital are less 
severely affected, and relatively few of them deteriorate dramatically 
after admission. In one study, less than 2% of previously healthy chil-
dren admitted to the regular floor for RSV infection subsequently 
required intensive care.38 Most infants improve within 3 to 4 days, with 
a gradual recovery period of 1 to 2 weeks, but cough may persist longer. 
The median duration of illness in one study of ambulatory children 
with bronchiolitis was 12 days. After 3 weeks, 18% remained symp-
tomatic, and after 4 weeks, 9% were still ill.39 Gender, weight, or respi-
ratory rate was not predictive of longer illness.

COMPLICATIONS
Complications associated with bronchiolitis occur most frequently in 
infants within the first several months of life, in premature infants, and 
in children with chronic cardiac, pulmonary, and immunodeficiency 
diseases.3,27-29 The most serious complication is progression to respira-
tory failure. Although the risk of respiratory failure is relatively low for 
most children with RSV bronchiolitis, a small number of severely 
affected infants will require assisted ventilation in most intensive care 
units each year. Intubation and ventilation are usually indicated by 
recurrent severe apnea or hypercapnic/hypoxemic respiratory failure.

Apnea, one of the most frequent acute complications, occurs in 3% 
to 21% of infants.40-42 Apnea typically is the presenting manifestation, 
occurring after several days of respiratory symptoms that may be so 
mild as to go unnoticed. Infants who present with apnea are at risk of 
developing severe lower respiratory disease even as the apnea typically 
resolves within a day or two. Apnea is most likely to occur in premature 
infants and in infants within the first 2 months of life (e.g., infants who 
are younger than 44 weeks’ postconceptional age). The apnea does not 
seem to be obstructive, generally has a good prognosis, and is not 
associated with an increased risk of sudden infant death syndrome 
subsequently.

Aspiration has been shown to be a frequent complication in infants 
hospitalized with RSV bronchiolitis.43,44 It is possible that infants with 
preexisting dysphagia are at increased risk of severe bronchiolitis with 
RSV infection, so this may represent association rather than causation. 
Secondary bacterial infections complicating bronchiolitis are uncom-
mon, and concurrent bacterial infections occur in 0% to 7% of bron-
chiolitis cases.28,45-48 Concurrent bacterial infections most frequently 
are urinary tract infections, unrelated to the bronchiolitis. Bacterial 
coinfections have been less common in children with bronchiolitis 
than in control children without bronchiolitis.

The most frequent clinical association observed in infants hospital-
ized with bronchiolitis is subsequent episodes of recurrent wheezing, 
estimated to occur in 30% to 50% of infants hospitalized with bron-
chiolitis. The pathogenesis of this link is unclear (see Chapter 160). 
Controversy continues over the extent to which this association is 
explained by a genetic predisposition to both severe RSV disease and 
subsequent wheezing or by an effect of RSV infection itself.49 Neverthe-
less, the prognosis for most children with recurrent episodes of wheez-
ing during early childhood is good. Among most children, the episodes 
diminish or disappear before reaching the teenage years.50,51

DIAGNOSIS
The diagnosis of bronchiolitis may be made for most children on the 
basis of the characteristic clinical and epidemiologic findings. These 
include the acute onset of the typical constellation of respiratory tract 
findings of cough, wheezing, and increasing respiratory effort after an 
upper respiratory tract prodrome, particularly during the winter respi-
ratory season, in a child younger than 2 years of age.2 Laboratory and 
radiologic studies are unnecessary for diagnosis; they do not change 
the outcome for most children and are not routinely recommended. 
The assessment of the severity of the bronchiolitis should also be  
based on the child’s history and physical examination according to  
the American Academy of Pediatrics’ guidelines on the diagnosis and 
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times a day) has been shown to result in more rapid clinical improve-
ment and shortened length of stay in infants with RSV bronchiolitis 
without evidence of side effects.62 Nevertheless, this therapy has not 
been universally adopted because several studies have been unable to 
show benefit and because of the theoretical but unsubstantiated 
concern that the hypertonic saline aerosol might induce bronchospasm 
in infants with asthma.

Ribavirin (1-β-d-ribofuranosyl-1,2,4-triazole-3-carboxamide), a 
synthetic nucleoside, is available for aerosol treatment for RSV bron-
chiolitis among hospitalized infants. The drug is not recommended 
routinely, however, and should be considered only for infants with 
severe disease at high risk of severe illness (see Chapters 44 and 160).2

Several approaches are used to provide direct respiratory support 
for the small number of young infants or those with underlying abnor-
malities who develop life-threatening apnea or respiratory failure 
during an episode of bronchiolitis. Noninvasive approaches that have 
been used to avoid intubation include continuous positive airway pres-
sure, heliox, and high-flow nasal cannula therapy (HFNC).63-65 The first 
two have not been consistently shown to be adequately beneficial to 
justify the challenge of administration. HFNC, however, may be effec-
tive in preventing or delaying the need for intubation.66,67

PREVENTION
Prevention of the clinical entity of bronchiolitis is a goal unlikely to be 
reached in the near future because of its multiple etiologies and varying 
pathogenesis. For prevention of bronchiolitis associated with primary 
RSV infection, prophylactic administration of humanized monoclonal 
antibodies directed against the RSV F protein has been effective in 
reducing the rate of RSV hospitalization among high-risk infants who 
are premature and have comorbid conditions affecting cardiopulmo-
nary function (see Chapter 160).29,68

The mainstay of preventing bronchiolitis remains the interruption 
of the spread of the infectious agent to infants and to the young age 
group of children who develop bronchiolitis. Preventing contact of the 
child with individuals who have signs of illness may be helpful, but 
many individuals may have infection that is asymptomatic or mild 
enough that it is unrecognized. Multiple infection-control procedures 
are recommended for RSV and other agents of bronchiolitis, but 
among these the most effective, whether in the hospital or home, are 
good hand hygiene and education of personnel and families (see 
Chapter 160).

decision to administer supplemental oxygen. Additional risk factors  
to consider include underlying chronic conditions, poor feeding,  
clinical respiratory distress, fever, and acidosis, which may shift the 
oxyhemoglobin association curve such that appreciably lower levels of 
Pao2 may occur at Spo2 levels greater than 90%.

Therapeutic agents most frequently used for RSV bronchiolitis 
include bronchodilators, corticosteroids, and antibiotics. Of infants 
hospitalized with RSV infection in North America, Europe, and Aus-
tralia, 75% to 80% were treated with bronchodilating agents, 10% to 
40% were treated with corticosteroids, and 15% to 40% were treated 
with intravenous antibiotics.56 Multiple studies have shown these ther-
apies as inconsistently effective, and none is routinely recommended.2

A Cochrane Review of the use of bronchodilators for bronchiolitis 
concluded that the limited transient improvement using various clini-
cal scoring systems observed was associated with questionable clinical 
benefit.57 A subsequent review of the evidence by the American 
Academy of Pediatrics reached a similar conclusion and recommenda-
tion against the routine use of bronchodilators for infants with initial 
episodes of wheezing.2 The addition of anticholinergic medications to 
the therapeutic regimen has not been shown to improve the course of 
viral bronchiolitis. These recommendations may not apply to children 
who have had recurrent wheezing before the episode of viral 
bronchiolitis.

Multiple trials have examined the use of nebulized, oral, and par-
enteral corticosteroid medications among children with bronchiolitis. 
Most of these trials have not included specific viral identification and 
are heterogeneous in design and in the populations included. Reviews 
that analyzed the randomized and controlled trials concluded that the 
evidence was insufficient to recommend routine use of these medica-
tions for bronchiolitis.58-60

A subsequent large, placebo-controlled trial of oral dexamethasone 
therapy was conducted in 20 emergency departments over three RSV 
seasons among 608 children 2 to 12 months old with their first episode 
of wheezing. Administration of a single oral dose of 1 mg/kg of dexa-
methasone had no effect on the subsequent rate of hospitalization or 
the clinical assessment score, even among children with a family 
history of asthma.61 Review of this and the previous studies resulted in 
the current recommendation that corticosteroid medications should 
not be used routinely in the management of bronchiolitis.2

Nebulized hypertonic saline (most commonly 3 mL of 3% saline 
combined with a bronchodilator delivered by jet nebulization three 
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69  Acute Pneumonia
Richard T. Ellison III and Gerald R. Donowitz

In 1901, Sir William Osler noted in the fourth edition of his book  
The Principles and Practice of Medicine that “the most widespread and 
fatal of all acute diseases, pneumonia, is now Captain of the Men  
of Death.”1 Over a century later, the prominence of pneumonia as a 
clinical entity remains. It remains among the top 10 most common 
causes of death among all age groups in the United States and the single 
most common cause of infection-related mortality.2 The clinical chal-
lenge of community-acquired pneumonia (CAP) involves the wide 
array and ever-increasing number of microbial agents that can cause 
disease (Table 69-1A-D), the difficulty in making a clinical and etio-
logic diagnosis, and the fact that no single antimicrobial regimen can 
cover all the possible causes. Because a specific etiologic diagnosis is 
often not possible at the time initial treatment is begun, the clinician 
must decide which empirical therapy is most appropriate. The increas-
ing prevalence of antibiotic resistance among many of the most 
common pathogens has made this challenge more difficult. An under-
standing of the pathogenesis of the disease, evaluation of relevant data 
from a careful history and physical examination, recognition of 
common clinical patterns of infection, and information from the 
microbiology laboratory all aid in narrowing down the possible etio-
logic agents of pneumonia, thereby allowing reasonable therapy to be 
selected empirically.

HOST DEFENSES AND 
PATHOGENESIS
The lung is constantly exposed to the mixture of gases, particulate 
material, and microbes that constitute inspired air. Although the  
lower respiratory tract has traditionally been considered sterile, recent 
investigations using culture-independent techniques have shown in 
normal healthy individuals there is a similar microbiota in the upper 
and lower respiratory tract, although with a lower concentration of 

microorganisms within the lung.3 A more complex microbiota has 
been demonstrated in individuals with chronic obstructive pulmonary 
disease and those with cystic fibrosis, and there can be significant 
variations in the microbiota at different locations within the lungs of 
individuals.4,5 The development of acute pulmonary infection appears 
to arise when there is a defect in host defenses, exposure to a particu-
larly virulent microorganism, or an overwhelming inoculum. Infec-
tious agents gain entry to the lower respiratory tract through aspiration 
of upper airway resident microbiota, inhalation of aerosolized mate-
rial, and, less frequently, metastatic seeding of the lung from blood.

Pulmonary Defense Systems
The pulmonary defense system involves both innate and adaptive 
immunity, including anatomic and mechanical barriers, humoral 
immunity, cell-mediated immunity, and phagocyte activity (Table 
69-2).6,7 The upper airways, including the nasopharynx, oropharynx, 
and larynx, are the sites first exposed to inhaled microorganisms. The 
nasal mucosa contains ciliated epithelium and mucus-producing cells. 
Mechanical clearance of entrapped organisms occurs through the 
nasopharynx via expulsion or swallowing. In the oropharynx, the flow 
of saliva, sloughing of epithelial cells, local production of complement, 
and bacterial interference from resident microbiota serve as important 
factors in local host defense. Secretory immunoglobulin A (IgA) is the 
major immunoglobulin produced in the upper airways and accounts 
for 10% of the total protein of nasal secretions. It possesses antibacte-
rial and antiviral activity despite being a relatively poor opsonin. 
Despite some controversy, low IgA levels are probably not associated 
with increased bacterial infection. IgG and IgM enter the airways pre-
dominantly via transudation from the blood. Their roles in bacterial 
opsonization, complement activation, agglutination, and neutraliza-
tion activity are similar to those noted in serum.

Epidemiology and Etiology
•	 Pneumonia	is	the	most	common	cause	of	

infection-related	death.
•	 Predominant	pathogens	of	community-

acquired	pneumonia	(CAP)	in	adults	include	
Streptococcus	pneumoniae,	Haemophilus	
influenzae,	Mycoplasma	pneumoniae,	and	
Chlamydia	pneumoniae.

•	 Legionella	species,	Staphylococcus	aureus,	and	
enteric	gram-negative	bacilli	are	less	frequent	
causes	that	can	produce	more	severe	disease.

•	 Predominant	pathogens	of	patients	recently	
hospitalized	or	nursing	home	residents	include	
S.	aureus,	aerobic	gram-negative	rods,	
including	Pseudomonas	aeruginosa,	and	mixed	
aerobic/anaerobic	organisms.

Diagnosis
•	 Typical	clinical	manifestations	are	cough—the	

sine	qua	non	of	pneumonia—sputum	
production,	dyspnea,	chest	pain,	fever,	fatigue,	
sweats,	headache,	nausea,	myalgia,	and	
occasionally	abdominal	pain	and	diarrhea.

•	 Gram	stain	and	culture	of	sputum	samples	
remain	valuable	diagnostic	assays.

•	 Blood	cultures	should	be	obtained	in	all	
patients	who	are	immunocompromised,	have	
health	care–associated	(HCAP)	or	hospital-
acquired	pneumonia	(HAP),	or	are	hospitalized	
with	severe	CAP.

•	 Chest	radiographs	should	be	obtained	on	all	
patients	with	suspected	pneumonia.

•	 Several	biomarkers,	including	procalcitonin	and	
C-reactive	protein,	are	under	assessment	as	
discriminatory	assays	to	define	populations	
with	a	higher	likelihood	of	bacterial	infection	
that	could	benefit	from	antibiotic	therapy,	but	
the	clinical	utility	of	such	assays	has	not	yet	
been	established.

Therapy
•	 One	of	three	severity	index	scores	(PSI,	

CURB-65,	or	CRB-65)	can	be	used	to	assess	
the	need	for	hospitalization	in	
immunocompetent	patients	with	CAP,	and	
similar	indices	can	be	used	to	define	the	need	
for	intensive	care	unit	admission.

•	 Antibiotic	therapy	for	pneumonia	should	be	
started	as	soon	as	the	diagnosis	is	considered	
likely.

•	 Advanced	macrolides,	respiratory	
fluoroquinolones,	and	β-lactam	agents	are	the	
principal	antibiotics	used	for	the	treatment	of	
CAP.	Coverage	for	S.	aureus	and	mixed	
anaerobes	should	be	considered	in	select	
situations	(see	Table	69-4	for	suggested	agents	
and	dosages).

•	 Antibiotic	treatment	for	HCAP	should	include	
coverage	for	potentially	drug-resistant	S.	
aureus	and	aerobic	gram-negative	bacilli	and	
in	most	settings	includes	coverage	for	
Pseudomonas	aeruginosa	(see	Table	69-4	for	
suggested	agents	and	dosages).

•	 The	duration	of	intravenous	treatment,	
inpatient	hospitalization,	and	total		
intravenous	and	oral	antibiotic	therapy		
for	CAP	should	be	guided	by	the	patient’s	
clinical	stability.

Prevention
•	 Provide	immunization	as	appropriate	

with	influenza	and	pneumococcal		
vaccines.

•	 Encourage	cessation	of	tobacco	
smoking.

SHORT VIEW SUMMARY
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Epithelial cells, which line the conducting airways, submucosal 
glands, and alveoli, produce airway surface liquid, which is a complex 
mixture of proteins and peptides mixed with plasma transudate. 
Airway surface liquid contains lysozyme, lactoferrin, and secretory 
leukocyte proteinase inhibitor, all of which possess microbicidal activ-
ity.8 Respiratory epithelial cells produce other potent antimicrobial 
peptides, including cathelicidins and β-defensins. These peptides 
possess individual antimicrobial activity as well as synergistic antimi-
crobial activity with each other. In addition, the β-defensins may act 
as chemokines for memory T cells and dendritic cells, thereby serving 
as a link between the innate and adaptive immune systems.

Most bacteria are 0.5 to 2 µm. This size particle may reach the 
terminal airways and alveoli. No mucociliary apparatus exists at this 
level, yet a variety of humoral and cell-mediated host defenses function 
here. The alveolar-lining fluid contains surfactant, fibronectin, IgG, 
and complement, all of which are effective opsonins. Surfactant is 
composed of several components (SP-A, SP-B, SP-C, SP-D) that serve 
to increase the microbicidal capacity of macrophages. These com-
pounds may also affect free-radical production and lymphocyte activ-
ity.9 SP-A and SP-D are collectins, which are a family of collagenous 
carbohydrate-binding proteins. These proteins bind a variety of organ-
isms, including viruses, gram-negative and gram-positive bacteria, 
mycobacteria, and fungi, which may decrease their virulence or 
enhance phagocytosis by neutrophils and alveolar macrophages.10 Free 
fatty acids, lysozyme, iron-binding proteins, and defensins are also 
present and may be directly microbicidal.

Phagocytic cells including macrophages and neutrophils play a 
major role in pulmonary host defense. Four distinct populations of 
macrophages exist in the lung and vary in their location and func-
tion.11,12 The alveolar macrophage is located in the alveolar-lining fluid 
at the interphase between air and lung tissue. It serves as the resident 
phagocytic cell in the lower airway and is the first phagocyte encoun-
tered by inert particles and potential pathogens entering the lung via 
inspired air. Alveolar macrophages play several critical roles.7 As 
phagocytic cells, they can eliminate certain organisms. If the numbers 

Adherence of microorganisms to epithelial surfaces of the upper 
airways is a critical initial step in colonization and subsequent infec-
tion. Changes in fibronectin secretion and in binding characteristics of 
epithelium for various lectins occur as a response to underlying dis-
eases. This may help to explain why colonization occurs in some clini-
cal settings and not in others. Particles greater than 10 µm are efficiently 
filtered by the hair in the anterior nares or impact onto mucosal sur-
faces because of the configuration of the upper airways and the nasal 
turbinates. The cough and epiglottic reflexes also keep large particulate 
matter from reaching the central airways. The trachea and conducting 
airways of the transbronchial tree are usually effective in entrapping 
particles from 2 to 10 µm. The sharp angles at which the central 
airways branch cause particles to impact on mucosal surfaces, where 
they are entrapped by endobronchial mucus. Once entrapped, particles 
are removed by ciliated epithelium to the oropharynx.

TABLE 69-1A  Causative Agents of Acute 
Pneumonia: Bacteria

COMMON UNCOMMON
Streptococcus pneumoniae
Staphylococcus aureus
Haemophilus influenzae
Mixed anaerobic bacteria (aspiration)

Bacteroides spp.
Fusobacterium spp.
Peptostreptococcus spp.
Peptococcus spp.
Prevotella spp.

Enterobacteriaceae
Escherichia coli
Klebsiella pneumoniae
Enterobacter spp.
Serratia spp.

Pseudomonas aeruginosa
Legionella spp. (including L. 

pneumophila and L. micdadei)

Acinetobacter spp.
Actinomyces and Arachnia spp.
Bacillus spp.
Moraxella catarrhalis
Campylobacter fetus
Eikenella corrodens
Francisella tularensis
Neisseria meningitidis
Nocardia spp.
Pasteurella multocida
Proteus spp.
Burkholderia pseudomallei
Salmonella spp.
Enterococcus faecalis
Streptococcus pyogenes

TABLE 69-1B  Causative Agents of Acute 
Pneumonia: Viruses

CHILDREN ADULTS
Common Common
Respiratory syncytial virus
Parainfluenza virus types 1, 2, 3
Influenza A virus
Influenza B virus
Rhinovirus
Bocavirus
Human metapneumovirus

Influenza A virus
Influenza B virus
Respiratory syncytial virus
Human metapneumovirus
Adenovirus types 4 and 7 (in military recruits)
Rhinovirus

Uncommon Uncommon
Adenovirus types 1, 2, 3, 5, 14
Coxsackievirus
Echovirus
Hantavirus
Measles virus
Coronavirus (SARS, MERS-CoV)

Coxsackievirus
Echovirus
Coronavirus (SARS, MERS-CoV)
Hantavirus
Epstein-Barr virus
Cytomegalovirus
Parainfluenza virus
Herpes simplex virus
Human herpesvirus 6
Varicella-zoster virus

MERS-CoV, Middle East respiratory syndrome coronavirus; SARS, severe acute 
respiratory syndrome.

TABLE 69-1C  Causative Agents of Acute 
Pneumonia: Fungi

COMMON UNCOMMON
Histoplasma capsulatum
Coccidioides immitis
Cryptococcus neoformans
Aspergillus spp.

Agents of mucormycosis
Rhizopus spp.
Absidia spp.
Mucor spp.
Cunninghamella spp.

Candida spp.

TABLE 69-1D  Causative Agents of Acute 
Pneumonia: Other Agents

Rickettsia
Coxiella burnetii

Rickettsia rickettsiae

Mycoplasma, Chlamydia
Mycoplasma pneumoniae

Chlamydia psittaci

Chlamydia trachomatis

Chlamydia pneumoniae (TWAR)

Mycobacteria
Mycobacterium tuberculosis

Nontuberculous Mycobacteria
M. abscessus

M. avium-intracellulare complex

M. kansasii

M. chelonae

M. fortuitum

M. xenopi

M. simiae

M. scrofulaceum

M. malmoense

M. seoulense

Parasites
Ascaris lumbricoides

Pneumocystis jirovecii

Strongyloides stercoralis

Toxoplasma gondii

Paragonimus westermani
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of organisms increase beyond the macrophages’ capability to handle 
them or if the organisms involved are particularly virulent (e.g., Pseu-
domonas aeruginosa), the macrophage becomes a mediator of an 
inflammatory response by producing cytokines that recruit neutro-
phils into the lung.13 Interstitial macrophages are located in the lung 
connective tissue and serve as both phagocytic cells and antigen-
processing cells. Dendritic cells derive from monocytes and are located 
within the epithelium of the trachea, conducting airways, terminal 
airways, alveolar septa, pulmonary vasculature, and visceral pleura. 
These cells are therefore positioned to interact with antigens in inhaled 
air. Dendritic cells (and a specialized subpopulation termed Langer-
hans cells) possess an enhanced capacity to capture, process, and 
present class II antigens. They can migrate to lymphoid tissue, where 
they can stimulate T-cell immune responses. Dendritic cells can also 
produce a variety of cytokines and chemokines, including interleukin 
(IL)-12, which serves to stimulate B-cell immune function.14 The intra-
vascular macrophage is located in the capillary endothelial cells. These 
cells are actively phagocytic and remove foreign or damaged material 
entering the lungs via the bloodstream.

Neutrophil recruitment is crucial for the inflammatory response in 
the lung. The mechanisms involved in the initial detection of organ-
isms in the lung and the generation and subsequent resolution of a 
response to them are now being more clearly delineated.15-20 Other lung 
parenchymal cells may also help regulate the inflammatory response.21 
In addition to epithelial cells, interstitial macrophages, and dendritic 
cells, endothelial cells, pulmonary smooth muscle cells, and fibroblasts 
produce both proinflammatory (e.g., colony-stimulating factors, che-
mokines) and anti-inflammatory (IL-10) factors.

Microorganisms express molecular recognition patterns that are 
unique and different from that of the host. Pattern recognition receptor 
families such as Toll-like receptors are present on epithelioid cells, 
alveolar macrophages, dendritic cells, as well as other cells that are 
located in strategic areas of the lung and either individually or in 

TABLE 69-2  Pulmonary Host Defenses

groups serve to recognize molecular patterns of invading organisms.21 
This recognition leads to the generation of early-response cytokines 
such as tumor necrosis factor-α (TNF-α) and IL-I that then activate 
transcription factors such as mitogen-activated protein kinase, phos-
phoinositide 3-kinase, nuclear factor kappa B (NF-κB), and interferon-
regulatory factors. These transcription factors serve as a common 
pathway for pattern recognition receptors and orchestrate the develop-
ment of the inflammatory response by mediating the transcription  
of chemokines, adhesin molecules, and other cytokines. This signal 
cascade serves two purposes. The first is to generate and maintain the 
inflammatory response to recruit neutrophils into areas of microbial 
invasion. The other goal is to activate anti-inflammatory response 
mediators, which lead to the shedding of receptors, neutralization of 
cytokines, and inhibition of macrophage recruitment, which all serve 
to ensure that the inflammatory response is held in check and that 
noninvolved areas of lung are not injured. It is this balance of pro-
inflammatory and anti-inflammatory cytokines and effector molecules 
that allows for sterilization of an infected area of lung without gross 
destruction of the lung itself. In addition, it is now recognized that 
polymorphisms and defects are not uncommonly found for both 
pattern recognition receptors and the inflammatory and anti-
inflammatory mediators and that these genetic variations can contrib-
ute to an individual’s susceptibility to pneumonia.20

Cell-mediated immunity via lymphocytes and macrophages is 
central to adaptive immune responses in the lung and is especially 
important against certain pathogens, including viruses and intracel-
lular organisms that can survive within pulmonary macrophages (e.g., 
Mycobacterium, Legionella).12 Lymphocytes within the lung are found 
along the epithelial surfaces (LES), as well as within the interstitial and 
intravascular spaces. LES cells are predominantly memory T cells and 
interact both with epithelial cells and dendritic cells. Interstitial cells 
are similarly predominantly T cells but with a different CD4/CD8 ratio 
than seen with that of either LES cells or intravascular lymphocytes 
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destroy respiratory epithelium and may disrupt normal ciliary activity. 
Neutrophil function, including chemotaxis, phagocytosis, and stimula-
tion of oxidative metabolism and alveolar macrophage function, may 
also be inhibited by certain viral infections.29 Sepsis associated with 
extrapulmonary infections may undermine lung defense mechanisms. 
In animal models, exposure to lipopolysaccharide or endotoxin 
decreases lung clearance of a bacterial challenge.30 Infection with 
human immunodeficiency virus (HIV) compromises many of the 
components of pulmonary host defense. Quantitative defects involve 
the naïve CD4 T cells initially, with the memory CD4 T cells depleted 
more rapidly later in infection. Functional defects caused by the virus 
include impaired response to remote recall antigens, inhibited response 
to soluble antigen followed in time by decreased T-cell response to 
alloantigens and mitogens, impaired IL-2 and interferon-γ production, 
and decreased immunoglobulin production.31 In BALT, destruction of 
dendritic cells and degeneration of lymphoid follicles have been noted. 
Defective antigen presentation by dendritic cells has also been observed. 
Abnormal chemotaxis, phagocytosis, and oxidative metabolism in 
neutrophils of patients with acquired immunodeficiency syndrome 
(AIDS) have been described.

Iatrogenic manipulations that bypass or interfere with the usual 
host defenses of the upper airways (endotracheal tubes, nasogastric 
tubes, and respiratory therapy machinery) all predispose to infection.32 
A variety of commonly prescribed drugs including aspirin, erythromy-
cin, and aminophylline have been shown to alter host defenses in vitro 
or in models, but the clinical significance of this is uncertain.33,34 Recent 
data with macrolides suggest that they have immunomodulatory activ-
ity that could have beneficial effects in some settings.35 Other classes 
of agents, including proton pump inhibitors, histamine type 2 (H2) 
receptor antagonists, and antipsychotic agents, have been associated 
with pneumonia in population-based studies, although the associa-
tions have been challenged and the exact pathophysiologic mecha-
nisms have not been determined.36-38

Other factors that impair pulmonary host defenses include hypox-
emia, acidosis, toxic inhalations, pulmonary edema, uremia, malnutri-
tion, immunosuppressive agents, and mechanical obstruction.39-41 
Recent clinical studies have also shown an increased risk for pneumo-
nia with therapeutic hypothermia now being used for management of 
cardiac arrest and head trauma.42

Older adults are at increased risk for the development of pneumo-
nia (see Chapter 315). Although numerous factors play an important 
role in this regard, including an increased number and increased 
severity of underlying diseases and an increased number of hospital-
izations, there are age-related impairments in host defenses.43 Less 
effective mucociliary clearance and abnormal elastic recoil may lead  
to less effective coughing and clearing of the upper airways. Some 
populations of elderly patients have an increased incidence of micro-
aspiration. Changes in humoral immunity and cell-mediated immune 
function have been documented in older persons, although their role 
in the development of infection remains unclear. Immune dysregula-
tion has been shown to occur in the elderly such that low-grade 
inflammation occurs in the lung in the absence of clinically detectable 
infection.44

Recurrent episodes of bacterial pneumonia suggest the presence of 
specific predisposing factors.45 In children and young adults, recurrent 
pneumonia is associated with defects in host defenses, including recur-
rent aspiration, asthma, congenital cardiac or pulmonary disease, and 
altered immune function.46-49 Congenital defects in ciliary activity and 
cystic fibrosis are other clinical entities associated with recurrent pneu-
monia in young persons.50,51 Structural lung abnormalities such as 
bronchiectasis and pulmonary sequestration are also important pre-
disposing factors for both younger and older patient populations. As 
more has become known about the molecular basis of the inflamma-
tory response, it has become clear that a variety of genetic polymor-
phisms exist that are associated with predisposition to the development 
of pneumonia. It is important to recognize that these defects may be 
associated with a narrow range of potential pathogens, which may aid 
in the identification of the defect.17,20

Although most congenital defects in host defenses appear in child-
hood, common variable hypogammaglobulinemia may first appear in 
adulthood with recurrent pneumonia. Acquired host defense defects 

and with an abundance of natural killer cells. In addition, although 
uncommon in adults, in childhood there are organized lymphoid tissue 
collections in the lung located in follicles along the bronchial tree 
termed bronchus-associated lymphoid tissue (BALT) collections. BALT 
collections appear to be morphologically similar to Peyer’s patches  
in the intestine and are similarly associated with both the vasculature 
and the mucosal epithelium. Inhaled antigens therefore are able to 
cross the epithelial surface and immediately encounter cells involved 
with antigen processing. Once these antigens are processed and pre-
sented, B and T lymphocytes localize and are stimulated to become 
memory cells and effector cells, with antibody production occurring 
in this tissue.

Antigens inhaled into the alveolus and captured by antigen-
presenting cells subsequently activate intra-alveolar lymphoid cells. 
These cells can stimulate the migration of memory lymphocytes into 
the area, leading to a localized accumulation of antigen-specific T and 
B lymphocytes, many of which possess effector cell function. As is true 
in other anatomic areas, binding of T cells to endothelium is a critical 
first step in the inflammatory process and is mediated by the interac-
tion of leukocyte function–associated antigen (LFA)-1 integrins on the 
lymphocyte cell surface with ligands exposed by endothelium in areas 
of inflammation (intercellular adhesion molecules 1 and 2 and vascular 
cell adhesion molecule 1). Expression of these ligands on pulmonary 
endothelium is upregulated by inflammatory mediators such as IL-1, 
interferon-γ, and TNF-α, as well as by bacterial lipopolysaccharides.

Lymphocytes in the lung have several major roles in the lung, 
including the production of antibody, cytotoxic activity (including 
killing of virally infected cells), production of inflammatory mediators, 
and mediation of immune tolerance. The lung contains a variety of 
cytotoxic T cells, including natural killer cells (antigen nonrestricted), 
antibody-dependent cytotoxic cells, and antigen-restricted cytotoxic 
cells. Pulmonary T cells produce a large number of cytokines. Mouse 
models suggest that unstimulated T cells produce mainly IL-2. After 
stimulation and conversion to memory T cells, two distinct groupings 
of cytokines are produced. The helper T-cell 1 (Th1) and 2 (Th2) 
pattern of cytokine production noted in murine models occurs in 
humans, although it appears to be less restrictive. Th1 cells produce 
interferon-γ, IL-2, IL-6, and IL-10 and contribute to cell-mediated 
immunity, whereas Th2 cells produce IL-4, IL-5, IL-10, and IL-13 and 
contribute to humoral immune function. Furthermore, IL-3, TNF-α, 
granulocyte-macrophage colony-stimulating factor, and chemokines 
are secreted by both Th1 and Th2 phenotypes. Th1 cells are involved 
in cell-mediated inflammatory reactions, whereas Th2 cells stimulate 
antibody production, especially IgE, and stimulate eosinophil activity. 
However, there appears to be both Th1 and Th2 responses in many 
immune responses. The interaction of T-regulatory cells with mucosal 
dendritic cells appears to mediate the phenomenon of immune toler-
ance in the lung.

Impairment of Pulmonary Defenses
The defenses of the lung, when they are functioning normally, are 
extremely efficient in maintaining low microbial concentrations in the 
lower airways. However, a number of factors are known to interfere 
with these defenses and predispose the host to infection. Alterations 
in the level of consciousness from any cause (stroke, seizures, drug 
intoxication, anesthesia, alcohol abuse, and even normal sleep) can 
compromise epiglottic closure and lead to aspiration of oropharyngeal 
microbiota into the lower respiratory tract.22 Cigarette smoke, perhaps 
the most common agent involved in compromising natural pulmonary 
defense mechanisms, disrupts mucociliary transport as well as altering 
macrophage B- and T-lymphocyte functionality.23,24

Alcohol not only impairs the cough and epiglottic reflexes but also 
has been associated with increased colonization of the oropharynx 
with aerobic gram-negative bacilli, decreased mobilization of neutro-
phils, abnormal phagocyte oxidative metabolism, and abnormal che-
motaxis.25,26 Alcohol effectively blocks the TNF response to endotoxin, 
with decreased recruitment of neutrophils to the lung. Furthermore, 
alcohol enhances monocyte production of 1L-10, a cytokine with anti-
inflammatory properties.27

Infections with Mycoplasma pneumoniae or Haemophilus influen-
zae may interfere with normal ciliary function.28 Viruses may actually 
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Special note needs to be made of the relationship between pneu-
monia and patients with COPD.63 Although well-controlled studies are 
lacking, it does appear that patients with COPD have an increased 
incidence of pneumonia. However, because the tracheobronchial tree 
is often colonized with Streptococcus pneumoniae and H. influenzae, it 
has been difficult to distinguish clearly between colonization and infec-
tion in many studies. Although these organisms play an important role 
as etiologic agents of pneumonia in this patient population, most of 
the clinical studies were carried out before it was recognized that other, 
less common pathogens also play a significant role in causing disease. 
The roles of Moraxella catarrhalis, Legionella, Chlamydia, and aerobic 
gram-negative rods including P. aeruginosa have been established.63-65 
Cystic fibrosis is commonly associated with Pseudomonas and staphy-
lococcal pulmonary infections.51 Burkholderia spp., Stenotrophomonas 
spp., Achromobacter xylosoxidans, and atypical mycobacteria are also 
important pulmonary pathogens in this setting. Pulmonary alveolar 
proteinosis can be associated with Nocardia infection.

Patients infected with HIV are at high risk for the development of 
pulmonary infections.66-69 Although the incidence of pneumonia has 
decreased notably in the developed world with the advent of highly 
active antiretroviral therapy, pneumonia remains a common HIV com-
plication. Principal risk factors for pneumonia in this population 
include low current CD4+ count, nadir CD4+ count, injection drug use, 
smoking, increasing age, and lack of highly active antiretroviral therapy 
and anti-Pneumocystis prophylaxis.67,70 In considering the etiology of 
pulmonary infection in patients infected with HIV, geographic expo-
sures, demographic characteristics of the patient, and the degree of 
immune suppression need to be considered. With the development of 
highly active antiretroviral therapy (HAART) and effective prophylac-
tic strategies, the incidence of Pneumocystis jirovecii pneumonia in 
patients with AIDS has decreased from 70% to 80% to less than 1 per 
100 patient-years.71 It is now predominantly seen in individuals who 
have a CD4+ count less than 100/mm3 and are either unaware of having 
HIV infection or are not receiving care.69 Bacterial pneumonia was a 
significant complication for HIV-infected individuals and in the pre-
antiretroviral era with an incidence 5- to 10-fold that seen in the 
general population; and the incidence of invasive pneumococcal 
disease is more than 50-fold higher in HIV-infected patients than in 
non–HIV-infected controls.70,72 The incidence of these infections has 
now notably decreased, although there remains a high risk in patients 
not on treatment.69 The incidence of pneumonia due to P. aeruginosa 
and S. aureus has also been notably higher in HIV-infected patients.69 
Although relatively less common in the developed world, in developing 
countries, Mycobacterium tuberculosis is now viewed as the major pul-
monary pathogen in patients with AIDS.68 The use of HAART has led 
to a decreased incidence of AIDS, but its overall importance as a pul-
monary pathogen remains. In the severely immunosuppressed HIV 
population, fungal infections can play a major role, and depending on 
the patient’s exposure history, cryptococcosis, histoplasmosis, blasto-
mycosis, and coccidioidomycosis should be considered.

In patients infected with HIV, the relationship between the degree 
of immune suppression using the CD4+ count as a marker and the 
specific etiology of pneumonia deserves emphasis. Bacterial pneumo-
nia and pulmonary tuberculosis usually occur when the CD4+ count 
is less than 400/µL, with increased risk when the count falls below 200 
cells/µL.73 Pneumocystis and disseminated tuberculosis are associated 
with CD4+ counts below 200/mm3, and disseminated nontuberculous 
mycobacterial and fungal infections occur with CD4+ counts less than 
50 to 100/mm3.73 Pulmonary infections in HIV-infected patients are 
discussed in more detail in Chapter 125.

Pneumonia developing in hospitalized patients often involves 
Enterobacteriaceae, P. aeruginosa, and S. aureus, organisms that are 
unusual in community-acquired disease.74 Pneumonia in older adults, 
especially those who are bedridden or who have chronic diseases, had 
been believed to be more often associated with gram-negative bacilli 
than is pneumonia in younger populations, but this association remains 
unclear.75,76 In general, elderly patients most frequently have infection 
due to S. pneumoniae, nontypeable strains of H. influenzae, M. catarrh-
alis, or aspiration pneumonia.

Recently, it has been recognized that patients with outpatient 
contact with the health care system develop pneumonia with etiologic 

are more varied and include malignancies (lymphoma, chronic lym-
phocytic leukemia, multiple myeloma), infection (AIDS), and iatro-
genic causes (immune suppression associated with solid-organ or 
marrow transplantation, cancer chemotherapy, high-dose cortico-
steroid treatment, and TNF inhibitors). Underlying respiratory tract 
disorders such as chronic obstructive pulmonary disease (COPD), 
bronchiectasis, adult-onset cystic fibrosis, bronchopulmonary seques-
tration, and tracheobronchomegaly may present as pneumonia. Bron-
chial obstruction due to intrinsic compression (adenocarcinoma) or 
extrinsic compression (lymphadenopathy due to sarcoidosis or malig-
nancy) has also been associated with recurrent episodes of pneumonia. 
Underlying diseases that predispose to aspiration lead to an increased 
incidence of pneumonia. These may be associated with gastrointestinal 
diseases (tracheoesophageal fistula, esophageal diverticula, esophageal 
reflux, esophageal stricture), neuromuscular disorders (myasthenia 
gravis, dementia, amyotrophic lateral sclerosis), and cancer of the head 
and neck. Most systemic illnesses, including chronic renal failure, dia-
betes, and sickle cell disease, have been associated with pneumonia.

CLINICAL EVALUATION
History
The history should attempt to define (1) symptoms consistent with the 
diagnosis of pneumonia, (2) the clinical setting in which the pneumo-
nia takes place, (3) defects in host defense that could predispose to the 
development of pneumonia, and (4) possible exposures to specific 
pathogens.

Respiratory symptoms are commonly encountered in primary care 
practices but are usually not associated with pneumonia. Analysis of 
data over 9 years from 1980 to 1994 found that between 5 and 10 
million primary care visits each year were for cough, with only 4% to 
6% of these visits linked to pneumonia.52 Therefore, a serious effort 
should be made to differentiate pneumonia from other clinical entities 
with which it may be confused. The predominant clinical findings of 
pneumonia related to the respiratory tract should be sought, including 
cough, sputum production, dyspnea, chest pain, and fever.53 It should 
also be recognized that nonrespiratory symptoms are commonly 
present, including fatigue, sweats, headache, nausea, and myalgia, and 
occasionally abdominal pain and diarrhea.54 With increasing age, both 
respiratory and nonrespiratory symptoms of pneumonia become less 
frequent. Unfortunately, symptoms at presentation elucidated by a 
careful history may not always be able to distinguish pneumonia from 
other respiratory problems.

Specific etiologic agents of pneumonia have been associated with 
certain underlying diseases and patient populations. Pneumonia due 
to M. pneumoniae occurs more often in younger people, but it may 
be a cause of pneumonia in older patients severe enough to require 
hospitalization.55 Gram-negative bacterial pneumonia tends to occur 
in older adults, especially those who are debilitated with comorbid 
diseases or are ill enough to require management in an intensive care 
unit (ICU). Tuberculosis should be suspected in the homeless, those 
infected with HIV, those who come from developing countries where 
tuberculosis is prevalent, and those who have been exposed to others 
with the disease. Staphylococcal pneumonia classically has been noted 
during epidemics of influenza.56 Over the past 20 years, methicillin-
resistant Staphylococcus aureus (MRSA) has grown in importance as a 
cause of ventilator-associated pneumonia (VAP). In addition, since the 
late 1990s, strains of community-acquired MRSA have emerged as 
infrequent but important causes of CAP.57,58

Pneumonia has been noted to occur with increased frequency  
in patients with a variety of underlying disorders such as congestive 
heart failure, diabetes, alcoholism, and COPD. In one series of 292 
patients with pneumonia, only 18% were found to have no underlying 
disease.59 Certain lifestyle factors have also been associated with an 
increased risk for pneumonia. These include cigarette smoking; alcohol 
use, especially in males; contact with children and pets; and living in 
a household with more than 10 people.60 Viral upper respiratory tract 
infections can predispose to pneumonia and may be associated with 
more severe disease.61,62 Recent dental manipulations, sedative over-
doses, seizures, alcoholism, or loss of consciousness for any reason 
should raise the suspicion for anaerobic infection caused by aspiration 
of oral contents.22
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hydration and intravascular fluid volume. The pulse usually increases 
by 10 beats/min for every degree (centigrade) of temperature eleva-
tion. A pulse-temperature deficit (e.g., a relative bradycardia for the 
amount of fever) should suggest viral infection, mycoplasmal infec-
tion, chlamydial infection, tularemia, or infection with Legionella. 
Cyanosis, a rapid respiratory rate, the use of accessory muscles of 
respiration, sternal retraction, and nasal flaring suggest serious respira-
tory compromise.

Cutaneous abscesses or “track marks” from injection drug use may 
signal a source of bacteremia with subsequent pneumonia via hema-
togenous spread. Bullous myringitis is an infrequent but significant 
finding in mycoplasmal pneumonia. The presence of poor dentition 
should suggest a mixed infection due to aspiration of anaerobes and 
aerobes that colonize the oropharynx. Although edentulous patients 
may develop anaerobic pneumonia as a result of aspiration, it is 
uncommon.79

Examination of the thorax may reveal “splinting,” or an inspiratory 
lag on the side of the lesion, that is suggestive of bacterial pneumonia. 
Early in the disease process, definite signs of pulmonary involvement 
may be lacking or may be manifest only as fine rales. Chest examina-
tion may reveal these early signs of pneumonia even though the chest 
radiograph is normal. Evidence of consolidation (dullness on percus-
sion, bronchial breath sounds, and E to A changes) is highly suggestive 
of bacterial infection but may be absent in two thirds of patients ill 
enough to be hospitalized and may be absent more often in patients 
treated as outpatients.80 Patients with mycoplasmal or viral infection 
may exhibit few abnormalities on physical examination despite the 
presence of impressive infiltrates on the chest radiograph.

The overall usefulness of the history and physical examination to 
detect the presence of pneumonia has been questioned.81 The probabil-
ity of detecting pneumonia varies with the patient population, the 
prevalence of pneumonia in that population, the threshold values for 
defining a vital sign as abnormal, and the ability of the clinician to 
detect abnormal physical findings. However, a great deal of interob-
server variation has been shown to exist. In one series, three examiners 
seeing the same patients could not consistently agree on the physical 
examination findings. The diagnosis of pneumonia could be made with 
a sensitivity of only 47% to 69% and with a specificity of 50% to 75%.81

Rare findings such as egophony and asymmetrical chest move-
ments have a high predictive value for pneumonia but occur so infre-
quently that they are of limited utility. Several studies have assessed the 
utility of clinical prediction rules for the presence or absence of pneu-
monia based on multiple physical findings.53 The absence of any vital 
sign abnormalities (i.e., respiratory rate >20 breaths/min, heart rate 
>100 beats/minute, and temperature >37.8° C [100° F]) has been asso-
ciated with a less than 1% chance of a patient’s having pneumonia, 
assuming a pneumonia prevalence of 5% in the population under 
study. In contrast, a constellation of cough, fever, tachycardia, decreased 
breath sounds, and crackles raises the possibility of pneumonia being 
present to between 40% and 50%. Therefore, although variable and 
nondefinitive, a complete history and physical examination may be 
extremely helpful in guiding the workup of pneumonia.

Diagnostic Testing
Clinical features derived from a careful history and physical examina-
tion, and confirmed by radiographic imaging of the chest that shows 
a pulmonary infiltrate, suggest the presence of pneumonia. The role of 
microbiologic tests to identify the specific cause is an important, 
although controversial, element of care. Most empirical antibiotic  
regimens are successful in the therapy for CAP, especially mild to 
moderate cases. Studies comparing empirical therapy with laboratory-
guided pathogen-directed care have shown no differences in efficacy, 
although increased side effects were noted in the patients receiving 
empirical therapy.82 Efforts to determine the specific cause of CAP are 
justified by the fact that they (1) may enable the clinician to narrow 
the antibiotic spectrum by using fewer agents, thereby decreasing 
exposure of the patient to potential side effects and potentially reduc-
ing the development of resistance; (2) may aid in the specific antibiotic 
choice for an individual patient depending on the specific epidemiol-
ogy of infection and the specific resistance patterns of the locale; and 
(3) may identify pathogens not usually suspected and therefore not 

agents that may be seen in both CAP and nosocomial pneumonia.77,78 
Increased importance of MRSA, aerobic gram-negative rods including 
P. aeruginosa, and mixed aerobic/anaerobic organisms due to aspira-
tion are associated with this new syndrome of health care–associated 
pneumonia (HCAP) (see further discussion under “Pneumonia 
Syndromes”).

Important aspects of a patient’s history that may suggest specific 
potential infectious agents include occupational, animal, and travel 
history (Table 69-3). A carefully obtained history may also suggest  
the presence of noninfectious pulmonary disease, such as tumors,  
sarcoidosis, granulomatosis with polyangiitis (previously known as 
Wegener’s granulomatosis), or pulmonary emboli; all may masquerade 
as pneumonia.

Physical Examination
Most, but not all, patients with pneumonia look ill, sometimes acutely. 
They may be breathing with accessory muscles. Elderly patients may 
appear apathetic. Fever is reported to be present in 65% to 90% of 
patients with pneumonia. It may be sustained, remittent, or at times 
hectic. Fever patterns per se, however, are not useful for establishing  
a specific diagnosis. Oral temperature assessment should be avoided  
to reduce error caused by rapid mouth breathing. Recording of pos-
tural changes in blood pressure and pulse rate is useful in assessing 

TABLE 69-3  Pneumonia: Etiology Suggested by 
Exposure History

EXPOSURE HISTORY INFECTIOUS AGENT
Exposure to concurrent illness in school 

dormitory or household setting
Neisseria meningitidis, 

Mycoplasma pneumoniae

Environmental Exposures
Exposure to contaminated aerosols (e.g., air 

coolers, hospital water supply)
Legionnaires’ disease

Exposure to goat hair, raw wool, animal hides Anthrax

Ingestion of unpasteurized milk Brucellosis

Exposure to bat droppings (caving) or dust 
from soil enriched with bird droppings

Histoplasmosis

Exposure to water contaminated with animal 
urine

Leptospirosis

Exposure to rodent droppings, urine, saliva Hantavirus

Potential bioterrorism exposure Anthrax, plague, tularemia

Zoonotic Exposures
Employment as abattoir work or veterinarian Brucellosis

Exposure to cattle, goats, pigs Anthrax, brucellosis

Exposure to ground squirrels, chipmunks, 
rabbits, prairie dogs, rats in Africa or 
southwestern United States

Plague

Hunting or exposure to rabbits, foxes, squirrels Tularemia

Bites from flies or ticks Tularemia

Exposure to birds (parrots, budgerigars, 
cockatoos, pigeons, turkeys)

Psittacosis

Exposure to infected dogs and cats Pasteurella multocida, Q fever 
(Coxiella burnetii)

Exposure to infected goats, cattle, sheep, 
domestic animals, and their secretions (milk, 
amniotic fluid, placenta, feces)

Q fever (C. burnetii)

Travel Exposures
Residence in or travel to San Joaquin Valley, 

southern California, southwestern Texas, 
southern Arizona, New Mexico

Coccidioidomycosis

Residence in or travel to Mississippi or Ohio 
river valleys, Caribbean, central America,  
or Africa

Histoplasmosis, blastomycosis

Residence in or travel to southern China SARS, avian influenza

Residence in or travel to Arabian peninsula MERS-CoV

Residence in or travel to Southeast Asia Paragonimiasis, melioidosis

Residence in or travel to West Indies, Australia, 
or Guam

Melioidosis

MERS-CoV, Middle East respiratory syndrome coronavirus; SARS, severe acute 
respiratory syndrome.
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Gram stain for detecting H. influenzae is usually less than that for 
S. pneumoniae and has been reported to be 40% to 80%. Staphylococci 
appear as gram-positive cocci in tetrads and grapelike clusters (see  
Fig. 69-5). Organisms of mixed morphology are characteristic of 
anaerobic infection. Few bacteria are seen with legionnaires’ disease, 
Mycoplasma pneumonia, and viral pneumonia. Examination of 
induced sputum obtained after patients undergo nebulizer treatment 
with 3% saline solution has been a useful means of diagnosing Pneu-
mocystis pneumonia in patients with AIDS. The use of commercially 
available monoclonal antibodies or Giemsa’s, Gomori’s methenamine 

usually covered by empirical therapy. On a broader scale, identifying 
specific causes may help define new agents, trends in antibiotic resis-
tance in established agents, and epidemiology of infectious outbreaks. 
The combined use of the standard microbiologic testing in conjunction 
with nucleic amplification assays can now define the etiology of CAP 
in up to 89% of cases.83 The most recent guidelines from the Infectious 
Diseases Society of America and the American Thoracic Society 
(IDSA/ATS) have suggested diagnostic testing “whenever the result is 
likely to change individual antibiotic management” or in patients in 
whom “the diagnostic yield is thought to be greatest.”84

Sputum Examination and Examination 
of Other Respiratory Tract Samples
Microscopic examination and culture of expectorated sputum remain 
the mainstays of the laboratory evaluation of pneumonia despite 
ongoing controversy concerning their sensitivity and specificity. Of 
patients admitted to the hospital with CAP, 40% to 60% will not be 
able to produce sputum. Of those that do, between 40% to 60% of 
samples may be judged to be inadequate for further study because of 
oropharyngeal contamination.85,86 Many patients have received antibi-
otics before the studies are carried out, which drastically reduces the 
diagnostic yield. A variety of organisms cannot be detected by Gram 
stain, including Legionella spp., Mycoplasma spp., and Chlamydia spp. 
However, in patients who produce sputum of adequate quality to be 
examined (minimal or no oropharyngeal contamination), and who 
have not received prior antibiotics, diagnostic yields of 80% for sputum 
Gram stain have been reported in the small fraction of patients with 
bacteremic S. pneumoniae pneumonia.87 Despite its pitfalls, the sputum 
Gram stain is noninvasive, can be performed no risk to the patient, 
and under the right circumstances may aid in the diagnosis and choice 
of empirical therapy in patients with CAP.88,89

Examination of the sputum should include observation of the color, 
amount, consistency, and odor of the specimen. Mucopurulent sputum 
is most commonly found with bacterial pneumonia or bronchitis. 
However, sputum of a similar nature has been described in one third 
to one half of patients with mycoplasmal or adenovirus infections.90 
Scant or watery sputum is more often noted with these and other atypi-
cal pneumonias. “Rusty” sputum suggests alveolar involvement and has 
been most commonly (although not solely) associated with pneumo-
coccal pneumonia.91 Dark red, mucoid sputum (currant-jelly sputum) 
suggests Friedlander’s pneumonia caused by encapsulated Klebsiella 
pneumoniae (Fig. 69-1).92 Foul-smelling sputum is associated with 
mixed anaerobic infections most commonly seen with aspiration.79

To maximize the diagnostic yield of the sputum examination, only 
samples with minimal oropharyngeal contamination should be 
reviewed. Although there are no definitive guidelines, the number of 
neutrophils and epithelial cells should be quantitated under low power 
(×100), with further examination reserved for samples containing 25 
or more neutrophils and 10 or fewer epithelial cells.93 Samples with 
more epithelial cells and fewer neutrophils are usually nondiagnostic 
and should be discarded. The morphologic and staining characteristics 
of any bacteria seen should be recorded and an estimate made of the 
predominant organisms (Figs. 69-2 to 69-6). When no bacterial pre-
dominance exists, this should be noted as well.

In the appropriate clinical setting, a predominance of gram-positive, 
lancet-shaped diplococci should suggest pneumococcal infection (see 
Fig. 69-2). When strict criteria for Gram stain positivity are used (the 
finding of a predominant organism or more than 10 gram-positive, 
lancet-shaped diplococci per oil immersion field [×1000], or both), the 
specificity of the Gram stain for identifying pneumococci has been 
shown to be 85%, with a sensitivity of 62%.94 Because pneumococci 
may be part of the nasopharyngeal microbiota in 10% to 50% of healthy 
adults and often colonize the lower airways in patients with chronic 
bronchitis, identification of the organism does not mean that it is the 
cause of disease.95 However, it is our experience that the large number 
of pneumococci necessary to produce a positive Gram stain is unusual 
in carriers.

Microscopic sputum examination can be helpful to identify organ-
isms other than pneumococci. The finding of small gram-negative 
coccobacillary organisms on sputum Gram stain is characteristic of  
H. influenzae (see Fig. 69-4). However, the sensitivity of the sputum 

FIGURE  69-1 “Currant-jelly” sputum associated with Klebsiella 
pneumoniae pneumonia. 

FIGURE  69-2 Expectorated sputum with gram-positive, lancet-
shaped diplococci from a patient with pneumococcal pneumonia. 

FIGURE  69-3 Expectorated sputum demonstrating a positive 
quellung reaction in a patient with pneumococcal pneumonia. 
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sputum cultures are positive with proven H. influenzae pneumonia.96,97 
Both S. pneumoniae and H. influenzae are relatively fastidious and the 
sensitivity of cultures decreases with the prior use of antibiotics or with 
delays in transport of specimens to the clinical microbiology labora-
tory. Beyond these concerns with test sensitivity, sputum cultures have 
frequently been shown to yield more bacterial species than more inva-
sive methods of obtaining respiratory tract secretions.98 A lack of cor-
relation between findings from sputum culture and findings from 
blood cultures and serologic studies has been observed.

Several key parameters have been identified in efforts to maximize 
the diagnostic yield from sputum culture. Procurement of adequate 
sputum samples is an essential first step. With increasing numbers of 
epithelial cells and decreasing numbers of neutrophils, an increased 
amount of oropharyngeal contamination is present, as indicated by the 
isolation of more bacterial species. The presence of alveolar macro-
phages does not alter the bacteriologic findings when substantial 
numbers of epithelial cells are present, indicating that otherwise ade-
quate samples of sputum can be contaminated with oropharyngeal 
contents and thereby rendered nondiagnostic. This type of initial 
screening has proved helpful in differentiating adequate sputum 
samples from saliva, thereby increasing the diagnostic yield of sputum 
culture.

When culture of sputum is delayed, the isolation of pneumococci 
is less likely because of overgrowth by oropharyngeal microbiota. 
Rapid processing of samples is therefore another important factor 
leading to higher diagnostic yield. Some reports suggest that with 
adequate sputum samples and prompt culture of specimens, the diag-
nostic yield of the sputum culture may be improved.87

Antigen detection in respiratory secretions has been used for more 
than 2 decades to try to maximize the diagnostic yield of sputum, 
especially for infections caused by S. pneumoniae, Pneumocystis, Legio-
nella pneumophila, and a variety of respiratory viruses. The direct fluo-
rescent antibody assays for L. pneumophila and Pneumocystis jirovecii 
are the most commonly utilized, with sensitivities of 25% to 75% for 
Legionella and 80% for Pneumocystis.99,100 The sensitivity for Pneumo-
cystis may be less for patients with causes of immunosuppression other 
than HIV disease.101 Specificities of approximately 90% have been 
reported in the assays for each pathogen. Non-pneumophila and pneu-
mophila non–serogroup 1 strains of Legionella may be missed in these 
assays, and the test needs to be performed by experienced technolo-
gists. For other organisms such as Chlamydia, problems with coloniza-
tion versus infection, varying sensitivities, and cross-reactivity with 
nonpathogens have limited the usefulness of the study.

Detection of microbial nucleic acid in respiratory tract secretions, 
both nasopharyngeal and sputum, remains an area of ongoing study.102-

104 Nucleic acid amplification assays, especially polymerase chain reac-
tion (PCR) are particularly attractive because they have the capability 
of detecting minute amounts of material from potential pathogens, do 
not appear to be greatly influenced by prior antibiotic therapy, and can 
be performed quickly. Whereas a variety of PCR techniques have been 

FIGURE 69-6 Expectorated sputum with gram-negative rods in a 
patient with Klebsiella pneumoniae pneumonia. 

FIGURE  69-7 Expectorated sputum with acid-fast bacilli in a 
patient infected with Mycobacterium tuberculosis. 

FIGURE 69-4 Expectorated sputum with gram-negative coccoba-
cillary forms (arrows) from a patient with Haemophilus influenzae 
pneumonia. 

FIGURE 69-5 Expectorated sputum with clusters of gram-positive 
cocci in a patient with Staphylococcus aureus pneumonia. 

silver, or toluidine blue O stains has led to a diagnosis in up to 50% of 
cases, making more aggressive diagnostic procedures unnecessary. 
Special sputum staining techniques are important in identifying other 
organisms such as mycobacteria (Fig. 69-7).

Sputum culture as a means of diagnosing pneumonia is as contro-
versial as the sputum Gram stain. Not all patients with pneumonia will 
produce sputum. Even when they do, studies of patients with bactere-
mic pneumococcal pneumonia have found sputum culture positivity 
rates varying between 29% and 94%.87 Similarly, only 35% to 73% of 
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used for the diagnosis of atypical pneumonias, including those caused 
by Legionella species and M. pneumoniae.

False-negative findings are seen in up to 30% to 40% of patients, 
which may reflect the fact that bacterial counts may differ by 50-fold 
in areas of infected lung versus noninfected adjacent areas, making the 
sampling site an important consideration. Other possible explanations 
include prior antibiotic use, technique problems, and, in some cases, 
an early stage of pneumonia in which bacterial numbers are not yet 
high enough to reach the breakpoint of the procedure.

Bronchoscopy with BAL has been particularly valued for the  
immunocompromised host, including patients with AIDS. In patients 
with AIDS, diagnostic yields for Pneumocystis pneumonia of 89% to 
98% have been reported.111 Excellent yields have also been noted in 
detecting cytomegalovirus in patients with AIDS, as well as in bone 
marrow and solid-organ transplant recipients, although detection of 
this agent alone does not prove it as the cause of pneumonia.112 The 
high degree of immunosuppression in these patient populations 
permits high levels of the pathogens to flourish, which makes their 
detection easier.

BAL has also been shown to be useful for diagnosis of pulmonary 
M. tuberculosis and fungal infections. Culture of BAL material has a 
sensitivity of approximately 85% for M. tuberculosis, even in the setting 
of negative culture of expectorated sputum and gastric aspirate 
samples.113 With the use of strict diagnostic definitions, performance 
of PCR and galactomannan assays on BAL has approximate sensitivi-
ties and specificities of 77% and 93% for invasive pulmonary aspergil-
losis.114 Bronchoscopy with calcofluor staining and fungal culture can 
also be helpful in the diagnosis of pulmonary histoplasmosis, crypto-
coccosis, and coccidioidomycosis.105,115,116

Both bronchoscopy and BAL have been used widely in patients with 
ventilator-associated pneumonia (VAP).117 The “bacteriologic strategy” 
recommended in the IDSA/ATS guideline on VAP recommended 
bronchoscopy, BAL, or endobronchial aspiration to establish the pres-
ence or absence of pulmonary infection as well as to determine the 
specific etiology.77 A prospective multicenter trial found that the use 
of bronchoscopy with BAL and quantitative culture did not improve 
clinical outcomes as compared with nonquantitative culture of endo-
tracheal secretions.118

Bronchoscopy is not without risk. It can induce respiratory failure 
and the need for mechanical ventilation in hypoxemic patients. There 
is a risk for bleeding with both the use of protected brush catheters and 
transbronchial biopsies, as well as a lesser risk for pneumothorax. In 
patients with gram-negative pneumonia, a sepsis-like picture with 
increased temperature and decreased mean arterial pressure may 
follow the procedure. It should not usually be considered in patients 
with CAP unless the infection is severe or unresolving or a clear failure 
of antibiotic therapy is encountered, suggesting an occult process such 
as a concern of a minor obstructing lesion or a foreign body not seen 
on diagnostic imaging.105

Other Techniques
A variety of less invasive techniques have been used in attempts to 
determine the cause of pneumonia without resorting to bronchoscopy. 
Blind endotracheal suctioning with quantitative cultures has com-
pared favorably with bronchoscopic procedures in investigation of 
VAP in some studies.119 With a threshold of greater than 105 colony-
forming units (CFU)/mL, the sensitivity for predicting VAP was com-
parable to that of lavage or protected brush procedures, although the 
specificity was somewhat lower.119 Furthermore, no differences in 
mortality, length of ICU stay, or duration of mechanical ventilation 
were noted when quantitative endotracheal cultures were used as the 
sole means of diagnosis compared with BAL and protected specimen 
brushing. Others have reported false-negative rates of over 30% and 
many more organisms isolated by endotracheal suctioning than by 
brushing.120 In addition, in the setting of VAP, concern remains about 
sampling error, as well as the potential for differing pathogens in dif-
ferent lung segments. At present, none of these techniques has been 
shown to increase the accuracy in diagnosing VAP, and studies of 
clinical outcome have found that mortality from VAP is unchanged 
independent of whether bronchoscopic or nonbronchoscopic proce-
dures are used for diagnosis.121,122

described, U.S. Food and Drug Administration (FDA)-licensed assays 
exist for only M. tuberculosis, Legionella spp., and respiratory viruses. 
Assays for more commonly encountered organisms such as S. pneu-
moniae, H. influenzae, Mycoplasma, and Chlamydia spp. have been 
developed, but lack of standardization and difficulty in determining 
true infection from colonization remain problematic. False-negative 
results have been reported because of the presence of natural inhibi-
tors. Although the PCR assay has been used to detect P. jirovecii, 
published studies have detected positive results in the setting of nega-
tive cultures and absence of clinical features of infection. PCR tech-
niques have been used to identify DNA from M. tuberculosis in both 
sputum and lavage fluid. Sensitivities of 90% to 100% have been seen 
with patients who are acid-fast bacilli (AFB) smear positive, and results 
are reported as 50% to 70% in patients who are AFB smear negative; 
specificities as high as 99% have been noted. However, PCR assay may 
remain persistently positive in patients recently treated for tuberculosis 
and with no apparent active disease. Several individual pathogen and 
multiplex real-time PCR assay systems have become commercially 
available for the detection of community respiratory viruses.103 The test 
systems differ for viral pathogens that they detect, and “in-house” 
assays for select pathogens are frequently not FDA approved. Available 
assays can detect influenza A, influenza B, parainfluenza viruses, respi-
ratory syncytial virus (RSV), human metapneumovirus, coronaviruses, 
rhinoviruses, and bocavirus in respiratory secretions with high sensi-
tivity and specificity for the presence of viral nucleic acid. However, it 
is unclear if positive results indicate upper rather than lower respira-
tory tract infection, colonization, or true infection of the lung or even 
the presence of infectious virus particles. Overall, these molecular 
assays have clear utility for research purposes.61,83 However, they 
remain expensive, and although they may be of benefit in the manage-
ment of severely ill hospitalized patients and in select clinical settings, 
the cost-effectiveness for the general management of acute pneumonia 
has not yet been defined.

Fiberoptic Bronchoscopy
Although the sputum examination should always be included in the 
initial evaluation of patients with pneumonia, it may be inadequate  
for a presumptive diagnosis, particularly in the immunocompromised 
host or the patient on mechanical ventilation in whom there is a 
broader range of potential pathogens. Fiberoptic bronchoscopy allows 
for the collection of lower respiratory tract cultures through the use of 
protected brush catheters and the performance of either or both bron-
choalveolar lavage (BAL) and transbronchial biopsy.105 BAL, in which 
a segment of the lung is washed with sterile fluid, samples approxi-
mately 100 million alveoli and consequently examines a larger segment 
of the lung than either the protected specimen brush or a transbron-
chial biopsy.

The use of the protected brush catheter and quantitative culturing 
of material obtained from the procedure have both minimized the 
problem of oropharyngeal contamination and helped to differentiate 
colonization from true infection. Approximately 106 to 108 organisms 
per milliliter are present in lung tissue involved with pneumonia. 
Accounting for dilution of samples, a bacterial count of more than 103 
to 104 has been used as a breakpoint for determining the clinical sig-
nificance of an isolate. When studied prospectively early in the course 
of CAP, bronchoscopy has yielded a diagnosis in approximately 50% 
of patients.106

Bronchoscopy with a protected specimen brush has been shown to 
have sensitivities as high as 82% to 100% and as low as 36% with 
specificities as high as 60% to 77% and as low as 50% for the diagnosis 
of bacterial pneumonia.107-109 Differences in exclusion and inclusion 
criteria, different definitions of pneumonia, and the acceptance or 
rejection of patients with recent antibiotic changes may explain the 
different results.110 The use of antibiotics markedly diminishes the diag-
nostic yield of the procedure. Most bacterial species initially found by 
a protected specimen brush are undetectable after 72 hours of antibi-
otic therapy, and the majority of organisms found are resistant to the 
antibiotics given. These may have no role in the infection. However, in 
a patient with ongoing pneumonia despite antibiotic therapy, bron-
choscopy with a protected specimen brush should pick up resistant 
organisms that may be playing a role in infection.107 BAL has also been 
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Complicated pleural effusions can have a positive culture result in 
up to 24% of cases, making thoracentesis and culture of fluid a valuable 
means of making an etiologic diagnosis of the underlying pneumo-
nia.132,133 Other diagnostic tools have proven useful in identifying 
organisms associated with pleural effusions. PCR technology can be 
useful in detecting M. tuberculosis as well as defining the etiology in 
culture-negative cases.133,134 Adenosine deaminase, an enzyme associ-
ated with lymphocytes, may also be used to detect M. tuberculosis, with 
both sensitivity and specificity of over 90%.135,136

Blood Culture, Serologic Studies,  
and Urine Studies, Including Antigen 
Detection
Blood cultures are positive in between 4% and 17% of patients hospital-
ized with CAP, with the frequency of positive results increasing with 
the severity of illness.83,106,137-139 Recent studies have suggested that posi-
tive blood cultures add little to the management of patients hospital-
ized with CAP and are not predictive of increased mortality.140-142 
However, the presence of true-positive blood cultures is highly specific, 
may be helpful in narrowing antibiotic use, and may identify the pres-
ence of unusual organisms that would not be adequately covered by 
routine empirical antibiotic coverage.143,144 Recent work has shown that 
several clinical features can be used to predict patients with a higher 
likelihood of having bacteremia.138,139 In particular, patients who have 
two or more of the findings of chronic liver disease, pleuritic pain, 
tachycardia, tachypnea, or systolic hypotension and the absence of 
prior antibiotic therapy have at least a 14% incidence of bacteremia, 
with a bacteremia incidence of up to 63% in those with four or more 
of these findings.139 It is clear that blood cultures should be obtained 
before antibiotic administration in all patients with CAP ill enough to 
be hospitalized who have two or more of these features, as well as in 
those patients who are immunocompromised, those being admitted 
with HCAP, or those who acquire pneumonia in the hospital. The 
IDSA and ATS have also recommended blood cultures for patients 
being admitted to an ICU or who have a cavitary lesion, leukopenia, 
active alcohol abuse, asplenia, a positive pneumococcal urinary 
antigen, or a pleural effusion.84 Furthermore, because the etiology of 
pneumonia is not always determined, assessment of clinical response 
to initial therapy is important, and blood cultures should be obtained 
in patients not responding to antibiotic therapy.144

A variety of assays have been utilized to detect pathogens that have 
been difficult to isolate using routine culture techniques. Serologic 
assays have been used to diagnose infections caused by Legionella spp., 
M. pneumoniae, Chlamydia spp., and Coxiella burnetii. The sensitivity 
and specificity of the assays vary, and their overall usefulness in making 
a rapid diagnosis is limited. The Centers for Disease Control and Pre-
vention (CDC) and the Laboratory Centre for Disease Control (LCDC) 
have established diagnostic standards for Chlamydia assays.145 Micro-
immunofluorescence (MIF) for serum chlamydial antigens has been 
recommended, although enzyme immunoassays are also available and 
may be more sensitive and specific.146 For the MIF assay, an IgM titer 
of greater than 1 : 16 or a fourfold rise in IgG value is used to define 
positivity. Use of a single IgG value is not viewed as a definitive test. 
Because the present assays show day-to-day variation, it has been sug-
gested that acute and convalescent titers be assayed at the same time. A 
fourfold rise in IgG rather than a single clinical titer is accepted as  
a positive test for M. pneumoniae.147 Although an elevated IgM titer 
suggests a recent infection, reinfection with Mycoplasma occurs fre-
quently and a rise of IgM may not always be seen.148 Cold agglutinins 
may be elevated in infections with M. pneumoniae. Titers greater than 
or equal to 1 : 4 are suggestive of M. pneumoniae infection. For both 
mycoplasmal and chlamydial infections, nucleic amplification technol-
ogies are being examined as alternative diagnostic modalities.145,147,149

S. pneumoniae produces a variety of antigens and surface markers 
that are type or species specific.150 Although both antigen and antibody 
detection methods in serum have been studied, none has become clini-
cally significant. PCR techniques have been applied to whole blood for 
the detection of pneumococci, but the assays remain experimental.151

Serum assays for cryptococcal capsular antigen have relatively low 
sensitivity for cryptococcal pneumonia but are highly specific and of 
benefit in the management of immunocompromised patients as well 

Lung Biopsy
Direct means of obtaining diagnostic material in patients with pneu-
monia include percutaneous lung aspiration, transbronchial lung 
biopsy, video-assisted thoracoscopy, and open lung biopsy. These pro-
cedures are usually reserved for cases of severe pneumonia in impaired 
hosts and in pediatric populations, in whom sputum is not routinely 
available.

Biopsy procedures are rarely indicated in the previously well patient 
with acute pneumonia. The indications and usefulness of these invasive 
procedures remain controversial. Blind lung aspiration has provided  
a diagnostic yield of 30% to 82% in adults and children with diffuse 
lung infiltrates, although false-negative rates of up to 18% have been 
reported.98,123,124 Computed tomographic (CT)-guided percutaneous 
lung aspiration has been shown to be effective in diagnosing focal 
fungal infections in the transplant population.125 Bleeding and pneu-
mothorax have been reported as major complications in 5% to 39% of 
procedures.123

Open lung biopsy remains the definitive invasive procedure for 
making an etiologic diagnosis of pneumonia in immunosuppressed 
patients, with diagnostic yields of 60% to 100%.126,127 In immunocom-
promised patients, the incidence of unexpected diagnoses that can lead 
to a change in treatment can be over 50%, although the clinical utility 
seems significantly lower in the immunocompetent population.127 The 
incidence of pneumothorax and bleeding is usually less than 10%, even 
in patients who are thrombocytopenic.126

Examination of Pleural Effusions
The characteristics of pleural effusions and their importance in the 
differential diagnosis of pulmonary disease are discussed in Chapter 
70. Pleural effusion or parapneumonic effusion will occur in 20% to 
40% of hospitalized patients with pneumonia, and the incidence of 
severe pleural involvement has been increasing in recent years.128-130 
The incidence of pleural effusions associated with pneumonia varies 
with the etiologic agent, from 40% to 57% with pneumococci, to 50% 
to 70% with gram-negative bacilli, and up to 95% with β-hemolytic 
streptococci.91,131 Pleural fluid cultures, when positive, are specific 
for the organism causing the underlying pneumonia. Furthermore, 
analysis of pleural fluid may play a major role in determining when 
drainage is necessary as well as differentiating other causes of pul-
monary infiltrates that may mimic bacterial pneumonia, including 
tuberculosis, tumors, pulmonary emboli, and collagen vascular dis-
eases. If neutrophils are not the predominant cell type seen in the 
pleural space, a diagnosis other than bacterial pneumonia should be 
sought. Pleural biopsy specimens from patients with acute bacterial 
pneumonia are nonspecific and are therefore of little use in the dif-
ferential diagnosis.

Parapneumonic effusions can be divided into three stages.128,131 The 
first stage or exudative stage is culture negative, has a pH of greater 
than 7.2, glucose level greater than 60 mg/dL, and a lactate dehydro-
genase level that is less than three times the upper limit of normal. This 
stage is due to pulmonary interstitial fluid entering the pleural space 
and increased permeability of the capillaries in the pleura. These 
uncomplicated pleural effusions usually resolve with therapy for the 
underlying disease. Without appropriate therapy, pleural effusions 
become infected with the organisms causing the underlying pneumo-
nia and develop into the second stage or fibropurulent stage. This stage 
is associated with positive microbial cultures, pH less than 7.2, glucose 
level less than 60 mg/dL, and lactate dehydrogenase level that is greater 
than three times the upper limit of normal. Such complicated pleural 
effusions require drainage. The most sensitive finding in determining 
if a pleural effusion needs drainage is a pleural fluid pH less than 7.2. 
This usually occurs before the other chemical parameters associated 
with complicated pleural effusions develop.128 If pH is used to deter-
mine if an effusion is to be drained, it must be measured with a blood 
gas machine, not a pH meter or pH indicator strip, which can be inac-
curate. If left untreated, fibropurulent pleural effusions will develop 
into stage three effusions in which a thick pleural rind is formed that 
restricts normal lung expansion.

Empyema is defined as pus in the pleural space and represents a 
late manifestation of complicated pleural effusions. The presence of 
empyema mandates draining the pleural space.
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worsening infection in which defining the precise cause of pneumonia 
is clinically important.172

Radiologic Examination
Chest radiography plays a critical role in the diagnosis of pneumonia, 
and for many it represents the gold standard of making a clinical diag-
nosis. The differential diagnosis of respiratory complaints and abnor-
mal physical findings includes upper and lower respiratory tract 
infection as well as an array of noninfectious entities. Demonstration 
of an abnormal chest radiograph with pulmonary infiltrates consistent 
with pneumonia differentiates a patient population that may benefit 
from antibiotic therapy from the populations that will not. Because 
overuse of antibiotics for therapy for upper respiratory tract infections 
has been documented and may contribute to the growing problem of 
antibiotic resistance, identifying patients who really should be receiv-
ing antibiotic therapy is clearly of importance. The chest radiograph is 
readily available, is reasonably reliable (despite interobserver variabil-
ity), and should be obtained in most patients suspected of having 
pneumonia.84,173,174 The extent and nature of radiographic abnormali-
ties may define patients who are more seriously ill and may need close 
monitoring.

The patterns of infiltrates found on chest radiographs in patients 
with pneumonia usually are not helpful in making a specific etiologic 
diagnosis (Fig. 69-8A and B).174 However, certain features may be of 
some diagnostic aid. Lobar consolidation, cavitation, and large pleural 
effusions support a bacterial cause (Figs. 69-9 and 69-10). Most lobar 
pneumonias are pneumococcal, although pneumococcal pneumonias 
are not necessarily lobar. When bilateral diffuse involvement is noted, 
Pneumocystis pneumonia, Legionella pneumonia, or a primary viral 
pneumonia should be suspected. Staphylococcal pneumonia may result 
from infection metastasizing from a primary focus unrelated to the 
lung. In these cases, multiple nodular infiltrates throughout the lung 
may be seen. Staphylococci may cause marked necrosis of lung tissue 
with ill-defined thin-walled cavities (pneumatoceles), bronchopleural 
fistulas, and empyema, especially in children (Fig. 69-11). S. aureus 
producing the Panton-Valentine leukocidin, whether methicillin resis-
tant or not, is associated with necrotizing pneumonia with multilobar 
cavitary lesions and is frequently associated with pleural effusions and 
empyema.175,176 Although pneumatoceles are diagnostically significant 
findings in staphylococcal pneumonia, they may be seen in pneumo-
nias with other causes, including K. pneumoniae, H. influenzae, S. 
pneumoniae, and, more rarely, Pneumocystis. Pulmonary infections due 
to Pseudomonas may cavitate. Pseudomonas and other gram-negative 
bacilli most commonly cause lower lobe pneumonia.

Aspiration pneumonia should be considered along with gram-
negative and staphylococcal pneumonias as a source of necrotizing 
pneumonia, cavitation, and empyema. Aspiration pneumonia com-
monly involves either the superior segment or the basilar segment of 
either lower lobe or the posterior segment of the upper lobes, depend-
ing on whether aspiration occurred in the dependent or the upright 
position. Chronic aspiration most commonly results in bilateral lower 
lobe pneumonia, although it may involve one side more than the other.

Viral infection of the lower airway involves respiratory epithelium 
and parenchyma adjacent to terminal respiratory bronchioles. Diffuse 
hemorrhagic congestion of alveolar septa may occur as well.177 The 
radiographic concomitants of these pathologic findings usually involve 
patchy areas of peribronchial ground-glass opacity, airspace consolida-
tion, and poorly defined small nodules. Diffuse and localized involve-
ment with both interstitial and alveolar patterns has been noted (Fig. 
69-12).177 There is little radiologic distinction between the various viral 
causes of pneumonia. Influenza pneumonia is associated with poorly 
defined, patchy airspace consolidation with rapid confluence. Varicella 
pneumonia usually involves peribronchial involvement with nodular 
infiltrates. Adenovirus, herpes simplex virus, and cytomegalovirus, all 
of which are more common in immunocompromised hosts, may be 
associated with diffuse bilateral bronchopneumonia, areas of overinfla-
tion, atelectasis, and nodular opacities. Lobar or subsegmental consoli-
dation mimicking bacterial pneumonia may also be seen in patients 
infected with adenovirus and herpes simplex virus. Hantavirus pneu-
monia usually presents as interstitial edema, which may progress to 
consolidation representing a pulmonary capillary leak syndrome. 

as immunocompetent individuals suspected of infection with Crypto-
coccus gatti.152 Serum assays for (1→3)-β-d-glucan, a component of 
the cell wall of fungi except for Cryptococcus spp. and Zygomycetes, 
have high specificity for invasive fungal infections and can be used for 
detection of invasive pulmonary aspergillosis in immunocompromised 
hosts, as well as for the detection of pneumonia due to the endemic 
fungi Histoplasma capsulatum, Coccidioides immitis, and Blastomyces 
dermatitidis in patients with appropriate geographic exposure.153,154,155 
In addition, β-d-glucan is also a component of the cell wall of P. jir-
ovecii, and serum assays have a sensitivity of over 95% and specificity 
over 80% for Pneumocystis pneumonia in both HIV-positive and HIV-
negative immunocompromised patients.154,156

A variety of cytokines are released into the circulation as a result of 
infection.157-160 Evidence suggests that these biomarkers may be useful 
adjuncts in diagnosing pneumonia and predicting severity of disease.157-

160 The calcitonin family of gene products, especially procalcitonin, 
C-reactive protein, and soluble triggering receptor expressed on 
myeloid cells (STREP-1), have been the markers most often associated 
with pneumonia. Procalcitonin appears to be the earliest marker to 
appear during the course of infection. Clinical trials have now found 
that the presence of an elevated procalcitonin level (>0.25 to 0.5 µg/L) 
can be used to identify patients requiring treatment for pneumonia 
and, based on whether levels fall, how long antibiotics should be con-
tinued without increasing the risk for an adverse outcome.161-163 Pro-
calcitonin has also been used as a gauge of pneumonia-related 
mortality.164 C-reactive protein is an acute-phase reactant produced in 
the liver as a response to a variety of stimuli, including infection. 
Normal values of less than 10 mg/L are unusual in patients with pneu-
monia and can be used to exclude the diagnosis. Levels of 100 mg/L 
or greater suggest the diagnosis of pneumonia and have been associ-
ated with an increased 30-day mortality and a greater likelihood of 
need for ventilator or vasopressor support (i.e., severe pneumonia).160 
In comparative trials, C-reactive protein appears to have a better ability 
to define infection and procalcitonin the clinical severity, although 
definitive studies are lacking.159 Other cytokines studied include IL-6 
and TNF-α, but their correlations with pneumonia appear less consis-
tent. Cortisol levels have also been shown to predict the severity of 
pneumonia and the chance of survival.165,166 Although the clinical trials 
with procalcitonin have shown a reduction in antibiotic costs, there 
can be significant expense in performing these biomarker assays, and 
large-scale randomized studies of their cost-effectiveness are lacking. 
Thus, their role in diagnosis and severity assessment in pneumonia has 
not been clearly defined.

Antigen detection in urine rather than blood or sputum has become 
a successful means of detecting some important pulmonary pathogens. 
Soluble L. pneumophila antigen can be detected in urine using a com-
mercially available enzyme immunoassay. Although it is useful only 
for detecting L. pneumophila serogroup 1, this assay offers the advan-
tage of being rapid and noninvasive and has a sensitivity of 80% to 95% 
and a specificity estimated to be 99%.99 An additional relative limita-
tion of this assay is that antigenuria may persist for weeks to months 
after therapy.

An immunochromatographic membrane test has been developed 
to detect the C polysaccharide cell wall antigen found in all S. pneu-
moniae in urine of patients with pneumonia (Binax NOW).167 This has 
been reported to be an extremely useful means of diagnosing pneumo-
coccal pneumonia. Using a variety of standard diagnostic tests as con-
trols, overall sensitivities of 65.5% to 100%, specificities of 94% to 
100%, and positive predictive values of 62% have been noted.168-170 
Sensitivities have, in general, been high in bacteremia episodes, with 
the yields increased slightly by concentrating the urine. The test is not 
affected by the prior use of antibiotics. Potential problems with the 
urinary antigen assay include weakly positive results caused by non-
pneumococcal organisms, false-positive results in children with naso-
pharyngeal carriage rather than true infection, and positive results 
lasting for weeks after the infection has resolved.169,171 Shortfalls of the 
test are that no organism is isolated and no antibiotic susceptibilities 
can be carried out. In addition, retrospective analysis has not found an 
impact of the routine use of the test on antibiotic prescribing practices 
for patients with suspected pneumonia, suggesting that its use be 
reserved for research purposes or situations such as unresolving or 
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FIGURE 69-9 A, Chest radiograph showing dense left lower consolidation consistent with bacterial pneumonia, in this case caused by Streptococcus 
pneumoniae. B, Lateral radiograph of a patient with left lower lobe pneumococcal pneumonia. 

A B

FIGURE  69-8 A, Normal chest radiograph. B, Patchy infiltrate representing bronchopneumonia in a patient with Streptococcus pneumoniae 
infection. 

A B

Bilateral involvement and pleural effusion are common and when 
present are associated with a worse clinical outcome.178 Both the severe 
acute respiratory syndrome (SARS) coronavirus and a newer novel 
coronavirus identified in 2012 can cause pneumonia that begins pre-
dominantly with bilateral interstitial basilar infiltrates and progresses 
to severe symmetrical airspace disease.179-181 Other recently defined 
viral pulmonary pathogens are the human metapneumovirus and 
bocavirus. Most cases of human metapneumovirus infection involve 
upper respiratory tract infections in children; pneumonia in adults has 
been described.182,183 Multilobar infiltrates have been noted in 50% of 
cases, and pleural effusions are not uncommon. Bocavirus pneumonia 
is more frequently reported in children and has been associated with 

patchy or interstitial infiltrates that are similar to those found with 
other common respiratory virus infections.184

Mycoplasmal pneumonia often manifests as an interstitial pattern 
in a peribronchial and perivascular distribution.185 Consolidation is 
noted in approximately 38% of patients, usually in the lower lobe. Once 
this consolidation stage is reached, radiologic differentiation between 
bacterial and mycoplasmal pneumonia is difficult. Cavitation is rare, 
although pleural effusions may be seen in approximately 20% of 
cases.185,186 Chlamydia pneumoniae predominantly causes unilobar 
disease associated with air bronchograms.174

Legionnaires’ disease may initially present as a radiographic picture 
similar to that of mycoplasmal pneumonia. A patchy interstitial or 
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pneumonia.190 In the immunocompromised host in whom infection is 
only one of the possible causes of abnormal chest radiographs, chest 
CT or one of its variations, such as spiral CT or high-resolution CT, 
may aid in better defining a “questionable” chest radiograph and may 
be helpful in localizing involved areas of lung as a guide to biopsy 
procedures. CT scans are also more sensitive in defining parenchymal 
disease in the ICU setting. Certain infections, such as those caused  
by Aspergillus, M. tuberculosis, and Pneumocystis, have characteristic 
appearances on CT that in the correct clinical setting may make inva-
sive procedures unnecessary. Both ultrasound and CT imaging may be 
more sensitive in defining pleural effusions than plain radiographs.191 
Techniques such as perfusion magnetic resonance imaging have been 
shown to be able to differentiate pneumonia from COPD and pulmo-
nary emboli. The clinical utility of these techniques remains to be 
defined.

finely nodular pattern is seen in the lower lobe.187 However, unlike the 
situation with mycoplasmal pneumonia, pneumonia with more than 
two-lobe involvement is commonly seen. Rapid progression and pleural 
effusions are also common. Pneumonia caused by Legionella micdadei 
may present as pulmonary nodules, either single or multiple, as well as 
segmental infiltrates. As in pneumonia caused by L. pneumophila, rapid 
radiologic progression of the disease is characteristic.188

High-resolution CT has been shown to improve radiographic char-
acterization of lung infection.189-191 In the immunocompetent host, 
chest CT is most helpful in evaluating recurrent pneumonia or infec-
tions unresponsive to therapy. Pneumonia developing behind an 
obstruction caused by tumors or other masses and lung abscess may 
also be better defined by CT than by routine chest radiographs.189 
Compared with a routine chest radiograph, high-resolution CT detects 
lung abnormalities more often and does a better job in defining disease 
in the upper and lower lobes and in the lingula. However, exposure  
to more radiation (the radiation from one CT scan equals that from 
six to seven chest radiographs) and the increased expense (approxi-
mately seven times the cost of a chest radiograph) has limited its  
use as the initial radiographic procedure. Furthermore, it is unclear  
if all abnormalities found on the chest CT scan truly represent 

FIGURE 69-10 Chest radiographs showing a large left pleural effusion in a patient with Klebsiella pneumoniae pneumonia. 

FIGURE 69-11 Pneumatocele formation in the left upper lobe of 
a patient with staphylococcal pneumonia. 

FIGURE  69-12 Bilateral involvement with a mixed interstitial-
alveolar pattern in a patient with viral pneumonia. 
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Sputum is thick and purulent and may be rust colored. The sputum 
Gram stain reveals numerous neutrophils and bacteria, often with a 
single organism predominating. Chest films show areas of parenchy-
mal involvement, usually with an alveolar-filling process. There is 
moderate hypoxemia due to ventilation-perfusion abnormalities. Even 
with rigorous laboratory evaluation and using definitions of definite, 
probable, and possible causes, a microbiologic diagnosis may be made 
in 40% to 75% of cases of CAP.55,201,202

In the past, 40% to 80% of cases of acute CAP were caused by S. 
pneumoniae.88 Whereas the pneumococcus remains perhaps the most 
important cause of pneumonia, more recent published reports have 
indicated that its relative importance has diminished.203 It has been 
defined as the cause of pneumonia in as few as 6% of ambulatory 
patients and only 55% of hospitalized patients.201,202 It has been hypoth-
esized that the apparent decreased incidence of pneumococcal pneu-
monia is related to recognition of newer pathogens and diminished use 
and performance of microbiologic studies.88 However, through a herd 
immunity effect, the increasing use of pneumococcal vaccine in chil-
dren appears to be reducing the incidence of pneumococcal disease in 
adults and children.204,205 Severe pneumococcal infections, including 
pneumonia, have been associated with prior splenectomy due either to 
trauma or to staging for Hodgkin’s disease, abnormal immunoglobulin 
responses (myeloma, lymphoma, HIV infection), and functional asple-
nia due to systemic lupus erythematosus or marrow transplant.206,207

An estimated 5% to 7% of cases of acute CAP appear to be caused 
by H. influenzae.201-203 The true incidence of this organism is obscured 
by the difficulty of isolating it from sputum and identifying it in sputum 
that has been Gram stained and by the difficulty of distinguishing colo-
nization from infection. The age of patients, presence of underlying 
disease, and presentation are similar to those of pneumococcal disease. 
Although the use of the H. influenzae conjugate vaccine has decreased 
the incidence of invasive disease caused by H. influenzae type b, there 
is a strikingly increased incidence of invasive disease including pneu-
monia caused by nontypeable strains. In one recent series, over 50% 
of isolates from patients with invasive H. influenzae diseases were 
nontypeable.208

S. aureus has accounted for 1% to 2% of acute CAP cases,201-203 and 
takes on increased importance as a cause of pneumonia in older adults 
and in those with influenza.56 Patients who develop postinfluenza 
pneumonia are usually younger and have less underlying disease than 
most other patients with CAP. Although it had been believed that 
bacterial pneumonia in the setting of influenza develops after clinical 
influenza, studies during the 2009 H1N1 pandemic indicate that bacte-
rial coinfection most likely arises at the peak of viral replication, with 
patients presenting an average of 6 days after symptom onset.56 An 
elevated white blood cell count with a shift to the left, physical signs 
of pulmonary consolidation, and radiographic evidence of focal paren-
chymal disease develop, and the sputum Gram stain is consistent with 
bacterial pneumonia.

S. aureus may also cause pneumonia hematogenously, producing 
multiple bilateral round lesions that will frequently cavitate. Although 
this presentation has been characteristically associated with right-
sided endocarditis in injection drug users, it can also be seen in asso-
ciation with infections of intravascular catheters and with staphylococcal 
soft tissue infections.209,210

As noted previously, since the late 1990s there has been an increase 
in the incidence of pneumonia due to community-associated S. aureus 
strains.57,176 Patients have been young, had few if any comorbidities, 
and usually presented after a flulike illness with high fevers, leukope-
nia, tachycardia, tachypnea, hemoptysis, and rapid evolution on radi-
ography to multilobar disease. These cases appear to be associated with 
S. aureus strains carrying the Panton-Valentine leukocidin toxin, 
regardless of whether they are methicillin resistant.211 The adult respi-
ratory distress syndrome has been a frequent complication in such 
cases, and mortality rates of over 50% have occurred.176

Aerobic gram-negative bacteria, exclusive of H. influenzae, and 
mixed aerobic and anaerobic infections cause most of the remaining 
cases of acute CAP. Gram-negative rods may cause anywhere from 2% 
to 10% of pneumonia cases. Klebsiella pneumoniae, P. aeruginosa, and 
Enterobacter spp. are the most often isolated organisms.201-203,212 Gram-
negative bacilli are particularly important pathogens in older adults, 

Nuclear medicine procedures have been used to detect pneumonia. 
These procedures include gallium-67 citrate scans, indium 111–labeled 
granulocyte scans, technetium-99m diethylenetriaminepentaacetic 
acid aerosol clearance, and 18F-fluorodeoxyglucose positron emission 
tomography.192 These procedures have been used in patients with AIDS 
to define the presence of lung infection in the absence of abnormal 
chest radiographs. In patients with AIDS, diffuse uptake of gallium is 
usually seen with Pneumocystis infection but may also be seen with 
infection caused by Mycobacterium avium-intracellulare complex, 
cytomegalovirus, and Cryptococcus neoformans and in patients with 
lymphoma. Localized uptake may be associated with bacterial disease. 
Focal uptake corresponding to lymph node areas has been associated 
with infection with M. avium-intracellulare complex and M. tubercu-
losis and with lymphoma.

PNEUMONIA SYNDROMES
Acute Community-Acquired Pneumonia
A long list of bacterial, fungal, viral, and protozoal agents may cause 
pneumonia. Because initial evaluation rarely results in a specific etio-
logic diagnosis, antibiotic therapy is usually begun empirically. Defin-
ing pneumonia syndromes on the basis of clinical, epidemiologic, 
radiographic, and laboratory parameters, with a limited number of 
organisms commonly associated with each syndrome, has helped the 
clinician to select rational empirical therapy for the most likely organ-
isms involved. Many of the syndromes have overlapping signs and 
symptoms, which at times makes clear identification of a specific syn-
drome in an individual impossible.193,194 Increases in numbers of 
patients living longer, more and varied comorbidities, the increasing 
use of biologic immunomodulators such as TNF inhibitors, and 
expanded contact with various aspects of the health care system have 
led to a wider array of presentations, etiologic agents, and strategies for 
empirical therapy. Newly described microbial agents are being recog-
nized as potential causes of CAP. Subgrouping syndromes under the 
general description of CAP may be made based on patient age, severity 
of illness, comorbidities, need for hospitalization, and epidemiologic 
setting.

Patients with acute CAP are usually in their middle 50s to late 60s. 
Peak incidences of disease in general occurs in midwinter and early 
spring, although disease due to Legionella is more frequent in the 
summer.195 Still, there is no “pneumonia season” and disease takes 
place throughout the year. Most patients (58% to 89%) have one or 
more chronic underlying diseases. Immunosuppression related to 
malignancy, neutropenia, the chronic use of corticosteroids or other 
myelosuppressive agents, or HIV infection is being increasingly 
observed.194,196

Classically, CAP presents as a sudden onset of a chill followed by 
fever, pleuritic chest pain, and cough that produces mucopurulent 
sputum. The signs, symptoms, and physical findings vary according  
to the age of the patient, therapy with antibiotics before presentation, 
and the severity of illness. Patients typically present after several days 
of symptoms.197 Cough is noted in more than 80% to 90% of patients 
and is productive in over 60%.197-200 Chest pain is present in 35% to 
48% of cases, chills in 40% to 70%, and hemoptysis in approximately 
15%.197,198,200

A variety of nonrespiratory symptoms are associated with pneumo-
nia, including fatigue (91%), anorexia (71%), sweats (69%), and nausea 
(41%).54 Both respiratory and nonrespiratory findings occur less fre-
quently in older age groups.54

Physical examination reveals fever in 68% to 78% of patients but 
may be seen less commonly in older populations. Tachypnea (respira-
tory rate >24 to 30 breaths/min) is noted in 45% to 69% of patients 
and may be more frequently seen in older age groups.54 Tachycardia 
(pulse rate >100 beats/min) is noted in 45%. Rales are noted in approx-
imately 70% of patients, and signs of consolidation in 20%197; but no 
combination of physical findings has been found to be adequate to 
confirm a diagnosis of pneumonia.53

Most commonly, the white blood cell count is in the range of 15,000 
to 35,000/mm3 and the differential cell count reveals an increased 
number of juvenile forms. Leukopenia may be noted and is a poor 
prognostic sign.84 The hematocrit and the red blood cell indices are 
usually normal.
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adults remains a question, in part because the criteria for diagnosis of 
true pneumonia versus colonization vary. In most recent studies, 1% 
to 3% of cases of pneumonia have been attributed to non-Haemophilus 
gram-negative bacilli. Although increased oropharyngeal colonization 
with aerobic gram-negative bacilli has been documented in the older 
population and is believed to be a predisposition to development of 
pneumonia caused by these organisms, colonization appears to be 
related to debility of the patient rather than age.221 Other factors 
reported to be associated with increasing colonization with gram-
negative organisms include prior use of antibiotics, severe bronchopul-
monary disease, decreased activity, alcoholism, and incontinence.212 In 
this regard, one recent study of apparent aspiration pneumonia in a 
nursing home population older than 65 years of age that utilized pro-
tected bronchoalveolar lavage to define the microbiologic etiology 
identified gram-negative bacteria as the primary pathogen in 49%, 
followed by mixed anaerobes in 16%.222 Older adults are at greater risk 
for infection with group B streptococci, M. catarrhalis, and Legionella 
species, although the overall incidence of these agents in the older 
population is relatively low. Legionella has been described as a cause of 
severe pneumonia in the elderly. Polymicrobial infections and pneu-
monia due to aspiration have both been noted to occur more fre-
quently in older adults.75,76

It is unclear which agents cause atypical pneumonia in the older 
population. Most series suggest that M. pneumoniae pneumonia is 
unusual, although it has been documented by other investigators to be 
a significant cause of pneumonia leading to hospitalization in older 
adults.55,75,76 It is not clear if this significant variation is related to dif-
fering epidemiologic characteristics of study populations or accuracy 
of diagnostic methods. Chlamydia infections appear commonly in the 
older population and may cause up to 32% of cases of pneumonia, 
although again there is a significant variation in incidence in differing 
studies.55,76,223

Viral agents play an important role as causes of pneumonia in the 
elderly, although historically their role has been underestimated, given 
the difficulty in culturing them and the relative insensitivity of sero-
logic tests.224 With the development of more sensitive nucleic acid 
amplification tests such as the reverse-transcriptase PCR assay, their 
role as causes of pneumonia has begun to be more clearly defined.224,225 
Recent studies have suggested a viral cause in up to one third of 
patients hospitalized with pneumonia, with significantly more viral 
infections noted in the older age groups (median age, 76 years).225,226 
Influenza A and B, RSV, human metapneumovirus, parainfluenza 
virus, and coronavirus are the most frequently identified viral patho-
gens. Recent studies indicate that up to half of the patients with a viral 
pathogen identified will have concurrent bacterial infection, and mul-
tiple concurrent viral pathogens also can be seen.226 Rhinoviruses have 
not been defined as a direct cause of pneumonia but have been found 
in patients with severe pneumococcal disease and in vitro have shown 
increased adherence of S. pneumoniae to human tracheal epithelial 
cells.226,227 These findings raise the question as to whether some viruses 
play a role as facilitators for bacterial infection rather than roles as true 
pulmonary pathogens.

Clinically, viral pneumonia in the elderly cannot be differentiated 
from bacterial pneumonia by clinical, routine laboratory, or radiologic 
parameters. As with bacterial disease, the signs of viral pneumonia may 
be subtle and may only involve fever and altered mental status.224 
Dyspnea, wheezing, and productive cough are commonly observed. 
Myalgia, while commonly found with most viral causes, is most often 
seen with influenza. Bronchospasm and wheezing may be more com-
monly seen with RSV.224

Nursing Home Pneumonia
Residents of skilled nursing facilities represent an important subpopu-
lation of older adults at risk for pneumonia. Pneumonia has been 
reported to be the second most frequent infection in this setting, 
carries the highest mortality of any infection in this population, and is 
a common cause for hospitalization.228,229 Silent aspiration is a major 
risk factor, as are poor functional status, nasogastric feeding, confu-
sion, the presence of obstructive lung disease, the presence of a trache-
ostomy, and advancing age.230 Key modifiable risk factors are inadequate 
oral care and swallowing difficulties.231 The subtle presentation noted 

especially those with chronic underlying disease and those who are 
bedridden and recently hospitalized. Pseudomonas infection should be 
suspected in patients with pulmonary comorbidities and recent hospi-
tal stays.

Legionella spp. are the most important water-related pulmonary 
pathogens in the United States with regard to mortality and morbidity. 
The importance of Legionella spp. in causing pneumonia has varied 
greatly in different geographic areas, with incidences ranging from 
0.6% to 23%.193,194,197,203,213 Since 2003, an increased incidence of legio-
nellosis has been observed in the United States, especially on the East 
Coast.214 Although infection may occur at any age, those aged 45 to 64 
now appear to be at greatest risk. The presence of a high fever (>40° C 
[104° F]), male sex, previous β-lactam therapy, multilobar involve-
ment, rapid progression of radiographic abnormalities, a need for 
intensive care, gastrointestinal and neurologic abnormalities, elevated 
liver enzyme levels, and increased creatinine levels have all been associ-
ated with Legionella pneumonia.194,213 However, no clinical features 
reliably distinguish Legionella pneumonia from that caused by other 
bacteria.

Moraxella catarrhalis has also been identified as a cause of 
pneumonia.201-203,215 The overall incidence of disease caused by this 
bacterium is low, but it is an important pathogen in older adults with 
COPD and various forms of immunosuppression.

As discussed later, a number of additional pathogens, including  
M. pneumoniae, Chlamydia spp., C. burnetii, and community respira-
tory viruses can cause an atypical pneumonia syndrome. In addition, 
it is not infrequent for a patient to have pneumonia either sequentially 
or concurrently due to several pathogens, such as influenza virus  
or C. pneumoniae infection being followed by infection with S. 
pneumoniae.203

Community-Acquired Pneumonia in 
the Older Adult
Pneumonia in the elderly has become an increasingly important clini-
cal entity as the world’s population has aged.216 Pneumonia is one of 
the leading reasons for hospitalization in those 65 and older and rep-
resents a major cause of morbidity and mortality. In some series, pneu-
monia represents the leading cause of death in this population (see 
Chapter 315). For those older than the age of 60, pneumonia is a pre-
dictor of increased mortality after the specific episode has resolved and 
for several years thereafter.217

The clinical presentation of pneumonia in older adults (especially 
those >80 years) may be subtler than in younger populations, with 
more gradual onset of symptoms and fever and the classic signs of 
pneumonia.54,76,194 Fever occurs less commonly in older adults, and 
temperature elevation is muted. The classic findings of cough, fever, 
and dyspnea may be absent in over half of older adults.75,218 Chills and 
rigors may be less frequently seen as well. Tachypnea (respiratory rate 
>24 to 30 breaths/min) and rales are more frequent findings in older 
adults and have been observed in up to 65% of patients.54,76 Non-
respiratory symptoms may be the major presenting feature. The initial 
presentation of older adults with pneumonia may include decline in 
functional status, weakness, subtle changes in mental status, and 
anorexia or abdominal pain. It has been suggested that the nonspecific 
presentation of pneumonia in older adults may result in great part  
from the prevalence of dementia in this population.218 Bacteremia, 
development of in-hospital complications, and death are more fre-
quent in older populations.76,219

Specific etiologic diagnoses are made less frequently in older adults, 
with 20% to 50% of patients having an etiologic agent defined.76 The 
absence of productive cough and common prior use of antibiotics may 
explain this observation. Causes have varied in different series depend-
ing on the means of diagnosis, the patient population studied (outpa-
tient vs. institutionalized older adults), and the geographic location. In 
general, the cause of CAP in the older population follows the general 
trend of infection in younger populations. S. pneumoniae remains the 
predominant organism, accounting for 20% to 60% of cases, and there 
is an increased frequency of aspiration pneumonia.76,216 H. influenzae, 
usually a nontypeable strain, is frequently the second most common 
agent, accounting for 5% to 10% of episodes.76,220 The importance of 
other aerobic gram-negative bacilli in causing pneumonia in older 
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the health care system. This has led to a blurring of the distinction 
between CAP and nosocomial pneumonia. Recently, it has been rec-
ognized that HCAP represents a distinct syndrome that is a hybrid of 
CAP and hospital-acquired pneumonia (HAP).77,78,247 The exact defini-
tion used in studies has varied, but in general it has been defined as 
pneumonia developing in patients who have been hospitalized for 2 or 
more days within 90 days of developing infection; patients attending 
hospital or hemodialysis clinics; patients receiving intravenous antibi-
otic therapy, wound care, or chemotherapy at home within 30 days of 
developing infection; and residents of long-term care facilities or 
nursing homes.77 Aerobic gram-negative bacilli including P. aerugi-
nosa, S. pneumoniae, S. aureus including MRSA, and mixed aerobic-
anaerobic pathogens associated with aspiration have been most 
commonly reported.78,248 The role of S. pneumoniae has been variable, 
but in general it appears to play a lesser role than in patients with classic 
CAP. Overall mortality appears to be higher in patients with HCAP 
(10.3% to 19.8%) than in CAP (4.3% to 10%) and generally comparable 
to that of HAP.78,247,248 It is not clear whether this is due to increased 
comorbidities in patients, more virulent organisms causing infection, 
an increased incidence of inappropriate antibiotic usage in the first 48 
hours of care, or some combination of these factors.

Atypical Pneumonia Syndrome
By the late 1930s, most of the main bacterial causes of pneumonia had 
been defined. In 1938, Hobart Reimann described a small number of 
patients with a clinical picture that was atypical in that episodes began 
as a mild respiratory tract illness that was followed by pneumonia with 
dyspnea and cough without sputum.249 Subsequent investigations have 
shown that this syndrome can be seen with a number of different 
pathogens, with M. pneumoniae, C. pneumoniae, L. pneumophila, and 
respiratory viruses being the most significant. Other agents such as 
Chlamydia psittaci, Francisella tularensis, M. tuberculosis, and C. bur-
netii may also cause atypical pneumonia. In patients with AIDS, 
Pneumocystis and nontuberculous mycobacteria should also be 
included. Although some series report that almost 50% of patients with 
CAP demonstrate serologic evidence of mycoplasmal or chlamydial 
pneumonia, or both, other series suggest an incidence of 7% to 
28%.55,83,193,197,250-252 The differing incidence of mycoplasmal and chla-
mydial disease in differing studies may be related to the presence of 
epidemics by these pathogens during study periods, as well as the 
diagnostic methodologies utilized. As noted earlier, the relative fre-
quency of these pathogens also varies with disease severity.

Historically, the epidemiology and clinical features of the atypical 
pneumonias were believed to be sufficiently distinct to differentiate 
them clearly from other causes of CAP. It is now clear that differentia-
tion between atypical agents and typical bacterial causes of CAP is 
imprecise.193

M. pneumoniae may account for 10% to 30% of cases of CAP, with 
the highest percentage noted in patients well enough to be treated as 
outpatients, and several studies performed in North America and 
Europe suggest cyclic epidemics every 3 to 5 years.147 It is most likely 
to occur in children older than 5 years, adolescents, and young adults. 
The majority of cases occur in those younger than 40 years of age, 
although it can cause pneumonia requiring hospitalization in those 
older than 60.55,147,253 An increased incidence of disease and true epi-
demics has been documented in relatively enclosed populations of 
young adults at military bases, colleges, and boarding schools. Although 
the disease severity may be mild, owing to the long incubation of 
approximately 3 weeks, these outbreaks can be quite prolonged. Myco-
plasmal infection occurs throughout the year, although a relative 
increase in incidence is noted in the late summer and fall.

The course of infection with M. pneumoniae is characterized by up 
to 10 days of symptoms before presentation, as is true with many of 
the other agents involved in atypical pneumonia. In its classic form, 
mycoplasmal infection presents as constitutional symptoms and a pro-
gression from the upper to the lower respiratory tract. Sore throat is 
often the initial finding. Up to one third of patients may have ear 
symptoms. Although bullous myringitis has been historically linked  
to mycoplasmal infection, this appears to be a rare finding. Fever, 
malaise, coryza, headache, and protracted nonproductive cough rep-
resent the major clinical findings. Pleuritic chest pain, splinting, and 

in other older adult populations occurs in those in a nursing home 
setting. S. pneumoniae had been considered the predominant cause, 
but newer studies have identified respiratory viruses and C. pneu-
moniae as frequent pathogens, as well as S. aureus and gram-negative 
bacilli in those with severe pneumonia.223,230 Outbreaks of pneumonia 
have occurred in nursing homes and have involved Legionella, Chla-
mydia, influenza, parainfluenza, RSV, and rhinovirus.232,233

Severe Community-Acquired 
Pneumonia
Approximately10% of patients with CAP will develop severe disease, 
as defined by admission to an ICU owing to the presence of shock 
requiring vasopressors or respiratory failure requiring mechanical ven-
tilation.234 Early identification of patients who are at higher risk for 
developing severe pneumonia is important because these patients have 
a higher mortality rate and require more supportive care. Furthermore, 
patients with severe pneumonia are infected with a different spectrum 
of etiologic agents and would therefore benefit from different empirical 
antibiotic strategies than patients with less severe disease. Advanced 
age, presence of significant comorbidities, nursing home residence, 
immunosuppression, and altered mental status have all been believed 
to be associated with the development of severe CAP.234 Approximately 
one third of patients with severe pneumonia would have been previ-
ously healthy.

S. pneumoniae was the organism classically associated with severe 
pneumonia. However, in patients requiring ICU admission there is an 
increased incidence of S. aureus, L. pneumophila, gram-negative bacilli 
(especially Klebsiella spp.), and H. influenzae.203,235,236 In addition, Pneu-
mocystis is increasingly being recognized as a cause of severe pneumo-
nia in non–HIV-infected patients who have impaired cell-mediated 
immunity due to organ transplantation, malignancy, severe malnutri-
tion, or receipt of immunosuppressive therapies, including corticoste-
roids, antineoplastic chemotherapeutic agents, as well as newer agents 
including TNF-α inhibitors and rituximab.237-239 As with CAP in 
general, there can be significant geographic differences in the relative 
incidence of differing pathogens.

A meta-analysis of 127 studies published through 1995 indicated 
an overall mortality rate for CAP of 13.7%, but it was 36.5% for patients 
with disease severe enough to require ICU care.240 Prognostic risk 
factors for death included male sex, pleuritic chest pain, hypothermia, 
systolic hypotension, tachypnea, diabetes mellitus, neoplastic disease, 
neurologic disease, bacteremia, leukopenia, and multilobar radio-
graphic pulmonary infiltrates. Although shock or respiratory failure 
are usually evident and serve as major criteria for defining severe 
pneumonia, patients without these findings may also benefit from ICU 
care. During the past 2 decades a number of prediction rules have been 
developed to assess severity and prognosis of patients with pneumonia, 
including but not limited to the pneumonia severity index (PSI),234 the 
confusion, urea, respiratory rate, low blood pressure (CURB) score,241 
the CURB plus age older than 65 (CURB-65),242 the CURB-65 score 
without the urea level (CRB-65),243 the severe community-acquired 
pneumonia (SCAP) score,244 the SMART-COP score,245 and the risk of 
early admission to the Intensive care unit (REA-ICU) index.246 These 
rules vary in complexity as well as their sensitivity and specificity for 
defining the need for ICU care but use a combination of factors, includ-
ing age, gender, comorbid conditions, vital sign parameters, and labo-
ratory and radiographic findings, to predict either the need for ICU 
care or the patients’ prognosis. Further use of these scoring systems is 
discussed under “Therapy.”

Health Care–Associated Pneumonia
In the past, a basic distinction in the epidemiology of pneumonia has 
been whether the infection developed in the community or in the 
hospital. The distinction was clinically relevant because the importance 
of various etiologic agents differed, as did antibiotic susceptibilities. 
Consequently, the guidelines for empirical antibiotic therapy differed 
depending on where the infection developed. Because an increased 
amount of health care delivery has been shifted to the outpatient 
setting, even complex medical conditions may be handled without 
hospitalization. Subsequently, a growing number of patients develop 
pneumonia after extensive outpatient contact with various aspects of 
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also present with the syndrome of acute bacterial CAP. The incidence 
of pneumonia varies regionally, but it can account for up to 8% of cases 
involving hospitalization.203 Legionella spp. are among the top three to 
four organisms causing pneumonia that require care in an ICU.203,235,236 
An international study found that L. pneumophila causes more than 
90% of cases of Legionella pneumonia, with approximately 84% of all 
cases caused by L. pneumophila serogroup 1.263 Inhalation of aerosol-
ized organisms after exposure to environmental reservoirs, such as 
fresh water and moist soil, has been the usual means of acquiring the 
organism, although aspiration is now thought to be an alternate route 
of infection.264

Cigarette smoking, chronic lung disease, and immunosuppression 
are consistently noted risk factors for the development of disease. 
Although early symptoms of malaise, muscle aches, headaches, and 
nonproductive cough resemble the onset of a viral syndrome, the rapid 
progression of pulmonary symptoms and relatively high fever, often 
exceeding 40° C (104° F), is noteworthy.264

L. pneumophila pneumonia is associated with a variety of extrapul-
monary findings and laboratory abnormalities, including mental status 
changes, abdominal complaints (loose stools or diarrhea), headache, 
bradycardia, elevation of hepatic enzyme levels, hypophosphatemia, 
hyponatremia, elevated serum lactate dehydrogenase levels, and ele-
vated serum creatinine levels. These findings mostly reflect the severity 
of the pneumonia rather than specificity to Legionella infections. Extra-
pulmonary infection is unusual, but when it does occur it usually 
involves the heart, with myocarditis, pericarditis, and a postcardiotomy-
like syndrome.264 Unfortunately, none of these findings distinguishes 
between pneumonia due to L. pneumophila, other atypical agents, or 
more typical bacterial pathogens. Similarly, radiographic manifesta-
tions do not distinguish Legionella infections from those of other 
causes. Patchy interstitial infiltrates, or nodular infiltrates that may 
progress rapidly even with adequate therapy, are characteristic. Pleural 
effusions may be noted in up to one third of patients.

Pneumonia in the Setting of Aspiration
The clinical setting in which aspiration occurs includes any disease 
state in which consciousness is altered and the normal gag and swal-
lowing reflexes are abnormal; illnesses predisposing to dysphagia 
either from neurologic disease or upper gastrointestinal tract disease 
or surgery; or conditions leading to mechanical disruption of glottic 
closure such as tracheostomy or nasogastric tubes. A recent prospec-
tive population-based study in a Canadian province analyzed 1946 
patients hospitalized for pneumonia and identified aspiration as the 
cause in 10% of cases from the community and in 30% of cases from 
continuing care facilities.265 In the community setting, 43% of the cases 
were related to an impaired level of consciousness due to alcohol, 
drugs, or hepatic failure and 35% of cases were due to dysphagia. In 
continuing care facilities, the predominant risk factor was dysphagia 
from neurologic disease in 72% of cases, with impaired level of con-
sciousness the major risk factor for an additional 22% of patients.

The pathogenesis of lung injury due to acid aspiration has been 
delineated.266,267 The presence of acidic contents in the lung induces the 
release of proinflammatory cytokines, including TNF-α and IL-8. 
These and other cytokines recruit neutrophils into the lung. Activated 
neutrophils appear to be the key mediators of acute lung injury after 
acid aspiration, although a role for complement has also been 
demonstrated.268

Although aspiration may be a witnessed event, the majority of 
episodes are silent and are brought to medical attention by their 
sequelae.267 Three major syndromes are recognized as a consequence 
of aspiration: chemical pneumonitis, bronchial obstruction secondary 
to aspiration of particulate matter, and bacterial aspiration pneumonia. 
Aspiration may be associated with the acute respiratory distress syn-
drome, atelectasis, bronchial hyperreactivity, and fibrosis. Although 
chemical pneumonitis and mechanical obstruction usually cause acute 
symptoms, aspiration pneumonia is more insidious, with symptoms 
usually occurring gradually several days after the initial episode  
of aspiration. Pneumonitis, necrotizing pneumonia, abscess, and 
empyema are common. Symptoms often include fever, weight loss, and 
productive cough. Foul-smelling or putrid sputum occurs com-
monly.269 Anemia and an elevated white blood cell count are frequent 

respiratory distress are not usually seen. Moist or crepitant rales may 
be heard. Sputum production is variable, and the sputum is purulent 
in one third to one half of the cases. Gram stain and culture of sputum 
usually reveal mouth microbiota. White blood cell counts greater than 
10,000/mm3 are uncommon, occurring in approximately 20% of the 
patients.90 An elevated sedimentation rate is noted in about 25% of 
the cases. Pulmonary involvement seen on radiographs is commonly 
more extensive than the physical examination would indicate. Unilat-
eral or bilateral patchy infiltrates in one or more segments, usually in 
the lower lobes, are noted in a bronchial or peribronchial distribution. 
Upper lobe involvement and pleural effusions are less common but 
may be seen in up to 20% to 30% of cases.185,186 Progression of the 
radiographic picture, despite a stable clinical picture, may be seen. The 
overall clinical course in most cases is benign. Disappearance of con-
stitutional symptoms is usually noted in the first and second weeks, 
although cough and radiographic changes may persist for several 
weeks. Occasionally, M. pneumoniae infection presents as severe CAP 
that requires intensive care.254 A large number of extrapulmonary 
manifestations may occur with M. pneumoniae infection, including 
involvement of skin, central nervous system, blood, and kidneys (see 
Chapter 185).

C. pneumoniae has emerged as an important cause of atypical pneu-
monia and may account for 6% to 20% of all CAP cases.55,83,193,197,250-252 
It is often seen in conjunction with other pathogens.255 Although 
disease is uncommon in those younger than 5 years, serologic evidence 
of infection has been noted in more than 50% of adults, and more 
recent studies suggest an important role for Chlamydia in CAP in those 
older than 65 years of age.55,76,223,256 Disease usually occurs sporadically, 
although epidemics have been well documented. The majority of infec-
tions are either asymptomatic or produce mild symptoms. As with 
mycoplasmal infection, sore throat and hoarseness herald the onset of 
pneumonia, although the progression of symptoms appears slower 
than that noted with mycoplasmal or viral pneumonia. Cough may 
begin after several days to weeks, suggesting a biphasic illness. Hoarse-
ness and sinus tenderness appear more commonly than in patients 
infected with Mycoplasma or viruses. The white blood cell count is 
rarely elevated. Pneumonia with C. pneumoniae is usually mild, 
although complete recovery may be slow. Cough and malaise may 
persist for weeks to months. Reinfection occurs and appears to be 
milder than primary infection and is usually not associated with pneu-
monia. Chronic and latent infections have also been described. Infec-
tion with C. pneumoniae has been associated with exacerbations of 
COPD and asthma. In general, few features distinguish chlamydial 
pneumonia from infection caused by other atypical agents or other 
bacteria. C. pneumoniae infections have been associated with extrapul-
monary manifestations, including otitis, sinusitis, pericarditis, myo-
carditis, and endocarditis. It has also been associated with coronary 
artery disease, although the definite relationship remains unclear (see 
Chapter 184).

Of the viral agents associated with atypical pneumonia in adults, 
influenza A and B, adenovirus types 3, 4, and 7 (especially in military 
recruits), human metapneumovirus, RSV (especially in older adult and 
immunosuppressed patients), and parainfluenza virus have been con-
sidered to be the most common.182,183,224,225,257 The advent of multiplex 
real-time PCR assays is now rapidly expanding our understanding of 
the role of viral pathogens in acute pneumonia and has shown that 
rhinoviruses and coronaviruses can be significant pathogens in adults 
and that human bocavirus and human metapneumovirus are causative 
in children younger than 5 years of age.258-261 Moreover, the presence 
of two or more viral pathogens is not uncommon. Other viral agents 
that are less common causes of pneumonia include enteroviruses,  
parechoviruses, all the herpesviruses, hantaviruses, mimiviruses, and 
measles.262 Epidemic disease is predominantly linked to influenza, but 
the SARS coronavirus caused worldwide disease in 2002 and 2003, and 
a second similar coronavirus, the Middle East respiratory syndrome 
coronavirus (MERS-CoV), which can cause severe pneumonia, was 
identified in 2012 (see Chapter 157).181 Elderly patients, especially 
those with comorbidities, are frequently the population at greatest risk 
for viral pneumonias.

Legionella is now recognized as an important cause of the atypical 
pneumonia syndrome, although patients infected with Legionella may 

http://www.myuptodate.com


P
a
rt

 I
I 

M
aj

o
r 

C
lin

ic
al

 S
yn

d
ro

m
es

840

Scedosporium apiospermum and Cladosporium herbarum. Patients with 
the Churg-Strauss syndrome frequently have eosinophilia along with 
allergic angiitis and granulomatosis and present with asthma, diffuse 
pulmonary infiltrates, and multiorgan involvement. Hypereosinophilic 
syndrome, eosinophilic granuloma (also known as primary pulmonary 
Langerhans cell histiocytosis granulomatosis), bronchiolitis obliterans 
organizing pneumonia, Sjögren’s syndrome, and postirradiation pneu-
monitis are unusual cases of pulmonary infiltrates with eosinophilia.

Hospital-Acquired Pneumonia
HAP has been the second most common cause of nosocomial infection 
and is associated with significant morbidity and mortality.276,277 It is a 
leading cause of infection-related deaths in hospitalized patients, with 
attributable mortality rates of 20% to 33% reported. Higher mortality 
rates have been observed when patients are bacteremic or have pneu-
monia caused by P. aeruginosa or Acinetobacter spp. The morbidity 
associated with nosocomial pneumonia includes longer hospital stays 
(average, 7 to 9 days) and an estimated attributable cost of approxi-
mately $24,000.77,278

Risk factors for the development of nosocomial pneumonia have 
been categorized as patient related, infection control related, or inter-
vention related. Patient-related risk factors include age older than 70 
years, severe underlying disease, malnutrition, coma, metabolic acido-
sis, and the presence of any of a number of comorbid illnesses (e.g., 
COPD, alcoholism, azotemia, central nervous system dysfunction). 
Infection control–related risk factors include a lack of hand hygiene 
and glove-use practices and the use of contaminated respiratory equip-
ment. Intervention-related risk factors involve those procedures and 
therapies that undermine normal host defenses or allow the host to be 
exposed to large inocula of bacteria. Sedatives and narcotics may lead 
to aspiration; corticosteroids and cytotoxic agents blunt the normal 
host response to infection; and the prolonged use of antibiotics engen-
ders resistance. Surgical procedures, especially involving the chest and 
abdomen, are associated with changes in host defenses that predispose 
to pneumonia. The use of ventilator support is perhaps the greatest risk 
factor for the development of nosocomial pneumonia, with VAP 
occurring in 9% to 40% of intubated patients.276 Data suggest that there 
is a 1% to 3% per day risk for developing pneumonia while on a ven-
tilator, with a higher risk during the first 5 days of intubation.279

The use of antacids and H2 blockers that raise the gastric pH has 
been shown to increase stomach colonization with aerobic gram-
negative rods.280 Whether this leads to an increase in nosocomial pneu-
monia remains controversial.36,37 The percentage of patients with VAP 
caused by organisms initially found in the stomach ranges from 0% to 
55%.280

Aerobic gram-negative bacilli cause 50% to 60% of cases of noso-
comial pneumonia, with members of the Enterobacteriaceae (K. pneu-
moniae, Escherichia coli, Serratia marcescens, Acinetobacter spp., 
Enterobacter spp.) and Pseudomonas species accounting for the major-
ity of these.74 There is an increasing prevalence of high-level antibiotic 
resistance among these gram-negative bacilli, and the relative inci-
dence of pneumonia due to multidrug-resistant bacteria varies between 
institutions and occasionally between units within an institution.276 
Risk factors for such pathogens include the length of hospitalization, 
prior antibiotic exposure, and local epidemiologic factors. S. aureus 
causes 13% to 40% of nosocomial pneumonia, and MRSA is now a 
major pathogen in this setting.74,77 In contrast to their prominent role 
in CAP, S. pneumoniae and H. influenzae together cause only 5% to 
15% of nosocomial pneumonias in most studies and are predominantly 
seen in infections developing early in the hospital course. There is only 
limited information comparing the bacteriology of VAP and non–
ventilator-associated HAP, but the available data indicate that the 
general distribution of aerobic pathogens is relatively comparable, 
although there is an increase in the relative prevalence of gram-negative 
pathogens in patients with VAP, particularly nonenteric gram-negative 
bacilli.74,281 Although the use of sedatives, feeding tubes, and endotra-
cheal tubes are all risk factors for the development of aspiration pneu-
monia, the lack of support for anaerobic microbiologic testing has led 
to a paucity of data on the roles of anaerobic bacteria in HAP.267 One 
study performed in the early 1970s at a veterans hospital with bacterio-
logic analysis in a research laboratory documented anaerobes in up to 

associated findings. The bacteriologic findings in aspiration pneumo-
nia reflect the microbiota of the oropharynx, and the importance of 
periodontal disease in this regard has been noted. Studies performed 
in the 1970s on patients with indolent disease using the technique of 
transtracheal aspiration and analysis in anaerobic research laboratories 
documented anaerobic involvement in the majority of cases either 
alone or in combination with oral aerobic or facultative anaerobes.270 
Bacteroides spp., Porphyromonas spp., Prevotella melaninogenica, Fuso-
bacterium spp., and anaerobic gram-positive cocci are the predominant 
anaerobes isolated. In community-acquired aspiration pneumonia, 
Streptococcus spp. and H. influenzae are the most common aerobic 
isolates. In contrast, gram-negative bacilli (including P. aeruginosa) 
and S. aureus are the most commonly isolated aerobes from nosoco-
mial aspiration pneumonia including VAP, as well as pneumonia 
occurring in nursing home patients.77,222

Eosinophilic Pneumonias
Pulmonary infiltrates with eosinophilia (PIE), also called eosinophilic 
pneumonia, is a syndrome associated with a variety of clinical entities, 
only some of which have an infectious cause.271 Pulmonary eosino-
philia with transient, peripheral pulmonary infiltrates and minimal 
symptoms (Löffler’s syndrome) has been associated with Ascaris, Stron-
gyloides, and hookworm infections. Ascaris is probably the leading 
parasitic cause of the syndrome worldwide. Prolonged pulmonary 
eosinophilia associated with weight loss, fever, cough, and dyspnea 
may be due to tuberculosis, brucellosis, psittacosis, coccidioidomyco-
sis, histoplasmosis, and parasitic infections including ascariasis, stron-
gyloidiasis, paragonimiasis, echinococcosis, visceral larval migrans, 
cutaneous larva migrans, and infections with Schistosoma, Dirofilaria 
immitis, and Ancylostoma species. Noninfectious causes include drug 
allergy, sarcoidosis, eosinophilic leukemia, Hodgkin’s disease, paraneo-
plastic syndromes, and hypersensitivity pneumonitis (e.g., pigeon 
breeders’ disease). A PIE syndrome has been associated with Pneumo-
cystis pneumonia.272

Acute eosinophilic pneumonia is a distinct clinical entity occurring 
in younger (20- to 45-year-old), otherwise healthy individuals.273 It is 
marked by the acute onset of dyspnea, nonproductive cough, fever, 
severe hypoxia, and chest pain and can require ICU care and mechani-
cal ventilation. Although leukocytosis is common, peripheral eosino-
philia is typically minimal. Bilateral, diffuse pulmonary infiltrates are 
common. Radiographic abnormalities usually begin as interstitial infil-
trates that progress to alveolar infiltrates. Chest CT reveals bilateral 
opacities. BAL yields marked (27% to 81%) eosinophilia, which is the 
diagnostic feature of the disease. Although most patients have received 
antibiotics, rapid stabilization occurs with corticosteroid use.

It has been suggested that chronic eosinophilic pneumonia may 
represent a unique clinical entity that may be on a continuum between 
asthma and Churg-Strauss syndrome.274 A subacute onset of cough, 
dyspnea, fever, and weight loss associated with peripheral eosinophilia 
are the common features. Unlike the situation in acute eosinophilic 
pneumonia, respiratory failure is rare. Peripheral as well as migratory 
infiltrates are commonly seen on radiographs. Interstitial infiltrate  
and alveolar exudates with a predominance of eosinophils are charac-
teristic pathologic features. A rapid response to corticosteroids has 
been reported.

Tropical pulmonary eosinophilia consists of myalgia, fatigue, 
weight loss, and anorexia associated with cough, frequently with noc-
turnal exacerbations, wheezing, dyspnea, and marked peripheral 
eosinophilia in patients who have lived in or visited the tropics. Most 
cases are believed to represent immunologic hyperresponsiveness to 
microfilarial infection with Wuchereria bancrofti or Brugia malayi. 
Radiographic changes are distinctive and include increased interstitial 
markings with 2- to 4-mm nodules throughout the lungs with prefer-
ential involvement of the bases. Therapy is with diethylcarbamazine 
(see Chapter 289).

Other causes of PIE syndrome include bronchopulmonary mycosis, 
which should be suspected when a patient with PIE presents with 
asthma in conjunction with bronchiectasis, recurrent expectoration of 
brown mucus plugs, and peripheral eosinophilia.271,275 Although pre-
dominantly associated with chronic bronchial colonization with Asper-
gillus species, it can be seen in conjunction with other fungi such as 
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Thoracic Society (BTS) study and uses four clinical parameters, which 
include new onset of confusion, urea level greater than 7 mmol/L, 
respiratory rate greater than 30 breaths/min, and systolic blood pres-
sure less than 90 mm Hg or a diastolic blood pressure less than 
60 mm Hg. The presence of two or more criteria suggested an increased 
mortality and defined severe pneumonia. The CURB-65 score, which 
was developed later, added age older than 65 years to the system with 
the presence of more than three parameters leading to prediction of 
increased mortality, and the CRB-65 modified this index to eliminate 
inclusion of blood urea determination, making the index free of labo-
ratory testing and allowing for patient assessment completely at the 
bedside.

There have been several comparative trials of the various severity-
assessment indices assessing their utility.290 These indicate that the PSI, 
CURB-65, and CRB-65 tools appear relatively comparable in predict-
ing high and low mortality groupings. Both the IDSA/ATS and BTS 
guidelines now support the use of these three severity illness scores for 
the assessment of patients with CAP.84,284 The CRB-65 that does not 
require laboratory testing appears optimal for community or primary 
care settings.

There is evidence that the use of these severity assessment indices 
is increasing the percentage of patients with CAP who are receiving 
outpatient treatment.291 However, it is critical to recognize that any 
severity assessment index serves only as a guideline, not as an absolute. 
Clinical judgment regarding presence of other comorbid conditions, 
hypoxia, stability of the home situation, ability to take oral medica-
tions, reliability in taking medication, likelihood of returning for 
follow-up, and likelihood of calling for help when needed all play a role 
in deciding whether a patient can be treated at home or in a hospital. 
In addition, the initial validation studies for the PSI, CURB-65, and 
CRB-65 indexes excluded patients who were HIV infected or otherwise 
immunocompromised or who had recently been hospitalized. There 
have recently been several studies on the utility of these indices for 
patients with HCAP that indicate that they can be used for such 
patients who are not immunocompromised,292,293 but the data are still 
very limited for HCAP and these indices are not applicable for immu-
nocompromised patients.

The PSI, CURB-65, and CRB-65 indices all predict the risk for 
mortality due to CAP and not the appropriate level of inpatient care 
required for a patient. As noted previously, approximately 10% of 
patients with CAP are admitted to ICUs. Several additional indices 
have more recently been devised to define those patients who could 
benefit from this level of care. These include the severe community-
acquired pneumonia (SCAP) score, the SMART-COP score, and the 
risk of early admission to the intensive care unit (REA-ICU) index.244-

246 In addition, the IDSA/ATS guideline has recommended major and 
minor criteria to define patients who should be directly admitted to an 
ICU that have now been independently validated.84,294 The major cri-
teria are either septic shock requiring vasopressor support or acute 
respiratory failure requiring invasive mechanical ventilation. The pres-
ence of three of the following minor criteria also were indicative of the 
need for ICU care: increased respiratory rate greater than or equal to 
30 breaths/min, low Pao2/fraction of inspired oxygen ratio (≤250), 
multilobar infiltrates, confusion/disorientation, uremia (blood urea 
nitrogen level ≥20 mg/dL), leukopenia (white blood cell count <4000 
cells/mm3), thrombocytopenia (platelet count <100,000 cells/mm3), 
hypothermia (core temperature <36° C [96.8° F]), and hypotension 
requiring aggressive fluid resuscitation. The complexity of these addi-
tional scoring systems limits their present utility, but the advent of 
more sophisticated electronic medical record systems that can incor-
porate diagnostic/therapeutic algorithms will assist in their use. Again, 
they remain guidelines and their application must be supplemented 
with clinical judgment.

Antimicrobial Therapy
Although mild cases can be self-limited, the use of antimicrobial agents 
is the mainstay of treatment of pneumonia. In reducing the microbial 
burden, antimicrobial therapy can reduce the duration of illness, risk 
for complications, and the mortality rate. If diagnostic studies, as 
described previously, yield a likely cause, specific narrow-spectrum 
therapy can be initiated. However, for most patients, a specific 

35% of cases of nosocomial pneumonia, and a second, more recent 
study identified anaerobes in conjunctions with aerobic microbiota in 
23% of patients with VAP.282,283 These organisms should be considered 
when aspiration is likely to have occurred. Pneumonia caused by Legio-
nella species may occur sporadically or as part of outbreaks. The respi-
ratory viruses influenza, parainfluenza, adenovirus, and RSV can cause 
sporadic nosocomial pneumonia as well as occasional institutional 
outbreaks. There has been the recognition that herpes simplex virus 
and cytomegalovirus can reactivate and be identified in patients with 
severe VAP or the adult respiratory distress syndrome. The significance 
of this reactivation remains uncertain at this time.276

Recent consensus guidelines have been established concerning the 
risks, etiology, diagnostic workup, and therapies for nosocomial pneu-
monia and VAP.77 A more in-depth review is presented in Chapter 303.

Pneumonia in the Immunosuppressed 
Host
Pneumonia in the immunocompromised host is perhaps the most 
complex of all the pneumonia syndromes, because it represents the 
interaction of host defense defects engendered by the underlying 
disease as well as the chemotherapy of that disease, exposure to poten-
tial pathogens in the community and within the hospital setting, and 
reactivation of infectious processes that had previously been dormant. 
CAP, atypical pneumonia, aspiration pneumonia, and nosocomial 
pneumonia all take place in the compromised host. A large number of 
bacterial, fungal, viral, and noninfectious causes must be considered 
(see further discussion in Chapters 309 to 313).

THERAPY
The first decision confronting the clinician is whether the patient pre-
senting with respiratory symptoms in fact has pneumonia. The difficul-
ties in establishing a diagnosis on clinical grounds and the potential 
problem of overprescribing empirical antibiotics for all patients with 
respiratory findings have been reviewed. A chest radiograph is usually 
necessary to establish a definitive diagnosis of pneumonia and should 
be performed in patients considered ill enough to be considered for 
hospitalization.284

The next decisions are whether the patient is to be hospitalized and 
if so whether the patient needs admission to an ICU, both of which 
have consequences as to the level of treatment, the cost of care, and 
associated iatrogenesis. Inpatient management can increase the cost of 
care for CAP up to 25-fold, is less desirable to patients, and for low-risk 
patients is associated with comparable clinical outcomes.285-287 Numer-
ous severity assessment tools have now been developed to identify 
patients with more severe disease requiring hospitalization or ICU 
admission.234,241-243,244-246 The earlier assessment tools incorporated a 
combination of clinical, epidemiologic, laboratory, and radiographic 
parameters to assess; and the more recently developed tools have 
focused on clinical parameters alone that can be evaluated at the 
bedside.

One of the earliest developed and most widely used assessment tool 
is the PORT score, also known as the pneumonia severity index 
(PSI).234 This system uses 20 clinical parameters in categories of age, 
presence of comorbidities, vital sign abnormalities, and laboratory and 
radiologic findings. Based on a point system, five prognostic groups (I 
to V) were defined. The lowest scores (group I) are associated with low 
mortality (0.1%) and the highest scores (group V) are associated with 
the highest mortality (27%). As a guideline for hospitalization, patients 
in groups I and II are usually treated as outpatients, patients in group 
III are in a “borderline” group, and patients in groups IV and V are 
admitted to either a routine ward or ICU. The PORT score or PSI has 
been validated and widely endorsed.84,288,289 A randomized controlled 
trial has confirmed that patients in PSI groups II or III who do not 
have respiratory failure, complicated pleural effusions, or unstable 
comorbid conditions have comparable clinical outcomes whether 
managed as inpatients or outpatients.286 A limitation of the PSI system 
is its relative complexity, and several alternative scoring systems have 
now been developed that utilize more readily obtainable parameters. 
These include the CURB score, the CURB plus age greater than 65 
score (CURB-65), and the CURB-65 score without the urea level 
(CRB-65).241-243 The CURB score was formulated from the British 
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diagnosis cannot be established with certainty prior to the onset of 
therapy and an antibiotic regimen must be selected empirically.

In addition to targeting the likely expected pathogens, primary 
considerations in selecting specific agents for treating pneumonia are 
the intrapulmonary penetration of differing agents and the pharmaco-
kinetic and pharmacodynamic characteristics. With a few exceptions, 
most commercially available antimicrobial agents achieve adequate 
intrapulmonary concentrations to be used for treatment of pneumonia, 
although there can be significant differences in tissue penetration.295 
One agent, daptomycin, has been shown to bind to pulmonary surfac-
tant, thereby decreasing its efficacy in treating pneumonia.296

Pharmacokinetics and pharmacodynamics are important in defin-
ing appropriate antibiotic dosing. β-Lactam compounds are time-
dependent killers; when a penicillin, cephalosporin, or carbapenem is 
being used, the active drug levels need to be above the minimal inhibi-
tory concentration (MIC) of the organism being treated for 40% to 
50% of the dosing interval for an optimal outcome.297,298 Parenteral 
administration of aminoglycosides leads to low concentration in bron-
chial fluids, and when given using traditional dosing serum peak levels 
of at least 6 µg/mL for gentamicin or tobramycin and 24 µg/mL for 
amikacin are needed for successful outcomes in treating gram-negative 
pneumonia.299 However, as aminoglycosides show concentration-
dependent killing with a significant postantibiotic effect, improved 
clinical outcomes can be achieved by using pharmacodynamic model-
ing to optimize dosing.297,300 A retrospective pharmacodynamic/
pharmacokinetic analysis of the efficacy of vancomycin for treatment 
of S. aureus pneumonia indicated that clinical cure correlates with a 
24-hour area under the curve (AUC)/MIC ratio of greater than or 
equal to 400 and indicates that optimal dosing should target a vanco-
mycin trough level of 15 to 20 µg/mL.301,302 Unfortunately, even this 
high-level vancomycin therapy may not be effective in treating strains 
of S. aureus that have MICs greater than or equal to 2 µg/mL.303

The empirical antimicrobial regimen selected to treat acute pneu-
monia is dependent on the clinical situation. Several professional soci-
eties including the IDSA, the ATS, the BTS, and the Pediatric Infectious 
Disease Society have now developed guidelines for management of 
CAP, and the IDSA and ATS have published joint guidelines on man-
aging HAP, VAP, and HCAP in adults.77,84,284,304,305 For adults with CAP, 
the IDSA/ATS guidelines and BTS both recommend stratifying 
patients for outpatient versus inpatient treatment based on PSI or 
CURB-65 scoring systems, although the BTS recommends the use of 
the CRB-65 score for patients seen in the community or primary care 
setting. In all of the guidelines, recognition of the most likely etiologic 
agent in any given clinical situation and recognition of the organisms 
most likely to cause morbidity and mortality are emphasized. Finally, 
prevalence of common antibiotic resistance patterns and risks of acqui-
sition are recognized. Empirical antibiotic therapy for CAP in children 
and adults, as well as for HCAP, is reviewed in Tables 69-4 and 69-5. 
The reader is referred to Chapter 303 for recommendations for empiri-
cal management of HAP.

For a patient who does not require hospitalization and for whom 
no clear distinction between typical (e.g., pneumococcal) and atypical 
(mycoplasmal, chlamydial) pneumonia can be made, both types  
of organisms should be covered. Risks for the presence of drug- 
resistant S. pneumoniae should be assessed. Use of previous anti-
biotics, especially a β-lactam, macrolide, or fluoroquinolone in the 
prior 3 to 6 months, as well as residence in a long-term care facility are 
predictive of the presence of resistance to β-lactams, macrolides, and 
fluoroquinolones.306-308 Where risk for drug-resistant S. pneumoniae 
infection is low, oral β-lactam agents (high-dose amoxicillin, 
amoxicillin-clavulanate, cefuroxime axetil), azalides/macrolides 
(azithromycin, clarithromycin, or erythromycin), or respiratory tract 
quinolones (levofloxacin, gemifloxacin, moxifloxacin) are all adequate 
choices. Doxycycline and trimethoprim-sulfamethoxazole may be 
used, but there is concern for an increasing incidence of resistance to 
both of these agents in strains of pneumococci.84,284 Increased resis-
tance to the azalide/macrolide agents due to blockage of the ribosomal 
binding area encoded by the ermB gene is also becoming a problem in 
S. pneumoniae, and therapeutic failures have been noted.309 Although 
it has been suggested that these agents may be used as long as the 
resistance rate is less than 25%, recent analysis suggests that that 

resistance level is too high and will be associated with increased mor-
bidity and mortality.310

For patients with an increased risk for poor outcome because of age 
or underlying disease, or when the risk for infection with resistant 
pneumococci exists owing to prior antibiotic use, the respiratory tract 
quinolones are the agents most likely to be effective. They currently are 
active against more than 99% of strains of S. pneumoniae, including 
penicillin-resistant strains, and they have the added benefit of activity 
against atypical agents. Although increasing resistance is a potential 
problem with an increased use of quinolones, it has not yet emerged 
as a significant problem. A β-lactam plus a macrolide is a comparable 
regimen.

Regardless of the initial choice of antibiotic, once an organism is 
isolated, coverage should be narrowed down, if possible, on the basis 
of susceptibility test results.

Patients who are ill enough to require hospitalization should be 
treated with parenteral agents that cover the likely pathogens. Whether 
there is a benefit for antibiotic combinations in this setting remains an 
ongoing question. Combination therapy with β-lactam antibiotics and 
macrolides, especially azithromycin, had been associated in some 
studies with decreased mortality and decreased length of hospital stay. 
However, this benefit has been decreased or not apparent in random-
ized controlled trials or studies addressing guideline-concordant 
therapy.311-313 In addition, the potential slight benefit of combination 
therapy with azithromycin is counterbalanced by a small increased risk 
for sudden death due to cardiovascular events in individuals with 
preexisting cardiovascular risk factors.314-316 Our choice for most indi-
viduals would be a β-lactam (ceftriaxone or cefotaxime) plus azithro-
mycin except in patients at high risk for cardiovascular disease when 
a respiratory fluoroquinolone seems preferable. If there are factors that 
suggest a specific etiology, or a Gram stain is revealing, specific anti-
biotic coverage should be used.

Although these regimens represent the basic course of therapy, 
specific clinical circumstances may warrant variation. For example, S. 
aureus pneumonia including community-associated MRSA should be 
considered during an influenza outbreak even though S. pneumoniae 
is still the major etiologic agent. Agents with activity against MRSA 
should be utilized if there is reason to suspect its presence as the cause 
of pneumonia. Linezolid and vancomycin are the best-studied agents 
for treatment of MRSA pneumonia, and clindamycin has also appeared 
effective in children.305,317 A prospective controlled trial comparing 
linezolid and vancomycin with HAP or HCAP due to MRSA found a 
better initial clinical outcome for patients treated with linezolid but no 
difference in mortality at 60 days.318 A new cephalosporin, ceftaroline, 
has good in vitro activity against MRSA isolates and may prove to be 
another alternative for treatment of MRSA pneumonia, although clini-
cal trials of its use in this setting are not currently available.319 Should 
the patient be found to have methicillin-susceptible S. aureus pneumo-
nia, treatment with nafcillin or oxacillin is preferred. Current clinical 
efficacy data on the use of trimethoprim-sulfamethoxazole, fluoroqui-
nolones, doxycycline, or tigecycline for treatment of staphylococcal 
pneumonia are not available.

Where anaerobic aspiration pneumonia is a possibility, such as in 
patients developing pneumonia after loss of consciousness due to 
drugs, alcohol, or neurologic disease, agents with activity against oral 
anaerobes are needed, including ampicillin-sulbactam or clindamycin. 
Otherwise, clinical trials suggest that targeted anaerobic coverage is 
not required for the majority of cases of CAP.84

Aerobic gram-negative bacilli including P. aeruginosa cause 7% to 
18% of CAP cases. Risk factors previously noted for gram-negative 
pneumonia should therefore be sought. When gram-negative bacilli 
are suspected, infection with P. aeruginosa should be a concern and 
therapy with an antipseudomonal β-lactam compound (e.g., cefepime, 
ceftazidime, piperacillin-tazobactam, imipenem, or meropenem) is a 
reasonable choice. When Pseudomonas involvement can be excluded, 
agents such as cefotaxime, ceftriaxone, or ertapenem could be consid-
ered. Debate exists as to whether combination therapy with both a 
β-lactam agent and either an aminoglycoside or quinolone will improve 
the outcome of gram-negative pneumonia. Data exist to support  
both sides of the controversy, although there is increasing evidence  
that initial combination therapy decreases the risk for initially 
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TABLE 69-4  Guide to Empirical Choice of Antimicrobial Agent for Treating Adult Patients with 
Community-Acquired Pneumonia or Health Care–Acquired Pneumonia

PATIENT CHARACTERISTICS PREFERRED TREATMENT OPTIONS
Outpatient

Previously Healthy
No recent antibiotic therapy Macrolidea or doxycycline (100 mg 2 times/day)

Recent antibiotic therapyb A respiratory fluoroquinolonec alone, an advanced macrolided plus oral β-lactame

Comorbidities (COPD, Diabetes, Renal Failure or Congestive Heart Failure, or Malignancy)
No recent antibiotic therapy An advanced macrolide plus oral β-lactam or a respiratory fluoroquinolone

Recent antibiotic therapy A respiratory fluoroquinolone alone or an advanced macrolide plus a β-lactam

Suspected aspiration with infection Amoxicillin-clavulanate or clindamycin (600 mg IV q8h or 300 mg PO q6h)

Influenza with bacterial superinfection Vancomycin, linezolid, or other coverage for MRSA, including community-acquired MRSAf

Inpatient

Medical Ward
No recent antibiotic therapy A respiratory fluoroquinolone alone or an advanced macrolide plus an intravenous β-lactamg

Recent antibiotic therapy An advanced macrolide plus an intravenous β-lactam, or a respiratory fluoroquinolone alone (regimen selected will 
depend on nature of recent antibiotic therapy)

Intensive Care Unit (ICU)
Pseudomonas infection is not a concern A β-lactamg plus either an advanced macrolide or a respiratory fluoroquinolone

Pseudomonas infection is not a concern but 
patient has a β-lactam allergy

A respiratory fluoroquinolone, with or without clindamycin

Pseudomonas infection is a concernh (cystic 
fibrosis, impaired host defenses)

Either (1) an antipseudomonal β-lactami plus ciprofloxacin (400 mg IV q8h or 750 mg PO q12h), or (2) an 
antipseudomonal agent plus an aminoglycosidej plus a respiratory fluoroquinolone or a macrolide

Pseudomonas infection is a concern but the 
patient has a β-lactam allergy

Aztreonam (2 g IV q8h) plus aminoglycoside plus a respiratory fluoroquinolone

Health Care–Associated Pneumoniak

— Either (1) an antipseudomonal β-lactam plus ciprofloxacin or levofloxacin or (2) an antipseudomonal agent plus an 
aminoglycoside plus a respiratory fluoroquinolone or a macrolide plus vancomycin or linezolid (for MRSA coverage)

aAzithromycin, clarithromycin, or erythromycin.
bThat is, the patient was given a course of antibiotic(s) for treatment of any infection within the past 3 months, excluding the current episode of infection. Such 

treatment is a risk factor for drug-resistant Streptococcus pneumoniae and possibly for infection with gram-negative bacilli. Depending on the class of antibiotics recently 
given, one or another of the suggested options may be selected. Recent use of a fluoroquinolone should dictate selection of a nonfluoroquinolone regimen and vice versa.

cMoxifloxacin (400 mg once daily), gemifloxacin (320 mg once daily), or levofloxacin (750 mg once daily).
dAzithromycin (500 mg once daily), clarithromycin (250-500 mg twice daily), erythromycin (250-500 mg four times a day).
eHigh-dose amoxicillin (1 g three times a day), high-dose amoxicillin-clavulanate (2 g twice daily), cefpodoxime (200 mg twice daily), or cefuroxime (500 mg twice daily).
fVancomycin dosing should target a vancomycin trough level of 15 to 20 µg/mL; linezolid (600 mg twice daily).
gCefotaxime (1-2 g IV q4-8h), ceftriaxone (1 g IV daily), ampicillin (1-2 g IV q4-6h), ampicillin-sulbactam (1.5-3 g IV q6h), or ertapenem (1 g IV daily).
hRisk factors for Pseudomonas infection include severe structural lung disease (e.g., bronchiectasis) and recent antibiotic therapy, health care–associated exposures or stay 

in hospital (especially in the ICU). For patients with community-acquired pneumonia in the ICU, coverage for S. pneumoniae and Legionella species must always be 
considered.

iPiperacillin (3 g IV q4h), piperacillin-tazobactam (3.375 g IV q6h), imipenem (500-1000 mg IV q6h), meropenem (1-2 g IV q8h), ceftazidime (2 g IV q6-8h), or cefepime 
(1-2 g IV q8h) are excellent β-lactams and are adequate for most S. pneumoniae and H. influenzae infections. They may be preferred when there is concern for relatively 
unusual pathogens of community-acquired pneumonia, such as P. aeruginosa, Klebsiella species, and other gram-negative bacteria.

jData suggest that older adults receiving aminoglycosides have worse outcomes. Traditionally dosed aminoglycosides should achieve peak levels of at least 8 µg/mL for 
gentamicin or tobramycin and 25-35 µg/mL for amikacin and troughs less than 2 µg/mL for gentamicin and tobramycin and less than 10 µg/mL for amikacin. Once-daily 
dosing for gentamicin or tobramycin is 7 mg/kg IV with trough target <1 µg/mL, and 20 mg/kg IV for amikacin with trough target <4 µg/mL.77

kPneumonia developing in patients who have been hospitalized for 2 or more days within 90 days of developing infection; patients attending hospital or hemodialysis 
clinics; patients receiving intravenous antibiotic therapy, wound care, or chemotherapy at home within 30 days of developing infection; and residents of long-term care 
facilities or nursing homes.

COPD, chronic obstructive pulmonary disease; MRSA, methicillin-resistant S. aureus.
Note: All dosages are usual adult doses and may require adjustment in relation to renal or hepatic function, a patient’s body mass index, or drug-drug interactions.
Modified from Mandell LA, Wunderink RG, Anzueto A, et al. Infectious Diseases Society of America/American Thoracic Society consensus guidelines on the management 

of community-acquired pneumonia in adults. Clin Infect Dis. 2007;44(suppl 2):S27-S72; and American Thoracic Society, Infectious Diseases Society of America. Guidelines 
for the management of adults with hospital-acquired, ventilator-associated, and healthcare-associated pneumonia. Am J Respir Crit Care Med. 2005;171:388-416.

TABLE 69-5  Guide to Empirical Choice of Antimicrobial Agent for Treating Children with Community-
Acquired Pneumonia

PATIENT CHARACTERISTICS PREFERRED TREATMENT OPTIONS
Outpatient

<5 Years of Age
 Presumed bacterial Oral amoxicillin (90 mg/kg/day) in 2 doses or oral amoxicillin-clavulanate (90 mg/kg/day amoxicillin component) in 

2 doses

 Presumed atypical Oral azithromycin (10 mg/kg on day 1, followed by 5 mg/kg/day on days 2-5) or oral clarithromycin (15 mg/kg/day 
in 2 doses or oral erythromycin (40 mg/kg/day in 4 doses

≥5 Years of Age
 Presumed bacterial Oral amoxicillin (90 mg/kg/day in 2 doses to a maximum of 4 g/day) or oral amoxicillin-clavulanate (amoxicillin 

component, 90 mg/kg/day in 2 doses to a maximum dose of 4000 mg/day); add macrolide if cannot distinguish 
bacterial or atypical

 Presumed atypical Oral azithromycin (10 mg/kg on day 1, followed by 5 mg/kg/day once daily on days 2-5 to a maximum of 500 mg 
on day 1, followed by 250 mg on days 2-5) or oral clarithromycin (15 mg/kg/day in 2 doses to a maximum of 
1 g/day) or erythromycin or doxycycline for children >7 yr old

Continued
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classic 10- to 14-day duration of care is unsupported by evidence.330 
Recent data now indicate that clinical stability (defined as normaliza-
tion of previously abnormal physiologic parameters, including heart 
rate, respiratory rate, oxygenation, blood pressure, mental state, and 
ability to care for oneself) occurs relatively quickly for patients hospi-
talized with CAP (see Table 69-6).331 Most physiologic abnormalities 
will correct in 2 to 3 days, and normalization of all physiologic abnor-
malities generally occurs in 5 to 7 days. Patients with more severe 
illness generally take longer to stabilize. The addition of monitoring for 
an at least 50% reduction in C-reactive protein has been suggested as 
an additional measure to define clinical stability but appeared benefi-
cial only for patients with severe disease, and the cost-effectiveness  
of this approach has not been assessed.332 Overall, once stability is 
achieved, clinical relapses serious enough to require ICU care occur 
less than 1% of the time.

Oral antibiotic therapy is safe after clinical stability has been 
reached even in patients with severe CAP.333-335 There is no clear useful-
ness of observing a patient within the hospital after a switch to oral 
therapy.336 However, it is important to recognize that discharging 
patients before stability has been reached may lead to increased rehos-
pitalization and death.337,338 Using the same definitions of clinical sta-
bility, it has been shown that the greater the number of factors 
remaining abnormal at discharge, the greater is the chance of readmis-
sion or death.

There are few studies on the duration of therapy for pneumonia that 
are prospective, well-controlled, use the same antibiotic and dosing 
schedule, and only vary the duration of therapy. However, these few 
studies have found that a period of less than 7 days and as short as 3 
days of azithromycin is just as effective as longer durations of therapy 
for mild to moderate CAP.339,340 With age, presence of underlying 
comorbidities including immune compromise, and more virulent 
pathogens, clinical stability may be delayed; therefore, duration of anti-
biotic therapy may be lengthened. Currently, for adult patients with 

inappropriate therapy.320,321,322,323 We favor initial combination therapy 
for patients who are severely ill, at least until culture results from 
sputum and blood are available to confirm that an agent is being given 
with in vitro activity against the presumed organisms. In patients who 
are allergic to penicillin, aztreonam with a respiratory tract fluoroqui-
nolone, with or without an aminoglycoside, could be used.

In the patient admitted to an ICU, therapy should be directed 
against S. pneumoniae, penicillin-resistant strains, Legionella spp., 
gram-negative rods, and M. pneumoniae. If infection with P. aerugi-
nosa is unlikely (no recent hospitalization, no recent antibiotic use, no 
pulmonary comorbidities, no gram-negative rods on Gram stain), a 
β-lactam plus either an azalide/macrolide or a respiratory tract fluoro-
quinolone would be therapies of first choice. Ceftriaxone or cefotaxime 
would be reasonable choices for the β-lactam. When Pseudomonas 
infection cannot be excluded, an antipseudomonal β-lactam (cefepime, 
imipenem, meropenem, doripenem, or piperacillin-tazobactam) plus 
a respiratory tract fluoroquinolone or azalide/macrolide could be used. 
We favor cefepime or piperacillin-tazobactam plus a respiratory tract 
fluoroquinolone. An aminoglycoside could be added as a third agent 
for synergy against Pseudomonas. Evidence in the literature favoring 
one regimen over any other is lacking.

Timing of Antibiotics
In 1997, a retrospective review of more than 14,000 Medicare patient 
hospitalizations suggested that antibiotic therapy given within 8 hours 
of presentation was associated with a decreased mortality.324 A second 
retrospective study of similar design in 2004 showed that antibiotics 
given within 4 hours of presentation would result in lower mortality.325 
Neither study corrected for the cause of the pneumonia nor the anti-
biotics used. Despite the lack of a prospective randomized study, advis-
ing and regulatory agencies, including the Joint Commission and the 
Centers for Medicare and Medicaid Services, began to use the 4-hour 
rule as a core quality measure. Subsequent studies found that attempt-
ing to meet this performance standard led to increased misdiagnoses 
and potentially inappropriate antibiotic prescribing in emergency 
department patients, and failure of hospitals to meet this standard was 
not associated with an increase in inpatient mortality in patients 
admitted with CAP.326-328 This hospital performance standard has sub-
sequently been eliminated. Still, there is strong evidence that delays in 
antibiotic therapy can impact the outcome of patients with sepsis.329 
The IDSA/ATS guidelines currently recommend that antibiotic therapy 
for pneumonia should be started as soon as the diagnosis is considered 
likely.84

Duration of Treatment and Use of 
Clinical Practice Guidelines
Until recently, the duration of antibiotic therapy for pneumonia has 
been based on anecdotal patterns of behavior. There have been few 
studies addressing the appropriate duration of treatment, but the 

TABLE 69-6  Evidence of Clinical Stability
Temperature ≤37.8° C (100° F)
Pulse ≤100 beats/min
Respiratory rate ≤24 breaths/min
Systolic blood pressure ≥90 mm Hg
Arterial oxygen saturation ≥90% or PO2 ≥60 mm Hg on room air
Ability to maintain oral intake
Normal mental status

Data from Halm EA, Fine MJ, Marrie TJ, et al. Time to clinical stability in patients 
hospitalized with community-acquired pneumonia: implications for practice 
guidelines. JAMA. 1998;279:1452-1457; and Mandell LA, Wunderink RG, Anzueto 
A, et al. Infectious Diseases Society of America/American Thoracic Society 
consensus guidelines on the management of community-acquired pneumonia in 
adults. Clin Infect Dis. 2007;44(suppl 2):S27-S72.

PATIENT CHARACTERISTICS PREFERRED TREATMENT OPTIONS
Inpatient (All Ages)

Fully Immunized against S. pneumoniae and H. influenzae, and Low Local Level of Antibiotic Resistance in S. pneumoniae
 Presumed bacterial Ampicillin or penicillin G or ceftriaxone or cefotaxime; add vancomycin or clindamycin for suspected community-

associated MRSA

 Presumed atypical Azithromycin (add β-lactam, if diagnosis of atypical pneumonia is in doubt); or clarithromycin or erythromycin; or 
doxycycline for children >7 yr old; or levofloxacin for children who have reached growth maturity or who cannot 
tolerate macrolides

Not Fully Immunized against S. pneumoniae and H. influenzae, or High Local Level of Antibiotic Resistance in S. pneumoniae
 Presumed bacterial Ceftriaxone or cefotaxime; addition of vancomycin or clindamycin for suspected community-associated MRSA; 

alternative: levofloxacin; addition of vancomycin or clindamycin for suspected community-associated MRSA

 Presumed atypical Azithromycin (add β-lactam if diagnosis in doubt); or clarithromycin or erythromycin; or doxycycline for children 
>7 yr old; or levofloxacin for children who have reached growth maturity or who cannot tolerate macrolides

MRSA, methicillin-resistant S. aureus.
Adapted from Bradley JS, Byington CL, Shah SS, et al. The management of community-acquired pneumonia in infants and children older than 3 months of age: clinical 

practice guidelines by the Pediatric Infectious Diseases Society and the Infectious Diseases Society of America. Clin Infect Dis. 2011;53:e25-e76.

TABLE 69-5  Guide to Empirical Choice of Antimicrobial Agent for Treating Children with Community-
Acquired Pneumonia—cont’d
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other potentially important variables, such as underlying health or 
socioeconomic status.351 A more recent study that controlled for these 
factors found no impact of recent statin use on the incidence of severe 
sepsis or mortality from CAP.352 Although other adjunctive therapies 
have been described, including the use of activated protein C, nonin-
vasive mechanical ventilation, anticoagulants, immunoglobulin, gran-
ulocyte colony-stimulating factor, probiotics, chest physiotherapy, 
antiplatelet drugs, over-the-counter cough medications, β2-agonists, 
inhaled nitric oxide, and angiotensin-converting enzyme inhibitors, in 
clinical trials none of these approaches has been shown to have a sig-
nificant role in therapy.353

PREVENTION
Vaccination against influenza and S. pneumoniae are important inter-
ventions in preventing pneumonia. In older adults, influenza vaccine 
can decrease the incidence of hospitalization, pneumonia, and mortal-
ity; and efficacy has been demonstrated over 10 consecutive influenza 
seasons.354,355 Influenza vaccine is suggested for any person 6 months 
of age or older who, because of age or underlying disease, is at risk for 
influenza-related complications. This includes persons older than 50 
years; nursing home residents; people with chronic pulmonary or 
cardiac disease, or with chronic diseases such as diabetes, renal failure, 
or hematologic disorders; patients who are immunosuppressed; those 
taking chronic salicylate therapy; and women in their second or third 
trimester of pregnancy. Health care workers, workers in nursing 
homes, and those who provide care to older adults or debilitated 
persons should also be targeted for influenza vaccination.356

A 23-valent pneumococcal polysaccharide vaccine and both 
7-valent and 13-valent pneumococcal conjugate vaccines are licensed 
in the United States. Although there are good clinical data showing 
that these vaccines provide protection against bacteremia and invasive 
pneumococcal disease, there are as yet no data showing the efficacy of 
these vaccines in preventing pneumonia.357,358 Both the 23-valent pneu-
mococcal polysaccharide and the 13-valent pneumococcal conjugate 
vaccines have now been approved for use in adults older than 50 years 
of age, and pneumococcal vaccine is recommended for patients older 
than 65 and those who have recovered from CAP. Further discussion 
of the efficacy of these vaccines is provided in Chapter 201.

Active smoking is a clear risk factor for bacterial pneumonia, and 
promoting smoking cessation should be a component of pneumonia 
prevention.60,359,360

CAP the IDSA/ATS guidelines recommend a minimum of at least 5 
days of antibiotic therapy, with the patient being afebrile for between 
48 and 72 hours and lacking no more than one sign of clinical stabil-
ity.84 Similarly, the BTS guidelines recommend 7 days of appropriate 
antibiotic therapy for patients with low- or moderate-severity CAP 
treated either as outpatients or inpatients.284 Longer therapy should be 
considered for patients who have high-severity disease, bacteremic S. 
aureus pneumonia, or cavitary disease. The Pediatric Infectious Disease 
Society/IDSA guidelines for CAP in children note that 10 days of treat-
ment is best studied in children, although shorter course treatment is 
likely effective.305

Although early studies found limited benefit to concordance of 
process of care measures and clinical outcomes in pneumonia, more 
recent evidence indicates that compliance with clinical practice guide-
lines for both CAP and HCAP is associated with decreased inpatient 
mortality and inpatient length of stay.142,312,313,341-344 The use of inpatient 
critical pathways based on clinical practice guidelines can reduce  
inpatient length of stay without increasing adverse effects.288,345,346

Once discharged, outpatient follow-up should be coordinated, 
because most patients with CAP will have some related residual symp-
toms, including fever, cough, shortness of breath, chest pain, sputum 
production, fatigue, or gastrointestinal symptoms. Comorbidities, par-
ticularly cardiopulmonary or neurologic disease, are the most frequent 
reason for subsequent early readmission among patients who achieve 
clinical stability.338,347

Adjunctive Therapy
A robust inflammatory response to an invading pathogen can lead to 
a potentially worse outcome in pneumonia, and the use of anti-
inflammatory agents could have potential benefits, as demonstrated 
with the improved outcome with the addition of corticosteroid therapy 
for Pneumocystis pneumonia. The macrolide family has been shown to 
have in vitro immunomodulatory activity, which may contribute to 
their efficacy in CAP.348 A number of randomized controlled trials have 
now investigated the efficacy of corticosteroid therapy for CAP using 
differing dosages and agents. To date there is no evidence of an impact 
on overall mortality, although corticosteroids may shorten overall 
inpatient length of stay by 1 day.349,350 Statins also possess anti-
inflammatory properties, and their impact on CAP has been assessed 
in observational studies. Although there was initial suggestive evidence 
of benefit, those studies were not randomized and did not control for 
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70  Pleural Effusion and Empyema
Edward J. Septimus

Despite newer antimicrobial agents and improved diagnostic imaging, 
infections of the pleural space are rising in incidence for all ages world-
wide and still remain an important cause of morbidity and mortality 
around the world. Delay in diagnosis, failure to institute appropriate 
antimicrobial therapy, and inadequate drainage contribute to increased 
morbidity and mortality.1

Infections of the pleural space most commonly follow pneumonia, 
accounting for 40% to 60% of all empyemas. Thoracotomy is the  
next most common precursor of empyema, accounting for 20%,  
and trauma accounts for 4% to 10%. Less commonly, empyema  
can develop as a result of esophageal rupture and subdiaphragmatic 
spread. Other uncommon causes include hematogenous seeding of an 
existing pleural effusion and direct extension from head and neck 
infections.2,3

PATHOPHYSIOLOGY
When pleural effusions develop without pleural inflammation, factors 
that can be identified include increased hydrostatic pressure, decreased 
oncotic pressure, and alterations in lymphatic drainage.4 In the nonin-
flamed state, the pleural space contains a small amount of transudative 
pleural fluid with a low concentration of protein and 1000 to 5000 cells/
mm3, primarily lymphocytes, macrophages, and mesothelial cells. 
Neutrophils are usually absent.4 In addition, infected pleural fluid is 
deficient in the opsonins and complement necessary for optimal 
phagocytic function, and the low pH and hypoxia in infected pleural 
fluid further impair neutrophil function.

With pleural inflammation, the interaction of bacteria, lipopolysac-
charides (LPSs), cytokines, and chemokines leads to changes in pleural 
permeability. The initial events during pleural inflammation are medi-
ated via responses of stimulated pleural mesothelial cells (PMCs).  
Bacterial cell wall products bind to PMCs and stimulate production  

of interleukin (IL)-1, IL-8, epithelial neutrophil-activating protein 
(ENA)-78, tumor necrosis factor (TNF)-α, and platelet-activating 
factor. In vitro, IL-1, TNF-α, and LPSs have been shown to release IL-8, 
although levels of TNF-α and IL-1 in pleural fluid did not correlate 
with IL-8 production.5

The primary role of PMCs is coordinating and facilitating the  
permeability and recruitment of neutrophils and mononuclear phago-
cytes. PMCs are also capable of phagocytosis and release of nitric  
oxide (NO).

Jonjic and colleagues6 have studied the capability of PMC to express 
adhesion molecules and chemoattractant cytokines, two basic mecha-
nisms in the regulation of neutrophil recruitment. PMCs were able  
to express the chemotactic cytokines IL-8 and monocyte chemoat-
tractant protein 1 at the mRNA and protein levels. Their results also 
indicated that PMCs can express a set of adhesion molecules, intercel-
lular adhesion molecule 1 (ICAM-1), and vascular cell adhesion mol-
ecule 1 (VCAM-1), and that these are functionally important in 
interacting with mononuclear phagocytes. The regulated expression of 
adhesion molecules and chemotactic cytokines by PMCs is important 
in inflammation and immune mediation. The interaction between 
CD11 and CD18 integrins expressed on neutrophils and ICAM-1 can 
lead to adherence of neutrophils to the surface of the implicated cell. 
Expression of these adhesive glycoproteins by PMCs enhances the 
recruitment of neutrophils and mononuclear cells into the pleural 
space.6

Pleural fluid from patients who develop parapneumonic effusions 
has been found to be chemotactic to neutrophils when compared with 
pleural fluid collected from patients with other diagnoses.7 Studies 
have found a positive correlation between IL-8 levels and the number 
of neutrophils in pleural fluid. Broaddus and associates7 have reported 
that anti-IL-8 antibodies decrease chemotactic activity in empyema 

Diagnosis
•	 Fluid	in	the	pleural	space	may	be	

transudative	or	exudative	(see	Table	70-1).		
An	exudative	effusion	with	pus	in	the	pleural	
space	is	called	an	empyema.	Computed	
tomography	(CT)	is	better	than	a	chest	
radiograph	for	distinguishing	pleural	fluid		
from	pneumonia	and	may	allow	visualization	
of	stranding	or	loculation	within	an		
empyema.

Thoracentesis
•	 For	pleural	fluid	suspected	of	empyema,	send	

fluid	in	capped	syringe	for	pH,	inoculate	
aerobic	and	anaerobic	blood	culture	bottles	
directly	at	bedside,	moisten	syringe	with	
preservative-free	heparin	because	clotting	
interferes	with	white	blood	cell	count	(WBC),	
cytology,	and	Gram	stain.	Laboratory	studies:	
WBC,	differential,	protein,	glucose,	lactate	
dehydrogenase	(LDH),	Gram	stain,	culture	for	
bacteria,	cytology,	mycobacteria	and	fungi.	
Send	blood	for	LDH	and	protein	to	determine	
pleural	fluid–to-serum	ratio.

•	 Special	studies	on	pleural	fluid:	
immunochromatographic	test	for	Streptococcus	
pneumoniae	antigen,	polymerase	chain	
reaction	(PCR)	targeting	16S	ribosomal	DNA,	
modified	acid-fast	stain	for	Nocardia,	PCR,	or	
nucleic	acid	amplification	test	or	adenosine	
deaminase	or	culture	of	pleural	biopsy	for	
Mycobacterium	tuberculosis

•	 Source	of	empyema	affects	the	most	common	
organisms:
○	 Community-acquired	pneumonia:	

S.	pneumoniae,	Staphylococcus	aureus
○	 Community-acquired	empyema:	

Streptococcus	anginosus	group,	Prevotella,	
Bacteroides

○	 Post-trauma	or	postoperative	hemothorax:	
Staphylococcus	aureus

○	 Complication	of	viral	influenza:	S.	
pneumoniae,	S.	aureus,	Streptococcus	
pyogenes

○	 Esophageal	rupture:	mixed	aerobic	and	
anaerobic	bacteria,	Candida

○	 Hematogenous	seeding	of	serous	effusion:	
gram-negative	bacilli

○	 Spread	across	diaphragm:	amebiasis,	mixed	
aerobic-anaerobic

Treatment
•	 Systemic	antibiotics	plus	adequate	drainage	is	

necessary	for	empyema.	Empirical	antibiotic	
choices	for	a	presumed	bacterial	empyema	
include	ampicillin-sulbactam,	piperacillin-
tazobactam,	imipenem,	ertapenem,	doripenem,	
meropenem,	or	combination	of	a	third-	or	
fourth-generation	cephalosporin	and	either	
clindamycin	or	metronidazole.	Indications	for	
drainage	include	cloudy	fluid,	pH	<7.2,	glucose	
<60	mg/dL,	protein	>3	g/dL,	LDH	>1000,	or	
ratio	of	pleural	fluid	to	serum	for	protein	>0.5	
or	LDH	>0.6.

•	 Video-assisted	thoracoscopy	is	being	used	
earlier	in	empyema	treatment,	particularly	in	
children,	and	in	adults	with	empyema	not	
responding	to	CT-	or	ultrasound-guided	
catheter	tube	drainage.	Fibrinolytic	therapy	still	
has	advocates,	although	it	is	contraindicated	if	
bronchopleural	fistula	is	present.
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relatively rare.23 Pleural infection secondary to subdiaphragmatic 
disease is often polymicrobial and anaerobic in origin.24

In pediatrics, S. pneumoniae remains the most common pathogen 
identified in most studies of pleural infection. Gram-negative and 
anaerobic infections are much less common than in adult cohorts.25 
Furthermore, hospital-acquired empyema is much less common in 
children compared with adults.

Predisposing factors are most important in predicting the most 
likely pathogens. Pneumonia continues to be the most frequent pre-
disposing factor in the development of empyemas.2,3 Secondary bacte-
rial pneumonia due to S. pneumoniae, S. aureus, and S. pyogenes is well 
recognized following influenza virus infection, especially in older 
adults and in patients with underlying medical conditions.26 The inci-
dence of a parapneumonic effusion in hospitalized patients is esti-
mated to be 40%.27 Although S. pneumoniae is the most common cause 
of community-acquired pneumonia, empyema has occurred in only 
1% to 2% of cases of pneumococcal pneumonia compared with 10% 
to 18% in the preantibiotic era.28 Empyema caused by S. aureus, S. 
pneumoniae, or Haemophilus influenzae has been common in chil-
dren.29 The H. influenzae conjugate vaccine has dramatically reduced 
the frequency of suppurative complications caused by H. influenzae 
infection in children.

In 2003 Buckingham and colleagues30 published their experience 
on complicated parapneumonic effusions in children. They found that 
the incidence of these effusions in children with community-acquired 
pneumonia increased from 1996 to 1999 and then declined with the 
introduction of the heptavalent pneumococcal conjugate vaccine. 
Although cases caused by S. pneumoniae decreased, community-onset 
MRSA emerged as a significant cause of pneumonia and complicated 
parapneumonic effusions in children.30 However, recent reports have 
suggested that pneumococcal empyema in children may be increasing 
again and is often caused by nonvaccine serotypes, especially serotypes 
1, 3, and 19A.31,32 Three recent papers highlight the impact of the use 
of pneumococcal conjugated vaccine and incidence of invasive pneu-
mococcal disease and empyema. These articles confirm that despite 
reduction of invasive pneumococcal disease since the introduction of 
the heptavalent pneumococcal conjugated vaccine in 2000, the inci-
dences of pneumococcal empyema in children and adults have both 
increased.32a The decrease in incidence from serotypes covered by the 
vaccine has been overcompensated by the emergence of disease by 
other nonvaccine serotypes, especially serotypes 1 and 3.23,33,34 The 
introduction of the 13-valent pneumococcal conjugated vaccine, which 
contains serotypes 1 and 3, may have an impact on the incidence of 
pleural infections due to S. pneumoniae or merely produce a shift in 
favor of other nonvaccine serotypes.

Most cases of S. aureus empyema result from S. aureus pneumo-
nia,35 which is most often seen in older hospitalized patients with 
underlying medical problems. S. aureus is an uncommon cause of 
pneumonia in otherwise healthy adults, except during an influenza 
outbreak.36 S. aureus has a tendency to cause cavitation, with resultant 
secondary lung abscesses and necrotizing pneumonia. Empyema can 
be seen in 10% to 24% of adults with S. aureus pneumonia.35,37 
Community-associated methicillin-resistant S. aureus is an increas-
ingly common cause of both parapneumonic effusion and empyema 
in children.38 In children, multiple thin-walled cavities or abscesses, or 
pneumatoceles, develop with S. aureus pneumonia. Empyema can 
develop in up to 50% of children.30 Several reports have also linked 
influenza-related complications with S. aureus necrotizing pneumonia 
and empyema.39,40 S. pyogenes was a common cause of pneumonia in 
the preantibiotic era, but cases are uncommon today. S. pyogenes pneu-
monia can be seen in military recruits or as a sequela of a viral respira-
tory infection. Empyema occurs in 30% to 40% of cases and tends to 
develop early in the course of infection.41

Factors predisposing to aspiration, such as altered mental status, 
alcoholism, and periodontal disease, are common in patients with 
anaerobic infections of the pleura. Many of these cases tend to be 
polymicrobial. In addition to anaerobes, viridans group streptococci, 
aerobic gram-negative bacilli, and occasionally S. aureus have been 
recovered.

Viridans streptococci are normally found in the mouth and gas-
trointestinal tract. A study of pleural infections caused by viridans 

fluid. Antony and co-workers8 have shown elevated IL-8 levels in both 
parapneumonic effusions and empyema fluid when compared with 
pleural effusions secondary to other diseases. IL-8 levels were higher 
in empyema fluid than in parapneumonic effusions. They also found a 
significant correlation between IL-8 levels and the total number of 
neutrophils in pleural fluid. Chemotactic activity for neutrophils was 
increased in empyema fluid but decreased with the addition of IL-8 
neutralizing serum.8

ENA-78 is a CXC chemokine that has been shown to be present in 
high amounts in parapneumonic effusions. For early parapneumonic 
effusions, ENA-78 is the dominant chemokine responsible for neutro-
phil chemotaxis. In the later stages of the development of empyema, 
IL-8 becomes the dominant chemokine.8,9 Although the pleural space 
is normally fibrinolytic, parapneumonic pleural fluid has also been 
shown to have increased procoagulant activity and depressed fibrino-
lytic activity that favors fibrin deposition in the pleural space. The 
deposition of fibrin and increased activity of fibroblasts leads to a thick 
pleural peel characteristic of the later stages seen in empyema. Animal 
model data have suggested that this final phase of organization is 
driven by mediators such as transforming growth factor (TGF)-β and 
platelet-derived growth factor (PDGF).10 However, if pneumonia asso-
ciated with a parapneumonic effusion is treated promptly with an 
appropriate antimicrobial agent, the cellular and cytokine mediators of 
inflammation are aborted. Resolution of uncomplicated parapneu-
monic effusions leaves the pleura essentially normal, without clinically 
significant fibrosis.

In contrast to common pyogenic bacteria, when the pleura is 
infected with mycobacteria, pleural mesothelial cells release C-C che-
mokines, which recruit mononuclear cells to the pleural space.11 This 
is facilitated by adhesion molecule-1 expressed by pleural mesothelial 
cells.12 Th1 cytokines are also increased in tuberculous pleural fluid, 
which has been shown to regulate expression of C-C chemokines.13

MICROBIOLOGY
The microbiology of empyema has changed dramatically in the past  
50 years. In the preantibiotic era, Streptococcus pneumoniae accounted 
for 60% to 70% of cases, Streptococcus pyogenes for 10% to 15% of 
cases, and Staphylococcus aureus for 5% to 10% of cases.14 Recent pub-
lications of cases in adults indicate the microbiology of empyema may 
differ from the common causes of bacterial pneumonia. The differ-
ences in microbiology are thought to be due to the acidic and hypoxic 
environment of the pleural space favoring select pathogens.15 Recent 
series from the United Kingdom,16 United States,17 Canada,18,19 and 
Asia20 all report Streptococcus anginosus group (milleri) as the most 
common organism identified accounting for 30% to 50% of adult cases 
of community-acquired empyema. S. anginosus group represents a 
heterogenous group of microaerophilic or anaerobic gram-positive 
cocci (S. intermedius, S. anginosus, and S. constellatus) of the viridans-
group streptococci, which are rarely implicated in pneumonia. These 
reports suggest that patients infected with S. anginosus group are more 
likely to have underlying comorbidities such as diabetes and malignan-
cies. One of the most complete reports on the microbiology of pleural 
infection came from the Multicentre Intrapleural Sepsis-Trial-
1(MIST-1) from the United Kingdom.16 Of interest in up to 40% of 
patients with pleural infection, no organism was recovered from 
pleural fluid. Of the 60% of patients who had a microbiologic diagno-
sis, there was a significant difference between community-acquired 
and hospital-acquired infections. In community cases, the most 
common pathogens were S. anginosus group in 32%, S. pneumoniae in 
13%, other streptococci in 7%, followed by anaerobes in 16% and 
staphylococci in 11%. However, staphylococci accounted for 46% of 
hospital-acquired empyemas, and many were methicillin resistant. 
Gram-negative organisms accounted for the remaining pathogens. A 
recent U.S. survey found a similar increase in nonpneumococcal strep-
tococci and staphylococcal-related empyemas from 1996-2008.17 In 
contrast, recent reports from Taiwan showed Klebsiella pneumoniae as 
the most common cause of empyema in both community- and hospital-
acquired cases.21,22 Anaerobic bacteria are still important causes of 
empyemas in adults. The predominant organisms isolated from anaer-
obic empyemas are Fusobacterium nucleatum, Prevotella spp., Pepto-
streptococcus, and the Bacteroides fragilis group, although B. fragilis is 
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40% develop a pleural effusion at some point in the course of their 
disease.59 Finally, after pericardiectomy60 or myocardial infarction,61 
patients may present with pericarditis and pleural disease. The syn-
drome typically appears about 3 weeks after the injury and is character-
ized by fever and chest pains. Pleural fluid can be demonstrated in 
more than 50% of cases.62

CLINICAL MANIFESTATIONS
The pleural response to microbial invasion can be divided into three 
stages. The initial, or exudative, stage is characterized by a collection 
of thin, free-flowing fluid with low numbers of neutrophils, pH higher 
than 7.2, lactate dehydrogenase (LDH) levels less than 1000 IU/L, 
glucose levels higher than 60 mg/dL, and negative cultures. The second, 
or fibropurulent, stage is characterized by increasing numbers of neu-
trophils and fibrin deposition over the pleura, with a tendency to locu-
late. Pleural glucose levels and pH fall, and the LDH level increases. In 
the final, or organizing, stage, fibroblast formation and scarring 
produce a pleural peel that encases and traps the lung.63 The clinical 
presentation varies with the underlying disease process, the microbiol-
ogy, and host factors.

The physical examination reveals decreased breath sounds, dullness 
to percussion, and crackles over the affected area. Chronic empyemas 
may erode the chest wall and present with a spontaneous draining 
abscess termed empyema necessitatis. Anemia and leukocytosis are 
nonspecific findings.

IMAGING STUDIES
The standard plain radiograph is still the initial approach in detecting 
and evaluating pleural effusions (Fig. 70-1). Up to 200 to 500 mL of 
pleural fluid is required to cause blunting of the costophrenic angle.64 
The lateral decubitus chest film can detect as little as 5 mL of free 
pleural fluid. With extensive adjacent pulmonary consolidation and 
intrapleural loculations, the radiographic assessment of pleural collec-
tions becomes more difficult.

Ultrasound is widely available; it enables bedside studies, is fast, 
and costs less than computed tomography (CT) or magnetic reso-
nance imaging (MRI). Ultrasound is particularly useful for detecting 
small amounts of pleural fluid, guiding diagnostic thoracentesis, and 
pleural drainage. For most patients, the chest CT has emerged as the 
imaging study of choice. It is more accurate in distinguishing lung 
abscess from empyema than the conventional chest radiograph. Stark 
and colleagues65 have reported pleural separation, adjacent lung com-
pression, and wall characteristics to be the most reliable signs for 
distinguishing empyema from lung abscess. The walls of empyemas 
were generally smooth in contrast to lung abscesses, which tended to 
have irregular walls (Fig. 70-2). Chest CT with contrast may also dif-
ferentiate transudates from exudates. Parietal pleural thickening and 
enhancement are usually seen only with exudative effusions. The 
margins formed by the inflamed and thickened visceral and parietal 
layers enhance with IV contrast material and are separated by the 
interposed empyema fluid, giving rise to the split pleura sign of 
empyema.65,66 Pleural thickening and attenuation of extrapleural or 
subcostal fat can be defined accurately, increasing the accuracy of the 
diagnosis of empyema (Fig. 70-3).

The role of MRI in the evaluation of pleural infection is limited. It 
may be a useful alternative when the IV contrast required to complete 
the CT imaging is contraindicated for the patient. MRI can detect 
pleural effusions, pleural tumors, and chest wall invasion. In some 
cases, it may be useful for distinguishing hemorrhagic effusions from 
other causes.67 Fresh blood has a low signal on T1-weighted sequences 
and a high signal on T2-weighted sequences, whereas blood that is 
several days to weeks old gives a high signal on T1-weighted sequences 
and a low signal on T2-weighted sequences. It may also be possible to 
differentiate transudates and exudates with the use of triple echo pulse 
sequence or the use of gadolinium-enhanced MRI.68,69 Exudative effu-
sions showed an increased signal intensity within the pleural space on 
post–gadolinium-enhanced T1-weighted sequences. One series has 
suggested that MRI is an effective means to differentiate exudates from 
transudates using diffusion-weighted sequences. Diffusion coefficient 
values were shown to correlate significantly with pleural fluid analysis 
obtained by thoracentesis.70

streptococci found that most (68%) of the isolates belonged to the  
S. anginosus group.42 Many of the S. anginosus group isolates, particu-
larly those of S. intermedius, are nonhemolytic, but some are α- or 
β-hemolytic, and many carry Lancefield group A, C, F, or G antigen.43 
Isolates in the S. anginosus group are known by their propensity for an 
invasive pyogenic process that results in abscess formation; this is 
attributed to their ability to produce hydrolytic enzymes that facilitate 
the spread and liquefaction of pus.44

Pleuropulmonary actinomycosis can result from aspiration. These 
patients exhibit a chronic pulmonary infection with chest wall involve-
ment or draining sinus tracts with sulfur granules, or both. Up to 50% 
of pulmonary actinomycoses have pleural involvement.45 Isolation of 
Actinomyces from a normally sterile site confirms the diagnosis (see 
Chapter 256).

Legionella can be isolated from parapneumonic effusions. These 
effusions tend to be small and usually do not progress to empyema.46 
Mycoplasma and viral infections can also produce small effusions that 
usually resolve spontaneously.

In many parts of the world, tuberculous effusions are common47 
and they can be secondary to a primary infection or occur as a reactiva-
tion tuberculosis.48 In most cases, tuberculous effusions resolve spon-
taneously; however, up to 50% of patients not treated with appropriate 
antituberculous medication will develop active tuberculosis within  
5 years.49

There is a high frequency of S. aureus and aerobic gram-negative 
bacillary infection in patients with empyema after trauma or surgery.50 
Empyema complicating hemothorax is often staphylococcal, whereas 
that associated with pneumothorax or hematogenous seeding of a 
serous effusion is often caused by aerobic gram-negative bacilli. Several 
studies have indicated an increased risk of post-traumatic empyema 
associated with retained hemothorax and significant pulmonary 
contusion.51,52

Mixed oropharyngeal organisms and occasionally Candida species 
are the organisms most frequently cultured from pleural fluid after 
esophageal rupture. Cultures obtained after subdiaphragmatic exten-
sion of an intra-abdominal infection usually show mixed enteric gram-
negative bacilli, anaerobes, and Candida.

Although fungal infections of the pleural space are uncommon in 
the normal host, there has been an increase in fungal empyemas and 
most are caused by Candida species. Cryptococcosis can cause pleural 
effusions but not empyema. Candida empyema has been reported as a 
complication of surgery, a result of esophageal rupture, a subdiaphrag-
matic infection, and being spread hematogenously. Many of these 
infections are polymicrobial.53

Amebic liver abscess is associated with pleural involvement in up 
to 15% to 20% of cases. Two mechanisms have been identified. First, 
an amebic liver abscess can irritate the diaphragm, producing a sym-
pathetic pleural effusion. Second, a complex pleural effusion can 
develop when the amebic liver abscess ruptures into the pleural space 
through the diaphragm (see Chapter 274).

Immunocompromised patients have a higher frequency of empyema 
caused by fungi and gram-negative bacilli.2 Organ transplant recipients 
and patients with acquired immunodeficiency syndrome (AIDS) may 
reactivate pleural foci of mycobacterial or fungal infection, but they 
rarely present with empyema without disseminated disease. Unsuccess-
ful resection of cavitary coccidioidomycosis or aspergillosis may be 
complicated by empyema and bronchopleural fistula from that organ-
ism.54 Nocardia infections occur more frequently in patients with 
underlying conditions, such as organ transplantation, malignancy, dia-
betes mellitus, AIDS, and long-term use of steroids. Pleural effusions 
can develop in up to 50% of patients with nocardiosis.55

Several noninfectious causes should be considered in the differen-
tial diagnosis in patients who present with pleural effusions and fever. 
Pulmonary embolism is commonly overlooked as a cause of pleural 
effusion. It is estimated that between 30% and 50% of patients with 
pulmonary emboli have an associated pleural effusion.56 Patients with 
acute pancreatitis frequently have associated pleural effusions. Patients 
with acute pancreatitis who develop a pleural effusion tend to have 
more severe disease.57 Approximately 5% of patients with rheumatoid 
arthritis have a pleural effusion, and 20% with effusions present with 
pleuritic chest pain.58 Of patients with systemic lupus erythematosus, 
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FIGURE  70-2  Empyema.  A,  The  patient’s  empyema  progressed  despite  percutaneous  drainage  and  appropriate  antibiotic  therapy.  B,  Computed 
tomography scan shows malposition of chest tubes, and all attempts at tube drainage failed. The arrow indicates the loculated empyema. The patient 
responded promptly to surgical decortication. 

A B

FIGURE 70-3  Fat hypertrophy. The arrow points to the “clear” area 
of fat hypertrophy between the pleural peel and inner margin of the rib. 

FIGURE 70-1  Pleural effusions. A, Empyema fluid is seen layering out along the dependent chest wall of a patient with left lower lobe pneumonia 
(left lateral decubitus film). B, D-shaped mass representing a loculated empyema at the site of a former right upper lobectomy. 

A B

LABORATORY DIAGNOSIS
The first step is to determine whether an effusion is transudative or 
exudative by applying Light’s criteria (Table 70-1).71 Addition of a small 
amount of preservative-free heparin to the syringe used for aspiration 
will prevent clotting and provide a more accurate cell count and protein 
than a clotted sample. The ability of the microbiology laboratory to 
divide the sample for multiple tests or do a Gram stain on a centrifuged 
sediment is also facilitated by having an unclotted sample. Fluid 
obtained by thoracentesis should be examined with a differential cell 
count and analyzed for glucose, protein, LDH, and pH. In children, 
studies show that analysis of pleural fluid for pH, glucose, protein, and 
LDH rarely change patient management and therefore are not rou-
tinely recommended. However, Gram stain and culture of pleural fluid 
are strongly recommended.72 If tuberculous empyema is suspected, 
some would include an adenosine deaminase determination or an 
amplification test, such as the Gen-Probe Mycobacterium tuberculosis 
(MTB) Direct test (see Chapter 16). Fluid should be sent to the micro-
biology laboratory for a Gram stain and for aerobic and anaerobic 
cultures. Using conventional methods achieves a bacterial diagnosis in 
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have a high pH when infection is caused by urea-splitting Proteus spp., 
but these infections are rare.

Pleural tuberculosis can be diagnosed by stains of pleural fluid in 
only 18% to 23% of patients, but cultures of pleural fluid and histologic 
examination of pleural biopsy specimens permit the diagnosis in up to 
95% of patients. Liquid culture media are preferable to solid culture 
media.87 Radiometric or other automated liquid culture techniques for 
mycobacteria may increase the speed of diagnosis in patients with 
pleural tuberculosis. Three other diagnostic tests are available to help 
establish the diagnosis of tuberculous pleural disease—tests for ade-
nosine deaminase (ADA) and interferon-γ and the PCR assay. In one 
study, pleural fluid ADA levels above 40 U/L were found in 99.6% of 
patients with tuberculous pleurisy.88 Villena and co-workers have 
found that an elevated level of interferon-γ of 140 pg/mL is comparable 
with an elevated level of ADA for diagnosing tuberculous pleurisy.89 
The results of using PCR to detect MTB DNA in pleural fluid have 
varied. In one study, PCR was as sensitive as the ADA test,90 but in 
another study, the sensitivity of PCR was only 42%.89 Friedrich and 
colleagues91 prospectively studied the value of Xpert MTB/rifampicin 
(RIF) in patients with confirmed tuberculous pleural effusion. The 
sensitivity and specificity of the Xpert assay in pleural fluid were 25% 
and 100%, respectively. They found the best diagnostic accuracy was 
pleural biopsy specimens followed by pleural fluid ADA values of 
greater than or equal to 50 U/L.91 Increased risk of exposure to tuber-
culosis, host defense defects favoring reactivation, skin test conversion, 
or symptoms of weight loss, night sweats, and fever are helpful clues 
to the diagnosis of tuberculosis.

The diagnosis of amebic abscess with subdiaphragmatic rupture is 
suggested by the anchovy paste or chocolate appearance of pleural 
fluid. Approximately 98% of patients with pleural or pulmonary ame-
biasis have positive serologic tests for Entamoeba histolytica.92

The best screening test for pulmonary embolus is the level of 
D-dimer in the blood.93 Spiral CT of the chest and perfusion scanning 
of the lungs can also be used to establish the diagnosis.

The pleural fluid of patients with rheumatoid arthritis, pancreatitis, 
malignancy, or postpericardiotomy syndrome occasionally has features 
suggestive of empyema.1 Exudates of rheumatoid or pancreatic origin 
only rarely have a pH lower than 7.2, and these two sources can be 
identified by serologic tests or increased pleural fluid amylase levels, 
respectively. Pleural fluid from patients with lupus erythematosus or 
rheumatoid pleuritis characteristically demonstrates titers of antinu-
clear antibody of at least 1 : 160 or rheumatoid factor of at least 1 : 320, 
respectively, with values exceeding those found in serum.94 Pleural fluid 
from patients with rheumatoid disease frequently has a glucose level 
lower than 30 mg/dL. The rare malignant effusion with a pH lower 
than 7 is readily diagnosed by cytologic examination and is associated 
with a worse prognosis than that of alkaline malignant effusion.86

The pleural fluid in patients with postpericardiotomy or postmyo-
cardial infarction syndrome tends to be exudative, with glucose levels 
higher than 60 mg/dL and a pH usually greater than 7.40. The fluid is 
frequently serosanguineous, with a pleural fluid differential cell count 
that demonstrates neutrophils or mononuclear cells.62

TREATMENT
Therapeutic options for a pleural effusion depend on the type or stage 
of the effusion. Light and Rodriguez95 have proposed a classification 
and treatment scheme for parapneumonic effusions and empyema. It 
is based on the amount of fluid, gross and biochemical characteristics 
of the pleural fluid, and whether or not the fluid was loculated. The 
American College of Chest Physicians published an evidence-based 
consensus guideline on the medical and surgical treatment of para-
pneumonic effusions (Table 70-2).84 Three variables—pleural space 
anatomy, pleural fluid microbiology, and pleural fluid chemistries—
were used to categorize patients into four risk levels for poor outcome: 
1 (very low risk), 2 (low risk), 3 (moderate risk), and 4 (high risk). The 
panel grouped management of pleural effusions into six categories: no 
drainage, therapeutic thoracentesis, tube thoracostomy, fibrinolytic 
therapy, video-assisted thoracoscopic surgery (VATS), and open 
surgery. The fibrinolytic approach requires tube thoracostomy for 
administration of drug, and VATS requires tube thoracostomy after the 
procedure.

only 60% of pleural fluid samples.16,18 The low detection rate in some 
series may be in part due to prior antimicrobial use and not doing 
anaerobic cultures.73 Some investigators recommend fluid inoculation 
directly into aerobic and anaerobic blood cultures to increase the 
recovery of organisms, especially anaerobes. A recent article reported 
that the addition of direct inoculation of pleural fluid into blood 
culture bottles increased the proportion of patients with a recognized 
pathogen by almost 21%.74 Both an aerobic and an anaerobic bottle 
should be inoculated. Porcel and associates75 have studied whether the 
detection of pneumococcal antigen in pleural fluid increases the diag-
nosis yield over conventional microbiology. They evaluated the use of 
an immunochromatographic test (ICT) for the detection of S. pneu-
moniae antigen (Binax NOW). The sensitivity of the pleural ICT test 
was 70.6% in patients with pneumococcal pneumonia. The sensitivity 
of the test was higher than obtained from blood cultures (37.5%) or 
pleural fluid culture (32.3%). Prior antibiotic exposure did not influ-
ence pneumococcal antigen detection in pleural fluid. Polymerase 
chain reaction (PCR) targeting 16S ribosomal DNA can increase detec-
tion of pathogens, including patients who have received prior antimi-
crobial therapy. One study reported an almost 10-fold increase in the 
detection of S. pneumoniae in children with empyema.76 The use of 
PCR in adult empyema increased identification of a pathogen by 
almost 20%. However, there were some false-positive results.77 PCR 
and ICT tests are not substitutes for traditional culture because these 
tests do not provide antimicrobial susceptibility. Cytologic studies may 
be indicated if an infected malignant effusion is suspected.

A predominance of leukocytes indicates an acute process in the 
pleural space. Unfortunately, the concentration of leukocytes in pleural 
fluid can be misleading because of lysis of leukocytes in pleural fluid.78 
A predominance of mononuclear cells usually indicates a more indo-
lent process such as tuberculosis or fungal infection.79 Pleural fluid 
eosinophilia (>10%) is found in up to two thirds of cases and is caused 
by blood or air in the pleural space.80,81 Other less common causes 
of eosinophilic pleural effusions may be fungal, parasitic, or drug 
induced.81

Paragonimus kellicotti, seen in the central United States, is notable 
for a striking pleural fluid eosinophilia.

Most experts recommend drainage of the pleural space for a posi-
tive pleural fluid culture or Gram stain. However, only 61% of patients 
with established empyemas have a positive Gram stain or culture.3 
Although many patients with empyemas have a positive culture, the 
absence of growth does not mean that a pleural effusion does not 
require drainage.

The effect of a pleural infection on metabolic processes in the 
pleural space depends on its duration and extent. Extensive pleural 
space infection decreases pH, lowers the glucose level, and raises the 
LDH level in the pleural fluid. A low pleural fluid glucose level (<60 mg/
dL) is consistent with a complicated parapneumonic effusion or a 
malignancy.82 The level of LDH correlates with the degree of pleural 
inflammation.71 Empyema fluid characteristically has a pH lower than 
7.2, a glucose level lower than 40 mg/dL, and LDH activity of at least 
1000 IU/L. A meta-analysis83 has found pleural fluid pH to have the 
best diagnostic accuracy in identifying parapneumonic effusions that 
require drainage. A pleural fluid pH below 7.2 indicates the need for 
drainage.84 Pleural fluid pH lower than 6 suggests esophageal 
rupture.85,86 At the other extreme, frankly purulent empyema fluid can 

TABLE 70-1  Features Differentiating Exudative 
from Transudative Pleural Effusion

FEATURE TRANSUDATE EXUDATE
Appearance Serous Cloudy

Leukocyte count <10,000/mm3 >50,000/mm3

pH >7.2 <7.2

Protein <3.0 g/dL >3.0 g/dL

Ratio of pleural fluid protein to serum <0.5 >0.5

Lactate dehydrogenase (LDH) <200 IU/L >200 IU/L

Ratio of pleural fluid LDH to serum <0.6 >0.6

Glucose ≥60 mg/dL <60 mg/dL
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actinomycosis, and a sulfonamide is the preferred drug for nocardiosis. 
Patients with tuberculous pleural disease should be treated with the 
same regimen and for the same duration as those with pulmonary 
tuberculosis.102 Extensive drug-resistant tuberculosis has now been 
reported in more than 45 countries. Treatment often requires 5 or  
more drugs for at least 18 months.103 Patients infected with Candida 
should receive an appropriate antifungal drug (e.g., an azole, echino-
candin, or amphotericin B–based preparation) for 2 weeks after the 
resolution of signs and symptoms of infection. Most patients with 
amebic disease respond to pleural drainage and an appropriate antimi-
crobial agent.104 Tinidazole is considered the drug of choice and is 
administered for 10 days.

Drainage
In addition to antimicrobial therapy to control infection, drainage of 
the pleural space and expansion of the lung are essential for a good 
outcome. Clinical patterns indicating that drainage is necessary include 
persistent fever and chills despite appropriate antimicrobial therapy, 
anaerobic infection, isolation of organisms such as S. pyogenes or S. 
aureus, an air-fluid level in the pleural space, and the presence of locu-
lations or a large effusion. Ferguson and colleagues105 found that only 
24% of patients with a parapneumonic effusion greater than 40% of a 
hemithorax responded to antimicrobial agents alone, compared with 
an 81% response if the effusion was less than 20% of the hemithorax. 
The success rate with effusions occupying 20% to 40% of the hemitho-
rax was 50%. Larger pleural effusions tended to be multiloculated. 
Several studies have also suggested that early drainage improves out-
comes in patients with pneumonia. Ashbaugh reported that mortality 
increased from 3.4% to 16% in patients when drainage was delayed 
longer than 3 days.106 Heffner and associates107 have found that patients 
undergoing thoracentesis within 2 days of radiographic signs of a sig-
nificant parapneumonic effusion have shorter hospital stays than 
patients with delayed drainage.

Repeated thoracentesis is infrequently adequate unless the empyema 
fluid is thin and present in a small volume. To be successful, thoracen-
tesis needs to evacuate all pleural fluid completely. Recurrence of 
pleural fluid indicates a need for a more aggressive approach. When 
used as the initial mode of drainage, repeat thoracentesis was success-
ful in only 36% of cases.

Closed chest tube drainage without fibrinolytic therapy is successful 
in up to two thirds of patients.108,109 Chest tubes vary in size from large-
bore (24-French to 34-French) to small-bore (8-French to 24-French). 
The most common reason for closed chest tube failure is pleural adhe-
sions and intrapleural loculations that do not communicate with the 
chest tubes. When patients do not respond to a short course of chest 
tube drainage, a more definitive approach is necessary.110 Closed chest 
tubes should be reserved for patients in the early fibrinopurulent stage 
of empyema. Pigtail catheters (<12-French) have been used success-
fully in select situations, although their effectiveness is limited in drain-
ing complicated pleural effusions. Studies also point out frequent 
blockages, which can result in ineffective drainage.111 Successful out-
comes with pigtail catheters emphasize importance of flushing cathe-
ters several times per day and immediately repositioning malfunctioning 

Uncomplicated effusions (category 1 or 2) generally resolve with 
antibiotics alone. Drainage is recommended for management of 
patients in category 3 or 4. On the basis of a literature review, thera-
peutic thoracentesis and tube thoracostomy appear to be insufficient 
for managing most patients in category 3 or 4. Fibrinolytic drugs, 
VATS, and surgery are better choices for these patients. The British 
Thoracic Society recommends similar parameters with the addition of 
LDH. LDH concentrations of less than 1000 IU/L, with glucose levels 
of greater than 40 mg/dL and negative Gram stains and cultures, are 
considered simple parapneumonic effusions, which usually resolve 
with antibiotics alone. However, LDH levels greater than 1000 IU/L 
and glucose less than 40 mg/dL suggest a complicated parapneumonic 
effusion, which will require at minimum chest tube drainage.96

Antimicrobial Therapy
In most patients with complicated pleural space infection, antimicro-
bial therapy and appropriate drainage of the pleural space play comple-
mentary roles. Many antimicrobial agents can adequately penetrate 
into infected pleural fluid to exceed the minimal inhibitory concentra-
tion of most common organisms; these include penicillins, cephalo-
sporins, clindamycin, metronidazole, vancomycin, and quinolones.97 
Aminoglycosides are less capable of entering the pleural space and 
have decreased activity in an acidic anaerobic environment. Instillation 
of an antimicrobial agent into the pleural space is rarely useful.

Initial empirical antimicrobial therapy should be based on the  
most likely pathogens, local antimicrobial susceptibility patterns,  
and all available results, including Gram stains. There are many  
choices, including a combination of a β-lactam and β-lactamase inhibi-
tor (amoxicillin-clavulanate, ampicillin-sulbactam, or piperacillin-
tazobactam); a carbapenem (imipenem, ertapenem, doripenem, or 
meropenem); or combination therapy with a third- or fourth-generation 
cephalosporin (cefotaxime, ceftriaxone, or cefepime) and either clinda-
mycin or metronidazole. These choices cover the most common patho-
gens associated with pleural empyema, including anaerobic organisms. 
If S. aureus is suspected, vancomycin or linezolid should be adminis-
tered along with metronidazole and a third- or fourth-generation 
cephalosporin because of increased community onset– and health 
care–associated MRSA.98-100 Daptomycin is not indicated for MRSA 
empyema caused by pneumonia because of insufficient antistaphylo-
coccal activity in the lung.

Unfortunately, there are no conclusive studies on duration of 
therapy for most bacterial pleural space infections. Patients with 
uncomplicated simple parapneumonic effusions can be treated for the 
same duration indicated for the underlying pneumonia. For patients 
with complicated parapneumonic effusions and empyema, the dura-
tion of treatment should be dictated by the clinical response to drain-
age and antimicrobial therapy. Prolonged antimicrobial therapy (3 
weeks or more) may be necessary. For pediatric patients as with adults, 
the duration of antibiotic treatment should be based on adequacy of 
drainage and on the clinical response. In most children, antibiotic 
treatment for 2 to 4 weeks is adequate.72 Patients with pulmonary 
actinomycosis or nocardiosis may require 6 to 12 months of antimi-
crobial treatment.101 Penicillin or amoxicillin is the preferred drug for 

TABLE 70-2  Categorizing Risk of Poor Outcome in Patients with Parapneumonic Effusion

PLEURAL SPACE ANATOMY
PLEURAL FLUID 
MICROBIOLOGY

PLEURAL FLUID 
CHEMISTRY* CATEGORY

RISK OF POOR 
OUTCOME

PERFORM 
DRAINAGE

Drainage
Minimal, free-flowing effusion (<10 mm on 

lateral decubitus film)
and Culture and Gram stain 

results unknown
pH unknown 1 Very low No

Small to moderate, free-flowing effusion  
(< 1

2 hemithorax)
and Negative culture and 

Gram stain
pH ≥ 7.20 2 Low No

Large, free-flowing effusion (≥ 1
2 hemithorax); 

loculated or thickened pleura
or Positive culture or 

Gram stain
pH < 7.20 3 Moderate Yes

Pus — 4 High Yes

*pH is the preferred pleural fluid chemistry value and must be determined by a blood gas analyzer. If a blood gas analyzer is not available, pleural fluid glucose level should 
be used (glucose ≥60 mg/dL is equivalent to pH ≥7.20; glucose <60 mg/dL is equivalent to pH <7.20).

Modified from Colice GL, Curtis A, Deslauriers J, et al. Medical and surgical treatment of parapneumonic effusions: an evidence-based guideline. Chest. 2000;118:
1158-1171.
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100 children, only 2 required surgery due to persistent symptoms. They 
conclude a combination of intravenous antimicrobial therapy plus 
intrapleural UK is an effective way to treat complex parapneumonic 
effusions.132 Finally, the Thoracic Society of Australia and New Zealand 
published recommendations in 2011 for managing empyema in chil-
dren. They conclude that percutaneous small-bore drainage with a 
fibrinolytic agent or VATS can be used to treat moderate to large effu-
sions along with appropriate high-dose intravenous antimicrobial 
therapy.133 Fibrinolytic therapy should not be performed in patients 
who have bronchopleural fistula or have an air leak.

Empyema Complicating 
Bronchopleural Fistula
A bronchopleural fistula (BPF) is a communication between the pleural 
space and the bronchial tree. Although rare, BPF can be associated with 
high morbidity and mortality.134 Postoperative complications for lobec-
tomy, and especially pneumonectomy, are the most common causes. 
BPF complicating lung surgery can be detected by bubbling of the chest 
tube on vacuum drainage postoperatively, by bubbling of a chest tube 
on water seal drainage when the patient coughs, or by persistent resid-
ual air in the hemithorax by CT. Routine chest radiography is much 
less sensitive to assessing the presence and amount of pleural air. Once 
the chest tube is removed, fluid formed in the pleural space can become 
contaminated by oral flora entering through the BPF, causing an 
empyema. This flora can be resistant to antibiotics that the patient has 
been receiving and may require thoracentesis for Gram stain and 
culture to guide antimicrobial therapy.

Successful treatment of empyema associated with BPF requires 
control of infection and adequate drainage of the chest cavity, and 
closure of the fistula and obliteration of the chest cavity is possible.135 
Thourani and associates136 and Turk and colleagues137 have recom-
mended closure of the BPF based on patient status. In the first phase, 
the patient undergoes an Eloesser procedure consisting of a muscle 
flap, which establishes a permanent hole in the chest wall a few centi-
meters in diameter, allowing the pleural space to drain out through the 
skin. Once the patient stabilizes, a more definitive surgical intervention 
can be performed, such as chest cavity obliteration with an omental 
flap. In high-risk surgical patients, endoscopic procedures may help 
temporarily until clinical status improves and other options can be 
considered.134

Surgical Intervention for Drainage
Surgical options include thoracoscopy, usually by VATS, or full thora-
cotomy with decortication. The optimal surgical approach should be 
tailored to the individual patient. The decision should be based on the 
etiology of the empyema, general condition of the patients, and the 
stage of disease.138 Simple drainage for patients in stage I (exudative 
phase) remains the initial treatment recommendation together with 
appropriate antimicrobial therapy. For patients presenting in stage II 
(fibropurulent phase), VATS has been used to improve drainage of a 
multiloculated complex effusion or empyema as an alternative to fibri-
nolytic therapy. The advantages of VATS compared with open thora-
cotomy include less pain, lower costs, and shorter length of stay. Bouros 
and co-workers139 published a retrospective study demonstrating VATS 
as safe and effective in patients failing fibrinolytic therapy (UK). 
Cassina and colleagues140 published a prospective series of 45 patients 
who underwent VATS after chest tube drainage and antibiotics had 
failed. In 37 patients (82%), VATS was successful. In eight cases, decor-
tication by open thoracotomy was necessary. The authors concluded 
that VATS was a suitable treatment option for fibrinopurulent empyema 
when tube drainage and fibrinolytic therapy failed. Petrakis and col-
leagues reported that primary therapy with VATS for the drainage of 
complicated parapneumonic effusions had a higher success rate com-
pared with secondary VATS after a failed trial of catheter drainage plus 
fibrinolytics (UK).141 In a randomized trial, 70 patients compared treat-
ment with VATS with chest tube drainage without fibrinolytic therapy 
and observed decreased length of stay and less need for open decorti-
cations after primary treatment with VATS.142 However, chest tubes 
were placed without image guidance. Modern protocol now calls for 
image-guided placement of catheters with or without fibrinolytics. 
Unfortunately there are no large randomized studies comparing 

tubes. In addition, it is recommended that pigtail catheters be placed 
using imaging guidance to ensure appropriate placement (see later). It 
is also suggested to replace small-bore catheters with large-bore tubes 
if initial fluid drainage appears to be incomplete.112

Several reports have supported an expanded role for the interven-
tional radiologist in the management of thoracic empyema.113-117 
Image-guided percutaneous chest tubes have been suggested to address 
the problem of tube placement in patients with intrapleural locula-
tions. The use of CT or ultrasound makes it relatively easy to place one 
or more catheters in specific locations. The catheters used are smaller, 
ranging from 8- to 16-French instead of 28- to 36-French, and better 
tolerated. Imaging guidance appears to be the most important factor 
for successful drainage.118 The success rates of guided tube placement 
range from 67% to 80%.119

Fibrinolytic Therapy
For many years, fibrinolytic agents have been used to reduce the need 
for surgical intervention and to improve clinical outcomes. Intrapleural 
fibrinolytic drugs work by cleaving intrapleural septations and clearing 
lymphatic pores, thus improving drainage. However, randomized trials 
assessing fibrinolytic agents have resulted in conflicting results. Older 
observational trials using fibrinolytic drugs such as intrapleural strep-
tokinase (SK) or urokinase (UK) were promising but were not suffi-
ciently powered to determine true effectiveness.120-122

Duration of symptoms appears to influence response. In a multi-
center trial, fibrinolytic therapy with SK was a viable therapeutic option 
for patients with loculated effusions less than 12 days.123 However, in 
another study, the success rate of fibrinolytic therapy decreased to 61% 
if the empyema was more than 20 days old.124 Based on this limited 
experience, fibrinolytic therapy alone may not be as successful if symp-
toms of empyema exceed 3 to 4 weeks. For these patients, a surgical 
approach is preferred. A study published in 2005 raised the question 
of whether fibrinolytic therapy should be used at all on a routine basis. 
The large First Multicenter Intrapleural Sepsis Trial (MIST 1) showed 
no benefit of intrapleural streptokinase with regard to mortality, need 
for surgery, or length of stay.16 However, enrolled patients tended to be 
older with many comorbidities, had a median duration of symptoms 
before randomization of 2 weeks, underwent drainage without imaging 
guidance, and underwent drainage with small chest tubes. A meta-
analysis published 1 year later also concluded that there was no benefit 
in the use of intrapleural fibrinolytic agents for empyema and compli-
cated parapneumonic effusions.125 Then in 2011, the Second Multi-
center Intrapleural Sepsis Trial 2 (MIST 2) was published, showing 
combination intrapleural treatment with tissue plasminogen activator 
(t-PA) and deoxyribonuclease (DNase) compared with placebo-
reduced surgery, decreased length of stay, and improved pleural fluid 
drainage. Each agent alone was ineffective.126 Finally in 2012, Janda and 
Swiston published an updated systemic meta-analysis review on the 
intrapleural fibrinolytic therapy for treatment of adults with parapneu-
monic effusions and empyemas. They selected seven randomized con-
trolled studies comparing fibrinolytic therapy with placebo. The study 
showed that fibrinolytic therapy is potentially beneficial for outcomes 
of treatment failure (surgical intervention or death). Their study was 
limited due to significant heterogeneity and possible publication bias. 
They conclude that there is insufficient evidence to support routine use 
of fibrinolytic therapy for all parapneumonic effusions or empyema, 
but that fibrinolytic therapy is best reserved for patients with loculated 
pleural effusions and should be considered earlier rather than later.127

There are several case reports reporting on the management of 
empyema in children using SK, UK, or t-PA.128,129 The success rates 
range from 80% to 90%. In a randomized control trial, Thomson and 
colleagues130 found intrapleural urokinase through a pigtail catheter 
compared with intrapleural saline significantly reduced length of stay. 
There were no differences in other clinical outcomes in the children. 
In a second study, children were prospectively randomized to receive 
either intrapleural urokinase or primary VATS. There was no differ-
ence in clinical outcomes for the treatment of empyema. The authors 
did comment that urokinase was much less expensive.131 Barnes and 
colleagues132 reported on a retrospective analysis of children with para-
pneumonic effusion and empyema managed with a pigtail catheter and 
intrapleural UK along with intravenous antimicrobial therapy. Out of 
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determine the most effective treatment for empyema in children. They 
reported on 44 retrospective studies, with a total of 1369 patients 
undergoing either chest tube drainage with or without fibrinolytic 
therapy, thoracotomy, and VATS. They demonstrated that early VATS 
leads to significantly shorter hospitalization, suggesting that earlier 
thorascopic treatment of complicated collections in pediatric patients 
may be preferable. However, there was no statistical difference in chest 
tube duration between methods and no trends in correlating antimi-
crobial use or duration of fever. Recent guidelines on the management 
of community-acquired pneumonia in infants and children recom-
mend that either chest thoracostomy tube drainage with the addition 
of fibrinolytic agents or VATS has demonstrated efficacy for drainage 
of parapneumonic effusions. However, for free-flowing effusions, 
simple placement of a chest tube without fibrinolytics appears to be 
reasonable. Lastly, they recommend VATS be performed when there is 
persistence of moderate to large effusions with respiratory compromise 
despite 2 to 3 days of chest tube drainage.72 This is similar to the recom-
mendations of Thoracic Society of Australia and New Zealand for 
management of empyema in children.133

image-guided chest tubes drainage with or without fibrinolytic therapy 
(t-PA plus DNase) versus thoracoscopy. In summary, today some 
experts believe that initial VATS should be performed on all patients 
with stage II disease, whereas others recommend a trial of image-
guided catheter drainage with or without fibrinolytic therapy.143,143a For 
empyema in a later organized stage (stage III), full thoracotomy with 
decortication may be the surgical treatment of choice. Landreneau and 
associates144 reported that 46% of patients with an empyema known to 
be more than 3 weeks old required full thoracotomy with decortication 
after failing VATS.

There remains controversy in the pediatric literature with regard to 
the best treatment of complicated empyemas. Free-flowing fluid can 
generally be managed with a thoracentesis draining as much fluid as 
possible. If fever and fluid persist, most favor some sort of intervention 
with image-guided catheter placement or primary VATS. A retrospec-
tive review has reported decreased drainage, faster clinical resolution, 
and shorter length of stay in children receiving image-guided pigtail 
catheters versus conventional tube thoracotomy.145 In 2004, Gates and 
associates146 published an evidence-based review of the literature to 
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71  Bacterial Lung Abscess
Bennett Lorber

Lung abscess results when microbial infection causes necrosis of the 
lung parenchyma, producing one or more cavities. These cavities often 
communicate with large airways, resulting in cough with purulent 
sputum and the presence of air-fluid levels on lung imaging studies. 
There may be more than one cavity, but usually one is large and domi-
nant. The term necrotizing pneumonia (sometimes called lung gan-
grene) often is used to describe a similar pathologic process with 
multiple small (<2 cm in diameter) cavities in contiguous areas of the 
lung. Although many organisms may produce lung abscess, most cases 
are caused by anaerobic mouth microbiota and follow aspiration. Lung 
abscess was much more common in the preantibiotic era when, because 
of lack of treatment, bacterial pneumonia sometimes progressed to 
abscess formation, with or without empyema. Reduction in incidence 
also occurred in the late 1940s and 1950s, when it became clear that 
performing oral surgery and tonsillectomy in the sitting position was 
a risk factor for lung abscess, and this practice was discontinued.1 The 
incidence of and mortality rate from lung abscess have decreased con-
siderably during the past several decades.

CLASSIFICATION
Before the wide availability of reliable methods for growing anaerobic 
bacteria, many patients with lung abscesses had no pathogen recovered 
from coughed sputum. These patients were said to have a “nonspecific 
lung abscess.” It is now clear that, in almost all cases, anaerobic bacteria 
caused these infections.

Abscesses of the lung are classified variously by the following 
factors: (1) the causative organism (e.g., anaerobic lung abscess or 
staphylococcal lung abscess); (2) the presence of a foul odor to expec-
torated sputum (putrid lung abscess); (3) the duration of symptoms 
before diagnosis (acute, symptoms present less than 1 month; chronic, 
symptoms present longer than 1 month); or (4) the presence or absence 
of associated conditions (e.g., lung cancer, acquired immunodeficiency 
syndrome [AIDS], immunosuppression). The term primary lung 
abscess generally is used when an abscess develops in individuals prone 
to aspiration or individuals previously in relatively good health. Sec-
ondary lung abscess indicates an obstructing airway neoplasm or 
foreign body, a complication of intrathoracic surgery, or a systemic 
condition or treatment that compromises host defense mechanisms, 
such as human immunodeficiency virus infection or transplantation 
immunosuppressive therapy. Approximately 80% of lung abscesses are 
primary, and roughly half of these are associated with putrid sputum.

PATHOPHYSIOLOGY
Most lung abscesses occur as a complication of aspiration pneumonia 
and are polymicrobial infections caused by anaerobic bacteria that are 
normally present in the mouth. The bacteria that cause aspiration 

pneumonia2,3 and the bacteria responsible for lung abscess in aspiration-
prone persons are almost identical, attesting to the role of antecedent 
aspiration in the pathogenesis of most lung abscesses. The initial aspi-
ration lung insult may be due to the result of direct chemical injury 
from aspirated stomach acid or to areas of obstruction caused by aspi-
rated particulate matter, such as food; secondary bacterial infection 
then may supervene. If the aspirated bacterial inoculum is sufficiently 
large or virulent, or if lung defense mechanisms are compromised, 
infection can occur without prior insult to the lung. Studies of animal 
models and patients in whom a specific time of aspiration is known 
have shown that tissue necrosis with lung abscess formation takes, at 
minimum, 1 week and usually 2 weeks to develop.4,5

The typical patient with a lung abscess has a predisposition to aspi-
ration because of a state of altered consciousness. Common causes for 
altered consciousness in these patients include alcoholism (≈70%), 
seizures, stroke, drug overdose, and general anesthesia. In addition to 
increasing aspiration risk, alcohol, opiates, and anesthetic agents inter-
fere with host defense mechanisms that protect against respiratory 
pathogens. Other causes for aspiration include dysphagia caused by 
neurologic or esophageal disease; respiratory muscle dysfunction 
caused by amyotrophic lateral sclerosis, Parkinson’s disease, or stroke; 
tooth extraction; and mechanical interference with anatomic and  
physiologic barriers to aspiration (e.g., nasogastric tubes and endotra-
cheal intubation). Men outnumber women by a ratio of 5 : 1,6 perhaps 
related to a higher rate of alcoholism in men and the fact that men are 
less likely to be attentive to oral hygiene. Characteristically, patients 
with lung abscess have poor dentition, with gingivitis resulting in an 
unusually high density of oral anaerobic organisms, particularly in the 
gingival crevices. Lung abscess is rare in an edentulous person, and  
this association should raise the possibility of an airway obstruction, 
often caused by bronchogenic carcinoma. In some studies, almost 50% 
of lung abscesses in adults older than 50 years are associated with 
carcinoma of the lung, either because of infection behind an obstruct-
ing tumor or infection within the necrotic tumor itself. Other less 
common causes of airway obstruction that may lead to lung abscess 
include foreign bodies and extrinsic compression from an enlarged 
lymph node.

A study that used an isotope tracer technique to detect aspiration 
showed that 45% of healthy individuals aspirate during sleep, as do 
70% of patients with altered consciousness secondary to disease.7 Con-
sidering that 1 mL of saliva contains 109 or more live bacteria, the 
infrequency of aspiration pneumonia provides strong evidence for the 
efficacy of the normal intrinsic lung clearance and defense mecha-
nisms. These mechanisms may fail and pneumonia (and later abscess) 
ensues, when the aspirated inoculum is large, the organisms are  
particularly virulent, or the defense mechanisms (e.g., mucociliary 

Definition
•	 Localized	necrosis	of	lung	tissue	caused	

by	microbial	infection.	One	or	more		
cavities.

Epidemiology
•	 Primary	lung	abscess:	bad	teeth,	altered	

consciousness,	aspiration.	Secondary:	airway	
obstruction	or	immunosuppression.

Microbiology
•	 Polymicrobial.	Predominantly	mouth	anaerobes	

and	streptococci.	Klebsiella	or	Staphylococcus	
aureus	uncommonly.

Diagnosis
•	 Radiograph	or	computed	tomography	(CT):	

thick-walled	cavity	with	air-fluid	level.	Putrid	
sputum	in	half	of	cases.

Therapy
•	 β-Lactam/β-lactamase	combination	or	

clindamycin.

Prevention
•	 Maintain	oral	hygiene.	Elevate	head	of	bed	for	

those	with	altered	consciousness.
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hospitalized patients, particularly patients who receive ventilatory 
support. These bacteria are important pathogens when lung abscess or 
necrotizing pneumonia develops during hospitalization and may 
produce infection as the sole pathogen or as one component of a mixed 
flora infection involving other aspirated oropharyngeal organisms.

In patients with impaired cell-mediated immunity (AIDS, trans-
plantation immunosuppression), opportunistic pathogens, such as 
mycobacteria, Nocardia, Aspergillus, and Rhodococcus, are important 
causes of cavitary lung lesions. In patients with impaired host defenses 
caused by granulocytopenia (leukemia, chemotherapy), aerobic bacte-
ria (P. aeruginosa, S. aureus) and fungi, including Aspergillus and the 
Zygomycetes, are important pathogens.

CLINICAL MANIFESTATIONS
Primary lung abscess caused by oral anaerobic bacteria usually pre-
sents in a subacute or indolent fashion, with symptoms present for 
several weeks or longer.5,6,11,19 Fever, malaise, night sweats, and cough 
with purulent sputum usually are present; pleuritic pain is common. 
Weight loss may be profound, even in the absence of underlying malig-
nancy. Shaking chills almost never are reported. Patients often seek 
medical attention when the sputum production becomes copious or 
they develop pleuritic pain. The sputum has a putrid smell in about 
50% of cases and patients, or their close contacts may complain of  
the foul sputum smell or of the patient’s bad breath.20 Hemoptysis 
occurs in some instances. There is often a history of antecedent loss  
of consciousness caused by seizure or intoxication. Physical examina-
tion findings include fever, poor dentition and gingival disease, and 

apparatus, alveolar macrophages) are impaired because of intoxication 
or disease.

Other processes that may result in lung abscess, necrotizing pneu-
monia, or both include bronchiectasis, secondary infection of bland 
infarction from pulmonary embolism, and septic embolization from 
tricuspid valve endocarditis or suppurative phlebitis. Septic phlebitis 
of the neck veins caused by Fusobacterium necrophorum with embolic 
infection in the lung (Lemierre syndrome; see Chapter 65) may com-
plicate an oropharyngeal infection, such as peritonsillar abscess. This 
syndrome is less likely to present with cavitary lung lesions than in the 
preantibiotic era.8 A distinguishing characteristic of abscesses caused 
by septic embolization is the involvement of multiple, noncontiguous 
areas of the lung.9

Aspirated bacteria are carried by gravity to dependent portions of 
the lung, and aspiration usually occurs with the patient in a reclining 
or supine position. In addition, the right main stem bronchus is larger 
in diameter, shorter, and less angulated from the trachea than the left 
main stem bronchus. Hence, lung abscesses are typically unilateral and 
occur most frequently in the posterior segment of the right upper lobe, 
followed by the same segment on the left, and then by the superior 
segments of the lower lobes. Spread of pulmonary parenchymal infec-
tion to the pleural space by direct extension results in empyema in one 
third of patients. Amebic lung abscess typically occurs in the right 
lower lobe, arising by direct extension of a liver abscess through the 
diaphragm into the pleural space and then lung (see Chapter 274).

MICROBIOLOGY
Some microorganisms capable of producing lung abscess or necrotiz-
ing pneumonia are listed in Table 71-1. The predominant organisms 
responsible for lung abscess are bacteria, specifically oral anaerobes 
that are normal microbiota in the gingival crevices.5 In the presence of 
periodontal disease, the gingival crevice deepens and fills with anaero-
bic gram-negative organisms that can reach astronomical numbers 
(1012 colony-forming units/g of scraped gingival contents),10 similar to 
those in colon. Studies using sample collection techniques that avoid 
contamination with oral microbiota, combined with good anaerobic 
culture methods, have shown that anaerobes are found in about 90% 
of lung abscesses and are the only organisms present in about half of 
cases.11 The most frequently isolated anaerobes are Fusobacterium 
nucleatum, Prevotella melaninogenica, and Finegoldia magna (previ-
ously Peptostreptococcus magnus).12,13 Abscesses typically contain mul-
tiple anaerobe species, usually three to four per culture specimen; 
microaerophilic streptococci and viridans streptococci often are 
present as well.

Monomicrobial lung abscess occasionally may be caused by bacte-
ria, including Staphylococcus aureus, enteric gram-negative rods such 
as Klebsiella spp., Pseudomonas aeruginosa, Burkholderia pseudomallei 
(melioidosis), Pasteurella multocida, group A streptococcus, Haemoph-
ilus influenzae types b and c, Legionella spp., Rhodococcus equi, Acti-
nomyces spp., and Nocardia spp. Streptococcus pneumoniae, particularly 
type 3, has been reported to cause lung abscess, but cavitation in the 
setting of pneumococcal pneumonia may be caused by concomitant 
infection with anaerobes.14 Other organisms that can cause lung 
abscess include many fungi (e.g., coccidioidomycosis, blastomycosis, 
cryptococccosis, and histoplamosis), mycobacterial species, and para-
sites (e.g., Paragonimus westermani, Entamoeba histolytica).

A 2005 study from Taiwan15 used transthoracic aspiration to obtain 
microbiology specimens from 90 consecutive adults with community-
acquired lung abscess. The authors suggested that the bacteriology of 
lung abscess had changed because they recovered anaerobes from only 
31% of patients but isolated Klebsiella pneumoniae as the predominant 
bacterium from 33%. They further suggested that antibiotic selection 
for treatment of lung abscess should include coverage for K. pneu-
moniae. Others have urged caution in generalizing these results16 and 
suggested that the surprising bacteriology may have been caused by 
selection bias,17 antibiotic administration to 25% of patients before 
samples were obtained,17 or a geographic phenomenon, because K. 
pneumoniae in Taiwan is notably more virulent than strains from most 
other parts of the world.18

Oropharyngeal colonization with P. aeruginosa, other aerobic 
gram-negative rods and, less often, S. aureus is a common event in 

TABLE 71-1  Differential Diagnosis of a Cavitary 
Lesion on Chest Radiograph

Infections*

Bacteria
Usually: oral anaerobes

Less commonly: Staphylococcus aureus, Klebsiella pneumoniae, Pseudomonas 
aeruginosa, enteric gram-negative rods, Pasteurella multocida, Burkholderia 
cepacia, Burkholderia pseudomallei, Haemophilus influenzae types b and c, 
Legionella, group A Streptococcus, Streptococcus pneumoniae, Streptococcus 
anginosus group, Nocardia, Rhodococcus equi, Actinomyces, Clostridium, 
Capnocytophaga

Septic Pulmonary Embolism
Originating in septic phlebitis, including Lemierre syndrome, and vegetations 

from tricuspid endocarditis

Mycobacteria
Tuberculosis and nontuberculous pathogens

Fungi
Including endemic mycoses (Histoplasma, Coccidioides, Blastomyces, 

Cryptococcus) and opportunistic pathogens (Aspergillus, Cryptococcus, 
Mucorales)

Parasites
Paragonimus westermani, Entamoeba histolytica, Echinococcus

Noninfectious Causes

Neoplasms
Primary lung cancer, metastatic carcinoma (particularly squamous cell)

Pulmonary Infarction
Caused by bland embolus (uncommon unless congestive heart failure or 

secondarily infected)

Vasculitis
Wegener’s granulomatosis, rheumatoid lung nodule

Airway Disease
Bullae, blebs, or cystic bronchiectasis

Developmental

Pulmonary sequestration

Other
Sarcoidosis, achalasia or transdiaphragmatic bowel herniation giving appearance 

of cavity with air-fluid level

*Empyema with an air-fluid level may be mistaken for lung abscess on chest 
radiograph; computed tomography is useful in distinguishing abscess from 
empyema.
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for aerobic bacteria, mycobacteria, fungi, and, in some instances, 
parasites.

DIFFERENTIAL DIAGNOSIS
The infectious and noninfectious causes of an apparent cavitary lesion 
on a chest radiograph are listed in Table 71-1. Hospitalized patients 
routinely become colonized with gram-negative rods in the orophar-
ynx3,24; nosocomial lung infections, whether after aspiration or intra-
thoracic surgery, commonly involve virulent aerobic pathogens, such 
as Klebsiella spp., Pseudomonas spp., and S. aureus. If a specific diag-
nosis is not clear (e.g., putrid sputum indicating anaerobic infection), 
patients may need to be placed in appropriate isolation until the pos-
sibility of tuberculosis is eliminated. Lung cancer masses may develop 
cavitation, even without secondary infection; more commonly, infec-
tion occurs behind a tumor-obstructed airway or within a large 
necrotic tumor mass. Less than 5% of pulmonary infarctions caused 
by bland embolism become secondarily infected; infection should be 
suspected when fever persists for more than a few days, temperature 
is elevated (>103° F [39.4° C]), or the leukocyte count is higher than 
20,000/mm3. Metastatic lung abscesses that occur by hematogenous 
dissemination from septic phlebitis or tricuspid valve endocarditis 
typically are distinguished by being multiple, bilateral, peripheral, and 
found in multiple lung fields; blood cultures are characteristically posi-
tive, a rare finding in abscesses secondary to aspiration. Lung nodules 
in patients with Wegener’s granulomatosis and rheumatoid arthritis 
may cavitate and be mistaken for abscesses, but the systemic features 
of these illnesses usually are apparent. Bullae and blebs are character-
istically thin-walled and without surrounding infiltrates.

THERAPY
Antimicrobial Therapy
The use of penicillin was a major advance in the treatment of primary 
lung abscess. Although sulfonamides, the first widely used antimicro-
bials, had shown no impact on morbidity or mortality, high-dose oral 
penicillin was proved to be highly efficacious, even in patients showing 
delayed closure of the abscess cavity. For many years, penicillin was 
considered the drug of choice for anaerobic infections “above the dia-
phragm.” In recent decades, however, many oral anaerobes, including 
fusobacteria, Prevotella spp., and non-fragilis Bacteroides spp., have 
been shown to produce penicillinase.25 Also, two clinical trials26,27 have 
shown superiority of clindamycin over penicillin in the treatment of 
anaerobic lung abscess, as judged by time to defervescence, time to 
resolution of putrid sputum, and relapse rates. Metronidazole, used as 

abnormal lung findings consistent with parenchymal infection, pleural 
fluid, or both. Amphoric or cavernous breath sounds may be heard. 
Clubbing of the digits may be seen. The gag reflex, a physiologic defense 
against large-volume aspiration, may be absent. Anemia of chronic 
disease and leukocytosis with approximately 15,000 white blood cells/
mm3 usually are present. Associated empyema is present in about one 
third of cases and may be seen with or without bronchopleural fistula.

Necrotizing pneumonia occasionally presents with a more rapid 
course, often presenting within 1 week of symptom onset.19 Early 
extension to other lobes and the pleural space, high fever, and pro-
nounced leukocytosis (>20,000/mm3) are common. Rapidly progres-
sive necrotizing pneumonia has been termed pulmonary gangrene.

DIAGNOSIS
The diagnosis usually is made by chest radiography showing a lung 
cavity with an air-fluid level (Fig. 71-1). Typically, the cavity wall is 
thick and irregular, and a surrounding pulmonary infiltrate often is 
present. The infiltrate generally is localized to one pulmonary segment 
or lobe, and hilar adenopathy is not prominent. Multilobar involve-
ment suggests an underlying impairment in host defense mecha-
nisms.21 Computed tomography (CT) is more sensitive than chest 
radiography and is useful to detect small cavities, provide evidence for 
obstructing endobronchial lesions, and distinguish lung abscesses 
from air-fluid levels in the pleural space.22

In the typical aspiration-prone patient with gingival disease, a sub-
acute illness, and foul-smelling sputum, a putative diagnosis can be 
made, polymicrobial anaerobic infection can be assumed, and therapy 
can be instituted without microbiologic studies. Sputum Gram stains 
in these patients show many neutrophils and mixed microbiota, with 
many morphologically different bacteria; routine cultures usually grow 
normal respiratory microbiota. The physician should be able to smell 
expectorated sputum and aspirated pleural fluid from patients with a 
lung abscess, to detect the presence of a putrid odor, considered 
pathognomonic for anaerobic infection. Because expectorated sputum 
is contaminated by oral flora containing large numbers of anaerobes, 
special techniques for obtaining lower-tract specimens are necessary 
to confirm the role of anaerobes.5 These techniques include transtra-
cheal aspiration (rarely done anymore), transthoracic aspiration, pro-
tected brush fiberoptic bronchoscopy, bronchoalveolar lavage with 
quantitative cultures,23 and culture of empyema fluid obtained by tho-
racentesis. Blood cultures rarely are positive in anaerobic lung abscess. 
Patients without the classic presentation and patients with secondary 
lung abscess should have stains and cultures of expectorated sputum 

FIGURE 71-1 Diagnosis of bacterial lung abscess. A, Admission chest radiograph from a 61-year-old man with fever, cough, and putrid sputum 
of 4 weeks’ duration and a 12-lb weight loss. A large infiltrate, without obvious cavitation, is seen in the right lung. B, A repeat radiograph on day 6 
of hospitalization, after the patient began to produce copious sputum, shows a large, thick-walled cavity with an air-fluid level. Because the patient was 
a heavy smoker and had no aspiration risk and excellent oral hygiene, a bronchoscopy was performed, which showed a partially obstructing 
carcinoma. 
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who do not respond to medical management and patients in whom an 
endobronchial tumor is suspected. Careful examination of lung CT 
scans for tumor or foreign bodies should be done when abscesses are 
slow to resolve. Clinical features associated with an underlying malig-
nancy and indications for early bronchoscopy to help diagnose a tumor 
include location of the abscess in an anterior lobar segment, lack of 
aspiration risk, edentulous patient, age older than 50 years combined 
with a strong smoking history, and lack of systemic symptoms.

Surgical Intervention
Previously, resectional surgery was the treatment for lung abscess.36 
Today, almost all patients respond to appropriate antimicrobial therapy, 
and surgery is reserved for the 10% to 15% of patients who do not 
improve with appropriate medical management. Drainage is the most 
important step in the management of abscesses regardless of location. 
Lung abscesses, in contrast to other visceral abscesses, usually drain 
themselves through communication with large airways.5 This drainage 
is indicated by the presence of air-fluid levels.

Causes of medical treatment failure and indications for consider-
ation of lobectomy or pneumonectomy include large cavities (>8 cm), 
abscesses caused by resistant organisms such as P. aeruginosa, 
obstructing neoplasm, and massive hemorrhage (rare). More recently, 
CT-guided percutaneous drainage has been used safely and success-
fully in patients who were not responding to antimicrobial treatment.37 
Another drainage option that has not been fully evaluated is endo-
scopic placement of a pigtail catheter through the airway into the 
cavity, with antibiotic irrigation.38

Response to Therapy
Patients typically have diminished fever and a subjective sense of a 
change for the better within a few days of beginning antimicrobial 
therapy. Defervescence can be expected in 7 to 10 days. Persistence of 
fever beyond 2 weeks should lead to diagnostic tests to rule out com-
plications, obstructions, or both (CT scan, bronchoscopy), along with 
cultures for unusual pathogens, such as fungi and mycobacteria.5 
When medical management fails, it most often is secondary to un-
drained pleural collections, endobronchial obstruction caused by a 
neoplasm or foreign body, resistant organisms, or large cavity size 
(>8 cm in diameter).

Chest radiographs commonly show worsening in approximately 
one third of patients during the first week of treatment.39 The median 
time to cavity closure is 4 weeks, and surrounding infiltrates may take 
twice that time to resolve. Radiographic improvement may lag well 
behind clinical cure. In some patients with a clear clinical response to 
medical treatment, cavities resolve slowly and may take many weeks 
or months to disappear radiographically; a small percentage of patients 
are left with a residual cavity.

PROGNOSIS
In the preantibiotic era, more than 45% of patients with lung abscess 
underwent surgery, and one third died. In more recent years, less than 
15% of patients have undergone surgery, and the overall mortality rate 
is approximately 10%. Death in patients with primary lung abscess or 
community-acquired abscesses is infrequent (approximately 2% to 
5%),6 but a fatal outcome is seen in more than 65% of cases associated 
with obstructing airway lesions, impaired host defenses, or nosocomial 
acquisition.40

monotherapy, has been disappointing and is inferior to clindamycin.28 
Although highly active against most anaerobes, metronidazole is not 
active against the microaerophilic streptococci and some anaerobic 
cocci that are typical constituents of anaerobic lung infections. These 
bacteria are susceptible to penicillin, and the combination of penicillin 
and metronidazole is inexpensive and generally well tolerated and has 
yielded favorable results. Metronidazole must be used with caution in 
alcoholics because of the potential for a disulfiram-like reaction. Other 
agents that could be predicted to be useful for the treatment of lung 
abscess include combinations of a penicillin with a β-lactamase inhibi-
tor, carbapenems, and quinolones with good anaerobic activity (moxi-
floxacin).29 One study30 has shown excellent results using intravenous 
therapy followed by oral, amoxicillin-clavulanate. Another study31 has 
demonstrated that ampicillin-sulbactam is comparable to clindamycin 
plus a cephalosporin. Two studies32,33 have documented efficacy for 
moxifloxacin, a quinolone with good activity again the anaerobes and 
streptococcal species commonly involved in lung abscess. Tetracy-
clines should not be used because of widespread resistance across many 
anaerobe species.

Oral therapy for lung abscess was shown to be equivalent to paren-
teral therapy many years ago,34 although few would choose that option 
for initial therapy now, and no oral agent is approved for that use.33 If 
used, oral dosages for adults are 500 mg every 8 hours for amoxicillin-
clavulanate, 300 to 600 mg every 8 hours for clindamycin, and 400 mg/
day for moxifloxacin. Patients treated with clindamycin or moxifloxa-
cin should be followed closely for clinical response because resistance 
to these agents by anaerobes, including oral anaerobes, has increased.35

Some authorities recommend placing patients with large abscesses 
and excessive coughing in a lateral decubitus position, with the abscess 
side down, to avoid sudden discharge of abscess contents that would 
cause asphyxiation or spread of infection to healthy lung segments.13 
If coughing is excessive and associated with even scant hemoptysis, 
cough suppressants may be useful but, as a general principle in lung 
abscess management, sedation should be minimized.

Aspiration is the usual antecedent occurrence that results in lung 
abscess. On occasion, patients are observed to aspirate oral or gastric 
contents. There is no evidence that administering antibiotics to patients 
with observed aspiration prevents lung infection.

Duration of Therapy
There is no generally agreed-upon duration for the treatment of lung 
abscess. Patients often are treated for 6 to 8 weeks or longer. One study 
using clindamycin to treat anaerobic lung abscess showed excellent 
efficacy, with no advantage of 6 weeks over 3 weeks of therapy.26 Many 
authorities recommend obtaining weekly or biweekly chest radio-
graphs in patients showing clinical improvement, with discontinuation 
of therapy when the radiograph is clear or there is a small, stable, 
residual lesion.

Bronchoscopy
Although bronchoscopy or physical therapy may improve drainage, 
studies in the preantibiotic era showed no advantage for bronchoscopic 
or postural drainage of abscesses compared with conservative manage-
ment or surgery. Attempts to drain large abscesses may result in rapid 
unloading of the pus and necrotic material from the abscess into other 
lung segments and may produce acute asphyxiation or adult respira-
tory distress syndrome. Bronchoscopy should be reserved for patients 
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72  Chronic Pneumonia
Peter G. Pappas

Chronic pneumonia syndrome is a pulmonary parenchymal process 
that can be infectious or noninfectious, has been present for weeks to 
months rather than for days, and is manifested by abnormal chest 
radiographic findings and chronic or progressive pulmonary symp-
toms. Abnormal chest radiography, which may reveal any of several 
radiologic patterns, is probably the most important consideration in 
the diagnosis of chronic pneumonia. Indeed, in many patients, the 
diagnosis is based more on the pulmonary radiographic findings than 
on the pulmonary symptoms. However, asymptomatic patients who 
have abnormal radiographic findings such as solitary or multiple 
nodules should not be considered to have chronic pneumonia.

The emphasis in this chapter is on the chronic pneumonias caused 
by infectious agents. However, it is important to recognize the impor-
tance of noninfectious causes of chronic pneumonia, including the 
vasculitides such as granulomatosis with polyangiitis (Wegener’s gran-
ulomatosis); Churg-Strauss syndrome; Goodpasture syndrome and 
microscopic polyangiitis1-6; neoplastic processes such as bronchogenic 
carcinoma, adenocarcinoma, and lymphoproliferative disorders7,8,9-14; 
prescription drugs, illicit drugs, and other chemicals15-24; radiation16; 
amyloidosis25-27; sarcoidosis28,29,30,31; pulmonary alveolar proteinosis31a 
and forms of lipoid pneumonia32,33,34,35; chronic organizing pneumonia 
and hypersensitivity pneumonitis due to a wide variety of agents36-40; 
and other idiopathic interstitial pneumonias.41-43

CAUSES
The infectious causes of chronic pneumonia can be divided into two 
main groups: (1) those agents that typically cause acute pneumonia 
and are unusual causes of chronic pneumonia and (2) infectious  

agents that typically cause chronic pneumonia. Among those agents 
that typically cause acute pneumonia, anaerobic bacteria, selected 
microaerophilic streptococci,44,45,46 Staphylococcus aureus, group F 
streptococcus, Haemophilus influenzae, Klebsiella pneumoniae, Burk-
holderia pseudomallei, and Pseudomonas aeruginosa are the organisms 
most likely to produce a persistent chronic pneumonia. In these 
instances, the pneumonia reflects a chronic necrotizing process that 
most commonly occurs in patients with significant underlying disease 
(e.g., alcoholism, diabetes mellitus, intrathoracic malignancy, chronic 
obstructive lung disease), hospitalized patients, those requiring long-
term ventilatory assistance, patients with chronic swallowing and 
reflux disorders, and others at risk for recurrent aspiration, such as 
patients with Parkinson’s disease and other neurologic disorders.44,45-55 
Acute pneumonia caused by most viruses and by Streptococcus pneu-
moniae, Mycoplasma pneumoniae, Legionella species, Coxiella burnetii, 
or Chlamydia pneumoniae rarely progresses to a chronic pulmonary 
infection.56,57

Table 72-1 lists the most common infectious and noninfectious 
causes of chronic pneumonia. In the otherwise healthy host, the most 
common considerations are tuberculosis58-61 and nontuberculous 
mycobacteria (NTM)59,62-66,67; cryptococcosis due to either Cryptococ-
cus neoformans or Cryptococcus gattii68-70; and the endemic fungal 
infections including histoplasmosis,71-73 coccidioidomycosis,74-76 and 
blastomycosis.77-80 In the appropriate geographic area, paracoccidioi-
domycosis and penicilliosis should be considered.81-83 Lung abscess 
with mixed aerobic and anaerobic bacterial infections may warrant 
consideration,45-47 as well as actinomycosis.84-87 Aspergillosis (multiple 
species), scedosporiosis (caused by Scedosporium apiospermum and 

Definition
•	 Persistent	or	progressive	cough,	dyspnea,	

often	with	chronic	sputum	production,	with		
or	without	fever,	lasting	weeks	or	months	
rather	than	days

•	 Always	associated	with	abnormal	chest	
radiography

•	 Constitutional	symptoms	including	weight	loss	
and	anorexia	are	typical

•	 Definition	does	not	include	asymptomatic	
solitary	pulmonary	nodules

•	 May	be	infectious	or	noninfectious

Epidemiology
•	 Age,	race/ethnicity,	and	gender	are	important	

considerations
•	 Underlying	health	issues	and	comorbid	

conditions
•	 Current	and	past	residence,	occupation,	travel,	

and	recreation	history	may	be	important
•	 Recent	hospitalization	or	history	of	

imprisonment
•	 Drug	and	alcohol	history
•	 Recent	prescription	drug	exposure

Microbiology
•	 Bacterial:	anaerobes,	microaerophilic	and	

viridans	streptococci;	Staphylococcus	aureus;	

selected	community-acquired	and	nosocomial	
gram-negative	bacilli;	Burkholderia	
pseudomallei

•	 Higher-order	bacteria:	Mycobacterium	
tuberculosis,	Mycobacterium	kansasii,	and	
other	nontuberculous	mycobacteria;	Nocardia	
spp.;	Rhodococcus	equi;	Actinomyces	spp.

•	 Fungi:	Histoplasma	capsulatum,	Blastomyces	
dermatitidis,	Coccidioides	immitis/posadasii,	
Paracoccidioides	brasiliensis,	Cryptococcus	
neoformans,	and	Cryptococcus	gattii,	
Aspergillus	spp.,	Scedosporium	spp.

•	 Parasites:	Dirofilaria,	Echinococcus	granulosus,	
Paragonimus	westermani,	filariasis

•	 Noninfectious	causes:	vasculitides,	neoplasia,	
drug	induced,	sarcoidosis,	pulmonary	alveolar	
proteinosis,	and	a	host	of	other	conditions

Diagnosis
•	 Careful	clinical	assessment	including	detailed	

history	is	essential.
•	 Clinical	findings	are	generally	nonspecific;	rash,	

osteoarticular	findings,	and	mucocutaneous	and	
neurologic	findings	may	provide	helpful	clues.

•	 Radiographic	imaging	including	routine	chest	
radiograph	or	chest	computed	tomography,	or	
both,	are	critical	to	diagnosis.

•	 Routine	microbiologic	studies	including	
sputum	examination	by	Gram	stain,	potassium	
hydroxide,	acid-fast	stain,	and	preparations	for	
ova	and	parasites	are	important.

•	 Culture	for	routine	bacteria,	fungi,	and	
acid-fast	bacilli	when	possible.

•	 Biopsy	and	culture	of	nonpulmonary	
specimens	(e.g.,	skin,	bone,	or	brain	biopsy)	in	
clinically	relevant	settings.	Potentially	
important	serologic	studies	include	the	
quantiFERON	gold	assay	for	tuberculosis;	
Histoplasma	antigen;	cryptococcal	antigen;	and	
serum	and	bronchoalveolar	lavage	
galactomannan.

Therapy
•	 Specific	therapy	is	entirely	dependent	on	the	

most	likely	etiologies,	of	which	there	are	many	
possibilities,	usually	including	antimicrobials.

Prevention
•	 In	this	broad	category	of	disease,	prevention	

generally	entails	the	recognition	and	
avoidance	of	circumstances,	which	increase	
the	likelihood	of	developing	chronic	
pneumonia.	In	selected	settings,	such	as	
high-risk	patients	receiving	chemotherapy,	
prophylactic	antimicrobials	may	be	warranted.

SHORT VIEW SUMMARY
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Scedosporium prolificans),88-90 sporotrichosis,91,92 and adiaspiromycosis 
(caused by Emmonsia parvum var. crescens)93,94,95,96 are rare causes of 
chronic fungal pneumonia in the normal host. In the immunocompro-
mised host, mycobacteria, especially Mycobacterium tuberculosis, 
remain common causes of chronic pneumonia.97,98 Classic opportu-
nistic infections, including nocardiosis,99-103 cryptococcosis,69,104 asper-
gillosis,105,106 and infections caused by other molds such as the agents 
of scedosporiosis and mucormycosis, are also important in this popu-
lation.107,108 In the appropriate geographic areas, coccidioidomycosis, 
histoplasmosis, and blastomycosis are also important considerations in 
immunocompromised and noncompromised hosts.73-78,109,110 In persons 
with acquired immunodeficiency syndrome (AIDS), coccidioidomy-
cosis and histoplasmosis may be seen. Furthermore, in patients with 
AIDS, chronic pneumonia may be caused by Rhodococcus equi, Pneu-
mocystis jirovecii, Mycobacterium avium complex, or noninfectious 
disorders such as Kaposi sarcoma, lymphoma, and nonspecific inter-
stitial pneumonitis.111-117 The protozoa and helminths listed in Table 
72-1 are uncommon causes of chronic pneumonia syndrome in 
persons living in industrialized countries, but they are important con-
siderations for those who live in or have traveled to areas in which 
these agents are endemic.

TABLE 72-1  Causes of Chronic Pneumonia Syndrome

Infectious Agents That Typically Cause Chronic Pneumonia

Bacteria
Mixed aerobic and anaerobic bacteria

Actinomyces spp.

Nocardia spp.

Rhodococcus equi

Burkholderia pseudomallei

Mycobacteria
Mycobacterium tuberculosis

Mycobacterium kansasii

Mycobacterium avium complex

Mycobacterium abscessus

Mycobacterium terrae

Fungi
Aspergillus spp.

Blastomyces dermatitidis

Coccidioides spp.

Cryptococcus neoformans

Cryptococcus gattii

Dark-walled molds (see Chapter 270)

Emmonsia parvum var. crescens

Histoplasma capsulatum

Sporothrix schenckii complex

Paracoccidioides brasiliensis

Penicillium marneffei

Scedosporium apiospermum

Parasites
Dirofilaria

Echinococcus granulosus

Filaria (tropical pulmonary eosinophilia)

Paragonimus westermani

Noninfectious Causes of Chronic Pneumonia
Neoplasia

Carcinoma (primary or metastatic)
Hodgkin’s disease and non-Hodgkin’s lymphoma
Other lymphoproliferative disorders

Cystic fibrosis

Sarcoidosis

Amyloidosis

Vasculitis (autoimmune diseases)
Systemic lupus erythematosus
Polyarteritis nodosa
Granulomatosis with polyangiitis (Wegener’s granulomatosis)
Allergic angiitis and granulomatosis (Churg-Strauss syndrome)
Goodpasture’s syndrome
Microscopic polyangiitis
Lymphomatoid granulomatosis
Progressive systemic sclerosis
Rheumatoid arthritis
Mixed connective tissue syndrome (overlap syndrome)

Chemicals, drugs

Radiation

Recurrent pulmonary emboli

Bronchial obstruction with atelectasis (e.g., tumor, foreign body)

Pulmonary sequestration

Pulmonary infiltration with eosinophilia syndrome
Löffler’s syndrome—usually transient
Pneumonia plus asthma (e.g., allergic bronchopulmonary aspergillosis)
Bronchocentric granulomatosis
Chronic eosinophilic pneumonia

Pneumoconiosis: asbestosis, berylliosis, silicosis, anthracosilicosis

Chronic form of extrinsic allergic alveolitis (hypersensitivity pneumonitis)

Other Lung Diseases: Cause Unknown
Chronic organizing pneumonia

Chronic interstitial pneumonia (fibrosing alveolitis, idiopathic pulmonary fibrosis)
Usual interstitial pneumonia (UIP)
Desquamative interstitial pneumonia (DIP)
Lymphocytic interstitial pneumonia (LIP)
Giant cell interstitial pneumonia (GIP)

Eosinophilic granuloma (histiocytosis X)

Lymphangioleiomyomatosis

Pulmonary alveolar proteinosis

Pulmonary alveolar microlithiasis

Idiopathic pulmonary hemosiderosis

Angiocentric immunoproliferative lesions

EPIDEMIOLOGY
Age, Gender, and Race
A detailed history is an important first step toward establishing a spe-
cific diagnosis in patients with a chronic pneumonia syndrome. The 
significance of age and gender for patients with chronic pneumonia 
from other causes also usually relates, indirectly, to relevant epidemio-
logic factors. For example, an older adult is at higher risk of having  
a cerebrovascular accident, which in turn might predispose this  
patient to an aspiration episode and subsequent chronic bacterial 
pneumonia and abscess. Older debilitated patients are at higher risk 
for development of chronic necrotizing pneumonia caused by aerobic 
gram-negative bacteria.49,51,54 Similarly, the gender of a given patient 
is likely to affect or determine occupation and hobbies and therefore 
the likelihood of exposure to certain infectious agents or other  
causative vehicles. Moreover, gender may predispose to certain rare 
chronic pulmonary disorders. For example, pulmonary lymphangi-
oleiomyomatosis, a cause of chronic pneumonia, is a rare neoplastic 
disorder that occurs almost exclusively in adolescent and young adult 
women.118 Racial and genetic characteristics are increasingly recog-
nized as predisposing factors to severe disease manifestations from a 
variety of pathogens.82,119-121 For example, chronic cavitary pulmonary 
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plus dense, nodular lung opacities and ring shadows on the chest 
roentgenogram.127

Contacts, Habits, and Drugs
In the past few decades, most cases of pulmonary tuberculosis in the 
United States have been diagnosed in homeless persons, alcoholics, 
older adults, patients with human immunodeficiency virus (HIV),  
and immigrant population groups.128,129 In patients and health care 
workers in whom tuberculosis is suspected, contacts among compan-
ions, relatives, or patients with tuberculosis should be sought. In addi-
tion, tuberculosis should be suspected in persons living or working  
in closed environments such as jails and prisons, homeless shelters, 
drug rehabilitation centers, and nursing homes. Inquiry should be 
made into the patient’s smoking and drinking histories and other per-
sonal habits. The likelihood of cancer of the lung and some of the 
invasive mycoses such as aspergillosis and histoplasmosis is greater in 
a smoker than in a nonsmoker. Aspiration pneumonia, chronic gram-
negative bacillary pneumonia, tuberculosis, and pulmonary sporotri-
chosis are more likely to occur in an alcoholic than in a nondrinker. 
Intravenous drug users who inject heroin or other illicit agents are at 
risk for not only infection with HIV and subsequent development of 
AIDS but also septic pulmonary emboli associated with tricuspid or 
pulmonic valve infective endocarditis, necrotizing pneumonia, single 
or multiple lung abscesses, or an interstitial granulomatous reaction  
to the injected material, resulting in pulmonary hypertension (see 
Chapter 317). Similarly, frequent use of free-base (crack) cocaine has 
been reported to cause chronic organizing pneumonia, eosinophilic 
lung disease, interstitial pneumonitis, and pulmonary hemorrhage or 
infarction.24,130

More than 100 different pharmaceutical agents have been reported 
to cause acute and chronic pulmonary symptoms with radiographic 
abnormalities.15-23,131-133 Early in the course of drug-induced pulmonary 
disease, the chest radiographic findings may be normal; later, an inter-
stitial, nodular, or alveolar pattern (or a combination of these) may be 
present. Still later, chest radiography may reveal only a fibrotic pulmo-
nary process. The agents that are most likely to cause chronic pulmo-
nary disease include cytotoxic agents such as bleomycin, busulfan, 
cyclophosphamide, methotrexate, nitrosoureas, noncytotoxic agents 
such as amiodarone, gold salts, nitrofurantoin, and penicillamine, as 
well as disease-modifying agents for rheumatologic disease such as 
etanercept, infliximab, and leflunomide.17-23 Because drug-induced 
pulmonary disease may develop after drug therapy has been discon-
tinued, the physician should inquire not only about all drugs the 
patient is presently taking but also about those taken in the recent past.

Questions about recent antimicrobial therapy are critically impor-
tant. Which antimicrobial(s) was used? Did the therapy result in radio-
graphic or clinical improvement? If not, was the antimicrobial drug 
used in sufficient quantity and duration to cure the suspected process 
or alter its course? Was the appropriate agent used? What effect did the 
antimicrobial agent have on the results of cultures? Does the report of 
“normal flora” from the sputum culture merely reflect the elimination 
of a specific pathogen by antimicrobial therapy?

Underlying Disease
Pulmonary complications, including acute and chronic or refractory 
pneumonia, are especially common in persons with AIDS111-116 and 
other conditions associated with impaired host immunity, such as high-
dose corticosteroid therapy, cytotoxic therapy, hematopoietic stem cell 
and organ transplantation, Job’s syndrome, and chronic granulomatous 
disease.134,135 Patients with poorly controlled diabetes mellitus or pre-
existing chronic obstructive pulmonary disease are at higher risk for 
development of chronic or persistent bacterial pneumonia. Similarly, 
chronic obstructive lung disease commonly precedes fibrocavitary his-
toplasmosis or M. avium complex infection. Structural lung disease, 
such as preexisting bullae, bronchiectasis, and endobronchial lesions, 
may also predispose to chronic pneumonia. For example, recurrent or 
persistent pneumonia in the same area of the lung raises the suspicion 
of a local endobronchial lesion that may not be apparent on routine 
chest radiographs. Because aspiration may predispose to chronic pneu-
monia, inquiry should be made into a history of recent dental problems 
or manipulation, sinusitis with chronic nasal congestion, disorders of 

tuberculosis is more common in blacks,58,59 and disseminated coccidi-
oidomycosis is much more likely in darker-skinned persons, including 
blacks, Filipinos, and Asians who have lived in or have traveled to an 
area endemic for Coccidioides immitis or Coccidioides posadasii.74,76 
Conversely, chronic cavitary histoplasmosis is much more likely in 
older white men with a history of chronic lung disease.71 Fungus ball 
(aspergilloma) of the lung occurs in a previously existing apical cavity 
in patients with prior sarcoidosis, histoplasmosis, tuberculosis, or 
other fibrocavitary lung disease.88 Chronic necrotizing (semiinvasive) 
and invasive aspergillosis may occur in men with underlying chronic 
obstructive pulmonary disease.88,122

Occupation and Hobbies
An example of a condition linked to occupational and recreational 
behavior includes tuberculosis among health care workers and volun-
teers who work abroad in high-risk settings. Coccidioidomycosis may 
occur in desert rock collectors, laboratory technicians, archeologists 
conducting excavations, construction workers, hikers and campers, 
and others exposed to desert dust in the endemic area. Histoplasmosis 
may occur in persons exposed to pigeon or starling roosts, those who 
clean out old chicken houses with dirt floors, those who cut and clear 
hollow trees, and those who demolish old buildings or explore caves 
inhabited by bats. Blastomycosis more often occurs in forestry workers, 
those who are earth-moving and heavy equipment operators, hunters, 
and other outdoorsmen. Unlike endemic fungal infections, cryptococ-
cosis has not been strongly linked to occupational and recreational 
behavior,123 perhaps reflecting the fact that Cryptococcus neoformans is 
a ubiquitous pathogen that is not geographically restricted. Moreover, 
good data suggest that a large proportion of the population is exposed 
to this organism early in life.124 Furthermore, there has been no strong 
association between exposure to pigeon droppings and development 
of disease. Other associations include the following: echinococcosis in 
sheep herders; berylliosis in workers in the aircraft, electronics, and 
nuclear industries; the pneumoconioses (e.g., silicosis, asbestosis) in 
sandblasters and shipyard workers; and both chronic and acute pul-
monary disease from repeated occupational or environmental expo-
sure to the aerosolized organic antigens associated with extrinsic 
allergic alveolitis (hypersensitivity pneumonitis)2,40,41 or to irritant 
gases such as phosgene, ammonia, ozone, and nitrogen dioxide.

Residence and Travel
Because the initial exposure to the microbiologic agents of many 
chronic or indolent infectious diseases may have occurred months or 
years before the disease appears, a detailed travel history is essential 
for any patient with chronic pneumonia. For example, if the patient 
has lived in the eastern half of the United States, especially the mid-
South or upper midwestern regions, chronic pulmonary histoplasmo-
sis and blastomycosis should be considered, because the causative 
agents are endemic to that area. Likewise, coccidioidomycosis should 
be a strong consideration in a person with chronic cavitary pneumonia 
who has lived in or visited an area endemic for Coccidioides immitis/
posadasii. Among patients with chronic pneumonia and a history of 
living in or travel to the U.S. Pacific Northwest or British Columbia, 
infection due to C. gattii should be considered. Unlike some of the 
other endemic mycoses, where travel to the endemic area is sufficient 
to confer risk,69,70 realistically paracoccidioidomycosis should be con-
sidered only for patients who have ever lived in Mexico, Central 
America, or the regions of South America that are endemic for Para-
coccidioides brasiliensis.

In the setting of a potentially relevant travel history, in addition to 
identifying specific regions visited, it is often necessary to explore in 
detail rural versus urban exposure, the type of lodging, sources of 
drinking water, exposure to local foods, working environment, and 
other activities such as swimming and hiking. For example, a person 
who has lived or traveled extensively in Southeast Asia, particularly in 
low-lying or rice-growing areas, who manifests chronic pneumonia 
with pulmonary roentgenographic abnormalities resembling those of 
tuberculosis or a pulmonary mycosis, may be suffering from melioi-
dosis.125,126 Pulmonary paragonimiasis should be considered in the 
visitor to Southeastern Asia or the Philippines who consumes raw  
or partly cooked shellfish and who has chronic pulmonary symptoms 
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the bone marrow. Isolated anemia is commonly associated with chronic 
pneumonia but is a nonspecific finding. A normal leukocyte count 
does not exclude infection. In particular, chronic fungal pneumonia 
may be associated with a normal or minimally elevated leukocyte 
count. Leukopenia or lymphopenia should raise the suspicion of an 
HIV infection. In addition, leukopenia is consistent with a diagnosis 
of sarcoidosis, systemic lupus erythematosus, tuberculosis, histoplas-
mosis, or neoplasia. A leukemoid reaction is nonspecific and may be 
seen in disseminated mycobacterioses and mycoses. Leukocytosis with 
polymorphonuclear cell predominance is suggestive of, but not specific 
for, a bacterial cause including actinomycosis but is also seen in 
Wegener’s granulomatosis.

Routine laboratory tests that measure the function of other organs 
may provide more helpful information. Liver function studies, includ-
ing bilirubin, alkaline phosphatase, and serum aspartate aminotrans-
ferase determinations and prothrombin time, should be performed  
for most patients. Urinalysis, with particular attention to the urinary 
sediment, plus tests of renal function including measurement of blood 
urea nitrogen and creatinine, should also be done. Abnormalities of 
liver function (especially elevated enzyme levels), kidney function, or 
both should raise the suspicion of disorders that are not limited to  
the lung but are known to involve multiple other organs, including the 
liver and kidney. Such disorders include disseminated histoplasmosis 
and disseminated mycobacteriosis, as well as the vasculitides, sarcoid-
osis, and certain neoplastic diseases, especially the lymphoproliferative 
disorders.

In a patient with an abnormally low serum globulin level, a quantita-
tive serum immunoglobulin determination should be obtained to eval-
uate for common variable immunodeficiency disorder or other disorders 
associated with hypogammaglobulinemia. Studies that should be per-
formed in patients with suspected vasculitis include serologic tests for 
antinuclear antibodies, rheumatoid factor, antineutrophil cytoplasmic 
autoantibodies (C-ANCAs), C-reactive protein, and erythrocyte sedi-
mentation rate. In addition, measurement of serum angiotensin-
converting enzyme may be useful, although it is a nonspecific test for 
which levels are increased in patients with a number of granulomatous 
disorders, including 30% to 80% of patients with sarcoidosis.28,29

Additional Studies
Basic core studies should be performed on all patients with chronic 
pneumonia, regardless of the suspected cause, but there should be 
flexibility in choosing additional tests or procedures to confirm a spe-
cific diagnosis. The orderly sequence of diagnostic studies described in 
the following sections necessarily results in oversimplification and 
consequently overlooks the unique aspects of a given patient’s illness.

Chest Radiographic Studies
The chest radiograph, including posteroanterior and lateral films, is a 
reasonable screening procedure, but high-resolution CT (HRCT)136 
provides invaluable information. Occasionally, magnetic resonance 
imaging (MRI) is helpful, particularly in the evaluation of the nonin-
fectious causes of chronic pneumonia. Positron emission tomography 
(PET) scanning (fluorodeoxyglucose PET), which measures metabo-
lism by glucose uptake, has often proved disappointing in distinguish-
ing malignant from infectious lung lesions.137 In Table 72-2, disorders 
are grouped according to the type of radiologic abnormality that is 
characteristic of the disease. In some disorders, there is a spectrum of 
radiologic manifestations, and these disorders appear more than once 
in the table. Typical radiographic findings may provide clues to specific 
diagnoses. For example, demonstration of anterior mediastinal involve-
ment argues strongly in favor of neoplasia, including lymphoma, 
thymoma, and metastatic carcinoma, as the cause of chronic pneumo-
nia syndrome and argues against an infectious cause.

Tuberculosis and nontuberculous mycobacterial diseases, histo-
plasmosis, coccidioidomycosis, sporotrichosis, paragonimiasis, and 
the pneumoconioses, especially silicosis, are characteristically associ-
ated with fibrocavitary disease—a contracted area of lung with linear 
fibrosis, nodular or rounded densities, and cavitation. In addition, 
tuberculosis, chronic fibrocavitary histoplasmosis, fungus ball, and 
silicosis characteristically involve the upper lobes. Many experts believe 
that anterior segment upper lobe involvement argues strongly against 

swallowing resulting from neurologic or esophageal disease, seizure 
disorders, recent anesthesia, quantity and frequency of alcohol con-
sumption, and any illness leading to an unconscious state. Finally, it 
should be determined whether the chronic pneumonia is most likely 
community acquired or health care associated.

CLINICAL FEATURES
Symptoms
There are many causes of chronic pneumonia, and no single symptom 
complex is common to all causes. Often, nonspecific and constitutional 
symptoms, including fever, chills, and malaise, are present initially, 
followed by progressive anorexia and weight loss, indicating chronic 
illness. Pulmonary symptoms may be present early but frequently 
appear later in the course of the illness. Any patient with a prolonged 
illness and nonspecific constitutional complaints plus pulmonary 
symptoms—including a new or persistent cough, sputum production, 
hemoptysis, chest pain (especially pleuritic pain), or dyspnea—deserves 
medical evaluation, including a routine chest radiograph and, when 
findings on these studies are nonspecific and suggestive of a chronic 
parenchymal process, a computed tomography (CT) examination of 
the chest.

Evidence of extrapulmonary involvement should be explored with 
each patient. For example, chronic pneumonia with skin lesions should 
suggest coccidioidomycosis, blastomycosis, or, in the appropriate epi-
demiologic setting, paracoccidioidomycosis. Similarly, cryptococcosis, 
nocardiosis, histoplasmosis, penicilliosis, and Kaposi sarcoma should 
be important considerations for patients with skin lesions and with 
AIDS or other conditions associated with significant impairment of 
cell-mediated immune function. Mucous membrane lesions should 
also raise the possibility of histoplasmosis, paracoccidioidomycosis, 
penicilliosis, or Kaposi sarcoma. Monoarticular or polyarticular arthri-
tis, polyarthralgia, or localized bone tenderness or pain may indicate 
systemic vasculitis. A history of chronic pneumonia with persistent 
headache and abnormal cerebrospinal fluid should raise the suspicion 
of tuberculosis, cryptococcosis, or coccidioidomycosis involving the 
lungs and central nervous system (CNS). The presence of focal neuro-
logic signs and symptoms is strong clinical evidence for a space-
occupying lesion in the CNS; such findings in a patient with a cavitary 
infiltrate seen on a chest radiograph suggest the possibility of a brain 
abscess associated with chronic suppurative lung disease caused by 
nocardiosis101-103 and microaerophilic or anaerobic bacteria, or 
both.44,45,46,47 Similarly, the triad of skin nodules, pulmonary nodules, 
and CNS abnormalities suggests lymphomatoid granulomatosis.7,8,9

Signs
Although the findings on physical examination of the chest are usually 
not helpful in differentiating specific causes of chronic pneumonia, the 
presence of generalized wheezing or other signs of bronchospasm, in 
the absence of underlying lung disease, indicates an asthmatic compo-
nent to the pulmonary illness and raises the possibility of a disorder 
causing both pneumonia and asthma, such as extrinsic allergic alveo-
litis, allergic bronchopulmonary aspergillosis, or allergic angiitis and 
granulomatosis (Churg-Strauss syndrome). Similarly, localized wheez-
ing suggests the presence of an endobronchial obstructing lesion. The 
findings of tachycardia, cardiomegaly, gallop rhythm, and ankle edema 
provide evidence of cardiac disease, suggesting that the pulmonary 
symptoms and signs result at least in part from cardiovascular causes. 
The presence of skin lesions, clubbing, cyanosis, or phlebitis is not 
specific for any single pulmonary disorder but may help narrow the 
differential diagnosis, especially when considered along with other 
clinical and epidemiologic information. The presence of abnormal liver 
function, lymphadenopathy, hepatomegaly, and/or splenomegaly with 
chronic pneumonia suggests a systemic disorder involving the reticu-
loendothelial system, such as sarcoidosis, chronic disseminated histo-
plasmosis, or tuberculosis.

DIAGNOSTIC PROCEDURES
Initial Laboratory Studies
Routine laboratory studies can provide important clues to diagnosis. 
Pancytopenia suggests miliary tuberculosis, disseminated histoplas-
mosis, or a myelophthisic disorder such as metastatic tumor involving 
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TABLE 72-2  Radiologic Patterns of Diseases: Common Causes of Chronic Pneumonia

PATTERN OF DISEASE FEATURES
Diseases That Cause Patchy Infiltrates and/or Bronchopneumonia or Lobar Consolidation

Infectious Processes
Aspiration pneumonia secondary to mixed aerobic and 

anaerobic infection
Usually dependent portions; superior or basilar segments of lower lobes, or posterior segments of upper 

lobes; pleural involvement with empyema common

Necrotizing pneumonia secondary to infection by 
Enterobacteriaceae, Pseudomonas aeruginosa, 
Staphylococcus aureus, or Nocardia

Any lobe or segment

Actinomycosis Commonly involves lower lobes; cavitation frequently present; pleural involvement with empyema 
common, may extend into chest wall

Tuberculous exudative pneumonia Not restricted to upper lobes; often bilateral, with perihilar distribution

Blastomycosis Often, a dense area of lobar or segmental consolidation; calcification and pleural disease infrequent

Cryptococcosis Single or multiple infiltrates, often with sharp border, occasionally cavitary, rarely calcified; pleural 
effusions in presence of parenchymal disease

Paracoccidioidomycosis Asymptomatic bilateral fluffy infiltrates; may be extremely indolent and asymptomatic at presentation

Noninfectious Processes
Chronic eosinophilic pneumonia Rapidly progressive, dense infiltrates; usually peripheral (pattern is the reverse of pulmonary edema)

Bronchiolitis obliterans organizing pneumonia Patchy nonsegmental areas of consolidation, often subpleural and bilateral; large irregular nodules

Diseases That Cause Pulmonary Cavitation

Infectious Processes
Pyogenic lung abscess complicating aspiration pneumonia Usually single cavity; location same as aspiration pneumonia; air-fluid level common

Complicating necrotizing pneumonia May involve any lobe; often multiple and bilateral, depending on route of acquisition of pneumonia

Tuberculosis-reactivation or adult type Usually upper lobes; often bilateral; may be multiple; fibrosis and calcification common

Atypical mycobacterial disease Radiologically indistinguishable from tuberculosis, except that cavitation may be more frequent

Melioidosis May be acute or chronic and involve any lobe

Rhodococcal lung disease Simulates tuberculosis or nocardiosis; cavitation common

Histoplasmosis, chronic cavitary Mimics tuberculosis; upper lobes frequently involved but any lobe can be involved; unilateral or bilateral

Coccidioidomycosis Usually a single, thin-walled cavity with minimal involvement of surrounding lung; occasionally a 
thick-walled cavity surrounded by extensive parenchymal disease

Sporotrichosis May mimic tuberculosis but can involve any lobe; cavitation is frequent

Aspergillosis Single or multiple areas of pneumonia with or without central cavitation; not to be confused with 
fungus ball of the lung

Paragonimiasis Cystlike lesions and cavities, usually associated with linear or patchy infiltrates, fibrosis, and/or calcification

Echinococcosis Single or multiple discrete, sharply defined, round lesions (cysts) with little surrounding inflammatory 
response; cavitation and/or calcification may occur

Noninfectious Processes
Wegener’s granulomatosis and lymphomatoid granulomatosis Often, multiple nodules with cavitation; may be unilateral or bilateral granulomatosis

Silicosis Associated with conglomerate nodular densities, frequently in upper lobes; usually superimposed on 
background of diffuse nodulation; rarely, eggshell calcification of hilar nodes

Bronchogenic carcinoma Thick-walled cavitation more common in squamous cell type

Lymphoma, especially Hodgkin’s disease Cavitation may occur in peripheral parenchymal nodules

Kaposi sarcoma Small or large nodules associated with peribronchial cuffing and “tram track” opacities

Diseases That Cause One or More Dense, Well-Circumscribed Nodules
Dirofilariasis (usually single) —

Histoplasmosis (histoplasmoma) May have calcification in center or in hilar nodes

Coccidioides spp. (coccidioidoma) May have calcification in center or in hilar nodes

Tuberculosis (tuberculoma) May have calcification in center or in hilar nodes

Malignancy —

Infectious and Noninfectious Diseases That Cause Chronic Diffuse Pulmonary Infiltration and Fibrosis

Alveolar Pattern
Bronchioloalveolar carcinoma

Intrapulmonary bleeding (e.g., Goodpasture’s syndrome, diffuse alveolar hemorrhage)

Pulmonary alveolar proteinosis

Ground-Glass Pattern
Sarcoidosis

Early asbestosis or berylliosis

Chronic organizing pneumonia (formerly bronchiolitis obliterans organizing pneumonia)
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tuberculosis as a cause. A thin-walled cavity is suggestive of coccidioi-
domycosis, sporotrichosis, or paragonimiasis, whereas a thick-walled 
cavity surrounded by an area of pneumonitis is more typical of tuber-
culosis, other mycobacterial infection, histoplasmosis, aspergillosis, 
melioidosis, nocardiosis, actinomycosis, pyogenic lung abscess, squa-
mous cell carcinoma, and lung disease caused by R. equi. The presence 
of the “halo sign,” a ring of enhancement surrounding a cavitary pul-
monary lesion on chest CT in a severely immunocompromised patient, 
suggests invasive mold infection, especially invasive aspergillosis or 
mucormycosis.138,139 The “reverse halo sign” may also be useful in this 
group and suggests pneumonia due to mucorales.140,141 Cavitation is 
seen but is less common in blastomycosis and cryptococcosis. 

FIGURE 72-1 A, Chronic organizing pneumonia (COP) in a 32-year-old man who developed progressive chronic pneumonia several weeks after an 
open pericardiectomy to relieve cardiac tamponade associated with renal failure. Note the bilateral airspace consolidation. Bronchoscopy with transbron-
chial biopsy was nondiagnostic. The diagnosis of COP was established from tissue obtained at open lung biopsy. Corticosteroid therapy was dramatically 
beneficial. B, COP in a 60-year-old man with a 1-month illness manifested by fever, malaise, weight loss, nonproductive cough, dyspnea, and bilateral 
subpleural nodular opacities. Both symptoms and radiographic abnormalities progressed during antibiotic therapy. A bronchoscopy with transthoracic 
biopsy was nondiagnostic. The diagnosis of COP was made from tissue obtained at open lung biopsy. Corticosteroid therapy was beneficial. 
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PATTERN OF DISEASE FEATURES
Nodular Interstitial Pattern, Including Miliary Spherical Nodules
Granulomatous infectious diseases (e.g., miliary tuberculosis, disseminated histoplasmosis)

Sarcoidosis

Lymphangitic carcinomatosis

Wegener’s granulomatosis

Lymphomatoid granulomatosis

Allergic angiitis and granulomatosis

Rheumatoid lung disease

Pneumoconiosis (including asbestosis, silicosis, and berylliosis)

Linear Interstitial Pattern, Including Fine Reticular Markings and Dense Fibrosis
Chronic form of hypersensitivity pneumonitis

Idiopathic pulmonary hemosiderosis

Radiation injury—chronic

Progressive systemic sclerosis

Sarcoidosis

Honeycombing (Coarse Reticular Pattern with Cystic Air Spaces)
Advanced form of fibrosing alveolitis

Bronchiectasis

Eosinophilic granuloma (histiocytosis X)

Sarcoidosis

TABLE 72-2  Radiologic Patterns of Diseases: Common Causes of Chronic Pneumonia—cont’d

Mediastinal and/or hilar lymph node calcification and occasionally 
parenchymal calcification are typical of tuberculosis, histoplasmosis, 
and coccidioidomycosis but are rare in actinomycosis, nocardiosis, 
blastomycosis, and cryptococcosis. Abscess of the chest wall or osteo-
myelitis of a rib adjacent to the pneumonia or pleural effusion 
(empyema necessitans) may be seen in actinomycosis, nocardiosis, and 
tuberculosis. Although these radiographic manifestations of selected 
pulmonary diseases are typical in most patients, experience during the 
AIDS pandemic has shown that pulmonary diseases in these patients 
may be highly atypical in radiographic appearance and clinical course. 
Representative routine chest radiographs and chest CT images are 
shown in Figures 72-1 through 72-15.
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FIGURE 72-2 Lymphangioleiomyomatosis. This 42-year-old woman 
had a 6-month history of progressive dyspnea and intermittent blood-
streaked sputum. She denied fever or history of pneumothorax. Note the 
diffuse reticular pattern with areas of cystic dilatation and enlarged lung 
volumes. A pathologic diagnosis was made from lung tissue obtained by 
transbronchial biopsy. 

FIGURE  72-3 Atypical tuberculosis caused by Mycobacterium 
avium complex. This 52-year-old man had chronic obstructive pulmonary 
disease. He had an 18-month history of fever, weight loss, cough, intermit-
tent hemoptysis, and progressive dyspnea associated with persistently 
positive acid-fast smears and cultures of expectorated sputum and worsen-
ing chest films despite appropriate antimycobacterial therapy. Note the 
bilateral lower lobe fibronodular disease, worse in the right lung, associ-
ated with cavitation. 

FIGURE 72-4 A, Pulmonary tuberculosis in a 45-year-old man with a 6-month history of cough, hemoptysis, fever, and a 35-lb weight loss. He was 
HIV negative. Sputum smears were positive for acid-fast bacilli, and cultures were positive for Mycobacterium tuberculosis. B, Note bilateral parenchymal 
disease and near-total destruction of the left lung. 
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directly to alert them to specific etiologic considerations is often helpful 
in confirming a suspected diagnosis. In this way, specimens can be 
inoculated on the most appropriate media, and the microbiologists can 
be made more aware of the likely pathogens. With appropriate com-
munication, newer diagnostic techniques (e.g., rapid culture tech-
niques, molecular probes, polymerase chain reaction, antigen detection 
assays, enzyme-linked immunosorbent assays [ELISA]) can be used in 
a rational and thoughtful manner to facilitate laboratory diagnosis.145-151 
In particular, serum antigen assays for the diagnoses of histoplasmosis, 
coccidioidomycosis, and blastomycosis are useful.145-150 Nucleic acid–
based tests for detection of M. tuberculosis are commercially available 
and diagnostically helpful (see Chapter 16).

When an infectious cause is being considered, cultures from other 
appropriate sources should be obtained. These may include the follow-
ing: blood, urine, and pleural fluid from all patients with pleural effu-
sion (pleural tissue should also be obtained for culture); cerebrospinal 
fluid from all patients with CNS symptoms or signs; synovial fluid from 
all patients with joint effusion; and samples of skin, subcutaneous 
aspirate, mucous membrane, or any tissue obtained at biopsy.

If adequate sputum cannot be readily produced via spontaneous 
expectoration by the patient, consider these methods: (1) sputum 

Patients with Radiographic Evidence of 
Localized Infiltrates or Cavitation
In all patients with radiographic evidence of localized infiltrates or 
cavitation, examination of the sputum is essential. This is in striking 
contrast to the questionable value of sputum in the setting of acute 
community-acquired pneumonia.142-144 The specimen of sputum must 
be a representative sample (i.e., a deep, coughed specimen). If the 
expectorated sputum is of adequate volume and is acceptable after 
cytologic screening, other procedures to obtain sputum may not  
be necessary. Microscopic examination of sputum may include the 
following:
1. Gram staining for bacteria and actinomycetes
2. Acid-fast staining for mycobacteria and modified acid-fast staining 

for Nocardia
3. Wet mount for fungi and eggs of Paragonimus (calcofluor white or 

potassium hydroxide preparation with phase contrast may enhance 
detection of fungi)

4. Cytologic preparations for neoplastic cells, eosinophils, and fungi
Generous volumes of expectorated sputum should also be sent to 

the microbiology laboratory for culture of bacteria, fungi, and myco-
bacteria. In addition, contacting the microbiology laboratory personnel 

FIGURE 72-5 A, Pulmonary blastomycosis in a 24-year-old man who worked as a heavy equipment operator. He was also an avid hunter. He reported 
fever, night sweats, and a productive cough for 6 weeks unresponsive to outpatient antibacterial therapy. He had lost 25 lb during this time. He denied 
skin lesions or bone pain. Note the right upper lobe infiltrate on plain chest film. B, Chest computed tomography scan shows a dense right upper lobe 
infiltrate with a central cavity not seen on plain films. Diagnosis was established by video-assisted thoracoscopy biopsy. Histopathology revealed broad-
based budding yeasts, and cultures were positive for Blastomyces dermatitidis. 

A B

FIGURE 72-6 A, 68-year-old with fever, cough, and 20-lb weight loss over the past 6 months. Routine chest radiograph reveals a classic miliary pattern. 
Transbronchial biopsy revealed granulomata without organisms; cultures were positive for Mycoplasma tuberculosis. B, Chest computed tomography on 
this patient reveals diffuse interstitial nodular findings consistent with miliary tuberculosis. 

A BB

http://www.myuptodate.com


P
a
rt

 I
I 

M
aj

o
r 

C
lin

ic
al

 S
yn

d
ro

m
es

868

However, there may be problems with some of these tests, including 
delays in obtaining results, and limited sensitivity and specificity. Com-
plement fixation tests for antibody to Coccidioides species are helpful 
in patients with disseminated or fibrocavitary coccidioidomycosis but 
usually not above background positivity in patients with a solitary 
pulmonary cavity. Serum cryptococcal antigen may be detectable in up 
to 50% of nonimmunocompromised patients with pulmonary crypto-
coccosis; a greater proportion of patients with extrapulmonary disease 
will have positive serum cryptococcal antigen.69 The availability of the 
lateral flow assay for cryptococcal antigen should facilitate the perfor-
mance of this test in resource-poor environments.152 This new assay is 
easily performed in 15 minutes, and it is generally more sensitive than 
the more cumbersome latex agglutination and ELISA assays, though it 
lacks quantitation.152 Histoplasma antigen in serum or urine is helpful 
in disseminated histoplasmosis but less commonly positive in infection 

induction by hypertonic aerosol and ultrasonic nebulization, hydra-
tion, chest physiotherapy, or postural drainage and (2) bronchoscopy 
for bronchial brushing, transbronchial biopsy, bronchoalveolar lavage 
(BAL), or protected specimen brush sampling of lower respiratory tract 
secretions.

Skin tests are appropriate when certain infectious causes are being 
considered. The tuberculin skin test with purified protein derivative 
(PPD) is the single most important and only routinely available test. 
Skin test antigens for the detection of infection with nontuberculous 
mycobacteria and sporotrichosis are not commercially available. Skin 
tests of the tuberculin type are no longer commercially available for 
patients with suspected histoplasmosis or coccidioidomycosis.

Serologic tests for HIV should be performed for all patients with 
unexplained chronic pneumonia. In addition, serologic tests may be 
helpful when other infectious causes, especially fungi, are considered. 

FIGURE 72-7 A, This 45-year-old woman with long-standing pulmonary sarcoidosis has had progressive exertional dyspnea and occasional cough 
productive of scant hemoptysis. She has received intermittent oral glucocorticosteroids with symptomatic relief but insidious disease progression. B, A 
computed tomography scan of this patient reveals extensive fibrocavitary disease with honeycombing and bronchiectasis. There is a pulmonary aspergil-
loma (mycetoma) in the superior segment of the right lower lobe, noted to be the likely source of hemoptysis. 
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FIGURE 72-8 A, This 64-year-old black female who underwent single-lung transplantation for chronic obstructive pulmonary disease presented with 
fever and cough for 10 days. The chest radiograph revealed a dense and well-circumscribed nodular infiltrate in the right midlung zone. Blood and 
bronchoalveolar lavage cultures were positive for Rhodococcus equi. B, A computed tomography scan of the same patient reveals a pleural-based, large, 
masslike lesion without cavitation in the transplanted lung. 
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and, if allergic bronchopulmonary aspergillosis is suspected, total 
serum immunoglobulin (Ig)E and serum IgG anti-Aspergillus antibody 
levels can be measured. Finally, serologic tests for less common causes 
of chronic pneumonia, such as Legionella species, Chlamydia pneu-
moniae, and Coxiella burnetii, should be considered for appropriate 
patients.

Invasive Procedures
Certain clinical situations dictate a more aggressive diagnostic 
approach. In patients who are unable to raise sputum spontaneously 
and in whom attempts to induce sputum production are unsuccessful, 
invasive procedures may be necessary. Fiberoptic bronchoscopy is 
usually the initial procedure. It is diagnostically most helpful when 
accompanied by BAL, with appropriate microbiologic and histologic 

confined to the lung, especially in nonimmunocompromised patients. 
Acute and convalescent antibody may be helpful in confirming the 
diagnosis of acute pulmonary histoplasmosis or coccidioidomycosis. 
Serologic tests for paracoccidioidomycosis are available in the endemic 
area and useful. The serum Platelia ELISA galactomannan assay for 
early diagnosis of acute invasive aspergillosis is useful in hematologic 
malignancy and stem cell transplantation patients, but its utility in 
other patient populations is less well established.153-155 More recently, 
this assay has been approved for use in BAL fluid to facilitate the  
diagnosis of invasive aspergillosis.156 Among patients with suspected 
tuberculosis but with negative culture and histopathologic studies, the 
quantiFERON-gold assay may be a useful adjunct to skin testing for 
diagnosis.157-159 If hypersensitivity pneumonitis is suspected, serum can 
be examined for precipitating antibodies to various inhalant antigens 

FIGURE  72-9 A, This 38-year-old white male landscaper with poorly controlled diabetes had progressive dyspnea, cough productive of yellowish 
sputum, fever, and weight loss over 2 months. His chest radiograph on presentation reveals diffuse infiltrates of both lungs with a somewhat nodular 
character. Sputum and bronchoalveolar lavage (BAL) fungal cultures were positive for Blastomyces dermatitidis. B, A computed tomography scan obtained 
of the same patient reveals bilateral, dense, multilobar infiltrates with small areas of cavitation. A diagnosis of blastomycosis was initially suspected on 
the basis of finding broad-based budding yeasts on special stains of BAL fluid. 
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FIGURE 72-10 A, This 68-year-old white male with acute myelogenous leukemia had recently undergone myeloablative chemotherapy as part of his 
induction course. He experienced profound and prolonged neutropenia, and on the 21st day of fever and neutropenia, he complained of cough and 
scant hemoptysis. A routine chest radiograph revealed multiple nodular lesions in both lungs, some with cavitation. A diagnosis of invasive aspergillosis 
was suspected, and a serum and bronchoalveolar lavage galactomannan were both positive (1.1 and 2.3, respectively), thus establishing a diagnosis of 
probable invasive pulmonary aspergillosis. B, A computed tomography scan from the same patient reveals multiple cavitary lesions from the right lung 
consistent with invasive pulmonary aspergillosis. Extensive cavitation such as shown is not usually observed until neutropenia has improved or immuno-
suppression has lessened. 
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In contrast, in other institutions with experienced operators, CT- 
guided transthoracic fine-needle aspiration (FNA) of solid lesions in 
the lung, particularly those near the pleura, can be diagnostic.163,164 In 
patients with adequate ventilatory reserve, video-assisted thoraco-
scopic surgery (VATS)165 is preferred to open lung biopsy and is asso-
ciated with a low risk of complications and high sensitivity. All tissue 
specimens, regardless of source, should be submitted for impression 
smears for acid-fast bacteria, conventional bacteria, and fungi, as well 
as culture. Any lung or pleural tissue should also be submitted for 
histopathologic studies including special stains. In patients with extra-
pulmonary disease, specimens from the extrapulmonary site(s) should 
be obtained for culture and histologic studies. In such patients, the 
results from a diagnostic arthrocentesis, abdominal paracentesis, 
lumbar puncture, bone marrow biopsy, liver biopsy, lymph node 
biopsy, or skin biopsy may preclude the necessity of pursuing more 
invasive techniques.

studies. Analysis of BAL fluid may increase the diagnostic yield of 
bronchoscopy, especially in immunocompromised persons such as 
patients with AIDS and suspected opportunistic infections or patients 
with suspected noninfectious causes of chronic pneumonia. Continued 
bloody return on BAL confirms the diagnosis of diffuse alveolar hem-
orrhage in patients post allogeneic hematopoietic stem cell trans-
plant.159a Not only galactomannan but also PCR for Aspergillus DNA 
in BAL is proving useful in patients with hematologic malignancies.159b 
Transbronchial biopsy can be helpful in patients with diffuse pul-
monary infiltrates. In a patient with extensive pleural involvement, 
thoracentesis and pleural biopsy (or rigid thoracoscopy in selected 
situations) may be more helpful diagnostically than bronchoscopy. In 
some institutions, open lung biopsy is the procedure of choice for 
patients with interstitial lung disease and for immunosuppressed 
patients with unexplained pulmonary disease because of the large 
sample size, expediency of diagnosis, and safety of the procedure.160-162 

FIGURE 72-11 A, This 32-year-old white female is status post renal transplant approximately 10 years ago and now presents with progressive, non-
productive cough and low-grade fever over the past 2 months. A routine chest radiograph reveals diffuse interstitial infiltrates without pulmonary nodules 
or a focal pulmonary infiltrate. B, A computed tomography scan obtained on the same patient reveals diffuse interstitial infiltrates bilaterally with the 
“crazy-paving” pattern typical of pulmonary alveolar proteinosis. Diagnosis was confirmed by bronchoscopy with the finding of copious milky-white 
material on bronchoalveolar lavage. At that time she was also found to have a concomitant Mycobacterium avium complex pulmonary infection. 
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FIGURE 72-12 A, A 68-year-old former nurse presented with fever and cough productive of yellowish, blood-tinged sputum for 2 weeks. She is a 
smoker with chronic obstructive pulmonary disease and asthma. She received intermittent glucocorticosteroids for asthma exacerbations. Methicillin-
susceptible Staphylococcus aureus (MSSA) was recovered from sputum, and a bronchoalveolar lavage revealed 4+ gram-positive cocci in clusters among 
sheets of neutrophils. Cultures were positive for MSSA. B, A computed tomography scan from the same patient reveals bilateral alveolar infiltrates with 
well-circumscribed cavitary lesions consistent with the diagnosis of community-acquired MSSA pneumonia. 
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3. Studies on sputum, as previously outlined (cytologic examination 
is especially important)

4. Lung biopsy—the procedure of choice to make an accurate mor-
phologic diagnosis (fiberoptic bronchoscopy with transbronchial 
biopsy, VATS, or (uncommonly) conventional thoracotomy for 
open lung biopsy)

THERAPY
Antimicrobial Agents
In many patients, no causative agent is identified on the basis of initial 
stains and cultures, and a definitive diagnosis must await the com-
pletion of serologic, histologic, and bacteriologic studies, as well as 
other diagnostic tests. In such situations, if immediate empirical 
therapy is advisable, the choice of antimicrobial agents must be based 
on the available epidemiologic, clinical, radiographic, and micro-
biologic data. For example, if an otherwise healthy young patient  
has been ill for 2 to 3 weeks, the chest radiograph shows a lobar or 

Patients with Radiographic Evidence of 
Diffuse Pulmonary Infiltration and Fibrosis
In patients whose chest radiographs show a predominantly diffuse 
infiltrative pattern of either the alveolar or interstitial type (see Table 
72-2), pulmonary function studies may be of greater importance. These 
studies not only quantify the degree of pulmonary insufficiency but 
may help delineate the disease processes by virtue of the patterns  
of pulmonary function impairment. Pulmonary function studies are 
particularly useful in characterizing those diseases that impair gas 
transfer and predispose to ventilation perfusion inequalities, such as 
sarcoidosis or other interstitial lung diseases.28,29

Studies that may be especially useful in this group of patients 
include the following:
1. Arterial blood gas studies and exercise oximetry
2. Tests of pulmonary function, including spirometric measurements, 

measurements of lung volume, and measurement of pulmonary 
diffusing capacity

FIGURE 72-13 A, This 71-year-old black male with history of a renal transplant approximately 5 years ago presents with fever, cough, exertional 
dyspnea, and mild headache over the past 4 weeks. He is stable on his current immunosuppressant regimen. He works as a dairy farmer. Bronchoalveolar 
lavage and blood cultures at baseline were positive for Cryptococcus neoformans. Note the bilateral diffuse nodular lesions. Cerebrospinal fluid cultures 
and cryptococcal antigen assay were negative. B, A computed tomography scan from the patient reveals multiple, bilateral parenchymal and pleural-
based, noncavitary pulmonary nodules, consistent with a diagnosis of extensive pulmonary cryptococcosis. 
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FIGURE 72-14 A, This 48-year-old white male with fever, nonproductive cough, and frontal headache has an extensive travel history including military 
service in Southeast Asia, the Philippines, Australia, and California. Chest radiograph reveals multiple bilateral, nodular pulmonary lesions. Both serum 
and cerebrospinal fluid (CSF) and cryptococcal antigen assay were positive, and CSF eventually revealed Cryptococcus gattii. B, A computed tomography 
scan of the chest in the same patient reveals multiple parenchymal, poorly defined nodules and one large pleural-based nodule typical for C. gattii pul-
monary infection. 
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severe or rapidly progressing chronic pneumonia because fungal pul-
monary infections in this setting can be rapidly fatal.

Corticosteroids
The use of glucocorticosteroids for the treatment of a patient with 
chronic pneumonia is controversial. If the cause of the illness is an 
infectious agent, particularly a bacterium or fungus, steroids are not 
routinely indicated. However, some experts advocate a short course of 
glucocorticosteroid therapy along with antituberculosis therapy for 
patients with advanced pulmonary tuberculosis and severe inanition. 
Generally, corticosteroids are beneficial in chronic pneumonia from 
noninfectious causes, such as the vasculitides,3,4,5,6 sarcoidosis,28,29 
chronic eosinophilic pneumonia,2 radiation injury, chronic organizing 
pneumonia,36,37,38,39 and many of the fibrotic lung diseases, including 
chronic hypersensitivity pneumonitis (along with avoidance of expo-
sure to the offending antigen).40 Other immunosuppressive drugs, such 
as cyclophosphamide and azathioprine, may also be effective for some 
patients, especially those with pulmonary vasculitis or granulomatosis 
with polyangiitis.

Bronchoscopy and Surgery
Bronchoscopy is frequently used as a therapeutic adjunct, especially 
for patients who have thick tenacious secretions that cannot be raised 
by noninvasive techniques. In other patients, mucus plugs or foreign 
bodies may predispose to atelectasis and chronic pneumonia and ther-
apeutic bronchoscopy may be necessary to expand the collapsed lung.

Surgery plays a limited role in the management of chronic pneu-
monia. Lobectomy or pneumonectomy should be considered in a 
patient with chronic destructive pneumonia, multiple macroabscesses 
or microabscesses involving an entire lobe or lung, and a ventilation-
perfusion scan indicating nonfunction of the involved lung (e.g., pul-
monary gangrene).166 Thoracotomy may also be indicated to decorticate 
the pleura in patients with significant pleural reaction and resultant 
restrictive lung disease.

patchy pneumonia, the Gram stain of the sputum reveals few to a 
moderate number of polymorphonuclear leukocytes and organisms 
resembling normal flora, and the infection was community acquired, 
the patient may have persistent or chronic pneumonia as a complica-
tion of one or more common acute pneumonia pathogens—namely,  
S. pneumoniae, Mycoplasma pneumoniae, Chlamydia pneumophila, or 
Legionella spp. Reasonable empirical therapy in such a patient is a 
quinolone (e.g., moxifloxacin, levofloxacin) because these drugs in 
general provide effective treatment of these common pathogens. If, on 
the other hand, a patient has chronic pneumonia after thoracotomy or 
has been chronically intubated in an intensive care unit, initial antimi-
crobial therapy should provide broad-spectrum coverage against 
hospital-acquired flora, including anaerobes, S. aureus, and aerobic 
gram-negative bacteria. In both cases described, once the pathogen or 
pathogens have been identified and sensitivity testing has been com-
pleted, appropriate changes in the antibiotic regimen should be made. 
If postobstructive pneumonia is a possibility, bronchoscopy should be 
considered.

Most patients with a more chronic, indolent illness and who are 
clinically stable do not require immediate empirical therapy. A 
methodical and thorough diagnostic evaluation is the initial priority. 
In a patient with bilateral upper lobe cavitary disease in whom the 
initial microscopic examinations are nonrevealing, the leading consid-
erations include tuberculosis, histoplasmosis, and, in the right setting, 
coccidioidomycosis. If such a patient has a positive tuberculin skin 
response and/or a positive quantiFERON-gold assay, then tuberculosis 
should be presumed until proven otherwise and the patient should be 
kept in respiratory isolation until the diagnosis can be reasonably 
excluded. Disseminated tuberculosis should be strongly suspected in 
any patient with unexplained fever and a chest radiograph showing a 
nodular interstitial pattern; prompt institution of antituberculosis 
therapy may be lifesaving in this otherwise fatal condition. Similarly, 
empirical antifungal therapy, usually with an amphotericin B formula-
tion, may be indicated in any immunocompromised patient with 

FIGURE 72-15 A, This 59-year-old white male has a recent diagnosis of small cell carcinoma upper lung involving the right lung and mediastinum. 
He is also noted to have a cavitary lesion and cough productive of yellowish sputum progressive over the past 6 months. He lives in south Texas near 
the Mexican border. Serology was positive for Coccidioides, and the organism was isolated from multiple expectorated sputum samples. B, A computed 
tomography scan from the same patient reveals a large cavitary lesion in the left upper lobe with some surrounding parenchymal infiltrates consistent 
with a diagnosis of chronic fibrocavitary pulmonary coccidioidomycosis. 

A B
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Chronic airway infection and inflammation remain major contributors 
to progressive pulmonary disease in cystic fibrosis (CF) patients and 
are strongly associated with morbidity and mortality. Better under-
standing of the underlying pathophysiology, early intervention, 
improved identification and treatment of acute pulmonary exacerba-
tions (APEs), advances in chronic pulmonary therapies, and a shift in 
treatment paradigms have led to improvements in clinical outcome 
and life expectancy in CF patients, with nearly 50% of patients now 
being older than 18 years.1,2 Despite these advances, there remain sig-
nificant challenges to the management of acute and chronic lung 
infection.

CF is linked to mutations in the cystic fibrosis transmembrane 
conductance regulator (CFTR) gene, the most common of which is 
F508del. Inheriting two abnormal alleles from the more than 1800 
CFTR mutations identified leads to a variable degree of salt and water 
imbalance in the majority of organs expressing CFTR. These mutations 
are categorized according to the gene’s functional defect: CFTR not 
translated at all (class I), defect in processing (class II), not regulated 
(class III), abnormal conductance (class IV), decreased production 
(class V), or increased degradation (class VI).3 Although pancreatic 
insufficiency is not typically associated with class IV, V, and VI defects, 
the ability to make other clinical predictions on the basis of mutation 
profiles is limited. Among patients with lung disease, there are rapid 
progressors (those with a steeper decline in FEV1 over time compared 
with average) and nonprogressors (those with stable FEV1 over time) 
in cohorts carrying the same CFTR mutation, suggesting other envi-
ronmental and additional genetic factors are involved in health decline.4

The diagnosis of CF relies on clinical presentation in combination 
with diagnostic testing. Since it was first introduced in Wisconsin in 
1994, all states in the United States have adopted newborn screening 
for CF, joining CF centers across Europe and Australia.5-7 A positive 
screen includes evidence of elevated immunoreactive trypsinogen or 
identification of one or more disease-causing CFTR mutations.8 Sweat 

chloride testing via pilocarpine iontophoresis and CFTR mutation 
analysis follows a positive screening test. A chloride concentration 
greater than 60 mEq/L is considered positive, although the upper limit 
of normal for adults can reach the lower limit of the diagnostic range,9 
making the diagnosis of CF more challenging in certain cases. New 
terms to better define those who do not completely meet the diagnostic 
criteria have been established to identify those at risk for complications 
of CF and who continue to require close attention. Methodologies to 
help differentiate those at risk include β-adrenergic sweat secretion rate 
and nasal potential difference (NPD), a measure of bioelectric proper-
ties that reflect CFTR function, available in limited CF centers to 
provide additional insight but currently available as research tools 
only.10,11 CF-related metabolic syndrome (CRMS) is a term reserved for 
asymptomatic individuals who do not meet the diagnostic threshold of 
sweat chloride testing and CFTR mutation analysis. Depending on 
their clinical presentation or new diagnostic results, these individuals 
may be redefined as having CF, having CFTR-related disorder (CRD; 
e.g., a patient with CRMS who is symptomatic), or not having CF.8

Pulmonologists are usually the primary providers for CF patients, 
and infectious disease physicians are involved as consultants. Each 
discipline approaches the disease according to its background, train-
ing, and experience, but we believe their cooperation is critical to 
optimally treat those suffering from CF. There is increasing evidence-
based data to help guide the CF caregiver. The Cystic Fibrosis Founda-
tion (CFF), founded in 1955 to serve the CF community, created the 
Therapeutic Development Network in the late 1990s to support clinical 
trials, whether in cooperation with industry or initiated by physicians, 
harnessing the pooled resources of CF care centers. The armamen-
tarium for the modern CF clinician includes new oral and inhaled 
antibiotics, airway hydrating agents, mucolytics, anti-inflammatory 
drugs, CFTR modulators, and nutritional supplements (Table 73-1).

This chapter describes key CF-related concepts that are particularly 
relevant to infectious diseases clinicians.

Definition
•	 Cystic	fibrosis	(CF)	is	a	genetically	inherited	

autosomal	recessive	disease	resulting	from	
mutations	to	the	cystic	fibrosis	transmembrane	
conductance	regulator	gene	(CFTR,	located	on	
the	long	arm	of	chromosome	7),	and	although	
it	is	a	multisystem	disorder,	respiratory	and	
gastrointestinal	manifestations	predominate.

Epidemiology
•	 Staphylococcus	aureus	and	Pseudomonas	

aeruginosa	(PA)	are	the	most	common	
CF-associated	pathogens.	The	prevalence	of	
other	bacterial	infections	varies	between	
countries	and	CF	clinics.

Microbiology
•	 Chronic	airway	infection	and	inflammation,	

most	commonly	associated	with	PA,	are	
strongly	associated	with	morbidity	and	
mortality.	Many	other	pathogens,	including	
methicillin-resistant	S.	aureus,	Burkholderia	
cepacia	complex	organisms,	and	

Stenotrophomonas	maltophilia,	are	also	
implicated	in	chronic	progressive	lung	disease.

Diagnosis
•	 Newborn	screening	is	now	available	in	the	

United	States	and	other	countries.
•	 Sweat	chloride	testing	and	CFTR	gene	mutation	

analysis	are	the	mainstay	for	diagnosing	CF,	
along	with	immunoreactive	trypsinogen	
associated	with	newborn	screening.

•	 Acute	pulmonary	exacerbations	are	usually	
linked	to	progression	of	infection	(see	Table	
73-2).	Respiratory	viruses	may	trigger	
pulmonary	exacerbations.

Therapy
•	 Maintenance	therapy	includes	mucolytics,	

airway	hydrating	agents,	chest	physiotherapy,	
anti-inflammatories,	and	a	combination	of	oral	
and	inhaled	antibiotics	(see	Table	73-1).

•	 Acute	pulmonary	exacerbation	may	be	treated	
with	oral	and	nebulized	antibiotics	as	needed,	
whereas	more	serious	exacerbations	usually	

require	intravenous	antibiotics,	intense	airway	
clearance	accompanying	mucolytics	and	
airway	hydrating	agents,	and	aggressive	
nutritional	management	while	monitoring	for	
complications	(see	Table	73-1)

•	 Selection	of	antibiotics	is	guided	by	current	
and	previous	patient	respiratory	cultures.	
Severity	of	exacerbation	will	determine	
whether	oral	or	IV	antibiotics	will	be	used.

•	 CF	patients	require	higher	doses	of	many	
hydrophilic	antibiotics	because	of	
CF-associated	increased	volume	of	distribution	
and	clearance.	These	include	aminoglycosides,	
penicillins,	and	cephalosporins.

Prevention
•	 Strictly	adhere	to	infection	control	measures	

to	prevent	transmission	of	CF-associated	
pathogens	among	CF	patients.

•	 Early	eradication	will	prevent	chronic	airway	
infection	with	PA	and	other	pathogens	
associated	with	chronic	progressive	lung	
disease.

SHORT VIEW SUMMARY
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TABLE 73-1  Summary of Recommendations for Chronic Pulmonary Therapies for Patients with Cystic 
Fibrosis, 2013

TREATMENT RECOMMENDATION
CERTAINTY OF 
NET BENEFIT

ESTIMATE OF 
NET BENEFIT RECOMMENDATION

Inhaled tobramycin—
moderate to severe 
disease*

For individuals with CF, 6 yr of age and older, with moderate to 
severe lung disease and Pseudomonas aeruginosa persistently 
present in culture of the airways, the CF Foundation strongly 
recommends the chronic use of inhaled tobramycin to 
improve lung function, improve quality of life, and reduce 
exacerbations.

High Substantial A

Dornase alfa—moderate 
to severe disease*

For individuals with CF, 6 yr of age and older, with moderate to 
severe lung disease, the CF Foundation strongly recommends 
the chronic use of dornase alfa to improve lung function, 
improve quality of life, and reduce exacerbations.

High Substantial A

Ivacaftor† For individuals with CF, 6 yr of age and older, with at least one 
G551D CFTR mutation, the Pulmonary Clinical Practice 
Guidelines Committee strongly recommends the chronic use 
of ivacaftor to improve lung function, improve quality of life, 
and reduce exacerbations.

High Substantial A

Inhaled aztreonam—
moderate to severe 
disease*

For individuals with CF, 6 yr of age and older, with moderate to 
severe lung disease and P. aeruginosa persistently present in 
cultures of the airways, the CF Foundation strongly 
recommends the chronic use of inhaled aztreonam to improve 
lung function and quality of life.

High Substantial A

Dornase alfa—mild 
disease*

For individuals with CF, 6 yr of age and older, with 
asymptomatic or mild lung disease, the CF Foundation 
recommends the chronic use of dornase alfa to improve lung 
function and reduce exacerbations.

High Moderate B

Azithromycin with P. 
aeruginosa

For individuals with CF, 6 yr of age and older, with P. aeruginosa 
persistently present in cultures of the airways, the CF 
Foundation recommends the chronic use of azithromycin to 
improve lung function and reduce exacerbations.

High Moderate B

Inhaled tobramycin—mild 
disease*

For individuals with CF, 6 yr of age and older, with mild lung 
disease and P. aeruginosa persistently present in cultures of the 
airways, the CF Foundation recommends the chronic use of 
inhaled tobramycin to reduce exacerbations.

Moderate Moderate B

Inhaled hypertonic saline For individuals with CF, 6 yr of age and older, the CF Foundation 
recommends the chronic use of inhaled hypertonic saline to 
improve lung function, improve quality of life, and reduce 
exacerbations.

Moderate Moderate B

Inhaled aztreonam—mild 
disease†

For individuals with CF, 6 yr of age and older, with mild lung 
disease and P. aeruginosa persistently present in cultures of 
the airways, the CF Foundation recommends the chronic use 
of inhaled aztreonam to improve lung function and quality of 
life.

Moderate Moderate B

Chronic use of ibuprofen 
(age < 18 yr)

For individuals with CF, between 6 and 17 yr of age, with  
an FEV1 ≥60% predicted, the CF Foundation recommends the 
chronic use of oral ibuprofen, at a peak plasma concentration 
of 50-100 µg/mL, to slow the loss of lung function.

Moderate Moderate B

Azithromycin without P. 
aeruginosa

For individuals with CF, 6 yr of age and older, without  
P. aeruginosa persistently present in cultures of the airways, 
the CF Foundation recommends the chronic use of 
azithromycin should be considered to reduce exacerbations.

Moderate Small C

Inhaled corticosteroids For individuals with CF, 6 yr of age and older, without asthma or 
allergic bronchopulmonary aspergillosis, the CF Foundation 
recommends against the routine use of inhaled corticosteroids 
to improve lung function or quality of life and reduce 
pulmonary exacerbations.

High Zero D

Oral corticosteroids For individuals with CF, 6 yr of age and older, without asthma or 
allergic bronchopulmonary aspergillosis, the CF Foundation 
recommends against the chronic use of oral corticosteroids to 
improve lung function, quality of life, or reduce exacerbations.

High Negative D

Other inhaled antibiotics For individuals with CF, 6 yr of age and older, with  
P. aeruginosa persistently present in cultures of the airways, 
the CF Foundation concludes that the evidence is insufficient 
to recommend for or against the chronic use of other inhaled 
antibiotics (i.e., carbenicillin, ceftazidime, colistin, gentamicin) 
to improve lung function and quality of life or reduce 
exacerbations.

Low — I

Oral antipseudomonal 
antibiotics

For individuals with CF, 6 yr of age and older, with  
P. aeruginosa persistently present in the culture of the airways, 
the CF Foundation concludes that the evidence is insufficient 
to recommend for or against the routine use of chronic oral 
antipseudomonal antibiotics to improve lung function and 
quality of life or reduce exacerbations

Low — I

Leukotriene modifiers For individuals with CF, 6 yr of age and older, the CF Foundation 
concludes that the evidence is insufficient to recommend for 
or against the routine chronic use of leukotriene modifiers to 
improve lung function and quality of life or reduce 
exacerbations.

Low — I

Continued
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TREATMENT RECOMMENDATION
CERTAINTY OF 
NET BENEFIT

ESTIMATE OF 
NET BENEFIT RECOMMENDATION

Inhaled or oral 
N-acetylcysteine, or 
inhaled glutathione

For individuals with CF, 6 yr of age and older, the CF Foundation 
concludes that the evidence is insufficient to recommend for 
or against the chronic use of inhaled or oral N-acetylcysteine 
or inhaled glutathione to improve lung function and quality of 
life or reduce exacerbations.

Low — I

Inhaled anticholinergics For individuals with CF, 6 yr of age or older, the CF Foundation 
concludes that the evidence is insufficient to recommend for 
or against the chronic use of inhaled anticholinergic 
bronchodilators to improve lung function and quality of life or 
reduce exacerbations.

Low — I

Chronic use of ibuprofen 
(age ≥ 18 yr)

For individuals with CF, 18 years of age and older, the CF 
Foundation concludes that the evidence is insufficient to 
recommend for or against the chronic use of oral ibuprofen 
to slow the loss of lung function or reduce exacerbations

Low — I

Chronic inhaled 
β2-adrenergic receptor 
agonists

For individuals with CF, 6 yr of age and older, the CF Foundation 
concludes that the evidence is insufficient to recommend for 
or against chronic use of inhaled β2-adrenergic receptor 
agonists to improve lung function and quality of life or reduce 
exacerbations.

Low — I

Oral antistaphylococcal 
antibiotics, chronic use

For individuals with CF, 6 yr of age and older, with 
Staphylococcus aureus persistently present in cultures of the 
airways, the CF Foundation concludes that the evidence is 
insufficient to recommend for or against the chronic use of 
oral antistaphylococcal antibiotics to improve lung function 
and quality of life or reduce exacerbations.

Low — I

*Severity of lung disease is defined by FEV1% predicted as follows: normal, >90% predicted; mildly impaired, 70%-89% predicted; moderately impaired, 50%-69% 
predicted; and severely impaired, <40% predicted (1).

†CF Foundation personnel did not participate in any activity related to ivacaftor.
A, substantial; B, moderate; C, small; CF, cystic fibrosis; D, zero negative; FEV1, forced expiratory volume in 1 second.
From Mogayzel PJ, Naureckas ET, Robinson KA. Cystic fibrosis pulmonary guidelines. Am J Respir Crit Care Med. 2013;187:680-689.

TABLE 73-1  Summary of Recommendations for Chronic Pulmonary Therapies for Patients with Cystic 
Fibrosis, 2013—cont’d

CLINICAL DISEASE: ACUTE 
PULMONARY EXACERBATIONS
The clinical course of CF is frequently described by chronic progressive 
lung disease punctuated by APEs. These exacerbations may be trig-
gered by infection, environmental exposures, or other events.12 There 
is no universally accepted definition of an APE, and responses to a 
change in symptoms differ among clinicians (e.g., chest physiotherapy 
only, oral antibiotics, intravenous [IV] antibiotics).13 However, for the 
purpose of clinical trials, an APE is frequently defined as the presence 
of four of the following criteria (Table 73-2): an increase in sputum 
volume or change in color; new or increased hemoptysis; increased 
cough; increased dyspnea; malaise; fatigue or lethargy; a temperature 
greater than 38.0° C; anorexia or weight loss; sinus pain or tenderness; 
a change in sinus discharge; a change in findings on physical examina-
tion of the chest; a decrease in FEV1 by 10% or more from baseline; or 
radiographic changes in support of a pulmonary infection.14 The focus 
of CF care is to avoid or reduce APEs, and a standardized definition 
of APEs would allow caregivers to recognize exacerbations and treat 
early. Every APE has an impact on recovery of lung function.15 In a 
cohort study involving the CFF Patient Registry, Sanders and col-
leagues15 demonstrated a 25% failure in FEV1 recovery among 8479 
exacerbations. In a retrospective study of FEV1 after an APE that 
included 440 patients and a total of 1667 exacerbations requiring hos-
pitalization and antibiotics, nearly a third of all patients failed to return 
to baseline lung function.16 Both studies correlated poor recovery with 
a greater drop in FEV1 from baseline before treatment initiation, aller-
gic bronchopulmonary aspergillosis (ABPA), concomitant infection 
with Burkholderia cepacia complex (BCC), Pseudomonas aeruginosa 
(PA) or methicillin-resistant Staphylococcus aureus (MRSA), and lower 
body mass index (BMI).

Before the widespread use of newborn screening, the vast majority 
of CF diagnoses were based on respiratory symptoms, along with 
failure to thrive, steatorrhea, and other gastrointestinal symptoms. 
Despite lack of pulmonary symptoms, there is evidence supporting the 
presence of neutrophilic inflammation in the airways of asymptomatic 
infants. Sly and colleagues17 observed the presence of increased 

TABLE 73-2  Acute Pulmonary Exacerbations in 
Cystic Fibrosis*

Increase in sputum volume or color
New or increased hemoptysis
Increased cough
Increased dyspnea
Malaise
Fatigue or lethargy
Temperature >38° C
Anorexia or weight loss
Sinus pain or tenderness
Change in sinus discharge
Change in physical examination of the chest
Decrease in FEV1 by 10% or more
Radiographic changes in support of a pulmonary infection

*Generally defined as the presence of four of the above.
FEV1, forced expiratory volume in 1 second.
From Cystic Fibrosis Foundation. Treatment of pulmonary exacerbations of cystic 

fibrosis. In: Clinical Practice Guidelines for Cystic Fibrosis. Bethesda, MD: Cystic 
Fibrosis Foundation; 1997.

neutrophil elastase activity in bronchoalveolar lavage (BAL) fluid from 
infants as young as 3 months of age, and it was associated with subse-
quent development of bronchiectasis at 36 months.

In more typical CF patients, respiratory manifestations include a 
chronic, suppurative cough, obstructive lung disease by spirometry, 
and hyperinflation on chest radiographs. Symptoms of cough and 
wheezing continue in varying degrees and correlate with progressive 
bronchiectasis. APE presents on top of chronic stable symptoms as 
noted earlier. Many patients present with digital clubbing, but it is by 
no means universal. Chronic sinus disease develops in most CF 
patients as soon as the paranasal sinuses develop.18 Nasal polyposis is 
found in 10% to 32% of patients.19 Chronic sinus disease may be found 
in patients with minimal lung disease or even those who do not quite 
meet CF diagnostic criteria and tends to constitute a reservoir for 
infection.
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sodium transport. In the lung, the depleted and dehydrated airway 
surface liquid layer leads to impaired mucociliary transport with the 
development of thick, tenacious secretions. This in turn leads to an 
inability to clear bacteria and other debris from the lower airways. More 
recent data link reduced secretion of bicarbonate to the pathogenesis 
of CF. CFTR impacts pH by altering bicarbonate secretion leading to 
reduced pH and a reduced ability for innate mechanisms to combat 
bacteria.31 This impaired clearance leads to a chronic infection state, 
most commonly associated with Staphylococcus aureus and PA. The 
negative bearing on innate defense results in an inflammatory response 
that includes polymorphonuclear leukocytes (PMNs) and antibodies.32-34 
While communicating with the lower airway, the sinuses can provide 
a separate environment for bacteria to inhabit. Segregated intrapulmo-
nary habitats can also exist in focal areas of the lung, making it chal-
lenging to target specific organisms that may be responsible for APE. 
These bacterial communities are only a small number of organisms 
representing the complex microbiome of the CF lung.

Similarly aged patient cohorts with the same CFTR mutation can 
have mild, moderate, or severe lung disease. Thus, genetic modifiers 
have been implicated, as well as environmental ones (smoke, socioeco-
nomic class), but also variable microbiology.35 It is difficult to identify 
and detect genetic modifiers due to significant variations in disease 
presentation and response to external stressors in the environment.

CYSTIC FIBROSIS MICROBIOME
Haemophilus influenzae and Staphylococcus aureus (methicillin-
susceptible S. aureus [MSSA]) are frequently cultured from the upper 
airway of children with CF, while worsening clinical outcomes are 
usually associated with chronic infections with PA, as well as chronic 
infections with other bacteria including Burkholderia cepacia complex 
(BCC) species, Achromobacter xylosoxidans, and Stenotrophomonas 
maltophilia.36,37 There is an increased recognition of lung disease 
caused by nontuberculous mycobacteria in CF patients, which are 
recovered with increasing frequency as they age, with Mycobacterium 
abscessus being the most concerning infection associated with worse 
outcomes.38 Anaerobic organisms such as Streptococcus, Prevotella, 
Actinomyces, and Veillonella are also increasingly recognized as pos-
sible pathogens inhabiting the low oxygen environment of mucoid 
airway surface liquid.39,40

The growing CF literature on airway microbiology reveals a complex 
and dynamic interaction between the CF airway and organisms inhab-
iting this environment.41,42 Even organisms associated with CF lung 
infection for decades are recognized to be genetically and phenotypi-
cally diverse, even within the same patient and different parts of the 
lung.43 Infection diversity likely impacts management, and the pres-
ence of two or more species inhabiting the same space appears to 
change the way individual bacterial species behave. Their interactions, 
including sharing genetic data, have an impact on antibiotic suscepti-
bility.44 The presence of particular bacteria may be associated with 
better or worse outcomes. New tools of molecular diagnostics have 
helped inform caregivers and researchers, including the role of viruses 
in APE (see later).45,46

Given the poor relationship between in vitro susceptibility and 
clinical outcome among CF patients, our current antimicrobial suscep-
tibility testing may be inaccurate, and culture procedures fail to iden-
tify other potential pathogens with diverse susceptibility patterns from 
different colonies of the same bacterial species. Biofilm susceptibility 
testing has not proven to be superior to conventional testing but war-
rants further evaluation.47,48 DNA and RNA-based deep sequencing 
methods can identify a greater diversity of bacterial species and vari-
ants, but the genomic knowledge determinant of antibacterial resis-
tance remains limited.49,50

Beyond the traditional CF bacterial pathogens, there have been 
recent data highlighting the potential role of other bacteria and their 
association with CF exacerbations.51 Anaerobes and oral microbiota 
are found in high densities, including Prevotella and Veillonella. Strep-
tococcus milleri has been associated with worse outcomes in CF but is 
an organism not usually sought out by CF microbiology laboratories. 
Newly identified organisms such as Gemella and Rothia mucilaginosa 
have been associated with worse outcomes, and Rothia has been 
detected more often than PA in many patients.52,53

ABPA can be described as a hypersensitivity response to Aspergillus 
fumigatus and may be a cause of an APE. Although other fungi may 
produce a similar response, Aspergillus-related hypersensitivity is the 
most commonly recognized. ABPA leads to airway obstruction, bron-
chiectasis, and pulmonary fibrosis if not managed successfully and 
further impacts CF-related lung disease.20 The diagnostic criteria for 
ABPA include (1) an acute or subacute exacerbation (cough, wheeze, 
decline in pulmonary function, increased sputum) not attributable to 
another etiology; (2) cutaneous reactivity to Aspergillus or elevated 
Aspergillus-specific IgE antibodies; (3) elevated serum IgE greater than 
1000 IU/mL; (4) Aspergillus serum precipitins or elevated Aspergillus-
specific IgG antibodies; and (5) new chest imaging abnormalities that 
do not resolve with antibacterial treatment or chest physiotherapy.21 
The mainstay of treatment involves corticosteroids with tapering over 
a course of 2 to 3 months while monitoring response (IgE, respiratory 
symptoms, spirometry, chest radiography). It is important to manage 
concomitant infection, particularly in cases of poor response to 
therapy. Itraconazole or voriconazole can be used when there is a poor 
response, a relapse in ABPA, or when use of corticosteroids is not pos-
sible. Response to antifungal treatment is associated with pretreatment 
isolation of A. fumigatus from the respiratory tract.22 Despite a lack of 
demonstrable evidence in CF patients, omalizumab, a humanized 
monoclonal antibody that binds to IgE, is a non–U.S. Food and Drug 
Administration (FDA)-approved treatment that has been used in some 
patients resistant to traditional ABPA therapy or suffering untoward 
side effects from steroids.23

Common nonrespiratory manifestations of CF include pancreatic 
insufficiency, which is progressive and found to some degree in up to 
90% of CF patients by age 1.24 It is characterized by frequent, copious, 
foul-smelling, greasy stools, as well as failure to thrive due to malab-
sorption of fat and protein. Untreated with pancreatic enzyme replace-
ment therapy (PERT), patients may present with electrolyte 
abnormalities, protein-calorie malnutrition, and fat-soluble vitamin 
deficiency. Pancreatitis is a complication most commonly associated 
with those patients who have adequate or borderline pancreatic func-
tion. CF-related diabetes afflicts a quarter of young adults and up to 
50% of adults with CF.25 A nonpremature infant born with meconium 
ileus or bowel obstruction is highly suggestive of CF.26,27 When this 
occurs in adolescents and adults, it is called distal intestinal obstructive 
syndrome (DIOS) or meconium ileus equivalent. Quick aggressive 
medical attention to relieve the obstruction is necessary to avoid the 
surgical intervention required in severe cases. Rectal prolapse occurs 
less frequently and is associated with malnutrition, constipation, and 
poor adherence to PERT. Liver disease is common and related to 
biliary cirrhosis due to inspissated bile and associated with laboratory 
abnormalities such as elevations in alkaline phosphatase. Liver disease 
progresses in a small number of patients, leading to cirrhosis, portal 
hypertension, and development of esophageal varices. Rarely does cho-
lelithiasis require surgical intervention other than prophylactic removal 
before lung transplantation.28

There are many risk factors for osteoporosis in men and women 
with CF. Malabsorption of vitamin D, malnutrition, decreased physical 
activity, glucocorticoid treatment, and hypogonadism contribute to the 
development of bone disease.29 Pain related to CF-related arthropathy 
occurs in a small number of patients but causes significant morbidity. 
Hypertrophic osteoarthropathy is associated with abnormal prolifera-
tion of soft and osseous tissue at distal parts of extremities. It appears 
to share the same process as digital clubbing but is much less common 
and its exact pathogenesis is unclear. Nephrolithiasis and nephrocalci-
nosis are common in CF patients as well. It is most frequently due to 
hyperoxaluria due to oxalate absorption in the setting of inadequate 
PERT and decreased citrate excretion.30

PATHOGENESIS OF CYSTIC 
FIBROSIS–RELATED LUNG DISEASE
The CFTR protein, residing on apical membranes of epithelial cells, 
regulates salt and water balance. The mechanism of its impact on airway 
surface liquid is a subject of research, but it is recognized that the 
absence or dysfunction of CFTR lining epithelial cells throughout 
various ducts in the body leads to a hyperabsorptive state, which in 
turn is due to the osmotic gradient created by impaired chloride and 
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microbial diversity decreases with antibiotic exposure, but bacterial 
communities generally return to pretreatment configurations by 1 
month after completion of antibacterial courses. Others have also  
demonstrated an association with microbial diversity and FEV1 (Fig. 
73-2), as well as the lack of correlation with total microbial abundance 
(Fig. 73-3).60 Even with changes in clinical status, neither study 
observed a significant change in airway microbial community struc-
ture or bacterial abundance. The 23 patients included in this study were 
chronically infected with either PA or BCC, along with isolation of 
species belonging to the genera Streptococcus, Prevotella, Rothia, Veil-
lonella, Actinomyces, and Granulicatella. The progression of disease 
with age, microbial diversity, and resistance to antibiotics supports this 
observation. As with Zhao and colleagues,59 APEs or disease progres-
sion was not associated with increase in bacteria numbers, overgrowth 
of a specific organism, nor the isolation of a new bacterial infection. 
The authors of this study suggest that an APE represents the spread of 
infection to previously unaffected airways or adaptation by organisms 
that may lead to a change in the expression of virulence traits. For 
example, during chronic CF airway infection, PA can undergo conver-
sion from a smooth to mucoid colony phenotype, discussed in more 
detail later.61 Data presented here provide insights into the CF airway 
microbiota, including initial diversification events in younger patients 
and establishment of specialized communities of pathogens associated 
with poor pulmonary function in older patient populations.

How do we decide on therapy based on this information? There is 
evidence that uncouples susceptibility testing with clinical outcome, 
and the evolving microbiota data may help explain the disconnect 
between in vitro testing and clinical outcomes.62,63 However, irrespec-
tive of susceptibility, including multidrug-resistant PA, similar clinical 
responses are observed with usual therapy.64

Major Cystic Fibrosis Pathogens
Staphylococcus aureus
The most common pathogen among CF patients in contemporary 
cohorts is S. aureus with recovery from sputum at its height in children 
and adolescents (see Fig. 73-1).2,54 S. aureus was the dominant infection 
leading to respiratory failure in patients during the early to mid-20th 
century. The introduction of antistaphylococcal antibiotics led to  
selection of gram-negative organisms and the emergence of chronic 
infection with PA, which has become the most prevalent CF-related 

Bacterial pathogens in airways of CF patients are shown in Figure 
73-1.54 In the early days of CF, MSSA was the only bacterium identified 
in lungs, but successful treatment soon led to the predominance of 
chronic infections with PA and BCC, which were associated with poor 
clinical outcomes. We can identify bacteria from the respiratory tract 
utilizing standard culture techniques, as well as molecular typing. How 
do we identify whether bacteria identified are disease producing and 
affecting clinical outcomes? For example, it is well known that in 
sputum from CF patients, different bacterial colony morphotypes can 
be found and these arise from the same bacterial strain.55 This suggests 
that bacteria in the lungs are constantly adapting using a variety of 
mechanisms (auxotrophy, motility, type III secretion, lipopolysaccha-
ride, antibiotic resistance, biofilm, hypermutability, quorum sensing, 
small colony variants), which lead to different phenotypes, and a domi-
nant single bacterial strain may evolve.56 We are beginning to under-
stand the evolution of clonal populations. Multiple lineages coexist, 
and multiple clones evolve separately with different lineages. Genomic 
and proteomic approaches may become helpful to better understand 
these communities.57,58 These novel insights remain difficult to trans-
late into therapeutic interventions in the clinic at this time.

Lungs themselves are also very heterogeneous in disease severity. 
Understanding the differences in regions of the lungs may help explain 
patient heterogeneity. Regions with mild and severe disease are infected 
by different subpopulations of PA. As an example, we can target factors 
that select infections with milder PA subpopulations. However, most 
regions contain a mixture of isolates and subpopulations, confounding 
these investigations.

The study of CF exacerbation with proteomics has contributed to 
our understanding of changes in bacteria during APE.43 Although bac-
teria density remained stable, a decrease in bacterial diversity was 
associated with declining FEV1. Looking at 27 consecutive sputum 
samples from the same patient, Carmody and colleagues52 demon-
strated that microbial communities change. They showed a decrease in 
abundance of dominant species after antibacterial treatment, including 
PA, BCC, and Achromobacter. Zhao and colleagues59 found that inter-
ventions led to a change in bacterial diversity and were associated with 
age, disease severity, and antibiotic exposure. Density of bacteria 
remained the same while microbial diversity decreased.52 In general, 

FIGURE  73-1 Bacteria found in the lungs of people with cystic 
fibrosis (CF) by age, 2012. MDR-PA, multidrug-resistant Pseudomonas 
aeruginosa; MRSA, methicillin-resistant Staphylococcus aureus. (Data from 
Cystic Fibrosis Foundation. Patient Registry 2012 Annual Data Report. 
Bethesda, MD: Cystic Fibrosis Foundation; 2013, p. 22. Available at http://
www.cff.org/UploadedFiles/research/ClinicalResearch/PatientRegistry 
Report/2012-CFF-Patient-Registry.pdf. Accessed December 17, 2013.)
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this is the source of MRSA infection in CF.69-71 However, prevalence 
can vary. The most recent CFF registry data suggest a prevalence higher 
than 30%, which is highest among adolescents and young adults.54

With chronic infection and treatment of both MSSA and MRSA, 
the detection of small colony variant staph (SCV) is increasingly being 
recognized as a possible CF pathogen. Our laboratory uses mannitol-
salt agar to help identify this slow-growing variant. There is a positive 
association with the presence of SCV S. aureus and use of 
trimethoprim-sulfamethoxazole (TMP-SMX) and infection with PA. 
Two recent studies demonstrate an association of SCV with more 
advanced lung disease in children and adults.72,72a

Methicillin-Resistant Staphylococcus aureus
A study by Dasenbrook and colleagues73 reported worse survival in 
those with sputum culture positivity for MRSA, and others have 

organism in adults (see Fig. 73-1). Like PA, CF patients may culture 
MSSA from sputum repeatedly, and it may represent the same isolate 
over time.65 Outside of the United States, chronic management of CF 
at some centers includes routine treatment against MSSA with similar 
prevalence rates, but surprisingly, MRSA levels are significantly less in 
comparison.66 Although some evidence suggests reduced exacerbation 
rates,67 the CFF consensus guideline committee on chronic therapies 
to maintain respiratory health recommended against routine anti-
staphylococcal treatment given the observation of greater prevalence 
of PA in groups receiving chronic antistaphylococcal treatment and its 
consequences.68 The annual prevalence of S. aureus was 67.9% (includes 
MRSA) in 2011 and increasing while PA rates have been declining 
slowly.2,54 More concerning, however, is the rise in prevalence of MRSA. 
The prevalence mirrors that of community-acquired MRSA (CA-
MRSA) in our communities in general, although it is unclear whether 

FIGURE 73-3 Correlation of lung function with total bacterial abundance. Lung function is not correlated with total bacterial abundance. Mea-
surements of total bacterial abundance in sputum by (A) timed vital capacity (TVC) and quantitative polymerase chain reaction (qPCR) are well correlated 
(r2 = 0.63, P < 0.0001; n = 23). Forced expiratory volume in 1 second (FEV1) is not correlated with (B) TVC (r2 = 0.017, P = 0.55; n = 23) or (C) qPCR 
(r2 = 0.003, P = 0.8; n = 23) and only modestly correlated with TVC from (D) Burkholderia cepacia complex species (r2 = 0.29, P = 0.13, n = 8) and 
(E) Pseudomonas aeruginosa (r2 = 0.26, P = 0.05; n = 14). Measurements for bacterial abundance and FEV1 were averaged across time points for each 
of the 23 patients. Labels in each panel indicate patient ID. Lines indicate regression fit by linear least squares. Only TVC values >0 were included for 
B. cepacia and P. aeruginosa comparisons. TVC values represent log10 of total bacterial colony-forming units recovered per gram of sputum. qPCR values 
represent log10 copies of the bacterial 16S rRNA gene detected per gram of sputum. (Data from Fodor AA, Klem ER, Gilpin DF, et al. Adult CF airway 
microbiota is stable over time and infection type, and highly resilient to antibiotic treatment of exacerbations. PLoS One. 2012;7:e45001.1-15.)
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agent (TMP-SMX or doxycycline) and topical agents (mupirocin  
intranasal cream and chlorhexidine washes) (ClinicalTrials.gov 
NCT01594827).

There is controversy over management of chronic MRSA infection, 
but directed treatment is usually employed with all exacerbations with 
the same antibiotic choices as in non-CF patients. Teicoplanin and 
fusidic acid are used in Europe but are not available in the United 
States.83 Telavancin is a new antibacterial drug with several compara-
tive studies with vancomycin in non-CF patients. Ceftobiprole and 
ceftaroline are new antibiotics that may have a role in the treatment of 
MRSA-associated APE. Daptomycin is not recommended for pulmo-
nary infections because its activity is inhibited by surfactant. As noted 
earlier, there is a high prevalence of MRSA in the United States, and 
chronic infection may be associated with worse outcome and is a risk 
factor in CF for increased health care utilization.

Pseudomonas aeruginosa
In prospectively collected oropharyngeal cultures obtained at least 
every 6 months from patients diagnosed through neonatal screening, 
PA has been recognized to be quite adaptable to inhabiting the CF 
respiratory tract.84 Since the first description of CF, PA has become 
the most prevalent pathogen found in the respiratory tract of adult CF 
patients (see Fig. 73-1).2 The establishment of CF centers and cohort-
ing of patients in hospitals is somewhat responsible for the emergence 
of this organism.85 This observation has led to adoption of strict infec-
tion control and practice guidelines.86-90 The neonatal screening 
program under way since 1985 was a collaboration involving two CF 
centers in Wisconsin, and its inception had implications on prevalence 
of PA infection.5 Observation of screened and control groups were 
similar overall, but one center showed significantly younger age for 
acquisition of PA, and this was a center located in an urban setting. 
This clinic did not segregate patients by age and perhaps allowed more 
opportunity for social interaction outside of the clinic. Although the 
overall study did not indicate a significant increased risk for PA acqui-
sition, it suggested risk factors associated with an urban center clinic. 
Patients identified with CF through neonatal screening had a median 
of 52 PA-free weeks in the urban CF center, while PA-free survival  
was 289 weeks at the nonurban center. The acquisition of PA affects 
survival91 and is strongly associated with a decrease in FEV1 and life 
expectancy.92,93

Despite the impaired but robust host inflammatory response and 
treatments directed toward PA, this organism comprises 60% to 70% 
of all CF respiratory infections by age 18,54 and chronic infection even-
tually leads to respiratory failure and death. Initial strains are usually 
unique and begin with strains from an environmental source.94 This is 
followed by repeated airway infection and, eventually, chronic airway 
infection, as well as parenchymal infection, chronic bronchopneumo-
nia, and necrotizing pneumonia.95 The aggressive use of antipseudo-
monal antibiotics can substantially delay chronic infection.96 The Early 
Pseudomonal Infection Control (EPIC) study was designed to deter-
mine the impact of acquisition of PA and of four separate antibiotic 
regimens to eradicate first positive PA culture: cycled therapy or 
culture-based therapy with inhaled tobramycin (300 mg twice daily) 
and ciprofloxacin or placebo.97-99 None of the therapies was superior to 
the other, but each led to a decreased rate of PA recurrence.100 There is 
evidence that respiratory syncytial virus (RSV) infection promotes 
biofilm formation and enhances PA antibiotic resistance (see later).

Eventual chronic PA infection can occur through separate genomi-
cally distinct organisms or, in a quarter of the cases, the same genomic 
variant.101-103 The source of recurrent pulmonary PA can be from a 
persistent environmental source or a nonpulmonary reservoir, such as 
the sinuses. The eventual chronic infection is likely due to adaptive 
changes to PA and is associated with increased degree of inflammation, 
recruitment of neutrophils, and other destructive proteases.104

The term colonization is frequently used to describe persistently 
positive bacterial cultures from the CF airway but is not an accurate 
description. Although large bacterial colony counts exist in the airway 
(1 × 106/mL) without an acute illness and during periods of clinical 
stability, there is still an exaggerated inflammatory response leading to 
airway destruction and disease progression. The term colonized would 
suggest that failure to eradicate would not be associated with increased 

reported lower absolute lung function when MRSA is compared with 
MSSA.74 In a cohort study of longitudinal data obtained from the CFF 
Patient Registry that analyzed 19,833 patients, the reported risk of 
death was 1.27 times greater for individuals with at least one culture 
positive for MRSA compared with those in whom MRSA was never 
detected, adjusting for PA infection. New and persistent infection with 
MRSA revealed a more rapid rate of decline in lung function among 
8- to 21-year-olds, but this effect was not observed in those older than 
21 years of age (Fig. 73-4).75 The increased prevalence of MRSA in the 
past decade may explain the flattening of the overall CF median mor-
tality curve.54 These findings underscore the importance of persistent 
MRSA infection in CF.

Routine MRSA-directed antibacterial prophylaxis is not uncom-
mon in the United Kingdom and other parts of Europe. Despite this, 
the overall MRSA prevalence in the United States is much higher. 
Distribution of MRSA types in CF and non-CF differ for a given 
country.76-78 A cross-sectional study showed that FEV1 values declined 
faster in patients who became chronically infected with MRSA com-
pared with those who experienced intermittent MRSA infection.75,79,80 
There is fluidity between community- and hospital-associated MRSA. 
The STAR-CF study looked at chronic MRSA infection based on staph-
ylococcal protein A gene, staphylococcal chromosomal cassette mec 
(SCCmec), and Panton-Valentine leukocidin (PVL).81 SCCmec II is 
usually hospital associated, whereas SCCmec IV is usually community 
associated; and a majority of the pediatric CF population studied was 
determined to be positive for SCCmec II and PVL negative. There were 
no differences in gender, FEV1, BMI, or rates of MSSA. The number of 
clinic visits was increased among SCCmec II–positive patients while 
hospitalizations did not differ. Elizur and colleagues82 noted an 
increased rate of decline in FEV1 and necrotizing pneumonia associ-
ated with PVL positivity.

Several clinical trials are under way to address this growing prob-
lem. The STAR-TOO trial is a randomized, controlled, open-label 
study comparing the implementation of an early eradication protocol 
(two oral antibiotics, topical antibiotics, and instructions for environ-
mental decontamination techniques) to an observation group receiv-
ing current standard of care (ClinicalTrials.gov NCT01349192). The 
PEMP study is looking at those with persistent MRSA infection ran-
domized to receive either inhaled vancomycin 250 mg twice daily or 
placebo (taste-matched saline), along with rifampin plus a second 

FIGURE  73-4 Persistent methicillin-resistant Staphylococcus 
aureus (MRSA) cultures and forced expiratory volume in 1 second 
(FEV1) percentage. Linear predictor of FEV1% predicted decline for 
patients with cystic fibrosis aged 8 to 21 years with persistent MRSA (≥3 
MRSA cultures) (solid line) compared with those without MRSA (dotted 
line). Average follow-up for each individual in the cohort was 5.3 years. 
FEV1 was adjusted for group differences in the confounders. (Data from 
Dasenbrook EC, Merlo CA, Diener-West M, et al. Persistent methicillin-
resistant Staphylococcus aureus and rate of FEV1 decline in cystic fibrosis. 
Am J Respir Crit Care Med. 2008;178:814-821.)
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pseudomallei, and B. fungorum have been identified as pathogens 
causing disease in CF.123

The increasing prevalence and first of many descriptions of the 
rapid spread of BCC infection was reported in the CF center in 
Toronto.124 The center also provided us with one of the first descrip-
tions of the so-called cepacia syndrome. Cepacia syndrome is charac-
terized by rapidly deteriorating lung function, fever, leukocytosis, 
elevated markers of inflammation, and BCC bacteremia. Although  
B. multivorans behaves more like PA, it too has been associated with 
cepacia syndrome.

B. cenocepacia and B. multivorans are the most frequent isolated 
species belonging to the genus Burkholderia. Our center has a particu-
lar interest in B. dolosa due to its significant virulence and transmis-
sibility. Caraher and colleagues125 compared B. dolosa’s ability to invade 
lung epithelial cells and form biofilm in vitro along with other BCC 
organisms, specifically B. cenocepacia and B. multivorans. Its behavior 
is similar to other clinically relevant BCC species that infect CF patients 
and resulted in an epidemic spread across a large CF center. Thirty-one 
patients chronically infected with B. dolosa were compared with 
unmatched patients with B. multivorans and those not infected with 
Burkholderia spp. The baseline FEV1 and rate of decline were similar, 
but the decline in FEV1 after acquisition of B. dolosa was significant 
(−7.1% per year vs. −2.1% before infection) compared with no signifi-
cant change associated with B. multivorans and those infected with 
non-Burkholderia spp. Among the 36 patients eventually identified 
during the epidemic, only 10 are alive 8 years later and only 2 are clini-
cally stable.

The prevalence of BCC or B. gladioli infection can reach 8% in 
some adult CF cohorts but usually hovers around 3% to 4% (see Fig. 
73-1). The treatment of these drug-resistant strains is difficult and 
typically requires three to six concurrent antibacterials, including 
simultaneous use of more than one β-lactam antibacterial. A typical 
regimen for patients being admitted for APE associated with chronic 
infection with B. dolosa includes prolonged infusion of ceftazidime 
and meropenem, minocycline, and TMP-SMX with the addition of 
chloramphenicol in cases of treatment failure. Fluoroquinolones; other 
β-lactam antibiotics such as piperacillin-tazobactam, cefepime, and 
aztreonam; and imipenem have been used. Most strains of BCC are 
resistant to colistimethate.

Other Bacteria
With new advances in bacterial taxonomy and genetic-based method-
ologies, we are identifying new organisms that may affect CF patients, 
including those previously identified as either Pseudomonas or BCC. 
Herbaspirillum is one such organism previously identified as belonging 
to BCC.126 Other organisms not explored in depth are Achromobacter 
xylosoxidans, B. gladioli, and others, which may be associated with 
progression of lung disease and morbidity.

Stenotrophomonas maltophilia is an increasingly recognized patho-
gen affecting CF patients. Chronic infection is an independent risk 
factor for recurrent need for antibiotics.127 A study by Waters and col-
leagues128 looked at the impact of chronic infection with S. maltophilia 
on mortality and need for lung transplantation. A longitudinal cohort 
study of 687 patients revealed a nearly threefold increase in mortality 
for those chronically infected with S. maltophilia (two or more positive 
sputum cultures in the previous 12 months), which did not bear out 
in those with intermittent infection (one positive culture in the previ-
ous year or a history of culture positivity).

Nontuberculous Mycobacteria
During the mid-1990s, the prevalence of nontuberculous mycobacteria 
(NTM) infection among CF patients was 13%. Most were identified as 
Mycobacterium avium complex (MAC, 72%) followed by Mycobacte-
rium abscessus (16%).129 Risk factors associated with NTM included 
older age, geographic location (higher incidence in Southwest com-
pared with Northeast), and milder lung disease based on FEV1, as well 
as a relatively higher association in those patients infected with S. 
aureus as compared with those infected with PA. Esther and col-
leagues130 reviewed 4862 CF culture data from patients older than 8 
years and also found an 11% NTM prevalence rate. However, 55.6% 
were due to M. abscessus and associated with a sharper decline in FEV1. 

morbidity. Thus, we prefer the term chronic infection. The consequence 
of extended airway residence leads to changes in gene expression, 
including formation of anaerobic biofilm such as alginate and progres-
sion of disease due to chronic infection.

Antibacterial discovery and use has been associated with improved 
survival in patients with CF, although the development of antibiotic 
resistance has not been shown to increase the rate of decline.105 Even 
though they may arise from a similar strain, PA phenotypic changes 
have an impact on response to therapy.105 PA can adapt by altering gene 
regulation and proteomic expression to the environment in which it 
lives. The CF airway has significant complexity and promotes a chronic 
PA infection model. The regulatory pathways are complex. One such 
mechanism is alginate overproduction, leading to mucoid-type PA. 
This is the result of AlgT, a gene that negatively regulates flagellar, 
pili, and quorum sensing (Rhl signal and Rhamnoloid). TTSS (injec-
tosome) positively regulates heat shock response, oxidative stress 
response, osmotic stress response, and alginate production.105 Neutro-
phils also cause reactive oxygen species (ROS) and reactive nitrogen 
intermediates (RNI) expression to promote stress on bacteria and 
PA.106 CF epithelial cells are unable to efflux glutathione, the most 
prevalent antioxidant, and they poorly absorb other dietary antioxi-
dants. ROS and RNI can lead to damage in DNA, lipids, and proteins, 
which in turn can lead to selection of variants that help PA survive in 
the microaerobic or increasingly anaerobic environment.107,108

Antibiotic tolerance or resistance is directly related to antibiotic 
exposure. PA was rarely seen early on when severe S. aureus infection 
led to morbidity in the early days of antibacterial treatment of CF-lung 
disease. However, effective antistaphylococcal treatment led to the 
emergence of PA as a dominant CF-associated pathogen. The use of 
antibiotics has also led to resistance.109,110 Resistance to all clinically 
relevant classes of antibiotics is increasingly exhibited by PA isolates 
from patients with CF.111 Given the clonal nature of most CF-associated 
PA infections and the apparently infrequent transmission between 
patients in the setting of strict infection control practices, it would 
seem that de novo evolution of antibiotic resistance in individual 
patients is common.112-115 Folkesson and colleagues105 demonstrated 
the lineage of a single strain of PA evolving or diversifying into mucoid 
and nonmucoid. These sub-lineages found in different regions (sinus, 
central airway, and specific lobe), reflect the distribution and isolation 
in different compartments of the lung. The phenotype can be homog-
enous despite the complicated evolution genetically. If anaerobic con-
ditions or stress with high salt are added to culture media, PA can 
change from nonmucoid to mucoid phenotype. When the environ-
ment becomes favorable again, PA reverts to a nonmucoid phenotype. 
This is not observed with wild-type PA but happens to PA obtained 
from CF airways, which have adapted to their changing environment.

When PA is grown in CF sputum, increased expression of quorum 
signaling genes is observed, leading to increased expression of viru-
lence factors.116 PA does not grow alone in the CF airways, and spatial 
localizations are impacted by other bacteria around them.117 When PA 
is in proximity of gram-positive bacteria, it becomes more virulent 
(e.g., by making pyocyanin, for example). Treating MSSA chronically 
may help keep PA quiescent and may explain the benefit of antistaphy-
lococcal therapy on individual CF patients.

Burkholderia cepacia Complex
Burkholderia cepacia complex (BCC) organisms pose a significant 
health risk to CF patients. Although BCC was described much earlier, 
its association with CF was not appreciated until the 1980s.118-120 In 
a longitudinal study in Belfast, 19 patients chronically infected with 
BCC and 19 controls chronically infected with PA were studied over a 
4-year period. The FEV1 and BMI deteriorated much more in the BCC 
group as compared with the PA-infected group. Pathogenic differences 
exist among BCC species. Those infected with B. cenocepacia tend to 
have a much greater decline in FEV1 compared with patients infected 
with B. multivorans.121,122 Most of the more than 60 species belonging 
to the genus Burkholderia are not pathogenic to humans, but we pay 
attention to those that can result in serious sinopulmonary infections 
in those with CF. Identified by 16S rDNA and recA gene analysis, many 
belong to the BCC group, consisting of 17 species at the moment with 
new ones being identified. Outside of the BCC group, B. gladioli, B. 

http://www.myuptodate.com


P
a
rt

 I
I 

M
aj

o
r 

C
lin

ic
al

 S
yn

d
ro

m
es

882

single sputum culture. In addition, the end points for studies comparing 
single versus combination therapies are likely also confounded.

Azithromycin
Reduction in morbidity and mortality from macrolide antibiotics in 
diffuse panbronchiolitis, a rare inflammatory lung disease similar to 
CF in many ways, led to a number of studies in CF patients, including 
a randomized controlled study involving 185 patients.147 Participants 
in the treatment arm experienced fewer respiratory exacerbations at 
the end of 168 days, and their FEV1 improved. The mechanism of 
macrolide-associated improvement in lung disease is still uncertain, 
but azithromycin is thought to modulate inflammation and may in fact 
have some direct antimicrobial impact.148,149 In attempts to simulate the 
airway environment and bacterial biofilm, nonconventional biofilm 
susceptibility testing has been used to demonstrate azithromycin inhi-
bition of PA in biofilm. Anti-inflammatory impact of azithromycin has 
been described using distinct models and includes demonstration of a 
decrease in C-reactive protein (CRP) and reduction in BAL fluid neu-
trophil cell count, neutrophil elastase, IL-1B, IL-8, and others.150 
Despite a recent study contradicting some of these observations,151 
there is overall wide acceptance of azithromycin’s role as an anti-
inflammatory in CF. In 2007, guidelines on chronic pulmonary thera-
pies were published and included a high recommendation for chronic 
azithromycin in those CF patients chronically infected with PA.152 A 
follow-up publication in 2013 reiterated this recommendation and also 
reflected on studies of azithromycin for those not infected with PA.153

Inhaled Antibiotics
Aerosolized antibiotics have become a mainstay of acute and chronic 
therapy in patients with CF. Before FDA approval of various formula-
tions of inhaled antibiotics, several drugs intended for intravenous use 
were being nebulized to treat airway infection.154 Since FDA approval 
of tobramycin inhalation solution (TIS) in 1997 and the study on 
intermittent aerosolization of 300 mg of preservative-free tobramycin 
for patients chronically infected with PA, two other inhaled antibiotic 
formulations have been FDA approved, and a number of other formu-
lations are in the clinical trial pipeline.155 The 24-week study of 520 
patients receiving either TIS or placebo demonstrated improved FEV1, 
decreased density of PA in expectorated sputum, and decreased rates 
of hospitalization. Despite an increase in drug resistance, there was no 
significant impact of the emergence of drug resistance on lung func-
tion. The recent EAGER trial studied the safety, efficacy, and conve-
nience of tobramycin inhalation powder (TIP) and led to FDA approval 
of TIP in 2013.156 There was a higher dropout rate in the TIP group 
due to cough, but overall the new formulation has demonstrated better 
adherence. Administration of TIP takes 4 to 6 minutes compared with 
15 to 20 minutes with TIS.

Aztreonam lysine for inhalation (AZLI) was FDA approved in 2010 
on the basis of results from multiple studies, including a randomized, 
double-blind, placebo-controlled clinical trial.157-159 AZLI resulted in 
significant improvement in FEV1, reduced density of PA, and improve-
ment in respiratory symptoms measured by the Cystic Fibrosis 
Questionnaire-Revised Respiratory Symptom Scale (CFQ-R RSS) in a 
study that involved 164 CF patients with moderate-to-severe lung 
disease.160

Colistin is the most well-known antipseudomonal antibiotic that  
is not FDA approved for inhalation therapy, but it is authorized for  
use in the European Union by the name Colobreathe. It is widely  
used to treat acute exacerbations and chronic infection with PA. A 
death attributed to inhalation of premixed colistimethate, the inactive 
prodrug of colistin, has led to hesitation to use drugs intended for 
parenteral use in this way (FDA Alert 6/28/2007). A number of other 
inhaled antibiotics are in various phases of active clinical trials, and 
potential antimicrobial treatments for the future include inhaled levo-
floxacin, amikacin, and vancomycin (CFF Drug Development Pipeline 
[www.cff.org/research/drugdevelopmentpipeline/]).

Cystic Fibrosis–Specific Antibiotic 
Treatment Approaches and Dosing
There are many questions yet to be answered regarding the treatment 
of CF respiratory infections. Given susceptibility data in particular 

The risk factors leading to this increased prevalence may coincide with 
the increased use of azithromycin in CF patients. Interestingly, a study 
that included more than 27,000 patients detected NTM in 20% of cases 
(64% MAC and 36% M. abscessus), and chronic azithromycin use was 
less likely to be associated with NTM culture positivity.131 Despite this, 
it is still important to screen patients for NTM to help avoid drug 
resistance to azithromycin. Recent reports cite the transmissibility of 
M. abscessus among CF patients at care centers in the United States and 
United Kingdom.132,133 Gross and colleagues134 at Tripler Army Medical 
Center Hospital (Hawaii) described an outbreak among a large portion 
of their CF cohort. The diagnosis and treatment of NTM infections 
remain challenging, given the clinical presentation of patients with CF. 
Active NTM infection should be considered in patients with repeatedly 
smear-positive respiratory cultures, compatible radiographic findings, 
and lack of clinical response despite appropriate antibacterial therapy.135

Respiratory Viruses
The impact of viral infection on CF lung disease cannot be underesti-
mated.136,137 Fifty to sixty percent of exacerbations are associated with 
respiratory virus infections in children and are associated with FEV1 
decline, prolonged antibiotic use, and increased respiratory symptoms. 
With frequent rhinovirus infection (69%) and influenza A/H1N1 
(16.7%) infection, there was a 9.7% prevalence of documented viral 
infection detected by polymerase chain reaction (PCR) among a cohort 
of adult patients presenting with a pulmonary exacerbation.138 These 
exacerbations were associated with more severe lung disease and less 
response to standard therapies. Time to next pulmonary exacerbation 
was significantly reduced: 64 days versus 107 days. Respiratory virus 
coinfection may be implicated in planktonic to mucoid PA phenotype 
switching, specifically RSV.139-141 Biofilm growth is enhanced during 
RSV infection compared with no RSV.

Fungal Disease
The role of fungi in the respiratory tract, particularly Aspergillus fumiga-
tus, is still being elucidated.142 When not causing ABPA, there is an 
increased association with disease severity when measured by FEV1, 
hospitalization rates, and radiographic abnormalities.143 A retrospective 
cohort study of CF patients with A. fumigatus infection, defined as two 
or more sputum or BAL cultures positive within a given a year, showed 
a decreased FEV1 when compared with uninfected subjects. A. fumiga-
tus was an independent risk factor for hospitalizations, which was their 
primary outcome measure.142 The role of fungal antigen testing (galac-
tomannan and 1-3-β-D-glucan) in serum and airway secretions can be 
helpful in raising suspicion for invasive fungal disease, but false-positive 
test results due to concomitant antibiotic use, presence of PA, and 
environmental contaminants should also be considered. Treatment 
decisions should be based on the full clinical picture, including nodular 
lung disease and other CT-based radiologic patterns.

THERAPY
Antimicrobial Therapy
The decision to undertake or modify antibiotic treatment of CF patients 
is complex and multifactorial. Most CF patients have long-standing 
limitations in respiratory status with intermittent worsening with APEs 
(see Table 73-2). Assessment of the cause of APEs will depend on clini-
cal and microbiologic data and is often challenging (see later). Overall, 
a relationship exists between antibacterial use and improvement in lung 
function and survival in CF patients.144,144a Improved survival correlates 
with the discovery and introduction of additional antibiotics over the 
past century. It is also evident that CF care centers with the best pul-
monary function data are also associated with higher rates of drug 
resistance.145 Interestingly, several comparative trials have not shown 
the impact of antibacterial therapy on lung function. However, inter-
pretation of trials is complicated by differences in study design, sample 
size, poor definition of respiratory exacerbation, and the tremendous 
variability of CF study population. Some CF patients have been on 
chronic antibiotics that may not have been included in these studies as 
well. Conway and colleagues146 demonstrated some benefit, but this 
study included three antibiotics suggesting different combinations of 
antibiotics may be necessary to minimize FEV1 decline. The studies 
likely placed a great deal of emphasis on microbiology data from a 
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azithromycin based on the effect of combination drugs (azithromycin 
plus tobramycin and azithromycin plus aztreonam lysine). Subjects 
randomized to TIS and on chronic azithromycin therapy demonstrated 
less improvement in FEV1, decrease in time to next exacerbation, less 
improvement in disease-related quality of life, and no change in 
sputum PA density. Though not enough to change treatment practice 
just yet, these findings are provocative and may affect future manage-
ment of PA infection in CF.

Prolonged or continuous infusion of β-lactam antibiotics is being 
used with more frequency. The short half-life and lack of significant 
postantibiotic effect of β-lactam antibiotics make it an attractive alter-
native, and duration above bacterial minimal inhibitory concentration 
(MIC) helps determine efficacy.167-169

Nonantibacterial-Based Treatments
In addition to antimicrobials, a combination of anti-inflammatories, 
mucolytics, airway-hydrating agents, airway clearance techniques, and 
nutritional supplements, among others, has been studied and incorpo-
rated into CF clinical practice.

Recombinant human DNase (dornase alfa) has been a mainstay  
of chronic respiratory therapy in CF since the early 1990s.170 Dornase 
alfa helps break down large amounts of DNA (human, bacterial), 
improves the rheology of airway secretions, aids in mucolysis, and 
facilitates airway clearance. The use of dornase alfa is strongly recom-
mended for CF patients, including asymptomatic patients or those 
with mild disease.171

Hypertonic saline improves hydration of airway surface liquid layer 
and improves mucociliary clearance in patients with CF.172 In a multi-
center, randomized, controlled trial, Elkins and colleagues demon-
strated the benefits of 7% saline for inhalation.172 Although the 
improvement in lung function did not achieve significance, there was 
a significant reduction in pulmonary exacerbations and need for anti-
bacterial treatments. Given its impact on airway surface liquid layer 
and its impact on the basic defect causing CF manifestations in the 
airway, a multicenter, randomized control trial involving CF infants, 
ages 4 to 60 months (Infant Study of Inhaled Hypertonic Saline in CF 
or ISIS) was pursued. Though the study did not achieve its primary 
outcome, it was likely due to lack of reliable outcome measures in this 
age group.173

Given the association of an exuberant immune response and 
advancing lung disease, anti-inflammatory agents continue to be com-
monly used to treat CF lung disease.174 Inhaled steroids were used 
indiscriminately given their ease of delivery and presumed benefit 
without significant downside. Although no studies were able to dem-
onstrate a benefit beyond those with airway hyperreactivity or ABPA, 
an inhaled corticosteroid withdrawal study did not demonstrate a dif-
ference between exacerbation rates among subjects.175 Oral glucocor-
ticoids are not recommended for routine use outside of ABPA or 
asthma. Despite the benefit in lung function stabilization, the observa-
tion of hyperglycemia and diabetes, growth retardation, cataract, 
osteoporosis, and higher rates of PA culture positivity, the risks out-
weighed the potential benefits.176,177 Konstan and colleagues performed 
a randomized, double-blind, placebo-controlled trial that demon-
strated a significant reduction in the rate of FEV1 decline with the 
impact greatest in subjects younger than age 13 with no difference 
observed in older cohorts.178

The concern for renal toxicity exists for those receiving other agents 
associated with nephrotoxicity (e.g., ibuprofen) or dehydration, but a 
recent study did not observe an elevation in biomarkers of kidney 
injury.179 Despite one small, randomized, placebo-controlled trial 
resulting in improvement in FEV1 by 8%, the CFF guidelines commit-
tee recommended against routine use of ibuprofen.180

CFTR Modulators
After the discovery of the CFTR gene in 1989, the CF community was 
counting on gene therapy to deliver a cure for CF. Although there is 
still hope for gene therapy, high throughput screening of small mole-
cules helped launch a new treatment paradigm. Instead of treating 
symptoms and manifestations of the disease, new therapies target basic 
CFTR defects at the protein level. Our knowledge of the mechanism 
by which a mutation leads to a particular abnormal CFTR protein 

patients, how should providers go about selecting antibiotics and what 
is the optimal length of therapy? The latter question will be studied in 
a prospective clinical trial sponsored by the CFF (Patrick Flume, per-
sonal communication). In many cases, susceptibility data from recent 
and prior bacterial colonies isolated in sputum or BAL are still used to 
help determine antimicrobial choices. However, the combination of 
previous patient experience, drug toxicities and allergies, in addition 
to susceptibility data, should also be incorporated into making treat-
ment decisions of APE treatment.

Pharmacokinetics of many antibiotics differ in CF patients from 
those in normal hosts, largely because the volume of distribution and 
total body clearance are increased, particularly for hydrophilic antibi-
otics such as aminoglycosides, penicillins, and cephalosporins.161 This 
likely reflects malnourishment and decreased adipose tissue in CF 
patients. Generally, this requires larger starting doses of antibiotics 
such as the following:
• Tobramycin: 10 mg/kg IV every 24 hours
• Amikacin: 30 mg/kg IV every 24 hours
• Vancomycin: 45 to 60 mg/kg IV per day in three divided doses
• Piperacillin-tazobactam: 4.5 g IV every 6 hours (maximum 16 g/

day of piperacillin)
Increased doses are based primarily on pharmacokinetic consider-

ations. Clinical data supporting superiority of high doses are lacking, 
and therefore careful monitoring for toxicity and necessary dose 
adjustments should be made. Patients who develop APE receive treat-
ment directed at current or recent respiratory bacterial isolates. Patients 
who have chronic PA infection receive a combination of at least  
two antipseudomonal agents (e.g., tobramycin plus piperacillin—
tazobactam or ceftazidime) with the intent of minimizing emergence 
of resistance given high baseline bacterial density and treating sub-
populations of PA that may not have been identified on sputum sam-
pling. Patients chronically infected with S. aureus receive treatment 
directed at MSSA (cefazolin or nafcillin) or MRSA (vancomycin or 
linezolid). In addition, patients with acute pulmonary infections 
should be tested for respiratory viruses, especially during influenza 
season. Patients may develop noninfectious complications related to 
CF that need to be considered in the differential diagnosis of APE,  
such as hemoptysis, pneumothorax, lobar atelectasis, and pulmonary 
embolism.

The negative impact of chronic infection with PA on CF patients 
and the benefit of delaying chronic acquisition have led to investiga-
tions to identify and treat early infection with PA and improve efficacy 
of eradication protocols as discussed earlier. The largest of these trials 
is the randomized Early Pseudomonas Infection Control (EPIC) study 
investigating four separate treatment arms97-100 discussed earlier. No 
significant differences in clinical or microbiologic outcomes among the 
various courses were found, but the EPIC study has led to more accep-
tance of eradication as a strategy. Subsequent studies have confirmed 
the decrease in PA recurrence after early identification, but this prac-
tice has not necessarily led to decreased hospitalization rates when 
compared with less aggressive protocols predating the EPIC trial.100 
Caregivers continue to aggressively treat patients with new-onset PA, 
but treatment regimens continue to vary despite the EPIC data.

Once-daily aminoglycoside administration was widely adopted 
after the results of the TOPIC study.162 Once-daily administration of 
tobramycin (10 mg/kg/day) was shown to be as efficacious as a three-
times-daily regimen in treating pulmonary exacerbations and less 
nephrotoxic. It is not clear if there is increased risk for sensorineural 
hearing loss in CF patients exposed to topical or inhaled aminoglyco-
sides, and once-daily dosing is currently under further examination.163

A recent study has raised concerns regarding the co-administration 
of azithromycin and tobramycin. A study looking at PA-associated 
cutaneous thermal injuries led to the observation that azithromycin 
reduced the antimicrobial activity of tobramycin.164 This antagonism 
was not demonstrated with ciprofloxacin. A recent study looked at the 
change in lung function, as well as time to subsequent antibiotic 
requirement, quality of life (as measured by CFQ-R RSS), and change 
in sputum PA density.165 The data for the study were based on the 
Gilead Sciences randomized comparator trial involving 268 patients 
comparing the inhaled aztreonam lysine to TIS.166 In vitro data sug-
gested a potential drug-drug interaction between tobramycin and 
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As part of their pretransplant evaluation, all recent respiratory tract 
bacterial isolates are taken into consideration in preparing a tailored 
perioperative antimicrobial regimen. Similar to pretransplant treat-
ment of APE, two antipseudomonal antibacterials are administered 
perioperatively. If patients are chronically infected with multidrug-
resistant PA strains (susceptible only to colistin), we typically admin-
ister a recent regimen that was associated with clinical improvement 
or stabilization, even if it does not contain colistin. This antibacterial 
regimen is continued for 2 to 3 weeks postoperatively and is adjusted 
based on day-of-transplant bronchial cultures obtained from the recip-
ient and donor. In addition, we give antibacterial prophylaxis for 
MRSA and continue treatment for 4 weeks if MSSA or MRSA is iso-
lated on day-of-transplant cultures. All patients receive inhaled colistin 
or tobramycin during their initial hospitalization to minimize the risk 
of anastomotic site infection.

A majority of lung transplant centers adopted “universal” pro-
longed voriconazole prophylaxis when this antifungal was approved in 
2002. Although this has probably led to lower incidence of fungal 
disease, most chronic toxicities of voriconazole use have been described 
in this population, especially phototoxicity, and periostitis probably 
from voriconazole-associated fluorosis. Analysis of fungal disease epi-
demiology in lung transplant patients at our center pointed to the fact 
that most fungal disease was related to perioperative contamination 
with Candida and Aspergillus and not a result of increased immuno-
suppression. Given these data, we implemented a “targeted” strategy 
in which all patients receive micafungin as part of their perioperative 
antimicrobial regimen beginning with induction of anesthesia and 
continued for 7 to 10 days. Patients also receive inhaled amphotericin 
twice daily during their initial hospitalization if they receive treatment 
for acute rejection. Once the explant pathology and day-of-transplant 
cultures are available, patients who had positive cultures for yeast or 
molds are treated with fluconazole or voriconazole depending on the 
fungal species identified and their susceptibilities, and this is continued 
for 3 to 6 months.192 Patients whose cultures remain negative go home 
without any systemic antifungal. With this strategy, approximately  
10% of transplanted patients go home on voriconazole, and the inci-
dence of fungal disease is comparable to centers that use “universal” 
strategies.193 M. abscessus infection in patients who undergo lung trans-
plantation is infrequent but highly problematic.194 We continue TMP-
SMX prophylaxis for life as Pneumocystis jirovecii and antibacterial 
prophylaxis.

Given infection control measures in place and younger age, CF 
patients tend to be cytomegalovirus (CMV) seronegative (R−) and are 
thus at higher risk of CMV disease when receiving lungs from CMV 
seropositive donors (D+). The most common approach is to use val-
ganciclovir prophylaxis for at least 1 year for patients who are CMV 
D+/R−, but 6 months of prophylaxis is likely sufficient for patients who 
are CMV R+.195,196 Similarly, CF patients may be Epstein-Barr virus 
(EBV) seronegative at time of lung transplant. This confers a high risk 
(≥50%) of EBV-associated post-transplant lymphoproliferative disease 
if they receive lungs from an EBV-seropositive donor.

Post-transplantation lungs no longer contain CFTR-affected cells, 
but other CFTR-affected mucosal surfaces remain. Management of 
chronic sinusitis and polyposis associated with CF needs to continue 
after transplantation. Sinusal chronic infections remain a reservoir for 
CF-associated bacteria. This requires judicious interpretation of cul-
tures obtained during surveillance bronchoscopies because cultures 
may represent oral or sinus contamination at the time of the proce-
dures. Although some centers treat all BAL isolates, we do not pursue 
treatment of positive cultures in the absence of lung parenchymal or 
compatible respiratory symptoms.

expression or lack of it has led to mutation-specific therapies. G551D, 
a mutation shared by just over 4% of CF patients, results in a gating 
defect or class III mutation.2 The small molecule ivacaftor (corrector) 
was shown to correct the mutated CFTR protein on the cell surface.181 
A 48-week randomized, double-blind, placebo-controlled trial demon-
strated significant improvements in lung function (FEV1) and BMI, 
along with reduction in respiratory symptoms based on the CFQ-R RSS, 
APE, and sweat chloride.182

After promising data from a phase 2 clinical trial of ivacaftor in 
combination with VX-809, a potentiator molecule to “chaperone” the 
misfolded protein resulting from CFTR mutation F508del, the most 
common mutation causing CF, two international phase 3 clinical trials 
are under way. With the successes of ivacaftor, many other small mol-
ecule CFTR modulators (e.g., PTC124, VX-661) are showing promise 
and are in various phases of clinical trials. These therapies will not 
reverse damaged, bronchiectatic lungs with children, and those with 
mild disease are likely to experience the biggest impact on morbidity 
and mortality. The reduced rate of disease progression for those with 
moderate and severe lung disease provides an opportunity to study the 
change in microenvironment and ASL of the lung and its impact on 
bacteria infecting the airways.

Unpublished data from G551D Observational Study (GOAL) 
involving patients with CFTR mutation G551D who received ivacaftor 
reveal a potential association with decreased PA culture positivity.183 
The impact on CFTR and alteration in the microenvironment of the 
airway may be playing a role, but antimicrobial properties of ivacaftor 
may also be implicated.184 Ivacaftor has a quinoline ring similar in 
structure to the quinolone antibiotics and demonstrated antimicrobial 
activity via reduced bioilluminescence of bacteria such as S. aureus 
and PA. These properties were enhanced in combination with other 
antibiotics.

Infection Control
Transmission of pathogens among patients is a significant concern for 
CF centers and their patients. The CFF Consensus Conference on 
Infection Control Practices published recommendations in 2003 to 
help prevent patient-to-patient transmission.185 Updated guidelines are 
planned for 2014.186 Their suggestions apply to not only ambulatory 
clinics and inpatient settings but also nonhealthcare environments. 
Acquisition of new CF pathogens may come from the environment, 
but transmission from direct and indirect contact with CF patients has 
been demonstrated.187 Outbreaks have involved PA, Burkholderia 
species, MSSA and MRSA, Achromobacter, M. abscessus, and others.188 
Recent studies show aerosolized PA particles travel greater than 3 feet 
and can survive on surfaces for more than 2 hours.189-191 Contact pre-
cautions and isolating hospitalized and ambulatory patients remain 
mainstay measures.

Lung Transplantation
Lung transplantation is a treatment option for CF patients who develop 
end-stage lung disease, and successful transplantation is associated 
with an increased quality of life and probably increased life expectancy. 
Here we comment on infectious disease considerations relevant to CF 
patients who undergo lung transplantation.

Lung transplantation is a contaminated surgery, especially in 
patients with CF, in which airway and pulmonary secretions are 
expected to spill into the chest cavity during surgery. Bilateral lung 
transplantation is the norm for these patients. Most early infections in 
lung transplant recipients are surgical site infections involving the 
pleural space, fractured ribs or soft tissue, and more rarely anastomotic-
site infections.
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74  Urinary Tract Infections
Jack D. Sobel and Donald Kaye

D  Urinary Tract Infections

Pathologic Characteristics
•	 With	acute	pyelonephritis	there	is	suppurative	

necrosis	or	abscess	formation.
•	 With	chronic	pyelonephritis	there	is	uneven	

scarring.
•	 With	papillary	necrosis	one	or	more	pyramids	

may	slough.

Pathogenesis
•	 Most	urinary	tract	infections	(UTIs)	are	the	

result	of	retrograde	ascending	infection,	
consequent	to	numerous	behavioral	factors.

•	 Because	of	efficient	host	defense	mechanisms,	
bacterial	pathogens	capable	of	causing	UTIs	
(uropathogens)	are	selected	by	virtue	of	
genetically	determined	virulence	factors.

•	 Virulence	factors	facilitate	microorganism	
persistence	in	the	urinary	tract.

•	 Virulence	factors	include	adhesins,	bacterial	
capsules,	aerobactin,	cytotoxic	necrotizing	
factors,	hemolysins,	and	siderophore	receptors.

•	 In	functional	and	structurally	compromised	
urinary	tracts,	there	is	reduced	requirement		
for	virulence	factors	in	order	to	produce	
infection.

Host Defenses
•	 Nonimmune	mechanisms,	especially	

antibacterial	activity	of	urine,	shearing	force	of	
micturition,	and	urine	flow,	are	highly	effective	
in	reducing	UTI	frequency.

•	 Adaptive	immunity,	both	antibody-	and	
cell-mediated	mechanisms,	have	a	limited	
protective	role.

•	 Innate	immunity	based	on	uroepithelial	cells	
and	response	to	adherent	microbes	reflects	a	
complex	recognition	and	reactive	
proinflammatory	response	consisting	of	
multiple	cytokines	and	inflammatory	cells.

•	 Protective	cytokine	response	is	genetically	
determined	and	influences	outcome	spectrum	
from	asymptomatic	bacteriuria	to	suppurative	
renal	disease.

•	 Genetic	susceptibility	to	UTI	is	still	minimally	
recognized	and	understood.

Epidemiology and Natural History
•	 Escherichia	coli	is	the	most	common	infecting	

organism.
•	 Resistant	E.	coli	and	other	resistant	bacteria	

are	increased	in	health	care–related	infection	
compared	with	community	infection.

•	 Resistant	bacteria	are	increased	in	complicated	
UTI.

•	 Asymptomatic	bacteriuria	is	common	and	of	
little	consequence	except	in	a	few	groups.

•	 UTIs	occur	in	1%	to	2%	of	infants,	about	5%	
of	girls,	and	0.5%	or	less	of	boys.

•	 Renal	damage	is	related	to	vesicoureteral	
reflux,	which	occurs	in	30%	to	50%	of	
preschool	children	with	infection;	structural	or	
functional	obstruction	also	causes	damage.

•	 UTIs	are	much	more	common	in	women	than	
men	and	are	most	often	asymptomatic.

•	 Up	to	60%	of	women	have	symptomatic	UTIs	
during	their	lifespan,	and	10%	of	women	have	
UTIs	each	year.

•	 Two	to	five	percent	of	women	have	recurrent	
UTIs	with	a	genetic	predisposition.

•	 UTI	in	men	is	uncommon	but	often	associated	
with	structural	or	functional	abnormality.

•	 Renal	infection	rarely	causes	end-stage	renal	
disease	without	other	underlying	disease.

Diagnosis
•	 Urine	dipsticks	for	pyuria	and	bacteriuria	are	

useful	screening	tests.
•	 A	negative	test	for	pyuria	makes	UTI	unlikely.
•	 Negative	tests	for	bacteriuria	are	common	in	

UTI	because	of	low	titers	of	bacteria.
•	 Two	urine	cultures	with	greater	than	or	equal	

to	105	of	the	same	uropathogen/mL	urine	are	
required	for	diagnosis	of	asymptomatic	
bacteriuria.

•	 One	culture	with	102/mL	or	more	of	a	
gram-negative	bacillary	uropathogen	is	
diagnostic	in	symptomatic	UTI.

•	 One	third	of	young	women	with	cystitis	have	
fewer	than	105	bacteria/mL	urine.

Management and Treatment (see	
Table	74-6)
•	 All	symptomatic	UTI	is	usually	treated	for	

relief	of	symptoms.
•	 Most	asymptomatic	infection	should	be	neither	

sought	nor	treated	because	of	lack	of	benefit;	
exceptions	are	pregnancy	and	those	who	are	
to	have	traumatic	urologic	procedures.	
Controversial	exceptions	are	some	young	
children	and	after	renal	transplantation.

•	 Nonantimicrobial	prevention	measures	are	
directed	at	reinfections	and	reducing	risk	
factors.	They	include	avoidance	of	spermicidal	

jellies	and	catheterization	and	investigational	
use	of	estrogens,	cranberry	products,	and	
probiotics.

•	 Treatment	for	infants	younger	than	3	months	
involves	a	β-lactam	and	aminoglycoside	
intravenously.

•	 Treatment	for	infants	older	than	3	months	is	as	
mentioned	above	for	those	seriously	ill	and	oral	
β-lactam	or	trimethoprim-sulfamethoxazole	for	
others.

•	 Treatment	for	acute,	uncomplicated	
pyelonephritis	in	nonpregnant	women	is	a	
urine	culture	and	then	fluoroquinolone.

•	 Treatment	for	uncomplicated	cystitis	in	women	
is	short-course	therapy	with	nitrofurantoin,	
trimethoprim-sulfamethoxazole,	fosfomycin,	
pivmecillinam,	or	fluoroquinolone.

•	 Treatment	for	complicated	UTI	is	urine	culture	
and	then	fluoroquinolone.	Cystitis	
nitrofurantoin	and	fosfomycin	are	options.

•	 Treatment	of	relapses	is	prolonged	therapy	or	
chronic	suppression.	Complicated	UTI	or	
prostatitis	is	possible.

•	 Reinfections	can	be	self-treated	per	episode	or	
prevented	using	single-dose	prophylaxis	for	
intercourse	or	long-term	prophylaxis.

Pregnancy
•	 Asymptomatic	bacteriuria	of	pregnancy	requires	

therapy	and	post-treatment	surveillance	to	
reduce	the	risk	of	maternal	pyelonephritis,	
hypertension,	and	preterm	delivery.

•	 UTI	treatment	options	are	reduced	given	lack	
of	availability	of	quinolones,	tetracyclines,	and	
sulfonamides	(at	term)	as	treatment	options.

Imaging
•	 The	ever-improving	quality	and	availability	of	

renal	ultrasonography	has	facilitated	the	
diagnosis	of	renal	complications	and	
underlying	urologic	abnormalities.	Excretory	
urography	(intravenous	pyelography)	has	fast	
disappeared,	replaced	by	computed	
tomography	scan	and	magnetic	resonance	
imaging	examinations.

•	 The	use	of	imaging	studies	in	infants	and	
preschool	children	with	febrile	UTIs	remains	
controversial	with	reduced	reliance	on	
cystourethrography	and	the	preference	shifting	
to	a	“top-down”	approach	selecting	children	
who	would	most	benefit	from	investigation.

SHORT VIEW SUMMARY
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ureteral obstruction. Intrarenal abscess may result from bacteremia or 
be a complication of severe pyelonephritis. Perinephric abscess occurs 
when microorganisms from the renal parenchyma or blood are depos-
ited in the soft tissues surrounding the kidneys. Acute lobar nephronia, 
also called acute focal bacterial nephritis, is edema and inflammation 
without liquefaction of one infected kidney lobe in a patient with the 
clinical syndrome of acute pyelonephritis.

PATHOLOGIC CHARACTERISTICS3

Acute Pyelonephritis
In severe acute pyelonephritis, the kidney is somewhat enlarged, and 
discrete, yellowish, raised abscesses are apparent on the surface. The 
pathognomonic histologic feature is suppurative necrosis or abscess 
formation within the renal substance.

Chronic Pyelonephritis (Chronic 
Interstitial Nephritis)
In chronic pyelonephritis, one or both kidneys contain gross scars, but 
even when involvement is bilateral, the kidneys are not equally 
damaged. This uneven scarring is useful in differentiating chronic 
pyelonephritis from diseases that cause symmetrical contracted 
kidneys (e.g., chronic glomerulonephritis). There are inflammatory 
changes in the pelvic wall with papillary atrophy and blunting. The 
parenchyma shows interstitial fibrosis with an inflammatory infiltrate 
of lymphocytes, plasma cells, and occasionally neutrophils (Fig. 74-1). 
The tubules are dilated or contracted, with atrophy of the lining epi-
thelium. Many of the dilated tubules contain colloid casts, which 
suggest the appearance of thyroid tissue (“thyroidization” of the 
kidney). There is also concentric fibrosis about the parietal layer of 
Bowman’s capsule (termed periglomerular fibrosis) and vascular 
changes similar to those of benign or malignant arteriolar sclerosis.

Many studies have found little correlation between these pathologic 
findings and evidence for past or present UTI. Clearly, a better term 
for this pathologic entity would be chronic interstitial nephritis to 
encompass all the clinical states that can cause these changes. To 
incriminate infection as the sole cause of chronic interstitial nephritis, 
one needs evidence of past or present UTI and the absence of any other 
condition that can cause the pathologic picture of chronic interstitial 
nephritis. These criteria are seldom met and, even if they are, it is 
frequently impossible to establish whether infection is complicating 
interstitial nephritis of some unrecognized cause.

Papillary Necrosis Caused by Infection
Frequently both kidneys are affected, and one or more pyramids may 
be involved (Fig. 74-2). The pyramids are replaced by wedge-shaped 
areas of yellow necrotic tissue, with the base located at the corticome-
dullary junction. As the lesion progresses, a portion of the necrotic 
papilla may break off, producing a calyceal deformity that results in a 
recognizable radiologic filling defect. The sloughed portion may be 

Bacteriuria is a frequently used term and literally means “bacteria in 
the urine.” The probability of the presence of infected urine in the 
bladder can be ascertained by quantifying the numbers of bacteria in 
voided urine or in urine obtained via urethral catheterization. Signifi-
cant bacteriuria is a term that has been used to describe the numbers 
of bacteria in voided urine that usually exceed the numbers caused by 
contamination from the anterior urethra (i.e., ≥105 bacteria/mL). The 
implication was that in the presence of at least 105 bacteria/mL of urine, 
infection must be seriously considered and that with less than 105/mL, 
infection was unlikely. The 105 criterion was of significance historically. 
Currently it is of value only for diagnosing asymptomatic bacteriuria, 
which is important to treat in only limited circumstances.

TERMINOLOGY
The term cystitis has been used to describe the syndrome involving 
dysuria, frequency, urgency, and occasionally suprapubic tenderness. 
However, these symptoms may be related to lower tract inflammation 
without bacterial infection and can be caused by urethritis (e.g., gonor-
rhea, chlamydial urethritis). Furthermore, the presence of symptoms 
of lower tract infection without upper tract symptoms by no means 
excludes upper tract infection, which may also be present.

Acute pyelonephritis describes the clinical syndrome characterized 
by flank pain, tenderness, or both, and fever, often associated with 
dysuria, urgency, and frequency. However, these symptoms can occur 
in the absence of infection (e.g., in renal infarction or renal calculus). 
A more rigorous definition of acute pyelonephritis is the previously 
described syndrome accompanied by an indication of acute infection 
in the kidney.

Uncomplicated urinary tract infection (UTI) refers to infection in a 
structurally and neurologically normal urinary tract. The generally 
accepted definition of complicated UTI includes infection in the pres-
ence of factors that predispose to persistent or relapsing infection, such 
as foreign bodies (e.g., calculi, indwelling catheters or other drainage 
devices); obstruction; immunosuppression; renal failure; renal trans-
plantation; and urinary retention from neurologic disease.1,2 In addi-
tion, infection in men, pregnant women, children, and patients who 
are hospitalized or in health care–associated settings may be consid-
ered complicated. In the patient with complicated infection, infecting 
microorganisms are more likely to be resistant to antimicrobial agents. 
Recurrences of UTI may be relapses or reinfections. Relapse of bacte-
riuria refers to a recurrence of bacteriuria with the same infecting 
microorganism that was present before therapy was started. This is 
caused by the persistence of the organism in the urinary tract. Reinfec-
tion is a recurrence of bacteriuria with a microorganism different from 
the original infecting bacterium. It is a new infection. Reinfection may 
occur with the same microorganism, which may have persisted in the 
vagina or feces. This can be mistaken for a relapse.

The term urosepsis is commonly used to describe the sepsis syn-
drome caused by UTI. It includes clinical evidence of UTI plus two  
or more of the following: (1) temperature >38° C or <36° C; (2) heart 
rate >90 beats/min; (3) respiratory rate >20/min or Paco2 <32 mm 
Hg; (4) white blood count >12,000/mm3, <4000/mm3, or >10% band 
forms.

The term chronic UTI has little meaning in many patients. True 
chronic infection should really mean persistence of the same organism 
for months or years with relapses after treatment. Reinfections do not 
mean chronicity any more than repeated episodes of pneumonia indi-
cate chronic pneumonia.

The term chronic pyelonephritis means different things to different 
authors. To some, chronic pyelonephritis refers to pathologic changes 
in the kidney caused by infection only. However, identical pathologic 
alterations are found in several other entities, such as chronic urinary 
tract obstruction, analgesic nephropathy, hypokalemic nephropathy, 
vascular disease, and uric acid nephropathy. Pathologic descriptions 
do not (and cannot) differentiate between the changes produced by 
infection versus those produced by these other entities.

Papillary necrosis from infection is an acute complication of pyelo-
nephritis, usually in the presence of diabetes mellitus, urinary tract 
obstruction, sickle cell disease, or analgesic abuse. Papillary necrosis 
can occur in the absence of infection in some of these conditions. The 
necrotic renal papillae may slough and cause unilateral or bilateral 

FIGURE 74-1  Chronic pyelonephritis. Tubules are filled with eosino-
philic  casts  and  surrounded  by  a  dense  infiltrate  of  lymphocytes  and 
plasma cells (arrow). 
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up the ureters, especially if vesicoureteral reflux is present, to the renal 
pelvis and parenchyma. Animal studies have also confirmed the 
importance of ascending infection. If bladder bacteriuria is established 
after unilateral ureteral ligation, only the unligated kidney develops 
pyelonephritis. Finally, studies have correlated intestinal carriage of 
urovirulent E. coli and susceptibility to UTIs in children.8

Hematogenous Route
Infection of the renal parenchyma by bloodborne organisms clearly 
occurs in humans. The kidney is frequently the site of abscesses in 
patients with Staphylococcus aureus bacteremia or endocarditis, or 
both. Experimental pyelonephritis can be produced by the intravenous 
(IV) injection of several species of bacteria and Candida.9 However, 
the production of experimental pyelonephritis by the IV route with 
gram-negative enteric bacilli, the common pathogens in UTI, is diffi-
cult. Additional manipulations, such as the creation of ureteral obstruc-
tion, are often necessary.9 It would appear that in humans, infection of 
the kidney with gram-negative bacilli rarely occurs by the hematoge-
nous route.

Lymphatic Route
Evidence for a significant role for renal lymphatics in the pathogenesis 
of pyelonephritis is unimpressive and consists of the demonstration of 
lymphatic connections between the ureters and kidneys in animals, as 
well as the fact that increased pressure in the bladder can cause lym-
phatic flow to be directed toward the kidney. Thus, it would seem that 
the ascending pathway of infection is the most important.

Urovirulence in Bacteria
Although UTIs are caused by many species of microorganisms, most 
are caused by E. coli. However, only a few serogroups of E. coli—01, 
02, 04, 06, 07, 08, 075, 0150, 018ab—cause a high proportion of infec-
tions. This has led to the concept of UPEC clones, or lineages, to dif-
ferentiate pathogenic populations from commensals, and clonal 
analysis has facilitated epidemiologic studies of the spread of antibiotic-
resistant clones of E. coli and identified environmental sources of E. 
coli, including households.10 Certain O, K, and H serotypes also cor-
relate with clinical severity, especially pyelonephritis. Accordingly, 
certain strains of E. coli are selected from the fecal flora by the presence 
of virulence factors that enhance both colonization and invasion of the 
urinary tract. Virulence factors allow evasion of host defenses and have 
the capability to produce disease. Cystitis and pyelonephritic E. coli 
isolates are genetically distinct, exhibiting differences in O, K, and H 
antigens. Genetic differences among uropathogens may be responsible 
for different clinical outcomes. Johnson and colleagues11 have con-
firmed that certain O, K, and H serotypes are associated with uroviru-
lence and with the presence and expression of multiple chromosomal 
virulence factor determinants. Virulence is a critical determinant of 
clinical presentation. Recognized virulence factors include increased 
adherence to vaginal and uroepithelial cells,12 resistance to serum bac-
tericidal activity, a higher quantity of K antigen in capsules (K1, K5, 
K12), the presence of aerobactin (iuc), cytotoxic necrotizing factor type 
1 (cnf), hemolysin (hly) production, and a siderophore receptor 
(iroN).12 A variety of bacterial toxins have been reported, including 
an α-hemolysin, which inhibits protective cytokine production by 
bladder epithelial cells, and the importance of extracellular polysac-
charide as a virulence factor has been suggested.13,14 Capsular polysac-
charide contributes significantly to bacterial survival by countering 
lytic effects of complement and phagocytes. Induction of indoleamine 
2,3-dioxygenase by UPEC attenuates innate response to uroepithelial 
cell invasion, facilitating colonization and establishment of infection. 
Genes for the various urovirulence factors are often duplicated in uro-
pathogens and frequently linked as large, multigene, chromosomal 
segments called pathogenicity islands, and are absent in coliforms 
found in normal fecal flora.15,16 Other virulence genes for E. coli UTI 
include usp coding a uropathogenic specific protein and iroN coding 
a catechol siderophore receptor homologue.17 All uropathogens are 
able to use urine as a growth medium. Urine is, however, an incomplete 
growth medium; hence, the synthesis of one or more nutritional factors 
by UPEC is essential. Bacterial synthesis of guanine, arginine, and 
glutamine is required for optimal growth in urine.18

voided and, in some cases, can be recovered from the urine. Micro-
scopically, edema is initially seen in the interstitium. Eventually, the 
lesion resembles an infarct with coagulation necrosis involving the 
entire pyramid. The collecting tubules are filled with bacteria and poly-
morphonuclear leukocytes.

PATHOGENESIS OF URINARY 
TRACT INFECTION
UTIs occur as a result of the interaction of bacterial virulence and host 
biologic and behavioral factors, superceding highly efficient host 
defense mechanisms. There are three possible routes whereby bacteria 
can invade and spread within the urinary tract: the ascending, hema-
togenous, and lymphatic pathways.

For a discussion of catheter-associated UTIs, see Chapter 304.

Ascending Route
The urethra is usually colonized with bacteria. Studies using suprapu-
bic puncture techniques have revealed the occasional presence of small 
numbers of microorganisms in the urine of uninfected persons. 
Massage of the urethra in women and sexual intercourse can force 
bacteria into the female bladder. Condom use may heighten the trau-
matic effects. Furthermore, just one catheterization of the bladder 
results in UTI infection in about 1% of ambulatory patients,4 and infec-
tion develops within 3 or 4 days in essentially all patients with indwell-
ing catheters with open drainage systems. Both the contraceptive 
diaphragm with nonoxynol-9 contraceptive jelly in women and the 
condom catheter in men have been shown to predispose to infection.5 
Studies have implicated the spermicide rather than the diaphragm. 
Spermicides increase colonization of the vagina with uropathogens. 
Although the dominant Lactobacillus vaginal flora are more sensitive 
to nonoxynol-9 than Escherichia coli, it has not been proved that the 
high coliform presence in nonoxynol-9 users is caused by a loss of 
lactobacilli. Spermicide use also increases adherence of E. coli to 
vaginal epithelial cells.5 Estrogen deficiency is now recognized as a 
predisposing factor to recurrent UTIs in postmenopausal women 
because of consequent vaginal flora changes with loss of protective 
lactobacilli, which are replaced by coliforms and other uropathogens.6 
As with younger women, recent sexual intercourse is strongly associ-
ated with incident UTIs in postmenopausal women.7 Uropathogenic 
E. coli (UPEC) is not infrequently shared between heterosexual sex 
partners.

The fact that UTI is much more common in women than in men 
gives support to the importance of the ascending route of infection. 
The female urethra is short and is in proximity to the warm, moist, 
vulvar and perianal areas, making contamination likely. It has been 
shown that the organisms that cause UTI in women colonize the 
vaginal introitus and the periurethral area before urinary infection 
results. Once within the bladder, bacteria may multiply and then pass 

FIGURE 74-2  Necrotizing papillitis (papillary necrosis) complicat-
ing acute pyelonephritis in a diabetic patient.  The  pelvis  is  hemor-
rhagic. Note large and irregular defects. (Courtesy Dr. M. Bergeron.)
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colon and spread to the perineum. Although relatively resistant to 
phagocytosis by neutrophils, E. coli with P fimbriae paradoxically 
enhance the host inflammatory response after engaging Toll-like 
receptor 4 (TLR4) by inducing the elaboration of proinflammatory 
cytokines.23,24 Neutrophils lack receptors for P fimbriae. P-fimbriated 
E. coli dominates as a cause of pyelonephritis and urosepsis and espe-
cially among blood isolates; nevertheless, downregulation of P fimbriae 
expression may occur in the bacteria when they are in the kidney, 
hence facilitating parenchymal persistence.25 Limited studies have 
indicated that there is a potential for the development of P fimbriae–
containing vaccines. In the mouse model of pyelonephritis, antibodies 
directed against P fimbriae that block bacterial adherence to uroepi-
thelial cells in vitro prevent upper tract infection in vivo. With the same 
model, a vaccine using P fimbriae demonstrated some encouraging 
results; however, no progress in humans has followed.

Type I Fimbriae
Binding of E. coli to mannose-containing host epithelial receptors, 
glycoproteins uroplakin I and II, is universal in UPEC strains and is 
essential for establishment of cystitis.26 In fact, strains from cystitis 
patients are more likely to bind than those from pyelonephritis patients. 
Fimbriae attaching to mannosylated proteins via FimH subunits are 
the common type 1 fimbriae (pili), and attachment is inhibited in the 
presence of mannose (MS, mannose sensitive). Type 1 fimbriae bind 
mannose epitopes on secreted glycoproteins such as secretory IgA and 
urinary mucus, Tamm-Horsfall protein (THP), bladder uroplakin 
protein, integrins, and fibronectin.27 Type 1 fimbriae are encoded by 
the pil or fim gene cluster, including nine genes that encode structural 
and regulatory proteins.28 The gene fimA encodes the fimbrial subunit 
protein, which can be expressed independently of the fimH-encoded 
adhesin protein.29 The fim DNA sequences encoding type 1 fimbriae 
occur in most clinical isolates; consequently, epidemiologic evidence 
of an association between type 1 fimbriae and the site or severity of 
infection is more difficult to obtain. Expression of type 1 fimbriae is 
not especially prevalent among pyelonephritogenic strains. Clinical 
correlation in childhood, use of human bladder epithelial lines, and 
experimental animal studies have correlated type 1 fimbriae with per-
sistence of E. coli in the urinary tract, and the use of a fimH null mutant 
of a type 1–positive E. coli isolate resulted in rapid elimination of the 
mutant from the urinary tract. Adherent bacteria multiply into biofilm-
like inclusions known as intracellular bacterial communities or enter a 
quiescent phase for later reemergence. Organisms may be relatively 
protected from host immune defense, and this is hypothesized to con-
tribute to clinical relapse. Similarly, clinical correlations in childhood 
urinary infections suggest that type 1 fimbriae contribute to virulence 
in the urinary tract when expressed in the background of a fully viru-
lent uropathogen. Paradoxically, fimH also promotes adhesion to 

Adhesins
Fimbriae
Adhesive properties of bacteria influence the selection of bacteria 
capable of colonizing the colon8,19 and reaching and colonizing the 
normal urinary tract, and they influence the anatomic level of infection 
in the urinary tract (Table 74-1). Accordingly, bacteria with enhanced 
adherence to vaginal and periurethral cells would be selected to colo-
nize the anatomic regions adjacent to the urethral orifice. E. coli pyelo-
nephritis isolates adhere better than E. coli cystitis isolates, and urinary 
isolates tend to adhere more strongly to uroepithelial cells than random 
fecal E. coli isolates. The adhesins of UPEC exist as filamentous surface 
organelles termed pili or fimbriae or as nonfilamentous proteins in the 
outer membrane (see Chapter 220). Numerous uropathogenic strains 
adhere in the absence of fimbriae.

P Fimbriae
The binding of E. coli to epithelial cell receptors containing globoseries 
glycosphingolipid accounts for the attachment of most strains causing 
kidney infection and is not inhibited by mannose; this binding is called 
MR for mannose resistant. Fimbriae attaching to globoseries receptors 
are termed P fimbriae because the receptor is a constituent of the P 
blood group antigen complex present in human erythrocytes and uro-
epithelial cells. The glycosphingolipids, synthesized by specific glycos-
yltransferases, are components of the glycocalyx surrounding epithelial 
cells and consist of an oligosaccharide moiety on the cell surface cova-
lently linked to a lipid position embedded in the outer leaflet of the 
plasma membrane. Glycosphingolipases are highly specific to a given 
host and play an important role in determining tissue tropism for 
microbial pathogens and an individual host’s susceptibility to UTIs. 
The globoseries glycosphingolipid receptors (Gal-Gal) are distributed 
throughout the urinary tract, particularly in the kidney.

P fimbriae are frequently present in uropathogens; they augment 
the virulence of UPEC at different stages of infection, including 
remaining longer in the intestinal tract and spreading more efficiently 
to the urinary tract for purposes of colonizing and producing ascend-
ing infection.8,20 Once in the urinary tract, P-fimbriated strains adhere, 
persist, and, despite enhancing epithelial cytokine response, invade the 
kidney and induce bacteremia.20 P fimbriae invariably show the stron-
gest association to acute disease severity with 90% or more of acute 
pyelonephritis-causing strains, but less than 20% of asymptomatic car-
riers express this phenotype. The pap gene EFG sequences encode the 
adhesin complex. Three molecular variants of PapG adhesin, encoded 
by PapG alleles I through IV, exhibit subtle receptor-binding prefer-
ences influencing the clinical outcome. Allele class II predominates 
among strains causing pyelonephritis and bacteremia, and class III 
allele is more commonly found in children and women with cystitis.21,22 
P fimbriae confer enhanced ability of UPEC clones to colonize the 

TABLE 74-1  Uropathogenic Escherichia coli Adhesins and Corresponding Epithelial Receptors

ADHESIN GENETIC SEQUENCE RECEPTOR COMMENTS
Type 1 fimbriae (MS) Pil, fimH, fimB, fimE Mannosylated proteins on epithelial cells 

(uroplakin Ia) and PMNs
Bind to THP and SIgA

P fimbriae (MR) papG (class Ia) Gal-α 1-4 (P blood group antigen) Rare

(papGJ96)

papGAP (class II) Strongly associated with pyelonephritis and 
bacteremia

(papGIA2)

papG (class III) Cystitis; predominates among patients with 
urinary tract abnormalities and males

(prsGJ96)

S/F1C fimbriae (MR) Sfa/fac Sialyl-(α-2-3) galactoside Adherence inhibited by THP

Type 1c (MR) Foc Undetermined Possibly associated with pyelonephritis

G fimbriae (MR) Terminal N-acetyl-D-glucosamine

M fimbriae (MR) Galactose-N-acetyl-galactosamine

Type 3 fimbriae (mrkABCDF) Blood group M (glycophorin A) Contribute to biofilm formation; E gene 
present in 16% of first-time cystitis isolates

Dr family (fimbriated 
and nonfimbriated)

Drb operon; adhesin (E gene); 
AfaE1-5; AfaF 

Dr blood group antigen component of DAF 
(decay accelerating factor) and type IV collagen

MR, mannose-resistant; MS, mannose-sensitive; PMN, polymorphonuclear neutrophil; SIgA, secretory immunoglobulin A; THP, Tamm-Horsfall protein.
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proteolytic toxin Sat elaboration.36 Trimethoprim-sulfamethoxazole, 
extensively used to prevent urinary infection, reduces the synthesis, 
expression, and adhesive function of type 1 fimbriae at concentrations 
well below the minimal inhibitory concentration. The importance of 
adherence as a virulence factor is not complete without consideration 
of the role of the host. A difference in receptor density and specificity 
linked to a difference in genetic susceptibility to infection has been 
proposed. In women and children with recurrent UTI, an increased 
avidity of bacterial attachment to vaginal, periurethral, and uroepithe-
lial cells has been found. However, some authors have failed to cor-
roborate these findings.

Other Virulence Factors of Uropathogenic  
E. coli
Certain other characteristics of bacteria may be important in the pro-
duction of upper tract infection. Motile bacteria can ascend in the 
ureter against the flow of urine, and the toxins of uropathogenic gram-
negative bacilli have been shown to decrease ureteral peristalsis and 
possibly contribute to the renal parenchymal inflammatory response 
by phagocytic cell activation.37 As a general principle, UPEC promotes 
a more intense inflammatory response through greater activation of 
the innate immune system, resulting in symptomatic urinary tract 
inflammation. In Proteus spp., the production of urease by infecting 
microorganisms has been correlated with the ability to cause pyelone-
phritis. The presence of K capsular antigen protects bacteria from 
leukocyte phagocytosis. Most uropathogenic strains produce hemoly-
sin, which facilitates tissue invasion and causes renal tubular epithelial 
and parenchymal cell damage, possibly making iron available to invad-
ing E. coli. The hemolysin gene is frequently located adjacent to genes 
encoding for serum resistance and sialic acid–specific (S) fimbriae, but 
the pathogenic role of hemolysis in pyelonephritis remains controver-
sial. Aerobactin, an iron-scavenging protein or siderophore, is present 
with increased frequency in uropathogenic strains of E. coli.12 Iron 
acquisition systems are often found in uropathogenic E. coli, presum-
ably because conditions in the bladder are iron poor. Uropathogenic 
E. coli strains contain a greater number of iron acquisition systems than 
fecal or commensal strains, which is reflective of the adaptation to the 
iron-limiting urinary tract environment. Genes have been identified 
that encode for these virulence factors: hlya (encoding hemolysin), 
cnf1 (encoding cytotoxic necrotizing factor 1), and iutA (encoding 
aerobactin receptor). Cytotoxic necrotizing factor (CNF)-1 has been 
associated with UTIs and prostatitis in clinical epidemiologic studies 
and causes pronounced bladder inflammation in animal models.38 
Iron-regulated gene homologue adhesins (Iha), an outer membrane 
protein encoded by iha, was recently shown to be a virulence factor in 
a mouse model of UTI.39 Recent studies have indicated a fitness advan-
tage for flagellated E. coli in mouse models of UTI facilitatory coloniza-
tion. Of note, E. coli strains causing asymptomatic bacteriuria appear 
to have lost their ability to express functional virulence associated 
genes.40

UPEC strains frequently downregulate responding neutrophil 
activity, hence evading the dominant acute immune response (i.e., 
suppressing neutrophil trans-epithelial movement and therefore 
recruitment), providing an important advantage for establishing infec-
tion. Additionally, UPEC resists phagocytic killing and dampens pro-
duction of antibacterial reactive oxygen species by neutrophils. 
Downregulation is achieved by reduced expression of polymorpho-
nuclear neutro phil (PMN) genes.

The greater the number of organisms delivered to the kidneys, the 
higher the chance of producing infection. The kidney itself is not uni-
formly susceptible to infection because few organisms are necessary to 
infect the medulla, whereas 10,000 times as many are necessary to 
infect the cortex. The greater susceptibility of the medulla may be 
caused by the high concentration of ammonia, which may inactivate 
complement, and by poor chemotaxis of PMNs into an area of high 
osmolality, low pH, and low blood flow.

HOST DEFENSE OF THE URINARY 
TRACT
With the exception of urethral mucosa, the normal urinary tract is 
resistant to colonization by bacteria and, for the most part, efficiently 

phagocytic cells that should presumably result in early bacterial clear-
ance because of enhanced intracellular killing. In fact, antibody-
opsonized and internalized type 1 fimbriae–bearing E. coli are rapidly 
killed. This is likely to occur within renal parenchyma, and hence type 
1–fimbriated E. coli are programmed to shed their fimbriae on reaching 
the renal pelvis. In contrast, E. coli internalized only by a type 1 fimbrial 
mechanism survives intracellularly within the phagocyte, resulting in 
parasitism. Once inside the macrophage, the bacterium is safe from 
antibiotic assault, only to emerge later and possibly contribute to the 
relapse of bacteriuria. Bacterial adherence to urinary catheters is also 
type 1 fimbriae dependent. Type 1 fimbriae–mediated attachment to 
mast cells and lymphocytes results in further release of cytokines, 
causing cell proliferation and secretion of antibodies.

Studies have demonstrated that P and type 1 fimbriae are inversely 
and coordinately regulated in individual strains, explaining how invad-
ing bacteria adapt extemporaneously and sequentially to different envi-
ronmental conditions prevalent in the human urogenital tract (e.g.,  
P fimbrial expression downregulates type 1 fimbrial expression).30 Type 
3 fimbriae in UPEC are thought to contribute to biofilm formation and 
to be important in urethral catheter infections.31

Other Adhesins
In addition to type 1 and P fimbriae, various adhesins, including S  
(7% of uropathogenic strains), type 1c, G, Dr fimbriae, and M and X 
adhesins,32 with differing molecular binding specificities and serologic 
properties, have been identified on UPEC and are expressed in vivo in 
urine (see Table 74-1). S fimbriae bind sialic acid epitopes present in 
renal sialylated lipoproteins.The Dr hemagglutinin family includes 
fimbrial and nonfimbrial adhesins. Four genes (draA,B,C,D) encoding 
the structural proteins and adhesins of the fimbriae have been identi-
fied. The adhesins bind to the Dr blood group antigen component of 
decay-accelerating factor, which is widely distributed along the urinary 
tract and mediates cellular invasion.33 Dr-expressing uropathogens are 
of relatively low invasive potential and demonstrate low multiplication 
rates; however, Dr-positive E. coli persists in renal infections and may 
play a role in chronic pyelonephritis and interstitial nephritis.32 Type 1 
pili and the Dr adhesin have been linked to bladder epithelial cell inva-
sion and intracellular persistence by UPEC. A significant number of 
recurrent UTIs are caused by the same bacterial strain isolated from 
the original infection, suggesting possible reemergence of intracellular 
E. coli from the underlying bladder epithelium following short-course 
antibiotic therapy.34

Studies with other species of bacterial uropathogens (e.g., Proteus 
mirabilis, Klebsiella spp.) have similarly demonstrated the significance 
of adherence in the pathogenesis of urinary infections. Staphylococcus 
aureus uncommonly causes cystitis and ascending pyelonephritis; in 
contrast, Staphylococcus saprophyticus is a frequent cause of lower 
UTIs. S. saprophyticus adheres significantly better to uroepithelial cells 
than S. aureus or S. epidermidis.

Expression and Selection of Virulence Factors
Evaluation of urinary isolates for virulence characteristics in the pres-
ence of underlying structural abnormalities (e.g., severe reflux) fre-
quently fails to demonstrate the typical bacterial virulence factors. 
Similarly, E. coli blood isolates obtained from patients with urosepsis 
after bladder instrumentation often lack virulence factors. Virulence 
determinants are more frequently expressed by urinary isolates of E. 
coli obtained from women with cystitis compared with fecal isolates 
from healthy women. No difference in the prevalence of E. coli viru-
lence determinants was found between subjects with first-time cystitis 
and those with recurrent cystitis, suggesting that host rather than bac-
terial factors determine the risk for recurrent infection. It has been 
demonstrated that E. coli isolates that cause cystitis in women using 
diaphragms with spermicides have fewer virulence determinants than 
those of nonusers, suggesting that the use of diaphragms with spermi-
cides may allow infection with less virulent E. coli. In one study, 
quinolone-resistant UPEC was less virulent with decreased invasive 
capacity. In contrast, E. coli strains isolated from men with febrile UTI 
exhibited a significantly higher prevalence of virulence-associated phy-
logenetic groups, serotypes, and virulence genes.35 Resistant organisms 
have been shown to have reduced type 1 fimbriae expression and 
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and upper ureter, β-defensins (HBD) in nephron tubules and collect-
ing ducts, cathelicidin, and hepcidin.52

Urine and Bladder Defenses
Although urine is generally considered to be a good culture medium 
for most bacteria, it does possess antibacterial activity. Anaerobic bac-
teria and other fastidious organisms that make up most of the urethral 
flora generally do not multiply in urine. It has been shown that extremes 
of osmolality, a high urea concentration, and low pH levels are inhibi-
tory for the growth of some of the bacteria that cause UTI. Further-
more, the pH and osmolality of urine from pregnant women tend to 
be more suitable for bacterial growth than from nonpregnant women, 
which in turn are more suitable for bacterial growth than those from 
urine from men. The presence of glucose makes urine a better culture 
medium, whereas the addition of prostatic fluid to urine inhibits bacte-
rial growth. Furthermore, urine has been shown to inhibit the migrat-
ing, adhering, aggregating, and killing functions of PMNs.

The epithelial surface of the urinary tract is covered by a thin layer 
of urine and fluid secreted by the epithelial cells. The epithelial secre-
tions possess antimicrobial properties, mainly the product of neutro-
phils providing a surveillance function. Neutrophil defensins are 3- to 
5-kDa disulfide cationic peptides; their presence on epithelial surfaces 
may play a role in clearance of adherent bacteria.

By means of its mannose-containing side chains, THP, secreted by 
cells of the ascending loop of Henle, binds strongly to E. coli expressing 
type 1 and S fimbriae. THP is the most abundant protein of renal origin 
in urine and may function as a urinary antibacterial defense mecha-
nism by binding to MS strains of E. coli, preventing them from attach-
ing to epithelial cell receptors (Fig. 74-3). THP, a kidney-specific 
glycoprotein, activates complement and dendritic cells but also has 
immunoregulatory function in UTI via a TLR4-dependent mechanism 
(see Fig. 74-3).53 Significantly reduced levels of THP in older adults 

and rapidly eliminates pathogenic and nonpathogenic microorganisms 
that gain access to the bladder.41 This is achieved by the presence 
of several lower urinary tract antibacterial defense mechanisms  
(Table 74-2).

Innate Immunity
The antibacterial defense of the urinary tract relies almost entirely on 
innate immunity. Innate immune response of the host is critically 
important, and bacterial clearance normally proceeds without sequelae. 
On the other hand, dysfunction, often only slight, may actually con-
tribute to enhancing inflammation and cause tissue destruction, espe-
cially in the kidney. Defects in innate immunity drastically increase 
UTI susceptibility both in mice carrying single gene deletion and in 
patients prone to pyelonephritis.42,43 Uropathogenic clones elicit an 
inflammatory response at all levels in the urinary tract by stimulating 
uroepithelial and other cells to produce cytokines and other proinflam-
matory factors. The intensity and efficiency of the innate host response 
are genetically regulated and are critical factors for the host-organism 
interaction in the urinary tract.44 The innate immune response is 
activated in a pathogen-specific manner (e.g., P fimbriae–mediated 
adhesion). TLR4 is essential for the defense against infection with 
gram-negative uropathogens.45 Systemic elaboration of interleukin-1β 
(IL-1β) and IL-6 may lead to fever and activation of the acute-phase 
response. Urine and serum IL-6 concentrations reflect the severity of 
infection, with highest levels in pyelonephritis and bacteremia.46 The 
chemotactic cytokine IL-8 is released at the mucosal site recruiting 
PMNs, resulting in pyuria and contributing to the eradication of bac-
teriuria. IL-8 receptor deficiency confers susceptibility to acute pyelo-
nephritis.47 TLR4 is activated by bacteria in urine either directly by 
lipopolysaccharide or following bacterial adhesion. This stimulates 
local urinary production of chemokines such as CXCL8 leading to 
migration of neutrophils and other responding inflammatory cells. 
Intensity of this response is one determinant of whether infection 
resolves or progresses as asymptomatic or symptomatic bacteriuria. 
Infection also stimulates CXCR1 and CXCR2 expression by urothelial 
cells. CXCR1 is essential for the increased neutrophil migration across 
infected cell layers in vitro. Secretion of chemokines and cytokines, 
including CCL2, CXCL6, and CXCL8, follows.48 Reduced TLR4 expres-
sion has been reported in children with asymptomatic bacteriuria.49 By 
evading or modulating the activation of the host mucosal urothelial 
innate response, UPEC may provide a pathogenic advantage in reach-
ing and persisting in the kidney, but paradoxically if the inflammatory 
response is absent or attenuated, renal abscesses and symptomatic 
pyelonephritis may not follow.50,51

Direct contact between adherent bacteria and uroepithelial cells 
may also result in bacterial growth suppression. This antibacterial epi-
thelial defense function is activated by transmembranous signals from 
bacteria attached to the host cell surface and involves adenylate cyclase 
activity.

Effectors of the innate immune response also include an array of 
molecules elaborated by epithelial cells or PMNs, which inhibit a wide 
range of microorganisms. These include α-defensins (HD5) in kidney 

TABLE 74-2  Antibacterial Host Defenses in the 
Urinary Tract

Urine (osmolality, pH, organic acids)
Urine flow and micturition
Urinary tract mucosa (bactericidal activity, peptides, cytokines)—innate immunity
Inflammatory response

Polymorphonuclear neutrophils (PMNs)
Tamm-Horsfall protein
Cytokines
Low-molecular-weight oligosaccharides
Secretory immunoglobulin A (SIgA)
Lactoferrin
Peptides

Adaptive immune system
Humoral immunity
Cell-mediated immunity

Miscellaneous
Prostatic secretions

FIGURE  74-3  Light microscopic specimen of urine showing uro-
mucoid (Tamm-Horsfall protein) with large numbers of adherent 
uropathogenic bacteria. 
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se, but rather the ability of these organisms to ascend the urethra, 
including the ability of infecting organisms to adhere to uroepithelial 
cells and withstand normal host defense mechanisms.

Humoral and Cellular Immunity
The role of humoral immunity in the host’s defense against infection 
of the urinary tract, although extensively studied, is poorly understood. 
The defense against acute UTI does not rely on specific immunity 
defined by antigen-specific lymphocyte activation. During acute pyelo-
nephritis, there is a systemic antibody response. Antibodies against the 
O antigen and occasionally the K antigen of the infecting strain have 
been found, and antibodies to type 1 and P fimbriae have been 
described. IgM antibodies dominate in the response to the first upper 
tract infection but not to subsequent episodes. High levels of IgG 
antibodies to lipid A correlate with the severity of renal infection and 
the progression of renal parenchymal destruction. An antibody 
response consisting of IgG and secretory IgA antibodies can be detected 
in the urine. In contrast to upper UTI, lower UTI is usually associated 
with a reduced or nondetectable serologic response, reflecting the 
superficial nature of the infection. Macrophages are well distributed in 
the submucosa throughout the urinary tract, and Ia-expressing cells, 
analogous to Langerhans cells, have been identified in the urinary 
mucosa, including renal tubules. IgA-producing lymphocytes are 
found in the submucosa of infected rat bladders. Similarly, high 
numbers of IgA-producing plasma cells have been observed in the 
bladder submucosa of patients with bacterial cystitis in comparison 
with healthy controls. Finally, in animal models, antibody-secreting 
cells and B lymphocytes migrate to kidney and urinary tract submu-
cosa during UTIs. The reduced immunologic response to the infecting 
organism in cystitis may explain reinfection with the same strain. 
However, in a monkey model, systemic and urinary IgG and IgA were 
observed to accompany experimental cystitis. In particular, antifim-
brial antibodies are absent in the urine in lower tract infection. At least 
one third of females with a second UTI have an identical strain iso-
lated, indicating incomplete or inadequate immunity with a single 
episode of infection.59

In spite of the impressive systemic and local urinary antibody pro-
duction that follows acute pyelonephritis, the protective role of these 
antibodies is unclear. When bacteria persist in the kidney for several 
months, antigenic drift may occur. Antibodies against several bacterial 
structures, including O and K antigen and, more recently, fimbrial 
antigens, have been found to protect against hematogenous or ascend-
ing pyelonephritis in experimental animals. Animal recipients of vac-
cines based on Pap A fimbriae were protected against experimental 
pyelonephritis caused by homologous and heterologous Gal-Gal-bind-
ing uropathogenic E. coli strains. Mitigating against an important role 
for urinary and systemic antibodies are experimental studies with mice 
exhibiting profound B-cell immunodeficiency and a normal capacity 
to clear experimental ascending UTI.

Antibodies may be of value in limiting the damage incurred in the 
kidney or preventing colonization preceding recurrence. Svanborg-
Eden and Svennerholm60 have reported that the urine of patients with 
pyelonephritis inhibits the adherence of E. coli to uroepithelial cells 
and that this activity is removed by absorption with O antigen. Anti-
bodies have not been shown to protect against bladder infection. Cell-
mediated immunity has not been shown to play a major role in host 
defenses against UTI. Urinary tract mucosa contains few T lympho-
cytes, although both CD4+ and CD8+ T cells can be found in the sub-
mucosa and lamina propria; however, they generally lack γδ T cells.61 
Experimental studies in athymic mice have shown similar resistance 
to intravesical infections when compared with normal controls. Simi-
larly, clinical experience in HIV-infected women with severe defects  
in cell-mediated immunity, including low CD4 lymphocyte counts, 
does not indicate increased susceptibility to or severity of urinary 
infection.62 Nevertheless, a useful role for cell-mediated immunity 
may still exist in that T-cell–derived proinflammatory cytokines (e.g., 
interferon-γ) stimulate epithelial cells to produce IL-6 in a similar 
manner to Th2 lymphocyte responses involving IL-4, IL-5, IL-8, IL-10, 
and IL-13.24 IL-8 is an inflammatory cytokine that promotes neutrophil 
migration across the infected uroepithelial cells. Thus, urinary tract  
T cells producing immunoregulatory cytokines may influence the 

occur during episodes of UTI and may contribute to susceptibility to 
infection.

The flushing mechanism of the bladder exerts a major protective 
effect. When bacteria are introduced into the bladders of humans, 
there is a tendency for spontaneous clearance. Because flushing alone 
would probably not completely clear the bacteria, there must be addi-
tional protective factors. Certain host factors, including bladder cath-
eterization, increase the susceptibility of uroepithelial cells to 
attachment by uropathogens, which in turn increases susceptibility to 
bacteriuria.

In a study of bladder defense mechanisms in dogs, it was demon-
strated that there is an active antiadherence mechanism of bladder 
mucosa. Pretreatment of the bladder with acid was shown to increase 
bacterial adherence 20- to 50-fold independent of the bacterial species 
used. Histochemical studies have revealed that bacterial adherence is 
increased by the removal of a surface mucopolysaccharide, glycosami-
noglycan, which seems to be responsible for the natural resistance to 
adherence. Thus, normally small inocula of bacteria are probably 
unable to adhere, remain suspended in urine, and are removed by 
voiding. In the presence of a larger bladder inoculum of bacteria, 
especially with good adhesive qualities, the primary defense of antiad-
herence may be overcome, colonization can occur, and subsequent 
bladder infection may result. Following bladder infection, secondary 
defense mechanisms such as mobilization of leukocytes, phagocytosis, 
and bacterial destruction remove bacteria. Bacteria stimulate PMNs to 
secrete IL-8, IL-1β, and tumor necrosis factor and stimulate lympho-
cytes to elaborate immunoregulatory cytokines, ultimately resulting in 
immunoglobulin synthesis and modifying epithelial cell responses to 
bacteria. Epithelial cells participate in PMN recruitment by secreting 
neutrophil chemoattractants (e.g., IL-8) and by the expression of adhe-
sion molecules involved in PMN transmigration (intercellular adhe-
sion molecule 1).47

Adherence and Colonization
In women, bacterial adherence and colonization of the vaginal introi-
tus and periurethral region by Enterobacteriaceae are critical in the 
pathogenesis of UTIs. Periurethral colonization with the same organ-
ism almost invariably precedes episodes of significant bacteriuria. 
Microbiologic studies have demonstrated that the urethra, periurethral 
region, and vaginal vestibule of women with recurrent UTIs tend to be 
more commonly colonized with coliform bacteria.54,55 Stamey has pos-
tulated that such colonization is often the prelude to new infection and 
that women with recurrent UTIs have a biologic predisposition to 
colonization.54 In a series of studies, the effects of several factors in 
vaginal secretions on colonization were examined. A low vaginal pH 
level was the most important factor reducing colonization with UPEC. 
E. coli was more resistant to low pH levels and less susceptible to the 
inhibitory effects of vaginal fluid than P. mirabilis or Pseudomonas 
aeruginosa. Finally, it was noted by others that E. coli adheres more 
avidly to vaginal epithelial cells of women and young girls with recur-
rent UTIs. These observations, together with experimental studies 
using inbred mice, indicate predisposition of some women to UTI 
because of genetically determined host epithelial cell receptors for 
UPEC. This is supported by several epidemiologic studies demonstrat-
ing that women who are epithelial antigen and receptor nonsecretors 
have an increased risk of UTI, and their uroepithelial cells bind E. coli 
more avidly than do cells from secretors.56 The secretor gene, Se, 
encodes a glycosyltransferase that transfers a fucose residue to specific 
acceptor molecules, resulting in detectable blood group antigens in 
secretions of people carrying the gene.57 Lewis gene nonsecretors 
appear to have an increased susceptibility to urinary infections and 
express two unique globoseries glycosphingolipids present on vaginal 
and uroepithelial cells, which preferentially bind UPEC expressing 
class II pap-encoded adhesin. Other endogenous factors, such as estro-
genic hormones, may influence bacterial attachment to uroepithelial 
cells and affect the risk of UTI.58 From an acquired or behavioral point 
of view, both colonization of the vaginal introitus and bacteriuria 
caused by E. coli have been strongly associated with diaphragm and 
spermicide use, which may contribute to the increased risk of UTI 
associated with sexual activity. Others have concluded that the decisive 
predisposing factor is not the colonization of the periurethral area per 
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experimentally produced by scars in various ways, also increases the 
susceptibility of the kidney to infection. Medullary scars, which 
produce greater amounts of obstruction than cortical scars, increase 
the susceptibility of animals to infection more than cortical scars. 
Furthermore, the IV injection of E. coli in animals with renal scars 
from prior staphylococcal pyelonephritis produces pyelonephritis in 
the regions of intrarenal hydronephrosis caused by the old scars. 
Calculi may increase susceptibility to UTI by producing obstruction 
(Fig. 74-4). However, not all stones obstruct, and local irritative phe-
nomena may also be important. Furthermore, calculi may develop 
secondary to infection. It has been observed clinically and experimen-
tally that Proteus spp. and other urea-splitting organisms are most 
likely to produce calculi. Furthermore, bacteria survive deep within 
the calculi and associated biofilm and are extremely difficult to eradi-
cate, even by artificial means such as by incubating in solutions con-
taining antibiotics or iodine and alcohol. This may account for the 
well-known difficulties encountered clinically in trying to cure UTI in 
the presence of stones.

Vesicoureteral reflux and UTI are also intricately related. The sig-
nificance and management of reflux have undergone considerable 
review (see later, “Imaging Studies”). Reflux caused by a congenital 
abnormality, bladder overdistention, or unknown causes probably con-
tributes to upper tract infection via the ascending route. On the other 
hand, clinical observations have demonstrated that infection may, in 
fact, produce reflux, especially in children. Reflux tends to perpetuate 
infection by maintaining a residual pool of infected urine in the 
bladder after voiding. It is probable that severe reflux, especially in 
young children, plays an important role in the production of upper 

mucosal epithelial cell response to bacterial adherence and invasion. 
The IL-6 secreted by renal tubular epithelial cells24 may contribute 
to mucosal antibacterial activity by increasing IgA secretion by com-
mitted B cells. During pyelonephritis, an acute inflammatory exudate 
consisting predominantly of PMNs is present. Although the inflamma-
tory reaction is directed at limiting bacterial spread and persistence  
in the kidney, infiltrating phagocytic cells may contribute to tissue 
damage44 and renal scarring, as evidenced by reduced parenchymal 
kidney destruction in experimental neutropenia. It has been suggested 
that chronic pyelonephritis and persistent renal damage may develop 
after successful eradication of bacterial pyelonephritis with anti-
microbial therapy. According to these concepts, bacterial remnants or 
antigen or THP persistence induces a chronic humoral immunologic 
response resulting in cryptogenic renal scarring. Secretory IgA is one 
of three glycoproteins that bind type 1 E. coli and could affect vaginal 
colonization.63

Genetic Factors
It is apparent that multiple genetic risk factors exist for UTIs, influenc-
ing host defense mechanisms operative at different levels of the uri-
nary tract.64 Investigators have reported the increased incidence of 
UTI in the immediate female family members of women with recur-
rent UTIs, supporting a genetic propensity to uncomplicated cystitis 
and pyelonephritis.65,66 Overall genetic determinants of familial sus-
ceptibility are not well characterized. Genetic influences relate to uro-
epithelial cell receptors (secretor status) and to the inflammatory 
response and antibacterial peptide elaboration. Studies of experimen-
tal UTIs in C3H/HeJ female mice have shown diminished resistance 
in this mouse strain, which is genetically unresponsive to the biologic 
effects of E. coli lipopolysaccharide, although several genes are likely 
to be operative. Candidate genes include the ABH secretor gene and 
the IL-8 receptor CXCR1 gene. Knockout mice lacking CXCR1 were 
unable to clear bacteria from the kidney and developed bacteremia. 
Lundstedt and colleagues64 reported familial associated pyelonephritis, 
but not cystitis in girls and women with polymorphisms having sig-
nificantly lower expressions of CXCR1, an IL-8 receptor. In addition, 
levels of CXCR2 expression on neutrophils of women with recurrent 
UTI were significantly lower than those of control patients.67 Similar 
findings were observed in family members of acute pyelonephritis-
prone children. As noted, the innate immune system involves the  
TLR family of receptors in microbial recognition. This recognition  
is through bacterial-specific common antigens (e.g., lipopolysaccha-
ride) rather than a specific ligand for TLR4. Studies have identified 
genetic polymorphism of the TLR4 molecule affecting innate immune 
responses to uropathogenic E. coli.68 Selected polymorphisms that 
reduce TLR4 functions are associated with asymptomatic bacteriuria, 
whereas genotype variants of IRF3, a transcription factor, are associ-
ated with increased familial incidence of pyelonephritis. Although 
women with recurrent urinary infections were shown to have lower 
levels of urinary secretory IgA, the clinical significance is highly ques-
tionable. Bates and associates69 have shown that knockout mice for 
THP inoculated with type 1 fimbriated E. coli have a longer duration 
of bacteriuria and more intense bladder colonization compared with 
THP+/+ mice.

Structural Abnormalities
Several abnormalities of the urinary tract interfere with its natural 
resistance to infection. Obstruction to urine flow is the most important 
of these. Extrarenal obstruction can result from the following: congeni-
tal anomalies of the ureter or urethra, such as valves, stenosis, or bands; 
calculi; extrinsic ureteral compression from various causes; and benign 
prostatic hypertrophy. Intrarenal obstruction may be produced by enti-
ties such as nephrocalcinosis, uric acid nephropathy, analgesic 
nephropathy, polycystic kidney disease, hypokalemic nephropathy, 
and the renal lesions of sickle cell trait or disease. Obstruction inhibits 
the normal flow of urine, and the resulting stasis is important in 
increasing susceptibility to infection. Men of any age and pregnant 
women are the most prone to lesions that result in obstruction to the 
free flow of urine.

In animals, obstruction of a ureter markedly increases suscepti-
bility to ipsilateral hematogenous infection. Intrarenal obstruction, 

FIGURE 74-4  Staghorn calculus visible in the dilated pelvis of a 
hydronephrotic kidney. (Courtesy Dr. M. Bergeron.)
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Adenoviruses (particularly type 11) have been strongly implicated 
as causative agents in hemorrhagic cystitis in pediatric patients, espe-
cially boys, and in allogenic hematopoietic stem cell transplant 
recipients.86c Although various investigators using special media have 
isolated fastidious organisms from women with lower tract symptoms, 
the causal role of these organisms is controversial. Similarly, Gardner-
ella vaginalis, Ureaplasma urealyticum, and Mycoplasma hominis are 
possible but unproven causes of UTI.

One group has reported nanobacteria as tiny (0.05- to 0.5-mm) cell 
wall–possessing bacteria that are associated with renal stones.87 In 
vitro, these agents produce carbonate apatite that can fix calcium. 
These have been found to be self-propagating mineral complexes and 
not bacteria.88,89

Asymptomatic Bacteriuria versus 
Symptomatic Infection
The methodical studies of asymptomatic bacteriuria in different popu-
lations described later were important in understanding the epidemiol-
ogy of UTI. However, except in pregnancy, in those undergoing 
invasive genitourinary tract procedures and in those who have had 
renal transplantation, it is uncommonly followed by symptomatic 
infection and is of little consequence. With the exception of these 
groups, there is rarely a reason for determining the presence of or 
treating asymptomatic bacteriuria.2,90 With the exception of these 
groups and other rare exceptions, the only reason for taking urine 
cultures or treating infection is for symptomatic infection and for the 
purpose of relieving symptoms.

Urinary Tract Infection in Children
The problem of UTI in pediatric patients spans all age groups, begin-
ning with neonates.91,92 The frequency of UTI in infants is about 1% to 
2%. It is more common in boys during the first 3 months and thereafter 
occurs more often in girls. The highest incidence of febrile UTIs occurs 
during the first year of life in both males and females, whereas nonfe-
brile UTIs (i.e., cystitis) are most common in females older than 3 years 
of age. The significance of fever is that it implies renal infection, which 
is associated with an increased likelihood of underlying urologic 
abnormalities and renal scarring.93 Most studies have found that a lack 
of circumcision predisposes to UTIs in infants and young boys.94-96 The 
risk of UTI is increased in those with underlying urinary tract abnor-
malities such as vesicoureteral reflux and voiding dysfunction.93,97

During the preschool years, UTI is much more common in girls 
than in boys. In preschool boys, it is frequently associated with con-
genital urologic abnormalities. With repeated study over a period of 1 
year, the period prevalence of UTI in this age group is 4.5% for girls 
and about 0.5% for boys. Infections during this period are often symp-
tomatic, and it is believed that much of the renal damage that occurs 
in association with UTI takes place in infancy and the preschool period 
(Fig. 74-5).98

About 7% to 8% of girls and 2% of boys have a febrile UTI during 
the first 8 years of life.93 Renal scars may be produced by primary renal 
damage from obstruction, genetic, and developmental factors and can 
be indistinguishable from those produced by infection.93 In fact, ante-
natal ultrasound studies have demonstrated that intrinsic renal disease 
and not infection is the major cause of chronic renal disease in chil-
dren.93 The risk of recurrent infection is 12% to 30% in the first 6 to 
12 months after the first UTI and is increased in the presence of uro-
logic abnormalities.97

In school-age girls bacteriuria is common, often asymptomatic, and 
frequently recurs.99,100 For example, the prevalence of bacteriuria 
among schoolgirls was about 1.2%, and about 5% of the school girls 
had significant bacteriuria at some time before leaving high school. 
About one third of these patients had some symptom referable to the 
urinary tract when the bacteriuria was first detected. Bacteriuria was 
rare in school boys (prevalence, 0.03%). When many of these girls who 
had had bacteriuria previously (usually asymptomatic) were married 
or became pregnant, bacteriuria recurred at a rate far above that 
expected for the general population. More than 50% developed bacte-
riuria within 3 months after marriage. Thus, the presence of bacteriuria 
in childhood defines a population at higher risk for the development 
of bacteriuria in adulthood.

tract infection and subsequent scarring. Patients with incomplete  
emptying of the bladder for mechanical reasons (bladder neck  
obstruction, urethral valves, urethral strictures, prostatic hypertrophy) 
or neurogenic malfunction (poliomyelitis, tabes dorsalis, diabetic neu-
ropathy, cord injuries) are prone to frequent UTIs. These patients are 
subject to bladder overdistention, which may interfere with local 
defense mechanisms, and, most importantly, frequent instrumentation 
of the urinary tract.

EPIDEMIOLOGY AND NATURAL 
HISTORY OF URINARY TRACT 
INFECTION
Infecting Organisms
More than 95% of uncomplicated UTIs are caused by a single bacterial 
species. There is a difference between the bacterial flora of the urine in 
patients with an initial episode of UTI compared with the flora from 
those with frequent recurrences of infection. E. coli is the most fre-
quent infecting organism in initial infections.70,71 In recurrent UTIs, 
especially with complicated UTI (e.g., obstructive uropathy, congenital 
anomalies, neurogenic bladder, fistulous communication involving the 
urinary tract), the relative frequency of infection caused by bacteria 
such as Proteus, Pseudomonas, Klebsiella, Enterobacter spp., and 
antibiotic-resistant E. coli and by enterococci and staphylococci 
increases greatly. In the presence of complicated UTI, it is not uncom-
mon to isolate multiple organisms from the urine. Because instrumen-
tation and repeated courses of antimicrobial therapy are common in 
these patients, antibiotic-resistant isolates might be expected.1

The hospital and long-term care facility environments are an 
important determinant of the nature of the bacterial flora in UTI. 
Proteus, Klebsiella, Enterobacter, and Pseudomonas spp., as well as 
staphylococci and enterococci, are more often isolated from inpatients, 
compared with a greater preponderance of E. coli in an outpatient 
population.72 Cross-infections are important in the pathogenesis of 
hospital-related UTIs, especially with indwelling catheters.73 Coryne-
bacterium urealyticum (formerly known as Corynebacterium group 
D2) has been recognized as an important nosocomial pathogen.74,75 
This gram-positive, urea-splitting, slow-growing bacillus may cause 
infected mucosal encrustations of the bladder and urinary collecting 
system, including struvite stones, especially in immunosuppressed 
patients and in particular in renal transplant recipients. It is highly 
resistant to antimicrobials, although usually sensitive to vancomycin. 
It should be considered in the presence of a high urine pH, urologic 
problems, previous UTI, and recent antibiotic treatment.

In recent years, highly antibiotic resistant uropathogens such as 
Acinetobacter species and extended-spectrum β-lactamase–producing 
(ESBL)-, AmpC β-lactamase-, and carbapenemase-producing Entero-
bacteriaceae (e.g., New Delhi metallo-β-lactamase 1 [NDM-1]) have 
been increasingly reported as causes of health care–related complicated 
UTIs.76-79

A relatively new development has been the worldwide spread of 
antibiotic-resistant uropathogenic clones of E. coli such as CTX-M-15 
ESBL E. coli O25:H4 sequence type ST131, which has emerged as a 
significant cause of community-acquired UTI.80-82

Anaerobic organisms are rarely pathogens in the urinary tract. 
Various bacteria may be found in the urine in specific clinical settings. 
Fungi (particularly Candida spp.) occur in patients with indwelling 
catheters who are receiving antimicrobial therapy.83,84 Coagulase-
negative staphylococci are a common cause of UTI in some reports.  
S. saprophyticus tends to cause infection in young females who are 
sexually active, accounting for 5% to 15% of acute cystitis episodes  
in the United States.85 Coagulase-positive staphylococci most often 
invade the kidney from the hematogenous route, resulting in intrarenal 
or perinephric abscesses. Actinobaculum schaalii and other Actino-
baculum spp. are facultative anaerobic gram-positive bacilli and are 
often missed in urine cultures because of their slow growth or dis-
missed as genital flora.86,86a,86b A. schaalii is a part of normal skin and 
vaginal flora. Most cases of urosepsis have occurred in patients older 
than 65 with renal stones undergoing lithotripsy or other instrumenta-
tion. A. schaalii has been reported as susceptible to ampicillin, cepha-
losporins, and vancomycin but resistant to fluoroquinolones and 
trimethoprim-sulfamethoxazole.
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new ones is uncommon after the age of 5 years.106 Screening of children 
for asymptomatic bacteriuria and treatment of asymptomatic bacteri-
uria are not recommended.

Urinary Tract Infection in Adults
UTIs are much more common in women than in men. Many of these 
patients previously had UTIs as children and continue to have infec-
tions as adults. Once adulthood is reached, the prevalence of asymp-
tomatic bacteriuria increases in the female but not in the male 
population. The prevalence of asymptomatic bacteriuria in young non-
pregnant women is about 1% to 3%.108 Each year, about 25% of these 
bacteriuric women clear their bacteriuria and an equal number become 
infected, often women who have had urinary infection previously. Up 
to 60% of the female population will experience at least one symptom-
atic UTI at some time during their life, and up to 10% of women in 
the United States have at least one episode of symptomatic infection 
each year.70 The peak incidence of symptomatic infections occurs in 
young, sexually active women aged 18 to 24 years. Recurrent episodes 
are common.70,109,110 Frequent sexual intercourse; a new sex partner; 
diaphragm use, especially with a spermicide; lack of urination after 
intercourse; and a history of previous infection are risk factors for 
urinary infection in women.70,109,111,112 The diaphragm can cause urinary 
obstruction in some women, but its main effect is probably a change 
in vaginal flora caused by the spermicide.109

About 2% to 5% of healthy women have recurrent UTIs during 
their lifetime.113 It seems that there may be a genetic predisposition for 
recurrent cystitis or pyelonephritis in these women as UTI in female 
relatives is strongly associated with recurrent UTI.65,113 Once a woman 
develops infection, she is more likely to develop subsequent infections 
than a patient who has had no previous infections. For example, in 
several studies, after a first episode of cystitis in young women caused 
by E. coli, 24% had a second episode within 6 months. With one or 
more episodes, the risk of another within 1 year was 70%.114 Recur-
rences after the first E. coli infection with a different uropathogen (E. 
coli or other) were twice as frequent as recurrences with the same E. 
coli strain.112 Women with acute pyelonephritis, a much less common 
infection than cystitis, also tended to have recurrences.114 It may be a 
simple matter to cure an individual episode, but recurrence, most often 

In general, children with UTIs without structural or functional 
obstruction or severe vesicoureteral reflux have a very good progno-
sis.98,101 In the presence of obstruction (e.g., urethral valves), severe 
injury of renal parenchyma can occur.92,102 Reflux is found in 30% to 
50% of young children with symptomatic UTI (see Fig. 74-5).103 Reflux 
may be primary, which results from delayed development of the vesi-
coureteral junction or a short intravesical ureter or it may occur sec-
ondary to increased pressure in the bladder due to abnormal bladder 
function or obstruction. Renal scarring associated with reflux is called 
reflux nephropathy (small scarred kidneys). Acquired reflux nephropa-
thy, which is a result of pyelonephritis, is more common in female 
children, whereas congenital reflux nephropathy, which results from 
renal dysplasia, is more common in male children.104 Children with 
reflux are more likely to develop pyelonephritis than those without 
reflux.105 Reflux in the presence of infection can be associated with the 
development of scarring.102,106 Those with reflux are more likely to 
develop scarring than those without reflux, and those with higher 
grades of reflux (grade IV or greater) are more likely to develop scar-
ring than those with lower grades.105 Infants and young children (pre-
school age group) are at the highest risk for the development of 
progressive renal scarring. Complications of renal scarring include 
hypertension and proteinuria, and end-stage renal failure may occur 
in some patients. Scarring has also been associated with delay in anti-
bacterial therapy of UTI.102

It should be emphasized that the contribution of reflux alone com-
pared with reflux plus infection in the progression of renal scarring has 
not been clearly delineated. Severe reflux alone may be associated with 
renal damage and insufficiency. Studies in uninfected animals have 
demonstrated that reflux alone, and in particular intrarenal reflux, can 
produce “pyelonephritic” scars. It has also been shown that the imma-
ture kidneys of infants are more prone to intrarenal reflux. However, 
it is probable that reflux is more likely to lead to severe damage and 
scarring when infection is also present.106

Mild to moderate degrees of reflux (and occasionally even severe 
reflux) are likely to disappear with time, probably in relation to matura-
tion of the vesicoureteral junction (see later, “Imaging Studies”).106 
Severity (grade) of reflux is the strongest predictor of lack of resolution 
of reflux.107 Progression of scars already present or the development of 

FIGURE 74-5  Vesicoureteral reflux in a young girl with recurrent urinary tract infections. A, Right kidney demonstrates grade II reflux. B, Left 
kidney shows dilation of the ureter, grade III reflux, and calyceal clubbing. (Courtesy Dr. T. Slovis.)
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Urinary Tract Infection in Other 
Conditions
There is a higher prevalence of asymptomatic and symptomatic UTI in 
hospitalized and nursing home patients than in outpatients. The 
general ill health of these patients and the higher probability of urinary 
tract instrumentation are probably the major contributors to these 
differences. A single catheterization causes UTI in only about 1% of 
ambulatory persons. However, after a single catheterization of hospital-
ized patients, infection occurs in at least 10%.

Race apparently does not appreciably affect the prevalence of 
asymptomatic bacteriuria. However, socioeconomic status is impor-
tant, with pregnant women from lower socioeconomic groups having 
a higher prevalence of bacteriuria than those from higher socioeco-
nomic groups.128

Various underlying diseases have been associated with an increased 
frequency of UTI. Diabetic women but not men have been found to 
have a higher prevalence of asymptomatic bacteriuria than nondiabetic 
patients129-131; they also probably have an increased frequency of symp-
tomatic infection. Diabetics also have a higher incidence of severe 
infection, including severe pyelonephritis and uncommon complica-
tions such as emphysematous pyelonephritis and perinephric abscess. 
However, studies that followed diabetic women for up to 3 years found 
no advantage in screening for and treating asymptomatic UTI; it was 
concluded that diabetes should not be an indication for screening for 
or treatment of asymptomatic bacteriuria.90,132

African-American women with sickle cell trait had been reported 
to have a higher prevalence of bacteriuria during pregnancy than 
African-American women without the sickle trait. A more recent 
report did not find this association, however.133 Other conditions stated 
to be associated with UTI (but without documentation) include 
chronic potassium deficiency, gout, hypertension, and other conditions 
causing interstitial renal disease. There is an increased frequency of 
symptomatic and asymptomatic UTIs in HIV infection and particu-
larly with low CD4 counts.134,135

At least 50% of renal transplantation patients develop UTIs in the 
early postoperative period; up to 14% develop pyelonephritis; and up 
to 7% develop bacteremia of UTI origin in the first year.136-138 Anti-
bacterial prophylaxis is often used in the early transplantation period 
to prevent UTI. Recent studies have emphasized the emergence of 
enterococci and drug-resistant Enterobacteriaceae as post-transplant 
uropathogens.139

Table 74-3 lists risk factors for UTIs.

CLINICAL MANIFESTATIONS
Symptoms
UTI in children tends to manifest with different symptoms, depending 
on the age of the child. Symptoms in neonates and children younger 
than 2 years are nonspecific.92,94,95,97 Failure to thrive, vomiting, and 
fever seem to be the major manifestations. When children older than 
2 years (and, more consistently, older than 5 years) develop infection, 
they are more likely to display localizing symptoms such as frequency, 
dysuria, and abdominal or flank pain.

The manifestations of UTI in adults are usually easy to recognize. 
The lower tract symptoms result from bacteria producing irritation of 
urethral and vesical mucosa, causing frequent and painful urination of 
small amounts of turbid urine. Patients sometimes complain of supra-
pubic heaviness or pain. Occasionally, the urine is grossly bloody or 
shows a bloody tinge at the end of micturition. Fever is generally absent 
with cystitis and, if present, should suggest upper tract infection. In a 
male, presence of fever with only symptoms of cystitis may indicate 
acute prostatitis.

The classic clinical manifestations of pyelonephritis include fever 
(sometimes with chills), flank pain, and frequently lower tract symp-
toms (e.g., frequency, urgency, and dysuria). At times, the lower tract 
symptoms antedate the appearance of fever and upper tract symptoms 
by 1 or 2 days. It should be recognized that the symptoms described, 
although classic, may vary greatly. In fact, pyelonephritis may show 
protean clinical manifestations in adults, as well as in children. Flank 
tenderness or discomfort is frequent in upper tract infection in adults 
and is more intense when there is obstructive disease. Severe pain with 
radiation into the groin is rare in acute pyelonephritis per se and 

reinfection, is common. The type of infection that recurs (i.e., asymp-
tomatic bacteriuria, cystitis, or pyelonephritis) depends on a complex 
interaction between genetic factors and virulence characteristics of  
the uropathogen.115 It must be stressed that in the nonpregnant adult 
female with a normal urinary tract, asymptomatic bacteriuria infre-
quently progresses to symptomatic infection and that cystitis uncom-
monly progresses to pyelonephritis. E. coli causing UTI may be 
transmitted between sexual partners because the same strains have 
been found in the urine of men who are sexual partners of women  
with UTI.116

The prevalence of asymptomatic bacteriuria in adult men is low 
(≤0.1%), as is the occurrence of symptomatic infection, until older age, 
when it rises. Men with UTI frequently have anatomic abnormalities 
of the urinary tract and therefore should be considered to have com-
plicated UTI until proven otherwise.70 In young men, a lack of circum-
cision increases the risk of UTI caused by uropathogenic strains of  
E. coli, including the development of symptomatic urethritis.117 Male 
homosexuality is a risk factor, probably related to rectal insertive 
intercourse.118

It is clear that UTI in adults can lead to progressive renal damage 
in the presence of obstruction. However, recurrent infection in adults 
in the absence of obstruction rarely, if ever, leads to renal failure.108 The 
U.S. Renal Data System, which reports causes of renal failure in patients 
undergoing dialysis, does not even mention infection other than reflux 
nephropathy, which may or may not have involved infection.119

Autopsy studies have shown that it is difficult to implicate infection 
per se (i.e., in the absence of other renal abnormalities) as an important 
pathogenic factor in the production of severe renal disease in adults. 
One exception might be severe papillary necrosis secondary to infec-
tion. One group of investigators was unable to find any case of uncom-
plicated pyelonephritis that progressed to end-stage renal disease 
among 173 patients admitted to dialysis programs.120 In prospective 
studies, hundreds of patients with persistent or recurrent infections in 
the absence of other underlying renal disease have been followed for 
years without documenting the progression of renal disease from 
infection alone.

The role of infection in the progression of clinically or radiographi-
cally diagnosed interstitial renal disease has also been examined.98,108 
In general, the studies indicate that infection is rarely, if ever, the major 
factor leading to further renal decompensation. However, infection 
may occasionally accelerate the progression of the primary underlying 
disease process. In summary, except for perhaps rare cases, there is no 
evidence to indicate that uncomplicated UTI alone produces renal 
failure in adults.

Urinary Tract Infection in the Elderly
At least 10% of men and 20% of women older than 65 years have 
asymptomatic bacteriuria. In contrast to young adults, in whom bac-
teriuria is 30 times more frequent in women than in men, in those 
older than 65 years the ratio alters dramatically, with a progressive 
decrease in the female-to-male ratio.121,122 In both men and women, the 
prevalence of asymptomatic bacteriuria rises substantially. Possible 
reasons for the high frequency of asymptomatic bacteriuria in older 
patients include obstructive uropathy from the prostate (with resultant 
instrumentation) and loss of the bactericidal activity of prostatic secre-
tions in men, poor emptying of the bladder because of prolapse in 
women, soiling of the perineum from fecal incontinence in demented 
women, and neuromuscular diseases and increased instrumentation 
and bladder catheter usage in both genders.122 Urinary incontinence 
also contributes to UTI in postmenopausal women.123 There is a high 
rate of spontaneous cure and reinfection with asymptomatic bacteri-
uria in women and men.122 The spectrum of microorganisms is unal-
tered in the older adult population. Symptomatic infection uncommonly 
follows asymptomatic bacteriuria, and asymptomatic bacteriuria is 
much more frequent than symptomatic UTI in this age group.

Asymptomatic bacteriuria in older persons does not seem to have 
any deleterious effects.124,125 Furthermore, there is no evidence to 
suggest that treatment of asymptomatic bacteriuria in older patients 
has any beneficial effects, including decreasing urinary inconti-
nence.125,126 Therefore, routine treatment of asymptomatic bacteriuria 
in older patients is not indicated.125-127
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rapidly reversible with antimicrobial therapy and after the administra-
tion of prostaglandin inhibitors. The same phenomenon occurs in 
humans.

Progressive destruction of the kidney in the presence of obstruction 
may occur and give rise to clinical manifestations of renal insufficiency. 
Occasionally, bilateral papillary necrosis can lead to rapidly progressive 
renal failure.

It is clear that severe renal disease may cause hypertension. The 
entity of chronic interstitial renal disease (not necessarily related to 
infection) has also been related to hypertension. It has been suggested 
that patients with bacteriuria in the absence of other renal disease are 
more likely to have hypertension, but data have not shown a clear-cut 
relationship.

DIAGNOSIS
Presumptive Diagnosis of Urinary Tract 
Infection
Using the preferred definition of pyuria, which is at least 10 leukocytes/
mm3 of midstream urine by counting chamber, the vast majority of 
patients with symptomatic or asymptomatic bacteriuria have pyuria. 
In fact, with symptomatic infection, most have hundreds of leukocytes 
per cubic millimeter. A less reliable method uses a urine specimen that 
is centrifuged for 5 minutes at 2000 rpm and then the sediment exam-
ined under high power. With this method, 5 to 10 leukocytes/high-
power field in the sediment is the upper limit of normal. It should be 
emphasized that the finding of pyuria is nonspecific, and patients with 
pyuria may or may not have infection.145

The dipstick leukocyte esterase test is a rapid screening test for 
detecting pyuria and has largely replaced microscopic methods. 
Although the sensitivity and specificity are high for detecting more 
than 10 white blood cells/mm3 of urine (75% to 96% and 94% to 98%, 
respectively), a positive test by no means indicates UTI, and in patients 
with a negative leukocyte esterase test and UTI symptoms, a urine 
microscopic examination for pyuria or a urine culture should be 
considered.146,147

Microscopic or sometimes gross hematuria is occasionally seen in 
patients with UTI (i.e., hemorrhagic cystitis). However, red blood cells 
may be indicative of other disorders, such as calculi, tumor, vasculitis, 
glomerulonephritis, and renal tuberculosis. White cell casts in the 
presence of an acute infectious process are strong evidence for pyelo-
nephritis, but the absence of white cell casts does not rule out upper 
tract infection. White cell casts can also be seen in renal disease in the 
absence of infection. Proteinuria is a common although not universal 
finding in UTI. Most patients with UTI excrete less than 2 g of 
protein/24 hr; excretion of 3 g/24 hr or more suggests glomerular 
disease.

Microscopic examination of a urine specimen for bacteria can be 
useful for the presumptive diagnosis of UTI. The ability to identify 
bacteria in the urine depends on whether the specimen has been cen-
trifuged and on whether it has been stained with Gram or methylene 
blue stain (Table 74-4). Smaller numbers of bacteria can be detected 
microscopically in a stained than in an unstained specimen, and 
smaller numbers can be detected in centrifuged than in uncentrifuged 
urine. The presence of at least one bacterium per oil immersion field 
in a midstream, clean-catch, Gram-stained, uncentrifuged urine cor-
relates with 105 bacteria/mL of urine or more. Because this titer is 
regarded to represent significant bacteriuria, Gram staining of an 
uncentrifuged specimen is an easy, rapid, and relatively reliable way to 
detect significant numbers of organisms. The absence of bacteria in 
several fields in a stained sedimented specimen indicates the probabil-
ity of fewer than 104 bacteria/mL.

suggests the presence of a renal calculus. The pain from the kidney is 
occasionally felt in or near the epigastrium and may radiate to one of 
the lower quadrants. These manifestations may offer difficulties in dif-
ferential diagnosis and suggest gallbladder disease or appendicitis. The 
vast majority of older patients with urinary infection are asymptom-
atic.121,122,140 Symptoms, when present, are often not diagnostic because 
noninfected older patients often experience frequency, dysuria, hesi-
tancy, and incontinence. Furthermore, symptoms of upper tract infec-
tion are often atypical, suggesting processes other than in the urinary 
tract (e.g., abdominal pain, change in mental status). Nevertheless, 
typical symptoms may occur. One study141 found a much higher fre-
quency of bacteremia (61%) associated with pyelonephritis in older 
patients than in young patients, and shock commonly supervened. 
Most of the patients had significant urologic abnormalities. The effect 
of asymptomatic bacteriuria on the general sense of well-being, appe-
tite, and urinary continence has been studied, but no association could 
be demonstrated.121,140,142,143

Silent upper tract infection may be accompanied by lower tract 
symptoms only or no symptoms at all. Patients with UTIs in the pres-
ence of an indwelling urinary catheter usually have no lower tract 
symptoms, but flank pain or fever may occur. UTI is the most common 
source of bacteremia produced by gram-negative bacilli, which may 
result in the sepsis syndrome (i.e., urosepsis). Bacteremia may occur 
with no urinary symptoms, especially in the presence of an indwelling 
catheter.

Symptoms of UTI are frequently difficult to elicit in older adults 
because of the presence of dementia, indwelling urinary catheters, and 
the atypical symptoms often seen in this population. Therefore, a diag-
nosis of urosepsis may be made erroneously in the absence of urinary 
symptoms because of the presence of unrelated fever and asymptom-
atic bacteriuria, which is often present in this population.

Alterations in Renal Function
In experimentally produced pyelonephritis, the only consistent abnor-
mality of renal function is the inability to concentrate the urine maxi-
mally.144 The mechanism of the concentrating defect is not clear but 
seems to be related in experimental animals to inflammation and 
perhaps to the increased production of prostaglandins. The concentrat-
ing defect occurs early in the course of experimental infection and is 

TABLE 74-4  Bacterial Count by Direct 
Examination of Urine*

SAMPLE UNSTAINED (×400) STAINED (×1000)
Uncentrifuged sample ≥106 ≥105

Centrifuged sample ≥105 ≥104

*CFU/mL extrapolated from the finding of one bacterium per microscopic field.
CFU, colony-forming units.

TABLE 74-3  Risk Factors for Urinary Tract 
Infection (UTI)

AGE FEMALE MALE
All ages Previous UTI Lack of circumcision (children 

and young adults)

Urologic instrumentation or 
surgery

Urologic instrumentation or 
surgery

Urethral catheterization Urethral catheterization

Urinary tract obstruction, 
including calculi

Urinary tract obstruction, 
including calculi

Neurogenic bladder Neurogenic bladder

Renal transplantation Renal transplantation

Adults UTIs in female relatives
Sexual intercourse
New sex partner

Insertive rectal intercourse
Vaginal Escherichia coli 

colonization in partner

Lack of urination after intercourse

Spermicidal contraceptive jellies

Diaphragm use

Pregnancy

Lower socioeconomic group

Diabetes

Possibly sickle cell trait in 
pregnancy

Older age Functional or mental impairment Functional or mental 
impairment

Estrogen deficiency (loss of 
vaginal lactobacilli)

Prostatic enlargement
Condom catheter drainage

Bladder prolapse
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reasons, catheterization may be necessary. When catheterization is 
performed, scrupulous aseptic technique should be observed.

The suprapubic aspiration method has been established as a safe 
technique for premature infants, neonates, children, adults, and even 
pregnant patients,94,154 but is rarely used. With this method, the patient 
refrains from voiding until the bladder can be percussed above the 
symphysis pubis, and suprapubic pressure causes the urge to void. After 
preparation of the skin, the bladder is then punctured above the sym-
physis pubis with a 22-gauge needle on a syringe; local anesthesia is 
not required. After the procedure, self-limited hematuria may be 
observed. Suprapubic aspiration may be indicated in special clinical 
situations such as with pediatric subjects, when urine is difficult to 
obtain. Another situation is the rare adult in whom infection is sus-
pected, results obtained from more routine procedures have been con-
fusing or equivocal, and diagnosis is critical.

If there are more than 105 bacteria/mL in a clean-catch urine speci-
men from an asymptomatic woman, there is an 80% probability that 
this represents true bacteriuria. If two different specimens demonstrate 
at least 105 of the same bacterium/mL, the probability increases to 
95%. Thus, two clean-catch specimens should be obtained in an 
asymptomatic woman to confirm the diagnosis.127 When the number 
of bacteria/mL is between 104 and 105 in an asymptomatic woman, 
a confirmatory second specimen will contain 105 or more bacteria/
mL in only 5% of cases. Thus, in asymptomatic women, 95% of the 
time 104 to 105 bacteria/mL represents contamination, with occasional 
infection manifested by fewer than 105 bacteria/mL of urine. In asymp-
tomatic men, in whom contamination is less likely, 103 or more 
organisms/mL in one culture is suggestive of infection, and 105/mL 
defines bacteriuria.127 False-positive cultures are caused by contamina-
tion or incubation of urine before processing. False-negative cultures 
may be caused by the use of antimicrobial agents, soap from the 
preparation falling into the urine, total obstruction below the infec-
tion, infection with a fastidious organism, renal tuberculosis, and 
diuresis.

These criteria apply only to the Enterobacteriaceae. Gram-positive 
organisms, fungi, and bacteria with fastidious growth requirements 
may not reach titers of 105/mL in patients with infection and may be 
in the 104 to 105/mL range. The organism recovered often helps distin-
guish contamination from true bacteriuria. Samples with counts of less 
than 104 organisms/mL often contain saprophytic skin organisms, such 
as diphtheroids, Neisseria, and staphylococci. Pure growth of Entero-
bacteriaceae is uncommonly found in low-titer specimens but is 
present in over 90% of urine samples containing more than 105 
bacteria/mL. High colony counts containing more than one species of 
bacteria from the urine of asymptomatic persons often represent con-
tamination but may be more significant in the presence of symptoms. 
Mixed infection occurs in about 5% of cases.

In patients with symptoms of UTI, one titer of 105 or more bacteria/
mL of urine carries a 95% probability of true bacteriuria. With titers 
below 105/mL but in the presence of frequency, urgency, and dysuria, 
women have a 33% chance of having bacterial infection (see “Urinary 
Tract Infection with Low Numbers of Organisms” later). The presence 
of low numbers of Enterobacteriaceae (i.e., 102 to 105/mL) in such 
women correlates highly with infection. The presence of fewer than 
102/mL Enterobacteriaceae is evidence against UTI. To further confuse 
the situation, a recent study demonstrated that in women with acute 
uncomplicated cystitis, enterococci and group B streptococci isolated 
from midstream urine were often not found in catheterized urine 
obtained at the same time.154a

Samples obtained by catheterization from noninfected patients  
are less likely to become contaminated. According to the guidelines, 
102 CFU/mL or more is consistent with bacteriuria.127 Bladder urine 
obtained by suprapubic aspiration is either sterile or contains signifi-
cant growth, even if bacterial numbers are below 105/mL. The practice 
of forcing fluids before the procedure tends to reduce numbers of 
organisms. In fact, almost 50% of suprapubic aspirates from infected 
patients contain fewer than 105 organisms/mL. However, small 
numbers of bacteria may be found in aspirated urine from presumably 
noninfected persons. This suggests that bladder urine may be occasion-
ally contaminated from the urethra. For diagnosis with an indwelling 
catheter see Chapter 304.

A number of rapid indirect methods have been devised to detect 
bacteriuria for presumptive diagnosis. Most common are tests (e.g., 
dipstick) that detect the presence of urine nitrite, which is formed 
when bacteria reduce the nitrate that is normally present.146 False-
negative test results are common, especially in the detection of low-
count bacteriuria (102 to 103/mL and with certain bacterial species), 
but false-positive results are unusual. The sensitivity and specificity of 
screening tests for UTI, such as dipsticks, depends on the likelihood 
of infection in the group being studied (e.g., acutely symptomatic 
patients vs. those who are asymptomatic) and range widely.148-150 A 
negative leukocyte esterase test plus a negative nitrite test result are 
strongly predictive of the absence of UTI.

Diagnosis of Urinary Tract Infection by 
Culture
General Considerations
Urine in the bladder is normally sterile. Because the urethra and peri-
urethral areas are difficult to sterilize, even the most carefully collected 
specimens (including those obtained by catheterization) are frequently 
contaminated. By quantitating bacteria in midstream clean-voided 
urine, it is possible statistically to separate contamination from UTI. 
Most patients with infection usually have at least 105 bacteria/mL in 
urine in the bladder, and therefore voided urine usually contains at 
least 105 bacteria/mL. Patients without infection have sterile bladder 
urine and, with proper collection, voided urine usually contains less 
than 104 bacteria/mL. However, it is important to remember that about 
one third of young women with cystitis have fewer than 105 bacteria/
mL of urine (see later, “Urinary Tract Infection with Low Numbers of 
Organisms”). It is likely that a significant proportion of other patients 
with symptomatic and asymptomatic infection have fewer than 105 
bacteria/mL of urine. The Infectious Diseases Society of America con-
sensus culture definition of cystitis for use in antibiotic treatment 
studies is 103 colony-forming units (CFU)/mL or more of a uropatho-
gen (sensitivity 90% and specificity 90%) and, for pyelonephritis, 104 
CFU/mL or more (sensitivity 90% and specificity 90%).151 In more 
recent practice guidelines, 102 CFU/mL or more of a uropathogen was 
used.152 These concentrations of microorganisms can be identified by 
standard microbiologic techniques in most clinical laboratories.

Calibrated loops serve as a simple inexpensive way to examine the 
bacteriologic characteristics of urine specimens quantitatively. Plati-
num loops that deliver 0.01 and 0.001 mL are used to streak urine onto 
agar plates. After incubation at 37° C for 24 hours, the number of CFU 
is counted, and the total number of organisms originally present in the 
specimen is estimated by multiplying the colony count by 102 or 103, 
respectively. Other methods, such as the dip inoculum method, in 
which agar-coated glass slides or paddles are dipped into urine and 
then incubated, have excellent correlations with calibrated-loop 
techniques.

Acceptable methods for urine collection include (1) midstream 
clean catch, (2) catheterization, and (3) suprapubic aspiration. The 
clean-catch method is preferred for the routine collection of urine for 
culture. It avoids the risk of infection inherent in catheterization. The 
patient must be instructed in the proper technique of obtaining the 
urine; this is especially important for women. The woman should wash 
her hands, straddle the commode (facing the back of the commode), 
wash her vulva from front to back four times with four different sterile 
gauze pads soaked in green soap or another appropriate cleansing 
agent, and then rinse with two more sponges soaked in sterile distilled 
water. She should then spread her labia and void, discarding the first 
portion of urine and collecting the second. The urine should be pro-
cessed immediately or, if refrigerated at 4° C, it can be cultured within 
24 hours.

Some have challenged the need for cleansing or for using a mid-
stream specimen from women when collecting urine for culture. Simi-
lar contamination rates were noted when midstream urine was collected 
after cleansing versus voiding into a container without cleansing.153

In men the prepuce should be retracted, and thereafter the tech-
nique is similar. In infants and small children, sterile bags can be used 
for urine collection, but contamination is common.154

In patients unable to cooperate, such as those with an altered sen-
sorium or those who are unable to void for neurologic or urologic 
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hematuria is absent but vaginal discharge or bleeding may be present 
from chlamydial or gonococcal cervicitis; and/or pyuria is present. 
With herpes, there are usually lesions in the periurethral area. The 
diagnosis of urethral chlamydial or gonococcal infection may be con-
firmed by nucleic acid amplification tests on urine.157 With vaginitis, 
the dysuria tends to be mild with gradual onset and is felt externally, 
frequency and urgency are absent, there is often a vaginal discharge, 
and pyuria is usually absent in a midstream specimen.

Localization of Site of Infection
Localization of the site of infection to the kidney versus the bladder is 
not important in any given patient and is rarely performed but histori-
cally was important in understanding the epidemiology and response 
to therapy of UTI. Direct ureteral catheterization with quantitative 
cultures is an accurate but invasive method of localization. The Fairley 
bladder washout technique, which involves bladder catheterization, is 
less invasive and less accurate.158 Many other techniques, such as mea-
suring the urinary concentrating ability, urinary levels of various 
enzymes, urinary β2-microglobulin levels, and serum antibody levels, 
as well as the antibody-coated bacteria test, have been evaluated but 
are not reliable.

The outcome of therapy can also be used in a crude but useful 
manner to separate those with upper and lower tract infection. Almost 
all patients with infection restricted to the lower tract can be cured 
with a short course of antimicrobial therapy. However, the relapse rate 
with upper tract infection is appreciable, even with 7 to 10 days of 
therapy.

MANAGEMENT OF URINARY 
TRACT INFECTION
General Considerations
The diagnosis of infection in the asymptomatic patient should be made 
on no fewer than two cultures of clean-voided midstream urine in 
which the same microorganism is present in titers of greater than or 
equal to 105/mL. If the patient is symptomatic, one specimen suffices.

All symptomatic UTI is usually treated because the relief of symp-
toms is a clear-cut benefit. However, symptoms of cystitis often subside 
spontaneously or following symptomatic treatment.71,159-161 On the 
other hand, there has been no benefit demonstrated or currently pos-
tulated in the treatment of asymptomatic bacteriuria in any group 
outside of pregnant women, those who are to undergo traumatic  
genitourinary procedures associated with mucosal bleeding such as 
transurethral prostatectomy, and those who have recently had renal 
transplantation. In fact, one recent study demonstrated that treatment 
of asymptomatic bacteriuria in young women increases the frequency 
of symptomatic infection.162 A rational approach to the treatment of 
UTI depends on an appreciation of the prognosis of the untreated infec-
tion and the long-term results to be expected from therapy. The side 
effects, cost, and inconvenience of different therapeutic regimens must 
also be considered. Because there is no demonstrated benefit of treat-
ment of asymptomatic UTI in nonpregnant adult women, therapy of 
asymptomatic bacteriuria makes little sense in this group.127

Although asymptomatic bacteriuria in older adults is associated 
with degenerative and debilitating diseases and in some old reports 
with mortality, there is no convincing evidence for a cause-and-effect 
relationship.122,124,126,163 There certainly is no evidence that treatment of 
the bacteriuria alters the patient’s course. Asymptomatic bacteriuria 
serves as a marker for debilitating diseases, which in turn may contrib-
ute to mortality. In addition, bacteriuria is common in older adults, 
and many of these patients become reinfected or relapse after antimi-
crobial therapy. Furthermore, a higher frequency of side effects from 
chemotherapy would be expected in an older age group because of 
preexisting renal, auditory, and other diseases. Considering the large 
number of patients involved, antimicrobial therapy may lead to an 
unwarranted financial burden and danger of drug toxicity. Treatment 
is not indicated for asymptomatic bacteriuria in older patients.121,127 In 
contrast, bacteriuria in pregnancy may have serious implications. 
Treatment of pregnant women with asymptomatic bacteriuria is most 
likely to be beneficial.

Hospitalized patients with asymptomatic bacteriuria have higher 
mortality rates than those without bacteriuria.164 This observation may 

Urinary Tract Infection with Low Numbers of 
Organisms
Most women with an acute onset of frequency, urgency, or dysuria, or 
all of these, have UTI with 105 or more bacteria/mL of urine (Fig. 74-6). 
However, up to half are found to have fewer than 105 bacteria/ mL of 
urine,70,155 and the term urethral syndrome has been used to refer to 
this entity. As shown in Figure 74-6, Stamm and associates have dem-
onstrated that many of these women have UTI but with low numbers 
of organisms. When suprapubic bladder aspirates are compared with 
voided midstream urine in acutely dysuric women, 102 or more 
coliforms/mL in midstream urine have a sensitivity and specificity of 
95% and 85%, respectively, for UTI. These women have urinary infec-
tions mainly restricted to the lower tract. Furthermore, up to one third 
of young women with symptomatic infection localized to the lower 
urinary tract have fewer than 105/mL bacteria in their urine.

A study of women coming to a university health clinic for any 
reason demonstrated that stepwise increases in bacterial counts from 
102 to 105 CFU/mL are significantly associated with an increased inci-
dence of symptoms and pyuria156; it was postulated that low-count 
bacteriuria represents an early phase of urinary infection. This hypoth-
esis appears to have been supported in a clinical study in which 21 
women with low-count bacteriuria (102 to <105 CFU/mL) had therapy 
delayed for 2 days, and reculture showed that 10 of 21 (48%) developed 
concentrations of more than 105 CFU/mL.

The remaining women with the urethral syndrome, after excluding 
those with bacteria in the bladder and those with genital herpes infec-
tion or vaginitis, can be divided into two groups: (1) those with pyuria 
from urethritis (e.g., caused by Chlamydia trachomatis, Neisseria gon-
orrhoeae, or Mycoplasma genitalium infection) and (2) those without 
pyuria in whom all bacterial cultures are negative. The pathogenesis of 
this latter symptom complex is unknown, but various fastidious micro-
organisms and noninfectious factors (traumatic, psychological, aller-
gic, and chemical) have been suggested as causes. Patients with C. 
trachomatis, N. gonorrhoeae, and M. genitalium urethritis respond to 
antibacterial therapy. Vaginitis is a common cause of dysuria and, 
accordingly, patients should be questioned regarding vaginal symp-
toms, particularly if the complaint of burning is external, such as pain 
felt in the inflamed labia during micturition. If vaginitis is suspected, 
a pelvic examination should be performed. Dysuria has also been 
described in 10% of women with initial genital herpes infection.

Although symptoms and the clinical settings cannot reliably distin-
guish between the causes of dysuria in women, they can be sugges-
tive.147 Bacterial UTIs tend to have a sudden onset of severe dysuria 
with frequency and urgency, suprapubic pain and/or hematuria may 
be present, and there is pyuria. Clinical clues to urethritis (chlamydial, 
gonococcal, or mycoplasmal) include the following: a patient with a 
gradual onset of milder dysuria, with or without frequency and 
urgency, who is sexually active with a recent new sexual partner; 

FIGURE  74-6  Relative frequencies of causes of acute onset of 
frequency or dysuria, or both, in young women.  (Modified from 
Stamm WE, Wagner KF, Amsel R, et al. Causes of acute urethral syndrome 
in women. N Engl J Med. 1980;303:409-415.)
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The urinary pH level affects the antibacterial activity of many 
chemotherapeutic agents used for the treatment of UTIs. The activity 
of methenamine results from the release of formaldehyde as the 
urinary pH level decreases below 5.5. Clinically, methenamine is 
used in the form of its mandelic acid salt (methenamine mandelate) 
or its hippuric acid salt (methenamine hippurate). The antibacterial 
activity of these salts is related to the formation of the un-ionized 
organic acid and formaldehyde, which is highly dependent on the 
maintenance of a urinary pH of 5.5 or less. The effectiveness of 
nitrofurantoin (pKa = 7.2) is also greater at a low urinary pH level. 
In contrast, the aminoglycoside antibiotics are more effective in 
alkaline urine.

Although different antimicrobial agents have maximal effectiveness 
at different pH levels, most agents exhibit adequate antibacterial activ-
ity at usual urinary pH levels. The maintenance of urine at the low pH 
level required for effective antibacterial activity of organic acids and 
methenamine can be accomplished by the administration of ascorbic 
acid or methionine. Acidification of the urine can result in precipita-
tion of urate stones and, because oxalate is a metabolite of ascorbic 
acid, large doses of ascorbic acid can cause the formation of oxalate 
stones.

To acidify the urine, it is often necessary to modify the diet by 
restriction of agents that tend to alkalinize the urine (e.g., milk, fruit 
juices [except cranberry juice], sodium bicarbonate). Another major 
problem with acidification is that patients with renal insufficiency are 
unable to excrete an acid load and may become systemically acidotic 
when urinary acidification is attempted. It may be impossible to acidify 
urine infected with urea-splitting organisms such as Proteus spp. 
because of the production of ammonia from urea. Acidification for 
long-term antimicrobial therapy is frequently difficult to achieve and 
should only be used with the concomitant use of organic acids or 
methenamine; these are rarely used today.

Analgesics
Urinary analgesics such as phenazopyridine hydrochloride (Pyridium) 
have little place in the routine management of symptomatic infections. 
The dysuria of UTI usually responds rapidly to antibacterial therapy 
and requires no local analgesia. If flank pain or dysuria is severe, sys-
temic analgesics can be used. Analgesics such as phenazopyridine 
hydrochloride may be useful in the management of certain patients 
with dysuria but without infection.

Prevention of Urinary Tract Infection
Prevention is aimed primarily at recurrent symptomatic reinfections 
in women because this is the group that most often has reinfections. 
Although elimination of some risk factors such as use of spermicidal 
contraceptive jellies may decrease the numbers of episodes, many 
women continue to have symptomatic reinfections. Antimicrobial 
agents have been the mainstay in approaching reinfections, but with 
increasing resistance of uropathogens to antimicrobial agents, other 
approaches have been increasingly evaluated.

An investigational approach to preventing reinfections in post-
menopausal women with frequent recurrent UTIs is the use of oral or 
intravaginal estrogens.166 In limited studies, the use of estrogens in 
these women has resulted in a decrease in the number of episodes of 
UTI, presumably by decreasing the vaginal pH, increasing colonization 
of the vagina with lactobacilli, and decreasing colonization with 
Enterobacteriaceae. Cranberry products have been extensively studied 
with some studies reporting effectiveness in reducing infections and 
others not. A recent extensive review concluded that there was little or 
no benefit of cranberry juice.167 However, the results were clouded by 
the large number of dropouts from the studies due to poor accept-
ability of consuming cranberry products, particularly juice, over long 
periods. What is necessary is a large study using a standardized cran-
berry product to answer the question of the usefulness of cranberries 
for prophylaxis of recurrent UTIs. Chapter 50 concludes that evidence 
of efficacy is lacking.

A promising phase II trial using a probiotic, Lactobacillus crispatus, 
or placebo intravaginally in premenopausal women demonstrated an 
impressive decrease in reinfections in the probiotic group versus the 
placebo group during a 10-week study (15% reinfections vs. 27% 

be related to deaths from bacteremia in patients with indwelling 
urinary catheters.

Some patients have such frequent symptomatic episodes (either 
relapses or reinfections) that they are almost chronically incapacitated. 
In these patients, it may be necessary to give prolonged therapy or 
prophylaxis to prevent recurrent symptoms.

In an adult male with a UTI, the possibility of complicated UTI is 
much higher than in a female, and the existence of a correctable 
obstructive lesion must be considered. At a minimum, a postvoiding 
ultrasound of the urinary tract should be obtained to evaluate bladder 
emptying. For management of patients with an indwelling catheter see 
Chapter 304.

Nonantimicrobial Therapy and 
Prevention
Hydration
Forcing fluids has been advocated for the therapy of UTI. Hydration 
produces rapid dilution of the bacteria and removal of infected urine 
by frequent bladder emptying, which in the presence of minimal resid-
ual volume may offset the logarithmic growth of gram-negative bacilli. 
Forcing fluids usually results in a rapid reduction of bacterial counts. 
Permanent loss of bacteriuria has been reported in a few patients with 
rapid hydration, but in most patients, the bacterial count returns to the 
original level when hydration is stopped (e.g., overnight).

Medullary hypertonicity tends to inhibit leukocyte migration into 
the renal medulla, and the high concentration of ammonia tends to 
inactivate complement. Abolition of medullary hypertonicity by diure-
sis would be expected to reverse these effects. In addition, a reduction 
in bacterial counts in the urine by hydration would enhance the effect 
of factors otherwise overwhelmed by large numbers of bacteria (e.g., 
bladder mucosal defenses or the effect of relatively low concentrations 
of antimicrobial drugs).

Forcing fluids may also have some disadvantages. Increased fluid 
intake could theoretically result in increased vesicoureteral reflux and 
possibly cause acute urinary retention in the partially obstructed 
bladder. The larger urine output results in dilution of antibacterial 
substances normally present in the urine and in lower urinary concen-
trations of antimicrobial agents. Water diuresis also decreases urinary 
acidification, which enhances the antibacterial activity of urine and 
certain antimicrobial agents.

Because there is no evidence that forcing fluids improves the results 
of appropriate antimicrobial therapy, and because continuous hydra-
tion is inconvenient, we are not in favor of this approach.

Urinary pH
The antibacterial activity of urine results mainly from a high urea 
concentration and osmolality and is pH dependent, being higher at 
a lower pH. The pH-dependent activity may be related to a high 
concentration of various weakly ionizable organic acids, such as 
hippuric and β-hydroxybutyric acids. The antibacterial activity of 
these organic acids is related to the concentration of the undissoci-
ated molecule, which probably penetrates better than the ionized 
form into the bacterial cell. Because these organic acids have a 
relatively low pKa (the pH at which 50% of the molecules are undis-
sociated), the lower the urinary pH, the higher the concentration 
of undissociated molecules and the higher the antibacterial activity 
of the organic acid.

Hippuric acid is a common constituent of urine, being the glycine 
conjugate of dietary benzoic acid, and is bacteriostatic in proportion 
to the concentration of undissociated molecules. The production of 
antibacterial activity in urine by the ingestion of large volumes of 
cranberry juice (calculated at ≥4 L)—if the urinary pH level is kept 
low—results from the appearance in the urine of high concentrations 
of hippuric acid derived from precursors in the berry. The successful 
use of mandelic acid, another organic acid, is also dependent on the 
maintenance of a low urinary pH level. More recently, cranberry juice 
has also been shown to disable the ability of E. coli to adhere to the 
epithelial cells of the urethra. The mechanism is coating of the fimbriae 
of E. coli with fructose and a proanthocyanidin, substances found in 
the urine after the ingestion of cranberry juice, and is the more likely 
reason for any effectiveness.165
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levels of the antimicrobial agent are below the concentration of the 
drug needed to inhibit the microorganism. This can occur when the 
infecting strain is resistant to the urinary levels attained (i.e., a resistant 
organism) or because the urinary levels of the drug are inordinately 
low (i.e., from not taking the agent, insufficient dosage, poor intestinal 
absorption, or poor renal excretion, as in renal insufficiency). Persis-
tence of the infecting microorganism in low titers in voided urine may 
mean persistence in the urinary tract or contamination from the 
urethra or vagina. Bladder puncture cultures would be necessary to 
evaluate the significance of low titers of bacteria obtained when the 
patient is receiving therapy, but this procedure is rarely indicated. 
Bacteria may persist in the urinary tract during therapy without excre-
tion of organisms in the urine. Sites of persistence in the urinary tract 
are the renal parenchyma, calculi, and prostate. Persistence in bladder 
cells is a theoretic possibility.34 The simplest way of determining the 
significance of persistence of the organism in low titers in the urinary 
tract is to obtain follow-up urine cultures after therapy has been 
stopped. Prompt relapse of significant bacteriuria usually follows per-
sistence of the organism in the urinary tract.

Bacteriologic Relapse
This usually occurs within 1 to 2 weeks after the cessation of chemo-
therapy and is often associated with renal infection, structural abnor-
malities of the urinary tract, or chronic bacterial prostatitis. Relapse 
indicates that the infecting microorganism has persisted in the urinary 
tract during therapy. However, an apparent relapse can be related to 
reinfection (new infection) with the same microorganism. In spite of 
eradication from the urinary tract, the original infecting organism may 
still be present in the periurethral area, vagina, or intestine and then 
may cause a new infection. Delayed relapses (more than 1 to 2 weeks 
after stopping therapy) are much more likely to be the result of this 
phenomenon or of chronic bacterial prostatitis than of true relapse. 
Relapses occurring within 1 week are usually true relapses (i.e., from 
within the urinary tract).

Reinfection
After initial sterilization of the urine, reinfection may occur during the 
administration of chemotherapy (also called superinfection) or at any 
time thereafter. Reinfection is easy to identify when there is a change 
in bacterial species. However, there may be reinfection with a different 
strain of the same species (usually E. coli) or even the same strain.

Considerations in Choice of Therapy
With upper tract infection, agents that give antibacterial serum activity, 
such as fluoroquinolones, trimethoprim-sulfamethoxazole, β-lactam 
antibiotics, and aminoglycosides, should be used. With lower tract 
infection, additional agents such as nitrofurantoin and oral fosfomycin 
can be used.

Amoxicillin and ampicillin can no longer be recommended as  
reliable agents because at least 35% of isolates from community-
acquired UTI are now resistant to these agents.172,173 In parts of the 
United States and elsewhere in the world, E. coli resistance to 
trimethoprim-sulfamethoxazole has exceeded 20%, a level at which 
trimethoprim-sulfamethoxazole is no longer considered useful for 
empiric therapy.71,172-174 Similarly, resistance to the fluoroquinolones is 
increasing among E. coli, and it is generally considered that when the 
level of resistance reaches 10%, fluoroquinolones may also become 
unsatisfactory for empiric therapy as a single agent.71 In fact, a recent 
report of UTI E. coli isolates in the United States from a mixture of 
patients seen in hospital clinics, emergency departments, and physi-
cian offices (obviously not all community acquired as contrasted with 
health care related) demonstrated 24% resistance to trimethoprim-
sulfamethoxazole and 17% resistance to ciprofloxacin.175 Some institu-
tions are reporting ciprofloxacin resistance in 40% of E. coli isolates. 
Strictly community-acquired E. coli are less resistant.176 Nitrofurantoin 
and fosfomycin have maintained a high level of activity against E. coli 
to date.79,175,176

There is evidence that cell wall–active agents (e.g., penicillins, ceph-
alosporins) are not as effective in eradicating infection in the kidneys, 
or for that matter anywhere in the urinary tract, as trimethoprim-
sulfamethoxazole, fluoroquinolones, or aminoglycosides.152,155

reinfections).168 Those with high-level L. crispatus colonization had 
even higher protection. Confirmatory studies are necessary.

Other potential approaches are being investigated, including vac-
cines, colonization with a “nonvirulent” E. coli, and immunostimu-
lants.169 Although some of these may have merit, much more evaluation 
with controlled studies is necessary.

Principles of Antimicrobial Therapy
In most cases, many available agents are satisfactory for the treatment 
of UTI. Given two or more drugs with good activity against the prob-
able infecting microorganism, the agent should be chosen with the 
least toxicity and the least likelihood of affecting the normal flora of 
the vagina and gastrointestinal tract.

There is no evidence to support any superiority of bactericidal drugs 
over bacteriostatic agents in UTI. However, there may be theoretical 
reasons for using bactericidal drugs in the treatment of relapsing UTI.

Serum, Tissue, and Urine Concentrations of 
Antimicrobial Agents
A poor correlation exists between the response of bacteriuria and 
blood levels of antimicrobial agents. In the dosages commonly used for 
UTI, some oral antimicrobial agents do not achieve serum levels above 
the minimal inhibitory concentration for most urinary pathogens.

The disappearance of bacteriuria is closely correlated with the sen-
sitivity of the microorganism to the concentration of the antimicrobial 
agent achieved in the urine.170 It is probable that the most important 
area to reach antibacterial concentrations in pyelonephritis is the intra-
medullary part of the kidney. Urinary concentrations that are inhibi-
tory for sensitive microorganisms are achieved after oral administration 
of essentially all antimicrobial agents commonly used for UTIs. 
Although blood levels do not seem to be important in the treatment 
of UTI, they may be critical in patients with bacteremia and may be 
important in the cure of patients with renal parenchymal infection who 
relapse.

In patients with renal insufficiency, dosage modifications are neces-
sary for agents that are excreted primarily by the kidneys and cannot 
be cleared by any other mechanism. In renal failure, the kidney may 
not be able to concentrate an antimicrobial agent in the urine, and there 
may be difficulty in eradicating bacteriuria.171 This may be an important 
factor in the failure of therapy for UTI with aminoglycosides.

In addition, high concentrations of magnesium and calcium, as well 
as a low pH level, can raise the minimal inhibitory concentration of 
aminoglycosides for gram-negative bacilli to levels above those achiev-
able in the urine of patients with renal failure. In general, the penicil-
lins, cephalosporins, and many fluoroquinolones attain adequate urine 
concentrations, despite severely impaired renal function. From the 
point of view of safety, the penicillins and cephalosporins should be 
considered first-line agents in the treatment of UTIs in patients with 
renal insufficiency.

Response to Therapy
If therapy is appropriate, clinical response should occur within 24 hours 
with treatment of cystitis. With pyelonephritis, response should occur 
by 48 to 96 hours. Lack of response by 72 hours should be an indication 
for imaging studies. There are four patterns of response of bacteriuria 
to antimicrobial therapy—cure, persistence, relapse, and reinfection. 
Quantitative bacterial counts in urine should decrease within 48 hours 
after the initiation of an antimicrobial agent to which the microorgan-
ism is sensitive in vitro. If titers do not decrease during this time, the 
therapy being given will almost invariably be unsuccessful.

Bacteriologic Cure
This is defined as negative urine cultures on chemotherapy and during 
the follow-up period, usually 1 to 2 weeks. However, it must be under-
stood that many of these patients will develop reinfection at a later time.

Bacteriologic Persistence
This has been used in two ways to describe a response to therapy: (1) 
persistence of significant bacteriuria after 48 hours of treatment and 
(2) persistence of the infecting organism in low numbers in urine after 
48 hours. Significant bacteriuria usually persists only if the urinary 
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trimethoprim-sulfamethoxazole for outpatients because of the increas-
ing frequency of infection with community-acquired methicillin-
resistant staphylococci.

Oral Therapy
Although 14 days of therapy has classically been recommended for 
treatment of pyelonephritis, it has been demonstrated that 7 days  
of a fluoroquinolone and, with levofloxacin, 5 days of therapy is  
sufficient.181,182 For oral therapy, current international guidelines rec-
ommend a 7-day course of ciprofloxacin 500 mg twice daily or 1 g 
once daily or a 5-day course of levofloxacin 750 mg once daily if  
local fluoroquinolone resistance is under 10%.71 When local resistance 
is greater than 10% fluoroquinolone, therapy should start with an 
initial, additional, single dose of a parenteral antibiotic such as a 1-g 
dose of ceftriaxone or a dose of an aminoglycoside to provide cover-
age while awaiting results of the urine culture. With use of any agent 
other than a fluoroquinolone, 14 days of therapy is generally recom-
mended. When a fluoroquinolone cannot be used, oral trimethoprim-
sulfamethoxazole (160/800 mg twice daily) is reasonable, but an initial 
injection of ceftriaxone or an aminoglycoside is recommended 
pending results of cultures. This is because of the frequency of high 
levels of resistance of E. coli to trimethoprim-sulfamethoxazole in 
the community. If an oral β-lactam agent must be used, an initial 
dose of ceftriaxone or aminoglycoside should also be administered. 
Routine imaging studies are not required for women with acute 
uncomplicated pyelonephritis. Follow-up urine cultures are not indi-
cated except in pregnancy.

Parenteral Therapy
Patients hospitalized for apparent uncomplicated pyelonephritis 
should receive initial treatment with parenteral antibiotics. Options are 
a fluoroquinolone, an extended-spectrum cephalosporin such as cef-
triaxone or piperacillin-tazobactam with or without an aminoglycoside 
initially, or a carbapenem such as imipenem. Fluoroquinolone should 
be given for 7 days, and other agents should be given for 14 days.71 
Patients who develop pyelonephritis in a hospital or long-term-care 
facility setting should be assumed to be infected with the resistant flora 
of that facility, and therapy should be initiated with antibiotics that are 
likely to be effective. When the susceptibility pattern of the infecting 
organism is known, therapy can be altered accordingly. Oral treatment 
can be used to complete the course of antimicrobial therapy once a 
response has occurred.71,152,155

The finding of continuing positive blood cultures or persistent high 
fever and toxicity past the first 3 to 4 days suggests the need for inves-
tigation to exclude complications such as urinary obstruction or intra-
renal or perinephric abscess formation. Investigation should include 
renal ultrasonography, computed tomography (CT) or magnetic reso-
nance imaging (MRI) scan, and, according to the findings, a urologic 
consultation. The availability of sensitive noninvasive studies has 
resulted in the early diagnosis of intrarenal or perinephric abscess 
formation that may respond to antibiotic therapy alone.

Uncomplicated Cystitis in Women
In the woman with classic symptoms of cystitis, urine dipstick or  
cultures are not necessary for management. However, if obtained,  
a negative dipstick or microscopic examination for pyuria would  
raise great suspicion that the diagnosis of cystitis is incorrect. In the 
past, 7 to 10 days of therapy was routinely recommended for women 
with cystitis. However, it has become apparent that most women  
with cystitis can be cured with much shorter courses of therapy  
and, in fact, many with only a single dose of an antimicrobial agent. 
The advantages of short-course therapy include a lower cost, better 
compliance, fewer side effects, and perhaps less intensive selective  
pressure for the emergence of resistant organisms in gut, urethral, or 
vaginal flora.

Single-dose therapy with certain agents achieves high urinary 
concentrations that are prolonged for at least 12 to 24 hours and 
eliminates infection when presumably confined to the bladder. His-
torically, regimens such as single oral doses of 3 g of amoxicillin, 
one to two double-strength tablets of trimethoprim-sulfamethoxazole, 
sulfonamides, tetracycline, trimethoprim, nitrofurantoin, fosfomycin, 

Classification and Antimicrobial 
Therapy for Different Groups
Most often when therapy for UTI is initiated, the infecting microor-
ganism and its susceptibilities to antimicrobial agents are not known. 
Furthermore, it may not be known if there is an abnormality present 
that would make the UTI complicated (e.g., calculi). Therefore, the 
approach to therapy is usually to follow established clinical practice 
guidelines when available for choice of initial antimicrobial therapy. In 
the case of nonresponse, therapy is changed according to culture and 
sensitivity results.

The guidelines have to be periodically revised because of the con-
tinuously evolving resistance of uropathogens to antimicrobial agents, 
development of new agents, and production of studies regarding 
superiority/inferiority of agents, as well as studies redefining appropri-
ate lengths of therapy.

Infection in Children
UTI in children younger than 3 months of age is usually caused by E. 
coli or Enterococcus faecalis. After obtaining urine (and if indicated 
blood) cultures, recommended empiric therapy is usually a β-lactam 
antibiotic and aminoglycoside such as ampicillin and gentamicin intra-
venously. Therapy is modified, if necessary, on the basis of culture 
results. After response, therapy is changed to oral agents such as a 
β-lactam or trimethoprim-sulfamethoxazole, on the basis of suscepti-
bility studies, for a total period of 7 to 14 days.97,177-179

After 3 months of age, IV therapy is used in seriously ill children 
as for those younger than 3 months; third-generation cephalosporins 
are a reasonable choice. Oral therapy with a β-lactam such as a second- 
or third-generation cephalosporin or trimethoprim-sulfamethoxazole 
(pending cultures for definitive therapy) is recommended for those not 
seriously ill, 3 days for afebrile cases, and 7 to 14 days for febrile 
cases.92,97,177-179

Prophylaxis with an antimicrobial agent following treatment for 
febrile UTI in infants and young children is controversial. If prophy-
laxis is given, it should probably be reserved for children with grade 
III or higher reflux with renal scarring.93 Antireflux procedures (endo-
scopic or open surgery) are considered in those older than 12 months 
of age with high grades of reflux and scarring.180

Recommendations for imaging in infants and young children have 
become increasingly stringent over recent years, especially since pre-
natal ultrasonography is often available and will select out many with 
significant urologic abnormalities. Postnatal ultrasounds are mainly 
restricted to those children at highest risk for kidney damage and 
underlying abnormalities. These include those who are seriously ill, 
those with possible obstruction (e.g., poor urine flow, abdominal or 
bladder masses, elevated creatinine, lack of response to antibiotics), 
non–E. coli organisms, and children with recurrent UTIs. In practice, 
many physicians obtain renal ultrasounds for most children after  
the first UTI to detect obstructive uropathy. 99mTechnetium-
dimercaptosuccinic acid (99mTc-DMSA) renal scans are ordered selec-
tively to detect presence of renal scars. Micturating cystourethrograms 
(MCUGs) may be ordered to detect vesicoureteral reflux (see later 
section “Imaging Studies”).97 When found, management of vesicoure-
teral reflux is controversial and includes antimicrobial prophylaxis, 
surgical intervention, or surveillance only.93,104

Acute Uncomplicated Pyelonephritis  
in Women
All patients with pyelonephritis should have a urine culture with anti-
microbial susceptibilities to confirm the appropriateness of therapy 
chosen. Patients who are severely ill with pyelonephritis should be 
hospitalized and treated intravenously; the others can be treated orally 
if they are reliable, compliant, hemodynamically stable, and able to  
take oral therapy. If a Gram stain of the urine is available, it will help 
direct therapy toward gram-negative bacilli, by far the most common 
causes of pyelonephritis, or gram-positive cocci (usually enterococci), 
but in the majority of cases the selection of antimicrobial therapy is 
empirical. If gram-positive cocci in chains are seen on Gram stain, 
ampicillin or amoxicillin is probably the agent of choice. When staphy-
lococci are implicated on Gram stain, it would be most prudent to  
use an agent such as vancomycin for inpatients and linezolid or 
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related to urinary obstruction from diseases of the prostate in men, 
chronic bacterial prostatitis may be difficult to cure.

The management of complicated UTI is problematic for a number 
of reasons.1,2,184,185 Resistant bacteria (such as ESBL-producing E. coli; 
urease-producing bacteria including Proteus, Providencia, and Mor-
ganella; Pseudomonas; and Acinetobacter) and polymicrobial infection 
are found much more commonly in complicated UTI than in uncom-
plicated disease. The complication may make persistent or relapsing 
infection much more likely. For example, in the presence of an infected 
calculus, relapse from within the calculus is usual after therapy is 
stopped; the presence of a foreign body, such as a drainage device, 
makes eradication of infection difficult, probably because of formation 
of biofilms; and renal insufficiency may result in subinhibitory levels 
of antibiotic in the urine, as well as more antibiotic side effects.

Asymptomatic bacteriuria is often present in complicated UTI. 
However, excluding pregnancy, no benefit has been demonstrated in 
screening for or treating asymptomatic bacteriuria except in two 
groups of patients: those with renal transplantation, especially in the 
early post-transplant period, and those who will have procedures trau-
matic to the urethra where elimination of bacteriuria can reduce the 
occurrence of symptomatic infection.2,127,136,137 Long-term suppressive 
antimicrobial therapy has been advocated for struvite stones that 
cannot be removed in an attempt to prevent stone enlargement.

Urine cultures and antimicrobial susceptibility tests should be 
obtained in all patients with complicated UTI who require treatment. 
Imaging by ultrasound, CT scan, and/or MRI is often important to rule 
out obstructive uropathy and other abnormalities. A urologic consulta-
tion is often indicated. With complete urinary obstruction or ureteral 
obstruction, the patient may be septic, and prompt relief of the obstruc-
tion is important. Correction of a complication, if feasible (e.g., removal 
of a calculus or a catheter) may make cure much easier.

The possibility of a resistant infecting organism should be suspected 
in complicated UTI and initial therapy chosen accordingly. When cul-
tures and susceptibilities become available (or if known in advance), 
antimicrobial therapy should be directed according to the results. 
Therapy for upper tract infection is as described earlier under “Acute 
Uncomplicated Pyelonephritis in Women,” either outpatient or inpa-
tient with a fluoroquinolone as the preferred drug. In the severely ill 
patient, a third-generation cephalosporin, cefepime, or piperacillin/
tazobactam (with or without an aminoglycoside) or a carbapenem 
given intravenously should also be given initially. With pyelonephritis 
caused by infecting organisms resistant to all of these agents, colistin 
(significant side effects), tigecycline (borderline urine levels) or IV 
fosfomycin (not available in the United States) may be necessary. Our 
recommended duration of therapy is 14 days.

Our preference for empirical initial therapy for lower tract infection 
is a fluoroquinolone pending antimicrobial susceptibility studies, but 
nitrofurantoin and fosfomycin are reasonable choices. Fosfomycin in 
particular has maintained activity against many multiresistant bacte-
ria.79 The duration of therapy should be for at least 7 days with a fluo-
roquinolone or nitrofurantoin.

Because of their ototoxicity and nephrotoxicity, aminoglycosides 
should be avoided in patients with renal insufficiency. With creatinine 
clearances of less than 50 mL/min, nitrofurantoin and sulfamethoxa-
zole urine levels will likely be subtherapeutic, and nitrofurantoin is 
contraindicated in renal failure related to resultant peripheral neuropa-
thy. Urine concentrations of trimethoprim used alone should be high 
enough to allow its use in patients with impaired renal function.186 
With severe renal insufficiency, the β-lactams are the safest agents to 
use. In general, in the presence of severe renal insufficiency, doses of 
virtually all antimicrobials must be adjusted. In addition, with renal 
insufficiency, levels of antimicrobial agent in the urine may be insuf-
ficient to inhibit the infecting organism.186

When upper tract infection is complicated by abscesses, more pro-
longed therapy and perhaps drainage are indicated (see later, “Peri-
nephric Abscess” and “Intrarenal Abscess”).

Renal infection is a special problem in adults with hereditary poly-
cystic disease. Although parenchymal infections respond well to appro-
priate antibiotics, cyst infections frequently fail to improve and may 
require antibiotics that diffuse into these closed sites (e.g., trimethoprim-
sulfamethoxazole, fluoroquinolone) or aspiration or surgical drainage. 

cephalosporins, fluoroquinolones ,and a single injection of amino-
glycoside were evaluated with high cure rates. Not every antibiotic 
administered as a single dose was effective.

For example, a 2-g oral dose of cefaclor, a cephalosporin, resulted 
in a 57% failure rate. Subsequently, multiple reviews have concluded 
that 3 days of therapy with many of these agents is superior to single-
dose therapy.70,110,152,155 It is also clear that with a single dose or 3 days 
of therapy, trimethoprim-sulfamethoxazole and fluoroquinolones are 
superior to equivalent courses of β-lactam antibiotics in terms of 
avoiding both early (i.e., <2 weeks) and late (i.e., >2 weeks) 
reinfection.70,110,152,155

The international clinical practice guidelines for the treatment of 
acute uncomplicated cystitis and pyelonephritis in women recommend 
treatment of presumed uncomplicated cystitis in women with nitrofu-
rantoin (100 mg every 12 hours for 5 days), fosfomycin (a single dose 
of 3 g with 3 to 4 oz of water) and if local resistance is under 20% of 
isolates, trimethoprim-sulfamethoxazole (one double-strength tablet 
every 12 hours for 3 days).71 Trimethoprim 100 mg every 12 hours for 
3 days is probably equivalent. Pivmecillinam (400 mg twice daily for 3 
to 7 days) is also recommended but is not available in the United States. 
The different durations of administration are based on comparative 
clinical trials. Fosfomycin, a bacterial cell wall–active antibiotic, is 
approved by the U.S. Food and Drug Administration for single-dose 
(3 g oral powder) treatment of uncomplicated lower UTI. Nitrofuran-
toin, trimethoprim-sulfamethoxazole, or fosfomycin represent an 
appropriate initial choice of therapy for cystitis because of generally 
low rates of resistance (variable with trimethoprim-sulfamethoxazole) 
and low impact on microbiologic flora. It has been reported that the 
efficacy of single-dose fosfomycin is inferior to that of standard short-
course regimens.71 However, a recent meta-analysis of 27 trials found 
no difference in efficacy between fosfomycin and other antibiotics for 
treatment of cystitis and found that fosfomycin was associated with 
significantly fewer adverse reactions in pregnant women.183

The guidelines list fluoroquinolones such as ciprofloxacin, ofloxa-
cin, and levofloxacin given for 3 days as highly efficacious but recom-
mend reserving them for other uses because of “collateral damage” 
—ecologic adverse effects of antimicrobial therapy.71 However, this 
recommendation may be questioned. Fluoroquinolones have been 
among the most widely used and reliable drugs for UTIs. Furthermore, 
the short course use of fluoroquinolones for cystitis probably adds  
little pressure to spread of resistance compared with the widespread 
nonindicated use of fluoroquinolones and the probable spread of 
fluoroquinolone-resistant organisms from food in some countries.

The guidelines also list β-lactam agents other than pivmecillinam, 
including amoxicillin-clavulanate, cefdinir, cefaclor, and cefpodoxime-
proxetil, in 3- to 7-day regimens as appropriate (but not preferred) 
choices for therapy when other recommended agents cannot be used.71

When acquired in a hospital or long-term care facility, empirical 
therapy should be based on the usual susceptibility patterns of organ-
isms causing UTI in that facility. Short-course therapy may not be 
appropriate for women who have a history of previous urinary infection 
caused by antibiotic-resistant organisms or more than 7 days of symp-
toms. In these patients who have an increased likelihood of upper tract 
infection, 7 to 10 days of therapy are recommended. Some of the risk 
factors for antimicrobial-resistant organisms are recent health care 
facility exposure, recent antimicrobial agent exposure, and for two U.S. 
based studies, travel outside the United States in the preceding 3 to 6 
months.71

If symptoms do not respond, or if they recur, a urine culture should 
be obtained and therapy chosen according to antimicrobial susceptibil-
ity testing. A symptomatic response followed by relapse after therapy 
is discontinued indicates the probability of upper tract infection and 
the need for a culture and therapy for upper tract infection.

Complicated Urinary Tract Infection Including 
Infection in Men
Because of the relative infrequency of UTI in men and the relatively 
high proportion of complicated UTI in men who get infected, men 
should be assumed to have complicated UTI until demonstrated oth-
erwise.1,2,184,185 In a male, presence of fever with only symptoms of 
cystitis may indicate acute prostatitis. In addition to complications 
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cause of relapse of UTI. The ultimate success of chemotherapy is 
dependent on the removal of stones. The same is true with drainage 
devices or other foreign bodies.

Some patients continue to relapse despite surgical correction of 
urologic abnormalities. In others, surgical correction may not be indi-
cated or feasible or no abnormality may be found. Symptomatic 
relapses must be treated. In men, chronic bacterial prostatitis should 
be ruled out.

In carefully selected patients, such as those with frequent symptom-
atic relapses, prolonged periods of therapy such as 4 weeks or longer 
should be considered. Some agents that can be used for longer-term 
therapy are amoxicillin-clavulanic acid, cephalexin, trimethoprim-
sulfamethoxazole, trimethoprim, and ciprofloxacin in usual doses  
and nitrofurantoin in full dosage for 1 week and then half the usual 
dosage. Rarely patients may require long-term suppressive therapy  
to keep them asymptomatic. Nitrofurantoin and trimethoprim-
sulfamethoxazole have been used for long-term chronic suppression in 
many old studies. Fosfomycin would seem to be useful for this purpose, 
but there have been few long-term studies. For example, one study used 
3 g of fosfomycin every 10 days.190 Methenamine mandelate or hip-
purate with acidification of the urine has also been used for chronic 
suppression (see “Urinary pH” earlier).

Reinfection of the Urinary Tract and 
Antimicrobial Prophylaxis
Patients with symptomatic reinfections can generally be divided into 
two groups: (1) those who have relatively infrequent reinfections, 
perhaps only once every 2 or 3 years to several times a year (the more 
common situation) and (2) those who develop frequent reinfections. 
These are usually young and middle-aged sexually active women who 
have recurrent cystitis. With infrequent reinfections, each episode is 
approached as a new episode of infection. Women with reinfections 
associated with lower tract symptoms can be managed with self-
administration of standard short-course therapy with the onset of 
symptoms.191,192

In some women, symptomatic reinfections are associated with 
sexual activity. Voiding immediately after intercourse may help pre-
vent reinfection. However, single-dose prophylactic chemotherapy 
taken after sexual intercourse (e.g., a single-strength trimethoprim-
sulfamethoxazole tablet, 100 mg of nitrofurantoin, or a dose of cipro-
floxacin) is a more effective method of decreasing these episodes.192-194

In other patients with frequent symptomatic reinfections, no pre-
cipitating event is apparent; in these patients, when symptoms are 
severe, long-term chemoprophylaxis may be instituted.192,194 Although 
these courses seem to decrease the frequency of reinfections and symp-
toms in most patients, it is impossible to completely prevent reinfection 
in many patients.

In older studies long-term chemoprophylaxis was advocated for 
asymptomatic patients who reinfect frequently and who were thought 
to be at risk of developing renal parenchymal damage with each rein-
fection (e.g., young children with severe vesicoureteral reflux and chil-
dren and adults with obstructive uropathy). This approach is 
controversial and not generally recommended.195 In a large study in 
young children, long-term antimicrobial prophylaxis was not associ-
ated with decreased risk of UTI but was associated with an increased 
risk of resistant infections.196 Screening for bacteriuria and chemopro-
phylaxis should be considered for all renal transplantation patients in 
the postoperative period to prevent symptomatic infection.2,136-138

Full antimicrobial dosage is not necessary for successful prophy-
laxis. One 50-mg capsule of nitrofurantoin or one half-tablet of 
trimethoprim-sulfamethoxazole (40 mg of trimethoprim, 200 mg of 
sulfamethoxazole) nightly suffices. Fluoroquinolones and other agents 
have been used with good results.

Fungal Infections
Most Candida UTIs occur in patients with indwelling catheters. 
Removal of the catheter may result in cure of 30% to 40% of patients 
with candiduria.197 Continuous amphotericin B bladder irrigation or 
oral fluconazole, 200 to 400 mg/day for 7 days, in association with 
removing (if possible) or replacing the catheter may be effective short 
term in eliminating candiduria.83 However, with longer follow-up, oral 

Emphysematous pyelonephritis is most often seen in older female dia-
betic patients with chronic urinary infections and renal vascular disease 
(Fig. 74-7). Because of a high mortality rate in spite of appropriate 
antibiotics and supportive therapy, immediate nephrectomy is fre-
quently indicated for this condition.187,188 However, cases have been 
cured with antibiotic therapy plus percutaneous drainage.

Asymptomatic Bacteriuria
Because no benefit has been demonstrated, screening for or treatment 
of asymptomatic bacteriuria is not recommended for any group of 
adult patients, including diabetics, except in renal transplant patients 
(see “Reinfection of the Urinary Tract and Antimicrobial Prophylaxis” 
later) and during pregnancy (see “Urinary Tract Infection in Preg-
nancy” later).2,121,127,132

A major exception to not screening for and treating asymptomatic 
bacteriuria is in those who are to undergo traumatic genitourinary 
procedures associated with mucosal bleeding, such as transurethral 
prostatectomy and percutaneous lithotomy. There is a high rate of 
postprocedure bacteremia and sepsis in these patients. To reduce the 
incidence of bacteremia, a urine culture is obtained several days before 
the procedure, and therapy with a third-generation cephalosporin or 
another appropriate agent is started 12 hours to just before the proce-
dure. The therapy is usually stopped after the procedure, but some 
continue the therapy until any urethral catheter is removed.2,127,189

The agents used for management of asymptomatic bacteriuria are 
those used for uncomplicated bacteriuria as described earlier in 
“Uncomplicated Cystitis in Women.”

Relapsing Urinary Tract Infection
If a patient relapses after therapy for UTI, the most likely possibilities 
are that the patient has (1) renal involvement, (2) chronic bacterial 
prostatitis, or (3) a structural abnormality of the urinary tract (e.g., 
calculi). Relapses, especially in the absence of structural abnormalities, 
could be related to renal infection that may require a longer duration 
of therapy or to chronic bacterial prostatitis, which is difficult to cure 
even with long-term therapy. Patients who have a symptomatic relapse 
should have a urine culture and sensitivity study and be treated with a 
course of antimicrobial therapy for upper tract infection. In the past, 
it was demonstrated that a 6-week course of therapy with a β-lactam 
results in a higher cure rate than a 2-week course in patients who 
relapse after 2 weeks of therapy. These were mainly women who pre-
sumably had renal infection.

Structural abnormalities of the urinary tract predispose to relapse. 
Obstructive lesions can be corrected surgically and should be sought 
in the evaluation of patients with relapsing infection. Calculi may be a 

FIGURE  74-7  Emphysematous pyelonephritis in a patient with 
diabetes. This computed tomography scan shows an enlarged, inflamed 
right kidney with air in the parenchyma and subcapsular space. (Courtesy 
Dr. M. Bergeron.)
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acute pyelonephritis can be prevented by eliminating asymptomatic 
bacteriuria in the early stages of pregnancy.128,201 It has also been noted 
that those whose bacteriuria fails to respond to treatment are at the 
highest risk of developing symptomatic infection. A lack of cure is 
probably an indication of upper versus lower tract infection.

An association between acute pyelonephritis of pregnancy and pre-
mature delivery was well known in the preantibiotic era. The rate of 
prematurity can be as high as 20% to 50%. In 1959, Kass reported that 
there was an association between asymptomatic bacteriuria and pre-
maturity and that the eradication of bacteriuria significantly reduced 
the rate of premature delivery.202 Since then, there have been conflict-
ing studies both supporting and denying these observations.128 It seems 
that prematurity and low birth weight are increased in patients with 
asymptomatic bacteriuria, primarily in women with renal involvement 
and those with symptomatic pyelonephritis correlating with increasing 
severity of symptomatic infection.203 However, it does not necessarily 
follow that asymptomatic bacteriuria is a cause of prematurity. It is 
possible that certain patients are predisposed both to bacteriuria and 
to delivering premature infants. In a meta-analysis, the risk of pre-
eclampsia and hypertension was increased in women with UTI (odds 
ratio, 1.57; P < .05).204

Even though the data relating asymptomatic bacteriuria of preg-
nancy to prematurity are not clear-cut, the relationship of asymptom-
atic bacteriuria to the later development of acute pyelonephritis is 
indisputable. Acute pyelonephritis has possible serious consequences 
for both the mother and fetus.205 Accordingly, screening for and treat-
ment of bacteriuria of pregnancy seem justified. Quantitative urine 
cultures should be obtained in all pregnant patients at the initial pre-
natal visit because treatment given at that time would provide the 
greatest number of bacteriuria-free gestational weeks.

Postpartum studies of patients with bacteriuria of pregnancy dem-
onstrate a high frequency of bacteriuria, even with treatment during 
pregnancy. Postpartum intravenous pyelography (IVP) of these 
patients has shown that 10% to 30% have radiologic changes of chronic 
pyelonephritis and other abnormalities. These abnormalities are most 
common in patients in whom renal bacteriuria has been demonstrated 
or in whom bacteriuria during pregnancy was difficult to eradicate 
with antimicrobial therapy.128 However, pyelographic abnormalities 
should not necessarily be attributed to the infection that occurred 
during the pregnancy. In fact, these abnormalities probably antedate 
the pregnancy and, in most cases, are related to childhood infection. 
Treatment of bacteriuria of pregnancy has little effect on the long-term 
course of the patient. When patients who had bacteriuria of pregnancy 
were studied 10 to 14 years later, there were no differences between 
those who were treated and those who were not.

Management of Bacteriuria of Pregnancy
Because screening and treatment of asymptomatic bacteriuria have 
been shown to prevent pyelonephritis,201 treatment with an appropriate 
antimicrobial agent is recommended for all pregnant patients found 
to have significant bacteriuria.128,206,207 All women should be screened 
in the first and, ideally, third trimesters of pregnancy. The goal of 
therapy is to maintain sterile urine throughout gestation and thereby 
avoid the complications associated with UTI during pregnancy. In the 
past, the administration of a relatively nontoxic drug for 7 days (e.g., 
a sulfonamide, amoxicillin, amoxicillin-clavulanate, cephalexin, nitro-
furantoin) eradicated bacteriuria in 70% to 80% of patients. As in 
nongravid women, increased ampicillin-resistant E. coli causing ges-
tational cystitis and pyelonephritis has been followed by increased 
trimethoprim-sulfamethoxazole resistance.208 Moreover, quinolone 
use is not recommended in pregnancy.206 Failure of treatment is most 
commonly seen in patients with renal infection or radiologic abnor-
malities of the urinary tract. Sulfonamides should not be administered 
in the last few weeks of gestation because they may contribute to 
hyperbilirubinemia and kernicterus in the newborn. Tetracyclines 
should be avoided during pregnancy; hence the overall range of anti-
microbial availability is reduced in pregnant women. In the treatment 
of asymptomatic bacteriuria and cystitis, treatment modalities include 
single-dose fosfomycin trometamol 3 g or cephalexin 500 mg four 
times a day for 3 to 5 days, or a 7-day course of nitrofurantoin. 
Trimethoprim-sulfamethoxazole for 3 days is effective when 

fluconazole is no more effective than no therapy.197 There is no dem-
onstrated benefit in the treatment of asymptomatic infection, and 
therefore therapy is not recommended. Exceptions include only 
patients who are to undergo elective urinary tract surgery. In these 
cases, attempts should be made to eliminate or at least suppress the 
candiduria with oral fluconazole. In the past, asymptomatic candiduria 
in renal transplant recipients was treated with fluconazole on the basis 
of a perceived risk of a destructive process in the grafted kidney. 
However, a large study of post-transplantation patients failed to show 
excessive morbidity associated with candiduria or any benefit from 
eradication of candiduria.198 Infrequently, ascending infection result-
ing in pyelonephritis occurs, especially in patients with diabetes or 
obstruction. This obviously requires systemic antifungal therapy and 
attention to obstruction. Symptomatic cystitis is uncommon and is 
treated with oral fluconazole 200 to 400 mg daily for 7 to 14 days in 
the presence of C. albicans, and of the azole drugs only fluconazole 
achieves therapeutic concentrations in urine. Candida glabrata symp-
tomatic infections frequently fail to respond to azole agents and are 
best treated with systemic or amphotericin B irrigation.199

Urinary Tract Infection in Pregnancy
Physiologic Alterations in the Urinary Tract
During pregnancy, there is dilation of the ureters and renal pelves,  
with markedly decreased ureteral peristalsis.128 These changes begin 
as early as the seventh week of gestation and progress to term. The 
bladder also decreases in tone so that late in gestation, it can contain 
twice its normal contents without causing discomfort. These changes 
vary from patient to patient. They are more marked on the right side 
and are more likely to occur during the first pregnancy or when preg-
nancies occur in rapid succession. The urinary tract tends to revert to 
normal by the second month after delivery. The urinary tract altera-
tions may be at least partly related to hyperestrogenism. Other possible 
explanations for the alterations are obstruction of the ureters by the 
gravid uterus and hypertrophy of muscle bundles at the lower end of 
the ureter. In addition to host factors, unique gestational bacterial viru-
lence factors are now recognized for a narrow group of genetically 
related E. coli.200 Each trimester appears to be associated with specific 
DNA fingerprints and serotypes of E. coli, as well as trimester-specific 
virulence patterns.

Epidemiology
The microbiologic picture of bacteriuria during gestation is similar to 
that seen in nonpregnant women. The prevalence of asymptomatic 
bacteriuria in pregnancy ranges from 4% to 7%. However, recurrent 
episodes are more common in pregnant women who had bacteriuria 
documented at their initial prenatal visit. Although anecdotal cases of 
clinical disease are reported, it is unclear whether U. urealyticum and 
G. vaginalis, reported by some to be in bladder urine of an additional 
10% to 15% of pregnant women, play a significant pathogenic role.128 
Pregnant women of higher socioeconomic status have a lower fre-
quency of bacteriuria. The prevalence of bacteriuria rises with parity, 
age, and sexual activity, in diabetes mellitus, in women with sickle cell 
trait, and in women with a past history of UTI.201 For example, in low-
income populations, the prevalence of bacteriuria is about 2% in pri-
miparas younger than 21 years, compared with 8% to 10% in grand 
multiparas older than 35 years. Most women who develop bacteriuria 
during pregnancy have infection at the first prenatal visit. However, 1% 
to 1.5% of pregnant women or about 25% of those with bacteriuria of 
pregnancy develop infection in the later trimesters. Acute cystitis and 
acute pyelonephritis have been shown to complicate 1% to 2% of preg-
nancies with a microbial spectrum similar to that of asymptomatic 
bacteriuria in pregnancy and uncomplicated UTI in nonpregnant 
women. The development of symptomatic pyelonephritis late in preg-
nancy is usually an expression of asymptomatic bacteriuria that was 
present earlier in the pregnancy. The marked dilatation of the ureters 
during the later stages apparently allows bacteria in the bladder to 
reach the upper tract and to produce symptomatic pyelonephritis.

About 20% to 40% of the patients with untreated bacteriuria early 
in gestation develop acute symptomatic pyelonephritis later in preg-
nancy. In contrast, less than 1% of patients whose urine is uninfected 
early in gestation develop acute infection. Therefore, most cases of 
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associated with this complication, but Klebsiella spp., P. mirabilis, and 
Citrobacter spp. may be involved. This condition occurs most com-
monly in diabetic patients with or without urinary obstruction.211 The 
mortality rate is 70% in spite of antibiotic therapy, and immediate 
nephrectomy is often necessary.187,188,211

Xanthogranulomatous pyelonephritis (XGP) is an uncommon but 
severe focal or diffuse chronic infection of the renal parenchyma. 
Destroyed tissue is replaced by granulomatous tissue containing lipid-
laden macrophages (foam cells). Predisposing factors include renal 
calculi, urinary obstruction, lymphatic obstruction, renal ischemia, 
secondary metabolic alterations in lipid metabolism, an abnormal host 
immune response, and diabetes mellitus.212 XGP has a predilection to 
extend into the retroperitoneal space leading to internal and external 
fistulae. The latter complications and mass effect of XGP often mimic 
those of a genitourinary malignancy.213

Diagnosis and Therapy
Urinalysis is abnormal in 70% of patients with a corticomedullary 
abscess, whereas it is usually normal in the patient with a 

susceptibility tests reveal absence of resistance. Acute pyelonephritis 
in pregnancy is treated vigorously initially with parenteral antibiotics, 
such as third-generation cephalosporins for 14 days. In selected 
patients with mild disease a trial of oral antibiotic therapy with cefix-
ime can be given for 14 days with close follow-up. If cefixime cannot 
be used, trimethoprim-sulfamethoxazole can be substituted, if 
susceptible.

Urine cultures should be obtained 1 to 2 weeks after discontinuing 
therapy and at regular intervals (e.g., monthly) for the remainder of 
gestation because recurrence is common (20% to 30%). If bacteriuria 
recurs, therapy should be given for relapse or reinfection (see earlier). 
Patients with a prepregnancy history of UTI should undergo repeated 
screening during pregnancy. Catheterization should be avoided at the 
time of delivery. If relapses or multiple reinfections occur during preg-
nancy, an imaging evaluation should be considered postpartum. Effec-
tive prophylaxis for recurrent urinary infection in pregnancy can be 
achieved by postcoital prophylaxis consisting of a single oral dose of 
cephalexin (250 mg) or nitrofurantoin macrocrystals (50 mg). Sup-
pressive therapy with a daily dose of nitrofurantoin and close surveil-
lance have not been shown to prevent recurrent UTI.207

Perinephric Abscess and Intrarenal 
Abscess
Perinephric Abscess
Perinephric abscess is an uncommon complication of UTI.209 The most 
common predisposing factors are urinary tract calculi and diabetes 
mellitus. It usually occurs secondary to obstruction of an infected 
kidney or calyx or, occasionally, secondary to bacteremia. It may occur 
insidiously, and up to one third of cases may not be diagnosed until 
autopsy. The infecting bacteria are usually gram-negative enteric bacilli 
and occasionally gram-positive cocci when the infection is of hema-
togenous origin. Multiple bacterial species are present in about 25% of 
cases, and occasionally fungi, especially Candida spp., can be cultured 
from the abscess. The abscess is usually confined by Gerota’s fascia to 
the perinephric space but may extend throughout the retroperitoneum 
to affect adjacent structures.210

Patients have a syndrome suggestive of acute pyelonephritis, with 
fever, abdominal and flank pain (usually unilateral), and often symp-
toms of lower tract infection. However, presenting symptoms are fre-
quently nonspecific. The patient has often been ill for 2 or more weeks. 
The diagnosis should be strongly considered in any patient with a 
febrile illness and unilateral flank pain who does not respond to 
therapy for acute pyelonephritis. A palpable mass may or may not be 
present. About 50% of patients have an abnormal plain film of the 
abdomen (e.g., abdominal mass, enlarged kidney with indistinct out-
lines, loss of the psoas margin, calculus, poorly defined renal shadow). 
Pyuria and proteinuria are frequently found, but about 30% of patients 
have a normal urinalysis and about 40% have sterile urine cultures.210

Intrarenal Abscess
Intrarenal abscess may occur as a consequence of bacteremia, often 
caused by coagulase-positive staphylococci. Hematogenous lesions are 
usually unilateral, single, and located in the cortex. However, these 
focal suppurative lesions are being recognized with increasing fre-
quency as a complication of classic acute pyelonephritis and are located 
in the cortex, medulla, or both. The clinical setting is usually that of 
acute pyelonephritis with high fever, severe flank pain, and tenderness, 
but with no or slow response to appropriate antimicrobial therapy. In 
the early stages of abscess formation, contrast-enhanced CT may detect 
intense parenchymatous inflammation and edema in a lobe of the 
kidney, termed acute lobar nephronia or acute focal bacterial nephritis 
(Fig. 74-8). Although antibiotics may arrest progression at this stage, 
coalescence of microabscesses (multifocal bacterial nephritis) can lead 
to intrarenal abscess (Fig. 74-9).

Emphysematous pyelonephritis is an uncommon, severe, life-
threatening necrotizing form of acute multifocal bacterial nephritis in 
which retroperitoneal, extraluminal gas is seen in the renal paren-
chyma, urinary collecting system, or perirenal space on an abdominal 
radiograph or CT scan (see Fig. 74-7). The presence of gas suggests a 
gas-forming, gram-negative facultative anaerobic uropathogen and 
occasionally Candida species. E. coli is the most common organism 

FIGURE  74-8  Computed tomography scan of cadaveric kidney 
transplant showing acute lobar nephronia or acute focal bacterial 
nephritis. Note  the bulging renal capsule,  reflecting edema of  the  lobe 
(arrow). 

FIGURE  74-9  Intrarenal abscess.  This  computed  tomography  scan 
shows an intrarenal abscess, evident as a well-delineated hypodense lesion 
(arrow), extending into the intrarenal space. (Courtesy Dr. M. Bergeron.)
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compared with open surgical drainage include earlier diagnosis and 
treatment, the avoidance of general anesthesia and surgery, less expen-
sive therapy, easier nursing care, and greater patient acceptance of 
closed drainage. Accordingly, it is now recommended that after anti-
microbial therapy directed against the most likely pathogens is started, 
a trial of percutaneous drainage should be the initial mode of therapy 
for perinephric abscess. Surgical intervention should be undertaken 
only when percutaneous drainage fails or is contraindicated. Parenteral 
antimicrobial therapy directed against the infecting organism isolated 
from blood or urine should be initiated before drainage, but if addi-
tional organisms are isolated at the time of drainage, treatment directed 
against these organisms must be added. Therapy must also be instituted 
for the underlying disease (e.g., obstructive uropathy).

When antimicrobial therapy with appropriate agents fails with 
infected renal cysts or abscesses, percutaneous drainage should be 
tried. Agents that diffuse into these closed sites, such as trimethoprim-
sulfamethoxazole and fluoroquinolones, may have an advantage.217,218 
Percutaneous drainage often avoids the previous approach of open 
surgical drainage or nephrectomy.215,216,219

Successful percutaneous treatment has been reported in 90% of 
patients with renal or perinephric abscess formation.219 In the past, 
delay and missed diagnosis resulted in mortality rates of 20% to 
50% in patients with perinephric abscess, with approximately one 
third of cases diagnosed only postmortem. Today, with early rec-
ognition using modern imaging techniques, together with prompt 
drainage and antibiotic therapy, the mortality is extremely low. Most 
patients with intrarenal abscess respond, although slowly, to anti-
microbial therapy, but fever and severe flank pain may persist for 
days. Siegel and co-workers219 have reported that almost all intrarenal 
abscesses smaller than 3 cm in diameter resolve on antibiotic therapy 
alone, as do 92% of those 3 to 5 cm in diameter, whereas larger 
abscesses (>5 cm) often require percutaneous (33%) or open surgi-
cal drainage (37%). Nephrectomy is reserved for emphysematous 
pyelonephritis, patients with diffusely damaged renal parenchyma, 
or older septic patients requiring urgent intervention for survival.

Percutaneous drainage of perinephric abscess is an effective mini-
mally invasive treatment. However, it is not the optimal method for 
drainage of multilocular abscess and is inferior to open surgical drain-
age, which provides higher cure rates, shorter hospitalization, and 
fewer recurrences.

Imaging Studies
Imaging procedures play an important role in the diagnosis and man-
agement of patients with UTI,214 both in the control of complicated 
episodes of acute pyelonephritis and in the investigation of patients of 
all ages in whom the clinician suspects the presence of underlying 
structural abnormalities that may be surgically correctable. In adults, 
uncomplicated acute renal infections do not require imaging workup. 
Studies are useful when the diagnosis is in doubt, in severely ill or 
immunocompromised patients, in those patients with pyelonephritis 
who fail to improve after 72 hours of appropriate antibiotic therapy, or 
when complications are suspected. Imaging may also be indicated 
when certain bacterial species such as C. urealyticum are isolated 
because infection with these organisms may be a clue to the presence 
of renal stones.

Imaging assessment should commence with a plain film of the 
abdomen for the detection of urinary tract calculi, calcification, soft 
tissue masses, and abnormal gas collections. In the past, excretory 
urography in the form of IVP was the initial and definitive investiga-
tory study, but this has been largely replaced by ultrasonography and 
CT (Figs. 74-12 and 74-13). In general, ultrasonography serves as a 
rapid, noninvasive, and relatively inexpensive means of evaluating the 
renal collecting system, parenchyma, and surrounding retroperito-
neum.216 Ultrasonography is more sensitive than IVP for detecting 
parenchymal changes associated with renal infection.

Johnson and associates220 have confirmed that renal swelling as 
demonstrated by ultrasonography characteristically occurs in almost 
all women with acute pyelonephritis. Enlargement may be unilateral 
or bilateral and correlates with protracted pretreatment symptoms, 
leukocytosis, high fever, focal suppurative complications, and pro-
longed hospitalization. They also indicated that the frequency of 

hematogenous cortical or perinephric abscess. Confirmation of the 
diagnosis requires imaging techniques.

The introduction of renal ultrasonography and in particular CT 
scans has added a new dimension of sensitivity and specificity permit-
ting the early diagnosis of intrarenal and perinephric abscesses (Figs. 
74-10 and 74-11; see Fig. 74-9).214,215 The most common CT findings 
include thickening of Gerota’s fascia, renal enlargement, focal paren-
chymal decreased attenuation, and fluid or gas, or both, in and around 
the kidney.

In patients with a clinical or radiographic suspicion of perinephric 
abscess, diagnostic needle aspiration can be safely performed by using 
ultrasonography or CT guidance. When an abscess is confirmed, small 
catheters can be introduced percutaneously to provide immediate 
decompression and continuous and definitive drainage without the 
need for surgery.215,216 Advantages to guided percutaneous drainage 

FIGURE 74-10  Perinephric abscess. Ultrasound examination reveals a 
perinephric abscess (arrow). (Courtesy Dr. M. Bergeron.)

FIGURE  74-11  Left perinephric abscess.  This  contrast-enhanced 
computed tomograpy scan demonstrates a large left perinephric abscess 
containing gas (arrow). 
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wall margin, and scattered echogenic foci within the mass representing 
debris. Gas formation is highly echogenic. Both these procedures may 
be used for the guidance of percutaneous needle aspiration.

Neither CT scans nor ultrasonography reliably distinguishes an 
uninfected obstructed renal collection system (hydronephrosis) from 
pyonephrosis. Suggestive findings on CT scan include an increased 
thickness of the renal pelvis wall and the presence of increased density 
within the renal pelvis indicative of pus or debris. The strongest indica-
tion of pyonephrosis on CT is the presence of gas within the collecting 
system, but this is uncommon. Ultrasonography, especially contrast 
enhanced, may identify echogenic contents or debris (Fig. 74-14).

Gas formation within the renal parenchyma as a consequence of 
severe infection by facultative anaerobes and occasionally Candida spp. 
is termed emphysematous pyelonephritis. Although gas may be seen on 
plain radiographs, it is often mistaken for bowel gas. CT is exquisitely 
sensitive in the detection of gas, which appears as small bubbles or as 
linear streaks. Gas often collects in a subcapsular location, forming a 
sharp line around the margin of the kidney, or may be seen within the 
renal collecting system.

IVP remains useful for detecting lesions of the collecting system 
and ureters; however, contrast-enhanced CT provides physiologic 
information similar to that obtained with IVP, with much better paren-
chymal delineation but less optimal delineation of the collecting 
system.214 For cases in which renal calculi may be present, the CT study 
should also include noncontrast images through the kidney. Helical CT 
scan of abdomen and pelvis without contrast material is now consid-
ered the standard approach to confirm or exclude the presence of 
obstructing ureteral calculi (“stone protocol”).225 The accuracy and 
sensitivity of a non–contrast-enhanced CT scan for renal, ureteral, and 
bladder stones approach 100%.226

All studies requiring the parenteral administration of contrast 
material are associated with some risk of allergy or contrast-induced 
renal insufficiency. Predisposing factors for renal insufficiency include 
myeloma, diabetes mellitus, preexisting renal failure, severe intravas-
cular volume depletion, and the recent administration of large doses 
of iodinated contrast material. MRI offers no advantage over CT in the 
diagnosis of intrarenal or perinephric abscess but may be considered 
as an alternative to contrast-enhanced CT in patients with a contrain-
dication to iodinated contrast administration. Previously, the use of 
gadolinium was thought to be risk free compared with alternative 
contrast agents. Recent studies, however, have raised serious concerns 
regarding systemic fibrosis, acute kidney injury, and pseudohypocal-
cemia.227 Radioisotope studies play only a small role in the investiga-
tion of the urinary tract. Indium 111–labeled white blood cell studies 
and renal scintigraphy using 99mTc-DMSA scans occasionally prove 
useful in localizing inflammation or infection to the kidneys in patients 
with fever of unknown origin, especially patients with spinal cord 

underlying abnormalities and focal complications is low. Studies indi-
cate that ultrasonography, especially when combined with a plain film 
of the abdomen has become the radiologic investigation of choice in 
young women with UTI,221 replacing excretory urography.

Guidelines from the American College of Radiology recommend 
contrast-enhanced CT as the study of choice.222 CT imaging is more 
panoramic and more sensitive than ultrasonography in detecting 
calculi and underlying urinary tract anatomic abnormalities.223 Never-
theless, compared with CT, ultrasonography offers several advantages, 
including no irradiation, portability, relative accessibility, and the fact 
that contrast material does not have to be administered.221 The increased 
sensitivity of contrast-enhanced CT, especially helical CT, is particu-
larly apparent in identifying renal parenchyma abnormalities, espe-
cially in the mildest cases of acute pyelonephritis.223 Ultrasound 
techniques such as power Doppler and pulse inversion harmonic 
imaging are now widely used to overcome this lack of sensitivity by 
demonstrating renal perfusion. Ultrasonography is normal in most 
uncomplicated cases with acute pyelonephritis. A common CT finding 
is decreased opacification of the affected renal parenchyma, usually in 
a patchy, wedge-shaped, or linear pattern. Different patterns may 
coexist, and abnormalities vary in size. Non–contrast-enhanced CT is 
often normal but may show focal areas of decreased attenuation. Areas 
of markedly decreased attenuation should raise a suspicion of abscess 
formation, and then contrast material should, if possible, be adminis-
tered. Other CT findings in pyelonephritis include diffuse or focal 
kidney enlargement, perinephric stranding, and mild collecting system 
dilatation. In moderate and severe cases of acute pyelonephritis, CT 
scan abnormalities usually persist for several weeks, well after clinical 
symptoms and laboratory findings have returned to normal.223,224 After 
adequate therapy, most cases eventually demonstrate complete resolu-
tion of imaging abnormalities. In recurrent infection associated with 
chronic reflux, the affected renal lobes develop changes of reflux 
nephropathy. Recurrent infection results in deformity and dilatation of 
calyces and focal cortical loss, with upper and lower poles severely 
affected.

Both CT and ultrasonography are sensitive in diagnosing intrarenal 
and perirenal suppuration. On contrast-enhanced CT, the hallmark of 
an abscess is a focal area that fails to enhance, indicating an avascular 
state. Abscesses are typically sharply demarcated and round or ovoid 
and contain a low-density center. The abscess wall enhances after con-
trast injection, resulting in the rind sign caused by the presence of 
inflamed dilated vessels.215 When detected, gas within a low-density 
mass is pathognomonic for abscess formation. In contradistinction to 
pyelonephritis, intrarenal abscesses reaching 2 to 3 cm are well eval-
uated by ultrasonography, showing sharp demarcation and the pres-
ence of liquefaction. Ultrasonography demonstrates a well-marginated, 
hypo echoic mass with good through-transmission, an irregular interior 

FIGURE  74-12  Computed tomography scan in acute pyelonephritis.  The  masslike  lesion  of  pyelonephritis  is  often  well  defined  because  it  is 
less dense than the cortex. A, It can be irregular with a nonhomogeneous center (arrow), as seen in the left kidney. The contralateral kidney is normal. 
B, Acute pyelonephritis can appear as multifocal with diffuse masslike lesions (arrows). (Courtesy Dr. Huang.)
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FIGURE 74-13  Acute pyelonephritis with a masslike lesion. A, On a computed tomography scan, acute pyelonephritis with a masslike lesion is 
evident  in the right kidney  (arrow). B, Ultrasound examination of the same right kidney. C, The mass has resolved on the follow-up ultrasound study 
performed 2 months later. (Courtesy Dr. T. Slovis.)
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renal ultrasonography in women with acute uncomplicated pyelone-
phritis appears excessive because focal complications are rare and 
underlying structural abnormalities occur in only about 5% of 
cases.220,222 Women with bacteriuria of pregnancy in whom eradication 
of infection is difficult should be evaluated. Whereas ultrasonography 
can be safely performed during pregnancy, accurate delineation of the 
urinary tract should be delayed until at least 2 months after delivery, 
by which time the physiologic alterations to the urinary tract that  
occur during pregnancy should be reversed.128 Ultrasound examina-
tion is also useful in diagnosing lower urinary tract obstruction and 
quantifying residual volume of urine in the bladder. A radionuclide 
diethylenetriaminepenta-acetic acid (DTPA) scan with furosemide to 
increase urine flow is useful in determining whether there is structural 
as opposed to functional ureteropelvic junction obstruction.

In addition to delineating lesions amenable to surgical correction, 
imaging frequently provides information previously unknown to the 
patient or physician. For example, unsuspected renal scarring may be 

injuries (Fig. 74-15). Radionuclide scanning may be of value, after 
ultrasonography or CT scanning has identified a solid renal mass, in 
suggesting the inflammatory nature of the lesion. Neither of these 
radionuclide studies distinguishes pyelonephritis from abscess.

Another important contribution provided by these imaging modal-
ities is the detection of surgically correctable abnormalities of the 
urinary tract. Investigation should be considered in patients at the 
greatest risk of having critical surgically correctable abnormalities. 
Patients included in this higher risk category are those with pyelone-
phritis, regardless of age, who relapse after therapy and those whose 
infection was complicated by bacteremia. In the past, excretory urog-
raphy was indicated for all these categories and for adult women only 
after multiple episodes of UTI. As noted, given the value of ultra-
sonography, its availability, and its safety, it might be reasonable  
to study all patients with upper tract infection by this method.221 
However, as indicated by Johnson and co-workers and supported by 
the American College of Radiology, the routine use of noninvasive 
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seen, suggesting the presence of undiagnosed UTI in childhood. Occa-
sionally, an unusual or unsuspected type of renal infection such as 
tuberculosis, papillary necrosis, or XGP may be discovered.214 Two 
major radiologic patterns of XGP are seen, a localized mass and diffuse 
nodularity (Fig. 74-16). When a mass lesion is present, differentiation 
from pyogenic abscess, tuberculous abscess, or avascular carcinoma 
may not be possible. Additional findings include nephromegaly, thick-
ening of Gerota’s fascia, and infiltration into the perinephric space and 
surrounding retroperitoneal tissues.

FIGURE 74-15  Renal gallium-67 scan in a young girl with bilateral 
acute pyelonephritis and increased uptake in both kidneys caused 
by inflammation. (Courtesy Dr. M. Bergeron.)

FIGURE  74-16  Computed tomography scan of a patient with 
right-sided xanthogranulomatous pyelonephritis. A huge multilobu-
lated  inflammatory mass  replaces  the  right kidney. Proteus mirabilis was 
grown from the urine. (Courtesy Dr. L. E. Nicolle.)

Children with UTI are evaluated with imaging studies to identify 
those who may be at risk of chronic renal damage and those who 
require corrective surgery to preserve renal function (Fig. 74-17).

Imaging protocols in pediatric UTIs are evolving. Influenced by 
the new ability for antenatal diagnosis, strategy has changed from 
extensive investigations, including cystography for all children younger 
than 7 years with UTI, to strategies focused on children at risk of 
developing renal damage as indicated by National Institute of Clinical 
Excellence (NICE) recommendations.228-230 The main focus in the past 
was identifying vesicoureteral reflux (VUR). Traditional management 
consisted of prompt treatment of UTI, long-term antimicrobial pro-
phylaxis until VUR resolved, or surgical intervention for those with 
both persistent high-grade VUR and recurrent UTIs in spite of pro-
phylaxis with antimicrobials. What has changed involves questioning 
recommendations that were not evidence based and recognition of 
widespread overinvestigation. The consistent message that emerges is 
that investigation of the urinary tract in children with UTIs should 
be limited to identifying a small select population that has a high risk 
of developing renal complications, with a lesser role for extensive 
investigation, surgical treatment, and antibiotic prophylaxis for most 
patients.231

As noted, the natural history for lower grades of VUR (grades I, II, 
and III as opposed to higher grades) is spontaneous resolution at a rate 
of 13% per year.232 Furthermore, recent data have supported the notion 
that mild and moderate VUR does not increase the incidence of UTIs, 
pyelonephritis, or serious renal scarring.233 In one study, the presence 
of VUR did not identify a susceptible population with an abnormal 
kidney on DMSA scan. In the context of a normal ultrasound result, 
cystography contributes little to the treatment of children younger than 
1 year with a UTI.234

Although DMSA scans are of value in confirming the clinical diag-
nosis of acute pyelonephritis, results uncommonly alter management 
and hence are not routinely recommended. A DMSA scan performed 
36 months after UTI may identify permanent loss of renal parenchyma 
or renal scars (Fig. 74-18).235 Children at high risk of structural urinary 
tract abnormalities and of renal damage in whom renal ultrasonogra-
phy should be obtained are listed in Table 74-5. Some experts believe 
that children with their first uncomplicated febrile or nonfebrile symp-
tomatic UTI caused by E. coli who respond well to treatment do not 
require imaging unless they have recurrent infection.228 Most experts, 
however, recommend ultrasonography of the urinary tract in all chil-
dren with febrile UTIs. Accordingly, children with nonfebrile UTI do 
not need an initial imaging of their urinary tracts, unless recurrent,  

FIGURE  74-14  Ultrasound study demonstrating pyonephrosis 
(i.e., hydronephrosis) and echogenic content of the collecting 
system (arrow). 
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FIGURE 74-17  Voiding cystourethrogram. A, Posterior urethral valve on computed tomography scan. Note the discrepancy in size of the anterior 
(arrow) and posterior urethra. B, There is irregular trabeculation of the bladder, with right ureteric reflux. (Courtesy Dr. T. Slovis.)

A B

preserving renal function. After the obstruction is eliminated, the 
patient should be followed with urine cultures. UTI should be treated 
before surgery to render the urine sterile at the time of surgery; this 
decreases the possibility of bacteremia occurring in association with 
the surgery. For the management of perinephric or intrarenal abscess, 
see earlier (“Perinephric Abscess and Intrarenal Abscess”).

Summary of Treatment Approaches
Figure 74-20 summarizes the approach to the management of UTI. 
Table 74-6 summarizes the recommendations for initial therapy of UTI 
in adult outpatients.

in which case imaging that focuses on bladder function would be 
indicated—that is, prevoiding and postvoiding ultrasonography fol-
lowed by voiding cystourethrography or indirect radioisotope cystog-
raphy (Fig. 74-19).228,236 Indirect cystography (nuclear) is particularly 
useful for follow-up evaluation. Children with abnormal findings on 
renal ultrasound likely will need further imaging such as voiding cys-
tourethrogram and/or a diuretic DTPA renal scan. Even if the renal 
ultrasound is normal, some experts recommend a DMSA renal scan 
to determine if the patient should have a voiding cystourethrography, 
also called “top-down approach.”228 DTPA, particularly with furose-
mide administration, is used for the diagnosis of ureteropelvic junction 
obstruction. This study visualizes the passage of tracer through the 
urinary tract.235 Some specialists think that cystourethrography should 
be avoided unless imaging (DMSA scan) shows evidence of renal scars.

Surgical Management
Surgical therapy in the management of UTI consists of the elimination 
of obstructive lesions or calculi and endoscopic or open surgical cor-
rection of severe reflux. An obstruction may be intrinsic (such as renal 
cysts), or it may be extrinsic anywhere along the urinary conduit from 
the ureteropelvic junction to the external urethral meatus. Surgical 
therapy should be directed toward eliminating the obstruction and 

FIGURE 74-18  Acute pyelonephritis. This technetium 99m glucohep-
tonate, single-photon emission computed tomography scan shows mark-
edly  decreased  visualization  of  the  upper  and  lower  poles  of  the  right 
kidney. The midportions are normal. (Courtesy Dr. T. Slovis.)

TABLE 74-5  High-Risk Children for Whom 
Radiologic Imaging Is Indicated

Recurrent infection
Clinical signs such as poor urinary stream or palpable kidney
Unusual organisms (non–Escherichia coli)
Bacteremia or septicemia
Prolonged clinical course with failure to respond fully to antibiotic therapy 

within 48 hours
Unusual clinical presentation (e.g., older boy)
Known dilatation or abnormality on antenatal ultrasound screening of urinary 

tract

FIGURE 74-19  Grades II and III reflux in a voiding cystourethro-
graphic study from a young boy who presented with recurrent 
urinary tract infection. Note early clubbing of the calyces and dilation 
of the ureter on the left side. (Courtesy Dr. L. E. Nicolle.)

http://www.myuptodate.com


P
a
rt

 I
I 

M
aj

o
r 

C
lin

ic
al

 S
yn

d
ro

m
es

912

FIGURE 74-20  Approach to the management of urinary tract infection in nonpregnant adults. 

*Consider imaging studies in all men and in women with complicated urinary tract infection.
†No therapy except for renal transplant patients or prior to urologic procedures. Follow-up culture only in transplant patients.
‡Evaluate men for chronic bacterial prostatitis.
§Consider imaging studies in women.
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TABLE 74-6  Recommendations for Initial Therapy of Urinary Tract Infection in Adults

PARAMETER ORAL* PARENTERAL (SWITCH TO ORAL WHEN RESPONSE)
Uncomplicated Pyelonephritis
GNB or no urine Gram stain 

available
CP 7 days, LV 5 days; if cannot use FQ, TMP-SMX 14 days 
± 1 dose CT or AM

FQ 7 days or extended spectrum β-lactam (e.g., CT), 14 days ± AM

GPC in chains Amoxicillin, 14 days Ampicillin, 14 days

GPC in clusters Linezolid or TMP-SMX, 14 days Vancomycin, 14 days

Complicated Pyelonephritis
Nonpregnant women or men As for uncomplicated pyelonephritis FQ, 7 days plus extended spectrum β-lactam initially ± AM

Pregnant women Extended spectrum β-lactam;
TMP-SMX† only if known sensitive both for 14 days

Extended spectrum β-lactam ± AM for 14 days

Uncomplicated Cystitis
Nonpregnant women Nitrofurantoin, 5 days or fosfomycin, 1 dose, or TMP-SMX, 

3 days, or pivmecillinam, 3-7 days; FQ in reserve, 3 days
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PARAMETER ORAL* PARENTERAL (SWITCH TO ORAL WHEN RESPONSE)
Complicated Cystitis
Women or men FQ or nitrofurantoin, 7 days or fosfomycin, 1 dose

Pregnant women Cephalexin, 3-5 days or fosfomycin, 1 dose or 
nitrofurantoin, 7 days or TMP-SMX†, 3 days if sensitive

*Preferred if the patient is reliable, compliant, hemodynamically stable, and able to take oral therapy.
†TMP-SMX should be avoided in the third trimester.
GNB, gram-negative bacilli; GPC, gram-positive cocci.
Drugs and Doses:

CP, ciprofloxacin orally 500 mg twice/day or 1000 mg once/day.
LV, levofloxacin orally 750 mg once/day.
TMP-SMX, trimethoprim-sulfamethoxazole orally 160/800 mg twice/day.
CT, ceftriaxone parenterally 1 g/day.
FQ, fluoroquinolone parenterally—ciprofloxacin 500 mg twice/day or levofloxacin 750 mg once/day.
FQ, fluoroquinolone orally—ciprofloxacin 500 mg twice/day or 1000 once/day or levofloxacin 750 mg once/day.
AM, aminoglycoside parenterally (e.g., gentamicin 5 mg/kg/day).
Amoxicillin orally 875 mg twice/day.
Ampicillin parenterally 2 g every 4 hr.
Linezolid orally 600 mg twice/day.
Vancomycin parenterally 15 mg/kg twice/day.
Nitrofurantoin orally 100 mg twice/day.
Fosfomycin orally 3 g once.
Pivmecillinam orally 400 mg twice/day.
Cephalexin orally 500 mg four times/day.
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INTRODUCTION AND DEFINITIONS
Sepsis, severe sepsis, and septic shock are the terms most often used 
to describe the body’s harmful systemic responses to infection. Lacking 
a precise biochemical characterization of the syndromes or a certain 
understanding of their causation, experts have defined them by apply-
ing clinical and laboratory findings to a likely framework of pathogen-
esis. For 2 decades, most authors and clinicians used definitions 
developed by a consensus committee of experts in 19921 and revised 
in 2001.2 The “systemic inflammatory response syndrome” (SIRS) was 
defined by the presence of two or more acute findings (tachycardia, 
leukocytosis or leukopenia, fever or hypothermia, tachypnea); if SIRS 
was thought to be caused by presumed or proven infection, the patient 
was said to have “sepsis” (from the Greek for “putrefaction”). In the 
most recent version of consensus definitions, published in 2012 by the 
Surviving Sepsis Campaign, the SIRS nomenclature was discarded in 
favor of much more fluid criteria.3 “Sepsis is a systemic, deleterious 
host response to infection leading to severe sepsis (acute organ dys-
function secondary to documented or suspected infection) and septic 
shock (severe sepsis plus hypotension not reversed with fluid resuscita-
tion).” A patient is said to be “septic” if infection is documented or 
suspected and “some” additional criteria are met (Table 75-1).

The SIRS definitions were derived by experts who assumed that 
even the early systemic responses to infection, such as tachycardia, 
leukocytosis, and fever, are inflammatory. “We characterize SIRS as an 
abnormal generalized inflammatory reaction in organs remote from 
the initial insult.”4 Many authors criticized these definitions, noting 
that the criteria for SIRS are both nonspecific and insufficiently predic-
tive. The 2001 definitions2 attempted to provide a more comprehensive 
overview of the clinical manifestations of sepsis by considering predis-
posing factors (i.e., comorbidities), infection characteristics (organism, 
virulence, sensitivity to antimicrobial drugs, site of infection), host 
responses (clinical and laboratory markers), and types and degree of 
organ dysfunction (i.e., laboratory and functional correlates). A large 
retrospective analysis published in 2012 found that both the 1992  
and 2001 consensus definitions were highly sensitive but that the 

specificity of the newer definition was only 61%.5 The fact that these 
definitions were still commonly used after almost 2 decades reflects 
several points: they seemed to describe a clinically-observable con-
tinuum,6,7 they were easy to use, and, perhaps most important, a more 
precise or clinically helpful set of definitions has not appeared. The 
popularity of the definitions and the changes incorporated into the 
most recent version reflect an important deficiency: there are still no 
reliable biochemical (laboratory-based) criteria for knowing when a 
patient’s systemic responses to infection have become harmful. The 
operational definitions for “severe sepsis” and “septic shock” have 
nonetheless become standard nomenclature and will be used through-
out this chapter.

EPIDEMIOLOGY
Estimates of the incidence of severe sepsis and septic shock are  
compromised by the absence of both standardized definitions and 
population-based prospective cohort studies.8 Most of the available 
estimates are based on hospital discharge diagnoses, which do not use 
standardized definitions, and the results may differ substantially when 
different recovery methods are used.9 A review of data in the National 
Hospital Discharge Survey (United States) found that the incidence of 
sepsis increased by almost fourfold to 240 cases per 100,000 population 
per year during the interval 1979 to 2000.10 The incidence was higher 
in men than in women and in nonwhite persons than in white persons. 
Over the same period, the in-hospital case-fatality rate for patients 
with a sepsis-related diagnosis fell from 28% to 18%. A newer analysis, 
from the Nationwide Inpatient Sample (United States), found that the 
incidence of severe sepsis increased from 200 cases per 100,000 popu-
lation 18 years of age or older in 2003 to 300 cases per 100,000 in 2007, 
or 711,736 cases in the United States.11 The authors of the report stated 
that the increase in the number of hospitalizations for severe sepsis 
likely represents changes in “documentation and hospital coding prac-
tice that could bias efforts to conduct national surveillance.”11

Although the median age for patients with a sepsis-related hospital 
discharge diagnosis is approximately 60 years, the attack rate is very 

Definitions
•	 Sepsis	is	the	body’s	harmful	systemic	reaction	

to	microbial	infection.
•	 Severe	sepsis	is	organ	dysfunction	complicating	

infection;	if	hypotension	is	present,	it	can	be	
reversed	with	intravenous	fluids.

•	 Septic	shock	is	sepsis-associated	hypotension	
that	requires	pharmacologic	reversal.

Epidemiology
•	 Most	commonly	affected	persons	are	the	very	

young	and	older	adults.
•	 Major	outcome	determinants	are	age	and	

comorbidity,	especially	immunosuppressive	
illness.

Microbiology
•	 Virtually	any	microbe	can	trigger	sepsis.
•	 Most	cases	today	occur	in	previously	

morbid	individuals	and	are	caused	by	
opportunists	from	the	patient’s	own	
microbiome.

Diagnosis
•	 Usual	signs:	tachycardia,	tachypnea,	

leukocytosis	or	leukopenia,	fever	or	
hypothermia

•	 Frequent,	suggestive:	thrombocytopenia,	
lactatemia,	delirium,	respiratory	alkalosis,	
hyperbilirubinemia

Therapy
•	 Prompt	administration	of	antimicrobial	drugs	

that	can	kill	the	patient’s	offending	microbe	
(see	Table	75-4)

•	 Intravenous	fluids	and	pressor	support	as	
needed

•	 Source	control:	eliminating	the	local	site	of	
infection,	usually	with	surgery	or	removal	of	
indwelling	device

•	 Supportive	care

Prevention
•	 Hospital	infection	control
•	 Vaccination

SHORT VIEW SUMMARY
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In surveys performed in intensive care units (ICUs) in the United 
States and Europe during the 1990s and 2000s, approximately 70% to 
80% of the cases of severe sepsis in adults occurred in individuals who 
were already hospitalized for another reason.14-16 In 30% to 50% of the 
cases in these and other series, a definite microbial etiology was not 
found.6,14,16,17 Moreover, the microorganism cultured from blood or an 
infected local site was often one that does not usually cause disease in 
otherwise healthy people (in most cases, it was from the patient’s 
microbiome and may have been acquired during hospitalization),14,17 
and in approximately one fifth of the patients, more than one isolate 
was found (polymicrobial infection).

Respiratory infections most often induce severe sepsis, followed by 
abdominal and urinary tract infections. Severe sepsis caused by classic 
bacterial pathogens, such as Neisseria meningitidis or Streptococcus 
pyogenes, is much less frequently encountered today than is sepsis trig-
gered by commensal microbes that infect individuals whose epithelial 
barriers or other antimicrobial defenses have been compromised by 
injury or illness. Although for many years gram-negative bacteria were 
isolated from the majority of culture-positive patients with severe 
sepsis, the fraction of cases associated with gram-positive bacteria has 
steadily increased, and now Staphylococcus aureus, coagulase-negative 
staphylococci, and enterococci account for approximately 30% to 50% 
of the cases in most clinical series. Another recent trend is the emer-
gence of fungi (in particular, Candida spp.) as etiologic agents of severe 
sepsis; in some recent series, Candida spp. have caused 5% to 20% of 
the microbiologically documented cases.15,16

PATHOGENESIS
Much of what is known about sepsis pathogenesis has been learned 
using animal models. None of these models completely mimics human 
responses to infection.18,19 The usefulness of mouse models has recently 
been challenged by a report that humans and mice have strikingly dif-
ferent systemic (blood leukocyte) responses to endotoxin, trauma, and 
burn injury.20 Mouse models have been extraordinarily helpful for dis-
secting the contributions of individual genes and molecular pathways 
to various immune responses, and the responses of individual cell 
types (e.g., macrophages) may be quite similar in humans and labora-
tory mice. Human and murine systemic responses to acute stress, such 
as a bolus injection of endotoxin, may be strikingly different in many 
respects, but not all.21 Understanding these differences is essential for 
translating the results of animal models into clinical research and 
practice.

Early Host Responses to Infection
Local Defenses: Walling Off and Killing 
Invading Microbes
When a microbe breaches an epithelial barrier and enters the underly-
ing tissue, it quickly encounters tissue-resident macrophages, mast 
cells, and dendritic cells. These cells sense the invader and react by 
secreting mediators that mobilize the local inflammatory response. 
Their sensory ability is conferred by protein receptors that bind to 
highly conserved microbial molecules. The Toll-like receptor system 
for the lipopolysaccharides (LPS) made by some gram-negative bac-
teria is perhaps best understood, but others exist for sensing the pres-
ence of bacterial peptidoglycan, DNA, lipopeptides, flagella, viral 
double-standard RNA, and other conserved microbial molecules.22,23 
In the case of LPS, a plasma protein (LPS-binding protein [LBP])  
can transfer LPS from bacterial membranes to another host protein, 
CD14, which is expressed on the surfaces of phagocytes. CD14 then 
passes the LPS to a signaling complex that has two members: an extra-
cellular protein called myeloid differentiation protein-2 (MD-2), which 
binds the lipid A moiety of LPS,24 and the transmembrane receptor 
protein, Toll-like receptor 4 (TLR4). LPS binding to MD-2 triggers 
dimerization of TLR4; this transmits the LPS recognition signal to  
the interior of the cell, where signal transduction and gene tran-
scription pathways promote the production and/or secretion of numer-
ous molecules that mediate the inflammatory response (Fig. 75-1). 
These mediators include cytokines (in particular, tumor necrosis factor 
[TNF], interleukin [IL]-12), chemokines (IL-8, macrophage inflamma-
tory protein [MIP]-1α), lipid mediators (prostaglandins, leukotrienes), 
and other mediators, and they result in the familiar elements of local 

TABLE 75-1  Definitions

TERM DEFINITION COMMENT
Infection Presence of 

microorganisms in a 
normally sterile site

May be confused with 
“colonization,” which is 
the presence of 
microorganisms on an 
epithelial surface

Bacteremia Cultivatable bacteria in the 
bloodstream

May be transient and 
inconsequential; 
inconsistent correlation 
with severe sepsis

Systemic 
inflammatory 
response 
syndrome 
(SIRS)

Old term for the systemic 
response to a wide 
range of stresses. 
Criteria included two or 
more of the following:

 Temperature >38° C or 
<36° C

 Heart rate >90 beats/min
 Respiratory rate >20 

breaths/min or PaCO2 
<32 mm Hg

 WBC >12,000 cells/mm3 
or <4,000 cells/mm3, 
or >10% immature 
(band) forms

A potentially misleading 
term. The evidence that 
the body’s early responses 
to infection cause 
systemic inflammation  
is controversial. See 
“Pathogenesis” in text.

Sepsis The systemic response to 
infection. If associated 
with proven or clinically 
suspected infection, SIRS 
was called “sepsis.”1

With the exceptions of 
leukopenia and 
hypothermia, these 
changes are among the 
body’s normal systemic 
responses to infection and 
do not necessarily imply a 
poor prognosis

In clinical parlance, the term 
septic is often used 
informally to describe 
patients with severe sepsis 
or septic shock

Hypotension A systolic blood pressure  
of <90 mm Hg, MAP 
<70 mm Hg, or a 
reduction of >40 mm Hg 
from baseline

To be considered sepsis-
related, hypotension must 
have no other cause

Severe sepsis Sepsis associated with 
dysfunction of organ(s) 
distant from the site of 
infection, hypoperfusion, 
or hypotension. The 
term sepsis syndrome 
had a similar definition.

Abnormalities may include 
lactic acidosis, oliguria, 
acutely altered mental 
status, and acute lung 
injury.2 To be considered 
severe sepsis, hypotension 
must be reversible by 
administering fluids. 
Organ dysfunction may 
be defined according to 
Marshall et al,446 the SOFA 
score,447 or the Surviving 
Sepsis Campaign criteria.3

Septic shock Sepsis with hypotension 
that, despite adequate 
fluid resuscitation, 
requires pressor therapy. 
In addition, there are 
perfusion abnormalities 
that may include lactic 
acidosis, oliguria, altered 
mental status, and acute 
lung injury.

If septic shock lasts for 
>1 hr and does not 
respond to pressor 
administration, the term 
refractory septic shock is 
often used

MAP, mean arterial pressure; PaCO2, partial pressure of arterial carbon dioxide; 
SOFA, sequential organ failure assessment; WBC, white blood cell count.

high among infants (more than 500 cases/100,000 population/year), 
with low-birth-weight newborns experiencing particularly high risk.12 
Sepsis-related mortality decreases after the first year of life and then 
increases gradually with increasing age. Age and comorbidity are major 
determinants of outcome: in persons with no known comorbidity, the 
case-fatality rate is less than 10% from age 3 to 5 years through the 
third decade, after which it slowly increases to reach approximately 
60% by the seventh decade.13 In all age groups, mortality is strongly 
enhanced by comorbid conditions such as cancer, diabetes, and 
immunosuppression.
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eat, limiting this activity to local tissues minimizes the release of diges-
tive enzymes and oxidants into the circulating blood. The major inher-
ited mechanisms for killing microbes in the blood are soluble molecules: 
the mannose-binding lectin and C-reactive protein (CRP) pathways 
for activating complement, the alternative complement pathway, anti-
bacterial proteins (such as bactericidal permeability-increasing protein 
[BPI]), and natural immunoglobulin M (IgM) antibodies. Increased 
capillary permeability allows these molecules to diffuse into tissues 
where there is local inflammation.

In most instances, invading microbes are eliminated by phagocytes, 
complement, antimicrobial peptides, NETs, and perhaps natural anti-
bodies, and the invaded tissue returns to normal. These rapidly-
activated, broadly-applicable host defenses are hardwired in the 
genome. They have been collectively called “innate” immune mecha-
nisms to distinguish them from the “acquired” mechanisms that 

inflammation: increased capillary permeability and blood flow, infiltra-
tion of neutrophils, and pain. In addition, local deposition of fibrin, 
initiated by the expression of tissue factor on activated macrophages 
and endothelial cells, helps wall off the infected tissue and, along with 
vasoconstriction, provides an important impediment to bloodstream 
invasion.

Although neutrophils circulate in the bloodstream, they carry out 
phagocytosis largely in tissue spaces, where they can attach to extracel-
lular matrix, spread out, get traction, and ingest. They also may die and 
expel strands of DNA to form “neutrophil extracellular traps” (NETs). 
Extracellular neutrophil DNA, decorated with antimicrobial proteins, 
such as histones, myeloperoxidase, cathepsin G, and neutrophil elas-
tase, has been shown to kill a wide variety of microbes.25 Because 
phagocytes may also release reactive oxygen species (ROS; superoxide, 
hydrogen peroxide) and the other contents of their lysosomes as they 

FIGURE 75-1 Mechanisms that sense bacteria and initiate host responses. Several cell-surface Toll-like receptors (TLRs) sense conserved bacterial 
cell wall components. For example, most bacterial lipopolysaccharides that have a hexa-acyl, bis-phosphorylated lipid A structure that binds to MD-2, 
inducing a conformational change in TLR4. Via its cytosolic TIR domain, TLR4 initiates transmembrane signaling through two pathways: the MyD88-
dependent path that leads to activation of NF-κB and production of tumor necrosis factor (TNF) and the slower MyD88-independent, TRIF-dependent 
pathway that increases interferon-β (IFN-β) synthesis. The TRIF pathway may be activated after TLR4 has been internalized in an endosome and engaged 
TRAM (not shown). Peptidoglycan (PG) and bacterial lipoproteins (LP) interact with TLR2, which oligomerizes with TLR6 or TLR1 to form signaling com-
plexes that activate the MyD88-dependent pathway. Other MyD88-dependent sensors are TLR5, which recognizes bacterial flagellin; TLR9, which senses 
DNA with unmethylated CpG motifs; and TLR7 and TLR8, which recognize single-stranded RNA. TLRs 7, 8, and 9 are found within endosomes, as is TLR3, 
which recognizes double-stranded RNA and signals via TRIF to induce interferon IFN-β production but also can elicit TNF via TRAF2. The members of the 
TLR family of transmembrane proteins thus sense diverse microbial molecules and use both combinatorial interactions and different, yet overlapping, 
downstream pathways to activate the inflammatory response. A second family of intracellular sensory proteins exists for components of peptidoglycan. 
Nucleotide oligomerization domains NOD1 and NOD2 recognize diaminopimelic acid (only found in gram-negative peptidoglycan) and muramyl dipeptide 
(found in both gram-negative and gram-positive peptidoglycan), respectively, and initiate signaling via RICK to activate NF-κB. Proteins that contain a 
NOD may have one or more CARDs, linking them structurally to the members of the inflammasome, intracellular “stress” sensors that activate caspase-1, 
the enzyme that cleaves pro-IL-1β and pro-IL-18 to release the mature cytokines. Not shown are cytosolic sensors for RNA and DNA. See Baccala and 
co-workers448 for details. AP-1, activator protein-1; ASC, apoptosis-associated speck-like protein containing a CARD; CARD, caspase activation and recruit-
ment domain; IL, interleukin; IRF, interferon regulatory factor; LP, lipoprotein; LPS, lipopolysaccharide; LRR, leucine-rich repeat; MD-2, myeloid differentia-
tion protein-2 (also called lymphocyte antigen 96 [LY96]); MyD88, myeloid differentiation primary response gene 88; NALP3, NACHT-LRR-PYD 
domains-containing protein 3; NLRP, nucleotide-binding oligomerization domain leucine-rich repeat–containing receptors; PG, peptidoglycan; PYD, pyrin 
domain; RICK, receptor-interacting serine/threonine kinase; TIR, Toll/interleukin-1 receptor; TLR, Toll-like receptors; TRAF2, TNF receptor-associated factor 
2; TRAM, Toll-like receptor 4 adaptor molecule; TRIF, TIR domain-containing adaptor-inducing interferon-β). (Modified from Ishi KJ, Koyama S, Nakagawa 
A, et al. Host innate immune receptors and beyond: making sense of microbial infections. Cell Host Microbe. 2008;3:352-363.)
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that caspase-1 also controls the production of HMGB-1, a proinflam-
matory “alarmin,” in mice.38

Early Systemic Responses: Keeping Infection 
and Inflammation Localized
Much evidence supports the notion that the body’s systemic responses 
to injury, infection, and other stresses generally suppress inflammation 
within the bloodstream.39 Systemic responses enhance local defenses 
by providing antimicrobial molecules (Table 75-3) and effector leuko-
cytes (neutrophils, natural killer [NK] cells, monocytes), and they 
prevent systemic damage by minimizing leukocyte-endothelial adhe-
sion in uninvolved tissues and neutralizing chemical mediators (e.g., 
oxidants and proteases) that enter the blood from inflamed sites.

The early systemic responses are controlled principally by the brain 
and prominently involve the liver. Their regulation has much in 
common with that of the body’s systemic “flight or fight” reaction to 
noninfectious stresses. They are important here because they are acti-
vated in response to stress and local infection and thus, in most 
instances, they form the physiologic stage on which sepsis progresses 
to severe sepsis and shock.

Central Nervous System Regulation of Systemic Responses
The central nervous system (CNS) receives news about microbial inva-
sion via at least two routes. First, afferent impulses along nociceptive 
and vagal nerves rapidly transmit signals from infected or inflamed 
local tissues to the hypothalamus and brainstem, where they can acti-
vate the hypothalamic-pituitary-adrenal (HPA) axis, the autonomic 
nervous system, and the hypothalamic thermoregulatory center. Toll-
like receptors have been identified in dorsal root,40 nociceptive,41 
enteric,42 and trigeminal43 neurons and shown to respond to LPS in 
mice.41 Second, bloodborne mediators (IL-1β, TNF, IL-6, interferons 
[IFNs], prostaglandin E2) can cross the blood-brain barrier and/or be 
transported passively through the fenestrated capillaries in the cir-
cumventricular organs to reach the hypothalamus.44 Remarkably, the 

TABLE 75-2  Innate and Acquired Immunity

Innate Immunity
Senses microbes through proteins that bind highly conserved microbial 

molecules (e.g., lipopolysaccharide, peptidoglycan)

Hardwired, that is, inherited in the genome; shaped by evolution

Responds rapidly to microbial invasion

Elements: mannose-binding lectin, alternative complement pathway, “natural” 
antibodies (gene rearrangements present at birth), pattern-recognition 
proteins (e.g., LBP, MBP), cellular sensors (Toll-like receptors, NODs, 
inflammasome proteins), the “professional” phagocytes, mast cells, natural 
killer cells, Th17 cells

Acquired Immunity
Recognizes microbial epitopes using T- and B-cell receptors → cellular and 

humoral immunity

Requires gene rearrangements during the life of the individual

Develops slowly after microbial invasion

Protects the body from subsequent exposure to same and some related 
(cross-reactive) microbes

Is the basis for vaccine-induced immunity

Elements: antibodies, cytotoxic and helper T cells

LBP, LPS-binding protein; MBP, mannose-binding protein; NODs, nucleotide 
oligomerization domains.

TABLE 75-3  Normal Systemic Responses to 
Infection and Injury: Presumed Contributions to 
Host Defense

Leukocytosis Mobilizes neutrophils into the circulation

Tachycardia Increases cardiac output, blood flow to injured tissue

Fever Raises core temperature; peripheral vasoconstriction 
shunts blood flow to injured tissue. Occurs much 
more often when infection is the trigger for systemic 
responses.

Acute-Phase Responses (Categorized According to Possible 
Roles in Defense)
Anti-infective Increases synthesis of complement factors, microbe 

pattern-recognition molecules (mannose-binding 
lectin, LBP, CRP, CD14, others)

Sequesters iron (lactoferrin, hepcidin) and zinc 
(metallothionein)

Anti-inflammatory Releases anti-inflammatory neuroendocrine hormones 
(cortisol, ACTH, epinephrine, α-MSH)

Increases synthesis of proteins that help prevent 
inflammation within the systemic compartment

Cytokine antagonists (IL-1Ra, sTNF-Rs)
Anti-inflammatory mediators (e.g., IL-4, IL-6, IL-6R, 

IL-10, IL-13, TGF-β)
Protease inhibitors (e.g., α1-antiprotease)
Antioxidants (haptoglobin)
Reprograms circulating leukocytes (epinephrine, cortisol, 

PGE2, ? other factors)

Procoagulant Walls off infection, prevents systemic spread
Increases synthesis or release of fibrinogen, PAI-1, C4b
Decreases synthesis of protein C, antithrombin III

Metabolic Preserves euglycemia, mobilizes fatty acids, amino acids
Epinephrine, cortisol, glucagon, cytokines

Thermoregulatory Inhibits microbial growth
Fever

ACTH, adrenocorticotropic hormone; CRP, C-reactive protein; IL, interleukin; LBP, 
lipopolysaccharide-binding protein; MSH, melanocyte-stimulating hormone; PAI-1, 
plasminogen activator inhibitor-1; PGE2, prostaglandin E2; sTNF-R, soluble tumor 
necrosis factor receptor; TGF, transforming growth factor.

develop more slowly and use gene rearrangements to achieve exquisite 
specificity in the recognition of foreign molecules (Table 75-2).26 
Shaped by evolution, the innate system normally provides effective 
protection from the host’s commensal flora and from those pathogens 
that can be sensed via innate immune receptors. The innate defenses 
are significantly less effective toward those pathogens that escape  
recognition by the host. For example, Yersinia pestis adapts to grow 
at mammalian body temperature by modifying its lipid A so that it  
can no longer be sensed by MD-2–TLR4. Engineering Y. pestis to 
make it produce LPS that activates host cells via TLR4 rendered the 
bacteria nonpathogenic in mice.27 Avoiding host recognition by pro-
ducing a nonrecognizable lipid A is probably a key feature of the patho-
genesis of plague, a disease in which bacteria grow to high density in 
blood. The same phenomenon has been shown for other gram-negative 
bacteria, including another designated biothreat agent, Francisella 
tularensis.28

Remarkably, many innate immune mechanisms may become non-
essential for host defense as adaptive immune defenses mature with 
age.29,30 In contrast, activation of inflammation by innate immune 
mechanisms plays a major role in the pathogenesis of sepsis through-
out life. In addition to the TLR-initiated pathways for mobilizing host 
defenses, which can be activated by both microbial and endogenous 
molecules (e.g., high-mobility group box-1 protein [HMGB-1], high-
mobility group nucleosome-binding–1 protein [HMGNB-1]),31 and 
certain glycosphingolipids32), there are networks that sense microbial 
and/or endogenous ligands via nucleotide oligomerization domain 
(NOD) proteins (see Fig. 75-1). NOD1 and NOD2 are cytosolic sensors 
for bacterial peptidoglycan fragments, whereas the constituents of the 
intracellular “inflammasome” respond to certain endogenous ligands 
(uric acid and adenosine triphosphate [ATP], for example) and regu-
late the release of IL-1 and IL-18 from cells by activating the cleavage 
enzyme caspase-1. The roles played by the NOD proteins and inflam-
masome activation in the pathogenesis of severe sepsis are uncertain. 
Most patients with inherited deficiencies or mutations in these proteins 
have experienced local tissue inflammation without shock; monocytes 
from patients with severe sepsis had low levels of caspase-1,33 and, in 
another study, monocytes from patients with early sepsis had dimin-
ished messenger RNA (mRNA) levels for several inflammasome pro-
teins, in keeping with the “deactivation state” noted for many other 
monocyte genes (see later). On the other hand, one study noted a high 
frequency of pyrin mutations in Turkish patients with severe sepsis,34 
high monocyte pyrin mRNA levels were associated with death in pedi-
atric patients,35 and mice deficient in caspase-1 were protected from 
endotoxic shock.36 High levels of IL-18 were found in the plasma of 
patients with acute respiratory distress syndrome (ARDS) and were 
associated with ICU morbidity and mortality.37 Other studies found 

http://www.myuptodate.com


P
a
rt

 I
I 

M
aj

o
r 

C
lin

ic
al

 S
yn

d
ro

m
es

918

the infected tissue. Enhanced surface expression of CD11b/CD18 on 
neutrophils57 may promote their adhesion to intercellular adhesion 
molecule-1 (ICAM-1) on the surfaces of activated endothelial cells. In 
addition to mobilizing neutrophils into the circulation and delivering 
them to sites of infection, the acute-phase response also involves 
increased production of several proteins that bind conserved microbial 
molecules and assist in recognizing and/or killing microbes (LBP, 
mannose-binding lectin, CRP, CD14, BPI, and complement compo-
nents [C3, C4b]). Lactoferrin release from neutrophils and the produc-
tion of hepcidin by the liver promote sequestration of iron in the 
reticuloendothelial system,58 whereas zinc is retained within cells by 
binding to metallothionein.

Anti-inflammatory Responses
The mechanisms that induce neutrophils to demarginate also seem to 
inhibit their ability to adhere to noninflamed vascular endothelium, 
thereby preventing unnecessary accumulation of neutrophils in  
uninfected tissues. Other responses that may prevent inflammation 
within the systemic compartment include increases in the blood  
levels of cytokine antagonists (IL-1Ra, soluble TNF receptors), other 
anti-inflammatory mediators (epinephrine, cortisol, α-melanocyte-
stimulating hormone [α-MSH], adrenocorticotropic hormone 
[ACTH], IL-4, IL-6, IL-10, IL-13, transforming growth factor-β [TGF-
β], CRP), protease inhibitors, and antioxidants.

Another phenomenon that may dampen local or systemic inflam-
mation occurs after animals have reacted to certain microbial mole-
cules. Known as innate immune “tolerance” or “reprogramming,” it 
may follow exposure to either bacterial or viral molecules.59,60 In 
general, a second exposure to the same or another microbial agonist 
fails to elicit the usual proinflammatory response (production of TNF, 
IL-1, IL-12), whereas the production of some anti-inflammatory mol-
ecules (IL-10, IL-1Ra) is maintained. This adaptation, which generally 
lasts a few days after the primary infection or exposure, is thought to 
prevent untoward inflammation. Produced by complex cellular pro-
cesses that include chromatin remodeling (gene silencing),61-64 toler-
ance may contribute to postinfection immune suppression. At least in 
the case of LPS, inactivation of the inciting ligand by a host enzyme, 
acyloxyacyl hydrolase, may be necessary to allow restoration of normal 
host defenses.65,66 A novel way to reverse tolerance in the late stages of 
sepsis was recently reported in a murine model of peritonitis: adoptive 
transfer of CD34+ hematopoietic stem-progenitor cells enhanced bac-
terial clearance and improved long-term survival,67 presumably by 
providing nontolerant immune cells.

In an important experiment, van der Poll and co-workers68 showed 
how systemic responses may be modulated by the sympathetic nervous 
system during periods of stress. They infused a bolus of endotoxin into 
volunteers and then measured blood levels of TNF and IL-10 over 
several hours. Another group of volunteers received an infusion of 
epinephrine for 3 hours before the endotoxin bolus. Epinephrine dra-
matically shifted the response from proinflammatory (TNF ≫ IL-10) 
to anti-inflammatory (IL-10 ≫ TNF). Epinephrine-induced repro-
gramming of cellular responses to endotoxin can also be demonstrated 
in whole blood ex vivo; similar reprogramming can be caused by his-
tamine, prostaglandin E2, and other agonists that raise intracellular 
cyclic adenosine monophosphate (cAMP). Infusing hydrocortisone 
also has dramatic (though somewhat less predictable) effects on the 
cytokine response to an endotoxin bolus.69 A similar reprogramming 
of circulating blood cells seems to occur in vivo in response to rela-
tively minor stresses.70

There is strong evidence that the body’s inflammatory responses to 
infection and other stresses are compartmentalized. In patients with 
pancreatitis, for example, Dugernier and co-workers71 found that the 
concentrations of proinflammatory and anti-inflammatory cytokines 
decreased from the peritoneal fluid to the lymph to the blood; net anti-
inflammatory activity was measured in virtually all lymph and blood 
samples, whereas net proinflammatory activity was detected only in 
ascites. Similarly, in patients with acute appendicitis, TNF and IFN-γ 
were found in peritoneal fluid but not in plasma, whereas high concen-
trations of IL-10 and IL-4 were found in plasma, which inhibited the 
ability of LPS to stimulate monocytes ex vivo.72 Studies performed in 
rabbits suggested that, with low bacterial inocula, the proinflammatory 

output of three major CNS efferent pathways (the HPA, the sympa-
thetic nervous system, and the parasympathetic nervous system) 
inhibits inflammation within the circulating blood (see later and Table 
75-3), and the thermoregulatory center may enhance antimicrobial 
activity by elevating body temperature.45

The Liver: Essential Roles in Systemic Responses  
to Infection
The liver is anatomically situated to remove microorganisms that cross 
the gut mucosa and enter the portal circulation; whether or not trans-
locating microbes or their products enter the blood without first travel-
ing through the lymphatic system is uncertain.46 The liver is nonetheless 
the major filter for endotoxin and for nonopsonized particulate matter, 
including many microbes, whereas the spleen is the major trap for 
opsonized microorganisms. Impairment of the hepatic filter (e.g., by 
cirrhosis) predisposes to bacteremic infections with Vibrio vulnificus 
and certain other gut bacteria, and individuals with hyposplenism may 
experience overwhelming bloodstream infections, usually with encap-
sulated bacteria (e.g., Streptococcus pneumoniae, Haemophilus influen-
zae type b or Neisseria meningitidis). Whereas hepatic macrophages 
(Kupffer cells) and sinusoidal endothelial cells can extract bacterial LPS 
from blood and inactivate it,47 they also release mediators that induce 
hepatocytes to produce many of the body’s acute-phase and metabolic 
responses to injury and infection. IL-6, which is released by many types 
of cells in response to injury or other stimuli, is the major trigger for 
most elements of the acute-phase response; IL-1β may also be an 
important stimulus.48 Whereas a minor population of circulating 
monocytes (CD14+CD16+DR++) seems to account for most of the TNF 
produced by blood cells,49 most of the TNF that circulates in the blood 
after an intravenous (IV) injection of endotoxin is produced within the 
splanchnic bed, largely in the liver.50

The liver may also play a role in the sensory system that informs the 
CNS that microbes have invaded. In rodents, the ability of low intrave-
nous doses of endotoxin or IL-1β to induce fever and activate the HPA 
axis can be blocked by cutting or poisoning the hepatic branches of the 
vagus nerve.51 Activation of vagal afferents by pyrogens is thought to 
involve prostaglandin E2.51 Conversely, stimulation of vagus nerve 
efferents suppresses endotoxin-induced TNF production in rats via a 
“cholinergic anti-inflammatory pathway” that involves inhibition of 
macrophage cytokine synthesis by acetylcholine.52 This inhibitory 
action is most potent in the spleen,53 which lacks cholinergic innerva-
tion; in an unexpected twist, it was reported recently that adrenergic 
stimulation induces T and B lymphocytes to synthesize and release 
acetylcholine in the spleen and other tissues.54 Because much of the 
TNF produced in response to intravenous challenge with endotoxin 
arises from the splanchnic bed,50 which is richly innervated with cho-
linergic neurons and hosts choline acetyltransferase–expressing T cells 
in Peyer’s patches,55 acetylcholine may be very important for regulating 
systemic responses to microbial agonists within the bloodstream.

The liver is thus a key player in the systemic response to infection—
as a blood filter that collects and kills bloodborne microbes and inac-
tivates bacterial endotoxins, as a “listening station” that senses low 
concentrations of circulating cytokines and transmits this information 
to the CNS, as a factory for the production of many (acute-phase) ele-
ments of the systemic response, and as a major site of infection-
associated metabolic adaptations.56

Acute Phase Responses
It is convenient to think of the acute systemic responses to injury, 
infection, and other stresses in five categories (see Table 75-2): anti-
infective, anti-inflammatory, procoagulant, metabolic, and thermo-
regulatory. The scavenging and wound-healing responses will not be 
discussed here.

Anti-infective Responses
Acute leukocytosis, which largely reflects the demargination of neutro-
phils, is brought about by epinephrine, cortisol, and possibly IL-10 and 
other mediators. Mobilization of marrow neutrophils by granulocyte 
colony-stimulating factor (G-CSF) and other cytokines also plays an 
important role. Circulating neutrophils adhere to inflammation-
activated endothelium at sites of infection and move by diapedesis into 
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can supply the brain and immune cells until levels of ketone bodies 
(produced by the liver from fatty acids) and lactate, which can be used 
for food by the CNS, rise later in the course of starvation or critical 
illness.78 Treatment of critically ill patients with intravenous glucose 
solutions and parenteral and/or enteral feeding largely satisfies the 
body’s need to maintain euglycemia and may induce hyperglycemia in 
many individuals.

It is important to note that the systemic responses that help restrict 
inflammation to infected sites and optimize metabolism are carried  
out by many of the same molecules, most prominently, catecholamines 
and glucocorticoids. The effects of cortisol on metabolism—promoting 
gluconeogenesis, glycogenolysis, insulin resistance, and lipolysis—are 
dose related in a monogenic fashion. In contrast, cortisol’s effects on 
various aspects of inflammation may be permissive at normal concen-
trations (allowing acute-phase protein synthesis, for example) and 
either suppressive (inhibiting cytokine and acute-phase protein pro-
duction) or stimulatory (increasing IL-10 production) at high con-
centrations within the physiologic concentration range.79 It is also 
important that the regulated mechanisms that diminish the impact of 
glucocorticoids (e.g., receptor downregulation, the actions of macro-
phage migration-inhibitory factor [MIF], others) affect both immune 
and nonimmune cells. In a similar way, the tachyphylaxis or desensi-
tization that reduces responses to catecholamines affects both vascular 
smooth muscle and inflammatory cells.68,80,81 Mechanisms that may 
have evolved to prevent stress-induced hypertension and dampen sys-
temic anti-inflammation may also contribute to the pathogenesis of 
severe sepsis and septic shock.

Procoagulant Responses
Inflammation and coagulation are closely linked.82,83 Inflammation-
induced procoagulant responses contribute to abscess formation and 
delayed hypersensitivity reactions in humans.

In individuals who have sustained physical trauma, activation of 
coagulation and inhibition of fibrinolysis occur roughly in proportion 
to the severity of injury.84 Briefly, inflammation-induced expression of 
tissue factor on the surfaces of monocytes and endothelial cells is 
thought to initiate the production of thrombin via factors VIIa and Xa, 
whereas increased production of plasminogen activator inhibitor-1 
(PAI-1) inhibits fibrinolysis (Fig. 75-2).85

cytokine responses to infection are compartmentalized to the lung73 or 
peritoneum,74 depending upon the site of inoculation.

Another view was suggested by a report that the initial response to 
major trauma is a “genomic storm” in which mRNA abundance for 
both proinflammatory and anti-inflammatory molecules is upregu-
lated simultaneously in peripheral blood leukocytes.75 The findings—
which actually suggested that the body’s acute responses to trauma are 
well organized and relatively consistent from person to person, whether 
or not patients subsequently succumb—were cited as evidence to refute 
the old notion4 that the initially proinflammatory systemic response to 
injury is followed by a “compensatory” anti-inflammatory response. 
Because others have found that circulating leukocytes do not produce 
most of the cytokines found in the blood (see earlier), interpreting the 
significance of events occurring within peripheral blood leukocytes is 
difficult; perhaps they could be used as evidence for “immune disso-
nance,” another old concept,76 but the reported changes were far from 
being chaotic, dissonant, or stormlike. Studies of blood leukocytes may 
provide a misleading view of the body’s overall responses to infection 
and other stresses.

Metabolic Responses
Several mechanisms maintain euglycemia in the face of stress. Epi-
nephrine, glucagon, cortisol, and possibly other hormones stimulate 
glycogenolysis and gluconeogenesis in the liver; the major precursors 
for hepatic gluconeogenesis are lactate, which is derived from glucose 
via glycolysis in immune cells and muscle, and alanine, which is largely 
produced by transamination of pyruvate in muscle and other tissues. 
Insulin resistance reduces glucose uptake by muscle and contributes to 
muscle catabolism.77 The counterregulatory hormones also induce 
lipolysis (so blood levels of free fatty acids and glycerol increase) and 
muscle proteolysis. Lipolysis, which occurs principally in adipocytes, 
involves the actions of adipose triglyceride lipase and hormone-
sensitive lipase; lipoprotein lipase is inhibited, accounting in part for 
the increase in circulating triglycerides that often occurs. Muscle pro-
teolysis releases amino acids (alanine, glutamine, and others) that are 
used for hepatic gluconeogenesis and for producing acute-phase 
proteins.

A long-accepted rationale for increased glucose production is the 
requirement to maintain blood glucose levels at concentrations that 

FIGURE 75-2 Inflammation-activated coagulation. Inflammation-associated coagulation begins when cytokines, Toll-like receptor agonists, or other 
stimuli induce tissue factor expression on the surfaces of monocytes and vascular endothelial cells. Increased concentrations of plasminogen activator 
inhibitor-1 (PAI-1) prevent the formation of plasmin, thus decreasing fibrinolysis. Tissue factor pathway inhibitor (TFPI) modulates thrombin activation by 
blocking the activity of the tissue factor/factor VIIa/factor Xa complex. Hepatic synthesis of protein C and antithrombin III (AT-III) decreases during the 
acute-phase response, whereas an increase in the plasma concentration of complement factor C4b binds more of the available protein S, reducing its 
ability to inhibit clotting. Factors may also be consumed during clot formation. Despite these procoagulant and antifibrinolytic changes, clinically apparent 
intravascular thrombosis is unusual. IL-6, interleukin-6. (Modified from Levi M, ten Cate H. Disseminated intravascular coagulation. N Engl J Med. 
1999;341:586-592. Copyright © 1999 Massachusetts Medical Society.)
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view is that cytokines and other molecules, produced either locally or 
systemically, circulate via the blood and induce injury to the vascular 
endothelium and/or microcirculation in different organs. A newer 
view invokes an extension of the body’s normal neuroendocrine 
responses to stress, in essence, an exhaustion of ATP in critical organs 
when the inflammatory stimulus is too strong or too prolonged. In 
both concepts, microvascular derangement and mitochondrial dys-
function are thought to play central roles.

Cytokines and Other Mediators
The discovery of the major proinflammatory cytokines (TNF and 
IL-1β) was quickly followed by evidence that these proteins, individu-
ally or in combination, can induce severe sepsis and septic shock in 
experimental animals. Moreover, higher-than-normal levels of these 
cytokines were found in the blood of many septic patients, and, in 
some studies, these levels correlated with risk of dying. During the 
1990s, however, investigators found that the blood of severely septic 
patients contains not only these and other proinflammatory mediators 
(e.g., IL-12, platelet-activating factor [PAF]) but also a broad array of 
anti-inflammatory molecules (e.g., IL-4, IL-10, IL-1Ra, soluble TNF 
receptors). Remarkably, attempts to define the “dominant” molecules 
in the plasma of septic patients concluded that the anti-inflammatory 
cytokines, in particular, IL-10 and IL-4, were most active.93-95 In other 
studies, peripheral blood monocytes from patients with severe sepsis 
responded to LPS and other agonists ex vivo by producing lower-than-
normal amounts of TNF, IL-12, and IFN-γ, yet normal or high amounts 
of IL-1Ra and IL-10.96-99

It has been especially challenging to understand the role of IL-6.100 
Although early studies suggested that this abundant cytokine is pro-
inflammatory, there is also evidence suggesting that it is an “SOS” 
signal that can be produced by most cells in response to injury. Indeed, 
epinephrine induces IL-6 production in vivo, whereas IL-6 infusion 
enhances blood levels of IL-1Ra, IL-10, and cortisol.101 Experiments in 
genetically manipulated mice suggest that IL-6 is the most important 
activator of the HPA axis in response to stress,102 and IL-6–deficient 
mice have exaggerated inflammatory responses to bacterial infec-
tions.103,104 Studies in volunteers and in chimpanzees suggest that IL-6 
is the major procoagulant cytokine.82 More than any other cytokine, 
IL-6 seems to direct the body’s systemic acute-phase responses.100,105

Two proinflammatory mediators may become important late in the 
course of the response to severe infection. MIF is a product of T lym-
phocytes and macrophages that is induced by, and opposes the actions 
of, glucocorticoids.106 Although MIF normally circulates at a low, basal 
level, its plasma concentration increases during infection and stress, 
and very high levels have been found in the plasma of patients with 
severe sepsis.107,108 The role played by MIF in endotoxin-induced sepsis 
has been disputed, however.107,109 A second “late” proinflammatory 
molecule is a transcription factor, HMGB-1, that appears in the blood 
several hours after infection begins and contributes to death in a mouse 
endotoxin challenge model.110 Because recombinant HMGB-1 has little 
proinflammatory activity itself, its ability to bind to various bacterial 
products may be important for its activities in vivo111; it is considered 
an alarmin and may be critical for LPS-induced responses in mice, for 
example.112 However, there has been poor correlation between HMGB-1 
blood levels and clinical severity or outcome.113,114

For many years, it seemed that TNF and other proinflammatory 
mediators are produced at a local site of infection, diffuse into the 
blood stream, initiate systemic inflammation, and are then opposed by 
a “counterregulatory” anti-inflammatory response. An imbalance in 
these opposing forces (“immune dissonance”76) was thought to cause 
severe sepsis. This view found support in the results of numerous 
studies that measured the cytokine responses of healthy subjects to a 
bolus injection of endotoxin,115 as well as in observations made in 
patients with fulminant meningococcemia. It is difficult to envision the 
same sequence of events in patients who, as a consequence of trauma 
or illness, are already experiencing acute-phase systemic responses at 
the time that infection begins. In such patients, systemic anti-
inflammatory mechanisms may dominate throughout the clinical 
course. Indeed, an early anti-inflammatory systemic response, as 
reflected in a high ratio of IL-10 to TNF in plasma at the time of  
hospital admission, has been associated with a poor outcome.116,117 

Protein C is a natural anticoagulant that is converted to its activated 
form (aPC) when thrombin binds thrombomodulin, an endothelial 
cell surface protein. Activated protein C then dissociates from its own 
receptor, endothelial protein C receptor (EPCR), before binding soluble 
protein S to produce a complex that inactivates factors Va and VIIIa, 
thereby blocking the activation of thrombin.86 During acute-phase 
responses, depletion of protein C and antithrombin III parallels the fall 
in serum albumin concentration, suggesting that these anticoagulants 
are negative acute-phase reactants.87 Protein C may also be degraded 
by elastase. The available molecules of protein S decrease as it binds to 
its circulating partner, C4b, a positive acute-phase reactant. Paradoxi-
cally, generation of low amounts of thrombin may inhibit clotting by 
activating protein C.

Thermoregulatory Responses
The adaptations to stress just described often occur in the absence of 
fever; in fact, there is evidence that fever and the other elements of the 
acute-phase response are independently regulated.88 Because TNF, 
IL-6, and other putative pyrogens can be found in the blood in the 
absence of fever, and because the evidence that endogenous pyrogens 
circulate in human blood is surprisingly limited,44,89 it is possible that 
infection-related thermogenesis is induced when local inflammation 
activates neural afferent signals to the thermoregulatory center, either 
via nociceptive neurons40,41,90 or the vagus.51 The physiologic responses 
that increase body temperature include shivering (rhythmic contrac-
tions of skeletal muscles) and redirection of blood flow from the skin 
and extremities to internal organs by means of vasoconstriction.

An increase in body temperature may favor host survival in several 
ways.45 It may help inhibit bacterial growth and increase the bacteri-
cidal activities of neutrophils and macrophages,91 for example, and the 
redistribution of blood flow that occurs during thermogenesis may 
increase blood delivery to infected tissues.

Summary
There is considerable overlap between the body’s acute systemic 
responses to infection, injury, and many other stresses. Indeed, many 
of the same responses occur after strenuous exercise and during periods 
of psychological stress. As shown best in studies performed in patients 
who have sustained trauma, the intensity of the response generally 
increases with increasing stimulus severity,92 and there is individual 
variability in the expression of its different elements. The evidence that 
the body’s early systemic responses to stress can be immunosuppres-
sive, increasing risk for acquiring viral as well as bacterial infections, 
is intriguing but still largely circumstantial. This phenomenon may 
account, in part, for the increased susceptibility to nosocomial bacterial 
infection and recrudescence of viral infections (e.g., cytomegalovirus, 
herpes simplex; see later) experienced by patients who have sustained 
major trauma or are experiencing critical illness.

In most patients in whom severe sepsis occurs today, many of the 
acute-phase responses discussed here would probably have been acti-
vated by injury or illness before the infectious challenge. Local inflam-
mation would provide a further stimulus to these responses, broadening 
and intensifying their expression. If uncontrolled infection then 
induces severe sepsis and septic shock, it does so when anti-
inflammatory influences may dominate in the peripheral blood; as will 
be discussed later, a net anti-inflammatory advantage seems to be 
maintained during severe sepsis, and immunosuppression becomes 
even more prominent.

Harmful Responses to Infection: 
Severe Sepsis and Septic Shock
Severe Sepsis
If severe sepsis is organ hypofunction or dysfunction occurring as a 
result of infection, what is organ “hypofunction” or “dysfunction,” and 
how does it develop? “Hypofunction” implies an inadequate level of 
activity, whereas “dysfunction” suggests that organ performance is in 
some way abnormal. Are harmful changes in organ activity level or 
function precipitated by specific pathologic event(s) or triggers, or do 
they develop when normally adaptive stress responses are pushed 
beyond their ability to be protective? Two general ideas have domi-
nated thinking about pathogenesis. The older and more widely held 
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noted microthrombi in up to 20% of cases of shock,132 the thrombi were 
often discontinuous and may have undergone perimortem fibrinolysis. 
It is conceivable that fibrin deposition and microthrombi compromise 
blood flow without producing overt ischemia; downstream cells might 
then survive in a state of hibernation (see later). Of importance, a 
recent study of histopathologic changes in the heart and kidney did 
not reveal significant cell necrosis, apoptosis, microthrombus deposi-
tion, or ischemic changes.136 Perhaps the strongest evidence against a 
prominent role for coagulopathy in sepsis-induced organ dysfunction 
is the fact that three different anticoagulant drugs (tissue factor pathway 
inhibitor, antithrombin III, activated protein C) did not reproducibly 
improve organ function or increase survival in patients with severe 
sepsis.137,138

The best-documented and most dramatic exception is fulminant 
meningococcemia. Autopsy studies have found meningococci within 
the lumina of dermal vessels, as well as in endothelial cells, and thrombi 
have been noted in small vessels of many tissues, most notably the  
skin and adrenal glands. Arterial thrombosis, especially of midsized  
to small-sized vessels, also occurs with other etiologies of purpura 
fulminans and can precipitate digital ischemia and extremity loss, 
especially when combined with intense vasoconstriction.139 Impressive 
evidence for early activation of the vascular endothelium was also 
obtained in a study of volunteers infected with Rickettsia rickettsii, 
which also infects endothelial cells.140 In contrast, in patients with viral 
hemorrhagic fevers (e.g., Ebola virus), DIC typically occurs late in the 
course and the clotting factor abnormalities, triggered in part by 
expression of tissue factor on infected monocytes, may be surprisingly 
modest; mucosal hemorrhage may be largely a consequence of platelet 
dysfunction,141 and there is little evidence that DIC contributes to 
organ injury.

Activation or Injury of the Vascular Endothelium
The vascular endothelium is involved in three processes that play major 
roles in sepsis pathophysiology: vascular tone, vascular permeability, 
and coagulation.129 The evidence that endothelial activation and/or 
injury contributes to the observed abnormalities in blood pressure, 
fluid extravasation, and coagulation is almost entirely derived from 
studies in endotoxin-challenged animals or from in vitro investiga-
tions.142,143 In humans, there is ample clinical evidence that capillary 
permeability increases in the dysfunctional organs of patients with 
severe sepsis; it is most obvious in patients with acute lung injury (see 
later). Similarly, a role for endothelial activation in the initiation or 
propagation of intravascular coagulopathy seems likely, although 
direct evidence for this in humans is limited almost entirely to patients 
with fulminant meningococcemia.86 Mutunga and co-workers144 found 
that patients with severe sepsis and septic shock had higher concentra-
tions of von Willebrand factor–positive (endothelial) cells in their 
plasma than did healthy human control subjects, suggesting that endo-
thelial damage occurs in human sepsis. Although the source of these 
circulating endothelial cells was not determined, others have found 
both high circulating levels of immunoreactive von Willebrand factor 
and decreased von Willebrand factor staining in dermal vessels of 
septic patients, suggesting a generalized endothelial response to 
inflammation.145 One important endothelial activator is vascular endo-
thelial growth factor (VEGF); in mice, sepsis-induced mortality could 
be prevented by treatment with soluble VEGF receptor (FLT).146 There 
is also much interest in angiopoietin-2, which circulates in high levels 
in patients with severe sepsis and can disrupt the endothelial barrier.147

In one study of muscle biopsies from patients with severe sepsis, 
endothelial activation was suggested by increased expression of 
ICAM-1 and by an increased proportion of capillaries expressing 
P-selectin and E-selectin.148 On the other hand, others have found that 
the skin microcirculation of patients with septic shock has normal 
endothelium-dependent responses to vasodilators149 and that circulat-
ing levels of soluble adhesion molecules do not correlate well with 
endothelial activation in skin biopsies.150 There is considerable hetero-
geneity in the structure and function of endothelial cells in different 
tissue beds,151 so it is quite possible that the changes noted in the tissues 
that are most accessible to examination (skin, skeletal muscle, tongue) 
are not representative of those in the organs that are affected most 
significantly during severe sepsis (lungs, kidneys, liver, brain).

To date, no theory proposed adequately accounts for the transition  
to severe sepsis or septic shock, however. Prospective studies that 
combine clinical observation with serial measurements of mediator 
biosynthesis, cellular responsiveness, and tissue metabolism in patients 
at risk (e.g., previously healthy young individuals who sustain major 
trauma) might provide the information needed to produce an accurate 
account.

Other Candidate Triggers
Several kinds of molecules have been proposed to trigger severe sepsis 
by circulating in the bloodstream and either eliciting inflammation or 
disrupting the vascular endothelium. They include proinflammatory 
cytokines, as discussed earlier; microparticles derived from platelets, 
vascular endothelial cells, and other cell types118; mitochondrial 
DNA119,120; S100A8 and S100A9, the most abundant cytoplasmic 
proteins of neutrophils and monocytes; HMGB-1112; and formyl pep-
tides120,121 derived from mitochondria. Higher-than-normal concentra-
tions of each of these molecules have been found in the blood of 
patients with severe sepsis, and each can induce organ dysfunction 
when injected into experimental animals. With some exceptions,122 the 
ability of these molecules to induce severe sepsis has been studied 
almost exclusively in animal models, usually performed in mice, using 
artificial challenges such as bolus injections of endotoxin or hyperacute 
peritonitis. Their role in human disease remains uncertain.

Complement Activation
The ability of normal human serum to kill bacteria is largely conferred 
by the complement system, which can be activated by antigen-antibody 
complexes or CRP (classical pathway), certain bacterial surface sugars 
(mannose-binding lectin pathway), or (lipo)polysaccharides (alterna-
tive pathway). There is evidence that each of these pathways can be 
activated in the serum of patients with sepsis,123-125 and at least two 
complement proteins may contribute to the septic response. Activation 
of both the complement and the contact systems is regulated by 
C1-esterase inhibitor, an acute-phase protein that undergoes proteo-
lytic inactivation in patients with severe sepsis125; administration of the 
inhibitor had only modest effects on the outcome of severe sepsis in a 
nonhuman primate model,126 yet it had impressive efficacy in models 
of septic peritonitis in mice.127 Factor C5a is a potent chemoattractant 
that also can induce vasodilation, increase vascular permeability, and 
augment the release of granule enzymes from phagocytes.128 The blood 
neutrophils of humans with early sepsis may lose responsiveness to 
C5a. Studies in septic rodents suggest that antibody-mediated neutral-
ization of C5a or its receptor may prevent death.19

Coagulopathy
Activation of the coagulation cascade and inhibition of anticoagulation 
and fibrinolysis are commonly observed during sepsis.129 In most 
patients, these changes may simply be extensions of the normal acute-
phase response to infection (see earlier), but in others, they may be 
triggered by vascular endothelial injury or dysfunction either at a  
local site of infection or more diffusely. The endothelium is pivotal  
in promoting coagulation via its expression of tissue factor and von 
Willebrand factor and its association with activated platelets. Key anti-
coagulant molecules (antithrombin, protein C, tissue factor pathway 
inhibitor) also interact with the endothelial surface and can be com-
promised during activation of coagulation by inflammatory media-
tors.82 In addition, cell fragments or microparticles derived from 
activated or apoptotic cells may express tissue factor and contribute to 
the procoagulant state.118,129,130

The extent to which coagulopathy contributes to organ dysfunction 
in septic humans is controversial.82,83 The occurrence of disseminated 
intravascular coagulation (DIC) is a strong predictor of death in 
patients with severe sepsis or septic shock.131 Although there is an 
experimental basis for suspecting that microthrombi (comprising 
platelet or fibrin aggregates as well as fibrin thrombi) form in a general-
ized fashion when patients develop DIC, numerous autopsy studies 
have not found a convincing link between fibrin deposition and organ 
failure.132-136 When thrombosis was found, it was usually associated 
with an indwelling catheter or device, and hemorrhage was usually 
more life-threatening than was thrombosis.133 Although some studies 
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co-workers166 proposed that multiorgan failure is “an attempt by the 
body to ensure cell survival in the face of sustained critical illness, with 
affected cells entering a dormant state analogous to hibernation... .” A 
cautionary note has been raised by Jeger and co-workers,173 whose 
review of the literature concluded that “the current data from mostly 
young and otherwise healthy animals does not support the view that 
mitochondrial dysfunction is the general denominator for multiple 
organ failure in severe sepsis and septic shock.” “Whether this is true 
if underlying comorbidities are present, especially in older patients, 
should be addressed in further studies.” As they point out, an accurate 
noninvasive method to measure mitochondrial function in vivo would 
be a major advance.

Immunosuppression
Sick individuals often lose their ability to exhibit cutaneous delayed 
hypersensitivity to recall antigens, becoming anergic174; this change is 
temporally associated with decreased surface expression of class II 
(human leukocyte antigen [HLA]-DR) and co-stimulatory175 mole-
cules on circulating monocytes. When compared with monocytes from 
normal controls, peripheral blood monocytes from septic patients 
produce less TNF when stimulated ex vivo with LPS but maintain or 
increase their production of IL-1Ra and/or IL-10.93,95,97 There is evi-
dence that IL-10 both inhibits TNF production97 and promotes intra-
cellular sequestration of HLA-DR.176 These changes normalize as 
patients recover.96

Neutrophils obtained from severely septic patients show reduced 
IL-1β177 and IL-8178 production when stimulated with LPS or strepto-
cocci; similar behavior can be induced in normal neutrophils by treat-
ment with IL-10.178 These phenomena resemble, at least in part,179 the 
state of “tolerance” discussed earlier (“Acute Phase Responses”/ “Anti-
inflammatory Responses”). In a study of blood leukocytes obtained 
from trauma victims, early changes in gene expression gradually 
resolved over time, with no hint of a “second hit” of inflammation 
when patients developed complications in the ICU,75 perhaps reflecting 
such tolerance. Prolonged tolerance also occurred in mice that were 
exposed to gram-negative bacteria and lacked the host lipase that inac-
tivates LPS,65,66 raising the possibility that immunologic recovery from 
other infectious agents may also require inactivating the microbial 
stimuli that induce the host’s inflammatory responses.

Hotchkiss and co-workers180,181 have noted extensive apoptosis of 
CD4 and CD8 lymphocytes, dendritic cells, and B cells in the spleens 
of patients with severe sepsis who died. Intestinal epithelial cells may 
also undergo apoptosis.152 These changes were not noted in critically 
ill but nonseptic patients, suggesting that they do not contribute to the 
immunosuppressive state that follows injury and other stresses.152 
Studies of inflammation-associated apoptosis in experimental animals 
suggest that glucocorticoids are more important inducers of apoptosis 
than are TNF or the Fas ligand.182 Hyperactivation of splenic sympa-
thetic input may also play a role. How loss of these cells contributes to 
the pathogenesis of severe sepsis is uncertain, however. Remarkably, in 
the murine model of septic peritonitis, death could be prevented by 
administering a caspase-3 inhibitor or overexpressing Bcl-2, an anti-
apoptotic protein, in lymphocytes183 or other cells.184 Unlike lympho-
cytes, the life span of neutrophils is prolonged by proinflammatory 
mediators, such as TNF and G-CSF, and shortened by IL-10, which 
promotes neutrophil apoptosis.185

Septic Shock
Septic shock may have two distinguishable phases. Vasoconstrictive 
(cold) shock, characterized by low cardiac output and high peripheral 
resistance, occurs in patients who are hypovolemic; factors that con-
tribute to decreased effective intravascular volume include redistribu-
tion of blood flow, venous pooling, increased capillary permeability, 
increased insensible losses, and poor fluid intake. During this phase, 
the blood pressure is supported by peripheral vasoconstriction. Resto-
ration of effective intravascular volume by the administration of fluids 
is usually followed by vasodilation. Vasodilation is not often seen with 
acute hemorrhagic shock or cardiogenic shock, and it does not usually 
occur in patients with shock caused by viral hemorrhagic fevers or 
hantavirus infections, which cause myocardial dysfunction and pro-
found increases in capillary permeability.186,187 The clinical hallmarks 

Mitochondrial and Microcirculatory Dysfunction
Infection-associated abnormalities in organ function are often revers-
ible. Moreover, there is often little or no detectable evidence for cell 
death in the microscopic appearance of tissues of patients or experi-
mental animals who die from severe sepsis.134,152,153 Pathologists have 
found apoptosis of cells in the spleen and intestine,152 myopathic 
changes in skeletal muscle,148 and changes in blood vessel morphology 
(in meningococcal disease, for example86), but significant necrosis does 
not seem to occur in the major organs,136,152 arguing against a prominent 
general role for thrombosis or necrotic cell death in the early patho-
genesis of organ dysfunction. On the other hand, much evidence points 
to the importance of microcirculatory dysfunction and abnormal 
oxygen use, and the long course of recovery and frequent occurrence 
of long-term sequelae (see later) suggest that biochemical derange-
ments may persist much longer than has been generally suspected.

In septic patients, the readily measurable indices of macrocircula-
tory function (mean arterial pressure, cardiac output, mixed venous 
oxygen saturation) often do not parallel the severity of organ dysfunc-
tion.154 It is now widely believed that a critical cause of abnormal organ 
function in severe sepsis resides in the microcirculatory units (arteri-
ole, capillary bed, venule) within tissues. Evidence for this hypothesis 
has been obtained using orthogonal polarization spectral (OPS) 
imaging of the most accessible muscle, the tongue. When they were 
compared with control subjects, patients with severe sepsis had signifi-
cantly lower vessel density, and the proportion of perfused small 
vessels was also below normal155,156; in other studies, restoration of the 
sublingual microcirculation was associated with survival.157 Shunting 
of blood around “weak” microcirculatory units could account for the 
maintenance of relatively normal mixed venous oxygen saturation 
despite apparent tissue dysoxia.158 Mechanisms often invoked to 
account for changes in the microcirculation include reduced deform-
ability of erythrocytes and activated neutrophils, neutrophil aggrega-
tion, and microthrombosis.159 There is little evidence that any of these 
phenomena alters microcirculatory function in humans, however, and 
the aforementioned changes noted by spectral imaging were reversible 
by the application of acetylcholine155 or nitroprusside,156 indicating that 
they were not anatomically fixed. Maldistribution of blood flow at the 
level of the microcirculation thus may contribute to low oxygen use by 
affected tissues; paradoxically, tissue oxygen levels are often elevated, 
suggesting a defect in oxygen use at the cellular level.

When they are activated by exposure to microbial molecules, myo-
cytes160 and most leukocytes (alternatively activated macrophages and 
regulatory CD4 T cells are exceptions) rely upon glycolysis rather than 
oxidative phosphorylation to provide ATP and maintain membrane 
potentials.161 This phenomenon is an example of “aerobic glycolysis” or 
the “Warburg effect,” noted initially in tumor cells: the use of glycolysis 
to produce ATP despite the availability of oxygen.162,163 As the stimulus 
increases or persists for long periods, ATP concentrations eventually 
fall, impairing cell function in part by allowing mitochondrial mem-
brane potential collapse.164 This normal response to cell activation is 
conceptually similar to the state of “cytopathic hypoxia,” proposed by 
Fink165 to denote “diminished production of ATP despite normal (or 
even supranormal) po2 values in the vicinity of mitochondria within 
cells.” Many phenomena might contribute, including diminished entry 
of pyruvate into the tricarboxylic acid cycle161 and uncoupling of oxida-
tion from phosphorylation because of collapse of the proton gradient 
across the mitochondrial membrane.164 Nitric oxide (NO) and ROS 
are thought to play major roles in triggering mitochondrial loss and 
hypofunction.166 The ability of peroxynitrite and NO to activate poly-
(adenosine diphosphate [ADP]-ribose) polymerase (PARP) may also 
be important because PARP rapidly polymerizes cellular ADP and thus 
robs cells of ATP.167 It is likely that many influences intersect to alter 
mitochondrial function, including both cell-intrinsic mechanisms (e.g., 
mitochondrial loss via autophagy [mitophagy]168) and cell-extrinsic 
stimuli, such as thyroid hormone, cortisol, and hyperglycemia.169

Mitochondrial dysfunction in muscle170 and peripheral blood 
monocytes171 has correlated with sepsis severity in clinical studies, 
whereas mitochondrial preservation of tissue ATP concentrations170 
and early activation of mitochondrial biogenesis172 have been associ-
ated with survival. Noting that cell necrosis has been an uncommon 
finding in patients who died from severe sepsis,133,136,152 Singer and 
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either limited or no associations.202-205 A genome-wide association 
study (GWAS) evaluated treatment responses in severe sepsis and noted 
that the prognostic models were dominated by clinical variables.206 It is 
difficult to take into account all of the many gene interactions and clini-
cal factors that influence the outcome of serious infections.

Microbial Triggers for Severe Sepsis
The most commonly identified sites of primary infection in patients 
with severe sepsis are the lungs and the abdomen (Fig. 75-3). No 
obvious source of infection can be found in approximately one third to 
one half of the cases in most series.6,137,207 Culture-negative and culture-
positive cases have had similar morbidity and mortality rates.6,208

In keeping with the discovery that conserved gram-positive  
(lipoproteins, lipoteichoic acid) and gram-negative (LPS) bacterial 
molecules are recognized by distinct receptors on leukocytes, with 
overlapping yet distinctive downstream signaling pathways (see Fig. 
75-1), patients with severe sepsis caused by gram-positive and gram-
negative bacteria may have somewhat different cytokine responses. In 
one study, IL-1β, IL-6, and IL-18 concentrations were higher in the 
plasma of patients with sepsis caused by gram-positive bacteria209; 
others have found higher levels of TNF or IL-6 in the plasma of patients 
with severe sepsis caused by gram-negative bacteria.210,211 Microarray 
analysis of mRNA from macrophages and whole blood stimulated ex 
vivo has also identified numerous differences in gene expression in 
response to gram-positive compared with gram-negative stimuli in 
most,209,212-214 but not all,215 studies. In septic children, a microarray-
derived mRNA pattern in blood leukocytes discriminated successfully 
between influenza, gram-positive, and gram-negative etiologies.216 
Although the clinical features of severe sepsis caused by different 
microbes are very similar, it is possible that these new molecular sig-
natures will provide insights into pathogenesis and be useful both for 
diagnosis and for directing therapy.

Bacteremia
How local infection leads to multiorgan dysfunction and hypotension 
is uncertain. One long-favored hypothesis is that uncontrolled local 
infection eventuates in bacteremia or toxinemia; circulating bacteria or 
their products then stimulate inflammatory reactions within the vas-
culature and distant organs that lead to organ dysfunction and hypoten-
sion. Given the long history of this idea, it is surprising that strong 
evidence for it is actually limited to a few special situations. The most 
prominent example is fulminant meningococcemia, when N. menin-
gitidis bacteria grow in the blood and induce DIC, severe sepsis, and 
shock. Other examples are the neutropenic or splenectomized indi-
viduals who develop overwhelming bacteremia217 and patients with 
Yersinia pestis,218 Burkholderia pseudomallei,219 nontyphoidal Salmo-
nella,220 Bacillus anthracis, or Capnocytophaga canimorsus bacteremia.

These examples are special because the responsible bacteria are 
usually human pathogens, able to cause disease in immunocompetent, 

of vasodilation are decreased systemic vascular resistance and high 
cardiac output. The following factors may contribute to inflammation-
induced vasodilation:
• Tachyphylaxis to catecholamines, which diminishes the sensitivity  

of vascular smooth muscle to catecholamines administered as 
pressors80

• The underproduction or peripheral resistance of glucocorticoids, 
which upregulate adrenergic receptors80

• The underproduction or ineffectiveness of aldosterone188,189

• The production of adrenomedullin, which has vasodilatory actions, 
increases renal blood flow, and inhibits aldosterone secretion190

• The release of NO from sites of inflammation191 and/or distant vas-
cular endothelium

• The absence of the normal baroreflex response that increases circu-
lating vasopressin levels (and depletion of neurohypophyseal vaso-
pressin stores)192

• The release of platelet activating factor
• The activation of potassium (K)ATP channels in arteriolar smooth 

muscle cells by hypoxia and lactate193

• The generation of bradykinin, a vasodilator that also increases capil-
lary permeability194

Remarkably, inflammation-induced vasodilation can occur when 
there are very high blood levels of several vasoconstrictor hormones 
(norepinephrine, epinephrine, endothelin-1, and angiotensin II). The 
best clue to its pathogenesis may be the ability of treatment with hydro-
cortisone or vasopressin to improve the pressor effect of catechol-
amines in many patients (see “Therapy”).

The basic mechanisms that compromise essential cell function from 
hypoperfusion are alterations in cell membrane permeability and mito-
chondrial energy production. Hypoxic cells switch to anaerobic gly-
colysis and accumulate lactate, hydrogen ion, and inorganic phosphates. 
Cellular ATP stores decrease because of diminished synthesis, contin-
ued consumption, and the actions of ATPases.195 Energy-dependent 
sodium and calcium pumps in the plasma membrane are affected, 
resulting in the loss of cellular potassium and the accumulation of 
sodium, calcium, and water.196 This is apparent histologically as gener-
alized cell swelling. In addition, protein synthesis is impeded, ribo-
somes detach from the endoplasmic reticulum, and mitochondrial and 
lysosomal membranes are damaged. Protein misfolding further con-
tributes to cell injury and death.196 High conductance, nonselective 
permeability channels develop in the mitochondrial inner membrane 
(the mitochondrial permeability transition); the loss of membrane 
potential impedes oxidative phosphorylation and allows leakage of 
cytochrome C into the cytoplasm, compromising electron transport 
and serving as a major signal to initiate apoptosis.197 Increases in intra-
cellular calcium may initiate cell injury and an imbalance between 
free-radical generation and radical-scavenging systems may enhance 
oxidative stress. Reactive oxygen species (i.e., superoxide anion, hydro-
gen peroxide, and hydroxyl ions) can accelerate cell injury via lipid 
peroxidation, damaging plasma and organelle membranes. Further, 
oxidative modification of proteins enhances their degradation by the 
proteosome and may result in the loss of vital protein components.

Infection Susceptibility and Outcome: 
Genetic Influences
A major obstacle to understanding the pathogenesis of severe sepsis is 
the striking heterogeneity of the patient population that experiences 
the syndrome. Patients may differ in age, sex, ethnic group, underlying 
disease, inciting microbe, medications, and numerous other variables. 
Genetic epidemiology studies suggest that genetic variation contrib-
utes to both susceptibility and outcome in infectious diseases.198 Many 
polymorphisms or haplotypes have been associated with meningococ-
cal disease and/or pneumococcal disease.199,200

Several groups have described single nucleotide polymorphism 
(SNP)-outcome associations in small groups of critically ill patients 
with sepsis caused by diverse pathogens. However, a systematic review 
of the quality of 147 genetic association studies found that most of the 
reported SNP-sepsis associations were not reproducible.201 Further, 
studies using meta-analysis of polymorphisms of different inflamma-
tory molecules (i.e., PAI-1, TLR4, TNF, lymphotoxin-α [LT-α]) and 
their relationship to the development of sepsis or survival has revealed 

FIGURE 75-3 Presumed sites of infection in patients with culture-
positive severe sepsis. Bars show the means of data from four 
studies.17,315,449,450 Brackets show the minimum and maximum values 
reported. Note that the lung and abdomen are the most common primary 
sites. IV, intravenous. 
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Endotoxemia
It is also widely held that bacterial endotoxin, when it enters the  
bloodstream, triggers systemic inflammation. Fulminant meningo-
coccemia has provided the most striking evidence for this idea; the 
high levels of circulating endotoxin found in patients with this syn-
drome have correlated directly with plasma TNF levels and the risk  
of dying.242-244 Infusing endotoxin directly into the bloodstream of 
healthy volunteers readily confirms the ability of this substance to 
induce dramatic changes in circulating mediator concentrations and 
to cause symptoms.245,246

Fulminant meningococcemia is a very distinctive syndrome, 
however, in which a pathogenic bacterium invades a healthy individual 
and grows within the vasculature before the victim can mount an effec-
tive defense. In most instances, there is no local (i.e., nasopharyngeal) 
inflammation to impede bacterial invasion or induce systemic 
responses. Moreover, meningococci can grow to very high density in 
the blood244 and shed membrane blebs that contain endotoxin and 
other molecules; these particles may serve as surfaces for activating 
complement and coagulation within the bloodstream. Meningococ-
cemia may thus be a poor model for the typical case of endotoxemia, 
in which a commensal such as E. coli or Klebsiella invades an already-
sick patient, triggers inflammation in a local tissue, and transiently 
invades the bloodstream to achieve low-level bacteremia. The endo-
toxin infusion model resembles meningococcemia in important ways 
(healthy subjects, acute exposure to endotoxin, no local infection/
inflammation), and it may thus be a better model for meningococce-
mia than for other forms of endotoxemia.

For 4 decades, the Limulus amebocyte lysate (LAL) assay has been 
used to measure endotoxin in plasma. This method and a newer 
antibody-based assay247 measure both active endotoxin and inactive 
endotoxin that may circulate in plasma. It is thus uncertain that the 
plasma endotoxin detected by using these assays is truly able to induce 
inflammation in vivo. Moreover, there is now evidence that much of 
the endotoxin produced in tissues may be inactivated by acyloxyacyl 
hydrolase before it reaches the blood,248 and several other endotoxin-
neutralizing mechanisms have increased activity in the plasma of sick 
humans.249-251,252 The factors that promote the binding of endotoxin to 
lipoproteins, which sequester the lipid A moiety and prevent cell acti-
vation, are more effective.251 For example, and blood levels of BPI, a 
neutrophil-derived, endotoxin-neutralizing protein, increase.253 The 
low amounts of endotoxin that circulate in septic patients may thus be 
unable to stimulate cells within the systemic compartment. In addition, 
even relatively mild stress induces changes in circulating monocytes 
that “reprogram” them to produce less TNF when they are stimulated 
by endotoxin.70 Finally, the high concentrations of LBP that are found 
in plasma during the systemic response to infection may inhibit the 
ability of LPS to activate monocytes, possibly by preventing LPS trans-
fer from CD14 to MD-2–TLR4.254,255

It is thus not surprising that the correlation between endotoxemia, 
gram-negative bacteremia, and severe sepsis has been inconsistent  
and often weak.256-258 This does not mean that endotoxin contributes 
little or nothing to the pathogenesis of severe sepsis, however. In  
most patients who develop severe sepsis caused by a gram-negative 
bacterium that produces hexaacyl LPS (and thus can be sensed by 
MD-2–TLR4),259 the major site for the stimulatory action of endo-
toxin may be in an infected extravascular tissue, not the circulating 
blood. It is also possible that endotoxin is more active in the blood of 
acutely infected, previously healthy patients, in whom the enhanced 
endotoxin-inactivating mechanisms cited previously have yet to be 
induced and in whom circulating endotoxin has been associated with 
poor outcome.243,256

Other Bacterial Toxins
Staphylococcal and streptococcal toxic shock syndrome toxins (TSST-
1, streptococcal pyrogenic exotoxins, streptococcal mitogenic exotoxin 
Z260) are superantigens that can activate large numbers of circulating 
T cells to release cytokines. They do so by cross linking major com-
patibility complex (MHC) class II molecules on antigen-presenting 
cells with T-cell receptor Vβ domains, thus triggering the T cell to 
release proinflammatory cytokines.261-263 Although there is strong 
circumstantial evidence that these toxins play a central role in 

previously healthy individuals. In contrast, the great majority of the 
cases of severe sepsis occur in previously ill persons and are associated 
with bacterial or fungal microorganisms that are acquired from the 
patient’s own microbiota.221 These commensal microbes—enteric 
gram-negative bacilli, coagulase-negative staphylococci, enterococci, 
Candida species, and others—infrequently cause disease in humans 
who have normal immune defenses. Individuals who develop serious 
disease caused by a commensal bacterium generally have a significant 
immune defect, most often, epithelial barrier disruption (e.g., cathe-
ters, bites, cuts), obstruction of a drainage conduit, or immunosuppres-
sion.221 Accordingly, it has been difficult to identify virulence factors 
in these bacteria that promote bloodstream invasion per se.222-224 Even 
geography and ethnicity may be important; for example, Yu and 
co-workers225 found that 94% of Klebsiella pneumoniae blood isolates 
from immunocompetent patients who developed community-acquired 
pneumonia in Taiwan and South Africa had a mucoid phenotype, 
whereas this association did not occur in patients with hospital-
acquired K. pneumoniae or in patients from five other countries.

The evidence that circulating commensal gram-negative bacteria 
stimulate inflammation within the blood stream is limited to a few 
observations. Blood cultures were positive more commonly in patients 
who have severe sepsis than in those with sepsis,6 for example, and the 
fraction of patients who have a positive blood culture is even greater 
among those with septic shock.6,14 In patients with severe sepsis and 
documented infection, moreover, bacteremia has been associated with 
early mortality.17 Bloodstream infection with certain microorganisms, 
such as Candida albicans,226 methicillin-resistant S. aureus (MRSA),227 
and vancomycin-resistant Enterococcus faecium,228 has also been asso-
ciated with significant attributable mortality (an often-used but imper-
fect surrogate outcome for severe sepsis/septic shock), and one study 
found that catheter-associated bacteremia was more often accompa-
nied by hypotension when the infecting agent was a gram-negative 
aerobe.229

Other lines of evidence suggest that circulating commensal bacteria 
may not directly trigger severe sepsis or septic shock.208 First, bactere-
mia is usually low grade and transient, provided that reseeding of the 
bloodstream does not occur. The body’s innate immune mechanisms 
for clearing commensal bacteria and fungi from the bloodstream are 
evidently very effective. Second, with some exceptions (such as S. 
aureus bacteremia, meningococcemia, plague218 and septicemic meli-
oidosis219), the risk for developing severe sepsis has not correlated 
directly with the density of cultivatable bacteria in the blood. Third, 
bacteremia has no distinctive clinical features—at the bedside, bactere-
mic patients with severe sepsis are indistinguishable from those whose 
cultures are negative230,231; a diagnostic algorithm that identified 88% of 
patients with bacteremia as a complication of community-acquired 
pneumonia was only 53% specific.232 Finally, the case-fatality rates for 
culture-positive and culture-negative patients with severe sepsis and 
septic shock have been very similar,6,17,233 suggesting that bacteremia 
may contribute little to outcome. In keeping with this idea, little or no 
excess mortality could be attributed to bacteremia associated with 
indwelling vascular catheters,234-236 antibiotic-resistant nosocomial 
bacteria,237 transfusion-related Serratia,238 nosocomial Enterobacter,239 
or with bacteremia that occurred in a tertiary hospital population.240

A second hypothesis might account for the occurrence of severe 
sepsis in patients who have primary extravascular infections with com-
mensal organisms (see discussion and references within Munford208). 
It holds that inflammatory mediators produced in the infected tissue 
activate the CNS by stimulating local nerves; when they enter the 
bloodstream, these mediators also may stimulate cells in the vascula-
ture or in distant organs. In such patients, circulating bacteria would 
be a marker for uncontrolled local infection, not the direct trigger for 
severe sepsis.

The conclusion reached by Felty and Keefer241 in their 1924 review 
of patients with Escherichia coli bacteremia seems valid for many 
patients today: “We are inclined toward the view not only that the 
symptoms of the generalized infection are difficult to differentiate from 
those of the local process, but also that the prognosis depends largely 
on the character of the primary focus. In short, the essential feature is 
the extent, severity and amenability to treatment, of the local process 
rather than the sepsis itself.”
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versus intravascular infection, infection with commensal versus patho-
gen, or others? Answers to these questions may become possible when 
a quantitative description of the underlying biochemical mechanisms 
of severe sepsis and septic shock is achieved.

RECOVERY MECHANISMS
Recovery follows successful host defense so regularly that its mecha-
nisms have attracted little investigation, yet the time required for 
recovery is by no means predictable after host defenses have failed (see 
“Prognosis”). Renewed interest in understanding recovery has fol-
lowed the discovery of novel arachidonic acid derivatives (lipoxins, 
resolvins) that help resolve inflammation in tissues. Anti-inflammation 
(preventing inflammation-induced damage) and resolution (clearing 
the battlefield and promoting return of homeostasis) are overlapping 
yet distinct processes with somewhat different regulatory mecha-
nisms.268 Tissue resolution mechanisms include neutrophil apoptosis, 
macrophage emigration, efferocytosis of dead cells, and the production 
of lipoxins, resolvins (and other lipids), proteases, and gaseous signals 
that promote restoration of homeostasis in tissues.269 Little is known 
about how these processes are regulated during recovery from infec-
tion, either in local tissues or in the blood and uninfected organs.

What happens when a sick patient “turns the corner” and begins to 
improve? What turns off the body’s anti-inflammatory (immunocom-
promising) responses? Do hypofunctioning organs only recover when 
the inflammation-inducing stimulus has been removed? If killing the 
inciting microbes is necessary, is it sufficient, or must potent microbial 
signal molecules, such as LPS, also be inactivated?65,66 Does severe 
sepsis induce epigenetic or other changes that alter host physiology 
long term64,270? What is the nervous system’s role in recovery? Are late 
deaths and disability caused by damage incurred during the acute 
crisis,271 failure of some key recovery mechanism(s), or other pro-
cesses? These are among the questions that await future students of the 
body’s harmful responses to infection. Answering them may uncover 
new ways to improve outcome.

CLINICAL MANIFESTATIONS
Patients with severe sepsis and septic shock experience derangements 
in both of the body’s major communication networks, the nervous 
system, and the blood. The function of every organ may be affected.

Nervous and Neuroendocrine Systems
Cerebral Function
Individuals who experience relatively mild infectious illnesses may 
exhibit subtle abnormalities in cognitive performance. It is therefore 
not surprising that confusion and other alterations in higher cerebral 
function are often early manifestations of severe sepsis, particularly in 
older adult patients, or that the severity of these changes has correlated 
with patients’ overall severity of illness.272

Sepsis-associated encephalopathy (SAE) is defined as “diffuse cere-
bral dysfunction that accompanies sepsis in the absence of direct CNS 
infection, structural abnormalities, or other types of encephalopa-
thy.”273 Delirium is the most common clinical manifestation, occurring 
in 30% to 50% of patients with severe sepsis. In general, the severity of 
SAE parallels the severity of other manifestations of sepsis. Because 
there are no specific markers for SAE, the diagnosis relies upon exclud-
ing primary CNS infections and other causes of encephalopathy. Pro-
posed underlying mechanisms include microscopic brain injury, 
blood-brain barrier and cerebral microcirculation dysfunction, altered 
CNS metabolism, and impaired cholinergic neurotransmission. One 
study found white matter lesions, suggesting increased blood-brain 
barrier permeability, in five of nine septic patients evaluated using 
magnetic resonance imaging274; a more recent survey concluded that 
prolonged delirium may be associated with smaller brain volumes and 
long-term cognitive impairment.275 Another analysis found that 
patients who experience severe sepsis may have cognitive and func-
tional defects that last for years.276

Hypothalamic-Pituitary-Adrenal Axis
The normally pulsatile pattern of pituitary hormone release (growth 
hormone, ACTH, prolactin) is often blunted in critically ill patients, as 
is the normal circadian variability in levels of cortisol, leptin, IL-6, and 

producing the gram-positive bacterial toxic shock syndromes, proof of 
causation has not been attained. There is also evidence that bacterial 
cell wall lipoproteins, which can signal cells via TLR2, may circulate in 
the blood of septic animals and provoke inflammation.264

Summary
The evidence reviewed here suggests that severe sepsis is a hetero-
geneous disorder of tissue metabolism in which an altered micro-
circulation plays a major role. Because tissue metabolism and the 
microcirculation are normally regulated via peripheral nerves and cir-
culating hormones, it seems likely that neuroendocrine derangements 
are closely tied to organ dysfunction and septic shock. The most proxi-
mal cause(s) remain unknown, however, and how the phenomena 
discussed here (e.g., complement activation, coagulopathy, mediator 
action or desensitization thereto, endothelial injury, microcirculatory 
dysfunction) interact to produce the syndromes is uncertain. On the 
other hand, it is possible to draw tentative conclusions regarding the 
interactions between certain microbial triggers and the human host. 
Three scenarios illustrate the spectrum:
1. Opportunistic commensal bacteria typically invade across dis-

rupted epithelia, often into hosts in whom immunosuppressive 
acute-phase responses are already occurring because of illness, 
injury, or infection. A vigorous local inflammatory response, usually 
initiated by host sensing of conserved microbial molecules,265 is 
unable to kill the bacteria because of mechanical failure (obstructed 
drainage pathway), immunosuppression (neutropenia, “endoge-
nous immunosuppression”), or other factors (including bacterial 
virulence determinants). These bacteria invade the bloodstream 
when local defenses are unable to kill or contain them; bacteremia, 
when it occurs, is often transient and may be less important than 
locally-produced mediators as a trigger for severe sepsis and septic 
shock.208 Outcome is strongly related to the patient’s underlying 
physiologic fitness. In the acute management of these patients, a 
diligent search for the primary focus of infection is essential.

2. At the other end of the spectrum are pathogenic microbes that can 
survive and multiply in previously healthy humans. They can invade 
without eliciting clinically significant inflammation other than, in 
some cases, pneumonia, lymphadenopathy, or a lesion at a cutane-
ous entry site. If their growth is not controlled by innate immune 
defenses, the microbes may enter the bloodstream, infect vascular 
endothelial cells and/or blood cells, and release toxins or other 
molecules that stimulate inflammation or induce damage within the 
blood and tissues. The circulating microbes may provoke both 
shock and profound coagulopathy that not uncommonly results in 
hemorrhage and/or arterial thrombosis. Examples include S. pneu-
moniae, N. meningitidis, R. rickettsii, Y. pestis, Salmonella Typhi, 
B. anthracis and probably V. vulnificus and C. canimorsus. With 
many of these, the absence of an early proinflammatory (local) host 
defense is an important key to pathogenesis.27,265 Certain viruses 
may also be in this category; there is evidence that symptomatic 
infection with filoviruses (e.g., Ebola), for example, which invade 
without provoking local inflammation and infect monocyte-
macrophages in many tissues, may be prevented by an early proin-
flammatory systemic response.266 Recent research has associated 
inherited defects in innate and/or acquired immune function with 
susceptibility to some of these pathogens.267

3. Other stimuli, such as gram-positive bacterial superantigens, may 
be produced by extravascular bacteria and diffuse into the blood or 
be released into it by circulating bacteria. They activate T lympho-
cytes in the blood and tissues to release cytokines; in poorly under-
stood ways, these cytokines induce organ dysfunction and cause 
shock.262,263

Although each of these microbe-host interactions leads to the syn-
dromes known now as severe sepsis and septic shock, they are suffi-
ciently different from one another that they force the question: Is the 
apparent continuum from sepsis to septic shock truly a single process, 
a “final common path” that can be induced by many different initiating 
events, or do different microbe-host interactions produce severe sepsis 
and septic shock in different ways? If the latter, which are the most 
important determinants: susceptibility genes, underlying disease, age, 
physiologic state at the time infection occurs, primary extravascular 
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necrosis; a mononuclear cell infiltrate may be present.295 Glucocorti-
coids and neuromuscular blocking agents may contribute to the patho-
genesis and further complicate the clinical picture.296

Blood Compartment
Blood Cells
The composition of the circulating blood has usually been viewed 
through a limited window, the peripheral vein. A neutrophilic leuko-
cytosis is the normal response to bacterial or fungal infection. It is 
produced by mobilizing neutrophils from the marginal pool as well as 
the marrow (see acute-phase and anti-infective responses under 
“Pathogenesis”). Failure to mount a neutrophilic leukocytosis has been 
associated with a poor outcome.

At the onset of sepsis, peripheral blood lymphopenia occurs, 
reflecting diminished numbers of T, B, and NK cells.297-299 The apparent 
effects of sepsis on different T-lymphocyte subsets has varied among 
studies, resulting in part from differences in the timing of blood sam-
pling, patient selection, and presentation of the data as either absolute 
cell numbers (usually decreased) or relative percentages of the total 
lymphocyte population (often unchanged). At least in part, the reduc-
tion in circulating CD4+ cells may be due to apoptosis.298,300 In contrast, 
the numbers of circulating B-lymphocytes may increase301 despite 
apoptotic cell death. Cytokine production by circulating T cells often 
has had a helper T-cell 2 (Th2) predominance.302 T-regulatory lym-
phocyte (CD4+CD25+Foxp3+) numbers have been unchanged or 
increased.303,304 The percentage of T-helper lymphocytes producing 
IL-17 increases, and the fraction that produces IFN-γ decreases at 
the onset of sepsis; this pattern may reverse after 1 week.304 NK-cell 
(CD3+, CD56+) absolute numbers fall and their IFN-γ production is 
reduced.299

Monocyte numbers do not change substantially, but their cellular 
function is altered. Decreased cytokine responses and cell-surface 
expression of HLA-DR are common and have been used as biomarkers 
of immunosuppression in severely ill patients.305 Increased expression 
of CD163 and CD206, markers of alternative activation phenotypes, 
occurs within the first week of severe sepsis.304

Thrombocytopenia is a frequent finding in patients with severe 
sepsis.83,207 Although thrombocytopenia often accompanies DIC, it 
may be the only routinely measured clotting parameter that is abnor-
mal; on the other hand, many patients with low-grade DIC do not have 
thrombocytopenia. The basis for isolated thrombocytopenia in septic 
patients is probably multifactorial, with peripheral nonimmune 
destruction,306 hemophagocytic histiocytosis,307 and marrow suppres-
sion playing variable roles.

Plasma Lipids
Striking changes occur in the circulating lipids and lipoproteins.308 
High-density lipoprotein (HDL) and low-density lipoprotein (LDL) 
levels decrease, whereas triglyceride, free fatty acid, and very low-
density lipoprotein (VLDL) levels increase. The decrease in serum 
cholesterol is almost entirely accounted for by lower concentrations of 
cholesterol esters in circulating HDL and LDL.251

Glucose
Hypoglycemia is a relatively uncommon manifestation of sepsis. 
Although many of the reported cases have occurred in patients with 
hepatic or renal disease or malnutrition, hypoglycemia has also been 
observed in patients with no definable cause other than sepsis.309 The 
pathogenesis of hypoglycemia is not well understood, but adrenal 
insufficiency should be considered in such patients. Moderate or severe 
hypoglycemia was associated with an increased risk of death from 
distributive shock in patients who received either intensive or conven-
tional glucose control.310 The body’s acute metabolic responses to infec-
tion maintain the blood sugar concentration through gluconeogenesis, 
glycogenolysis, and insulin resistance (see acute-phase and metabolic 
responses under “Pathogenesis”); hyperglycemia may result, especially 
in diabetics or when glucose-containing fluids are administered.

Lactate
Increased blood lactate concentrations and an increased lactate-to-
pyruvate ratio are often seen in patients with severe sepsis, even in the 

other hormones. As patients develop septic shock, high plasma con-
centrations of vasopressin are followed by relatively low levels, possibly 
reflecting both loss of baroreflex feedback regulation and vasopressin 
depletion from the posterior pituitary.192,277,278 The diagnosis and sig-
nificance of “inappropriately low” plasma vasopressin levels have been 
controversial.272

Adrenal Insufficiency
Activation of the hypothalamic pituitary adrenal axis is essential for 
survival from severe stresses. Adrenalectomized animals are unable  
to survive septic or traumatic shock without corticosteroid replace-
ment. Rarely, infectious agents cause primary adrenal insufficiency by 
directly inducing adrenal hemorrhage or necrosis. The most frequently 
implicated microbes are N. meningitidis, Mycobacterium tuberculosis, 
cytomegalovirus (CMV), and Histoplasma capsulatum. CMV-related 
adrenalitis has been common in patients with end-stage human immu-
nodeficiency virus (HIV) infection, but its significance has been uncer-
tain. Among the other factors that may contribute to hypoadrenalism 
in septic patients are hypoperfusion, cytokine-induced dysfunction of 
the adrenals, drug-induced steroid hypermetabolism (rifampin, phe-
nytoin) or inhibition of steroidogenesis (ketoconazole, etomidate),  
and desensitization to glucocorticoid responsiveness at the cellular 
level.279,280 Adrenal suppression by prior therapy with glucocorticoid or 
megestrol should also be considered. Secondary adrenal insufficiency, 
caused by pituitary infection or apoplexy, is quite rare. Adrenal respon-
siveness to ACTH infusion typically returns to normal in patients who 
recover from septic shock.281

Traditionally, adrenal insufficiency has been diagnosed if the 
plasma cortisol level was less than 10 µg/dL in the setting of significant 
stress or if the level did not increase more than 9 µg/dL in response to 
ACTH stimulation (250 µg synthetic ACTH [1-24] [cosyntropin]).282-284 
Unfortunately, these criteria do not adequately measure the reversible 
dysfunction of the HPA axis that occurs in critically ill septic patients. 
A clinical entity, critical illness–related corticosteroid insufficiency 
(CIRCI), has been proposed to describe this state, which reflects inad-
equate cellular corticosteroid activity resulting from adrenal insuffi-
ciency, tissue corticosteroid resistance, or both.285 CIRCI is associated 
with exaggerated and prolonged inflammatory responses to infection. 
Whereas the aldosterone response to exogenous ACTH seems to be 
maintained in most patients with severe sepsis,284 a state of hyperrenin-
emic hypoaldosteronism has been described in critically ill individuals, 
most of whom have been hypotensive.188,189

The textbook manifestations of adrenal insufficiency (hyponatre-
mia with hyperkalemia, hypothermia, eosinophilia, hyperpigmenta-
tion, nausea, vomiting) are not often attributed to adrenal dysfunction 
in septic patients. Hypotension and hypoglycemia may be the most 
commonly recognized manifestations.

Autonomic Dysfunction
Heart rate variability286 is influenced by the balance of vagal and sym-
pathetic inputs to the sinoatrial node. Autonomic reflexes can modu-
late these inputs, as can the central (vasomotor and respiratory centers) 
and peripheral (arterial pressure and respiratory movement) oscilla-
tors. Studies have found that abnormalities in heart rate characteristics, 
measured using spectral analysis, precede (in neonates287,288) or coin-
cide with (in adults289) the onset of septic shock, and that they may 
predict in-hospital mortality in some settings.290 Although the precise 
basis for these changes is uncertain, in general they seem to reflect a 
decrease in sympathetic input to the cardiac pacemaker. They may 
reflect an uncoupling of the biologic oscillations in heart rate, blood 
pressure, respiration, temperature, and other functions that are nor-
mally connected through neural networks.291,292

Peripheral Nerves, Muscles
Critical illness polyneuropathy and myopathy may occur in patients 
who have been ill for a week or more.293 The clinical features include 
difficulty in weaning from a ventilator, generalized wasting of the 
limbs, and diffuse weakness (tetraparesis). The diagnosis is usually 
made when electromyographic examination294 reveals denervation 
potentials compatible with axonal polyneuropathy, predominantly of 
distal motor fibers. A muscle biopsy may show edema, atrophy, and 
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and (4) hypoxemia. The descriptive term “acute lung injury” has been 
supplanted by new definitions (the Berlin Definition): ARDS is classi-
fied as mild (200 mm Hg < partial pressure of arterial oxygen (Pao2)/
fractional inspired oxygen (Fio2) < 300 mm Hg), moderate (100 mm Hg 
< Pao2/Fio2 ≤ 200 mm Hg), or severe (Pao2/Fio2 ≤ 100 mm Hg).322 The 
underlying pathology is diffuse alveolar epithelial injury, with increased 
barrier permeability and exudation of protein-rich fluid into the inter-
stitial and airspace compartments.321 Elevated plasma angiopoietin-2 
levels have been found to presage onset of ARDS in high-risk patients,323 
supporting an important role for endothelial injury in pathogenesis. 
Neutrophils and monocytes accumulate in the lungs and may form 
cellular aggregates in pulmonary vessels. Significant right-to-left 
shunting occurs. Dead space volume increases and compliance 
decreases, augmenting the work of breathing and often necessitating 
mechanical ventilation. Indeed, a common indication for mechanical 
ventilation is respiratory muscle fatigue; in patients who are obtunded 
or have impaired gag reflexes, intubation may also be used to prevent 
aspiration of oropharyngeal or gastric contents.

Patients who recover from ARDS may have significant functional 
impairment related to the healing process, which can produce restric-
tive defects and diminish diffusing capacity.

Renal Dysfunction
Severe sepsis is often accompanied by azotemia and oliguria. The renal 
abnormalities range from minimal proteinuria to profound renal 
failure; postmortem studies have found focal acute tubular injury and 
minimal glomerular damage.136 The pathogenetic mechanisms include 
hypovolemia, hypotension, renal vasoconstriction, and toxic drugs (in 
particular, aminoglycosides).324 In most cases, sepsis-induced renal 
injury is largely reversible. On the other hand, sepsis can also occur in 
patients who have acute kidney injury of other etiologies and then 
acquire nosocomial infection. Predictors of sepsis after acute kidney 
injury included oliguria, higher fluid accumulation, higher severity of 
illness score, nonsurgical procedures after acute kidney injury, and 
dialysis.325 Sepsis that follows acute kidney injury is associated with 
high mortality and a high rate of dependency on dialysis at the time 
of hospital discharge.

Gastrointestinal Tract Injury
Peripheral vasodilation redistributes the cardiac output so that visceral 
organs are underperfused; the morbidity and mortality of septic shock 
have correlated with the degree of tissue (e.g., gastric) hypoperfusion. 
Several mechanisms have been proposed for gut failure that results in 
sepsis and multiple organ hypofunction: disruption of an intact intes-
tinal epithelium, reperfusion injury, and translocation into the blood-
stream via mesenteric lymphatics of bacteria, bacterial products, and 
inflammatory mediators.326 One study of critically ill patients in an ICU 

absence of shock. Contrary to long-standing dogma, the accumulation 
of lactate and pyruvate in the blood is not simply a consequence of 
limited tissue oxygenation (hypoxia).311 Rather, there is evidence that 
it results from the marked increases in aerobic glycolysis that occurs 
in muscle, phagocytes, and other cells (see earlier), triggered by 
cytokine-induced glucose uptake and/or catecholamine-stimulated 
increases in Na+-K+ pump activity.312-314 Increases in blood lactate may 
also result from decreased lactate clearance by the liver, mitochondrial 
dysfunction, and (respiratory) alkalosis, which decreases lactate uptake 
by cells. Correction of hypotension with vasopressors does not always 
correct lactic acidosis, possibly because tissue perfusion remains com-
promised by vasoconstriction or abnormal microcirculatory vasoregu-
lation. Intravenous ibuprofen significantly lowered blood lactate levels 
in one clinical trial without improving outcome.315

Clotting Factors
The prevalence of DIC increases as the inflammatory response intensi-
fies,6 reaching approximately 30% to 50% in patients with severe sepsis. 
The patient’s underlying condition (e.g., infection, solid cancers, hema-
tologic malignancies, obstetric diseases, trauma, liver disease) can 
influence diagnostic laboratory tests. In addition, all of these condi-
tions can be complicated by the development of sepsis, making the 
diagnosis and treatment of DIC dependent on the clinical context 
rather than on any one specific laboratory parameter.316

Commonly used screening assays for DIC include (1) a reduced or 
downward trend in the platelet count (usually < 100,000/mm3); (2) the 
presence of fibrin-related markers, including fibrin degradation prod-
ucts, D-dimers, or soluble fibrin in plasma; (3) prolongation of the 
prothrombin time or the activated partial thromboplastin time (>1.2 
times the upper limit of normal); and (4) low plasma levels of endog-
enous anticoagulants, such as antithrombin III and protein C.85,317 
Reduced levels of ADAMTS13 activity and/or elevation of soluble 
thrombomodulin, plasminogen activator inhibitor, von Willebrand 
factor, and von Willebrand factor propeptide may be seen, although 
none of these tests offers a secure diagnosis of DIC or predicts its 
outcome.318 Serial measurements of these tests may improve the diag-
nostic certainty of suspected DIC.316 The use of low levels of antithrom-
bin and protein C for the diagnosis of DIC was challenged by Asakura 
and co-workers,87 who found no differences in the plasma activity of 
antithrombin and protein C between septic and control patients after 
stratification for plasma albumin levels.

The most common adverse consequence of DIC is hemorrhage, 
which is most often apparent as oozing from wounds or as gastroin-
testinal (GI) bleeding. Thrombosis of large and small vessels may also 
occur, usually in relationship to local tissue infection or indwelling 
catheters.133,319 In general, thrombosis-induced tissue injury is most 
apparent when there is cutaneous necrosis and especially when blood 
flow to a distal structure (finger, toe, hand, foot, tip of the nose) is 
interrupted. There is evidence that vasoconstriction contributes to the 
pathogenesis of arterial thrombosis, and most attempts to restore blood 
flow have involved interfering with the sympathetic nerve supply to 
the affected extremity.320 In one instructive case, a young boy with 
purpura fulminans developed gangrene of three extremities; in the 
spared limb, vasoconstriction was impaired because of a brachial 
plexus injury acquired at birth.139

Dysfunction of Other Organs
Patients entered into studies of severe sepsis must have evidence for 
one or more dysfunctional organ systems. As is shown in Figure 75-4, 
hypotension is the most commonly noted abnormality; the frequency 
with which other organ systems are affected ranges from 5% to 50%. 
There is considerable patient-to-patient variability in the manifesta-
tions of severe sepsis.

Acute Lung Injury
Hyperventilation, with respiratory alkalosis, can be one of the earliest 
manifestations of sepsis. Similarly, pulmonary dysfunction typically 
occurs early in the course of severe sepsis.321 The clinical diagnosis of 
ARDS is based upon four elements: (1) the occurrence of lung injury 
within 1 week of a known clinical insult, (2) chest imaging that shows 
bilateral opacities, (3) the absence of cardiac failure or fluid overload, 

FIGURE  75-4 Organ dysfunction at entry into studies of 
severe sepsis. Bars show means of data from six representative 
studies.14,315,449,451-453 Brackets show the minimal and maximal values 
reported. The definitions used to diagnose organ dysfunction varied some-
what from study to study. Renal dysfunction was uncommon in some 
series and very common in others. CNS, central nervous system; DIC, dis-
seminated intravascular coagulation. 

P
er

ce
nt

 o
f c

as
es

 (
at

 s
tu

dy
 e

nt
ry

)

75

50

25

0

P
ul

m
on

ar
y

R
en

al

H
ep

at
ic

C
N

S

D
IC

S
ho

ck

http://www.myuptodate.com


P
a
rt

 I
I 

M
aj

o
r 

C
lin

ic
al

 S
yn

d
ro

m
es

928

Desquamation of the skin of the distal extremities does not usually 
occur until the second week of illness.

Ischemic changes (dusky or pallid color, coldness, loss of pulses) 
usually occur in the hands and feet, where they may follow thrombosis 
of small-sized to midsized arteries. Inflammation-induced coagulopa-
thy and vasoconstriction both contribute to their pathogenesis, as 
noted earlier.

Septic Shock
In prospective studies of the natural history of critical illness,6,340 
patients have progressed from sepsis to severe sepsis to septic shock, 
suggesting that these syndromes are part of a continuum. In the study 
by Rangel-Frausto and co-workers, 71% of the patients who developed 
septic shock had been previously classified as having severe sepsis, 
sepsis, or SIRS.6

The cardiovascular impact of sepsis has two components: myocar-
dial dysfunction and relative hypovolemia resulting from vasodilation. 
A pattern of sepsis-associated myocardial dysfunction was recognized 
during the 1980s. It includes reduced left and right ventricular ejection 
fractions, increased left and right ventricular end-diastolic volumes, 
and an elevated heart rate and cardiac output.341 This pattern typically 
follows fluid resuscitation, occurs 24 to 48 hours after the onset of 
severe sepsis, and is reversible in patients who survive 5 to 10 days after 
its onset. The cardiac depression associated with septic shock reflects 
the effects of inflammatory mediators on cardiac myocyte and micro-
circulatory function, is not caused by ischemia, and does not usually 
require inotropic therapy. However, a small fraction of patients with 
septic shock may develop profound myocardial depression in conjunc-
tion with vasodilatory shock and require inotropic support (i.e., dobu-
tamine) in addition to vasopressor therapy.

Mechanisms implicated in the development of sepsis-induced myo-
cardial depression include alterations in calcium homeostasis, mito-
chondrial dysfunction, apoptosis, circulating cardiosuppressant 
mediators, nitric oxide, and peroxynitrite. Some authors have posited 
that sepsis-induced cardiodepression is a form of cardiac hiberna-
tion.342 A postmortem study found that cardiac myocyte cell death was 
rare, whereas sepsis-induced focal mitochondrial injury was present in 
many cells.136 Connexin-43, a gap junction protein that forms electrical 
synapses between myocytes, was altered in a way that suggested car-
diomyocyte injury. These findings were said to be in keeping with the 
reversible nature of the myocardial injury induced by sepsis.136,343

Hypovolemic shock can usually be reversed by administering  
intravenous fluids. In the normovolemic patients with vasodilatory 
(warm, hyperdynamic) shock, studied prospectively by Abraham and 
co-workers,344,345 the first noticeable change was a fall in oxygen con-
sumption, which was followed by compensatory increases in cardiac 
output and oxygen delivery; peripheral vascular resistance decreased 
progressively over the 24-hour period before the onset of overt hypo-
tension. The lowest blood pressure was recorded when the cardiac 
output failed to compensate for low vascular resistance.

Severe Sepsis and Septic Shock: Is 
There a “Tipping Point”?
When they compared whole-blood gene expression profiles in patients 
with “sterile SIRS” and early sepsis (infection-induced SIRS), Johnson 
and co-workers346 found that upregulation of mitogen-activated 
protein kinase-14 (MAPK-14) (p38) occurred up to 48 hours before 
the diagnosis of clinical sepsis. Other mRNAs that increased in abun-
dance in early sepsis were those for members of the IL-1 receptor and 
IL-22 receptor families. A subsequent study by the same group found 
that many TLR-related effector molecules were upregulated (less than 
twofold) in peripheral blood cells 24 hours before the diagnosis of 
clinical sepsis347; MAPK-14 was again among the harbinger molecules. 
Using mass spectrometry to identify plasma proteins, the authors also 
reported that 134 unique plasma proteins were overrepresented in 
sepsis patients compared with ICU patients who had only SIRS; most 
were coagulation or complement proteins.348

Another potential marker for the transition to severe sepsis is a 
decrease in the natural variability in heart rate, respiratory rate, or 
temperature. There may also be loss of the normal circadian variability 
in plasma cortisol, glucose, iron, and cytokine levels. Heart rate 

found that increased GI permeability preceded the onset of multiple 
organ hypofunction.327

In addition, aspiration of the microbial and chemical contents of 
the upper GI tract into the tracheobronchial tree may initiate nosoco-
mial pneumonia. Small erosions of the gastric and duodenal mucosa 
predispose to upper GI bleeding. Ileus, a common feature of septic 
shock, may persist for a day or two after shock resolves.

Hepatic Dysfunction
The principal sepsis-associated abnormality is cholestatic jaundice, 
characterized by elevations in conjugated and unconjugated bilirubin 
(<10 mg/dL). These changes occur in patients with and without pre-
existing liver disease and may precede recognition of infection.328 In 
patients with severe sepsis, elevated alkaline phosphatase, bilirubin, 
and amino transferase levels are common, but frank hepatic failure 
(“shock liver”) is unusual. If the duration of septic shock is prolonged, 
however, a massive rise in serum transaminases may follow hypoxic 
necrosis of centrilobular liver cells.329 Hypoxic hepatitis has a poor 
prognosis.

Immune Dysfunction
Reactivation of latent herpes simplex and CMV infections occurs in 
approximately 35% of critically ill patients,330-333 and CMV viremia has 
been described in a similar fraction of patients with severe sepsis.334 
The extent to which CMV contributes to immunosuppression in these 
patients is not known, yet patients with CMV antigenemia have had 
higher rates of nosocomial infection, prolonged hospitalization, and 
mortality.332,335 Although clinical experience suggests that patients with 
severe sepsis are at increased risk for secondary infections,336 a quan-
titative documentation of this risk has not been published. In one 
autopsy study of patients who died in an ICU, 80% had an undiagnosed 
infectious focus.337

Cutaneous Manifestations
A wide range of skin lesions may occur in patients with severe sepsis. 
They include the cutaneous reaction at a local inoculation site (pustule, 
eschar), lesions that appear at sites of hematogenous seeding of the skin 
or underlying soft tissue (petechiae, pustules, ecthyma gangrenosum, 
cellulitis), diffuse eruptions caused by bloodborne toxins (e.g., TSST), 
and hemorrhagic or necrotic lesions. Recognition of certain character-
istic lesions can greatly assist etiologic diagnosis.

Musher338 distinguished three patterns of tissue involvement by 
gram-negative enteric bacilli.
1. Cellulitis and thrombophlebitis are associated with intense local 

inflammation. Bacteria implicated in case reports include Campy-
lobacter fetus, Vibrio species, and Aeromonas hydrophila.

2. When the inflammatory response is impaired, usually by neutro-
penia, ecthyma gangrenosum or bullous lesions may occur (see 
later); Pseudomonas aeruginosa is the most commonly isolated 
microorganism.

3. In symmetrical peripheral gangrene associated with DIC, fibrin 
thrombi are seen in small vessels, but neither inflammatory cells nor 
bacteria are found.
Palpable petechiae or purpura suggests leukocytoclastic vasculitis, 

which may be caused by N. meningitidis, R. rickettsii, S. pneumoniae, 
H. influenzae, and occasionally S. aureus.339 Pustules often contain 
S. aureus or C. albicans. Cellulitis is most often caused by S. pyogenes 
but may, in unusual settings, result from bacteremia caused by clos-
tridial species or one of the gram-negative bacilli mentioned earlier.

The term ecthyma gangrenosum (“necrotic blister”) is used for 
lesions that begin as papules surrounded by erythema and edema and 
evolve into hemorrhagic, necrotic ulcers. They typically appear between 
the umbilicus and the knees. Although often considered pathogno-
monic for P. aeruginosa bacteremia, ecthyma gangrenosum has also 
been observed in patients whose blood cultures grew Klebsiella, Ser-
ratia, A. hydrophila, or E. coli. Pathologic examination reveals direct 
invasion of venules by bacteria and local thrombosis. Almost all 
patients with ecthyma gangrenosum are neutropenic at the time the 
lesions develop.

Diffuse erythema (erythroderma) is a characteristic finding in  
toxic shock syndrome caused by either S. aureus or S. pyogenes. 
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In patients with indwelling vascular catheters, the rate of microbial 
growth in a culture of blood drawn through the catheter may be com-
pared with that of blood drawn from a peripheral vein; a difference in 
the “time to positivity” of 2 or more hours suggests catheter infec-
tion.354 Careful preparation of the skin is essential to avoid false posi-
tive cultures from skin contaminants. Chlorhexidine (2%) has a short 
(15 to 30 seconds) drying time compared with 10% povidone-iodine 
or 1% to 2% tincture of iodine (approximately 2 minutes)355; in one 
recent trial, cleansing with 2% chlorhexidine in 70% alcohol was supe-
rior to 10% aqueous povidone-iodine for preventing culture contami-
nation.356 Using these agents properly can reduce costs and preserve 
resources.352

Cultures and microscopic examination of urine, sputum (including 
tracheal aspirate if done within a few hours of intubation), likely 
infected fluids, purulent wound drainage, and skin lesions should also 
be obtained. Gram-stained material obtained from biopsies or needle 
aspirates of petechial lesions can provide a rapid diagnosis in patients 
with meningococcemia.357

New molecular and other non–culture-based methods have the 
potential to speed diagnosis of serious infections. These include nucleic 
acid–based diagnostics applied to cultures from clinical samples or 
used directly on blood or serum.353 Detection of microbial nucleic 
acids does not necessarily indicate that a viable organism was present 
or that transient bacteremia was related to a true infection.353

Diagnostic Imaging
Axial tomography is an important complement to routine chest and 
abdominal radiography to assess for unrecognized sources of infection 
in the sinuses, lungs, liver, and abdomen. Ultrasonography and cho-
lescintigraphy (hepatobiliary iminodiacetic acid [HIDA] scanning) 
may be useful for evaluating gallbladder function.

Cytokine and Biomarker Levels
Although there have been many attempts to identify a cytokine profile 
that would distinguish infected patients from those with systemic 
responses to other stimuli, none has been very successful. A review  
of 178 biomarkers used for diagnostic and prognostic purposes  
noted that all lack sufficient sensitivity and specificity to be used in 
routine clinical practice.358 Studies of biomarkers in severe sepsis have 
often been limited by the absence of immunosuppressed patients  
or patients with non–respiratory tract infections. Variability in physi-
cian adherence to treatment algorithms may also compromise their 
validity.

Adrenal Insufficiency in Patients with 
Septic Shock
The clinical and laboratory diagnoses of sepsis-associated relative 
adrenal insufficiency are inexact and controversial (see adrenal insuf-
ficiency under “Clinical Manifestations”). Unresolved issues include 
the need to measure free cortisol, the diagnostic significance of 
cortisol-binding proteins, the utility of salivary cortisol levels, and the 
quantitation of tissue glucocorticoid resistance.359 The most useful 
clinical definition of relative adrenal insufficiency may be based simply 
upon the response to hydrocortisone administration (see “Other Ther-
apies”). The presence of “pressor-dependent hypotension that responds 
to the administration of 50 to 100 mg hydrocortisone every 6 hours” 
would strongly support the diagnosis.360 Many experts now recom-
mend obtaining a baseline serum cortisol level before initiating hydro-
cortisone therapy. A value less than 15 µg/dL in a patient with septic 
shock should encourage careful evaluation for adrenal insufficiency 
after recovery from the septic episode. The diagnostic value of the 
ACTH stimulation test is less clear285; of importance, the reversal of 
vasopressor-dependent shock by low dose steroids is not predicted by 
the response to the ACTH stimulation test.361

THERAPY
Sepsis, severe sepsis, and septic shock are medical emergencies.  
Despite intensive effort, including more than three dozen clinical  
trials, optimal therapy has changed little since the 1960s.362 As sum-
marized by Young,363 “Early clinical suspicion, rigorous diagnostic 
measures, aggressive initiation of appropriate antimicrobial therapy, 

variability (HRV) has been studied most intensively; although a 
decrease in HRV may herald the onset of systemic organ hypofunction, 
particularly in neonates, many therapeutic interventions may influence 
HRV in sick patients. Using a composite measure of variability has 
been proposed.349

DIAGNOSIS
No bedside or laboratory test provides a definitive diagnosis. There is 
also considerable inter-individual and time-dependent variability in 
the expression of the body’s responses to infection, so a diagnostically 
useful “profile” of laboratory tests is not possible. On the other hand, 
certain findings are sufficiently suggestive that they should prompt 
further evaluation. In addition to the signs that comprised SIRS (tachy-
cardia, tachypnea, leukocytosis or leukopenia, and fever or hypother-
mia; see Table 75-1), findings such as altered mental status, unexplained 
hyperbilirubinemia, lactatemia, metabolic acidosis or respiratory alka-
losis, and thrombocytopenia can be useful clues. The appearance of 
new lesions on the skin or mucosae may also be suggestive.

One normal response to infection is a neutrophilic leukocytosis in 
the peripheral blood. Infections that are typically associated with 
peripheral blood leukopenia include typhoid fever, brucellosis, Rocky 
Mountain spotted fever, Colorado tick fever, and ehrlichiosis; in indi-
viduals with severe sepsis induced by bacteria, leukopenia is more 
common among children than adults.306 Fever is also a normal response 
to infection, and an increase in body temperature above a certain level 
(usually 38.0° or 38.3° C) is often the trigger for initiating a diagnostic 
evaluation. Some septic patients may be euthermic or hypothermic, 
however. These include older adults, patients with open wounds or 
large burns, and patients taking anti-inflammatory or antipyretic 
drugs. In patients with comorbid conditions or immunosuppression, 
the clinical manifestations of sepsis may also be atypical: for example, 
the fever response may be blunted (concomitant glucocorticoid use, 
continuous renal replacement therapy), the white blood cell count may 
be normal (depressed bone marrow reserves resulting from chemo-
therapy or stem cell transplantation), and the heart rate may be normal 
(β-blockers, sick sinus syndrome).

Differential Diagnosis
Numerous noninfectious conditions can mimic sepsis by presenting 
with hypotension and/or organ failure. They include burns, trauma, 
adrenal insufficiency, pancreatitis, pulmonary embolism, dissecting or 
ruptured aortic aneurysm, myocardial infarction, occult hemorrhage, 
cardiac tamponade, and drug overdose. Fever and hypotension can 
also be caused by a number of noninfectious processes, including 
adrenal insufficiency, thyroid storm, pancreatitis, drug hypersensitivity 
reactions, malignant hyperthermia, serotonin syndrome, and heat-
stroke. Vasodilatory shock can be a manifestation of anaphylaxis. A 
sepsis-like syndrome may follow cardiopulmonary bypass; there is cir-
cumstantial evidence that the trigger is either pump trauma to circulat-
ing leukocytes or bacterial endotoxin absorbed from the gut. Indeed, 
sepsis and septic shock may complicate any of the disease states 
described above. One should always consider occult sepsis in the dif-
ferential diagnosis of fever, acutely altered mental status, thrombocy-
topenia, or hypotension.350

Cultures
Cultures are essential for identifying the likely microbial invaders and 
ascertaining antimicrobial susceptibility patterns. For optimal sensitiv-
ity and specificity, blood cultures (split between aerobic and anaerobic 
bottles) should be drawn from two or three different venipuncture 
sites.351 The volume of blood drawn (adults 20 to 30 mL/venipuncture, 
children no more than 1% of total blood volume) is the most important 
variable in detecting bacteremia.352

Bacteremia may be categorized as transient, intermittent, or con-
tinuous (reviewed by Mancini and co-workers353). Transient bactere-
mia lasts minutes to hours and may occur with manipulation of either 
anatomic sites colonized by normal flora (i.e., colonoscopy) or local 
infected sites. Intermittent bacteremia is associated with closed-space 
infections (e.g., abscesses) or focal infections (e.g., pneumonia). Per-
sistent low-grade bacteremia is associated with an intravascular focus, 
such as endocarditis or vascular graft infection.
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therapy administered within 24 hours of the onset of shock reduced 
mortality from candidemia by almost 50% when combined with ade-
quate source control.373

Patients with severe sepsis should thus receive a broad-spectrum, 
intravenous regimen that is effective for both gram-negative and gram-
positive bacteria, and they should receive it as quickly as possible. The 
choice of drugs should be modified according to the patient’s own 
microbiologic culture data and the resistance patterns prevalent in the 
patient’s community or hospital. Under some circumstances, such as 
when a patient is neutropenic or develops severe sepsis after having 
received a broad-spectrum regimen for another infection, empirical 
therapy for Candida species may be warranted (Candida species now 
account for 10% or more of the cases of severe sepsis in such patients). 
Anti-Candida therapy should also be considered in patients with 
severe sepsis who have indwelling catheters. Specific recommendations 
are provided in Table 75-4.

With the possible exception of neutropenic patients or those  
with P. aeruginosa disease, there is little evidence to support the use 
of combination therapy using an aminoglycoside instead of mono-
therapy with a broad-spectrum drug such as a carbapenem.374 Many 
experts consider an extended-spectrum penicillin, combined with a 
β-lactamase inhibitor, to be effective empirical therapy for most 
patients in locales where multiresistant gram-negative bacteria are not 
prevalent. This recommendation was questioned recently by a meta-
analysis that found that combination antimicrobial therapy improved 
survival in patients with septic shock but may be harmful in those with 
less severe sepsis.375 Like so many other therapeutic interventions in 
septic patients,376 antibiotic benefit seems greatest in the sickest 
individuals.

In much of the world, S. aureus isolates are so frequently methicillin-
resistant that, if S. aureus is a potential causative organism, a drug 
active against MRSA is recommended for empirical therapy in pref-
erence to oxacillin or nafcillin. Fortunately, S. aureus resistance to 

comprehensive supportive care, and measures aimed at reversing pre-
disposing causes are the cornerstones of successful management.”

Antimicrobial Drugs
Numerous analyses have concluded that early treatment of bacteremic 
patients with an appropriate antimicrobial drug improves sur-
vival.364-366,367,368 In most of these studies, a drug was considered appro-
priate if it was able to inhibit the patient’s microbial isolate(s) in vitro 
and was administered within 24 to 48 hours of the onset of bacteremia 
or severe sepsis. One study found that appropriate antimicrobial 
therapy, as defined by the recommendations of an authoritative anti-
biotic guidebook, was equally beneficial to patients with septic shock 
who did and did not have positive culture results.233 Among patients 
with septic shock who received appropriate antimicrobial therapy, 
ICU-acquired infection and severity of illness (Acute Physiology and 
Chronic Health Evaluation [APACHE] II) were the most significant 
determinants of outcome.369 In another case series, inappropriate 
antimicrobial treatment was most common (45%) in patients with 
nosocomial infections that developed after treatment for a community-
acquired infection.364

There is also strong evidence now that survival is more likely  
if septic patients receive appropriate antimicrobial drugs as soon  
as possible after the diagnosis is suspected. In keeping with the  
important role for rapid antibiotic administration promoted by Greis-
man370 almost 30 years ago, a retrospective review by Kumar and 
co-workers371 found a strong relationship between the delay in effective 
antimicrobial initiation and in-hospital mortality of septic shock. Each 
hour of delay in antimicrobial administration was associated with an 
average decrease in survival of 8%. The time to initiation of effective 
antimicrobial therapy was the single strongest predictor of outcome. 
Others found that antimicrobial administration within 4 hours of 
arrival at the hospital was associated with decreased mortality in older 
patients with community-acquired pneumonia,372 and antifungal 

TABLE 75-4  Empirical Antibiotic Options for Patients with Severe Sepsis or Septic Shock

SUSPECTED SOURCE
Lung Abdomen Skin/Soft Tissue Urinary Tract Source Uncertain

Major Community-
Acquired Pathogens

Streptococcus pneumoniae
Haemophilus influenzae
Legionella
Chlamydia pneumoniae

Escherichia coli
Bacteroides fragilis

Streptococcus pyogenes
Staphylococcus aureus
Polymicrobial

E. coli
Klebsiella species
Enterobacter species
Proteus spp.
Enterococci

Empirical Antibiotic 
Therapy

Moxifloxacin or 
levofloxacin or 
azithromycin plus 
cefotaxime or 
ceftazidime or cefepime 
or piperacillin-
tazobactam

Imipenem or meropenem 
or doripenem or 
piperacillin-tazobactam 
± aminoglycoside

If biliary source: 
piperacillin-tazobactam, 
ampicillin-sulbactam, 
or ceftriaxone with 
metronidazole

Vancomycin or 
daptomycin plus 
either imipenem or 
meropenem or 
piperacillin-
tazobactam; ± 
clindamycin (see text)

Ciprofloxacin or 
levofloxacin (if 
gram-positive cocci, 
use ampicillin or 
vancomycin ± 
gentamicin)

Vancomycin plus either 
doripenem or ertapenem 
or imipenem or 
meropenem

Major Commensal 
or Nosocomial 
Microorganisms

Aerobic gram-negative 
bacilli

Aerobic gram-negative 
rods

Anaerobes
Candida spp.

Staphylococcus aureus 
(? MRSA)

Aerobic gram-negative 
rods

Aerobic gram-negative 
rods

Enterococci

Consider MDRO if in area 
of high prevalence

Consider echinocandin if 
neutropenic or indwelling 
intravascular catheter

Empirical Antibiotic 
Therapy

Imipenem or meropenem 
or doripenem or 
cefepime (if 
Acinetobacter baumanii 
or carbapenem-resistant 
Klebsiella in ICU, add 
colistin)

Imipenem or meropenem 
± aminoglycoside 
(consider echinocandin)

Vancomycin or 
daptomycin plus 
imipenem-cilastatin 
or meropenem or 
cefepime, ± 
clindamycin

Vancomycin plus 
imipenem or 
meropenem or 
cefepime

Cefepime plus vancomycin 
± caspofungin

Dosages for intravenous administration (normal renal function):
*Imipenem-cilastatin, 0.5-1.0 g q6-8h
*Meropenem, 1-2 g q8h
*Doripenem, 0.5 g q8h
Piperacillin-tazobactam, 3.375 g q4h or 4.5 g q6h
Vancomycin, load 25-30 mg/kg, then 15-20 q8-12h
Cefepime, 1-2 g q8h
Levofloxacin, 750 mg q24h

Ciprofloxacin, 400 mg q8-12h
Moxifloxacin, 400 mg qd
Ceftriaxone, 2.0 g q24h
Caspofungin, 70 mg, followed by 50 mg q24h
Colistin: loading dose = 5 mg/kg body weight. For maintenance dosing, 

see University of California, Los Angeles Dosing Protocol: 
www.infectiousdiseases-ucla-affiliated.org/Intranet/FILES/ColistinDosing.pdf

*Carbapenems are less susceptible to extended-spectrum β-lactamases; base choice on local resistance pattern.
ICU, intensive care unit; MDRO, multidrug-resistant organisms; MRSA, methicillin-resistant Staphylococcus aureus.
For MDRO, resistance usually includes carbapenems.

http://www.infectiousdiseases-ucla-affiliated.org/Intranet/FILES/ColistinDosing.pdf
http://www.myuptodate.com
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Intravenous Fluids and Vasopressors
Fluid resuscitation is the mainstay of hemodynamic support in patients 
with septic shock. Whereas antibiotics or fluids alone did not improve 
outcome in animal models of septic shock, these interventions were 
found to act synergistically to improve survival.382 Crystalloid is gener-
ally used for resuscitation instead of colloid.383 The Saline versus 
Albumin Fluid Evaluation (SAFE) trial384 compared fluid resuscitation 
with 4% albumin versus saline in a heterogeneous population of ICU 
patients who required fluids for intravascular volume depletion. Sur-
vival was similar in the two arms at 28 days, and the two fluids were 
considered comparable in patients with severe sepsis. Although a 
meta-analysis found that albumin was associated with lower mortality 
when compared with other fluids,385 a recent trial found that patients 
who received crystalloid plus albumin to maintain a serum albumin 
concentration of 30 g/L were no more likely to survive than were 
patients who received only crystalloid.385a The use of hydroxyethyl 
starch preparations for resuscitation caused an increase in mortality 
and acute kidney injury in critically ill patients386 and in patients with 
septic shock.387 It should be not be used.

The goals of fluid resuscitation in severe sepsis and septic shock are 
to ensure adequate tissue perfusion by restoring effective intravascular 
volume (depleted by vasodilation and increases in vascular permeabil-
ity) and to optimize cardiac output by enhancing venous return and 
cardiac filling. A reasonable goal in general is maintenance of mean 
arterial pressure (MAP) greater than 65 mm Hg, although in some 
patients with long-standing hypertension, a higher MAP may be 
required. In most patients, 15 to 30 mL/kg or up to 4 to 6 L of crystal-
loid may be required in the early phases of resuscitation. Too little fluid 
may cause tissue hypoperfusion and worsen organ function, whereas 
excessive fluid administration may impair organ function resulting 
from tissue edema. When no further benefit is apparent from addi-
tional fluid administration (i.e., restoration of mean arterial blood 
pressure), vasopressor administration is essential to maintain adequate 
tissue perfusion. However, considerable controversy exists regarding 
which hemodynamic parameters should guide resuscitation in septic 
patients.388-390 Three international multicenter trials are currently 
addressing critical end points in resuscitation.391 Protocol-based resus-
citation using an oximetric central venous catheter to monitor central 
venous pressures and oxygen saturation did not improve survival of 
patients with septic shock diagnosed in the emergency room. Using 
this catheter to guide the administration of fluids, vasopressors, dobu-
tamine, or packed red cell transfusions to achieve specific hemody-
namic targets was no better than usual care composed of early 
antibiotics, fluid resuscitation, and, if needed for venous access, a 
central venous catheter.391a

For many years, dopamine was considered the drug of choice for 
restoring normotension in patients with septic shock. When used at 
low doses (<5 µg/kg/min), its preferential interaction with dopaminer-
gic receptors was thought to produce renal and splanchnic vasodila-
tion. This notion has been challenged by recent studies and analyses. 
In particular, a randomized, controlled clinical trial found that low-
dose dopamine infusion did not improve survival or prevent renal 
failure in critically ill patients at risk for renal dysfunction,392 and a 
similar conclusion was reached by a retrospective analysis of patients 
with septic shock in a large clinical trial.393 Many experts now favor 
using norepinephrine over dopamine for septic shock.394 A trial of 
norepinephrine plus dobutamine (added if needed) compared with 
epinephrine found no difference in 28-day all-cause mortality.395

Vasopressin levels initially rise as patients develop shock, then they 
fall with more prolonged hypotension. Continuous infusion of argi-
nine vasopressin (AVP) may help restore normotension in patients 
with catecholamine-resistant vasodilatory shock. The doses of vaso-
pressin that increase blood pressure in septic patients are lower than 
those required in normal individuals. Landry and Oliver193 speculated 
that the increase in vasopressor potency may be caused by unoccupied 
vascular receptors for vasopressin, the coexistence of autonomic failure 
(which potentiates vasopressin action), or vasopressin’s ability to 
enhance the vasoconstrictor effect of norepinephrine, which is present 
in markedly elevated concentrations in patients with septic shock. 
Vasopressin also directly inactivates KATP channels in vascular smooth 
muscle and inhibits the inducible form of NO synthase. Vasopressin is 

vancomycin or daptomycin continues to be rare in most communities. 
If a vancomycin-resistant enterococcus (VRE) is the likely trigger for 
severe sepsis, linezolid should be included. Daptomycin is another 
alternative drug for MRSA, but its efficacy in patients with severe sepsis 
has not been tested, and it should not be used for the treatment of 
pneumonia because its activity is inhibited by pulmonary surfactant. 
Linezolid’s toxicities (i.e., thrombocytopenia, anemia, rare serotonin 
syndrome) limit its attractiveness as a substitute for vancomycin.

Although there are few data on the use of once-daily dosing of 
aminoglycosides in critically ill patients, the available evidence sug-
gests that this administration method is safe.377 The volume of dis-
tribution of both tobramycin and gentamicin is higher in critically  
ill patients with septic shock than in those without shock. A once- 
daily dosage of 7 mg/kg produced maximal peak concentration (Cmax) 
to minimal inhibitory concentration (MIC) ratios in most patients. 
This should be avoided if possible in patients with unstable renal func-
tion, anuria, or an increased volume of distribution (i.e., ascites,  
anasarca) because of the difficulty in predicting peak and trough  
drug levels. Therapeutic drug monitoring is warranted, and more than 
one drug level may be needed to determine the appropriate dosing 
interval.

The available data also generally support using continuous infu-
sions of β-lactam drugs to maximize the time that blood concentra-
tions remain above a target bacterium’s MIC, yet adequately sized and 
controlled clinical trials have not been reported to date.378 The most 
recent study found that continuous infusion only benefited the sickest 
patients.379

Antimicrobial Chemotherapy for 
Specific Etiologies of Severe Sepsis
Although empirical broad-spectrum regimens will provide agents that 
are active against most pathogens, some situations may warrant differ-
ent or additional coverage. For example, tick exposure might warrant 
treatment with doxycycline (Rocky Mountain spotted fever) or 
atovaquone-azithromycin for babesiosis (with clindamycin if critically 
ill) in different exposure environments. Travel to the tropics might 
suggest the need for antimalarial therapy. In patients with suspected 
or proven streptococcal myositis/fasciitis or toxic shock syndrome, 
clindamycin should be given in addition to penicillin G to reduce toxin 
production. If staphylococcal toxic shock syndrome is considered, 
clindamycin should be given with either oxacillin (if methicillin-
susceptible S. aureus [MSSA]), vancomycin, or linezolid. In patients 
who may have eaten raw oysters and acquired V. vulnificus bacteremia, 
intravenous doxycycline should be used along with ceftazidime or a 
fluoroquinolone. Severe sepsis that follows a dog bite may be due to C. 
canimorsus, which is usually susceptible to cephalosporins, carbapen-
ems, β-lactam–β-lactamase inhibitor combinations, and quinolones 
but resistant to trimethoprim-sulfamethoxazole and aminoglycosides. 
Cefotaxime or ceftriaxone is preferred for asplenic patients, who may 
have overwhelming bacteremia with S. pneumoniae, N. meningitidis, 
H. influenzae type b, or C. canimorsus.

Surgical Drainage (Source Control)
Recovery from severe sepsis or septic shock is unlikely, even with 
appropriate antimicrobial therapy and diligent ICU care, if the patient 
has an undrained abscess or obstructed viscus.380 An excellent discus-
sion of surgical and nonsurgical “source control” measures was pub-
lished by Marshall and others.381 In patients with community-acquired 
infections, the most common occult sources are in the lungs and the 
urinary tract. Intra-abdominal infections (e.g., diverticulitis, cholecys-
titis, pylephlebitis), septic arthritis, endocarditis, and osteomyelitis 
should also be sought. Nosocomial infections often arise at sites of 
epithelial barrier disruption and thus frequently involve intravascular 
catheters, endotracheal tubes (pneumonia and paranasal sinusitis), 
urinary catheters, and operative wounds or other sites of traumatic 
injury.

In general, when a patient develops severe sepsis, all intravascular 
and bladder catheters should be removed, with reinsertion at new  
sites as needed. It is not often necessary to do surgical exploration  
of an infected thrombus because medical management usually 
suffices.350
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dominant), whereas some benefit can be derived from blocking even 
a single proinflammatory mediator in patients at the more severe end 
of the spectrum. To date, modifying inflammation with novel agents 
has not been shown to be beneficial.391

Antagonists to Gram-Negative Bacterial 
Endotoxin and Related Molecules
Clinical trials have evaluated antiendotoxin polyclonal antiserum (six 
studies) and monoclonal antibodies against common epitopes of endo-
toxin (five studies) for their ability to improve outcome from severe 
sepsis induced by gram-negative bacteria. None succeeded as either 
prophylaxis or therapy.401 Similarly, a monoclonal antibody against 
enterobacterial common antigen, a surface antigen closely linked to 
endotoxin, did not benefit septic patients.402 The recombinant form of 
a naturally occurring endotoxin-neutralizing molecule, recombinant 
BPI (rBPI), may have reduced the need for amputation in children with 
fulminant meningococcemia, but it did not improve survival.403 A 
potent lipid A analogue that competes with LPS for binding MD-2  
(Eritoran24) failed to improve outcome in severe sepsis, as did a cyclo-
hexene antagonist of TLR4 signaling (TAK-242).391,404 A trial of a phos-
pholipid emulsion that neutralizes endotoxin was stopped early 
because of toxicity,405 whereas a preliminary trial of hemoperfusion 
through a matrix containing polymyxin B was stopped prematurely 
after it achieved its primary end points.391 Its usefulness must be dem-
onstrated in larger trials.

Anticoagulants
Three recombinant anticoagulant drugs have been tested for their 
ability to increase the survival of patients with severe sepsis or septic 
shock. None was consistently successful in improving outcomes. Tissue 
factor pathway inhibitor (TFPI) and antithrombin III did not improve 
outcomes in severe sepsis.137,406 Activated protein C (aPC, drotrecogin-
alfa [activated]) reduced mortality from 31% (placebo control) to 25% 
(treatment group) (P < .005)207 and was licensed for the treatment of 
severe sepsis. The basis for the apparent impact of aPC on sepsis sur-
vival was questioned by some,407 and concerns were raised about a 
significant increase in the incidence of severe bleeding, including intra-
cranial hemorrhage. The efficacy of aPC was not confirmed in trials 
performed in children408 and in adults with low risk of dying (APACHE 
II score ≤25)409; each of these trials was stopped when an interim 
analysis revealed that the drug would not reduce mortality. Because of 
concerns in Europe regarding the drug’s efficacy and toxicity, a confir-
matory trial was done in patients with septic shock. aPC failed to 
reduce mortality at 28 or 90 days, compared with placebo,410 and it was 
withdrawn from the market in 2011. A second confirmatory trial also 
found no benefit in patients with septic shock.411 The protein C mol-
ecule has recently been modified so that it is not an anticoagulant yet 
retains anti-inflammatory potency.412 It is conceivable that such 
mutated versions will be useful anti-inflammatory drugs and have less 
risk of hemorrhage than does aPC.

It is noteworthy that, in each of the three large trials of anticoagu-
lant drugs, administration of heparin in a nonrandomized fashion to 
patients in the placebo group was associated with a reduction in mor-
tality. The basis for these results is not clear; because most ICU patients 
receive low-dose heparin as prophylaxis for deep venous thrombosis, 
unless there is a contraindication to its use, it is possible that the 
observed outcome difference simply reflects selection bias. More 
recently, a large retrospective review found significantly lower 28-day 
mortality in patients who received unfractionated heparin intrave-
nously during the first 48 hours of septic shock.413 Prospective con-
trolled trials of this inexpensive, widely-available agent are needed.

Boosting Host Defenses
During the 1990s, several studies addressed the ability of recombinant 
IFN-γ to prevent severe sepsis in patients who had recently undergone 
major surgery or sustained major trauma. Unfortunately, prophylactic 
administration of IFN-γ did not significantly reduce the incidence of 
nosocomial infection and severe sepsis,414,415 even though an impact of 
the drug on monocyte function was observed.416

Attempts to enhance myeloid cell function in septic patients by 
giving growth factors have also not met with success. G-CSF did not 

often used as a catecholamine-sparing agent in pressor-dependent 
shock, but a mortality benefit has not been seen.391

OTHER THERAPIES
Glucocorticoids
Many patients with septic shock exhibit a rightward shift in the dose-
response relationship between blood pressure and catecholamines. 
Annane and co-workers80 found that this occurs most often in patients 
with impaired adrenal function and that, in such patients, administer-
ing hydrocortisone could return the dose-response curve to normal. 
Several factors probably contribute to reduced sensitivity to catechol-
amines, including downregulation of adrenergic receptors and NO- 
induced vasopressor resistance. Hydrocortisone increases adrenergic 
receptor expression. There is thus a plausible theoretical and experi-
mental basis for using glucocorticoids to treat patients with septic 
shock.

Investigators noted several decades ago that very high doses of 
corticosteroids were beneficial in animal models of septic shock. 
Accordingly, high doses of corticosteroids were widely given as adjunc-
tive therapy for human sepsis and septic shock. Unfortunately, ran-
domized clinical trials of high doses of corticosteroids for sepsis (the 
median dose was equivalent to 23,975 mg hydrocortisone given over 
24 hours) showed that this high-dose approach was harmful,361 and 
clinicians abandoned it.

Although the ACTH stimulation test may be useful to identify 
patients with shock and overt primary or secondary adrenal insuffi-
ciency, it has not been adequate to identify the patients with septic 
shock and CIRCI who will respond to physiologic doses of ste-
roids.285,361 As such, some experts now recommend that the decision to 
treat with low doses of glucocorticoids should be based on clinical 
criteria and not on the results of adrenal function testing.285 In patients 
with septic shock who have not responded to fluid and vasopressor 
resuscitation, hydrocortisone treatment should be initiated (50 mg IV 
every 6 hours or with a loading dose of 100 mg, followed by a continu-
ous infusion of 10 mg/hr), continued for 7 days, and then slowly 
tapered over 5 to 6 days. Confirmation of this approach awaits further 
large clinical trials and new methods to assess the integrity of the HPA 
axis and tissue responsiveness to corticosteroids. Whether there is 
added benefit to the addition of a mineralocorticoid, fludrocortisone 
(50 µg PO daily), remains uncertain,359,396 but recent trials have been 
negative.397

Anti-inflammatory Drugs
During the 1990s, clinical trials were performed to test the ability of 
numerous immunomodulatory drugs to improve survival in patients 
with severe sepsis.391,398,399 They included large doses of glucocorticoids, 
antiendotoxin agents, antibodies to TNF and TNF-immunoglobulin 
fusion proteins that trap TNF, IL-1 receptor antagonist and antagonists 
to PAF, bradykinin, phospholipase A2, NO synthase, cyclooxygenase, 
bradykinin, and others. Although many of these agents appeared prom-
ising in preliminary trials, none reproducibly improved 28-day all-
cause survival, and some (e.g., a NO synthase inhibitor) caused harm. 
Explanations offered for the failure of this approach have included 
using the wrong drugs, doses, or duration of therapy; administration 
of the drug too late in the clinical course; heterogeneity in the clinical 
population treated; and ineffectiveness of single interventions. One 
group of experts recommended limiting clinical trials in septic patients 
to individuals with specific infectious diseases or sites of infection.400

A meta-regression analysis of 23 clinical trials concluded that the 
efficacy of anti-inflammatory drugs in patients with severe sepsis 
depends on the risk of dying.376 Although many of the agents studied 
work through different biologic mechanisms, their efficacy was consis-
tently greater in patients with a high risk of dying, whereas they were 
ineffective or harmful in those with low mortality risk. Studies in 
experimental animal models showed similar trends.376 Some of the 
same drugs have been very effective in the treatment of rheumatoid 
arthritis and other rheumatologic diseases, yet they have also predis-
posed patients to reactivation of tuberculosis and other infections. By 
analogy with this experience, perhaps interfering with the proinflam-
matory response impairs antimicrobial defenses in patients with less 
severe sepsis (in whom systemic anti-inflammation may already be 
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receiving mechanical ventilation.429 A recent study investigated the 
benefits of fever control by using external cooling in sedated patients 
with septic shock. The short-term benefits included less vasopressor 
requirement and more rapid shock reversal.430 A nonsignificant trend 
toward more nosocomial infections was noted at 2 weeks, however.

Preventing Secondary Infections
Because patients with severe sepsis are immunosuppressed and sub-
jected to invasive procedures, they may be at risk for secondary infec-
tions. Measures that decrease acquisition of hospital-associated 
microorganisms include hand washing431 and the use of barrier precau-
tions when examining patients colonized with resistant bacteria. 
Updated guidelines for preventing intravascular catheter infections 
were published in 2011 (see Chapter 302).432

The risk for nosocomial pneumonia is greatest in patients who 
receive mechanical ventilation for longer than 1 week. Randomized 
trials have shown that the semirecumbent body position reduces the 
risk for nosocomial pneumonia, especially in patients who receive 
enteral nutrition.433 Maintaining an adequate intracuff pressure and 
effective aspiration of subglottic secretions may also be important.434 
Avoiding nasal gastrointestinal tubes decreases the risk for developing 
sinusitis. A closed urinary drainage system is essential. Trials are 
needed to evaluate prophylaxis to prevent CMV reactivation in criti-
cally ill patients.

PROGNOSIS
Whereas previously healthy young humans almost always (>90%) 
survive severe sepsis if their disease-causing microbes can be killed 
and supportive care is provided,435,436 severe sepsis and septic shock 
have case-fatality rates of approximately 30% and 50%, respectively, in 
older patients with comorbidities. As initially noted by McCabe and 
Jackson,435 outcome is significantly (and most profoundly) influenced 
by the patient’s underlying disease.240,436 Bacteremia with certain 
microbes (e.g., S. aureus) may also be independently related to mortal-
ity in multivariate analyses.437 Of the many studied biologic markers, 
low monocyte HLA-DR expression, plasma IL-6 levels, and a high 
IL-10/TNF ratio116,438,439 may correlate best with risk of dying; circulat-
ing levels of numerous other parameters (free DNA, thrombomodulin, 
CRP, procalcitonin, soluble phospholipase A2, others) have also been 
associated with increased mortality in human severe sepsis. Auto-
nomic dysfunction detected by measuring heart rate variability may 
predict mortality for as long as 60 days.440,441 Prognostic scores based 
on bedside evaluations, such as the APACHE II, Simplified Acute 
Physiology Score (SAPS II), and the sequential organ failure assess-
ments (SOFA), are easier to use in the typical ICU setting, although 
their mortality predictions can differ substantially.442,443 Moreover, as 
noted by Annane and co-workers,444 organ failure scores may have 
difficulty quantitating the contribution that preexisting organ dysfunc-
tion (comorbidity) adds to risk. One group found that battery of endo-
crine tests (thyroxine, thyrotropin, cortisol) was a better discriminator 
of outcome than the APACHE II score.445

Although most clinical trials of sepsis therapies have used 28-day 
all-cause mortality as the outcome variable, Perl and co-workers436 
found that the median day of death was 30.5 days after the onset of 
sepsis. Another study concluded that patients who survive an episode 
of severe sepsis have significantly decreased life expectancy over the 
ensuing 5 years.271 Experiencing severe sepsis may also diminish an 
individual’s subsequent quality of life271,436 and cognitive function276 for 
several years.

improve outcome when it was used as adjunctive therapy in non-
neutropenic patients with sepsis caused by community-acquired pneu-
monia or hospital-acquired pneumonia.417,418 A similar lack of benefit 
occurred in septic patients given granulocyte-macrophage colony-
stimulating factor (GM-CSF).419 A meta-analysis of the clinical trials 
of G-CSF and GM-CSF found that both agents were associated with 
recovery from infection without decreasing all-cause or in-hospital 
mortality.420

Although there is evidence that both passive421 and active422 immu-
nization can benefit patients at risk for hospital-acquired infection, 
neither of these approaches can be recommended for general clinical 
use. A meta-analysis noted that intravenous polyclonal immunoglobu-
lin may decrease the risk of death in sepsis but that most of the clinical 
trials had methodologic concerns.423 In specific infections, such as 
S. pyogenes toxic shock syndrome, intravenous immunoglobulin is 
often used as adjunctive therapy. The available immunoglobulin prepa-
rations vary in their content of neutralizing antibodies to streptococcal 
exotoxins and superantigens, however,424 and the efficacy of this 
approach is not firmly established.

Although measures that prevent B cell, CD4+ cell, and follicular 
dendritic cell apoptosis can improve survival in animal models of 
sepsis,180 this approach has not been translated to the clinical arena. A 
small prospective trial noted an improvement in mortality when ator-
vastatin was continued in prior statin users but not when it was started 
acutely during an episode of sepsis.425 In contrast, another study found 
that atorvastatin prevented the progression of sepsis to severe sepsis 
but did not change mortality when it was started acutely.426

Summary
Three elements are the cornerstones of therapy for septic shock: the 
rapid administration of antibiotics that are broad in spectrum and 
target both the species and antibiotic sensitivity of the likely patho-
gen(s), prompt removal or drainage of the source of the infection,  
and the use of fluids and vasopressors to reverse hypotension and  
tissue hypoperfusion.391 Progress during the last decade has made 
it possible to consider a trial of low-dose hydrocortisone in patients 
with pressor-dependent septic shock. Although improvements in clini-
cal trial design have reduced the impact of patient heterogeneity by 
using more restrictive entry criteria and enrolling larger numbers of 
patients, the nonreproducibility of clinical trial results remains a major 
problem.400 Using all-cause 28-day mortality as the arbitrary primary 
end point ignores the long-term consequences of severe infections  
and intensive care (see “Prognosis”). Clinical trials of combination 
therapy, using drugs with different mechanisms of action, have not 
been attempted.427

Nutrition and Other Supportive 
Measures
Much evidence now supports the use of enteral, instead of intravenous, 
nutrition in critically ill patients. Prophylaxis for GI bleeding, deep 
venous thrombosis, and decubitus ulcers should be routine. Decubitus 
ulcers may be prevented by avoiding prolonged skin exposure to stool 
and urine, by frequent repositioning, and by adequate nutrition. 
Patients with low bleeding risk should receive low doses of heparin, 
whereas intermittent compression devices should be applied to the 
lower extremities of those at risk for bleeding. H2-receptor antagonists 
are superior to sucralfate or antacids for preventing GI bleeding428; 
proton-pump inhibitors would be expected to be similarly effective. 
Sedation should be interrupted at least daily in patients who are 
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Abscesses
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76 

F  Intra-abdominal Infections

Definition
•	 Infection	in	the	abdominal	cavity	encompasses	

a	wide	spectrum	of	entities	and	may	involve	
any	intra-abdominal	organ	or	space.

•	 Peritonitis	is	an	inflammatory	response	within	
the	peritoneal	cavity	as	the	result	of	
contamination	with	microorganisms,	chemicals,	
or	both.

•	 Infective	peritonitis	is	classified	as	either	
diffuse	or	localized,	primary	(spontaneous),	
secondary,	or	tertiary	and	is	further	
characterized	as	“uncomplicated”	or	
“complicated.”

•	 In	primary	peritonitis,	there	is	no	intra-
abdominal	source,	whereas	in	secondary,		
there	is	an	intra-abdominal	source	of		
infection.

•	 Uncomplicated	infections	are	contained	within	
a	single	organ	without	anatomic	disruption,	
whereas	complicated	infections	involve	
extension	beyond	the	organ,	either	localized	or	
generalized	peritonitis,	with	spillage	of	
microorganisms	into	the	sterile	peritoneal	
space.

•	 Peritonitis	is	a	common	complication	occurring	
in	patients	undergoing	continuous	ambulatory	
peritoneal	dialysis	(CAPD).

•	 Intraperitoneal	abscesses	are	focal	collections	
of	pus	complicating	either	primary	or	
secondary	peritonitis,	with	locations	generally	
related	to	the	site	of	primary	disease	and	the	
direction	of	dependent	peritoneal	drainage.

•	 The	majority	of	intra-abdominal	infections	
(80%)	are	“community	acquired”	and	are	
graded	from	“mild	to	moderate”	to	“more	
severe”	on	the	basis	of	physiologic	scoring	
systems	(APACHE	II),	the	patient’s	comorbid	
conditions,	underlying	immune	status,	and	an	
inability	to	achieve	adequate	source	control.

•	 Health	care–associated	intra-abdominal	
infections	are	most	commonly	acquired	as	
complications	of	previous	elective	or	
emergency	abdominal	surgeries.

Epidemiology
•	 Primary	peritonitis	accounts	for	approximately	

1%	of	all	peritonitis	cases.
•	 Adult	patients	usually	have	cirrhosis	and	

ascites	and	are	at	greater	risk	if	there	is	a	
coexisting	gastrointestinal	hemorrhage,	
previous	episode,	or	low	ascitic	protein	
concentration.

•	 Secondary	peritonitis	is	the	most	common	
intra-abdominal	infection	(80%	to	90%),	
caused	by	microbial	or	chemical	contamination	
of	the	sterile	peritoneal	cavity	from	multiple	
disease	processes	(see	Table	76-2).

•	 Tertiary	peritonitis	refers	to	a	persistent	or	
recurrent	infection	without	a	surgically	
treatable	focus,	may	be	due	to	disturbance	in	
the	host’s	immune	response,	and	often	is	
associated	with	less	virulent	and	potentially	
resistant	microorganisms.

•	 CAPD	peritonitis	is	the	major	complication	of	
peritoneal	dialysis	and	most	often	is	due	to	
touch	contamination	or	catheter-related	
infection.

•	 It	recurs	in	20%	to	30%	and	is	the	primary	
reason	for	a	switch	to	hemodialysis.

•	 Intraperitoneal	abscesses	occur	secondarily	as	
a	consequence	of	diseased	organs,	penetrating	
trauma,	or	a	surgical	procedure.

Microbiology
•	 Primary	peritonitis	is	a	monomicrobial	

infection	with	more	than	60%	of	episodes	in	
cirrhotic	patients	caused	by	gram-negative	
enteric	bacteria.

•	 In	children,	hematogenous	spread	of	
Streptococcus	pneumoniae	and	other	
streptococcal	species	is	more	frequent.

•	 Staphylococcus	aureus	is	rarely	isolated	in	
primary	peritonitis.

•	 Variants	of	primary	peritonitis	include	ascites	
that	grows	a	single	type	of	organism	but	has	
fewer	than	250	polymorphonuclear	white	
blood	cells	(PMN	WBCs)/mm3	(monomicrobial	
non-neutrocytic	bacterascites)	or	has	more	
than	250	PMN	WBCs/mm3	with	negative	
cultures	(culture-negative	neutrophilic	ascites).

•	 Secondary	peritonitis	is	characteristically	
polymicrobial	(see	Table	76-3)	and	depends	
upon	the	microflora	associated	with	the	
primary	disease	process,	which	may	be	altered	
by	previous	antibiotic	therapy,	other	
medications,	and	specific	host	factors.

•	 Enterococci	and	Candida	spp.	can	often	be	
isolated,	the	significance	of	which	is	
controversial.

•	 CAPD	peritonitis	is	caused	by	gram-positive	
organisms	(S.	epidermidis,	S.	aureus,	and	
Streptococcus	spp.)	in	60%	to	80%	of	cases.

•	 Gram-negative	bacteria	(e.g.,	
Enterobacteriaceae,	Pseudomonas	spp.,	and	

Acinetobacter	spp.)	make	up	15%	to	30%	of	
cases,	often	derived	from	urinary	tract,	bowel,	
skin,	or	contaminated	water.

•	 Fungal	and	mycobacterial	species	are	
occasionally	involved.

•	 Polymicrobial	peritonitis	in	CAPD	is	assumed	
to	be	secondary	to	an	intestinal	process	(e.g.,	
bowel	perforation).

•	 Intraperitoneal	abscesses	are	mostly	
polymicrobial	and	involve	the	same	
microorganisms	that	cause	secondary	
peritonitis.

•	 Pathogens	include	obligate	anaerobic	species	
(e.g.,	Bacteroides	fragilis,	anaerobic	cocci,	and	
Clostridia)	along	with	facultative	gram-
negative	bacilli	(e.g.,	Escherichia	coli	and	
Proteus	and	Klebsiella	spp.)

Diagnosis
•	 Primary	peritonitis	is	diagnosed	by	excluding	a	

primary	source	of	intra-abdominal	infection.
•	 Ascitic	fluid	studies	include	WBC	count	with	

differential,	protein	concentration,	Gram	stain,	
and	culture.

•	 The	difference	between	serum	and	ascitic	fluid	
albumin	concentration	is	greater	than	1.1	g/
dL,	which	is	correlated	with	portal	
hypertension.

•	 Ascitic	fluid	glucose,	amylase,	and	lactate	
dehydrogenase	measurements	may	help	to	
distinguish	primary	from	secondary	peritonitis.

•	 Patients	suspected	of	having	secondary	
peritonitis	or	an	intraperitoneal	abscess	on	the	
basis	of	clinical	findings	or	peritoneal	fluid	
examination	require	radiologic	evaluation	with	
a	computed	tomography	scan	and/or	
ultrasonography.

•	 When	clinically	suspected,	CAPD	peritonitis	
is	confirmed	by	finding	greater	than		
100	WBCs/mm3	(predominantly	PMN	cells)	in	
mostly	cloudy	dialysate,	together	with	the	
isolation	of	a	microorganism	(90%	to	95%		
of	cases).

Therapy
•	 Pending	confirmatory	studies,	empiric	

antibiotic	therapy	for	suspected	primary	
peritonitis	should	be	initiated	(see	Table	76-1)	
on	the	basis	of	the	most	likely	pathogens.

•	 Five	days	of	antibiotic	therapy	is	sufficient	in	
most	instances,	and	oral	antibiotic	therapy	
may	be	an	option	in	selected	cases.

SHORT VIEW SUMMARY
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pararectal and paravesical fossae. The pelvic recess is continuous with 
the right and the left paracolic gutters.

The phrenicocolic ligament, which fixes the splenic flexure of the 
colon to the diaphragm, partially bridges the junction between the left 
paracolic gutter and the left perihepatic space. The right paracolic 
gutter, in contrast, is continuous with the right subhepatic space and 
the right subphrenic space. A posterior superior extension of the right 
subhepatic space, Morrison’s pouch, is the most dependent portion in 
the supine position of the right paravertebral groove and lies just above 
the beginning of the transverse mesocolon. The horizontal posterior 
reflection of the serosal surface of the liver onto the diaphragm (the 
right triangular and coronary ligaments) and the vertical reflection 
(falciform ligament) divide the right perihepatic space into the right 
subphrenic and right subhepatic spaces (see Figs. 76-1 and 76-2A). The 
left subphrenic and subhepatic spaces communicate freely around the 
smaller left lobe of the liver and its more superiorly placed left trian-
gular ligament (see Figs. 76-1 and 76-2B). The right and left subphrenic 
spaces are separated by the falciform ligament, which probably pre-
vents the spread of pus to the opposite side and explains why only 
about 5% to 15% of subphrenic abscesses are bilateral. The left subhe-
patic space is divided by the gastrohepatic omentum into an anterior 

Intra-abdominal infection can take several forms. Infection may be in 
the retroperitoneal space or within the peritoneal cavity. Intraperito-
neal infection may be diffuse or localized into one or more abscesses. 
Intraperitoneal abscesses may form in dependent recesses, such as the 
pelvic space or Morrison’s pouch; in the various perihepatic spaces; 
within the lesser sac; or along the major routes of communication 
between intraperitoneal recesses, such as the right paracolic gutter. In 
addition, infection may be contained within the intra-abdominal 
viscera, as in hepatic, pancreatic, splenic, tubo-ovarian, or renal 
abscesses. Abscesses also frequently form around diseased viscera 
(pericholecystic, periappendiceal, pericolic, and tubo-ovarian) and 
between adjacent loops of bowel (i.e., interloop abscesses). In addition, 
intra-abdominal infections are classified according to whether the 
infection is community acquired (approximately 80%) or health care 
associated; the latter are most commonly acquired as complications of 
previous elective or emergency intra-abdominal operations. These are 
caused by nosocomial isolates particular to the site of the operation 
and to the specific hospital and unit. Intra-abdominal infections also 
can be categorized as uncomplicated versus complicated. Although the 
distinction is not always clear, complicated intra-abdominal infections 
are defined as extending beyond the hollow viscus of origin into the 
peritoneal space with associated abscess formation or peritonitis, 
whereas those referred to as uncomplicated generally involve intramu-
ral inflammation of the gastrointestinal tract or a single organ but have 
a substantial likelihood of advancing to complicated disease if not 
properly treated.1 The infection can also be graded from mild to mod-
erate to more severe forms on the basis of accepted physiologic scoring 
systems and according to the patient’s underlying immune status and 
comorbid conditions.

ANATOMY AND PHYSIOLOGY
The anatomic relationships within the abdomen are important in 
determining possible sources and routes of spread of infection. The 
peritoneal cavity extends from the undersurface of the diaphragm to 
the floor of the pelvis. In men, the peritoneal cavity is a closed space. 
In women, the peritoneal cavity is perforated by the free ends of the 
fallopian tubes. The stomach, jejunum, ileum, cecum, appendix, trans-
verse and sigmoid colons, liver, gallbladder, and spleen lie within the 
peritoneal cavity, some being suspended by a mesentery.

The peritoneal reflections and mesenteric attachments compart-
mentalize the intraperitoneal space and route spreading exudate to 
sites that are often distant from the source (Fig. 76-1). The transverse 
mesocolon divides the peritoneal cavity horizontally into an upper and 
a lower space. The greater omentum, extending from the transverse 
mesocolon and lower border of the stomach, covers the lower perito-
neal cavity and further separates the upper from the lower peritoneal 
cavity (Fig. 76-2). The small bowel mesentery divides the lower peri-
toneal space.

The peritoneal cavity has several recesses into which exudate may 
become loculated. The most dependent recess of the peritoneal cavity 
in the supine position is in the pelvis. Between the rectum and bladder 
in men is a pouch of peritoneal cavity that extends slightly below the 
level of the seminal vesicles. In women, the uterus and fallopian tubes 
project into the pelvic recess. Between the rectum and the body of the 
uterus is the pouch of Douglas, which lies above the posterior fornix 
of the vagina. On either side of the rectum and bladder are the 

FIGURE 76-1  Schema of the posterior peritoneal reflections and 
recesses of the peritoneal cavity. 1, Lesser sac; 2, foramen of Winslow; 
3,  Morrison’s  pouch;  4,  right  triangular  ligament;  5,  right  subphrenic 
spaces; 6, falciform ligament; 7, left subphrenic space; 8, phrenocolic liga-
ment; 9, bare area of the descending colon; 10, root of the small bowel 
mesentery;  11,  bare  area  of  the  ascending  colon;  12,  duodenum; 
13,  esophagus;  14,  root  of  the  transverse  mesocolon;  15,  bare  area  of 
rectum; 16, bladder. 
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•	 The	treatment	of	secondary	peritonitis	requires	
antibiotic	therapy	(see	Tables	76-4	and	76-5),	
along	with	appropriate	medical	support,	
source	control,	and	removal	of	a	diseased	
organ,	necrotic	tissue,	purulence,	blood,	feces,	
and	other	intraperitoneal	foreign	material,	
when	present.

•	 CAPD	peritonitis	is	treated	with	intraperitoneal	
antibiotics	(see	Table	76-6)	usually	for	10	to	
21	days.

•	 Peritoneal	dialysis	catheter	removal	
is	necessary	in	10%	to	20%	of		
patients,	particularly	with	fungal	and	
nontuberculous	mycobacterial	infections		
(see	Table	76-6).

•	 Intraperitoneal	abscesses	require	
drainage	(percutaneous	catheter	or		
surgical),	antibiotic	therapy	(see	Tables		
76-4	and	76-5),	and	possibly	source		
control.

Prevention
•	 Primary	peritonitis	prophylaxis	is	

recommended	in	cirrhotic	patients	with	ascites	
who	are	having	a	gastrointestinal	hemorrhage.

•	 Long-term	antibiotic	prophylaxis	(e.g.,	
norfloxacin	or	trimethoprim-sulfamethoxazole)	
is	indicated	in	patients	with	one	or	more	
episodes	of	primary	peritonitis,	as	well	as	in	
cirrhotic	patients	with	ascitic	fluid	protein	
concentrations	less	than	1.5	g/dL.

SHORT VIEW SUMMARY—cont’d
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adrenal glands superiorly and laterally, but not inferiorly; this arrange-
ment is favorable for spread of infection in this space inferiorly.

The parietal peritoneum, mainly the anterior portion, is well sup-
plied by somatic afferent nerves and is sensitive to all forms of stimuli. 
The ability of the anterior parietal peritoneum to sense sharp, well-
localized pain in response to local inflammation is crucial for diagnos-
ing abdominal infection and may be associated with involuntary 
abdominal muscle contraction, tenderness, and rebound tenderness. 
Irritation of the peripheral diaphragmatic peritoneum is felt as pain 
near the adjacent body wall, and irritation of the central portion is felt 
as pain referred to the shoulder. Stimulation of the visceral peritoneum, 
usually by distention of an organ, causes poorly localized, dull pain.

The peritoneal cavity is lined by a serous membrane. The surface 
area of this membrane approximates that of the skin. The membrane 
consists of a monolayer of flat mesothelial cells, beneath which are 
lymphatic vessels, blood vessels, and nerve endings. Normally, the 
peritoneal space contains only enough fluid (≈100 mL) to maintain 
moistness of the surface, facilitating movements of the viscera. Nonin-
flamed serous fluid is clear yellow with a low specific gravity (<1.016) 
and low protein content (usually <3 g/dL). The protein is predomi-
nantly albumin. Fibrinogen is not present, and serous fluid does not 
clot. Solute concentrations are almost identical to concentrations in 
plasma. A few leukocytes (<250/mm3), mostly mononuclear cells, and 
desquamated serosal cells may be present.

The peritoneal membrane is highly permeable. Bidirectional trans-
fer of substances across this membrane is rapid and, because of the 
large surface area involved, potentially great in quantity. The peritoneal 
surface, with an approximate area of one square meter, has been used 
extensively as a dialyzing membrane for the treatment of uremia and 
has been used as a site for the administration of fluid, electrolytes, 
antibiotics, and blood. The effective serum oncotic pressure and the 

space and the lesser sac (see Fig. 76-2B). Abscesses within the perihe-
patic spaces become localized by pyogenic membranes. Abscesses lie 
anteriorly or posteriorly in the right subphrenic space and superiorly 
or inferiorly in the subhepatic space. Abscesses of the left perihepatic 
space are either in the single left subphrenic space or in the lesser sac.

The lesser sac, the largest recess of the peritoneal cavity, is con-
nected to the main peritoneal space by the foramen of Winslow, an 
opening situated between the free border of the gastrohepatic omentum 
and the posterior parietal peritoneum. The lesser sac is surrounded 
posteriorly by the pancreas and kidneys, anteriorly by the stomach, and 
laterally by the liver and spleen. It may also extend to a variable extent 
between the folds of the greater omentum. Because of the limited com-
munication from the lesser sac to the major cavity via the foramen of 
Winslow, suppuration in the lesser sac may exist with little or no 
involvement of the major cavity. Abscesses in the lesser sac lie between 
the stomach and the pancreas but may spread to the right and lie 
anterior to the right kidney and inferior to the liver.

Through intraperitoneal injection of water-soluble contrast mate-
rial selectively into various intraperitoneal spaces, the right paracolic 
gutter is demonstrated to be the main communication between the 
upper and the lower peritoneal cavities. Fluid introduced into the right 
upper peritoneal space gravitates toward Morrison’s pouch and then 
into the right subphrenic space and along the right paracolic gutter 
into the pelvic recess (Fig. 76-3). Flow of fluid in the left upper perito-
neal space is mainly into the left subphrenic space. The phrenicocolic 
ligament limits flow inferiorly into the left paracolic gutter. Fluid intro-
duced into the lower peritoneal cavity first gravitates to the pelvic 
recess and then ascends, whether in the supine or erect position, along 
the right paracolic gutter into the right subhepatic space, especially into 
Morrison’s pouch, and into the right subphrenic space. Ascension of 
fluid from the pelvic space along the left paracolic gutter is minimal 
and is limited by the phrenicocolic ligament. Although gravity would 
account for the pooling of fluid in the dependent peritoneal recesses, 
such as the pelvic recess and Morrison’s pouch, ascension of fluid from 
the pelvis to the subphrenic space is probably caused by hydrostatic 
pressure differences between the upper and the lower peritoneal cavi-
ties created by diaphragmatic motion. Normal intestinal and abdomi-
nal wall motion also accounts for some spread of intraperitoneal fluid.

The retroperitoneal space lies between the posterior peritoneal 
membrane and the transversalis fascia, extending from the diaphragm 
to the pelvic brim. In the anterior retroperitoneal space between the 
peritoneum and anterior renal fascia lie the ascending and descending 
colons, duodenum, and pancreas. The kidneys and ureters lie within 
the posterior retroperitoneal (perinephric) space, between the anterior 
and posterior renal fasciae. The renal fascia encloses the kidneys and 

FIGURE 76-2  Schema of a sagittal section of the peritoneal cavity. 
A,  Right  upper  quadrant.  1,  Subphrenic  space;  2,  liver;  3,  subhepatic 
space;  4,  right  kidney;  5,  transverse  colon.  B,  Left  upper  quadrant. 
1, Subphrenic space; 2,  liver,  left  lobe; 3, subhepatic space; 4, stomach; 
5, transverse colon; 6, lesser sac; 7, pancreas; 8, duodenum; 9, transverse 
mesocolon; 10, omentum; 11, left kidney. 

1

2

3

4
5

1

2

3
4

5

6
7

8

10

11 

9

A B

FIGURE  76-3  Abdominal radiograph (right decubitus position) 
after oral administration of radiopaque contrast medium (Gastro-
grafin) to a patient with dehiscence of an esophageal-gastric anas-
tomosis. Radiopaque Gastrografin (arrows) can be seen in the subhepatic 
space,  right paracolic gutter, and  right  subphrenic  space and within  the 
lumen of the intestinal tract. 
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peritoneal disease, or other etiologies (e.g., chylous, myxedema, hemo-
peritoneum), seems to be the common link among these various con-
ditions. The risk of developing primary peritonitis is greater in patients 
with advanced cirrhosis (Child-Turcotte-Pugh class C patients) but 
also increases with a coexisting gastrointestinal hemorrhage, a previ-
ous episode of primary peritonitis, a low protein concentration in 
ascitic fluid (<1 g/dL), elevated serum bilirubin (>2.5 mg/dL), and use 
of proton pump inhibitors.12,22

Bacteriologic Characteristics
Primary peritonitis is a monomicrobial infection. Before the 1970s, the 
organisms reported to cause primary peritonitis in children were Strep-
tococcus pneumoniae and group A streptococci.8,9 By the 1970s, the 
number of nephrotic children with streptococcal peritonitis had 
declined and the relative frequency of peritonitis caused by gram-
negative enteric bacilli9,11 and staphylococci8 had apparently increased.

In cirrhotic patients, microorganisms presumably of enteric origin 
account for 69% of the pathogens.23 Escherichia coli is the most fre-
quently recovered pathogen, followed by Klebsiella pneumoniae, S. 
pneumoniae, and other streptococcal species, including entero-
cocci.13,23,24 Staphylococcus aureus is an unusual isolate in primary peri-
tonitis, accounting for 2% to 4% of cases in most studies, and it has been 
noted to occur in patients with an erosion of an umbilical hernia. 
Anaerobes and microaerophilic organisms are reported infrequently. 
Possible explanations include the intrinsic bacteriostatic activity of 
ascites against Bacteroides spp., the relatively high partial pressure of 
oxygen in ascitic fluid, and the lack of optimal anaerobic bacteriologic 
techniques to study patients with primary peritonitis in the past.25 In a 
review of 126 cases of primary peritonitis in cirrhotic patients recorded 
in the literature, only 8 patients (6%) had disease caused by anaerobic 
or microaerophilic bacteria, including Bacteroides spp., Bacteroides fra-
gilis, Clostridium perfringens, Peptostreptococcus spp., Peptococcus spp., 
and Campylobacter fetus.26 Polymicrobial infection was present in four 
of these eight cirrhotic patients with peritonitis caused by anaerobes, 
in contrast to the relatively low frequency of polymicrobial infection 
(only 10 of 118 cases of peritonitis) when aerobes alone were involved.

Three variants of primary or spontaneous peritonitis have been 
described.27 One of them, termed monomicrobial non-neutrocytic bac-
terascites, is characterized by ascitic fluid with positive cultures but 
containing few neutrophils; this condition manifests in patients 
without clinical findings of peritonitis.28 It may represent early bacterial 
colonization before a host response ensues and resolves spontaneously 
in 62% to 86% of cases, with the remainder progressing to spontaneous 
bacterial peritonitis, at times within hours. The causative bacteria is 
similar to that seen in classic primary peritonitis, and patients with a 
low leukocyte response have the same mortality rate as patients with a 
greater response.17 Conversely, several series have identified cases of 
primary peritonitis with negative ascitic fluid cultures, referred to as 
culture-negative neutrocytic ascites.29 In one series, sterile cultures 
occurred in 35% of patients with clinical findings consistent with 
primary peritonitis, ascitic fluid neutrophil counts greater than 500 
cells/mm3, and no evident source of intra-abdominal infection.29 This 
variant of peritonitis has been redefined by an elevated ascitic fluid 
neutrophil count of greater than 250 cells/mm3, a negative ascitic fluid 
culture (in the absence of antibiotic therapy or pancreatitis), and no 
evident intra-abdominal, surgically treatable source of infection. Other 
disorders capable of producing a somewhat similar picture include 
tuberculous peritonitis, malignancy-related ascites, and any process 
that leads to death of cells and thereby activates complement or cyto-
kines that can attract leukocytes into the peritoneal cavity. However, 
in the absence of bacterial infection, the predominance of neutrophils—
almost always seen with spontaneous bacterial peritonitis—is not 
present. Blood cultures have been found to be positive for bacteria in 
one third of patients with culture-negative neutrocytic ascites.29 The 
frequency of culture-negative ascitic fluid may be decreased by inocu-
lating blood-culture bottles with 10 or 20 mL of ascitic fluid at the 
bedside (see “Laboratory Findings” section).30

Lastly, the third variant of spontaneous bacterial peritonitis, poly-
microbial bacterascites,31 is caused by a traumatic paracentesis in which 
the bowel is entered by the paracentesis needle and bacteria leak, 
usually transiently, from the gut into the ascitic fluid. This variant 

hydrostatic pressure in the portal veins and lymphatic vessels are major 
determinants of the rate and direction of fluid movement. The rate of 
movement of water and solutes between blood and peritoneal fluid also 
depends on concentration gradients between these compartments and 
has been studied in detail.2 Water and solutes diffuse via blood capil-
laries and, to a lesser extent, through the lymphatic vessels. Lymphatic 
vessels are involved primarily in removal of nonirritating colloids and 
particles into the bloodstream. Absorption of particulate matter into 
lymphatic vessels is thought to occur mostly from the diaphragmatic 
surface and is aided by the pumping action of diaphragmatic motion. 
After infusion of radioactive sodium chromate–labeled red blood cells 
into the peritoneal cavity of dogs, Rochlin and associates3 found 
absorption of about 70% of the labeled cells by 48 to 96 hours. This 
absorption occurred mostly through the lymphatic vessels. In humans, 
two thirds of intraperitoneally injected red blood cells in anticoagu-
lated blood have been found in the circulation 8 to 12 days after infu-
sion.4 The quantity of resorbed cells was lower when no anticoagulant 
was used with the transfused cells, presumably because of trapping of 
red blood cells in intraperitoneal clots.4 Transport of other particulate 
matter, such as intraperitoneal bacteria, may be similarly impeded 
because of trapping in fibrinous intraperitoneal exudate.

In addition, communications exist between the peritoneal and 
pleural cavities that are independent of the bloodstream. In patients 
with Meigs’ syndrome, fluid and cells originating in the peritoneal 
cavity appear in the pleural space, probably as a result of transdia-
phragmatic lymphatic transport.

PERITONITIS
Inflammation of the peritoneum may be the result of contamination 
of the peritoneal cavity with microorganisms, irritating chemicals, or 
both. Infective peritonitis has been categorized as primary, secondary, 
or tertiary. Peritonitis complicating peritoneal dialysis can be consid-
ered an additional category. In the primary variety, the peritoneal 
infection is not related directly to other intra-abdominal abnormalities. 
In the secondary variety, an intra-abdominal process, such as a rup-
tured appendix or a perforated peptic ulcer, is evident. Tertiary peri-
tonitis has been conceived as a later stage of the disease, when clinical 
peritonitis and signs of sepsis and multiorgan failure persist or recur 
after treatment for primary or secondary peritonitis, and no pathogens 
or only low-grade pathogens (e.g., coagulase-negative staphylococci) 
or nosocomial, frequently multidrug-resistant, pathogens (e.g., entero-
cocci, Candida and Enterobacter spp., methicillin-resistant Staphylo-
coccus aureus) are isolated from the peritoneal exudate.5-7

Primary Peritonitis
Etiology
Primary peritonitis, sometimes referred to as spontaneous bacterial 
peritonitis, is probably not a specific entity with a common cause but 
instead represents a group of diseases with different causes that have 
in common only infection of the peritoneal cavity without an evident 
source. Primary peritonitis occurs at all ages. The prevalence of primary 
peritonitis in children apparently has been decreasing.8 Before the 
advent of antibiotics, primary peritonitis occurred in about 10% of all 
pediatric abdominal emergencies; it now accounts for less than 1% to 
2%.9 The decline has been attributed to widespread use of antibiotics 
for minor upper respiratory tract illness. Although primary peritonitis 
may occur in children without predisposing disease,8 it is known to 
occur particularly in children with postnecrotic cirrhosis8,10 and in 2% 
of children with the nephrotic syndrome.11 In one study, it was also 
frequently associated with urinary tract infections.9 In some children 
with nephrotic disease, repeated episodes of peritonitis occur and peri-
tonitis may precede other manifestations of nephrosis.8

Among adults, primary peritonitis has usually been reported in 
patients with cirrhosis and ascites. The prevalence of primary perito-
nitis in hospitalized patients with cirrhosis and ascites has been esti-
mated at 10% to 30%.12 Primary peritonitis occurs in patients with 
alcoholic cirrhosis,13-17 postnecrotic cirrhosis,10 chronic active hepa-
titis,13 acute viral hepatitis,18 congestive heart failure,19 metastatic 
malignant disease,20 systemic lupus erythematosus,21 or lymphedema 
and, rarely, in patients with no underlying disease. The presence of 
ascites, either resulting from portal hypertension, hypoalbuminemia,  
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secretions of prepubertal girls may be less inhibitory to bacterial 
growth than the acidic secretions of postpubertal women. Transfallo-
pian spread is also suggested by the development of peritonitis in 
women with intrauterine devices.42 In women with gonococcal or chla-
mydial perihepatitis (Fitz-Hugh-Curtis syndrome), the route of spread 
is presumably from the fallopian tubes and paracolic gutters to the 
subphrenic space, but it may also be hematogenous. In the one man 
documented with this syndrome, N. gonorrhoeae was recovered from 
a liver biopsy specimen and the infection presumably spread by means 
of bacteremia.43

Although tuberculous peritonitis may result from direct entry into 
the peritoneal cavity of tubercle bacilli (from the lymph nodes, intes-
tine, or genital tract in patients with active disease of these organs), it 
is more likely to result from hematogenous dissemination from remote 
foci of tuberculosis, most commonly in the lung. Tuberculous perito-
nitis can become clinically evident after the initial focus has healed 
completely.

Infection of ascites stimulates a dramatic increase in proinflamma-
tory cytokines, such as tumor necrosis factor-α (TNF-α), interleukin 
(IL)-1, IL-6, interferon-γ (IFN-γ), and soluble adhesion molecules in 
the serum, as well as, to a much greater extent, in the peritoneal 
exudate.44 These cytokines are produced by macrophages and other 
host cells in response to bacteria or bacterial products, such as endo-
toxin. In an experimental model of peritonitis,45 antibodies to endo-
toxin, but not to TNF-α, were found to prevent death and reduce 
bacterial numbers in the peritoneal exudate. Another potential source 
is direct translocation of cytokines through the intestinal barrier. 
Undoubtedly, many of the systemic and abdominal manifestations of 
peritonitis are mediated by these molecules. Furthermore, the presence 
of these cytokines may lead to further reduction of effective arterial 
blood volume, as indicated by an increase in plasma renin activity and 
the development of renal insufficiency. Approximately 30% of patients 
with primary peritonitis develop renal insufficiency, which has been 
found to be the most sensitive predictor of in-hospital mortality.

Clinical Manifestations
Primary peritonitis is an acute febrile illness often confused with acute 
appendicitis in children. Fever, abdominal pain, nausea, vomiting, and 
diarrhea are usually present with diffuse abdominal tenderness and 
rebound tenderness, and bowel sounds are hypoactive or absent. In 
cirrhotic patients with primary peritonitis, preexisting ascites is 
present. In some patients, the clinical manifestations are atypical. The 
onset may be insidious, and findings of peritoneal irritation may be 
absent in an abdomen distended with ascites. Fever (temperature 
>37.8° C [>100° F]) is the most common presenting sign, occurring in 
50% to 80% of cases,13,17 and may be present without abdominal signs 
or symptoms, or the process may be clinically silent. Primary perito-
nitis in cirrhotic patients is generally associated with other features of 
end-stage liver disease (hepatorenal syndrome, progressive encepha-
lopathy, and variceal bleeding). Primary peritonitis should always be 
considered in the differential diagnosis of decompensation of previ-
ously stable chronic liver disease.

Gonococcal perihepatitis (Fitz-Hugh-Curtis syndrome) most often 
occurs in women. It manifests with sudden onset of pain in the right 
upper quadrant of the abdomen, at times referred to the right shoulder. 
Low-grade fever, right upper quadrant tenderness, guarding, and a 
friction rub over the liver may be present. Gonococcal cervicitis or 
salpingitis may or may not be clinically evident. Chlamydial perihepa-
titis and gonococcal perihepatitis are clinically indistinguishable.

Primary tuberculous peritonitis is usually gradual in onset, with 
fever, weight loss, malaise, night sweats, and abdominal distention. The 
abdomen may not be rigid and is often characterized as being “doughy” 
on palpation. The findings at operation or laparoscopy consist of mul-
tiple nodules scattered over the peritoneal surface and omentum. 
Adhesions and a variable amount of peritoneal fluid are usually present. 
Similarly, C. immitis can cause a granulomatous peritonitis with a vari-
able clinical manifestation.

Laboratory Findings
Fluid obtained by paracentesis should be examined for cell count, dif-
ferential count, and protein concentration, and a Gram stain and 

occurs in less than 1% of paracentesis with risk factors that include 
ileus, the presence of multiple abdominal surgical scars, and intestinal 
adhesions. In this scenario, various bacterial forms are seen on the 
Gram stain or grow on culture of the ascitic fluid, which contains fewer 
than 250 cells/mm3. If the peritoneal fluid protein concentration is 
greater than 1 g/dL and the opsonic activity of the fluid is adequate, 
polymicrobial bacterascites is reported to resolve spontaneously.

Bacteremia is present in 75% of patients with primary peritonitis 
caused by aerobic bacteria,23 but it is rarely found in patients with 
peritonitis caused by anaerobes.26 Usually the same organisms isolated 
from the peritoneal fluid are recovered from the blood.13,26 On occa-
sion, peritonitis results from infection with Mycobacterium tuberculo-
sis, Neisseria gonorrhoeae, Chlamydia trachomatis, or Coccidioides 
immitis, but this is usually the result of disseminated infection or 
sometimes spread from adjacent foci of infection such as the genital 
tract (see “Pathogenesis” next).

Pathogenesis
The route of infection in primary peritonitis is usually not apparent; it 
is often presumed to be hematogenous, lymphogenous, or transmural 
migration through an intact gut wall from the intestinal lumen or, in 
women, from the vagina via the fallopian tubes. Enteric bacteria have 
been postulated to migrate from the bowel lumen into mesenteric 
lymph and to enter the systemic circulation via the thoracic duct; this 
process is termed bacterial translocation.32 The role of intestinal micro-
biota bacterial overgrowth is uncertain because different studies have 
provided conflicting results.33,34 Enteric bacteria could also enter the 
systemic circulation from the portal vein by passage through the liver 
or by portosystemic shunts in patients with portal hypertension.13 The 
hepatic reticuloendothelial system is known to be a major site for 
removal of bacteria from blood. Conn and Fessel13 postulated that 
organisms removed from the systemic circulation by the liver contami-
nate hepatic lymph and pass through the permeable lymphatic walls 
into the ascitic fluid. Results of animal studies, however, have suggested 
that destruction of bloodborne bacteria by the reticuloendothelial 
system is impaired in experimental cirrhosis35 and in alcoholic liver 
disease. Infection of ascitic fluid would be facilitated by impaired retic-
uloendothelial clearance of bacteria from the bloodstream, which 
would tend to perpetuate bacteremia and increase the opportunity to 
cause metastatic infection at susceptible sites, such as the ascitic col-
lection. Primary bacteremia, usually caused by coliforms, is a common 
complication in cirrhosis, and metastatic infection in the pleural space 
has been reported in cirrhotic patients.36 An increased frequency of 
gram-negative endocarditis has also been noted in cirrhotic patients.37

In addition, alcohol abuse and cirrhosis have been reported to be 
associated with impaired intracellular killing by monocytes and neu-
trophils and with impaired opsonization and low levels of serum com-
plement. The decrease in phagocytic activity seen in alcoholic cirrhosis 
is proportional to the severity of the liver disease.38 Impaired local 
defenses in the peritoneal cavity also facilitate infection of ascites. 
Opsonic activity, as reflected by low levels of complement and immu-
noglobulins, is reduced in the ascitic fluid of patients with the nephrotic 
syndrome and cirrhosis.39

Enteric bacteria may also gain access to the peritoneal cavity by 
directly traversing the intact intestinal wall. In an animal model, E. coli 
passes from the bowel into the peritoneal cavity after the introduction 
of hypertonic solutions into the peritoneum.40 A similar mechanism 
may explain the enteric bacterial peritonitis that frequently compli-
cates peritoneal dialysis. The infrequent occurrence of bacteremia and 
the multiplicity of species in peritoneal fluid when anaerobic bacteria 
are involved suggest that transmural migration of bacteria is the prob-
able route of infection of ascitic fluid in most of these patients.26 In 
addition, the occurrence of polymicrobial anaerobic peritonitis in two 
patients after infusion of vasopressin into the superior mesenteric or 
gastroduodenal arteries suggested that arterial vasoconstriction 
decreased the intestinal mucosal barrier and permitted transmural 
migration of enteric organisms.41 Colonic microorganisms are also 
known to colonize the upper small bowel in cirrhotic patients.

When pneumococci are present simultaneously in vaginal secre-
tions and peritoneal fluid in prepubertal girls, an ascending infection 
of genital origin is likely in these patients. The alkaline vaginal 
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Diagnosis
Primary peritonitis is diagnosed by ruling out a primary intra-
abdominal source of infection. Computed tomography (CT) with oral 
and intravenous contrast material has greatly enhanced the detection 
of intra-abdominal sources of peritonitis. Surgery often can be directed 
toward a potential source of infection identified on the basis of CT 
findings, rather than by the approach of a full exploratory laparotomy, 
which was used more commonly in this setting before the availability 
of CT and was associated with high rates of mortality in certain groups 
of patients, such as cirrhotic patients. Patients with primary peritonitis 
usually respond within 48 to 72 hours to appropriate antimicrobial 
therapy.53 The observation of an exponential rate of decline in the 
number of ascitic fluid leukocytes after the initiation of antimicrobial 
therapy for primary peritonitis has also been found to help differentiate 
primary from secondary bacterial peritonitis.54

The finding of pneumococci in peritoneal fluid may not indicate 
primary peritonitis, as illustrated by a case report of appendicitis  
and secondary peritonitis caused by pneumococci.55 For this reason, 
some surgeons have considered the differential diagnosis between 
appendicitis and primary peritonitis too difficult to make in children 
without operative examination, even when gram-positive bacteria  
are identified in peritoneal fluid. Paracentesis for smear and culture  
is indicated in all cirrhotic patients with ascites and in children with 
gross proteinuria and abdominal pain, regardless of whether the diag-
nosis of nephrotic syndrome has been established. Paracentesis is not 
without hazard, however, especially in patients with hemorrhagic ten-
dencies and bowel distention. In a retrospective analysis of 242 con-
secutive diagnostic abdominal paracenteses in patients with liver 
disease and ascites, major complications were reported in 7, including 
perforation of the bowel with generalized peritonitis or abdominal  
wall abscess.56 Fortunately, hemorrhagic complications, except in the 
setting of disseminated intravascular coagulation, are rare, as demon-
strated in one large study,57 despite the presence of significantly ele-
vated international normalized ratio (INR) values and diminished 
platelet counts.

In patients with a subacute or chronic course of primary peritonitis, 
other pathogens must be considered. The diagnosis of tuberculous 
peritonitis usually can be made at surgery or laparoscopy and con-
firmed by the histologic characteristics of the peritoneal biopsy speci-
men and by bacteriologic examination of the peritoneal biopsy 
specimen and fluid. The use of polymerase chain reaction (PCR) 
testing of fluid and tissue samples can aid in the diagnosis of tubercu-
lous peritonitis.58 The diagnosis of C. immitis peritonitis is best estab-
lished by culture of ascitic fluid. The laboratory should be apprised  
of this diagnostic possibility because isolation of the fungus is a 
biohazard.

Prognosis
The treatment of primary peritonitis has been reported to be successful 
in more than half of cirrhotic patients, but because of the frequency of 
accompanying end-stage cirrhosis, the overall mortality rate in cir-
rhotic adults has been 95%.13 Subsequent studies, however, reported 
lower mortality rates of 70% and 57%,16,17 and 28% and 40%, respec-
tively, died from the primary peritonitis. Patients with the poorest 
prognosis were found to have renal insufficiency, hypothermia, hyper-
bilirubinemia, and hypoalbuminemia. The lower mortality rates in 
these later series can perhaps be explained by the less frequent occur-
rence of hepatic encephalopathy. The lowest hospitalization- and 
infection-related mortality rates (37.8% and 2.2%), reported later, were 
attributed to early diagnosis and treatment.53 However, patients suffer-
ing from severe enough liver disease to develop spontaneous bacterial 
peritonitis have a poor long-term prognosis; 1- and 2-year mortality 
rates are 70% and 80%, respectively.59 Therefore, liver transplantation 
should be considered for survivors of spontaneous bacterial peritonitis 
who meet other criteria for transplantation. Treatment of peritonitis 
caused by gram-positive organisms and of early infections has been 
more frequently successful than treatment of gram-negative or late 
infections. In patients with nephrotic disease and gram-positive infec-
tions and in patients who do not have a preterminal underlying illness, 
the survival rate is higher than 90%.8

culture of the fluid should be obtained.46 A polymorphonuclear leuko-
cyte count in peritoneal fluid greater than 250 cells/mm3 is considered 
diagnostic of primary peritonitis, even when culture of ascitic fluid 
yields negative results.12 One potential source of error in the polymor-
phonuclear leukocyte count is related to hemorrhage into the ascitic 
fluid resulting from a traumatic paracentesis, leading to red and white 
blood cell entry into the fluid. A corrected polymorphonuclear count 
should be calculated if fluid is bloody, with one polymorphonuclear 
leukocyte subtracted from the count for every 250 red blood cells/mm3 
present. The leukocyte count in ascitic fluid may increase, however, 
during diuresis in patients with chronic liver disease. Studies con-
ducted testing for leukocyte esterase using dipsticks designed for urine 
have yielded both high and low sensitivities47 but cannot be recom-
mended at this time. Gram staining of the sediment, when positive, is 
diagnostic, but it is negative in 60% to 80% of patients with primary 
peritonitis.13,16 Culture of ascitic fluid may yield negative findings in 
40% of patients with clinical manifestations of primary peritonitis and 
an elevated ascitic fluid polymorphonuclear leukocyte count.12,15 In 
order to optimize the chances of isolating a bacterial pathogen from 
the fluid, appropriately prepared blood culture bottles should be inocu-
lated with at least 10 mL of ascitic fluid. Culturing ascitic fluid in this 
manner, as if it were blood, has been shown to increase the culture 
positivity of patients with an ascitic fluid polymorphonuclear leuko-
cyte count of greater than 250 cells/mm.3 A positive culture rate 
increase from about 50% to 77% (with delayed inoculation) to 80% to 
100% with immediate inoculation has been demonstrated in individu-
als who did not receive prior antibiotic treatment and did not have 
pancreatitis, tuberculous peritonitis, or malignancy-related ascites.48 
Measurement of the ascitic fluid total protein concentration helps dis-
tinguish primary peritonitis from secondary bacterial peritonitis. In 
the latter, the concentration is generally greater than 1 g/dL. Total 
protein concentration is inversely related to the risk for developing 
spontaneous peritonitis. Dilute ascitic fluid with a protein concentra-
tion less than 1 g/dL poses the highest risk for the development of 
spontaneous peritonitis because concentrations of opsonins in the fluid 
are low. The ascitic fluid protein concentration may be low,13 perhaps 
because of (1) hypoalbuminemia or (2) dilution of ascitic fluid with 
transudate from the portal system when cirrhosis is present or the 
portal vein is obstructed. Calculation of the serum-ascites albumin 
gradient is useful for indirectly measuring portal pressure. When 
serum and ascites concentrations are measured simultaneously, a dif-
ference of greater than 1.1 g/dL is correlated with portal hypertension 
with almost 100% accuracy.49 This difference may be seen with cir-
rhosis, alcoholic hepatitis, congestive heart failure, the Budd-Chiari 
syndrome, advanced hepatic metastases, and constrictive pericarditis. 
Ascitic fluid in tuberculous peritonitis may have an elevated protein 
concentration (>3 g/dL) and a lymphocytic pleocytosis, but neither 
may be present, especially in cirrhotic patients.

Various other parameters of ascitic fluid have been suggested to 
help in diagnosing primary bacterial peritonitis and assist in separating 
this entity from secondary peritonitis. These include ascitic fluid 
glucose concentration, which is generally correlated inversely with the 
number of polymorphonuclear leukocytes in the fluid. With spontane-
ous bacterial peritonitis, the glucose concentration usually remains 
above 50 mg/dL compared with levels that approach zero when peri-
tonitis is secondary to events such as intestinal perforation.50 Lactate 
dehydrogenase levels (derived from the lysis of polymorphonuclear 
leukocytes in ascitic fluid), although increased in spontaneous bacte-
rial peritonitis, are lower than the upper limit of normal for serum. 
The finding of an elevated amylase concentration in the ascitic fluid is 
suggestive of gut perforation or pancreatitis. Lactoferrin is an iron-
binding protein thought to help protect against enteric pathogens by 
contributing to the antimicrobial effect of neutrophils; although further 
validation studies may be necessary, levels of lactoferrin have been 
found to be correlated with the presence of spontaneous bacterial 
peritonitis.51 Previously published literature claimed to show the utility 
of ascitic fluid pH and lactate concentration in helping diagnose 
primary bacterial peritonitis. However, subsequent larger-scale 
studies,52 employing more accurate methods, failed to confirm the 
usefulness of these tests.

http://www.myuptodate.com


C
h

ap
ter 76 Peritonitis	and	Intraperitoneal	Abscesses

941

decline in the ascitic fluid polymorphonuclear leukocyte count of 
greater than 25% should occur after 24 to 48 hours of antimicrobial 
therapy if the diagnosis is correct.53,54,65 Likewise, a follow-up fluid 
analysis to document sterility of an initial positive culture and a marked 
decrease in polymorphonuclear leukocyte count is not necessary in 
most patients with spontaneous bacterial peritonitis. However, a repeat 
paracentesis should be considered in cases in which an expected clini-
cal response is lacking or an unusual organism is present. If the poly-
morphonuclear leukocyte count in ascitic fluid continues to be elevated, 
other diagnoses should be considered. Historically, antimicrobial 
therapy generally was continued for 10 to 14 days if improvement was 
noted; however, shorter courses (5 days) of therapy have been shown 
to be as efficacious.53 The administration of intraperitoneal antimicro-
bials is not necessary. A meta-analysis of four controlled trials found 
that intravenous albumin infusion along with antibiotics had a signifi-
cant decrease in the incidence of acute kidney injury (8% vs. 31%), as 
well as a reduction in mortality (16% vs. 35%).63 Renal insufficiency, 
as a consequence of further reduction in effective arterial blood volume 
with a resultant increase in activity of the renin-angiotensin-aldoste-
rone system, occurs in about one third of patients with primary peri-
tonitis. Patients with ascitic fluid polymorphonuclear leukocyte cell 
counts of at least 250 cells/mm3 and clinical suspicion of primary 
peritonitis should receive 1.5 g albumin/kg body weight within 6 hours 
of detection and 1.0 g/kg on day 3.

Patients with peritoneal fluid polymorphonuclear leukocyte cell 
counts less than 250 cells/mm3 and signs or symptoms of infection 
should receive antibiotic therapy as detailed earlier for primary peri-
tonitis, while awaiting results of cultures, because symptomatic patients 
with monomicrobial non-neutrophilic bacterascites variant are prone 
to progress to primary peritonitis, even though at the time of the 
paracentesis it is not known whether the cultures will yield bacteria. 
Because only 15% of asymptomatic patients with monomicrobial non-
neutrophilic bacterascites progress to primary peritonitis, this group 
of otherwise asymptomatic patients usually does not need antibiotics 
and observation is appropriate. Therefore, it is recommended that in 
these asymptomatic patients the paracentesis be repeated as soon as 
the first culture yields bacteria. Antibiotics are initiated only if signs or 
symptoms of infection develop or if the second paracentesis demon-
strates neutrocytic ascites.

Prevention
Because of the common occurrence and high mortality of primary 
peritonitis in the presence of cirrhosis and ascites, prevention is a 
desirable strategy. This is particularly true for patients who are awaiting 
liver transplantation. Short-term (7 days) inpatient (continued as out-
patient if discharged early) twice-daily norfloxacin or intravenous cef-
triaxone should be given to prevent primary peritonitis in hospitalized 
patients with cirrhosis and gastrointestinal bleeding.

Patients who have survived one episode of primary peritonitis have 
an increased 1-year probability of another episode. A combined meta-
analysis of 13 trials in which antibiotic prophylaxis was given to hos-
pitalized patients with cirrhosis, who had various risk factors for 
infection (i.e., low protein ascitic fluid, gastrointestinal bleeding, and 
history of primary bacterial peritonitis), showed an overall decrease in 
mortality and a decrease in bacterial infection.66 Subsequent meta-
analyses have reached similar conclusions.67,68 One concern with pro-
longed antibiotic prophylaxis is the potential selection of resistant gut 
bacterial flora, which can subsequently cause spontaneous infection. 
In randomized trials, researchers have studied both intermittent and 
continuous prophylaxis. These include selective decontamination of 
the bowel with oral norfloxacin (400 mg daily), trimethoprim-
sulfamethoxazole (one double-strength dose given once daily for 5 
days each week), and ciprofloxacin (a single weekly dose of 750 mg or 
500 mg daily).69-72 Norfloxacin has the disadvantage of selecting for 
gram-positive organisms, including S. aureus and fluoroquinolone-
resistant gram-negative organisms. Guidelines issued by the American 
Association for the Study of Liver Diseases recommend prolonged 
antibiotic prophylaxis use limited to patients who have had one or 
more episodes of spontaneous bacterial peritonitis.73 A similar 
approach to prevent infection in patients awaiting liver transplantation 

Therapy
Primary peritonitis is managed medically unless secondary peritonitis 
is suspected on the basis of clinical, laboratory, or imaging findings,  
in which case either exploratory laparotomy or laparoscopy is done. In 
primary peritonitis, indications for initiation of therapy are listed in 
Table 76-1. Delays in treatment pending culture results may negatively 
affect clinical outcomes.

Because the Gram stain is frequently negative in primary bacterial 
peritonitis, the initial choice of antimicrobial drug is often empirical, 
based on the most likely pathogens. Relatively few data exist to guide 
the optimal selection and dose of antibiotics for treatment of spontane-
ous bacterial peritonitis.60 The antimicrobial regimen can be modified 
when the results of the culture and susceptibility tests are available. 
Cefotaxime and similar third-generation cephalosporin antibiotics 
(e.g., ceftriaxone) have been shown to be as efficacious as the combina-
tion of ampicillin plus an aminoglycoside for empirical therapy in 
primary bacterial peritonitis.61 In addition to high rates of resolution 
of infection, the third-generation cephalosporins also avoid the risk of 
nephrotoxicity, which is sufficiently common in this group of patients 
to warrant the avoidance of aminoglycosides if an equally effective 
alternative antimicrobial regimen can be used.17 These extended-
spectrum cephalosporins may also be effective in treating patients who 
are suspected of being infected with a fluoroquinolone-resistant patho-
gen as a consequence of their having taken oral fluoroquinolone pro-
phylaxis.62 Other antimicrobial agents, such as β-lactam/β-lactamase 
combinations (e.g., piperacillin-tazobactam, ticarcillin-clavulanate, 
ampicillin-sulbactam); carbapenems (e.g., imipenem, meropenem, 
doripenem, ertapenem); and the extended-spectrum fluoroquinolones 
(e.g., levofloxacin and moxifloxacin), are potential alternatives.12 
Although intravenous antimicrobial therapy may be preferred, oral 
administration of antibiotics, such as amoxicillin-clavulanate or fluo-
roquinolones, may be equally efficacious in patients with uncom-
plicated disease,12 assuming the prevalence of E. coli and other 
Enterobacteriaciae resistance is not high.

Primary bacterial peritonitis caused by either S. pneumoniae or 
group A streptococci is treated best with high-dose penicillin, ceftri-
axone, or cefotaxime. If the pneumococcal strain is highly resistant to 
these drugs, vancomycin is the preferred drug and it may be prudent 
to include vancomycin until sensitivities of pneumococci are ascer-
tained. Peritonitis suspected of being caused by methicillin-sensitive S. 
aureus should be treated with a penicillinase-resistant penicillin (e.g., 
nafcillin) or with a first-generation cephalosporin (e.g., cefazolin); if 
the strain is methicillin resistant or if the patient is allergic to penicillin, 
vancomycin, daptomycin, or linezolid can be used. If Pseudomonas 
aeruginosa is isolated, an antipseudomonal penicillin, ceftazidime, 
cefepime, aztreonam, a carbapenem (e.g., imipenem, meropenem, or 
doripenem), or a fluoroquinolone with good antipseudomonal activity 
(e.g., ciprofloxacin) could be combined with another antipseudomonal 
antibiotic, although use of aminoglycosides is discouraged because  
of nephrotoxicity.63 More recently, multidrug resistance (mainly via 
extended-spectrum β-lactamase production) has been encountered 
among strains of gram-negative bacilli isolated in primary peritonitis. 
Although this appears to occur with greater frequency in nosocomially 
acquired and health care–associated cases, resistance to ceftriaxone 
was found in 7% of community-acquired primary peritonitis cases.64 
In this setting, a carbapenem would be the antimicrobial agent of 
choice.

In cases in which there is a strong clinical suspicion of primary 
bacterial peritonitis but all cultures are sterile, antimicrobial therapy 
should be continued. Clinical improvement together with a significant 

TABLE 76-1  Primary Peritonitis: Indications for 
Initiation of Therapy

Temperature greater than 37.8° C (100° F)
Abdominal pain and/or tenderness
An unexplained change in mental status
Laboratory abnormalities suggestive of infection (e.g., renal failure, acidosis, or 

peripheral leukocytosis)
Peritoneal fluid neutrophil count ≥250 cells/mm3
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of a surgical anastomosis site; septic abortion, puerperal sepsis, post-
operative uterine infection, or endometritis complicating an intrauter-
ine device; gonococcal salpingitis or gonococcal vulvovaginitis in 
children; suppurative prostatitis; and rupture of an intraperitoneal or 
visceral abscess, such as renal or perinephric, tubo-ovarian, liver, 
splenic, or pancreatic abscess. Peritonitis is a major hazard of continu-
ous ambulatory peritoneal dialysis (CAPD) used in the management 
of renal failure, fluid and electrolytic imbalance, and certain intoxica-
tions. Bacterial peritonitis commonly occurs secondary to the use of 
peritoneovenous and ventriculoperitoneal shunts.74

Peritoneal signs suggestive of appendicitis in immunocompromised 
patients (e.g., patients with acquired immunodeficiency syndrome, 
organ transplant recipients, patients receiving chemotherapy or corti-
costeroids for neoplasms, especially myelosuppressive drugs) may be 
caused by typhlitis, also referred to as neutropenic enterocolitis,75 an 
inflammation of the cecum. Cecal ulceration in these patients may 
progress to perforation and secondary peritonitis with colonic flora.

Tertiary peritonitis has been conceptualized as a later stage in  
the disease, when clinical peritonitis and systemic signs of sepsis 
persist after treatment for primary or secondary peritonitis and either 
no organisms or low-virulence pathogens, such as enterococci (includ-
ing vancomycin-resistant strains), coagulase-negative Staphylococcal 
species, Enterobacteriaceae, anaerobes and fungi (mostly Candida 
species), are isolated from the peritoneal exudate.7,76 This category of 
peritoneal infection is more common among critically ill or immuno-
compromised patients and is characteristically without a surgically 
treatable focus, following an earlier surgical intervention and source 
control. In health care–associated intra-abdominal infections, which 
typically encompass tertiary peritonitis, more resistant nosocomial 
pathogens may also be playing a major role in the infectious process.7 
These organisms may gain access to the peritoneal cavity through 
contamination during operative interventions, through selection from 
the initial polymicrobial peritoneal inoculum by antibiotic therapy, or 
through translocation of bowel flora.

Microbiologic Characteristics
Infrequently, exogenous microorganisms, such as S. aureus, N. gonor-
rhoeae, or M. tuberculosis, which cause infection in intra-abdominal 
or adjacent viscera and spread to involve the peritoneum, cause sec-
ondary peritonitis. Most cases of secondary peritonitis are endogenous 
in origin, however, and are caused by the large number and variety of 
microorganisms that normally colonize mucous membranes lining 
certain viscera within the abdominal cavity. Characteristically, second-
ary peritonitis is a polymicrobial infection involving both facultative 
and obligate anaerobes. Although forming a continuous surface, the 
mucous membranes of the stomach, upper small bowel, lower small 
bowel, and large bowel each have characteristic microbiota in terms of 
type of microbial species, total number of different species, and micro-
bial density. The vagina also has distinct microbiota. Normally, invasive 
activities of indigenous bacteria are controlled by the intact mucosa of 
the gastrointestinal tract and vagina. Disturbances in this mucosal 
barrier can occur as a result of spontaneous disease, trauma, or surgical 
operations that permit escape of indigenous bacteria and cause an 
infection of the peritoneum, the abdominal viscera, or the retroperi-
toneal space. The frequency with which various indigenous organisms 
are found in intra-abdominal infections varies according to the site of 
the primary process and whether the primary process is associated 
with an alteration of the indigenous microbiota. Changes in the micro-
flora may result from previous antibiotic therapy, the use of other 
medications (e.g., those that modify the acidity or alkalinity of gastric 
and intestinal secretions), and specific host factors, such as any degree 
of immunodeficiency. In addition, the anticipated microbiota in these 
infections is determined by whether the infection is community 
acquired or health care associated. In community-acquired intra-
abdominal infections, the location of the inciting event generally 
defines the infecting microbiota, whereas intra-abdominal infections 
categorized as health care associated often involve nosocomially 
acquired pathogens specific to the diseased organ or postoperative 
event and at least one multidrug-resistant pathogen.77,78

The bacteria that cause intra-abdominal infections are derived  
from the indigenous microbiota of the gastrointestinal tract. Because 

is often undertaken, although randomized trials supporting this prac-
tice are lacking.

Secondary and Tertiary Peritonitis
Etiology
Secondary intra-abdominal infection is usually caused by spillage of 
gastrointestinal or genitourinary microorganisms into the peritoneal 
cavity secondary to loss of the integrity of the mucosal barrier. It is the 
most common intra-abdomen infection and accounts for approxi-
mately 80% to 90% of such infections. The primary intra-abdominal 
processes that can give rise to secondary peritonitis are numerous 
(Table 76-2) and include diseases or injuries of the gastrointestinal or 
genitourinary tracts, such as perforation of a peptic ulcer; traumatic 
perforation of the uterus, urinary bladder, stomach, or small or large 
bowel; spontaneous perforation associated with typhoid, tuberculous, 
amebic, Strongyloides, or cytomegalovirus ulcers in immunocompro-
mised persons; appendicitis, diverticulitis, or intestinal neoplasms; 
gangrene of the bowel from strangulation, bowel obstruction, or mes-
enteric vascular obstruction; suppurative cholecystitis; bile peritonitis; 
pancreatitis; operative contamination of the peritoneum or disruption 

TABLE 76-2  Causes of Secondary Peritonitis
Distal esophagus Boerhaave syndrome

Malignancy

Trauma

Iatrogenic*

Stomach Peptic ulcer perforation

Malignancy

Trauma

Iatrogenic*

Duodenum Peptic ulcer perforation

Trauma

Iatrogenic*

Biliary tract Cholecystitis

Stone perforation from gallbladder or common duct

Malignancy

Trauma

Iatrogenic*

Pancreas Pancreatitis (e.g., alcohol, drugs, gallstones)

Trauma

Iatrogenic*

Small bowel Ischemic bowel

Incarcerated hernia

Crohn’s disease

Malignancy

Meckel’s diverticulum

Trauma

Large bowel and 
appendix

Ischemic bowel

Diverticulitis

Malignancy

Ulcerative colitis and Crohn’s disease

Appendicitis

Volvulus

Trauma (mostly penetrating)

Iatrogenic*

Uterus, salpinx, and 
ovaries

Pelvic inflammatory disease (e.g., salpingo-oophoritis, 
tubo-ovarian abscess, ovarian cyst)

Trauma

Malignancy

Iatrogenic*

*Dehiscence of surgical anastomosis or inadvertent injury during a procedure (e.g., 
endoscopy).

Modified from Solomkin JS, Mazuski JE, Bradley JS, et al. Diagnosis and 
management of complicated intra-abdominal infection in adults and children: 
guidelines by the Surgical Infection Society and the Infectious Diseases Society of 
America. Clin Infect Dis. 2010;50:133-164.
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secondary to acute appendicitis with perforation. Prevotella melanino-
genica and anaerobic gram-positive cocci are the most frequent iso-
lates. With the use of modern bacteriologic techniques that provide an 
anaerobic environment during collection, transport, and incubation, 
studies of the bacteriologic characteristics of intra-abdominal 
infections82-84 have confirmed the findings that anaerobes play a major 
role. Finegold82 reported that in a series of 73 intra-abdominal infec-
tions, including 16 cases of peritonitis, there were on average 4.5 iso-
lates per case (range, 1 to 12 organisms), with 2.5 anaerobes and 2 
aerobes or facultative organisms. The most common isolate was E. coli, 
followed by B. fragilis (the most common anaerobic isolate), entero-
cocci, other Bacteroides spp., Fusobacterium, C. perfringens, other clos-
tridia, Peptococcus spp., Peptostreptococcus spp., and Eubacterium spp. 
Similar findings were reported by Gorbach and co-workers83 in a series 
of 43 patients, including 10 with peritonitis, in 93% of whom anaerobes 
or a mixture of anaerobes and facultative organisms were isolated, and 
by Swenson and colleagues85 in a series of 64 patients, including 26 
with peritonitis, in 81% of whom anaerobes were isolated. In these 
series, bacteremia was reported in 20% to 30% of patients. Organisms 
recovered from blood frequently included B. fragilis or E. coli. In a 
series of patients with Bacteroides bacteremia, 14% to 62% had a gas-
trointestinal source.86 Table 76-3 lists the major bacterial organisms 
identified and their approximate prevalence from multiple complicated 
intra-abdominal infection antibiotic trials.

In a study of perforated appendicitis in which careful anaerobic 
culture techniques were used, an average of 9.4 species of anaerobes 
were isolated from each patient.87 Bilophila wadsworthia, an anaerobic 
gram-negative bacillus, was the fourth most common obligate anaer-
obe isolated and was found in one third of patients with gangrenous 
appendicitis and half of patients with perforated appendicitis.88

Relatively antibiotic-resistant organisms, such as Candida spp., 
enterococci, Enterobacter spp., Serratia spp., Acinetobacter spp., and P. 
aeruginosa, are isolated more frequently from patients whose intra-
abdominal infection developed while they were in the hospital, after 
they received broad-spectrum antimicrobial agents.89 Reported isola-
tion rates for these uncommon intra-abdominal pathogens vary, with 
one large study reporting that nonfermenting gram-negative bacteria 
(P. aeruginosa, Stenotrophomonas maltophilia, and A. baumannii) 

gastrointestinal perforation is the most common precipitating event, 
knowledge of the types and quantities of the normal microflora at these 
various anatomic sites is key to understanding the spectrum of intra-
abdominal infections that may ensue.79 The stomach normally contains 
103 colony-forming units (CFUs) of microorganisms per milliliter in 
the fasting state. If bacteria are present, they consist of a few relatively 
more acid-resistant species or yeast made up mostly by facultative, 
gram-positive, salivary microorganisms, such as Candida spp., lactoba-
cilli, and oral streptococci derived from oropharyngeal flora. The 
numbers of these organisms in stomach contents increase transiently 
after a meal. Gastric microbiota is more numerous and may be com-
posed of different organisms when achlorhydria is present (e.g., from 
type 2 antihistamine or proton pump inhibitor medications), obstruc-
tion exists, or blood is in the stomach. Under these circumstances, 
gastric colonization with oropharyngeal anaerobes such as Prevotella, 
non-fragilis Bacteroides and Fusobacterium spp., along with facultative 
organisms, such as viridans streptococci, microaerophilic streptococci, 
Candida spp., and lactobacilli, may greatly increase. Because of the 
cleansing activity of gastric acidity and rapid small bowel motility, the 
duodenum and proximal small bowel contain a sparse microbiota in 
the fasting state, mostly consisting of salivary microorganisms. In the 
presence of achlorhydria, intestinal obstruction, or other processes 
affecting intestinal motility or absorption, however, the microbiota of 
the small intestine is more profuse and varied. Conditions conducive 
to small bowel stasis include scleroderma, regional enteritis, small 
bowel strictures, nontropical sprue, tropical sprue, duodenal and 
jejunal diverticula, presence of an afferent loop of the Billroth II gas-
trojejunostomy, and intestinal pseudo-obstruction. Large-bowel flora 
has been found in the proximal small bowel of cirrhotic patients. The 
ileum normally contains E. coli, enterococci, and an equal number of 
microorganisms that are obligately anaerobic, such as B. fragilis. It is 
the colon, however, in which profuse microflora exist in concentrations 
of about 1011-12 bacteria per gram of feces, a wet sludge of practically 
pure bacteria. The colonic microbiota is composed predominantly of 
the obligate anaerobes B. fragilis and Bifidobacterium spp., which out-
number facultative microorganisms, primarily E. coli, by 103 : 1 to 104 : 1. 
Other colonic bacteria are Streptococcus viridans and other strepto-
cocci, enterococci, Eubacterium spp., Klebsiella spp., Proteus spp., 
Enterobacter spp., and C. perfringens. The large-bowel microbiota are 
relatively stable but may be altered significantly by antibiotic therapy 
or in patients who have been hospitalized recently or have spent time 
in other health care facilities.1,80 Under these circumstances, organisms 
such as P. aeruginosa and Acinetobacter spp. may be commonly isolated 
in hospital-acquired intra-abdominal infections.78 In addition, the 
prevalence of multidrug-resistant gram-negative bacilli, especially 
those that produce extended-spectrum β-lactamases, has significantly 
increased.81 The differences in microorganisms observed when the 
source is in the upper versus lower gastrointestinal tract may partially 
account for the differences in severity of septic complications after 
injuries or diseases along the gastrointestinal tract, with sepsis resulting 
from the more proximal gastrointestinal tract causing less morbidity 
and mortality than that seen with colonic disease processes.

With loss of the integrity of the mucosal barrier at some point  
along the gastrointestinal tract, a variable amount of bacteria (in terms 
of bacterial density and number of different species) is found in the 
peritoneal cavity, depending on the level of the mucosal defect and 
comorbid conditions. With perforation of the colon, initially a total  
of more than 1011 CFU/mL of hundreds of different species spills into 
the peritoneal cavity. A simplification of the microflora occurs so that 
when peritoneal infection is established, only about five species are 
isolated from peritoneal exudate, usually three anaerobic and two 
aerobic species, even when care is exercised to ensure recovery of the 
obligate anaerobes. The obligate anaerobes isolated from clinical speci-
mens have been found to be more oxygen tolerant and to have more 
identifiable virulence factors than the rest of the anaerobic microflora 
in the gut. The facultative anaerobes isolated also have virulence factors. 
B. fragilis is the obligate anaerobe most frequently isolated after colonic 
perforation, and E. coli is the facultative anaerobe most frequently 
isolated.

As would be anticipated from the nature of the gastrointestinal 
microbiota, anaerobes are recovered in 96% of cases of peritonitis 

TABLE 76-3  Organisms Causing Complicated 
Intra-Abdominal Infections

ORGANISM PATIENTS (%)
Facultative and Aerobic Gram-Negative Bacilli
Escherichia coli 71

Klebsiella spp. 14

Pseudomonas aeruginosa 14

Proteus mirabilis 5

Enterobacter spp. 5

Anaerobic
Bacterioides fragilis 35

Other Bacterioides spp. 71

Clostridium spp. 29

Prevotella spp. 12

Peptostreptococcus spp. 17

Fusobacterium spp. 9

Eubacterium spp. 17

Gram-Positive Aerobic Cocci
Streptococcus spp. 38

Enterococcus faecalis 12

Enterococcus faecium 3

Enterococcus spp. 8

Staphylococcus aureus 4

Modified from Solomkin JS, Mazuski JE, Bradley JS, et al. Diagnosis and 
management of complicated intra-abdominal infection in adults and children: 
guidelines by the Surgical Infection Society and the Infectious Diseases Society of 
America. Clin Infec Dis. 2010;50:133-164.
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isolated anaerobes. E. coli and streptococci were the most prevalent 
facultative organisms. Bacteriologic studies have shown the presence 
of anaerobes, usually gram-positive cocci in cul-de-sac aspirates, in 
most patients, even those with acute salpingitis, despite the recovery 
of gonococci from the endocervix.103 The data are interpreted as sup-
porting the concept of superinfection with anaerobes late in the course 
of this disease, after initial infection with N. gonorrhoeae.104 In children, 
gonococcal peritonitis has been reported only rarely with gonococcal 
vulvovaginitis.105

Intraperitoneal rupture has been reported in 10% of cases of amebic 
liver abscess, and it may cause acute generalized peritonitis or, less 
commonly, a localized intraperitoneal abscess, with a mortality rate of 
about 18%.106 Perforation of the colon with bacterial peritonitis result-
ing from fulminant amebic colitis is also unusual but often fatal. Simi-
larly, Strongyloides stercoralis infestation of the small bowel may, in rare 
cases, cause fatal peritonitis, with or without concurrent bacterial con-
tamination.107 Intestinal perforation complicating penetrating cyto-
megalovirus enterocolitis has been described as a cause of an acute 
abdomen in these patients. Candida spp. have been isolated from the 
abdominal fluid of patients undergoing peritoneal dialysis, as have S. 
aureus, Enterobacteriaceae, and P. aeruginosa.108 Candida peritonitis 
may also be observed as a complication of gastrointestinal surgery or 
in perforation of a viscus,109 and its occurrence is related to numerous 
factors that increase the rate of colonization of Candida organisms in 
the gastrointestinal tract. These factors include immunosuppression, 
prolonged hospitalization, and antimicrobial or antacid therapy. 
Candida spp. are most commonly isolated from the peritoneum after 
perforation of a gastric or duodenal peptic ulcer or after spillage of 
colonic contents into the peritoneum as a result of trauma, mesenteric 
artery occlusion, or dehiscence of a surgical anastomosis.

Pathogenesis
The virulence of the bacteria that cause peritonitis is enhanced when 
certain microorganisms are either combined intraperitoneally with 
substances such as mucus, enzymes, or hemoglobin or are combined 
with certain other microorganisms. Chemical peritonitis can be pro-
duced by escape of bile or of gastric or pancreatic secretions into the 
peritoneal cavity. When gastric acid escapes into the peritoneal cavity, 
there is an outpouring of serum protein and electrolytes from the blood 
into the peritoneal cavity. The acidity is neutralized quickly by these 
buffers and by diffusion of hydrogen ions into the body fluids. Wide-
spread necrosis may result from enzymatic digestion after intraperito-
neal spillage of potent pancreatic enzymes. Escape of bile into the 
peritoneal cavity is generally considered to be a grave, often fatal situ-
ation. The severity of peritonitis after escape of these intestinal secre-
tions results in subsequent bacterial peritonitis. In a dog model with 
experimentally produced partial biliary diversion into the peritoneal 
cavity, fatal effects were reduced by oral nonabsorbable or parenteral 
antibiotics.110 Bacteria may enter the peritoneal cavity with contami-
nated intestinal secretions through perforations in the gastrointestinal 
wall or by migration through the wall of the intact gastrointestinal tract 
in response to irritation of the serosal surface by bile and possibly other 
intestinal tract secretions.

Establishment of an anaerobic infection requires an environment 
in which the oxygen tension is low, the oxidation-reduction potential 
is low, and abundant nutrients are available to support anaerobic 
metabolism. Obligate anaerobes are sensitive to oxygen in the molecu-
lar form and to bound oxygen, as in organic peroxides. Survival and 
growth of anaerobes also depend on the oxidation-reduction potential 
(i.e., the oxidizing capacity of the environment). Most pathogenic 
anaerobes require a negative potential of at least −150 mV. Low 
oxidation-reduction potentials are thought to occur in many abscesses, 
and oxidation-reduction potentials of −150 mV or less are measured 
in abscesses from which anaerobes are recovered.111 Some anaerobic 
organisms have additional requirements, such as vitamin K, arginine, 
serum, blood pigments, or bile, before they can grow. These require-
ments are usually met by tissue devitalized as a consequence of isch-
emia, trauma, or neoplastic growth. When proper conditions are 
obtained, anaerobic organisms can achieve doubling rates equivalent 
to rates seen with aerobic enteric bacilli. In vivo, the rapidly expanding 
bacterial and inflammatory cell mass, frequently accompanied by gas 

accounted for less than 6% of all intra-abdominal infections and a 
second study finding P. aeruginosa in about 9% of patients diagnosed 
with secondary peritonitis.90,91 Several studies have revealed, however, 
that P. aeruginosa makes up a more significant portion of the aerobic 
isolates in community-acquired intra-abdominal infections92,93 than 
had been noted previously. Whether or not the isolation of P. aerugi-
nosa represents contamination rather than a true pathogen is subject 
to question, with one study demonstrating that coverage of Pseudomo-
nas did not add to higher rates of clinical success.91

Monomicrobial infections with microorganisms that have relatively 
low pathogenicity, such as Candida spp., enterococci, or coagulase-
negative staphylococci, have also been observed in what was thought 
to be new-onset peritonitis in patients with severely impaired defenses.94 
Penetrating injuries to the liver and spleen are followed by infection 
only rarely because of the usual sterility of these organs.95

Quantitative studies96,97 of sexually active women of childbearing 
age have revealed that the predominant vaginal microbiota are com-
posed of five to seven different microorganisms and that anaerobes are 
approximately 10 times more numerous than facultative organisms. 
There are about 108 to 109 CFUs of anaerobes and about 107 to 108 CFUs 
of facultative organisms per milliliter of vaginal secretions. The most 
frequent isolates in titers of 105 per milliliter or more are obligate or 
facultative anaerobic lactobacilli, streptococci, anaerobic gram-positive 
cocci, Bacteroidaceae other than B. fragilis (e.g., P. melaninogenica, 
Prevotella bivia, Prevotella ruminicola), and a group of unidentified 
catalase-negative facultative bacilli. Diphtheroids and Staphylococcus 
epidermidis also have been found to be frequent vaginal isolates. When 
specifically looked for, Gardnerella vaginalis in high counts has also 
been found to be only slightly less common than lactobacilli in the 
vaginal secretions of healthy women.96,97

Colonic organisms, such as B. fragilis, Enterobacteriaceae, and 
enterococci, are found rarely as predominant components of the nor-
mal vaginal microbiota and probably proliferate at this site only under 
exceptional circumstances. These organisms tend to appear in vaginal 
secretions in the immediate postoperative period after vaginal opera-
tions, and C. perfringens is found more frequently in vaginal secretions 
after difficult labor or abortion. Bacteroides spp. and anaerobic gram-
positive cocci are infrequent commensals in the vagina of healthy 
women prenatally, whereas during the puerperium, these organisms 
are found to be more prevalent in women with postpartum endome-
tritis than in noninfected women.98 Factors favoring colonization by 
these anaerobes after surgery and in the puerperium are unknown but 
are possibly related to blood or necrotic tissue, which provides the 
reduced, enriched environment required by these anaerobes.

Sequential sampling of vaginal secretions during the menstrual 
cycle reveals constant levels of anaerobes, although recovery of specific 
organisms varies from specimen to specimen in each individual 
woman. In contrast, levels of facultative organisms decrease 100-fold 
in the premenstrual week. This variation in microbiota may reflect 
cyclic fluctuation in the vaginal environment caused by changes in 
hormonal activity during the menstrual cycle. Because the vaginal 
microbiota vary under certain conditions, and members of these flora 
have differing pathogenicity, the frequency of indigenous intra-
abdominal infections of gynecologic origin and the types of pathogens 
involved vary accordingly. The frequency of vaginal colonization with 
group B streptococci increases during pregnancy, and infections 
caused by these organisms are relatively common in the postpartum 
period. In addition, in women with trichomoniasis, Bacteroides spp. 
may be found more often in vaginal secretions.97 Postpartum infection, 
presumably caused by anaerobes, has been reported to be more 
common in women who had trichomoniasis during pregnancy.99

The bacteriologic characteristics of intra-abdominal infections  
that complicate infections of the female genital tract are similar to 
those of secondary peritonitis from a gastrointestinal source except  
for the occurrence of N. gonorrhoeae in cul-de-sac aspirates. According 
to data compiled by Swenson and associates,100 Thadepalli and 
co-workers,101 and Chow and colleagues,102 anaerobes were found in 
72% of 200 gynecologic infections. Anaerobes were especially frequent 
(92%) in closed space infections, such as tubo-ovarian and pelvic 
abscesses. Bacteroides spp., particularly B. fragilis and P. melaninogen-
ica, and anaerobic gram-positive cocci were the most frequently 
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absorptive surface. At sites of irritation, there is an outpouring of fluid 
into the peritoneal cavity that, in contrast to normal serous fluid, has 
a high protein content (>3 g/dL) and many cells, primarily polymor-
phonuclear leukocytes, that phagocytose and kill organisms. The 
exudate contains fibrinogen that polymerizes, and plaques of fibrinous 
exudate form on the inflamed peritoneal surfaces. This exudate glues 
together adjacent bowel, mesentery, and particularly omentum. Local-
ization of the inflammatory process is aided further by inhibition of 
motility in involved intestinal loops. Experiments have demonstrated 
that radiopaque medium injected intraperitoneally at one locus spreads 
over much of the greater peritoneal sac within a short time. The extent 
and rate of intraperitoneal spread of contamination depend on the 
volume and nature of the exudate and on the effectiveness of the local-
izing processes.

If peritoneal defenses aided by appropriate supportive measures 
control the inflammatory process, the disease may resolve spontane-
ously. A second possible outcome is a confined abscess. A third course 
results when the peritoneal and systemic defense mechanisms are 
unable to localize the inflammation, which progresses to spreading 
diffuse peritonitis. Factors favoring spread of the inflammatory process 
are (1) greater virulence of bacteria, (2) greater extent and duration of 
contamination, and (3) impaired host defenses.

The cytokine response in peritonitis has been the subject of excel-
lent reviews.123,124 Many of the local abdominal and systemic manifesta-
tions of peritonitis undoubtedly are mediated by cytokines, including 
TNF-α, IL-1, IL-6, and IFN-γ. Cytokines appear in the peritoneal 
exudate to a much greater extent than in systemic circulation of 
patients with peritonitis.125 These cytokines are produced by macro-
phages and other host cells in response to bacteria or bacterial prod-
ucts, such as endotoxin, and by tissues traumatized during abdominal 
operative procedures.

Cytokine responses have been studied in the peritoneal exudate in 
experimental animal models of peritonitis,45 in patients with spontane-
ous bacterial peritonitis,126 in patients undergoing CAPD,127 and in 
patients with severe secondary bacterial peritonitis who were undergo-
ing planned relaparotomy.128 Anti-TNF antibody failed to prevent 
death129 and failed to reduce serum levels of IL-1 and IL-6 in an experi-
mental model of peritonitis.130 In contrast, in this model, antiendotoxin 
antibodies were found to prevent death131 and to reduce bacterial 
numbers in the peritoneal exudates and serum levels of TNF, IL-1, and 
IL-6. Anti-IFN-γ antibodies also afforded a protective effect in this 
model of experimental peritonitis and after intravenous injection of 
endotoxin.132

Systemic Response
Peritonitis leads to changes not only locally in the peritoneal cavity but 
also throughout the body.

Gastrointestinal.  Peritonitis begins with hypermotility and is fol-
lowed by paralysis of the bowel. Accumulation of fluid and electrolytes 
in the lumen of the adynamic bowel continues until distention is suf-
ficient to inhibit capillary inflow and secretion ceases.

Cardiovascular.  Because of the large surface area of the perito-
neum, shifts of fluid into the peritoneal cavity, combined with fluid 
shifts into the bowel lumen, can produce a profound decrease in cir-
culating blood volume and elevation of the hematocrit. Fluid and elec-
trolyte loss is exaggerated further by coexistent fever, vomiting, 
diarrhea, and loss of aspirated gastrointestinal fluid. As the process 
continues, the decreased venous return to the right side of the heart 
leads to a decrease in cardiac output, with resulting hypotension. 
Usually there is evidence of increased adrenergic activity, such as 
sweating, tachycardia, and cutaneous vasoconstriction (i.e., cold, moist 
skin and mottled, cyanotic extremities).

With adequate replacement of blood volume, cardiac output may 
be maintained above normal. Cardiac output of two or three times 
normal may be necessary to satisfy the increased metabolic needs of 
the body in the presence of infection. Failure to sustain increased 
cardiac output results in progressive lactic acidosis, oliguria, hypoten-
sion, and ultimately death if the infection cannot be controlled.

Respiratory.  The intraperitoneal inflammation results in relatively 
high and fixed diaphragms and considerable pain on respiration. This 
condition results in basilar atelectasis with intrapulmonary shunting 

production, can interrupt the blood supply to the immediately sur-
rounding tissue and cause further tissue necrosis.

Gram-negative anaerobic cocci and bacilli (including B. fragilis and 
P. melaninogenica) possess endotoxins, although with much weaker 
biologic activity in comparison with endotoxins extracted from their 
aerobic counterparts, and they have low or absent 2-keto-3-
deoxyoctanoate content. In addition, certain anaerobes elaborate col-
lagenase, other proteolytic enzymes, and deoxyribonuclease. Certain 
Bacteroidaceae are capable of degrading heparin, a capability that may 
be responsible for the suppurative thrombophlebitis frequently seen in 
infections caused by these microorganisms. These factors tend to 
provide more areas well adapted to the growth requirements of the 
anaerobe; as a result, the infection progresses.

In addition, anaerobes may be resistant to host defenses. Polymor-
phonuclear leukocytes have been shown to have bactericidal activity 
under aerobic and anaerobic conditions against several anaerobic 
species, including B. fragilis, presumably by mechanisms other than 
those dependent on the superoxide anion O2

− or H2O2. However, 
Keusch and Douglas112 found that granulocytic killing of C. perfringens 
was impaired under anaerobic conditions. Also, the capsule demon-
strated on B. fragilis and Porphyromonas asaccharolytica (formerly 
Bacteroides melaninogenicus subsp. asaccharolyticus) might protect the 
organisms from phagocytosis and favor abscess formation.113 Some 
anaerobes, especially B. fragilis, may be resistant to the normal bacte-
ricidal activity of serum.

Many anaerobic infections seem to be synergistic. Although it is 
probable that most bacteria isolated in mixed infections are nonpatho-
genic by themselves, their presence nevertheless may be essential for 
the pathogenicity of the bacterial mixture. These examples of bacterial 
synergism in infection were shown in periodontal infection by Socran-
sky and Gibbons114 and in peritonitis by Altemeier.115

Facultative organisms in mixed infections may be essential because 
they provide a sufficiently reduced environment for the growth of 
obligate anaerobic organisms. Another mechanism of bacterial synergy 
is the generation of a substance by one organism that is essential for 
the growth of another (e.g., the production of vitamin K, a required 
growth factor for P. melaninogenica, by diphtheroids). Anaerobes such 
as Bacteroides spp. also have shown the ability to protect aerobic bac-
teria from phagocytic killing116 and from otherwise effective antibiotic 
therapy (e.g., via β-lactamase production).117

In addition, each component of the pathogenic mixture may con-
tribute in different ways to the clinical picture. In a series of experi-
ments, Weinstein and co-workers118 clarified the sequence of events 
that occurs after contamination of the peritoneum with fecal flora. In 
this model, after implantation of fecal contents intraperitoneally into 
rats, Onderdonk and associates119 observed that E. coli initially pre-
dominated in the peritoneal exudate. Bacteremia, caused by E. coli 
during this phase, was uniformly present and frequently fatal. Rats that 
survived developed indolent intra-abdominal abscesses in which B. 
fragilis predominated. Elimination of E. coli by early administration of 
gentamicin reduced early mortality rates but did not prevent late intra-
abdominal abscess caused by obligate anaerobes; elimination of obli-
gate anaerobes with clindamycin did not prevent early mortality from 
E. coli bacteremia, but it did reduce late abscess formation in survivors. 
These findings indicate that although E. coli is responsible for early 
mortality, B. fragilis, in concert with E. coli and perhaps other micro-
organisms (e.g., enterococci),120 is responsible for late intraperitoneal 
abscess formation. This synergy between obligate and facultative anaer-
obes has long been recognized in mixed infections.121 Studies in animal 
models of intraperitoneal infection have also shown that bacterial  
interactions with host components, specifically activation of IL-17–
producing CD4+ T lymphocytes by constituents of abscess-inducing 
bacteria such as B. fragilis, are necessary for abscess formation.122

Pathophysiologic Responses
Whatever the initiating cause of peritonitis, a similar series of reactions 
takes place locally and systemically.

Local Response
The local inflammatory response of the peritoneum is similar to that 
in other tissues, but the peritoneal lining presents a large exudative and 
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decreased liver dullness to percussion. Bowel sounds, initially hypoac-
tive, later disappear. Rectal and vaginal examination may reveal ten-
derness and the presence of a pelvic abscess and may indicate a primary 
focus in the female pelvic organs.

Abdominal pain and muscle spasm may be deceptively absent in 
some patients. Patients with lax abdominal musculature (e.g., patients 
in the postpartum period, patients with ascites caused by cirrhosis, 
patients with marked cachexia) may not have abdominal rigidity. Simi-
larly, patients who are in shock, who are receiving glucocorticosteroid 
therapy, or in whom loculated intra-abdominal abscesses are not in 
contact with the anterior abdominal wall (e.g., subphrenic, lesser sac, 
pelvic abscesses) may not exhibit marked abdominal pain and spasm. 
Absence of bowel sounds may be the only manifestation of peritonitis 
in these patients, and a high index of suspicion is necessary.

Diagnostic Studies
The differential diagnosis in patients with symptoms and signs of peri-
tonitis includes pneumonia, sickle cell anemia, herpes zoster, diabetic 
ketoacidosis, tabes dorsalis, porphyria, familial Mediterranean fever, 
plumbism, systemic lupus erythematosus, and uremia. Routine labora-
tory studies include a complete blood count, serum chemistry profile, 
liver profile, coagulation studies, urinalysis, and amylase and lipase 
determinations. If an ectopic pregnancy is suspected, a urinary β-
human chorionic gonadotropin (HCG) determination will be neces-
sary. A peripheral blood leukocyte count of more than 11,000 cells/µL 
is usual in the majority of patients with acute peritonitis; the differen-
tial count exhibits polymorphonuclear predominance and a moderate 
to marked shift to the left. Reliance on the significance of the total 
leukocyte count may be misleading, however. Massive peritoneal 
inflammation can mobilize leukocytes into the diseased area; there 
may be fewer than 5000 leukocytes per milliliter in the circulating 
blood, but the differential smear in this situation may show an extreme 
shift to immature polymorphonuclear forms.

Hemoconcentration and dehydration are reflected by increased 
hematocrit and blood urea nitrogen values. Patients with severe sepsis 
who have disseminated intravascular coagulopathy (DIC) may have 
thrombocytopenia and elevated prothombin time (PT), partial throm-
boplastin time (PTT), or D-dimer concentration. Blood chemistries 
may reveal dehydration, azotemia, and acidosis. Hyperglycemia and 
glycosuria are usually not present in peritonitis but may be present in 
diabetic acidosis and acute pancreatitis, which can manifest with signs 
suggestive of peritonitis. Hematuria and pyuria without bacteriuria 
may reflect intra-abdominal inflammatory disease, such as appendici-
tis adjacent to the urinary tract. Levels of serum amylase and lipase 
may be elevated in peritonitis from almost any cause, but levels are 
very high (greater than three times the upper limit of normal for either 
enzyme) only in acute pancreatitis. Serum amylase and lipase levels 
may be elevated in the absence of pancreatitis because they can be 
caused by transmural absorption in intestinal infarction and transperi-
toneal absorption with perforated viscus and peritonitis. Hyponatre-
mia may occur in patients given water to replace isotonic fluid losses, 
but it is also characteristic of porphyria. Metabolic and respiratory 
acidosis is present in severe and late peritonitis.

Supine, upright, and lateral decubitus radiographs of the abdomen 
may reveal distention of the small intestine and the colon, with ady-
namic loops of bowel or features of mechanical intestinal obstruction, 
volvulus, intussusception, or vascular occlusion. Inflammatory exudate 
and edema of the intestinal wall produce a widening of the space 
between adjacent loops. Peritoneal fat lines and psoas shadows may be 
obliterated. Free air may be visible if a viscus is ruptured. CT scans are 
frequently obtained as initial studies in many centers and provide 
superior detail of intra-abdominal processes. Chest radiographs always 
should be obtained to investigate whether a pulmonary or thoracic 
problem is the cause of abdominal distress. The presence of air beneath 
the diaphragm may be defined best in these pictures. Trapped gas with 
a fluid level or mottling caused by gas may be visible in intraperitoneal 
or visceral abscesses. Calcification in the gallbladder or other organs 
may also be noted on radiographs.

Ultrasonography is frequently the initial step in evaluating intra-
abdominal sepsis, especially for detecting processes in the right upper 
quadrant, retroperitoneum, and pelvis.133 Dilated air-filled loops of 

of blood. Satisfactory compensation is possible only if the increase in 
energy demands does not exceed the respiratory reserve. Heavy ciga-
rette smoking, chronic bronchitis, emphysema, and obesity compound 
the problem. With decompensation in respiratory function, hypox-
emia is accompanied first by hypocapnia (respiratory alkalosis) and 
later by hypercapnia (respiratory acidosis). In some patients, pulmo-
nary edema develops, not because of left ventricular failure but perhaps 
because of increased pulmonary capillary leakage as a consequence of 
hypoalbuminemia or direct effects of bacterial toxins (adult respiratory 
distress syndrome). In these patients, progressive hypoxemia develops 
with decreasing pulmonary compliance. This condition necessitates 
volume-cycled ventilatory assistance with increasingly higher concen-
trations of inspired oxygen and positive end-expiratory pressure.

Renal.  Low renal perfusion may be followed by acute tubular 
necrosis and progressive azotemia.

Metabolic.  The excretion of cortisol is increased during the first 
few days of peritonitis and subsequently returns to normal. The 
increased energy demands of infection rapidly deplete body stores of 
glycogen; this leads to catabolism of protein (muscle) and fat, which 
accounts for the rapid weight loss of severely infected patients. Pro-
longed intra-abdominal infection is associated with extreme wasting. 
Heat production eventually may fail, and then body temperature 
decreases. Exhaustion and death may ensue.

Clinical Manifestations
Symptoms
The early manifestations of peritonitis that results from disease of 
abdominal viscera are frequently those of the primary disease process. 
Moderately severe abdominal pain is almost always the predominant 
symptom. Any motion, even respiration, aggravates the pain. The pro-
gression of abdominal pain is a function of the rate of dissemination 
of the material producing the pain stimulus. Rupture of a peptic ulcer 
with massive spillage of gastric contents produces severe epigastric 
pain that, within minutes, may spread to involve the entire abdomen. 
In contrast, the spread of pain from a lesion such as a ruptured appen-
dix is much more gradual. Decreased intensity and extent of pain with 
time usually suggest localization of the inflammatory process.

Anorexia, nausea, and vomiting commonly accompany abdominal 
pain. Patients may also complain of feverishness, sometimes with chill, 
thirst, scanty urination, inability to pass feces or flatus, and abdominal 
distention.

The formation and progression of an intraperitoneal abscess are 
often gradual. The patient who seemed to be recovering from perito-
nitis or an abdominal operation stops improving, fever returns, and 
localizing symptoms may develop.

Physical Findings
Patients with peritonitis characteristically lie quietly in bed, supine, 
with the knees flexed and with frequent limited intercostal respirations 
because any motion intensifies the abdominal pain. The patient is alert, 
restless, and irritable early in the course but later may become apathetic 
or delirious.

Body temperatures may reach 42° C. A subnormal temperature of 
about 35° C is often present in the early stages of chemical peritonitis. 
This is a grave sign late in the course in patients with continuing intra-
abdominal sepsis or septic shock.

Increasing tachycardia with weak, thready peripheral pulses reflects 
decreased effective blood volume. The blood pressure is maintained 
within normal limits early in the disease process. As peritonitis pro-
gresses, the blood pressure decreases to shock levels. Respiration is 
increasingly rapid and shallow.

Marked abdominal tenderness to palpation is present, usually max-
imally over the organ in which the process originated. Direct and 
referred rebound tenderness signifies parietal peritoneal irritation. 
This finding is sometimes more accurate than direct palpation in locat-
ing the point of maximal tenderness and delineating the extent of 
peritoneal irritation.

Muscular rigidity of the abdominal wall is produced by voluntary 
guarding and reflex muscular spasm. Hyper-resonance caused by 
gaseous intestinal distention can usually be demonstrated by percus-
sion. Pneumoperitoneum from a ruptured hollow viscus may produce 
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patients with early infection caused by penetrating abdominal trauma 
to more than 60% among patients with established intra-abdominal 
infection and secondary organ failure.144 Persistent peritoneal contami-
nation; leakage of pancreatic enzymes; septicemia; fluid and electrolyte 
abnormalities; pneumonia; and cardiovascular, renal, and respiratory 
failure are the principal causes of death.

With a disease process that has widely varying mortality rates, the 
ability to predict outcome and stratify severity of disease is important 
for clinical decision making and for ensuring comparability in evaluat-
ing different management strategies with surgical protocols or antimi-
crobial agents.145 Outcome has been found to be dependent mainly on 
host-related factors (e.g., preoperative nutritional status, organ impair-
ment, severity of the patient’s systemic response, and the patient’s pre-
morbid physiologic reserves, as predicted by the Acute Physiologic and 
Chronic Health Evaluation II [APACHE II] scoring system),146 rather 
than on type and source of the infection.147

Death from intra-abdominal infection, especially when the tertiary 
phase is reached, is thought to result from an exaggerated, uncon-
trolled cytokine release that is unresponsive to all therapeutic 
attempts.148 This cytokine release has led to the use of endotoxin and 
cytokine levels in circulation to predict outcome. The magnitude of 
levels of TNF-α and IL-6 in circulation in patients with peritonitis has 
not been related invariably to prognosis149; however, determination of 
cytokine levels in the peritoneal exudate, rather than in blood, has been 
suggested to reflect better the severity of the compartmentalized peri-
toneal infection and to predict outcome.128

Therapy
Antimicrobial Therapy
Medical management includes use of antimicrobial therapy and sup-
portive measures to maintain vital functions (e.g., improve or maintain 
circulation, nutrition, and oxygenation to vital organs). The clinical 
efficacy of immunomodulators, such as anti-TNF-α antibodies, anti-
endotoxin antibodies, and IL-1 receptor antagonists, is still unproven. 
Recombinant human activated protein C (drotrecogin alfa), when used 
in the treatment of severe sepsis, had been previously demonstrated to 
reduce the relative risk for mortality.150 In the subgroup of patients in 
the original trial who had undergone a surgical procedure and devel-
oped severe sepsis of abdominal origin, further analysis revealed an 
absolute reduction in risk of mortality that was still statistically signifi-
cant among patients who had received active medication.151 The great-
est benefit was observed in patients with an APACHE II score of 25 
points or higher (also see Chapter 75). However, in the fall of 2011, the 
drug manufacturer, Eli Lilly and Co., voluntarily withdrew this medi-
cation from the market in the wake of the release of the PROWESS-
SHOCK trial,152 which found no statistically significant reduction in 
mortality in patients treated with the sepsis drug compared with 
placebo.

Secondary peritonitis is typically polymicrobial, and the pathogens 
in most cases are derived from the gastrointestinal tract, even in 
patients with a primary gynecologic process. Typically, the facultative 
microorganisms are E. coli, Klebsiella or Enterobacter spp., Proteus spp., 
and enterococci, and the obligate anaerobes are B. fragilis, P. melanino-
genica, Peptococcus spp., Peptostreptococcus spp., Fusobacterium spp., 
Eubacterium lentum, and Clostridium spp. Other, less commonly iso-
lated pathogens include S. aureus, P. aeruginosa, and Candida spp.

It is extremely difficult to assess the role of antimicrobial therapy 
in the outcome of infection caused by anaerobes or by a mixture of 
anaerobes and facultative microorganisms. Dramatic response to sur-
gical drainage and débridement alone often occurs when infection is 
localized. Nevertheless, appropriate antimicrobial therapy has been 
shown to reduce mortality significantly among patients with bactere-
mic infections caused by Bacteroidaceae or Enterobacteriaceae.1,86 
Antimicrobial drugs are expected to control bacteremia and early 
metastatic foci of infection, to reduce suppurative complications if the 
drugs are given early, and to prevent local spread of existing infection. 
When suppuration has occurred, it may be difficult to cure the infec-
tion if antimicrobial drugs are used without drainage; also, antimicro-
bial drugs used alone may mask some of the clinical manifestations of 
abscess formation. Some intra-abdominal abscesses can, however, be 
treated successfully with antibiotics alone.153

bowel, obesity, overlying lungs, bandages, wounds, drains, and osto-
mies can interfere with the quality of ultrasound images. CT of the 
entire abdomen and pelvis, with oral and intravenous contrast agents, 
has become invaluable for evaluating patients with a suspected intra-
abdominal infection.134 CT has frequently replaced exploratory lapa-
rotomy for this purpose. CT can facilitate detection of lesions outside 
the suspected area on the basis of clinical findings and guidance of 
percutaneous drainage of peritoneal fluid or abscesses. Although CT 
is more costly than ultrasonography, it is the preferred initial study 
except when the lesion is suspected to be in the right upper quadrant, 
retroperitoneum, or pelvis.133,135 Ultrasonography is also more operator 
dependent than is CT, and abdominal tenderness may preclude the use 
of the external pressure necessary to visualize the intra-abdominal 
contents adequately. Magnetic resonance imaging (MRI) examination 
may be particularly useful if additional detail of soft tissue character-
istics is necessary or for provision of a three-dimensional depiction of 
a lesion. It is particularly sensitive for investigation of pancreatic, 
hepatic, or adrenal disease.136 Laparoscopic evaluation of patients 
with suspected secondary peritonitis has also been reported to be 
useful.137,138

Needle aspiration of the peritoneal cavity is often helpful. If no fluid 
can be aspirated, peritoneal lavage with Ringer’s lactate solution should 
be done to obtain fluid for examination. In performing a paracentesis, 
the operator should avoid the region of abdominal scars, where bowel 
may be adherent to the underside of the scar. The aspirate is examined 
grossly for content of blood, pus, bile, or digested fat; chemically for 
amylase content; and microscopically, with Gram staining, for bacteria. 
In community-acquired infections resulting from processes such as 
perforated appendicitis, Gram staining and culturing of samples have 
not been routinely recommended because the encountered flora have 
generally been susceptible to recommended antibiotic treatment regi-
mens. However, increases in multidrug-resistant aerobic bacilli isolates 
from community-acquired infections, as seen with E. coli strains insen-
sitive to extended-spectrum β-lactam antibiotics and to fluoroquino-
lones, have hindered the ability to reliably predict the susceptibility of 
isolates on the basis of knowledge of their presence alone. For other 
intra-abdominal infections, particularly those involving the colon and 
health care–associated cases, failure rates are substantially higher if 
empirical therapy is not active against any identified isolate. Therefore, 
representative specimens collected from the intra-abdominal focus of 
infection should be processed appropriately to best identify the aerobic 
and anaerobic bacteria present. Furthermore, Gram staining may be of 
value in these cases in defining the need for specific therapy for pos-
sible presence of methicillin-resistant gram-positive organisms.139 
Blood cultures have not proved clinically relevant in community-
acquired infections, but they may add diagnostic information in health 
care–associated and tertiary peritoneal infections. A positive finding 
of paracentesis is meaningful; a dry or negative finding of paracentesis 
is of little significance. Guidance for the paracentesis may be obtained 
by ultrasonography or CT.

Prognosis
Survival of a patient with secondary peritonitis depends on many 
factors, including the age of the patient, nutritional status, albumin 
levels, comorbid conditions, the presence of malignancy, APACHE II 
score, the duration of peritoneal contamination and time to initial 
intervention, the presence of foreign material (e.g., bile or pancreatic 
secretions, barium), the primary intra-abdominal process and ability 
to achieve adequate débridement or control of the source of infection, 
and the microorganisms involved, as well as the infection being com-
munity or health care acquired.140-142 The more organisms present in 
peritoneal exudate, the worse the prognosis is, although there appears 
to be no correlation between severity of infection and the presence of 
any particular organism. Mortality increases with more distal gastro-
intestinal sources of contamination.143 In pediatric patients, because of 
the relatively small omentum, the walling-off process is less effective 
and diffuse peritonitis occurs more frequently than in adults. In elderly 
patients, preexisting conditions, such as emphysema, diabetes, or car-
diovascular disease, reduce the capacity to meet the demands on the 
cardiovascular, respiratory, and renal systems during this period of 
intense metabolic activity. Mortality rates range from 3.5% among 
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encountered as significant pathogens in these infections.155 Along with 
this, the determination of antimicrobial susceptibility of bacteria based 
on interpretive susceptibility breakpoint criteria established by the 
Clinical Laboratory Standards Institute (CLSI) or the European Com-
mittee on Antimicrobial Susceptibility Testing (EUCAST) has been 
modified in recent years.78,156 Such alterations may serve to lessen the 
reliability of previously studied and recommended antibiotics used to 
treat intra-abdominal infections because agents that were once believed 
to be adequate may now be less dependable taking into account estab-
lished pharmacodynamic principles.157 Generally, antibiotics from the 
carbapenem class have been the most active agents against pathogens 
involved in intra-abdominal infections. Nevertheless, in certain geo-
graphic areas, the spread of carbapenem-resistant genes, resulting in 

Antimicrobial agents must penetrate to the site of infection in con-
centrations that are sufficient to overcome the effects of a high bacterial 
density, the metabolic inactivity and slow growth rate of probably more 
than 90% of the bacterial inoculum, low pH, low redox potential, 
necrotic tissue, and bacterial products that may lower the drug’s activ-
ity. Aminoglycosides and clindamycin are less active at acid pH, ami-
noglycosides are less active at low redox potentials, and β-lactams are 
less active against high bacterial densities.

Although the results of many antimicrobial trials for the treatment 
of intra-abdominal infections have been published, caution must be 
exercised in interpreting these studies because of the possibility of 
inadequate study design and analysis of data.154 Some of the variables 
that must be considered are differences in patient populations, types 
and severity of underlying illnesses, community-acquired versus 
hospital-acquired infection, and the pathogens isolated. Table 76-4 lists 
many of the antimicrobial regimens that may be recommended alone 
or in combination as initial treatment for intra-abdominal infections; 
this list is divided by agents that should be adequate for mild to moder-
ate infections and those more appropriate for infections of higher 
severity. The designation “high risk” describes patients with increased 
likelihood of treatment failure and a greater potential severity of infec-
tion according to clinical assessment criteria.142 Such patients include 
those with anatomically unfavorable infections or health care–related 
infections.1 No one regimen has been consistently demonstrated to be 
superior or inferior. Table 76-5 lists antimicrobial agents and regimens 
that have been adequately studied in clinical trials for use in the treat-
ment of intra-abdominal infections. However, most intra-abdominal 
infection antibiotic trials were conducted before the recent emergence 
of multidrug-resistant organisms that are now more frequently 

TABLE 76-4  Recommended Agents for Treatment 
of Complicated Intra-abdominal Infections

TYPE OF 
THERAPYa

FOR MILD TO 
MODERATELY 
SEVERE 
INFECTIONSb

FOR HIGHLY SEVERE 
COMMUNITY-
ACQUIRED, HEALTH 
CARE–ASSOCIATED, 
AND TERTIARY 
INFECTIONSc

Single Agent
β-lactam/β-lactamase 

inhibitor 
combinations

Ticarcillin-clavulanic 
acid

Piperacillin-tazobactamd

Fluoroquinolonee Moxifloxacind Moxifloxacind

Carbapenems Ertapenem Imipenem-cilastatind or 
meropenem or doripenem

Glycylcyclines Tigecyclined Tigecyclined

Combination Therapy
Cephalosporin based Cefazolin, cefuroxime,

cefotaxime, 
ceftriaxone plus 
metronidazole

Third- or fourth-generation 
cephalosporin (ceftazidime 
or cefepime) plus 
metronidazole

Fluoroquinolone 
basede

Ciprofloxacin or 
levofloxacin, each 
in combination 
with metronidazolef

Ciprofloxacin in combination 
with metronidazolef

Monobactam based Either aztreonam plus 
vancomycind or clindamycin 
plus metronidazole

aEmpiric antimicrobial regimens should be adjusted according to culture and 
susceptibility reports to ensure activity against the predominant pathogens isolated 
in culture.

bApplies mainly to community-acquired intra-abdominal infections.
cApplies to health care–associated and tertiary peritonitis cases, as well as some 

severe community-acquired intra-abdominal infections. However, tigecycline 
should NOT be used as empiric therapy for health care–associated or 
tertiary infection due to inactivity of tigecycline against Pseudomonas 
aeruginosa.

dRisk of mortality may be greater compared with alternative antimicrobials.
eFluoroquinolone-resistant Escherichia coli has become common in some 

communities, and fluoroquinolones should not be used unless hospital surveys 
indicate at least 90% susceptibility of E. coli to fluoroquinolones.

fBecause Bacteroides strains are resistant to these fluoroquinolones, addition of 
metronidazole is necessary.

TABLE 76-5  Antibiotic Dosage for Peritonitis 
during Peritoneal Dialysis

DRUG

INTERMITTENT 
(PER 
EXCHANGE, 
ONCE DAILY)

CONTINUOUS 
(ALL 
EXCHANGES)

Aminoglycosides
Gentamicin 0.6 mg/kg LD: 8 mg/L

MD: 4 mg/L

Tobramycin 0.6 mg/kg LD: 8 mg/L

MD: 4 mg/L

Cephalosporins
Cefazolin 15 mg/kg LD: 500 mg/L

MD: 125 mg/L

Cefepime 1 g LD: 500 mg/L

MD: 125 mg/L

Ceftazidime 1-1.5 g LD: 500 mg/L

MD: 125 mg/L

Cefotaxime 1 g LD: 500 mg/L

MD: 125 mg/L

Penicillins
Ampicillin ND MD: 125 mg/L

Oxacillin ND MD: 125 mg/L

Penicillin G ND LD: 50,000 U

MD: 25,000 U

Piperacillin ND LD: 500 mg/L

MD: 250 mg/L

Quinolones
Ciprofloxacin ND LD: 50 mg/L

MD: 25 mg/L

Others
Vancomycin 15-30 mg/kg every 

5-7 days
LD: 1000 mg/L

MD: 25 mg/L

Aztreonam ND LD: 1000 mg/L

MD: 250 mg/L

Trimethoprim-sulfamethoxazole ND LD: 320/1600 mg/L PO

MD: 80/400 mg/L PO 
daily

Combinations
Ampicillin-sulbactam 2 g every 12 hr LD: 1000 mg/L

MD: 100 mg/L

Imipenem-cilastatin 1 g every 12 hr LD: 500 mg/L

MD: 200 mg/L

Antifungals
Amphotericin B NA 1.5 mg/L

Fluconazole ND 200 mg/L IP or PO 
daily

IP, intraperitoneal; LD, loading dose; MD, maintenance dose; NA, not applicable; 
ND, no data; PO, orally.

Modified from Piraino B, Bailie GR, Bernardini J, et al. Peritoneal dialysis-related 
infections recommendations: 2005 update. Perit Dial Int. 2005;25:107-131.
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antimicrobial activity against enterococci has been found to be suffi-
cient to reduce enterococcal counts.165 Nevertheless, in animal models 
of experimental polymicrobial intra-abdominal infection, enterococci 
have been found to be a significant component of the inoculum; as 
such, they enhance abscess formation, weight loss, bacteremia with B. 
fragilis and E. coli, and mortality.165 Similarly, clinical reports have 
emphasized the importance of enterococci in intra-abdominal infec-
tion166 and noted the emergence of enterococcal abscesses and bacte-
remia supervening after treatment of intra-abdominal sepsis with 
antimicrobial agents that lack significant in vitro antienterococcal 
activity.167-170 Enterococci have emerged as major nosocomial patho-
gens, undoubtedly as a result of their inherent resistance to many 
commonly used antimicrobial agents and their acquisition of resis-
tance to previous standard therapy (i.e., ampicillin, aminoglycosides, 
and the glycopeptides vancomycin and teicoplanin).171-173 Only clini-
cally unproven older antimicrobial agents (e.g., doxycycline, colistin, 
chloramphenicol) and a few newer antimicrobial agents (e.g., a com-
bination of two streptogramin antibiotics [quinupristin-dalfopristin], 
linezolid, daptomycin, tigecycline) are available as potential therapy for 
infections caused by these multidrug-resistant strains of enterococci.

The efficacy of agents with antienterococcal activity in preventing 
emergence of enterococcal superinfection is unknown. A multicenter 
study of intra-abdominal infection174 demonstrated that the presence 
of enterococci in the initial culture, independently from the APACHE 
II score, was predictive of the failure of broad-spectrum antimicrobial 
regimens that lacked specific enterococcal activity. APACHE II score, 
age, length of preinfection hospital stay, and postoperative infections 
were predictive of the presence of enterococci. It is unknown whether 
inclusion of antienterococcal therapy would improve outcome in these 
high-risk patients, although one study suggested that postoperative 
addition of antienterococcal antimicrobial therapy after results of 
intraoperative peritoneal cultures did not lower the mortality rate.175 
At present, the available evidence suggests that routine coverage against 
enterococcus is not necessary for patients with community-acquired 
intra-abdominal infections but should be given to patients with prior 
cephalosporin or fluoroquinolone use (which may select for entero-
cocci), in immunocompromised patients, in patients with prosthetic 
heart valves or vascular heart disease, as well as in hospital-acquired 
intra-abdominal infection including postoperative peritonitis and ter-
tiary peritonitis, and when enterococci are recovered from patients 
with health care–associated infections.1,176 In these instances, empiric 
therapy directed against vancomycin-resistant enterococci (especially 
E. faecium) should be considered, particularly if the patient is at very 
high risk for an infection due to this organism, such as a liver trans-
plant recipient with an intra-abdominal infection originating in the 
hepatobiliary tree or a patient known to be colonized with vancomycin-
resistant enterococci.1

In immunocompetent patients, intra-abdominal infections involv-
ing methicillin-resistant S. aureus are rare. Its presence may be based 
on preinfection colonization or acquisition in the hospital or in patients 
with prolonged, complicated disease such as tertiary peritonitis.5 
Empiric therapy including agents with anti–methicillin-resistant S. 
aureus activity should be provided to patients with health care–
associated intra-abdominal infection who are known to be colonized 
or are at risk of having an infection due to this organism because of 
prior treatment failure and significant antibiotic exposure.1

Candida spp. are cultured from about 20% of patients with acute 
perforations of the gastrointestinal tract.1 Although C. albicans remains 
the predominant species, Candida glabrata and other species have 
become more common.177 Nonetheless, management of Candida spp. 
in polymicrobial infections is also controversial.178,179 Although the 
isolation of Candida spp. from peritoneal fluid in cases of intra-
abdominal infection has been associated with increased mortality,180 
the issue of attributable mortality remains unresolved. Isolation of this 
microorganism from blood cultures—as the sole organism within 
residual or recurrent intra-abdominal infection or as the predominant 
organism on Gram staining of peritoneal exudate—represents an indi-
cation for specific antifungal therapy plus drainage of abscesses, if 
present. Most authorities agree that even when Candida organisms are 
isolated in intra-abdominal infections, antifungal agents are unneces-
sary unless the patient has recently received immunosuppressive 

the emergence of various carbapenem-resistant phenotypes (KPC, 
IMP, VIM, and NDM), has increased and potentially could threaten 
the available options for treating multidrug-resistant organisms.158

Antimicrobial therapy should be started immediately after appro-
priate specimens (blood and, if possible, peritoneal fluid) are obtained 
for culture. Antimicrobial therapy is often started before the comple-
tion of in vitro antimicrobial sensitivity testing of the specific faculta-
tive pathogens. In addition, rapid isolation, identification, and in vitro 
sensitivity testing of anaerobes, in contrast to testing of facultative 
bacteria, are not possible in many community hospitals. Several factors 
account for the delay in obtaining anaerobic bacteriologic results. 
Infections caused by anaerobes frequently involve mixtures of five or 
more microorganisms, and cultures require long periods for growth 
and isolation. In addition, in vitro sensitivity testing by the conven-
tional disk diffusion technique has not been standardized for anaer-
obes.111 The results of these tests are influenced to a large extent by the 
growth rate of the bacteria, inoculum size, pH and type of medium, 
duration of incubation, and carbon dioxide concentration in the  
atmosphere. In vitro studies of the stability of the β-lactam antibiotics 
when exposed to reducing agents such as mercaptoamines (cysteine), 
which frequently are incorporated in media used for the growth of 
anaerobes, have revealed that these compounds are able to open the 
β-lactam ring and to inactivate penicillins. Susceptibility of anaerobic 
organisms can be determined reliably, however, by the broth or agar 
dilution technique with the use of appropriate media. Because these 
tests are generally performed by research laboratories, knowledge 
about the antimicrobial susceptibility of anaerobes is obtained from 
periodically published reports on anaerobic isolates by centers that 
specialize in performing these tests. Initial chemotherapy is usually 
empirical, based on the most reliable and least toxic antimicrobial 
agents for the most probable anaerobic and facultative pathogens. 
Reports on in vitro sensitivity (usually reliable only for the facultative 
or aerobic organisms) enable physicians to subsequently adjust the 
initial regimen to more specific therapy.

Because these infections are commonly polymicrobial, a broad 
spectrum of antimicrobial activity is required. Data suggest that sur-
vival in patients with sepsis, including that due to intra-abdominal 
infection, is diminished if initial therapy is inadequate, regardless of 
the adequacy of subsequent treatment.139,159 The ideal regimen remains 
controversial. The animal model of intra-abdominal sepsis showed the 
necessity of treating the facultative enteric gram-negative bacillus (E. 
coli) and the anaerobic gram-negative bacillus (B. fragilis). Empirical 
efficacy of an antimicrobial regimen active against E. coli and B. fragilis 
has been well established. The need for intraoperative cultures to docu-
ment the etiologic microorganisms and their antimicrobial suscepti-
bilities has been controversial because postoperative changes based on 
results of intraoperative cultures may not improve outcome.160

Drugs active against anaerobic bacteria may be inactive against the 
accompanying aerobic or facultative pathogens in the mixed infections 
and vice versa. For this reason, combinations of usually two or three 
drugs are used. These combinations of antimicrobial agents are selected 
for their activity against most of the more virulent pathogens in the 
infective mixture (e.g., the Enterobacteriaceae and B. fragilis), although 
monotherapy for polymicrobial intra-abdominal infection is now pos-
sible because of the availability of broad-spectrum agents with activity 
against aerobes and anaerobes.

Antibiotics need not be active against every pathogen isolated. It  
is apparent that if only some of the organisms can be eliminated,  
the synergistic effect may be removed and the patient’s defenses may 
be able to eradicate the remaining organisms. Although not recom-
mended, clindamycin alone (which has no activity against Enterobac-
teriaceae or enterococci) has been reported to be sufficient treatment 
for some patients with infections resulting from a mixture of Entero-
bacteriaceae, enterococci, and anaerobes.161

Although enterococci are found in about 20% of intra-abdominal 
infections, the exact role they play in polymicrobial intra-abdominal 
infection and the need for an antimicrobial regimen specific for these 
organisms are controversial.162 In several studies, patients were treated 
successfully with clindamycin and gentamicin despite absence of activ-
ity of this therapeutic regimen against enterococci.163,164 Selective 
therapy against E. coli and B. fragilis that has no or borderline in vitro 
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but may be related to the conversion by B. fragilis of metronidazole 
into metabolites with activity against E. coli and other aerobes. None-
theless, because facultative gram-negative bacilli and microaerophilic 
gram-positive cocci (which are frequent copathogens in polymicrobial 
anaerobic infection) are resistant to metronidazole, the drug should be 
used in combination with another agent that is active against these 
pathogens to compensate for these defects in its spectrum.

In a retrospective study, the relative incidence of C. difficile-
associated diarrhea and colonization was found to be lower after use 
of metronidazole than after clindamycin.190 Metronidazole is one of the 
drugs of choice for treatment of this disease.

Tetracyclines.  The large number of resistant anaerobes, especially 
B. fragilis, precludes the use of tetracycline. These antibiotics currently 
have limited if any utility in the treatment of intra-abdominal 
infections.

Cephalosporins.  B. fragilis and other Bacteroides spp. are usually 
resistant to the first-generation cephalosporins (e.g., cefazolin) and to 
some second-generation cephalosporins (e.g., cefuroxime). Cefoxitin 
is distinctly more active than any of the other second-generation ceph-
alosporins against Bacteroides spp., but cefoxitin resistance has become 
a problem at many medical centers.186,191 Cefotetan has activity similar 
to that of cefoxitin except that it is less active against the B. fragilis 
group (not including B. fragilis). These first- and second-generation 
cephalosporins are also active against most strains of E. coli, P. mira-
bilis, and K. pneumoniae. However, cefoxitin and cefotetan cannot 
be recommended for use in treating intra-abdominal infections1 
because the B. fragilis has become increasingly too resistant to these 
agents. The third-generation cephalosporins (ceftizoxime, cefotaxime, 
ceftriaxone, and ceftazidime) and cefepime have shown significantly 
better activity against the Enterobacteriaceae. Only ceftazidime and 
cefepime have activity against P. aeruginosa. With a few exceptions, the 
third-generation cephalosporins have relatively poor activity against  
B. fragilis and other Bacteroides spp. Ceftizoxime was reported to 
have good in vitro activity against B. fragilis and other Bacteroides spp. 
in some studies192 but was inadequate against Bacteroides spp., includ-
ing B. fragilis, in other in vitro studies.193 Because the activity of cefti-
zoxime is affected greatly by the inoculum of Bacteroides in in vitro 
studies, this antibiotic most likely would be inadequate to treat severe 
intra-abdominal infections in which the inoculum of organisms is 
extensive.

Regimens in which a third-generation cephalosporin is substituted 
for the aminoglycoside compare favorably with clindamycin plus ami-
noglycoside. Under selective pressure of antimicrobial therapy with 
third-generation cephalosporins, however, resistance emerges readily 
among certain gram-negative bacilli that produce chromosomal-
encoded inducible β-lactamases, such as Enterobacter, Serratia, Citro-
bacter, Morganella, and Acinetobacter spp. and P. aeruginosa. These 
organisms have a high spontaneous mutation rate for constitutive pro-
duction of large amounts of these β-lactamases, which confer resis-
tance to all β-lactams except imipenem, meropenem, ertapenem, 
doripenem, and possibly cefepime (depending on the interpretive sus-
ceptibility breakpoint applied, CLSI vs. EUCAST78) and are poorly 
antagonized by the clinically available β-lactamase inhibitors, sulbac-
tam, clavulanic acid, and tazobactam. Patients who are likely to be 
infected with these organisms (patients with prolonged hospital stays, 
prior antibiotic treatment, postoperative peritonitis, or tertiary perito-
nitis) are treated best with imipenem, meropenem, ertapenem, doripe-
nem, a fluoroquinolone, tigecycline, or an aminoglycoside. Some 
authorities recommend against using cefepime as first-line therapy for 
extended-spectrum β-lactamase producing organisms, particularly 
because of the effect of greater concentrations of bacterial organisms, 
which raise minimal inhibitory concentrations (MICs) against such 
organisms.194

Strains of K. pneumoniae and, to a lesser extent, E. coli, have acquired 
plasmid-encoded, extended-spectrum β-lactamases that inactivate all 
third-generation cephalosporins, especially ceftazidime, extended-
spectrum penicillins, and aztreonam. These strains are also frequently 
resistant to the fluoroquinolones. These β-lactamases may be inacti-
vated to some extent by sulbactam, clavulanic acid, and tazobactam, 
which confer activity to the β-lactam/β-lactamase inhibitor combina-
tions containing these agents. Extended-spectrum beta-lactamase rates 

therapy for malignancy, transplantation, or inflammatory disease or 
has postoperative or recurrent intra-abdominal infection.1 However, 
many experts recommend antifungal therapy if Candida is grown from 
intra-abdominal specimens in patients with severe community-
acquired and hospital-acquired intra-abdominal infections.176 
Although no comparative trials in Candida peritonitis exist, if Candida 
albicans is isolated, fluconazole is the first antifungal agent of choice. 
For fluconazole-resistant species or in patients having received fluco-
nazole for prophylaxis, as well as in critically ill patients before the 
Candida spp. is identified, therapy with an echinocandin (caspofungin, 
micafungin, anidulafungin) is suggested. Toxicities associated with 
amphotericin B have limited the role of this polyene antifungal in 
treating intra-abdominal fungal infections.181 The newer azole, vori-
conazole, may also be an appropriate alternative (also see Chapter 39).

When combinations of antibiotics are used, synergism or antago-
nism may occur. Chloramphenicol has been shown to impair early 
bactericidal activity of gentamicin in vitro, and antagonism was shown 
in mice with experimental Proteus mirabilis infection when phagocytic 
function was impaired (i.e., in neutropenic mice).182 Two studies sug-
gested that clindamycin inhibits early in vitro killing of E. coli and K. 
pneumoniae by gentamicin.183 In an in vivo study of aminoglycoside 
therapy of E. coli peritonitis and bacteremia in healthy and neutropenic 
mice, however, prior or simultaneous administration of clindamycin 
with the aminoglycoside did not inhibit the therapeutic effect of the 
aminoglycoside.184 Clindamycin combined in vitro with gentamicin has 
been reported to have indifferent or synergistic activity against Entero-
bacteriaceae after 18 hours of incubation.185 The activities of various 
antimicrobial agents against the usual peritoneal pathogens and the 
results of clinical trials are discussed in the following sections.

Chloramphenicol.  At a concentration of 16 µg/mL, chloramphen-
icol has activity against more than 99% of the anaerobic pathogens 
involved in intra-abdominal infections, especially B. fragilis. The avail-
ability of equally effective and potentially less toxic antimicrobial 
agents to treat anaerobic infections (e.g., metronidazole, β-lactam/β-
lactamase inhibitors, carbapenems) has all but eliminated the need for 
chloramphenicol.

Clindamycin.  Clindamycin had been reported previously to 
inhibit more than 95% of the anaerobes, including B. fragilis, at a con-
centration of 8 µg/mL, and early clinical trials established the efficacy 
of clindamycin plus aminoglycoside. About 15% of the strains of Clos-
tridium spp. other than C. perfringens, Peptococcus spp., and rare strains 
of Fusobacterium spp. have been reported to be resistant to clindamy-
cin. Most strains of B. fragilis have remained highly susceptible to 
clindamycin since the 1990s.186 Plasmid-mediated, transferable clinda-
mycin resistance in B. fragilis has been shown, and clindamycin resis-
tance among B. fragilis has become a problem at certain medical 
centers. Clindamycin is active against certain facultative gram-positive 
cocci, such as S. aureus and Streptococcus pyogenes, but not against 
enterococci, and it has virtually no activity against Enterobacteriaceae.

Diarrhea is reported to be the most common side effect of clinda-
mycin therapy, occurring at an incidence of 2% to 20%. The severity 
of the diarrhea varies, but it may be associated with pseudomembra-
nous colitis in half of patients with diarrhea, as reported in one study.187 
Toxic megacolon, colonic perforation, and death have been reported 
rarely and were attributed to exotoxins produced by clindamycin-
resistant strains of C. difficile. For these reasons and because agents 
with more reliable in vitro antianaerobic activity are available, clinda-
mycin is no longer recommended for use in combination with other 
antimicrobial agents in the treatment of intra-abdominal infections.

Metronidazole.  Metronidazole is active against strict anaerobes; 
inhibits most B. fragilis strains, Fusobacterium spp., and Clostridium 
spp.; and has a unique bactericidal action against B. fragilis and C. 
perfringens. Resistance among B. fragilis to metronidazole is rare, 
although it has been detected among 12.3% of B. fragilis isolates in one 
South African survey.188 The in vitro activity of metronidazole is poor, 
however, against aerobes, microaerophiles, and anaerobes that may 
become aerotolerant on subculture (i.e., certain anaerobic gram-
positive cocci and sporeless gram-positive rods), although there is 
some in vivo evidence in animal models and humans that metronida-
zole has activity against E. coli and other aerobes in mixed aerobic-
anaerobic infections.189 The mechanism for this is poorly understood 
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activity against aerobes and anaerobes.201,202,203 Subsequently, taking 
into account their reliable activity against multidrug-resistant organ-
isms, the carbapenems (except for ertapenem because it lacks activity 
against P. aeruginosa) may be the drugs of choice for treatment of 
complicated intra-abdominal infections, especially those that are 
health care associated. Unfortunately, a growing number of Enterobac-
teriaceae have become resistant to the carbapenems as a result of 
hydrolyzing enzymes that belong to the K. pneumoniae carbapenemase 
(KPC) serine β-lactamase, as well as the Verona integron-encoded 
(VIM) and New Delhi (NDM) metallo-β-lactamases, and this develop-
ment may lead to extensively drug-resistant bacteria, which will limit 
the ability to treat patients with complicated intra-abdominal infec-
tions.158,204 However, in North America, carbapenem resistance among 
Enterobacteriaceae species is uncommon, and only minor fluctuations 
in susceptibility to ertapenem and imipenem have been reported.78,205,206 
The same may not be able to be said for many other parts of the world. 
On such occasions, tigecycline and older antibiotics such as colistin 
and fosfomycin may be the only available treatment options.

Aztreonam, a monobactam antibiotic, has a spectrum of activity 
limited to aerobic gram-negative bacilli. Thus, it would be necessary to 
add an antibiotic with activity against microaerophilic and aerobic 
gram-positive cocci, such as vancomycin or clindamycin.207 Activity 
against anaerobes would be needed as well. Although clindamycin 
provides some antianaerobic activity, as previously mentioned, the 
antianaerobic activity of clindamycin is no longer adequately depend-
able to recommend its routine use. Thus, an antianaerobic drug such 
as metronidazole would be necessary in addition to aztreonam along 
with either vancomycin or clindamycin.

Aminoglycosides.  Aminoglycosides are active against many gram-
negative aerobic bacilli. Over the decades of aminoglycoside usage, 
aminoglycoside resistance has increased, however, and other antibiotic 
classes with predictable activity against gram-negative aerobic bacilli 
have become available. Amikacin, which is less susceptible to some 
gentamicin-modifying and tobramycin-modifying enzymes, neverthe-
less may be active against gentamicin-resistant or tobramycin-resistant 
pathogens. In some medical facilities, many gram-negative bacilli are 
currently found to be resistant to aminoglycosides, however, and the 
MICs of sensitive pathogens have increased steadily close to break-
point concentrations. For optimal pharmacodynamic effects of ami-
noglycoside antibiotics, serum levels should be at least 10 times the 
MIC of the pathogen. Persistent inhibition of growth of the pathogen 
after brief exposure to an aminoglycoside (the postantibiotic effect) 
allows the serum levels of aminoglycosides to decline to less than the 
MIC of the pathogen during the dosing interval without loss of effi-
cacy. Because aminoglycoside nephrotoxicity and perhaps ototoxicity 
are dependent on time, not concentration, high peak serum levels to 
maximize efficacy can be achieved without excess toxicity if the dosing 
interval is lengthened. This is the rationale for giving the total daily 
aminoglycoside dose as a single dose every 24 hours in patients with 
normal renal function, rather than giving the daily dose in two (ami-
kacin) or three (gentamicin or tobramycin) equally divided doses 
every 24 hours. Single daily dosing of the aminoglycoside may be 
necessary to achieve serum levels that are at least 10 times the MIC of 
sensitive pathogens that have MICs close to breakpoint concentrations. 
The serum concentrations of gentamicin are unpredictable after a dose 
based on the body weight, so peak and trough serum levels must be 
confirmed by any of the various assay methods available.208 The 
numbers of severely ill patients with intra-abdominal sepsis studied 
are too limited, however, to recommend general use of single daily 
dosing of these drugs.

Aminoglycosides are inactive against obligate anaerobes, and their 
activity against sensitive pathogens is antagonized by an anaerobic 
environment and by reducing substances, such as sulfhydryl com-
pounds. Aminoglycosides are also not active in acidic conditions. 
Anaerobic and acidic conditions are frequently present in intra-
abdominal abscesses. In contrast, the β-lactams are relatively nontoxic, 
can be used in concentrations that are many times higher than the  
MIC for the pathogen, and are active under anaerobic or acidic condi-
tions. The β-lactams are probably more reliable antibiotics than the 
aminoglycosides against sensitive pathogens. In one meta-analysis of 
well-conducted trials, aminoglycoside-based regimens were deemed 

for the two most common aerobic gram-negative bacilli, E. coli and 
Klebsiella spp., isolated from intra-abdominal infections were found to 
have increased from 1.7%/3.2% in 2005 to 7.3%/13.1% in 2012, respec-
tively in North America,81 with even greater increases occurring in 
various other parts of the world.78 Imipenem, meropenem, ertapenem, 
doripenem, and, to a lesser degree, cefepime (see earlier), along with 
tigecycline, are most active against these strains.

Penicillins.  Penicillin G and ampicillin have excellent activity 
against anaerobes, with the exception of β-lactamase-producing anaer-
obic gram-negative bacilli, such as Bacteroides spp. (especially B. fra-
gilis) and Prevotella spp. Ampicillin has been active against 70% to 80% 
of the strains of E. coli, although the percentage of resistant strains has 
been significantly increasing. Almost all strains of P. mirabilis are still 
inhibited by ampicillin. There is some evidence that penicillin G may 
fail to achieve inhibitory concentrations at sites of B. fragilis infection 
because of a reduction in penetration of penicillin into infected sites 
and inactivation of the drug by B. fragilis. Therapeutic failures despite 
high doses of penicillin for B. fragilis bacteremia have been well docu-
mented. These drugs currently have limited use, if any, in the treatment 
of intra-abdominal infections.

About 80% to 90% of strains of B. fragilis may be sensitive to high 
concentrations (MIC ≤125 µg/mL) of the available extended-spectrum 
penicillins piperacillin and ticarcillin,195,196 and the clinical experience 
with these drugs in polymicrobial anaerobic infections has been favor-
able.197 The spectrum of these penicillins also includes most aerobic 
enteric gram-negative bacilli and P. aeruginosa but is not likely to 
include K. pneumoniae and many strains of E. coli as a consequence of 
β-lactamase production. The combination of ticarcillin or piperacillin 
with the β-lactamase inhibitors clavulanic acid or tazobactam confers 
activity against almost all β-lactamase-producing strains of anaerobic 
gram-negative bacilli, E. coli, and K. pneumoniae198 but does not confer 
activity against the chromosome-encoded, inducible, β-lactamase-
producing strains of Serratia spp., Enterobacter spp., P. aeruginosa, 
Citrobacter spp., Acinetobacter spp., and Morganella spp. Newer 
extended-spectrum β-lactamase-producing strains of these aerobic 
bacilli will not be inhibited by these extended-spectrum penicillins. In 
addition, ticarcillin is inherently much less active against enterococci 
than piperacillin is. Ampicillin-sulbactam is active against many 
community-acquired, β-lactamase-producing bacteria that are resis-
tant to ampicillin, including E. coli, Klebsiella spp., and Bacteroides 
spp.,198 but are inactive against nosocomial pathogens, such as 
Enterobacter spp., Serratia spp., and P. aeruginosa. Monotherapy for 
polymicrobial anaerobic intra-abdominal infection is possible with 
β-lactam/β-lactamase combinations, such as ticarcillin-clavulanate and 
piperacillin-tazobactam, because of their broad spectrum of activity 
against aerobes and anaerobes; however, because of elevated resistance 
rates of E. coli to ampicillin-sulbactam, this combination agent can no 
longer be recommended for treatment of intra-abdominal infections.1

Other β-Lactams.  The carbapenem antibiotics imipenem, merope-
nem, ertapenem, and doripenem have a broad antimicrobial spec-
trum,199 with activity against almost all aerobic and anaerobic 
pathogens, although Enterococcus faecium are resistant. Meropenem is 
slightly more active than imipenem against gram-negative bacilli and 
slightly less active against gram-positive cocci. Doripenem combines 
the broad-spectrum coverage of imipenem and meropenem, with 
more potent activity against P. aeruginosa. The activity of ertapenem is 
similar to that of the other carbapenems, but ertapenem is not active 
against enterococci and P. aeruginosa. Its once-daily dosing (facilitating 
outpatient intravenous therapy) and possible decreased induction of 
multidrug-resistant gram-negative bacilli200 may make it appealing. 
Conversely, experts have expressed concern that broad use of ertape-
nem may hasten the appearance of carbapenem-resistant Enterobacte-
riaceae, Pseudomonas, and Acinetobacter species.1 The carbapenems 
are resistant to most β-lactamases, including chromosome-encoded, 
inducible β-lactamases produced by bacteria, such as Enterobacter spp., 
Serratia spp., and P. aeruginosa, and the plasmid-encoded, extended-
spectrum β-lactamases produced by K. pneumoniae and E. coli. The 
carbapenems are susceptible, however, to metallo-β-lactamases pro-
duced by rare strains of B. fragilis and Stenotrophomonas maltophilia.199 
Monotherapy for polymicrobial anaerobic intra-abdominal infection 
is possible with the carbapenems because of their broad spectrum of 
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since led to a recommendation against the use of tigecycline in severe 
infection.5,218 It nevertheless has a distinct mechanism of antibacterial 
action that is not affected by resistance encountered with β-lactam and 
fluoroquinolone agents and therefore may serve a need when treating 
patients with intra-abdominal infections with multidrug-resistant 
gram-negative bacilli including extended-spectrum β-lactamase or 
carbapenemase-producing organisms. In addition, tigecycline has reli-
able activity against vancomycin-resistant strains of enterococci and 
methicillin-resistant S. aureus. One limitation with the use of tigecy-
cline may be the relatively high incidence of nausea and vomiting 
experienced by patients treated with this agent.

Pharmacodynamic Considerations
A Cochrane Collaboration review of antimicrobial therapy for intra-
abdominal infections was unable to demonstrate clinical superiority of 
any one regimen.221 Using Monte Carlo simulations to model the prob-
ability of adequate coverage of pathogens commonly isolated from 
patients with intra-abdominal infections, the researchers revealed sub-
stantial variability among regimens.77 Pharmacodynamic data modeled 
against MIC information for a variety of bacteria, obtained from a large 
database for each antimicrobial agent, were expressed as the cumula-
tive fraction of response (CFR), which is defined as the expected popu-
lation probability of target attainment for a specific drug and dose 
against a specific population of pathogens.77 Target attainment, in turn, 
is based on the percentage of the dosing interval during which free 
drug concentration remains above the MIC (free T [time] > MIC), for 
agents whose killing is time dependent (e.g., β-lactams), or the ratio 
of the area under the concentration-time curve to the MIC for com-
pounds whose killing activity is concentration dependent (e.g., fluoro-
quinolones). Whereas the carbapenems, piperacillin-tazobactam, 
ceftazidime, and cefepime all yielded CFRs exceeding 90%, ceftriaxone, 
ciprofloxacin, and levofloxacin each yielded a CFR of less than 82%. In 
cases in which exact clinical efficacy data are ambivalent, pharmaco-
dynamic modeling may be a useful adjunct in choosing a treatment 
regimen.77

Duration of Antimicrobial Therapy.  Antibiotic therapy should be 
given before, during, and after surgery to ensure adequate tissue and 
blood levels at which the antibiotic can combat local and metastatic 
spread of the infection. The duration of antimicrobial therapy after 
adequate surgery is usually 4 to 7 days and depends on severity of 
infection, clinical response, and normalization of the leukocyte 
count.1,222 A recent study involving adults with community-acquired 
localized peritonitis observed that patients treated for 3 days had 
similar outcomes to those treated for 5 to 10 days.223 Only a short 
course of antimicrobial therapy (24 hours) is required for sterile peri-
tonitis that occurs in the peritoneal space around an infected intra-
abdominal organ that can be resected, such as the appendix or 
gallbladder. Similarly, contamination of the peritoneum with bacteria 
from a defect in the intestinal wall (e.g., immediately after penetrating 
abdominal trauma) also may necessitate only (1) operative interven-
tion to remove the diseased organ and to stop continued peritoneal 
contamination and (2) a brief course of antimicrobial therapy. Per-
sistent sepsis is suggestive of several complications: formation of an 
intra-abdominal abscess, which necessitates drainage; continued con-
tamination of the peritoneum from an inadequately controlled source; 
superimposed nosocomial infection with a resistant pathogen; or ter-
tiary peritonitis.

The antibiotic regimen should be adjusted to include the most 
efficacious, least toxic, and least expensive agents, when cultures have 
been finalized, with the proviso that therapy must have activity against 
anaerobes even when they are not isolated, because anaerobic bacterio-
logic techniques are frequently inadequate.

Patients able to tolerate oral intake may switch to oral therapy after 
an initial response to intravenous therapy.1,174 Oral therapy allows 
earlier discharge for some patients and reduces costs and risks of 
infusion-related complications. When ileus no longer precludes oral 
intake, efficacy of oral therapy depends on the adequacy of absorption 
after oral administration of the antimicrobial agents, the availability  
of potent oral agents against the significant pathogens (i.e., E. coli and 
B. fragilis), and the effects of oral versus intravenous administration 
of these agents on bowel microbiota. Potential oral agents include 

inferior compared with several other regimens for the treatment of 
patients with intra-abdominal infections.209 For efficacy reasons, as 
well as because of toxicity concerns, the use of aminoglycosides to treat 
intra-abdominal infection has been questioned; aminoglycosides are 
no longer recommended for routine use.1,210 If indicated on the basis 
of in vitro sensitivity testing, β-lactams should be used in preference 
to aminoglycosides. An aminoglycoside may be included with a 
β-lactam antibiotic in the initial antimicrobial regimen for patients 
who are critically ill or in whom a resistant pathogen (e.g., P. aerugi-
nosa) is suspected, as in empirical treatment of complicated health 
care–associated infections. They may also be necessary in the severely 
β-lactam allergic patient infected with a multidrug-resistant aerobic 
gram-negative bacilli when no alternative active antibiotic exists.

Fluoroquinolones.  The fluoroquinolones (norfloxacin, ofloxacin, 
ciprofloxacin, levofloxacin, and moxifloxacin) are active against almost 
all aerobic gram-negative bacilli. Ciprofloxacin remains the most 
potent fluoroquinolone against P. aeruginosa. Levofloxacin and moxi-
floxacin are more active than the older fluoroquinolones against gram-
positive cocci, although enterococci and methicillin-resistant S. aureus 
tend to be less susceptible than other gram-positive cocci. In addition, 
moxifloxacin is active against obligate anaerobes, in contrast to other 
fluoroquinolones.211,212 Because of their ability to kill bacteria in the 
exponential and the stationary phases of growth, the fluoroquinolones 
are valuable antimicrobial agents for the treatment of intra-abdominal 
infections, including abscesses. However, fluoroquinolones should be 
used judiciously; especially because E. coli resistance has emerged 
internationally.213 Fluoroquinolones have now been found to have 
plasmid-mediated resistance. When treating patients with community- 
or health care–acquired intra-abdominal infections of high severity, 
fluoroquinolone antibiotics should not be used unless local and hospi-
tal microbiologic surveys indicate greater than 90% of E. coli strains 
remain susceptible to these agents.1

Currently, three fluoroquinolones (ciprofloxacin, levofloxacin, and 
moxifloxacin) are available for parenteral administration. These fluo-
roquinolones are also well absorbed after oral administration and are 
concentrated in tissues so that tissue levels greatly exceed the MICs of 
many sensitive pathogens. With current fluoroquinolone dosing regi-
mens, serum levels may be inadequate to treat susceptible pathogens 
with relatively high MICs (e.g., >0.5 µg/mL of ciprofloxacin), which 
include some strains of P. aeruginosa, enterococci, and S. aureus, espe-
cially the methicillin-resistant strains. If such organisms can be antici-
pated (e.g., in nosocomial infections), additional antimicrobial agents 
may be necessary to broaden the spectrum of an empirical regimen. 
The addition of an antimicrobial agent active against anaerobic bacte-
ria and aerobic or microaerophilic gram-positive cocci (e.g., clindamy-
cin, ampicillin-sulbactam, amoxicillin-clavulanate acid) would be 
required if the use of ciprofloxacin were considered for secondary 
intra-abdominal infection. The use of levofloxacin, even combined 
with a second agent with reliable activity against anaerobic gram-
negative bacilli for the treatment of intra-abdominal infections, does 
not have any published support, and perhaps this fluoroquinolone 
should be reserved for respiratory and urinary tract infections for 
which it may be better suited.214 Moxifloxacin is the only fluoroquino-
lone that has been studied and approved as a single agent for the treat-
ment of complicated intra-abdominal infections. It has been determined 
to be noninferior to β-lactam/lactamase inhibitors, cephalosporin-
based regimens, and carbapenems in several comparator studies.215-217 
However, its use should be cautioned against in patients who have 
recently been treated with any fluoroquinolone antibiotic because 
these individuals may harbor moxifloxacin-resistant strains of B. fra-
gilis as well as other fluoroquinolone-resistant microorganisms.218

Tigecycline.  The first glycylcycline antibiotic approved for the 
treatment of complicated intra-abdominal infections was tigecycline.219 
With an expanded spectrum of activity against aerobic and facultative 
gram-positive and gram-negative bacteria, as well as anaerobic bacte-
ria, this parenteral agent was found to be at least as efficacious as 
imipenem in a trial treating patients with complicated intra-abdominal 
infections.220 However, a pooled analysis of trials involving tigecycline, 
including one trial on complicated intra-abdominal infection, demon-
strated an increased risk of death among patients receiving tigecycline 
compared with patients receiving comparator antibiotics, which has 
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Arterial blood gas studies are necessary to detect and quantitate 
respiratory decompensation. Measures aimed primarily at gastrointes-
tinal decompression, elevation of the head of the bed, and control of 
the inflammation may improve respiration sufficiently. Administration 
of oxygen may improve arterial oxygen saturation. If these measures 
are inadequate, endotracheal intubation or tracheostomy should be 
performed without delay. A volume-cycled respirator should be used 
and adjusted to produce a partial pressure of oxygen of 80 to 100 mm 
Hg and a normal pH. If the partial pressure of carbon dioxide is then 
not normal, metabolic acidosis or alkalosis may be present and must 
be treated. As the intra-abdominal process subsides, the patient may 
be able to breathe spontaneously again and may be weaned from the 
ventilator. In certain severe cases, positive end-expiratory pressure may 
also be necessary.

Operative Approach
Surgical intervention is aimed at controlling the source of peritoneal 
contamination and at débridement of necrotic tissue and foreign intra-
peritoneal matter. Optimal management includes (1) bowel decom-
pression (e.g., by proximal colostomy for perforation, diverticulitis, or 
colonic carcinoma); (2) closure of traumatic perforations and resection 
of a diseased, perforated viscus to stop continued peritoneal contami-
nation with bacteria and adjuvants; and (3) drainage of any purulent 
collections, which reduces the bacterial inoculum, removes excessive 
levels of proinflammatory cytokines and adjuvants (e.g., fecal matter, 
food, blood, bile, barium) that would enhance the virulence of perito-
neal infection, and eliminates anaerobic conditions. In the absence of 
perforation, when the disease process (e.g., acute appendicitis, necrotic 
bowel) is anticipated to advance, the involved organ is resected. Acute 
increase in intra-abdominal pressure, which itself can lead to multior-
gan dysfunction (e.g., acute pulmonary and renal failure, shock), 
necessitates decompression laparotomy; if necessary, the abdomen is 
left open and covered with a protective dressing.77 Operative interven-
tion is generally not indicated for patients with primary peritonitis; in 
patients in whom the disease process subsides and localizes while the 
patient is being prepared for surgery; in moribund patients; or in 
patients with pelvic peritonitis caused by pelvic inflammatory disease, 
which usually responds to medical management.

Intraoperative peritoneal lavage with saline, after drainage of puru-
lent peritoneal exudates, fecal matter, food, and other foreign debris, 
is standard procedure during laparotomy for peritonitis. Continuous 
postoperative peritoneal lavage for 48 to 72 hours or until the fluid is 
clear, with the use of large volumes of fluid to ensure dispersion of the 
fluid and to prevent loculations, has, however, not been effective.224 
Radical peritoneal débridement of all fibrinous deposits on peritoneal 
surfaces is, likewise, no longer thought to be effective.230

Initial reports were favorable for planned reexplorations in which 
laparotomies were performed at frequent intervals until the abdomen 
was macroscopically clean, regardless of the patient’s condition, with 
additional surgical procedures (e.g., resections) performed as needed.231 
The abdominal fascia would be left open between laparotomies, with 
the abdominal wall defect bridged by saline-soaked gauze or by a 
temporary abdominal closure device such as mesh. On resolution of 
the septic process and establishment of granulation, the mesh would 
be removed and a skin graft would be applied to the granulating bed. 
These demanding and costly procedures have been complicated by 
multiple fistulas, wound contamination, incisional hernias, and sec-
ondary peritonitis with organisms such as enterococci or Candida 
spp.232 Repeated entry into the inflamed peritoneum may escalate the 
cascade further. A review concluded that, in the absence of random-
ized, controlled prospective trials with appropriate stratification of 
patients by severity of illness, evidence is now insufficient to determine 
whether these procedures improve outcome in severe diffuse peritoni-
tis; nevertheless, they may be lifesaving in some patients.232,233 In local-
ized infection, local drainage alone is adequate because the risk of 
disseminating infection outweighs any possible benefit of removing 
foreign material that may have escaped mechanical removal.

Use of multiple drains for drainage of the general peritoneal cavity 
is physically impossible because exudate and adhesions rapidly isolate 
and occlude the drains and may increase secondary infections. Drains 
are often placed, however, in a dependent point to which fluid can be 

amoxicillin-clavulanate, trimethoprim-sulfamethoxazole or ciproflox-
acin with metronidazole, and moxifloxacin.

The addition of antibiotics or antiseptics to intraperitoneal lavage 
fluid continues to be debated, and its efficacy intraoperatively or by 
continuous peritoneal lavage postoperatively remains unclear.224 One 
study showed that irrigation of the peritoneal cavity with povidone-
iodine decreased the frequency of intra-abdominal abscess formation, 
in comparison with saline irrigation.225 Povidone-iodine has been 
shown to be a potent inactivator of neutrophil functions such as che-
motaxis and phagocytosis, however, and may have a detrimental effect.

Hyperbaric Oxygen
The increased oxygen tension attainable with hyperbaric oxygen 
therapy inhibits and kills C. perfringens and reduces the production of 
C. perfringens α-toxin. Hyperbaric oxygenation has been used clini-
cally and experimentally for clostridial myonecrosis with some 
reported success. C. perfringens is a relatively oxygen-tolerant patho-
gen in comparison with other obligate anaerobes, and it is postulated 
that hyperbaric oxygen therapy may be at least as efficacious with 
anaerobic infections caused by these more oxygen-sensitive anaerobes. 
However, except for a few reports,226 almost no clinical or experimental 
data are available. Hill227 reported suppression of experimental liver 
abscesses caused by anaerobes in mice after treatment with hyperbaric 
oxygen therapy alone. In one study, it seemed that the use of hyperbaric 
oxygen therapy favorably affected the outcome of experimental sepsis 
in a rat model, perhaps by enhancing host defense mechanisms.228 
Consideration also should be given to the hazards of hyperbaric oxygen 
therapy. See Chapter 49 for a more detailed discussion.

Gastrointestinal Drainage
In the presence of peritonitis, the patient should receive nothing by 
mouth. If no distention is present when treatment is instituted, con-
tinuous gastric suction is usually sufficient. For patients with distention 
when treatment is started and for patients who acquire distention 
despite gastric drainage, the small intestine should be intubated.

Water and Electrolyte Administration
The type of fluid replacement is determined in large part by the chemi-
cal abnormalities found. Early goal-directed volume resuscitation is 
essential in treating uncomplicated intra-abdominal infections but 
becomes critical in cases of severe sepsis or septic shock. Regardless of 
whether the end point for resuscitation is mixed venous oxygen 
(>65%), correction of lactic acidosis, or normalization of base deficit, 
the goal of volume resuscitation is correction of cellular oxygen. In 
general, hypovolemia, dehydration, and metabolic acidosis predomi-
nate; therefore, plasma or albumin, Ringer’s lactate solution, and 5% 
dextrose in water usually suffice. With regard to the types of fluids, 
timing, and amounts to be given, the recommendations put forth in 
the Surviving Sepsis Campaign should be followed (www.surviving 
sepsis.org/guidelines/pages/default.aspx).159

Blood and Plasma Transfusion
Although many patients recover from an illness satisfactorily with a 
hemoglobin of 8 or 10 g/dL, some surgeons recommend that the 
patient undergo transfusion to maintain levels of 12 to 13 g/dL in order 
to provide a margin of safety in the event of some complication, such 
as septic shock or upper gastrointestinal hemorrhage. A less liberal 
blood transfusion policy has been adapted by many medical centers.229

Respiratory Support
Fluid sequestered in the abdomen and loops of bowel distended by gas 
may elevate the diaphragm. Inflammation of the parietal peritoneum, 
including the diaphragmatic surface, leads to guarding and splinting 
of the muscular wall, which interferes with deep breathing and cough-
ing. A subphrenic abscess may be responsible for splinting of the dia-
phragm. Retained bronchial secretions may lead to atelectasis and 
subsequent pneumonitis. These factors impair the ability to augment 
respiratory exchange in the presence of the increased expenditure of 
energy required by the inflammatory process, and this leads to hypox-
emia and respiratory alkalosis. When the patient tires, the combination 
of metabolic and respiratory acidosis may develop and prove fatal.

www.survivingsepsis.org/guidelines/pages/default.aspx
www.survivingsepsis.org/guidelines/pages/default.aspx
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fewer exchanges. With CCPD, the rate of peritonitis would be presum-
ably lower because manipulation of the connections is required less 
frequently; this concept is supported by most but not all studies.244

The origin of infection in most cases seems to be contamination of 
the catheter by common skin organisms.239 Alterations of skin flora in 
CAPD recipients245 may lead to peritoneal contamination with enteric 
pathogens. A higher incidence of peritonitis seems to occur in patients 
undergoing dialysis who are carriers of nasal S. aureus. Although this 
carriage state increases the likelihood of developing exit-site infections 
in comparison with noncarriers, the overall peritonitis rate of the two 
groups was not different in one study, although all cases of S. aureus 
peritonitis occurred in the carriers.246 Pathogens may also contaminate 
the peritoneum from exit-site infections and subcutaneous-tunnel 
(periluminal) infections, transient bacteremia, and contamination of 
the dialysate delivery system during bag exchanges. As mentioned 
previously, enteric bacteria may also gain access to the peritoneal cavity 
by transmural migration through an intact intestinal wall after the 
introduction of hypertonic solutions into the peritoneum. This mecha-
nism may account for enteric bacterial peritonitis in patients undergo-
ing dialysis. On rare occasions, a vaginal leak may serve as a source of 
peritonitis. Polymicrobial infection with fecal organisms is suggestive 
of bowel perforation as a complication of catheter placement or sec-
ondary peritonitis from other causes.

Alterations in peritoneal defenses may increase the risk of perito-
nitis in patients undergoing CAPD. The antimicrobial function of peri-
toneal macrophages and polymorphonuclear cells generally requires 
the presence of opsonins. A reduction in the levels of immunoglobulin 
G and C3 has been noted in peritoneal dialysis effluents in comparison 
with serum, and the concentrations of these crucial opsonizing agents 
are related inversely to the frequency of peritonitis.247 Other important 
factors that impair host defense mechanisms are the low pH and high 
osmolality of peritoneal dialysis fluid, both of which can impair poly-
morphonuclear leukocyte function and antibiotic efficacy. Newer peri-
toneal dialysis fluids containing glucose polymers (e.g., icodextrin) 
may be less detrimental to macrophage and polymorphonuclear leu-
kocyte activity. The formation of biofilm on the catheter appears to 
contribute to relapsing or recurrent infection, as well as to decreased 
therapeutic responses and development of antimicrobial resistance.

Gram-positive organisms constitute 60% to 80% of isolates, most 
commonly S. epidermidis, followed by S. aureus, Streptococcus spp., and 
diphtheroids. Staphylococcal isolates have been noted to grow on 
polymer surfaces and frequently produce an extracellular slime sub-
stance or biofilm (as just described) that may protect these bacteria 
from host defenses.248 Vancomycin-resistant enterococci as a nosoco-
mial pathogen is now more frequently recognized in peritonitis cases. 
Gram-negative organisms are obtained from 15% to 30% of isolates. E. 
coli is the most common, followed by Klebsiella and Enterobacter spp., 
Proteus spp., and Pseudomonas spp. Cases caused by gram-negative 
organisms have increased, according to a retrospective study of peri-
toneal dialysis-related peritonitis over a decade-long period.249 Less 
common pathogens include Acinetobacter spp., C. albicans, and anaer-
obic bacteria. Rare isolates include atypical mycobacteria (usually 
Mycobacterium chelonae or Mycobacterium fortuitum), M. tuberculosis, 
Candida parapsilosis, Aspergillus fumigatus, Nocardia asteroides 
complex, and Fusarium spp. Polymicrobial peritonitis in patients 
undergoing peritoneal dialysis is usually assumed to be secondary to 
a primary intestinal process (e.g., bowel perforation) and usually 
necessitates surgical exploration.

Diagnosis of peritonitis is made when microorganisms and an 
increased number of leukocytes are present in the dialysate in combi-
nation with a constellation of clinical findings that include abdominal 
pain and tenderness (60% to 80% of patients), nausea and vomiting 
(30% to 50%), fever (25% to 50%), and diarrhea (10%).239,250 Not all 
these criteria need to be met, however, to fulfill the diagnosis.

The dialysate is almost always cloudy, and microscopic examination 
reveals a leukocyte count greater than 100 cells/mm3 (in ≈85% of cases, 
>500/mm3), with neutrophils predominating. The length of the dwell 
time has an impact on the number of effluent cells. A low leukocyte 
count in dialysate may also be indicative of a tunnel infection and not 
peritonitis. Although a predominance of lymphocytes may be encoun-
tered with fungal and mycobacterial infections, the majority of cases 

expected to gravitate or in an area of devitalized tissue that cannot be 
removed.

Prevention
To prevent postoperative peritonitis, the peritoneum must not be con-
taminated with gastrointestinal or vaginal secretions. In addition to 
using good surgical technique, contamination can be avoided by early 
treatment of an intra-abdominal infection. Leigh and co-workers234 
noted that the rate of wound infection in patients with perforated 
appendix was greater than 50% if no antimicrobial therapy was used 
but only 15% with appropriate therapy. Similarly, early use of antibiot-
ics in penetrating wounds of the abdomen, especially wounds involv-
ing the colon, has been efficacious.235 Surgeons also have used various 
means to reduce the complex gastrointestinal or vaginal flora before 
performing clean, contaminated surgery. Mechanical cleansing of the 
bowel with a low-residue diet followed by a liquid diet, cathartics, and 
enemas can reduce the total fecal mass and coliform count in the colon, 
although not the predominant anaerobic flora. The use of oral antibiot-
ics preoperatively to reduce bowel flora is well accepted. E. coli in the 
colonic flora is sensitive to oral neomycin or kanamycin, whereas B. 
fragilis is frequently sensitive to erythromycin or metronidazole. Com-
binations such as neomycin and erythromycin base have been shown 
to be effective in reducing total bowel flora preoperatively and in 
decreasing the incidence of postoperative infection.236

Parenteral antibiotics have also been used in gastrointestinal and 
vaginal surgery prophylactically when there is a chance of contamina-
tion with normal microflora at the operative site (clean, contaminated 
surgery). Of these types of operations, 30% may be complicated by 
infections. The procedures involve cutting through the large bowel 
without significant spillage, compromising the blood supply of the 
large bowel, cutting through the stomach or small bowel when there 
is anticipated intraluminal bacterial overgrowth, appendectomy for 
appendicitis without rupture, repair of penetrating wounds of the 
abdomen, gallbladder surgery in an elderly patient, cesarean section 
after rupture of the membranes and labor, vaginal hysterectomy in a 
premenopausal woman, and radical pelvic surgery for gynecologic 
malignancy. Several studies have shown significant reduction in the 
frequency of postoperative infection, from as high as 30% to as low as 
4% after prophylactic antibiotic use in clean, contaminated surgery.237,238 
The basic principle of antibiotic prophylaxis is to provide adequate 
tissue levels at the site of contamination and adequate blood levels 
during the procedure and for 24 hours after the procedure. See Chapter 
318 for a more detailed discussion.

Peritonitis during Peritoneal Dialysis
Long-Term Peritoneal Dialysis
Peritoneal dialysis has been used successfully to treat uremia in patients 
with end-stage renal disease since the mid-1940s. Peritonitis was a 
frequently associated side effect that hindered the acceptance of 
chronic peritoneal dialysis until an improved access catheter was devel-
oped by Henry Tenckhoff in 1968. This catheter significantly decreased 
the incidence of peritonitis, but initial reports of patients undergoing 
CAPD with this catheter indicated peritonitis rates of more than six 
episodes per patient-year.239 This rate has appeared to decline with the 
introduction of collapsible plastic bags, improved adapters (Y system), 
and better techniques.240 However, peritonitis remains the major com-
plication of CAPD today and is the chief reason for peritoneal catheter 
loss, discontinuation of peritoneal dialysis, and switch to hemodialy-
sis.241 Historically, it occurred at a rate of about one episode per patient-
year (range, <0.5 to ≥3). Of patients, 45% experienced peritonitis at 
least once during their initial 6 months of CAPD treatment. This rate 
increased to 60% to 70% during the first year.242 Centers now routinely 
report infection rates of fewer than one episode in 24 patient-months 
and as low as one episode in 60 patient-months.243 Peritonitis recurs in 
20% to 30% of patients. A small proportion of patients seem to have 
an unusually high frequency of peritonitis.

This disparity has been attributed partly to faulty sterile technique 
on the part of patients during self-administration of CAPD (touch 
contamination). The patient undergoing CAPD needs to perform a 
great number of sterile exchanges per year, whereas a patient on con-
tinuous cycling peritoneal dialysis (CCPD), in comparison, performs 
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organisms. Initial antibiotic choices should be modified, if necessary, 
after culture results are obtained. Because P. aeruginosa peritonitis is 
associated with high rates of treatment failure and relapses, it may be 
treated best with a combination of agents active against the infecting 
strain, in addition to catheter removal. In those cases where 
vancomycin-resistant enterococci are determined to be the etiologic 
microorganism, linezolid or daptomycin should be administered.254 
The minimal length of therapy needed for dialysis-related peritonitis 
has not been determined, but the usual duration ranges from 10 days 
to 3 weeks. Most patients with CAPD-associated peritonitis exhibit 
clinical improvement within 48 to 96 hours after initiation of antimi-
crobial therapy. If the signs and symptoms of peritonitis persist after 
96 hours of therapy, reevaluation is warranted; the possibilities of resis-
tant pathogens, unusual organisms (e.g., mycobacterial, fungal), and 
other intra-abdominal processes should be considered.

Fungal peritonitis, usually caused by C. albicans, historically has 
been treated with amphotericin B,255 although fluconazole is currently 
the preferred antifungal agent.254 The echinocandins and amphotericin 
B should be reserved for cases involving Candida spp. known or found 
to be resistant to fluconazole.254 In those cases where a mold is isolated, 
initial therapy with amphotericin B is warranted, although for Aspergil-
lus spp., voriconazole given orally is a reasonable alternative. Some 
molds, including Fusarium spp., may be resistant to amphotericin, 
however. If CAPD is continued, amphotericin B should be given intra-
peritoneally, but it can cause appreciable abdominal pain when given 
by this route. There is also concern that amphotericin B–induced 
inflammation may cause adhesions that reduce the effective dialyzing 
surface. Most patients with CAPD-associated fungal infection fail to 
respond unless the catheter is removed; amphotericin B should be 
given intravenously for 10 days after catheter removal. Oral or intra-
venous fluconazole penetrates adequately into the peritoneal fluid to 
treat peritonitis due to susceptible fungi in CAPD recipients after the 
catheter has been removed. The use of echinocandin antifungal agents 
has been anecdotal and less well documented but is gaining in pub-
lished clinical experience.181,256 Flucytosine is not recommended in 
azotemic patients because of potentially lethal toxicity to the colon and 
bone marrow. Ketoconazole is no longer used.

Additional nonantimicrobial interventions such as routine perito-
neal lavage, the use of fibrinolytic agents, and the instillation of intra-
peritoneal immunoglobulins have not proved beneficial and, therefore, 
serve no role in the management of peritoneal dialysis-associated 
peritonitis.252

Removal of the catheter is necessary in 10% to 20% of patients 
(Table 76-6). The indications for catheter removal include persistent 
infection at the skin exit site or tunnel; fungal, fecal, or mycobacterial 
peritonitis; P. aeruginosa peritonitis; persistent peritonitis despite 5 
days of treatment; recurrent peritonitis with the same organism; and 
catheter malfunction (e.g., poor flow). The catheter should also be 
removed in patients with intraperitoneal abscess. Use of oral or intra-
peritoneal antibiotics has not been shown to be effective in preventing 
peritonitis during peritoneal dialysis. An antibiotic given just before 
placement of the peritoneal catheter may decrease the incidence of 
peritonitis and wound infection. Antibiotic prophylaxis has been sug-
gested for patients before extensive dental procedures (although peri-
tonitis caused by dental flora is unusual) and before colonoscopy with 
polypectomy.240 In addition, topical mupirocin applied to the exit 
site or intranasal application of mupirocin has been used to eliminate 
nasal carriage with S. aureus and has been shown to reduce exit-site 
infections, but it has not yet been shown to reduce significantly the 

still manifest a larger number of neutrophils in the peritoneal dialysis 
effluent. A preponderance of eosinophils in the peritoneal fluid is seen 
in a self-limited condition called eosinophilic peritonitis that often 
follows placement of the Tenckhoff catheter and may represent allergy 
to the tubing. Peritoneal eosinophilia may also be present in fungal and 
parasitic peritonitis, may be related to chemical and drug (i.e., vanco-
mycin) effects, and may be associated with icodextrin. Gram staining 
of the fluid reveals organisms in 9% to 50% of cases.239 Peripheral 
leukocytosis is a poor indicator for peritonitis in this group of patients. 
Blood cultures are rarely positive, in contrast to the 30% to 50% posi-
tive rate in other types of intra-abdominal infections.

Peritonitis with negative cultures occurs in 5% to 10% of cases. 
Constant flow of dialysis fluid into and out of the peritoneal cavity 
dilutes the microbial density and may lower falsely the rate of positive 
results of dialysate culture. Negative cultures also may result from 
infection with fastidious organisms, from previous antimicrobial treat-
ment, or from inadequate culture techniques (e.g., the collection of too 
little effluent). Culturing the sediment after centrifuging 50 mL of 
effluent dialysate or placing 5 to 10 mL of the same in each of two 
blood culture bottles will enhance the recovery rate of organisms.240 
All cultures should be performed aerobically. Fungal, mycobacterial, 
and anaerobic cultures should be performed if clinically indicated (e.g., 
negative aerobic cultures). Causes of turbid dialysate, such as hemor-
rhage, fibrin or other proteins, chylous ascites, and prolonged dwell 
time, should be considered if the leukocyte count is below 300 to 500 
cells/mm3.

Radiologic imaging studies are neither specific nor particularly 
helpful in the diagnosis of peritoneal dialysis-associated peritonitis. 
Small amounts of free intraperitoneal air can, at times, be discovered 
in asymptomatic patients.

The prognosis of peritonitis in dialysis recipients is generally favor-
able. However, in one retrospective study, death occurred in 6% of 565 
patients with a total of 693 episodes of peritonitis.251 The duration of 
illness and positive peritoneal fluid cultures after institution of antimi-
crobial therapy is usually 1 to 4 days. Some infections, especially infec-
tions caused by S. aureus, Pseudomonas spp., or fungus, resolve more 
slowly, however, and may cause relapse more frequently.

Adequate levels of antimicrobial agents necessary to treat peritoni-
tis successfully can be obtained in the peritoneal fluid by either the 
systemic or intraperitoneal route. Because CAPD-associated peritoni-
tis is a localized infection, however, the intraperitoneal route is pre-
ferred and in fact has been found to be superior to the intravenous 
route.252 The increased use of intraperitoneal antibiotic therapy for 
peritonitis has allowed most patients to be treated on an ambulatory 
basis. Hospitalization is indicated for patients who are severely ill or 
who are unable to manage the administration of intraperitoneal anti-
biotics at home. Although a variety of dosages and drugs can be found 
in the literature, the initial dosages recommended in Table 76-5 for 
intraperitoneal administration result in effective peritoneal fluid drug 
concentrations. Subsequent dosing is used to maintain these levels. The 
aim of the dosing regimen is to maintain a concentration of the drug 
in the peritoneal cavity fluid greater than the MIC of the offending 
pathogen for most, if not all, of the dosing interval. However, intermit-
tent dosing regimens (antimicrobials given once daily) and continuous 
dosing regimens (given in each exchange) have been found to produce 
largely equivalent results.252 With intermittent dosing, the antimicro-
bial must dwell for at least 6 hours. Physicians must exercise caution 
when reviewing the MIC and minimal bactericidal concentration data 
because these concentrations have been markedly increased when 
peritoneal dialysis effluent is used as the in vitro growth medium.253

Because of the lack of comparative, prospective clinical trials, no 
antimicrobial regimen is superior to another. After cultures are 
obtained, initial antimicrobial therapy should be based on the results 
of Gram staining or, if the Gram stain is not helpful, directed against 
the most likely pathogens. A reasonable initial empirical regimen 
would be vancomycin in combination with an aminoglycoside. Vanco-
mycin is preferable to a cephalosporin because of the frequency of 
β-lactam resistance (i.e., methicillin resistance) in staphylococci, which 
is predictive of resistance to cephalosporins as well. Alternatively, cef-
tazidime, cefepime, a carbapenem, or a fluoroquinolone can be used 
in place of an aminoglycoside for empirical coverage of gram-negative 

TABLE 76-6  CAPD Peritonitis: Indications for 
Catheter Removal

Persistent infection at skin exit site or tunnel
Relapsing peritonitis with same organism—within 4 wk
Refractory peritonitis—failure to respond within 5 days
Fungal, mycobacterial, Pseudomonas aeruginosa peritonitis
Intraperitoneal abscess
Catheter malfunction

CAPD, continuous ambulatory peritoneal dialysis.
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In children, appendicitis is still responsible for more than 50%  
of the cases of subphrenic abscess. In adults, perihepatic abscesses 
currently occur mainly as postoperative complications, rather than in 
neglected primary intra-abdominal infections, such as appendicitis or 
perforated peptic ulcer. This fact may explain the increasing frequency 
of subphrenic abscess, especially on the left side, in comparison with 
other intraperitoneal sites.261 Usually the surgery has been in the gas-
troduodenal and biliary tracts. One group of investigators263 noted that 
abscesses that occurred after gastric operations were in the left sub-
phrenic space if incidental splenectomy had been performed but in the 
right subhepatic space if splenectomy had not been performed. The 
subhepatic space is involved less frequently than the subphrenic spaces. 
Lesser sac abscesses usually follow pancreatitis or perforation of the 
stomach or duodenum. Multiple perihepatic space abscesses have been 
reported in 5% to 26% of the patients.263

Bacteriologic Findings
These infections are typically polymicrobial. In studies in which bac-
teriologic techniques permitted isolation of anaerobes, anaerobes were 
found in 60% to 70% of cases.259,260,264 In one study, anaerobes were 
recovered in 20 of 24 subphrenic abscesses and B. fragilis was the most 
common pathogen; anaerobic cocci and clostridia were found in 50% 
of the patients. Other bacteria frequently recovered are E. coli, Klebsi-
ella and Enterobacter organisms, Proteus spp., P. aeruginosa, S. aureus, 
and enterococci.259

Pathogenesis
Intraperitoneal abscesses develop as a result of localization of diffuse 
peritonitis, usually in the pelvis, perihepatic spaces, and paracolic 
gutters. In addition, abscesses may develop around diseased organs 
(e.g., periappendiceal or pericholecystic abscesses) or after a penetrat-
ing wound (stabbing, gunshot, auto accident, or other trauma) or sur-
gical procedure. These abscesses are termed secondary and account for 
most intraperitoneal cases. In contrast, the pathogenesis of primary 
abscesses is unknown and is presumably similar to that of primary 
peritonitis.

Clinical Manifestations
An acute course, with a high intermittent fever, shaking chills, abdomi-
nal pain, and tenderness over the involved area, is characteristic. The 
clinical pattern may be that of an acute secondary illness occurring 
after surgery for primary abdominal disease or prolonged recuperative 
course in a patient who has been receiving antibiotics after abdominal 
surgery. Various authors262,263 have emphasized the occasional chronic-
ity of subphrenic abscesses and have speculated that the course is often 
modified by antibiotics. Subphrenic abscesses have been described 
with 6 months or more of an indolent illness.265 Some patients may 
present as fever of unknown origin.

Local symptoms and signs vary widely with the location and source 
of the abscess. Subphrenic abscesses are usually accompanied by chest 
findings with costal tenderness and pleural or pulmonary involvement, 
whereas subhepatic abscesses have more dominant signs of upper 
abdominal or subcostal involvement and fewer pulmonary changes.

Diagnosis
Noninvasive diagnostic procedures, including ultrasonography and 
CT, have provided greater sensitivity and specificity than have routine 
radiography and radionuclide scanning.266 These latter techniques are 
occasionally useful, however, and sometimes a combination of diag-
nostic tests is the optimal approach to confirm the diagnosis of intra-
abdominal abscess.

Plain radiographs of the abdomen can suggest the location of 
abscesses in 50% of patients.267 Radiologic findings associated with a 
subphrenic abscess may include pleural effusion, elevation of the hemi-
diaphragm, or loss of diaphragmatic movement on fluoroscopy. 
Routine radiography also may reveal displacement of viscera by an 
abscess. These findings can be enhanced by contrast media. The 
stomach may be outlined with barium or air to indicate displacement 
caused by a left perihepatic or lesser sac abscess. The presence of gas, 
either as a single air-fluid level or as mottling within the abscess, may 
aid localization on routine abdominal radiography.

incidence of CAPD-related peritonitis.257 Advances in CAPD instru-
mentation, such as titanium adapters, connector systems with disin-
fectant, and in-line filters, may decrease the frequency of peritonitis 
but add to the overall cost of CAPD.

Acute Peritoneal Dialysis
The incidence of peritonitis during acute peritoneal dialysis has 
remained stable since the 1980s. Innovations in technique, which 
began during the 1960s, reduced the rate of peritonitis from 50% to 
lower levels. These innovations included closed-drainage systems, 
small-bore catheters, limitation of dialysis to no longer than 72 hours, 
incorporation of a Millipore filter into the tubing, and development of 
closed automatic systems. Use of dry-heat incubators to warm the 
dialysate also decreases the risk of contamination that may occur when 
water baths are used for this purpose.

Some authorities have recommended that cultures of dialysate be 
obtained every 8 to 24 hours during acute peritoneal dialysis and at its 
termination. Culture of dialysate from the last exchange is more useful 
than culture of the catheter tip at the end of dialysis because the cath-
eter tip is frequently contaminated at the time of its removal. Results 
of these routine cultures, in the absence of symptoms or cloudy fluid, 
are of doubtful value for initiation of therapy. Of more importance, 
dialysate samples should be cultured and examined microscopically 
(cell count, Gram stain) if the dialysate becomes cloudy or if the patient 
develops signs or symptoms of peritonitis (e.g., fever, abdominal pain). 
Cultures are obtained best by syringe from the port closest to the 
catheter.

Antibiotic-resistant, hospital-acquired, gram-negative bacilli and 
staphylococci frequently cause peritonitis during acute peritoneal 
dialysis. It is recommended that therapy be initiated with intraperito-
neal vancomycin and gentamicin (or tobramycin), with or without 
concurrent or subsequent parenteral infusion of the same antibiotics, 
depending on the severity of the illness and the response to initial 
therapy (see Table 76-5 for dosages). The antibiotic regimen should be 
modified when the culture results become available. The clinical mani-
festations, prognosis, and response to therapy are similar to those 
described previously for peritonitis associated with chronic peritoneal 
dialysis.

INTRAPERITONEAL ABSCESSES
Etiology
Intraperitoneal abscess can complicate either primary or secondary 
peritonitis. Diseases causing secondary intraperitoneal abscesses 
include appendicitis, diverticulitis, biliary tract lesions, pancreatitis, 
perforated peptic ulcers, inflammatory bowel disease, trauma, and 
abdominal surgery. The relative frequency of abscess formation associ-
ated with appendicitis may be declining, and the frequency of trauma 
and diverticulitis may be increasing.258 The location of an abscess is 
generally related to the site of primary disease and the direction of 
dependent peritoneal drainage. Appendicitis has been reported to be 
associated most commonly with right lower quadrant and pelvic 
abscesses; colonic diverticulitis, with left lower quadrant and pelvic 
abscesses; and pancreatitis, with lesser sac abscesses. In one large series 
of 194 intraperitoneal abscesses in 1973,259 about 44% were in the right 
lower quadrant, 14% in the left lower quadrant, and 14% in the pelvis, 
whereas 20% were perihepatic. In a 1983 series reported by Saini and 
associates,260 the frequencies of various abscess locations had changed, 
perhaps reflecting the change in the relative frequency of the various 
etiologic diseases: subphrenic, 26%; pelvic, 20%; paracolic, 13%; peri-
appendicular, 13%; retroperitoneal, 10%; hepatic, 7%; interloop, 4%; 
and lesser sac, 4%.

Of the various perihepatic (right subphrenic, right subhepatic, left 
perihepatic, and lesser sac) abscesses, the most common is in the right 
subphrenic space, but the difference in numbers between the right and 
left sides has been decreasing. In 1977, in one large series of 267 cases 
of intra-abdominal abscesses, about half were in the subphrenic space, 
60% of which were noted in the left perihepatic space.261 This increased 
frequency of left perihepatic space abscess has also been noted more 
recently. That finding is in contrast to the series of Ochsner and 
DeBakey in 1939,262 when right subphrenic abscesses were most 
common, owing to the numerous ruptured appendices.
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The general requirements for CT-guided or ultrasonography-
guided percutaneous catheter drainage include (1) an abscess that can 
be approached adequately via a safe percutaneous route; (2) an abscess 
that is unilocular; (3) an abscess that is not vascular and the absence 
of coagulopathy; (4) joint radiologic and surgical evaluation, with sur-
gical backup for any complication or failure; and (5) the possibility of 
dependent drainage through the percutaneously placed catheter. CT 
also allows detection of an unsuspected additional intra-abdominal 
problem that would otherwise necessitate surgical intervention. Percu-
taneous catheter drainage can be used as an initial approach in a 
patient too unstable to withstand immediate surgery. Definitive surgery 
can be postponed until the patient is in better condition. Percutaneous 
drainage of peridiverticular or appendiceal abscesses may permit a 
subsequent one-stage procedure of primary resection and immediate 
anastomosis, rather than the more costly and complicated multistage 
procedure.279,280 After percutaneous placement of the catheter with CT 
or ultrasound guidance and aspiration of the abscess cavity, the cath-
eter is placed for drainage by gravity or low suction until the daily 

Leukocytes tagged with gallium 67 and indium 111 are used in 
radionuclide scans, which at times may be helpful in detecting intra-
abdominal abscesses, although they have been largely supplanted by 
CT and MRI. In contrast to the technetium 99m sulfur colloid liver-
spleen scan, which visualizes the entire organ and delineates abnormal 
areas as “cold” spots caused by decreased uptake of the isotope, gallium 
67-tagged and indium 111-tagged leukocytes accumulate in areas of 
inflammation, such as abscesses, and appear as areas of increased 
radioactivity or “hot” spots.268 Gallium is excreted into the intestinal 
tract and can accumulate in any inflammatory process and in certain 
neoplasms. For these reasons, false-positive scan readings can occur 
when radioactivity within the lumen of the bowel, within the wall of 
an inflamed bowel, or within a noninfected operative site in the process 
of healing is misinterpreted as an intra-abdominal abscess.

Indium 111-tagged leukocyte scans are as sensitive as but more 
specific than gallium 67-tagged scans. The labeled leukocytes tend to 
concentrate only in areas of inflammation because, in contrast to 
gallium 67, indium 111 is not secreted into the bowel.269 Abscesses in 
the liver and spleen may be difficult to detect solely on gallium 
67-tagged or indium 111-tagged leukocyte images because normal 
accumulation of activity in these organs may mask an adjacent inflam-
matory focus. This problem can be overcome by comparing gallium 67 
or indium 111 images with technetium 99m scans.

Ultrasonography is a noninvasive technique that is helpful in the 
determination of the size, shape, consistency, and anatomic relation-
ships of an intra-abdominal mass. The appearance of abscesses may 
vary widely from echo-free lesions to highly echogenic masses, but 
they typically appear as a fluid collection with an irregular wall and the 
presence of a few internal echoes. Ultrasound images may be obscured 
by overlying gas-filled viscera and by postoperative wounds and drains.

CT has proved especially well suited for the diagnosis of intra-
abdominal abscess.270,271 Definition is unimpeded by intraluminal gas 
and postoperative changes except in the presence of surgical metallic 
clips or residual barium that may disrupt the image. Observed findings 
consistent with abscess include a low-density tissue mass and a defin-
able capsule (Fig. 76-4). CT can detect extraluminal gas, a finding 
highly suggestive of abscess. Contrast material is commonly adminis-
tered orally and intravenously in attempts to diagnose intra-abdominal 
abscess. The intraluminal contrast material helps to distinguish loops 
of bowel from abscess cavities, and the parenteral contrast material may 
enhance a surrounding capsule, allowing for easier identification.

MRI has the potential to display normal anatomy and to reveal 
abnormal conditions in many of the body’s organ systems and ana-
tomic regions.272,273 Only a few trials have compared MRI with older 
radiologic procedures. In one study, MRI more clearly delineated the 
extent of inflammatory changes than did CT, and it distinguished the 
abscess better from the surrounding structures.274 In addition, the use 
of MRI does not require the administration of contrast medium and 
eliminates exposure to radiation, but it may be more costly than radio-
logic techniques.

Arteriographic localization has also been helpful. Overreliance on 
any one of these techniques is dangerous, and results should be con-
firmed by other methods and by the clinical findings.

Prognosis
The period of morbidity is unusually prolonged in patients with intra-
peritoneal abscesses. Altemeier and colleagues259 reported average hos-
pital stays of 21 to 47 days. The presence of residual recurrent infection 
caused by inadequate surgical drainage, more common in patients with 
multiple or bilateral abscesses, is associated with significantly greater 
mortality.

Therapy
The main therapy for any intraperitoneal abscess is drainage. Effective 
management depends on accurate localization of the abscess, discrimi-
nation between single and multiple abscesses, and early and adequate 
drainage. Conventional therapy for intraperitoneal abscesses usually 
has included surgical drainage. Since the 1980s, successful therapy has 
been accomplished with percutaneous catheter drainage as an alterna-
tive to surgery.275-277 This method has become possible with the use of 
refined imaging techniques, especially ultrasonography and CT.278

FIGURE  76-4  Computed tomographic scans of abdomen and 
pelvis after administration of oral and intravenous contrast medium. 
A, Perforated appendicitis: right lower quadrant collection with an air-fluid 
level (solid arrow) surrounding a dilated appendix (open arrow). B, Perfo-
rated  diverticulitis  associated  with  abscess  (open arrow),  producing 
obstructive hydronephrosis (solid arrow). 
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Antimicrobial therapy should be started immediately after appro-
priate specimens (e.g., blood) are obtained for culture; usually they are 
obtained before drainage. Because the pathogens are usually similar to 
those involved in secondary peritonitis, initial antibiotic therapy is 
directed similarly at the anaerobes, especially B. fragilis and the Entero-
bacteriaceae. The antimicrobial regimens discussed in the section on 
treatment of secondary peritonitis should be appropriate initial therapy 
(see Table 76-4). This antibiotic regimen should be adjusted to conform 
to results of in vitro testing of the infecting organisms isolated from 
blood or purulent material obtained at surgery or from catheter drain-
age. During the course of a prolonged illness, repeated cultures of 
blood and purulent collections, when clinically indicated, should 
provide a basis for change in antimicrobial therapy.

drainage volume is minimal. Clinical response and collapse of the 
abscess cavity, evident on repeat scanning, should follow successful 
drainage. Some patients with percutaneous catheter drainage can be 
managed at home with their catheters in place. In 80% to 90% of the 
patients who fit these criteria, percutaneous drainage has been success-
ful.276 Attempts at drainage of loculated, poorly organized, multiple, or 
extensive collections are less successful. In most series, the frequency 
of complications ranges from 5% to 15%,275 including septicemia, hem-
orrhage, peritoneal spillage, and fistula formation. In addition, failure 
may occur because of undrained abscesses or pus too viscid to drain 
via the catheter. Reports indicate that the morbidity and mortality 
associated with percutaneous drainage may be lower than with surgical 
treatment.281
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77 
Infections of the Liver and Biliary 
System (Liver Abscess, Cholangitis, 
Cholecystitis)
Costi D. Sifri and Lawrence C. Madoff

LIVER ABSCESS
Liver abscesses fall broadly into two categories: amebic and pyogenic. 
Amebic liver abscess represents a distinct clinical entity caused by 
invasive Entamoeba histolytica infection. It has a distinct pathogenesis 
that is characterized by the specific induction of hepatocyte apoptosis 
by the organism. Further discussions of the epidemiology, genetics, 
and biology of E. histolytica and of intestinal amebiasis can be found 
elsewhere in this volume (see Chapters 101 and 274). Pyogenic liver 
abscess, by contrast, does not represent a specific liver disease but is 
the end result of a number of pathologic processes that cause a sup-
purative infection of the liver parenchyma.

Epidemiology/Etiology
Amebic Liver Abscess
In the United States, amebic liver abscess has become a rare disease 
that is found almost exclusively in travelers and immigrants. In 1994, 
the last year in which incidence data were collected, there were only 
2983 cases of amebiasis; the percentage of cases complicated by abscess 
is unknown, but it is probably well under 10%, roughly 1 case per 
million persons per year.1 Worldwide, contamination of food and 
drinking water has maintained E. histolytica infection second only to 
malaria as a cause of death from parasitic disease. The epidemiology 
of this disease has been greatly informed by the appreciation that a 
closely related nonpathogenic species, Entamoeba dispar, colonizes 
between 5% and 25% of persons.2,3 E. dispar has no apparent propensity 
for invasive disease, even among patients with acquired immunodefi-
ciency syndrome (AIDS). In industrialized countries, most asymptom-
atic individuals with Entamoeba in their stool are colonized with E. 
dispar, whereas in highly endemic regions, asymptomatic infection 
with E. histolytica may exceed the rate of E. dispar colonization.4,5,6-11 
In addition, other Entamoeba species have been identified; these 
include Entamoeba moshkovskii, which causes noninvasive diarrhea, 
and Entamoeba bangladeshi, which is of unknown virulence. Because 

these species are indistinguishable by light microscopy, the presence of 
Entamoeba in the stool is not sufficient to establish the cause of a liver 
abscess. Men and women experience equivalent rates of E. histolytica 
infection, but adult men are at a 10-fold higher risk for invasive disease 
(colitis or extracolonic disease) than other populations.12 The reason 
for this disparity remains uncertain, although gender differences in 
complement-mediated killing of E. histolytica and cytokine responses 
to amebic liver infection have recently been proposed.13,14 In addition, 
testosterone has been shown to be a risk factor for the development of 
amebic liver abscesses in experimental animals.15,16

Pyogenic Liver Abscess
The incidence of pyogenic liver abscess is about 10 to 20 cases per 
100,000 hospital admissions, or 11 cases per million persons per 
year.17,18 This incidence has been relatively stable, with a slight increas-
ing trend in more recent case series that may reflect changes in the true 
incidence, improved detection, or changed admission practices. Pyo-
genic liver abscess is a disease of middle-aged persons, with a peak 
incidence in the fifth and sixth decades of life; this pattern mirrors the 
prevalence in the population of biliary disease, which is now the major 
cause of pyogenic liver abscess. No significant sex, ethnic, or geo-
graphic differences seem to exist in disease frequency, in contrast to 
the epidemiology of amebic liver abscess. About one half of patients 
have a solitary abscess. Right-sided abscesses are most common, fol-
lowed by left-sided abscesses and then abscesses involving the caudate 
lobe. This distribution probably reflects the relative mass of each lobe, 
although more complicated explanations, such as patterns of hepatic 
blood flow, have been proposed.

Pathogenesis and Pathophysiology
Amebic Liver Abscess
Infection with E. histolytica results from ingestion of cysts in fecally 
contaminated food or water. Excystation occurs in the intestinal 

Definition
•	 A	pyogenic	liver	abscess	is	the	end	result	of	a	

number	of	pathologic	processes	resulting	in	a	
focal,	purulent	bacterial	collection	in	the	liver.

•	 An	amebic	liver	abscess	is	an	invasive	
complication	of	intestinal	amebiasis	resulting	
in	a	focal	collection	of	nonpurulent	fluid	in	the	
liver.

•	 Cholecystitis:	inflammation/bacterial	infection	
of	the	gallbladder	often	resulting	from	
obstructing	gallstones.	Acalculous	cholecystitis	
is	a	similar	process	in	the	absence	of	
gallstones.

•	 Cholangitis	is	inflammation/infection	of	the	
bile	ducts.

Epidemiology
•	 An	estimated	10	to	20	cases	of	pyogenic	liver	

abscess	occur	per	100,000	hospital	admissions,	
or	11	cases	per	million	persons	per	year.

•	 Amebic	liver	abscesses	are	rarer,	about	1	per	
million	persons,	but	more	common	in	endemic	

regions.	They	affect	men	about	10	times	more	
frequently	than	women.

•	 Tens	of	millions	in	the	United	States	have	
gallstones;	1%	to	3%	are	complicated	by	
acute	cholecystitis.

•	 Approximately	120,000	cholecystectomies	
occur	each	year	in	the	United	States.

•	 Between	2%	and	15%	of	cases	occur	without	
gallstones,	known	as	“acalculous	
cholecystitis.”

•	 In	endemic	regions,	parasites	such	as	Ascaris	
and	Clonorchis	may	cause	biliary	disease.

Microbiology
•	 Pyogenic	liver	abscesses	may	be	

monomicrobial,	especially	when	caused	by	
bacteremia,	or	polymicrobial	involving	aerobic	
gram-negative	bacilli	and	anaerobes.

•	 Klebsiella	pneumoniae	(typically	K1	and	K2	
strains)	are	now	an	important	cause	of	
pyogenic	liver	abscess,	particularly	in	parts	of	
Asia,	but	increasingly	elsewhere.

•	 Amebic	liver	abscesses	are	caused	by	invasive	
strains	of	Entamoeba	histolytica.

Diagnosis
•	 Symptoms	are	often	nonspecific,	and	a	high	

index	of	suspicion	is	required.
•	 Diagnostic	imaging,	especially	by	

ultrasonography,	radionuclide	
cholescintigraphy,	or	computed	tomography,	is	
essential.	For	pyogenic	liver	abscesses,	it	is	
often	coupled	with	diagnostic/therapeutic	
aspiration.

Therapy
•	 Some	pyogenic	processes	require	prompt	

recognition	and	urgent	image-guided	drainage	
or	definitive	surgery.

•	 Antibiotics	directed	at	the	suspected	pathogens	
play	an	important	role	as	adjuncts	to	surgery	
or,	in	limited	cases,	may	be	the	sole	form	of	
therapy	(e.g.,	small	pyogenic	liver	abscesses	
[see	Table	77-4],	amebic	liver	abscess).

SHORT VIEW SUMMARY
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overwhelming sepsis frequently have extensive microabscess for-
mation in their livers at autopsy, but macroscopic liver abscess for-
mation in patients who recover from septic shock is uncommon, 
underscoring the capacity of the liver to clear even large insults.

3. Portal vein. The portal venous system drains almost all of the 
abdominal viscera. Pylephlebitis from diverticulitis, pancreatitis, 
omphalitis, inflammatory bowel disease, or postoperative infection 
can result in pyogenic liver abscess. Untreated appendicitis was 
historically a major cause in this category but was greatly dimin-
ished in importance with the introduction of antibiotics.

4. Direct extension from a contiguous focus of infection. This may occur 
with cholecystitis, subphrenic abscess, perinephric, or other intraab-
dominal abscesses.

5. Trauma. Any penetrating trauma to the liver, even as subtle as inges-
tion of a toothpick, can result in abscess formation. Blunt trauma 
can also predispose to pyogenic liver abscess formation, presumably 
because of hepatic hematoma formation and subsequent increased 
risk of seeding by bacteria. Similarly, hepatic destruction from sickle 
cell disease, tumor necrosis (including iatrogenic embolization), or 
cirrhosis can predispose to abscess formation.
Host factors that predispose to abscess formation from “routine” 

hepatic bacterial insults may be present in many cryptogenic abscesses. 
Systemic illness such as diabetes mellitus, cardiopulmonary disease, 
malignancy, and cirrhosis are common in patients with liver abscesses 
and may be predisposing factors. Diabetes was shown in one retrospec-
tive study to impart a greater than threefold risk of development of 
pyogenic liver abscess.72 Moreover, neutrophil defects such as chronic 
granulomatous disease or Job’s syndrome are associated with a marked 
predisposition for abscesses of the liver and elsewhere.73 Finally, hema-
chromatosis conveys a particular susceptibility to abscesses caused by 
Yersinia enterocolitica.74

Microbiology
Amebic Liver Abscess
Although E. histolytica is the only species of Entamoeba known to 
cause invasive infections, certain strains may be more proficient at 
causing liver disease than others. In surveys of clinical E. histolytica 
isolates, genetically distinct strains recovered from amebic liver 
abscesses were infrequently found to cause asymptomatic intestinal 
colonization or intestinal disease.75,76 More recently, Ali and col-
leagues77 analyzed paired isolates from patients with concurrent amebic 
liver abscesses and intestinal infection. In all cases, the liver and intes-
tinal amebae had discordant genotypes, suggesting that either amebae 
undergo genetic reorganization during invasion or that only a subset 
of strains is capable of metastasizing to the liver.

Pyogenic Liver Abscess
In light of the diverse pathologic processes that have been discussed, 
it is understandable that sweeping generalizations about the microbiol-
ogy of pyogenic liver abscess are difficult. The picture is further com-
plicated because abscess material is rarely obtained before the 
administration of antibiotics. Even in the preantibiotic era, a high rate 
of sterile cultures was seen, probably reflecting inadequate culture 
techniques. Despite these difficulties, abscess cultures are positive in 
80% to 90% of cases. The demonstration of anaerobic organisms in 
45% of pyogenic liver abscess by Sabbaj and colleagues78 in 1972 led to 
an increased awareness of fastidious pathogens, and in recent case 
series, anaerobes were recovered 15% to 30% of the time.† Some of this 
decrease in the isolation of anaerobic organisms is probably attribut-
able to the emergence of biliary tract disease as the major underlying 
cause of pyogenic liver abscess, but because of the difficulty in obtain-
ing adequate culture data, these should be viewed as minimum esti-
mates. There has also been an increased appreciation that many liver 
abscesses are polymicrobial, with estimates ranging from 20% to 50%, 
depending on the case series. If the source of the abscess is considered, 
abscesses with a biliary source are most likely to be polymicrobial, and 
cryptogenic abscesses are most frequently monomicrobial.57 Some 
observers have noted that solitary abscesses are more likely to be  
polymicrobial than are multiple ones.50,51 Although this has not been 

lumen, and trophozoites migrate to the colon, where they adhere by 
means of a lectin that specifically binds galactose N-acetyl-D-
galactosamine (the Gal/GalNAc lectin) on colonic epithelium and 
multiply by binary fission.19,20 At high densities, trophozoite encysta-
tion is initiated, and newly formed cysts are released into the stool to 
complete the life cycle. Most individuals experience asymptomatic 
infection, but approximately 10% develop symptomatic colitis when 
invasion of the colonic mucosa occurs. Spread to the liver via the portal 
system occurs in less than 1% of cases.2 A number of virulence factors 
have been implicated in the development of amebic liver abscess, 
including small proteins (amoebapores) that punch holes in lipid bilay-
ers of target cells, cysteine proteases, and the Gal/GalNAc lectin.21-27 E. 
histolytica induces apoptosis in hepatocytes and neutrophils, forming 
large, nonpurulent, “anchovy paste” abscesses that grow inexorably 
without treatment.28,29 The mechanism by which E. histolytica induces 
apoptosis is unknown, but its importance is underscored by the resis-
tance of caspase-3-deficient mice to amebic liver abscess formation.30,31 
Recently, an E. histolytica surface protein that participates in apoptotic 
corpse phagocytosis, the phagosome-associated transmembrane kinase 
(PATMK), was shown to be required for intestinal amebiasis in a 
murine infection model; however, PATMK was found to not contribute 
to the development of experimental amebic liver abscess.32 By contrast, 
amoebapore expression was found to be required for the formation of 
liver abscesses but not amebic colitis.25 These findings suggest that the 
contribution of particular amebic virulence factors to pathogenesis 
may be tissue specific, and many of these factors have been recently 
reviewed.33

Predisposition to liver disease is influenced by host genetics. In 
studies of Mexican mestizo children and adults, individuals with the 
major histocompatibility complex haplotype HLA-DR3 have an 
increased frequency of amebic liver abscess compared with healthy 
populations of the same socioeconomic background.34,35 Host factors 
thought to be critical in the containment and clearance of invasive 
amebae include complement, neutrophils, interferon-γ (IFN-γ), nitric 
oxide, and adaptive immune responses (see Chapter 274).13,14,36-38,39,40

Pyogenic Liver Abscess
Pyogenic liver abscess does not represent a distinct pathophysiologic 
process but occurs whenever the initial inflammatory response fails to 
clear an infectious insult to the liver. Pyogenic liver abscesses are 
usually classified by presumed route of hepatic invasion: (1) biliary 
tree, (2) portal vein, (3) hepatic artery, (4) direct extension from con-
tiguous focus of infection, and (5) penetrating trauma. Ideally, this 
approach defines the microbiology of the abscess and therefore guides 
empirical antibiotic choice, but it is limited by the high frequency of 
cryptogenic abscesses. The frequencies of the presumed routes of 
hepatic invasion are presented in Table 77-1.18,41-71

1. Biliary tree. Cholangitis (discussed later) is now the major identifi-
able cause of pyogenic liver abscess. In such cases, multiple abscesses 
are usually present and anaerobes are infrequent. The underlying 
biliary obstruction is usually a result of gallstone disease, but it can 
also be caused by an obstructing tumor, an occluded stent, over-
whelming cryptosporidiosis, or Ascaris lumbricoides migration into 
the biliary tree.

2. Hepatic artery. Any systemic bacteremia (e.g., endocarditis, line 
sepsis) can spread to liver via this route. Patients who die of  

TABLE 77-1  Frequency of Route of Infection in 
Hepatic Abscess

ROUTE OF INFECTION FREQUENCY (%)
Biliary tree 40-50

Hepatic artery 5-10

Portal vein 5-15

Direct extension 5-10

Trauma 0-5

Cryptogenic 20-40

Modified from references 18, 42-45, and 46-71. †References 18, 52-54, 57, 65, 69, 70, 72.
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or diarrhea (Table 77-3).18,42-45,46-71,96,97-103 Symptoms are acute (<2 
weeks’ duration) in about two thirds of cases but can develop months 
to years after travel to an endemic area.2,3 The presentation is indistin-
guishable from pyogenic liver abscess on clinical grounds, and a careful 
search for epidemiologic risk factors is of paramount importance.  
Corticosteroid use and male sex are well-established risk factors for 
invasive amebic disease.12,96

Pyogenic Liver Abscess
Only 1 patient in 10 presents with the classic triad of fever, jaundice, 
and right upper quadrant tenderness. Fever is common, often without 
localizing signs but only with a general failure to thrive, including 
malaise, fatigue, anorexia, or weight loss (see Table 77-3). When 
present, localizing symptoms such as vomiting or abdominal pain are 
not specific. The duration of symptoms before presentation varied 
widely in most case series, and there was seldom agreement on an 
average duration. Butler and McCarthy44 attempted to address this 
issue by stratifying according to acute and chronic presentations. They 
found the former to be typically associated with acute, identifiable 
abdominal pathology such as cholangitis or appendicitis, whereas 
abscesses that presented chronically were often cryptogenic. Other 
series support an association between etiology and chronicity. For 
example, Seeto and Rockey57 found that hematogenous liver abscesses 
presented most acutely (3 days), and those secondary to pylephlebitis 
had the longest duration of symptoms (42 days).

Diagnosis
The diagnosis of liver abscess should be suspected in all patients with 
fever, leukocytosis, and a space-occupying liver lesion. Because of the 
nonspecific symptoms on presentation, the initial clinical impression 
is frequently wrong and may include cholangitis, pneumonia, hepatic 
malignancy, intra-abdominal catastrophe, or pneumonia.46 Before the 
widespread use of noninvasive imaging, liver abscess was among the 
most frequently identifiable causes of fever of unknown origin. Leuko-
cytosis is present in most patients; recent studies65,66,69-72 report leuko-
cytosis in 68% to 88% of all patients, with mean white blood cell counts 
of 15,000 to 17,000/mm3. An elevated alkaline phosphatase concentra-
tion is the most frequently abnormal liver function test, occurring in 
about two thirds of patients with liver abscess, but a normal value does 
not exclude the diagnosis. Abnormalities of alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), and bilirubin are generally 
small, although they may be more pronounced in some patients with 
biliary disease. Albumin concentration and prothrombin time tend to 
be normal or nearly so. Chest radiographs are abnormal about half of 

universally observed57 and the small size of these studies prevents 
conclusive statements, it does suggest two alternative mechanisms for 
abscess formation. In the first, a synergistic combination of organisms 
converges by chance to form a single abscess, and in the second, a 
highly pathogenic organism forms abscesses wherever it was seeded.

In terms of specific pathogens (Table 77-2), Escherichia coli and 
Klebsiella pneumoniae are by far the most common isolates. The latter 
has been increasingly recognized as a cause of community-acquired 
monomicrobial liver abscesses (discussion later). Enterococci and viri-
dans streptococci are also common, primarily in polymicrobial 
abscesses. Staphylococcus aureus, by contrast, is more commonly 
associated with monomicrobial abscesses. Although pyogenic liver 
abscesses due to fungi, particularly Candida species, have been 
reported, they are comparatively rare and are excluded from most case 
series.

Epidemic Klebsiella pneumoniae Pyogenic 
Liver Abscess
In the mid-1980s, investigators in Taiwan first noted a distinctive syn-
drome of monomicrobial K. pneumoniae pyogenic liver abscess in 
individuals who were often diabetic but had no biliary tract 
disorders.79-81 Subsequently, community-acquired K. pneumoniae liver 
abscess has become a major health problem in parts of Asia, account-
ing for 80% of all cases of pyogenic liver abscess in Taiwan and South 
Korea,82-84 and has been reported sporadically elsewhere in Asia, North 
America, Europe, and Australia.85-88 Although mortality rates for epi-
demic K. pneumoniae liver abscess are generally low, metastatic infec-
tions such as meningitis and endophthalmitis occur in 10% to 16% of 
all cases.89-91 Not surprisingly, K. pneumoniae has also become a fre-
quent cause of pylephlebitis in this region.92

Infections are primarily caused by hypermucoid strains of K. pneu-
moniae of the capsular K1 (or occasionally K2) serotype.89,90 Chuang 
and colleagues93 have identified a 25-kb chromosomal element con-
taining 20 open reading frames that directs K1 capsular polysaccharide 
synthesis (CPS). Mutagenesis of one cps gene, magA (for mucoviscosity-
associated gene A), abolishes hypermucoviscosity, increases sensitivity 
to phagocytosis and serum-mediated lysis, and reduces virulence in 
mice.94 magA can also be used as a genetic marker for invasive serotype 
K1 K. pneumoniae strains. Isolates are characteristically highly drug 
sensitive, but a recent case of community-acquired liver abscess caused 
by an extended-spectrum β-lactamase-containing strain of K. pneu-
moniae K1 and the spread of carbapenemase-producing Klebsiella 
worldwide raise the specter of highly drug-resistant, community-
acquired disease.95

Clinical Manifestations
Amebic Liver Abscess
Patients with amebic liver abscess typically present with fever and a 
dull, aching pain localizing to the right upper quadrant, but jaundice 
is rare. Only 15% to 35% of patients present with concurrent gastroin-
testinal symptoms, including nausea, vomiting, abdominal cramping, 

TABLE 77-2  Microbiology of Liver Abscess

TYPE OF 
ORGANISM COMMON (>10%)

UNCOMMON 
(1%-10%)

Gram-negative Escherichia coli Pseudomonas

Klebsiella spp. Proteus

Enterobacter

Citrobacter

Serratia

Gram-positive Streptococcus (anginosus group) Staphylococcus aureus

Enterococcus spp. β-Hemolytic streptococci

Other viridans streptococci

Anaerobic Bacteroides spp. Fusobacterium

Anaerobic streptococci

Clostridium spp.

Lactobacilli

TABLE 77-3  Signs and Symptoms of Liver Abscess

FEATURE
AMEBIC LIVER  
ABSCESS16,42-45,46-71,105

PYOGENIC LIVER 
ABSCESS68,96,97-103

Epidemiology
Male-to-female ratio 5-18 1-2.4

Age (yr) 30-40 50-60

Duration (days) <14 (≈75% of cases) 5-26

Mortality (%) 10-25 0-5

Symptoms and Signs (approximate % of cases)
Fever 80 80

Weight loss 40 30

Abdominal pain 80 55

Diarrhea 15-35 10-20

Cough 10 5-10

Jaundice 10-15 10-25

Right upper quadrant 
tenderness

75 25-55

Laboratory Tests (approximate % of cases)
Leukocytosis 80 75

Elevated alkaline 
phosphatase

80 65

Solitary lesion 70 70
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abscess. Bacterial superinfection of amebic liver abscess has been 
described in about 1% to 5% of cases, frequently as a complication of 
drainage procedures.117

Echinococcal cysts of the liver, which typically do not cause fever or 
tenderness, are distinguishable from amebic and pyogenic abscesses by 
CT but require separate consideration for aspiration (see Chapter 291).

Therapy
Amebic Liver Abscess
Amebic liver abscess can almost always be treated with medical therapy 
alone. Metronidazole (750 mg three times daily) is typically given for 
7 to 10 days.2,3 An alternative, tinidazole (2 g daily for 3 days), has been 
used extensively in Europe and the developing world and has been 
approved for use in the United States for the treatment of amebiasis.118 
Other nitroimidazoles with extended half-lives that are efficacious but 
not currently available in the United States include secnidazole and 
ornidazole. Decreased fever and abdominal pain are usually observed 
within 3 to 5 days after initiation of therapy. Patients frequently remain 
colonized with E. histolytica despite nitroimidazole treatment and 
should be treated with paromomycin, a nonabsorbable aminoglycoside 
with E. histolytica activity to eliminate this condition. It is generally 
accepted that uncomplicated amebic liver abscess does not require 
drainage. Percutaneous image-guided aspiration has replaced surgical 
drainage and should be employed if there is no response to appropriate 
therapy or the diagnosis is uncertain, to exclude pyogenic liver abscess 
and bacterial superinfection. Drainage should also be considered for 
large lesions at risk for rupture, particularly left-sided abscesses that 
can rupture into the pericardium. Percutaneous drainage has not been 
demonstrated to shorten hospital stay or to hasten clinical improve-
ment, with the exception of one randomized controlled trial that found 
a salutary effect in patients with large abscesses (>300 mL).97,119-124

Pyogenic Liver Abscess
Unlike amebic liver abscess, pyogenic liver abscesses usually require 
drainage in addition to antibiotic therapy. Surgical drainage was tradi-
tionally the treatment of choice and, in the preantibiotic era, the only 
hope for cure. As early as 1953, McFadzean and associates125 reported 
the use of percutaneous drainage with antibiotic therapy to treat 14 
patients with liver abscess. After ultrasonography and CT became 
widely available, multiple studies confirmed this approach and made 
image-guided drainage procedures the preferred primary therapy, 
although some still advocate surgical drainage (Fig. 77-1). Surgical 
intervention should be considered if percutaneous drainage fails or 
management of concurrent intra-abdominal disease is required, and 
also for some patients with multiple large or loculated abscesses.126,127 
Percutaneous catheter drainage is successful in 69% to 90% of cases; 
the procedure is generally well tolerated and usually can be performed 
at the time of radiographic diagnosis.56,57,58,60,128 Aspirated material 
should be sent for Gram stain and cultured for aerobic and anaerobic 
bacteria. Meticulous handling of the specimen and rapid transporta-
tion to a qualified laboratory are essential for efficient recovery of 
anaerobes. Histopathologic biopsy specimens should also be obtained 
if possible. Depending on host and epidemiologic factors, microbio-
logic evaluation for fungi, mycobacteria, and E. histolytica should be 
considered. The catheter is usually left in place until drainage becomes 
minimal, typically 5 to 7 days. Percutaneous aspiration without cath-
eter placement has received recent attention, with several studies 
reporting success rates between 58% and 88% for solitary abscesses 
5 cm or smaller in diameter, similar to those observed with catheter 
placement.57,58,60,129-131 Success rates of 94% to 98% were reported in two 
studies in which percutaneous aspiration without catheter placement 
was followed by close clinical monitoring and serial ultrasound studies 
as indicated. Both investigations found that reaspiration was required 
in about 50% of cases, and a minority of patients required three or 
more aspiration procedures.132,133 Therefore, catheter placement may 
not be required in some patients, but prospective randomized control 
trials are necessary to clarify the role of aspiration alone versus catheter 
placement in the management of hepatic abscess.

Attempts to treat pyogenic liver abscess with antibiotics but no 
drainage have met with some success. Two early studies with a com-
bined total of 25 patients found cure rates of 87% to 90%.134,135 These 

the time but are of no real value in making the diagnosis. Therefore, 
although laboratory studies may suggest liver abnormalities, they are 
of no use in making the diagnosis of pyogenic liver abscess, and a high 
index of suspicion is required if the diagnosis is to be made in a timely 
fashion. Laboratory abnormalities may be of prognostic significance, 
most likely as markers of comorbidities. A multivariate analysis of risk 
factors found that a hemoglobin concentration of less than 10 g/dL and 
a blood urea nitrogen (BUN) concentration greater than 28 mg/dL 
were independent predictors of mortality in patients found to have 
pyogenic liver abscess (odds ratios of 13 and 14, respectively).61

Once the diagnosis is suspected, radiographic imaging studies are 
essential to diagnose pyogenic liver abscess.62 Ultrasonography and 
computed tomography (CT) scanning have proved particularly useful 
for demonstration and drainage of abscesses. Ultrasonography is the 
study of choice in patients with suspected biliary disease and in those 
who must avoid intravenous contrast or radiation exposure; it has a 
sensitivity of 70% to 90%. Contrast-enhanced CT scanning has 
improved sensitivity (≈95%) and is superior for guiding complex 
drainage procedures. Intravenous contrast is required for optimal 
imaging in two thirds of patients.104 Magnetic resonance imaging 
(MRI) studies are seldom required, but they may be better at distin-
guishing abscesses from noninfectious liver lesions such as neoplasia. 
Fine-needle aspiration is the definitive diagnostic procedure, and MRI 
is a cumbersome tool for guiding drainage procedures.

In patients with pyogenic liver abscess, blood cultures are positive 
about half of the time. It is imperative that multiple sets of anaerobic 
and aerobic cultures be obtained because these are frequently the only 
cultures obtained before antibiotic administration, and in about 7% of 
cases they are the only positive culture data obtained.50,57,69 The diag-
nosis ultimately rests on obtaining purulent material from an aspira-
tion of the abscess cavity, usually under radiographic guidance. Failure 
to obtain the expected pus should prompt a reevaluation of the dif-
ferential diagnosis, considering liver cyst, malignancy, and amebic liver 
abscess. Purulent material should always be sent for Gram stain, which 
may provide the only clue to a mixed infection in patients heavily 
treated with antibiotics. The importance of prompt delivery of anaero-
bic specimens under proper conditions cannot be stressed enough.

Patients with amebic liver abscess classically present with a single 
large abscess in the right lobe of the liver, but the abscess can be any-
where and multiple lesions are not infrequent. Moreover, there is near-
complete overlap in the symptomatology of the two diseases (see Table 
77-3). A recent study from Spain showed that age 45 or younger, pres-
ence of diarrhea, and a solitary right lobar abscess favored amebic etiol-
ogy.105 Distinguishing amebic from pyogenic liver abscess is not 
possible with the use of clinical criteria alone; however, a presumptive 
diagnosis of amebic liver abscess can be made in a patient with positive 
serology and a space-occupying liver lesion on CT or ultrasonography. 
Amebic serology (antiamebic antibodies) has a sensitivity of about 95% 
and is highly specific for E. histolytica infection.

Although the test can be negative in a minority of acute presenta-
tions (symptom duration <2 weeks), a repeat serology determination 
is usually positive.106-109 It should be remembered that a positive serol-
ogy result only confirms present or prior E. histolytica infection and 
cannot distinguish colitis from extraintestinal disease. Antigen detec-
tion represents a complementary diagnostic method. A commercially 
available ELISA assay that detects the Gal/GalNAc lectin has been 
shown to be positive in more than 95% of serum samples and about 
40% of stool or abscess specimens in patients with amebic liver 
abscess.110 Several other U.S. Food and Drug Administration–approved 
ELISA antigen detection assays are also available, but some may cross-
react with E. dispar.111,112 Microscopic examination of the stool for cysts 
is of little value because E. histolytica cannot be distinguished from E. 
dispar. Examination of aspirated liver abscess pus is also not recom-
mended, given that trophozoites are identified in only 11% to 25% of 
cases.110,113 Nucleic acid amplification methods are promising diagnos-
tic tools for invasive amebiasis and amebic liver abscess, but their use 
is currently limited to research laboratories.112,114-116 Some investigators 
have argued that in areas of low endemicity, suspected amebic liver 
abscess should be aspirated to exclude pyogenic liver abscess. Cer-
tainly, if there is no response to initial therapy, the abscess should be 
aspirated to confirm the diagnosis and to exclude pyogenic liver 
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therapy until abscess material is obtained is not necessary and is poten-
tially dangerous. Antibiotic choice should be guided by the suspected 
source of the abscess (Table 77-4). Abscesses arising from a biliary 
source frequently involve enterococci and enteric gram-negative 
bacilli, whereas abscesses from a colonic or pelvic source are more 
commonly caused by enteric gram-negative bacilli and anaerobes. 
Metronidazole at appropriately high doses should be included if amebic 
liver abscess is a consideration. Fluoroquinolones may be substituted 
for gentamicin, but this may not be advisable in cases complicated by 
enterococcal bacteremia. If a hematogenous (hepatic artery) source is 
suspected, coverage should include an antibiotic with activity against 
S. aureus.

Pyogenic liver abscesses are usually treated parenterally for 2 to 3 
weeks, and a 4- to 6-week total course is completed with oral agents. 
Some have reported successful treatment with less than 2 weeks of 
antibiotic therapy. The patient’s clinical response and follow-up imaging 
should be monitored to judge response to therapy for considerations of 
antibiotic duration and the need for further aspiration. Abscess cavities 
usually resolve completely after therapy, but occasionally they persist 
despite prolonged courses of antibiotics. In such cases, patients should 
be observed closely. Recurrent symptoms such as fever or abdominal 
pain should prompt repeat imaging and possible reaspiration.

INFECTION OF THE BILIARY 
SYSTEM
Infections of the biliary tract, including the common bile duct and 
gallbladder, are most often associated with obstruction to the flow of 
bile. In the United States and many developed countries, gallstones are 
common and most often asymptomatic. In the United States, for 
example, it is estimated that 25 million adults have gallstones.136 In a 
small percentage of cases, gallstones may obstruct the cystic or common 
bile ducts, resulting in inflammation. Approximately 120,000 cholecys-
tectomies are performed every year in the United States for acute 
cholecystitis, most commonly secondary to impacted gallstones.137 
Other causes of biliary obstruction include tumors of the biliary tree 
or adjacent structures, strictures secondary to surgery or other injury 
(including prior infection), and, in many geographic areas, infection 
by parasites including Ascaris and Clonorchis. Stasis of bile, inflamma-
tion, and loss of mechanical barriers can lead to bacterial infection of 
the bile, which can result in severe morbidity and death.

Pathogenesis
Cholecystitis
Only about 20% of patients with gallstones experience biliary colic, 
typified by right upper quadrant pain after a fatty meal when the con-
tracting gallbladder is prevented from emptying by an obstructing 
stone. Biliary colic must be distinguished from the far more serious 
acute cholecystitis, which occurs in 1% to 3% of persons with symp-
tomatic gallstones. In this disease, biliary obstruction is accompanied 
by an intense inflammatory reaction. Obstruction is thought to lead to 
increased intraluminal pressure; may lead to compromised blood 
supply and lymphatic drainage; and, in the setting of supersaturated 

studies have been criticized because 68% of the patients underwent 
diagnostic aspiration and therefore had at least partial drainage. More-
over, this success rate was substantially higher than the conventional 
experience at the time, when undrained abscesses carried a mortality 
rate of 60% to 100%. The results may be subject to selection bias. Most 
patients did not have drainage because they were deemed poor surgical 
candidates. Even severely debilitated patients can tolerate percutane-
ous drainage, but the procedure may not always be required for cure: 
Success rates of 75% and 85% with medical therapy alone were reported 
in two studies of 20 and 13 patients, respectively.57,131 Until criteria for 
patient selection are better defined, medical management of pyogenic 
liver abscess should be reserved for patients with small abscesses not 
amenable to drainage and those patients in whom the risk of drainage 
is unacceptably high.

Treatment with empirical antibiotics should begin as soon as the 
diagnosis of pyogenic liver abscess is suspected. Multiple blood cul-
tures should be sent before antibiotic initiation, but delaying antibiotic 

FIGURE 77-1 Drainage of liver abscesses by percutaneous aspira-
tion guided by computed tomography (CT). A 67-year-old man with 
a history of diabetes mellitus and rheumatoid arthritis and a distant history 
of a Billroth II gastric resection, recently diagnosed with adenocarcinoma 
of the stomach, presented with fever. A blood culture grew Escherichia 
coli. The liver was imaged by CT (A), revealing multiple hypodense lesions 
in the right hepatic lobe. The lesion was aspirated under radiologic guid-
ance, and more than 500 mL of frank pus were drained. Cultures pro-
duced E. coli and several anaerobic bacterial species. Cytologic findings 
were consistent with metastatic adenocarcinoma. A radiodense percutane-
ous drainage catheter was left in place (B), and the patient was treated 
with intravenous antibiotics and continued drainage. Note the position of 
the catheter and the decrease in size of the abscess. (Courtesy Lindsey 
Baden, MD, Brigham and Women’s Hospital, Boston. From Johannsen EC, 
Sifri CD, Madoff LC. Pyogenic liver abscesses. Infect Dis Clin North Am. 
2000;14:547-563, vii.)

A

B

TABLE 77-4  Antibiotic Therapy for Pyogenic 
Hepatic Abscess

TYPE OF THERAPY AGENTS
Monotherapy
β-lactam/β-lactamase 

inhibitor combination*
Ticarcillin/clavulanic acid, piperacillin/tazobactam

Carbapenem* Imipenem/cilastin, meropenem, ertapenem, 
doripenem

Combination Therapy
Cephalosporin-based Third- or fourth-generation cephalosporin 

(cefotaxime, ceftriaxone, ceftizoxime, 
ceftazidime, cefepime) plus metronidazole

Fluoroquinolone-based Fluoroquinolone (ciprofloxacin, levofloxacin, 
moxifloxacin) plus metronidazole

*Metronidazole or tinidazole should be included for presumptive therapy of 
amebic abscess if suspected.
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the gallbladder fossa is palpated), with or without a mass, are highly 
suggestive of biliary tract disease. Fever and tachycardia are frequent 
findings. Complications of acute cholecystitis, which occur in 10% to 
15% of cases, include hepatic or intra-abdominal abscess, necrosis or 
gangrene of the gallbladder, and perforation, which in turn lead to 
sepsis and peritonitis. Emphysematous cholecystitis, usually diagnosed 
radiologically, occurs when the wall of the gallbladder is infected with 
gas-forming organisms including Clostridia, as well as aerobic and 
facultative gram-negative and gram-positive bacteria. It often occurs 
in diabetics, and it may suggest a more ominous prognosis.142,143

Acalculous cholecystitis, particularly in a critically ill patient who 
is unresponsive, may produce subtle findings, such as unexplained 
fever or vague abdominal pain.144 A high index of suspicion is required 
because serious complications such as gangrenous gallbladder and per-
foration frequently occur.

Acute or ascending cholangitis is suggested by Charcot’s triad of 
right upper quadrant or epigastric abdominal pain; fever or chills, or 
both; and jaundice, reported in 50% to 70% of patients.145 The addi-
tional, less frequent signs of hypotension and altered mental status, in 
combination with Charcot’s triad, constitute Reynolds’ pentad, which 
is reportedly seen in less than 14% of patients with ascending cholan-
gitis.146 Symptoms and signs of an inflammatory response are usually 
present and are reflected in the presence of fever, leukocytosis, and 
other markers.

Diagnosis
Leukocytosis with a left shift is the most frequent laboratory abnormal-
ity in acute cholecystitis. Alkaline phosphatase and bilirubin are not 
usually elevated unless the common bile duct is involved. However, in 
one study of 217 patients with acute cholecystitis, 25% of patients 
without obstruction of the common bile duct had elevated bilirubin.147 
Several also had elevations in amylase. The mechanism underlying 
these abnormalities is unclear but may be the passage of small stones 
or sludge through the common bile duct. The role of bile and blood 
cultures in the diagnosis of acute cholecystitis is not well established. 
Recently updated practice guidelines (the “Tokyo Guidelines”) recom-
mend considering culturing blood for moderate to severe acute chole-
cystitis and, when obtained, bile in cases of severe cholecystitis.148 
Guidelines of the Surgical Infection Society and the Infectious Diseases 
Society of America (SIS-IDSA) recommend against routinely collect-
ing blood cultures from patients with community-acquired intra-
abdominal infections, unless the patient is immunocompromised or 
systemically toxic.149

Acute cholangitis results in presentation with the clinical findings 
mentioned earlier. Abnormalities suggestive of sepsis syndrome, 
including leukocytosis, are frequently observed. Additional laboratory 
abnormalities include cholestatic liver function tests with elevations  
in alkaline phosphatase and bilirubin, particularly conjugated biliru-
bin. Elevations in γ-glutamyl transpeptidase are often seen as well. 
Abnormal amylase may suggest an associated pancreatitis, and eleva-
tions in transaminases may indicate associated inflammation or infec-
tion of the liver parenchyma, or both. The Tokyo guidelines recommend 
obtaining aerobic and anaerobic cultures of bile aspirates and blood in 
cases of acute cholangitis.150 Bile cultures are positive in 59% to 93% 
of patients, and blood cultures are positive in 30% to 40%.150,151

Imaging Studies
Ultrasonography can frequently establish the diagnosis of cholecystitis 
and is usually the first study obtained.149 A sonographic Murphy’s sign 
(i.e., pain when the ultrasound transducer probes the gallbladder) is a 
useful diagnostic clue. In addition, the testing may be done at the 
bedside of critically ill patients, is relatively inexpensive, and can 
directly visualize stones, particularly in the gallbladder. Abnormalities 
such as gallbladder wall thickening of greater than 4 mm, perichole-
cystic fluid, and intramural gas or ductal dilation are suggestive of 
cholecystitis (Fig. 77-3).137 The combination of stones and either wall 
thickening or a sonographic Murphy’s sign in the appropriate clinical 
picture were shown to have positive and negative predictive values 
exceeding 90%.152

Radionuclide cholescintigraphy (hepato-iminodiacetic acid [HIDA] 
scanning) may be used if ultrasound fails to ascertain a diagnosis. A 

bile, leads to acute inflammation. This process is mediated, at least in 
part, by prostaglandins, particularly prostaglandins I2 and E2 (Fig. 
77-2).138 Infection is not thought to precipitate acute cholecystitis, but 
it may complicate 20% to 50% of cases. In a microbiologic study of 
biliary tract processes, 24 (46%) of 52 patients presenting with acute 
cholecystitis had positive bile cultures, compared with 0 of 42 normal 
controls and 49 (22%) of 221 patients with symptomatic gallstones but 
no evidence of acute cholecystitis.139 Untreated cholecystitis may abate 
spontaneously, but serious complications also occur at a high rate. 
Once infection is established, complications include gangrenous cho-
lecystitis, emphysematous cholecystitis, gallbladder empyema, pyo-
genic liver abscess (discussed earlier), and bacteremia.

Acalculous Cholecystitis
In 2% to 15% of cases, cholecystitis occurs in the absence of gallstones, 
although usually in the presence of other predisposing conditions. 
These include critical illnesses such as trauma, burns, and sepsis, as 
well as human immunodeficiency virus (HIV) infection, immunosup-
pression, diabetes, nonbiliary surgery, and childbirth.140 Some of these 
conditions predispose to ischemia in the gallbladder wall or stasis of 
bile, or both, resulting in concentration of bile salts and leading to 
inflammation and necrosis of the gallbladder wall.

Cholangitis
Cholangitis refers to inflammation or infection of the common bile 
duct. The normally sterile bile may become infected because of the loss 
of protective factors, including the flow of bile. Obstruction of the 
common bile duct leads to stasis, which favors the growth of bacteria; 
increased pressure predisposes to bacteremia. Other factors may 
involve the loss of antibacterial activity of bile on the proximal small 
intestine, allowing for greater growth of bacteria. Bacteria may then 
ascend to the biliary tract (hence the terms ascending and suppurative 
cholangitis). Other routes of infection have been proposed, including 
via the portal system or the lymphatics. Primary sclerosing cholangitis 
is a disease of immunologic origin and is not covered here.141 AIDS 
cholangiopathy, which has many features of acute cholangitis, is dis-
cussed later in this chapter.

Clinical Manifestations
Patients with biliary tract disease most often present with pain in the 
right upper quadrant of the abdomen, although occasionally localizing 
findings are absent. The pain may radiate to the infrascapular region. 
Cholecystitis and cholangitis are distinguished from simple biliary 
colic by the continuous nature of the pain. The finding of tenderness 
in the right upper quadrant on physical examination and the presence 
of Murphy’s sign (inhibition of inspiration by pain when the area of 

FIGURE  77-2 Pathogenesis of acute cholecystitis. Impaction of a 
gallstone leads to obstruction of the cystic duct and increased intraluminal 
pressure. An acute inflammatory response is in part mediated by prosta-
glandins. Infection may then result from biliary stasis. (Modified from Indar 
AA, Beckingham IJ. Acute cholecystitis. BMJ. 2002;325:639-643.)
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from patients with prior biliary tract surgical procedures and those 
with biliary-intestinal anastomoses. Finally, enterococci are not 
uncommonly found in infected bile, usually in association with other 
organisms.160

Parasites that infect the biliary tree include Clonorchis sinensis, 
Opisthorchis felineus, Opisthorchis viverrini, and Fasciola hepatica.161 
These organisms are prevalent in regions of Asia and can cause acute 
and relapsing cholangitis with associated stricture and stone forma-
tion. Clonorchis and Opisthorchis infection can lead to the development 
of carcinoma of the biliary tract. Ascaris lumbricoides, a more cosmo-
politan parasite, occasionally obstructs the biliary tree, resulting in 
acute cholangitis.162 Echinococcal disease can cause biliary obstruction 
due to mass effect. Parasites that complicate HIV disease may also 
invade the biliary tree (see discussion following).

AIDS Cholangiopathy (AIDS-Related 
Sclerosing Cholangitis)
Biliary tract disease is a complication of advanced HIV infection163 
(discussed in Chapter 126). In the era of potent antiretroviral therapy, 
AIDS cholangiopathy is now a rare clinical entity.164 Although it is 
possible that this condition is caused by infection of the biliary tract 
with HIV per se, more likely it results from opportunistic infection of 
the biliary system. The pathologic findings of AIDS cholangiopathy 
include stenosis of the distal common bile duct and irregularities of 
the intrahepatic and extrahepatic bile ducts.165 The most common 
pathogen associated with cholangitis in HIV is Cryptosporidium. After 
an outbreak of cryptosporidiosis in Milwaukee, Wisconsin, in 1995, 
29% of patients with HIV infection and intestinal cryptosporidiosis 
developed cholangiopathy as well.166 Cytomegalovirus is also a major 
cause of AIDS-related cholangitis, having been described in up to 42% 
of patients. Other pathogens associated with AIDS cholangiopathy 
include Enterocytozoon bieneusi, Cystoisospora belli, and Mycobacte-
rium avium intracellulare. The clinical manifestations of biliary tract 
disease do not differ markedly from those in non-HIV-infected indi-
viduals and include right upper quadrant pain and fever. Diagnosis  
is usually made by characteristic findings on ultrasound, with dilata-
tion of the common bile duct observed in approximately two thirds  
of cases. Endoscopic retrograde cholangiopancreatography (ERCP) 
demonstrates dilatation and irregularities of the ducts and has become 
the gold standard for the diagnosis.167 It is also useful in treatment; 
sphincterotomy provides symptomatic benefit for many patients.

Therapy
Because biliary disease results most commonly from obstruction  
of the bile ducts, definitive treatment involves removal of the obstruc-
tion or the infected material. This can be accomplished surgically, 
percutaneously, or endoscopically (i.e., by ERCP).137 Antibiotics and 
other supportive measures must be considered temporizing.

The role of antibiotics in acute cholecystitis has not been well  
established. Studies of patients with uncomplicated cholecystitis  
have failed to demonstrate a reduction in complications such as peri-
colic abscess or perforation with antibiotic administration.168 Indeed, 

technetium 99m (99m Tc)-labeled derivative of acetanilide iminodiacetic 
acid is injected intravenously and is secreted into the bile. It is taken 
up by the gallbladder, which can then be visualized. Failure of the 
gallbladder to accumulate the marker is highly suggestive of acute 
cholecystitis due to obstruction of the cystic duct. Normally, visualiza-
tion of the common bile duct and small bowel occurs within 30 to 60 
minutes; failure to visualize these structures indicates obstruction 
within the common bile duct or at the ampulla. In one study of cho-
lescintigraphy in the diagnosis of acalculous cholecystitis in 62 critically 
ill patients, ultrasonography had a sensitivity of only 30%, whereas 
HIDA scanning had a sensitivity of 100% and a specificity of 88%.153

CT is not commonly used for the initial evaluation of cholecysti-
tis, and its sensitivity and specificity for detection of this condition  
are not known.154,155 CT findings associated with acute cholecystitis 
include gallstones, particularly within the cystic duct, gallbladder dis-
tention and mural thickening, and enhancement of the liver adjacent 
to the gallbladder, which is the CT equivalent of the scintigraphic 
“rim sign.”

Magnetic resonance (MR) cholangiography is a noninvasive tech-
nique that has been used to visualize the bile ducts. In one study of 35 
patients comparing ultrasonography with MR cholangiography, the 
latter modality showed 100% sensitivity for the presence of stones but 
was less sensitive than ultrasound in the detection of gallbladder wall 
thickening (69% vs. 96%).156 In a meta-analysis of 67 studies of MR 
cholangiography, the technique was highly sensitive—99%—for the 
detection of biliary obstruction and 92% sensitive for the detection of 
stones.157 A more recent meta-analysis of 57 studies found the highest 
sensitivity (96%) with radionuclide cholescintigraphy, while ultraso-
nography had a sensitivity of 81%, and MRI had a sensitivity of 85%.158 
The study showed no important differences in specificity among the 
techniques.

Microbiology
Bacterial cultures from the bile and surgical sites of patients with acute 
cholecystitis and acute cholangitis typically yield constituents of the 
normal intestinal microbiota (Table 77-5).150,159 These include gram-
negative bacilli such as E. coli, Klebsiella spp., and Enterobacter spp. 
Anaerobes, most frequently Bacteroides spp., Fusobacterium spp., and 
clostridia, are recovered less frequently but are isolated more often 

FIGURE  77-3 Ultrasonographic visualization of the gallbladder 
(sagittal view) in a case of acalculous cholecystitis, demonstrating 
mural thickening and hypoechoic regions within the gallbladder 
wall. (From Gore RM, Yaghmai V, Newmark GM, et al. Imaging benign 
and malignant disease of the gallbladder. Radiol Clin North Am. 2002;
40:1307-1323, vi.)

TABLE 77-5  Microbiology of Acute Cholecystitis 
and Cholangitis

BACTERIA FREQUENCY (%)
Gram-negative organisms

 Escherichia coli 31-44

 Klebsiella spp. 9-20

 Pseudomonas aeruginosa 0.5-19

 Enterobacter spp. 5-9

Gram-positive organisms

 Enterococcus spp. 3-34

 Streptococcus spp. 2-10

 Staphylococcus aureus 0-4

Anaerobes 4-20

Modified from Gomi H, Solomkin JS, Takada T, et al. TG13 antimicrobial therapy 
for acute cholangitis and cholecystitis. J Hepatobiliary Pancreat Sci. 2013;20:60-70.
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an initial antimicrobial regimen. Use of an agent active against  
gram-negative anaerobes, such as metronidazole, is not required for 
community-acquired cholecystitis of mild to moderate severity, unless 
a biliary-enteric anastomosis is present (see Table 77-6).149,150

In the presence of suspected gangrene or perforation, immediate 
surgery is indicated. Ideally, this includes cholecystectomy with intra-
operative cholangiogram. Alternatively, in unstable patients, cholecys-
totomy (percutaneous drainage of the biliary system with removal of 
obstructing stones) may be performed as a temporizing measure.169 
This procedure can be performed under local anesthesia and at the 
bedside in critically ill patients and can be lifesaving. In some circum-
stances, further surgery may not be required.

In the absence of severe complications, the timing of definitive 
surgical intervention in the management of acute cholecystitis is the 
subject of some debate. Traditionally, in the group of patients who are 
stable and respond to conservative management, surgery has been 
delayed for 6 to 12 weeks. However, several studies have shown that 
patients who undergo early surgical intervention (most often laparo-
scopic cholecystectomy) have a lower complication rate, a shorter hos-
pital stay, and, if laparoscopic cholecystectomy is performed, a lower 
requirement for conversion to an open procedure, compared with 
patients undergoing delayed surgery.170,171 Antibiotics can be discon-
tinued 24 hours after cholecystectomy for acute, uncomplicated cho-
lecystitis if there is no evidence of infection outside the gallbladder 
wall.149 For patients with high surgical risk and those who are unstable, 
delayed surgery may still be preferable.

Acute Cholangitis
Acute cholangitis remains a disease with substantial mortality, and 
therapy should include antibiotics and supportive measures along with 
decompression/drainage of the biliary system for cases that do not 
respond promptly to conservative therapy. A variety of antibiotic regi-
mens have been used in the management of acute cholangitis (see Table 
77-6).146,149,150 Empirical coverage should be directed against enteric 
gram-negative bacilli. A β-lactam/β-lactamase inhibitor such as 
ticarcillin/clavulanate or piperacillin/tazobactam is appropriate initial 
empirical therapy.150,172 Cephalosporins, carbapenems, and fluoroqui-
nolones have also proved efficacious.146,150,151 Selection of empirical 
antibiotic therapy in cases of health care–associated disease should be 
influenced by local nosocomial resistance patterns, as well as the 
patients’ prior antibiotic exposures and known microbial coloniza-
tion.149,150 Although anaerobes are only infrequently cultured from bile 
in acute cholangitis, the addition of metronidazole to the non-β-
lactam/β-lactamase inhibitor combination and noncarbapenem regi-
mens is advisable (see Table 77-6).149,150,172

Drainage of the biliary tract may be accomplished surgically,  
endoscopically, or percutaneously. ERCP has, to a large extent, sup-
planted open surgical procedures in the management of acute cholan-
gitis and is successful in more than 90% of cases.173,174 (Paradoxically, 
ERCP is not infrequently the cause of acute cholangitis when it is  
used in an attempt to decompress an obstructed but not frankly 
infected bile duct).175 ERCP is generally thought to have a lower mor-
bidity rate than open surgery, and it is more likely to offer definitive 
treatment (e.g., by removal of an impacted gallstone) than percutane-
ous biliary drainage. Some cases of acute cholangitis will respond to 
conservative therapy with drainage deferred until 24 to 48 hours to 
monitor response.176,177

Treatment of parasitic infections affecting the biliary tree is covered 
in Chapters 288, 289, and 290.

many cases of acute cholecystitis remit spontaneously. Antibiotics  
are clearly indicated for patients with complications of cholecystitis, 
such as emphysematous or gangrenous cholecystitis or perforation. 
Antibiotics directed against the enteric flora (as described earlier) 
should be given to patients who are debilitated, severely ill, elderly, 
immuno compromised, or jaundiced (Table 77-6).149,150 In patients with 
community-acquired acute cholecystitis of mild to moderate severity, 
cephalosporin-based therapy is likely adequate, despite the lack of 
activity against enterococci (see Table 77-6).149 In one study, a cephalo-
sporin (cefepime) was as effective as a combination that covered entero-
cocci (mezlocillin and gentamicin), despite the presence of enterococci 
in bile cultures of 6 of 56 cefepime-treated patients.160 This finding 
may be a result of the low pathogenic potential of enterococci in this 
setting; elimination of other pathogens effectively treats the infection 
even in the setting of persistent enterococcal contamination. As entero-
coccal resistance to many antibiotics increases, the difficulty in direct-
ing therapy to these pathogens makes attempts at empirical coverage 
more difficult. In cases of health care–associated cholecystitis, institu-
tional drug resistance patterns should be considered when selecting  
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TABLE 77-6  Recommended Agents and Regimens 
for Empiric Treatment of Acute Biliary Infections

TYPE OF 
INFECTION

FOR MILD TO 
MODERATELY SEVERE 
INFECTION

FOR HIGHLY 
SEVERE 
INFECTION

Community-
acquired acute 
cholecystitis

Cephalosporin-based therapy 
(cefazolin,* cefuroxime,* or 
ceftriaxone)

Imipenem-cilastatin, 
meropenem, 
doripenem, 
piperacillin-
tazobactam, or 
cefepime plus 
metronidazole

Acute cholangitis 
following 
bilioenteric 
anastomosis

Imipenem-cilastatin, meropenem, 
doripenem, piperacillin-
tazobactam, cefepime plus 
metronidazole, ciprofloxacin† 
plus metronidazole, 
levofloxacin† plus 
metronidazole, or moxifloxacin†

Imipenem-cilastatin, 
meropenem, 
doripenem, 
piperacillin-
tazobactam, or 
cefepime plus 
metronidazole

Health care–
associated 
biliary infection

Imipenem-cilastatin, meropenem, 
doripenem, piperacillin-
tazobactam, cefepime plus 
metronidazole, ciprofloxacin† 
plus metronidazole, 
levofloxacin† plus 
metronidazole, or moxifloxacin†

Vancomycin‡ added to each 
regimen

Imipenem-cilastatin, 
meropenem, 
doripenem, 
piperacillin-
tazobactam, or 
cefepime plus 
metronidazole

Vancomycin‡ added 
to each regimen

*Local antimicrobial susceptibility profiles and, if available, isolate susceptibility 
should be reviewed.

†Addition of metronidazole is necessary due to increasing resistance of 
Bacteroides to fluoroquinolones other than moxifloxacin. Local antimicrobial 
susceptibility profiles and, if available, isolate susceptibility should be reviewed due 
to increasing resistance of Escherichia coli to fluoroquinolones.

‡Linezolid or daptomycin may be considered in cases where vancomycin-resistant 
Enterococcus (VRE) is known to be colonizing the patient, if previous treatment 
included vancomycin, and/or if VRE is common in the community.

Modified from Solomkin JS, Mazuski JE, Bradley JS, et al. Diagnosis and 
management of complicated intra-abdominal infection in adults and children: 
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Hepatobiliary Pancreat Sci. 2013;20:60-70.
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78  Pancreatic Infection
Miriam Baron Barshak

Inflammation of pancreatic tissue commonly manifests as severe acute 
upper abdominal pain and elevated serum levels of pancreatic enzymes. 
Most episodes of acute pancreatitis (AP) are associated with gallstones 
or alcohol abuse. Other causes of AP are hypercalcemia, hypertriglyc-
eridemia, anatomic abnormalities, familial syndromes, autoimmune 
disease, ischemia, pancreatic carcinoma, trauma, endoscopic retro-
grade cholangiopancreatography (ERCP), and drugs (Table 78-1), 
among which are antimicrobial agents such as tetracycline, pentami-
dine, sulfonamides, didanosine, erythromycin, nitrofurantoin, and 
metronidazole.1 Infection of damaged pancreatic tissue may compli-
cate disease initiated by any of these mechanisms, conferring signifi-
cant morbidity and mortality risks. Less commonly, many different 
microorganisms may infect the pancreas directly, with or without incit-
ing a syndrome of AP. This section reviews the infectious agents associ-
ated with primary pancreatic infection before focusing on infectious 
complications of AP. Issues of nonpancreatic infection related to gall-
stones are addressed in Chapter 77.

INFECTIOUS CAUSES OF ACUTE 
PANCREATITIS
Many organisms have been reported to cause pancreatic disease. Case 
reports in this area have been reviewed and assessed for adequate 
documentation of both pancreatitis and infection (Table 78-2).2 The 
reports of “definite” or “probable” association with pancreatitis 
described patients with coxsackieviruses, cytomegalovirus (CMV), 
varicella-zoster virus (VZV), herpes simplex virus 2 (HSV-2), mumps 
virus, hepatitis B virus, and with infections caused by Mycoplasma, 
Leptospira, Legionella, Salmonella enterica serotype Typhi, Aspergillus, 
Toxoplasma, Cryptosporidium, and Ascaris.

Among these, ascariasis commonly causes pancreatic-biliary 
disease in countries with high infection rates; in some tropical areas, 
ascariasis ranks second to gallstones as a cause of pancreatitis.3 After 
hatching in the duodenum, Ascaris larvae penetrate the small bowel 
mucosa, enter the venous circulation, and arrive in the lungs, where 
they enter the alveolae, ascend the bronchial tree, and are swallowed. 

In the gastrointestinal tract, they mature into adult worms and then 
may cause clinical and pathologic AP by migrating across the ampulla 
of Vater to obstruct the common bile duct or the pancreatic duct.

Other organisms, including Epstein-Barr virus, vaccinia, rubella, 
adenovirus, and rubeola, have been cited as causes of pancreatic infec-
tion in case reports but without adequately rigorous investigation to 
qualify for definite or probable association with pancreatitis.2

Another group of organisms causes pancreatic infection, forming 
microabscesses or macroabscesses, but without inducing the signs, 
symptoms, or pathology of AP (see Table 78-2).2

Thus, pathologic or radiographic evidence of pancreatitis associated 
with well-documented infection has been noted with viruses, bacteria, 
fungi, and parasites. However, the frequency with which these organ-
isms contribute to idiopathic pancreatitis is unclear.

PANCREATITIS AND HUMAN 
IMMUNODEFICIENCY VIRUS 
INFECTION
Although human immunodeficiency virus (HIV) itself has not been 
identified in pancreatic tissue by molecular methods, HIV infection 
has been associated with an increased risk of clinical pancreatitis.  
One study reports a 14% incidence of mild to moderately severe AP 
among patients with HIV between 1993 and 1994, with an inverse 
correlation between serum pancreatic enzyme level and number of 
CD4 lymphocytes.4 Etiologies of pancreatitis frequently seen in HIV-
infected patients include drugs (e.g., pentamidine, didanosine, and 
trimethoprim-sulfamethoxazole) and opportunistic infections (e.g., 
CMV, HSV, and others listed earlier). For the most part, however, the 
infections (microabscesses or macroabscesses) in these reports were 
noted incidentally at autopsy, without prior associated symptoms or 
pathologic evidence of AP. In addition, advanced HIV infection is 
associated with an increased risk of pancreatic malignancies, including 
Kaposi sarcoma and lymphoma, which may lead to signs, symptoms, 
or laboratory abnormalities suggesting pancreatitis. Finally, isolated 
pancreatic enzyme elevations have been noted in HIV-infected patients 

Definition
•	 Infection	of	pancreatic	tissue.
•	 Most	commonly	develops	as	a	complication	

of	acute	pancreatitis	(AP),	in	tissue	that		
has	been	damaged	by	inflammation	(see		
Table	78-3).

•	 Pancreatic	abscess	is	a	circumscribed	
collection	of	pus	usually	in	or	near	the	
pancreas,	arising	as	a	consequence	of	AP		
or	pancreatic	trauma.

Epidemiology
•	 Approximately	185,000	cases	of	AP	

per	year	in	the	United	States,	20%	of		
which	may	have	significant	pancreatic	
necrosis.

•	 Up	to	70%	of	patients	with	pancreatic	
necrosis	may	develop	pancreatic		
infection.

Microbiology
•	 Gastrointestinal	bacterial	flora	most	common	

(aerobes	and	anaerobes,	gram-positive,	and	
gram-negative).

•	 Use	of	preemptive	antibiotics	may	select	for	
more	resistant	bacterial	species	and	fungal	
pathogens.

Diagnosis
•	 Must	be	distinguished	from	sterile	pancreatic	

necrosis,	which	can	be	associated	with	a	
sepsis-like	syndrome.

•	 Tissue	sampling	is	required	to	identify	infection.

Therapy
•	 Antimicrobial	therapy	targeting	organisms	

identified	in	cultures	of	the	infected	site,	in	
combination	with	catheter	drainage	and/or	
surgical	removal	of	the	infected	material	(see	
Table	78-4).

•	 Delay	in	surgery	for	infected	pancreatic	
necrosis	may	allow	for	a	more	stable	patient	
with	better-demarcated	areas	of	necrotic	tissue.

•	 Newer	surgical	approaches	include	video-
assisted	retroperitoneal	débridement	and	
endoscopic	transgastric	necrosectomy.

Prevention
•	 Avoid	too-early	enteral	feeding.
•	 A	consensus	favoring	use	of	early	(preemptive)	

systemic	antibiotics	emerged	in	the	1990s	and	
2000s,	using	carbapenem	alone	or	quinolone	
plus	metronidazole	as	first-choice	therapy.

•	 More	recent	randomized	controlled	studies	
have	not	demonstrated	a	benefit	from	this	
practice,	and	some	guidelines	no	longer	
recommend	preemptive	antibiotics	for	patients	
with	AP.

SHORT VIEW SUMMARY
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Significance of Infection in Acute 
Pancreatitis
Some reports suggest that infection increases mortality rates. In one 
series of 114 patients with pancreatic necrosis, intestinal microorgan-
isms were cultured from the necrotic tissue in 39.4% of cases. Mortality 
rates in patients with less than 50% gland necrosis rose from 12.9% to 
38.9% if the necrotic tissue was infected, whereas mortality rates in 
patients with more than 50% necrosis rose from 14.3% to 66.7% in the 
presence of infection.11 Of note, other studies have reported that the 
mortality rates among patients with severe sterile necrosis are equal to 
those among patients with infected necrosis.12 Nonetheless, the asso-
ciation of mortality with infection in AP in some studies suggests that 
preventing, identifying, and treating infections might decrease the 
risks of adverse outcomes. A recent meta-analysis further supports this 
idea with the finding that among nearly 1500 patients with AP, the 
absolute influence of organ failure and infected pancreatic necrosis on 
mortality is comparable, and thus the presence of either indicates 
severe disease—that is, the relative risk (RR) of mortality doubles when 
organ failure and infected pancreatic necrosis are both present and 
indicates extremely severe disease or critical AP.13

Although infection is rare in mild pancreatitis, severe pancreatitis 
is associated with infection rates as high as 70%.11,14-17 This difference 

TABLE 78-1  Drugs Potentially Causing Acute 
Pancreatitis

Acetaminophen (overdose)
α-Methyldopa
Aminosalicylic acid
Azathioprine
Cimetidine
Cytarabine
Didanosine
Erythromycin
Estrogens
Exenatide
Furosemide
L-Asparaginase
6-Mercaptopurine
Metronidazole
Nitrofurantoin
Nonsteroidal anti-inflammatory drugs
Pentamidine
Procainamide
Ranitidine
Steroids
Sulfasalazine
Sulfonamides
Tetracycline
Thiazide diuretics
Valproic acid

Modified from Sakorafas GH, Tsiotou AG. Etiology and pathogenesis of acute 
pancreatitis. J Clin Gastroenterol. 2000;30:343-356.

TABLE 78-2  Infectious Causes of Pancreatic 
Disease

Definite* or Probable† Pancreatitis
Ascaris

Aspergillus

Coxsackievirus B, B3, B4

Cryptosporidium

Cytomegalovirus

Hepatitis B virus

Herpes simplex virus 2

Legionella

Leptospira

Mumps virus

Mycoplasma

Salmonella Typhi

Toxoplasma

Varicella-zoster virus

Probable Pancreatic Infection‡ without Acute Pancreatitis
Actinomyces

Candida spp.

Clonorchis sinensis

Coccidioides immitis

Cryptococcus neoformans

Echinococcus granulosus

Entamoeba histolytica

Histoplasma capsulatum

Leishmania donovani

Mucormycosis

Mycobacterium avium-intracellulare

Mycobacterium tuberculosis

Nocardia asteroids

Paracoccidioides brasiliensis

Paragonimus westermani

Pneumocystis jirovecii

Schistosoma haematobium

Strongyloides stercoralis

*Pancreatitis at surgery or autopsy, or radiographic evidence.
†Threefold increase in amylase and/or lipase as well as characteristic symptoms.
‡Culture of the organism from blood or pancreatic juice, or serologic diagnosis 

in a characteristic clinical or epidemiologic setting.
From Parenti DM, Steinberg W, Kang P. Infectious causes of acute pancreatitis. 

Pancreas. 1996;13:356-371.

lacking other signs or symptoms of pancreatitis.5 In the study discussed 
earlier,4 the most frequent causes of pancreatitis were gallstones, 
alcohol or intravenous drug abuse, pentamidine intake, and infections 
with Pneumocystis jirovecii and Mycobacterium avium-intracellulare 
complex. Of note, no pancreatic tissue sampling was performed to 
document the presence of these microorganisms.

INFECTION COMPLICATING ACUTE 
PANCREATITIS
Background
Most pancreatic infections occur as complications of AP initiated by 
noninfectious causes. Regardless of the inciting event, the pathogenesis 
of AP involves activation and release of toxic materials, including  
pancreatic proteolytic enzymes and vasoactive substances (trypsin, 
cathepsin B, phospholipase, chymotrypsin, elastase, cytokines, and the 
kallikrein-kinin, coagulation, and fibrinolysis cascades) that injure 
pancreatic cells and blood vessels. Such damage increases vascular 
permeability and leads to pancreatic swelling, a condition described 
clinically as edematous/interstitial pancreatitis. Accounting for 80% of 
AP cases,6 this disorder usually responds well to supportive care. In 
more severe disease, liberation of these toxic materials into the sur-
rounding retroperitoneal spaces, lesser sac, and peritoneal cavity causes 
chemical irritation and contributes to third-space losses of protein-rich 
fluid, leading to hypovolemia and hypotension. In 20% of AP cases, 
hypoxia, free radicals, and ongoing release of pancreatic enzymes cause 
disruption of the pancreatic microcirculation, which leads to more 
severe pancreatic tissue injury and ultimately pancreatic necrosis. In 
addition, recruited inflammatory cells release substances such as  
phospholipase A2, polymorphonuclear cell elastase, interleukins, leu-
kotrienes, and complement factors, which contribute to a systemic 
inflammatory response syndrome (SIRS) that may include fever, acute 
respiratory distress syndrome (ARDS), pleural effusions, renal failure, 
shock, myocardial depression, and metabolic abnormalities.7 Necrotiz-
ing pancreatitis is associated with mortality rates of 30% to 40%.8 
Twenty percent of the deaths occur during the first week of illness, in 
the setting of this inflammatory milieu and associated multiple organ 
failure. Later deaths from AP often occur in association with local and 
systemic infectious complications.9 Predisposition to infection in 
severe AP may be related in part to altered immune responses; in one 
report, aberrant monocyte signaling profiles were identified that could 
alter immune defenses, including monocyte transmigration.10
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a sepsis-like syndrome without a septic focus. Such patients may 
develop physiologic abnormalities indistinguishable from those associ-
ated with infection, including systemic organ failure syndrome involv-
ing the lungs, kidneys, liver, and cardiovascular systems. In one study,23 
60% of AP patients developed fever; in 22%, the fever was related to 
pancreatitis per se; in 33%, it was attributed to extrapancreatic infec-
tions; and in 45%, it was due to infected pancreatic necrosis. Imaging 
by CT can aid in diagnosing infected pancreatic necrosis only if gas is 
seen in and around areas of pancreatic necrosis. Several laboratory 
parameters have been evaluated as markers of pancreatic infection; the 
most promising of these is procalcitonin, a 116 amino-acid propeptide 
of calcitonin, but more data from larger studies must be obtained.24,25 
A recent study addressed the value of routine clinical tests (white blood 
cell [WBC] and CRP) in predicting the development of infected pan-
creatic necrosis in severe AP. The authors reported that if CRP and 
WBC values were below cutoff values (81 mg/L for CRP and 13 × 109/L 
for WBC), the risk for infected necrosis was approximately 1.4%. The 
authors suggest that invasive testing to diagnose infection may be 
unnecessary in this subset of patients.26 In most patients, however, 
tissue sampling must be undertaken to detect infection; Gram stain 
and culture of pancreatic tissue sampled by CT-guided fine-needle 
aspiration (FNA) provides high diagnostic sensitivity and specificity 
with minimal risk of introducing infection or disseminating organisms 
by intestinal puncture.12 This procedure is recommended for patients 
with necrotizing AP and persistent systemic toxicity or organ failure, 
or both, in the first 7 to 14 days. Similarly, culture of material retrieved 
by FNA of collections, seen by CT or ultrasound imaging, allows diag-
nosis of pancreatic abscess. Such collections may spread from the pan-
creas into the retroperitoneum, mesentery, mediastinum, and 
elsewhere, through tissue damaged by activated proteases, vasoactive 
substances, and inflammatory mediators.27

Microbiology of Pancreatic Infection
Pancreatic superinfection (both infected necrosis and abscess) usually 
involves gastrointestinal flora, including aerobes and anaerobes. His-
torically, both gram-negative (most commonly Escherichia coli and 
Klebsiella species, less commonly Enterobacter, Pseudomonas, Proteus, 
and others) and gram-positive (enterococcal, streptococcal, and staph-
ylococcal species) bacteria participate, and infections may be mono-
microbial or polymicrobial. In a collected series of 45 articles, 
representing more than 1100 cases of secondary pancreatic infec-
tions,28 the causative organisms were E. coli (35%), Klebsiella pneu-
moniae (24%), Enterococcus spp. (24%), Staphylococcus spp. (14%), and 
Pseudomonas spp. (11%).

One group29 has reported a different microbiologic picture of 
infected pancreatic necrosis in alcoholic and biliary pancreatitis among 
70 patients with similar degrees of necrosis and who underwent 
surgery for pancreatitis. These authors note a higher rate of infection 
overall and a preponderance of gram-negative organisms in the biliary 
disease patients, compared with a tendency toward more gram-positive 
pancreatic infections in the alcoholic group. The authors hypothesize 
that these differences might be explained by a biliary origin of pancre-
atic infection among patients with biliary disease, in contrast to a 
hematogenous origin of infection from catheter contamination in the 
alcoholic population. Of note, other work has shown that mortality 
from pancreatitis is related to the severity of the attack and not the 
underlying cause.30

Earlier exposure to broadly active antimicrobial therapy changes 
the flora that cause infections, and increasingly resistant bacterial 
infections and fungal infections have become more common.31 One 
group reports no correlation of fungal infection with negative out-
comes,32 but other studies suggest otherwise. One report33 includes 
prospective data on 57 patients with infected necrotizing AP from 1983 
to 1995, of whom 7 patients (12%) developed either pure fungal infec-
tion or mixed fungal and bacterial infection; isolates were Candida 
albicans and Torulopsis glabrata, detected an average of 36 (range, 18 
to 80) days after onset of pancreatitis. Among these patients, 4 of 7 had 
“primary” fungal infection that developed in the absence of prior 
operative interventions. Fungal infection was associated with ERCP as 
the cause of AP (P = .02) and with exposure to parenteral nutrition 

in infection risk has driven extensive efforts to identify patients with 
severe pancreatitis early in the course of illness. Multiple criteria have 
been suggested, with some agreement that severe AP is characterized 
by abnormalities in physiology (an Acute Physiology and Chronic 
Health Evaluation [APACHE II] score of less than 8 or equivalent for 
other scoring systems), in conjunction with computed tomographic 
(CT) evidence of less than 30% pancreatic necrosis, chest radiographic 
evidence of pleural effusions, and C-reactive peptide (CRP) value less 
than 150 mg/L.18 Of importance, the risk of infection increases with 
the extent of necrosis.11,19

Defining Pancreatic Infections
Pancreatic infection nomenclature, derived by consensus at the Inter-
national Symposium on Acute Pancreatitis in Atlanta in 1992,20 is 
summarized in Table 78-3. In early AP (the first 3 weeks),12 local infec-
tion may arise in necrotic pancreatic and peripancreatic tissue without 
significant pus collections.21 The incidence of infection increases with 
the extent of necrosis and with time.22 In one study, 49% of infections 
in necrotizing pancreatitis developed within the first 2 weeks of illness, 
whereas 71% of infections developed within the first 3 weeks of illness.12 
Another group reported the incidence of infection was highest among 
patients undergoing surgery 15 to 21 days into illness.11 The contami-
nation rate was 24% within the first week after onset of symptoms and 
then rose to 36% and 71% within 2 and 3 weeks, respectively.

Later in the course of AP (weeks 4 to 7), after the serum markers 
of pancreatitis resolve, pancreatic necrosis liquefies into fluid collec-
tions; sterile necrosis thus develops into pancreatic pseudocysts, 
whereas infected necrosis matures into pancreatic abscesses in about 
3% of patients with necrotizing pancreatitis.11,15 Pseudocysts may sub-
sequently become superinfected and develop into abscesses as well. 
Pancreatic abscess typically is seen with fever, abdominal pain, and 
leukocytosis in patients recovering from recognized pancreatic disease. 
In general, more systemic toxicity and mortality occur with infected 
necrosis than with pancreatic abscess. Specifically, mortality rates of 
26% to 32.1% have been reported for infected necrosis versus 12% to 
22.2% for abscess.12,21

Diagnosis of Pancreatic Infection
Identifying infection in AP can be difficult because patients with exten-
sive necrosis of pancreatic and peripancreatic tissue frequently display 

TABLE 78-3  Definitions Derived from the 
International Symposium on Acute Pancreatitis, 
1992

TERM DEFINITION
Acute 

pancreatitis
Acute inflammatory process of the pancreas with variable 

involvement of other regional tissues or remote organ 
systems

Severe acute 
pancreatitis

Association with organ failure or local complications, or both, 
such as necrosis, abscess, or pseudocyst

Acute fluid 
collection

Occurs early in the course of AP, located in or near the 
pancreas, always lacking a wall of granulation or fibrous 
tissue; bacteria variably present; occurs in 30%-50% of 
severe AP; most acute fluid collections regress, but some 
progress to pseudocyst or abscess

Pancreatic 
necrosis

Diffuse or focal area(s) of nonviable pancreatic parenchyma, 
typically associated with peripancreatic fat necrosis, 
diagnosed by computed tomography scan with intravenous 
contrast enhancement

Acute 
pseudocyst

Collection of pancreatic juice enclosed by a wall of fibrous or 
granulation tissue that arises as a consequence of AP, 
pancreatic trauma, or chronic pancreatitis; formation 
requires 4 or more weeks from onset of AP

Pancreatic 
abscess

Circumscribed intraabdominal collection of pus usually in or 
near the pancreas, containing little or no pancreatic necrosis, 
arises as a consequence of AP or pancreatic trauma

AP, acute pancreatitis.
Note: The use of terms such as phlegmon, infected pseudocyst, hemorrhagic 

pancreatitis, and persistent acute pancreatitis is explicitly discouraged.
From Bradley EL. A clinically based classification system for acute pancreatitis.  

Arch Surg. 1993;128:586-590.
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walled-off necrosis. In this study of 40 patients with pancreatic necrosis 
who had infection determined using Gram stain or culture, percutane-
ous drains were placed at enrollment, and computed tomographic 
scans were repeated at 10 days. Patients who had more than a 75% 
reduction in collection size were treated with drains. Other patients 
were treated with VARD. Crossover to open surgery was performed 
for technical reasons and/or according to surgeon judgment. Overall, 
85% of patients were eligible for this minimally invasive approach, 
including 60% of surgical patients. Most patients (81%) required only 
one surgical procedure, and the mortality and complication rates com-
pared favorably with open débridement. Of interest, a reduction in 
collection size of 75% according to the results of computed tomo-
graphic scans at 10 to 14 days predicted the success of percutaneous 
drainage alone.42

The role of surgery in the management of sterile necrosis is more 
controversial. Some believe that a subset of patients with severe sterile 
necrosis that has organized over the course of a prolonged illness  
(4-6 weeks or more) may benefit from surgical débridement.43 The 
decision to drain sterile fluid collections also is based predominantly 
on symptoms.

Prevention of Pancreatic Infection
Because infection may be associated with increased mortality rates  
in AP despite aggressive medical and surgical therapy, major efforts 
have been oriented toward preventing infection. Studies have focused 
on maintaining the gut barrier function, probiotics, selective gut 
decontamination (SGD) with oral, nonabsorbable antibiotics, and 
early therapy with systemic antibiotics. A reasonable aim for such 
studies is to identify interventions that decrease the frequency of pan-
creatic infection, leading to fewer surgical procedures and lower mor-
tality rates.

Early Enteral Feeding
Several groups have studied enteral feeding in AP for its ability to  
lower infection risk both by reducing dependence on central venous 
access for parenteral alimentation and by sustaining the integrity of  
the intestinal barrier. In animal studies of AP,44 enteral nutrition was 
associated with less bacterial and/or endotoxin translocation into  
mesenteric lymph nodes but did not influence pancreatic healing or 
overall survival. In one study of humans, 38 patients with severe AP 
were randomized to parenteral nutrition or to enteral nutrition via 
nasojejunal tube (NJT) within the first 48 hours after admission. The 
NJT patients suffered fewer complications (P < .05) and fewer infec-
tious complications (P < .01).45 Of note, all patients received imipenem 
from admission until clinical recovery and restoration of normal  
CRP concentrations. The authors speculate that enteral feeding 
“improves the gut immune system, restores normal gut structure  
and microflora, and aids the mucosa in withstanding challenges… it 
is, in fact, still unclear whether enteral feeding improves the rate of 
septic morbidity or whether total parenteral nutrition (TPN) itself 
causes an increase in septic complications.” Another study of 89 
patients with pancreatitis observed that enteral nutrition significantly 
reduced septic complications but did not affect the rates of multiple 
organ failure or death.46

Probiotics have been evaluated in addition to enteral feeding. A 
randomized, double-blind study showed significantly less pancreatic 
sepsis and fewer surgical interventions in 22 AP patients given live 
Lactobacillus for 1 week, compared with 23 control patients given heat-
killed Lactobacillus. Both groups received early enteral feeding with oat 
fiber supplementation as a substrate for the lactic acid bacteria.47 In a 
subsequent double-blind, placebo-controlled study, 298 patients with 
severe AP received a multispecies probiotic product or placebo, admin-
istered via NJT along with tube feeding. Infection rates were similar 
between groups, but mortality was higher in the probiotic group (16% 
vs. 6%; RR, 2.53). Nine patients in the probiotic group developed bowel 
ischemia (8 of whom died), compared with none in the placebo group 
(P = .004). The researchers concluded that this probiotic should not be 
administered to patients with predicted severe AP.48 Commentators 
provide several possible explanations for these unexpected results, 
including a potentially harmful interaction between the probiotic and 
the enteral feeding formula used. They also speculate that “patients 

and broad-spectrum antibiotics. Treatment included amphotericin B 
in 5 patients, of whom 2 received antifungal therapy, only after devel-
oping candidemia 35 and 67 days, respectively, after diagnosis of pan-
creatic fungal infection; 2 additional patients did not receive antifungal 
therapy at all because of concerns about toxicity. There was a trend 
toward higher mortality rates among patients with fungal isolates com-
pared with patients with bacterial infection. Survivors underwent twice 
as many necrosectomies as nonsurvivors, suggesting that aggressive 
surgical management of these infections is warranted. Another study 
reports a 41% rate of Candida infection in peripancreatic sepsis (7 of 
17 consecutive patients managed between 1988 and 1992). The mortal-
ity rate was 0% for the 10 patients without fungal infection, compared 
with 42% among the Candida-infected patients (P = .05), without 
apparent relationship to microbiologic cure.34 Another group35 
observed fungal infections in 17 of 46 patients (37%) with infected 
necrosis over an 8-year period. There was no mortality difference 
attributable to fungal infection. A lower rate of fungal infection without 
mortality benefit was noted in a subset of 18 patients who received 
prophylactic antifungal treatment.

Overall, the profile of organisms suggests most pancreatic infec-
tions originate in the gastrointestinal tract and seed the pancreas via 
the bowel, the biliary tree, the lymphatics, or the bloodstream. Initially, 
bowel flora may translocate across a gastrointestinal mucosal barrier 
damaged by ischemia during the hypovolemic phase of AP.

Management of Pancreatic Infection
In most cases, treating pancreatic infection requires antimicrobial 
therapy directed at organisms identified in cultures of the infected site, 
in combination with mechanical removal of the infected material. 
Although some groups36 have reported successful medical manage-
ment of infected necrosis, most have traditionally believed that thor-
ough surgical débridement of infected necrosis and removal of all 
associated fluid collections are necessary. The timing of surgery is a 
matter of some debate in the literature. The intended benefit from early 
intervention is prompt removal of the infected material in hopes of 
more rapid resolution of the inflammatory processes. However, a delay 
in surgery may allow for a more stable patient with better-demarcated 
areas of necrotic tissue. No studies have evaluated the optimal timing 
of surgery for infected necrosis in particular, but one randomized clini-
cal trial studying patients with severe necrotizing pancreatitis found a 
trend toward higher mortality (58% vs. 27%) associated with early 
surgery.37 Surgical approaches (i.e., necrosectomy with continuous 
closed lavage, débridement with open packing, or necrosectomy and 
drainage with planned reoperation) have not been found to differ in 
efficacy.38,39 Surgical management often requires multiple staged opera-
tions to remove all necrotic pancreatic and peripancreatic material. For 
patients with infected necrosis or pancreatic abscess, percutaneous 
catheter drainage has traditionally been considered a reasonable 
adjunct to surgery for initial stabilization of a septic patient or for 
postoperative management of further abscesses. In contrast, postpan-
creatitis abscesses remote from the pancreas itself and superinfected 
pancreatic pseudocysts are unlikely to be associated with significant 
amounts of necrotic tissue; these may be managed successfully by 
catheter drainage or by surgical drainage in conjunction with appropri-
ate antimicrobial therapy.27

Several recent studies suggest that infected pancreatic necrosis may 
also be managed successfully via catheter drainage, without surgical 
intervention. In one report, primary CT-guided percutaneous catheter 
drainage was successful for approximately one half of the patients with 
acute necrotizing pancreatitis, and the presence of multisystem organ 
failure was a more important indicator of outcome than the presence 
of infection.40 For patients in whom catheter drainage is inadequate, 
several newer approaches to surgical management have been described. 
One recent publication describes a randomized controlled trial that 
demonstrated reductions in proinflammatory response as well as 
reductions in a composite clinical end point of major complications or 
death for patients treated with endoscopic transgastric necrosectomy 
(transgastric puncture, retroperitoneal drainage, and necrosectomy) 
compared with surgical necrosectomy.41 Another group describes a 
prospective cohort study supporting the safety and efficacy of video-
assisted retroperitoneal débridement (VARD) for infected pancreatic 
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with multiorgan dysfunction who need vasopressors to maintain sys-
temic circulation might have severe splanchnic hypoperfusion. Probi-
otics with enteral feeding might result in intestinal oxygen consumption 
exceeding supply, resulting in overt ischemia.”49 In a follow-up study, 
bacteremia, infected necrosis, organ failure, and mortality were all 
associated with intestinal barrier dysfunction early in the course of AP. 
This was determined by measuring excretion of intestinal fatty acid 
binding protein (a parameter for enterocyte damage), recovery of poly-
ethylene glycols (a parameter for intestinal permeability), and excre-
tion of nitric oxide (a parameter for bacterial translocation) in urine 
samples that were collected 24 to 48 hours after randomization to 
probiotic or placebo treatment and 7 days thereafter from 141 patients 
with predicted severe AP. The specific combination of probiotic strains 
used in this study reduced bacterial translocation overall but was asso-
ciated with increased bacterial translocation and enterocyte damage in 
patients with organ failure.50

Selective Gut Decontamination
Animal studies of SGD, reviewed by Ratschko and co-workers,6 show 
a mortality benefit in AP. Of some concern, however, studies in rats 
suggest that eliminating gram-negative bowel flora may facilitate over-
growth of Enterococcus spp. in the gut and increase the risk of gram-
positive infections from translocation of gastrointestinal flora.51

Only one controlled study in human patients evaluated the effects 
of SGD on infection rates (Table 78-4).52 In this trial, patients with 
severe AP (but without pancreatic necrosis on CT) were randomized 
to receive conventional therapy or conventional therapy plus SGD 
(enteral colistin, norfloxacin, and amphotericin B). The SGD group 
also received intravenous cefotaxime until aerobic gram-negative bac-
teria were eliminated from the oral cavity and rectum. There was no 
difference in mortality. However, correcting for illness severity yielded 
a narrow survival benefit for the SGD group (P = .048) that was attrib-
utable to a decrease in infected necrosis (18% vs. 38%, P = .03), with 

TABLE 78-4  Pancreatic Infection Incidence and Mortality Rate in Controlled Trials with Antibiotics 
and Meta-analyses

AUTHOR ANTIBIOTIC NO. OF PATIENTS

PANCREATIC 
INFECTION RATE 
(%) CONTROL/CASE

MORTALITY 
RATE (%) 
CONTROL/CASE COMMENTS

Luiten  
et al52

SGD: enteral colistin, 
norfloxacin, and 
amphotericin B, until 
clinical recovery plus IV 
cefotaxime until 
gram-negative bacteria 
are eliminated from the 
oral cavity

102
severe AP

38/18* 35/22 Nonblinded.
Necrosis not defined.
Mortality difference statistically 

significant when disease severity 
differences between the groups are 
taken into account. Predominant 
effect on gram-negative pancreatic 
infection (8% in SGD group vs. 33% 
in conventional treatment group). 
Treatment with intravenous 
cefuroxime as well as enteral SGD 
obscures interpretation of the effect 
of enteral treatments alone.

Pederzoli  
et al19

Imipenem, 500 mg IV tid, 
14 days

74
necrotizing pancreatitis, 

mostly of biliary origin

30/12* 12/7 Not placebo-controlled.
Nonpancreatic infections also reduced 

(15% vs. 49%, P < .01). No change in 
multiorgan failure rate, need for 
surgery, or survival compared with no 
early antibiotic treatment.

Sainio  
et al60

Cefuroxime, 1.5 g IV tid, 
until clinical recovery and 
normalization of CRP 
level

60
severe acute alcoholic 

pancreatitis and 
necrosis of at least one 
third of the pancreas by 
contrast-enhanced CT

40/30 23/3* Not placebo-controlled. Reduction in 
total infections, infections per patient, 
and operations also statistically 
significant. Rate of culture-proven 
sepsis not statistically significant. Only 
urinary tract infections were reduced 
significantly.

Delcenserie 
et al61

Ceftazidime, amikacin, and 
metronidazole IV, 10 days

23
alcohol-induced severe AP

58/0* 25/9 CT with two or more fluid collections, 
necrosis not defined

Schwarz  
et al62

Ofloxacin and 
metronidazole IV,  
10 days

26
CT-confirmed pancreatic 

necrosis

53/61 15/0 Not placebo-controlled. FNA performed 
on days 1, 3, 5, 7, and 10 in all 
patients; antibiotics given to control 
patients with evidence of infection. 
Better clinical course in intervention 
group, but no effect on development 
of pancreatic infections.

Bassi et al31 Pefloxacin (400 mg bid) vs. 
imipenem (500 mg tid), 
14 days

60
severe necrotizing 

pancreatitis

Pefloxacin: 33* 
Imipenem: 10*

Pefloxacin: 24 
Imipenem: 10

Nonblinded. CT confirmed at least 50% 
necrosis.

Isenmann  
et al67

Ciprofloxacin (400 mg bid) 
and metronidazole 
(500 mg bid) IV, or 
placebo, 14 or 21 days

114
AP plus serum CRP  
>150 mg/L and/or 
necrosis on contrast-
enhanced CT

12/9 5/7 Randomized, double-blinded, 
placebo-controlled; 28% of CIP/MET 
group and 46% of placebo group 
required open antibiotic treatment; 
most placebo group switches 
motivated by extrapancreatic 
infections; overall mortality and rates 
of pancreatic infection low, number of 
patients with pancreatic necrosis low

Golub  
et al63

Meta-analysis of eight 
controlled trials, including 
trials from the 
1970s19,52,55,88-90

Findings: Early antibiotic administration 
reduced mortality from AP but only 
for patients with severe pancreatitis 
who received broad-spectrum 
antibiotics reaching therapeutic levels 
in pancreatic tissue

Continued
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AUTHOR ANTIBIOTIC NO. OF PATIENTS

PANCREATIC 
INFECTION RATE 
(%) CONTROL/CASE

MORTALITY 
RATE (%) 
CONTROL/CASE COMMENTS

Sharma  
et al64

Meta-analysis including only 
randomized, controlled, 
nonblinded studies 
evaluating patients with 
necrotizing pancreatitis 
who received either no 
preemptive antibiotics or 
preemptive treatment 
with antibiotics reaching 
therapeutic levels in 
necrotic pancreatic 
tissue19,60,61

84
received antibiotic 

prophylaxis; 76 did not; 
of note, the total of 
160 patients in the 
pooled data set is 
inadequate for 
detection of a 50% 
reduction in the rate of 
infections54

Findings: Nonsignificant trend toward 
decreased local infection in patients 
given early imipenem, cefuroxime, or 
ofloxacin. Incidence of sepsis and 
overall mortality significantly lower 
(absolute risk reductions, 21.1% and 
12.3%, respectively, for a relative risk 
reduction of 72%) for antibiotic 
treatment. On this basis, the authors 
recommend that “all patients with 
acute necrotizing pancreatitis…be 
given prophylaxis with an antibiotic 
with proven efficacy in necrotic 
pancreatic tissue.”

Villatoro  
et al68

Cochrane Review including 
randomized controlled 
trials comparing 
antibiotics with placebo 
in AP with CT-proven 
necrosis

294 (from 5 evaluable 
studies)

Findings: Significantly less mortality with 
therapy (6%) vs. controls (15.3%).  
No differences in rates of infected 
pancreatic necrosis, operative 
treatment, nonpancreatic infection, 
and fungal infection. Subgroup 
analysis of β-lactam treatment: 
Significantly less mortality (6.3% vs. 
16.7%) than in controls, without 
significant differences in rates of 
operative treatment or nonpancreatic 
infections. No significant differences 
with quinolone plus imidazole 
treatment. β-Lactams associated with 
significantly decreased mortality and 
infected pancreatic necrosis.

Rokke  
et al69

Prospective randomized 
controlled trial, imipenem 
(500 mg tid for 5-7 days) 
vs. no antibiotics

73:
36 received imipenem; 37 

received no antibiotics

43/14* 11/8 Underpowered study (slow patient 
accrual).

No differences in length of hospital stay, 
need of intensive care, need of acute 
interventions, need for surgery, or 
30-day mortality rates.

Authors conclude that “the study, 
although underpowered, supports the 
use of early prophylactic treatment 
with imipenem in order to reduce the 
rate of septic complications in patients 
with severe pancreatitis.”

Dellinger  
et al70

Multicenter, prospective, 
double-blind, placebo-
controlled randomized 
study set in 32 centers 
within North America 
and Europe

100 clinically severe, 
confirmed necrotizing 
pancreatitis:

50 received meropenem 
(1g IV q8h); 50 received 
placebo within 5 days 
of symptom onset, for 
7 to 21 days

12/18 18/20 No statistically significant difference 
between the treatment groups for 
pancreatic or peripancreatic infection, 
mortality, or requirement for surgical 
intervention.

Jafri et al71 Meta-analysis assessing the 
clinical outcome of 
patients with severe AP 
treated with prophylactic 
antibiotics compared with 
that of patients not 
treated with antibiotics

502 (from 8 studies) Findings: No effect of antibiotics on 
mortality, rates of infected necrosis, or 
frequency of surgical intervention. 
Apparent benefit regarding 
nonpancreatic infections (RR, 0.60; 
95% CI, 0.44-0.82), with a RR 
reduction of 40% (95% CI, 
18%-56%); absolute risk reduction of 
15% (95% CI, 6%-23%), and number 
needed to treat of 7 (95% CI, 4-17).

Villatoro  
et al72

Cochrane Review including 
randomized controlled 
trials comparing 
antibiotics with placebo 
in AP with CT-proven 
necrosis

404 (from 7 evaluable 
studies)

Findings: No benefit of antibiotics in 
preventing infection of pancreatic 
necrosis or mortality, except when 
imipenem was considered on its own, 
in which case a significant decrease  
in pancreatic infection was found  
(P = .02; RR, 0.34; 95% CI, 0.13-0.84) 
without effect on mortality. “None of 
the studies included in this review 
were adequately powered. Further 
better designed studies are needed if 
the use of antibiotic prophylaxis is to 
be recommended.”

*P < .05.
AP, acute pancreatitis; CI, confidence interval; CIP/MET, ciprofloxacin/metronidazole; CRP, C-reactive protein; CT, computed tomography; FNA, fine-needle aspiration; IV, 

intravenous; RR, relative risk; SGD, selective gut decontamination.
Modified from Toouli J, Brooke-Smith M, Bassi C, et al. Guidelines for the management of acute pancreatitis. J Gastroenterol Hepatol. 2002;17(suppl):S15-S39.

TABLE 78-4  Pancreatic Infection Incidence and Mortality Rate in Controlled Trials with Antibiotics 
and Meta-analyses—cont’d
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to standard protocol, based on an APACHE score less than 6 and 
pancreatic necrosis (<15% of the gland), peripancreatic necrosis, or 
peripancreatic collection. The frequency of pancreatic infection was 
significantly lower among patients receiving preemptive antibiotics 
(76% in the earliest group vs. 45% in the middle group [P = .003] and 
27% in the latest group [P < .001]). In addition, the difference in infec-
tion rates between the group of patients receiving nonprotocol antibi-
otics and the group receiving imipenem by protocol was statistically 
significant (P = .04). The mortality rates trended downward from 16% 
to 7% to 5% (P = .11). Mortality rates ranged from 19% to 40% for 
patients developing infection within the first 4 weeks, compared with 
0% to 8% for those infected after 4 weeks. Time to infection, however, 
was the same across all groups. The authors conclude that early imipe-
nem, or possibly ciprofloxacin, for a 4-week course should be the 
standard of care for patients with severe AP. Although this study has 
been invoked in support of routine administration of imipenem, the 
results are confounded by several factors. The middle group may have 
received antibiotics with an inadequate spectrum of coverage, later in 
the course of illness, or for an inadequate duration. Because the caus-
ative organisms were not reported, the importance of spectrum of 
coverage cannot be assessed. In addition, the longitudinal retrospective 
design of this study impairs understanding of the effects of non–
antibiotic-related changes in detection and management of severe AP 
that may have influenced mortality rates. Of note, lower infection rates 
have not been associated with improved survival in retrospective 
studies.

Four initial randomized studies in the 1990s and early 2000s 
addressed the efficacy of systemic antibiotics in diminishing infection 
in AP, focusing on patients with severe disease and using broad-
spectrum antibiotics with reasonable pancreatic penetration, as sum-
marized in Table 78-4. The results of these studies, however, were not 
definitive because of problems in study design and sample size.

In one trial of 74 patients with necrotizing pancreatitis, early imi-
penem treatment reduced morbidity by decreasing the rates of tissue-
confirmed pancreatic infection and nonpancreatic sepsis but did not 
influence time to onset of pancreatic sepsis, rate of multiorgan failure, 
need for surgery, or survival in comparison to patients receiving no 
early antibiotic treatment. Preemptive antibiotic therapy was especially 
effective for patients with mild to moderate pancreatic necrosis; no 
patient in the treated group with less than 50% necrosis developed 
septic complications versus 29% in the control group.19

In another trial,60 60 patients with severe AP and necrosis were 
given no preemptive antibiotics or cefuroxime. The treated group suf-
fered significantly fewer total infections, infections per patient, opera-
tions, and deaths (3% vs. 23%). However, the rate of culture-proven 
sepsis was not significantly different between groups, and only urinary 
tract infections were reduced significantly. The study has been criti-
cized because of the large number of urinary tract infections and of  
S. epidermidis “infections” with questionable clinical significance. In 
addition, 67% of the treatment group patients changed antibiotics after 
a mean of 9.2 days, 3 because of strong clinical suspicion for (culture-
negative) sepsis, and 17 for unstated reasons.6 Finally, it is unclear 
whether the deaths were related to infection. The authors acknowledge 
that the reasons for mortality benefit from early cefuroxime treatment 
in this study are unclear, because cefuroxime would not have been 
expected to alleviate most of the infections in the control group.60

A third group evaluated the effects of a 10-day course of intrave-
nous ceftazidime, amikacin, and metronidazole in 23 patients with 
alcohol-induced severe AP. Infections occurred among 0% of patients 
in the treatment group versus 58% in the placebo group (P = .03). 
Mortality and multiple organ failure rates were not significantly 
different.61

The fourth study randomized 26 patients with pancreatic necrosis 
to early intravenous ofloxacin and metronidazole or no antibiotics. All 
patients underwent serial FNA; antibiotics were administered to the 
control patients who showed evidence of infection. There was no dif-
ference in the incidence or timing of infected necrosis. The mortality 
rate trended downward from 15% to 0% in the antibiotic-treated 
group.62

Thus, of the four initial randomized studies comparing routine 
early antibiotic treatment with no treatment in AP, three showed lower 

an effect on gram-negative pancreatic infection in particular (8% vs. 
33%, P = .003). Of note, sterile pancreatic necrosis was documented in 
11 of 16 patients who died within 2 weeks of onset (mostly from mul-
tiple organ dysfunction syndrome), suggesting that mortality was 
unrelated to infection. The administration of intravenous cefotaxime 
along with SGD in this study obscures interpretation of the effect of 
SGD alone.

In a follow-up report,53 the authors of this trial noted that among 
patients in both the SGD and control groups, gram-negative infection 
of pancreatic necrosis was associated with a mortality rate 15-fold 
higher than that associated with sterile necrosis, whereas gram-positive 
pancreatic infection was not associated with an increase in mortality 
rate. Of interest, there was no significant difference in the incidence of 
gram-positive infected necrosis between the SGD and the control 
groups. These issues may be related to the treatment with systemic 
cefotaxime, which protects from some of the more virulent gram-
positive organisms but has relatively poor coverage against gram-
negative organisms such as Pseudomonas aeruginosa. In fact, the most 
frequent gram-negative isolates in this study were P. aeruginosa and 
E. coli (13 patients each), whereas the most frequent gram-positive 
isolates were enterococci and Staphylococcus epidermidis.

Preemptive Systemic Antibiotic Therapy
Several groups have examined the efficacy of early treatment with 
systemic antibiotics in diminishing the risks of infection in AP. This 
literature generally describes an approach such as “prophylactic” anti-
microbial therapy, but the strategy might be described more accurately 
as “early” or “preemptive” therapy, and these terms will be used pref-
erentially here. Numerous animal pancreatitis studies have shown a 
benefit from early antibiotic administration, as reviewed by Ratschko 
and co-workers6 and Sand and Nordback.49 Among other aspects, the 
ability to administer antibiotics very early in the course of pancreatitis 
distinguishes these animal models from the treatment of human 
patients, who did not appear to benefit from antibiotic therapy in the 
initial prospective randomized studies from the 1970s. However, the 
human studies enrolled patients with mild disease who were at low risk 
for infection; among the aggregate of 199 patients in these studies, only 
one patient died. In addition, the treatment groups received mono-
therapy with ampicillin, which provides suboptimal activity against the 
relevant organisms and also penetrates poorly into pancreatic tissue 
and fluid.6

Several groups have evaluated antimicrobial penetration into pan-
creatic tissue. In human studies, antibiotic levels in pancreatic tissue 
and fluid tend to correlate with the degree of inflammation; thus, 
higher levels occur in patients with pancreatitis than in members of 
control groups.6 In general, antimicrobials can be assigned to the fol-
lowing categories: (1) poor pancreatic penetration (aminoglycosides, 
first-generation cephalosporins, cefoxitin, and ampicillin); (2) variable 
pancreatic penetration, reaching minimal inhibitory concentrations 
(MIC) for some but not all relevant organisms (mezlocillin [not  
available in the United States], piperacillin, and cefotaxime); and  
(3) pancreatic penetration reaching MIC for most relevant organisms 
(fluoroquinolones, imipenem, ceftazidime, cefepime, metronidazole, 
clindamycin, chloramphenicol, doxycycline, and fluconazole).54-58 One 
group developed an efficacy factor incorporating each drug’s pancre-
atic penetration and activity against organisms typically associated 
with pancreatic infection, with a factor of 1.0 considered optimal.55 The 
calculated factors were 0.98 for imipenem, 0.86 to 0.87 for fluoroqui-
nolones, and 0.71 to 0.78 for piperacillin and third-generation cepha-
losporins. However, the relationship between antibiotic levels in 
pancreatic tissue or fluid and antibiotic efficacy in preventing or treat-
ing infections in necrotic pancreatic parenchyma or in the retroperi-
toneal fat outside the pancreas remains unclear.

Observational reports12,59 have described single-institution experi-
ences with lower rates of infected necrosis after introduction of early 
antibiotic therapy. One such report59 describes a retrospective cohort 
review evaluating three groups of patients with necrotizing pancreati-
tis: 50 patients from 1982 to 1989 receiving no early antibiotics, 55 
patients from 1990 to 1992 receiving variable antibiotic regimens at the 
discretion of their physicians, and 75 patients between 1993 and 1996 
treated with imipenem until discharge or for up to 4 weeks, according 
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placebo group (54%) who were treated with intravenous antibiotics, on 
average, the antibiotic exposure was nearly 3 weeks after randomiza-
tion. Howard71 calculates that with the rates of “placebo group infec-
tion rate of 20% with a reduction to 10% using prophylactic antibiotic, 
accurate powering of a definitive study of prophylactic antibiotics pat-
terned after [this] trial would now require the screening of approxi-
mately 8383 patients and randomization of 1006. Based on the disease 
frequency and heterogeneity, combined with the logistical problems 
found in the current study, this seems like an insurmountable task.” He 
comments further that “the combined weight of these last two clinical 
trials will undoubtedly skew any future meta-analysis against routine 
prophylactic antibiotic use.”71

As predicted, several subsequent meta-analyses of trials looking at 
benefits of antibiotic prophylaxis in severe AP have shown no effect of 
antibiotics on mortality, rates of infected necrosis, or frequency of 
surgical intervention. In one meta-analysis there was apparent benefit 
regarding nonpancreatic infections (RR, 0.60; 95% confidence interval 
(CI), 0.44 to 0.82), with a RR reduction of 40% (95% CI, 18% to 56%), 
absolute risk reduction of 15% (95% CI, 6% to 23%), and number 
needed to treat of 7 (95% CI, 4 to 17).72 A 2010 Cochrane Review of 
seven randomized studies concluded that patients randomized to 
receive prophylactic antibiotics for acute necrotizing pancreatitis had 
no statistically significant reduction in infections.73

Additional Data
One trial has addressed the selection of optimal antibiotic therapy by 
comparing a course of pefloxacin (not available in the United States) 
to treatment with imipenem in 56 patients. Infected necrosis and  
extrapancreatic infection rates were significantly lower in the imipe-
nem group. Rates of death, all resulting from sepsis, did not differ 
significantly.31

A recent retrospective review highlights the following conclusions: 
(1) that prolonged vancomycin use in patients with severe AP is associ-
ated with the acquisition of vancomycin-resistant enterococci; (2) that 
empirical antifungal therapy may reduce the incidence of secondary 
fungal pancreatic infections; (3) that systemic bloodstream infections 
at extrapancreatic sites can lead to seeding of pancreatic pseudocysts; 
(4) that postoperative infections frequently include gram-positive, 
fungal, and drug-resistant organisms, and empirical therapy directed 
at these pathogens should be used until definitive culture results are 
obtained.74

Another trial has addressed the timing of preemptive meropenem 
by comparing early treatment (started 1.07 ± 0.6 days after admission, 
group A) to treatment started after demonstration of pancreatic necro-
sis by CT (4.56 ± 1.2 days from admission, group B). Pancreatic infec-
tion rates were not significantly different between groups, but 
extrapancreatic infection occurred significantly less frequently in 
group A than in group B (16.6% vs. 44.8%). Need for surgery and 
length of hospitalization were also higher in group B. Mortality rates 
were similar in the two groups, but three of four patients with infected 
necrosis in group A and only two of nine in group B died. The authors 
conclude that early antibiotic treatment improves the prognosis of 
necrotizing AP by reducing the rate of septic complications.75 Con-
cerns about these conclusions include the lack of mortality difference 
between groups, the fact that organisms resistant to meropenem were 
responsible for all infections in the early antibiotic group patients, the 
use of TPN rather than enteral nutrition in this study, and the risks of 
Clostridium difficile associated with antibiotics.76

Review Article Recommendations
The literature lacks consensus about the most appropriate approach for 
minimizing infection in AP. Several groups have made specific recom-
mendations (Table 78-5), largely supporting use of carbapenem alone 
or quinolone plus metronidazole as first-choice therapy, with third-
generation cephalosporins or ureidopenicillins as alternative aerobic 
coverage and clindamycin as alternative anaerobic coverage. Most 
authors recognize that optimal duration of preemptive antimicrobial 
therapy has not been studied, but some recommend 1 to 4 weeks, 
depending on the course of disease.6

In contrast, other investigators favor minimizing antimicrobial 
exposure. One group77 describes efforts to avoid imipenem and to limit 

sepsis rates, two showed lower rates of pancreatic infection, and none 
showed any effect on the operation rate. Only one study60 showed a 
statistically significant reduction in mortality rate associated with pre-
emptive antibiotics; this particular study found no associated change 
in pancreatic infection rates. The inconsistencies among trials may 
arise from the relatively small numbers of patients, providing inade-
quate power to detect significant differences. Additional discrepancies 
might be related to the differences in patient populations and in non-
antibiotic management among the various populations, such as rates, 
timing, and techniques of surgery, enteral nutrition, fluid resuscitation, 
and other factors.

Findings from meta-analyses of the published trials are summa-
rized in Table 78-4.63,64 The validity of meta-analysis for these studies 
is unclear, because the enrollment criteria, antibiotic regimens, and 
methods of diagnosing infections used in the trials are not uniform. 
Finally, one author points out that the absence of blinding in these 
studies may have encouraged clinicians to offer surgical débridement 
preferentially to control patients; such surgery might convert sterile 
necrosis to infected necrosis, which might increase mortality.43

A more recent randomized, double-blinded, and placebo-controlled 
study was designed to demonstrate with a power of 90% that 
ciprofloxacin/metronidazole (CIP/MET) reduces the incidence of pan-
creatic necrosis from 40% to 20%.67 After an interim analysis showed 
increased frequency of need for open antibiotic treatment in the 
placebo group, recruitment was stopped and results were reported: no 
differences in rates of infected pancreatic necrosis or mortality were 
found. The results of this study have been controversial because of the 
low rates of infected necrosis in both groups and the high rate of switch 
to open antibiotic treatment in the placebo group. The authors suggest 
that both of these issues are related to the close monitoring for signs 
of SIRS or progressive severe pancreatitis, which led to high switching 
rates and low rates of pancreatic infection. Brown65 notes, “It will 
always be difficult to perform a randomized trial in subjects with severe 
AP in which the control group does not receive antibiotics” and com-
ments further that the study was underpowered to detect the more 
meaningful end point of mortality.65 Additional critiques include the 
relatively small number of patients with pancreatic necrosis and the 
substantial number of infections with coagulase-negative staphylo-
cocci (raising concern about whether these isolates are true pathogens 
vs. contaminants).66 Because mortality rates were similar in the two 
groups, the authors suggest that these data support the approach of 
antibiotic treatment “on demand” based on development of sepsis, 
SIRS, failure of two or more organ systems, proven pancreatic or extra-
pancreatic infection, and an increase in CRP along with evidence of 
pancreatic or extrapancreatic infection. The authors calculate that use 
of these criteria, rather than the preemptive antibiotic treatment given 
in the CIP/MET group, would have reduced antibiotic costs for this 
group by approximately 34%.67

A 2006 Cochrane Review of data from these five evaluable studies 
concluded that antibiotic prophylaxis appeared to be associated with 
significantly decreased mortality but not infectious pancreatic necro-
sis. Studies were limited by variations in methodologic quality and 
treatment regimens and a lack of data on adverse effects.68

A subsequent underpowered prospective randomized controlled 
trial69 measured outcomes in 73 patients with severe AP, of whom 36 
received early imipenem (500 mg tid for 5-7 days) and 37 received no 
antibiotics. Imipenem treatment was associated with significant reduc-
tion in pancreatic infections (43% vs. 14%), but there were no differ-
ences in length of hospital stay, need of intensive care, need of acute 
interventions, need for surgery, or 30-day mortality. The authors con-
clude that “the study, although underpowered, supports the use of early 
prophylactic treatment with imipenem to reduce the rate of septic 
complications in patients with severe pancreatitis.”

A larger multicenter, prospective, double-blind, placebo-controlled 
randomized study set in 32 centers within North America and Europe 
included 100 patients with clinically severe, confirmed necrotizing 
pancreatitis, of whom 50 received meropenem (1g IV q8h), and 50 
received placebo within 5 days of the onset of symptoms for 7 to 21 
days. In this study, there were no differences in rates of pancreatic or 
peripancreatic infections, overall mortality, or need for surgical inter-
vention.70 Although there was a high percentage of patients in the 
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Guidelines
Several groups have offered consensus guidelines for minimizing infec-
tions in AP. These are summarized in Table 78-5. No consensus guide-
lines currently recommend routine antifungal prophylaxis or SGD.

General Practice
General practice varies but generally reflects a belief that early antibi-
otic therapy is beneficial in AP, particularly in severe AP. In a study 
published in 1999, 88% of surgeons in the United Kingdom and Ireland 
reported prescribing preemptive antibiotics in AP. Of note, 24% of the 
respondents reported initiating antibiotics in all cases, regardless of 
disease severity. The most commonly reported regimen was cefurox-
ime with or without metronidazole (46% of surgeons using early 
therapy).85 A survey of 48 hospitals in Sweden published in 2012 found 
that 60% routinely administer antibiotics in severe AP.86

CONCLUSIONS
In general, mild to moderate AP is self-limited and rarely complicated 
by infection. Severe AP is associated with significant morbidity and 
mortality rates that may be related to pancreatic superinfection with 
gastrointestinal microbiota. The management of such infections 
requires optimal diagnosis by way of imaging studies and percutaneous 
aspiration of necrotic pancreatic material, as well as aggressive medical 
and surgical care. Reducing infection rates in AP is a worthy goal if 
doing so will decrease morbidity and mortality, but whether in fact this 
may be expected remains unclear. Human and experimental data 
suggest that enteral feeding prevents infection in AP. Early antibacte-
rial treatment may reduce pancreatic infection risk for patients with 
severe AP, and a consensus favoring this practice emerged in the 1990s 
to 2000s with some support from the literature. However, small size 
and design flaws rendered these studies difficult to interpret. More 

the duration of empirical coverage to 14 days, because of concerns 
about facilitating fungal superinfection. Another group78 concludes 
that the risks of fungal infection warrant a policy of limiting treatment 
with broad-spectrum antibiotics to “as short a period as seems prudent 
(typically 5-7 days).” One review suggests an approach of “on-demand” 
antibiotics rather than uniform administration of antibiotics for all 
patients with severe AP with necrosis. Specifically, this group advocates 
limiting antibiotics to patients with extensive (rather than focal) necro-
sis and patients who have undergone surgical procedures for extensive 
sterile necrosis because of the risks of gram-negative superinfection 
associated with surgical necrosectomy.79 The most recent guideline 
from the American College of Gastroenterology recommends avoiding 
preemptive antibiotic use in AP.80

Regarding fungal infection, some authors33,81 recommend low-dose 
prophylactic fluconazole for all patients with necrotizing pancreatitis 
who receive broad-spectrum antibiotics, particularly for the treatment 
of ERCP-induced pancreatitis. Of interest, one group writes that funge-
mic patients should receive systemic antifungal therapy but that 
“patients with yeast cultured from the necrotic excised pancreatic 
parenchyma but without fungemia may be observed, provided that 
optimal necrosectomy is performed with repeated operations, if neces-
sary.”33 This recommendation contrasts with that of other groups who 
feel that “all patients with…fungus in the setting of acute necrotizing 
pancreatitis should be treated with antifungal therapy and surgical 
drainage and débridement regardless of previous pancreatic manipula-
tion.”82 Others also strongly oppose routine antifungal prophylaxis, 
hoping instead that enteral nutrition lowers the risks of fungal infec-
tion and, in particular, the risks of fluconazole-resistant fungal infec-
tion.83 One group reported no mortality difference associated with 
antifungal prophylaxis among patients with severe AP and infected 
pancreatic necrosis.84

TABLE 78-5  Recommendations from Review Articles and Guidelines Supporting Early Administration 
of Antibiotics in Patients with Acute Pancreatitis

AUTHORS YEAR INCLUSION CRITERIA DRUG TIMING/DURATION
Beger et al11 1986 Acute necrotizing pancreatitis, excluding 

pancreatic abscess
Carbapenem or fluoroquinolone

American College of 
Gastroenterology guidelines43

1997 Necrotizing pancreatitis associated with 
organ failure

Coverage of aerobes and anaerobes

Ho et al59 1997 Necrosis or disruption of the pancreatic 
ductal system/fluid collections

Ciprofloxacin or imipenem-cilastatin 4 wk

Spanish Consensus 
Conference91

1997 Necrotizing pancreatitis Imipenem Minimum 14 days

United Kingdom guidelines92 1998 Before ERCP or surgery
Severe acute pancreatitis

Cefuroxime

Kramer et al93 1999 Ranson score >2, >1 acute fluid 
collection, or necrosis involving at least 
one third of pancreas noted on CT scan

Third-generation cephalosporin or quinolone or 
imipenem or extended-spectrum penicillin

14 days

Ratschko et al6 1999 Severe acute pancreatitis First choices:
carbapenem
or
quinolone (second generation) + metronidazole
Alternatives:
cephalosporins (third generation) + metronidazole 

or clindamycin
or ureidopenicillin + metronidazole
or quinolone + clindamycin

Minimum 7-10 days

Santorini Consensus 
Conference18

1999 Severe acute pancreatitis Broad spectrum, especially gram-negative 
coverage

Starting as early as 
possible after 
identification of a 
severe attack

Gumaste94 2000 Significant necrosis or fluid collections or 
organ dysfunction

Minimum 10-14 days

Bangkok World Congress of 
Gastroenterology95

2002 Pancreatic necrosis noted on CT scan at 
4-7 days

Carbapenem 14 days

Yousaf et al78 2003 Severe acute pancreatitis Broad spectrum 5-7 days

Beger et al79 2005 Extensive necrosis (>50%), early severe 
AP, surgical procedures for extensive 
sterile necrosis, proven pancreatic or 
extrapancreatic infection, sepsis, SIRS, 
failure of two or more organ systems

AP, acute pancreatitis; CT, computed tomography; ERCP, endoscopic retrograde cholangiopancreatography; SIRS, systemic inflammatory response syndrome.
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recently, several larger studies with fewer design flaws have failed to 
show significant benefits from preemptive antibiotics, and these have 
led some experts to recommend an approach of using antibiotics “on 
demand”—that is, those with clinical indicators of infection—rather 
than as a routine aspect of the supportive care of all patients with severe 
AP. The lack of benefit from preemptive antibiotics in these more 
recent studies may result in part from the fact that “modern care is 

associated with a reduction in the risk of necrosis becoming infected. 
This reduction would decrease the relative potential clinical impact of 
prophylactic antibiotics.”71 Enthusiasm for preemptive or prophylactic 
antibiotic treatment must be tempered by these recent studies, as well 
as by concerns about selecting for increasingly resistant organisms, 
which have been associated with longer intensive care unit stays and 
courses of antibiotics.87
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79  Splenic Abscess
Lawrence C. Madoff

EPIDEMIOLOGY
The spleen is a highly vascular hematopoietic lymphoid organ that is 
part of the reticuloendothelial arm of the immune system. If the spleen 
is surgically removed, its absence is marked by heightened susceptibil-
ity to overwhelming infection by encapsulated bacteria and intraeryth-
rocytic parasites (see Chapter 316). Abscesses of the spleen usually 
result from bacteremia, particularly in the setting of abnormalities 
caused by trauma, embolization, or hemoglobinopathy. Immunodefi-
ciency, such as that resulting from human immunodeficiency virus 
(HIV) infection, is also a risk factor.1 On occasion, splenic abscess 
results from extension of a contiguous focus of infection.

Splenic abscesses are relatively uncommon. For example, in one 
series of 540 intra-abdominal abscesses, none were in the spleen.2 
Autopsy series have placed the incidence of splenic abscesses at  
0.2% to 0.7%.3,4 Only approximately 600 have been reported in 
the literature.5 There is a suggestion that the incidence may be increas-
ing because of improved detection, increasing use of illicit intrave-
nous drugs, and the increased number of immunocompromised 
individuals.6-8 Splenic abscess has a bimodal age distribution, with 
peaks in the third and sixth decades of life.8

PATHOGENESIS
Bacteremic infection from a variety of sites is the most common cause 
of splenic abscess. Classically, infective endocarditis has been most 
strongly associated with splenic abscess, and in most series, endocar-
ditis is identified as the leading cause.9,10 In an autopsy series, 29% of 
endocarditis patients between 1986 and 2008 were found to have 
splenic abscesses.11 Other common sources of infection are the urinary 
tract, surgical wounds, and the gastrointestinal tract. Immunodefi-
ciency has become a more important risk factor for the development 
of splenic abscess. In large reviews, 18% to 34% of patients were immu-
nosuppressed (from disease, cancer chemotherapy, or steroid use), 
including as many as 9% who were infected with HIV.12,13 Trauma to 
the spleen, either iatrogenic or accidental, accounts for 7% to 30% of 
cases, with lower numbers in more recent studies, and contiguous 
spread of infection (e.g., from an adjacent intra-abdominal process) 
continues to account for a small percentage of cases (2% to 7%).12 

Other conditions associated with splenic abscess include splenic 
abnormalities, such as Felty’s syndrome or amyloidosis, intravenous 
drug use, hemoglobinopathy, and diabetes mellitus.

Complications of splenic abscess can be life threatening and include 
perforation into the peritoneum, which occurred in 19 (6.6%) of 287 
patients in a recent series.12 Rupture into adjacent organs can occur, 
with resulting fistulas into the gastrointestinal tract, the pleural space, 
or lung parenchyma. Overall mortality rates of 0% to 14% have been 
reported with appropriate therapy (see “Therapy”), although higher 
rates occur among immunocompromised patients.

MICROBIOLOGY
Streptococci, staphylococci, salmonellae, and Escherichia coli have 
been the major causative agents of splenic abscess for the past century 
(Table 79-1). However, with the increased number of immunocompro-
mised patients, recent series have shown greater numbers of fungal 
isolates, including Candida spp., Aspergillus spp., and agents of mucor-
mycosis. Mycobacteria have also become more common. Anaerobic 
bacteria remain a relatively infrequent cause of splenic abscess com-
pared with other intra-abdominal abscesses, despite improvements in 
culture techniques.

In HIV-infected patients, Salmonella spp. and Mycobacterium 
tuberculosis are common causes of splenic abscess, as are the opportu-
nistic pathogens Mycobacterium avium complex, Leishmania spp., 
Rhodococcus equi, and Pneumocystis jirovecii. Sickle cell anemia has 
classically been associated with Salmonella infections of the spleen, but 
more recent series noted a predominance of staphylococcal infection 
associated with this condition.8 Many other organisms have been 
described as causative agents of splenic abscess at the case report  
level, including Bartonella henselae,14 Streptobacillus moniliformis, and 
Nocardia spp.4 In a series from Thailand, the agent of melioidosis, 
Burkholderia pseudomallei, was the cause of splenic abscess in 24 of 41 
cases from which a pathogen was isolated.15 In a more recent series 
from Singapore, there was serologic evidence for melioidosis in 15 of 
21 patients over a 10-year period, although 7 of these had negative 
blood cultures.16 Of interest, nearly all of the patients with melioidosis 
involving the spleen had diabetes mellitus (see Chapter 223, Fig. 

Definition
•	 The	abscesses	comprise	one	or	more	focal	

collections	induced	by	bacteria,	mycobacteria,	
or	fungi	in	the	spleen.

•	 Predisposing	conditions	include	
immunosuppression,	trauma,	diabetes,	
hemoglobinopathy,	Felty’s	syndrome,	
intravenous	drug	use,	and	endocarditis.

Epidemiology
•	 Splenic	abscesses	are	uncommon	and	have	

only	been	reported	in	small	numbers	in	the	
medical	literature.

•	 Splenic	abscesses	are	present	in	0.2%	to	0.7%	
in	general	autopsy	series.

•	 Splenic	abscesses	are	a	frequent	finding	in	
bacterial	endocarditis	and	are	present	in	up	to	
one	third	of	patients	at	autopsy.

•	 There	is	a	bimodal	age	distribution,	with	peaks	
in	the	third	and	sixth	decades	of	life.

Microbiology
•	 Streptococci,	staphylococci,	salmonellae,	

and	Escherichia	coli	are	important	causative	
agents	and,	also	increasingly,	fungi	and	
mycobacteria.

•	 In	specific	geographic	areas	of	Asia,	
Klebsiella	pneumoniae	and	Burkholderia	
pseudomallei	are	important	causative	
agents.

•	 Anaerobes	are	rare.

Clinical Findings and Diagnosis
•	 Fever	is	present,	with	abdominal	pain	in	left	

upper	quadrant	but	a	paucity	of	specific	
symptoms	and	findings.

•	 Ultrasound,	computed	tomography,	and	
magnetic	resonance	tomography	are	used	for	
diagnosis.

Therapy
•	 Splenectomy	has	been	the	gold	standard	of	

treatment,	along	with	antibiotic	treatment	of	
underlying	infection	elsewhere.

•	 Recent	emphasis	is	on	the	use	of	percutaneous	
drainage	with	antibiotic	treatment	or,	in	some	
cases,	antibiotic	treatment	alone,	in	an	
attempt	to	reduce	morbidity	and	preserve	the	
spleen.

SHORT VIEW SUMMARY
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scans, has been largely supplanted by ultrasonography, computed 
tomography, and magnetic resonance imaging.

Ultrasonography
The advantages of ultrasonography in the evaluation of splenic abscess 
include low cost, portability, and relatively high sensitivity, reportedly 
ranging from 75% to 93%.8,12,19,21 It is therefore appropriate in the initial 
assessment of most suspected splenic abscesses. Ultrasonography typi-
cally demonstrates an area of decreased or absent echogenicity, some-
times with irregular areas of echodensity (debris) or a gas pattern 
within the lesion.22 Splenomegaly can frequently be demonstrated. 
High-resolution (7.5 MHz) ultrasonography can detect microabscesses 
in patients infected with HIV that are missed with conventional 
ultrasonography.1

Computed Tomography
Computed tomography appears to be the single most sensitive modal-
ity for the detection of splenic abscess, particularly if enhancement by 
intravenous contrast is used.21 A sensitivity of greater than 90% has 
been seen in most series.12 The abscess is seen as an area of low-density 
fluid or necrotic tissue within the relatively homogeneous spleen. 
Enhancement of the rim of the abscess cavity is seen in a minority of 
cases, so that splenic infarctions are difficult to distinguish from splenic 
abscesses on contrast-enhanced computed tomography.

Magnetic Resonance Imaging
There is far less experience with magnetic resonance imaging for the 
detection of splenic abscesses, and its role in the management is not 
yet established. Magnetic resonance imaging is sensitive for the detec-
tion of other abdominal abscesses, and its sensitivity in the discovery 
of splenic abscesses is probably similar. Nonetheless, although mag-
netic resonance imaging has been successfully coupled with drainage 
procedures, it would appear to be more cumbersome and to offer fewer 
advantages than ultrasonography or computed tomography.23

In the setting in which drainage may not be necessary, for example, 
in immunocompromised patients in whom pathogens other than pyo-
genic bacteria are more common, or if a noninfectious diagnosis such 
as malignancy or cyst is likely, fine-needle aspiration under the guid-
ance of diagnostic imaging may be useful.24,25 The sensitivity of this 
method is variable, and its role remains the subject of investigation.

THERAPY
Untreated splenic abscess has a high mortality rate.8 Splenectomy has 
been the traditional modality for treatment and remains the gold stan-
dard against which other therapies must be assessed. Antibiotics play 
an important role in the treatment of associated endocarditis and 
sepsis, in stabilization of the patient for splenectomy or a drainage 
procedure, and in treatment of selected pathogens (e.g., mycobacteria, 
fungi), but they are rarely curative alone for splenic abscess caused by 
pyogenic bacteria. Broad-spectrum empirical antibiotic therapy should 
be initiated as soon as splenic abscess is suspected, pending surgical or 
percutaneous drainage. Antibiotics should include agents active against 
streptococci, staphylococci, and aerobic gram-negative rods. Vanco-
mycin or oxacillin plus an aminoglycoside, a third- or fourth-generation 
cephalosporin, a fluoroquinolone, or a carbapenem would be reason-
able empirical therapy. After blood or abscess culture results are 
obtained, antibiotic coverage can be narrowed accordingly. If splenec-
tomy is a possibility, it is advisable to administer vaccinations for 
encapsulated bacterial pathogens as early as possible.

Experience with computed tomography- and ultrasonography-
guided percutaneous aspiration of splenic abscesses has grown in 
recent decades. These procedures have the advantage of lower initial 
morbidity and mortality than splenectomy and allow preservation of 
the spleen. Success rates have ranged from 50% to 90% in several 
series.8,12,26-31 In general, smaller (<3 to 4 cm), solitary, or unilocular 
abscesses have a higher rate of successful percutaneous drainage. In 
contrast, microabscesses, as well as complex, phlegmonous, or multi-
locular processes, and those with thick fluid, tend to fare more poorly 
with this approach. Percutaneous drainage may be useful, at least ini-
tially, in those patients who are unstable or who present an unaccept-
ably high surgical risk. Failure to achieve effective drainage or failure 

223-14). Klebsiella pneumoniae has become an increasingly common 
cause of community-acquired infection, including splenic abscess in 
Taiwan and elsewhere in Asia.10,17,18 In one series, K. pneumoniae was 
the most common cause of splenic abscess in a hospital in southern 
Taiwan.17 Overall, blood cultures were positive in 24% to 60% of 
cases.9,19 On occasion, aseptic abscesses have been described in the 
spleen, particularly in patients with inflammatory bowel disease.20 
Patients with these apparently noninfectious inflammatory lesions of 
unknown etiology present with fever and respond to treatment with 
corticosteroids but not to antibiotics. They are often accompanied by 
aseptic abscesses in other locations, but the spleen is their most fre-
quent site.

CLINICAL MANIFESTATIONS
Fever may be the only manifestation of splenic abscess, and fever is 
present in as many as 95% of cases. Another frequent finding is abdom-
inal pain, which is either generalized or localized to the left upper 
quadrant and may radiate to the left chest or shoulder. Nausea, vomit-
ing, anorexia, and weakness are often present. Abdominal tenderness 
is present in only half of the cases, most often in the left upper quad-
rant. Splenomegaly can be detected in a similar number of cases. Chest 
findings, including dullness, rales, or both at the left base, have been 
detected in many patients. Other findings, less frequently present, 
include splenic friction rubs, hepatomegaly, tenderness at the costo-
vertebral angle, and ascites. The only laboratory abnormality that is 
frequently present is leukocytosis, which is seen in 60% to 80% of cases.

DIAGNOSIS
Because the symptoms and findings of splenic abscess are most fre-
quently nonspecific, diagnosis depends on appropriate imaging studies. 
Plain radiographs are surprisingly sensitive, with abnormalities 
detected in 50% to 80% of chest radiographs and 25% of abdominal 
radiographs (e.g., basilar infiltrates, pleural effusion, elevated hemidia-
phragm, shift of viscera, presence of gas)19; however, the findings are 
most often nonspecific. The use of radionuclide scans as described in 
earlier literature, primarily technetium 99m sulfur-colloid liver-spleen 

TABLE 79-1  Organisms Cultured from Splenic 
Abscesses: Comparison of Three Time Periods

% OF POSITIVE CULTURES

ORGANISM
1900-1977* 
(N = 129)

1977-1986† 
(N = 159)

1987-1995 
(N = 225)

Aerobic bacteria

  Streptococcus spp. 21.7 6.9 10.2

  Staphylococcus spp. 20.2 15.7 17.3

  Salmonella spp. 10.9 10.7 16.1

  Pseudomonas 0 1.3 6.3

  Escherichia coli 24.1‡ 10.7 12.5

  Enterococcus spp. 6.3 3.9

  Klebsiella 1.9 1.9

  Proteus 1.3 3.1

  Other aerobes 8.2 7.1

Anaerobic bacteria 5.4 17.6 7.1

Mycobacteria

  Mycobacterium 
tuberculosis

0.8 0 5.5

  Mycobacterium 
avium complex

0 0 1.9

Fungi 0.8 25.8 7.1

Sterile cultures 28.7 11.9 11.4

*Chun CH, Raff MJ, Contreras L, et al. Splenic abscess. Medicine (Baltimore). 
1980;59:50-65.

†Nelken N, Ignatius J, Skinner M, et al. Changing clinical spectrum of splenic 
abscess: a multicenter study and review of the literature. Am J Surg. 1987;154:
27-34.

‡Total percentage for E. coli, Enterococcus spp., Klebsiella, Proteus, and other 
aerobes.

Modified from Ooi LL, Leong SS. Splenic abscesses from 1987 to 1995. Am J 
Surg. 1997;174:87-93.
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as those with bacterial endocarditis, the duration is dictated by the 
underlying condition. If splenectomy is performed and the focus of 
infection is eradicated, briefer durations may be possible. With percu-
taneous drainage, duration of therapy needs to be tailored to the clini-
cal course, including resolution of the abscess as assessed by diagnostic 
imaging.

of the patient’s condition to improve is an indication for definitive 
surgery. Aspirated abscess fluid should be sent for Gram staining; 
bacterial, fungal, and mycobacterial culture; and other studies as clini-
cally indicated.

The optimal duration of antibiotic therapy for splenic abscess has 
not been established in any clinical trial. For some patients, such  
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80  Appendicitis
Costi D. Sifri and Lawrence C. Madoff

In 1886, Fitz first described the natural course of acute inflammation 
of the appendix. In his seminal report, he coined the term appendici-
tis and advocated early surgical intervention.1 Today, appendectomy 
is among the most common surgical emergencies of the abdomen; 
more than 330,000 nonincidental appendectomies are performed 
annually in the United States, accounting for 1 million inpatient hos-
pital days.2,3 With improvements in clinical assessment, antibiotic 
therapy, and surgical management, the overall mortality rate of acute 
appendicitis is less than 1%, although rates increase to 5% or more in 
the elderly.3-5

EPIDEMIOLOGY
The lifetime risk for appendicitis is 8.6% in men and 6.7% in women.3 
Although appendicitis is rare in infants, its incidence steadily increases 
through childhood and reaches a peak at 15 to 25 years of age for men 
and women.3,5,6 The incidence of appendicitis declines through adult-
hood, and less than 25% of cases occur in individuals older than 45 
years.3 Men have slightly higher rates of appendicitis than women; the 
overall male-to-female rate ratio is 1.4 : 1.3

PATHOGENESIS
The appendix is a tube-shaped structure, usually 5 to 10 cm long in 
adults, which arises 2 to 3 cm below the terminal part of the ileum 
along the medial posterior wall of the cecum.7 Typically, the appendix 
lies in an ascending retrocecal position, but atypical positions, such as 
descending pelvic, transverse retrocecal, and ascending postileal, are 
common and can alter the typical clinical features of acute appendici-
tis.7 The appendix produces about 3 mL of mucus per day.

Obstruction of the appendiceal lumen, usually by fecaliths, is 
thought to be the primary pathogenic mechanism of acute appendici-
tis.8 Obstruction may also be caused by foreign bodies, tumor, stric-
ture, parasites (e.g., Enterobius vermicularis, Ascaris lumbricoides, 
Strongyloides stercoralis), or lymphoid hyperplasia.9-12 Mucus accumu-
lates within the obstructed appendiceal lumen, and intraluminal pres-
sure increases, leading to compression of lymphatic and vascular 
drainage and causing ischemic damage of the mucosa followed by 
microbial invasion. Continued inflammation and ischemia, if left 
untreated, lead to gangrene and eventual perforation. The pathologic 
hallmark of acute appendicitis is the presence of polymorphonuclear 
cells within the appendiceal wall, accompanied by other markers of 
inflammation, such as edema and vascular congestion. In many cases, 

obstruction is not found,13 which has led to the speculation of other 
possible causes and cofactors, including dietary fiber,14 familial suscep-
tibility,15 and primary infectious agents.

MICROBIOLOGY
Cultures of inflamed or gangrenous appendices typically yield 10 to 14 
different organisms, which generally reflect the colonic microflora. A 
mixture of colonic anaerobic and facultative bacteria is usually recov-
ered, predominantly Escherichia coli, Bacteroides fragilis group, pig-
mented Prevotella spp., Bilophila wadsworthia, Peptostreptococcus spp., 
Enterobacteriaceae, and viridans streptococci (particularly Streptococ-
cus anginosus group).16-18 Pseudomonas aeruginosa has also been found 
in a minority of cases (4% to 15%) but is less frequently sensitive to 
routinely used antibiotics.19,20

Yersinia enterocolitica and Yersinia pseudotuberculosis are believed 
to have a causative role in some cases of acute appendicitis.21-23 More 
commonly, however, nonplague Yersinia causes ileocecitis or mesen-
teric adenitis, which mimics acute appendicitis with fever, leukocyto-
sis, and acute right lower quadrant pain.24-26 Campylobacter and 
nontyphoidal Salmonella can also cause ileocecitis and mesenteric 
adenitis.25,27 Appendiceal or ileocecal tuberculosis, actinomycosis, and 
histoplasmosis are more likely to cause subacute or recurrent disease 
rather than classic acute appendicitis. Viral causes of mesenteric  
adenitis and, rarely, appendicitis include measles, Epstein-Barr virus, 
cytomegalovirus, and adenovirus.28-31 Amebiasis may also cause appen-
dicitis.32 In many cases of mesenteric adenitis, an infectious cause is 
not identified but is probably present.33 The disorder is usually discov-
ered at the time of surgery for suspected appendicitis; mesenteric 
lymph nodes of the right iliac fossa are enlarged, the adjacent bowel is 
only mildly inflamed, and the appendix appears normal. Nevertheless, 
an appendectomy should be performed to avoid the need to differenti-
ate a recurrent attack from true appendicitis in the future.

CLINICAL MANIFESTATIONS
The clinical manifestations of acute appendicitis are distinctive and, in 
many cases, diagnostic. Appendicitis classically starts as colicky, vis-
ceral periumbilical pain that evolves for the next 6 to 24 hours to 
localized, somatic right lower quadrant abdominal pain after inflam-
mation extends to the parietal peritoneum. If the inflamed appendix 
lies in the anterior position, tenderness is often maximal at or near 
McBurney’s point, which lies two to three fingerbreadths above the 

Definition
•	 Appendicitis	is	acute	inflammation	of	the	

vermiform	appendix	that	is	often	related	to	
obstruction	and	may	be	complicated	by	
polymicrobial	infection.

•	 Complications	include	perforation,	peritonitis,	
and	intra-abdominal	abscesses.

Epidemiology
•	 Acute	appendicitis	is	a	relatively	common	

disease,	often	presenting	in	adolescence	and	
early	adulthood.

•	 Lifetime	risk	for	appendicitis	is	8.6%	in	men	
and	6.7%	in	women.

•	 Over	300,000	appendectomies	are	performed	
annually	in	the	United	States.

Microbiology
•	 The	inflammation	is	usually	polymicrobial,	

frequently	involving	aerobic	and	anaerobic	
gram-negative	bacilli.

•	 A	large	variety	of	microbes	have	been	isolated	
from	acute	appendicitis	and	related	abscesses.

•	 Infections	by	Yersinia	spp.,	parasites,	including	
Entamoeba	histolytica,	and	viruses	may	mimic	
appendicitis	(e.g.,	mesenteric	adenitis)	or	
cause	obstruction	leading	to	acute	
appendicitis.

Diagnosis
•	 Clinical	diagnosis	is	enhanced	by	the	use	of	

imaging,	especially	computed	tomography	and	
ultrasonography.

•	 Diagnosis	is	more	difficult	in	women	of	
childbearing	age	in	whom	gynecologic	
processes	may	mimic	appendicitis.

Therapy
•	 Surgical	removal	of	the	appendix,	often	done	

laparoscopically,	is	curative.
•	 Adjunctive	use	of	broad-spectrum	antibiotics,	

such	as	piperacillin-tazobactam,	ceftriaxone,	
and	metronidazole,	may	be	required.
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prevent unnecessary hospital admissions.60,62 Low-dose CT, which 
reduces exposure to ionizing radiation, has been found to be noninfe-
rior to standard-dose CT.63 Use of CT to improve the diagnostic accu-
racy of suspected appendicitis has been less consistent, however, in 
clinical practice.64,65

THERAPY
The primary treatment of appendicitis is surgery. Preoperative treat-
ment includes fluid resuscitation and parenteral use of antibiotics. In 
cases of uncomplicated acute appendicitis, routine perioperative anti-
biotic prophylaxis for gastrointestinal surgery usually suffices (see 
Chapter 318).66-68 In cases of appendicitis with rupture, gangrene, 
abscesses, or secondary peritonitis, an antibiotic regimen that provides 
broad coverage for facultative and anaerobic colonic flora should be 
used: ticarcillin–clavulanic acid, piperacillin-tazobactam, ceftriaxone 
plus metronidazole, imipenem-cilastatin (see Chapter 76).67,68 Acute 
appendicitis, either without rupture or with perforation and secondary 
peritonitis, requires prompt surgical intervention. There is no clear 
consensus regarding the optimal operative approach (open vs. laparo-
scopic) in patients with suspected appendicitis. Laparoscopic appen-
dectomy offers the advantage of allowing for further diagnostic 
evaluation if a normal appendix is found.54 In addition, a Cochrane 
Database systematic review of more than 50 studies suggested that 
patients have fewer wound infections, less postoperative pain, shorter 
hospital stays, and quicker returns to normal activity after laparo-
scopic appendectomy than after open appendectomy.69 A population-
based study from Taiwan of more than 65,000 patients showed a lower 
readmission rate and shorter hospital stay for laparoscopic versus  
open appendectomy.70 Laparoscopic appendectomies are associated, 
however, with more frequent intra-abdominal abscesses, longer opera-
tive times, and higher operative and total hospital costs.69,70 In many 
cases, surgery for acute, uncomplicated appendicitis can be safely 
deferred for a short period of time (overnight).69

There is even less consensus on the optimal postoperative treatment 
of perforated appendicitis, including the duration of antibiotic therapy, 
use of parenteral versus oral agents, and duration of hospitalization.71,72 
Patients generally are treated with intravenously administered antibiot-
ics for 4 to 7 days until fever resolves, the white blood cell count 
normalizes, and bowel function returns.67,68 Institutional clinical prac-
tice pathways have been shown to reduce infectious complications and 
the cost of care.73,74

right anterior superior iliac spine on a line with the umbilicus. If  
the appendix lies in a position relatively hidden from the parietal 
peritoneum, pain may remain poorly localized and migration to the 
right lower quadrant may be delayed or absent.34 Pelvic appendices can 
cause pelvic or left lower quadrant pain. Third-trimester pregnancy  
or intestinal malrotation may shift pain to the right upper quadrant. 
Pain is often accompanied by mild fever, anorexia, nausea, and 
vomiting.

Guarding is usually seen on examination of the abdomen. Rebound 
tenderness in the right lower quadrant with palpation of the left lower 
quadrant, known as Rovsing’s sign, may be elicited. Other maneuvers 
that support the diagnosis of appendicitis include pain with active 
extension of the right hip, termed the psoas sign, and pain with internal 
rotation of the right hip, termed the obturator sign. High fever or a 
sudden reduction in pain suggests perforation, whereas abdominal 
rigidity suggests diffuse peritonitis. A palpable right lower quadrant 
mass may indicate a phlegmon or walled-off periappendiceal abscess4,35 
or, alternatively, a cecal carcinoma.36 Most instances of perforation 
occur as the result of delays in seeking medical care.37

Acute appendicitis in the elderly can present as subtle and muted 
clinical signs.38,39 Pain may be generalized and of longer duration. This 
may result in delay of surgery and overall poorer outcome.

DIAGNOSIS
The diagnosis of acute appendicitis primarily is suggested by the 
history and physical examination findings. Acute onset of abdominal 
pain migrating over several hours to the right lower quadrant, with 
guarding and tenderness over McBurney’s point, is most predictive of 
acute appendicitis; a history of previous pain, long duration of symp-
toms, and lack of migration to the right lower quadrant argue against 
it.4,40 The serum concentration of β-human chorionic gonadotropin 
should be measured in all women of reproductive age to rule out a 
uterine or ectopic pregnancy. Most patients have a mild leukocytosis 
and elevated C-reactive protein value. If inflammation extends to the 
ureter or bladder, sterile pyuria may be noted on urinalysis. Elevation 
in procalcitonin levels has not been found to add diagnostic value to 
leukocyte counts and the C-reactive protein level but may suggest 
complicated appendicitis.41 Acute salpingitis with a tubo-ovarian 
abscess or impaction of a stone in the right ureter can be confused with 
acute appendicitis.

The appendix is found to be normal in 8% to 25% of patients who 
undergo emergency appendectomy.3,5,42-44 This “negative appendec-
tomy rate” is significantly higher in women of childbearing age, young 
children, and elderly individuals.43,45,46 Conversely, 20% of all cases of 
appendicitis are initially missed on presentation.47-49 In an effort to 
improve diagnostic accuracy, scoring systems based on clinical find-
ings and laboratory data have been developed to assist in the diagnosis 
of acute appendicitis.50 In practice, however, these systems lack suffi-
cient power to discriminate reproducibly acute appendicitis from other 
causes of pain in the right lower quadrant (Table 80-1).51

Observation, laparoscopy, and imaging are additional methods 
used to improve the diagnostic accuracy of acute appendicitis. If the 
clinical presentation is ambiguous, observation and reassessment can 
distinguish cases of evolving appendicitis from other causes of abdomi-
nal pain without increasing the risk for perforation.52 Diagnostic lapa-
roscopy is particularly effective in women of childbearing age, in 
whom gynecologic causes of abdominal pain are common.53,54 Diag-
nostic imaging, by ultrasonography, computed tomography (CT), or 
magnetic resonance imaging, has been shown to be very effective in 
diagnosing acute appendicitis. Ultrasonography is rapid and noninva-
sive, requires no contrast material, uses no ionizing radiation, and is 
excellent at visualizing gynecologic abnormalities. As such, it has 
proved to be particularly useful in the evaluation of young women, 
pregnant women, and children with suspected appendicitis.55-58 Ultra-
sonography fails to visualize the appendix in 10% of cases59 and is not 
as accurate as CT in diagnosing an abscess or phlegmon.57

CT, particularly focused helical appendiceal CT, has a reported 
sensitivity of 94% to 99% and a specificity of 95% to 98% in patients 
with suspected appendicitis (Fig. 80-1).60-62 CT can avoid delays before 
necessary appendectomy, diagnose other pathologic conditions such 
as right-sided diverticulitis, reduce negative appendectomy rates, and 

TABLE 80-1  Causes of Right Lower Quadrant Pain
Gastrointestinal

Appendicitis
Crohn’s ileitis/cecitis
Cecal diverticulitis
Meckel’s diverticulitis
Mesenteric lymphadenitis
Bacterial (Yersinia, Campylobacter, Salmonella) ileocolitis
Amebic colitis
Tuberculous colitis
Ileocecal actinomycosis
Biliary colic
Epiploic appendagitis
Typhlitis (neutropenic cecitis)

Urinary tract
Pyelonephritis
Renal colic

Neoplastic
Cecal adenocarcinoma
Carcinoid
Lymphoma
Metastasis

Gynecologic
Ovarian cyst
Ectopic pregnancy
Endometriosis
Cervicitis
Uterine leiomyoma
Tubo-ovarian abscess
Pelvic actinomycosis

Nonspecific abdominal pain

http://www.myuptodate.com


P
a
rt

 I
I 

M
aj

o
r 

C
lin

ic
al

 S
yn

d
ro

m
es

984

In cases of appendicitis complicated by a contained perforation or 
phlegmon, antibiotic therapy and percutaneous drainage of the periap-
pendiceal abscess, if present, can be performed. If these maneuvers 
produce a favorable response, interval appendectomy can be per-
formed 6 to 8 weeks later after inflammation subsides.68,75,76 Histori-
cally, untreated appendicitis was a major cause of portal vein 
thrombophlebitis (pyelophlebitis) and pyogenic liver abscess (see 
Chapter 77), but these complications are rare in the antibiotic era.77

Some authors have questioned the need for an appendectomy in all 
cases of uncomplicated appendicitis.78 In fact, conservative therapy has 
recently been advanced as an alternative approach for the management 
of clinically suspected appendicitis in young men with equivocal 
imaging, as long as they are observed in the hospital for at least 48 
hours and show clinical improvement within 24 hours.67 It has been 
known for decades that some individuals with a clinical diagnosis of 
appendicitis and lacking access to immediate surgical care, such as 
personnel on submarines, may fully recover spontaneously or with 
antibiotic treatment alone.79 More recent studies have confirmed that 
radiographically proven appendicitis can resolve with conservative 
therapy.80,81 If routine, a predominantly nonsurgical approach to the 
treatment of appendicitis would avoid complications of surgery and 
lead to substantial health care cost savings. Several more recent studies 
suggest that medical treatment of appendicitis can be successful, at 
least in certain patient populations.81-87 Recurrent appendicitis has 
been reported to occur in 5% to 38% of all patients, however, of which 
4% to 100% progress to perforation or secondary peritonitis.81-85 Other 
prospective studies have shown antibiotic therapy alone to be inferior 
to surgery.88 Systematic reviews and meta-analyses have come to con-
flicting conclusions, and editorials have weighed in on both sides.89-94 
Conservative therapy may delay the diagnosis of other pathologic pro-
cesses, such as appendiceal tumors. Unless large prospective random-
ized trials with appropriate follow-up demonstrate equivalent efficacy 
of a nonoperative approach to the treatment of acute appendicitis, 
surgery will likely remain the standard approach except in carefully 
selected patients.67

FIGURE  80-1 Appendicitis. A, CT scan of a 17-year-old boy with 
appendicitis. Axial image shows an inflamed, unopacified appendix (A), 
15 mm in diameter, with proximal appendicolith (a). Also shown are the 
cecum (C) and the common iliac artery (IA) and vein (IV). B, CT scan of a 
21-year-old woman with appendicitis. Axial image shows a tubular, opaci-
fied normal appendix (A). C, cecum; IA, common iliac artery; IV, common 
iliac vein. (From Rao PM, Rhea JT, Novelline RA, et al. Effect of computed 
tomography of the appendix on treatment of patients and use of hospital 
resources. N Engl J Med. 1998;338:141-146. Copyright © 1998 Massa-
chusetts Medical Society. All rights reserved.)
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81  Diverticulitis and Typhlitis
Costi D. Sifri and Lawrence C. Madoff

DIVERTICULITIS
Most colonic diverticula are pseudodiverticula that occur when the 
mucosa and submucosa herniate through the muscularis propria. 
These saccular herniations develop in areas of relative structural weak-
ness of the colonic wall, where small nutrient arteries supplying the 
colonic mucosa, the vasa recta, penetrate the circular muscle layer. In 
the West, the sigmoid and descending colons are most commonly 
affected. In Asia, colonic diverticula are predominantly right-sided, 
involve all layers of the colonic wall, and likely represent a distinct 
clinical condition. Diverticulitis, defined as inflammation and infection 
of the bowel wall associated with diverticula, is the most frequent 
complication of this disorder.

Epidemiology
Only 10% to 25% of patients with diverticulosis manifest clinical 
disease, making its true prevalence difficult to measure.1 Although the 
disorder occurs worldwide, diverticulosis is particularly prominent in 
Western society, where the prevalence has been estimated to be 30% 
to 40%. In the United States alone, there were over 150,000 hospital 
admissions for acute diverticulitis and an estimated 24,000 elective 
operations for diverticulitis in 2005, based on hospital discharge 
records.2 By contrast, the prevalence of diverticulosis in rural Asia and 
Africa is estimated to be much less than 1%.3 Increased prevalence is 
observed in populations that become westernized, presumably because 
of dietary changes or other environmental factors.4-6 The prevalence of 
diverticulosis increases with age in the West, affecting 50% of those 
older than 70 years of age and up to two thirds of individuals by 85 

years of age.1,3,7 The complications of diverticulosis, including diver-
ticulitis, also increase with age,7 although some studies suggest that 
diverticulitis may recur more often or be more malignant in patients 
who are younger than 40 years of age.8-10 Diverticulitis appears to be 
increasing in the United States, but it is not clear if this reflects demo-
graphic shifts, changes in diet, improved recognition resulting from 
increased use of computed tomography (CT), or other factors.2

The most extensively studied risk factor for the development of 
diverticular disease is low dietary fiber intake. Diets with reduced 
dietary fiber are associated with more colonic diverticulosis3 and with 
symptomatic diverticular disease.11 Other risk factors for the develop-
ment of diverticulitis are less well understood. Use of corticosteroids, 
nonsteroidal anti-inflammatory drugs, or opiates may be positively 
associated with diverticulitis, perforation, or both.12-14 Lack of physical 
activity and obesity also appear to be independent risk factors for 
symptomatic disease.9,15,16 By contrast, vigorous physical activity inde-
pendent of body mass may reduce symptomatic diverticular disease.17 
Contrary to popular belief, popcorn, corn, and nuts do not appear to 
increase the incidence of diverticular disease. In fact, nuts and popcorn 
consumption were shown to be protective in one study.18 Tobacco, 
alcohol, and caffeine consumption also do not appear to increase diver-
ticular disease.19

Pathogenesis
The formation of diverticula is thought to be caused by a combination 
of increased intraluminal pressure and weakening of the bowel wall.20 
High dietary fiber increases stool volume and reduces bowel transit 

Definition
•	 Diverticulitis	is	inflammation	and	infection	of	

the	bowel	wall,	leading	to	microperforation	of	
colonic	diverticula.

•	 Typhlitis	(neutropenic	enterocolitis)	is	
characterized	by	abdominal	pain	and	fever	
during	periods	of	neutropenia	resulting	from	
mucosal	inflammation,	degeneration,	and	
microbial	invasion.

Epidemiology
•	 Diverticulitis	occurs	in	10%	to	25%	of	all	

individuals	with	diverticulosis,	which	has		
a	prevalence	of	30%	to	40%	in	Western	
society.

•	 Diverticulitis	leads	to	150,000	hospital	
admissions	and	24,000	elective	operations	
annually	in	the	United	States.

•	 The	incidence	of	typhlitis	is	unknown	but	has	
been	estimated	to	be	5%	in	hospitalized	
neutropenic	adults	with	cancer.

•	 Bacteremia	or	fungemia	occurs	in	14%	to	44%	
of	patients	with	typhlitis.

Microbiology
•	 Acute	diverticulitis	is	a	polymicrobial	infection	

caused	by	endogenous	anaerobic	and	
facultative	bacteria,	including	Bacteroides	spp.,	

Peptostreptococcus	spp.,	Enterobacteriaceae,	
viridans	streptococci,	and	enterococci.

•	 Pseudomonas	aeruginosa,	Enterobacteriaceae,	
Bacteroides	fragilis,	viridans	streptococci,	
enterococci,	and	Candida	spp.	are	common	
causes	of	bloodstream	infections	in	patients	
with	typhlitis.

Diagnosis
•	 Radiographic	imaging	(computed	tomography	

and	ultrasonography)	is	essential	for	the	
evaluation	of	suspected	diverticulitis	and	
typhlitis.

•	 More	than	half	of	patients	with	clinically	
suspected	diverticulitis	are	diagnosed	with	an	
alternative	condition	after	diagnostic	imaging.

•	 Radiographic	findings	of	diverticulitis	include	
pericolic	fat	stranding,	diverticula,	bowel	wall	
thickening,	and	phlegmon	or	abscess	formation.

•	 Typhlitis	can	be	defined	as	bowel	wall	
thickening	greater	than	4	mm,	usually	of		
the	cecum,	with	neutropenia,	fever,	and	
abdominal	pain.

Therapy
•	 Acute	uncomplicated	diverticulitis	can	be	

safely	treated	in	select	outpatients	with	a	
short	course	of	oral	antibiotics.

•	 However,	the	necessity	of	antibiotic	therapy	
for	the	treatment	of	uncomplicated	
diverticulitis	is	controversial.

•	 Complicated	diverticulitis	or	patients	with	
comorbidities	or	other	predictors	of	worse	
outcomes	should	be	hospitalized.

•	 Percutaneous	drainage	of	large	abscesses	
(>5	cm	in	diameter)	can	be	temporizing	in	
acutely	ill	patients.

•	 Management	of	typhlitis	includes	bowel	
rest,	intravenous	fluids,	nutritional	support,	
and	broad-spectrum	parenteral	antibiotics		
that	cover	enteric	facultative	and	anaerobic	
flora,	Pseudomonas	aeruginosa,	and	perhaps	
yeast.

•	 Surgery	may	be	required	for	patients	with	
diverticulitis	or	typhlitis	with	intraperitoneal	
perforation,	uncontrolled	sepsis,	persistent	
gastrointestinal	bleeding,	obstruction,	or	who	
fail	to	respond	to	medical	therapy.

Prevention
•	 High	dietary	fiber	and	physical	activity	may	be	

associated	with	reduced	symptomatic	
diverticular	disease.
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Abdominal CT for suspected diverticulitis has traditionally used oral, 
rectal, and, if not contraindicated, intravenous contrast. Helical CT 
using colonic contrast alone has been shown to be highly effective in 
the evaluation of patients with left lower quadrant pain. Similar to 
appendiceal CT, “diverticular CT” has been shown to have high sensi-
tivity (97%), specificity (100%), and overall diagnostic accuracy (99%) 
in the prospective evaluation of suspected diverticulitis.31

CT findings include arrowhead-shaped collections of contrast and 
presence of an inflamed diverticulum.

Acute diverticulitis can also be confirmed by ultrasonography, 
which is capable of delineating inflamed colonic segments, phlegmons, 
and abscesses.37 When performed by experienced operators, the diag-
nostic accuracy of ultrasonography rivals that of CT.38 In practice, 
however, ultrasonography is used less frequently than CT for the evalu-
ation of left lower quadrant pain, in contrast to right abdominal pain. 
The use of contrast enema to diagnose acute diverticulitis has largely 
been supplanted by CT and ultrasound; when used, water-soluble con-
trast should be used in the event of unrecognized macroperforation. 
Double-contrast enemas should be avoided, because insufflation of air 
could dislodge an obstructing fecalith and cause perforation.20 Given 
the risk of perforation, endoscopy is also avoided in the initial evalu-
ation of patients with suspected acute diverticulitis. On occasion, 
limited sigmoidoscopy with minimal air insufflation is performed in 
ambiguous cases to exclude other diagnoses, such as inflammatory 
bowel disease, carcinoma, or ischemic colitis.7,20 A complete colonic 
evaluation should be performed 6 to 8 weeks after resolution of an 
episode of acute diverticulitis to rule out coexisting lesions, including 
colon cancer.

Therapy
A trial of outpatient therapy is indicated for acute, uncomplicated 
diverticulitis or for a well-localized, small (≤5 cm in diameter) peridi-
verticular abscess, provided the patient can tolerate oral hydration. 
Outpatient treatment also typically includes a 7- to 10-day course of 
an oral broad-spectrum antibiotic agent or regimen active against fac-
ultative and anaerobic colonic microbiota.7,20 Antibiotic regimens rec-
ommended by the Infectious Diseases Society of America and the 
Surgical Infection Society are shown in Table 81-1. Success rates of 94% 
to 97% have been reported for patients treated in this manner.39-41 In 
one retrospective study, predictors of failure of outpatient therapy 
included free fluid on tomographic imaging and female sex.41 However, 
the necessity of treating acute uncomplicated diverticulitis with anti-
biotics has recently been challenged. Several retrospective case-control 
series and one open, multicenter, randomized, controlled trial of 

time, leading to decreased intracolonic pressures. For over a century, 
the pathogenesis of diverticulitis has been thought to be very similar 
to that of acute appendicitis: a fecalith obstructs the neck of the diver-
ticulum,21 causing mucus accumulation, bacterial overgrowth, perfora-
tion, and inflammation of the bowel wall and adjacent tissues. Recent 
speculation has turned to whether changes in the intestinal microbiota—
a consequence of a low dietary fiber western diet—alters mucosal 
immune homeostasis, leading to low-grade chronic inflammation, par-
ticularly in chronic diverticular disease.22,23 Microperforation may 
remain well localized, leading to limited colonic wall inflammation and 
the formation of a small peridiverticular phlegmon or abscess. Macro-
perforation results in larger abscesses; if not confined, its complications 
include distant abscesses, extension to other organs, spreading perito-
nitis, large inflammatory masses, and fistula formation.7,20 Less com-
monly, gross fecal contamination can occur with free rupture of an 
unobstructed and uninflamed diverticulum into the peritoneal cavity. 
Rupture of a localized peridiverticular abscess into the peritoneal 
cavity does not result in gross fecal contamination, presumably because 
the diverticular neck is obstructed by a fecalith or inflammation.20

Microbiology
Like most other cases of secondary peritonitis, acute diverticulitis is a 
polymicrobial infection caused by a variety of endogenous anaerobic 
and facultative bacteria. Commonly isolated organisms include Bacte-
roides spp., Peptostreptococcus spp., Enterobacteriaceae, viridans strep-
tococci, and enterococci.24,25

Clinical Manifestations
The clinical manifestations of uncomplicated diverticulitis resemble 
those of appendicitis but with findings typically on the left side of the 
abdomen. Diverticulitis often starts with visceral hypogastric pain that 
evolves to somatic pain that is localized, in the case of sigmoid disease, 
to the left lower quadrant. In contrast to acute appendicitis, the pain 
is often recurrent and is present for several days before presentation.26 
Fever, nausea and vomiting, changes in bowel habits, and urinary 
symptoms often accompany the pain. Leukocytosis is common but not 
invariably present (69% to 93% of cases).27 Urinalysis may reveal sterile 
pyuria if inflammation extends to the urinary tract system. Trace blood 
may be present in the stool, but hematochezia is uncommon and 
should raise suspicion for an alternative diagnosis. Low-grade fever is 
common in uncomplicated disease, and the physical examination typi-
cally reveals abdominal tenderness, guarding, and rebound tenderness 
in the left lower quadrant, the suprapubic area, or both; bowel sounds 
may be hypoactive or normal. A palpable abdominal mass may be 
caused by an inflammatory process but may also be indicative of 
cancer. High fever and abdominal rigidity suggest generalized perito-
nitis after perforation. Hyperactive bowel sounds suggest obstruction. 
Fistulization of the bladder or ureter with the colon may lead to pneu-
maturia and fecaluria28; passage of feces and flatus through the vagina 
occurs with fistula formation with the vagina or uterus.29 Recurrent 
diverticulitis can lead to stricture and obstruction. Pyogenic liver 
abscess and pylephlebitis are rare complications.30

Diagnosis
Although the diagnosis of acute diverticulitis can be made on the basis 
of the clinical evaluation,7,27 more than half of patients with clinically 
suspected diverticulitis are found to have alternative conditions.31 For 
this reason, diagnostic studies are performed in most cases of sus-
pected diverticulitis,14,32 and they are particularly important in the 
patient with an atypical presentation, a suspected complication, severe 
illness, or clinical deterioration.7,27 Imaging modalities include CT and 
ultrasonography.

CT is now considered to be the diagnostic procedure of choice for 
patients with suspected acute diverticulitis.7,20,27,33 Tomographic evi-
dence of diverticulitis includes pericolic fat stranding (98%), diver-
ticula (84%), bowel wall thickening (70%), and phlegmon or abscess 
formation (35%).34 CT also offers the opportunity for therapeutic inter-
vention: CT-guided percutaneous drainage can be temporizing in 
acutely ill patients with large abscesses (>5 cm in diameter), permitting 
curative surgery on an elective basis.7,20,35,36 Immediate surgery is indi-
cated, however, if the abscess cavity contains gross fecal material. 

TABLE 81-1  Agents and Regimens That May Be 
Used for the Initial Treatment of Diverticulitis

COMMUNITY-ACQUIRED INFECTION IN ADULTS

REGIMEN
Mild-to-Moderate 
Severity*

High Risk or Severity: 
Severe Physiologic 
Disturbance, 
Advanced Age, or 
Immunocompromised 
State*

Single agent Cefoxitin
Ertapenem
Moxifloxacin
Tigecycline
Ticarcillin-clavulanate

Imipenem-cilastatin
Meropenem
Doripenem
Piperacillin-tazobactam

Combination Cefazolin + metronidazole
Cefuroxime + metronidazole
Ceftriaxone + metronidazole
Cefotaxime + metronidazole
Ciprofloxacin + metronidazole
Levofloxacin + metronidazole

Cefepime + metronidazole
Ceftazidime + metronidazole
Ciprofloxacin + metronidazole
Levofloxacin + metronidazole

*Because of increasing resistance of Escherichia coli to fluoroquinolones, local 
population susceptibility profiles and, if available, isolate susceptibility should be 
reviewed.

Modified from Solomkin JS, Mazuski JE, Bradley JS, et al. Diagnosis and 
management of complicated intra-abdominal infection in adults and children: 
guidelines by the Surgical Infection Society and the Infectious Diseases Society of 
America. Clin Infect Dis. 2010;50:133-164.
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extending to the ascending colon, terminal ileum, or both.67 Although 
the cecum is most commonly involved, other segments of the large  
or small bowel may also be affected.71 Examination of the bowel 
wall reveals discrete or coalesced mucosal ulceration, intramural 
thrombocytopenic hemorrhage, and degeneration of the muscularis 
mucosa. Histologic specimens demonstrate mononuclear infiltrates 
and a variety of invading bacteria and fungi. The pathogenesis is  
multifactorial and incompletely understood. Cytotoxic chemotherapy 
and irradiation lead to activation of nuclear factor kappa B, produc-
tion of proinflammatory cytokines, epithelial cell apoptosis, and 
increased mucosal permeability.62,72 Rarely, ulceration and necrosis 
resulting from direct leukemic infiltration of the intestinal tract  
can occur.73 The combination of neutropenia, mucosal injury, and 
possibly ischemia resulting from cecal distention allows gut flora  
to opportunistically invade the bowel wall. In the setting of impaired 
host immunity, these organisms proliferate and cause local destruc-
tion by elaboration of exotoxins.74 Complications include sepsis result-
ing from translocation of the resident microflora and endotoxins 
across the injured mucosal barrier, uncontrolled hemorrhage, and 
perforation.

Clinical Manifestations
Clinical manifestations are variable and depend on the extent of 
disease. Patients typically present with fever, nausea, vomiting, abdom-
inal pain and tenderness, and diarrhea that is often bloody. Given the 
prominence of cecal involvement, typhlitis can mimic acute appendi-
citis, with localization of abdominal pain and tenderness to the right 
lower quadrant.75 Right lower abdominal pain is absent in 40% to 55% 
of cases, however,76,77 and corticosteroid therapy may mask the symp-
toms of abdominal pain altogether.67 Abdominal distention may be 
present in up to two thirds of patients, but paralytic ileus is uncom-
mon.62 Severe stomatitis and pharyngitis may be present and are 
markers of diffuse mucosal injury. Rapid progression to the develop-
ment of an acute abdomen is not uncommon. Symptoms typically 
develop after 7 to 14 days of neutropenia (absolute neutrophil count, 
<500/mm3). In a study of patients with newly diagnosed acute myeloid 
leukemia treated with cytarabine and idarubicin, 26% developed typh-
litis at a median of 17 days after starting chemotherapy.78 Alternative 
diagnoses, in addition to acute appendicitis, include chemotherapy-
induced mucositis, pseudomembranous colitis, graft-versus-host 
disease, chronic mucormycosis or aspergillosis, intussusception, ische-
mic colitis, bowel obstruction, Ogilvie’s syndrome (colonic pseudoob-
struction), ileus, acute cholecystitis, acute pancreatitis, cytomegalovirus 
enterocolitis, and herpes zoster.62,79

Diagnosis
Ultrasonography and CT have largely supplanted plain radiography of 
the abdomen in the evaluation of suspected typhlitis.65,79 Proposed 
diagnostic criteria for acute typhlitis include bowel wall thickening of 
greater than 4 mm, fever, and abdominal pain.70 The degree of bowel 
wall thickening, as measured by ultrasonography or CT, correlates with 
severity of disease: patients with bowel wall thickness greater than 
10 mm had a 60% mortality rate compared with 4% for those with a 
thickness of less than 10 mm.80

Diagnostic tests for Clostridium difficile should be performed, and 
blood and stool cultures should be obtained. Bacteremia or fungemia 
occurs in 14% to 44% of patients, most commonly with Pseudomonas 
aeruginosa, Enterobacteriaceae, Bacteroides fragilis, viridans strepto-
cocci, enterococci, and Candida spp.64,65,77,81,82 Patients with Clostridium 
septicum bacteremia may have a more fulminant, lethal course,68,83 and 
this infection may represent a different syndrome.84

Therapy
The management of typhlitis has evolved over the last several decades. 
Although a number of early studies reported mortality rates greater 
than 50% and advocated early surgical intervention,85,86 recent studies 
have reported mortality rates of less than 20% with conservative 
medical therapy.64,65,77,81,82 Management includes bowel rest, decom-
pression, intravenous fluids, nutritional support, and broad-spectrum 
parenteral antibiotics. The antimicrobial regimen should cover enteric 
facultative and anaerobic flora, P. aeruginosa, and perhaps yeast. 

hospitalized patients with CT-proven uncomplicated diverticulitis 
failed to demonstrate that antibiotics prevented complications, sped 
recovery, or reduced recurrent diverticular disease.42-44 Probiotics, 
mesalamine (5-aminosalicylic acid), and nonabsorbable antibiotics, 
such as rifaximin, are examples of therapies under investigation that 
target the potential roles of intestinal dysbiosis and chronic low-grade 
inflammation in diverticular disease pathogenesis.23,45-47 If the patient 
is unable to tolerate oral hydration, requires narcotic analgesics, or fails 
to improve despite appropriate outpatient therapy, admission to the 
hospital for nasogastric tube placement, bowel rest, and parenteral 
antibiotics is indicated. Elderly patients and those with compromised 
immune systems or other comorbidities also should be hospitalized. 
Parenteral antibiotics should be started for the treatment of secondary 
peritonitis, as shown in Table 81-1 (see Chapter 76).48 Failure to 
respond to medical therapy within 48 to 72 hours should prompt 
repeat investigation for complications, consideration of alternative 
diagnoses, and surgical evaluation.7,20

Conservative medical therapy is successful in 70% to 80% of 
patients hospitalized with acute diverticulitis.20,27 Indications for emer-
gency colonic resection include uncontrolled sepsis, generalized peri-
tonitis, acute clinical deterioration, persistent obstruction, and failure 
to respond to medical therapy. Under these circumstances, a two-stage 
operation, such as the Hartmann procedure, is usually performed.27,49 
The Hartmann procedure entails resection of the diseased colon, end 
colostomy, and closure of the distal loop or creation of a mucous fistula; 
colonic continuity can be restored several months later by elective 
anastomosis.49 An alternative two-stage operation is primary resection 
of the diseased segment of colon with immediate anastomosis after 
intraoperative colonic lavage and proximal fecal diversion, followed 
later by elective stoma closure.50

Elective colonic resection is usually performed in cases of fistula 
formation or recurrent attacks of diverticulitis or for complicated 
diverticulitis brought under control with conservative therapy.20,27 In 
these cases, a one-stage procedure with primary resection and anasto-
mosis can be performed, with lower morbidity and mortality and a 
shorter hospital length of stay than a two-stage procedure. Elective 
surgery should also be considered for patients at high risk for compli-
cations of recurrent diverticulitis, including those with immunosup-
pressive conditions (e.g., organ transplantation, chronic corticosteroid 
therapy, renal failure)51,52,53,54 and perhaps those younger than 40 years,8 
although these considerations are controversial.55-57 Laparoscopic sig-
moidectomy is an alternative to laparotomy in cases of mild-to-mod-
erate disease.58,59 Retrospective studies have reported that a one-stage 
procedure, combined with intraoperative colonic lavage but no protec-
tive diverting colostomy, may be feasible even in the moderate- to 
high-risk patient with colonic perforation.60,61 Further studies, ideally 
prospective randomized trials, are needed to determine whether this 
approach is as safe and efficacious as the Hartmann procedure.

The classic three-stage procedure, consisting of drainage and proxi-
mal diverting colostomy, interval resection of diseased bowel with 
primary anastomosis, and stoma closure, has largely been abandoned 
because failure to eliminate the source of peritoneal infection resulted 
in higher mortality rates compared with the two-stage procedure.49

TYPHLITIS (NEUTROPENIC 
ENTEROCOLITIS)
Typhlitis, from the Greek typhi or “blind,” also known as neutropenic 
enterocolitis, is a life-threatening complication of myelosuppressive 
chemotherapy administered for the treatment of hematologic and, less 
commonly, solid-tissue malignancies.62-65 It is also rarely seen in indi-
viduals with human immunodeficiency virus (HIV) infection66 and in 
those with neutropenia caused by aplastic anemia, drug-induced 
agranulocytosis, cyclic neutropenia, or acute leukemia before the ini-
tiation of chemotherapy.64,67-69 Although estimates vary greatly between 
studies, the incidence rate of typhlitis has been estimated to be approxi-
mately 5% for neutropenic adults hospitalized with hematologic or 
solid malignancies or with aplastic anemia.62,70

Pathogenesis
The pathologic characteristic of typhlitis is marked thickening and 
edema of the bowel wall, typically involving the cecum and often 
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cause. The indications for immediate surgical intervention include per-
sistent gastrointestinal bleeding despite resolution of hematologic and 
clotting abnormalities, free intraperitoneal perforation, and clinical 
deterioration, suggesting uncontrolled sepsis.82

Examples include cefepime with metronidazole, piperacillin/
tazobactam, or meropenem, all with the possible addition of an anti-
fungal agent with activity against Candida.48,70,87 The regimen should 
also effectively treat C. difficile if it has not been excluded as a possible 
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INFECTIVE ENDOCARDITIS
The term infective endocarditis (IE) denotes infection of the endocar-
dial surface of the heart and implies the physical presence of microor-
ganisms in the lesion. Although the heart valves are affected most 
commonly, the disease also may occur within septal defects or on the 
mural endocardium. Infections of arteriovenous shunts and of arterio-
arterial shunts (patent ductus arteriosus) and infections related to 
coarctation of the aorta are included in the following discussion 
because the clinical manifestations are similar. The term infective endo-
carditis, first used by Thayer and later popularized by Lerner and Wein-
stein,1 is preferable to the former term bacterial endocarditis, because 
chlamydiae, rickettsiae, mycoplasmas, fungi, and perhaps even viruses 
may be responsible for the syndrome.

In the past, IE was classified as acute or subacute. This distinction 
was based on the usual progression of the untreated disease and is 
mainly of historical interest. The acute form follows a fulminant course, 
usually with high fever, systemic toxicity, and leukocytosis; death 
occurs in several days to less than 6 weeks. It classically is associated 
with infection caused by Staphylococcus aureus, Streptococcus pyogenes, 
Streptococcus pneumoniae, or Neisseria gonorrhoeae. The subacute 
form (death occurring in 6 weeks to 3 months) and the chronic form 
(death occurring later than 3 months) usually are considered together. 
They commonly occur in the setting of prior valvular disease and are 
characterized by a slow, indolent course with low-grade fever, night 
sweats, weight loss, and vague systemic complaints. These two forms 
of IE classically are caused by the viridans streptococci.

Although useful conceptually, this classification ignores the non-
bacterial forms of IE and the frequent overlap in manifestations of 
infection by specific organisms, such as the enterococci. A classification 
based on the etiologic agent responsible is preferable because it has 
implications for the course usually followed, the likelihood of preexist-
ing heart disease, and the appropriate antimicrobial agents to employ.

Although IE is relatively uncommon, it has received considerable 
attention from clinicians and scientists for the past century. The clinical 
manifestations of IE are so varied that they may be encountered in any 
of the medical subspecialties. Successful management depends on the 
close cooperation of medical and surgical disciplines. Endocarditis 
services and therapeutic protocols have been created at several tertiary 
care centers in the United States and Europe. IE has attracted consider-
able investigative interest. Although the factors that influence its devel-
opment now are identified more clearly, many questions remain about 
the unique aspects of this infection, in particular:
1. Why do organisms lodge specifically on the cardiac valves rather 

than elsewhere in the vascular tree?
2. What enables the microorganisms to survive on the valve surface 

after colonization?
3. What are the primary host defenses against induction and progres-

sion of the infection?
4. Why do only a relatively few strains of bacteria produce most cases 

of IE whereas many others produce only bacteremia?
5. What factors are responsible for the marked variation in the mani-

festations of IE?

Definition
•	 Infective	endocarditis	(IE)	is	an	infection	of	the	

endocardial	surface	of	the	heart.

Epidemiology
•	 It	is	traditionally	associated	with	heart	valves	

damaged	by	rheumatic	heart	disease.
•	 In	the	current	era,	health	care	contact	and	

injection	drug	use	are	the	primary	risk	factors.

Microbiology
•	 Staphylococcus	aureus	is	now	the	leading	

cause	of	IE	in	most	of	the	industrialized	world.
•	 Historically,	viridans	group	streptococci	were	

the	most	common	cause	of	endocarditis.
•	 Bartonella	spp.	are	the	most	common	cause	of	

culture-negative	IE	in	the	United	States.	Other	
common	causes	of	culture-negative	IE	are	
summarized	in	Table	82-6.

Diagnosis
•	 Results	of	blood	cultures	remain	the	

cornerstone	of	diagnosis	of	endocarditis.
•	 Clinical	evaluation	alone	is	insufficient	to	

exclude	the	possibility	of	endocarditis.

•	 Echocardiography,	particularly	transesophageal	
echocardiography,	has	greatly	improved	the	
clinician’s	ability	to	identify	endocarditis.

•	 Diagnostic	schema,	such	as	the	modified	Duke	
Criteria,	are	useful	in	establishing	the	presence	
of	endocarditis.

Therapy
•	 Cardiac	surgery	is	required	in	up	to	half	of	

patients	with	endocarditis	and	improves	
patient	outcome.

•	 Cardiac	surgery	is	especially	important	in	
patients	with	endocarditis	who	have	heart	
failure,	paravalvular	abscess,	recurrent	embolic	
events,	or	ongoing	sepsis	or	who	are	infected	
with	highly	resistant	or	fungal	pathogens.

•	 Although	the	timing	of	cardiac	surgery,	
particularly	after	embolic	events	involving	the	
central	nervous	system,	remains	controversial,	
emerging	evidence	supports	the	benefit	of	
early	valve	replacement	surgery	for	
endocarditis.

•	 Antibiotic	therapy	involves	extended	courses	
of	antibiotics.	Treatment	is	highly	pathogen	

specific	and	is	summarized	in	Table	82-7.	
Guidelines	for	treatment	of	IE	were	published	
in	2005	and	are	currently	being	updated.312

•	 Addition	of	adjunctive	low-dose,	short-course	
gentamicin	to	standard	antibiotic	treatment	of	
S.	aureus	native	valve	IE	has	been	shown	to	
confer	high	risk	for	nephrotoxicity	without	
significant	improvement	in	clinical	outcomes	
and	is	not	encouraged.

•	 Several	observational	studies	support	the	use	
of	high-dose	ceftriaxone	in	combination	with	
ampicillin	for	the	treatment	of	ampicillin-
susceptible,	aminoglycoside-resistant	
enterococcal	endocarditis	or	for	patients	with	
underlying	renal	disease.

Prevention
•	 Prevention	of	endocarditis	involves	reduction	

of	bloodstream	infections,	especially	in	the	
health	care	setting.

•	 The	role	of	antibiotic	prophylaxis	for	the	
prevention	of	endocarditis	is	controversial.	
Guidelines	have	been	published	from	the	
American	Heart	Association.64
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related to rheumatic heart disease.17 If the mitral valve alone is involved, 
women outnumber men by 2 to 1. The aortic valve is affected in 
approximately 50% of these cases; if it alone is involved, men outnum-
ber women by 4 to 1. Right-sided endocarditis is rare (except in injec-
tion drug users and patients with indwelling transvenous pacemakers) 
and accounts for fewer than 10% of all cases occurring in patients with 
rheumatic heart disease. In developed countries, the proportion of 
cases related to rheumatic heart disease has continued to decline to 5% 
or less in the past 2 decades,11 whereas in developing countries, rheu-
matic heart disease remains the most common predisposing cardiac 
condition.23,24

Congenital heart disease (especially patent ductus arteriosus, ven-
tricular septal defect, coarctation of the aorta, bicuspid aortic valve, 
tetralogy of Fallot, and, rarely, pulmonic stenosis) is responsible in  
6% to 24% of endocarditis cases.11 IE is uncommon in the secundum 
atrial septal defects, probably because this lesion results in a low-
pressure shunt with little turbulence. The congenitally bicuspid aortic 
valve is an important condition in elderly patients (especially men).25 
In one prospective multicenter analysis, it was present in 16% of 310 
cases of definite native valve endocarditis . Half of the patients with 
bicuspid aortic valve had perivalvular abscess, and 72% required valve 
surgery.26 Surgical closure of a ventricular septal defect lowers the risk 
for IE.27

The degenerative cardiac lesions (e.g., calcified mitral annulus, cal-
cific nodular lesions secondary to arteriosclerotic cardiovascular 
disease, post–myocardial infarction thrombus) assume greatest impor-
tance in the 30% to 40% of IE patients without underlying valvular 
disease. The actual contribution made by these lesions is unknown, but 
they occur with an increased incidence in the elderly. In one series, 
degenerative lesions were present in 50% of patients older than 60 years 
of age with native valve IE.28 The contribution of these degenerative 
cardiac lesions to the development of IE was apparent in an analysis  
of 148 patients receiving treatment in London after 1970.29,30 The 
underlying structural cardiac defects were as follows: rheumatic heart 
disease in 39 patients, congenital defects in 13, and normal or degener-
ate valves in 65. Although a calcified mitral annulus is fairly common 
in elderly women, this lesion rarely is complicated by IE (only 3 of  
80 patients in one report).31 When patients with acute IE are consid-
ered separately, more than 50% have no recognized underlying cardiac 
disease.32

Many other conditions, such as bicuspid aortic valve,25 luetic heart 
disease, arterioarterial fistulas, hemodialysis shunts or fistulas, intra-
cardiac pacemaker wires, and intracardiac prostheses, may predispose 
to IE. Prosthetic valve endocarditis is increasing in incidence in pro-
portion to other forms of endocarditis. For example, it was present  
in one fifth of the 2781 adults with definite IE recently reported by  
the International Collaboration on Endocarditis-Prospective Cohort 
Study (ICE-PCS) (see Chapter 83).11 Intravascular infections involving 
cardiac devices (e.g., permanent cardiac pacemakers, defibrillators) 
also have increased significantly since the 1990s and are discussed in 
Chapter 84.33 IE also occurs more frequently among patients with 
extensive contact with the health care system.14,21 As noted previously, 
injection drug users constitute another group with an increased risk 
for IE (see later discussion). In this population, there is the added 
problem of a rapidly rising prevalence of IE among persons with 
human immunodeficiency virus (HIV) infection. In addition, injection 
drug users are the group at greatest risk for recurrent and polymicro-
bial IE.17,34 Although the contribution of invasive procedures (e.g., sig-
moidoscopy, colonoscopy) has been debated, native valve IE seems to 
be more common among patients with active inflammatory bowel 
disease (6 of 213 patients in one report35).

Although it is not classically recognized as a condition leading to 
bacterial endocarditis, up to 5% of patients with idiopathic hypertro-
phic subaortic stenosis develop IE.36 IE is more common in the subset 
of these patients who have hemodynamically severe forms of the 
disease, as manifested by a higher peak systolic pressure gradient and 
a high prevalence of symptoms. New murmurs develop in 36% of 
patients with idiopathic hypertrophic subaortic stenosis complicated 
by IE, and this new physical finding correlates with a higher mortality 
rate.36 Among seven cases examined histologically, the infection was 
found on the aortic valve in three cases, on the mitral valve in two 

6. Why is the infection so difficult to eradicate with antibiotics even 
though the infecting organisms often are exquisitely sensitive to the 
drugs in vitro?

These questions are discussed in detail in the following sections.

Epidemiology
The incidence of IE is difficult to determine, because the criteria for 
diagnosis and the methods of reporting vary with different series.2,3 An 
analysis based on strict case definitions often reveals that only a small 
proportion (approximately 20%) of clinically diagnosed cases are cat-
egorized as definite. The mean annual incidence of IE was 5 to 7 cases 
per 100,000 person-years in Olmsted County, Minnesota, from 1970 
to 2000, with no significant change during this interval.4 A similar 
figure of 1.7 per 100,000 person-years was reported from a prospective 
survey in Louisiana,5 analogous to results from the United Kingdom6 
and from France,7,8 but this figure is less than incidence reports from 
the Delaware River Valley region (11.6/100,000 population).9 With the 
use of the Nationwide Inpatient Sample (NIS), which approximates 
about a 20% sample of all U.S. acute care hospitals, several studies have 
reported significant increases in hospitalizations for IE, with most of 
this increase being attributable to S. aureus.10 The proportion of acute 
cases has increased from approximately 20% in the preantibiotic era to 
more than 75% in most of the industrialized world today.11

The mean age of patients with IE has increased gradually in the 
antibiotic era. In 1926, the median age was younger than 30 years12; by 
1943, it was 39 years, and, currently, more than half of patients are 
older than 50 years of age.11,13,14 In a recent report, among more than 
2700 patients from 58 centers in 25 countries with definite IE by the 
modified Duke criteria, the median age was 57.9 years.11 The disease 
is uncommon in children, in whom it is associated primarily with  
(1) underlying structural congenital heart disease, particularly septal 
defects or complex lesions involving septal defects; (2) surgical repair 
of these defects; or (3) nosocomial catheter-related bacteremia, espe-
cially in infants.15,16

The mean age for men is 6 to 7 years older than that for women, 
and men are affected more commonly (54% to 69% of cases); the mean 
male-to-female ratio is 1.7 : 1, with a range of 1 : 1 to 3 : 1 in 18 large 
series.17 Among patients younger than 35 years of age, more cases 
occur in women. Many factors may be related to this shift in age dis-
tribution. First, there has been a change in the nature of the underlying 
heart disease owing to a decline in the incidence of acute rheumatic 
fever and rheumatic heart disease countered by the increasing impor-
tance of degenerative heart disease in elderly patients. Second, the age 
of the population has been increasing steadily, and people with rheu-
matic or congenital heart disease are surviving longer. In addition, such 
patients increasingly are being subjected to prosthetic valve surgery, an 
important etiologic factor in the pathogenesis of IE.

A relatively new form of the disease, health care–associated IE, has 
emerged secondary to the introduction of new therapeutic modalities 
(e.g., intravenous catheters, hyperalimentation lines, pacemakers, dial-
ysis shunts).2,11,14,18-21 In a recent prospective, multinational cohort 
study of more than 1600 patients with native valve endocarditis and 
no injection drug use, more than one third of patients had health 
care–associated endocarditis, which in many cases was community 
acquired.21 The emerging importance of health care–associated IE in 
industrialized nations has also influenced the microbiology of IE, with 
an increasing prevalence of S. aureus and decreasing prevalence of 
viridans streptococci in much of the industrialized world.

The heart valve involved by the infection varies considerably with 
the proportion of acute cases reported in each series. The distribution 
ranges from 28% to 45% of cases for the mitral valve alone, 5% to 36% 
for the aortic valve alone, and 0% to 35% for the aortic and mitral 
valves combined. The tricuspid valve rarely is involved (0% to 6% of 
cases), and the pulmonary valve even less often (<1%).11,22 Involvement 
of the aortic valve alone is increasing in frequency and correlates with 
the increase in acute cases; the incidence was 5% in 1938 and increased 
to 38% by 2000.11

Almost any type of structural heart disease may predispose to IE, 
especially if the defect results in turbulence of blood flow. Rheumatic 
heart disease was the underlying lesion in 37% to 76% of infections in 
the past, and the mitral valve is involved in more than 85% of cases 
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valvular surface first is perturbed. If a polyethylene catheter is passed 
across the aortic valve of a rat or rabbit, IE is produced with intrave-
nously injected bacteria or fungi.50,51 Microscopic examination of this 
early lesion shows the organisms intimately adherent to fibrin-platelet 
deposits overlying interstitial edema and mild cellular distortion that 
have formed in areas of valvular trauma.52 Scanning electron micro-
graphs of the damaged valvular surface confirm the adhesion of micro-
organisms to these areas of fibrin-platelet deposition early in the 
disease course.53 The organisms are covered rapidly by fibrin.54

Opossums and pigs are the only animals known to develop IE 
readily (i.e., without experimentally induced valvular alteration).46,55 
The stress of captivity is apparently sufficient in these animals to 
produce subtle valvular changes that lead to spontaneous endocarditis 
and a markedly increased susceptibility to the disease after intravenous 
injection of bacteria. In other animals and probably in humans, altera-
tion of the valve surface is a prerequisite for bacterial colonization. 
Angrist and Oka48 first recognized the importance of these deposits as 
the crucial factor in allowing bacterial colonization of valve surfaces 
and suggested the term NBTE. Many forms of exogenous stress 
produce these lesions experimentally, including infection, hypersensi-
tivity states, cold exposure, simulated high altitude, high cardiac output 
states, cardiac lymphatic obstruction, and hormonal manipulations.46 
These procedures all increase the susceptibility of the animals to IE.

NBTE has been found in patients with malignancy (particularly 
pancreatic, gastric, or lung carcinoma) and other chronic wasting dis-
eases, rheumatic and congenital heart disease,48 uremia, and connec-
tive tissue diseases such as systemic lupus erythematosus (SLE) and 
rheumatoid arthritis; after the placement of intracardiac catheters (e.g., 
Swan-Ganz); and after a self-limited acute illness. NBTE generally 
reflects one of two pathogenic mechanisms: hypercoagulability or 
endothelial damage. In a careful analysis performed in Japan, NBTE 
was found in 2.4% of 3404 autopsies, especially in elderly people with 
chronic wasting disease.56 Among patients at high risk for NBTE, the 
rate may be greater. Cardiac valvular vegetations were found in 19% of 
200 nonselected ambulatory patients with solid tumors undergoing 
prospective echocardiographic screening.57 Valvular lesions were most 
common among patients with carcinoma of the pancreas or lung or 
lymphoma.

NBTE is most common on the low-pressure side of the cardiac 
valves along the line of closure, precisely the site most often involved 

cases, on both valves in one case, and on the subaortic endocardium 
in one case. This distribution probably is related to the associated 
mitral regurgitation caused by displacement of the anterior leaflet by 
the abnormal ventricular architecture and by the turbulence of the  
jet stream affecting the aortic valve distal to the intraventricular 
obstruction.

An association has also been recognized between IE and mitral 
prolapse syndrome. Of 87 consecutive cases of IE reported from Stan-
ford University, 10 (11%) occurred in patients with well-documented 
mitral valve prolapse.37 These 10 cases represented more than one third 
of the 28 cases in which isolated mitral regurgitation was the predis-
posing condition. Four additional cases occurred in patients who were 
not studied by echocardiography or angiography but who had clinical 
evidence of mitral prolapse syndrome. Of the cases of IE associated 
with isolated insufficient mitral valves, 40% to 50% probably occurred 
in patients with mitral prolapse syndrome. In one series of 63 cases of 
native valve endocarditis diagnosed in Memphis from 1980 to 1984, 
mitral valve prolapse was the most common underlying lesion (29%). 
In another study,38 5 of 58 patients with mitral valve prolapse who were 
monitored prospectively for 9 to 22 years developed IE. This syndrome 
should be suspected in patients who have midsystolic clicks with or 
without a late systolic murmur. The condition is common and has been 
recognized in 0.5% to 20% of otherwise healthy people, especially 
young women. It has become apparent that mitral valve prolapse is 
only one component of a developmental syndrome. This lesion often 
is associated with a distinct habitus in women,39 with von Willebrand 
disease, or with ophthalmoplegia. Some of these characteristics may be 
useful in identifying patients at high risk for IE. All 25 patients who 
developed IE on a prolapsing mitral valve had a holosystolic murmur, 
and none had the isolated click without a murmur.37

The risk for IE seems to be increased in the subset of patients with 
mitral valve prolapse who exhibit thickened leaflets with valvular 
redundancy.28 In addition, men older than 45 years of age who have 
mitral valve prolapse are at increased risk for IE.40 Nevertheless, the 
risk for IE is higher in patients with mitral valve prolapse. In a careful 
retrospective, epidemiologic, matched case-control analysis, the calcu-
lated odds ratio (8.2; 95% confidence interval, 2.4 to 28.4) indicated a 
substantially higher risk for the development of IE in these patients 
than in controls.41 It seems that, when IE develops in people with mitral 
valve prolapse, the symptoms and signs are more subtle and the mor-
tality rate is less than in left-sided IE of other types.42

Pathogenesis and Pathophysiology
In vitro observations and studies in experimental animals have shown 
that development of IE probably requires the simultaneous occurrence 
of several independent events, each of which may be influenced by a 
host of separate factors. The valve surface first must be altered to 
produce a suitable site for bacterial attachment and colonization. Valve 
surface changes may be produced by various local and systemic 
stresses, including blood turbulence and the offending organism itself. 
These alterations result in the deposition of platelets, fibronectin, 
fibrin, and other matrix ligands in the formation of so-called sterile 
vegetation—the lesions of nonbacterial thrombotic endocarditis 
(NBTE). Bacteria then must reach this site and adhere to and invade 
the involved tissue to produce colonization and persistence. Certain 
strains seem to have a selective advantage in adhering to platelets, 
fibronectin, or fibrin and produce the disease with a lower inoculum. 
After colonization, the surface is covered rapidly with a protective 
sheath of fibrin and platelets to produce an environment conducive to 
further bacterial multiplication and vegetative growth. The interaction 
of these events is depicted in Figure 82-1. In the following sections, 
these factors are considered independently (for in-depth discussions, 
see references 43-46).

Nonbacterial Thrombotic Endocarditis
Luschka, in 1852, first suggested that IE resulted when septic coronary 
emboli lodged in the vessels of the cardiac valve.47 This hypothesis was 
discarded, because cardiac valves are poorly vascularized.45,48,49 It now 
is clear that the initial colonization occurs on the damaged endothelial 
surface of the valve. In experimental animals, it is almost impossible 
to produce IE with intravenous injections of bacteria, unless the 

FIGURE 82-1  Proposed scheme for the pathogenesis of infective 
endocarditis. 
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Microorganism–Nonbacterial Thrombotic 
Endocarditis Interaction
The ability of certain organisms to adhere to NBTE lesions is a crucial 
early step in the development of IE. Gould and associates67 showed that 
organisms commonly associated with IE (enterococci, viridans strep-
tococci, S. aureus, S. epidermidis, P. aeruginosa) adhered more avidly 
to normal canine aortic leaflets in vitro than did organisms uncommon 
in IE (Klebsiella pneumoniae, E. coli). In addition, S. aureus and the 
viridans streptococci produce IE more readily than does E. coli in the 
rabbit model of IE.68 This observation correlates with the relative fre-
quency with which these organisms produce the disease in humans. 
The rarity of IE due to gram-negative aerobic bacilli also may be related 
to their serum sensitivity, as noted previously.

Differences in the propensity to cause IE are apparent even within 
a single species. For example, specific clones of S. aureus, including 
clonal complexes 3069,70 and 2271 have been reported to be associated 
with an increased risk for IE. In addition, only 2 of the 11 capsular 
serotypes of S. aureus described to date, serotypes 5 and 8, account for 
approximately 75% of clinical isolates, whereas highly mucoid strains 
(e.g., serotypes 1 and 2) are rarely recovered. Nevertheless, mutant 
strains devoid of microencapsulation had significantly lower median 
infective dose (ID50) values in a rat (catheter-induced NBTE) IE 
model,72 compared with wild-type parent strains. Microcapsule expres-
sion may attenuate S. aureus IE production by blocking bacterial cell 
surface adhesins, but this hypothesis requires confirmation. In addi-
tion, an increasing number of reports suggest that other specific patho-
gen characteristics in S. aureus are associated with the severity of 
infection caused by these strains in humans.73-77

Other studies using an elegant experimental model of IE after 
dental extraction in rats with periodontitis, which closely resembles 
the presumed pathogenetic sequence in humans, also suggest an 
important role for bacterial adhesion to NBTE in the early events. 
Although viridans streptococci were isolated much more commonly 
than group G streptococci in blood cultures obtained 1 minute after 
extraction, the latter strains caused 83% of the IE episodes in this rat 

in IE. Whether this lesion is always essential for the development of  
IE in humans is unknown. Secondary hypercoagulable states (e.g., as 
seen in secondary antiphospholipid syndromes in SLE) may contribute 
to the development and propagation of the NBTE lesion.58

Hemodynamic Factors
When associated with valvular insufficiency, IE characteristically 
occurs on the atrial surface of the mitral valve and the ventricular 
surface of the aortic valve. Rodbard59 showed that this localization is 
related to a decrease in lateral pressure (presumably with decreased 
perfusion of the intima) immediately downstream from the regurgi-
tant flow. Lesions with high degrees of turbulence (e.g., small ventricu-
lar septal defect with a jet lesion, valvular stenosis resulting from 
insufficient valves) readily create conditions that lead to bacterial  
colonization, whereas defects with a large surface area (large ventricu-
lar septal defect), low flow (ostium secundum atrial septal defect),  
or attenuation of turbulence (chronic congestive heart failure [CHF] 
with atrial fibrillation) rarely are implicated in IE. Cures of IE achieved 
with ligation of an arteriovenous fistula or patent ductus arteriosus 
without further treatment also highlight the importance of hemo-
dynamic factors. A hyperdynamic circulation itself, such as that devel-
oping after experimentally induced arteriovenous fistulas in dogs or 
after creation of fistulas and shunts in hemodialysis patients, may lead 
indirectly to IE by producing NBTE.45,46 Finally, implantable intra-
cardiac prosthetic material may well contribute to a turbulent blood 
flow state, as seen in intraventricular pacemakers and implantable 
cardioverter-defibrillators.

The degree of mechanical stress exerted on the valve also affects the 
location of the IE.60 In 1024 autopsy cases of IE reviewed through 1952, 
the incidence of valvular lesions was as follows: mitral, 86%; aortic, 
55%; tricuspid, 19.6%; and pulmonic, 1.1%. This incidence correlates 
with the pressure resting on the closed valve: 116, 72, 24, and 5 mm 
Hg, respectively.

Transient Bacteremia
In the setting of preexistent NBTE, transient bacteremia may result in 
colonization of these lesions and may lead to the development of IE.61 
Transient bacteremia occurs whenever a mucosal surface heavily colo-
nized with bacteria is traumatized, such as occurs with dental extrac-
tions and other dental procedures or with gastrointestinal, urologic, or 
gynecologic procedures (Table 82-1).61,62 The degree of bacteremia is 
proportional to the trauma produced by the procedure and to the 
number of organisms inhabiting the surface; the organisms isolated 
reflect the resident microbial flora. The bacteremia usually is low grade 
(≤10 colony-forming units [CFU]/mL) and transient; the bloodstream 
usually is sterile in less than 15 to 30 minutes.

In two studies in which samples for blood cultures were drawn  
from patients with severe gingival disease before the dental procedure, 
spontaneous bacteremia was identified in 9% to 11% of the patients. 
Other studies have shown an even higher frequency of spontaneous 
bacteremia. Of the blood cultured from healthy people, 60% to 80%  
of specimens were positive when filters and anaerobic techniques  
were used.63 The degree of bacteremia was low, however, with only 2 
to 10 CFU/5 mL of blood isolated. “Nonpathogenic” organisms, such 
as Propionibacterium acnes, Actinomyces viscosus, Staphylococcus epi-
dermidis, and other Actinomyces or streptococcal species, were respon-
sible. Frequent episodes of silent bacteremia also are suggested by the 
identification of circulating humoral antibodies to the resident oral 
flora and by the noted increase in sensitized peripheral T cells to the 
flora of dental plaque. The frequency of such silent bacteremias in the 
probable pathogenesis of IE has contributed to the current concept  
that individual dental procedures are uncommonly the cause of such 
infections.64

Another crucial factor during the transient bacteremia stage is sus-
ceptibility of the potential pathogen to complement-mediated bacteri-
cidal activity. Only “serum-resistant,” gram-negative aerobic bacilli 
(e.g., Escherichia coli, Pseudomonas aeruginosa, Serratia marcescens) 
reliably produce experimental IE in rabbits,65,66 and this property is 
found in all isolates from human cases of IE. Although experimental 
IE can be induced in rats with “serum-sensitive” E. coli, the organisms 
are eliminated rapidly on catheter removal.66

TABLE 82-1  Incidence of Bacteremia after 
Various Procedures

PROCEDURE/MANIPULATION
% POSITIVE 
BLOOD CULTURES

Dental
Dental extraction 18-85

Periodontal surgery 32-88

Chewing candy or paraffin 17-51

Tooth brushing 0-26

Oral irrigation device 27-50

Upper Airway
Bronchoscopy (rigid scope) 15

Tonsillectomy 28-38

Nasotracheal suctioning/intubation 16

Gastrointestinal
Upper gastrointestinal endoscopy 8-12

Sigmoidoscopy/colonoscopy 0-9.5

Barium enema 11

Percutaneous needle biopsy of liver 3-13

Urologic
Urethral dilation 18-33

Urethral catheterization 8

Cystoscopy 0-17

Transurethral prostatic resection 12-46

Obstetric/Gynecologic
Normal vaginal delivery 0-11

Punch biopsy of the cervix 0

Removal/insertion of intrauterine 
(contraceptive) device

0

Data from Everett ED, Hirschmann JV. Transient bacteremia and endocarditis 
prophylaxis: a review. Medicine (Baltimore). 1977;56:61.
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in vitro,89 suggesting that other microbial surface characteristics are 
instrumental for this early event. Whatever the role of the extracellular 
glycocalyx in microbial adhesion, its presence may retard antimicrobial 
therapy for streptococcal endocarditis (see later discussion).86,87,90

FimA, a surface adhesin expressed by viridans streptococci, has 
been shown to mediate the attachment of such organisms to platelet-
fibrin matrices in vitro and to experimental NBTE lesions in the animal 
model of IE.91 Homologues of the fimA gene are widely distributed 
among clinical strains of viridans streptococci and enterococci, sug-
gesting its importance in IE.92 Several lines of experimental evidence 
have confirmed further the key role of FimA in the pathogenesis of IE. 
Inactivation of the fimA gene has yielded viridans streptococcal 
mutants exhibiting a significant decrease in virulence in experimental 
IE compared with the parental strain having intact FimA expression.91 
In addition, animals either passively immunized with anti-FimA anti-
body or actively immunized with a FimA vaccine were significantly 
less susceptible to experimental IE than nonimmunized controls.92

Recent data have emphasized the unique interaction of the viridans 
group streptococci with human platelets in the pathogenesis of IE. The 
Sullam laboratory published a series of elegant experimental studies93-95 
that supported the following paradigms in viridans group streptococ-
cal IE. First, they identified a group of genes in one viridans strepto-
coccal species (Streptococcus gordonii, formerly known as S. sanguis I) 
that mediates the binding of this organism to human platelets. This 
locus encodes GspB, a large, serine-rich cell wall–anchored glycopro-
tein; four proteins mediating the glycosylation of GspB; and seven 
proteins (the accessory Sec system) that mediate the export of GspB to 
the bacterial surface. GspB is the adhesin that binds platelet glycopro-
tein Ib, by means of its high-affinity interaction with sialic acid–
containing motifs on glycoprotein Ib. GspB is an unusual protein, not 
only because of its size (286 kDa) but also because glycoproteins are 
rare in bacteria. Glycosylation is required for the stability of GspB;  
loss of carbohydrate results in rapid degradation. This modification, 
however, renders it an unsuitable substrate for export by the canonical 
general secretory (Sec) pathway. In contrast, the accessory Sec system 
is a specialized pathway whose sole function is translocation of GspB 
from the cytoplasm to the bacterial surface, where it is covalently 
linked to the cell wall by its LPRTG C terminus. Loss of GspB expres-
sion was linked with decreased virulence in experimental IE. Similar 
results have been reported for Hsa, a homologue in another viridans 
streptococcal species (S. gordonii).

Second, by transposon mutagenesis, the Sullam group discovered 
that binding of viridans streptococci to mammalian platelets is medi-
ated in part by two phage-encoded proteins, PblA and PblB, that are 
associated with the cell wall of this organism. These proteins appear to 
be important for virulence, in that loss of their expression was associ-
ated with decreased virulence in an animal model of IE. This was a 
surprising finding, in that these are two phage proteins of a lysogenic 
phage (SM1) that resides on the chromosome of the strain (SF100). 
PblA is a tape measure protein (important for phage morphogenesis), 
whereas PblB is a tail fiber protein. Both proteins are linked to the 
bacterial surface through their interactions with choline groups within 
the cell wall. A puzzling issue was how these phage proteins get out of 
the bacterium and onto its surface. It appears that there is some con-
stitutive, low-level expression of the phage lytic cycle, which results in 
the expression of phage holin and lysin. The net effect is to render the 
bacteria more permeable, so that PblA and PblB leak out of the bacteria 
and then bind back to the surface, where they can serve as adhesins. 
This is a remarkable system, because it is perhaps the first example of 
a phage-encoded bacterial surface structure and adhesin and because 
it suggests a co-adaptation or coevolution of the bacterium and the 
phage, wherein the bacterium is essential for phage replication but the 
phage also gives the bacterium a selective advantage by providing it 
with an adhesin.

A similar important role of adhesion to NBTE in the pathogenesis 
of IE has been shown for yeasts. Candida albicans adheres to NBTE in 
vitro and produces IE in rabbits more readily than does Candida krusei, 
a nonadherent yeast rarely implicated in IE in humans.96 Although 
microbial adhesion is a crucial early event in the pathogenesis of  
IE, the precise intracardiac loci are unknown and may differ among 
organisms. Most organisms probably adhere initially to a constituent of 

model.78,79 This propensity to cause IE was associated with an increased 
adhesion of group G streptococci to fibrin-platelet matrices in vitro.79

The adherence of oral streptococci to NBTE may depend on the 
production of a complex extracellular polysaccharide, dextran. This 
polymer plays an essential role in the pathogenesis of dental caries by 
Streptococcus mutans.80 Dextran allows the organism to adhere tightly 
to the surface of dental enamel. The enhanced ability to adhere to inert 
surfaces also may be important in IE. In an analysis of 719 cases of 
streptococcal infections in the United Kingdom, 317 cases of IE were 
found.81 The most common etiologic agents were Streptococcus sangui-
nis  (16.4% of the cases), previously identified in Streptococcus subacute 
bacterial endocarditis, and S. mutans (14.2%). Ratios of endocarditis 
to nonendocarditis bacteremia caused by particular organisms have 
been derived (Table 82-2), allowing prediction of the relative propen-
sity for a particular organism to cause IE. The ratios range from 14.2 : 1 
for S. mutans to a reversed ratio of 1 : 32 for S. pyogenes. Only the first 
four organisms listed in Table 82-2 (all with ratios >3 : 1) produce 
extracellular dextran. This finding suggests that dextran production 
may be another virulence factor in the pathogenesis of IE.

The role of dextran in the adherence of oral streptococci to NBTE 
also has been studied in vitro with the use of artificial fibrin-platelet 
matrices (simulating NBTE). The amount of dextran produced by 
organisms grown in broth correlated with adherence; the amount was 
increased by incubating the organism in sucrose (which stimulates 
dextran production) and decreased by the addition of dextranase 
(which removes the dextran from the cell surface). The addition of 
exogenous dextran to S. sanguinis grown in sucrose-free media 
increased adherence. Dextran production also correlated directly with 
the ability of these organisms to produce IE in vivo in the rabbit 
model.82 The strain of S. sanguinis produced IE less readily when incu-
bated in dextranase than did control strains, and a strain that produced 
large quantities of dextran produced endocarditis more easily than did 
a strain that produced relatively small quantities of dextran. Dextran 
production also increased the adherence of S. mutans to traumatized 
canine aortic valves in vitro,83 an effect that was dependent on poly-
mers of higher molecular weight.84 Dextran formation (or, more prop-
erly, exopolysaccharide or glycocalyx production) by oral streptococci 
may be a virulence factor for the production of IE by these organisms.85 
Continued in vivo synthesis of exopolysaccharide during experimental  
IE correlated with vegetation size and resistance to antimicrobial 
therapy.86,87 Measurement of cell-adherent glycocalyx by a quantitative 
spectrophotometric tryptophan assay among viridans streptococci iso-
lated from blood cultures has potential value as an independent predic-
tor of the likelihood of IE.88 Non–dextran-producing streptococci may 
produce IE in humans and adhere to artificial fibrin-platelet surfaces 

TABLE 82-2  Ratio of Infective Endocarditis Cases 
to Nonendocarditis Bacteremia Cases for Various 
Streptococci and Enterococci

ORGANISM
ENDOCARDITIS : NONENDOCARDITIS 

RATIO
Streptococcus mutans 14.2 : 1

Streptococcus bovis I 5.9 : 1

Dextran-positive 
Streptococcus mitior

3.3 : 1

Streptococcus sanguinis 3 : 1

S. mitior 1.8 : 1

Unclassified viridans 
streptococci

1.4 : 1

Enterococcus faecalis 1 : 1.2

Miscellaneous streptococci 1 : 1.3

S. bovis II 1 : 1.7

Streptococcus anginosus 1 : 2.6

Group G streptococci 1 : 2.9

Group B streptococci 1 : 7.4

Group A streptococci 1 : 32

Modified from Parker MT, Ball LC. Streptococci and aerococci associated with 
systemic infection in man. J Med Microbiol. 1976;9:275.
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viridans streptococci requires direct platelet binding and plasma com-
ponents.123 Other experiments implicated immunoglobulin G (IgG) in 
this specific streptococcal bacteria-platelet interaction and suggested 
that platelet activation is mediated through the platelet surface Fc 
receptor, with a molecular weight of 40,000 daltons.124

After colonization of the valve occurs and a critical mass of adher-
ent bacteria develops, the vegetation enlarges by further platelet-fibrin 
deposition and continued bacterial proliferation. There is a complex 
interplay among factors responsible for bacteria-platelet adhesion and 
aggregation. The ability of S. sanguinis to induce platelet aggregation 
in vitro is conferred by two bacterial cell surface antigens: (1) class I 
antigen, which promotes adhesion of S. sanguinis to platelets (adh+), 
and (2) coexpression of class II antigen, which promotes platelet adhe-
sion or platelet aggregation (agg+). At least nine adh/agg phenotypes 
have been identified among naturally occurring variants, reflecting a 
range of platelet interactivity. Intravenous inoculation of agg+ S. san-
guinis strains into rabbits with catheter-induced aortic valve trauma 
led to larger vegetations, a more severe clinical course, more gross 
lesions in major organs, and greater mortality than inoculation with 
an agg− strain or with the agg+ strains pretreated with Fab fragments 
specific for the platelet interactivity phenotype.125 Platelet aggregation 
induced by S. sanguinis in vivo seems to be an important virulence 
determinant of vegetation development and disease progression. Strep-
tococcal exopolysaccharide production inversely correlates with plate-
let adhesion while inhibiting aggregation,126 indicating that these 
surface molecules may enhance endocarditis at some pathogenic steps 
but not at others.

The manner in which S. aureus interacts with platelets in the patho-
genesis of IE differs substantially from that of the viridans streptococci. 
This interaction does not require the presence of specific antistaphylo-
coccal antibody and is not amplified by the platelet Fc receptor.127 
Platelet–S. aureus interactions for executing aggregation require fibrin-
ogen as a bridging molecule but are independent of the primary plate-
let fibrinogen-binding site, the glycoprotein IIb/IIIa integrin receptor. 
In addition, it seems that S. aureus can bind to platelets via platelet-
derived von Willebrand factor or directly to von Willebrand factor 
receptor, at von Willebrand factor–binding domain.128-130 In addition, 
platelet surface–expressed gCiqR can serve as a key “docking site” for 
staphylococci, predominantly through bridging molecules such as 
protein A and von Willebrand factor.131 In experimental IE, transposon 
inactivation of the putative S. aureus platelet-binding adhesin gene 
resulted in mutants with diminished capacity to adhere to platelets in 
vitro in either suspension or surface-bound monolayers.132 In experi-
mental IE caused by such low-platelet–binding mutants, the induction 
rates of IE were equivalent to the induction rates of the parental strain, 
presumably because of the microbe’s ability to attach to damaged endo-
thelium by multiple adhesive mechanisms. However, the capacity of 
the mutant to persist and proliferate within experimental vegetations 
and to disseminate hematogenously to the kidneys was markedly 
impaired in the mutant strain.132 This transposon defect was found to 
reside within the staphylococcal fibrinogen adhesin gene, clumping 
factor A (clfA).133

Platelets also may play a role in host defense within the cardiac 
vegetation during IE.134 It is underappreciated that platelets can actu-
ally phagocytose circulating staphylococci into engulfment vacuoles, 
in which the organism can persist.135 Moreover, after specific exposure 
to thrombin (which is plentiful at the surface of damaged endothe-
lium), release of α-granule–derived platelet microbicidal proteins 
(PMPs), or thrombocidins, with bactericidal activity against most 
gram-positive cocci that cause IE, has been shown.136 PMPs appear to 
be homologues of platelet factor 4,137 whereas thrombocidins evolve 
from the platelet basic peptide lineage and are truncates of the chemo-
kines NAP-2 and CTAP-3.138 Although the ability of S. aureus to adhere 
to and aggregate platelets is a related property, the resistance to PMPs 
is an independent phenotypic characteristic and a potential virulence 
factor.139 PMPs are low-molecular-weight (8 to 10 kDa) cationic pro-
teins and may act primarily on the bacterial cell membrane or cell wall, 
synergistically with antibiotics, to kill bacteria. PMPs also have shown 
fungicidal activity against some yeasts in vitro.140

Microbial resistance to the cidal activity of PMPs may contribute 
to the pathogenesis of IE. This hypothesis was supported by a reduction 

NBTE; some evidence implicates fibronectin as the host receptor within 
NBTE.97 More recent studies98,99 have supported this concept. Low-
fibronectin–binding mutants of S. aureus and S. sanguinis had decreased 
ability to produce IE in rats, compared with high-fibronectin-binding 
parent strains. Other normal constituents of damaged endothelium or 
NBTE (e.g., fibrinogen, laminin, type IV collagen100) also may serve to 
bind circulating bacteria. Streptococcus defectivus, the major species 
isolated in cases of IE caused by nutritionally variant streptococci (dis-
cussed later), bound the extracellular matrix of fibroblasts and endo-
thelial cells in a saturable-specific manner, whereas Streptococcus 
adjacens and serotype III nutritionally variant streptococcal strains did 
not bind.101 A study also documented binding of S. mutans, Streptococ-
cus mitis, S. sanguinis, and Enterococcus faecalis to this extracellular 
matrix. Laminin-binding proteins (e.g., a 145-kDa protein found in S. 
gordonii) were identified on the cell walls of organisms recovered from 
patients with IE,102 and the level of protein expression seemed to be 
regulated by the presence of extracellular matrix proteins.

Other organisms may bind directly to, or become ingested by, endo-
thelial cells as the initial event.103-106 This sequence appears to be impor-
tant in the initiation of IE by S. aureus on “normal” cardiac valves or 
on native endothelial surfaces adjacent to damaged endothelial sites. 
Many studies in experimental IE, using S. aureus as the study organism, 
have shed additional light on the importance of microbial binding to 
specific matrix proteins found within the NBTE lesion on the develop-
ment of IE. It seems that the key adhesin possessed by the organism 
for induction of IE is one or more of its several fibrinogen-binding 
proteins (e.g., clumping factor, coagulase107,108). Adhesins for other 
matrix molecules (e.g., fibronectin, collagen, thrombospondin109-111) 
are not involved pivotally in initial attachment of the organism to 
damaged endothelium but are crucial in persistence of the microbe at 
this site. Additional virulence factors produced by this organism (α-
toxin112) have been identified in the experimental IE model as impor-
tant for persistence and proliferation of the organism within maturing 
vegetations in the next stage of infection, after valvular colonization. 
The fibronectin-binding adhesins of S. aureus seem to be crucial in the 
ability of the organism to invade cardiac endothelium and induce 
endothelial apoptosis,113-115 although the specific microbial surface–
host receptor ligand relationship remains incompletely defined for all 
the major IE pathogens. This is an active area of investigation, because 
inhibition of these events may provide novel prophylactic strategies.

The importance of adherence characteristics in the development of 
endocarditis also has been examined through the use of preincubation 
of organisms with antibiotics. Many classes of drugs, after incubation 
even at subinhibitory concentrations, decrease the adhesion of strep-
tococcal species to fibrin-platelet matrices and damaged canine valves 
in vitro.116 Several elegant studies in animal models verified the signifi-
cance of this in vitro observation: preincubation of the organism in 
subinhibitory antibiotic concentrations prevented the development of 
IE in vivo.117,118 This finding has direct relevance to the chemoprophy-
lactic prevention of IE (see Chapter 85). In one study, subinhibitory 
concentrations of penicillin were found to result in a loss of streptococ-
cal lipoteichoic acid, with reduced adhesion to NBTE-involved tissue 
and an impaired ability to produce IE in vivo.119 Antibiotics may 
prevent IE by at least two mechanisms—bacterial killing and inhibition 
of adhesion to NBTE-involved tissue.120

Because platelets and fibrin are the major constituents of NBTE, the 
role of the platelet in the pathogenesis of IE also has been studied. 
Some strains of bacteria have been found to be potent stimulators of 
platelet aggregation and the release reaction.121 In general, IE-producing 
strains of staphylococci and streptococci more actively aggregate plate-
lets than do other bacteria that less frequently produce IE. Bacteria-
platelet aggregates have been found in the peripheral blood of patients 
with bacteremia. The importance of these aggregates in the formation 
of the vegetation (or, conversely, the effect of the aggregation on the 
rate of removal of organisms from the circulation) is unknown. In one 
study, even small numbers of platelets greatly increased the adherence 
of oral streptococci to fibrin in vitro.81 Other studies122 showed that 
S. sanguinis, an important cause of IE, aggregates platelets and adheres 
to these blood components by means of protease-sensitive compo-
nents, not dextrans. A platelet receptor for ligands on certain strains 
of S. sanguinis was suggested. However, this platelet aggregation by 
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leading to progressive evolution of the vegetative lesion in IE. Several 
studies have emphasized that organisms with low protease production 
(e.g., enterococci) are associated with larger, more friable vegetations 
with an increased tendency for embolization. This property was under-
scored in a recent elegant animal study by inducing IE with an entero-
coccus with low proteolytic activity and virulence to analyze the role 
of host proteases in vegetation growth. Matrix metalloprotease 9, elas-
tase, and plasminogen activators were all present at higher concentra-
tions in septic vegetations. These results suggest that the continuous 
attractant signals coming from bacterial colonies can result in chronic 
injury of myocardial tissues by host proteases.

Immunopathologic Factors
IE results in stimulation of humoral and cellular immunity, as mani-
fested by hypergammaglobulinemia, splenomegaly, and the presence 
of macrophages in the peripheral blood. The possibility that preformed 
antibody can increase the likelihood of the development of IE was 
suggested by the spontaneous occurrence of IE in horses receiving 
repeated immunizations with live pneumococci.162 It was suggested 
that these antibodies produced bacterial agglutination in vivo, which 
increased the chances of valvular colonization. Studies in animals have 
suggested a protective role for circulating antibody. Rabbits preim-
munized with heat-killed streptococci plus Freund’s adjuvant had a 
significantly higher ID50 than that noted for nonimmunized controls 
after aortic valve trauma.163 Other studies yielded similar results with 
S. sanguinis, S. mutans, and S. pneumoniae.164,165 In additional experi-
ments, antibody directed against cell-surface components (including 
mannan) reduced the adhesion of C. albicans to fibrin and platelets in 
vitro and reduced IE production in vivo.166 This effect may depend on 
the infecting organism, however, because antibody to S. epidermidis 
or S. aureus did not prevent the development of IE in immunized 
animals and did not result in reduced bacterial concentrations in 
infected vegetations or kidneys,167 perhaps because of the inability of 
immune sera to enhance opsonophagocytosis of staphylococci. The 
role of preformed antibody in the pathogenesis of IE is unclear. Intra-
vascular agglutination of bacteria may decrease the frequency of IE by 
reducing the actual number of circulating organisms, but cross-
protection was not achieved by passive transfer of high-titer immune 
globulin from S. defectivus–immunized rabbits to control animals.165 
Nitrogen mustard–treated immunized rabbits lost their ability to clear 
S. defectivus efficiently from the circulation, a process partially restored 
by neutrophil transfusion.168

The role of the glycocalyx of S. aureus, and of antibodies directed 
against this exopolysaccharide, in the pathogenesis of IE is controver-
sial. Most experimental studies suggest that microencapsulation of 
strains by the common capsular types (5 and 8) may mitigate virulence 
of the organism in IE by obscuring key surface-expressed adhesins 
involved in colonization or persistence at endovascular damage sites.169

Several more recent studies suggested a salutary effect of active or 
passive immunization strategies against this glycocalyx in diminishing 
the induction, progression, or metastatic infection phases of experi-
mental IE.170,171 However, large clinical trials have not been able to 
document salutary outcomes using active or passive immunization 
strategies directed against the staphylococcal capsule or candidate 
surface adhesins (e.g., clumping factor).172-175

Rheumatoid factor (anti-IgG IgM antibody) develops in about 50% 
of patients with IE of longer than 6 weeks’ duration.176 Rheumatoid 
factors were found at the time of admission in 24% of patients with 
acute staphylococcal IE (<6 weeks’ duration), and the frequency 
increased to 40% if fever persisted for 2 weeks after the initiation of 
antibiotic therapy.177 More than two thirds of the patients became 
seronegative after 6 weeks of therapy, and two patients with a second 
episode of acute IE promptly redeveloped positive rheumatoid factors. 
The titers correlated with the level of hypergammaglobulinemia and 
decreased with therapy. Rheumatoid factor may play a role in the 
disease process by blocking IgG opsonic activity (i.e., by reacting with 
the Fc fragment), stimulating phagocytosis, or accelerating microvas-
cular damage. Rheumatoid factor (IgM) has not been eluted from the 
immune complex glomerulonephritis associated with IE.178 Antinu-
clear antibodies also occur in IE and may contribute to the musculo-
skeletal manifestations, low-grade fever, or pleuritic pain.179

in vegetation weight and bacterial concentration in rabbits with experi-
mental aortic valve S. aureus endocarditis after treatment with 
aspirin.141 In addition, three studies in experimental IE confirmed the 
importance of the relationship of PMP resistance and the pathogenesis 
of IE. In experimental viridans streptococcal IE and S. aureus IE, PMP-
resistant strains exhibited an enhanced capacity to persist at sites of 
valvular damage.142,143 In addition, S. aureus strains exhibiting the PMP 
resistance phenotype in vitro were able to proliferate within the vegeta-
tion and hematogenously seeded extracardiac foci (kidneys, spleen) to 
a significantly greater extent than their isogenic counterparts, which 
were PMP susceptible in vitro.144,145

Several clinical studies also emphasized the important association 
between PMP resistance and the pathogenesis of intravascular infec-
tions. Bloodstream isolates of viridans streptococci and S. aureus from 
patients with IE tended to be substantially more resistant to PMPs in 
vitro.143 S. aureus bloodstream isolates arising from an intravascular 
source (catheter or IE) were significantly more resistant than blood-
stream isolates arising from a deep tissue source.146 Further, PMP-
resistant S. aureus bloodstream isolates from patients with IE were 
significantly more likely to have arisen from an intravascular catheter 
source.147 Lastly, recent data have shown fusion of PMP-rich α-granules 
with platelet engulfment vacuoles noted earlier, implicating the intrin-
sic PMP-resistance phenotypes of engulfed staphylococci in their ulti-
mate intraplatelet survival outcomes.135 Should the engulfed organism 
be PMP resistant, the platelet could serve as a “Trojan horse” vehicle 
to disseminate the organism. In contrast, if the phagocytosed staphy-
lococci were PMP susceptible, this mechanism could eliminate the 
organism from the circulation.135

In IE, the bacterial colonies are found beneath the surface of the 
vegetation (at variable depth, depending on the intracardiac loca-
tion148) and infiltration by phagocytic cells is minimal; the vegetation 
creates an environment of impaired host resistance. These conditions 
allow for relatively unbridled bacterial growth, resulting in extremely 
high colony counts of 109 to 1011 bacteria per 1 g of tissue. Bacteria 
deep within the fibrin matrix have been shown by autoradiography  
to reach a state of reduced metabolic activity.149 Studies by Yersin150 
and Meddens151 and their colleagues suggested that impairment of 
host defenses (e.g., neutropenia, corticosteroids) potentiates progres-
sion of the disease when the tricuspid, but not the aortic, valve is 
involved but is largely dependent on the intracardiac location of the 
vegetation.152

The role of granulocytes within the vegetation is unknown. When 
vegetation formation is retarded with anticoagulants in experimental 
animals with IE, the organisms seem to divide on the surface, total 
bacterial titers are lower, and the clinical disease is more explosive.153,154 
In addition, it has been suggested that phagocytosis of microorganisms 
by monocytes on or within the vegetation generates tissue thrombo-
plastin formation; thromboplastin then acts as a stimulant to fibrin 
deposition and growth of the vegetation.155 However, the best evidence 
suggests that coagulation activation initiated by tissue factor,156 with 
subsequent local thrombus formation, is responsible for the initiation 
of vegetation growth and persistence on the cardiac valve. It seems that 
some organisms (e.g., S. aureus) induce tissue factor production by 
endothelium without the necessity for host cytokines.157

Many important studies have elucidated the interactions among the 
invading microbe, the endothelium, and the monocyte in the patho-
genesis of IE. After internalization by endothelial cells in vitro, microbes 
such as S. aureus evoke a potent proinflammatory chemokine response, 
including, for example, increased expression of interleukin-6 (IL-6) or 
IL-8 or of monocyte chemotactic peptide.158,159 This event also is associ-
ated with increased expression on the endothelial cell surface of several 
key adhesion molecules, especially intercellular adhesion molecule 1 
(ICAM-1) and vascular cell adhesion molecule 1 (VCAM-1).106,158,159 
Among other cells, monocytes are drawn into this endothelial cell 
microenvironment; via their appropriate counter-receptors, mono-
cytes can bind avidly to such microbe-activated endothelial cells.159 
Extracellular bacteria circulating in the vascular system then bind 
directly to the monocyte surface, inducing the release of tissue throm-
boplastin (tissue factor).160,161 This latter molecule participates in the 
catalytic conversion of prothrombin to thrombin, amplifying the pro-
coagulant cascade at the site of endothelial cell colonization and 
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without AIDS; pneumonia and sepsis are common. IE also has been 
described in the transplanted heart.196

Embolic phenomena are common in IE. In the preantibiotic era, 
70% to 95% of patients had clinically demonstrable embolic events, but 
this has decreased to 15% to 35% today. Pathologic evidence of embo-
lization still is detected in 45% to 65% of autopsies, most frequently 
involving the renal, splenic, coronary, or cerebral circulation. Emboli 
and immune complex deposition contribute to the extracardiac mani-
festations of IE and may involve almost any organ system. If large 
emboli occlude major vessels, fungal endocarditis, marantic endocar-
ditis, or an intracardiac myxoma should be suspected.

Kidney
Three pathologic processes may be found in the kidney in patients with 
IE: abscess, infarction, and glomerulonephritis. Abscesses are uncom-
mon, but infarctions have been seen in 56% of the autopsy cases.1 The 
kidney usually is normal in size but may be slightly swollen, and pete-
chiae may be found in the capsule. When renal biopsy specimens are 
obtained during active IE, the renal architecture is abnormal in all 
cases,197 even in the absence of clinical or biochemical evidence of renal 
disease. “Focal” glomerulonephritis is found in 48% to 88% of the cases 
but is rare in acute IE. It is a focal, local, and segmental process char-
acterized by endothelial and mesangial proliferation, hemorrhage, 
neutrophilic infiltration, fibrinoid necrosis, crescent formation, and 
healing by fibrosis. Diffuse glomerulonephritis is found in 17% to 80% 
of the cases and consists of generalized cellular hyperplasia in all glo-
merular tufts. A less common condition, termed membranoprolifera-
tive glomerulonephritis, is associated with IE due to S. epidermidis and 
is characterized by marked mesangial proliferation and by splitting of 
the glomerular basement membrane. Renal interstitial cellular infiltra-
tion is common.197

Between 10% and 15% of patients with IE exhibit an immune 
complex glomerulonephritis similar to that seen in SLE.184,186,190,191 The 
evidence for immune complex deposition rather than a recurrent 
embolic phenomenon as the primary pathogenic mechanism includes 
the following:
1. Bacteria are rarely, if ever, seen in the lesions.
2. Glomerulonephritis can occur with right-sided IE.
3. Glomerulonephritis is rare in acute IE, even though large, friable 

vegetations result in widespread metastatic abscess formation.
4. Immunofluorescent staining with anti-immunoglobulin antibody 

reveals the typical lumpy-bumpy distribution seen in other forms 
of immune complex nephritis.

5. In diffuse glomerulonephritis, subepithelial electron-dense deposits 
are seen by electron microscopy and IgG, IgM, IgA, or complement 
are shown in these deposits by immunofluorescence.

6. Specific antibacterial antibody can be eluted from the lesions.186

7. Anti–glomerular basement membrane antibody has been found in 
a single case of IE with nephritis.

8. The glomerulonephritis often is accompanied by hypocomplement-
emia, with a positive result on serum assay for rheumatoid factor.

9. All of these abnormalities usually resolve with successful antimicro-
bial therapy as the concentration of circulating immune complexes 
declines.

Mycotic Aneurysms
Mycotic aneurysms usually develop during active IE but occasionally 
are detected months or years after successful treatment. They are more 
common with viridans streptococcal infections and are found in 10% 
to 15% of autopsied cases. They may arise by any of several mecha-
nisms: (1) direct bacterial invasion of the arterial wall with subsequent 
abscess formation or rupture, (2) septic or bland embolic occlusion of 
the vasa vasorum, or (3) immune complex deposition with resultant 
injury to the arterial wall. The aneurysms tend to occur at bifurcation 
points. They are found most commonly in the cerebral vessels (primar-
ily the peripheral branches of the middle cerebral artery), but they also 
occur in the abdominal aorta; the sinus of Valsalva; a ligated patent 
ductus arteriosus; and the splenic, coronary, pulmonary, and superior 
mesenteric arteries. Mycotic aneurysms usually are clinically silent 
until rupture occurs; consequently, their true incidence in active IE is 
unknown.198 Magnetic resonance angiography is a sensitive method for 

Similar to malaria, schistosomiasis, syphilis, kala-azar, and leprosy, 
IE is associated with a constant intravascular antigenic challenge, and 
the development of several classes of circulating antibody is not unex-
pected. Opsonic (IgG), agglutinating (IgG, IgM), and complement-
fixing (IgG, IgM) antibodies and cryoglobulins (IgG, IgM, IgA, C3, 
fibrinogen); various antibodies to bacterial heat-shock proteins; and 
macroglobulins all have been described in IE.180-182 Circulating immune 
complexes have been found in high titers in almost all patients with 
IE.183 Circulating immune complexes are found with increased fre-
quency in connection with a long duration of illness, extravalvular 
manifestations, hypocomplementemia, and right-sided IE. Levels 
decrease and become undetectable with successful therapy. Patients 
with IE and circulating immune complexes may develop a diffuse 
glomerulonephritis that is analogous to the nephritis seen with infected 
ventriculoatrial shunts.184 Corticosteroids have been used in a few 
patients with glomerulonephritis associated with IE.185 Immune com-
plexes plus complement are deposited subepithelially along the glo-
merular basement membrane to form a “lumpy-bumpy” pattern. 
Immune globulin eluted from these lesions has been shown to cross 
react with bacterial antigens.186 In addition, bacterial antigens have 
been shown within circulating immune complexes.187

Some of the peripheral manifestations of IE, such as Osler’s nodes, 
also may result from a deposition of circulating immune complexes. 
Pathologically, these lesions resemble an acute Arthus reaction. The 
finding of positive culture aspirates in Osler’s nodes188 suggests, 
however, that they may be caused by septic emboli rather than immune 
complex deposition. In some diffuse purpuric lesions in IE, immune 
complex deposits (IgG, IgM, and complement) have been shown in the 
dermal blood vessels by immunofluorescence.189 Quantitative determi-
nations of serum immune complex concentrations are useful in 
gauging the response to therapy. Effective treatment leads to a prompt 
decrease, with eventual disappearance of circulating immune com-
plexes.190 Conversely, therapeutic failures or relapses are characterized 
by rising titers or a reappearance of circulating immune complexes.191

Pathologic Changes
Heart
The classic vegetation of IE usually is located along the line of closure 
of a valve leaflet on the atrial surface of atrioventricular valves or on 
the ventricular surface of semilunar valves. Vegetations may be single 
or multiple; they are a few millimeters to several centimeters in size 
and vary in color, consistency, and gross appearance. Microscopically, 
the lesion consists primarily of fibrin, platelet aggregates, and bacterial 
masses; neutrophils and red blood cells are rare. Killed bacteria detect-
able by Gram stain within these vegetations sometimes persist for 
months after therapy.192 Destruction of the underlying valve may 
coexist. With treatment, healing occurs by fibrosis and, occasionally, 
calcification. The vegetation in acute cases is larger, softer, and more 
friable and may be associated with suppuration, more necrosis, and 
less healing than in subacute cases.47,193

This infection may lead to perforation of the valve leaflet or rupture 
of the chordae tendineae, interventricular septum, or papillary muscle. 
Staphylococcal IE frequently results in valve ring abscesses194 with 
fistula formation into areas of the myocardium or pericardial sac. 
Aneurysm of the valve leaflet or sinus of Valsalva also is common. 
Valvular stenosis may result from large vegetations. Myocarditis, myo-
cardial infarction, and pericarditis193,194 are found frequently at autopsy. 
Myocardial abscesses are found in 20% of the autopsy cases and are 
associated primarily with acute staphylococcal IE with hectic fever, a 
rapid onset of CHF, and conduction disturbances. Myocardial infarcts 
are found in 40% to 60% of the autopsied cases, often without diag-
nostic changes on the electrocardiogram. Pericarditis is much more 
common in patients with acute IE.

Although echocardiographic abnormalities are commonly observed 
in patients with acquired immunodeficiency syndrome (AIDS), peri-
cardial disease (pericarditis, effusions), myocardial disease leading to 
heart failure or arrhythmias, NBTE, and Kaposi sarcoma all are gener-
ally more frequent than IE. AIDS patients with IE usually are injection 
drug users with right-sided involvement and have an increased preva-
lence of cases due to S. aureus or fungi.195 The clinical course in AIDS 
patients often is more fulminant than that of IE in injection drug users 
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Clinical Manifestations
The interval between an event likely to produce high-grade bacteremia 
and the onset of symptoms of IE, contrary to older estimates, is quite 
short. The so-called incubation period in 84% of 76 cases of streptococ-
cal IE was less than 2 weeks.210 On the other hand, the time from onset 
of symptoms to diagnosis in the subacute form of IE is quite long, with 
a median interval of approximately 5 weeks. Symptom duration of 
cases managed in community hospitals is often shorter than in patients 
referred to a tertiary care center, reflecting referral bias.3

detection of mycotic aneurysms. For example, a recent prospective 
single-center study that evaluated 130 consecutive IE patients with 
cerebral magnetic resonance imaging (MRI) with angiography regard-
less of symptoms found 10 additional aneurysms that were clinically 
silent.199

Central Nervous System
Cerebral emboli are the most common neurologic manifestation of 
IE.200 Although 20% to 30% of patients with IE have clinically apparent 
cerebral emboli, the actual rate of cerebrovascular complications is 
significantly higher. In a study from Sweden, patients with left-sided 
IE were prospectively evaluated with cerebral MRI regardless of neu-
rologic symptoms. The total cerebrovascular complication rate was 
65%, including 35% that were symptomatic and 30% that were clini-
cally silent.201 This finding was externally validated in a French study 
that prospectively evaluated 130 IE patients with cerebral MRI with 
angiography within 7 days of admission and prior to any potential 
surgical intervention. MRI identified cerebral lesions in 82% of patients 
and led to changes in the diagnostic or therapeutic plan in 28% of the 
study patients.199 A multinational, prospective cohort investigation of 
1437 cases of definite left-sided IE found that the crude incidence of 
stroke in patients receiving appropriate antimicrobial therapy was 4.82 
cases per 1000 patient-days in the first week and fell to 1.71/1000 
patient days in the second week.202 The middle cerebral artery and its 
branches are involved most commonly.47 Three percent of the cerebral 
emboli from all causes are secondary to IE. Cerebral infarction, arte-
ritis, abscesses, mycotic aneurysms, intracerebral or subarachnoid 
hemorrhage, encephalomalacia, cerebritis, and meningitis have been 
reported.203 Hemorrhagic transformation of an ischemic infarct due to 
septic emboli is the most common mechanism leading to fatal intra-
cerebral hemorrhage during IE.204 True acute purulent meningitis is 
rare except in pneumococcal endocarditis, but multiple microabscesses 
(cerebritis) due to S. aureus are relatively common in acute staphylo-
coccal IE.

Spleen
Splenic infarctions have been reported in 44% of autopsy cases but 
often are clinically silent.47 Splenic abscesses are an uncommon com-
plication of IE and typically manifest as fever, left upper quadrant 
abdominal pain, and leukocytosis. Diagnosis is established by com-
puted tomography (CT) or ultrasonography.205,206 Although splenec-
tomy is a standard therapy for splenic abscess, percutaneous drainage 
may be an alternative in selected patients.207 Splenic enlargement is 
common, and virtually all cases are associated with hyperplasia of the 
lymphoid follicles, an increase in secondary follicles, proliferation of 
reticuloendothelial cells, and scattered focal necrosis.193 Spontaneous 
rupture of the spleen has occasionally been observed.

Lung
When right-sided IE is present, pulmonary embolism with or without 
infarction, acute pneumonia, pleural effusion, or empyema is common. 
These septic pulmonary emboli commonly manifest on chest radio-
graphs as rounded, “cannonball” lesions. Emboli may be septic or 
bland.195

Skin
Petechiae are found in 20% to 40% of cases (Fig. 82-2) (see later discus-
sion). Osler’s nodes consist microscopically of arteriolar intimal pro-
liferation with extension to venules and capillaries and may be 
accompanied by thrombosis and necrosis. A diffuse perivascular infil-
trate consisting of neutrophils and monocytes surrounds the dermal 
vessels. Immune complexes have been shown in the dermal vessels. 
Janeway lesions consist of bacteria, neutrophilic infiltration, necrosis, 
and subcutaneous hemorrhage (Fig. 82-3). Janeway lesions (see later 
description) are caused by septic emboli and reveal subcutaneous 
abscesses on histologic examination.208

Eye
Roth’s spots consist microscopically of lymphocytes surrounded  
by edema and hemorrhage in the nerve fiber layer of the retina  
(Fig. 82-4).209

FIGURE  82-2  Conjunctival petechiae in a patient with bacterial 
endocarditis. 

FIGURE  82-3  Janeway lesions in a patient with Staphylococcus 
aureus endocarditis.  (From Sande MA, Strausbaugh LJ. Infective endo-
carditis. In: Hook EW, Mandell GL, Gwaltney JM Jr, et al, eds. Current 
Concepts of Infectious Diseases. New York: Wiley Press; 1977.)
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within 3 days after the initiation of antibiotics; approximately 75% had 
defervesced after 1 week of treatment and 90% did so after 2 weeks of 
treatment. Prolonged fever (of 2 weeks’ duration) is associated with 
specific etiologic agents (i.e., S. aureus, gram-negative bacilli, fungi, 
culture-negative IE) and, perhaps more importantly, with microvascu-
lar phenomena, embolization of major vessels, intracardiac (e.g., myo-
cardial abscess) or peripheral complications, tissue infarction, a need 
for cardiac surgery, and a higher mortality rate.217,218 Pulmonary emboli 
(bland), drug reactions, and nosocomial infection unrelated to IE also 
are causes of prolonged fever in this patient population.

Nonspecific symptoms, such as anorexia, weight loss, malaise, 
fatigue, chills, weakness, nausea, vomiting, and night sweats, are 
common, especially in subacute cases. These nonspecific symptoms 
often result in an incorrect diagnosis of malignancy, collagen vascular 
disease, tuberculosis, or other chronic diseases.

Traditionally, audible heart murmurs occurred in more than 85% 
of IE cases. However, recent changes in the epidemiology and micro-
biology of IE appear to have altered the presentation of IE. For example, 
in the ICE-PCS experience with more than 2700 prospectively identi-
fied IE patients, only 48% had a detectable “new” cardiac murmur, 
whereas a further 20% exhibited worsening of an existing murmur.11 
Moreover, murmurs may well be absent with right-sided or mural IE. 
When present, the classic “changing murmur” or “new regurgitant 
murmur” (usually aortic insufficiency) are diagnostically useful signs, 
often complicating IE caused by more virulent valvular pathogens such 
as S. aureus, group B streptococci, or pneumococci. New or changing 
murmurs are less common in elderly patients and often lead to diag-
nostic confusion.215,219 More than 90% of patients who show a new 
regurgitant murmur develop CHF. CHF is the leading complication of 
IE.220 Pericarditis is rare but, when present, usually is accompanied by 
myocardial abscess formation as a complication of staphylococcal 
infection. Although valvular regurgitation is the most important 
hemodynamic complication of IE, hemodynamically significant valvu-
lar obstruction requiring surgery may occur rarely, even without a 
prior history of valvular stenosis.221

Although the classic peripheral manifestations previously were 
found in half of cases, their prevalence has decreased in recent years. 
Clubbing is present in 10% to 20% of patients with subacute IE, espe-
cially if the disease is of long duration, and may recede with therapy. 
The complete syndrome of hypertrophic osteoarthropathy is rare. 
Splinter hemorrhages are linear, red-to-brown streaks in the fingernails 
or toenails and are found commonly in IE. They are a nonspecific 
finding and are seen often in elderly patients and in patients with 
occupation-related trauma. These lesions are most suggestive of IE 
when they are located proximally in the nailbed. Petechiae are found 
in 20% to 40% of cases, particularly after a prolonged course, and 
usually appear in crops on the conjunctivae (see Fig. 82-2), buccal 
mucosa, palate, and extremities. These lesions initially are red and 
nonblanching but become brown and barely visible in 2 to 3 days. 
Petechiae may result from local vasculitis or from emboli. Osler’s nodes 
are small, painful, nodular lesions usually found in the pads of fingers 
or toes and occasionally in the thenar eminence. They are 2 to 15 mm 
and frequently are multiple and evanescent, disappearing in hours to 
days. Osler’s nodes are rare in acute cases of IE but occur in 10% to 
25% of subacute cases. They are not specific for IE, because they may 
be seen in SLE, marantic endocarditis, hemolytic anemia, and gono-
coccal infections and in extremities with cannulated radial arteries. 
Janeway lesions (see Fig. 82-3) are hemorrhagic, painless macules with 
a predilection for the palms or soles. They persist for several days and 
are believed to be embolic in origin; they occur with greater frequency 
in staphylococcal IE. Roth’s spots (see Fig. 82-4) are oval, pale, retinal 
lesions surrounded by hemorrhage and usually are located near the 
optic disk. They occur in fewer than 5% of patients with IE and also 
may be found in patients with anemia, leukemia, or connective tissue 
disorders such as SLE.

The frequency of splenomegaly in IE patients has declined signifi-
cantly in the current era. Among 2662 prospectively enrolled patients 
with definite IE in whom the finding was recorded, 11% had spleno-
megaly.11 In part, this changing frequency may reflect the much shorter 
time to diagnosis and treatment today and the predominance of acute 
rather than subacute IE. Splenic septic emboli are common during IE, 

The symptoms and signs of IE (Table 82-3) can be protean, and 
essentially any organ system may be involved. Four processes contrib-
ute to the clinical picture47: (1) the infectious process on the valve, 
including the local intracardiac complications; (2) bland or septic 
embolization to virtually any organ; (3) constant bacteremia, often 
with metastatic foci of infection; and (4) circulating immune com-
plexes and other immunopathologic factors.43-47 As a result, the clinical 
presentation of patients with IE is highly variable and the differential 
diagnosis often is broad. Because of its many manifestations, the diag-
nosis of IE may be delayed; occasionally, it is not clinically suspected 
and is identified only on postmortem examination.211-213 In a recent 
postmortem study of IE cases, 38.2% were not diagnosed with IE until 
autopsy. Importantly, Fernández Guerrero and colleagues found no 
significant difference in rates of “clinically occult” IE diagnoses before 
(1970-1985) and after (1986-2008) the availability of echocardiography 
at their institution (35% vs. 42.8%, respectively).214 Fever is common 
but may be absent (5% of cases), especially in the setting of CHF, renal 
failure, a terminal disease, older age,215,216 or previous antibiotic therapy. 
The fever pattern is usually remittent, and the patient’s temperature 
rarely exceeds 40° C (104° F), except in acute IE. Persistent fever during 
antimicrobial therapy for IE is relatively uncommon but may be an 
ominous sign. In a review217 of 123 cases of IE managed in Cleveland 
from 1972 to 1984, approximately half of the patients became afebrile 

FIGURE  82-4  Retina from a patient with viridans streptococcal 
endocarditis showing Roth’s spots. (From Sande MA, Strausbaugh LJ. 
Infective endocarditis. In: Hook EW, Mandell GL, Gwaltney JM Jr, et al, eds. 
Current Concepts of Infectious Diseases. New York: Wiley Press; 1977.)

TABLE 82-3  Clinical Findings in More Than 2700 
Patients with Definite Endocarditis

SIGNS PATIENTS (%)
Fever 96

Heart murmur 85

Changing murmur 20

New murmur 48

Vascular embolic event 17

Osler’s nodes 3

Splinter hemorrhages 8

Janeway lesion 5

Splenomegaly 11

Roth’s spots 2

Hematuria 26

Conjunctival hemorrhage 5

Modified from Murdoch DR, Corey GR, Hoen B, et al. Regional variation in the 
presentation and outcome of patients with infective endocarditis. The International 
Collaboration on Endocarditis-Prospective Cohort Study (ICE-PCS). Arch Intern Med. 
2009;169:463.
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examination findings alone,233 although cocaine use by an injection 
drug user should heighten the suspicion of IE.234 Cocaine was associ-
ated strongly with the presence of IE in 102 injection drug users in San 
Francisco when findings were analyzed by logistic regression analysis, 
but no such correlation was found among febrile addicts who did not 
use cocaine. The most reliable predictors of IE in febrile parenteral 
drug users are visualization of vegetations by echocardiography and 
the presence of embolic phenomena.233 Although many of the afore-
mentioned clinical manifestations are seen in addicts with IE, several 
distinctions are noteworthy. In this group of patients, two thirds have 
no clinical evidence of underlying heart disease and there is a predilec-
tion for the infection to affect the tricuspid valve. Only 35% of addicts 
ultimately proved to have IE showed heart murmurs on admission.231 
The frequency of valvular involvement is as follows: tricuspid alone or 
in combination with others, 52.2%; aortic alone, 18.5%; mitral alone, 
10.8%; and aortic plus mitral, 12.5%. Left-sided involvement has been 
more common in some series, however.235

Of patients with tricuspid valve infection, 30% have pleuritic chest 
pain; pulmonary findings may dominate the clinical picture, and the 
chest radiograph shows abnormalities (e.g., infiltrates, effusion) in 75% 
to 85% of the cases.236 Radiographic evidence of septic pulmonary 
emboli is eventually present in 87% of cases.237 Signs of tricuspid insuf-
ficiency (gallop rhythm, systolic regurgitant murmur louder with 
inspiration, large V waves, or a pulsatile liver) are present in only one 
third of the cases. Most of these patients are 20 to 40 years old (80%), 
and men predominate in a ratio of 4 : 1 to 6 : 1. Almost two thirds of 
these patients have extravalvular sites of infection, which are helpful 
in the diagnosis.236-238 The course of acute staphylococcal IE in an 
addict tends to be less severe than in nonaddicts,236 although this may 
not be true in AIDS patients. HIV-seropositive patients acquire IE by 
one of two mechanisms: through injection drug abuse or as a complica-
tion of long-term central venous catheterization for administration of 
medications (e.g., for cytomegalovirus retinitis). In either situation, S. 
aureus is the most common etiologic organism. IE is more common 
among injection drug users with advanced HIV immunosuppression 
(CD4+ count, <200 cells/mm3), even after accounting for injection drug 
use behaviors.239 Conversely, among HIV-infected persons who do not 
practice injection drug use, IE is rare despite the increasing number of 
HIV-infected patients worldwide.195 In the absence of injection drug 
abuse, HIV-seropositive patients develop left-sided and right-sided IE 
with equal frequency.240 In contrast, in the setting of injection drug 
abuse, HIV-seropositive patients develop predominantly right-sided 
IE. The IE-related morbidity and mortality rates in HIV-seropositive 
patients who do not have an AIDS-defining illness or criteria are 
similar to the rates in HIV-seronegative counterparts.240

Laboratory Findings
Hematologic parameters often are abnormal in IE, but none is diag-
nostic. Anemia is almost always present (70% to 90% of cases), espe-
cially in subacute IE, and has the characteristics of the anemia of 
chronic disease, with normochromic normocytic indices, a low serum 
iron concentration, and a low iron-binding capacity. The anemia tends 
to worsen with the duration of the illness. Thrombocytopenia occurs 
in 5% to 15% of cases but is common in neonatal IE. Leukocytosis is 
present in 20% to 30% of cases but is rare in the subacute variety, 
whereas counts of 15,000 to 25,000 cells/mm3 are common in acute IE. 
The differential count usually is normal, but there may be a slight shift 
to the left. Leukopenia is uncommon (5% to 15%); when present, it 
usually is associated with splenomegaly. Large mononuclear cells (his-
tiocytes) can be detected in the peripheral blood in approximately 25% 
of patients, but the yield is higher in blood obtained by earlobe punc-
ture. This finding is nonspecific, because similar cells have been found 
in malaria, typhus, typhoid fever, and tuberculosis.

The erythrocyte sedimentation rate is elevated in approximately 
60% of contemporary IE cases.11 In the absence of renal failure, 
CHF, or disseminated intravascular coagulation, a normal erythrocyte 
sedimentation rate is evidence against a diagnosis of IE. Hypergam-
maglobulinemia is detected in 20% to 30% of the cases and may be 
accompanied by a plasmacytosis in the bone marrow aspirate. A posi-
tive result on assay for rheumatoid factor is found in 40% to 50% of 
cases, especially when the duration of the illness is more than 6 

but localized signs and symptoms are absent in approximately 90% of 
patients with this complication.222 Abdominal CT is highly sensitive 
and should be employed if prolonged fever or sepsis is present. Serial 
CT studies usually can distinguish between bland septic emboli and 
splenic abscess.223

Musculoskeletal manifestations are common in IE. In a review of 
192 cases,224 44% of patients had musculoskeletal symptoms. These 
symptoms usually occurred early in the disease and were the only 
initial complaint in 15% of cases. They included proximal oligoarticu-
lar or monarticular arthralgias (38%), lower-extremity monarticular or 
oligoarticular arthritis (31%), low back pain (23%), and diffuse myal-
gias (19%). The back pain may be severe, limiting movement, and may 
be the initial complaint in 5% to 10% of cases.32 These findings may 
mimic those of rheumatic disease, resulting in a diagnostic delay.

Major embolic episodes, as a group, are second only to CHF as a 
complication of IE and occur in almost one fourth of cases.11 Splenic 
artery emboli with infarction may result in left upper quadrant abdom-
inal pain with radiation to the left shoulder, a splenic or pleural rub, or 
a left pleural effusion. Renal infarctions may be associated with micro-
scopic or gross hematuria, but renal failure, hypertension, and edema 
are uncommon. Retinal artery emboli are rare (<2% of cases) and may 
be manifested by a sudden complete loss of vision. A panophthalmitis 
has been reported with pneumococcal IE. Pulmonary emboli second-
ary to right-sided IE constitute a common feature in narcotic addicts 
(see later discussion). Coronary artery emboli usually arise from the 
aortic valve and may cause myocarditis with arrhythmias or myocar-
dial infarction. This finding may be overlooked, especially given the 
time constraints of interventions such as thrombolytic therapy or 
angioplasty during acute myocardial infarction, resulting in serious 
complications in patients with IE presenting with an acute myocardial 
infarction.225 Major vessel emboli (affecting the femoral, brachial, pop-
liteal, or radial artery) are more common in fungal endocarditis.

Neurologic manifestations occur in 20% to 40% of all IE cases. In 
IE cases admitted to intensive care units, however, neurologic mani-
festations are the most common IE complication, occurring in 55% of 
patients.226 Patients with S. aureus IE, mitral valve IE, or non-neurologic 
embolic events are at increased risk for neurologic complications. Of 
patients with neurologic complications, 50% present with these signs 
and symptoms as the heralding features of their illness.227,228 In a 
Finnish survey of 218 episodes of definite or possible IE, neurologic 
complications were identified in 55 episodes (25%), with an embolic 
event as the most common manifestation (23 of 55 patients, or 42%). 
Among critically ill IE patients, however, over half may have a neuro-
logic complication.226 In most episodes (76%), the neurologic manifes-
tation was evident before antimicrobial treatment was started, being 
the first sign of IE in 47% of episodes.229 The development of clinical 
neurologic deterioration during IE is associated with a twofold to 
fourfold increase in mortality for the implicated etiologic microbe.190 
Mycotic aneurysms of the cerebral circulation occur in 2% to 10% of 
cases. They usually are single, small, and peripheral and may lead to 
devastating subarachnoid hemorrhage. Other features include seizures, 
severe headache, visual changes (particularly homonymous hemianop-
sias), choreoathetoid movements, mononeuropathy, and cranial nerve 
palsies. Toxic encephalopathy with symptoms ranging from a mild 
change in personality to frank psychosis may occur, especially in 
elderly patients.

Patients with IE may have symptoms of uremia. In the preantibiotic 
era, renal failure developed in 25% to 35% of the patients, but presently 
fewer than 10% are affected. When uremia does develop, diffuse glo-
merulonephritis with hypocomplementemia usually is found, but focal 
glomerulonephritis also has been implicated. Renal failure is more 
common with long-standing disease but usually is reversible with 
appropriate antimicrobial treatment alone. IE may be confused with 
thrombotic thrombocytopenic purpura if neurologic signs, fever, renal 
failure, anemia, and thrombocytopenia are present.230

Infective Endocarditis in Drug Addicts
Acute infection accounts for approximately 60% of hospital admissions 
among injection drug users, and IE is implicated in 5% to 15% of these 
episodes.231 It has proved difficult to predict accurately the presence of 
IE in a febrile drug addict,232 especially from history and physical 
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of arterial blood offers no advantage over use of venous blood. Inspec-
tion for macroscopic growth should be performed daily, and routine 
subcultures should be done on days 1 and 3. Specialized methods, and 
not extended incubation times, are recommended for recovery of fas-
tidious agents of IE.255 When gram-positive cocci grow on the initial 
isolation, but fail to grow on subculture, nutritionally variant (thiol-
dependent) streptococci (including Abiotrophia spp., or Granulicatella 
spp.) should be suspected.256 In this event, subculture inoculation 
should be onto media supplemented with either 0.05% to 0.1% 
l-cysteine or 0.001% pyridoxal phosphate.

Ribitol teichoic acids are major constituents of the cell wall of staph-
ylococci. Gel diffusion and counterimmunoelectrophoresis techniques 
have been used to detect teichoic acid antibodies in the serum of 
patients with suspected S. aureus IE. Because of problems with false-
positive and false-negative results, this test rarely is used now.

Special Diagnostic Tests
Special diagnostic tests are not used routinely (with the exception of 
echocardiography) in all cases of IE but may be useful in the diagnostic 
approach to culture-negative IE and in decisions about surgical inter-
vention during active infection. The incidence of so-called blood 
culture–negative endocarditis has ranged from 2.5% to 31% in pub-
lished series.257,258 If the patient has not received previous antibiotic 
therapy and the blood cultures are obtained as outlined, these cases 
should represent fewer than 5% of the total.2 Some of the aforemen-
tioned tests (e.g., assays for rheumatoid factor and teichoic acid anti-
bodies, examination of earlobe blood specimens for histiocytes) may be 
helpful in identifying such cases, but other procedures often are neces-
sary. If the patient has received antibiotics, blood cultures in hypertonic 
media may allow detection of cell wall–defective organisms.

Supplementation of media with vitamin B6 or with cysteine may 
assist in the recovery of nutritionally variant streptococci. The lysis-
centrifugation blood culture technique assists in the detection of staph-
ylocci259 and fungi, but nutritionally variant streptococci (now classified 
as Abiotrophia spp.) do not survive this procedure, and yields of pneu-
mococci and anaerobes are decreased.260 Routine use of this technique 
is not indicated, but it may be helpful in suspected culture-negative 
cases of IE. Because of improvements in blood culture media and 
automated blood culture incubation systems, extended incubation 
times of blood cultures are no longer necessary to recover HACEK 
organisms (see later discussion).255,261 Special efforts to neutralize or 
inactivate antimicrobial agents present in blood, such as the addition 
of penicillinase or of antibiotic-removal resins, do not substantially 
enhance the yield of positive blood cultures in IE, and they increase 
the incidence of laboratory contamination of the blood culture. These 
maneuvers are not recommended routinely.260,262

Most automated blood culture detection systems use blood collec-
tion vials with antibiotic-binding resins. Cultures of bone marrow or 
urine rarely may be positive when blood cultures are negative. Sero-
logic studies are necessary for the diagnosis of Q fever or murine 
typhus.263 Psittacosis endocarditis usually is diagnosed with serologic 
methods, but one case264 yielded positive blood and pharyngeal cul-
tures. Special culture techniques (e.g., for Legionella spp.265) are indi-
cated in patients with suspected prosthetic valve IE if initial cultures 
are “negative.”

Bartonella, recognized as an important cause of apparent blood 
culture–negative IE (especially in homeless alcoholic patients), also can 
be isolated by prolonged incubation and subculture of the aerobic 
broth media.266-270 Subculture on endothelial cell tissue may isolate 
Bartonella in certain cases.266 Serologic strategies also may assist in the 
diagnosis of Bartonella IE.267 In addition to blood culture and serodi-
agnostic strategies, as outlined previously, culture of valvular tissue or 
vegetations that have embolized to peripheral arteries and have been 
removed surgically may yield the causative organism. Microscopy of 
these tissues, including direct fluorescence antibody techniques and 
electron microscopy, may assist in making the etiologic diagnosis, 
particularly in cases caused by fastidious or intracellular pathogens, 
such as Tropheryma whipplei,271 Chlamydia, Coxiella burnetii,272 and 
Legionella.273

Molecular techniques to recover specific DNA or 16S ribosomal 
RNA from valve tissue samples have been useful diagnostically in 

weeks.176 Hypocomplementemia (reported in 5% to 15% of cases) par-
allels the incidence of abnormal renal function test results (elevated 
creatinine concentration in 5% to 15%). A false-positive result on 
Venereal Disease Research Laboratory (VDRL) testing is uncommon 
(0.2%). Lyme serologic tests may be positive in patients with IE who 
are living in areas endemic for Lyme disease and may be reflective of 
remote exposure to the pathogen, leading to diagnostic confusion and 
delay.241

The urinalysis frequently is abnormal; proteinuria occurs in 50% to 
65% of cases, and microscopic hematuria occurs in 30% to 60% of 
cases. Red blood cell casts may be seen in 12% of cases. Gross hema-
turia, pyuria, white blood cell casts, and bacteriuria also may be found.

Circulating immune complexes can be detected in most cases of IE 
but also are found in 32% of patients who have septicemia but no 
endocarditis, in 10% of healthy persons, and in 40% of noninfected 
narcotic addicts.176 However, levels of aggregated human immune 
globulin equivalent to or greater than 100 µg/mL were found only in 
IE (35% of the cases). Detection of high levels of immune complexes 
may be useful in the diagnosis of right-sided IE in narcotic addicts or 
in culture-negative cases. In addition, because the levels decline with 
appropriate treatment, serial measurement of immune complexes may 
assist in management of the disease.190,191 Mixed-type cryoglobulins are 
detectable in 84% to 95% of patients with IE, but this also constitutes 
a nonspecific finding. Serial determination of the serum C-reactive 
protein concentration, although nonspecific and virtually always ele-
vated in IE, may be useful to monitor therapy and detect intercurrent 
complications or infections.242

A number of nuclear imaging studies have been evaluated in the 
diagnosis of IE, including gallium-67 (67Ga) myocardial,243 technetium 
99m (99mTc)-labeled antibacterial antibody,244 indium-111 (111In)–
labeled platelets245; and 18F-fluorodeoxyglucose–labeled positron emis-
sion tomography.246 This last technique has recently been recommended 
to enhance the diagnostic acumen in cases of suspected prosthetic 
valve IE.247

The blood culture is the most important laboratory test performed 
in a diagnostic workup for IE. The bacteremia is usually continuous 
and low grade (80% of the cases have <100 CFU/mL of blood).248 When 
bacteremia is present, the first two blood cultures yield the etiologic 
agent more than 90% of the time. In a prospective cohort of more than 
2700 prospectively identified contemporary patients with definite IE, 
88.8% had positive blood cultures.11 In streptococcal endocarditis, the 
first blood culture was positive in 96% of cases, and one of the first two 
cultures was positive in 98%. When antibiotics had been administered 
during the previous 2 weeks, the rate of positive cultures declined from 
97% to 91% (P < .02).249 The influence of outpatient antibiotic admin-
istration on blood culture positivity was more significant in another 
retrospective analysis250; 64% of 88 cultures were positive in 17 patients 
receiving antibiotics before hospitalization, compared with 100% of 
cultures in 15 patients without antibiotic exposure. In nonstreptococ-
cal IE, the first blood culture was positive in 86% of the cases; when 
two cultures were taken, the first culture was positive in 100%. Most 
blood cultures contained only a few organisms; more than 50% con-
tained 1 to 30 bacteria per milliliter. Only 17% of the cultures yielded 
more than 100 bacteria per milliliter. The bacteremia also was constant, 
with little variation in quantitative culture determinations in any indi-
vidual patient. The sensitivity of blood cultures for the detection of 
streptococci is particularly susceptible to prior antibiotic therapy and 
is affected by the media employed.251 Continuous-monitoring blood 
culture systems such as BACTEC (Becton Dickinson, Mississauga, 
Ontario) and BacT/ALERT (Organon Teknika, Scarborough, Ontario) 
are significantly more sensitive than conventional methods.

On the basis of these studies, the following procedures for culturing 
blood are recommended. At least three blood culture sets (no more 
than two bottles per venipuncture) should be obtained in the first 24 
hours. More specimens may be necessary if the patient has received 
antibiotics during the preceding 2 weeks. At least 10 mL of blood (if 
feasible) should be injected into trypticase soy (or brain-heart infu-
sion) and thioglycolate broth.252,253 Supplementation with 15% sucrose 
(in an attempt to isolate cell wall–deficient forms) or the use of pre-
reduced anaerobic media is unrewarding.254 The newer commercial 
media are effective, but comparative data are few. In general, culture 
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to the chest wall; (3) false-positive results are extremely rare; (4) only 
technically adequate studies are of value, a characteristic that depends 
on examiner experience; (5) echocardiography is extremely valuable in 
assessing local complications of IE, especially surrounding the aortic 
valve, although the sensitivity for detecting these complications is rela-
tively low for TTE (see later discussion); and (6) patients with a “veg-
etation” identified by echocardiography are at an increased risk for 
subsequent systemic emboli, CHF, need for emergency surgery, and 
death, especially with aortic valve involvement. This apparent influence 
on prognosis has hastened earlier surgery in some cases,293 but this 
point is controversial.291,294

Positive findings on the echocardiogram in a patient with IE should 
serve as adjunctive evidence, together with clinical parameters, in favor 
of surgical intervention. In one analysis from the Mayo Clinic,295 
emboli were not statistically more common in patients with left-sided 
native valve IE and echocardiographically documented vegetations 
within 72 hours after beginning antimicrobial therapy than in patients 
without vegetations visualized by transthoracic techniques. The occur-
rence of emboli was correlated positively with the infecting microor-
ganism, being more common in IE due to viridans streptococci than in 
IE due to S. aureus. Most studies have suggested that mitral valve veg-
etations (particularly vegetations attached to the anterior leaflet), 
regardless of size, are associated with higher rates of embolization 
(25%) than are aortic valve vegetations (10%). This association impli-
cates the mechanical effects of abrupt mitral valve leaflet excursions, 
occurring twice per heartbeat, in enhancing the embolic potential of 
vegetations.296 Visualization of vegetations by echocardiography is not 
sufficient to prompt early surgery.291,297 Serial echocardiograms often 
reveal the persistence of vegetations after successful therapy, but 
sequential studies may be useful in the timing of surgical intervention. 
Although the finding is still controversial, larger vegetation size has 
been associated with an increased risk for cerebral emboli. One large 
meta-analysis incorporating data from 10 studies on 738 patients 
showed that large vegetation size (>1 cm) was associated indepen-
dently with an increased risk for stroke.298 Short-term changes in veg-
etation size during therapy do not correlate well with clinical outcome.299

A new technique, digital image processing of two-dimensional 
echocardiograms, may differentiate active from healed lesions.300 If 
substantiated, this method may be useful in culture-negative cases 
(particularly in suspected recurrent IE) or when the response to 
therapy is suboptimal or inconclusive. One study suggested that an 
increase in vegetation size, as seen by echocardiography during treat-
ment of IE, can identify a subset of patients with a higher rate of 
complications, independent of the presence of persistent bacteremia or 
overt clinical stigmata of IE.301,302 Some studies have suggested that 
highly mobile vegetations constitute an independent increase in risk 
for complications in IE.303 In other studies, vegetation mobility on 
echocardiography has not been an important independent risk factor 
for embolic events in IE, because it is correlated strongly with vegeta-
tion size.264,293

One problem in considering the significance of these echocardio-
graphic characteristics is the high degree of interobserver variability in 
interpreting the echocardiographic images.304 Inexperienced physi-
cians do not understand this issue. In one investigation involving four 
readers independently interpreting TTE studies from 41 cases of IE, 
investigators agreed on vegetation mobility in 57% of the cases, vegeta-
tion shape in 36%, and vegetation attachment in 40%.305 Transesopha-
geal echocardiography (TEE) has altered the diagnostic approach to 
some patients with suspected IE.306-311 TEE uses a 5-mHz phased-array 
transducer with Doppler and color flow encoding capabilities mounted 
on the tip of a flexible endoscope. Biplane (horizontal and longitudi-
nal) or omniplane imaging is preferred over TTE imaging because  
of (1) better spatial resolution with a higher-frequency transducer;  
(2) lack of acoustic interference (e.g., from lungs, chest wall); and  
(3) proximity to posterior structures (e.g., mitral valve, left atrium, 
interatrial septum, descending aorta).308 TEE has proved useful in a 
wide variety of clinical situations, including detection of possible 
sources of emboli, diagnosis of thoracic aortic dissection, detection of 
prosthetic valve dysfunction, and evaluation of IE.291,306-308 Intraopera-
tive TEE imaging has become a valuable new tool, often providing 
real-time feedback to the surgical team during the procedure.

selected cases,274 and polymerase chain reaction (PCR) studies per-
formed on blood or serum may be highly useful for the diagnosis of 
IE caused by difficult-to-grow pathogens.275 In an investigation com-
paring broad-range PCR results on resected endocardial specimens 
from 49 patients with suspected IE with results of culture and Gram 
staining of resected specimens and Duke criteria, bacterial DNA was 
shown within cardiac tissue in 18% of patients with sterile blood cul-
tures.276 Other tests to exclude collagen vascular diseases usually are 
necessary in patients undergoing evaluation for culture-negative native 
valve IE.277

Although still rare, fungal IE is increasing in frequency and usually 
affects narcotic addicts, patients with prosthetic valves, or hospitalized 
patients receiving antibiotics or hyperalimentation or both.278 Low-
birth-weight neonates seem particularly prone to Candida IE, pre-
dominantly on the tricuspid valve or right atrial mural endocardium.279 
The rate of prosthetic valve endocarditis among fungemic patients with 
prosthetic heart valves was approximately 25% in one retrospective 
series.280 Historically, over half of cases of fungal IE exhibited negative 
blood cultures.281 The Castaneda principle (a culture of blood in a 
bottle containing agar and liquid broth) has been shown to increase 
the yield of fungal cultures.254

Various serologic procedures have been used in an attempt to sub-
stantiate a diagnosis of fungal IE. Tests for the determination of anti-
Candida antibody are poorly standardized, variably sensitive, often 
nonspecific, and difficult to interpret.282 Tests for mannan antigenemia 
(a constituent of the cell wall of Candida) or enolase by hemagglutina-
tion inhibition and by enzyme-linked immunosorbent assay283,284 have 
been reported as helpful in the diagnosis of disseminated candidiasis. 
In addition, a reliable radioimmunoassay for the detection of Aspergil-
lus antigenemia is under investigation. If embolism to major vessels 
occurs, an embolectomy should be performed, and the material should 
be examined by special fungal stains and culture. Identification of the 
fungus by either technique is diagnostic of fungal IE even if blood 
cultures are sterile.

The use of echocardiography in the diagnosis of IE first was reported 
in 1973.285 Echocardiograms have identified vegetations correctly on 
all valves. Most reports have focused on left-sided disease. The sensitiv-
ity and the specificity of this technique are uncertain; however, two 
studies correctly identified 33 of 52 vegetations documented surgically 
or at autopsy with transthoracic methods.286,287 The characteristic 
finding is a shaggy, dense band of irregular echoes in a nonuniform 
distribution on one or more leaflets, with full unrestricted motion of 
the valve. The smallest vegetation detected was approximately 2 mm, 
but the acoustic impedance of the mass relative to the surrounding 
structures is a more important factor than size in identifying the veg-
etation. The use of two-dimensional, cross-sectional, real-time tech-
niques improves the diagnostic accuracy over M-mode methods.288 If 
the vegetation is calcified (which may occur early and independent of 
the healing process), the sensitivity of echocardiography may be 
increased. Echocardiography has localized vegetations correctly in 
culture-negative cases. Echocardiography may be of special value in 
detection of the large, friable vegetations characteristic of fungal IE. 
Use of M-mode or two-dimensional transthoracic techniques with 
prosthetic heart valves has been disappointing, however, because of the 
difficulty in resolution around the prosthetic device.

Many reports289 have evaluated the role of transthoracic echocar-
diography (TTE) in the diagnosis and management of suspected IE 
and have been summarized in cogent analyses.290,291 It seems from most 
analyses that TTE should be performed in all patients in whom IE 
seems to be a reasonable diagnosis. In contrast, TTE is not an appropri-
ate screening test in the evaluation of febrile patients in whom IE is 
unlikely on clinical grounds or in bacteremic patients with organisms 
that rarely cause IE (e.g., E. coli), particularly if there is another obvious 
focus to explain the clinical syndrome; TTE may be overused in such 
low-risk situations.292 TTE may be technically inadequate in 20% of 
adult patients owing to obesity, chronic obstructive pulmonary disease, 
or chest wall deformities. These studies also suggest the following:  
(1) TTE has variable sensitivity for the detection of vegetations (<50% 
to >90% positive), indicating that a negative study does not exclude IE; 
(2) the sensitivity of TTE for detecting vegetations is highest in right-
sided IE, because the tricuspid and pulmonic valves lie relatively close 
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TEE is more sensitive than conventional TTE in the detection of 
intracardiac vegetations (approximately 95% vs. 60% to 65%, respec-
tively), particularly in the setting of prosthetic valves (see Chapter 83). 
In one report of 96 patients with IE,309 the sensitivity of TEE was 100%, 
compared with 63% for TTE, and the specificity values were identical 
(98%). The advantage of TEE was particularly evident for vegetations 
smaller than 10 mm in diameter. In another study,310 vegetations were 
detected by TEE in 82% of the cases, compared with 69% for TTE. 
Although negative results on TEE do not exclude IE,306-308,311 the pro-
cedure should be considered in patients with suspected IE and negative 
results on TTE. Potential sources of false-negative TEE studies include 
small vegetations and previous embolization of vegetations. If the clini-
cal suspicion of IE is high and the results of an initial TEE examination 
are negative, another TEE study is warranted within 7 to 10 days.312 
TEE also has become the procedure of choice for the detection of 
perivalvular extension of infection in patients with IE.313,314 Daniel and 
colleagues314 reported a diagnostic sensitivity of 87% and a specificity 
of 95% for TEE in the detection of IE-related abscess, compared with 
28% and 99% for TTE. Other investigations have shown TEE to be 
superior in the diagnosis of valvular perforation,315 pacemaker IE,316 
eustachian valve IE,317 IE in the elderly,318 and other presentations. TEE 
should be performed (unless contraindicated, as by significant esopha-
geal disease) in all IE patients with a complicated course if perivalvular 
extension is suspected. MRI also seems promising for the detection of 
these complications,313 but clinical experience with this modality is 
limited.

TEE is not a screening or noninvasive procedure but is generally 
safe319 in experienced hands, and it may alter management in selected 
patients with proved or suspected IE. Two cost-effectiveness analyses 
favored the increased use of TEE.320,321 Using outcomes among a cohort 
of consecutive patients with intravascular catheter-associated S. aureus 
bacteremia, Rosen and colleagues321 found that TEE was a cost-effective 
method of defining the duration of antibiotic therapy (2 weeks vs. 4 
weeks), compared with empirical courses of either 2 weeks or 4 weeks. 
Similarly, a decision analysis by Heidenreich and co-workers320 found 
TEE to be more cost-effective than TTE among patients with a high 
pretest probability of endocarditis (defined as 4% to 60%).

In conjunction with the physical examination, phonocardiography, 
and electrocardiography, the echocardiogram may play an important 
role in assessing the severity of acute aortic insufficiency in cases of 
active IE.322 In this setting, classic signs, such as a wide pulse pressure 
and bounding pulses, often are absent; however, there is usually a 
reduction in intensity of the first heart sound and Austin Flint murmurs 
may be audible. Findings on the chest radiograph and electrocardio-
gram may be normal. The degree of mitral valve preclosure (as deter-
mined by echocardiography) correlates with the acute elevation in  
left ventricular end-diastolic pressure. If this event occurs before the 
Q wave on the electrocardiogram, urgent surgical intervention is 
recommended.

Cardiac catheterization with quantitative blood cultures obtained 
proximal and distal to suspected sites of infection has been useful in 
selected cases for localizing vegetations in right-sided and left-sided 
IE.323 Multiple specimens from identical sites are required, because 
minor fluctuations in bacteremia do occur. Cardiac catheterization 
provides valuable hemodynamic and anatomic information in patients 
with IE when surgical intervention is being considered.238 If properly 
performed, the procedure is safe, as was shown by the lack of postcath-
eterization emboli or hemodynamic deterioration in 35 consecutive 
patients in one series.324

Diagnostic criteria for IE (the Beth Israel criteria) were published 
in 1982 by von Reyn and colleagues,2 but these criteria did not use 
echocardiographic findings in the case definitions, despite major 
improvements in echocardiographic technology (see previous discus-
sion). In addition, the isolation of a “typical” IE pathogen from blood 
cultures was not considered in the Beth Israel definitions. Many pre-
sumptive cases of IE were classified as not definite but probable. With 
improved methodology and recognition of the central role of echocar-
diography in the evaluation of suspected IE, new case definitions and 
diagnostic criteria (the Duke criteria), initially were proposed in 
1994.325 Modifications to the Duke Criteria were published in 2000326 
and are now used widely (Table 82-4). The Duke criteria (modeled after 

TABLE 82-4  Definition of Infective Endocarditis 
(IE) According to Modified Duke Criteria

Definite Infective Endocarditis

Pathologic Criteria
•  Microorganisms demonstrated by culture or histologic examination of a 

vegetation, a vegetation that has embolized, or an intracardiac abscess 
specimen; or

•  Pathologic lesions; vegetation or intracardiac abscess confirmed by histologic 
examination showing active endocarditis

Clinical Criteria (See Below for Definitions)
•  2 major criteria; or

•  1 major criterion and 3 minor criteria; or

•  5 minor criteria

Possible Infective Endocarditis
•  1 major criterion and 1 minor criterion; or

•  3 minor criteria

Rejected
•  Firm alternate diagnosis explaining evidence of IE; or

•  Resolution of IE syndrome with antibiotic therapy for ≤4 days; or

•  No pathologic evidence of IE at surgery or autopsy, with antibiotic therapy for 
≤4 days; or

•  Does not meet criteria for possible IE, as above

Major Criteria

Blood Culture Positive for IE
•  Typical microorganisms consistent with IE from two separate blood cultures: 

viridans streptococci, Streptococcus bovis, HACEK group, Staphylococcus 
aureus; or

•  Community-acquired enterococci, in the absence of a primary focus; or

•  Microorganisms consistent with IE from persistently positive blood cultures, 
defined as follows:

•  At least two positive cultures of blood samples drawn >12 hr apart; or

•  All of three or a majority of ≥ four separate cultures of blood (with first and 
last sample drawn at least 1 hr apart)

•  Single positive blood culture for Coxiella burnetii or antiphase I IgG antibody 
titer >1 : 800

Evidence of Endocardial Involvement
•  Echocardiogram positive for IE (TEE recommended in patients with prosthetic 

valves, rated at least “possible IE” by clinical criteria, or complicated IE 
[paravalvular abscess]; TTE as first test in other patients), defined as follows:
○  Oscillating intracardiac mass on valve or supporting structures, in the path 

of regurgitant jets, or on implanted material in the absence of an 
alternative anatomic explanation; or

○  Abscess; or
○  New partial dehiscence of prosthetic valve

•  New valvular regurgitation (worsening or changing of preexisting murmur not 
sufficient)

Minor Criteria
•  Predisposition, predisposing heart condition or injection drug use

•  Fever, temperature >38° C (100.4° F)

•  Vascular phenomena, major arterial emboli, septic pulmonary infarcts, mycotic 
aneurysm, intracranial hemorrhage, conjunctival hemorrhages, and Janeway 
lesions

•  Immunologic phenomena: glomerulonephritis, Osler’s nodes, Roth’s spots, and 
rheumatoid factor

•  Microbiologic evidence: positive blood culture but does not meet a major 
criterion as noted above* or serologic evidence of active infection with 
organism consistent with IE

•  Echocardiographic minor criteria eliminated

*Excludes single positive cultures for coagulase-negative staphylococci and 
organisms that do not cause endocarditis.

HACEK, Haemophilus spp., Aggregatibacter spp., Cardiobacterium hominis, 
Eikenella corrodens, and Kingella spp.; TEE, transesophageal echocardiography; 
TTE, transthoracic echocardiography.

Modified from Li JS, Sexton DJ, Mick N, et al. Proposed modifications to the Duke 
criteria for the diagnosis of infective endocarditis. Clin Infect Dis. 2000;30:633.

the Jones criteria for diagnosing rheumatic fever327) improve upon the 
Beth Israel criteria by including echocardiographic demonstration of 
vegetations or paravalvular complications of IE and the isolation of 
typical IE pathogens from blood cultures as “major criteria” for the 
clinically definite categorization of IE. In addition, the presence of 
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considered to be a “genospecies” of S. mitis. The name S. mitior is 
embedded so deeply in the endocarditis literature, however, that it is 
retained in the discussion that follows. Group D streptococci are some-
times α-hemolytic, depending on the conditions and the isolate, but 
are not included among the viridans streptococci. Streptococci of the 
viridans group (not a true species) are α-hemolytic and usually non-
typeable by the Lancefield system.

The streptococci most commonly isolated from cases of IE are S. 
sanguinis, Streptococcus bovis (we will continue to use this name here, 
although the human strains have been reclassified as Streptococcus gal-
lolyticus), S. mutans, and S. mitior.81 In a series of 317 cases of strepto-
coccal IE, the breakdown was as follows: α-hemolytic, 45%; 
nonhemolytic, non–group D, 21%; group D, 25%; pyogenic (groups A, 
B, C, G), 5%; miscellaneous, 3%; and aerococci, 1.3%. The α-hemolytic 
strains included S. sanguinis (16.4% of all cases of IE), non–dextran-
producing S. mitior (13.2%), dextran-positive S. mitior (7.3%), and an 
unclassified group (7.9%). Some isolates of S. sanguinis, formerly called 
Streptococcus SBE, are in Lancefield group H; however, most are non-
typeable. S. mutans (14.2%), S. anginosus (5.4%), and S. salivarius 
(1.3%) are the nonhemolytic, non–group D strains. Group D organ-
isms include the enterococci (8%) and S. bovis (17%). In another analy-
sis,330 viridans streptococci caused 58% of cases of IE at The New York 
Hospital from 1970 to 1978. The various responsible species were as 
follows: S. mitior, 31%; S. bovis, 27%; S. sanguinis, 24%; S. mutans, 7%; 
vitamin B6–dependent S. mitior, 5%; S. anginosus, 4%; and others, 
2%—all of which were slightly different from the species reported from 
the United Kingdom. A similar species distribution was observed in 
48 patients (with 51 episodes of IE) reported from Washington, DC.331 
By contrast, group D streptococci constituted 25% of all cases of IE 
within six regions of France representing 16 million inhabitants.8

There seems to be no correlation between clinical outcome and the 
species involved,243 with the exception of nutritionally deficient strains 
(see later discussion). The relative role of each species overall is prob-
lematic, however, because species designations of identical strains 
among laboratories often are disparate, and most blood and cerebro-
spinal fluid isolates of viridans or nonhemolytic streptococci are not 
from patients with IE.332

S. mutans, a normal member of the oral microbiota, is microaero-
philic, pleomorphic, and fastidious. Two thirds of S. mutans strains 
hydrolyze bile-esculin,333 a test used to identify group D organisms, 
and may be confused with enterococci. Other characteristics of S. 
mutans include the absence of group D antigen (some strains are 
positive for group E), production of acid from mannitol, failure to 
hydrolyze hippurate, and formation of gelatinous deposits (dextran)  
in media containing 5% sucrose. This organism may be difficult to 
isolate and to identify. It often requires more than 3 days for primary 
isolation, grows best on horse blood agar in 5% to 10% carbon dioxide 
on subculture, and is pleomorphic, resulting in confusion with diph-
theroids. S. mutans first was isolated in 1924 by Clark from dental 
caries lesions of humans and first was reported in 1928 to cause IE. 
The central importance of this organism in dental caries has been 
amply documented.

S. bovis is a normal inhabitant of the gastrointestinal tract of 
humans and many animal species. The genetic diversity among organ-
isms historically classified as S. bovis has been clarified to include 
biotypes I and II, S. salivarius, and Streptococcus macedonicus.334 In 
addition, S. bovis has been subdivided further into Streptococcus gal-
lolyticus subsp. gallolyticus, Streptococcus gallolyticus subsp. pasteuria-
nus, and Streptococcus infantarius.335 It is important to differentiate S. 
bovis from the other members of group D (the enterococci), because 
the respective therapeutic approaches to infection by these organisms 
are different (see later discussion). Group D organisms are identified 
presumptively by bile-esculin hydrolysis.336,337 Only the enterococci (E. 
faecalis and its varieties, Enterococcus zymogenes and Enterococcus liq-
uefaciens; Enterococcus faecium; and Enterococcus durans) grow in 6.5% 
sodium chloride, whereas S. bovis and Streptococcus equinus (a rare 
cause of IE) are salt sensitive. Seventy-five percent of strains of S. bovis 
are heat tolerant, and they may grow and produce acid in E. faecalis 
broth; these methods are unreliable for separation.338 Arginine hydro-
lysis by enterococci and starch hydrolysis by S. bovis are other means 
for reliable separation. The association of bacteremia due to S. bovis 

recent injection drug use is included in the Duke criteria as a “minor 
criterion” for diagnosis of IE, recognizing the increased risk for IE in 
this patient population. Direct comparisons of the Duke and Beth 
Israel criteria have been done in 11 major studies, including almost 
1400 patients. Patient populations from diverse geographic areas with 
presumed IE have been studied, including young, middle-aged, and 
elderly adults; pediatric patients; patients with native or prosthetic 
valve involvement; and patients with and without a history of injection 
drug use. These studies confirmed the increased sensitivity of the Duke 
criteria in the clinical diagnosis of IE and the diagnostic utility of 
echocardiography in the identification of clinically definite cases.312 
Modifications of the Duke criteria, to provide a floor for diagnosis of 
putative cases as possible IE, have added more specificity to the 
schema.326

Etiologic Agents
Streptococci
A plethora of microorganisms have been implicated in IE, but strep-
tococci and staphylococci account for 80% to 90% of the cases in which 
an identification is made. The most common etiologic agents are listed 
in Table 82-5. Streptococci were once the most common overall cause 
of IE and continue to be the predominant etiologic agents in the devel-
oping world.23,24 Staphylococci have assumed increasing importance 
among isolates in community hospitals in recent years, however (see 
later discussion).32,328 Viridans streptococci remain the major cause of 
IE in children. The disease usually runs a subacute course with multiple 
nonspecific symptoms (see Table 82-3). More than 80% of these 
patients have underlying heart disease. Viridans streptococci are the 
most commonly isolated pathogens in IE cases associated with mitral 
valve prolapse,329 and IE in young women with isolated mitral valve 
involvement is almost universally caused by viridans streptococci. 
Approximately 20% of cases that come to the physician’s attention are 
seen because of embolic phenomena. With modern medical and surgi-
cal management, the cure rate should exceed 90% in nonenterococcal 
streptococcal IE, although complications may ensue in more than 30% 
of cases.

The nomenclature of the streptococci is confusing, and the termi-
nology varies among authors. As detailed in Chapter 198, current 
names for the α-hemolytic streptococci other than S. pneumoniae (i.e., 
viridans streptococci) causing IE are S. mitis, S. sanguinis, S. mutans, 
Streptococcus salivarius, nutritionally variant streptococci (Abiotrophia 
spp.), and some isolates of the Streptococcus intermedius group (S. 
intermedius and Streptococcus anginosus). Streptococcus morbillorum 
now is classified as Gemella morbillorum; Streptococcus mitior now is 

TABLE 82-5  Etiologic Agents in 1779 Patients 
with Definite Infective Endocarditis

AGENT CASES (%)
Staphylococcus

  Staphylococcus aureus 31.6

  Coagulase-negative staphylococci 10.5

Streptococcus

  Viridans group streptococci 18.0

  Streptococcus bovis 6.5

  Other streptococci 5.1

Enterococci 10.6

HACEK group 1.7

Non-HACEK gram-negative bacteria 2.1

Fungi 1.8

Polymicrobial 1.3

Other species 3.1

Culture negative 8.1

HACEK, Haemophilus spp., Aggregatibacter spp., Cardiobacterium hominis, 
Eikenella corrodens, and Kingella spp.

Data from Fowler VG Jr, Miro JM, Hoen B, et al. Staphylococcus aureus 
endocarditis throughout the world: a consequence of medical progress. The 
International Collaboration on Endocarditis Prospective Cohort Study. JAMA. 
2005;293:3012.
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streptococcal IE have been reported.361-365 Underlying heart disease is 
common, the male-to-female ratio is 1.4 : 1, the mean age is approxi-
mately 54 years, and left-sided involvement predominates. The overall 
mortality rate is almost 50%. The organism does not produce fibrino-
lysin, which may be responsible for the large, friable vegetations and 
frequent major systemic emboli.

A similar clinical picture with a destructive process, left-sided pre-
dominance, frequent complications, and high mortality (approxi-
mately 40%) has been observed in the 47 cases of group G streptococcal 
IE reported in the literature.366,367 Most human infections with Strepto-
coccus suis have presented as meningitis (with a striking predilection 
to cause deafness as a sequela) and sepsis with accompanying arthritis 
or endophthalmitis, but two cases of IE due to serotype 2 have been 
described.368 A history of pig or raw pork contact was a feature in both 
patients.

Group A streptococci remain a rare cause of IE associated with a 
high complication rate in adults and children.369 S. anginosus is a rare 
cause of IE (6% to 7% of cases), but this species is unusual among these 
streptococci in that it has a predilection to cause suppurative com-
plications, including brain, liver, perinephric, and other abscesses and 
cholangitis, peritonitis, and empyema.370-372 Some of these complica-
tions occur during IE due to this organism and may require surgical 
attention.

Approximately 50% of S. anginosus strains carry the group F 
antigen.371 IE caused by S. anginosus may result in virulent intracardiac 
complications (e.g., myocardial abscess, purulent pericarditis) more 
typical of S. aureus infections.373

IE due to Gemella haemolysans also has been reported.374 This 
organism now is placed in genus V of the family Streptococcaceae. 
Gemella should be suspected if blood cultures reveal a variable mor-
phology (with some organisms resembling diphtheroids) and an inde-
terminate Gram stain. The antimicrobial susceptibility of Gemella spp. 
is similar to that of the viridans streptococci. Although misidentifica-
tion in the microbiology laboratory is presumably common, six cases 
of IE due to G. haemolysans have been reported since 1982.375

Staphylococci
S. aureus is now the most common cause of IE in most of the indus-
trialized world.14 Rates of S. aureus IE are rising in the United States.328 
A primary cause of this fundamental shift in the microbiology of IE 
relates to the growing importance of health care contact as a risk factor 
for bacteremia and, increasingly, IE.14,21 This species is the causative 
agent in most cases of acute IE, but only 10% to 12% of patients with 
S. aureus bacteremia have IE.376,377 The organism may attack normal 
heart valves (defined as those having no clinically detectable cardiac 
disease) in approximately one third of the patients. The course fre-
quently is fulminant when it involves the mitral or aortic valve, with 
widespread metastatic infection, and results in death in approximately 
40% of patients.378-381

As noted, the proportion of cases of IE due to S. aureus seems to 
be increasing at both community and university hospitals.18,19,32,342,382 
Traditionally, most cases of S. aureus IE were believed to be community 
acquired.383 In the late 1990s, however, a small report of S. aureus IE 
from Duke University suggested a demographic shift among patients 
with this infection.384 Over half of cases were associated with health 
care contact, and many were associated with intravascular catheters. 
These observations were validated in a multinational cohort of more 
than 1700 patients with definite IE. S. aureus was the most common 
cause of IE, accounting for 32% of all cases. Among the S. aureus cases, 
39% were presumed to be health care associated, and in 28% the pre-
sumed source was an intravascular device.14 These statistics emphasize 
that the finding of health care–associated S. aureus bacteremia should 
prompt a complete evaluation for underlying IE.

Myocardial abscesses (with conduction disturbances), purulent 
pericarditis, and valve ring abscesses are more common in staphylo-
coccal endocarditis than in other forms of IE. Peripheral foci of sup-
puration (e.g., lung, brain, spleen, kidney) are common and affect more 
than 40% of these patients.378,381,382 These extravascular sites of involve-
ment may offer clues to an early diagnosis, especially in narcotic 
addicts.236,237 This disease often is clinically unsuspected in older 
patients, and mortality rates frequently exceed 50% in patients older 

with carcinoma of the colon and other lesions of the gastrointestinal 
tract suggests that a colonoscopy should be performed if this organism 
is isolated from blood cultures.339,340 Interestingly, this association 
appears to be higher with S. gallolyticus subsp. gallolyticus.335

Enterococci are normal inhabitants of the gastrointestinal tract and 
occasionally of the anterior urethra. All enterococci are in Lancefield 
group D; they are catalase negative and nonmotile; and they may 
exhibit α-, β-, or γ-hemolysis on blood agar. They grow well in sodium 
azide (SF [Streptococcus faecalis] broth), 40% bile, 6.5% sodium chlo-
ride, and 0.1% methylene blue and can survive at 56° C for 30 minutes 
or at a pH of 9.6.341 Enterococci are responsible for 5% to 18% of the 
cases of IE, and the incidence seems to be increasing.11,342-344 The 
disease usually runs a subacute course and affects older men (mean 
age, 59 years) after genitourinary manipulation or younger women 
(mean age, 37 years) after obstetric procedures. The mean duration of 
nonspecific symptoms, such as malaise, fatigue, anorexia, and weight 
loss, was 140 days in one review. More than 40% of the patients have 
no underlying heart disease, although more than 95% develop a heart 
murmur during the course of the illness. Classic peripheral manifesta-
tions are uncommon (<25% of the cases). Bacteriuria with enterococci 
is a helpful diagnostic clue and was found in 4 of 15 patients in one 
study.341 Cure is difficult because of the intrinsic resistance to many 
antibiotics, and a high mortality rate persists in this disease. With the 
increasing use of third-generation cephalosporins, which are relatively 
inactive against enterococci in vitro, and other contributing factors 
(e.g., use of indwelling urinary catheters), an alarming increase in 
enterococcal bacteremias has been documented during the past 2 
decades.344-346 Most enterococcal bacteremias are health care associ-
ated, are often polymicrobial (42% in one large series347), and are asso-
ciated with serious underlying disorders. Factors that suggest IE in 
patients with enterococcal bacteremia include (1) community acquisi-
tion, (2) preexistent valvular heart disease, (3) cryptogenic source, and 
(4) absence of polymicrobial bacteremia.347 Antibiotic usage patterns, 
the aging of the population, and more invasive procedures in hospital-
ized adults all portend a continued increase in serious enterococcal 
infections, including IE, in the future.

Before 1945, S. pneumoniae was responsible for approximately 10% 
of the cases of IE, but the prevalence has decreased to approximately 
1% to 3% currently.348 The course usually is fulminant and often (in 
approximately one third of cases) is associated with perivalvular 
abscess formation or pericarditis or both. Left-sided involvement is the 
rule, and there is a predilection for the aortic valve (approximately 70% 
of cases). Many patients with pneumococcal IE are alcoholics (approxi-
mately 40%), and concurrent meningitis is present in about 70% of 
cases.348-350 The overall mortality rate is approximately 50% (60% to 
65% in children351), with death usually caused by rapid valvular 
destruction and hemodynamic compromise,352 although indolent pre-
sentations of pneumococcal IE with a favorable outcome have been 
described.353

Nutritionally variant streptococci can cause difficulties in isolation 
and were implicated in 5.4% of the cases of streptococcal IE at The New 
York Hospital.354 The organisms do not grow on subculture unless 
l-cysteine or pyridoxal vitamin B6 is provided. IE due to nutritionally 
deficient streptococci is almost always indolent in onset and associated 
with preexisting heart disease.355 Therapy is difficult, because systemic 
embolization, relapse, and death are common (occurring in 17% to 
27% of cases). A closely related species, S. mitis, although not nutrition-
ally deficient, also causes serious infections, including IE, in adults356 
and has emerged as an important causative agent of IE among drug 
addicts in some areas (e.g., New York City357).

Group B streptococci (Streptococcus agalactiae) are normal inhabit-
ants of the mouth, vagina, and anterior urethra in 5% to 12% of the 
general population. In 149 patients with group B streptococcal infec-
tions, the serotypes isolated were Ia in 46%, II in 22%, and III in 11%.358 
Although the organism has long been recognized as a cause of bacte-
remia and meningitis in neonates, serious S. agalactiae infections in 
adults also have been emphasized.359,360 Risk factors for group B strep-
tococcal sepsis and IE in adults include diabetes mellitus, carcinoma, 
alcoholism, hepatic failure, elective abortion, and injection drug  
use.360-362 As with S. bovis, occasional cases occur in association with 
villous adenomas of the colon.363 More than 90 cases of group B 
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health care–associated infection, whereas injection drug use was rare 
(4%). Prosthetic valves and implanted endovascular devices were fre-
quently associated with non-HACEK gram-negative bacillary IE. 
Patients with cirrhosis412 also seem to be at an increased risk for the 
development of gram-negative bacillary IE.

The duration of illness is usually less than 6 weeks, most patients 
are 40 to 50 years old, and men and women are affected equally.413 In 
gram-negative septicemia, the bloodstream usually is cleared by 
therapy with appropriate antimicrobial agents. In contrast, in IE due 
to gram-negative bacilli, persistent bacteremia is common, even with 
high levels of antimicrobial activity. CHF is common, and the progno-
sis is poor. Older series reported a mortality rate of 60% to 83% for IE 
due to gram-negative bacilli.413 However, contemporary experience 
indicates a substantially better prognosis, with in-hospital mortality 
rates of 24%.404 This improved mortality rate is perhaps due in part to 
high rates of cardiac surgery (51%).

A heart murmur noted during an episode of gram-negative sepsis 
with unexplained anemia or the persistence of positive blood cultures 
despite adequate levels of antibiotics may indicate IE. In the early 
postoperative period after prosthetic valve replacement, sustained 
gram-negative bacteremia does not imply IE,414 and other foci of infec-
tion (e.g., sternal wound, pneumonia, urinary tract, intravenous cath-
eters) should be sought carefully.

Traditionally, Salmonella spp. were important causes of gram-
negative bacterial IE among the Enterobacteriaceae. These organisms 
have an affinity for abnormal cardiac valves, usually on the left side of 
the heart.413,415 Although many serotypes have been implicated, most 
cases are caused by Salmonella enterica serotypes Choleraesuis, 
Typhimurium, and Enteritidis. Valvular perforation or destruction, 
atrial thrombi, myocarditis, and pericarditis are common, and the 
outlook is grave. Salmonellae also may produce endarteritis in aneu-
rysms of major vessels (see later discussion).

Although historically regarded as a rare cause of endocarditis 
because of its poor endothelial cell–binding capacity, E. coli now 
appears to predominate among the Enterobacteriaceae as a cause of 
IE.404 This may reflect the growing importance of health care contact 
as a risk factor for enteric gram-negative IE. Other species of Entero-
bacteriaceae can also rarely cause IE.413 In the 1970s, a total of 36 cases 
of IE due to S. marcescens were reported from San Francisco; 32 (88%) 
were associated with injection drug use.405,406 The cases were character-
ized by large vegetations with near-total occlusion of the valve orifice 
in the absence of significant underlying valvular destruction. The 
overall mortality rate ranged from 68% to 73%, because a cure of left-
sided IE caused by a member of the Enterobacteriaceae is uncommon 
with medical therapy alone. Valve replacement after 7 to 10 days of 
antibiotics was recommended for these difficult infections.406 Approxi-
mately 12 cases of IE due to Campylobacter fetus have been reported 
since the first case in 1955.416

The first case of Pseudomonas-induced IE was recognized in 1899; 
more than 200 cases have been reported since then.231,387,407-412 Although 
historical reports of pseudomonal IE (95%) were primarily associated 
with injection drug use,387,407-410 more contemporary reports confirm 
health care contact as the current primary risk factor.21,417 The male-
to-female ratio is 2.5 : 1, and the mean age is 30 years. Major embolic 
phenomena, inability to sterilize valves, neurologic complications 
(53%), ring and annular abscesses, splenic abscesses, bacteremic 
relapses, and rapidly progressive CHF are common. Ecthyma gan-
grenosum, the necrotizing cutaneous lesion characteristic of Pseudo-
monas bacteremia, occasionally has been noted, especially in cases of 
IE due to Pseudomonas (Burkholderia) cepacia.418 The disease carries 
the highest mortality if the patient is older than 30 years of age (73%, 
compared with 33% in younger patients), if the duration of illness is 
less than 5 days (76%, compared with 41% for shorter durations), and 
if there is left-sided cardiac involvement.408,410,419 Because of the poor 
prognosis and frequent complications,231 early surgery is recommended 
by many authorities for left-sided pseudomonal IE.312 In contrast, high-
dose regimens of antipseudomonal penicillins combined with amino-
glycosides have had a salutary effect in many patients with isolated 
right-sided pseudomonal IE (see “Antimicrobial Therapy “). Almost all 
addicts with P. aeruginosa IE in more recent reports65,387,409,410 have 
abused tripelennamine and pentazocine (“T’s and blues”).

than 50 years of age, especially when the infection is nosocomially 
acquired.382,385 The rare entity of neonatal IE also is often caused by S. 
aureus386; survival is unusual.

IE in narcotic addicts usually is due to S. aureus, but the disease 
tends to be less severe, with mortality rates of 2% to 6%.236,237 The lower 
mortality is related directly to the preponderance of cases affecting the 
tricuspid valve, a syndrome that responds to antimicrobial therapy in 
most cases.383 The emergence of methicillin-resistant S. aureus (MRSA) 
in addicts with staphylococcal IE, first documented in the Detroit area 
in the mid-1980s, is disturbing.231,387 Among 180 bacteremic addicts 
admitted to the Detroit Medical Center in 1 year, 24% grew MRSA and 
41% of the patients overall had IE. Previous hospitalizations, long-term 
addiction (particularly in men), and nonprescribed antibiotic use were 
predictive of MRSA acquisition (odds ratio, 8.6 : 1).387

Although S. epidermidis was traditionally an important agent in 
prosthetic valve IE (see Chapter 83) and in infants with IE related to 
umbilical venous catheters in neonatal intensive care units,388 recent 
studies from the ICE-PCS confirm that it is an emerging cause of native 
valve IE, as well. Approximately 8% of patients with definite native 
valve IE and no history of injection drug use were infected with 
coagulase-negative staphylococci.389,390 Health care contact was the 
primary risk factor for infection. Many of these patients had preexist-
ing valvular disease, as well. Although surgical treatment occurred 
more frequently in patients infected with coagulase-negative staphy-
lococci than in those with S. aureus infection, mortality in these 
two groups was similar.389 Recent data from a Caenorhabditis elegans 
model support the possibility that S. epidermidis isolates from patients 
with native valve IE constitute a more virulent subset within this 
species.391

Separation of IE from uncomplicated bacteremia due to S. epider-
midis (implicated in approximately 50% of cases of native valve 
coagulase-negative staphylococcal IE) can be difficult, but a solid-
phase radioimmunoassay for the detection of IgG antibodies is promis-
ing.392 In addition, IgG antibodies to a novel 30-kDa cloned protein, 
termed staphylococcal secretory antigen, were demonstrated in patients 
with S. epidermidis IE but not in patients with uncomplicated S. epi-
dermidis bacteremia or IE due to other pathogens.393 Extensive labora-
tory evaluation394 revealed that most S. epidermidis IE isolates are 
distinct and do not represent common-source outbreaks, despite the 
frequent shift to a small-colony variant by many strains in vivo395 and 
the description of polyclonal S. epidermidis IE.396

Rare cases of IE due to other coagulase-negative staphylococci (e.g., 
Staphylococcus saprophyticus, Staphylococcus capitis) have been 
reported.397,398 A growing number of reports of IE caused by the 
coagulase-negative Staphylococcus lugdunensis have been published.399-402 
This organism tends to cause a substantially more virulent form of IE 
than coagulase-negative staphylococci, with high morbidity rates 
despite almost uniform in vitro susceptibilities to most antibiotics, 
including penicillins and cephalosporins.399-402 These strains frequently 
are misidentified as S. aureus because they often are yellow pigmented 
and yield complete hemolysis on blood agars. Their in vitro hemolytic 
capacities relate to the production of synergistic hemolysin. Differen-
tiation of S. lugdunensis from S. aureus in the microbiology laboratory 
depends on the tube coagulase test and the ability of the former strains 
to cause ornithine decarboxylation. Distinguishing S. lugdunensis from 
other coagulase-negative staphylococci can be difficult with commer-
cial identification schemata.403

Gram-Negative Bacilli
Gram-negative aerobic bacilli now cause approximately 2% of cases of 
IE. Among more than 2700 patients with definite endocarditis pro-
spectively enrolled into ICE-PCS from 60 centers in 28 countries, 49 
patients (1.8%) had endocarditis due to non-HACEK gram-negative 
bacilli.404 Traditionally, injection drug use has been regarded as the 
primary risk factor for enteric gram-negative bacterial endocardi-
tis387,405-410 and injection drug users remain a high-risk population in 
specific locations.411 However, experience from the large, contempo-
rary, and multinational ICE-PCS demonstrated that health care 
contact, and not injection drug use, was the most common risk factor 
for enteric gram-negative IE. In this definitive study, more than half of 
the patients with IE due to non-HACEK gram-negative bacilli had 
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including major vascular complications, the frequent occurrence of 
septic arthritis (in four of seven patients), and involvement of native 
valves. Injection drug use also is a predisposing factor.

The isolation of Listeria monocytogenes has been reported in 44 
cases of IE.444,445 Most cases of IE due to Listeria spp. have occurred 
in patients without any underlying defect in host defenses, although 
preexisting heart disease is present in approximately 50%. The mean 
age in the reported series was 51 years, and the overall mortality rate 
was 48%.445

Lactobacilli also have been reported to cause a subacute form of IE, 
but these cases are rare (only 41 reported).446,447 Despite an initial 
response to therapy, relapse of this infection is not unusual (approxi-
mately 60% of cases). Most cases occur on structurally abnormal native 
valves after dental manipulation.447 Therapy with single agents is often 
unsatisfactory because lactobacilli, similar to enterococci, are tolerant 
to penicillins. Medical cure has been difficult to achieve in the past. 
These organisms also may require several weeks for isolation on blood 
culture.

More than 90% of 49 serious infections caused by Erysipelothrix 
rhusiopathiae were characterized as IE.448 Occupational or vocational 
animal or fish exposure is a major risk factor, and approximately one 
third of patients are alcoholic. Most patients are men. A characteristic 
erysipeloid skin lesion is present in approximately 40% of cases, and 
the organism exhibits significant aortic valve tropism (involved in 70% 
of patients).448 The overall mortality rate is 38%.

Most cases of Bacillus IE involve the tricuspid valve in narcotic 
addicts, but nonaddicts and prosthetic valve recipients also have been 
affected.449 Rothia dentocariosa is a rare cause of IE (six cases reported) 
but has led to significant central nervous system complications.450,451

Anaerobic Bacteria
Nonstreptococcal anaerobic bacteria were responsible for 1.3% of all 
the cases of IE in 1970.452 Bacteroides fragilis was the predominant 
pathogen in a review of 67 cases from the literature.453 The following 
organisms were isolated: B. fragilis, 35.8%; Bacteroides oralis, 3%; Pre-
votella melaninogenica (Bacteroides melaninogenicus), 3%; Fusobacte-
rium necrophorum, 13.4%; Fusobacterium nucleatum, 9%; Clostridium 
spp., 13.4%; P. acnes, 7.5%; Dialister granuliformans, 1.5%; and uniden-
tified, 16.4%. More than one third of the unidentified cases also were 
believed by the authors to represent B. fragilis. Approximately 25% of 
these cases were polymicrobial, usually mixed with anaerobic or 
microaerophilic streptococci. The portal of entry for B. fragilis was 
probably the gastrointestinal tract, whereas B. oralis, P. melaninogenica, 
and fusobacteria originated from the mouth or upper respiratory tract. 
Two thirds of the patients were older than 40 years of age and had 
preexisting heart disease.

The course usually is subacute except for that with infection due to 
F. necrophorum, which characteristically produces a more fulminant 
disease. These organisms usually cause extensive valve destruction, 
CHF, and major systemic emboli (in 60% to 70% of the cases). Throm-
boembolic episodes are especially common in infections caused by B. 
fragilis, a phenomenon that may be related to the heparinase produced 
by this organism. The mortality rate in cases of anaerobic IE has ranged 
from 21% to 46%.453 One series from California noted no deaths among 
seven patients with anaerobic or microaerophilic IE454; these cases 
constituted 10.6% of the IE cases seen. This is similar to a 7.7% inci-
dence reported by other investigators2 and suggests that anaerobic IE 
may be more prevalent now than it was in 1970.455 Isolation of these 
organisms may be improved by the newer anaerobic culture techniques 
currently in use.

Other Bacteria
Many other bacteria have been described in cases of IE; however, 
consideration of these organisms separately is beyond the scope of this 
chapter. These infectious agents include Acinetobacter (approximately 
20 reported cases; a maculopapular rash on the palms and soles may 
be present),456 Actinomyces,457 Alcaligenes, Bordetella, Flavobacterium, 
Micrococcus, Moraxella, Paracolon, Stomatococcus mucilaginosus (4 
cases of IE),458 Streptobacillus moniliformis (16 cases; usually damaged 
native valves are involved),459 Vibrio, and Yersinia. Brucella spp. con-
tinue as important etiologic agents in Spain and in Saudi Arabia, where 

Unusual Gram-Negative Bacteria
IE produced by several other gram-negative species has received atten-
tion recently. N. gonorrhoeae was responsible for at least 5% to 10% of 
the cases of IE before the introduction of penicillin but now is impli-
cated rarely. In the older series, half of the patients with gonococcal IE 
had involvement of the right side of the heart and exhibited the char-
acteristic double-quotidian fever pattern. Of the cases of gonococcal 
IE reported since 1949,420-422 most occurred in young men. Skin mani-
festations consistent with the gonococcal arthritis-dermatitis syn-
drome or IE have been documented in only 20% of the cases. Most 
cases of gonococcal IE now follow an indolent course, in contrast to 
the often fulminant progression in the preantibiotic era. Aortic valve 
involvement, large vegetations seen on TTE, associated valve ring 
abscesses, CHF, and nephritis are common.422 A high frequency of late 
complement component deficiencies has been observed in patients 
with gonococcal IE. Sudden hemodynamic deterioration despite 
appropriate therapy may occur,420-422 and the mortality rate is approxi-
mately 20%. “Nonpathogenic” Neisseria spp.—N. perflava, N. flava, N. 
pharyngis, N. mucosa, N. sicca, N. flavescens, and especially Moraxella 
(Neisseria) catarrhalis, and Neisseria elongata subsp. nitroreducens 
(Centers for Disease Control and Prevention group M-6)—now are 
isolated more frequently in IE than are gonococci, but they usually 
produce infection on abnormal or prosthetic heart valves.423-425

Haemophilus spp. (predominantly H. paraphrophilus, H. parainflu-
enzae, and H. aphrophilus) account for 0.8% to 1.3% of all cases of 
IE.426-429 This disease usually runs a subacute course and occurs in the 
setting of preexisting valvular disease. Emboli to major peripheral 
arteries were found in six of seven cases of H. parainfluenzae IE.426 
Major central nervous system complications are relatively common.429 
H. aphrophilus produces a similar clinical pattern and has been trans-
mitted from dogs to humans. Single cases of IE due to Haemophilus 
segnis and Haemophilus aegyptius have been reported from Denmark 
and Israel.430,431 A closely related organism, Aggregatibacter actinomy-
cetemcomitans, is a rare cause of subacute IE (with approximately 35 
cases reported) and carries a mortality rate of 34%.432,433 IE due to 
Cardiobacterium hominis434 resembles the disease caused by Haemoph-
ilus spp.; 26 cases of C. hominis IE were reported by 1983. Only one 
extravascular infection due to C. hominis has been documented (men-
ingitis during IE).

At least 28 cases of Kingella endocarditis (caused by Kingella kingae, 
25 cases; Kingella denitrificans, 2 cases; and Kingella indologenes, 1 case) 
have been reported.435 Invasive Kingella infections are increasingly rec-
ognized in children.436 Approximately 50% of patients develop compli-
cations, including acute stroke in approximately 25%. A dozen cases 
of IE due to Eikenella corrodens have been reported; injection drug use 
(especially of amphetamines) was implicated in five patients.437,438 
Dental infection or a history of dental procedures may be a feature, 
and drug users often have “cleaned” the injection site with saliva; E. 
corrodens is a usual habitant of the oropharynx. The disease generally 
has an indolent course but may present acutely.438

All of the aforementioned organisms—known as the HACEK group 
(Haemophilus, Aggregatibacter [formerly Actinobacillus spp.], Cardio-
bacterium, Eikenella, Kingella)—can now be reliably isolated with stan-
dard blood culture incubation periods using conventional automated 
blood culture systems.255,261 The clinical syndrome produced by this 
group is virtually identical to that observed in subacute IE: large friable 
vegetations, frequent emboli, development of CHF, and often the even-
tual need for valve replacement.439

Gram-Positive Bacilli
IE due to various species of corynebacteria (diphtheroids) has recently 
been reviewed.440 It is uncommon and usually occurs on damaged or 
prosthetic valves,441 although native valve infections (e.g., Arcanobac-
terium [Corynebacterium] haemolyticum in a drug addict) are reported 
rarely. About 19 cases of IE due to Corynebacterium pseudodiphtheriti-
cum (previously Corynebacterium hofmannii) have been reported; 
native valves were involved in approximately half of these cases.442 
Corynebacterium xerosis is a very rare cause of native valve IE. Non-
toxigenic Corynebacterium diphtheriae IE has been reported in more 
than 40 patients. A cluster of seven cases in 1 year from New South 
Wales, Australia,443 emphasized the aggressive nature of the infection, 
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non–C. albicans species have been reported to be more common in 
addicts, whereas C. albicans and Aspergillus spp. tend to predominate 
in health care–associated infections.278,281

The overall cure rate in cases of fungal IE is poor. The poor prog-
nosis may be due to (1) large, bulky vegetations; (2) tendency for fungal 
invasion of the myocardium; (3) widespread systemic septic emboli; 
(4) poor penetration of antifungal agents into the vegetation469; (5) low 
toxic-to-therapeutic ratio of the available antifungal agents; and (6) 
usual lack of fungicidal activity with these compounds. A cure is 
almost impossible without surgical intervention (see later discus-
sion).470 The role of promising antifungal agents, including caspofun-
gin471 and voriconazole,472 in the management of fungal IE remains to 
be defined.

In a review of 25 cases of Aspergillus-induced IE in which cultures 
were made,473 the organisms isolated were as follows: A. fumigatus, 14; 
A. flavus, 4; A. niger, 3; and A. ustus, A. sydowi, A. terreus, and A. 
glaucus, 1 each. Only 5 of 34 patients in this series had positive blood 
cultures, and only 1 patient survived. A few cases, usually fatal, of 
Aspergillus IE after coronary artery bypass surgery have been described; 
A. clavatus was isolated in one case.

Other fungi that have caused IE include Histoplasma, Blastomyces, 
Coccidioides, Cryptococcus, Hansenula, Fonsecaea (Hormodendrum), 
Scedosporium prolificans, Mucor, Paecilomyces, and Phialophora. Histo-
plasma capsulatum IE has been diagnosed rapidly using direct applica-
tion of AccuProbe (Hologic Gen-Probe, San Diego, CA) on an excised 
cardiac valve.474 Of the eight reported cases of IE due to Trichosporon 
beigelii, six occurred on prosthetic valves; only two patients have sur-
vived with a combined medical-surgical approach.475 Pseudallescheria 
boydii has caused IE in approximately five reported patients; all were 
immunosuppressed (e.g., liver transplant, AIDS) or had received pros-
thetic heart valves.476

IE also has been rarely caused by higher bacteria, such as Actino-
myces, Nocardia, and Mycobacterium spp.

Other Bacteria
Five cases of IE due to Spirillum minus, a spirochete, have been 
reported.477 This organism is distributed widely in nature, especially in 
fresh or salt water with organic debris. S. minus is the etiologic agent 
of rat-bite fever (sodoku), but rodent transmission was not docu-
mented in the cases of IE. Preexisting heart disease or severe underly-
ing disease (e.g., aplastic anemia) was usually present, although one 
case occurred in an otherwise healthy person.

IE due to C. burnetii (the cause of Q fever) is well documented in 
the United Kingdom, the United States, Canada, France, the Middle 
East, and Australia.478-480 Ten cases of Q fever IE were recognized in 
four Dublin teaching hospitals during a period of 3 years.479 Q fever 
usually is a self-limited respiratory illness caused by the inhalation of 
infected aerosols.481 The first IE cases were reported in 1959. Men 
outnumber women by 6 to 1, and 90% of patients have preexisting 
heart disease. Most cases of C. burnetii IE are chronic, with a history 
of an influenza-like illness occurring 6 to 12 months previously. Risk 
factors may include exposure to parturient cats or rabbits, previous 
valvulopathy, and pregnancy.480 The aortic valve is involved in more 
than 80% of the cases. Hematuria is uncommon, although it is observed 
frequently in acute Q fever. Hepatosplenomegaly and hepatitis, 
common features in other types of Q fever, are seen in about half of 
patients with IE caused by this organism. Other important clues are 
thrombocytopenia (seen in 90% of cases) and hypergammaglobu-
linemia. Immune complex–mediated glomerulonephritis develops in 
approximately 25% of cases.478,479,482 Histologically, C. burnetii IE is 
characterized by significant fibrosis and calcifications, slight inflamma-
tion and vascularization, and small or absent vegetations.272 The rick-
ettsiae were shown histologically in the valve tissue in 62% of the cases, 
and the organism was isolated in 83%, although this poses a significant 
laboratory hazard.274 The diagnosis is best made serologically; a posi-
tive titer of antibody to the phase I antigen as measured by complement 
fixation or enzyme-linked immunosorbent assay indicates chronic 
infection, whereas a fourfold rise in titer of antibody to the phase II 
antigen is associated with active current infection. A phase I antibody 
titer (usually IgG or IgA or both) greater than 1 : 200 is considered 
virtually diagnostic of C. burnetii IE and may be useful to monitor the 

these organisms are responsible for approximately 10% of IE cases.460 
Aggressive medical therapy with valve replacement usually is necessary 
for a cure of Brucella IE.461

Etiology of Infective Endocarditis in Injection 
Drug Users
The organisms responsible for IE in injection drug users require sepa-
rate consideration, because the distribution differs from that in other 
patients with IE. The frequencies of the etiologic agents isolated before 
1977 in seven major series were as follows: S. aureus, 38%; P. aerugi-
nosa, 14.2%; Candida spp., 13.8%; enterococci, 8.2%; viridans strepto-
cocci, 6%; S. epidermidis, 1.7%; gram-negative aerobic bacilli, 1.7% to 
15%; other bacteria, 2.2%; mixed infections, 1.3%; and culture-negative, 
12.9%. In addition, there was an unexplained geographic variation in 
the causal agents of IE associated with injection drug use. S. aureus 
predominated in New York City, Chicago, Cincinnati, and Washington, 
DC; P. aeruginosa IE was traditionally encountered in Detroit and has 
recently resurfaced there,411 but MRSA still predominates. A 1990 com-
pilation from Detroit indicated the distribution of causative agents in 
addicts with IE (n = 74) as follows: S. aureus, 60.8%; streptococci, 
16.2%; P. aeruginosa, 13.5%; polymicrobial, 8.1%; and Corynebacte-
rium JK, 1.4%.462

Polymicrobial IE (as many as eight different pathogens have been 
recovered from blood cultures of an individual patient) is fairly 
common among drug addicts. Some authors have speculated that HIV 
infection predisposes injection drug users to IE owing to unusual 
bacteria, including Corynebacterium and Neisseria spp.462 Although S. 
aureus IE in this population usually was tricuspid, streptococci infected 
left-sided valves significantly more often than the other pathogens. 
Biventricular and multiple-valve infections occurred most commonly 
in Pseudomonas IE, and all of these patients abused “T’s and blues.” 
Left-sided IE due to P. aeruginosa is a devastating disease and usually 
manifests as an acute illness refractory to seemingly optimal antimi-
crobial regimens. Complications, including ring and annular abscesses, 
neurologic sequelae, CHF, and splenic abscesses, are common; surgery 
is often necessary for cure.463 The overall mortality rate still approaches 
60%, however.

S. marcescens was an important historical pathogen in San Fran-
cisco,406 although S. aureus now predominates in this patient popula-
tion (HF Chambers, personal communication). These differences do 
not correlate with contamination of “street” heroin.464 The high inci-
dence of staphylococcal endocarditis may be explained partially by an 
increase in nasal and oral carriage of this organism.465 Heroin use 
during the previous week was associated with an S. aureus isolation 
rate of 35% from skin, nose, or throat cultures; this rate declined to 
11% (not significantly different from that in controls) if heroin had not 
been injected in the preceding 2 weeks. This suggests an endogenous 
source for the infecting organism, because S. aureus is infrequently (in 
<5% of cases) isolated from street heroin or injection paraphernalia.

The exact incidence of IE in injection drug use is unknown. A 
conservative estimate is 1.5 to 2 cases of IE per 1000 addicts at risk per 
year.466 Injection drug use is the most common risk factor for the 
development of recurrent native valve IE; 43% of 281 patients surveyed 
from 1975 to 1986 with this syndrome were addicts (see earlier discus-
sion).467 A nested case-control study from Johns Hopkins University 
found that IE was more common among injection drug users with 
advanced immunosuppression, even after accounting for injection 
drug use behaviors. Analyses have shown that, although S. aureus 
remains the most common cause of right-sided IE in injection drug 
users, cases of left-sided IE in this population are also commonly 
caused by viridans group streptococci.

Fungi
Fungal IE is rare. Data from the ICE-PCS showed that fewer than 1% 
of more than 2700 patients with definite IE were infected with Candida 
species.468 Although injection drug use was traditionally an important 
risk factor for candidal IE,281 health care contact has now emerged as 
the primary risk factor for most patients with this infection.278,468 For 
example, 51% of patients from the ICE-PCS data with candidal IE  
had extensive health care contact as a risk factor, whereas only 12% 
had a history of injection drug use.468 Candida parapsilosis and other 
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response to therapy.478,483 Isolation of C. burnetii by inoculation of valve 
suspensions into a human fetal diploid fibroblast cell line seems to be 
a promising technique.484 DNA probes are under development. The 
prognosis with medical therapy alone is poor, and valve replacement 
often is necessary for a cure (see later discussion). This agent also may 
cause endarteritis. A single case of IE due to the causative agent of 
murine typhus has been reported.263

Chlamydia psittaci, the agent of psittacosis, has been implicated in 
at least 10 well-documented cases of IE.485 This organism also may 
cause myocarditis or pericarditis. Most cases have been associated with 
psittacine bird exposure; in one case, chlamydiae were found in the 
liver of the suspected budgerigar. Transmission from pet cats also has 
been proposed. The course is subacute, and the diagnosis often is made 
retrospectively. Most patients had preexisting heart disease, with a 
striking propensity for aortic valve involvement, and rapid valvular 
destruction leading to surgical intervention or death. A diagnosis can 
be established with the demonstration of complement-fixing antibod-
ies. Cure usually requires valve replacement and prolonged antibiotic 
therapy. The mortality rate in this small group was 40%. Two well-
documented cases of IE due to Chlamydia trachomatis have been 
reported.486 Microimmunofluorescence tests are necessary for a diag-
nosis. Several cases of probable Chlamydia pneumoniae IE have been 
reported.487 IE due to Mycoplasma pneumoniae was proposed in one 
case report, but cultural confirmation was lacking.488

T. whipplei is the causative agent of Whipple’s disease. Although its 
precise ecologic niche is unclear, there is increasing evidence to suggest 
that T. whipplei may be a component of the microbiota of the human 
respiratory tract, especially in patients with HIV. T. whipplei is an 
occasional cause of IE and has been cultivated from human valvular 
tissue.489 In a review of 35 reported cases of Whipple’s IE, CHF, fever, 
and preceding valvular abnormalities all were less common in patients 
with Whipple’s IE than in patients with IE due to other pathogens.271

A recent study from Germany involving heart valves reported that 
T. whipplei was the most common cause of culture-negative IE. The 
study evaluated 1135 heart valves that were analyzed for bacterial 
infection using conventional culture techniques, PCR amplification of 
the bacterial 16S rRNA gene, and subsequent sequencing. T. whipplei–
positive heart valves were confirmed by specific PCR, fluorescence in 
situ hybridization, immunohistochemistry, histologic examination, 
and culture for T. whipplei. The investigators found that T. whipplei was 
the most common cause of culture-negative IE, accounting for 6.3% of 
such cases.490 However, other investigators have emphasized the prin-
cipal role of Bartonella and Coxiella burnetii as etiologic agents in 
culture-negative IE.491 Thus, the etiology of culture-negative IE may 
vary significantly by geographic region.

Viruses
The role of viruses in IE is unknown. Experimentally, coxsackievirus 
B has been shown to produce valvular and mural endocarditis in mice 
and cynomolgus monkeys.492 In these studies, the viral antigen was 
identified in the valvular tissue by immunofluorescence techniques. 
Although the enteroviruses commonly are implicated in cases of myo-
carditis or pericarditis in humans, there is no proof that viral infections 
produce IE in humans. Adenoviruses also are capable of producing IE 
in mice. Persand493 described a case of “cytomegalovirus endocarditis,” 
but bacteria also were cultured from a mural lesion.

Culture-Negative Endocarditis
As discussed earlier, sterile blood cultures have been noted in 2.5% to 
31% of cases of IE.494,495 However, blood cultures are negative in only 
approximately 5% of patients who have IE confirmed by strict diag-
nostic criteria.496,497 Sterile blood cultures may be the result in several 
conditions: (1) subacute right-sided IE; (2) cultures taken toward the 
end of a chronic course (>3 months); (3) uremia supervening in a 
chronic course; (4) mural IE, as in ventricular septal defects, post–
myocardial infarction thrombi, or infection related to pacemaker 
wires; (5) slow growth of fastidious organisms, such as anaerobes, 
Haemophilus spp., Actinobacillus spp., Cardiobacterium spp., nutrition-
ally variant streptococci, or Brucella spp; (6) prior administration of 
antibiotics494,497; (7) fungal IE; (8) IE caused by obligate intracellular 
parasites, such as Rickettsiae, Chlamydiae, T. whipplei,271 and perhaps 

TABLE 82-6  Causes of Culture-Negative 
Endocarditis

ORGANISM
EPIDEMIOLOGY 
AND EXPOSURES

DIAGNOSTIC 
APPROACHES

Aspergillus and 
other 
noncandidal 
fungi

Prosthetic valve Lysis-centrifugation technique; also 
culture and histopathologic 
examination of any emboli

Bartonella spp. B. henselae: exposure 
to cats or cat fleas

B. quintana: louse 
infestation; 
homelessness, 
alcohol abuse

Most common cause of 
culture-negative IE in United 
States; serologic testing (may 
cross-react with Chlamydia spp.); 
PCR assay of valve or emboli is 
best test; lysis-centrifugation 
technique may be useful

Brucella spp. Ingestion of 
unpasteurized milk 
or dairy products; 
livestock contact

Blood cultures ultimately become 
positive in 80% of cases with 
extended incubation time of 
4-6 wk; lysis-centrifugation 
technique may expedite growth; 
serologic tests are available

Chlamydia 
psittaci

Bird exposure Serologic tests available but exhibit 
cross-reactivity with Bartonella; 
monoclonal antibody direct 
stains on tissue may be useful; 
PCR assay now available

Coxiella burnetii
(Q fever)

Global distribution; 
exposure to 
unpasteurized milk 
or agricultural areas

Serologic tests (high titers of 
antibody to both phase 1 and 
phase 2 antigens); also PCR 
assay on blood or valve tissue

HACEK spp. Periodontal disease or 
preceding dental 
work

Although traditionally a cause of 
culture-negative IE, HACEK 
species are now routinely 
isolated from most liquid broth 
continuous monitoring blood 
culture systems without 
prolonged incubation times

Legionella spp. Contaminated water 
distribution systems; 
prosthetic valves

Serology available; periodic 
subcultures onto buffered 
charcoal yeast extract medium; 
lysis-centrifugation technique; 
PCR assay available

Nutritionally 
variant 
streptococci

Slow and indolent 
course

Supplemented culture media or 
growth as satellite colonies 
around Staphylococcus aureus 
streak; antimicrobial 
susceptibility testing often 
requires processing specialized 
microbiology laboratory

Tropheryma 
whipplei 
(Whipple’s 
disease)

Typical signs and 
symptoms include 
diarrhea, weight 
loss, arthralgias, 
abdominal pain, 
lymphadenopathy, 
central nervous 
system involvement; 
IE may be present 
without systemic 
symptoms

Histologic examination of valve 
with periodic acid–Schiff stain; 
valve cultures may be done 
using fibroblast cell lines; PCR 
assay on vegetation material

HACEK, Haemophilus spp., Aggregatibacter spp., Cardiobacterium hominis, 
Eikenella corrodens, and Kingella spp.; IE, infective endocarditis; PCR, polymerase 
chain reaction.

viruses; or (9) noninfective endocarditis or an incorrect diagnosis. 
Table 82-6 summarizes common causes of culture-negative IE. Atten-
tion to the proper collection of blood culture specimens, care in the 
performance of serologic tests, and use of newer diagnostic techniques 
may reduce the proportion of culture-negative cases.

Polymicrobial Endocarditis
The proportion of IE cases due to more than one pathogen may be 
increasing. In a literature review spanning the 1980s,498 101 cases of 
polymicrobial IE were found. S. aureus and viridans group streptococci 
were the most common identified organisms. The mean age was 36.5 
years, the male-to-female ratio was almost 2 : 1, and 71 of the patients 
were injection drug users. As expected, tricuspid valve involvement 
with septic pulmonary emboli was common. Left-sided involvement, 
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accepted as indicative of successful treatment, because relapse is 
common after treatment with these agents is discontinued. Likewise, 
antibiotic combinations should produce a rapid bactericidal effect. This 
is seen with synergistic combinations, such as penicillin plus an ami-
noglycoside effective against most viridans streptococci or enterococci. 
In experimental animals, the rate of bactericidal action expressed by a 
drug or combination of drugs in broth is predictive of the relative rate 
at which the organisms are eradicated from the cardiac vegetations in 
vivo. Antagonistic combinations, such as penicillin plus chlorampheni-
col, which are less rapidly bactericidal, are less effective in experimental 
IE than the single bactericidal drug (penicillin) alone.509 General 
guidelines for the evaluation of new antimicrobial agents for the treat-
ment of IE were published in 1992.510 Guidelines for outpatient paren-
teral antibiotic therapy for IE have been published. These guidelines 
outline a conservative approach (inpatient or daily outpatient 
follow-up) during the critical phase (weeks 0 to 2 of treatment), when 
complications are most likely, followed by outpatient parenteral anti-
biotic therapy for the continuation phase of antibiotic therapy.511

Patients with IE may have an associated myocarditis complicated 
by cardiac arrhythmias and CHF. These patients (with IE plus CHF) 
require close observation in an intensive care unit with electrocardio-
graphic monitoring. As discussed later, the selection of antibiotics 
should be based on antimicrobial susceptibility tests and the treatment 
should be monitored clinically and with determination of antimicro-
bial blood levels when indicated. Blood cultures should be obtained 
during the early phase of therapy to ensure eradication of the bactere-
mia and in patients with persistent or recurrent fever during therapy. 
The use of anticoagulants during therapy for native valve IE has been 
associated with fatal subarachnoid hemorrhage and other bleeding 
complications. Most authorities agree that anticoagulant administra-
tion in this setting is contraindicated, but this conclusion is controver-
sial. In cases of IE localized to mechanical prosthetic valves, many 
clinicians maintain anticoagulation within therapeutic range, provided 
that the patient has no evidence of major vascular emboli (e.g., central 
nervous system signs or symptoms). One study concluded that oral 
anticoagulation should be discontinued in patients with S. aureus pros-
thetic valve IE until the septic phase of the disease is resolved (approxi-
mately 10 days after initiation of antimicrobial therapy).512

Patients with left-sided IE should be managed at least initially in 
facilities with access to cardiothoracic surgery. Although persistent or 
recurrent fever despite appropriate antimicrobial therapy may be due 
to pulmonary or systemic emboli or drug hypersensitivity, the most 
common cause is extensive valve ring or adjacent structure infection 
or metastatic infection.513 Approximately one third of patients with 
left-sided IE require surgery during the acute stages of infection for 
either valve replacement or metastatic infection.325 Close monitoring 
and early surgical consultation of patients with IE, particularly those 
with signs of heart failure or persistent fever, are essential. The critical 
role of early cardiac surgery in many cases of IE has been clearly reiter-
ated by a large, well-designed propensity study514 and one recent ran-
domized trial.515 However, this latter study has been criticized for study 
design issues that limited generalizability, including infrequency of S. 
aureus IE and a relatively young and healthy patient population.

Tests Useful for Antimicrobial 
Treatment Monitoring
Management of IE demands careful consideration of the choice, dose, 
and duration of antimicrobial therapy. The following laboratory tests 
can help the physician to monitor treatment and can aid in rational 
therapeutic decisions. In every case of bacterial IE, the etiologic agent 
must be isolated in pure culture and the minimal inhibitory concentra-
tion (MIC) and minimal bactericidal concentration (MBC) must be 
determined for the usual antibiotics used (see later discussion). Stan-
dard disk sensitivity testing is unreliable in the context of treating IE, 
and results may be misleading without the quantitative information 
provided by determining the MIC and MBC.

In some forms of IE, combinations of antibiotics are used rou-
tinely.516 These regimens are based on synergy studies performed in 
vitro and on results obtained in experimental animal models of IE. In 
difficult cases with a slow therapeutic response and in cases caused by 
unusual organisms, a determination of synergistic combinations of 

two organisms (vs. three or more), and older age were associated with 
a higher mortality rate.

THERAPY FOR INFECTIVE 
ENDOCARDITIS
The response to antimicrobial therapy for IE is unique among bacterial 
infections. Although the organisms may exhibit exquisite susceptibility 
in vitro to the antibiotics used, complete eradication takes weeks to 
achieve, and relapse is not unusual. There are two possible explanations 
for these phenomena: (1) The infection exists in an area of impaired 
host defense and is encased tightly in a fibrin meshwork in which the 
bacterial colonies divide relatively free from interference from phago-
cytic cells, and (2) the bacteria in these vegetations reach tremendous 
population densities (often 109 to 1010 CFU/g). At these high popula-
tions, the organisms may exist in a state of reduced metabolic activity 
and cell division, as was suggested by Durack and Beeson149 in studies 
of l-alanine incorporation into bacterial cell walls. A similar finding is 
observed in broth in vitro after 18 hours of incubation. In both situa-
tions, the bacteria are less susceptible to the bactericidal action of 
penicillin or other drugs that require cell wall synthesis and division 
for maximal activity. The relative importance of antimicrobial penetra-
tion into vegetations in the response to therapy is unresolved. Although 
multiple studies have examined antibiotic concentrations in human 
cardiac valve tissue obtained during surgery499 and they have usually 
been found to be in close agreement with concurrent serum concentra-
tions, the relevance of these data to therapy for IE is unknown, so 
current recommendations remain unaltered.

Information on antimicrobial concentration in vegetations, either 
in experimental models or in humans with IE, is sparse. Experiments 
involving a single dose of a radiolabeled antimicrobial agent with auto-
radiographic analysis of drug dispersion within vegetations of animals 
with experimental IE revealed three patterns500: (1) concentration at 
the periphery of the vegetation without diffusion into the core (e.g., 
teicoplanin); (2) progressive diffusion, but with a high gradient from 
periphery to core (e.g., ceftriaxone); or (3) homogeneous diffusion 
throughout the vegetation (e.g., several fluoroquinolones). The predic-
tive value of these observations in regard to therapeutic efficacy is 
unknown. The suboptimal clinical efficacy of teicoplanin in several 
clinical trials treating intravascular S. aureus infections may relate to 
the maldistribution of this agent within vegetations.501 Analysis of 
pharmacodynamic variables (e.g., concentration-dependent bacteri-
cidal activity, postantibiotic effect) also may assist in the rational selec-
tion of regimens for the treatment of IE.500 Studies in animals have 
confirmed that, when vegetation formation is inhibited with antico-
agulants, the organisms are eradicated more rapidly with penicillin 
treatment than in control animals with larger vegetations.153 Enzymatic 
modification of the glycocalyx in the vegetations of experimental strep-
tococcal IE by in vivo dextranase administration facilitated the bacte-
ricidal activity of penicillin by more rapid sterilization of the lesion.502 
In contrast, tissue-type plasminogen activator produced a concentration-
dependent lysis of fibrin clots or vegetations infected with S. epidermi-
dis or S. sanguinis but did not enhance antimicrobial activity in in vitro 
models.503,504 Several studies in experimental IE have confirmed the 
utility of aspirin in reducing the size of vegetations and the microbial 
densities within aortic vegetations.505,506 In addition, one clinical study 
in patients with established IE suggested that aspirin could mitigate the 
growth of vegetative lesions (as monitored echocardiographically) and 
prevent cerebral emboli.507

Certain general principles have been accepted that provide the 
framework for the current recommendations for treatment of IE. Par-
enteral antibiotics are recommended over oral drugs in most circum-
stances because of the importance of sustained antibacterial activity. 
Erratic absorption with many classes of agents makes oral drugs less 
desirable. Short-term therapy has been associated with relapse, and 
most current recommendations emphasize extended drug administra-
tion. Early studies by the British Medical Research Council508 first 
emphasized the necessity for prolonged treatment. Bacteriostatic anti-
biotics are generally ineffective in the treatment of bacterial IE. Their 
use has been associated with frequent relapses, failure to control the 
infection, or both. A symptomatic response to agents such as tetracy-
cline, erythromycin, or, in some cases, clindamycin should not be 
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viridans streptococci,520 with tolerance defined as a penicillin MBC-to-
MIC ratio exceeding 10 : 1. Almost all strains of nutritionally depen-
dent streptococci were tolerant to penicillin.521,522 The influence of the 
tolerance phenomenon on the response to penicillin therapy in experi-
mental IE is not known; two studies yielded conflicting results.523,524 
Data on human infections with tolerant strains and the therapeutic 
results are unavailable. Except for nutritionally variant streptococci, we 
do not believe that the demonstration of tolerance by an isolate of 
viridans streptococci influences therapeutic decisions.

By broth dilution susceptibility tests, the usual MBC determina-
tions for the so-called penicillin-sensitive streptococci are as follows: 
penicillin, 0.1 to 1 µg/mL; cephalothin, 0.15 to 1.25 µg/mL; vancomy-
cin, 0.15 to 0.4 µg/mL; streptomycin, 6.25 to 50 µg/mL; and gentami-
cin, 1.56 to 3.12 µg/mL.525,526 S. bovis is 10 to 5000 times more 
susceptible to penicillin than the other group D species (enterococci). 
They also are relatively susceptible to oxacillin, methicillin, and linco-
mycin, whereas the enterococci are resistant.337 Most streptococci in 
this group show synergism in vitro between penicillin or vancomycin 
and streptomycin, gentamicin, or kanamycin (see later discussion).527,528 
The first strains of viridans streptococci with high-level streptomycin 
resistance (MIC ≥1000 µg/mL) were reported in 1982 from Paris. 
Although these strains are rare (2% to 8% of isolates in some locales),529 
the documentation of aminoglycoside-modifying enzymes and the 
lack of penicillin-streptomycin synergy in vitro and in experimental 
animal models529,530 are alarming. These penicillin-susceptible strains 
may be killed synergistically by penicillin-gentamicin combinations. 
Significant antibiotic antagonism was shown with the combination  
of clindamycin and gentamicin for S. mutans IE. The in vitro syner-
gism between penicillin and aminoglycosides was found to correlate 
with a more rapid rate of eradication of bacteria from cardiac vegeta-
tions in vivo in the rabbit endocarditis model531,532 for the common 
viridans streptococci. All of these studies have been summarized in 
reviews.533-535 Low-level penicillin resistance (defined in this study as 
MIC 0.2 to 2 µg/mL) was found in 31% of viridans streptococci in 
Madrid in 1988 and 1989, and an additional 17% of strains showed 
high-level resistance.536 Perhaps most important, streptomycin and 
cefotaxime resistance also was found to be “common.”25 The authors 
suggested a vancomycin-gentamicin regimen for IE due to viridans 
streptococci in Spain.

antibiotics may be helpful. In these cases, tests for bactericidal syner-
gism may be undertaken by standard techniques, such as broth dilu-
tion, microtiter “checkerboards,” or time-kill curves in broth. Proper 
attention to standardized techniques, especially inoculum size, is 
crucial for a meaningful interpretation of the results.

When aminoglycosides are used in therapy, the concentration of 
antibiotic in the serum should be determined periodically. These 
agents have a low toxic-to-therapeutic ratio, especially in elderly 
patients and in patients with renal disease. Peak and trough concentra-
tions should be measured, and the dose should be altered accordingly. 
This method is superior to reliance solely on nomograms for dosage 
changes. If synergy with another agent is demonstrable, serum concen-
trations of the aminoglycosides lower than those generally considered 
“therapeutic” may be adequate, lessening the potential for toxicity.

Antimicrobial Therapy
The treatment recommendations contained in this chapter are sum-
marized in Table 82-7 and are based on published guidelines from the 
American Heart Association Committee on Endocarditis.312 These 
guidelines are under active revision at the time of writing of this 
chapter. The role of aminoglycosides and other agents in combination 
therapy for IE also has been reviewed.517

Penicillin-Sensitive Streptococcal Endocarditis
Most strains of viridans streptococci, “other” streptococci (including 
S. pyogenes), and nonenterococcal group D streptococci (primarily S. 
bovis) are exquisitely sensitive to penicillins, with an MIC of less than 
0.12 µg/mL. Of viridans streptococci, 15% to 20% are “resistant” to this 
arbitrary concentration of penicillin.330,354 In addition, approximately 
15% of the strains of S. mutans show a low MIC for penicillin (<0.1 µg/
mL), but the MBC is considerably higher (1.25 to 50 µg/mL).333 These 
organisms probably should be considered “penicillin tolerant” and 
should be treated accordingly. Although results depend on the in vitro 
methodology employed, studies beginning in the 1980s suggested that 
tolerance to penicillin among viridans streptococci was more prevalent 
than previous reports had indicated.518 Of viridans streptococci cul-
tured from gingiva and blood after dental procedures, 19% were toler-
ant,519 especially among S. mutans (27%) and S. mitior (20%) isolates. 
Almost identical figures were reported among blood culture isolates of 

TABLE 82-7  Summary of Treatment Options for Endocarditis

ORGANISM/REGIMENa COMMENTS
Staphylococcus aureus

Native Valve
Methicillin-susceptible Nafcillin or oxacillin, 2 g IV q4h × 4-6 wk

Optional: gentamicin, 1 mg/kg IV q8h × 3-5 daysb
Use of gentamicin in native valve S. aureus IE is associated with 

significant nephrotoxicity without clear clinical benefit and therefore 
is not encouraged

Cefazolin, 2 g IV q8h × 4-6 hr
Optional: gentamicin, 1 mg/kg IV q8h × 3-5 daysb

Acceptable in setting of penicillin allergy other than immediate 
hypersensitivity. See above cautions about gentamicin use.

Methicillin-resistant Vancomycin, 15-20 mg/kg IV q8-12h × 6 wkb Also acceptable in setting of immediate hypersensitivity or anaphylaxis 
to penicillin; goal vancomycin trough level 15-20 µg/mL is 
recommended

Prosthetic Valve
Methicillin-susceptible Nafcillin or oxacillin, 2 g IV q4h × ≥6 wk, plus 

gentamicin, 1 mg/kg IV q8h × 2 wk, plus 
rifampin, 300 mg PO/IV q8h × ≥6 wk

Methicillin-resistant Vancomycin, 15-20 mg/kg IV q8-12h × ≥6 wk 
plus gentamicin, 1 mg/kg IV q8h × 2 wk, plus 
rifampin, 300 mg PO/IV q8h × ≥6 wk

Goal vancomycin trough level 15-20 µg/mL is recommended

Injection Drug Use
Methicillin-susceptible Nafcillin or oxacillin, 2 g IV q4h × 2 wk; plus 

gentamicin, 1 mg/kg IV q8h × 2 wk
Two-week regimen only for use in injection drug users with infection 

limited to tricuspid valve, no renal insufficiency, and no 
extrapulmonary infection. Two weeks of monotherapy with 
antistaphylococcal penicillin has also been successfully used in these 
patients.

Methicillin-resistant Vancomycin, 15-20 mg/kg IV q8-12h × 4 wk Use of gentamicin in this setting is not recommended. Goal 
vancomycin trough level 15-20 µg/mL is recommended.

Daptomycin, 6 mg/kg IV qd × 4-6 wk Daptomycin is U.S. Food and Drug Administration–approved for 
treatment of right-sided S. aureus IE; for adults, some experts 
recommend 8-10 mg/kg IV

Continued
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ORGANISM/REGIMENa COMMENTS
Coagulase-Negative Staphylococci

Native Valve
Methicillin-susceptible Nafcillin or oxacillin, 2 g IV q4h × 4-6 wk

Optional: gentamicin, 1 mg/kg IV q8h × 3-5 days

Methicillin-resistant Vancomycin, 15-20 mg/kg IV q8-12h × 6 wk Also acceptable in setting of immediate hypersensitivity or anaphylaxis 
to penicillin. Goal vancomycin trough level 15-20 µg/mL is 
recommended.

Prosthetic Valve
Methicillin-susceptible Nafcillin or oxacillin, 2 g IV q4h × ≥6 wk, plus 

gentamicin, 1 mg/kg IV q8h × 2 wk, plus 
rifampin, 300 mg PO/IV q8h × ≥6 wk

Methicillin-resistant Vancomycin, 15-20 mg/kg IV q8-12h × ≥6 wk, 
plus gentamicin, 1 mg/kg IV q8h × 2 wk, plus 
rifampin, 300 mg PO/IV q8h × ≥6 wk

Goal vancomycin trough level 15-20ug/mL is recommended

Penicillin-Susceptible Viridans Streptococci (MIC ≤0.1 µg/mL) and Streptococcus bovis (S. gallolyticus)
Penicillin, 2-3 million units IV q4h × 4 wk, or 

ampicillin, 2 g IV q4h × 4wk
Also effective for other penicillin-susceptible nonviridans streptococci 

(e.g., group A streptococci)

Ceftriaxone, 2 g IV qd × 4 wk For penicillin allergy; patients with uncomplicated viridans 
streptococcal IE are candidates for outpatient therapy

Penicillin, 2-3 million units IV q4h × 2 wk, plus 
gentamicin, 1 mg/kg IV q8h × 2 wk

Uncomplicated native valve IE only; not acceptable for nutritionally 
variant streptococci

Nutritionally variant strain Penicillin, 2-4 million units IV q4h × 4 wk, plus 
gentamicin, 1 mg/kg IV q8h × 2 wk

For prosthetic valve IE, give 6 wk of penicillin. Nutritionally variant 
streptococci are often penicillin tolerant.

Vancomycin, 15-20 mg/kg IV q8-12h × 4 wk For penicillin allergy

Relatively Penicillin-Resistant Viridans Streptococci (MIC 0.12-<0.5 µg/mL)
Penicillin, 4 million units IV q4h × 4 wk, plus 

gentamicin, 1 mg/kg IV q8h × 2 wk

Vancomycin, 15-20 mg/kg IV q8-12h × 4 wk For penicillin allergy or to avoid gentamicin

Enterococcic and Penicillin-Resistant Viridans Streptococci (Penicillin MIC >0.5 µg/mL)
Penicillin-susceptible, aminoglycoside-

susceptible enterococci
Penicillind 3-5 g IV q4h × 4-6 wk, plus 

gentamicin, 1 mg/kg IV q8h × 4-6 wk; or
Ampicillin, 2 g IV q4h, plus gentamicin, 1 mg/kg 

IV q8h × 4-6 wk

Increase duration of both drugs to 6 wk for prosthetic valve infection 
or for enterococcal IE with symptoms >3 mo. For older patients and 
those with underlying renal disease, can consider shortening the 
duration of gentamicin to 2 wk.

Penicillin-resistant, vancomycin-susceptible, 
aminoglycoside-susceptible enterococci

Vancomycin, 15-20 mg/kg IV q8-12h × 6 wk, plus 
gentamicin, 1 mg/kg q8h × 6 wke

Also for patients with penicillin allergy. This regimen is associated with 
enhanced risk of nephrotoxicity. Penicillin desensitization should be 
considered as an alternative to this regimen when possible.

Penicillin-susceptible, aminoglycoside-
resistant enterococci

Ampicillin, 2 g IV q4h, plus ceftriaxone, 2 g IV 
q12h

Useful for patients with significant underlying renal disease

Penicillin-resistant, vancomycin-resistant 
enterococci

No standard therapy; daptomycin, linezolid, and 
quinupristin-dalfopristin have been used

Consult infectious diseases specialist

HACEK Strains
Ceftriaxone, 2 g IV qd × 4 wk Increase duration to 6 wk for infections involving prosthetic valves

Ampicillin-sulbactam, 3 g IV q6h × 4 wk (if 
β-lactamase producing strain)a

Increase duration to 6 wk for infections involving prosthetic valves

Non-HACEK Gram-Negative Bacillif

Enterobacteriaceae Extended-spectrum penicillin (e.g., piperacillin-
tazobactam) or cephalosporin plus 
aminoglycosides for susceptible strains

Treat for a minimum of 6-8 wk. Some species exhibit inducible 
resistance to third-generation cephalosporins. Valve surgery is often 
required for patients with left-sided IE caused by gram-negative 
bacilli, especially for prosthetic valve IE. Consultation with an 
infectious diseases specialist is recommended.

Pseudomonas aeruginosa Antipseudomonal penicillin (e.g., piperacillin) plus 
high-dose tobramycin, 8 mg/kg/day IV or IM in 
once-daily doses; or

High-dose ceftazidime, cefepime, or imipenem

Goal tobramycin peak and trough concentrations of 15-20 µg/mL and 
≤2 µg/mL, respectively. Treat for a minimum of 6-8 wk. Early valve 
surgery usually required for left-sided Pseudomonas IE; consultation 
with a specialist in infectious diseases is recommended.

Fungif

Treatment with a parenteral antifungal agent 
(usually an amphotericin B–containing product) 
is usually recommended as initial therapy

Fungal endocarditis is usually an indication for valve replacement 
surgery. Long-term/lifelong suppressive therapy with oral antifungal 
agents is often required. Consultation with a specialist in infectious 
diseases is recommended.

aDosages assume normal renal function. For patients with renal insufficiency, adjustments must be made for all antibiotics except nafcillin, rifampin, and ceftriaxone. 
Gentamicin doses should be adjusted to achieve a peak serum concentration of approximately 3 µg/mL 30 minutes after dosing and a trough gentamicin level of 
<1 µg/mL.

bPrimarily relevant to left-sided IE.
cEnterococci must undergo antimicrobial susceptibility testing. These recommendations are for enterococci susceptible to penicillin, gentamicin, and vancomycin except as 

indicated.
dAmpicillin, 12 g/day, can be used instead of penicillin.
eThe need to add an aminoglycoside has not been demonstrated for penicillin-resistant streptococci.
fLimited data exist.
HACEK, Haemophilus spp., Aggregatibacter spp., Cardiobacterium hominis, Eikenella corrodens, and Kingella spp.; IE, infective endocarditis; MIC, minimal inhibitory 

concentration.
Modified from Baddour LM, Wilson WR, Bayer AS, et al. Infective endocarditis: diagnosis, antimicrobial therapy, and management of complications. Circulation. 

2005;111:e394-e433.
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that the Cornell regimen (using gentamicin as the preferred amino-
glycoside) should be employed for all patients with IE due to nutrition-
ally variant streptococci. Although temafloxacin plus tobramycin was 
as effective as penicillin plus tobramycin against experimental IE 
caused by S. adjacens (a nutritionally variant streptococcal species) in 
rabbits,548 quinolones are best avoided for IE due to streptococci 
pending further data.

In a penicillin-allergic patient for whom a cephalosporin is deemed 
safe, several regimens are acceptable for IE caused by penicillin-
susceptible viridans streptococci: (1) cefazolin, 2 g IM or IV every 8 
hours for 4 weeks, combined with streptomycin, 0.5 g IM every 12 
hours, or (2) gentamicin, administered IM or IV in two or three daily 
doses for a total of no more than 3 mg/kg daily, for the initial 2 weeks, 
or (3) ceftriaxone alone, 2 g IV or IM given daily for 4 weeks. This  
last regimen has been proven efficacious against penicillin-sensitive 
streptococcal IE.549,550 In one uncontrolled trial in Europe, 55 of 59 
patients completed treatment with 4 months to 5 years of follow-up; 
treatment was completely uneventful in 71% of patients, whereas valve 
replacement eventually was required in 10 patients. This regimen may 
permit outpatient therapy in most stable patients with this disease. In 
addition, ceftriaxone plus an aminoglycoside has shown in vivo 
synergy in experimental viridans streptococcal IE.551 Combination 
regimens of 2 weeks including ceftriaxone (2 g once daily) plus an 
aminoglycoside (netilmicin or gentamicin), which allow for shortened, 
predominantly outpatient regimens, have been studied in penicillin-
susceptible viridans streptococcal IE.541,542 These trials, performed in 
Europe and North and South America, documented efficacy in this 
form of IE comparable to that achieved with other 2-week or 4-week 
regimens.541,542

If treatment with β-lactams is contraindicated, the regimen of 
choice is vancomycin, 30 mg/kg/24 hr in two equally divided doses 
(not to exceed 2 g/24 hr, unless serum concentrations are inappropri-
ately low) for 4 weeks.312 Because patients, particularly obese patients, 
who are receiving a fixed dose of vancomycin regularly received inad-
equate doses of the antibiotic, weight-based dosing strategies are pre-
ferred.552 A 4-week regimen of high-dose teicoplanin has been 
efficacious in a few patients with streptococcal IE,553 but the occurrence 
of drug fever and infection with teicoplanin-tolerant S. bovis is cause 
for concern.

Endocarditis Caused by Streptococci with 
Penicillin MIC Greater Than 0.5 µg/mL or 
by Enterococci
Enterococci are a common cause of IE and can be highly resistant to 
therapy. The mortality rate still approximates 20%,551 and relapses are 
common. By broth dilution susceptibility tests, the MIC determinations 
for many enterococci are as follows: penicillin, 0.4 to 12.5 µg/mL; 
ampicillin, less than 0.4 to 3.1 µg/mL; cephalothin, 12.5 to 25 µg/mL; 
vancomycin, 0.78 to 3.1 µg/mL; streptomycin, 3.1 to greater than 
50 µg/mL; and gentamicin, 6.25 to 25 µg/mL. Ampicillin is approxi-
mately twice as active as penicillin by weight. In contrast, the usual 
MBC determinations are as follows: penicillin, greater than 6.25 µg/mL 
(in 80% of cases, >100 µg/mL); cephalothin, greater than 100 µg/mL; 
streptomycin, greater than 25 µg/mL; vancomycin, greater than 100 µg/
mL; and gentamicin, 25 µg/mL or less.554 E. faecium strains are more 
resistant to β-lactams than are E. faecalis strains.555 In general, these 
agents are bacteriostatic against the enterococci and should not be 
administered alone in this disease. This bacteriostatic action of agents 
known to inhibit cell wall synthesis is the result of a defective bacterial 
autolytic enzyme system.556,557 As stated earlier, all β-lactams, including 
imipenem, are bacteriostatic against enterococci in vitro, and combina-
tion regimens are employed in treating IE whenever possible.558

A new mechanism of penicillin resistance among E. faecalis strains 
was described in 1983: plasmid-mediated β-lactamase production. 
These strains remain relatively rare.559,560 E. faecalis predominates, but 
β-lactamase production was documented in E. faecium.561 Ampicillin-
sulbactam overcomes the β-lactamase production and appears to be 
equivalent to vancomycin562,563 (or teicoplanin564) in experimental IE 
involving these organisms and superior to therapy with ticarcillin-
clavulanate.564 Most β-lactamase–producing organisms also display 
high-level aminoglycoside resistance, further compromising and 

The combination of penicillin and streptomycin was used in more 
than 200 historical cases at The New York Hospital-Cornell Medical 
Center without a documented relapse.527 This clinical experience has 
been confirmed elsewhere, but the overall reported relapse rate is 
1.4%.534 This regimen is as follows: aqueous penicillin G, 10 million to 
20 million units IV daily, or procaine penicillin G, 1.2 million units IM 
every 6 hours, for 4 weeks, combined with streptomycin, 0.5 g IM 
every 12 hours for the first 2 weeks. Studies by Wilson and colleagues 
at the Mayo Clinic537,538 showed that a 2-week course of IM procaine 
penicillin (1.2 million units every 6 hours) and streptomycin (0.5 g 
every 12 hours) cured at least 99% of patients with penicillin-sensitive 
streptococcal IE. These results were similar to those obtained with 
therapy consisting of β-lactams alone for a total of 4 weeks539,540 but 
significantly better than results obtained with penicillin alone for 2 
weeks. The latter regimen was associated with a 50% relapse rate if  
low doses of penicillin were used and improved to 17% with higher 
penicillin dosages. The 2-week penicillin-streptomycin regimen has 
been the most cost-effective and the preferred therapy among these 
three regimens in uncomplicated penicillin-sensitive (MIC ≤0.12 µg/
mL) streptococcal IE in young patients. However, since the advent of 
ceftriaxone-based regimens (featuring 2 weeks of ceftriaxone plus an 
aminoglycoside), many clinicians have opted for this approach (see 
later discussion).541,542 Four weeks of penicillin (or ceftriaxone; see later 
discussion) alone is recommended for patients with impaired renal 
function and for those who are particularly susceptible to the low risk 
for streptomycin-induced ototoxicity (i.e., the elderly). The Cornell 
regimen (4 weeks of penicillin with an initial 2 weeks of streptomycin) 
has been recommended for patients with a complicated course, a 
history of disease exceeding 3 months’ duration, or prosthetic valve IE 
caused by these sensitive strains and when susceptibility testing reveals 
the rare penicillin-resistant streptococci.543 The preferred regimen for 
IE due to penicillin-tolerant streptococci is not established.

Most of the published clinical data with β-lactam–aminoglycoside 
regimens for the treatment of viridans streptococcal IE involve the  
use of penicillin or ampicillin plus either streptomycin or gentamicin. 
On the basis of extensive in vitro and animal data and for a variety of 
other reasons, however, the American Heart Association has deemed 
gentamicin preferable to streptomycin in this context.212 First, gen-
tamicin currently is more widely available and is used more often 
clinically than streptomycin in viridans streptococcal IE. Second, gen-
tamicin (but not streptomycin) serum level determinations are per-
formed routinely in most hospital laboratories. Third, gentamicin can 
be administered intravenously or intramuscularly, whereas streptomy-
cin must be administered intramuscularly. Because in vitro synergy 
against most viridans streptococci with penicillin or ampicillin in com-
bination with gentamicin occurs at low gentamicin concentrations  
(1 to 3 µg/mL), most authorities recommend using gentamicin at a 
total daily dose of no more than 3 mg/kg/day (IM or IV), split into 
either a twice-daily (every 12 hours) or a thrice-daily (every 8 hours) 
dose regimen. However, one study using ceftriaxone plus gentamicin 
given as a once-daily dose reported excellent efficacy against penicillin-
susceptible streptococcal IE with no increases in aminoglycoside-
associated nephrotoxicity.542 Despite the apparent safety of once-daily 
aminoglycoside dosing in this study and in clinical trials involving 
patients with other infectious disorders,544 the total number of patients 
receiving such regimens for 2 weeks or longer has been relatively 
limited. As with any patients receiving aminoglycosides, appropriate 
clinical and blood level monitoring to mitigate ototoxicity and neph-
rotoxicity should be employed. Nomograms for prudent monitoring 
and adjustment of aminoglycoside dosages when once-daily regimens 
are employed have been published.543

We believe that gentamicin, at a total daily dose of 3 mg/kg, should 
be substituted for streptomycin in the aforementioned regimens when 
combination therapy is deemed advisable. In addition, a penicillin-
gentamicin regimen is indicated for viridans streptococcal IE if high-
level streptomycin resistance is present529,530 and for strains that are 
relatively resistant to penicillin (MIC >0.12 µg/mL and ≤0.5 µg/mL).312 
Infections caused by strains with a penicillin MIC greater than  
0.5 µg/mL should be treated as for enterococcal IE (see later dis-
cussion). Because of the enhanced rate of bacterial killing in animal 
models545,546 and the high relapse rate of about 17%,547 we also believe 
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throughout the 24-hour period may be more effective than a divided-
dose regimen and merits a trial in recalcitrant cases. Even higher-dose 
aminoglycosides and trimethoprim-sulfamethoxazole were ineffective 
in animal models586,587 and cannot be recommended.

Vancomycin also is bacteriostatic against enterococci and exhibits 
synergy with the aminoglycosides in vitro. The vancomycin-
streptomycin combination synergistically kills 40% to 80% of entero-
coccal strains, whereas the vancomycin-gentamicin combination 
shows synergy against 93% to 98%.588 In one study, vancomycin therapy 
alone was ineffective in eradicating enterococci from cardiac vegeta-
tions in the rabbit model of IE, but the combination of vancomycin 
plus gentamicin rapidly achieved a bactericidal effect.571 Vancomycin 
combined with rifampin had an indifferent effect against enterococci 
(43/48 strains) in vitro; antagonism was observed rarely.589 
Glycopeptide-resistant strains of enterococci first were isolated in 
France in 1986 and since then have emerged rapidly in many geo-
graphic areas worldwide (e.g., New York City590) as an important cause 
of nosocomial infections. The genetics of vancomycin resistance591 is 
described elsewhere (see Chapter 30) and has been reviewed,592 but 
multiple phenotypes exist that may confer cross-resistance to related 
agents (e.g., teicoplanin, daptomycin). Molecular analyses suggest that 
a highly mobile genetic element (i.e., a transposon) is responsible for 
the rapid spread of vancomycin-resistant enterococci.590 The molecular 
basis for some forms of this resistance (substitutions of d-alanine-d-
lactate for d-alanine-d-alanine in the terminal pentapeptide chain) has 
been defined. IE due to vancomycin-resistant enterococci is unusual593 
but has been reported in a variety of clinical settings,594,595 including 
transplanted hearts.596

The therapy for vancomycin-resistant enterococcal IE is not estab-
lished.312 All suspected strains should be tested quantitatively (e.g., by 
determination of MIC or MBC) in vitro for susceptibility to glyco-
peptides, penicillins, and aminoglycosides. Teicoplanin—or, poten-
tially, linezolid or daptomycin597-599—may be useful, in combination 
with gentamicin, against some isolates with low-level vancomycin 
resistance that do not exhibit cross-resistance. Anecdotal cases have 
been reported of cures after therapy with linezolid,594 a combination of 
quinupristin-dalfopristin plus ampicillin and gentamicin in addition 
to aortic root replacement,600 and chloramphenicol plus minocy-
cline.595 A triple combination of high-dose penicillin plus vancomycin 
plus gentamicin seems promising in animal models of IE induced by 
such resistant enterococci601,602 and should be considered if in vitro 
susceptibility test results suggest multiply-resistant isolates. The cepha-
losporins are relatively inactive against enterococci, even in combina-
tion with an aminoglycoside, and should not be used in this disease 
except potentially in place of an aminoglycoside and in combination 
with ampicillin (see later discussion).583,584 The older-generation qui-
nolones (e.g., ciprofloxacin) do not seem promising for the treatment 
of enterococcal IE.603

Native or prosthetic valve enterococcal IE caused by strains suscep-
tible to penicillin, gentamicin, and vancomycin should be treated with 
combination antimicrobial therapy for at least 4 to 6 weeks.533 The 
recommended regimen is as follows: aqueous penicillin G, 18 to 30 
million units IV daily in divided doses (or ampicillin 12 g/24 hr in six 
equally divided doses), plus gentamicin 3 mg/kg/24 hr in three equally 
divided doses, for 4 to 6 weeks. Gentamicin should not be given once 
daily for enterococcal IE. Experimental studies in enterococcal IE 
models show a greater reduction in vegetation bacterial densities when 
the aminoglycoside is administered in multidose rather than once-
daily regimens.604,605

Wilson and associates606 analyzed the experience at the Mayo 
Clinic with 56 patients who received treatment for 4 weeks with 
aqueous penicillin G (20 million units IV daily) combined with either 
streptomycin, 0.5 g IM every 12 hours, for enterococcal IE due to 
streptomycin-sensitive strains, or gentamicin, 1 mg/kg IM every 8 
hours, for IE due to streptomycin-resistant strains. Relapse rates were 
high (12.5%) for both regimens; however, all patients who experienced 
relapse had had symptoms suggestive of IE for longer than 3 months. 
Relapses also occurred only in patients with mitral valve involvement. 
All patients who received more than 3 mg/kg daily of gentamicin 
developed reversible nephrotoxicity (defined as a twofold increase  
in serum creatinine concentration), and 19% of patients receiving 

complicating the choice of available regimens (see later discussion). 
Still other enterococci, particularly E. faecium and Enterococcus raffi-
nosus, may display high-level penicillin resistance in the absence of 
β-lactamase production related to perturbations in various penicillin-
binding proteins; experimental IE caused by these organisms responds 
to therapy with daptomycin or vancomycin.565 To date, the number of 
reported cases of enterococcal IE caused by β-lactamase–producing 
strains or cases with high-level penicillin resistance on a nonenzymatic 
basis is low. The traditional view of β-lactam tolerance among entero-
cocci has been challenged566 in that some strains show “paradoxical” 
tolerance (i.e., there is a higher percentage of survivors at higher anti-
biotic concentrations). This phenomenon is shown more easily in vitro 
at high bacterial densities in stationary growth phase, a situation pre-
sumably reflecting the in vivo conditions in the vegetation, and may 
be important in bacterial persistence or relapse during or after therapy 
for enterococcal IE.

Cell wall–active antibiotics plus an aminoglycoside are synergistic 
and produce a bactericidal effect in vitro against most enterococcal 
strains. Although successful treatment of enterococcal IE requires such 
combinations, aminoglycoside-associated nephrotoxicity and ototox-
icity confer significant risk to patients whose antibiotic regimen 
includes an aminoglycoside. Studies in experimental models567 suggest 
that “low-dose” streptomycin (peak serum concentrations of 9.1 µg/
mL) in combination with penicillin is sufficient to treat streptomycin-
susceptible enterococcal IE. “High-level” streptomycin resistance 
(MIC >2000 µg/mL) is demonstrable in at least 60% of current entero-
coccal strains. This resistance correlates with an inability to show in 
vitro synergism between penicillin and streptomycin.568 These highly 
resistant strains show synergism between a penicillin and gentamicin 
in vitro569,570 at clinically achievable serum concentrations. Enhanced 
activity with the penicillin and gentamicin combination was seen  
in vivo for streptomycin-resistant and streptomycin-sensitive entero-
cocci in the rabbit model of IE. No differences in results were seen 
when penicillin was combined with low-dose versus high-dose genta-
micin (peak serum levels of 3.06 and 8.05 µg/mL, respectively) in the 
treatment of experimental streptomycin-resistant enterococcal IE.571 
Early reports572,573 revealed high-level gentamicin resistance among 
enterococci in 14% of isolates beginning in 1979. This phenomenon 
has become increasingly prevalent in many areas574-576 beginning with 
E. faecalis, but now includes E. faecium as well.576-578 High-level genta-
micin resistance (MIC ≥2000 µg/mL) now accounts for at least 35% of 
enterococcal blood isolates in many hospitals. The resistance is plas-
mid mediated through the production of aminoglycoside-modifying 
enzymes and can be transferred among strains. A clonal dissemination 
is not the cause of the increased frequency of these resistant strains, 
because gentamicin resistance appears in a wide variety of different 
conjugative and nonconjugative plasmids among enterococci.576 
Although these strains seldom cause IE, they present major problems 
in nosocomial infections,579 and, because resistance to multiple ami-
noglycosides is common, they represent a formidable therapeutic  
challenge.580 In addition, penicillin-aminoglycoside or vancomycin-
aminoglycoside synergy is not apparent against these organisms in 
vitro.

The optimal therapy for IE due to these highly resistant strains has 
not been established. None of the currently recommended regimens is 
bactericidal against these isolates, and valve replacement581 may be 
necessary for a cure. When these isolates are encountered, all available 
aminoglycosides must be tested separately, because the organism may 
be susceptible to one but resistant to others. Some isolates are sensitive 
to quinolones or daptomycin, but these agents have received scant 
attention in human enterococcal infections. Traditionally, long-term 
therapy (8 to 12 weeks) with high dosages of penicillin (20 to 40 million 
units IV daily in divided doses) or ampicillin (2 to 3 g IV every 4 hours 
or by continuous infusion) for IE due to these multiple aminoglycoside-
resistant enterococci was recommended. However, in vitro data582 and 
two recent open-label trials (see later discussion) of high-dose ceftri-
axone (2 g IV twice daily) plus ampicillin583,584 now strongly support 
the efficacy of a double β-lactam combination in the setting of 
ampicillin-sensitive, aminoglycoside-resistant enterococcal IE data. 
Although results vary among experimental animal models of IE with 
these strains,580,585 continuous infusion of high-dose ampicillin 
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Staphylococcal Endocarditis
The mortality rate in acute staphylococcal IE still approximates 25% to 
40%, and the preferred antibiotic regimen is controversial. Mortality is 
highest for men, for patients older than 50 years of age, and for patients 
with left-sided involvement or central nervous system manifestations. 
In addition, injection drug users seem to have a lower mortality than 
do nonaddicts. Most S. aureus isolates, whether community or hospital 
acquired, are now resistant to penicillin G (MIC >0.2 µg/mL). The 
current recommended regimen includes a penicillinase-resistant peni-
cillin (nafcillin or oxacillin, 2 g IV every 4 hours) or a cephalosporin 
(cephalothin, 2 g IV every 4 hours, or cefazolin, 2 g IV every 8 hours) 
given for 6 weeks.611 The addition of gentamicin produced a synergistic 
effect against S. aureus in vitro and in experimental staphylococcal IE 
in rabbits.612 However, the combination did not improve the survival 
rate (60%) over that observed with a penicillin derivative alone in a 
small group of patients.381 Combination therapy did not improve the 
results of therapy for staphylococcal IE in injection drug users,613 but 
the mortality rate is low (2% to 8%) in this subgroup of patients with 
this disease.

A number of studies evaluated whether combination therapy per-
mitted a shorter duration of therapy in injection drug users with  
S. aureus IE. Two weeks of nafcillin (2 g IV every 4 hours) plus tobra-
mycin (1 mg/kg IV every 8 hours) cured 47 (94%) of 50 injection  
drug users who had right-sided IE614 without evidence of renal failure, 
extrapulmonary metastatic infectious complications, aortic or mitral 
involvement, meningitis, or infection by MRSA. After this original 
experience with “short-course” parenteral therapy for right-sided S. 
aureus IE in addicts,614 three randomized, prospective trials of short-
course regimens in this disease were subsequently published, compris-
ing 121 patients (summarized by DiNubile).615,616 The combination 
regimens employed included intravenously administered cloxacillin 
with either gentamicin or amikacin.617-619 The overall clinical and 
microbiologic cure rates exceeded 90% in these studies. In patients 
with HIV seropositivity (most having CD4+ counts greater than 300 × 
106 cells) and in patients with large tricuspid vegetations (≥10 mm 
in diameter), such regimens had excellent efficacy.619 Ribera and 
co-workers619 showed an efficacy of intravenously administered cloxa-
cillin that was equivalent to that of the cloxacillin plus gentamicin 
regimen. These data suggested that parenteral β-lactam short-course 
therapy, with or without aminoglycoside, is adequate for the treatment 
of uncomplicated right-sided IE caused by methicillin-susceptible S. 
aureus (MSSA).312 By contrast, another investigation confirmed the 
relative ineffectiveness of a short-course regimen based on a glycopep-
tide (teicoplanin or vancomycin) plus gentamicin for right-sided S. 
aureus IE.620

In 2006, daptomycin, 6 mg/kg IV once daily, was shown to be 
noninferior to low-dose, short-course gentamicin plus either vanco-
mycin or nafcillin, as appropriate, for the treatment of S. aureus bac-
teremia and right-sided IE.621 Based on the results of this clinical trial, 
daptomycin received approval from the U.S. Food and Drug Adminis-
tration (FDA) for the treatment of S. aureus bacteremia, including 
right-sided native valve IE. Currently, there are insufficient data on the 
use of daptomycin for left-sided IE to provide a recommendation in 
this indication. Because of concerns about treatment-emergent resis-
tance to daptomycin, some authorities use daptomycin at higher doses 
(e.g., 8-10 mg/kg IV once daily) than those currently approved when 
treating complicated S. aureus infections.

Two studies have evaluated the use of predominantly oral 4-week 
antibiotic regimens (ciprofloxacin plus rifampin) for the treatment of 
uncomplicated right-sided S. aureus IE in injection drug users.622,623 In 
each study, including one in which more than 70% of patients were 
HIV seropositive,623 cure rates exceeded 90%.

Anecdotal case reports in nonaddicts with staphylococcal IE 
suggest that the addition of gentamicin may be beneficial if there is no 
response to nafcillin therapy.624 In a multicenter, prospective trial com-
paring nafcillin alone with nafcillin plus gentamicin (for the initial 2 
weeks) in the treatment of IE due to S. aureus,625 most of the patients 
were nonaddicts who had left-sided IE. Although the combination 
therapy resulted in a more rapid rate of eradication of the bacteremia, 
the incidence of nephrotoxicity was increased and no improvement  
in mortality was achieved. The 2005 American Heart Association 

streptomycin for 4 weeks developed irreversible vestibular toxicity. 
Although this was not a prospective randomized trial, we believe that 
in selected cases, enterococcal IE may be treated with 4 weeks of com-
bination therapy. Exceptions include mitral valve involvement, dura-
tion of symptomatic illness exceeding 3 months, enterococcal prosthetic 
valve endocarditis, and relapses of enterococcal IE.

A penicillin-allergic patient presents the clinician with a difficult 
therapeutic dilemma. Vancomycin as a single drug in a dose of 30 mg/
kg/24 hr in two equally divided doses up to 1 g IV every 12 hours, 
unless serum vancomycin levels are inappropriately low, is recom-
mended for the treatment of enterococcal IE when patients are unable 
to tolerate penicillin or ampicillin, or if the infecting pathogen is resis-
tant to these preferred agents.312 Experience is limited, however, and 
because of its lack of bactericidal activity in vitro and poor perfor-
mance in experimental IE, vancomycin should be combined with gen-
tamicin or streptomycin.312 This combination is potentially more 
nephrotoxic, and clinical proof of the superiority of such regimens  
over vancomycin alone is not available. The other therapeutic option 
in the allergic patient is “penicillin desensitization” followed by the 
administration of penicillin and an aminoglycoside. The treatment  
of enterococcal IE caused by highly aminoglycoside-resistant or 
glycopeptide-resistant strains was discussed earlier.

Alternatives to Full-Course Aminoglycoside  
Therapy for Enterococcal Infective Endocarditis
The significant risk for nephrotoxicity accompanying the traditional 
4- to 6-week course of aminoglycoside therapy recommended for 
enterococcal IE has prompted a number of investigators to consider 
potentially safer alternatives. Olaison and colleagues607 conducted a 
5-year nationwide prospective cohort study in Sweden in which 93 
episodes of enterococcal IE were identified. Although current Ameri-
can Heart Association guidelines for the treatment of enterococcal IE 
recommend combined treatment with penicillin or ampicillin plus an 
aminoglycoside for 4 to 6 weeks, these investigators evaluated the clini-
cal outcomes when the total duration of aminoglycoside therapy was 
reduced. Patients in this observational study had a median of 15 days 
of combined penicillin-ampicillin plus aminoglycoside. The overall 
cure rate of 81% (75/93) compared favorably with most historical 
control studies of enterococcal IE.608,609 The authors concluded that 
reducing the aminoglycoside duration to approximately 2 weeks would 
maintain clinical efficacy while reducing potential toxicities in this 
high-risk patient population with enterococcal IE.607 A recent study 
from Denmark has essentially confirmed the equivalent efficacies and 
reduced renal toxicities of the shorter-term aminoglycoside strategy 
for enterococcal IE.610

A second aminoglycoside-sparing strategy for ampicillin-
susceptible enterococcal IE involves pairing ampicillin with high-dose 
ceftriaxone (2 g IV every 12 hours) instead of gentamicin. This 
approach takes advantage of the fact that the combination of ceftriax-
one and ampicillin can saturate at least four of the five major penicillin-
binding proteins of enterococci. In a prospective observational cohort 
study involving 13 centers in Spain, Gavalda and co-workers583 initially 
reported 3-month cure rates of 67.4% in 43 patients with ampicillin-
susceptible E. faecalis IE who received a 6-week course of intravenous 
ampicillin, 2 g every 4 hours, plus intravenous ceftriaxone, 2 g every 
12 hours. This experience was replicated in a second observational, 
nonrandomized cohort study involving 246 consecutive adults with E. 
faecalis IE from 18 Spanish and Italian hospitals.584 Of the 246 patients, 
159 patients received ampicillin and ceftriaxone and 87 received ampi-
cillin and an aminoglycoside. Although there were no significant dif-
ferences between the two patient groups in 3-month mortality or 
relapses, interruption of antibiotic treatment due to adverse events was 
much more frequent in patients treated with ampicillin and an amino-
glycoside than in those receiving ampicillin and ceftriaxone (25% vs. 
1%, P < .001), primarily owing to the emergence of new renal failure 
(23% vs. 0%, P < .001). Based on these reports, we believe that the 
combination of ampicillin and ceftriaxone appears to be effective and 
safe for treating high-level aminoglycoside-resistant ampicillin-
susceptible E. faecalis IE and represents a reasonable option for patients 
with non–high-level aminoglycoside-resistant E. faecalis IE who are at 
increased risk for nephrotoxicity.
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and patients should be carefully monitored for this possibility.639 Of 
interest, a recent investigation reported improved clinical outcomes in 
patients with “high vancomycin MIC” MRSA bacteremia who received 
early substitution of daptomycin for vancomycin.640 For MSSA IE in 
patients with anaphylactoid-type β-lactam allergy and suboptimal 
responses to vancomycin, the need for β-lactam desensitization should 
be considered.641,642

The use of clindamycin to treat staphylococcal IE is associated with 
an unacceptable relapse rate and is not recommended.643 The optimal 
therapy for IE due to “tolerant” strains of S. aureus is controversial.644,645 
One retrospective study646 suggested that patients with IE due to these 
tolerant strains had a more complicated course; however, combination 
therapy did not seem to be beneficial. Tolerance does seem to influence 
the response to therapy in some experimental animal models of S. 
aureus IE,647 and the use of combination regimens seems prudent when 
these strains are recovered from patients, but this is not universally 
accepted. Another controversial area is the adjunctive role of 
rifampin.648 Because of the emergence of resistant strains, this drug is 
ineffective alone. Results of in vitro studies on rifampin combinations 
with either β-lactam agents or vancomycin frequently are contradic-
tory, and clinical outcomes with experimental IE induced by S. aureus 
depend on which drug in the combination exerts the greatest bacteri-
cidal activity in vivo.649 At present, rifampin should be reserved for 
patients showing poor serum bactericidal activity during therapy with 
a β-lactam or vancomycin and for patients with suppurative complica-
tions (e.g., valve-ring abscesses, hematogenous osteomyelitis, menin-
gitis). Resistance to clindamycin and rifampin has emerged during 
therapy for this condition, however.650

The therapy for IE due to S. aureus displaying borderline suscepti-
bility to antistaphylococcal penicillins, first described by McDougal 
and Thornsberry in 1986,651 is also a matter of debate. Experimental 
models of IE induced with these isolates suggest that nafcillin (or 
oxacillin) or ampicillin-sulbactam should be effective.652,653 Several 
agents, including teicoplanin, fosfomycin, and fluoroquinolones, are 
active against MRSA in vitro and are as rapidly bactericidal as vanco-
mycin in experimental animal models of IE due to MRSA,654-656 
although resistance to the quinolones has emerged during therapy, and 
frank failures have been recorded.642,657,658 For patients with MRSA IE 
not responding to vancomycin, several choices are available, including 
the addition of rifampin or gentamicin (or both) or other regimens 
including daptomycin,621 linezolid, quinupristin-dalfopristin, minocy-
cline, or trimethoprim-sulfamethoxazole, or ceftaroline.659 The latter 
agent is active against MRSA with reduced susceptibility to vancomy-
cin and daptomycin, including heteroresistant VISA (hVISA), VISA, 
vancomycin-resistant S. aureus (VRSA), and daptomycin nonsuscep-
tible S. aureus (DNSSA). S. aureus also displays a “seesaw” effect in 
which isolates display increased susceptibility to nafcillin as vancomy-
cin susceptibility decreases are also seen with ceftaroline, leading to 
improved results with ceftaroline against hVISA and VISA strains in 
in vivo model 642b. Experience with these drugs in humans with left-
sided or prosthetic S. aureus IE is limited.

Bayer and associates642,660 identified four parameters predictive of 
the presence of IE in 72 patients with S. aureus bacteremia in a pro-
spective study: (1) the absence of a primary site of infection, (2) com-
munity acquisition of infection, (3) metastatic sequelae, and (4) 
valvular vegetations detected by echocardiography. In another study of 
724 prospectively identified patients with S. aureus bacteremia, Fowler 
and associates observed key clinical identifiers of complicated bactere-
mia including (1) community acquisition, (2) persistent fever at 72 
hours, (3) skin examination suggesting the presence of acute systemic 
infection, and (4) positive blood culture 48 to 96 hours after the initial 
positive blood culture.376 Although these clinical identifiers are useful 
methods to assist in the identification of clinically unsuspected IE, the 
role of echocardiography increasingly is being recognized.

Two decision analyses have shown the role of TEE in identifying 
the presence of IE and in helping to define the duration of antibiotic 
therapy. Heidenreich and colleagues320 found that, for patients whose 
prior probability of IE was between 4% and 60%, initial use of TEE 
provided the greatest quality-adjusted survival at a cost within the 
range for commonly accepted health interventions. Rosen and col-
leagues321 found that the use of TEE to determine the duration of 

treatment guidelines considered adjunctive gentamicin therapy for 
both left-and right-sided S. aureus native valve IE to be optional.312 
Since then, additional evidence for the nephrotoxicity of even brief 
courses of gentamicin has become available—most compellingly, safety 
data from the previously mentioned randomized, controlled trial of 
daptomycin versus standard therapy for S. aureus bacteremia and 
native valve endocarditis.621 In that study, 236 patients from 44 centers 
in four countries were randomized to receive either daptomycin mono-
therapy or initial low-dose gentamicin (e.g., 3 mg/kg/24 hr IV in three 
equally divided doses for 3 to 5 days). In a post hoc analysis of the study 
results, Cosgrove and colleagues addressed the issue of gentamicin-
induced nephrotoxicity. In their analysis, 22% of patients receiving 
initial low-dose gentamicin, versus 8% of patients not receiving this 
adjunct therapy, experienced decreased creatinine clearance (P = .005). 
Receipt of any gentamicin was independently associated with clinically 
significant decreases in creatinine clearance.626 Based on these results 
and on the minimal existing data supporting its benefit, we believe that 
initial low-dose gentamicin should no longer be used for S. aureus 
bacteremia or native valve endocarditis in most clinical scenarios. The 
role of initial low-dose gentamicin remains unresolved in a number of 
other settings not addressed in Cosgrove and colleagues’ study, includ-
ing pediatric populations, patients with left-sided IE or prosthetic valve 
IE, infections caused by high-vancomycin MIC MRSA isolates (e.g., 
vancomycin intermediate-resistant S. aureus [VISA]), and infections 
with persistent bacteremia.627 If the organism is susceptible to penicil-
lin (MIC <0.1 µg/mL), this agent in a dose of 20 to 24 million units IV 
daily should be used. The response to treatment may be slow, often with 
fever and positive blood cultures lasting 1 week.378

The therapy for staphylococcal IE in penicillin-allergic patients  
and in cases in which the isolate is methicillin-resistant (i.e., MRSA) 
is problematic. A decision analysis concluded that patients with a  
questionable history of immediate-type hypersensitivity to penicillin 
and methicillin-sensitive S. aureus IE should be skin tested before 
starting antibiotic therapy.628 First-generation cephalosporins (as noted 
previously) generally are recommended in patients with non–life-
threatening penicillin allergy, but nafcillin is more active in experimen-
tal MSSA endocarditis629 and is preferred if the results of skin tests 
for penicillin allergy are negative. With the exception of ceftazidime, 
the in vivo efficacy of cephalosporins in experimental S. aureus IE has 
a positive correlation with in vitro activity (MIC) and the percentage 
of time during the dosing interval in which the drug serum level 
exceeds the MIC.629 Vancomycin still is recommended for the treat-
ment of S. aureus IE in patients with life-threatening penicillin allergy 
(e.g., anaphylaxis) or anaphylactoid reactions (e.g., giant urticaria) and 
when MRSA strains are involved; however, more recent experience 
suggests caution, because suboptimal outcomes have been associated 
with the use of this agent in MRSA IE. Vancomycin is less rapidly 
bactericidal than nafcillin in vitro against S. aureus, especially at high 
inocula (approximately 107 CFU), mimicking intravegetation densities. 
Vancomycin therapy for complicated S. aureus bacteremia also has 
been associated with relapses, as confirmed by pulsed-field gel electro-
phoresis.630 Failure rates of approximately 40% have been documented 
in patients with S. aureus IE treated with vancomycin631 despite right-
sided involvement. In another study632 using vancomycin-based regi-
mens (with or without rifampin), blood cultures remained positive 
after 7 days of therapy in approximately 50% of patients, despite right-
sided involvement and negative results in many echocardiographic 
studies. Patients with bacteremia or IE due to MRSA with high, but 
still “fully susceptible,” vancomycin MICs (defined as ≥1.5 µg/mL633 or 
as 2 µg/mL634) had a worse clinical outcome than patients whose 
bloodstream MRSA isolates had a lower vancomycin MIC value.635 The 
full implications of these findings, however, are not yet established,636 
because the same association of worse clinical outcome in infections 
caused by such “high vancomycin MIC” S. aureus strains has also 
been documented in patients infected with MSSA who were treated 
with antistaphylococcal penicillins instead of vancomycin.637 Dapto-
mycin is an alternative to vancomycin in the treatment of S. aureus 
bacteremia and IE.638 When daptomycin is used for the treatment 
of S. aureus IE, many authorities use higher doses than the FDA-
approved dose of 6 mg/kg.638 Clinicians should be aware of the possi-
bility of treatment-emergent resistance during daptomycin therapy, 
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exhibit constitutive hyperproduction of type Id β-lactamase679; (2) iso-
lates showing aminoglycoside resistance due to permeability defects 
emerge during therapy680; (3) no postantibiotic effect of β-lactams 
against P. aeruginosa is evident in vivo,681 necessitating frequent (or 
continuous) drug administration; and (4) the alginate exopolysaccha-
ride inhibits clearance of mucoid strains from the vegetation via cel-
lular or antimicrobial mechanisms. This inhibition can be reversed 
partially by the co-administration of alginase in animal models of 
Pseudomonas IE.682

Treatment failures of Pseudomonas IE in humans also have been 
related to the selection of isolates with an enhanced production of  
type Id β-lactamase.683 Based on clinical experience,387,407,408 however, 
the preferred regimen for IE due to P. aeruginosa is high-dose tobra-
mycin (8 mg/kg/day IV or IM in divided doses every 8 hours), with 
maintenance of peak and trough concentrations of 15 to 20 µg/mL 
and 2 µg/mL or less, respectively, in combination with either an 
extended-spectrum penicillin (e.g., ticarcillin, piperacillin, azlocillin) 
or ceftazidime or cefepime in full doses. The toxicity associated with 
this regimen is low; combination treatment should be given for a 
minimum of 6 weeks. The use of quinolones (in combination with an 
aminoglycoside) seems promising for the treatment of Pseudomonas 
IE on the basis of favorable results in animal models679 and in humans,684 
but the development of stepwise resistance during therapy may limit 
the efficacy of this class of drugs in the future. Based on limited experi-
mental data,685 ceftazidime-tobramycin is preferred over aztreonam-
tobramycin for this disease. Approximately seven cases of P. aeruginosa 
IE have been treated successfully with imipenem plus an aminoglyco-
side,686 but the potential for the development of resistance exists with 
any of these regimens.

Ceftriaxone or ampicillin-sulbactam should be considered treat-
ments of choice for IE due to HACEK group bacteria.312 Despite limited 
clinical data, ciprofloxacin is an accepted alternative therapy.312 Dura-
tion of treatment for HACEK IE should be at least 4 weeks for native 
and prosthetic valve infections.312 The previously mentioned recom-
mendations offer only a rough guide for initial treatment. It is impera-
tive that each isolate be subjected to quantitative sensitivity testing in 
vitro to ensure the optimal selection of antibiotics.

Endocarditis Due to Anaerobic Bacilli
Although IE caused by anaerobic bacilli is uncommon, the mortality 
rate is high. B. fragilis is isolated in many of these cases and is respon-
sible for most fatalities. Most strains of anaerobic bacilli, with the 
exception of B. fragilis, are sensitive to penicillin in vitro, and use of 
this agent, in a dose of 20 to 24 million units IV daily, is the recom-
mended therapy.452,453 However, only about one third of B. fragilis 
strains show an MIC for penicillin that is less than 0.25 µg/mL; and 
penicillin is only a bacteriostatic agent against these strains (the MBC 
is invariably >100 µg/mL), and relapse is common. Although clinda-
mycin and chloramphenicol readily inhibit most strains of B. fragilis, 
they lack bactericidal activity and they are poor therapeutic choices, 
although several patients have been cured with high-dose penicillin, 
chloramphenicol (1 g IV every 6 hours), or clindamycin (600 mg IV 
every 6 hours). Owing to excellent bactericidal activity in vitro and the 
serum concentrations attained, metronidazole, ticarcillin plus clavu-
lanic acid, piperacillin plus tazobactam, imipenem, and meropenem 
are reasonable choices for therapy for anaerobic IE.454

Pneumococcal, Gonococcal, and 
Meningococcal Endocarditis
IE caused by pneumococci, gonococci, or meningococci is now very 
rare. Pneumococcal IE must be considered in any patient with pneu-
mococcal bacteremia, especially if meningitis is present. This form of 
IE is most common in alcoholics; the organism generally attacks the 
aortic valve and results in valvular insufficiency, often with perivalvular 
abscess formation or pericarditis. Type 12 pneumococci cause more 
than 20% of the cases of pneumococcal IE but are a rare (5% of cases) 
cause of pneumococcal pneumonia. Penicillin, 20 to 24 million units 
IV daily, cefazolin (2 g IV every 8 hours), or a third-generation cepha-
losporin for 4 weeks is recommended to treat IE due to highly 
penicillin-susceptible pneumococcus. Although the impact of penicil-
lin resistance on the outcome of pneumococcal IE is unresolved, one 

therapy (2 weeks vs. 4 weeks) for patients with intravascular catheter–
associated S. aureus bacteremia was cost-effective and provided better 
outcomes than empirical 2-week or 4-week treatment strategies. While 
definitive trials are awaited, short-term therapy should be used only if 
IE can be excluded reasonably by methods previously discussed. 
Although older studies suggested that occult IE in patients with noso-
comial S. aureus bacteremia was uncommon, the increasing impor-
tance of health care–associated S. aureus IE has now been definitively 
established.14,18-20,661,662 In these patients, classic manifestations of IE are 
uncommon and TEE is useful in diagnosis of IE. IE due to glycopeptide-
intermediate S. aureus has been reported,663,664 and soft tissue infections 
due to vancomycin-resistant S. aureus665,666 have been reported and are 
cause for concern.

S. epidermidis is the second most common etiologic agent in cases 
of prosthetic valve IE.639 Most of these strains (87%) are methicillin 
resistant when isolated within 1 year after valve implantation. One 
study667 suggested that the optimal antimicrobial regimen for these 
infections is vancomycin plus rifampin, usually with the addition of an 
aminoglycoside. The emergence of vancomycin resistance among 
coagulase-negative staphylococci668 is cause for concern. These con-
cepts are discussed further in Chapter 83.

Endocarditis Due to Enterobacteriaceae or 
Pseudomonas Species
Approximately 2% of contemporary IE cases are caused by aerobic 
gram-negative bacilli.202 Health care contact and cardiac devices seem 
to have largely replaced injection drug use as the primary risk factors 
for acquisition of IE due to these bacteria. The prognosis is especially 
poor with left-sided cardiac involvement. Certain combinations of 
penicillins or cephalosporins and aminoglycosides have been shown 
to be synergistic against many of these strains and usually are recom-
mended.312 For IE caused by most strains of E. coli or Proteus mirabilis, 
a combination of a penicillin, either ampicillin (2 g IV every 4 hours) 
or penicillin (20 to 24 million units IV daily), and an aminoglycoside, 
usually gentamicin or a broad-spectrum cephalosporin, is suggested. 
Third-generation cephalosporins are extremely active against E. coli in 
vitro, and some (e.g., ceftriaxone) have proved effective in experimen-
tal animal models of E. coli IE,669 even when long dosing intervals were 
used. This group of agents merits further evaluation in humans for IE 
due to susceptible gram-negative bacilli.

A combination of a third-generation cephalosporin and an amino-
glycoside (either gentamicin or amikacin) is recommended for Klebsi-
ella IE. IE due to carbapenem-resistant Klebsiella has been successfully 
treated with a combination of colistin and gentamicin in one case 
report. Certain β-lactam/β-lactamase inhibitor combinations (e.g., 
piperacillin-tazobactam,670 but not ceftriaxone-sulbactam671) are active 
in vivo in experimental models of Klebsiella IE in animals induced by 
TEM-3–producing isolates and merit further evaluation in combina-
tion with an aminoglycoside in humans with this disease. The specific 
aminoglycoside employed is a crucial variable and cannot be predicted 
totally from MIC data alone, because pharmacodynamic characteris-
tics differ markedly in animal models of IE caused by gram-negative 
aerobic bacilli.672,673 Endovascular Salmonella infections, including IE, 
also may respond to third-generation cephalosporins (see later discus-
sion).674 Left-sided IE due to S. marcescens is often refractory to medical 
therapy alone.406

P. aeruginosa is a rare but potentially devastating cause of IE in 
at-risk populations. Medical therapy may be successful in P. aeruginosa 
IE involving the right side of the heart in 50% to 75% of cases. If the 
disease is refractory to antibiotics, tricuspid valvulectomy or “vegetec-
tomy”675 without valve replacement is indicated.676 Although valve 
replacement often is necessary for a cure of left-sided IE due to P. 
aeruginosa,677 medical therapy alone occasionally is curative.231,404 
Studies in animals with experimental Pseudomonas IE678 offer a partial 
explanation for these disparate results: The penetration into vegeta-
tions and the time during which antibiotic concentrations exceeded 
the MBC were significantly greater with tricuspid vegetations than 
with aortic vegetations for ceftazidime and tobramycin.

Problems have emerged with all potential regimens in animal 
models of this disease: (1) Therapy with β-lactams (e.g., ceftazidime) 
has failed, owing to the selection of clones within valve vegetations that 
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considered to be contraindicated. This agent should be tried after an 
initial course of amphotericin B in this setting or used for long-term 
suppressive therapy. The roles of amphotericin and lipid and liposomal 
complexes, voriconazole, and caspofungin in the treatment of fungal 
IE are unknown.

Q Fever Endocarditis
More than 1300 well-documented cases of Q fever have been 
reported699; the mortality rate exceeds 65%.478,479,481-483 Prolonged 
therapy (≥4 years) with doxycycline and either trimethoprim-
sulfamethoxazole or rifampin was considered to be the regimen of 
choice in the past (see Chapter 188).478,700-702 A fluoroquinolone may be 
a useful addition to doxycycline.478,702 The acidic conditions of the 
phagolysosome, where the organism resides, may inhibit antibiotic 
activity.702 Cure of the IE after treatment with a combination of doxy-
cycline and hydroxychloroquine to alkalinize the phagolysosome for 1 
year was reported in 20 patients.478 Valve replacement often is required, 
and long-term prognosis is guarded. Careful follow-up to detect recru-
descence of infection is essential. A combination regimen of doxycy-
cline plus hydroxychloroquine for at least 18 months allowed shortening 
the duration of therapy and resulted in reduction in the number of 
relapses.699 The Raoult group recently published their results with more 
than 100 patients with Q fever endocarditis followed over 26 years 
(median follow-up, 100 months). Based on their results, we believe the 
following: doxycycline plus hydroxychloroquine are the drugs of 
choice; 18 months of therapy is adequate for treatment of native valve 
Q fever endocarditis versus 24 months for prosthetic valve endocarditis 
unless certain serologic markers persist (requiring sequential monitor-
ing of these parameters).

Infective Endocarditis Due to Chlamydiae
Based on limited experience, a combination of valve replacement and 
prolonged (>3 months) tetracycline therapy seems justified in IE due 
to chlamydiae. Rifampin has cured at least one case of chlamydial IE 
after therapy with tetracyclines failed, but exposure to this agent 
rapidly induces the emergence of drug resistance in C. trachomatis in 
tissue culture.703 The role of combination regimens (e.g., rifampin plus 
erythromycin or tetracycline) merits further study.

Culture-Negative Endocarditis
The therapy for culture-negative IE in nonaddicts is controversial, but 
the regimen usually used “covers” enterococci, the HACEK group, and 
nutritionally variant streptococci. For native valve culture-negative IE, 
this regimen consists of a combination of ampicillin-sulbactam, 
12 g/24 hr in four equally divided doses, plus gentamicin 3 mg/
kg/24 hr in three equally divided doses plus ciprofloxacin for 4 to 6 
weeks.312 Early (≤1 year) culture-negative prosthetic IE should be 
treated with appropriately dosed vancomycin (for 6 weeks) plus gen-
tamicin (at doses indicated previously for 2 weeks) plus cefepime (6 g 
IV daily in three equally divided doses for 6 weeks) plus rifampin 
(900 mg PO or IV daily in three equally divided doses for 6 weeks).312 
Culture-negative IE involving prosthetic valves that have been in place 
for longer than 1 year should be treated as listed previously for native 
valve endocarditis.312 If staphylococcal IE is likely, a penicillinase-
resistant penicillin or a cephalosporin in full dosage should be substi-
tuted in the aforementioned regimen. If clinical improvement occurs, 
some authorities recommend discontinuation of treatment with the 
aminoglycoside after 2 weeks. The other agents should be continued 
for a full 6 weeks of treatment. Continued surveillance for the causative 
agent and careful follow-up are mandatory. An analysis of any correla-
tion between the response to empirical antimicrobial therapy and sur-
vival was performed in 52 patients with culture-negative IE498: 92% of 
the patients who became afebrile within the first week of therapy sur-
vived, compared with only 50% of those whose fever persisted longer 
than 7 days. Most deaths were caused by major systemic emboli or 
uncontrollable CHF due to valvular insufficiency.

Surgical Therapy
Valve replacement has become an important adjunct to medical 
therapy in the management of IE and now is used in almost half of the 
cases.11 Decisions regarding surgical intervention in patients with IE 

series of 63 patients with pneumococcal IE found that left-sided heart 
failure, but not penicillin resistance, was associated independently  
with a higher risk for death.687 IE without meningitis due to inter-
mediate (MIC >0.1 to 1.0 µg/mL) or high-level (MIC ≥2.0 µg/mL) 
penicillin-resistant pneumococci can be treated with high-dose peni-
cillin or a third-generation cephalosporin.312 If IE and meningitis are 
simultaneously present, high doses of cefotaxime or ceftriaxone (2 g 
IV every 12 hours) should be used.312 IE due to pneumococcal isolates 
resistant to cefotaxime (MIC ≥2.0 µg/mL) should be treated with van-
comycin plus rifampin. Importantly, these recommendations are based 
on current levels of resistance and could be revised based on future 
MIC characteristics.312

The gonococci that cause systemic infection usually are highly sus-
ceptible to penicillin.688 IE due to these organisms and the meningo-
cocci can be treated effectively with the same penicillin regimen 
recommended for pneumococcal IE. Although IE due to penicillin-
resistant gonococci (on the basis of either β-lactamase production or 
chromosomally mediated mechanisms) has not been reported, ceftri-
axone has been used successfully to treat gonococcal IE.689

Fungal Endocarditis
Since the 1990s, the incidence of fungal sepsis has undergone a striking 
increase. Fungal IE now occurs principally in the setting of health care 
contact (e.g., after surgery or prolonged parenteral therapy, in compro-
mised hosts such as neonates), whereas the importance of injection 
drug use as a risk factor for this condition has apparently diminished 
in recent series.468 Although the survival rate in patients treated before 
1974 was less than 20%,281 survival in the current era has increased to 
40% to 70%, coincident with improved diagnostic techniques.468,690 The 
preferred mode of therapy has not been determined. The use of anti-
fungal agents alone has been almost universally unsuccessful in achiev-
ing a cure of this disease. The addition of surgical measures to antifungal 
therapy may result in an improvement in prognosis, but to date there 
is insufficient clinical experience. If fungal IE is diagnosed, a combined 
medical-surgical approach is usually recommended.312,470,691

The mainstay of antifungal drug therapy is amphotericin B. This 
agent is toxic and produces multiple side effects, including fever, chills, 
phlebitis, headache, anorexia, anemia, hypokalemia, renal tubular aci-
dosis, nephrotoxicity, nausea, and vomiting. Drug toxicity is common 
and often necessitates alterations in the regimen. Dosages and the 
technique of administration are given in Chapter 38.

After 1 to 2 weeks of amphotericin B therapy at full dosages, surgery 
probably should be performed. If isolated tricuspid IE is present, total 
tricuspid valvulectomy usually can be considered in individual cases. 
Rarely, removal of the vegetation alone is curative. Valve replacement 
is necessary for left-sided fungal IE. The duration of antifungal therapy 
after surgery is empirical, but 6 to 8 weeks usually is recommended.

It is possible that combination antifungal therapy may improve  
the poor survival rate associated with fungal IE. Some strains of 
Candida spp. and Cryptococcus neoformans are inhibited in vitro by 
concentrations of 5-fluorocytosine achieved with the oral administra-
tion of 150 mg/kg/day in six divided doses. Synergism between 
5-fluorocytosine and amphotericin B has been documented for these 
yeasts in vitro and in the treatment of cryptococcal meningitis. This 
combination was fungicidal and perhaps instrumental in the cure of 
one case of Aspergillus IE. In the rabbit model of IE due to C. albicans, 
however, the addition of 5-fluorocytosine did not improve the rate of 
eradication of fungal organisms from the vegetation over the rate 
observed with amphotericin B alone. Potentiation of amphotericin B 
activity by rifampin has been noted for virtually all strains of Candida 
spp. tested and for a few isolates of H. capsulatum. The therapeutic 
advantage of the addition of 5-fluorocytosine or rifampin to ampho-
tericin for fungal IE requires further investigation, but initial results in 
animal models of disseminated candidiasis are not encouraging.692 On 
the basis of animal model data,693 high-dose itraconazole may be of 
value in the treatment of Aspergillus IE but valve replacement probably 
will remain imperative for a cure.694 Amphotericin B is more effective 
than fluconazole for the prophylaxis and treatment of experimental 
Candida IE,695 and it remains the agent of choice. However, the use 
of fluconazole apparently has led to long-term cures of Candida IE 
in a limited number of patients470,696-698 when valve replacement was 
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surgery also is indicated. In 80 patients subjected to aortic valve 
replacement for IE, the surgical cure rate was 72%. There were no 
instances of subsequent infection of the prosthesis, but 16% of the 
patients developed paravalvular regurgitation. This latter complication 
usually was controlled easily with medical therapy. Organisms visible 
on Gram stain, positive cultures, or annular abscesses at the time of 
surgery are associated with late complications.710 Although the topic 
has not been systematically studied, most authorities suggest that, if 
there is evidence of active IE at the time of valve replacement surgery, 
antibiotic therapy should be continued postoperatively for at least 
several weeks. Such evidence might include vegetations that remain 
culture positive and vegetations with significant polymorphonuclear 
inflammation. An investigation by Morris and colleagues192 found that 
dead bacteria may persist for months in sterile vegetations and con-
cluded that only valve cultures should be considered when determin-
ing the duration of antibiotic therapy after valve replacement for IE. 
By contrast, routine valve cultures in patients undergoing native valve 
replacement for indications other than clinically suspected IE do not 
seem warranted.716

The optimal timing of valve replacement surgery for left-sided IE 
is another unresolved clinical question. Because of the observed 
decrease in embolic risk during the initial 1 to 2 weeks of medical 
therapy, early surgical intervention could potentially avoid a devastat-
ing embolic event while subjecting the patient to the risks of valve 
replacement surgery. Therefore, the strategy for surgical intervention 
to avoid major embolization remains individualized.312 Some experts 
have proposed a general algorithm to assist in decision making regard-
ing the timing of valve replacement surgery in the setting of an existing 
embolus.717 The suggested algorithm proposes the following treatment 
strata. A patient with a central nervous system embolus smaller than 
2 cm in diameter without hemorrhage should undergo valve surgery 
within 72 hours. Patients with central nervous system emboli smaller 
than 2 cm with hemorrhage should wait 15 days to undergo surgery. 
Valve replacement surgery should be postponed 15 to 28 days for 
patients who have emboli larger than 2 cm without hemorrhage and 
at least 28 days for patients with emboli larger than 2 cm and hemor-
rhage.717 It is important to emphasize that these recommendations are 
intended to serve as general guidelines in the absence of definitive 
evidence.

In contrast to left-sided IE, in which CHF is the usual indication 
for surgical intervention, persistent infection is the indication for 
surgery in more than 70% of patients with right-sided IE. Most patients 
are injection drug users, with IE caused by organisms that are difficult 
to eradicate with antimicrobial therapy alone (e.g., fungi, gram-
negative aerobic bacilli). Tricuspid valvulectomy or vegetectomy with 
valvuloplasty is the procedure of choice for refractory right-sided 
IE.718,719 Valve replacement at a second operation is advised only if 
medical management fails to control the hemodynamic manifestations 
and the patient has ceased using illicit drugs. Combination antimicro-
bial therapy should be continued for 4 to 6 weeks postoperatively. 
These patients may develop mild-to-moderate right-sided heart failure, 
but this is tolerated easily, and the success rate with this approach is 
greater than 70%. Eventual tricuspid valve replacement usually is 
required, however, owing to progressive right-sided heart failure. Per-
sistent fever, recurrent pulmonary emboli, or vegetations demonstrable 
by echocardiography usually do not necessitate tricuspid valvulectomy 
in this setting.720 In addition, many surgeons contend that a return to 
the use of illicit drugs and reinfection of the valve after initial cure are 
contraindications to reoperation.721

Outstanding reviews on the indications for surgery during therapy 
for IE are available.706,722-725 The rationale for surgical intervention, 
including major and minor criteria for valve replacement, is discussed 
in detail. A point system weighting multiple factors was devised by 
Alsip and colleagues722 to assist in decision making concerning surgery 
in patients with active IE. The value of this system remains to be 
defined. It has become apparent that most patients with prosthetic 
valve IE (except patients with late disease caused by penicillin-sensitive 
viridans streptococci) require valve replacement for consistent cures. 
Valve replacement also is necessary in a significant proportion of 
patients with IE on native valves after a medical cure; aortic involve-
ment is a predictor of the need for surgery.726

should be individualized and should be made with input from the 
infectious diseases physician, the cardiologist, and the cardiovascular 
surgeon.312 Patients with IE and CHF should be immediately evaluated 
for potential surgical therapy.312,704 Other generally accepted indica-
tions for potential surgical intervention during active IE are as follows: 
(1) more than one serious systemic embolic episode; (2) uncontrolled 
infection; (3) ineffective antimicrobial therapy (e.g., in fungal IE); (4) 
resection of mycotic aneurysms; (5) most cases of prosthetic valve IE 
caused by more antibiotic-resistant pathogens (e.g., staphylococci, 
enteric gram-negative bacilli); and (6) local suppurative complications, 
including perivalvular or myocardial abscesses. The major indications 
in the past have been persistent infection and CHF705-707 in adults and 
children.708 CHF during active IE was the indication for surgery in 86% 
of 108 patients undergoing valve replacement at Stanford University 
Medical Center from 1963 to 1984.707 The important role of valve 
replacement surgery has been emphasized for patients with S. aureus 
prosthetic valve IE.709

Despite the widespread use of TTE and TEE in patients with IE, 
the indications for surgical intervention based on echocardiographic 
features remain controversial. The American Heart Association Com-
mittee on IE, working from data reported in the recent literature, 
identified the following echocardiographic features in IE as being  
associated with a potential increased need for surgical intervention:  
(1) persistent vegetations after a major systemic embolic episode;  
(2) large (>1 cm in diameter) anterior mitral valve vegetations; 
(3) increase in vegetation size after appropriate antibiotic therapy;  
(4) acute mitral insufficiency; (5) valve dehiscence, perforation, or 
rupture; and (6) periannular extension of infection (e.g., paravalvular 
abscess or fistula).312 The most common causes of death in IE, in 
approximate order, are CHF,704 neurologic events,202 septic complica-
tions,710 embolic phenomena, rupture of a mycotic aneurysm, compli-
cations of cardiac surgery, lack of response to antimicrobial therapy, 
and prosthetic valve IE.312

Owing to the inherent differences between medically managed 
patients with IE and patients undergoing surgical intervention for IE, 
the optimal role and timing of valve surgery in IE is controversial. 
However, a growing body of evidence supports the importance of early 
surgical intervention. A randomized clinical trial711 and a large, well-
designed propensity analysis514 have both demonstrated that early 
valve surgery is associated with increased survival in patients with IE. 
A retrospective cohort study stratified adults with complicated left-
sided native valve IE, using baseline features, into four groups of prog-
nostic severity.712 When acute aortic regurgitation complicated by CHF 
supervenes in IE, the mortality rate still exceeds 50%. The classic physi-
cal findings associated with chronic aortic regurgitation often are 
absent in these patients.322 The current trend is to perform early surgery 
in this group of patients, because nothing is gained by delay. The merits 
of early valve replacement surgery were confirmed in 1972.713 In a 
series of 28 patients from Birmingham, Alabama, with acute aortic 
regurgitation, 4 had no CHF and were managed medically, and all 
survived. In contrast, 7 of 11 patients with mild CHF and 7 of 8 patients 
with moderate-to-severe CHF died during medical therapy, often sud-
denly and with pathologic evidence of coronary emboli and myocar-
dial infarction. Four of five patients with moderately severe CHF who 
underwent surgery survived. These data suggest that early surgical 
intervention may improve survival in this setting. Valvular regurgita-
tion on Doppler echocardiography is not predictive of death in the 
absence of CHF.714

The hemodynamic status of the patient, not the activity of the infec-
tion, is the crucial determining factor in the timing of cardiac valve 
replacement; that is, development of CHF in the setting of IE generally 
dictates valvular surgery regardless of the acuteness of the infection or 
the amount of antibiotics already received by the patient.715 The hemo-
dynamic severity of the acute aortic regurgitation may be assessed by 
determining the degree of mitral valve preclosure by echocardiogra-
phy. If premature closure of the mitral valve occurs before the Q wave 
of the electrocardiogram, the left ventricular end-diastolic pressure is 
very high, and surgical intervention is required urgently. Nothing is 
gained by temporizing, even if only a few hours of antibiotics can be 
administered. If CHF persists despite digoxin, diuretics, and other 
therapeutic modalities (e.g., left ventricular afterload reduction), 
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thrombi.745 In addition, sepsis has been reported in approximately 7% 
of patients receiving total parenteral nutrition and other medications 
by the central route.

When thrombosis and bacterial or fungal contamination or sepsis 
coexist, suppurative thrombophlebitis may intervene.746 The role of 
hypercoagulability due to gene polymorphisms in catheter-associated 
infection and thrombosis has been evaluated747 but is unresolved. At 
least 50 cases of suppurative thrombophlebitis of the great thoracic 
veins have been reported in the literature,748-750 but this is almost cer-
tainly a gross underestimate of the problem. Eight cases in 8 years  
due to Candida spp. alone were observed at the University of 
Wisconsin.751 As another example, 53 cancer patients with catheter-
related S. aureus bacteremia were identified from 1986 to 1989 at the 
M.D. Anderson Cancer Center; septic thrombosis was diagnosed in  
12 (23%) and suspected in another 3 (6%) of these patients. Five of  
the 12 patients developed deep-seated complications, including septic 
pulmonary emboli and endocarditis, compared with 2 of the 38 
patients without septic thrombosis (P <.01). Persistent fever despite 
appropriate antistaphylococcal agents was an early clue to the diagno-
sis.752 Septic atrial thrombosis, occasionally with a coexistent Budd-
Chiari syndrome, has complicated Broviac catheter insertion in 
infants.753

Superficial suppurative thrombophlebitis is a complication of either 
dermal infection or use of an indwelling intravenous catheter. Pelvic 
suppurative thrombophlebitis is associated with parturition, abortion, 
gynecologic surgery, or a pelvic abscess. This is a disease of women of 
childbearing age, with most cases occurring between the ages of 15 and 
40 years (mean, 20 years). In 123 cases in two reports,754,755 the predis-
posing conditions were as follows: vaginal delivery, 39 cases; cesarean 
section, 19 cases; abortion, 33 cases; and major gynecologic surgery, 
32 cases. During a 9-year period in Atlanta, 27 cases of postpartum 
septic pelvic thrombophlebitis were identified in more than 54,000 
deliveries.755 The relative risks for this condition were as follows: par-
turition, 1/2000 (highest in the inner-city population); septic abortion, 
1/200; and major gynecologic surgery, 1/800. The incidence of sup-
purative thrombophlebitis increases proportionally with the degree of 
trauma to the pelvic tissues.

Pathogenesis
The pathogenesis of suppurative thrombophlebitis (discussed in detail 
by Tornos and colleagues726) is poorly understood. A thrombus may 
act as a nidus for local entrapment and colonization of bacteria that 
gain access to the site from another focus. This is analogous to the 
proposed role of NBTE in the pathogenesis of IE. When superficial 
suppurative thrombophlebitis is associated with intravascular cannu-
las, the route of infection may involve (1) migration from the skin 
between the catheter wall and perivascular tissue, (2) contamination 
of intravenous fluid, (3) contamination of the hub, or (4) hematoge-
nous dissemination from an infected focus elsewhere. The relative 
contributions of these four routes are unknown, although most inves-
tigators believe that migration of organisms down the external surface 
of the catheter is the most important route of invasion.729 The predomi-
nant organism in burn wounds, P. aeruginosa, is a rare cause of sup-
purative thrombophlebitis, and suppurative thrombophlebitis usually 
develops days to weeks after the cutdown incision is healed,731,732 
arguing against a local cutaneous source in burn patients.

The venous system draining the pelvis includes the intervertebral 
venous plexus, the lumbar venous plexus, the superficial and deep 
veins of the abdominal wall, and the hemorrhoidal plexus. Any com-
ponent of this system may be affected in pelvic suppurative thrombo-
phlebitis, but the veins draining the uterus, including the ovarian veins 
and the inferior vena cava, are involved most often.756 Thrombus for-
mation may result from stasis of blood flow due to the gravid uterus 
or from the hypercoagulable state of parturition. Normal residents of 
the vaginal or perineal bacterial flora gain access to the thrombus via 
the bloodstream or regional lymphatics. There often is an associated 
endometritis or parametritis. Septic pulmonary emboli and metastatic 
abscess formation are common. Septic thrombosis of the portal vein 
often is associated with hepatic abscess (occurring in five of seven 
patients in one series757); an obvious extrahepatic source of intraab-
dominal infection is usually absent.

SUPPURATIVE 
THROMBOPHLEBITIS
Suppurative thrombophlebitis is an inflammation of the vein wall that 
is caused by the presence of microorganisms and frequently associated 
with thrombosis and bacteremia. In the following discussion, suppura-
tive thrombophlebitis is differentiated from catheter-related sepsis. 
Suppuration of the vein wall usually is absent in intravenous catheter–
related sepsis and in bacteremia secondary to contaminated intrave-
nous fluid, although it does occur. Suppurative thrombophlebitis may 
be classified into four forms: superficial, central (including pelvic), 
cavernous sinus, and infection of the portal vein (pyelophlebitis). The 
last two conditions have become rare since the introduction of antibi-
otics. In contrast, superficial suppurative thrombophlebitis has been 
increasing steadily in incidence since the introduction of the plastic 
intravenous cannula. Superficial suppurative thrombophlebitis sec-
ondary to intravenous fluid therapy first was described in 1947,727 
when 93 cases were reported, 43 of which were amenable to surgical 
therapy.

Epidemiology
In 1973, approximately one of every four hospitalized patients received 
intravenous therapy, for a total of more than 10 million patients annu-
ally in the United States.728 It is estimated that more than half of the 40 
million patients admitted to U.S. hospitals each year undergo intravas-
cular catheterization.729 Suppurative thrombophlebitis is a particular 
problem in burned patients, for whom it represents a common cause 
of death due to infection. In several large series of burned patients,730-733 
suppurative thrombophlebitis developed in 4% to 8% and increased in 
frequency if cutdowns were performed. Suppurative thrombophlebitis 
also is found in other hospitalized patients (especially patients with 
cancer and those receiving corticosteroid therapy).734,735 Seven cases 
were recognized during an 18-month period in Charleston, South 
Carolina, and 35 cases were identified over 7 years in Louisville, Ken-
tucky.736 Eight cases were encountered during an 8-month period in 
Johannesburg, and suppurative thrombophlebitis was estimated to rep-
resent a minimum incidence of 0.12% of all admissions.737 In a study 
using strict diagnostic criteria, 29 episodes of suppurative thrombo-
phlebitis in 27 patients were identified in a large Air Force hospital over 
a period of 4 years.738 Using data from the National Nosocomial Infec-
tion Study, Rhame and associates739 estimated the overall incidence of 
suppurative thrombophlebitis as 88 cases per 100,000 discharges, but 
this disease is underreported. Suppurative thrombophlebitis also is 
common among drug addicts, particularly when injections are made 
in large, central veins (e.g., jugular or subclavian veins).740 This condi-
tion is unusual during childhood741 but may occur as a complication 
related to intravenous therapy.

Catheter-related sepsis without suppurative thrombophlebitis is 
much more common and affects at least 50,000 to 100,000 patients per 
year in the United States.742,743 The risk for this complication is approxi-
mately 40 times higher with plastic cannulas (8%) than with steel or 
“scalp vein” cannulas (0.2%). Irritation to the vein wall, with the sub-
sequent development of suppurative thrombophlebitis, is more 
common with polyethylene catheters than with catheters constructed 
of Teflon or Silastic material. Central venous catheterization has been 
employed for more than 35 years for hemodynamic monitoring, total 
parenteral nutrition, and infusion of drugs. The exact incidence of 
suppurative thrombophlebitis of the central veins commonly cannu-
lated (i.e., jugular, subclavian, venae cavae) is unknown. However, 
recent evidence clearly shows that catheter-associated thrombosis is 
common in specific populations. For example, in a recent prospective 
cohort study, venous ultrasonography and targeted physical examina-
tion were blindly performed on 48 patients with upper torso central 
venous catheter–associated S. aureus bacteremia to identify the preva-
lence of venous thrombosis. By ultrasonography, definite or possible 
thrombosis was present in 34 (71%) of 48 patients. The sensitivity of 
all physical examination findings, either alone or in combination, was 
low (≤24%).744 Autopsy series have revealed central venous thrombosis 
in 37% of catheterized subjects, but this diagnosis rarely is recognized, 
because most patients are asymptomatic. When examined by phlebog-
raphy at the time of catheter withdrawal, 42% of catheters were found 
to have sleeve thrombi and another 8% revealed veno-occlusive 
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bacteremia or fungemia fails to resolve on removal of the central cath-
eter and institution of appropriate antimicrobial therapy.

Pelvic suppurative thrombophlebitis usually develops 1 to 2 weeks 
after delivery or postoperatively and is associated with high fever, 
chills, anorexia, nausea, vomiting, abdominal pain, and a protracted 
course.755 Flank pain may result from ureteral obstruction by enlarged 
veins. Abdominal tenderness, usually in the right lower quadrant, may 
be mild to severe. Approximately 80% of cases are unilateral on the 
right side, 14% are bilateral, and only 6% are unilateral and left sided. 
This distribution is believed to result from compression of the right 
ovarian vein at the pelvic brim by the enlarged uterus with retrograde 
flow on the left and protection from ascending infection. The physical 
examination may be normal, however. A tender vein can be palpated 
in 30% of the cases on pelvic or abdominal examination.754,756 The 
uterus usually is freely movable. Spread of the process to the femoral 
vein with edema and tenderness of the lower extremity is unusual. 
Many of these patients are extremely ill, with an acute or chronic 
course characterized by little or no response to antibiotics and the 
development of multiple small septic pulmonary emboli. Because 
many of the manifestations are nonspecific, the differential diagnostic 
listing is broad and includes acute appendicitis, ureteral obstruction, 
torsion of an ovarian cyst, pyelonephritis, broad ligament hematoma, 
parametritis, endometritis, perinephric abscess, pelvic abscess, small 
bowel volvulus, pelvic inflammatory disease, sickle cell crisis, and 
ectopic pregnancy.

Laboratory Findings
Bacteremia is a hallmark of superficial suppurative thrombophlebitis, 
occurring in 80% to 90% of patients with the diagnosis. Gross pus 
within the vein lumen is found in about half of the cases, and this 
finding establishes a diagnosis of suppurative phlebitis. If infection of 
a venous catheter is suspected, the catheter should be removed and 
cultured. The results may be misleading, however, because even though 
bacteria are isolated in 60% of the cases, a positive culture does not 
correlate with inflammation.763 The following semiquantitative culture 
technique was developed in an attempt to differentiate catheter-related 
sepsis from suppurative thrombophlebitis. After preparing the skin 
with alcohol, the catheter is removed with sterile forceps (avoiding skin 
contact) and is placed in a sterile tube for transport. The catheter then 
is cut aseptically into 5.7-cm pieces, and each section is rolled across 
the surface of a 5% sheep blood agar plate. The growth of more than 
15 colonies on the plate correlates well763 with the presence of venous 
infection. In the few cases of suppurative thrombophlebitis studied by 
this technique, all catheters yielded confluent growth. Because the 
standard 5.7-cm catheter retains 0.7 to 1.5 mg of moisture on its 
surface and the plate growth has exceeded 1000 colonies in every case 
of suppurative thrombophlebitis, bacterial counts must exceed 106 
organisms per gram in the catheter wound. These titers are similar to 
those found with other types of infected wounds. This technique is 
simple, rapid, and inexpensive and may prove useful in establishing 
the need for exploratory venotomy. Simple needle aspiration of the 
suspected vein also may be diagnostic.108 111In-labeled leukocyte 
imaging studies have detected superficial suppurative thrombophlebi-
tis, but experience is limited.

Other laboratory findings in patients with superficial suppurative 
thrombophlebitis (e.g., leukocytosis) are nonspecific. The chest radio-
graph may reveal multiple peripheral densities or a pleural effusion 
consistent with pulmonary emboli, infarction, abscess, or empyema. 
The diagnosis of an associated subperiosteal abscess is difficult: bone 
and gallium scans usually reveal hyperperfusion without definite 
osteomyelitis, routine radiographs almost always show no abnormali-
ties, and CT scans often show only soft tissue swelling with obliteration 
of tissue planes. The use of high-resolution CT scans may improve 
these results.762 The diagnosis of deep central vein suppurative throm-
bophlebitis in the thorax is established by venography, with the dem-
onstration of thrombi in a patient with positive blood cultures, but CT 
with contrast enhancement is probably just as sensitive and is nonin-
vasive. CT scans are useful in the diagnosis of suppurative phlebitis of 
the great central veins764,765 and the portal vein742; gas may be detected 
in the venular lumen, which is diagnostic of this condition. Experience 
with MRI766 and 111In-labeled leukocytes is meager.

Pathologic Changes
Regardless of the vein involved, the pathologic changes are similar. The 
vein is enlarged, tortuous, and thickened. There may be associated 
perivascular suppuration or hemorrhage or both, and the vein lumen 
usually contains pus and thrombus. Microscopically, endothelial 
damage, fibrinoid necrosis, and thickening of the vein wall are evident. 
Microabscesses may be present in the vein wall or in the surrounding 
tissue.736,758 Gross periphlebitic abscesses are not unusual and may be 
evident on physical examination. Thrombi frequently extend beyond 
the area of suppuration. In an autopsy series of peripheral suppurative 
thrombophlebitis in burned patients, extension of the clot into the 
great central veins was found in 18% of the cases.731,733 Metastatic 
abscess formation and septic pulmonary emboli with infarction are 
found in more than 50% of the fatal cases. These conditions may result 
from bacterial liquefaction and fragmentation of affected thrombi 
within the vein, because clot liquefaction is noted commonly in autopsy 
series.

Clinical Manifestations
Superficial suppurative thrombophlebitis often is difficult to identify, 
because local findings of inflammation may be absent. The disease 
occurs more frequently when plastic catheters are inserted in the lower 
extremities, a common practice in burned patients. In 132 cases of 
superficial suppurative thrombophlebitis reported from the burn 
center at Fort Sam Houston, Texas, the distribution of affected vessels 
was as follows: lower extremity (predominantly saphenous system), 
100; upper extremity (predominantly antecubital fossa), 32; jugular 
vein, 7; and iliac vein, 4. The mean duration of preceding venous can-
nulation was 4.81 days, and the latent interval from removal of the 
catheter to the development of symptoms ranged from 2 to 10 days.730,732 
Fever was present in more than 70% of the cases, but rigors were rare. 
Local findings, such as warmth, erythema, tenderness, swelling, or 
lymphangitis, were present in only 32% of the patients; however, bac-
teremia with signs of systemic sepsis was found in 84%. Septic pulmo-
nary emboli with secondary pneumonia—often the first diagnostic 
clue—occurred in 44%. Pneumonia, sepsis, or metastatic abscess for-
mation was the only manifestation of this disease in two thirds of the 
cases. The late onset of pneumonia or sepsis in a burned patient 
demands the careful inspection of all previously cannulated veins, 
because untreated suppurative thrombophlebitis is associated with a 
high mortality rate. In another report, a dramatic increase in the 
overall insulin daily requirement heralded the onset of suppurative 
thrombophlebitis.759 In these series, fewer than 50% of the cases were 
diagnosed antemortem.731

In contrast to the experience with suppurative thrombophlebitis in 
burned patients, most medical and postoperative patients develop the 
disorder in the upper extremities and signs of local inflammation are 
present more commonly (94% in one series).740 In a retrospective series 
of 21 children with superficial suppurative thrombophlebitis, 48% 
involved an upper extremity.760 Many of the affected patients are elderly 
with debilitating diseases, and often they are receiving antibiotics when 
superficial suppurative thrombophlebitis supervenes. As noted, the 
duration of intravenous catheterization is an important risk factor; 
68% of implicated cannulas had been left in place for at least 5 days.739,740 
The frequency of catheter manipulations also has been linked to cath-
eter infections.761

Subperiosteal abscesses of adjacent long bones may complicate 
superficial suppurative thrombophlebitis in children.762 The local find-
ings in this condition, including bone tenderness, erythema, warmth, 
and limitation of motion with occasional extension into the joint space, 
may overshadow the suppurative thrombophlebitis itself. Septic deep 
vein thrombosis of the femoral vessels with swollen, tender, and 
inflamed inguinal areas has been described in injection drug users of 
heroin and cocaine. Contiguous pelvic bone osteomyelitis is unusual.

Suppurative thrombophlebitis of the thoracic central veins occurs 
in critically ill patients with central catheters in place, in patients 
receiving total parenteral nutrition, and in patients after long-term 
cannulation with Broviac, Hickman, and other devices. The systemic 
findings associated with sepsis overshadow any local findings in venous 
occlusion (e.g., superior vena cava syndrome), which are rare in this 
setting. This syndrome should be suspected in any septic patient if 
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vein by Hunter in 1784.775 All authorities strongly endorse surgical 
excision as an integral part of treatment. In a review of 24 patients,731 
14 were managed medically alone, and all died, either directly from 
suppurative thrombophlebitis with persistent bacteremia or secondary 
to metastatic complications. Of 10 patients who underwent surgical 
exploration, 7 survived, and only one of the three deaths was attribut-
able to suppurative thrombophlebitis. Antibiotics also should be used 
in the treatment of this disease; initial empirical treatment with a 
semisynthetic penicillin (e.g., nafcillin, 2 g IV every 4 to 6 hours) plus 
either an aminoglycoside (e.g., gentamicin, 1.0 to 1.7 mg/kg IV or IM 
every 8 hours) or a third-generation cephalosporin (e.g., cefotaxime) 
or a quinolone (e.g., ciprofloxacin) is recommended, because members 
of Enterobacteriaceae or staphylococci are the usual etiologic agents. 
The optimal duration of therapy is unknown and largely empirical. The 
role of antifungal therapy for superficial suppurative thrombophlebitis 
due to C. albicans is controversial.772,773 Most of these infections can be 
cured by vein excision. However, because of the propensity of this 
pathogen to disseminate hematogenously to organs (e.g., retina, 
kidneys), a 10- to 14-day course of amphotericin B, echinocandin, or 
fluconazole is advised postoperatively, pending further data. Antifun-
gal therapy is mandatory in immunosuppressed patients or if signs of 
metastatic complications (e.g., endophthalmitis) develop.

If superficial suppurative thrombophlebitis is a likely diagnosis, an 
exploratory venotomy may be necessary. This procedure should be 
performed proximal to the suspected site; the vein should be ligated 
and then “milked” in an attempt to express purulent material for 
inspection by Gram stain and culture. If no pus is apparent, further 
surgical exploration is necessary to establish the diagnosis. In older 
literature, simple ligation was thought to be sufficient, but the rate of 
relapse with ongoing sepsis was high. The segment of vein and all its 
involved tributaries should be totally excised. Radical surgery from the 
ankle to the groin may be required in some burn patients. Nevertheless, 
local or regional anesthesia alone often is sufficient (approximately 
90% of cases) for vein excision. Backbleeding, indicative of a patent 
lumen, should be evident at the point of vein transection. Vein excision 
usually is followed by prompt (≤24 hours) defervescence. If systemic 
symptoms, bacteremia, or marked local manifestations persist after 
vein excision, reexploration is necessary, with careful attention to total 
removal of all involved veins and drainage of contiguous (e.g., peri-
phlebitic, subperiosteal) abscesses.

The role of less radical surgery in therapy for superficial suppurative 
thrombophlebitis has not been addressed adequately. Although the 
literature supports vein excision, this experience stems largely from 
burn centers. Despite infection with gram-negative bacilli or Candida 
spp., six of eight children with superficial suppurative thrombophlebi-
tis were cured by local incision and drainage of the involved site plus 
parenteral antimicrobial therapy.738 Radical surgery with extensive 
excision perhaps can be reserved for patients in whom these measures 
fail. Delayed closure is preferred over primary wound closure. If osteo-
myelitis is documented in the adjacent long bones, antimicrobial 
therapy should be continued for at least 6 weeks. Resection of the 
involved vasculature in most patients with suppurative thrombophle-
bitis of the great central veins is technically impossible. Medical therapy 
is usually sufficient.748,751,775 The recommended approach is catheter 
removal, full-dose anticoagulation with heparin,775,776 and parenteral 
antibiotic therapy. Although tissue plasminogen activator therapy has 
been used successfully in this setting,777 experience is limited, and its 
use must be considered experimental. Septic thrombosis of the portal 
vein usually responds to systemic antimicrobial therapy directed at 
bowel flora with or without percutaneous drainage of any associated 
hepatic abscesses.757

The duration of therapy for septic phlebitis of deeper veins is unset-
tled: 2 to 3 weeks after catheter removal is suggested, with at least 4 
weeks for S. aureus disease.752 Experience with more potent agents (e.g., 
third-generation cephalosporins) for suppurative thrombophlebitis 
due to gram-negative bacilli is scant, but trials are indicated. Because 
heparin may precipitate vancomycin with a partial loss of antibacterial 
activity at concentrations present in intravenous lines,776 these drugs 
should not be administered simultaneously by the same intravenous 
access line. In contrast to Candida IE, suppurative thrombophlebitis of 
the great central veins due to Candida spp. is curable medically but 

In most cases of pelvic suppurative thrombophlebitis, there is a 
peripheral blood leukocytosis, and the urinalysis is usually normal. The 
chest radiograph may reveal multiple septic pulmonary emboli. Intra-
venous pyelography can be useful in disclosing ureteral obstruction. 
Real-time ultrasonography is helpful in delineating the location and 
extent of the thrombus, but the ileus that often is associated with this 
infection may render interpretation difficult. Ultrasonography also 
may show the presence of a periuterine, adnexal, or tubo-ovarian mass. 
CT reveals low attenuation with contrast enhancement in suppurative 
venous thrombosis and is sensitive in the diagnosis of pelvic suppura-
tive thrombophlebitis.767,768 MRI may be even more sensitive and can 
differentiate fresh thrombus (≤1 week old) from organizing or subacute 
thrombus.769 These sensitive and noninvasive techniques may lead to 
an increased recognition of pelvic suppurative thrombophlebitis, 
earlier diagnosis, and improved outcome. The roles of newer diagnostic 
techniques, such as pelvic venography, transuterine phlebography, 
111In-labeled leukocyte scanning, and laparoscopy, still are undefined. 
Because bacteremia is shown in only 20% to 30%754,755,770 of cases of 
pelvic suppurative thrombophlebitis, negative blood cultures do not 
exclude the diagnosis.

Etiologic Agents
S. aureus was the causative agent in 65% to 78% of the cases of super-
ficial suppurative thrombophlebitis reported before 1968. Many cases 
now are also caused by a member of Enterobacteriaceae, especially 
Klebsiella-Enterobacter spp.734,740 These agents are acquired nosocomi-
ally and often are resistant to multiple antibiotics. Almost all patients 
with superficial suppurative thrombophlebitis due to gram-negative 
aerobic bacilli or fungi are receiving broad-spectrum antibiotics at the 
time the disease manifests. In a review of 86 cases compiled from the 
literature reported in the 1970s, the organisms isolated were as follows: 
Klebsiella-Enterobacter spp., 34 cases; Providencia spp., 5 cases; Proteus 
spp., 5 cases; Serratia spp., 3 cases; E. coli, 6 cases; P. aeruginosa, 3 cases; 
S. aureus, 15 cases; C. albicans, 9 cases; S. epidermidis, 4 cases; and 
enterococci, 2 cases.739,740

Suppurative thrombophlebitis due to gram-negative pathogens and 
E. faecalis is more common (than S. aureus) in patients with significant 
intra-abdominal pathology.738 S. aureus, other gram-positive cocci, and 
Candida spp. were more common when this risk factor was absent. 
Multiple organisms are isolated in 14% of cases. Anaerobic isolates are 
extremely rare but have been described in pediatric patients.771 A dis-
tinct clinical syndrome of suppurative thrombophlebitis due to Cam-
pylobacter fetus, typically in immunocompromised patients, has been 
described. An increase in the incidence of superficial suppurative 
thrombophlebitis due to Candida spp. has been reported772,773; all 
patients were receiving antibiotics without hyperalimentation. None 
was neutropenic, and none was receiving corticosteroids. In one series 
of seven patients observed in a 15-month interval,773 all had concomi-
tant or preceding bacterial infections and had received multiple anti-
biotics (mean, five antibiotics) for at least 2 weeks. Preceding candidal 
colonization at other sites (e.g., sputum, urine) often was present.773

Malassezia furfur also is seen as an opportunistic pathogen of deep 
vein catheters, especially in premature infants774 and other pediatric 
patients receiving lipid emulsions, but this risk factor is not present in 
all patients.

The responsible agents in pelvic suppurative thrombophlebitis are 
poorly defined because blood cultures often are negative, and most 
investigators did not use adequate anaerobic techniques. The organ-
isms that have been isolated, in approximate order of frequency, are 
Bacteroides spp., microaerophilic or anaerobic streptococci, E. coli and 
other coliforms, and β-hemolytic streptococci. The predominance of 
Bacteroides may be related to the heparinase produced by this organ-
ism. A prolonged latent period (3 weeks) may occur before blood 
cultures become positive. The more extensive use of anaerobic isolation 
techniques and routine culturing of surgical specimens may serve to 
clarify the role of anaerobic bacteria in this entity.

Presumptive Therapy
Superficial suppurative thrombophlebitis is a lethal iatrogenic disease, 
and surgery often is necessary for cure. The first reported successful 
cure of suppurative thrombophlebitis followed surgical ligation of the 
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their pathogenesis, the various classifications (Table 82-8) are exam-
ined separately in the following discussion.781 Infections of arterial 
prosthetic devices are discussed in detail in Chapter 84 and are not 
considered here.

Epidemiology
Although incidence figures are unavailable, a localized suppurative 
process of the arterial wall is rare. Estimates derived from autopsy 
series of aortic aneurysms are available but ignore infections at other 
locations in the arterial tree. In a review of more than 22,000 autopsies 
performed at the Boston City Hospital from 1902 to 1951,782 aortic 
aneurysms were found in 1.5%. Mycotic aneurysms constituted only 
2.6% of these lesions, however. In another review of 178 aneurysms 
found among more than 20,000 autopsies at the Mayo Clinic from 1925 
to 1954,783 only 6 were believed to be of infectious origin. Similarly, in 
a review784 of 77 pure iliac artery aneurysms in 48 patients from a 
21-year period, only 2 aneurysms (4.2%) were mycotic in origin. In the 
preantibiotic era, infected aneurysms were confined predominantly to 
patients with IE; in a series of 217 cases reported in 1923,785 86% were 
associated with IE. With the advent of antibiotics, mycotic aneurysms 
in IE have become less prevalent and hematogenous seeding of a previ-
ously damaged arteriosclerotic vessel constitutes the most common 
mechanism. In a retrospective review of all emergency department 
cases seen at one city public hospital from 1994 to 1999, the annual 
prevalence of arterial mycotic aneurysms among injection drug users 
was 0.03%.786

Because most of these lesions arise in areas of severe atherosclero-
sis, they occur in men more often in a ratio of 3 : 1, and the average age 
at presentation has been 65 years. The mean age for mycotic aneurysms 
that occur with IE is younger (approximately 40 years), and men and 
women are affected approximately equally. Estimates of the incidence 
of mycotic aneurysms in patients with IE range up to 15%.787-790 Two 
to 4 percent of IE patients develop intracranial mycotic aneurysms,790,791 
although a neurologic presentation is common in patients with IE 
(noted in 16% to 23% of cases), and at least 30% of the patients develop 
neurologic manifestations.792,793 As discussed previously, the presence 
of such manifestations during IE has an adverse effect on the ultimate 
mortality rate. These lesions remain a significant cause of morbidity 
and mortality due to intracerebral and subarachnoid hemorrhage, 
especially in young people in developing countries, where acute rheu-
matic fever, rheumatic heart disease, and resultant IE still are preva-
lent.794 Nine intracranial mycotic aneurysms associated with IE were 
treated in one neurosurgical unit in South Africa during an 18-month 
period, and five patients died.794

In addition, aortic root complications, including abscess or mycotic 
aneurysm, are associated with a poor outcome from IE. In one review,795 
aortic root complications were documented in 23 (46%) of 50 cases of 
aortic valve IE over a 6-year period; prosthetic valve involvement was 
common, and the surgical mortality rate and incidence of postopera-
tive aortic regurgitation were higher in the group with aortic root 
complications.

Mycotic aneurysms are extremely rare in childhood796 and, when 
present, are usually associated with IE, cardiovascular malformations, 
or connective tissue disorders. A specific disease entity first described 
in 1970 is aneurysm associated with umbilical artery catheterization 
in neonates.797 The infecting organism is usually staphylococcal. By 
1992, 34 cases had been reported, with the following distribution797: 

antifungal regimens must be continued longer than is usually adequate 
for superficial suppurative thrombophlebitis. Based on limited data,751 
amphotericin B at a daily dose of 0.7 mg/kg, to a total dosage of at least 
22 mg/kg, plus 5-fluorocytosine (100 to 150 mg/kg/day in four divided 
doses, if tolerable) is recommended after catheter removal. A lipid 
formulation of amphotericin is usually preferred to conventional 
amphotericin. Fluconazole (400 mg/day) or an echinocandin for 4 to 
6 weeks is an alternative in patients who are not able to tolerate ampho-
tericin B. Surgery may be essential in patients with suppurative throm-
bophlebitis of the thoracic or neck veins if perivascular collections are 
present.

The optimal therapy for pelvic suppurative thrombophlebitis still  
is controversial. Because anaerobic streptococci and Bacteroides spp. 
predominate, the initial antibiotics of choice are aqueous penicillin G 
(20 million units IV daily) plus either clindamycin (450 to 600 mg IV 
every 6 hours) or metronidazole (500 to 750 mg IV every 8 hours). The 
use of heparin is debated. The addition of heparin after several days of 
unsuccessful treatment with antibiotics itself may produce an anti-
pyretic effect.770 In one series of 46 patients with pelvic suppurative 
thrombophlebitis,755 including 7 with massive ovarian vein involve-
ment and 15 with septic pulmonary emboli, 42 patients become afe-
brile within 7 days (mean, 2.5 days) while receiving penicillin, 
chloramphenicol, and heparin. Four patients required exploratory 
laparotomy, and pelvic abscesses were found in 3 of them. These results 
argue strongly that medical therapy alone often is effective, but no 
controlled studies on the use of heparin have been done. If medical 
therapy is unsatisfactory, surgery with drainage of abscesses and, 
usually, ligation of the implicated venous system must be performed. 
Some authorities756 believe that ligation of the inferior vena cava or 
ovarian vein, or both, should be performed in all of these cases, but 
the evidence for this approach is inconclusive.

Prevention
The incidence of superficial suppurative thrombophlebitis can be 
reduced by the same preventive procedures that are used for intrave-
nous cannulas in general (see Chapter 302). These include the use of 
“scalp vein” cannulas whenever possible; avoidance of lower-extremity 
cannulations; insertion under aseptic conditions; secure anchoring of 
the cannula; and frequent replacement (at least every 48 to 72 hours) 
of intravenous fluid bottles, cannulas, and connecting tubing. Although 
neomycin/polymyxin B/bacitracin ointment is effective in reducing the 
incidence of cutdown infections,778 use of this combination agent has 
not shown consistent benefit with intravenous cannulas.779

A detailed discussion of prevention strategies for vascular catheters 
has been published by the Centers for Disease Control and Preven-
tion.780 When clinical signs of bacteremia occur in a patient receiving 
intravenous fluids, the following steps should be taken: (1) blood 
culture specimens should be obtained; (2) intravenous administration 
should be discontinued and all cannulas removed; (3) the intravenous 
fluid should be cultured; (4) the cannula should be cultured semiquan-
titatively on blood agar, as described by Maki and associates763; and (5) 
appropriate antibiotic therapy should be instituted. If clinical signs of 
sepsis and bacteremia persist despite appropriate antibiotic therapy, an 
intravascular focus (e.g., suppurative thrombophlebitis at a previously 
cannulated vein) should be sought, as discussed previously.

INFECTIVE ENDARTERITIS AND 
MYCOTIC ANEURYSMS
The term mycotic aneurysm was coined by Osler in 1885 to describe a 
mushroom-shaped aneurysm that developed in a patient with subacute 
bacterial endocarditis. At that time, the term mycotic was used to refer 
to all microorganisms. At present, the use of mycotic has been restricted 
specifically to fungal infections, but mycotic aneurysm still is used for 
all extracardiac (or intracardiac) aneurysms of infectious etiology 
except for syphilitic aortitis. This term also has been used to describe 
preexisting aneurysms secondarily infected from contiguous or distant 
foci and pseudoaneurysms arising from trauma or iatrogenic causes. 
Endarteritis refers to inflammation of the arterial wall, which may 
occur with or without coexistent aneurysmal dilation. Unless an aneu-
rysm or coarctation of the aorta is present, infective endarteritis is 
usually a postmortem diagnosis. Because infected aneurysms differ in 

TABLE 82-8  Classification of Mycotic Aneurysms

PREEXISTENT ARTERIAL 
STATUS SOURCE OF INFECTION
Normal
Atherosclerotic
Aneurysm
Arterial prosthesis

Intravascular
Embolism
Bacteremia with seeding
Extension from adjacent endocardial 

focus on erosion
Extravascular

Contiguous site of infection
Iatrogenic
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usually are obliterated, but the intima often is intact. Rupture with 
surrounding hemorrhage and infection may be present.

Secondary infection of a preexisting aneurysm is found most com-
monly in the abdominal aorta (accounting for 70% of the cases), 
because this is the area most frequently and severely damaged by ath-
erosclerosis. Ascending and descending aortic aneurysms each account 
for about 15% of the cases. The primary bacteremia most commonly 
originates from distal infections in soft tissue, lung, bone, or joint. The 
arterial infection usually begins in the distal abdominal aorta or iliac 
arteries as a focus of inflammation on an ulcerated atheromatous 
plaque. The wall of the aneurysm is thinned, and there is focal acute 
and chronic inflammation that may lead to arterial rupture. Even 
so-called bland aortic aneurysms commonly have some mild inflam-
mation (characterized by a predominance of lymphocytes and mono-
nuclear cells) in the wall; however, infected atherosclerotic aneurysms 
are characterized by acute inflammation with a predominance of poly-
morphonuclear leukocytes, necrosis, abscess formation, hemorrhage, 
and visible bacterial colonies. This lesion probably is underreported, 
because the focal suppuration may be limited in extent and overlooked 
unless routine culture and histologic sections are examined on every 
aortic aneurysm specimen. Erosion and rupture may be present 
without aneurysmal dilation. Lumbar or thoracic osteomyelitis is 
present in one third of the cases787 and may precede the aneurysm or 
develop secondary to contiguous spread from the vascular infection.

When contamination accompanies arterial injury, an infected pseu-
doaneurysm may result. These lesions are located in the extremities in 
more than 80% of the cases and are characterized by more extensive 
local tissue inflammation than is seen with the two types mentioned 
previously. Infection as a cause of pseudoaneurysm formation is 
increasing: 17 of 57 (30%) lesions seen in the 1980s809 were infected. 
When endarteritis develops after angioplasty, it usually follows a 
second procedure or repuncture, and this scenario should suggest the 
diagnosis; all cases have been due to S. aureus.797,801 Distal emboli, 
pseudoaneurysm, and coexistent osteomyelitis are present in more 
than 50% of the cases. Infective aortic root aneurysm also has occurred 
after coronary artery bypass graft surgery, with disastrous results.808,810,811 
Subclavian artery aneurysms may be present, with systemic findings 
plus unilateral upper extremity rash or splinter hemorrhages.812 Nine-
teen cases of intracavernous carotid artery aneurysms have been 
reported,813 usually occurring with meningitis with or without IE.

Of special interest are mycotic aneurysms in patients undergoing 
renal transplantation. Among 640 renal transplants performed at the 
University of Minnesota over 8 years, perinephric infections developed 
in 28 patients, and 8 of these patients developed mycotic aneurysms.814 
These lesions were evident clinically 1.5 to 4 months after transplanta-
tion. Six were located in the external iliac artery and one each in the 
internal iliac artery and aorta. All of these lesions were secondary to 
contiguous foci of infection in the deep tissues of the transplant 
wound.815,816

Clinical Manifestations
When mycotic aneurysms occur during the course of IE, manifesta-
tions of the underlying disease may be evident. Peripheral middle 
cerebral artery aneurysms constitute 2.5% to 6.2% of all intracranial 
aneurysms790-792,793,794,816 and usually are secondary to infection. Intra-
cranial mycotic aneurysms are usually clinically silent. Hemorrhage 
results in severe headache of sudden onset with rapid deterioration in 
the level of consciousness. The time interval from diagnosis of IE to the 
onset of hemorrhage is variable (0 to 35 days), with a mean of 18 days.791

Some lesions produce premonitory or herald neurologic signs, 
including focal deficits and seizures. However, these findings are rela-
tively common in patients who have IE without intracranial aneu-
rysms, and the differential diagnosis and decisions regarding 
arteriography are difficult.817 A sudden focal deficit consistent with 
embolism is seen in approximately 23% of patients and should prompt 
arteriography.817 A high proportion of patients with intracranial 
mycotic aneurysm with severe, unremitting, localized headache, often 
in association with homonymous hemianopsia (as a herald sign), was 
reported in one series.818 Stroke syndromes may be seen and are mani-
fested as focal neurologic deficits, headache, confusion, meningismus, 
seizures, or coma.792,793 Contrary to popular belief, most intracranial 

descending thoracic aorta, 14 cases; abdominal aorta, 10 cases; iliac 
arteries, 6 cases; and multiple sites, 4 cases.

Pathogenesis
Four different mechanisms have been postulated to produce infection 
of the arterial wall: (1) formation of mycotic aneurysms secondary to 
septic microemboli to the vasa vasorum (“embolomycotic aneurysms”), 
(2) extension from a contiguous infected focus, (3) hematogenous 
seeding of the intima during bacteremia originating from a distant 
infection, and (4) trauma to the arterial wall with direct contamina-
tion.798 Embolomycotic aneurysms usually occur in patients with active 
IE, and the incidence of this type has declined since antibiotics became 
available. The source of infection is the cardiac vegetation, with pro-
duction of arterial emboli that lodge in the vasa vasorum, often at 
points of bifurcation of the affected artery.

Contiguous foci of infection (e.g., a caseous tuberculous lymph 
node or pyogenic vertebral osteomyelitis) may extend directly to major 
vessels, with subsequent aneurysm formation. The normal arterial 
intima is very resistant to infection. If this lining is altered by congeni-
tal malformations (e.g., coarctation of the aorta) or by acquired disease 
(especially atherosclerotic plaques or ulcers), resistance to infection is 
lowered and the surface may become colonized by bloodborne organ-
isms. This hypothesis is analogous to the central role of NBTE in the 
pathogenesis of IE. An intraluminal thrombus associated with an ath-
erosclerotic vessel also may serve as a nidus for colonization. Athero-
sclerosis accounts for greater than 74% of secondarily infected 
aneurysms. Luetic arteritis and cystic medial necrosis also have been 
associated with secondary infection.787

Trauma to the arterial wall with subsequent infection has been 
documented in injection drug users (needle trauma)799 and has been 
associated with gunshot wounds, vascular surgery, cardiac catheteriza-
tion, percutaneous transluminal coronary angioplasty,800,801 intravascu-
lar stent placement,802 radial artery catheterization,803 implantable 
ports for intra-arterial chemotherapy,804 and puncture of a femoral 
artery for analysis of arterial blood gases.781 These events, if associated 
with contamination, usually lead to pseudoaneurysm formation in a 
peripheral artery and a contiguous abscess in extravasated blood.

Pathologic Changes
Infection of the arterial tree has been recognized by pathologists for 
more than a century. Virchow first showed local dilation of the arterial 
wall at the site of a septic embolus in 1847. Infection superimposed on 
an atherosclerotic aorta first was reported by Koch in 1851. Stengel and 
Wolfroth785 collected 217 cases of mycotic aneurysms in 1923. These 
lesions probably are underreported, and pathologic material has been 
scant in recent years.

Most mycotic aneurysms that develop during the course of IE are 
situated in the sinus of Valsalva or in the supravalvular proximal tho-
racic aorta (>70% develop proximal to the aortic arch). Aneurysms are 
more common in the right or posterior sinus and may be complicated 
by acquired shunts (rupture into the right ventricle is the most 
common), tamponade, coronary artery occlusion, or an atrioventricu-
lar conduction block.805 Less commonly, major visceral, intracranial, 
and peripheral arteries are involved. Intracranial mycotic aneurysms 
characteristically develop in the distribution of the middle cerebral 
artery at peripheral bifurcation points,793,795 as opposed to a more 
proximal location for most congenital aneurysms. Multiple intracra-
nial lesions may be present. Mycotic aneurysm of the extracranial 
carotid arteries is rare (26 case reports806), but most develop in associa-
tion with IE, usually due to S. aureus. Fewer than 10% are found in the 
upper extremities, but these arteries usually are not examined ade-
quately by pathologic or radiologic techniques. Infrafemoral aneu-
rysms during IE or after its treatment807 also are unusual. Multiple 
lesions are identified in many IE patients with mycotic aneurysms.808 
Saccular forms seem to be more common than fusiform ones.782 The 
aneurysms vary in size from 1 mm to more than 10 cm. As mentioned 
earlier, many of these aneurysms arise from emboli to the vasa vasorum, 
and occasionally the embolus can be shown grossly and microscopi-
cally. Acute and chronic inflammation is found diffusely through the 
arterial wall; necrosis, hemorrhage, abscess, and bacterial colonies all 
may be present in the sections. The elastica and muscularis layers 
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occurs.828 Severe pain and the rapid onset of shock usually accompany 
rupture of the aneurysm.

Laboratory Findings
There are no characteristic laboratory abnormalities in this group of 
diseases. When mycotic aneurysms occur with IE, alterations suggest-
ing the underlying disease may be present. CT is useful in patients with 
neurologic manifestations of IE, especially for the demonstration of 
intracranial hemorrhage. CT is not sufficiently sensitive for the detec-
tion of intracranial mycotic aneurysms792,793; however, these lesions are 
not likely when the appearance on CT scan is completely normal. 
Diagnosis of intracranial mycotic aneurysm can be established by four-
vessel cerebral arteriography, although two-dimensional and three-
dimensional helical CT angiography,829 magnetic resonance 
angiography,793 and the less dangerous and invasive procedure of intra-
venous digital subtraction angiography830 are promising. Magnetic 
resonance angiography may detect aneurysms only 2 to 3 mm in diam-
eter, but false-negative results occur in 8% to 10% of such studies; this 
modality cannot substitute for selective angiography, although tech-
niques and resolution are evolving.831

Patients with infected aortic aneurysms usually have a leukocytosis 
(65% to 83%), but this is nonspecific and may be present even if the 
aneurysm is bland. Bacteremia is found in 53% to more than 90% of 
the cases, is continuous, and usually does not clear with antibiotic 
therapy alone. Evidence for a primary source of bacteremia (e.g., pneu-
monia, osteomyelitis) may be present but is absent in 46% of the 
cases.787 The abdominal aorta is noted to be calcified on abdominal 
radiographs in 47%,789 and anterior vertebral body erosion has been 
shown in 18%. A lack of calcification suggests infection, because 70% 
to 80% of bland aneurysms show calcification on abdominal radio-
graphs. Certain procedures (e.g., intravenous pyelography, ultrasonog-
raphy, CT832) may reveal the presence of an aneurysm but often are not 
satisfactory for preoperative detail. The absence of intimal calcification, 
an associated perianeurysmal fluid collection or osteomyelitis (usually 
shown by CT), and the sudden appearance of an aneurysm in a septic 
patient are all features suggesting an infected abdominal aortic aneu-
rysm.833,834 Gas in the aortic wall is diagnostic but rare.

Although the sensitivity is unknown, 67Ga- and 111In-labeled leuko-
cyte imaging have been used to localize intra-arterial infections.835 
Occult infected aneurysms have been identified in patients with  
fever of unknown origin and negative results on CT or MRI studies 
with gallium836 or leukocyte scintigraphy837 and may separate seroma 
or hematoma from adjacent infection. Leukocyte imaging with  
99mTc-labeled cells also seems promising, but false-positive results 
have been noted.838 Positron emission tomography labeled with 
18F-fluorodeoxyglucose shows great potential for the detection of end-
arteritis and infected vascular grafts and will likely become the nuclear 
medicine study of choice for this group of diseases. Nevertheless, pre-
operative angiography often is preferred to delineate precisely the 
extent of aneurysmal involvement.839 This information may alter the 
operative approach and may minimize complications.

Two-dimensional echocardiography (TTE or TEE) is a useful non-
invasive technique for documenting mycotic aneurysms in the vicinity 
of the aortic valve (e.g., sinus of Valsalva, supravalvular, subvalvular), 
and this technique is adjunctive to aortic root angiography preopera-
tively.840 Infective endarteritis or mycotic aneurysm in the vicinity of a 
patent ductus arteriosus also has been visualized successfully with two-
dimensional and Doppler echocardiography.841,842 Intraoperative epi-
cardial echocardiography has been used to facilitate the surgical 
approach. If a hepatic aneurysm is suspected, liver scanning and ultra-
sonography performed before angiography may be helpful.821

Etiologic Agents
Before the antibiotic era, mycotic aneurysms associated with IE usually 
were caused by the more “virulent” organisms, such as the β-hemolytic 
group A streptococci, pneumococci, or Haemophilus influenzae. With 
the decline of these organisms as causal agents in IE, most are now due 
to streptococci or staphylococci (≥60% of cases).

When bacteria seed a preexisting atherosclerotic vessel, the etio-
logic agents are markedly different from those found in mycotic  
aneurysms associated with IE. Gram-positive organisms cause 

hemorrhages associated with IE were found to be caused not by rup-
tured mycotic aneurysms but by septic necrotic arteritis.792 Symptom-
atic intracranial hemorrhage was associated with a mortality rate of 
60% to 90% in that study. Patients also may present with bilateral corti-
cal blindness.

Unusual location or etiology of an intracranial mycotic aneurysm 
suggests a diagnosis other than IE.819 Mycotic aneurysms tend to occur 
more commonly in women of a younger age than does IE in general. 
They must be differentiated from aneurysms secondary to tumor 
emboli (especially choriocarcinoma or atrial myxoma), trauma, arte-
ritis, or moyamoya disease and congenital aneurysms. Visceral artery 
aneurysms are uncommon but, when present, are almost uniformly 
caused by infection798 or by polyarteritis nodosa. The most common 
location is in the superior mesenteric artery. Although superior mes-
enteric artery aneurysms account for only 8% of visceral artery aneu-
rysms overall, most are of infectious origin.820 Symptoms include 
colicky abdominal pain of acute onset, but the presentation is variable. 
Hepatic artery aneurysms may produce colicky right upper quadrant 
pain, fever, jaundice, and gastrointestinal hemorrhage821 or hemobi-
lia.822 More than 190 cases of this entity have been reported in the 
literature; 75% were extrahepatic, and 25% were intrahepatic. Ruptured 
mycotic aneurysm of the celiac artery may present as hemoptysis or 
hemothorax.823

If the external iliac artery is involved, a triad of clinical signs may 
be present: (1) pain in the lower extremity (especially the anterior 
aspect of the thigh) with quadriceps muscle wasting and a depressed 
knee jerk; (2) arterial insufficiency of the extremity with coolness, 
pallor, and depressed pulses; and (3) bacteremia.824 Distal aneurysms 
(e.g., affecting the femoral artery) occasionally have unusual present-
ing manifestations, including arthritis and purpura in the affected 
limb. If more peripheral arteries are involved (usually with a pseudoa-
neurysm), a tender, diffusely indurated mass is present in 92% of cases. 
The mass is pulsatile, with an associated bruit, in 50% to 60% of 
patients, and 20% to 30% have decreased peripheral pulses, skin 
changes, or even frank gangrene.799 Local suppuration, petechiae, and 
purpura are often present, and the lesion may be confused with local-
ized cellulitis or an abscess without consideration of vascular involve-
ment. In users of illicit drugs, the brachial, radial, or carotid arteries 
or arteries of the lower extremity may be involved.786 Only 50% of these 
patients are febrile on admission.786 A superimposed septic arthritis 
also may be present.825

Although most infected aortic atherosclerotic aneurysms occur in 
elderly men, no pathognomonic findings exist to separate these patients 
from patients with bland, uninfected aneurysms. Fever is the most 
helpful differentiating sign (present in >70% of patients), because it is 
uncommon in patients with bland aneurysms. Back pain or abdominal 
pain occurs in about one third of the cases. A draining cutaneous sinus 
may be present. Separation of an infected aneurysm from the entity of 
inflammatory abdominal aortic aneurysm may be difficult. Inflamma-
tory abdominal aortic aneurysms first were described in 1935 and 
account for 5% to 10% of abdominal aortic aneurysms; the lesions are 
usually infrarenal and often lead to ureteral obstruction, owing to the 
densely adherent fibrotic mass surrounding the vessel.826 In a large 
series of 2816 patients undergoing repair of abdominal aortic aneu-
rysms, 127 (4.5%) had inflammatory abdominal aortic aneurysms.827 
Most patients (123/127) were men and heavy smokers. Inflammatory 
abdominal aortic aneurysms are associated with an elevated erythro-
cyte sedimentation rate (73% of cases), weight loss, symptoms (back 
or abdominal pain in 30% to 50%), and a high operative mortality rate.

Continuing bacteremia despite “appropriate” antimicrobial therapy 
in an elderly (especially diabetic) patient who has no signs of IE sug-
gests an infected intravascular site. The aneurysm is palpable in 50% 
to 60% of the cases.788,798 In most cases, the onset is insidious, and a 
low-grade fever may be present for several months before diagnosis. 
The nonspecificity of the clinical manifestations is reflected by the 75% 
preoperative rupture rate for this entity. Rupture may occur into the 
retroperitoneal space or peritoneal cavity (56%), pleural cavity (9%), 
duodenum (12%), esophagus (6%), mediastinum (3%), or pericardium 
(3%). The most common site of aortoenteric fistula is between the aorta 
and the third portion of the duodenum. Short periods of herald bleed-
ing are common warning signs before exsanguinating hemorrhage 
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mycotic aneurysms,791 6 of 8 patients who received treatment with 
antibiotics alone died; no deaths were observed in the surgical treat-
ment group. In a review of 85 cases treated between 1954 and 1978, 20 
of 38 patients managed solely with antibiotics died, compared with 8 
of 30 patients who underwent surgery.790 Endovascular stent-grafts 
combined with antibiotic therapy have been employed in a few patients 
with mycotic aneurysms of the descending thoracic aorta.866 The distal 
location of most intracranial mycotic aneurysms associated with IE 
may permit ligation and excision with fewer complications than are 
observed with surgery for berry aneurysms in the circle of Willis. The 
mortality rate was low (4/15) in patients with multiple aneurysms who 
received treatment with antibiotics alone. In one series, the mortality 
rate was 29% after rupture of an intracranial mycotic aneurysm.

The most important factor in the management of intracranial 
mycotic aneurysms is whether rupture is present. A definitive review 
found that mortality rates of medically and surgically managed patients 
with unruptured intracranial mycotic aneurysms due to IE were 
similar. If rupture was present, however, surgical or endovascular 
therapy appeared to be indicated, because the outcome of medically 
managed patients was poor. Based on these data, most authorities 
advise a conservative approach if the intracranial mycotic aneurysm is 
unruptured. Other factors influencing treatment decisions for intra-
cranial mycotic aneurysms include aneurysm location, presence of 
increased intracranial pressure, and the extent of perfusion supplied 
by the affected artery. Interestingly, aneurysm size is not helpful in 
determining when to operate immediately because small mycotic 
aneurysms may rupture and some large mycotic aneurysms may 
regress with medical management.

Serial imaging, by either angiography, magnetic resonance angiog-
raphy, or CT angiography, may be useful in monitoring these patients, 
because the aneurysms may change in size or new lesions may develop. 
Among 21 patients studied by angiography, the mycotic aneurysm 
increased in size in 5 patients, did not change in 1 patient, became 
smaller in 6 patients, and completely resolved in 11 patients; new 
aneurysms developed in 2 patients. More than 50% of these peripheral 
intracranial aneurysms resolved with antibiotic therapy alone during 
the treatment of IE.865 Surgery is indicated for aneurysms that are 
increasing in size on serial angiographic studies867-869 but may be 
deferred for 4 to 6 weeks for aneurysms that are remaining the same 
size (if the patient is an acceptable medical risk). The definitive treat-
ment for aneurysms that are decreasing in size on serial angiographic 
studies repeated every 2 weeks is unclear. CT is not helpful in localizing 
the aneurysm but provides important information if hematomas, 
infarcts, or abscesses develop. The choice of antibiotics is governed by 
the etiologic agent of the IE, but therapy for intracranial mycotic aneu-
rysms, especially multiple lesions, must be individualized (see earlier 
discussion).792,793

Peripheral vessels usually are involved when arterial trauma (needle 
trauma, gunshot wound, iatrogenic injury) results in pseudoaneurysm 
formation with infection. Therapy with antibiotics, proximal ligation 
of the vessel, resection of the pseudoaneurysm, and appropriate drain-
age results in cures in 75% of the cases. Vascular reconstruction 
through uninfected tissue planes with autogenous grafts is necessary if 
limb viability depends on the affected vessel. This situation is encoun-
tered more frequently in the lower extremity. Severe ischemia devel-
oped in 9 of 28 patients after excision of mycotic aneurysms of the 
common femoral artery in one series of 52 cases.799 Amputation was 
required in only 11% of a large series of 54 aneurysms among drug 
addicts seen at the Henry Ford Hospital; there were no deaths.870

The mortality rate in patients with infected atherosclerotic aneu-
rysms often exceeds 90%; approximately 40 long-term survivors were 
reported from 1962 to 1988.871-874 A high index of suspicion is neces-
sary to allow surgical intervention before rupture occurs, because this 
complication is uniformly fatal and occurs in about 80% of the cases. 
If gram-negative bacilli are the cause of the infection, early rupture 
(e.g., within 2 weeks after the first positive blood culture) occurs much 
more frequently (84%) than if gram-positive bacteria are isolated 
(10%). Survival after surgery also is more common (75%) for patients 
with aneurysms infected with gram-positive cocci than for patients 
with gram-negative bacilli (25%). Antibiotics should be used in this 
disease, however, even if the lesion is sterilized (reported in only three 

approximately 60% of these lesions, but gram-negative bacilli (chiefly 
salmonellae) are isolated in 35%. Staphylococci are implicated in 40% 
of the cases overall,789 and more than two thirds of these are S. aureus. 
The risk for vascular infection in adult patients with non-Typhi Salmo-
nella bacteremia has been reviewed.843 Salmonellae cause 20% of the 
cases and involve, in order of frequency, the aorta and femoral and iliac 
arteries. Only 1 in 24 such cases reported before 1974 was above the 
renal arteries.844 Lumbar osteomyelitis due to Salmonella was present 
in one third of cases. The presumed portal of entry is the gastrointes-
tinal tract.845 S. enteritidis strains are isolated in 40% of cases, which is 
proportional to their overall rate of isolation in the United States. S. 
enterica serotype Choleraesuis, an uncommon clinical isolate, seems 
to be particularly pathogenic for this condition, because this species 
was isolated in 32% of the cases.846 Salmonella enterica serotype Typhi 
rarely is implicated in this disorder. Salmonella infections of aortic 
aneurysms first were reported in 1948. The predilection for involve-
ment by this organism is not understood, but salmonellae tend to seed 
abnormal tissues during bacteremia (e.g., hematomas, malignant 
tumors, cysts, gallstones, bone infarcts, altered endothelium, aortic 
aneurysms). It has been estimated that 25% of patients older than 50 
years of age with Salmonella bacteremia have an intravascular focus of 
infection.847,848

Arizona spp. (especially Arizona hinshawii) are closely related to 
Salmonella spp., cause similar clinical syndromes, and infect aortic 
aneurysms in elderly diabetic men.849 The following organisms also 
produce infection in atherosclerotic aneurysms: E. coli, P. aeruginosa,850 
Proteus spp., Citrobacter freundii, Klebsiella-Enterobacter spp., Brucella 
spp.,851 S. marcescens, C. fetus,852 L. monocytogenes (17 reported 
cases853,854), B. fragilis, gonococci, group B streptococci,855 corynebac-
teria, C. burnetii,856 Clostridium septicum,857 enterococci, and pneumo-
cocci.858 Mycobacterium tuberculosis is a rare cause of aortic mycotic 
aneurysms. Of the 41 cases reported in the literature from 1945 to 
1999, 75% seemed to result from erosion of the aortic wall by a con-
tiguous focus and 25% seemed to result from direct seeding of the 
aortic intima or via the vasa vasorum.859

Fungal mycotic aneurysms are rare in the intracranial compart-
ment, and only 13 definite cases had been reported by 1981.860 The 
most common etiologic agents are Aspergillus spp., agents of mucor-
mycoses, and Candida spp. The first two agents may involve intracra-
nial arteries by direct extension from foci of sinusitis. One case of 
multiple intracranial aneurysms due to Coccidioides immitis that 
occurred during therapy for basilar meningitis has been described. 
Fungal mycotic aneurysms tend to involve larger, more proximal 
vessels at the base of the brain (11 [61%] of 18 cases were carotid or 
basilar), compared with those involved in bacterial cases of IE,861 and 
may complicate intracranial surgery. Aspergillus mycotic aneurysms 
have occurred after trans-sphenoidal resections. Fungi also may cause 
endarteritis in the aorta or on aortic grafts, including Aspergillus or 
Bipolaris spp.862,863 Mycotic aneurysms with subarachnoid bleeding 
may complicate the course of neurobrucellosis.864 Tuberculous aneu-
rysms are now uncommon; when present, they originate from contigu-
ous foci of infection.

Pseudoaneurysms resulting from intra-arterial or perivascular 
injection of illicit street drugs, often in addicts with sclerosed veins due 
to repeated intravenous inoculation, are associated with contiguous 
abscesses. The causative agents are S. aureus (in 76% of cases), P. aeru-
ginosa (in 18%), and many others.799

Therapy
No uniformly acceptable approach has been devised for the treatment 
of mycotic aneurysms in IE. The treatment of intracranial mycotic 
aneurysms is particularly controversial. Some of these lesions seem to 
resolve with antimicrobial therapy alone. In a review of 56 aneurysms 
occurring in 45 patients,865 3 of 20 patients died when treatment was 
limited to antibiotics alone. Mild-to-moderate neurologic deficits were 
observed in 8 of the 17 survivors. Likewise, 6 of 25 patients for whom 
treatment included antibiotics and surgery died and 9 of 19 survivors 
were left with mild-to-moderate neurologic deficits. In other studies, 
the investigators reported a different experience, with a higher mortal-
ity in the nonsurgical group,791 but patients were selected only after 
subarachnoid hemorrhage had occurred. In a review of 13 intracranial 

http://www.myuptodate.com


C
h

ap
ter 82 Endocarditis	and	Intravascular	Infections

1027

In a review of 24 patients with abdominal aortic aneurysms infected 
with salmonellae, 10 died after rupture without surgery and another 7 
survived grafting only to die because of continued leakage from the 
anastomosis (only 5 patients were long-term survivors). If a graft is 
inserted in situ and persistent fever with bacteremia or embolism in 
the lower extremities ensues, reoperation with extra-anatomic grafting 
is mandatory. Because the resected area is contaminated, special bypass 
techniques—especially for thoracoiliac, transpubic, and axillofemoral 
bypass—usually are required. If an axillofemoral approach is used, a 
single graft should be inserted for both lower extremities, because 
patency is prolonged under these circumstances.872,874

Bactericidal antibiotics should be continued for 6 to 8 weeks post-
operatively. The choice of agents depends on the isolated organism  
(or the morphologic characteristics of the organisms in the surgical 
specimen) and on the results of in vitro susceptibility testing. Implanta-
tion of antibiotic-releasing carriers with in situ reconstruction has  
been used,880 but only in a few patients without controlled trials; use 
of such carriers remains of unproved benefit in therapy for mycotic 
aneurysm.

cases). The aneurysm still may continue to enlarge and rupture, and 
surgery is required.

At surgery, the aneurysm and any intraluminal thrombus must be 
sectioned and Gram stain performed, and specimens must be submit-
ted for culture. If infection is present, all aneurysmal tissue and sur-
rounding areas of inflammation must be resected before grafting. Basic 
principles of grafting in this situation include the use of autogenous 
rather than synthetic grafts and insertion only in clean, noninfected 
tissue planes. If the graft is placed in the infected area, continued infec-
tion, leakage, thrombus formation, abscess formation, or rupture 
usually results. Although some authorities have achieved a successful 
result by restoration of vascular continuity in situ after radical débride-
ment,871,873 this approach is not recommended in most cases. Neverthe-
less, the type of reconstruction must be individualized, because results 
of in situ repair seem to be better for suprarenal875-878 rather than more 
distal aortic aneurysms if reconstruction is combined with prolonged 
courses of intravenously administered antimicrobial agents. Radical 
resection of intra-abdominal aortic aneurysms without prosthetic 
material also has been used in a few cases.879
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Prosthetic Valve Endocarditis
Raj Palraj, Bettina M. Knoll, Larry M. Baddour, and  
Walter R. Wilson

During the second half of the 20th century, prosthetic heart valve 
replacement surgery represented the most important advancement in 
the treatment of patients with severe valvular disease. Prosthetic valve 
replacement markedly improves patient’s functional class, hemody-
namics, left ventricular function, and survival. Prosthetic valve endo-
carditis (PVE), a microbial infection involving the valve prosthesis or 
repaired native heart valve with placement of an annuloplasty ring, is 
a rare but potentially lethal complication of prosthetic valve surgery. 
Despite diagnostic and therapeutic advances, PVE is characterized by 
high rates of relapse, morbidity, and mortality.

With the virtual elimination of rheumatic heart disease in devel-
oped countries where prosthetic valve surgery is more generally avail-
able, degenerative valvular disease—calcific aortic stenosis—has 
become the most common cause for prosthetic valve replacement in 
industrialized countries. As a result of the increase in prosthetic valve 
implantations performed for degenerative valvular disease in elderly 
patients and longer survival of patients with prosthetic valves, the 
number of patients at risk of PVE will continue to increase in the 
developed world.

EPIDEMIOLOGY
The incidence of PVE ranges from 1% to 6% of prosthetic valve implan-
tations, or 0.3% to 0.6% per patient-year.1-3 PVE accounts for 16% to 
33% of all definite cases of infective endocarditis (IE), according to data 
from retrospective studies of single and multicenter tertiary care units 
in developed countries,3-10 and from prospective national,11-13 Euro-
pean,9 and international multicenter observational14 studies. Risk 
factors associated with the development of PVE include male sex, 
previous native valve endocarditis, and long cardiopulmonary bypass 

time for prosthetic valve placement.15 The cumulative risk of develop-
ing PVE is highest within the initial 12 months after replacement 
surgery, with a peak during the first 2 months.14,16

The prosthetic valve is vulnerable to secondary microbial seeding 
during the early postimplantation period when valve endothelializa-
tion has yet to occur. The mean age of patients with PVE is 65 years; 
the range is 50 to 74 years.8-11,14,17,18 The risk of PVE is higher in patients 
who undergo valve replacement surgery during active IE, especially  
in the setting of an unknown pathogen or insufficient antibiotic 
treatment.19-23

The mechanical prostheses appear to have a slightly higher risk 
during the first 3 months postsurgery, and the bioprosthetic valves 
appear to have a slightly higher risk after 12 months postsurgery,20,21,24 
likely as a result of degenerative changes in the bioprosthetic leaflets. 
However, the cumulative risk of PVE appears similar between mechan-
ical and bioprosthetic valves.22,24-27 The frequency of PVE also appears 
to be similar for both aortic and mitral prosthetic valves.

MICROBIOLOGY
The microbiology of prosthetic valve endocarditis depends on (1) time 
of onset of PVE (early vs. late PVE) and (2) site of acquisition (com-
munity vs. health care associated).

EARLY- AND LATE-ONSET 
PROSTHETIC VALVE 
ENDOCARDITIS
PVE has been categorized as early-onset PVE and late-onset PVE  
on the basis of the time period between prosthetic valve replacement 
and the manifestation of endocarditis. The microbiology of early- and 

Definition
•	 Prosthetic	valve	endocarditis	(PVE)	is	a	

potentially	life-threatening	infection	that	
involves	a	valve	prosthesis	or	annuloplasty	ring.

Epidemiology
•	 Prosthetic	valve	endocarditis	is	an	uncommon	

but	well-recognized	complication	of	valve	
replacement	or	repair.

•	 Health	care–associated	PVE	is	increasing	in	
incidence.

•	 Staphylococcus	aureus	is	the	most	common	
cause	of	PVE.

Microbiology
•	 Early-onset	(illness	onset	within	1	year	of	

valve	surgery)	PVE	is	usually	caused	by	
microorganisms	acquired	perioperatively,	such	
as	S.	aureus	and	coagulase-negative	
staphylococci	(CoNS).	Nosocomial	gram-
negative	pathogens,	many	of	which	are	
multidrug	resistant,	and	fungi	rarely	cause	
early-onset	PVE.

•	 Late-onset	PVE	is	usually	caused	by	organisms	
representative	of	“normal	microbiota”	and	
include	viridans	group	streptococci	and	
enterococci.

•	 S.	aureus	and	CoNS	are	also	common	
pathogens	of	late-onset	PVE	due,	in	part,	to	an	
increase	in	frequency	of	health	care–
associated	exposure	in	the	late	period.

Diagnosis
•	 Modified	Duke	criteria	have	been	used	to	

define	suspect	cases	of	PVE.
•	 Blood	cultures	are	critical	in	both	supporting	

a	PVE	diagnosis	and	directing	selection	of	
antimicrobial	therapy.

•	 Transesophageal	echocardiography	(TEE)	is	the	
preferred	imaging	modality	to	support	a	
diagnosis	and	to	identify	complications	such	
as	severe	valve	dysfunction	and	perivalvular	
extension	of	infection,	which	may	require	
surgical	intervention.

Therapy
•	 Parenteral	antimicrobial	therapy	

directed	against	a	specific	pathogen	for		
a	minimum	of	6	weeks	is	recommended		
(see	Table	83-1).

•	 TEE	may	need	to	be	repeated	during	
antimicrobial	therapy	to	identify		
complications	that	would	prompt	surgical	
intervention.

•	 Early	surgical	intervention	should	be	
considered	in	complicated	PVE	with	
perivalvular	extension,	severe	heart	failure,	
severe	valve	dysfunction/dehiscence,	multiple	
emboli,	unresponsive	infection,	and	PVE	due	
to	multidrug-resistant	organisms	or	fungi	(see	
Table	83-6).

Prevention
•	 Perioperative	antibiotic	prophylaxis,	strict	

infection	control	measures,	good	surgical	
technique,	and	limiting	the	use	of	central	
venous	catheters	are	important	in	preventing	
early-onset	PVE.

•	 Maintenance	of	good	oral	hygiene	is	
important	to	prevent	late-onset	community-
acquired	PVE.

•	 Although	there	has	been	no	randomized,	
placebo-controlled	trial	to	define	the	efficacy	
and	safety	of	antibiotic	prophylaxis,	it	is	
recommended	for	any	dental	procedure	that	
involves	manipulation	of	the	gingival	or	
periapical	region	of	teeth	or	perforation	of	oral	
mucosa,	as	well	as	for	procedures	on	the	
respiratory	tract,	infected	skin,	skin	structures,	
and/or	musculoskeletal	tissue.
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and perivalvular tissue are vulnerable for secondary microbial seeding 
during the early postimplantation period when they lack protective 
endothelial lining.

The pathogenesis of PVE consists of several steps including (1) 
microbial adherence to the prosthetic valve, damaged endothelium, 
platelet-fibrin aggregate, and/or periprosthetic tissue; (2) recruitment 
and activation of monocytes, platelets, activation of extrinsic coagula-
tion cascade resulting in an infected coagulum called a vegetation, the 
characteristic lesion of endocarditis; (3) persistence and growth of the 
microorganism within cardiac lesions leading to local tissue destruc-
tion and invasion; and (4) dislodgement of the vegetations may occur, 
resulting in septic emboli in distant organs such as the brain, skin, 
spleen, and kidneys or in the musculoskeletal system.57,58

Microbial Adherence
Microbial adherence is a critical step in the pathogenesis of endocar-
ditis and involves complex interactions between microbial surface pro-
teins and host extracellular matrix molecules. The endothelial lining of 
the heart is usually resistant to microbial infection. However, during 
the early postimplantation period, the prosthetic valve, cardiac annulus, 
periannular tissue, sewing ring, and sutures are not endothelialized. 
The foreign material is often coated with extracellular host matrix 
molecules (e.g., fibrinogen, fibrin, fibronectin, collagen, elastin, plasma 
proteins, platelet proteins) that can serve as ligands for microorgan-
isms.59 Microorganisms can also adhere to and infect the sterile 
platelet-fibrin aggregate formed following injury or inflammation of 
the endothelium. The aging bioprosthesis, sutures, and sewing cuff 
fabric of a valve prosthesis are thrombogenic and favor deposition of 
fibrinogen-fibrin, fibronectin, plasma proteins, and platelets.

The microbial surface proteins that can bind to the host extracel-
lular matrix proteins are called “microbial surface components recog-
nizing adhesive matrix molecules” (MSCRAMMs).60 These surface 
components play a key role in the initiation of endovascular infections, 
bone and joint infections, and prosthetic-device infections. The usual 
pathogens of prosthetic valve endocarditis (S. aureus, CoNS, strepto-
cocci) possess abundant MSCRAMMs. CoNS possess several adhesins, 
including autolysin/adhesins AtlE and Aae,61,62 the fibrinogen-binding 
protein Fbe/SdrG,63,64 the giant 1-MDa fibrinogen-binding protein 
Embp, and lipase GehD.65 Additional protein and polysaccharide com-
ponents like autolysin AtlE are involved in primary attachment to 
polymers. CoNS have emerged as important pathogens in modern 
clinical practice, primarily by their ability to adhere to biomaterials and 
form a stable biofilm.65,66,67,68 The biofilm is a slimy, slippery coat formed 
by a structured community of bacterial cells enclosed in a self-produced 
extracellular polymeric matrix adherent to solid surfaces.69,70

S. aureus has many surface proteins and nonprotein adhesins71 that 
play a crucial role in the pathogenesis of IE.72-76 These include clumping 
factors A (ClfA), fibrinogen-binding adhesins, and the bifunctional 
fibrinogen/fibronectin-binding protein A (FnBPA). The microbial 
surface proteins of streptococci that have been studied in experimental 
models of IE include glucans (Streptococcus sanguis, Streptococcus 
mutans, Streptococcus gordonii)77; Fim A (Streptococcus parasanguis)78,79; 
Ace, an adhesin for collagen type IV, collagen type I, and laminin; 
endocarditis; and Hsa, a sialic acid–binding protein (S. gordonii).80 
Enterococci have biofilm-associated proteins (Enterococcus faecalis),81,82 
Acm and Scm, and collagen adhesins (Enterococcus faecium).83,84

FORMATION AND GROWTH  
OF VEGETATIONS
The microbial growth within a platelet-fibrin aggregate leads to activa-
tion of the extrinsic coagulation cascade, recruitment of monocytes, 
and platelets that result in the formation of vegetation. The adherent 
bacteria activate the extrinsic coagulation pathway by triggering release 
of tissue factor from monocytes that adhere to early vegetations85,86 and 
from endothelial cells surrounding the infected valves.87,88 They also 
influence recruitment and activation of monocytes.89-91 For example, 
the FnBPA proteins of staphylococci interact with the endothelial cells 
and help in recruitment of monocytes by triggering the expression of 
intercellular adhesion molecule (ICAM-1) and vascular cell adhesion 
molecule (VCAM-1), interleukin (IL)-6, IL-8, monocyte chemotactic 
protein (MCP-1), and tissue factor.

late-onset PVE is different.14,19,28,29 Early-onset PVE has been due 
to infections acquired intraoperatively or during the immediate  
postoperative period. Staphylococcus aureus, coagulase-negative staph-
ylococci (CoNS), diphtheroids, fungi, and nosocomial aerobic gram-
negative bacilli are the most common pathogens in early PVE.10,14,29-34 
In the past, the time limit was arbitrarily chosen as 60 days,7,14,19 to 
differentiate perioperative infections from late community-acquired 
infections. However, less virulent organisms acquired perioperatively 
may manifest many months after surgery. The peak incidence of  
CoNS endocarditis is between 60 and 365 days after valve implanta-
tion.14 Hence, 1 year appears to be a better reference point to distin-
guish between early and late PVE.10,18,29,35 There has been a sharp 
decline in the proportion of early PVE from 60% of all PVE cases  
in studies published in the 1970s31,32,34 to about 10% to 20% in more 
recent studies10,14,30 without significantly affecting the overall rate of 
PVE.2,10,14,24,33 The reduced early PVE rate is the consequence of better 
infection prevention and control practices, appropriate use of antimi-
crobial prophylaxis, improvements in design of prosthetic valves, and 
better surgical techniques.

Late PVE is usually considered acquired in the community, unre-
lated to surgery or perioperative period. However, as a result of changes 
in the health care delivery system and the longer survival of patients 
with PVE, health care–associated PVE cases are increasing in the late 
period.10 In some regions of the world, staphylococci have surpassed 
streptococci as the most frequent causative organisms of late PVE. In 
some hospitals, enterococci have surpassed viridans group streptococci 
and thus are the third most common etiologic agent of late PVE.10,14,30

HEALTH CARE–ASSOCIATED 
PROSTHETIC VALVE 
ENDOCARDITIS
Health care–associated infections have become the most important 
risk factor for development of PVE in recent years.* Health care–asso-
ciated PVE constituted about 37% of all cases in a prospective, multi-
national cohort. S. aureus is now the leading causative organism of 
PVE, with increases in frequency of methicillin-resistant strains across 
geographic regions.14 Major risk factors for health care–associated PVE 
include intravascular devices and hemodialysis. About 70% of health 
care–associated PVE cases are diagnosed within the first year after 
prosthetic valve implantation and more than 60% occur beyond 60 
days postsurgery. Many aerobic gram-negative bacilli can cause health 
care–associated PVE, and multidrug resistance is common. Among 
this group, Pseudomonas, Serratia, Acinetobacter, and Stenotroph-
omonas spp. predominate. Fungal PVE due to Candida spp. can occur 
with health care exposure. Candida albicans and Candida parapsilosis 
are the most frequently isolated fungal pathogens of PVE. Other non-
albicans Candida spp. such as Candida glabrata and Candida krusei can 
cause PVE.

COMMUNITY-ACQUIRED 
PROSTHETIC VALVE 
ENDOCARDITIS
Most community-acquired PVE is caused by enterococci, viridans 
group streptococci, and fastidious organisms including the HACEK 
group (Haemophilus parainfluenzae, Aggregatibacter aphrophilus, 
Aggregatibacter actinomycetemcomitans, Cardiobacterium hominis, 
Eikenella corrodens, and Kingella spp.).11-13,42-47

Late-onset PVE is rarely caused by Mycobacterium, Coxiella, Tro-
pheryma, Bartonella, and Legionella spp.48-56 Aspergillus spp. have been 
noted in few infections and can be difficult to identify as causative 
pathogens because blood cultures are usually negative. Fungal stains 
of the resected tissue can show characteristic fungal hyphal elements. 
Other rare fungal pathogens include Cryptococcus neoformans and 
Histoplasma capsulatum.

PATHOGENESIS
PVE can occur due to direct microbial contamination of a prosthetic 
valve at the time of surgery or as a consequence of secondary hema-
togenous seeding from a distant infectious focus. The prosthetic valve 

*References 10, 14, 16, 28, 29, 36-41.
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perivalvular complications of the aortic ring, including aortocavitary 
fistulas in 19% and nonruptured abscess in 81%.112 The ring abscess 
may dislodge the prosthesis from its anchorage (Fig. 83-2) and give 
rise to the echocardiographic appearance of a “dancing” prosthesis. 
Acute ventricular decompensation and congestive heart failure, due to 
either valve obstruction or incompetence, are important complications 
of PVE requiring surgery. In one study, 45% of all patients with PVE 
developed prosthetic dehiscence with moderate or severe valve regur-
gitation.112 Aortic PVE may also result in third-degree heart block if 
the infectious process extends to the conducting system of the heart. 
Ruptured ring abscesses may form fistulous tracks into cardiac cham-
bers or into the intraventricular septum and lead to intracardiac shunt-
ing.112 The aortic PVE may result in aneurysms of the sinus of Valsalva 
by extending to the aortic root or aneurysms of the anterior leaflet of 
the mitral valve by extending through mitral-aortic fibrous continuity. 
The infection may also extend to involve the other valves resulting in 
multivalvular endocarditis (Fig. 83-3).

Bioprosthetic valves are homografts (preserved human aortic 
valves) or heterografts (bovine pericardial or porcine valve tissue 
mounted on a metal support), and the infection is usually restricted to 

Microorganisms also engage and activate platelets either directly or 
through bridging molecules. For example, S. aureus induces platelet 
activation by several surface proteins. ClfA/clumping factor B (ClfB) 
and FnBPA/fibronectin-binding protein B (FnBPB) are the major 
platelet activating modulins.92-95 ClfA and FnBPA/FnBPB bind to the 
low-activity platelet glycoprotein IIb/IIIa (GPIIb/IIIa) receptor through 
fibrinogen and fibronectin bridges. The circulating specific ClfA or 
FnBPA/FnBPB antibodies engage the crystallizable fragment γ receptor 
IIA (FcγRIIA). Activation of both receptors on quiescent platelets initi-
ates a signal transduction cascade resulting in platelet activation and 
aggregation. S. sanguis activates platelets by either direct interaction 
between the serine-rich glycoprotein A (SrpA) and the glycoprotein Ib 
receptor (von Willebrand factor [vWF])96 or specific antibody and 
complement assembly that link the surface proteins to platelet FcγRIIA 
and complement receptors.94,97 Strains of S. gordonii stimulate platelet 
aggregation directly by binding to glycoproteins Ib and IIb through the 
serine-rich surface glycoproteins GspB and the sialic acid–binding 
adhesins (Hsa).98-102

These processes result in an enhanced procoagulant and inflamma-
tory activity in the vicinity of the infection. The thrombus serves as a 
focus for adherence of additional bacteria and platelets leading to 
growth of the vegetation.

Persistence and Growth of 
Microorganisms
Microorganisms are able to persist and grow within vegetations using 
many mechanisms to evade the host defense system. The usual patho-
gens of IE have reduced susceptibility to platelet-microbicidal proteins 
in vitro.103-106 ClfA of S. aureus inhibits phagocytosis by human poly-
morphonuclear leukocytes in the absence of fibrinogen.107 Fibrin-
adherent streptococci are not engulfed by monocytes.86 S. aureus can 
internalize into intact endothelial cells through a fibronectin bridge 
between FnBPA and the endothelial α5β1 integrins (fibronectin recep-
tors). This internalization of S. aureus can lead to persistent or recur-
rent infection by avoiding host defense and membrane-active 
antimicrobial agents, such as β-lactams and glycopeptides.

The biofilm over the prosthetic valve also provides a protective 
environment for the bacteria. The sessile bacteria within the biofilm 
are less susceptible to the host immune system and antibiotics than the 
free-floating (planktonic) bacteria. The polymeric matrix acts as a dif-
fusion barrier to retard the diffusion of antibiotics and reactive oxi-
dants of phagocytic cells. Bacteria within the biofilm exhibit an altered 
phenotype with different patterns of growth, gene expression, and 
protein production. Nutrient-deficient bacteria in the biofilm switch 
to a slow-growing metabolically quiescent persister phenotype, which 
is less susceptible to antimicrobial agents.108

Tissue Destruction and Invasion
Microorganisms produce various toxins and tissue-degrading enzymes 
that result in invasion and tissue destruction. The extent and rapidity 
of tissue destruction depend on the virulence of the microorganisms. 
S. aureus, the most common pathogen of PVE, is a virulent organism 
capable of inducing significant tissue destruction in a short period of 
time. In S. aureus, the secretion of tissue-degrading enzymes and 
toxins is coordinated in a growth phase–dependent manner by global 
regulator loci such as accessory gene regulator (Agr), the stress response 
regulon (SigB), and staphylococcal accessory regulator (SarA).72,73,75,76,109

PATHOLOGY
The clinicopathologic findings of PVE usually differ between mechani-
cal and bioprosthetic valves. Mechanical heart valves are primarily 
made of metal or carbon alloys and are classified according to their 
structure as caged-ball, single-tilting disk, or bileaflet-tilting disk 
valves.110 Metal or carbon alloys are usually not well suited for micro-
bial adherence. The infection of mechanical prostheses usually starts 
at the interface between the sewing cuff and the native tissue. The 
perivalvular tissue invasion can result in loosening of the sutures, 
causing periprosthetic leaks, or in ring abscesses (Fig. 83-1). Annular 
abscess or paravalvular leak was more common in mechanical PVE 
than bioprosthetic PVE.111 In a retrospective multicenter study at 16 
tertiary referral hospitals, 148 (17%) of 872 patients with PVE had 

FIGURE  83-1  Aortic prosthetic valve endocarditis with valvular 
stenosis and paravalvular ring abscess.  (Courtesy Dr. William D. 
Edwards, Mayo Clinic.)

FIGURE 83-2  Mechanical aortic prosthetic valve endocarditis with 
dehiscence and paravalvular leak.  (Courtesy Dr. William D. Edwards, 
Mayo Clinic.)
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patients with renal failure, elderly patients, and those taking antibiotic 
or antipyretic medications. New or changing murmur or congestive 
heart failure may be indicative of complications of PVE such as pros-
thetic valve dehiscence, fistulas, or perivalvular abscess.113-116 New ven-
tricular dysrhythmias or conduction abnormalities may arise if the 
infectious process (perivalvular abscess) extends into the electrical 
conduction system of the heart. Perivalvular extension of the aortic 
PVE into the intraventricular septum can disrupt the proximal ven-
tricular conduction system and result in complete heart block. Embolic 
stroke or brain abscess, or both, may be the initial presentation of PVE. 
In patients with left-sided endocarditis, both symptomatic (35%) and 
clinically silent (30%) cerebrovascular complications are common.117 
Mycotic aneuryms involving the cerebral vasculature are uncommon 
but serious complications of PVE. The mortality rate associated with 
ruptured intracranial mycotic aneurysm approaches 80%118-120 and can 
result in intracranial hemorrhage. Secondary metastatic abscess can 
develop in the musculoskeletal system (psoas abscess, vertebral osteo-
myelitis, and diskitis), kidneys, spleen, joints, etc. Right-sided endo-
carditis involving the tricuspid or pulmonic prosthesis may result in 
septic pulmonary emboli. Glomerulonephritis or arthritis can be a 
manifestation of systemic immune response but is uncommon in acute 
presentations.

DIAGNOSIS
Classic Oslerian manifestations may often be absent in acute PVE 
because patients present during the early stage of the disease before the 
evolution of immunologic and embolic manifestations. The diagnosis 
of prosthetic valve endocarditis can be challenging because atypical 
presentations are common in the elderly populations with prosthetic 
valves. High index of suspicion and comprehensive clinical, microbio-
logic, and echocardiographic evaluations are important for prompt 
diagnosis of PVE and its complications. Modified Duke criteria should 
be used as a clinical guide to evaluate all patients suspected to have 
prosthetic valve endocarditis.121,122 It should be noted that the Duke 
criteria were established for epidemiologic and clinical research pur-
poses rather than to assist in clinical practice. Hence, clinical judgment 
should be used when they are applied in the management of patients.

Echocardiography
Transesophageal echocardiography (TEE) is recommended in all cases 
of suspected PVE.122 One of the two major criteria in the modified 
Duke diagnostic schema is echocardiographic evidence of oscillating 
intracardiac mass on the valve or supporting structures, new partial 
dehiscence of prosthetic valve, or intracardiac abscess.121 The utility of 
transthoracic echocardiography (TTE) is limited in the evaluation of 
patients with suspected PVE for two reasons. First, reverberations and 
other artifacts created by the prosthesis hamper the quality of the TTE 
images. Secondly, TTE is not sensitive enough to evaluate for perival-
vular complications, which is critical in the management of PVE. TEE 
has a higher sensitivity of 84% to 94% to detect vegetations when 
compared with TTE (33% to 68%).123-125 TEE is also superior to TTE 
for the detection of complications such as perforations, prosthetic valve 
dehiscence, perivalvular abscesses, and fistulas.126 Thus, TEE is impor-
tant to both establish the diagnosis of PVE and identify high-risk 
patients who may require early surgery.

False-negative TEE may occur in the early course of illness if the 
vegetations or perivalvular abscesses are too small to be detected.127 
TEE images may be limited if the abscess is localized around calcifica-
tion in the posterior mitral annulus and in patients with a Bentall 
procedure (composite graft placement of the aortic valve, aortic root, 
and ascending aorta, with reimplantation of the coronary arteries into 
the graft). If the clinical suspicion persists despite negative TEE, TEE 
should be repeated after 2 to 7 days. In experienced laboratories, the 
specificity of an abnormal TEE is about 95%. The interpretation of TEE 
is sometimes difficult because differentiation among thrombus, vegeta-
tion, or degenerative strand is not always obvious.

Complications of PVE such as valve dehiscence, perivalvular 
abscess, fistulas, and pseudoaneurysm may evolve over time despite 
negative initial TEE. Persistent fever despite appropriate antibiotic 
treatment and/or new conduction abnormalities should raise the sus-
picion for intracardiac perivalvular abscess. New or worsening heart 

the cusps (Fig. 83-4). The growth of thrombotic vegetations in the 
biosynthetic material can lead to cusp rupture, perforation, leak, and 
vegetations. However, if the sewing cuff is involved in infection, the 
pathologic process is similar to that of mechanical prosthetic valve 
infection.

The sizes and types of vegetations appear to be correlated with the 
virulence of the causative microorganism. S. aureus usually results in 
smaller vegetations but causes significant destruction and invasion of 
the tissue. Viridans group streptococci have been associated with larger 
vegetations with slower, milder destruction of tissue. Fungi form large, 
bulky vegetations.112 Large vegetations are also associated with HACEK 
group of organisms.

CLINICAL PRESENTATION
The clinical presentation of prosthetic valve endocarditis is variable, 
determined by the virulence of the pathogen and the time of presenta-
tion. Common clinical presentations include fever, new/changing 
murmur, heart block, congestive heart failure (CHF), and embolic 
events. Fever is the most common symptom and sign of PVE that is 
present in 73% to 92% of patients. However, fever is often absent in 

FIGURE  83-3  Aortic prosthetic valve endocarditis extending to 
involve other native valves.  (Courtesy Dr. William D. Edwards, Mayo 
Clinic.)

FIGURE  83-4  Aortic bioprosthetic endocarditis involving the 
cusps. (Courtesy Dr. William D. Edwards, Mayo Clinic.)
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chills because the bacteremia in endocarditis is low grade and continu-
ous.129,130 Growth of the microorganism in blood culture allows us to 
perform antimicrobial susceptibility testing, which is crucial in the 
selection of the most effective antibiotic regimen. Recent antibiotic 
administration can render the blood culture negative,131 and thus it is 
crucial that blood cultures be drawn before initiation of antibiotics in 
all patients with suspected PVE.

Blood cultures are positive in about 78% to 91% of patients with 
PVE.8,14,29,114,132 Advances in bacterial culture techniques, with pro-
longed incubation times, presence of carbon dioxide, and use of 
enriched culture media have improved the yield of blood cultures. 
However, the prevalence of blood “culture-negative” PVE is still sig-
nificant.14,19 Recent antibiotic administration is the most common 
cause of blood “culture-negative” PVE. Careful history and documen-
tation of prior antibiotic use will help in the evaluation of patients 
suspected of culture-negative PVE. Routine blood cultures may also 
fail to detect fastidious microorganisms such as HACEK, Bartonella, 
Brucella, Abiotrophia, Granulicatella spp., and noncultivable microor-
ganisms such as Chlamydia spp., Coxiella burnetii, Legionella spp., 
Mycobacterium spp., Mycoplasma pneumoniae, Tropheryma whipplei, 
and fungi.131 In these situations, close collaboration between the clini-
cian and laboratory staff is required to determine the appropriate spe-
cialized culture media/techniques, serologic tests, and/or molecular 
tests that can be employed to identify the pathogen.

Valve Culture
Surgical specimens, including vegetations, tissue fragments of bio-
prosthesis, periprosthetic tissues/abscesses, and embolic fragments, 
should be sent for histopathology and cultures in patients who undergo 
surgery. Cultures of the valves are often negative due to prior antibiotic 
administration.133,134 Valve culture results should be interpreted with 
caution because contamination during handling from surgical resec-
tion to laboratory processing is possible.135-137

Serologic Methods
Serologic methods can be used to complement culture-based methods 
to identify a pathogen. Modified Duke criteria have included specific 
serologic data as surrogate markers for positive blood cultures to estab-
lish an etiologic diagnosis in “culture-negative” endocarditis. An anti–
phase I immunoglobulin G antibody titer of greater than or equal to 
1 : 800 by microimmunofluoresence to C. burnetii is a major criterion 
in the modified Duke criteria for Q fever endocarditis.122 Serologic tests 
are available for Brucella melitensis, Bartonella spp., Legionella spp., 
M. pneumoniae, Chlamydia spp., and Aspergillus spp.138

Broad-Range Bacterial rDNA Polymerase 
Chain Reaction
The amplification of bacterial 16S rDNA using broad-range DNA 
primers and subsequent nucleotide sequencing can help identify an 
etiologic agent of PVE and are principally used in culture-negative 
cases.139 16S bacterial ribosomal RNA (rRNA) genes comprise both 
highly conserved and variable regions. Using broad-range PCR prim-
ers to amplify the conserved region of 16S rRNA genes, it is theoreti-
cally possible to identify all possible bacterial pathogens.140 PCR 
amplification of conserved sequences in the panfungal small-subunit 
rRNA internal transcribed spacer sequence can identify fungal 
microorganisms.141

In certain clinical situations, a more accurate identification of the 
pathogen to the species level may have important clinical implications. 
For example, in cases of CoNS PVE, it is important to identify Staphy-
lococcus lugdunensis because it has a more virulent clinical course. To 
identify microorganisms at the subspecies level, the highly variable 
ribosomal intergenic sequences can be targeted for PCR amplification. 
In addition, this amplification can be extremely useful in defining 
whether a pathogen has genes that encode for antimicrobial resistance; 
this would be helpful in the case of identification of a staphylococcus 
and whether it is oxacillin resistant, for example.

PCR-based techniques have been used to detect microorganisms in 
blood specimens, as well as resected heart valve tissue.134,142-151 Molecu-
lar techniques have higher sensitivity and specificity than conventional 
culture-based methods. In one recent study of blood culture–negative 

failure may suggest mechanical valve dehiscence or perforation/
rupture of the bioprosthetic valve cusp. TEE should be repeated 
promptly whenever there is a change in clinical condition that raises 
the suspicion of PVE complications. TEE may identify pseudoaneu-
rysms as pulsatile, echocardiographic-free sac around the prosthesis 
communicating with a cardiac chamber (Fig. 83-5).

A new imaging modality, multislice computed tomography (Fig. 
83-6), was shown in one study to have excellent sensitivity (97%) when 
compared with TEE and provided more accurate anatomic detail about 
the perivalvular extent of abscess/pseudoaneuryms than TEE.128 This 
and other newer tools require additional investigation as to how they 
should be used in patients with PVE.

Identification of the Pathogen
Blood Cultures
Blood cultures remain the most valuable test in establishing the etio-
logic diagnosis of PVE. In clinically stable patients, at least three sets 
of blood cultures should be collected over several hours before the 
initiation of antibiotics. If the clinical situation is urgent, empirical 
antibiotic therapy can be initiated after obtaining two or more blood 
cultures sequentially over a short interval of time. Blood cultures can 
be obtained at any time and are not necessarily timed with fever or 

FIGURE  83-5  Transesophageal echocardiography showing pseu-
doaneurysm. (Courtesy Dr. Nandan Anavekar, Mayo Clinic.)

FIGURE 83-6  Multislice computed tomography showing perival-
vular abscess. (Courtesy Dr. Nandan Anavekar, Mayo Clinic.)
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TEE is thus important to determine if a patient can be managed with 
medical therapy alone or if surgical intervention is necessary.

All patients suspected of having PVE should be hospitalized ini-
tially for close clinical monitoring. As previously discussed, pathogen 
identification, usually by isolation from blood cultures, is critical in 
defining an optimal treatment regimen. Because the infection is life 
threatening, it is reasonable to initiate empirical antimicrobial therapy 
targeting the most likely pathogens after obtaining at least three sets of 
blood cultures, especially in patients with acute-onset PVE and in 
hemodynamically unstable patients. It is suggested that the empirical 
antimicrobial regimen be chosen to target the most likely pathogens 
of PVE, considering the time of onset of PVE and the likely site of 
acquisition.

Antimicrobial Therapy
In vitro susceptibility testing should be used to define the most effec-
tive, pathogen-specific antimicrobial regimen. A microbicidal regimen 
is preferred for the treatment of PVE. At least two sets of blood cultures 
should be drawn every 24 to 48 hours until clearance of bloodstream 
infection is documented.122 No randomized controlled trials have been 
conducted to establish the optimal duration of antimicrobial treat-
ment. The duration of antimicrobial therapy is a minimum of 6 weeks 
and should be counted from the day of first negative blood cultures in 
culture-positive PVE.122 If the resected valve or tissue culture, or both, 
are positive, it is reasonable to administer an entire course of antimi-
crobial therapy. In regimens that include multiple agents, they should 
be administered in temporal proximity to achieve maximal synergistic 
microbicidal effect.

STAPHYLOCOCCAL PROSTHETIC 
VALVE ENDOCARDITIS
The antimicrobial regimens recommended for S. aureus and coagulase-
negative staphylococcal PVE are identical—based mainly on in vitro 
susceptibility testing (Table 83-1). A triple-drug combination antimi-
crobial regimen is recommended for the optimal treatment of staphy-
lococcal PVE.122 The principal drug is a cell wall–active agent, chosen 
on the basis of methicillin susceptibility. Vancomycin is the principal 
drug of choice for methicillin-resistant organisms, whereas semisyn-
thetic penicillin (nafcillin, oxacillin) should be chosen for methicillin-
susceptible organisms. Isolates of Staphylococcus epidermidis with 
oxacillin minimal inhibitory concentration (MIC) of 0.25 µg/mL or 
less may be treated with oxacillin or nafcillin. The second drug in com-
bination therapy is rifampin, which is important in the treatment of 
staphylococcal foreign body–related infections. In vitro studies, animal 
models of staphylococcal prosthetic device infections, and clinical 
studies provide evidence supporting the role of rifampin in eradicating 
staphylococci adherent to prosthetic devices.162-167 Rifampin resistance 
can easily develop due to mutation of the ribosomal gene responsible 
for rifampin site of action.166 The probability of this mutation and 
hence selection of rifampin-resistant strains is high when a large, 
highly dense, rapidly dividing bacterial population is exposed to inef-
fective rifampin-containing regimens. Hence, it is reasonable to initiate 
rifampin only after an effective two-drug combination antistaphylo-
coccal therapy has been administered for at least 2 days. If the Staphy-
lococcus is not susceptible to two other drugs, a single agent can be used 
for 3 to 5 days before initiation of rifampin. The goal of this strategy is 
to reduce the number of organisms and hence lower the risk of selec-
tion of rifampin-resistant subpopulation. The third drug in the combi-
nation regimen is either an aminoglycoside or a fluoroquinolone. 
Gentamicin is recommended for the initial 2 weeks of therapy, though 
there are only limited clinical data to support this addition. In case of 
gentamicin resistance or intolerance to an aminoglycoside, a fluoroqui-
nolone may be used as a substitute if the strain is susceptible.166-168

In vitro susceptibility testing should be repeated when there is 
failure of an antimicrobial regimen. Clinical failure with vancomycin 
therapy for methicillin-resistant S. aureus (MRSA) PVE can occur due 
to heterogeneous-type VISA (vancomycin-intermediate S. aureus) 
strains169 and the optimal antimicrobial therapy in such cases is 
unknown. Clinical experience is limited in the treatment of PVE with 
newer agents such as high-dose daptomycin and linezolid.170,171,172-175 
No cases of PVE treated with telavancin or ceftaroline have been  

PVE, a high prevalence of fungal pathogens was detected using molec-
ular and serologic methods.152 The molecular techniques are especially 
useful in the context of “culture-negative” endocarditis because the 16S 
rRNA genes extracted from the valve tissue can help to identify the 
cultivable but dead organisms (prior antibiotic use) and the fastidious/
noncultivable microorganisms. Other genes such as 23S rRNA, 16S-23S 
intergenic spacer, and rpoB have been successfully used.140

Microbial DNA can be present in the valve tissue for several weeks 
after the initiation of appropriate antimicrobial agent.147,153 PCR-based 
methods also do not differentiate between viable, dead microorgan-
ism and contaminating free microbial DNA. Hence, positive PCR 
from the resected valve tissue should be interpreted within the clinical 
context.

Molecular techniques cannot replace culture-based methods but 
are additional tools that can be used to improve the etiologic diagnosis 
of IE. Currently, culture is indispensable for antimicrobial susceptibil-
ity testing. Molecular techniques targeting common resistance genes 
to predict resistance patterns may provide rapid and useful informa-
tion. Standardization of molecular techniques is necessary to reduce 
the interlaboratory variations and to reduce contamination because a 
broad-range 16S rDNA PCR is prone to contamination.

Novel technologies such as DNA microarrays may be useful to 
provide more accurate and rapid microbial identification.

Histology
Histologic examination of resected perivalvular and valvular tissues 
remains the “gold standard” for the diagnosis of PVE. Histologic cri-
teria of PVE include demonstration of microorganisms in the resected 
specimens and pathologic lesions such as vegetations and inflamma-
tory infiltrates, with or without annular abscess.154

In situ visualization of causative agents in the resected valve speci-
mens can be done with immunohistochemical methods. Autoimmu-
nohistochemistry is an immunohistochemical method in which a 
patient’s own serum is used as a source of antibodies that can be used 
to detect microorganisms in heart valve specimens.155 Fluorescence in 
situ hybridization using fluorescent peptide nucleic acid (PNA) probes 
can penetrate into gram-positive bacteria within the resected valve 
tissue and can help to visualize the organism in situ.156

If histologic examination fails to demonstrate microorganisms and 
vegetations, computer-assisted quantitative analysis of digitized micro-
scopic images of the inflammatory patter may assist in differentiating 
infective and noninfective inflammatory valve processes. Excessive 
neovascularization and a pattern composed of CD15+ leukocytes 
exceeding 2% of the mechanical valve surface and exceeding 1.5% of 
the total bioprosthetic valve surface is highly predictive (90% and 98%, 
respectively) and specific (90% and 94%, respectively) for an acute 
infection.154,157

Evaluation of Bloodstream Infection in 
Patients with a Prosthetic Valve
Certain microorganisms have a high propensity to cause prosthetic 
valve endocarditis. Among patients with underlying prosthetic valve 
who develop staphylococcal bacteremia, approximately 50% of patients 
with S. aureus bacteremia and 40% of patients with CoNS bacteremia 
have or will develop PVE.35,158 The risk is high even in the absence of 
persistent fever and persistent bacteremia.159,160 The risk appears to be 
independent of the type, location, or age of the prosthetic valve.35,158 
Among patients with prosthetic valve and enterococcal bacteremia, 
PVE was observed in 8% to 32%.161 Hence, patients with prosthetic 
valves who develop S. aureus, CoNS, or enterococcal bacteremia 
should be aggressively evaluated for PVE. Nosocomial fungemia has a 
high risk of causing secondary fungal PVE and should be carefully 
evaluated.

MANAGEMENT
The management of PVE consists of effective pathogen-specific anti-
microbial therapy and timely surgical intervention, when indicated. 
TEE is used to assess prosthetic valve function and vegetation size and 
to identify perivalvular complications that may require surgical inter-
vention. It should be repeated during antimicrobial therapy when clini-
cally indicated to monitor for development of complications of PVE. 
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enterococci are relatively resistant to penicillin, ampicillin, or vanco-
mycin and monotherapy is not bactericidal. The synergistic effect 
achieved by combination of a cell-wall agent (penicillin, ampicillin, or 
vancomycin) with an aminoglycoside is bactericidal against susceptible 
strains of enterococci.176

Enterococci are relatively impermeable to aminoglycoside, but cell-
wall active agents increase this permeability, producing synergistic 
bactericidal effects. For synergism, the strain should be susceptible to 
the cell wall–active agent and not have high-level resistance to the 
aminoglycoside. High-level resistance is defined as growth at high 
concentrations of aminoglycoside (500 µg/mL of gentamicin or 
1000 µg/mL of streptomycin).122 All enterococci should be tested for 
susceptibility to cell wall–active agents (penicillin and vancomycin), as 
well for high-level aminoglycoside resistance (both gentamicin and 
streptomycin). For susceptible strains, the combination of penicillin or 
ampicillin with gentamicin for 6 weeks is the preferred regimen. Once-
daily aminoglycoside dosing has not been demonstrated to be as effec-
tive as multiple daily dosing in enterococcal endocarditis. Hence, in 
contrast to streptococcal PVE, once-daily dosing is not recommended 
for enterococcal PVE. For patients with normal renal function, genta-
micin should be administered every 8 hours.177 The serum concentra-
tions should be monitored closely, especially in patients with reduced 
renal function. The dosage should be adjusted to achieve a 1-hour 
serum concentration of approximately 3 µg/mL and a serum trough 
concentration of less than 1 µg/mL. A higher dosage of gentamicin 
increases the risk of nephrotoxicity without providing any additional 
enhanced bactericidal effect on enterococci.178 About one third of high-
level gentamicin-resistant strains are susceptible to high levels of strep-
tomycin and can be used for achieving synergy with cell wall–active 
agents.178,179 Streptomycin should be administered every 12 hours in 
patients with normal renal function. The dosage should be adjusted to 

published to date. Staphylococcal PVE is often complicated by perival-
vular extension or prosthetic valve dysfunction, requiring surgical 
intervention for optimal management.

STREPTOCOCCAL PROSTHETIC 
VALVE ENDOCARDITIS
The antimicrobial regimens recommended by the American Heart 
Association (AHA) for the treatment of PVE caused by viridans group 
streptococci, Streptococcus gallolyticus, Streptococcus pneumoniae, or 
other penicillin-susceptible streptococci are listed in Table 83-2. The 
primary drug for treatment of streptococcal PVE is either penicillin or 
ceftriaxone, given for a minimum of 6 weeks. For PVE caused by highly 
penicillin-susceptible streptococci (MIC ≤0.12 µg/mL), the addition 
of gentamicin for the initial 2 weeks is optional because combination 
regimen has not been shown to have superior cure rates compared with 
β-lactam monotherapy.122 If the strain does not have high-level genta-
micin resistance, intravenous once-daily gentamicin may be adminis-
tered for the initial 2 weeks in patients who can tolerate aminoglycosides. 
For patients with PVE caused by streptococci with relative or high-
level penicillin resistance (MIC >0.12 µg/mL), Gemella, Abiotrophia, 
or Granulicatella spp., a combination of penicillin or ceftriaxone with 
gentamicin is recommended for a minimum duration of 6 weeks. It is 
suggested to continue gentamicin for 6 weeks if the patient can tolerate 
it without significant nephrotoxicity. Monotherapy with vancomycin 
for a minimum of 6 weeks is recommended only for patients who 
cannot tolerate both penicillin and ceftriaxone.

ENTEROCOCCAL PROSTHETIC 
VALVE ENDOCARDITIS
The regimens recommended by the AHA for the treatment of entero-
coccal PVE are listed in Table 83-3. In contrast to streptococci,  

TABLE 83-1  Therapy for Prosthetic Valve 
Endocarditis Caused by Staphylococci, Suggested 
by American Heart Association

REGIMEN DOSAGE AND ROUTE DURATION
Methicillin-Susceptible Staphylococci
Nafcillin or oxacillin*
plus

2 g IV q4h ≥6 wk

Rifampin†

plus
300 mg PO or IV q8h ≥6 wk

Gentamicin‡ 3 mg/kg IV/IM q24h in 2 or 3 
equally divided doses

2 wk

Methicillin-Resistant Staphylococci
Vancomycin§

plus
15 mg/kg IV q12h ≥6 wk

Rifampin†

plus
300 mg PO or IV q8h ≥6 wk

Gentamicin‡ 3 mg/kg per IV/IM in 2 or 3 
equally divided doses

2 wk

*Penicillin G, 24 million U/24 hr IV, may be used in place of nafcillin or oxacillin  
if the strain is penicillin susceptible (MIC ≤0.1 µg/mL) and does not produce 
β-lactamase. Cefazolin 2 g IV q8h may be substituted for nafcillin or oxacillin. 
Cefazolin can be used in non-immediate-type allergic reaction to penicillin. 
Consider skin testing for patients with history of immediate-type allergy to 
penicillin. Vancomycin is recommended only in patients unable to tolerate 
penicillins and cephalosporins.

†It is recommended to initiate rifampin therapy only after susceptibility results 
are known and ideally after 2 days of effective combination therapy, in an attempt 
to reduce the risk of emergence of rifampin resistance.

‡Gentamicin should be administered in close proximity to vancomycin, nafcillin, 
or oxacillin to maximize synergy. Renal function and serum gentamicin 
concentrations should be closely monitored. Goal trough level is <1 µg/mL and 
peak level (1 hr postdose) is 3-4 µg/mL.

§Vancomycin dosage should be adjusted to a trough level of 10-15 µg/mL.
Dosages recommended are for patients with normal renal function.
From Baddour LM, Wilson WR, Bayer AS, et al. Infective endocarditis: diagnosis, 

antimicrobial therapy, and management of complications: a statement for 
healthcare professionals from the Committee on Rheumatic Fever, Endocarditis, 
and Kawasaki Disease, Council on Cardiovascular Disease in the Young, and the 
Councils on Clinical Cardiology, Stroke, and Cardiovascular Surgery and Anesthesia, 
American Heart Association: endorsed by the Infectious Diseases Society of 
America. Circulation. 2005;111:e394-e434.

TABLE 83-2  Therapy of Prosthetic Valve 
Endocarditis Caused by Streptococci as 
Suggested by American Heart Association

REGIMEN
DOSAGE AND 
ROUTE DURATION COMMENTS

Penicillin-Susceptible (MIC ≤0.12 µg/mL) Strain of Viridans 
Streptococci, Streptococcus bovis, Streptococcus pneumoniae
Either aqueous 

crystalline 
penicillin G

Or

24 million units/ 
24 hr IV either 
continuously or 
in 4-6 equally 
divided doses

6 wk Gentamicin is 
optional. 
Combination of 
penicillin or 
ceftriaxone with 
gentamicin has 
not been 
shown to be 
superior to 
monotherapy.

Ceftriaxone 2 g IV/IM q24h 6 wk

With or without
Gentamicin

3 mg/kg IM or IV 
single daily dose

2 wk

Relatively or Fully Resistant to Penicillin (MIC >0.12 µg/mL) 
Strain of Streptococcus or Gemella spp., Streptococcus 
agalactiae, Abiotrophia defectiva, Granulicatella spp.
Either
Aqueous 

crystalline 
penicillin G

Or

24 million 
units/24 hr  
IV either 
continuously or 
in 4-6 equally 
divided doses

6 wk See below for 
patients with 
β-lactam 
allergy*

Ceftriaxone
Plus

2 g IV/IM q24h 6 wk

Gentamicin 3 mg/kg IM or IV 
single daily dose

6 wk

*Monotherapy with IV vancomycin 15 mg/kg q12h for 6 wk is recommended only 
for patients unable to tolerate penicillin and ceftriaxone.

MIC, minimal inhibitory concentration.
Dosages recommended are for patients with normal renal function.
From Baddour LM, Wilson WR, Bayer AS, et al. Infective endocarditis: diagnosis, 

antimicrobial therapy, and management of complications: a statement for 
healthcare professionals from the Committee on Rheumatic Fever, Endocarditis, 
and Kawasaki Disease, Council on Cardiovascular Disease in the Young, and the 
Councils on Clinical Cardiology, Stroke, and Cardiovascular Surgery and Anesthesia, 
American Heart Association: endorsed by the Infectious Diseases Society of 
America. Circulation. 2005;111:e394-e434.
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vancomycin. Only case reports of treatment success with linezolid, 
quinupristin/dalfopristin, and daptomycin have been reported.182-184 
Combination therapy of ampicillin with daptomycin even in cases of 
ampicillin resistance might be a potential salvage regimen in patients 
unable to undergo surgery.185,186 In patients with PVE caused by strains 
for which there is no effective bactericidal regimen, surgical interven-
tion with valve replacement followed by a long (at least 8-week) course 
of postoperative antimicrobial therapy should be considered.

HACEK PROSTHETIC VALVE 
ENDOCARDITIS
The regimens recommended by the AHA for treatment of HACEK 
PVE are listed in Table 83-4. Ceftriaxone or ampicillin-sulbactam is 
recommended as the preferred initial agent until susceptibility data are 
available because strains resistant to ampicillin due to β-lactamase 
production are increasing in frequency. Fluoroquinolones have activity 
against HACEK organisms in vitro, but clinical efficacy data are 
limited. Antimicrobial therapy alone usually results in successful treat-
ment of HACEK PVE if there is no perivalvular complication or valve 
dysfunction.187

DIPHTHEROID PROSTHETIC 
VALVE ENDOCARDITIS
Combination of penicillin or ampicillin with gentamicin for a mini-
mum of 6 weeks is the recommended regimen for PVE caused by 
strains of diphtheroids (Corynebacterium spp.) that are susceptible 
to both penicillin and gentamicin. If the strain is resistant to gen-
tamicin or penicillin, bactericidal synergism is not possible.188 For 
patients with PVE caused by diphtheroid strains that are resistant to 
either penicillin or gentamicin and in patients who cannot tolerate 

achieve a 1-hour serum concentration of 20 to 30 µg/mL and a trough 
concentration of less than 10 µg/mL.178

Double β-lactam combinations (ceftriaxone or cefotaxime or imi-
penem plus ampicillin) have been shown to have synergistic bacteri-
cidal activity against Enterococcus faecalis strains180 and have been 
considered as an alternative regimen for strains with high-level resis-
tance to gentamicin and streptomycin but susceptible to penicillin. A 
recent observational, nonrandomized, multicenter cohort study com-
pared ampicillin plus ceftriaxone combination with ampicillin plus 
gentamicin for treatment of IE caused by E. faecalis, including 89 cases 
of E. faecalis PVE. The study did not find any difference in mortality, 
treatment failure, or relapse between the two groups, but interruption 
of antibiotic treatment due to adverse events (renal failure, elevation 
in creatinine) was higher in patients receiving ampicillin plus genta-
micin. The authors concluded that the double β-lactam combination 
(ampicillin plus ceftriaxone) can be used safely to treat IE caused by 
both susceptible and high-level aminoglycoside-resistant strains of E. 
faecalis.181

For PVE caused by enterococci that are intrinsically resistant to 
penicillin but susceptible to aminoglycoside and vancomycin, a com-
bination regimen of vancomycin with aminoglycoside for 6 weeks is 
suggested. Renal function should be closely monitored because this 
combination has a higher risk of renal toxicity. In rare strains of  
E. faecalis, penicillin resistance may be due to inducible β-lactamase 
production rather than alteration in penicillin-binding proteins. For 
these β-lactamase-producing strains, ampicillin-sulbactam is the pre-
ferred cell wall–active agent and vancomycin is recommended only for 
those who cannot tolerate ampicillin-sulbactam.122

Therapeutic options are limited in patients with PVE caused  
by enterococci that are resistant to penicillin, aminoglycoside, and 

TABLE 83-3  Therapy of Prosthetic Valve Endocarditis Caused by Enterococci as Suggested by American 
Heart Association

REGIMEN DOSAGE AND ROUTE DURATION COMMENTS
Enterococci Susceptible to Penicillin, Gentamicin, and Vancomycin
Either ampicillin
Or

2 g IV q4h 6 wk Vancomycin 15 mg/kg IV q12h can be substituted for ampicillin or 
pencillin only in patients unable to tolerate penicillin and 
ampicillin.Aqueous crystalline penicillin G

Plus
18-30 million units/24 hr either continuously 

or in 6 equally divided doses
6 wk

Gentamicin* 1 mg/kg IV or IM q8h 6 wk

Enterococci Resistant to Penicillin but Susceptible to Gentamicin and Vancomycin

β-Lactamase-Producing Strain
Ampicillin-sulbactam
Plus

3 g IV q6h 6 wk β-Lactamase-producing strains of enterococci are extremely rare. 
Confirmation will be necessary before selecting ampicillin-
sulbactam as part of the treatment regimen.

Vancomycin 15 mg/kg IV can be substituted for ampicillin-sulbactam 
in patients unable to tolerate ampicillin-sulbactam.

Gentamicin* 1 mg/kg IV or IM q8h 6 wk

Intrinsic Penicillin Resistance
Vancomycin
Plus

15 mg/kg IV q12h 6 wk Monitor renal function closely.

Gentamicin* 1 mg/kg IV or IM q8h 6 wk

Enterococci Resistant to Penicillin, Aminoglycoside, and Vancomycin

Enterococcus faecium
Linezolid
Or

600 mg IV or PO q12h ≥8 wk Monitor for myelosuppression.

Quinupristin-dalfopristin
(Only for E. faecium)

7.5 mg/kg IV q8h ≥8 wk Severe myalgia may occur.

Enterococcus faecalis
Imipenem/cilastatin
Or

500 mg IV q6h ≥8 wk Data for double β-lactam therapy are limited.

Ceftriaxone sodium
Plus

2 g IV/IM q12h ≥8 wk

Ampicillin sodium 2 g IV q4h ≥8 wk

*In patients with high-level resistance to gentamicin, streptomycin can be substituted if there is no high-level streptomycin resistance. Streptomycin dose: 15 mg/kg q24h 
IV/IM in 2 equally divided doses.

Dosages recommended are for patients with normal renal function.
From Baddour LM, Wilson WR, Bayer AS, et al. Infective endocarditis: diagnosis, antimicrobial therapy, and management of complications: a statement for healthcare 

professionals from the Committee on Rheumatic Fever, Endocarditis, and Kawasaki Disease, Council on Cardiovascular Disease in the Young, and the Councils on Clinical 
Cardiology, Stroke, and Cardiovascular Surgery and Anesthesia, American Heart Association: endorsed by the Infectious Diseases Society of America. Circulation. 2005;111:
e394-e434.
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Bartonella spp., Brucella spp., C. burnetii, Chlamydia spp., Legionella 
spp., Tropheryma whippelii, and fungi should also be considered on the 
basis of clinical and epidemiologic clues. If there is no clinical improve-
ment with an empirical regimen, surgical intervention for resection of 
the infected valve and obtaining samples for microbiologic and histo-
pathologic evaluation should be considered.

INDICATIONS FOR SURGICAL 
INTERVENTION
PVE has been associated with high mortality (10% to 70%) despite 
effective antimicrobial therapy and advances in both critical care  
medicine and surgical techniques.32,33,198-201,202-209 Early PVE, staphy-
lococcal PVE, aortic PVE, severe heart failure, and patients treated  
with medical therapy alone have been associated with high mortality 
rates.3,200,210-212 There is no consensus about the most appropriate treat-
ment strategy, and there is no randomized controlled trial comparing 
medical and combined medical-surgical treatment for PVE. Some 
authorities recommend surgical intervention for all patients with 
mechanical PVE,213 and higher survival rates in surgically treated 
patients have been reported.199,200,211-215 However, some patients can 
be treated successfully with medical therapy alone without surgical 
intervention.200,212,213,216,217

The common indications for cardiac surgery include severe heart 
failure due to prosthetic valve dysfunction and perivalvular extension 
of infection leading to intracardiac abscess, pseudoaneurysm, or fistu-
las. The decision for surgical intervention should be individualized for 
each patient after careful risk-benefit analysis (Table 83-6).

SEVERE HEART FAILURE DUE TO 
PROSTHETIC VALVE DYSFUNCTION
Severe heart failure can be due to prosthetic valve dehiscence, cusp leak, 
perivalvular leak, intracardiac shunt, or valvular stenosis/obstruction 
by large vegetations. TEE is useful to assess the etiology of heart failure. 
Heart failure is independently associated with higher mortality, and 
early surgical intervention improves in-hospital and 1-year survival 

penicillin, monotherapy with vancomycin for at least 6 weeks is 
recommended.

ENTERIC GRAM-NEGATIVE 
BACILLARY PROSTHETIC VALVE 
ENDOCARDITIS
For PVE caused by enteric gram-negative bacilli, the optimal antibac-
terial regimen should be selected based on in vitro susceptibility tests. 
Whenever possible, the combination of two effective agents should be 
administered for at least 6 weeks. In patients with PVE caused by 
multidrug-resistant gram-negative bacilli or Pseudomonas spp., surgi-
cal débridement and replacement of the infected valve followed by 
antimicrobial therapy is recommended.189

FUNGAL PROSTHETIC VALVE 
ENDOCARDITIS
Candida spp. are the predominant pathogens that cause fungal PVE. 
Fungal PVE is associated with high rates of treatment failure, relapse, 
and mortality. Large, dense vegetations and frequent embolic events are 
characteristic features. Medical therapy alone is not sufficient to cure 
fungal PVE. Early surgical intervention is recommended by most 
authorities to improve survival and cure rate of fungal PVE.122,190 Fungal 
PVE can relapse even after this aggressive combined surgical-medical 
intervention, and prolonged, possibly lifelong suppressive therapy with 
oral antifungal agents is recommended by some experts.190-195 If surgical 
intervention is not feasible, lifelong suppressive therapy is suggested. 
The antifungal regimen should be based on the fungal species and in 
vitro susceptibility data if available. Amphotericin B has been the drug 
of choice for fungal PVE for a long time. However, many new antifungal 
agents that are less toxic and are equal to amphotericin B have been 
introduced in clinical practice. Lipid formulations of amphotericin 
have less nephrotoxicity and can be used. Echinocandins have been 
used in patients who cannot tolerate an amphotericin B formulation.190 
In a few case reports, combination antifungal therapy (e.g., caspofungin 
plus fluconazole, amphotericin B plus fluconazole) successfully cured 
candidal PVE without surgical intervention.194,196,197

CULTURE-NEGATIVE PROSTHETIC 
VALVE ENDOCARDITIS
The treatment regimen for culture-negative prosthetic valve endocar-
ditis should cover the most likely pathogens, considering the prior 
antibiotic use, time of onset of PVE, and clinical and local epidemio-
logic clues (Table 83-5). For early-onset PVE (<1 year after prosthetic 
valve surgery), the recommended empirical regimen includes vanco-
mycin, gentamicin, cefepime, and rifampin, aiming to cover methicillin-
resistant staphylococci, enterococci, and aerobic gram-negative bacilli 
including Pseudomonas spp. Late onset of PVE (>1 year after prosthetic 
valve surgery) is usually caused by methicillin-susceptible staphylo-
cocci, viridans group streptococci, or enterococci. For late-onset PVE, 
the AHA and the Infectious Diseases Society of America recommend 
ampicillin-sulbactam plus gentamicin plus rifampin or vancomycin 
plus gentamicin plus ciprofloxacin plus rifampin. In cases of suspected 
Bartonella PVE, empirical treatment with ceftriaxone, gentamicin, 
and doxycycline is recommended. Uncommon pathogens such as 

TABLE 83-4  Therapy of Prosthetic Valve 
Endocarditis Caused by HACEK* as Suggested by 
American Heart Association

REGIMEN DOSAGE AND ROUTE DURATION
Ceftriaxone
Or

2 g q24h 6 wk

Ampicillin-sulbactam 3 g IV q6h 6 wk

Ciprofloxacin† 500 mg PO or 400 mg IV q12h 6 wk

*Haemophilus parainfluenzae, Aggregatibacter aphrophilus, Aggregatibacter 
actinomycetemcomitans, Cardiobacterium hominis, Eikenella corrodens, and 
Kingella kingae.

†Ciprofloxacin is recommended only for patients unable to tolerate 
cephalosporin and ampicillin-sulbactam.

Dosages recommended are for patients with normal renal function.

TABLE 83-5  Therapy of Culture-Negative PVE as 
Suggested by the American Heart Association

REGIMEN DOSAGE AND ROUTE DURATION
Early-onset PVE (≤1 yr)
Vancomycin
Plus

15 mg/kg IV q12h 6 wk

Gentamicin
Plus

1 mg/kg IV q8h 2 wk

Cefepime
Plus

2 g IV q8h 6 wk

Rifampin 300 mg PO/IV q8h 6 wk

Late-onset PVE (>1 yr)
Ampicillin-sulbactam
Plus

3 g IV q6h 6 wk

Gentamicin
Plus

1 mg/kg IV q8h 6 wk

Rifampin 300 mg PO/IV q8h 6 wk

If Bartonella infection is confirmed, combination of doxycycline 100 mg IV 
or PO q12h for 6 wk plus gentamicin 1 mg/kg IV/IM q8h for initial 2 wk is 
recommended.

For culture-negative, late-onset PVE, combination of vancomycin IV 15 mg q12h 
plus gentamicin 1 mg/kg IV q8h plus ciprofloxacin 400 mg q12h plus rifampin 
300 mg PO q8h is recommended for patients who cannot tolerate penicillin.

For suspected Bartonella endocarditis, combination of ceftriaxone 2 g IV/IM 
q24h for 6 wk plus gentamicin 1 mg/kg IV/IM q8h for initial 2 wk with/without 
doxycycline 100 mg IV/PO q12h for 6 wk is recommended.

Dosages recommended are for patients with normal renal function.
PVE, prosthetic valve endocarditis.
From Baddour LM, Wilson WR, Bayer AS, et al. Infective endocarditis: diagnosis, 

antimicrobial therapy, and management of complications: a statement for 
healthcare professionals from the Committee on Rheumatic Fever, Endocarditis, 
and Kawasaki Disease, Council on Cardiovascular Disease in the Young, and the 
Councils on Clinical Cardiology, Stroke, and Cardiovascular Surgery and Anesthesia, 
American Heart Association: endorsed by the Infectious Diseases Society of 
America. Circulation. 2005;111:e394-e434.
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managed with antimicrobial therapy alone.201,203,213,225,231 Surgery is also 
indicated in relapse of PVE, especially if caused by staphylococci or 
gram-negative bacilli.

Multiple Emboli
In patients with IE, larger vegetation (>10 mm) and those on the ante-
rior mitral valve are noted to have higher frequency of cerebral embo-
lism.232,233 In one study, the risk of embolization was noted to rise with 
larger vegetation size, particularly in staphylococcal and mitral valve 
endocarditis.234 Increase in size of vegetation during appropriate anti-
biotic therapy was associated with a higher risk of embolic event.234 In 
a contemporary, multinational, prospective registry, about 34% of 
patients with PVE developed stroke.14 In native valve endocarditis 
(NVE), the risk of embolization declines rapidly with antimicrobial 
therapy and reaches a low-risk state by 2 weeks.233 A recent study 
concluded that early surgical intervention in patients with NVE and a 
large vegetation (>10 mm) is associated with a lower rate (3% vs. 28%) 
of composite end point of all-cause death, embolic events, or recur-
rence of IE at 6 months.235 However, surgery to remove a large vegeta-
tion to prevent stroke is still controversial and not recommended when 
no other indication for surgery is present. Similar to NVE, recurrent 
emboli and persistent vegetation after embolism despite effective anti-
microbial therapy are indications for surgery in PVE.201,203

Timing of Surgery
Timing of surgery depends on the hemodynamic status and other 
comorbid conditions of a patient. The surgical mortality rate increases 
with the degree of heart failure, hemodynamic instability, and renal 
and other organ dysfunction.210,220 If a patient has severe heart failure 
and hemodynamic instability due to prosthetic valve dehiscence, peri-
valvular leak, valvular obstruction, or fistula, surgical intervention 
should be done promptly. Delaying surgery for additional days of anti-
biotics worsens the survival rate and does not reduce the postoperative 
reinfection rate of the new prosthetic valve. The rate of postoperative 
PVE is low, even if the blood cultures are positive on the day of surgical 
débridement and placement of the new prosthesis.236 In patients who 
do not require urgent surgical intervention, efforts should be made  
to medically optimize their cardiopulmonary status before surgery. 
Surgery should be done once comorbid conditions are stabilized. If the 
comorbid conditions do not improve promptly, surgery should not be 
delayed.

Timing of Surgery in Patients with Central 
Nervous System Embolism
Patients with cerebral embolic stroke have higher operative mortality 
due to systemic heparinization and hypotension associated with car-
diopulmonary bypass.237 Embolic stroke can turn into hemorrhagic 
stroke during cardiopulmonary bypass and heparinization, resulting in 
high morbidity and mortality. The frequency of neurologic complica-
tion is high (40%) if surgery is performed within 1 week after embolic 
stroke. The risk diminishes to 10% if surgery is performed 10 to 15 
days after stroke.212 Hence, surgery should be delayed for 3 to 4 weeks 
after a central nervous system (CNS) embolic event if the patient is 
hemodynamically stable. However, if the patient develops severe heart 
failure, hemodynamic instability, or multiple emboli, surgery should 
be performed without delay.

Surgical Treatment
The goals of surgical intervention are to eliminate intracardiac foci of 
infection with radical débridement207,238-240 and to restore hemody-
namic stability by placement of a new prosthesis. Extensive débride-
ment and resection of all infected valvular and perivalvular tissues are 
important to reduce the risk of reinfection of the newly implanted 
prosthesis. Major reconstruction of aortic and/or mitral annuli and  
left ventricular outflow tract (LVOT) may be needed after extensive 
débridement. Biologic tissues such as autologous pericardium, 
glutaraldehyde-fixed bovine pericardium, and pulmonary or aortic 
autograft have been preferred for use in the reconstruction.241 Abscess 
cavities are closed with a pericardial patch or filled with gelatin-
resorcin-formol or gentamicin-saturated fibrin glue.242 A pericardial 
patch is also used to repair the fistulas.

rate.218 Medical management may be attempted for minimal or mild 
heart failure symptoms due to ventricular dysfunction. Urgent surgical 
intervention should be strongly considered for patients with severe 
heart failure, valve dehiscence, and perivalvular leak or for those who 
failed to improve with medical management. Patients with moderate-
to-severe heart failure due to valve dehiscence rarely survive for more 
than a few months without surgical intervention.210,212,219

Severe heart failure can result when large vegetation produces 
mechanical obstruction or impairs valve closure, resulting in valvular 
insufficiency. Surgical intervention should not be delayed to prolong 
the preoperative antimicrobial regimen in an attempt to reduce the rate 
of postoperative infection because this strategy increases operative 
mortality and also does not reduce the rate of postoperative 
infection.220-223 Patients with moderate to severe heart failure due to 
prosthetic valvular obstruction, insufficiency, or valvular perforation 
should undergo urgent surgical intervention.

PERIVALVULAR EXTENSION  
OF INFECTION
Perivalvular extension of the infection is common in early PVE, staph-
ylococcal PVE, infection of the mechanical valves, and aortic prosthe-
sis.14,111,224 TEE is the imaging modality of choice to evaluate for 
perivalvular complications such as perivalvular abscess, pseudoaneu-
rysm, shunt, and fistulas. TTE does not adequately evaluate for peri-
valvular complications. Even if the initial TEE is negative for 
perivalvular invasive infection, patients should be monitored carefully 
during antimicrobial therapy for development of any new clinical signs 
suggestive of perivalvular complications. Persistent fever or bactere-
mia, or both, despite appropriate antimicrobial therapy, and new-onset 
conduction block are suggestive of perivalvular invasive infection, and 
TEE should be repeated promptly. Early surgical intervention is indi-
cated in patients with perivalvular invasive infection because these 
patients are associated with higher mortality and rarely cured with 
antibiotics alone.201,202,213,225

VIRULENT PATHOGENS
Patients with early-onset PVE caused by S. aureus, Staphylococcus lug-
dunensis, or CoNS have a higher prevalence of perivalvular complica-
tions, which are associated with a high mortality rate with medical 
therapy alone.3,18,201,214,226-228 Hence, many authorities have recom-
mended early surgical intervention in these patients.18,200,229,230 If the 
patient is clinically stable and the initial TEE evaluation is negative for 
perivalvular complications, medical management can be attempted 
with careful clinical monitoring. Serial TEE and close follow-up  
after completion of antimicrobial therapy should be done to look  
for signs of relapse of infection and/or valve dehiscence. Patients  
with Pseudomonas PVE also require surgical intervention if medical 
therapy fails. Surgical intervention is indicated when an effective bac-
tericidal antimicrobial regimen is unavailable for patients with PVE 
caused by pathogens with multidrug-resistant gram-negative bacilli or 
vancomycin-resistant or aminoglycoside-resistant enterococci. Fungal 
PVE caused by Candida or Aspergillus spp. is rarely cured by antimi-
crobial treatment alone, and surgery is usually indicated.33,190 Many 
experts recommend surgery for Q fever and Brucella spp. PVE.

Late-onset PVE caused by community-acquired pathogens, includ-
ing viridans group streptococci, other streptococci, enterococci, CoNS, 
and HACEK group microorganisms, have a more indolent clinical 
presentation, usually without perivalvular extension, and can often be 

TABLE 83-6  Indications for Consideration of 
Surgical Intervention

Severe heart failure; mild-moderate heart failure unresponsive to medical 
therapy

Valvular dehiscence, obstruction, or leaflet perforation
Perivalvular extension of infection leading to myocardial abscess, fistula, or 

shunt
New severe conduction defects suggestive of perivalvular extension
Multiple (>1) systemic emboli despite appropriate antimicrobial therapy
Uncontrolled infection—persistent fever and positive blood cultures for >5 days
Fungal, Pseudomonas spp., or other multidrug-resistant organisms
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PVE because there is substantial risk of thromboembolism if discon-
tinued.258 In a recent analysis of eight studies evaluating the role of 
anticoagulation in mechanical PVE, the aggregate risk of thromboem-
bolism was noted to be significantly higher in those patients without 
anticoagulation (42% vs. 11%, P < 0.0001),259 suggesting that antico-
agulation reduced the risk of thromboembolism without any signifi-
cant increase in the risk of cerebral hemorrhage. If a patient develops 
a CNS septic embolic event, anticoagulation should be reversed because 
there is increased risk of hemorrhagic transformation of the embolic 
infarct and subsequent extension of hemorrhage. Once the patient is 
clinically stable and there is no further extension of the cerebral hemor-
rhage, anticoagulation might be resumed cautiously with intravenous 
unfractionated heparin or an antiplatelet drug.

Patients with a bioprosthetic valve do not require chronic antico-
agulation therapy. In the setting of bioprosthetic PVE, anticoagulation 
does not have additional benefit in preventing septic emboli and it 
should not be initiated unless there are other independent medical 
indications for anticoagulation therapy.

In S. aureus left-sided PVE, anticoagulation therapy is associated 
with increased risk of death due to neurologic complications.260 
Many experts suggest discontinuation of all anticoagulation in those 
who experience a recent stroke and at least 2 weeks of antibiotic 
therapy.122

Prior long-term administration of antiplatelet and/or statin drugs 
before the onset of IE may reduce symptomatic embolic events.261,262 
However, in a randomized, double-blinded, placebo-controlled trial, 
aspirin initiated after the diagnosis of IE did not reduce risk of embolic 
events and was likely associated with increased risk of bleeding.263 
Therefore, initiation of aspirin or statin in established IE to prevent 
thromboembolic events is currently not recommended.

PREVENTION
Prosthetic valve endocarditis is an uncommon but life-threatening 
infection with a high mortality rate despite appropriate medical and 
surgical interventions. It is essential to make every effort to prevent 
this devastating complication of cardiac valve replacement surgery. The 
prevention strategies should take into consideration the mode of acqui-
sition of the infection and the likely pathogens involved.

Early-onset PVE is acquired likely due to perioperative contamina-
tion of the prosthetic valve or due to secondary seeding from a distant 
focus of infection such as an intravenous catheter or wound infection. 
The main tools to prevent early-onset PVE are perioperative antibiotic 
surgical site infection prophylaxis, infection control measures, and 
improvements in surgical techniques. Perioperative antimicrobial pro-
phylaxis should be administered intravenously within 1 hour before 
surgery and repeated if the procedure is prolonged to ensure maximal 
tissue drug levels during the entire surgery. Prophylaxis should be 
discontinued within 48 hours to reduce emergence of antimicrobial 
resistance and drug toxicity.264-266 The standard perioperative prophy-
lactic regimen is a first-generation cephalosporin (targeting S. aureus 
and CoNS), but it might be individualized on the basis of the local 
hospital susceptibility pattern and the patient’s colonizing microbiota. 
Vancomycin should be considered in certain situations: high preva-
lence of methicillin-resistant staphylococci in the hospital264; patients 
with high risk for MRSA infection (elderly, diabetic)267; patients with 
known MRSA colonization; and patients who cannot tolerate cepha-
losporins. Some studies have suggested that preoperative screening for 
MRSA carriers and intranasal mupirocin may be effective in prevent-
ing postoperative MRSA surgical site infections.268,269 The utility of 
preoperative chlorhexidine bathing is still unresolved.264,270 Institu-
tional infection-control practices should be updated regularly on the 
basis of new evidence and guidelines from national authorities. Early 
PVE usually starts in the sewing cuff–tissue interface and impregna-
tion of the prosthetic valve sewing cuffs with antimicrobial agents has 
been suggested as a preventive strategy.271-274 In 1998 St. Jude Medical 
introduced prosthetic valves with silver-impregnated sewing cuffs 
(Silzone), designed to inhibit microbial attachment and colonization. 
But the product was withdrawn from the market when a significantly 
higher incidence of paravalvular leakage was noted in a large multi-
center prospective randomized trial.275 Increased risk of embolism 
during the early period was also observed in patients with Silzone 

In complicated aortic PVE with abscesses, reconstruction of the 
aortic root and LVOT is usually done with a cryopreserved aortic 
allograft.† It is useful in patients with complicated PVE requiring 
extensive débridement as the allograft can be molded to replace valve 
and débrided tissue, restore continuity and produce excellent hemody-
namic performance.244 The aortic allograft also has an anterior mitral 
leaflet that can be used to close a subannular abscess, mitral valve 
perforation, or ventricular septal defect.241 The risk of postoperative 
infection is also lower with an aortic allograft as it is a biologic material 
without a prosthetic sewing ring and thus likely more resistant to infec-
tion than a mechanical prosthesis or Dacron graft.241 The main disad-
vantage of a cryopreserved aortic allograft is its time-limited durability. 
Some have reported development of significant aortic valve regurgita-
tion after 5 years post implantation. Stentless bioprostheses, such as 
the Toronto stentless porcine valve (St. Jude, Minneapolis) and Free-
style valve (Medtronic, Minneapolis), are increasingly used as substi-
tutes for aortic allografts in aortic PVE with perivalvular abscesses with 
good results. Mechanical and bioprosthetic valves have also been used 
in aortic PVE after extensive debridement. The rate of recurrent endo-
carditis was 2.5% with no statistical difference between mechanical and 
bioprosthetic valves in one survey.245

Both mechanical and bioprosthetic valves have been used as 
replacements in mitral PVE with no difference in recurrent infection 
or long-term event-free survival rates.245,246 Mitral homografts do not 
have synthetic material and hence may be more resistant to postopera-
tive infection in the setting of mitral PVE.241 However, there is limited 
experience with use of mitral homografts in PVE and they are prone 
to degeneration over time.

Outcome of Patients Treated Surgically 
for PVE
The reported mortality rate for surgery in PVE is 4% to 30%.‡ Earlier 
surgical intervention in complicated PVE, facilitated by early identifi-
cation of valve dehiscence and perivalvular abscess by using TEE, 
improved surgical techniques, use of cryopreserved aortic grafts, more 
effective combination antimicrobial therapy, and advancement in post-
operative critical care, has resulted in better PVE survival rates. The 
overall long-term (>10-year) survival rate has been reported to be 41% 
to 73%,202,204,239,246,247 which is significantly better than the expected 
100% mortality rate in patients with complicated PVE, treated medi-
cally. The overall rate of recurrent PVE (relapse or reinfection) after 
surgery is 6% to 15%.254 The cryopreserved aortic allografts have a 
lower incidence of early postoperative infection/reinfection compared 
with mechanical valves or xenografts.202,239,243,247 About 18% to 26% of 
patients who undergo new valve implantation require reoperation for 
either sterile prosthetic valve dysfunction or recurrent PVE.248,254,255

Duration of Antimicrobial Therapy 
Postoperatively
Dead microorganisms and evidence of active inflammation (presence 
of polymorphonuclear leukocytes (PMLs) may persist for weeks to 
months after microbiologic cure.256 Positive Gram stain or PCR results 
may be due to nonviable dead microorganisms. If the culture of the 
resected valve or perivalvular tissue is positive, the consensus opinion 
is that patients might benefit from a full course of appropriate antimi-
crobial therapy after surgery, discounting the preoperative antibiotic 
course. If the surgical cultures are negative, then the recommended 
duration of antimicrobial therapy may include the preoperative anti-
biotic course (counting from the day of the first negative blood culture). 
Lifelong oral suppressive antifungal therapy is recommended for 
patients with fungal PVE after a full course of intravenous antifungal 
therapy.

Anticoagulation Therapy
Chronic anticoagulation is required for patients with mechanical pros-
theses to prevent thromboembolic events.257 Anticoagulation may be 
continued with close clinical monitoring in the setting of mechanical 

‡References 202, 204, 207, 208, 238, 239, 244, 245, 247-253.
†References 202, 207, 239, 241, 243, 244.
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that involves manipulation of the gingival or periapical region of teeth 
or perforation of oral mucosa and during procedures on the respiratory 
tract or infected skin, skin structures, and musculoskeletal tissue.277 
Patients should undergo dental evaluation before valve surgery and be 
educated that good oral hygiene is important to prevent late-onset 
community-acquired PVE caused by oral pathogens. The proportion 
of late-onset PVE attributed to health care exposure is increasing; 
therefore, strict infection control practices and careful evaluation of 
the need for central venous catheter use or continuation are important 
in its prevention.

valves in the mitral position.276 It has been postulated that silver coating 
inhibited fibroblast growth, endothelialization of the prosthetic sewing 
ring, and healing, resulting in annular tissue necrosis, dehiscence, and 
paravalvular leakage.276

Late-onset PVE acquired in the community is usually caused by 
endogenous microbiota such as viridans group streptococci and 
enterococci. Patients with prosthetic valves are considered to be a high-
risk group.277,278 Although there has been no randomized, placebo-
controlled trial to define the efficacy and safety of antibiotic prophylaxis, 
there are recommendations for using it during any dental procedure 
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84 
Infections of Nonvalvular 
Cardiovascular Devices
M. Rizwan Sohail, Walter R. Wilson, and Larry M. Baddour

The rapid evolution of technology, coupled with an aging population 
with multiple comorbid conditions, has led to the development of 
several new implantable devices that help to improve or sustain life. 
However, despite improvements in device manufacturing and avail-
ability of experienced operators implanting these devices, infection has 
remained a major complication of implantable cardiovascular devices. 
Risk of infection varies greatly (Table 84-1) and depends on the type 
and size of device, site of implantation, surgical technique used for 
device implantation, and host factors. Infections that complicate  
nonvalvular cardiovascular devices are addressed in this chapter.  
Intravascular catheter-related infections are reviewed elsewhere (see 
Chapter 302).

CARDIOVASCULAR IMPLANTABLE 
ELECTRONIC DEVICES
Permanent pacemaker (PPM), implantable cardioverter-defibrillator 
(ICD), and cardiac resynchronization therapy (CRT) devices are the 
three most commonly used cardiovascular implantable electronic 
devices (CIEDs). Sternotomy or thoracotomy was required for epicar-
dial lead placement for the first generation of CIEDs. In contrast, 
almost all devices today are implanted percutaneously using transve-
nous leads. This change has led to a marked reduction in implantation-
related morbidity and avoidance of potentially life-threatening 
infectious complications of major cardiothoracic surgical interven-
tions. However, infection remains a major complication of CIED 
implantation and is associated with significant morbidity, mortality, 
and financial cost.1-3

Epidemiology
Reported rates of CIED infection have ranged from 0.13% to 19.9%.4-6 
Over the past 2 decades, the rate of CIED implantation has rapidly 
increased in the United States. In a survey of Nationwide Inpatient 
Sample (NIS) discharge records from 1993 to 2008,3 the incidence of 
CIED implantation increased an average of 4.7% annually during the 
study period. Although the rate of CIED infection remained stable 
until 2004, it increased significantly from 1.53% in 2004 to 2.41% in 
2008. This increase in the rate of device infections coincided with an 
increase in the number of comorbidities in device recipients. Moreover, 
this infection rate resulted in significant increases in in-hospital mor-
tality and cost of care. The rate of device infection is several-fold higher 
for ICDs versus PPMs.7-9 In a separate analysis of a Medicare popula-
tion,2 patients with CIED infection remained at higher risk of death, 
even after hospital discharge, compared with device recipients without 
infection.

Pathogenesis
Microbial contamination of a device generator or leads with skin 
microbiota at the time of implantation is the most likely mechanism 
for most early-onset (within 6 months of device implantation) CIED 
infections.11 This likely explains the preponderance of staphylococci as 
causative pathogens. Colonization and subsequent infection of CIED 
is facilitated by an ability of these organisms to adhere to device sur-
faces and produce biofilm.12-14 This interferes with the host immune 
system’s ability to eliminate infection due to neutrophil dysfunction, 
poor penetration of antibiotics into the biofilm, and downregulation 

CARDIOVASCULAR IMPLANTABLE 
ELECTRONIC DEVICE (CIED) INFECTIONS
•	 The	infection	rate	of	CIED	infection	is	

rising	disproportionate	to	the	rate	of	
implantation.

•	 Most	early-onset	(within	6	months	of	
implantation)	CIED	pocket	infections	are	
caused	by	device	contamination	at	the	time		
of	implantation,	whereas	hematogenous	
seeding	is	a	frequent	source	of	late-onset	
(after	6	months	of	implantation)	CIED	lead	
infections.

•	 Hematogenous	seeding	of	CIED	leads	is	rare	
with	gram-negative	bacteremia	from	a	distant	
source.

•	 Blood	cultures	should	be	obtained	in	all	
patients	at	initial	presentation.	If	blood	
cultures	are	positive,	then	transesophageal	
echocardiography	should	be	done	to	exclude	
endocarditis.

•	 Complete	removal	of	the	CIED	system	is	
required	for	eradication	of	infection.

•	 A	replacement	device	can	be	implanted	once	
blood	cultures	are	negative	for	72	hours	and	
perhaps	earlier	in	cases	in	which	admission	
blood	cultures	are	negative.	A	2-week	delay	is	
recommended	for	patients	with	valvular	
endocarditis.

•	 All	patients	should	receive	perioperative	
antibiotics	as	primary	prevention	of	CIED	
infection.

LEFT VENTRICULAR ASSIST DEVICE (LVAD) 
INFECTIONS
•	 In	addition	to	being	a	bridge	to	

transplantation,	LVADs	are	increasingly		
being	used	as	destination	therapy	for		
patients	with	end-stage	heart	failure	who		
are	not	transplant	candidates.

•	 Continuous-flow	pumps	are	at	lower	risk	of	
infection	compared	with	devices	with	pulsatile	
flow	pumps.

•	 Driveline	exit-site	infections	are	the	most	
common	type	of	LVAD-specific	infections,	
followed	by	LVAD-related	bacteremia	and	
endocarditis.

•	 Staphylococcus	aureus	and	coagulase-negative	
staphylococci	are	responsible	for	the	majority	
of	LVAD-specific	infections.

•	 Most	LVAD	infections	are	treated	with	the	
infected	device	left	in	situ	because	device	
removal	is	not	an	option	in	most	cases.

•	 Suppressive	antibiotics	are	continued	
lifelong	or	until	the	infected	LVAD	is		
removed	and	cardiac	transplantation	is	
performed.

•	 Immobilizing	the	driveline	at	the	skin	exit	site	
to	prevent	repeated	skin	trauma	reduces	the	
risk	of	local	infections.

PROSTHETIC VASCULAR GRAFT 
INFECTIONS (PVGIs)
•	 Staphylococcal	species	are	the	predominant	

pathogens	in	PVGIs.
•	 Microbial	seeding	of	a	graft	at	the	time	of	

implantation	or	in	the	immediate	postoperative	
period	is	operative	in	graft	infections.

•	 Computed	tomographic	(CT)	scanning	is	the	
best	tool	in	the	diagnostic	evaluation	of	graft	
infection.	CT	findings	of	perigraft	fluid	
accumulation,	fat	stranding	or	gas	bubbles,	
lack	of	fat	plane	between	graft	and	bowel,	
and	anastomotic	aneurysms	are	all	suggestive	
of	graft	infection.

•	 Surgical	management	of	an	infected	graft	
includes	complete	excision	of	infected	graft	
material,	débridement	of	all	infected	and	
devitalized	tissues,	and	revascularization	of	
distal	tissues.

•	 If	complete	excision	of	an	infected	graft	is	not	
feasible,	patients	should	be	prescribed	lifelong	
oral	suppressive	antibiotics	after	an	initial	
4-week	course	of	parenteral	antimicrobial	
therapy.

SHORT VIEW SUMMARY
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Risk Factors
Several host- and procedure-related factors predispose to an increased 
risk of CIED infection (Table 84-2).8,20-26 These factors predispose to 
device infection by increasing the risk of generator or lead contamina-
tion at the time of implantation and/or delay in wound healing at a 
generator pocket site or increased risk of bacteremia or fungemia from 
a distant source with hematogenous seeding of device leads.

In a case-control study,8 presence of a permanent central venous 
catheter, prolonged corticosteroid use, a history of CIED infection, 
presence of more than two electrode leads, and a history of multiple 
device-related procedures were associated with increased risk of pace-
maker infection. Use of prophylactic antibiotics was associated with a 
reduced risk of PPM infection in this analysis.8 Operator inexperience 
has also been linked to an increased risk of device-related complica-
tions including infection.22 In another study that was limited to ICD 
recipients,20 use of epicardial leads and postoperative complications at 
the generator pocket (delayed wound healing, hematoma formation) 
were associated with increased risk of early-onset (within 6 months of 
implantation) device infection, whereas prolonged hospitalization and 
presence of chronic obstructive pulmonary disease (COPD) were asso-
ciated with late-onset (6 months or later after device placement) infec-
tions. Other comorbidities, including diabetes mellitus, renal failure, 
and heart failure, have also been linked to an increased risk of CIED 
infection.24

Risk factors associated with CIED infection were evaluated in 
another multicenter, prospective investigation21 that included 6319 
CIED recipients (5866 PPMs and 453 ICDs). Risk of device infection 
was significantly higher in patients who had fever within 24 hours of 
CIED implantation (adjusted odds ratio [OR], 5.83), those with a tem-
porary pacing wire in place before device implantation (adjusted OR, 
2.46), and those who underwent an early reintervention (adjusted OR, 
15.04) for hematoma evacuation or lead revision. De novo device 
implantation (adjusted OR, 0.46) and antibiotic prophylaxis (adjusted 
OR, 0.4) both had protective effects.

Microbiology
Staphylococci are the predominant pathogens in CIED infections.27,28 
In one study from Mayo Clinic,4 coagulase-negative staphylococci 
(42%), followed by S. aureus (29%), were responsible for more than 
two thirds of cases of device infection (Fig. 84-2). Early device infec-
tions (within 2 weeks of implantation) are primarily caused by  

of metabolic activity in infecting organisms that makes them less sus-
ceptible to some antimicrobials, necessitating device removal for the 
best chance of infection cure (Fig. 84-1). Once a generator or pocket 
is colonized, bacteria can migrate along the electrode leads and mani-
fest as tunnel infection, bacteremia, or infected vegetations on elec-
trode leads or cardiac valves. However, hematogenous seeding of CIED 
leads is the predominant mechanism for the majority of late-onset 
(after 6 months of implantation) device infections, especially when 
there is no clinical evidence of pocket infection. Up to a third of 
patients with bloodstream infection due to gram-positive cocci, espe-
cially Staphylococcus aureus, in the setting of CIED may have an under-
lying device infection.15-18 Hematogenous seeding of device leads, 
however, is exceedingly rare in patients with gram-negative bacteremia 
that originates from a distant source.19

TABLE 84-1  Nonvalvular Cardiovascular 
Device–Related Infections

TYPE OF DEVICE RATE OF INFECTION (%)
Intracardiac
Permanent pacemaker 0.13-19.9

Implantable cardioverter-defibrillator 0.3-3.2

Left ventricular assist devices 13-80

Ventriculoatrial shunts 2.4-9.4

Pledgets (cardiac suture line) Rare

Patent ductus arteriosus occlusion devices Rare

Atrial septal defect closure devices Rare

Conduits Rare

Patches Rare

Arterial
Peripheral vascular stents 0.05-4.0

Vascular grafts, including hemodialysis 1-6

Intra-aortic balloon pumps ≤5-27

Angioplasty/angiography-related bacteremias <1

Vascular closure devices 0.0-5.1

Coronary artery stents Rare

Patches 1.8

Venous
Vena caval filters Rare

FIGURE  84-1 Microbial biofilm formation on pacemaker lead. 
Biofilm forms on implants when bacteria stick to their surfaces. They 
multiply into colonies and form a protective slime layer that allows them 
to move and collect nutrients while staying safe from antimicrobial agents 
and host immune system. (Copyright Mayo Clinic.)

TABLE 84-2  Factors Associated with Increased 
Risk of Cardiovascular Implantable Electronic 
Device (CIED) Infections

Host Factors
Older age

Comorbid conditions (diabetes mellitus, heart failure, renal failure, malignancy)

Presence of a tunneled central venous catheter (such as hemodialysis catheter)

Chronic anticoagulation

Long-term corticosteroid therapy

Bacteremia (especially Staphylococcus aureus) from a distant focus

Device-Related Factors
History of multiple device-related procedures

History of CIED infection

Presence of >2 electrode leads

Epicardial leads

Abandoned leads

Recent device manipulation (i.e., generator exchange or lead revision)

Procedure-Related Factors
Fever within 24 hr of implantation

Temporary pacing before permanent device placement

No antibiotic prophylaxis before device implantation

Operator inexperience

Postoperative hematoma or other complications at generator pocket
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manifestation of underlying CIED infection. It is critical that blood 
cultures be obtained in all patients with suspected CIED infection 
before starting any empirical antibiotics. If drainage is present, swab 
specimens should be submitted for cultures. Abnormal laboratory 
findings (leukocytosis, anemia, high erythrocyte sedimentation rate, 
or C-reactive protein) are present in 50% or less of cases, and the 
absence of these findings should not dissuade clinicians from consider-
ing a possibility of CIED infection in the appropriate setting.

Positive blood cultures, even in the absence of other manifestations 
of device infection, should prompt a serious consideration for under-
lying CIED infection. In patients with SAB, concomitant CIED infec-
tion is present in up to 50% of the patients.18,38 Risk is especially high 
within the first year after device implantation. Of note, local signs  
or symptoms of pocket or tunnel infection may be absent in more  
than 50% of these cases. Therefore, we recommend thorough evalua-
tion for underlying CIED lead infection with transesophageal echocar-
diography (TEE) and possibly an ultrasound scan of the generator 
pocket (to evaluate for fluid collection) in patients with SAB and the 
presence of CIED. Although fluid can be present early after surgical 
implantation of the device generator, its accumulation months to years 
after device placement would be unusual. Ultrasound-guided diag-
nostic aspiration could be considered. However, it carries a risk of 
introducing infection in an otherwise sterile collection during this 
procedure. Indium-labeled leukocyte or gallium scanning may be 
helpful in differentiating an inflammatory fluid collection from a non-
infected pocket site fluid accumulation. A technetium-labeled white 
blood cell scan may aid in the diagnosis of CIED infection in patients 
who present with sepsis and bacteremia but have no inflammatory 
changes at the generator pocket. In one study that investigated the 
diagnostic performane of technetium 99–labeled WBC scintigraphy  
in patients with suspected CIED infection, sensitivity of technetium 
99–labeled WBC single-photon emission computed tomography/
computed tomography (SPECT/CT) was 94% for both detection and 
localization of CIED-associated infection. Technetium 99–labeled 
WBC scintigraphy not only enabled the confirmation of CIED infec-
tion but was also helpful in defining of the extent of device involvement 
and detection of associated complications. Moreover, Tc99 labeled 
WBC scintigraphy reliably excluded device-associated infection during 
a febrile episode and sepsis, with 95% negative predictive value.39 In 
one investigation, positron emission tomography (PET) scan com-
bined with CT was helpful in differentiating between CIED infection 
and recent postimplant changes.40 In this study, average duration from 
last device-related intervention and presentation with CIED infection 
was 11.2 months and majority of the patients presented with pocket 
infection or erosion. Only eight patients had normal-appearing gen-
erator pocket and met Duke criteria for CIED lead endocarditis. 
Thirty-two of 42 patients with suspected CIED infection had a positive 
PET/CT. Twenty-four of these patients with positive findings on PET/
CT underwent extraction with an excellent correlation with CIED 
infection. Ten patients, who had negative PET/CT imaging and were 
managed conservatively with antibiotics alone, without device removal, 
had no signs of infection relapse after an average follow-up duration 
of 13 months. Considering the additional cost of nuclear medicine 
imaging, in our practice we only use it when patients have no inflam-
matory changes at the generator pocket and TEE is inconclusive in 
diagnosing or excluding CIED infection.

CIED removal may also be considered in patients who have no 
identified source of SAB. Failure to remove an infected device is associ-
ated with an increased risk of treatment failure with relapsing bactere-
mia. In patients with no evidence of CIED infection (after a thorough 
evaluation that includes TEE) at the time of SAB and for whom a deci-
sion is made to treat conservatively, there should be close follow-up 
over the next 12 weeks to monitor for relapsing bacteremia. Surveil-
lance blood cultures after completing 2 to 4 weeks of appropriate par-
enteral antibiotics should be considered.

Lead tip cultures are frequently used to confirm the diagnosis  
of CIED-related infective endocarditis.36,37,41 However, most trans-
venous leads are extracted percutaneously in current practice, and  
lead tips may be contaminated during removal through the incision  
of an infected pocket.33 Lead tip cultures are more reliable if they 
are extracted using a sterile technique (via protected sleeve) or if 

S. aureus. Prevalence of methicillin-resistant S. aureus (MRSA) is vari-
able depending on the geographic location of reporting institutions. In 
the previously referenced study,4 gram-negative bacteria; other gram-
positive cocci (including enterococci, streptococci, and micrococci); 
and fungi (Candida spp. and Aspergillus fumigatus) were isolated in 
9%, 4%, and 2% of cases, respectively. Polymicrobial infection may be 
present in up to 7% of cases and tends to be more common in patients 
with diabetes mellitus and those receiving corticosteroids.29 Pocket site 
and blood cultures may be negative in patients who have previously 
received antibiotics or have low-virulence organisms associated with 
biofilm formation. Sonication techniques to disrupt biofilms may be a 
useful tool in the future to maximize the yield of device generator or 
lead cultures.30,31

Clinical Manifestations
CIED infection typically manifests in three distinct ways.4 The most 
common presentation is pocket site infection (>60%). Patients gener-
ally present with localized inflammatory changes at the generator 
pocket site, including erythema, pain, swelling, warmth, drainage, or 
dehiscence of overlying skin. Systemic signs of sepsis or positive blood 
cultures are present in less than one half of these cases. The second 
presentation is occult bacteremia or fungemia and no local changes at 
the pocket site. The third presentation is CIED-related endocarditis 
(lead or valvular vegetations, or both) in 10% to 23% of cases.32,33 
Patients with device-related endocarditis are defined by modified Duke 
criteria.33-35 When vegetations are visualized on cardiac structures, 
the tricuspid valve is the most common site of infection (up to 25%  
of cases with CIED-related endocarditis).33 However, vegetations can 
develop on the pulmonic or left-sided valves, especially in the setting 
of S. aureus bacteremia (SAB). Patients with SAB may have radio-
graphic findings of multiple focal pulmonary infiltrates or abscesses 
due to septic emboli in as many as 40% of the cases.36,37 Patients with 
CIED-related endocarditis have a higher mortality (14% to 25%) com-
pared with those without it (<5%), even with percutaneous lead extrac-
tion.33,35 A small proportion (<5%) of the patients can present with 
erosion of a device lead or generator in the absence of inflammatory 
signs at the pocket and negative blood cultures.4 Whether erosion is 
caused by low-grade infection or purely by mechanical factors may not 
be entirely clear in all patients.

Diagnosis
A diagnosis of CIED infection is easily discernible when pocket site 
inflammatory changes are present. However, a diagnosis may be dif-
ficult to confirm in cases in which positive blood cultures are the sole 

FIGURE  84-2 Microbiology of cardiovascular implantable elec-
tronic device infections. (Modified from Sohail MR, Uslan DZ, Khan AH, 
et al. Management and outcome of permanent pacemaker and implant-
able cardioverter defibrillator infections. J Am Coll Cardiol 2008;49:
1851-1859.)
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therapy before implantation of a new device. However, use of tempo-
rary wires may increase the risk of new device infection.21

Figures 84-3 and 84-4 summarize the management approach of 
CIED infection.50,51 We recommend a two-step exchange in most 
patients (i.e., complete device removal followed by replacement CIED, 
if needed, in a subsequent intervention). Clearance of BSI, if present, 
and adequate control of infection at the generator pocket site should 
be achieved before placement of a new device (see Fig. 84-4). For 
patients who are bacteremic at initial presentation, blood cultures 
should be repeated after device explantation. Patients who have persis-
tently positive blood cultures after device removal should be treated 
for at least 4 weeks with antibiotics even if a TEE is negative for valve 
vegetations. For patients who present with generator or lead erosion 
only, in the absence of clinical evidence of pocket infection, the replace-
ment CIED may be placed immediately after removal of the original 
device (one-step exchange). The new device should be placed on the 
contralateral side in patients who have clinical or intraoperative find-
ings consistent with generator pocket infection. Cure rates of more 
than 95% can be achieved.4

The choice and duration of antimicrobial therapy are dictated by 
pathogen, in vitro antimicrobial susceptibility results, and the presence 
or absence of concomitant valvular endocarditis. Empirical antibiotics 
should include coverage for methicillin-resistant S. aureus (MRSA) 
and coagulase-negative staphylococci. Intravenous administration of 
antimicrobials is recommended. If an infected CIED cannot be 
removed, long-term oral suppressive antibiotics52 (for the life of the 
CIED) should be administered after an appropriate course of initial 
induction therapy (see Fig. 84-2).

Prevention
Meticulous attention to aseptic technique is key to preventing micro-
biologic contamination of CIED generators and leads at the time of 
implantation. Several clinical studies have demonstrated the efficacy of 
antibiotic prophylaxis before device implantation.8,21,53,54 In a recent 
large, prospective, randomized, double-blinded, placebo-controlled 
clinical trial,55 patients undergoing CIED implantation or generator 
replacement were randomized to either receive single dose of cefazolin 
or placebo for perioperative prophylaxis. In multivariable analysis, lack 
of antibiotic prophylaxis was an independent predictor of CIED infec-
tion (P = 0.037). For patients who are allergic to β-lactam antibiotics 
or are colonized with methicillin-resistant S. aureus (MRSA), vanco-
mycin is an acceptable alternative. There are no published data to 
support the routine use of secondary prophylaxis for patients undergo-
ing dental, respiratory, gastrointestinal, or genitourinary procedures, 
and the practice is discouraged.14

According to some emerging data, use of an antibiotic (minocycline 
and rifampin)–impregnated envelope may reduce the risk of CIED 
pocket infection in high-risk patients.56,57 However, added benefit of 
using this polymer mesh over standard perioperative prophylaxis has 
not been demonstrated in randomized, prospective, clinical trials yet.

LEFT VENTRICULAR  
ASSIST DEVICES
Historically, left ventricular assist devices (LVADs) were used to 
provide temporary support for patients with end-stage heart failure 
while waiting heart transplantation (bridge to transplantation). 
However, with increasing prevalence of advanced heart failure and 
limited supply of donor organs, LVADs are increasingly being used as 
long-term myocardial surrogate therapy (so-called destination 
therapy), especially in patients who are ineligible for a heart trans-
plant.58 With this changing trend, interest is shifting from short-term 
complications to long-term infection rates and survival. Infection is a 
major complication of LVAD therapy and was responsible for up to 
20% of deaths in one cohort of LVAD recipients.59

LVADs are mechanical pumps that are implanted in the thoracic 
cavity to assist the pumping action of a failing heart. These devices are 
connected to the heart via two cannulas, pulling blood from the left 
ventricle and pumping into the aorta (Fig. 84-5). Most LVADs used in 
contemporary practice (e.g., HeartMate II; Thoratec Corporation, 
Pleasanton, CA and Jarvik 2000; Jarvik Heart, Inc., New York) are 
designed as axial flow pumps to provide continuous flow.60 These 

removed from a different incision than that used at the generator 
pocket site.

Role of Echocardiography
Echocardiography has been pivotal in securing a diagnosis of CIED-
related infective endocarditis and other infectious cardiac complica-
tions associated with CIED infection such as valvular vegetations, 
perivalvular extension of infection, and abscess formation. The diag-
nostic superiority of transesophageal echocardiogram (TEE) over 
transthoracic echocardiography (TTE) has been substantiated in mul-
tiple studies (reported sensitivity of TEE is >95% compared with 
<30% of TTE).14,33,42,43 Besides confirming the diagnosis of endocardi-
tis, TEE can assist in making decisions regarding the most appropriate 
extraction strategy by providing information regarding vegetation size 
and attachment of device leads to surrounding venous or cardiac 
structures.

Complications
Complications of CIED infection may include valvular endocarditis 
(mostly right sided); septic arthritis; spine infection (diskitis, vertebral 
osteomyelitis, or epidural abscess);44 sternal wound infection; meta-
static abscesses (lung, liver, spleen, brain, renal); and thrombosis of a 
subclavian vein or superior vena cava. In patients with metastatic 
abscesses or osteomyelitis, it may be difficult to decipher whether an 
ectopic site is the source of bacteremia with hematogenous seeding of 
a cardiac device or vice versa.

Management
The primary focus of treatment should be complete removal of the 
CIED system. Although no prospective, randomized trials have been 
conducted to evaluate the role of medical (antimicrobial) therapy alone 
versus a combined medical-surgical treatment approach, data from 
several retrospective analyses show a clear and clinically important 
advantage of complete device removal.4,29,45,46 For example, the reported 
mortality rate of CIED-related endocarditis ranges from 31% to 66% 
if the infected device is retained compared with 18% or less in patients 
managed with a combined approach of complete device removal and 
parenteral antibiotics.33,36,37 Patients with partial device removal (gen-
erator only) or those treated conservatively with antibiotics alone have 
a higher risk of treatment failure or relapse.4,29,47 In one investigation 
of 416 patients with CIED infection, antimicrobial therapy alone 
without device removal was associated with a sevenfold increase in 
30-day mortality.48 Moreover, immediate device removal, when com-
pared with delayed explantation or no device removal, was associated 
with a threefold decrease in 1-year mortality in this analysis.

When planning device removal, three factors must be addressed. 
First, removal of a lead that is embedded in cardiac tissue can be diffi-
cult and potentially dangerous. Complications include tamponade due 
to tearing or perforation of the myocardial wall, laceration of the supe-
rior vena cava or tricuspid valve, hemothorax, fracture of lead fragment 
requiring surgical intervention, and life-threatening arrhythmias.4 
However, newer techniques, including the use of a locking stylet, pho-
toablation of fibrous attachments with a laser sheath, and minimally 
invasive video-assisted thoracoscopic techniques, are less invasive and 
safer methods of device removal compared with open thoracotomy.4,14

Second, in cases where larger (>10 mm in diameter) vegetations are 
attached to infected leads, embolic showering of the pulmonary vas-
culature with percutaneous lead extraction is a concern. However, data 
from several studies4,33,37,42,49 indicate that risk of clinically significant 
pulmonary emboli and death with percutaneous extraction is low and 
does not warrant routine surgical removal of leads via thoracotomy in 
this patient population. Routine screening for subclinical pulmonary 
emboli using CT or ventilation-perfusion scan is also not recom-
mended.33 Risks of thoracotomy and need for cardiac bypass (in mostly 
an older patient population) should be considered before deciding 
whether a percutaneous or a surgical approach should be used.

Third, the need for ongoing CIED support should be assessed 
before implanting a new device. The percentage of patients who do not 
require replacement of a PPM has ranged from 13% to 52%.4,29,36,45 In 
patients who are dependent on a device, a temporary system can be 
used while bloodstream infection (BSI) is cleared by antimicrobial 
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FIGURE 84-3 Approach to the management of adults with cardiovascular implantable electronic device (CIED) infection. This algorithm 
applies only to the patients who are managed with complete device removal. AHA, American Heart Association; TEE, transesophageal echocardiogram. 
(Modified from Sohail MR, Uslan DZ, Khan AH, et al. Management and outcome of permanent pacemaker and implantable cardioverter defibrillator 
infections. J Am Coll Cardiol 2008;49:1851-1859.)
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FIGURE 84-4 Guidelines for implantation of a new device in patients with cardiovascular implantable electronic device (CIED) infection. 
TEE, transesophageal echocardiogram. (Modified from Sohail MR, Uslan DZ, Khan AH, et al. Management and outcome of permanent pacemaker and 
implantable cardioverter defibrillator infections. J Am Coll Cardiol 2008;49:1851-1859.)
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and 6 had organ space infections that involved either the LVAD or  
the preperitoneal pocket that contained the pump (16.7 infections  
per 100 LVAD implantations). Two of the patients also developed 
mediastinitis.

Risk of LVAD-related BSI was calculated in a retrospective study 
from Cleveland Clinic.67 An LVAD-related BSI was defined as one in 
which the same pathogen was cultured from the device and the blood 
and no other source of bacteremia was identified. Overall, 140 noso-
comial BSIs occurred in 104 (49%) of 214 patients (7.9 BSIs per 1000 
LVAD days); 53 (38%) episodes were device related. Patients with 
LVAD-related BSI had a higher mortality rate of 58% compared with 
42% in patients with LVAD support but no BSI (P = .07) in this 
investigation.

Pathogenesis
The impact of LVAD implantation on the immune system is speculated 
to be one factor that predisposes device recipients to infectious com-
plications.68,69 LVAD implantation can lead to increased susceptibility 
of circulating CD4 T cells to activation-induced apoptosis, resulting in 
a progressive decrease in CD4 T-cell count and impaired cell-mediated 
immunity. This puts LVAD recipients at increased risk of infections, 
including opportunistic pathogens. In one clinical survey,69 LVAD 
recipients were at increased risk of developing Candida infections com-
pared with controls (28% vs. 3%; P = .003). Dysregulation of the 
humoral arm of the immune system has also been reported.

Risk Factors
Duration of LVAD support64 and documented trauma at the driveline 
exit site are well-known risk factors associated with device infection.70 
In another investigation,71 patients who developed LVAD-related BSI 
had a higher prevalence of diabetes mellitus compared with others 
(OR, 7.7; 95% confidence interval [CI], 2 to 29.8). Data from INTER-
MACS, the largest registry of patients who received U.S. Food and 
Drug Administration–approved mechanical circulatory assist devices, 
suggest that continuous-flow devices have a lower rate of infectious 
complications as compared with LVADs with pulsatile pumps.72 Risk 
factors for LVAD-related infection are summarized in Table 84-3.

Clinical Manifestations
Infectious complications related to LVADs can be broadly categorized 
into three types (Fig. 84-5): (1) LVAD-specific infections. These infec-
tions are related directly to the device hardware and can only occur in 

devices do not require a mechanical valve, are smaller in size (and 
therefore less prone to infection), and last longer. These devices are 
connected to an external battery pack with a driveline. A newer type 
of LVADs, which employs electromagnetically or hydrodynamically 
levitated continuous-flow centrifugal pumps (e.g., HeartWare HVAD, 
Duraheart, Los Angeles) are being tested in clinical trials and have  
the theoretical advantage of even simpler mechanics with fewer  
moving parts.

LVAD therapy is associated with significant infection risk, and this 
risk was highlighted in the REMATCH trial58 that examined the role 
of long-term LVAD use as destination therapy. In this study, LVAD 
recipients were more than twice as likely to have a serious adverse event 
compared with patients in the optimal medical therapy group. Infec-
tion and device failure were predominant factors that led to a limited 
2-year survival rate of 23%. Within 3 months of LVAD placement, 
LVAD infection complicated 28% of cases. On the basis of more recent 
data, LVADs that employ continuous-flow pumps are at lower risk of 
infection compared with devices with pulsatile flow pumps.61,62

Epidemiology
LVAD therapy is associated with a substantial risk of infectious com-
plications. Patients who receive LVAD therapy tend to have multiple 
comorbidities, are frequently hospitalized, and usually have multiple 
other prostheses, such as implanted central venous catheters for infu-
sion of drugs or hemodialysis, cardiovascular implantable electronic 
devices for cardiac rhythm management, and prosthetic vascular 
grafts, due to generalized vasculopathy. The risk of infection also varies 
on the basis of duration of LVAD support,63 with higher rates of infec-
tion reported in the destination therapy group compared with patients 
where LAVD is used as a bridge to transplantation.64 In one review of 
LVAD-related complications, the incidence of infection was two times 
higher in patients with an LVAD in place for more than 60 days com-
pared with those with an LVAD for less than 30 days.65

The reported rates of infection in LVAD recipients vary from 13% 
to 80%14 and depend on multiple factors, including underlying comor-
bidities, type of device, duration of LVAD support, and study definition 
for LVAD infection. In a cohort study66 that included patients with 
HeartMate devices, the overall rate of surgical site infection was 44  
per 100 LVAD implantations or 6.2 infections per 1000 device days. 
Seven of the patients had superficial infection that involved the drive-
line incision (19.4 infections per 100 LVAD implantations), 3 patients 
had sternal infections (8.2 infections per 100 LVAD implantations), 

FIGURE 84-5 Classification of left ventricular assist device (VAD)–associated infections. BSI, bloodstream infection; CVC, central venous cath-
eter; PVC, peripheral venous catheter. (Modified from Hannan MM, Husain S, Mattner F, et al. Working formulation for the standardization of definitions 
of infections in patients using ventricular assist devices. J Heart Lung Transplant 2011;30:375-384.)
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with pretransplantation LVAD infection have similar short (<6 months) 
and long-term (as long as 3 years) survival rates after cardiac trans-
plantation compared with noninfected controls.67,75 However, a subse-
quent investigation71 showed a prolonged length of hospitalization and 
increased early mortality in heart transplant recipients with pretrans-
plantation LVAD-related infection. However, long-term survival rates 
were comparable between the two groups. Invasive vancomycin-
resistant Enterococcus faecium (VRE) infection was the driving factor 
for early post-transplantation mortality in patients with a history of 
LVAD-related infection (P = .02). In another retrospective analysis,70 
late-onset driveline infection was associated with repeated hospitaliza-
tions (P < .001) and lower 5-year survival rate (41% vs. 70%, P = .10).

Treatment duration of LVAD-related BSI in patients who are await-
ing heart transplantation is unclear. In one investigation of 76 patients 
with LVADs,71 continuous antimicrobial treatment, from the time of 
initial diagnosis of BSI until transplantation or death, was associated 
with a lower rate of relapse compared with a limited antibiotic course 
of 2 to 6 weeks (P = .003). Relapses were diagnosed a median of 12 days 
(range, 2 to 89 days) after discontinuation of antimicrobial therapy. All 
patients who had LVAD-related infection due to S. aureus and were 
treated with limited courses of antibiotics experienced relapse. There 
was no difference in the two groups in terms of post-transplantation 
mortality, length of hospitalization, or 1-year survival.

Prevention
Several strategies have been advocated to reduce the rate of LVAD-
related infections.76 Chlorhexidine and silver sulfadiazine coating of 
the LVAD driveline was shown to reduce early-onset LVAD-related 
infections in an animal model.77 Elimination of percutaneous drive-
lines with new generations of totally implantable LVADs, such as the 
Jarvik 2000 axial flow pump and the LionHeart device (Arrow Inter-
national, Reading, PA), has been associated with significant reduction 
in LVAD infection rates.78,79 In addition to advances in technology, we 
should focus on other preventive measures currently in use, including 
broad-spectrum antimicrobial administration (to cover resistant 
gram-positive cocci, gram-negative bacilli, and Candida spp.) at the 
time of LVAD placement, limiting central venous catheters and other 
types of temporary percutaneous vascular device use, performing 
meticulous dressing changes at the driveline exit site, lengthening the 
driveline subcutaneous tunnel, and immobilizing the driveline at the 
skin exit site to prevent repeated trauma and skin breakdown.

PROSTHETIC VASCULAR GRAFTS
Despite technical advances in graft design, infection remains a signifi-
cant complication associated with use of prosthetic vascular grafts and 
can lead to loss of limb or life. Infections involving the prosthetic vas-
cular grafts can manifest in three distinct ways: (1) perigraft infection 
or abscess formation, (2) graft exposure due to disruption of the super-
ficial soft tissue layers overlying the prosthesis, and (3) graft erosion or 
fistula formation involving a mucosal surface. However, these three 
presentations of graft infection are not mutually exclusive.

Epidemiology
The rate of prosthetic vascular graft infection (PVGI) varies and 
depends on the anatomic location of the prosthesis. For aortic grafts 
limited to the abdomen, graft-related infections occur in 1% or less of 
recipients. The rate of infection is higher (1.5% to 2%) for aortic grafts 
that extend to the femoral location. Infrainguinal vascular grafts that 
originate in the groin are at the highest (6%) risk of complicating infec-
tion.14,80,81,82,83 Reported morbidity (mostly amputations) and mortality 
rates for peripheral vascular grafts are 41% and 17%, respectively.84 
Prosthetic aortic graft infections have a higher mortality rate (24%  
to 75%). The average 5-year survival rate for aortic graft infections is 
only 50%.80,85

Pathogenesis
Several distinct routes of microbial contamination are recognized in 
vascular graft infections. Microbial seeding of a graft at the time of 
implantation or in the immediate postoperative period accounts for 
most of the graft infections. Vascular graft contamination can also 
occur if there is infection in a contiguous anatomic area. Bacterial 

patients with LVADs. These include pump and cannula infections, 
pocket infections, and percutaneous driveline infections; (2) LVAD-
related infections. Although these can also occur in patients without 
LVADs, the presence of an LVAD warrants special management con-
siderations. These include valvular endocarditis, BSIs, and mediastini-
tis; and (3) non-LVAD infections. These are not related to LVAD 
placement and may include pneumonia, urinary tract infection, and 
other remote infections.

The most common presentation of LVAD-specific infection is 
driveline exit site infection. Local inflammatory changes and purulent 
drainage are frequently seen. Device pocket infections usually present 
with frank inflammatory changes in the skin and soft tissues overlying 
a device pocket. Infection of the valves or other blood-contacting sur-
faces of the LVAD occurs less often. Clinical manifestations of this 
form of endocardial infection mirror the manifestations of native or 
prosthetic valve endocarditis. Fever and other signs of systemic inflam-
matory response may be apparent. Systemic or pulmonary (for devices 
that assist the right ventricle) embolic phenomena can be seen. 
Mechanical dysfunction of the LVAD can occur if an obstructing 
pannus of infection develops within the internal lumen of the inflow 
or outflow cannulas that are anastomosed into the apex of the left 
ventricle and ascending aorta, leading to clinical worsening of cardiac 
function.

Microbiology
S. aureus and coagulase-negative staphylococci account for more than 
50% of cases of LVAD-related infections. Enterococci, Enterobacter 
spp., and Pseudomonas aeruginosa are other commonly isolated bacte-
rial pathogens in LVAD-related infections.67,71 Because of nosocomial 
acquisition of these infections, antimicrobial resistance is a common 
occurrence. Although colonization with Candida species occurs in up 
to 39% of patients with LVADs, clinical infection is less frequent.73 Use 
of broad-spectrum antibiotics increases this risk. Candida infection 
can present as BSI or vegetations on endocardial surfaces that can be 
large enough to obstruct blood flow or cause peripheral embolization. 
Eradication of infection is difficult due to adherence of Candida to 
prosthetic surfaces and resulting biofilm formation.

Management
Limited débridement of an infected driveline exit site or device pocket 
may be helpful to control localized infection in some patients. Vacuum-
assisted closure systems can help to facilitate wound healing.74 Even in 
patients with LVAD-related BSI, chronic suppressive antimicrobial 
therapy (after an induction course) may be effective in preventing 
recurrence of clinical findings of infection. Suppressive antibiotics are 
continued until the LVAD is removed and cardiac transplantation is 
performed. However, LVAD removal is required in others to control 
infection. Of note, LVAD-related infection is not a contraindication to 
cardiac transplantation.14,71 In fact, for some patients, cardiac trans-
plantation is necessary not only for advanced heart failure but also for 
removal of the infected device to achieve control of ongoing infection. 
LVAD-related infection led to significant delays in heart transplanta-
tion in one investigation (median duration, 182.8 days vs. 66.3 days for 
noninfected patients; P < .001).71 Earlier reports suggested that patients 

TABLE 84-3  Risk Factors for Left Ventricular 
Assist Device Infection

Length and extent of surgery required for device implantation
Reoperation or revision
Hematoma at device pocket site
Persistent local trauma or poor wound healing at driveline exit site
Poor nutritional status of the host
Comorbid conditions (chronic heart failure, renal failure, diabetes mellitus, 

obesity)
Prolonged hospitalization
Length of time left ventricular assist device is in place
Foreign bodies in other locations (endotracheal tubes, urinary catheters, central 

venous or arterial catheters, drainage tubes, cardiovascular implantable 
electronic device)

Immune system dysregulation due to underlying disease or immunosuppressive 
drugs

http://www.myuptodate.com


P
a
rt

 I
I 

M
aj

o
r 

C
lin

ic
al

 S
yn

d
ro

m
es

1048

In patients who present with early graft infection (within 3 months 
of implantation), local inflammatory findings indicating surgical site 
infection are present. Even when these findings appear superficial, 
underlying graft infection is nevertheless a consideration. Local com-
plications associated with graft infection may include abscess or sinus 
tract formation, hemorrhage, graft occlusion, pseudoaneurysm forma-
tion, graft exposure, and poor tissue incorporation. Septic emboli and 
distal tissue ischemia can also occur. Systemic signs of sepsis can 
accompany the local findings, particularly when more aggressive 
pathogens, such as S. aureus, are present. Fever, chills, and leukocytosis 
are generally present in the setting of bacteremia or fungemia.

Late graft infection is characterized less often by systemic toxicity. 
The local stigmata of graft healing complications prevail. These include 
cutaneous sinus tracts, lack of graft incorporation by surrounding 
tissue, anastomotic aneurysm, and graft-enteric erosions or the devel-
opment of fistulas.93 The formation of cutaneous sinus tracts is an 
obvious clue that underlying graft infection is present. Poor graft incor-
poration may not be apparent until intraoperative inspection of the 
implanted device is done. The clinical presentation of pseudoaneu-
rysms is wide ranging. For some patients, little to no inflammatory 
response is manifested either systemically or locally, even at intraop-
erative inspection of the graft. Cultures of explanted graft material are 
positive, however. Other patients develop local pain with or without a 
palpable mass. Hemorrhage can occur and can be life-threatening. 
Distal ischemia with pain caused by graft thrombosis or embolization 
can occur. For one third of patients,93 the clinical presentation of anas-
tomotic pseudoaneurysm is emergent in regard to threat of life or limb.

Clinical symptoms caused by prosthetic aortic graft–related enteric 
erosions and fistulas are usually seen years after graft placement. They 
are diagnosed in less than 5% of patients who undergo aortic graft 
placement. These patients can present with systemic (sepsis) and local 
(abdominal pain) complaints. The aortic graft most often erodes the 
third or fourth portion of the duodenum. Gastrointestinal tract bleed-
ing, which ranges from subtle to massive, can present as hematemesis, 
hematochezia, or melena. Polymicrobial infection consisting of enteric 
flora usually is confirmed with blood and graft and perigraft tissue 
cultures. A prompt diagnosis of this condition is lifesaving because 
mortality is universal if the complication is left untreated.

Diagnosis
A practical approach to diagnostic workup of prosthetic graft infec-
tions is outlined in Figure 84-7. Even when specific findings from  
a patient’s history and physical examination strongly suggest graft 

colonization of a thrombus (13%) in an aneurysmal sac or in athero-
sclerotic plaques (40%) in arterial walls is an example of adjacent site 
of infection.85,86 Superficial surgical site infection can also lead to graft 
infection. Subsequent manipulation of an implanted graft by either 
surgical or percutaneous procedures can predispose to graft infection. 
Finally, an anatomically remote site of infection can contribute indi-
rectly to vascular prosthetic graft infection by causing BSI and second-
ary graft contamination. This risk of hematogenous seeding is highest 
in the early postoperative period and decreases over time because of 
partial endothelialization of the graft.86

Risk Factors
Because of the relative infrequency of prosthetic graft infection, inves-
tigations that seek to identify associated risk factors have been limited 
due to the lack of statistical power. Purported risk factors for PVGI are 
summarized in Table 84-4.14,80,87-90 In a large statewide dataset that 
included 14,000 patients who underwent aortic aneurysm repair,90 BSI 
during the index hospitalization for repair was associated (OR, 4.2; 
95% CI, 1.5 to 11.8) with aortic graft infection. In another case-control 
study88 that included cases of aortic and peripheral graft infections 
collected over a 21-year period, groin incision (OR, 4.1; 95% CI, 1.6 to 
10.7) and wound infection (OR, 5.1; 95% CI, 1.6 to 16.2) were risk 
factors for prosthetic graft infection in multivariable analysis. In a more 
recent investigation that included 496 cases with prosthetic femoral 
artery grafts,91 redo bypass (hazard ratio [HR], 5.8; 95% CI, 2.2 to 15), 
active infection at the time of bypass (HR, 5.2; 95% CI, 1.9 to 14.2), 
female gender (HR, 4.5; 95% CI, 1.6 to 12.7), and diabetes mellitus 
(HR, 4.6; 95% CI, 1.5 to 14.3) were associated with increased odds of 
vascular graft infection in multivariable analysis.

Microbiology
Staphylococcal species continue to be the predominant pathogens 
responsible for PVGI (Fig. 84-6). However, the rate of S. aureus infec-
tion has decreased (likely due to appropriate perioperative antibiotic 
prophylaxis coupled with improved operative techniques) in recent 
years, and less virulent organisms that are normal skin flora account 
for an increasing portion of vascular graft infections.88 Pathogens 
included in this category are coagulase-negative staphylococci,92 Cory-
nebacterium spp., and Propionibacterium acnes. Graft infections caused 
by these organisms tend to be delayed in onset. In contrast, S. aureus-
related graft infections occur early after graft implantation. In a pro-
spective cohort study that included 85 patients with prosthetic graft 
infections, S. aureus infection was more frequent in limb grafts com-
pared with aortic grafts.84 Enterococcal species and anaerobic bacteria, 
often as part of polymicrobial infection, have been identified as patho-
gens of vascular graft infections.88 Candida spp. have been isolated in 
cases of graft-related infections.

Clinical Manifestations
Timing of onset and clinical presentation of vascular graft infections 
are highly variable and depend on location of the graft and virulence 
of the causative pathogen.83 Considering that intraoperative or imme-
diate postoperative vascular graft contamination is the mechanism 
accounting for infection in most cases, clinical evidence of infection 
should be evident within 1 to 2 months after graft implantation.83 
Although this is generally true for extremity grafts (especially infrain-
guinal), abdominal graft infections may present several years after 
placement.

TABLE 84-4  Risk Factors for Prosthetic Vascular 
Graft Infection

Emergent surgery
Lack of appropriate antimicrobial prophylaxis in the perioperative period
Groin incision
Bloodstream infection during index hospitalization
History of multiple invasive interventions before or after graft placement
Poor wound healing/infection at surgical site
Contiguous infection in the graft area
Comorbid conditions (diabetes mellitus, chronic renal insufficiency, obesity, 

immunocompromised host)

FIGURE 84-6 Microbiology of prosthetic vascular graft infections 
(intraoperative culture results from 119 patients, 68 with aortoilio-
femoral and 51 with extracavitary graft infections). (Data from 
Bandyk DF, Novotney ML, Back MR, et al. Expanded application of in situ 
replacement for prosthetic graft infection. J Vasc Surg 2001;34:411-420.)
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FIGURE 84-7 Diagnostic evaluation and initial management of prosthetic vascular graft infections. CBC, complete blood count; CRP, C-reactive 
protein; ESR, erythrocyte sedimentation rate; CT, computed tomography; MRI/MRA, magnetic resonance imaging/magnetic resonance angiography; 
MRSA, methicillin-resistant Staphylococcus aureus; PET, positron emission tomography; PVGI, prosthetic vascular graft infection; WBC, white blood cell. 
(Modified from Nagpal A, Sohail MR. Prosthetic vascular graft infections: a contemporary approach to diagnosis and management. Curr Infect Dis Rep 
2011;13:317-323.)
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infection, procedures are usually performed to further support the 
diagnosis and to define extent of infection. Blood cultures may be 
negative if infection is limited to the extraluminal graft surface. A 
comparison of various imaging modalities is provided in Table 
84-5.85,87,94 Computed tomography (CT) is the best tool in the diagnos-
tic evaluation of graft infection. Findings on a CT scan that support 
vascular graft infection include the presence of perigraft fluid not 
attributable to recent (≤3 months) graft implantation, increasing peri-
graft fluid in the early postoperative period, perigraft fluid with fat 
stranding or gas bubbles, lack of fat plane between graft and bowel, 
and anastomotic aneurysms.80 These findings depend on an appropri-
ate inflammatory response to infection. For less virulent pathogens, 
particularly coagulase-negative staphylococci, the inflammatory 
response may be limited, and the perigraft findings on CT may be 
minimal to nonexistent. The sensitivity of CT is decreased considerably 
in patients with more indolent infections. In cases in which a pseudoa-
neurysm is not detected on CT, imaging-guided percutaneous aspira-
tion of perigraft fluid should be considered at the time of the initial 
CT scan. Fluid should be sent for cytology and microbiologic analysis 
including bacterial, fungal, and mycobacterial cultures.

Some of the previously mentioned CT findings of infection are 
normally seen in the early postoperative period. Perigraft fluid can 
persist for 3 months after graft implantation. Perigraft air related to 
graft placement is usually absorbed within 1 week of surgery, although 
it can persist for as long as 7 weeks.95

Experience with magnetic resonance imaging (MRI) is less exten-
sive.81,94,96 MRI may be most beneficial in patients who have undergone 
CT with inconclusive findings. MRI is better in visualization of subtle 
perigraft inflammatory changes than CT. Moreover, MRI is often able 
to differentiate subacute or chronic hematoma from inflammatory 
changes in the perigraft area. In a recent investigation of intracavitary 
vascular graft infections,94 MRI had an excellent positive predictive 
value (95%), but the negative predictive value was low (80%). Indium-
labeled white blood cell (WBC) scanning had a positive predictive 
value of 80% and a negative predictive value of 82% compared with 
MRI in the same investigation. On the basis of these data, MRI is a 
preferred modality over indium-labeled WBC scanning for the diag-
nosis of aortic graft infections. However, results are not mutually exclu-
sive and a combination of imaging techniques may be helpful in 
difficult-to-diagnose cases.
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approximately a 4- to 6-week period. However, treatment decisions 
need to be individualized based on identification of pathogen, in  
vitro susceptibility testing, type of surgical intervention, and clinical 
response during follow-up evaluation.

Conservative management of prosthetic graft infections is associ-
ated with high mortality, and this approach should be reserved for  
a specific situation.102,103 In cases where complete excision of the 
infected graft is not feasible (poor surgical candidate because of mul-
tiple comorbid conditions or limited revascularization options), life-
long (for the “life of the graft”) suppressive antimicrobial therapy is 
recommended after an initial 4-week course of induction therapy.52 The 
choice of antibiotic depends on in vitro susceptibility testing. Suppres-
sive therapy is usually with oral cephalosporins, penicillin derivatives, 
tetracyclines, or trimethoprim-sulfamethoxazole.

Finally, distal tissues that were dependent on blood flow via the 
infected graft prosthesis dictate that revascularization must be achieved. 
Surgical treatment must be individualized for each case depending on 
the urgency of surgery, comorbid conditions, current vascular anatomy, 
and causative pathogen. The vascular surgeon must be skilled in many 
graft techniques so that the most appropriate procedures are used in 
each case.

Extra-anatomic bypass revascularization and in situ reconstruction 
are the two main revascularization strategies after resection of the 
infected graft material. The key advantages and disadvantages of both 
options are summarized in Table 84-7. In medical centers where extra-
anatomic bypass is the preferred method of revascularization, the 
extra-anatomic bypass is done first and followed by infected graft exci-
sion and local débridement during either the same anesthesia 
(sequenced approach) or a second surgery at a later date (staged 
approach).104 The benefit of the staged operations is limiting the degree 
of physiologic stress that otherwise would accompany a single pro-
longed operation. The benefit of sequential operations, at least in the 
case of aortic graft infections, is a lower amputation rate. The theoreti-
cal concern of an increased risk of new graft seeding by the indwelling, 
infected old graft has not been realized. Major shortcomings of the 
extra-anatomic bypass revascularization strategy in this setting have 
been low limb salvage rates and aortic stump blowout, which is uni-
formly fatal with rare exceptions.80

In situ reconstruction through uninfected tissue planes is the 
second method of revascularization.105 Three types of grafts are avail-
able for use and include antibiotic-bonded prosthetic grafts, fresh and 
cryopreserved arterial allografts, and autogenous vein grafts. The 
advantages of the allografts and autogenous vein grafts include the 
decreased likelihood of new graft infection because native tissue is 
placed in situ rather than prosthetic material.87 Autogenous vein grafts 
also have higher long-term patency rates.106 However, the disadvantage 
is the prolongation of the operative time required for vein harvesting 
that may not be tolerated by many patients. Also, early complications 
at the deep vein harvest site are seen in some patients. Rifampin has 
been studied most extensively for use in antibiotic-bonded prosthetic 
grafts. These grafts are beneficial for patients who are poor surgical 
candidates and would benefit from the shortest operating time. Rein-
fection rates of rifampin-bonded prosthetic grafts are low.

Autogenous tissue coverage of the in situ graft is crucial in decreas-
ing the risk of graft reinfection. Vascularized tissue, which usually 
involves an omentum flap or, less often, a sartorius or rectus femoris 

Software-based fusion imaging that combines data obtained from 
CT angiography and WBC scintigraphy may provide a better diagnos-
tic yield compared with a single imaging modality. In a recent investi-
gation,97 software-based fusion imaging of both modalities resulted in 
improved sensitivity (94%), specificity (50%), accuracy (85%), positive 
predictive value (88%), and negative predictive value (67%).

The role of ultrasonography is limited to the detection of pseudo-
aneurysms. Sinograms are less often performed today than before the 
availability of CT. Endoscopic examination of the gastrointestinal tract 
is used in cases where a graft enteric erosion or fistula is the suspected 
source of gastrointestinal bleeding. Angiography is generally not nec-
essary to diagnose vascular graft infection. However, it may be used to 
define complex vascular anatomy for planning revascularization.

Positron emission tomography (PET) scan is another emerging 
modality for the diagnosis of vascular graft infection.98 However, PET 
scan alone lacks the ability to define the precise anatomic location of 
graft infection and needs to be combined with a second imaging tech-
nique to accurately localize the site of infection. In a study that included 
39 subjects with graft infection,99 combined PET/CT had 93% sensitiv-
ity and 91% specificity in the diagnosis of vascular graft infection. 
Positive and negative predictive values were 88% and 96%, respectively. 
In a more recent prospective study,100 investigators compared results of 
fluorodeoxyglucose (FDG)-PET with CT and combined FDG-PET/
CT. Single FDG-PET had the best results (sensitivity 93%, specificity 
70%, positive predictive value 82%, and negative predictive value 88%). 
FDG-PET also had excellent interobserver consistency and provided a 
better diagnostic accuracy than CT for the diagnosis of vascular graft 
infections.

Management
Optimal management of PVGIs is challenging and requires a multidis-
ciplinary team approach with involvement of both medical and surgi-
cal subspecialties. Four general principles are followed in the treatment 
of PVGIs (Table 84-6).101

Complete excision of the infected prosthetic graft is essential to 
eradicate infection. Wide débridement of infected or devitalized peri-
graft tissues is essential for graft stump healing and to minimize the 
risk of infection in the newly implanted vascular graft, especially if in 
situ reconstruction is performed. Second, complete débridement of all 
infected tissues, not limited to the graft, is necessary. Multiple intraop-
erative specimens of graft material and perigraft inflammatory tissues 
should be submitted for bacterial, fungal, and mycobacterial stains and 
cultures to maximize the yield. Empirical antibiotics should include 
coverage for coagulase-negative staphylococci and methicillin-resistant 
S. aureus. Parenteral antimicrobials are generally administered over 

TABLE 84-6  General Principles for Management 
of Prosthetic Vascular Graft Infection

Complete excision of the infected graft material
Extensive débridement of all infected, devitalized tissues in the perigraft area
Revascularization of distal tissues
Microbiologic identification of causative pathogen, followed by appropriate 

systemic antimicrobial agents for >6 wk (depending on clinical response and 
repeat imaging). Bactericidal antibiotics are preferred and combinations are 
often used (see Chapter 83 for recommendations).

TABLE 84-5  Comparison of Imaging Techniques for Diagnosis of Vascular Graft Infection

COMPUTED 
TOMOGRAPHY (CT)

MAGNETIC RESONANCE 
IMAGING (MRI) ULTRASONOGRAPHY (US)

NUCLEAR MEDICINE IMAGING 
(INDIUM-LABELED WBC SCAN 
AND GALLIUM SCAN)

Sensitivity: 95%
Specificity: 85%
Imaging modality of choice
Images may be degraded in the 

presence of metallic hardware 
in spine or extremities

Administration of potentially 
nephrotoxic contrast dye

Sensitivity: 68%-85%
Specificity: 97%-100%
Useful when CT findings are nondiagnostic
Better soft tissue resolution
More expensive than CT scan
Use of nephrotoxic contrast agent is avoided
Small risk of nephrogenic fibrosing 

dermopathy with use of gadolinium in 
patients with preexisting renal insufficiency

Useful for peripheral vascular grafts 
to detect pseudoaneurysms

Least expensive imaging modality
Can be performed at bedside
No need for contrast administration

Sensitivity: 73%
Specificity: 87%
False-positive results in early 

postoperative period
Decreased sensitivity with previous 

antimicrobial therapy
Useful when CT or MRI findings are 

inconclusive

WBC, white blood cell.
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with arteriovenous grafts (2), tunneled catheters (12.2), or temporary 
catheters (29.2) were much higher than the risks associated with the 
use of arteriovenous fistulas (0.9).

Risk factors for infection of PTFE grafts are listed in Table 84-8.112,112a

Clinical Manifestations
Most patients with graft infection present with local inflammatory 
findings at the graft site. S. aureus (53%) and coagulase-negative staph-
ylococci (20.3%) are the most commonly isolated pathogens.14 
However, occult bacteremia or fungemia without local graft inflamma-
tory changes can also be a manifestation of graft infection. An occult 
presentation is more common in patients with an old, nonfunctioning, 
and thrombosed grafts.113 Indium-labeled WBC scanning may be 
helpful in detecting these clinically silent graft infections. In one inves-
tigation114 of occult infection involving such old or thrombosed grafts, 
the indium-labeled WBC scan showed 100% sensitivity and 75% speci-
ficity in detecting graft infection.

Management
Preservation of the vascular access site is a major consideration  
when making management decisions regarding PTFE graft infections 
because other potential venous access sites have been frequently 
exhausted in these patients. Parenteral antimicrobial therapy combined 
with local débridement is curative in selected cases of early graft infec-
tion or exposed vascular graft,115 and removal of the entire graft is 
not always necessary. If conservative management is attempted, the 
remaining graft segment should have adequate tissue coverage and 
close follow-up to ensure resolution of infection is necessary. However, 
presence of purulence or abscess in the immediate graft area or aneu-
rysmal graft formation mandates graft removal. Old, thrombosed, 
nonfunctioning grafts should be resected when infection at this nidus 
is confirmed.

Three to 4 weeks of parenteral antimicrobial therapy, directed by 
in-vitro susceptibility testing, is recommended.116 In patients with SAB, 
transesophageal echocardiography should be performed to exclude 
infective endocarditis.

Prevention
Vascular access site infection is a leading cause of morbidity and  
mortality in hemodialysis patients. The total annual cost of graft  
infection–related morbidity in the United States has been projected  
to be more than $1 billion.117 The best method to prevent a PTFE 

muscle transposition or Gerota’s fascia with perinephric fat, is used to 
surround the in situ graft completely. Vascular-rich tissue can absorb 
wound secretions and improve circulation, which should enhance the 
local immunologic response.107

Traditionally, extra-anatomic bypass has been touted as the gold 
standard for the surgical management of prosthetic aortic graft infec-
tion because of the theoretically decreased risk of reinfection by avoid-
ing placement of a new graft in a previously infected tissue bed. 
However, findings of a systematic review and meta-analysis108 prompted 
a call by the authors for a reevaluation of this concept. Overall pooled 
estimates of mean event rates for all outcomes (reinfection, amputation, 
conduit failure, mortality) favored the use of in situ reconstruction  
with autogenous veins, rifampin-bonded prostheses, or cryopreserved 
allografts over extra-anatomic bypass revascularization.

Prevention
Meticulous attention to aseptic procedures during vascular graft place-
ment is the key to limiting the risk of subsequent graft infection. 
According to one systematic review and meta-analysis,89 administra-
tion of perioperative antibiotics is associated with a reduced risk of 
subsequent graft infection. When 10 placebo-controlled trials that 
included almost 1300 patients were analyzed, a marked reduction 
(relative rate [RR] fixed, 0.25; 95% CI, 0.17 to 0.38; P < .00001) in surgi-
cal site infections was demonstrated. There was no added benefit (RR 
fixed, 1.28; 95% CI, 0.82 to 1.98) of extending antibiotic prophylaxis 
beyond 24 hours from graft placement. The remaining interventions 
that were examined included rifampin bonding to Dacron grafts, use 
of suction groin wound drainage, and preoperative bathing with anti-
septic agents; none were shown to be beneficial in reducing surgical 
site infection.

HEMODIALYSIS PROSTHETIC 
VASCULAR GRAFTS
Infection is the second leading cause of death among patients with 
end-stage renal disease109 and is often caused by S. aureus. Due to 
extensive health care system exposure and frequent administration of 
antibiotics in this high-risk population, multidrug-resistant strains  
of S. aureus, enterococci, and gram-negative bacilli have emerged as 
a serious problem among these patients. This led the Centers for 
Disease Control and Prevention110 and the National Kidney Founda-
tion109 to establish guidelines for national surveillance and prevention 
of hemodialysis-associated infections.

Epidemiology
Vascular access site infections constitute a major part of infection-
related morbidity and mortality in long-term hemodialysis patients. 
Widespread use of the prosthetic arteriovascular grafts composed of 
polytetrafluoroethylene (PTFE) is a major contributing factor for 
access site infections and associated morbidity and mortality.111,112a 
These grafts are at higher risk of infection compared with the native 
arteriovenous fistulas. Therefore, PTFE grafts should only be used in 
cases in which surgical creation of a native arteriovenous fistula is not 
anatomically feasible. The risk of infection with either tunneled or 
temporary hemodialysis catheters is highest. In one prospective 
survey,109 the risks of infection (per 1000 dialysis sessions) in patients 

TABLE 84-7  Comparison of in Situ Reconstruction versus Extra-anatomic Bypass Revascularization for 
Management of Prosthetic Vascular Graft Infection

IN SITU RECONSTRUCTION EXTRA-ANATOMIC BYPASS REVASCULARIZATION
Advantages Disadvantages Advantages Disadvantages
Reduced rate of lower extremity amputation
Elimination of the need for a second operation
Avoidance of creating an aortic stump that 

could blow out in future
Lack of anatomic limitations to placement
Shorter operating time when rifampin-bonded 

prosthetic grafts or arterial allografts are used
Reinfection rate: 10% with prosthetic graft 

reconstruction vs. 3% with autogenous vein 
replacement

Theoretical risk of increasing chances 
of new graft infection by placing 
new prosthetic material or 
allograft in a previously infected 
tissue bed

Theoretically reduced risk of new 
graft infection by avoiding 
placement of a new prosthetic 
material or allograft in a 
previously infected tissue bed

Need for a second procedure if staged 
operative strategy is used

Reduced limb salvage rates (20%-30% 
lower extremity amputation rate)

Aortic stump blowout (20%) 20% 
reinfection rate

TABLE 84-8  Risk Factors for 
Polytetrafluoroethylene Graft Infection

Need for repetitive percutaneous cannulation
Breaks in sterile technique during cannulation
Poor patient hygiene
Prolonged postdialysis bleeding from the graft
Perigraft hematoma formation
Surgical manipulation of graft
Severe pruritus and scratching over needle sites
Human immunodeficiency virus coinfection
Lower extremity (thigh) graft
Bacteremia or fungemia caused by an ectopic site of infection
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However, none of these episodes of transient BSI was associated with 
clinical sequelae.

Risk Factors
The identification of risk factors for the development of BSI after inva-
sive nonsurgical cardiologic procedures has been the subject of several 
reports (Table 84-9).14 In the two case-control studies cited previ-
ously,124,125 multivariate analyses were performed to identify indepen-
dent risk factors. In the first investigation,125 five independent risk 
factors for PCI-related bacteremia were described: duration of the 
procedure (OR, 2.9; P = .04), number of catheterizations at the same 
site (OR, 4.0; P = .015), difficult vascular access (OR, 14.9; P = .007), 
arterial sheath in place for more than 1 day (OR, 6.8; P = .025), and 
heart failure (OR, 43.2; P = .002).

Data from a more recent case-control study124 also identified heart 
failure (OR, 21; 95% CI, 6.8 to 66) and age older than 60 years (OR, 
1.9; 95% CI, 1.9 to 6.3) as independent risk factors for procedure-
related BSI. In this survey, the median length of hospital stay was 21 
days and 6 days for patients with and without complicating BSI, respec-
tively. This difference was statistically significant (P = .001). The overall 
mortality rate was several-fold higher (8%) among patients who devel-
oped postprocedure BSI compared with those who did not (0.009%).

Clinical Manifestations
Fever and chills are the predominant symptoms of complicating BSI. 
However, fever and chills can occur during or soon after catheteriza-
tion procedures secondary to noninfectious reasons such as introduc-
tion of foreign proteins or endotoxin. Blood cultures should be 
obtained to confirm the underlying cause of fever. Local findings of 
infection in the femoral area are present in patients with femoral artery 
endarteritis, soft tissue infection, or pseudoaneurysm formation.14 
Septic shock has also been reported. In one investigation, the reported 
rate of these septic complications was 0.24%.125 Leukocytosis or ban-
demia (≥5% band forms) was seen in approximately three fourths of 
these patients.

Microbiology
S. aureus has been the major pathogen in most case series and charac-
teristically causes the most serious infections. Coagulase-negative 
staphylococci and enterococci are less commonly reported. In only one 
case series,124 gram-negative bacilli outnumbered gram-positive iso-
lates as the cause of complicating bacteremia.

Treatment
Management of these cases is similar to that of other catheter-related 
BSIs.126a

Prevention
Prevention efforts should be focused on use of meticulous sterile tech-
nique and avoidance of the risk factors cited earlier (see Table 84-9). 
These include avoidance of vascular access by puncturing endovascular 
grafts; contralateral femoral artery puncture for repeat procedures, 
especially if a closure device was used during the first procedure; and 
minimizing duration of indwelling sheaths.14

CORONARY ARTERY STENTS
Coronary artery stents are employed in more than 60% of the 700,000 
patients in the United States who undergo PCI annually.127 However, 
despite the widespread use of coronary stents and the demonstrated 

graft-related infection is to avoid its use. The National Kidney Founda-
tion109 and the Fistula First Project118 recommend placement of an 
arteriovenous fistula instead of PTFE grafting when anatomically fea-
sible. Cryopreserved vein allografts are gaining use in many centers 
and obviate the need for prosthetic graft placement in some scenar-
ios.119 The cryopreserved human femoral vein allograft has a reduced 
risk of infection and is currently being investigated as a long-term 
alternative dialysis conduit that may limit future need for PTFE grafts.

Aggressive use of intranasal mupirocin to eradicate S. aureus colo-
nization among identified carriers has been advocated by some 
authors120 to decrease the rate of SAB. However, routine use of mupi-
rocin can lead to the development of mupirocin resistance in  
S. aureus.121 Therefore, we recommend that this approach should be 
reserved for patients with repeated infections or known colonization 
with S. aureus. Prophylactic antibiotics should be administered preop-
eratively at the time of graft placement and before any subsequent 
surgical graft manipulation. Adherence to infection control practices 
at the time of graft cannulation is mandatory.

INVASIVE NONSURGICAL 
CARDIOLOGIC PROCEDURES
The array of invasive nonsurgical cardiologic procedures continues to 
expand. Three of the more common procedures include percutaneous 
coronary intervention (PCI), diagnostic cardiac catheterization, and 
electrophysiologic studies. It is estimated that more than 1 million PCI 
procedures are done annually worldwide. Most PCI procedures involve 
stent placement. Although coronary stent infection is exceedingly rare, 
BSI complicating the procedure has been the topic of numerous 
reports.14 Local (groin) and metastatic infectious complications have 
been highlighted in other citations.

BSI after invasive nonsurgical cardiologic procedures is the most 
common infectious complication. It can be a manifestation of local 
vascular or soft tissue infection or a cause of metastatic infection that 
can result in a variety of syndromes, including infective endocarditis, 
septic arthritis, and epidural abscess formation.

Epidemiology
The incidence of BSI among patients who undergo invasive nonsurgi-
cal cardiologic procedures is low and was remarkably similar in two 
prospective analyses122,123 despite variable enrollment periods for 
procedure-related BSI that ranged from 36 hours to 7 weeks after the 
procedure. The larger prospective study123 included 590 diagnostic 
cardiac catheterization procedures and 370 therapeutic PCIs. Overall, 
only 0.16% of positive blood cultures were considered to be of clinical 
importance, and none were deemed secondary to a cardiac procedure 
but rather were caused by an intravenous catheter. Risk of BSI in this 
study correlated with the duration of the procedure, multiple skin 
punctures performed, use of multiple balloons, and obesity. The inci-
dence of early (≤36 hours post procedure) BSI in patients who under-
went PCI was 0.61% in this investigation.

Two retrospective analyses were performed to determine the risk 
factors for BSI after nonsurgical cardiology procedures. In one study,124 
22,006 procedures that included cases of percutaneous transluminal 
coronary angioplasty (PTCA), diagnostic cardiac catheterization, and 
electrophysiologic studies were reviewed. The overall incidence of BSI 
during the first 72 hours post procedure was 0.11%. For PCI, the BSI 
incidence was 0.24%. BSI was detected a median of 1.7 days after the 
procedure. A second retrospective survey reviewed 4717 procedures.125 
This study was limited to PCI procedures. The incidence of BSI was 
0.64% and included bacteremia diagnosed 7 weeks after PCI. Although 
the more prolonged enrollment period in the latter work likely con-
tributed to increased incidence of BSI compared with the former study, 
most (93%) episodes of BSI occurred within the first week after PCI.

In one prospective study that included patients who underwent 
complex PCI126 (requiring use of multiple devices in arterial circula-
tion), blood cultures were obtained in all patients immediately and 12 
hours after the procedure. Of the 147 patients included in this inves-
tigation, 26 (17.7%) had positive blood cultures immediately after PCI 
while an additional 12% of patients yielded positive blood cultures in 
the next 12 hours with femoral sheaths still in place. Coagulase-
negative staphylococci was the most commonly isolated organism. 

TABLE 84-9  Risk Factors Associated with 
Bloodstream Infection after Invasive Nonsurgical 
Cardiologic Procedures

Age >60 yr
Duration of the procedure
Repeated punctures at an ipsilateral femoral artery
Difficult vascular access
Inguinal hematoma
Arterial sheath in place for >24 hr
Brachial artery access via a cutdown approach
Heart failure
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infection. The presence of fluid and inflammatory reaction around the 
stent on a CT scan is suggestive of stent infection. Patients with aorto-
enteric fistulas typically present with abdominal pain or gastrointesti-
nal bleeding, or both. Upper gastrointestinal endoscopy and CT 
angiography have been crucial in establishing a diagnosis of this life-
threatening complication.

Management and Outcome
There are two management strategies for an infected peripheral vascu-
lar stent. The preferred option is excision of an infected stent and 
involved vessel with extra-anatomic revascularization with the admin-
istration of a parenteral antibiotic regimen. In the previously cited 
review,137 surgical intervention with stent graft excision was done in 
50 (82%) of 61 cases in which treatment modalities were described. 
Various revascularization procedures were performed, and the mortal-
ity rate was 14%. Empirical antibiotics should include coverage for  
S. aureus, the most common pathogen isolated.14,138 Other less fre-
quently reported pathogens include coagulase-negative staphylococci, 
P. aeruginosa, β-hemolytic streptococci, and, rarely, fungi.139

A second approach, which has been used in a smaller number of 
patients,135,137,138 is antibiotic therapy alone, without infected stent 
removal. Patients are administered antibiotics for either a finite period 
or for life. However, this second treatment option is associated with 
higher failure and mortality rates and is reserved for patients whose 
risk of surgery outweighs the potential benefits. In the review cited,137 
patients who were not surgical candidates and were treated conserva-
tively (antimicrobial therapy alone) had a higher mortality rate (36.4%) 
compared with the group who was treated with a combined medical 
and surgical approach (14% mortality rate; P = .086). A higher mortal-
ity rate in the conservative treatment group is not unexpected, however, 
because that group included patients who were too ill for surgical 
intervention and were likely predisposed to higher mortality.

Peripheral vascular stent infection can be complicated by pseudo-
aneurysm formation, arterial necrosis, abscess formation, septic 
peripheral emboli, and severe systemic inflammatory response syn-
drome associated with multiorgan failure. Limb or digit amputation 
may be required and can be due to embolic stents, prolonged hypoten-
sion, and vessel rupture or thrombosis.

Infectious complications of endovascular stent-graft repair of 
abdominal aortic aneurysms, in particular aortoenteric fistula forma-
tion, merit specific comments. These fistulas generally involve the third 
or fourth portion of the duodenum. Although the exact pathogenesis 
of the syndrome remains to be defined, infection has been identified 
as the most common inciting event in one large series of cases.140 
Despite aggressive combined medical and surgical intervention, the 
mortality rate has been as high as 40%.141

Prevention
Proper sterilization of the insertion site and adherence to other infec-
tion control procedures are the keys to preventing stent-related  
infections. Because of a low incidence of stent infections, primary 
prophylaxis is not recommended. Although some experts recommend 
that prophylaxis can be considered if additional risk factors (see Table 
84-10) are present, this remains a matter of debate. Secondary prophy-
laxis for dental, gastrointestinal, and genitourinary procedures is not 
recommended.6

VASCULAR CLOSURE DEVICES
Percutaneous vascular closure devices (PVCDs) have been used for 
hemostasis of a femoral artery puncture site after catheterization since 

risk of transient bacteremia associated with PCI,128 infection of these 
stents has been rarely reported. Drug-eluting stents, in theory, may 
have a higher risk of infection because of impaired local immune 
response and delayed endothelialization.129,130,131,132 Among the cases 
described to date in the literature,129,130,133 men have predominated, 
perhaps due to higher rate of atherosclerosis that requires PCI. Symp-
toms of infection, with rare exception,130,133 begin within days to less 
than 1 month after stent placement. Fever or chills, or both, have been 
described in each case; chest pain or myocardial infarction has also 
been frequent. The bulk of infections have been caused by S. aureus, 
some of which were methicillin-resistant strains. P. aeruginosa and 
coagulase-negative staphylococci have also been identified as infre-
quent pathogens. Bacteremia has routinely been seen in patients with 
coronary artery stent infection. Complications have been frequent and 
not unexpected, recognizing that S. aureus is the predominant patho-
gen. These include myocardial abscess, pericardial empyema, aneu-
rysm and pseudoaneurysm formation, coronary artery perforation, 
myocardial infarction, and sepsis. Metastatic abscesses in the lung and 
liver and bilateral endophthalmitis were reported in one case.134 Coro-
nary arteriography or cardiac magnetic resonance angiography may  
be required to evaluate for evidence of stent infection if echocardiog-
raphy and CT are nondiagnostic.

Analysis of anecdotal published data133 indicates that early-onset 
stent infections (detected within10 days of stent placement), without 
associated local complications, may be amenable to antimicrobial 
therapy alone. However, late-onset infections (occurring after 10 days 
of stent placement) or major complications necessitate combined 
medical and surgical intervention. Surgery includes removal of stent, 
if possible, and abscess drainage or perforation repair when indicated. 
The overall mortality rate of coronary artery stent infection among 
cases reported to date is 46.1% (6/13).129,130

PERIPHERAL VASCULAR STENTS
Peripheral vascular stents are being used increasingly in conjunction 
with PCI procedures for nonsurgical treatment of atherosclerosis com-
plications. It has been estimated that every year, more than 400,000 
patients in the United States receive peripheral vascular stents to  
optimize angioplasty results and prevent vessel restenosis.135 Well-
recognized complications of endovascular stent placement can occur 
and include vascular injury, thromboembolism, local delivery site/
stent deployment irregularities, and hemorrhage.136 In contrast, infec-
tion related to these devices rarely occurs. One estimate of infection 
risk is less than 1 in 10,000 cases.135

Epidemiology
There are limited published data regarding peripheral vascular stent 
infections. To better define the syndrome of aortoiliac stent graft infec-
tion, a combined approach that included a questionnaire for data col-
lection from 40 medical centers that specialized in endovascular 
treatment and a review of published literature was conducted.137 Of 
the total of 65 cases collected, 50 had stents placed in the aorta for 
aneurysm management. The prevalence of infection was 0.43% (range, 
0.05% to 4%). As expected, the large majority (80%) of patients was 
male, and comorbid conditions were prevalent in most cases. Multiple 
types of stent grafts were used in infected cases. Almost two thirds of 
patients presented more than 4 months after stent graft placement. 
Clinical manifestations varied and ranged from indolent signs and 
symptoms to septic embolization and hemorrhagic shock. Aortoenteric 
fistulas were described in 20 (30.8%) cases. However, this high rate of 
fistula formation could be due to case selection and referral biases 
because only large referral medical centers were included. Interestingly, 
despite the frequent occurrence of aortoenteric fistula formation in this 
cohort, in which polymicrobial enteric flora would be expected, S. 
aureus was the most commonly isolated pathogen (24 cases, 54.5%).

Proposed risk factors for vascular stent infection are listed in Table 
84-10.14,136,138 However, because of a limited number of cases, no risk 
factors have been validated in a multivariable analysis.

Diagnosis
Blood and operative specimens should be submitted for culture in all 
cases. CT and angiography can aid in the diagnosis of stent-related 

TABLE 84-10  Risk Factors Associated with 
Peripheral Vascular Stent Infection

Prolonged procedural time
Prolonged use of an indwelling catheter or sheath
Reuse of the same sheath after 24 hr (for thrombolytic therapy)
Local hematoma formation
Multiple interventions on the same or an adjacent site
Use of the same femoral artery for vascular access within 1 wk of previous 

catheterization
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Infection is an uncommon but well-recognized complication of 
IABP insertion. Most infections originate at the insertion site but may 
track along the pump, resulting in BSI and sepsis. Reported rates of 
local wound infections and BSI are 5% and 2.2%, respectively.14 The 
risk of infection increases with the duration of IABP support.145 In one 
investigation146 in which the mean insertion duration was 11.3 days, 
13 (27%) of 49 patients developed infection. This was primarily due to 
an increased frequency of fever and BSI with longer IABP support 
because there was no significant change in the rate of local wound 
infection. This association between length of IABP therapy and 
increased risk of infection was further validated in a multivariable 
analysis of risk factors associated with IABP-related septicemia (OR of 
1.5 for each additional pump day).147 In another analysis that included 
733 patients with IABP insertion by surgical and percutaneous 
methods,148 additional risk factors for IABP-related complications were 
examined. The total duration of IABP therapy was as long as 76 days 
in some patients. The risk of infection was higher (26%) when IABPs 
were inserted when the patients were in intensive care units, especially 
in emergency settings, compared with elective placement performed 
in operating rooms or cardiac catheterization laboratories (12% and 
17% infection rate, respectively). Risk factors associated with IABP-
related infection are summarized in Table 84-11. Outbreaks of Pseudo-
monas cepacia and Serratia marcescens BSI due to contaminated IABP 
reservoirs have also been reported.149,150

A diagnosis of IABP-related BSI requires isolation of the same 
organism from blood and local wound cultures. However, most 
patients are treated presumptively on the basis of local inflammatory 
findings at the insertion site or positive blood cultures. Local wound 
débridement and parenteral antibiotics are required in most cases 
when early removal of IABP is not feasible. The duration of antibiotics 
is similar to other central catheter-related BSIs. Because of nosocomial 
acquisition of infection, empirical antibiotics should include coverage 
of methicillin-resistant staphylococci and multidrug-resistant gram-
negative bacteria while awaiting results of cultures and in vitro suscep-
tibility testing. In a prospective analysis of 60 patients by Crystal and 
colleagues,151 IABP-related BSI was not associated with increased 
mortality.

Preventive efforts should be focused on sterile insertion techniques 
and adherence to infection control procedures during routine care of 
the insertion site. Routine use of antibiotic prophylaxis around the 
time of insertion is not recommended.14

VENA CAVA FILTERS
Inferior vena cava (IVC) filters have been in use since the early 1970s, 
when the Greenfield filter was introduced.152 IVC filters are generally 
inserted percutaneously via a femoral or jugular approach and posi-
tioned infrarenally in most patients. Several different types of filters, 
of various designs, materials, and inner diameters, are available for use 
currently in the United States153 and extensively used in patients with 
thromboembolic disease and a contraindication for or previous failure 
of anticoagulation to prevent pulmonary embolism.

Although venous thrombosis at the filter site has been frequently 
reported (20% to 40% of the cases), infection of an IVC filter remains 
a rare complication, with only six documented or suspected cases 
published to date.52,154-157 Clinical onset of infection occurred within 
10 days of placement in all cases. Infection was confirmed by culture 
of the explanted device in four cases.155-157 Blood cultures were positive 
in five of the six cases, and staphylococcal species were recovered in 
five patients. In the sixth case,157 the patient developed central venous 

the 1990s. The advantages of their use, compared with the traditional 
methods of securing hemostasis by manual or mechanical compres-
sion, are that they increase patient comfort and decrease time to hemo-
stasis and ambulation.

PVCDs can be broadly categorized in two types: those that use 
various mechanisms of collagen or other substance deposition at an 
arterial puncture site and others that use a suture to close the arteri-
otomy site. Placement of these devices can be complicated by both 
noninfectious and infectious complications, including hematoma, 
pseudoaneurysm formation, limb ischemia, arteriovenous fistula, or 
access site infection complicated by femoral endarteritis.142

Epidemiology and Clinical 
Manifestations
The reported infectious complication rate ranges from 0.0% to 5.1%. 
Hematoma formation at the puncture site and the presence of foreign 
material in the intravascular space and arterial wall likely serve as a 
nidus for subsequent infection. In one review of 52 cases of PVCD 
infections,143 the median incubation time from device insertion to 
presentation with PVCD-related infection was 8 days (range, 2 to 29 
days). The majority of patients presented with local inflammatory find-
ings at the device deployment site, including pain, erythema, swelling, 
and drainage. Fever was reported in only 38% of the cases. However, 
blood cultures were positive in the majority (86%) of patients. Infec-
tion associated with PVCDs results in localized endarteritis at the 
insertion site, which is a risk factor for the subsequent development of 
mycotic pseudoaneurysm. In the previously cited review,143 mycotic 
pseudoaneurysm was diagnosed in 42% of the cases with PVCD infec-
tion. Ultrasonography should be performed in suspected cases to 
confirm the diagnosis.

Microbiology
S. aureus is the single most commonly (up to 75% of the cases) isolated 
pathogen, followed by gram-negative rods (13%) and coagulase-
negative staphylococci (5%).143 Other less common pathogens include 
Peptostreptococcus, Enterococcus spp., and Corynebacterium spp., fre-
quently in the setting of polymicrobial infection (14% of cases).

Management
Treatment of PVCD-related infection requires surgical débridement in 
almost all cases followed by reconstructive surgery in more than 50% 
of the cases.142,143 Cure rates as high as 90% can be achieved with com-
bined medical and surgical intervention. The reported mortality rate 
is 6%, and the majority of deaths are due to S. aureus sepsis. Choice of 
antibiotics depends on results of blood and local wound/tissue cul-
tures. Empirical therapy should cover methicillin-resistant S. aureus 
and gram-negative rods while awaiting culture data. Three to 4 weeks 
of parenteral therapy is recommended in the majority of cases depend-
ing on the causative pathogen (longer therapy recommended for  
S. aureus infections) and clinical response.

Prevention
Preventive efforts should focus on the use of strict aseptic techniques. 
There are no clinical trial data on the utility of antibiotic administra-
tion at the time of PVCD placement. However, primary prophylaxis 
has been considered in patients with diabetes mellitus or in those in 
whom a prosthetic vascular graft puncture site is closed with one of 
these devices.14,143 Secondary prophylaxis (e.g., dental procedures) is 
not recommended.7

INTRA-AORTIC BALLOON PUMPS
Intra-aortic balloon pumps (IABPs) are the most commonly used 
mechanical cardiac support devices in current practice. IABPs are used 
in a variety of clinical settings, including refractory cardiogenic shock, 
severely low cardiac output states, difficulty weaning from cardiopul-
monary bypass, refractory myocardial ischemia, and preoperative 
support in the presence of severe left ventricular dysfunction.144 Early 
generations of the IABPs required surgical insertion and removal. 
However, balloon pumps used in current practice are inserted and 
removed percutaneously and have lower complication rates compared 
with early models.

TABLE 84-11  Risk Factors Associated with 
Intra-aortic Balloon Pumps

Emergency insertion in the intensive care unit
Improper preparation of the femoral insertion site
Obesity
Surgical insertion of intra-aortic balloon counterpulsation catheters
Duration of intra-aortic balloon pump therapy
Presence of additional intravascular monitoring devices
Contaminated water reservoir
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ventriculotomy with myocardial suture line support device placement, 
infection of these devices has rarely been described.165,166,167 Two reports 
in the same year165,166 described 29 patients with cardiac suture line 
infection. However, this likely represents underreporting because of 
the difficulty in making a diagnosis. The correct diagnosis may be 
delayed or not even considered because of several reasons, including 
the rarity of infection, the often prolonged (months to years) interval 
between ventriculotomy and onset of infection stigmata,167 and the 
similarity of the clinical presentation to that of other more common 
clinical infectious entities. The diagnosis of suture support device 
infection may not be made until surgical intervention or postmortem 
examination.

Clinical Manifestations
Three clinical presentations have been appreciated: (1) chest wall or 
epigastric soft tissue infection, (2) bronchopulmonary infection, and 
(3) endocardial infection with bacteremia or fungemia. Chest wall or 
epigastric involvement is seen most commonly and presents as a 
chronic draining sinus (cardiocutaneous fistula),167 a subcutaneous 
mass, or local pain. A syndrome of endocardial infection is the next 
most common presentation, and bacteremia, often with sepsis, is seen. 
If the underlying diagnosis is not appreciated, relapsing bacteremia or 
fungemia can occur after discontinuation of antimicrobial treatment. 
In other cases, refractory BSI and sepsis are seen, and control of infec-
tion is not achieved until débridement is performed. Bronchopulmo-
nary presentations (cardiobronchial fistulas) are less common. In this 
scenario, patients present with recurrent hemoptysis, purulent sputum 
production, bronchiectasis, and pneumonia with or without empyema. 
Some patients may present with a combination of clinical signs and 
symptoms that reflects more than one syndrome presentation. Left 
ventricular false aneurysms commonly develop.165,166 The average delay 
from initial surgery to overt clinical manifestations of suture line device 
infection was as long as 16 months in one investigation.165 Evaluation 
in suspected cases may include echocardiography, CT, and coronary or 
left ventricular angiography. Although staphylococcal species account 
for the majority of cardiac suture line infections, a variety of other 
organisms, including other skin flora, have been identified.

Management
Optimal treatment includes early surgical débridement of infected 
native and foreign tissues along with pathogen-specific antimicrobial 
therapy. Of 29 patients in two case series,165,166 23 (79.3%) survived with 
combined surgical débridement and antimicrobial therapy. In four of 
six patients who died, no débridement of the infected ventricular 
suture line was performed.165 Preventive strategies include the use of 
absorbable sutures or autologous pericardium to support a suture line 
at the time of initial surgery, in addition to strict adherence to infection 
control procedures.

CLOSURE DEVICE TREATMENT OF 
PATENT DUCTUS ARTERIOSUS, 
ATRIAL SEPTAL DEFECT, AND 
VENTRICULAR SEPTAL DEFECT
Therapeutic cardiac catheterization with placement of closure devices 
for a variety of congenital defects is being used increasingly with 
success and avoiding the risks of surgery.168 Several different devices 
are in use, and others are under investigation. Overall, complications 
related to device placement are infrequent and infectious sequelae have 
been rare, with scant published reports.169,170 It can be difficult to deter-
mine the interval between device placement and the onset of occlusion 
device-related infection. Nevertheless, in two reports,169,170 infection 
occurred less than 3 months after device placement. Pathogens were 
identified in both cases and included S. aureus in one169 and Bacillus 
pumilus170 in the other. In both cases, device-related vegetations were 
demonstrated on TTE. After surgical excision of the devices, vegeta-
tions, and local infected tissues and the administration of parenteral 
antibiotics over 6 weeks, both infections were eradicated.

catheter-related Candida glabrata BSI after abdominal surgery for nec-
rotizing pancreatitis. Ultimately, the IVC was removed, and C. glabrata 
was recovered from device cultures. Cure was achieved with device 
removal and 6 weeks of antifungal therapy.

Infection was complicated by lumbar spondylodiskitis in two 
patients155 and infected central venous thrombosis in one case.157 
One154 of the five patients died as a result of sepsis related to IVC filter 
infection. Four others155-157 survived after filter removal. The remaining 
patient with presumed filter infection52 was maintained on long-term 
antibiotic suppressive therapy, and the device was not removed.

DACRON CAROTID PATCHES
Autologous vein patches (mostly from the greater saphenous vein and 
occasionally from the external jugular vein or common facial vein) 
increase the safety and durability of carotid endarterectomy compared 
with primary arteriotomy closure.158 Their use is also associated with 
reduced risks of stroke, internal carotid thrombosis, and recurrent 
stenosis as a complication of carotid endarterectomy. Synthetic carotid 
patches, consisting of either Dacron or PTFE, seem to have similar 
benefits and are more convenient to use, avoid a groin incision (to 
harvest saphenous vein), and do not have the lack of predictability of 
diameter size that characterizes vein grafts.

Synthetic carotid patch infection is rare. To date, fewer than 60 
cases have been reported.158-164 The reported rate of infection ranges 
from 0.26% to 1.76%. The purported risk factors for Dacron patch 
infection include early postoperative wound complications (hematoma 
or superficial surgical site infection) and comorbid conditions such as 
diabetes mellitus.160,163 Perioperative prophylactic antibiotics are rou-
tinely administered for carotid patch placement surgery.158,160-164

Clinical Manifestations
The time from patch placement to clinical presentation with infection 
varies, ranging from 10 days to 86 months. However, up to 50% of 
patients present within 3 months of surgical intervention.158,160-164 Clin-
ical presentation includes fever and localized inflammatory findings at 
the surgical site, including erythema, warmth, draining sinus, abscess, 
and pseudoaneurysm formation. Ultrasonography can be helpful in 
diagnosing pseudoaneurysms. Septic emboli resulting in stroke have 
also been reported. CT or MRI/magnetic resonance angiography may 
aid in the diagnosis of difficult cases in which florid local manifesta-
tions of infection are absent.

S. aureus and Streptococcus spp. are the most commonly isolated 
pathogens in early-onset (<6 months) Dacron carotid patch infec-
tions.158,160-164 However, gram-negative bacteria including P. aeruginosa, 
Proteus, and Bacteroides have been occasionally reported. On the con-
trary, coagulase-negative staphylococci are the most common patho-
gens isolated in late-onset (>6 months) carotid patch infections.

Management
Optimal management of infected carotid patches requires resection of 
the infected foreign material combined with parenteral antibiotics. 
Autologous vein patches or interposition vein grafts are used for recon-
struction thereafter. In the afore-cited reviews,158,160-164 there were no 
cases of relapse of infection with this strategy. However, replacement 
of an infected prosthetic patch with another Dacron graft should be 
avoided because it leads to a high rate of reinfection (up to 50% in one 
series).161 The optimal duration of postoperative antibiotic therapy is 
unclear. Generally, a 2- to 4-week course of parenteral antibiotics, 
guided by in vitro susceptibility, should be administered.

CARDIAC SUTURE  
LINE INFECTIONS
Left ventriculotomy is performed for several reasons, including resec-
tion of aneurysms or scars, antiarrhythmic surgery, and placement of 
ventricular assist devices. A variety of devices are used to buttress 
sutures at the line of incision, including autologous or resorbable strips 
and Teflon pledgets or patches. Despite the high frequency of left 
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Prevention of infective endocarditis (IE) is an important clinical issue 
because this disease continues to cause serious morbidity and mortal-
ity. In developed countries, the annual number of cases has risen 
appreciably over the past decade.1,2 The incidence of IE in the United 
States was recently reported to be approximately 12 per 100,000 per 
year, more than double previous estimates.2 Advances in diagnosis and 
treatment clearly have improved outcomes in some subgroups, yet the 
overall long-term mortality of IE is only modestly better than it was 
50 years ago.3-9 Although the causative organism usually can be eradi-
cated by antibiotics, such “microbiologic cure” often does not prevent 
permanent cardiac valvular damage and other sequelae, such as recur-
rent IE, which can impair quality of life, require cardiac surgical inter-
ventions, and reduce life span. In recent large series, 75% to 85% of 
patients survived the active phase of endocardial infection,2,10 but sur-
vival rates at 1 year and longer are notably lower.6-8 For example, overall 
survival at 4 years in one recent series was only 67%.8 Furthermore, 
the increasing prevalence of antibiotic resistance among the common 
gram-positive cocci that cause most cases of endocarditis makes treat-
ment more difficult.11-13

Thus, effective measures to prevent IE are clearly desirable. The 
most obvious potential intervention is administration of antibiotics, 
but despite years of study, this long-standing practice has neither been 
proven effective nor cost-effective in humans.14,15 For this reason, the 
most recent practice guidelines recommend eliminating attempted 
antibiotic prophylaxis for IE in most settings, or even entirely.16-18 
Instead, emphasis is now placed on preventive measures other than 
antibiotics and on early diagnosis and treatment if IE does occur.16-18

PATHOGENESIS OF INFECTIVE 
ENDOCARDITIS IN THE CONTEXT 
OF PREVENTION
The pathogenesis of IE is reviewed in detail in Chapter 82.The theoreti-
cal foundation for interventions intended to prevent IE is based on 
these elements of pathogenesis:
1. IE occurs when microorganisms circulating in the bloodstream 

colonize cardiac valves, both natural and prosthetic, the endocar-
dium, or intracardiac devices.

2. Certain preexisting cardiac conditions render the patient more sus-
ceptible to the development of IE (Table 85-1).19

3. The majority of microorganisms that cause IE are gram-positive 
cocci that originate from the oropharynx, the skin, or the gastroin-
testinal tract.2,20

4. Low-grade, asymptomatic bacteremias with some of these bacteria 
occur very commonly, often daily.20-23

5. Short-lived bacteremias with some of these bacteria can be induced 
by common dental or medical procedures.20,22,24-40 Furthermore, 
health care–associated bacteremias are common and have become 
an increasingly important risk factor for IE.2,41

6. Rarely, a case of IE caused by one of these bacterial species develops 
soon after one of these dental or medical procedures is 
performed.20,24,25,42-45

7. Although antibiotic resistance has been increasing, the majority of 
these bacteria are susceptible to at least one commonly available 
antibiotic.46-48

Definition of the Issue
•	 Infective	endocarditis	(IE)	continues	to	cause	

serious	morbidity	and	mortality;	therefore,	
prevention	of	IE	is	a	priority.

Epidemiology
•	 The	incidence	of	IE	is	increasing	in	developing	

countries.
•	 Contributing	factors	include	aging	populations,	

the	steadily	increasing	number	of	medical	
procedures,	implants	and	prostheses,	and	the	
rising	frequency	of	health	care–associated	
infections,	especially	catheter-related	
bloodstream	infections.

Microbiology
•	 Staphylococci	have	superseded	viridans	

streptococci	as	the	predominant	pathogens.
•	 Methicillin-sensitive,	methicillin-resistant,	and	

coagulase-negative	strains	of	staphylococci	all	
contribute	to	the	increase	in	cases	of	
staphylococcal	IE.

•	 Increasing	resistance	to	β-lactams,	
aminoglycosides,	and	vancomycin	among	
staphylococci,	streptococci,	and	enterococci	

presents	new	challenges	for	prevention	and	
therapy	of	IE.

Prevention of Infective Endocarditis
•	 Many	dental,	medical,	and	diagnostic	

procedures	cause	bacteremias,	which	
occasionally	result	in	IE.

•	 Antibiotics	can	prevent	IE	in	vivo	in	
experimental	animals.

•	 For	more	than	50	years,	administration	of	
antibiotics	before	procedures	known	to	cause	
bacteremias	was	recommended	to	prevent	IE,	
but	there	is	no	definitive	evidence	that	this	
practice	is	effective	or	cost-effective	in	
humans.	Antibiotics	can	cause	unwanted	side	
effects,	including	profound	and	persistent	
alterations	of	the	microbiome.

•	 Therefore,	recent	guidelines	sharply	restrict	use	
of	antibiotic	prophylaxis	for	IE,	limiting	it	to	
patients	at	highest	risk	of	an	adverse	outcome	
of	IE:	those	with	prosthetic	heart	valves;	with	
cyanotic	congenital	heart	disease	(CHD);	with	
repaired	CHD	with	implanted	prosthetic	
material,	for	the	first	6	months	only;	with	a	
history	of	previous	episode(s)	of	IE;	with	

valvulopathy	after	a	heart	transplant	(see	
Table	85-4).

•	 For	this	small	group	of	high-risk	patients,	the	
standard	regimen	is	a	single	2-g	dose	of	
amoxicillin	given	orally	30	to	60	minutes	
before	the	dental	procedure.	Alternative	
regimens	are	recommended	for	penicillin-
allergic	patients	and	those	unable	to	take	oral	
medication,	and	dosages	are	adjusted	for	
children	(see	Table	85-3).

•	 There	is	no	evidence	that	this	major	change	in	
prevention	guidelines	has	resulted	in	any	
increase	in	the	number	of	cases	of	IE.

•	 Continuing	surveillance	of	epidemiologic	
trends	and	microbial	resistance,	together	with	
education	of	patients	at	risk	for	IE	and	their	
health	care	providers,	is	recommended.

•	 Prevention	and	prompt	treatment	of	health	
care–associated	infections	is	important,	to	
reduce	the	incidence	of	bacteremias	that	can	
cause	IE.

•	 Because	preventive	measures	may	fail,	early	
diagnosis	and	prompt	therapy	of	IE	are	
important,	to	reduce	morbidity	and	mortality.

SHORT VIEW SUMMARY
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dermatologic infections such as cellulitis, caused by staphylococci and/
or streptococci, should reduce the small risk for IE posed by associated 
bacteremias, which occasionally cause endocarditis in predisposed 
patients (see Chapter 196).

More than 700 different species of microorganisms have been cul-
tured from the mouth and oropharynx and many more from the gut 
microbiome. Although much of this microbiome comprises anaerobes 
or gram-negative species that rarely cause IE, some species found in 
large numbers in normal flora do cause IE, the leading example being 
the viridans streptococci.21,22,37,38 The number of bacteria in the mouth 
and gingival crevices can be temporarily reduced by local irrigation 
with an antiseptic solution such as iodinated glycerol.52 This might 
result in fewer or lower-density bacteremias after dental procedures, 
thus reducing the risk of IE. However, the results of such “oral degerm-
ing” have been variable; for example, topical chlorhexidine was not 
effective in reducing bacteremias associated with dental procedures.53 
Although some dental experts have recommended application of 
degerming measures before dental extractions in patients at risk for IE, 
this approach has not been validated, is seldom used in current prac-
tice, and is no longer recommended.

Topical application of antibiotics to the gums before dental proce-
dures could theoretically reduce bacteremias, but topical amoxicillin 
proved ineffective in a human trial.54 Furthermore, this intervention 
could promote antibiotic resistance in the oral and gut microbiome 
and therefore is not recommended.

Optimal oral health should be maintained in patients at risk for 
endocarditis. Periodontal probing can cause bacteremias,55 and peri-
odontitis is an exacerbating factor.56,57 Measures to prevent and to 
promptly treat periodontal disease and other dental conditions  
known to be associated with bacteremias, such as dental abscesses, are 
strongly indicated for patients with cardiac conditions that predispose 
to IE.16-18,21

Prevention of Health Care–Associated 
Infections
Many medical procedures and devices, especially intravenous (IV) 
catheters and renal dialysis sites, offer portals of entry to the blood-
stream for pathogens. Thus, it is not surprising that as HAIs have 
increased, so has the proportion of nosocomial or health care–
associated IE cases.2,41 This serious complication can be mitigated 
by meticulous attention to multiple interventions that can reduce 
HAIs58-60 (see Chapter 300). Recent studies have demonstrated that 
decolonization with chlorhexidine body washes and intranasal mupi-
rocin can reduce hospital-acquired bloodstream infections, which con-
stitute an important risk factor for IE.61-63

Catheter-related bloodstream infections (CR-BSIs) now represent 
one of the most common and most important forms of HAI (see 
Chapters 82, 196, 197, and 302). CR-BSIs caused by gram-positive 
cocci and yeasts pose significant risk for development of nosocomial 
IE, especially if the pathogen is S. aureus.6,41,64,65 Nosocomial bactere-
mias caused by S. aureus are common and increasing in frequency,12,38,41 
and up to 5% of them are complicated by IE (see Chapter 82). There-
fore, interventions to prevent or promptly detect and treat intravascu-
lar line infection and CR-BSIs are critically important to prevent some 
cases of IE (see Chapter 302).

Immunization against Bacteria That 
Can Cause Infective Endocarditis
Preexisting antibodies to bacteria that enter the bloodstream poten-
tially could either promote or prevent development of endocarditis.66-75 
Prior immunization can prevent streptococcal IE in rabbits.72,73,76 A 
vaccine against FimA, a surface-associated protein found in about 80% 
of streptococci and enterococci that promotes adherence to fibrin, 
prevented experimental streptococcal endocarditis in rats.67 Vaccines 
against various components of staphylococci that mediate adherence 
can prevent endocarditis,75 catheter infection,76 or septic death77 in 
animal models, indicating that vaccines could be developed to prevent 
staphylococcal bacteremias and therefore some cases of IE in humans. 
An antistaphylococcal vaccine recently failed to prevent postoperative 
staphylococcal infections and bacteremias after cardiac surgery.78 To 
date, no vaccine has been shown to prevent IE in humans.

POTENTIAL INTERVENTIONS TO 
PREVENT ENDOCARDITIS
Based on the pathogenetic sequence summarized above, various inter-
ventions might be able to prevent the development of endocarditis. 
These include correction of predisposing cardiac conditions, reduction 
of skin and oropharyngeal colonization by relevant microorganisms, 
elimination of portals of entry for these microorganisms, prevention 
of health care–associated infections (HAIs), immunization against  
bacteria that cause endocarditis, inhibition of bacterial adherence  
to the endocardium, and administration of systemic antibiotics. Of 
these, administration of systemic antibiotics has received the most 
attention.

Correction of Predisposing  
Cardiac Conditions
Some abnormalities that predispose to endocarditis can be corrected. 
For example, surgical repair of congenital cardiac defects, such as ven-
tricular septal defect (VSD), tetralogy of Fallot, patent ductus arterio-
sus, or coarctation of the aorta, will reduce the significant risk for IE 
associated with these conditions.49,50 Correction of a VSD was reported 
to reduce the long-term risk of IE by about 80%.51 Some residual risk 
for IE remains even after surgical correction, especially for aortic 
stenosis.49-51 Also, prosthetic materials that may be implanted in the 
course of surgery can add a new predisposing factor for endocardial 
infection. Nevertheless, surgical correction of congenital cardiac 
abnormalities that predispose to IE usually will lower a patient’s life-
time risk for developing IE.

Minimization of Portals of Entry  
for Microorganisms
Most cases of IE are caused by gram-positive cocci that originate from 
the skin, the oral cavity, or the gastrointestinal tract. Measures that 
reduce the frequency and intensity of bacteremias caused by such 
organisms should be effective in preventing some cases of IE. Staphy-
lococcal species, coagulase-positive and coagulase-negative, cause 
many cases of IE (see Chapters 82 and 196).2 The proportion of IE cases 
caused by methicillin-sensitive Staphylococcus aureus (MSSA) and 
methicillin-sensitive Staphylococcus epidermidis (MSSE) strains has 
risen strikingly over the past 20 years and, more recently, methicillin-
resistant strains (MRSA and MRSE) also have become common (see 
Chapters 196 and 197).2,12,13,41

These species, which naturally colonize the skin, nares, and oro-
pharynx, can enter the bloodstream spontaneously or via cutaneous 
lesions, wounds, and infections. Prevention and prompt treatment of 

TABLE 85-1  Estimates of Rates and Relative Risk 
for Infective Endocarditis (IE) Associated with 
Selected Preexisting Cardiac Conditions

RISK FACTOR
RATE OF IE/105 
PERSON-YEARS

RELATIVE 
RISK

None—normal subjects 3-12 1

Mitral valve prolapse without murmur 3-12 1

Male gender 8-25 2.5

Age >65 yr 30-120 9

Mitral valve prolapse with murmur, 
thickening, and/or redundancy

45-180 15

Any cardiac valvular abnormality 50-200 17

Aortic stenosis 130-520 45

Ventricular septal defect (uncorrected) 150-800 50

Ventricular septal defect (corrected) 30-120 10

Congenital heart disease (many types) 15-600 5-55

Chronic rheumatic heart disease 100-400 35

Previous infective endocarditis 110-440 37

Prosthetic cardiac valve 225-900 75

Note that these are approximations based on multiple studies and reviews: They 
could change with time; they could be subject to significant error; and they should 
be taken in this context.

Modified from references 2, 19, 50, 84, and JM Steckelberg (personal 
communication, 2009).
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endocarditis. For example, in a retrospective study of patients with 
prosthetic heart valves who underwent various surgical procedures, no 
cases of endocarditis occurred after 287 procedures for which antibi-
otic prophylaxis was given, whereas 6 cases occurred after 390 proce-
dures for which it was omitted.83 This result, although statistically 
significant, has not been confirmed by any prospective, randomized 
clinical trial.

Because evidence-based data are lacking, the long-standing prac-
tice of using antibiotics to prevent IE has always been empirical, based 
on theory and characterized by uncertainty and controversy.14,23,81,88 For 
more than 50 years, most authorities agreed that antibiotic prophylaxis 
should be offered to most susceptible patients during certain proce-
dures known to be associated with bacteremias,16,89 but the most recent 
guidelines have largely reversed this traditional approach.16-18

ESTIMATION OF RISK FOR 
INFECTIVE ENDOCARDITIS
The risk of developing IE from a dental procedure must be low or 
negligible because these procedures are extremely common and often 

Inhibition of Bacterial Adherence  
to Endocardium
Adherence of bacteria to the endocardium or to localized deposits of 
platelets and fibrin on the endocardium are essential early events in 
the development of IE (see Chapter 82). Bacterial infection established 
on the surface of a prosthetic valve or other implanted prosthetic mate-
rial has many of the characteristics of a biofilm. Inhibitors of adherence 
or of biofilm formation theoretically might prevent endocarditis. In 
earlier experiments, anticoagulants and antiplatelet agents did not reli-
ably prevent IE in animals,79 but as knowledge of the determinants of 
bacterial adherence progresses, newer agents to prevent bacterial 
adherence may be developed. For example, an anticoagulant (dabiga-
tran) and a monoclonal antibody to platelet fibrinogen receptor (abcix-
imab) have been recently shown to prevent experimental staphylococcal 
IE in rats.80 A drug, an antibody, or a vaccine that prevented adherence 
of circulating bacteria to the endocardium or formation of a biofilm 
could have major advantages in the prevention of IE because, unlike 
antibiotics, its effect would not be limited by antibiotic resistance, nor 
would it promote antibiotic resistance in the microbiome. However, no 
such drug, antibody, or vaccine for prevention of IE is currently avail-
able for human use.

Administration of Systemic Antibiotics
Administration of systemic antibiotics in an attempt to prevent IE is a 
logical intervention because many of the bacteria that cause endocar-
ditis are killed or inhibited by commonly available antibiotics.

However, development of recommendations for optimal use of 
antibiotics to prevent IE has always been hampered by a lack of reliable 
data from human studies. There are no evidence-based answers to 
many basic questions14,15; for example:
• What is the magnitude of the risk of developing IE after various 

procedures that cause bacteremia?
• Is antibiotic prophylaxis in humans effective?
• If so, which procedures and operations should be covered by 

antibiotics?
• If so, which prophylactic antibiotic regimens are most effective and 

cost-effective?
Random low-grade bacteremias with organisms originating from 

the mouth, gut, or skin occur commonly, usually daily.20,22,23 Many of 
these are associated with activities of daily living, such as chewing, 
toothbrushing, flossing, or using dental irrigation devices (Table 
85-2).22,23 Therefore, patients with underlying heart conditions that 
predispose to bacterial colonization are exposed to a low but continual 
lifelong risk of developing IE.22,23 As a result, when IE occurs after a 
medical or dental procedure in humans, it is usually impossible to 
determine whether it was caused by bacteremia induced by the proce-
dure or by a naturally occurring bacteremia.14 Acute endocarditis that 
occurs as a complication of a nosocomial bacteremia is an exception 
because, in this situation, the origin is known.

Attempts to prevent endocarditis with antibiotics have usually been 
directed at the very brief bacteremias caused by dental, medical, and 
surgical interventions. However, this approach is likely misdirected 
because the continuing, cumulative lifelong risk posed by the low-
grade daily bacteremias described above is likely far higher than any 
risk attributable to those occasional transient bacteremias caused by 
dental or medical procedures.16-18,22,23,37

Clinical trials of the prophylactic efficacy of antibiotics are unlikely 
to be successful because IE cases are rare, even after dental extraction 
in a susceptible patient—perhaps up to 1 in 500 such events, but prob-
ably far less.14,81-87 Furthermore, only a small minority of all cases of IE 
(probably <1% to 3%) can be attributed to bacteremias caused by previ-
ous medical, surgical, or dental procedures.81,84-87 Another factor is that 
many patients who develop IE are not aware that they had any preexist-
ing cardiac abnormality.41 It follows from all the above that the propor-
tion of potentially preventable IE cases is very small. Therefore, many 
thousands of patients known to be at risk for endocarditis would have 
to be studied during dental and medical procedures to provide the 
power needed to reach statistical significance. It is unlikely that such a 
large study could be either funded or successfully performed.9

Nevertheless, it might be possible to determine the efficacy of  
prophylaxis by selecting subgroups of patients at highest risk for 

TABLE 85-2  Incidence of Bacteremia after 
Various Dental, Diagnostic, and Therapeutic 
Procedures

PROCEDURE BACTEREMIA (%) RANGE (%)
None (spontaneous low-grade, 

asymptomatic bacteremias)
15 0-35

Oral Cavity Procedures
Extraction of teeth 60 18-85

Periodontal surgery 88 60-90

Brushing of teeth or use of 
irrigation device

40 7-50

Tonsillectomy 35 33-38

Respiratory Tract Procedures
Tracheal intubation <10 0-16

Nasotracheal suctioning 16 NA

Bronchoscopy (rigid bronchoscope) 15 NA

Bronchoscopy (flexible 
bronchoscope)

0 NA

Genitourinary Tract Procedures
Catheter insertion and removal 13 0-26

Prostatectomy (sterile urine) 12 11-13

Prostatectomy (infected urine) 60 58-82

Dilation of urethral strictures 28 19-86

Normal obstetric delivery 3 1-5

Cesarean section NA NA

Intrauterine device insertion or 
removal

0 NA

Gastrointestinal Tract Procedures
Upper gastrointestinal endoscopy 4 0-8

Transesophageal echocardiography 1 0-17

Endoscopic retrograde 
cholangiopancreatography

5 0-6

Colonoscopy 3 0-5

Sigmoidoscopy (rigid 
sigmoidoscope)

5 NA

Sigmoidoscopy (flexible 
sigmoidoscope)

0 NA

Proctoscopy 2 NA

Hemorrhoidectomy 8 NA

Esophageal dilation 45 NA

Endoscopy/ultrasound-guided 
fine-needle aspiration

6 NA

Vascular System Procedures
Cardiac catheterization 2 0-5

NA, not available or insufficient data.
Data aggregated from multiple studies reviewed in references 2, 14, 16, 20, 

24-40, and 42-45.
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IE may occasionally be prevented.97 However, based on lack of data 
to support evidence-based guidelines and on cost-effectiveness  
calculations,96 recent guidelines have reversed this long-standing 
recommendation.16-18 Antibiotic prophylaxis for IE is no longer indi-
cated for patients with any form of MVP, unless they have had a previ-
ous episode of IE.

INDIRECT EVIDENCE ON EFFICACY 
OF PROPHYLAXIS
In the absence of definitive human data, previous recommendations 
for the prophylaxis of IE were necessarily based on secondary sources 
of information. These include anecdotal clinical observations, case-
control studies, in vitro susceptibilities of the organisms that cause 
bacteremia and endocarditis, and experiments on prevention of IE in 
animal models.

Anecdotal Clinical Observations
Several hundred cases of endocarditis that were attributed to prior 
dental procedures have been recorded in the literature.21,42,98,99,100 In 
many of these, the first symptoms of endocarditis appeared less than 2 
weeks after the procedure. Although the “incubation period” between 
microbial colonization of the endocardium and the first symptoms of 
endocarditis is not known precisely,98 the onset of symptoms soon after 
some dental operations makes a causal relationship likely in at least 
some of these cases. Similarly, more than 100 case reports provide 
reasonably good evidence that bacteremias originating from the geni-
tourinary tract can cause endocarditis, especially when urologic or 
gynecologic operations are carried out in the presence of enterococcal 
infections of the urinary or genital system.25 These uncontrolled case 
reports provided the basis for the widespread belief that dental and 
medical procedures are a significant cause of IE. This belief was 
accepted for many years by most experts, but it was vigorously chal-
lenged by others.23,81,84-88,101

Evidence that other medical and surgical procedures cause IE is 
very limited. For example, only a few cases after miscellaneous opera-
tions, such as drainage of soft tissue infections, abdominal surgery, 
diagnostic cardiac catheterization, and the use of oral irrigation 
devices, have been recorded.42,102 The frequency of bacteremia during 
normal obstetric delivery is very low,103,104 and few cases of endocarditis 
have been recorded in this setting. Four cases occurring after skin 
biopsies have been reported, two of which were caused by S. aureus.105 
Although bacteremias may occur occasionally during the performance 
of common diagnostic procedures, such as endoscopies and liver biop-
sies, very few cases of endocarditis attributable to these common pro-
cedures have been reported.42,45,106-110

Case reports describing patients who developed endocarditis after 
a procedure known to cause bacteremia, despite the administration of 
antibiotics, provide anecdotal evidence that attempts to prevent endo-
carditis may fail. From 1979 to 1982, an AHA committee collected and 
recorded case reports of apparent antibiotic prevention failures.99 In 52 
such cases, mitral valve prolapse was the single most common underly-
ing cardiac lesion (33%), followed by various congenital abnormalities 
(29%), rheumatic heart disease (21%), and prosthetic valve endocardi-
tis (19%). Forty-eight cases (92%) occurred after a dental procedure, 
and 75% were caused by viridans streptococci. Symptoms began fairly 
soon after the procedure suspected to have caused endocarditis—50% 
within 2 weeks and 79% within 5 weeks. Most patients had received 
oral penicillin as prophylaxis. Of the organisms for which antimicro-
bial susceptibility was known, 60% were sensitive to the antibiotics 
used for prophylaxis. This experience, although anecdotal and clearly 
subject to reporting bias, indicates that occasional failures of attempted 
prophylaxis may occur, even if the infecting organism is susceptible to 
the antibiotic that was administered.

Case-Control Studies
Several case-control studies of attempted prevention of IE with antibi-
otics have been published. One small study indicated that prophylaxis 
appeared to be effective,111 but only eight IE cases were analyzed, two 
of which were culture negative. Two large case-control studies con-
cluded that attempted prevention with antibiotics in dental patients 
was of marginal or no value.84-87 These key studies indicated that the 

cause bacteremias, whereas endocarditis is a relatively rare disease. It 
has been variously estimated that the risk of developing IE for a pre-
disposed patient undergoing a dental procedure is 1 in 533,82 1 in 
115,500,90 or negligible.91 It should be noted that the risk may be sig-
nificantly higher for patients with prosthetic valves.83 Although most 
authorities would agree that dental operations do pose some risk to 
some susceptible patients, it now appears that the overall risk of acquir-
ing IE caused by any dental or medical procedure is extremely low, 
even when no antibiotic prophylaxis is given.

An attempt may be made to estimate an individual patient’s risk by 
considering both the frequency of bacteremia posed by the procedure 
in question and the risk for IE posed by the patient’s preexisting cardiac 
condition.

Procedures Causing Bacteremia
The incidence of transient bacteremia after various manipulations has 
been extensively studied.21,22,24-40,44 Much of the literature on IE after 
dental procedures has emphasized tooth extraction, but bacteremias 
may occur after almost any form of dental manipulation.55 It should be 
noted that the reported incidence of bacteremia varies widely among 
studies. Also, the presence in the blood of certain key bacterial species 
associated with endocarditis, especially the viridans streptococci, may 
be more important than the overall frequency of bacteremia. Some 
representative figures from selected studies are presented in Table 85-2.

Thus, the list of dental, surgical, medical, and diagnostic procedures 
that may cause bacteremia is long (see Table 85-2). However, antibiotic 
prophylaxis for IE is not appropriate for most of these, including many 
diagnostic procedures, because they pose very low or negligible risk 
for IE.

Previous guidelines selected some dental procedures for the use of 
prophylaxis but excluded others. Currently, with prophylaxis limited 
to those few patients at highest risk for an adverse outcome of IE, it is 
recommended that all dental procedures involving manipulation of 
gingival tissue or the periapical region of teeth or perforation of the 
oral mucosa be covered because bacteremias occur so commonly after 
such procedures (see Table 85-2). The only procedures excluded are 
injections of local anesthetic, placement and adjustment of orthodontic 
devices, shedding of deciduous teeth, and bleeding from trauma to the 
lips or oral mucosa.16

Preexisting Cardiac Conditions
An assessment of risk for IE in relation to the patient’s underlying 
cardiac condition may also be made (see Table 85-1). These estimates 
are based on the frequency with which various preexisting cardiac 
defects are found in patients with IE. Certain conditions clearly predis-
pose to endocardial infection, including prosthetic valves, one or more 
previous episodes of IE, cyanotic congenital heart disease, congenital 
or acquired aortic valve disease, interventricular septal defects, and 
mitral stenosis or incompetence (see Table 85-1).19,50,84 In a case-control 
study, the odds ratio for increased risk of IE was 75 : 1 for patients with 
a prosthetic valve, 37 : 1 for patients with a previous history of IE, and 
17 : 1 for patients reporting any history of a cardiac valvular abnormal-
ity.84 At the other end of the risk spectrum, uncomplicated secundum-
type atrial septal defects carry a negligible risk for IE.19

Mitral valve prolapse (MVP) raises important issues regarding pre-
vention for IE. MVP is common in the general population (4% or 
more, according to the definition used); some variants of MVP increase 
a person’s risk for endocarditis by fivefold to eightfold, and MVP 
underlies 15% to 20% of cases of subacute bacterial endocarditis.19,92-96 
The risk appears to be greater for those patients with a systolic murmur96 
and for those with thickening and redundancy of the mitral leaflets on 
echocardiography. However, IE is an uncommon disease, so mitral 
valve prolapse cannot be regarded as a high-risk preexisting lesion, 
even if a murmur, valve thickening, or redundancy is present.

It is not surprising that many authorities have recommended pro-
phylaxis for patients with mitral prolapse in the past.92 For example, 
previous American Heart Association (AHA) guidelines recom-
mended that patients with mitral valve prolapse and regurgitation or 
thickening and redundancy of the leaflets, seen by echocardiography, 
should receive oral antibiotics before dental procedures because the 
costs and risks of taking one oral dose of amoxicillin are small, and  
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modified the view that bactericidal activity is essential for prophy-
laxis.130 Streptomycin proved surprisingly effective in the prevention of 
experimental IE for some strains of enterococci, even though the con-
centration of streptomycin in serum was far too low to kill them.115 
Subinhibitory concentrations of certain antibiotics, especially vanco-
mycin, can inhibit the adherence of streptococci to fibrin surfaces in 
vitro. Other experiments have demonstrated successful prophylaxis for 
various streptococci with sublethal doses of vancomycin, clindamycin, 
erythromycin, and even a tetracycline.125,126,129

Penicillin was less effective in the prevention of experimental strep-
tococcal endocarditis if the strain was tolerant to penicillin (that is, 
inhibited but not killed).131 However, penicillin retained some prophy-
lactic activity even if the strain was so tolerant that bactericidal con-
centrations of penicillin could not be achieved in serum. These findings 
all suggest that prevention of IE in animals can sometimes be achieved 
by antibiotic effects that fall short of total bacterial killing, perhaps by 
an alteration of surface structures that mediate adherence to fibrin or 
by other unknown mechanisms. Thus, bactericidal action may be suf-
ficient but not necessary for prevention of endocarditis in animals. The 
observation that successful prophylaxis with amoxicillin can be 
reversed by administration of penicillinase shortly after colonization 
of the vegetation shows that neither killing of organisms in the blood-
stream nor prevention of their adherence to the endocardium is essen-
tial for successful antibiotic prophylaxis.121 The implications of these 
experimental findings for humans are uncertain.

To place these extensive experimental data into perspective, it 
should be emphasized that direct extrapolation of findings in animals 
to humans may not be meaningful. Although experiments in living 
animals provide a closer simulation of human endocarditis than any in 
vitro system, there are two important differences. First, a foreign body 
was present throughout many of these experiments because an intra-
cardiac catheter often was left in place. The presence of a foreign body 
markedly lowers the inoculum required to initiate infection, and then 
makes that infection harder to eradicate. Therefore, animal models 
probably simulate patients with prosthetic valves or pacemakers more 
closely than patients with congenital or rheumatic valvular disease. 
Second, in many of the experiments, a high inoculum was chosen 
deliberately to make statistical comparisons possible with a relatively 
small number of animals. Because both the presence of a foreign body 
and the use of high inocula tend to make prevention harder to achieve, 
it is entirely possible that an antibiotic regimen that failed in animals 
might succeed in humans. Conversely, any regimen that proved effec-
tive under these challenging experimental conditions would be likely 
to provide a wide margin of effectiveness in clinical use.

In summary, studies of prevention in animals have proven beyond 
doubt that antibiotics can prevent IE in vivo. They have provided 
insights into the mechanisms whereby different antibiotics and dosing 
regimens achieve prevention of IE, and they have provided a con-
venient in vivo method for ranking prophylactic antibiotic regimens 
in order of efficacy. For example, they support the conclusion that 
optimal bactericidal regimens, such as vancomycin or a penicillin plus 
an aminoglycoside, should provide a wider margin of effectiveness 
than a lower-ranking regimen, such as erythromycin or tetracycline.118 
However, they cannot prove whether any particular antibiotic regimen 
will or will not prevent endocarditis in humans.

COST-BENEFIT AND COST-
EFFECTIVENESS ANALYSES
Several cost-effectiveness and cost-benefit analyses of prevention of IE 
have been published. One study concluded that antibiotic prophylaxis 
for IE in MVP patients with a systolic murmur could be reasonably 
cost-effective, but this conclusion was biased in favor of prophylaxis by 
greatly overestimating the proportion of cases caused by dental proce-
dures.132 Other studies have concluded that prophylaxis would not 
be cost-effective, except possibly in the highest risk situations.96,133 
Attempted prevention of IE with antibiotics could cost up to $70 
million for each case prevented.134 Another study estimated that anti-
biotic prophylaxis would cost approximately $88,000 per quality-
adjusted life-year gained.135 A cost-effectiveness calculation indicated 
that penicillin prophylaxis for dental patients would offer no net reduc-
tion in deaths.132 The years of life lost from rare cases of anaphylaxis to 

practice of giving antibiotics to prevent IE could be largely or even 
entirely ineffective.88 It could even be counterproductive, by promoting 
antibiotic resistance,112 by wasting health care dollars,113 and by divert-
ing attention and resources from potentially more valuable interven-
tions, such as prevention of nosocomial bacteremias, patient education, 
and meticulous follow-up of patients at risk.

In Vitro Antibiotic  
Susceptibility Studies
Many different microbial species may be found in the bloodstream 
after dental, surgical, and diagnostic procedures, including anaerobes 
and contaminants from the skin microbiota.* However, only gram-
positive cocci, such as viridans streptococci, enterococci, and staphy-
lococci, commonly cause IE in this setting. It is therefore appropriate 
to focus on the antibiotic susceptibilities of these organisms in attempt-
ing to formulate rational prophylactic programs. In the past, most of 
the bacteria in the oral microbiota likely to cause endocarditis were 
sensitive to penicillin,46 but some strains were partially resistant, with 
minimal bactericidal concentrations (MBCs) for penicillin G of 0.1 to 
1.0 µg/mL or more.46,48 Ampicillin and amoxicillin possess good in 
vitro activity against many strains of streptococci associated with 
endocarditis and provide good serum concentrations. However, peni-
cillin resistance is increasing; a study in the United States found 43% 
intermediate-level and 13% high-level penicillin resistance among viri-
dans streptococci,11 and resistance rates have continued to rise for 
many species (see Chapter 202).12

Almost all strains of viridans streptococci, regardless of their MBC, 
are killed more rapidly and more completely by a combination of a 
penicillin and an aminoglycoside than by a penicillin alone.47,48 Many 
strains of enterococci, although more likely to be resistant to both β-
lactams and aminoglycosides, are killed synergistically by these drugs 
in combination, in vitro and in vivo (see Chapter 202).115 However, 
many strains of enterococci have now developed high-level resistance 
to penicillins, aminoglycosides (more than 50% of strains), or glyco-
peptides, posing new challenges for prophylaxis and treatment.

Experimental Infective Endocarditis
Studies in animal models have provided an important secondary 
source of information on the mechanisms and efficacy of prevention 
of IE. When a polyethylene catheter was passed into the right or left 
heart chamber of a living rabbit, small sterile vegetations composed of 
platelets and fibrin developed at points of contact between the catheter 
and endocardium.116 When staphylococci were placed in the lumen of 
the catheter, staphylococcal endocarditis resulted. Modification of this 
experimental model for IE by injecting organisms intravenously after 
intracardiac catheter placement has provided a convenient in vivo 
system for examining the efficacy of various antibiotic regimens for the 
prophylaxis of endocarditis.115,117,118-120 A similar model in rats has also 
been used extensively to investigate antibiotic prophylaxis.56,121

Under experimental conditions, the time of onset of IE is known 
exactly. Another important advantage is that the incidence of infection 
in untreated animals can be adjusted easily by altering the size of the 
inoculum; therefore, the problem of very low infection rates in animals 
can be overcome by choosing an inoculum of the test organism that is 
large enough to infect many or most of the experimental animals. 
Significant differences among antibiotic regimens can then be demon-
strated using manageable numbers of animals in each group.57,121-129

Early experiments comparing the success of various antibiotic regi-
mens against viridans streptococci in these model systems proved that 
penicillin in a high sustained dose could prevent IE; that a synergistic 
combination of a penicillin plus an aminoglycoside was more effective 
in preventing IE caused by viridans streptococci as well as enterococci; 
and that vancomycin provided an effective alternative to regimens 
using penicillins.115,118,119,125 Other antibiotics proven capable of pre-
venting IE under controlled experimental conditions include ampicil-
lin, amoxicillin,120,122,129 ampicillin-sulbactam,127 erythromycin,129 
clindamycin,126 rifampin,123 and azithromycin or clarithromycin.128

In early animal studies, bacteriostatic antibiotics such as tetracy-
cline usually failed to prevent IE, but further experiments have  

*References 20, 21, 26, 37, 55, 114.
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It should be emphasized that these changes are not based upon  
any new evidence that antibiotic prophylaxis does not work. In 
fact, the protective efficacy of prophylaxis has been estimated to be 
about 70%.135 Nor are they based on any new evidence that dental 
and medical procedures do not, on rare occasions, cause IE. The  
new guidelines are based on three primary considerations: first, very 
few cases of IE are caused by medical or dental procedures84,85,96,101; 
second, there are no evidence-based data demonstrating efficacy of 
anti biotic prophylaxis in humans14,15; and third, the conclusions of 
cost-effectiveness and cost-benefit calculations are very unfavorable to 
antibiotic prophylaxis.113,132-136

Acceptance and adoption of the new guidelines will require signifi-
cant re-education of health care practitioners and patients because 
both groups have for many years been instructed that antibiotic pre-
vention of IE is strongly indicated, even rising to the level of required 
standard of care. The emphasis should now shift to maintenance of 
optimal dental hygiene; to prevention of HAIs that could lead to IE; 
and to early recognition, diagnosis, and treatment of symptoms that 
could indicate IE in susceptible patients.

Early Results of Changed Guidelines 
for Infective Endocarditis Prevention
Five studies have assessed the potential impact of restricting antibiotic 
prophylaxis of IE since the new guidelines were issued.1,2,137-139 In the 
United Kingdom, prescriptions for a single dose of amoxicillin or 
clindamycin (which would be indicated only for attempted prevention 
of IE) fell by about 80% after the guidelines ending antibiotic prophy-
laxis were issued, yet there was no attributable change in the incidence 
of IE. The annual rate of IE had been increasing slightly but steadily 
each year in the United Kingdom, and this trend did not change.1 A 
survey of 37 children’s hospitals in the United States found no increase 
in admissions for IE after the AHA guidelines were issued.139 In the 
United States, a population-based survey in Minnesota found no 
increase in IE caused by viridans streptococci since the new guidelines 
were issued.138 Hospital admissions for IE rose significantly over the 
past decade, but there was no upward inflection over 5 years after the 
AHA guidelines were issued.2 Thus, to date there is no indication that 
sharply restricting antibiotic prophylaxis has had any harmful impact. 
These early observations are encouraging but not definitive, so con-
tinuing surveillance of epidemiologic trends is warranted.

SPECIFIC ISSUES IN PREVENTION 
OF INFECTIVE ENDOCARDITIS
Cardiac Catheters, Pacemakers, and 
Intravascular Devices
Diagnostic cardiac catheterization (including pulmonary pressure-
monitoring catheters), appears to present minimal risk for IE, so 
administration of antibiotics specifically for the prevention of IE is not 
recommended during these procedures.

penicillins could even exceed the years of life saved by prevention of a 
few cases of endocarditis.133-135 In summary, most studies have con-
cluded that even if attempted antibiotic prophylaxis for IE successfully 
prevented a few cases, it would be highly cost-ineffective.

EVOLUTION OF CLINICAL 
PRACTICE IN PREVENTION OF 
INFECTIVE ENDOCARDITIS
Clinical practice in attempted prevention of IE with antibiotics has 
evolved extensively over time. From the 1950s to the 1970s, the practice 
was entirely empirical, based on theoretical considerations. In the 
1970s, the advent of extensive animal studies, reviewed briefly above, 
stimulated renewed interest in prevention of IE by providing scientific 
evidence that seemed to support the use of antibiotics for this purpose. 
Based on results from animal models, the AHA and other authorities 
issued new guidelines that favored use of parenteral regimens; this was 
the extreme of IE prevention practice. Antibiotic prevention became 
widely accepted as the standard of care, even though compliance with 
published guidelines was inconsistent at best.99 Over time, practical 
considerations led to revised guidelines recommending oral rather 
than parenteral antibiotic regimens for the prevention of IE in most 
situations.97

In the 1990s, two major new factors emerged: the demand for 
evidence-based medicine, and emphasis on cost-effectiveness analyses. 
Neither of these approaches found support for the practice of antibiotic 
prevention of IE, leading to a movement to scale it back.23,84,85,88,101 This 
trend has culminated in the recent recommendations that essentially 
reverse previous practices.

Previous guidelines for prevention focused on patients with 
increased lifetime risk of acquiring IE (see Table 85-1).97 In contrast, 
the most recent AHA guidelines recommend restricting attempted 
prevention of IE with antibiotics to that small subgroup of patients 
with highest risk of an adverse outcome from IE (Tables 85-3 and  
85-4).16 In an even more radical change, the National Institute for 
Health and Clinical Excellence (NICE), in the United Kingdom, has 
recommended ending the practice of using antibiotics to prevent IE 
altogether.17 The latest European guidelines also restrict the use of 
prophylactic antibiotics but retain the practice not only for patients 
with the highest risk of adverse outcome but also for those with the 
highest lifetime risk of developing IE.18

TABLE 85-3  Regimens for Antibiotic Prophylaxis 
of Infective Endocarditis during Dental 
Procedures*

CLINICAL 
SITUATION ANTIBIOTIC

DOSAGE 
FOR ADULTS†

DOSAGE FOR 
CHILDREN†,‡

Standard oral 
regimen—for 
most patients

Amoxicillin 2.0 g PO 50 mg/kg PO

If unable to take 
oral medication

Ampicillin
or
ceftriaxone

2.0 g IM or IV

1.0 g IM or IV

50 mg/kg IM or IV

50 mg/kg IM or IV

If allergic to 
penicillins

Clindamycin
or
azithromycin
or
clarithromycin

600 mg PO

500 mg PO

500 mg PO

15 mg/kg PO

15 mg/kg PO

15 mg/kg PO

If allergic to 
penicillins and 
unable to take 
oral medication

Clindamycin 600 mg IM or IV 20 mg/kg IM or IV

*Only for patients with highest risk of adverse outcome of infective endocarditis; 
see Table 85-4.

†Single dose, 30 to 60 minutes before procedure.
‡Not to exceed adult dose.
IM, intramuscular; IV, intravenous; PO, oral.
Modified from Wilson W, Taubert KA, Gewitz M, et al. Prevention of infective 

endocarditis: guidelines from the American Heart Association: a guideline from the 
American Heart Association Rheumatic Fever, Endocarditis, and Kawasaki Disease 
Committee; Council on Cardiovascular Disease in the Young; and the Council on 
Clinical Cardiology; Council on Cardiovascular Surgery and Anesthesia; and the 
Quality of Care and Outcomes Research Interdisciplinary Working Group. 
Circulation. 2007;116:1736-1754.

TABLE 85-4  Preexisting Cardiac Conditions 
Associated with Highest Risk of Adverse 
Outcome from Infective Endocarditis

• Prosthetic cardiac valve(s) or prosthetic material inserted for cardiac valve 
repair

• Previous infective endocarditis
• Congenital heart disease (CHD)
○ Unrepaired cyanotic CHD, including palliative shunts and conduits
○ Completely repaired CHD with prosthetic material or device, whether 

placed by surgery or catheter intervention, during the first 6 months after 
the procedure

○ Repaired CHD with residual defects at site or adjacent to site of prosthetic 
patch or prosthetic device (which inhibit endothelialization)

• Cardiac transplant recipients who develop cardiac valvulopathy

Modified from Wilson W, Taubert KA, Gewitz M, et al. Prevention of infective 
endocarditis: guidelines from the American Heart Association: a guideline from the 
American Heart Association Rheumatic Fever, Endocarditis, and Kawasaki Disease 
Committee; Council on Cardiovascular Disease in the Young; and the Council on 
Clinical Cardiology; Council on Cardiovascular Surgery and Anesthesia; and the 
Quality of Care and Outcomes Research Interdisciplinary Working Group. 
Circulation. 2007;116:1736-1754.
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develops, with mortality as high as 80%.147 Therefore, the AHA recom-
mends prophylaxis for such patients.16

Medical Diagnostic Procedures
Common diagnostic procedures, such as bronchoscopy, gastrointesti-
nal endoscopy, imaging studies with contrast, biopsies, and trans-
esophageal echocardiography, may occasionally induce bacteremias 
(see Table 85-2) but carry minimal risk for causing IE.86,106,107 Therefore, 
administration of antibiotics to prevent IE during such procedures is 
no longer recommended.16-18

Invasive Procedures Involving  
Infected Sites
Incisions, biopsies, or other invasive procedures involving skin, soft 
tissues, or other sites in the presence of active bacterial infection can 
cause bacteremias and, rarely, IE. Examples include instrumentation of 
the urinary tract during infection,25 device infections,65 and dermato-
logic procedures.105 Many such patients would be treated with antibiot-
ics anyway, irrespective of any consideration of prevention of IE. In 
such a setting, it would be reasonable (although not mandatory) to 
choose an antibiotic regimen that could prevent IE in those susceptible 
patients with highest risk of adverse outcome from IE (see Table 
85-4).16 If so, the choice of antibiotic would be dictated by the bacterial 
species most likely to be involved.

Timing of Prophylaxis
If antibiotics are administered with the objective of preventing IE, the 
dose should be timed to provide the highest serum levels when the 
procedure that might cause bacteremia is performed. There is no ratio-
nale to support beginning antibiotic therapy any earlier than necessary 
to meet this criterion. Indeed, if antibiotics are given more than a few 
hours before the procedure, penicillin-sensitive oral microbiota may 
be replaced by penicillin-resistant organisms, and endocarditis, should 
it occur, may involve resistant organisms.112 For most regimens, the 
administration of antibiotics 30 to 60 minutes before the procedure is 
appropriate. If the operation is delayed for longer than 1 or 2 hours, 
the dose should be repeated.

Duration of Prophylaxis
If antibiotic prophylaxis is administered, a single dose of antibiotic 
should suffice, based on the success of single-dose regimens in animal 
models.115,118,119,123 Continuing prophylaxis for longer than necessary 
wastes resources, may lead to the emergence of antibiotic-resistant 
organisms, and places patients at additional risk of adverse reactions, 
including alteration of their microbiomes.

Prevention of Rheumatic Fever versus 
Prevention of Infective Endocarditis
Administration of low-dose penicillin orally or by monthly injection 
effectively prevents rheumatic fever but is inadequate to prevent IE. In 
one study, the incidence of IE in children who were receiving penicillin 
as prophylaxis for rheumatic fever was no less than in those with 
rheumatic heart disease who were not receiving prophylaxis.144 Because 
patients taking penicillin for the prevention of rheumatic fever often 
carry moderately penicillin-resistant streptococci in their mouths, 
attempted prevention of IE with oral amoxicillin (if such a patient has 
had a previous episode of IE) is not advisable. He or she should receive 
clindamycin as an alternative (see Table 85-3).

Prophylaxis of Infective Endocarditis 
for Children
Prevention is currently recommended by the AHA only for those  
children with underlying conditions that are more likely to have an 
adverse outcome of IE, just as in other age groups (see Table 85-4).16 
If used, appropriate adjustment of antibiotic dosage is required (see 
Table 85-3).

Anticoagulant Therapy
Many cardiac patients receive anticoagulant therapy, which may affect 
the choice of prophylactic antibiotic regimens. Intramuscular injec-
tions are contraindicated for patients receiving heparin and should be 

Short-term cardiac pacemakers, diagnostic pulmonary artery cath-
eters, intra-aortic balloon pumps, vena cava filters, and other tempo-
rary intravascular devices pose little risk for IE, so administration of 
antibiotics specifically to prevent IE is not recommended, although 
some practitioners prescribe one or two doses antibiotics to “cover” the 
actual insertion of the device.

Longer-dwelling pulmonary artery catheters have been reported to 
predispose to nonbacterial and bacterial endocarditis in patients with 
severe burns, who often develop bacteremias, but because these cath-
eters are often left in place for long periods, attempted antibiotic pro-
phylaxis specifically for prevention of IE is not indicated.140

Although permanent pacemakers and implantable cardiac defibril-
lators do pose a significant risk of intracardiac pacemaker line infec-
tion,141 prevention by long-term antibiotic administration is not 
practicable, nor is antibiotic administration to cover dental and medical 
procedures recommended.

Valvuloplasty and Valve Replacement
Early-onset IE after cardiac valvular surgery is caused by various 
microorganisms, including staphylococci, gram-negative bacteria, and 
rarely fungi (see Chapter 82). No single antibiotic regimen is effective 
against all these organisms, and the use of broad-spectrum antibiotics 
may itself predispose to superinfection with resistant organisms. 
Therefore, attempts to prevent endocarditis with antibiotics during 
cardiac valvular surgery should be limited to a short course of an 
antistaphylococcal agent, such as a cephalosporin or vancomycin, 
given with the primary objective of preventing wound infections and 
a secondary objective of potentially preventing IE.16,142

Prosthetic Heart Valves
Extensive clinical experience has established that patients with pros-
thetic heart valves are at relatively high risk for IE (see Chapters 82 and 
83, and Table 85-1).19,84,143 The high mortality and morbidity associated 
with prosthetic valve endocarditis and removal and replacement of 
infected prosthetic valves make its prevention a priority. Although the 
incidence of endocarditis after cardiac surgery has fallen since these 
operations first became commonplace, the risk of early-onset endocar-
ditis within 60 days after valve replacement remains approximately 
0.3% to 0.5% and thereafter approximates 0.5% to 1% per year (see 
Chapter 83). For comparison, the incidence of endocarditis in patients 
with chronic rheumatic heart disease was approximately 0.4% per year 
in the past.144 It is important to recognize this risk and to take all pos-
sible steps to minimize it. Before elective valve replacement, the dental 
health of every patient should be evaluated and any necessary dental 
work completed. Postoperatively, the patient should maintain good 
oral hygiene. Consultation between the patient’s dentist and physician 
is important to ensure appropriate antibiotic coverage for routine 
dental procedures. Strict attention should be paid to prevention and 
follow-up of HAIs, especially CR-BSIs.

Late-onset prosthetic valve endocarditis, defined as onset 60 days 
or more after the operation, is most likely to be caused by organisms 
originating from the oral cavity or the skin and reaching the valve via 
the bloodstream, just as for native valve endocarditis. Attempted pro-
phylaxis for endocarditis in the setting of dental procedures therefore 
should be directed primarily against streptococci, not staphylococci or 
gram-negative bacilli (see Table 85-3).

Cardiac Assist Devices and  
Artificial Hearts
These devices pose a serious risk of infection, which increases with 
duration of use and which often has catastrophic consequences: mor-
tality caused by infection of such devices can be greater than 50%.145,146 
Clearly, every effort to prevent CR-BSIs is indicated in such patients. 
An antistaphylococcal antibiotic is given to cover the surgical insertion 
of the device, but there is no evidence that continued antibiotic treat-
ment would be useful in prevention.

Cardiac Transplantation
Although cardiac transplantation in itself is not an indication for IE 
prophylaxis, patients with valvulopathy after transplantation are at 
increased risk for IE and at high risk for an adverse outcome if IE 
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the small risk that they may develop the disease and of the measures 
that the patient and/or their health care providers can take to reduce 
this risk, as described above. In view of the recent guidelines that 
strictly limit or eliminate antibiotic prophylaxis for IE, an informed 
decision by a health care professional not to give preventive antibiotics 
should not be construed as negligence, whatever the clinical outcome.

SUMMARY OF CURRENT 
RECOMMENDATIONS
1. Health care practitioners and susceptible patients should be edu-

cated and informed regarding IE, with special emphasis on the 
importance of prompt diagnosis and treatment of IE.

2. Measures to maintain optimal oral and dental health should be 
emphasized in patients at risk for IE.

3. All effective interventions to prevent and promptly treat HAIs, espe-
cially CR-BSIs, should be used.

4. Antibiotic prophylaxis for IE is an unproven practice that is not 
cost-effective and that should no longer be regarded as standard of 
care.

5. The approach recommended here is to follow the AHA’s 2007 guide-
lines restricting prophylaxis to those relatively few patients at 
highest risk of an adverse outcome from IE. In such cases, prophy-
laxis should be given for most dental procedures, and for invasive 
procedures involving the skin, soft tissues, respiratory tract, and the 
urinary tract in the presence of active bacterial infection.16

avoided, if possible, in patients receiving warfarin. Therefore, an oral 
antibiotic regimen is recommended for prevention of IE in such 
patients, but if a parenteral antibiotic must be given, the IV route 
should be used.

Medicolegal Liability Issues
In the past, issues related to prophylaxis of endocarditis have fre-
quently led to allegations of professional negligence, especially in the 
United States and the United Kingdom.100,148 The most common alle-
gation concerns failure to provide antibiotic prophylaxis to a patient 
who develops IE after a dental procedure. However, it is impossible  
to prove that any single procedure known to cause bacteremia was  
the proximate cause in a case of IE or that the failure of a physician  
or dentist to administer antibiotics was the proximate cause of a 
patient’s acquiring IE. Another common issue arises from the lack of 
definitive data on the upper limit for the incubation period of IE.98 
Damages have been claimed in cases in which the first symptoms of 
endocarditis did not appear for several weeks or months after a proce-
dure performed without antibiotic cover. The likelihood of proximate 
cause here is remote because review of case reports indicates that the 
incubation period for streptococcal endocarditis is 2 weeks or less in 
most cases.98

A reasonable standard of care requires that health care professionals 
dealing with this question be aware of the risk factors for IE and of 
current practice guidelines. They should inform susceptible patients of 
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Inflammatory processes affecting the heart frequently involve both  
the myocardium (myocarditis) and the pericardium (pericarditis). 
However, involvement of one or the other usually predominates, and 
the syndromes of myocarditis and pericarditis are sufficiently distinct 
in clinical presentation, etiology, and pathophysiology to warrant sepa-
rate consideration.

MYOCARDITIS
Myocarditis, literally “inflammation of the myocardium,” is a protean 
disease with a wide variety of infectious (Table 86-1) and noninfectious 
(Table 86-2) causes. Postmortem examinations reveal evidence of pre-
viously unsuspected myocarditis in 1% to 4% of unselected cases,1-3 
with a higher incidence in young persons who have died suddenly.4-7 
The advent of modern molecular diagnostics has revealed that there 
are forms of infectious viral heart disease that do not appear to be 
associated with a typical inflammatory infiltrate.8 Hence, the term 
“myocarditis” may not literally describe the full gamut of infectious 
diseases of the myocardium. However, in clinical practice and in this 
chapter, the term myocarditis is used to describe a range of infectious 
and inflammatory heart diseases that affect cardiac muscle and func-
tion, either directly or indirectly. This chapter focuses on infectious 
causes of myocarditis, recognizing that the etiologic agent remains 
unidentified in a significant percentage of patients with myocarditis.

The diagnosis of infectious myocarditis is usually considered when 
unexplained heart failure, chest pain, or arrhythmias occur following 
an upper respiratory tract infection or another presumed virus infec-
tion, or in the setting of a systemic febrile illness.9 In many cases, 

however, the antecedent systemic illness is mild or long forgotten. In 
addition, myocarditis has been found histologically in 10% to 20% of 
cases of idiopathic dilated cardiomyopathy (DCM).10-12 Because of the 
wide spectrum of clinical presentations, the frequent occurrence of 
asymptomatic cases, the paucity of noninvasive biologic markers, the 
limited sensitivity of histopathologic diagnosis, and problems with the 
laboratory identification of etiologic agents, the true incidence of myo-
carditis and infection-mediated cardiomyopathy may be significantly 
underestimated.13,14

In myocarditis, the inflammatory process may affect myocytes, vas-
cular elements, the conduction system, autonomic nerves, or the inter-
stitium. In addition, it is not unusual for both the pericardium and 
myocardium to be affected at the same time. One or more of at least 
four mechanisms appears to be involved in the pathogenesis of myo-
carditis: (1) direct damage to cardiomyocytes by an infectious agent; 
(2) damage to myocytes as a result of a generalized cytokine or cell-
mediated immune response; (3) cytotoxicity caused by viral antigen-
specific immune reactions directed against infected cells; or (4) 
cytotoxicity caused by a circulating toxin. Damage to the vascular 
endothelium may also result in indirect myocardial injury.15,16 Recent 
discoveries have revealed the complexity of the mechanism involved 
in cardiac myocyte injury, especially injury caused by enteroviruses, 
and have also suggested targets for intervention (Fig. 86-1).17,18

Etiologic Agents
Almost every infectious agent is capable of causing myocarditis (see 
Table 86-1), but viruses are the most important infectious causes of 

MYOCARDITIS
•	 Inflammation	of	the	myocardium,	which	is	

clinically	manifested	by	chest	pain,	
arrhythmias,	or	congestive	heart	failure	(CHF)

Etiologic Agents
•	 Most	commonly	associated	with	viral	infections,	

particularly	enteroviruses,	adenoviruses,	
parvovirus	B19,	human	herpesvirus	6,	and	
dengue	viruses	(see	Table	86-1)

•	 Occasionally	caused	by	bacteria,	as	a	result	of	
bacteremia,	direct	extension	from	a	contiguous	
focus,	or	a	bacterial	toxin.

•	 Caused	by	Trypanosoma	cruzi,	the	cause	of	
Chagas’	disease,	which	is	prevalent	in	South	
and	Central	America.

Diagnosis
•	 In	the	setting	of	clinical	suspicion,	elevations	of	

cardiac	enzymes,	electrocardiographic	changes	
(nonspecific),	echocardiography,	and	cardiac	
magnetic	resonance	imaging	are	helpful.

•	 Evidence	of	coincident	viral	infection,	either	by	
culture	or	serology,	is	circumstantial.

•	 Endomyocardial	biopsy	can	provide	a	definitive	
diagnosis,	but	sampling	errors	limit	its	utility.

Treatment
•	 Supportive	care	and	management	of	CHF	are	

essential.

•	 The	benefit	of	immunosuppressive	therapy	is	
not	established.

•	 The	efficacy	of	intravenous	immunoglobulin	
therapy	is	also	not	established.

PERICARDITIS
•	 Inflammation	of	the	pericardium	is	clinically	

manifested	by	chest	pain,	pericardial	friction	
rub,	and	pericardial	effusion.	These	may	be	
present	individually	or	in	combination.	
Monitoring	for	cardiac	tamponade	is	
important.

Etiologic Agents
•	 Enteroviruses	are	most	common,	but	other	

viruses	may	sometimes	be	responsible	(see	
Table	86-3).

•	 Bacteria	rarely	may	cause	purulent	pericarditis,	
usually	as	a	complication	of	pneumonia.

•	 Mycobacterium	tuberculosis	can	cause	
pericarditis,	usually	as	a	complication	of	
pulmonary	tuberculosis.	This	is	a	major	
problem	in	Africa	in	association	with	acquired	
immunodeficiency	syndrome.

Diagnosis
•	 Etiology	is	often	undetermined	in	individual	

cases.
•	 Pericardiocentesis	may	yield	an	etiologic	agent	

but	is	negative	in	the	majority	of	patients.

•	 Evidence	of	viral	infection	by	detection	in	
peripheral	samples	or	by	serology	provides	
only	circumstantial	evidence	of	possible	
etiology.

•	 Percutaneous	pericardial	biopsy	or	
pericardiotomy	with	biopsy	and	drainage	
increase	the	diagnostic	yield.

Treatment
•	 For	presumed	viral	or	idiopathic	pericarditis,	

analgesic	treatment	with	nonsteroidal	
anti-inflammatory	drugs	(NSAIDs),	together	
with	bed	rest,	is	often	successful	in	relieving	
symptoms.	NSAIDs	are	generally	continued		
for	1	to	2	weeks,	or	until	symptoms		
resolve.

•	 Colchicine	given	with	NSAIDs	has	been	found	
to	improve	rate	of	recovery	and	reduce	
recurrence.

•	 Purulent	pericarditis	usually	requires	
drainage	together	with	appropriate		
antibiotics.

•	 Tuberculous	pericarditis	requires	appropriate	
antituberculous	therapy	(see	Chapter	251);	
concomitant	administration	of	corticosteroids	
reduces	development	of	constrictive	
pericarditis	and	the	need	for	repeated	
pericardiocentesis.

SHORT VIEW SUMMARY
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myocarditis in the United States and western Europe, and many cases 
of idiopathic myocarditis are assumed to be viral in origin. Long before 
the era of modern virology, pericardial and myocardial involvement 
was recognized during outbreaks of mumps,19 influenza,20 measles,21-23 
poliomyelitis,24 and enterovirus-associated pleurodynia.25 Adenovi-
ruses,8,26-28 enteroviruses,29,30 and parvovirus B198,26,31-33 have been 
implicated as major causes of myocarditis. Among the enteroviruses, 
some of the most commonly identified are group B coxsackievi-
ruses,12,34-36,37 and their presence in biopsy samples of patients with 
myocarditis has been shown by direct immunostaining.38

A study using real-time polymerase chain reaction (PCR) and 
reverse-transcription PCR (RT-PCR) assays to identify viruses in myo-
cardial tissue from 624 children and adults with acute myocarditis and 
149 with DCM reported adenoviruses in 23% of the patients with acute 
myocarditis and 12% of the patients with DCM. Enterovirus genomes 
were detected in 14% of the patients with acute myocarditis and in  
8% of the patients with DCM. In addition, human cytomegalovirus 
(HCMV), parvovirus B19 (PVB19), influenza A virus, Epstein-Barr 
virus (EBV), herpes simplex virus (HSV), and respiratory syncytial 
virus were each identified in a small number of the patients with acute 
myocarditis, but not in any with DCM.26 A similar study of myocardial 

TABLE 86-1  Infectious Causes of Myocarditis

Viruses
Coxsackie B viruses12,26,29,30,34-36,37,211,232,236,272-292,367,369-370,507,508

Coxsackie A viruses26,29,30,34,37,233,242,272,277,292,368

Adenoviruses8,27,28,237,238,242,272,509-512

Echoviruses26,272,513-515

Parvovirus B1928,32,40,516-520

Nonpolio enteroviruses8,12,26,37,272,273,275,278,279,289,350,507,509,521,522

Polioviruses24,523,524

Rabies virus525-527

Mumps virus19,528-530

Rubeola (measles) virus21-23

Influenza A and B viruses20,531-534

Rubella535,536

Dengue viruses43,537,538

Chikungunya virus538

Yellow fever virus539

Argentine hemorrhagic fever virus (Junin virus)539,540

Bolivian hemorrhagic fever virus (Machupo virus)540

Lymphocytic choriomeningitis virus541

Lassa fever virus542-544

Varicella-zoster virus545-553

Human cytomegalovirus26,137,284,554-559

Epstein-Barr virus8,560-567

Human herpesvirus 6568,569

Herpes simplex virus26,239,570,571

Variola virus572

Vaccinia virus573-578

Hepatitis B virus579-581

Hepatitis C virus582-584

Respiratory syncytial virus26,585,586

Human immunodeficiency virus131-133,137,138,141,142,144,146-149,156,457,587

Bacteria and Rickettsiae
Brucella66,370

Campylobacter63-65

Corynebacterium diphtheriae50-52

Clostridium perfringens53,54

Francisella tularensis67,68

Neisseria meningitidis57-59

Salmonella60-62

Shigella588

Streptococcus pyogenes69,70

Staphylococcus aureus71

Listeria monocytogenes73,74

Vibrio cholerae589

Mycobacterium tuberculosis76,590,591

Legionella pneumophila77

Mycoplasma pneumoniae78-82

Chlamydia psittaci83,84

Chlamydia pneumoniae83,85,86

Rickettsia rickettsii56,87

Rickettsia prowazekii56,88

Rickettsia (Orientia) tsutsugamushi56,89,90

Coxiella burnetii592,593

Ehrlichia594,595

Borrelia burgdorferi94-103

Tropheryma whippelii596

Ureaplasma spp.597

Fungi
Aspergillus121,122,123-126

Candida species121,122,123,127,128

Blastomyces445

Coccidioides immitis122,441

Cryptococcus neoformans122,123,129,130

Histoplasma capsulatum437

Parasites598

Trypanosoma cruzi104,105,108,109,214,215,599,600,601

Trypanosoma gambiense110

Trypanosoma rhodesiense110

Trichinella spiralis111-113

Toxoplasma gondii114-120

Toxocara canis602,603

tissue from 245 adults with “idiopathic” DCM identified viral genomes 
in 67.4%; PVB19 in 51.4%; human herpesvirus 6 (HHV-6) in 21.6%; 
enteroviruses in 9.4%; adenoviruses in 1.6%; EBV in 2%; and HCMV 
in 0.8%, and 27.3% of the positive samples had multiple infections.8 In 
a similar study of cardiac tissue obtained by endomyocardial biopsy 
(EMB) from 24 consecutive patients with acute myocarditis with chest 
pain in whom myocardial infarction was excluded, 12 (50%) were 
positive for PVB19, 3 for an enterovirus, and 2 for an adenovirus.32 
Four of the 6 patients in whom coronary spasm could be induced were 
PVB19 positive. Only 1 of the 24, who was enterovirus positive, had 
histopathologic evidence of myocarditis according to the Dallas Crite-
ria (see later).

The marked increase in the detection of PVB19 and HHV-6 in 
patients with acute myocarditis or DCM during the past decade is 
noteworthy.8,26,28,32 However, given the high prevalence of PVB19 and 
HHV-6 in the general population, their pathogenic role remains to be 
elucidated. For example, in one study, PVB19 was detectable by immu-
nohistologic analysis in 65% of patients with acute myocarditis, 35% 
of patients with DCM, and 8% of noninflamed control hearts. PVB 
load was then assessed by genome copy numbers in the samples that 
were positive for PVB19 on immunohistologic analysis. PVB load was 
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at risk. In 2012, more than 1.6 million cases of dengue were reported 
in the Americas.41

Dengue has been reported to cause a variety of cardiac manifesta-
tions, ranging from transient arrhythmias to cardiogenic shock and 
fatal myocarditis.43-45 Cardiac myocyte necrosis has been observed as 
a result of direct dengue virus infection, and vascular endothelial cells 
also appear to be susceptible to infection.46-48 Some dengue virus infec-
tions mimic acute myocardial infarction.49

Viruses that have been implicated as causes of myocarditis or myo-
pericarditis are listed in Table 86-1.

Nonviral Pathogens That  
Cause Myocarditis
Many nonviral pathogens cause myocarditis. For example, myocarditis 
is the most common cause of death in diphtheria50-52; the toxin pro-
duced by Corynebacterium diphtheriae severely damages the myocar-
dium and conduction system. The cardiac damage seen in patients  
with Clostridium perfringens infection may be the result of toxin, 
metastatic abscess formation, or both.53,54 The immunologically medi-
ated carditis associated with acute rheumatic fever55 is discussed in 
Chapter 200.

Invasion of the bloodstream by any bacterial pathogen may result 
in metastatic foci in the myocardium,56 and myocarditis has been 
recognized in the course of meningococcemia,57-59 salmonellosis,60-62 
Campylobacter infection,63-65 brucellosis,66 tularemia,67,68 and bactere-
mias caused by streptococci,69,70 staphylococci,71,72 and Listeria 
monocytogenes.73-75 More commonly, bacteria invade the myocardium 
as a complication of endocarditis by contiguous spread from valvular 
tissue or via septic embolization of the coronary arteries.56,71,72

Tuberculous myocarditis can occur without systemic symptoms 
and can be responsible for sudden cardiac death, especially in young 
people.76 However, most tuberculous infections of the heart involve the 
pericardium (see later).

Myocarditis is a rare complication during Legionella infection.77 
Myocarditis has also been observed in the course of Mycoplasma pneu-
moniae,78-82 Chlamydia psittaci,83,84 and Chlamydia pneumoniae83,85,86 
infections and is commonly seen in rickettsial infections,56,87-90 espe-
cially scrub typhus.56,89,90 Approximately 10% to 16% of patients with 
Lyme disease develop cardiac abnormalities, most commonly conduc-
tion system disturbances (for review, see references 91 to 93). Lyme 
carditis usually resolves completely with no long-term consequences, 
although cases of fulminant myocarditis have been reported.93-103

In South America, a principal agent responsible for myocarditis and 
heart failure is Trypanosoma cruzi, the protozoan that causes Chagas’ 
disease (Fig. 86-2). This is discussed in greater detail in Chapter 278. 
Chagas’ disease is a common cause of DCM worldwide, but the inci-
dence in endemic areas is decreasing substantially.104-107 In the 1980s, 
it was estimated that there were 17 million people who were infected; 
these estimates had fallen to 7.7 million people by 2005.104,107 While the 
incidence is decreasing in endemic areas, there has been an increase 
in developed, nonendemic areas due to immigration.104 Initial infec-
tion by T. cruzii is often asymptomatic or accompanied by a low-grade 
febrile illness. However, a subset of patients develop an acute illness 
complicated by myocarditis.105,108,109 Myocarditis is the principal mani-
festation of chronic Chagas’ disease, which occurs in approximately 
30% to 40% of infected individuals. These patients typically have car-
diomegaly, congestive heart failure (CHF) with a high incidence of 
thinning, and bulging of the ventricular apex. The cardiomyopathy is 
often associated with conduction disturbances.104,109,599 Trypanosoma 
gambiense and Trypanosoma rhodesiense, the agents of African try-
panosomiasis, may also affect the heart with similar results, but central 
nervous system findings usually predominate following infection with 
those agents.110

Myocarditis is also observed in trichinosis111-113 and is responsible 
for the occasional deaths that occur in severe infections. Myocarditis 
is common in disseminated toxoplasmosis,114-120 and systemic aspergil-
losis and candidiasis may also involve the heart.121,122,123-128

In immunocompromised patients, myocarditis occurs as a conse-
quence of a number of disseminated infections. Cryptococcal, toxo-
plasma, and aspergillus myocarditis have been reported in patients 
with acquired immunodeficiency syndrome (AIDS).116-118,126,129,130

higher in patients with acute myocarditis followed by those with DCM 
and lowest in the patients with normal hearts without inflammation.39 
Viral RNA replicative intermediates were only detected in patients with 
inflamed hearts. This study suggests that the amount of PVB19 viral 
DNA may affect the disease phenotype. It is important to note that in 
this study and others, PVB19 was found in endothelial cells and not 
myocardial cells. Additional experimentation is necessary to deter-
mine mechanisms by which PVB19 could contribute to myocarditis 
and cardiomyopathy.

It is important to recognize, especially with highly prevalent viruses 
like PVB19, HHV-6, and even HCMV and EBV, that viral genomes 
detected in myocardial tissue by sensitive assays may have been carried 
into the myocardium by infiltrating inflammatory cells and have played 
no role in the etiology of the myocarditis or DCM.

There is considerable temporal and geographic variation in the 
prevalence of infections caused by various adenoviruses and enterovi-
ruses, as well as marked seasonal variation in the prevalence of infec-
tions caused by these and other viruses associated with myocarditis. 
Moreover, the prevalence of infections caused by some viruses, for 
example, adenoviruses and parvovirus B19, is greater in children than 
in adults.12,26,27,40 Consequently, the relative frequency with which dif-
ferent viruses are identified in acute myocarditis and DCM can be 
expected to vary from study to study and over time.

Dengue is the most prevalent mosquito-borne virus infection 
worldwide. It is caused by one of four distinct but antigenically related 
members of the Flavivirus family, designated dengue virus serotypes 1 
through 4.41,42 The female Aedes aegypti is the primary vector of dengue; 
Aedes albopictus, a secondary vector in Asia that is tolerant to tempera-
tures below freezing, has spread to North America and Europe.41 
During the past several decades the incidence and range of the dengue 
viruses and their mosquito vectors had increased dramatically as a 
result of increased international trade and, perhaps, global warming, 
so currently the disease is endemic in more than 100 countries in every 
continent except Antarctica; approximately half the world’s population 
is at risk of dengue virus infection, and more than a million cases occur 
each year. Some 500,000 people with severe dengue are hospitalized 
each year, many of whom are children; mortality is approximately 
2.5%. Since 2010, local transmission has been reported in several coun-
tries in Europe and in China, and the disease is now endemic in Florida 
and the Southern United States along the Mexican border. Travelers 
returning from Haiti, Puerto Rico, and many Caribbean countries are 

TABLE 86-2  Noninfectious Causes of Myocarditis
Collagen vascular disease271,604

Systemic lupus erythematosus606

Systemic sclerosis607-609

Rheumatoid arthritis610,611

Dermatomyositis/polymyositis612,613

Still’s disease614

Thyrotoxicosis271

Thrombotic thrombocytopenic purpura615

Pheochromocytoma604

Peripartum616

Radiation-induced617-619

Drug-induced (directly toxic)271,604,620

Cocaine
Alcohol
Emetine
Catecholamines
Arsenic
Lead
Cyclophosphamide
Daunorubicin
Adriamycin

Drug-induced (hypersensitivity)604,621

Methyldopa
Sulfonamides
Tetracycline

Scorpion, wasp, and spider stings604,622

Etiologic agents not yet identified
Kawasaki disease623

Giant cell myocarditis624

Sarcoid625,626
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It has been clearly documented that human immunodeficiency 
virus (HIV) infection in advanced stages with high-virus titers is asso-
ciated with a high incidence of cardiomyopathy. Several reports have 
documented an incidence of cardiomyopathy of more than 50% in 
patients during their lifetime,131-136,150 and evaluations of patients with 
AIDS have shown that cardiac dysfunction was highest in those with 
the most advanced disease.137,138,144 However, many of these observa-
tions were made before implementation of antiretroviral therapy 
(ART). With the improved survival of HIV patients associated with 
ART, the incidence of heart disease has increased, but a large part of 
that is due to a higher incidence of coronary artery disease rather than 
myocardial disease. As might be expected, in areas such as sub-Saharan 
Africa, where ART is not widely administered, there is a significantly 
higher incidence of cardiomyopathy and myocarditis than seen in 
developed parts of the world.139,140

Although it is well accepted that HIV-infected patients can develop 
cardiomyopathy, the pathogenesis is not clear. Despite the fact that 
HIV has been cultured from EMB samples141-143 and identified by 
Southern blot analysis,142,145 data are not convincing that HIV directly 
infects the cardiac myocyte to induce cardiac dysfunction. The isola-
tion of other known cardiotropic viruses from AIDS patients is not 
infrequently reported.143,144,146,147 Malnutrition may also be a factor 

FIGURE  86-2 Trypanosoma cruzi amastigotes in cardiac muscle 
stained with hematoxylin and eosin. Low-power magnification (A) and 
high-power magnification (B). Amastigotes are observed within cardiac 
myocytes. (Courtesy John T. Sullivan, University of San Francisco.)

A B

FIGURE 86-1 Summary of the cellular and molecular pathogenesis of viral and autoimmune myocarditis, derived primarily from animal 
models. Three stages are summarized: Acute injury from direct viral infection and innate immune reaction leads to myocardial damage. Specific immunity 
mediated by T lymphocytes and antibodies is directed against the pathogen and potential endogenous heart epitopes. The pathogen may be cleared 
and the immune reaction may decrease with improvement in cardiac function and few sequelae. In some patients persistent virus and inflammation 
contribute to chronic cardiomyopathy. APC, antigen-presenting cell. (Modified from Cooper LT. Myocarditis. N Engl J Med. 2009;360:1526-1538.)
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The host immune response is characterized by an early innate 
immune response, which is followed by an adaptive, antigen-specific 
immune response that includes antibodies and antigen-specific lym-
phocytes. Since the innate immune response is not antigen specific, it 
occurs more quickly and can be characterized by activation of a cyto-
kine response and infiltration of NK cells. The innate immune response 
involves the activity of Toll-like receptors (TLRs), interferons (IFNs), 
Janus kinase–signal transducer and activator of transcription signaling 
pathway (JAK-STAT), and interleukins (ILs).

The members of TLR family, also known as sentinels of the immune 
system, are implicated in the development of viral myocarditis. Mice 
lacking TLR3 have significantly higher mortality after infection with 
enteroviruses.176 Genetic analysis of 57 patients with biopsy-proven 
myocarditis or DCM with biopsies positive for enteroviral RNA 
revealed a higher frequency of certain TLR3 mutations when com-
pared with healthy matched controls.177 Infection of stable cell lines 
expressing mutant TLR3 had minimal effect on induction of type I IFN 
when compared with the cells expressing wild-type TLR3. However, 
virus titers in supernatants from infected mutant TLR3-expressing 
cells were found to be significantly higher than in supernatants from 
cells expressing wild-type TLR3.

Several rodent experiments have highlighted the role of IFNs as the 
first line of defense against cardiotropic viruses.178,179 Indirect evidence 
has also suggested that deficiency in IFN production predisposes to 
development of DCM after infection with cardiotropic viruses. One 
study found that stimulation by staphylococcal enterotoxin B elicited 
a smaller subset of IFN-γ-producing peripheral CD4 lymphocytes in 
patients with DCM when compared with healthy donors.180

JAK-STAT is a key regulator of IFN-responsive genes. The sup-
pressor of cytokine signaling (SOCS) family of proteins negatively 
regulates the JAK-STAT pathway by inhibiting JAK activity and, as a 
result, can downmodulate cytokine production. To evaluate the role of 
SOCS proteins, transgenic mice with cardiac-specific overexpression 
of SOCS1 and SOCS3 were generated. Overexpression of the SOCS1 
gene resulted in higher mortality on infection with CVB3 and was 
associated with increased myocardial inflammation and worsening 
cardiac function.181 CVB3 infection of mice with cardiac-specific trans-
genic expression of SOCS3 led to similar results.182 These findings 
emphasize the importance of local myocardial innate immunity in the 
pathogenesis and prevention of viral myocarditis.

IL-1, tumor necrosis factor (TNF), and bacterial lipopolysaccharide 
all enhance autoimmune injury and cause resistant mice to become 
susceptible to viral myocarditis.183 Data demonstrating enhanced 
expression of intracellular adhesion molecule (ICAM)-1 in murine 
myocytes, as well as both type I and type II major histocompatibility 
complex (MHC) antigens in human myocarditis, also support the 
theory that autoimmunity can play a role in the development of viral 
myocarditis.184-187

Adaptive immunity comes into play at later stages of viral myocar-
ditis, late in the first week and during the second week after infection. 
Activated lymphocytes help eliminate infected cardiomyocytes but can 
also cause “an innocent bystander effect” with excessive tissue damage, 
leading to cardiomyopathy. Cytotoxic T cells recognize both infected 
and uninfected myocytes, and their presence correlates with the degree 
of myocardial damage.188-191 Variants of CVB3 that do not evoke cyto-
toxic T cells directed against both infected and uninfected myocytes 
fail to cause myocarditis, even though they are similar to myocarditic 
strains in their ability to replicate and stimulate neutralizing antibod-
ies.192 Mice lacking p56lck, a tyrosine kinase essential for T-cell activa-
tion, are protected against CVB3 myocarditis. After acquiring CVB3 
infection, animals heterozygous for p56lck developed histopathologic 
changes consistent with DCM, while p56lck-deficient mice maintained 
normal cardiac structure.193 However, it should be noted that in mice 
with severe combined immunodeficiency (SCID) that lack mature B 
and T cells, there is an increase in CVB3-induced cardiomyocyte 
injury.165 IL-17–producing Th17 cells are also implicated in the devel-
opment of myocarditis.194,195 Recently, a survival benefit and decreased 
inflammatory cell infiltration have been observed in the myocardium 
of mice that received allogeneic transplantation, before infection with 
CVB3, of regulatory T cells (Tregs) that limit CD4 activation and 
prevent inflammation.196

contributing to cardiac dysfunction in AIDS, and malnutrition and 
wasting are important independent predictors of cardiac morbidity 
and mortality.148,149 Autoantibodies against myocardial proteins have 
been identified in some AIDS patients with cardiac dysfunction.150

Pathology and Pathogenesis
Most of our knowledge about the pathogenesis of viral myocarditis 
comes from studies of coxsackievirus B-3 (CVB3) and encephalomyo-
carditis virus infection in murine models. Susceptibility to CVB3–
induced myocarditis in a mouse is age dependent and genetically 
determined, and mechanisms of injury vary in different mouse 
strains.151-155 Myocardial pathology also depends on the infectious 
agent, the pathogenic mechanism involved, and the duration of the 
process.

Early in many viral infections in humans, scattered hypereosino-
philic myofibers, widespread edema, and only a few inflammatory cells 
may be present. Later, loss of striation, nuclear degeneration, and frag-
mentation of myofibers can be seen. Degenerating or partially necrotic 
myofibers are usually surrounded by natural killer (NK) cells and mac-
rophages, and later by T lymphocytes. The types of lymphocytes and 
macrophages that are present vary depending on the etiologic agent 
and the stage of infection.156-159 Polymorphonuclear leukocytes are 
occasionally seen.4 Return to normal cardiac function usually precedes 
resolution of the histologic abnormalities.160 The acute process may 
resolve completely; healing and chronicity are reflected by the develop-
ment of interstitial fibrosis and loss of myofibers.161

Coxsackieviruses and adenoviruses both utilize the coxsackievirus 
and adenovirus receptor (CAR) for cell entry.429 Cardiac-specific dele-
tion of CAR protects mice from development of contractile dysfunc-
tion and inflammation in the heart on infection with CVB3.162,163 
Immunohistochemical analysis reveals higher level of expression of 
CAR in the hearts of patients with DCM, although no cause-and-effect 
relationship between CAR expression and DCM was established.164

Direct viral cytotoxicity plays a role in myocardial damage in mice 
and humans,3,4,165,166 and prolonged viral persistence in the myocar-
dium is associated with development of DCM. In a transgenic mouse 
model, constitutive cardiac-specific expression of CVB3 cDNA result-
ing in the synthesis of positive- and negative-strand viral RNA without 
formation of infectious viral progeny leads to development of DCM in 
mice.167 This notion was further supported by a clinical study of 
patients with biopsy-proven viral myocarditis in which prolonged viral 
persistence was associated with persistent immune cell infiltration in 
the myocardium and worsening of cardiac function on follow-up echo-
cardiographic examination.168

At the molecular level, cytotoxicity by CVB3 can be partially 
explained by its production of protease 2A. This viral protease, the 
normal function of which is to cleave the viral polyprotein, also  
cleaves the subsarcolemmal protein, dystrophin, at a specific site. This 
destabilizes the dystrophin–glycoprotein complex, thereby facilitating 
virus propagation in the heart and causing cardiac myocyte dysfunc-
tion.169,170,171,172 Knock-in mutation of the protease 2A cleavage site in 
dystrophin decreases virus titer, disruption of the cell membrane, and 
severity of myocarditis.173 It has also been demonstrated that inducible, 
transgenic expression of CVB protease 2A alone in the myocardium 
can induce a cardiomyopathy that is associated with disruption of  
the sarcolemmal membrane.174 It is also possible that disruption of 
dystrophin–glycoprotein complex in patients with Duchenne muscu-
lar dystrophy leads to increased susceptibility to myocarditis and, sub-
sequently, to cardiomyopathy. There are studies showing that magnetic 
resonance imaging (MRI) or histologic evidence of myocardial inflam-
mation in patients with Duchenne muscular dystrophy portends a 
higher risk of developing heart failure,175 although we are not aware of 
any study that confirms the viral etiology of myocarditis in this patient 
population.

The pathogenesis of any viral infection is tightly linked to host 
immune responses. On one hand, inability to mount effective immune 
responses on myocardial infection can lead to increased virus replica-
tion, viral persistence, chronic infection, or a combination of these that 
may lead to DCM.168 On the other hand, excessive activation of the 
immune system can cause immunopathologic myocardial damage and 
result in cardiomyopathy.
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extrasystoles are common, and occasionally atrioventricular block may 
occur.226,227 Arrhythmias may provide early evidence of involvement of 
the conduction system and may be responsible for the occurrence of 
sudden death in patients with myocarditis. Myocarditis may mimic 
acute myocardial infarction,228-231 but care should be taken not to 
mistake myocardial infarction occurring in a patient with infection for 
myocarditis.232 In fulminant and acute myocarditis, there may be low-
level elevation of cardiac enzymes that remain elevated for several 
days.233,234 Symptomatic pericarditis may or may not be concomitantly 
present.

Diagnosis
Recognizing myocarditis in clinical practice is particularly challenging 
due to the absence of a sensitive and specific “gold standard” for diag-
nosis.13,14,221,225,235 Therefore, it has been difficult to precisely assess the 
diagnostic value of different clinicopathologic symptoms and signs of 
myocarditis.

Accordingly, the diagnosis of myocarditis requires a high index of 
suspicion. In infants, myocarditis is often just one manifestation of a 
widespread fulminant systemic infection. Involvement of the lungs, 
liver, and central nervous system; disseminated intravascular coagula-
tion; and circulatory collapse may obscure the clinical signs of cardiac 
disease.236-239 Recognition of myocarditis can also present difficulties in 
older children and adults when it occurs as part of an overwhelming 
systemic infection. When sought, however, signs of cardiac dysfunc-
tion may be apparent. As stated previously, the diagnosis of myocardi-
tis is generally entertained when a patient presents with new-onset 
heart failure or with more nonspecific symptoms such as unexplained 
chest pain or arrhythmias.

Elevation in myocardial enzymes may occur, but such elevation is 
neither highly sensitive nor specific without additional information. 
Elevations of cardiac troponins occur more frequently than do eleva-
tions of the MB fraction of creatine kinase (CK-MB). In one study only 
34% (18 of 53) of those with biopsy-proved myocarditis had increased 
serum troponin levels, as did 11% (4 of 35) of patients evaluated for 
possible myocarditis in which the biopsy was negative for myocardi-
tis.234 A more recent analysis of patients with a troponin-positive 
episode of chest pain and unobstructed coronary arteries was evaluated 
with cardiac MRI. The most common underlying cause for the troponin 
elevation was myocarditis (50%).240 Another study looked at young 
adults between 18 and 40 who presented with chest pain and elevated 
troponin: 59.2% were diagnosed with myocarditis, while 37.5% had 
myocardial infarction.241 The sensitivity of the newest high-sensitivity 
troponin assays for myocarditis remains to be determined. The CK-MB 
is often elevated in the serum of patients with acute myocarditis and 
significant ST-segment elevation.242,243 Various heart-reactive antibod-
ies have been detected in patients with myocarditis, and their persis-
tence at high titer appears to be a poor prognostic sign. However, the 
clinical utility of these assays remains to be demonstrated.

Various electrocardiographic changes can be present with myocar-
ditis, although they are nonspecific unless there is concomitant peri-
carditis. The changes that may be seen include nonspecific ST-segment 
and T-wave abnormalities, sinus tachycardia, ventricular and supra-
ventricular arrhythmias, and atrioventricular or intraventricular con-
duction disturbances. The degree of ST-segment elevation and the 
extent and duration of later T-wave inversion have been reported to 
correlate with myocardial enzyme release and, therefore, with the 
amount of cell necrosis.223,224,226,243,244 The presence of Q waves in addi-
tion to ST-segment elevation may herald a rapidly fatal course, and 
abnormal QRS complexes and left bundle branch block have been cor-
related with an increased risk of sudden cardiac death and need for 
cardiac transplantation.245,246

Echocardiography is a key tool in the diagnosis and management 
of myocarditis, even though many of its findings are nonspecific. It 
allows careful assessment of ventricular chamber size and function and 
helps exclude other causes of cardiomyopathy such as valvular disease 
and hypertrophic cardiomyopathy. It is also useful for detecting peri-
cardial effusion, ventricular thrombus, aneurysm, and right ventricular 
involvement.247 Contractility in acute myocarditis may range from 
normal to severely compromised and, because the dysfunction is rela-
tively acute, the ventricular chamber may not be greatly enlarged. Thus, 

Mice and humans infected with CVB3 have been shown to develop 
autoimmune heart-reactive antibodies,197-199 which may contribute to 
myocyte destruction.153,200-204 Zhang and colleagues205 demonstrated 
that a live attenuated variant of CVB3 was able to protect mice against 
infection with the cardiovirulent wild-type strain. The attenuated virus 
was able to induce neutralizing antibodies, but, in contrast to wild-type 
virus, the attenuated virus failed to induce significant levels of antibody 
against cardiac myosin. In mice, susceptibility to damage from anti-
myosin antibodies is strain specific and appears to involve a genetically 
determined difference in target-organ sensitivity.206 Antibodies to 
cardiac myosin that cross-react with β1 adrenergic receptors can con-
tribute to cardiomyocyte apoptosis.207,208 Of note, Huber and associ-
ates209 have also described three monoclonal antibodies to group A 
Streptococcus that also bind to various cardiac antigens and neutralize 
a myocarditic strain of CVB3.

Studies in mice also demonstrated increased virulence of CVB3 in 
selenium-deficient mice, which suggests that “oxidative stress” may 
contribute to myocardial damage.210 The identification of CVB viruses 
in the myocardium in patients with Keshan syndrome, a form of myo-
carditis prevalent in a selenium-deficient region of China,211 suggests 
that this murine model may have direct relevance to myocarditis in 
humans. Nonsteroidal anti-inflammatory agents may also have delete-
rious effects,212 perhaps through inhibition of IFN production.213

The immune response has been shown to have a significant role in 
Chagas’ disease. In acute Chagas’ disease, pathologic examination often 
reveals parasites within cardiac myocytes. When rupture of the cysts 
occurs, there is a marked inflammatory infiltrate consisting of lympho-
cytes, plasma cells, macrophages, and some eosinophils.108,122 In chronic 
Chagas’ disease, the heart is often enlarged and flabby. Aneurysm 
formation may be present at the apex. The conduction system is often 
involved, and this is reflected by a high frequency of rhythm distur-
bances. Microscopic examination reveals focal mononuclear cell infil-
trates and fibrosis.108,122,214,215 At this stage, parasites can be identified in 
only 25% of patients.215 Epitopes shared by T. cruzi and cardiac myo-
cytes and recognized by cytotoxic T cells may play an important role 
in the progression of myocarditis late in the disease.105,216 Rupture 
of parasitized fibers is followed by infiltration of neutrophils and 
eosinophils.122

Myocardial microabscesses, affecting both myocytes and the con-
ducting system, may occur in the course of systemic bacterial infec-
tions with organisms such as Staphylococcus aureus, but heart failure 
is rarely a direct consequence of such lesions.71,72 In experimental 
animals, Borrelia burgdorferi has a predilection for connective tissue in 
the heart base, and disease severity correlates with the number of 
spirochetes found.92,217 Mouse models suggest that infection with B. 
burgdorferi has a different pathogenesis than enterovirus myocarditis; 
injury is independent of class II MHC–T-cell interactions and results 
from the response of macrophages to the spirochetes.218

Rickettsia and most fungi produce vasculitic lesions with surround-
ing inflammation. Damage to myocytes may be caused by the adjacent 
inflammatory process or may reflect anoxia caused by occlusion of 
small blood vessels.

Diphtheria toxin inhibits cellular protein synthesis. This results in 
hyaline degeneration and necrosis of myocardial fibers with a second-
ary inflammatory response.4,51

Clinical Manifestations
Patients with myocarditis may be asymptomatic with subacute infec-
tion, or they may have a rapidly progressive fatal disease known as 
fulminant myocarditis14,219-221 with a full range of presentations in 
between. Broadly, myocarditis is often classified as fulminant, acute, or 
chronic.

The diagnosis of infectious myocarditis is usually considered when 
a person develops unexplained heart failure, chest pain or arrhythmias, 
or when cardiac abnormalities occur in the course of a recognized 
systemic infection. Although the diagnosis is made more commonly 
in pediatric and young adult populations, it is not exclusive to these 
groups. Fever, malaise, arthralgias, or upper respiratory tract symp-
toms may precede or accompany coxsackievirus myocarditis,222-224 
but these symptoms are not specific nor are they required to make  
the diagnosis.13,225 Supraventricular tachycardia and ventricular 
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diagnostic accuracy, 79%). These indicators are even better in patients 
with “infarct-like myocarditis” (elevated troponin levels, chest pain, 
and ST-segment elevation), with sensitivity, specificity, and diagnostic 
accuracy of 86%, 75%, and 84%, respectively. In contrast, diagnostic 
performance of CMR imaging in suspected chronic myocarditis was 
found to be unsatisfactory.261

EMB continues to be an important technique for the diagnosis of 
myocarditis. In 1986 a panel defined what are known as the “Dallas 
criteria” for making the diagnosis of myocarditis from EMB samples.262 
These criteria require an inflammatory infiltrate and associated 
myocyte necrosis or damage not characteristic of an ischemic event 
(Fig. 86-4). Borderline myocarditis is diagnosed in the presence of a 
less intense inflammatory infiltrate and does not require light micro-
scopic evidence of myocyte necrosis. Both sampling error and vari-
ability in interpretation limit the usefulness of the Dallas criteria in 
clinical practice.235 For example, postmortem analysis of hearts from 
patients who died of myocarditis demonstrated that a single biopsy met 
Dallas criteria in only 25% of hearts, and five biopsies only made the 
diagnosis in approximately two thirds of the hearts,263,264 which is a 
reflection of the focal nature of the inflammatory response.

Alternative criteria based on cell-specific immunoperoxidase stains 
for surface antigens on immune cells offer higher sensitivity and may 
have prognostic value.187,265,266

Although there are regional differences in the use of EMB and dif-
ferences of opinion regarding its usefulness, EMB continues to have a 
role in establishing the diagnosis of myocarditis in new-onset heart 
failure.267 Guidelines published under the auspices of the major cardio-
vascular and heart failure societies in 2007 recommend EMB in:
1. “Unexplained, new-onset heart failure of less than 2 weeks’ duration 

associated with a normal-sized or dilated left ventricle in addition 
to hemodynamic compromise.

2. Unexplained new-onset heart failure of 2 weeks’ to 3 months’ dura-
tion associated with a dilated left ventricle and new ventricular 
arrhythmias, Mobitz type II second- or third-degree atrioventricu-
lar (AV) heart block, or failure to respond to usual care within 1 to 
2 weeks.”267

The European community has favored more liberal recommenda-
tions regarding the indications for EMB. They recommend EMB for 
essentially all patients suspected of having myocarditis.268 Complica-
tions from right ventricular EMB are generally minor and can occur 
in up to 6% of cases. Serious adverse consequences (i.e., death, 

fulminant myocarditis is associated with a severe decrease in cardiac 
function but relatively normal ventricular diastolic dimension and 
sometimes even increased septal thickness due to inflammation and 
edema.248 Generally, ventricular dysfunction associated with myocar-
ditis is global; however, myocardial involvement can be focal in nature 
and can present with regional wall motion abnormalities that are dif-
ficult to differentiate from myocardial ischemia. In a small study of 
patients with biopsy-proven myocarditis, echocardiographic evidence 
of right ventricular dysfunction was the strongest predictor of death 
or the need for cardiac transplantation.249

Repeated echocardiographic examinations may be used to monitor 
the resolution or progression of myocarditis. Persistent wall motion 
abnormalities and ventricular dilation suggest the development of 
chronic myocarditis (DCM). It is not possible on echocardiogram to 
differentiate cardiac dysfunction due to myocarditis from dysfunction 
due to other causes, such as ischemic cardiomyopathy, chronic hyper-
tension, and hereditary cardiomyopathies, but it can help identify car-
diomyopathies that may be due to valvular abnormalities.

Cardiac magnetic resonance (CMR) imaging has become a valuable 
tool for the noninvasive diagnosis of myocarditis. Several techniques 
have been developed to improve the sensitivity and specificity of CMR 
imaging for the diagnosis of myocarditis. T2-weighted CMR imaging 
allows visualization of myocardial edema.250,251 Early T1-weighted 
gadolinium enhancement (EGE) can detect hyperemia and myocardial 
inflammation.250,252-254 Late gadolinium enhancement (LGE) can iden-
tify areas of necrosis and fibrosis, and it has been found to be a useful 
technique for diagnosing this type of injury in myocarditis.250,255-258

In the case of myocarditis, LGE is usually observed in subepicardial 
regions or the mid wall of the left ventricle. Subendocardial sparing 
distinguishes myocarditic patterns of LGE from ischemic injury. In 
myocarditis, LGE tends to be more extensive and is frequently distrib-
uted in noncontiguous patches that often involve the lateral wall (Fig. 
86-3).255,259 In a recent study, the presence of LGE was strongly predic-
tive of cardiac mortality.260 Proposed “Lake Louise Criteria” for CMR 
image–based diagnosis of myocarditis recommend using a combina-
tion of all three MRI sequences (T2-weighted images, EGE, and LGE) 
in evaluation of patients with suspected myocarditis.9

On the basis of these criteria in the setting of clinically suspected 
acute myocarditis, at least two of the following should be present to 
confirm the diagnosis:
• Regional or global myocardial signal intensity increase in T2-weighted 

images, indicating tissue edema
• Increased global myocardial EGE in T1-weighted images
• Presence of at least one focal lesion with nonischemic regional dis-

tribution of LGE
Lurz and colleagues261 assessed the sensitivity and specificity of 

these criteria by comparing CMR imaging with EMB in patients with 
suspected acute myocarditis (symptoms duration < 14 days) and 
chronic myocarditis (symptoms duration > 14 days). They found that 
CMR imaging diagnostic performance is good in patients with sus-
pected acute myocarditis (sensitivity, 81%; specificity, 71%; and 

FIGURE 86-3 Late gadolinium enhancement magnetic resonance 
images of the heart. A, Normal myocardium. B, Regional, subepicardial 
enhancement of the lateral wall (arrow). (Modified from Friedrich MG, 
Sechtum U, Schulz-Menger A, et al. Cardiovascular magnetic resonance 
in myocarditis. J Am Coll Cardiol. 2009;53:1475-1487.)

A B

FIGURE  86-4 Coxsackievirus myocarditis with extensive infiltra-
tion of mononuclear cells and myocyte necrosis. (Modified from 
Badorff C, Knowlton KU. Dystrophin disruption in enterovirus-induced 
myocarditis and dilated cardiomyopathy: from bench to bedside. Med 
Microbiol Immunol. 2004;193:121-126.)
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A wide variety of noninfectious diseases and agents may mimic 
infectious myocarditis and produce identical clinical syndromes (see 
Table 86-2).

Treatment
Because there is a lack of specific therapies for myocarditis of various 
etiologies, the mainstay of therapy for myocarditis is supportive care 
and standard management of CHF. With that treatment many patients 
with viral myocarditis recover.292-294

Management of CHF secondary to myocarditis includes agents that 
inhibit angiotensin signaling such as angiotensin-converting enzyme 
inhibitors and angiotensin receptor blockers, chronic β-blocker 
therapy, aldosterone antagonists and diuretics for volume overload, as 
well as device-based therapy when indicated. However, it should be 
noted that these therapies have not been proven specifically in patients 
with myocarditis and the recommendations are derived from thera-
peutic recommendations for CHF in general. For this reason, animal 
models of myocarditis provide valuable insight. In mice infected with 
either CVB3 or encephalomyocarditis virus, treatment with captopril, 
an angiotensin-converting enzyme inhibitor used in the treatment of 
heart failure from a variety of causes, reduced inflammation and 
enhanced survival. A nonspecific β-blocker has also been shown to be 
beneficial in mouse myocarditis.295 However, digitalis worsened murine 
myocarditis.296 Captopril has also been shown to ameliorate myocardi-
tis in a mouse model of Chagas’ disease.297 Calcium channel blockers 
have improved murine myocarditis, but the application of these thera-
pies is not well established in patients.298-300

Fulminant myocarditis is defined by the presence of cardiogenic 
shock and, therefore, requires aggressive therapy aimed at hemody-
namic support. This usually includes inotropic agents to maintain 
cardiac output and blood pressure and, in extreme cases, requires 
support with a ventricular assist device. Aggressive support is crucial 
because long-term survival and recovery from this disease is reported 
to be higher than 90% despite its severity on presentation.219,301 Trans-
plantation may be required if improvement does not occur with circu-
latory support by a ventricular assist device. However, sufficient time 
should be given to permit spontaneous recovery before considering 
cardiac transplantation because the long-term prognosis is generally 
good.281,293,301-303

Given the presence of a marked inflammatory infiltrate in the heart 
in most cases of myocarditis, considerable attention has focused on 
therapies aimed at inhibiting the immune system. Early in experimen-
tal CVB3 infection in mouse models, indomethacin, salicylates, and 
ibuprofen all increase viral replication and mortality.212,304-306 No con-
trolled data regarding their use in patients with myocarditis are 
available.

Administration of glucocorticoids during the acute phase of viral 
myocarditis is not established, and the deleterious effects of these drugs 
have been clearly demonstrated in the acute phase of coxsackievirus 
infection in mice.307,308 In some uncontrolled trials, patients with myo-
carditis proved by EMB or with positive gallium scans who were given 
immunosuppressive agents showed improvement,309-312 but, with the 
exception of a methodologically flawed trial in children,313 controlled 
trials have failed to show benefit from treatment with prednisone alone 
or in combination with cyclosporine.314-317 The largest controlled trial 
to date, which compared conventional therapy for CHF with conven-
tional therapy plus prednisone and cyclosporine, failed to show benefit 
from immunosuppression.314 A subset analysis of immunologic data 
from this study suggests that an early immune response may improve 
outcome, whereas an inadequate early immune response may predis-
pose to viral persistence and chronic immunologic damage.314

As knowledge of the pathogenesis of viral myocarditis increases  
and our ability to rapidly identify the etiologic agents improves, sub-
groups that might benefit from immunosuppressive therapy may 
emerge. An example is the clearly beneficial effect of immunosuppres-
sion on giant cell myocarditis.318 In the first randomized, placebo-
controlled trial in patients with virus-negative myocarditis, in which 
EMBs were analyzed for the presence of inflammation and molecular 
analyses excluded viral infection, combination therapy with predni-
sone and azathioprine improved LV dimensions and ejection fraction 
compared with placebo.319

tamponade, perforation) occur in less than 1% if the operator is 
experienced.256,269-271

Isolation of a virus that has been shown to be strongly associated 
with myocarditis or cardiomyopathy from the myocardium or demon-
stration of viral proteins or nucleic acids in the myocardium provides 
strongly supportive evidence that virus infection is the cause of the 
cardiomyopathy. However, except for neonatal myocarditis or myocar-
ditis occurring in immunocompromised patients or in some cases of 
fulminant myocarditis, viruses are rarely isolated from cardiac 
tissue.14,26,34,221,272 To date, diagnosis of viral myocarditis has generally 
been based on the isolation of virus from another site (e.g., stool), the 
demonstration of a fourfold or greater rise in antibody titer from acute 
to convalescent sera, or the demonstration of a high titer of virus-
specific immunoglobulin M antibody in serum.* At best, such data 
provide only circumstantial evidence of causation of myocarditis and 
must be interpreted with caution because of the prevalence of asymp-
tomatic infections by the same agents that cause myocarditis. In a 
typical prospective study, 26% of patients without myocarditis had 
serologic evidence of infection with agents known to cause myocardi-
tis.226 These traditional methods have failed to provide a specific diag-
nosis in most patients with myocarditis of presumed viral origin. Viral 
serologies have been shown to have poor sensitivity and specificity for 
identifying the etiology of viral myocarditis.276

The use of molecular techniques for the detection, amplification, 
and identification of viral nucleic acids in cardiac tissue obtained by 
EMB is now providing interesting, but somewhat confusing, data on 
the viral etiology of myocarditis and DCM.† Cloned DNA fragments 
complementary to different regions of the enterovirus genome have 
served as either type-specific or broadly cross-reactive hybridization 
probes, and PCR primers capable of detecting or amplifying nucleic 
acid sequences of a specific virus (e.g., CVB3) or most enteroviruses 
or adenoviruses permit the detection of viral genomes with unprece-
dented sensitivity. In-situ hybridization, although somewhat less sensi-
tive than PCR, has the advantage of identifying the specific cells that 
are infected, whereas PCR can increase the sensitivity of the assay to 
between 1 and 10 viral genomes per milligram of tissue. Overall, 
enteroviral RNA has been detected by these techniques in approxi-
mately 25% of specimens from patients with myocarditis and in about 
15% of specimens from patients with DCM. Similar figures have been 
reported for adenoviral DNA.8,12,28

Results from individual studies have varied markedly, however. A 
large proportion of cases in which coxsackieviruses were implicated 
serologically did not give positive results by in-situ hybridization.277,282 
Furthermore, the cells that contained enteroviral RNA were often not 
in areas of myocarditis,277 and, in some studies, enteroviral RNA was 
also detected by PCR in cardiac tissue from control patients with a 
variety of other conditions but not from noncardiac control tissues.279 
These results raise a number of difficult questions, including the speci-
ficity of the assays, the sensitivity and validity of the histopathologic 
assessments, and the pathogenetic significance of enteroviral RNA in 
the absence of inflammation or necrosis. The interpretation of such 
results is even more problematic when the viruses in question are 
members of the herpesvirus or parvovirus families, which regularly 
persist in normal persons and which may even be present in the 
blood.284-287 However, the presence of coxsackie B virus genomes within 
cardiac myocytes that can induce DCM in the absence of both virus 
replication and immune activation suggests that the mere presence of 
enterovirus RNA in the heart may have pathogenetic significance.167 In 
some studies, the presence of enteroviral RNA in patients with myo-
carditis or DCM has been associated with a favorable prognosis,289 but 
in others, patients with demonstrated enteroviral RNA have had a poor 
outcome.283,290 Coupling PCR with mass spectrometry analysis has 
recently provided a method to rapidly detect and semiquantify 
common viruses in cardiac tissue and is capable of identifying 84 
human viruses in one assay.291

The limitations of current diagnostic strategies underline the 
importance of identifying novel biomarkers for the diagnosis of viral 
myocarditis.

†References 1, 8, 12, 13, 20, 26, 27, 242, 268, 272, 273, 275, 277-283.
*References 19, 21-23, 25, 29, 30, 34, 35, 56, 222, 275.
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against diphtheria, poliomyelitis, variola, measles, mumps, rubella, 
varicella, hepatitis virus A and B, influenza A and B, Haemophilus 
influenzae type b, Streptococcus pneumoniae, and Neisseria meningitidis 
have eliminated myocarditis caused by these infectious agents. The fact 
that most cases of myocarditis and DCM in North America and Europe 
are caused by a limited group of viral pathogens, namely CVB viruses, 
adenoviruses, and, perhaps, parvovirus B19, should make it possible 
to markedly reduce the incidence of myocarditis and DCM in these 
regions. A safe and effective vaccine against the coxsackie B viruses 
could be produced with the same technique currently used to produce 
inactivated polio vaccine. A safe and effective live oral adenovirus 
vaccine is currently administered to U.S. military recruits, and a mul-
tivalent adenovirus vaccine capable of markedly reducing the inci-
dence of myocarditis and DCM caused by adenoviruses is feasible. 
Although no vaccine is currently available for parvovirus B19, vaccines 
have been produced against animal parvoviruses and the technology 
is readily available. The major impediments are cost and the relatively 
small fraction of infections by these agents that result in myocarditis 
or DCM. However, DCM occurs with an estimated annual incidence 
of 2 to 8 cases per 100,000, causes significant morbidity and mortality, 
and is the major reason for cardiac transplantation in the United States 
and Europe. This should provide sufficient rationale for considering 
vaccine development.

In addition to vaccination, proper nutrition with adequate selenium 
is thought to have had a beneficial effect, at least in the Keshan province 
in China, where selenium deficiency is prevalent.210,350

PERICARDITIS
Pericarditis (inflammation of the pericardium) may be caused by any 
of a wide variety of infectious and noninfectious processes. Pericarditis 
is generally classified as acute, recurrent, or chronic. This chapter 
focuses primarily on the etiologies of pericarditis with less emphasis 
on these different presentations because the different infectious etiolo-
gies can contribute to all classifications.351 Pericarditis may be clinically 
silent or may result in severe hemodynamic compromise and death. In 
1892, Sir William Osler called attention to the frequency with which 
pericarditis was overlooked by the practitioner,352 and series indicate 
that this is still true today.353-364 Advances in medicine, including anti-
biotic therapy, cardiac surgery, hemodialysis, cancer chemotherapy, 
and organ transplantation, as well as the current epidemic of HIV 
infection and AIDS, have altered the etiologic spectrum of pericarditis 
over the course of the 20th century. Idiopathic and viral pericarditis 
now predominate and usually result in a benign, self-limited disease. 
Purulent bacterial pericarditis and tuberculous pericarditis are now 
less common, but they still cause significant morbidity and mortality 
and present a formidable diagnostic challenge.

Etiologic Agents
Because of the difficulty in establishing a specific diagnosis, the cause 
of acute, self-limited pericarditis in most cases is never determined and 
the disease is classified as idiopathic. In some series, idiopathic peri-
carditis accounted for 40% to 86% of patients hospitalized with acute 
pericarditis.356-362,365 There are no clinical or epidemiologic features that 
distinguish idiopathic pericarditis from acute pericarditis of proven 
viral origin. Thus it is likely that viral infections are responsible for 
many, if not most, cases of acute pericarditis presently classified as 
idiopathic.

Most viruses infecting the heart can affect both the myocardium 
and the pericardium (see previous discussion). Of the many viruses 
associated with heart disease, the enteroviruses, especially the cox-
sackieviruses, are most frequently implicated in pericarditis.35,361,366-368 
The association of myopericarditis with coxsackieviruses was first 
demonstrated in neonates with overwhelming, fatal systemic infec-
tions.369 Pericarditis has also been recognized in the setting of epidemic 
coxsackievirus infections.370 A century ago, cases of acute benign peri-
carditis were recognized during epidemics of Bornholm disease (epi-
demic pleurodynia), and it was postulated that the etiologic agent of 
the two diseases was the same.25,370 Subsequently, the group B coxsacki-
eviruses were shown to be the principal cause of epidemic pleurodynia, 
and their etiologic role in the associated cases of pericarditis was well 
established.370

Data from mice and uncontrolled studies in humans suggest a 
beneficial role of immunoglobulins containing antibodies to the caus-
ative virus in the treatment of viral myocarditis and DCM. In mouse 
models of myocarditis induced by CVB3 and encephalomyocarditis 
virus, immunoglobulin administration suppressed myocardial damage 
and increased survival, in association with a reduction in levels of 
proinflammatory cytokines and adhesion molecules, including TNF, 
IFN-γ, IL-6, and ICAM-1.320,321 Maisch and colleagues322 demonstrated 
improvement of hemodynamic function and the eradication of virus 
after hyperimmune globulin treatment of patients with cytomegalovi-
rus myocarditis. An uncontrolled study in patients with idiopathic 
cardiomyopathy and an EMB-proven high PVB19 viral load demon-
strated mild improvement in left ventricular (LV) ejection fraction with 
intravenous immune globulin (IVIG) therapy.323 Another small uncon-
trolled trial showed significantly improved ejection fractions in 10 
patients with new-onset DCM or myocarditis who had New York Heart 
Association (NYHA) class III/IV heart failure with immunoglobulin 
administration.324 However, a placebo-controlled study in adults with 
acute-onset DCM failed to demonstrate any benefit of treatment with 
IVIG.325 Because there are only limited data from randomized trials of 
immunoglobulin treatment of myocarditis, some experts have con-
cluded that, “there are insufficient data from methodologically strong 
studies to recommend routine use of IVIG for acute myocarditis.”326

Promising data suggest the efficacy of IFN treatment of viral myo-
carditis. Studies in mice327,328 and anecdotal reports in patients329-331 
suggest potential benefit, although a small, single-center, matched-
cohort trial demonstrated no significant difference in results between 
patients receiving IFN and controls.332 A randomized, partially blinded 
phase II trial of IFN-β1b in patients with biopsy-proven chronic viral 
cardiomyopathy (CVC) showed that “IFN-β1b treatment resulted in 
virus clearance or a reduction in virus load, with favorable effects  
on quality of life, NYHA functional class, and patient global self-
assessment in patients with CVC.” The therapy was reported as safe. 
The patients’ EMBs were all positive for enterovirus, adenovirus, or 
parvovirus B19.333 A subsequent, small study reported that IFN-β 
therapy improved survival and clearance of enterovirus in patients who 
were PCR positive for enterovirus on EMB.334

Additional data suggest that immunoadsorption therapy might be 
beneficial in patients with myocarditis and inflammatory cardiomy-
opathy. Controlled randomized studies demonstrated improved 
cardiac index in patients with DCM, with elimination of anticardiac 
antibodies by immunoadsorption.335,336 In an uncontrolled trial, 
improvement in exercise capacity and decrease in NT-pro-brain natri-
uretic peptide levels were reported in patients with DCM following 
immunoadsorption therapy.337,338 Bulut and colleagues339 reported an 
increase in LV ejection fraction and a decrease in LV end diastolic 
dimension after this therapy. These data are intriguing, although larger 
randomized, controlled clinical trials are necessary to prove the benefit 
of immunoadsorption therapy. Currently, there is an ongoing trial 
enrolling 200 patients with DCM to assess the effect of immunoad-
sorption on LV ejection fraction (NCT00558584).

Ganciclovir has been used successfully in the treatment of severe 
cytomegalovirus infections including myocarditis.340 No antiviral 
drugs with efficacy against the enteroviruses are commercially avail-
able at this time. Pleconaril, an experimental agent active against most 
members of the Picornavirus family, including enteroviruses, has 
shown some benefit in clinical trials (see Chapter 47) but was not 
approved due to side effects.341-343 Pleconaril integrates into the picor-
navirus capsid and prevents the virus from attaching to cellular recep-
tors and uncoating to release its RNA into the cell cytoplasm. 
WIN54954, an earlier compound in the same family, had potent anti-
viral effects in mouse models of CVB3 myocarditis,344-347 but adverse 
effects limited its development.

Exercise has been shown to increase mortality in murine models of 
CVB3 myocarditis and to worsen wall motion abnormalities in humans 
with myocarditis.29,222,348,349 Thus, bed rest is generally recommended in 
cases of acute myocarditis.

Prevention
The most effective means of preventing myocarditis is to eliminate its 
causes. To the extent that they have eliminated the diseases, vaccines 
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Coxsackieviruses have only rarely been isolated from pericardial 
fluid363,364,368 and, as with myocarditis, most diagnoses have been based 
on the isolation of virus from other body sites (e.g., stool) or the dem-
onstration of a fourfold or greater rise in antibody titer after the acute 
illness, or both.363,364,368,372-375 A number of other viruses have also been 
shown to cause pericarditis, but symptomatic involvement of the peri-
cardium is uncommon. When it occurs, it is often a manifestation of 
severe disseminated infection. Viruses known to cause pericarditis are 
listed in Table 86-3.

A wide variety of bacteria can cause pericarditis. In the preantibi-
otic era, purulent pericarditis occurred primarily as a complication  
of pneumonia in previously healthy children and adults.353,355-357,376,377 
Of the 425 cases of purulent pericarditis reported in 1961 by Boyle  
and colleagues,376 43% were associated with pleuropulmonary infec-
tions. S. pneumoniae and S. aureus accounted for more than half of 
the cases. With the advent of antibiotics, the incidence of purulent 
pericarditis decreased markedly. Although staphylococci and strepto-
cocci are still etiologic in a substantial number of cases,354,378-386 the 
incidence of pneumococcal pericarditis has declined substantially,  
and gram-negative bacilli have assumed a much more important 
role.353-355,377,387-395 Patients with purulent pericarditis are now often 
older and have an underlying predisposing condition.353-357,377 Recent 
reports emphasized the importance of anaerobic bacteria, such as  
Actinomyces, Prevotella, Fusobacteria, Peptostreptococcus, and Propi-
onibacterium, in pericarditis complicating esophageal perforation 
and mediastinitis from head and neck infections,396-401 but anaerobes 
can also seed the pericardium via the blood stream.398-400 Purulent 
pericarditis may occur as a complication of meningococcal meningitis 
or fulminant meningococcemia, but N. meningitidis, especially sero-
group C, also causes primary pericarditis.402-404 A reactive, culture-
negative pericarditis, presumably of immune origin, may also occur 
after successful treatment of meningococcal infection at another 
site.402,403 Neisseria gonorrhoeae may also cause pericarditis, which may 
be either purulent or reactive.405,406 M. pneumoniae can cause pericar-
ditis; although it is uncommon, this manifestation has been observed 
in almost 1% of patients hospitalized with M. pneumoniae infec-
tion.81,82,407,408 Legionella pneumophila has been isolated from pericar-
dial fluid,409-411 and pericarditis has occurred in association with 
pneumonia409-413 and endocarditis.414 Pericarditis has been observed in 
children and adults with Lyme disease, but myocarditis is a more 
common manifestation of B. burgdorferi infection.95,415

Bacterial infections account for proportionately more pericarditis 
in children; S. aureus, H. influenzae, and N. meningitidis are the most 
common etiologic agents.416-419 Childhood immunization with H. influ-
enzae type b conjugate vaccine has markedly reduced the frequency 
of H. influenzae type b infection in children, and this should result 
in a comparable reduction in the incidence of H. influenzae type b 
pericarditis.

Acute or chronic pericarditis is reported to occur in approximately 
1% of patients with pulmonary tuberculosis.420 Before the AIDS epi-
demic, because of the declining incidence of primary tuberculosis  
and the use of effective chemotherapy, Mycobacterium tuberculosis 
accounted for less than 5% of cases of acute pericarditis in Europe  
and North America.420-423,424 In contrast, tuberculous pericarditis is 
a major cause of heart disease in Africa139,221,425-427 and in patients 
with AIDS.428,430,431 Diagnosis is difficult and mortality remains 
high.421,422 M. tuberculosis continues to be an important treatable 
cause of chronic pericardial effusion and constrictive pericarditis (see 
Chapter 251).423,425-427,432-436

Primary pathogenic fungi are infrequently recognized as a cause  
of pericarditis. However, in large outbreaks, pericarditis occurred in 
6% of patients with acute symptomatic histoplasmosis.437,438 In most, 
it appeared to represent a sterile inflammatory response to infection  
in adjacent mediastinal lymph nodes and resolved spontaneously 
without specific therapy. In disseminated histoplasmosis, the peri-
cardium itself may be infected with Histoplasma capsulatum.437,438 
Pericarditis is rarely recognized in acute coccidioidomycosis.439 Spon-
taneously resolving cases resembling those seen in acute histoplas-
mosis have been described,440 but most reported cases have occurred 
in the setting of disseminated coccidioidomycosis and represent  
Coccidioides immitis infection of the heart.441-444 Fungal pericarditis 

TABLE 86-3  Infectious Causes of Pericarditis

Viruses
Coxsackie A viruses30,292

Coxsackie B viruses12,27,35,236,366,367,369,370,507,508,522

Echoviruses513-515

Adenoviruses462

Mumps virus19,528,628

Influenza A and B viruses20,531-534,627

Lymphocytic choriomeningitis virus541

Lassa fever virus542-544

Varicella-zoster virus629

Human cytomegalovirus630-634

Epstein-Barr virus560,566

Herpes simplex virus635,636

Variola (smallpox) virus572

Vaccinia virus573-575,637

Hepatitis B virus580

Human immunodeficiency virus131,133-138,147,148

Bacteria and Rickettsia
Streptococcus pneumoniae376-379

Other streptococcal species69,380-384,638,639

Staphylococcus aureus71,72,353,376,377,385,386

Neisseria meningitidis58,59,402-404

Neisseria gonorrhoeae405,406

Haemophilus influenzae416-419

Salmonella60-62,387,388

Yersinia389

Francisella tularensis390,391,640

Pseudomonas392

Campylobacter393,394

Brucella395

Listeria monocytogenes74,641

Nocardia642

Actinomyces396,397

Other anaerobic bacteria398-401

Corynebacterium diphtheriae643

Mycobacterium tuberculosis421,422,423,424-426,427,428,430-433

Nontuberculous mycobacteria457-460,644

Legionella pneumophila409-414

Mycoplasma pneumoniae81,82,407,645,646

Coxiella burnetii647

Chlamydia83

Borrelia burgdorferi94,95,98,101,415

Fungi
Aspergillus121,122,123,446,648-650

Candida species121,122,123,447

Blastomyces445

Coccidioides immitis441,448,449

Cryptococcus neoformans122,123

Histoplasma capsulatum437

Parasites598

Entamoeba histolytica651-654

Toxoplasma gondii655,656

Toxocara canis657

Schistosoma658

(resulting from direct inoculation or extension of mediastinal infec-
tion) is seen with increasing frequency as a complication of cardiotho-
racic surgery.377 Pericarditis caused by Candida spp., Aspergillus spp., 
Cryptococcus neoformans, and other fungi occurs as a consequence 
of disseminated infection, by direct extension, or following surgery, 
primarily in severely debilitated and immunocompromised patients, 
especially those with prolonged neutropenia who are receiving mul-
tiple courses of antibiotics.121,122,123,445-447,448-455
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described.422,433 In the first stage, there is diffuse fibrin deposition 
and granulomas with viable mycobacteria (Fig. 86-5). A serous or 
serosanguineous pericardial effusion then develops, usually quite 
slowly and often without symptoms. Lymphocytes, monocytes, and 
plasma cells replace the polymorphonuclear cells that are present early 
in infection. In the third stage, the effusion is absorbed, the pericar-
dium thickens, granulomas proliferate, and a thick coat of fibrin is 
deposited on the parietal pericardium. Acid-fast bacilli become diffi-
cult to find as dense fibrous tissue and collagen are deposited. In stage 
4, which is associated with constriction, the pericardial space is obliter-
ated by dense adhesions, the parietal pericardium is markedly thick-
ened, and many granulomas are replaced by fibrous tissue. This is often 
followed by the accumulation of cholesterol crystals and calcification. 
Constrictive pericarditis may develop in up to 50% of patients with 
tuberculous pericarditis despite the use of antituberculous chemother-
apy.§ Although the incidence of tuberculosis has declined, it remains 
an important cause of constrictive pericarditis, especially in underde-
veloped countries.425-427,434

Regardless of the cause, if fluid accumulates rapidly in the pericar-
dium and intrapericardial pressure rises, cardiac tamponade may 
result. Tamponade implies a progressive limitation of ventricular dia-
stolic filling, with resultant reduction in stroke volume and cardiac 
output. In a series of medical patients with early cardiac tamponade, 
the cause was infectious in 12.5%, noninfectious in 74%, and undeter-
mined in the remainder.472 However, the proportion of cases that are 
idiopathic, associated with infection, or associated with other causes 
(e.g., cardiac surgery) will depend on the population studied.354,358,372,430,431

Clinical Manifestations
The presentation of acute pericarditis varies depending on the cause. 
However, chest pain, pericardial friction rub, typical ECG changes, and 
pericardial effusion are the most typical clinical manifestations of peri-
carditis.473 Even though the clinical suspicion of pericarditis may be 
high, it is important to consider the possibility of other causes of chest 
pain including coronary artery disease. As the sensitivity of biomarkers 
of myocardial injury increases, it is likely that a greater proportion of 
patients with manifestations of pericarditis will also have evidence of 
myopericarditis as manifested by elevations in troponin I or T.

In viral or idiopathic pericarditis, chest pain is an important feature. 
This pain is often retrosternal, radiating to the shoulder and neck, and 
typically is aggravated by breathing, swallowing, and lying supine. In 
Smith’s review of CVB heart disease in adults,367 67% of patients had 
chest pain. Fever was present in 59%. A concurrent or prodromal 
flulike illness with malaise, arthralgias, myalgias, and occasionally 
cough with sputum was present in 36%.

Pericardial effusions, most of which are asymptomatic, occur in 
10% to 50% of patients with HIV infection and AIDS.131,137,431,456 
Although most are idiopathic, two thirds of the cases with tamponade 
are caused by infection or neoplasm; M. tuberculosis and nontubercu-
lous mycobacteria, particularly Mycobacterium avium-intracellulare 
complex and Mycobacterium kansasii, are responsible for 30% to 50%, 
and a wide variety of viral, bacterial, and fungal agents have also been 
isolated from the pericardial fluid.131,137,431,456-464 Malignant effusions 
have also been observed, primarily EBV-associated lymphomas and 
Kaposi sarcoma.‡. As with myocarditis, pericardial effusions in HIV-
infected patients are associated with advanced stages of infec-
tion.431,461,462,464 The rare parasitic causes of pericarditis are referenced 
in Table 86-3.

Pathology, Pathogenesis, 
and Pathophysiology
The pericardium has two opposing mesothelial surfaces. The parietal 
pericardium forms a flask-shaped sac that encloses the heart and 
origins of the great vessels. It consists of a 1-mm-thick layer of dense 
collagen lined by a single layer of mesothelial cells, which are covered 
by microvilli. The mesothelial cell layer is reflected onto the epicardial 
surface of the heart to form the visceral pericardium. The parietal 
pericardium has firm attachments to the sternum, diaphragm, and 
adventitia of the great vessels. The function of the normal pericardium 
has been a matter of considerable investigation and speculation.465 It 
normally contains 15 to 50 mL of clear fluid, which may act as a lubri-
cant. The pericardium reacts to acute injury by exuding fluid, fibrin, 
and cells in various combinations.434,462,465,466 Acute pericarditis may 
resolve completely or progress to fibrous thickening, with or without 
constriction.

Cardiotropic viruses usually spread to the myocardium and peri-
cardium hematogenously. Inflammation occurs in both visceral and 
parietal portions; effusion may develop and may be serous, serofibri-
nous, or serosanguineous. Concomitant myocarditis may or may not 
be evident. Although most patients with viral pericarditis recover com-
pletely, some have repeated disabling recurrences.357,466-469 The patho-
physiology of these recurrences has not been established, but it 
probably involves immunologic mechanisms and not recurrent or per-
sistent virus replication. Acute pericarditis can cause a pericardial effu-
sion that, in a small percentage of patients, causes pericardial 
tamponade. Rarely, viral pericarditis leads to constriction as a late 
complication.375

Bacterial pericarditis results from (1) spread from a contiguous 
focus of infection within the chest, either de novo or after surgery or 
trauma; (2) spread from a focus of infection within the heart, most 
commonly from endocarditis; (3) hematogenous infection; or (4) 
direct inoculation as a result of penetrating injury or cardiothoracic 
surgery. The incidence of purulent pericarditis arising from a contigu-
ous pneumonia has steadily decreased and now usually occurs only 
when there has been significant delay in antibiotic therapy.353,355,377,378 
Pericarditis after cardiothoracic or esophageal surgery often occurs in 
patients with sternal wound infections or mediastinitis353,377 and may 
be overlooked. Mortality is high. Pericarditis not infrequently accom-
panies fatal endocarditis,71,72,470 especially that caused by S. aureus.71 
It often results from extension of a perivalvular abscess into the peri-
cardium.71,72,470 However, pericardial effusions in endocarditis may 
also be hemorrhagic or sympathetic and sterile.470 The presence of 
preexisting nonbacterial pericardial effusion may predispose to the 
development of purulent pericarditis in bacteremic patients. Although 
the pericardial fluid may initially be clear,376,377 it is usually grossly 
purulent and may be loculated by the time the disease is clinically 
apparent. Subsequent organization with adhesions, obliteration of the 
pericardial space, and calcification may occur and result in constrictive 
pericarditis.

Tuberculous pericarditis may develop from a hematogenous focus 
present from the time of primary infection; as a result of lymphatic 
spread from peritracheal, peribronchial, or mediastinal lymph nodes; 
or by contiguous spread from a focus of infection in lung or pleura. 
Four pathologic stages in tuberculous pericarditis have been 

FIGURE  86-5 Tuberculous pericarditis, with a typical granuloma 
in the pericardium. There is central necrosis with aggregates of epithe-
lioid cells at the periphery. Several multinucleated giant cells (arrows) 
are present (original magnification, ×40). (From Bloor CM. Pericarditis 
and myocarditis. In: Bloor CM, ed. Cardiac Pathology. Philadelphia: JB 
Lippincott; 1978:265-295.)

§References 421-423, 425, 427, 432-434, 436, 471.‡References 131, 137, 431, 456, 461, 462, 464.
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in many. A careful history, knowledge of the clinical setting in which 
the pericarditis occurs, and a search for clues outside the cardiovascu-
lar system are helpful in establishing a diagnosis. In a young person 
without underlying illness who presents with acute pericardial pain, 
the most likely diagnosis is viral or idiopathic pericarditis. However, 
establishing a specific viral diagnosis is difficult, costly, and often  
possible only in retrospect. Virus isolation can be attempted from 
throat and stool, and acute and convalescent sera can be tested for 
antibodies to potential pathogens (e.g., coxsackie B viruses and any 
other enteroviruses prevalent locally at the time), but these approaches 
frequently fail to yield a specific diagnosis. Viruses are rarely isolated 
from pericardial fluid, even in patients in whom the diagnosis of viral 
myocarditis is highly probable. The application of PCR technology 
using pathogen-specific primers and probes482 to the detection of the 
genomes of pathogens in pericardial fluid, pericardial biopsy speci-
mens, and, perhaps, peripheral blood could increase the proportion of 
patients with pericarditis in whom an etiologic diagnosis is established. 
However, the etiology of the pericarditis remains undetermined in the 
great majority of patients.

If the clinical suspicion of viral or idiopathic pericarditis is strong 
in an otherwise healthy patient with uncomplicated pericarditis, peri-
cardiocentesis or other invasive procedures add little diagnostically424 
and carry a small but definite risk.483 After excluding patients with 
postpericardiotomy syndrome, myocardial infarction, renal failure, 
known neoplastic disease, trauma, and irradiation, Soler-Soler and 
colleagues360 prospectively evaluated 256 immunocompetent patients 
with primary acute pericardial disease. After thorough diagnostic 
evaluation, 221 (86%) were thought to have acute idiopathic pericar-
ditis. Unsuspected neoplastic pericarditis was found in 12 (5%), tuber-
culosis in 11 (4%), and collagen vascular disease in 4 patients. Purulent 
pericarditis and viral pericarditis were each found in 3 patients, and 
Toxoplasma gondii infection was found in 4. The diagnostic yield was 
substantial when pericardiocentesis or pericardiectomy with biopsy 
was done to relieve cardiac tamponade (28% and 54%, respectively) 
but led to a specific etiology in only 5% and 4%, respectively, when 
these procedures were done solely for the purpose of diagnosis. The 
authors concluded that the presence of a pericardial effusion per se is 
not an indication for an invasive procedure; in patients with pericardial 
effusion that has persisted for longer than 3 weeks, an invasive proce-
dure may be indicated. In a similar study of patients with large (>20-
mm echo-free space in diastole) pericardial effusions without 
tamponade physiology or suspected purulent pericarditis, the diagnos-
tic yield for pericardiocentesis or surgery was only 7%.484

Among those observed expectantly without a drainage procedure, 
no patient developed tamponade or died as a result of pericardial 
disease; moderate or large effusions persisted in only 2 of 45 patients.484 
Similarly, small, asymptomatic pericardial effusions in patients with 
HIV infection do not routinely require diagnostic evaluation.431 In a 

Bacterial pericarditis usually develops during the course of a severe 
systemic infection.353-355,377 The patient is usually acutely ill; fever is 
almost always present, and dyspnea is common. However, chest pain 
is reported by only one third of patients with purulent pericarditis, and 
a pericardial friction rub, pathognomonic of pericarditis, is likewise 
present in only about one third.353-355 The symptoms and signs of peri-
carditis that are present (i.e., fever, dyspnea, and tachycardia) are often 
attributed to the underlying disease. Consequently, purulent pericar-
ditis is recognized in many patients only at necropsy or after severe 
hemodynamic compromise has developed.353-355,462

Tuberculous pericarditis most often has an insidious onset. Chest 
pain is present in 39% to 76%,422,432,434,436 but it may be vague in nature. 
Weight loss, night sweats, cough, and dyspnea are common. Pericardial 
effusions in HIV-infected patients are usually asymptomatic or they 
may be overlooked in those with severe intercurrent illness.431,461,464

The classic physical finding in acute pericarditis is the three-
component pericardial friction rub, which reflects cardiac motion 
during atrial systole, ventricular systole, and rapid ventricular filling in 
early diastole. This three-component rub was present in 50% of patients 
with acute pericarditis reported by Spodick.474 The ventricular systolic 
component is often the loudest and most frequently appreciated. Rubs 
are often evanescent and may vary in quality; they are characteristically 
high pitched, scratching, or grating. In the presence of significant peri-
cardial effusion, there may be jugular venous distention—the most 
common physical finding in acute cardiac tamponade. Enlargement of 
the cardiac silhouette usually does not occur until at least 250 mL of 
fluid have accumulated in the pericardial space462; if fluid accumulates 
rapidly, tamponade may occur without detectable enlargement of the 
cardiac silhouette. A pulsus paradoxus of more than 10 mm Hg, an 
elevated jugular venous pulse, and a prominent x descent with loss of 
the y descent in the jugular venous pressure may be present. Dyspnea 
is common, but signs of left-sided heart failure are usually absent in 
cardiac tamponade and clear lung fields may help to differentiate tam-
ponade from cardiogenic shock.

Constrictive pericarditis, with or without pericardial effusion, is 
observed in 10% to 20% of patients who present with clinical tampon-
ade.358 In recent series,358,475 half of the cases of constrictive pericarditis 
were idiopathic and most of the others were associated with previous 
cardiac surgery, thoracic radiation, neoplasms, or tuberculosis. In a 
series of 26 patients with surgically proved constrictive pericarditis, 
18% were found to have no increase in pericardial thickness.475

Although the pericardium produces no electrical activity, the  
electrocardiogram is abnormal in 90% of patients with acute pericar-
ditis,462,466,476 reflecting diffuse subepicardial inflammation. Character-
istic electrocardiographic changes are seen in approximately 50% of 
patients.466,476 Early in pericarditis, ST-segment elevation without 
change in QRS morphology typically occurs in multiple leads. Several 
days later, the ST segment returns to baseline and there is T-wave flat-
tening. During these early stages, there may also be depression of the 
PR segment. In contrast to myocardial infarction, the T-wave inver-
sions in pericarditis usually do not occur until after the ST segment 
has returned to baseline. These T-wave inversions may last for weeks 
or months. Large pericardial effusions may be associated with reduced 
QRS voltage and electrical alternans. Sinus tachycardia is common, but 
the presence of other arrhythmias suggests preexisting underlying 
heart disease or significant myocardial involvement.477

Echocardiography has proved to be an extremely useful tool for 
diagnosis of pericardial effusion. The size of the effusion can be roughly 
quantitated, and early hemodynamic compromise can often be 
detected.462 In addition, the echocardiogram can determine whether 
the ventricular function is compromised as might occur in myoperi-
carditis. Computed tomography has been useful in demonstrating 
pericardial thickening and, in some cases, in differentiating an uncom-
plicated transudate from a high-density exudate.478,479 In addition, MRI 
techniques can easily detect pericardial fluid, pericardial thickening, 
and abnormal ventricular septal motion,480,481 but they have no particu-
lar advantage over echocardiography.

Diagnosis
A wide variety of agents and diseases can cause pericarditis and peri-
cardial effusion (see Tables 86-3 and 86-4). Low-grade fever is common 

TABLE 86-4  Major Noninfectious Causes of 
Acute Pericarditis

Acute myocardial infarction462,659-661

Cardiac injury462

Trauma (penetrating or blunt)662

Myocardial infarction (Dressler’s) syndrome663

Postpericardiotomy492,662,664

Uremia665-668

Neoplasia462

Primary
Metastatic

Irradiation617-619,462

Dissecting aortic aneurysm669

Sarcoid626,462

Collagen vascular diseases613,462

Systemic lupus erythematosus606

Systemic sclerosis/scleroderma608,609

Rheumatoid arthritis610,611,670

Rheumatic fever462

Inflammatory bowel disease671

Myxedema672

Drug induced462

Procainamide
Hydralazine
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fluid often reaccumulates and constriction can develop rapidly.417,423-427 
There is little rationale for irrigating the pericardium with antibiotics 
because penetration of antibiotics from blood is excellent.488 With early 
diagnosis and aggressive therapy, H. influenzae pericarditis in young 
patients has a good prognosis.417 However, overall mortality in bacte-
rial pericarditis remains high (30%), especially when it develops after 
surgery or occurs in the course of endocarditis.71,72,376-378,470,498 A recent 
retrospective review has suggested that fibrinolysis may have a role in 
preventing the late complications of purulent bacterial pericarditis, as 
a less invasive alternative to pericardiectomy.499

Antituberculous therapy has reduced the mortality of tuberculous 
pericarditis substantially.495 However, constrictive pericarditis may 
develop in 20% to 50% of patients despite appropriate treat-
ment,421-423,425-427,432,433,471 and patients with the clinical features of tam-
ponade at presentation are at increased risk.497 The addition of steroids 
to reduce inflammation and possibly avoid late constriction is favored 
by many, including the authors.¶ The use of corticosteroids, in addition 
to antituberculous therapy, is supported by the results of two large, 
controlled trials in Transkei reported by Strang and associates.427,435 In 
patients with tuberculous pericardial effusions, the addition of predni-
sone to a four-drug antituberculosis regimen reduced the risk of death, 
the need for repeat pericardiocentesis, and the need for open surgical 
drainage because of rapid reaccumulation of pericardial fluid; constric-
tive pericarditis developed in 8% of steroid recipients and 12% of 
controls.435 Prednisone was given in a dose of 60 mg daily for 4 weeks, 
followed by 30 mg daily for 4 weeks, 15 mg daily for 2 weeks, and 5 mg 
daily for 1 week. In a similar trial in patients with active tuberculous 
constrictive pericarditis, the addition of prednisone increased the rate 
of clinical improvement.427 In 10 patients treated initially with 120 mg 
of prednisone daily, dramatic improvement occurred over a 1-week 
period and the author suggested that higher initial doses might allow 
for a shorter duration of treatment. Early surgical intervention is advo-
cated in patients with hemodynamic compromise from recurrent effu-
sion or progressive pericardial thickening.436,471

In a retrospective study of children with tuberculous pericarditis 
reported from Africa, 5 (40%) of 12 patients with evidence of con-
striction at presentation required pericardiectomy.503 These authors 
recommended observation for a period of 6 weeks to 3 months after 
the initiation of treatment, with pericardiectomy reserved for those 
who fail to improve or who deteriorate. This procedure frequently 
results in striking hemodynamic improvement, but if diagnosis and 
therapy have been delayed, myocardial function may be affected, 
leading to less satisfactory results.504,505 In some patients, resolution of 
venous congestion requires several months.503 Patients with calcific 
tuberculous pericarditis have a poorer prognosis than those who 
undergo operation earlier in the course of their disease.503,505 Early 
pericardial drainage and intrapericardial fibrinolysis by means of the 
instillation of streptokinase have been advocated to facilitate drainage, 
prevent loculation, and reduce the risk of constrictive pericarditis.506 
However, this approach has not yet been evaluated with appropriate 
clinical trials.

study of 13 patients with AIDS who underwent surgical pericardial 
drainage, Kaposi sarcoma was found in 3 (all with preexisting extra-
cardiac lesions), but no other specific causes were identified.485 
However, in patients who are symptomatic, about two thirds of cases 
are caused by potentially treatable infections or neoplasms.431

When an invasive procedure is necessary for diagnosis, pericardi-
otomy with biopsy and drainage is preferable to pericardiocentesis 
because of greater diagnostic yield and fewer complications.462 Pericar-
diocentesis alone establishes a specific etiologic diagnosis in 20% to 
25% of cases; the availability of both fluid and tissue improves this yield 
to 54%.424,436,484 The technique of percutaneous pericardial biopsy is an 
alternative to surgery for obtaining tissue, and it appears to be safe and 
effective in patients with a thickened pericardium.486,487 Noninfectious 
diseases predominate as causes of significant pericardial effusion and 
cardiac tamponade,‖ but bacterial and tuberculous effusions are more 
likely to have serious hemodynamic consequences.353,354,431,483 Untreated 
purulent pericarditis is usually rapidly fatal.353-355,376,377,434 In acutely ill 
patients in whom purulent pericarditis is suspected, the diagnosis 
should be pursued quickly and aggressively.

Treatment
Bed rest, symptomatic therapy for pain, and careful monitoring for the 
development of hemodynamic compromise are the mainstays of treat-
ment for presumed viral or idiopathic pericarditis. Nonsteroidal anti-
inflammatory agents are often successful in relieving symptoms in 
acute pericarditis. Therapy is generally continued for 1 to 2 weeks  
or longer if symptoms fail to resolve. Discontinuation of therapy is 
generally tapered to avoid recurrence.489,490 A recent multicenter, 
double-blind, placebo-controlled trial compared placebo versus the 
administration of colchicine during a first attack of acute pericarditis. 
The dose was 0.5 mg twice daily for patients weighing more than 70 kg 
and once a day for those less than 70 kg. Usual therapy with aspirin or 
ibuprofen was included in both arms. They found that the primary 
outcome of incessant or recurrent pericarditis occurred in 37.5% of the 
placebo group compared with 16.7% in the treated group. Colchicine 
also reduced the rate of symptom persistence at 72 hours, the rate of 
hospitalization, and the rate of remission at 1 week.491 Other studies 
have suggested that colchicine (1 mg/day) may be useful in limiting 
recurrences and may also be effective in the initial treatment of idio-
pathic pericarditis.492-494 Because myocarditis often accompanies viral 
pericarditis and steroids enhance myocardial injury during active virus 
replication, we believe that steroids should be avoided during the acute 
illness. Viral or idiopathic pericarditis is generally benign and self-
limited, but recurrences467-469 and late constriction375 do occur. Steroids 
and other immunosuppressive agents have also been used to treat 
debilitating recurrences of idiopathic pericarditis, but controlled trials 
are lacking and serious adverse effects with these regimens are more 
common.495,496

Surgical drainage of the pericardium, in addition to appropriate 
antibiotic therapy, is essential in almost all patients with purulent 
pericarditis.376-378,399 Initial pericardiocentesis may be lifesaving, but 

¶References 421, 427, 435, 436, 500, 501.‖References 358, 424, 462, 464, 475, 484.
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87  Mediastinitis
Trevor C. Van Schooneveld and Mark E. Rupp

Mediastinitis can be organized into acute or chronic forms with etiolo-
gies, clinical presentations, and treatments that are strikingly different. 
Acute mediastinitis is an uncommon but potentially devastating infec-
tion involving the structures of the mediastinum. Before the develop-
ment of sophisticated techniques in cardiovascular and thoracic 
surgery, most cases resulted from esophageal perforation or contiguous 
spread from oropharyngeal foci. Mediastinitis now occurs most fre-
quently as a postoperative infection after median sternotomy. Regard-
less of the pathogenesis of infection, a high index of suspicion must be 
maintained for this infection so that aggressive, potentially lifesaving 
measures can be promptly initiated. Chronic mediastinitis, also known 
as fibrosing, sclerosing, or granulomatous mediastinitis, is a rare disorder 
often caused by Histoplasma capsulatum.

ANATOMIC CONSIDERATIONS
Detailed descriptions of mediastinal anatomy are available1-3; a few 
fundamental points are emphasized in this chapter. The mediastinum 
is the region within the thorax between the pleural sacs (Fig. 87-1). It 
extends from the diaphragm inferiorly to the superior aperture of the 
thorax. The sternum and costal cartilages make up the anterior bound-
ary, and the 12 thoracic vertebral bodies border the mediastinum pos-
teriorly. The mediastinum is arbitrarily divided into four subdivisions: 
superior, posterior, anterior, and middle. Structures within the medi-
astinum include the heart and great vessels, esophagus, distal portion 
of the trachea and mainstem bronchi, vagus and phrenic nerves, 

thymic remnants, and thoracic duct. These structures are surrounded 
by adipose tissue, loose connective tissue, and lymph nodes.

The mediastinum communicates with the structures of the head  
and neck via several fascial planes and potential spaces (see Chapter 
65). The three major routes by which head and neck infections spread 
to the mediastinum are (1) the pretracheal space, (2) the long fascial 
planes of the posterior neck, and (3) the viscerovascular or lateral pha-
ryngeal space. The long fascial planes of the posterior neck extend from 
the base of the skull to the diaphragm and include the retropharyngeal 
or retrovisceral space, the prevertebral space, and the danger space. In 
the preantibiotic era, Pearse1 attempted to delineate the relative contri-
bution of each route to the pathogenesis of mediastinitis and found the 
retropharyngeal space to be involved in 71% of cases, followed by the 
lateral pharyngeal space in 21% and the pretracheal space in 8%.

ACUTE MEDIASTINITIS
Epidemiology and Pathogenesis
Primary infection of the mediastinum is rare. Essentially all cases of 
mediastinitis are due to the spread of infection from other sites or 
direct inoculation resulting from trauma or surgery. Table 87-1 sum-
marizes the causes of mediastinitis; causes can be grouped into the 
following four categories: esophageal perforation, head and neck infec-
tion, infection originating at another site, and cardiothoracic surgery. 
The pathogenesis, clinical manifestations, and treatment vary accord-
ing to the underlying cause of mediastinitis.

Definition
•	 Mediastinitis	is	an	infection	involving	the	

structures	of	the	mediastinum	(see	Fig.	87-1).

Epidemiology
•	 Acute	mediastinitis	usually	occurs	via	one	of	

three	routes:	esophageal	perforation,	extension	
of	a	head	and	neck	infection	(descending	
necrotizing	mediastinitis),	and	post–cardiac	
surgery	(see	Table	87-1).

•	 Post–cardiac	surgery	mediastinitis	occurs	in	
1%	to	2%	of	cardiac	surgery	cases,	and	
important	risk	factors	for	mediastinitis	include	
obesity,	diabetes,	Staphylococcus	aureus	
colonization,	use	of	bilateral	internal	thoracic	
arteries,	need	for	reexploration,	and	receipt	of	
multiple	blood	products.

•	 Chronic/fibrosing	mediastinitis	is	usually	due	
to	an	excessive	immune	reaction	to	
histoplasma	antigens	in	mediastinal	lymph	
nodes,	which	results	in	fibrosis	and	narrowing	
of	mediastinal	structures.

Microbiology
•	 Oral	flora	including	streptococci,	gram-

negative	bacilli,	and	anaerobes	predominate	in	
mediastinitis	due	to	esophageal	perforation	
and	descending	head	and	neck	infections.

•	 Poststernotomy	mediastinitis	is	most	
frequently	due	to	gram-positive	cocci,	
especially	staphylococci,	whereas		

gram-negative	bacilli	and	candida	are	less		
common.

Diagnosis
•	 Esophageal	rupture	is	usually	manifested	

by	chest	pain,	shortness	of	breath,	and	
odynophagia.

•	 Signs	of	the	initiating	head	and	neck	infection	
(swelling,	pain,	erythema)	predominate	in	
descending	necrotizing	mediastinitis.

•	 Post–cardiac	surgery	mediastinitis	findings	
may	range	from	subtle	to	fulminant	but	
usually	present	within	2	weeks	of	surgery.	
Fever,	wound	drainage,	cellulitis,	and	chest	
pain	are	usually	present.

•	 Laboratory	findings	often	include	leukocytosis	
and	a	rising	procalcitonin	in	postmedian	
sternotomy	patients.

•	 Fibrosing	mediastinitis	manifestations	include	
cough,	dyspnea,	chest	pain,	and	exercise	
intolerance	but	depend	on	the	structures	being	
occluded.

•	 Computed	tomography	is	the	preferred	
diagnostic	imaging	for	all	forms	of	mediastinitis.

Therapy
•	 Broad-spectrum	antimicrobials	targeted	to	

expected	pathogens	are	essential.
•	 Aggressive	surgical	intervention	is	essential	in	

all	forms	of	mediastinitis	with	débridement	of	
any	infected	or	necrotic	tissues.

•	 Early	esophageal	perforation	may	occasionally	
be	managed	with	stenting,	but	most	cases	
require	urgent	surgical	repair.

•	 Post–cardiac	surgery	mediastinitis	requires	
sternal	and	mediastinal	débridement.

•	 Multiple	surgical	techniques	can	be	utilized	for	
surgical	treatment	of	poststernotomy	
mediastinitis	with	increasing	use	of	vacuum-
assisted	closure	and	soft	tissue	flaps	for	
reconstruction.

•	 The	role,	if	any,	for	antifungal	therapy	in	
fibrosing	mediastinitis	is	not	established.

•	 In	fibrosing	mediastinitis,	stenoses	of	vessels	
and	other	structures	are	often	successfully	
managed	by	either	surgical	bypass	or		
stenting.

Prevention
•	 Prevention	of	post–cardiac	surgery	is	a	major	

focus	of	quality	measures	and	guidelines.
•	 Key	factors	associated	with	decreased	

post–cardiac	surgery	infection	rates	include	
appropriate	antimicrobial	prophylaxis	
(administration	within	1	hour	before	surgery	
and	for	no	longer	than	24	to	48	hours	and		
use	of	the	appropriate	agent),	control	of	
postoperative	blood	glucose,	and	use	of		
nasal	mupirocin	in	patients	colonized	with		
S.	aureus.

SHORT VIEW SUMMARY
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esophageal perforation is most frequently due to iatrogenic injury.6,7 
Flexible fiberoptic endoscopy of the upper gastrointestinal tract is com-
plicated by esophageal perforation in 0.074% to 0.4% of procedures.7-9 
The frequency of this complication increases with prior radiotherapy 
of the mediastinum and with interventions such as sclerotherapy, dila-
tion, or esophageal stenting.7,9,10 Swallowed foreign bodies, esophageal 
carcinoma, and nonsurgical trauma such as transesophageal echocar-
diography may also result in perforation of the esophagus and subse-
quent mediastinitis.7,11-13

The majority of esophageal perforations occur in the thoracic 
esophagus and are iatrogenic or spontaneous, whereas foreign body 
injury is found predominantly in the cervical esophagus.7,12,13 Depend-
ing on the site of esophageal perforation, mediastinitis may result from 
direct spillage of esophageal contents into the posterior mediastinum 
or the migration of contents, via the fascial planes of the neck, into the 
mediastinum. Spread of infection from the neck into the mediastinum 
is influenced by respiratory dynamics, in which the negative intratho-
racic pressure generated during respiration tends to draw the infection 
into the mediastinum.14 A necrotizing chemical mediastinitis ensues, 
followed by a polymicrobial bacterial mediastinitis, which is often syn-
ergistic and necrotizing.15

Mediastinitis Secondary to Head and Neck 
Infections or from Other Sites
Mediastinitis secondary to pharyngeal and odontogenic infections is 
often called “descending necrotizing mediastinitis or fasciitis,” and 
before antibiotics were widely available it accounted for 10% to 31% of 
mediastinitis cases.1,2,16 Due to effective antimicrobials, these infections 
are now rare causes of mediastinitis. Middle-aged men predominate in 
most case series with generally less than half of cases of descending 
necrotizing mediastinitis resulting from oral infections.17 The remain-
der are due to pharyngeal or other cervical infections. The prototypic 
odontogenic infection leading to mediastinitis is Ludwig’s angina, 
which usually stems from an infection of the second or third mandibu-
lar molars spreading to involve the sublingual and submandibular 
spaces. From these spaces, the infection can spread via the lateral 
pharyngeal space to involve the retropharyngeal space or carotid 
sheath and track into the mediastinum. During the antibiotic era, 
approximately 3.5% of cases of Ludwig’s angina have been complicated 
by mediastinitis.18

Mediastinitis resulting from infections involving the lateral pharyn-
geal space may originate from various sources, including the teeth, 
parotid glands, or tonsils, or, rarely, from otitis, mastoiditis, or epiglot-
titis.17,19-21 Infections of the retropharyngeal space generally arise from 
perforation of the esophagus or by extension of pharyngitis, epiglot-
titis, or tonsillitis. From the long fascial planes of the neck, these infec-
tions easily spread into the superior mediastinum or, if the danger 
space is involved, into the posterior mediastinum.15 Not all patients 
with necrotizing infections of the face and neck will progress to medi-
astinitis. Of 286 deep neck infections at a single center over 11 years, 
only 6% progressed to involve the mediastinum.22 Petitpas and col-
leagues23 evaluated risk factors for the development of mediastinitis 
and found that a pharyngeal source, administration of oral glucocor-
ticoids, and the presence of gas in the tissue were associated with the 
development of mediastinitis.

Rarely, mediastinitis is due to spread from other adjacent infec-
tions. The pretracheal space descends into the anterior mediastinum 
and most often is involved in mediastinitis complicating surgery of the 
thyroid or trachea.1 Cases have been described secondary to the fol-
lowing conditions: pneumonia; pleural space infection; osteomyelitis 
of the ribs, clavicle, sternum, or vertebrae; subphrenic abscess; pancre-
atitis; cellulitis; and hematogenous seeding from distant foci.

Mediastinitis Secondary to  
Cardiothoracic Surgery
Cardiothoracic operations are among the most common surgical pro-
cedures performed in larger hospitals; coronary artery bypass grafting 
(CABG) and other forms of cardiac surgery were the third most 
common procedures reported to the National Healthcare Safety 
Network (NHSN) in 2011, and it is estimated roughly 395,000 CABGs 
were performed that year.24,25 Because of the numerous median 

Mediastinitis Secondary to  
Esophageal Perforation
Before the development of cardiac surgery, perforation of the esopha-
gus was the leading cause of mediastinitis, followed by suppurative 
infections of the oropharynx.1 In 1724, Boerhaave described the first 
case of mediastinitis caused by spontaneous rupture of the esophagus, 
in a Dutch admiral who self-induced emesis.4,5 This entity, which is 
known as Boerhaave syndrome, has continued to account for approxi-
mately 15% to 30% of cases of esophageal perforation.6,7 Currently, 

FIGURE  87-1  Anatomic boundaries and divisions of the 
mediastinum. 

Superior

Posterior

Middle

Anterior

First rib

TABLE 87-1  Causes of Acute Mediastinitis

Esophageal Perforation

Iatrogenic
Esophagogastroduodenoscopy, esophageal dilation, esophageal variceal 

sclerotherapy, nasogastric tube, Sengstaken-Blakemore tube, endotracheal 
intubation, esophageal surgery including endoscopic resection, 
paraesophageal surgery, transesophageal echocardiography, anterior 
stabilization of cervical vertebral bodies, catheter ablation of atrial fibrillation

Swallowed Foreign Bodies
Bones, coins, can pull-tabs, drug-filled condoms, swords, ballpoint pens, button 

batteries

Trauma
Penetrating—gunshot wound, knife wound

Blunt—steering wheel injury, seatbelt injury, cardiopulmonary resuscitation, 
whiplash injury, barotrauma

Spontaneous or Other
Emesis, cricoid pressure during anesthesia induction, heavy lifting, defecation, 

parturition, carcinoma, ingestion of caustic or corrosive liquids

Head and Neck Infections
Odontogenic, Ludwig’s angina, pharyngitis, tonsillitis, parotitis, epiglottitis, 

Lemierre syndrome

Infection Originating at Another Site
Pneumonia; pleural space infection or empyema; subphrenic abscess; 

pancreatitis; cellulitis or soft tissue infection of the chest wall; osteomyelitis of 
sternum, clavicle, ribs, or vertebrae; hematogenous spread from distant foci

Lymph nodes—necrosis and hemorrhage (anthrax) or caseous necrosis 
(tuberculosis)

Cardiothoracic Surgery (Median Sternotomy)
Coronary artery bypass grafting, cardiac valve replacement, repair of congenital 

heart defect, heart transplantation, heart-lung transplantation, cardiac assist 
devices, extracorporeal membrane oxygenation (ECMO), other types of 
cardiothoracic surgery
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slightly (odds ratio [OR], 1.7).40,41 The reasons for these differences are 
unclear.

Intraoperative and surgical risk factors identified include emergent 
surgery, heart transplant surgery, the complexity of surgery, use of 
internal thoracic arteries in CABG, prolonged operative time, pro-
longed time on cardiopulmonary bypass, high core temperatures 
(>38° C) during cardiopulmonary bypass, indiscriminate use of elec-
trocautery, prolonged aortic cross-clamp time, and inappropriate 
timing of antibiotic prophylaxis.† The use of bone wax on sternal edges 
to decrease bleeding has been implicated as a risk factor for mediasti-
nitis based on animal data, but a prospective, randomized study involv-
ing 400 patients undergoing CABG found no significant increase in 
mediastinitis associated with its use.60,62 Notably no clinical benefit was 
derived from its use either. The use of off-pump CABG surgery does 
not alter the incidence of mediastinitis.63 Postoperative risk factors that 
place patients at greater risk for mediastinitis include the need for 
reexploration to control bleeding, a prolonged length of stay in the 
intensive care unit, mechanical ventilation for more than 24 to 48 
hours, tracheostomy, lack of perioperative and postoperative glucose 
control, postoperative myocardial infarction, blood product transfu-
sion, and low cardiac output states.‡

Despite much research, there is not universal agreement regarding 
any of these risk factors and their relative contribution. For example, 
despite nearly 40 years of surgical experience, debate still exists on 
whether the use of internal thoracic artery (ITA) grafts in CABG pre-
disposes patients to mediastinitis. Use of the ITA for revascularization 
is preferred because graft patency rates and long-term survival are 
significantly higher than saphenous venous grafts.68,69 However, in 
1972, on the basis of anatomic studies of sternal blood supply, Arnold70 
suggested that the use of the ITA in CABG procedures might lead to 
significant sternal ischemia and predispose patients to sternal osteo-
myelitis and mediastinitis. This hypothesis has been supported by 
several laboratory and numerous clinical studies.§ For example, a 
review of more than 14,000 patients noted operative mortality was 
significantly decreased in patients who received ITA grafts, but there 
was an increased risk of mediastinitis, particularly if multiple ITA 
grafts were used.28 A review of studies published between 1997 and 
2007 found the use of bilateral ITA grafts increased the risk of medias-
tinitis significantly, especially in diabetic patients.73 Other investigators 
have observed no significant increase in sternal wound infections in 
patients undergoing CABG when the ITA was used.∥ A comparison of 
patients who had bilateral versus single ITA versus saphenous venous 
grafts found no increase in mediastinitis and significantly improved 
10-year survival in the bilateral ITA group.69 It has been noted that the 
surgical technique of skeletonized bilateral internal mammary artery 
grafting does not increase the risk of mediastinitis.73,76

An increasing body of evidence has associated the receipt of blood 
products, particularly packed red blood cells (RBCs), with increased 
rates of postoperative bacterial infections, including mediastinitis. 
More than 20 years ago, Loop and colleagues27 found the risk of medi-
astinitis increased with the number of units of blood transfused post-
operatively, and more recently, Risnes and colleagues40 noted a similar 
association between transfusion of multiple units of blood and medi-
astinitis. The authors of a systematic review of seven studies including 
more than 32,000 cardiac surgery cases concluded that RBC transfu-
sion is associated with an increase in mediastinitis risk.77 It appears this 
transfusion risk may be dose dependent and does not seem to apply to 
other blood products such as fresh frozen plasma (FFP) or platelets.78,79 
It is hypothesized that transfusion induces a downregulation of the 
immune response, predisposing to infection. On the basis of these data, 
routine transfusion at arbitrary hemoglobin levels should be avoided 
and strategies to minimize transfusion should be employed, such as 
the use of intraoperative cell saver and provision of FFP and platelets 
when bleeding occurs.

The use of mechanical support devices including left ventricular 
assist devices and intra-aortic balloon pumps either before or after 
cardiac surgery has been associated with an increase in the risk of 

sternotomies performed, mediastinitis has become a predominantly 
postsurgical infection. Many studies have documented the incidence 
and risk factors for the development of mediastinitis after cardiotho-
racic surgery. In 1984, Sarr and colleagues26 reviewed the available 
literature and found the incidence of mediastinitis to be 0.4% to 5% 
among patients undergoing median sternotomy. Since that time, 
numerous studies have been published, with incidence rates of 0.5% to 
4.4% with more recent studies showing incidence rates around 1% to 
2%.27-40 Two large trials evaluating rates of infection after cardiac 
surgery have been published. The first was an analysis of 133,045 
CABG procedures reported to NHSN between 2006 and 2008, which 
found that 1.3% developed a deep tissue or organ space infection, 
although not all of these infections involved the mediastinum.41 The 
second was derived from the Society of Thoracic Surgeons National 
Cardiac Database and involved more than 330,000 CABG cases per-
formed during 2002-2003.42 Major infection occurred in 11,636 
patients (3.51%), of which 25.1% was attributed to mediastinitis with 
an overall incidence of mediastinitis of roughly 0.9%. In outbreak set-
tings, the incidence of mediastinitis is usually much higher with rates 
of infection up to 23%.43,44

Numerous factors that increase the risk of mediastinitis in cardio-
thoracic surgery have been identified. Most studies examining these 
risk factors are retrospective case-control studies and are limited by the 
problems inherent in retrospective surveys. Risk factors generally can 
be divided into the following categories: preoperative, intraoperative, 
and postoperative (Table 87-2). Risk factors that have been identified 
preoperatively include increasing age, diabetes mellitus, obesity, previ-
ous sternotomy, chronic obstructive pulmonary disease, peripheral 
vascular disease, class 3 or 4 angina, renal failure requiring hemodialy-
sis, history of endocarditis, cigarette smoking, low cardiac output 
states, remote infection, preoperative Staphylococcus aureus coloniza-
tion, hair removal with razor versus removal with electric clippers, and 
prolonged preoperative hospitalization.* The contribution of each indi-
vidual risk factor is difficult to ascertain, but obesity is one of the most 
consistent and strong predictors of mediastinitis. A body mass index 
of greater than 30 increases the risk of developing mediastinitis 2.2- to 
6.5-fold.36,40,45,50,52 The increased risk is likely multifactorial and may 
involve increased technical difficulties during surgery, prolonged oper-
ative time, increased bleeding, inadequate preoperative antibiotics, and 
increased risk of sternal dehiscence.52,53 The contribution of gender to 
the risk of mediastinitis is unclear. A study of more than 18,000 CABG 
procedures performed in Norway found male gender to be associated 
with a 7.9-fold increase in mediastinitis risk, but analysis of NHSN data 
including greater than 133,000 CABG procedures found female gender 
increased the risk of complex sternal wound infection, although only 

TABLE 87-2  Risk Factors for Surgical Site 
Infection/Mediastinitis Post–cardiac Surgery

PREOPERATIVE 
RISK FACTORS

OPERATIVE RISK 
FACTORS

POSTOPERATIVE 
RISK FACTORS

Increasing age
Diabetes
Staphylococcus aureus 

nasal colonization
Previous sternotomy
COPD
Peripheral vascular disease
Class 3-4 angina
Renal failure requiring 

hemodialysis
History of endocarditis
Cigarette smoking
Low cardiac output
Concurrent infection
Prolonged preoperative 

hospitalization
Preoperative use of a 

ventricular assist device

Emergent surgery
Heart transplant
Increasing complexity 

of surgery
Use of internal thoracic 

arteries in CABG
Prolonged operative 

time
Hair removal by razor, 

not clippers
Inappropriate timing of 

antibiotics
Prolonged time on 

cardiopulmonary 
bypass

High core temperature 
during bypass 
(>38° C)

Need for reexploration
Prolonged ICU stay
Need for mechanical 

ventilation >48 hr
Lack of perioperative 

glucose control
Placement of 

tracheostomy
Postoperative 

myocardial 
infarction

Receipt of multiple 
blood products

Postoperative low 
cardiac output state

CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary 
disease; ICU, intensive care unit.

∥References 40, 50, 52, 69, 74, 75.
§References 27, 29, 34, 35, 37, 38, 49, 56, 71-73.
‡References 26, 27, 29, 31-34, 36, 37, 40, 45, 47, 50, 64-67.
†References 27, 28, 31-34, 37, 38, 45, 47, 49, 56-60.

*References 27, 29, 31, 32, 34, 36-38, 40, 42, 45-51.
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mediastinitis in the postoperative period. Archer and Armstrong102 
showed that patients are colonized by small numbers of antibiotic-
resistant, coagulase-negative staphylococci, which become the pre-
dominant species when subjected to the selective pressure of 
prophylactic antibiotics. Additionally, Olsson and colleagues103 noted 
coagulase-negative staphylococci isolated from deep sternal wounds 
were more likely to produce biofilm. Mechanism of disease may differ 
even between methicillin-resistant S. aureus (MRSA) and methicillin-
susceptible S. aureus (MSSA). A multivariate analysis of postoperative 
mediastinitis found differing risk factors for infection caused by each 
organism with obesity being the only risk factor for MSSA mediasti-
nitis, while female, age older than 70, and diabetes were risk factors for 
MRSA infection.104 Preoperative nasal colonization with S. aureus has 
been associated with the development of mediastinitis.51 A more recent 
analysis using pulsed-field gel electrophoresis of nasal and clinical 
isolates of S. aureus from patients with post–cardiac surgery mediasti-
nitis found methicillin-susceptible strains isolated from the mediasti-
num were identical to nasal strains in seven of nine cases.105 No nasal 
MRSA isolates were isolated from the patients with mediastinitis 
resulting from MRSA, and all mediastinal MRSA isolates were highly 
genetically related, suggesting a possible nosocomial source.

Various immunosuppressive effects of cardiopulmonary bypass that 
may contribute to the pathogenesis of mediastinitis after surgery have 
been elucidated, although no difference in infectious complications, 
including mediastinitis, was observed when comparing CABG with 
and without the use of a cardiopulmonary bypass pump.30,106 The 
importance of postoperative factors has also been emphasized by out-
breaks of mediastinitis that have been linked to environmental sources, 
including contaminated tap water, air with increased concentrations of 
Aspergillus fumigatus spores, and poor hand-washing technique during 
postoperative care.43,44,107,108 Controlled prospective studies are neces-
sary to define better the factors that influence post–cardiac surgery 
mediastinitis.

Bacteriology
The bacteriology of mediastinitis complicating cardiovascular surgery 
is strikingly different from mediastinitis secondary to head and neck 
infections or esophageal perforations (Table 87-3). Mediastinitis sec-
ondary to cardiothoracic surgery is primarily caused by gram-positive 
cocci and less often by gram-negative bacilli. The relative contribution 
of S. aureus and MRSA varies by series, with two recent reviews of 
more than 500 cases of mediastinitis implicating S. aureus in roughly 
60%,109,110 whereas other reviews have found coagulase-negative staph-
ylococci to be the most frequently isolated organisms.111,112 Improved 
microbiologic techniques have increasingly implicated Propionibacte-
rium acnes as an etiologic agent, but the role of this organism in 
mediastinitis needs further study.111,112 Candida seems to be responsi-
ble for a growing number of cases of mediastinitis after cardiothoracic 
surgery and may be associated with increased mortality.113,114

The bacteriology of mediastinitis due to esophageal perforation and 
extension of head and neck infections is frequently polymicrobial. 
Synergistic infection comprising both oral anaerobes and gram-
negative bacilli is often present. The most frequently isolated organisms 
include viridans group streptococci, staphylococci including S. aureus, 
peptostreptococci, Bacteroides spp., Prevotella spp., and Fusobacterium. 
The relative frequency with which these organisms are isolated varies 
because of the difficulty of obtaining reliable anaerobic culture data.115

Clinical Manifestations and Diagnosis
The clinical manifestations of mediastinitis differ according to the 
underlying cause of disease. When mediastinitis occurs due to exten-
sion of an odontogenic or pharyngeal infection, the symptoms and 
signs of the primary infections predominate such as pain, odynopha-
gia, skin erythema, fever, and swelling of the affected site. Esophageal 
perforation may be clinically obvious or inapparent. Early in the course 
of mediastinitis, the signs and symptoms may be subtle, but as the 
condition progresses, patients note increasing chest pain, respiratory 
distress, and odynophagia. Chest pain is often the most prominent 
symptom and may localize depending on the portion of the mediasti-
num involved. In anterior mediastinitis, pain is often located in the 
cervical or substernal region. Pain from posterior mediastinitis may 

mediastinitis.49,80 Extracorporeal membrane oxygenation (ECMO) has 
increasingly been used for respiratory support either alone or in the 
cardiac surgery postoperative period with large-vessel cannulation 
either in the femoral area or directly into the thoracic cavity. ECMO 
use after cardiac surgery has been noted to be a risk factor for medi-
astinitis in at least one study, and in a survey of 220 patients on ECMO, 
64% developed a nosocomial infection with mediastinitis occurring  
in 11%.38,81

Patients undergoing heart transplantation are at higher risk for 
development of mediastinitis, with incidences of 2.1% to 8.7%.82,83-86 
Data on risk factors for mediastinitis in this patient group are much 
more limited, and risks identified include similar factors such as 
obesity and prolonged cardiopulmonary bypass.86,87 One risk factor 
unique to heart transplant patients is the presurgical use of mechanical 
support devices, such as left ventricular assist devices or artificial 
hearts.84,85,88 There is debate regarding the effect of specific immuno-
suppressive agents on sternal wound infection and mediastinitis risk. 
Although Kuppahally and colleagues87 found use of sirolimus to be a 
risk factor for post-transplant wound complications including medias-
tinitis, Zuckermann,86 in an analysis of three studies of everolimus 
including more than 1000 heart transplants did not find an increase in 
incisional complications when compared with other immunosuppres-
sive regimens. A sharp increase in mediastinitis rates after heart trans-
plantation (≥50%) at a single institution was linked to prolonged 
pretransplantation hospital stay owing to changes in organ allocation.89 
Donor-to-recipient transmission of bacteria rarely has been observed 
to result in mediastinitis.90

Rates of mediastinitis in children undergoing cardiac surgery are 
generally lower than adults and range from 0.09% to 1.4%91-94 with the 
largest survey of 30,000 procedures in the United States noting medi-
astinitis in 0.3% of cases.92 Although pediatric patients typically lack 
the chronic medical conditions predisposing adults to infection, some 
risk factors are similar, such as American Society of Anesthesiologists  
physical status classification class, previous cardiac procedure, preop-
erative hospitalization or ventilator use, complexity of surgery, dura-
tion of procedure, and receipt of multiple postoperative transfusions, 
which were all associated with either increased risk of surgical site 
infection or mediastinitis.92,93,95,96 Risk factors unique to children 
include very young age (<90 days) and the presence of a genetic 
syndrome.92-94,96 Delayed sternal closure may be necessary in the man-
agement of unstable patients and may predispose to development of 
mediastinitis, particularly due to gram-negative pathogens.97,98

It is believed that the pathogenesis of post–cardiac surgery medi-
astinitis is primarily due to the inoculation of organisms from the 
patient’s endogenous bacterial microbiota or the surgical field into the 
operative site. Bacteria are able to propagate in the protected avascular 
area of the surgical wound and cause infection. The identification of 
risk factors such as the length of time of surgery, the complexity of 
surgery, and the need for reexploration, all of which increase the likeli-
hood of contamination, support this hypothesis, as does the observa-
tion of lower rates of wound infection and mediastinitis in patients 
undergoing cardiac surgery with minimally invasive techniques.29 Out-
breaks of mediastinitis that have been epidemiologically linked to 
sources such as bacteria from a particular surgeon’s hands or nares also 
lend support to the concept of direct inoculation of the wound.99

The specific source of the bacterial contamination is usually the 
patient’s own endogenous microbiota, particularly if that patient is 
colonized with S. aureus. In 1959, Weinstein noted patients colonized 
with S. aureus had a fourfold higher surgical site infection (SSI) rate 
and through phage typing was able to demonstrate that S. aureus iso-
lates causing SSI were usually identical to those isolated from the 
patient’s nares preoperatively.100 Later, Jakob and colleagues101 used 
pulsed-field gel electrophoresis (PFGE) to show S. aureus mediastinitis 
isolates were identical to those that had been obtained preoperatively 
from the nares of patients. Through culturing the nares of medical 
personnel, they were also able to show that health care workers were 
rarely the source of S. aureus, although two vein harvest site infection 
isolates were identical to an isolate from a ward nurse.

Pathogenic mechanisms and ability to cause disease may vary 
depending on the infecting organism. Certain strains of coagulase-
negative staphylococci may be particularly adapted to causing 
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imaging is necessary to define the extent of the infection and determine 
if mediastinal involvement has occurred because this often alters the 
surgical approach. Typical CT findings include evidence of the primary 
infection along with mediastinal encapsulated fluid collections, air in 
soft tissue planes, pleural effusions, abscesses with air bubbles, and 
increased density of mediastinal fat with loss of typical tissue 
planes.17,120,121 Transesophageal endosonography has been used to 
guide needle aspiration of the posterior mediastinum, particularly in 
cases in which the CT scan is inconclusive.122 Technetium-labeled 
white blood cell scans have been reported to be helpful in the diagnosis 
of mediastinitis in specialized circumstances when CT scanning was 
not readily available.123 Magnetic resonance imaging (MRI) has rarely 
been used, and its utility is unknown.

Chest radiographs in patients with esophageal perforation reveal 
significant abnormalities in about 90% of patients, although establish-
ing the presence of a perforation can be difficult and multiple modali-
ties of imaging and direct visualization using endoscopy are often 
necessary to confirm the diagnosis.124 Contrast esophagography using 
water-soluble contrast agents is recommended as the initial imaging 
examination and may reveal extravasation of dye. Although dilute 
barium provides better definition of anatomy and detection of subtle 
defects and perforations, it should generally be avoided because extrav-
asated barium evokes significant inflammation.7 CT is often helpful in 
confirming the diagnosis or in defining the extent of mediastinal con-
tamination (Fig. 87-3), and some authors recommend the combination 
of both an esophagram and CT in all patients.6,7,13 Upper endoscopy 
has been utilized both diagnostically to detect and evaluate the extent 
of injury and therapeutically to repair small injuries or remove foreign 
bodies.13,125

The intentional release of Bacillus anthracis via the U.S. Postal 
Service generated great interest in the recognition, management, and 
prevention of inhalational anthrax. Inhalational anthrax exposure 
results in a hemorrhagic mediastinitis.126 After inhalation, the 1- to 
5-µm spores of B. anthracis are ingested by macrophages and trans-
ported to hilar and mediastinal nodes, where they germinate, propa-
gate, and release toxins that lead to hemorrhage, edema, and necrosis. 
Approximately 90% of patients with inhalational anthrax exhibit medi-
astinal adenopathy or widening on radiographic studies.126 The finding 
of mediastinal adenopathy or widening in a febrile patient should 
trigger strong suspicion for inhalational anthrax and institution of 
appropriate diagnostic and therapeutic measures (see Chapter 209).

Post–cardiothoracic surgery mediastinitis typically becomes clini-
cally evident within the first 2 weeks after surgery, although rare 
instances occurring more than 1 year after surgery have been reported.¶ 
Infection resulting from gram-negative organisms generally manifests 

localize to the epigastric area with radiation to the interscapular 
region.14,16 Pleural effusion is a common complication and may mani-
fest as pleuritic chest pain. Retroperitoneal extension may be accom-
panied by acute abdominal signs and may prompt unnecessary 
exploratory laparotomy.15

Examination frequently reveals fever; tachycardia, crepitus, and 
edema of the chest or neck may also be present. Hamman’s sign, a 
crunching, rasping sound heard over the precordium synchronous 
with the cardiac rhythm, caused by emphysema of the mediastinum, 
may be audible in 50% of patients with pneumomediastinum.116 The 
heart sounds may be distant and dull. In the later stages of mediasti-
nitis, signs of bacteremia and sepsis may predominate. The early diag-
nosis of mediastinitis in an infant or neonate can be particularly 
challenging. A peculiar, interrupted, staccato type of inspiration has 
been described in many patients.117 The signs and symptoms of medi-
astinitis in older children are similar to those observed in adults.118

Laboratory testing usually reveals leukocytosis, with a leftward shift 
evident. Radiographically, plain films of the chest may reveal medias-
tinal widening, air-fluid levels, and subcutaneous or mediastinal 
emphysema (Fig. 87-2).18,119 The lateral chest radiograph may be useful 
in showing superior mediastinal gas not evident on upright films. 
Complications of mediastinitis, such as pleural effusion or pneumo-
peritoneum, may also be evident on the chest radiograph.

Computed tomography (CT) is essential for diagnosis of mediasti-
nitis in patients with odontogenic and pharyngeal infections. CT 

TABLE 87-3  Microbiology of Mediastinitis

Organisms Frequently Recovered in Mediastinitis Secondary to 
Infection of the Head and Neck or Esophageal Perforation

Anaerobic
Gram-positive cocci—Peptostreptococcus spp.

Gram-positive bacilli—Actinomyces, Eubacterium, Lactobacillus

Gram-negative cocci—Veillonella

Gram-negative bacilli—Bacteroides spp., Fusobacterium spp., Prevotella spp., 
Porphyromonas spp.

Aerobic or Facultative
Gram-positive cocci—Streptococcus spp., Staphylococcus spp.

Gram-positive bacilli—Corynebacterium

Gram-negative cocci—Moraxella

Gram-negative bacilli—Enterobacteriaceae, Pseudomonas spp., Eikenella 
corrodens

Fungi—Candida albicans

Representative Organisms Recovered in Mediastinitis Secondary 
to Cardiothoracic Surgery, with Representative Rate and Range

Gram-Positive Cocci
Staphylococcus aureus, 25% (7.1%-66.7%)

Staphylococcus epidermidis, 30% (6%-45.5%)

Enterococcus spp., 10% (8%-18.8%)

Streptococcus spp., 2% (0%-18.2%)

Gram-Negative Bacilli
Escherichia coli, 5% (0%-12.5%)

Enterobacter spp., 10% (4%-21.4%)

Klebsiella spp., 3% (0%-21.1%)

Proteus spp., 2% (0%-7.1%)

Other Enterobacteriaceae, 2% (0%-20%)

Pseudomonas spp., 2% (0%-54%)

Fungi
C. albicans, <2 (0%-20.5%)

Polymicrobial, 10% (0%-40%)

Others Occasionally Reported
Acinetobacter, Salmonella spp., Legionella spp., Bacteroides fragilis, 

Corynebacterium spp., Burkholderia cepacia, Mycoplasma hominis, Candida 
tropicalis, Aspergillus spp., Nocardia spp., Kluyvera, Gordonia sputi, 
Mycobacterium fortuitum, Mycobacterium chelonae, Rhodococcus bronchialis

Other Unusual Causes of Mediastinitis
Anthrax, brucellosis, actinomycosis, paragonimiasis, Streptococcus pneumoniae

FIGURE  87-2  Mediastinitis.  Chest  radiograph  shows  large  pneu-
momediastinum  and  pneumopericardium  (arrows)  in  a  patient  with 
mediastinitis. 

¶References 26, 31, 32, 110, 112, 127, 128.
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possible mediastinitis because one author found the presence of S. 
aureus bacteremia in the first 60 days after median sternotomy had a 
90% positive predictive value for mediastinitis.132 Blood cultures are 
less useful in diagnosing mediastinitis caused by coagulase-negative 
staphylococci with rates of bacteremia typically less than 10%.112

Radiographically, mediastinal widening is a rare finding on plain 
chest films, and routine radiographs are usually of little value in the 
diagnosis of mediastinitis after cardiothoracic surgery (due to postsur-
gical abnormalities).26,127,133 CT has proved to be helpful in postopera-
tive mediastinitis, particularly in differentiating superficial wound 
infections from deeper retrosternal processes. Characteristic findings 
include soft tissue swelling, pleural or pericardial effusions, fluid or air 
collections (or both), and sternal erosion.133 Normal postoperative col-
lections of fluid and gas are sometimes difficult to differentiate from 
early signs of mediastinitis, especially in the first 2 weeks postopera-
tively.133 The ability of CT to diagnose mediastinal infection was evalu-
ated in 203 patients with mediastinitis and was found to have an overall 
sensitivity and specificity of 87.6% and 90.5%, and it was particularly 
sensitive for detection of sternal osteomyelitis.134 Dressler’s syndrome 
can be difficult to distinguish from mediastinitis after cardiac surgery 
by CT. The diagnostic value of nuclear scans has been espoused by 
several investigators and may be particularly useful when other 
imaging is equivocal.135,136

Browdie and colleagues137 evaluated the relative value of CT, indium 
111-labeled leukocyte scanning, and epicardial pacer wire cultures in 
24 patients undergoing evaluation for possible mediastinitis and found 
that epicardial pacer wire cultures were 100% sensitive and 92% spe-
cific. Other authors have disagreed with the utility of epicardial pacer 
wire cultures. Two large studies including more than 2000 patients 
found routine pacer wire culture to be associated with an unacceptably 
high rate of false-positive findings.138,139 In these two investigations, the 
sensitivity and specificity of routine epicardial wire cultures ranged 
from 52.1% to 75% and 72.1% to 83.4%. Positive predictive values were 
8.2% to 11.6%, and negative predictive values were 96.9% to 99.1%, 
suggesting that routine epicardial pacer wire cultures should not be 
obtained, but in cases where mediastinitis is a concern, they may have 
a role.138,139 The utility of MRI and positron emission tomography 
(PET) scanning are not well defined, and MRI is contraindicated when 
ferromagnetic metals are present in sternal wires, artificial heart valves, 
cardiac pacemakers, or vascular clips.

Several investigators have found mediastinal needle aspiration to 
be useful in the diagnosis of mediastinitis.26,140 This method seems to 
be particularly useful for early diagnosis of mediastinitis before clinical 
symptoms make the diagnosis obvious, and it has been associated with 
improved clinical outcomes.140

Therapy
Therapy that includes medical and surgical techniques should be 
promptly initiated when mediastinitis is diagnosed. In all cases, aggres-
sive nutritional and supportive care is indicated. The principles of 
managing mediastinitis due to esophageal perforation include restora-
tion of esophageal continuity, control of mediastinal contamination, 
and treatment with antimicrobials. Barrett141 is credited with docu-
menting in 1946 the first successful treatment of mediastinitis resulting 
from esophageal perforation. Since then, experts have usually recom-
mended immediate aggressive surgical drainage, débridement of any 
devitalized tissue, and repair of the perforation.7,12,119,142 A variety of 
surgical techniques may be utilized in the treatment of esophageal 
perforation ranging from primary repair, which is preferred when 
feasible, to esophageal exclusion or diversion, to complete esophagec-
tomy, which is usually reserved for those where it is part of the manage-
ment of a malignancy.6,143

In the past 2 decades, patients who may benefit from a “nonopera-
tive” management strategy have been identified. Those with well-
contained disruptions of the esophagus, abscesses that drain into the 
esophagus, minimal symptoms, and minimal evidence of clinical toxic-
ity or those with perforations identified before major mediastinal con-
tamination occurs may be candidates for this strategy.6,13,143-145 Although 
termed a “nonoperative” strategy, most patients have feeding tubes 
surgically implanted, and CT-guided drainage of any abscesses is 
essential for directing antimicrobial therapy and resolving infection.

earlier, and one study found no cases of mediastinitis caused by gram-
negative pathogens occurred more than 2 weeks postoperatively.127 A 
more recent study comparing early-onset mediastinitis (<2 weeks post-
operative) with late-onset mediastinitis found gram-negative patho-
gens were more common in early-onset mediastinitis, although not 
significantly.110 It was also noted that presentation in septic shock was 
more common in early-onset mediastinitis. In this series, enterococci 
were more common in early-onset mediastinitis compared with late-
onset mediastinitis, and MSSA caused more than half of late-onset 
mediastinitis cases.110 Usually, S. aureus mediastinitis is readily diag-
nosed on clinical grounds, whereas less virulent coagulase-negative 
staphylococci often have much subtler findings and may be initially 
misdiagnosed as uninfected in up to 30% of cases.111

In post–cardiac surgery patients, the presentation of mediastinitis 
may be fulminant or subtle. Clinicians must have a high sensitivity for 
this infection in postoperative patients because they can present 
without localizing signs or symptoms, and the signs of sepsis may be 
the only evidence of infection.26,110 Fever is the most common present-
ing symptom and is often accompanied by localized signs of infection, 
such as erythema, cellulitis, or purulent discharge from the mediastinal 
wound.** Patients may experience greater than normal postoperative 
pain, which can be pleuritic in nature. Sternal instability, dehiscence, 
and wound drainage are frequently noted and may be the only sign of 
infection in patients.31,112 Dysphagia, the observation of bubbles ema-
nating from the sternal wound, and chest wall emphysema are less 
common findings. Poststernotomy mediastinitis manifesting as a deep 
neck abscess without abnormal findings on chest examination has been 
reported, as has the development of septic shock and bacteremia 
without obvious signs of sternal infection.110,129

Laboratory tests usually show a moderate leukocytosis with a left-
ward shift of the white blood cell differential count. Biologic markers 
such as C-reactive protein and procalcitonin are typically elevated. 
Procalcitonin has been shown to be superior to C-reactive protein in 
diagnosing infection in patients having undergone cardiopulmonary 
bypass but has not been specifically studied in mediastinitis.130 The 
presentation of mediastinitis in transplant patients may be atypical and 
lack the usual clinical findings of fever and elevated white blood cell 
count.84 Procalcitonin has been found to be particularly useful in dif-
ferentiating infection from rejection in transplant patients and may play 
an adjunctive role in the diagnosis of mediastinitis in this patient popu-
lation.131 Blood cultures are of variable utility in diagnosing mediasti-
nitis. Patients with mediastinitis caused by S. aureus and gram-negative 
bacteria are frequently bacteremic. Post–cardiac surgery patients with 
bacteremia in which the source is not evident should be evaluated for 

**References 26, 31, 32, 54, 62, 112, 127.

FIGURE 87-3  Mediastinitis. Computed tomography scan of the chest 
at the level of the sixth thoracic vertebra shows large abscess within pos-
terior mediastinum and left-sided pleural effusion. The patient had expe-
rienced perforation of the esophagus owing to a swallowed foreign body. 
(From Rupp ME. Mediastinitis. In: Fishman AP, Elias JA, Fishman JA, et al, 
eds. Fishman’s  Pulmonary  Diseases  and  Disorders. 3rd ed. New York: 
McGraw-Hill; 1998:2036-2043.)
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Rather than using open packing, many surgeons now utilize 
vacuum-assisted closure (VAC) therapy, also called negative pressure 
wound therapy, either as a primary closure technique or as a bridge 
between débridement and definitive flap closure. Multiple studies com-
paring the use of VAC devices with conventional treatment have shown 
the use of VAC devices to be associated with fewer dressing changes 
needed, earlier sternal rewiring, decreased need for soft tissue flaps, 
more rapid sterilization of the mediastinum, more rapid C-reactive 
protein decline, shorter in-hospital stays, reduced sternal reinfection 
rates, and decreased costs compared with usual care.161-164 At least three 
studies have found VAC therapy to be associated with decreased mor-
tality compared with historical management of patients using conven-
tional surgical techniques.37,163,164 Although these findings certainly 
suggest VAC therapy may be superior to other forms of surgical man-
agement, randomized trials comparing the use of VAC devices with 
other treatment modalities have not been performed. A systematic 
review of the literature concluded that although VAC therapy was 
“efficacious and viable,” the evidence supporting these devices was still 
“weak” and randomized controlled trial data were necessary.165

The closed method of surgical management involves débridement 
of affected tissues, immediate closure of the sternum, and postoperative 
irrigation through drainage tubes or Redon catheters within the medi-
astinum.†† This may be accomplished through direct closure of the 
wound, with or without sternal rewiring, or by the advancement of soft 
tissue flaps, usually from the pectoralis muscle. Some authors have been 
very successful using these techniques with cure rates greater than 
90%.166,167 A number of soft tissue flaps may be used to reconstruct the 
chest wall, but no comparative data are available to guide selection. The 
most commonly employed flap is the pectoral, but rectus abdominus 
transposition can be used, and omental tissue flaps have been successful 
in patients who have failed other treatment modalities.168-172 Tissue flaps 
can be used in primary closure of sternal wounds or after a period of 
open management with either traditional dressing changes or the use 
of VAC dressings. The preferred surgical management of mediastinitis 
is currently unknown, nor is the ideal timing of sternal closure, because 
some studies suggest improved outcomes with early sternal closure 
whereas others report high rates of local recurrence.128,173

Irrigants used in mediastinitis have included various antimicrobial 
and antiseptic solutions, including antiseptics such as povidone-iodine 
or Dakin’s solution, various antibiotics, and saline. These agents have 
been associated with various complications, including the emergence 
of resistant organisms, pericardial and tissue toxicity, and systemic 
absorption and toxicity.174,175 The commonly employed irrigant 
povidone-iodine has been associated with iodine toxicity, renal failure, 
metabolic acidosis, and seizures.176 This agent must be used with 
caution, and it has been recommended that serum iodide concentra-
tion be measured to ensure toxic levels are not reached. In cases of 
iodine toxicity and renal failure, iodine can be effectively cleared by 
hemodialysis.177

The use of parenteral antibiotics has remained a cornerstone of 
therapy, although alone they are insufficient. Empiric therapy should 
be directed against staphylococci including methicillin-resistant staph-
ylococci and gram-negative aerobic bacilli. When definitive culture 
results are available, an antimicrobial should be targeted to the patho-
gens isolated. As with mediastinitis secondary to infection of the head  
and neck, the duration of therapy is determined by multiple factors, 
including extent of infection, adequacy of drainage/débridement,  
presence of bone involvement, retention of prosthetic material, and 
pathogen isolated. Whether patients with mediastinitis caused by 
methicillin-resistant staphylococci are more likely to have treatment 
failure is a subject of debate. MRSA surgical site infections have been 
associated with increased mortality and treatment costs.178 Some 
studies have associated MRSA poststernotomy mediastinitis with pro-
longed time to sterilization of the mediastinum, increased treatment 
failure, and increased mortality compared with methicillin-sensitive  
S. aureus.128,179,180 Other authors, after controlling for comorbidities, 
choice of empiric initial antimicrobial regimen, and surgical-treatment 
modality, found mortality of MRSA poststernotomy mediastinitis to be 
quite high, but not significantly different from other organisms.180,181

A major advancement in treatment of esophageal perforation has 
been the development of endoscopic therapies. These include the use 
of retrievable esophageal stents and endoscopic clips, which may be 
particularly useful with small perforations due to foreign bodies.146-148 
A recent systematic review of 267 esophageal perforations managed by 
esophageal stenting noted perforation healing was achieved in 85% of 
patients with an overall mortality of 11%.149 The primary indications 
for stenting in this series were anastomotic leaks after esophageal 
surgery, iatrogenic perforations, and Boerhaave syndrome, and most 
underwent additional drainage of extraluminal fluid collections. Chil-
dren with esophageal perforation are usually successfully managed 
with conservative treatment with broad-spectrum antibiotics, naso-
pharyngeal aspiration, parenteral nutritional support, and drainage of 
any fluid collections.150,151

As in esophageal perforation-induced mediastinitis, cases second-
ary to descending odontogenic or pharyngeal infection require prompt 
and aggressive surgical intervention. There is some debate in the litera-
ture regarding the preferred surgical approach, but all authors agree 
that adequate surgical drainage and débridement of all infected areas 
is of primary importance. Some authors have suggested that a trans-
thoracic approach is necessary in all cases, noting that transcervical 
drainage may be inadequate.15,21,152 An analysis of 69 cases found sig-
nificantly higher mortality in patients managed with only drainage via 
the neck (47% vs. 19%).120 Recent evidence suggests that the surgical 
approach should be based on the extent of the infection. When infec-
tion is confined to the superior mediastinum, it can often be managed 
successfully, utilizing cervicotomy with transcervical mediastinal 
drainage.20,153-156 If mediastinitis has spread below the carina, the chest 
cavity usually must be entered utilizing either sternotomy or posterior 
thoracotomy depending on the location of the infection.20,155,156 Suc-
cessful management of descending necrotizing mediastinitis using 
video-assisted thoracoscopic surgery has been reported as well.157,158 
Sumi and co-workers159 described a nonoperative approach of aggres-
sive CT-guided drainage catheters of both the neck and thoracic cavity 
in 14 patients. No patients required subsequent surgery, and only one 
patient died. Further research is necessary before this approach can be 
routinely advocated.

Although the importance of supportive therapy and surgical inter-
vention cannot be overemphasized in these forms of mediastinitis, the 
administration of appropriate antimicrobials is an essential component 
of therapy. Empiric regimens are based on the underlying cause and 
should cover the major pathogens listed in Table 87-3. Penicillin G has 
traditionally been the antibiotic of choice in the treatment of anaerobic 
infections originating above the diaphragm and continues to exhibit 
excellent activity against most oral anaerobic bacteria. However, oral 
anaerobes such as Prevotella and Porphyromonas spp. (formerly Bacte-
roides spp.) are increasingly resistant to penicillin G with agents such 
as broad-spectrum β-lactam/β-lactamase combinations, metronida-
zole, clindamycin, or carbapenems generally utilized.

Gram-negative enteric bacilli are also often involved in mediastini-
tis and should be accounted for when choosing an initial empiric 
regimen. Antibiotic therapy should be specifically tailored to the 
infecting organisms after definitive culture results are available, but 
treatment directed against anaerobic oropharyngeal organisms should 
be continued because of the difficulty in obtaining reliable anaerobic 
cultures.115 The duration of therapy, which may range from weeks to 
months, is determined by the virulence of the bacteria, host factors, 
and the patient’s response to therapy.

The treatment of mediastinitis secondary to cardiac surgery requires 
aggressive surgical drainage and débridement, including removal of 
any infected or necrotic tissue and bone along with sternal wires and 
any other foreign material. Although a few cases have been successfully 
treated by percutaneous catheter drainage alone, this is not preferred.160 
Two general approaches have been used in the surgical management 
of mediastinitis after cardiac surgery: open techniques and closed tech-
niques. Open techniques involve débridement of infected tissue and 
open packing of the wound with delayed closure.26,27,33,62 Disadvantages 
of open procedures include respiratory insufficiency secondary to a 
lack of mechanical support for the thorax, resulting in prolonged 
mechanical ventilation, delayed healing and closure of the surgical 
wound, and hemorrhage from exposed vessels.26,28,62 ††References 26, 27, 33, 62, 109, 166, 167.
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prophylactic antibiotics beyond this time period has been associated 
with the emergence of resistant organisms.186,192,197,199 Whether antimi-
crobial regimens of more than 24 hours’ duration are equally effica-
cious to those used for 24 to 48 hours is unclear, and conflicting data 
exist.186,197,200

S. aureus’s prominent role in mediastinitis has made it a frequent 
target for preventions. The use of intranasal mupirocin to prevent 
surgical site infections through elimination of S. aureus nasal coloniza-
tion has been supported by multiple trials, and application before or 
at the time of surgery is recommended.186,193,201-203 This intervention 
should be targeted only to patients known to be colonized with S. 
aureus but should not be limited to those colonized only with 
MRSA.202,203 Vaccines against S. aureus with the goal of preventing 
infections such as postsurgical mediastinitis are currently under inves-
tigation. Unfortunately, a large randomized trial in cardiac surgery 
patients found that although immunogenic, vaccines did not reduce S. 
aureus infections or SSI and increased mortality in those who devel-
oped an S. aureus infection.204

The use of topical antibiotics such as gentamicin or vancomycin 
applied to sternal wounds is controversial. Recent interest has focused 
on gentamicin-collagen sponges implanted just before wound closure. 
Four randomized-controlled studies have been performed, but only 
one study showed a significant decrease in deep sternal wound infec-
tions.205-207,208 When the findings of these four studies were combined 
utilizing meta-analysis, rates of deep sternal wound infections were 
lower with use of gentamicin sponges (OR, 0.62, 95%; confidence 
interval, 0.39-0.97).209 Despite these findings, more data are necessary 
before these devices are routinely implemented because the only U.S. 
trial found no impact on SSI rates.207

Complications and Prognosis
Complications of mediastinitis are due to local spread of infection and 
the systemic results of severe infection. Patients with descending nec-
rotizing mediastinitis frequently require tracheostomy for airway pro-
tection, and prolonged mechanical ventilation is frequent.17,21 Extension 
of the infection into numerous contiguous structures and spaces has 
been reported, including the pericardial space, resulting in pericardial 
effusion and tamponade; the pleural space; costochondral cartilages; 
and the peritoneum, resulting in peritonitis.14,15 Other major complica-
tions of mediastinitis after cardiac surgery include sternal osteomyelitis 
and sternal dehiscence or fracture.

Before the development of modern surgery and antibiotics, medi-
astinitis, resulting primarily from esophageal perforation, was regarded 
as uniformly fatal. With Barrett’s first successful surgical repair of the 
esophagus in 1946,141 morbidity and mortality decreased significantly 
but remained high, with older studies recording mortality rates of 17% 
to 36%.7,119 More recent studies utilizing rapid diagnosis and a mix of 
surgical and nonsurgical treatments including esophageal stenting 
have reported much lower mortality rates of 4% to 13%.13,125,149 Predic-
tors of mortality in esophageal perforation include the presence of 
respiratory failure or signs of sepsis at diagnosis, malignant perfora-
tion, and a delay of more than 24 hours in initiation of therapy.12,143,210 
The mortality associated with mediastinitis from head and neck infec-
tions, although still high, has declined with recent case series docu-
menting mortality rates of 11% to 16%.20,21,152,155,156 Specific prognostic 
factors in this form of mediastinitis have not been identified, but delays 
in diagnosis and extension of the infection into the lower mediastinum 
likely portend a worse outcome.156,211

Older studies in poststernotomy mediastinitis patients reported 
mortality rates of 30% to 50%, but more recent studies have described 
lower early mortality rates, often less than 10%, with some series 
reporting rates less than 5%.‡‡ This improvement in mortality rates is 
likely multifactorial, although some recent case series have suggested 
the use of VAC therapy may be one of the factors contributing to this 
improvement.37,182 Although post–cardiac surgery mediastinitis is 
associated with an increase in postoperative mortality, there is debate 
in the literature regarding the long-term impact of this complication 
on mortality. Cayci and colleagues213 found the development of deep 
sternal wound infection, after an initial increase in early mortality, did 

Although there is interest in alternative wound treatments such as 
granulated sugar and honey in particular, the use of VAC therapy has 
supplanted much of their use in mediastinal wounds.182 Previous 
studies have suggested that in recalcitrant cases packing of the wound 
with granulated sugar or honey can successfully eradicate sternal infec-
tion.183,184 The exact mechanism by which these substances promote 
wound healing has not been proven but is hypothesized to be a com-
bination of promotion of wound healing with inhibition of bacterial 
growth through changes in tissue water content, changes in osmolality, 
and direct antibacterial growth inhibition.185

Prevention
Because of the devastating nature of poststernotomy mediastinitis, 
prevention is crucial. Numerous guidelines have been published 
regarding prevention of surgical site infection and mediastinitis in the 
post–cardiac surgery setting.186-188 Chapter 318 contains a detailed 
description of the prevention of surgical site infections, but a few items 
specific to cardiac surgery warrant mention. The Surgical Care 
Improvement Project (SCIP), which began in 2004, focuses on decreas-
ing surgical site infections (SSIs) through implementation of evidence-
based practices. Although SCIP measures are focused primarily on 
antimicrobial prophylaxis, control of 6 am postoperative blood glucose 
in CABG surgery is also included. Several studies have shown that the 
control of postoperative blood glucose levels to less than 200 mg/dL, 
particularly using IV insulin protocols, significantly decreases the risk 
of deep sternal wound infection even in nondiabetic patients.189-191 This 
effect has been quite significant with a 50% or more decrease in infec-
tion rates noted.

Antibiotic prophylaxis has become common in cardiac procedures 
despite the lack of placebo-controlled studies documenting its efficacy. 
Many questions exist about the optimal agent, dose, timing, and dura-
tion for antimicrobial prophylaxis. Guidelines from the Society of  
Thoracic Surgeons and by the American Society of Health System 
Pharmacists (ASHP), Infectious Diseases Society of America (IDSA), 
Surgical Infection Society (SIS), and Society for Healthcare Epidemiol-
ogy of America (SHEA) have attempted to synthesize the data.186,192,193 
There is general agreement that prophylactic antimicrobials should be 
provided to achieve maximal tissue levels at the time of incision by 
infusing them within 1 hour of incision.186 Very large patients may 
need higher doses of antimicrobials to achieve adequate concentra-
tions, and higher doses should be used in larger patients. Another 
important aspect of antimicrobial prophylaxis is maintaining adequate 
tissue levels and agents with short half-lives such as cefazolin, which 
should be re-dosed if the procedure duration exceeds two half-lives of 
the agent (typically 4 hours with cefazolin). Cefazolin has generally 
been regarded as the drug of choice for prophylaxis, with other early-
generation cephalosporins such as cefuroxime generally considered to 
be equivalent.186,193,194 The role of vancomycin as a routine prophylactic 
agent in cardiovascular surgery is controversial. The advantages of 
vancomycin, such as coverage of resistant pathogens such as MRSA 
and enterococcal species, must be weighed against its disadvantages, 
including long infusion times, possible red man syndrome, and risk of 
development of vancomycin resistance in enterococci and staphylo-
cocci. In a comparison of vancomycin, cefazolin, and cefamandole, 
Maki and associates195 showed a significant reduction in postoperative 
wound infections in patients receiving vancomycin prophylaxis. This 
finding has been contradicted by two meta-analyses and a systematic 
review, all of which found vancomycin to be no better than β-lactam 
antibiotics for the prevention of deep sternal wound infections, and, in 
fact, vancomycin use was associated with increased rates of sternal 
wound infection in one analysis.196-198 On the basis of these data, van-
comycin should be reserved for prophylaxis in patients who cannot 
receive β-lactams due to allergy or are at high risk for, or known to be 
colonized with, MRSA. Another disadvantage of vancomycin use as a 
single agent for prophylaxis is a lack of coverage for gram-negative 
organisms. It is unclear if the addition of an agent with gram-negative 
activity such as an aminoglycoside, fluoroquinolone, or cephalosporin 
is necessary, but their use may be prudent when there is concern 
regarding these pathogens.186,193

Studies evaluating the duration of antimicrobial prophylaxis have 
found no clinical benefit to exceeding 48 hours of use, and use of ‡‡References 27, 37, 127, 163, 168, 182, 212.
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“pseudo–mitral stenosis syndrome” with exertional dyspnea, easy fati-
gability, and occasional hemoptysis. Patients with airway obstruction 
from sclerosing mediastinitis may present with cough, wheezing, 
dyspnea, hemoptysis, or recurrent episodes of bacterial bronchitis or 
pneumonia. Patients complaining of dysphagia may have esophageal 
obstruction secondary to posterior extension of the mediastinitis.

Findings on chest radiograph may be subtle, but most patients are 
noted to have mediastinal widening; other common radiographic find-
ings include hilar mass, mediastinal calcification, and evidence of 
superior vena cava obstruction. CT is the preferred modality for evalu-
ating fibrosing mediastinitis, and findings typically reveal one of two 
patterns. The most common finding is a focal, infiltrating mediastinal 
mass within the superior mediastinum, often with calcifications, which 
is most commonly on the right side.221,238,239 Many authors believe this 
pattern is secondary to histoplasmosis or other infectious etiologies. 
The second pattern is characterized by diffuse mediastinal infiltration 
without prominent calcifications and may be more typical of noninfec-
tious etiologies. CT is also useful for defining the extent of compression 
of mediastinal structures with the exception of the esophagus, which 
is better imaged using an esophagram. Two large case series found 
vascular narrowing (39% to 48%), especially the superior vena cava 
(20% to 39%), to be the most commonly obstructed structures followed 
by bronchial (27% to 33%) and esophageal (3% to 9%).221,238 Magnetic 
resonance angiography offers little advantage over CT but along with 
pulmonary arteriography may be helpful in the assessment of the pul-
monary vascular integrity.240,241 Ventilation-perfusion lung scans often 
reveal large perfusion defects secondary to obstruction of the pulmo-
nary vessels. PET scans, although not routinely indicated in fibrosing 
mediastinitis, are often utilized for evaluation of mediastinal mass 
lesions and may show increased metabolic activity suspicious for a 
malignancy.221,241

The diagnosis of fibrosing mediastinitis usually requires pathologic 
examination. Adequate tissue sampling is key in ruling out causes such 
as nodular sclerosing Hodgkin’s disease and sclerosing variants of non-
Hodgkin’s lymphomas. The histologic appearance of fibrosing medias-
tinitis reflects a continuum of findings that range from predominantly 
granulomatous lesions with significant inflammation to minimally cel-
lular fibrosing masses without inflammation.221,232 Lesions noted may 
include caseating granulomas but typically are extensive pauci-cellular, 
densely hyalinized, collagenous tissue infiltrating and obliterating 
mediastinal adipose tissue and structures with varying amounts of 
lymphocytes and mononuclear cells. Specific stains for fungi may 
reveal organisms consistent with Histoplasma, but cultures are usually 
negative.217

Fibrosing mediastinitis likely reflects the common immunologic 
end point of a heterogeneous group of inciting factors, and multiple 
mechanisms have been proposed to explain this condition. The  
findings of distinct radiographic and pathologic patterns of medi-
astinal disease suggest there are likely multiple pathophysiologic  
mechanisms.238,239 The most common mechanism is likely an immune-
mediated hypersensitivity to Histoplasma capsulatum antigens possibly 
set off by the rupture of a caseous lymph node into the mediasti-
num.217,221,239 A second, similar hypothesis is the development of a 

not alter long-term survival when preoperative, intraoperative, and 
postoperative risk factors were accounted for. Contrasting this, in 
18,532 CABG procedures with a median of 10.4 years of follow-up, 
Risnes and co-workers found mediastinitis was not associated with an 
increase in 30-day mortality but did result in a 59% increase in long-
term mortality.40 An important factor in determining outcome is the 
length of time between diagnosis and initiation of definitive surgical 
and antimicrobial therapy, and delays are associated with worse out-
comes.33,128,152 Other prognostic indicators associated with increased 
mortality include advanced age, presence of significant underlying 
medical comorbidities, bacteremia, early-onset mediastinitis, medias-
tinal infection due to Candida species or MRSA, need for prolonged 
mechanical ventilation, need for intra-aortic balloon pump, and cyto-
megalovirus shedding.§§

In examining the economic ramifications of mediastinitis, Loop 
and co-workers27 found the hospital charges of patients undergoing 
CABG who experienced mediastinitis were 280% greater than patients 
with uncomplicated bypass surgery, and the median length of stay 
ranged from 38 to 51 days. Other studies have reported that postster-
notomy mediastinitis results in excess hospital stays of 20 to 30 days 
on average and a twofold to threefold increase in cost of care.32,45,60,216 
Because many of these infections are regarded as “preventable,” begin-
ning in 2008 the U.S. Centers for Medicaid and Medicare Services 
stopped reimbursing hospitals for additional costs associated with 
postoperative mediastinitis.

CHRONIC/FIBROSING 
MEDIASTINITIS
The terms fibrosing, sclerosing, and granulomatous mediastinitis refer to 
a chronic form of mediastinitis characterized by an invasive and com-
pressive inflammatory mediastinal infiltrate. The first report of this 
entity, which may cause 10% of all primary mediastinal masses,217 was 
a description by Ulmont in 1855.218 Although the underlying patho-
physiology of fibrosing mediastinitis has remained obscure, many 
authorities believe the majority of cases are secondary to infection  
with Histoplasma capsulatum. With careful analysis, 73% of cases pre-
viously characterized as nonspecific granulomatous mediastinitis can 
be reclassified as secondary to H. capsulatum infection by restaining 
of the tissue with fungal stains and a thorough review of the pathologic 
sections.219,220 A recent case series found 84% of patients with fibrosing 
mediastinitis had serologic, pathologic, or radiologic findings consis-
tent with histoplasmosis.221 Other infectious etiologies have been 
described, including, most frequently, tuberculosis,222 and, rarely, acti-
nomycosis,223 nocardiosis,224 blastomycosis, coccidioidomycosis,225 
aspergillosis,225 Conidiobolus, Rhizopus spp. and other causes of mucor-
mycosis,226,227 and Wuchereria bancrofti infection.228 Older literature 
often lists syphilis as a prominent cause of granulomatous mediastini-
tis; however, this was based on seropositivity without other supporting 
evidence. Other conditions that closely mimic this entity include sar-
coidosis, silicosis, lymphoma, mesothelioma, Behçet’s disease, medias-
tinal fibrosis associated with radiation, Riedel’s struma, and sclerosing 
cholangitis.225,229-232 Some cases of fibrosing mediastinitis are likely a 
manifestation of other unusual systemic fibroinflammatory disorders 
including idiopathic retroperitoneal fibrosis, IgG4-related disease or 
even mast cell activation syndrome.233-235

Many patients with fibrosing mediastinitis are asymptomatic and 
come to medical attention when chest imaging incidentally reveals a 
mediastinal mass. When symptoms occur, they are usually related to 
invasion or obstruction of structures within or adjacent to the medi-
astinum (Table 87-4). The most common complaints at presentation 
are cough, dyspnea, chest pain, exercise intolerance, and hemoptysis.221 
Fibrosing mediastinitis is the most common nonmalignant cause of 
superior vena cava syndrome,236 and patients typically present with 
plethora and edema of the face, neck, and upper torso; neck vein  
distention; headache; and visual disturbances. Obstruction of the pul-
monary arteries often results in cough, dyspnea, and symptoms con-
sistent with right-sided heart failure. Pulmonary infarction, although 
rare, has been reported to occur in patients with fibrosing mediastini-
tis.237 Pulmonary venous obstruction causes patients to experience a 

TABLE 87-4  Complications and Manifestations 
of Sclerosing Mediastinitis

Pulmonary venous or arterial obstruction
Superior vena cava obstruction
Inferior vena cava obstruction
Esophageal obstruction
Esophagobronchial obstruction
Tracheobronchial obstruction
Pulmonary venous or arterial obstruction
Pulmonary hypertension
Pulmonary infarction
Cor pulmonale
Thoracic duct obstruction
Constructive pericarditis
Coronary artery stenosis
Mediastinal nerve entrapment
Recurrent laryngeal nerve palsy

§§References 31, 109, 110, 114, 163, 179, 214, 215.
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receptors have not been demonstrated to be present on cells mediating 
fibrosing mediastinitis.232

It is difficult to make recommendations regarding the timing or 
utility of surgical intervention due to the variable natural history of 
this disease because some patients progress to compression of vital 
structures and others seem to have self-limited disease. Some have 
suggested that early surgical intervention with removal of granuloma-
tous tissue may prevent the development of subsequent end-stage 
fibrosis, but the literature supporting this is scanty.246 Due to the dif-
ficulty of the procedure and relatively high complication rates, surgical 
and nonsurgical interventions are generally reserved for patients who 
experience obstruction or invasion of mediastinal structures leading 
to significant symptoms or cardiac complications. Despite the technical 
difficulties of surgical interventions, centers with experience have pub-
lished success rates of greater than 90%.221 Recent advances in nonsur-
gical interventions have been utilized with some success in fibrosing 
mediastinitis to relieve obstructions of the superior vena cava, pulmo-
nary vessels, and bronchi. Although success rates are somewhat lower 
than surgery (78% to 80%), nonsurgical interventions avoid the sig-
nificant morbidity associated with surgical interventions.221,247 Despite 
high rates of success with both surgical and nonsurgical interventions, 
the progressive nature of the disease often means patients require addi-
tional interventions over time. Although some patients with fibrosing 
mediastinitis will succumb to the disease, the overall prognosis is 
unknown because no long-term follow-up data exist. Peikert and col-
leagues221 used the Social Security Death Index database to follow up 
80 patients with this disease for a median of 68 months (0 to 401 
months), and found that although 5 had died, only 2 deaths were 
specifically attributed to fibrosing mediastinitis. There is some sugges-
tion that bilateral mediastinal involvement may be associated with 
increased mortality, while interventions relieving vascular occlusion 
improve survival.247

delayed hypersensitivity reaction caused by the spread of soluble His-
toplasma antigens into the mediastinum.239 An alternative explanation 
proposes that fibrosing mediastinitis represents an abnormality of col-
lagen production and organization similar to that of idiopathic retro-
peritoneal fibrosis, Riedel’s struma, or IgG4-related disorders leading 
to diffuse fibrosis without calcifications.234,238,239 Either explanation is 
plausible, and the presence of a genetic predisposition and overlap 
between pathogenic mechanisms is possible.

No controlled trials of medical or surgical therapy have been con-
ducted for the treatment of fibrosing mediastinitis. Patients without 
symptoms at the time of diagnosis may be safely managed with close 
monitoring as demonstrated by 17 asymptomatic patients who were 
followed for a median of 68 months with none showing evidence of 
disease progression.221 Despite the frequent finding of fungal organ-
isms, little evidence supports the presence of an active infection at the 
time of diagnosis, and although antifungal therapies are frequently 
utilized (23 of 80 patients in one case series), the evidence supporting 
their efficacy is based on case reports of success only.221,239,242 Case 
reports of success with corticosteroids have appeared, but their role in 
the treatment of fibrosing mediastinitis is minimal, and likely limited 
to those where fibrosing mediastinitis is due to some other initiating 
condition such as retroperitoneal fibrosis.221,243 Despite a lack of effi-
cacy, antifungal and anti-inflammatory therapies are often utilized 
because no clearly efficacious treatment options exist. When medical 
therapy is provided, imaging and symptoms should be monitored and 
patients without a clearly documented response should have therapy 
discontinued because it may result in toxicity and side effects. In small 
case series, the selective estrogen receptor modulator tamoxifen was 
shown to improve idiopathic retroperitoneal fibrosis, leading some to 
utilize it in fibrosing mediastinitis with rare reports of success.243-245 
Tamoxifen’s role as a treatment is unknown and may be limited to cases 
related to retroperitoneal fibrosis because estrogen and progesterone 
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H  Central Nervous System Infections

The central nervous system (CNS) may be infected by various agents, 
including viruses, bacteria, fungi, protozoa, and helminths. In addi-
tion, numerous noninfectious etiologies may account for syndromes 
that mimic CNS infections. These include neoplastic diseases, intracra-
nial tumors and cysts, medications, collagen vascular disorders, auto-
immune disorders and other systemic illnesses, and conditions arising 
after various procedures that invade the CNS. The clinical presentation 
of a CNS infection may be acute, subacute, or chronic, depending on 
the virulence of the infecting agent and the location of the infection. 
Because CNS infections occur within the confines of the cranium or 
spinal column, they may be associated with significant morbidity and 
mortality, often necessitating emergent interventions to improve 
outcome. This chapter reviews the general approach to infections of 
the CNS, which are discussed in further detail in subsequent chapters 
of this section.

CLINICAL MANIFESTATIONS
The clinical presentation of a specific CNS infection depends on the 
pathogenesis of spread of the infection to the CNS, the virulence of the 
etiologic agent, and the area of CNS involvement. Most patients with 
CNS infections present with the clinical manifestations of fever, head-
ache, altered mental status, or focal neurologic deficits. These findings 
are nonspecific, however, and not all patients with CNS infections 
develop all of these clinical manifestations. The likelihood of any spe-
cific clinical finding depends on the CNS syndrome caused by the 
infectious agent. These are reviewed subsequently.

Meningitis
Patients with acute meningitis most often present with fever, headache, 
meningismus, and altered mental status (see Chapter 89).1 A typical 
adult patient with acute bacterial meningitis usually seeks medical 
attention within a few hours to several days after the onset of illness. 
The presentation may vary, depending on the age of the patient and 
the presence of various underlying conditions (e.g., head trauma, 
recent neurosurgery, presence of a cerebrospinal fluid [CSF] shunt [see 
Chapter 94], and immunocompromised state). The presentation may 
also vary depending on the microorganism causing meningitis. The 
common etiologic agents of acute meningitis are viruses (most often 
the enteroviruses but also human immunodeficiency virus [HIV], 
mumps virus, and herpes simplex viruses) and bacteria (e.g., Strepto-
coccus pneumoniae, Neisseria meningitidis, and Listeria monocyto-
genes). Less commonly, parasites (e.g., Naegleria fowleri and 
Angiostrongylus cantonensis) may cause acute meningitis.

In contrast, patients with subacute or chronic meningitis present 
over weeks to months, or even years (see Chapter 90). These patients 
may also have fever, headache, meningismus, and altered sensorium 
(as in patients with acute meningitis), but the onset is more gradual, 
fever is lower, and there may be associated lethargy and disability. 
These syndromes may be caused by mycobacteria (especially Mycobac-
terium tuberculosis), spirochetes (e.g., Treponema pallidum and Bor-
relia burgdorferi), and fungi (e.g., Cryptococcus neoformans, Candida 
spp., and Coccidioides spp.).1 Patients who develop meningitis caused 
by some of these agents are often immunocompromised, and the clini-
cal presentation may vary from patients who have intact immune 

systems. The clinical presentation of cryptococcal meningitis is differ-
ent in patients with and without acquired immunodeficiency syn-
drome (AIDS). In non-AIDS patients, cryptococcal meningitis is 
typically a subacute process, in which patients have days to weeks of 
symptoms characterized by headache, fever, meningismus, and per-
sonality changes. In AIDS patients, the presentation is more subtle, 
with minimal, if any, symptoms; these patients may present with only 
headache and lethargy, with meningeal findings seen in only a few 
cases. Other fungi are unusual causes of meningitis, although cases  
of Exserohilum rostratum meningitis were recently reported in asso-
ciation with epidural or paraspinal glucocorticoid injections of 
preservative-free methylprednisolone from a single compounding 
pharmacy.2

Encephalitis
The syndrome of acute encephalitis shares many features with acute 
meningitis (see Chapter 91).3,4 Patients with both syndromes often 
present with the triad of fever, headache, and altered mental status. 
Because the cerebral cortex is diffusely involved in patients with 
encephalitis, however, mental status changes, such as confusion (early 
in the disease course before the onset of obtundation or coma), are 
more common in patients with encephalitis. Other findings in patients 
with encephalitis include behavioral and speech disturbances, and 
focal or diffuse neurologic signs (e.g., seizures and hemiparesis). The 
syndrome may also coexist in the form of meningoencephalitis. There 
is also a clinical overlap between encephalitis and encephalopathy, the 
latter referring to a clinical state of altered mental status that can mani-
fest as confusion, disorientation, or other cognitive impairment, with 
or without evidence of brain tissue inflammation; encephalopathy can 
be triggered by a number of metabolic or toxic conditions but also 
occurs in response to certain infectious agents such as influenza virus.5

Of all the pathogens reported to cause encephalitis, most are viruses 
that may be associated with specific manifestations that suggest their 
diagnosis.3,4,6 Herpes simplex virus affects the CNS focally (most often 
involving the temporal lobe), leading to clinical manifestations char-
acterized by personality changes, altered mentation, a decreasing level 
of consciousness, seizures, and focal neurologic findings (e.g., dyspha-
sia, weakness, and paresthesias). Other viral causes of acute encepha-
litis include the other herpesviruses (e.g., varicella-zoster virus, 
cytomegalovirus, and human herpesvirus 6), arboviruses (e.g., West 
Nile, eastern equine, St. Louis, La Crosse, and Japanese encephalitis 
viruses), HIV, rabies virus, and the enteroviruses. Although there  
may be overlapping clinical features with the viruses that cause enceph-
alitis, the season of the year may offer a clue as to the specific etiologic 
agent. Arboviruses (e.g., eastern equine, St. Louis, and West Nile 
viruses) cause disease in summer or fall, whereas encephalitis caused 
by herpes simplex viruses and HIV occurs sporadically throughout  
the year. Focal abnormalities related to the site of brain inflammation 
may sometimes be helpful in suggesting pathogens with specific neu-
rotropism, such as parkinsonian features in patients with flavivirus 
encephalitis.7,8

Nonviral causes of encephalitis include L. monocytogenes, Rickett-
sia, Ehrlichia spp., Bartonella spp., Mycoplasma pneumoniae, and Toxo-
plasma gondii (more often seen in transplant patients with Toxoplasma 
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puncture. The risk of headache may be reduced by using smaller-gauge 
needles (20 gauge or less) or by placing the patient in the prone posi-
tion for several hours after the procedure, although it is unclear 
whether the latter maneuver is effective in reducing the likelihood of 
headache after lumbar puncture. A recommendation from the Ameri-
can Academy of Neurology supports the use of atraumatic (Sprotte or 
Pajunk) needles, rather than the standard (Quincke) needle, to reduce 
the risk of postlumbar puncture headache.16 Reinsertion of the stylet 
before needle removal has also been shown to decrease the risk of 
headache.14 The headache usually resolves within hours to days after 
the procedure. Persistent headache can be treated by use of a “blood 
patch,” in which some of the patient’s own venous blood is injected 
outside the meninges at the site of the lumbar puncture; this procedure 
seals the site of CSF leakage.

Infection may occur after lumbar puncture, but the incidence of 
infection is low even in patients with concomitant bacteremia.1 
Although there have been conflicting studies on the risk of subsequent 
meningitis in patients who are bacteremic at the time of lumbar punc-
ture, the importance of performing a diagnostic lumbar puncture in 
the appropriate clinical setting greatly outweighs any minor risk that 
the procedure itself might induce meningitis in a bacteremic patient. 
Lumbar puncture should not be performed in patients with established 
local infection in the lumbar space (e.g., spinal epidural abscess, spinal 
subdural empyema, or superficial or deep paraspinal infection); in 
these cases, CSF analysis should be obtained under fluoroscopic guid-
ance via high cervical or cisternal puncture.

Local bleeding is a more common complication after lumbar punc-
ture1,13,15; 20% of patients have a so-called traumatic tap.17 Bleeding may 
occur from inadvertent puncture of the venous plexuses located dor-
sally and ventrally to the spinal dura or secondary to injury to vessels 
that accompany the cauda equina. This local bleeding rarely does harm 
to the patient, although patients with coagulation disturbances or who 
are receiving anticoagulants may develop continued bleeding with the 
development of spinal subdural or epidural hematomas, which may 
compress the cauda equina and produce permanent neurologic injury.

The most feared complication after lumbar puncture is brain her-
niation, which may occur in a patient with an elevation of ICP.1,13-15 In 
patients who undergo lumbar puncture, there is normally a mild, tran-
sient reduction of lumbar CSF pressure that is rapidly communicated 
throughout the subarachnoid space. In patients with bacterial menin-
gitis and suspected severe intracranial hypertension or impending 
herniation, a 22- or 25-gauge spinal needle should be used, with careful 
observation for several hours after removal of CSF; monitoring and 
treatment of increased ICP may need to be considered (see later). In 
patients who have an intracranial space-occupying lesion, particularly 
one located in the posterior fossa, there is already a relative pressure 
gradient (with downward displacement of the cerebrum and brain-
stem) that can be increased by lumbar puncture and precipitate brain 
herniation.

Certain patients should undergo neuroimaging studies (i.e., com-
puted tomography [CT] or magnetic resonance imaging [MRI]) before 
lumbar puncture if there is a suspicion that their neurologic presenta-
tion may be secondary to an intracranial mass lesion with accompany-
ing mass effect. These include patients with the following characteristics: 
immunocompromised state (HIV infection or AIDS, receiving immu-
nosuppressive therapy, or after transplantation), history of CNS disease 
(mass lesion, stroke, or focal infection), new-onset seizure, abnormal 
level of consciousness, papilledema, or focal neurologic deficit (includ-
ing dilated, nonreactive pupil; abnormalities of ocular motility; abnor-
mal visual fields; gaze palsy; or arm or leg drift).1,18,19 It has been 
suggested, however, that a normal CT scan does not always mean 
performance of a lumbar puncture is safe. Certain clinical signs of 
impending herniation, such as a deteriorating level of consciousness 
(particularly a Glasgow Coma Scale score ≤11), brainstem signs 
(including pupillary changes, posturing, or irregular respirations), or 
a very recent seizure, may be predictive of patients in whom lumbar 
puncture should be delayed.20

Opening Pressure and Appearance
In the evaluation of CNS infections via lumbar puncture, numerous 
parameters should be assessed.1,15,21 CSF opening pressure is measured 

encephalitis).4 Several free-living amebae (i.e., Naegleria fowleri, Acan-
thoamoeba spp., and Balamuthia mandrillaris) have also been reported 
to cause encephalitis. Other epidemiologic clues that may be helpful 
in directing the investigation for an etiologic agent in patients with 
encephalitis include geographic locale, prevalence of disease in the 
local community, travel history, recreational activities, occupational 
exposure, insect contact, animal contact, vaccination history, and 
immune status of the patient.4,6 In many cases of encephalitis (32% 
to 75%), the etiology remains unknown, however, despite extensive 
diagnostic testing.4,9 In addition, it is important to distinguish between 
infectious encephalitis and postinfectious or postimmunization 
encephalitis or encephalomyelitis. These latter syndromes are pre-
sumed to be mediated by an immunologic response to an antecedent 
antigenic stimulus provided by the infecting microorganism or immu-
nization; one example is termed acute disseminated encephalomyelitis 
and is more commonly seen in children and adolescents.10 Other non-
infectious conditions that cause encephalitis should also be considered 
and include anti-N-methyl-d-aspartate receptor (NMDAR) encepha-
litis,11,12 the most common cause of autoimmune encephalitis after 
acute disseminated encephalomyelitis.

The clinical features in patients with chronic encephalitis may be 
similar to the features seen in patients with acute encephalitis, although 
the onset is more gradual. Patients with chronic encephalitis may also 
progress to disability and death.

Focal Central Nervous System 
Syndromes
The clinical presentation in patients with focal CNS lesions (e.g., brain 
abscess, subdural empyema, and epidural abscess) depends on the 
route of spread of the infection to the CNS, location of the lesion, and 
severity of increased intracranial pressure (ICP) (see Chapters 92 and 
93). Patients develop brain abscesses via contiguous spread (e.g., from 
sinusitis, otitis media, or mastoiditis), hematogenous dissemination, or 
trauma. Initial clinical manifestations include headache, nausea, vom-
iting, and focal neurologic findings. Although patients may be brought 
to medical attention after development of a seizure or alteration in 
consciousness, fever is usually seen in less than 50% of patients. In 
patients with fungal brain abscess caused by Aspergillus spp. or the 
Mucorales, the clinical presentation may be that of a stroke syndrome 
because of the propensity of these organisms to invade blood vessels. 
In patients with focal infections that compress the spinal cord, such as 
epidural abscess or subdural empyema, the sequence of back pain, 
radiculopathy, and motor and sensory findings may eventually prog-
ress to complete paralysis, a clinical manifestation that is irreversible 
unless there is emergency intervention (see Chapter 93).

LUMBAR PUNCTURE
Lumbar puncture, with removal and analysis of CSF, is an essential 
procedure in the diagnosis of many CNS infections,1,13 most often in 
infections with the clinical presentation of meningitis or encephalitis. 
In the performance of a lumbar puncture, the patient and the needle 
should be properly positioned to obtain adequate amounts of CSF; the 
patient is placed in either the lateral recumbent position on a firm 
surface with the back at the edge of the table and perpendicular to the 
table surface or sitting with the back curved.14 When the patient is 
properly positioned, and the clinician is wearing sterile gloves and a 
mask and has cleaned the puncture site with antiseptic solution, the 
spinal needle (preferably 20 gauge or less) is inserted in the midline, 
usually between the third and fourth lumbar vertebrae and perpen-
dicular to the back. After needle insertion, frequent removal of the 
stylet can determine whether the subarachnoid space has been entered. 
At that point, a “pop” is felt, indicating penetration of the needle across 
the ligamentum flavum.

Numerous complications have been associated with performance 
of lumbar puncture,1,13-15 ranging from mild discomfort with insertion 
of the spinal needle to life-threatening conditions. The most common 
complication after lumbar puncture is headache, which is generally 
observed in 10% to 25% of patients; the headache is characteristically 
absent when the patient is recumbent and appears rapidly when the 
patient stands. The headache is believed to be secondary to low CSF 
pressure as a result of continued leakage of CSF at the site of the lumbar 
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clear. Xanthochromia has also been observed with elevated CSF protein 
concentrations of more than 150 mg/dL (Froin syndrome) or as a 
consequence of systemic hyperbilirubinemia (>10 to 15 mg/dL). CSF 
with very high protein concentrations may clot, impairing the chemi-
cal, smear, and cytologic analyses.

In patients with meningitis, specific CSF results may vary depend-
ing on the infectious agent (Table 88-2). For additional information on 
CSF results for specific etiologic agents of meningitis and encephalitis, 
see the subsequent chapters in this section. Details of some CSF param-
eters are reviewed as follows.

Cell Count
The normal CSF white blood cell count in children and adults is 0 to  
5/mm3. CSF white blood cell counts in term neonates may be 32/mm3 
(mean, 8 to 9/mm3), although by 1 month of age, normal CSF has less 
than 10 white blood cells/mm3. Elevated CSF concentrations of white 
blood cells are seen in patients with meningitis, encephalitis, and para-
meningeal foci of infection (e.g., space-occupying lesions).1,15 False-
positive elevations of CSF white blood cell counts can be found after 
traumatic lumbar puncture or in patients with intracerebral or sub-
arachnoid hemorrhage in which red blood cells and white blood cells 
are introduced into the subarachnoid space. In these instances, the fol-
lowing formula should be used as a correction factor for the true white 
blood cell (WBC) count in the presence of CSF red blood cells (RBC)1:

Adjusted WBC in CSF Actual WBC in CSF

WBC
in blood RBC

in CS
= −

×
FF

RBC in blood

In the above equation, the amount being subtracted is the predicted 
CSF white blood cell count that would occur if all the CSF white blood 
cells were the result of blood contamination.21

Generalized seizures may also induce a transient CSF pleocytosis 
that is primarily neutrophilic, although the total white blood cell count 
should not exceed 80/mm3. Pleocytosis should not be ascribed to 
seizure activity alone, however, unless the fluid is clear and colorless, 
the opening pressure and CSF glucose are normal, the CSF Gram stain 
is negative, and the patient has no clinical evidence of CNS infection.1 
In patients with CSF pleocytosis, differential counts should be per-
formed; a neutrophilic, mononuclear, or eosinophilic predominance 
may be suggestive of certain etiologies in the right clinical setting (see 
Table 88-2 and Chapters 89 and 90). Although CSF pleocytosis is sug-
gestive of inflammation of the brain and/or meninges, the absence of 
CSF pleocytosis does not exclude the diagnosis of encephalitis.22,23

Glucose and Protein
A CSF hypoglycorrhachia is seen in many CNS infections. The patho-
genesis of CSF hypoglycorrhachia is multifactorial and may include an 
increased rate of macrovesicular glucose transport across arachnoid 
villi, increased glycolysis by leukocytes and bacteria, increased meta-
bolic rate of the brain and spinal cord, or inhibition of glucose entry 
into the subarachnoid space caused by alterations in the membrane 
carrier system responsible for glucose transfer from blood to CSF.21 The 
actual CSF glucose concentration may be falsely low in the presence of 
hypoglycemia, or may be incorrectly interpreted as normal when the 

with an air-water manometer; in adults placed in the lateral decubitus 
position, the normal CSF opening pressure ranges from 50 to 195 mm 
H2O; values less than 150 mm H2O are clearly normal, and those 
higher than 200 mm H2O are abnormal. Pressure measured with the 
patient prone, as is done for fluoroscopic lumbar puncture, should be 
calculated as the distance from the CSF meniscus to the location of the 
patient’s right ventricle. The CSF specimen should be sent to the labo-
ratory for analysis (Table 88-1). The CSF is normally clear and colorless 
but may appear cloudy or turbid in patients with increased concentra-
tions of white blood cells (>200/mm3), red blood cells (>400/mm3), 
bacteria (>105 colony-forming units/mL), or protein. In patients with 
a traumatic tap, an initially bloody CSF (present when there are at least 
6000 red blood cells/mm3) should clear as flow of CSF continues.

Xanthochromia, a yellow or yellow-orange supernatant of centri-
fuged CSF, is usually a result of red blood cell lysis and the presence of 
oxyhemoglobin, methemoglobin, and bilirubin; it characteristically 
appears 2 to 4 hours after red blood cells have entered the subarachnoid 
space, although it has occasionally been seen for 12 hours. The pres-
ence of xanthochromia distinguishes CSF that is bloody secondary to 
subarachnoid hemorrhage from CSF that is bloody secondary to a 
traumatic lumbar puncture, in which the centrifuged supernatant is 

TABLE 88-1  Tests of Cerebrospinal Fluid in 
Patients with Suspected Central Nervous  
System Infection

Routine Tests
White blood cell count with differential

Red blood cell counta

Glucose concentrationb

Protein concentration

Gram stain

Bacterial culture

Selected Specific Tests Based on Clinical Suspicion
Viral culturec

Smears and culture for acid-fast bacilli

Venereal Disease Research Laboratory (VDRL)

India ink preparation

Cryptococcal polysaccharide antigen

Fungal culture

Antibody tests (IgM or IgG, or both)d

Nucleic acid amplification tests (e.g., polymerase chain reaction)e

Cytologyf

Flow cytometry
aShould be checked in the first and last tubes; in patients with a traumatic tap, 
there should be a decrease in the number of red blood cells with continued flow 
of cerebrospinal fluid (CSF). See text for the formula for determining whether the 
numbers of CSF red blood cells and white blood cells are consistent with a 
traumatic tap.

bCompare with serum glucose drawn just before lumbar puncture.
cYield of viral culture may be low (see Chapters 89 and 91).
dMay be useful for specific causes of meningitis and encephalitis (see Chapters 

89, 90, and 91).
eMost useful for specific viral causes of encephalitis and causes of chronic 

meningitis; see text and Chapters 90 and 91 for details.
fIn patients with suspected malignancy.

TABLE 88-2  Typical Cerebrospinal Fluid Findings in Patients with Selected Infectious Causes of Meningitis

CAUSE OF 
MENINGITIS

WHITE BLOOD CELL 
COUNT (cells/mm3) PRIMARY CELL TYPE GLUCOSE (mg/dL) PROTEIN (mg/dL)

Viral 50-1000 Mononucleara >45 <200

Bacterial 1000-5000b Neutrophilicc <40d 100-500

Tuberculous 50-300 Mononucleare <45 50-300

Cryptococcal 20-500f Mononuclear <40 >45
aMay be neutrophilic early in presentation (see Chapter 89).

bRange from <100 to >10,000 cells/mm3.
cAbout 10% of patients have cerebrospinal fluid (CSF) lymphocyte predominance.
dShould always be compared with a simultaneous serum glucose; ratio of CSF to serum glucose is ≤0.4 in most cases (see Chapter 89).
eMay see a “therapeutic paradox,” in which a mononuclear predominance becomes neutrophilic during antituberculous therapy.
fMore than 75% of patients with acquired immunodeficiency syndrome have <20 cells/mm3.
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sensitive (86% to 100%) and specific (92% to 100%) for the diagnosis 
of enteroviral infections of the CNS,29 and it has high specificity for the 
diagnosis of other viral causes of CNS infections, such as varicella-
zoster virus and JC virus.

The clinical utility of PCR in patients with bacterial meningitis has 
been investigated with the use of a broad range of bacterial primers 
(i.e., broad-based PCR).30 In one study,31 the sensitivity of broad-based 
PCR was 100%, specificity was 98.2%, and negative predictive value 
was 100%, indicating that this test would be useful in excluding the 
diagnosis of bacterial meningitis and influencing decisions to initiate 
or discontinue antimicrobial therapy. Use of PCR to detect the frag-
ments of mycobacterial DNA in CSF seems to be a promising tech-
nique for the rapid diagnosis of tuberculous meningitis.32 Early studies 
of this test before 1998 included small numbers of patients and showed 
a wide variation in sensitivity (33% to 90%) and specificity (80% to 
100%). More recent studies with better techniques have shown sensi-
tivities ranging from about 60% to 90%. In one report of patients with 
positive CSF cultures, the Gen-Probe Amplified Mycobacterium tuber-
culosis Direct Test (Hologic Gen-Probe, San Diego, CA) showed a 
sensitivity of 94% and specificity of 99% in the diagnosis of tuberculous 
meningitis,33 although this series had a small number of cases, and 
confirmation is necessary. Presently, a negative CSF PCR result cannot 
be used to exclude the diagnosis of tuberculous meningitis. Although 
these molecular diagnostic methods have utility in the identification 
of the causative microorganism, they are often not available in resource-
poor settings.30 More information on the use of specialized CSF tests 
to establish an etiologic diagnosis and use of other adjunctive tests  
in patients with meningitis and encephalitis can be found in Chapters 
89 to 91.

NEUROIMAGING STUDIES
The use of neuroimaging studies, specifically CT and MRI, has been 
invaluable in localizing infectious processes within the CNS and in 
assessing response to therapy.34 With CT scanning, areas of bone and 
blood appear as areas of high signal intensity, compared with brain and 
CSF, which appear as areas of low signal intensity. After intravenous 
(IV) administration of an iodinated contrast agent, increased intensity 
(i.e., contrast enhancement) is seen in areas of blood-brain barrier 
breakdown, increasing the sensitivity for the diagnosis of certain 
abnormalities (e.g., brain abscesses). MRI directly generates images in 
all three planes (axial, coronal, and sagittal) for optimal evaluation of 
brain morphology and pathology; MRI can also provide information 
about blood flow within arteries and veins and shows enhancement of 
specific lesions after IV administration of gadolinium diethylenetri-
aminepentaacetic acid (DTPA). Given the higher sensitivity of MRI 
compared with CT, MRI has become the preferred neuroimaging 
modality in the evaluation of virtually all patients with suspected CNS 
infection. In addition to conventional MRI sequences, recent advances 
have added further sensitivity and specificity to the diagnosis of brain 
infection.35 These include diffusion-weighted imaging (DWI), diffu-
sion tensor imaging (DTI), susceptibility-weighted imaging (SWI), 
perfusion-weighted imaging (PWI), and 1H magnetic resonance spec-
troscopy (1H-MRS). However, the availability of MRI, particularly with 
high-magnetic field strength, is more limited, especially in the develop-
ing world. These modalities are reviewed in further detail in subse-
quent chapters of this section, based on specific clinical syndromes, but 
some examples are given here.

The most important and specific neuroimaging technique in 
patients with herpes simplex virus encephalitis is MRI with contrast 
enhancement, which shows lesions earlier than does CT4; MRI may 
also be useful in other causes of viral encephalitis (see Chapter 91). 
DWI is superior to conventional MRI for the detection of early signal 
abnormalities in viral encephalitis caused by herpes simplex virus, 
enterovirus 71, and West Nile virus.36 Neuroimaging studies are less 
important in the diagnosis of patients with bacterial meningitis but 
may be useful in patients who are not responding as expected, that is, 
have persistent or prolonged fever, clinical evidence of increased ICP, 
focal neurologic findings, new or recurrent seizures, enlarging head 
circumference (in neonates), persistent neurologic dysfunction, or  
persistently abnormal CSF parameters or cultures.1 MR angiography 
and PWI in patients with bacterial meningitis may show vascular  

patient is hyperglycemic (e.g., in diabetic patients). The CSF glucose 
should always be compared with a simultaneous serum glucose that is 
drawn before lumbar puncture; the normal lumbar CSF-to–serum 
glucose ratio is approximately 0.6, and ratios less than 0.5 should be 
considered abnormal.15

The CSF protein concentration is also elevated in numerous CNS 
infections, presumably because of disruption of the blood-brain 
barrier, manifested morphologically by separation of intercellular  
tight junctions and increased numbers of pinocytotic vesicles in  
microvascular endothelial cells.1 Lumbar CSF protein concentrations 
greater than 50 mg/dL and ventricular CSF concentrations greater 
than 15 mg/dL are considered abnormal. Elevated CSF protein con-
centrations are among the most common and the least specific of all 
CSF parameters, however, and may be observed in various infectious 
and noninfectious disorders of the CNS. In patients with a traumatic 
lumbar puncture, the true CSF protein concentration is determined by 
subtracting 1 mg/dL of protein for every 1000 red blood cells/mm3, 
although these determinations must be made in the same CSF tube.15

Other Cerebrospinal Fluid Tests
Additional studies of CSF may be useful in determining a specific etio-
logic diagnosis in patients with meningitis and encephalitis.1 Cultures 
are important in attempts to identify a specific etiologic agent, but 
depending on the pathogen, larger CSF volumes may be needed to 
increase the yield of a positive culture (e.g., for M. tuberculosis or 
fungi), and CSF cultures may require prolonged incubation and special 
techniques for isolation of specific pathogens (see Chapters 89 to 91). 
In some cases, simple stains of CSF specimens may establish the etio-
logic diagnosis.

In patients with suspected bacterial meningitis, CSF Gram stain 
may provide a clue as to the etiologic diagnosis (see Chapter 89 ).1 The 
CSF Gram stain is positive in 60% to 90% of patients with acute bacte-
rial meningitis, although this sensitivity varies depending on the con-
centration of microorganisms in the CSF and the specific causative 
bacterium. Not all specialized stains of CSF to identify specific micro-
organisms are as sensitive as the Gram stain, however. In patients with 
tuberculous meningitis, less than 15% to 25% of specimens are smear-
positive by acid-fast stain, and 20% of patients with tuberculous men-
ingitis have persistently negative CSF cultures. In patients with 
spirochetal meningitis (i.e., caused by T. pallidum or B. burgdorferi) 
and Toxoplasma encephalitis, there are no effective specialized stains 
that identify these organisms in CSF; in these cases, serum or CSF 
antibody studies are most often used to aid in the diagnosis (see Chap-
ters 89 and 90).

CSF India ink examination is positive in 50% to 75% of patients 
with cryptococcal meningitis, and the yield increases to 88% in patients 
with AIDS. The most important CSF test in the diagnosis of cryptococ-
cal meningitis is the CSF test for detection of cryptococcal polysac-
charide antigen. The presence of virus-specific immunoglobulin M 
(IgM) in CSF is usually indicative of CNS disease because IgM antibod-
ies do not readily diffuse across the blood-brain barrier; detection of 
IgM antibodies from patients with presumed flavivirus encephalitis is 
considered to be diagnostic of neuroinvasive disease.4

Nucleic acid amplification tests, such as polymerase chain reaction 
(PCR), of CSF are highly sensitive and specific for the diagnosis of 
many CNS infections and may be useful in providing a rapid diagno-
sis.1,24 In patients with herpes simplex encephalitis, CSF PCR is 96% to 
98% sensitive and 95% to 99% specific in adult patients25; CSF PCR 
results are positive early in the disease course and remain positive 
during the first week of therapy, although false-negative results may 
occur if hemoglobin or other inhibitors are present in CSF. An initially 
negative CSF PCR result for herpes simplex virus may become positive 
if the test is repeated 1 to 3 days after the initiation of treatment26,27; in 
undiagnosed cases in which patients have clinical or neuroimaging 
features suggestive of herpes simplex encephalitis, consideration 
should be given to repeating the PCR for herpes simplex virus 3 to  
7 days later on a second CSF specimen.4 Diagnosis of cytomegalovirus 
encephalitis by PCR has a high sensitivity and specificity for the diag-
nosis of CNS involvement28; the absence of cytomegalovirus DNA by 
PCR has a high negative predictive value. Nucleic acid amplification 
with reverse-transcriptase PCR has also been found to be highly 
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establishing a microbiologic diagnosis and to ensuring a good outcome 
by relieving the increased ICP and neurologic findings that are associ-
ated with these disorders. Aspiration can be performed via guidance 
with neuroimaging modalities (i.e., CT or MRI), which allows the 
surgeon rapid, accurate, and safe access to virtually any intracranial or 
parameningeal focus. Open craniotomy may be required for extensive 
intracranial infections that cannot be adequately drained via bur-hole 
aspiration (e.g., in patients with cranial subdural empyema). Although 
some patients with focal CNS infections can be treated with antimi-
crobial therapy alone, these patients must be selected carefully and 
followed to ensure that neurologic dysfunction does not develop or 
progress.

Adjunctive Therapy
The morbidity and mortality in patients with CNS infections remain 
unacceptably high. Because CNS infections can be complicated by 
cerebral edema and increased ICP (with the potential for brain her-
niation), various adjunctive strategies have been examined for their 
efficacy in CNS infections. Among the best-studied agents are cortico-
steroids. Adjunctive dexamethasone (given concomitant with or just 
before the first antimicrobial dose) improves outcome in infants and 
children with Haemophilus influenzae type b, and perhaps pneumococ-
cal meningitis, and in adults with pneumococcal meningitis (see 
Chapter 89 ).1,19,38,41 Adjunctive corticosteroids may not be beneficial, 
however, in patients with bacterial meningitis in the developing 
world.38,42-44 Corticosteroids may also be beneficial in patients with 
focal intracranial infections and cerebral edema associated with sig-
nificant mass effect. Steroids may be beneficial in reduction of edema, 
leading to improvement of symptoms and signs of neurologic dysfunc-
tion until more definitive interventions can be performed.

Other adjunctive modalities in treatment of CNS infections are 
directed toward reduction of increased ICP.45 ICP can be reduced by 
decreasing total intracranial volume (by withdrawal of CSF via ven-
tricular drainage), reduction of cerebral tissue volume (by osmotic 
dehydration), or removal or decompression of an intracranial mass.46 
Although it should be noted that randomized studies of various strate-
gies to lower ICP in patients with CNS infections have not been per-
formed, some maneuvers may be beneficial.45,46 Head elevation of 30 
degrees is considered standard, and other factors that might increase 
ICP (such as pain, bladder distention, and agitation) should be avoided. 
Hyperventilation (to maintain the partial pressure of carbon dioxide 
in arterial blood [Paco2] at 27 to 30 mm Hg), which causes vasocon-
striction and reduction in intracerebral volume, may also be used to 
reduce ICP, although it should only be used as a short-term interven-
tion to quickly reduce ICP when it is dangerously elevated because it 
may induce cerebral ischemia (see Chapter 89). Hyperosmolar agents 
decrease ICP by making the intravascular space hyperosmolar relative 
to the brain, permitting movement of water from the brain tissue to 
the intravascular compartment. However, a controlled trial from 
Malawi of adjunctive glycerol in adult patients with bacterial menin-
gitis showed that it was harmful and increased mortality.47 In patients 
who continue to have elevated ICP despite the aforementioned inter-
ventions, high-dose barbiturate therapy may be considered, although 
this treatment modality is associated with multiple complications 
(including myocardial depression and hypotension). One observa-
tional study, which reported findings on the use of measurements of 
continuous ICP and cerebral perfusion pressure in the treatment of 
patients with severe bacterial meningitis, indicated that the mean ICP 
was significantly higher, and the cerebral perfusion pressure was mark-
edly decreased, in patients who did not survive despite appropriate 
treatment.48

Seizures may occur in patients with CNS infections and must be 
managed quickly and aggressively to avoid permanent anoxic ischemic 
changes.1,45,46 Status epilepticus that is continuous for 90 minutes or 
more can lead to permanent neurologic injury. Short-acting anticon-
vulsants with a rapid onset of action (e.g., lorazepam or diazepam) 
should be given, followed by a long-acting agent such as phenytoin. If 
these maneuvers fail to terminate the seizure, the patient should be 
intubated, mechanically ventilated, and treated with phenobarbital.

Fluid management is crucial in patients with CNS infections.1,49 
Some patients may be volume depleted as a result of decreased oral 

complications, such as vasculitis, including focal stenosis and irregu-
larity of the major intracranial arteries as well as infectious dural sinus 
thrombosis35; SWI may visualize hemorrhages within the infarcted 
regions with high sensitivity.

MRI is more sensitive than CT in the detection of focal CNS infec-
tions and has the advantages of early detection of cerebritis, cerebral 
edema with greater contrast between edema and adjacent brain tissue, 
more conspicuous spread of inflammation into the ventricles and sub-
arachnoid space, and earlier detection of satellite lesions (see Chapter 
92). Contrast enhancement with gadolinium provides the added 
advantage of clear differentiation of the central abscess, surrounding 
enhancing rim, and cerebral edema surrounding the abscess. On 
T2-weighted images, the zone of edema that surrounds the abscess is 
one of high signal intensity. The key to distinguishing abscess from 
other cystic intracranial processes (e.g., necrotic tumors) is DWI35; pus 
in the abscess has restricted diffusion and appears DWI hyperintense. 
In AIDS patients with positive immunoglobulin G (IgG) antibody 
titers to T. gondii, the detection of multiple ring-enhancing lesions by 
CT with contrast enhancement or MRI is enough evidence to initiate 
a trial of anti-Toxoplasma chemotherapy (see Chapter 92); CT or MRI 
is repeated in 10 to 14 days to document a clinical response. Advances 
in neuroimaging technology may refine further the approach to 
patients with CNS infections.

MANAGEMENT
Antimicrobial Therapy
Many factors influence the choice of a specific antimicrobial agent in 
the therapy of CNS infections. These factors have been best studied in 
experimental animal models of infections to evaluate use of antibacte-
rial agents in the treatment of bacterial meningitis.1,37,38 One important 
factor is the penetration of the antimicrobial agent into the CSF, to 
attain adequate drug concentrations to kill the meningeal pathogen 
rapidly and effectively. Drug penetration into CSF depends on the 
status of the blood-brain barrier, which is disrupted in the presence of 
meningeal inflammation. Some agents (e.g., corticosteroids) may 
reduce meningeal inflammation and reduce blood-brain barrier pen-
etration of antimicrobial agents. Entry of antimicrobial agents into CSF 
is also enhanced by drugs that have a low molecular weight, low degree 
of ionization at physiologic pH, high lipid solubility, and low degree of 
protein binding.

When the antimicrobial agent penetrates the CSF, it must exhibit 
rapid bactericidal activity against the infecting pathogen because bac-
terial meningitis is an infection in an area of impaired host resistance. 
A final factor that contributes to response to antimicrobial therapy is 
pharmacodynamics, which is concerned with the time course of anti-
microbial activity at the site of infection; these factors and whether the 
specific agent kills by concentration-dependent or time-dependent 
killing are important to determine the dosing regimen for optimal 
effectiveness. Selection of empirical antimicrobial therapy must also be 
based on likely in vitro susceptibility.19,38 In addition, intraventricular 
or intrathecal therapy may be required for eradication of resistant 
pathogens in patients with health care–associated bacterial meningi-
tis.39 These principles are reviewed in further detail in Chapters 89 
and 94.

Many of the principles for treatment of bacterial meningitis may 
also apply to treatment of other nonbacterial etiologies of meningitis 
and encephalitis. In addition, experimental and clinical studies have 
examined the penetration of specific antimicrobial agents into brain 
abscesses, which may be important in the antimicrobial therapy of 
these infections. In the therapy of focal intracranial infections, clini-
cians often rely on agents that are known to have efficacy in experi-
mental animal models (which includes extrapolating data from animal 
models of meningitis) and based on anecdotal case series or case 
reports. This approach is reasonable because these infections are 
uncommon, and randomized trials of specific agents are not likely to 
be performed.

Surgical Therapy
Many patients with focal CNS infections require surgical therapy for 
optimal management (see Chapters 92 and 93).40 Drainage of brain 
abscesses, subdural empyema, and epidural abscess is crucial to 
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patients with meningitis should be treated with the goal of attaining a 
normovolemic state.38,50

Aggressive treatment of these complications in the critical care 
setting has improved the neurologic outcome of patients with CNS 
infections. The definitive treatment of specific infectious syndromes 
and the etiologic agents that cause them are reviewed in detail in the 
following chapters of this section.

intake, vomiting, and diarrhea. In these patients, IV fluids are required 
to maintain systemic and cerebral perfusion. Hyponatremia (serum 
sodium <135 mEq/L) may occur in patients with CNS infections, 
attributed to the syndrome of inappropriate secretion of antidiuretic 
hormone. There is some evidence to support the use of IV maintenance 
fluids in the first 48 hours in patients with bacterial meningitis49; 
although there is insufficient evidence to guide this practice, adult 
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89  Acute Meningitis
Allan R. Tunkel, Diederik van de Beek, and W. Michael Scheld

Definition
•	 Meningitis,	or	inflammation	of	the	meninges,	

is	identified	by	an	abnormal	number	of	white	
blood	cells	in	cerebrospinal	fluid	(CSF).	Acute	
meningitis	is	clinically	defined	as	a	syndrome	
characterized	by	the	onset	of	meningeal	
symptoms	over	the	course	of	hours	to	up	to	
several	days.

Epidemiology
•	 Estimates	from	the	Centers	for	Disease	Control	

and	Prevention	(CDC)	indicate	that	10	to	15	
million	symptomatic	enteroviral	infections	
occur	annually	in	the	United	States,	which	
includes	30,000	to	75,000	cases	of	meningitis.

•	 In	a	surveillance	study	among	residents	in	
eight	surveillance	areas	representing	17.4	
million	persons	from	1998	to	2007,	the	impact	
of	the	heptavalent	pneumococcal	conjugate	
vaccine	was	appreciated,	in	which	the	
incidence	of	bacterial	meningitis	caused	by	
vaccine	serotypes	decreased	from	0.61	
cases/100,000	population	in	1998	to	1999	to	
0.05	cases/100,000	population	in	2006	to	
2007.

•	 In	patients	16	years	old	or	older,	the	relative	
frequency	of	isolation	of	meningeal	pathogens	
in	patients	with	community-acquired	bacterial	
meningitis	is	somewhat	different	than	in	
infants	and	children,	with	most	cases	caused	
by	Streptococcus	pneumoniae,	Neisseria	
meningitidis,	and	Listeria	monocytogenes.

Microbiology
•	 Enteroviruses,	currently	the	leading	

recognizable	cause	of	aseptic	meningitis	
syndrome,	account	for	85%	to	95%	of	all	
cases	in	which	a	pathogen	is	identified.

•	 DNA	of	herpes	simplex	virus	(HSV)	has	been	
detected	in	the	CSF	of	published	cases	of	
Mollaret’s	meningitis	(now	termed	recurrent	
benign	lymphocytic	meningitis),	almost	all	
being	HSV-2.

•	 A	profound	reduction	has	been	seen	in	the	
incidence	of	invasive	infections	(including	
bacterial	meningitis)	caused	by	Haemophilus	
influenzae	type	b	in	the	United	States	and	
Western	Europe;	this	decrease	in	infection	is	
attributed,	in	part,	to	the	widespread	use	of	
conjugate	vaccines	against	H.	influenzae	type	
b	that	have	been	licensed	for	routine	use	in	all	
children	beginning	at	2	months	of	age.

•	 From	1998	to	2007,	a	total	of	2262	cases	of	
meningococcal	disease	were	reported	to	the	
Active	Bacterial	Core	surveillance	sites,	with	
an	annual	incidence	of	0.53	cases/100,000	
population;	the	incidence	decreased	from	0.92	
cases/100,000	population	in	1998	to	0.33	

cases/100,000	population	in	2007	before	the	
introduction	of	the	quadrivalent	
meningococcal	conjugate	vaccine.

•	 Patients	with	pneumococcal	meningitis	often	
have	contiguous	or	distant	foci	of	
pneumococcal	infection,	such	as	pneumonia,	
otitis	media,	mastoiditis,	sinusitis,	and	
endocarditis;	serious	infection	may	be	
observed	in	patients	with	various	underlying	
conditions	(e.g.,	splenectomy	or	asplenic	
states,	multiple	myeloma,	
hypogammaglobulinemia,	alcoholism,	
malnutrition,	chronic	liver	or	renal	disease,	
malignancy,	and	diabetes	mellitus).

•	 Outbreaks	of	Listeria	infection	have	been	
associated	with	the	consumption	of	
contaminated	coleslaw,	raw	vegetables,	milk,	
and	cheese,	with	sporadic	cases	traced	to	
contaminated	turkey	franks,	alfalfa	tablets,	
cantaloupe,	diced	celery,	hog	head	cheese		
(a	meat	jelly	made	from	hog	heads	and	feet),	
and	processed	meats,	thus	pointing	to	the	
intestinal	tract	as	the	usual	portal	of	entry.

•	 Group	B	streptococcus	is	a	common	cause	of	
meningitis	in	neonates,	with	52%	of	all	cases	
in	the	United	States	reported	during	the	first	
month	of	life.

•	 Aerobic	gram-negative	bacilli	(e.g.,	Klebsiella	
spp.,	Escherichia	coli,	Serratia	marcescens,	
Pseudomonas	aeruginosa,	Acinetobacter	spp.,	
Salmonella	spp.)	have	become	increasingly	
important	as	etiologic	agents	in	patients	with	
bacterial	meningitis;	these	agents	may	be	
isolated	from	the	CSF	of	patients	after	head	
trauma	or	neurosurgical	procedures	and	may	
also	be	found	in	neonates,	older	adults,	
immunosuppressed	patients,	and	patients	with	
gram-negative	sepsis.

Diagnosis
•	 Nucleic	acid	amplification	tests,	such	as	

polymerase	chain	reaction	(PCR)	assay,	are		
the	most	promising	alternatives	to	viral		
culture	for	the	diagnosis	of	enteroviral	
meningitis.

•	 CSF	culture	is	the	gold	standard	in	diagnosis	
of	bacterial	meningitis	and	is	positive	in	80%	
to	90%	of	patients	of	community-acquired	
disease	if	CSF	is	obtained	before	the	start	of	
antimicrobial	therapy.

•	 Broad-based	bacterial	PCR	can	be	used	to	
detect	the	most	common	microorganisms	of	
bacterial	meningitis	in	only	one	test	and	has	
adequate	sensitivity	and	excellent	specificity;	
these	tests	can	be	done	within	2	hours	in	
most	industrialized	countries,	but	they	are	
scarce	in	resource-poor	countries.

•	 The	diagnostic	accuracy	of	CSF	lactate	is	
better	than	that	of	the	CSF	white	blood	cell	
count,	glucose,	and	protein	in	the	
differentiation	of	bacterial	from	aseptic	
meningitis,	with	sensitivities	of	93%	and	97%	
and	specificities	of	96%	and	94%,	respectively.

Therapy
•	 The	initial	management	of	a	patient	with	

presumed	bacterial	meningitis	includes	
performance	of	a	lumbar	puncture	to	
determine	whether	the	CSF	formula	is	
consistent	with	that	diagnosis.

•	 If	purulent	meningitis	is	present,	institution	of	
antimicrobial	therapy	should	be	based	on	the	
results	of	Gram	staining;	however,	if	no	
etiologic	agent	can	be	identified	by	this	means	
or	if	performance	of	the	lumbar	puncture	is	
delayed,	institution	of	empirical	antimicrobial	
therapy	should	be	based	on	the	patient’s	age	
and	underlying	disease	status.

•	 Certain	patients	with	bacterial	meningitis	
should	also	be	treated	with	adjunctive	
dexamethasone.	In	a	Cochrane	Database	
Systematic	review	of	24	studies	involving	4041	
participants,	adjunctive	dexamethasone	did	
not	reduce	overall	mortality	but	there	was	a	
trend	to	lower	mortality	in	adults;	
corticosteroids	were	associated	with	lower	
rates	of	severe	hearing	loss,	any	hearing	loss,	
and	neurologic	sequelae,	although	these	
benefits	were	only	seen	in	studies	from	
high-income	countries.

•	 Penicillin	can	never	be	recommended	as	
empirical	therapy	in	patients	with	suspected	
pneumococcal	meningitis;	as	an	empirical	
regimen,	the	combination	of	vancomycin	plus	
a	third-generation	cephalosporin	(either	
cefotaxime	or	ceftriaxone)	is	recommended.

•	 Empirical	treatment	of	gram-negative	
meningitis	could	begin	with	ceftazidime,	
cefepime,	or	meropenem.	If	the	organism	is	
later	found	to	be	resistant	to	these	
cephalosporins	and	the	carbapenems,	colistin	
(usually	formulated	as	colistimethate	sodium)	
or	polymyxin	B	should	be	substituted	for	
meropenem	and	may	also	need	to	be	
administered	by	the	intraventricular	or	
intrathecal	route.

Prevention
•	 Chemoprophylaxis	is	also	necessary	for	close	

contacts	of	patients	with	invasive	
meningococcal	disease;	the	CDC	currently	
recommends	the	administration	of	rifampin,	
ciprofloxacin,	or	ceftriaxone,	which	are	all	90%	
to	95%	effective	at	eradicating	
nasopharyngeal	carriage,	although	cases	of	
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Meningitis, or inflammation of the meninges, is identified by an abnor-
mal number of white blood cells in cerebrospinal fluid (CSF). Acute 
meningitis is clinically defined as a syndrome characterized by the 
onset of meningeal symptoms over the course of hours to up to several 
days. Headache is a prominent early symptom, often followed later by 
a state of abnormal consciousness, or coma. Examination reveals few 
focal findings early during infection, although signs of meningeal irri-
tation are common. The acute meningitis syndrome blurs impercepti-
bly into the syndromes of chronic meningitis (see Chapter 86) and 
encephalitis (see Chapter 87). Chronic meningitis has an onset mea-
sured in weeks to months (but is generally defined when symptoms, 
signs, and the CSF remain abnormal for at least 4 weeks), whereas 
encephalitis is distinguished by the presence of decreased mentation 
(i.e., abnormal state of consciousness, with or without seizures) early 
in the course of disease with minimal meningeal signs. The distinction 
between these syndromes is clinically useful in guiding management 
but is clearly artificial in terms of etiology and pathology. For example, 
tuberculous meningitis may have a subacute or a chronic onset.

The acute meningitis syndrome may be caused by a wide variety of 
infectious agents and may also be a manifestation of noninfectious 
diseases (Table 89-1). Diseases in which meningeal symptoms occur 
but are not predominant are excluded from the table. Many of the 
causes of chronic meningitis, which can be manifested acutely, have 
been omitted but are listed in Chapter 86. Here, we review the common 
infectious causes of acute meningitis, with particular emphasis on epi-
demiology and etiology, pathogenesis and pathophysiology, clinical 
manifestations, diagnosis, management, and prevention.

EPIDEMIOLOGY AND ETIOLOGY
Viral Meningitis
Viruses are the major cause of the aseptic meningitis syndrome, a term 
used to define any meningitis (infectious or noninfectious), particu-
larly one with a lymphocytic pleocytosis, for which a cause is not 
apparent after initial evaluation and routine stains and cultures of 
CSF.1,2 Common viral etiologic agents that cause the acute aseptic 
meningitis syndrome are discussed in the following paragraphs.

Enteroviruses
Enteroviruses, currently the leading recognizable cause of aseptic men-
ingitis syndrome, account for 85% to 95% of all cases in which a 
pathogen is identified.1,2 Estimates from the Centers for Disease 
Control and Prevention (CDC) indicate that 10 to 15 million symp-
tomatic enteroviral infections occur annually in the United States, 
which includes 30,000 to 75,000 cases of meningitis.3 However, these 
figures are most likely an underestimation of the true incidence because 
of underreporting of enteroviral cases from state laboratories to the 
CDC. Enteroviruses are worldwide in distribution. In temperate cli-
mates they appear with a marked summer/fall seasonality, although in 
tropical and subtropical areas a high year-round incidence is observed. 
Periods of warm weather and wearing sparse clothing may facilitate 
the fecal-oral spread of these organisms; enteroviruses have also been 
recovered from houseflies, wastewater, and sewage2; and disease has 
been reported after swimming in sewage-contaminated seawater.4 
Approximately 100 serotypes of nonpolio enteroviruses have been 

ciprofloxacin-resistant	N.	meningitidis	have	
been	reported	in	North	Dakota	and	Minnesota,	
leading	the	CDC	to	no	longer	recommend	
ciprofloxacin	for	meningococcal	
chemoprophylaxis	in	selected	counties	of	these	
states.

•	 Vaccination	to	prevent	infection	with	specific	
meningeal	pathogens	is	a	very	useful	measure	
for	decreasing	the	incidence	of	bacterial	
meningitis.

•	 For	H.	influenzae	type	b,	the	availability	of	
conjugate	vaccines	has	decreased	the	number	
of	cases	of	H.	influenzae	type	b	meningitis	
more	than	90%.

•	 The	first	meningococcal	conjugate	vaccine	
(meningococcal	polysaccharide-diphtheria	
toxoid	conjugate	vaccine	containing	
serogroups	A,	C,	W135,	and	Y	polysaccharides)	
was	licensed	for	use	in	the	United	States	for	
routine	vaccination	of	all	persons	aged	11	to	
18	years	with	one	dose;	in	updated	guidelines,	
a	booster	dose	is	now	recommended	at	age	
16	years	and	a	two-dose	primary	series	is	
administered	2	months	apart	for	persons	aged	
2	through	54	years	with	persistent	
complement	component	deficiency	or	
functional	or	anatomic	asplenia	and	for	
adolescents	with	human	immunodeficiency	

virus	infection;	other	persons	who	are	at	risk	
for	meningococcal	disease	(e.g.,	
microbiologists	or	travelers	to	an	epidemic	or	
highly	endemic	country)	should	receive	a	
single	dose.

•	 The	Advisory	Committee	on	Immunization	
Practices	now	recommends	use	of	the	
13-valent	pneumococcal	conjugate	vaccine	to	
prevent	pneumococcal	disease	in	infants	and	
young	children	aged	younger	than	6	years;	this	
vaccine	has	activity	against	the	serotypes	that	
were	present	in	the	heptavalent	vaccine	(4,	6B,	
9V,	14,	18C,	19F,	and	23F)	along	with	six	
additional	serotypes	(1,	3,	5,	6A,	7F,	and	19A).

recognized; in the United States, the 14 most commonly occurring 
enteroviral serotypes account for more than 80% of isolates.3,5 From 
2006-2008, based on data from two laboratory-based surveillance 
systems (the National Enterovirus Surveillance System and the National 
Respiratory and Enteric Virus Surveillance System), about 70% of cases 
occurred during July to October and the five most common were 
coxsackievirus B1, echovirus 6, echovirus 5, echovirus 18, and cox-
sackievirus A9, accounting for 54% of total serotyped detections.6 In 
addition, enteroviruses 70 and 71 have been reported to commonly 
cause central nervous system (CNS) disease.7-10 Outbreaks of enterovi-
ral meningitis have also been reported. One outbreak involved 29 
travelers in a school-organized trip to Mexico11; most cases were 
caused by echovirus 30 and coxsackievirus A1. From 2005 to 2008, 
enterovirus 71 was detected in 29 patients in Denmark,12 with menin-
gitis the most common diagnosis; other reported enteroviral meningi-
tis outbreaks have been caused by coxsackievirus B313 and echovirus 
18.14,15 Some enteroviral serotypes (namely, echoviruses 22 and 23) 
have been reclassified into the newly assigned genus Parechovirus; 
human parechovirus type 3 has been associated with severe disease and 
reported to cause viral meningitis.16

Infants and young children are the primary victims of enteroviral 
meningitis because they are the most susceptible host population (i.e., 
they are without previous exposure and immunity) within the com-
munity. More than one episode of enteroviral meningitis may develop, 
although the same enteroviral serotype has not been implicated more 
than once in any immunocompetent patient.2 Enteroviruses are also 
the most common causes of aseptic meningitis in adults.17,18 Immuno-
deficiency (specifically congenital or acquired impaired humoral 
immunity) and possibly physical exercise may predispose to enterovi-
ral meningitis.2,5 Cases of enteroviral meningoencephalitis have also 
been seen in patients treated with the chimeric anti-CD20 monoclonal 
antibody rituximab.19,20

Mumps Virus
In an unimmunized population, mumps is one of the most common 
causes of aseptic meningitis and encephalitis; symptomatic meningitis 
is estimated to occur in 10% to 30% of mumps patients overall,21 
although in a recent outbreak of 2597 cases of mumps in the United 
States only 11 cases of meningitis were reported.22 In another outbreak 
of mumps orchitis from 2000 to 2001 in 67 patients in Gran Canaria 
Island, 9 patients had clinical and biochemical evidence of mumps 
meningitis.23 CNS disease caused by mumps virus can occur in patients 
without evidence of parotitis,2,21 and 40% to 50% of patients with 
mumps meningitis have no evidence of salivary gland enlargement. 
Meningitis is the most common neurologic manifestation of infection 
with mumps virus2,21 and is usually a benign and self-limited process. 
Males are affected two to five times more often than females, and the 
peak incidence is in children aged 5 to 9 years. Cases of vaccine-
associated mumps meningitis have also been reported.

Herpesviruses
Herpesviruses include herpes simplex virus (HSV) types 1 and 2, 
varicella-zoster virus, cytomegalovirus, Epstein-Barr virus, and human 
herpesviruses 6, 7, and 8. Although neurologic complications are 
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TABLE 89-1  Differential Diagnosis of Acute Meningitis

Major Infectious Causes

Viruses
Nonpolio enterovirusesa

Arbovirusesb

Herpesvirusesc

Lymphocytic choriomeningitis virus

Human immunodeficiency virus

Adenovirus

Parainfluenza virus types 2 and 3

Rickettsiae
Rickettsia rickettsii

Rickettsia conorii

Rickettsia prowazekii

Rickettsia typhi

Orientia tsutsugamushi

Ehrlichia and Anaplasma spp.

Bacteria
Haemophilus influenzae

Neisseria meningitidis

Streptococcus pneumoniae

Listeria monocytogenes

Escherichia coli

Streptococcus agalactiae

Propionibacterium acnes

Staphylococcus aureus

Staphylococcus epidermidis

Enterococcus spp.

Klebsiella pneumoniae

Pseudomonas aeruginosa

Salmonella spp.

Acinetobacter spp.

Viridans streptococci (e.g., S. salivarius)

Streptococcus gallolyticus

Fusobacterium necrophorum

Stenotrophomonas maltophilia

Streptococcus pyogenes

Streptococcus suis

Pasteurella multocida

Capnocytophaga canimorsus

Nocardia spp.

Mycobacterium tuberculosis

Spirochetes
Treponema pallidum (syphilis)

Borrelia burgdorferi (Lyme disease)

Borrelia miyamotoi

Leptospira spp.

Protozoa and Helminths
Naegleria fowleri

Angiostrongylus cantonensis

Baylisascaris procyonis

Taenia solium

Toxocara spp.

Strongyloides stercoralis (hyperinfection syndrome)

Other Infectious Syndromes
Parameningeal foci of infectiond

Infective endocarditis

Viral postinfectious syndromes

Postvaccinatione

Noninfectious Causes and Diseases of Unknown Etiology

Intracranial Tumors and Cysts
Craniopharyngioma

Dermoid/epidermoid cyst

Teratoma

Medications
Antimicrobial agentsf

Nonsteroidal anti-inflammatory agentsg

Muromonab-CD3 (OKT3)

Azathioprine

Cytarabine (high dose)

Carbamazepineh

Immune globulin

Ranitidine

Phenazopyridine

Systemic Illnesses
Systemic lupus erythematosus

Behçet’s disease

Sarcoidosis

Vogt-Koyanagi-Harada syndrome

Procedure-Related
After neurosurgery

Spinal anesthesia

Intrathecal injectionsi

Chymopapain injection

Miscellaneous
Seizures

Migraine or migraine-like syndromes

aPrimarily echoviruses and coxsackieviruses.
bIn the United States, the major etiologic agents are the mosquito-borne California, St. Louis, Eastern equine, and West Nile viruses and the tick-borne Colorado tick fever.
cPrimarily herpes simplex virus type 2 but also herpes simplex virus type 1, varicella-zoster virus, cytomegalovirus, Epstein-Barr virus, and human herpesvirus 6.
dBrain abscess, sinusitis, otitis, mastoiditis, subdural empyema, epidural abscess, venous sinus thrombophlebitis, pituitary abscess, cranial osteomyelitis.
eMumps, measles, polio, pertussis, rabies, vaccinia.
fTrimethoprim, sulfamethoxazole, trimethoprim-sulfamethoxazole, ciprofloxacin, penicillin, isoniazid, metronidazole, cephalosporins, pyrazinamide.
gIbuprofen, sulindac, naproxen, tolmetin, diclofenac, ketoprofen.
hIn patients with connective tissue diseases.
iAir, isotopes, antimicrobial agents, antineoplastic agents, corticosteroids, radiographic contrast media.

known to occur with some of these viruses, complications associated 
with HSV are of the most significance. Overall, HSV types account for 
0.5% to 3% of all cases of aseptic meningitis.24 In patients beyond the 
neonatal period, it is critical to differentiate between HSV encephalitis, 
a potentially fatal form of encephalitis, and HSV meningitis, a self-
limited syndrome. The syndrome of HSV aseptic meningitis is most 
commonly associated with primary genital infection with HSV-2, 
developing in 36% of women and 13% of men concomitant with 
primary infection.25 Meningitis is less likely with recurrences of genital 

herpes. Primary genital infection with HSV-1 and nonprimary genital 
infection with HSV of either type rarely result in meningitis.25 Acute 
aseptic meningitis has also been associated with herpes zoster in 
patients with or without typical skin lesions,26 the latter known as zoster 
sine herpete. DNA of HSV has been detected in the CSF of 50 published 
cases of Mollaret’s meningitis (now termed recurrent benign lympho
cytic meningitis), almost all being HSV-2,27-29 although a few cases 
associated with HSV-1 and Epstein-Barr virus have been reported. 
Human herpesvirus 6 has also been associated with meningitis30 in 
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in every individual who becomes infected, and it can be silent. Retro-
spective studies have noted that an acute meningoencephalitis is 
observed in 5% to 10% of HIV-infected patients during or after the 
mononucleosis-like syndrome that heralds the initial infection.

Bacterial Meningitis
Bacterial meningitis remains a very important disease worldwide. Data 
defining the frequency of isolation of specific meningeal pathogens in 
cases of bacterial meningitis in the United States are shown in Table 
89-2.38-41 The overall annual attack rate for bacterial meningitis, as 
defined by a surveillance study of 27 states in the United States from 
1978 through 1981, was approximately 3.0 cases/100,000 population, 
although variability based on age, race, and sex was noted.38 Unfortu-
nately, there was significant underreporting in this study because no 
active effort was undertaken to detect cases. The three most common 
meningeal pathogens, Haemophilus influenzae, Neisseria meningitidis, 
and Streptococcus pneumoniae, accounted for more than 80% of cases. 
In a surveillance study conducted during 1995 in laboratories serving 
all the acute care hospitals in 22 counties of four states (>10 million 
population), the incidence of bacterial meningitis decreased dramati-
cally.40 This decrease was a result of a vaccine-related decline in men-
ingitis caused by H. influenzae type b (from 2.9 cases/100,000 
population in 1986 to 0.2 cases/100,000 population in 1995).39,40 In 
another surveillance study among residents in eight surveillance areas 
representing 17.4 million persons from 1998 to 2007, the impact of the 
heptavalent pneumococcal conjugate vaccine was appreciated in which 
the incidence of meningitis caused by vaccine serotypes decreased 
from 0.61 cases/100,000 population in 1998 to 1999 to 0.05 
cases/100,000 population in 2006 to 2007, although the number of 
cases of bacterial meningitis caused by nonvaccine serotypes increased 
by 61%41; the mean age of all patients with meningitis increased from 
30.3 years in 1998 to 1999 to 41.9 years in 2006 to 2007. However, 
despite the declining incidence of bacterial meningitis in the United 
States, the overall case-fatality rates did change significantly (15.7% in 
1998 to 1999 compared with 14.3% in 2006 to 2007; P = .50)

In patients 16 years old or older, the relative frequency of isolation 
of meningeal pathogens in patients with community-acquired bacte-
rial meningitis is somewhat different (Table 89-3),42,43-45 with most 
cases caused by S. pneumoniae, N. meningitidis, and Listeria monocy
togenes. Case-fatality rates for single episodes of community-acquired 
meningitis were 25% in one study.43 Risk factors for death among 
patients with community-acquired meningitis included age 60 years or 

conjunction with roseola infantum; however, this virus can exhibit 
persistence in the CNS and has been demonstrated in the CSF of 
asymptomatic persons.31 Cytomegalovirus and Epstein-Barr virus may 
cause aseptic meningitis in association with a mononucleosis syn-
drome, particularly in an immunocompromised host.

Other Viruses
A number of other viruses have been reported to cause acute menin-
gitis (see Table 89-1); an in-depth discussion of clinical manifestations, 
diagnosis, and management of these infections can be found in other 
chapters of this book. The most common arthropod-transmitted cause 
of aseptic meningitis in the United States, until 2002, was St. Louis 
encephalitis virus, a flavivirus.2 Aseptic meningitis accounts for about 
15% of all symptomatic cases of St. Louis encephalitis and may be as 
high as 35% to 60% in children. Other arboviruses reported to cause 
aseptic meningitis include the California encephalitis group of viruses 
(e.g., La Crosse, Jamestown Canyon, and snowshoe hare viruses, which 
are bunyaviruses) and the agent of Colorado tick fever, a coltivirus seen 
in the mountainous and western regions of the United States and 
Canada. Although encephalitis is the most common manifestation of 
infection with West Nile virus, aseptic meningitis or asymmetrical 
flaccid paralysis indistinguishable from poliomyelitis may also occur 
(see Chapter 149)32,33; neurologic manifestations are seen in fewer than 
1% of individuals infected with West Nile virus.

Lymphocytic choriomeningitis virus was one of the earliest and 
seemingly most significant viruses to be associated with human aseptic 
meningitis1,2; this virus is now rarely reported as an etiologic agent. 
Lymphocytic choriomeningitis virus is transmitted to humans by 
contact with rodents (e.g., hamsters, rats, mice) or their excreta34; the 
greatest risk for infection is in laboratory workers, pet owners, and 
persons living in impoverished and unhygienic situations. A recent 
outbreak was reported in a rodent breeding factory35; of 52 employees 
who consented to testing, 25% demonstrated a recent infection with 
lymphocytic choriomeningitis virus. Presumed routes of transmission 
are ingestion of food contaminated with animal urine and exposure of 
open wounds to dirt. No evidence of human-to-human transmission 
has been reported.

Human immunodeficiency virus (HIV) can cross the meninges 
early and persist in the CNS after initial infection.36,37 Meningitis asso-
ciated with HIV may occur as part of the primary infection or may 
occur in an already infected patient; HIV has been isolated from the 
CSF in some of these cases. However, acute meningitis does not occur 

TABLE 89-2  Etiology of Bacterial Meningitis in the United States

ORGANISM
PERCENTAGE OF TOTAL CASES

1978-198138 198639 199540 2003-200741

Haemophilus influenzae 48 45 7 7

Neisseria meningitidis 20 14 25 14

Streptococcus pneumoniae 13 18 47 58

Streptococcus agalactiae 3 6 12 18

Listeria monocytogenes 2 3 8 3

Other 8 14 — —

Unknown 6 — — —

TABLE 89-3  Etiology of Bacterial Meningitis in Patients 16 Years of Age and Older

ORGANISM
PERCENTAGE OF TOTAL CASES

United States (1962-1988)43 Iceland (1975-1994)42 Canada (1985-1995)44 United States (1970-1998)45

Haemophilus influenzae 4 5 8 4

Neisseria meningitidis 14 56 2 14

Streptococcus pneumoniae 38 20 53 48

Listeria monocytogenes 11 6 25 7

Other* 20 — 12 27

Unknown 13 8 — —

*Includes gram-negative bacilli, streptococci, enterococci, Staphylococcus aureus, anaerobes, and diphtheroids.
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in 32% of adults after bacterial meningitis and mainly consisted of 
cognitive slowness.56

The likely etiologic agents of bacterial meningitis vary according to 
the age and underlying disease status of the patient (Table 89-5). The 
epidemiology and etiology of specific meningeal pathogens are 
reviewed next.

Haemophilus influenzae
H. influenzae was previously isolated in 45% to 48% of all cases of 
bacterial meningitis in the United States38,39; this organism is now 
isolated in only 7% of cases.40,41 The overall mortality rate is 3% to 
7%.38-41 Most episodes of meningitis previously occurred in infants and 
children younger than 6 years (peak incidence of 6 to 12 months), with 
90% of cases caused by capsular type b strains. Isolation of this organ-
ism in older children and adults should suggest the presence of certain 
underlying conditions, including sinusitis, otitis media, epiglottitis, 
pneumonia, diabetes mellitus, alcoholism, splenectomy or asplenic 
states, head trauma with CSF leak, and immune deficiency (e.g., hypo-
gammaglobulinemia).57-59 A profound reduction has been seen in the 
incidence of invasive infections (including bacterial meningitis) caused 
by H. influenzae type b in the United States and Western Europe.60-63 
This decrease in infection is attributed, in part, to the widespread use 
of conjugate vaccines against H. influenzae type b that have been 
licensed for routine use in all children beginning at 2 months of age. 
The number of cases of H. influenzae type b meningitis since the intro-
duction of vaccination has decreased more than 90%, although because 
of vaccine expense in developing countries the results are not as dra-
matic. Although the incidence in children has dramatically declined, 

older, obtunded mental status on admission, and seizures within the 
first 24 hours. In another study of 696 episodes of community-acquired 
bacterial meningitis in adults, the overall mortality rate was 25%, but 
it was higher among patients with pneumococcal meningitis.46 Risk 
factors for unfavorable outcome were advanced age, presence of otitis 
or sinusitis, absence of rash, low score on the Glasgow Coma Scale on 
admission, tachycardia, a positive blood culture, elevated erythrocyte 
sedimentation rate, thrombocytopenia, and a low CSF white blood cell 
count. Alcoholic patients with community-acquired bacterial menin-
gitis are at higher risk for unfavorable outcome (67% compared with 
33% in nonalcoholic patients).47

Bacterial meningitis is also a significant problem in hospitalized 
patients. In one review of 493 episodes of bacterial meningitis in adults 
16 years old or older at the Massachusetts General Hospital from 1962 
through 1988, 40% of episodes were nosocomial in origin, with most 
cases (38%) caused by gram-negative bacilli.43 The overall case-fatality 
rate for patients with single episodes of nosocomial meningitis was 
35% and did not vary significantly over the 27 years of the study. In a 
recent study from Korea of 91 adult patients with nosocomial menin-
gitis, coagulase-negative staphylococci (40.9% of cases) and Acineto
bacter species (32.5% of cases) were the most common pathogens, with 
85.7% of patients having infection related to an external ventricular 
drain.48

In addition, bacterial meningitis is a major problem in other areas 
of the world (Table 89-4).49-52 The largest review, of approximately 4100 
cases of bacterial meningitis at Hospital Couta Maia in Salvador, Brazil, 
from 1973 through 1982, revealed an attack rate of 45.8 cases/100,000 
population.51 The overall case-fatality rate was 33%, with 50% of deaths 
occurring within 48 hours of hospitalization. H. influenzae, N. menin
gitidis, and S. pneumoniae accounted for 62% of the cases and 70% of 
the deaths. The case-fatality rates for meningitis caused by Enterobac-
teriaceae was 86%; more than half of the cases in children younger than 
24 months were caused by Salmonella, an unusual meningeal pathogen 
in industrialized nations. In another review of 218 cases of bacterial 
meningitis in children 1 month to 18 years of age in Mexico, H. influ
enzae type b was isolated in 50% of cases overall, although its incidence 
decreased (from 64% to 14%) after introduction of the H. influenzae 
type b conjugate vaccine52; overall mortality was 16%. Mortality from 
neonatal meningitis in developing countries is estimated to be 40% to 
58%, compared with only 10% in the developed world.53

In patients who survive their episode of bacterial meningitis, sig-
nificant sequelae have been reported, with the risks for long-term 
disabling sequelae highest in low-income countries where the burden 
of bacterial meningitis is greatest. In a review of 132 studies in 18,183 
survivors of acute bacterial meningitis, the risk for a major sequela 
(cognitive deficit, bilateral hearing loss, motor deficit, seizures, visual 
impairment, hydrocephalus) was greatest in Africa (25.1%) and south-
east Asia (21.6%) when compared with Europe (9.4%)54; the risk for at 
least one major sequela was also pathogen dependent—24.7% in sur-
vivors of pneumococcal meningitis compared with 9.5% in H. influen
zae type b meningitis and 7.2% in N. meningitidis meningitis. In 
another literature review of 1433 children who were survivors of bacte-
rial meningitis, 705 were reported to have one or more long-term 
sequelae, the majority of which were behavioral or intellectual disor-
ders or both.55 In a prospective study, cognitive impairment was noted 

TABLE 89-4  Etiology of Bacterial Meningitis in Selected Series Outside the United States

ORGANISM

PERCENTAGE OF TOTAL CASES
United Kingdom 
(1980-1984)49

Dakar, Senegal 
(1970-1979)50

Salvador, Brazil 
(1973-1982)51 Mexico (1993-2003)52

Haemophilus influenzae 29 20 23 50

Neisseria meningitidis 25 11 22 2

Streptococcus pneumoniae 20 29 27 31

Streptococcus agalactiae 7 4 — —

Listeria monocytogenes 2 <0.5 — —

Other 16 9 20 6

Unknown — 26 18 11

TABLE 89-5  Relationship Between Common 
Bacterial Pathogens and Factors Predisposing to 
Meningitis

PREDISPOSING FACTOR BACTERIAL PATHOGENS
Age

 <1 mo Streptococcus agalactiae, Escherichia coli, 
Listeria monocytogenes

 1-23 mo S. agalactiae, E. coli, Haemophilus 
influenzae, Streptococcus pneumoniae, 
Neisseria meningitidis

 2-50 yr S. pneumoniae, N. meningitidis

 >50 yr S. pneumoniae, N. meningitidis, L. 
monocytogenes, aerobic gram-negative 
bacilli

Immunocompromised state S. pneumoniae, N. meningitidis, L. 
monocytogenes, aerobic gram-negative 
bacilli (including Pseudomonas 
aeruginosa)

Basilar skull fracture S. pneumoniae; H. influenzae; group A, 
β-hemolytic streptococci

Head trauma; after neurosurgery Staphylococcus aureus, coagulase-negative 
staphylococci (especially Staphylococcus 
epidermidis), aerobic gram-negative 
bacilli (including P. aeruginosa)
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components and properdin proteins.84 However, this is most appropri-
ate for patients with recurrent neisserial infections.

Streptococcus pneumoniae
S. pneumoniae, the most frequently observed etiologic agent of bacte-
rial meningitis in the United States, now accounts for 58% of the total 
cases41; the mortality rate ranges from 18% to 26%.38-41 In one study of 
352 episodes of community-acquired pneumococcal meningitis in 
adults, 245 (70%) were associated with an underlying disorder and the 
overall in-hospital mortality rate was 30%85; independent predictors of 
unfavorable outcome were a low score on the Glasgow Coma Scale, 
cranial nerve palsies, elevated erythrocyte sedimentation rate, a CSF 
white blood cell count of less than 1000/mm3, and a high CSF protein 
concentration on admission. There was a high rate of neurologic 
sequelae in survivors; death in patients younger than 60 years was more 
often caused by neurologic complications, and in patients 60 years or 
older it was more likely secondary to systemic complications. Of the 
more than 90 known pneumococcal serotypes, 18 are responsible for 
82% of the cases of bacteremic pneumococcal pneumonia, with a close 
correlation between bacteremic subtypes and those implicated in men-
ingitis. Patients often have contiguous or distant foci of pneumococcal 
infection, such as pneumonia, otitis media, mastoiditis, sinusitis, and 
endocarditis. Serious infection may be observed in patients with 
various underlying conditions (e.g., splenectomy or asplenic states, 
multiple myeloma, hypogammaglobulinemia, alcoholism, malnutri-
tion, chronic liver or renal disease, malignancy, and diabetes melli-
tus).86-89 In children with cochlear implants with positioners who are 
beyond 24 months after implantation, the incidence of bacterial men-
ingitis was 450 cases/100,000 person-years compared with 0 cases in 
children without positioners90; the updated overall incidence was 189 
cases/100,000 person-years, with most cases caused by S. pneumoniae.91 
Outbreaks of pneumococcal meningitis have also been described 
during African outbreaks of meningococcal meningitis.92 In children 
who develop second episodes of pneumococcal meningitis, screening 
for congenital immunoglobulin deficiencies should be performed.93 
The pneumococcus is the most common etiologic agent of meningitis 
in patients who have suffered basilar skull fracture with CSF leak.94 
Remote head injury and CSF leak are important predisposing factors 
for recurrent bacterial meningitis.93

Listeria monocytogenes
L. monocytogenes causes 2% to 8% of cases of bacterial meningitis in 
the United States and carries a mortality rate of 15% to 29%.38-41 Sero-
types 1/2b and 4b have been implicated in up to 80% of meningitis 
cases caused by this organism. The rate of unfavorable outcome among 
adults with Listeria meningitis was recently found to increase over a 
14-year time period from 27% to 61%, with the emerging L. monocy
togenes serotype ST6 identified as the main factor leading to a poorer 
prognosis.95 Listeria has been isolated from dust, soil, water, sewage, 
and decaying vegetable matter (including animal feed and silage).  
Listerial infection is most common in infants younger than 1 month 
(up to 10% of cases), adults older than 60 years, alcoholics, cancer 
patients, those receiving corticosteroid therapy, and immunosup-
pressed adults (e.g., renal transplant recipients).96,97,98 In one recent 
study, patients with chronic lymphocytic leukemia had a greater than 
1000-fold risk for acquiring listeriosis.99 Other predisposing conditions 
include diabetes mellitus, liver disease, chronic renal disease, collagen 
vascular diseases, pregnancy, and conditions associated with iron over-
load. Listeria meningitis has also been reported with use of anti–tumor 
necrosis factor-α (TNF-α) agents, such as infliximab in patients with 
Crohn’s disease100 and ulcerative colitis101 and etanercept in a patient 
with adult Still’s disease.102 Although colonization rates are low, preg-
nant women (who account for 25% of all cases of listeriosis) may 
harbor the organism asymptomatically in their genital tract and rectum 
and transmit the infection to their infants. Listeria meningitis is found 
infrequently in patients with HIV infection103,104 despite its increased 
incidence in patients with deficiencies in cell-mediated immunity. 
Trimethoprim-sulfamethoxazole prophylaxis may explain some of this 
low incidence. Adults younger than 50 years who present with Listeria 
meningitis should be screened for HIV infection.84 Meningitis can also 
occur in immunocompetent children and adults.105,106 Outbreaks of 

the incidence of invasive H. influenzae disease in adults is more 
complex. In one population-based study of the epidemiology and 
outcome caused by typeable and nontypeable H. influenzae among 
adults in Utah during 1998 to 2008, there was an increase in incidence 
over the study period from 0.14/100,000 person-years in 1998 to 
1.61/100,000 person-years in 200864 (subjects >65 years of age 
accounted for 51% of the cases and 67% of the deaths).

Neisseria meningitidis
N. meningitidis most commonly causes meningitis in children and 
young adults and is associated with an overall mortality rate of 3% to 
13%.38-41 More than 98% of cases of invasive meningococcal disease are 
sporadic.65 Meningococci of serogroups B, C, and Y account for most 
of the endemic disease in the United States; disease caused by sero-
groups A and W135 seldom occurs in the United States. Annual out-
breaks of meningococcal meningitis occur in the sub-Saharan 
meningitis belt during the dry season (December to June); cases tend 
to peak in late April and early May, when the dry desert wind (harmat-
tan) has ceased and temperatures are high throughout the day, and 
terminate abruptly with the onset of the rainy season. During an active 
and ongoing, laboratory-based, population-based surveillance for 
meningococcal disease in the United States from 1992 to 1996, sero-
group C caused 35%, serogroup B caused 32%, and serogroup Y caused 
26% of cases.66 In contrast, serogroup B accounted for 75% of isolates 
in Italy in one study.67 Disease caused by serogroups A and C may 
occur in epidemics; group Y strains may be associated with pneumo-
nia. Several outbreaks of disease caused by serogroup C meningococci 
have been reported in the United States, Canada, and Europe, with 
most caused by one strain of electrophoretic type 37 (ET-37; also 
termed ET-15).68-70 Isolates of the ET-37 complex were also responsible 
for most cases of sporadic serogroup C meningococcal disease in 
another study.71 From 1998 to 2007, a total of 2262 cases of meningo-
coccal disease were reported to the Active Bacterial Core surveillance 
sites, with an annual incidence of 0.53 cases/100,000 population.72 The 
incidence decreased from 0.92 cases/100,000 population in 1998 to 
0.33 cases/100,000 population in 2007, with this historic low occurring 
before the introduction of the quadrivalent meningococcal conjugate 
vaccine. Infants younger than 1 year of age had the highest incidence 
(5.38 cases/100,000 population), although the distribution of sero-
groups is also different in this population (serogroup B, 3.08/100,000 
population; serogroup C, 0.53/100,000 population; and serogroup Y, 
1.50/100,000 population). A recent outbreak of serogroup C disease 
was reported in New York City among men who have sex with men.73 
During the outbreak of meningococcal disease coinciding with the 
Hajj pilgrimage in March 2000, the attack rate of W135 disease was 25 
cases/100,000 pilgrims74; all outbreak-associated isolates of serogroup 
W135 were members of a single clone of the hypervirulent ET-37 
complex, which occurred as the result of expansion of a clone that had 
been in circulation since 1970.75 A high incidence of serogroup X cases 
was reported in Niger,76 representing 51% of 1139 confirmed cases of 
meningococcal meningitis in 2006; serogroup X disease also emerged 
in Togo and Burkina Faso during 2006 to 2010.77

Respiratory tract infections, with viruses such as influenza virus, 
may play a role in the pathogenesis of invasive meningococcal disease.78 
Nasopharyngeal carriage of N. meningitidis is an important factor that 
leads to the development of invasive disease.79 Patients with deficien-
cies in the terminal complement components (C5, C6, C7, C8, and 
perhaps C9), the so-called membrane attack complex, have a markedly 
increased incidence of neisserial infection,80-82 including that caused by 
N. meningitidis, although mortality rates in patients with meningococ-
cal disease are lower than those in patients with an intact complement 
system (3% vs. 19% in the general population). An increased risk for 
invasive meningococcal disease has also been described in a Dutch 
family with dysfunctional properdin,83 which suggests a potential role 
for the alternate pathway in complement-mediated resistance against 
meningococci. Because meningococcal meningitis occurs in approxi-
mately 39% of persons with late complement component deficiencies 
and 6% of those with properdin deficiencies, it has been suggested  
that a screening test for complement function (i.e., CH50) should be 
performed for patients who have invasive meningococcal infections, 
with consideration of direct assessment of terminal complement 
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infection. Other sources of community-acquired S. aureus meningitis 
include patients with sinusitis, osteomyelitis, and pneumonia. Hospital-
acquired cases are often caused by methicillin-resistant strains.134 In 
one series from 1999 to 2008,135 S. aureus accounted for approximately 
5% of cases of culture-proven bacterial meningitis in adults; since 2005, 
more than 75% of all cases were caused by methicillin-resistant S. 
aureus strains (MRSA) and 52% (11 of 21 cases) of hematogenous cases 
were seen in injection drug users. In a multicenter review of 86 cases 
of MRSA meningitis in adults,136 the infection was nosocomial in 93% 
of cases; in those patients with postoperative meningitis, the most 
common predisposing conditions were the presence of CSF devices, 
neurosurgery, CSF leaks, and head trauma. Mortality rates have ranged 
from 14% to 77% in various series. Staphylococcus epidermidis is the 
most common cause of meningitis in patients with CSF shunts (see 
Chapter 94).

Other Bacteria
A review of 28 cases of nocardial meningitis revealed predisposing 
conditions in approximately 75% of patients,137 including immunosup-
pressive drug therapy, malignancy, head trauma, CNS procedures, 
chronic granulomatous disease, and sarcoidosis. Anaerobic meningitis 
is unusual and is generally associated with contiguous foci of infection 
(e.g., otitis, sinusitis, pharyngitis, brain abscess, head and neck malig-
nancy, recent head and neck surgery or wound infection, and CNS 
trauma and neurosurgery)138-141; in many cases, more than one organ-
ism may be recovered. Enterococci are unusual etiologic agents of 
bacterial meningitis; most adult patients have underlying illnesses, and 
disease is often associated with immunosuppressive therapy, CNS 
trauma or neurosurgery, or an enterococcal infection outside the 
CNS.142 Disease caused by vancomycin-resistant Enterococcus faecium 
is associated with a high mortality rate (21% to 25%).143 Despite the 
frequency with which the viridans streptococci cause bacteremia, they 
are unusual causes of meningitis (0.3% to 5% of culture-proven 
cases).144 Streptococcus salivarius meningitis has been reported after 
spinal anesthesia145,146 and myelogram procedures,147 supporting the 
importance of appropriate infection control practices (i.e., masks, 
proper aseptic technique, and safe injection practice) in those who 
perform spinal procedures. Group A streptococcal meningitis is also 
unusual, generally found in association with pharyngitis, otitis media, 
and sinusitis.148 Group C streptococcal species (Streptococcus equi 
subsp. zooepidemicus) are rare causes of meningitis but may occur in 
humans after contact with domestic animals (especially horses) or their 
unpasteurized products.149,150 Streptococcus suis is the most frequent 
cause of bacterial meningitis in southern Vietnam and is associated 
with significant morbidity attributable to hearing loss151; the pig is the 
natural reservoir of this microorganism and the main source of human 
infection. Risk factors for S. suis meningitis include eating “high-risk” 
dishes (e.g., undercooked pig blood or pig intestine) popular in parts 
of Asia, occupational exposure to pigs, and exposures to pigs or pork 
in the presence of skin injuries.152 Diphtheroids, particularly Propioni
bacterium acnes, have become important etiologic agents of meningitis 
in patients with CNS shunt infections (see Chapter 94). With contin-
ued increases in numbers of immunocompromised patients and use of 
invasive diagnostic or therapeutic devices within the CNS, other (more 
unusual) bacterial pathogens may be reported as etiologic agents of 
acute meningitis.

Spirochetal Meningitis
Treponema pallidum
T. pallidum disseminates to the CNS during early infection.153 The 
organism can be isolated from the CSF of patients with primary syphi-
lis, and CSF laboratory abnormalities are detected in 5% to 9% of 
patients with seronegative primary syphilis. The actual rate of invasion 
of the CNS during these early stages is likely to be considerably higher, 
however. Clinical neurosyphilis can be divided into four distinct syn-
dromes153: syphilitic meningitis, meningovascular syphilis, parenchy-
matous neurosyphilis, and gummatous neurosyphilis. Some overlap 
may be seen in the clinical and laboratory findings of these syndromes. 
The incidence of syphilitic meningitis is greatest in the first 2 years after 
infection and is estimated to occur in only 0.3% to 2.4% of untreated 
syphilis cases. In contrast, meningovascular syphilis is found in 10% 

Listeria infection have been associated with the consumption of con-
taminated coleslaw, raw vegetables, milk, and cheese, with sporadic 
cases traced to contaminated turkey franks, alfalfa tablets, cantaloupe, 
diced celery, hog head cheese (a meat jelly made from hog heads and 
feet), and processed meats, thus pointing to the intestinal tract as the 
usual portal of entry.96,98,107-110 However, the incidence of invasive liste-
riosis has been decreasing, likely a result of a decrease in the prevalence 
of L. monocytogenes contamination of ready-to-eat food111; this has 
been associated with a decrease in nonperinatal listeriosis-associated 
deaths.112

Streptococcus agalactiae 
(Group B Streptococcus)
Group B streptococcus is a common cause of meningitis in neonates,113 
with 52% of all cases in the United States reported during the first 
month of life.40 In one recent review of 444 cases of neonatal bacterial 
meningitis over a 7-year period, group B streptococcus was the most 
common cause in early onset (occurring between birth to day 4 of life) 
and late onset (occurring between days 5 and 28 of life) disease, 
responsible for 77% and 50% of cases, respectively.114 In the United 
States, the overall mortality rate ranges from 7% to 27%.38-41 Survivors 
of group B streptococcal meningitis also have substantial long-term 
morbidity,115 indicating the need for ongoing developmental follow-up 
and the development of preventive strategies (see later discussion). 
Group B streptococcus has been isolated from the vaginal or rectal 
cultures of 15% to 35% of asymptomatic pregnant women116; coloniza-
tion rates do not vary during pregnancy, and carriage may be chronic 
(40%), transient, or intermittent. The risk for transmission from 
mother to infant is increased when the inoculum of organisms and the 
number of sites of maternal colonization are increased; the route of 
delivery does not influence transmission. Horizontal transmission has 
also been documented from the hands of nursery personnel to the 
infant. Most cases of neonatal meningitis are caused by subtype III 
organisms and occur after the first week of life. Group B streptococcus 
can also cause meningitis in adults.117-120 Risk factors in adults include 
age older than 60 years, diabetes mellitus, pregnancy or the postpartum 
state, cardiac disease, collagen vascular diseases, malignancy, alcohol-
ism, hepatic failure, renal failure, previous stroke, neurogenic bladder, 
decubitus ulcers, and corticosteroid therapy; in one review of group B 
streptococcal meningitis in adults, no underlying illnesses were found 
in 43% of patients.118

Aerobic Gram-Negative Bacilli
Aerobic gram-negative bacilli (e.g., Klebsiella spp., Escherichia coli, Ser
ratia marcescens, Pseudomonas aeruginosa, Acinetobacter spp., Salmo
nella spp.) have become increasingly important as etiologic agents in 
patients with bacterial meningitis.121-124 These agents may be isolated 
from the CSF of patients after head trauma or neurosurgical 
procedures125-128 and may also be found in neonates, older adults, 
immunosuppressed patients, and patients with gram-negative sepsis. 
Some cases have been associated with disseminated strongyloidiasis in 
hyperinfection syndrome, a condition in which meningitis caused by 
enteric bacteria occurs secondary to seeding of the meninges during 
persistent or recurrent bacteremias associated with the migration of 
infective larvae.129 Alternatively, the larvae may carry enteric organisms 
on their surfaces or within their own gastrointestinal tracts as they exit 
the intestine and subsequently invade the meninges. In patients with 
E. coli meningitis, 75% of cases are caused by strains possessing the K1 
antigen.113 Almost half of pregnant women have this organism isolated 
on rectal culture, and as many as 75% of their infants will be colonized 
during the first days of life; horizontal transmission from nursery staff 
members or other infants has also been reported.

Staphylococci
Meningitis caused by Staphylococcus aureus is usually found in early 
postneurosurgical or post-trauma patients and in those with CSF 
shunts; other underlying conditions include diabetes mellitus, alcohol-
ism, chronic renal failure requiring hemodialysis, injection drug use, 
and malignancies.130-133 Thirty-five percent of cases are observed in 
the setting of head trauma or after neurosurgery, and an additional 
20% of patients have underlying infective endocarditis or paraspinal 
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cantonensis meningitis was described in North America in travelers 
who had visited the Caribbean175; in this outbreak, the lettuce in a 
caesar salad shared by the case patients was the most likely mode of 
transmission. After this outbreak, parasitologic surveys documented 
A. cantonensis in the Jamaican rat and land snail populations.176 There-
fore, tourists and visitors to endemic areas are at risk for becoming 
infected with A. cantonensis.

Other infectious causes of eosinophilic meningitis include Gna
thostoma species, Baylisascaris procyonis, Toxocara species, and 
Taenia solium.173 These are discussed in detail in other chapters of 
this book.

PATHOGENESIS AND 
PATHOPHYSIOLOGY
Viral Meningitis
Initiation of Infection
After the colonization of selected mucosal surfaces in the body by 
various viruses, the host possesses numerous barriers to prevent viral 
entry.177 For example, the respiratory tract contains a thin film of 
mucus and a mucociliary elevator that moves viral particles away from 
the lower respiratory tract; even if this barrier is crossed, alveolar 
macrophages are actively phagocytic for viral particles. Gastric acidity 
inactivates most swallowed viruses, and gastrointestinal enzymes and 
bile also disrupt viral envelopes, capsid proteins, and lipoprotein mem-
branes; however, some nonenveloped, acid-resistant viruses (e.g., 
enteroviruses, adenoviruses, reoviruses, parvoviruses) are adapted for 
replication in the gastrointestinal tract. When the host has had previ-
ous contact with the viral agent, the mucosa of the gastrointestinal and 
respiratory tracts may be coated with secretory immunoglobulin A 
(IgA), which neutralizes the virus and prevents attachment and subse-
quent cell penetration. If certain viruses are able to escape initial host 
defense mechanisms, they may replicate and disseminate with the 
potential for CNS invasion.

Viremia and Central Nervous  
System Invasion
After hematogenous dissemination of the virus, CNS infection may 
occur. Most neurotropic viruses first multiply at extraneural sites (ini-
tially at the portal of entry), establish viremia, and then cross the 
blood-brain barrier (BBB) to invade the CNS.177,178 For example, 
enteroviruses initially multiply in the peritonsillar lymphatics, Peyer’s 
patches, the lamina propria of the intestine, and vascular and endothe-
lial cells, depending on the particular agent. M cells may mediate virus 
penetration from the gut lumen to lymphoid cells. From this initial 
site, the virus then disseminates to vascular tissue (e.g., liver, spleen, 
and muscle), where further multiplication augments the viremia. After 
viremia, viral particles are normally cleared by the reticuloendothelial 
system, with the speed of removal directly related to virus size (i.e., 
large viruses are cleared more promptly from the bloodstream). Viruses 
may also elude host clearance by associating with certain cells. Some 
viruses (e.g., measles, herpes, mumps) grow in human leukocytes, 
which protects them from phagocytosis by the reticuloendothelial 
system, neutralization by circulating antibody, and inactivation by 
nonspecific serum inhibitors.

CNS invasion by viruses may occur via several mechanisms. Most 
viruses invade directly across cerebral capillary endothelial cells, the 
major site of the BBB. Some viruses directly infect cerebral microvas-
cular endothelial cells before infection of adjacent glia and neurons,177,178 
whereas others initially infect glia without evidence of endothelial cell 
infection. Still other viruses may be carried between cerebral endothe-
lial cells in infected leukocytes after BBB disruption. Another site of 
virus entry is the choroid plexus epithelium. Studies of mumps virus 
in hamsters have shown a sequence of infection from the choroid 
plexus to the ependyma to parenchymal cells; viral nucleocapsids have 
been found in the choroid plexus and ependymal cells of humans with 
mumps meningitis. Viruses may reach the CNS by spread along olfac-
tory nerves.177,178 In an experimental hamster model, intranasal inocu-
lation of HSV and togaviruses led to early infection of the olfactory 
bulb, which could be inhibited by cutting the olfactory tracts or chemi-
cally treating the olfactory mucosa. Peripheral nerve spread by viruses 
may also lead to CNS invasion.

to 12% of individuals with CNS involvement153,154 and occurs months 
to years after syphilis acquisition (peak incidence, approximately 7 
years). Parenchymatous neurosyphilis has two variants: general paresis 
and tabes dorsalis. Both are relatively rare today and do not become 
apparent until 10 to 20 years after the acquisition of infection. Gummas 
are late manifestations of tertiary syphilis and may occur anywhere; 
gummatous neurosyphilis is rare.

The overall incidence of neurosyphilis has increased, with many of 
the cases reported in patients with HIV infection.155-157 In one report,158 
44% of all patients with neurosyphilis had acquired immunodeficiency 
syndrome (AIDS); the remaining patients, who may have had HIV 
infection without AIDS, were not addressed in this report. The study 
also showed that 1.5% of patients with AIDS were found to have neu-
rosyphilis at some point during the course of their disease. In another 
review of neurosyphilis cases during the HIV era in San Francisco from 
1985 to 1992, neurosyphilis was identified in young patients most often 
with HIV coinfection.159

Borrelia burgdorferi
The nervous system is eventually involved clinically in at least 10% to 
15% of patients with Lyme disease, either while erythema migrans is 
still present or 1 to 6 months later.160-162 A 1992 study used polymerase 
chain reaction (PCR) assay to detect spirochetal DNA in CSF samples 
from 8 of 12 patients with acute (<2 weeks) disseminated Lyme bor-
reliosis,163 which indicates that B. burgdorferi usually invades the CNS 
early in infection.

Protozoal and Helminthic Meningitis
Amebas
Despite the hundreds of species of free-living amebas that are known, 
only a few have been reported to infect humans.164-166 The most impor-
tant are in the genera Naegleria, Acanthamoeba, and Balamuthia. 
Naegleria fowleri, the main protozoan causing primary amebic menin-
goencephalitis in humans, has been recovered from lakes, puddles, 
pools, ponds, rivers, sewage sludge, tap water, air conditioner drains, 
and soil. Sporadic cases of primary amebic meningoencephalitis occur 
when persons, usually children and young adults, swim or play in water 
containing the amebas or when swimming pools or water supplies have 
become contaminated, often through failure of chlorination. In one 
review of 111 cases reported in the United States from 1962 to 2009, 
cases were reported in most southern states and occurred primarily in 
previously healthy young males exposed to warm recreational waters, 
especially lakes and ponds, in warm weather locations during summer 
months.167 Activities that increase insertion of water into the nasal 
cavities (e.g., water skiing and wakeboarding) may increase the risk for 
developing primary amebic meningoencephalitis.168 Asymptomatic 
carriage by humans can also occur. Several cases have been reported 
in HIV-infected patients, all with advanced HIV disease at the time of 
amebic infection.169

Angiostrongylus cantonensis
Infection of humans by larvae of the nematode A. cantonensis can lead 
to the development of an eosinophilic meningitis, and it is the most 
common cause of eosinophilic meningitis outside Europe and North 
America.140,170,171-173 Humans become infected by eating infected inter-
mediate hosts (i.e., mollusks, such as snails and slugs) or paratenic (i.e., 
freshwater prawns, crabs, frogs, and planaria) hosts or by eating food 
such as leafy green vegetables contaminated by these hosts. The larvae 
invade the brain either directly from the bloodstream or after migrat-
ing through other organs before reaching the spinal cord and brain. 
Once in the CNS, the larvae mature into adult worms that migrate 
through the brain. A. cantonensis is widespread, and human infection 
is fairly common and reported from many parts of the world (e.g., 
Thailand, India, Malaysia, Vietnam, Indonesia, Papua New Guinea, 
Taiwan, and the Pacific Islands, including Hawaii); a number of major 
outbreaks have also been reported from mainland China in recent 
years.174 The parasites may spread to many countries by rats moving 
freely from port to port on ships; the rat infection rate in urban 
Bangkok has reached about 40%. More recently, cases have been 
reported in areas not previously considered risk regions (including the 
Americas, Caribbean Islands, and Brazil). A large outbreak of A. 
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defects, or the ability of the virus to escape immune surveillance. 
Chronic infections with varicella-zoster virus, cytomegalovirus, ade-
novirus, and measles virus have developed in patients with depressed 
cell-mediated immunity.

Bacterial Meningitis
Numerous investigations over the past 40 years have elucidated many 
of the pathogenic and pathophysiologic mechanisms operable in bacte-
rial meningitis.185-192 Figure 89-1 shows a simplistic hypothetical 
scheme of these mechanisms, which are discussed in greater detail in 
the following paragraphs.

Mucosal Colonization and Systemic Invasion
The early pathogenic events that result in bacterial meningitis depend 
on an interplay between specific virulence factors and host defense 
mechanisms (Table 89-6). The initiation of infection with meningeal 
pathogens usually begins with host acquisition of a new organism by 
nasopharyngeal colonization.187,193 Many of the major meningeal 
pathogens possess surface characteristics that enhance mucosal colo-
nization. For example, the fimbriae (or pili) of N. meningitidis mediate 
adherence of this organism to nasopharyngeal epithelial cells; these 
fimbriated strains accounted for 80% of primary meningococcal iso-
lates from nasopharyngeal carriers and from the CSF of patients with 
meningococcal meningitis. The fimbriae appear morphologically as 
aggregated bundles or single filaments. Once meningococci attach to 

Virus Spread within the Central  
Nervous System
Regardless of the mechanism of CNS invasion, the production of 
disease requires viral attachment to and penetration of susceptible 
cells, spread within the nervous system, and induction of cellular 
changes. Viral entry into the subarachnoid space via the choroid plexus 
leads to dispersion of virus within CSF in contact with meningeal and 
ependymal cells177; sequential spread of virus may then occur in a 
contiguous fashion to glia and neurons. Other viruses spread through 
extracellular gaps between cells and CNS processes (e.g., dendrites, 
axons, or glia), or they transit along the extensive axonal and dendritic 
ramifications of neurons by way of the glia, or they are carried by 
mobile leukocytes in the inflammatory response. Experimental evi-
dence supports each mode of transit, and all may be involved to various 
degrees in different viral infections.

Once viral infection of the CNS occurs, inflammatory cells usually 
accumulate, although the mechanisms leading to recruitment of 
inflammatory cells and their role in viral CNS infections are only 
partially understood.177,178 It appears that the initial inflammatory 
response is immunologically specific and consists of a population of 
lymphocytes sensitized by the virus. However, an inflammatory 
response may fail to develop in other viral CNS infections, and this 
may depend on host age rather than the virus itself. Sensitized lym-
phocytes probably respond to a virus-specific protein that diffuses or 
is transported to the luminal surface of the endothelium, with subse-
quent passage through endothelial cells and release of inflammatory 
cytokines. In an experimental mouse model of meningitis caused by 
lymphocytic choriomeningitis virus,179 elevated CSF concentrations of 
interleukin (IL)-6 and interferon (IFN)-γ were demonstrated. CSF IL-6 
concentrations began to rise 24 hours after intracerebral infection, 
followed by a rapid increase after day 4. IFN-γ was not detected in CSF 
until 5 to 6 days after infection, but then it markedly increased. CSF 
concentrations of these cytokines were only slightly and transiently 
elevated in athymic nude mice. In one review, IFN-γ was also detect-
able in the CSF in 75% of 16 patients with enteroviral meningitis,180 
with more consistent production and higher titers noted with coxsackie-
virus than with echovirus. Elevated CSF IL-6 concentrations were also 
detected in 12 of 15 samples from patients with acute aseptic menin-
gitis.179 More recently, CSF concentrations of IL-6 were found to be 
elevated during the initial stage (first 2 days) of enterovirus 71 CNS 
infection; cardiopulmonary failure or pulmonary edema also occurred 
during the early stage of enterovirus 71 CNS involvement.181 Therefore, 
the systemic inflammatory response, coupled with CNS inflammation, 
may play an important role in the development of enterovirus 71–
related pulmonary edema.

Other inflammatory cytokines have been measured in the CSF of 
patients with aseptic meningitis. In one study, CSF concentrations of 
TNF-α and IL-1β were measured in 36 patients with aseptic meningi-
tis, 13 of whom had culture-proven enteroviral meningitis, and in 14 
controls.182 None of the samples from the patients with aseptic menin-
gitis or controls had detectable TNF-α activity, whereas 86% of patients 
with aseptic meningitis had detectable CSF IL-1β concentrations; only 
2 of 14 control patients had elevated concentrations. The increased CSF 
IL-1β concentrations correlated with CSF white blood cell counts.

After development of a CSF inflammatory response, alterations in 
the BBB permit the traversal into CSF of serum proteins, including 
immunoglobulins. In addition, local CNS immunoglobulin synthesis 
occurs as B cells enter the CSF and differentiate into plasma cells. 
Intracerebral synthesis of immunoglobulins also is reflected by an 
increase in the CSF-to-serum ratios of specific immunoglobulins that 
persist for several weeks after infection.177 The production of oligoclo-
nal IgG proteins within the CNS has been demonstrated in patients 
with meningitis caused by mumps virus, varicella-zoster virus, and 
HIV.21,26,183,184 Furthermore, elevated CSF concentrations of oligoclonal 
IgG may persist for up to 1 year in patients with mumps meningitis,21 
which suggests the possibility of viral persistence and ongoing anti-
genic stimulation.

An intact host immune response appears to be important for clear-
ance of virus from the CNS177,178; T-cell responses appear to be more 
important than B-cell responses. Failure of an immune response to 
develop may be a result of immunologic tolerance, host immune 

FIGURE 89-1 Simplified scheme of the pathogenesis and patho-
physiology of bacterial meningitis. BBB, blood-brain barrier; CNS, 
central nervous system; CSF, cerebrospinal fluid; LOS, lipo-oligosaccharide. 
(From Tunkel AR, Scheld WM. Pathogenesis and pathophysiology of bacte-
rial meningitis. Clin Microbiol Rev. 1993;6:118-136.)
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capsular transformation events may equip pneumococcal strains with 
highly virulent blood-invasive phenotypes, thereby increasing the seri-
ousness of pneumococcal infection, especially that caused by 
multidrug-resistant strains.196

Adherence of microorganisms to mucosal surfaces may be inhib-
ited by natural antibodies found in mucosal secretions, such as IgA. 
However, it appears that the presence of high concentrations of circu-
lating IgA antibodies to N. meningitidis may permit the development 
or progression of invasive disease by preferentially binding to the 
organism and blocking the beneficial effects of IgG and IgM antibod-
ies.187 In addition, species of many pathogenic bacteria (e.g., Neisseria, 
Haemophilus, Streptococcus) produce IgA1 proteases that cleave IgA in 
the hinge region and facilitate the adherence of bacterial strains to 
mucosal surfaces through local destruction of IgA. However, the exact 
role of IgA protease production in this pathogenic sequence remains 
unclear. The presence of anticapsular polysaccharide antibodies may 
also be effective in decreasing nasopharyngeal carriage of meningeal 
pathogens. In an intralitter transmission model in which infant rats 
were intranasally inoculated with S. pneumoniae and placed in a cage 
with other infant rats, pretreatment of uninoculated rats with systemic 
IgG antibodies to pneumococcal polysaccharide reduced the intralitter 
transmission of S. pneumoniae, which suggests that IgG antibodies to 
pneumococcal polysaccharide may be sufficient to reduce pneumococ-
cal nasopharyngeal carriage in humans.

Intravascular Survival
Once bacteria cross the mucosal barrier and gain access to the blood-
stream, they must overcome additional host defense mechanisms to 
survive. The presence of bacterial capsule, by effectively inhibiting 
neutrophil phagocytosis and resisting classic complement-mediated 
bactericidal activity, may enhance bloodstream survival of the organ-
ism, thereby facilitating intravascular replication.187 The most common 
meningeal pathogens (H. influenzae, N. meningitidis, S. pneumoniae, 
E. coli, S. agalactiae) are all encapsulated. In addition, certain capsular 
types are disproportionately associated with the development of men-
ingitis. For example, about 84% of cases of neonatal meningitis caused 
by E. coli are caused by strains bearing the K1 antigen; in the absence 
of specific host antibody to the K1 capsule, these organisms are pro-
foundly resistant to phagocytosis. Presence of the K1 capsule and a 
high degree of bacteremia are key determinants in the development of 
E. coli meningitis.197 It has been shown that E. coli strain C5, which 
causes neonatal meningitis, harbors a pathogenicity island designated 
PAI IC5 that contributes to the pathogenicity of E. coli meningitis by 
causing a high-grade bacteremia,198 although further studies are 
needed to determine the importance of this factor in the development 
of E. coli meningitis.

The host possesses several defense mechanisms to counteract the 
antiphagocytic effects of the bacterial capsule.187 For example, activa-
tion of the alternate complement pathway by the capsular polysaccha-
ride of S. pneumoniae results in the cleavage of C3 with attachment of 
C3 to the bacterial surface. This series of events facilitates opsonization, 
phagocytosis, and intravascular clearance of the organism. H. influen
zae type b also activates the complement cascade. Experimental studies 
in a rat model have shown that after intravenous or intraperitoneal 
challenge with H. influenzae of varying serotypes (a, b, c, or d), a 
greater incidence and magnitude of bacteremia developed in rats 
depleted of C3. Although the incidence of bacteremia caused by type 
b organisms increased from 63% to 95% in complement-depleted rats, 
the incidence and severity of meningitis were unaffected by comple-
ment depletion. In an experimental study of pneumococcal meningitis 
in mice and rats, complement inhibition by C1 inhibitor was associated 
with reduced clinical illness, a less-pronounced inflammatory infiltrate 
around the meninges, and lower brain concentrations of proinflamma-
tory cytokines and chemokines.199

Complement system activation is also an essential host defense 
mechanism against invasive disease caused by N. meningitidis. Patients 
with deficiencies in the membrane attack complex are particularly 
prone to neisserial infections, although usually with a more favorable 
outcome when appropriate therapy is instituted.80 The reasons for the 
worse outcome in patients with an intact complement system are 
unclear, although a qualitative relationship can be shown between the 

nonciliated nasopharyngeal epithelial cells via a specific cell surface 
receptor (most likely CD46), they are transported across these cells 
within a phagocytic vacuole; this process appears to be essential for the 
subsequent development of invasive meningococcal disease. Recent 
studies have provided more information on the pathogenesis of menin-
gococcal invasion. After attachment to the host endothelial cell, N. 
meningitidis induces formation of protrusions in the plasma membrane 
of host cells that aggregate bacteria into microcolonies and facilitate 
fimbriae-mediated contact between bacteria and between bacteria and 
host cells; after attachment and aggregation, organisms detach from 
the aggregates to systematically invade the host by means of a transcel-
lular pathway that crosses the respiratory epithelium.194 The detach-
ment occurs with expression of pilin phosphotransferase, the enzyme 
that transfers phosphoglycerol onto pilin, altering the charge on the 
pilin structure and destabilizing pili bundles, thereby reducing bacterial 
aggregation and promoting detachment from the cell surface.195

Fimbriae have also been implicated in the attachment of H. influ
enzae to upper respiratory tract epithelial cells,187 although fimbriae 
have not been found on isolates from the CSF or blood of patients with 
invasive disease. This observation suggests that although fimbriae play 
an initial role in adherence of H. influenzae within the nasopharynx, 
their presence is not necessary for the development of invasive disease, 
including meningitis. In addition, acquisition and colonization by H. 
influenzae type b may be promoted after respiratory tract infection by 
viral agents such as the influenza A/Victoria virus and respiratory 
syncytial virus, although the precise role of a preceding upper respira-
tory viral infection in the enhancement of nasopharyngeal coloniza-
tion by H. influenzae type b is controversial. After nasopharyngeal 
colonization, invasion into the bloodstream by H. influenzae appears 
to occur via a breakdown in the tight junctions between epithelial cells, 
thereby leading to invasion by an intercellular mechanism.193

Surface encapsulation may also be an important virulence factor 
for nasopharyngeal colonization and systemic invasion of meningeal 
pathogens. In an experimental infant rat model, it has been demon-
strated that although all encapsulated strains of H. influenzae had the 
potential for systemic invasion after intraperitoneal inoculation, type 
b strains were the most virulent and were the only capsular types 
capable of systemic invasion after intranasal inoculation. Indeed, anti-
bodies to type b capsule, which are almost uniformly detected in 
humans by the age of 4 years even in the absence of known exposure 
to H. influenzae type b, are protective against invasive disease. Polysac-
charide capsule may also be an important virulence factor for the 
development of invasive disease by S. pneumoniae. In addition, in vivo 

TABLE 89-6  Selected Factors Involved in the 
Pathogenesis of Bacterial Meningitis

PATHOGENIC 
EVENT

BACTERIAL 
FACTORS HOST FACTORS

Mucosal colonization Fimbriae, polysaccharide 
capsule, IgA protease 
production, bacteriocins

Mucosal epithelium, 
secretory IgA, ciliary 
activity, anticapsular 
antibodies, pilin 
phosphotransferase

Intravascular survival Polysaccharide capsule Complement activation, 
organism-specific 
antibodies, TLR-9 
single nucleotide 
polymorphisms, 
migration inhibitory 
factor single 
nucleotide 
polymorphisms

Meningeal invasion Fimbriae, association with 
monocytes, ibe10, 
OmpA, extracellular 
loops of OmpA, 
platelet-activating factor 
receptor, pneumococcal 
choline-binding protein 
A, lipoteichoic acid, 
listeriolysin O

Blood-brain barrier, 
cytotoxic necrotizing 
factor-1, cysteinyl 
leukotrienes, 
biopterin, cytosolic 
phospholipase A2α, 
β2-adrenoceptor

Survival in the 
subarachnoid space

Polysaccharide capsule Poor opsonic activity
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The site of CNS invasion by meningeal pathogens is also unclear. 
Early studies suggested that invasion from the bloodstream was via the 
dural venous sinus system, whereas other experiments suggested that 
the site of invasion was above the cribriform plate or via the choroid 
plexus (because of their exceptionally high rate of blood flow of 
approximately 200 mL/g/min).187 Experimental studies, however, have 
demonstrated that receptors for some meningeal pathogens are present 
on cells of the choroid plexus and cerebral capillaries. In cryostat sec-
tions of infant rat brain cortical slices, E. coli strains possessing S 
fimbriae have been shown to bind specifically to the luminal surfaces 
of the vascular endothelium and the epithelium lining the choroid 
plexus and brain ventricles. Phase variation to the nonfimbriated form 
may then be necessary for these bacteria to invade the CNS. To under-
stand the cellular mechanisms important for meningeal invasion, the 
invasion of E. coli into endothelial and epithelial cell cultures was 
studied. It appeared that microtubule-dependent and/or microfilament-
dependent pathways, which rearrange the cell cytoskeleton, may be 
important for bacterial uptake and crossing of the BBB.211 N. menin
gitidis was also shown to adhere in vivo to the endothelium of both the 
choroid plexus and the meninges in a fatal case of meningococcemia212; 
isolates obtained from the CSF expressed significantly more PilC 
protein than did the blood isolates, which suggests that PilC plays an 
important role for this organism to cross the BBB. Despite these 
studies, the importance of adherence of meningeal pathogens to sites 
within the CNS requires further investigation.

To further assess the molecular mechanisms important in menin-
geal invasion, the ability of strains of E. coli to invade endothelial cells 
was determined. A gene (termed ibe10) has been cloned and found to 
encode an 8.2-kDa protein that permits E. coli to invade brain micro-
vascular endothelial cells both in vitro and in vivo.213 The prevalence 
of ibe10 was also increased in E. coli isolates from CSF compared with 
those from feces or blood,214 although further studies are needed to 
assess the role of this virulence determinant in meningeal invasion. In 
addition, the aslA gene product of E. coli K12 has been shown to have 
homology to the DNA adjacent to the TnphoA insertion site, which 
potentially contributes to the invasion process of meningitic E. coli into 
the BBB.215

Another determinant that has been identified to contribute to inva-
sion of E. coli across brain microvascular endothelial cells is outer 
membrane protein A (OmpA). Both OmpA and ibe10 deletion mutants 
of E. coli were less invasive in vivo and in vitro, indicating the impor-
tance of each of these factors in the ability of E. coli to cross the BBB, 
although their contributions were not additive.216 OmpA appears to be 
the most important factor for E. coli invasion and has been shown to 
bind to a 95-kDa human brain microvascular endothelial cell receptor, 
Ecgp217; the N-terminal sequence of Ecgp is identical to gp96, a cell-
surface glycoprotein related to heat shock protein. This receptor is 
present on endothelial cells from brain, but not on endothelial cells 
from other organs. OmpA of E. coli was also shown to interact with a 
gp96-like molecule on human brain microvascular endothelial cells, 
an interaction necessary for invasion.218 Although the role of OmpA in 
the pathogenesis of E. coli meningitis has been demonstrated, the role 
of individual extracellular loops of E. coli is unknown. By utilizing 
bacterial strains, whose individual loops of OmpA have been removed, 
in an in vitro model with human brain microvascular endothelial  
cells (HBMEC), bacterial entry was found to be governed by loops 1, 
2, and 3; cellular invasion was shown to require activation of host 
cytosolic phospholipase A2 by loops 1 and 2, but not loop 3,219 sug-
gesting two distinct pathways for bacterial entry into host cells. There-
fore, inhibition of the interactions with mutating specific residues in 
loops 1 and 2 with Ecgp96 could provide a therapeutic strategy to 
prevent neonatal meningitis caused by E. coli K1.220 In one study, 
E. coli mutants expressing loop 1 and 2 mutations were unable to 
cause meningitis in a neonatal mouse model221; mutation in loop 4 of 
OmpA enhanced the severity of the pathogen by allowing the pathogen 
to survive better in the circulation and produce high bacterial 
concentrations.

In addition, other factors have been examined for their role in the 
pathogenesis of E. coli meningitis. Cytotoxic necrotizing factor (CNF)-
1, a dermonecrotic protein toxin produced by human and animal iso-
lates of E. coli, was found to contribute to invasion of E. coli K1 across 

concentration of circulating meningococcal lipo-oligosaccharide, a 
fatal outcome, and the degree of complement activation.187

The main cascade pathways activated after bacterial invasion of the 
bloodstream are the complement system, the inflammatory response, 
and the coagulation and fibrinolytic pathways, all of which are able to 
interact with one another. Genetic polymorphisms are among the com-
ponents of these pathways (e.g., complement deficiencies and defects 
in sensing or opsonophagocytic pathways), and these are involved in 
determining the susceptibility to infection, as well as the severity of 
disease and outcome.200 Cytokines coordinate a wide variety of inflam-
matory reactions and have important roles in the initiation, mainte-
nance, and termination of these reactions. Prominent proinflammatory 
cytokines include TNF-α, IL-1, and IL-6. Essential parts of the inflam-
matory response include activation of coagulation and fibrin deposi-
tion, which shifts the hemostatic balance toward thrombosis.201

Use of passive immunity has been evaluated as an adjunct to 
improve outcome. In an experimental mouse model of invasive pneu-
mococcal disease, mice treated with the immunoactivating agent P4, 
along with intravenous immune globulin (IVIG), showed improved 
survival. Survival of P4-IVIG–treated mice increased from 0% to 60% 
among those who received intravenous treatment and from 0% to 
100% among those who received intranasal treatment202; intranasal 
administration of P4 at an early stage of infection also prevented the 
onset of bacteremia and sepsis.

Recent studies have also investigated the role of host genetic sus-
ceptibility to pneumococcal and meningococcal disease, in which 
studies of extreme phenotypes have identified genetic correlates of 
increased susceptibility in the complement system and the signaling 
cascade after Toll-like receptor (TLR) and IL-1 receptor activation.203,204 
An association of TLR-9 single nucleotide polymorphisms (SNPs) with 
susceptibility to bacterial meningitis, specifically meningococcal men-
ingitis, has been reported, indicating a protective effect for the TLR9 
+ 2848-A allele.205 A potential relationship has also been suggested 
between macrophage migration inhibitory factor polymorphisms 
(MIF-794) and occurrence of pneumococcal meningitis.206 In an adult 
study of several SNPs in the complement system, SNPs in C3 were 
associated with reduced susceptibility to meningitis (odds ratio [OR], 
4.50; 95% confidence interval [CI], 1.62 to 12.50) and influenced C3 
concentrations in CSF.207 These associations require further study.

Meningeal Invasion
The mechanism by which meningeal pathogens gain access to the CNS 
has been the subject of intensive study, although bacteria may poten-
tially enter via intercellular (between cells) or transcellular (through 
cells) routes, leukocyte-facilitated mechanisms, or nonhematogenous 
routes by retrograde transport within cranial nerves.208 The BBB is 
formed by microvascular endothelial cells, which restricts invasion by 
bloodborne pathogens. Cerebral capillaries, as opposed to other sys-
temic capillaries, have adjacent endothelial cells fused together by tight 
junctions that prevent intercellular transport, the virtual absence of 
pinocytotic vesicles, and a large quantity of mitochondria. Neverthe-
less, recent insight shows that pathogens can cross the BBB transcel-
lularly, paracellularly, in infected phagocytes (i.e., via a “Trojan-horse” 
mechanism), or by a combination of these routes.209 Some of these 
mechanisms are discussed in detail later.

The development of a sustained, high-grade bacteremia has been 
suggested as one important factor that leads to meningeal invasion.187 
In one study, culture-positive meningitis was produced in an experi-
mental infant rat model only after an intense bacteremia had been 
present for at least 6 hours. In an experimental rat model of pneumo-
coccal meningitis, attenuation of the bacteremic component of pneu-
mococcal meningitis improved clinical symptoms and significantly 
reduced ventricular expansion and breakdown of the BBB,210 suggest-
ing that systemic infection contributes to the pathophysiology of bacte-
rial meningitis. However, sustained bacteremia cannot be the sole 
factor responsible for meningeal invasion, because many other organ-
isms (e.g., viridans streptococci) that produce high-grade bacteremia 
during infective endocarditis rarely produce meningitis. Studies have 
shown that a high degree of bacteremia is necessary, but not sufficient, 
for the development of meningitis and that microbial binding to brain 
microvascular cells is needed, at least in vitro.209
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Transcytosis through microvascular endothelial cells has been 
investigated as another possible mechanism of meningeal invasion 
during bacterial meningitis. In an in vitro model using rat and human 
brain microvascular endothelial cells,235 the transparent phase variants 
of pneumococci that gained access to an intracellular vesicle from the 
apical side of the microvascular endothelial cell monolayer were able 
to transcytose to the basal surface of these cells in a manner dependent 
on the platelet-activating factor (PAF) receptor and the presence of 
pneumococcal choline-binding protein A; the remaining transparent 
bacteria entering the cell underwent a previously unrecognized recy-
cling to the apical surface. These data suggest that interaction of pneu-
mococci with the PAF receptor results in sorting so that bacteria can 
be transcytosed across the cell, whereas non–PAF receptor entry 
shunts bacteria for exit and reentry on the apical surface. However, 
when the PAF receptor is genetically deleted or chemically inhibited, 
significant adhesion and invasion of human cells by S. pneumoniae still 
occurs, indicating the presence of alternative receptors that are engaged 
by the bacteria.236 Bidirectional trafficking of pneumococci represents 
an important potential bioprobe to investigate transport across mam-
malian cells. Direct uptake by endothelial cells of circulating bacteria 
is another mechanism by which L. monocytogenes may cross the 
BBB.237 In an electron micrographic study of human brain stem tissue, 
bacteria have been observed within endothelial cells or adhering to the 
luminal surface of the microvascular endothelium, consistent with in 
vitro data showing the ability of L. monocytogenes to invade cultured 
human brain microvascular endothelial cells. The listerial surface 
protein In1B (of the internalin family) is required for this invasion, 
indicating that specific bacterial molecules are actively involved with 
BBB interaction. After entering cells, Listeria escape from phagosomes 
by entering the cytoplasm via listeriolysin O.238 Once inside the cell, 
the resulting propulsion of Listeria against the cell membrane is actin 
based; this protrusion can then be phagocytosed by the adjacent cell, 
leading to further dissemination. Listeria may also invade the CNS by 
transportation within leukocytes in a phagocyte-directed mechanism 
or via a neural route in which bacteria are inoculated into oral tissue 
when abrasive food is chewed and followed by macrophage phagocy-
tosis, thus enabling cranial nerve invasion.208

Bacterial Survival within  
the Subarachnoid Space
Once meningeal pathogens enter the subarachnoid space, host defense 
mechanisms are generally inadequate to control the infection.187 CSF 
concentrations of complement components are absent or minimal; 
meningeal inflammation leads to increased, but low, CSF complement 
concentrations. This relative complement deficiency may be of critical 
importance because specific antibody or complement, or both, are 
essential for opsonization of encapsulated meningeal pathogens and 
efficient phagocytosis. Observations in experimental animal models 
and in patients with meningitis have revealed absent or barely detect-
able opsonic and bactericidal activity. The explanation for this low level 
of complement components during bacterial meningitis is unclear. It 
has been suggested that degradation of complement components 
crossing the BBB by leukocyte proteases may result in inefficient 
opsonic activity at the site of infection. Indeed, in an experimental 
rabbit model of pneumococcal meningitis, the intracisternal inocula-
tion of a nonspecific protease inhibitor (phenylmethylsulfonyl fluo-
ride) led to a decline in pneumococcal concentrations in CSF when 
compared with saline-inoculated controls.

Immunoglobulin concentrations are also low in normal CSF 
(blood-to-CSF ratio of IgG of about 800 : 1), and although concentra-
tions increase during bacterial meningitis, they remain low in com-
parison with simultaneous serum concentrations.187 In an experimental 
rabbit model, the intravenous administration of a bactericidal mono-
clonal antibody against the polyribosylribitol phosphate of H. influen
zae type b produced high serum antibody concentrations, but BBB 
permeability was poor (5.5% or less), even in the presence of menin-
geal inflammation, which suggests that systemic administration of 
type-specific antibodies alone is likely to be suboptimal in therapy for 
bacterial meningitis.

Bacterial meningitis is characterized by the development of a neu-
trophilic pleocytosis within the CSF, although the precise mechanism 

brain microvascular endothelial cells in vitro and to traversal of E. coli 
across the BBB in an experimental hematogenous animal model222; this 
effect was dependent on RhoA activation, indicating that CNF-1 may 
also contribute to E. coli invasion of brain microvascular endothelial 
cells. E. coli has been shown to activate Rac1, part of the Rho family 
of GTPases of HBMEC in a time-dependent manner; downregulation 
of the specific signal transducer and activator of transcription member 
3 (STAT3), which is known to bind GTP-Rac1, resulted in significantly 
decreased E. coli invasion.223 There is also evidence that host 
5-lipoxygenase and lipoxygenase products of arachidonic acid, cystei-
nyl leukotrienes, contribute to E. coli K1 invasion and penetration into 
the brain224; their contributions involve protein kinase C alpha. Phar-
macologic inhibition of cysteinyl leukotrienes, using montelukast (an 
antagonist of the type 1 cysteinyl leukotriene receptor), inhibited E. 
coli K1 invasion of HBMEC.225 Type VI secretion systems are also 
involved in the pathogenicity of several gram-negative bacteria. It was 
recently shown that there is distribution of type VI secretion systems 
in meningitis-causing E. coli K1 isolates and that a specific hemolysin 
coregulated protein, Hcp1, can induce release of cytokines and cause 
cytoskeleton rearrangement and apoptosis in HBMEC.226 Another 
factor that has been shown to contribute to the binding of E. coli K1 
to HBMEC is NlpI (an outer membrane anchored protein in E. coli).227 
Recently, it has also been shown that E. coli K1 infection of HBMEC 
induces expression of guanosine triphosphate cyclohydrolase (GCH1), 
the rate-limiting enzyme in pterin synthesis, thereby elevating levels of 
biopterin228; inhibition of GCH1 prevented biopterin and nitric oxide 
production and invasion of E. coli K1, suggesting a novel role for biop-
terin synthesis in the pathogenesis of E. coli meningitis. Despite the 
results summarized here, none of these determinants is sufficient by 
itself to account for the virulence properties of E. coli strains causing 
neonatal meningitis,229 indicating that further studies are needed to 
elucidate the factors responsible for CNS invasion of E. coli and other 
meningeal pathogens.

The factors required for BBB penetration by group B streptococci 
were studied by generating random mutant libraries of a virulent strain 
and screening for their inability to invade human brain microvascular 
endothelial cells in vitro.230 The results demonstrated that expression 
of lipoteichoic acid on the organism’s cell surface played a role in bacte-
rial interaction with the endothelium of the BBB, suggesting that 
blocking the anchoring of lipoteichoic acid on the bacterial cell surface 
could become a new therapeutic target for preventing bacterial men-
ingitis. Cytosolic phospholipase A2α has also been shown to contribute 
to invasion of HBMEC by type III group B streptococcus231; pharma-
cologic inhibition and gene deletion of this factor significantly 
decreased group B streptococcal invasion of the monolayer and pen-
etration into the brain.

Recently, the important role of the biased β2-adrenoceptor/β-
arrestin pathway has been shown to be important in meningococcal 
meningitis232; N. meningitidis is able to use this signaling pathway in 
endothelial cells to cross the BBB. An association between a genetic 
variant in the β2-adrenoceptor (ADRB2) and increased susceptibility 
to bacterial meningitis was found,233 identifying a potential target to 
prevent bacterial meningitis in the general population of patients with 
bacteremia. In addition, infection with serogroup B–expressing N. 
meningitidis, which is associated with a high CSF bacterial load despite 
low levels in the peripheral circulation, was shown to be influenced by 
host genotype including TNF2 (−308A).234 These genomic influences 
need to be investigated further for their roles in susceptibility to bacte-
rial meningitis.

Another pathogenic mechanism postulated to promote CNS inva-
sion by meningeal pathogens is association of the organism with cir-
culating monocytes. Histologic and scanning microscopic techniques 
were used to examine the neuraxes of pigs inoculated with a strain of 
S. suis type 2.187 The only pathologic lesions detected were associated 
with the choroid plexus and were manifested as brush-border disrup-
tion, decrease in the number of Kolmer cells, and exudation of fibrin 
and inflammatory cells into the ventricles. Intracellular bacteria were 
demonstrated in the parenchyma of the choroid plexus, in ventricular 
monocytes, and within circulating peripheral blood monocytes, thus 
suggesting that bacteria may gain access to the CSF in association with 
monocytes migrating along normal pathways.
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transendothelial migration that is correlated with upregulation of 
adhesion molecule expression at the BBB.248

Other families of leukocyte receptors have also been studied to 
determine their role in leukocyte-mediated damage in bacterial men-
ingitis. In an experimental rabbit model, the intravenous inoculation 
of a monoclonal antibody (IB4) directed against the CD18 family of 
receptors on leukocytes (leukocyte integrins) blocked the accumula-
tion of leukocytes in CSF, despite the intracisternal inoculation of H. 
influenzae type b, N. meningitidis, pneumococcal cell wall, or lipo-
oligosaccharide249; increased protein concentrations in CSF were also 
attenuated by IB4. In addition, the monoclonal antibody prevented the 
development of cerebral edema and death in animals challenged with 
lethal doses of S. pneumoniae. CSF penetration of antibiotics, CSF 
bactericidal concentrations, and the bactericidal response to ampicillin 
therapy were not affected by administration of the monoclonal anti-
body, although the onset of bacteremia was delayed and the CSF 
inflammatory response was attenuated after ampicillin-induced bacte-
rial killing.

Selectins also play an important role in promoting the margination 
and reversible rolling of leukocytes at sites of tissue inflammation. 
After intravenous administration of prokaryotic peptides that mimic 
selectins (the S2 and S3 subunits of pertussis toxin) and competitively 
inhibit adherence of neutrophils to endothelial cells in vitro, recruit-
ment of leukocytes into the CSF of rabbits with pneumococcal men-
ingitis was disrupted, thus suggesting that these peptides have 
therapeutic anti-inflammatory potential.186 An anti-CD11b monoclo-
nal antibody (IB6) was studied in an infant rat model of H. influenzae 
sepsis and meningitis250; IB6 played a role in inhibiting neutrophil 
emigration to sites of inflammation within the CNS but was not benefi-
cial in decreasing mortality in this model. Furthermore, in an experi-
mental cytokine-induced model of meningitis, mice deficient in P- and 
E-selectins displayed nearly complete inhibition in CSF leukocyte 
accumulation and BBB permeability versus only partial inhibition in 
P-selectin–deficient mice.251 In additional studies, after intravenous 
treatment with the polysaccharide fucoidin, a homopolymer of sul-
fated l-fucose known to block the function of the leukocyte “rolling 
receptor” L-selectin,252 leukocyte rolling was rapidly and profoundly 
reduced (confirmed by intravital microscopy in muscle), and the  
accumulation of both leukocytes and plasma proteins in the CSF of 
rabbits challenged intrathecally with pneumococcal antigen was pro-
foundly reduced. These findings suggest that inhibition of selectin-
mediated leukocyte rolling may be an effective therapeutic approach 
to the attenuation of leukocyte-mediated damage during bacterial 
meningitis.253

The dynamic aspects of these leukocyte-endothelial cell interac-
tions were examined in a meningitis model with confocal laser scan-
ning microscopy, a new microscopic technique with much improved 
depth-discrimination properties. In an experimental model of pneu-
mococcal meningitis, the behavior of rhodamine 6G-labeled leuko-
cytes in pial vessels was determined.254 When compared with controls, 
the number of adherent leukocytes significantly increased within 1 
hour after intracisternal challenge with S. pneumoniae, with further 
increases noted up to 6 hours after infection. Pretreatment with dexa-
methasone significantly attenuated the adherence and transendothelial 
passage of leukocytes. In another study using this technique, heparin 
was found to significantly attenuate leukocyte rolling, as well as leuko-
cyte sticking, after the induction of pneumococcal meningitis.255 
Therefore, this technique has potential usefulness in investigation of 
the efficacy of anti-inflammatory agents that may interfere with leuko-
cyte adherence.

Meningeal and perivascular macrophages may have an important 
role in the influx of leukocytes across the BBB. In an experimental rat 
meningitis model, a single intraventricular injection of mannosylated 
clodronate liposomes, which deplete meningeal and perivascular mac-
rophages, resulted in increased illness after pneumococcal challenge256; 
the illness correlated with higher bacterial counts in blood and CSF, 
associated with a decreased influx of leukocytes into CSF. Therefore, 
meningeal and perivascular macrophages may play a protective role 
during bacterial meningitis secondary to their supportive role on the 
traversal of leukocytes across the BBB. Further studies are needed to 
define the importance of macrophages in this process.

of leukocyte traversal across the BBB is undefined.187 The complement 
component C5a has been suggested to be one chemotactic component, 
with chemotactic activity appearing 2 to 4 hours before neutrophil 
influx into CSF. In an experimental rabbit model, the intracisternal 
inoculation of C5a led to an influx of leukocytes into CSF 1 hour after 
inoculation, a response that was attenuated by co-administration of 
prostaglandin E2 (PGE2) in a dose- and time-dependent manner, which 
suggests a direct anti-inflammatory action of PGE2 on C5a-induced 
CSF pleocytosis during bacterial meningitis. CSF C5 fragment concen-
trations in patients with bacterial meningitis have correlated with 
several indicators of poor prognosis; a common nonsynonymous C5 
SNP (rs17611) is associated with unfavorable outcome.239 Consistent 
with these human data, C5a receptor–deficient mice with pneumococ-
cal meningitis had lower CSF white blood cell counts and decreased 
brain damage compared with wild-type mice. Elevated CSF concentra-
tions of two alternate pathway complement activation proteins, C3  
and factor B, have also been found in mice and in patients with bac-
terial meningitis. In the mouse model of Listeria meningitis, intrathe-
cal synthesis of C3 and factor B occurred during the course of the 
disease.

Studies have examined other chemotactic factors and their role in 
mediating CSF chemotactic activity. In an experimental mouse model 
of Listeria meningoencephalitis, the macrophage inflammatory pro-
teins MIP-1α and MIP-2 were important in the recruitment of leuko-
cytes into the CSF.240 Elevated CSF concentrations of MIP-1α and 
MIP-1β, as well as other chemokines (IL-8, growth-related gene 
product-α, and monocyte chemotactic protein 1), have also been 
found to be increased in patients with bacterial meningitis.241,242 
However, no significant correlation was found between CSF leukocyte 
counts and chemokine concentrations or chemotactic activity medi-
ated by CSF, suggesting that other factors influence the extent of CSF 
pleocytosis in vivo. In another study, the significant correlation of 
elevated CSF concentrations of IL-8 and growth-related gene product-α 
with the number of granulocytes that immigrated into the CSF of 
patients with bacterial meningitis243 suggested the importance of these 
chemokines in the recruitment of leukocytes into the subarachnoid 
space.

Despite this early influx of leukocytes in bacterial meningitis, host 
defense in CSF remains suboptimal because of the lack of functional 
opsonic and bactericidal activity. With inefficient phagocytosis, bacte-
ria can multiply to huge concentrations in the CSF during meningitis.

The precise pathway of leukocyte traversal into the CSF is unknown. 
Although it is generally thought that leukocyte passage occurs via the 
paracellular route, leukocytes may also traverse endothelial cells via 
transcellular pathways.244 For example, transcellular migration of neu-
trophils through the blood-CSF barrier has been shown after infection 
with S. suis in an in vitro model utilizing porcine choroid plexus epi-
thelial cells245; polymorphonuclear traversal was dependent on CD11b/
CD18. Regardless of the pathway, adherence to vascular endothelial 
cells is a likely prerequisite. Pretreatment of noncerebral endothelial 
cells in culture with lipo-oligosaccharide or cytokines (IL-1 or TNF) 
has been shown to induce the formation of specific adhesion molecules 
such as endothelial leukocyte adhesion molecule 1 and intercellular 
adhesion molecule 1 (ICAM-1).186 It is unclear whether similar adhe-
sion mechanisms exist between neutrophils and cerebral vascular 
endothelium. In an infant mouse model of hematogenous bacterial 
meningitis,246 mice genetically deficient in the gene coding for ICAM-1 
production had a higher incidence of H. influenzae type b bacteremia 
than did wild-type mice, and more ICAM-1–deficient mice had posi-
tive CSF cultures for H. influenzae type b. In contrast, the incidence of 
S. pneumoniae bacteremia was equivalent in both groups of mice and 
all were CSF culture positive, although mortality was higher for 
ICAM-1–deficient mice at 24 hours. These results suggested that 
ICAM-1 deficiency may be protective early in H. influenzae type b 
infection but detrimental in S. pneumoniae infection. In an experimen-
tal rat model, a monoclonal antibody (CD54) directed against ICAM-1 
significantly reduced the accumulation of leukocytes in CSF during the 
early phase of bacterial meningitis,247 which makes this adhesion mol-
ecule a promising target in the development of adjunctive strategies to 
treat bacterial meningitis. Recent data suggest that IbeA and its recep-
tor, vimentin, contribute to E. coli–stimulated polymorphonuclear 
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intracisternal inoculation of purified H. influenzae type b lipo-
oligosaccharide, a response blocked by pretreatment of lipo-
oligosaccharide with polymyxin B or neutrophil acyloxyacyl hydrolase, 
thus supporting the importance of the lipid A region of the lipo-
oligosaccharide molecule in the induction of inflammation. Recently, 
a lipopolysaccharide-related molecule derived from the cyanobacte-
rium Oscillatoria planktothrix named CyP has been shown to inhibit 
cytokine production in an in vitro model of meningococcal meningitis 
and augment the anti-inflammatory response when combined with 
benzylpenicillin.261

However, experimental evidence has supported the concept that 
pneumococcal cell wall or lipo-oligosaccharide does not induce sub-
arachnoid space inflammation directly but does so through the local 
CNS release of inflammatory mediators, such as IL-1, TNF, and pros-
taglandins.187 In an experimental rat model, the intracisternal inocula-
tion of purified H. influenzae type b lipo-oligosaccharide led to elevated 
CSF concentrations of IL-1 and TNF within 30 to 120 minutes; elevated 
CSF concentrations of TNF have also been found in an experimental 
rabbit model, with peak activity at 2 hours and persistence for about 5 
hours. Similar results were observed after intracisternal challenge with 
live H. influenzae type b, although TNF activity persisted longer (about 
14 hours). The TNF was produced principally within the CNS (i.e., no 
TNF activity was detected in serum samples) in this experimental 
animal model system, a finding that has also been observed in patients 
with bacterial meningitis. In addition, the finding of increased CSF 
concentrations of TNF-α may be specific for bacterial meningitis. The 
presence of TNF-α in CSF appears to be indicative of a bacterial etiol-
ogy, although the absence of TNF-α does not exclude the diagnosis of 
bacterial meningitis. Furthermore, elevated CSF concentrations of 
PGE2, prostacyclin, IL-1β, and TNF have been found in most infants 
and children with bacterial meningitis.

Direct intracisternal inoculation of these inflammatory mediators 
can also induce CSF inflammation.187 In an experimental rabbit model, 
injection of purified rabbit TNF-α or human recombinant IL-1β pro-
duced significant CSF inflammation. This effect was synergistic when 
lower doses of each cytokine were administered simultaneously, with 
more rapid and significantly increased leukocyte influx than when each 
cytokine was administered alone. In contrast, in an experimental rabbit 
model of pneumococcal meningitis, the parameters of CSF leukocyto-
sis, BBB permeability, and brain edema were induced by intracisternal 
inoculation of human recombinant TNF-α, MIP-1 and MIP-2, and 
IL-1α, but not by IL-1β. Leukocytosis and brain edema were inhibited 
by antibodies homologous to each mediator, as well as in rabbits treated 
with a monoclonal antibody to CD18 to render neutrophil-endothelial 
cell interactions dysfunctional. PAF is also inflammatory in the CNS 
and causes significant BBB permeability and cerebral edema; at higher 
doses, these effects are accompanied by CSF leukocytosis, which can be 
inhibited by the administration of antibody to the CD18 family of 
leukocyte adhesion molecules. In an experimental rabbit model, treat-
ment with a PAF receptor antagonist decreased CSF cytochemical 
values induced by intracisternal challenge with pneumococci but not 
with H. influenzae, thus suggesting a specific role for PAF in pneumo-
coccal disease. In addition, another study using an experimental rat 
model found that PAF augmented the meningeal inflammation and 
BBB permeability elicited by H. influenzae type b lipo-oligosaccharide. 
It would appear that these inflammatory mediators have multiple 
complex and interrelated activities in the CNS that contribute to 
inflammation and tissue damage during bacterial meningitis.

These findings have importance with regard to outcome in patients 
with bacterial meningitis.187 Outcome after gram-negative bacillary 
meningitis has been correlated with the persistence of organisms and 
higher concentrations of endotoxin (as measured by the limulus lysate 
assay) in CSF. In children with H. influenzae type b meningitis, CSF 
concentrations of free lipo-oligosaccharide correlated with the Herson-
Todd severity score and the number of febrile hospital days. In an 
experimental rabbit model of E. coli meningitis, a single intravenous 
dose of an antimicrobial agent (cefotaxime, cefpirome, meropenem, 
chloramphenicol, or gentamicin) caused a 2- to 10-fold increase in  
free CSF lipopolysaccharide concentrations within 2 hours, although 
free lipopolysaccharide concentrations increased almost 100-fold in 
untreated animals 4 hours later as bacteria continued to multiply. The 

Induction of Subarachnoid  
Space Inflammation
The induction of a marked subarachnoid space inflammatory response 
by meningeal pathogens contributes to many of the pathophysiologic 
consequences of bacterial meningitis and therefore to significant mor-
bidity and mortality from this disorder. The invasion of leukocytes may 
contribute to the deleterious effects of inflammation within the brain 
with subsequent development of neuronal damage.257 Experimental 
studies have focused on the virulence factors of meningeal pathogens 
and the specific inflammatory mediators that they induce (Table 89-7) 
to learn more about the mechanisms responsible for subarachnoid 
space inflammation. Replication and lysis of bacteria in the subarach-
noid space lead to release of bacterial virulence components (e.g., 
peptidoglycan from gram-positive bacteria and lipo-oligosaccharide 
from gram-negative bacteria), which triggers the inflammatory 
response and production and release of inflammatory cytokines and 
chemokines (see later discussion).258

Despite the importance of the bacterial polysaccharide capsule to 
the survival of meningeal pathogens in the intravascular and subarach-
noid space, capsular polysaccharides are remarkably noninflammatory 
even when inoculated in purified form into the CSF of animals. In 
contrast, the cell walls of S. pneumoniae are potent inducers of CSF 
inflammation,187 and even independent intracisternal inoculation of 
the major components of the pneumococcal cell wall, teichoic acid and 
peptidoglycan, induces CSF inflammation. These findings support the 
concept that release of pneumococcal cell wall lytic products during 
antibiotic-induced autolysis in the treatment of bacterial meningitis 
contributes to an accentuated host inflammatory response in the sub-
arachnoid space. Pneumolysin, an intracellular polypeptide toxin of S. 
pneumoniae that is released after bacterial cell lysis, does not appear to 
play a role in postantibiotic enhancement of meningeal inflammation. 
However, in a recent study in an experimental rat model, CSF infection 
of rats with pneumococcal mutants that do not express pneumolysin 
or autolysin caused very mild or no disease,259 indicating that these 
pneumococcal toxins could play important roles in the pathogenesis 
of pneumococcal meningitis. Indeed, persistence of pneumolysin in 
the CSF of patients with pneumococcal meningitis is associated with 
mortality.260 Subarachnoid space inflammation is also induced by the 

TABLE 89-7  Potential Factors Contributing to 
Subarachnoid Space Inflammation

Bacterial Factors
Cell wall components

Lipo-oligosaccharide

Outer membrane vesicles

Peptidoglycan

Host Factors
Prostaglandins (PGE2, prostacyclin)

Interleukins (IL-1β, IL-6, IL-8, IL-12, IL-16)

Interferon-γ
Growth-related gene product-α
Tumor necrosis factor-α
Platelet-activating factor

Transforming growth factor-1β
Macrophage inflammatory proteins 1 and 2

Leukocyte integrins (CD18)

Leukocyte selectins

Endothelial leukocyte adhesion molecule 1

Intercellular adhesion molecule 1 (ICAM-1)

Toll-like receptors (TLR-2 and TLR-4)

Complement components (C5a, C5b-9)

Substance P

Myeloid differentiation primary response protein 88 (MyD88)

Nuclear factor kappa B

Reactive nitrogen intermediates

Peroxynitrite
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(NK-1R), for this neuropeptide. Substance P has been shown to 
enhance inflammatory glial responses to S. pneumoniae, and endoge-
nous substance P/NK-1R interactions play a major role in CNS inflam-
mation in a mouse model of pneumococcal meningitis276; pharmacologic 
targeting of NK-1R not only prevents the development of damaging 
inflammation when given prophylactically, but can also limit or reverse 
inflammation when given therapeutically.

Toll-like receptors are involved in a wide range of immune-mediated 
diseases.277 TLR-2 interacts with lipopeptides, peptidoglycan, and lipo-
teichoic acid, all of which are cell wall components of gram-positive 
bacteria, whereas TLR-4 interacts with the lipopolysaccharide of gram-
negative bacteria and pneumococcal toxin pneumolysin. In an experi-
mental murine model of pneumococcal meningitis, TLR-2 participated 
in the sensing and activation of the initial immune response to intra-
cisternal challenge with S. pneumoniae.278 Deficiency of TLR-2 was 
associated with higher brain bacterial titers, supporting the concept 
that the subarachnoid space is a localized area of host immunodefi-
ciency that allows the unrestrained proliferation of pneumococci, 
which, if untreated, overwhelms the host until death. Mice deficient in 
TLR-2 are highly susceptible to S. pneumoniae meningitis secondary 
to reduced bacterial clearing (with early death) and enhanced inflam-
mation.279 A recent study in murine pneumococcal meningitis showed 
that innate immunity to pneumococcal infection of the CNS depends 
on both TLR-2 and TLR-4.280 In addition, exogenous administration of 
B7-H3 (a newly discovered member of the B7 superfamily and recently 
identified as a co-stimulator in the innate immunity-mediated inflam-
matory response) exacerbated BBB disruption and substantially aug-
mented proinflammatory cytokine and chemokine production281; these 
effects appeared to be dependent on TLR-2 signaling and indicate that 
B7-H3 plays a contributory role in development of S. pneumoniae 
meningitis. In cooperation with the TLRs, all downstream events 
involving the myeloid differentiation primary response protein 88 
(MyD88), phosphorylation of interleukin receptor–associated kinase 
(IRAK), activation of TNF receptor–activated factor 6 (TRAF6), acti-
vating protein 1 (AP1), and nuclear factor kappa B (NF-κB), leads 
to production of inflammatory cytokines and chemokines. Indeed, 
mice with pneumococcal meningitis deficient in MyD88 developed 
significantly less hearing loss and had diminished cochlear inflamma-
tion compared with wild-type mice,282 indicating the importance of 
MyD88 in the development of suppurative inflammation in meningitis-
induced labyrinthitis. In a mouse model of pneumococcal meningitis, 
systemic administration of the neuroprotective agent neurotrophin-3 
(NT-3) led to a reduction of meningitis-induced hearing impairment 
and a reduction of spiral ganglion neuronal loss, comparable with  
that of adjunctive dexamethasone,283 suggesting that NT-3 might be 
a potential candidate to improve hearing outcome in bacterial 
meningitis.

Innate immune system activation by TLRs and interleukins triggers 
an intracellular signaling cascade that results in translocation of NF-κB 
to the nucleus, leading to transcription of proinflammatory genes. The 
typical form of NF-κB is the heterodimer of p65 and p50 subunits. 
Mice deficient for the p50 subunit of NF-κB had impaired bacterial 
clearing, an enhanced inflammatory host response, and increased mor-
tality during pneumococcal meningitis. Additionally, an increased 
amount of the active p65 subunit of NF-κB was recorded in the brains 
of mice with pneumococcal meningitis.284

Alterations of the Blood-Brain Barrier
Bacterial meningitis has been shown to increase permeability across 
the BBB, which is composed of the arachnoid membrane, choroid 
plexus epithelium, and cerebral microvascular endothelium; the cere-
bral microvascular endothelium has been the site of intensive study in 
bacterial meningitis.186,187 An adult experimental rat model was used 
to examine the propensity for meningeal pathogens to induce func-
tional and morphologic alterations of the BBB. After intracisternal 
inoculation of either E. coli, S. pneumoniae, or H. influenzae type b, 
alterations of the BBB were found with all three pathogens and were 
manifested morphologically by an early and sustained increase in 
pinocytotic vesicle formation and progressive separation of intercel-
lular tight junctions. These morphologic changes correlated with the 
functional penetration of albumin, a molecule normally excluded by 

degree of elevated CSF concentrations of IL-1β also correlated with 
outcome after neonatal gram-negative bacillary meningitis. Further-
more, among infants and children with predominantly H. influenzae 
type b meningitis, those with CSF concentrations of IL-1β of 500 pg/
mL or more were more likely to have neurologic sequelae; elevated CSF 
concentrations of TNF were not associated with outcome. Elevated 
CSF concentrations of PAF have been demonstrated in children with 
H. influenzae meningitis and correlate with bacterial density and with 
CSF concentrations of lipo-oligosaccharide and TNF-α; these increased 
concentrations of TNF-α and PAF were associated with severity of 
disease. This association was confirmed in studies that demonstrated 
that elevated CSF concentrations of TNF-α and soluble TNF receptor, 
the natural homeostatic regulator of the actions of TNF-α, were impor-
tant for predicting neurologic sequelae in bacterial meningitis. In an 
experimental rabbit model, intracisternal inoculation of rabbit recom-
binant IL-1β and TNF-α combined with IL-1 receptor antagonist and 
soluble TNF receptor produced less inflammation than after inocula-
tion of these cytokines alone. However, IL-1 receptor antagonist and 
soluble TNF receptor did not reduce the meningeal inflammatory 
response associated with intracisternal inoculation of H. influenzae 
type b lipo-oligosaccharide, thus indicating that these cytokine inhibi-
tors may not be effective in modulating inflammation induced by a 
broad inflammatory stimulus, such as gram-negative bacteria or their 
products. Experimental studies suggest that use of nonbacteriolytic 
antibiotics, which reduce the proinflammatory response triggered by 
cell wall components, eventually prevent neuronal damage.262

The role of other cytokines in the subarachnoid space inflammatory 
response in bacterial meningitis has been studied. Elevated CSF con-
centrations of IL-6 have been observed in the CSF of patients with 
bacterial meningitis187,263; these increased concentrations occurred 
after the release of TNF-α and before neutrophilic infiltration into CSF. 
IL-8, a cytokine with potent chemoattractant and activating effects on 
neutrophils, has been detected in the CSF of patients with bacterial 
meningitis264-266; IL-8 may also have a role as a neutrophil chemotactic 
factor in nonbacterial meningitis. In a rabbit model of pneumococcal 
meningitis, intravenous, but not intracisternal, administration of anti–
IL-8 attenuated CSF pleocytosis,267 suggesting that the functional activ-
ity of IL-8 appears to be at the bloodstream side of the microvascular 
endothelium. IL-10, an anti-inflammatory protein formed by T lym-
phocytes and monocytes, inhibits the production of proinflammatory 
cytokines such as TNF-α and has been detected in the CSF of animals 
and humans with bacterial meningitis.268-270 In an experimental rabbit 
model, IL-10 modulated CSF TNF-α concentrations in experimental 
meningitis caused by H. influenzae type b lipo-oligosaccharide, H. 
influenzae type b, or L. monocytogenes, an effect that was maximal 
when IL-10 was combined with dexamethasone.271 In IL-10–deficient 
mice challenged with S. pneumoniae, the absence of IL-10 was associ-
ated with higher cytokine and chemokine concentrations and a more 
pronounced infiltrate, but it had no influence on antibacterial defense 
or animal survival,272 suggesting that IL-10 does not play an essential 
role in host defense during murine pneumococcal meningitis. In addi-
tion to IL-10, transforming growth factor-1β (TGF-1β) may also 
downregulate inflammatory activity within the CNS.273 Production of 
IFN-γ was induced by IL-12 (which is produced by phagocytic cells in 
response to infection and stimulates adaptive immunity), with TNF-α 
as a co-stimulator, and was inhibited by IL-10274; this IFN-γ production 
may contribute to the natural immunity against microorganisms in 
CSF during the acute phase of bacterial meningitis. Concentrations of 
IL-16, an immunomodulatory cytokine characterized by chemotactic 
activity and stimulation of proinflammatory cytokine expression in 
monocytic cells, have been shown to rise transiently in the CSF during 
the initial stage of meningitis (both bacterial and viral) in children275; 
these results suggest that IL-16 may promote an inflammatory response 
during meningitis in concert with other proinflammatory cytokines. 
Therefore, it appears that release of inflammatory mediators in the 
CNS is responsible for induction of a marked subarachnoid space 
inflammatory response and may correlate with morbidity and mortal-
ity in patients with bacterial meningitis.

There is also increasing evidence that the tachykinin substance P 
can augment inflammatory responses within the CNS, and that resi-
dent CNS cells express a high-affinity receptor, neurokinin-1 receptor 
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attenuated neuronal necrosis in the cortex and hippocampus, suggest-
ing that inhibition of MMP and TACE offers a novel therapeutic strat-
egy to prevent brain injury and neurologic sequelae in bacterial 
meningitis. In addition, doxycycline, an antimicrobial agent with anti-
inflammatory and anti-MMP properties, was shown to reduce BBB 
disruption and cortical brain injury in a neonatal model of experimen-
tal pneumococcal meningitis.288 Recently, it was shown that infection 
of HBMEC with N. meningitidis induced increased permeability, paral-
leled by an increase in MMP-8 activity, which was shown to be involved 
in the proteolytic cleavage of the tight junction protein occludin289; 
inhibition of MMP-8 partially prevented detachment of infected 
HBMEC and restored BBB permeability.

Although most adjunctive strategies aim to attenuate the severity 
of CSF inflammation, findings in clinical and experimental studies of 
bacterial meningitis suggest that the inflammatory response might also 
have protective effects. A low CSF leukocyte count has been associated 
with an increased risk for adverse outcome in adults with pneumococ-
cal meningitis. Additionally, inhibition of different mediators impli-
cated in the inflammatory response has led to aggravation of the 
disease and its complications in experimental pneumococcal meningi-
tis. Although mice deficient in MyD88, a key adapter protein in TLR-
mediated signaling pathways, showed diminished CSF inflammation, 
MyD88 deficiency was associated with poor outcome because of severe 
pneumococcal bacteremia.290

Increased Intracranial Pressure and  
Cerebral Edema
Cerebral edema is the major element contributing to increased intra-
cranial pressure during bacterial meningitis and may result in life-
threatening cerebral herniation and other complications.187 The origin 
of the cerebral edema may be vasogenic, cytotoxic, or interstitial, or 
any combination of the three; all three elements probably contribute 
to cerebral edema during bacterial meningitis. Vasogenic cerebral 
edema is primarily a consequence of increased BBB permeability; cyto-
toxic cerebral edema results from swelling of the cellular elements of 
the brain, most likely through release of toxic factors from neutrophils, 
bacteria, or both; and interstitial cerebral edema reflects obstruction 
of the flow of normal CSF as in hydrocephalus. The last factor has been 
examined in an experimental rabbit model of pneumococcal or E. coli 
meningitis in which the CSF outflow resistance (defined as factors that 
inhibit the flow of CSF from the subarachnoid space to the major dural 
sinuses) was markedly elevated and remained elevated for as long as 2 
weeks despite rapid CSF sterilization with penicillin therapy. In bacte-
rial meningitis, cytotoxic edema appears to be facilitated by aquaporin-4, 
which facilitates water movement into brain astroglia and water move-
ment out of the brain in vasogenic edema.291

These concepts have been examined in greater detail in an experi-
mental animal model of pneumococcal meningitis by measuring brain 
water content (indicative of cerebral edema if elevated), CSF lactate 
concentrations, and CSF pressure.187 All three parameters were ele-
vated in infected animals. Although treatment with ampicillin rapidly 
sterilized the CSF and normalized the brain water content and CSF 
pressure, the CSF lactate concentration remained elevated. The bacte-
rial virulence factor responsible for the production of brain edema was 
subsequently examined in an experimental animal model of E. coli 
meningitis in which therapy with cefotaxime, but not chlorampheni-
col, induced a marked rise in CSF endotoxin concentrations that was 
associated with increased brain water content. The peptidoglycan of 
the H. influenzae cell wall also induced cerebral edema without per-
turbing the other parameters of inflammation (e.g., increased BBB 
permeability), which suggests that peptidoglycan induces cytotoxic 
rather than vasogenic cerebral edema. Neutrophils appeared to con-
tribute to the development of cerebral edema if adequately stimulated, 
although the parameters of increased intracranial pressure and 
increased CSF concentrations of lactate and protein were unrelated to 
the presence of neutrophils. However, this area remains controversial 
because neutrophils are required for the increased BBB permeability 
seen in response to the intracisternal inoculation of bacterial virulence 
factors and inflammatory mediators.

Variability among bacterial strains may also be an important deter-
minant in production of the subarachnoid space inflammatory 

an intact BBB, into the CSF. Intracisternal inoculation of an unencap-
sulated strain of H. influenzae caused an increase in pinocytotic vesicle 
formation without separation of intercellular tight junctions, which 
suggests that encapsulation of H. influenzae was not essential for BBB 
injury but facilitated its progression by avoidance of host defense 
mechanisms. The increased BBB permeability was observed in both 
normal and leukopenic animals, although permeability was augmented 
by the presence of leukocytes. The site of BBB injury was subsequently 
examined by in situ tracer perfusion and immunolabeling procedures 
to identify the topography and microvascular exit pathways of bovine 
serum albumin. Exit of both perfused colloidal gold bovine serum 
albumin and immunodetectable bovine serum albumin was through 
open intercellular junctions of venules in the pia-arachnoid, thus spe-
cifically and topographically localizing the BBB injury in bacterial 
meningitis to the meningeal venules.

Because surface encapsulation was not an essential virulence factor 
for the production of BBB injury, BBB permeability was examined after 
the intracisternal inoculation of purified H. influenzae type b lipo-
oligosaccharide.187 Purified lipo-oligosaccharide was shown to increase 
BBB permeability in an experimental rat model in a manner that was 
both dose and time dependent (maximum change at a dose of 20 ng, 
4 hours after intracisternal inoculation), with a close correlation 
between permeability and CSF pleocytosis 4 hours after intracisternal 
inoculation. Increased BBB permeability was also observed after the 
intracisternal inoculation of H. influenzae type b outer membrane 
vesicles, an effect that was blocked by preincubation with polymyxin 
B but not by a monoclonal antibody directed against the oligosaccha-
ride side chain of the lipo-oligosaccharide; no change in permeability 
was observed in leukopenic animals. H. influenzae type b peptidogly-
can has also been shown to induce meningeal inflammation and BBB 
permeability in an infant rat model.

Further experiments demonstrated that lipo-oligosaccharide did 
not directly mediate the increased BBB permeability but did so by 
inducing the production of various inflammatory cytokines (e.g., IL-1 
and TNF) within the CNS; intracisternal inoculation of purified lipo-
oligosaccharide led to increased CSF concentrations of both IL-1 and 
TNF within 30 to 120 minutes.187 Furthermore, the intracisternal inoc-
ulation of human recombinant IL-1β into rats led to a peak increase 
in BBB permeability about 3 hours after inoculation, earlier than the 
peak response obtained after inoculation with lipo-oligosaccharide (4 
hours). No permeability changes were induced after the intracisternal 
inoculation of human recombinant TNF-α, although all available evi-
dence suggests that these cytokines act synergistically inasmuch as 
inoculation with submaximal doses of IL-1β plus TNF-α, at concentra-
tions that produced no changes individually, enhanced BBB permeabil-
ity. In contrast, in a study of patients with bacterial meningitis, CSF 
concentrations of TNF-α, but not of IL-1β, correlated with BBB dis-
ruption (assessed by CSF protein concentrations); synergy between 
IL-1β and TNF-α was also noted in this study.

Matrix metalloproteinases (MMPs), a family of zinc-dependent 
endopeptidases that degrade the components of the extracellular 
matrix, may also be involved in BBB alterations during bacterial men-
ingitis. In a rat model of meningococcal meningitis, increased CSF 
concentrations of MMP-9 were seen 6 hours after meningococcal chal-
lenge187; batimastat, an MMP inhibitor, significantly reduced BBB dis-
ruption and intracranial pressure but failed to significantly reduce CSF 
white blood cell counts. MMP-9 appears to be activated by a reactive 
oxygen species–dependent pathway.284 Treatment with the MMP 
inhibitor GM6001 reduced CSF concentrations of MMP-9 and signifi-
cantly attenuated brain damage in an experimental rat model of pneu-
mococcal meningitis.285 MMPs may alter BBB permeability by 
degrading components of the extracellular matrix that contribute to 
BBB integrity. MMP-13, MMP-9, and MMP-8 were found to be upreg-
ulated in the CSF of children with bacterial meningitis.286 Furthermore, 
MMPs and TNF-α–converting enzyme (TACE), which proteolytically 
releases several cell-surface proteins, including TNF-α and its receptor, 
appear to act synergistically; treatment with BB-1101, a hydroxamic 
acid–based inhibitor of MMP and TACE, downregulated the CSF con-
centrations of TNF-α and decreased the incidence of seizures and 
mortality in an infant rat model of pneumococcal meningitis.287 
Therapy with BB-1101, when combined with antimicrobial therapy, 
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combination with other experimental studies that have noted an 
increase in cerebral blood flow within the first few hours of intracis-
ternal inoculation of either live pneumococci or pneumococcal cell 
wall fragments, have suggested that maintenance of adequate intravas-
cular volume and minimization of stimuli that increase systemic blood 
pressure may be important in the treatment of bacterial meningitis. 
These findings may also be of potential clinical relevance inasmuch as 
inadvertent increases in mean arterial pressure directly increase cere-
bral blood flow and intracranial pressure, and depletion of intravascu-
lar volume with decreases in mean arterial pressure can cause parallel 
decreases in cerebral blood flow and a reduction in substrate delivery 
to the brain. Therefore, the brain is at risk from either hypoperfusion 
or hyperperfusion. As demonstrated by near-infrared spectroscopy in 
conjunction with measurement of cerebral blood flow in an experi-
mental rabbit model of pneumococcal meningitis, infected animals 
had a relative increase in the deoxygenated hemoglobin fraction and a 
decrease in the oxygenated hemoglobin fraction, thus supporting the 
possibility of cerebral venous engorgement in bacterial meningitis, 
which may contribute to intracranial hypertension in this disorder.

Additional studies have examined the importance of the subarach-
noid space inflammatory response in alterations of cerebral blood flow 
during bacterial meningitis.187 In an experimental rabbit model of H. 
influenzae type b meningitis, CSF leukocytes were found to be not 
responsible for the hyperemic response, which suggests that cerebral 
hyperemia in bacterial meningitis is induced directly by bacterial com-
ponents or indirectly by components of the inflammatory cascade. 
Endothelin (which has been found to regulate vascular tone and integ-
rity and to act as a mediator of inflammation) has been investigated as 
a possible mediator of cerebrovascular complications in bacterial men-
ingitis. In an experimental rat model of pneumococcal meningitis, 
endothelin contributed to the increased cerebral blood flow (as mea-
sured by laser Doppler flowmetry), intracranial pressure, brain water 
content, and CSF pleocytosis.297 Elevated CSF concentrations of endo-
thelin have also been found in patients during the acute stage of bacte-
rial meningitis,298 which suggests a potential role for endothelin in 
mediation of meningitis-induced cerebral hypoperfusion and brain 
infarction. In an infant rat model of pneumococcal meningitis, intra-
peritoneal treatment with bosentan, an endothelin antagonist, restored 
cerebral blood flow to control levels,299 indicating that endothelin con-
tributes to neuronal injury by causing cerebral ischemia.

Cerebral blood flow has been measured in patients with bacterial 
meningitis. During the early phases of the disease, there is an increase 
in blood flow, whereas in advanced disease, cerebral blood flow is 
reduced.300 In an early study,187 measurement of cerebral blood flow (by 
the xenon-133 intra-arterial injection method) revealed a 30% to 40% 
reduction in average total blood flow in five patients with pneumococ-
cal meningitis (mean age, 54 years), but not in five patients with 
meningococcal meningitis (mean age, 20 years). An inverse relation-
ship between cerebral blood flow and intracranial pressure has been 
observed in infants with bacterial meningitis; among eight patients, 
alterations were noted only in the four older infants (age range, 3 to 10 
months) and not in the four neonates (age range, 5 to 30 days) in whom 
no changes in cerebral blood flow velocity were detected. In another 
study of 17 children (aged 8 days to 6 years) with bacterial meningitis, 
transcranial Doppler ultrasound monitoring demonstrated an 
improvement in cerebral blood flow velocity with resolution of men-
ingitis. This observation suggests that, in the early phase of bacterial 
meningitis, increased cerebrovascular resistance may contribute to a 
relative impairment in cerebral perfusion.

In a subsequent study in 20 children seriously ill with bacterial 
meningitis, total and regional cerebral blood flow measured by stable 
xenon computed tomography (CT) revealed a global decrease in flow 
and even more regional variability.187 Although autoregulation of cere-
bral blood flow was preserved in the patients studied, hyperventilation 
reduced flow below the ischemic threshold, which raises important 
concerns about the routine use of hyperventilation in the management 
of increased intracranial pressure in patients with bacterial meningitis. 
In contrast, in another study of nine patients with bacterial meningitis, 
eight of whom had impaired cerebral blood flow autoregulation, auto-
regulation was partially or completely restored in six of eight patients 
by short-term hyperventilation301; this recovery may protect the brain 

response and brain edema in bacterial meningitis. Intracisternal inocu-
lation of three different pneumococcal isolates resulted in pronounced 
differences in the pathophysiologic profiles 24 hours after challenge.187 
When pneumococcal cell wall fragments were inoculated intracister-
nally, the chemical composition of the fragments, specifically the 
degree of teichoication, influenced the induction of brain edema. In a 
subsequent study in an experimental rabbit model, serotype-specific 
characteristics of pneumococci were found to play a major role in the 
subarachnoid space inflammatory process, although significant differ-
ences in brain water content were observed only with one of the sero-
types tested. It is unclear, however, whether these differences affect the 
clinical expression of disease in patients with bacterial meningitis.

The infusion of hypertonic mannitol to treat increased intracranial 
pressure has been evaluated in a rabbit model of H. influenzae type b 
meningitis.187 In all animals, mannitol consistently reduced intracister-
nal pressure, although the magnitude of reduction was greater in 
infected animals, and brain water content was no different in mannitol-
treated animals than in untreated ones. In contrast, in an experimental 
rat model of pneumococcal meningitis, mannitol modulated changes 
in cerebral blood flow, intracranial pressure, and brain water content, 
perhaps by a mechanism of scavenging hydroxyl radicals, which have 
been shown to be involved in the pathogenesis and pathophysiology 
of cerebral ischemia and neuronal injury in bacterial meningitis (see 
later discussion). In an experimental rabbit model of bacterial menin-
gitis, use of adjunctive 3% hypertonic saline significantly elevated 
mean arterial pressure, reduced intracranial pressure, greatly improved 
cerebral perfusion pressure, inhibited brain aquaporin 4 expression, 
reduced cerebral edema, and attenuated brain damage with a superior 
effect over 20% mannitol.292 Use of adjunctive glycerol in infant rats 
and adult mice with pneumococcal meningitis was not found to be 
beneficial.293

Other modalities have been examined to determine their effective-
ness in reduction of increased intracranial pressure in bacterial men-
ingitis. In an experimental rat model of pneumococcal meningitis, 
nimodipine (an l-type calcium channel blocker) attenuated CSF pleo-
cytosis and decreased intracranial pressure, possibly by mechanisms 
including reduction of reactive oxygen species and IL-6 production.294 
Triptans, which inhibit the release of proinflammatory neuropeptides 
from perivascular nerve fibers, reduced the influx of leukocytes into 
CSF, attenuated the increase in regional cerebral blood flow, and 
reduced elevated intracranial pressure and brain water content in an 
experimental rat model.295 Baicalin, a flavonoid that is a medicinal 
herb, was studied as an adjunctive agent to ampicillin in a rabbit model 
of E. coli meningitis and was shown to significantly ameliorate the 
elevated CSF TNF-α, IL-1, and lactate concentrations; mean arterial 
and intracranial pressures; and brain water content.296 These modalities 
may offer new options as adjunctive agents in bacterial meningitis and 
require further study.

Alterations in Cerebral Blood Flow
Bacterial meningitis exerts profound effects on blood vessels that 
course through the subarachnoid space,187 and the resulting vasculitis 
leads to narrowing or thrombosis of cerebral blood vessels and the 
propensity for ischemia and/or infarction of underlying brain. In com-
bination with increased intracranial pressure, these changes may result 
in altered cerebral blood flow in patients with bacterial meningitis. An 
infant rhesus monkey model of H. influenzae meningitis demonstrated 
that cerebral cortical hypoperfusion occurs during meningitis and 
causes relative cerebral anoxia. Cerebrovascular autoregulation, in 
which cerebral blood flow is unchanged despite alterations of blood 
pressure over a wide range, is also lost during experimental bacterial 
meningitis. Furthermore, studies in an experimental rabbit model of 
pneumococcal meningitis have demonstrated that animals given a 
lower intravenous fluid regimen (50 mL/kg/24 hr) of normal saline 
had a lower mean arterial pressure, lower cerebral blood flow, and a 
higher concentration of CSF lactate than did animals that received a 
higher fluid regimen (150 mL/kg/24 hr). In the first 4 to 6 hours of 
antibiotic administration, rabbits receiving lower fluid regimens had a 
significant decrease in mean arterial pressure and cerebral blood flow 
and a significant increase in CSF lactate concentrations when com-
pared with rabbits receiving higher fluid regimens. These results, in 
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meningitis-associated CNS complications and by PARP inhibition 
using 3-aminobenzamide, indicating that PARP activation seems to 
play a crucial role in development of CNS complications and 
pneumococcus-induced endothelial injury. The activity of caspase-3, 
an enzyme required for the morphologic changes associated with 
apoptosis, was significantly increased in the hippocampal tissue of rats 
with pneumococcal meningitis and was localized to the immature cells 
of the dentate gyrus312; intracisternal administration of a caspase-3–
specific inhibitor, Ac-DEVD-CHO, reduced apoptosis but did not 
affect inflammation (as assessed by TNF-α and IL-1β concentrations 
in CSF). Therefore, caspase-3 is a key effector of neuronal apoptosis in 
pneumococcal meningitis. Lack of the inflammasome component 
NLRP3, which is centrally involved in caspase-1 activation, decreases 
clinical and histologic disease severity, as well as brain inflammation, 
in a murine model of pneumococcal meningitis313; interference with 
inflammasome activation might be a promising target for adjunctive 
therapy. Exogenous administration of brain-derived neurotrophic 
factor (BDNF) has also been found to be effective in attenuating apop-
totic death of hippocampal neurons.314 In addition, restoration of Akt 
(also known as protein kinase B) activity attenuates hippocampal 
apoptosis in an experimental neonatal pneumococcal meningitis 
model,315 indicating that the phosphoinositide 3-kinase (PI3K)/Akt 
pathway plays an important role in the death and survival of develop-
ing hippocampal neurons during the acute phase of pneumococcal 
meningitis. However, the clinical significance of apoptosis during the 
acute phase of disease in humans with bacterial meningitis still needs 
to be elucidated.

Evidence has suggested that reactive nitrogen intermediates may 
also play a role in the inflammatory process and other pathophysio-
logic events during bacterial meningitis.316,317 In experimental studies, 
reactive oxygen and nitrogen species and peroxynitrite were found to 
be produced in large amounts during meningitis; although most likely 
intended to fight the invasive pathogen, they seemed to lead to sub-
stantial collateral damage.318 Early in the disease, the vasodilative 
effects of nitric oxide contribute to the hyperemia induced by sub-
arachnoid space inflammation, whereas later in the disease, when cere-
bral blood flow progressively declines under the influence of 
vasoconstrictive factors, production of nitric oxide has some protective 
effects. In an experimental rat model of pneumococcal meningitis 
utilizing treatment with the nitric oxide synthase inhibitor N-nitro-l-
arginine, it was determined that nitric oxide accounted for the regional 
cerebral blood flow changes and pial arteriolar vasodilation in the early 
phase of meningitis and was involved as a mediator of brain edema 
and meningeal inflammation319; stimulation of cerebral endothelial 
cells with pneumococci released nitric oxide, presumably via inducible 
nitric oxide synthase. In addition, inhibition of the neuronal nitric 
oxide synthase pathway with 7-nitroindazole also prevented 
pneumococci-induced pial arteriolar vasodilation.320 Similarly, in 
another rat model of meningitis, CSF concentrations of nitrite (a major 
metabolic product of nitric oxide in vivo) rose after challenge with live 
H. influenzae type b or H. influenzae type b lipo-oligosaccharide, in 
direct correlation with increased permeability of the BBB.321 This result 
was confirmed by another study in an experimental rat model in which 
excessive nitric oxide production contributed to BBB disruption322; 
administration of aminoguanidine, an inhibitor of inducible nitric 
oxide synthase, during meningeal inflammation significantly dimin-
ished meningeal nitric oxide production, attenuated white blood cell 
migration into the CSF, and maintained normal BBB permeability. A 
subsequent study also demonstrated that inhibition of nitric oxide 
production with aminoguanidine increased cortical hypoperfusion 
and ischemic neuronal injury,323 which suggests that nitric oxide atten-
uates the development of cortical ischemia and neuronal injury in 
bacterial meningitis. A nonselective nitric oxide synthase (NOS) inhib-
itor l-NAME (Nω-nitro-l-arginine methyl ester) has been shown to 
attenuate the acute inflammatory response and brain injury in neonatal 
E. coli meningitis.324 Because both nitric oxide and prostaglandins 
are inflammatory mediators produced during bacterial meningitis,  
the in vivo relationships between PGE2 and nitric oxide during bac-
terial meningitis were assessed, as well as whether pharmacologic  
inhibition of cyclooxygenase-2 (COX-2) and inducible NOS (iNOS) 
would affect BBB permeability.325 After the intracisternal inoculation 

from fluctuations in perfusion pressure. Further studies are needed 
before recommendations are made regarding the implementation of 
therapies that reduce cerebral blood flow in patients with bacterial 
meningitis. In another study of 86 adult patients with bacterial men-
ingitis, cerebral angiography was performed on 27 patients who had 
focal deficits (either clinically, on cranial CT, or both) and who had 
persistent coma without an explained cause despite 3 days of antimi-
crobial therapy.302 Thirteen of the patients who underwent angiography 
had alterations in their blood vessel system; the prognosis in these 
patients was poor. However, definitive changes in cerebral blood flow 
during bacterial meningitis are controversial and may vary with the 
stage of disease. These blood flow alterations may lead to regional 
hypoxia, increased lactate concentrations in the brain secondary to 
utilization of glucose by anaerobic glycolysis, and CSF acidosis, which 
may be a precursor to encephalopathy.187

Neuronal Injury
Data have suggested that oxygen radicals may contribute to the 
increased brain water content, intracranial pressure, and changes in 
regional blood flow in bacterial meningitis.187 In an experimental rat 
model of pneumococcal meningitis after intracisternal inoculation of 
live pneumococci or pneumococcal cell wall components, the increases 
in brain water content and intracranial pressure were prevented and 
the increase in regional blood flow was significantly attenuated by 
conjugated superoxide dismutase and deferoxamine. Catalase, which 
eliminates hydrogen peroxide, also significantly attenuated the increase 
in regional blood flow and brain water content, although only a trend 
toward a reduction in intracranial pressure was observed. Further-
more, in a neonatal rat model of group B streptococcal meningitis, 
generation of reactive oxygen intermediates (localized to cells consti-
tuting the subarachnoid and ventricular inflammation and to the cere-
bral vasculature) was a major contributor to cerebral ischemia and 
necrotic and apoptotic neuronal injury303; the free radical scavenger 
α-phenyl-tert-butyl nitrone inhibited the biologic effect of the reactive 
oxygen intermediates, thereby improving cerebral cortical perfusion 
and reducing the extent of both necrotic and apoptotic neuronal injury. 
It also appeared that TNF-α plays a critical role in neuronal apoptosis 
in the hippocampus in rats with group B streptococcal meningitis,304 
although it was not essential for the development of inflammation  
and cortical injury in this model. Additional data demonstrate that 
bacterial meningitis injures hippocampal stem and progenitor cells, 
which may explain the persistence of neurofunctional deficits after 
bacterial meningitis.305 A number of other agents that interfere with 
reactive oxygen intermediates have also been examined for their effi-
cacy in experimental animal models of bacterial meningitis. Rifampin 
was shown to reduce the release of reactive oxygen intermediates  
and decrease secondary brain injury in an experimental model of 
pneumococcal meningitis.306 In another study using an experimental 
pneumococcal meningitis model, three clinically used antioxidants 
(N-acetylcysteine, deferoxamine, and tirilazad mesylate) all reduced 
cortical but not hippocampal injury307; an ideal agent should act at both 
the cortex and the hippocampus.

Additional studies have attempted to clarify the mechanisms 
responsible for apoptosis in bacterial meningitis. In an in vitro model, 
exposure of microglia or neurons to live pneumococci led to rapid 
apoptosis308; this was attributed to mitochondrial damage and was fol-
lowed by mitochondrial release of apoptosis-inducing factor (AIF). 
The apoptosis was markedly impaired by intracytoplasmic microinjec-
tion of AIF-specific antiserum, indicating the AIF may play a central 
role in brain cell apoptosis during bacterial meningitis. In an experi-
mental model of pneumococcal meningitis, the pneumococcal toxin 
pneumolysin co-localized with apoptotic neurons of the hippocam-
pus309; infection with pneumococci unable to produce pneumolysin 
and hydrogen peroxide significantly reduced damage. Apoptosis was 
induced by translocation of AIF, suggesting potentially new protective 
strategies for pneumococcal meningitis. Furthermore, in vitro use of 
pneumolysin was found to be able to induce caspase-independent 
apoptosis in neurons and microglia via AIF.310 Another study assessed 
the role of poly(adenosine diphosphate-ribose) polymerase (PARP) 
activation in experimental pneumococcal meningitis.311 Mice with a 
targeted disruption of the Parp1 gene were protected against 
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important contribution of glutamate to neurotoxicity in bacterial  
meningitis. In addition, pharmacologic inhibition of kynurenine 
3-hydroxylase and kynureninase in an infant rat model led to decreased 
cellular nicotinamide adenine dinucleotide concentrations and 
increased apoptosis in the hippocampus,336 suggesting that activation 
of the kynurenine pathway is protective in pneumococcal meningitis. 
Excess CSF concentrations of glutamate have also been detected in 
patients with bacterial meningitis337; a prolonged increase in CSF glu-
tamate concentrations may predict a poor outcome in patients with 
bacterial meningitis, possibly because of the sustained neurotoxic 
effects of this excitatory neurotransmitter.

Tissue plasminogen activator (tPA), which converts plasminogen 
to plasmin, has been shown to increase neuronal cell death during 
excitotoxicity and cerebral ischemia, leading to degradation of the 
extracellular matrix, MMP activation, and processing of growth factors 
and cytokines. Both serum and CSF tPA concentrations are increased 
in patients with bacterial meningitis,338 which may promote BBB dis-
ruption, proinflammatory signaling, and neuronal damage. Specifi-
cally, urokinase plasminogen activator has been shown to be involved 
in leukocyte recruitment and breeching of the BBB339; CSF concentra-
tions of urokinase plasminogen activator exceeded those in serum, 
suggesting production of this factor in the CNS. A prospective cohort 
study showed that CSF concentrations of plasminogen activator inhibi-
tor (PAI)-1 concentrations were higher in patients with bacterial men-
ingitis who developed brain infarction than in those without 
infarction.340 Thrombopoietin also contributes to neuronal damage 
and microglial activation in an experimental mouse model of bacterial 
meningitis. Postinfection treatment (either intracerebroventricularly 
or intraperitoneally) with cortistatin, a recently discovered neuropep-
tide, reduced leukocyte recruitment in a rat model of Klebsiella pneu
moniae meningitis, and postinfection neuronal loss in vitro,341 
suggesting a direct neuroprotective effect and its use as a potential 
adjunctive agent in bacterial meningitis. Further studies on the patho-
genesis of neuronal injury in bacterial meningitis may lead to the 
development of adjunctive strategies to prevent or modify this devas-
tating consequence of bacterial meningitis.

CLINICAL MANIFESTATIONS
Viral Meningitis
Enteroviruses
The clinical manifestations of enteroviral meningitis depend on host 
age and immune status.2,5 In neonates (2 weeks of age or younger) with 
proven enteroviral meningitis, fever is a ubiquitous finding and is 
usually accompanied by any combination of vomiting, anorexia, rash, 
and upper respiratory tract symptoms and signs. Neurologic involve-
ment may be associated with nuchal rigidity and a bulging anterior 
fontanelle, although infants younger than 1 year are less likely to dem-
onstrate meningeal signs. Mental status may be altered, but focal neu-
rologic signs are uncommon. A more severe form of meningoencephalitis 
may be seen in neonates, who appear to be at greatest risk for morbidity 
and mortality (rates as high as 74% and 10%, respectively), particularly 
when symptoms and signs develop during the first day of life (after 
presumed transplacental transmission of the virus). With disease pro-
gression, a sepsis-like syndrome characterized by multiorgan involve-
ment (e.g., hepatic necrosis, myocarditis, and necrotizing enterocolitis), 
disseminated intravascular coagulation, and cardiovascular collapse 
may develop. Findings in the CNS are of an encephalitis associated 
with seizures and focal neurologic signs. Lack of humoral antibody 
may contribute to the severity of neonatal infection.

The findings in neonates contrast to the clinical findings of entero-
viral meningitis beyond the neonatal period (>2 weeks), in which 
severe disease and poor outcome are rare.2,5 In this patient population, 
the onset of illness is usually sudden, with fever present in 76% to 100% 
of patients; the fever may be biphasic, initially appearing with nonspe-
cific constitutional symptoms, disappearing, and then reappearing 
with the onset of meningeal signs. More than half of patients have 
nuchal rigidity, which is more frequently present in older toddlers, 
children, adolescents, and adults. Headache (often severe and frontal) 
is nearly always present in adults; photophobia is also common in older 
patients. Nonspecific symptoms and signs include vomiting, anorexia, 
rash, diarrhea, cough, upper respiratory tract findings (especially 

of lipopolysaccharide in an experimental rat model, inhibition of pros-
taglandin synthesis via COX-2 did not prevent or reduce BBB disrup-
tion, although nimesulide inhibition of COX-2 elicited significantly 
higher concentrations of meningeal nitric oxide. These data suggest 
that the presence of prostaglandin, or some component of COX-2 
activity, may contribute to an inhibitory feedback loop for iNOS activ-
ity under inflammatory conditions, leading to promotion of nitric 
oxide toxicity through enhanced nitric oxide synthesis during neuro-
inflammation. Endothelial NOS (eNOS) may also have a role in bacte-
rial meningitis. In an experimental model of pneumococcal meningitis, 
the accumulation of CSF leukocytes, BBB disruption, and increased 
intracranial pressure was more pronounced in eNOS-deficient mice, 
indicating that eNOS deficiency is detrimental in bacterial meningi-
tis.326 Both iNOS and eNOS are upregulated in the acute phase of 
experimental bacterial meningitis, and iNOS-derived nitric oxide con-
tributes to peroxynitrite formation (see later discussion) and breaching 
of the BBB. Reactive nitrogen species were also involved in the breech-
ing of the blood-labyrinth barrier during meningogenic pneumococcal 
labyrinthitis,327 indicating that the nitric oxide produced by eNOS and 
iNOS may contribute to oxidative cochlear damage and sensorineural 
damage in bacterial meningitis. In a rat model of pneumococcal men-
ingitis, the proinflammatory cytokines IL-6, MIP-2, and IL-1 were 
reduced in infected animals that were treated with uric acid or MnTBAP 
(manganese[III]meso-tetrakis[4-benzoic acid]porphyrin). The mecha-
nism by which peroxynitrite and other reactive oxygen and nitrogen 
species contribute to the expression of inflammatory cytokines is 
through the activation of NF-κB, which in turn may activate iNOS and 
has been shown to be upregulated in vitro.328

The role of nitric oxide has also been examined in patients with 
bacterial meningitis. It has been suggested that nitric oxide may con-
tribute to anaerobic glycolysis and neurologic damage in children with 
bacterial meningitis.328 The induction of nitric oxide synthase, and 
consequently the production of nitric oxide, may be induced by TNF 
in CSF,329 which in turn mediates the increased BBB permeability in 
bacterial meningitis.

Current interest is focusing on the role of peroxynitrite, a powerful 
oxidative agent, in the pathogenesis of neuronal injury in bacterial 
meningitis. In an adult rat model of pneumococcal meningitis, treat-
ment of infected rats with uric acid, a scavenger of peroxynitrite, sig-
nificantly attenuated intracranial pressure, CSF white blood cell count, 
and BBB leakage.330 Similarly, the elevation of serum uric acid concen-
trations, compared with those found in humans, led to a dose-
dependent reduction of CSF pleocytosis and intracranial pressure.331 
In advanced bacterial meningitis, markedly increased concentrations 
of uric acid are found in CSF and cerebral cortex,332 suggesting that its 
production may be a protective brain response. Peroxynitrite has also 
been involved in the pathophysiology of bacterial meningitis in 
humans. In brain specimens obtained at autopsy, a strong increase in 
tyrosine nitration was detected by immunohistochemical staining that 
was most evident in the inflammatory cells and blood vessels in the 
subarachnoid space333; increased CSF nitrotyrosine was accompanied 
by depletion of the antioxidant ascorbic acid and an increased oxida-
tion of the natural peroxynitrite scavenger uric acid to allantoin. Treat-
ment with scavengers of peroxynitrite have marked anti-inflammatory 
effects and have been shown to reduce intracranial hypertension in an 
experimental rat model of pneumococcal meningitis without acceler-
ating bacterial growth or delaying the sterilization of CSF.334 Therefore, 
these agents hold promise in the adjunctive therapy for bacterial 
meningitis.

A potential role for excitatory amino acids in the pathogenesis of 
brain injury in bacterial meningitis has been proposed. In an experi-
mental rabbit model, intracisternal inoculation of S. pneumoniae led 
to significant increases in CSF concentrations of glutamate, aspartate, 
glycine, taurine, and alanine187; elevated glutamate concentrations were 
also found in the brain extracellular space, which suggests that excito-
toxic neuronal injury may play a role in bacterial meningitis. In an 
experimental rat model of group B streptococcal meningitis, adminis-
tration of kynurenic acid attenuated the toxic effects of glutamate by 
inhibition of neuronal excitatory amino acid receptors, and treated 
animals showed significantly less neuronal injury in the cortex and 
hippocampus than did untreated controls,335 thus demonstrating the 
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seizures, polyradiculitis, polyneuritis, cranial nerve palsies, myelitis, 
Guillain-Barré syndrome, and fatality.

Herpesviruses
Meningitis associated with HSV-2 infection is usually characterized by 
stiff neck, headache, and fever.25 Patients with recurrent benign lym-
phocytic meningitis characteristically develop a few or at least 10 epi-
sodes of meningitis lasting 2 to 5 days followed by spontaneous 
recovery.29 The patients have acute onset of headache, fever, photopho-
bia, and meningism; about 50% of patients have transient neurologic 
manifestations, including seizures, hallucinations, diplopia, cranial 
nerve palsies, or altered consciousness. Pharyngitis, lymphadenopathy, 
and splenomegaly should suggest Epstein-Barr virus infection. A vesic-
ulopustular rash may be seen in meningitis caused by varicella-zoster 
virus.

Bacterial Meningitis
Patients with bacterial meningitis classically present with fever, head-
ache, meningismus, and signs of cerebral dysfunction (i.e., confusion, 
delirium, or a declining level of consciousness ranging from lethargy 
to coma) (Table 89-9).86,187 However, clinical presentation may vary 
based on age, underlying disease status, and as a result of infection by 
specific bacterial pathogens.

Neonates, Infants, and Children
The symptoms and signs of acute bacterial meningitis in neonates, 
infants, and children depend on the age of the child, duration of illness, 
and host response to infection342; the clinical manifestations can be 
subtle, variable, nonspecific, and even absent. For example, neonates 
with bacterial meningitis usually do not have meningismus.114 Clinical 
clues to the presence of meningitis in neonates are temperature insta-
bility (hypothermia or hyperthermia), listlessness, high-pitched crying, 
fretfulness, lethargy, refusal to feed, weak suck, irritability, jaundice, 
vomiting, diarrhea, or respiratory distress. A change in the child’s affect 
or state of alertness is one of the most important signs of meningitis. 
A bulging fontanelle (seen in one third of cases in neonates) usually 
occurs late during the course of illness; seizures are observed in 40% 
of neonates with bacterial meningitis. In children 1 to 4 years of age, 
fever (94%), vomiting (82%), and nuchal rigidity (77%) are the most 
common initial symptoms.

In a systematic review of 10 studies of prospective data on clinical 
manifestations suggestive of acute meningitis in children, bulging fon-
tanelle, neck stiffness, seizures (outside the febrile-convulsion age 
range), and reduced food intake raised concerns for the presence of 
meningitis.343 In children, the absence of meningeal signs and presence 
of an abnormal cry independently lowered the likelihood of meningi-
tis, although the absence of fever did not exclude the diagnosis. In one 
recent review of children aged 2 months to 15 years who presented 
with suspected meningitis, the classic clinical signs had limited value 
in establishing the diagnosis.344 Clinical examination revealed nuchal 
rigidity in 65% of those with meningitis; Brudzinski’s and Kernig’s 
signs (see later discussion) were elicited in 51% and 27% of those with 
meningitis, respectively. Therefore, physicians should have a low 
threshold for lumbar puncture in patients at high risk for bacterial 
meningitis, given the serious nature of this disease.

pharyngitis), and myalgias. Other clues to the presence of enteroviral 
disease, in addition to the time of year (more prevalent in the summer 
and autumn months) and known epidemic disease in the community, 
include the presence of exanthems, myopericarditis, conjunctivitis, and 
specifically recognizable enteroviral syndromes such as pleurodynia, 
herpangina, and hand-foot-and-mouth disease.1 In addition, specific 
clinical stigmata may be associated with certain enteroviral serotypes.2 
For example, echovirus 9 is associated with scattered maculopapular 
rashes. Herpangina, in particular the finding of painful vesicles on the 
posterior oropharynx, is associated with coxsackievirus A; the pres-
ence of pericarditis or pleurisy may identify coxsackievirus B. The 
duration of illness in enteroviral meningitis is usually less than 1 week, 
with many patients reporting improvement after lumbar puncture, 
presumably from reduction in intracranial pressure. In contrast, during 
an outbreak of enterovirus 71 infection in Taiwan in patients 3 months 
to 8.2 years of age, the chief neurologic complaint was rhombencepha-
litis (seen in 90% of children), which carried a case-fatality rate of 
14%.8 In another outbreak in young children with enterovirus 71 infec-
tion in Perth, Western Australia,9 neurologic syndromes included 
aseptic meningitis, Guillain-Barré syndrome, acute transverse myelitis, 
acute cerebellar ataxia, opsomyoclonus syndrome, benign intracranial 
hypertension, and febrile convulsions; this contrasts to previous epi-
demics, in which encephalitis was the most frequent syndrome of 
neurologic disease. In one prospective clinical study, brainstem 
encephalitis (which included signs such as myoclonic jerks, tremor or 
ataxia, cranial nerve palsies evident from eye movement disorders, 
facial weakness, and bulbar palsy) was the most frequent (58% of 
neurologic manifestations), followed by aseptic meningitis (36% of 
neurologic manifestations).10

A unique clinical situation is seen in children and adults with absent 
or deficient humoral immunity that impairs clearance of enteroviruses. 
In persons who are agammaglobulinemic, a chronic enteroviral men-
ingitis or meningoencephalitis may develop and last several years, often 
with a fatal outcome2,5; this syndrome has been designated chronic 
enteroviral meningoencephalitis in agammaglobulinemia (CEMA). 
CEMA is a constellation of neurologic symptoms that includes head-
ache, seizures, hearing loss, lethargy/coma, weakness, ataxia, pares-
thesias, and loss of cognitive skills. In about half of these patients,  
a rheumatologic syndrome, usually dermatomyositis, also develops, 
probably as a direct result of enteroviral invasion of affected tissues.

Mumps Virus
In patients with mumps, CNS symptoms usually follow the onset of 
parotitis, when present, by about 5 days. The most frequent clinical 
manifestation of mumps CNS infection is the triad of fever, vomiting, 
and headache (Table 89-8).21 The fever is usually high and lasts for 72 
to 96 hours. Salivary gland enlargement is present in only about 50% 
of patients. Other findings include neck stiffness, lethargy or somno-
lence, and abdominal pain. Most patients have signs of meningitis but 
no evidence of cortical dysfunction. Defervescence is usually accom-
panied by clinical recovery, and in uncomplicated cases, the total dura-
tion of illness is 7 to 10 days. Rarely, mumps may cause encephalitis, 

TABLE 89-8  Presenting Symptoms and Signs in 
Patients with Central Nervous System Mumps

SYMPTOM OR SIGN RELATIVE FREQUENCY (%)
Fever 88-100

Vomiting 68-94

Headache 47-88

Salivary gland swelling 47-62

Meningismus 43-93

Lethargy 28-69

Abdominal pain 14-23

Seizures 14-18

Modified from Gnann JW Jr. Meningitis and encephalitis caused by mumps virus. 
In: Scheld WM, Whitley RJ, Marra CM, eds. Infections of the Central Nervous 
System. 4th ed. Philadelphia: Lippincott Williams & Wilkins. In press.

TABLE 89-9  Presenting Symptoms and Signs in 
Patients with Bacterial Meningitis

SYMPTOM OR SIGN RELATIVE FREQUENCY (%)
Headache ≥85

Fever ≥80

Meningismus ≥80

Altered sensorium ≥75

Vomiting ∼35

Seizures ∼30

Focal neurologic findings 10-35

Papilledema <5
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inflammation.353 In one review,354 confusion was very common in older 
adult patients on initial examination and occurred in 92% and 78% of 
those with pneumococcal and gram-negative bacillary meningitis, 
respectively. Older adult patients may also present with an antecedent 
or concurrent bronchitis, pneumonia, or paranasal sinusitis. In a recent 
30-year study of 185 patients 65 years of age and older, the diagnosis 
of community-acquired bacterial meningitis was more difficult because 
of the absence of characteristic meningeal signs355; compared with 
adult patients younger than 65 years of age, older patients showed 
greater neurologic severity, with a high number presenting with coma 
on admission, seizures, and hemiparesis.

Underlying Conditions
In patients with head trauma, the symptoms and signs of meningitis 
may be present as a result of the underlying injury and not meningi-
tis.95 In patients who have suffered a basilar skull fracture in which 
a dural fistula is produced between the subarachnoid space and the 
nasal cavity, paranasal sinuses, or middle ear, a common finding is 
rhinorrhea or otorrhea secondary to a CSF leak95; in these patients, 
meningitis may be recurrent and is most commonly caused by S. 
pneumoniae.

The diagnosis of bacterial meningitis in neutropenic patients 
requires a high index of suspicion, because symptoms and signs may 
initially be subtle because of the impaired ability of the patient to 
mount a subarachnoid space inflammatory response.187 In all of these 
subgroups of patients, altered or changed mental status should not be 
ascribed to other causes until bacterial meningitis has been excluded 
by CSF examination.

Pathogen-Specific Findings
A specific etiologic diagnosis in patients with bacterial meningitis may 
be suggested by certain symptoms or signs.187 About 50% of patients 
with meningococcemia, with or without meningitis, present with a 
prominent rash located principally on the extremities. Early in the 
course of illness, the rash is typically erythematous and macular, but it 
quickly evolves into a petechial phase with further coalescence into a 
purpuric form. The rash often matures rapidly, with new petechial 
lesions appearing during the physical examination. In one review of 
the clinical manifestations of 255 patients with acute meningococcal 
meningitis,356 a petechial rash was observed in three fourths of the 
patients; the rash was more commonly seen in children and adults 
younger than 30 years (81%) than in patients 30 years and older (62%). 
However, others have observed a rash to be present in only up to 26% 
of cases and (if present) is more likely to be scanty or more atypical 
than that seen in patients with meningococcal septicemia.357 A similar 
rash may also be seen in splenectomized patients with rapidly over-
whelming sepsis caused by S. pneumoniae, H. influenzae type b, or 
Capnocytophaga canimorsus.

Patients with L. monocytogenes meningitis have an increased ten-
dency to have seizures and focal deficits early in the course of infection, 
and some patients may present with ataxia, cranial nerve palsies, or 
nystagmus secondary to rhombencephalitis97-99; however, patients with 
Listeria meningitis may not present with any focal signs. In a large 
review (367 episodes) of CNS infections caused by L. monocytogenes,98 
the most frequent findings were fever (92%) and altered sensorium 
(65%); only about 50% of patients had headache. In a prospective study 
of 30 adults with Listeria meningitis, the most common clinical mani-
festations were headache (88%), nausea (83%), fever higher than 38° C 
(100.4° F) (90%), and stiff neck (75%)358; focal neurologic deficits were 
found in only 37%, and only 43% of patients had the triad of fever, 
neck stiffness, and altered mental status.

Spirochetal Meningitis
Treponema pallidum
The clinical manifestations of neurosyphilis that have been described 
are based on studies compiled before the availability of penicillin, and 
it is not known whether the clinical findings of symptomatic neuro-
syphilis have been modified in the antibiotic era or by associated HIV 
infection.153 Although the clinical manifestations of neurosyphilis are 
numerous, only patients with acute meningitis and meningovascular 
syphilis are discussed here.

Adults
In a review of 493 cases of acute bacterial meningitis in adults,43 the 
triad of fever, nuchal rigidity, and change in mental status was found 
in only two thirds of patients, but all had at least one of these findings. 
In another review of 696 episodes of community-acquired bacterial 
meningitis, the triad of fever, neck stiffness, and altered mental status 
was present in only 44% of episodes,46 although almost all patients 
(95%) presented with at least two of four symptoms (i.e., headache, 
fever, stiff neck, and altered mental status). In another review of 39 
patients with acute bacterial meningitis, the classic triad of fever, neck 
stiffness and altered mental status was present in only 21% at the time 
of admission.345 The meningismus may be subtle, marked, or accom-
panied by Kernig’s or Brudzinski’s sign, or both.346 Kernig’s sign is 
elicited with the patient supine, with the thigh flexed on the abdomen 
and the knee flexed. The leg is then passively extended, and in the 
presence of meningeal inflammation, the patient resists leg extension. 
This technique differs somewhat from the maneuver as first described 
by Kernig, in which the patient was initially seated. Several signs were 
described by Brudzinski, although the best known is the nape-of-the-
neck sign, in which passive flexion of the neck results in flexion of the 
hips and knees. However, in a recent prospective study that examined 
the diagnostic accuracy of meningeal signs in adults with suspected 
meningitis, the sensitivity of these findings was 5% for Kernig’s sign, 
5% for Brudzinski’s sign, and 30% for nuchal rigidity,347 indicating that 
they did not accurately distinguish patients with meningitis from those 
without meningitis. Therefore, the absence of these findings does not 
rule out the diagnosis of bacterial meningitis. Cranial nerve palsies 
(especially those involving cranial nerves III, IV, VI, and VII) and focal 
cerebral signs are seen in 10% to 20% of cases. Cranial nerve palsies 
probably develop as the nerve becomes enveloped by exudate in the 
arachnoid sheath surrounding the nerve, or they may be a sign of 
increased intracranial pressure. Seizures occur in about 30% of patients. 
Focal neurologic deficits and seizures arise from cortical and subcorti-
cal ischemia, which results from inflammation and thrombosis of 
blood vessels, often within the subarachnoid space. In an observational 
study of 696 patients with community-acquired bacterial meningitis, 
cerebral infarction occurred in 174 (25%) episodes and was seen in 128 
(36%) of 352 patients with pneumococcal meningitis348; an unfavorable 
outcome occurred in 62% of patients with cerebral infarction. Diffuse 
cerebral disseminated intravascular coagulation may be another expla-
nation for cerebral infarction complicating pneumococcal meningi-
tis.349 Papilledema is seen in less than 5% of cases early in infection, 
and its presence should suggest an alternative diagnosis. Hydrocepha-
lus complicates 5% of episodes of community-acquired bacterial men-
ingitis in adults and is associated with a high case-fatality rate.350 With 
disease progression, signs of increased intracranial pressure may 
develop, including coma, hypertension, bradycardia, and palsy of 
cranial nerve III. Endocarditis complicates 2% of episodes of 
community-acquired bacterial meningitis in adults and is also associ-
ated with a high case-fatality rate351; clues suggesting the diagnosis of 
endocarditis in patients with bacterial meningitis are cardiac murmurs, 
persistent or recurrent fever, a history of heart valve disease, and S. 
aureus as the causative pathogen.

To further characterize the accuracy and precision of the clinical 
examination in adult patients with acute meningitis, patient data from 
845 episodes of acute meningitis (confirmed by lumbar puncture or 
autopsy) in patients aged 16 to 95 years were reviewed352; the majority 
of patients in this review had acute bacterial meningitis, although 62 
had tuberculous or “aseptic” meningitis. The results demonstrated that 
individual items of the clinical history (i.e., headache, nausea, and 
vomiting) had a low accuracy for the diagnosis of acute meningitis in 
adults. However, on review of the accuracy of physical examination 
findings, the absence of fever, neck stiffness, and altered mental status 
effectively eliminated the likelihood of acute meningitis; the sensitivity 
was 99% to 100% for the presence of one of these findings in the diag-
nosis of acute meningitis.

Older Adults
Older adult patients, especially those with underlying conditions (e.g., 
diabetes mellitus or cardiopulmonary disease), may present insidiously 
with lethargy or obtundation, no fever, and variable signs of meningeal 
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Because of early involvement of the olfactory area, early symptoms of 
abnormal smell or taste may be reported. Confusion, irritability, and 
restlessness progress to delirium, stupor, and, finally, coma. Death in 
untreated patients generally occurs within 2 to 3 days from the onset 
of symptoms. The rapid progression of infection presents challenges to 
identify N. fowleri and initiate therapy before the onset of severe symp-
toms and death.167 Therefore, the key to early diagnosis is physician 
awareness and clinical suspicion.362

In contrast, the subacute or chronic form of primary amebic 
meningoencephalitis is manifested more insidiously by low-grade 
fever, headache, and focal signs (e.g., hemiparesis, aphasia, cranial 
nerve palsies, visual field disturbances, diplopia, ataxia, seizures)164,165; 
the olfactory bulbs are usually spared. Deterioration occurs over a 
period of 2 to 4 weeks until death. However, longer durations of illness 
have also been reported (range, 5 to 18 months).

Angiostrongylus cantonensis
Symptoms of meningitis begin 6 to 30 days (typically 1 to 2 weeks) 
after the ingestion of raw mollusks or other sources of the para-
site.140,171,173 Findings include severe headache (90%), stiff neck (56%), 
paresthesias (54%), and vomiting (56%). Moderate fever is present in 
about half of the cases. In a recent outbreak in 12 people with a 
common foodborne exposure in Jamaica, the mean incubation period 
was 11 days (range, 6 to 31 days).175 Headache was the most frequent 
symptom. Visual disturbances or photophobia were seen in 92% of 
patients, and nuchal rigidity or neck pain and fatigue were present in 
80% of cases. Hyperesthesias or paresthesias were present in 75% of 
patients in a patchy distribution of the extremities or trunk and did 
not correspond to any dermatomal pattern. In a review of 18 cases in 
Hawaii from 2001 to 2005, 94% of patients had headache and 65% had 
sensory symptoms consisting of paresthesias, hyperesthesias, and/or 
numbness; those symptoms lasted a median of 17 and 55 days, respec-
tively.363 Disease usually resolves spontaneously after 1 to 2 weeks, but 
headaches and paresthesias can persist from weeks to months.173

DIAGNOSIS
Viral Meningitis
Cerebrospinal Fluid Examination
CSF pleocytosis is almost always present in patients with enteroviral 
meningitis, although some enteroviruses have been isolated from 
young infants with clinical evidence of meningitis but no CSF white 
blood cells.1,2 The cell count is usually 100 to 1000/mm3, although 
counts in the several thousands have also been reported; higher CSF 
white blood cell counts have been associated with a greater likelihood 
of isolating the causative enterovirus.364 Early in infection, neutrophils 
may dominate the CSF profile, although this situation quickly gives 
way to a lymphocytic predominance over the first 6 to 48 hours. 
However, in a recent retrospective chart review of 158 cases of menin-
gitis (138 aseptic and 20 bacterial), 51% of the 53 patients with aseptic 
meningitis and duration of symptoms of more than 24 hours had a 
neutrophil predominance in CSF,365 suggesting that a CSF neutrophil 
predominance is not useful as a sole criterion in distinguishing between 
aseptic and bacterial meningitis. In addition, in one study of 65 infants 
younger than 3 months of age with enteroviral meningitis, 60% had no 
CSF pleocytosis.366 This was also observed in another study of 60 
patients, 23 of whom had no CSF pleocytosis367; those who lacked CSF 
pleocytosis were younger, had experienced drowsiness more, had lower 
peripheral white blood cell counts, and had a higher C-reactive protein 
level. Elevated CSF protein and decreased CSF glucose concentrations, 
if present, are usually mild, although extreme degrees of both have 
been reported. A specific virologic diagnosis of enteroviral meningitis 
depends on isolation of the virus from the CSF in tissue culture,368 
although the sensitivity for enteroviral serotypes is only 65% to 75%, 
largely a result of the inability to grow many coxsackievirus A sero-
types, which require suckling mouse inoculations.2 The difficulty in 
isolation of enteroviruses from CSF may also relate to the low titers of 
enterovirus in CSF (as low as a median tissue culture infective dose of 
10 to 103/mL of CSF) and that no single cell line is optimal for the 
detection of all members of the genus.5 Furthermore, the time required 
for identifying an enterovirus from CSF using cell cultures is too long 
to be of clinical utility in establishing the diagnosis; the mean time for 

Patients with syphilitic meningitis usually present in a manner 
similar to that of patients with other forms of aseptic meningitis: they 
have complaints of headache, nausea, and vomiting. In one series, these 
complaints were present in 91% of patients.359 Meningismus occurred 
in 59% and fever in less than half of the patients with syphilitic men-
ingitis. Seizures occurred in 17% of patients, whereas cranial nerve 
palsies were found in 45% of cases (most commonly cranial nerves VII 
and VIII, followed by II, III, VI, and V). Focal abnormalities such as 
hemiplegia, aphasia, and mental status changes were seen less com-
monly. Syphilitic meningitis rarely affects the spinal cord.

Meningovascular syphilis is clinically distinguished from syphilitic 
meningitis temporally and on the basis of focal neurologic findings as 
a result of focal syphilitic arteritis, which almost always occurs in 
association with meningeal inflammation.153,154 Most patients experi-
ence weeks to months of episodic prodromal symptoms and signs, 
including headache or vertiginous episodes, personality changes (e.g., 
apathy or inattention), behavioral changes (e.g., irritability or memory 
impairment), insomnia, or seizures. Focal deficits, which reflect epi-
sodes of ischemia in regions of the brain by involved blood vessels 
(usually in the distribution of the middle cerebral artery), may also 
occur; if untreated, these deficits may progress to a stroke syndrome 
with attendant irreversible neurologic deficits.

Coinfection with HIV may modify the clinical spectrum of syphilis. 
Case reports and small series have suggested that patients with HIV 
infection are more likely to progress to neurosyphilis and have acceler-
ated disease courses.155-157 However, few clinical data currently support 
these hypotheses. In one study of HIV-infected and HIV-uninfected 
patients with syphilis at sexually transmitted disease clinics in Balti-
more,360 no significant differences were observed in clinical stage or in 
disease progression.

Borrelia burgdorferi
Meningitis is the most important neurologic abnormality of acute dis-
seminated Lyme disease, usually following erythema migrans by 2 to 
10 weeks160; however, only about 40% (range, 10% to 90%) of cases of 
Lyme meningitis are preceded by this characteristic rash.160,162 Head-
ache is the single most common symptom (30% to 90% of patients) in 
Lyme meningitis, whereas neck stiffness is seen in only 10% to 20% of 
cases. Photophobia, nausea, and vomiting are intermediate in fre-
quency between headache and neck stiffness. About two thirds of 
patients have accompanying systemic symptoms, including malaise, 
fatigue, myalgias, fever, arthralgias, and involuntary weight loss. In 
untreated cases, the duration of symptoms ranges from 1 to 9 months. 
Patients typically experience recurrent attacks of meningeal symptoms 
lasting several weeks and alternating with similar periods of milder 
symptoms.160-162,361

About half of patients with Lyme meningitis have mild cerebral 
symptoms consisting most commonly of somnolence, emotional labil-
ity, depression, impaired memory and concentration, and behavioral 
symptoms.160-162,361 These symptoms may fluctuate in severity in 
untreated patients before resolution. Transverse myelitis, spastic para-
paresis or quadriparesis, disturbances of micturition, and Babinski’s 
sign are also reported during this stage. Approximately 50% of patients 
also have cranial neuropathies. Facial nerve palsy is the most common 
(80% to 90%) of the cranial nerve palsies overall and occurs with rapid 
onset (often in 1 to 2 days), frequently accompanied by slight ipsilateral 
facial numbness or tingling or ipsilateral ear or jaw pain. The facial 
palsy is bilateral in 30% to 70% of cases, although the two sides are 
affected asynchronously in most cases. Other cranial nerves affected 
less commonly are cranial nerves II, III, the sensory portion of V, VI, 
and the acoustic portion of VIII. Recovery usually takes place within 
2 months.

Protozoal and Helminthic Meningitis
Amebas
Primary amebic meningoencephalitis occurs in two forms.164-166 The 
acute form (incubation period, 3 to 8 days) is characterized by the 
sudden onset of high fever, photophobia, bifrontal or bitemporal head-
ache, nuchal rigidity, and progression to stupor or coma and is usually 
indistinguishable from acute bacterial meningitis, although focal signs 
and seizures are more common in amebic meningoencephalitis. 
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strongly associated with typical cases of Mollaret’s meningitis (i.e., 
recurrent benign lymphocytic meningitis) in patients without symp-
toms or signs of genital infection.28,29 PCR assay has also been used to 
confirm the presence of varicella-zoster viral DNA in the CSF of 
patients with herpes zoster meningitis.184

Bacterial Meningitis
Cerebrospinal Fluid Examination
The diagnosis of bacterial meningitis rests on CSF examination by 
lumbar puncture114,187,377-380; typical CSF findings in acute bacterial 
meningitis are shown in Table 89-10. In virtually all cases, the opening 
pressure is elevated, with values over 600 mm H2O suggesting the 
presence of cerebral edema, intracranial suppurative foci, or commu-
nicating hydrocephalus. The white blood cell count is elevated in 
untreated bacterial meningitis, usually 1000 to 5000/mm3 (range, <100 
to >10,000/mm3); more than 90% of cases present with a CSF white 
blood cell count greater than 100/mm3. Neutrophils usually predomi-
nate, although approximately 10% of patients with acute bacterial men-
ingitis present with a predominance of lymphocytes in CSF; such 
predominance is more common in neonatal gram-negative bacillary 
meningitis and meningitis caused by L. monocytogenes (about 30% of 
cases). Patients with very low CSF white cell counts (0 to 20/mm3) 
despite high CSF bacterial concentrations tend to have a poor progno-
sis. The absence of a CSF pleocytosis can characterize up to 4% of cases 
of bacterial meningitis overall,381 most commonly in premature neo-
nates (up to 15% of cases) and infants younger than 4 weeks (17% of 
cases). In addition, normal CSF white blood cell counts have been seen 
in patients with meningococcal meningitis382,383 and accounted for 
almost 10% of all cases of meningococcal meningitis in one study.382 
Therefore, a Gram stain and culture should be performed on all CSF 
specimens even if the white blood cell count is normal. A CSF glucose 
concentration decreased to less than 40 mg/dL is found in about 60% 
of patients, and a CSF-to-serum glucose ratio less than 0.31 occurs in 
about 70% of patients. CSF protein concentrations are elevated in 
virtually all patients, presumably because of disruption of the BBB. 
However, a normal CSF white blood cell count and protein concentra-
tion may be seen in specimens obtained at the onset of meningitis, in 
some cases of neonatal meningitis, and in severely immunocompro-
mised patients.

Gram stain examination of CSF permits rapid, accurate identifica-
tion of the causative microorganism in 60% to 90% of patients with 
bacterial meningitis and has a specificity of nearly 100%.114,187 The 
likelihood of detecting the organism by Gram stain correlates with the 
concentration of bacteria in CSF; concentrations of 103 or fewer 
colony-forming units/mL are associated with positive Gram stains 
about 25% of the time, whereas CSF concentrations of bacteria of 105 
or greater lead to positive microscopy results in up to 97% of cases. 
The clinical utility of the Gram stain also depends on the bacterial 
pathogen384: bacteria have been observed in 90% of cases of meningitis 
caused by S. pneumoniae, 86% of cases caused by H. influenzae, 75% 
of cases caused by N. meningitidis, and 50% of cases caused by gram-
negative bacilli; the CSF Gram stain is positive in less than 50% of 
patients with L. monocytogenes meningitis and was only positive in 
24% of patients in a recent study.358 CSF culture is the gold standard in 

CSF enteroviruses to grow is 3.7 to 8.2 days. In one study of viral cul-
tures on 22,394 CSF samples, virus was only recovered from 5.7% of 
samples, most of which (98.4%) were enteroviruses,369 indicating that 
CSF viral cultures are insensitive for the diagnosis of viral meningitis. 
Although isolation of a nonpolio enterovirus from the throat or rectum 
of a patient with aseptic meningitis is suggestive of an etiologic diag-
nosis, the mean shedding periods from those sites after infection are 1 
week and several weeks, respectively. In addition, viral shedding can 
occur in 7.5% of healthy controls during enterovirus epidemics.1 
Therefore, shedding from a past infection cannot be ruled out. Further-
more, a study found that non-CSF viral cultures were not helpful in 
predicting enteroviral CNS infection, inasmuch as enteroviruses were 
isolated at the same frequency from non-CSF sites in infants in whom 
enteroviruses were cultured from CSF as in hospitalized infants with 
an acute illness whose CSF was negative. Follow-up acute and conva-
lescent serologic testing for the specific isolated strain may confirm the 
etiologic diagnosis.1 Magnetic resonance imaging (MRI) of patients 
with rhombencephalitis has demonstrated high-intensity lesions in the 
brain stem, most commonly located in the tegmentum.5

Rapid diagnosis of enterovirus infection by immunoassay tech-
niques has been hampered by the lack of a common antigen among 
the various serotypes and the low concentrations of virus in body 
fluids.1,2 Nucleic acid amplification tests, such as PCR assay, are the 
most promising alternatives to viral culture for the diagnosis of entero-
viral meningitis. All the primers are directed at highly conserved 
regions of the 5′-noncoding region of the viral genome and designed 
for reverse transcription combined with PCR. Enteroviral reverse-
transcriptase PCR (RT-PCR) has been tested in clinical settings by 
numerous investigators and found to be more sensitive than culture 
for the detection of the enterovirus; the sensitivity has ranged from 
86% to 100% and specificity from 92% to 100% for the diagnosis of 
enteroviral meningitis.2,5,370-372 The Xpert enteroviral assay for detection 
of enteroviral RNA had a sensitivity of 94.7%, specificity of 100%, posi-
tive predictive value of 100%, and negative predictive value of 98.2% 
for the diagnosis of enteroviral meningitis.373 In addition, the time to 
identification of the enterovirus using RT-PCR is significantly reduced 
(hours to a day) compared with cell culture, which may lead to short-
ened patient hospitalization, less use of antimicrobial agents for treat-
ment of presumptive bacterial meningitis, and reduction of the need 
for ancillary diagnostic tests.374 In one study in children with entero-
viral meningitis with use of rapid enteroviral molecular tests (available 
within 3 to 24 hours), the median duration of hospitalization and  
duration of antimicrobial therapy were reduced to 2 days and 1 day, 
respectively.375 Enterovirus-specific PCR tests do not detect human 
parechovirus, so testing for human parechovirus-specific PCR is 
required to detect these agents as a cause of viral meningitis.16 In one 
study, human parechovirus-3 was detected in the CSF by PCR.376

Patients with mumps meningitis almost always have CSF pleocyto-
sis (usually <500/mm3), primarily of mononuclear cells (>80% lym-
phocytes in 80% to 90% of patients); the pleocytosis may persist for 
weeks. CSF protein concentrations are reported in some series to be 
normal in more than half of patients with mumps meningitis.21 The 
CSF glucose content is normal in most patients, but it may be depressed 
in up to 25% of cases. Complement fixation and hemagglutination 
inhibition on serum specimens are the most reliable serologic tests for 
the diagnosis of mumps. Testing of paired acute and convalescent sera 
should demonstrate a diagnostic fourfold rise in mumps antibody titer. 
Mumps virus can be isolated from saliva from virtually all patients with 
mumps parotitis and can also be recovered in urine for up to 2 weeks 
after the onset of illness. Mumps virus can be grown from CSF in tissue 
culture for at least 1 week after the onset of disease, but the sensitivity 
of this technique is highly variable (30% to 50% if collected from CSF 
early during the course of mumps CNS infection).21 Application of 
molecular diagnostic techniques such as PCR assay may make the 
diagnosis of mumps faster and more reliable in the future.

Patients with HSV-2 meningitis also have a lymphocytic meningitis 
(<500/mm3) and a normal glucose content.1 CSF protein concentra-
tions have been reported to be higher than in patients with enteroviral 
meningitis.18 The virus has been cultured from the CSF and buffy coat 
of some patients. PCR assay appears promising for the diagnosis of 
CNS infections caused by HSV. With PCR testing, HSV-2 has been 

TABLE 89-10  Typical Cerebrospinal Fluid Findings 
in Patients with Bacterial Meningitis

CEREBROSPINAL 
FLUID PARAMETER TYPICAL FINDING
Opening pressure 200-500 mm H2O

White blood cell count 1000-5,000/mm3 (range, <100 to >10,000)

Percentage of neutrophils ≥80%

Protein 100-500 mg/dL

Glucose ≤40 mg/dL

CSF-to-serum glucose ratio ≤0.4

Gram stain Positive in 60%-90%

Culture Positive in 70%-85%
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these tests can be done within 2 hours in most industrialized countries 
although are scarce in resource-poor countries. PCR assay may be 
particularly useful in patients with bacterial meningitis who have 
received prior antimicrobial therapy and are more likely to have nega-
tive CSF cultures.396 The test is rapid, is able to detect low numbers of 
bacteria, and detects nonviable etiologic agents in patients who have 
received prior antimicrobial therapy. The sensitivity and specificity of 
PCR assay in CSF for the diagnosis of pneumococcal meningitis are 
92% to 100% and 100%, respectively.390 Real-time PCR assay has also 
been used for the diagnosis of L. monocytogenes meningoencephali-
tis.397 Problems with false-positive results arise when using the PCR 
test, although further refinements in this technique may lead to its 
usefulness in the diagnosis of bacterial meningitis, particularly when 
CSF Gram stain and cultures are negative. Another potential applica-
tion of the PCR assay is rapid detection of the in vitro susceptibility of 
meningeal pathogens to specific antimicrobial agents. In one report, a 
novel real-time PCR-hybridization assay was developed for the rapid 
detection of penicillin susceptibility in S. pneumoniae; when applied to 
24 pneumococcal DNA-positive CSF extracts, penicillin-sensitive S. 
pneumoniae was detected in all instances.398 Further studies may estab-
lish the usefulness of this rapid technique in allowing clinicians to 
decide on the use of specific antimicrobial therapy in patients with 
bacterial meningitis (see later discussion).

Differentiation of Bacterial from  
Viral Meningitis
In patients without a positive CSF Gram stain or culture, the diagnosis 
of acute bacterial meningitis is often difficult to establish or reject. A 
combination of clinical manifestations, with or without test results, has 
been assessed to develop models in an attempt to accurately predict 
the likelihood of bacterial meningitis compared with other potential 
causes (most often viruses).380 In one analysis of the records of 422 
immunocompetent patients older than 1 month of age with acute 
bacterial or viral meningitis, a CSF glucose concentration less than 
34 mg/dL, a CSF-to-blood glucose ratio less than 0.23, a CSF protein 
concentration greater than 220 mg/dL, more than 2,000 leukocytes/
mm3 of CSF, and more than 1,180 neutrophils/mm3 of CSF were found 
to be individual predictors of bacterial rather than viral meningitis, 
with 99% certainty or better.399 This model has been validated in several 
retrospective studies. Many other prediction models have been devel-
oped and studied.380 In a recently published meta-analysis of bacterial 
meningitis score validation studies in which 5,312 patients were identi-
fied from 8 studies, 4,896 (92%) had sufficient clinical data to calculate 
the Bacterial Meningitis Score, which identified children with CSF 
pleocytosis who were at very low risk for bacterial meningitis (low-risk 
features were negative CSF Gram stain, CSF absolute neutrophil count 
<1,000 cell/mm3, CSF protein <80 mg/dL, and peripheral absolute 
neutrophil count <10,000 cells/mm3).399 The combined sensitivity was 
99.3%, with specificity of 62.1% and negative predictive value of 99.7%, 
indicating that this scoring system could be used to assist clinical deci-
sion making for the management of children with CSF pleocytosis. 
Despite the positive results of this meta-analysis and other studies, 
clinical judgment should continue to be used in decisions about the 
need for administration of empirical therapy in patients with suspected 
bacterial meningitis.380 Use of these models should also be limited to 
the age cohort in which they were developed. Prediction models may 
be most useful in doubtful cases, when they can be used to suggest a 
reconsideration of the diagnosis.

Elevated CSF lactate concentrations may also be useful in differen-
tiating bacterial from nonbacterial meningitis in patients who have  
not received prior antimicrobial therapy.400 Two meta-analyses, one 
including 25 studies with 1692 patients (adults and children)401 and 
the other including 31 studies with 1885 patients,402 concluded that 
the diagnostic accuracy of CSF lactate is better than that of the CSF 
white blood cell count, glucose concentration, and protein level in the 
differentiation of bacterial from aseptic meningitis; sensitivities of  
93% and 97% and specificities of 96% and 94%, respectively, were seen. 
In another study of adult patients with negative direct CSF examina-
tion, the most highly discernible parameter for the differential diagno-
sis of bacterial meningitis proved to be the CSF lactate value, with  
a sensitivity of 94%, specificity of 92%, negative predictive value of 

diagnosis and is positive in 80% to 90% of patients with community-
acquired bacterial meningitis if CSF is obtained before the start of 
antimicrobial therapy.379,380 The probability of identifying the organism 
may decrease in patients who have received prior antimicrobial therapy 
(40% to 60% and <50% positivity on Gram stain and culture, respec-
tively). In studies of infants and children with bacterial meningitis, 
initially positive CSF cultures became sterile in 90% to 100% of patients 
within 24 to 36 hours of administration of “appropriate” antimicrobial 
therapy.381 More recently, it has been suggested that CSF sterilization 
may occur more rapidly after initiation of parenteral antimicrobial 
therapy than previously suggested, with complete sterilization of CSF 
containing meningococcus within 2 hours and the beginning of ster-
ilization of pneumococcus by 4 hours into therapy.385 However, in most 
infants and children with bacterial meningitis who have received prior 
antimicrobial therapy, no significant differences in the CSF indices 
occur, although two studies revealed significantly lower CSF protein 
concentrations and rates of Gram stain positivity.187

Several rapid diagnostic tests have been developed to aid in the 
etiologic diagnosis of bacterial meningitis.187,384 Latex agglutination 
techniques detect the antigens of H. influenzae type b, S. pneumoniae, 
N. meningitidis, E. coli K1, and the group B streptococci. However, 
many of the test kits do not include tests for group B meningococci, 
and other kits are probably poor because of the limited immunogenic-
ity of group B meningococcal polysaccharide. The routine use of CSF 
bacterial antigen tests for the etiologic diagnosis of bacterial meningitis 
has been questioned.187 In one study of 901 CSF bacterial antigen tests 
performed over a 37-month period, no modification of therapy 
occurred in 22 of 26 patients with positive results. False-positive results 
have occasionally resulted in unnecessary treatment and prolonged 
hospitalization. Another study of 344 CSF specimens submitted for 
bacterial antigen assays found that 10 specimens represented true 
infections (by culture criteria), for a sensitivity and specificity of 70% 
and 99.4%, respectively386; a positive CSF antigen test did not affect 
clinical therapy or hospital course. Furthermore, in patients with 
culture-negative meningitis, CSF latex agglutination had a sensitivity 
of only 7% in one study.387 Given that bacterial antigen testing does not 
appear to modify the decision to administer antimicrobial therapy and 
that false-positive results have been reported, routine use of this 
modality for rapid determination of the bacterial etiology of meningitis 
is not recommended, although might be considered for patients who 
have been pretreated with antimicrobial therapy and when CSF Gram 
stain and culture results are negative.388 An immunochromatographic 
test for detection of S. pneumoniae in CSF was found to be 100% sensi-
tive and specific for diagnosing pyogenic pneumococcal meningitis,389 
although more studies are needed to demonstrate the usefulness of this 
test in the diagnosis of pneumococcal meningitis; the overall sensitivity 
of the test is 95% to 100%.390 In another trial, this immunochromato-
graphic test provided substantial benefit over latex agglutination tests 
and was positive in 99% of culture-positive cases of pneumococcal 
meningitis and negative in 99% of culture-confirmed cases caused by 
other pathogens.391

PCR assay has been used to amplify DNA from patients with men-
ingitis caused by several meningeal pathogens.114,187 In one study of 
CSF samples from patients with meningococcal meningitis, the sensi-
tivity and specificity of this test were both 91%. More recently, the 
clinical utility of PCR assay for the diagnosis of meningitis was assessed 
with the use of a broad range of bacterial primers. The test character-
istics for broad-based bacterial PCR demonstrated a sensitivity of 
100%, a specificity of 98.2%, a positive predictive value of 98.2%, and 
a negative predictive value of 100%.392 In another study with use of a 
multiplex PCR assay for detection of N. meningitidis, S. pneumoniae, 
and H. influenzae type b, the overall specificity and positive predictive 
value were 100% and the negative predictive value was 99.1% to 
99.5%.393 Multiplex assays for detecting genes of meningeal pathogens 
were 100% specific for detecting its target organisms or serogroups, 
and the lower limit of detection was similar to that for the singleplex 
assays.394 In another study, the sensitivity of broad-range PCR was 
higher than that of culture (59% vs. 43%), whereas the specificity was 
97% for both methods of diagnosis.395 Therefore, broad-based bacterial 
PCR assay can be used to detect the most common microorganisms in 
only one test and has adequate sensitivity and excellent specificity380; 
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course of illness in patients who have persistent or prolonged fever, 
clinical evidence of increased intracranial pressure, focal neurologic 
findings or seizures, enlarging head circumference (in neonates), per-
sistent neurologic dysfunction, or persistently abnormal CSF param-
eters or cultures (Fig. 89-2).114,187,377 Gadolinium-enhanced MRI is 
the most sensitive modality for these complications, particularly with 
regard to infarction, especially when seen on diffusion-weighted 
imaging, and ventriculitis.408 MR angiography and perfusion-weighted 
imaging may show vascular complications, including focal stenosis and 
irregularity of major intracranial arteries. However, cranial CT may 
underestimate the possibility of increased intracranial pressure in 
patients with pneumococcal meningitis,409 so intracranial pressure 
monitoring should be considered in patients with prolonged coma. 
Cranial CT or MRI has been recommended at the end of antimicrobial 
therapy in neonates to be certain that no intracranial complications 
have occurred.114 In one review of 107 children with bacterial menin-
gitis who underwent CT,410 one or more abnormalities were found in 
52% of cases, although most findings did not require specific interven-
tion. However, children with fever and subdural collections detected 
by CT may require a drainage procedure.

Radiographic studies may be useful in the subset of patients with 
meningitis as a result of a basilar skull fracture with CSF leak.95 CT 
may detect air-fluid levels, opacification of the paranasal sinuses, or 
intracranial air; CT with sagittal reconstruction can also be used to 
document or localize fracture sites. Radioisotope cisternography with 
cottonoid pledgets placed at the outlet of the sinuses within the nasal 
passage can be used to document a CSF leak, although high-resolution 
CT with water-soluble contrast enhancement of the CSF (metrizamide 
cisternography) is the best test for defining the site of leakage.

Spirochetal Meningitis
Treponema pallidum
For the diagnosis of CNS involvement in patients with syphilis, no 
single routine laboratory test is definitive. CSF cellular and protein 
abnormalities have been reported to occur in 10% to 20% of patients 
with primary syphilis, 30% to 70% of patients with secondary syphilis, 
and 10% to 30% of patients with latent syphilis.157 CSF abnormalities 
are common in patients with syphilitic meningitis, but they are non-
specific. Findings include a mononuclear pleocytosis (>10 cells/mm3 
in most patients), elevated CSF protein concentrations (78% of 
patients), and mild decreases in CSF glucose concentrations (<50 mg/
dL in 55% of patients).359 Oligoclonal bands and intrathecally produced 

99%, and positive predictive value of 82% at a cutoff of 3.8 mmol/L.403 
However, in patients who received antimicrobial therapy prior to 
lumbar puncture, CSF lactate concentrations had a substantially lower 
sensitivity of 49% compared with 98% in those not receiving antimi-
crobial pretreatment,402 such that the usefulness of the CSF lactate 
value in patients pretreated with antimicrobial therapy is probably 
limited.

Several proteins have been examined for their usefulness in the 
diagnosis of acute bacterial meningitis. Specifically, C-reactive protein 
(CRP), detected either in serum or CSF, and serum procalcitonin con-
centrations have been elevated in patients with acute bacterial menin-
gitis and may be useful in discriminating between bacterial and viral 
meningitis. In one study, serum CRP was capable of distinguishing 
Gram stain–negative bacterial meningitis from viral meningitis on 
admission with a sensitivity of 96%, a specificity of 93%, and a negative 
predictive value of 99%.404 In another study, a serum procalcitonin 
concentration of more than 0.2 ng/mL had a sensitivity and specificity 
of up to 100% in the diagnosis of bacterial meningitis,405 although 
false-negative results have been reported.406 In another study, serum 
procalcitonin, at a cutoff of 0.28 ng/mL, had a sensitivity of 95%, speci-
ficity of 100%, negative predictive value of 100%, and positive predic-
tive value of 97% in the diagnosis of bacterial meningitis.403 In patients 
with meningitis in whom the CSF Gram stain is negative and analysis 
of other parameters is inconclusive, serum concentrations of CRP or 
procalcitonin that are normal or below the limit of detection have a 
high negative predictive value in the diagnosis of bacterial meningitis, 
so that these patients (i.e., with a presumptive diagnosis of viral men-
ingitis) can be carefully observed without initiation of antimicrobial 
therapy.388,407

Other markers that have been studied as markers for acute bacterial 
meningitis in children and adults include CSF concentrations of cor-
tisol, heparin-binding protein, soluble triggering receptor expressed on 
myeloid cells 1 (TREM-1), IL-6, IL-12, IL-1β, TNF-α, complement 
factor B, and C3.380 Most of these studies included low numbers of 
patients, limiting their generalizability. In one study, heparin-binding 
protein had a sensitivity of 100% and specificity of 99.2% in the dif-
ferentiation of bacterial from aseptic meningitis.408

Radiography
Cranial CT or MRI does not aid in the diagnosis of acute bacterial 
meningitis and may be normal early in the course of infection. 
However, one of these modalities should be considered during the 

FIGURE 89-2 Computed tomography (CT) scans of the head in a patient with pneumococcal meningitis. A, CT scan on presentation reveals 
moderate cortical atrophy. B, CT scan 3 days later reveals diffuse swelling of the cerebral hemispheres bilaterally, with effacement of the ventricular 
system. 
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in clinical practice has been many false-positive results caused by over-
reading of nonspecific weak bands. Specific antibody against B. burg
dorferi also appears in the CSF, and calculation of a specific antibody-IgG 
index for serum and CSF may indicate intrathecal antibody synthe-
sis,160 although demonstration of the usefulness of CSF antibody must 
await prospective studies with adequate sample size.414 One study of 
123 patients with anti-Borrelia antibody in CSF in France found that 
another cause was responsible for symptoms in 60% of patients,418 
although determination of the antibody index had a sensitivity of 75% 
and specificity of 97% for diagnosis. In addition, intrathecal synthesis 
of antibodies can persist for several months to several years after suc-
cessful diagnosis.417 The C6-peptide ELISA in CSF has also been evalu-
ated in the diagnosis of Lyme neuroborreliosis, with conflicting results; 
in one study, the sensitivity was 95% and the specificity was 83%.419 
The technique of PCR on CSF samples has also been successfully used 
to identify B. burgdorferi DNA in patients with Lyme neuroborrelio-
sis160 (see Chapter 240), although PCR must still be considered experi-
mental in the diagnosis of CNS Lyme disease. CSF PCR assay has a low 
sensitivity but may be useful in very early Lyme neuroborreliosis in 
those with a negative antibody index or in patients with immunodefi-
ciency.420 A negative CSF PCR assay does not exclude the diagnosis.419 
Studies have recently suggested that the B-cell attracting chemokine 
CXCL13 is reliably increased in the CSF of patients with early Lyme 
neuroborreliosis. One study showed a sensitivity of 94.1% and specific-
ity of 96.1%, which were higher than the sensitivity and equal to the 
specificity of the antibody index (85.7% and 96.1%, respectively),421 
although there is not enough evidence to recommend CSF measure-
ment of CXCL13 as a routine diagnostic tool.420

Radiologic studies may also be useful in patients with CNS mani-
festations of Lyme disease. CT has shown both enhancing and nonen-
hancing low-density lesions, mass effect, and cerebral demyelination. 
MRI may reveal punctate hyperresonant areas without mass effect 
within the cerebral white matter (Fig. 89-3).

Protozoal and Helminthic Meningitis
Amebas
The CSF formula in patients with the acute form of primary amebic 
meningoencephalitis reveals a neutrophilic pleocytosis, low glucose 

antitreponemal antibodies are frequently present. Recovery of T. pal
lidum from CSF specimens is difficult, expensive, time consuming, and 
not routinely performed.157

Given the difficulties in the diagnosis of neurosyphilis, other CSF 
laboratory tests, particularly serologic testing (i.e., Venereal Disease 
Research Laboratory [VDRL] and fluorescent treponemal antibody 
tests), have been used.157,359,411 However, serologic testing of CSF in 
patients with syphilis is problematic. For example, CSF collected by 
lumbar puncture is subject to blood contamination in about 10% of 
patients, which may lead to contamination of CSF and therefore a 
false-positive serologic test result153; the likelihood of a false-positive 
test depends on the relative amount of contamination, the antibody 
titer in blood, and the sensitivity of the test. For patients with a serum 
VDRL value of 1 : 256 or less, sufficient blood contamination to be 
visible to the naked eye is required to cause false-positive CSF VDRL 
results. Although the specificity of the CSF VDRL test for the diagnosis 
of neurosyphilis is high, the sensitivity is low (reactive tests in only 30% 
to 70% of patients).411 Therefore, a reactive CSF VDRL test in the 
absence of blood contamination is sufficient to diagnose neurosyphilis; 
a nonreactive result does not exclude the diagnosis. The CSF fluores-
cent treponemal antibody absorption (FTA-ABS) test has also been 
examined as a possible diagnostic test for neurosyphilis.153,411 A non-
reactive test effectively rules out the likelihood of neurosyphilis, but 
the specificity of the test is much less than the CSF VDRL test because 
of the possibility of leakage of small amounts of antibody from the 
serum into CSF. Furthermore, no compelling data confirm the signifi-
cance of a reactive CSF FTA-ABS as being useful for the diagnosis of 
neurosyphilis.153 PCR has been used to detect T. pallidum DNA in CSF 
samples in patients with acute symptomatic neurosyphilis. Further 
large-scale studies are needed to determine the sensitivity and specific-
ity of this technique. Because of the low sensitivity of the CSF VDRL 
test, and until further studies demonstrate the usefulness of rapid diag-
nostic techniques, the diagnosis of neurosyphilis is based on elevated 
CSF concentrations of white blood cells, protein, or both in the appro-
priate clinical and serologic setting.

Borrelia burgdorferi
Typical CSF changes in patients with Lyme meningitis are a pleocytosis 
(usually <500 cells/mm3 but up to 3500 cells/mm3), with more than 
90% lymphocytes in 75% of cases160; plasma cells may also be present. 
CSF protein concentrations are usually elevated (up to 620 mg/dL), 
and the CSF glucose concentration is usually normal, although it can 
be low in patients with illness of long duration. Oligoclonal banding 
may be present, with the bands reactive to B. burgdorferi antigens.

The best currently available laboratory test for the diagnosis of 
Lyme disease is demonstration of specific serum antibody to B. burg
dorferi, and this positive test in a patient with a compatible neurologic 
abnormality is strong evidence for the diagnosis.160,412 However, these 
tests are not standardized, and marked variability is seen between labo-
ratories.413 Most laboratories now use an enzyme-linked immunosor-
bent assay (ELISA) with sonicated B. burgdorferi as the antigen, 
although others still use the immunofluorescence technique. By the 
time that subacute disseminated (i.e., stage II) disease develops in most 
patients, serum concentrations of IgG antibody to B. burgdorferi are 
elevated. False-positive reactions have been reported in patients with 
rheumatoid arthritis, Rocky Mountain spotted fever, infectious mono-
nucleosis, tuberculous meningitis, leptospirosis, yaws, syphilis, and 
relapsing fever,160 although high titers of cross-reacting IgG antibodies 
have been detected only in patients with syphilis or relapsing fever. 
False-negative results may be obtained from an unreliable assay, early 
infection, or early antibiotic use, which may blunt the normal humoral 
immune response. It is currently recommended that when the pretest 
probability of Lyme disease is 0.20 to 0.80, sequential testing with 
ELISA and Western blot is the most accurate method for ruling in or 
out the possibility of Lyme disease.414,415 The sensitivity of two-tier 
testing in one study of patients with later manifestations of Lyme 
disease was 100% and the specificity was 99%416; all patients had posi-
tive C6 peptide ELISA results. Omission of the first-tier ELISA or 
interpretation of the immunoblot with criteria that are not evidence 
based will potentially decrease the specificity of testing and are con-
tributing factors to misdiagnosis417; a concern with IgM immunoblots 

FIGURE 89-3 T2-weighted magnetic resonance image in a patient 
with Lyme disease reveals areas of increased signal intensity in the 
cerebral white matter. 
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concentration, an elevated protein concentration, and red blood 
cells164-166; as the disease progresses, the red blood cell count increases 
to as high as 24,600/mm3. Gram stain is always negative, but CSF 
smears should be stained with Giemsa or Wright stains to possibly 
identify the trophozoite. Examination of fresh, warm specimens of CSF 
can reveal the ameboid movements of motile trophozoites. After their 
death, trophozoites can be demonstrated by light or electron micros-
copy of brain tissue.

Patients with the subacute or chronic form of the illness caused by 
Acanthamoeba species have a less florid CSF inflammatory response 
with a predominant mononuclear leukocytosis. The CSF protein con-
centration is elevated, and the glucose content is often normal or 
slightly reduced. Because amebas are not found in CSF, the diagnosis 
usually requires examination of a biopsy or necropsy specimen reveal-
ing the characteristic cysts. The value of serologic tests is variable.164 
Serum immunofluorescence, amebic immobilization titers, and 
complement-fixing antibodies support the diagnosis, although demon-
stration of rising titers is necessary to establish the diagnosis because 
some healthy persons have circulating antibodies.

Angiostrongylus cantonensis
The combination of a history of ingestion of suspected food, moderate 
to high peripheral eosinophilia, and CSF eosinophilia leads to the 
suspicion of angiostrongyloidiasis.164,173,422 The CSF leukocytosis is 
moderate, with 16% to 72% eosinophils and an increased protein con-
centration, but the glucose concentration is normal. However, eosino-
philia is not always present in the peripheral blood or in CSF on initial 
evaluation.171 In the Jamaican outbreak, eosinophilia was not present 
in nearly half of the patients at the time of hospital admission, initially 
present in 56% and 44% of CSF and peripheral blood specimens, 
respectively.175 Larvae are occasionally found on microscopy of CSF 
and are seen more often in pediatric patients than in adults. Serologic 
studies for A. cantonensis are not widely available and are not available 
in a timely manner for making clinical decisions.171 In one study, serum 
antibodies were detected in 30 of 31 patients tested, with CSF antibod-
ies positive in 17 of 30 patients.422 The detection of circulating antigen 
in serum or CSF may also provide rapid confirmation of infection.174

INITIAL MANAGEMENT OF 
PATIENTS WITH ACUTE 
MENINGITIS
The initial management of a patient with presumed bacterial menin-
gitis includes performance of a lumbar puncture to determine whether 
the CSF formula is consistent with that diagnosis (Fig. 89-4).187,388,423 If 
purulent meningitis is present, institution of antimicrobial therapy 
should be based on the results of Gram staining (Table 89-11). However, 
if no etiologic agent can be identified by this means or if performance 
of the lumbar puncture is delayed, institution of empirical antimicro-
bial therapy, after obtaining blood cultures, should be based on the 
patient’s age and underlying disease status (Table 89-12). Although no 
prospective data are available on the timing of administration of anti-
microbial therapy in patients with bacterial meningitis, a retrospective 
cohort study in patients with community-acquired bacterial meningi-
tis demonstrated that a delay in initiation of antimicrobial therapy after 
patient arrival in the emergency department was associated with an 
adverse clinical outcome when the patient’s condition advanced to a 
high stage of prognostic severity,424 thus supporting the assumption 
that treatment of bacterial meningitis before it advances to a high level 
of clinical severity improves clinical outcome. This concept has also 
been supported by two recent retrospective studies: one demonstrated 
a reduction in mortality with early administration of antimicrobial 
therapy,425 and the other showed a benefit in terms of neurologic 
outcome and survival in patients who received antimicrobial therapy 
before the patient’s level of consciousness deteriorated to a score lower 
than 10 on the Glasgow Coma Scale.426 In another retrospective case 
study, delay in administration of antimicrobial therapy was associated 
with death; in the multivariate analysis, a delay of longer than 6 hours 
in antimicrobial administration after presentation conferred an 8.4-
fold greater risk for death.427 An additional retrospective cohort study 
of 286 patients with community-acquired bacterial meningitis con-
firmed these results, in which early and adequate administration of 

FIGURE  89-4 Management algorithm for adults with suspected 
bacterial meningitis. AIDS, acquired immunodeficiency syndrome; CNS, 
central nervous system; CSF, cerebrospinal fluid; CT, computed tomogra-
phy; HIV, human immunodeficiency virus; STAT, statim (immediately). (From 
Tunkel AR, Hartman BJ, Kaplan SL, et al. Practice guidelines for the man-
agement of bacterial meningitis. Clin Infect Dis. 2004;39:1267-1284.)

Suspicion for bacterial meningitis

Yes

Yes

Yes

No

No

Immunocompromise,* history of CNS disease,† new-onset seizure, 
papilledema, altered consciousness, or focal neurologic deficit; or delay 

in performance of diagnostic lumbar puncture

Blood cultures and lumbar
puncture STAT Blood cultures STAT

Dexamethasone‡ + empirical
antimicrobial therapy§

Dexamethasone‡ + targeted
antimicrobial therapy

Dexamethasone‡ + empirical
antimicrobial therapy§

Dexamethasone‡ + empirical
antimicrobial therapy§

CSF findings c/w bacterial meningitis Negative CT scan of the head

Positive CSF Gram stain Perform lumbar puncture

*HIV infection or AIDS, receiving immunosuppressive therapy, or after 
transplantation.
†Mass lesion, stroke, or focal infection.
‡See text for specific recommendations for use of adjunctive dexamethasone in 
adults with bacterial meningitis. Dexamethasone and antimicrobial therapy 
should be administered immediately after CSF sample is obtained.
§See Table 89-12.
 See Table 89-11. Many authorities would continue empirical
antimicrobial therapy (see Table 89-12) pending organism identification.

TABLE 89-11  Recommended Antimicrobial 
Therapy for Acute Bacterial Meningitis

MICROORGANISM* ANTIMICROBIAL THERAPY
Haemophilus influenzae type b Third-generation cephalosporin†

Neisseria meningitidis Third-generation cephalosporin†

Streptococcus pneumoniae Vancomycin plus a third-generation 
cephalosporin†,‡

Listeria monocytogenes Ampicillin or penicillin G§

Streptococcus agalactiae Ampicillin or penicillin G§

Escherichia coli Third-generation cephalosporin†

*Pathogen presumptively identified by positive Gram stain.
†Cefotaxime or ceftriaxone.
‡Some experts would add rifampin if dexamethasone is also given.
§Addition of an aminoglycoside should be considered.
Modified from Tunkel AR, Hartman BJ, Kaplan SL, et al. Practice guidelines for 

the management of bacterial meningitis. Clin Infect Dis. 2004;39:1267-1284.

antimicrobial therapy related to onset of overt signs of meningitis was 
independently associated with favorable outcome (OR, 11.19).428

In patients who present with focal neurologic findings, or who have 
papilledema and suspected bacterial meningitis, CT of the head should 
be performed before lumbar puncture to rule out the presence of brain 
shift (as a result of an intracranial mass lesion or generalized brain 
edema) because of the potential risk for herniation187,388; the true inci-
dence of this problem, however, is unclear. In addition, the time 
involved in waiting to undergo CT significantly delays the initiation of 
antimicrobial therapy, with the potential for increased morbidity and 

http://www.myuptodate.com


P
a
rt

 I
I 

M
aj

o
r 

C
lin

ic
al

 S
yn

d
ro

m
es

1124

response in the subarachnoid space. The inflammatory response 
induced by either live pneumococci or pneumococcal cell wall was 
reduced by agents (e.g., methylprednisolone, oxindanac) that inhibit 
the cyclooxygenase pathway of arachidonic acid metabolism, and a 
correlation was noted between CSF concentrations of the arachidonic 
acid metabolite PGE2 and CSF leukocytes. In another study, adminis-
tration of the anti-inflammatory agent indomethacin decreased both 
brain water content and CSF concentrations of PGE2 during experi-
mental pneumococcal meningitis, although intracranial pressure was 
not reduced. In addition, the administration of either dexamethasone 
or oxindanac lessened the massive influx of serum albumin and other 
proteins of high and low molecular weight into the CSF during the 
early stages of experimental pneumococcal meningitis. Several corti-
costeroid agents have also been examined in experimental animal 
models of meningitis. Early studies revealed that methylprednisolone 
administration led to a significant reduction in the mass of leukocytes 
within the meninges of rabbits with pneumococcal meningitis. Another 
study demonstrated that CSF outflow resistance was reduced by meth-
ylprednisolone therapy and to a greater extent than in untreated or 
penicillin-treated rabbits with pneumococcal meningitis. In further 
studies that examined the effects of corticosteroids (methylpredniso-
lone or dexamethasone) on brain water content, CSF pressure, and CSF 
lactate in rabbits with pneumococcal meningitis, it was found that both 
agents completely reversed the development of brain edema but that 
only dexamethasone led to a reduction in CSF pressure and lactate; 
however, neither agent was superior to therapy with ampicillin alone 
in reducing cerebral edema or intracranial pressure, and no compari-
son was made between ampicillin alone and the combination of ampi-
cillin plus corticosteroids, a comparison that would have been relevant 
to the potential clinical usefulness of adjunctive corticosteroid therapy 
in bacterial meningitis. A subsequent study did examine treatment 
with ceftriaxone versus ceftriaxone plus dexamethasone in an experi-
mental rabbit model of H. influenzae meningitis. Although combina-
tion therapy consistently reduced the brain water content, CSF pressure, 
and CSF lactate to a greater degree than ceftriaxone alone did, the dif-
ferences were not statistically significant. The authors suggested, 
however, that adjunctive dexamethasone might be more beneficial if 
administered early or even before antibiotic-induced bacterial lysis and 
release of microbial products. In a subsequent analysis using the exper-
imental rabbit model of H. influenzae type b meningitis, ceftriaxone 
administration led to a significant increase in CSF endotoxin concen-
trations 2 hours after administration, which was followed by a rise in 
CSF TNF concentrations. Simultaneous administration of dexametha-
sone and ceftriaxone did not affect the release of endotoxin into CSF, 
but it markedly attenuated CSF concentrations of TNF measured 8 
hours later. Adjunctive dexamethasone therapy also resulted in a sig-
nificant decrease in CSF leukocytosis and a trend toward earlier 
improvement in CSF concentrations of glucose, lactate, and protein. 
These parameters improved without any apparent decrease in the rate 
of bacterial killing within the CSF in vivo.

Clinical Studies in Infants and Children
On the basis of these observations, numerous clinical trials were 
undertaken to determine the effects of adjunctive dexamethasone on 
outcome in patients with bacterial meningitis.388,431-453 One meta-
analysis of these clinical studies confirms the benefit of adjunctive 
dexamethasone (0.15 mg/kg every 6 hours for 2 to 4 days) for H. 
influenzae type b meningitis and, if begun with or before parenteral 
antimicrobial therapy, suggests benefit for pneumococcal meningitis 
in childhood.454 Evidence of clinical benefit was strongest for improved 
hearing outcomes. In contrast, a retrospective, nonrandomized study 
of children with pneumococcal meningitis published after the meta-
analysis demonstrated that the use of adjunctive dexamethasone was 
not associated with a beneficial effect,444 although the dexamethasone 
was administered before or within 1 hour of the first dose of antibiotic 
and the children in the dexamethasone group had a higher severity of 
illness. In addition, in a published double-blind, placebo-controlled 
trial of adjunctive dexamethasone in Malawi,449 the overall number of 
deaths in the two treatment groups was similar (31% in each group), 
as was the frequency of neurologic sequelae. The factors that may have 
accounted for these results include the fact that Malawian children had 

mortality in patients with bacterial meningitis. Therefore, emergency 
empirical antimicrobial therapy and adjunctive dexamethasone therapy 
(if indicated), after obtaining blood cultures, should be initiated before 
sending the patient for CT. Although CSF cultures may be sterile after 
the initiation of antimicrobial therapy, pretreatment blood cultures and 
the CSF formula or Gram stain will provide evidence for or against a 
diagnosis of bacterial meningitis. In one retrospective review of 177 
patients (39 of whom had received prior antimicrobial therapy) with 
CSF culture-proven bacterial meningitis,429 the combination of blood 
culture and CSF Gram stain, with or without latex agglutination, iden-
tified the causative bacterium in 92% of patients. Although some clini-
cians routinely order CT of the head before performance of a lumbar 
puncture in adults with suspected bacterial meningitis, this is not 
necessary in most patients. In a study of 301 patients with bacterial 
meningitis,430 the clinical manifestations at baseline that were associ-
ated with an abnormal finding on CT scan of the head were an age of 
at least 60 years, immunocompromised state, a history of CNS disease, 
a history of seizure within 1 week before presentation, and the follow-
ing neurologic abnormalities: an abnormal level of consciousness, an 
inability to answer two consecutive questions correctly or to follow two 
consecutive commands, gaze palsy, abnormal visual fields, facial palsy, 
arm drift, leg drift, and abnormal language. It is reasonable to proceed 
with lumbar puncture without CT of the head if the patient does not 
meet any of the following criteria: new-onset seizures, an immuno-
compromised state, signs that are suggestive of space-occupying lesions 
(papilledema or focal neurologic signs, not including cranial nerve 
palsy), or moderate to severe impairment of consciousness.388,431 The 
decision to perform CT before lumbar puncture must be individual-
ized, although these guidelines are useful in determining the patient 
groups that are more likely to have abnormal findings on neuroimaging 
studies.

Once the infecting meningeal pathogen is isolated and susceptibil-
ity testing results known, antimicrobial therapy can be modified for 
optimal treatment (Table 89-13).187,388,423 Recommended dosages of 
antimicrobial agents for adults with infections of the CNS are shown 
in Table 89-14, and those for neonates, infants, and children are pre-
sented in Table 89-15.

ADJUNCTIVE CORTICOSTEROIDS
Experimental Data
In addition, certain patients should receive adjunctive dexamethasone 
therapy when presenting with suspected or proven bacterial meningi-
tis.114,187,388,423 As stated earlier (see “Pathogenesis and Pathophysiol-
ogy”), generation of pneumococcal cell wall components in an 
experimental animal model of pneumococcal meningitis after treat-
ment with bacteriolytic antibiotics may contribute to the inflammatory 

TABLE 89-12  Empirical Therapy for Purulent 
Meningitis

PREDISPOSING FACTOR ANTIMICROBIAL THERAPY
Age

 <1 mo Ampicillin plus cefotaxime; or ampicillin 
plus an aminoglycoside

 1-23 mo Vancomycin plus a third-generation 
cephalosporin*,†

 2-50 yr Vancomycin plus a third-generation  
cephalosporin*,†,‡

 >50 yr Vancomycin plus ampicillin plus a 
third-generation cephalosporin*

Immunocompromised state Vancomycin plus ampicillin plus either 
cefepime or meropenem

Basilar skull fracture Vancomycin plus a third-generation 
cephalosporin*

Head trauma; after neurosurgery Vancomycin plus either ceftazidime, 
cefepime, or meropenem

*Cefotaxime or ceftriaxone.
†Some experts would add rifampin if dexamethasone is also given.
‡Add ampicillin if meningitis caused by Listeria monocytogenes is suspected.
Modified from Tunkel AR, Hartman BJ, Kaplan SL, et al. Practice guidelines for 

the management of bacterial meningitis. Clin Infect Dis. 2004;39:1267-1284.
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severe disease associated with undernutrition and HIV infection and 
the fact that they presented for medical attention after a delay, which 
resulted in very high case-fatality rates and significant long-term mor-
bidity.455 Corticosteroids do not reverse CNS damage that has already 
resulted from the pathophysiologic consequences of bacterial menin-
gitis (e.g., cerebral edema and increased intracranial pressure). 
However, even in children with bacterial meningitis in the developing 
world, use of adjunctive dexamethasone should be considered, because 
no adverse effects were attributable to its administration in this trial 
and its use may benefit some of the children with this devastating 
disorder. In a recently published retrospective cohort study of 2780 
children from 27 tertiary care children’s hospitals discharged with bac-
terial meningitis as their primary diagnosis, adjuvant corticosteroid 
therapy was not associated with time to death or time to hospital dis-
charge.451 However, the study was limited by the low mortality rate of 
bacterial meningitis in children, the number of patients included in 
each subgroup was small, the dose or timing of corticosteroid admin-
istration could not be ascertained, and potential benefits in terms of 
morbidity were not assessed.

Clinical Studies in Adults
In adult patients with bacterial meningitis, the routine use of adjunc-
tive dexamethasone was controversial, until recently. In a prospective, 

TABLE 89-13  Specific Antimicrobial Therapy for Acute Meningitis

MICROORGANISM STANDARD THERAPY ALTERNATIVE THERAPIESa

Bacteria
Haemophilus influenzae

 β-Lactamase negative Ampicillin Ceftriaxone or cefotaxime or cefepime or chloramphenicol or 
aztreonam or a fluoroquinoloneg

 β-Lactamase positive Ceftriaxone or cefotaxime Cefepime or chloramphenicol or aztreonam or a fluoroquinoloneg

Neisseria meningitidis

 Penicillin MIC <0.1 µg/mL Penicillin G or ampicillin Ceftriaxone or cefotaxime or chloramphenicol

 Penicillin MIC 0.1-1.0 µg/mL Ceftriaxone or cefotaxime Chloramphenicol or a fluoroquinoloneg or meropenem

Streptococcus pneumoniae

 Penicillin MIC ≤0.06 µg/mL Penicillin G or ampicillin Ceftriaxone or cefotaxime or chloramphenicol

 Penicillin MIC ≥0.12 µg/mL

  Ceftriaxone or cefotaxime MIC <1.0 µg/mL Ceftriaxone or cefotaxime Meropenem or cefepime

  Ceftriaxone or cefotaxime MIC ≥1.0 µg/mL Vancomycinc plus ceftriaxone or cefotaxime Vancomycin plus moxifloxacind

Enterobacteriaceaee Ceftriaxone or cefotaxime Aztreonam or a fluoroquinoloneg or trimethoprim-sulfamethoxazole 
or meropenem or ampicillin

Pseudomonas aeruginosa Ceftazidimef or cefepimef Aztreonamf or a fluoroquinolonef,g or meropenemf

Acinetobacter baumanniie Meropenem Colistin (usually formulated as colistimethate sodium)b or polymyxin Bb

Listeria monocytogenes Ampicillin or penicillin Gf Trimethoprim-sulfamethoxazole

Streptococcus agalactiae Ampicillin or penicillin Gf Ceftriaxone or cefotaxime or vancomycin

Staphylococcus aureus

 Methicillin-sensitive Nafcillin or oxacillin Vancomycin or linezolid or daptomycin

 Methicillin-resistant Vancomycinc Trimethoprim-sulfamethoxazole or linezolid or daptomycin

Staphylococcus epidermidis Vancomycinc Linezolid

Spirochetes
Treponema pallidum Penicillin G Ceftriaxoneh

Borrelia burgdorferi Ceftriaxone or cefotaxime Penicillin G or doxycycline

Protozoa
Naegleria fowleri Amphotericin Bi plus rifampin plus doxycycline —

aThere may not be clinical data to support all recommendations for alternative antimicrobial agents in patients with bacterial meningitis, but specific agents are suggested 
based on CSF penetration in experimental animal models and in vitro activity against the offending pathogen.

bMight also need to be administered by the intraventricular or intrathecal routes.
cAddition of rifampin may be considered; see text for indications.
dWould recommend moxifloxacin given its excellent CSF penetration and in vitro activity against S. pneumoniae, although there are no clinical data to support its 

usefulness in patients with pneumococcal meningitis; if used, many authorities would combine moxifloxacin with vancomycin or a third-generation cephalosporin such as 
cefotaxime or ceftriaxone.

eChoice of a specific antimicrobial agent must be guided by in vitro susceptibility testing.
fAddition of an aminoglycoside should be considered.
gClinical data are limited on the use of fluoroquinolones for therapy for gram-negative meningitis but may be considered in patients not responding to standard therapy 

or when disease is caused by resistant organisms.
hAlternative agent for use in patients allergic to penicillin.
iIntravenous and intraventricular administration.
MIC, minimal inhibitory concentration.
Modified from van de Beek D, Brouwer MC, Thwaites GE, et al. Advances in the treatment of bacterial meningitis. Lancet. 2012;380:1693-1702.

randomized, double-blind trial in 301 adults with bacterial meningi-
tis,450 adjunctive dexamethasone was associated with a reduction in 
the proportion of patients who had unfavorable outcomes (15% vs. 
25%, P = .03) and in the proportion of patients who died (7% vs. 15%, 
P = .04). Neurologic sequelae were not reduced, although neurologic 
sequelae were seen predominantly in the most severely ill patients and 
the proportion of severely ill patients who survived to be tested was 
larger in the dexamethasone group. The benefits were most striking  
in the subgroup of patients with pneumococcal meningitis (unfavor-
able outcome in 26% of those receiving dexamethasone vs. 52% in 
those receiving placebo, P = .006; and death in 14% of those receiving 
dexamethasone vs. 34% in those receiving placebo, P = .02) and in 
those with moderate-to-severe disease as assessed by the admission 
Glasgow Coma Scale. On the basis of these data and the apparent 
absence of serious adverse outcomes in the patients who received dexa-
methasone, the routine use of adjunctive dexamethasone (given con-
comitant with or just prior to the first dose of an antimicrobial agent 
for maximal attenuation of the subarachnoid space inflammatory 
response) is warranted in most adults with pneumococcal meningi-
tis.456 Adjunctive dexamethasone should not be used in patients who 
have already received antimicrobial therapy; if the meningitis is sub-
sequently found not to be caused by S. pneumoniae, dexamethasone 
should be discontinued, although some experts recommend use of 
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TABLE 89-14  Recommended Dosages of 
Antimicrobial Agents for Meningitis in Adults 
with Normal Renal and Hepatic Function

ANTIMICROBIAL AGENT
TOTAL 
DAILY DOSE

DOSING 
INTERVAL (hr)

Amikacin* 15 mg/kg 8

Ampicillin 12 g 4

Aztreonam 6-8 g 6-8

Cefepime 6 g 8

Cefotaxime 8-12 g 4-6

Ceftazidime 6 g 8

Ceftriaxone 4 g 12-24

Chloramphenicol† 4-6 g 6

Ciprofloxacin 800-1200 mg 8-12

Doxycycline 200-400 mg 12

Gentamicin* 5 mg/kg 8

Meropenem 6 g 8

Moxifloxacin‡ 400 mg 24

Nafcillin 9-12 g 4

Oxacillin 9-12 g 4

Penicillin G 24 million units 4

Rifampin 600 mg 24

Tobramycin* 5 mg/kg 8

Trimethoprim-sulfamethoxazole§ 10-20 mg/kg 6-12

Vancomycin¶ 30-60 mg/kg 8-12

*Need to monitor peak and trough serum concentrations.
†Higher dose recommended for pneumococcal meningitis.
‡No data on optimal dosage for patients with bacterial meningitis.
§Dosage based on trimethoprim component.
¶Maintain serum trough concentrations of 15-20 µg/mL; one study 

recommended continuous infusion of 60 mg/kg/day (see text for details).
Modified from Tunkel AR, Hartman BJ, Kaplan SL, et al. Practice guidelines for 

the management of bacterial meningitis. Clin Infect Dis. 2004;39:1267-1284.

TABLE 89-15  Recommended Dosages of Antimicrobial Agents for Meningitis in Neonates, and Infants 
and Children with Normal Renal and Hepatic Function

ANTIMICROBIAL AGENT
TOTAL DAILY DOSE (DOSING INTERVAL IN HOURS)

Neonates (Birth–7 Days Old)a Neonates (8-28 Days Old)a Infants and Children
Amikacinb 15-20 mg/kg (12) 30 mg/kg (8) 20-30 mg/kg (8)

Ampicillin 150 mg/kg (8) 200 mg/kg (6-8) 300 mg/kg (6)

Cefepime — — 150 mg/kg (8)

Cefotaxime 100-150 mg/kg (8-12) 150-200 mg/kg (6-8) 225-300 mg/kg (6-8)

Ceftazidime 100-150 mg/kg (8-12) 150 mg/kg (8) 150 mg/kg (8)

Ceftriaxone — — 80-100 mg/kg (12-24)

Chloramphenicol 25 mg/kg (24) 50 mg/kg (12-24) 75-100 mg/kg (6)

Gentamicinb 5 mg/kg (12) 7.5 mg/kg (8) 7.5 mg/kg (8)

Meropenem — — 120 mg/kg (8)

Nafcillin 75 mg/kg (8-12) 100-150 mg/kg (6-8) 200 mg/kg (6)

Oxacillin 75 mg/kg (8-12) 150-200 mg/kg (6-8) 200 mg/kg (6)

Penicillin G 0.15 mU/kg (8-12) 0.2 mU/kg (6-8) 0.3 mU/kg (4-6)

Rifampinc — 10-20 mg/kg (12) 10-20 mg/kg (12-24)

Tobramycinb 5 mg/kg (12) 7.5 mg/kg (8) 7.5 mg/kg (8)

Trimethoprim-sulfamethoxazoled — — 10-20 mg/kg (6-12)

Vancomycine 20-30 mg/kg (8-12) 30-45 mg/kg (6-8) 60 mg/kg (6)
aSmaller dosages and longer intervals of administration may be advisable for very-low-birth-weight neonates (<2000 g).

bNeed to monitor peak and trough serum concentrations.
cMaximum daily dosage of 600 mg.
dDosage based on trimethoprim component.
eMaintain serum trough concentrations of 15-20 µg/mL.
Modified from Tunkel AR, Hartman BJ, Kaplan SL, et al. Practice guidelines for the management of bacterial meningitis. Clin Infect Dis. 2004;39:1267-1284.

adjunctive dexamethasone regardless of microbial etiology. In patients 
with meningococcal meningitis who received adjunctive dexametha-
sone, there was no improvement in rates of unfavorable outcome, 
although its use was not associated with harm.457 Despite these positive 
benefits in terms of morbidity and mortality, there were some concerns 
regarding cognitive long-term outcome in patients treated with dexa-
methasone. However, a follow-up study of 87 eligible patients in which 
46 were treated with adjunctive dexamethasone and 41 with placebo, 
neuropsychological evaluation showed no significant differences 
between patients treated with dexamethasone or placebo.458 In an 
evaluation of 357 episodes of pneumococcal meningitis from 2006 to 
2009 in the Netherlands since implementation of adjunctive dexa-
methasone on a large-scale basis, the prognosis improved with mortal-
ity rates decreasing from 30% to 20%.459 There have been some cases 
of delayed cerebral thrombosis in patients with pneumococcal menin-
gitis who received adjunctive dexamethasone even though they had 
excellent recovery from their episode of meningitis,460,461 although 
more data are needed to determine whether this adverse event is a 
consequence of adjunctive dexamethasone therapy.

Despite the positive benefits of adjunctive dexamethasone in adults 
with bacterial meningitis described previously, the routine use of 
adjunctive dexamethasone in patients with bacterial meningitis in the 
developing world has been controversial. In one randomized, double-
blind, placebo-controlled study in adolescents and adults in Vietnam 
with confirmed bacterial meningitis,452 patients who received adjunc-
tive dexamethasone experienced a significant reduction in the risk for 
death at 1 month (relative risk [RR], 0.43) and the risk for death or 
disability at 6 months (RR, 0.56); the highest proportion of cases in 
this study were caused by S. suis, followed by S. pneumoniae. In con-
trast, in a randomized, double-blind, placebo-controlled study from 
Malawi, there were no significant differences in mortality at 40 days in 
the intention-to-treat analysis (56% in the dexamethasone group vs. 
53% in the placebo group) or when the analysis was restricted to 
patients with proven pneumococcal meningitis (53% in the dexameth-
asone group vs. 50% in the placebo group).453 However, in this trial, 
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favorable safety profile, were documented.5 In a double-blind, placebo-
controlled trial in infants (<12 months) with enteroviral meningitis, 
efficacy of pleconaril was not demonstrated, which may have been due 
to the low yield of serial viral cultures, relatively short and benign 
clinical courses, and the small number of subjects enrolled.470 In 
another randomized, multicenter, double-blind placebo-controlled 
trial of 607 patients with enteroviral meningitis, pleconaril shortened 
the course of illness compared with placebo-treated patients, especially 
early in the disease course.471 Benefits were only modestly achieved in 
the subgroup of patients with more severe disease. Pleconaril is not 
active against enterovirus 71.10 However, pleconaril has not achieved 
approval by the U.S. Food and Drug Administration (FDA) because it 
induces CYP3A enzyme activity and has the potential for drug interac-
tions, such that the sponsor did not pursue approval.

Recovery of patients with HSV-2 meningitis is usually complete 
without neurologic sequelae. It is not clear whether antiviral treatment 
alters the course of mild meningitis.29 In a recent double-blind ran-
domized controlled trial, patients with acute primary or recurrent 
HSV-2 meningitis were assigned to placebo or valacyclovir suppressive 
therapy after acute treatment with valacyclovir for 1 week; suppressive 
therapy was not shown to prohibit recurrent meningitis and was asso-
ciated with a higher frequency of meningitis after cessation of active 
drug.472 Therefore, suppressive therapy cannot be currently recom-
mended in patients with recurrent episodes of HSV-2 meningitis 
pending further study.

Bacterial Meningitis
Principles of Therapy
Many factors influence the choice of an antimicrobial agent in the 
treatment of bacterial meningitis. Use of animal models of infection 
has permitted quantification of the relative penetration of drug into 
CSF, the effects of meningitis on this entry parameter, and the relative 
bactericidal efficacy (defined as the rate of bacterial eradication) within 
purulent CSF.187,473,474

The first factor relates to penetration of the antimicrobial agent into 
CSF, which depends, to a great extent, on the status of the BBB.187,473 
For example, β-lactam antibiotics such as penicillin penetrate into CSF 
poorly (about 0.5% to 2.0% of peak serum concentrations) when the 
BBB is normal. In the presence of meningeal inflammation, CSF pen-
etration of the antibiotic is enhanced because of increased permeability 
across the BBB, perhaps as a result of separation of intercellular tight 
junctions and increased numbers of pinocytotic vesicles in cerebral 
microvascular endothelial cells. Antimicrobial entry decreases as 
inflammation subsides, indicating that maximal parenteral doses of 
antimicrobial agents should be continued throughout the course of 
therapy to maintain adequate CSF concentrations. Antibiotic entry 
into CSF is also enhanced by drugs with a high lipid solubility, low 
molecular weight, low degree of protein binding in serum, and low 
degree of ionization at physiologic pH.

The second factor is the bactericidal activity of the antimicrobial 
agent within purulent CSF.187,473 Because of the accumulation of lactate 
in CSF during bacterial meningitis, the pH of CSF is decreased, thereby 
inhibiting the bactericidal activity of the aminoglycosides; this is likely 
to have contributed to the poor response observed with the aminogly-
cosides in the therapy of meningitis in experimental animal models 
and in patients. Elevated CSF protein concentrations may decrease the 
efficacy of antimicrobial agents that are highly protein bound because 
free drug is needed for the antibacterial effect. Drug that penetrates the 
CSF may be removed by an active transport system that exists in the 
choroid plexus (as for the penicillins and cephalosporins), or it may be 
converted to an inactive metabolite. In addition, other drugs may influ-
ence antibiotic activity within purulent CSF. In experimental animal 
models of meningitis, antagonism has been shown when a bactericidal 
agent is co-administered with a bacteriostatic antibiotic (e.g., chloram-
phenicol plus gentamicin). However, in other instances the combina-
tion of antibiotics may be synergistic, as in the combination of penicillin 
or ampicillin with gentamicin in L. monocytogenes meningitis and that 
of ampicillin plus gentamicin against S. agalactiae.

A third factor concerns the importance of bactericidal activity in 
CSF for optimal therapy inasmuch as bacterial meningitis represents 
an infection in an area of impaired host defense. Multiple studies in 

almost 90% of the patients were infected with HIV and most likely  
had advanced disease; delayed presentation was also associated with  
a poorer outcome, although adjusting for this factor in the analysis  
had no effect. These data suggest that adjunctive dexamethasone is  
not beneficial in resource-poor countries where a substantial number 
of patients are infected with HIV.462 In a Cochrane Database system-
atic meta-analysis of 24 studies involving 4041 participants, adjunctive 
dexamethasone did not reduce overall mortality but there was a trend 
to lower mortality in adults; corticosteroids were associated with 
lower rates of severe hearing loss, any hearing loss and neurologic 
sequelae, although these benefits were only seen in studies from high-
income countries.463 In a subgroup analysis based on causative micro-
organism, corticosteroids reduced severe hearing loss in patients with 
H. influenzae meningitis and mortality in patients with S. pneumoniae 
meningitis.

The use of adjunctive dexamethasone is of particular concern in 
patients with pneumococcal meningitis caused by highly penicillin- 
and cephalosporin-resistant strains, in which case patients may require 
antimicrobial therapy with vancomycin.187,388 A diminished CSF 
inflammatory response after dexamethasone administration might sig-
nificantly reduce vancomycin penetration into CSF and delay CSF 
sterilization, as shown in an experimental rabbit model of penicillin- 
and cephalosporin-resistant pneumococcal meningitis. This result was 
confirmed in another rabbit model of pneumococcal meningitis in 
which significantly lower CSF vancomycin concentrations and differ-
ences in bacterial killing were found in the dexamethasone-treated 
rabbits. However, CSF vancomycin penetration was not reduced by 
dexamethasone in a study in children464; and in another study in which 
a continuous infusion of vancomycin was used (60 mg/kg/day), ade-
quate CSF concentrations (7.9 µg/mL) were achieved despite the con-
comitant administration of adjunctive dexamethasone.465 CSF 
concentrations of ceftriaxone are not significantly altered in animals or 
patients treated with adjunctive dexamethasone.466,467 In contrast, in an 
experimental rabbit model of cephalosporin-resistant pneumococcal 
meningitis,468 concomitant use of dexamethasone with ceftriaxone 
resulted in higher CSF bacterial counts and a higher number of thera-
peutic failures. For any patient receiving adjunctive dexamethasone 
who is not improving as expected or who has a pneumococcal isolate 
for which the cefotaxime or ceftriaxone minimal inhibitory concentra-
tion (MIC) is 2.0 µg/mL or greater, a repeat lumbar puncture 36 to 48 
hours after initiation of antimicrobial therapy is recommended to 
document the sterility of CSF.388 In the study cited earlier, only 78 
(72%) of 108 CSF cultures that were positive for S. pneumoniae were 
submitted for in vitro susceptibility testing, and all were susceptible to 
penicillin,450 a finding that is unusual in many areas of the world. In 
patients with pneumococcal meningitis caused by strains that are 
highly resistant to penicillin or cephalosporins, careful observation 
and follow-up are critical to determine whether use of adjunctive dexa-
methasone is associated with adverse clinical outcome in these 
patients.388,456

ANTIMICROBIAL THERAPY
Viral Meningitis
Specific antiviral chemotherapy for the enteroviruses is not currently 
available; treatment is supportive. However, this may change in the 
future. Pleconaril, an agent that has been evaluated in enteroviral infec-
tions,5 is a novel compound that integrates into the hydrophobic pocket 
of picornaviruses (including enteroviruses) and prevents viral replica-
tion by inhibiting viral uncoating and blocking viral attachment to host 
cell receptors. It is orally bioavailable in all age groups, and CNS con-
centrations are four times higher than those in serum. In a preliminary 
report on the outcome of potentially life-threatening enterovirus infec-
tions in patients treated with pleconaril by compassionate-use proto-
col,469 the drug had beneficial effects on the clinical, virologic, 
laboratory, and radiologic parameters in patients with enterovirus 
infections. Of the 16 patients with chronic enteroviral meningoen-
cephalitis in agammaglobulinemia (CEMA), 12 improved on pleco-
naril and 4 were unchanged and stable. In placebo-controlled clinical 
studies of pleconaril treatment of adults and children with non–life-
threatening enteroviral meningitis, clinical (i.e., faster resolution of 
headache and return to work or school) and virologic benefits, and a 
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chloramphenicol was used as first-line therapy).479 Even in patients 
with chloramphenicol-sensitive isolates, a prospective study found 
chloramphenicol to be bacteriologically and clinically inferior to ampi-
cillin, ceftriaxone, or cefotaxime in the treatment of childhood bacte-
rial meningitis caused predominantly by H. influenzae type b.480 
Furthermore, the use of chloramphenicol can be problematic because 
of its unpredictable metabolism in young infants and its pharmaco-
logic interactions with other concomitantly administered drugs, such 
as phenobarbital, rifampin, phenytoin, and acetaminophen, which 
increase the likelihood of toxicity.114

Several studies have documented the efficacy of third-generation 
cephalosporins (particularly cefotaxime or ceftriaxone) to be similar 
to that of the combination of ampicillin plus chloramphenicol for 
bacterial meningitis.187 Based on these findings, the third-generation 
cephalosporins are recommended as empirical antimicrobial therapy 
for children with bacterial meningitis. The second-generation cepha-
losporins should not be used for therapy for bacterial meningitis. A 
prospective randomized study comparing ceftriaxone with cefuroxime 
for the treatment of childhood bacterial meningitis documented more 
rapid CSF sterilization (2% vs. 12% of CSF cultures positive at 18 to 36 
hours, P = .11) and a lower incidence of hearing impairment (4% vs. 
17%, P = .05) in the patients receiving ceftriaxone.481 Cefepime has 
been studied in the treatment of bacterial meningitis.482 Cefepime has 
in vitro activity and cure rates similar to those of cefotaxime and cef-
triaxone in patients with meningitis caused by H. influenzae, N. men
ingitidis, and S. pneumoniae; it also has greater in vitro activity against 
Enterobacter species and P. aeruginosa. In a prospective randomized 
comparison of cefepime and cefotaxime for the treatment of bacterial 
meningitis in infants and children,483 cefepime was found to be safe 
and therapeutically equivalent to cefotaxime and can be considered a 
suitable therapeutic alternative for the treatment of patients with this 
disease.

Neisseria meningitidis
Penicillin G and ampicillin are the antimicrobial agents of choice for 
meningitis caused by N. meningitidis.187 However, these recommenda-
tions may need to be modified in the future because of trends in the 
antimicrobial susceptibility of meningococci. Meningococcal strains 
that are of intermediate susceptibility to penicillin G and have an MIC 
range of 0.1 to 1.0 µg/mL have been reported from several areas (par-
ticularly Spain). For example, of 3264 strains of N. meningitidis isolated 
from blood and CSF in Spain during 1978 to 1985,484 only one resistant 
isolate was observed whereas 9 (5%) of 168 invasive isolates of inter-
mediate susceptibility to penicillin G were found in the first 6 months 
of 1986; this figure reached 20% in 1989. This decreased susceptibility 
was reported to be mediated by a reduced affinity of the antibiotic for 
penicillin-binding proteins 2 and 3. Decreased meningococcal suscep-
tibility to penicillin has also been reported from Greece, Switzerland, 
Romania, France, Belgium, the United Kingdom, Malawi, South 
Africa, Canada, Croatia, and Turkey.187,485-487 High-level penicillin 
resistance resulting from β-lactamase production has also been 
reported, and the MICs for these strains may be as high as 256 µg/
mL.488 Furthermore, high-level chloramphenicol resistance (MIC 
≥64 µg/mL) has been described as resulting from the presence of the 
catP gene on a truncated transposon that has lost mobility because of 
internal deletions489; transmission of genetic material between strains 
of N. meningitidis probably played an important role in dissemination 
of the gene.

In the United States, meningococcal strains with reduced suscepti-
bility to penicillin have also been described.490-492 In a population-based 
surveillance study of invasive meningococcal disease in selected areas 
of the United States, 3 of 100 isolates had penicillin MICs of 0.125 µg/
mL.490 In another active, population-based surveillance in seven geo-
graphically dispersed areas of the United States during 1997,493 3 of 90 
isolates were of intermediate susceptibility to penicillin, with MICs of 
0.12 µg/mL, whereas 49 of the remaining 87 isolates had MICs of 
0.06 µg/mL. In Ontario, Canada, the prevalence of invasive meningo-
coccal disease caused by strains with decreased in vitro susceptibility 
to penicillin was much higher (21.7%) in 2006,494 although it did not 
change in frequency between 2000 and 2006. These data indicate the 
importance of continued surveillance for these strains.

experimental animal models have shown that rapid bacterial killing is 
observed in vivo only when CSF concentrations of β-lactams or ami-
noglycosides exceed the minimal bactericidal concentration (MBC) by 
about 10- to 20-fold.187,473 The importance of rapid bacterial killing has 
also been examined in patients with bacterial meningitis. One study 
that compared outcomes in infants and children with bacterial men-
ingitis who had negative or positive CSF cultures 18 to 36 hours after 
the initiation of antimicrobial therapy revealed an increased rate of 
neurologic complications (i.e., ataxia, hemiparesis, developmental 
delay, moderate to severe hearing impairment) in the group in whom 
the causative organism could still be recovered after this interval.

A final factor that may contribute to response to antimicrobial 
therapy in bacterial meningitis is pharmacodynamics,187,473-476 which is 
concerned with the time course of antimicrobial therapy at the site of 
infection and is important to determine a dosing regimen for optimal 
effectiveness. In time-dependent antimicrobial activity, as observed 
with β-lactam agents, the bactericidal activity of an antimicrobial agent 
depends on the time that its concentration exceeds the MIC as a pro-
portion of the dosing interval. As stated earlier, CSF concentrations of 
β-lactams need to exceed the MBC by at least 10- to 20-fold to obtain 
the maximal bactericidal effect, although peak CSF antimicrobial con-
centrations and the time that the antimicrobial concentrations exceed 
the MBC are interrelated and time greater than MBC increased in 
parallel with peak CSF concentrations. This explains why the bacteri-
cidal effect did not improve with larger antimicrobial doses. The 
second pattern of antimicrobial activity is concentration dependent, 
and it is characterized by killing over a wide range of antimicrobial 
concentrations and a prolonged recovery period (i.e., postantibiotic 
effect) after drug concentrations fall below the MIC; this is seen with 
the aminoglycosides and fluoroquinolones. Although single-dose gen-
tamicin therapy was as effective as divided-dosage regimens in an 
experimental animal model despite different times that CSF gentami-
cin concentrations exceeded the MBC, the applicability of these find-
ings to humans needs to be established. The pharmacodynamic 
characteristics of the fluoroquinolones are very similar to those of the 
aminoglycosides, although features of both time dependency and con-
centration dependency have been demonstrated with the fluoroquino-
lones in animal models of meningitis. There have also been 
investigations to determine whether continuous infusion of antimicro-
bial agents improves outcome in patients with bacterial meningitis. In 
a study of 723 African children with bacterial meningitis randomly 
assigned to receive boluses or continuous infusion of cefotaxime for 
the first 24 hours of therapy, 272 children died, but the mode of admin-
istration did not significantly change the proportion of children who 
died or were severely disabled at the time of hospital discharge477; 
however, in a planned subgroup analysis, children with pneumococcal 
meningitis given continuous cefotaxime infusion were significantly 
less likely to die or have sequelae.

Specific Antimicrobial Therapy
Haemophilus influenzae
Therapy for meningitis caused by H. influenzae type b has been mark-
edly altered by the emergence of β-lactamase–producing strains.187 
These strains accounted for approximately 24% of all CSF isolates in 
the United States based on a surveillance study of 27 states from 1978 
through 1981.38 A subsequent surveillance study of five states and Los 
Angeles County in 1986 found the incidence of these β-lactamase–
producing strains to be 32%.39 Resistance of H. influenzae to chloram-
phenicol has also been described, although more commonly from areas 
such as Spain (>50% of isolates) than the United States (<1% of iso-
lates). In Brazil, the prevalence of β-lactamase–producing strains of H. 
influenzae was 18.4% (range, 6.6% to 57.7%), with almost 17% of 
strains also resistant to chloramphenicol.478 Chloramphenicol resis-
tance is of particular concern in developing countries of the world, 
where it is used as first-line treatment for suspected bacterial menin-
gitis. In an observational study with a retrospective control group 
conducted in Papua New Guinea, where chloramphenicol was used as 
empirical treatment followed by ceftriaxone when in vitro resistance 
to chloramphenicol was found in H. influenzae, there was invariably a 
very poor outcome (i.e., death or severe neurologic sequelae) in 
patients with chloramphenicol-resistant disease (71% vs. 9% when 
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that are resistant to these agents (MIC ≥2 µg/mL). When the MIC to 
the third-generation cephalosporin is 1 µg/mL or less, some patients 
have been treated successfully with either high-dose cefotaxime or 
ceftriaxone alone, although one study found that high-dose cefotaxime 
did not have reliably sufficient CSF bactericidal activity against 
cephalosporin-resistant pneumococci.

Vancomycin has been evaluated in 11 adult patients with meningi-
tis caused by pneumococcal strains that are of intermediate susceptibil-
ity to penicillin.505 This therapy was associated with clinical failure in 
4 patients; no failures occurred in 14 subsequent patients treated with 
ceftriaxone. In 2 of the patients in whom therapy failed, CSF vanco-
mycin concentrations were undetectable at 48 hours, and in a third 
patient, symptoms recurred on the 8th day of antimicrobial therapy. 
The concomitant administration of dexamethasone and the subse-
quent decreased inflammation and poor entry of vancomycin into CSF 
may have contributed to this negative outcome; this explanation has 
been supported in an experimental rabbit model of pneumococcal 
meningitis. These data support the concept that vancomycin should 
not be used alone for the treatment of pneumococcal meningitis.506 Of 
additional concern is the description of S. pneumoniae strains that are 
tolerant to vancomycin.507,508 A vancomycin- and cephalosporin-
tolerant strain of S. pneumoniae was isolated from the CSF of a patient 
with meningitis who then developed recrudescence of meningitis 
despite therapy with vancomycin plus a third-generation cephalospo-
rin509; these data may have important implications in the use of van-
comycin for pneumococcal meningitis. Appropriate CSF concentrations 
of vancomycin, however, may be attained even when patients are 
receiving adjunctive dexamethasone as long as appropriate dosages of 
vancomycin are used. In a study of 14 patients, intravenous administra-
tion of vancomycin (at a continuous infusion of 60 mg/kg/day, after a 
15-mg/kg loading dose) led to mean serum and CSF vancomycin con-
centrations of 25.5 µg/mL and 7.9 µg/mL, respectively.465 These data 
indicate that appropriate CSF concentrations can be attained when 
appropriate doses are used. Trough serum vancomycin concentrations 
of 15 to 20 µg/mL are recommended.510

In view of the aforementioned data, penicillin can never be recom-
mended as empirical therapy in patients with suspected pneumococcal 
meningitis. As an empirical regimen, the combination of vancomycin 
plus a third-generation cephalosporin (either cefotaxime or ceftriax-
one) is recommended.187,379,388,423 This combination was synergistic in a 
rabbit model of penicillin-resistant pneumococcal meningitis and was 
synergistic, or at least additive, in the CSF of children with meningitis. 
The addition of rifampin to vancomycin with or without a third-
generation cephalosporin has been recommended by some authorities, 
although clinical data are lacking; rifampin should be added only if the 
organism is demonstrated to be susceptible, the expected clinical or 
bacteriologic response is delayed, or the pneumococcal isolate has a 
cefotaxime/ceftriaxone MIC greater than 4.0 µg/mL. However, in a 
retrospective study of 109 children with pneumococcal meningitis who 
received empirical vancomycin in combination with cefotaxime or 
ceftriaxone, subjects with hearing loss had a significantly shorter 
median vancomycin start time than those with normal hearing (<1 
hour vs. 4 hours).511 In a multiple logistic regression analysis, hearing 
loss was independently associated with a vancomycin start time of 2 
hours or less, suggesting that the first vancomycin dose should be given 
2 hours or more after administration of the cephalosporin for sus-
pected or confirmed bacterial pneumococcal meningitis, although 
more studies are needed. Any patient who is not improving as expected 
or has a pneumococcal isolate for which the cefotaxime/ceftriaxone 
MIC is greater than 2.0 µg/mL should undergo a repeat lumbar punc-
ture to document sterility of CSF after 36 to 48 hours of therapy; this 
may be especially important for patients who are receiving adjunctive 
dexamethasone therapy. In patients not responding, intrathecal or 
intraventricular vancomycin also remains a reasonable option.388 Once 
susceptibility studies of the isolated pneumococcus are performed, 
antimicrobial therapy can be modified for optimal treatment (see  
Table 89-13).

With continued emergence of penicillin- and cephalosporin-
resistant strains of S. pneumoniae, other antimicrobial agents have been 
evaluated for their efficacy in pneumococcal meningitis.187,388 Merope-
nem, a carbapenem with a broad spectrum of in vitro activity, including 

The clinical significance of these isolates is unclear at present 
because many patients with meningitis caused by these meningococci 
have recovered with standard penicillin therapy. However, isolated 
reports of treatment failure have been described.495,496 Furthermore, in 
a study from Spain, reduced susceptibility of N. meningitidis to penicil-
lin was seen in 34% of 213 children with meningococcal meningitis497; 
in this report, reduced penicillin susceptibility was more frequent in 
strains responsible for death or sequelae (60% vs. 32%, P = .04). On 
the basis of these data, some authorities would treat patients who have 
meningococcal meningitis with a third-generation cephalosporin 
(either cefotaxime or ceftriaxone), and these agents are likely to emerge 
as first-line treatment in the future. Susceptibility testing of the isolate 
should be performed for patients who fail to respond appropriately.

Streptococcus pneumoniae
Therapy for meningitis caused by the pneumococcus has recently been 
modified according to current pneumococcal susceptibility pat-
terns.187,388,423 In the past, pneumococci were uniformly susceptible to 
penicillin, with MICs of 0.06 µg/mL or less. Numerous reports from 
throughout the world then documented strains of pneumococci that 
are of intermediate susceptibility to penicillin (MIC range, 0.1 to 
1.0 µg/mL), as well as strains that were highly resistant to penicillin 
(MIC, 2.0 µg/mL or higher). The Clinical and Laboratory Standards 
Institute has recently redefined the in vitro susceptibility breakpoints 
for pneumococcal isolates from patients with meningitis as either sus-
ceptible or resistant, with intravenous penicillin breakpoints of 0.06 µg/
mL or lower and 0.12 µg/mL or greater, respectively.498 The mechanism 
of this resistance is an alteration in the structure and molecular size of 
penicillin-binding proteins. Resistance has been reported in several 
different pneumococcal serotypes, although the overwhelming major-
ity of resistant strains are serotypes 6, 14, 19, and 23; most of the 
multidrug-resistant strains isolated in the United States disseminated 
from a multiresistant serotype 23F clone of S. pneumoniae that was 
isolated in Spain as early as 1978. In Brazil, penicillin resistance was 
mainly detected in isolates of serotypes 14 (61%), 23F (16%), 6B (10%), 
and 19F (3%).499 Results of recent surveillance studies in the United 
States show that the prevalence of penicillin-nonsusceptible S. pneu
moniae ranges from 25% to more than 50%500; rates are as high as 60% 
in some parts of Latin America and as high as 80% in some countries 
in Asia. Factors reported to predispose to resistance include the 
patient’s age (<10 or >50 years), immunosuppression, prolonged hos-
pital stay, children in daycare settings, infection by serotypes 14 and 
23, and frequent, prolonged, or prophylactic use of antimicrobial 
therapy. However, penicillin-nonsusceptible strains have been isolated 
even when no risk factors or comorbidities are identified.501

Several alternative agents for the treatment of meningitis caused by 
penicillin-resistant pneumococci have been evaluated by in vitro sus-
ceptibility testing, in animal models, and in patients.187,379,388,423 Here, 
we will restrict our discussion to agents that have been examined in 
clinical trials, unless animal model data have influenced treatment 
recommendations. Chloramphenicol is one agent that has been studied 
for the treatment of pneumococcal meningitis. However, clinical fail-
ures with chloramphenicol have been reported in patients with 
penicillin-resistant isolates, probably because of the poor bactericidal 
activity of chloramphenicol against these strains; 20 of 25 children had 
an unsatisfactory outcome (i.e., death, serious neurologic deficit, poor 
clinical response) in one study.502 Despite susceptibility on disk testing, 
chloramphenicol MBCs of the penicillin-resistant pneumococcal iso-
lates were significantly higher than those for the penicillin-sensitive 
isolates, with subsequent subtherapeutic bactericidal activity and treat-
ment failure. Chloramphenicol resistance was also found in 27% of 
pneumococcal isolates in Malawi during 2004 to 2006503 and in 43% 
of isolates in Papua New Guinea.504

Third-generation cephalosporins have been considered the treat-
ment of choice in pneumococcal meningitis caused by strains that are 
of intermediate susceptibility to penicillin.187,388 Cefotaxime and ceftri-
axone are the third-generation agents of choice; ceftizoxime is not 
recommended because its MIC to resistant pneumococci tends to be 
higher than that of either cefotaxime or ceftriaxone. However, some 
reports of meningitis treatment failure with the third-generation ceph-
alosporins have appeared, and pneumococcal strains have emerged 
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meningitis and may be considered in those who demonstrate a rapid 
clinical response to intravenous therapy and in whom good adherence 
is expected.519 Although chloramphenicol has varying activity against 
Listeria in vitro, its use has been associated with an unacceptably high 
failure rate in patients with Listeria meningitis. Vancomycin is also 
unsatisfactory for Listeria meningitis despite favorable in vitro suscep-
tibility results. However, intraventricular administration of vancomy-
cin was successful in one case of recurrent L. monocytogenes meningitis. 
Rifampin is bacteriostatic against L. monocytogenes in vitro and was 
no better than penicillin alone when evaluated in the experimental 
rabbit model of meningitis. Meropenem is active in vitro and in experi-
mental animal models of L. monocytogenes meningitis and may be a 
useful alternative if found to be clinically efficacious. The fluoroquino-
lones and linezolid have also demonstrated good in vitro activity 
against L. monocytogenes, although there is limited clinical experience 
to recommend these agents in patients with Listeria meningitis.99

Streptococcus agalactiae
Standard therapy for neonatal meningitis caused by the group B strep-
tococcus is the combination of ampicillin plus an aminoglycoside,114 
which is also recommended for adult patients with meningitis caused 
by this organism.119 This combination is recommended because of 
documented in vitro synergy and recent reports detailing the presence 
of penicillin-tolerant strains. Alternative agents are the third-generation 
cephalosporins; vancomycin is reserved for patients who are allergic 
to penicillin.

Aerobic Gram-Negative Bacilli
Treatment of bacterial meningitis caused by aerobic gram-negative 
bacilli has been revolutionized by the availability of third-generation 
cephalosporins.187,388 Previous mortality rates with standard regimens 
(usually an aminoglycoside with or without chloramphenicol) ranged 
from 40% to 90% versus cure rates of 78% to 94% with the third-
generation cephalosporins. Cefotaxime is preferred over ceftriaxone as 
the third-generation cephalosporin for use in neonates because it has 
been used more extensively and is not excreted in bile, which may have 
an inhibitory effect on the bacterial flora of the intestinal tract.377 Cef-
triaxone also has increased protein binding. One particular third-
generation cephalosporin, ceftazidime, has enhanced in vitro activity 
against P. aeruginosa and resulted in the cure of 19 of 24 patients in 
one study of P. aeruginosa meningitis when administered alone or in 
combination with an aminoglycoside.520 In another study of 10 pedi-
atric patients with Pseudomonas meningitis, 7 patients were cured 
clinically and 9 were cured bacteriologically when treated with 
ceftazidime-containing regimens.521

Concomitant intrathecal or intraventricular aminoglycoside 
therapy should be considered in patients with gram-negative menin-
gitis who are not responding to conventional parenteral therapy. 
However, this mode of administration is rarely needed at present and 
was associated with a higher mortality rate than systemic therapy alone 
in infants with gram-negative meningitis and ventriculitis.521

Given the emergence of strains of gram-negative bacilli that are 
resistant to the third-generation cephalosporins,522 the use of other 
intravenous agents, with or without intraventricular or intrathecal 
antimicrobials, may need to be considered and several have been  
used in patients with meningitis caused by aerobic gram-negative 
bacilli.187,388 Aztreonam attains excellent CSF concentrations and has 
been shown to be efficacious in the treatment of gram-negative men-
ingitis. Imipenem was found to be efficacious in one case of Acineto
bacter meningitis and in eradication of bacteria from CSF in a recent 
study of 21 children with bacterial meningitis (most cases caused by 
H. influenzae type b and N. meningitidis), although a high rate of 
seizure activity (33%) limits its usefulness in the treatment of bacterial 
meningitis. High-dose meropenem (2 g every 8 hours) given for 18 
weeks was successful in a lymphoma patient with P. aeruginosa men-
ingitis who had failed therapy with ceftazidime plus gentamicin, as well 
as in a patient with post-traumatic meningitis caused by P. aeruginosa. 
Cefepime was successful in a patient with postoperative meningitis 
caused by Enterobacter aerogenes.523 For empirical treatment of Aci
netobacter meningitis, intravenous use of meropenem, with or without 
an aminoglycoside administered by an intraventricular or intrathecal 

activity against penicillin-resistant pneumococci, has been approved by 
the FDA for the treatment of bacterial meningitis in children 3 months 
and older. Meropenem has been studied for the treatment of meningitis 
in both adults and children in several clinical trials, with microbiologic 
and clinical outcomes similar to those with either cefotaxime or cef-
triaxone. Meropenem was also used successfully in one patient with 
multidrug-resistant pneumococcal meningitis. In one prospective 
study of 258 children with bacterial meningitis, patients were randomly 
assigned to receive either meropenem or cefotaxime; there were no 
significant differences in outcome, with clinical cure (with or without 
sequelae) in 97% and 96% of patients treated with meropenem and 
cefotaxime, respectively.512 However, in a study of 20 cefotaxime-
resistant S. pneumoniae isolates,513 4 were of intermediate susceptibility 
and 13 were resistant to meropenem, suggesting that meropenem may 
not be a useful alternative agent for the treatment of pneumococcal 
isolates that are highly resistant to penicillin and cephalosporins.388 
Further studies are needed to determine the efficacy of meropenem in 
pneumococcal meningitis caused by penicillin- and cephalosporin-
resistant strains, although isolated case reports have shown efficacy.

The fluoroquinolones have generally lacked sufficient in vitro activ-
ity against S. pneumoniae to warrant their investigation in the treatment 
of CNS infections. However, newer agents (moxifloxacin, gemifloxacin, 
gatifloxacin, garenoxacin) have shown excellent in vitro activity and 
have been evaluated in experimental animal models of infection.388,514 
Trovafloxacin has been compared with ceftriaxone with or without 
vancomycin in a multicenter, randomized, comparative trial enrolling 
311 children from 11 countries; S. pneumoniae was isolated in 27% of 
cases.506 The overall efficacy of both treatment groups was comparable 
in terms of CSF sterilization (94% in the trovafloxacin group and 96% 
in the comparator) and clinical success at the end of treatment (75% 
in the trovafloxacin group and 82% for the comparator). Although 
trovafloxacin is no longer used because of concerns about liver toxicity, 
these data suggest the potential usefulness of the newer fluoroquino-
lones in the treatment of bacterial meningitis. However, further clinical 
trials are needed before these agents can be recommended. Of concern 
are the reports of decreased pneumococcal susceptibility to the fluo-
roquinolones, the development of fluoroquinolone-resistant S. pneu
moniae associated with levofloxacin therapy,515 and the report of a case 
of fatal meningitis caused by a levofloxacin-resistant strain of S. pneu
moniae516; these data highlight the need to monitor the in vitro suscep-
tibility of pneumococci to these agents. Nevertheless, a combination 
regimen of a third-generation cephalosporin plus a newer-generation 
fluoroquinolone may emerge as the treatment option of choice for 
pneumococcal meningitis in the future.

Listeria monocytogenes
Despite their broad range of in vitro activity, third-generation cepha-
losporins are inactive in meningitis caused by L. monocytogenes. For 
patients with Listeria meningitis, therapy should consist of ampicillin 
or penicillin G97-99,187,388; the addition of an aminoglycoside should be 
considered in proven infection because of in vitro synergy and 
enhanced killing in vivo, as documented in a variety of animal models 
of Listeria infection. Nevertheless, it is important to emphasize that a 
controlled clinical trial comparing ampicillin alone with ampicillin 
plus gentamicin has never been performed in humans with listeriosis, 
although many authorities recommend the addition of an aminogly-
coside to ampicillin for at least the first week of therapy for CNS infec-
tion.99 In contrast, in a cohort of 118 patients with listeriosis, the 
aminoglycoside-treated group had increased rates of kidney injury and 
mortality.517 In addition, in a recent retrospective review of patients 
with listeriosis (58% with primary bacteremia and 42% with meningi-
tis), differences in mortality were not seen in those treated with ampi-
cillin or with the combination of ampicillin and gentamicin. However, 
more data are needed.518 An alternative agent in a penicillin-allergic 
patient is trimethoprim-sulfamethoxazole, which is bactericidal against 
Listeria in vitro. In one retrospective series, therapy with trimethoprim-
sulfamethoxazole plus ampicillin was associated with a lower failure 
rate and fewer neurologic sequelae than the combination of ampicillin 
plus an aminoglycoside,99 although more data are needed before this 
combination can be recommended. Oral therapy with trimethoprim-
sulfamethoxazole has been utilized in some patients with Listeria 
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caused by vancomycin-resistant Enterococcus faecium (VRE), several 
case reports have shown successful treatment with intravenous line-
zolid546,547; given the failures associated with other alternative agents, 
use of linezolid is reasonable in meningitis caused by this multidrug-
resistant organism. One patient with VRE meningitis was successfully 
treated with intravenously and intraventricularly administered chlor-
amphenicol.548 Other isolated case reports have demonstrated success 
with use of quinupristin-dalfopristin combined with daptomycin152 and 
with intraventricular administration of daptomycin and intravenous 
administration of tigecycline.549

Duration of Therapy
The duration of therapy for bacterial meningitis has been based more 
on tradition than on scientific evidence.187,388,550 The duration of anti-
microbial therapy in patients with bacterial meningitis has been 10 to 
14 days for cases of nonmeningococcal meningitis. Several studies 
comparing 7 with 10 days of treatment in infants and children with H. 
influenzae type b meningitis, however, have documented that 7 days 
of therapy is safe and effective, although therapy must be individual-
ized and some patients may require longer courses. Meningococcal 
meningitis can be treated for 7 days with intravenous penicillin, and 
some authors have also suggested that 4 days of therapy is adequate; 
this study requires confirmation because only 50 patients were studied 
and no control group was included. A single dose, or even two to three 
doses, of long-acting penicillin or chloramphenicol has been used suc-
cessfully in developing countries to treat meningococcal meningitis, 
although this therapy is not considered standard. In one randomized 
trial of 4 versus 7 days of ceftriaxone therapy in children with bacterial 
meningitis who had an initial rapid recovery, no significant differences 
in outcome were observed in the two groups at completion of therapy 
or at a follow-up of 1 to 3 months after discharge. In another trial, the 
clinical outcome of patients treated for 7 days with ceftriaxone was 
similar to 10-day therapy for acute bacterial meningitis in children in 
developing countries and was associated with a lower incidence of 
nosocomial infection and earlier hospital discharge. In a double-blind 
randomized trial of 5 or 10 days of therapy with ceftriaxone for bacte-
rial meningitis in children beyond the neonatal period, it was deter-
mined that ceftriaxone could be discontinued in those patients who 
were stable after 5 days of treatment,551 although the uncertainties 
around organism-specific data (especially for S. pneumoniae) and the 
need for clinical judgment at day 5 should lead to caution in reducing 
treatment duration.552 In adults with meningitis caused by enteric 
gram-negative bacilli, treatment regimens should be continued for 3 
weeks because of the high rate of relapse in patients treated with 
shorter courses of therapy. Ten to 14 days is recommended for the 
treatment of meningitis caused by S. pneumoniae and 14 to 21 days for 
group B streptococci. L. monocytogenes meningitis should be treated 
for at least 21 days.97-99

Outpatient antimicrobial therapy may also be appropriate for 
certain patients with bacterial meningitis. The following criteria have 
been suggested to guide outpatient antimicrobial therapy388: inpatient 
therapy for at least 6 days; no fever for at least 24 to 48 hours before 
initiation of outpatient therapy; no significant neurologic dysfunction, 
focal findings, or seizure activity; clinically stable or improving condi-
tion; intake of all fluids by mouth; first dose of outpatient antimicrobial 
therapy given under medical supervision and without reaction; access 
to home health nursing for antimicrobial administration; reliable intra-
venous line and infusion device, if needed; daily examination by a 
physician and an established plan for physician visits, nurse visits, 
laboratory monitoring, and emergencies; patient and/or family com-
pliance with the program; and a safe environment with access to a 
telephone, utilities, food, and a refrigerator. In addition, completion of 
antimicrobial therapy in a skilled nursing facility may be appropriate 
for selected patients who need continued care but do not require acute 
hospitalization.

Spirochetal Meningitis
Treponema pallidum
In syphilis patients with CSF abnormalities but without clinically 
apparent disease, the goals of therapy are to prevent progression to 
symptomatic disease and ameliorate the laboratory abnormalities 

route, has been recommended524; if the organism is later found to be 
resistant to carbapenems, colistin (usually formulated as colistimethate 
sodium) or polymyxin B should be substituted for meropenem and 
may also need to be administered by an intraventricular or intrathecal 
route.525 Colistin (5 mg/kg/day as colistin base or 13.3 mg/kg/day as 
colistimethate) was successfully administered intravenously to treat a 
patient with meningitis caused by multidrug-resistant Acinetobacter 
baumannii526; it was also efficacious when given intra thecally in other 
cases of meningitis caused by this same multidrug-resistant organ-
ism,527,528 and intrathecally administered polymyxin E has also been 
used in a patient with Acinetobacter meningitis.529 In a summary of 
treatment of multidrug-resistant A. baumannii, a total of 14 patients 
were treated for CNS infection (ventriculitis or meningitis) with colis-
tin given intravenously and/or either intrathecally or intraventricu-
larly530; sterilization was achieved in all cases and cure was reported in 
13 of 14 cases. In the presence of meningitis, CSF concentrations of 
colistin were shown to be 0.5 µg/mL (34% to 67% of serum concentra-
tions).531 Two cases of A. baumannii meningitis were also successfully 
treated with tigecycline.532 The fluoroquinolones (e.g., ciprofloxacin, 
pefloxacin) have been used successfully in some patients with gram-
negative meningitis.514 In one case series of 12 neonates and infants 
with nosocomial meningitis (in which 6 cases were attributed to gram-
negative bacilli), 10 patients were cured and in 7 children no neuro-
logic sequelae appeared after a 2- to 4-year follow-up.533 Another 
patient who developed P. aeruginosa meningitis after a laminectomy 
was cured by the addition of high-dose ciprofloxacin (400 mg IV every 
8 hours) to the previous regimen of ceftazidime and gentamicin,534 
and a preterm infant with Stenotrophomonas maltophilia meningitis 
was successfully treated with ciprofloxacin.535 Another patient with 
S. maltophilia meningitis and an external ventricular drain was suc-
cessfully treated with moxifloxacin.536 The limited published literature 
on use of the fluoroquinolones suggests that the primary area of  
usefulness of these agents is for the treatment of multidrug-resistant 
gram-negative organisms (e.g., P. aeruginosa) or when the response 
to conventional β-lactam therapy is slow (e.g., meningitis caused 
by Salmonella species).187,388 Data are currently insufficient to recom-
mend any fluoroquinolone for empirical therapy in any patient with 
community-acquired bacterial meningitis.

Staphylococci
S. aureus should be treated with nafcillin or oxacillin,131,135 and vanco-
mycin should be reserved for patients allergic to penicillin or when 
methicillin-resistant organisms are suspected or isolated. However, 
given the likelihood of MRSA in patients with S. aureus meningitis, 
vancomycin should be used as empirical therapy pending results of in 
vitro susceptibility testing.537 The addition of rifampin or trimethoprim-
sulfamethoxazole should be considered in patients not responding to 
therapy and if the organism is susceptible. Linezolid has been utilized 
successfully in some patients with MRSA CNS infections.538,539 Dapto-
mycin has been shown to have similar antibacterial activity to vanco-
mycin in an experimental model of MRSA meningitis,540 and 
daptomycin plus rifampin has been successfully used in patients with 
MRSA meningitis.541-543 Meningitis caused by coagulase-negative 
staphylococci, the most commonly encountered organisms in CSF 
shunt infections, should be treated with vancomycin; rifampin should 
be added if the patient fails to improve. Removal of the shunt is often 
necessary to optimize therapy (see Chapter 94). In one review of 14 
cases, removal of the neurosurgical devices and intravenous vancomy-
cin therapy led to survival in 12 of 14 patients.544

Other Bacteria
Salmonella meningitis should be treated with a third-generation cepha-
losporin, with or without a fluoroquinolone, because conventional anti-
microbial agents (e.g., chloramphenicol, ampicillin, co-trimoxazole) 
have an unacceptable cure rate (about 41%), relapse rate (about 12%), 
and high associated mortality (about 45%)545; the fluoroquinolones 
have a cure rate of approximately 89%, and the third-generation cepha-
losporins have a cure rate of about 85%. Ampicillin plus gentamicin 
should be used for enterococcal meningitis caused by susceptible 
strains; vancomycin, or ampicillin-sulbactam, is substituted for ampi-
cillin for β-lactamase–producing strains. In patients with meningitis 
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deficits improve over many weeks. CNS abnormalities are arrested by 
treatment and may slowly improve, but some residual deficit is 
common. Some patients have also responded to treatment with oral or 
intravenous administration of doxycycline, which has been found to 
be as efficacious as penicillin in several studies.9 Patients who have 
failed to respond to intravenous penicillin have responded to intrave-
nous therapy with cefotaxime, ceftriaxone, or chloramphenicol. In one 
prospective randomized trial, ceftriaxone was superior to penicillin in 
therapy for late Lyme borreliosis. The current recommendation is to 
treat most patients with Lyme meningitis with intravenously adminis-
tered ceftriaxone at a dosage of 2 g daily for 14 days (range, 10 to 28 
days)160,558; the literature contains no agreement on the duration of 
therapy or on the minimal adequate dose of the antimicrobial agent. 
No evidence supports treatment durations longer than 4 weeks. 
However, no regimen has proved to be universally effective. Although 
one report has indicated that high-dose oral doxycycline may produce 
inhibitory concentrations against B. burgdorferi in CSF, parenteral regi-
mens are generally necessary for CNS infection. In contrast, in a ran-
domized, double-blind trial including 118 patients with neuroborreliosis, 
use of a 2-week regimen of oral doxycycline was not inferior to paren-
teral ceftriaxone559; the patients in this trial generally had mild neuro-
logic symptoms, suggesting that oral treatment with doxycycline might 
be sufficient in patients with mild symptoms.

Protozoal and Helminthic Meningitis
Amebas
Many antimicrobial agents, including amphotericin B, the tetracy-
clines, the imidazoles, artemisinin compounds, and rifampin, have in 
vitro activity against free-living amebas; phenothiazines are amebicidal 
only at high concentrations. Amphotericin B is rapidly amebicidal 
against N. fowleri in vitro, but it is much less active against Acantham
oeba. Fewer than 10 patients reported in the literature have survived 
after therapy for primary amebic meningoencephalitis.164-166 All 
received amphotericin B along with various other antimicrobial agents. 
One documented survivor received amphotericin B and miconazole 
intravenously and intrathecally and rifampin, sulfisoxazole, and dexa-
methasone. Another received amphotericin B, rifampicin, and ornida-
zole. Still another received intravenous administration of amphotericin 
B and fluconazole and orally administered rifampicin.560 However, no 
effective regimen has been established. Therapy with parenteral and 
intracisternal administration of amphotericin B combined with therapy 
with rifampin and tetracycline has been suggested; the addition of 
experimental therapies, such as one of the phenothiazines (e.g., chlor-
promazine) or artemisinin compounds, may also be justified in view 
of the extremely poor outcome in patients with primary amebic 
meningoencephalitis.561 Azithromycin and voriconazole have been 
shown to have in vitro activity against N. fowleri,166 but no clinical data 
are available. Therapy is continued for 2 to 3 weeks if the clinical 
response is good and no complications occur.

Angiostrongylus cantonensis
Treatment of symptoms such as headache, nausea, and vomiting with 
analgesics and rehydration is indicated for eosinophilic meningitis 
caused by A. cantonensis.164,171,173 Most patients recover within 1 to 2 
weeks. Treatment with specific anthelmintic agents is controversial; 
exacerbation of neurologic symptoms after larval death is a theoretical 
complication of anthelmintic therapy. The benzimidazoles have been 
tried in humans without definite benefit. Thiabendazole cleared A. 
cantonensis from rats in one study, and it has been used in the early 
stages of migration of the larvae of A. cantonensis, but the drug fails as 
soon as the worm reaches the CNS. Clinicians in Taiwan routinely treat 
eosinophilic meningitis with anthelmintics171; agents used include 
mebendazole, levamisole, and albendazole. However, no randomized 
study of use of anthelmintic agents for eosinophilic meningitis has been 
reported, and there are insufficient data to recommend their use.173

ADJUNCTIVE THERAPY
Viral Meningitis
Adjunctive measures have been used in seriously ill patients with 
enteroviral meningitis. Because enteroviral clearance from the host is 
antibody mediated, exogenously administered antibody has been 

believed to indicate disease activity.153 For patients with clinical neuro-
syphilis syndromes, the goal may be to reverse clinical symptoms and 
signs or to arrest disease progression. In patients with syphilitic men-
ingitis whose clinical picture is that of meningeal inflammation as a 
result of the acute inflammatory response, clinical findings other than 
cranial nerve abnormalities usually resolve without therapy. In patients 
with meningovascular syphilis, the prognosis after therapy is quite 
good, except perhaps in patients with larger, clinically apparent neuro-
logic deficits before therapy; therapy in this situation may halt progres-
sion and prevent further ischemic events caused by neurosyphilis.

The drug of choice for the treatment of neurosyphilis is penicillin 
G (see Table 89-13), although considerable controversy remains 
regarding the most appropriate total dose and the formulation and 
duration of therapy.153,157 Therapy with benzathine penicillin (2.4 
million units intramuscularly) does not reliably produce CSF penicillin 
concentrations above 0.018 µg/mL and should not be used for the 
treatment of neurosyphilis. Furthermore, a small but poorly defined 
proportion of patients with syphilis treated with benzathine penicillin 
fails therapy, defined as persistent CSF abnormalities with clinically 
apparent neurosyphilis. However, many patients treated with benza-
thine penicillin resolve their CSF abnormalities and do not progress, 
which suggests that factors other than CSF concentrations of penicillin 
play a role in response to therapy.

The preferred antimicrobial regimen for the treatment of CNS 
syphilis is intravenous aqueous crystalline penicillin G at a dose of 18 
to 24 million units daily in divided doses every 4 hours or by continu-
ous infusion for 10 to 14 days.153,553 Alternatively, procaine penicillin, 
2.4 million units intramuscularly daily, plus probenecid, 500 mg orally 
four times daily, both for 10 to 14 days, can be used. Some experts  
also recommend follow-up therapy with one injection of benzathine 
penicillin G (2.4 million units intramuscularly once per week for 3 
weeks), although no data support this recommendation. No large 
studies have been performed to evaluate alternative antimicrobial 
agents for neurosyphilis. On the basis of case reports, clinical experi-
ence, and extrapolations from experimental animal studies, the tetra-
cyclines, chloramphenicol, and ceftriaxone have all been described  
to be of potential clinical utility in penicillin-allergic patients. One 
experimental study, however, suggested that ceftriaxone may not be 
adequate therapy for neurosyphilis.554 Furthermore, a study of 43 HIV-
infected patients with latent syphilis or neurosyphilis treated with cef-
triaxone (1 or 2 g daily for 10 to 14 days) had a 23% failure rate,555 
similar to that seen in 13 HIV-infected patients with latent syphilis or 
neurosyphilis treated with benzathine penicillin (30%). Despite these 
concerns, ceftriaxone (2 g either intramuscularly or intravenously for 
10 to 14 days) can be used as an alternative agent for treatment of 
neurosyphilis in patients allergic to penicillin.553 Erythromycin is not 
recommended because of treatment failures in erythromycin-treated 
patients. In HIV-infected patients with neurosyphilis, careful monitor-
ing for response to therapy is needed.156,556 Follow-up lumbar puncture 
should be performed every 6 months in all patients until the CSF 
changes have normalized. However, a recent report demonstrated that 
in most patients with neurosyphilis, normalization of the serum rapid 
plasma reagin (RPR) in patients treated for neurosyphilis correctly 
predicted the success of therapy and normalization of CSF parameters 
after treatment,557 suggesting that repeat CSF analysis can be avoided. 
The accuracy is lower among HIV-infected patients not receiving anti-
retroviral therapy than in those receiving antiretroviral therapy. Several 
reports of failures in HIV-infected patients receiving standard therapy 
for neurosyphilis have appeared; these failures probably occurred 
because the patient’s immunologic response has an important role in 
controlling the infection even in the presence of “adequate” antimicro-
bial therapy.

Borrelia burgdorferi
Parenteral antimicrobial therapy is usually needed to treat the neuro-
logic manifestations of Lyme disease, including meningitis (see Table 
89-13).160,412,417,420,558 Initial studies used high-dose (15 to 20 million 
units daily) intravenous penicillin G for 10 to 14 days, although one 
author found the benefits limited to patients treated within 5 weeks of 
the onset of neurologic symptoms. The meningeal and systemic reac-
tions tend to improve within days, whereas radicular pain and motor 
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Other studies have examined the effects of a monoclonal antibody 
(IB4) directed against the CD18 family of receptors on leukocytes to 
reduce CSF inflammation. Intravenous inoculation of IB4 blocked the 
accumulation of leukocytes in CSF despite intracisternal challenge 
with H. influenzae type b, N. meningitidis, pneumococcal cell wall, or 
lipo-oligosaccharide.249 Furthermore, the monoclonal antibody was 
effective in preventing the development of cerebral edema and death 
in animals challenged with lethal doses of S. pneumoniae. In a second 
study using an experimental rabbit model of H. influenzae type b 
meningitis,566 the concomitant administration of dexamethasone and 
IB4 led to a marked attenuation of all indices of meningeal inflamma-
tion and a reduction in brain water content when compared with the 
results obtained in untreated animals or when each agent was used 
alone. Clinical trials with this agent, perhaps in conjunction with dexa-
methasone, will be needed to determine whether outcome (i.e., mor-
bidity or mortality) can be improved by the administration of IB4 in 
patients with bacterial meningitis.

Bactericidal/permeability-increasing protein, which is present in 
the azurophilic granules of neutrophils and binds to and neutralizes 
the biologic activity of the lipid A portion of lipo-oligosaccharide, has 
also been studied for its effects on CSF inflammation in bacterial men-
ingitis. In an experimental rabbit model, the intracisternal inoculation 
of recombinant bactericidal/permeability-increasing protein signifi-
cantly reduced CSF inflammation in response to meningococcal endo-
toxin.567 This effect was not seen after systemic administration, probably 
because of failure of this protein to cross the BBB.

Although experimental results with these agents have shown a 
benefit in reduction of CSF inflammation in animals with bacterial 
meningitis, none has been studied in clinical trials. Therefore, their use 
in patients cannot be recommended at present.

Reduction of Intracranial Pressure
Patients with bacterial meningitis who have signs of increased intra-
cranial pressure (e.g., altered level of consciousness; dilated, poorly 
reactive, or nonreactive pupils; ocular movement disorders) and who 
are stuporous or comatose may benefit from the insertion of an intra-
cranial pressure–monitoring device.187,431,564 Intracranial pressures 
exceeding 20 mm Hg are abnormal and should be treated. Further-
more, there is rationale for treating smaller pressure elevations (i.e., 
above 15 mm Hg) to avoid larger elevations, so-called plateau waves, 
that can lead to cerebral herniation and irreversible brainstem injury. 
In one study of 15 patients with bacterial meningitis in whom intra-
cranial pressure was measured,568 intracranial pressure was successfully 
lowered in most patients by a broad range of measures and using 
unconventional volume-targeted (“Lund concept”) intracranial pres-
sure management, which consisted of sedation, corticosteroids, normal 
fluid and electrolyte homeostasis, blood transfusion, albumin infusion, 
decrease of mean arterial pressure, treatment with a prostacyclin ana-
logue, and eventually thiopental, ventriculostomy, and dihydroergota-
mine. In nonsurvivors, mean intracranial pressure was significantly 
higher and cerebral perfusion pressure was markedly lower than in 
survivors despite treatment; however, this was not a comparative study 
and the results should be interpreted with caution.

Several methods are available to reduce intracranial pressure,187,431,564 
including elevation of the head of the bed to 30 degrees to maximize 
venous drainage with minimal compromise of cerebral perfusion; 
hyperventilation to maintain the Paco2 between 27 and 30 mm Hg, 
which causes cerebral vasoconstriction and a reduction in cerebral 
blood volume; use of hyperosmolar agents (e.g., mannitol) to make the 
intravascular space hyperosmolar to the brain and permit movement 
of water from brain tissue into the intravascular compartment; and 
corticosteroids. However, some experts have questioned the routine 
use of hyperventilation to reduce intracranial pressure in patients with 
bacterial meningitis. In infants and children with bacterial meningitis 
who have initially normal CT scans of the head, hyperventilation can 
safely reduce elevated intracranial pressure because it is unlikely that 
cerebral blood flow would be reduced to ischemic thresholds. However, 
in children with cerebral edema evident on head CT, cerebral blood 
flow is more likely to be normal or reduced. Although hyperventilation 
might decrease intracranial pressure, it would do so at the cost of a 
significant reduction in cerebral blood flow, possibly approaching 

examined.2,5 Administration of immune globulin by multiple routes 
(including directly into the CNS) has led to stabilization or improve-
ment of agammaglobulinemic patients with chronic enteroviral men-
ingitis or meningoencephalitis, but results have varied. Neonates with 
overwhelming enteroviral sepsis and meningitis have received IVIG, 
maternal plasma, and exchange transfusions with occasional success. 
In a single randomized trial of IVIG plus standard therapy versus 
standard therapy alone in neonates suspected of having enteroviral 
infection during the first 2 weeks of life, IVIG failed to reduce viremia 
or lead to significant outcome differences, although the study enrolled 
too few patients for a definitive conclusion562; 75% of these patients had 
clinical or laboratory evidence of meningitis. IVIG has been routinely 
used for the treatment of disease caused by enterovirus 71, although 
uncertainty remains as to whether this therapy is effective.10

Specific hyperimmune globulin has been shown to reduce the inci-
dence of orchitis in a single prospective controlled trial in patients with 
mumps,2 but no benefit in neurologic syndromes has been proved. 
Anecdotal reports have appeared on the use of corticosteroids in 
patients with mumps encephalitis,21 but no benefits have been 
documented.

Bacterial Meningitis
Despite the availability of effective bactericidal antimicrobial agents in 
the treatment of bacterial meningitis, morbidity and mortality from 
this disorder remain unacceptably high. The complexity of the man-
agement of bacterial meningitis, which includes a number of important 
complications, such as meningoencephalitis, systemic compromise, 
stroke, and raised intracranial pressure, has led to examination of 
various adjunctive strategies to improve outcome.563 These have 
included anti-inflammatory agents and methods to reduce increased 
intracranial pressure. Management in an intensive care unit is recom-
mended in patients with bacterial meningitis to recognize changes in 
the patient’s consciousness, monitor for development of new neuro-
logic signs, monitor for seizures, treat severe agitation, and manage 
complications (e.g., septic shock, hyponatremia, and increased intra-
cranial pressure).431,564

Anti-inflammatory Agents
Because the subarachnoid space inflammatory response is a major 
factor contributing to morbidity and mortality, investigators have 
examined whether attenuation of this response would improve outcome 
in bacterial meningitis. Adjunctive dexamethasone has been the agent 
most extensively studied in experimental animal models and in 
patients, and it should now be used in the initial approach to most 
patients with acute bacterial meningitis (see previous section, “Initial 
Management of Patients with Acute Meningitis,” for a description of 
experimental studies and clinical trials of adjunctive dexamethasone 
in bacterial meningitis).

Other agents that reduce subarachnoid space inflammation have 
also been examined as possible adjuncts in the treatment of bacterial 
meningitis. Pentoxifylline, a phosphodiesterase inhibitor that decreases 
endotoxin-induced TNF-α production, attenuates the inflammatory 
action of IL-1 and TNF on leukocyte function, and blocks the lipo-
oligosaccharide–induced release of TNF and IL-1 from microglial cell 
cultures, has been examined in an experimental rabbit model of H. 
influenzae type b meningitis.565 Administration of pentoxifylline 20 
minutes before intracisternal challenge with H. influenzae type b lipo-
oligosaccharide significantly reduced CSF concentrations of leuko-
cytes, protein, and lactate. However, dexamethasone was superior to 
pentoxifylline in modulation of these CSF inflammatory changes, and 
no appreciable synergism was observed when both agents were admin-
istered. Thalidomide, which also inhibits TNF-α production, was 
studied in an experimental rabbit model of meningitis. Thalidomide 
reduced TNF-α production after intracisternal challenge with either H. 
influenzae type b or S. pneumoniae, although it had a relatively greater 
effect on the inflammatory response to S. pneumoniae.57 Adjunctive 
treatment with a C5-specific monoclonal antibody (C5-Ab) was studied 
in an experimental pneumococcal mouse model. Neutralization exper-
iments showed that adjunctive treatment with C5-Ab improved 
outcome in mice with pneumococcal meningitis. The observed effect 
of C5-Ab was superior to that of adjunctive dexamethasone.239

http://www.myuptodate.com


P
a
rt

 I
I 

M
aj

o
r 

C
lin

ic
al

 S
yn

d
ro

m
es

1134

have not found corticosteroids to be helpful. A recent Cochrane Data-
base systematic review concluded that corticosteroids did significantly 
help relieve headache in patients with eosinophilic meningitis.575 
Although the role of anthelmintic therapy is controversial, some 
studies have evaluated combined therapy with corticosteroids and 
anthelmintics (albendazole and mebendazole) and have suggested a 
potential benefit.576,577 More studies are needed.

PREVENTION
Bacterial Meningitis
Haemophilus influenzae
Chemoprophylaxis
It has become clear that the spread of several types of bacterial men-
ingitis can be prevented by prophylaxis of contacts of cases with anti-
microbial agents. Several studies have documented the transmission of 
H. influenzae type b from patients with meningitis to household con-
tacts.187 The risk is markedly age dependent, highest for children 
younger than 2 years. Most secondary cases (75%) occur within 6 days 
of onset of the index case, although untreated household contacts 
remain at increased risk for H. influenzae type b disease for at least 
1 month after onset in the index case. Daycare outside the home is 
considered another risk factor for transmission38; secondary disease is 
more likely to develop in children younger than 2 years. Controversy 
regarding the magnitude of the risk to children in daycare settings, 
however, has led to disagreement concerning the recommendation for 
chemoprophylaxis of children in these facilities.

The rationale for the use of chemoprophylaxis for prevention of 
secondary disease is eradication of nasopharyngeal colonization of  
H. influenzae type b, thereby preventing transmission to young, sus-
ceptible contacts and the development of invasive disease in those 
already colonized. The recommended chemoprophylactic agent of 
choice is rifampin (20 mg/kg, maximum 600 mg, daily for 4 days) for 
all individuals, including adults, in households with at least one unvac-
cinated or incompletely vaccinated child younger than 48 months (see 
Chapter 227).187 One study suggested that 2 days of rifampin therapy 
was as efficacious as 4 days of treatment, although further study is 
required before a recommendation to shorten the duration of prophy-
laxis can be made. The index patient may also need to receive rifampin 
prophylaxis. Ampicillin and chloramphenicol, unlike ceftriaxone and 
cefotaxime, do not effectively eliminate nasopharyngeal colonization. 
Rifampin is not recommended for pregnant women who are contacts 
of infected infants, because the risk of rifampin to the fetus has not 
been established. Chemoprophylaxis is not currently recommended 
for daycare contacts 2 years old or older unless two or more cases occur 
in the daycare center within a 60-day period. For children younger 
than 2 years, the CDC recommends prophylaxis for daycare contacts 
whereas the American Academy of Pediatrics does not in most cases. 
The question of whether to administer prophylaxis in this setting needs 
to be individualized and should be considered more strongly in daycare 
centers that resemble households, where children have prolonged 
contact.

Neisseria meningitidis
Chemoprophylaxis
Chemoprophylaxis is also necessary for close contacts of patients with 
invasive meningococcal disease187; up to 10% of meningococcal men-
ingitis cases have had contact with another known case. The definition 
of “close contact” has not been clearly elucidated but generally refers 
to persons who have had prolonged (≥8 hours) contact while in close 
proximity (≤3 feet) to the patient or who have been directly exposed 
to the patient’s oral secretions (e.g., through kissing, mouth-to-mouth 
resuscitation, endotracheal intubation, or endotracheal tube manage-
ment) within 1 week before the onset of the patient’s symptoms until 
24 hours after initiation of appropriate antimicrobial therapy.578 The 
estimated prevalence of meningococcal carriage in the United States is 
5% to 10% under nonepidemic conditions. In closed populations such 
as military recruits, carriage rates can reach levels of 40% to 90%. Car-
riage may last for a long time (at least months) in about 25% of carriers, 
is intermittent in one third, and is transient or infrequent in the 
remaining 40%.79 Household contacts exposed to a case of meningo-
coccal disease have a 500- to 800-fold increased risk for invasive 

ischemic thresholds. These patients may benefit more from the early 
use of diuretics, osmotically dehydrating agents (provided that intra-
vascular volume is protected), and corticosteroids; however, controlled 
trials exploring these issues have yet to be performed.

Glycerol, an osmotic dehydrating agent that can be given orally, has 
been evaluated in a trial of 122 infants and children with bacterial 
meningitis.441 Patients in this study were randomized to receive adjunc-
tive intravenous dexamethasone, oral glycerol, dexamethasone plus 
glycerol, or neither. Seven percent of the glycerol-treated patients and 
19% of those not given glycerol had audiologic or neurologic sequelae 
(P = .052). A more recent clinical trial suggested that oral glycerol (6 g/
kg/day in four divided doses) prevented severe neurologic sequelae in 
children with bacterial meningitis,569 although methodologic questions 
have been raised about this study.570 In a study of 383 children with 
bacterial meningitis randomly assigned to receive dexamethasone, 
dexamethasone plus glycerol, glycerol, or placebo, neither dexametha-
sone nor glycerol prevented hearing loss571; presenting status and 
young age were the factors that predicted hearing impairment. In addi-
tion, a randomized controlled trial of 265 Malawian adults with bacte-
rial meningitis showed that adjuvant glycerol was harmful and 
increased mortality,572 such that adjunctive glycerol cannot be recom-
mended in adults with bacterial meningitis in resource-poor settings 
with a high HIV prevalence.573 Further placebo-controlled, blinded 
studies are required before glycerol can be routinely recommended in 
patients with bacterial meningitis.

Patients who continue to have elevated intracranial pressures 
despite the aforementioned measures may be treated with high-dose 
barbiturate therapy,187,564 which decreases cerebral metabolic demands 
and cerebral blood flow. Barbiturates can also cause vasoconstriction 
in normal tissue, thereby shunting blood to ischemic tissue and pro-
tecting the brain from ischemic insult. During the administration of 
pentobarbital, the patient is monitored to measure decreases in intra-
cranial pressure or the dose can be titrated to the development of a 
burst suppression pattern on the electroencephalogram. Cardiac 
parameters also need to be monitored (by placement of a Swan-Ganz 
catheter) because of the risk for cardiac toxicity (e.g., decreased cardiac 
output, decreased contractile force, arrhythmias) with high-dose bar-
biturate therapy. This mode of treatment of meningitis and elevated 
intracranial pressure is of unproven benefit, however, and must be 
considered experimental.

Surgery
Surgical intervention may be required in some patients with bacterial 
meningitis. Patients who have suffered a basilar skull fracture with CSF 
leak may have persistent dural defects that can lead to recurrent epi-
sodes of bacterial meningitis.95 Many leaks will cease spontaneously, 
but surgery is indicated for leaks that persist for several weeks or in 
patients who present with delayed or recurrent infection. Surgery is 
not indicated in the acute phase (before 7 days) of leakage; no differ-
ence in outcome is seen when patients with acutely repaired leaks are 
compared with those whose leaks stop spontaneously within 7 days. 
Surgical intervention may also be required in patients in whom recur-
rent meningitis develops from congenital or acquired cranial defects 
and dermal sinuses.

Helminthic Meningitis
In seriously ill patients with A. cantonensis meningitis, the major treat-
ment objective is control of intracranial pressure; repeated lumbar 
punctures can produce dramatic, although transient, clinical improve-
ment.171,173 Anecdotal case series have shown benefits of corticoste-
roids, although one large observational study in Thailand concluded 
that prednisone was not effective. However, in a placebo-controlled 
study from Thailand, a 2-week course of prednisolone (60 mg/day) was 
effective and safe in patients with eosinophilic meningitis (most cases 
presumptively caused by A. cantonensis).574 Those patients who received 
corticosteroids demonstrated improved rates of headache resolution, a 
more rapid improvement in symptoms, and less need for repeat lumbar 
punctures. In another report, three patients with severe headaches 
underwent repeated lumbar punctures and received corticosteroids175; 
two of these patients had marked improvement in symptoms, and all 
three had a decrease in opening CSF pressure. However, other studies 
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but did not prevent new acquisition of this organism by three children 
and one family member. Further studies are needed before chemo-
prophylaxis is recommended for contacts of patients with pneumococ-
cal meningitis. Some authors do recommend prophylaxis with oral 
penicillin in patients with sickle cell disease; therapy in such patients 
has been shown to reduce the incidence of pneumococcal bacteremia 
by 84%.187

Streptococcus agalactiae
Chemoprophylaxis
Administration of ampicillin during labor to mothers with prenatal 
vaginal or rectal group B streptococcal colonization and obstetric risk 
factors (e.g., premature labor, prolonged rupture of membranes, or 
intrapartum fever) has been associated with reduced rates of coloniza-
tion and early-onset streptococcal sepsis in the neonate.583 The CDC 
has established guidelines for the prevention of group B streptococcal 
infection by chemoprophylaxis.584 Indications are a previous infant 
with invasive group B streptococcal disease, group B streptococcus 
bacteriuria during any trimester of the current pregnancy (unless a 
cesarean delivery is performed before onset of labor on a woman with 
intact amniotic membranes), or positive group B streptococcus 
vaginal-rectal screening culture in late gestation (optimally at 35 to 37 
weeks’ gestation). If the group B streptococcus status at the onset of 
labor is unknown, intrapartum antimicrobial prophylaxis should be 
administered for delivery at less than 37 weeks’ gestation, amniotic 
membrane rupture greater than or equal to 18 hours, intrapartum 
temperature greater than or equal to 38.0° C (100.4° F), or an intrapar-
tum nucleic acid amplification test positive for group B streptococcus. 
Chemoprophylaxis should consist of intrapartum intravenous penicil-
lin G (5 million units initially, and then 2.5 to 3 million units every  
4 hours) or alternatively intravenous ampicillin (2 g initially, and then 
1 to 2 g every 4 hours) until delivery. Intravenous cefazolin can be  
used in patients with penicillin allergy, although intravenous clinda-
mycin should be used in those with severe penicillin allergy (i.e., ana-
phylaxis, angioedema, respiratory distress, or urticaria) when the 
isolate is susceptible to clindamycin and erythromycin; if the isolate  
is not susceptible to clindamycin and erythromycin, vancomycin is 
recommended.

Basilar Skull Fracture
A number of studies have used prophylactic antibiotics in patients with 
basilar skull fractures and CSF leak on the premise that in patients with 
a dural defect the CSF is exposed to pathogenic organisms from the 
nasopharynx, nasal or mastoid sinuses, or external auditory canal.95 
Interpretation and comparison of the various studies examining this 
question are confounded by multiple variables, including patient selec-
tion, choice of antimicrobial agents, and definition of infection. No 
prospective controlled trials have examined the efficacy of prophylactic 
antimicrobial agents in these patients, although a meta-analysis sug-
gested that antibiotic prophylaxis did not prevent meningitis in patients 
with basilar skull fracture.585 These data have also been analyzed in a 
Cochrane Database systematic review586 in which prophylactic antibi-
otic use in patients with basilar skull fracture, whether or not there was 
evidence of CSF leak, was not supported. However, published studies 
have biases and randomized controlled trials are needed. Antibiotic 
use does not appear to change the incidence of post-traumatic bacterial 
meningitis and may result in the selection and growth of resistant 
organisms.

Haemophilus influenzae
Immunoprophylaxis
Vaccination to prevent infection with specific meningeal pathogens is 
a very useful measure for decreasing the incidence of bacterial menin-
gitis. For H. influenzae type b, the availability of conjugate vaccines has 
decreased the number of cases of H. influenzae type b meningitis more 
than 90% in recent years.40,61,62 Three H. influenzae type b conjugate 
vaccines are now licensed for infant immunization. The Advisory 
Committee on Immunization Practices has recommended vaccine 
doses at 2, 4, and 6 months of age587; if PRP-OMP (PedvaxHIB; Merck 
& Co., Inc., Whitehouse Station, NJ) is administered at 2 and 4 months, 
a dose at 6 months is not required. A booster dose of vaccine is also 

disease.187 College students, especially those living in dormitories, are 
at moderately increased risk for meningococcal disease compared with 
other persons of their age.65 Secondary systemic meningococcal disease 
often develops within 5 days of recognition of the index case, with 70% 
to 80% of secondary cases occurring within 14 days of the primary 
case; in one report, 9 of 17 (53%) secondary cases occurred 5 to 39 
weeks after the primary case. Transmission of N. meningitidis has also 
been documented in a campus bar, a dance club, and a sports club.

Chemoprophylaxis is recommended for close contacts of the index 
case, defined as household contacts, daycare center members, and 
anyone directly exposed to the patient’s oral secretions; chemoprophy-
laxis should also be administered to close contacts who have received 
vaccination with the meningococcal conjugate vaccine (see later dis-
cussion), because the vaccine does not confer protection against all 
meningococcal serogroups.65 For travelers, chemoprophylaxis should 
be considered for any passenger who had direct contact with respira-
tory secretions from an index patient or anyone seated directly next to 
an index patient in a prolonged flight (lasting 8 hours or longer). Che-
moprophylaxis is not recommended for school, work, or transporta-
tion contacts. Chemoprophylaxis may also need to be administered to 
the index case before hospital discharge because certain antimicrobial 
agents (e.g., high-dose penicillin or chloramphenicol) do not reliably 
eradicate meningococci from the nasopharynx of colonized patients. 
Chemoprophylaxis should be administered as soon as possible (ideally 
within 24 hours) after the case is identified; administration 14 or more 
days after the onset of illness in the index patient is probably of limited 
value.

The optimal chemoprophylactic agent to prevent invasive menin-
gococcal disease is controversial.187 The CDC currently recommends 
the administration of rifampin, ciprofloxacin, or ceftriaxone, which are 
all 90% to 95% effective at eradicating nasopharyngeal carriage.65 
Rifampin is given at 12-hour intervals for 2 days in the following doses: 
adults, 600 mg; children 1 month or older, 10 mg/kg; and infants 
younger than 1 month, 5 mg/kg. However, rifampin has several short-
comings, including adverse events, necessity for multiple doses over a 
2-day period, and emergence of resistant organisms (up to 10% to 27% 
of isolates), which may then cause invasive disease. In the search for 
alternative agents, ceftriaxone (250 mg IV in adults and 125 mg IV in 
children) eliminated the serogroup A carrier state in 97% of patients 
in one study for up to 2 weeks, although parenteral administration is 
required. Additional studies have demonstrated a single oral dose of 
ciprofloxacin (500 mg in adults) to be very effective in elimination of 
the nasopharyngeal carriage of N. meningitidis. Ciprofloxacin concen-
trations in nasal secretions have been shown to exceed the MIC90 for 
meningococci. Ciprofloxacin may well supplant rifampin for chemo-
prophylaxis in adults. Ciprofloxacin is not recommended for use in 
children because of concern regarding cartilage damage. However, 
three cases of ciprofloxacin-resistant N. meningitidis have been recently 
reported in North Dakota and Minnesota, leading the CDC to no 
longer recommend ciprofloxacin for meningococcal chemoprophy-
laxis in selected counties of these states.579 Decreased in vitro suscep-
tibility to fluoroquinolones has also been reported in South Africa,580 
indicating the necessity for continued surveillance. In pregnant 
patients, ceftriaxone is probably the safest alternative agent for chemo-
prophylaxis. Azithromycin (500 mg orally once) was also shown to be 
as effective as a four-dose regimen of rifampin in the eradication of 
meningococci from the nasopharynx.581 Azithromycin is safe, easy to 
administer, and also available in a suspension form, but further evalu-
ation is needed. Widespread chemoprophylaxis to low-risk contacts 
should be discouraged because of the concern over emergence of resis-
tant organisms and possible future limitations on this approach.

Streptococcus pneumoniae
Chemoprophylaxis
The risk for secondary pneumococcal disease in contacts of infected 
patients has not been defined, although outbreaks have been described 
in closed populations such as gold miners, military recruits, and jail 
inmates.187 In one outbreak in a daycare center,582 treatment of 97% 
of the daycare center children and staff with rifampin (10 mg/kg  
twice daily for 2 days) resulted in a 70% reduction (i.e., only partial 
eradication) of positive nasopharyngeal cultures for S. pneumoniae 
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meningococcal polysaccharide vaccine.604,605 The vaccine may also 
provide herd immunity by decreasing nasopharyngeal colonization.578 
Immunization of infants with a novel tetravalent CRM197-conjugated 
meningococcal vaccine was well tolerated and immunogenic,606 sug-
gesting its utility in this patient population.

However, one significant obstacle to control of invasive meningo-
coccal disease worldwide is the lack of a suitable vaccine against sero-
group B,578,595 although there are active attempts to develop efficacious 
vaccines.607-609 Recently it has been shown that an investigational mul-
ticomponent vaccine against meningococcal serogroup B (4CMenB) 
was immunogenic in infants and children 12 months of age; after 
immunization at 2, 4, and 6 months of age, 84% to 100% of infants 
developed bactericidal antibodies against four reference serogroup B 
meningococcal strains without a significant effect on the immuno-
genicity of other routine vaccines, although reactogenicity was 
increased.610,611 The vaccine was also immunogenic for adolescents in 
a schedule of two doses, 1 to 6 months apart,612 indicating that the 
4CMenB vaccine could be a key to the future prevention of serogroup 
B meningococcal disease.613 This serogroup B meningococcal vaccine 
has now been licensed in Europe, Canada, and Australia.

Streptococcus pneumoniae
Immunoprophylaxis
Use of the current 23-valent pneumococcal vaccine in the prevention 
of pneumococcal meningitis has never been proved, although it may 
be assumed that the overall efficacy of the vaccine is about 50% against 
pneumococcal meningitis (with a wide 95% CI); in addition, no  
data have proved efficacy in infants and very young children.187 One 
study examined the efficacy of a heptavalent conjugate pneumococcal 
vaccine in 37,868 infants and children and demonstrated an efficacy of 
97.4% in the prevention of invasive pneumococcal disease in fully vac-
cinated children,614 leading to the recommendation to vaccinate all 
infants younger than 2 years of age with the currently licensed hep-
tavalent pneumococcal conjugate vaccine (Prevnar; Wyeth Pharma-
ceuticals, Philadelphia, PA)615; the vaccine is administered in four doses 
at 2, 4, 6, and 12 to 15 months of age.587 In a study conducted in Israel, 
administration of a 9-valent pneumococcal conjugate vaccine to tod-
dlers attending daycare centers led to a reduction in nasopharyngeal 
carriage of S. pneumoniae,616 suggesting that widespread vaccination 
may result in marked herd immunity. In a study of population-based 
data from the Active Bacterial Core Surveillance of the CDC on trends 
in the rate of invasive pneumococcal disease after licensure of the 
heptavalent pneumococcal vaccine, there was a decline in the rate of 
invasive pneumococcal disease, with the largest decline (69%) in chil-
dren younger than 2 years.617 Disease also fell in adults (32% lower for 
those 20 to 39 years of age, 8% lower for those 40 to 64 years of age, 
and 18% lower for those 65 years and older) and in persons with inva-
sive disease caused by pneumococcal strains that were not susceptible 
to penicillin (35% reduction). These findings were verified in other 
studies that reported a decrease in the incidence of invasive pneumo-
coccal disease618-620; the rate of antimicrobial resistant pneumococcus 
decreased with use of the conjugate vaccine. Significant decreases in 
the case-fatality and mortality rates for invasive pneumococcal disease 
have also been reported.621 However, questions have risen regarding 
an increase in disease caused by serotypes not in the vaccine and the 
fact that vaccine efficacy has not yet been studied in the developing 
world.622 Since the introduction of the pneumococcal conjugate vaccine 
in the United States, pneumococcal meningitis rates have decreased by 
33% from 0.8 to 0.55 cases/100,000 population, with the decrease 
greatest in children younger than 5 years623; hospitalization for pneu-
mococcal meningitis has also decreased in both children and adults. 
Declines in the incidence of pneumococcal meningitis have been 
reported in Spain without evidence of an increase in disease caused by 
serotype replacement.624 However, since introduction of the heptava-
lent pneumococcal conjugate vaccine, there has been an emergence in 
cases of invasive pneumococcal disease caused by serotypes that are 
not in the vaccine.625-628 In a CDC review, the overall incidence of 
invasive pneumococcal disease among children younger than 5 years 
declined from 98.7 cases/100,000 population in 1998 to 1999 to 23.4 
cases/100,000 population in 2005,629 although there was an increase 
in cases caused by serotype 19A (from 2.6 to 9.3 cases/100,000 

administered at 12 to 15 months of age, no matter which vaccine was 
administered for the primary series. In addition to preventing invasive 
disease caused by H. influenzae type b, conjugate vaccines are effective 
in reducing nasopharyngeal colonization and therefore may confer 
protection to populations not targeted for immunization through herd 
immunity. However, this reduction may open ecologic niches for non–
type b strains of H. influenzae. In a surveillance study conducted in 
Brazil before and after the introduction of H. influenzae type b conju-
gate vaccine immunization, the incidence of H. influenzae type b men-
ingitis decreased by 69%, but the incidence of H. influenzae type a 
meningitis increased eightfold,588 highlighting the importance of main-
taining surveillance to monitor potential increases in disease due to 
serotype replacement. Of additional concern is the report of cases of 
invasive H. influenzae type b disease in children previously vaccinated 
against this disease in Nottingham, United Kingdom.589 There are 
several possible reasons for this increase, most notably that the vacci-
nation schedule used in the United Kingdom is to vaccinate at 2, 3, and 
4 months of age; the absence of a booster dose may have led to this 
increase in invasive disease.590 In the developing world, declining rates 
of H. influenzae type b meningitis have also been reported since intro-
duction of the H. influenzae type b conjugate vaccines,591 with effective-
ness of 88% to 94%.591-594

Neisseria meningitidis
Immunoprophylaxis
On the basis of the success of conjugate H. influenzae type b conjugate 
vaccines (see earlier discussion), conjugate vaccines for use against 
disease caused by serogroups A and C meningococci have been devel-
oped. The United Kingdom became the world’s first country to imple-
ment vaccination with a monovalent serogroup C conjugate 
meningococcal vaccine, in which children are vaccinated at 2, 3, and 
4 months of age.595 The efficacy of the meningococcal serogroup C 
conjugate vaccine in adolescents and toddlers was evaluated after the 
first 9 months after vaccine introduction in a catch-up program in 
which toddlers and adolescents received a single dose of CRM197-
meningococcal C vaccine.596 The short-term vaccine efficacies in tod-
dlers and adolescents were 92% and 97%, respectively. In an update of 
the epidemiologic effect of the first 18 months of the U.K. meningococ-
cal C conjugate vaccine program, the overall reduction of cases of 
serogroup C disease from 1998 to 1999 to 2000 to 2001 was 81%,597 
with some variability based on age group. In another case-control study 
in teenagers in the United Kingdom to assess vaccine efficacy, the 
protective effectiveness of the vaccine was 93%.598 Furthermore, car-
riage of meningococci was reduced by 66% in students aged 15 to 17 
years,599 demonstrating that meningococcal C conjugate vaccines 
protect against carriage of meningococci that express serogroup C 
polysaccharide capsules. Although concerns have been raised that use 
of the serogroup C meningococcal conjugate vaccine would result in 
an increase in meningococcal disease caused by non–serogroup C 
isolates, this has not been realized.595 The reduction in serogroup C 
carriage lasted for at least 2 years in one multicenter survey of carriage 
since vaccine introduction, also with no evidence of serogroup 
replacement.600

The first meningococcal conjugate vaccine (meningococcal 
polysaccharide-diphtheria toxoid conjugate vaccine containing sero-
groups A, C, W135, and Y polysaccharides) was licensed for use in the 
United States in January 2005 for routine administration, starting at 
age 11 to 12 years with catch-up vaccination for 15-year-old adoles-
cents and those entering high school.65 These recommendations were 
later revised to include routine vaccination of all persons aged 11 to 18 
years with one dose.601 In updated guidelines, a booster dose is now 
recommended at age 16 years and a two-dose primary series is admin-
istered 2 months apart for persons aged 2 through 54 years with per-
sistent complement component deficiency or functional or anatomic 
asplenia and for adolescents with HIV infection602; other persons at 
risk for meningococcal disease (e.g., microbiologists or travelers to  
an epidemic or highly endemic country) should receive a single  
dose. A two-dose primary series is also recommended for any child  
9 to 23 months of age at increased risk for invasive meningococcal 
disease.603 In adolescents, protective antibodies will likely persist 
as long and probably longer than after administration of the 
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that serotype replacement has occurred after introduction of the hep-
tavalent pneumococcal conjugate vaccine,632,633 with invasive pneumo-
coccal disease seen in most populations. The Advisory Committee on 
Immunization Practices now recommends use of the 13-valent pneu-
mococcal conjugate vaccine to prevent pneumococcal disease in 
infants and young children aged younger than 6 years634; this vaccine 
has activity against the serotypes that were present in the heptavalent 
vaccine (4, 6B, 9V, 14, 18C, 19F, and 23F) along with six additional 
serotypes (1, 3, 5, 6A, 7F, and 19A). Adults 19 years of age and older 
and with immunocompromising conditions should receive the 
13-valent pneumococcal conjugate vaccine followed by the 23-valent 
pneumococcal polysaccharide vaccine at least 8 weeks later.635

population). This increase in nonvaccine serotypes has been small 
compared with the decline in disease caused by serotypes in the 
vaccine. Although rates of pneumococcal meningitis have been 
reported to decrease among children and adults since introduction of 
the heptavalent pneumococcal conjugate vaccine (1.13 cases to 0.79 
cases/100,000 persons between 1998 to 1999 and 2004 to 2005), the 
increase in meningitis caused by serotypes not in the vaccine (specifi-
cally serotypes 19A, 22F, and 35B) is of concern and has included some 
strains that are not susceptible to many antibiotics.630 There was also a 
59% reduction in pneumococcal meningitis in children younger than 
14 years of age in Uruguay after introduction of heptavalent vaccine 
into the routine vaccination schedule.631 However, it should be noted 
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The focus of this chapter is on the differential diagnosis of chronic 
meningitis. The reader is referred to the chapters on individual infec-
tions for discussions of their management. Indolent infections in the 
spinal cord and brain present quite differently from those in the 
meninges and will be discussed briefly before turning to the topic of 
chronic meningitis.

MYELITIS, MYELORADICULITIS, 
AND POLYRADICULITIS
Although “myelo” refers to spinal cord and “radiculo” refers to the 
nerve roots, infection of the spinal cord generally results in a patho-
logic process of the nerve roots and vice versa. The clinical presentation 
may be acute or chronic. Examples of acute presentations are trans-
verse myelitis, Guillain-Barré syndrome, poliomyelitis, and infections 
due to West Nile virus and coxsackievirus. Chronic myeloradiculitis 
can result from syphilis (tabes dorsalis),1 human T-cell lymphotropic 
virus type 1 (tropical spastic paraparesis),2 cytomegaloviral polyra-
diculopathy in patients with acquired immunodeficiency syndrome 
(AIDS),3 herpes simplex virus infection, human immunodeficiency 
virus type 1 (HIV-1) infection, and schistosomiasis (usually caused by 
Schistosoma haematobium).4 Meningeal carcinomatosis, spinal cord 
tumors, and spinal epidermoid cysts may present as chronic myelora-
diculitis. Patients with cat-scratch encephalomyelitis may present sub-
acutely with spinal cord signs.5 Myeloradiculitis may be a prominent 
feature of tuberculous meningitis, but the severe systemic features of 
disseminated tuberculosis easily distinguish this entity from other 
causes of chronic myeloradiculitis. Initial symptoms of chronic myelo-
radiculitis commonly include decreased muscular strength in the 
extremities, loss of bladder control, and, less commonly, back pain or 
shooting pains in the torso or extremities. Examination may find 
decreased deep tendon reflexes, loss of proprioception in the extremi-
ties, decreased rectal sphincter tone, or decreased perception of pain 
or light touch in the extremities. Symptoms and signs are most marked 
in the lower extremities. Mild to moderate cerebrospinal fluid (CSF) 
pleocytosis and increased CSF protein level are usual, but hypoglycor-
rhachia is not found. Gadolinium-enhanced magnetic resonance 
imaging (MRI) may show meningeal enhancement along the cord or 
cauda equina. Epidural or intradural abscess as well as malignant 
lesions causing spinal cord symptoms can be distinguished from 
myeloradiculitis on MRI.

The cauda equina syndrome is a constellation of neurologic symp-
toms and signs due to myeloradiculitis in the conus medullaris, 

including urinary incontinence, residual bladder urine, unilateral or 
bilateral leg or sciatic pain, leg weakness, saddle anesthesia, sexual 
dysfunction, and loss of ankle tendon reflexes. Some of the patients 
receiving Exserohilum-contaminated methylprednisolone injections 
developed the equina cauda syndrome as infection crossed the dura 
mater to form abscesses in the cauda equina.6

ENCEPHALITIS
Patients with encephalitis (see Chapter 91) most often present with an 
acute disease, although infection may be diphasic and sequelae may 
persist long after the acute infection has resolved. Indolent onset is 
usual in some causes of chronic encephalitis, such as syphilis (general 
paresis), subacute sclerosing panencephalitis (measles virus), Lyme 
disease (Borrelia burgdorferi), African trypanosomiasis, Whipple’s 
disease (Tropheryma whipplei), bartonellosis (cat-scratch disease), 
autoimmune encephalopathy with anti–N-methyl-d-aspartate recep-
tor antibody, HIV-1 infection, and progressive multifocal leukoen-
cephalopathy (polyomavirus). Rabies is delayed in onset but rapidly 
becomes more severe once symptoms begin. Although chronic enceph-
alitis symptoms overlap those of chronic meningitis, dementia and 
personality change are early and prominent signs in chronic encepha-
litis. Unlike acute presentations of viral encephalitis with fever and 
headache, patients with chronic encephalitis may have little fever or 
headache. Depending on the etiology, seizures and focal signs may 
occur. CSF pleocytosis and increased protein are usual, but hypogly-
corrhachia is rare.

BRAIN ABSCESS
Brain abscess (see Chapter 92) may cause intense headache, but focal 
signs and seizures soon predominate. Like chronic meningitis, fever is 
not a predominant symptom in brain abscess. Gadolinium-enhanced 
MRI is the most sensitive imaging technique for focal intracerebral 
lesions but does not reliably distinguish abscesses from tumors or 
intracerebral granulomas, such as those due to toxoplasmosis, tuber-
culosis, cryptococcosis, or histoplasmosis. Cystic lesions and intrace-
rebral calcifications of neurocysticercosis are well visualized by 
computed tomography (CT). Fluorodeoxyglucose-labeled positron 
emission tomography can be used alone or with CT to assess metabolic 
activity of the lesion, but distinction between infectious and malignant 
lesions is not simple.

Recurrent aseptic meningitis should be distinguished from chronic 
meningitis and should suggest herpes simplex virus (Mollaret’s 

Definition
•	 Chronic	meningitis,	defined	here	as	at	least	4	

weeks	of	symptoms	with	signs	of	inflammation	
in	the	cerebrospinal	fluid,	must	be	distinguished	
from	recurrent	aseptic	meningitis,	chronic	
myeloradiculitis,	and	chronic	encephalitis.

Etiology
•	 Major	causes	are	fungal	infections,	tuberculosis,	

syphilis,	and	malignancy	(see	Table	90-2)

Diagnosis
•	 Major	diagnostic	tools	are	gadolinium-

enhanced	magnetic	resonance	imaging	and	

cerebrospinal	fluid	studies	(see	Table	90-1).	
Surgical	biopsy	has	a	low	yield.

•	 Polymerase	chain	reaction	assay	has	taken	on	
an	increasing	role,	including	its	use	in	the	
diagnosis	of	Whipple’s	disease,	chronic	
enteroviral	meningitis,	lymphoma,	
toxoplasmosis,	and	tuberculosis.

Therapy
•	 Empirical	therapy	for	suspected	tuberculous	

meningitis	is	often	done	because	of	disease	
severity,	but	addition	of	prednisone	may	cause	
deterioration	of	unsuspected	fungal	meningitis.	

Worsening	of	infection	may	not	be	detected	
initially	because	corticosteroids	can	
temporarily	improve	hypoglycorrhachia,	fever,	
and	cerebral	edema	on	T2-weighted	magnetic	
resonance	images.	The	same	issue	arises	with	
corticosteroid	treatment	of	suspected	sarcoid	
or	autoimmune	meningitis.	It	is	only	when	
subsequent,	potentially	irreversible	
deterioration	occurs	despite	corticosteroids	
that	an	infectious	cause	is	found.	The	benefit	
of	corticosteroids	in	empirical	regimens	is	
usually	outweighed	by	the	harm.
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Imaging
A contrast-enhanced MRI is the preferred test for imaging the brain 
and may show intracranial mass lesions, hydrocephalus (Fig. 90-1), or 
parameningeal foci, such as mold sinusitis or actinomycosis of the 
paranasal sinuses or middle ear.

Increased intracranial pressure may be deduced from flattening of 
the sulci over the cerebral convexities, particularly in younger patients 
without preexisting atrophy. Increased width of the optic sheath may 
be evident in patients with cerebral edema or papilledema. Granuloma 
may be seen within the brain of patients with tuberculosis12 (Fig. 90-2) 
or cryptococcal or Histoplasma meningitis. Patients with blastomycosis 
or nocardiosis usually have one or more brain abscesses in addition to 

meningitis), repeated episodes of drug-induced meningitis (e.g., from 
nonsteroidal anti-inflammatory drugs or intravenous immune globu-
lin), or epidermoid cysts and craniopharyngiomas intermittently dis-
charging keratinaceous debris into the CSF.

CHRONIC MENINGITIS
Clinical Manifestations
For the purposes of this chapter, patients with chronic meningitis have 
the indolent onset of symptoms compatible with chronic central 
nervous system (CNS) infection for at least 4 weeks and have signs of 
chronic inflammation in the CSF.7-11 Chronic meningitis must be dis-
tinguished from recurrent aseptic meningitis or persistent sequelae of 
encephalitis. A careful history from the patient or family member may 
be needed to date the onset of symptoms and to distinguish chronic 
from recurrent meningitis. What may have seemed like a sudden onset 
may, on further questioning, have been the culmination of a much 
longer process. Symptoms of chronic meningitis can wax and wane 
over weeks and months. An abnormal result of CSF testing may not 
have been repeated to see if improved symptoms were accompanied 
by an improvement in CSF abnormalities. Early symptoms of chronic 
meningitis include headache, nausea, and decreased memory and 
comprehension. When hydrocephalus complicates indolent meningi-
tis, dementia can be a prominent finding, which is better related by 
family members than by the patient. Later symptoms of chronic men-
ingitis include decreased vision, double vision, cranial nerve palsies, 
unsteady gait, emesis, and confusion.

Diagnosis
Physical Examination
Patients with chronic meningitis may have a normal physical examina-
tion, including absence of fever. Neurologic examination is the most 
frequent abnormality, with decreased recent and remote memory,  
confusion, apathy, papilledema, and cranial nerve palsies, particularly 
sixth nerve palsy and deafness. As cerebral edema causes brain stem 
compression, upper motor neuron signs, increased deep tendon 
reflexes, ankle clonus, a positive Babinski’s sign, and finally Cheyne-
Stokes respiration may be noted. Other than cranial nerve palsies, 
neurologic signs are decidedly symmetrical. Resting tremor, rigidity, 
and decreased mental acuity occasionally suggest Parkinson’s disease.

Skin lesions may be an important source of biopsy material in 
sarcoidosis, cryptococcosis, coccidioidomycosis, blastomycosis, or 
sporotrichosis. Vitiligo and poliosis may suggest Vogt-Koyanagi-
Harada syndrome. Lymphadenopathy may point toward sarcoidosis, 
lymphoma, or hematogenously disseminated tuberculosis or histoplas-
mosis. A dilated funduscopic examination may reveal retinal lesions of 
Behçet’s syndrome, Vogt-Koyanagi-Harada syndrome, sarcoidosis, 
tuberculosis, coccidioidomycosis, or cryptococcosis. The Argyll Rob-
ertson pupil sign is highly suggestive of neurosyphilis.

History
Exposure history can be helpful in that coccidioidomycosis is rare in 
patients who have never been in the southwestern United States or 
northern Mexico (see later discussion). The endemic area for histoplas-
mosis is broad, although in the United States it is uncommon in the 
Pacific Northwest and Rocky Mountain states. Immigrants from coun-
tries where tuberculosis is prevalent are at increased risk for reactiva-
tion, as are patients who have lived in a household where someone had 
tuberculosis. Neurocysticercosis occurs in residents of endemic coun-
tries but rarely in travelers to these regions. Lyme borreliosis is endemic 
in the northeastern United States. A history of a typical lesion of ery-
thema migrans may suggest the diagnosis of Lyme disease. Travelers 
outside the United States may have been exposed to Angiostrongylus 
or Brucella.

A patient’s occupation is rarely helpful diagnostically. Age is impor-
tant, in that cryptococcosis is uncommon in the first decade of life.  
A history of multiple sexual partners, men having sex with men, injec-
tion drug use, or previous sexually transmitted disease should suggest 
the possibility of neurosyphilis or HIV-associated infections. Under-
lying disease is important in that AIDS and corticosteroid therapy  
are major predisposing factors to cryptococcal and Acanthamoeba 
meningitis.

FIGURE  90-1  Computed tomography scan showing enlarged 
lateral cerebral ventricles from cryptococcal meningitis. 

FIGURE 90-2  Computed tomography scan of patient with tuber-
culous meningitis and numerous intracerebral granulomas. 
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Venereal Disease Research Laboratory (VDRL) or rapid plasmin reagin 
(RPR) test, a treponemal test should be requested. Positive treponemal 
tests preferably should be confirmed by a different treponemal test, 
because false-positive reactions occur. Serum cryptococcal and Histo-
plasma antigen tests can be done, although urine Histoplasma antigen 
testing is preferred over serum.

Brain Biopsy
Biopsy of meninges and cerebral cortex has had a low yield in chronic 
meningitis. The highest yield has been biopsy of lesions that were 
enhancing on MRI and located in the posterior fossa or pterional area, 
rather than over the cerebral convexities.17,18 Malignancies comprise 
the majority of diagnoses.

Differential Diagnosis
Cryptococcus Meningitis
Cryptococcus neoformans and Cryptococcus gattii (see Chapter 264) are 
the most common causes of fungal meningitis (Table 90-2). The major-
ity of patients are immunosuppressed, but the previously healthy 
patient with cryptococcosis has fewer organisms in the CSF and may 
present more of a diagnostic dilemma. In the latter group, symptoms 
can be indolent, with headaches present for weeks or months. Demen-
tia may attract attention only after a vehicular accident or if inattention 
to business or personal matters creates a crisis. Skin lesions precede 
meningeal symptoms in about 10% of patients and are useful for diag-
nosis. MRI is most often normal unless hydrocephalus has supervened 
(see Fig. 90-1). CSF cultures of AIDS patients with cryptococcal men-
ingitis become positive in a few days, but CSF cultures from indolently 
ill patients may require a 2-week incubation and culture of more than 
1 mL of CSF. CSF antigen is more often positive than serum antigen, 

TABLE 90-1  Diagnostic Tests for 
Chronic Meningitis

Cerebrospinal Fluid Tests
Glucose, blood, protein, and cell count and differential (including eosinophils)

India ink on centrifuged sediment

Fungal culture of 3 to 5 mL of cerebrospinal fluid

Cytopathology for malignant cells, including polymerase chain reaction assay or 
flow cytometry for monoclonal B cells

Periodic acid–Schiff stain of cytopathologic specimen for Whipple’s disease

Venereal Disease Research Laboratory test (VDRL) for syphilis

Cryptococcal antigen

Histoplasma antigen

Aspergillus galactomannan antigen

Complement fixation for antibody to Coccidioides species

MTB Direct (Gen-Probe, San Diego, CA)

Polymerase chain reaction assay for tuberculosis, Whipple’s disease, enterovirus 
infection, toxoplasmosis, lymphoma

Culture for enterovirus, Acanthamoeba

Serum Tests
Rapid plasma reagin (RPR) test or antitreponemal antibody test

Antibody to Coccidioides, Histoplasma, Toxoplasma, Brucella

Histoplasma antigen

TABLE 90-2  Differential Diagnosis of 
Chronic Meningitis

Mycoses
Cryptococcus (cryptococcosis)

Coccidioides (coccidioidomycosis)

Histoplasma (histoplasmosis)

Candida (candidiasis)

Sporothrix (sporotrichosis [rare])

Blastomyces (blastomycosis [rare])

Other molds (rare): Scedosporium, Aspergillus, Cladophialophora and other 
dark-walled molds

Bacteria
Mycobacterium tuberculosis (tuberculosis)

Treponema pallidum (syphilis)

Borrelia burgdorferi (Lyme disease)

Tropheryma whipplei (Whipple’s disease)

Actinomyces (actinomycosis [parameningeal, rare])

Nocardia (nocardiosis [with brain abscess])

Brucella (brucellosis [rare])

Parasites
Acanthamoeba (acanthamebiasis)

Taenia solium (cysticercosis)

Angiostrongylus cantonensis (angiostrongyliasis)

Viruses
Echovirus (meningoencephalitis)

Postneurosurgical Causes
Infected cerebrospinal fluid shunt

Infected prosthetic material

Tumors
Diffuse gliomatosis

Metastatic meningeal malignancy, including lymphomatous meningitis

Other Causes
Sarcoidosis

Vogt-Koyanagi-Harada syndrome

Behçet’s syndrome

chronic meningitis. Spillage of the contents of an intracranial epider-
moid cyst or craniopharyngioma may occur spontaneously or result 
from surgery. Rarely, repeated rupture can lead to chronic granuloma-
tous meningitis.13 Epidermoid cysts are readily seen on MRI but must 
be distinguished from cystic tumors and cysticercosis.14

Laboratory Findings
Cerebrospinal Fluid
The opening pressure is usually elevated beyond 120 mm of fluid when 
measured with the patient in the lateral decubitus position. Glucose 
concentrations below 40 mg/dL are a valuable indication of fungal or 
mycobacterial chronic meningitis and are uncommon in syphilis, 
Lyme disease, parameningeal infections, or most noninfectious causes. 
Patients with the lowest CSF glucose level have the greatest increase in 
cell count and protein levels, but there is an exception to this rule. 
Profound hypoglycorrhachia with nearly normal cell count and protein 
levels should suggest carcinomatous meningitis. In infectious causes of 
chronic meningitis, a lymphocytic pleocytosis is usual but the cell 
count and cell type are variable, with a neutrophilic predominance not 
being rare. Culture of an adequate volume of CSF is imperative for 
optimal recovery of fungi and Mycobacterium tuberculosis. Culture of 
at least 3 to 5 mL for fungi and an equivalent amount for mycobacteria 
is recommended. Microbiology laboratory technicians will need to be 
asked to culture the entire volume or may culture their usual volume, 
usually a milliliter or less, and save the remaining volume in the 
refrigerator.

Sampling the ventricular CSF is less helpful in chronic meningitis 
than sampling lumbar fluid. Ventricular fluid is often surprisingly 
normal, even in the absence of obstructive hydrocephalus and in the 
presence of very abnormal lumbar fluid. Postneurosurgical infections 
with a ventriculoperitoneal shunt or a foreign body in the surgery site 
typically produce negative cultures of lumbar fluid, although cultures 
taken from an infected ventriculoperitoneal shunt or at neurosurgery 
in the area of the infection may be positive. Other potentially helpful 
tests are listed in Table 90-1. Lymphomatous meningitis may be diag-
nosed by polymerase chain reaction (PCR) assay of CSF in patients 
with nondiagnostic cytology results by showing a clonal population of 
lymphocytes having the same immunoglobulin or T-cell receptor 
genes.15 Flow cytometry of CSF can also be used to detect a malignant 
monoclonal lymphocyte population and lymphoblasts.16

Peripheral Blood
Serum serology can be helpful in the diagnosis of coccidioidomycosis, 
brucellosis (agglutinin only), Lyme disease, and syphilis. In patients 
with a clinical syndrome compatible with neurosyphilis but a negative 
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status of these neonates and the absence of fever cause delays in diag-
nosis. Hydrocephalus may already be present when the diagnosis of 
Candida meningitis is made. CSF is markedly abnormal, but culture 
has such few organisms that contamination of the CSF culture may be 
suspected. CSF shunts infected with Candida may present as partial or 
complete blockage of the shunt, usually in children with multiple shunt 
revisions or skin ulcers over the shunt valve or tubing. Patients with 
hematologic malignancies may develop meningitis as a part of dis-
seminated candidiasis. Meningitis may be recognized only after anti-
fungal therapy and return of marrow function has allowed control of 
the other manifestations of disseminated candidiasis.

Sporothrix Meningitis
The published cases of sporotrichosis meningitis (see Chapter 261) 
have presented formidable diagnostic difficulties because the organism 
has proven very difficult to recover in CSF culture.27 A few patients 
have had disseminated skin lesions that provided a site for biopsy. 
Infection has occurred in previously healthy and in immunosup-
pressed patients.

Blastomyces Meningitis
Patients with blastomycosis (see Chapter 266) present with one or 
more brain abscesses in the CNS. When a brain abscess ruptures into 
the ventricular system, a rapidly progressive purulent meningitis 
results with a strong tendency to obstruct the aqueduct of Sylvius, 
accelerating the progression to coma. Skin, bone, or lung lesions of 
blastomycosis are present in most patients and permit diagnosis.

Phaeohyphomycotic Meningitis
Dark-walled molds have a predisposition for spread from the lung to 
the brain, causing a brain abscess, phaeohyphomycotic meningitis, or 
both (see Chapter 270). CSF cultures are sterile, and brain biopsy is 
required for diagnosis.28,29 Most patients are previously healthy and 
have no visible pulmonary portal or other disease outside the CNS. 
Both of the outbreaks of epidural abscess and meningitis due to con-
taminated epidural methylprednisolone injections were due to phaeo-
hyphomycetes: Exophiala and Exserohilum.6,28,30 In the latter cases, 
extension to the brain led to vascular invasion and stroke.31

Other Molds Causing Meningitis
Scedosporium prolificans and Scedosporium apiospermum infections 
have a predisposition for hematogenous spread to the CNS, usually 
presenting as brain abscess but occasionally as chronic meningitis. 
Immunosuppression is present in the majority of patients, although 
intravenous drug abusers may also develop the infection. Patients  
with aspergillosis and mucormycosis in the CNS most commonly 
present with angioinvasion with hemorrhagic infarction, not chronic 
meningitis.

Mycobacterium tuberculosis Meningitis
Tuberculous meningitis (see Chapter 251) is probably the most 
common cause of chronic meningitis, and, because diagnosis can be 
difficult, Mycobacterium tuberculosis is the agent that may be treated 
empirically when all other diagnostic measures fail (see later discus-
sion). Children with hematogenously disseminated tuberculosis are 
prone to a more rapid course than is typical for adults, with as little as 
2 to 4 weeks of symptoms before diagnosis. Fever, miliary lesions in 
the lung and retina, marrow suppression, and hepatosplenomegaly may 
herald the systemic disease, whereas headache followed by confusion 
and coma portend a poor prognosis from the CNS disease. Disease in 
previously healthy adults tends to be more indolent with fewer signs 
of disseminated tuberculosis other than fever, weight loss, night sweats, 
and malaise. Chest radiography is abnormal in only about half of 
patients. Diagnosis is suspected from country of origin or household 
exposure to tuberculosis, both typically occurring years before symp-
toms are evident. Tuberculin skin test and interferon-γ (IFN-γ) test may 
be negative, and neither supports nor excludes the diagnosis. MRI may 
be normal or show small lesions in the cortical sulci (see Fig. 90-2) or 
may show hydrocephalus. Hypoglycorrhachia is usual, as are pleocy-
tosis of up to a few hundred cells and an elevated protein level. The 
adenosine deaminase level may be elevated in the CSF, but this finding 

with the CSF antigen being negative only in the most indolent patients, 
(i.e., those with profound hypoglycorrhachia, high protein level, and 
high cell count).

Coccidioides Meningitis
Principal areas of exposure for coccidioidal meningitis19-21 (see Chapter 
267) are central and southern Arizona and the Central Valley of Cali-
fornia, although the endemic area is much broader. Spotty endemic 
areas exist in contiguous parts of the Southwest. Winds can carry the 
spores long distances outside the endemic area. Extremely brief expo-
sures of visitors from outside the endemic area are sufficient to cause 
infection. The initial illness may be diagnosed as a community-acquired 
pneumonia and seem to improve temporarily with antibiotic therapy, 
or the initial respiratory phase may not even prompt medical attention. 
Previously healthy people with meningitis may present with the indo-
lent onset of headache, which has been present for weeks or months at 
time of diagnosis. The pulmonary portal, prominent earlier, at the time 
symptoms of meningitis appear may be only visible as hilar adenopathy 
or a small pulmonary infiltrate. The patient may recall the pneumonia 
as a period of fever and cough occurring 2 to 4 weeks after exposure. 
Immunosuppressed patients, including those with AIDS, are more 
likely to present with a systemic illness, including fever, headache, 
profound malaise, and lesions in the bone or skin. The chest radio-
graph of immunosuppressed patients may show single or diffuse infil-
trates. Low-grade eosinophilia in the blood, and more commonly in 
the CSF, is a valuable sign, although Wright-Giemsa staining of the CSF 
may be needed to detect eosinophilia. The single best test is not culture 
or smear of CSF, either of which is uncommonly positive, but a positive 
complement fixation test done in a reliable reference laboratory. The 
complement fixation test on CSF is specific and sensitive. CSF antibody 
detected by an immunodiffusion test with a band of identity is a useful 
screen because it is sensitive, but it is less specific than the complement 
fixation test. None of the commercially available enzyme-linked immu-
nosorbent assays has sufficient specificity or sensitivity in CSF to be 
useful. Serum complement fixation tests are usually positive but may 
remain positive after remote infection, a so-called serologic scar.

Histoplasma Meningitis
An extremely indolent, chronic meningitis can be the presenting sign 
of Histoplasma meningitis (see Chapter 265) in previously healthy 
patients. A more subacute meningitis may be part of more systemic 
illness, particularly in the immunosuppressed patients. Patients at risk 
for dissemination to the brain and other organs include patients with 
AIDS, solid-organ transplant recipients, or those taking adrenal corti-
costeroids or tumor necrosis factor-α inhibitors.22 Signs of dissemina-
tion outside the neuraxis, if present, are extremely variable, including 
Addison’s disease, chronic granulomatous hepatitis, endocarditis, or 
pancytopenia. Patients do not give a history suggesting acute pulmo-
nary histoplasmosis before the diagnosis of meningitis. Accompanying 
pulmonary symptoms are minimal or absent. MRI may show an intra-
cerebral granuloma in some patients. Histoplasma antigen or antibody 
may be detectable in the CSF. CSF cultures are usually negative, 
although a high-volume culture (at least 5 mL) held for 6 weeks is 
occasionally successful. Serum or urine antigen test is usually negative 
unless dissemination is suggested by non-neural findings. Empirical 
use of corticosteroids can worsen infection and inadvertently make 
diagnosis more detectable.23

Candida Meningitis
Candida (see Chapter 258) is commonly found in multiple small brain 
abscesses in patients dying of disseminated candidiasis, but presenta-
tion as chronic meningitis is rare. Most such patients are very-low-
birth-weight neonates or postneurosurgical or immunosuppressed 
patients.24,25 Patients with a homozygous CARD9 mutation are predis-
posed to Candida meningitis.26 Neonates with Candida meningitis have 
typically had long stays in a neonatal intensive care unit and required 
prolonged use of intravascular catheters. Others are infants with severe 
congenital abnormalities of the intestine or urinary tract that required 
complicated surgical repair. Candida enters the bloodstream through 
an intravascular catheter, from complications of intestinal surgery, or 
from an obstructed urinary tract. Difficulty assessing the neurologic 
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of macrophages in a cytospin of CSF may be seen. The PCR assay of 
CSF is the single best test. Duodenal biopsy for PAS-positive inclusions 
in submucosal macrophages may be useful even in the absence of 
diarrhea.33

Nocardia and Actinomyces Meningitis
Nocardiosis (see Chapter 255) has a strong tendency for hematogenous 
spread from the lungs to the brain. An acute or subacute meningitis 
can result from rupture of an abscess into the CSF. Actinomycosis (see 
Chapter 256) can cross the dura from a contiguous infection in the 
paranasal sinus or middle ear and cause an indolent meningitis. The 
organisms can rarely be isolated from the CSF. Actinomycotic menin-
gitis predominantly results from a parameningeal focus.

Brucella Meningitis
Now rare in the United States, brucellosis (see Chapter 228) remains a 
common disease in many countries. Ingestion of unpasteurized dairy 
products from other countries, such as soft cheeses, is a common 
source of infection in the United States. Illness is usually acute but may 
be relapsing or occasionally chronic. A few patients with chronic men-
ingitis have been reported, but positive CSF cultures have been unusual. 
Serum Brucella agglutinins and an exposure history are helpful to 
screen patients. Serologic studies for brucellosis other than agglutinin-
based tests are not recommended.

Acanthamoeba Granulomatous Meningitis
Unlike Naegleria, which causes acute meningitis, cerebral manifesta-
tions of Acanthamoeba (see Chapter 275) infections evolve over a few 
weeks, with decreased mental status, seizures, fever, headache, menin-
gitis, visual disturbance, and ataxia, with hemiparesis as a later mani-
festation. Most reported patients have suppressed immune function, 
such as patients with AIDS or stem-cell transplant recipients. Others 
have been chronically ill and debilitated.

Angiostrongylus cantonensis Meningitis
Most cases of meningitis caused by Angiostrongylus cantonensis (see 
Chapter 292) in the United States have been in travelers recently 
returned from the South Pacific, Hawaii, or the Caribbean who 
acquired infection from eating uncooked produce.34 Patients present 
with an acute eosinophilic meningitis, although symptoms can linger 
for several weeks.

Taenia solium Meningitis
In patients with neurocysticercosis (see Chapter 291), the cystic lesions 
can occur anywhere in the neuraxis, usually causing seizures, but 
patients occasionally present with chronic meningitis. A cyst in the 
third ventricle can obstruct the aqueduct of Sylvius, and patients can 
present with hydrocephalus.

Enteroviral Meningitis
Enteroviruses (see Chapter 174) cause acute aseptic meningitis or 
myelitis in children and young adults. Patients with X-linked agam-
maglobulinemia or with large B-cell lymphoma treated with rituximab 
may acquire chronic enteroviral meningoencephalitis.35,36 Diagnosis 
can be made by culture or real-time PCR assay of CSF.

Postneurosurgical Meningitis
Patients may present with persistent low-grade fever, headache, and 
low-grade CSF pleocytosis after neurosurgery. These same findings in 
the immediate postoperative period are difficult to distinguish from 
the usual postoperative findings. Persistence of these findings, particu-
larly if a plastic implant was used, increases the likelihood of infection 
with a low-grade pathogen, most often Staphylococcus epidermidis. 
Recovery of the organism from lumbar CSF is rare, but the organism 
may be found on implanted material when removed at neurosurgery. 
S. epidermidis is difficult to eradicate from implanted intracranial 
material because of vancomycin’s relatively poor penetration into the 
CSF and likely because of the organism’s ability to form a biofilm on 
foreign bodies. Linezolid has better penetration into the CSF, but 
removal of the material may be required for cure despite temporary 
improvement with systemic antibiotics. Infected ventricular or lumbar 

is not more helpful than a low CSF glucose level. Smear rarely demon-
strates acid-fast bacilli. Culture in automated broth culture techniques 
is positive in about half the cases but requires about 2 weeks of incuba-
tion, which is often too long a period to assist early therapeutic deci-
sions. The old literature referred to taking the clot that forms in the 
CSF from tuberculosis patients as it stands, the so-called pellicle, and 
using those clumped strands of cells and clot from several milliliters 
of CSF for smear and culture. Although no modern laboratory would 
consider using such a time-consuming technique, the popularity of that 
technique speaks to the small inoculum of organisms in the CSF and 
the need for culturing more than minimal volumes of CSF. The MTB 
Direct test (Gen-Probe, San Diego, CA) (see Chapter 16) is not approved 
for use on CSF, but the problem is lack of sensitivity not false-positive 
results, making this test important for early diagnosis. Although many 
referral laboratories are offering PCR diagnosis, the lack of standardiza-
tion makes interpretation difficult. The issue of empirical therapy for 
tuberculous meningitis is discussed later in this chapter.

Treponema pallidum Meningitis
CNS manifestations of syphilis (see Chapter 239) are not as easily 
divided into categories as might be desired. Secondary syphilis causes 
aseptic meningitis, but illness resolves either spontaneously or with 
therapy so that chronicity at this stage of infection is uncommon. 
Meningovascular syphilis is a later complication that occurs 2 to 10 
years after infection as an ischemic stroke in a young person. Present-
ing symptoms of parenchymal disease are gumma formation or general 
paresis, 15 to 20 years after infection, or tabes dorsalis even later. 
General paresis has prominent encephalopathic signs and may have 
ocular signs as well. Tabes dorsalis has prominent spinal cord signs and 
symptoms with radicular pain (“lightning pains”) that sets its symp-
toms apart from the usual patient with chronic meningitis, in whom 
spinal cord symptoms are uncommon. Patients with neurosyphilis may 
present simply with chronic meningitis with a CSF pleocytosis and 
elevated protein levels but normal glucose level. Some of these patients 
will have a waxing and waning course, perhaps beginning when they 
had secondary syphilis. A significant minority have negative nontrepo-
nemal tests, such as VDRL or RPR, on serum and CSF. These tests also 
can be falsely positive. In the presence of an otherwise unexplained 
abnormal CSF test, a history of multiple sexual partners, men having 
sex with men or sexually transmitted diseases, and clinical signs com-
patible with chronic meningitis, a serum treponemal test should be 
performed. There is no “gold standard test.” The fluorescent trepone-
mal antibody-absorbed, Treponema pallidum particle agglutination, 
microhemagglutination antibody-Treponema pallidum, and Trepo-
nema pallidum hemagglutination tests and the enzyme immunoassay 
(EIA) are all useful but vary in specificity and sensitivity. Western blot 
tests are now rarely performed. Referral laboratories prefer automated 
EIA tests, which use one or more cloned antigens or protein from 
Treponema pallidum subsp. pallidum. Sensitivity and specificity vary 
so widely that clinical decisions are difficult to make without knowing 
the performance characteristics of the test. In the presence of a negative 
RPR or VDRL test result, a positive EIA-IgG should be confirmed with 
another treponemal test.32

Borrelia burgdorferi
CNS disease (Lyme borreliosis) can occur weeks to months after infec-
tion with Borrelia burgdorferi (see Chapter 243). Cranial nerve palsies 
are common, unlike syphilitic meningitis. Cognitive decline and ataxia 
may occur because of encephalitis. Seizures, ataxia, painful radiculopa-
thy, or, rarely, meningitis may also occur. The CSF shows a modest 
pleocytosis, slight elevation of protein levels, and normal glucose level. 
EIA and Western blot for IgG antibody in CSF are helpful but probably 
insensitive. PCR detection in CSF is under evaluation but appears 
promising.

Tropheryma whipplei Meningitis
Whipple’s disease of the CNS most often presents as the indolent onset 
of dementia with memory loss or personality change (see Chapter 212). 
Other frequent clinical signs include ophthalmoplegia, nystagmus, or 
myoclonus. Elevated CSF protein and mixed cellularity pleocytosis are 
found in half the cases.33 Periodic acid–Schiff (PAS)-positive inclusions 
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and elevated protein levels are modest at most. Rarely, leptomeningeal 
gliomatosis can originate from a primary supratentorial lesion too 
small to be detected by MRI and not be detected by CSF cytology.41 
Lymphomatous meningitis may not be readily detectable by cytospin 
cytology, so demonstration of lymphocyte clonality by PCR assay or 
flow cytometry may be required. Meningeal biopsy over an area of 
enhancement on MRI may be necessary for diagnosis. Although the 
lymphoma may be known from other sites in the body, distinguishing 
lymphoma in the meninges from cryptococcal meningitis or other 
infectious causes is obviously vital.

EMPIRICAL THERAPY FOR 
PRESUMED TUBERCULOUS 
MENINGITIS
Patients with high fever and rapid decline in consciousness may be 
candidates for empirical therapy for tuberculous meningitis with a 
four-drug regimen (see Chapters 38, 89, and 251). Immigrants from 
countries with a high incidence of tuberculosis and patients with a 
history of tuberculosis in a household member are at especially high 
risk. Before therapy, several milliliters of CSF should be cultured for 
mycobacteria and the centrifuged sediment examined by fluorochrome 
stain for acid-fast bacilli. If there are lung lesions, sputum should be 
smeared and cultured for acid-fast bacteria as well. Acid-fast stains 
should be done and nucleic acid amplification testing of CSF requested 
(e.g., the MTB Direct test). Repeat weekly lumbar punctures during 
therapy should show an improvement in hypoglycorrhachia, if present, 
in the second or third week, along with clinical improvement. Pleocy-
tosis and elevated CSF protein levels are more variable and slower to 
respond. Administration of corticosteroids should not be routine 
during empirical therapy for tuberculous meningitis because cortico-
steroids can cloud the clinical response by nonspecifically decreasing 
fever, decreasing cerebral edema on MRI, and improving CSF pleocy-
tosis and hypoglycorrhachia. If the meningitis is due to a fungus, 
infection may increase and be undetected initially because of the anti-
inflammatory effects of corticosteroids.

CSF shunts share many of these same problems and are discussed in 
Chapter 94.

Sarcoidosis Meningitis
Chronic meningitis due to sarcoidosis is a diagnosis of exclusion, with 
many patients reported to have that diagnosis even in the absence of 
extraneural signs of sarcoidosis. Cranial nerve palsies are the most 
common presenting sign.37,38 Biopsy of a skin lesion, lung, or enlarged 
lymph node may show noncaseating granuloma, supporting the diag-
nosis. Treatment with corticosteroids may reveal a fungal or other 
infectious cause of the meningitis.

Vogt-Koyanagi-Harada Syndrome  
Meningitis
Vogt-Koyanagi-Harada syndrome is presumably an autoimmune 
disease consisting of bilateral eye disease, chronic meningitis, and, later 
in the course, skin findings. Ocular findings are diffuse choroiditis  
or chronic iridocyclitis. CNS findings include headache, nausea, neck 
stiffness, tinnitus, and CSF pleocytosis. Alopecia, vitiligo, or poliosis 
occur late in the disease.39

Behçet’s Syndrome Meningitis
Behçet’s syndrome technically does not belong on this list, because it 
does not cause chronic meningitis. It causes recurrent episodes of 
aseptic meningitis. Diagnosis is made by the presence of recurrent oral 
ulcerations and at least one of the following: recurrent genital ulcers, 
eye lesions, skin lesions, or a positive pathergy test.40

Neoplastic Meningitis
Dissemination of cancer to the leptomeninges is most commonly from 
breast cancer, non-Hodgkin’s lymphoma, non–small cell lung carci-
noma, acute leukemia, or melanoma. Presenting symptoms may be 
cranial nerve palsy, spinal cord symptoms, or headache. Diagnosis is 
usually known from a prior diagnosis of a malignancy elsewhere or by 
CSF cytology. Hypoglycorrhachia may be profound, but pleocytosis 
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91  Encephalitis
J. David Beckham and Kenneth L. Tyler

Viral invasion of the central nervous system (CNS) can result in 
various clinical syndromes, including encephalitis, meningitis, myeli-
tis, and neuritis.1 Encephalitis is defined as an inflammatory process of 
the brain parenchyma associated with clinical or laboratory evidence 
of neurologic dysfunction. The infectious causes of encephalitis, pre-
dominantly viruses, are the focus of this chapter. Noninfectious forms 
of encephalitis may result from inflammatory processes associated 
with autoimmune, paraneoplastic, or collagen vascular diseases and 
are discussed only as they affect the differential diagnosis. Focal sup-
purative infections of the CNS including cerebritis, brain abscess, and 
empyema are discussed in Chapters 92 and 93.

Patients with suspected encephalitis often have prolonged hospital-
izations, may require a multitude of expensive diagnostic tests, and 
frequently have poor outcomes including disability and death.2 It was 
estimated that the direct medical costs in 1997 for encephalitis in the 
United States were approximately $650 million/year, or $28,151 per 
hospitalization. Encephalitis accounted for 19,000 annual hospitaliza-
tions (7/100,000 population), 230,000 hospital days, and 1400 deaths.3 
A study from Finland found a lower incidence of 2.2/100,000 for 
encephalitis.4 In the U.S. study, the diagnosis was most frequent in 
infants younger than 1 year old (13.7/100,000) and elderly patients 
older than 65 years (10.6/100,000), with an intermediate incidence of 
4.1 to 8.1/100,000 in individuals between these age extremes.3

In patients with encephalitis, the success in finding a specific 
defined pathogen varies widely and is influenced by factors such as 
season of the year, geographic location, tick exposure, patient age, 
patient immune status, and case definition. Generally, one third to two 
thirds of encephalitis cases remain of unknown etiology despite an 
extensive diagnostic workup.1-5 In one study using National Hospital 
Discharge Survey data, 59.5% of hospitalized cases were of unknown 
etiology, with higher rates in patients older than 65 (67%) compared 
with younger patients (58%). Of cases with identified etiologies, viruses 
accounted for almost two thirds.3 In a Finnish study, a specific etiology 
of encephalitis was identified in only 36% of cases; the most common 
causes included varicella-zoster virus (VZV), tick-borne encephalitis 
virus, and herpes simplex virus (HSV).4

In a retrospective series reviewing etiologies of “neuroinfectious 
diseases” in hospitalized patients from an academic tertiary referral 

center, a specific pathogen was identified in 62.5% of patients who 
tested negative for human immunodeficiency virus (HIV) and 89% of 
HIV-positive patients.2 The most common identified pathogens in 
HIV-negative patients were viruses (38%), bacteria (33%), Lyme 
disease (7%), fungi (7%), syphilis (5%), mycobacteria (5%), prions 
(3%), and Pneumocystis jirovecii (2%). Among HIV-positive patients, 
the common pathogens included viruses (46%), fungi (32%), and toxo-
plasmosis (11%), with bacteria, tuberculosis, and syphilis accounting 
for the remainder (11%).2 Among the 22 cases of viral encephalitis, the 
most commonly identified viruses in HIV-negative patients were VZV 
(36%), HSV (32%), cytomegalovirus (CMV) (9%), West Nile virus 
(WNV) (9%), enteroviruses (9%), and hepatitis C virus (5%).2 In HIV-
positive patients, the viral etiologies included HIV encephalopathy 
(54%), JC virus–induced progressive multifocal leukoencephalopathy 
(PML) (31%), VZV (7.5%), and CMV (7.5%).

The California Encephalitis Project (CEP) searched for etiologies 
of encephalitis in immunocompetent hospitalized patients who met 
defined criteria for encephalitis, including altered consciousness for 24 
hours or more and at least one of the following characteristics: fever, 
seizures, focal neurologic findings, cerebrospinal fluid (CSF) pleocyto-
sis, or consistent electroencephalogram (EEG) or neuroimaging find-
ings.1,5 A confirmed or probable etiology was found in only 16% of 
cases; these etiologies included viruses (69%), bacteria (20%), prions 
(7%), parasites (3%), and fungi (1%). The most commonly identified 
viruses included enteroviruses (25%), HSV-1 (24%), VZV (14%), 
WNV (11%), and Epstein-Barr virus (EBV) (10%), with other agents 
accounting for 16%.5 In a recent prospective study in England, 42% of 
patients had encephalitis due to an infection; HSV(19%) and VZV(5%) 
were the most commonly identified infectious agents.6 Acute immune-
mediated encephalitis (21%) was a major cause of encephalitis, and 
unknown causes (37%) of encephalitis were still common.

GENERAL CLINICAL APPROACH
Clinicians frequently encounter patients with fever and signs or symp-
toms of CNS disease in whom infectious encephalitis is part of a larger 
differential diagnosis. This clinical presentation is nonspecific with 
potential considerations, including diseases as diverse as viral encepha-
litis; viral meningitis; bacterial meningitis; focal suppurative infections 

Definition
•	 Encephalitis	is	an	inflammatory	process	

involving	the	brain	parenchyma	associated	
with	clinical	or	laboratory	evidence	of	
neurologic	dysfunction.

Epidemiology
•	 It	occurs	most	frequently	in	infants	younger	

than	1	year	of	age	and	in	elderly	patients	older	
than	the	age	of	65	with	intermediate	incidence	
in	individuals	between	these	age	extremes.

Microbiology
•	 Up	to	60%	of	encephalitis	cases	result	from	

an	unidentified	etiologic	agent.
•	 Viruses,	bacteria,	and	autoimmune	

inflammation	cause	the	majority	of	known	
encephalitis	cases.

Diagnosis
•	 A	compatible	febrile	syndrome	with	evidence	

of	central	nervous	system	impairment	exists	
(see	Table	91-1).

•	 Standard	cerebral	spinal	fluid	(CSF)	analysis	
and	neuroimaging	with	magnetic	resonance	
imaging	are	preferred.

•	 Specific	CSF	or	serum	studies	for	defined	
etiologies	of	encephalitis,	or	both,	are	
warranted	(see	Table	91-4).

Therapy
•	 Early,	empiric	use	of	high-dose	acyclovir	is	

warranted	to	treat	possible	herpes	simplex	
encephalitis	pending	diagnostic	studies.

•	 Antiviral	therapy	is	indicated	for	the	treatment	
of	other	herpes	viruses	that	cause	encephalitis.

•	 Empiric	antiviral	therapy	is	recommended	for	
suspected	encephalitis	associated	with	
influenza.

•	 There	is	currently	no	therapy	of	known	benefit	
for	patients	with	encephalitis	due	to	
arboviruses.

Prevention
•	 Routine	vaccination	for	common	pathogens	

and	vaccination	for	Japanese	encephalitis	virus	
in	selected	travelers	may	prevent	some	cases	
of	encephalitis.

•	 Procedures	to	decrease	exposure	to	
mosquito	bites	may	decrease	the	risk	for	
arbovirus-related	cases	of	encephalitis.
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instability, and mutism are characteristic of anti-NMDA receptor 
encephalitis.

About 75% of patients with NMDA receptor encephalitis have mild 
sequelae or fully recover.14 Treatment of autoimmune encephalitis is 
largely based on immune-suppressive regimens. Patients usually do not 
respond quickly to treatment, and relapse can occur in up to 24% of 
patients in some small studies.15 In female patients with NMDA recep-
tor encephalitis, evaluation for an underlying ovarian teratoma and 
removal, if present, are indicated. First-line immunotherapy consists 

(brain abscess, subdural or epidural empyema, and cerebral venous 
sinus thrombophlebitis); acute disseminated encephalomyelitis 
(ADEM); autoimmune encephalitis; and encephalopathy. The chal-
lenge to the clinician is to differentiate between these clinical entities 
quickly and efficiently because appropriate diagnosis and therapy can 
have an important effect on morbidity and mortality.

When evaluating a patient with possible encephalitis, it is impor-
tant to distinguish among (1) infectious processes; (2) encephalopathy; 
and (3) autoimmune processes such as ADEM or autoimmune enceph-
alitis (Fig. 91-1).7,8 British national guidelines for the management of 
suspected viral encephalitis were recently published.9 Encephalopathy 
refers to diffuse cerebral dysfunction without associated inflammation. 
Although there are multiple causes of encephalopathy, the most com-
monly encountered causes include toxins (e.g., alcohol, licit or illicit 
drugs) and metabolic dysfunction (e.g., hypoxia, hypoglycemia or 
hyperglycemia, electrolyte disorders, renal or hepatic failure).10 Table 
91-1 lists common factors that differentiate encephalitis from encepha-
lopathy. Fever, headache, peripheral leukocytosis, and CSF pleocytosis 
all favor encephalitis. Although some encephalopathies may produce 
focal neurologic signs, these are more typical in encephalitis, as are 
focal seizures. Neuroimaging studies are generally normal in patients 
with encephalopathy, and EEG abnormalities are generally limited to 
diffuse slowing and the occasional appearance of triphasic waves. Con-
versely, patients with encephalitis frequently have neuroimaging 
abnormalities and may show focal EEG abnormalities or specific pat-
terns of dysfunction that are rarely seen in encephalopathy (see later).

Cases of antibody-mediated autoimmune encephalitis are increas-
ingly identified as important causes of encephalitis and should be con-
sidered in the differential diagnosis of patients presenting with 
encephalitis. In addition to traditional paraneoplastic autoimmune 
etiologies of encephalitis (e.g., anti-Ma, anti-Yo, anti-Hu), neuronal 
antigen targeting by antibodies in the CNS is increasingly identified as 
an important cause of encephalitis and was recently reviewed.11 About 
70% of patients develop prodromal symptoms including headache, 
fever, nausea, vomiting, diarrhea, or upper respiratory tract symptoms. 
Within a few days to 2 weeks, patients can develop psychological 
symptoms, including anxiety, insomnia, delusions, mania, or paranoia. 
Short-term memory loss is common but may be underrecognized due 
to rapid disintegration of language and reduction in verbal output, 
which can progress to frank mutism. In more advanced stages of 
disease, patients develop decreased responsiveness, autonomic insta-
bility, dyskinesias, dystonia, rigidity, and opisthotonic postures.

In an analysis of patients younger than 30 years of age and enrolled 
in the CEP, anti–N-methyl-D-aspartate (NMDA)-receptor encephalitis 
and viral encephalitis were noted to be equally important etiologies of 
encephalitis.12 CSF in patients with anti-NMDA receptor encephalitis 
was characterized by a mild pleocytosis (median white blood cells 
23 cells/mL) in the CSF with a normal protein and glucose. Neuroim-
aging with magnetic resonance imaging (MRI) was often abnormal but 
nonspecific, with no characteristic pattern or defining imaging results. 
When brain MRI is abnormal (50%), changes may include T2 and 
FLAIR signal hyperintensity in the hippocampi, cerebellar or cerebral 
cortex, frontobasal and insular regions, basal ganglia, brainstem, and 
rarely the spinal cord. EEGs in patients with anti-NMDA encephalitis 
were often abnormal, most commonly due to diffuse or focal slowing 
patterns with occasional superimposed epileptic activity.

Autoimmune encephalitis is diagnosed by demonstrating the pres-
ence of specific antineuronal antibodies in the serum and/or the CSF 
in a patient with characteristic features of autoimmune encephalitis 
and negative evaluation for infectious etiologies. Recent studies have 
shown that viral causes of encephalitis such as herpes simplex virus are 
associated with production of NMDA antibodies.13 Thus, it is impor-
tant not to overlook treatable infectious processes even in patients with 
autoantibodies. Antibodies associated with limbic encephalitis include 
antibodies to leucine-rich, glioma-inactivated 1 (LGI1), α-amino-
3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptor 
(AMPAR), and γ-amino-butyric acid B receptor (GABABR1). Intra-
thecal synthesis of antibodies is strongly associated with disease in  
the correct clinical setting. Patients presenting with a more diffuse 
subcortical encephalitis syndrome characterized by altered conscious-
ness, psychological manifestations, dyskinesias, seizures, autonomic 

FIGURE  91-1  Approach to the patient with possible central 
nervous system infection. ADEM, acute disseminated encephalomyeli-
tis; CSF, cerebrospinal fluid; CT, computed tomography; EBV, Epstein-Barr 
virus;  HIV,  human  immunodeficiency  virus;  HSV,  herpes  simplex  virus; 
LCMV,  lymphocytic  choriomeningitis  virus;  MRI,  magnetic  resonance 
image; PCR, polymerase chain reaction; VZV, varicella-zoster virus; WNV, 
West Nile virus. (Modified from DeBiasi RL, Tyler KL. Viral meningitis and 
encephalitis. Clin Infect Dis. 2002;8:67.)
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patients with suspected encephalitis, pending results of diagnostic 
studies.8

MRI is more sensitive and provides more detailed diagnostic infor-
mation than computed tomography (CT) in patients with suspected 
CNS infections, including encephalitis, and is the procedure of 
choice.24,25 Neuroimaging studies can provide valuable clues that can 
assist in specific diagnosis of encephalitis. The most common abnor-
malities include areas of increased signal on T2 and FLAIR sequences. 
Diffusion-weighted imaging sequences may show abnormalities before, 
or more extensive than, those seen in T2 and FLAIR sequences.24-27,28,29

CSF examination is part of basic testing in all patients with sus-
pected encephalitis or meningitis.8,21 The most common CSF profile in 
patients with viral encephalitis is a lymphocytic pleocytosis with a 
normal glucose concentration and an elevated protein concentration. 
This pattern is similar to that seen in ADEM. The presence of neutro-
phils rather than lymphocytes as the predominant cell type occurs 
frequently in patients with WNV neuroinvasive disease or tick-borne 
encephalitis virus and can occur with Eastern equine encephalitis (see 
specific virus sections for details).

Suggested CSF diagnostic studies in immunocompetent adults in 
the United States with suspected encephalitis include a CSF opening 
pressure, cell count and differential, protein and glucose concentra-
tions, Gram stain, and bacterial cultures. Initial viral studies of the CSF 
should include polymerase chain reaction (PCR) studies for HSV, VZV, 
and enteroviruses, as well as WNV IgM serology (in the appropriate 
season). Although viral CSF cultures have a high specificity when posi-
tive, they are insensitive.8 Additional diagnostic tests are guided and 
prioritized by the clinical and epidemiologic clues obtained during 
evaluation of the patient (Table 91-3).

In immunocompromised patients, CSF PCR for CMV, human her-
pesvirus type 6 (HHV-6), and in specific settings JC virus should be 

of corticosteroids, intravenous immunoglobulins (IVIGs), or plasma 
exchange. In patients without a tumor, delayed diagnosis or poor 
response to first-line therapy, second-line immunotherapy with ritux-
imab, cyclophosphamide, or both is indicated. Despite the difficulty in 
treating these patients, the mortality rate is low, yet long-term neuro-
logic outcomes are variable with potential for severe, fixed neurologic 
impairment.

It is also important to consider postinfectious encephalomyelitis or 
ADEM when evaluating patients with possible encephalitis (Table 
91-2). ADEM is an inflammatory demyelinating disease of the CNS 
that follows an infection or vaccination, typically after a delay of 1 to 
4 weeks.16 Most cases are monophasic and associated with MRI find-
ings of diffuse or multifocal subcortical and central white matter 
lesions with increased signal on T2-weighted and fluid-attenuated 
inversion recovery (FLAIR) sequences.17,18 A preceding infection or 
vaccination is found in about two thirds of pediatric cases and half of 
adult cases.17,19 Recent studies have stressed the importance of anteced-
ent infections caused by influenza A and B, hepatitis viruses, nonspe-
cific flulike upper respiratory tract infections, and nonviral infectious 
agents including Mycoplasma.19 Postvaccination cases of ADEM are 
rare with the vaccines in general use now.

The basic CSF profile in ADEM is similar to that frequently seen in 
infectious encephalitis, including a pleocytosis with a predominance 
of lymphocytes, a normal glucose, and a normal or elevated protein. 
Pathologic examination of brain tissue, if performed, allows definitive 
differentiation of ADEM from encephalitis. ADEM typically exhibits 
perivenular inflammation and demyelination, whereas encephalitis 
exhibits pathologic evidence of perivascular and parenchymal inflam-
mation, neuron and glial cell death, and evidence of viral infection 
(viral inclusions, antigen staining, or viral nucleic acid).

When an infection of the CNS is considered in the differential 
diagnosis, the evaluation must move quickly (see Fig. 91-1). In cases 
of bacterial meningitis and herpes simplex encephalitis (HSE), studies 
have shown that delay in therapy increases morbidity and mortality.20,21,22 
When evaluating a patient with a possible infection of the CNS, the 
initial diagnostic goals are to obtain CSF for appropriate studies and 
to perform neuroimaging, preferably MRI, unless contraindicated. In 
patients who are older than 60; are immunocompromised; have a 
history of known CNS disease; or have recent seizures, altered con-
sciousness, focal neurologic deficits, or other signs suggestive of 
increased intracranial pressure (ICP), neuroimaging should be com-
pleted before lumbar puncture.21,23 In patients with suspected bacterial 
meningitis, empirical antibiotic therapy should be initiated after blood 
cultures are performed if lumbar puncture is delayed for neuroimaging 
(see Chapter 89).21 Empiric acyclovir therapy should be initiated in 

TABLE 91-1  Comparison of Encephalitis and 
Encephalopathy

ENCEPHALITIS ENCEPHALOPATHY
Clinical Features
Fever Common Uncommon

Headache Common Uncommon

Depressed mental 
status

May fluctuate Steady decline in mental 
status

Focal neurologic signs Common Uncommon

Seizures Common Uncommon

Types of seizures Generalized or focal Generalized

Laboratory Results
Complete blood count Leukocytosis common Leukocytosis uncommon

Cerebrospinal fluid Pleocytosis common Pleocytosis uncommon

Electroencephalogram Diffuse slowing and 
occasional focal 
abnormalities or 
periodic patterns

Diffuse slowing

Magnetic resonance 
imaging

May have focal 
abnormalities

No focal abnormalities

Modified from Davis LE. Diagnosis and treatment of acute encephalitis. 
Neurologist. 2000;6:145-159.

TABLE 91-2  Comparison of Acute Disseminated 
Encephalomyelitis and Viral Encephalitis

ACUTE DISSEMINATED 
ENCEPHALOMYELITIS

VIRAL 
ENCEPHALITIS

Clinical Features
Age <25 yr Any

Recent 
vaccination

Common Uncommon

Prodromal illness Common Uncommon

Fever Uncommon early Common early

Visual loss May occur Uncommon

Laboratory Findings
Peripheral 

leukocytosis
Uncommon Common

Magnetic 
resonance 
imaging 
(T2-weighted)

Focal areas of hyperintensity 
in white matter of both 
hemispheres, basal ganglia, 
brainstem, cerebellum, and 
spinal cord

Variable sensitivity with 
focal areas of 
hyperintensity involving 
gray matter of both 
hemispheres, basal 
ganglia, brainstem, 
and cerebellum

CSF Lymphocytic pleocytosis, 
elevated protein, normal 
glucose, negative cultures, 
and negative viral studies

Lymphocytic pleocytosis, 
elevated protein, 
normal glucose, 
negative bacterial 
cultures

Identification of 
infectious 
agent in CSF 
or on biopsy 
specimen

Rare Common

Brain pathology Perivenular lymphocytic 
inflammation with adjacent 
demyelination and edema

Perivascular 
inflammation, gray 
matter inflammation, 
neuron and glial cell 
death, edema, and 
viral inclusion bodies

CSF, cerebrospinal fluid.
Modified from Davis LE. Diagnosis and treatment of acute encephalitis. 

Neurologist. 2000;6:145-159.
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TABLE 91-3  Possible Etiologic Agents of Encephalitis Based on Epidemiology and Risk Factors

EPIDEMIOLOGY OR RISK FACTOR POSSIBLE INFECTIOUS AGENTS
Travel
Central and South America Rabies virus; eastern equine encephalitis virus; western equine encephalitis virus; Venezuelan equine encephalitis virus; 

St. Louis encephalitis virus; Rocio virus

Australia Murray Valley encephalitis virus; Japanese encephalitis virus; Hendra virus

Southeast Asia, China Japanese encephalitis virus; tick-borne encephalitis; Nipah virus; Me Tri virus; Semliki Forest virus

India, Nepal Rabies virus; Japanese encephalitis virus; Chikungunya virus

Africa Rabies virus; WNV; Rift Valley fever virus

Middle East WNV

Europe WNV; tick-borne encephalitis; louping ill virus; Toscana virus

Russia Tick-borne encephalitis; Powassan virus

Insect Contact
Mosquitoes Eastern equine encephalitis virus; western equine encephalitis virus; Venezuelan equine encephalitis virus; St. Louis 

encephalitis virus; Murray Valley encephalitis virus; Japanese encephalitis virus; WNV; California encephalitis group; 
Chikungunya virus; Me Tri virus

Ticks Tick-borne encephalitis; Powassan virus; louping ill virus

Animal Contact
Old World monkeys Herpesvirus B

Birds WNV; eastern equine encephalitis virus; western equine encephalitis virus; Venezuelan equine encephalitis virus; St. Louis 
encephalitis virus; Murray Valley encephalitis virus; Japanese encephalitis virus

Rodents Eastern equine encephalitis virus (South America); Venezuelan equine encephalitis virus; tick-borne encephalitis; 
Powassan virus (woodchucks); La Crosse virus (chipmunks and squirrels); LCMV; monkeypox

Horses Eastern equine encephalitis virus; western equine encephalitis virus; Venezuelan equine encephalitis virus; Hendra virus

Swine Japanese encephalitis virus; Nipah virus

Dogs Rabies virus

Bats Rabies virus; Nipah virus

Raccoons Rabies virus

Skunks Rabies virus

Sheep and goats Louping ill virus

Human Contact
Person-to-person transmission HSV (neonatal); VZV; Venezuelan equine encephalitis virus (rare); poliovirus; enteroviruses; measles virus; mumps virus; 

rubella virus; EBV; HHV-6; herpesvirus B; WNV (transfusion, transplantation, breast-feeding); HIV; rabies virus 
(transplantation); influenza virus

Season
Late summer/early fall All agents transmitted by mosquitoes and ticks (see above); enteroviruses

Winter Influenza virus; LCMV

Recreational Activities
Sexual contact HIV

Swimming Enteroviruses

Camping/hunting All agents transmitted by mosquitoes and ticks (see above)

Spelunking Rabies virus

Occupation
Physicians and health care workers VZV; HIV; influenza virus

Veterinarians Rabies virus

Laboratory workers WNV; HIV

Workers exposed to Old World primates Herpesvirus B

Workers exposed to horses Hendra virus

Ingestions
Unpasteurized milk Tick-borne encephalitis

Age
Neonates HSV-2; CMV; rubella virus

Infants and children Eastern equine encephalitis virus; Murray Valley encephalitis virus (rapid in infants); influenza virus; La Crosse virus

Elderly Eastern equine encephalitis virus; St. Louis encephalitis virus; WNV

Other
Unvaccinated VZV; Japanese encephalitis virus; poliovirus; measles virus; mumps virus; rubella virus

Recent vaccination ADEM

Transfusion and transplantation CMV; EBV; WNV; HIV; tick-borne encephalitis virus; rabies virus; LCMV

Immunocompromised VZV; CMV; HHV-6; WNV; HIV; JC virus

Agammaglobulinemia Enteroviruses

ADEM, acute disseminated encephalomyelitis; CMV, cytomegalovirus; EBV, Epstein-Barr virus; HHV, human herpesvirus; HIV, human immunodeficiency virus; HSV, herpes 
simplex virus; LCMV, lymphocytic choriomeningitis virus; VZV, varicella-zoster virus; WNV, West Nile virus.

Modified from Tunkel AR, Glaser CA, Bloch KC, et al. The management of encephalitis: clinical practice guidelines by the Infectious Disease Society of America. Clin Infect 
Dis. 2008;47:303-327.
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VZV, mumps, and flavivirus (e.g., WNV, St. Louis encephalitis virus) 
infections. Flavivirus (e.g., WNV, Japanese encephalitis virus), entero-
virus 71, and poliovirus (poliomyelitis) infections can cause disease  
in the anterior horn of the spinal cord, resulting in acute flaccid 
paralysis.

The frequency of cranial nerve palsies varies greatly in patients with 
encephalitis. Cranial nerve palsies are common in several nonviral 
infections that can mimic viral encephalitis (e.g., Lyme disease, syphi-
lis, tuberculosis, fungal infections) and most commonly produce 
peripheral facial palsy (CN VII), vestibular or cochlear dysfunction 
(CN VIII), or paralysis of extraocular movements (CN III, IV, or VI). 
Cranial nerve palsies are generally infrequent in viral encephalitis, 
unless there is concomitant brainstem involvement. WNV infection 
and VZV vasculopathy have been associated with palsies of various 
cranial nerves, however (see specific sections).

The epidemiologic features of different neurotropic viruses vary 
widely and often help guide diagnostic testing (see Table 91-3). Immu-
nocompromised patients are at increased risk for neuroinvasive viral 
infections resulting from VZV, CMV, HHV-6, JC virus (PML), and 
WNV. Similarly, older individuals have an increased risk of neuroin-
vasive disease after infection with many arboviruses, including WNV, 
St. Louis encephalitis virus, and eastern equine encephalitis virus, and 
have an increased incidence of HSV encephalitis.

Seasonal incidence is characteristic of all arbovirus infections in the 
United States. Most arboviruses are transmitted by a mosquito vector 
during summer and early fall months in patients with a history of 
outdoor exposure in areas of epizootic transmission of virus. By con-
trast, infection with some viruses, including lymphocytic choriomen-
ingitis virus (LCMV) and influenza, are more frequent during late fall 
and winter months. Many arboviruses are geographically restricted, 
and residence or a recent travel history can provide important clues to 
potential exposures. WNV is now endemic throughout the United 
States and causes sporadic seasonal epidemics (www.cdc.gov/ncidod/
dvbid/westnile/). Other arboviruses are also geographically restricted 
in the United States (Fig. 91-2). A history of travel to specific foreign 
countries where other arboviruses are endemic should be specifically 
sought, and diagnostic studies should be adjusted appropriately.

The general physical examination also provides important clues 
that assist in the diagnosis of encephalitis. Skin rashes are common and 
characteristic for VZV, WNV, some enteroviruses, HIV, measles, and 
rubella and may occur with various nonviral infections, including 
Lyme disease, syphilis, mycoplasmosis, rickettsiosis, anaplasmosis, and 
ehrlichiosis. Oral mucosal ulcerations may suggest herpangina and an 
enterovirus or HSV infection. Ocular findings including chorioretinitis 
occur with WNV, CMV, and Bartonella infection (cat-scratch disease). 
Parotitis, orchitis, and oophoritis can occur with mumps and LCMV 
infections.

Diagnostic Tests
When a patient develops a syndrome consistent with viral encephalitis, 
specific diagnosis is usually based on CSF studies. Diagnostic studies 
from outside the CNS, including serum serologies, serum nucleic acid 
amplification tests, serum or urine antigen tests, and cultures of body 
fluids (blood, nasopharyngeal swab, sputum, and urine), may be useful 
in establishing the presence of a particular infectious process. Despite 
the presence of a systemic infection, additional testing may be required 
to establish definitively the cause of CNS disease. General diagnostic 
studies such as a complete blood count and markers of inflammation 
(e.g., erythrocyte sedimentation rate, C-reactive protein) may support 
the presence of an infectious or inflammatory process but do not help 
determine a specific etiology. Chest radiography may suggest an infec-
tious etiology, such as influenza, mycoplasmosis, tuberculosis, or coc-
cidioidomycosis. It may also suggest the presence of cancer or other 
noninfectious etiologies of encephalitis.

Neuroimaging
Unless specifically contraindicated, all patients with suspected infec-
tious encephalitis should undergo MRI. The sensitivity and specificity 
of different patterns of neuroimaging abnormalities for the diagnosis 
of specific forms of encephalitis have not been formally defined. Dif-
ferent forms of encephalitis often produce distinctive MRI patterns 

included in the initial evaluation. A second tier of CSF diagnostic 
studies in immunocompetent patients might include PCR studies of 
the CSF for HIV, EBV, HHV-6, Mycoplasma pneumoniae, and Myco-
bacterium tuberculosis; IgM serologies or paired CSF/serum IgG 
studies for VZV, La Crosse virus (California encephalitis), St. Louis 
encephalitis virus, and eastern and Venezuelan equine encephalitis (as 
geographically appropriate); and cryptococcal antigen titer, acid-fast 
bacillus smear and culture, fungal cultures, Coccidioides complement 
fixation titer, and syphilis studies (CSF Venereal Disease Research 
Laboratory and serology with rapid plasmin reagin titer and fluores-
cent treponemal antibody absorption test). PCR studies of the CSF for 
Rickettsia, Ehrlichia, and Anaplasma; CSF Histoplasma antigen; and 
CSF enzyme-linked immunosorbent assay (ELISA) and Western blot 
for Borrelia burgdorferi are appropriate in areas where these agents are 
endemic or with potential exposure history. Infections caused by 
various other pathogens may mimic viral encephalitis and should be 
searched for in specific settings.1,5

CSF studies should be supplemented by serum diagnostic studies. 
Common tests include HIV serology and plasma HIV RNA viral load; 
EBV serologies (IgG and IgM antibodies against viral capsid antigen 
and IgG antibodies against early and nuclear antigens); Mycoplasma 
serologies; syphilis serology; Borrelia serologies*; Rickettsia, Ehrlichia,* 
and Anaplasma serologies*; serum cryptococcal antigen*; serum anti-
bodies against Coccidioides*; and urine Histoplasma antigen.*

An EEG can be helpful in evaluating the type and frequency of 
seizures, as well as the presence of nonconvulsive status epilepticus. 
The degree and severity of slowing is a sensitive indicator of the pres-
ence and severity of metabolic encephalopathies. Specific EEG patterns 
may suggest an increased likelihood of specific diagnoses (see “Diag-
nostic Tests”).

Clinical Manifestations
The clinical presentation of patients with viral encephalitis can be 
heterogeneous, necessitating a high index of suspicion in any patient 
presenting with signs of infection and CNS dysfunction. The syndrome 
of acute viral encephalitis is characterized by fever, headache, and 
altered mental status.8 These may be combined with focal neurologic 
deficits corresponding to areas of the CNS that are infected and injured, 
which vary with specific pathogens. This constellation of signs and 
symptoms is not unique for encephalitis and can occur in various other 
diseases, including viral and bacterial meningitis, brain abscess, cere-
britis, subdural and epidural empyema, and septic cerebral venous or 
sinus thrombosis. The frequency of specific signs and symptoms varies 
among different types of encephalitis and is discussed more completely 
in the sections on individual viral pathogens.

The presence of specific sets of neurologic signs and symptoms by 
themselves does not allow unequivocal diagnosis of a specific cause of 
encephalitis. Findings on neurologic examination can increase the 
likelihood of some etiologic agents, however, and reduce the likelihood 
of other pathogens, facilitating and guiding confirmatory diagnostic 
testing. The most common focal neurologic signs associated with 
encephalitis include hemiparesis, aphasia, ataxia, cranial nerve palsies, 
myoclonus, and seizures.10 Other important neurologic findings 
include loss of temperature and vasomotor control because of auto-
nomic dysfunction and either diabetes insipidus or the syndrome of 
inappropriate secretion of antidiuretic hormone (SIADH) resulting 
from hypothalamic dysfunction.

Signs of parkinsonism (bradykinesia, rigidity, rest tremor) may 
suggest infection with a flavivirus (e.g., WNV, St. Louis encephalitis 
virus, Japanese encephalitis virus), and frontotemporal signs such as 
aphasia, memory impairment, and personality changes may suggest 
limbic encephalitis from HSV, HHV-6 infection, a neoplastic etiology, 
or a non-neoplastic autoimmune encephalitis. Seizures occur in 
encephalitides that involve the cortex (e.g., HSV encephalitis) and less 
commonly with flavivirus infections (e.g., WNV, St. Louis encephalitis 
virus, Japanese encephalitis virus) that involve predominantly deep 
gray matter structures such as the basal ganglia and thalamus. Brain-
stem involvement can occur with HSV, enterovirus 71 infections, and 
flaviviruses (e.g., WNV), whereas cerebellitis is associated with EBV, 

*Based on geographic setting and exposure history.
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FIGURE 91-2  Incidence of select arboviruses in the United States. A,  Incidence of West Nile virus neuroinvasive cases in 2012. B,  Incidence of 
St. Louis encephalitis virus (SLE) cases, 1964-2010. C,  Incidence of eastern equine encephalitis virus (EEE) cases, 1964-2010. D,  Incidence of California 
encephalitis group of virus  (CAL) cases, 1964-2010. Most reported California serogroup cases are La Crosse virus.  (Modified from Centers for Disease 
Control and Prevention. West Nile Virus. Available at www.cdc.gov/ncidod/dvbid/westnile.)
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temporal lobe were shown in 89% of patients with HSV; 36% also had 
frontal lobe involvement. Only 9% of adult patients with HSV enceph-
alitis had MRI with abnormalities exclusively outside the frontotem-
poral area, although patterns in infants and children may be more 
variable. In 57% of HSV encephalitis patients, the abnormalities were 
predominantly unilateral.20 Characteristic MRI changes occur early in 
the course of HSV encephalitis and include high signal intensity lesions 
on T2-weighted and FLAIR images involving the medial and inferior 
temporal lobes with extension into the insula. MRI abnormalities can 
also include the orbitofrontal gyri and inferomedial frontal lobes.32,33 
Diffusion-weighted imaging abnormalities may antedate and be more 
extensive than abnormalities seen on T2 and FLAIR sequences.24-27,28,29

CT is almost invariably normal early in WNV infection. MRI 
abnormalities are less frequent in cases of WNV than in cases of HSV 
encephalitis. In two series involving 34 patients, initial MRI studies 
were normal in approximately one third of patients. MRI abnormalities 
associated with WNV encephalitis included areas of increased T2 and 

that may provide clues suggestive of particular agents, however, which 
can guide more definitive confirmatory tests.

Temporal lobe and limbic abnormalities are seen in HSV and 
HHV-6 encephalitis, whereas subependymal enhancement occurs  
with CMV ventriculitis. MRI often reveals multifocal hemorrhagic 
infarctions and demyelinating lesions in cases of VZV vasculopathy.30 
Predominant demyelination on MRI suggests PML caused by JC virus 
infection or ADEM (see earlier). PML lesions typically do not enhance 
or do so faintly at lesion margins, whereas MRI lesions associated  
with ADEM typically enhance acutely and become nonenhancing  
over time.

In HSV encephalitis, MRI is significantly more sensitive than CT, 
revealing temporal lobe abnormalities in 90% of PCR-proven HSV 
cases (Fig. 91-3).31 In one study, 79% of patients with HSV encephalitis 
had abnormalities on their initial CT scan, but 100% of the 17 patients 
whose CT scan was initially normal and who had repeat scans had 
abnormalities an average of 5 days later.31 MRI abnormalities of the 

FIGURE 91-3  Typical magnetic resononance imaging (MRI) changes associated with viral encephalitis. A, Herpes simplex virus type 1 encepha-
litis with  increased T2-weighted signal  in bilateral  temporal  lobes.  Increased signal does not extend beyond  the  insular cortex  (black arrow) but does 
involve  the  cingulate gyrus  (white arrow). B, Varicella-zoster  virus  vasculopathy on proton-density MRI  scan with multiple  areas of  infarction  in both 
hemispheres (arrows). C, West Nile virus encephalitis with increased signal on FLAIR MRI of the basal ganglia (arrows). D, Enterovirus encephalitis with 
increased signal intensity on FLAIR MRI in both hemispheres, greater on the right, in the posterior cerebral hemisphere (arrow). (Modified from Gilden 
DH, Mahalingam R, Cohrs RJ, Tyler KL. Herpesvirus infections of the nervous system. Nat Clin Pract Neurol. 2007;3:83; and Debiasi RL, Tyler KL. West 
Nile virus meningoencephalitis. Nat Clin Pract Neurol. 2006;2:264.)
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results 19 ± 6 days (range 9 to 28 days) after initiating acyclovir 
therapy.51 Neither the initial CSF HSV viral load nor its maximal level 
predicts outcome51,52; however, one study found that patients with 
extremely high copy number (>100,000 copies HSV DNA/mL) were 
more likely to have a reduced level of consciousness, CT scan lesions, 
and poor outcomes compared with patients with less than 100,000 
DNA copies/mL.53

The results of HSV PCR should be interpreted in the context of the 
timing of the study and the pretest probability of disease (bayesian 
analysis). In patients with a high pretest probability of HSV encepha-
litis (e.g., 60%), a positive PCR increases the post-test probability to 
99% and a negative study reduces it to 6%. In patients with a moderate 
pretest probability of HSV (e.g., 35%), the post-test probabilities for a 
positive test are 98% and probabilities for a negative test decrease to 
2%. In patients with low pretest probability of HSV encephalitis (e.g., 
5%), the post-test probabilities are 84% for a positive test and 0.2% for 
a negative test.54

HSV-specific CSF antibody testing to detect intrathecal synthesis of 
antibody can complement PCR testing when specimens are obtained 
later in the course of illness. After the first week of disease, the sensitiv-
ity of CSF HSV PCR declines (see previously), whereas the sensitivity 
of CSF antibody testing increases. In one series of patients with HSV 
encephalitis, none of 36 CSF samples taken later than 30 days after 
onset of neurologic symptoms had amplifiable DNA, but all had detect-
able HSV antibody.50

PCR detection of VZV DNA has a specificity of greater than 95%, 
but the sensitivity is 30% or less in some studies.55 In cases of VZV 
CNS vasculopathy, CSF should also be tested for intrathecal synthesis 
of VZV-specific antibody (IgM and CSF-to-serum IgG ratio) because 
these studies are complementary to PCR and may be positive when 
PCR tests are negative.55 In one study, CSF VZV-specific IgG was 
detected in 100% (14 of 14) of cases, but PCR was positive in only 28%.55

PCR for EBV DNA in the CSF can be a valuable addition to the 
evaluation of a patient with viral encephalitis.56,57 The results must be 
correlated with the clinical presentation, imaging, and serology results 
because latently infected, EBV-positive mononuclear cells in the CSF 
can produce false-positive results. False-positive PCR results are pos-
sible for the same reasons in patients suspected to have HIV or HHV-6 
encephalitis.

CSF PCR is extremely specific (>95%) for diagnosis of PML in 
immunocompromised patients with appropriate clinical and radio-
graphic findings. The sensitivity of CSF JC virus PCR may be 50% to 
80%, however, with lower values seen in more immunocompetent 
patients who likely have lower viral loads. Higher CSF JC viral loads 
correlate with worse outcomes in patients with PML.58 Antibody test-
ing for JC virus in serum or CSF is of little use because approximately 
55% to 85% of individuals are seropositive in serum by adult life. All 
reported cases of PML to date have been seropositive for JC virus at 
diagnosis, and negative JC virus serology would argue against the 
diagnosis.59 Demonstration of intrathecal synthesis of JC virus–specific 
antibody has been reported to have a sensitivity of 78% and a specificity 
of 97% for diagnosis of PML, but intrathecal antibody synthesis is not 
generally detectable until 2 to 3 weeks after onset of illness.59,60

In the case of flaviviruses including WNV, CSF PCR is less sensitive 
(57% to 70%) compared with detection of CSF IgM antibodies for 
diagnosis of neuroinvasive disease.61 An exception may occur in 
immunocompromised patients, such as bone marrow and solid organ 
transplant recipients, who have a prolonged, high-titer viremia, and 
can have positive serum or CSF PCR studies, or both, when antibody 
tests are negative or seroconversion is delayed.62,63

In a study of blood donors with asymptomatic WNV infection 
detected by positive serum nucleic acid amplification testing, peak 
serum RNA levels occurred at 5 to 6 days after an infected mosquito 
bite, IgM seroconversion occurred 3.9 days after RNA detection (95% 
CI, 3.4 to 4.4), and IgG seroconversion occurred at 7.7 days after RNA 
detection (95% CI, 6.9 to 8.5).64 CSF IgM WNV antibodies are diag-
nostic of acute WNV infection and neuroinvasive disease; their pres-
ence is indicative of intrathecal synthesis because IgM molecules cross 
the blood-brain barrier poorly owing to their large size. CSF IgM 
antibodies are found in approximately 80% of patients with WNV 
neuroinvasive disease within 1 week of onset of symptoms, increasing 

FLAIR and low T1 signal that involved the basal ganglia, thalamus, and 
brainstem.34,35 The MRI abnormalities in WNV infection are generally 
distinct from the abnormalities seen in HSV encephalitis, although in 
one series about 20% of patients had abnormalities limited to the 
mesial temporal lobes.35 Some patients with WNV infection have only 
meningeal enhancement or abnormalities seen only on diffusion-
weighted imaging.

Patients with Japanese encephalitis virus have MRI abnormalities 
similar to those reported for WNV. In one study, MRI was more sensi-
tive than CT for Japanese encephalitis virus infections, showing abnor-
malities in more than 90% of adults and children.36 The most commonly 
involved areas were the thalamus (88%), basal ganglia (41% to 54%), 
and brainstem,36,37 but some patients can have medial temporal lesions 
resembling those seen in HSV encephalitis.38 Patients infected with 
enterovirus 71 may show increased T2 and FLAIR signal intensity in 
the midbrain, pons, and medulla.

Cerebrospinal Fluid Analysis
Cerebrospinal Fluid Profile
CSF examination is an essential part of the diagnosis of encephalitis 
and should be performed in all patients unless absolutely contraindi-
cated.8 The most typical CSF profile in patients with viral encephalitis 
is a CSF pleocytosis with a predominance of lymphocytes, a normal 
glucose, and an elevated protein. In cases of flavivirus infection, par-
ticularly WNV, neutrophils may predominate,39 a finding also associ-
ated with eastern equine encephalitis. In one large series, the median 
percentage of neutrophils in patients with WNV encephalitis was 45%, 
and 37% of cases had a neutrophil predominance.39 By contrast, patients 
with HSV encephalitis typically have 5% to 24% neutrophils.20,40,41

The magnitude of CSF pleocytosis varies greatly in different forms 
of encephalitis. In the classic studies of biopsy-proven HSV encepha-
litis by the Collaborative Antiviral Study Group (CASG), patients had 
a median CSF white blood cell count of 130 cells/mm3; 68% of patients 
had 50 to 500 cells/mm3. Only 4% of patients had fewer than 5 cells/
mm3, and only 8% had greater than 500 cells/mm3.42 Similar CSF pro-
files were noted in a study of HSV encephalitis confirmed by CSF PCR. 
In that study, no patient with HSV encephalitis had fewer than 5 cells/
mm3, and 69% of HSV encephalitis patients had 50 to 500 cells/mm3.31 
Two later PCR-based studies reported that patients had a mean of 202 
to 237 leukocytes/mm3.20,41 In a large series of cases with serologically 
proven WNV encephalitis, the mean CSF cell count was 227 cells/mm3 
(95% confidence interval [CI], 133 to 321).39 Patients with mumps 
meningoencephalitis had higher mean cell counts compared with 
WNV patients with a mean of 540 ± 460 cells/mm3 and an average of 
56% lymphocytes.43

Although pathologic evaluation of HSV encephalitis often shows 
the presence of hemorrhagic necrosis, CSF red blood cell counts do 
not differ significantly between patients with biopsy-proven HSV 
encephalitis and nonherpetic encephalitis.42,44 Glucose concentrations 
are normal in more than 95% of patients with encephalitis caused by 
HSV and flaviviruses (WNV, St. Louis encephalitis virus) but may be 
low in some cases of CMV, mumps, and eastern equine encephalitis 
infection.42,43,45,46

Polymerase Chain Reaction and Antibody Studies
For some neuroinvasive viruses, PCR of the CSF has high sensitivity 
and specificity, making it the diagnostic study of choice for identifying 
a specific viral etiology.47 HSV PCR of the CSF has a sensitivity of 98% 
and a specificity of 94%.33,48 The sensitivity of PCR for detection of HSV 
encephalitis varies with the timing of the study. In the CEP, three 
patients with negative CSF HSV PCR tests performed within 72 hours 
of symptom onset had positive tests 4 to 7 days later.49 By contrast, in 
a study using nested PCR to detect HSV DNA in CSF, 100% (18 of 18) 
of patients tested within 72 hours of onset of neurologic symptoms had 
amplifiable DNA.50 CSF HSV PCR sensitivity declines as a function of 
duration of antiviral therapy with 98% of studies remaining positive in 
patients treated for 7 days or fewer followed by a decrease in sensitivity 
with ongoing treatment to 47% at 8 to 14 days and 21% after 15 days 
of antiviral treatment.48 These results reflect the progressive decline in 
CSF viral load that occurs as a function of duration of acyclovir therapy. 
Using quantitative PCR, acyclovir-treated patients had negative PCR 

http://www.myuptodate.com


P
a
rt

 I
I 

M
aj

o
r 

C
lin

ic
al

 S
yn

d
ro

m
es

1152

at a rate of about 10% per day after symptom onset.65 It is unclear how 
long CSF WNV IgM antibodies persist. In one small study, 60% of 
patients with WNV encephalitis had persisting CSF IgM antibody at 
500 days postinfection.66 In contrast to WNV, CSF and serum PCR 
studies can have a higher sensitivity for infection with arboviruses that 
cause prolonged high-titer viremias in humans, such as dengue, Ven-
ezuelan equine encephalitis, and Toscana viruses.

Electroencephalography
EEGs in patients with viral encephalitis are frequently abnormal, but 
the results only rarely provide a clue to a specific etiologic diagnosis. 
The most common abnormality is the presence of generalized slow-
ing.67 Focal EEG abnormalities, most commonly involving the tempo-
ral lobes, are seen in 75% to 80% of patients with HSV encephalitis.31,42 
Common abnormalities include the presence of frontotemporal slow-
ing, temporal sharp or spike activity, and periodic lateralizing epilep-
tiform discharges at a rate of 2 to 3 Hz.42 None of these patterns 
is diagnostic of HSV encephalitis. Periodic lateralizing epileptiform 
discharges, previously considered characteristic of HSV encephalitis, 
can also be seen in other types of encephalitis (e.g., La Crosse/ 
California virus encephalitis).68 Appearance and resolution of EEG 
abnormalities do not correlate well with clinical presentation or resolu-
tion of disease.33,69

EEG abnormalities have been reported in approximately 60% to 
90% of patients with WNV encephalitis. The most common finding is 
the presence of diffuse irregular slow waves, although the presence of 
anteriorly predominant slowing may suggest the diagnosis.70 Triphasic 
slow waves, generally considered more characteristic of metabolic 
encephalopathies, have also been reported in WNV encephalitis.71

Other Diagnostic Studies
Generally, CSF culture is of limited value in cases of viral encephalitis 
and is not recommended for routine clinical application.8 Occasionally, 
acute and convalescent serum studies suggest a viral etiology and may 
be required in rare cases where CSF evaluation is impossible. Addi-
tional studies, such as PCR of gastrointestinal samples for enterovi-
ruses, have been used as supportive diagnostic tests for viral 
encephalitis.67 Other supportive tests include PCR or antigen detection 
of respiratory secretions for adenoviruses, parainfluenza, or influenza 
viruses. Fluid from skin vesicles should be examined with PCR for 
evidence of enteroviruses, VZV, or HSV. Brain biopsy is rarely used 
today because of the availability and accuracy of PCR and antibody 
tests. Brain biopsy still serves a diagnostically useful function, however, 
in unexplained cases of encephalitis associated with progressive neu-
rologic deterioration.8

Management
The clinical status of patients with encephalitis can deteriorate rapidly; 
patients should be closely monitored in an intensive care unit or equiv-
alent setting. Viral encephalitis caused by arboviruses or herpesviruses 
does not require patient isolation for infection control. Respiratory or 
contact isolation should be considered in cases of encephalitis of 
unknown etiology or in patients with possible bacterial meningitis or 
a skin rash. Universal precautions should be applied to handling all 
body fluids, including CSF, blood, saliva, respiratory secretions, stool, 
and urine because their potential infectivity varies with the inciting 
pathogen.

Patients with encephalitis may develop increased ICP. Patients with 
potential signs of increased ICP, such as decreased level of conscious-
ness, papilledema, or cerebral edema, often require continuous ICP 
monitoring. Clinical trials studying the role of corticosteroids in 
encephalitis patients are inconclusive, and further studies are neces-
sary; however, in cases of encephalitis with increased ICP, corticoste-
roids may be used to treat cerebral edema.67,72,73 Additional measures 
to reduce increased ICP acutely include hyperventilation and admin-
istration of intravenous (IV) mannitol.

Patients with certain types of encephalitis are likely to be at 
increased risk of seizures, and seizures can contribute to transiently 
increased ICP. The value of prophylactic anticonvulsant therapy in 
patients with encephalitis is uncertain. Patients with seizures are  
generally treated urgently with lorazepam or diazepam followed by 

maintenance therapy with IV fosphenytoin. Patients may require con-
tinuous EEG monitoring because clinical observation in obtunded 
patients may not reliably detect seizures.

Patients with encephalitis can experience autonomic dysfunction 
resulting in hypotension or cardiac arrhythmias and should have close 
monitoring of blood pressure and electrocardiogram until clinically 
stable. If the airway is compromised because of alterations in con-
sciousness, intubation should be considered to protect the airway and 
prevent aspiration. If clinically indicated, empirical antimicrobial 
agents should be initiated in patients with suspected bacterial infection 
or bacterial meningitis.

Few randomized controlled trials have assessed the efficacy of anti-
viral treatments or immunomodulatory therapy in patients with viral 
encephalitis, other than acyclovir therapy in patients with HSV 
encephalitis. Current recommended treatments for viral encephalitis 
are largely based on case reports or small clinical case series.

VIRAL ETIOLOGIES OF 
ENCEPHALITIS
General features of the basic biology, pathogenesis, clinical features, 
epidemiology, diagnosis, and treatment of particular agents are dis-
cussed in the individual chapters devoted to these agents. Brief sum-
maries of relevant issues related to encephalitis are provided in the 
subsequent sections, and additional encephalitis viruses not discussed 
in the text are summarized in Table 91-4. Table 91-5 presents the Infec-
tious Diseases Society of America (IDSA)–U.S. Public Health Service 
(USPHS) grading system for ranking recommendations.

Herpesviruses
The Herpesviridae are ubiquitous viruses found in multiple animal 
species. Herpesviruses that cause neuroinvasive disease in humans 
include HSV-1, HSV-2, VZV, CMV, EBV, HHV-6, HHV-7, HHV-8, 
and simian herpesvirus B.

Herpes Simplex Virus Types 1 and 2
The exact mechanism by which HSV-1 and HSV-2 invade the CNS  
is unknown. Primary HSV-1 infection frequently causes gingivosto-
matitis, which is followed by axoplasmic transport of virus to the tri-
geminal sensory ganglion, where latency can be detected in virtually 
all seropositive individuals.33,74 Trigeminal ganglion reactivation of 
HSV-1 usually results in retrograde axonal transport and the develop-
ment of herpes labialis, but rarely reactivation may result in spread via 
the tentorial nerves to the anterior and medial cranial fossa.75 It has 
been suggested, on the basis of animal inoculation studies, that the 
olfactory tract could also provide a potential route of neuroinvasion 
for HSV-1. In the case of primary infection, virus could invade the 
olfactory bulbs through the nose and spread via olfactory pathways to 
the orbitofrontal and medial temporal lobes.33 At autopsy, approxi-
mately one third of HSV-seropositive individuals with no known neu-
rologic illness have PCR-amplifiable HSV DNA in the CNS, including 
the olfactory bulbs, hippocampus, and brainstem.76 If this represents 
latent virus, which has not yet been convincingly established, reactiva-
tion from CNS sites could provide another mechanism for develop-
ment of HSV encephalitis.

Cell death and tissue injury in HSV encephalitis likely result from 
direct viral killing of neurons and immune-mediated mechanisms of 
cell death. Several studies have shown that apoptosis plays a role in 
neuronal cell death in human HSV encephalitis.77,78 Studies in humans 
and mice have shown that the host’s immune response may contribute 
to HSV-induced neuronal injury and death during encephalitis.79-81 
Genetic defects in TLR3-interferon and interferon responses have been 
recently shown to predispose to HSV encephalitis in some children.

HSV is the most common cause of sporadic encephalitis in the 
United States, with an incidence of approximately 1/250,000 population/
year accounting for approximately 1250 to 2000 encephalitis cases 
annually. In immunocompetent adults, HSV-1 accounts for more than 
90% of all cases of HSV encephalitis with the remainder caused by 
HSV-2. HSV encephalitis is the most common identified cause of  
viral encephalitis but still accounts for only approximately 10% of all 
cases.33,82,83 HSV encephalitis has no seasonal or gender predilection. 
Cases occur in a bimodal age distribution with approximately one third 
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TABLE 91-4  Other Important and Emerging Causes of Viral Encephalitis

VIRAL ETIOLOGY EPIDEMIOLOGY CLINICAL FEATURES DIAGNOSIS TREATMENT
Adenovirus Children and 

immunocompromised patients
Associated pneumonia PCR or culture of brain biopsy 

specimen or CSF
Supportive

Chikungunya virus Epidemic setting; India and 
Southeast Asia; mosquito vector

Febrile syndrome with rash and 
arthralgias

CSF and serum IgM and PCR Supportive

Hendra virus Australia; fruit bat reservoir; 
humans infected by secretions 
of bats

Fever, drowsiness, seizures, and 
coma associated with a flulike 
prodrome

Contact Special Pathogens Branch at 
CDC

Supportive

HIV Worldwide epidemic; recent 
high-risk behavior

Fever, headache-associated acute 
retroviral syndrome; commonly 
associated with HIV dementia

HIV serology testing and HIV 
quantitative PCR of CSF; MRI may 
reveal T2 or FLAIR hyperintense 
lesions in periventricular regions 
and centrum semiovale

Combination 
antiretroviral therapy

Influenza Fall and winter seasonal 
predilection; worldwide 
distribution; rare complication  
in children

Associated febrile syndrome, 
myalgias, respiratory prodrome; 
may be associated with bilateral 
thalamic necrosis

Viral culture, antigen detection, and 
PCR in respiratory secretions

Oseltamivir (C-III); poor 
outcomes

Japanese encephalitis Mosquito vector, swine and bird 
reservoirs; most common cause 
of epidemic viral encephalitis 
throughout Southeast Asia and 
Australia

Seizures and parkinsonian features 
common; acute flaccid paralysis; 
case-fatality rate of 20%-30%

Serum IgM or acute/convalescent IgG; 
CSF IgM or antigen; MRI can show 
T2 and FLAIR hyperintense lesions 
at basal ganglia, thalami, and 
midbrain

Supportive; formalin-
inactivated mouse 
brain–derived 
vaccine available for 
prevention

JC virus Cell-mediated immunodeficiencies 
(AIDS) and immunomodulating 
therapy (natalizumab, rituximab, 
efalizumab)

Cognitive dysfunction, limb 
weakness, gait disturbance, 
visual loss, focal neurologic 
findings

CSF PCR (sensitivity 50%-70% for 
PML); MRI shows ≥1 nonenhancing, 
confluent subcortical white matter 
hyperintensity on T2 and FLAIR 
sequences

Combination 
antiretroviral therapy 
in AIDS patients  
or reversal of 
immunosuppression

Louping ill virus Tick-borne disease; found in 
Ireland, Scotland, and England; 
associated with livestock

Usually mild febrile illness with 
associated confusion and stupor 
in some; deaths are rare

Serum IgM ELISA or a 4-fold increase 
in IgG antibody in paired acute and 
convalescent sera

Supportive

LCMV (see Chapter 
166)

Rodent-borne virus infects humans 
with exposure to infected urine, 
feces, saliva, or blood; severe 
disease in immunocompromised 
patients

Fever, headache, leukopenia, and 
thrombocytopenia; encephalitis 
characterized by personality 
changes, increased ICP, 
paraplegia, and cranial nerve 
and sensory dysfunction

CSF and serum IgM ELISA Supportive

Me Tri virus Mosquito-borne; Southeast Asia; 
transmitted among livestock

Fever, rash, seizures, lethargy, and 
meningismus

CSF PCR and IgM ELISA, serology Supportive

Monkeypox Prairie dog exposure Vesiculopustular rash on head, 
extremities, palms, and soles; 
adenopathy; encephalitis is rare, 
with confusion, somnolence, 
and diminished reflexes

Skin biopsy, CSF, and serum IgM, 
serology; MRI showing T2 and 
FLAIR hyperintense lesions of the 
pons, thalamus, and subparietal 
cortex

Supportive care; 
consider cidofovir or 
vaccinia immune 
globulin (C-III)

Mumps virus Unvaccinated Previous parotitis followed by 
headaches, vomiting, seizures, 
altered consciousness, and 
sensorineural hearing loss

4-fold IgG increase in paired acute 
and convalescent sera, culture of 
saliva, CSF culture and PCR

Supportive

Murray Valley 
encephalitis virus

Mosquito vector; bird reservoir; 
Australia and New Guinea

Rapid onset in infants with 
case-fatality rate of 15%-30%

IgG antibody testing with 4-fold 
increase in paired acute and 
convalescent sera

Supportive

Nipah virus Exposure to infected pigs; 
pteropid bat reservoir; exposure 
to infected bats or bat roosting 
sites; close contact to infected 
humans; South Asia

Fever, headache, altered 
consciousness, dizziness, 
vomiting, myoclonus, dystonia, 
areflexia, hypotonia; 
pneumonitis

4-fold IgG increase in paired acute and 
convalescent sera; CSF culture; MRI 
may show T2 focal hyperintensity of 
subcortical and deep white matter 
of cerebral hemispheres; contact 
Special Pathogens Branch at CDC

Supportive; ribavirin 
(C-III)

Powassan virus Tick vector; rodent reservoir; New 
England states, Canada, and 
Asia

Case-fatality rate of 10%-15% 
and focal neurologic findings in 
>50% of patients

Serum and CSF IgM; IgG antibody 
4-fold increase in acute and 
convalescent paired sera

Supportive

Rift Valley fever virus Sub-Saharan Africa, Egypt, Saudi 
Arabia, Yemen; mosquito vector 
and livestock reservoir; humans 
infected via exposure to 
infected animal secretions

1% of infected humans develop 
encephalitis with headache, 
meningismus, and altered 
consciousness

ELISA antigen detection or culture 
from serum and PCR; contact 
Special Pathogens Branch at CDC

Supportive

Rocio virus Cause of epidemic encephalitis in 
Brazil; mosquito vector

Fever, headache, confusion, motor 
impairment, and cerebellar 
syndrome; sequelae include 
ataxia, dysphagia, incontinence, 
and memory problems

4-fold IgG increase in acute and 
convalescent sera

Supportive

Rubella virus Unvaccinated adults Rash followed by headache, 
dizziness, behavioral changes, 
and seizures

CSF IgM; 4-fold IgG increase in paired 
acute and convalescent sera

Supportive

Snowshoe hare virus Mosquito-borne; North America; 
children predominantly affected 
by encephalitis

Fever, headache, confusion, and 
lethargy; low mortality and rare 
long-term neurologic sequelae

CSF and serum IgM ELISA or 4-fold 
increase in IgG acute and 
convalescent sera

Supportive

Tick-borne 
encephalitis virus

Tick vector; rodent reservoir; 
unpasteurized milk; Eastern 
Russia, central Europe, Far East

Acute encephalitis; acute flaccid 
paralysis

Serum IgM or 4-fold increase in IgG 
antibody in paired acute and 
convalescent sera

Supportive

Continued
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encephalitis diagnosed by brain biopsy, necropsy, or intrathecal anti-
body synthesis, 98% (42/43) of patients with HSV encephalitis had a 
positive CSF PCR and all non-HSV encephalitis controls were PCR 
negative.50 As discussed earlier, PCR results need to be evaluated in 
light of the timing of test performance. False-negative PCRs may also 
occur in bloody CSF specimens as a result of the presence of porphyrin 
compounds derived from degradation of heme in erythrocytes.50

The results of diagnostic tests including CSF examination, neuro-
imaging, and EEG in HSV encephalitis have been discussed in earlier 
sections. As noted, 96% to 100% of patients have a CSF pleocytosis (>5 
white blood cells/mm3) with a lymphocytic predominance. The protein 
is usually elevated (mean and median 80 to 85 mg/dL), and the glucose 
is normal in 95% of cases.20,31,44 In one large series, the initial CT scan 
was abnormal in 79% of patients, and in the other 21% of patients with 
an initially normal study, a repeat study obtained an average of 5 days 
later was abnormal in virtually all cases.20 The most commonly 
observed abnormalities were in the temporal (53%) or temporal and 
frontal lobes (36%).20 MRI is more sensitive than CT and reveals 
abnormalities of the temporal lobes in 89% of cases confirmed by CSF 
HSV PCR (see Fig. 91-3A).31 EEG patterns are not specific for HSV 
encephalitis, but as noted earlier, focal EEG abnormalities have been 
reported in 81% of biopsy-proven HSV encephalitis cases42 and tem-
poral lobe abnormalities occur in 75% of PCR-proven cases.31

The treatment and factors influencing prognosis for HSV encepha-
litis have been discussed earlier. IV acyclovir (10 mg/kg every 8 hours 
for 14 to 21 days) is the drug of choice for treatment of HSV encepha-
litis. In the original CASG trial of adenine arabinoside for treatment 
of HSV encephalitis, the mortality in the 10 placebo-treated patients 
was 70%. Of the three survivors, one had minor, one had moderate, 
and one had severe sequelae.87 A randomized placebo-controlled phase 
III clinical trial comparing long-term oral valacyclovir with placebo 
after completion of standard IV acyclovir for HSE found no benefit to 
ongoing oral antiviral therapy for HSE (ClinicalTrials.gov identifier 
NCT00031486). Similarly, there is no proven benefit of adjunctive 
steroid therapy for treatment of HSV encephalitis.

Guidelines from IDSA advise that acyclovir should be initiated in 
all patients with suspected encephalitis, pending results of diagnostic 
studies (A-III; see Table 91-5).8 The goal of empirical treatment before 
diagnosis is to increase the likelihood of initiating treatment at an 
earlier stage in patients who ultimately prove to have HSV encephalitis. 
There is no proven benefit of acyclovir therapy in patients with 
non-HSV encephalitis (see discussion of specific herpesviruses for 
virus-specific details). The benefit of “empirical” use of acyclovir in 
patients with suspected encephalitis, rather than in patients with estab-
lished HSV encephalitis, has not yet been established in a randomized 
controlled clinical trial.44

A retrospective study found that only 29% of patients meeting 
specified criteria for suspected encephalitis (fever, neuropsychiatric 
abnormality, CSF pleocytosis, and negative Gram stain) received 
empirical acyclovir in the emergency department (median time to 
administration 1.5 hours; 95% CI, 0 to 31.1 hours). The remaining 71% 
received acyclovir after inpatient admission (median time 16 hours; 
95% CI, 7.5 to 44 hours).88 Five of 24 patients studied were eventually 

of individuals affected younger than 20 years, and half of cases occur 
in individuals older than 50 years.33

Patients with HSV encephalitis present with fever (90% to 100%), 
altered consciousness (97% to 100%), and headache (70% to 81%).20,42,84 
Other common clinical features of HSV encephalitis include disorien-
tation (70% to 76%), seizures (40% to 68%), behavior or personality 
change (41% to 87%), memory disturbance (24% to 45%), motor deficit 
(30% to 40%), and speech disturbances (31% to 59%).20,31,42,44 Mild or 
otherwise atypical presentations of HSV encephalitis have been 
reported in 14% to 17% of PCR-proven cases. These patients typically 
have an acute encephalopathy with mild alteration in level of con-
sciousness and an absence of focal features on neurologic examination 
(although focal features may be present on EEG or neuroimaging 
studies).31,85,86 A “normal” initial neurologic examination has been 
reported in less than 6% of patients.20 In the original CASG trial com-
paring vidarabine and acyclovir, 29% of patients had a Glasgow Coma 
Scale (GCS) score of 6 or less, 41% had a GCS score of 7 to 10, and 
30% had GCS score of 10 or greater.44 In later studies using CSF HSV 
PCR rather than brain biopsy for diagnosis, the level of consciousness 
of patients has been higher because of earlier detection. In the study 
by Domingues and associates,31 78% had a GCS score of 12 or greater, 
including 28% with a GCS score of 15. In another study by Raschilas 
and colleagues,20 the mean GCS score was 13.2 ± 3.1 (median 14).

PCR of HSV DNA in the CSF is the procedure of choice for diag-
nosis of HSV encephalitis48,50 (see earlier for full discussion). Com-
pared with brain biopsy, CSF HSV PCR has a sensitivity of 98% and a 
specificity of 94%, resulting in a positive predictive value of 95% and 
a negative predictive value of 98%.48 In a study of 43 patients with HSV 

VIRAL ETIOLOGY EPIDEMIOLOGY CLINICAL FEATURES DIAGNOSIS TREATMENT
Toscana virus Sandfly vector; infection during 

summer months in 
Mediterranean countries

Fever, headache, meningismus, 
and meningoencephalitis with 
coma, lethargy, hydrocephalus, 
and hepatosplenomegaly

CSF PCR; serum and CSF IgM; 4-fold 
increase in IgG acute and 
convalescent sera

Supportive

Vaccinia Most cases are postinfectious; rare 
event after vaccination

Abrupt encephalopathy with focal 
neurologic signs 2-30 days 
postvaccination

CSF PCR or IgM Supportive; 
corticosteroids if 
postvaccination 
(C-III); consider 
cidofovir or vaccinia 
immune globulin

AIDS, acquired immunodeficiency syndrome; CDC, Centers for Disease Control and Prevention; CSF, cerebrospinal fluid; ELISA, enzyme-linked immunosorbent assay; FLAIR, 
fluid-attenuated inversion recovery; HIV, human immunodeficiency virus; ICP, intracranial pressure; LCMV, lymphocytic choriomeningitis virus; MRI, magnetic resonance 
imaging; PCR, polymerase chain reaction; PML, progressive multifocal leukoencephalopathy.

Modified from Tunkel AR, Glaser CA, Bloch KC, et al. The management of encephalitis: clinical practice guidelines by the Infectious Disease Society of America. Clin Infect 
Dis. 2008;47:303-327.

TABLE 91-5  Infectious Diseases Society of 
America–U.S. Public Health Service Grading 
System for Ranking Recommendations

CATEGORY, 
GRADE DEFINITION
Strength of Recommendation
A Good evidence to support recommendation for use

B Moderate evidence to support recommendation for use

C Poor evidence to support recommendation for use

Quality of Evidence
I Evidence from ≥1 randomized, controlled trial

II Evidence from ≥1 well-designed clinical trial, without 
randomization; from cohort or case-control analytical 
studies (preferably from >1 center); from multiple 
time-series; or from dramatic results from uncontrolled 
experiments

III Evidence from opinions of respected authorities, based 
on clinical experience, descriptive studies, or reports of 
expert committees

Modified from Tunkel AR, Glaser CA, Bloch KC, et al. The management of 
encephalitis: clinical practice guidelines by the Infectious Disease Society of 
America. Clin Infect Dis. 2008;47:303-327.

TABLE 91-4  Other Important and Emerging Causes of Viral Encephalitis—cont’d
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as HIV, diabetes, or malignancy. CSF examination shows lymphocytic 
pleocytosis, elevated protein, and normal glucose concentration.97,98 
MRI typically exhibits intramedullary fusiform or spindle-shaped 
areas of increased T2-weighted signal.97,98 Diagnosis is made with HSV 
PCR in the CSF, but measuring intrathecal synthesis of HSV-specific 
immunoglobulins may be helpful in the diagnosis of recurrent cases.98 
There are no controlled trials of antiviral therapy for HSV myelitis; 
however, there are anecdotal reports of success with IV acyclovir 
(10 mg/kg three times daily) for at least 14 days followed by oral anti-
viral drugs (valacyclovir, 1 g three times daily) until symptoms resolve. 
Despite therapy, the prognosis is extremely variable. In one small study 
of nine patients with HSV myelitis, one third (three patients) made a 
complete recovery, whereas the remaining patients had residual 
sequelae including paraplegia and tetraplegia.98

Varicella-Zoster Virus
Primary VZV infection (chickenpox) occurs mainly in children 1 to 9 
years old, and seroprevalence by adult life is greater than 95%. After 
primary infection, the virus establishes latency in dorsal root ganglia. 
Reactivation results in herpes zoster (shingles). VZV CNS infection 
(encephalitis or vasculopathy) can occur during primary infection or 
after viral reactivation from latency.

During primary infection with VZV, acute cerebellar ataxia devel-
ops in 1 in 400 children younger than 15 years old.100 It is unknown 
whether this clinical presentation is due to direct viral infection in the 
CNS101 or represents a postinfectious immune-mediated state.102 The 
clinical presentation is characterized by onset of gait ataxia, tremor, 
vomiting, and headache occurring 1 to 3 weeks after onset of chicken-
pox. CSF shows a lymphocytic pleocytosis with an elevated protein. 
Imaging is often normal, and patients tend to have a full recovery. A 
study of VZV encephalitis cases found that a variety of VZV genotypes 
still cause neuroinvasive disease despite introduction of varicella 
vaccine, and vaccine genotypes are rarely associated with neuroinva-
sive infection in the CNS.103

VZV infection can also cause myelitis associated with shingles or, 
more rarely, in the absence of rash, sine herpete. In immunocompetent 
patients, myelitis is focal and typically manifests as weakness in myo-
tomes corresponding to the dermatomes of the associated shingles 
outbreak (segmental zoster paresis). Immunocompetent and immuno-
compromised patients may develop more severe zoster myelitis.104 In 
these cases, myelitis follows the rash by a median of 12 days with 
maximal deficit being reached an additional 10.5 days later. The most 
common neurologic manifestations are weakness (75%) usually involv-
ing the leg ipsilateral to the rash, and less commonly paraparesis or 
paraplegia. Sensory abnormalities are common (≈50%) and can include 
dysesthesias, paresthesias, loss of pain/temperature or position/
vibration sense or less commonly a sensory level to all modalities, or 
Brown-Séquard syndrome. Sphincter disturbances occur in approxi-
mately 25%. Some patients may have recurrent episodes of myelitis.105 
About 75% of patients have a lymphocytic CSF pleocytosis with ele-
vated protein (≈70%) and normal glucose (≈95%). MRI may show 
increased T2 signal lesions in the cord in association with cord swell-
ing.105 Diagnosis can be confirmed by demonstration of VZV DNA in 
CSF by PCR or by intrathecal anti-VZV antibody synthesis (IgM or 
increased CSF-to-serum IgG ratio).105

After primary VZV infection, postinfectious encephalomyelitis or 
ADEM occurs in 1 of 2500 cases.106 The pathogenesis, clinical features, 
and treatment of ADEM were discussed earlier. Some cases of enceph-
alitis or encephalopathy described in immunocompetent patients in 
association with chickenpox are likely to have represented either Reye’s 
syndrome or ADEM.107 Modern studies suggest that most cases of VZV 
“encephalitis” are actually caused by VZV CNS vasculopathy, which 
most commonly involves large vessels (granulomatous arteritis) in 
immunocompetent patients and small vessels in immunocompro-
mised patients.105,106,107-109 However, a recent case series found only 4 of 
20 patients with VZV encephalitis developed a vasculopathy, and 14 
of the 20 patients had nonvascular, nonspecific, or normal neuroimag-
ing results.110 In elderly immunocompetent patients, large vessel vas-
culopathy follows an episode of trigeminal herpes zoster by a few 
weeks to months with an average time to onset of 4.1 months, resulting 
in a mortality of 25%.111 Most cases are monophasic, but relapses can 

diagnosed with HSV encephalitis; only 2 of the 5 diagnosed with HSV 
encephalitis received acyclovir in the emergency department. In a large 
French study, a mean delay of 2 ± 2.7 days occurred between hospital 
admission and initiation of acyclovir therapy, and a mean of 5.5 ± 2.9 
days lapsed between reported onset of symptoms and initiation of 
treatment.20 These studies suggest that delays in administration of 
empirical antiviral therapy are common.

Several factors influence the prognosis of HSV encephalitis, includ-
ing patient age, level of consciousness, immune suppression, and dura-
tion of clinical encephalitis before initiation of acyclovir therapy 
(measured by day of symptom onset or day of hospitalization). In the 
CASG trials of vidarabine versus acyclovir, age was stratified into 
patients younger than 30 years and patients 30 years or older.44 Mortal-
ity was 6% (1/18) in acyclovir-treated patients younger than age 30 
years but increased to 36% (5/14) in the older age group. It was subse-
quently reported that mortality in acyclovir-treated patients increased 
in a stepwise fashion from 11% (<2 years old) to 22% (22 to 59 years 
old) to 62% (≥60 years old).89

Similarly, level of consciousness, as evaluated by GCS score, influ-
enced mortality. In the original trial comparing vidarabine and acyclo-
vir, mortality was 25% (2/8) in patients with a GCS score less than 6 
compared with 17% (4/24) in patients with a GCS score greater than 
6.44 It was subsequently noted that mortality was 0% in acyclovir- 
treated patients with a GCS score greater than 10 compared with 25% 
in patients with GCS score 10 or less.89 Patients with a GCS score of 7 
to 10 and early institution of acyclovir therapy have improved out-
comes compared with patients with lower GCS scores or late institu-
tion of acyclovir therapy.89 In one large study, patients treated more 
than 2 days after hospital admission had a 3.1-fold (95% CI, 1.1 to 9.1) 
greater likelihood of a poor outcome compared with patients treated 
earlier.20 In the vidarabine and acyclovir comparative study, the mortal-
ity rate in patients treated within 4 days of onset of fever, headache, 
and focal neurologic findings was 0% compared with a mortality of 
35% in patients with symptoms of disease for more than 4 days.44 
Additional factors reported to influence prognosis include the Simpli-
fied Applied Physiology Score (SAPS II),20 presence of lesions on an 
initial CT scan, and immunocompromised state.90 Recent studies have 
indicated that the absolute value of the HSV PCR viral load in the CSF 
has no prognostic implications.91,92

When evaluating patients with HSV neuroinvasive infections, the 
clinician must remember that HSV can also cause recurrent meningitis 
and myelitis. Although HSV-1 is the most common cause of sporadic, 
viral encephalitis, HSV-2 is the most common cause of recurrent, 
benign lymphocytic meningitis.93 Patients with recurrent HSV-2 men-
ingitis are more likely to be female (69%) and have a mean age of 38 
years.93,94 Patients present with acute onset of headache, fever, photo-
phobia, and meningismus. Episodes last for a mean of 6 days, and 
patients have an average of four recurrences.93,94 CSF is remarkable for 
lymphocytic pleocytosis (range 86 to 1800), mildly elevated protein 
(range 60 to 258), and normal glucose.95 Diagnosis is made with HSV 
PCR of the CSF and is positive in 85% of patients with recurrent men-
ingitis.94 Neuroimaging is normal in the majority of patients (83%), 
although some patients develop nonspecific changes (14%) or menin-
geal changes (3%).95 Of patients with CSF that was positive for HSV 
by PCR, 95% of cases are caused by HSV-2. Although recurrent HSV 
meningitis is a benign, self-limiting illness, acyclovir was used in the 
past for suppression of recurrences.93 However, a recent double-blind, 
randomized trial demonstrated that suppressive therapy with valacy-
clovir was equivalent to placebo in suppressing HSV meningitis recur-
rences.96 After 1 year of study drug exposure, patients were followed 
for an additional year off study drug, and patients exposed to valacy-
clovir had a significantly elevated risk (hazard ratio 3.29) of recurrent 
HSV meningitis compared with the placebo group.

HSV-1 and HSV-2 cause myelitis, but HSV-2 most commonly 
causes myelitis in adults. Most cases manifest as a monophasic illness 
(about 20% are recurrent) associated with acute onset of paralysis in 
the legs or less commonly the arms, reduced or absent reflexes, hyper-
reflexia with extensor-plantar responses, decreased sensation, and 
decreased anal tone or urinary incontinence with sacral dermatome 
involvement.97-99 Severe forms of HSV myelitis include acute necrotiz-
ing myelopathy, which occurs in patients with underlying disease such 
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in patients with CMV encephalitis is nonspecific with mild lympho-
cytic pleocytosis and mild elevation in CSF protein. In patients with 
CMV polyradiculopathy, the CSF profile is distinctive, with neutro-
philic pleocytosis, low glucose, and elevated protein. Diagnosis is con-
firmed by amplification of CMV DNA from CSF by PCR. CMV PCR 
in the CSF of AIDS patients with CMV encephalitis has a reported 
sensitivity of 62% to 100% and specificity of 89% to 100%.117

HIV-associated CMV ventriculoencephalitis has a median survival 
of 42 days.118 In a prospective study of 146 HIV patients with neuro-
logic symptoms, the median survival was 50 days in patients with 
positive CMV CSF PCR compared with 205 days in patients with a 
negative CMV CSF PCR (P < .001).119

Recommended initial treatment for CMV neuroinvasive disease 
includes the combination of ganciclovir (5 mg/kg IV every 12 hours) 
and foscarnet (60 mg/kg IV every 8 hours or 90 mg/kg IV every 12 
hours) (category B-III).8 Initial therapy is generally maintained for 2 
to 3 weeks and is often followed by lower-dose maintenance therapy. 
Efforts should be made to reduce the degree of host immunosuppres-
sion whenever possible.

Epstein-Barr Virus
Primary EBV infection can be asymptomatic or can result in a mono-
nucleosis syndrome characterized by cervical lymphadenopathy, exu-
dative pharyngitis, and splenomegaly. Significant CNS disease occurs 
in less than 1% of EBV infectious mononucleosis cases and can mani-
fest with myriad CNS syndromes, including meningitis, encephalitis, 
transverse myelitis, and Guillain-Barré syndrome.120 The frequency of 
EBV as a cause of encephalitis is unknown, although it was reported 
to account for approximately 10% of childhood encephalitis cases in 
one review.120

Patients with EBV encephalitis present with altered consciousness, 
seizures, and focal neurologic deficits. In a study of 21 children (<17 
years old) with EBV CNS infection, only 1 patient had concomitant 
infectious mononucleosis.120 Other patients had a nonspecific pre-
sentation with fever (81%), headache (66%), and seizures (48%).  
CSF shows a pleocytosis (mean 58 cells/mm3) with mildly elevated 
protein (mean 48 mg/dL) and normal glucose. In one series, 60% of 
patients had a neutrophil predominance.120 About 80% of patients 
have MRI abnormalities, which can take the form of increased signal 
on T2 and FLAIR sequences that most commonly involve the basal 
ganglia and thalamus, temporal lobes, and subcortical white matter.  
In some patients, lesions are consistent with the lesions seen in ADEM 
or acute hemorrhagic leukoencephalitis. EEG abnormalities occur  
in approximately 75% of patients, most commonly in the form of 
generalized slowing, although patients may also have focal slowing, 
frequent intermittent rhythmic delta-wave activity, or epileptiform 
discharges.

Diagnosis of EBV CNS disease is typically made with EBV PCR of 
the CSF or demonstration of intrathecal antibody synthesis (CSF EBV 
viral capsid antigen IgM or elevated EBV viral capsid antigen IgG CSF-
to-serum ratio). A recent study of patients with EBV DNA in the CSF 
by PCR found evidence of EBV encephalitis in patients with stem cell 
transplantation, but positive EBV DNA in the CSF of other patients 
did not appear to be causally related and was often associated with 
another infection in the CNS.121 Thus, positive studies in the CSF for 
EBV DNA should be interpreted with caution. EBV serology consistent 
with acute infection (e.g., EBV viral capsid antigen IgM in the absence 
of IgG, elevated IgG antibody titers against early antigen but not 
nuclear antigen) supports, but does not definitively establish, the pres-
ence of EBV CNS disease. A study of 28 patients with CNS EBV infec-
tion found that patients with encephalitis had a high EBV PCR copy 
number (4.2 log10 copies/mL) and high leukocyte counts (143 cells/
mm3) in the CSF.56

There are no controlled trials evaluating therapy in patients with 
EBV CNS infection; however, some case reports suggest ganciclovir 
treatment improved outcomes in patients with EBV meningoencepha-
litis.122 Steroids have shown benefit in uncontrolled trials in some 
patients, including patients with evidence of increased ICP (category 
C-III).8 Mortality of EBV encephalitis is 10% or less. Prognosis for 
survivors is excellent, with 90% returning to normal function, and the 
remaining 10% having only mild residual deficits.120

occur. Patients develop myriad symptoms and acute focal deficits 
varying with the location of the lesions. MRI is abnormal in 97%, 
showing multifocal hyperintense lesions on T2-weighted FLAIR 
images (see Fig. 91-3B).111 Lesions are typically located in the white 
matter or at the gray-white matter junction. Typical CSF findings 
include lymphocytic pleocytosis (67%), elevated protein, and normal 
glucose.

Small vessel VZV vasculopathy classically occurs in immunocom-
promised patients, resulting in a clinical syndrome of altered mental 
status changes, headache, focal deficits, and seizures.111 The typical rash 
of herpes zoster is often absent. Neuroimaging shows evidence of mul-
tifocal infarcts, and CSF analysis reveals mild pleocytosis and a normal 
to mild elevation in CSF protein. In a retrospective study of VZV 
vasculopathy, 70% of patients had abnormalities seen on magnetic 
resonance angiography or traditional angiography.111 Fifty percent had 
evidence of small vessel and large vessel involvement. Angiography 
reveals focal narrowing or occlusion of involved vessels.

Diagnosis of VZV vasculopathy can be made by demonstration of 
intrathecal synthesis of VZV-specific antibody (sensitivity 98%) or by 
demonstration of VZV DNA in CSF by PCR (sensitivity 30%).111 At 
autopsy, involved vessels show focal inflammation with multinucleated 
giant cells, VZV antigen in endothelial cells, and Cowdry type A inclu-
sion bodies in infiltrating histiocytes.112

VZV can produce an aseptic meningitis that can occur in the 
absence of rash. The frequency of VZV meningitis is uncertain; 
however, in one large series it accounted for 8% of cases.4 Patients 
typically have a lymphocytic pleocytosis in the CSF with elevated 
protein and normal glucose.113 Neuroimaging is usually normal. Diag-
nosis can be made by showing VZV DNA in CSF by PCR. It has been 
reported that VZV viral loads are lower in patients with meningitis 
(mean 4000 copies/mL) compared with fewer patients with encepha-
litis (mean 72,000 copies/mL).114 It has been suggested that the severity 
of VZV CNS disease may correlate with CSF viral load. Patients with 
fewer than 10,000 VZV DNA copies/mL have a milder course com-
pared with patients with higher viral loads.114

No randomized controlled clinical trials are available to guide 
therapy for VZV CNS infection, but treatment with IV acyclovir (10 
to 15 mg/kg every 8 hours for 10 to 14 days) has been recom-
mended.8,108,109 Some experts also recommend a short course of adjunc-
tive corticosteroid therapy (e.g., prednisone, 60 to 80 mg/day for 3 to 
5 days).106,108 In a noncontrolled retrospective review of VZV vascu-
lopathies, 66% of patients who received acyclovir alone and 75% who 
received acyclovir and steroids improved or stabilized.111 IDSA guide-
lines8 indicate that acyclovir therapy is recommended (category B-III), 
that ganciclovir can be considered an alternative (category C-III), and 
that adjunctive corticosteroids can be considered (category C-III).

Cytomegalovirus
CMV is a ubiquitous human virus, with a 90% to 100% antibody sero-
prevalence in adults. It is transmitted through various routes, including 
body fluids such as saliva and genital secretions, blood transfusions, 
and organ transplants. CMV causes acute infection and reactivation 
disease from latent virus. Primary infection with CMV is often clini-
cally silent but may produce a mononucleosis syndrome. Neurologic 
complications from CMV infection in adults include retinitis, enceph-
alitis, polyradiculomyelopathy, and neuropathy, all of which occur 
predominantly in immunocompromised hosts. CMV is also an impor-
tant cause of congenital infections (see Chapter 140).

CMV encephalitis most commonly occurs in patients with a com-
promised immune system because of AIDS or organ transplantation; 
however, CMV neuroinvasive infections can infrequently occur in 
immunocompetent patients as well.115 In patients with acquired immu-
nodeficiency syndrome (AIDS), CMV encephalitis occurs when the 
CD4+ cell count is less than 50 cells/mm3. Patients may develop a 
nonspecific febrile encephalopathy with or without focal signs. Some 
patients present with acutely altered mental status, and others present 
with a slowly progressive ventriculoencephalitis with cranial nerve 
palsies. Findings on MRI of the brain in AIDS patients with CMV 
encephalitis are variable but often show hyperintense signal in the 
periventricular white matter on T2-weighted images and ependymal 
enhancement on contrast-enhanced T1-weighted images.116 The CSF 
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There are no controlled clinical trials studying regimens for post-
exposure prophylaxis, treatment of symptomatic individuals who have 
not yet developed CNS symptoms, or treatment of patients with CNS 
disease. Postexposure prophylaxis refers to administration of antiviral 
drugs in individuals potentially exposed to virus but not known to be 
infected. The regimen recommended for postexposure prophylaxis in 
asymptomatic individuals is oral valacyclovir (1 g orally three times a 
day for 14 days).137 In patients with symptomatic disease but who do 
not have CNS signs or symptoms, either acyclovir (12.5 to 15 mg/kg 
every 8 hours) or IV ganciclovir (5 mg/kg every 12 hours) is recom-
mended. In individuals with CNS symptoms, it has been suggested that 
ganciclovir treatment is preferable.137 Therapy is generally continued 
for a minimum of 14 days and is extended if symptoms have not 
resolved or cultures remain positive. When IV therapy is discontinued, 
patients should be monitored for viral shedding (cultures of conjunc-
tivae and oral mucosa) initially at weekly and later less frequent inter-
vals (one to two times a year). Lifelong suppressive therapy with oral 
valacyclovir is usually recommended.137

Vector-Borne Viral Infections
Vector-borne viral infections have become increasingly important 
causes of viral encephalitis in the United States as a result of the emer-
gence of West Nile virus. The most common vectors that transmit 
encephalitic viruses are mosquito species and tick species. These 
arthropods and the viruses they transmit constitute a common group 
of viruses called arthropod-borne viruses, or arboviruses. Viruses 
included in this group belong to four families: Togaviridae, Flaviviri-
dae, Bunyaviridae, and Reoviridae; each specific arbovirus within a 
family is commonly transmitted by a specific species of mosquito  
or tick.

Pathogenesis
Most arboviruses maintain an enzootic (animal) cycle that does not 
involve human infection. After a bite from an infected mosquito, the 
virus replicates in dendritic cells and macrophages in local tissue and 
lymph nodes, resulting in a primary viremia that disseminates virus to 
end organs including the CNS. The ability of an arbovirus to invade 
the CNS (neuroinvasiveness) is determined by multiple viral and host 
factors.138 Proposed routes of arboviral CNS entry include penetration 
of the cerebral microvasculature after infection of endothelial cells, 
diapedesis of infected leukocytes, or penetration of the choroid plexus.

When the virus has penetrated the blood-brain barrier, arboviruses 
can directly infect and cause death of neurons. Several studies have 
shown that apoptosis is an important mechanism of WNV neuron cell 
death and CNS injury.139-141 Immune responses also contribute to clear-
ance of virus and immunopathologically mediated neuronal cell death.

West Nile Virus
WNV infection is now the most common cause of epidemic viral 
encephalitis in the United States (see Fig. 91-2A). Since its emergence 
in New York City in 1999, 36,668 cases of WNV infection have been 
reported in the United States, including 15,503 cases (42%) of neuro-
invasive disease and 1491 (4%) deaths (www.cdc.gov/ncidod/dvbid/
westnile). The epidemics of WNV in 2003 and 2012 were the largest 
outbreaks of neuroinvasive viral infections ever reported in the Western 
Hemisphere.142

WNV is transmitted via a mosquito bite from an infected Culex 
mosquito. Transmission also can occur after organ transplantation of 
WNV-infected organs,143 breast-feeding,144,145 and blood transfu-
sions.146 Most (80%) infections are asymptomatic. Approximately 20% 
of infected individuals develop an acute febrile flulike illness (West Nile 
fever) characterized by fever, headache, fatigue, anorexia, nausea, 
myalgia, and lymphadenopathy. A maculopapular rash involving the 
trunk and limbs occurs in 25% to 50%.147 Less than 1% of WNV-
infected individuals develop neuroinvasive disease, including menin-
gitis, encephalitis, and acute flaccid paralysis.142,148-150 It has been 
estimated that 30% to 40% of patients with neuroinvasive WNV infec-
tion develop meningitis, 50% to 60% develop encephalitis, and 5% to 
10% develop acute flaccid paralysis.151,152 Other reported syndromes 
include rhabdomyolysis,153 chorioretinitis,154 myositis,155 and auto-
nomic nerve dysfunction.156

Human Herpesvirus Type 6
HHV-6 is a ubiquitous viral infection of T lymphocytes that causes a 
spectrum of disease on primary infection, including exanthem subitum 
(roseola) in infants, febrile seizures, and lymphadenopathy syndromes. 
Virus then becomes latent and can periodically reactivate to cause 
disease.

HHV-6 is increasingly recognized as a cause of encephalitis in 
immunocompromised adults,123,124 particularly patients with alloge-
neic bone marrow transplants (hematopoietic stem cell trans-
plants).125,126 The predominant amount of data in hematopoietic stem 
cell transplant patients, which consists of small case series, case reports, 
and small cohort studies, supports a diagnosis of HHV-6 encephalitis 
in hematopoietic stem cell transplant patients with encephalitis, 
without other causes of neurologic disease, and CSF positive for 
HHV-6 by PCR.127 In hematopoietic stem cell transplant patients, 
HHV-6 causes limbic encephalitis, characterized by short-term 
memory loss, insomnia, and seizures.128 MRI exhibits characteristic 
increased hyperintense signal on T2 images of the medial temporal 
lobe.129 Diagnosis is made by demonstration of HHV-6 DNA in the 
CSF. In a case-control study, HHV-6 PCR from the CSF of 22 bone-
marrow transplant patients with neurologic symptoms was compared 
with 107 immunocompromised controls without neurologic symp-
toms.130 HHV-6 DNA was detected in 5 of 22 patients (23%) with 
neurologic disease but only 1 of the 107 controls (0.9%; P <.001). In 
all 11 cases with another identified cause of neurologic dysfunction, 
HHV-6 DNA was negative.

HHV-6 is associated with focal encephalitis in immunocompetent 
patients. Estimates of its frequency have ranged from 6.5% in speci-
mens from the CASG HSV encephalitis treatment trials131 to 0.4% 
(4/1000) in the CEP.123 Patients typically have CSF lymphocytic pleo-
cytosis, elevated protein, and normal glucose. MRI may be normal or 
show temporal lobe abnormalities. Diagnosis is typically made by CSF 
PCR or serum serology. Sensitivity and specificity of these tests are 
unknown because negative serologies have been reported with positive 
CSF PCRs and vice versa. It has been suggested that high CSF viral 
loads support the diagnosis.123 The possibility that latent HHV-6 DNA 
in mononuclear cells may result in false-positive PCR tests may com-
plicate diagnosis.

Treatment of HHV-6 encephalitis is similar to that of CMV CNS 
infections. Generally, HHV-6 is resistant to acyclovir therapy but is 
responsive to ganciclovir and foscarnet. Although HHV-6 is sensitive 
to cidofovir therapy, this drug is not recommended for treatment of 
HHV-6 CNS disease because of the high risk of adverse events and 
uncertainty about its degree of CNS penetration. There are no con-
trolled clinical trials studying antiviral therapy of HHV-6 limbic 
encephalitis. Case studies suggest that therapy with ganciclovir or fos-
carnet can be successful in bone marrow transplant recipients.132,133 
Other reports have found that antiviral treatments do not prevent 
death and do not reduce CSF HHV-6 DNA viral load.134,135 IDSA 
guidelines recommend use of ganciclovir or foscarnet in immunocom-
promised patients (category B-III) and indicate that these agents can 
be considered in immunocompetent patients, although data on efficacy 
are lacking (category C-III).8

Herpesvirus B
Herpesvirus B infects Old World monkeys and is the only nonhuman 
herpesvirus that also infects humans, resulting in a high mortality.136 
Monkeys of the genus Macaca (macaques) are lifelong viral carriers 
and asymptomatically shed virus. Humans develop disease after a 
monkey bite, scratch, or mucosal contact with infected body fluid. 
Vesicles develop at the site of exposure, followed by onset of a flulike 
syndrome characterized by fever, chills, myalgias, and headache.136 
When the virus invades the CNS, the patient develops diplopia, ataxia, 
hyperesthesias, agitation, and ascending paralysis.

Diagnosis is made by wound or contact site culture and demonstra-
tion of an antibody response with acute and convalescent sera.136 
Culture must occur in a biosafety level 4 facility, so local health authori-
ties should be notified if herpesvirus B is suspected. Because mortality 
approaches 100% after CNS symptoms develop, treatment should be 
initiated on exposure rather than delayed until onset of symptomatic 
disease.

http://www.cdc.gov/ncidod/dvbid/westnile
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WNV neuroinvasive disease is usually diagnosed by demonstration 
of WNV-specific IgM in CSF by ELISA.164 In some patients CSF WNV 
IgM may persist for 1 year or longer, and it may be necessary to 
perform serial studies of serum and CSF IgG and IgM to distinguish 
definitively acute from remote infection. CSF PCR for WNV is highly 
specific but less sensitive than serologic studies. CSF PCR may be 
particularly useful early in infection, however, before antibody 
responses have fully evolved, and in immunocompromised individuals 
who may have delayed or absent seroconversion.164 Antibodies reacting 
with WNV antigens in ELISA tests may occur as a result of heterolo-
gous cross-reactions induced by infection with or vaccination against 
other flaviviruses, including St. Louis encephalitis virus, yellow fever 
virus, and Japanese encephalitis virus. In some cases, it may be neces-
sary to confirm ELISA results by plaque reduction neutralization 
assays. Neutralization antibody titers are typically highest against the 
inciting virus compared with cross-reacting species.

There is no specific therapy of proven benefit for WNV infection. 
Isolated case reports and small series describe both benefit and lack of 
effect from treatment with IVIG containing high-titer anti-WNV anti-
bodies (Omr-IgG-am), and with interferon-α. A randomized con-
trolled multicenter trial of high-titer anti-WNV IVIG preparation 
(Omr-IgG-am) was conducted by the CASG (NCT00069316 and 
68055), but results are not available. A phase I/II trial to evaluate the 
safety and efficacy of a humanized monoclonal antibody (MGAWN1) 
directed against an epitope on the WNV envelope glycoprotein was 
closed due to low enrollment (NCT00515385). Isolated reports of cor-
ticosteroid use in patients with WNV acute flaccid paralysis and brain-
stem disease do not permit any conclusions about efficacy.165

Mortality from WNV neuroinvasive disease is approximately 12% 
and occurs almost exclusively in the subsets of patients with severe 
encephalitis or severe acute flaccid paralysis. The frequency and sever-
ity of sequelae are still not well understood.166 Six months after the 
acute infection, 40% of patients with movement disorders such as 
myoclonus, parkinsonism, or tremors have residual symptoms, and 
20% have ongoing symptoms at 18 months of follow-up.166 More recent 
studies also suggest that 50% of WNV encephalitis survivors report 
cognitive problems, decreased motor speed, and diminished dexterity 
3 months after the initial infection.166

St. Louis Encephalitis
St. Louis encephalitis virus has been an important cause of arbovirus 
encephalitis in the United States since the 1930s and was the most 
important neuroinvasive flavivirus in North America until the emer-
gence of WNV.163 St. Louis encephalitis virus is found in a broad range 
from Canada and the United States to Central and South America (see 
Fig. 91-2B). Transmission to humans in the western United States is 
primarily via Culex tarsalis; in the eastern United States, it is through 
Culex pipiens, Culex quinquefasciatus, and Culex nigripalpus. The inci-
dence rates for St. Louis encephalitis virus in the United States range 
from 0.003 to 0.752/100,000 with a median of 35 cases per year.167 In 
1975 the largest outbreak recorded in the United States involved 2800 
cases in 31 states. In 2008 seven cases of St. Louis encephalitis virus, 
mainly located in the lower Mississippi River basin, were reported to 
the Centers for Disease Control and Prevention (CDC) (www.cdc.gov/
ncidod/dvbid/sle/index.html).

After the bite of an infected mosquito, an incubation period of 4 to 
21 days precedes the onset of clinical symptoms. In adults, symptom-
atic infection occurs in 1 of 300 individuals exposed to virus.163 These 
patients develop a flulike illness characterized by fever, myalgias, and 
headaches, as well as other nonspecific symptoms including nausea, 
vomiting, cough, and sore throat. In patients younger than 20 years, 
40% develop meningitis and 50% develop encephalitis.168 In patients 
older than 60 years, more than 90% of patients develop encephalitis. 
Common manifestations of St. Louis encephalitis virus include reduced 
level of consciousness with lethargy, coma, tremors, myoclonic jerks, 
opsoclonus, nystagmus, and ataxia. Mortality of St. Louis encephalitis 
virus infections ranges from 4% to 27%,168 seizures develop in 47% of 
patients, and acute flaccid paralysis has been associated with 6% of 
encephalitis cases.169,170

MRI is often normal but may show high T2 signal intensity of the 
substantia nigra. In a case series of 11 patients, CSF studies revealed a 

Neuroinvasive disease most commonly occurs in older individuals 
(>60 years old). In one study, the odds ratio (95% CI) of developing 
encephalitis was 2.2 (1.6 to 3.1) in individuals older than 64 years.157 
Additional identified risk factors for encephalitis include hyperten-
sion and diabetes.148,157,158 Immunocompromised patients, including 
organ transplant recipients, are at high risk of developing severe  
WNV disease. Specific genetic factors in humans shown to enhance 
susceptibility to serious WNV disease include single nucleotide poly-
morphisms in the oligoadenylate synthetase gene, which encodes  
an interferon inducible enzyme involved in antiviral innate immu-
nity,159 and a genetic deficiency of the chemokine receptor CCR5, 
which may inhibit trafficking of WNV-specific CD8+ T cells into 
the CNS.160

WNV meningitis is characterized by the abrupt onset of fever, 
headache, meningeal signs, photophobia, and phonophobia. Patients 
have lymphocytic CSF pleocytosis with an average of 226 cells/mm3, 
mildly elevated protein, and normal glucose. Neutrophils, rather than 
lymphocytes, predominate in the CSF in approximately 50% of patients 
with WNV meningitis.39 Neuroimaging studies are unremarkable, and 
the EEG is usually normal.

WNV encephalitis is distinguished from meningitis by the presence 
of signs and symptoms of brain parenchymal involvement or abnor-
malities on neuroimaging or EEG indicative of brain parenchymal 
involvement. Patients with WNV encephalitis present with fever (70% 
to 100%), headache (50% to 100%), and altered mental status (45% to 
100%). Common signs unusual in other forms of viral encephalitis that 
may suggest the diagnosis of WNV or flavivirus infection include 
tremor, parkinsonism, and myoclonus (20% to 40%).150,151 Weakness is 
common and may be generalized or of a lower motor neuron type 
associated with hypotonia and areflexia with preserved sensation. 
Cranial neuropathies, most commonly involving unilateral or bilateral 
peripheral facial palsy, occur in approximately 20%.

The prevalence of tremors ranges from 12% to nearly 100% in dif-
ferent studies.149 It is often coarse, typically involves the arms, and has 
postural and kinetic components.161 Parkinsonian features also occur 
with variable frequency and include signs such as bradykinesia, hypo-
mimia, and postural instability.149,161 Myoclonus can resemble that seen 
in prion diseases and usually involves the upper extremities and face. 
Cerebellar abnormalities including incoordination and gait ataxia 
occur in a variable percentage of cases.148,151,158,162

Patients with WNV infection have a normal complete blood count 
or mild leukocytosis.163 The CSF findings in patients with encephalitis 
are almost identical to the findings with meningitis, including pleocy-
tosis (mean 227 cells/mm3), elevated protein, and normal glucose. 
There is a predominance of neutrophils rather than lymphocytes in 
37% of cases.39 MRI is abnormal in approximately 50% to 70% of WNV 
encephalitis cases, which is somewhat less frequent than in HSV 
encephalitis, and the frequency depends on the timing of the studies 
and the imaging sequences used. CT is considerably less sensitive than 
MRI and is usually normal. When present, MRI abnormalities typically 
involve the thalamus, basal ganglia, and brainstem. Less commonly, 
they involve the deep white matter (see Fig. 91-3C).

WNV can produce a poliomyelitis-like acute flaccid paralysis that 
results from viral injury to motor neurons in the anterior horns of the 
spinal cord. Patients typically develop acute onset of asymmetric limb 
paralysis associated with decreased or absent reflexes and preserved 
sensation. Weakness may be associated with respiratory impairment 
from diaphragm or intercostal muscle paralysis. Electrophysiology 
studies obtained acutely show reduction in amplitude or absence of 
compound muscle action potentials with relatively preserved sensory 
nerve action potentials. Electromyographic studies obtained 2 to 3 
weeks after onset show characteristic features of denervation, including 
increased insertional activity and fasciculations. In contrast to Guil-
lain-Barré syndrome, there is no evidence of significant demyelination 
(slowed conduction velocities or conduction block). In most, but not 
all, cases of WNV, acute flaccid paralysis is associated with clinical 
signs and symptoms of systemic infection, and the syndrome may 
occur in association with meningitis or encephalitis. Patients typically 
have CSF features similar to the features seen in meningoencephalitis. 
MRI of the spinal cord may show increased signal in the anterior horns 
on T2 and FLAIR sequences.
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prodromal period was associated with a better prognosis. Overall mor-
tality is approximately 30%, although higher mortality rates are 
reported in older individuals. Sequelae are more common and gener-
ally more severe in children.176

Western Equine Encephalitis
Western equine encephalitis virus is an alphavirus that was originally 
isolated from the brains of horses in an epizootic outbreak in the San 
Joaquin Valley of California in 1930.177 The virus is found in the 
western United States, western Canada, and as far south as Argentina. 
In the United States, the virus is transmitted by Culex tarsalis in an 
enzootic cycle with passerine birds. There have been 639 cases of 
western equine encephalitis virus in the United States since 1964 but 
none since 1994 (www.cdc.gov). With the increasing urban popula-
tions and changes in land usage, seroprevalence in the United States 
has decreased to 1%.178 A single case of probable western equine 
encephalitis was reported from Uruguay in 2009.179

Western equine encephalitis virus is a milder disease compared 
with eastern equine encephalitis virus. Infected patients develop a 
febrile prodrome followed by meningismus, weakness, tremors, and 
altered mental status in less than 10% of symptomatic patients.180 
The case-fatality rate is approximately 4% to 10% but is higher in 
infants and the elderly. CSF analysis exhibits a lymphocytic pleocytosis 
(<100 cells/mm3), normal to elevated protein, and a normal glucose 
ratio. Detection of IgM in the CSF or serum is the diagnostic method 
of choice.181 There is no specific treatment for western equine encepha-
litis virus.

Venezuelan Equine Encephalitis
Venezuelan equine encephalitis virus is an alphavirus that was origi-
nally isolated from the brains of dead horses.182 Venezuelan equine 
encephalitis virus circulates between a mosquito vector, Culex melano-
conion, and forest-dwelling small mammals and birds in Central and 
South America. It emerges during epizootic outbreaks to infect horses 
and humans via bridge vectors such as Aedes taeniorhynchus. Epidem-
ics typically occur in northern South America but have extended as far 
north as Mexico and Texas.183 In areas of sylvatic (forest) activity, 
seroprevalence can be 50%. During an outbreak of Venezuelan equine 
encephalitis virus in Venezuela and Colombia in 1995, approximately 
3000 cases of neurologic disease were reported, resulting in 300 
deaths.184,185 In contrast to other arbovirus infections in humans, 
viremia in humans is sufficient to transmit virus to mosquitoes. Forty 
percent of patients with Venezuelan equine encephalitis virus have 
virus in the pharynx, suggesting that direct spread between humans 
may be possible, although this has never been shown.184,186

Symptomatic Venezuelan equine encephalitis virus results in neu-
rologic disease in a few cases following a viral prodrome of fever, 
headache, photophobia, conjunctival injection, myalgia, arthralgia, 
nausea, and dizziness. Pharyngeal inflammation, painful cervical 
lymphadenopathy, somnolence, and tremulousness may occur.187,188 
CSF analysis reveals lymphocytic pleocytosis, elevated protein, and in 
some cases an elevated glucose ratio. There are few reports of neuro-
imaging studies. CT scans are usually normal. EEG typically shows 
diffuse slowing, although some cases have focal temporal slowing 
similar to that seen in HSV encephalitis. General laboratory abnor-
malities include leukopenia and elevated transaminase levels.187

Venezuelan equine encephalitis virus is diagnosed by detection of 
specific IgM antibody in the CSF or serum. Venezuelan equine enceph-
alitis virus nucleic acid can also be amplified from the blood or pharynx 
the eighth day of illness by PCR.186 Fatality rates range from 0.2% to 
1% of symptomatic Venezuelan equine encephalitis virus patients and 
10% to 25% of patients with encephalitis. There is no antiviral therapy 
of proven benefit.

California Encephalitis Group
California encephalitis virus, La Crosse virus, Jamestown Canyon 
virus, and Tahyna virus are the major causes of encephalitis in the 
California encephalitis group within the family of Bunyaviridae and 
genus Bunyavirus. Of these viruses, La Crosse virus, California enceph-
alitis virus, and Jamestown Canyon virus are causes of disease in  
the United States, and Tahyna virus is predominantly a cause of 

lymphocytic pleocytosis in all patients (mean 107 cells/mm3, range 5 
to 446 cells/mm3), elevated protein (mean 67 mg/dL) in seven patients, 
and normal CSF glucose.170 EEG is almost invariably abnormal, with 
the most common finding being generalized slowing. Severely affected 
patients may have seizures or periodic lateralizing epileptiform dis-
charges. General laboratory studies reveal a peripheral leukocytosis, 
hyponatremia, mild transaminitis, and sterile pyuria.169 Diagnosis is 
based on demonstration of anti–St. Louis encephalitis virus IgM anti-
bodies in the serum or CSF.171 A fourfold increase in neutralizing 
antibody titers in the serum during the acute and convalescent phases 
of disease can also be used to establish a diagnosis. There is no therapy 
of proven efficacy for St. Louis encephalitis virus, although therapy 
with interferon-α2 may be considered (C-III).8 An open-label, non-
randomized study of interferon-α2b suggested that therapy improved 
outcome.172

Eastern Equine Encephalitis Virus
Eastern equine encephalitis virus is an alphavirus that causes a spo-
radic, mosquito-borne viral infection endemic in the eastern United 
States and Caribbean. There are four lineages of eastern equine enceph-
alitis virus: group I causes most disease in humans, whereas groups 
IIA, IIB, and III cause primarily equine disease in Central and South 
America. Eastern equine encephalitis virus is maintained in an enzo-
otic cycle with avian species after a bite from a mosquito vector, Culi-
seta melanura.173 Birds serve as the primary reservoir host and 
amplifying hosts, and humans are incidentally infected by various 
mosquito bridging vectors, including Culex and Aedes spp.174 In the 
United States, most cases are along the eastern seaboard. Cases are 
found sporadically along the Gulf Coast, typically within 5 miles of 
swamplands or marshlands (see Fig. 91-2C). Approximately 1 in 30 
individuals exposed to eastern equine encephalitis virus develops 
disease.175 Eastern equine encephalitis virus causes sporadic infections 
in human populations during the summer months and occasional 
epidemic outbreaks.

Patients with eastern equine encephalitis virus develop nonspecific 
symptoms common to other causes of viral encephalitis, including 
fever, chills, malaise, and myalgias.45 The prodrome is followed by 
either recovery without neurologic illness or the onset of encephalitis 
characterized by severe headache, confusion, nausea, and vomiting. 
Seizures, focal neurologic deficits such as cranial nerve palsies or focal 
weakness, and meningismus are common findings.45 Brainstem 
involvement is common and is associated with gaze palsies, nystagmus, 
and pupillary abnormalities. Mortality is about 33% but increases to 
50% in patients older than 60 years. Moderate to severe sequelae occur 
in one third of survivors.45

In one study CT was reported to show findings suggestive of diffuse 
cerebral edema in 40% of cases.176 Similar to the flaviviruses, MRI 
abnormalities occur predominantly in the thalamus, basal ganglia, and 
brainstem.45 EEG is typically diffusely slow, with some severely ill 
patients having burst suppression or diffuse high-voltage delta-wave 
slowing.176 Laboratory studies may show a leukocytosis with a neutro-
phil predominance and hyponatremia in 60% of patients.45 CSF typi-
cally shows a significant pleocytosis with a mean cell count of 370 
leukocytes/mm3 and 940 leukocytes/mm3 in two studies.45,176 Two 
thirds of eastern equine encephalitis virus cases display a neutrophil 
predominance with a median neutrophil proportion of 70% of cells.45,176 
CSF protein is often elevated (median 97 mg/dL), and 90% of patients 
have CSF glucose concentrations less than 60% of coincident serum 
values.45,176 CSF red blood cells are common, reflecting the necrotic and 
hemorrhagic features of the encephalitis pathologically.

Diagnosis is typically made by demonstration of IgM antibodies in 
CSF by capture ELISA, demonstration of serum IgM antibodies, or a 
fourfold increase in IgG antibodies between acute and convalescent 
sera. No proven antiviral therapy exists for eastern equine encephalitis 
virus. Treatment is focused on supportive care and managing compli-
cations such as seizures and increased ICP. There is no commercial 
vaccine for eastern equine encephalitis virus, but standard precautions 
to prevent mosquito bites may help to prevent infection. In evaluating 
laboratory and imaging studies for prognostic value, one study found 
that CSF leukocytosis greater than 500 cells/mm3 and hyponatremia 
less than 130 mEq/L were predictive of a poor outcome,45 but a longer 
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acid from CSF or brain tissue by PCR.207-210 The sensitivity of com-
mercial IgM-ELISAs in CSF ranges from 65% to 69% with specificities 
of 89% to 100%.211

The mortality rate in hospitalized patients ranges from 20% to 30%, 
and 50% of survivors have severe neurologic sequelae. Poor prognostic 
signs include altered level of consciousness, multiple seizures, increased 
ICP, isolation of virus in the CSF, and low titer of Japanese encephalitis 
virus–specific immunoglobulins in the CSF.199-203,212 In a study of 118 
cases of Japanese encephalitis virus in Malaysia from 1997-2005, the 
mortality rate was 8% and 57% of survivors experienced moderate to 
severe long-term neurologic sequelae.213 Predictors of long-term poor 
outcome included a GCS score of 8 or lower or two or more witnessed 
seizures.

No therapy for Japanese encephalitis virus has been proven effica-
cious in randomized, controlled clinical trials. Prevention is the 
primary strategy to control Japanese encephalitis virus infection. Per-
sonal protection with insect repellents, mosquito avoidance, and mos-
quito population control programs are important approaches. The 
most effective prevention to date is vaccination. Two JEV vaccines are 
licensed in the United States. A mouse brain–derived, formalin-
inactivated vaccine (JE-MB) showed efficacy in a randomized, double-
blind trial in Thailand and is approved in the United States for use in 
individuals older than 1 year of age.214,215 Production for JE-MB was 
discontinued in 2006, and remaining vaccine is reserved for use in 
children 1 to 16 years of age215 (see Chapter 321). An inactivated Vero 
cell culture–derived vaccine (JE-VC) was approved for use in the 
United States in 2009 for individuals 17 years of age and older.215 A 
live-attenuated vaccine developed in hamster kidney cells (SA14-14-2) 
is used in China, and several other vaccines are either currently in use 
(chimeric Japanese encephalitis virus-yellow fever 17D vaccine) or in 
development.167,216

Influenza
Influenza A is known to be associated with immune-mediated neuro-
logic complications such as Guillain-Barré syndrome or transverse 
myelitis. The overall role of influenza as a cause of CNS disease has 
been difficult to ascertain because the high rates of influenza virus 
infections make it difficult to exclude concomitant other causes of CNS 
disease. Less commonly, influenza has been associated with encepha-
litis in children and young adults. During the influenza A (H1N1) 
pandemic in 2009, influenza was associated with encephalitis and neu-
rologic complications. In a study of 506 children hospitalized with 
H1N1, 1.4% (n = 7) of patients presented with encephalitis and five of 
the patients with encephalitis had a preexisting medical condition.217 
When seizures are included, the incidence of neurologic complications 
associated with H1N1 influenza increases to 9.7%. Severe influenza in 
children and young adults with underlying neurologic or neurodevel-
opmental conditions has occured in smaller outbreaks.218

Patients often present with typical influenza symptoms during the 
winter/spring months. Symptoms include fever; respiratory abnor-
malities (cough, coryza, wheezing, labored breathing); nausea; and 
diarrhea. Patients with severe influenza develop increased work of 
breathing and neurologic involvement can be characterized by altered 
mental status, seizures, or focal neurologic signs. The diagnosis is com-
monly made on the basis of the association of the rapid influenza 
diagnostic test (RIDT) or positive reverse transcriptase PCR (RT-PCR) 
studies on respiratory samples. CSF may show evidence of a pleocytosis 
with a normal glucose and protein, but PCR studies for influenza are 
often negative.219 It is unclear whether CNS complications associated 
with influenza are a result of direct neuroinvasion or secondary to 
immune-mediated mechanisms.219

Although the efficacy of antiviral therapy in neurologic complica-
tions associated with influenza has not been established in clinical 
trials, it would be prudent to administer antiviral therapy as early as 
possible, and ideally within 48 hours of symptom onset.218 Antiviral 
therapy of influenza should be started regardless of vaccination status 
and is often initiated with other empiric antibiotic therapy (such as 
acyclovir), pending results of the clinical investigation. As therapy for 
influenza, oseltamivir (75 mg by mouth twice daily for patients  
> 40 kg) has been recommended for at least 10 days (www.cdc.gov) 
(also see Chapter 167).

encephalitis in Russia. La Crosse virus is the most common cause of 
disease in the California encephalitis group. It was originally described 
in 1965 after a postmortem examination of a child who died of enceph-
alitis in La Crosse, Wisconsin.189 La Crosse virus is transmitted in an 
enzootic pattern between squirrels and chipmunks by the mosquito 
Aedes triseriatus in areas of the Mississippi and Ohio river basins (see 
Fig. 91-2D).190,191 Recent outbreaks of La Crosse virus have demon-
strated a shift in incidence to the Appalachian region and West Vir-
ginia.192 Human exposure is often associated with camping or other 
recreational activities in wooded areas in endemic regions.

California encephalitis virus was originally isolated in 1941,193 but 
it is rare. Most human cases occur in the western United States and 
Canada. The ratio of asymptomatic to symptomatic infections is 
1000 : 1.194

Although La Crosse and California encephalitis viruses cause most 
disease in children, Jamestown Canyon virus affects predominantly 
elderly individuals in regions of the northern United States with sero-
prevalence in some areas reaching 10%.195 A recent report of a James-
town Canyon virus infection in Montana underscores continued 
low-level transmission in the northern continental United States.196 La 
Crosse virus causes infection predominantly in children (mean age 7.5 
years). Symptoms of encephalitis include fever, headache, vomiting in 
70%, seizures in 46%, and altered mental status in 42%.194 Focal neuro-
logic signs include hemiparesis, aphasia, dysarthria, and chorea. About 
10% of patients develop increased ICP, and rarely cerebral herniation 
can occur.194 Jamestown Canyon virus has similar clinical features.

CSF analysis reveals a lymphocytic pleocytosis of 600 cells/mm3, 
normal glucose, and an increased protein in 30% of patients.194 Periph-
eral leukocytosis and hyponatremia secondary to SIADH are common. 
IgM detection in the CSF or a fourfold increase in paired sera for IgG 
is considered diagnostic for infection.

No antiviral therapy currently exists for the California encephalitis 
group of viruses, and no vaccine is available. Mortality from La Crosse 
encephalitis is approximately 1% to 3%, and most survivors return to 
normal function.192,194 Ribavirin treatment for LaCrosse encephalitis in 
children is not recommended due to problems with pharmacokinetics, 
toxicity at higher doses, and penetration into the CNS.197 Predictors of 
a poor outcome include hyponatremia, persistently elevated body tem-
perature, and a GCS score less than 13.193,198

Japanese Encephalitis
Japanese encephalitis virus (JEV) was initially isolated in Japan in 1935. 
JEV causes infections across all of Asia, the western Pacific region, and 
parts of Australia. Japanese encephalitis virus is the most important 
cause of viral encephalitis in the world, causing 68,000 cases and 13,000 
to 20,000 deaths annually.199 The virus is transmitted naturally in an 
enzootic cycle among birds, pigs, and other vertebrate hosts by the 
Culex tritaeniorhynchus mosquito and other Culex spp. Similar to other 
flaviviruses, humans are incidental hosts that become infected when 
encountering the enzootic cycle. In rural areas where Japanese enceph-
alitis virus is endemic, it is predominantly a disease of children in 
whom seroprevalence approaches 100%, but only 1 in 300 exposures 
results in clinical disease.199 Several reports also highlight the impor-
tance of JEV in returning travelers from endemic regions.200,201

After a 1- to 2-week incubation period, symptomatic patients 
develop a nonspecific febrile illness followed by neurologic symptoms 
of altered consciousness and seizures in 85% of children and 10% of 
adults.202,203 Subtle focal seizures, such as twitching of an eyebrow or 
finger, can be important clinical findings in JEV infection.199 Similar to 
other flaviviruses, movement disorders occur in 25% of patients char-
acterized by parkinsonism, dystonia, jaw dystonias, opisthotonus, cho-
reoathetosis, orofacial dyskinesia, myoclonic movements, and 
opsoclonus-myoclonus.199,203,204 Other focal neurologic findings include 
cranial nerve palsies, upper motor neuron weakness, and a lower 
motor neuron syndrome of acute flaccid paralysis.

CSF shows an elevated opening pressure in 50% of patients. The 
characteristic CSF profile is lymphocytic pleocytosis, normal glucose, 
and mildly elevated protein. MRI is often normal but may show high 
T2-weighted signal intensity in the thalami, basal ganglia, midbrain, 
brainstem, and occasionally spinal cord.205,206 Diagnosis is confirmed 
by IgM capture ELISA in the CSF or by amplification of viral nucleic 
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Nonpoliovirus Enteroviruses
Nonpolio enteroviruses cause a wide spectrum of disease in the CNS, 
including aseptic meningitis, encephalitis, acute poliomyelitis, acute 
cerebellar ataxia, optic neuritis, and cranial neuritis (see Chapter 174). 
In neonates, encephalitis is a complication of an overwhelming sepsis-
like syndrome with 10% mortality. Enteroviruses may cause encepha-
litis, particularly in patients with hypogammaglobulinemia and 
neonates. In an analysis of the CEP, enteroviruses were responsible for 
4.6% of encephalitis cases.226 This is likely an underestimate, however, 
based on the referral bias inherent in the design of the study. Of the 
73 patients diagnosed with confirmed enterovirus encephalitis, 23% 
were adults who often presented with mild symptoms and altered 
consciousness (46%), including rare cases of coma (5%) or personality 
changes (5%).226

Enterovirus encephalitis occurs during the summer months from 
June to October. MRI has a variable sensitivity for enteroviral encepha-
litis; some studies can show increased T2-weighted signal intensity of 
both cerebral hemispheres with associated edema (see Fig. 91-3D). In 
the CEP, cases of enterovirus encephalitis were diagnosed with RT-PCR 
of the CSF, and serotyping was available for 20 cases, with echovirus 
30 being the most common strain isolated, followed by enterovirus 71, 
echovirus 18, and coxsackieviruses.226 Enterovirus 71 can produce 
more severe disease with cases of focal and generalized encephalitis 
reported.227,228 Cases of enterovirus 71 encephalitis have been associ-
ated with a syndrome of shock, pulmonary edema, and extensive 
brainstem injury (rhombencephalitis) linked to neurogenic pulmonary 
edema in some cases. In the CEP, two of the four deaths from entero-
viruses were due to enterovirus 71 and the other two enteroviruses 
were not serotyped.226

Currently, no specific antiviral therapy is approved for the treat-
ment of enterovirus infections. Various serotypes have been associated 
with variable sensitivity to pleconaril, an experimental drug.229 
However, clinical outcome data are insufficient to recommend its use 
in patients with enterovirus encephalitis, and its development has been 
halted.

Rabies Virus
Rabies virus belongs to a family of RNA viruses called Rhabdoviridae, 
genus Lyssavirus. It is most commonly transmitted to humans through 
the saliva of an infected animal after a bite (see Chapter 165). In 2012 
there was no evidence of dog-to-dog transmission of rabies in the 
United States and Puerto Rico, and no human infections have been 
attributed to a dog bite in the United States.230 Dogs that become 
infected in the United States are infected with rabies from wildlife. 
Approximately 93% of the rabies detected in the United States is found 
in animal wildlife, such as raccoons, bats, skunks, and foxes.230 In 
contrast, canine rabies is enzootic in the dog population in many 
developing countries, and travelers to these countries can be at risk for 
exposure to rabies from domestic and feral dogs.231,232 In Bali, 104 cases 
of human rabies were reviewed and 92% had a history of a dog bite.232 
In the United States, human cases of rabies are rare. Most human cases 
of rabies have followed bat exposure233; however, one patient who died 
of undiagnosed rabies in 2004 was subsequently found to have rabies 
only after organs were transplanted from this patient into four indi-
viduals, resulting in clinical rabies and death of all recipients.234

After a bite wound, rabies virus from infected saliva invades motor 
and sensory nerves. Neurologic disease is preceded by an incubation 
period that ranges from 7 days to more than 6 years with a median 
incubation of 1 to 2 months.235,236 The virus moves centripetally from 
the periphery to the dorsal root ganglia and the spinal cord using fast 
axoplasmic transport,237-239 resulting in nerve dysfunction manifested 
as a prodrome of neuropathic pain. When rabies has invaded the nerve 
cell body in the spinal cord, acute neurologic symptoms evolve into 
encephalitis.

Patients present with a syndrome of hyperactivity (furious rabies) 
in 80% of the cases characterized by hydrophobia and aerophobia 
owing to spasms of the pharyngeal and nuchal muscles triggered by 
swallow attempts or other types of stimuli.240 These spasms increase in 
frequency and are followed by agitation, hallucinations, autonomic 
hyperactivity, and seizures. Body temperature may be as high as 107° F. 
Paralytic (dumb rabies) presentations constitute 20% of cases and are 

Colorado Tick Fever Virus
Colorado tick fever virus belongs to the family Reoviridae. It is trans-
mitted by the wood tick Dermacentor andersoni mainly in the western 
mountain regions of the United States and Canada above 4000 feet in 
elevation.220 An enzootic infection cycle exists between small mammals, 
such as ground squirrels, marmots, or chipmunks, and D. andersoni. 
When infected, the tick is infected for life (transstadially) throughout 
the three main stages of development—larval, nymphal, and adult. 
Humans are exposed to the habitat of D. andersoni during summer 
months and are dead-end hosts.

A history of tick bite is obtained in approximately 90% of patients, 
and the incubation period is 0 to 14 days (mean 3 days).220 Patients 
develop abrupt onset of fever, chills, generalized myalgias, severe  
headache, hyperesthetic skin, and severe malaise. Gastrointestinal 
symptoms such as nausea, vomiting, or diarrhea may be present. About 
15% of patients develop a maculopapular or petechial rash. Other 
physical findings include pharyngitis, mild lymphadenopathy, or  
mild splenomegaly. In 50% of patients, fever resolves after 2 days  
and then recurs in the biphasic or “saddleback” pattern.220 After con-
valescence, patients older than age 30 may have persistent fatigue for 
3 weeks.

Complications such as encephalitis or meningitis predominantly 
occur in children in about 5% to 10% of the cases. Colorado tick  
fever virus is rarely fatal.221 In these patients, neurologic signs and 
symptoms include nuchal rigidity, photophobia, and mild altered 
mental status.

Colorado tick fever virus infects hematopoietic cells resulting in a 
persistent infection and subsequent neutropenia, thrombocytopenia, 
and mild anemia.222 CSF may show mild lymphocytic pleocytosis, 
normal glucose, and normal or slightly elevated protein. Virus can  
be isolated from a blood smear using indirect immunofluorescence  
of RBCs223; the diagnosis of Colorado tick fever virus is usually 
made using IgM capture ELISA, neutralization, or complement fixa-
tion.224 There is no established treatment for Colorado tick fever virus. 
Most patients recover, although rare deaths have been reported as a 
result of intravascular coagulopathy after Colorado tick fever virus 
infection.221

Enteroviruses
Enteroviruses comprise more than 70 different viruses in the Picorna-
viridae family. They can be grouped into polioviruses, coxsackieviruses 
A and B, echoviruses, and numbered enteroviruses. Enteroviruses 
cause more than 80% of meningitis cases and cause more severe neu-
rologic diseases such as encephalitis as well. Enterovirus infections in 
the CNS were recently reviewed225 (see Chapters 172 to 174).

Poliovirus
In 1988 the World Health assembly started the Global Polio Eradica-
tion Initiative, resulting in a decrease from more than 350,000 cases of 
poliovirus in 1988 to 223 cases in 2012. In 2012 the majority of polio 
cases occurred in Nigeria (122), Pakistan (58), and Afghanistan (37). 
Poliovirus is transmitted by fecal-to-oral contact and by pharyngeal 
spread during epidemics. Symptomatic poliovirus infection results in 
meningitis in 8% of cases and paralytic disease in 1% of all cases. After 
an incubation period of 1 to 2 weeks, patients develop fever, headache, 
meningismus, altered mental status, and seizures (in children and 
infants). Asymmetric flaccid paralysis, diaphragm paralysis, and 
cranial nerve palsies may follow.

CSF evaluation reveals polymorphonuclear cells early followed by 
a shift to lymphocytes after several days, elevated protein (100 to 
300 mg/dL), and normal glucose. Diagnosis is made by CSF RT-PCR. 
Treatment for poliovirus infection is supportive. The last large out-
break of poliovirus in the Western Hemisphere occurred in 2000, when 
19 cases in the Dominican Republic were reported; the cases were due 
to a circulating recombinant poliovirus derived from the polio type 1 
strain in the oral polio vaccine, rather than wild-type virus. As of 2000, 
the Advisory Committee on Immunization Practices has recom-
mended the use of inactivated polio vaccine in the United States for 
the entire primary immunization series (see Chapter 321). Trivalent, 
live attenuated (Sabin vaccine) vaccine is still used in endemic areas of 
poliovirus infection.
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receiving four doses of vaccine.246 Thus, follow-up antibody titers at 
day 21 after rabies PEP vaccination may be useful.246 If the animal that 
caused the bite wound is available, healthy animals should be quaran-
tined and observed for clinical illness over a 10-day period. If the 
animal is ill, it should be euthanized and the brain should be analyzed 
by the local health department for evidence of rabies infection.

Measles Virus
Measles virus remains an important cause of morbidity and mortality 
throughout the world (see Chapter 162).247 In approximately 0.1% of 
cases, measles virus can cause an acute postinfectious measles enceph-
alitis resulting in a 20% mortality.235 Measles virus can also cause a 
chronic infection in neurons resulting in subacute sclerosing panen-
cephalitis (SSPE) or measles inclusion body encephalitis.235,248 Measles 
inclusion body encephalitis is a rare and uniformly fatal condition 
causing disease in young patients with defective cellular immunity.248,249 
SSPE is a slowly progressive disorder characterized by seizures, dete-
rioration of cognitive and motor function, and death. It occurs 5 to 15 
years after initial measles infection, which usually occurs in children 
younger than 2 years.250 Immunization has reduced the incidence of 
SSPE more than 90% in developed countries; however, the rate of SSPE 
is 21/1 million population in India.250,251 When SSPE occurs in adults, 
the mean age is 25 years and most patients have an undocumented or 
negative vaccination history for measles.

Initial symptoms may be subtle and include intellectual deteriora-
tion and behavioral changes.250 These symptoms progress to myoclonic 
jerks, ataxia, dystonia, and generalized or partial seizures.250,251 Ocular 
and visual symptoms occur in 10% to 50% of patients and precede 
neurologic disease by several years. Ocular symptoms include cortical 
blindness, chorioretinitis, and optic atrophy.252,253 CSF examination is 
usually normal with a markedly increased immunoglobulin level. Neu-
roimaging findings are generally limited, but MRI may show high 
signal intensity on T2-weighted imaging in the white matter, particu-
larly the occipital subcortical white matter with near-uniform sparing 
of gray matter.

SSPE has a rapidly progressive course in adults.254 A small, single 
uncontrolled trial suggests that treatment with oral inosine pranobex 
(Isoprinosine) and interferon-α may be effective for adult-onset 
SSPE,255 but generally no adequate therapy is currently available for the 
treatment of SSPE.

characterized by paresthesias, weakness, and flaccid paralysis in the 
bitten limb. Diagnosis should be considered in any patient with altered 
consciousness and an exposure history or travel to an endemic area. 
Diagnosis is made with immunohistochemical staining for rabies 
antigen from a skin biopsy specimen in the region of the hairline at 
the neck.240 Recent development of a reverse-transcription, hemi-
nested PCR test on skin biopsy specimens demonstrated a sensitivity 
of greater than or equal to 98% and a specificity of 100%.241 Other 
diagnostic methods include examination of corneal smears for rabies 
antigen and intracerebral inoculation of mice with patient saliva. 
Detection of rabies virus neutralizing antibodies in the CSF or serum 
is diagnostic in unimmunized patients, but antibody detection tests 
can lack sensitivity.

Infected patients should be isolated because body fluids can contain 
high titers of active virus. Treatment of rabies virus infection is largely 
supportive and results in a uniformly fatal outcome. One case of sur-
vival after rabies virus infection has been reported in a 15-year-old girl 
after treatment with coma induction and EEG burst suppression using 
midazolam and ketamine supplemented with barbiturates and benzo-
diazepines.242 Antiviral therapy included IV ribavirin (33 mg/kg load 
and then 16 mg/kg every 6 hours) and enteral amantadine (200 mg/
day).242 Despite this case of survival with treatment of rabies virus 
infection, several failures have been reported.243

The mainstay of rabies treatment is postexposure prophylaxis 
(PEP). Wounds should be cleansed with soap and water followed by 
povidone-iodine. Human diploid cell rabies vaccine, rabies vaccine 
adsorbed, or purified chick embryo vaccine should be administered 
intramuscularly.244 In 2010, new CDC recommendations for rabies 
PEP included vaccination on days 0, 3, 7, and 14 but no dose at day 28 
as previously instructed.245 Previously vaccinated individuals are still 
given vaccine on days 0 and 3. In addition to vaccination, postexposure 
prophylaxis includes human rabies immunoglobulin, 20 IU/kg, 
administered as soon as possible after the exposure, up to 7 days after 
the first dose of vaccine. As much of the dose as possible should be 
administered at the bite wound site, and any remaining dose should be 
administered intramuscularly in the same limb, but distant to the vac-
cination site. Using the CDC and World Health Organization–
recommended rabies PEP, a study of 110 rabies-exposed travelers 
found that only 14% received human rabies immunoglobulin and anti-
body levels afterward were less than 0.5 IU/mL in 6.7% of travelers 
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92  Brain Abscess
Allan R. Tunkel

Brain abscess is a focal, intracerebral infection that begins as a localized 
area of cerebritis and develops into a collection of pus surrounded by 
a well-vascularized capsule.1 Brain abscess was an almost uniformly 
fatal disease before the late 1800s, when surgical techniques (i.e., drain-
age) led to cure in selected patients.2 Further advances in the manage-
ment of brain abscess were made after the introduction of antimicrobial 
therapy and stereotactic brain biopsy and aspiration techniques. In this 
chapter, the common bacterial, fungal, and protozoal causes of brain 
abscess are reviewed and the clinical presentation, diagnosis, and 
approach to management are emphasized.

EPIDEMIOLOGY AND ETIOLOGY
Brain abscess is one of the most serious complications of head and neck 
infections. Before the advent of human immunodeficiency virus (HIV) 
infection, brain abscess accounted for 1500 to 2500 cases treated in the 
United States each year; the incidence was estimated at 0.3 to 1.3 cases 
per 100,000 people per year.3 In most pediatric and adult series, a male 

predominance exists (a ratio of 2 : 1 to 3 : 1) with a median age of 30 to 
40 years, although the age distribution varies depending on the predis-
posing condition leading to the formation of brain abscess. When the 
abscess is related to a focus in the paranasal sinuses, most patients are 
10 to 30 years old; when the abscess is from an otitic focus, patients 
are younger than 20 or older than 40 years.3,4 The incidence of brain 
abscess is also affected by the general health of the population; in one 
study of 973 patients from one tertiary hospital in South Africa from 
1983 to 2002,5 the incidence declined during the study period as a 
result of improvements in socioeconomic standards and availability of 
health care services. In that series, the mean age was 24 years and three 
fourths of patients were men; predisposing conditions were otorhino-
genic (38.6%), traumatic (32.8%), pulmonary (7%), cryptogenic 
(4.6%), postsurgical (3.2%), meningitis (2.8%), cardiac (2.7%), and 
other (8.6%). Overall, about 25% of cases of brain abscess occur in 
children, most in the 4- to 7-year age group; and usually they originate 
from an otitic focus or in patients with cyanotic congenital heart 

Definition
•	 Brain	abscess	is	a	focal,	intracerebral	infection	

that	begins	as	a	localized	area	of	cerebritis	
and	develops	into	a	collection	of	pus	
surrounded	by	a	well-vascularized	capsule.

Epidemiology
•	 Before	the	advent	of	human	immunodeficiency	

virus	(HIV)	infection,	brain	abscess	accounted	
for	1500	to	2500	cases	treated	in	the	United	
States	each	year;	the	incidence	was	estimated	
at	0.3	to	1.3	cases	per	100,000	people	per	
year.

•	 In	most	pediatric	and	adult	series,	a	male	
predominance	exists	(a	ratio	of	2	:	1	to	3	:	1)	
with	a	median	age	of	30	to	40	years,	although	
the	age	distribution	varies	depending	on	the	
predisposing	condition	leading	to	the	
formation	of	brain	abscess.

•	 The	incidence	of	brain	abscess	is	also	affected	
by	the	general	health	of	the	population;	in		
one	study	of	973	patients	from	one	tertiary	
hospital	in	South	Africa	from	1983	to	2002,	
the	incidence	declined	during	the	study	period	
as	a	result	of	improvements	in	socioeconomic	
standards	and	availability	of	health	care	
services.

•	 The	incidence	of	otogenic	abscesses	has	
decreased	whereas	the	incidence	of	post-
traumatic	and	postoperative	brain	abscesses	
has	increased.

Microbiology
•	 Streptococci	(aerobic,	anaerobic,	and	

microaerophilic)	are	the	bacteria	most	
commonly	(70%	of	cases)	cultured	from	
patients	with	bacterial	brain	abscess,	and	they	
are	frequently	isolated	in	mixed	infections	
(30%	to	60%	of	cases).

•	 Staphylococcus	aureus	accounts	for	10%	to	
20%	of	isolates,	usually	in	patients	with	
cranial	trauma	or	infective	endocarditis,	and	it	
is	often	isolated	in	pure	culture;	cases	caused	
by	community-associated	methicillin-resistant	
S.	aureus	strains	have	been	reported.

•	 The	attention	to	proper	culture	techniques	has	
increased	the	isolation	of	anaerobes	from	
brain	abscesses	with	Bacteroides	and	
Prevotella	spp.,	isolated	in	20%	to	40%	of	
patients,	often	in	mixed	culture.

•	 Enteric	gram-negative	bacilli	(e.g.,	Proteus	
spp.,	Escherichia	coli,	Klebsiella	spp.,	and	
Pseudomonas	spp.)	are	isolated	in	23%	to	
33%	of	patients,	often	in	patients	with	otitic	
foci	of	infection,	with	septicemia,	who	have	
had	neurosurgical	procedures,	or	who	are	
immunocompromised.

•	 Nocardial	brain	abscess	may	occur	as	an	
isolated	central	nervous	system	(CNS)	lesion		
or	as	part	of	a	disseminated	infection	in	
association	with	pulmonary	or	cutaneous	
disease.

•	 The	incidence	of	fungal	brain	abscess	has	
increased	as	a	result	of	the	prevalent	
administration	of	immunosuppressive	agents,	
broad-spectrum	antimicrobial	therapy,	and	
corticosteroids.

Diagnosis
•	 Magnetic	resonance	imaging	(MRI)	has	been	

extensively	evaluated	in	the	diagnosis	of	brain	
abscess	and	is	the	first	imaging	choice	in	the	
evaluation	of	a	patient	suspected	to	have	this	
disorder.

•	 The	combined	use	of	proton	MR	spectroscopy,	
diffusion-weighted	imaging,	and	diffusion	
tensor	imaging	has	been	shown	to	improve	
the	specificity	of	diagnosis	of	focal	

ring-enhancing	lesions	and	differentiating	
brain	abscess	from	other	cystic	lesions	of	the	
brain,	including	tumors.

•	 A	major	advance	in	the	use	of	computed	
tomography	(CT)	in	patients	with	suspected	
brain	abscess	is	the	ability	to	perform	
stereotactic	CT-guided	aspiration	to	facilitate	
microbiologic	diagnosis	and	to	guide	
antimicrobial	therapy;	at	the	time	of	
aspiration,	specimens	should	be	sent	for		
Gram	stain,	routine	aerobic	and	anaerobic	
cultures,	and	cultures	for	mycobacteria	and	
fungi.

Therapy
•	 When	abscess	material	has	been	obtained	for	

microbiologic	and	histopathologic	studies,	
empirical	antimicrobial	therapy	should	be	
initiated	on	the	basis	of	the	patient’s	
predisposing	conditions	and	the	presumed	
pathogenesis	of	abscess	formation	(see		
Table	92-3).

•	 In	HIV-infected	patients	with	CNS	mass	
lesions,	the	initial	approach	to	management	is	
different	because	of	the	high	likelihood	of	the	
diagnosis	of	toxoplasmic	encephalitis.

•	 Antimicrobial	therapy	with	high-dose	
intravenous	agents	has	traditionally	been	
administered	for	6	to	8	weeks	in	patients		
with	bacterial	brain	abscesses.

•	 Most	patients	with	bacterial	brain	abscess	
require	surgical	management	for	optimal	
therapy.

•	 The	combination	of	surgical	aspiration	or	
removal	of	all	abscesses	larger	than	2.5	cm		
in	diameter,	a	6-week	or	longer	course	of	
intravenous	antimicrobial	therapy,	and	
response	on	follow-up	neuroimaging	should	
result	in	a	cure	rate	of	more	than	90%.

SHORT VIEW SUMMARY
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or infective endocarditis, they are also isolated after neurosurgical or 
other medical procedures.22 Group A streptococci are rare causes of 
bacterial brain abscess.23

Staphylococcus aureus accounts for 10% to 20% of isolates, usually 
in patients with cranial trauma or infective endocarditis, and it is often 
isolated in pure culture; cases caused by community-associated 
methicillin-resistant S. aureus strains have been reported.24 The atten-
tion to proper culture techniques has increased the isolation of anaer-
obes from brain abscesses with Bacteroides and Prevotella spp., isolated 
in 20% to 40% of patients, often in mixed culture.3,25,26 Enteric gram-
negative bacilli (e.g., Proteus spp., Escherichia coli, Klebsiella spp., and 
Pseudomonas spp.) are isolated in 23% to 33% of patients, often in 
patients with otitic foci of infection, with septicemia, who have had 
neurosurgical procedures, or who are immunocompromised. At one 
center, Klebsiella was the most prevalent pathogen (usually associated 
with hematogenous dissemination or postneurosurgical states),27,28 fol-
lowed by Proteus and Enterobacter spp.29 In one review of 41 patients 
with otogenic brain abscess, Proteus was isolated in 41% of cases.30 
Multiple organisms are cultured in 14% to 28% of cases in patients with 
positive culture results.3,12-15 The incidence of negative cultures has 
ranged from 0% to 43% in selected series,* with the frequency often 
correlating with prior use of antimicrobial therapy.

Other bacterial pathogens may be isolated from brain abscesses in 
selected patients or from immunocompromised patients. Although 
Haemophilus influenzae, Streptococcus pneumoniae, and Listeria mono-
cytogenes are common etiologic agents of bacterial meningitis, they are 
rarely isolated from patients with pyogenic brain abscesses (<1% of 
cases).33-36 However, these organisms may be seen in patients with 
bacterial meningitis complicated by cerebritis resulting in abscess for-
mation during the clinical course.37 Brain abscess accounts for about 
10% of central nervous system (CNS) infections caused by L. monocy-
togenes.35,38 Listeria brain abscess is usually seen in immunocompro-
mised patients. In a review of 39 cases of Listeria brain abscess, 85% 
of the patients had significant underlying conditions (including leuke-
mia, lymphoma, HIV infection, and various conditions requiring cor-
ticosteroids or other immunosuppression), and disease was often 
associated with concomitant meningitis (38% of cases) and bacteremia 
(86% of cases).36 In contrast, although meningitis caused by other 

disease. In a recent series of 27 children with bacterial brain abscess, 
however, sinusitis, meningitis, and traumatic brain injury were the 
most common predisposing conditions.6 Brain abscess is extremely 
rare in patients younger than 2 years. Brain abscess is a rare complica-
tion after cranial operations, seen in 0.2% of 1587 operations in one 
report.7 The predisposing conditions for brain abscess have changed in 
recent years; over the past 10 to 15 years, the incidence of otogenic 
abscesses decreased while the incidence of post-traumatic and postop-
erative brain abscesses increased.8 In more recent series of patients with 
brain abscess, there has been an increase in the number of cases seen 
in immunocompromised hosts.

Case-fatality rates in patients with brain abscess, even in the antibi-
otic era, ranged from 30% to 60% (similar to the rates in the preantibi-
otic era) until the period since the late 1970s, when the overall mortality 
rate has ranged from 0% to 24%.3,4 This improvement has been attrib-
uted to the availability of more effective antimicrobial regimens (e.g., 
the addition of metronidazole), new surgical techniques, and, most 
importantly, the availability of computed tomography (CT). Data from 
the University of California in San Francisco showed a decrease in the 
overall mortality rate from 44% during the 3 years before CT to 0% for 
the 3 years after the introduction of CT in 1977.9 This lower mortality 
rate was principally related to early diagnosis and an accurate method 
of postoperative follow-up with CT. In one review of outcome in 
patients with brain abscess, specifically from an otitic focus, mortality 
rates dropped systematically from 35% between 1953 and 1977 to 14% 
between 1978 and 1989 and 3% between 1990 and 2011.10 However, in 
more general series, mortality ranged from 8% to 25%.5,11,12-16,17

The incidence of neurologic sequelae in patients who survive a 
brain abscess ranges from 20% to 70%. In one study of factors influenc-
ing the outcome in 39 cases of bacterial brain abscess, the prognosis 
was primarily determined by the rapidity of progression of the disease 
before hospitalization and the patient’s mental status on admission.11 
Poor prognostic factors have included poor Glasgow Coma Scale score 
and the presence of underlying diseases (e.g., immunodeficiency, 
malignancy, hematologic disorders) and other comorbid conditions. In 
one study of 142 patients with brain abscess, Glasgow Coma Scale score 
greater than 12 and no evidence of sepsis were associated with a more 
favorable outcome.15 In other series, outcome has been related to the 
approach to management. In one review of 80 surgically treated brain 
abscesses in 59 patients,18 immunosuppression, hematogenous spread, 
and advanced age were predictors of poor outcome. In another series 
of 973 brain abscess patients from South Africa,5 97% of whom under-
went surgical drainage, predictors of mortality included cerebral 
infarction, ventriculitis, coma, hydrocephalus, dilated pupils, bilateral 
abscesses, multiple abscesses, HIV coinfection, papilledema, and neu-
rologic deterioration. In a 22-year retrospective study of 31 patients 
who underwent nonoperative management of bacterial brain abscess, 
the overall mortality rate was 48%; the Glasgow Coma Scale score at 
presentation, septic shock, and neck stiffness were risk factors for poor 
outcome.19 Early recognition of predisposing conditions is important 
for improving the outcome in brain abscess. In patients with bacterial 
brain abscess complicated by intraventricular rupture, mortality rates 
are much higher, ranging from 27% to 85%.20

When the microorganisms likely to be responsible for causing brain 
abscesses are evaluated, the isolation frequency depends on the predis-
posing condition (Table 92-1).3,13,21 Improved microbiologic culture 
techniques, particularly for anaerobes, have had a significant impact 
on the awareness of microorganisms that are found in brain abscesses. 
The common bacteria, fungi, protozoa, and helminths that can produce 
brain abscess are reviewed next.

Bacterial Brain Abscess
Streptococci (aerobic, anaerobic, and microaerophilic) are the bacteria 
most commonly (70% of cases) cultured from patients with bacterial 
brain abscess, and they are frequently isolated in mixed infections (30% 
to 60% of cases).3,13 These bacteria, especially the Streptococcus angino-
sus (milleri) group (Streptococcus anginosus, Streptococcus constellatus, 
and Streptococcus intermedius), normally reside in the oral cavity, 
appendix, and female genital tract, and they have a proclivity for 
abscess formation (see Chapter 205). Although streptococcal brain 
abscesses are seen most often in patients with oropharyngeal infections 

TABLE 92-1  Predisposing Conditions and 
Microbiology of Brain Abscess

PREDISPOSING CONDITION USUAL MICROBIAL ISOLATES
Otitis media or mastoiditis Streptococci (anaerobic or aerobic), 

Bacteroides and Prevotella spp., 
Enterobacteriaceae

Sinusitis (frontoethmoid or 
sphenoid)

Streptococci, Bacteroides spp., 
Enterobacteriaceae, Staphylococcus 
aureus, Haemophilus spp.

Dental infection Mixed Fusobacterium, Prevotella, 
Actinomyces, and Bacteroides spp., 
streptococci

Penetrating trauma or 
postneurosurgical

S. aureus, streptococci, 
Enterobacteriaceae, Clostridium spp.

Lung abscess, empyema, 
bronchiectasis

Fusobacterium, Actinomyces, 
Bacteroides, and Prevotella spp., 
streptococci, Nocardia spp.

Bacterial endocarditis S. aureus, streptococci

Congenital heart disease Streptococci, Haemophilus spp.

Neutropenia Aerobic gram-negative bacilli, 
Aspergillus spp., Mucorales, Candida 
spp., Scedosporium spp.

Transplantation Aspergillus spp., Candida spp., 
Mucorales, Scedosporium spp., 
Enterobacteriaceae, Nocardia spp., 
Toxoplasma gondii, Mycobacterium 
tuberculosis

Human immunodeficiency virus 
infection

T. gondii, Nocardia spp., Mycobacterium 
spp., Listeria monocytogenes, 
Cryptococcus neoformans

*References 3, 12-16, 25, 30, 31, 32.
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use, and the use of deferoxamine.55,59,60 In the past 2 decades, mucor-
mycosis has emerged as an important invasive fungal infection in solid 
organ and hematopoietic stem cell transplantation recipients61; among 
hematopoietic stem cell transplant recipients with mucormycosis, 10% 
to 15% have CNS involvement, most frequently in the context of dis-
semination. Less than 5% of cases involve normal hosts. CNS disease 
may result from direct extension of the rhinocerebral form of mucor-
mycosis, by open-head trauma or by hematogenous dissemination. The 
order Mucorales includes many species that have caused brain lesions 
(see Chapter 260), with Rhizopus arrhizus (oryzae) being one of the 
most common.

Infection with Scedosporium spp. (Scedosporium apiospermum and 
Scedosporium prolificans) may cause CNS disease in normal and 
immunocompromised hosts (e.g., patients with neutropenia or cellular 
immunodeficiency).† S. apiospermum is the asexual form of Pseud-
allescheria boydii and may enter the CNS by direct trauma, by hema-
togenous dissemination from a pulmonary route, by direct extension 
from infected sinuses, or perhaps by way of an intravenous catheter. 
One recent case was observed in a patient who underwent extracor-
poreal membrane oxygenation.67 Brain abscess is the usual CNS mani-
festation, although meningitis and ventriculitis have also been reported. 
There is an association between near-drowning in polluted water and 
subsequent illness, resulting from the pathogen’s presence in contami-
nated water and manure.

Many of the etiologic agents of fungal meningitis may also cause 
brain abscess (e.g., Cryptococcus neoformans, Coccidioides spp., Histo-
plasma capsulatum, and Blastomyces dermatitidis); the epidemiologic 
and etiologic characteristics of these organisms are described in other 
chapters of this book. Many of the melanized, or dematiaceous, fungi 
have also been reported to cause brain abscess, including, in particular, 
Cladophialophora bantiana, Bipolaris hawaiiensis, Bipolaris spicifera, 
Exophiala (Wangiella) dermatitidis, Ochroconis gallopava (Dactylaria 
constricta var. gallopava), Chaetomium strumarium, Curvularia 
pallescens, Rhinocladiella mackenziei, Fonsecaea monophora, and Acro-
phialophora fusispora.55,68-70 Over half of published cases were in 
patients with no risk factors or immunodeficiency; no specific expo-
sures were associated with onset of infection, although most cases seem 
to occur in rural areas.70

Protozoal and Helminthic Brain Abscess
Several protozoa and helminths have been reported to produce brain 
abscess,‡ including Trypanosoma cruzi, Entamoeba histolytica, Schisto-
soma spp., and Paragonimus spp. In addition, free-living amebas (Nae-
gleria species, Acanthamoeba species, and Balamuthia species) are 
preferentially neurotropic. Neurocysticercosis, caused by the larval 
form of Taenia solium, is a major cause of brain lesions in the develop-
ing world.75,76 The epidemiologic features and approach to diagnosis 
and management of these organisms are discussed in other chapters.

Toxoplasma gondii is the most common protozoal cause of brain 
abscess.73,77 The incidence of human infection caused by T. gondii 
depends on dietary habits (especially the amount of meat consumed 
and whether eaten rare, raw, or well done), the number of stray cats 
living in close proximity to humans, climatic conditions (moderate 
temperatures and high humidity favor oocyst survival in soil), and  
the overall level of sanitation and hygiene. T. gondii infection of the 
CNS appears in various syndromes but is usually associated with the 
development of intracerebral mass lesions or encephalitis in immuno-
compromised hosts. In the past, most cases of CNS toxoplasmosis 
occurred from reactivation of disease in patients with reticuloendothe-
lial malignancies (owing to either the malignancy itself or associated 
immunosuppressive or cytotoxic therapy), or in patients receiving 
immunosuppressive therapy after organ or bone marrow transplanta-
tion or for treatment of collagen vascular disorders.73,77,78 Disease in 
organ transplant recipients not only occurs secondary to reactivation 
but also may occur after the transfer of infected cysts in the allograft, 
most commonly in heart transplant recipients.

The number of cases of CNS toxoplasmosis has increased dramati-
cally since 1981, specifically in patients with HIV infection.73,77,79-81 

facultative gram-negative organisms (e.g., Citrobacter koseri [diversus], 
Proteus spp., Serratia marcescens, or Enterobacter spp.) is infrequent, it 
is associated with concomitant brain abscess in more than 75% of 
cases1,39-41; children with bacteremia or meningitis caused by these 
organisms should be evaluated for the possibility of brain abscess.

Salmonella spp. have rarely been reported to cause brain abscess, 
usually after bacteremia in the presence of some compromise of the 
reticuloendothelial system.42 Cerebral abscesses may also be a compli-
cation of infection with Burkholderia pseudomallei.43 Actinomycosis of 
the CNS may manifest as brain abscess, usually secondary to hematog-
enous spread from a primary infection in the lung, abdomen, or pelvis, 
although contiguous spread from foci of infection in the ears, paranasal 
sinuses, or cervicofacial regions may occur; actinomycotic brain 
abscess should be considered in patients with head trauma, previous 
surgery, and otorhinolaryngeal infections who present with a long 
duration of neurologic symptoms and no fever.44 Nocardial brain 
abscess (usually caused by Nocardia asteroides) may occur as an iso-
lated CNS lesion or as part of a disseminated infection in association 
with pulmonary or cutaneous disease.1 This organism is most often 
isolated in patients with defects in cell-mediated immunity (in patients 
receiving corticosteroid therapy, in organ transplant recipients, in 
patients infected with HIV, and in patients with neoplastic disease),45,46 
although 50% of patients with nocardiosis have no underlying condi-
tions. In a series of organ transplant recipients with Nocardia brain 
abscess,46 use of trimethoprim-sulfamethoxazole prophylaxis for Pneu-
mocystis jirovecii (formerly P. carinii) was not shown to be protective 
against Nocardia infection. Cases of nocardial brain abscess have also 
been seen in pregnant patients.47 Mycobacterium tuberculosis and non-
tuberculous mycobacteria have been increasingly observed to cause 
focal CNS lesions,1, 3,48 with cases reported in patients with HIV infec-
tion and after solid-organ transplantation,49,50,51 although tuberculous 
brain abscess can be seen in immunocompetent and immunocompro-
mised hosts.52 In a series of 715 cases of brain abscess in India from 
1999 to 2006, 60% of patients had infection with M. tuberculosis.8

Fungal Brain Abscess
The incidence of fungal brain abscess has increased as a result of the 
prevalent administration of immunosuppressive agents, broad-
spectrum antimicrobial therapy, and corticosteroids.53-55 The diagnosis 
of fungal brain abscess is often unexpected, and many cases are not 
discovered until autopsy. In autopsy studies, Candida spp. have 
emerged as the most prevalent etiologic agents; neuropathologic 
lesions include microabscesses, macroabscesses, noncaseating granu-
lomas, and diffuse glial nodules. Risk factors for invasive Candida 
infection include the use of corticosteroids, broad-spectrum antimi-
crobial therapy, and hyperalimentation. Disease is also seen in prema-
ture infants; in patients with malignancy, neutropenia, chronic 
granulomatous disease, diabetes mellitus, or thermal injuries; and in 
patients with a central venous catheter in place.55,56 Several other patho-
genic fungi should be considered in the differential diagnosis of fungal 
brain abscess, however, particularly in immunosuppressed patients.

Cases of intracranial infection caused by Aspergillus spp. have been 
reported worldwide, with most cases occurring in adults. Cerebral 
aspergillosis is reported in 10% to 20% of all cases of invasive aspergil-
losis, and only rarely is the brain the only site of infection.57 The lungs 
are the usual site of primary infection, and intracranial seeding occurs 
during dissemination of the organism or by direct extension from an 
area anatomically adjacent to the brain (e.g., the paranasal sinuses).55 
Most cases of invasive aspergillosis are found in neutropenic patients 
who have an underlying hematologic malignancy. Other risk groups 
include patients with hepatic disease, Cushing’s syndrome, diabetes 
mellitus, chronic granulomatous disease, or HIV infection; injection 
drug abusers; postcraniotomy patients; organ transplant recipients; 
recipients of allogeneic bone marrow and stem cell transplants; and 
patients receiving long-term corticosteroid therapy.53,57,58

Mucormycosis (zygomycosis) is one of the most acute, fulminant 
fungal infections known. Many predisposing conditions to mucormy-
cosis have been described, including diabetes mellitus (70% of cases) 
usually in association with acidosis, acidemia from profound systemic 
illnesses (e.g., sepsis, severe dehydration, severe diarrhea, chronic renal 
failure), hematologic neoplasms, renal transplantation, injection drug 

†References 55, 62, 63, 64, 65, and 66.
‡References 1, 3, 71, 72, 73, 74.
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missile sites with bacteria from skin, clothes, and the environment.104 
In a study of 160 war missile penetrating craniocerebral injuries in 
Croatia in which 21 skull base injuries were treated surgically,105 the 
authors did not attempt to remove all retained metallic or bone frag-
ments but only the accessible ones. Retained foreign bodies did not 
seem to increase the infection rate except in cases with an in-driven 
cluster of bone fragments or cerebrospinal fluid (CSF) leak; three cases 
of brain abscess were seen, for which repeat surgery was required. 
These findings were confirmed in another retrospective study from 
Croatia in 88 patients with missile brain wounds in which only acces-
sible bone and metallic fragments were removed during intracranial 
débridement106; there were nine cases of brain abscess, and retained 
fragments were not responsible for an increased rate of infection. In 
another study of 43 patients who survived low-velocity missile injuries 
of the brain during military conflicts and who had retained intracranial 
fragments,107 suppurative sequelae were seen in 6 patients, and 2 of 
these progressed to brain abscess. Traumatic predisposing conditions 
to brain abscess in the civilian population (incidence of 2.5% to 10.9% 
after trauma) include compound depressed skull fractures, dog bites, 
rooster pecking, horse bites, tongue piercing, and, especially in chil-
dren, injury from lawn darts and pencil tips.108-111 Nosocomial brain 
abscess has also been reported after halo pin insertion112 after electrode 
insertion to localize seizure foci113 and after placement of deep brain 
stimulation hardware114 and intracranial pressure monitors.115

Brain abscess is cryptogenic in 10% to 35% of patients.3,21 Patent 
foramen ovale has been suggested as a possible predisposing condition 
in patients with cryptogenic brain abscess,116 although this report of 
two patients did not establish patent foramen ovale as a definitive risk 
factor.

Initiation of Infection
Few studies have focused on the identification of the specific virulence 
factors of microorganisms that produce brain abscess. Contrary to 
common views, the brain may be more susceptible to infection than 
many other tissues. Compared with skin, the brain is significantly more 
susceptible to appropriate bacterial challenge; this was studied in a rat 
model of experimental brain abscess. Injections of 104 colony-forming 
units (CFUs) of S. aureus or 106 CFUs of E. coli failed to cause infection 
in the skin, whereas brain tissue was susceptible to 102 CFUs of either 
organism, with resultant abscess formation.117

The brain may also have different susceptibilities to infection by 
different organisms. In a rat model of experimental brain abscess, 
strains of E. coli were more virulent (i.e., leading to abscess formation 
at lower inocula) than Pseudomonas aeruginosa, S. aureus, or Strepto-
coccus pyogenes.118 E. coli strains possessing the K1 antigen were more 
infective than K1-negative strains, indicating that certain encapsulated 
strains may be more virulent in the production of brain abscess. The 
role of the capsule among other bacterial species in the pathogenesis 
of brain abscess has not been evaluated. The inoculation of Bacteroides 
fragilis or microaerophilic organisms such as S. intermedius into rat 
brain failed to produce infection and abscess formation, although these 
organisms account for a high percentage of isolates from patients with 
brain abscess (discussed earlier). This discrepancy may be explained 
because brain abscess is often a result of contiguous spread of chronic 
otitic or sinus infections, and the synergistic infectivity of mixed popu-
lations of anaerobes plus a facultative organism may be necessary to 
establish the disease.119,120 In an experimental dog model of brain 
abscess formation, the inoculation of B. fragilis in mixed culture with 
Staphylococcus epidermidis caused a virulent reaction,121 but each 
organism was not tested separately.

The role of other bacterial virulence factors in brain abscess forma-
tion has not been evaluated. Despite extensive evidence implicating 
bacterial lipopolysaccharide in the pathogenesis of bacterial meningitis 
(see Chapter 89), similar studies on the effect, if any, of lipopolysac-
charide on brain abscess formation and evolution are unavailable. B. 
fragilis, a major pathogen producing brain abscess, has a lipopolysac-
charide that is chemically distinct from the lipopolysaccharide of 
aerobic gram-negative bacilli, but the biologic function of B. fragilis 
lipopolysaccharide is poorly defined and is unknown in the CNS.

An additional concern is the formation of brain abscesses in patients 
with bacterial meningitis. Brain abscess is a rare complication of 

Studies before the advent of antiretroviral therapy estimated that 5% 
to 47% of patients latently infected with T. gondii would develop CNS 
disease.82 The use of trimethoprim-sulfamethoxazole prophylaxis of P. 
jirovecii pneumonia and antiretroviral therapy has now substantially 
decreased the incidence of Toxoplasma encephalitis.83,84

PATHOGENESIS AND 
PATHOPHYSIOLOGY
Pathogenesis
Microorganisms can reach the brain by several different mechanisms 
(see Table 92-1).§ The most common pathogenic mechanism of brain 
abscess formation is spread from a contiguous focus of infection, most 
often in the middle ear, mastoid cells, or paranasal sinuses. Brain 
abscess occurring secondary to otitis media is usually localized to the 
temporal lobe or the cerebellum; in one review of 41 cases of brain 
abscess from an otogenic source, 54% were in the temporal lobe, 44% 
were in the cerebellum, and 2% were in both locations.30 Early studies 
reported that 40% of brain abscesses were associated with otitis media, 
but this number has been decreasing. Compared with earlier reports, 
more recent series have shown a decrease in the number of cases sec-
ondary to otitis media and an increase in cases after neurosurgery and 
trauma.17 If antimicrobial therapy of otitis is neglected, however, there 
is an increased risk for intracranial complications.30 Paranasal sinusitis 
continues to be an important condition predisposing to brain abscess. 
The frontal lobe is the predominant abscess site, although when brain 
abscess complicates sphenoid sinusitis, the temporal lobe or sella 
turcica is usually involved. Dental infections are a less common cause 
of brain abscess85,86; infections of molar teeth seem most often to be 
the inciting factor. The frontal lobe is the usual site of the abscess after 
dental infection, but temporal lobe extension has also been reported.

A second mechanism of brain abscess formation is hematogenous 
dissemination to the brain from a distant focus of infection. These 
abscesses are usually multiple and multiloculated, and they have a 
higher mortality rate than abscesses that arise secondary to contiguous 
foci of infection.3,4 The most common sources of initial infection in 
adults are chronic pyogenic lung diseases, especially lung abscess, 
bronchiectasis, empyema, and cystic fibrosis. Brain abscess may also 
occur hematogenously from wound and skin infections, osteomyelitis, 
pelvic infection, cholecystitis, and other intra-abdominal infections. 
Another predisposing factor leading to hematogenously acquired brain 
abscess is cyanotic congenital heart disease,87-89 which accounts for 5% 
to 15% of all brain abscess cases, with higher percentages in some 
pediatric series. These are most commonly seen in patients with tetral-
ogy of Fallot or transposition of the great vessels. Brain abscess is rare 
after bacterial endocarditis (<5% of cases in most series),90,91,92 despite 
the presence of continuous bacteremia; one recent study found brain 
abscess in 14 of 198 critically ill patients with infective endocarditis.93

Hereditary hemorrhagic telangiectasia (Osler-Weber-Rendu syn-
drome) is a predisposing factor for brain abscess (occurring in about 
1% of patients) and is almost always observed in patients with coexist-
ing pulmonary arteriovenous malformations, perhaps by allowing 
septic emboli to cross the pulmonary circulation without capillary 
filtration or by bacterial seeding of an ischemic portion of the brain 
after paradoxical sterile emboli.94-97,98 The risk for developing brain 
abscesses in patients with hereditary hemorrhagic telangiectasia ranges 
from 5% to 9% and is 1000 times greater than in the general popula-
tion. Brain abscesses have also developed after esophageal dilation and 
after sclerosing therapy for esophageal varices.99-101

Trauma is a third pathogenic mechanism in the development of 
brain abscess. Brain abscess occurs secondary to an open cranial frac-
ture with dural breach or as a result of neurosurgery or a foreign body 
injury.102 Four cases of brain abscess were reported in patients with 
malignant gliomas after craniotomy. These patients were treated with 
Gliadel wafers,103 which are placed locally in the tumor bed and release 
carmustine after they undergo hydrolysis. The wafers may serve as a 
nidus for subsequent infection.

The incidence of brain abscess formation after head trauma ranges 
from 3% to 17% in military populations, where it is usually secondary 
to retained bone fragments or contamination of initially “sterile” 

§References 1, 3, 4, 12-17, 31, 33.
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are inadequate to control the infection. Because local opsonization is 
deficient, encapsulated bacteria such as E. coli and B. fragilis may 
escape efficient phagocytosis within the brain parenchyma. Several 
studies have shown that phagocytosis of Bacteroides spp. requires heat-
labile serum factors (e.g., complement, lysozyme),128,129 and these 
factors are likely to be absent, or at very low concentrations, even in 
the presence of CNS inflammation early in disease. In addition, an 
outer membrane component of Bacteroides spp. may be important in 
the inhibition of neutrophil chemotaxis, reducing the host response to 
brain abscess associated with this organism.130

The host inflammatory response after the initiation of infection has 
been evaluated by serial pathologic analysis in several animal models 
of brain abscess formation.121,124,125 During the early cerebritis stage, 
a border around the initial area of inoculation composed of acute 
inflammatory cells is observed, and this is accompanied by the rapid 
development of a perivascular infiltration consisting of neutrophils, 
plasma cells, and mononuclear cells. In an experimental rat model of 
S. aureus brain abscess,131 production of the proinflammatory cytokines 
interleukin-1α, interleukin-1β, interleukin-6, and tumor necrosis 
factor-α occurred 1 to 6 hours after S. aureus exposure. This was fol-
lowed by enhanced concentrations of the CXC chemokine KC/CXCL1 
24 hours after bacterial exposure, which correlated with the appearance 
of neutrophils in the abscess. Recently, the functional importance of 
major abscess-associated T-cell subsets in modulating ongoing innate 
immune responses during infection was assessed. Results suggested 
that manipulating Th1 and Th17 cells could expedite S. aureus clearance 
from the CNS parenchyma and limit the extent of tissue damage132; 
Th1 and Th17 cells facilitated bacterial clearance and neutrophil and 
macrophage infiltration/activation during the later stages of brain 
abscess formation. In addition, the bacterial capsule was involved in 
modulation of innate immunity and complement system activation in 
an experimental mouse model in which a capsular strain of S. aureus 
proliferated faster and caused early expression of the chemokine 
CXCL2, resulting in more polymorphonuclear leukocyte infiltration 
into the abscess area133; this may benefit the host in terms of survival.

To address the importance of neutrophils in the early containment 
of S. aureus infection in the brain, mice transiently depleted of neutro-
phils before implantation of bacteria-laden beads had higher CNS 
bacterial burdens than control animals.134 Macrophage inflammatory 
protein-2 (MIP-2) and KC/CXCL1, two neutrophil-attracting CXC 
chemokines, were significantly elevated in the brain after S. aureus 
exposure, indicating the importance of these CXCR2 ligands and also 
neutrophils in the acute host response to S. aureus in the brain. With 
progression to the late cerebritis stage, the acute inflammatory cells 
become mixed with macrophages and fibroblasts and reticulin forma-
tion surrounds the necrotic center. As the capsule begins to form, 
increased numbers of fibroblasts and macrophages infiltrate the 
periphery, and mature collagen is deposited to form a capsule. With 
further encapsulation, the necrotic center continues to decrease in size 
while marked gliosis develops outside the capsule.

The importance of this host inflammatory response in containment 
of the brain abscess has been examined in immunosuppressed animals. 
Initial studies in the canine model of experimental brain abscess with 
S. aureus or Proteus mirabilis showed that the administration of dexa-
methasone slowed, but did not fully impair, capsule formation.135 In 
contrast, in another study, no evidence of encapsulation was found 
when dexamethasone was given to rabbits at the same time as inocula-
tion of either S. pyogenes or S. aureus.136 In an experimental rat model 
of E. coli brain abscess, dexamethasone administration led to a reduc-
tion in the macrophage and glial response, collagen deposition, and 
host survival, with an increased number of viable bacteria in the brain 
abscess.126 Co-administration of dexamethasone also impaired the 
lymphocytic and fibroblastic response in a rat model of experimental 
S. aureus brain abscess137 but did not entirely halt the encapsulation or 
reduce the associated cerebral edema.

Another study used dogs that were immunosuppressed with aza-
thioprine and prednisone 7 days before the intracerebral inoculation 
of α-hemolytic streptococci.138 The immunosuppressed animals mani-
fested a decreased inflammatory response characterized by a reduction 
in neutrophils and macrophages in the lesion, a decrease and delay in 
collagen deposition, and persistence of viable organisms into the late 

bacterial meningitis, with the exception of the high prevalence of 
abscess formation in neonates with Citrobacter koseri (diversus) men-
ingitis.40,41 In this disease there is a propensity for contiguous inflam-
mation in the cerebral white matter, which may reflect the effects of 
endotoxin on the small penetrating vessels in this area; this was exam-
ined in an infant rat model. Infection was initiated in rat pups with a 
high-grade bacteremia, followed by infiltration of the leptomeninges 
and the development of ventriculitis.122 Brain abscesses in these animals 
were found exclusively in the periventricular white matter, apparently 
from disruption of the ventricular ependymal lining and direct exten-
sion of the infection into the parenchyma. The virulence factors respon-
sible for the propensity of this organism to cause brain abscess are 
undefined, although a minor outer membrane protein (32 kDa) may be 
a marker for strains more likely to produce ventriculitis and brain 
abscess123; strains that lack the 32-kDa outer membrane protein cause 
more bacteremia, meningitis, and death. Other factors, such as fimbria-
tion, biotype, and hemolysis, did not correlate with CNS invasion.

Natural History of Infection
Several animal models have been used to examine the pathophysio-
logic consequences and temporal course of brain abscesses after the 
initiation of infection. A canine model was used to define the patho-
logic stages of brain abscess formation after the inoculation of 
α-hemolytic streptococci.124 On the basis of detailed histologic evalu-
ation, four stages of brain abscess evolution were defined: early cereb-
ritis (days 1 to 3), late cerebritis (days 4 to 9), early capsule formation 
(days 10 to 13), and late capsule formation (day 14 and later after initial 
inoculation). Although these stages are arbitrary, they are useful in 
classification and in comparing organisms with regard to their viru-
lence in the production of brain abscess. The early cerebritis stage is 
characterized by an acute inflammatory infiltrate with visible bacteria 
on Gram stain and marked edema surrounding the lesion. The center 
of the lesion becomes necrotic during the late cerebritis stage, and 
macrophages and fibroblasts begin to invade the periphery. With early 
capsule formation, the necrotic center begins to decrease in size with 
simultaneous development of a collagenous capsule that is less promi-
nent on the ventricular side of the lesion; cerebral edema also starts to 
regress during this stage. In this canine model, the collagen capsule 
was complete circumferentially by the end of the second week and then 
increased in density and thickness.

Similar neuropathologic findings have been observed in a model of 
experimental anaerobic brain abscess,121 although capsule formation 
could not be divided into early and late stages because of delayed 
encapsulation. A subsequent study revealed that S. aureus was more 
virulent than the α-hemolytic streptococci in brain abscess forma-
tion125; the amount of necrosis, the total area of involvement after 
staphylococcal challenge, the course of infection as it progressed 
toward resolution, the time for the abscess to reach a stable size, and 
the time to contain the necrotic region with a collagenous capsule all 
were greater after inoculation of S. aureus. Capsule formation was less 
prominent on the ventricular than on the cortical surface in these 
studies,121,124,125 perhaps because differences in vascularity between cor-
tical gray and white matter allowed greater fibroblast proliferation on 
the cortical side of the abscess; this may explain the tendency for brain 
abscesses to rupture into the ventricular system, rather than into the 
subarachnoid space.

An alternative hypothesis was supported in an experimental rat 
model after inoculation of E. coli.126 It was suggested in this study that 
brain abscesses tended to rupture intraventricularly because the infec-
tious process is directed along the major white matter tracts (areas of 
low tissue resistance) rather than as a result of asymmetrical collagen 
deposition. The importance of virulence factor production in brain 
abscess development was shown by the inability of heat-inactivated S. 
aureus to induce proinflammatory cytokine or chemokine expression 
in an experimental murine model127; α-toxin was identified as a key 
virulence factor for survival of S. aureus in the brain and the subse-
quent development of brain abscess.

Host Defense Mechanisms
The brain is usually protected from infection by an intact blood-brain 
barrier. When brain infection is established, however, immune defenses 
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patients with brainstem abscesses because the abscess is likely to 
extend longitudinally along fiber tracts, rather than expanding 
transversely.1

Certain pathogens may lead to the development of specific clinical 
characteristics after CNS infection. In patients with nocardial brain 
abscess, the presentation is generally nonspecific with fever, headache, 
and focal deficits determined by the site and size of the lesion.45,46,143 
The clinical suspicion of nocardial brain abscess may be increased by 
the presence of pulmonary, skin, or muscle lesions, which are present 
concurrently in many, but not all, cases. All patients with pulmonary 
nocardiosis should undergo evaluation to exclude CNS disease. In 
HIV-infected patients with tuberculous brain abscess, seizures, head-
ache, altered consciousness, and hemiparesis are prominent presenting 
symptoms.51

Patients with Aspergillus brain abscess most commonly manifest 
signs of a stroke syndrome (secondary to ischemia or intracerebral 
hemorrhage or both) referable to the involved area of brain.55 Head-
ache, encephalopathy, and seizures may also occur. Fever is an incon-
sistent feature, and signs of meningeal irritation are rare. Patients who 
are severely immunocompromised usually present with nonspecific 
findings (i.e., alteration in mental status or seizures or both) shortly 
before death, whereas patients who are less immunocompromised are 
more likely to have headache and focal neurologic deficits.57 Patients 
with Aspergillus brain abscess commonly have evidence of aspergillosis 
involving other organ systems.

Rhinocerebral mucormycosis initially manifests as complaints 
referable to the eyes or sinuses, including headache (often unilateral), 
facial pain, diplopia, lacrimation, and nasal stuffiness or epistaxis55,60; 
fever is usual. As the infection spreads to contiguous structures, 
necrotic lesions appear in the turbinates, nose, paranasal skin, or hard 
palate. Chemosis, proptosis, and external ophthalmoplegia may occur. 
Cranial nerve abnormalities are common (including CN II through 
VII, IX, and X), and blindness may occur as a result of invasion of the 
cavernous sinus, ophthalmic artery, and orbit. Thrombosis is a striking 
feature of this disease because the organism has a proclivity for blood 
vessel invasion. Focal neurologic deficits, such as hemiparesis, seizures, 
or monocular blindness, suggest far-advanced disease. With further 
progression, invasion of the internal carotid artery in the cavernous 
sinus can occur, accompanied by metastatic lesions in the frontopari-
etal cortex and deepening coma. Among patients with nonrhinocere-
bral brain abscess caused by the Mucorales, fever, headache, or focal 
neurologic deficits were present in more than half the patients. In one 
review of 22 cases,59 50% of the patients were injection drug users and 
the basal ganglia were the most commonly involved CNS site (83% of 
patients).

Brain abscess caused by S. apiospermum tends to occur in immu-
nocompromised patients or in patients 15 to 30 days after an episode 
of near-drowning.63,64 Brain abscesses can be located in the cerebrum, 
cerebellum, or brainstem; clinical presentations include seizures, 
altered consciousness, headache, meningeal irritation, focal neurologic 
deficits, abnormal behavior, and aphasia. The clinical manifestations of 
CNS disease caused by Cryptococcus, Histoplasma, Coccidioides, 
Candida, and other fungal pathogens depend on the intracranial loca-
tion of the abscess. In one review, nearly one third of bone marrow 
transplant recipients with brain abscess caused by Candida spp. had no 
signs or symptoms54; these infections were commonly diagnosed at 
postmortem examination.

The clinical manifestations of CNS toxoplasmosis in immunocom-
promised patients are variable, ranging from an insidious process 
evolving over several weeks to acute onset with a confusional state; the 
initial symptoms and signs may be focal or nonfocal or both.73,77 T. 
gondii has a predilection to localize in the basal ganglia and brainstem, 
producing extrapyramidal symptoms resembling those of Parkinson’s 
disease. Generally, patients who present with nonfocal abnormalities 
develop signs of focal neurologic disease as the infection progresses, 
although some patients develop a diffuse, rapidly fatal encephalopathic 
process. Nonfocal evidence of neurologic dysfunction may predomi-
nate, including generalized weakness, headache, confusion, lethargy, 
alteration of mental status, personality changes, and coma. CNS toxo-
plasmosis may also manifest differently depending on the risk group. 
Infection in transplant recipients is often diffuse, disseminated disease. 

capsule stage. Neutrophils, plasma cells, lymphocytes, and macro-
phages were markedly reduced in the areas surrounding the necrotic 
center of the abscess, and cerebritis was decreased outside the develop-
ing capsule. Gliosis was markedly increased, however, in the area sur-
rounding the collagen capsule in these immunosuppressed dogs. 
Although the decreased inflammatory response and edema formation 
resulted in less mass effect initially, the eventual size and area of the 
abscess may have become larger as a result of the diminished host 
response.

CLINICAL PRESENTATION
The clinical course of brain abscess ranges from indolent to fulmi-
nant.‖ Most clinical manifestations (Table 92-2) are not due to the 
systemic signs of infection but rather to the size and location of a 
space-occupying lesion within the brain and the virulence of the 
infecting microorganism. Headache is the most common presenting 
symptom and is observed in 70% to 75% of patients. The headache may 
be moderate to severe and hemicranial or generalized, but it lacks 
particularly distinguishing features, accounting for frequent delays in 
diagnosis. Sudden worsening of the headache, accompanied by a new 
onset of meningismus, may signify rupture of the abscess into the 
ventricular space139; this complication is often associated with a high 
mortality rate (85% in some series).

In a study of 33 consecutive patients with intraventricular rupture 
of brain abscess, severe headaches and signs of meningeal irritation 
were prominent before rupture, with a rapidly deteriorating clinical 
condition developing within 10 days after the signs of meningeal irrita-
tion140; CT before rupture showed localized enhancement of the ven-
tricular wall adjacent to the abscess, most likely because capsule 
formation was more complete on the cortical side than on the ventricu-
lar side of the abscess. In another study, intraventricular rupture was 
more likely if the abscess was deep seated, multiloculated, and in close 
proximity to the ventricular wall20; a reduction of 1 mm in the distance 
between the ventricle and the abscess increased the rupture rate by 
10%. Less than 50% of patients with brain abscess present with the 
classic triad of fever, headache, and focal neurologic deficit. In addi-
tion, the clinical presentation of brain abscess in an immunocompro-
mised patient may be masked by the diminished inflammatory 
response.53,54

The location of the brain abscess defines the clinical presenta-
tion.3,12-17,31,33 Patients with a frontal lobe abscess often present with 
headache, drowsiness, inattention, deterioration of mental status, 
hemiparesis with unilateral motor signs, and a motor speech disorder. 
The clinical presentation of cerebellar abscesses includes ataxia, nys-
tagmus, vomiting, and dysmetria. Temporal lobe abscesses may cause 
ipsilateral headache and aphasia if the lesion is in the dominant hemi-
sphere; a visual field defect (e.g., an upper homonymous quadran-
tanopia) may be the only presenting sign of a temporal lobe abscess. 
Abscesses of the brainstem usually manifest with facial weakness, fever, 
headache, hemiparesis, dysphagia, and vomiting.141,142 The classic find-
ings of a well-defined brainstem syndrome are frequently lacking in 

TABLE 92-2  Common Symptoms and Signs in 
Brain Abscess*

SYMPTOM OR SIGN FREQUENCY (%)
Headache 49-97

Mental status changes 28-91

Focal neurologic deficits 20-66

Fever 32-79

Triad of headache, fever, and focal deficit <50

Seizures 13-35

Nausea and vomiting 27-85

Nuchal rigidity 5-52

Papilledema 9-51

*The clinical presentation varies depending on the size and location of the abscess.
Data from references 1, 3, 5, 11, 21, 31, and 33.

‖References 1, 3, 11-17, 20, 21, 31, and 33.
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appears as a discrete rim that is isointense to mildly hyperintense. 
Contrast enhancement with the paramagnetic agent gadolinium dieth-
ylenetriaminepentaacetic acid provides the added advantage of clearly 
differentiating the central abscess, the surrounding enhancing rim, and 
the cerebral edema surrounding the abscess.

On T1-weighted images, enhancement of the abscess capsule 
occurs. On T2-weighted images, the zone of edema that surrounds the 
abscess is one of marked high signal intensity; the capsule now appears 
as a well-defined hypointense rim at the margin of the abscess. Therapy 
with corticosteroids can decrease enhancement seen with CT and MRI. 
The combined use of proton MR spectroscopy, diffusion-weighted 
imaging, and diffusion tensor imaging has been shown to improve the 
specificity of the diagnosis of focal ring-enhancing lesions and differ-
entiate brain abscess from other cystic lesions of the brain, including 
tumors.3,145 The distinction of abscess from rim-enhancing tumors is 
done by demonstrating amino acids within the contents of the cysts, a 
finding that is essentially diagnostic of the presence of activated poly-
morphonuclear leukocytes. Proton MR spectroscopy can differentiate 
necrotic/cystic tumors and cerebral abscesses; in combination with 
diffusion-weighted imaging, it can significantly increase the diagnostic 
accuracy of conventional MRI. Diffusion-weighted imaging has a sen-
sitivity and specificity of over 90% in distinguishing abscesses from 
necrotic tumors.146 Although the presence of amino acids in proton 
MR spectroscopy is a sensitive marker of pyogenic abscess, its absence 
does not exclude a pyogenic etiology.147

CT and MRI are also quite sensitive in defining lesions in patients 
with fungal brain abscess; these modalities are not specific, although 
some exceptions do exist. The finding of a cerebral infarct in a patient 
with risk factors for invasive aspergillosis should suggest that diagno-
sis.55 The areas of infarction typically develop into either single or 
multiple abscesses involving the cerebrum (usually frontal or temporal 
lobes) or cerebellum. In immunosuppressed patients with CNS asper-
gillosis, there is little or no contrast enhancement with MRI.58 In 
patients with rhinocerebral mucormycosis, CT and MRI may show 
characteristic changes, including sinus opacification, erosion of bone, 
and obliteration of deep fascial planes. Frontal lobe involvement in 
mucormycosis may show little or no ring enhancement; the lack of 
contrast enhancement is a poor prognostic sign because it indicates 
failure of host defense mechanisms to isolate or encapsulate the offend-
ing organism. Cavernous sinus involvement may be seen on MRI.

CT and MRI are extremely useful in the diagnosis of CNS toxo-
plasmosis.77,79 The characteristic CT appearance (seen in 90% of 
patients) is that of rounded isodense or hypodense lesions with ring 

Localizing neurologic signs tend to occur late in the course of infection 
in transplant recipients or not at all. In patients with underlying malig-
nancies (e.g., Hodgkin’s disease), the presentation of toxoplasmic 
encephalitis is evenly distributed between focal and nonfocal manifes-
tations of encephalitis.

Patients with acquired immunodeficiency syndrome (AIDS) and 
toxoplasmic encephalitis often present subacutely with nonspecific 
symptoms, such as neuropsychiatric complaints, headache, disorienta-
tion, confusion, and lethargy progressing over 2 to 8 weeks; associated 
fever and weight loss are also common.77,79,80,82 Patients develop clinical 
evidence of focal CNS mass lesions with ataxia, aphasia, hemiparesis, 
visual field loss, and vomiting or a more generalized encephalitis with 
increasing confusion, dementia, and stupor; seizures are common and 
may be the presenting clinical manifestation of CNS toxoplasmosis in 
patients with AIDS.

DIAGNOSIS
CT has revolutionized the diagnosis of brain abscess. Before the advent 
of CT, delays in diagnosis contributed significantly to the high mor-
bidity and mortality in patients with brain abscess. CT has rendered 
diagnostic tests such as angiography, ventriculography, pneumoen-
cephalography, and radionuclide brain scanning virtually obsolete. The 
characteristic CT appearance of brain abscess is that of a hypodense 
center with a peripheral uniform ring enhancement after the injection 
of contrast material; this is surrounded by a variable hypodense area 
of brain edema (Fig. 92-1).144 Other CT findings include nodular 
enhancement and areas of low attenuation without enhancement, the 
latter of which is observed during the early cerebritis stage before 
abscess formation; as the abscess progresses, contrast enhancement is 
observed. When the abscess becomes encapsulated in the later stages, 
contrast material no longer differentiates the lucent center and the CT 
appearance is similar to that of the early cerebritis stage. CT is also 
useful for following the course of brain abscess, although after aspira-
tion, improvement in the CT appearance may not be seen for 5 weeks 
or longer.

Magnetic resonance imaging (MRI) has been extensively evaluated 
in the diagnosis of brain abscess and is the first imaging choice in the 
evaluation of a patient suspected to have this disorder. MRI is more 
sensitive than CT and offers significant advantages in the early detec-
tion of cerebritis, including greater contrast between cerebral edema 
and adjacent brain, more conspicuous spread of inflammation into the 
ventricles and subarachnoid space, and earlier detection of satellite 
lesions (Fig. 92-2).144 On T1-weighted images, the abscess capsule often 

FIGURE 92-1 CT of the head reveals a large rounded area of low attenuation in the right lentiform nucleus, with compression of the 
horn of the right lateral ventricle, and a shift to the left with vasogenic edema. A, Unenhanced CT scan reveals increased signal within the 
center of the area of low attenuation. B, After intravenous administration of a contrast agent there is ring enhancement of the abscess and evidence of 
a smaller satellite lesion. 
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clinical utility of this test in the diagnosis of toxoplasmic encephalitis. 
Further studies are needed to determine the utility of CSF PCR assay 
in the diagnosis of toxoplasmic encephalitis.

A major advance in the use of CT in patients with suspected brain 
abscess is the ability to perform stereotactic CT-guided aspiration to 
facilitate microbiologic diagnosis and to guide antimicrobial therapy. 
Ultrasound-guided aspiration, via transdural insonation, has also been 
performed through a single bur hole and showed excellent abscess 
visualization in 10 patients in one study,152 although aspiration by CT 
guidance is generally the preferred method. Aspiration during the 
cerebritis stage may be complicated by hemorrhage.

At the time of aspiration, specimens should be sent for Gram stain, 
routine aerobic and anaerobic cultures, and cultures for mycobacteria 
and fungi. In patients with a likely bacterial brain abscess, 16S rRNA 
gene sequencing and amplification may serve as an important adjunc-
tive tool in patients with negative culture results but who have histo-
pathologic and Gram stain findings suggestive of a bacterial 
abscess153-156; this technique may provide a definitive etiologic diagno-
sis allowing for targeted antimicrobial therapy, although more studies 
are needed. In another study, use of multiple 16S ribosomal DNA 
sequencing was found to dramatically increase the number of infec-
tious agents identified in cerebral abscesses.157 These data were con-
firmed in a subsequent study in which metagenomic analysis from 71 
patients identified 71 taxa that had not been previously identified, 
including 37 that are as of yet uncultured158; the major source of these 
agents was the sinuses and dental flora, and they were found in poly-
microbial specimens. However, it is not precisely clear as to the impor-
tance of many of these pathogens in patients with brain abscess.159 In 
addition, other special stains, such as acid-fast stains for mycobacteria, 
modified acid-fast stains for Nocardia, and special stains (e.g., muci-
carmine, methenamine silver) for fungi, should be used to aid in 
making an etiologic diagnosis.

Aspergillus spp. manifest as septate hyphae in tissue sections with 
acute-angle, dichotomous branching. Biopsy specimens of cerebral 
lesions in mucormycosis usually show irregular hyphae, right-angle 
branching, and a lack of septa. S. apiospermum, S. prolificans, and 
Fusarium hyphae cannot be distinguished reliably from Aspergillus spp. 
Hyphae of melanized, or dematiaceous, fungi in the brain may be 
brownish on hematoxylin and eosin stain and tend to have swollen and 
constricted areas in the hyphae, but they are not reliably distinguished 
from other molds. In patients with CNS toxoplasmosis,77 diagnosis 
may require specialized immunohistochemical techniques (peroxidase-
antiperoxidase) to detect the organisms or its antigens. Pseudocysts 
and tachyzoites, which are easily identifiable by histopathologic stains, 

enhancement after the administration of contrast material; homoge-
neous enhancement or no enhancement can also be seen. There are 
multiple lesions in 70% to 80% of cases, often involving the corticome-
dullary junction and the basal ganglia, although any part of the CNS 
may be involved. Marked edema and a mass effect are also frequently 
observed. A double-dose, delayed-contrast study may be a more sensi-
tive method for delineating the true extent of disease. CT usually 
underestimates the number of lesions documented pathologically at 
autopsy. MRI has a greater sensitivity than CT and has detected lesions 
in patients with active toxoplasmic encephalitis whose CT scans were 
normal. MRI should be performed in patients with AIDS and neuro-
logic symptoms in whom CT shows no abnormality (or only cerebral 
atrophy). CT and MRI also may be useful in following the response to 
therapy because most patients show radiographic evidence of improve-
ment within 10 to 14 days of initiation of anti-Toxoplasma therapy.81,148

In an immunosuppressed host with presumed toxoplasmic enceph-
alitis, serologic testing aids in the diagnosis. In patients with AIDS, 
toxoplasmic encephalitis occurs as a result of a recrudescence of a 
latent infection.79,80 In this situation, the presence of anti-Toxoplasma 
IgG antibody can almost uniformly be shown before the development 
of the encephalitis. More than 97% of patients with AIDS and toxo-
plasmic encephalitis have serum IgG antibody titers against T. gondii 
ranging from 1 : 8 to more than 1 : 102477; the predictive value of a posi-
tive serologic result in patients with characteristic abnormalities on 
radiographic studies may be 80% in the United States.79,149 In contrast, 
in a retrospective review of 115 patients with AIDS and CNS toxoplas-
mosis at San Francisco General Hospital between 1981 and 1990, 4 of 
18 patients with pathologically confirmed disease had undetectable 
anti-Toxoplasma IgG antibody by an indirect immunofluorescence 
assay.81 Despite these conflicting data, many physicians in the United 
States initiate a therapeutic trial of anti-Toxoplasma chemotherapy in 
a patient with AIDS who is seropositive for T. gondii and has charac-
teristic neuroradiographic abnormalities.150 This is generally a valid 
approach in patients with AIDS and presumed CNS toxoplasmosis (see 
Chapter 280).

CSF polymerase chain reaction (PCR) assay has also been used as 
a diagnostic test for toxoplasmic encephalitis; CSF PCR assay has a 
specificity of 96% to 100% but a sensitivity of only about 50% in the 
diagnosis of CNS toxoplasmosis.82 In contrast, in a study of 12 HIV-
infected patients with suspected cerebral toxoplasmosis who neither 
met the diagnostic criteria from the Centers for Disease Control and 
Prevention nor had positive mouse inoculation tests,151 11 of 12 
patients with confirmed toxoplasmosis had positive PCR results in 
either blood or CSF, suggesting a high sensitivity, specificity, and 

FIGURE 92-2 MRI of the brain (same patient as shown in Fig. 92-1) reveals 2-cm, round, ring-enhancing lesion in right lentiform nucleus 
with associated vasogenic edema and midline shift to the left. A, T1-weighted image reveals ill-defined area of low attenuation. B, T1-weighted 
image after administration of gadolinium reveals ring enhancement of the abscess. C, T2-weighted image shows hypointensity of rim of abscess with 
large area of high signal intensity consistent with cerebral edema. 
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may not be found in the center of the necrotic lesion and are best 
identified at the periphery of the lesion or within normal brain tissue. 
A sensitive test for rapid diagnosis is the immunofluorescence tech-
nique that uses monoclonal anti-Toxoplasma antibodies on brain touch 
preparations.

INITIAL MANAGEMENT OF THE 
PATIENT WITH BRAIN ABSCESS
The initial approach to the patient with a suspected brain abscess is a 
multidisciplinary one and should include evaluation by a neuroradi-
ologist, a neurosurgeon, and an infectious diseases specialist utilizing 
the following steps160:
1. MRI or contrast CT should be performed to verify the suspicion of 

brain abscess.
2. If single or multiple ring-enhancing lesions are found, the patient 

should undergo surgery. All lesions greater than 2.5 cm in diameter 
should be excised or stereotactically aspirated, and specimens 
should be sent to the microbiology and pathology laboratories (dis-
cussed earlier). For abscesses in the early cerebritis stage, or when 
the abscesses are 2.5 cm in diameter or less, the largest lesion should 
be aspirated for diagnosis and identification of the organism.

3. When abscess material has been obtained for microbiologic and 
histopathologic studies, empirical antimicrobial therapy should be 
initiated on the basis of the patient’s predisposing conditions and 
the presumed pathogenesis of abscess formation (Table 92-3). If a 
primary source of infection outside the CNS is recognized as poten-
tially having led to formation of the brain abscess, empirical anti-
microbial therapy can be begun on the basis of microbiologic 
studies from the other source (e.g., positive blood cultures in a 
patient with infective endocarditis).

4. Therapy with corticosteroids should be initiated in patients with 
significant edema and an associated mass effect that is causing 
increased intracranial pressure or a predisposition to transtentorial 
herniation. Phenytoin should be considered to prevent seizures 
during early stages of therapy.
The empirical approach to antimicrobial therapy for bacterial brain 

abscess should take into account the frequency of isolation of certain 
organisms.3 Because of the high rate of isolation of streptococci (par-
ticularly the S. anginosus [milleri] group) from brain abscesses of 
various causes, high-dose intravenous penicillin G or another drug 
(e.g., a third-generation cephalosporin, either cefotaxime or ceftriax-
one) active against this organism should be included in the initial 
therapeutic regimen. Penicillin G is also active against most anaerobic 
species with the notable exception of B. fragilis, which may be isolated 
in a high percentage of cases of brain abscess; metronidazole should 
be included in the initial regimen when this organism is suspected. 

TABLE 92-3  Empirical Antimicrobial Therapy for 
Bacterial Brain Abscess

PREDISPOSING CONDITION ANTIMICROBIAL REGIMEN
Otitis media or mastoiditis Metronidazole + third-generation 

cephalosporin*

Sinusitis (frontoethmoid or 
sphenoid)

Metronidazole + third-generation 
cephalosporin*†

Dental infection Penicillin + metronidazole

Penetrating trauma or 
postneurosurgical

Vancomycin + third- or fourth-
generation cephalosporin*‡

Lung abscess, empyema, 
bronchiectasis

Penicillin + metronidazole + 
sulfonamide§

Bacterial endocarditis Vancomycin + gentamicin

Congenital heart disease Third-generation cephalosporin*

Unknown Vancomycin + metronidazole + third- or 
fourth-generation cephalosporin*‡

*Cefotaxime or ceftriaxone; the fourth-generation cephalosporin cefepime may 
also be used.

†Add vancomycin when infection caused by methicillin-resistant Staphylococcus 
aureus is suspected.

‡Use ceftazidime or cefepime as the cephalosporin if Pseudomonas aeruginosa is 
suspected.

§Trimethoprim-sulfamethoxazole; include if a Nocardia spp. is suspected.

Metronidazole has bactericidal activity against B. fragilis and Prevotella 
melaninogenica and attains high concentrations in brain abscess pus, 
and its entry into cerebral abscesses is not affected by concomitant 
corticosteroid therapy.161 The combination of metronidazole plus a 
third-generation cephalosporin is a common regimen used in more 
recent series.17

When S. aureus is considered a likely pathogen (e.g., after cranial 
trauma or after neurosurgery), vancomycin should be used, but therapy 
should be changed to nafcillin if methicillin-sensitive organisms are 
isolated.162 Because an increase in community-acquired methicillin-
resistant S. aureus has been observed in recent years, vancomycin 
should be used empirically when S. aureus brain abscess is suspected 
or proven,24,163 until in vitro susceptibility testing is performed. If P. 
aeruginosa is a likely infecting pathogen, ceftazidime or cefepime is the 
agent of choice. In patients with a bacterial brain abscess of unclear 
pathogenesis, empirical therapy with vancomycin, metronidazole, and 
a third- or fourth-generation cephalosporin (cefotaxime or ceftriax-
one, or ceftazidime or cefepime if P. aeruginosa is suspected) is recom-
mended pending culture results.

In HIV-infected patients with CNS mass lesions, the initial approach 
to management is different because of the high likelihood of the diag-
nosis of toxoplasmic encephalitis.79,164 For patients with large lesions 
showing a mass effect and threatening impending herniation, open 
biopsy with decompression is the standard. In HIV-infected patients 
with multiple ring-enhancing lesions on contrast-enhanced CT or MRI 
and positive anti-Toxoplasma IgG serologic tests, empirical therapy for 
toxoplasmic encephalitis should be initiated (Table 92-4); clinical and 
radiographic improvement should be observed within 10 to 14 days in 
95% of patients with toxoplasmic encephalitis.82,148

For patients with positive anti-Toxoplasma IgG serologic tests 
and a single lesion identified by MRI, consideration should be  
given to thallium-201 single-photon emission computed tomography 
(201Tl-SPECT) scanning. Although 201Tl-SPECT scans are not sensitive, 
positive scans are highly specific for the diagnosis of primary CNS 
lymphoma and would warrant stereotactic brain biopsy.165-167 A com-
pilation of published studies revealed a mean sensitivity and specificity 
of 92% and 89% for 201Tl-SPECT in distinguishing cerebral lymphoma 
from toxoplasmic encephalitis in patients with AIDS.82 201Tl-SPECT 
was positive, however, in one patient with chronic lymphocytic leuke-
mia and a Nocardia brain abscess.168 In addition, a more recent pro-
spective study of 14 HIV-infected patients (12 diagnosed by biopsy and 
2 by clinical course and response to therapy) suggested limited accu-
racy of 201Tl-SPECT in differentiating lymphoma from non-neoplastic 
disease, in which a low uptake ratio did not exclude lymphoma and a 
high uptake ratio did not exclude an infectious cause.169 The accuracy 
of 201Tl-SPECT can be affected by the size of the lesion, grade of the 
malignancy, presence of necrotic areas in the tumor, and location of 
the lesion. Similar results have been obtained with positron emission 
tomography (PET) labeled with 18F-fluorodeoxyglucose combined 
with CT (18FDG-PET/CT).170,171 However, compared with its use in 
patients with malignant neoplasms, fewer data are available on use of 
PET/CT to image cerebral infections.172

In patients with mass lesions and negative anti-Toxoplasma IgG 
serologic tests, the diagnosis of toxoplasmic encephalitis is possible, 
but unlikely; scanning with 201Tl-SPECT or 18FDG-PET/CT may be 
helpful in this setting, although each test has limitations and should 
not be relied on in isolation because specific expertise is required for 
interpretation, the tests are costly, and rigid diagnostic criteria have not 
yet been determined.82 Brain biopsy is optimal, although some experts 
have recommended an empirical trial of therapy for toxoplasmic 
encephalitis in patients with multiple ring-enhancing lesions even if 
the anti-Toxoplasma IgG serologic test is negative.164 Brain biopsy 
should be performed in patients who fail to respond. Patients with 
single lesions on MRI and negative serologic tests should undergo a 
stereotactic brain biopsy. A strategy for the management of suspected 
Toxoplasma CNS lesions in HIV-infected patients can be found in 
Chapter 280.

THERAPY
When the infecting pathogen is isolated, antimicrobial agents can be 
modified for optimal therapy. Recommendations for standard therapy, 
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in patients with brain abscesses. Vancomycin has also been shown to 
have excellent concentrations in brain abscess fluid (90% of serum 
concentrations) after prolonged therapy.162

The role of newer antimicrobial agents in the therapy for brain 
abscess is evolving. The third-generation cephalosporins are attractive 
agents for the therapy for brain abscess because of their good CNS 
penetration and excellent in vitro activity against many of the patho-
gens isolated from bacterial brain abscesses. When cefotaxime was 
given in higher doses than usually recommended (3 g every 8 hours), 
brain abscess concentrations of cefotaxime and its active metabolite, 
desacetylcefotaxime, were greater than the minimal inhibitory concen-
trations of most gram-positive and gram-negative organisms against 
which cefotaxime is used systemically. When combined with metroni-
dazole and used in conjunction with surgical excision, high doses of 
cefotaxime also have been effective clinically in the treatment of brain 
abscess.173 Ceftriaxone, ceftizoxime, and ceftazidime all have been used 
in the treatment of brain abscess,174,175 although only a few patients 
have been studied. Ampicillin-sulbactam has also been shown to be 
therapeutically successful in patients with brain abscesses176; intracavi-
tary concentrations were variable, but adequate, in most cases.

Imipenem has been used successfully to treat pyogenic and nocar-
dial brain abscesses,177,178 although the use of imipenem has been asso-
ciated with an increased risk for seizures, limiting its usefulness in 
patients with CNS mass lesions. Meropenem, a carbapenem antimi-
crobial agent similar to imipenem, was successful in one case of an 
Enterobacter cloacae brain abscess,179 suggesting that this agent may be 
useful in cases of brain abscess, especially when caused by resistant 
pathogens. In an 11-year retrospective, nonrandomized study compar-
ing intravenous cefotaxime and metronidazole to intravenous merope-
nem or imipenem monotherapy, treatment with meropenem was 
associated with a significantly lower mortality rate and a lower seizure 

with alternative agents, are provided in Table 92-4. Table 92-5 lists 
doses of these agents used for CNS infections. In this section the prin-
ciples of antimicrobial use and surgical therapy for bacterial and fungal 
brain abscesses are reviewed. The therapeutic approach to toxoplasmic 
encephalitis is discussed in Chapter 280.

Bacterial Brain Abscess
Antimicrobial Therapy
There have been no randomized controlled trials that have evaluated 
the efficacy of different antimicrobial agents in the treatment of bacte-
rial brain abscess. The antimicrobial agents used to treat bacterial brain 
abscess should be able to penetrate into the abscess cavity and should 
have in vitro activity against the pathogens isolated.1,3,4 The few studies 
that have addressed the penetration of antimicrobial agents into brain 
abscess fluid have included limited numbers of patients. Concentra-
tions of penicillin G have been measured in brain abscess pus but were 
detected consistently only if the daily dosage in adults exceeded 24 
million units; in some cases, penicillin G may be inactivated in pus, 
with the result that bacteria can still be cultured despite adequate 
penicillin concentrations. Limited data are available on the penetration 
of the semisynthetic penicillins (e.g., nafcillin, oxacillin) into brain 
abscesses, although some studies suggest that concentrations of these 
drugs in brain abscess fluid are variable.25

Metronidazole has excellent in vitro activity against strict anaer-
obes, making it an important agent for the treatment of patients with 
brain abscess.161 Its excellent pharmacokinetic profile (i.e., good oral 
absorption and penetration into brain abscess cavities) has made  
metronidazole a more attractive antianaerobic agent than chloram-
phenicol for therapy of brain abscess. Metronidazole must always be 
used in combination with an antimicrobial agent effective against 
streptococci, however, because polymicrobial infections are common 

TABLE 92-4  Antimicrobial Therapy for Brain Abscess

ORGANISM STANDARD THERAPY ALTERNATIVE THERAPIES
Bacteria*
Actinomyces spp. Penicillin G Clindamycin

Bacteroides fragilis Metronidazole Clindamycin

Enterobacteriaceae Third-generation cephalosporin† Aztreonam, trimethoprim-sulfamethoxazole, fluoroquinolone, meropenem

Fusobacterium spp. Metronidazole Clindamycin, meropenem

Haemophilus spp. Third-generation cephalosporin† Aztreonam, trimethoprim-sulfamethoxazole

Listeria monocytogenes Ampicillin or penicillin G‡ Trimethoprim-sulfamethoxazole

Mycobacterium tuberculosis Isoniazid + rifampin + pyrazinamide + ethambutol

Nocardia spp. Trimethoprim-sulfamethoxazole or sulfadiazine Minocycline, imipenem, meropenem, third-generation cephalosporin,† amikacin

Prevotella melaninogenica Metronidazole Clindamycin, meropenem

Pseudomonas aeruginosa Ceftazidime‡ or cefepime‡ Aztreonam,‡ fluoroquinolone,‡ meropenem‡

Staphylococcus aureus

 Methicillin-sensitive Nafcillin or oxacillin Vancomycin

 Methicillin-resistant Vancomycin Trimethoprim-sulfamethoxazole

Streptococcus anginosus (milleri) 
group, other streptococci

Penicillin G Third-generation cephalosporin,† vancomycin

Fungi
Aspergillus spp. Voriconazole Amphotericin B deoxycholate, liposomal amphotericin B, amphotericin B lipid 

complex, itraconazole,§ posaconazole§

Candida spp. Amphotericin B deoxycholate,¶ liposomal 
amphotericin B,¶ amphotericin B lipid complex¶

Fluconazole

Cryptococcus neoformans Amphotericin B deoxycholate,¶ liposomal 
amphotericin B,¶ amphotericin B lipid complex¶

Fluconazole

Mucorales Liposomal amphotericin B, amphotericin B lipid 
complex, amphotericin B deoxycholate

Posaconazole§

Scedosporium apiospermum Voriconazole Itraconazole,§ posaconazole§

Protozoa
Toxoplasma gondii Pyrimethamine + sulfadiazine Pyrimethamine + clindamycin; trimethoprim-sulfamethoxazole; pyrimethamine + 

azithromycin, clarithromycin, atovaquone, or dapsone

*Depending on the pathogenesis of bacterial brain abscess (see text), these bacteria may be isolated as part of a mixed infection.
†Cefotaxime or ceftriaxone.
‡Addition of an aminoglycoside should be considered.
§Consider for use in salvage therapy in nonresponding patients or in patients intolerant of amphotericin B–based therapies.
¶Addition of flucytosine should be considered.
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to monitor for abscess reexpansion or failure to resolve.21,160 The com-
bination of surgical aspiration or removal of all abscesses larger than 
2.5 cm in diameter, a 6-week or longer course of intravenous antimi-
crobial therapy, and improvement on follow-up neuroimaging should 
result in a cure rate of more than 90%.8 Patients should be followed 
with neuroimaging until the abscess has completely resolved; if the 
abscess enlarges after 2 weeks of antimicrobial therapy, or fails to 
resolve after 3 to 4 weeks, further surgical aspiration or excision should 
be performed.

Shorter courses (3 to 4 weeks) of antimicrobial therapy may be 
adequate for patients who have undergone surgical excision of the 
abscess. Surgical therapy (i.e., excision or aspiration) is often required 
for the optimal management of brain abscess (discussed later), although 
certain subsets of patients may be treated with antimicrobial therapy 
alone.142,182-184 These are patients with medical conditions that increase 
the risk of surgery, multiple abscesses, abscesses in a deep or dominant 
location, concomitant meningitis or ependymitis, early abscess reduc-
tion with clinical improvement after antimicrobial therapy, and abscess 
size smaller than 3 cm. In one series, no abscess larger than 2.5 cm 
resolved without surgical therapy.182 The best candidates for medical 
therapy appear to be those with a small abscess (≤2.5 cm), in good 
clinical condition (Glasgow Coma Scale score >12), and a well-known 
etiology.185 However, surgery should be considered when the clinical 
condition is worsening or in those without clinical or radiologic 
improvement within 1 to 2 weeks.

Patients treated with antimicrobial therapy alone may require pro-
longed (up to 12 weeks) courses of parenteral treatment and must 
receive careful clinical and radiographic follow-up. The Infection in 
Neurosurgery Working Party of the British Society for Antimicrobial 
Chemotherapy recommends intravenous therapy for 1 to 2 weeks for 
bacterial brain abscess, after which time, and depending on the clinical 
response, change to an appropriate oral regimen can be considered.186 
This approach has been used in several series,17,187,188 although it cannot 
be considered standard therapy in most patients with bacterial brain 
abscess.

When a brain abscess caused by Nocardia is suspected or proved, 
the sulfonamides, with or without trimethoprim, are recommended  
as first-line therapy,46,189,190 although treatment failures have been 
reported.191 Alternative agents include minocycline, amikacin, imipe-
nem, third-generation cephalosporins, and linezolid, which are among 
the most active agents against Nocardia in vitro.192-194 In vitro activity 
may not always correlate with clinical efficacy, however. Combination 
therapies have been studied,195-199 and combination regimens contain-
ing third-generation cephalosporins or imipenem along with a sulfon-
amide or amikacin should be considered for immunocompromised 
patients or patients in whom therapy fails.1,200 Linezolid was also shown 
more recently to be efficacious in two patients with multiple Nocardia 
brain abscesses,201 although therapy was changed in one patient as a 
result of an adverse effect from linezolid. One patient was successfully 
treated with unexpectedly low doses of linezolid along with therapeutic 
drug monitoring for optimization of drug exposure.202 Brain abscess 
caused by Nocardia farcinica, a species highly resistant to various anti-
microbial agents, has been successfully treated with moxifloxacin, 
either alone or in combination with another agent.203-205 The duration 
of antimicrobial therapy for nocardial brain abscess ranges from 3 to 
12 months.46,206 Therapy in immunosuppressed patients should prob-
ably be continued for 1 year,143 with careful follow-up to monitor for 
relapse.

The therapy for tuberculous brain abscess is similar to that for 
tuberculosis in other locations; treatment is more complex, however, 
for patients with tuberculous brain abscess caused by multidrug-
resistant and extremely drug-resistant strains. Because published 
reports on tuberculous brain abscess consist mainly of case reports and 
case series, overall mortality rates are not well defined.51

Surgical Therapy
Most patients with bacterial brain abscess require surgical manage-
ment for optimal therapy. The two procedures available are aspiration 
of the abscess after bur hole placement and complete excision after 
craniotomy.21,32,33,207 No prospective trial comparing the two proce-
dures has ever been performed, although in a series of 142 patients 

rate compared with imipenem.180 The fluoroquinolones have good 
CNS penetration and have been used anecdotally in the treatment of 
patients with brain abscess,181 although further data are needed to 
determine the efficacy of the fluoroquinolones for the treatment of 
brain abscess.

Antimicrobial therapy with high-dose intravenous agents has tra-
ditionally been administered for 6 to 8 weeks in patients with bacterial 
brain abscesses.1,3,21 This is often followed by oral antimicrobial therapy 
for 2 to 3 months if an appropriate agent or agents are available, 
although the efficacy and necessity of this approach have not been 
established. Biweekly neuroimaging up to 3 months is also suggested 

TABLE 92-5  Recommended Dosages of 
Antimicrobial Agents for Central Nervous System 
Infections in Adultsa

ANTIMICROBIAL 
AGENT

TOTAL DAILY 
DOSAGE

DOSING 
INTERVAL (hr)

Amikacinb 15 mg/kg 8

Amphotericin B deoxycholate 0.6-1.0 mg/kgc 24

Amphotericin B lipid complex 5 mg/kg 24

Ampicillin 12 g 4

Atovaquoned 3000 mg 6

Azithromycin 1200-1500 mg 24

Aztreonam 6-8 g 6-8

Cefepime 6 g 8

Cefotaxime 8-12 g 4-6

Ceftazidime 6 g 8

Ceftriaxone 4 g 12

Chloramphenicol 4-6 g 6

Ciprofloxacin 800-1200 mg 8-12

Clindamycin 2400-4800 mg 6

Dapsoned 100 mg 24

Ethambutold 15 mg/kg 24

Fluconazole 400-800 mg 24

Flucytosined,e 100 mg/kg 6

Gentamicinb 5 mg/kg 8

Isoniazidd 300 mg 24

Itraconazole 400-600 mg 12

Linezolid 1200 mg 12

Liposomal amphotericin B 5-7.5 mg/kg 24

Meropenem 6 g 8

Metronidazole 30 mg/kg 6

Nafcillin 12 g 4

Oxacillin 12 g 4

Penicillin 24 million U 4

Posaconazoled 800 mg 6-12

Pyrazinamided 15-30 mg/kg 24

Pyrimethamined 25-100 mgf 24

Rifampind 600 mg 24

Sulfadiazined 4-6 g 6

Tobramycind 5 mg/kg 8

Trimethoprim-sulfamethoxazole 10-20 mg/kgg 6-12

Vancomycinh 30-45 mg/kg 8-12

Voriconazolei 8 mg/kg 12
aPatients with normal renal and hepatic function; unless indicated, IV mode of 
administration used.

bNeed to monitor peak and trough serum concentrations.
cDosages up to 1.5 mg/kg/day may be used for aspergillosis or mucormycosis.
dDosage for oral administration.
eMaintain serum concentrations of 50-100 µg/mL.
fHigher dosages used in acquired immunodeficiency syndrome patients with 

toxoplasmic encephalitis; load with 100 to 200 mg.
gDosage based on trimethoprim component; higher dose used for Nocardia 

brain abscess.
hAdjust dosage based on trough serum concentration; maintain at 15-20 µg/mL.
iLoad with 6 mg/kg IV every 12 hours for two doses; maintain serum trough 

concentrations of 2-5 µg/mL.
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or drainage of the abscess. Therapy for fungal brain abscess in immu-
nocompromised patients carries a high mortality rate, however, despite 
surgery and antifungal therapy. Nevertheless, early recognition of this 
infection can lead to a successful outcome, especially if leukocyte 
counts return to normal or if the dosages of immunosuppressive agents 
can be reduced.1 The mainstay of medical therapy for candidal brain 
abscess is an amphotericin B preparation plus 5-flucytosine.55 The effi-
cacy of fluconazole in the treatment of Candida brain abscess has not 
been evaluated, although one case report in a premature infant with 
Candida albicans brain abscess showed a decrease in abscess size after 
the addition of fluconazole to amphotericin B plus 5-flucytosine.218

The antifungal therapy of choice for Aspergillus brain abscess was 
previously amphotericin B deoxycholate (0.8 to 1.25 mg/kg/day); doses 
up to 1.5 mg/kg/day have been used, depending on the clinical 
response.219 Liposomal amphotericin B (AmBisome), 5 mg/kg daily, is 
the preferred formulation. However, voriconazole is now the drug of 
choice in patients with Aspergillus brain abscess.220 In one review of 
voriconazole in the treatment of invasive aspergillosis that included 19 
patients with cerebral disease, 3 (16%) patients had a partial response 
to treatment,221 although the response rate in more recent studies is 
approximately 35%.58,220 Combination therapy (voriconazole, com-
bined with either caspofungin or liposomal amphotericin B) has also 
been advocated.222-224

Mucormycosis also should be treated with amphotericin B deoxy-
cholate or one of its lipid formulations, along with correction of  
underlying metabolic derangements and aggressive surgical débride-
ment.55,60,225,226 Some data have suggested that the lipid formulations of 
amphotericin B resulted in higher recovery rates than did amphoteri-
cin B deoxycholate in patients with mucormycosis and hematologic 
diseases or solid-organ transplantation, leading to a recommendation 
for use of a lipid formulation, usually liposomal amphotericin B, as 
first-line therapy.61 The role of surgery in the treatment of cerebral 
mucormycosis cannot be overemphasized. Because of their propensity 
for invading blood vessels, the Mucorales cause extensive tissue infarc-
tion, impairing the delivery of antifungal agents to the site of infection. 
Surgery is often the only modality that may effectively eliminate the 
invading microorganisms. Amphotericin B has also been applied topi-
cally in the orbital cavities in patients with rhinocerebral mucormyco-
sis,226 although it is unclear if this is beneficial. Posaconazole may be 
considered as follow-up therapy in patients who have already responded 
to amphotericin B–based therapies, provided that they are eating well 
enough to absorb the antifungal agent.227 Hyperbaric oxygen therapy 
has been reported to be a useful adjunct in cerebral mucormyco-
sis,228,229 although no prospective, controlled trials have been done to 
assess its efficacy adequately.

For Scedosporium brain abscess, surgical drainage is the corner-
stone of effective therapy.63 The organism shows in vitro resistance to 
amphotericin B. Based on clinical experience and the absence of good 
alternative agents, voriconazole is now the antifungal agent of choice 
for treatment of S. apiospermum brain abscess. In one review of the use 
of voriconazole, which included 21 patients with CNS disease caused 
by Scedosporium, 43% had a therapeutic response.230 The combination 
of voriconazole and terbinafine was successful in one patient with 
chronic granulomatous disease and a brain abscess caused by S. prolifi-
cans, a species highly resistant to most antifungal agents.231

Complete excision of brain abscess caused by melanized, or dema-
tiaceous, fungi whenever feasible, is associated with better outcomes 
than aspiration or partial excision.70 However, the outcome remains 
poor, with an overall mortality of greater than 70%.

with brain abscess, no significant differences in outcome were observed 
in patients treated with excision, craniotomy with drainage, or stereo-
tactic drainage.16 However, in one retrospective review of 47 studies 
from 1990 to 2008, patients who underwent aspiration had a mortality 
of 6.6% compared with 12.7% in those who underwent surgical exci-
sion.208 The choice of procedure must be individualized for each 
patient. Aspiration may be performed by a stereotactic procedure using 
CT or MRI guidance, which affords the surgeon rapid, accurate, and 
safe access to virtually any intracranial point, including areas located 
in deep critical regions of the CNS (e.g., brainstem, cerebellum, or 
diencephalic structures adjacent to the ventricles)175,209-213; aspiration 
can also be used for swift relief of increased intracranial pressure. In 
one series of patients with brain abscess from an initially otitic focus, 
immediate radical mastoidectomy was used, followed by evacuation of 
the abscess through the mastoidectomy cavity.30 Safety of this surgical 
approach is unclear.

Complete excision by craniotomy is now infrequently performed 
because of the development of aspiration and closed drainage tech-
niques described previously, but it may be required in patients with 
multiloculated abscesses (for whom aspiration techniques have failed), 
abscesses containing gas, or abscesses that fail to resolve. Post-traumatic 
abscesses containing foreign bodies or retained bone fragments usually 
require excision to prevent recurrence, as do abscesses resulting from 
fistulous communications and abscesses localized to one lobe but con-
tiguous to a primary focus.21 Excision of abscesses in the cerebellar area 
has also been recommended, although in recent years, bur hole aspira-
tion has emerged as a satisfactory method of drainage8; drainage is 
important because precipitous neurologic deterioration can occur in 
the relatively smaller volume of the posterior fossa in the presence of 
disproportionate edema, especially in children.214 In one retrospective 
review, there was a lower mortality in the excision group.215 Patients 
with cerebellar abscesses that demonstrate mass effect, effacement, or 
displacement of the fourth ventricle, in the setting of overt or incipient 
hydrocephalus, should also have CSF diversion with placement of an 
external ventricular drain5,8; the presence of a periventricular lucency 
is an absolute indication for immediate ventricular drainage regardless 
of the level of consciousness.

Craniotomy with total excision is difficult in cases of nocardial 
brain abscess because these abscesses are usually multiloculated.143 In 
one review of 11 patients with nocardial brain abscess,216 aspiration 
alone (which was repeated as clinically indicated) was a safe, efficacious 
treatment for 9 patients. In another series of 3 patients with nocardial 
brain abscess, cure was achieved only after neurosurgical enucle-
ation,217 suggesting that an aggressive approach should be used. In 
patients with tuberculous brain abscess, an early surgical procedure is 
mandatory to establish the diagnosis and improve the efficacy of anti-
tuberculous therapy52; procedures include stereotactic-guided aspira-
tion, simple puncture, continuous drainage, and repeated aspiration 
through bur holes. In patients with intraventricular rupture of a puru-
lent brain abscess who have dilated ventricles and ventriculitis, ven-
tricular drainage combined with the administration of appropriate 
intravenous or intrathecal antimicrobial agents, or both, is recom-
mended20,140; urgent craniotomy and abscess drainage with or without 
lavage of the ventricular system has also been suggested, although the 
optimal approach has not been clarified.

Fungal Brain Abscess
The optimal therapy for fungal brain abscesses usually requires a com-
bined medical and surgical approach; surgery involves either excision 
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Subdural Empyema, Epidural 
Abscess, and Suppurative 
Intracranial Thrombophlebitis
Allan R. Tunkel

SUBDURAL EMPYEMA
Epidemiology and Etiology
Subdural empyema refers to a collection of pus in the space between 
the dura and arachnoid. It accounts for 15% to 20% of all localized 
intracranial infections. Before the advent of antimicrobial therapy, the 
disease was essentially fatal (almost 100% mortality), but with current 
methods of diagnosis and treatment, mortality rates are approximately 
10% to 20%.1-5 The most common conditions predisposing to cranial 
subdural empyema are otorhinologic infections, especially of the para-
nasal sinuses, which are affected in 40% to 80% of cases1,2,4-7; this 
percentage may even be higher in children.8-10 In contrast, in one 
20-year review of 31 children with subdural empyema, only about 10% 
had a prior otorhinolaryngeal infection, with about 20% developing 
subdural empyema after head trauma or neurosurgery.11 The patho-
genesis of cranial subdural empyema involves spread of the infection 
to the subdural space via valveless emissary veins in association with 
thrombophlebitis or via extension of osteomyelitis of the skull with 
accompanying epidural abscess. Once the infection reaches the subdu-
ral space, it can spread without interruption over the convexities of the 
brain. The mastoid and middle ear are the source in 10% to 20% of 
patients, especially in geographic areas where cases of otitis media are 
not treated promptly with antimicrobial therapy. Other predisposing 
conditions in patients with subdural empyema include skull trauma, 
neurosurgical procedures, and infection of a preexisting subdural 
hematoma.4,5,12-15 The infection is metastatic in about 5% of cases, prin-
cipally from a pulmonary source. Rare predisposing factors include 
cranial traction devices, nasal surgery, ethmoidectomy, and nasal poly-
pectomy.4 In one series of patients with infratentorial empyema,16 cases 

tended to cluster in the spring and summer months, with disease seen 
more commonly in males than females (65% vs. 35%). In infants with 
subdural empyema, meningitis is an important predisposing condi-
tion.17 Subdural empyema occurs in about 2% to 10% of infants with 
bacterial meningitis,5 presumably secondary to infection of an initially 
sterile subdural effusion. However, Haemophilus influenzae type b 
immunization has decreased the incidence of bacterial meningitis in 
infants and children (see Chapter 89), and cranial subdural empyema 
is now more commonly seen in teens and young adults.18

A number of bacterial species have been isolated in patients with 
cranial subdural empyema,3,4,5,6,19 including aerobic streptococci (25% 
to 45% of cases), staphylococci (10% to 15% of cases), aerobic gram-
negative bacilli (3% to 10% of cases), and anaerobic streptococci and 
other anaerobes (33% to as much as 100% in some small series in 
which careful culturing was performed). Polymicrobial infections are 
common. These organisms make up the microbial flora that is fre-
quently isolated from patients with chronic sinusitis or cranial abscess. 
Postoperative and post-traumatic infections are more commonly 
caused by staphylococci and aerobic gram-negative bacilli. Unusual 
pathogens include Salmonella species20,21 and Propionibacterium 
acnes.22-24 The latter microorganism has been isolated after trauma, 
neurosurgical procedures, or use of prosthetic material such as dural 
allografts, a material no longer used. In two series, 17%5 and 21%4 of 
samples taken from patients with cranial subdural empyema were 
sterile, although operative cultures have been reported to be sterile in 
7% to 53% of cases.7 Cranial subdural empyema caused by Mycobacte-
rium tuberculosis25,26 and Candida species27 has also been reported.

Spinal subdural empyema is a rare condition that usually occurs 
secondary to metastatic infection from a distant site.28,29 The most 

Definition
•	 Subdural	empyema	refers	to	a	collection	of	

pus	between	the	dura	and	arachnoid.
•	 Epidural	abscess	is	a	localized	collection	of	

pus	between	the	dura	mater	and	overlying	
skull	or	vertebral	column.

•	 Suppurative	intracranial	thrombophlebitis	
includes	dural	venous	sinus	thrombosis	and	
suppuration.

Epidemiology
•	 The	most	common	conditions	predisposing	to	

cranial	subdural	empyema	are	otorhinologic	
infections,	especially	of	the	paranasal	sinuses,	
which	are	affected	in	40%	to	80%	of	cases.	
Spinal	subdural	empyema	originates	
hematogenously.

•	 About	0.2	to	2/10,000	hospitalized	patients	
have	spinal	epidural	abscess,	with	most	cases	
usually	secondary	to	extension	from	vertebral	
osteomyelitis.

•	 Suppurative	intracranial	thrombophlebitis	
may	occur	after	infection	of	the	paranasal	
sinuses,	middle	ear,	mastoid,	face,	or	
oropharynx.

Microbiology
•	 A	number	of	bacterial	species	have	been	

isolated	in	patients	with	cranial	subdural	
empyema,	including	aerobic	streptococci,	
staphylococci,	aerobic	gram-negative	bacilli,	
and	anaerobic	streptococci	and	other	
anaerobes.

•	 Staphylococcus	aureus	is	the	most	common	
etiologic	agent	in	patients	with	spinal	epidural	
abscess.

•	 The	likely	infecting	pathogens	in	patients	with	
suppurative	intracranial	thrombophlebitis	
depend	on	the	pathogenesis	of	infection.

Diagnosis
•	 Magnetic	resonance	imaging	(MRI),	with	

gadolinium	enhancement,	is	the	diagnostic	
procedure	of	choice	in	patients	with	subdural	
empyema	and	epidural	abscess.

•	 The	noninvasive	diagnostic	procedure	of	
choice	in	patients	with	suppurative	intracranial	
thrombophlebitis	is	MRI	and	magnetic	
resonance	venography;	computed	tomography	
venography	is	done	in	patients	unable	to	
undergo	MRI.

Therapy
•	 Subdural	empyema	is	a	medical	and	surgical	

emergency.	The	goals	of	surgery	are	to	achieve	
adequate	decompression	of	the	brain	and	
completely	evacuate	the	empyema;	based	on	
retrospective	outcome	data,	craniotomy	is	the	
surgical	procedure	of	choice.

•	 The	principles	of	therapy	for	spinal	epidural	
abscess	are	prompt	laminectomy	and	surgical	
decompression	in	patients	with	neurologic	
dysfunction,	drainage	of	the	abscess,	and	
long-term	antimicrobial	therapy,	Antimicrobial	
therapy	alone	can	be	considered	in	patients	
with	localized	pain	and	radicular	symptoms	
without	long-tract	findings,	but	frequent	
neurologic	examinations	and	serial	MRI	
studies	should	be	performed	to	demonstrate	
resolution	of	the	abscess.

•	 Empirical	antimicrobial	therapy	for	suppurative	
intracranial	thrombophlebitis	is	usually	
vancomycin,	metronidazole,	and	a	third-	or	
fourth-generation	cephalosporin;	
anticoagulation	should	also	be	used	in	
patients	with	septic	cavernous	sinus	
thrombosis	unless	there	are	contraindications.
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unless the course is complicated by the presence of bacterial meningi-
tis. Cranial radiographs may show evidence of concurrent sinusitis or 
osteomyelitis, but they are not useful in establishing the diagnosis of 
subdural empyema.

Diagnostic procedures for cranial subdural empyema are either 
computed tomography (CT) with contrast or magnetic resonance 
imaging (MRI).1,7,29,30 The typical CT appearance is that of a crescentic 
or elliptical area of hypodensity below the cranial vault or adjacent to 
the falx cerebri; loculations may also be seen. Depending on the extent 
of disease, there may be an associated mass effect with displacement 
of midline structures. After the administration of intravenous contrast, 
a fine, intense line of enhancement can be visualized between the 
subdural collection and the cerebral cortex. MRI provides better clarity 
of morphologic detail and may detect the presence of a subdural 
empyema not seen on CT; it is particularly helpful in detecting subdu-
ral empyemas located at the base of the brain, along the falx cerebri, 
or in the posterior fossa. MRI can also differentiate extra-axial empy-
emas from most sterile effusions and subdural hematomas. Diffusion-
weighted images and apparent diffusion coefficient images add to the 
diagnostic value of MRI; in patients with subdural empyema, there is 
consistently restricted diffusion (high signal) with corresponding low 
signal on apparent diffusion coefficient images.34 Based on these dif-
ferences, MRI is now considered the diagnostic procedure of choice 
for cranial subdural empyema (Fig. 93-1). Both CT and MRI are also 
useful for demonstrating sinusitis and otitis. MRI is the diagnostic 
procedure of choice for spinal subdural empyema30,35 because it is 
better than CT in defining the extent of the lesion.

Management and Outcome
Subdural empyema is a medical emergency, and its treatment opti-
mally requires a combined medical and surgical approach. Surgery 
(i.e., drainage) is necessary because antimicrobial agents alone do not 
reliably sterilize the empyema. Cultures (aerobic and anaerobic) of 
purulent material are necessary to guide the use of specific antimicro-
bial agents, and surgical decompression is useful for controlling 
increased intracranial pressure. Once purulent material has been aspi-
rated via craniotomy or burr hole placement, antimicrobial therapy 
should be initiated based on Gram stain results and on the likely pre-
disposing factor that led to the development of the subdural empyema. 
If S. aureus is a suspected pathogen, vancomycin should be used empir-
ically but changed to nafcillin if the organism is found to be methicillin 
susceptible and the patient is not allergic to penicillin. Linezolid has 
been successfully utilized in isolated cases of subdural empyema 
caused by streptococci36 and can be considered for patients with sub-
dural empyema caused by gram-positive bacteria who fail conven-
tional therapy. Metronidazole is recommended if anaerobes are 
suspected. For infection likely caused by aerobic gram-negative bacilli, 
empirical therapy with cefepime, ceftazidime, or meropenem is appro-
priate, pending microorganism identification and in vitro susceptibil-
ity testing. Metronidazole is not necessary for antianaerobic activity if 
meropenem is used. Dosing for these agents can be found in Chapter 
92. Depending on the clinical response, parenteral antimicrobial 
therapy should be continued for 3 to 4 weeks after drainage, although 
there are no firm data to support a specific duration of antimicrobial 
therapy in patients with subdural empyema; longer periods of intrave-
nous, and perhaps oral, therapy may be required if the patient has 
accompanying osteomyelitis. There have been anecdotal cases in which 
cranial subdural empyema was treated with antimicrobial therapy 
alone. This approach may be appropriate in patients with minimal or 
no impairment of consciousness, no major neurologic deficit, limited 
extension of the empyema without midline shift, and early improve-
ment with antimicrobial therapy alone.4,18 However, these selected 
patients need careful clinical and radiographic monitoring and prob-
ably longer courses of antimicrobial therapy.

The goals of surgical therapy in cranial subdural empyema are to 
achieve adequate decompression of the brain and to completely evacu-
ate the empyema. The optimal surgical approach in patients with 
cranial subdural empyema (drainage via craniotomy or burr holes) is 
controversial.1,18,30,37 Some studies have demonstrated a lower mortality 
rate in patients who have undergone craniotomy, although it may be 
that a larger number of patients treated with burr hole drainage were 

frequent microbial isolate is Staphylococcus aureus, with streptococci, 
coagulase-negative staphylococci, and gram-negative bacilli found less 
frequently.30

Clinical Features
The clinical presentation of cranial subdural empyema can be rapidly 
progressive, with symptoms and signs secondary to the presence of 
increased intracranial pressure, meningeal irritation, or focal cortical 
inflammation.1-5,7,30 This acute presentation of subdural empyema is 
seen most often in patients with contiguous spread of infection; the 
diagnosis should be considered in patients with acute bacterial sinusitis 
in combination with severe intractable headache, varying degrees of 
altered level of consciousness, focal neurologic deficits, signs of men-
ingeal irritation, or a combination of these.31,32 Fever higher than 39° C 
is present in most cases. Headache, which may be localized to the 
infected sinus or ear, is a prominent complaint and becomes general-
ized as the infection progresses. Vomiting is common as intracranial 
pressure increases. Altered mental status (i.e., drowsiness and disori-
entation), which progresses to obtundation or coma if the infection is 
not treated, is seen in more than two thirds of cases. However, the triad 
of fever, headache, and altered mental status may be less commonly 
seen in children than adults.10 Focal neurologic signs appear in 24 to 
48 hours and progress rapidly, with eventual involvement of the entire 
cerebral hemisphere. The most common focal signs are hemiparesis 
and hemiplegia; ocular palsies, dysphasia, homonymous hemianopsia, 
dilated pupils, and cerebellar signs have all been reported. However, in 
one study, no focal signs were observed in 41% of 699 patients with 
cranial subdural empyema.5 One third of patients in this series also 
presented with subgaleal abscesses, suggesting that the infection had 
spread from the calvarium across the dura. Seizures (either focal or 
generalized) are seen in 25% to 80% of cases.7 Signs of meningeal irrita-
tion are present in approximately 80% of patients, although fewer have 
either Kernig’s or Brudzinski’s sign. In untreated patients, there is rapid 
neurologic deterioration with signs of increased intracranial pressure 
and cerebral herniation, although papilledema develops in less than 
50% of cases. This fulminant presentation, however, may not be seen 
in patients who have subdural empyema after cranial surgery or 
trauma, those who have received prior antimicrobial therapy, those 
with infected subdural hematomas, or those with infections metastatic 
to the subdural space. In one review of 55 patients with traumatic 
cranial subdural empyema,15 headache (84% of cases), fever (69% of 
cases), and neck stiffness (65% of cases) were the most common clini-
cal features, and the mean time from initial trauma to presentation was 
19 days (range, 4 to 60 days). In those patients with infratentorial 
empyema, clinical features are usually nonspecific with the triad of 
fever, headache, and vomiting the most common symptoms16; cerebel-
lar signs, which could localize the lesion to the posterior fossa, were 
elicited in only 40% of cases. In subdural empyema of infancy (which 
results in patients with bacterial meningitis), persistent fever, declining 
neurologic status, seizures, or some combination of these is most fre-
quently observed.18

The clinical presentation of spinal subdural empyema is usually one 
of radicular pain and symptoms of spinal cord compression, which 
may occur at multiple levels.29,30,33 The clinical presentation is difficult 
to distinguish from that of spinal epidural abscess, although tenderness 
on palpation is said to be a feature of epidural abscess and not subdural 
empyema (see later discussion).

Diagnosis
The diagnosis of cranial subdural empyema should be considered for 
any patient who presents with meningeal signs and a focal neurologic 
deficit.1-5 A lumbar puncture with cerebrospinal fluid (CSF) analysis is 
contraindicated because of the risk of cerebral herniation. In one large 
series,5 280 patients with cranial subdural empyema underwent lumbar 
puncture; 33 patients were thought to have experienced neurologic 
deterioration as a direct result of this procedure, with 3 unnecessary 
deaths. In patients in whom a lumbar puncture has been done, CSF 
findings have been nonspecific and have included an elevated opening 
pressure; neutrophilic pleocytosis (although in up to 40% of cases, 
there may be a mononuclear pleocytosis); and an increased CSF 
protein concentration.30 CSF Gram stain and cultures are negative 
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the preferred method of drainage for these authors beginning in 1988. 
A significant improvement in outcome was demonstrated between the 
1983 to 1987 study period (good outcome in 71.4% of patients) and 
the 1988 to 1997 period (good outcome in 86.1%; P =.001). Analysis 
of the entire database (1983 through 1997) revealed that the mortality 
rates were higher for patients treated only with drainage via burr holes 
(23.3%) compared with those who underwent craniectomies (11.5%) 
or craniotomies (8.4%). Patients with multiple burr holes or craniec-
tomy drainage not only required more frequent operations to drain 
recurrent or remaining pus but also exhibited higher mortality rates 
and poorer outcomes. The authors recommended limited procedures 
(i.e., burr hole drainage or craniectomy) only for patients with septic 
shock, patients with localized parafalcine collections, and children 
with subdural empyemas secondary to meningitis (because there is 
usually no brain swelling and the pus is thin). These data were con-
firmed in another study of 90 patients with intracranial subdural 
empyema in which patients with a cranial bone opening procedure had 
a better result in terms of clinical improvement and clearance of the 

more ill and had a greater surgical risk. Use of burr holes with irrigation 
may be more efficacious for drainage in the early stages of subdural 
empyema when the pus is liquid,38,39 allowing easier aspiration. If drain-
age is accomplished via burr holes, multiple burr holes may be neces-
sary to allow extensive irrigation. When the pus becomes thickened 
and loculated as the disease progresses, these patients should undergo 
craniotomy. However, craniotomy may be essential for posterior fossa 
subdural empyema or if drainage is inadequate after burr holes.

If craniotomy is performed, wide exposure is necessary to allow 
adequate exploration of all areas where the empyema is suspected (Fig. 
93-2). The neurosurgeon may also elect to leave drains or catheters in 
the subdural space, although this may increase the subsequent risk of 
nosocomial infections. In one report,40 the efficacy of craniotomy 
versus CT-guided burr hole or craniectomy drainage was analyzed 
during the periods 1983 to 1987 (189 patients) and 1988 to 1997 (509 
patients). At operation, the empyema collections were sometimes 
found to be more loculated, tenacious, and extensive than indicated by 
neuroimaging studies. Based on this experience, craniotomy became 

FIGURE 93-1  A, T1-weighted axial magnetic resonance image (MRI) of the brain showing a hypodense mass in the right frontal region with marked 
meningeal thickening, midline shift, and effacement of the right lateral ventricle. B, T1-weighted axial MRI of the brain in the same patient with gado-
linium enhancement showing abnormal enhancement. Posteriorly, there is an elliptically shaped density in the interhemispheric fissure. C, T2-weighted 
axial magnetic resonance image of the brain in the same patient, showing high signal intensity in the right frontal region and interhemispheric fissure. 
(B from Tunkel AR, Scheld WM. Focal central nervous system infections. In: Root RK, ed. Clinical  Infectious Diseases: A Practical Approach. New York: 
Oxford University Press; 1999:723-731.)
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abscess is increased in patients who use injection drugs60,61 and in those 
who have intravenous catheters or infective endocarditis. Diabetes 
mellitus also appears to be an important risk factor; it has been identi-
fied in up to 50% of patients.49,51,54,62 Other predisposing factors include 
immunosuppressive therapy, human immunodeficiency virus infec-
tion, malignancy, renal insufficiency, and alcoholism. Hematogenous 
spread occurs in 25% to 50% of cases, secondary to infections of the 
skin (e.g., furuncles, cellulitis, infected acne), urinary tract infections, 
periodontal abscesses, pharyngitis, pneumonia, or mastoiditis. Mild 
blunt spinal trauma (a history elicited from 15% to 35% of patients) 
may provide a devitalized site that is susceptible to transient bactere-
mia, although it is unclear whether this represents a true risk factor for 
the subsequent development of spinal epidural abscess. A primary 
source of infection is not identified in 20% to 40% of patients46-49,58 
Infection of the epidural space has also been reported after penetrating 
injuries, extension of decubitus ulcers or paraspinal abscesses, back 
surgery, lumbar puncture, CT-guided needle biopsies, and administra-
tion of epidural anesthesia or analgesia.62-67

Many cranial epidural abscesses are polymicrobial in origin and 
include anaerobic gram-positive cocci, staphylococci, streptococci, and 
anaerobic gram-negative bacilli.44 Anaerobic organisms are identified 
in cultures from many sinusitis-associated intracranial epidural 
abscesses.

The infecting microorganism in most (50% to 90%) of the patients 
with spinal epidural abscess is S. aureus46-59,62,68-70; the proportion of 
cases caused by a methicillin-resistant strain has increased in recent 
years,57 representing 41% of cases in one series.70 Other isolates include 
aerobic and anaerobic streptococci (8% to 17% of cases) and aerobic 
gram-negative bacilli (10% to 17% of cases), especially Escherichia coli 
and Pseudomonas aeruginosa; Pseudomonas spp. are commonly iso-
lated from injection drug users.44 Recent case series have noted an 
increased incidence of aerobic gram-negative bacilli, streptococci, and 
anaerobes. In one recent series from Taiwan, 28.5% of 42 cases of adult 
spinal epidural abscess were caused by gram-negative bacilli.71 More 
than one microorganism is isolated in about 5% to 10% of cases.46,49,50,61 
Isolation of coagulase-negative staphylococci is associated with spinal 
procedures such as placement of catheters for analgesia, glucocorticoid 
injections, and surgery.57 In addition to numerous case reports of 
patients with spinal epidural abscess caused by other bacteria, epidural 
infection can also be caused by Nocardia and Actinomyces spp.72-74 and 
M. tuberculosis75; M. tuberculosis is a more common cause of spinal 
epidural abscess in regions with rising numbers of immunocompro-
mised patients.44 Fungi have also been isolated in patients with spinal 
epidural abscess.50,76-78 Cases of Exserohilum rostratum epidural abscess 
were reported in association with epidural or paraspinal glucocorticoid 
injections of preservative-free methylprednisolone from a single com-
pounding pharmacy (see Chapter 270).79

Clinical Features
The clinical presentation in patients with cranial epidural abscess may 
be insidious and overshadowed by the primary focus of infection (i.e., 
sinusitis or otitis media).1,18,50 Fever and headache are the usual com-
plaints, but the patient may otherwise feel well (leading to a delay in 
diagnosis) unless the clinical course is complicated (e.g., by develop-
ment of subdural empyema, brain abscess, or meningitis). This insidi-
ous presentation occurs because the dura is closely opposed to the 
inner surface of the cranium, so the abscess usually enlarges too slowly 
to produce the sudden onset of major neurologic deficits (in contrast 
to the presentation in patients with cranial subdural empyema) unless 
there is deeper intracranial extension. Eventually, focal neurologic 
signs and seizures (either focal or generalized) may develop. About 
45% of patients also have periorbital cellulitis or frontal edema.44 In 
the untreated patient, papilledema and other signs of increased intra-
cranial pressure develop as the abscess enlarges. A cranial epidural 
abscess near the petrous bone may result in Gradenigo’s syndrome, 
which is characterized by involvement of cranial nerves V and VI, with 
unilateral facial pain and weakness of the lateral rectus muscle.

The clinical findings in patients with spinal epidural abscess may 
develop within hours to days (usually after hematogenous seeding), or 
the course may be more chronic, over weeks to months (usually in 
association with vertebral osteomyelitis or another contiguous focus  

empyema on CT41; reoperation was more frequent among patients who 
had undergone burr hole surgery. Regardless of the initial surgical 
approach, several studies have shown that a number of patients require 
reoperation; in one study, reoperation was required in half of those 
patients treated with burr hole drainage and one fifth of those initially 
treated with craniotomy.42 Surgical correction of the antecedent oto-
rhinologic infection may also be required.

In the modern era, survival rates among patients with cranial sub-
dural empyema are greater than 90% for those who are awake and alert 
at presentation but less than 50% for those who present unresponsive 
to pain.30 Furthermore, 10% to 44% of patients may experience per-
manent neurologic deficits.4,18 Cranial subdural empyemas may also be 
complicated by septic venous thrombosis, localized cerebritis, and 
cerebral abscesses. In a recent review that included 65 patients with 
supratentorial empyema and 27 patients with infratentorial empyema,43 
mortality rates were 10.8% and 3.7%, respectively; the lower mortality 
in those with infratentorial empyema supports the importance of early 
surgery, effective management of hydrocephalus, and adequate antimi-
crobial therapy.16

In patients with spinal subdural empyema, empirical antimicrobial 
therapy should be directed against staphylococci, streptococci, and 
aerobic gram-negative bacilli,30 with adjustments based on culture 
results. Laminectomy is also necessary for drainage of the infection.

EPIDURAL ABSCESS
Epidemiology and Etiology
Epidural abscess refers to a localized collection of pus between the dura 
mater and the overlying skull or vertebral column. Because cranial 
epidural abscess can cross the cranial dura along emissary veins, an 
accompanying subdural empyema is often present.1 Therefore, the bac-
terial etiology and pathogenesis of cranial epidural abscess are usually 
identical to those described earlier for cranial subdural empyema, with 
the initial focus usually in the paranasal sinuses, middle ear, or mastoid 
cells; 60% to 90% of cases are associated with sinusitis and otitis, and 
complications are more common in children, adolescents, and young 
adults.44 Cranial epidural abscess may also occur after trauma, fetal 
scalp monitoring, halo pin penetration, and recent intracranial, trans-
nasal, or transmastoid surgical procedures.14,17,44,45

About 0.2 to 2/10,000 hospitalized patients have spinal epidural 
abscess, with apparent increases in incidence likely from rises in the 
number of injection drug users and use of therapeutic spinal interven-
tions.44 Spinal epidural abscess usually occurs secondary to hematog-
enous dissemination from foci elsewhere in the body to the epidural 
space or by extension from local infection.46-59 Most patients have one 
or more predisposing conditions, a spinal abnormality or intervention, 
or a local or systemic source of infection.57 Bacteremia may be an 
important predisposing factor because the incidence of spinal epidural 

FIGURE 93-2  Operative photograph of a patient with cranial sub-
dural empyema revealing extensive purulent material over the 
cerebrum.  (Courtesy Alan R. Turtz, MD, Cooper University Hospital, 
Camden, NJ.)
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Gadolinium enhancement typically demonstrates linear enhancement 
surrounding nonenhancing purulent or necrotic matter. The enhance-
ment may be either homogeneous or heterogeneous in the stage of 
epidural plexus engorgement/phlegmon or peripherally with central 
fluid signal in the mature stage of a centrally pus-filled abscess.81 
MRI can also readily assess the response to therapy (see later discus-
sion). CT myelography may be performed if MRI is unavailable or 
contraindicated.

Management and Outcome
The management of cranial epidural abscess requires a combined 
medical and surgical approach. Empirical antimicrobial therapy, after 
obtaining cultures, for cranial epidural abscess is similar to that for 
cranial subdural empyema (see earlier discussion); therapy is usually 
continued for 3 to 6 weeks after surgical drainage or longer (6 to 8 
weeks) if osteomyelitis is present.18 Surgical drainage is also required; 
craniotomy or craniectomy is generally preferred over burr hole place-
ment or aspiration of purulent material through the scalp.1,14,18

The principles of therapy for spinal epidural abscess are prompt 
surgical decompression, drainage of the abscess, and long-term anti-
microbial therapy.44,46-58 Empirical antimicrobial therapy for spinal epi-
dural abscess, initiated after cultures are obtained, must include a 
first-line antistaphylococcal agent (i.e., vancomycin pending organism 
identification and in vitro susceptibility testing) plus coverage for 
aerobic gram-negative bacilli (e.g., cefepime, ceftazidime, merope-
nem), especially for any patient with a history of spinal procedure or 
injection drug use. Once the infecting pathogen is identified (by cul-
tures of surgical drainage, CT-guided aspiration, or blood), antimicro-
bial therapy can be modified based on in vitro susceptibility testing. 
Duration of antimicrobial therapy is usually 4 to 6 weeks; 6 to 8 weeks 
are recommended in patients with contiguous osteomyelitis because 
one study suggested that relapse was less likely in patients who received 
at least 8 weeks of antimicrobial therapy82; in some centers, further oral 
antimicrobial courses of 1 to 2 months are given.44 Patients with tuber-
culous spondylitis and spinal epidural abscess must receive antituber-
culous therapy; a 12-month course has been recommended for patients 
with spinal epidural abscess.44

Patients with spinal epidural abscess and neurologic dysfunction 
require surgical drainage with decompression and drainage performed 

of infection).46-58,80 The presentation in most patients with spinal epi-
dural abscess progresses through the following four clinical stages:  
(1) backache and focal vertebral pain, with tenderness on examination; 
(2) nerve root pain, manifested by radiculopathy or paresthesias, or 
both; (3) spinal cord dysfunction, characterized by defects of motor, 
sensory, or sphincter function; and (4) paraplegia. Pain is the most 
consistent symptom (70% to 90% of cases) and is usually accompanied 
by local tenderness at the affected level. Fever is reported in 60% to 
70% of patients, although it was noted in only 32% of patients in one 
study.51 The specific neurologic signs depend on the level of spinal cord 
involvement. Because the neurologic manifestations are usually revers-
ible before complete paralysis occurs, emergency imaging studies and 
intervention are necessary if the diagnosis is being considered (see later 
discussion). Patients with tuberculous spinal epidural abscess have a 
more insidious course than those with nontuberculous spinal epidural 
abscess due to the slow proliferation of M. tuberculosis compared with 
the rapid proliferation of pathogens in nontuberculous disease.44

Diagnosis
MRI (with gadolinium enhancement) is the diagnostic procedure of 
choice for cranial epidural abscess. It demonstrates a superficial, cir-
cumscribed area of diminished intensity with pachymeningeal 
enhancement. The possibility of adjacent subdural empyema or other 
intracranial infection can also be assessed.1,50 CT scanning may be used 
to image bone or if MRI is not available. MRI is superior to CT in the 
identification and delineation of the collections; gadolinium enhance-
ment helps in diagnosis by showing a thickened dural surface, which 
helps to differentiate epidural abscesses from sterile effusions and 
hematomas that may occur in patients after trauma or cranial surgery. 
Cranial epidural abscess can cross the midline of the brain, which helps 
to differentiate it from subdural empyema, and most do not involve 
the subjacent brain parenchyma.44

MRI is also the diagnostic procedure of choice in cases of suspected 
spinal epidural abscess (Fig. 93-3).50-52,54,57,58,68 MRI is recommended 
over CT because it can better visualize the spinal cord and epidural 
space in both sagittal and transverse sections and can also identify 
accompanying osteomyelitis, intramedullary spinal cord lesions, and 
diskitis. The epidural mass may be isointense or hypointense on  
T1-weighted images and hyperintense on T2-weighted images.  

FIGURE  93-3  Precontrast  (A)  and  postcontrast  (B)  T1-weighted  sagittal  images  demonstrating  rim-enhancing  soft  tissue  in  the  ventral  and  dural 
epidural space (arrows), consistent with epidural abscess. C, T2-weighted sagittal image demonstrating compression of the thecal sac (arrows). (Courtesy 
Stanley Lu, MD, Monmouth Medical Center, Long Branch, NJ.)
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likely to improve neurologically when compared with nonhemodialy-
sis patients.91 In a study of spinal epidural abscess patients undergoing 
surgical drainage along with antimicrobial therapy, leukocytosis, an 
elevated CRP, poor glycemic control, and motor deficits at the time of 
operation were all found to have a strong influence on motor function 
improvement after surgical treatment.92 The final neurologic outcome 
and functional capacity should be assessed at least 1 year after treat-
ment because, until then, patients may continue to regain some neu-
rologic function.57

SUPPURATIVE INTRACRANIAL 
THROMBOPHLEBITIS
Epidemiology and Etiology
Suppurative intracranial thrombophlebitis includes both venous 
thrombosis and suppuration. It may begin within veins or venous 
sinuses, or it may occur after infection of the paranasal sinuses, middle 
ear, mastoid, face, or oropharynx.93-95 Additional vessels may be 
involved by propagation or discontinuous spread. Suppurative throm-
bophlebitis also occurs in association with epidural abscess, subdural 
empyema, or bacterial meningitis. Occasionally, there is metastatic 
spread from a distant site of infection. Conditions that increase blood 
viscosity or coagulability (e.g., dehydration, polycythemia, pregnancy, 
oral contraceptive use, sickle cell disease, malignancy, trauma, Behçet’s 
disease, antiphospholipid antibodies, systemic lupus erythematosus, 
and deficiencies in protein C, protein S, or antithrombin III) have been 
associated with an increase in the likelihood of thrombosis.

The development of septic intracranial venous sinus thrombosis 
depends on the close proximity of various structures to the dural 
venous sinuses. The usual predisposing condition for septic cavernous 
sinus thrombosis is paranasal sinusitis (especially of the frontal, 
ethmoid, or sphenoid sinuses).93,94,96,97 Infections of the face and mouth 
are less commonly the primary sources of infection in the antimicro-
bial era. Otitis media and mastoiditis are infections that are associated 
with lateral (transverse) sinus thrombosis93,98-102 and infection of the 
superior and inferior petrosal sinuses; the lateral sinus is a more 
common site of thrombosis in children.103 Infections of the face, scalp, 
subdural space, epidural space, and meninges are associated with 
septic thrombophlebitis of the superior sagittal sinus. In all these infec-
tions, the likely microorganisms depend on the associated primary 
condition. The most important infecting microorganism in septic cav-
ernous sinus thrombosis is S. aureus, which is isolated in 60% to 70% 
of patients.93,96,97 However, the likely infecting bacterial pathogens 
depend on the pathogenesis of infection: staphylococci, streptococci, 
gram-negative bacilli, and anaerobes if the antecedent condition is 
sinusitis and predominantly S. aureus in the case of facial infections. 
S. aureus, streptococci, and E. coli are commonly reported as pathogens 
in patients with lateral sinus thrombosis,93,99 although in one study, 
Fusobacterium necrophorum was the microorganism isolated in four of 
six children with lateral sinus thrombosis.100 In another study of 
patients with lateral sinus thrombosis secondary to chronic ear infec-
tion,99 all patients had mixed infections, and Bacteroides fragilis was 
isolated in five of six cases. Lateral sinus thrombosis complicating 
mastoiditis continues to be a problem in the postantibiotic era.101 
Venous sinus thrombosis may also be seen in patients with rhinocer-
ebral mucormycosis104 or invasive aspergillosis.105

Clinical Features
The clinical findings in patients with suppurative intracranial throm-
bophlebitis depend on the sinus involved and the presence of concomi-
tant central nervous system infection (e.g., meningitis, brain abscess, 
subdural empyema).93,94 The two cavernous sinuses are positioned on 
either side of the sella turcica; they are connected by anterior and 
posterior intercavernous sinuses that encircle the pituitary gland.96,97 
The horizontal segment of the internal carotid artery and cranial nerve 
VI run through the lumen, and cranial nerves III, IV, and the ophthal-
mic and maxillary branches of cranial nerve V run through the outside 
layers of the lateral walls of the cavernous sinuses (Fig. 93-4). The 
clinical manifestations may relate to damage to the nerves that traverse 
the cavernous sinuses. The most common symptoms in patients with 
septic cavernous sinus thrombosis are periorbital swelling (73% of 
cases) and headache (52% of cases)93; headache is more common if the 

as a surgical emergency to minimize the likelihood of permanent neu-
rologic sequelae.46-58 Depending on location and extent of the epidural 
abscess, the surgical approaches include laminectomy, hemilaminec-
tomy, or interlaminar fenestration.58 Primary microsurgery with 
decompression at the site of maximal cord compression, with abscess 
and/or granulation tissue removal, has also been used successfully.83 
CT-guided aspiration may be used in place of laminectomy in selected 
patients,84 although there are no data to indicate that this approach 
reduces the need for surgical intervention. There have been no ran-
domized, prospective trials that have compared the efficacy of antimi-
crobial therapy plus surgery with that of antimicrobial therapy alone 
in patients with spinal epidural abscess. However, in one literature 
review of 38 patients with spinal epidural abscess treated with antimi-
crobial therapy alone,85 23 patients recovered, 2 died, 1 worsened, and 
12 remained the same or improved. In contrast, a retrospective analysis 
of 57 cases of spinal epidural abscess revealed that patients could be 
treated safely and effectively with prolonged intravenous antimicrobial 
therapy alone or in combination with percutaneous needle drainage 
irrespective of the neurologic abnormality at the time of presentation,86 
although the numbers of patients in each of the outcome subgroups 
were small. In another retrospective study of 52 patients with no evi-
dence of systemic sepsis and a neurologic examination that was normal 
or stable (defined as radiculopathy or signs of partial cord compression 
present for more than 72 hours before admission and without deterio-
ration),87 24 of 29 patients treated with medical therapy alone had a 
good or excellent neurologic outcome. Based on these studies, it would 
appear that antimicrobial therapy alone can be considered in patients 
who have localized pain or radicular symptoms without long-tract 
findings. However, these patients require frequent neurologic exami-
nations and serial MRI studies to demonstrate resolution of the abscess. 
Emergency surgical decompression should be performed for any 
patient with increasing neurologic deficit, persistent severe pain, or 
increasing fever or peripheral white blood cell count.88 Surgery is not 
likely to be a viable therapeutic option in patients who have experi-
enced complete paralysis for longer than 24 to 36 hours,49,57 although 
some experts would perform surgical therapy in patients if complete 
paralysis has lasted less than 72 hours,53 and surgical therapy may be 
required to treat the epidural infection and control sepsis. Nonsurgical 
management may also be appropriate for patients with panspinal infec-
tion or in those with a high surgical risk.57 In one retrospective series 
of 104 patients with a diagnosis of spinal epidural abscess over a 
10-year period, there were no statistically significant differences 
between the groups managed with or without surgery, although 30.6% 
of patients with a dorsal spinal epidural abscess were paraplegic or 
quadriplegic compared with only 7.3% of those with a ventral spinal 
epidural abscess (P = .003),89 suggesting that the anatomy of the spinal 
epidural abscess might play a role in determining the treatment plan.

In patients with cranial epidural abscess, factors associated with 
good outcomes are young age, absence of encephalopathy or severe 
neurologic deficit at presentation, and lack of comorbid conditions.44 
Poor prognosis is linked to herniation, delayed neuroimaging, and low 
clinical suspicion with early development of encephalopathy.

Mortality rates for spinal epidural abscess ranged from 5% to 32% 
in recent series.* Irreversible paralysis continues to affect 4% to 22% 
of patients.57 The final neurologic outcome in patients with spinal 
epidural abscess is related to the severity of neurologic impairment 
before initiation of appropriate therapy.49-52,57,58,62,90 Complete recovery 
with return of full neurologic function is most likely if neurologic signs 
are present for less than 24 hours before initiation of therapy; complete 
recovery is less likely if symptoms persist longer than 36 to 48 hours. 
A worse outcome has been observed in patients with multiple medical 
problems, increasing age (older than 50 years), previous spinal surgery, 
cervical or thoracic abscess location, sepsis at presentation, leukocyto-
sis (>14,000/mm3 at admission), thrombocytopenia (<100,000/mm3), 
elevated serum C-reactive protein (CRP) concentrations during the 
second postoperative week, isolation of methicillin-resistant staphylo-
cocci, and degree of thecal sac compression (>50% spinal canal involve-
ment).44,51,62,70 In one recent review of spinal epidural abscess in patients 
on hemodialysis, there was a higher mortality and patients were less 

*References 48, 49, 51, 52, 54, 61, 83
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Thrombosis of the superior sagittal sinus produces an abnormal 
mental status, motor deficits, nuchal rigidity, and papilledema.93 Sei-
zures occur in more than half of these patients. The majority of cases 
occur in the setting of bacterial meningitis, in which the onset may be 
fulminant. Patients with sinusitis as a predisposing condition tend to 
have a subacute onset of symptoms. Involvement of the inferior petro-
sal sinus may produce ipsilateral facial pain and lateral rectus muscle 
involvement (Gradenigo’s syndrome).

Diagnosis
Laboratory studies are usually nonspecific in suppurative intracranial 
thrombophlebitis.93,94 Lumbar puncture demonstrates a mild pleocyto-
sis (mononuclear, neutrophilic, or mixed) and an elevated CSF protein 
concentration (consistent with a parameningeal focus of infection), 
although there may be findings of frank meningitis in patients with 
septic thrombosis of the superior sagittal sinus, and the causative 
microorganism may be isolated on culture of CSF. Blood cultures may 
be positive, especially in patients with a rapidly progressive course. 
Chest radiographs may reveal evidence of septic pulmonary emboli 
after propagation of the thrombus into the inferior petrosal sinus and 
jugular vein. Sinus radiographs may document involvement of the 
paranasal sinuses, although conventional radiographs are inferior to 
CT or MRI in the detection of sphenoid sinusitis.

The noninvasive diagnostic procedures of choice for suppurative 
intracranial thrombophlebitis are MRI (Figs. 93-5 and 93-6) and MR 
venography.30,109 Cross-sectional MRI demonstrates areas of cerebral 
edema and, potentially, regions of abnormal blood-brain barrier break-
down with associated contrast enhancement. The flow void signal, a 
dark area on gadolinium-enhanced T1 weighting, is absent in a throm-
bosed vessel (see Fig. 93-6A). Magnetic resonance venography is 
extremely useful in showing detailed venous anatomy and demonstrat-
ing an area of decreased or absent signal in the area of the thrombus.109 
In patients unable to undergo MRI, CT venography appears to have a 
degree of sensitivity and specificity equaling that of magnetic reso-
nance venography.109 High-resolution CT (with and without intrave-
nous contrast) with a slice thickness of 3 mm or less may also show 
findings of venous sinus thrombosis.110 In patients with septic cavern-
ous sinus thrombosis, CT usually reveals unilateral or bilateral multiple 
irregular filling defects in the enhancing cavernous sinus, with or 
without orbital inflammatory change, or enlargement or expansion of 

antecedent condition is sinusitis rather than a facial infection. Other 
symptoms include drowsiness, diplopia, eye tearing, photophobia, and 
ptosis. Signs include fever (present in >90% of patients), proptosis, 
chemosis, periorbital edema, and weakness of the extraocular muscles 
(secondary to involvement of cranial nerves III, IV, and VI).93,94,96,97 
Because cranial nerve VI is the only cranial nerve traversing the inte-
rior of the cavernous sinus, a lateral gaze palsy may be an early neuro-
logic finding. Papilledema or venous engorgement is observed in 65% 
of patients and a change in mental status in 55%. Meningismus is 
present in up to 40% of patients, usually secondary to retrograde 
spread of the thrombophlebitis. Less than 50% of patients have dilated 
or sluggishly reactive pupils, decreased visual acuity (which may prog-
ress to blindness), and dysfunction of cranial nerve V. As infection 
spreads to the opposite cavernous sinus through the intercavernous 
sinuses, findings are duplicated in the opposite eye, usually within 24 
to 48 hours after the initial unilateral periorbital edema. Cortical vein 
thrombophlebitis is a particularly serious complication of septic cav-
ernous sinus thrombosis because it carries the risk of cerebral hemor-
rhagic infarction.93,97

Persons with septic cavernous sinus thrombosis may present with 
either acute or chronic illness.93,94 In the acute presentation (usually 
secondary to facial infection), the time between primary infection and 
cavernous sinus thrombosis is short (usually <1 week), and the patient 
presents in a significantly toxic state, with rapid development of the 
signs and symptoms described earlier; there is also rapid progression 
to bilateral eye signs. In contrast, in the more indolent form of cavern-
ous sinus thrombosis, which usually occurs secondary to dental infec-
tion, otitis media, or paranasal sinusitis, the orbital manifestations are 
often unimpressive and involvement of the contralateral eye is a late 
and inconsistent finding.

The presentation in patients with septic lateral sinus thrombosis is 
typically more gradual and patients complain predominantly of head-
ache (>80% of cases); photophobia, earache, vomiting, and vertigo may 
also occur because otitis media is a common predisposing condi-
tion.93,99-101,106,107 Fever and abnormal ear findings are observed in most 
patients (79% and 98%, respectively), and palsy of cranial nerve VI, 
facial pain and altered facial sensation, papilledema, mastoid tender-
ness, and nuchal rigidity may also be present. Posterior auricular swell-
ing and pain (Griesinger’s sign) is present in almost 50% of cases; a 
common complication is otitic hydrocephalus. In one study of 13 
patients, the majority exhibited cranial neuropathies and raised intra-
cranial pressure.108 The triad of suppurative otitis, cranial nerve VI 
palsy, and cranial nerve V irritation resulting in retro-orbital and tem-
poroparietal pain (Gradenigo’s syndrome), which suggests the pres-
ence of inflammation along the petrous ridge, should raise the suspicion 
of lateral sinus thrombosis.109

FIGURE 93-4  Oblique section through the cavernous sinus. 
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FIGURE 93-5  Magnetic resonance image of superior sagittal sinus 
thrombosis. There is increased signal within the vessel on the T2-weighted 
image  (arrowheads),  indicating  the presence of  thrombus.  (Courtesy Dr. 
Wayne Davis, University of Utah.)
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Although anticoagulation is recommended in patients with aseptic 
cerebral venous thrombosis,114-116 the use of anticoagulation in sup-
purative intracranial thrombophlebitis is controversial. There is 
support in the literature for the use of anticoagulation (i.e., unfraction-
ated heparin) to prevent the spread of the thrombus from the cavern-
ous sinus to other dural venous sinuses and cerebral veins.93,94,96,97 
Retrospective evidence indicates that anticoagulation, in combination 
with antimicrobial therapy, reduces mortality and is most beneficial if 
given early (within 7 days after hospitalization) in the treatment of 
cavernous sinus thrombosis.93,117 However, it must be recognized that 
anticoagulation carries the risk of intracranial hemorrhage from sites 
of cortical venous infarction or from sites on the intracavernous walls 
of the carotid artery. Some authors have not recommended anticoagu-
lation in patients with septic lateral sinus or superior sagittal sinus 
thrombosis because of the high number of venous hemorrhagic infarcts 
observed postmortem93; most of these infections can also be controlled 
with antimicrobial therapy and surgery, and the use of anticoagulation 
has not been shown to be beneficial.111,112 However, in one recent study 
of 7 patients with lateral sinus thrombosis, 6 of whom received antico-
agulation for an average of 24 months, only 1 had a complication of 
epistaxis that resolved with pressure.107 In another study of patients 
with lateral sinus thrombosis, anticoagulants were used in 4 patients 
with thrombus progression into the internal jugular vein and trans-
verse sinuses without evidence of complications.102 In the absence of 
prospective data, anticoagulation should be used in the treatment of 
septic cavernous sinus thrombosis unless there are contraindications 
or documented hemorrhagic intracranial complications on neuroim-
aging studies. However, some practitioners use anticoagulation only as 
an adjunct to antimicrobial therapy in patients with a deteriorating 
clinical condition.97 The duration of anticoagulation has varied from 2 
weeks to several months; some have continued anticoagulation until 
complete thrombus resolution has been documented on neuroimaging 
studies.

Before the availability of antimicrobial therapy, suppurative intra-
cranial thrombophlebitis carried a mortality rate of 80% to 100%. Since 
1940, mortality rates have ranged from 0% to 16% in patients with 
septic lateral sinus thrombosis99 and from 13% to 30% in patients 
with septic cavernous sinus thrombosis,93,96 although in one series 
of 14 pediatric patients with septic cavernous sinus thrombosis, 79% 
died despite parenteral antimicrobial therapy.118 Mortality in septic 

the cavernous sinus with lateral wall flattening or convexity rather than 
the normal concavity. An additional benefit of both MRI and CT is the 
ability to fully evaluate the paranasal sinuses and to provide informa-
tion concerning subdural and epidural infection, cerebral infarction, 
cerebritis, hemorrhage, and cerebral edema.

Management and Outcome
Selection of appropriate antimicrobial therapy for suppurative intracra-
nial thrombophlebitis depends on the antecedent clinical condition; the 
likely microorganisms are similar to those observed in cranial subdural 
empyema and cranial epidural abscess (see earlier discussions). If the 
antecedent clinical condition is paranasal sinusitis, empirical antimi-
crobial therapy should be directed toward staphylococci, streptococci, 
aerobic gram-negative bacilli, and anaerobes. In septic cavernous sinus 
thrombosis, an antistaphylococcal agent should always be included 
because of the high likelihood of isolation of S. aureus. Vancomycin is 
recommended empirically, pending results of in vitro susceptibility 
testing. An appropriate empirical regimen is vancomycin, metronida-
zole, and a third- or fourth-generation cephalosporin, pending culture 
results and in vitro susceptibility testing. Intravenous antimicrobial 
therapy is usually continued for at least 3 to 4 weeks, but the duration 
needs to be individualized depending on the clinical response.

Surgery may also be necessary for optimal treatment of septic intra-
cranial thrombophlebitis.93,94,96,97 Surgical therapy for infected sinuses 
is necessary if antimicrobial therapy alone is ineffective; this is espe-
cially important in patients with cavernous sinus thrombosis second-
ary to sphenoid sinusitis. In fact, some authors have recommended 
operative intervention for patients who develop cavernous sinus 
thrombosis as a complication of sinusitis. Mastoid surgery is an impor-
tant adjunct in patients with septic lateral sinus thrombosis, although 
the extent of mastoid surgery and the management of the thrombosed 
sinus remain controversial.101,106,107,111,112 Internal jugular vein ligation 
has been used for lateral sinus vein thrombosis, more commonly in the 
preantibiotic era,99,111,112 but the efficacy of this procedure is poorly 
defined and is not part of routine management. Some authors have 
recommended ligation of the internal jugular vein for patients who 
develop septic embolization despite antimicrobial therapy and surgical 
drainage.100,113 Surgical therapy may also be required for other infec-
tions (e.g., dental abscesses, complicating brain abscess, subdural 
empyema).

FIGURE 93-6  Gadolinium-enhanced T1-weighted images in the axial (A) and coronal (B) planes demonstrating extensive filling defects of the right 
sigmoid sinus  (arrows)  representing  thrombosis and associated with adjacent  right mastoiditis.  (Courtesy Stanley Lu, MD, Monmouth Medical Center, 
Long Branch, NJ.)
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In the United States, hydrocephalus accounts for approximately 70,000 
annual hospital admissions1 and is treated by diverting the cerebrospi-
nal fluid (CSF) either to another body cavity (via CSF shunt) or exter-
nally (via CSF drain). CSF shunts are considered to be permanent 
catheters in which the proximal end of the shunt is in the cerebral 
ventricle, an intracranial cyst, or the lumbar subarachnoid space; the 
distal end usually terminates in the peritoneal, pleural, or vascular 
space (Fig. 94-1). Most neurosurgeons prefer the peritoneal cavity as 
the shunt terminus (that is, a ventriculoperitoneal [VP] shunt) rather 
than the vascular space (ventriculoatrial shunt) because VP shunts 
require fewer revisions, are easier to place and revise, and have fewer 
serious complications.2 Part of the system (as a separate integrated 
component) is a pressure-regulating valve that is usually placed just 
outside the skull or as an integral part of the distal tubing.3 Reservoirs 
for intermittent percutaneous access can also be added to the system 
or incorporated into the valve assembly. Additional hardware includes 
antisiphon valves and various connectors, allowing interconnection of 
more than one catheter or device.

CSF drains are temporary catheters that divert the fluid externally.2,4 
The proximal end is either in the cerebral ventricle (ventricular drain) 
(see Fig. 94-1) or in the lumbar subarachnoid space (lumbar drain). 
Ventricular drains are also useful for the temporary management of 
patients with elevated intracranial pressure secondary to acute hydro-
cephalus caused by intracranial hemorrhage, neoplasms obstructing 

the CSF circulation, or trauma. Ventricular drains are usually tunneled, 
in which a subcutaneous tract is created between the bur hole and the 
catheter exit site. Lumbar drains are used in patients with CSF leaks 
after neurosurgery. The distal end of the catheter is connected to a col-
lecting system, which has a drip chamber, sampling and injection ports 
(used to obtain CSF and inject medications), and a collection bag.2,4

Both CSF shunts and CSF drains are prone to infection. VP shunt 
infections can be either superficial, involving the skin and soft tissue 
adjacent to the shunt valve or reservoir, or can be a deeper infection 
involving the cerebral ventricles proximally or the peritoneum distally. 
CSF drain infections can be tunnel infections, catheter exit site infec-
tions, or ventriculitis. In the following sections, we review the epide-
miology, etiology, clinical features, and management approach to CSF 
shunt and CSF drain infections.

EPIDEMIOLOGY
The case incidence of CSF shunt infection (i.e., the occurrence of infec-
tion in any given patient) has ranged from 5% to 41% in various series,2 
although the incidence is usually in the range of 4% to 17%.5-11,12 The 
operative incidence (i.e., the occurrence of infection per procedure) 
has ranged from 2.8% to 14%,2 although most series have generally 
reported operative infection rates of less than 4%.13-15 In four prospec-
tive, randomized trials in pediatric patients with CSF shunt placement 
or shunt revision, infection rates ranged from 8% to 11%.16-19 In another 

Definition
•	 Ventriculoperitoneal	(VP)	shunt	infections	can	

be	either	superficial,	involving	the	skin	and	
soft	tissue	adjacent	to	the	shunt	valve	or	
reservoir,	or	it	can	be	a	deeper	infection,	
involving	the	cerebral	ventricles,	proximally	or	
the	peritoneum	distally.

•	 Cerebrospinal	fluid	(CSF)	drain	infections	can	
be	tunnel	infections,	catheter	exit	site	
infections,	or	ventriculitis.

Epidemiology
•	 The	case	incidence	of	CSF	shunt	infection	(i.e.,	

the	occurrence	of	infection	in	any	given	
patient)	has	ranged	from	5%	to	41%,	
although	usually	it	is	4%	to	17%.

•	 The	operative	incidence	(i.e.,	the	occurrence	of	
infection	per	procedure)	has	ranged	from	2.8%	
to	14%,	although	usually	it	is	less	than	4%.

•	 In	patients	with	CSF	drains,	the	incidence	of	
ventriculitis	has	ranged	from	zero	to	22%.

Microbiology
•	 Staphylococcal	species	account	for	the	

majority	of	isolates	in	patients	with	CSF	shunt	
infections,	with	Staphylococcus	epidermidis	
most	frequently	isolated	(47%	to	64%	of	
infections),	followed	by	Staphylococcus	aureus	
(12%	to	29%	of	infections).

•	 The	most	common	isolated	gram-negative	
species	are	Escherichia	coli,	Klebsiella,	Proteus,	
and	Pseudomonas;	cases	of	Acinetobacter	

meningitis	have	also	been	reported	in	patients	
with	VP	shunts.

•	 In	recent	years,	an	increasing	prevalence	of	
diphtheroids	(including	Propionibacterium	
acnes)	has	been	found	in	CSF	shunt	
infections.

Diagnosis
•	 The	diagnosis	is	established	by	either	direct	

culture	of	the	CSF	obtained	by	shunt	
aspiration	or	by	culture	of	the	proximal	shunt	
components	if	the	shunt	is	explanted.

•	 CSF	culture	from	the	shunt,	reservoir,	or	drain	
is	the	most	important	test	to	establish	the	
diagnosis	of	infection.

•	 In	patients	with	lumbar	drains	or	externalized	
ventricular	drains,	definite	infection	is	defined	
as	a	positive	CSF	culture	(obtained	from	the	
ventricular	or	lumbar	catheter)	associated	with	
CSF	pleocytosis.

Therapy
•	 The	principles	of	antimicrobial	therapy	for	CSF	

shunt	infections	are	generally	the	same	as	
those	for	acute	bacterial	meningitis;	the	agent	
selected	must	penetrate	the	central	nervous	
system,	attain	adequate	CSF	concentrations,	
and	have	bactericidal	activity	against	the	
infecting	pathogen.

•	 Empirical	therapy	with	intravenous	vancomycin	
plus	either	cefepime,	ceftazidime,	or	
meropenem	is	appropriate.

•	 Optimal	therapy	of	an	infected	CSF	shunt	is	an	
initial	intravenous	antimicrobial,	followed	by	
removal	of	all	components	of	the	infected	
shunt,	insertion	of	a	fresh	ventricular	catheter,	
and	a	period	of	external	drainage.	Later,	the	
drain	is	removed	and	a	new	shunt	is	placed.

•	 Direct	instillation	of	antimicrobial	agents	into	
the	lateral	ventricle	or,	in	the	case	of	lumbar	
shunts,	into	the	lumbar	thecal	sac	may	be	
necessary	in	patients	with	shunt	infections	
that	are	difficult	to	eradicate	with	intravenous	
antimicrobial	therapy	and	shunt	removal	or	
when	the	patient	is	unable	to	undergo	shunt	
replacement.

Prevention
•	 There	is	evidence	to	support	the	use	of	

periprocedural	prophylactic	antimicrobial	
administration	for	patients	undergoing	CSF	
shunt	insertion	and	placement	of	external	
ventricular	drains.

•	 Use	of	antimicrobial-impregnated	CSF	shunts	
and	CSF	drains	appears	to	be	safe	and	
effective	in	prevention	of	ventriculitis,	
although	prospective,	randomized	controlled	
trials	are	needed	to	firmly	confirm	their	
benefits.

•	 Use	of	a	standardized	protocol	and	reducing	
variation	by	adherence	to	a	common	protocol	
are	effective	at	reducing	CSF	shunt	infection	
rates.

SHORT VIEW SUMMARY
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In patients with CSF drains, the incidence of ventriculitis has 
ranged from zero to 22%. In one recent Brazilian review of 119 patients 
with 130 CSF drain procedures, the incidence of infection was 18.3%, 
with an infection rate of 16.9% per procedure,28 although most series 
report infection rates in the range of 5% to 10%.2,4 Factors associated 
with an increased risk of infection are intraventricular hemorrhage, 
subarachnoid hemorrhage, cranial fracture with CSF leak, catheter 
irrigation, craniotomy, and duration of catheterization. Although con-
troversy exists regarding the relationship between the duration of cath-
eterization and risk of infection, most studies consider extended 
catheter duration (usually exceeding 5 days) to be an important risk 
factor for subsequent infection.4

large retrospective review of 1173 children shunted for hydrocephalus 
from 1985 to 2004, 158 patients presented with a total of 190 episodes 
of shunt infection, for a case incidence of 13.6% and an operative 
incidence of 5.9%.11 In a recent study by the Canadian Nosocomial 
Infection Surveillance Program in patients with CSF shunt-associated 
infections, the infection rate was 4.1% during the first year after place-
ment.20 In another large study of cases reported to the Pediatric Health 
Information System longitudinal administrative database from 41 chil-
dren’s hospitals, which included 7071 children with uncomplicated 
CSF shunt placements between January 1, 2001, and December 31, 
2005, the unadjusted 24-month CSF shunt infection rate was 11.7% 
per patient and 7.2% per procedure.21

A number of factors have been reported to be associated with an 
increased risk of CSF shunt infection (Table 94-1). Children are more 
likely than adults to acquire shunt infection. In one study that included 
7071 children,21 factors associated with infection were young age, 
female sex, African-American race, public insurance, etiology of intra-
ventricular hemorrhage, respiratory complex clinical condition, subse-
quent revision procedure, hospital volume, and surgeon case volume. 
A higher case incidence rate may be related to the infection rate with 
succeeding shunt revisions.22 The infection rate may be especially high 
in those undergoing three or more revisions,23 although that has not 
been observed in all studies.8 In patients undergoing revision after 
treatment for an infected CSF shunt, the operative incidence of infec-
tion is considerably higher (12% to 26%).2,24,25 The same microorgan-
ism has been cultured at least one half to two thirds of the time, 
suggesting that the initial infection was not adequately treated. Prema-
ture birth, previous shunt infection, and intraoperative use of the neu-
roendoscope were identified as independent risk factors in a recent 
study of patients with VP shunt infections.26 In one recent study of 675 
children who had an initial CSF shunt infection (treated by shunt 
removal/new shunt placement, externalization, nonsurgical manage-
ment, or removal with no shunt placement), the 6-month reinfection 
rate was 14.8%, and the median time to infection was 21 days27; reinfec-
tion was associated with nonsurgical management.

FIGURE 94-1  A, Ventricular shunt for hydrocephalus. B, Typical arrangement of an external ventricular drain. 
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TABLE 94-1  Factors Associated with an Increased 
Risk of Cerebrospinal Fluid Shunt Infection*

Premature birth
Younger age
Previous shunt infection
Cause of hydrocephalus†

Experience of the neurosurgeon
Number of people traversing the operating theater
Exposure to perforated surgical gloves‡

Intraoperative use of the neuroendoscope
Length of the shunt procedure
Insertion of catheter below T7 in ventriculoatrial shunting§

Patient skin preparation
Shaving of skin
Exposure of large areas of patient’s skin during the procedure
Shunt revision¶

*Not all studies have found all these factors to be associated with an increased 
risk of cerebrospinal fluid shunt infection.

†Purulent meningitis, hemorrhage, myelomeningocele.
‡Double gloving when handling implantable devices may reduce the risk of 

infection.
§Presence of foreign-body irritation on the tricuspid valve, with thrombus 

formation and subsequent infection during bacteremia.
¶The risk may be especially high in patients undergoing three or more revisions.
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breakdown of the skin overlying the shunt.2 The infection may be 
surgically acquired (i.e., when the incision fails to heal) or because the 
patient scratches the open wound (often seen in infants and small 
children). In premature infants with thin skin or in debilitated or 
immobile patients, a decubitus ulcer may develop over the shunt. 
Infection of tissues near the shunt site may also lead to direct inocula-
tion of microorganisms.

A third mechanism is hematogenous seeding. Patients with ven-
triculoatrial shunts who have a foreign body (i.e., the catheter) in the 
vascular system are at continued risk of infection from bacteremia 
(with a retrograde infection). The susceptibility of nonvascular shunts 
to an infection that is spread hematogenously is less clear, although the 
likelihood is very low.

The fourth, and most frequent, mechanism is colonization of the 
shunt at the time of surgery.2 This mechanism is suggested by the 
timing of most shunt infections (usually within the first month of 
operation) and by the microorganisms that are isolated. In one study 
in adults with CSF shunt-associated infections, 62% occurred within 
the first month after shunt surgery and 72% were acquired intraopera-
tively.12 At the time of implantation, direct exposure and handling of 
the shunt can allow bacterial contamination. One prospective obser-
vational study identified holes in the surgical gloves, combined with 
digital shunt handling by the surgical team, as a possible risk factor.24 
Instituting the practice of double gloving led to a reduction in shunt 
infection rates compared with historical controls.42 However, in mul-
tiple studies using surveillance culture techniques, less than 50% of the 
microorganisms cultured from the wound or infected shunt could be 
traced directly to the patient,2,38,43 suggesting that there are other 
factors that affect colonization and subsequent CSF shunt infection. 
Another study found that in 13 shunt infections that occurred out of 
108 shunt placements, only one CSF shunt infection had an isolate that 
was similar to the perioperative surgical site culture,44 suggesting that 
contamination at the time of surgery may be an uncommon cause of 
shunt infection.

CLINICAL FEATURES
The clinical features of CSF shunt infection can be quite variable and 
depend on the pathogenesis of infection, organism virulence, and type 
of shunt.2,12,23,40,41 Unlike the organisms that cause community-acquired 
bacterial meningitis, those causing CSF catheter-associated ventriculi-
tis, such as coagulase-negative staphylococci and P. acnes, are indolent, 
evoke minimal inflammation, and are usually pathogenic in the pres-
ence of prosthetic material. Often, there may only be minimal ven-
triculitis without meningeal involvement, or only mechanical blockage 
as a result of biofilm formation in or on the catheter.45,46 Therefore, the 
clinical symptoms of meningitis may be absent, and the clinical pre-
sentation more subtle with a longer duration of symptoms. The most 
frequent symptoms in patients with CSF shunt infection are headache, 
nausea, lethargy, and change in mental status (seen in as many as 65% 
of infected patients); these symptoms occur as a result of shunt mal-
function secondary to the infection. Fever is reported in as few as 14% 
to as many as 92% of cases, so the absence of fever cannot exclude the 
possibility of infection, although fever is typically present in the major-
ity of patients. Pain, often related to infection at the peritoneal or 
pleural endings of the shunt, may be absent in as many as 60% of 
infections.

Symptoms and signs of a CSF shunt infection may be referable to 
either the proximal or distal portion of the shunt. Infection beginning 
in the proximal portion of the shunt (i.e., the catheter within the CSF 
space) results in meningitis or ventriculitis in approximately 30% of 
cases and may cause shunt obstruction or decreased function.2,22,41 
Rarely, intracranial empyemas and abscesses may occur secondary to 
a poorly treated infection, in the presence of retained hardware, or in 
patients with external monitors.

Symptoms of infection referable to the distal portion of the shunt 
are more specific to terminus location.2,22 Infected shunts that termi-
nate in the pleural or peritoneal space may lead to an inflammatory 
response in the absorbing tissue (i.e., pleuritis or peritonitis). In 
patients with infected VP shunts, symptoms of peritonitis appear as 
the peritoneal inflammation becomes more severe, and fever, anorexia, 
and other signs and symptoms of an acute abdomen develop. With low 

ETIOLOGY
The etiologic agents causing both CSF shunt and CSF drain infections 
are fairly similar; the most common microorganisms are those which 
colonize the scalp and skin of the back, or are acquired in the health 
care environment. The etiologic agents identified in CSF shunt infec-
tions are shown in Table 94-2.2,12,29,30 Staphylococcal species account 
for the majority of isolates in patients with CSF shunt infections, with 
Staphylococcus epidermidis most frequently isolated (47% to 64% of 
infections), followed by Staphylococcus aureus (12% to 29% of infec-
tions). The most common isolated gram-negative species are Esche-
richia coli, Klebsiella, Proteus, and Pseudomonas; cases of Acinetobacter 
meningitis have also been reported in patients with VP shunts.31-33 The 
usual etiologic agents of community-acquired bacterial meningitis 
(i.e., Haemophilus influenzae, Streptococcus pneumoniae, and Neisseria 
meningitidis) are only isolated in approximately 5% of CSF shunt infec-
tions. In 10% to 15% of cases, more than one microorganism is iso-
lated, usually including a staphylococcus or E. coli. In recent years, an 
increasing prevalence of diphtheroids (including Propionibacterium 
acnes) has been found in CSF shunt infections. However, it may be that 
the incidence is not increasing, but rather that the etiologic diagnosis 
was not made because isolation of these organisms was not considered 
to be significant, or adequate culture techniques (i.e., anaerobic culture 
and prolonged incubation) were not used.30,34 Fungal shunt infections 
are rare, although the frequency of Candida shunt infections has 
increased in recent years (ranging from 6% to 17% in one review).35 
Fungal shunt infections may be seen in patients receiving broad-
spectrum antimicrobial therapy, corticosteroids, and hyperalimenta-
tion; in those with indwelling intravascular catheters; or in those who 
are immunocompromised. A previous ventricular shunt may also 
increase the risk of subsequent Candida meningitis.36

Different microorganisms may be isolated depending on the type 
of shunt. Shunts terminating in the peritoneal cavity may have a greater 
risk of infection with gram-negative organisms22,37; mixed infections 
may be seen when the catheter has perforated a hollow viscus.38,39 
Although some investigators have found an increased prevalence of 
gram-negative shunt infections in patients with a peritoneal termina-
tion,40 others have found no difference in the bacterial spectrum in 
those with VP or ventriculoatrial shunts.41 Lumboperitoneal shunts 
have distributions of infecting organisms similar to those originating 
in the ventricles.40,41 Gram-positive cocci account for the majority of 
cases of meningitis associated with CSF drains, but infections caused 
by gram-negative bacilli, gram-positive bacilli, fungi, and antimicrobial-
resistant bacteria have also been described.4,28

PATHOGENESIS
There are four mechanisms by which CSF shunts may become infected.2 
The first mechanism is retrograde infection from the distal end of the 
shunt, although this is rare. For example, bowel perforation can lead 
to distal catheter contamination. Retrograde infection is the most likely 
mechanism of infection of CSF drains. Microorganisms may enter the 
device by tracking from the exit site alongside the device, gaining 
access to the fluid column that drains CSF, or they may be introduced 
from flushing the tubing to maintain tubular function.

The second mechanism is through the skin, such as inserting  
a needle into the reservoir or the shunt to culture the CSF or  
assess patency, injecting drug into a ventricular reservoir, and after 

TABLE 94-2  Bacterial Etiologic Agents in 
Cerebrospinal Fluid Shunt Infections

ETIOLOGIC AGENT INCIDENCE (%)
Staphylococci* 55-95

Gram-negative bacteria 6-20

Streptococci 8-10

Diphtheroids† 1-14

Anaerobes 6

Mixed cultures 10-15

*The majority are caused by coagulase-negative staphylococci.
†Including Propionibacterium acnes.
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an indolent infection.52 The cell count may be obscured by recent 
surgery that may have spilled blood into the CSF or may have caused 
an inflammatory reaction, so-called chemical meningitis.49 Attention 
should also be paid to the site of CSF sampling because the CSF WBC 
count in samples obtained by shunt aspiration or from ventricular fluid 
tends to be lower than when CSF is obtained after lumbar puncture.12 
A negative result of a CSF Gram stain does not exclude the likelihood 
of infection.

CSF culture from the shunt, reservoir, or drain is the most impor-
tant test to establish the diagnosis of infection.30 The culture will 
usually be positive in patients with an infected device even when there 
is no pleocytosis or alterations in CSF chemistries. CSF cultures may 
require several days to weeks of incubation before they can be called 
negative, especially for slowly growing organisms such as Propionibac-
terium acnes, or the results may be confounded in patients who have 
received previous antimicrobial therapy. On occasion, shunts may be 
tapped for evaluation of function in patients with no clinical evidence 
of infection and may be found to be culture positive. In this situation, 
contamination may be responsible for the positive culture, but true 
infection must be strongly considered. The shunt should be retapped, 
and a positive culture with the same microorganism is usually indica-
tive of true infection.

In patients with lumbar drains or externalized ventricular drains, 
definite infection is defined as a positive CSF culture (obtained from 
the ventricular or lumbar catheter) associated with CSF pleocytosis.4,47 
Progressively decreasing CSF glucose and increasing CSF protein 
accompanied by advancing CSF pleocytosis, in the absence of positive 
CSF cultures or positive Gram stain, characterizes a suspected infec-
tion in the absence of another etiology. A contaminating microorgan-
ism is defined as an isolated positive CSF culture and/or positive Gram 
stain with a normal CSF cell count, CSF glucose, and CSF protein. 
Normal protein in the ventricular CSF is less than 20 mg/dL, lower 
than lumbar CSF.

In the absence of clinical evidence of a CSF shunt infection, routine 
cultures of shunt components, when shunts are removed for other 
indications, should not be done. In one study of 174 shunt revisions, 
19 patients had positive shunt component cultures without signs  
of infection (i.e., asymptomatic bacteriologic shunt contamination), 
only one of which was treated with antimicrobial therapy.53 There was 
no increase in the risk of shunt malfunction in this group when com-
pared with other patients with CSF shunts in the database at their 
institution.

Polymerase chain reaction (PCR) assay has been evaluated to detect 
the presence of bacterial DNA in CSF from patients with external 
ventricular drains and VP shunts. In one study that used PCR to detect 
gram-positive bacteria in 86 specimens, 42 were culture negative but 
PCR positive.54 There were no positive culture results in patients with 
a negative CSF PCR, suggesting that a negative result is predictive of 
the absence of infection. More studies are needed, however, before 
routine use of PCR can be recommended in this setting.

In patients with ventriculoatrial shunts, blood cultures should also 
be performed because bacteremia is invariably present in patients with 
infected ventriculoatrial shunts (positive blood cultures in >90% of 
cases).2 This contrasts with infections in other types of CSF shunts in 
which the incidence of negative blood cultures approaches 80%.41

The diagnosis of CSF shunt infection may be more difficult to 
establish when the distal portion of the VP shunt is infected.2 The shunt 
tap may be normal with negative cultures if a retrograde infection has 
not yet developed in the patient. VP shunts with distal occlusion, but 
no symptoms or signs of infection, should be investigated for possible 
infection at the time of revision. A computed tomography or ultra-
sound scan of the abdomen may identify CSF loculations at the shunt 
terminus. Although some free fluid in the pleural or peritoneal cavities 
is normal, it should not be confused with the larger volumes and cysts 
seen with infection at the shunt terminus.

Neuroimaging studies are not useful in identifying CSF shunt infec-
tion, but may show evidence of shunt malfunction and should be 
performed before initiating surgical treatment to evaluate ventricular 
size. In acute shunt obstruction, extravasation of CSF from the lateral 
cerebral ventricles into contiguous cerebral cortex may occur. If there 
has been prior neurosurgery, imaging may detect the presence of 

virulence organisms, localizing signs of peritonitis may be confined to 
abdominal tenderness and/or guarding. In the peritoneal cavity, host 
defense mechanisms attempt to limit the infection, often resulting in 
the encystment of the shunt catheter, fluid buildup within the cyst, and 
loculation of pockets of fluid within the abdomen. These fluid collec-
tions can grow quite large because deposited CSF is not absorbed 
within the cyst. Partial or complete shunt obstruction may result.

Infected ventriculoatrial shunts lead to bacteremia, which may 
occur secondary to infected CSF directly entering the bloodstream, 
result from an infected thrombus or atrial mural vegetation at the end 
of the vascular catheter, or represent true bacterial endocarditis. 
However, the clinical presentation of an infected vascular shunt is 
usually nonspecific, with fever and lethargy often seen. One unique 
complication of a chronic vascular shunt is shunt nephritis,2,9,22,41 which 
is observed in 4% to 14% of patients with infected ventriculoatrial 
shunts. The majority of isolated bacteria in patients with shunt nephri-
tis are usually coagulase-negative staphylococci, although diphtheroids 
and other pathogens have been isolated. The pathogenesis of shunt 
nephritis is similar to that of subacute bacterial endocarditis, with 
deposition of immunoglobulin M and G antigen-antibody complexes 
in the renal glomeruli. The complement system is activated, with sub-
sequent depletion of circulating complement factors C3 and C4. Failure 
to detect this condition can lead to permanent renal failure. Treatment 
usually, but not always, leads to resolution of the renal dysfunction.

Some shunt infections, however, are insidious and cause few or no 
symptoms, perhaps only an intermittent low-grade fever or general 
malaise. The patient may present with an unexplained occlusion of an 
open-ended peritoneal catheter or failure of peritoneal CSF absorp-
tion. Therefore, the clinician must consider the possibility of CSF shunt 
infection in these patients and institute an appropriate diagnostic 
workup (see later).

Lumbar or ventricular drains become infected from organisms 
introduced through the drainage system or through the skin site.2,47,48 
Infections are more frequent with CSF drains than CSF shunts and may 
be caused by hospital flora. The change in mental status that occurs in 
patients in whom meningitis or ventriculitis develops may be difficult 
to distinguish from the impaired level of consciousness that is a mani-
festation of the patient’s underlying disease. In patients with CSF drain-
related ventriculitis, symptoms and signs are not very useful. The 
underlying reason for drain placement, such as subarachnoid hemor-
rhage or tumor, can also cause a similar neurologic presentation, and 
these patients are often unresponsive in the intensive care unit and 
unable to report symptoms. Fever that occurs in these patients may 
also be from other sources of infection.

DIAGNOSIS
The diagnosis of CSF shunt and CSF drain infections is difficult because 
changes in CSF parameters may be subtle,12 thus making it hard to 
determine if the abnormalities are related to infection or secondary to 
the underlying reason for catheter placement or a result of neurosur-
gery.49,50 In patients with suspected CSF shunt ventriculitis, the diag-
nosis is established by either direct culture of the CSF obtained by 
shunt aspiration or by culture of the proximal shunt components if the 
shunt is explanted.2,41 To obtain fluid from a ventricular shunt, there 
must be a reservoir that can be tapped. These reservoirs are typically 
located in an easily accessible subcutaneous location. After sterile 
preparation, the reservoir is percutaneously punctured; most shunts 
should not be punctured with anything larger than a 25-gauge needle. 
Introduction of infection is a possible, albeit low, risk of this proce-
dure.51 In patients with infected ventricular shunts, the yield of positive 
cultures is greater than from CSF obtained after lumbar puncture.12 
Lumbar CSF cell count and glucose and protein concentrations may 
also not reflect the presence of infection.

Once obtained, CSF should be sent for cell count with differential, 
chemistries (glucose and protein), Gram stain, and aerobic and anaero-
bic cultures. Although high white blood cell counts correlate with the 
presence of infection, infection may be present even in patients with 
normal CSF white blood cell counts. CSF white blood cell counts and 
lactate concentrations were normal in approximately 20% of episodes 
in one recent study of adults with shunt-associated infection.12 CSF 
eosinophilia (>8% of the differential count) has been associated with 
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in a recent Cochrane Review71; one clinical trial found a three times 
higher relative risk of mortality for infants with gram-negative menin-
gitis who were treated with intraventricular gentamicin and intrave-
nous antimicrobials, when compared with intravenous therapy alone, 
although one half of the infants in the intraventricular gentamicin 
group had received only one dose, raising doubts about the exact cause 
of death. Antimicrobial agents administered by the intraventricular or 
intrathecal route should be preservative free. When administered 
through a ventricular drain, the drain should be clamped for 15 to 60 
minutes to allow the antimicrobial solution to equilibrate in the CSF 
before opening the drain.72 In treating VP shunt ventriculitis, admin-
istration of the antimicrobials through the shunt reservoir may also 
result in the agent draining into the peritoneal cavity; to avoid this 
issue, antimicrobials can be administered via a ventricular access 
device separate from the shunt reservoir.73

The doses of antimicrobial agents for intraventricular use have been 
determined empirically (Table 94-3), with adjustments of dose and 
dosing interval based on the ability of the agent to achieve adequate 
CSF concentrations.58 Determining the correct dosing regimen is chal-
lenging as the CSF concentrations obtained for the same intraventricu-
lar dose in pharmacokinetic studies have been highly variable, probably 
because of the differences among patients in either the volume of dis-
tribution, depending upon ventricular size, or variable CSF clearance 
as a result of CSF drainage.65-71 A consensus guideline by the British 
Society for Antimicrobial Chemotherapy Working Party on Infections 
in Neurosurgery has recommended that the initial dose of an intraven-
tricular antimicrobial be based on ventricular volume.74 The recom-
mended dose of vancomycin is 5 mg in patients with slit ventricles, 
10 mg in patients with normal-sized ventricles, and 15 to 20 mg in 
patients with enlarged ventricles; using the same rationale, the initial 
dosing of an aminoglycoside can also be tailored to ventricular size. 
The same working party recommended that the frequency of dosing 
be based on the daily volume of CSF drainage: once-daily dosing if CSF 
drainage is greater than 100 mL/day, every other day if the drainage is 
50 to 100 mL/day, and every third day if drainage is less than 50 mL/
day. Another approach is to base dosing on monitoring of CSF drug 
concentrations. However, there are very few studies that have evaluated 
CSF therapeutic drug monitoring and, given the variable CSF clearance 
of an antimicrobial agent, it is difficult to determine when to obtain 
CSF to measure peak and trough drug concentrations. A CSF drug 
concentration can be obtained 24 hours after administration of the first 
dose that can be presumed to be the trough CSF concentration. The 
trough CSF concentration divided by the minimal inhibitory concen-
tration of the agent for the isolated bacterial pathogen is termed the 
inhibitory quotient, which should exceed 10 to 20 for consistent CSF 

potentially contaminated extraneous catheters from previous surgical 
procedures in either the brain or abdomen. Rarely, a subdural empyema 
or brain abscess may be the first indication of a shunt infection.

THERAPY
Numerous methods for treating CSF shunt infections have been 
reported, but no randomized, prospective studies have been per-
formed.2 The therapeutic approach to an infected CSF shunt must take 
into account the need for a functioning device during or after treat-
ment. For example, in patients with noncommunicating hydrocephalus 
and persistent infection, shunt removal and an endoscopic third ven-
triculostomy have been advocated in children55; even if the endoscopic 
third ventriculostomy fails, the VP shunt inserted after failure appears 
to have better longevity than if the VP shunt is inserted without first 
performing the ventriculostomy.56 Factors to be considered in the 
therapy of an infected CSF shunt include the selection of antimicrobial 
therapy, timing of hardware removal, timing of shunt replacement, and 
duration of antimicrobial therapy. These therapeutic approaches, 
however, have not been standardized in published studies, and there is 
wide variation in clinical practice.57

Antimicrobial Therapy
The principles of antimicrobial therapy for CSF shunt infections are 
generally the same as those for acute bacterial meningitis (see Chapter 
89 for antimicrobial choice and dosing recommendations)58; the agent 
selected must penetrate the central nervous system, attain adequate 
CSF concentrations, and have bactericidal activity against the infecting 
pathogen. However, because the organisms that cause CSF shunt infec-
tions often form biofilms, into which antimicrobial agents do not pen-
etrate well, drug therapy may be problematic for patients when the 
catheter is not removed. If CSF pleocytosis is present, antimicrobial 
therapy should be initiated after appropriate cultures are obtained but 
before culture results are available. The most likely microorganisms 
associated with CSF shunt and CSF drain infections are coagulase-
negative staphylococci (especially S. epidermidis), S. aureus, P. acnes, 
and gram-negative bacilli (including Pseudomonas aeruginosa). 
Empirical therapy with intravenous vancomycin plus either cefepime, 
ceftazidime, or meropenem is appropriate.58 The empirical choice to 
treat a presumptive gram-negative pathogen should be based on the 
local antimicrobial resistance patterns of these pathogens. Therapy can 
then be modified once an organism is isolated and in vitro susceptibil-
ity results are available. If staphylococci are isolated and the organism 
is methicillin susceptible, therapy should be changed to either nafcillin 
or oxacillin. The addition of rifampin to an antistaphylococcal agent 
may augment treatment,59 especially if the infected catheter is retained. 
One patient with an S. epidermidis VP shunt infection60 and another 
with an Enterococcus faecalis VP shunt infection61 were cured with 
shunt removal and intravenous linezolid, although linezolid cannot be 
considered as first-line therapy for this infection. Daptomycin, com-
bined with rifampin, has also been successfully used in patients with 
infections of CSF shunts caused by gram-positive pathogens.62 In one 
study of six neurosurgical patients with indwelling external CSF shunts 
and suspected meningitis or ventriculitis,63 a single dose of daptomycin 
(10 mg/kg) led to an overall CSF penetration of 0.8%; when corrected 
for protein binding, the overall CSF penetration was 11.5%. An intra-
venous amphotericin B preparation, often combined with 5-flucytosine, 
or fluconazole, is recommended for Candida shunt infection.

Direct instillation of antimicrobial agents into the lateral ventricle 
or the lumbar thecal sac (in the case of lumbar shunts) may be neces-
sary in patients with shunt infections that are difficult to eradicate with 
intravenous antimicrobial therapy or when the patient is unable to 
undergo the surgical components of therapy (see later).2,64 This route 
of administration bypasses the blood-CSF barrier, with controlled 
delivery of the antimicrobial agent to the site of infection. No antimi-
crobial agent has been approved by the U.S. Food and Drug Adminis-
tration for intraventricular use. However, there have been several 
studies on their pharmacokinetics, safety, and efficacy, especially in 
adults65-70; CSF sterility and normalization of CSF parameters were 
achieved sooner with intraventricular and intravenous use when com-
pared with intravenous use alone. However, use of intraventricular 
antimicrobial agents was not recommended in infants based on data 

TABLE 94-3  Antimicrobial Agents Administered 
by the Intraventricular Routea

ANTIMICROBIAL AGENT DAILY INTRAVENTRICULAR DOSE
Vancomycin 5-20 mgb

Gentamicin 1-8 mgc

Tobramycin 5-20 mg

Amikacin 5-50 mgd

Polymyxin B 5 mge

Colistinf 10 mg

Teicoplanin 5-40 mgg

Quinupristin/dalfopristin 2-5 mg

Daptomycin 2-5 mgh

Amphotericin B 0.1-0.5 mgi

aThere are no specific data that define the exact dose of intraventricular 
antimicrobial agents that should be used in cerebrospinal fluid shunt and drain 
infections; see text for details of specific studies.

bMost studies have used a 10- or 20-mg dose.
cFour to 8 mg in adults and 1 to 2 mg in infants and children.
dThirty milligrams daily is the usual intraventricular dose.
eDose of 2 mg/day in children.
fFormulated as colistimethate sodium.
gFive to 20 mg every 24-48 hours used in one study.77

hOne study used 10 mg every day for 2 days and 10 mg every 48 hours78; 
another study used 5 or 10 mg every 72 hours.79

iDose for Candida shunt infection.
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to clear more quickly with external drainage. The presence of a drain-
age catheter also allows monitoring of CSF parameters, including cul-
tures, and allows administration of intraventricular antimicrobial 
therapy, if necessary. Ventricular drainage also allows continued treat-
ment of the underlying hydrocephalus and avoids the complications 
associated with only shunt removal. With this approach, treatment 
success is usually greater than 85%.2,29,37,87 The greatest risk of the exter-
nal ventricular drain is that of secondary infection.2,4,89 A longer dura-
tion of the drain appears to increase the risk, although prophylactic 
catheter exchange performed every 5 days does not significantly 
decrease the likelihood of CSF infection.90,91 In one randomized, con-
trolled trial with 103 patients who required external ventricular drains 
for more than 5 days,91 the CSF infection rate was 7.8% for the group 
that underwent catheter exchange every 5 days and 3.8% for the 
no-change group (P = .5), suggesting that a single external ventricular 
drain can be used for as long as clinically indicated unless a change is 
necessary because of CSF infection or catheter malfunction. Attention 
to maintaining a sterile, closed system with avoidance of injections into 
the system and surveillance of the draining CSF will usually keep this 
risk to less than 5%. In the treatment of infection caused by an external 
ventricular drain, removal of the drain is an important adjunctive 
measure.

Duration of Antimicrobial Therapy and 
Shunt Reimplantation
The duration of antimicrobial therapy for CSF shunt infections is not 
completely defined and is dependent on the isolated microorganism, 
the extent of infection as defined by cultures obtained after externaliza-
tion, and occasionally CSF findings.2 Once the infected CSF shunt has 
been removed, the optimal timing of shunt reimplantation has not 
been studied. Early placement may increase the risk of relapse, but a 
delay in reimplantation may increase the risk of secondary infection 
of the external ventricular drain. The timing of reimplantation should 
be individualized based on the isolated organism, severity of ventricu-
litis, and improvement of CSF parameters and CSF sterilization in 
response to antimicrobial therapy. In patients with shunt infection 
caused by coagulase-negative staphylococci and with normal CSF find-
ings, the presence of negative CSF cultures for 48 hours after external-
ization generally confirms that removal of the hardware effected a cure 
and the patient can be reshunted on the third day after removal. If the 
coagulase-negative staphylococcus was isolated in association with 
CSF abnormalities (i.e., CSF pleocytosis, abnormal chemistries), a true 
infection was likely present. If repeat cultures are negative, 7 days of 
antimicrobial therapy are usually recommended before reshunting, but 
if repeat cultures are positive, antimicrobial treatment is continued 
until CSF cultures remain negative for 10 consecutive days before a 
new CSF shunt is placed. This approach is also recommended for infec-
tion caused by P. acnes.30 For shunt infections caused by S. aureus or 
gram-negative bacilli, 10 days of antimicrobial therapy with negative 
cultures are recommended before reshunting,2,58,92 although some 
authorities would consider a 21-day course of therapy when gram-
negative bacilli are isolated. Some experts also suggest that consider-
ation be given to a 3-day period off antimicrobial therapy to verify 
clearing of the infection before shunt reimplantation, although this 
observation period is optional and may not be necessary in all 
patients.2,58 It is important to note, however, that these recommenda-
tions have not been rigorously studied, and some patients may require 
a longer duration of antimicrobial therapy before a new CSF shunt is 
placed. Furthermore, significant variations have been observed in the 
duration of antimicrobial therapy in patients with CSF shunt infec-
tions.25,57 Careful follow-up after reimplantation is also critical to 
ensure that the patient has been cured. Regardless of the manner of 
treatment, CSF shunt infection can recur. In one study,25 the recurrence 
rate was 26%, with two thirds of cases caused by the same microorgan-
ism; the recurrence rate in patients with S. epidermidis shunt infection 
was 29%. A major risk factor for recurrence was a history of shunt 
infection within the preceding 6 months.

PREVENTION
There have been few systematic studies on specific surgical techniques 
to minimize the possibility of infection in patients undergoing CSF 

sterilization.2,58 Although not standardized, this approach is reasonable 
to ensure that adequate CSF concentrations of these agents are obtained.

Although there are methodologic limitations in published studies, 
intraventricular vancomycin was shown to be safe and efficacious in a 
recent systematic review in adults.67 Intraventricular aminoglycosides 
were also shown to be effective65,69; in one study, there were no relapses 
when intraventricular gentamicin was combined with intravenous 
meropenem in patients with neurosurgical gram-negative bacillary 
ventriculitis and meningitis.69 In another study of treatment of 34 
consecutive shunt infections in 30 children, high-dose intraventricular 
antimicrobial therapy sterilized CSF cultures in 100% of 26 children 
who were treated for 3 days or more.75 Intravenous and intraventricular 
quinupristin/dalfopristin has been used successfully to treat a patient 
with ventriculostomy-related meningitis caused by vancomycin-
resistant Enterococcus faecium.76 Teicoplanin, a glycopeptide antimi-
crobial agent not currently licensed in the United States, was also found 
to be successful after intraventricular administration in seven patients 
with staphylococcal neurosurgical shunt infections.77 Intraventricular 
daptomycin was successfully used in individual case reports in patients 
with CSF shunt and CSF drain infections caused by methicillin-
resistant coagulase-negative staphylococci and resistant enterococci.78-81 
Intraventricular colistin (usually formulated as colistimethate sodium) 
and polymyxin B have been used in the treatment of gram-negative 
ventriculitis and meningitis,64,82,83,84 but these agents should be reserved 
for patients with infections caused by multidrug-resistant gram-
negative bacteria or in those failing therapy with standard intravenous 
agents. Intraventricular amphotericin B may be required for Candida 
shunt infections that fail to respond to parenteral therapy and shunt 
removal. Penicillins and cephalosporins should not be given by the 
intrathecal route because they have been associated with significant 
neurotoxicity, especially seizures.64

Shunt Removal
The approaches to the treatment of CSF shunt infections in the pub-
lished literature have included antimicrobial therapy with or without 
shunt removal.2,22,40,41,85 There has only been one prospective, random-
ized trial of three different approaches to management of infected CSF 
shunts in 30 children, all of whom received antimicrobial therapy86; 
not removing the shunt led to a 30% cure, one-stage shunt replacement 
led to a 90% cure, and two-stage shunt replacement led to a cure in 
100% of patients. In early attempts to treat CSF shunt infections, intra-
venous and/or intraventricular antimicrobial agents were used exclu-
sively to avoid additional operations and to maintain CSF diversion 
during treatment. Success with this approach, however, was low (34% 
to 36%) and carried a high mortality rate.37,87 In addition, the instilla-
tion of antimicrobial agents into CSF often required a lengthy hospi-
talization, and the frequency of an adverse outcome was unacceptably 
high. The ability of many of these organisms to adhere to prostheses 
and survive antimicrobial therapy likely precluded optimal treatment 
in situ. However, in one observational study of treatment with systemic 
and intraventricular antimicrobial agents (instilled via a separate ven-
tricular access device), 84% of 43 patients were cured, with a 92% 
success rate for infections caused by bacteria other than S. aureus,73 
suggesting that conservative management may be appropriate for 
selected patients with CSF shunt infections caused by less virulent 
microorganisms, such as coagulase-negative staphylococci. Similar 
results have been achieved in patients with CSF shunt infections caused 
by P. acnes.

Combining the removal of shunt hardware with immediate shunt 
replacement and intravenous antimicrobial therapy cures approxi-
mately 65% to 75% of patients with shunt infections,37,87 although the 
failure and reinfection rates still remain quite significant with this 
approach. The other option is shunt removal with delayed replacement 
(to treat the infection with antimicrobial therapy in the absence of any 
foreign devices), although this approach leaves untreated the reason 
for the initial shunt placement.88

The most successful approach to treatment of a CSF shunt infection 
is systemic antimicrobial use with removal of all components of the 
infected shunt, followed by insertion of a ventricular drain. When the 
drainage cultures are negative, the drain is removed and a new CSF 
shunt placed (see later).2,57 The ventriculitis of shunt infections appears 
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patients who underwent placement of CSF shunts impregnated with 
clindamycin and rifampin, there was a decrease in infection rate from 
16.6% to 6%,102 although the study was hampered by a small number 
of patients and a high infection rate in the control group. Other non-
controlled studies in patients with CSF shunts have led to mixed 
results, some supporting103,104 and others disputing105,106 these findings. 
In a recent meta-analysis of pooled data from 12 studies comparing 
antimicrobial-impregnated with non–antimicrobial-impregnated VP 
shunts, there was a statistically significant decrease in infections in 
patients who had received antimicrobial-impregnated shunts (RR, 
0.37; P < .0001).107 In another systematic literature review of 5613 shunt 
procedures, use of antimicrobial-impregnated shunt catheters was 
associated with a decreased risk of shunt infection (3.3% vs. 7.2%; P < 
.00001),108 with significant differences in both children and adults; use 
did not appear to be associated with emergence of antimicrobial-
resistant infections. Use of antimicrobial-impregnated shunts has not 
only reduced the incidence of CSF shunt infections, but also resulted 
in significant hospital cost savings.109

Similar results have been noted in patients who received 
antimicrobial-impregnated external ventricular drains. A prospective, 
randomized trial of 306 patients who had placement of external ven-
tricular drains impregnated with minocycline and rifampin showed a 
decrease in the CSF infection rate from 9.4% to 1.3%.110 Pooled data 
from five studies in one meta-analysis showed a statistically significant 
benefit for antimicrobial-impregnated external ventricular drains (RR, 
0.31; P = .009).107 Therefore, use of antimicrobial-impregnated CSF 
shunts and CSF drains appears to be safe and effective in prevention 
of ventriculitis, although prospective, randomized controlled trials are 
needed to firmly confirm their benefits.

Combined Interventions
Many of the studies on prevention of CSF shunt infections detailed 
above have examined single interventions to determine effects on 
infection rates. However, use of “practice bundles” may also be valuable 
in development of standardized protocols for insertion of CSF shunts. 
The Hydrocephalus Clinical Research Network recently undertook an 
initiative in which centers agreed to develop an 11-step protocol to try 
to reduce CSF shunt infection rates (Table 94-4); this was a collabora-
tion of pediatric neurosurgical centers and included all children getting 
shunts or revisions.111 The initiative involved 21 surgeons and included 
1571 procedures in 1004 children. Overall protocol compliance was 
about 75%, and another 20% followed 10 of the 11 steps. The Network 
infection rate decreased from 8.8% before the protocol to 5.7%, while 
using the protocol (P = .0028; RR reduction, 36%), indicating that use 
of a standardized protocol and reducing variation by adherence to a 
common protocol are effective at reducing CSF shunt infection rates. 
Only proper hand-washing technique by all team members emerged 
as an independent predictor of decreased infection rates; factors asso-
ciated with increased infection were use of BioGlide catheters and use 
of antiseptic cream by any members of the surgical team. Identification 
of other factors that are associated with infection may lead to addi-
tional interventions to be added to the protocol to further reduce 
infection rates in the future.

shunt placement. Much of what is recommended is based on the 
described risk factors for shunt infection (see Table 94-1). In one pro-
spective, randomized controlled trial in 61 patients undergoing 84 
shunt procedures, the shunt infection rate was reduced in those getting 
antimicrobial sutures (4.3% vs. 21%; P = .038),93 although there was a 
high rate of infection in the control group. There is some weak evidence 
that double gloving may decrease CSF shunt infection rates,42 and good 
surgical techniques94 and adherence to infection control measures are 
important. In patients with external ventricular drains, adherence to a 
checklist for insertion that included hand hygiene, appropriate skin 
preparation with povidone iodine, allowing the skin preparation to 
completely dry before insertion, use of all five maximal sterile barriers 
(sterile gloves, sterile gown, cap, mask, and large sterile drape), and 
adherence to the policy for external ventricular drain maintenance led 
to a decline in infection rates from 16 per 1000 external ventricular 
drain catheter days to 4.5 per 1,000 catheter days95; this infection rate 
further decreased to 1.3 per 1000 catheter days. Initiation of this pro-
tocol eventually resulted in no infections over a 25-month period. 
Other studied interventions are detailed in the following sections.

Antimicrobial Prophylaxis
There is evidence to support the use of periprocedural prophylactic 
antimicrobial administration for patients undergoing CSF shunt inser-
tion and placement of external ventricular drains. Although no pro-
spective, randomized trials of periprocedural prophylactic antibiotics 
for CSF shunt placement have been adequately powered to clearly 
establish efficacy, several meta-analyses have concluded that this 
approach decreases infection rates by approximately 50%.96,97 A 
Cochrane Database Review indicated that the odds ratio for decreased 
infection was 0.52 (95% confidence interval, 0.36 to 0.74).98 The antimi-
crobial agent should be given before incision to achieve adequate tissue 
concentrations and continued for as long as 24 hours postoperatively.

Although the use of periprocedural prophylactic antibiotics for 
placement of external ventricular drains is also generally accepted, the 
use of prophylactic prolonged systemic antimicrobials for the duration 
of external CSF drainage is more controversial. One study noted that 
the infection rate was 3.8% in those who received prophylactic antibi-
otics for the duration of placement of the external ventricular drain 
and 4.0% for those who received only periprocedural antibiotics,99 
suggesting that prophylactic antibiotics throughout drainage did not 
significantly decrease the rate of ventriculitis and might select for 
emergence of resistant organisms. In contrast, another study demon-
strated the benefit of prophylactic antibiotics (2.6% CSF infection rate 
vs. 10.6% in those who only received periprocedural antibiotics; P = 
.001),100 although the infections in those receiving prophylactic anti-
microbials were caused by more drug-resistant virulent pathogens and 
the mortality rate was higher (66% vs. 41%). In a pooled estimate of 
nine studies, the CSF infection rate was 8.1% in those who received 
periprocedural antibiotics and 5.3% in those who received antibiotics 
for the duration of external drainage,4 leading to a recommendation 
to maintain prophylactic antibiotics in all patients while the external 
ventricular drain is in place, although this is not the practice in all 
centers. In a more recent systematic review that pooled data from two 
randomized controlled trials and four observational studies,101 there 
was a reduced relative risk (RR) of 0.45 with use of prophylactic pro-
longed systemic antimicrobials, although there were significant meth-
odologic limitations and heterogenicity in the pooled studies, the 
definitions of ventriculitis were variable, the type and dose of antimi-
crobials were different, adverse effects were not well-studied, and most 
of the studies were retrospective and prone to bias. In light of these 
findings, and also based on the availability of a safer efficacious alterna-
tive (i.e., antimicrobial-impregnated catheters; see later), we do not 
favor use of prophylactic prolonged systemic antimicrobials for pre-
vention of infection in patients with external ventricular drains.

Antimicrobial-Impregnated Catheters
Antimicrobial-impregnated catheters for external ventricular drains 
and CSF shunts have been under development for several decades and 
more recently have been introduced into clinical practice. They are 
typically impregnated with either minocycline or clindamycin, com-
bined with rifampin. In one prospective, randomized trial of 110 

TABLE 94-4  Individual Components of a 
Standardized Protocol for Cerebrospinal Fluid 
Shunt Insertion

Sign on operating room door to minimize traffic
Patient position of operative site away from door
Antimicrobial agents received before incision
Hair clipped, not shaved
ChloraPrep applied by or approved by attending physician
Wait 3 minutes to allow ChloraPrep to dry
Proper hand-washing technique by all team members
Double gloving by all team members
Ioban use
Vancomycin/gentamicin injection into shunt reservoir
Dressing

From Kestle JRW, Riva-Cambrin J, Wellons JC 3rd, et al. A standardized protocol to 
reduce cerebrospinal fluid shunt infection: the Hydrocephalus Clinical Research 
Network Quality Improvement Initiative. J Neurosurg Pediatr. 2011;8:22-29.
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Cellulitis, Necrotizing Fasciitis, and 
Subcutaneous Tissue Infections
Mark S. Pasternack and Morton N. Swartz*

I  Skin and Soft Tissue Infections

CELLULITIS AND SUPERFICIAL 
INFECTIONS
Bacterial and mycotic infections, exclusive of those caused by the 
common dermatophytes, are discussed in this chapter. Classification 
of cutaneous infections on morphologic and clinical grounds can be 
very helpful in providing initial clues regarding the most likely respon-
sible infectious agents (Table 95-1).

Primary Pyodermas
Impetigo
Impetigo is an initially vesicular, later crusted, superficial infection of 
the skin. Most cases occur in children. The annual incidence of impe-
tigo is 1% to 2%, with annual summer epidemics.1 There are both 
geographic and yearly variations in incidence related to the clonal 
spread of virulent or resistant pathogens.2 Previously, group A strepto-
coccus was the principal cause of impetigo and was isolated from about 
80% of cases, either alone or mixed with Staphylococcus aureus.3 In the 
past 20 years, group A streptococcus has been found less commonly 

(20% to 30%) in impetigo and has been supplanted by S. aureus,1-4 with 
a growing frequency of methicillin-resistant S. aureus (MRSA) iso-
lates.5 Conceivably, the role of staphylococci may be somewhat over-
estimated because these organisms are common secondary invaders, 
and some strains produce bacteriocins that may impair the recovery 
of group A streptococci.

Pathologic Characteristics and Pathogenesis. Histopathologi-
cally, impetigo consists of superficial, intraepidermal, unilocular vesi-
copustules. In epidemiologic studies, group A streptococcal acquisition 
on normal skin antedates the appearance of impetigo by about 10 
days.3 During that time, minor trauma (e.g., insect bite, abrasion) or 
primary dermatoses predispose to the development of infected lesions. 
Impetigo is most common during hot, humid summer weather. Two 
to 3 weeks after skin acquisition of streptococci, pharyngeal coloniza-
tion by the same organism occurs in about 30% of children with skin 
lesions. (The sporadic cases of facial impetigo occurring in cooler cli-
mates probably result from contiguous spread from an initial nasopha-
ryngeal infection, and the serotypes involved are those commonly 
causing pharyngeal disease.) In staphylococcal impetigo (in which  
S. aureus is the only pathogen), skin infection follows nasal coloniza-
tion.5,6 Among returning travelers, impetigo is commonly associated 
with antecedent insect bites.7

Definition
•	 Skin	and	soft	tissue	infections	are	characterized	

by	location,	depth	of	infection,	etiologic	agent,	
and	clinical	setting	and	may	result	from	either	
primary	cutaneous	inoculation	or,	less	
commonly,	hematogenous	seeding.

•	 Impetigo	is	a	superficial	crusting	and	at	times	
bullous	infection	of	the	skin;	localized	
progression	into	the	dermis	leads	to	ecthyma.

•	 Folliculitis	is	a	localized	infection	of	hair	
follicles,	which	can	extend	into	subcutaneous	
tissue,	resulting	in	furuncles.	These,	in	turn,	
may	coalesce,	leading	to	carbuncle	formation.

•	 Erysipelas	is	a	rapidly	progressive	infection	of	
the	superficial	dermis,	with	sharp	
erythematous	borders;	cellulitis	reflects	deeper	
dermal	involvement.

•	 Necrotizing	skin	and	soft	tissue	infections,	
including	necrotizing	fasciitis,	are	rare	
life-threatening	infections,	occur	in	a	variety	of	
clinical	settings,	and	require	prompt	diagnosis	
and	surgical	intervention.

Epidemiology
•	 Significant	skin	and	soft	tissue	infection	may	

occur	throughout	the	age	spectrum.	Minor	
local	trauma	as	the	initial	pathogenic	event	is	
a	common	feature	of	these	processes.	

Although	invasive	infections	may	occur	in	
previously	healthy	individuals,	a	variety	of	
systemic	risk	factors	predisposes	individuals	to	
these	infections.

Microbiology
•	 Hemolytic	streptococci	and	Staphylococcus	

aureus,	including	methicillin-resistant	S.	aureus	
(MRSA),	are	the	most	common	causes	of	
superficial	cutaneous	infection.

•	 Mixed	infection	of	facultative	gram-negative	
bacilli,	anaerobes,	and	gram-positive	
organisms	most	frequently	cause	necrotizing	
infection,	but	group	A	streptococci,	clostridia,	
and	Vibrio	species	can	also	cause	necrotizing	
fasciitis.

•	 A	broad	differential	diagnosis	most	be	
considered	in	confronting	infections	in	
immunocompromised	patients.

Diagnosis
•	 Most	cutaneous	infections	are	not	associated	

with	bacteremia,	and	diagnosis	and	empirical	
therapy	are	based	on	physical	findings	and	
clinical	setting.

•	 In	compromised	hosts,	tissue	biopsy	for	
microbiologic	and	histologic	study	is	critical	to	
plan	definitive	therapy.

Therapy
•	 Oral	therapy	targeted	against	gram-positive	

pathogens	is	appropriate	for	mild	disease,	with	
close	follow-up	and	revision	of	therapy	for	
inadequate	response.	Parenteral	therapy	
targeted	more	broadly	against	gram-positive	
organisms,	including	S.	aureus	and	MRSA,	
gram-negative	pathogens,	and	anaerobes		
is	required	in	many	settings	of	severe	
infection,	particularly	in	compromised		
hosts.

•	 Necrotizing	infections	require	urgent	surgical	
débridement.

•	 Infections	associated	with	toxic	shock	
syndrome	are	treated	with	protein-synthesis	
inhibitors	such	as	clindamycin	and	with	
intravenous	immune	globulin	to	neutralize	
streptococcal	toxins.

Prevention
•	 Good	hygienic	practices	and	attention	

to	early	therapy	for	superficial	processes		
such	as	dermatophyte	infection	reduce		
the	risk	for	cutaneous	and	soft	tissue		
infection.

•	 Individuals	with	recurrent	cellulitis	may	benefit	
from	chronic	antibiotic	suppression.

SHORT VIEW SUMMARY

*Morton N. Swartz, a long-time contributor to chapters in previous editions of Principles 
and Practice of Infectious Diseases, died on September 9, 2013.
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TABLE 95-1  Classification of Bacterial and Mycotic Infections of the Skin

TYPE OF LESION CAUSATIVE AGENTS
Primary Pyodermas
Impetigo Staphylococcus aureus, group A streptococci

Folliculitis S. aureus, Candida, Pseudomonas aeruginosa, Malassezia furfur, Pityrosporum ovale

Furuncles and carbuncles S. aureus

Paronychia S. aureus, group A streptococci, Candida, P. aeruginosa

Ecthyma Group A streptococci

Erysipelas Group A streptococci

Chancriform lesions Treponema pallidum, Haemophilus ducreyi, Sporothrix, Bacillus anthracis, Francisella 
tularensis, Mycobacterium ulcerans, Mycobacterium marinum

Membranous ulcers Corynebacterium diphtheriae

Cellulitis Group A or other streptococci, S. aureus; rarely, various other organisms

Infectious Gangrene and Gangrenous Cellulitis
Streptococcal gangrene and necrotizing fasciitis Group A streptococci, mixed infections with Enterobacteriaceae and anaerobes

Progressive bacterial synergistic gangrene Anaerobic streptococci plus a second organism (S. aureus, Proteus)

Gangrenous balanitis and perineal phlegmon Group A streptococci, mixed infections with enteric bacteria (e.g., Escherichia coli, 
Klebsiella) and anaerobes

Gas gangrene, crepitant cellulitis Clostridium perfringens and other clostridial species; Bacteroides, peptostreptococci, 
Klebsiella, E. coli

Gangrenous cellulitis in immunosuppressed patients Pseudomonas, Aspergillus, agents of mucormycosis

Secondary Bacterial Infections Complicating Preexisting Skin Lesions

Burns P. aeruginosa, Enterobacter, various other gram-negative bacilli, various streptococci, 
S. aureus, Candida, Aspergillus

Eczematous dermatitis and exfoliative erythrodermas S. aureus, group A streptococci

Chronic ulcers (varicose, decubitus) S. aureus, streptococci, coliform bacteria, P. aeruginosa, peptostreptococci, 
enterococci, Bacteroides, C. perfringens

Dermatophytosis S. aureus, group A streptococci

Traumatic lesions (e.g., abrasions, animal bites, insect bites) Pasteurella multocida, C. diphtheriae, S. aureus, group A streptococci

Vesicular or bullous eruptions (varicella, pemphigus) S. aureus, group A streptococci

Acne conglobata Propionibacterium acnes

Hidradenitis suppurativa S. aureus, Proteus and other coliforms, streptococci, peptostreptococci, P. aeruginosa, 
Bacteroides

Intertrigo S. aureus, coliforms, Candida

Pilonidal and sebaceous cysts Peptostreptococci, Bacteroides, coliforms, S. aureus

Pyoderma gangrenosa S. aureus, peptostreptococci, Proteus and other coliforms, P. aeruginosa

Cutaneous Involvement in Systemic Bacterial and Mycotic Infections

Bacteremias S. aureus, group A streptococci (also other groups such as D), Neisseria meningitidis, 
Neisseria gonorrhoeae, P. aeruginosa, Salmonella typhi, Haemophilus influenzae

Infective endocarditis Viridans streptococci, S. aureus, group D streptococci, and others

Fungemias Candida, Cryptococcus, Blastomyces dermatitidis, Fusarium

Listeriosis Listeria monocytogenes

Leptospirosis (Weil’s disease and pretibial fever) Leptospira interrogans serotypes

Rat-bite fever Streptobacillus moniliformis, Spirillum minus

Melioidosis Burkholderia pseudomallei

Glanders Burkholderia mallei

Carrión’s disease (verruga peruana) Bartonella bacilliformis

Scarlet Fever Syndromes
Scarlet fever Group A streptococci, rarely S. aureus

Scalded skin syndrome S. aureus (phage group II)

Toxic shock syndrome S. aureus (pyogenic toxin-producing strains)

Parainfectious and Postinfectious Nonsuppurative Complications
Purpura fulminans (manifestation of disseminated intravascular coagulation) Group A streptococci, N. meningitidis, S. aureus, pneumococcus

Erythema nodosum Group A streptococci, Mycobacterium tuberculosis, Mycobacterium leprae, 
Coccidioides immitis, Leptospira autumnalis, Yersinia enterocolitica, Legionella 
pneumophila

Erythema multiforme–like lesions (rarely), guttate psoriasis Group A streptococci

Other Lesions
Erythrasma Corynebacterium minutissimum

Nodular lesions Candida, Sporothrix, S. aureus (botryomycosis), M. marinum, Nocardia brasiliensis, 
Leishmania brasiliensis

Hyperplastic (pseudoepitheliomatous) and proliferative lesions (e.g., 
mycetomas)

Nocardia, Pseudallescheria boydii, Blastomyces dermatitidis, Paracoccidioides 
brasiliensis, Phialophora, Cladosporium

Vascular papules/nodules (bacillary angiomatosis, epithelioid angiomatosis) Bartonella henselae, Bartonella quintana

Annular erythema (erythema chronicum migrans) Borrelia burgdorferi
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Because mixed streptococcal-staphylococcal or staphylococcal impe-
tigo is clinically indistinguishable from streptococcal impetigo, and  
S. aureus, either alone or in concert with S. pyogenes, currently is the 
predominant cause of impetigo, primary therapy must be revised 
accordingly. Penicillinase-resistant oral penicillins (e.g., dicloxacillin 
or amoxicillin-clavulanate) or cephalosporins (e.g., cephalexin, cefa-
droxil) are generally effective for treating methicillin-sensitive strains 
of S. aureus as well as S. pyogenes. The relative incidence of MRSA 
(vs. methicillin-susceptible S. aureus [MSSA]) causing impetigo is 
not well established. Erythromycin or newer macrolides generally are 
reserved for β-lactam–allergic patients. The efficacy of macrolides may 
be reduced in areas in which erythromycin-resistant staphylococci and 
streptococci are prevalent. Local care (removal of crusts by soaking 
with soap and water) is helpful. Patients with extensive disease should 
undergo wound culture and reevaluation after an initial trial of oral 
therapy. The presence of MRSA must be strongly considered if there is 
a poor initial response to therapy, even if no culture data are available, 
and empirical therapy must be broadened (see later). Co-trimoxazole 
has excellent activity against community-acquired MRSA, and in vitro 
data support its possible use against S. pyogenes as well, although 
clinical data are lacking.16 Clindamycin and macrolides have variable 
efficacy against many community-acquired MRSA isolates. Topical 
antibiotic therapy may be considered when treating limited impetigo, 
including that caused by MRSA.

Topical mupirocin ointment in a polyethylene glycol base is as 
effective as oral erythromycin for the treatment of impetigo17 and is 
more effective when treating erythromycin-resistant S. aureus.18 In the 
past decade, the incidence of mupirocin resistance among S. aureus 
isolates has been rising slowly but steadily. A second topical antibiotic, 
retapamulin ointment, is approved for the treatment of impetigo. This 
is the first of a novel class of bacterial protein synthesis inhibitors 
(pleuromutilins) and is effective against S. aureus and Streptococcus 
pyogenes independent of other antibiotic susceptibilities.19 Fusidic acid 
cream is available in Europe and is effective in treating childhood 
impetigo (primarily S. aureus), but rising resistance rates2 and policies 
to restrict its applicability for systemic infection have limited its use. 
Gentle application of topical agents is important to minimize tissue 
maceration and spread of infection. Systemic therapy is preferred when 
treating widespread impetigo. Close follow-up of patients is important 
because of rising rates of resistance to these topical and systemic agents.

Mupirocin has also been used topically to eradicate MRSA from 
secondarily infected skin lesions and from colonized patients. However, 
because resistance in S. aureus strains has emerged sooner than antici-
pated after the introduction of mupirocin,18 particularly when long-
term therapy was used, prolonged administration should probably be 
avoided.

Bullous Impetigo
Clinical Manifestations. The bullous form of impetigo is caused by 
S. aureus of phage group II (usually type 71); it occurs principally in 
neonates and young children and accounts for about 10% of all cases 
of impetigo. The lesions begin as vesicles that turn into flaccid bullae 
initially containing clear yellow fluid. No erythematous areola is noted, 
and the Nikolsky sign is absent. The bullae quickly rupture, leaving a 
moist red surface, and then form thin, varnish-like light brown crusts. 
Bullous impetigo, like the staphylococcal scalded skin syndrome 
(SSSS) and the staphylococcal scarlatiniform syndrome, represents a 
cutaneous response to the two extracellular exfoliative toxins (ETA and 
ETB) produced by phage group II S. aureus. S. aureus isolates from 
patients with bullous impetigo uniformly carry these exfoliative 
toxins.5,20 ETA is chromosomally encoded, and the heat-labile ETB is 
plasmid encoded. Both are glutamate-specific serine proteases that 
bind to and cleave desmoglein-1, a desmosomal transmembrane gly-
coprotein necessary for epidermal cell adhesion.20,21 The toxins may act 
locally at the site of cutaneous infection to produce bullous impetigo 
or may spread systemically to cause generalized blistering when pro-
duced at a site of cutaneous S. aureus infection. Staphylococci are regu-
larly isolated from the skin lesions of bullous impetigo. Streptococcal 
superinfection rarely complicates bullous impetigo, probably because 
type 71 strains of S. aureus produce a bacteriocin that inhibits strep-
tococci. Fever and constitutional symptoms are uncommon, and 

Nonbullous impetigo caused by group A streptococcus (Streptococ-
cus pyogenes) begins when the corneal layer of the epidermis is dis-
rupted and the bacteria gain access to highly differentiated subcorneal 
keratinocytes. Impetigo strains, but not pharyngeal strains, of S. pyo-
genes preferentially bind to differentiated keratinocytes,8 mediated by 
S. pyogenes M protein.9 A second streptococcal surface protein (protein 
F, fibronectin-binding protein), mediates adherence to antigen-
presenting Langerhans’ cells located along the basal layer of the epi-
dermis. Staphylococcal infection usually develops after nasal or skin 
colonization. Bacteriocin production may inhibit competing commen-
sal flora, and several virulence factors have been proposed to enhance 
adhesion to epithelial cells and to underlying matrix proteins.10 Sur-
prisingly, the production of exfoliative toxins A and B has been associ-
ated with both nonbullous and bullous impetigo; Panton-Valentine 
leukocidin is generally absent among staphylococcal impetigo isolates.5 
Impetigo is a highly communicable infection. Spread in families (par-
ticularly among preschool-aged children) is facilitated by crowding 
and poor hygiene.

Clinical Manifestations. Streptococcal impetigo begins on 
exposed areas as small vesicles, sometimes with narrow inflammatory 
halos, that rapidly pustulate and readily rupture. The purulent dis-
charge dries and forms the characteristic thick, golden-yellow, 
“stuck-on” crusts. Pruritus is common, and scratching of lesions can 
spread infection. Occasionally, large crusts are produced by coales-
cence of smaller pustules. The lesions remain superficial and do not 
ulcerate or infiltrate the dermis; mild regional lymphadenopathy is 
common. Healing generally occurs without scarring. The lesions are 
painless, and constitutional manifestations are minimal.

Laboratory Findings. Gram-stained smears of vesicles show 
gram-positive cocci. Culture of exudate beneath an unroofed crust 
reveals S. aureus, group A streptococci, or a mixture of streptococci 
and S. aureus. The anti–streptolysin O titer after streptococcal impetigo 
is scant, probably related to inhibition of streptolysin O by skin lipids 
at the infection site. In contrast, the anti–DNase B response readily 
occurs after streptococcal impetigo (with elevated titers in 90% of 
patients with nephritis complicating streptococcal skin infections).11

Etiologic Agents. The group A streptococci responsible for impe-
tigo usually belong to different M serotypes from those of strains that 
produce pharyngitis. M surface proteins, which are key virulence 
factors, are encoded in emm genes. Five major emm chromosomal 
patterns (groups A through E) have been described based on nucleo-
tide sequences encoding part of the peptidoglycan-spanning M protein 
domain.12 Almost all group A streptococcal impetigo isolates belong 
to emm chromosomal patterns D and, to a lesser extent, E, whereas 
most isolates from patients with uncomplicated pharyngitis or acute 
rheumatic fever belong to emm chromosomal pattern group A, B, or 
C. Groups C and G streptococci may rarely cause impetigo; group B 
streptococci have been associated with impetigo in neonates. The rising 
incidence of MRSA impetigo has been associated with both hospital- 
and community-acquired strains.5

Differential Diagnosis. Although the initial vesicular lesions may 
resemble early varicella, the crusts of impetigo are darker brown and 
harder. The central clearing of a confluent cluster of lesions of impetigo 
may suggest tinea circinata but can be distinguished by the thick crusts, 
which are not formed in the fungus infection. When the vesicles of 
herpes simplex become turbid, they may resemble those of impetigo. 
Distinguishing between herpes simplex and impetigo is important 
because irritation from topical therapy may exacerbate primary herpes 
simplex lesions. Acute palmoplantar pustulosis, a sterile, idiopathic, 
self-limited pustular eruption on the palms and soles that sometimes 
occurs after pharyngitis, may initially resemble impetigo.13 Localized 
acute pustular psoriasis may also be mistaken for impetigo. Primary 
cutaneous listeriosis, an occupational disease of veterinarians and 
farmers involved in calving, is characterized by papulovesicular and 
pustular lesions on the forearms that may resemble those of impetigo.14 
Atopic or contact dermatitis, discoid lupus erythematosus, and infesta-
tions such as scabies may mimic impetigo or develop secondary 
impetiginization.15

Presumptive Therapy. Penicillin was the classic drug of choice for 
the treatment of impetigo, because of the predominant role of group 
A streptococci and the subsequent risk for acute glomerulonephritis. 
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may be recovered from a distant site of infection or colonization, in 
contrast to the ready recovery of organisms from sites of localized 
bullous impetigo. In settings in which the diagnosis of SSSS is uncer-
tain, a biopsy obtained from an area of desquamation will demonstrate 
bland intraepidermal cleavage at the granular layer, which is distinct 
from the subepidermal separation observed in bullous disorders and 
toxic epidermal necrolysis. With appropriate fluid replacement and 
antimicrobial therapy, the skin lesions heal within 2 weeks, in contrast 
to drug-induced toxic epidermal necrolysis, in which recovery is more 
prolonged because the entire epidermis must be replaced and scarring 
is more frequent. The mortality rate from SSSS in children is less than 
3% but is often higher in adults, many of whom have underlying 
immunodeficiency, renal failure, or other significant comorbidities.

Presumptive Therapy. Intravenous vancomycin is indicated for 
the initial treatment of SSSS because of the widespread staphylococcal 
infection and rapid progression of the skin lesions, particularly in set-
tings such as a neonatal nursery and in communities with high rates 
of MRSA disease. Once MSSA is identified, intravenous nafcillin  
(100/mg/day for neonates, 100 to 200 mg/kg/day for older children)  
is appropriate. Topical treatment consists of cool saline compresses. 
Systemic corticosteroids alone should not be used in the treatment  
of SSSS, although they may be indicated in therapy for drug-induced 
toxic epidermal necrolysis.

Staphylococcal Scarlet Fever
Staphylococcal scarlet fever is fundamentally a forme fruste of SSSS 
that does not progress beyond the initial stage of a generalized ery-
thematous eruption. However, S. aureus enterotoxins (A through D) 
and toxic shock syndrome toxin 1 (TSST-1) are more frequently associ-
ated with staphylococcal scarlet fever than are ETA and ETB.26 The rash 
is indistinguishable from that of scarlet fever, and Pastia’s lines can 
develop. However, pharyngitis is not usually present and an enanthem 
does not develop. Desquamation, beginning on the face and involving 
most of the body, occurs 2 to 5 days after onset of the scarlatiniform 
rash. Antibiotic treatment (penicillinase-resistant penicillins or alter-
native therapy effective against MRSA) is indicated.

Toxic Shock Syndrome
Toxic shock syndrome is another acute febrile illness with a general-
ized scarlatiniform eruption associated with S. aureus infection. Other 
elements of the syndrome include (1) hypotension (shock), (2) func-
tional abnormalities of three or more organ systems, and (3) desqua-
mation in the evolution of the skin lesions24,27 associated with the 
elaboration of TSST-1 or one of several staphylococcal enterotoxins. 
These exotoxins act as superantigens that activate large numbers of  
T cells, triggering systemic inflammation, distinct from the direct-
acting exfoliative toxins responsible for bullous impetigo and SSSS (see 
Chapter 196).

Folliculitis
Folliculitis is a pyoderma located within hair follicles and the apocrine 
regions. The lesions consist of small (2 to 5 mm), erythematous, some-
times pruritic papules often topped by a central pustule and a fine 
surrounding collar of desquamation.28 Sycosis barbae is a distinctive 
form of deep folliculitis, often chronic, that occurs on bearded areas. 
S. aureus is the usual cause of folliculitis. Pseudomonas aeruginosa 
(most often serotype O-11) has been responsible for folliculitis acquired 
from swimming pools and whirlpools contaminated with large 
numbers of these organisms29; Aeromonas folliculitis has been reported 
rarely in similar settings. This type of skin infection produces pruritic, 
sometimes tender, papulourticarial lesions (appearing within 48 hours 
after exposure) that eventuate in pustule formation. Lesions in different 
stages of development (macules, papules, papulopustules) are present 
simultaneously. Preferred sites include the buttocks, hips, and axillae, 
particularly areas in contact with bathing suits; the palms and soles are 
generally spared. Otitis externa is also a common manifestation. 
Healing occurs spontaneously within 5 days, by drainage or regression. 
Rarely, scarring develops when a pustule progresses to furuncle forma-
tion. If folliculitis is acquired in a whirlpool, the lesions are sharply 
limited to the trunk below the upper part of the chest or neck. Inad-
equate chlorine levels in whirlpools, hot tubs, and swimming pools 

healing occurs without scarring. Mild infections are often missed22 and 
have even been misdiagnosed as nonaccidental scalds in young chil-
dren.23 Rarely, bullous impetigo has been attributed to group A strep-
tococcal infection.

Presumptive Therapy. Extensive bullous impetigo caused by 
MSSA generally responds to treatment with a penicillinase-resistant 
penicillin agent (e.g., dicloxacillin, 25 to 50 mg/kg daily in divided 
doses orally every 6 hours for a child, or amoxicillin-clavulanic acid), 
cephalosporin (e.g., cephalexin, 25 to 50 mg/kg daily in divided doses 
orally every 8 to 12 hours for a child), or erythromycin or clindamycin 
for a penicillin-allergic patient. When MRSA is widespread in the 
community, culture and initial oral therapy with co-trimoxazole, 
clindamycin, or linezolid may be considered for mild to moderate 
disease, with initial intravenously administered vancomycin reserved 
for patients with widespread disease.

Staphylococcal Scalded Skin Syndrome
SSSS is the most severe and systemic manifestation of infection with 
S. aureus strains producing an exfoliative exotoxin; it is characterized 
by widespread bullae and exfoliation.21,24 Pemphigus neonatorum 
(Ritter’s disease) is SSSS in the neonate. The more general term toxic 
epidermal necrolysis is often used to encompass both SSSS and a mor-
phologically similar syndrome of various causes (drug reactions, viral 
illnesses; see Chapter 196). SSSS has been associated with both MSSA 
and MRSA.

Clinical Manifestations. SSSS usually occurs in younger children 
but can rarely develop in adults. Epidemics have occurred in neonatal 
nurseries.25 SSSS begins abruptly (sometimes a few days after a recog-
nized staphylococcal infection) with fever, skin tenderness, and a scar-
latiniform rash. The Nikolsky sign can be demonstrated. Large, flaccid, 
clear bullae form, promptly rupture, and result in the separation of 
sheets of skin. New bullae appear over a period of 2 to 3 days. Exfolia-
tion exposes large areas of bright red skin surface (Fig. 95-1). S. aureus 

FIGURE  95-1 Staphylococcal scalded skin syndrome in a young 
infant. Exfoliation has occurred on the face, chest, and groin, exposing 
areas of bright red skin surface. 
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Bloodstream invasion can occur unpredictably (although some-
times precipitated by manipulation of the lesions) and can result in 
endocarditis, osteomyelitis or other metastatic foci, and septic shock.43 
Lesions about the upper lip and nose present the special problem of 
possible spread of infection via the facial and angular emissary veins 
to the cavernous sinus.

Presumptive Therapy. Most furuncles are satisfactorily treated by 
the application of moist heat, which promotes localization and drain-
age of the process. A carbuncle, a furuncle with surrounding cellulitis 
or fever, or a furuncle located about the midface generally requires 
antibiotic therapy. Although conventional antistaphylococcal β-lactam 
antibiotics (e.g., dicloxacillin or cephalexin, 500 mg orally every 6 to 8 
hours for an adult) are effective against methicillin-sensitive S. aureus, 
possible MRSA infection requires coverage with a suitable agent such 
as co-trimoxazole, often at generous dosage (e.g., 2 double-strength 
tablets twice daily). In a penicillin-allergic adult, clindamycin (300 mg 
orally every 6 to 8 hours), macrolides, or co-trimoxazole are alterna-
tives, but in many communities there is significant resistance to mac-
rolides and clindamycin. If the lesions are large and fluctuant, surgical 
drainage is indicated. Antibiotic treatment should be continued until 
evidence of acute inflammation has subsided. Patients with moderate 
to severe disease are best treated with initial parenteral therapy (e.g., 
vancomycin, linezolid, daptomycin, or ceftaroline; see Chapter 196).

Management of recurrent furunculosis presents a troublesome 
problem. This disease is not associated with a specific staphylococcal 
clonotype, although Panton-Valentine leukocidin expression appears 
to be a major virulence factor for the development of furuncles regard-
less of methicillin-resistance status.44 Most patients have no definable 
underlying defects in host defenses, although host abnormalities  
(e.g., granulocyte dysfunction, mannose-binding lectin deficiency) 
have been reported rarely45,46; S. aureus colonization (especially nares), 
recurrent skin trauma, and suboptimal hygiene are frequent con-
tributing factors. Prophylaxis of recurrent episodes involves several 
measures:
1. Antibiotic treatment. Systemic antibiotic treatment as described 

should be administered for the most recent episode. Prolonged 
treatment (2 months) is no more effective than a 10- to 14-day 
course in preventing recurrences.

2. General skin care. Antibacterial soap and water should be used to 
reduce the number of S. aureus organisms on the body surface, and 
careful hand washing should be performed after contact with 
lesions. A separate towel and washcloth (carefully washed in hot 
water before reuse) should be reserved for the patient. Chlorhexi-
dine solution (4%), an antimicrobial skin cleanser, hexachloro-
phene, or dilute bleach (0.005%, 12 cup in a 40-gallon tub)47 may be 
used to decrease further staphylococcal skin colonization. Hexa-
chlorophene is contraindicated for use in neonates and infants 
because of potential neurotoxicity.

3. Care of clothing. Sheets and underclothing should be laundered at 
high temperatures and changed daily.

4. Care of dressings. Draining lesions should be covered at all times 
with sterile dressings to prevent autoinoculation, and the dressings 
should be wrapped and promptly disposed of after removal.
Further measures aimed at elimination of nasal carriage and sub-

sequent shedding of S. aureus (MSSA or MRSA) onto the skin may be 
warranted in the management of refractory cases. Intranasal applica-
tion of a 2% mupirocin calcium ointment in a soft paraffin base twice 
daily for 5 days can eliminate short-term S. aureus carriage, with 
longer-term eradication success rates of approximately 60%.48 Mupiro-
cin resistance is very low in unselected community-acquired staphylo-
coccal infections but may be substantial in selected populations.49 
Although oral rifampin has been used to eliminate staphylococcal 
nasal carriage and interrupt a cycle of recurrent furunculosis in  
selected patients, such monotherapy can lead to rapid selection of 
rifampin-resistant strains. Intensive combined topical and systemic 
decolonization strategies (topical chlorhexidine, nasal mupirocin, and 
dual oral therapy with rifampin and doxycycline to prevent rifampin 
resistance) eradicated carriage in 74% of older adult patients colonized 
with MRSA.49 Chlorhexidine resistance is uncommon but has been 
associated with the presence of staphylococcal plasmid-encoded efflux 
pumps and may contribute to decolonization failure.50 Various 

have been responsible for many of the outbreaks reported. P. aerugi-
nosa can also cause superinfection in acne and rosacea after prolonged 
broad-spectrum antibiotic therapy. In granulocytopenic and immuno-
suppressed hospitalized patients, P. aeruginosa O-11 from tap water 
used for washing was implicated in folliculitis that rapidly progressed 
to ecthyma gangrenosum.30 Immersion is not required to develop Pseu-
domonas folliculitis; it has been reported in a toddler exposed to a 
contaminated washcloth and bathmat.31 Folliculitis, often perioral and 
perinasal, caused by Enterobacteriaceae, can occur as a complication 
in patients with acne and rosacea, usually during prolonged courses of 
oral antibiotic therapy.32

Candida may cause folliculitis, typically producing pruritic satellite 
lesions surrounding areas of intertriginous candidiasis, in infants or 
patients receiving prolonged antibiotic or corticosteroid therapy. Mal-
assezia furfur, a common skin saprophyte, may also produce a follicu-
litis with pruritic erythematous papules and papulopustules on the 
trunk, upper extremities, and face, particularly in the setting of diabe-
tes mellitus, corticosteroid administration, or granulocytopenia,33,34 
and may be confused with acne vulgaris.35 These lesions, particularly 
the early papular nodular ones, may suggest those of systemic candi-
diasis, a diagnosis that may seem to be supported by the presence of 
budding yeast forms on Gram-stained material from unroofed lesions. 
Unlike Candida, M. furfur requires lipid-supplemented media for 
primary isolation.

Additional nonbacterial folliculitis syndromes have been associated 
with herpes simplex, particularly in the presentation of severe sycosis 
barbae,36 which may or may not be associated with secondary staphy-
lococcal infection. Folliculitis, localized or disseminated, may occur 
after smallpox vaccination but does not represent progressive cutane-
ous viral infection.37 Folliculitis has been associated with Demodex 
mite infestation38 and rarely with parasitic disease.

Eosinophilic pustular folliculitis, a rare pruritic dermatosis charac-
terized by recurrent crops of follicular papules and pustules with 
eosinophilic infiltration of perifollicular dermis, occurs particularly in 
the setting of acquired immunodeficiency syndrome (AIDS). It resem-
bles bacterial or mycotic folliculitis but is a sterile process confirmed 
by biopsy.39 Amicrobial pustulosis, another noninfectious folliculitis 
syndrome, may develop in normal hosts.40 Folliculitis may develop 
after the use of tyrosine kinase inhibitors and immunomodulatory 
agents, including infliximab.41

Local measures such as saline compresses and topical antibacterial 
agents (e.g., mupirocin) or antifungal agents (e.g., clotrimazole) are 
usually sufficient to control the infection.42 Severe or widespread 
disease (e.g. pseudomonal infection) may respond to oral fluoroqui-
nolone therapy. Severe or refractory lesions should be cultured and 
considered for biopsy to assess uncommon causes of infection or non-
infectious processes.

Furuncles and Carbuncles
Definition and Pathologic Characteristics. A furuncle (boil) is a 
deep inflammatory nodule extending into subcutaneous tissue that 
develops from preceding folliculitis. A carbuncle is a more extensive 
coalescent process involving multiple follicles that extends into the 
subcutaneous fat in areas covered by thick, inelastic skin. In the latter, 
multiple abscesses separated by connective tissue septa develop and 
drain to the surface along hair follicles.17 S. aureus is almost invariably 
the causative agent (see Chapter 196).

Clinical Manifestations. Furuncles occur in skin areas that are 
subject to friction and perspiration and contain hair follicles (especially 
the neck, face, axillae, and buttocks). Predisposing factors include 
obesity, blood dyscrasias, treatment with corticosteroids, defects in 
neutrophil function or number, and probably diabetes mellitus. A 
furuncle begins as a firm, tender, red nodule that soon becomes painful 
and fluctuant. Spontaneous drainage of pus commonly occurs, and the 
lesion subsides. A carbuncle is a larger, deeper, indurated, more serious 
lesion, usually located at the nape of the neck, on the back, or on the 
thighs. Fever and malaise are frequently present, and some patients are 
acutely ill. As the lesion progresses, drainage occurs externally along 
the course of multiple hair follicles. A leukocytosis occurs, particularly 
if the lesion contains a large amount of undrained pus or if a complicat-
ing cellulitis or bacteremia is present.
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painful during incipient necrosis), orf (after exposure to sheep and 
with scab but without large eschar or gelatinous edema), and other 
infection-associated eschars at sites of tick or mite bites (e.g., from 
tularemia, rickettsial spotted fevers, scrub typhus).

Presumptive Therapy. Incision and débridement should be 
avoided because they may increase the likelihood of bacteremia, but 
skin punch biopsy after initiation of antimicrobial therapy may be 
necessary to establish the diagnosis by culture, immunohistochemical 
staining, or polymerase chain reaction (PCR) testing for B. anthracis. 
Almost all naturally occurring strains are susceptible to penicillin, and 
it has been the drug of choice for decades. With the concern that bio-
terrorist attack strains might be weaponized to be resistant to penicil-
lins (and other commonly used antimicrobial agents), the initial 
treatment of cutaneous anthrax with oral ciprofloxacin or doxycycline 
has been recommended (Table 95-2).58 Susceptibility studies of B. 
anthracis strains (both naturally occurring strains and those from the 
recent bioterrorism attack) demonstrate susceptibility to ciprofloxacin, 
tetracyclines, clindamycin, imipenem, rifampin, chloramphenicol, 
aminoglycosides, cefazolin, vancomycin, macrolides, and linezolid.

Erysipelas
Erysipelas is a distinctive type of superficial cellulitis of the skin, with 
prominent lymphatic involvement. It is generally attributed to infec-
tion by group A streptococci (uncommonly, by group C or G strepto-
cocci and rarely by group B streptococci, particularly in neonates, or  
S. aureus).59 Admittedly, the causative pathogen is difficult to identify 
in nonbacteremic cases. A recent systematic review of bacteremic 
patients with erysipelas recovered pathogens in 5% of cases, with half 
caused by group A streptococci, a third due to other β-hemolytic strep-
tococci, and roughly 10% to S. aureus or gram-negative pathogens.60

Clinical Manifestations. Erysipelas is more common in infants, 
young children, and older adults. Formerly, the face was most com-
monly involved, and an antecedent streptococcal respiratory tract 
infection preceded cutaneous involvement in about one third of 
patients. Now, 70% to 80% of erysipelas lesions involve the lower 
extremities and 5% to 20% are on the face.61 Portals of entry may be 
skin ulcers, local trauma or abrasions, psoriatic or eczematous lesions, 
or fungal infections, but often the skin of the involved area is grossly 
intact. In the neonate, erysipelas may develop from an infection of the 
umbilical stump. Predisposing factors include subclinical62 or extensive 

staphylococcal vaccines have not proved effective in preventing recur-
rent furunculosis. Patients with recurrent furunculosis despite conven-
tional treatment should undergo biopsy to assess possible uncommon 
pathogens; extensive furuncles caused by rapidly growing mycobac-
teria were identified in clients of a nail salon who had whirlpool 
footbaths.51

Ecthyma
Clinical Manifestations. The lesions of ecthyma begin in a fashion 
similar to those of impetigo but penetrate through the epidermis. 
Group A streptococci produce the lesions de novo or secondarily infect 
preexisting superficial lesions (e.g., insect bites, excoriations), with 
both mechanisms resulting in the same clinical picture.52 Ecthyma 
lesions most frequently occur on the lower extremities, particularly in 
children and older adults. They consist of punched-out ulcers covered 
by greenish yellow crusts that extend deeply into the dermis and are 
surrounded by raised violaceous margins. Treatment is the same as for 
impetigo. These group A streptococcal infections may lead to deeper 
parenchymal infection and also may trigger poststreptococcal glomer-
ulonephritis.52 Very extensive involvement with complicating bactere-
mia was reported in a patient with AIDS.53 Invasive infections caused 
primarily by P. aeruginosa (ecthyma gangrenosum) may resemble 
streptococcal ecthyma initially but generally occur in compromised 
hosts and have a more aggressive course with frequent bacteremia (see 
later discussion).

Chancriform Lesions: Anthrax
A variety of infections, often with systemic consequences, are charac-
terized by an initial chancriform lesion (see Table 95-1). Of the non-
venereal infections, anthrax has one of the most prominent chancriform 
lesions. (See Chapter 209 for a detailed discussion of anthrax.)

Pathogenesis. In the 20 years before 2001, naturally acquired 
anthrax infections, occurring in those working with raw imported 
wool, animal skins, and similar products contaminated with spores of 
Bacillus anthracis, were rare (<1 case/year) in the United States. Routine 
safety measures for such employees have almost eliminated anthrax 
from this group; sporadic cases still occur in transient workers in fac-
tories (e.g., ventilation repairmen) and in those who directly import 
wool for their own weaving. Most infections occur on the face, neck, 
or arms in an area with a minor abrasion. Rarely, pulmonary infection 
occurs after inhalation of B. anthracis or intestinal anthrax results from 
ingestion of the organism (e.g., after playing animal-skin drums54). A 
bioterrorism-associated anthrax outbreak occurred suddenly in the 
United States in 2001, when B. anthracis spores were mailed in letters 
to Washington, DC, New York City, and Florida.55 Twenty-two cases of 
anthrax ensued, 11 of the cutaneous form and 11 of the inhalation form.

Clinical Manifestations. After an incubation period of 1 to 8 days, 
a painless, sometimes pruritic, papule develops on an exposed area. 
The lesion enlarges, vesiculates (malignant pustule), and becomes sur-
rounded by a wide zone of brawny, erythematous, gelatinous, nonpit-
ting edema.56,57 The edema may become massive in young infants and 
in individuals with lesions on the face or neck and may suggest the 
diagnosis of cellulitis. Malaise and low-grade fever are present. As the 
lesion evolves, the initial vesicle enlarges and becomes hemorrhagic, 
necrotic, and covered by an eschar of variable dimensions (Fig. 95-2). 
Frequently, regional lymphadenopathy is present. Uncommonly, lym-
phangitis occurs from the initial process or from secondary infection. 
At all stages, the lesion remains painless. If untreated, bacteremic dis-
semination of infection from a skin site may occur, accompanied by 
high fever and hypotension. Meningitis may complicate bacteremic 
infection or primary pulmonary anthrax.

The epidemiologic background and the striking appearance of 
extensive gelatinous edema serve to distinguish anthrax from other 
types of chancriform lesions. A staphylococcal pustule or carbuncle 
with a necrotic eschar may be mistaken for early anthrax. However, the 
former is very painful and tender, and the causative agent can usually 
be demonstrated on a Gram-stained smear of material from the lesion. 
Other lesions mimicking the eschar of anthrax include ecthyma 
(usually lacking edema), ecthyma gangrenosum (usually in neutrope-
nic patients with P. aeruginosa bacteremia), brown recluse spider bite 
(primarily in rural areas in southern and southwestern states and 

FIGURE 95-2 Chancriform lesion of anthrax on the forehead. Note 
the prominent surrounding zone of gelatinous edema that is evident 
around the right eyelids. (Courtesy Dr. Louis Weinstein, Boston.)
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progresses much more slowly, may demonstrate central clearing, and 
has less associated fever. An erysipelas-like skin lesion was reported in 
several patients with hypogammaglobulinemia and Campylobacter 
jejuni bacteremia.67

Presumptive Therapy. Mild early cases of erysipelas in an adult 
may be treated with oral penicillin V (500 mg every 6 hours) or initial 
intramuscular procaine penicillin (600,000 units once or twice daily). 
Erythromycin (250 to 500 mg orally every 6 hours) or other macrolides 
are suitable alternatives in allergic patients, although in some areas S. 
pyogenes demonstrates frequent macrolide resistance and clindamycin 
may be more appropriate. For more extensive erysipelas, patients 
should be hospitalized and receive parenteral aqueous penicillin G (2 
million units every 6 hours), a first-generation cephalosporin, or 
ampicillin-sulbactam therapy. Although typical erysipelas can be 
readily distinguished from cellulitis, which can be of staphylococcal or 
streptococcal origin, the differentiation occasionally may not be clear-
cut. Under such conditions, antistaphylococcal therapy (nafcillin, oxa-
cillin, or a first-generation cephalosporin) should be considered. In an 
acutely ill patient or a patient with significant bullous erysipelas, intra-
venous administration of vancomycin is indicated to treat MRSA66 or 
possible nonsusceptible streptococci pending blood culture results. 
Chronic antibiotic suppression (oral penicillin or parenteral benza-
thine penicillin) may reduce the recurrence rate of erysipelas or lower 
extremity cellulitis.68

Cellulitis
Cellulitis is an acute spreading infection of the skin that extends deeper 
than erysipelas and involves the subcutaneous tissues. Group A strep-
tococcus, other β-hemolytic streptococci, and S. aureus are the most 
common causative agents.

Clinical Manifestations. Previous trauma (laceration, abrasion, 
puncture wound), often minor (shaving or athletic abrasion), or an 
underlying skin lesion (furuncle, ulcer, dermatophyte infection) pre-
disposes to the development of cellulitis. Occasionally, secondary cel-
lulitis results from bloodborne spread of infection to the skin and 
subcutaneous tissues; rarely, it is caused by direct spread from subja-
cent infections (subcutaneous abscesses, fistulas from osteomyelitis). 

lymphedema, venous stasis, obesity, paraparesis, diabetes mellitus, 
alcohol abuse, and nephrotic syndrome. Erysipelas tends to occur in 
areas of preexisting lymphatic obstruction or edema (e.g., after a 
radical mastectomy). In addition, because erysipelas itself produces 
lymphatic obstruction, it tends to recur in an area of earlier infection. 
Over a 3-year period, the recurrence rate is about 30%,61 predomi-
nantly in individuals with venous insufficiency or lymphedema. 
Asymptomatic anal colonization with group A or G streptococci63 or 
vaginal carriage of group B streptococci64 may serve as reservoirs in 
individuals with relapsing erysipelas (or cellulitis).

Erysipelas is a painful lesion with a bright red, edematous, indu-
rated (peau d’orange) appearance and an advancing, raised border that 
is sharply demarcated from the adjacent normal skin (Fig. 95-3). Fever 
is a feature. Erysipelas commonly involves the bridge of the nose and 
cheeks. Uncomplicated erysipelas remains confined primarily to the 
lymphatics and the dermis. Bullous erysipelas is a complication of 
severe disease that is observed in about 5% of cases. The bullae are 
flaccid and intraepidermal, and cultures of blister fluid are often sterile 
before erosion occurs65; in some cases, S. pyogenes or S. aureus or both 
have been recovered, including MRSA strains.66 Occasionally, the 
infection extends more deeply and produces cellulitis, subcutaneous 
abscess, and necrotizing fasciitis.

Leukocytosis is common. Group A streptococci usually cannot be 
cultured from the surface of the skin lesion, and only rarely can they 
be isolated from punch biopsy or tissue fluid aspirated from the 
advancing edge of the lesion. In cases of erysipelas complicating 
infected ulcers, group A streptococci have been isolated from the  
ulcerated area in 30% of patients.

Differential Diagnosis. The diagnosis is made on the basis of the 
appearance of the lesion and the clinical setting. Early herpes zoster 
involving the second division of the fifth cranial nerve may resemble 
unilateral facial erysipelas but can be distinguished by the pain and 
hyperesthesia preceding the skin lesions. Occasionally, contact derma-
titis or giant urticaria may look like erysipelas but can be distinguished 
by the absence of fever and the presence of pruritus. Lesions closely 
resembling erysipelas, but apparently not caused by streptococcal 
infection, may occur repeatedly in patients with familial Mediterra-
nean fever. Diffuse inflammatory carcinoma of the breast may mimic 
low-grade erysipelas. Erythema chronicum migrans, the cutaneous 
lesion of Lyme disease, resembles erysipelas but is not painful, 

TABLE 95-2  Initial Oral Antimicrobial Therapy 
for Cutaneous Anthrax When Risk of 
Bioterrorism Exists

DRUG DOSAGE DURATION
Adults
Ciprofloxacin 500 mg q12h 60 days*†

or

Doxycycline 100 mg q12h

Children
Ciprofloxacin 10-15 mg/kg q12h (not to exceed 

1 g/day)
60 days*†

or

Doxycycline‡

 >8 yr and >45 kg 100 mg q12h

 >8 yr and ≤45 kg 2.2 mg/kg q12h

 ≤8 yr 2.2 mg/kg q12h

*Previously, treatment recommended for cutaneous anthrax was for 7 to 10 days; 
this was increased to 60 days in the setting of bioterrorism risks because of the 
likelihood of concomitant aerosol exposure.

†Amoxicillin, 500 mg orally q8h for an adult (or 80 mg/kg/day, divided q8h for a 
child), is an option for completion of treatment after clinical improvement.

‡Use of tetracyclines is warranted in children because of the seriousness of the 
infection.

See also Chapter 209.
Modified from Centers for Disease Control and Prevention. Update: Investigation 

of bioterrorism-related anthrax and interim guidelines for exposure management 
and antimicrobial therapy, October 2001. MMWR Morb Mortal Wkly Rep. 2001;
50:909-919. FIGURE 95-3 Facial erysipelas involving both cheeks and bridge 

of nose. The sharp demarcation between the bright red area of erythema 
and the normal surrounding skin is evident. (From Fitzpatrick TB, Eisen AZ, 
Wolff K, et al, eds. Dermatology in General Medicine. New York: McGraw-
Hill; 1971.)
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of facial cellulitis in infants in the 3- to 24-month age group.76 Com-
plicating bacteremia was frequently present. Rarely, pneumococcal 
facial cellulitis acquired through the bacteremic route presents in chil-
dren77 and in adults with a variety of underlying systemic risk factors.78 
Soft tissue infections by the pneumococcus can bear a striking resem-
blance to streptococcal erysipelas. A rare but particularly troublesome, 
chronic, and progressive form of cellulitis, known as dissecting cellu-
litis of the scalp or perifolliculitis capitis, is probably similar to hydrad-
enitis suppurativa and acne conglobata in pathogenesis. The clinical 
features consist of recurrent painful, fluctuant dermal and subcutane-
ous nodules, purulent drainage from burrowing interconnecting 
abscesses, scarring, and alopecia. S. aureus is most commonly isolated. 
Effective treatment has involved wide excision and skin grafting. A 
variety of anti-inflammatory regimens, including isotretinoin, dapsone, 
and infliximab, have been reported to be successful in case reports in 
the literature.

A polymorphonuclear leukocytosis is usually present, regardless of 
the bacterial cause of cellulitis. Although culture of needle aspirates 
from areas of cellulitis is not indicated ordinarily because of generally 
low sensitivity rates, such studies provide the best information on likely 
pathogens.79-81 Collected in several studies, a pathogen was identified 
in 30% of 284 patients. Gram-positive bacteria (mainly S. aureus, group 
A streptococci, group B streptococci, viridans streptococci, and Entero-
coccus faecalis) represented 79%; the remainder were gram-negative 
bacilli (Enterobacteriaceae, H. influenzae, Pasteurella multocida, P. 
aeruginosa, and Acinetobacter spp.). Cultures of ulcers and abrasions 
contiguous with areas of cellulitis have shown similar gram-positive 
pathogens (S. aureus or group A streptococci, or both). It is reasonable 
to consider diagnostic aspiration only if unusual pathogens are sus-
pected (e.g., in immunocompromised patients), fluctuant areas are 
detected, or initial antimicrobial therapy has been unsuccessful.

A broader spectrum of pathogens has been isolated from deep 
wounds or débrided tissue in diabetic patients with limb-threatening 
infections (including cellulitis).82 These include gram-positive aerobes 
in the majority of patients (S. aureus including methicillin-resistant 
S. aureus, Enterococcus spp., and various streptococcal species), with 

Within several days after the inciting trauma, local tenderness, pain, 
and erythema develop and rapidly intensify. Malaise, fever, and chills 
develop. The involved area is often extensive, with marked erythema, 
warmth, and swelling. In contrast to erysipelas, the borders of a cel-
lulitic area are not elevated and sharply demarcated; patchy involve-
ment with skip areas may occur. Regional lymphadenopathy is 
common, and bacteremia can occur. Local abscesses may develop, and 
small patches of overlying skin may subsequently undergo necrosis.  
A nidus of suppuration with surrounding cellulitis is a hallmark of 
staphylococcal cellulitis, although this diagnostic finding is not always 
present. Superinfection with gram-negative bacilli may supervene.

Cellulitis caused by group A streptococci may occur as a postopera-
tive wound infection. Although it is uncommon today, it is particularly 
noteworthy because of the rapidity with which it can spread and invade 
the bloodstream. Such infection may be manifested within 6 to 48 
hours after surgery (comparable to the short incubation period of 
postoperative clostridial myonecrosis), earlier than the usual postop-
erative staphylococcal infection, which is not evident for at least several 
days after surgery. Hypotension, often associated with bacteremia, may 
be the initial sign of infection, before significant incisional erythema 
is evident. A thin serous discharge may be expressed on compression 
of the wound margins, and streptococci can be identified on a Gram-
stained smear.

Cellulitis is a serious disease because of the propensity of infection 
to spread via the lymphatics and bloodstream. Cellulitis of the lower 
extremities in older patients may be complicated by thrombophlebitis. 
In patients with chronic dependent edema, cellulitis may spread 
extremely rapidly.

A form of cellulitis that is distinctive by virtue of its clinical setting 
occurs in the lower extremities of patients whose saphenous veins have 
been harvested for coronary artery bypass surgery.69 Occasionally, an 
associated lymphangitis is present. In some patients, episodes of cel-
lulitis are recurrent. Systemic manifestations such as chills, high fever, 
and toxicity are prominent. The area of cellulitis extends along the 
course of the saphenous venectomy, with marked edema, erythema, 
and tenderness. Occasionally, the involved areas are somewhat similar 
to those observed in erysipelas (pseudoerysipelas). Although a bacte-
rial cause has not been defined in most cases, isolates available from 
involved skin or blood implicate non–group A β-hemolytic strepto-
cocci (groups C, G, and B) as major causes. The portal of entry of the 
infection is often an associated area of tinea pedis. The combination of 
compromised lymphatic drainage and minor venous insufficiency after 
saphenous venectomy may result in lower leg edema, a favorable 
setting for cellulitis. Endoscopic venous harvesting appears to have a 
lower risk for postoperative lower extremity cellulitis than open venec-
tomy.70 The inflammation from an initial episode of cellulitis, erysip-
elas, or lymphangitis obstructs lymphatic drainage, enhancing the 
predisposition to further episodes of infection. Other variants of post-
operative cellulitis or predispositions to cellulitis have been described 
(Table 95-3).71-73

Recurrent episodes of cellulitis or pseudoerysipelas caused by 
group B and G streptococci have also occurred in patients with lower 
extremity lymphedema secondary to radical pelvic surgery, radiation 
therapy, or neoplastic involvement of pelvic lymph nodes.71 Typically, 
the cellulitis involves the vulva, inguinal areas, and both lower extremi-
ties. In this setting, recurrent episodes have occurred in association 
with recent coitus.74 An uncommon but distinctive form of streptococ-
cal cellulitis, perianal group A streptococcal cellulitis, occurs princi-
pally in children.75 The clinical features consist of perianal pruritus, 
purulent secretions, intense perianal erythema, pain on defecation, 
blood-streaked stools from anal fissures, and chronicity (months) if 
not treated with penicillin. Relapse is common because perianal colo-
nization often persists despite appropriate systemic oral therapy and 
because eradication attempts with clindamycin or rifampin are not 
consistently effective.

Depending on the clinical setting, cellulitis caused by a number of 
nonstreptococcal pathogens may be seen.76 Before routine immuniza-
tion of infants with the conjugated protein polysaccharide Haemophi-
lus influenzae type b vaccine, buccal cellulitis, originating in the upper 
respiratory tract, often demonstrating a bluish (blue dome) appearance 
and caused by H. influenzae type b, accounted for up to 25% of cases 

TABLE 95-3  Anatomic Variants of or 
Predispositions to Cellulitis

ANATOMIC VARIANT 
OR PREDISPOSITION LOCATION

LIKELY BACTERIAL 
CAUSE

Periorbital cellulitis Periorbital Staphylococcus aureus, 
Streptococcus 
pneumoniae, group A 
streptococci

Buccal cellulitis Cheek Haemophilus influenzae 
type b

Cellulitis complicating body 
piercing

Ear, nose, 
umbilicus

S. aureus, group A 
streptococci

After mastectomy (with 
axillary node dissection)63

Ipsilateral upper 
extremity

Non–group A β-hemolytic 
streptococci

After lumpectomy (with 
limited axillary node 
dissection, breast 
irradiation)64

Ipsilateral breast Non–group A β-hemolytic 
streptococci

After saphenous vein 
harvest for coronary 
artery bypass

Ipsilateral leg Group A or non–group A 
β-hemolytic streptococci

After radical pelvic surgery, 
radiation therapy

Vulva, inguinal 
areas, legs

Group B and group G 
streptococci

After liposuction Thigh, abdominal 
wall

Group A streptococci, 
peptostreptococci

Postoperative (very early) 
wound infection

Abdomen, chest, 
hip

Group A streptococci

Injection drug use (“skin 
popping”)

Extremities, neck S. aureus, streptococci 
(groups A, C, F, G)*

Perianal cellulitis Perineum Group A streptococcus

*Other bacteria to consider based on isolation from skin or abscesses in this 
setting include Enterococcus faecalis, viridans group streptococci, coagulase-
negative staphylococci, anaerobes (including Bacteroides and Clostridium spp.), 
and Enterobacteriaceae.
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neutropenic patients with underlying hematologic malignancy, often 
with accompanying septic shock.97

A variety of processes that resemble cellulitis in appearance should 
be distinguished from it.98 These include infections as well as inflam-
matory and neoplastic entities (Table 95-4).

Envenomation after puncture wounds by the spines of a stonefish 
(indigenous to shallow waters of the South Pacific) produces local 
edema and erythema that may suggest acute bacterial cellulitis acquired 
in seawater.99 This reaction may be accompanied by serious systemic 
toxicity, including acute pulmonary edema.

Familial Mediterranean fever is seen in Sephardic Jews and in those 
from the Middle East. Patients have a history of previous bouts of fever, 
sometimes accompanied by cellulitis-like, noninfectious episodes of 
localized erythema and often by crises of abdominal pain.100

Sweet’s syndrome consists of the acute development of tender ery-
thematous pseudovesiculated plaques, fever, and neutrophilic leukocy-
tosis, often associated with malignancy.101 If lesions occur on the face, 
they may suggest erysipelas or periorbital cellulitis.102

Kawasaki disease occurs in infancy or childhood and is character-
ized by fever, conjunctivitis, acute cervical lymphadenopathy, and a 
polymorphic eruption. Facial rash and conjunctivitis may suggest peri-
orbital cellulitis,103 and trunk and especially perineal involvement may 
suggest cellulitis. The constellation of clinical and laboratory findings 
typically supports the diagnosis of Kawasaki disease.

The appearance and clinical features of Wells’ syndrome (eosino-
philic cellulitis) consist of urticaria-like, moderately erythematous, 
edematous lesions that develop rapidly and are often accompanied by 
fever. It can be distinguished from the usual bacterial cellulitis by its 
minimal tenderness, lack of local heat, and failure to respond to anti-
biotics. Biopsy of the early lesion shows marked infiltration of the 
dermis with eosinophils. The lesions resolve in several weeks but fre-
quently recur and respond to corticosteroid therapy.104

Lymphatic cutaneous metastases from neoplasms, particularly 
adenocarcinoma, may produce a localized, edematous, erythematous 
lesion resembling cellulitis. First described as inflammatory carcinoma 
of the breast, carcinoma erysipeloides involves the skin overlying the 
site of the primary tumor or at sites of distant metastases. Progression 
is slower than that of cellulitis, and fever is not a feature.105 Very rarely, 
lymphomatous involvement of subpectoral or retromammary nodes 
may produce an erythematous lymphedema of the breast, suggesting 
subacute cellulitis or inflammatory carcinoma of the breast.

Presumptive Therapy. Concern regarding MRSA infection has 
complicated routine empirical cellulitis therapy.17,106,107 Traditionally, 

common recovery as well of both gram-negative aerobes (Enterobac-
teriaceae, Acinetobacter, P. aeruginosa) and anaerobes (Bacteroides, 
Peptococcus). In cellulitis complicating decubitus ulcers, this broad 
range of microorganisms also should be considered as potential patho-
gens. If this complication develops in a hospitalized patient, resistant 
nosocomial pathogens should be considered when deciding on empiri-
cal antibiotic coverage.82 Helicobacter cinaedi cellulitis and bacteremia 
have been reported in immunocompetent patients recovering from 
orthopedic surgery.83

Blood cultures are positive in only 2% to 6% of patients with 
community-acquired cellulitis,60,80,81 although, recently, positive blood 
cultures were reported in 18.5% of patients using automated continu-
ous monitoring blood culture technology.84 Roughly three-fourths of 
isolates are group A or other β-hemolytic streptococci (particularly 
group C or G), or S. aureus, and the remainder are diverse gram-
negative pathogens, including H. influenzae, P. multocida, P. aerugi-
nosa, Enterobacteriaceae, or Vibrio vulnificus. Blood cultures appear 
to be positive more frequently with cellulitis superimposed on 
lymphedema.85

Environmental exposures are often important risk factors for the 
development of cellulitis. Erysipelothrix rhusiopathiae is the causative 
agent of erysipeloid, a somewhat indolent cellulitis occurring princi-
pally in persons who handle saltwater fish, shellfish, poultry, meat, and 
hides86 (see Chapter 211). The infection, which usually occurs in the 
summer, is introduced through an abrasion on the hands. A painful 
violaceous area appears within 1 week after the injury. As the process 
spreads peripherally with distinct raised borders, the central portion 
of the lesion clears. Ulceration is not a feature. Occasionally, an adja-
cent joint is involved; rarely, bacteremia and endocarditis may follow. 
The causative organism is not usually observed in Gram-stained drain-
age from the lesion but may be isolated on culture of a biopsy specimen 
taken from the advancing margin of the lesion. The development of a 
typical lesion in a person handling fish or meat products suggests the 
diagnosis. Other forms of bacterial cellulitis or erysipelas may resemble 
erysipeloid, particularly if the lesion is on the hand and evolves gradu-
ally. A somewhat similar lesion of unknown origin, called seal finger, 
occurs in aquarium workers and veterinarians secondary to seal bites 
or trauma sustained in caring for these animals. Although penicillin is 
the antibiotic of choice for the treatment of erysipeloid, it appears that 
seal finger responds to tetracycline.87 Aeromonas hydrophila, a gram-
negative bacillus found particularly in lakes, rivers, and soil, may 
produce an acute cellulitis after introduction of the organism through 
a laceration acquired during swimming in fresh water. These infections 
occur most often in spring and summer.88

Cellulitis, bullous lesions, or necrotic ulcers may complicate infec-
tion of a traumatic wound sustained in salt water (or brackish inland 
waters)89 or from contact with raw seafood. Such infections, caused by 
Vibrio species (primarily V. vulnificus but also occasionally Vibrio algi-
nolyticus, non–serogroup O1 Vibrio cholerae, and Vibrio parahaemo-
lyticus), can result in bacteremia and progress to necrosis, which 
requires extensive surgical débridement.90 A rapidly progressive 
primary septicemia caused by V. vulnificus may occur after entry of 
the organism through the gastrointestinal tract (e.g., consumption of 
raw oysters) rather than through abraded skin. Cellulitis with hemor-
rhagic skin bullae often occurs rapidly after the bacteremia. Particu-
larly at risk for the septicemic form of disease are patients with alcoholic 
cirrhosis, hemochromatosis, or thalassemia—presumably as a result of 
enhanced growth of V. vulnificus mediated by these processes with 
enhanced iron storage. These vibrios are generally susceptible in vitro 
to tetracyclines, chloramphenicol, the aminoglycosides, and third-
generation cephalosporins. Tetracyclines have been considered first-
line treatment of V. vulnificus infections, with cefotaxime and 
ciprofloxacin as alternatives.76 A variety of bacteria (Serratia, Proteus, 
other Enterobacteriaceae, Campylobacter [both C. fetus and C. jejuni] 
and Helicobacter cinaedi91) and fungi (Cryptococcus neoformans,92 
Fusarium spp.93) that rarely cause cellulitis in healthy individuals may 
produce bloodborne cellulitis in an immunocompromised or granulo-
cytopenic patient. Legionella species have very rarely produced cellu-
litis (L. pneumophila in association with pneumonia94 and L. micdadei 
in a renal transplant recipient95). Spontaneous Escherichia coli cellulitis 
occurs in children with symptomatic nephrotic syndrome96 and in 

TABLE 95-4   Infectious and Noninfectious 
Processes to Be Distinguished from Cellulitis

Infections
Necrotizing fasciitis types I and II

Anaerobic myonecrosis (gas gangrene)

Cutaneous anthrax with prominent surrounding gelatinous edema

Prominent response to vaccination with vaccinia

Erythema chronicum migrans lesion of Lyme disease

Inflammatory and Neoplastic Processes
Insect bite (hypersensitivity response)

Fixed drug reaction

Envenomation from spines of stonefish

Acute gout

Deep venous thrombophlebitis of lower extremity

Familial Mediterranean fever–associated cellulitis-like erythema

Pyoderma gangrenosa (particularly lesions starting in subcutaneous fat as acute 
panniculitis)

Sweet’s syndrome (acute febrile neutrophilic dermatosis)

Kawasaki disease

Wells’ syndrome (eosinophilic cellulitis/fasciitis)

Carcinoma erysipeloides

Modified from Swartz MN. Clinical practice. Cellulitis. N Engl J Med. 
2004;350:904-912. Copyright © 2004 Massachusetts Medical Society.

http://www.myuptodate.com


C
h

ap
ter 95 Cellulitis,	N

ecrotizing	Fasciitis,	and	Subcutaneous	Tissue	Infections
1203

an antimicrobial agent targeted to more common pathogens is indi-
cated; alternatively, a combination of ceftazidime plus gentamicin may 
be used.

Initial local care of cellulitis includes immobilization and elevation 
of the involved limb to reduce swelling and application of a cool, sterile, 
saline dressing to remove purulent exudate from any associated ulcer 
or infected abrasion and to decrease local pain. Patients who have cel-
lulitis at the saphenous site after coronary bypass surgery and fungal 
infection in the interdigital spaces should be treated topically for the 
latter with miconazole, clotrimazole, or terbinafine. The initial antibi-
otic (e.g., cefazolin) should be given by the intravenous route for 3 to 
5 days, until fever abates and skin findings begin to resolve, to ensure 
prompt resolution before switching to other routes of therapy. Atten-
tion to the problem of tinea pedis before bypass surgery can prevent 
this form of cellulitis. Similar prompt attention to pedal epidermophy-
tosis in patients who have had one such episode of cellulitis can obviate 
subsequent episodes.

Recurrent episodes of cellulitis usually occur in patients with 
peripheral edema. The use of support stockings and good skin hygiene 
can reduce its frequency or eliminate recurrences. Patients with lymph-
edema may benefit from regular pneumatic lymphatic press treatments 
to improve chronic lymphedema and reduce the frequency of recurrent 
infections.112 In the occasional patient who continues to have frequent 
episodes of cellulitis or erysipelas despite such measures, prophylactic 
monthly benzathine penicillin, oral penicillin V (250 to 500 mg twice 
daily),113 or erythromycin (250 mg orally once or twice daily) for the 
penicillin-allergic patient may be indicated.17

Membranous Ulcers
Infected ulcers of varied or mixed bacterial origin may be covered at 
their base by a layer of necrotic debris resembling a membrane. The 
latter is not usually strongly adherent and can be removed without 
much difficulty. In addition, such a lesion generally has abundant 
purulent drainage, attributable to infection with pyogenic bacteria. 
Membrane-covered lesions (both superficial and deep ulcers) are also 
produced by cutaneous infection with Corynebacterium diphtheriae.

Cutaneous Diphtheria
Cutaneous diphtheria (see Chapter 206) is uncommon in developed 
countries; most cases occur in unimmunized persons in overcrowded, 
underdeveloped parts of the world, particularly in tropical areas and 
in republics of the former Soviet Union, and are associated with skin 
trauma including insect bites, poor hygiene, and inadequate immuni-
zation. Endemic toxigenic C. diphtheriae has been documented among 
Northern Plains Native Americans and among the urban destitute in 
Vancouver, British Columbia.114 In addition, cutaneous diphtheria has 
been imported by travelers returning from areas of endemic diphthe-
ria, including the republics of the former Soviet Union.

Clinical Manifestations. Three types of cutaneous lesions have 
been described in cutaneous diphtheria: (1) wound diphtheria—
secondary C. diphtheriae infection of a preexisting wound, which 
becomes partially covered by a membrane and encircled by a zone of 
erythema; (2) primary cutaneous diphtheria—a disease of the tropics 
that begins as a single pustule or as several pustules, usually on a lower 
extremity, and progresses to form a punched-out ulcer covered by a 
gray-brown membrane; and (3) superinfection of eczematized skin 
lesions—a superficial membranous infection. C. diphtheriae has also 
been isolated from lesions resembling impetigo, ecthyma, and infected 
insect bites, where they may represent true infections or merely a 
cutaneous carrier state.115 Chronic, nonhealing skin ulcers in intrave-
nous drug users that are caused by trauma and are infected with S. 
aureus or various types of streptococci have been found on occasion 
to be superinfected with nontoxigenic strains of C. diphtheriae.116 Cuta-
neous diphtheria may be as contagious as the respiratory form of the 
disease among schoolchildren.

Occasionally, membranous pharyngitis accompanies cutaneous 
diphtheria. However, 20% to 40% of patients with cutaneous diphtheria 
carry C. diphtheriae in their upper respiratory tract.115 Myocarditis is 
extremely rare as a complication of cutaneous diphtheria, but cranial 
nerve palsies and Guillain-Barré syndrome occur in 3% to 5% of 
patients with membranous diphtheritic skin ulcers.

β-lactam antibiotics active against penicillinase-producing S. aureus 
were administered for the initial treatment of cellulitis because the 
great majority of cases were caused by streptococci or MSSA; cepha-
losporins were sometimes used for lower extremity infection, particu-
larly when comorbid conditions (diabetes mellitus, peripheral vascular 
disease) or trauma was present. Streptococcal cellulitis typically has a 
more acute presentation and progression than staphylococcal disease, 
and β-lactam therapy can be initiated in this setting. More indolent 
cellulitis or infection associated with a focal abscess, pustule, or eschar 
is more suggestive of staphylococcal disease and should be addressed 
initially with therapy effective against MRSA.108 The recently released 
Infectious Diseases Society of America practice guidelines distinguish 
between purulent and nonpurulent cellulitis; empirical therapy for the 
former should be targeted toward MRSA, whereas empirical therapy 
for the latter may still include a penicillinase-resistant β-lactam to 
treat hemolytic streptococci and MSSA.107 After initiating empirical 
therapy, it is crucial to monitor patients closely and to revise therapy 
if there is a poor response to initial treatment. Intravenous antibiotic 
therapy is essential if the lesion is rapidly spreading, the systemic 
response is prominent, or there are significant comorbidities (i.e., 
asplenia, neutropenia, immunocompromise, cirrhosis, cardiac or renal 
failure, local trauma, or preexisting edema). Cefazolin (1.0 to 1.5 g IV 
every 8 hours) or nafcillin (2.0 g IV every 4 to 6 hours) is a reasonable 
choice for an average-risk adult with moderately severe nonpurulent 
cellulitis. When addressing severe cellulitis or moderate disease in 
high-risk individuals as well as in penicillin-allergic individuals, van-
comycin (1.0 g IV every 12 hours) or linezolid (0.6 g IV every 12 
hours) is indicated. Once-daily intravenously administered daptomy-
cin is also an option for treatment of MRSA staphylococcal soft tissue 
infections; the newly marketed “fifth generation” cephalosporin cef-
taroline may evolve to become a more common cost-effective second-
line therapy against MRSA skin infections.109 After nafcillin therapy for 
nonpurulent cellulitis, dicloxacillin or cephalexin (0.5 g every 6 to 8 
hours) or a longer-acting agent (e.g., cefadroxil 0.5 to 1.0 g once or 
twice daily) may be given once fever abates and skin lesions begin to 
resolve. Follow-up oral therapy for adult patients with MRSA infection 
requires linezolid, 0.6 g every 12 hours; clindamycin may be used if 
MRSA is recovered from purulent material and sensitivity is confirmed 
in vitro. In many communities, MRSA isolates have significant rates of 
clindamycin resistance. If the cellulitis is early and mild and no signifi-
cant comorbidities are present, initial therapy with the previously 
noted oral follow-up antimicrobial agents may be used initially. 
Although co-trimoxazole is not approved by the U.S. Food and Drug 
Administration (FDA) for the treatment of MRSA skin and soft tissue 
infections, it is widely utilized to treat proven and presumed staphylo-
coccal (especially MRSA) skin infections.110 However, a recent pro-
spective trial assessing the benefit of oral co-trimoxazole in addition 
to cephalexin for the treatment of outpatient cellulitis showed no 
added benefit.111

Cellulitis in the setting of a diabetic foot infection may involve a 
much wider spectrum of potential pathogens and warrants broader 
antimicrobial coverage, such as ampicillin-sulbactam (3.0 g IV every 6 
hours in adults), imipenem-cilastatin or meropenem, or other antimi-
crobial combinations targeting anaerobes as well as gram-positive and 
gram-negative aerobes.82 Vancomycin coverage against MRSA is fre-
quently administered as well, particularly in patients who have had 
prior MRSA infection, reside in areas of high MRSA incidence, or have 
severe infection.82

Specially tailored initial antimicrobial therapy is warranted if addi-
tional bacterial species are likely to be involved in cellulitis after 
unusual exposures. These include human or animal bites, for which 
initial therapy might involve ampicillin-sulbactam given intravenously 
or amoxicillin-clavulanate (500 mg orally every 8 hours or 875 mg 
every 12 hours in an adult). In the setting of cellulitis after an abrasion 
or laceration occurring with saltwater exposure, in which V. vulnificus 
might be the pathogen, treatment with doxycycline (200 mg IV daily 
in two divided doses) along with an antimicrobial agent targeted  
to pathogens that are more common is appropriate. Similarly, in  
the setting of cellulitis after an abrasion or laceration occurring with 
freshwater exposure, in which A. hydrophila might be involved, treat-
ment with ciprofloxacin (400 mg IV every 12 hours) along with  
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into a sharply demarcated area covered by necrotic eschar and sur-
rounded by a border of erythema. The process at this point resembles 
a third-degree burn, for which it could be mistaken if a history were 
not available. Lymphangitis is rarely evident. Extensive necrotic slough-
ing can result because of deep penetration of the infection along fascial 
planes. Bacteremia, metastatic abscesses, and death may result from 
this life-threatening illness if appropriate combined antibiotic therapy 
and surgical exploration are not initiated promptly. Secondary throm-
bophlebitis may be a complication if the lower extremities are involved. 
Streptococci can usually be cultured from the early bullous lesions and 
frequently from blood.

Progressive Bacterial Synergistic Gangrene. This distinctive lesion 
usually occurs after infection at an abdominal operative wound site 
(frequently when wire sutures have been used) or abutting an ileos-
tomy or colostomy, fistulous tract, or a chronic ulcer on an extremity.122 
It begins as a local tender area of swelling and erythema that subse-
quently ulcerates. The painful shaggy ulcer gradually enlarges and is 
characteristically encircled by a margin of gangrenous skin (Fig. 95-4). 
Surrounding the latter is a violaceous zone that fades into an outer, 
pink, edematous border area. If untreated, the process extends slowly 
but relentlessly, ultimately producing an enormous ulceration.

Microaerophilic or anaerobic streptococci can be recovered from 
aspirates of the advancing margin of the lesion, and S. aureus (or 
occasionally Proteus or other gram-negative bacilli) are present in the 
ulcerated area. Meleney122 reproduced similar lesions by experimen-
tally injecting both microaerophilic streptococci and S. aureus (but not 
either alone) into the skin of animals. Similar lesions can be seen rarely 
with amebic (Entamoeba histolytica) cutaneous gangrene at abdominal 
or thoracic operative wound sites. These should be considered in 
appropriate settings123,124 so that appropriate measures (e.g., stool 
examination for amebas, serologic tests, periodic acid–Schiff stain of 
scrapings, or biopsy of the lesion) can be undertaken to exclude this 
diagnosis.

Gas Gangrene, Anaerobic Cellulitis, and Other Forms of Crepitant 
Cellulitis. See Chapters 96 and 248 and the section “Subcutaneous 
Tissue Infections and Abscesses” in this chapter.

Gangrenous Cellulitis in Immunocompromised Hosts. The causes 
of cellulitis in a compromised host include agents that produce such 

Laboratory Findings. Characteristic beaded, metachromatically 
staining bacilli can be found in methylene blue–stained smears of the 
edge of the membrane, but the diagnosis can be established only by 
isolation of C. diphtheriae from a suggestive skin lesion. Selective 
media (cystine tellurite blood agar or fresh Tindale’s medium) are nec-
essary for isolation to inhibit other bacteria in skin ulcers; a specific 
request for C. diphtheriae culture generally is required. In addition to 
isolation of the organism, toxigenicity should be demonstrated by an 
Elek plate (agar diffusion precipitin reaction), by diphtherial toxin gene 
analysis by PCR assay, or by guinea pig inoculation (dermonecrosis).117

Differential Diagnosis. Pyogenic infection of ulcerated traumatic 
lesions is usually purulent, and the lesions are not covered by a mem-
brane. Cutaneous fungal infections have more proliferative and irregu-
lar margins. The early stages of primary cutaneous diphtheria and 
secondary infection of insect bites and abrasions with C. diphtheriae 
may closely resemble those of impetigo.

Presumptive Therapy. If a presumptive diagnosis of ulcerative 
cutaneous diphtheria is made on clinical grounds and on the basis of 
preliminary bacteriologic findings, antitoxin (20,000 to 40,000 units 
IM or IV) is administered after testing for sensitivity to horse serum. 
Antibiotic administration (erythromycin, 2.0 g/day orally, or procaine 
penicillin, 1.2 to 2.4 million units/day IM for 7 to 10 days in an adult) 
also assists in elimination of the convalescent carrier state. Removal of 
necrotic debris aids in healing of the lesions.

Infectious Gangrene (Gangrenous Cellulitis)
Infectious gangrene is a rapidly progressive cellulitis with extensive 
necrosis of subcutaneous tissues and the overlying skin. Several clini-
cally distinct syndromes are recognized, depending on the specific 
causative organism, anatomic location of the infection, and pre-
disposing conditions. Such clinical entities include the following:  
(1) necrotizing fasciitis (type I, or polymicrobial, often including 
Enterobacteriaceae and anaerobes; type II, or streptococcal gangrene 
caused by S. pyogenes); (2) gas gangrene (clostridial myonecrosis) and 
anaerobic cellulitis; (3) progressive bacterial synergistic gangrene;  
(4) synergistic necrotizing cellulitis, perineal phlegmon, and gangre-
nous balanitis; (5) gangrenous cellulitis in an immunosuppressed 
patient; and (6) very localized areas of skin necrosis complicating con-
ventional cellulitis.

Pathologic Characteristics and Pathogenesis. The pathologic 
changes of gangrenous cellulitis are those of necrosis and some hemor-
rhage in the skin and subcutaneous tissues. In most types of gangre-
nous cellulitis, an abundant polymorphonuclear leukocytic exudate is 
present, but in clostridial myonecrosis, the exudate is thin and consists 
of fluid, fibrin, and gas but few leukocytes. Fibrin thrombi are fre-
quently present in small arteries and veins of the dermis and subcuta-
neous fat, particularly in streptococcal gangrene.118 In most cases, 
gangrenous cellulitis develops after introduction of the infecting 
organism at the infected site. It may also result from extension of infec-
tion from a deeper focus to involve the subcutaneous tissues and skin, 
as in clostridial myonecrosis after intestinal surgery or in perineal 
phlegmon after dissection of infection from a perirectal abscess. Occa-
sionally, gangrenous cellulitis begins at a site of metastatic infection in 
the course of a bacteremia (e.g., clostridial myonecrosis caused by 
Clostridium septicum at a peripheral site secondary to spread from an 
associated colonic neoplasm or Pseudomonas gangrenous cellulitis).
Clinical Manifestations
Streptococcal Gangrene. Streptococcal gangrene is a rare form of cuta-
neous and subcutaneous gangrene caused by group A (or C or G) 
streptococci, involving the superficial fascia but generally sparing the 
deep fascial (muscle fascia) layer, that usually develops at a site of 
trauma on an extremity but may occur in the absence of an obvious 
portal of entry. Like necrotizing fasciitis type II (see later discussion), 
surgical exploration and thorough débridement are critical. The lesion 
begins as a local, exquisitely painful area of erythema and edema. The 
extent of this aggressive process initially is often underestimated, 
because it spreads widely in the deep subcutaneous tissue, with relative 
sparing of overlying skin.119 The streptococcal toxic shock syndrome 
may evolve rapidly and be the most prominent feature.120 If untreated, 
the skin becomes dusky over the next 1 to 3 days. Bullae containing 
yellowish to red-black fluid develop and rupture.121 The lesion evolves 

FIGURE  95-4 Progressive bacterial synergistic gangrene of 
abdominal wall. Ulcerated areas developed about wire stay sutures, 
which were removed. (From Bornstein DL, Weinberg AN, Swartz MN, et al. 
Anaerobic infections: review of current experience. Medicine [Baltimore]. 
1964;43:207-232.)
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high-dose intravenous aqueous penicillin G (3 to 4 million units every 
4 hours). In the treatment of both streptococcal gangrene and strepto-
coccal toxic shock, the addition of clindamycin to penicillin is recom-
mended because it has been shown to reduce the early in vitro release 
of streptococcal pyrogenic exotoxin A.17,131

If there is any question regarding the causative agent (e.g., possibly 
S. aureus rather than group A streptococcus), vancomycin should be 
started empirically until MRSA can be excluded. Necrotizing fasciitis 
resulting from mixed anaerobes and facultative organisms (synergistic 
necrotizing cellulitis) can usually be suspected at the outset from the 
foul odor, frequent soft tissue gas, and appearance of the exudate on a 
Gram-stained smear. After surgery, the wound is treated with elevation 
and moist dressings. Skin grafting is usually required later.

Progressive bacterial synergistic gangrene can be difficult to  
treat. Wide excision of all necrotic tissue (extending into normal 
tissue), combined with broad-spectrum antibiotic treatment, is usually 
required. The initial use of a β-lactam/β-lactamase combination such 
as piperacillin-tazobactam or a carbapenem agent such as imipenem-
cilastatin or meropenem combined with vancomycin or another agent 
effective against MRSA may be a reasonable empirical strategy until 
microbiologic data can be used to refine therapy.

Erythrasma
Clinical Manifestations. Erythrasma is a common superficial bacte-
rial infection of the skin, caused by Corynebacterium minutissimum, a 
species that can be grown aerobically. It is characterized by slowly 
spreading, pruritic, reddish brown macular patches, usually located in 
the genitocrural area, with sparing of intertriginous creases.132 The 
lesions are finely scaled and finely wrinkled, and are more common in 
men and in obese individuals with diabetes mellitus. The disease may 
be asymptomatic or may undergo periodic exacerbations. Gram-
stained imprints of the skin surface show large numbers of small gram-
positive bacilli. Examination of the lesions under a Wood’s lamp reveals 
a distinctive coral red fluorescence.

The principal superficial skin infections to be considered in the 
differential diagnosis are tinea versicolor lesions on the trunk, tinea 
cruris (a deeper, more inflammatory, and more rapidly progressive 
process) and possibly candidiasis. Oral erythromycin (1.0 g/day for 5 
to 7 days) has been efficacious in the past, with clearing of lesions 
within a few weeks. Topical treatment with 2% erythromycin gel132 or 
an aqueous solution of 2% clindamycin hydrochloride can also be 
effective. More recently, macrolide resistance has been reported, and 
tetracycline or amoxicillin-clavulanate therapy has been proposed.133 
C. minutissimum is also the causative agent of pitted keratolysis, a 
superficial process consisting of crateriform pits up to 7 mm in width 
occurring on the pressure-bearing areas of the sole and on the ventral 
aspect of the toes.134 The lesions are malodorous and are associated 
with hyperhidrosis.

Secondary Bacterial Infections 
Complicating Preexisting Skin Lesions
A variety of skin lesions (e.g., burns, eczematous dermatitides, and 
traumatic lesions) may become secondarily infected (see Table 95-1). 
Such infected lesions usually do not exhibit distinctive morphologic 
characteristics based on the infecting organism. Rather, the appearance 
of the lesions is determined to a large measure by the nature of the pre-
existing injury or dermatosis, such as dermatophytosis and acne con-
globata, which are often treated primarily by dermatologists. Several of 
the other secondarily infected dermatoses have some distinctive clini-
cal and bacteriologic features and merit brief consideration.

Diabetic Foot and Other Chronic Superficial 
Skin Ulcers
Decubitus Ulcers
Various aerobic, facultative, and anaerobic organisms (e.g., staphylo-
cocci, streptococci, Enterobacteriaceae, Pseudomonas, enterococci, 
peptostreptococci, Clostridia and Bacteroides spp.) colonize and sec-
ondarily infect decubitus ulcers.135 The extensive undermining and 
tissue necrosis of these ulcers and their location, frequently in proxim-
ity to the anus, provide the opportunity for invasion by anaerobes. Such 
lesions have been associated with bacteremias caused by Bacteroides 

infections in healthy individuals and other organisms not ordinarily 
regarded as causes of cellulitis, including gram-negative bacilli and 
fungi. Pseudomonas bacteremia may produce gangrenous cellulitis (see 
later section “Cutaneous Involvement in Systemic Bacterial and 
Mycotic Infections”) in immunocompromised hosts, patients with 
thermal burns, and others. Mucormycotic gangrenous cellulitis may be 
engrafted on an extensive burn wound, or it may rarely develop in 
patients with diabetes mellitus, in individuals infected with human 
immunodeficiency virus (HIV), or in those receiving immunosuppres-
sive therapy.125 Local factors (e.g., open fracture sites, ileostomy stomas, 
fistulous tracts) also play a predisposing role in this type of infection. 
Spores of Rhizopus species (members of the Mucoraceae) contaminat-
ing Elastoplast tape used for occlusive dressings have resulted in pro-
gressive local and disseminated infection in immunosuppressed 
patients.126 The infection may exhibit an indolent course, with minimal 
fever and a slowly enlarging black ulcer, or it may follow a rapidly 
progressive febrile course. The characteristic lesion consists of a central 
anesthetic, black, necrotic area, with a surrounding raised zone of 
violaceous cellulitis and edema.127 Superficial vesicles and blistering 
may occur in the gangrenous area. Skin infection usually does not 
result from an initial pulmonary or rhinocerebral focus, and hematog-
enous dissemination is not ordinarily demonstrable. Cultures of the 
necrotic skin or aspirates from the advancing margin usually do not 
reveal the fungus. Identification of the cause is best obtained from 
biopsy specimens—fungal wet mount of crushed tissue, tissue sections 
stained with hematoxylin and eosin (showing tissue and vascular inva-
sion by characteristic broad hyphae), and culture. Necrotizing angio-
invasive cellulitis caused by the zygomycete Apophysomyces elegans 
sporadically occurs in a small number of nonimmunocompromised 
patients after traumatic injuries potentially contaminated with soil.128 
Similarly, gangrenous skin lesions may also occur with disseminated 
aspergillosis in compromised hosts and burn patients.

Prominent necrosis of skin and subcutaneous fat occurs rarely in 
patients who have chronic renal failure (with secondary hyperparathy-
roidism), in those receiving chronic dialysis therapy, in patients with 
extensive calcification of the small arteries of subcutaneous tissue, and 
in those in whom the calcium phosphate product is markedly elevated. 
Previously known as calciphylaxis, the process that results in acute 
local calcification is now termed calcific uremic arteriolopathy.129 Pre-
cipitating factors for this process are poorly defined but include local 
trauma, hyperphosphatemia, diabetes mellitus, and systemic infection. 
The skin lesions begin as dark red, irregular areas resembling livedo 
reticularis. They become plaque like or nodular, are painful, and 
rapidly increase in size but remain well demarcated. They progress to 
gangrenous necrosis with eschar formation. Secondary infection of 
necrotic areas may follow. Histologically, involved areas show extensive 
vascular calcification, calcinosis cutis, and ischemic skin necrosis. Bac-
teremia originating elsewhere may contribute to the local ischemic 
process through further lesional thromboses mediated by dissemi-
nated intravascular coagulopathy. These necrotic skin ulcers in patients 
with chronic renal failure resemble those of infective gangrenous cel-
lulitis, particularly if they become secondarily infected.

Differential Diagnosis. The bite of the brown recluse house spider 
can produce a necrotizing skin lesion that resembles infectious gangre-
nous cellulitis. The occurrence of fever and chills 24 to 48 hours after 
the bite enhances the mimicry. In many cases, presumed spider bites 
are actually manifestations of primary MRSA cutaneous lesions, with 
focal skin necrosis complicating furunculosis and surrounding celluli-
tis.130 The differential diagnosis of infectious gangrene and gangrenous 
cellulitis is presented in Table 95-5.

Presumptive Therapy. Treatment of streptococcal gangrene con-
sists of immediate surgical exploration with longitudinal incisions 
extending to the deep fascia and beyond the involved gangrenous and 
undermined areas.121 Distinction between streptococcal gangrenous 
cellulitis and streptococcal necrotizing fasciitis may be difficult before 
surgical exploration. Initial resuscitation measures with intravenous 
fluids and pressor support are essential in the presence of hypotension 
caused by accompanying streptococcal bacteremia or the streptococcal 
toxic shock syndrome. Areas of cutaneous necrosis are widely excised, 
and, if present, nonviable fascia is débrided. Reexploration is com-
monly performed within 24 hours. Antibiotic therapy consists of 
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is necessary when formulating a strategic wound care program. Edema 
should be reduced by bed rest, elevation, and diuretic therapy, as indi-
cated. Control of diabetes is of considerable importance. Open ulcers 
should be gently packed two or three times daily with sterile gauze 
moistened with normal saline or quarter-strength povidone-iodine 
(Betadine); additional wound care measures are available, but assess-
ments of comparative efficacy are generally lacking. Surgical débride-
ment and drainage should be carried out promptly in patients with 
deep ulcers extending to subcutaneous tissue or if deep tissue necrosis 
or suppuration is present.82,136

Occupation-Related Ulcers
Contaminated traumatic wounds often involve loss of skin and subcu-
taneous tissue, with ensuing cellulitis and deeper infections. The variety 
of work-associated injuries and exposures leads to a wide range of 
possible occupationally related infections.139,140 Comparison of the bac-
teriology of initial wounds sustained in factories with those sustained 
on farms (e.g., associated with corn-harvesting machinery) indicates 
that gram-negative bacilli (particularly Enterobacter spp. and Stenotro-
phomonas maltophilia) are 10 times more common in the latter.141 An 
often occupationally related form of cellulitis caused by Streptococcus 
iniae has occurred in those exposed to aquacultured fish, primarily 
tilapia (e.g., fish farmers, fish cutters, cooks).142 S. iniae is a fish patho-
gen that has caused outbreaks of invasive disease with high mortality 
among tilapia in aquaculture farms or merely colonization of the 
surface of fish. Human infection occurs after a puncture wound of  
the hand by a fish bone or knife while handling or preparing fish. Cel-
lulitis develops rapidly (within 6 to 24 hours after the injury). Fever, 
lymphangitis originating from the site of injury, and bacteremia are 
frequently observed. Metastatic infections such as septic arthritis,  
meningitis, and endocarditis may occur. Bulla formation and skin 
necrosis are not seen. Penicillin G is the treatment of choice, but  
S. iniae is also susceptible in vitro to cefazolin and ceftriaxone. Sport 
fishing or recreational activity in fresh water may result in puncture 
wounds or lacerations from the venomous spines of catfish.143 Such 
wounds may rapidly become secondarily infected, particularly by 
gram-negative bacilli found in ponds and lakes (e.g., A. hydrophila, 
Klebsiella, E. coli, Edwardsiella tarda) or Vibrio species in coastal waters.

Post-traumatic Opportunistic Skin Infections 
in Immunocompromised Patients
Unusual pathogens may invade the skin of immunocompromised 
patients after local, often minor, laceration or abrasion. Bacterial 
pathogens associated with opportunistic primary cutaneous infections 
include Bacillus cereus, Nocardia, and mycobacteria (e.g., Mycobacte-
rium marinum, Mycobacterium haemophilum). Primary cutaneous 
B. cereus infection can occur in neutropenic patients144 and has 
been reported in a patient with severe combined immunodeficiency 
disease. B. cereus has also caused epidemic extremity infections among 
healthy jungle trekkers in Costa Rica after repetitive local trauma144 
and superficial scalp infection in healthy individuals after military 
haircuts.145 The lesions are vesicular or pustular and usually occur on 
the hand or on an extremity during warm weather. Bacteremia is not 
a feature. Intravenously administered vancomycin is the preferred 
treatment.144 Rarely, scattered papular and nodular lesions in patients 
with AIDS show on biopsy an abscess containing a granule consisting 
of basophilic-staining cocci surrounded by eosinophilic material 
(Splendore-Hoeppli phenomenon).146 This particle superficially resem-
bles a sulfur granule of actinomycosis or a mycetoma, but it is the lesion 
of botryomycosis and is caused by S. aureus.147 Botryomycosis also 
occurs in immunocompetent patients; a foreign body may play a role 
in initiating or perpetuating the lesion, which has the gross appearance 
of a small infected sebaceous cyst or may resemble prurigo nodularis. 
Several cases of botryomycosis have occurred in patients with the 
hyperimmunoglobulin E syndrome associated with recurrent staphy-
lococcal infections.

Endemic dimorphic mycoses and yeasts (e.g., blastomycosis, coc-
cidioidomycosis, histoplasmosis, and cryptococcosis) cause skin 
lesions by hematogenous spread. Most mold infections in the skin of 
previously healthy persons are nodular or ulcerative and are acquired 
by traumatic inoculation (Fusarium, Scedosporium spp.; dark-walled 

fragilis, Peptostreptococcus species, S. aureus, Enterococcus, and various 
streptococci and facultative gram-negative bacilli. Cultures of the ulcer 
base (preferably by biopsy)135 are sometimes helpful in guiding the 
selection of antibiotic therapy when there is apparent cellulitis, progres-
sive ulceration, or systemic signs of infection. When systemic therapy 
is needed, broad-spectrum coverage, including anaerobic activity, is 
initiated and modified if necessary by subsequent culture data.

Diabetic Ulcers
Chronic foot infections in patients with diabetes mellitus are common 
and difficult problems.82,136 They usually complicate the initially unin-
fected ulcerations that follow minor trauma in patients with peripheral 
neuropathy, chronic neuropathic ulcers, or arterial vascular insuffi-
ciency and take the form of cellulitis, soft tissue necrosis, or osteomy-
elitis with a draining sinus. These infections are classified depending 
on the extent of infection, as follows: (1) if present, less than 2 cm 
beyond the ulcer margins (mild); (2) more extensive and/or invasive 
infection associated with necrosis (gangrene), abscess, deep soft tissue 
or skeletal involvement or both (moderate); and (3) the presence of 
systemic complications, such as fever, hypotension, and acidosis 
(severe).82 S. aureus and β-hemolytic streptococci are frequently 
responsible for cellulitis or mildly infected ulcers. More chronic lesions 
and those previously treated with antibiotics may also contain Entero-
bacteriaceae, whereas macerated lesions may contain nonenteric gram-
negative bacilli such as P. aeruginosa. Chronic refractory ulcers, 
especially if associated with gangrene, are infected with a wide variety 
of microorganisms, including the just-mentioned pathogens, and 
enterococci, diphtheroids, anaerobes, and even fungi.137,138 Deep tissue 
cultures obtained through local débridement provide the most reliable 
bacteriologic information in diabetic foot infections. If they are not 
available, cultures and Gram-stained smears of material obtained from 
curettage of the base of the ulcer or from a purulent exudate may 
provide information needed to guide antimicrobial therapy. Gas 
present in surrounding tissues on radiologic examination may repre-
sent air introduced through the ulcer or gas generated in soft tissues 
by the infecting anaerobic or coliform organisms.

Antibiotic treatment of infected diabetic foot ulcers is based on 
meaningful bacteriologic data, if available. Initial antimicrobial treat-
ment in a previously untreated patient with a non–limb-threatening 
infection is focused primarily on staphylococci and streptococci. For 
mild infections that can be treated at home, oral clindamycin, cepha-
lexin, dicloxacillin, or amoxicillin-clavulanate for 2 weeks has been 
traditional first-line therapy. If superficial ulcers are complicated by 
cellulitis warranting parenteral antibiotics, intravenous cefuroxime, 
cefoxitin, or ampicillin-sulbactam has been recommended.135 The inci-
dence of MRSA has ranged between 10% and 30% in recent studies of 
infected diabetic foot ulcers,138 thus requiring early culture attempts 
and close surveillance of patients initially treated with β-lactam agents 
or clindamycin. Initial antimicrobial treatment of severe or limb-
threatening infections involves the use of broad-spectrum poly-
microbial antibiotics (against S. aureus including MRSA, group B 
streptococci, other streptococci, S. aureus, Enterobacteriaceae, anaero-
bic gram-positive cocci, and Bacteroides spp., including B. fragilis). In 
the past, the combination of clindamycin and an aminoglycoside or 
cefoxitin monotherapy had been used frequently. Fluoroquinolone 
monotherapy is problematic because of possible Bacteroides species 
and other anaerobes in these infections, as well as the rising resistance 
observed among S. aureus strains. Currently, a variety of regimens 
is advocated for initial empirical therapy for limb-threatening  
infections82,136: ampicillin-sulbactam or a carbapenem, piperacillin-
tazobactam, clindamycin plus a third-generation cephalosporin, and 
clindamycin plus a fluoroquinolone. Vancomycin is generally included 
as initial empirical therapy in patients with severe infection, known 
recent prior MRSA carriage and/or hospitalization, and residence in 
areas of increased MRSA prevalence. Aminoglycosides are less attrac-
tive in this setting because of the advanced age of patients and frequent 
associated diabetic nephropathy.

Initial surgical management includes unroofing encrusted areas, 
probing the wound to determine the extent of tissue destruction and 
possible fascial and/or bone involvement, and débriding necrotic 
tissue. Determining the vascular status and the extent of limb ischemia 
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others, keratinized epithelium is the focus of early inflammation.157 It 
has been associated with certain autoimmune disorders (e.g., thyroid 
disease, inflammatory bowel disease, Sjögren’s syndrome), and lesional 
biopsies demonstrate broad suppression of the dermal innate immune 
response.158 The initial lesions are tender, reddish purple nodules that 
slowly become fluctuant and drain. Irregular sinus tracts are formed 
with repeated crops of lesions, and ultimately the involved areas show 
a mixture of burrowing, draining tracts and cicatricial scarring. In 
some patients, hidradenitis suppurativa is associated with acne conglo-
bata or dissecting cellulitis of the scalp. In such patients, a distinctive 
spondyloarthropathy may occur.159 Squamous cell carcinoma is a rare 
complication of hidradenitis suppurativa lesions.

Although not initially infected, the lesions frequently become 
infected secondarily.160 Staphylococci, nonhemolytic streptococci, 
Streptococcus anginosus group, E. coli, Proteus, and Pseudomonas are 
often isolated from draining lesions; and anaerobic organisms (e.g., 
Bacteroides, anaerobic gram-positive cocci), suggested by the foul odor 
associated with these lesions, have also been isolated. The chronicity 
and localization of these lesions establishes the diagnosis of hidradeni-
tis suppurativa, but other focal inflammatory processes should be con-
sidered in selected cases (e.g., furuncle, carbuncle, infected dermoid 
cyst, granuloma inguinale, lymphogranuloma venereum, infected pilo-
nidal cyst).160 Treatment of hidradenitis suppurativa is difficult, par-
ticularly when the process is chronic and extensive, because of the 
multiple deep-seated sites of secondary infection that are inaccessible 
to antibiotics. Oral antimicrobial therapy (based on Gram-stained 
smears and culture results) and local moist heat to establish drainage 
are helpful in treatment of the initial phases of infection. Surgical 
drainage is required for the management of large abscesses. In severe 
resistant cases exhibiting chronicity and scarring, unroofing of sinus 
tracts and marsupialization or radical excision of most of the involved 
area, followed by skin grafting, may become necessary. Carbon dioxide 
or neodymium : yttrium-aluminum-garnet laser therapy has been 
effective in selected patients and avoids excisional procedures.160 There 
is growing interest in the use of immunosuppressive therapies, includ-
ing cyclosporine and tumor necrosis factor inhibitors such as inflix-
imab and etanercept, for the management of this chronic inflammatory 
condition, although clinical experience remains limited.161

Infected Epidermal Cysts
Epidermal cysts are closed sacs lined with proliferating epidermal cells 
located about the head, trunk, extremities, and vulvovaginal and 
scrotal areas. Lacking communication with the skin surface, they can 
become infected and result in abscess formation. S. aureus (frequently 
present as the sole aerobic organism) and various streptococci are the 
principal aerobic or facultative isolates from these abscesses. Pepto-
streptococcus and Bacteroides species, the primary anaerobic isolates, 
are often present in polymicrobial mixtures in cyst abscesses about the 
head, perineum, and vulvovaginal area.162 Treatment consists princi-
pally of surgical drainage, and initial antimicrobial therapy (clindamy-
cin, cefoxitin, or amoxicillin-clavulanate), if needed, is aimed at S. 
aureus and the probable anaerobes pending results of Gram-stained 
smears and cultures.

Self-Induced Skin Infections
Rarely, persisting unexplained skin ulcers are self-induced. Their colo-
nization with a variety of gram-negative and gram-positive bacteria is 
inevitable. However, the continuing ulceration is the result of repeated, 
self-induced trauma rather than bacterial infection per se, a form of 
dermatitis artefacta.163 Very rarely, unexplained continuing or recur-
rent polymicrobial cellulitis or a subcutaneous abscess (particularly 
caused by mixed oral or intestinal flora) is the result of injection of 
foreign material containing saliva or other contaminated fluids into 
subcutaneous tissue. Examination of biopsy specimens from the 
involved area by polarizing microscopy may reveal the presence of 
birefringent foreign bodies, which suggest the true diagnosis.

Cutaneous Involvement in Systemic 
Bacterial and Mycotic Infections
Cutaneous manifestations may be a prominent and often diagnostic 
feature of various bacteremias, fungemias, and systemic bacterial 

fungi), as are skin infections from Prototheca and Sporothrix schenckii. 
Sporothrix and Mycobacterium marinum infections commonly prog-
ress to nodular lymphangitis in both normal and compromised hosts. 
In compromised hosts, cutaneous fungal disease may reflect local inoc-
ulation or secondary spread from a pulmonary or other source or  
may serve as the primary focus for subsequent systemic disease; dis-
seminated infection is often present at the time cutaneous lesions are 
investigated.148,149 Cutaneous protothecosis (Prototheca wickerhamii) 
occurs occasionally in patients with AIDS or other immunosuppressed 
states150 and rarely in nonimmunosuppressed patients who have sus-
tained trauma, water exposure, or local corticosteroid injections. Exci-
sion therapy or the use of amphotericin B or azole antifungal agents has 
been successful. A typical dermatophyte, Trichophyton rubrum, which 
ordinarily produces only superficial skin infections, may invade the 
deeper subcutaneous tissues of immunosuppressed hosts and produce 
multiple nodular or fluctuant masses; it responds to itraconazole.151

Bacillary Angiomatosis in Patients with 
Acquired Immunodeficiency Syndrome
Bacillary angiomatosis (epithelioid angiomatosis) is a form of bartonel-
losis that involves primarily the skin but also visceral organs in patients 
with AIDS, occasionally in patients with other forms of immunosup-
pression (e.g., solid-organ transplantation), and rarely in immunocom-
petent individuals (e.g., at the site of healing second-degree burns; see 
Chapter 236).152,153

The lesions begin as tiny red papules that enlarge to become exo-
phytic or pedunculated nodules, occasionally reaching 1 cm or more 
in diameter. Often they are dome-shaped, vascular lesions, and they 
may possess slight surrounding erythema or a collarette of scale or 
both. Deeper nodules in the dermis or subcutaneous tissue are flesh 
colored, with a somewhat rubbery to firm consistency, and may be 
movable or fixed to underlying structures. The lesions bleed readily if 
incised. Only a few lesions may be present, or they may be quite abun-
dant, covering the body. Oral, nasal, conjunctival, genital, and anal 
mucosal lesions occur. Visceral involvement takes the form of bacillary 
peliosis hepatis, with hypodense lesions of the liver and spleen demon-
strable on abdominal computed tomography (CT). Many patients with 
bacillary angiomatosis have a history of cat contact or cat scratches.

The lesions of bacillary angiomatosis grossly resemble those of 
Kaposi sarcoma, pyogenic granuloma, hemangioma, subcutaneous 
tumors, or verruga peruana (eruptive phase of bartonellosis in Peru 
and Ecuador) and require biopsy for definitive diagnosis. Histologi-
cally, bacillary angiomatosis consists of a circumscribed, lobular pro-
liferation of capillaries lined with prominent large endothelial cells, an 
inflammatory infiltrate with neutrophils, and, characteristically, aggre-
gates of bacillary bodies that are demonstrable on Warthin-Starry 
silver stain. The role of Bartonella species as causative agents in this 
syndrome was demonstrated by bacterial 16S ribosomal gene analysis 
in infected tissue and led to the development of serologic diagnostic 
tests. Bartonella henselae and Bartonella quintana cause bacillary angi-
omatosis with equal frequency.153

The diagnosis of bacillary angiomatosis is made by the clinical 
appearance of the lesions in a patient with HIV infection and con-
firmed on biopsy (Warthin-Starry silver stain). Because the skin lesions 
are often extensive and systemic manifestations (e.g., fever, peliosis 
hepatis) can be features, antimicrobial treatment is indicated. Pro-
longed macrolide therapy is given for 3 months; doxycycline has been 
used in macrolide-intolerant patients, and rifampin may be added as 
a second agent in severely ill patients. Dramatic exacerbation of bacil-
lary angiomatosis may rarely complicate the immune reconstitution 
syndrome in treated HIV-infected patients.154

Hidradenitis Suppurativa
Hidradenitis suppurativa is a rather common and extremely trouble-
some, chronic, suppurative, cicatricial disease of apocrine glands in the 
axillary, genital, and perianal areas; it occurs in up to 1% of some 
European populations,155 but the estimated U.S. prevalence is only 
0.05%.156 The primary lesion appears to be unexplained keratinous 
plugging of the apocrine gland ducts, leading to dilatation and eventual 
rupture of the gland and surrounding tissue inflammation,155,157 
although in some patients apocrine inflammation is dominant and, in 
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coagulation. Occasionally, gram-negative diplococci can be observed 
on smears of plasma obtained from the skin lesions of patients with 
acute meningococcemia.

Skin lesions are an important feature of the unusual syndrome of 
chronic meningococcemia, characterized by recurrent cycles of fever, 
arthralgia, and rash over a period of 2 to 3 months.168 The rash appears 
in crops, each consisting of a small number of individual lesions during 
febrile episodes. The lesions are generally located on the extremities, 
particularly about joints. They may consist of erythematous maculo-
papules, petechiae, petechiae with vesiculopustular centers, petechiae 
with small areolas of pale erythema, suggillations, or tender erythema 
nodosum–like nodules. Biopsy specimens of the lesions reveal the 
histologic picture of leukocytoclastic angiitis, a finding that may erro-
neously direct attention toward the diagnosis of a small-vessel hyper-
sensitivity vasculitis and away from that of vasculitis secondary to 
systemic infection. Biopsy of nonpurpuric erythematous areas demon-
strate meningococcal adherence to the endothelium with disruption of 
intercellular junctions and extravasation of bacteria to the extravascu-
lar space.169 Microbiologic confirmation of the diagnosis is challenging 
because of the low rate of positive cultures from blood or skin biopsy 
specimens; occasionally, biopsy specimens display gram-negative dip-
lococci on Gram stain, but real-time PCR analysis of biopsy tissue can 
confirm the presence of N. meningitidis.169

Neisseria gonorrhoeae
The skin lesions of gonococcemia consist of a mixture of pustules  
surrounded by a thin zone of purpura, macules, papules, purpuric 
vesicles and bullae, and purpuric infarcts. The lesions are few, scattered 
over the distal ends of extremities in particular, and frequently painful. 
They are part of the gonococcemic dermatitis-arthritis syndrome.170,171 
N. gonorrhoeae is isolated from fewer than 5% of skin lesions, but 
gonococcal antigens may be identified by immunofluorescence stain-
ing or PCR of skin lesions. Cultures of the pharynx, genital sites, and 
joint fluid (if present) may confirm the diagnosis. In addition to 
arthralgias and frank arthritis, tenosynovitis may be a conspicuous 
feature. N. meningitidis can present with features closely mimicking 
disseminated N. gonorrhoeae infection.172

Salmonella enterica serotype Typhi
Rose spots frequently appear 7 to 10 days into the febrile course of 
untreated typhoid fever. The lesions are slightly raised, small (1 to 
3 mm), pink papules that tend to occur in crops of 10 to 20 lesions. 
They are found most commonly on the upper part of the abdomen, the 
lower part of the chest, and the back. Rose spots are less frequently 
found in enteric fever caused by Salmonella species other than Salmo-
nella enterica serotype Typhi. This organism can sometimes be found 
on Gram-stained preparations from the papules and isolated on 
culture; early antibiotic treatment (e.g., with ciprofloxacin or ceftriax-
one) prevents the appearance of these skin lesions.

Haemophilus influenzae
Cellulitis involving the face, neck, or upper extremities occasionally 
occurs with bacteremic H. influenzae type b infection in children, 
particularly those younger than age 3 years. Although commonly 
described as having a peculiar purple-red or blue-red (violaceous) hue, 
the lesion most often is erythematous, indurated, and indistinguishable 
from cellulitis caused by streptococci or staphylococci. The site of 
primary infection is the pharynx, middle ear, or elsewhere in the upper 
respiratory tract. Direct invasion across traumatized buccal mucous 
membranes by H. influenzae type b colonizing the respiratory tract has 
been suggested as the pathogenesis of most cases of buccal cellulitis in 
children.173 This infection is life threatening and acute; bacteremia 
(sometimes complicated by meningitis) occurs in about 80% of cases. 
H. influenzae type b cellulitis in children has almost disappeared in 
developed countries since widespread immunization with conjugate 
vaccines was introduced nearly 3 decades ago. A few cases have been 
reported in adults with epiglottitis or other forms of upper respiratory 
tract disease caused by H. influenzae.174 Although adult H. influenzae 
cellulitis generally involves cervical or thoracic areas, bacteremic lower 
extremity H. influenzae type b cellulitis has been reported in normal 
as well as in immunocompromised adults older than age 60 years. In 

infections (see Table 95-1).164 In leptospirosis, rat-bite fever, and liste-
riosis, cutaneous manifestations are a small part of the total clinical 
picture; these conditions are considered in the chapters dealing with 
the responsible organisms. In some systemic infections, cutaneous 
manifestations are noninfectious complications of the illness (e.g.,  
erythema nodosum, erythema multiforme, guttate psoriasis, purpura 
fulminans).

Bacteremias
Staphylococcus aureus
The occurrence of skin lesions (pustules, subcutaneous abscesses, 
purulent purpura) in the course of bacteremia or endocarditis second-
ary to S. aureus can provide an early clue to the nature of the infecting 
organism. The most distinctive of these lesions is purulent purpura, a 
small area of purpura with a white purulent center. Aspiration of the 
contents of the central portion reveals staphylococci and polymorpho-
nuclear leukocytes. Rarely, scattered tender subcutaneous nodules may 
develop during S. aureus bacteremia.

Pseudomonas aeruginosa
Five types of skin lesion have been described in the course of Pseudo-
monas septicemia:
1. Vesicles and bullae. These lesions occur as isolated bullae or occa-

sionally in small clusters anywhere on the skin surface. They rapidly 
become hemorrhagic and have a narrow encircling zone of dusky 
erythema. Occasionally, in infants, the lesions are surrounded by 
large, erythematous halos resembling insect bites or erythema 
multiforme.

2. Ecthyma gangrenosum. This lesion is a round, indurated, ulcerated, 
painless area with a central gray-black eschar and a surrounding 
narrow zone of erythema. These lesions may develop de novo, or 
they may evolve from an initial bullous lesion.

3. Subcutaneous nodules. Solitary or multiple, minimally fluctuant, 
subcutaneous nodules are uncommon features of Pseudomonas 
bacteremia, seen primarily in immunocompromised hosts.165 
Similar nodules in this population may have a wide range of other 
infectious causes—S. aureus and botryomycosis, mycobacterial 
infections, candidiasis and other deep mycoses, protothecosis, 
Acanthamoeba infection, and bacillary angiomatosis.

4. Gangrenous cellulitis. Gangrenous cellulitis is a superficial, sharply 
demarcated necrotic area that may resemble a decubitus ulcer  
or an area of cellulitis with edema and some necrosis of the overly-
ing skin.

5. Macular or maculopapular lesions. These lesions are small, oval, 
erythematous macules located predominantly over the trunk that 
resemble the rose spots of typhoid fever. Such lesions have been 
reported, particularly in the tropics, in association with fever and 
diarrhea in the syndrome described as Shanghai fever.
These metastatic lesions typically contain numerous gram-negative 

bacilli but relatively few polymorphonuclear leukocytes. The develop-
ment of such lesions in a febrile leukemic patient undergoing induction 
chemotherapy or on uninvolved skin areas of a patient with extensive 
thermal burns should strongly suggest the presence of Pseudomonas 
bacteremia. Presumptive antibiotic management should be aimed at  
P. aeruginosa and include a combination of an antipseudomonal 
β-lactam (cefepime, ceftazidime, piperacillin-tazobactam, imipenem, 
or meropenem) with tobramycin or a fluoroquinolone. Rarely, ecthyma 
gangrenosum occurs in the course of bacteremia caused by other 
gram-negative bacilli or in disseminated candidiasis, or it may develop 
as a primary necrotizing cutaneous infection in the absence of prior 
bacteremia (e.g., reflecting progression of Pseudomonas folliculitis in 
an immunocompromised patient).166,167 Secondary bacteremia may 
develop, particularly in neutropenic patients.

Neisseria meningitidis
The skin lesions of acute meningococcemia consist of erythematous 
macules (initially), petechiae, purpura, and ecchymoses located on the 
extremities and trunk. Extensive gun-metal gray, hemorrhagic, necrotic 
patches can develop by confluence of petechial and purpuric lesions in 
fulminant meningococcemia. Symmetrical peripheral gangrene and 
purpura fulminans occur with prominent disseminated intravascular 
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colonization or may be consistent with Candida folliculitis rather than 
disseminated candidiasis. M. furfur folliculitis can be mistaken for 
hematogenous Candida lesions by appearance and histopathology.

SUBCUTANEOUS TISSUE 
INFECTIONS AND ABSCESSES
Exact categorization of some bacterial infections of the soft tissues 
(e.g., skin, subcutaneous tissue, fascia, skeletal muscle) may be difficult. 
Although differences between a superficial pyoderma and a necrotiz-
ing myositis such as gas gangrene are readily apparent, distinctions 
between many other types of soft tissue infection are sometimes 
blurred. Classification is usually based on features such as the anatomic 
structure involved, infecting organisms, and clinical picture. Some 
infections may involve several components of the soft tissue, and mul-
tiple bacterial species may produce infections with the same clinical 
appearance.

To compound the problem of classification further, a variety of 
designations have been given to closely related or almost identical 
processes. For example, streptococcal gangrene has also been referred 
to as necrotizing fasciitis, but over time it became apparent that it was 
sometimes caused by bacteria other than group A streptococci.17 
Therefore, streptococcal gangrene can be considered the major subset 
of necrotizing fasciitis. For convenience, because a major feature of its 
manifestation is cutaneous gangrene, streptococcal gangrene was con-
sidered in the preceding section with cellulitis and infectious cutane-
ous gangrene. Necrotizing fasciitis is reconsidered in this section on 
subcutaneous tissue infections, particularly in relation to its nonstrep-
tococcal causes. Another nomenclature problem arises from infections 
that involve multiple soft tissue strata and that can be caused by a 
variety of bacterial species. For example, the condition known as syn-
ergistic necrotizing cellulitis has also been described as gram-negative 
anaerobic cutaneous gangrene and as synergistic nonclostridial anaer-
obic myonecrosis.185,186 Because of the prominence of subcutaneous 
tissue involvement in this condition, it is considered primarily in this 
part of the chapter, although it could be considered almost as readily 
in the first part (see under “Cellulitis and Superficial Infections”) or in 
the chapter on myositis (see Chapter 96).

Clostridial Anaerobic Cellulitis
Clostridial anaerobic cellulitis is a necrotizing clostridial infection of 
devitalized subcutaneous tissue. Deep fascia is not appreciably involved, 
and ordinarily no associated myositis is present. Gas formation is 
common and often extensive. Anaerobic cellulitis is several times more 
common than gas gangrene in war wounds.

Pathologic Characteristics and Pathogenesis. Clostridial species, 
usually Clostridium perfringens, are introduced into subcutaneous 
tissue through a dirty or inadequately débrided traumatic wound, 
through contamination at surgery, or from a preexisting localized 
infection. The last is frequently located in the perineum, abdominal 
wall, buttocks, or lower extremities, areas that are readily contaminated 
with fecal flora. The presence of foreign debris and necrotic tissue in 
the depths of a wound provides a suitable anaerobic milieu for clos-
tridial proliferation. Very rarely, clostridial anaerobic cellulitis develops 
not after primary cutaneous injury but rather as a consequence of 
primary C. septicum bacteremia in the setting of leukemia and granu-
locytopenia.187 Intestinal erosions are the presumed initial portals of 
entry. This type of C. septicum cellulitis must be distinguished from the 
even more life-threatening bacteremic C. septicum myonecrosis, which 
is often associated with a cryptic underlying colonic neoplasm (see 
Chapter 96).

Clinical Manifestations. The incubation period is several days, 
longer than the 1 to 2 days for clostridial myonecrosis. The onset is 
gradual, but the process may subsequently spread rapidly.188 Local pain, 
tissue swelling, and systemic toxicity are not prominent features, and 
the relative mildness of the process helps distinguish it from true gas 
gangrene. The dark blebs and bronzing of the skin seen in gas gangrene 
are not usually features of clostridial cellulitis. Thin, dark, sometimes 
foul-smelling drainage from the wound (often containing fat globules) 
is characteristic, as is extensive tissue gas formation, which is more 
prominent than that observed in clostridial myonecrosis. Frank crepi-
tus is present in the involved area and may extend widely, even beyond 

view of the significant rate of β-lactamase production among clinical 
strains of H. influenzae type b, initial therapy should include a third-
generation cephalosporin.

Helicobacter cinaedi
An indolent syndrome of primary H. cinaedi bacteremia (generally 
without antecedent gastroenteritis) with fever and at times recurrent 
multifocal cellulitis has been described in immunocompromised 
hosts.175,176 H. cinaedi bacteremia and cellulitis have also been observed 
in normal hosts, such as patients recovering from orthopedic surgery, 
in the course of an apparent nosocomial outbreak.83 The cellulitis in 
some patients is described as having an atypical appearance—salmon 
pink, red-brown or copper-colored, and lacking the expected local 
heat; some patients have more discrete plaque-like lesions. H. cinaedi 
is susceptible to ceftriaxone, imipenem, tetracyclines, aminoglycosides, 
rifampin, and often ciprofloxacin. Prolonged therapy (2 to 6 weeks) is 
usually required to ensure resolution of symptoms and prevent 
recurrence.

Infective Endocarditis
The cutaneous lesions of subacute bacterial endocarditis consist of 
petechiae, subungual splinter hemorrhages, Osler’s nodes, and Janeway 
lesions.177 Petechiae tend to occur in small crops, particularly in the 
conjunctivae, on the palate, and on the upper part of the chest and 
extremities, and they are the most common skin lesions of endocarditis 
(see Fig. 82-2). Rarely, petechiae are extremely numerous, particularly 
on the lower extremities, and suggest a primary vasculitis. Osler’s 
nodes are split pea–sized, erythematous, tender nodules located prin-
cipally on the pads of the fingers and toes. They are few in number at 
any given time and occur in about 15% of patients with subacute bacte-
rial endocarditis. The lesions are usually transient and clear in 1 to 2 
days. Similar lesions may also occur in acute endocarditis (e.g., second-
ary to S. aureus). Histologic examination of such lesions in several 
cases of acute endocarditis has suggested septic embolization in their 
pathogenesis.178 The genesis of Osler’s nodes in subacute bacterial 
endocarditis may have a different basis, perhaps sterile embolization 
or an allergic vasculitis. Janeway lesions (see Fig. 82-3) are painless, 
small, erythematous macules or minimally nodular hemorrhages in 
the palms or soles that occur in acute or subacute endocarditis—more 
commonly in the former, particularly if S. aureus is the cause, in which 
case they occur in 6% of patients.179 Histologic findings in a case of 
S. aureus endocarditis have indicated that Janeway lesions are caused 
by septic microembolization.178 Gangrenous or hemorrhagic lesions 
resembling Janeway lesions have been observed in marantic endocar-
ditis180 and in a patient with end-stage renal failure and dystrophic 
cardiac valvular calcification.181

Fungemias: Candida albicans
Systemic candidiasis developing in settings such as leukemia, immu-
nosuppression, extensive antibiotic therapy, hyperalimentation, heroin 
addiction, or cardiac surgery may be difficult to diagnose clinically 
until the organism is isolated from routine blood cultures. The portal 
for disseminated candidiasis (or aspergillosis) may be an area of skin 
injured in the course of intravenous therapy (or trauma induced by 
adhesive tape or extravasation of intravenous fluid).126 Examination of 
the optic fundi for possible candidal endophthalmitis is sometimes 
helpful in making an early diagnosis of candidal fungemia while await-
ing isolation of the organism from blood cultures. In neutropenic 
patients, the appearance of multiple, discrete (2 to 5 mm), pink macu-
lopapules (sometimes with pale centers) on the trunk or extremities 
can suggest the diagnosis.182 In some of these patients, severe diffuse 
muscle tenderness is present and muscle biopsy specimens have shown 
necrosis with yeast and pseudohyphal forms.183 This is not entirely 
specific for candidiasis, because a similar presentation was seen  
with Scedosporium inflatum.184 Occasionally, subcutaneous candidal 
abscesses may develop in the course of fungemia. Aspiration of such 
abscesses reveals yeasts on stained smear. Punch biopsy specimens of 
the maculopapular lesions provide a more accurate diagnosis than 
simple culture because histologic sections can reveal yeast cells in 
blood vessels and pseudohyphae in adjacent soft tissue. Isolation  
of Candida from an unroofed lesion may represent only surface 
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Necrotizing Fasciitis
The term necrotizing fasciitis encompasses two distinct bacteriologic 
entities.17,191,192 In type I necrotizing fasciitis, at least one anaerobic 
species (most commonly Bacteroides or Peptostreptococcus) is isolated 
in combination with one or more facultative anaerobic species, such as 
streptococci (other than group A) and members of the Enterobacteria-
ceae (e.g., E. coli, Enterobacter, Klebsiella, Proteus). An obligate aerobe 
such as P. aeruginosa is only rarely a component of such a mixed infec-
tion. Cases in which only anaerobes are present appear to be rare.

In type II disease (also known as hemolytic streptococcal gan-
grene), group A streptococci are isolated alone or in combination with 
other species, most commonly S. aureus. Recently, recognition of type 
III necrotizing fasciitis resulting from infection solely by marine gram-
negative pathogens such as Vibrio species has been proposed.191,192 
Streptococcal gangrene was considered in the first part of this chapter 
as a form of gangrenous cellulitis. In this section, specific comments 
about streptococcal gangrene are limited to the expanded setting in 
which the disease can appear and the changes in clinical features noted 
with the recent apparent increase in bacteremic and severe invasive 
group A streptococcal infections and their association with the strep-
tococcal toxic shock–like syndrome.4,119,120

Hemolytic streptococcal gangrene occurs after minor trauma, stab 
wounds, or surgery, particularly in the context of diabetes and periph-
eral vascular disease, but cirrhosis and corticosteroid therapy have  
also been predisposing factors.119 In outbreaks of streptococcal toxic 
shock–like syndrome, chills, fever (or profound hypothermia and 
shock), confusion, vomiting, diarrhea, tachycardia, hypotension, and 
multiorgan failure are prominent features. Necrotizing fasciitis is 
present in about half of cases of streptococcal toxic shock–like syn-
drome.4,120 Streptococcal strains of M protein types 1, 3, 12, and 28 are 
most commonly involved and, in the United States, they usually elabo-
rate pyrogenic exotoxin A. Prospective clinical studies have not con-
firmed the use of nonsteroidal anti-inflammatory drugs as a risk factor 
for developing necrotizing fasciitis or increasing the rate of complica-
tions in this setting.193 Leukocytosis, thrombocytopenia, azotemia, and 
increased serum levels of creatine phosphokinase are commonly 
present. Increasing creatine phosphokinase levels may serve as an indi-
cation of progression of streptococcal cellulitis to necrotizing fasciitis 
and myositis. Unlike many earlier cases of hemolytic streptococcal 
gangrene, which affected older individuals with underlying diseases, 
more recently streptococcal toxic shock syndrome has occurred pri-
marily in young, previously healthy adults after minor trauma.194 In 
70% of patients, soft tissue findings progressed to hemolytic strepto-
coccal gangrene with the development of vesicles, violaceous bullae, 
and necrosis of subcutaneous tissues typical of necrotizing fasciitis (or 
myositis) and requiring surgical débridement.194 The mortality rate was 
about 30%. In young children, the skin lesions of varicella can be 
superinfected with group A streptococci and become a major risk 
factor for group A streptococcal necrotizing fasciitis.195

In patients with severe, invasive group A streptococcal infection, a 
primary site of infection generally involving skin and soft tissue is 
identifiable in roughly 75% of cases, with necrotizing fasciitis present 
in most of these patients.120 There is a high rate of streptococcal bac-
teremia. The pathogenesis of streptococcal toxic shock appears to 
involve microbial and host factors. The predominant group A strepto-
cocci isolated in several outbreaks have expressed the common M 
protein type M1 or M3 (although other M types are also associated 
with this syndrome) and are classified in the tissue-tropic emm families 
D and E; they possess pyrogenic exotoxin gene speA or speC and 
express pyrogenic exotoxins in vitro.196 Genome microarray analysis 
has demonstrated that M1 and M3 strains carry several additional 
unique virulence factors that may be responsible for the apparent asso-
ciation of these strains with invasive infection.197 Host susceptibility to 
streptococcal toxic shock syndrome may be related to an absence of 
suitable protective antibodies against the M protein of invading strep-
tococci as well as against the pyrogenic exotoxins; such seronegative 
individuals would be at heightened risk for invasive streptococcal 
infection and toxic shock syndrome.120 Because the streptococcal pyro-
genic exotoxins act as superantigens, which activate T cells by binding 
to human leukocyte antigen (HLA) class II molecules, protection 
against or heightened susceptibility to streptococcal toxic shock may 

the limits of the active infection. C. perfringens cellulitis has been 
recurrent in the setting of retained foreign bodies.189

Gram-stained smears of drainage material show numerous blunt-
ended, thick, gram-positive bacilli and variable numbers of polymor-
phonuclear leukocytes. Soft tissue radiographs show abundant gas, but 
not usually in the feathery linear pattern in muscles observed in clos-
tridial myonecrosis.

Etiologic Agents. C. perfringens is the most common clostridial 
species responsible for this infection, but C. septicum and other species 
have been isolated. Sometimes, clostridia are present in mixed culture 
with facultative organisms.

Differential Diagnosis. If wound crepitus is observed, a variety 
of possibilities must be considered in the differential diagnosis  
(Table 95-6). The first is clostridial myonecrosis (gas gangrene) because 
of the fulminant, life-threatening nature of the infection and the 
requirement for emergency surgery. At the same time, distinguishing 
between clostridial gas gangrene and anaerobic cellulitis is essential  
to avoid performing unnecessarily extensive surgery. Ultimately, the 
two processes are differentiated in the operating room, when the 
wound is laid open and the viability and appearance of the muscle are 
observed. The muscle is normal (pink) in clostridial cellulitis but dis-
tinctly abnormal in clostridial myonecrosis: it is discolored, fails to 
contract on stimulation, and does not bleed from a cut surface (see 
Chapter 96).

Presumptive Therapy. Surgical exploration is essential to deter-
mine the presence of any muscle involvement. If no myonecrosis is 
found, treatment should be limited to débridement of necrotic tissue, 
removal of any foreign material, and drainage of pus after the wound 
is opened widely. Initial antimicrobial management of clostridial cel-
lulitis requires broad-spectrum antibiotic therapy until surgical explo-
ration has been carried out and Gram-stained smears of material from 
the lesion have been evaluated. Empirical therapy must cover clos-
tridial infection (myonecrosis or anaerobic cellulitis) and necrotizing 
polymicrobial infection. Intravenous penicillin (2 to 3 million units 
every 3 hours or 3 to 4 million units every 4 hours) or ampicillin  
(2 g every 4 hours), plus intravenous clindamycin (0.6 g every 6 to  
8 hours) or metronidazole (1 g loading dose followed by 0.5 g every  
6 hours), provides a two-drug combination for treatment of the anaer-
obic organisms likely to be involved; clindamycin resistance has been 
reported rarely when used as monotherapy in penicillin-allergic 
patients and should be combined with metronidazole in these patients. 
Ampicillin-sulbactam (3 g every 6 hours) may also be used as initial 
therapy. Use of an additional antimicrobial agent (aminoglycoside, 
ciprofloxacin, or third-generation cephalosporin) aimed at aerobic 
gram-negative bacilli is based on evaluation of Gram-stained smears 
of exudate and tissue. Definitive selection of antimicrobial agents is 
subsequently based on the results of cultures and antimicrobial suscep-
tibility tests.

Nonclostridial Anaerobic Cellulitis
A clinical picture very similar to that of clostridial anaerobic cellulitis 
can be produced by infection with various non–spore-forming anaero-
bic bacteria (e.g., Bacteroides species, peptostreptococci, peptococci, 
either alone or as mixed infections).186 The anaerobic bacteria may be 
present along with facultative species (coliform bacilli, various strep-
tococci, staphylococci) in a mixed infection. Gas-forming soft tissue 
infections have been produced by E. coli, Klebsiella, Aeromonas, and 
perhaps other facultative bacteria.190

Because the clinical features and setting are similar to those of 
clostridial anaerobic cellulitis, the same initial broad-spectrum antimi-
crobial therapy (see earlier discussion) is appropriate to cover the 
mixed bacterial nature of the infection. Ampicillin-sulbactam may also 
be used as initial therapy in conjunction with a fluoroquinolone or 
aminoglycoside; such double coverage broadens activity against poten-
tially resistant gram-negative pathogens. Evaluation of Gram-stained 
smears of exudate aspirated from the lesion supplies a more focused 
basis for initial antimicrobial therapy. Subsequent results of cultures 
and susceptibility testing of aspirates or tissue removed at surgical 
exploration provide the information needed for narrowing (or extend-
ing) antimicrobial therapy. The surgical approach used is the same as 
for the treatment of clostridial anaerobic cellulitis.
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Fournier’s gangrene17,205,206 and also as idiopathic gangrene of the 
scrotum, streptococcal scrotal gangrene, and perineal phlegmon. It 
may be confined to the scrotum, or it may extend to involve the 
perineum, penis, and abdominal wall. Predisposing factors include 
diabetes mellitus, local trauma, paraphimosis, periurethral extravasa-
tion of urine, perirectal or perianal infection,207 and surgery in the area 
(circumcision, herniorrhaphy). In cases originating in the genitalia, the 
infecting bacteria probably pass through Buck’s fascia of the penis and 
spread along the dartos fascia of the scrotum and penis, Colles’ fascia 
of the perineum, and Scarpa’s fascia of the anterior abdominal wall. 
Anaerobic bacteria play an important role and contribute to the typical 
foul odor associated with this form of necrotizing fasciitis. Mixed 
cultures containing facultative organisms (E. coli, Klebsiella, entero-
cocci), along with anaerobes (Bacteroides, Fusobacterium, Clostridium, 
anaerobic or microaerophilic streptococci), have been obtained from 
studied cases.205,208 S. aureus and various β-hemolytic streptococci 
occur in roughly a third of patients208; rarely, group A streptococcal 
gangrene evolving from streptococcal balanitis can also involve the 
male genital area.

The infection commonly starts as cellulitis adjacent to the portal of 
entry. Early in the course of Fournier’s gangrene, the involved area is 
swollen, erythematous, and tender as the infection begins to involve 
the deep fascia. Pain is prominent; fever and systemic toxicity are 
marked. Swelling and crepitus of the scrotum quickly increase, and 
dark purple areas develop and progress to extensive scrotal gangrene. 
If the abdominal wall becomes involved in an obese patient with dia-
betes, the process can spread extremely rapidly.

Other Special Anatomic Forms of Necrotizing Fasciitis. Necro-
tizing fasciitis of the face and eyelids,209 neck,210,211 and lip is uncom-
mon but life threatening. It is most often caused by group A streptococci, 
alone or with S. aureus, and represents streptococcal gangrene; occa-
sionally, it represents mixed infections of group A streptococcus with 
Enterobacteriaceae or oral Bacteroides species. Although necrotizing 
fasciitis of the head and neck is often considered a single entity, in fact 
it represents two conditions etiologically.212 Craniofacial necrotizing 
fasciitis is commonly caused by group A streptococci, whereas cervical 
necrotizing fasciitis often represents a polymicrobial process (e.g., 
group A streptococci, various other streptococcal species, Bacteroides 
or Peptostreptococcus spp.). In mixed infections, crepitus may be a 
feature, as may necrosis of the epidermis and superficial fascia. Trauma 
is the usual precipitating cause of necrotizing fasciitis of the periorbital 
areas and face; dental, oral, and pharyngeal infections predispose to 
cervical necrotizing fasciitis. Differentiation of the latter from cervical 
soft tissue infection of odontogenic origin can be difficult, but rapid 
spread of infection to other areas of the neck, severe pain, and systemic 
symptoms along with subcutaneous crepitus suggest the diagnosis  
of necrotizing fasciitis. If crepitus is not palpable, soft tissue radiogra-
phy or prompt CT may help in the diagnosis by demonstrating sub-
cutaneous gas. The mortality associated with cervical necrotizing 
fasciitis is about four times as high as that from craniofacial necrotizing 
fasciitis.212

Other Microbial Causes of Necrotizing Fasciitis. Various patho-
gens have been occasionally recovered from wounds and often from 
blood cultures of patients with necrotizing fasciitis. Gram-negative 
necrotizing fasciitis due to Aeromonas hydrophila has been reported 
after open trauma. Immunocompromised hosts including neutropenic 
children receiving cancer chemotherapy are at risk for necrotizing fas-
ciitis caused by P. aeruginosa or Enterobacteriaceae.213 The acute cellu-
litis caused by V. vulnificus and other Vibrio species (described earlier) 
may extend to the superficial and deep fascia and produce necrotizing 
fasciitis. Similarly, MRSA may cause necrotizing fasciitis, usually in 
HIV-infected or other immunocompromised hosts.214 Very rare causes 
of necrotizing fasciitis include nasopharyngeal pathogens such as S. 
pneumoniae and H. influenzae type b, food-associated pathogens (Lis-
teria monocytogenes, Salmonella spp.), and environmental species such 
as Aeromonas hydrophila, Elizabethkingia meningoseptica, Chryseobac-
terium species, Serratia marcescens, and Ochrobactrum anthropi.

Differential Diagnosis. See Table 95-6 for the differential diagno-
sis of necrotizing fasciitis.

Presumptive Therapy. Prompt diagnosis is of paramount impor-
tance because of the rapidity with which the process can progress. The 

correlate with certain HLA-DQ polymorphisms.198 The more general 
features of necrotizing fasciitis are now considered.

Clinical Manifestations. Necrotizing fasciitis is an uncommon 
severe infection involving the subcutaneous soft tissues, particularly 
the superficial (and often the deep) fascia. It is usually an acute process 
but rarely may follow a subacute progressive course. Necrotizing fas-
ciitis can affect any part of the body but is most common on the 
extremities, particularly the legs. Extremity involvement is particularly 
common with type II (group A streptococcal) necrotizing fasciitis; 
abdominal wall, perianal and groin areas, and postoperative wounds 
are more common with type I (polymicrobial) infections.191,192 The 
portal of entry is usually a site of trauma, often minor (e.g., laceration, 
abrasion, burn, insect bite); a laparotomy performed in the presence 
of peritoneal soiling199 (e.g., penetrating abdominal trauma or perfo-
rated viscus) or another surgical procedure (e.g., hemorrhoidectomy, 
vasectomy); perirectal abscess; decubitus ulcer; or intestinal perfora-
tion. The last may be secondary to occult diverticulitis,200 rectosigmoid 
neoplasm, perforated appendicitis, or a foreign body such as a chicken 
bone or toothpick. Necrotizing fasciitis from such intestinal sources 
may occur in the lower extremity (extension along the psoas muscle),200 
as well as in the groin or abdominal wall (via a colocutaneous fistula). 
Particular clinical settings in which necrotizing fasciitis may develop 
include diabetes mellitus,191 alcoholism, and parenteral drug abuse,201 
often following “skin popping.”201,202

In the neonate, necrotizing fasciitis can be a serious complication 
of omphalitis. Initial swelling and erythema about the umbilicus can 
progress over several hours to several days and result in purplish dis-
coloration and periumbilical necrosis.203 Involvement of the anterior 
abdominal wall frequently extends to the flanks and even onto the 
chest wall.

The affected area is initially erythematous, swollen, without sharp 
margins, hot, shiny, exquisitely tender, and painful.191,192 Lymphangitis 
and lymphadenitis are infrequent. The process progresses rapidly over 
several days, with sequential skin color changes from red-purple to 
patches of blue-gray. Within 3 to 5 days after onset, skin breakdown 
with bullae (containing thick pink or purple fluid) and frank cutaneous 
gangrene (resembling a thermal burn) can be seen. By this time, the 
involved area is no longer tender but rather has become anesthetic 
secondary to thrombosis of small blood vessels and destruction of 
superficial nerves located in the necrotic, undermined subcutaneous 
tissue. The onset of anesthesia may antedate the appearance of skin 
necrosis and provide a clue that the process is necrotizing fasciitis and 
not a simple cellulitis. Marked swelling and edema may produce a 
compartment syndrome especially with extremity involvement, with 
complicating extensive myonecrosis requiring prompt fasciotomy. 
Measurement of compartment pressure may aid the evaluation in early 
situations in which marked pain and swelling are present without 
concomitant skin changes that would indicate the diagnosis.4 Subcu-
taneous gas is often present in the polymicrobial form of necrotizing 
fasciitis, particularly in patients with diabetes mellitus. Systemic toxic-
ity is prominent, and the temperature is elevated in the range of 38.9° 
to 40.5° C (102° to 105° F). On probing of the lesion with a hemostat 
through a limited incision, the instrument easily passes along a plane 
just superficial to the deep fascia. Such easy passage would not occur 
with ordinary cellulitis.

Leukocytosis is commonly present; hyponatremia and azotemia 
underscore the likelihood of necrotizing infection.204 Gram-stained 
smears of exudate usually reveal a mixture of organisms or, in the case 
of streptococcal gangrene, chains of gram-positive cocci. In one case, we 
observed numerous long, gram-positive bacilli with subterminal spores 
(along with gram-negative bacilli) in the foul-smelling, purulent exudate 
of a patient with crepitant necrotizing fasciitis after a lower leg amputa-
tion for peripheral vascular disease. The presence of numerous spores 
in the wound exudate indicated that the gram-positive bacilli were 
unlikely to be C. perfringens. Before surgery, the patient had Clostridium 
difficile enterocolitis, and C. difficile was isolated along with several 
members of Enterobacteriaceae from the wound drainage material.

Blood cultures are frequently positive. Hypocalcemia (without 
tetany) may occur if necrosis of subcutaneous fat is extensive.

Fournier’s Gangrene. A form of necrotizing fasciitis occurring 
about the male genitalia and perineum of both sexes is known as 
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and of subcutaneous tissue and fascia. Some cases of Fournier’s gan-
grene extending onto the abdominal wall are examples of this condi-
tion. Predisposing factors include diabetes mellitus, obesity, advanced 
age, and cardiorenal disease. Most infections are located on the lower 
extremities or near the perineum (e.g., originating in a perirectal 
abscess).185 The lesion may first be manifested as small skin ulcers 
draining foul-smelling, reddish-brown (dishwater) pus. Circumscribed 
areas of blue-gray gangrene surround these draining sites, but the 
intervening skin appears normal despite necrosis of underlying subcu-
taneous tissue, fascia, and muscle. Local pain and tenderness are 
marked. Tissue gas is apparent in about 25% of patients. Systemic 
toxicity is a feature; about 50% of patients have bacteremia.

Etiologic Agents. Cultures consistently show mixtures of anaero-
bic bacteria (anaerobic streptococci, Bacteroides, or both) and faculta-
tive bacteria (Klebsiella, Enterobacter, E. coli, Proteus),185 similar to 
other necrotizing soft tissue processes.

Presumptive Therapy. Initial surgery involves incision and drain-
age, but radical débridement is often necessary because of extensive 
involvement of deep fascia and muscle.185 Amputation may be required. 
Antibiotic management is initially based on the results of Gram-
stained smears of wound exudates, but it should include an antimicro-
bial agent effective against Bacteroides (see earlier discussion of 
presumptive therapy for type I necrotizing fasciitis).

Miscellaneous Infections Secondary  
to Trauma
Bite Infections
Infections secondary to bites are discussed in Chapter 320.223,224

Burn Infections
Infections secondary to burns are discussed in Chapter 319.

Injection Site Abscesses
Subcutaneous and intramuscular abscesses infrequently occur after 
therapeutic injections. S. aureus, facultative gram-negative bacilli, and 
anaerobic bacteria are usually implicated. Hematomas may represent 
sites of delayed infection. Gas gangrene has occurred after various 
injections, including insulin225 and aqueous epinephrine. Subcutane-
ous and intramuscular abscesses caused by a variety of oral anaerobes 
and streptococci have occurred after skin popping or attempted intra-
venous injections by narcotic addicts.186,226 In the case of subcutaneous 
abscesses secondary to intravenous drug abuse, vascular ultrasonogra-
phy may be helpful regarding the need for excision of involved veins, 
which often contain pus (suppurative thrombophlebitis) or an infected 
thrombus,226,227 in addition to débridement and drainage.

Factitial Disease (Self-Induced Abscesses)
Occasionally, subcutaneous abscesses and cellulitis are produced when 
a patient deliberately injects or inserts contaminated substances into 
the skin.228,229 Such abscesses are often recurrent and may be of mono-
microbial or polymicrobial origin, usually consisting of oral or fecal 
flora. Sterile abscesses may be induced by the introduction of foreign 
material without bacterial contamination. Such foreign material may 
be identified by examination of biopsy specimens with polarizing 
microscopy.

Subcutaneous Infections Originating in 
Contiguous Foci
Osteomyelitis
Occasionally, most commonly in a child, acute hematogenous osteo-
myelitis is manifested as a subcutaneous abscess (see also Chapter 106). 
Under these circumstances, a subperiosteal abscess has ruptured 
through intervening tissue into the subcutaneous tissue. S. aureus is 
the most common causative agent in such infections. It is important 
to recognize the nature of the process because of the different thera-
peutic programs required for osteomyelitis and for a subcutaneous 
abscess of cutaneous origin. Involvement of subcutaneous tissue as a 
consequence of osteomyelitis may also occur in the form of a draining 
sinus associated with chronic osteomyelitis and sequestrum formation. 
Multiple draining sinuses may occur as a result of multiple foci of 
osteomyelitis in disseminated blastomycosis. Routine radiographs may 

reported mortality rate of necrotizing fasciitis has approached 35% 
overall and is somewhat less (15%) for Fournier’s gangrene205,206; 
current analyses demonstrate improved survival overall (~15%).215,216 
Prompt diagnosis is generally associated with enhanced survival. Early 
clinical differentiation of necrotizing fasciitis from cellulitis can be 
difficult because the initial signs—including pain, edema, and 
erythema—are not distinctive. However, the presence of marked sys-
temic toxicity out of proportion to the local findings should alert the 
physician. CT and magnetic resonance imaging (MRI) can demon-
strate subcutaneous and fascial edema, as well as tissue gas, in patients 
with necrotizing fasciitis and distinguish this process from celluli-
tis.217,218 Ultrasonography and CT have occasionally been helpful for 
assessing possible Fournier’s gangrene when local scrotal inflamma-
tory findings are present but cutaneous necrotizing infection or crepi-
tus is not apparent.219,220 However, in patients in whom the diagnosis 
is clearly suspected, the most expeditious route to diagnosis is through 
surgical exploration or biopsy, without introducing delay for imaging 
studies. Imaging studies can be most useful early in the process, when 
pain and swelling are evident but cutaneous changes are absent and 
the diagnosis is uncertain. Imaging studies may also be helpful for 
monitoring clinical progress after surgical débridement, when further 
surgery may need to be considered. Additionally, imaging studies are 
useful in the diagnosis and management of necrotizing fasciitis in areas 
of the body in which the process is more inaccessible (e.g., retroperi-
toneal involvement) or may readily spread to other tissue compart-
ments (e.g., cervical fasciitis spreading to the mediastinum, pleura,  
and pericardium). Frozen-section examination of biopsy specimens 
(including dermis, infected subcutaneous tissue, fascia, and underlying 
muscle) has been found to be helpful for early diagnosis.221

Once the diagnosis is made, immediate surgical débridement is 
essential. In patients in whom the diagnosis is clearly suspected on 
clinical grounds (deep pain with patchy areas of surface hypesthesia, 
crepitation, or bullae and skin necrosis), direct operative intervention 
is indicated. Extensive incisions should be made through the skin and 
subcutaneous tissues and should go beyond the area of apparent 
involvement until normal fascia is found. Necrotic fat and fascia should 
be excised, and the wound should be left open. A second-look proce-
dure is frequently necessary 24 hours later to ensure adequacy of the 
initial débridement.191,192 In the case of Fournier’s gangrene, orchiec-
tomy is not usually necessary because the testes have their own blood 
supply, independent of the compromised fascial and cutaneous circu-
lation of the scrotum. Initial antimicrobial therapy is based on the 
evidence for prominent roles of anaerobic bacteria, Enterobacteria-
ceae, and various streptococci in this process and on the specific find-
ings on Gram-stained smears. The relatively frequent presence of  
S. aureus (approximately 20%) further complicates initial antibiotic 
management. Antibiotics used before bacteriologic data are obtained 
include combinations of vancomycin, cefepime, gentamicin, and met-
ronidazole; vancomycin, piperacillin-tazobactam and gentamicin; and 
vancomycin with imipenem or meropenem. Patients intolerant of  
vancomycin should receive linezolid or daptomycin until assessment 
of resistant gram-positive pathogens is completed. A fluoroquinolone 
such as ciprofloxacin is often administered rather than gentamicin 
owing to impaired renal function at presentation. For group A strep-
tococcal necrotizing fasciitis, penicillin or ampicillin plus clindamycin 
is recommended

Several ancillary therapies, none substitutes for prompt surgical 
débridement nor of proven efficacy, have been described. One is the 
use of intravenous immune globulin to treat the streptococcal toxic 
shock syndrome accompanying the treatment of group A streptococcal 
necrotizing fasciitis.4,196 The other is the use of hyperbaric oxygen for 
the treatment of polymicrobial necrotizing fasciitis, particularly of the 
trunk.204,222 This modality is not widely available and should not delay 
urgent débridement and conventional therapy with appropriate antibi-
otics and intensive care supportive measures (also see Chapter 49).

Synergistic Necrotizing Cellulitis
Clinical Manifestations. Synergistic necrotizing cellulitis (gram-
negative anaerobic cutaneous gangrene, necrotizing cutaneous myosi-
tis, synergistic nonclostridial anaerobic myonecrosis) is a variant of 
necrotizing fasciitis, with prominent involvement of skin and muscle 
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(mixed aerobic-anaerobic). As might be predicted, S. aureus is the 
principal isolate in infections (both abscesses and wounds) of the 
extremities and trunk whereas anaerobes are more numerous than 
aerobic facultative species in such infections in the genital, perirectal, 
inguinal, and head and neck areas.

Subcutaneous Abscesses in the Course 
of Bacteremic Infections
Metastatic pyogenic infections can occur during the course of bacte-
remias or endocarditis caused by various common invasive organisms 
(e.g., S. aureus) in subcutaneous tissue, as well as other organs and 
tissues. These abscesses are tender and fluctuant. Rarely, multiple, firm, 
nodular, subcutaneous lesions clinically resembling those of Weber-
Christian disease occur in the course of a staphylococcal bacteremia. 
If promptly identified and treated, the process may be aborted before 
frank abscess formation occurs. Other pathogens that commonly cause 
bacteremia but are only rarely associated with metastatic subcutaneous 
abscesses include Streptococcus pneumoniae232 and V. vulnificus.233 
Conversely, bacterial pathogens, which are infrequently responsible for 
bacteremia (e.g., Nocardia spp.,234 Corynebacterium jeikeium235), may 
also occasionally produce metastatic cutaneous abscesses in immuno-
compromised or debilitated individuals.

Mycetoma
See Chapter 263.

demonstrate underlying osteomyelitis in relation to the observed sub-
cutaneous abscess; in acute osteomyelitis, MRI will be diagnostic, even 
when conventional studies are nondiagnostic.

Actinomycosis
Subcutaneous abscesses frequently develop in the course of cervical, 
thoracic, or sometimes abdominal actinomycosis. Draining sinuses 
ultimately result (see Chapter 256).

Primary Pyodermas
On occasion, more superficial skin infections beginning as folliculitis, 
furunculosis, or cellulitis may progress into the deeper subcutaneous 
tissue and form a subcutaneous (sometimes cold) abscess. S. aureus is 
commonly the cause. Such progression occurring repeatedly might 
suggest certain underlying phagocytic cell defects, such as chronic 
granulomatous disease of childhood230 or hyperimmunoglobulin E 
syndrome (Job’s syndrome).231 These disorders are discussed further in 
relation to suspected immunodeficiency states in Chapter 12.

In a cataloguing of the bacteriology of a large number of cutaneous 
abscesses (with unspecified individual predisposing causes), S. aureus 
was the single most common aerobic-facultative isolate, followed in 
frequency by groupable (A, B, C, D) and nongroupable streptococci.162 
Among anaerobic isolates, Bacteroides species (most commonly the 
B. fragilis group) were most frequent, followed by Peptostreptococcus 
and Clostridium species. These abscesses are commonly polymicrobial 
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96  Myositis and Myonecrosis
Mark S. Pasternack and Morton N. Swartz*

Infection of skeletal muscle (infectious myositis) is uncommon. When 
it occurs, a wide range of organisms may be responsible: bacteria, 
mycobacteria, fungi, viruses, and parasitic agents.1 Bacteria invade 
muscle either from contiguous sites of infection (e.g., skin and subcu-
taneous abscesses, penetrating wounds, decubitus ulcers, osteomyeli-
tis) or by hematogenous spread from a distant focus. It is helpful to 
categorize infectious myositis on the basis of clinical manifestations. 
These may be very distinctive, as in clostridial gas gangrene, and 
suggest the specific etiologic agent, or they may be very nonspecific, as 
in the myalgias of viral infections and infective endocarditis (Table 
96-1). In certain instances (e.g., psoas abscess), it is the anatomic loca-
tion rather than the morphologic characteristics of the lesion or the 
nature of the infecting agent that distinguishes the particular type of 
muscle infection.

PYOMYOSITIS
Pyomyositis is an acute bacterial infection of skeletal muscle that is 
most commonly caused by Staphylococcus aureus. Pus accumulates 
within muscles initially; the muscle infection is not usually due to 
primary infection of adjacent skin, soft tissue, or bone. Clinically, pyo-
myositis is characterized by fever, localized muscle pain and stiffness, 
swelling, and tenderness.

Pathogenesis and Pathologic 
Characteristics
Bacterial infections of muscle usually occur after a penetrating wound, 
prolonged vascular insufficiency in an extremity, or a contiguous infec-
tion. Bacteremic spread of infection to skeletal muscle is extremely 
uncommon. Among fatal cases of staphylococcal septicemia, abscesses 
in skeletal muscle are found in less than 1%.2 Pyomyositis (primary 
muscle abscess) is a bacterial infection of muscle that occurs in the 
absence of a predisposing site of infection. S. aureus is the most 
common cause.3,4 Blood cultures are positive in 5% to 35% of the cases 
in most series at the time of presentation; metastatic infections in tissue 
other than muscle are rare, although the development of venous 
thrombosis and septic pulmonary emboli has been reported.5 In indi-
vidual patients with multifocal infections or associated endocarditis, it 
may be challenging to clarify whether sustained bacteremia was the 
primary process or the result of progressive pyomyositis.6

Most cases of pyomyositis occur in the tropics, hence the term 
tropical pyomyositis. Historically, it accounted for 1% to 4% of hospital 
admissions in some tropical areas,7 although recently in northern India 
pyomyositis accounted for only 0.03% of admissions.8 In more temper-
ate areas, pyomyositis is very uncommon, with approximately 330 
reported cases in the United States between 1981 and 20024 and a 
reported incidence of 0.5/100,000 annually in Australia.6 Pyomyositis 
occurs at all ages, in the tropics more frequently among children,  
but in North America more often in adults and the elderly.4,9 No 
convincing evidence relates pyomyositis causally to predisposing 

Definition
•	 Myositis	is	an	inflammatory	and	generally	

necrotizing	process	primarily	due	to	
hematogenous	seeding	of	muscle	with	
subsequent	bacterial	invasion.	Direct	
inoculation	of	muscle	as	the	result	of	
penetrating	trauma	is	also	an	important	
mechanism	of	infection	(associated	with	
clostridial	myonecrosis).	More	generalized	
muscle	inflammation	may	also	accompany	a	
variety	of	acute	and	chronic	viral	and	parasitic	
disorders.

Epidemiology
•	 Pyomyositis	occurs	across	the	age	spectrum	in	

temperate	regions	and	may	occur	in	previously	
healthy	as	well	as	immunocompromised	
individuals;	in	warm	climates,	infections	in	
children	predominate	(i.e.,	tropical	
pyomyositis).	Clostridial	myonecrosis	most	
commonly	complicates	penetrating	trauma	
(e.g.,	vehicular	accidents,	war,	natural	
disasters),	especially	in	resource-limited	
settings.

Microbiology
•	 Staphylococcus	aureus	is	the	classic	cause	of	

pyomyositis,	but	similar	illnesses	have	been	
associated	with	a	wide	variety	of	bacterial	

pathogens,	particularly	in	compromised	hosts.	
Clostridium	perfringens	myonecrosis	
complicates	penetrating	trauma,	but	
nontraumatic	clostridial	myonecrosis	may	
develop	after	hematogenous	dissemination	of	
more	aerotolerant	species	(e.g.,	C.	septicum,	
C.	sordellii).	Group	A	streptococci	can	also	
cause	severe	myonecrotic	infection,	which	is		
a	true	medical	emergency.	Acute	generalized	
muscle	inflammation	occurs	after	influenza	
and	dengue	virus	infections,	but	a	wide	variety	
of	viral	pathogens	have	sporadically	led	to	
significant	muscle	injury	and	even	severe	
rhabdomyolysis.

Diagnosis
•	 Consideration	of	these	uncommon	processes	is	

the	first	step	toward	the	proper	diagnosis,	
because	the	focal	progressive	pain	of	
pyomyositis	mimics	a	variety	of	disorders.	
Blood	cultures	and	(percutaneous)	drainage	
based	on	the	findings	of	cross-sectional	
imaging	confirm	the	diagnosis	and	guide	
therapy.	Pyomyositis	may	accompany	toxic	
shock,	and	investigation	of	a	focal	process	
responsible	for	fulminant	systemic	illness	is	
essential.	Gas	production	in	muscle	and	soft	
tissue	in	the	setting	of	a	rapidly	progressive	

illness	occurs	in	clostridial	myonecrosis	and	
related	infections;	this	is	a	surgical	emergency	
and	exploration	for	débridement	of	nonviable	
tissue	and	appropriate	cultures	is	critical.

Therapy
•	 Ideally,	after	expedited	imaging	and	drainage,	

empirical	broad-spectrum	antibacterial	therapy	
effective	against	S.	aureus	(including	
methicillin-resistant	S.	aureus)	and	gram-
negative	bacilli	as	well	as	anaerobes	should	
be	administered.	The	findings	of	associated	
toxic	shock	mandate	the	addition	of	a	protein	
synthesis	inhibitor	(e.g.,	clindamycin)	and	
possibly	intravenous	immunoglobulin	therapy.	
Narrow-spectrum	therapy	is	appropriate		
after	identification	and	sensitivity	testing	of	
the	isolated	pathogen.	Patients	presenting	
with	the	clinical	findings	of	gas	gangrene	
(clostridial	myonecrosis)	require	immediate	
high-dose	penicillin	and	clindamycin	and	
urgent	surgical	exploration.

Prevention
•	 Because	most	episodes	of	pyomyositis	develop	

after	transient	bacteremia,	prevention	is	not	
practical.	Prompt	débridement	of	devitalized	
tissue	after	penetrating	injury	is	highly	
effective	at	preventing	clostridial	myonecrosis.

SHORT VIEW SUMMARY

*Morton N. Swartz, a long-time contributor to chapters in previous editions of Principles 
and Practice of Infectious Diseases, died on September 9, 2013.

http://www.myuptodate.com


C
h

ap
ter 96 M

yositis	and	M
yonecrosis

1216.e1

KEYWORDS
clostridial myonecrosis (gas gangrene); group A streptococcal 
necrotizing myositis; myalgia; nonclostridial myositis; parasitic 
myositis; pyomyositis; psoas abscess; rhabdomyolysis

http://www.myuptodate.com


C
h

ap
ter 96 M

yositis	and	M
yonecrosis

1217

HIV-associated cases, Salmonella accounts for as many as 10% and 
streptococci for 5% of pyomyositis episodes in this population4,14; 
pneumococci, enterococci, and granulomatous infections due to Myco-
bacterium tuberculosis and Sporothrix schenckii have also been reported. 
Pyomyositis has been reported in growing numbers of intravenous 
drug abusers (with or without HIV infection) caused primarily by S. 
aureus but also by streptococci, gram-negative bacilli, or multiple 
organisms (including anaerobes).17 Pyomyositis is a rare complication 
of bacterial endocarditis and has been reported in an intravenous drug 
abuser who had left-sided S. aureus endocarditis.6,18

The presumed pathogenesis of (primary) pyomyositis involves pre-
vious bacteremia, commonly asymptomatic and transient. Because 
muscle trauma (locus minoris resistentiae) is necessary to produce 
pyomyositis in experimental animals after intravenous injection of S. 
aureus,19 a role for local mechanical injury has been hypothesized. 
Secondary pyomyositis reflects spread of infection from a contiguous 
source, typically a site of hematogenous osteomyelitis. The frequency 
of pyomyositis complicating staphylococcal osteomyelitis may be 
increased in community-acquired methicillin-resistant S. aureus 
strains expressing Panton-Valentine leukocidin20 and, in general, 
molecular features of distinct S. aureus clones correlate with superficial 
or invasive clinical syndromes.21

Clinical Manifestations
In 20% to 50% of cases there has been recent blunt trauma to or vigor-
ous exercise of the involved area or a local primary dermatologic 
process.4,6 The clinical picture often involves three stages. In the first, 
or invasive, stage, the onset is subacute with variable fever, local swell-
ing with or without erythema, mild pain, and minimal tenderness. The 

circumstances peculiar to the tropics (e.g., malaria, filariasis, arbovirus 
infection). However, an association between Toxocara canis infection 
(visceral larva migrans) and staphylococcal pyomyositis has been pro-
posed.10 Migration of the guinea worm Dracunculus medinensis in the 
deep connective tissues of the lower extremities may be complicated 
by staphylococcal abscesses, but these are located between muscle 
groups and are not the intramuscular abscesses typical of pyomyositis. 
Approximately 40% of cases in temperate climates lack any relevant 
underlying disease, but the remainder have possible predisposing risk 
factors such as intravenous drug abuse and systemic conditions includ-
ing human immunodeficiency virus (HIV) infection, diabetes mellitus, 
alcoholic liver disease, corticosteroid therapy, hematologic malignan-
cies (e.g., leukemia, lymphoma, or multiple myeloma), other hemato-
logic processes (e.g., Felty’s syndrome, myelodysplasia, sickle cell 
disease, cyclic neutropenia, chronic granulomatous disease) and/or 
their cytotoxic therapies, and rheumatologic diseases (particularly 
rheumatoid arthritis and systemic lupus erythematosus).4,9 The post-
partum,11 postabortion,12 and postoperative states, as well as deep acu-
puncture,13 are rare predisposing risk factors for the development of 
pyomyositis.

Pyomyositis has been reported repeatedly in patients with HIV 
infection, with or without acquired immunodeficiency syndrome 
(AIDS) (including one neonate); in the majority of these patients,  
it was caused by S. aureus.4,14 The predisposition to pyomyositis in 
AIDS patients probably relates to granulocyte dysfunction,15 progres-
sive cell-mediated immunodeficiency,16 and possible muscle injury 
(e.g., HIV myopathy, zidovudine-associated mitochondrial myopathy, 
myositis from parasitic disease, Mycobacterium avium complex infec-
tion). Although S. aureus is the etiologic agent in the majority of 

TABLE 96-1  Classification of Infectious Myositis

TYPE OF PROCESS CLINICAL PATTERN SPECIFIC CAUSES
Pyogenic and 

predominantly 
localized (spreading 
by contiguity)

Pyomyositis Staphylococcus aureus

Group A streptococcus (occasionally)

Other gram-positive cocci (rarely)

 Group B, C, or G streptococci

 Streptococcus pneumoniae

Gram-negative bacilli (rarely)

Anaerobic bacteria (rarely)

 Fusobacterium necrophorum

 Clostridia

Mycobacteria (rarely)

 Mycobacterium tuberculosis

 Mycobacterium avium-intracellulare

Fungi (rarely)

Cryptococcus neoformans

Gas gangrene Clostridium perfringens; occasionally other histotoxic clostridial species

Nonclostridial (crepitant) myositis

 Anaerobic streptococcal gangrene Peptostreptococcus (plus group A streptococci or S. aureus)

 Group A streptococcal necrotizing myositis Group A streptococcus

 Synergistic nonclostridial anaerobic myonecrosis Mixed infections: Bacteroides and other anaerobic non–spore-forming 
gram-negative bacilli; Peptostreptococcus and various streptococci; 
Escherichia coli; Klebsiella; Enterobacter

 Infected vascular gangrene Same as for synergistic nonclostridial anaerobic myonecrosis

 Aeromonas hydrophila myonecrosis A. hydrophila

Psoas abscess Gram-negative bacilli; S. aureus; mixed infections; M. tuberculosis

Nonpyogenic and 
predominantly 
generalized

Myalgias Viral infections (e.g., influenza, dengue); infective endocarditis; bacteremias 
(e.g., meningococcemia); rickettsioses (e.g., Rocky Mountain spotted fever); 
toxoplasmosis

Pleurodynia Coxsackievirus B

Myalgias with eosinophilia

Trichinosis Trichinella spiralis, Trichinella pseudospiralis

Cysticercosis (also subcutaneous nodules) Taenia solium

Muscle degeneration and destruction associated 
with infections elsewhere

Acute rhabdomyolysis Influenza viruses, dengue virus, echoviruses, coxsackieviruses, Epstein-Barr 
viruses, Legionella, and others (see text)
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granulocytosis) and may simply reflect concomitant parasitic infesta-
tion. Serum muscle enzyme levels may be elevated, particularly with 
severe streptococcal disease, but they frequently are normal despite 
gross muscle destruction. However, marked rhabdomyolysis with 
myoglobinuria and acute renal failure, more commonly seen in viral 
myositis, was reported in a patient with pyomyositis.29

Etiologic Agents
S. aureus is responsible for 95% of tropical pyomyositis cases while in 
temperate areas, S. aureus is the cause of 66% to 70% of cases.4,9 Group 
A streptococci account for 1% to 5% of the cases. Other gram-positive 
organisms uncommonly implicated in pyomyositis include various 
streptococci (groups B, C, and G), Streptococcus pneumoniae,30 Entero-
coccus faecalis,31 and Streptococcus anginosus.32 Myositis due to viridans 
streptococci complicating the viridans streptococcal sepsis syndrome 
in acute myelogenous leukemia has been reported.33 Other very rare 
causes include Enterobacteriaceae1 (Escherichia coli [particularly in 
neutropenic patients with hematologic malignancy34], Klebsiella 
oxytoca, Klebsiella pneumoniae, Serratia marcescens, Morganella mor-
ganii, Citrobacter freundii, Enterobacter spp., Salmonella spp.35), Yer-
sinia enterocolitica, Neisseria gonorrhoeae, Haemophilus influenzae, 
Pseudomonas aeruginosa, Burkholderia cenocepacia,36 and Aeromonas 
hydrophila. Anaerobes (Fusobacterium nucleatum, F. necrophorum,37 
Veillonella spp., oral anaerobic streptococci,38 Capnocytophaga sputi-
gena,39 actinomycetes, and Clostridium septicum) have been the cause 
in several cases. Pyomyositis may be caused by mixed pathogens, espe-
cially in patients with diabetes in whom, in addition to S. aureus, 
gram-negative or anaerobic pathogens, or both, were recovered in 
approximately 35% of episodes.40 In the past, Burkholderia mallei and 
Burkholderia pseudomallei have very rarely caused muscle abscesses in 
the septicemic or chronic suppurative forms of glanders and melioido-
sis, respectively. Aspergillus fumigatus has caused a localized muscle 
abscess in rare patients with myelodysplasia or AIDS and in patients 
who have received corticosteroids. Pathogenic yeasts can cause myosi-
tis on rare occasions. Pyomyositis due to Cryptococcus neoformans was 
reported in an immunocompromised host,41 and multifocal Histo-
plasma capsulatum nodular myositis was identified in an HIV-infected 
patient.42 Hematogenously disseminated candidiasis in neutropenic 

area is indurated or has a wooden consistency. This stage is often over-
looked. Because the initial swelling is firm and pain is not striking, 
and/or involves deep muscles not easily assessed at the bedside, atten-
tion is directed away from an infectious cause. Aspiration, if attempted, 
yields no pus. The second, or suppurative, stage occurs 10 to 21 or more 
days later, and this is the time when most patients are diagnosed. The 
patient is febrile, and distinct muscle tenderness and swelling (con-
forming to the involved muscle) are present. The overlying skin is 
intact and warm, and erythema is commonly absent. At this point, pus 
can be aspirated from the involved muscle. In the third stage, systemic 
manifestations of sepsis and local findings of erythema, exquisite ten-
derness, and fluctuance are striking. If untreated, the infection can 
progress to metastatic abscesses, shock, renal failure, and death22; the 
overall mortality rate is approximately 5%4 and is largely associated 
with the presence of severe sepsis and septic shock.4 The progression 
of pyomyositis from the initial invasive stage, associated with muscle 
inflammation and swelling, to the suppurative stage, with focal abscess 
formation, was documented by serial imaging in a patient whose infec-
tion was initially managed with antibiotic therapy.23

Occasionally, the onset is acute rather than subacute, with malaise, 
chills, and high fever. Rarely, the clinical picture is combined with that 
of toxic shock syndrome.24,25 This is a particular risk of myositis caused 
by group A β-hemolytic streptococci (see later discussion). Because the 
muscle abscesses are contained by the overlying fascia, local erythema 
and warmth may be minimal and the severity of the process not appre-
ciated until the infection extends to the subcutaneous tissues some days 
to weeks later. Regional lymphadenitis is not a feature. Usually only a 
single muscle group is involved, but multiple muscle abscesses may be 
present at presentation26 or develop after contiguous spread (e.g., from 
the psoas to the thigh adductors27). The most frequent sites of involve-
ment are the large muscles of the lower extremities (e.g., quadriceps 
femoris, gluteus group) and the trunk muscles, but a variety of other 
muscles can be involved (Fig. 96-1). Involvement of the abdominal 
muscles is uncommon but noteworthy because it may mimic an acute 
abdomen.28 Even in fatal cases, the diagnosis may be overlooked and 
involvement of superficial muscles may be missed at autopsy.22

Leukocytosis is prominent; eosinophilia is common in patients 
with tropical pyomyositis (even in the presence of a prominent  

FIGURE 96-1 Distribution of sites of pyomyositis. A, Anterior view. B, Posterior view. (Adapted from Bickels J, Ben-Sira L, Kessler A, et al. Primary 
pyomyositis. J Bone Joint Surg Am. 2002;84:2277-2286.)

Chest 6%

Abdominal wall 1.6%

Flank 2.1%

Groin 1.3%

Quadriceps muscle 26.3%

Scalp 0.4%

Neck 0.4%

Shoulder 7.9%

Arm 5.6%

Iliopsoas muscle 14%

Adductors 2.8%

Leg 3.3%

Foot 0.2%

Hand 0.1%

Popliteal fossa 0.4%

Calf 6.7%

Paraspinal
muscles 3.8%

Buttock 10.8%

Posterior thigh 5%

A B

http://www.myuptodate.com


C
h

ap
ter 96 M

yositis	and	M
yonecrosis

1219

muscle edema and localizes the presence of focal abscess formation 
with great precision. MRI can demonstrate enlargement of involved 
muscles and a slight increase in signal intensity on T1-weighted images 
in the involved area, with a hypointense central area and a surrounding 
gadolinium-enhanced rim. It also shows a diffuse increase in signal 
intensity on T2-weighted images, with a central high-signal-intensity 
fluid collection surrounded by a low-intensity rim.54 Computed tomog-
raphy (CT) is a more readily available cross-sectional modality, often 
performed during emergency department evaluation that provides less 
anatomic detail at the inflammatory stage of myositis but is helpful 
when used to guide percutaneous drainage of an established muscle 
abscess. CT can reveal low-density areas with loss of muscle planes, 
central fluid collection, and a surrounding rim of contrast enhance-
ment characteristic of pyomyositis.53 Enlargement of the involved 
muscle is usually evident. Superimposed cellulitis may sometimes be 
evident on CT, namely, skin thickening, stranding of subcutaneous fat 
with blurring of fat and fascial planes, and subcutaneous venous dis-
tention. Radionuclide imaging using indium 111–labeled leukocytes, 
sometimes performed as dual SPECT (single-photon emission CT)/CT, 
provides functional and anatomic detail but has not been compared 
directly with MRI regarding predictive value or cost.55

Empirical Therapy
Drainage of all established abscesses is essential, and selection of open 
or percutaneous drainage via ultrasound or CT guidance depends on 
the abscess location, size, and complexity and the available expertise. 
Initial antibiotic therapy should consist of empirical intravenous van-
comycin because of the preponderance of S. aureus isolates from these 
abscesses and the frequent and increasing incidence of methicillin-
resistant S. aureus. In compromised hosts or patients with severe 
disease, empirical high-dose broad-spectrum therapy effective against 
gram-negative pathogens and anaerobes should be added initially  
(e.g., β-lactam/β-lactam inhibitor combination such as piperacillin-
tazobactam or a carbapenem such as meropenem). Early modification 
of initial antimicrobial therapy is based on interpretation of a Gram 
stain of pus and subsequent cultures and susceptibility testing. If a 
group A streptococcus is isolated, treatment should be changed to 
high-dose penicillin G and clindamycin (see later discussion). Contin-
ued fever after surgical or percutaneous needle drainage of a muscle 
abscess while the patient is receiving appropriate antimicrobial therapy 
suggests the presence of other undrained suppurative foci; relapsing or 
recurrent pyomyositis is frequent among patients with advanced HIV 
infection.4 Pyomyositis may be complicated by a compartment syn-
drome, particularly if it occurs in the forearm56 or anterior tibial com-
partments,57 and may require surgical drainage, fasciotomies, and 
débridement beyond simple percutaneous drainage.

The prognosis after definitive treatment of pyomyositis is excellent, 
unless staphylococcal or streptococcal infection is complicated by the 
presence of toxic shock syndrome.24,25 The multiorgan failure associ-
ated with established toxic shock carries a disturbingly high mortality 
rate. In the absence of toxic shock, definitive drainage accompanied  
by prolonged effective antibiotic therapy usually leads to complete res-
olution of infection with little or no long-term morbidity, even in 
immunocompromised individuals. Delays in diagnosis and definitive 
drainage (when drainage is necessary) have led to muscle fibrosis,  
with the need for widespread excision, and subsequent functional 
disability.

GROUP A STREPTOCOCCAL 
NECROTIZING MYOSITIS
In addition to producing an occasional case of typical pyomyositis with 
abscess formation, on rare occasions group A streptococci cause a 
fulminant form of myositis, which is a true medical emergency, referred 
to as peracute streptococcal pyomyositis, streptococcal necrotizing 
myositis, streptococcal myonecrosis, or spontaneous streptococcal 
gangrenous myositis.58,59 Both necrotizing myositis and necrotizing 
fasciitis are frequently associated with group A streptococcal toxic 
shock syndrome.59 The entire clinical course may occur in 2 to 3 days, 
with intense pain, boardlike swelling of the affected muscle, and fever. 
The overlying skin may be uninvolved, or it may become erythematous 
or violaceous and contain petechiae and bullae.59 Most cases involve 

patients can manifest as fever and muscle pain. The scattered Candida 
abscesses in the muscle are generally too small to localize by symptoms 
and physical examination, but myositis in these patients is often 
accompanied by small, tender, erythematous, hematogenously dis-
seminated skin lesions. Punch biopsy of a skin lesion shows numerous 
Candida organisms in the dermis. Larger candidal lesions may be 
identified and managed using conventional imaging approaches.43 
Tuberculous pyomyositis is a rare form of extrapulmonary tuberculosis 
recognized in both competent44 and immunocompromised45 hosts and 
can present with or without features of disseminated disease.44 Pyo-
myositis due to M. avium complex is occasionally diagnosed in HIV-
infected patients, sometimes as part of the immune reconstitution 
syndrome,46 and Mycobacterium haemophilum pyomyositis was 
observed in a renal transplant recipient.47 Extrapulmonary Pneumocys-
tis jirovecii infection is relatively uncommon in patients with AIDS, but 
in one patient it manifested as an intramuscular, localized, painful 
thigh swelling with typical granulomatous histopathology.48

Differential Diagnosis
Early in the course of pyomyositis, other diagnoses may be suspected, 
particularly in nontropical areas: fever of obscure origin (in the early 
phase, when localizing findings may be minimal or absent), osteomy-
elitis, septic arthritis, appendicitis or diverticulitis, muscle strain, con-
tusion or hematoma, muscle rupture, and thrombophlebitis. Iliopsoas 
myositis has mimicked appendicitis49; obturator internus, iliacus, and 
rarely obturator externus pyomyositises have mimicked septic arthritis 
of the hip50; and pyriformis muscle pyomyositis has simulated an epi-
dural abscess because of severe back and radiating (sciatic) leg pain.51 
Pyomyositis involving these deep pelvic muscles may be difficult to 
diagnose in patients with active joint disease such as rheumatoid 
arthritis in whom symptoms may readily be attributed to the primary 
disease. Muscle infarction is an uncommon condition that occurs most 
frequently in the quadriceps muscle in patients with poorly controlled 
diabetes with nephropathy, neuropathy, and hypertension. It may 
suggest pyomyositis because of the acute onset of pain and presence of 
tender local swelling, but, in contrast to pyomyositis, fever is absent.52 
In the patient with multiple sites of muscle involvement and eosino-
philia (from incidental parasitic infestation), the picture may initially 
suggest trichinosis. Rupture of the muscle abscess through the fascia 
into subcutaneous tissues may suggest the diagnosis of cellulitis. The 
presence of a slowly enlarging, painful mass in an extremity of a patient 
with only low-grade fever may suggest the diagnosis of sarcoma. Pyo-
myositis of the pectoral muscle can pose a particular diagnostic 
problem because it must be distinguished not only from muscle 
rupture, hematoma, and sarcoma but also from cryptic abscessed sub-
pectoral nodes complicating infection of the ipsilateral thumb or index 
finger. Streptococcal necrotizing fasciitis, like gangrenous streptococ-
cal myositis, manifests initially as local pain disproportionate to any 
physical findings. Localized swelling, tenderness, and erythema ensue, 
but only in advanced stages are the characteristic violaceous skin 
changes, bullae, and frank skin necrosis seen overlying areas of fascial 
necrosis. Rapid frozen-section biopsy or surgical exploration may be 
needed to distinguish among these processes.

Diagnosis
Prompt imaging is essential in the evaluation of patients with focal soft 
tissue pain and fever because the possible need for surgical exploration 
must be assessed urgently. Plain radiographs can demonstrate focal soft 
tissue swelling, the presence of gas in the soft tissues, and any primary 
skeletal abnormalities (e.g., osteomyelitis, osteosarcoma). Ultrasonog-
raphy is readily accessible and can demonstrate muscle enlargement in 
the initial stage of pyomyositis; it can also show the presence of focal 
abscess formation in the suppurative stage of disease, revealing 
hypoechoic areas with internal echoes,53 especially if symptoms are 
localized in an extremity. Ultrasound assessment of the hip can detect 
the presence of a joint effusion, but it may be less sensitive in assessing 
the deep pelvic musculature. Ultrasonography is usually followed by 
cross-sectional imaging to gain greater anatomic detail and should not 
delay definitive imaging studies in acutely ill patients.

Magnetic resonance imaging (MRI) has proved invaluable in the 
assessment of patients with pyomyositis because it identifies focal 
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particularly after bowel or biliary tract surgery66 or septic abortion; and 
(4) arterial insufficiency in an extremity.67 Rare cases of gas gangrene 
have occurred after parenteral injection of medication, including 
aqueous epinephrine68; subcutaneous insulin administration69; and 
parenteral injection of methamphetamine or heroin.70 Fulminant gas 
gangrene has complicated routine venipuncture67 or platelet infusions71 
in patients with granulocytopenia. C. perfringens organisms usually are 
present in large numbers as normal flora in human feces and therefore 
can endogenously contaminate skin surfaces. Despite a high frequency 
(as high as 88%) of clostridial contamination of major traumatic open 
wounds, the incidence of gas gangrene in this setting is only 1% to 
2%,72 emphasizing the importance of devitalized tissue and the pres-
ence of foreign bodies in the pathogenesis of gas gangrene. The minimal 
dose of C. perfringens needed to produce fatal gas gangrene in experi-
mental animals is reduced by a factor of 106 if the organism is injected 
into devitalized muscle contaminated with sterile dirt rather than into 
normal muscle. The policy of prompt, thorough débridement and of 
leaving wounds open has decreased the incidence of gas gangrene in 
wartime injuries; only 22 cases among 139,000 combat casualties in 
Vietnam were reported.73

Gas gangrene may occasionally develop in the absence of an obvious 
external wound. This form of clostridial myonecrosis is designated 
spontaneous, nontraumatic gas gangrene. Its principal cause is C. sep-
ticum, a relatively aerotolerant species that spreads by the bacteremic 
route and is more capable of establishing infection without significant 
antecedent tissue injury than other clostridia. Intestinal tract abnor-
malities (colon cancer, diverticulitis, bowel infarction, necrotizing 
enterocolitis, volvulus) are the major predisposing conditions.74 Colon 
cancer, often cryptic, is the most common of these, occurring in  
as many as 88% of patients with C. septicum bacteremia. Other pre-
disposing disorders include leukemia, other causes of neutropenia,  
and diabetes mellitus. The primary source of infection is probably 
mucosal ulceration or perforation of the intestinal tract. The spread by 
the bacteremic route probably accounts for the bilateral multifocal 
involvement observed in a few patients with spontaneous gas gan-
grene.75 However, it may also manifest in the buttocks or flanks after 
an intra-abdominal catastrophe, with rapid extension of infection 
along the iliopsoas or other deep muscle groups. The progression of  
C. septicum spontaneous gas gangrene may be even more fulminant 
than that of traumatic C. perfringens gas gangrene; the mortality rate 
of the former is 67% to 100%, with most patients dying within 24 hours 
after onset.74

The involved muscle undergoes rapid disintegration. Initially, it 
may exhibit only pallor, edema, and loss of elasticity. When examined 
at surgery, it fails to contract on stimulation and does not bleed from 
a cut surface. Later it becomes discolored (reddish purple, then green-
ish purple and gangrenous) and friable. Histologically, the muscle 
fibers show coagulation necrosis, cavities caused by gas production, 
and a loss of supporting connective tissue; numerous gram-positive 
bacilli are present. Few, if any, inflammatory cells are present. Evidence 
suggests that the α- and θ-toxins of C. perfringens are major virulence 
factors that lead to myonecrosis and apparent lack of inflammation at 
the site of infection through cytolysis.76 Intravascular thrombosis due 
to the local effects of α-toxin on platelets and granulocytes appears to 
be responsible for the severe herald pain (which may be ischemic) and 
extensive myonecrosis.77 In addition to these local effects, the α-toxin 
provokes systemic hypotension by directly suppressing myocardial 
contractility and triggering the release of endogenous inflammatory 
mediators.78

Clinical Manifestations
The usual incubation period between injury and the development of 
clostridial myonecrosis is 2 to 3 days, but it may be as short as 6 hours. 
The onset is acute. Pain is the earliest and most important symptom, 
although on occasion a sense of heaviness may be the only initial 
symptom. Pain rapidly increases in intensity, beyond what would gen-
erally be associated with the preceding injury or surgical procedure, 
and may become excruciating. The patient soon appears severely ill, 
pale, and sweaty. Hypotension, tachycardia, shock, and renal failure 
follow. The patient may be apathetic or may be apprehensive and rest-
less but mentally clear. Delirium, stupor, and unconsciousness may 

the extremities and appear to develop spontaneously without anteced-
ent pharyngitis or tonsillitis. Bacteremia and toxemia are prominent 
features and contribute to the very high mortality rate (80% to 100%).59 
The rapid spread of infection in a closed compartment of muscles can 
markedly increase intramuscular pressure, resulting in further necrosis 
of muscle.60 However, both processes can be simultaneously present in 
the same area. The compartment syndrome with group A streptococcal 
myositis (e.g., a tibial compartment syndrome) may develop in the 
absence of frank fascial and muscle necrosis with muscle bulging and 
increased pressure secondary to edema and serosanguineous exudate.61 
The clinical features of such a syndrome include weakness of the com-
partment muscles, which are swollen and tender, severe pain on move-
ment of the lower leg, and overlying cutaneous hyperesthesia.

Streptococcal necrotizing fasciitis may resemble streptococcal myo-
sitis clinically, although the presence of tense bullae and focal skin 
necrosis is more suggestive of the former; often both conditions are 
present. MRI may disclose the predominantly involved structure, but 
urgent surgical exploration, always necessary in the setting of sus-
pected toxic shock associated with focal pain and swelling, should 
provide a clear answer. Rarely, acute streptococcal myositis with toxic 
shock syndrome is caused by non–group A streptococci.

Laboratory findings include leukocytosis and an elevated serum 
creatine phosphokinase level, in marked distinction to nonstreptococ-
cal forms of pyomyositis, in which little, if any, creatine phosphokinase 
elevation occurs. This medical emergency requires prompt clinical 
diagnosis with verification at surgery. Distinguishing group A strepto-
coccal necrotizing myositis from streptococcal necrotizing fasciitis and 
spontaneous clostridial myonecrosis may be difficult clinically, but gas 
in the tissue suggests spontaneous clostridial myonecrosis. In any case, 
all three diseases require prompt surgical exploration. Ultrasonogra-
phy, CT, or MRI usually reveals muscle swelling and fluid collection in 
muscle compartments. If prolonged delays are encountered in the 
pursuit of imaging studies, proceeding directly to surgical exploration 
with an initial limited surgical approach for diagnostic purposes is 
justified. Early aggressive surgical intervention with fasciotomy and 
débridement of necrotic tissue is indicated; in some instances, amputa-
tion is required. If the operative Gram stain suggests streptococcal 
infection, antibiotic therapy should consist of high doses of penicillin 
G (3 million units IV every 3 hours or 4 million units every 4 hours 
or adjusted appropriately for renal insufficiency) along with clindamy-
cin (600 mg IV every 6 to 8 hours).62 Clinical experience suggests that 
clindamycin has greater efficacy against group A streptococci in this 
life-threatening infection (Eagle effect) because of its greater activity 
against large bacterial populations in stationary phase growth, its more 
sustained postantibiotic effect, and its suppression of the production 
of toxins and other virulence factors through its inhibition of bacterial 
protein synthesis.59 The use of intravenous immunoglobulin G as an 
adjunct in the treatment of streptococcal toxic shock to neutralize 
streptococcal exotoxins and perhaps to modulate the host immune 
response has gained popularity based on retrospective studies and one 
small prospective, randomized trial,63 but conclusive evidence support-
ing its use remains limited.64

GAS GANGRENE  
(CLOSTRIDIAL MYONECROSIS)
Gas gangrene is a rapidly progressive life-threatening infection of skel-
etal muscle caused by clostridia (principally Clostridium perfringens). 
It usually occurs after muscle injury and contamination (as in a dirty 
traumatic wound) or rarely postoperatively. Nontraumatic gas gan-
grene, usually caused by Clostridium septicum, is a complication of 
bacteremia often arising from an occult gastrointestinal mucosal lesion 
such as an adenocarcinoma or as a complication of neutropenic colitis 
(also see Chapter 248).

Pathogenesis and Pathologic 
Characteristics
Gas gangrene occurs in settings that have in common muscle injury 
and contamination with soil or other foreign material containing 
spores of C. perfringens or other histotoxic clostridial species. Classic 
scenarios include (1) accidental traumatic civilian injuries such as 
compound fracture; (2) penetrating war wounds65; (3) surgical wounds, 
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Differential Diagnosis
The major differential diagnostic considerations are other gas-forming 
infections of the soft tissues (clostridial anaerobic cellulitis, nonclos-
tridial crepitant myositis, nonclostridial crepitant cellulitis). Clostridial 
anaerobic cellulitis (see Chapter 95) is more gradual in onset and pro-
gression, and the systemic manifestations of illness are much milder 
than in gas gangrene. Local pain is relatively mild, and the skin lesions 
of gas gangrene (bronzing, dark blebs) do not develop. Paradoxically, 
gas formation is often much more extensive in clostridial cellulitis than 
in gas gangrene. Clinically, it is often difficult to distinguish between 
early clostridial cellulitis and myonecrosis. Definitive evaluation 
requires examination in the operating room for the characteristic 
changes of myonecrosis described earlier. The clinical picture of non-
clostridial crepitant cellulitis is very similar to that of clostridial cel-
lulitis. Although contamination of a surgical or traumatic wound may 
be the source of infection in both types of cellulitis, nonclostridial 
crepitant cellulitis frequently develops in the setting of vascular insuf-
ficiency or perirectal infection. Bacteria isolated from nonclostridial 
crepitant cellulitis include facultative species (e.g., E. coli, Klebsiella, 
various streptococci) and anaerobic bacteria (e.g., Bacteroides, Pepto-
streptococcus). Commonly, these are present in mixed culture and can 
be seen on the Gram-stained smear of a wound aspirate.

Empirical Therapy
Treatment includes emergency surgical exploration, both to define the 
nature of the process (gas gangrene vs. crepitant cellulitis) by direct 
muscle examination at the site of infection and to perform appropriate 
débridement. Prompt and extensive surgery is the principal element in 
the treatment of gas gangrene. This includes excision of involved 
muscles (or amputation if necessary) and fasciotomies to decompress 
and drain the swollen fascial compartments. Antibiotic therapy is an 
important adjunct to surgical management. Penicillin G, the tradi-
tional antibiotic of choice, is administered in a dose of 2 million units 
IV every 2 hours or 3 million units IV every 3 hours (24 million units/
day) (or adjusted for acute renal insufficiency) for an adult. Currently, 
combined penicillin and clindamycin (600 mg IV every 6 to 8 hours) 
is widely used in treatment. The addition of clindamycin is based on 
results of experimental studies of fulminant clostridial myonecrosis in 
mice, in which clindamycin, metronidazole, and tetracycline were each 
more effective than penicillin.81 In vitro, the addition of penicillin to 
metronidazole antagonizes the activity of the latter; in contrast, the 
combination of penicillin with clindamycin provides slightly greater 
efficacy than clindamycin alone but significantly enhanced efficacy 
over that of penicillin alone.82

An additional antimicrobial agent (e.g., ciprofloxacin, a third- or 
fourth-generation cephalosporin, or a carbapenem agent) may be used 
initially if Gram-stained smears of the wound exudate show gram-
negative bacilli as well as the predominant gram-positive bacilli. 
Patients who are highly penicillin allergic may be treated with clinda-
mycin; plasmid-mediated resistance to tetracycline and erythromycin 
is now common among clostridia. Although the majority of C. perfrin-
gens isolates are susceptible in vitro to cephalosporins, the second-
generation agents cefotetan and cefoxitin appear to have more favorable 
minimal inhibitory concentrations than the third-generation agent 
ceftriaxone.83 C. perfringens is highly susceptible in vitro to the carbap-
enems, as well as metronidazole83 and linezolid, but experience with 
the use of these drugs in clostridial myonecrosis is limited.

The role of hyperbaric oxygen therapy is still debated (see Chapter 
49).84,85 Elevated partial pressures of oxygen are thought to reduce the 
rate of clostridial replication and to suppress toxin expression.84 The 
rarity of clostridial myonecrosis and the limited availability of hyper-
baric oxygen facilities has made prospective, controlled clinical trials 
impractical. Its use should never delay immediate surgical débride-
ment if possible. Its most appropriate role at present seems to be in the 
management of extensive truncal involvement, for which complete 
surgical excision would be impossible (paraspinal sites) or mutilating. 
In a murine model of C. perfringens myonecrosis initiated with a high 
inoculum, clindamycin therapy was more effective than hyperbaric 
oxygen and the addition of the latter provided no more efficacy than 
clindamycin alone.86 Initial hyperbaric oxygen therapy may decrease 
the extent of débridement that is necessary under these circumstances. 

supervene. Low-grade fever is frequently present, often with a tem-
perature below 38.3° C (101° F); hypothermia is a poor prognostic sign 
and is usually associated with shock. Jaundice may become evident. 
The process may rapidly progress over a period of hours, with a fatal 
outcome if not treated aggressively.

Initially, tense edema and local tenderness may be the only local 
findings. Swollen muscle may herniate through an open wound. A 
serosanguineous, dirty-appearing discharge containing numerous 
organisms but few leukocytes escapes from the wound and has a pecu-
liar foul odor. Gas bubbles may be visible in the discharge. Crepitus is 
usually present, but not prominent; sometimes it is completely obscured 
by very marked edema. The skin adjacent to the wound is initially 
swollen and white but rapidly takes on a yellowish or bronze discolor-
ation (Fig. 96-2). Tense blebs containing thin, serosanguineous or dark 
fluid develop in the overlying skin, and areas of green-black cutaneous 
necrosis appear. In fulminant cases, this progresses visibly over 2 to 4 
hours, as indicated by advancing edema and crepitation.

Laboratory Findings
The hematocrit is usually decreased, despite progressive local edema 
and expected hemoconcentration, because of the lysolecithinase activ-
ity of clostridial α-toxin and acute hemolysis. Initial leukocytosis is 
common. C. perfringens bacteremia occurs in about 15% of patients 
with gas gangrene.79 Intense bacteremia (with associated intravascular 
hemolysis) occurs more frequently after uterine infection.80

A Gram-stained smear of the wound exudate or an aspirate from a 
cutaneous bleb reveals many large, gram-positive bacilli with blunt 
ends but few polymorphonuclear leukocytes (see Chapter 248).75 In 
almost all cases spores are not evident. The presence of subterminal 
spores suggests C. septicum. Not infrequently, scattered gram-negative 
bacilli are also present, particularly in grossly contaminated wounds. 
The growth of C. perfringens in culture can be extraordinarily rapid 
(generation time as little as 8 minutes), paralleling the rapid advance 
of the infection in devitalized tissue. Examination of liquid anaerobic 
cultures for gas production (“stormy fermentation”) and subsequent 
Gram stain examination as early as 6 hours after inoculation may 
provide an early presumptive diagnosis of the infecting species. Radio-
graphs as well as CT scans of the involved areas show extensive and 
progressive gaseous dissection of muscle and fascial planes.

Etiologic Agents
C. perfringens is most commonly isolated from the lesions of gas gan-
grene (80% to 95% of the cases).65,73 Clostridium novyi is involved in 
10% to 40% of the cases and C. septicum in 5% to 20%. Other clostridial 
species (e.g., C. bifermentans, C. histolyticum, C. fallax, C. ramosum, 
and C. sordellii) have been implicated on rare occasions. In addition to 
clostridia, other organisms (e.g., E. coli, Enterobacter spp., enterococci) 
are sometimes isolated from the lesions of gas gangrene, reflecting the 
contaminated character of the initiating trauma or lesion.79

FIGURE 96-2 Clostridial gas gangrene of the left upper extremity. 
There is prominent characteristic bronze discoloration of the skin extend-
ing over the shoulder. Crepitus could be palpated beyond the area of 
discoloration onto the back. 
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spontaneous (nontraumatic) myonecrosis due to Aeromonas has not 
been reported in other settings. In a few instances, myonecrosis has 
been accompanied by gas spreading extensively in soft tissue planes. 
The rapid onset (24 to 48 hours) and rapid progression after trauma 
resemble those of clostridial gas gangrene. The prominence of pain, 
marked edema, serosanguineous bullae, and toxicity, in addition to  
the presence of gas in fascial planes, adds to the similarity of these 
conditions, and elicitation of freshwater exposure supports the diag-
nosis of Aeromonas infection. Bacteremia is frequently present. Treat-
ment consists of extensive surgical débridement and prompt initiation 
of antimicrobial therapy. Most isolates of Aeromonas are susceptible in 
vitro to gentamicin, tobramycin, carbapenems, and ciprofloxacin.91 
Third- and fourth-generation cephalosporins, trimethoprim-
sulfamethoxazole, and aztreonam also appear to be active, although 
individual strains may express β-lactamases that selectively hydrolyze 
cephalosporins or carbapenems.

PSOAS ABSCESS
Infection of the psoas muscle takes the form of either an abscess or a 
phlegmon, similar to the progression seen in primary pyomyositis. 
Unlike pyomyositis of other sites, psoas infections in temperate regions 
most commonly develop after the spread of infection from an adjacent 
structure (secondary psoas abscess)1; in tropical areas primary psoas 
abscesses, which develop by the hematogenous route, dominate, and 
S. aureus is the most common cause in this setting.1,94,95 In adult 
women, hematogenous psoas abscesses have been observed as a com-
plication of spontaneous vaginal delivery.11,96 A psoas abscess usually 
is confined within the psoas fascia, but, occasionally, because of ana-
tomic relationships, infection extends to the buttock, hip, or upper 
thigh.27 A psoas abscess may complicate pyogenic, tuberculous, or 
fungal vertebral osteomyelitis. Tuberculosis was formerly the principal 
cause of psoas abscesses; now they most commonly result from direct 
extension of intra-abdominal infections (e.g., diverticulitis, appendici-
tis, Crohn’s disease)94 or from vertebral infection.95 Occasionally, a 
psoas abscess results from extension of a perinephric abscess or from 
secondary infection of a retroperitoneal hematoma. The organisms 
involved in the spread of infection from an intestinal site are usually 
members of the aerobic and anaerobic bowel flora. S. aureus is the most 
common cause of psoas abscess secondary to vertebral osteomyelitis.

The iliacus muscle, applied to the ilium in the iliac fossa, forms a 
conjoined tendon with the lower portion of the psoas muscle. Osteo-
myelitis of the ilium or septic arthritis of the sacroiliac joint can pen-
etrate the sheaths of either or both muscles in this location, producing 
an iliacus or psoas abscess.97

Clinical manifestations of a psoas abscess include fever, lower 
abdominal or back pain, or pain referred to the hip or knee. A limp 
may be evident, and flexion deformity of the hip may develop from 
reflex spasm, suggesting septic arthritis of the hip. The psoas sign is 
evident. Often a tender mass can be palpated in the groin.

Radiographs may show a bulge produced by a psoas muscle abscess 
or the presence of gas within the psoas sheath. Calcification in a psoas 
abscess strongly suggests tuberculosis. CT is the most rapid and sensi-
tive noninvasive imaging technique to assess the psoas and iliacus 
muscles.98 Ultrasonography is less reliable for detecting small lesions 
or a phlegmon. Radionuclide imaging is no longer widely used in this 
situation. CT may show diffuse enlargement of the psoas (phlegmon), 
a sharply circumscribed, low-density fluid collection (abscess) within 
the muscle, or the presence of gas within the muscle (indicative of 
abscess).98 MRI of the pelvis can reveal enlarged psoas and iliacus 
muscles displaying grossly abnormal signal intensities.

Pyogenic psoas abscesses require drainage and initial empirical 
antibiotic therapy based on knowledge of the origin of the infection. 
CT is often quite valuable for abscess visualization and catheter drain-
age,99 with direct surgical drainage reserved for unsuccessful interven-
tional radiologic attempts and instances of inadequate catheter access. 
Although culture-negative psoas abscesses can be seen when drainage 
procedures follow an initial course of empirical antibiotic therapy, 
sterile pseudopsoas abscesses associated with erosive discitis due to 
calcium pyrophosphate deposition have been reported.100 If the process 
appears to be a phlegmon, repeat CT during the course of antibiotic 
therapy can confirm resolution of the anatomic changes.

The efficacy of intravenously administered polyvalent gas gangrene 
antitoxin has never been established clinically, and it is no longer avail-
able. Comprehensive ancillary therapy in the intensive care unit is 
essential in the management of gas gangrene, including attention to 
fluid and electrolyte replacement and maintenance of adequate hema-
tocrit levels through transfusion.

NONCLOSTRIDIAL (CREPITANT) 
MYOSITIS
Nonclostridial (crepitant) myositis includes four relatively distinct 
entities that differ from gas gangrene in their clinical picture and bac-
teriologic characteristics: (1) anaerobic streptococcal myonecrosis, (2) 
synergistic nonclostridial anaerobic myonecrosis, (3) infected vascular 
gangrene, and (4) A. hydrophila myonecrosis.

Anaerobic Streptococcal Myonecrosis
Anaerobic streptococcal myonecrosis is an acute interstitial myositis 
that clinically resembles subacute clostridial gas gangrene. The initial 
manifestations are swelling and a copious seropurulent exudate occur-
ring 3 to 4 days after an injury. Pain develops later, unlike the early 
occurrence of pain in gas gangrene. Tissue gas is present in muscle and 
fascial planes but is not extensive. The wound has an unpleasant sour 
odor. The involved muscles are discolored but do react to stimulation. 
In contrast to gas gangrene, early cutaneous erythema is prominent. If 
it is not adequately treated, the infection progresses, with the develop-
ment of toxemia, frank gangrene, and shock.

Numerous streptococci and polymorphonuclear leukocytes are 
present in the exudate. The infection is usually mixed (anaerobic strep-
tococci with group A streptococci or S. aureus). A mixed infection of 
muscle with both Finegoldia magna and Bacillus subtilis has been 
observed on several occasions in the setting of vascular injury. The 
clinical picture, along with the appearance of the Gram-stained smear, 
initially might suggest the diagnosis of clostridial myonecrosis.87 Treat-
ment involves the use of large doses of penicillin and initial antistaphy-
lococcal therapy such as vancomycin if indicated by initial Gram stain 
along with surgical débridement.

Synergistic Nonclostridial Anaerobic 
Myonecrosis
Synergistic nonclostridial anaerobic myonecrosis, a severe infection 
seen particularly in patients with diabetes and those with neutropenia, 
is also known as synergistic necrotizing cellulitis (see Chapter 95). It 
involves skin, subcutaneous tissue, fascia, and muscle. The most exten-
sive involvement is in the subcutaneous tissues and fascia; changes in 
overlying skin and underlying muscle are usually secondary. Although 
a mixture of anaerobic and facultative organisms is commonly recov-
ered at surgical exploration, on rare occasions crepitant myonecrosis 
may be caused by K. pneumoniae,88 Enterobacter cloacae,89 or Bacillus 
cereus90 unaccompanied by other organisms (aerobic or anaerobic) in 
high-risk patients. The clinical course is rapidly progressive, often 
leading to a fatal outcome despite emergency surgical exploration and 
débridement of necrotic tissue.

Infected Vascular Gangrene
Infected vascular gangrene is a mixed infection that develops in a 
group of muscles or in a limb that is devitalized as a result of arterial 
insufficiency, particularly in patients with diabetes mellitus. Proteus 
spp., Bacteroides spp., and anaerobic streptococci are among the 
bacteria found in such lesions. Gas formation and foul-smelling  
pus are prominent. The infection does not extend beyond the area of 
vascular gangrene to involve healthy muscle. Bacillus cereus infection 
has been associated with myonecrosis with slight crepitus after throm-
bosis of arterial grafts in addition to more aggressive post-traumatic 
infections.90

Aeromonas hydrophila Myonecrosis
Rapidly progressive myonecrosis caused by A. hydrophila, a faculta-
tively anaerobic gram-negative bacillus, may occur after penetrating 
trauma in a freshwater environment or in association with fish or 
aquatic animals.91,92 Although Aeromonas was associated with pyo-
myositis and a compartment syndrome in neutropenic patients,93 
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(e.g., HIV infection,116 chronic immunosuppressive therapy after organ 
transplantation, CD4 lymphopenia117), polymyositis may be a promi-
nent clinical manifestation resembling autoimmune polymyositis. 
Marked myalgias, muscle weakness and swelling, and fasciculations 
occur in such patients. Muscle biopsy specimens show interstitial myo-
sitis with destruction of muscle fibers, and pseudocysts of Toxoplasma 
gondii can be found in areas of muscle that are free of inflammatory 
reaction.116

Other Causes
Occasionally, the only clinical manifestations of initial infection with 
HIV type 1 (HIV-1) are those of polymyositis (myalgias, muscle weak-
ness, and increased serum levels of muscle enzymes). HIV-1 viral 
antigens can be found in CD4+ T lymphocytes in areas of muscle fiber 
inflammation and necrosis.118 During the subsequent course of HIV-1 
infection, various forms of muscle disease may develop,118 including 
generalized or localized myalgias, HIV myopathy (polymyositis), 
inclusion body and nemaline myopathies, muscle atrophy accompany-
ing AIDS wasting syndrome or vasculitis, opportunistic infectious 
myositis, and mitochondrial myopathy related to antiretroviral therapy 
(see Chapter 130). The clinical presentation of HIV-1 myopathy 
(inflammatory polymyositis) is that of progressive proximal muscle 
weakness. Increased levels of serum creatine phosphokinase and elec-
tromyographic changes assist in diagnosis. Muscle biopsy can help 
resolve this rather long differential diagnosis and guide specific 
therapy.118 The inflammatory myopathy may represent primarily an 
HIV-associated autoimmune process and may respond clinically to 
prednisone.

Inflammatory myositis with a lymphoplasmacytic cellular response 
has been documented in patients with human T-cell lymphotropic 
virus-1 (HTLV-1)-associated polymyositis, and muscle-infiltrating 
lymphocytes specific for viral and class I major histocompatibility 
determinants were demonstrated.109,119 There may be a direct toxic 
effect of HTLV-1 Tax-1 protein on myocytes, even in the absence  
of myocyte infection.120 In addition, specific Tax-1 cytotoxic T-
lymphocyte activity is present in HTLV-1–infected patients with 
muscle disease.120 Inflammatory myositis is rarely a major feature in 
Lyme disease121 and, if present, is often a focal process in relation to 
adjacent joint or skin involvement. Spirochetes consistent with Borrelia 
burgdorferi may be present on Dieterle’s silver stain of muscle biopsy 
specimens, or the presence of Borrelia may be confirmed by poly-
merase chain reaction analysis.121 Most cases have been reported from 
Europe, reflecting differences between European and American iso-
lates. Rarely, infection by Sarcocystis (an intracellular sporozoan para-
site) has been observed in histologic sections of muscle of individuals 
with muscle pain or weakness, mainly outside the United States.122 
Nematode myositis due to the minute nematode Haycocknema per-
plexum has been observed in Australia.123 In addition to toxoplasmosis, 
HIV-infected individuals have developed protozoan myositis due to a 
variety of microsporidia,124 including Trachipleistophora hominis (see 
Chapter 272).125

PLEURODYNIA SYNDROMES
Epidemic pleurodynia is an acute, febrile disease caused by group B 
(or rarely by group A) coxsackieviruses that is characterized by the 
sudden onset of sharp chest pain over the lower ribs or sternum  
(see Chapter 174). Paroxysms of knifelike pain are precipitated by 
voluntary or respiratory movements. Muscle tenderness may be 
present. Abdominal pain may also be present in some patients; in 
others, abdominal pain may be the sole manifestation, simulating 
intraperitoneal processes.

Group B coxsackieviruses produce visceral lesions and some focal 
myositis in experimental animals. Myositis has not been demonstrated 
as a feature pathologically, either in fatal cases of severe neonatal cox-
sackievirus B infection or in the few biopsy specimens obtained from 
affected muscles of patients with epidemic pleurodynia, but it has been 
associated with rhabdomyolysis complicating mild exercise in the 
recovery phase of illness.126 A variety of other enteroviruses rarely 
provoke rhabdomyolysis.1 Focal myositis with localized swelling and 
perivascular mononuclear cell infiltration sparing myocytes was 
observed in a patient with coxsackievirus A21 infection.127

OTHER SPECIFIC SITES OF 
MUSCLE ABSCESSES
Infective myositis or pyomyositis may occasionally occur in less 
common anatomic areas and mimic other more common infections; 
deep pelvic muscle infections are relatively more common in children. 
Iliacus pyomyositis50 and pyomyositis of the adductor muscles or the 
obturator internus muscle101 may mimic septic arthritis of the hip; 
pyriformis pyomyositis may suggest a spinal epidural abscess51 or 
pelvic osteomyelitis102; and iliopsoas myositis49 may mimic appendici-
tis. On occasion, the primary myositis may actually progress to involve 
adjacent joints, resulting in adjacent septic arthritis.

MYALGIAS
Myalgias are prominent features of a variety of infections, such as 
dengue, influenza, and Rocky Mountain spotted fever, and are often 
associated with mildly to moderately elevated levels of creatine phos-
phokinase.103 Histologic changes include the presence of virions and 
variable patchy myonecrosis, often with a paucity of inflammation.104,105 
Clinically significant muscle weakness is occasionally present, often in 
association with severe rhabdomyolysis (see later discussion).104,106-108 
In addition to the focal myositis syndromes discussed earlier, a variety 
of pathogens are associated with acute diffuse muscle injury (culminat-
ing in rhabdomyolysis) or with chronic diffuse muscle injury, mimick-
ing autoimmune polymyositis (see Table 96-1). The histopathologic 
similarities observed between autoimmune muscle injury and the 
polymyositis associated with certain infectious processes and the dem-
onstration of pathogen-specific antigen recognition by infiltrating lym-
phocytes suggest that infection may trigger an autoimmune attack on 
myocytes in at least some instances.109,110

Influenza
Muscle aches are common early in the course of influenza. Occasion-
ally, severe bilateral muscle pains in the lower limbs may develop in 
the recovery phase of influenza A or B, particularly in young children, 
which has been termed acute benign myositis.111 Although influenza B 
is less common than influenza A, the rate of influenza B–associated 
myositis greatly exceeds that of influenza A.106,107 Muscle tenderness is 
demonstrable, principally in the gastrocnemius and soleus muscles, 
and calf swelling may be present. Deep tendon reflexes and muscle 
strength are normal, but there is considerable difficulty in walking. The 
leg pains and muscle tenderness subside in less than 1 week. Mild 
increases in serum concentrations of aldolase and creatine phosphoki-
nase occur. The specimens from the few biopsies performed have 
shown either nonspecific degenerative changes or muscle necrosis with 
polymorphonuclear leukocytic infiltration. Whether this myositis is 
generally caused by direct viral invasion or by some immunologic or 
other response is unknown. Direct viral replication within skeletal 
muscle has been demonstrated in fatal cases of influenza A.105 Life-
threatening rhabdomyolysis with extreme increases in creatine phos-
phokinase and myoglobin-induced acute renal failure are rarely seen 
after influenza A infection; the prognosis is favorable but may require 
short-term dialysis108 or even extracorporeal membrane oxygenation if 
myocardial dysfunction is present. Isolated influenza myocarditis, 
sometimes quite severe, can occur in the absence of generalized rhab-
domyolysis (see Chapter 167).112

Infective Endocarditis
Prominent myalgias occur in about 15% of patients with infective 
endocarditis.113 They may be either diffuse or localized. The patho-
genesis is not known, but in one instance muscle biopsy specimens 
showed a small focus of muscle fiber destruction and leukocytic infil-
tration consistent with embolization to a small artery. On rare occa-
sions, infective endocarditis may lead to frank pyomyositis18 or 
rhabdomyolysis.114

Toxoplasmosis
The major features of acute acquired disseminated toxoplasmosis are 
those of meningoencephalitis, myocarditis, pneumonitis, lymphadeni-
tis, rash, and occasionally hepatitis (see Chapter 280). In rare instances, 
particularly (but not exclusively115) in immunocompromised hosts 
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back into the duodenum or stomach, where they hatch. From the 
stomach, they are widely distributed to the skeletal muscle, subcutane-
ous tissues, heart, eye, and central nervous system.

Symptomatic involvement of muscle is uncommon. Occasionally, 
the stage of invasion is characterized by fever, muscle tenderness, and 
eosinophilia. More characteristically, asymptomatic calcified cysts 
(“puffed rice” appearance) are detected in muscles on soft tissue radio-
graphic films of patients with neurologic manifestations.

MUSCLE DEGENERATION 
ASSOCIATED WITH INFECTIONS 
AT OTHER SITES
Acute Rhabdomyolysis
Myoglobinuria occasionally occurs after an acute illness with symp-
toms suggesting an upper respiratory tract infection and has been 
associated with a variety of respiratory viral pathogens including influ-
enza A and B, parainfluenza, adenovirus, and severe acute respiratory 
syndrome–coronavirus, as well as Mycoplasma pneumoniae and Legio-
nella pneumophila. Rhabdomyolysis has also complicated systemic 
infections caused by HIV, Epstein-Barr virus, cytomegalovirus, human 
herpesvirus 6, measles virus, varicella virus, dengue virus, West Nile 
virus, rabies virus, and parvovirus B19. A variety of bacterial patho-
gens have led to rhabdomyolysis among critically ill patients with 
sepsis130,131; gram-positive pathogens including S. aureus and S. pneu-
moniae predominate, but Salmonella spp., N. meningitidis, and Entero-
bacteriaceae or nonenteric pathogens such as P. aeruginosa or A. 
baumannii may be responsible. Leptospirosis, brucellosis, and rickett-
sial infections can also trigger rhabdomyolysis. Diffuse muscle pains 
(especially in the extremities), weakness, swelling, and tenderness are 
prominent features, along with increased muscle enzyme (often strik-
ing), myoglobinuria, and even acute renal failure.

Muscle Proteolysis and Mediators of 
Fever in Patients with Sepsis
Muscle involvement in the form of myalgias and weakness is common 
in the course of systemic infections. Accelerated catabolism of skeletal 
muscle contributes to the marked weakness and muscle wasting that 
can be observed in systemic infections. This seems to be part of an 
acute phase host response to sepsis and trauma likely triggered by a 
variety of mediators, including interleukin-1, tumor necrosis factor, 
interferon-α, and interleukin-6, as well as endogenously and exoge-
nously administered glucocorticoids. Detailed studies of myocyte 
mitochondrial number, protein synthesis and expression, mitochon-
drial enzyme activity, and messenger RNA levels (including microRNA) 
in muscle biopsy specimens from septic intensive care unit patients 
with multiorgan system failure demonstrate a loss of functional mito-
chondria with sustained but dysregulated mitochondrial protein 
expression and enhanced proteolytic activity. Transcriptional analysis 
demonstrated that several critical intracellular pathways (oxidative 
stress, apoptosis, proteasome function, ion homeostasis, and kinase 
signaling) are perturbed in these patients.132 The intracellular events 
accompanying muscle catabolism involve prostaglandin E2 synthesis, 
direct cleavage of actomyosin by caspase 3,133 and subsequent degrada-
tion by proteasomes. Additional mechanisms also help regulate the 
process of muscle cachexia.134 An important role of prostaglandin E2 
in the generation of myalgias and fever is consistent with the ameliora-
tion of these symptoms after administration of nonsteroidal anti-
inflammatory prostaglandin synthesis inhibitors.

MYALGIAS WITH EOSINOPHILIA 
(PARASITIC MYOSITIS)
Trichinosis
Trichinosis is acquired by ingestion of encysted larvae in insufficiently 
cooked pork or, less commonly, bear meat, wild boar meat, horse meat, 
or walrus meat. The prominent clinical manifestations of trichinosis 
include fever, myositis, periorbital edema, and eosinophilia. An initial 
intestinal phase (nausea, vomiting, nonbloody diarrhea) caused by 
larval release in the stomach, followed by larval maturation and copu-
lation in the small intestine during the first week, is followed during 
the second week by release of progeny larvae, mucosal invasion, hema-
togenous dissemination, and invasion of skeletal muscle (see Chapter 
289).128 Serious complications in the form of myocarditis, meningoen-
cephalitis, and pneumonitis can occur.128 Myalgias, frequently accom-
panied by muscle swelling and weakness and occasionally associated 
with fasciculations, are present in most patients with the disease. 
Muscles commonly involved include the extraocular muscles, flexor 
muscles of the extremities, back muscles, and muscles used in chewing 
and swallowing. Periorbital edema, chemosis, and conjunctival hemor-
rhages are related to larval invasion of extraocular muscles. The inflam-
matory response in muscle produces increased serum levels of muscle 
enzymes and is associated with prominent eosinophilia.

Muscle biopsy specimens reveal encysted larval trichinae in necrotic 
muscle fibers, surrounded by inflammatory cells (predominantly 
eosinophils and neutrophils, but also lymphocytes). Severe skeletal 
muscle involvement reflects the burden of infection and possible host 
immunosuppression. Although granulomatous reactions have been 
observed in the heart and lungs in fatal cases, larval encystment does 
not take place in organs other than skeletal muscle.

Trichinella spiralis is the most common cause of human trichi-
nosis, but multiple other species can infect humans.128 Unlike T. 
spiralis, Trichinella pseudospiralis does not undergo encystment in 
skeletal muscle and leads to prolonged larval migration and clinical 
symptoms.

Diagnosis of trichinosis is made on the basis of the clinical picture, 
eosinophilia, elevated muscle enzymes, and compatible serologic find-
ings (enzyme-linked immunosorbent assay, immunoblotting, and, if 
needed, muscle biopsy), and appropriate epidemiologic investiga-
tion.128 Benzimidazole compounds (thiabendazole, mebendazole, 
albendazole), which kill mature worms, are the most effective therapies 
early in the illness; albendazole may have the advantage of being better 
tolerated. Short courses of systemic corticosteroid therapy ameliorate 
clinical symptoms and are administered in severe cases.128

Trichinosis should be distinguished from the eosinophilia-myalgia 
syndrome, which results from the ingestion of certain tryptophan 
products and is characterized by prominent myalgias, fatigue, and 
eosinophilia, followed, in some instances, by the development of neu-
rologic and scleroderma-like skin changes.129

Cysticercosis  
(Cysticercus cellulosae Myositis)
Human cysticercosis is rare in the United States, but common in Latin 
America and Asia. It results from the ingestion and subsequent hatch-
ing of viable eggs of Taenia solium into the larval form (cysticercus) of 
the parasite (see Chapter 291). Eggs reach the upper intestinal tract in 
food contaminated by feces from a person parasitized by the adult 
worm. Autoinfection can occur through the fecal-oral route and pos-
sibly by reverse peristalsis transporting intestinal egg-laden proglottids 
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LYMPHADENITIS
Lymphadenitis is an acute or chronic inflammation of the lymph 
nodes. It may be restricted to a solitary node or to a localized group of 
nodes draining an anatomic area (regional lymphadenitis), or the 
involvement can be generalized during a systemic infection. The gross 
features may reflect nonsuppurative, suppurative, necrotizing, or 
caseous inflammation, depending on the nature of the infecting micro-
organism, or noninfectious inflammatory or neoplastic processes.

Pathogenesis and Pathologic Changes
Acute Lymphadenitis
Lymph nodes serve as filters, removing infectious agents from lym-
phatics draining areas of acute inflammation. The initial histologic 
response consists of swelling and hyperplasia of sinusoidal lining cells 
and the infiltration of leukocytes. Depending on the nature of the 
infecting organism, host defenses, and antimicrobial therapy, the 
process may or may not progress to abscess formation. With some 
microorganisms, a more distinctive pathologic picture may be seen: 
granulomas and caseation necrosis with infections due to Mycobacte-
rium tuberculosis and nontuberculous mycobacteria; stellate abscesses 
surrounded by palisading epithelioid cells (granulomatous abscess)1 
with lymphogranuloma venereum, cat-scratch disease, tularemia, yer-
siniosis, fungal lymphadenitis, and chronic granulomatous disease; or 
reactive follicular hyperplasia with scattered clusters of epithelioid his-
tiocytes characteristically blurring the margins of germinal centers, 
along with focal distention of subcapsular and trabecular sinuses by 
monocytoid B cells, in toxoplasmosis.2 The necrotizing granulomatous 
lymphadenitis that occurs in tularemia can resemble that occurring in 
cat-scratch disease but often exhibits more granulomatous inflamma-
tion. Yersinia (Yersinia pseudotuberculosis or Yersinia enterocolitica) 
infection in mesenteric lymph nodes can also cause a necrotizing 
lymphadenitis. Necrotizing nongranulomatous lymphadenitis may be 
a feature of processes to which an infectious cause has not yet been 
ascribed: Kikuchi’s necrotizing lymphadenitis, Kawasaki disease, and 
systemic lupus erythematosus.3 Necrotizing viral lymphadenitis has 

been documented to be due to herpes simplex virus, primarily in indi-
viduals with underlying hematologic disorders,4 cowpox,5 parvovirus 
B19,6 and human herpesvirus 67 in healthy individuals, as well as in 
patients with systemic lupus erythematosus.

Chronic Lymphadenitis
Histologically, the response is proliferative with hyperplasia of reticu-
loendothelial cells, prominent germinal centers, and dilated lymph 
sinuses filled with mononuclear cells. This nonspecific picture can be 
seen with a variety of infections and may be observed initially on 
biopsy in a patient subsequently proven to have a lymphoproliferative 
disorder. Noncaseous granulomatous lymphadenitis is characteristic  
of sarcoidosis. More destructive granulomatous lymphadenitis with 
necrosis or caseation may occur in tuberculous or fungal lymphadeni-
tis, particularly histoplasmosis.

Dermatopathic lymphadenitis (lipomelanotic reticuloendothelio-
sis) is a distinctive form of chronic lymphadenitis involving lymph 
nodes draining sites of chronic pruritic dermatitides. These enlarged 
nodes characteristically demonstrate accumulation of lipid and 
melanin in macrophages derived from the cutaneous inflammatory 
process. The hyperplastic appearance of such nodes may be so promi-
nent as to suggest erroneously a lymphoproliferative disorder. Simi-
larly, inflammatory pseudotumor can present with progressive cervical 
lymphadenopathy with systemic symptoms and thus mimic tubercu-
losis or lymphoma.

Clinical Manifestations
Acute Regional Lymphadenitis Due to 
Pyogenic Bacteria
Palpable lymph nodes do not always indicate serious or ongoing 
disease. Some degree of inguinal lymphadenopathy is relatively 
common, reflecting previous episodes of infection in the lower extrem-
ities (e.g., interdigital web infections secondary to dermatophytosis); 
similarly, slight enlargement of cervical nodes may persist from pre-
vious pharyngeal or dental infections. Lymphadenopathy in certain 
anatomic areas (preauricular, posterior auricular, supraclavicular, del-
toideopectoral, and pectoral) should always be viewed with greater 
suspicion because these nodes are not frequently enlarged as a result 

Definition: Lymphadenitis
•	 Acute	(suppurative)	or	chronic	(often	

granulomatous)	inflammation	of	the	lymph	
nodes

Epidemiology
•	 Suppurative	lymphadenitis	most	common	

among	young	children;	granulomatous	
lymphadenitis	may	occur	in	individuals	of		
all	ages.

Microbiology (see	Table	97-1)
•	 Suppurative	lymphadenitis	primarily	due	to	

Staphylococcus	aureus	(methicillin	sensitive	and	
methicillin	resistant)	and	group	A	streptococci	
in	normal	hosts;	a	variety	of	pathogens	may	
cause	suppurative	lymphadenitis	in	
immunocompromised	individuals.

•	 Granulomatous	lymphadenitis	is	due	primarily	
to	nontuberculous	mycobacteria	in	healthy	
children.	Mycobacterium	tuberculosis	is	the	
most	important	etiology	in	older	patients	but	
may	be	due	to	a	variety	of	pathogens	in	
compromised	hosts.

Diagnosis
•	 Needle	aspiration,	incisional	biopsy,	or	

excisional	biopsy	depending	on	the	tempo		
and	severity	of	the	illness	and	possible	
immunodeficiency

Therapy
•	 Drainage	of	established	abscesses	and	

conventional	antimicrobial	therapy	against	
gram-positive	pathogens	for	acute	suppurative	
lymphadenitis

•	 Targeted	therapy	based	on	microbiologic/
histopathologic	investigation	for	chronic	
granulomatous	lymphadenitis

Prevention
•	 Early	therapy	of	primary	superficial	infections	

and	early	therapy	of	acute	adenitis	episodes	
may	reduce	the	risk	of	suppuration	and	need	
for	surgical	drainage.

Definition: Lymphangitis
•	 Lymphangitis	is	an	inflammation	of	lymphatic	

channels,	usually	in	subcutaneous	tissues.	It		
is	carried	by	an	acute	process	of	bacterial	
origin	or	as	a	chronic	process	of	mycotic,	
mycobacterial,	or	filarial	etiology		
(see	Table	97-2).

SHORT VIEW SUMMARY

*Morton Swartz, a long-term contributor to previous editions of Principles and Practice of 
Infectious Diseases, died on September 9, 2013.
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axillary and subclavian veins may be a complication. In countries 
where infants are routinely inoculated with Calmette-Guérin bacillus 
(BCG), acute axillary lymphadenitis ipsilateral to the BCG inoculation 
site is occasionally seen1 and, if severe, may implicate significant under-
lying immunodeficiency.16

Subpectoral Lymphadenitis
An unusual course may be taken occasionally by infection (usually 
streptococcal but sometimes staphylococcal) of the thumb or the inter-
digital web between the thumb and index finger. Lymphatics from this 
area do not pass through the epitrochlear nodes but drain directly into 
the axillary nodes, which in turn communicate with the subpectoral 
nodes. If infection is not contained in the axillary nodes, subpectoral 
lymphadenitis develops and may progress to frank suppuration. Infec-
tion in this area may dissect downward and manifest as cellulitis over 
the lower chest and upper abdomen, suggesting an intraabdominal 
infection. Occasionally, large subpectoral abscesses may suggest a 
tumor because the overlying pectoralis major obscures the local 
warmth and erythema commonly associated with infection. Rarely, 
contraction of the pectoral muscle (as on arm elevation) causes move-
ment of the pectoral area swelling, suggesting avulsion of the inferior 
attachments of this muscle. The suppurating nodes may drain onto the 
chest wall. Pleural effusion may develop on the involved side.

Deep Neck Space Lymphadenitis
The development of progressive parapharyngeal or retropharyngeal 
infection complicating primary intraoral infection may become a life-
threatening complication due to progressive inflammation, necrosis, or 
abscess formation, or a combination of these, compromising vital neck 
structures and the mediastinum (see Chapter 87). Computed tomog-
raphy (CT) has been invaluable to localize these infections and guide 
surgical management, but in some cases, focal low-density abnormali-
ties that do not yield drainable pus at exploration are identified.17,18 In 
these cases, focal parapharyngeal18 or retropharyngeal lymphadenitis,17 
recognizable by its relatively small size or relatively posterior location 
in the parapharyngeal space, may account for these radiologic abnor-
malities and be amenable to nonsurgical management with antibiotic 
therapy and close follow-up.

Acute Mediastinal Lymphadenitis
Acute suppurative mediastinal lymphadenitis is usually recognized in 
the course of managing bacterial mediastinitis, a fulminant process 
typically complicating progressive infections of the upper respiratory 
tract or perforation of the esophagus or bronchial tree as the result of 
trauma or surgery. Rarely, odontogenic foci of infection may lead to 
progressive mediastinal lymphadenitis without apparent progressive 
infection of the head and neck. Suppurative mediastinal lymphadenitis 
may result in the superior vena cava syndrome.19 The superior vena 
cava syndrome has also been attributed to marked reactive lymphade-
nopathy in the setting of cystic fibrosis without frank mediastinal sup-
puration.20 Prominent acute hemorrhagic thoracic lymphadenitis is 
a feature of inhalation anthrax, an aspect reemphasized in the 2001 
bioterrorism-related anthrax outbreak.21

Acute Suppurative Epitrochlear 
Lymphadenitis
The epitrochlear nodes receive lymphatic drainage from the middle, 
ring, and little fingers and from the medial portion of the hand and 
the ulnar aspect of the forearm. Acute suppurative epitrochlear lymph-
adenitis is uncommon and generally accompanies a primary pyoderma 
or a secondarily infected skin lesion. Unilateral tender swelling, ery-
thema, and induration of the epitrochlear area develop and may sub-
sequently spread along the medial aspect of the arm and forearm. There 
is often pain on elbow movement, moderate fever, and leukocytosis. 
The diagnosis is apparent when a discrete, tender nodular swelling can 
be palpated, but when the area is diffusely swollen and movement at 
the elbow is limited, the picture may suggest septic arthritis, osteomy-
elitis, or olecranon bursitis, and ultrasound may help to clarify the 
diagnosis.22 Group A streptococci and S. aureus are implicated most 
commonly. In contrast, cat-scratch disease and tuberculosis involving 
the epitrochlear lymph nodes present in a more indolent fashion.

of local subclinical infections or minor trauma. Enlargement of super-
ficial lymph nodes along the external jugular vein, as well as of nodes 
that drain the earlobe and the floor of the external acoustic meatus, 
may be associated with superficial infection accompanying recent ear 
piercing. Rarely, a firm mass in the tail or lateral aspect of the breast, 
suggestive of carcinoma, proves to be an enlarged lymph node in an 
unusual location caused by toxoplasmosis.2

Acute suppurative lymphadenitis is far more common in children 
than in adults. In the past 4 decades, Staphylococcus aureus (both 
methicillin-susceptible and methicillin-resistant strains8,9) has super-
seded group A streptococci as the most frequent etiologic agent. The 
most common sites of involvement are, in descending order, subman-
dibular (submaxillary), anterior and posterior cervical, inguinal, and 
axillary lymph nodes. The portal of entry for infection is frequently 
difficult to determine in children when cervical lymph nodes are 
involved. The recovery of a variety of anaerobic pathogens and/or 
α-hemolytic streptococci, including Streptococcus intermedius10 in 
cervical lymph node aspirates from some patients, suggests that in 
addition to cutaneous foci, primary dental or pharyngeal infections 
may lead to suppurative lymphadenitis.11,12

On examination, the involved area is swollen and the node(s) are 
usually at least 3 cm in diameter and tender. Fever is commonly 
present. The node(s) may be firm or frankly fluctuant. The overlying 
skin is warm and often erythematous and edematous.

Syndromes Due to Suppurative 
Lymphadenitis at Specific  
Anatomic Sites
Cervical Lymphadenitis
Acute unilateral adenitis of pyogenic origin occurs most often in 
preschool-aged children; bilateral disease occurs in less than 10% of 
cases.9 Fever (38° C to 39° C) is common, and local swelling is often 
present for some days before the patient is seen by a physician. 
Although in only a minority of cases is there a history of sore throat, 
group A streptococci historically have been the most common cause 
of suppurative cervical lymphadenitis in children. S. aureus or a com-
bination of S. aureus and group A streptococci is often responsible for 
suppurative cervical lymphadenitis associated with pyodermas of the 
face and scalp. Improved anaerobic culture techniques have demon-
strated a variety of oral anaerobes in percutaneous needle aspirates in 
up to 40% of patients, as either pure anaerobic infections or mixed 
infections with conventional gram-positive aerobes.11,12 Acute torticol-
lis may result from cervical lymphadenitis of either bacterial or viral 
(e.g., infectious mononucleosis) origin and may be the initial symptom 
that brings the child to the physician.13

On examination, there is prominent swelling of the neck or face 
owing to the enlargement of a single node or a matted collection of 
adjacent lymph nodes, which may be walnut sized. The mass is typi-
cally exquisitely tender and firm at presentation but may be fluctuant 
initially or develop fluctuance during the course of therapy. The swell-
ing may be sufficiently marked to limit mouth opening. A white blood 
cell count of 12,000 to 25,000/mm3 is common.

Acute bilateral cervical adenitis usually involves multiple nodes that 
are enlarged and somewhat tender in association with viral pharyngi-
tis, infectious mononucleosis and related syndromes, human herpes-
virus 6,7 streptococcal pharyngitis, or periodontal infection. Such 
lymphadenopathy may progress to suppuration if the primary pyo-
genic process is untreated. Bilateral suppurative lymphadenitis may 
occur at increased frequency in immunocompromised hosts (e.g., 
chronic granulomatous disease).14

Acute Axillary Lymphadenitis
This process, when due to Streptococcus pyogenes, is characterized by 
an abrupt onset with chills, fever, marked axillary pain, and prominent 
edema of the shoulder, arm, axilla, supraclavicular fossa, and pectoral 
areas.15 The site of initiating infection is usually a pustule or traumatic 
lesion on the hand or arm. The involved area, although edematous, 
does not have features of cellulitis, lymphangitis, or erysipelas. Ipsilat-
eral pleural effusion may develop due to blockage of lymphatic vessels 
draining the parietal pleura into the involved lymph nodes at the junc-
tion of the internal jugular and subclavian veins. Thrombosis of the 
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Pneumocystis jirovecii,38 and Bartonella henselae39 (bacillary angioma-
tosis), as well as tuberculosis40,41 and atypical mycobacteria.42 Paren-
chymal disease and lymphadenitis may coexist, although lymphadenitis 
may present in isolation. Mixed infections involving more than one of 
these opportunistic pathogens can occur, and specimens (either fine-
needle samples or excisional biopsies) should be assessed thoroughly, 
both histologically and microbiologically, for precise diagnoses. Con-
versely, generalized or prominent regional lymphadenopathy may be 
present with progressive HIV infection in the absence of opportunistic 
infection and respond to antiretroviral therapy. Infectious lymphadeni-
tis due to opportunistic pathogens may complicate advanced untreated 
HIV infection or may flare after initial control of infection and subse-
quent initiation of highly active antiretroviral therapy as part of the 
immune reconstitution inflammatory syndrome.43 Previously unrecog-
nized latent or successfully treated infections may become prominent 
following immune reconstitution, and a thorough diagnostic evalua-
tion, frequently requiring lymph node biopsy for microbiologic  
diagnosis and histopathology, is necessary. M. tuberculosis44 or Myco-
bacterium avium-intracellulare lymphadenitis45 as part of disseminated 
mycobacterial infection is a well-recognized complication of immune 
reconstitution inflammatory syndrome with important therapeutic 
and infection control implications, particularly in resource-limited set-
tings. Cryptococcal lymphadenitis in the setting of immune reconstitu-
tion is also well known.46 In addition, unusual microorganisms have 
been responsible for lymphadenitis on rare occasions in immunocom-
petent persons. Such microorganisms include Rhodococcus equi, Y. 
pseudotuberculosis,47 Corynebacterium pseudotuberculosis,48 nocardio-
sis,49 and Coxiella burnetii.50

Specific Types of Nonpyogenic 
Regional Lymphadenitis
Scrofula (Tuberculous Cervical Lymphadenitis)
Tuberculous cervical adenitis, formerly a common disease in children 
and young adults, has become infrequent in modern societies but is 
still common in resource-limited settings.51,52 It is still occasionally 
seen in individuals who immigrated to this country from endemic 
regions or residents of rural areas in this country and reflects break-
down of previous cervical node tuberculosis, acquired by either inges-
tion of infected milk (bovine tuberculosis) or lymphohematogenous 
spread of infection from an initial pulmonary focus to these lymph 
nodes. Cervical lymphadenitis due to M. tuberculosis is seen in this 
country in adults of particular ethnic groups: Native Americans, 
Latinos, and recent immigrants from Haiti and Asia. In the United 
States and other industrialized societies, tuberculous cervical lymph-
adenitis (scrofula) is now uncommon and is much more frequently due 
to atypical mycobacteria. Although Mycobacterium scrofulaceum was 
once the predominant pathogen in this setting, M. avium-intracellulare 
complex is now the principal etiologic agent53,54,55 in children and 
adults. In recent years, a number of newly recognized, difficult-to-
isolate, and uncommon mycobacterial species have been reported as 
occasionally causing childhood cervical lymphadenitis, including 
Mycobacterium interjectum, Mycobacterium malmoense, Mycobacte-
rium haemophilum, Mycobacterium xenopi, Mycobacterium szulgai, 
Mycobacterium lentiflavum, Mycobacterium heidelbergense, Mycobacte-
rium bohemicum, and more than a dozen others, often requiring gene 
sequencing for definitive diagnosis.55

M. tuberculosis infections, including cervical lymphadenitis and 
other forms of extrapulmonary disease, are frequent in the HIV-
infected population.56 M. tuberculosis lymphadenitis in the HIV-
infected patient differs in several respects from the infection in 
HIV-negative patients: a higher frequency of fever, common concomi-
tant parenchymal infection, frequent negative purified protein deriva-
tive (PPD) skin tests (anergy), and a higher frequency of positive 
smears for acid-fast bacilli (and greater numbers of organisms) on 
fine-needle aspirates or excised lymph nodes.57

In parts of the world where BCG vaccination of infants is com-
monly practiced, subcutaneous abscesses and regional lymphadenitis 
are not uncommon complications, occurring 2 to 8 weeks after vac-
cination, but usually resolving spontaneously. Occasionally regional 
(axillary, supraclavicular, or cervical) lymphadenitis progressively 
enlarges and goes on to caseating suppuration.16,58 This was once 

Suppurative Iliac Lymphadenitis
The iliac lymph nodes, located along the external and common iliac 
arteries in the anterior retroperitoneal space, receive lymphatic drain-
age from the lower abdominal wall and the superficial and deep ingui-
nal nodes. Iliac lymphadenitis may develop secondary to infection  
of the lower extremities, lower abdominal wall, or perineum, or rarely 
may result from hematogenous infection. After infection develops, it 
appears to break through fascial compartments in the iliac fossa, and 
abscess formation ensues. Formerly, most cases occurred in children 
and young adults, but more recently, there seems to be no age predilec-
tion. The suppurative lymphadenitis progresses to abscess formation 
in the space between the posterior peritoneum and the psoas and 
iliacus fascia.23 Patients may present with an unexplained limp without 
systemic symptoms, after which follow back and hip pain. Although 
extension of the thigh is painful, abduction and adduction of the hip 
evoke minimal discomfort. The symptomatology and clinical findings 
suggest possible septic arthritis and osteomyelitis. Only after some days 
or weeks does lower abdominal pain develop, and the patient becomes 
acutely ill with high fever and marked leukocytosis. Patients may dem-
onstrate a tightly flexed hip, ipsilateral rectus muscle spasm, or possibly 
a tender posterolateral pelvic mass or a tender inguinal mass suggest-
ing an incarcerated inguinal hernia. By this stage, the abscess may be 
sizable and displace the sigmoid colon or the lower third of the ureter, 
or both. Right-sided symptoms suggest the diagnosis of retrocecal 
appendicitis with abscess, ischemic colitis, or cecal carcinoma, but the 
antecedent limp is an important clinical clue. Tuberculosis of the spine 
with psoas abscess formation, pelvic inflammatory disease, and tumor 
of the thigh should also be considered.24 Tuberculous (BCG) iliac 
lymphadenitis has also been reported following intravesical BCG 
instillation for the treatment of bladder carcinoma.25 Cross-sectional 
imaging (CT or magnetic resonance imaging) can be helpful in defin-
ing an inflammatory collection abutting the psoas and iliacus muscles 
and narrowing the differential diagnosis.26 S. aureus is the microorgan-
ism most commonly implicated, followed in frequency by streptococci. 
Rarely, noninfectious processes such as Kikuchi-Fujimoto disease may 
present with fever and prominent iliac lymphadenopathy mimicking 
suppurative iliac lymphadenitis.27

Acute Regional Lymphadenitis  
Due to Infecting Agents Other  
Than Pyogenic Bacteria
A variety of organisms other than the common pyogens may produce 
localized lymphadenitis (in some cases, going on to abscess and sinus 
tract formation). These infections are generally distinguishable by a 
prolonged and indolent course, the atypical anatomic areas involved, 
the lack of previous superficial pyogenic infection, and sometimes 
clues in the history and epidemiology (e.g., cat scratch, previous tuber-
culosis, travel history, recent sexual exposures, clinical setting, under-
lying host immunodeficiency). Syphilitic cervical lymphadenopathy 
may be accompanied by an oral chancre, aiding in the clinical diagno-
sis, but may be an obscure diagnosis in the absence of oropharyngeal 
ulceration.28 A broad spectrum of microorganisms must be considered 
as the cause of firm or fluctuant lymphadenitis when evaluating com-
promised hosts. Actinomycotic lymphadenitis may occur in normal 
and immunocompromised hosts.29 Mycotic (Candida albicans, Asper-
gillus spp.) cervical lymphadenitis has occurred after oral mucositis in 
neutropenic children30 and adults31 with leukemia, but a rare case of 
bilateral cervical lymphadenopathy due to Aspergillus fumigatus was 
described in a young girl without underlying disease, neutropenia, or 
immunosuppression.32 Cryptococcal lymphadenitis has also been 
observed in apparently normal hosts.33 In patients with suppurative 
lymphadenitis complicating chronic granulomatous disease, the 
microbial etiology is usually a catalase-positive pathogen.34 In addition 
to the commonly involved S. aureus, these include members of the 
family Enterobacteriaceae (Klebsiella, Serratia, Salmonella), Pseudomo-
nas (often Pseudomonas cepacia), Aspergillus, Nocardia, BCG,35 Chro-
mobacterium violaceum, Rothia aeria,36 and Acetobacteraceae-related 
agents (Granulobacter bethesdensis37 and Acidomonas methanolica14).

A variety of opportunistic pathogens may lead to peripheral lymph-
adenitis in patients with human immunodeficiency virus (HIV) infec-
tion. These include Histoplasma capsulatum, Cryptococcus neoformans,33 
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hilar adenopathy, and thrombocytopenia.67 B. henselae bacilli are slow 
growing, requiring 2 to 6 weeks of incubation in a moist environment 
(e.g., in a sealed gas-permeable plastic bag) under 5% CO2 for growth 
on blood agar plates (human blood is preferable to sheep or horse 
blood).

Approximately 90% of patients with cat-scratch disease give a 
history of contact with cats (most often kittens), and most have been 
scratched. A primary lesion (small papule or vesicle resembling an 
insect bite) develops at the site of the scratch 7 to 14 days after contact 
with the animal. This primary lesion lasts for several weeks to months 
and may be helpful in diagnosis, but it is not always present when the 
patient presents for evaluation. Lymphadenopathy develops within 1 
to 3 weeks of the appearance of the skin papule.67 There is no lymphan-
gitis. The lymphadenopathy progresses to suppuration in 10% to 50% 
of cases, but the course is slower than that of suppurative lymphadeni-
tis due to pyogenic bacteria, and most patients are only mildly ill. 
Regional lymphadenitis is the sole manifestation of cat-scratch disease 
in half of the cases. Individuals receiving anti–tumor necrosis therapies 
have been reported to experience stereotypic cat-scratch adenitis and 
not disseminated bartonellosis.68 Almost any peripheral lymph node 
may be involved, including isolated involvement of epitrochlear or 
mediastinal nodes, but the axillary nodes are most commonly affected. 
The nodes are tender, especially when there is frank suppuration. Low-
grade fever is present in only a third of patients. Approximately 10% 
to 15% of patients have features of a more systemic illness: anorexia, 
headache, weight loss, and hepatosplenomegaly. Unusual clinical pre-
sentations include Parinaud’s oculoglandular syndrome (conjunctivitis 
from ocular inoculation associated with ipsilateral preauricular lymph-
adenopathy) in 4% of patients, neuroretinitis, and, rarely, acute 
encephalitis/encephalopathy, usually with a sudden seizure as the 
initial neurologic manifestation, occurring several weeks after the first 
symptoms of cat-scratch disease. B. henselae infection has been con-
firmed by polymerase chain reaction testing of biopsy tissue69 within 
the first 6 weeks of lymphadenopathy and from conjunctival scraping 
in the setting of Parinaud’s oculoglandular syndrome.66 B. henselae 
infections can be confirmed serologically at the Centers for Disease 
Control and Prevention and other reference laboratories.

Mediastinal Lymphadenopathy
In contrast to acute or subacute peripheral regional lymphadenitis in 
which local signs and symptoms prompt medical attention, mediasti-
nal lymphadenitis is sometimes detected only in the course of evalua-
tion of nonlocalizing systemic symptoms such as fever and weight loss 
or primarily pulmonary symptoms such as cough, chest pain, and 
sputum production. Distinctive radiologic features may support par-
ticular diagnoses. Symmetrical hilar adenopathy with clear lung fields 
or symmetrical interstitial fibrosis suggests sarcoidosis, particularly 
when accompanied by any of a variety of extrathoracic manifestations. 
Asymmetrical or unilateral hilar adenopathy, particularly when asso-
ciated with ipsilateral chronic focal lung disease with calcification, 
fibrosis, and/or cavitation, suggests tuberculosis or fungal infection. 
Peripheral rim enhancement of mediastinal lymph nodes on contrast-
enhanced CT imaging is characteristic of granulomatous lymphadeni-
tis and implicates tuberculosis, histoplasmosis, or cryptococcosis.70 The 
presence of mediastinal widening in association with subacute or 
chronic mediastinal lymphadenopathy strongly suggests histoplasmo-
sis. Cryptococcus can cause mediastinal lymphadenitis or mediastinitis, 
or both, in immunocompromised hosts, mimicking lymphoma,71 and 
in HIV patients as part of acquired immunodeficiency syndrome, par-
ticularly in the immune reconstitution syndrome. Mediastinal lymph-
adenitis in organ transplant recipients may be caused by a variety of 
expected and unusual pathogens, including Rhodococcus.72 The under-
lying health, travel and exposure history, extrapulmonary signs and 
symptoms, and ancillary laboratory tests (e.g., angiotensin-converting 
enzyme levels, anergy) may all contribute to a presumptive diagnosis, 
but in most adults, lymph node biopsy or transbronchial lung biopsy 
is necessary for pathologic and microbiologic confirmation because 
infection by uncommon pathogens or nodal involvement by noninfec-
tious causes such as Kikuchi-Fujimoto disease73 or malignancy must 
be considered. Necrotic, edematous hilar and mediastinal lymph nodes 
are early events in inhalation anthrax (see Chapter 209).

considered quite rare, but newer strains of BCG vaccine have been 
associated with markedly higher rates of suppurative adenitis (1 in 
1543 cases), potentially limiting its use as a preventive measure.59

The onset of scrofula is insidious; fever and other systemic mani-
festations are present in only a small minority of cases. Several nodes 
are frequently enlarged and matted together, and the resultant mass 
may develop a swollen fluctuant area, which brings the patient to 
medical attention. The process is usually painless. In most cases, clini-
cal evidence of tuberculosis elsewhere is absent. Localized erythema 
may develop over the involved nodes and be followed by progressive 
fluctuance and spontaneous drainage of caseous material onto the skin 
surface (scrofuloderma).

Ultrasonography or CT may demonstrate deeper regional adenopa-
thy in addition to the clinically apparent lymphadenitis. The identifica-
tion of the mycobacterial species involved is important because 
management of mycobacterial lymphadenitis depends on whether the 
causative agent is M. tuberculosis or a nontuberculous mycobacterium. 
Excisional biopsy has the highest rates of microbiologic diagnosis (up to 
≈90%), but in regions with high rates of endemic M. tuberculosis infec-
tion, fine-needle aspiration recovers M. tuberculosis in greater than 60% 
of cases52 and is less invasive. M. tuberculosis lymphadenitis generally 
responds to conventional 6-month therapy with or without lymph node 
excision. Interestingly, paradoxical reactions resembling the immune 
reconstitution syndrome have been observed in HIV-negative hosts 
receiving therapy for tuberculous lymphadenitis, with an initial favor-
able response followed by subsequent fever and apparent progression.60

The nontuberculous mycobacteria causing cervical lymphadenitis, 
although often sensitive to macrolide agents, are frequently largely 
resistant to conventional antituberculous chemotherapy, and surgical 
excision of the involved fluctuant node or nodes is indicated,61-64 both 
for initial control of infection and for recovery of the pathogen for drug 
susceptibility testing. Adjunctive therapy with rifampin and clarithro-
mycin is sometimes considered when treating M. avium-intracellulare 
lymphadenitis in normal hosts, especially when imaging by ultraso-
nography or CT demonstrates extensive deep lymph node involvement 
or involvement of submandibular nodes abutting the facial nerve, 
which precludes total excision. Multidrug therapy is required to treat 
these infections in compromised hosts such as HIV patients in whom 
bacillemia is common and the infection is best considered a systemic 
illness requiring prolonged systemic therapy. Antituberculous therapy 
is usually not necessary for BCG nonsuppurative lymphadenitis, but if 
suppurative lymphadenitis develops, aspiration58 or complete excision 
and multidrug antituberculous chemotherapy are indicated.

Granulomatous Lymphadenitis Caused by 
Nondiphtheria Corynebacteria
Subacute or chronic relapsing lymphadenitis has been reported occa-
sionally to be due to Corynebacterium pseudotuberculosis (Corynebac-
terium ovis). Most patients have lived in Australia65 and have had 
extensive contact with animals, particularly sheep, in which C. pseudo-
tuberculosis is a common cause of caseous lymphadenitis. The histo-
logic picture is that of a suppurative or necrotizing granulomatous 
process. Treatment consists of prolonged antibiotic (erythromycin or 
penicillin) therapy combined with surgical drainage or excision of the 
involved nodes.

Oculoglandular (Parinaud’s) Syndrome
Preauricular lymphadenopathy can occur secondary to granulomatous 
nodular conjunctival infection caused by the introduction of certain 
pathogens to the external eye. Oculoglandular syndromes occur occa-
sionally in tularemia, cat-scratch disease,66 listeriosis, sporotrichosis, 
adenovirus infection, and lymphogranuloma venereum. Epidemic 
keratoconjunctivitis due to adenoviruses is often associated with an 
enlarged preauricular lymph node as well.

Cat-Scratch Disease
Cat-scratch disease66,67 is a slowly progressive and sometimes chronic 
form of regional lymphadenitis caused by B. henselae (see Chapter 236). 
Although cat-scratch disease is usually a benign and ultimately self-
limited process, it may be complicated by acute encephalitis, hepatitis, 
osteomyelitis, neuroretinitis, arthritis, pleuritis, atypical pneumonia, 
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Inguinal Buboes of Sexually Transmitted 
Disease
Inguinal lymphadenopathy due to pyogenic infections or cat-scratch 
disease is usually unilateral. Prominent bilateral (or unilateral) ade-
nopathy, particularly in men, is suggestive of several sexually trans-
mitted diseases. The genital chancre of primary syphilis is usually 
accompanied by one or several discrete, firm, nonsuppurative, painless, 
enlarged nodes in one or both inguinal areas. Constitutional signs are 
lacking. The overlying skin is uninflamed. In secondary syphilis, pain-
less generalized lymphadenopathy usually precedes the characteristic 
cutaneous eruption.

Lymphogranuloma venereum (LGV) infections arise after the 
sexual transmission of selected Chlamydia trachomatis serovars. The 
asymptomatic primary genital lesion (painless papule, vesicle, or 
erosion) is usually transient. The initial manifestation of the disease 
following heterosexual transmission is usually the characteristic ingui-
nal bubo, occurring 10 to 30 days after sexual exposure and 1 to 2 
weeks after the primary lesion. The adenopathy is more commonly 
unilateral. Initially the node is tender, discrete, hard, and movable, but 
subsequently the inflammatory process involves multiple nodes in the 
area. Chills, fever, and constitutional symptoms are common at this 
stage. As a result of periadenitis, the nodes become fixed and matted 
into an oval or lobulated mass. The mass is adherent to the overlying 
skin, which is purplish. Foci of suppuration develop, with multiple 
fistulous tracts. A central lengthwise linear depression (so-called 
groove sign of LGV) is produced by involvement of nodes above and 
below the inguinal ligament. Although characteristic of LGV, the 
groove sign may rarely be produced by suppurative bacterial lymph-
adenitis or lymphomatous involvement of inguinal nodes. In the past 
decade, there has been an epidemic of LGV in industrialized nations 
involving men who have sex with men; although proctitis has been the 
dominant clinical feature, inguinal lymphadenitis has been present in 
approximately 10% of cases.74

Chancroid is usually accompanied by painful, tender inguinal ade-
nopathy. The primary lesion is a papule or pustule that progresses to 
form an extremely painful and tender but nonindurated ulceration 
with undermined edges, quite in contrast to a syphilitic chancre. Auto-
inoculation is common with lesions on opposing or contiguous areas 
of the skin. The adenopathy of chancroid develops approximately 1 
week after the primary lesion appears and, unlike in LGV, is present 
while the ulcer is still active. Systemic symptoms accompany chancroid 
only rarely. The chancroidal bubo is typically unilateral and composed 
of fused inguinal nodes and is more painful than that of LGV. Unilocu-
lar suppuration may develop, although in most patients, the lymphad-
enitis subsides without suppuration. As with a variety of pathogens, 
individuals dually infected with HIV and Haemophilus ducreyi have 
more severe and extensive ulceroglandular disease.75

Primary genital herpes simplex infection in men and women is 
often associated with tender inguinal adenopathy, with evidence of 
focal necrosis, viral intranuclear cytopathic effects, and giant cell  
formation if involved lymph nodes are subjected to biopsy. Similar 
histologically proven recurrent localized and generalized herpetic 
lymphadenitis can occur in immunocompromised patients in the 
absence of overt mucocutaneous lesions.4 The pseudobuboes of granu-
loma inguinale are produced by subcutaneous granulomatous infec-
tion rather than by suppurative lymphadenitis.

Inguinal Buboes of Other Than Sexually 
Transmitted Disease Origin
Inguinal or femoral buboes occur in bubonic plague because the flea 
bite initiating the infection is commonly on a lower extremity,76 but 
involvement of other peripheral nodes can occur. The disease begins 
with fever, malaise, headache, and tender regional adenopathy after an 
incubation period of 2 to 6 days. Only rarely is a lesion (papule, 
pustule) at the insect bite site evident at the onset of illness. A large, 
matted collection of lymph nodes with surrounding edema quickly 
develops and may go on to suppuration and spontaneous drainage. If 
not treated promptly, the infection rapidly progresses to a septicemic 
phase. The diagnosis should be suspected in a febrile, acutely ill patient 
with a large cluster of extremely tender lymph nodes and a history of 
exposure to fleas, rodents, or rabbits in the western United States (see 

Chapter 231). One must consider possible plague when hunters, back-
packers, or rural workers from this region develop a compatible illness, 
even in the absence of definite exposures to these vectors. Tularemia 
may mimic the epidemiologic and clinical features of bubonic plague 
but is more likely to produce an ulceroglandular syndrome (Table 
97-1), with a primary lesion at the site of inoculation.77 Cutaneous 
anthrax is another cause of ulceroglandular infection, but the marked 
local edema and eschar formation at the site of inoculation dominate 
the clinical picture.22 Diagnostic procedures include blood cultures 
(which yield uniformly positive results in the septicemic phase of 
plague), as well as cultures and stained smears of carefully obtained 
bubo aspirates. Appropriate treatment (see later) should be instituted 
immediately, before results of cultures become available, if bubonic 
plague is suspected. Miscellaneous causes of inguinal buboes include 
cat-scratch disease and group A streptococci superimposed on chronic 
lymphadenopathy in homosexual men.78

Generalized Lymphadenitis Associated with 
Systemic Infections
Widespread nonsuppurative lymphadenitis is a common feature of a 
variety of disseminated bloodstream infections and generally reflects 
the presence of the invading microorganism in the nodes. Generalized 
lymphadenopathy is a feature, for example, of secondary syphilis,  
HIV infection, infectious mononucleosis, acute toxoplasmosis, lepto-
spirosis, and miliary tuberculosis and, considered broadly, may occur 
in a variety of infections due to bacterial, rickettsial, chlamydial,  
spirochetal, viral, protozoal, and helminthic agents (see Table 97-1).  
In immunocompromised hosts, particularly after organ transplanta-
tion, Epstein-Barr virus infection may evolve into a lymphoprolifera-
tive disorder (post-transplantation lymphoproliferative disorder) that 
requires reduction in immunosuppressive therapy and antiviral therapy 
(see Chapter 141).79

Recurrent Lymphadenitis
Periodic Fever, Aphthous Ulcers, Pharyngitis, 
and Adenitis Syndrome
There are several periodic fever syndromes that possess well-defined 
genetic defects or readily identifiable laboratory abnormalities in addi-
tion to distinctive patterns of illness. Lymph node involvement is gen-
erally not a prominent feature of these diseases. However, recurrent 
cervical lymphadenitis is a prominent feature of periodic fever, aph-
thous ulcers, pharyngitis, and adenitis syndrome (PFAPA)80 (Marshall’s 
syndrome, a disease of unknown etiology, but possibly associated with 
interleukin (IL)-1β receptor polymorphisms81). This syndrome, which 
has its onset primarily, but not exclusively, in young children, is recog-
nized by roughly monthly sudden bouts of high fever associated with 
oropharyngeal involvement (aphthous ulcers, pharyngitis) and cervical 
adenitis and has an incidence of roughly 2.3/10,000.80 Febrile episodes 
are accompanied by leukocytosis and elevation of the erythrocyte sedi-
mentation rate. Patients become entirely well after 4 to 5 days of fever 
and remain asymptomatic, with normal laboratory studies until the 
next bout of fever. The syndrome persists for an average of 4 to 5 years. 
The acute febrile symptomatic episodes can be promptly aborted by 
single doses of prednisone (1 to 2 mg/kg).80 The evidence that tonsil-
lectomy induces permanent remission of symptoms in nearly all cases 
is increasingly robust, with remission rates greater than 95% com-
monly reported.82

Filarial Lymphangitis
Recurrent inguinal lymphadenitis, accompanied by lymphangitis, is a 
common problem in individuals with bancroftian filariasis. These 
acute inflammatory episodes (acute filarial lymphangitis) are thought 
to reflect the death of adult filariae with elicitation of a brisk host 
response but at times may represent bacterial infection that compli-
cates adult worm-induced lymphectasia (see later).83

Etiologic Agents and Differential 
Diagnosis
It is helpful for purposes of the differential diagnosis to consider infec-
tive lymphadenitis in several categories (see Table 97-1): (1) regional 
lymphadenopathy, (2) regional lymphadenopathy with breakdown  
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made in many cases by fine-needle aspiration cytology,92 although the 
cytologic findings may overlap with other conditions, particularly 
tuberculosis, and specimens should be submitted for mycobacterial 
studies and cytologic examination.93 Histologically, the lymph node 
appearance in systemic lupus erythematosus is similar to that in Kiku-
chi’s disease, but hematoxylin bodies are characteristic of the former. 
Serologic studies (antinuclear antibody and anti-DNA antibody titers) 
help to distinguish between these processes. Although a viral origin is 
suspected based on the clinical features, serologic, ultrastructural, and 
molecular biologic studies have failed to identify consistently a specific 
agent.90

Sinus histiocytosis with massive lymphadenopathy (Rosai-Dorfman 
disease) is another benign process that produces extensive, painless 
lymphadenopathy in the cervical areas, primarily in adolescents and 
young adults with a mean age at onset of 20 years.94 It is often accom-
panied by fever, neutrophilic leukocytosis, and polyclonal hypergam-
maglobulinemia. Histologically there is extensive proliferation of 
histiocyte-like cells within the sinuses of the involved lymph nodes.94 
The etiology is unknown, and the prognosis is favorable.

Kimura disease, an infiltrative eosinophilic process of soft tissue 
associated with hyperimmunoglobulin E, seen predominantly in men, 
often presents with painless regional lymphadenopathy; the soft tissue, 
laboratory, and cytologic abnormalities on fine-needle aspiration all 
contribute to confirm the diagnosis.95

Bronchial cleft cysts and cystic hygromas may be mistaken for 
cervical lymphadenitis, particularly if infected; thyroglossal duct cysts 
may suggest infected submental nodes. Infections of these congenital 
structures must be considered, particularly if a patient presents with a 
history of recurrent bacterial cervical adenitis. Lymphoepithelial cysts, 
indolent lesions of the salivary glands (usually the parotid) occurring 
in HIV-infected patients, may mimic preauricular lymphadenopathy 
or suggest Sjögren’s syndrome.96 Submaxillary sialadenitis or salivary 
gland tumors may mimic submandibular lymphadenitis. Bimanual 
(intraoral and submandibular) palpation can be helpful in distinguish-
ing between these processes.

Isolated inguinal lymphadenitis or bubo formation in the adult 
suggests venereal disease (syphilis, LGV, chancroid). Distinctive asso-
ciated primary lesions are usually features of syphilis and chancroid 
but not of LGV, but in some individuals, a syphilitic chancre may not 
be visible because of vaginal, cervical, or rectal inoculation. The ingui-
nal adenopathy of primary syphilis consists of painless, firm, discrete, 
movable nodes without erythema of the overlying skin. The nodes do 
not suppurate, whereas spontaneous rupture of the buboes of LGV and 
chancroid may occur. The groove sign, reflecting lymphadenopathy 
proximal and distal to the inguinal ligament, is suggestive of LGV. The 
buboes of chancroid are characteristically painful. Axillary, cervical, 
and inguinal buboes may occur with plague and tularemia. In plague, 
an inguinal location is common. The geographic locale and a history 
of animal exposure are important clues to the diagnosis. Inguinal and 
femoral nodes can be involved in cat-scratch disease, although much 
less frequently than axillary or cervical nodes, and this diagnosis 
should be considered if only limited toxicity or fever is present.

Generalized lymphadenopathy is frequently a manifestation of dis-
seminated infection (see Table 97-1). Clues may be provided by the age 
of the patient and the presence of a characteristic rash (childhood 
exanthems, secondary syphilis); geographic factors (dengue, filariasis, 
localized Leishmania lymphadenitis,97 histoplasmosis); occupation and 
dietary history (brucellosis, toxoplasmosis); exposure to animals and 
their excreta (e.g., standing water [leptospirosis]); and the presence of 
atypical lymphocytes (infectious mononucleosis, cytomegalovirus 
infection, acute toxoplasmosis, HIV). Diagnosis of toxoplasmic lymph-
adenitis in the immunocompetent patient is based primarily on sero-
logic testing, although sometimes a node biopsy is performed because 
of initial concern for lymphoma. A negative result on the Sabin-
Feldman dye test or on a comparable test for Toxoplasma immuno-
globulin (Ig) G antibody (indirect immunofluorescence, passive 
hemagglutination, or enzyme-linked immunosorbent assay) practi-
cally excludes the diagnosis. Laboratory diagnosis of acute toxoplasmic 
lymphadenitis can be made by seroconversion from a negative to a 
positive result on IgG antibody testing or by demonstration of a four-
fold increase in titers over 3 weeks, or by single Sabin-Feldman dye 

of nodes, (3) inguinal bubo formation, (4) ulceroglandular syndrome, 
(5) oculoglandular syndrome, and (6) generalized lymphadenopathy.

In distinguishing among the causes of fluctuant cervical lymphad-
enitis, the history and disease tempo may suggest a streptococcal (pre-
ceding tonsillitis), staphylococcal (recent facial or neck infection), or 
tuberculosis (previous exposure to tuberculosis) or cat-scratch disease 
(exposure to cat) as the causative disorder. In recent years, an increas-
ing fraction of reported suppurative cervical adenitis episodes is caused 
by S. aureus; S. aureus was recovered in approximately 40% to 50% of 
cases (two-thirds methicillin sensitive, one-third methicillin resistant), 
whereas group A streptococci were recovered in only approximately 
15% to 20% of cases; 20% to 30% of cases were culture negative.8,9 A 
subacute clinical course with little fever and a normal leukocyte count 
would be more consistent with cat-scratch disease or mycobacterial 
involvement. Sinus tract formation suggests infection due to M. tuber-
culosis or an atypical mycobacterium. Gram-stained and Ziehl-Neelsen 
smears and culture (including cultures for mycobacteria) of material 
aspirated or drained from suppurating nodes provide a diagnosis in 
approximately two thirds of such cases of cervical lymphadenitis. 
Further information may be provided by skin tests (purified protein 
derivative) or interferon-gamma release assays,84 or both; serologic 
tests (antistreptolysin O and anti-DNase B antibody titers); histologic 
examination (e.g., caseation necrosis suggesting mycobacterial infec-
tion or bimorphic appearance suggesting cat-scratch disease); and 
molecular diagnostic tests such as polymerase chain reaction (if avail-
able) of an excised node when culture of aspirated material is unreveal-
ing. Surgical exploration affords both diagnosis and therapy of 
suppurative lymphadenitis. Fine-needle cytologic diagnosis is often 
effective for the diagnosis of M. tuberculosis infection, and in many 
centers with procedural and cytologic expertise, this procedure is ini-
tially employed in the evaluation of subacute nonsuppurative lymph-
adenitis.85 Simple incision and drainage are satisfactory for bacterial or 
B. henselae lymphadenitis. Complete excisional biopsy is preferred 
when exploring mycobacterial adenitis to reduce the risk of poor 
wound healing, unsightly scar formation, and relapse61-64; thus, the 
presenting clinical features must guide surgical strategy.

A variety of noninfectious processes may resemble unilateral cervi-
cal lymphadenitis. Lymphoma may be suggested by the indolent course 
of cat-scratch disease. Kawasaki disease (acute febrile mucocutaneous 
lymph node syndrome), a vasculitic process of unknown etiology 
almost exclusively affecting infants and young children, is character-
ized by nonsuppurative cervical lymphadenopathy.86-88 The age of the 
patient, extended febrile course, conjunctival injection, polymorphic 
erythematous rash, and subsequent acral desquamation suggest the 
diagnosis. In some patients, unilateral lymphadenitis may precede 
mucocutaneous manifestations and make diagnosis more difficult by 
initially suggesting bacterial involvement.89 A variety of additional 
clinical (uveitis, hydrops of the gallbladder) and laboratory findings 
(sterile pyuria, inflammatory synovitis, aseptic meningitis, thrombo-
cytosis, elevated erythrocyte sedimentation rate, and C-reactive 
protein) may also be present and support the diagnosis.86

An additional benign disorder of lymph nodes, histiocytic necro-
tizing lymphadenitis or Kikuchi-Fujimoto disease, was first reported 
in Japan 40 years ago but is now widely observed.90,91 Clinical features 
consist of localized, sometimes tender cervical lymphadenopathy, 
often with an upper respiratory prodrome and associated in some 
patients with fever or rash. Most cases occur in women, commonly 
younger than 40 years of age. The involved nodes are usually rubbery 
or firm, discrete, and often modest in size, but occasionally they can 
exceed 4 cm in diameter.90 Occasionally, patients present with general-
ized lymphadenopathy, and, rarely, hepatosplenomegaly occurs.91 Less 
frequent symptoms include nausea, vomiting, weight loss, and night 
sweats, suggesting the diagnosis of lymphoma. Mild leukopenia and 
lymphocytosis may suggest infectious mononucleosis. The illness does 
not respond to antibiotics, but it usually resolves spontaneously within 
1 or 2 months, although recurrences are seen. Histologically, surgical 
biopsy specimens may be erroneously interpreted as lymphoma, but 
the principal findings are those of focal or confluent nodules (com-
posed of crescentic histiocytes, plasmacytoid monocytes, immuno-
blasts, and karyorrhectic debris) combined with patchy areas of 
coagulative necrosis. Neutrophils are few or absent. Diagnosis can be 
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lymphadenitis in biopsy specimens of patients not thought to be at risk 
of HIV infection or who decline HIV testing.109

Presumptive Treatment of 
Lymphadenitis
Initial treatment of infective lymphadenitis requires some narrowing 
of the diagnostic possibilities (see Table 97-1). Localized pyogenic 
lymphadenitis generally responds well to early antibiotic treatment. 
When cervical lymphadenitis has clearly developed from a pharyngeal 
or periodontal portal, initial treatment of mild to moderate illness in 
nontoxic patients with penicillin is appropriate. Penicillin V (500 mg) 
administered PO every 6 hours, or amoxicillin (500 mg) every 8 hours 
for 2 weeks in older children and adults is usually adequate. Macrolide 
therapy (erythromycin [20 to 40 mg/kg/day PO in divided doses every 
6 hours] or azithromycin [5 mg/kg/day following a 10-mg/kg loading 
dose]) or clindamycin (300 mg PO three times daily or 30 mg/kg/day 
in three divided doses for children) is an alternative for patients allergic 
to penicillin, although resistance to macrolides among streptococci is 
known and may be striking in certain communities.110 Nauseated 
patients with early or mild disease may receive initial parenteral 
therapy with daily ceftriaxone or procaine penicillin G, 600,000 units 
IM every 12 hours initially to ensure effective therapy before transi-
tioning to oral therapy. In patients who are more acutely ill, high-dose 
penicillin G or broader-spectrum coverage such as parenteral 
ampicillin-sulbactam or clindamycin (to cover possible β-lactamase–
producing oral pathogens) administered parenterally is indicated.

Pyogenic lymphadenitis complicating skin infections may be of 
staphylococcal or streptococcal etiology; gram-negative infections in 
competent hosts are extremely rare.8,9 In communities with low rates 
of methicillin-resistant S. aureus (MRSA) infections, a penicillinase-
resistant penicillin (e.g., dicloxacillin), a first-generation cephalosporin 
(e.g., cephalexin, given 0.5 g PO every 6 hours for the older child or 
an adult), or amoxicillin-clavulanic acid (875 mg PO twice daily) may 
be considered for nontoxic outpatients with mild to moderate infec-
tion. The current epidemic of community-acquired MRSA8,9,111 has 
made empirical antibiotic management problematic. Trimethoprim-
sulfamethoxazole and doxycycline are generally effective against 
community-acquired MRSA isolates in vitro, but there are limited data 
regarding their clinical efficacy in this situation. Fluoroquinolones are 
no longer globally efficacious against methicillin-susceptible S. aureus 
or MRSA in vitro,8 and moreover, resistance can emerge readily when 
staphylococcal infections are treated with fluoroquinolones as mono-
therapy.112 Macrolide resistance is common; clindamycin, although 
effective against clindamycin-susceptible MRSA strains, has variable 
susceptibility rates in different communities and may approach 50% in 
some settings, making linezolid (which is expensive and often unavail-
able) the only remaining reliable oral agent available. Thus, patients 
will frequently require hospitalization and administration of vancomy-
cin if they fail to respond to oral therapy. The recovery of a MRSA 
isolate by blood culture, node aspirate, or even nasal culture for sus-
ceptibility testing is thus helpful with regard to antibiotic therapy 
strategy.

In the more acutely ill patient, intravenous administration of  
vancomycin should be used. Failure to show improvement or progres-
sion to suppuration is an indication for imaging by ultrasonography  
or CT and consideration for percutaneous needle aspiration (for bac-
teriologic diagnosis and treatment) or surgical drainage. Many patients 
who present with acute suppurative lymphadenitis lack a history of 
focal infection; in these individuals, antistaphylococcal therapy is 
appropriate. Surgical exploration before the evolution of frank sup-
puration is associated with difficult dissection and recovery of little,  
if any, purulent material. Hence, exploration is usually reserved for 
clear-cut suppurative adenitis manifested by palpable fluctuance or  
the demonstration of necrotic nodes by cross-sectional imaging in  
the setting of continued fever and toxicity. In some centers, needle 
aspiration is performed rather than open surgical drainage, with favor-
able clinical outcomes and avoidance of open surgery.113 Recovery of 
MRSA at the time of a drainage procedure is invaluable to guide appro-
priate postoperative antibiotic therapy, particularly when considering 
a transition to oral therapy after initial improvement with parenteral 
therapy.

titers of 1 : 1024 or greater after 3 months of symptoms.98 With toxo-
plasmosis, the results of the enzyme-linked immunosorbent assay are 
positive for IgM antibodies within the first 3 months of infection in 
most patients. A panel of serologic responses (dye test, IgM, IgA, IgE 
enzyme-linked immunosorbent assay, and IgG avidity testing based on 
preferential binding to acetone vs. formalin-fixed tachyzoites) helps to 
define recent infection and thus may avoid excisional biopsy. High-
avidity IgG responses suggest long-standing and likely prior incidental 
toxoplasmosis infection and encourage tissue biopsy for new-onset 
lymphadenopathy.98 In endemic areas, generalized nonsuppurative 
(and, rarely, suppurative) lymphadenopathy occurs in typhoid fever.99

Widespread suppurative infections of lymph nodes occur as a  
result of the microbicidal defect characteristic of neutrophils and 
monocytes in patients with chronic granulomatous disease. Recurrent 
infections (involving the skin, bones, lungs, and liver, as well as lymph 
nodes) beginning in childhood and typically due to S. aureus and 
certain gram-negative bacilli (Escherichia coli, salmonellae, Serratia 
marcescens) or a variety of rare bacteria suggest the diagnosis. Focal 
suppurative lymphadenitis can also be seen in patients lacking early 
complement factors C1r or C3.

Widespread lymphadenopathy may be a feature of many noninfec-
tious diseases, particularly infiltrative processes such as lymphoma and 
reticuloendothelioses. Miscellaneous noninfectious processes produc-
ing prominent peripheral lymphadenopathy include rheumatoid 
arthritis and adverse reactions following prolonged use of phenytoin. 
A rare form of regional lymphadenopathy, showing sinus histiocytosis 
(with the cells seen to contain metal granules or polyethylene) histo-
logically, can be the result of wear-induced debris from an adjacent 
metallic prosthesis.100,101 Similarly, enlarged regional lymph nodes 
(showing noncaseating granulomas containing silicone or histiocytic 
necrotizing lymphadenitis102-104) have been described draining areas in 
which a silicone mammary prosthesis102,103 or a Silastic joint prosthe-
sis104 had been inserted previously.

Generalized Lymphadenopathy with 
Acquired Immunodeficiency Syndrome
HIV-infected patients may have generalized lymphadenopathy reflect-
ing progressive primary HIV infection105 (see Chapter 124). These 
immunosuppressed individuals are also at risk for lymph node involve-
ment with opportunistic infection or neoplastic disease (particularly 
Kaposi sarcoma and a number of lymphoproliferative processes105). 
Commonly encountered opportunistic pathogens have included cyto-
megalovirus, M. avium-intracellulare, M. tuberculosis (in high inci-
dence regions), and/or fungal pathogens such as C. neoformans or 
rarely P. jirovecii; dual infections or mixed infectious and neoplastic 
diseases are occasionally seen. Generalized mycobacterial lymphadeni-
tis usually shows a few poorly formed or no granulomas and a promi-
nent histiocytic reaction. Large clusters (globi) of acid-fast bacilli are 
present within the cytoplasm of histiocytes. Kaposi sarcoma in patients 
with acquired immunodeficiency syndrome may follow the pattern of 
generalized lymph node involvement and a fulminant course with 
mucosal and visceral lesions.106 Multicentric Castleman’s disease and a 
variety of B- and T-cell lymphomas may present with lymphadenopathy 
in HIV-infected individuals, reflecting HIV-induced immunosuppres-
sion and resultant Epstein-Barr virus and human herpesvirus 8/Kaposi 
sarcoma-associated herpes virus–driven lymphocyte proliferation.105

Lymphadenopathy occurs in 50% to 75% of patients with primary 
HIV infection who present with an acute illness approximately 3 to 6 
weeks after initial exposure to HIV.107 These patients frequently experi-
ence a heterophile-negative mononucleosis-like syndrome consisting 
of fever, malaise, myalgias, headaches, sore throat, diarrhea, leukope-
nia, thrombocytopenia, and a maculopapular rash. After the acute 
clinical illness subsides, lymphadenopathy may remain as persistent 
generalized lymphadenopathy, involving at least several extrainguinal 
sites, of at least 3 months’ duration. This progressive lymphadenopathy 
early in the course of this infection may be the result of an active 
immune response against HIV in the affected lymph nodes.108 The 
nodes are a prominent site of HIV replication and may regress some-
what in the first year or two after infection. The nodes are generally 
discrete and nontender; suppuration does not occur. Immunohisto-
chemical staining for p24 antigen expression will confirm HIV 
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tissues, and verrucous pachydermia.120 The peripheral white blood cell 
count is commonly increased. The etiologic agent sometimes can be 
identified on Gram-stained smears and cultures obtained from the 
initial lesion. Blood cultures also may reveal the causative organism.

Acute lymphangitis or lymphadenitis, usually involving the lower 
extremities, is a feature of filariasis due to Wuchereria bancrofti (and 
sometimes to Brugia malayi).83,121 These mosquito-borne diseases are 
endemic to Africa, Southeast Asia and the Pacific, and tropical South 
America. The acute form of disease is characterized by recurrent epi-
sodes of headache, backache, lymphangitis, lymphadenitis, epididymi-
tis, and orchitis. Bancroftian lymphangitis may involve the breast, with 
a clinical appearance suggesting carcinoma.122 Fever is uncommon. The 
adult filariae reside in lymphatics and lymph nodes and discharge 
microfilariae into the bloodstream. With prolonged exposure in an 
endemic area, chronic lymphatic obstruction can develop with ele-
phantiasis of the skin and scrotum.122 In this setting, recurrent episodes 
of lymphangitis (dermatolymphangioadenitis) may be the result of 
both the parasitic infestation and superimposed streptococcal infec-
tions (to which the chronic lymphedema predisposes).83,123 The pres-
ence of microfilarial intracellular rickettsiae (Wolbachia) may help 
drive the ongoing host inflammatory response with resultant tissue 
injury.121 Conventional serologic tests for bancroftian filariasis have 
limited specificity due to cross-reactivity with other filaria and even 
helminths. A rapid-format, immunochromatography filariasis card test 
(ICT) is now widely used for the diagnosis of bancroftian filariasis.124 
Lymph node or lymphatic vessel biopsy may occasionally be necessary 
for diagnosis but is avoided if possible to minimize further lymphatic 
injury of the affected limb.

Chronic Granulomatous Lymphangitis
Unlike acute lymphangitis, chronic granulomatous lymphangitis is  
an indolent process associated with little pain or systemic evidence  
of infection most commonly due to sporotrichosis125 (see Chapter 
261). Minor trauma (e.g., from a barberry or rosebush thorn) inocu-
lates Sporothrix schenckii (present on some plants and in gardeners’ 
sphagnum moss) into the skin of a gardener’s hand or finger. An ery-
thematous subcutaneous nodule (often becoming fluctuant) or a chan-
criform ulcer subsequently develops at the site of inoculation. The 
lesion does not respond to local treatment or administration of 
common antibacterial agents. Slowly, multiple subcutaneous nodules 
appear and extend proximally along the course of regional lymphatics, 
which become thickened. Other infections producing a sporotrichoid 
pattern are described as nodular lymphangitis126 and lymphocutaneous 
syndrome.127

Cutaneous infection (“swimming pool granuloma”) with Mycobac-
terium marinum, an atypical mycobacterium that grows optimally at 
25° C to 32° C and is found in swimming pools and fish tanks, produces 
a chronic nodular, verrucous, or ulcerative lesion at the site of an abra-
sion, usually about the knees or elbows. The lesion is usually solitary, 
but occasionally new lesions develop proximally, as in sporotrichosis. 
Multiple sporotrichoid lesions have occurred occasionally in infections 
due to Nocardia brasiliensis and in rare infections due to Mycobacterium 
kansasii, Mycobacterium chelonae, and Nocardia asteroides. Even rarer 
causes of nodular lymphangitis include leishmaniasis,127 staphylococcal 
lymphangitis,127,128 botryomycosis, and tularemia.127 A rare but most 
troublesome process is localized granulomatous lymphangitis of the 
penile and scrotal skin with resulting chronic edema of the genital area. 
It may be associated with lymphogranuloma venereum, granuloma 
inguinale, Milroy disease, self-inflicted trauma, Melkersson-Rosenthal 
syndrome, or Crohn’s disease, or it may be idiopathic.129 Penile edema 
can be an initial manifestation of Crohn’s disease or can develop as a 
late complication of well-established gastrointestinal disease.

Pseudolymphangitis
Exogenous liquid chemical agents that drain along the skin may 
produce localized linear inflammatory reactions and mimic superficial 
lymphangitis. When the provoking agent is directly toxic, the etiology 
of the rash is obvious. However, certain plant products can serve as 
photosensitizing agents, and the history of initial contact is not recalled 
by the patient. In particular, lime rinds and juice contain several cou-
marin moieties that can provoke phytophotodermatitis.130

For cat-scratch disease, usually a self-limited process resolving in 2 
to 4 months, treatment is principally symptomatic (see Chapter 236). 
If the nodes become fluctuant, aspiration is appropriate for both relief 
of pain and bacteriologic diagnosis. A limited number of strains of B. 
henselae from cases of cat-scratch disease that have been studied show 
in vitro susceptibility to a variety of antimicrobial agents, particularly 
to macrolides, ciprofloxacin, penicillins, and doxycycline.114 In a retro-
spective review of antimicrobial treatment of several hundred patients 
with cat-scratch disease, clinical efficacy (58% to 87%) was attributed 
to four drugs (in increasing order): trimethoprim-sulfamethoxazole, 
gentamicin, ciprofloxacin, and rifampin.115 Azithromycin has also been 
used to treat B. henselae lymphadenitis116; the intracellular concentra-
tion of this agent may offer a therapeutic advantage over other macro-
lides, but clinical trials comparing these agents are not available. In 
general, the efficacy of antibiotic therapy in competent hosts seems 
limited114; therapy may be reasonable in patients with more severe or 
extranodal cat-scratch disease. Oral corticosteroids have been used  
in individuals with B. henselae lymphadenitis117 or hepatosplenic 
infection refractory to antibiotic therapy. Bacillary angiomatosis and 
bacillary peliosis hepatis, infections in patients with acquired immu-
nodeficiency syndrome (AIDS) that are due to B. henselae or closely 
related Bartonellaceae species, appear to respond to prolonged antimi-
crobial therapy with erythromycin, doxycycline, or rifampin.114 Simi-
larly, bartonellosis in solid organ transplant recipients has responded 
to a variety of antibiotic regimens.118

If the diagnosis of bubonic plague is suspected, antibiotic treatment 
should be instituted promptly. Streptomycin (1 g IM every 12 hours  
in adults), alone or in combination with tetracycline (0.5 g PO every 
6 hours in adults) or doxycycline (0.1 g PO every 12 hours in adults), 
is the preferred antibiotic therapy, and treatment is continued for 10 
days. If streptomycin is not readily available, intravenous gentamicin 
should be considered, although clinical experience is more limited (see 
Chapter 231).79,119

LYMPHANGITIS
Lymphangitis is an inflammation of lymphatic channels, usually in the 
subcutaneous tissues. It occurs either as an acute process of bacterial 
origin or as a chronic process of mycotic, mycobacterial, or filarial 
etiology.

Pathologic Changes and Pathogenesis
The visible red streaking in acute lymphangitis stems from inflamma-
tion in the walls (and surrounding tissue spaces) of dilated lymphatic 
channels. Lymphatic obstruction often occurs on healing, sometimes 
resulting in persistent lymphedema. Cutaneous lymphatic sporotricho-
sis, a form of chronic lymphangitis, produces a combined suppurative 
and granulomatous response.

Clinical Findings
Acute Lymphangitis
Acute lymphangitis develops when an infection, commonly on an 
extremity, is not contained locally but spreads along lymphatic chan-
nels. Such infections are most often due to group A streptococci (and 
occasionally streptococci of other groups and, rarely, to S. aureus or 
Pasteurella multocida after a cat bite). Systemic manifestations may 
develop rapidly before evidence of infection becomes apparent at the 
site of inoculation of organisms, and they may be more prominent than 
might be anticipated based on local pain and erythema. Red linear 
streaks, a few millimeters to several centimeters in width, extend from 
the initial site of infection toward the regional lymph nodes, which are 
enlarged and tender. Peripheral edema of the involved extremity often 
occurs. The time course of this type of infection can be accelerated 
from initial lesion to lymphangitis to complicating bacteremia in 24 to 
48 hours. Occasionally there are recurrent episodes of lymphangitis, 
with the initial episode causing some degree of chronic lymphedema, 
in turn predisposing to another episode. Rarely, elephantiasis nostras 
verrucosas, a temperate-zone (nonfilarial) form of progressive lym-
phatic obstruction of a lower limb, can follow recurrent episodes of 
streptococcal lymphangitis. With each episode, further localized 
edema occurs, eventuating in grotesque enlargement of the extremity 
due to permanent solid edema, fibrosis of dermis and subcutaneous 
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when sporotrichoid lesions develop in a person who has been around 
swimming pools and fish tanks. In the absence of successful culture  
of draining purulent material, tissue biopsy for extensive microbio-
logic (routine, fungal, mycobacterial) and histologic evaluation are 
important for confirming a specific etiology and initiating targeted 
therapy.

Presumptive Therapy
Penicillin therapy is the recommended initial treatment for acute lym-
phangitis. Prompt empirical therapy is crucial because disease progres-
sion may be quite rapid. Mild to moderate disease may be managed in 
an outpatient setting for nontoxic, reliable patients. In moderate cases, 
an initial dose of intramuscular ceftriaxone (1 g IM) may be adminis-
tered, followed by high-dose oral therapy with penicillin V or amoxicil-
lin (500 mg every 6 hours) if close monitoring is possible. Oral 
dicloxacillin or cephalexin (500 mg every 6 hours) is commonly given 
if there is concern regarding a possible staphylococcal etiology, but 
staphylococcal infections generally have a somewhat more indolent 
course, often with local suppuration at the primary site of infection 
with adjoining cellulitis, rather than rapidly progressive lymphangitis. 
If MRSA is prevalent in the community, consideration of methicillin-
resistant staphylococcal infection should lead to appropriate therapy 
as discussed previously. More acutely ill patients, particularly those in 
whom bacteremia may have developed, should be hospitalized and 
given parenteral aqueous penicillin G (e.g., 2 million units every 4 to 
6 hours). If a possible staphylococcal etiology is suspected, vancomycin 
(1 g every 12 hours) should be initially administered to hospitalized 
patients.

The initial treatment of presumptive lymphocutaneous sporotri-
chosis is itraconazole; saturated solution of potassium iodide is also 
effective (see Chapter 261).125,131 If sporotrichoid M. marinum infection 
is suspected, the diagnosis should be confirmed by demonstration of 
acid-fast bacilli and isolation of the organism at 30° C on appropriate 
media. Localized swimming pool granulomas are often treated by 
limited surgical excision. Chemotherapy is reserved for more extensive 
and sporotrichoid forms of infection. Based on limited data, mono-
therapy with doxycycline or clarithromycin has been suggested;  
combination therapy (rifampin with ethambutol and trimethoprim-
sulfamethoxazole or doxycycline-clarithromycin) in more severe 
disease is recommended (see Chapter 254).132,133 Chronic lymphedema, 
a complication of recurrent lymphangitis, has been treated primarily 
in the past with elevation and elastic hosiery. Newer and more success-
ful methods to increase lymph drainage for problematic patients have 
recently been developed and include remedial exercises, manual 
massage, multilayered bandage wrapping, and intermittent pneumatic 
compression massage.134 Individuals with frequent episodes of recur-
rent cellulitis occurring in the setting of chronic lymphedema may 
benefit from chronic suppressive therapy with penicillin (e.g., 250 mg 
PO twice daily).

Etiologic Agents
In the United States, acute lymphangitis is most commonly due to 
group A streptococci, and chronic lymphangitis is usually caused by  
S. schenckii. Other infectious agents occasionally produce lymphangitis 
(Table 97-2).

Differential Diagnosis
The combination of a peripheral infection or traumatic lesion and the 
acute onset of fever with proximal red linear streaks directed toward 
regional lymph nodes are diagnostic of acute lymphangitis. In the legs, 
thrombophlebitis may produce linear areas of tender erythema, but the 
absence of an initiating lesion and tender regional adenopathy is 
helpful in distinguishing it from lymphangitis. It is important to note 
that, on occasion, severe lymphangitis may be complicated by the 
development of secondary thrombophlebitis. A history of rat bite and 
the subsequent development of lymphangitis suggest Streptobacillus 
moniliformis infection. Filariasis is a consideration when an appropri-
ate geographic history is obtained. Sporotrichosis is considered when 
chronic ulcerative lymphangitis develops in a person working with 
plants, soil, or timbers. M. marinum is suggested as the etiologic agent 

TABLE 97-2  Causes of Lymphangitis

CLINICAL 
FORM ETIOLOGIC AGENT

RELATIVE FREQUENCY 
AS CAUSE OF 
LYMPHANGITIS

Acute Group A streptococci Common

Staphylococcus aureus Occasional

Pasteurella multocida Occasional

Streptobacillus moniliformis 
(rat-bite fever)

Rare

Wuchereria bancrofti; Brugia 
malayi (filariasis)

Rare (only in immigrants from 
endemic areas)

Chronic Sporothrix schenckii 
(sporotrichosis)

Occasional

Mycobacterium marinum 
(swimming pool granuloma)

Occasional

Mycobacterium kansasii Rare

Nocardia brasiliensis Rare

W. bancrofti; B. malayi Rare (only in immigrants from 
endemic areas)

Nocardia asteroides Very rare

Mycobacterium chelonae Very rare

S. aureus (botryomycosis) Very rare

Leishmania brasiliensis or 
Leishmania mexicana

Very rare

Francisella tularensis Very rare
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Syndromes of Enteric Infection
Regina C. LaRocque and Stephen B. Calderwood98 

J  Gastrointestinal Infections and Food 
Poisoning

Gastrointestinal infections have a range of clinical manifestations and 
can result from infection with viruses, bacteria, protozoa, or parasites. 
Symptoms of gastroenteritis relate to infection at the mucosal surface, 
to direct microbial invasion of the gut, and/or to the effect of microbial 
toxins on gastrointestinal mucosal cells or on the central or enteric 
nervous systems. Systemic symptoms may occur in association with 
gastrointestinal infection as a result of microbial dissemination via the 
bloodstream, the systemic effects of toxins produced in the gastroin-
testinal tract, and/or the host inflammatory response to the infection. 
Enteric pathogens are frequently transmitted through contaminated 
food or water, and some pathogens with low infectious doses may 
spread from person to person. These pathogens may cause outbreaks 
of local and international significance and are among the leading 
causes of childhood morbidity and mortality, particularly in the devel-
oping world. Air travel and the globalization of the food supply are 
important factors in magnifying the worldwide public health impact 
of enteric infections.

Most gastrointestinal infections due to common bacterial and viral 
causes are self-limited, with symptoms resolving in a normal host 
usually within 7 days; a specific microbiologic diagnosis is not neces-
sary unless the disease is more severe or is part of an outbreak. An 
array of diagnostic and therapeutic strategies is available for gastroin-
testinal infections, and these need to be applied in clinical scenarios in 
which they will yield the most benefit to the patient. The appearance 
of multidrug-resistant enteric pathogens, such as nontyphoidal Salmo
nella, Shigella, and Vibrio cholerae, and the increasing frequency and 
severity of nosocomial Clostridium difficile infection underscore the 
need for optimal, cost-effective approaches to the diagnosis, manage-
ment, and control of enteric infections.

The term gastroenteritis is applied to syndromes of diarrhea or 
vomiting. Diarrhea is commonly defined as three or more loose stools 
in a 24-hour period1; it is considered acute when the duration is 14 
days or less and persistent when the duration is 14 days or longer. 
Causative organisms differ significantly between gastroenteritis that is 
community acquired and that which is nosocomial. A broader spectrum 
of organisms may cause enteric infection in the immunocompromised 
host, and clinical manifestations may be more severe and more pro-
longed in such individuals.

OCCURRENCE AND SCOPE OF 
GASTROINTESTINAL INFECTIONS 
IN DEVELOPING COUNTRIES
Diarrhea is an important cause of morbidity and mortality worldwide. 
The Global Burden of Disease Study estimated that there were 1.4 
million deaths due to diarrheal diseases in 2010.2 The greatest impact 
of diarrheal illness is among children younger than the age of 5 years 
in developing countries, where diarrhea is the third most common 
cause of death.3 Death rates from diarrhea have declined over the 
past decade with improvements in sanitation, more widespread use  
of oral rehydration solution, and the introduction of rotavirus vacci-
nation programs. Nevertheless, diarrheal disease continues to cause 

significant morbidity. The incidence rates of diarrheal disease among 
children in low- and middle-income countries is estimated to be 2.9 
episodes per child per year, for a total of 1.7 billion episodes of diarrhea 
in 2010.4

Importantly, diarrhea has a complex interplay with nutritional 
status among children in developing countries. Undernutrition, par-
ticularly micronutrient deficiency, increases susceptibility to acute 
infectious diarrhea and predisposes to more prolonged episodes of 
diarrheal illness. Conversely, diarrheal disease may exacerbate nutri-
tional deficiencies in several ways. Overall, caloric demands are 
increased during acute diarrheal illness. Gut injury causes malabsorp-
tion, and anorexia and altered eating habits may also affect caloric 
intake. In parts of the world where body stores of vitamin A are low, 
children with acute or persistent diarrhea can quickly develop compli-
cations of vitamin A deficiency, including xerophthalmia.

Repeated episodes of diarrheal illness are associated with deficits in 
the physical and cognitive development of children. A multivariate 
analysis of longitudinal data from five developing countries found that 
the odds of stunting at 2 years increased with each diarrheal episode 
and with each day of diarrhea.5 Early childhood diarrhea has also been 
associated with subsequent impairments in cognitive development and 
school performance.6,7 The overall health impact of diarrheal disease 
in the developing world may thus be even greater than is suggested by 
incidence and mortality data alone.

OCCURRENCE AND SCOPE OF 
GASTROINTESTINAL INFECTIONS 
IN DEVELOPED COUNTRIES
Approximately 179 million cases of acute gastroenteritis occur in the 
United States each year.8 Gastroenteritis is often just a mild annoyance 
in developed countries with good sanitation infrastructure and access 
to safe water. However, outbreaks of acute gastroenteritis are a particu-
lar public health concern; 2,259 outbreaks of gastroenteritis due to 
presumed person-to-person spread occurred in the United States in 
2009 to 2010.8 Closed and semi-closed communities, including schools, 
residential facilities, and cruise ships, are important settings for such 
outbreaks. Norovirus, which is highly contagious and robust in surviv-
ing on surfaces, is the most common etiologic agent associated with 
outbreaks of acute gastroenteritis and the leading cause of medically 
attended acute gastroenteritis in the United States.9,10 Other reported 
causes of outbreaks of acute gastroenteritis transmitted by person-to-
person contact in the United States include Shigella, Shiga toxin–
producing Escherichia coli (STEC, also known as enterohemorrhagic 
E. coli), and rotavirus. Historically, rotavirus has been the most 
common cause of acute gastroenteritis among infants and children in 
the developed world. However, pediatric rotavirus vaccination was 
broadly recommended in the United States in 200611 and pediatric 
diarrheal hospitalizations and medical expenditures have declined 
sharply since then.12 In fact, no rotavirus epidemic occurred in the 
United States from January through June 2010, the first such occur-
rence during 19 years of surveillance.13
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norovirus and other pathogens easily transmitted by person-to person 
contact. The U.S. Food and Drug Administration (FDA) Food Code 
requires no bare-hand contact with ready-to-eat foods, but a failure  
to maintain proper personal hygiene has been observed in as high as 
76% of restaurants.29 Campylobacter, Salmonella, and STEC are zoo-
notic infections, and consequently food prepared from infected 
animals may be contaminated when sold to consumers. In contrast, 
humans are the only natural host for Shigella and norovirus, so food 
may be contaminated during preparation or serving by an infected 
food service worker.

Gastrointestinal infections exhibit a seasonal pattern in both tem-
perate and tropical climates. Enteric infections in temperate climates 
may occur during the winter when individuals tend to congregate 
together indoors. The wintertime predominance of norovirus infection 
is so marked that it has been called “winter-vomiting disease.” Food-
borne outbreaks occur more commonly during summer months.30 In 
tropical areas, such as Bangladesh, there are distinct summer peaks of 
gastrointestinal illness and seasonal flooding may play a role in facili-
tating the transmission of organisms.31

Behavioral and environmental factors also play a role in the  
spread of nosocomial diarrhea. Spores of C. difficile often contami-
nate hospital environments and the hands of health care workers. 
These spores are resistant to alcohol-based disinfectants and can 
survive on environmental surfaces for as long as 6 months. Spores are 
resistant to gastric acid and can easily spread from one patient to 
another on the hands of health care workers or from contaminated 
surfaces in the room of an infected patient, even after they have been 
discharged.20

HOST FACTORS IN 
GASTROINTESTINAL INFECTION
Host factors are important in determining which individuals become 
ill after exposure to an enteric pathogen.

Outbreaks of foodborne gastroenteritis are an ongoing concern in 
developed countries. The Centers for Disease Control and Prevention 
estimates that there are 48 million illnesses, 128,000 hospitalizations, 
and 3,000 deaths due to foodborne disease annually in the United 
States.14,15 Among the most important pathogen–food combinations in 
terms of disease burden are Campylobacter (poultry), Toxoplasma 
gondii (pork), Listeria monocytogenes (delicatessen meats and dairy), 
Salmonella enterica (poultry), and norovirus (complex foods).16 Several 
multinational epidemics in recent years have highlighted the global 
significance and economic impact of foodborne gastrointestinal infec-
tions. In 2011, a multinational outbreak of Shiga toxin–producing E. 
coli O104:H4 transmitted via contaminated bean sprouts was centered 
in northern Germany and affected nearly 4,000 individuals with 53 
deaths.17-19 The cost of this outbreak in material and human losses was 
estimated to be more than 2 billion U.S. dollars.

Gastroenteritis is also a common nosocomial infection in the devel-
oped world, and the causative organisms are distinct from those of 
diarrhea in the community. C. difficile is the predominant cause of 
nosocomial diarrhea among adults in the United States,20 but other 
bacterial pathogens, including Klebsiella oxytoca21 and toxin-producing 
strains of Clostridium perfringens,22 have also occasionally been associ-
ated with nosocomial diarrhea. Outbreaks of norovirus are common 
in health care settings, and illness can be more prolonged in hospital-
ized individuals.23

PATHOGENS ASSOCIATED WITH 
GASTROINTESTINAL INFECTIONS
Reliable data regarding the enteric pathogens responsible for diarrheal 
illness, in both developed and developing world settings, can be 
remarkably absent. For example, the microbiologic etiology was 
unknown in 40% of outbreaks of acute gastroenteritis transmitted by 
person-to-person spread in the United States in 2009 to 2010.8 The 
Global Enteric Multicenter Study (GEMS) is a large case-control study 
started in 2006 to better define the microbiologic causes and burden 
of pediatric diarrheal disease in the developing world, with studies 
ongoing at seven sites in Africa and Asia.24 The GEMS study is also 
evaluating the microbiologic etiology of diarrheal disease in relation 
to geographic location, age, and other factors. In the developed world, 
novel enteric pathogens, such as the E. coli O104:H4 outbreak strain, 
continue to be identified as new tools emerge. Some major foodborne 
pathogens, such as Campylobacter jejuni, E. coli O157, and Crypto
sporidium parvum/hominis, have only been recognized in recent 
decades.25,26

BEHAVIORAL AND 
ENVIRONMENTAL FACTORS IN 
GASTROINTESTINAL INFECTION
Behavioral and environmental factors play an important role in the 
epidemiology of gastroenteritis. Most importantly, exposure to con-
taminated food and/or water plays a key role in the transmission of 
most gastrointestinal pathogens; lower-income countries that lack 
sanitation infrastructure and access to safe water consequently have 
the highest rates of diarrhea-associated morbidity and mortality.

International travel is one important risk factor for gastrointestinal 
infection in developed countries. Traveler’s diarrhea is the most 
common travel-related infectious illness and occurs in up to 40% of 
travelers to regions of Asia, Africa, and Latin America. Among U.S. 
travelers, the majority of cases of traveler’s diarrhea occur in individu-
als returning from Latin America and the Caribbean, but risk is great-
est after travel to Africa.27 A variety of organisms may cause traveler’s 
diarrhea (Table 98-1), although enterotoxigenic strains of E. coli 
(ETEC) are the most common cause overall. Campylobacter, nonty-
phoidal Salmonella, and Shigella are the pathogens that are most com-
monly identified when microbiologic evaluation is performed.27

Consumption of contaminated food remains an important risk 
factor for the acquisition of enteric infection. From 1998 to 2008, more 
illnesses (22%) were associated with leafy vegetables than with any 
other food commodity and more deaths (19%) were associated with 
poultry than any other food commodity.28 Most poultry-associated 
deaths were caused by Listeria or Salmonella. Ill food handlers 
are important sources for foodborne outbreaks, particularly due to 

TABLE 98-1  Pathogens and Epidemiologic 
Features Associated with Traveler’s Diarrhea

ORGANISM

APPROXIMATE 
PERCENTAGE 
OF CASES (%)

EPIDEMIOLOGIC 
FEATURES

Enterotoxigenic 
Escherichia coli

15-50 Most important causative agent 
of traveler’s diarrhea overall; 
not diagnosed by routine 
microbiologic methods

Enteroaggregative 
E. coli

20-35 Not diagnosed by routine 
microbiologic methods

Shigella spp. and 
enteroinvasive 
E. coli

10-25 Most important causes of 
dysentery. Enteroinvasive E. coli 
not diagnosed by routine 
microbiologic methods

Nontyphoidal 
Salmonella spp.

5-10

Campylobacter 
jejuni

3-15 More common in Asia; 
antimicrobial resistance a 
concern

Aeromonas 5

Plesiomonas 5

Giardia lamblia <2 Affects hikers and campers who 
drink from contaminated 
freshwater streams

Cryptosporidium 
hominis/parvum

<2 Occasional large scale 
waterborne outbreaks

Cyclospora 
cayetanensis

<2

Vibrio cholerae Ongoing outbreaks in Haiti and 
Zimbabwe, and endemic in 
many countries in Asia; rare 
cause of disease in travelers

Norovirus Outbreaks on cruise ships

Entamoeba 
histolytica

May cause liver abscess
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histolytica, and C. difficile enteritis are more common in individuals 
who have received antimotility agents or who have underlying gastric 
motility disorders.49-51

Intestinal Microbiome
The human intestinal tract contains a complex microbial community 
of approximately 100 trillion cells, which exceeds the number of 
human cells by a factor of 10. The intestinal microbiome plays an 
important role in maintaining human health, including influencing the 
development of innate and adaptive immunity, providing nutrients and 
vitamins, and maintaining epithelial integrity.52,53 Germ-free mice have 
increased susceptibility to a variety of enteric pathogens, suggesting 
that the intestinal microbiome may also prevent colonization and 
infection by gastrointestinal pathogens. Specifically, the intestinal 
microbiome may compete with pathogenic organisms for nutrients, for 
specific niches within the intestine, or for intestinal binding sites; it 
also may defend against pathogens by maintaining a low luminal pH 
or by producing compounds that are inhibitory to pathogens.

The intestinal microbiome varies by numerous factors, including 
age, location in the intestine, geographic region of the world, host 
genetic factors, nutritional status, and prior antimicrobial exposures, 
among others. A perturbation of the intestinal microbiota is also 
evident after enteric infection and its treatment. For instance, the fecal 
communities in patients with recurrent C. difficile–associated disease 
are markedly less diverse than those of control subjects or those with 
a first episode of C. difficile–associated disease.54

Immunocompromise
Immunocompromised individuals are at higher risk for acquiring gas-
trointestinal infections and may have more severe disease if infected.55 
Immunocompromised individuals may also experience prolonged 
excretion of enteric pathogens, including Salmonella, Campylobacter, 
and Shigella. Organisms that cause symptomatic infection less com-
monly in healthy hosts, such as Mycobacterium avium complex, cyto-
megalovirus, microsporidia, and Cyclospora cayetanensis, may cause 
disease in immunocompromised hosts. Strongyloides stercoralis can 
cause hyperinfection and severe illness in immunocompromised 
patients.56 More severe and prolonged norovirus infection occurs in 
individuals with congenital immunodeficiency, organ transplant, 
cancer chemotherapy, and infection with HIV.57

Genetic Determinants
The study of human genes that influence susceptibility to enteric infec-
tion is still in its infancy, but a number of notable associations have 
been made that shed light on the pathogenesis of intestinal infection 
and inflammation. For instance, the neutrophil chemotactic factor 
interleukin-8 (IL-8), produced by macrophages and epithelial cells, is 
central to the pathogenesis of several bacterial enteric infections. A 
common variant in the IL-8 promoter is associated with an increased 
risk for severe infection with C. difficile58 and enteroaggregative E. coli59 
and an elevated risk for gastric cancer associated with H. pylori infec-
tion.60 These associations suggest a particular role for an exaggerated 
inflammatory response in the pathogenesis of these diseases. Similarly, 
individuals with the O blood group are at an increased risk for severe 
V. cholerae infection,61 as well as for diarrhea after norovirus infec-
tion.62 The histo-blood group antigens on human intestinal epithelium 
serve as norovirus receptors.63 These associations underscore the 
important role of blood group glycoconjugates in binding directly to 
enteric pathogens or their toxins.

Nutritional Status
Underlying malnutrition is a major risk factor for diarrheal illness, 
particularly among children in the developing world.64 The risk for 
diarrhea associated with malnutrition may be pathogen specific. In  
a prospective study of 289 Bangladeshi children between the ages of  
2 and 5 years, the risk for diarrheal illness with ETEC, E. histolytica, 
and Cryptosporidium was significantly higher among malnourished 
children; this was not the case for multiple other enteric pathogens  
that were evaluated.65 Malnourished children with diarrhea in Ghana 
were frequently coinfected with enteroaggregative E. coli and 
Cryptosporidium.66

Age
The epidemiology and clinical manifestations of enteric infection vary 
with age, with young children and the elderly usually being susceptible 
to the most severe complications. Globally, children younger than  
5 years of age suffer the greatest morbidity and mortality from gastro-
intestinal infection. The highest incidence rate among children (4.5 
episodes of diarrhea/child-year) occurs in 6- to 11-month olds in low- 
and middle-income countries.4 The elevated risk for children in this 
age range can be attributed to the loss of maternal antibodies and the 
discontinuation of breast-feeding, which is highly protective against 
diarrheal disease.32 Breast-feeding protects against gastrointestinal 
pathogens via a number of mechanisms. Human milk glycans function 
as soluble receptors that inhibit pathogens from adhering to their 
target receptors on the intestinal mucosa.33 Breast milk also contains 
high levels of secretory IgA, which plays a crucial role in mucosal 
immunity, and breast-feeding reduces exposure to contaminated foods 
and ensures adequate nutrition for infants. In large part because of its 
protective effects against gastrointestinal infection, the World Health 
Organization (WHO) recommends exclusive breast-feeding for the 
first 6 months of life if the mother is not infected with human immu-
nodeficiency virus (HIV).34

Numerous gastrointestinal pathogens have higher attack rates in 
young children. Rotavirus causes nearly uniform infection in the first 
or second year of life in unvaccinated populations. Enterotoxigenic, 
enteropathogenic, and STEC, Shigella, Salmonella, C. jejuni, and 
Giardia lamblia also have higher attack rates among children than 
adults. For C. jejuni, there is a distinct second peak in incidence in 
young adulthood that is not fully understood but may relate to food 
preparation habits.35

Older individuals are also more susceptible to complications of 
enteric infection. In the United States, the highest death rates for Sal
monella are among individuals aged 65 years or older.14,36,37 Advanced 
age is a risk factor for the development of and death from C. difficile–
associated disease.38 Critically ill elderly patients are 68% more likely 
to experience 30-day mortality from C. difficile–associated disease than 
younger individuals.39 A dramatic progressive increase in the risk for 
invasive listeriosis occurs between 45 and 84 years of age.40 Norovirus 
gastroenteritis is typically mild in healthy adults, but more severe out-
comes can occur in the institutionalized elderly.10 Rotavirus outbreaks 
may also occur among the elderly in residential facilities, with consid-
erable morbidity.41 These age-dependent changes in the incidence and 
severity of enteric disease may relate to immune senescence, alterations 
in the gut microbiota, or environmental and behavioral factors, includ-
ing more frequent antibiotic use.

Gastric Acidity and Physical Barriers
The acidic pH of the stomach is an important barrier to enteric patho-
gens. Gastric acidity is found in nearly all vertebrates, and the preser-
vation of this highly energy-consuming process across species reflects 
its biologic importance. Experimental studies have shown that bacte-
ria instilled into the intact human stomach at a pH of 4.0 are killed 
within 15 minutes but remain viable in the achlorhydric stomach for 
at least 1 hour.42 Many bacteria capable of causing gastrointestinal 
disease, such as Yersinia enterocolitica and Helicobacter pylori, have 
developed an acid tolerance response that is activated under condi-
tions of low pH to protect the organism from gastric acidity. Impaired 
acid secretion increases both the frequency and severity of infection 
with a number of enteric pathogens.43 Patients taking histamine type 
2 (H2) blockers or proton-pump inhibitors, which induce blockade  
of gastric acid, are more susceptible to infection with V. cholerae,44 
nontyphoidal Salmonella,45 C. jejuni,46 Listeria,47 and some strains of 
E. coli.43

Intestinal motility is another important line of defense against inva-
sion of the gut by microorganisms. Normal peristalsis helps to main-
tain the enteric microbiota and to clear pathogenic bacteria from the 
small intestine. A placebo-controlled trial in men with shigellosis  
demonstrated increased duration of fever and prolonged shedding of 
organisms in the stool among individuals treated with diphenoxylate 
hydrochloride with atropine (Lomotil).48 Patients treated with opiates 
for mild Salmonella gastroenteritis may develop bacteremia, and 
case reports suggest that complications of Campylobacter, Entamoeba 
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appendages made up of repeated polymers of a protein called pilin. 
Other proteins may coat the tip of the structure and confer additional 
specificity of binding. Examples of fimbrial adhesins in diarrheal 
pathogens include the bundle-forming pilus (Bfp) of enteropathogenic 
E. coli (EPEC)74 and the colonization factor antigens of ETEC.75 Some 
bacteria may also use nonfimbrial adhesins in the outer membrane to 
bind to epithelial surfaces or intercellular matrix materials such as 
fibronectin. The Bfp of EPEC produces a pattern of localized adherence 
on gastrointestinal mucosal cells; other pathogenic E. coli produce dif-
ferent patterns of adherence, such as the aggregative adherence of 
enteroaggregative E. coli.76 This property can be mediated by multiple 
adherence factors.

Some bacterial pilus structures, such as the toxin-coregulated pilus 
(TcpA) of V. cholerae,77 mediate cell-cell interactions between bacteria 
to create microcolonies on the gastrointestinal surface, rather than 
binding to a specific intestinal receptor.

EPEC and STEC produce an intimate interaction with the surface 
of gastrointestinal epithelial cells termed an attachingeffacing lesion; 
these adherent bacteria remain on the outside of the cell surface but 
are intimately attached.78 To produce this lesion, EPEC and STEC use 
a type III protein secretion system to introduce secreted effector mol-
ecules from the bacterial cytoplasm directly into the cytoplasm of host 
cells, utilizing a needle-like apparatus assembled on the bacterial cell 
surface and extending into the cytoplasm of the host epithelial cell.79 
The secreted proteins are responsible for initial signaling events in the 
host cell cytoplasm, including fluxes of intracellular calcium and ino-
sitol triphosphate, which lead to effacement of microvilli and rear-
rangement of the host cell actin cytoskeleton. Tir is an effector protein 
that enters the host cell through the type III protein secretion system 
and is trafficked back to the host cell membrane, where it then acts as 
a receptor for the bacterial outer membrane protein, intimin. The 
interaction of intimin and Tir triggers a second wave of signals that 
leads to the creation of a pedestal that protrudes from the host cell to 
abut the adherent bacterium and the fully formed attaching-effacing 
lesion.80 All of the genes involved in inducing the attaching-effacing 
lesion in EPEC and STEC are encoded in a pathogenicity island termed 
the locus of enterocyte effacement.81

The VP1 protein on the surface of human norovirus strains binds 
to complex carbohydrates of the histo-blood group antigen system on 
gastrointestinal epithelial cells to initiate infection of the cell.10

Invasion
Certain enteric pathogenic bacteria invade into intestinal epithelial 
cells or traffic through them to the underlying submucosal space as 
part of the pathogenic process.68 Epithelial invasion often occurs pref-
erentially through specific microfold (M) cells in the intestinal mucosa, 
and this provides access to the submucosal space and the basolateral 
surface of the epithelial cells, from where bacteria can either enter the 
epithelial cell or be taken up by macrophages or interact with the 
submucosal lymphoid system. Many of the invasion strategies used by 
bacteria, including those utilized by Salmonella, Shigella, and Yersinia, 
involve a type III secretion system similar to that of EPEC and STEC.

For example, Salmonella utilizes a type III secretion system encoded 
on the SPI-1 pathogenicity island to induce reorganization of host cell 
actin under the adherent bacterium, ruffling of the host cell membrane, 
and then engulfment and ingestion of the bacterium via macropino-
cytosis.82 The organisms can then live and replicate in specialized 
phagosomal vacuoles that are able to prevent phagolysosomal fusion 
and acidification.83 Salmonella utilizes genes encoded on another 
pathogenicity island, SPI-2, to facilitate survival and replication within 
these intracellular vacuoles.84 The Salmonella PhoPQ regulon senses 
the phagosomal environment and mediates expression of genes that 
are important for survival in these vacuoles.85 One of the changes in 
bacterial physiology induced by PhoPQ is acylation of lipid A, which 
allows bacterial resistance to host cationic antimicrobial peptides.86

Shigella accesses the basolateral surface of intestinal epithelial cells 
by uptake into and transcytosis of M cells, then uptake into epithelial 
cells, mediated by a type III protein secretion system encoded on a 
virulence plasmid.87,88 Once within the intestinal epithelial cell, Shigella 
lyses the vacuolar membrane to escape into the cell cytoplasm. In the 
cytoplasm, it replicates intracellularly and catalyzes polymerization of 

MICROBIAL FACTORS IN 
GASTROINTESTINAL INFECTION
A number of microbial factors allow pathogenic microorganisms to 
colonize and cause infection of the human gastrointestinal tract. In 
bacteria, genes required for colonization and infection are often carried 
on laterally transferred genetic elements, such as virulence plasmids, 
transposons, or bacteriophage, or on pathogenicity islands in the bac-
terial chromosome. Pathogenic bacteria produce and secrete a number 
of proteins that modulate their interaction with the host. In gram-
negative bacterial pathogens, proteins must be secreted across both the 
inner and outer membranes; and for a subset of proteins that act within 
host cells, these proteins must also enter the host cell. A variety of 
protein secretion systems have been identified in gram-negative bac-
teria for these purposes, and these have been described as types I to 
VI. Proteins secreted by the type I, III, IV, and VI secretion systems 
are taken in a single step from inside the bacterial cell to the outside; 
in the type II and V systems, proteins are first transported across the 
inner membrane into the periplasmic space by the general secretion 
pathway shared by all bacteria and then exported across the outer 
membrane in a separate step by the additional protein secretion system. 
Type III, IV, and VI secretion systems deliver their secreted proteins 
from the bacterial cytoplasm across both bacterial membranes as well 
as the host cell membrane, directly into the host cytoplasm, to affect 
host cell physiology. Among these protein secretion systems, type III 
protein secretion is one of the most commonly used by bacterial patho-
gens that cause gastrointestinal infection (discussed later).67 Pathogens 
have a variety of strategies to survive and replicate in the gastrointes-
tinal tract, including nutrient acquisition, production of proteases that 
cleave the human adaptive immune protein IgA1, and the ability to be 
motile and to manifest chemotaxis toward intestinal epithelial surfaces. 
Many pathogens are capable of sensing environmental signals that 
indicate they are in the human gastrointestinal tract and to use these 
signals to trigger coordinate regulation of a set of virulence genes 
termed a virulence regulon to cause infection.68,69

Infection of the gastrointestinal tract involves several steps in 
pathogenesis, including adherence/attachment to the gastrointestinal 
mucosa, cellular invasion, production of exotoxins, changes in epithe-
lial cell physiology, loss of brush border digestive enzymes, and/or cell 
death. The net result of these can be increased intestinal motility, net 
fluid secretion, influx of inflammatory cells, and/or intestinal hemor-
rhage, with the clinical manifestations of gastroenteritis.

Inoculum Size
The inoculum of microorganisms needed to produce infection can 
vary widely across organisms and between different hosts. The median 
infective dose (ID50) represents the inoculum required to infect 50% 
of a population. The ID50 is influenced strongly by gastric acidity, 
because many organisms are susceptible to killing by gastric acid. Some 
organisms have a very low ID50, because they are resistant to killing by 
gastric acid.70,71 These organisms include E. coli and Shigella, the cyst 
forms of certain parasites, including Cryptosporidium, G. lamblia, and 
E. histolytica, and norovirus.10 The ID50 of these pathogens may be as 
low as 10 to 100 organisms, cysts, or viral particles; such low infectious 
doses may facilitate direct person-to-person spread and influence the 
epidemiology of these infections.72 Most agents that infect the gastro-
intestinal tract have an intermediate ID50, generally in the range of 103 
to 108 microorganisms. Other organisms, such as Yersinia, have a 
higher ID50, such as 109 or more. Other factors that may influence the 
ID50 include intestinal motility, prior immunity to that pathogen, and 
the presence of normal intestinal microbiota. Notably, infection still 
occurs in a smaller subset of individuals exposed to considerably lower 
doses than the ID50, and this can result in a substantial burden of 
disease for enteric pathogens that are widely distributed.

Adherence/Attachment
Adherence to host cell surfaces is essential to the pathogenesis of diar-
rheal disease. Interaction of bacterial surface proteins with host cell 
glycolipid, glycoprotein, or protein receptors conveys tissue and species 
specificity to this binding.

Pili (or fimbriae) are one of the more common mechanisms used 
by bacteria to adhere to the gastrointestinal mucosa.73 These are surface 
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cholera toxin are encoded together on a bacteriophage that inserts 
itself into the chromosome of pathogenic strains of V. cholerae.98

ETEC produces a heat-labile enterotoxin that is very similar to 
cholera toxin, both in protein sequence as well as in mechanism of 
action.75 Strains of ETEC may also produce a heat-stable enterotoxin 
that is secreted extracellularly and binds and activates intestinal gua-
nylate cyclase in the cell membrane of intestinal epithelial cells. Heat-
stable enterotoxin acts as a homologue of the peptide guanylin, an 
endogenous peptide made by small intestinal villus cells that regulates 
normal intestinal secretion by stimulating intracellular cyclic guano-
sine monophosphate production.99

Cytotoxins
One example of a potent cytotoxin produced by enteric pathogens is 
the Shiga toxin family of proteins produced by Shigella dysenteriae type 
1 as well as by strains of STEC; these are A1-B5 protein toxins.100 The 
B pentamer binds toxin to a receptor on the cell surface, globotriao-
sylceramide (Gb3); the toxin is then internalized and undergoes retro-
grade transport to the endoplasmic reticulum and the nuclear 
membrane.101 The A subunit is nicked by a protease, reduced, and 
enters the cytoplasm, where it cleaves a specific adenine residue from 
the 28S ribosomal RNA in the 60S ribosomal subunit, inhibiting 
protein synthesis and causing cell death.102 This toxin family specifi-
cally targets endothelial cells that are rich in the Gb3 receptor, causing 
vascular damage, bloody diarrhea, and, in some cases, the hemolytic-
uremic syndrome.103

A number of bacterial enteric pathogens, including C. jejuni and 
some strains of E. coli, produce a cytolethal distending toxin.104 This 
toxin produces cell cycle arrest, leading to cytoplasmic distention and 
cell death. S. enterica serovar Typhi (the agent of typhoid fever) pro-
duces a multipartite cytolethal distending toxin whose three subunits 
are only expressed inside the cell, within a phagosomal vacuole. Once 
expressed, the subunits assemble and the toxin is transported to the 
cell surface and into the extracellular milieu, where it is then taken 
back up by Salmonellainfected as well as uninfected host cells, leading 
to intoxication, cytoplasmic distention, and cell death. This toxin has 
been called “typhoid toxin.”105 Vibrio parahaemolyticus produces a 
thermostable direct hemolysin that acts as both a cytotoxin and an 
enterotoxin.106

Toxigenic strains of C. difficile encode two protein exotoxins—toxin 
A and toxin B; the genes encoding these two toxins are located near 
each other on a pathogenicity island.107 Toxin A binds to a specific 
receptor on the brush border of the intestinal epithelium, a glycopro-
tein with an α-linked galactose; the intestinal receptor in humans for 
toxin B is less well characterized. After binding to the appropriate 
receptors, the toxins are internalized, where they act within the eukary-
otic cell to covalently modify proteins in the Rho subfamily, a group 
of low-molecular-weight guanosine triphosphate–binding proteins 
involved in regulation of the actin cytoskeleton.108 This is followed by 
disaggregation of polymerized actin, opening of tight junctions 
between cells, cell rounding, and subsequent cell death.

The protozoal parasite E. histolytica is able to lyse phagocytic cells 
after direct contact by release of a protozoal phospholipase A and pore-
forming peptides.109 The action of these toxins leads to direct cell death 
of responding phagocytic cells.

MAJOR CLINICAL SYNDROMES
Gastrointestinal infection may manifest as reasonably distinct clinical 
syndromes, including acute vomiting, acute watery diarrhea, profuse 
watery diarrhea, invasive or bloody diarrhea (dysentery), persistent 
diarrhea, and enteric fever (Table 98-3). This classification scheme is 
useful in considering the etiology, pathogenesis, and management of 
each type of illness. However, there is much overlap, and organisms 
that cause bloody diarrhea, for example, may also manifest as watery 
diarrhea.

Acute Vomiting
Acute vomiting illnesses are frequently caused by noroviruses or by 
bacterial food poisoning. Norovirus gastroenteritis is typically mild  
in healthy adults, but hospitalization and death from norovirus gastro-
enteritis are more common with genogroup II genotype 4 (GII.4) 

host cell actin at one pole of the bacterium, to move within cells and 
to spread directly from one epithelial cell to another.89

The host responses to attachment and intracellular invasion by 
enteric pathogens may lead to the release of proinflammatory cyto-
kines, such as IL-8 and others, and these may mediate influx of inflam-
matory cells into the gastrointestinal mucosa as well as symptoms of 
disease.

Toxins
A number of pathogenic bacteria produce protein exotoxins (Table 
98-2), and several of these have an A (enzymatically active)–B (binding) 
motif. These exotoxins bind to specific receptors on eukaryotic cells, 
are internalized and catalyze specific enzymatic activities within the 
cell, and lead to alterations in cell physiology with secretion of fluid 
and electrolytes (enterotoxins) or cell death (cytotoxins) or both. Other 
exotoxins (neurotoxins) of enteric bacterial pathogens act directly on 
the central or enteric nervous systems rather than the gastrointestinal 
mucosal cells.90

Neurotoxins
Toxins of pathogenic bacteria in the gastrointestinal tract with direct 
neurotoxicity are often ingested preformed. For instance, Staphylococ
cus aureus produces a potent enterotoxin that acts on the central auto-
nomic nervous system, leading to an acute upper gastrointestinal 
syndrome characterized primarily by vomiting.91 A similar emetic neu-
rotoxin is produced by Bacillus cereus, particularly when the organism 
grows in contaminated fried rice.92 Symptoms of both of these toxin-
mediated illnesses generally occur 1 to 6 hours after ingestion of the 
preformed toxin. B. cereus, as well as C. perfringens, can also produce 
enterotoxins that produce primarily a diarrheal illness with an incuba-
tion period of 8 to 16 hours.22,93 Neurotoxins are also present in certain 
seafood, such as the agents of paralytic shellfish poisoning and cigua-
tera toxins.94 Lastly, botulinum toxin, produced by Clostridium botuli
num and other clostridial species, prevents release of acetylcholine 
from the presynaptic vesicle of the neuromuscular junction, leading to 
the clinical syndrome of botulism with paralysis.95

Enterotoxins
A number of pathogenic bacteria produce enterotoxins that act directly 
on gastrointestinal mucosal cells to stimulate net fluid secretion. The 
prototypical example of this class is cholera toxin, which is an A1-B5 
protein enterotoxin that is exported out of the bacterial cell by a type 
II protein secretion system.96 The B pentamer binds to the enterocyte 
surface receptor GM1 monosialoganglioside. The A subunit is then 
nicked by a protease and reduced, and a portion of the A subunit enters 
the eukaryotic cell cytoplasm, where it catalyzes adenosine diphos-
phate ribosylation of an arginine residue on the Gsα subunit of adenyl-
ate cyclase, leading to increased intracellular cyclic adenosine 
monophosphate and net fluid secretion through the apical chloride 
channels of the epithelial cell.97 The genes for the A and B subunits of 

TABLE 98-2  Enteric Bacterial Toxins

TOXIN 
TYPE

TOXIN-PRODUCING 
BACTERIA

TOXIN NAME, IF 
RELEVANT

Neurotoxin Staphylococcus aureus Enterotoxin B

Bacillus cereus Emetic toxin

Clostridium botulinum Botulinum toxin

Enterotoxin Vibrio cholerae Cholera toxin

Enterotoxigenic 
Escherichia coli

Heat-labile toxin, heat-stable 
toxin

Clostridium perfringens Enterotoxin

Cytotoxin Shigella dysenteriae type I Shiga toxin

Enterohemorrhagic E. coli Shiga toxins 1 and 2

Vibrio parahaemolyticus Thermostable direct hemolysin

Campylobacter jejuni Cytolethal distending toxin

Clostridium difficile Toxin A, toxin B

Bacteroides fragilis B. fragilis toxin

Clostridium perfringens Alpha toxin
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Fever usually accompanies invasive diarrhea, also resulting from the 
pronounced mucosal inflammatory response. Major causes of bloody 
diarrhea in the United States include Shigella, C. jejuni, nontyphoidal 
Salmonella, and STEC (often without fever). Other organisms that may 
cause dysentery include Aeromonas, Plesiomonas, non-cholera vibrios, 
Y. enterocolitica, and E. histolytica.

Hemolytic-uremic syndrome, characterized by acute renal failure, 
microangiopathic hemolytic anemia, and thrombocytopenia, may 
result from infection with STEC or with S. dysenteriae serotype 1. This 
syndrome has a mortality rate of 3% to 5% and is the leading cause of 
renal failure in childhood in the United States.114 Disease results from 
the effects of Shiga toxin, absorbed systemically from the gut, on the 
renal endothelium. Certain antibacterial drugs increase the induction 
of phage-mediated Shiga toxin production and may increase the risk 
for development of hemolytic-uremic syndrome.

Persistent Diarrhea
Diarrhea lasting for more than 2 weeks is classified as persistent or 
chronic diarrhea. In some cases, persistent diarrhea is associated with 
infection with enteroaggregative E. coli or parasitic infections such as 
C. hominis/parvum, Cystoisospora belli, or C. cayetanensis. However, 
many cases of persistent diarrhea are triggered by a previous episode 
of acute gastroenteritis, and diarrhea is perpetuated by an inability to 
restore normal resorptive capacity after intestinal injury. Persistent 
diarrhea is associated with malnutrition and chronic enteropathy and 
should also raise suspicion for underlying illnesses, such as HIV infec-
tion; in HIV-infected persons, unexplained persistent diarrhea consti-
tutes an acquired immunodeficiency syndrome (AIDS)-defining 
illness. Brainerd diarrhea is a persistent watery diarrheal illness that 
has occurred in outbreaks, but an etiologic agent has yet to be 
identified.115

Enteric Fever
Enteric fever is a febrile illness that follows systemic spread of S. 
enterica after local invasion of the gut.116 Typhoid fever results from 
infection with S. enterica serovar Typhi, and paratyphoid fever results 
from infection with S. enterica serovar Paratyphi A, B, or C. All are 
characterized predominantly by persistent fever, but hepatospleno-
megaly, abdominal pain, and neuropsychiatric symptoms may also 
occur. Perforation of the distal ileum, related to congested Peyer’s 
patches, is a potentially serious complication.

Complications of Acute Enteric Infection
Complications during an episode of acute gastroenteritis may manifest 
within the gastrointestinal tract, such as the syndrome of pseudoap-
pendicitis or exacerbation of underlying inflammatory bowel disease, 

infection and in young children, the elderly, and the immunocompro-
mised.10,110 Bacterial food poisoning results from the ingestion of pre-
formed toxins elaborated outside the host; these illnesses have short 
incubation periods (1 to 6 hours) and generally last less than 12 hours. 
Toxin-producing staphylococci can multiply at a wide range of tem-
peratures; organisms consequently have the opportunity to reproduce 
in food that is left to cool slowly or that remains at room temperature 
after cooking. B. cereus can produce a food poisoning syndrome with 
a short incubation period (the emetic form, mediated by a staphylococ-
cal type of neurotoxin) or a longer incubation period of 8 to 16 hours 
(the diarrheal form, mediated by an enterotoxin resembling E. coli 
heat-labile toxin). Microbiologic methods are rarely used to confirm a 
specific cause of bacterial food poisoning, although it is possible to do 
so if necessary for an epidemiologic investigation.

Acute Watery Diarrhea
Most bacterial and nonbacterial enteric pathogens cause acute watery 
diarrhea, and consequently this syndrome is not characteristic of any 
single organism. Common causes include rotavirus in infants, particu-
larly those who have not been vaccinated, ETEC in older children and 
adults, and norovirus. Norovirus is now the most common cause of 
acute gastrointestinal illness in both children and adults in the United 
States.9 Enteric adenoviruses 40 and 41 may cause acute watery diar-
rhea, particularly in children younger than 5 years of age.111,112 V. chol
erae infection should be considered when diarrheal purging is profuse, 
particularly with a characteristic rice-water appearance, or when oth-
erwise healthy older children and adults die of watery diarrhea. The 
enterotoxin of C. perfringens causes moderately severe abdominal 
cramps and watery diarrhea; heat-resistant spores of C. perfringens can 
survive in inadequately cooked meat, poultry or legumes.

In most cases of acute watery diarrhea, a specific microbiologic 
diagnosis is not necessary. Treatment should be focused on fluid reple-
tion, and antibiotics are not indicated except in situations in which they 
may shorten the duration of the illness. An example of this is epidemic 
V. cholerae infection, in which antibiotics for moderate or severe illness 
shorten symptoms and may play a role in optimizing case manage-
ment.113 It is also useful to distinguish cholera from other causes of 
acute watery diarrhea because cholera may affect large communities, 
necessitating initiation of a rapid response to improve the water supply 
and sanitation systems.96

Invasive Diarrhea
Invasive diarrhea, or dysentery, is suggested by the presence of blood 
or mucus or both in fecal matter and is most often the result of inflam-
mation of the small bowel or colon in response to invasive bacterial 
infection. Fecal leukocytes are often detectable by direct microscopy. 

TABLE 98-3  Clinical Syndromes Associated with Community-Acquired Gastrointestinal Infection

CLINICAL SYNDROME SIGNS AND SYMPTOMS PATHOGENIC MECHANISM EXAMPLE PATHOGENS
Acute watery diarrhea* Loose stools, often with mucus but not blood

Occasional vomiting and anorexia
Low-grade fever
Malaise

Local infection in the gut Norovirus genogroups I, II, and IV, enteric 
adenovirus types 40 and 41, rotavirus, 
enterotoxigenic Escherichia coli, 
enteropathogenic E. coli, Cryptosporidium, 
Clostridium perfringens, Bacillus cereus

Dysentery Loose stools with gross blood and mucus
Fever
Abdominal cramps and, in some cases, 

tenesmus
May be clinically toxic

Local invasion of the gut Shigella, enteroinvasive E. coli, 
Campylobacter jejuni, Entamoeba 
histolytica, nontyphoidal Salmonella, 
Yersinia enterocolitica, Aeromonas, 
Plesiomonas, Clostridium difficile

Profuse purging Copious watery stools resembling “rice water”
Low-grade fever
Overt signs of dehydration

Toxin-mediated Vibrio cholerae O1 & O139, enterotoxigenic 
E. coli

Persistent diarrhea Similar to acute diarrhea, but symptoms 
persist for at least 14 days

Local infection in the gut and/or 
immune compromise of host

Giardia lamblia, Cryptosporidium hominis/
parvum, Cystoisospora belli, Cyclospora 
cayetanensis, enteropathogenic E. coli, 
enteroaggregative E. coli

Acute vomiting Sudden onset of nausea and vomiting
Little or no diarrhea

Local infection in the gut or 
intoxication

Norovirus, food poisoning due to 
Staphylococcus aureus, Bacillus cereus

Enteric fever Fever
Lymphadenopathy

Local invasion of the gut with 
systemic spread

Salmonella enterica serovar Typhi, S. enterica 
serovar Paratyphi A, B, or C

*Any agent that can cause dysentery can also cause acute watery diarrhea.
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DIAGNOSTIC APPROACH TO 
ENTERIC INFECTIONS
A thorough history and physical examination should be the first step 
in evaluating the patient with a gastrointestinal illness. The history 
should focus on recent travel, specific items in the diet, animal and 
other epidemiologic exposures, recent and current medications, and 
underlying medical conditions, particularly immunosuppressive con-
ditions. The nature of the symptoms (vomiting, type of diarrhea—
watery, mucus, or blood—and the presence of fever or other systemic 
symptoms) should also be explored. The clinician should be aware of 
any relevant ongoing outbreaks in the community or in the patient’s 
travel destinations. A directed physical examination is important and 
should focus on vital signs (particularly fever and orthostasis), volume 
status, abdominal tenderness, complications outside the gastrointesti-
nal tract, and the sensorium.

For purposes of directing the diagnostic evaluation, diarrheal 
illness can be divided into community-acquired/traveler’s diarrhea, 
nosocomial diarrhea, and persistent diarrhea (Fig. 98-1). Most cases of 
community-acquired or traveler’s diarrhea are mild and self-limited, 
and a specific microbiologic diagnosis usually is not necessary.123 
However, the presence of fever or blood in the stool should prompt 
evaluation of a fecal specimen for commonly associated pathogens, 
including Salmonella, Shigella, Campylobacter, STEC, and, in the case 
of appropriate epidemiologic exposure, E. histolytica. Testing for C. 
difficile should also be considered if there is a history of recent anti-
biotic use or if other testing is negative. Nosocomial diarrhea is  
a common complication in hospitalized patients. C. difficile is by far 
the most common infectious cause of nosocomial diarrhea, with 10% 
to 20% of patients becoming colonized with this organism during 
hospitalization.20,124 Other causes of antibiotic-associated nosocomial 
diarrhea, including cytotoxic K. oxytoca, enterotoxin-producing C. 
perfringens, and potentially S. aureus, are rare and not readily diag-
nosed. Importantly, most cases of diarrhea in the hospitalized patient 
are noninfectious and are due to medications, enteral feeding, or 
underlying illness.125 Persistent diarrhea, particularly in the immuno-
compromised host, should prompt consideration of a distinct array of 
organisms, including parasites (Giardia, C. hominis/parvum, I. belli, C. 
cayetanensis, microsporidia) and M. avium complex. In transplant 
patients, cytomegalovirus and gastrointestinal viruses, such as rotavi-
rus, adenovirus, and norovirus, should be considered, as well as para-
sites and bacteria that are typically associated with community-acquired 
diarrhea.

Most laboratories are able to culture for Salmonella, Shigella, and 
Campylobacter and to test for C. difficile and STEC. Consultation with 
the laboratory and use of special media may be required if other patho-
gens, such as Yersinia or Vibrio, are suspected. The specimen of choice 
for laboratory testing is a loose stool that takes the shape of the con-
tainer. Multiple stool specimens are rarely indicated for the detection 
of stool pathogens. In a study of 1,256 adult patients who submitted 
more than one specimen, the enteric pathogen was detected in the first 
sample 87% to 94% of the time, with the second specimen increasing 
the detection rate to 98%.126 In pediatric patients, the first specimen 
detects 98% of the identifiable enteric pathogens.127 Thus, one sample 
for children and a second for selected adult patients are generally suf-
ficient. Rectal swabs are less sensitive than stool specimens and are not 
recommended in adults, but in symptomatic pediatric patients, rectal 
swabs and stool culture are equivalent in the ability to detect fecal 
pathogens.128,129 Given that most community-acquired gastroenteritis 
has an incubation period of less than 3 days, evaluation in a hospital-
ized patient after the third hospital day can be focused on nosocomial 
pathogens alone.130

THERAPY FOR ENTERIC 
INFECTIONS
Rehydration is the mainstay of treatment of gastrointestinal infection. 
In the vast majority of cases, dehydration can be effectively treated with 
oral rehydration salts (ORS).131 A reduced osmolarity ORS solution, 
containing 75 mEq/L of sodium and 75 mmol/L of glucose, is officially 
recommended by the WHO and the United Nations Children’s Fund 
(UNICEF) for this purpose. A diet of easily digestible food is com-
monly recommended for those with diarrhea, and randomized studies 

or manifest outside the gastrointestinal tract, owing to bacteremic 
spread of the organism or systemic action of a bacterial toxin, such as 
the hemolytic-uremic syndrome (Table 98-4). Five to 10 percent of 
hospitalized children younger than the age of 15 years with Shigella 
infection will experience a seizure.117 Complications of gastroenteritis 
may also occur at some time after the acute illness, often as a result of 
the immunologic response to the infection. This latter category includes 
a postinfectious reactive arthritis seen in a small fraction of patients 
after infection with Campylobacter, Shigella flexneri, nontyphoidal Sal
monella, Yersinia, and occasionally STEC; this syndrome occurs almost 
exclusively in individuals who are HLA-B27 positive.118 Another 
example is the Guillain-Barré syndrome, seen after infection with C. 
jejuni, as a result of antibodies cross reactive with GM1 ganglioside or 
with GQ1b (producing the Miller Fisher variant of Guillain-Barré 
syndrome).119,120

Asymptomatic Passage of 
Enteropathogens
Enteric pathogens may be excreted by individuals without symptoms 
of diarrhea, and there are host and microbial explanations for this 
phenomenon.121 First, some enteric pathogens may be excreted asymp-
tomatically for weeks after recovery from an acute diarrheal illness. 
Enteric pathogens associated with extended excretion after an episode 
of acute diarrhea include nontyphoidal Salmonella, C. jejuni, norovi-
rus, and, uncommonly, Shigella.122 A host with preexisting immunity 
may also asymptomatically excrete an enteric pathogen after ingestion. 
Some individuals, owing to age or genotype, are inherently less sus-
ceptible to symptomatic or severe diarrheal infection with certain 
pathogens, as exemplified by the relationship between ABO blood 
group and V. cholerae and norovirus infection. Similarly, healthy 
infants may carry toxigenic strains of C. difficile without evidence of 
disease.20

TABLE 98-4  Complications That May Accompany 
or Follow an Episode of Acute Diarrheal Illness

COMPLICATION

COMMONLY 
ASSOCIATED 
BACTERIAL 
AGENT(S) COMMENT

Bacteremia Nontyphoidal Salmonella 
enterica, Campylobacter 
fetus, Shigella spp.

Particular concern in 
HIV-infected 
individuals

Seizure Shigella spp. Particularly in children

Chronic diarrhea Occurs in ≈1% of 
travelers with acute 
diarrhea

Causes may include 
lactase deficiency, 
small bowel bacterial 
overgrowth, and 
malabsorption 
syndromes

Initial presentation 
or exacerbation of 
inflammatory 
bowel disease

All bacterial pathogens, 
including Clostridium 
difficile

Irritable bowel 
syndrome

May follow infection 
with many bacterial 
pathogens

Reactive arthritis 
(formerly Reiter’s 
syndrome)

Shigella, Salmonella, 
Campylobacter, Yersinia, 
Shiga toxin–producing 
Escherichia coli, C. 
difficile

Particularly likely after 
infection with 
invasive organisms 
and in patients who 
are HLA-B27 positive

Hemolytic-uremic 
syndrome

Shiga toxin–producing 
bacteria (Shigella 
dysenteriae type I and 
Shiga toxin–producing 
E. coli)

Characterized by 
hemolytic anemia, 
thrombocytopenia, 
and renal failure

Guillain-Barré 
syndrome

Campylobacter jejuni Cross-reactive 
antibodies to GM1 
or GQ1b gangliosides

HIV, human immunodeficiency virus.
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support the continuation of feeding in children.132 Adults with severe 
dehydration should receive intravenous fluids. Lactated Ringer’s solu-
tion or lactated Ringer’s solution with 5% dextrose are preferred, but 
normal saline can also be used. Disadvantages of normal saline are that 
it does not contain potassium to correct losses or a base to correct 
acidosis.

The role of antimicrobial therapy for acute bacterial gastroenteritis 
depends on the pathogen (Table 98-5). For some pathogens, antimi-
crobial therapy has been shown in randomized, controlled trials to 
reduce the duration of symptoms and complications, as for infection 
with Shigella,133 V. cholerae,96 and ETEC,134 and antibiotics are recom-
mended for moderate or severe illness. For other pathogens, such as 
Campylobacter, trials show only a modest reduction in duration of 
symptoms of 1.3 days and antibiotics are recommended only for those 
with severe illness or risk factors for severe illness such as the elderly, 
pregnant women, or the immunocompromised.135 Antimicrobial 
therapy for patients with nontyphoidal Salmonella infection has no 
significant effect on the length of illness and may prolong carriage of 
the organism in the stool136; therefore, antibiotics should not be given 
except in particularly severe illness, in patients older than age 50 (who 
are at risk for a mycotic aneurysm from bacteremic seeding of preexist-
ing atherosclerotic plaque), in infants younger than 12 months of age 
(who are at risk for Salmonella meningitis), in individuals with cardiac 
or joint prostheses at risk for bacteremic seeding, in pregnant women 
near term, and in the immunocompromised. Lastly, therapy for STEC 
infection has no effect on the duration or severity of symptoms in most 
individuals and there is a risk that certain antimicrobial agents may 
increase the risk for hemolytic-uremic syndrome through induction of 
Shiga toxin, particularly in children younger than the age of 10. There-
fore, antimicrobial agents should generally be avoided for this infec-
tion, particularly for children.137,138

FIGURE 98-1 Approach to diagnosis of infectious diarrhea. STEC, Shiga toxin–producing Escherichia coli. 

Assess:

• Duration of symptoms

Community-acquired or
traveler's diarrhea

Nosocomial
diarrhea

(after 3rd hospital day)

Persistent diarrhea,
particularly in

immunocompromised
host

Culture or test for:Culture or test for:
Giardia
Cryptosporidium
Cystoisospora belli
Cyclospora cayetanensis
Microsporidia (in immunocompromised host)
M. avium complex (in immunocompromised host)
C. difficile (rare)
Consider lactase deficiency, small bowel bacterial
overgrowth, and malabsorption syndromes

Treat symptomatically
without further testing
unless severe disease
or as part of outbreak,
such as cholera

Salmonella
Shigella
Campylobacter
STEC (especially if
bloody stool)
C. difficile
(especially if recent
antibiotics)
Entamoeba histolytica
(if epidemiologic
exposure)

Watery diarrheaFever or blood in stool Culture or test for
Clostridium difficile

Consider noninfectious
causes

Diarrhea, nausea, or vomiting

• Severity (dehydration, fever, blood, weight loss, sensorium)
• Epidemiologic features (travel, diet, exposures, medications, outbreaks, immunosuppression)

TABLE 98-5  Antimicrobial Therapy for Bacterial 
Gastroenteritis

USEFULNESS OF ANTIBIOTICS
EXAMPLE 
ORGANISMS

Antibiotics have demonstrated benefit in RCTs 
and are indicated for patients with 
moderate-to-severe disease.

Shigella spp., enteroinvasive 
Escherichia coli, 
enterotoxigenic E. coli

Vibrio cholerae, Aeromonas, 
Plesiomonas

Antibiotics have demonstrated only modest 
benefit in RCTs and are only indicated for 
patients with severe or prolonged illness, or 
in abnormal hosts.

Campylobacter jejuni

Antibiotics have demonstrated no clear benefit 
in RCTs and may prolong excretion of 
organisms. Antibiotics should be used only 
in selected circumstances (see text).

Nontyphoidal Salmonella spp.

Antibiotics have demonstrated no clear benefit 
in RCTs and in some studies, particularly in 
children, may increase risk for complications 
such as hemolytic-uremic syndrome.

Shiga toxin–producing E. coli

RCTs, randomized controlled trials.

Antimicrobial resistance in enteric pathogens, particularly in the 
developing world, is increasingly common and complicates clinical 
treatment and the management of diarrheal outbreaks.139,140 Multidrug 
resistance has been identified in nontyphoidal Salmonella, Shigella 
spp., and V. cholerae.141-144 If antimicrobial treatment is indicated for 
a diarrheal disease, the choice of agent should be based on recent  
local susceptibility testing. Misuse and overuse of antibiotics in the 
treatment of diarrheal diseases has played an important role in the 
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products, after cleaning surfaces where food is prepared, and after 
defecation. Ill food preparers should be kept out of work until symp-
toms of a diarrheal illness have resolved and, in some cases, stool 
cultures for the pathogen have become negative.

Vaccines for infections at mucosal surfaces, including the gastroin-
testinal tract, are not yet as efficacious or durable as vaccinations 
against systemic infections, and availability of these vaccines is more 
limited. There are three gastrointestinal infections for which vaccines 
have shown efficacy and are approved for use. A pentavalent rotavirus 
vaccine was recommended for routine use in infants in the United 
States in 2006, with three doses given at 2, 4, and 6 months, respec-
tively.11 A monovalent rotavirus vaccine was recommended as an alter-
native in 2008, with two doses given at 2 and 4 months. As described 
earlier, this vaccine has had a substantial impact on the morbidity 
associated with rotavirus infection in children in the United States.12 
Two oral cholera vaccines are available for use and prequalified by the 
WHO. One is an oral, whole-cell, killed V. cholerae O1 vaccine, supple-
mented with the B subunit of cholera toxin (manufactured as Dukoral), 
and the second is an oral, whole-cell, killed V. cholerae O1 and O139 
vaccine without supplemental B subunit (manufactured as Shanchol). 
These vaccines are given in two or three doses depending on age and 
produce protective efficacy against moderate and severe disease of 
between 60% and 85%, for up to 2 to 3 years after vaccination. These 
vaccines are less effective in children younger than age 2 years and 
produce a shorter duration of protection in these individuals.96 The 
usefulness of oral cholera vaccine in a field setting was demonstrated 
in Mozambique; two doses of Dukoral produced 78% protective effi-
cacy against disease in a cholera outbreak that occurred a few months 
later.151

There are two current approaches to typhoid vaccination: an oral, 
live, attenuated Ty21a vaccine, which is given in three doses and pro-
duces approximately 50% protective efficacy over the subsequent 3 
years; and a parenteral Vi polysaccharide vaccine, which is given in 
one dose and produces approximately 60% protective efficacy over the 
subsequent 2 years.152,153

A number of vaccines for gastrointestinal infections are being 
developed or may be available in the near future. A norovirus vaccine 
consisting of virus-like particles given intranasally has shown evidence 
of protective efficacy after subsequent challenge with wild-type noro-
virus.154 An S. enterica Typhi vaccine in which the Vi polysaccharide 
is conjugated to a protein carrier improves efficacy over the polysac-
charide vaccine alone but is not yet manufactured or available for 
clinical use.155

development of drug resistance. Use of antibiotics in farm animals  
has also contributed to antimicrobial resistance in human infection. 
Identical strains of antibiotic-resistant pathogens have been demon-
strated in both infected humans and the farm animals that were the 
source of those infections.145 This suggests that antibiotic use in farm 
animals meant for human consumption should be restricted to treat-
ment of specific infections in those animals and not for growth 
promotion.

Antimotility agents may aggravate disease due to invasive organ-
isms if not given with effective antibiotics, and they may increase 
absorption of Shiga toxin in STEC infection, increasing the risk for 
hemolytic-uremic syndrome. Antimotility agents should therefore be 
avoided in those with suspected or documented infection with STEC 
and should be given only along with antibiotics in patients with bloody 
diarrhea or fever.146,147 Antimotility agents are considered safe for use 
in individuals with traveler’s diarrhea.148

PREVENTION AND CONTROL OF 
ENTERIC INFECTIONS
Acute diarrheal diseases can be prevented with a variety of measures 
focused on limiting the spread of organisms within the community and 
from person to person. Because diarrheal diseases spread by a fecal-
oral route, hand washing is considered a key barrier to the transmis-
sion of enteric pathogens. A systematic review and meta-analysis of 
studies from the developing world and from U.S. and Australian child 
care settings estimated that hand washing with soap reduces the risk 
for diarrheal diseases by 42% to 47%.149 Globally, more than 1 billion 
people lack access to improved drinking water supplies. Strategies to 
improve the microbial quality of drinking water can be applied at the 
source or in the household. Water-source strategies include protected 
wells, bore holes, or public tap stands; household strategies include 
improved water storage or approaches for treating water, such as chlo-
rination, solar disinfection, filtration, or combined flocculation and 
disinfection. Although randomized studies are few, interventions to 
improve the microbial quality of drinking water are likely effective in 
preventing diarrhea.150

Many community-acquired bacterial gastrointestinal infections  
are foodborne. Reduction of such illnesses depends on monitoring  
of food sources for bacterial contamination and removal from the 
market when such contamination is detected. Food should be appro-
priately refrigerated to prevent bacterial multiplication and cooked to 
recommended temperatures to ensure killing of any existing bacteria. 
Food preparers should wash hands after handling any uncooked food 
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99  Esophagitis
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Esophagitis, or inflammation of the esophagus, is most often caused 
by noninfectious conditions, of which gastroesophageal reflux disease 
is the most common. Eosinophilic esophagitis, in which eosinophils 
infiltrate the mucosa, is increasingly recognized and associated with 
food allergy. Esophageal infection occurs predominantly in patients in 
whom immunity is impaired as a result of cancer chemotherapy, trans-
plantation, or human immunodeficiency virus (HIV) infection and 
occasionally in persons who are otherwise healthy. Candida albicans, 
cytomegalovirus (CMV), and herpes simplex virus (HSV) are the 
leading etiologic agents of esophageal infection. Among patients with 
HIV infection, aphthous ulceration of the esophagus is a well-
recognized entity. Acute HIV infection may also be a direct cause of 
esophageal ulceration.1 Various other fungal, viral, mycobacterial, and 
parasitic agents have been shown to cause esophagitis on rare occasion. 
Pill-induced esophagitis resulting from local mucosal injury has been 
attributed to almost 100 different drugs, particularly if they are ingested 
without water or in the supine position; antibiotics and antiviral agents 
are implicated in 50% of such cases.2,3 Infectious and noninfectious 
causes of esophagitis are listed in Table 99-1. Multiple concomitant 
causes of esophagitis are common in patients who are significantly 
immunosuppressed or critically ill.4

CLINICAL MANIFESTATIONS
Most patients with esophagitis present with odynophagia (pain on 
swallowing) or dysphagia, described as difficulty swallowing or a sense 
of obstruction that is substernal, epigastric, or in the throat. Liquids 
are often better tolerated than solids such as meats, which may worsen 
both odynophagia and dysphagia. Pain may be exacerbated by the 
ingestion of acidic liquids and by eructation. Ulcerative esophagitis is 
characterized primarily by odynophagia, which can be severe, at times 
to the point of limiting oral intake and resulting in weight loss and 
dehydration. Spontaneous substernal pain or burning sensation may 
also occur intermittently, unrelated to swallowing. Gastrointestinal 
bleeding is rarely the initial manifestation of esophagitis, but it does 
occur.5 Among patients evaluated for nausea and vomiting or abdomi-
nal pain, endoscopically proven esophagitis may be present in the 
absence of specific esophageal symptoms. Weight loss and anemia are 
observed presenting signs of Candida esophagitis in older patients.6 In 
one review, odynophagia or dysphagia was absent in 21% to 41% of 
patients with documented esophagitis caused by Candida spp., HSV, 
CMV, or, in rare cases, Mycobacterium tuberculosis.7 Fever accompa-
nied esophagitis in 20% of patients with CMV or mycobacterial 

infection but was less common among those with Candida or HSV 
infection. Nausea and vomiting were most common (42%) in patients 
with CMV esophagitis, which possibly reflects the fact that CMV infec-
tion is seldom confined to the esophagus. Oral lesions frequently 
provide clues to the diagnosis of esophagitis, particularly in patients 
with acquired immunodeficiency syndrome (AIDS). Oral thrush is 
seen in most patients with esophageal candidiasis and AIDS.8 The 
finding of oropharyngeal candidiasis in a patient with esophageal 
symptoms and AIDS has a positive predictive value of 70% or greater 
for esophageal involvement.4,9-12 Similarly, oropharyngeal vesicles or 
ulcerations may suggest, but do not prove, concomitant esophageal 
HSV or aphthous ulceration in a symptomatic patient.

SPECIFIC ETIOLOGIC AGENTS
Candida Esophagitis
C. albicans is the predominant pathogen of esophagitis. Non-albicans 
species of Candida, including Candida tropicalis, Candida parapsilosis, 
Candida krusei, and Candida glabrata, are implicated less often but 
may play a greater role as a result of selective pressure among patients 
who have received antifungal agents.13,14 Small numbers of C. albicans 
are part of the normal oral flora; esophageal colonization may be 
present in up to 20% of the population,15 particularly in patients treated 
with histamine type 2 blockers.16 Colonization is the initial process in 
which superficial adherence and proliferation of organisms remain 
confined to the superficial mucosa, without penetration or inflamma-
tion of the epithelium. Colonization progresses to infection if systemic 
and local defenses are inadequate for preventing invasion into deeper 
epithelial layers; pseudohyphae are present at the advancing margin of 
tissue involvement. On endoscopic examination, the esophagus 
appears hyperemic with discrete, yellow-white mucosal plaques that 
are firmly adherent and, when removed, reveal an underlying rough 
and friable surface (Fig. 99-1). Lesions are most frequently located in 
the distal third of the esophagus. Disease may progress to involve large 
confluent plaques, ulceration, luminal narrowing, strictures, and 
necrosis.2,17 Perforation of the esophagus is a rare complication of nec-
rotizing esophagitis that may necessitate surgical intervention.18

Systemic host factors predisposing to esophageal candidiasis 
include acute19 and advanced HIV infection, diabetes mellitus, leuke-
mia and lymphoma, broad-spectrum antimicrobial therapy, antineo-
plastic therapy, corticosteroid therapy, and bone marrow or solid-organ 
transplantation. In addition to immune dysfunction, contributing  
local factors are those that impair esophageal motility (e.g., systemic 

Definition
•	 Inflammation	of	the	esophagus,	of	

noninfectious	or	infectious	etiology

Epidemiology
•	 Gastroesophageal	reflux	disease	is	the	

most	common	cause.	Esophageal	infections	
occur	predominantly	in	patients	with		
impaired	immunity,	particularly	those	with	
acquired	immunodeficiency	syndrome	or	
receiving	cancer	chemotherapy.	
Immunocompetent	persons	are		
occasionally	affected.

Microbiology
•	 Candida	species,	herpes	simplex	virus	(HSV),	

and	cytomegalovirus	are	most	common.

Diagnosis
•	 Endoscopy	and	biopsy	for	

immunohistopathology	and	culture,	
polymerase	chain	reaction

Therapy (see	Table	99-2)
•	 Candida:	fluconazole,	itraconazole,	

amphotericin	lipid	formulations,	voriconazole,	
echinocandins

•	 Herpes	simplex	virus:	acyclovir	or	valacyclovir,	
famciclovir;	foscarnet	for	acyclovir-resistant	
HSV

•	 Cytomegalovirus:	ganciclovir,	valganciclovir,	or	
foscarnet

•	 Aphthous	ulceration	(in	acquired	
immunodeficiency	syndrome):	prednisone,	
thalidomide

Prevention
•	 Recipients	of	allogeneic	hematologic	stem	cell	

transplants	who	are	neutropenic	commonly	
receive	antiviral	and	antifungal	prophylaxis.
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recipients, many of whom receive routine antifungal prophylaxis, 
appear less susceptible to Candida esophagitis, which developed in 5 
(2.2%) of 224 renal transplant recipients,21 12 (2.2%) of 547 solid-organ 
transplant recipients,22 and none of 304 cardiac transplant recipients.23 
Among symptomatic bone marrow transplant recipients, esophageal 
infection was diagnosed in 21 of 46 endoscopic examinations, but 
Candida accounted for only 5 of the 21 infections, the remainder being 
caused by CMV, HSV, or both.24

Accurate diagnosis of esophageal candidiasis is established by 
endoscopy with directed brushings and biopsies. The characteristic 
gross appearance of candidiasis is suggestive but occasionally mislead-
ing, inasmuch as white exudative lesions may also be visualized with 
HSV or CMV infection or pill esophagitis. Brushings of exudative 
lesions and ulcer craters are obtained with a sheathed cytology brush, 
smeared onto slides, and submitted for calcofluor white, silver, or 
Gram stain. Biopsies of lesions and the edges of ulcers are submitted 
for histopathologic examination and for viral culture to identify CMV 
and HSV. Masses of yeast and pseudohyphae seen in tissue or brush-
ings are diagnostic of Candida infection. Fungal cultures are not gener-
ally helpful except to identify the pathogen in cases of fungal esophagitis 
that are refractory to treatment. Blind brushing of the esophagus via a 
nasogastric tube has been advocated as an alternative to endoscopy in 
patients with HIV infection and suspected esophagitis; in one study, 
this technique was 96% sensitive and 87% specific for the diagnosis of 
candidiasis.10

Radiologic contrast studies are of limited diagnostic value and are 
seldom performed in patients with esophagitis. Although focal or con-
fluent plaques or a diffuse, “shaggy” appearance is characteristic of 
candidiasis on esophagography (Fig. 99-2), the examination result may 
be normal in some patients, and visualized abnormalities such as 
plaques, ulcerations, fistulas, or masses are often nonspecific; concur-
rent infections are likely to be missed.5,25 Radiographic studies may be 
useful if endoscopy is unavailable. Computed tomographic scanning 
may demonstrate thickening of the esophageal wall in patients with 

sclerosis, achalasia, esophageal webs or rings, obstructing esophageal 
cancer) and conditions that result in mucosal injury (e.g., reflux, HSV 
esophagitis). Esophageal symptoms occur in up to half of all patients 
with AIDS,9,20 and Candida accounts for 50% or more of these cases.4,12 
Porro and colleagues11 documented esophageal candidiasis in 48% 
of patients with AIDS who were admitted to a hospital, although  
40% of those infected reported no esophageal symptoms. Transplant 

TABLE 99-1  Etiology of Esophagitis

COMMON RARE
Infectious
Candidiasis Mycobacterium tuberculosis75,76

Cytomegalovirus Mycobacterium avium complex9,71

Herpes simplex virus Cryptococcus neoformans4,77

HIV infection, acute Histoplasma capsulatum72

Actinomyces73,74

Saccharomyces cerevisiae

Cryptosporidium

Pneumocystis jirovecii69

Varicella-zoster virus78,79

Epstein-Barr virus70

Human papillomavirus

Noninfectious
Gastroesophageal reflux Ingestion of corrosives (e.g., lye)

Mucositis resulting from cancer 
chemotherapy

Mucositis resulting from radiation therapy

Local mucositis from tablets or 
capsules2,3 (e.g., doxycycline, 
tetracycline, clindamycin, 
penicillin, rifampin, zidovudine, 
dideoxycytidine [ddC, 
zalcitabine], nelfinavir)

Aphthous ulcers

Eosinophilic esophagitis caused by food 
allergy

Nonsteroidal anti-inflammatory drugs

Bone resorption inhibitors (e.g., 
alendronate)

HIV, human immunodeficiency virus.

FIGURE  99-1 Endoscopic appearance of esophageal candidiasis, 
with typical white plaques and nodules, in a patient with multiple 
myeloma. (Courtesy Dr. Arthur DeCross, Rochester, NY.)

FIGURE  99-2 A and B, Barium contrast esophagograms of Candida 
esophagitis, revealing marked irregularity of the esophagus as a result of 
multiple plaques in a patient with acquired immunodeficiency syndrome 
and severe odynophagia. (From Polis M. Esophagitis. In: Mandell GL, 
Bennett JE, Dolin R, eds. Principles and Practice of Infectious Diseases. 4th 
ed. New York: Churchill Livingstone; 1995:962-965.)

A B

http://www.myuptodate.com


P
a
rt

 I
I 

M
aj

o
r 

C
lin

ic
al

 S
yn

d
ro

m
es

1250

ulceration has also been described in patients with acute HIV infec-
tion who present initially with odynophagia, and some authorities 
believe that detection of HIV virions by electron microscopy in the 
margins of these ulcers may indicate a direct pathogenic role for HIV 
itself.1 Others, having detected HIV nucleic acid by in situ hybridiza-
tion or PCR in the esophageal mucosa of up to 80% of patients with 
AIDS and idiopathic ulceration or with specific etiologic diagnoses 
(Candida, CMV, or HSV esophagitis), have concluded that HIV is not 
a primary pathogen in ulcerative disease.12,39 Unrecognized other 
infectious agents may contribute to the pathogenesis of these idio-
pathic ulcerations.

MANAGEMENT OF ESOPHAGEAL 
INFECTION
General Considerations in Therapy
Specific therapies for infectious causes of esophagitis are listed in Table 
99-2. The approach to diagnosis and therapy in a particular patient 
often depends on the presence of underlying disease and the severity 
of immunosuppression (Table 99-3).

Patients receiving cancer chemotherapy may experience severe 
mucositis with odynophagia that is clinically indistinguishable from 
fungal or viral esophagitis. Oropharyngeal candidiasis is highly predic-
tive of esophageal candidiasis in patients with cancer, particularly in 
patients with mucositis after chemotherapy.40 Diagnostic endoscopy 
should be pursued whenever possible, but in practice the procedure is 
frequently deferred because of bleeding, severe pain, mucosal friability, 
or critical illness; empirical therapy for Candida and HSV infection is 
appropriate in the interim period, particularly if oral thrush or muco-
cutaneous HSV lesions are clinically evident or if cultures are positive. 
Patients with fever and neutropenia (<100 neutrophils/mm3) are 
usually treated empirically with systemic antifungal agents (ampho-
tericin B, lipid formulations of amphotericin, voriconazole, caspofun-
gin, or other echinocandins) in doses sufficient to treat either 
esophageal or disseminated candidiasis. Intravenous acyclovir is often 
administered in this acute setting if HSV stomatitis or labialis is present 
or if esophageal symptoms are severe. Recipients of allogeneic bone 
marrow transplants who are neutropenic commonly receive antiviral 
prophylaxis until engraftment occurs. Esophageal infections in recipi-
ents of bone marrow transplants usually begin more than 40 days after 
transplantation, and neutrophil counts are usually within the normal 

esophagitis, but this finding is neither sensitive nor specific for 
infection.26

Cytomegalovirus Esophagitis
CMV esophagitis occurs most often in patients with AIDS or severe 
immunosuppression. CMV was an esophageal pathogen or copatho-
gen in 33 (30%) of 110 patients with HIV infection and esophageal 
symptoms4 and in 7 (33%) of 21 symptomatic recipients of bone 
marrow transplants.24 Rare cases in immunocompetent hosts have 
been reported.27 Symptoms are indistinguishable from those associated 
with Candida or HSV esophagitis. The endoscopic appearance of 
CMV esophagitis is typified by large (>10 cm2), shallow, “punched-
out” ulcers, solitary or multiple in number, located in the middle to 
distal part of the esophagus.28 The ulcer margins are distinct, and the 
intervening mucosa appears relatively normal. Isolation of CMV in 
culture is not diagnostic because virus harbored in blood or saliva may 
contaminate esophageal specimens. Conversely, culture is not positive 
in all actual cases. Histopathologic examination is the most reliable 
diagnostic method when mucosal and submucosal biopsy samples are 
obtained from the ulcer edge and ulcer base; routine hematoxylin and 
eosin staining demonstrates enlarged endothelial cells or fibroblasts 
containing large, dense intranuclear inclusions.28 Multiple biopsies 
increase the yield for diagnosis of CMV.29 Immunohistochemical and 
direct fluorescent staining techniques, highly specific for CMV and 
HSV, are also useful in establishing these diagnoses. Coinfections of 
the esophagus are common in patients with CMV; concomitant can-
didiasis (73%) and HSV (12%) have been reported among these 
patients.4

Herpes Simplex Virus Esophagitis
HSV esophagitis is usually identified in patients with AIDS or other 
significant immunosuppressive conditions, although cases in healthy 
adults also occur. Of 23 patients with HSV esophagitis reported by 
McBane and Gross,30 7 (30%) had hematologic malignancies, 4 (17%) 
had received chemotherapy or irradiation for solid tumors, 8 (35%) 
had been treated with immunosuppressive agents for nonmalignant 
conditions, and 1 was otherwise healthy. HSV esophagitis accounts for 
6% to 16% of HIV-infected patients with esophageal symptoms.20 In a 
series of 21 bone marrow transplant recipients with esophagitis, HSV 
was identified in 48%.24 More than 40 cases of HSV esophagitis have 
been described in immunocompetent hosts, predominantly men, in 
whom the infection is typically self-limited.31,32 Odynophagia, chest 
pain, fever, nausea, and vomiting are the most common initial symp-
toms; clinically significant gastrointestinal bleeding occurs in 15% to 
25%.33 Esophageal rupture is a rare complication. Oral, labial, or cuta-
neous HSV is clinically evident in only 19% to 38% of cases.31,34 Typical 
lesions appear endoscopically as multiple, small, superficial ulcers in 
the distal third of the esophagus; larger confluent ulcers, pseudomem-
branes, or diffusely denuded epithelium may be seen as the infection 
progresses (Fig. 99-3). “Volcano ulcers” may have raised margins 
around the central crater. Vesicles are rarely visualized. Double-
contrast esophagography demonstrates ulcerative irregularities that  
are not specific or diagnostic. Viral culture of brushing or biopsy 
samples is the most sensitive diagnostic tool and is positive for 
type 1 HSV (HSV-1) in most (but not all) cases; HSV-2 has rarely been 
implicated.34,35 Quantitative polymerase chain reaction (PCR) for 
HSV-1 in biopsy specimens is highly sensitive (95%) and reasonably 
specific (73%) compared with histopathology and immunohistochem-
istry and may aid in diagnosis.36 Histologic examination may reveal 
characteristic ballooning degeneration, multinucleated giant cells, and 
prominent intranuclear Cowdry type-A inclusion bodies in 55% to 
70% of biopsy specimens. Superficial candidal invasion of HSV ulcers 
is often seen on biopsy.

Aphthous (Idiopathic) Ulceration of 
the Esophagus
Aphthous or idiopathic ulceration, an important variant of esophagitis 
in patients with advanced HIV infection, accounts for approximately 
5% of patients with AIDS who have esophagitis.4,9 No specific cause is 
evident in 40% of patients with AIDS and esophageal ulceration,37 and 
painful ulcers are often present in the oropharynx as well.38 Esophageal 

FIGURE 99-3 Herpes simplex esophagitis, characterized by numer-
ous small ulcerations, in an immunocompetent adult with fever and 
odynophagia. (Courtesy Dr. Charles Michalko, Rochester, NY.)
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range at that time; CMV and HSV infections are at least as common 
as Candida infections in this group of patients, and treatment should 
be guided by the results of endoscopic diagnosis.24 Similarly, treatment 
of esophagitis in recipients of solid-organ transplants or in immuno-
competent hosts should be guided by endoscopic appearance, culture 
data, and histopathologic findings. Tacrolimus and cyclosporine levels 
may be elevated and should be monitored in transplant recipients who 
are receiving concomitant fluconazole, voriconazole, or itraconazole.

Esophagitis in Patients with Acquired 
Immunodeficiency Syndrome
Before the introduction of antiretroviral therapy (ART), esophageal 
symptoms occurred in 40% to 50% of patients with AIDS at some point 
in the course of the disease and often had a significant effect on nutri-
tional status and overall morbidity.5,9,20 The incidence of esophagitis has 
declined dramatically since the advent of ART; however, cases of 
opportunistic infection of the esophagus continue to occur in patients 
in whom antiretroviral therapy fails because of drug resistance or 

TABLE 99-3  Causes of Esophagitis in Symptomatic Patients with Underlying Disease*

CAUSE AIDS4,9,12 (N = 183)
BONE MARROW 
TRANSPLANTATION24 (N = 39)

SOLID ORGAN 
TRANSPLANTATION23,81 (N = 88)

Candida alone 38% 10% 3%

Candida + other 22% 3% —

Cytomegalovirus 21% 26% 6%

Herpes simplex virus 11% 26% 7%

Aphthous ulceration 4% — —

Kaposi sarcoma 7% — —

*Patients on whom upper endoscopy was performed to evaluate odynophagia, dysphagia, epigastric pain, nausea and vomiting, or gastrointestinal bleeding.
AIDS, acquired immunodeficiency syndrome.

TABLE 99-2  Treatment of Esophagitis

CAUSE
USUAL TREATMENT 
(ADULT DOSE) ALTERNATIVE DRUGS

Candida Fluconazole, 100-200 mg/
day PO or IV for 14-21 
days; maintenance 
suppressive therapy may 
be necessary in AIDS 
(fluconazole, 
100-200 mg/day PO)

Itraconazole oral suspension, 
100-200 mg bid PO

Voriconazole,61 200 mg bid 
PO*

Amphotericin B, 0.3-0.7 mg/
kg/day IV for 7 days

Caspofungin, 50 mg/day IV 
after 70-mg loading 
dose*

Micafungin, 150 mg/day IV
Anidulafungin, 100 mg on 

day 1, then 50 mg/day IV

Herpes simplex 
virus

Acyclovir, 5 mg/kg IV q8h 
for 7-14 days or 400 mg 
5 times daily PO for 
14-21 days

Or valacyclovir, 1 g PO tid 
for 14-21 days†; 
maintenance suppressive 
therapy may be 
necessary in AIDS

Famciclovir, 500 mg bid PO 
for 14-21 days (not for 
acyclovir-resistant 
infection)

Foscarnet, 90 mg/kg q12h 
IV for 7-14 days (used for 
acyclovir-resistant 
infection)

Cytomegalovirus Ganciclovir, 5 mg/kg IV 
q12h for 14-21 days; 
maintenance suppressive 
therapy usually is 
necessary in AIDS 
(ganciclovir, 5 mg/kg/day 
IV 7 days/wk or 6 mg/
kg/day IV 5 days/wk)

Foscarnet, 90 mg/kg q12h 
IV for 14-21 days; 
suppression with 
foscarnet, 90-120 mg/kg/
day IV

Valganciclovir, 900 mg bid 
PO for treatment, and 
900 mg qd for 
maintenance/suppression†

Aphthous 
ulceration  
(in AIDS)

Prednisone,54 40 mg/day 
PO for 14 days, then 
taper

Thalidomide,55,80 200 mg/
day PO†

*Amphotericin, echinocandins, and voriconazole are indicated for severe or 
refractory esophageal candidiasis.

†Not approved by the U.S. Food and Drug Administration for this indication.
AIDS, acquired immunodeficiency syndrome.

noncompliance.41-44 The frequencies of various causes are shown in 
Table 99-3, and treatment regimens are listed in Table 99-2. Candida 
esophagitis is the most common type; it is treated empirically with oral 
fluconazole or itraconazole solution45 in symptomatic patients, par-
ticularly if oropharyngeal candidiasis is also observed. The presence of 
oral thrush is predictive of esophageal involvement in more than 70% 
of such cases.4,9-12,46,47 Itraconazole capsules are erratically absorbed and 
are less effective.48 Complete symptomatic response can be expected in 
more than 80% of patients treated empirically, usually within 1 week. 
If the patient has no response to empirical azole therapy within 7 days, 
endoscopy should be performed to establish a diagnosis.33 Among 
patients in whom empirical azole therapy for esophageal symptoms has 
failed, endoscopy demonstrates ulceration of the esophagus in 62% to 
77%, attributable most often to CMV infection (32% to 40%), aphthous 
disease (27% to 32%), or HSV infection (5% to 8%).49,50 Early endos-
copy is appropriate in patients with severe symptoms or gastrointesti-
nal bleeding.

A viral cause is identified in approximately one third of cases, often 
in association with candidiasis. Empirical antiviral therapy for CMV 
or HSV is discouraged. Patients with CMV esophagitis confirmed by 
culture or histopathologic examination are treated with ganciclovir, 
5 mg/kg IV every 12 hours. Cases refractory to ganciclovir may 
respond to foscarnet, 90 mg/kg IV every 12 hours. A partial or com-
plete response to induction therapy is observed in 75% to 85% of 
patients treated with either ganciclovir or foscarnet,51-53 but relapses are 
common with or without maintenance therapy. Documented HSV 
esophagitis is usually treated with intravenous acyclovir initially in 
severe cases; therapy may be continued with oral acyclovir, valacyclo-
vir, or famciclovir. Complete resolution is reported in 70% of patients 
treated with acyclovir, but relapse occurs in 15% of patients with HSV 
esophagitis within 4 months.34 If acyclovir therapy has failed because 
of resistance, no response to ganciclovir is expected, and foscarnet 
should be given.

Aphthous ulceration of the esophagus has been ameliorated with a 
regimen of prednisone, 40 mg daily for 2 weeks, in more than 90% of 
cases.54 A placebo-controlled trial demonstrated complete healing of 
AIDS-associated oropharyngeal aphthous ulcers in 55% of 29 patients 
treated with thalidomide, 200 mg daily for 1 month, in comparison 
with only 7% of patients who received placebo.55 In a similar random-
ized study of 24 HIV-infected patients with biopsy-confirmed aph-
thous ulceration of the esophagus, the same regimen of thalidomide 
resulted in complete healing at 4 weeks in 73% of treated subjects, in 
comparison with 23% of placebo recipients (P = .033).56 In a series of 
12 patients with idiopathic esophageal ulceration, 92% experienced 
complete resolution of symptoms with this treatment regimen.57 Use 
of these therapies should be considered for patients with esophageal 
ulcerations not attributable to specific pathogens. Thalidomide in 
lower dosages of 100 mg three times per week was not effective in 
preventing recurrences of oral and esophageal aphthous ulcers in HIV-
infected patients.56 Zidovudine, zalcitabine (ddC), and nelfinavir cap-
sules may also cause esophageal ulceration; patients should be advised 
to take these and all oral medications in the upright position and with 
sufficient water.

Approximately 5% of endoscopically proven cases of Candida 
esophagitis are refractory to fluconazole therapy because of either 
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Emergence of resistance to echinocandins during echinocandin 
therapy has been reported.67,68 Parenteral amphotericin has been 
reserved for patients in whom other therapies fail; doses of 15 to 20 mg 
daily are often sufficient. Relapse rates are higher with refractory can-
didiasis, and maintenance therapy is almost always required. ART is 
critical in such patients and must be optimized. To reduce the risk of 
refractory disease, continuous antifungal prophylaxis should be 
avoided in most patients with AIDS who have mucosal candidiasis 
unless recurrences are particularly frequent or severe.58

Various other pathogens have caused rare cases of esophagitis in 
patients with AIDS, including Pneumocystis jirovecii,69 Epstein-Barr 
virus,70 Mycobacterium avium complex,9,71 Histoplasma capsulatum,72 
Cryptococcus neoformans,4 Cryptosporidium, Actinomyces,73,74 Tricho-
monas, human papillomavirus, and Saccharomyces. Therapy is the 
same as for infections with these agents at other sites. Kaposi sarcoma 
involving the esophagus has been documented in up to 7% of patients 
with AIDS who have esophageal symptoms.4,9,12 As opportunistic infec-
tions have decreased in frequency, gastroesophageal reflux disease  
is relatively more common as a cause of esophagitis among patients 
with AIDS.44

acquisition of a resistant strain or gradual emergence of resistance over 
time. Refractory candidiasis—most common in patients with advanced 
AIDS, a CD4+ T-cell count lower than 50/mm3, and long-term expo-
sure to azole antifungal agents—is an indicator of poor disease prog-
nosis.58 Patients unresponsive to fluconazole, 200 mg daily for 2 weeks, 
may respond to higher doses, at least transiently; 50% to 60% of such 
patients have responded to itraconazole oral solution, 200 to 400 mg 
daily.58,59 Chronic prophylaxis with itraconazole is associated with 
reduced susceptibility to itraconazole and cross-resistance to flucon-
azole.60 Oral voriconazole has demonstrated efficacy equivalent to that 
of fluconazole in treatment of esophageal candidiasis; voriconazole 
may be effective in management of fluconazole-refractory cases.61 Oral 
posaconazole has yielded clinical responses in 74% of patients with 
esophageal candidiasis refractory to fluconazole or itraconazole.62 
Caspofungin has proved as efficacious as fluconazole or amphotericin 
B, including good responses in cases refractory to fluconazole; however, 
response rates to either amphotericin or caspofungin are reduced in 
patients for whom fluconazole previously failed, probably because 
these patients have more severe immunosuppression.63,64 Micafungin 
and anidulafungin have also proved as effective as fluconazole.65,66 
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Nausea, Vomiting, and 
Noninflammatory Diarrhea
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Gastroenteritis is one of the most common infectious disease syn-
dromes, with an estimated 5 billion episodes occurring worldwide  
each year.1-3,4-6 More than 1 billion of these infections occur in children 
younger than 5 years who reside in underdeveloped areas, and these 
infections result in more than 2 million deaths yearly.4-6 Although these 
syndromes cause considerable morbidity and mortality, the majority 
of episodes of acute gastroenteritis do not involve a recognizable 
inflammatory process.7,8 There can be a variety of forms of inflamma-
tory enteritis occurring during summer months in tropical or subtropi-
cal areas of the world with poor sanitation. However, even under these 
circumstances, most cases of gastroenteritis or diarrheal diseases are 
noninflammatory, suggesting enterotoxic bacterial, viral, or noninva-
sive parasitic etiologies.1-3

EPIDEMIC DIARRHEA IN 
NEWBORN NURSERIES
Epidemic infantile diarrhea has long been recognized as a potentially 
serious problem that occurs in newborn nurseries. The mortality rate 
for epidemics of this disease can reach levels as high as 24% to 50%.9,10 
The unusual susceptibility of newborns to this syndrome may be 
explained by their unique host status. Most neonates have not acquired 
a normal intestinal flora or specific immunity. In infants in special care 
nurseries, this situation is compounded by severe underlying condi-
tions, such as prematurity or congenital cardiac or pulmonary disease. 
The consequences of diarrhea in the newborn are unusually severe, 

partially because they have poorly developed homeostatic mechanisms 
with limited water and electrolyte reserves. Nosocomial transmission 
often occurs because the newborn nurseries may be crowded with 
susceptible infants.11 In addition, delays in recognizing a nursery out-
break may occur because infants may not develop diarrhea until after 
they have been discharged from the hospital.

The onset of this form of acute gastroenteritis is often insidious, 
with the development of listlessness, irritability, and poor feeding over 
a period of 3 to 6 days.10,12,13 Vomiting and fever are infrequent, and 
the stools tend to be watery, yellow-green in color, and usually without 
mucus, pus, or blood. Early signs, such as failure to gain weight or  
a slight weight loss and abdominal distention, may be subtle. The 
disease may progress to more severe signs of dehydration and shock 
with depressed sensorium, drowsiness, coma, sunken eyes, circumoral 
cyanosis, and grayish discoloration of the skin. Shock without hyper-
pnea often occurs in this setting despite the development of severe 
acidosis. Poorly nourished infants may develop severe hypokalemia, 
hyponatremic dehydration, and/or paradoxic edema. Although this 
illness can be quite severe during outbreaks, some studies have also 
reported a milder form of this illness with much lower morbidity and 
mortality.14,15

The typical illness usually lasts 5 to 15 days, but persistence or 
relapse may occur over the course of several weeks after the initial 
onset of symptoms. Early and late onset of complications may include 
otitis media, pneumonia, bacteremia, peritonitis, and renal vein or 

Definition
•	 A	disease	group	consisting	of	acute	and	

chronic	forms	of	gastroenteritis	occurs	in		
both	pediatric	and	adult	patients,	and	these	
diseases	have	the	unifying	characteristic	of	
being	predominantly	noninflammatory	in	
nature.

Epidemiology
•	 Noninflammatory	gastroenteritides	are	among	

the	most	common	infections	of	humans.	As	a	
group,	they	are	second	in	incidence	only	to	
viral	upper	respiratory	infections.

•	 Most	cases	of	these	diseases	are	not	tracked	
or	reported	but	are	estimated	to	affect	tens	of	
millions	of	people	worldwide	each	year.

•	 There	are	baseline	endemic	and	seasonal	rates	
as	well	as	epidemic	outbreaks	of	most	forms	
of	these	infections.

•	 The	rates	of	infection	as	well	as	etiologic	
agents	vary	according	to	age,	climate,	and	
geography.	In	addition,	there	are	differences	in	
these	parameters	observed	for	place	of	
acquisition	(e.g.,	community-	vs.	health	care	
facility–acquired	infections).

Microbiology
•	 Viruses,	including	members	of	the	rotavirus,	

norovirus,	adenovirus,	and	astrovirus	genera,	
are	the	cause	of	most	cases	of	
noninflammatory	gastroenteritis.

•	 Among	the	bacterial	causes	of	this	
syndrome,	certain	pathogenic	strains	of	
Escherichia	coli	and	some	serotypes	of	
cholera	and	noncholera	Vibrio	are	
particularly	noteworthy.

•	 Certain	protozoan	types	of	parasites	can	cause	
a	predominantly	noninflammatory	type	of	
gastroenteritis	and	include	members	of	the	
Giardia,	Cryptosporidium,	Cystoisospora,	and	
Cyclospora	genera.

•	 Although	many	of	the	etiologic	agents	are	
similar,	there	are	also	some	important	
differences	between	the	endemic	and		
epidemic	causes	of	noninflammatory	
gastroenteritis	in	developing,	newly	
industrialized,	and	developed	countries.	
Newborn	nursery–associated	and	nosocomial	
outbreaks	of	this	syndrome	have	differences	
from	those	cases	acquired	in	the	community.

•	 The	number	of	potential	infectious	agents	is	
much	greater	in	immunocompromised	
compared	with	immunocompetent	hosts.

Diagnosis
•	 The	typical	clinical	syndrome	consists	of	

varying	degrees	of	nausea,	vomiting,	and	
watery	diarrhea,	often	in	combination	with	
fever,	myalgias,	and	arthralgias.

•	 Most	cases	of	this	syndrome	are	self-limited,	
and	no	specific	etiology	is	identified.

•	 In	certain	instances,	such	as	epidemic,	
nosocomial,	and	foodborne	cases,	an	etiologic	
agent	can	be	identified	by	either	culture	or	
molecular	diagnostic	assay.

Therapy
•	 Adequate	replacement	of	fluids	and	

electrolytes	remains	the	mainstay	of	all	forms	
of	gastroenteritis,	including	the	
noninflammatory	gastroenteritides	discussed	in	
this	chapter.

•	 In	most	cases	of	noninflammatory	
gastroenteritis,	specific	antimicrobial	therapy	is	
not	used.	However,	in	more	severe	or	specific	
forms	of	this	infection,	specific	antiviral,	
antibacterial,	or	antiparasitic	treatment	may	
be	beneficial.

Prevention
•	 Adequate	sanitation	for	the	local	water	supply	

and	food	processing	and	distribution	systems	
helps	to	prevent	many	forms	of	endemic,	
community-acquired	noninflammatory	
gastroenteritis.

•	 Although	there	has	been	tremendous	
interest	in	developing	effective	vaccination		
or	immunization	schemes	for	many	of		
these	infectious	agents,	only	vaccines		
for	rotavirus	are	currently	available	for		
general	use.
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for developing into ETEC strains because they are permissive recipi-
ents for enterotoxin plasmids or possibly are simply better adapted to 
maintaining these plasmids over time.

Enterotoxigenic serotypes of E. coli are not the only strains of bacte-
rial organisms that are recognized as causes of epidemic infantile diar-
rhea. For example, an outbreak of diarrheal illness was described in 
which multiple serotypes of different organisms (E. coli, Klebsiella, and 
Citrobacter) were found to be transiently enterotoxigenic.36 This obser-
vation suggests the transmission of enterotoxigenic potential between 
susceptible strains, likely by certain plasmids37 or by bacteriophages.38 
Another report of sporadic diarrhea among infants and children in 
Africa showed that several enteric organisms other than E. coli may 
produce an enterotoxin under certain conditions.39 This finding is rel-
evant to other situations as well, as typified by an outbreak of watery 
diarrhea occurring on a cruise ship and found to be caused by entero-
toxigenic strains of E. coli, as well as Klebsiella spp. and Citrobacter 
spp.40 Many other well-known bacterial causes of diarrhea, such as 
shigellosis41 and epidemic salmonellosis, may also spread readily in the 
newborn nursery setting.42,43 Viral causes of epidemic infantile diar-
rhea include, but are not limited to, specific types of echoviruses,44 
coxsackieviruses,45 adenoviruses,46 and rotaviruses.47-52 For example, 
echovirus 18 was isolated from 10 of 12 infants who had watery non-
inflammatory diarrhea in a nursery for premature infants. The virus 
was also isolated from two nurses, one of whom was implicated in  
the spread of the agent to five babies in another ward.44 Hospital 

cerebral sinus thrombosis. Several potentially life-threatening pro-
cesses may mimic this infantile diarrhea syndrome. So-called paren-
teral diarrhea refers to the well-recognized but poorly understood 
tendency for systemic infections or localized infections elsewhere (e.g., 
otitis, meningitis) to be manifested clinically with diarrhea. Likewise, 
a strangulated hernia, intussusception, or torsion of an ovary or testis 
may be manifested by abdominal pain or diarrhea.

Appropriate antibiotic therapy must be tailored to the specific sen-
sitivity pattern of the organism isolated.14 If systemic infection is sus-
pected, parenteral therapy should be started and should be tailored to 
the antibiotic sensitivity pattern of the organism isolated. Appropriate 
preventive measures include formation of cohorts of nursery admis-
sions, avoidance of overcrowding in nurseries, use of individual units 
and equipment, careful formula preparation, isolation of infants with 
diarrhea, and careful hand washing by hospital personnel.

Epidemic diarrhea among hospitalized newborns has been com-
monly associated with certain enteropathogenic serotypes of Esche-
richia coli (EPEC). In many areas, such as South Africa and southern 
Brazil, EPEC organisms are also among the most common causes of 
sporadic diarrhea in infants and young children, especially during the 
summer months.16-18 Up to 20% of cases of endemic childhood diar-
rheal illness, even in temperate, more developed areas of the world, 
such as England and Canada, are also known to be caused by EPEC 
organisms.16,17

The association of a certain strain of E. coli with infantile diarrhea 
was first demonstrated by slide agglutination by Bray and Beavan19 in 
1945 and reported in further detail in 1948. They identified serologi-
cally homogeneous E. coli organisms in most infants with summer 
diarrhea (87.5%, compared with 4% of the control subjects); half of the 
cases were hospital acquired. Varela and associates20 and Olarte and 
Varela21 subsequently found this strain (called E. coli–gomez by Varela 
and associates20) in patients with infantile diarrhea in Mexico. A 
second serotype, initially designated as β to distinguish it from the 
earlier serotype called α, was described by Giles and Sangster22 as the 
cause of an outbreak of infantile gastroenteritis in Aberdeen.

E. coli strains are classified into a large number of serotypes on the 
basis of three major types of antigens: the “O” or heat-stable somatic 
antigen (lipopolysaccharide endotoxin), which forms the basis for 169 
serogroups; an outer, heat-labile capsular antigen called “K,” which 
may inhibit O agglutination; and, for motile organisms, the “H” or 
flagellar antigen, which is also heat labile. Three different kinds of K 
antigens have been identified: L, A, and B. The B type is of importance 
in the identification of EPEC serotypes. The originally named α and β 
serotypes of E. coli were later found to be associated with several out-
breaks of infantile epidemic gastroenteritis and were classified as sero-
types O111-B4 and O55-B5, respectively, by Kaufmann and Dupont.23

Excluding certain invasive serotypes (see Table 101-2 in Chapter 
101), there are 14 classically recognized EPEC E. coli serotypes, includ-
ing O111-K58 (α), O55-K59 (β), O127-K63, O128-K67, O26-B6, O86-
K61, O119-K69, O125-K70, O126-K71, O20-B7, and O44-K74 (Table 
100-1). Additional serotypes recognized as causes of epidemic infantile 
diarrhea include O114,9,24,25 O142,11,26 and O158.27 The mechanism by 
which most EPEC organisms cause disease involves a complex set of 
attachment and effacement traits, as detailed in Chapter 98. Although 
most are not invasive and do not produce conventionally recognized 
heat-labile or heat-stable enterotoxins, these organisms are capable of 
causing diarrheal disease in human volunteers, from whom the organ-
ism can be reisolated and in whom an antibody response can be 
documented.12,28

In addition to EPEC organisms, certain enterohemorrhagic (EHEC) 
and enterotoxigenic (ETEC) strains of E. coli have also been recognized 
as causes of outbreaks of diarrhea in infants. E. coli O157-H7 and other 
EHEC strains have been associated with a syndrome of hemorrhagic 
diarrhea with only minimal inflammation and mild severity. Most 
EHEC organisms secrete a Shiga-like toxin, and certain strains of 
EHEC have also been associated with outbreaks and sporadic cases  
of hemorrhagic diarrhea that are more severe and can include a form 
of the hemolytic-uremic syndrome.29-33

Certain serotypes of E. coli are identified more often as ETEC iso-
lates than other serotypes (Table 100-2).34,35 The reason for this associa-
tion is not entirely clear. These E. coli serotypes may be better candidates 

TABLE 100-1  Enteropathogenic and 
Enterohemorrhagic Escherichia coli Serotypes 
Classically Recognized in Infantile Diarrhea 
Outbreaks*

SEROTYPE DIFCO SEROGROUP REFERENCES
Class I (EAF-Positive) EPEC
O55-K59(B5):H−/6/7 A 22, 23, 34

O111ab-K58(B4):H−/5/12 A 19-21, 23, 34

O127a-K63(B8):H6 A 34

O119-K69(B14) B 34

O125ac-K70(B15):H21 B 34

O126-K71(B10):H−/H2 B 34

O128ab-K67(B12) B 34

O142 11, 26, 34

O158 27, 34

Class II (EAF-Negative) EPEC
O44-K74 C 34

O114 9, 22, 23, 25

O86a-K61(B7) B 34

O157-H7 29-31

O26-B6 A 34

*See also Table 100-2.
EAF, enteroadherence factor probe for focal HEp-2 cell adherence plasmid 

pMAR2; EPEC, enteropathogenic E. coli.

TABLE 100-2  Serotypes of Escherichia coli That 
Appear with Increased Frequency among 
Enterotoxigenic Isolates

LT E. coli ST E. coli
O6-K15:H16
O8-K40:H9, O8-K25:H9

O78-H11, O78-H12
O115-H40
O128-H7
O148-H28
O153
O159-H20
O166, O167

LT + ST E. coli
O11-H27
O20-H−, O20:H11
O25-K7:H42
O25-K98:H−

O27-H7
O63-H12
O80, O85, O139

LT, heat-labile enterotoxin; ST, heat-stable enterotoxin.
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death.* Serious complications of rotavirus gastroenteritis include nec-
rotizing enterocolitis in neonates.95-97

Most severe cases of rotavirus gastroenteritis occur in young chil-
dren residing in underdeveloped and emerging countries.83,85,95 Even 
in the United States, however, severe and fatal cases of gastroenteritis 
caused by rotavirus can occur, especially in more severely immuno-
compromised children and adults.

The human rotaviruses are nonenveloped RNA viruses of approxi-
mately 70 nm, belonging to the Reoviridae family.85,98-100 Five major 
serotypes, A through E, have been described for rotavirus strains, with 
group A strains further subdivided based on the combination of G  
(the VP7 glycoprotein) and P (the VP4 protease-cleaved protein) 
types.81,85,98,99-103 Worldwide, five serotypes (G1 through G4 and G9) 
predominate.† In the United States, six rotavirus strains are most com-
monly found (the numbers in brackets indicate the genotype): P1A[8]
G1, P1B[4]G2, P1A[8]G3, P1A[8]G4, P1A[8]G4, P1A[8]G9, and 
P1A[6]G9.96,100-104a

Although rotavirus infection is essentially ubiquitous in young chil-
dren, and subclinical infections remain common in adults, large symp-
tomatic outbreaks of moderately severe diarrhea occur regularly as 
well. Outbreaks, although geographically distinct, are often caused by 
the same rotavirus strain. A particular strain, P1B[4]G2, is associated 
with a more severe form of infection in children than other more 
common serotypes.105,106 Such epidemiologic information was impor-
tant in designing effective rotavirus vaccines for humans.

The clinical diagnosis of rotavirus diarrhea is established with the 
use of a variety of molecular assays designed to detect virus-specific 
antigens, antibodies, or nucleic acids in feces of infected patients.107-110 
Rotaviruses can also be cultured directly from stool samples, although 
this method is time-consuming, expensive, and limited primarily to 
research-based laboratories.

The major rotavirus-mediated effects on the host intestinal tract 
include disruption of epithelial cell brush-border enzyme activities, 
cytotoxic changes, and alteration of the enteral nervous system.81,82,111-

113 Normal columnar epithelium at the villus tips is replaced by irregu-
lar cuboidal, cryptlike cells, leading to multiple defects in fluid and 
electrolyte regulation in the affected intestinal mucosa. The degree of 
microvillus damage roughly parallels the severity of diarrhea and dehy-
dration that is observed in the patient.114

The loss of absorptive villus tip cells may be responsible for the fluid 
imbalance and nutritional impact of rotaviral infections. Many of these 
effects are believed to be mediated by a calcium ion–dependent entero-
toxin. Certain patients with rotavirus gastroenteritis also exhibit 
extraintestinal symptoms in association with detectable antigenemia 
and viremia, supporting a systemic phase to this infection.115-118

Therapy for rotavirus gastroenteritis is primarily supportive, 
directed first at the immediate restoration of fluid balance, by intrave-
nous or oral glucose-electrolyte therapy, and subsequent restoration of 
the patient’s nutritional state to normal. No definitive antiviral therapy 
is established for rotavirus infection; however, the antiparasitic drug 
nitazoxanide was shown, in randomized, controlled studies, to shorten 
the duration of illness in children and adults with symptomatic rota-
virus diarrhea.119,120

Prevention is the key to controlling the occurrence and escalation 
of rotavirus epidemics. Reasonable preventive measures include provi-
sion of improved sanitation facilities and safe water supplies and efforts 
to develop protective antibacterial, antitoxic, or antiviral immunity.121 
Because of the great global burden of childhood rotavirus gastroenteri-
tis, significant multinational efforts have been directed toward the 
development of a safe and effective rotavirus vaccine.

The first rotavirus vaccine approved for use in the United States was 
the rhesus-human reassortant rotavirus tetravalent vaccine (RRV-TV; 
Rotashield, Wyeth-Lederle, Madison, NJ). It was approved and released 
in August 1998 for use in infants. Less than 1 year later, the vaccine 
was removed from use because of concerns about possible association 
of vaccine use with cases of intussusception in infants. The significance 
of the RRV-TV association with intussusception has been extensively 
examined, although no consensus was reached as to the nature of  

acquisition of rotaviruses is common among newborns, and clinical 
syndromes range from asymptomatic or mild disease to a moderately 
severe epidemic type of outbreak.53 In addition to being clearly impli-
cated as a potential cause of epidemic outbreaks of nosocomial neona-
tal diarrhea,50-52 rotaviruses can also be the cause of cases of sporadic 
infantile diarrhea occurring after the neonatal period.

WEANLING DIARRHEA
Weanling diarrhea usually occurs in the second year of life in areas of 
the world where sanitation is poor and remains a major cause of infant 
mortality worldwide. The highest attack rate of diarrhea in the com-
munity occurs at the time of weaning, usually between 6 and 24 
months of age.10,11,54,55 The increased susceptibility of a recently weaned 
infant is related to several factors.56 In developing countries, weaning 
foods are often prepared under conditions of poor hygiene and are 
frequently found to be contaminated with large numbers of potential 
diarrheal pathogens.57,58 A second contributing factor is the poor nutri-
tional status that may occur with weaning in many parts of the 
world.59,60 Finally, cellular and humoral factors passively transferred in 
human breast milk appear to convey a level of resistance to some of 
the pathogenic organisms known to cause diarrhea in this age group 
and setting.61-65

Weanling diarrhea manifests clinically as an acute, sporadic, watery 
diarrheal illness. It occurs with increased frequency in areas of the 
world with poor sanitation, often peaking in the summer months. In 
the well-nourished infant, the disease is usually short lived and resolves 
within 2 to 3 days with adequate hydration.55,66 Diarrhea in the mal-
nourished child tends to persist or to recur and is often much more 
severe.

Weanling diarrhea is usually an acute, noninflammatory process 
and has been most commonly associated with rotaviruses66-68 and with 
enterotoxigenic E. coli.39,69,70 A smaller number of cases may be caused 
by certain Shigella spp. Human colostrum contains antibody directed 
against the heat-labile enterotoxin (LT) of E. coli.61,62 The demonstra-
tion that immune bovine colostrum provides passive protection against 
experimental enterotoxigenic E. coli infections in human volunteers 
further documents the potential protective role of passive antibody in 
colostrum or milk.71 The role of enterotoxigenic E. coli in causing 
infantile diarrhea in temperate climates is less clear, and isolation  
of ETEC serotypes from toddlers and children with diarrhea is 
uncommon.72-74 Certain strains of Klebsiella, Citrobacter, and Aeromo-
nas produce an LT-like toxin and may cause a small percentage of 
diarrheal disease occurring in toddlers and young children.75 Diarrhea 
produced by LT shares the adenylate cyclase–activating mechanism 
with cholera toxin.76-80

DIARRHEA CAUSED BY ROTAVIRUS
The most common cause of severe diarrhea in infants and young chil-
dren is gastroenteritis caused by rotaviruses (see Chapter 152).48,49,81-83 
Worldwide, rotaviruses cause more than 100 million cases of gastro-
enteritis and up to 600,000 deaths each year in children younger than 
5 years, with most cases occurring in children aged 6 to 24 months.49,84 
Of these rotavirus-induced deaths, more than 80% occur among chil-
dren residing in the poorest areas of the world. Few deaths in the United 
States are attributable to rotavirus infection; however, almost every 
American child has been infected by the age of 5 years, and rotavirus-
induced gastroenteritis causes about 400,000 physician encounters, 
almost 300,000 emergency department visits, and about 75,000 hospi-
talizations in the United States each year.85 The annual direct and 
indirect health care costs associated with rotavirus gastroenteritis are 
estimated to be about 1 billion dollars for the United States alone.

Although most adults have demonstrable antibody to rotaviruses 
that may protect against symptomatic disease, children younger than 
2 years throughout temperate and tropical climates appear to be highly 
susceptible to rotavirus diarrhea,49 which occurs most frequently in the 
winter or in cooler, dry months66,67,72,86-92 and occasionally in the 
summer months.93 A high level of viral shedding and infection is 
common among household residents where the index case occurs .The 
illness is usually mild, without fever, and is often associated with vom-
iting; however, clinical syndromes range from asymptomatic carriage 
to severe gastroenteritis with profound dehydration, shock, and even †References 81, 85, 98, 99, 101, 104.

*References 48, 66, 67, 81, 85, 94.
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of settings,147,148 including hospitals,149 extended-care facilities,150 child 
care centers,151 cruise ships,152 refugee centers associated with natural 
disasters (e.g., Hurricane Katrina153), and military combat arenas, 
including Afghanistan154 and Iraq.155 Several genotypes are known to 
infect humans138,147,148; in recent years, newly identified variant strains 
of norovirus genotype GII.4 have caused outbreaks worldwide,156-158 
including areas of the United States, United Kingdom, Europe, New 
Zealand, and Australia.

The pathophysiologic features of winter vomiting disease caused by 
noroviruses parallels, in several respects, the features mentioned earlier 
regarding rotaviruses.136-138,148 Each type is noninflammatory in nature 
and observed to cause mucosal villus disruption and transient brush-
border enzyme deficiencies in the upper portion of the small bowel, 
without any alteration in adenylate cyclase activity.101,159,160 The roles of 
transient enzyme deficiency, malabsorption of xylose and lactose, and 
the slight increase in the number of bacteria present during the noro-
virus illness remain unclear.159,161

Several other groups of viral pathogens have been identified in 
endemic and epidemic cases of gastroenteritis (Table 100-3)48,107,162-164

: 
(1) other types of caliciviruses with characteristic, “chalice-like” surface 
hollows (including agents described in the United States, United 
Kingdom, Europe, and Japan); (2) astroviruses, with a five- or six-
pointed starlike surface structure (including Marin County,165 UK1-5, 
and Japan agents); and (3) other miscellaneous or less well-characterized 
viral agents. Other viral agents, including enteroviruses, enteric adeno-
viruses,166 human coronaviruses,167,168 pestiviruses,169 toroviruses,170,171 
and picobirnaviruses,172 are becoming better recognized as pathogens 
in children and adults; more detailed discussions of these agents may 
be found in Chapters 145, 152, 153, 174, 178, and 179.

More than one third of the outbreaks of nonbacterial gastroenteritis 
in the United States have been associated with noroviruses.173,174 Astro-
viruses have been found to be among the most common causes of viral 
gastroenteritis in the pediatric age group.175-178 Infection with astrovi-
rus occasionally occurs in association with other enteric pathogens; in 
these cases, the illness is more severe and protracted.177 Nucleic acid–
based assays (e.g., reverse-transcriptase polymerase chain reaction 
[RT-PCR]) of stool specimens are the standard method of detection of 
these viruses, especially during outbreak investigation. In the typical 
clinical situation, however, norovirus-specific diagnostic tests are 
rarely performed because results of this assay do not alter management 
of the illness.

ACUTE NONINFLAMMATORY 
DIARRHEA IN ADULTS
In temperate climates, acute noninflammatory diarrhea in adults  
may be caused by noroviruses138,142,148,158,179-181 or other less commonly 
implicated viruses, such as rotaviruses,100,179,181 adenoviruses, or cox-
sackieviruses, In addition, several agents of food poisoning, such as 
Clostridium perfringens, Bacillus cereus, and Staphylococcus aureus, 
commonly cause noninflammatory diarrheal syndromes in adults (see 
Chapter 103).

In adults living in areas of the world with poor sanitation, several 
other pathogenic agents are known to cause sporadic noninflamma-
tory diarrhea, but none has had as much historical impact or notoriety 
as that of Vibrio cholerae, causing cholera.182,183 In certain areas in South 
Asia, cholera is an endemic cause of severe watery diarrhea. With the 

the relationship of vaccine use to development of this particular 
complication.122,123

Since the withdrawal of the RRV-TV, two new rotavirus vaccines 
have become licensed and approved for use in the United States.85,99,124,125 
A live oral pentavalent rotavirus vaccine (PRV; RotaTeq, Merck Vac-
cines, Whitehouse Station, NJ), comprising bovine-human recombi-
nant strains, was licensed for universal use in infants in 2006.85,124-126 
This vaccine is also approved for use in Europe. It is administered in a 
three-dose schedule, starting between 6 and 14 weeks of age, and 
appears to be highly efficacious in preventing primary infection. Pre-
licensing and postlicensing data suggest no significant increased risk 
of intestinal intussusception at this time, although surveillance 
continues.

A monovalent human rotavirus vaccine (HRV; RotaRix, Glaxo-
SmithKline, London), derived from an attenuated P1A[8]G1 rotavirus 
strain, was approved for use in the United States in 2008,85,124-128 having 
previously been licensed in more than 30 other countries worldwide. 
HRV is also indicated for universal use in infants; however, this vaccine 
requires a schedule of only two doses. Efficacy and side effects appear 
to be similar to those of PRV. There may be a risk of transmission from 
vaccine recipients to immunocompromised household contacts. 
Although immunocompromised infants and children are at risk for 
severe complications from natural rotavirus infection, no efficacy  
or safety data are available for PRV or HRV in these high-risk 
populations.100,129

ACUTE NAUSEA AND VOMITING 
(WINTER VOMITING DISEASE)
The syndrome of acute nausea and vomiting, “intestinal flu,” “viral 
gastroenteritis,” or “winter vomiting disease” commonly occurs in 
winter months in temperate climates.130,131 Although there is some 
overlap of this syndrome with rotavirus-associated infantile gastroen-
teritis, rotaviruses appear to be a relatively uncommon cause of winter 
vomiting disease in older children and adults. The Cleveland family 
studies of Dingle and co-workers132 showed that enteritis was second 
only to upper respiratory infection as a cause of illness in homes. Gas-
trointestinal illnesses were most common between the ages of 1 and 
10 years, when approximately two illnesses occurred per person per 
year. The peak season for these gastrointestinal illnesses was November 
through February, with June being the month of lowest frequency. 
Most illnesses lasted 1 to 3 days; 20% occurred with respiratory symp-
toms, and 20% involved only diarrhea.

Illnesses tended to occur in one of two patterns: (1) a mild afebrile 
illness with watery diarrhea or (2) a more severe febrile illness with 
vomiting, headache, and constitutional symptoms. Although etiologic 
agents were rarely identified, these two patterns of illness subsequently 
developed among volunteers who ingested filtrates prepared from the 
feces of ill patients.133-135 Studies done in Charlottesville, Virginia, con-
firmed this pattern of wintertime gastroenteritis, including clustering 
in families, highest attack rates in children, and absence of identifiable 
etiologic agents in most cases despite the application of techniques for 
virologic and enterotoxin studies.73,74 More recently, certain calicivi-
ruses have been commonly implicated in many epidemic and sporadic 
cases of winter gastroenteritis.

The Caliciviridae family comprises four genera136,137: Norovirus, 
Sapovirus, Lagovirus, and Vesivirus. Viruses belonging to Norovirus 
(from Norwalk) and Sapovirus (from Sapporo) genera are now known 
to be some of the most common and most important causative agents 
for viral gastroenteritis in humans.136-140 Noroviruses, in particular, 
have emerged as major causes of outbreaks of acute viral gastroenteri-
tis, especially in older children and adults (see Chapter 178). Previ-
ously, these viruses were often referred to as Norwalk-like viruses. 
Their individual names were originally derived from the site of origin 
of each particular outbreak and included Norwalk,141-143 Hawaii,144 
Snow Mountain,145 Taunton, and W agents.146 These noroviruses cause 
illness throughout the year, and symptoms typically consist of low-
grade fever in association with varying combinations of nausea, vomit-
ing, abdominal cramps, and diarrhea.136-138 Person-to-person spread is 
common, and secondary attack rates can be high.

These viruses affect the general population worldwide, and illness 
outbreaks caused by noroviruses have been observed in a wide variety 

TABLE 100-3  Viral Pathogens Causing 
Gastroenteritis

ESTABLISHED PATHOGENS
LIKELY AND EMERGING 
PATHOGENS

Adenoviruses (enteric types) Coronaviruses

Astroviruses Enteroviruses (various)

Caliciviruses (including noroviruses and 
sapoviruses)

Picobirnaviruses, picornaviruses

Rotaviruses groups A-C Pestiviruses

Cytomegalovirus Toroviruses

Data from references 46-48, 96, 107, 139, 140, 147, 151, 163, 165 and 169.

http://www.myuptodate.com


C
h

ap
ter 100 N

ausea,	Vom
iting,	and	N

oninflam
m

atory	Diarrhea
1257

understood; the organism primarily alters villus structure and func-
tion.219,225,226 No specific enterotoxin has been identified. Diagnosis 
depends on identification of the organism in stool specimens by stan-
dard light microscopy, immunofluorescence assays, or nucleic acid–
based molecular tests.222,227-229 In addition to supportive care, the 
antiparasitic agent nitazoxanide has been shown to be moderately suc-
cessful in a variety of patients with cryptosporidiosis. Many experts 
recommend a prolonged trial of nitazoxanide for these patients, even 
though the data are not conclusive to universally recommend extended 
duration of therapy.230,231,232-234 Alternative therapeutic agents for 
immunosuppressed patients include combinations of paromomycin 
and azithromycin.

TREATMENT OF ACUTE 
NONINFLAMMATORY DIARRHEA
Treatment of diarrhea from any cause in adults and children consists 
primarily of rehydration.235 If glucose or sucrose accompanies the iso-
tonic fluid taken orally, the coupled absorption of sodium and water is 
often sufficient to replace fluid loss.236 Bismuth subsalicylate (Pepto-
Bismol) may reduce enterotoxin action,237 and, if there is no significant 
febrile or inflammatory process, low doses of antimotility agents may 
offer some relief with minimal risk. Some studies also suggest that 
novel analogues of glutamine may be beneficial in reducing the severity 
and extent of symptoms associated with certain forms of infectious 
diarrhea.238 The potential utility of probiotic compounds for the treat-
ment of various forms of diarrhea has also garnered attention. The 
current data are not sufficient to issue a general recommendation on 
the use of probiotics for the management of infectious diarrhea, 
although these agents may provide benefit as an adjunct to standard 
therapy in selected cases (see Chapter 3).239-244

There is an emerging interest in analyzing the roles of various 
micronutrients in the management of diarrheal disease, especially in 
young children residing in underdeveloped areas.244,245 Several agents 
have been examined, but the strongest support has emerged relating 
to zinc supplementation. Several randomized, controlled international 
studies as well as a Cochrane Database Review found a beneficial effect 
of oral zinc supplementation in the prevention and management of a 
variety of infectious forms of diarrhea, especially in children (see 
Chapter 50).246-249

DIARRHEA IN HIV-INFECTED 
PATIENTS
Patients with HIV infection often develop or present with diarrhea. In 
countries where antiretroviral therapy (ART) is widely available, the 
incidence of infectious diarrheal episodes among HIV-infected patients 
has decreased markedly in recent years.250,251 However, among HIV-
infected patients in the United States meeting criteria for acquired 
immunodeficiency syndrome (AIDS), 30% to 60% present with diar-
rhea,211,214,251-257 and this figure can reach 95% in tropical developing 
areas such as Africa or Haiti.256 In many patients with advanced HIV 
infection and immunocompromise, diarrhea becomes prolonged, 
causes severe malnutrition, predisposes to other types of serious infec-
tions, and can be life threatening. In addition, the symptomatic man-
agement of chronic diarrhea in such patients poses major difficulties. 
The importance of the interactions of HIV with the components of 
intestinal immune system in modulating systemic HIV infection has 
come to light in recent years.258,259

Although some investigators have reported an enteropathy without 
identifiable infectious pathogens260,261 or with primary HIV infection 
of enterochromaffin cells in the bowel mucosal crypts and lamina 
propria,262 others have reported one or more enteric pathogens in 55% 
to 85% of patients with AIDS and diarrhea.257,263,264 Sexually promiscu-
ous homosexual men often become infected with Giardia lamblia, 
Entamoeba histolytica, Campylobacter jejuni, Shigella, Chlamydia tra-
chomatis, Clostridium difficile, or (with proctitis) Neisseria gonor-
rhoeae, herpes simplex virus, or Treponema pallidum.265 As shown in 
Table 100-4, the leading agents found in patients with AIDS and diar-
rhea are cytomegalovirus, Cryptosporidium, microsporidia, E. histo-
lytica, G. lamblia, Salmonella, Campylobacter, Shigella, C. difficile, 
Vibrio parahaemolyticus, and Mycobacterium spp.263,264,266-268 Cyclospora 
and Cystoisospora belli infections are also potentially treatable causes 

increased infection-to-case ratio of El Tor cholera, the seventh pan-
demic swept most of the continents of the Eastern Hemisphere, includ-
ing Asia, Africa, and the Mediterranean portions of Europe.184 Isolated 
cases have also occurred in the United States.185,186 Outbreaks have been 
related to contaminated mineral water187 and to undercooked shell-
fish.188,189 Beginning in Madras, India, in late 1992 and rapidly spread-
ing to Calcutta and Bangladesh in 1993, a new strain of non-O1 Vibrio 
cholerae—O139, called Bengal—is causing epidemic cholera gravis and 
may represent the beginning of an eighth pandemic.190-194 Severe, 
watery diarrhea in a patient residing in, or having recently traveled to, 
an endemic area should raise the suspicion of cholera. The disease can 
be so fulminant as to cause hypovolemic shock and death from the 
outpouring of fluid into the upper portion of the small bowel before 
the first diarrheal stool occurs.195 As discussed in detail in Chapter 216, 
the entire dehydrating syndrome of cholera appears to be related to the 
activation of intestinal adenylate cyclase by the potent cholera entero-
toxin.76,77,196,197 To make the diagnosis of cholera bacteriologically, stool 
specimens should be cultured onto thiosulfate citrate bile salts–sucrose 
agar. Of prime importance in therapy is fluid replacement, accom-
plished either intravenously with isotonic fluids or orally with glucose-
electrolyte solutions.

Patients from whom V. cholerae cannot be isolated may have a 
cholera-like syndrome caused by certain strains of ETEC. In 1956, De 
and associates198 demonstrated that E. coli isolated from adults and 
children with this syndrome caused fluid accumulation similar to that 
seen with V. cholerae infection in ligated rabbit ileal loops. In the early 
1960s, Trabulsi,199 working in São Paulo, reported similar findings with 
“toxigenic” E. coli. Since then, a variety of investigators have shown 
that many cases of “acute undifferentiated diarrhea” in adults were 
caused by enterotoxigenic E. coli strains that usually were not of the 
classically recognized pathogenic serotypes.200-203 The toxic material 
present in the culture filtrate of these E. coli strains was demonstrated 
to be heat labile and nondialyzable. Subsequent studies demonstrated 
two types of enterotoxin produced by ETEC, namely LT and heat-
stable enterotoxin (ST).204 Like cholera toxin, the E. coli LT activates 
mucosal adenylate cyclase.60-62 and is antigenically and mechanistically 
similar to cholera toxin in many ways. In contrast, ST activates guanyl-
ate cyclase,205-207 has an earlier onset of action,204 has greater tissue 
specificity,207 and has a much lower molecular weight than LT.208 I The 
role of yet a different type of enterotoxin, STb, which causes secretion 
in piglets without altering intestinal cyclic adenosine monophosphate 
or cyclic guanosine monophosphate remains unclear in humans at 
present.209-211

Several studies have shown that ETEC strains producing LT only, 
ST only, and/or LT plus ST can be associated with episodes of diarrhea 
in adults (see Table 100-2).6 Adults living in areas of poor sanitation 
may often carry LT-producing E. coli asymptomatically.212,213 In con-
trast, ST-producing E. coli strains are significantly associated with diar-
rheal disease and are less frequently present in asymptomatic control 
patients living in similar areas. In the United States and other devel-
oped countries, however, these particular enterotoxigenic E. coli sero-
types are an uncommon cause of diarrhea.72,73

Another cause of acute, noninflammatory, and self-limited diarrhea 
is Cryptosporidium. The disease cryptosporidiosis occurs most com-
monly among persons exposed to infected animals, food, drinking or 
recreational water, or other infected patients.214-219 Of the more than 20 
species of this tiny coccidian intracellular protozoal parasite, two in 
particular, Cryptosporidium parvum and Cryptosporidium hominis, 
appear to cause the majority of clinical disease in humans.218-222 Cryp-
tosporidiosis is commonly asymptomatic or mild in normal hosts and 
usually results from waterborne outbreaks, often related to contami-
nated drinking water or public swimming pools.218-222 However, this 
infection can be severe in immunocompromised hosts, especially in 
individuals with advanced human immunodeficiency virus (HIV) 
infection.214,216-219,223,224 Young children in underdeveloped regions of 
the world also can develop a persistent diarrhea syndrome that can 
contribute to the development of significant malnutrition.

Cryptosporidium causes a secretory form of diarrhea that can be 
associated with dysregulated intestinal absorption. In addition to gas-
troenteritis, biliary infection with cholangitis also has been reported in 
some patients. The pathogenesis of cryptosporidiosis is incompletely 
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important opportunistic infections, including certain causes of gastro-
enteritis. Of particular note, there has been a dramatic decline in the 
incidence of tissue-invasive infections caused by cytomegalovirus, 
including luminal gastrointestinal disease.274,283,284 The treatment regi-
mens available for many organisms causing infectious gastroenteritis 
in HIV-infected patients are less than satisfactory, but significant 
advances continue to be made. In addition to developing more effective 
treatments, an effort to judiciously adhere to safe food and water guide-
lines in higher-risk patients can provide significant help in preventing 
many types of serious enteric infections.285

DIARRHEA IN INSTITUTIONS
Institutions provide special host and environmental settings that 
promote the acquisition of certain enteric pathogens. As with diarrhea 
in patients with AIDS and traveler’s diarrhea, many cases of institution-
acquired diarrhea are noninflammatory. However, an increased fre-
quency of C. difficile–associated disease (CDAD) should prompt stool 
immunoasssay or PCR assaying for the presence of C. difficile toxins.286

Hospitals
Nosocomial diarrhea is among the most common nosocomial out-
breaks reported to the Centers for Disease Control and Prevention.287 
However, its frequency is often overlooked, and it has been suggested 
to be the most common nosocomial infection in some areas.288 Noso-
comial diarrhea appears to be a significant factor predisposing to other 
nosocomial infections, such as urinary tract infections.289 Overall rates 
range from 2.3 to 4.1 illnesses per 100 admissions on pediatric 
wards288,290 and from 7.7 per 100 admissions to 41% of adults hospital-
ized in intensive care units.288,291

C. difficile remains the most common, most serious, and most 
costly infectious cause of nosocomial diarrhea in hospitalized 
patients.292-294 In particular, CDAD is an important emerging nosoco-
mial infection worldwide, especially among elderly hospitalized 
patients and patients occupying beds in surgical wards or intensive care 
units.294,295-297 Most sporadic and outbreak cases of CDAD appear to be 
caused by exposure to contaminated environmental surfaces rather 
than direct contact with an index case.298-300

Other enteric pathogens are occasionally identified in outbreaks of 
nosocomial diarrhea. Salmonella, for example, is a common cause in 
reported outbreaks of nosocomial gastroenteritis.287 Cryptosporidium 
may be associated with cases of nosocomial diarrhea involving chroni-
cally ill, elderly patients, as well as HIV-infected patients.301 In young 
children and in immunocompromised hosts, viral agents (rotaviruses, 
adenoviruses, coxsackieviruses, and others) are often found.290,302 In 
addition, there has been a newfound appreciation for the roles of 
certain viruses (such as rotaviruses, adenoviruses, coxsackieviruses, 
and others) as causes of nosocomial diarrhea, especially in neonates, 
children, and in patients residing in intensive care units.303-305

Long-term Care Facilities
Diarrheal illnesses constitute a significant problem in extended-care 
facilities for elderly persons. A conservative estimate based on pas-
sively reported illness rates is that one third of patients in long-term 
care facilities experience diarrhea each year.306-308 CDAD remains a 
common and important cause of diarrhea in these facilities.309,310 Spo-
radic cases as well as epidemic outbreaks of CDAD have been reported 
in many types of long-term care facilities. In other instances, viral 
causes of gastroenteritis or diarrhea have been identified in certain 
outbreaks occurring in these settings. The frequency of potentially 
transmissible enteric pathogens emphasizes the importance of careful 
hand washing in situations in which hygiene is often difficult.

Daycare Centers
Another special institutional setting in which hygiene is difficult and 
enteric infections are increasingly appreciated is daycare centers. 
Numerous outbreaks have been reported in association with viruses, 
bacteria, or parasites. The most common etiologic agents in infants and 
children younger than 2 years are the rotaviruses, whereas older tod-
dlers are more likely to acquire G. lamblia.311 Newer diagnostic tests, 
based on immunoassays and RT-PCR, have been used to detect addi-
tional agents, such as astrovirus, in many diarrhea outbreaks in daycare 

of persistent diarrhea in patients with AIDS, especially in tropical areas 
such as Haiti.257,269-271 Even Pneumocystis jirovecii infection can occa-
sionally involve the intestinal tract.272

Although eradicative treatment may be difficult, most of these 
patients respond to specific antimicrobial or antiparasitic therapy, 
emphasizing the need to identify the etiologic agent in these infections 
whenever possible.234,235 The antiviral agent ganciclovir often effectively 
controls intestinal cytomegalovirus infection,273,274 and most bacterial 
and parasitic infections can be treated with the expectation of some 
improvement. Cryptosporidium, which infects 3% to 21% of patients 
with AIDS in the United States, can be found in as many as 50% of 
patients with AIDS and diarrhea in Africa and Haiti.214-217,256 
Cryptosporidium-mediated biliary infection occurs in this patient pop-
ulation as well. Similarly, certain microsporidia organisms, such as 
Encephalitozoon intestinalis or Enterocytozoon bieneusi, can cause per-
sistent and severe diarrhea in HIV-infected individuals.

The same acid-fast stain that detects Cryptosporidium or Mycobac-
terium in fecal specimens may also reveal C. belli and Cyclospora in 
approximately 2% of AIDS patients with diarrhea in the United States 
and in 15% of those in Africa.256,257,270,271,275 Cryptosporidium and 
microsporidial infections are associated with villus atrophy, crypt 
hyperplasia, increased intraepithelial lymphocytes, and d-xylose mal-
absorption.266 Nontyphoidal Salmonella infections occur with an esti-
mated 20-fold increase in frequency and with increased severity in 
patients with AIDS.276-279 Enteric viruses have also emerged as signifi-
cant potential pathogens associated with diarrhea in HIV-infected 
individuals. In one study, astrovirus, picobirnavirus, calicivirus, and 
adenovirus were found in 6% to 12% of HIV-positive patients with 
diarrhea.280 Other common enteric infections include esophagitis or 
stomatitis with Candida or herpes simplex virus. In addition, many of 
the current HIV antiretroviral medications commonly cause diarrhea, 
often compounding the complexity of the diagnostic workup of the 
HIV-infected patient with persistent diarrhea.281,282

Several practical algorithmic approaches to the diagnosis and man-
agement of diarrhea in HIV-infected patients have been pub-
lished.253,254,257 These strategies favor the use of early, noninvasive stool 
studies and practical empirical treatment trials, followed by more inva-
sive tests (e.g., endoscopy with biopsy) for patients with refractory or 
more severe presentations. ART has decreased the incidence of several 

TABLE 100-4  Possible Enteric Pathogens in 
Patients with Acquired Immunodeficiency 
Syndrome

PATHOGEN

% WITH 
DIARRHEA
(n = 181)

% WITH NO 
DIARRHEA
(n = 28)

Cytomegalovirus 12-45 15

Cryptosporidium 14-30 0

Microsporidia 7.5-33 0

Entamoeba histolytica 0-15 0

Giardia lamblia 2-15 5

Salmonella spp. 0-15 0

Campylobacter spp. 2-11 8

Shigella spp. 5-10 0

Clostridium difficile toxin 6-7 0

Vibrio parahaemolyticus 4 0

Mycobacterium spp. 2-25 0

Cystoisospora belli 2-6 0

Cyclospora 0-11 0

Blastocystis hominis 2-15 16

Candida albicans 6-53 24

Herpes simplex 5-18 40

Chamydia trachomatis 11 13

Strongyloides 0-6 0

Intestinal spirochetes 11 11

One or more pathogens 55-86 39

Data from references 263-274 and 276-285.
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achieved by the use of prophylactic antimicrobial agents.211,335,340,343 
Studies by Kean319 suggested that certain EPEC serotypes might be 
involved in up to one third of the cases. The involvement of E. coli was 
further confirmed in an outbreak of traveler’s diarrhea among British 
troops in Aden, where E. coli O148 was identified in 54% of the British 
troops with diarrhea.336

Later studies demonstrated ETEC in approximately 50% (range, 
20% to 75%) of cases of traveler’s diarrhea in Latin America, Africa, 
and Asia (Table 100-5).317,318 The attack rate ranged from 20% to 100% 
(median, 52% to 54%) in multiple studies reviewed (see Table 100-
5).341,344,345 E. coli ETEC organisms were almost never present before 
the travel, and such organisms were acquired by only 14 (12.6%) of 111 
fellow travelers who did not become ill.275,338,339 The type of enterotoxin 
produced by E. coli associated with traveler’s diarrhea may be the LT 
type, the ST type, or both (Table 100-6). In some areas, enteroaggrega-
tive E. coli is a major cause of traveler’s diarrhea (see Chapter 220).

A number of other microbial agents have also been indentified in 
small subsets of patients with traveler’s diarrhea. Salmonella, Shigella, 
Vibrio, and Aeromonas spp. are present in small numbers of patients 
with traveler’s diarrhea.344,346 Rotavirus or calicivirus infections have 
been described in 0% to 36% of cases of traveler’s diarrhea but were 
often found in association with other known bacterial or parasitic 
pathogens.347 Noroviruses, in particular, have been implicated in 
several large outbreaks of gastroenteritis or diarrhea on large cruise 
ships.348-350 In many respects, however, cruise ship–associated out-
breaks of gastroenteritis share more epidemiologic characteristics with 
institution-associated gastroenteritis than with the classic form of trav-
eler’s diarrhea.

Intestinal protozoa are rare, but important, causes of some cases of 
traveler’s diarrhea. Agents such as Cryptosporidium parvum, Cyclospora 
cayetanensis, and various microsporidia (Enterocytozoon and Encepha-
litozoon spp.) should be considered in the workup of subacute or 
chronic noninflammatory diarrhea in returned international 
travelers.351-353 Other protozoal parasites, such as C. belli and Blastocys-
tis hominis, can be commonly identified in the stools of persons travel-
ing to developing countries. However, it has been difficult to ascertain 
whether these organisms actually cause disease in this population or 

centers.312,313 A clinical syndrome of prolonged noninflammatory diar-
rhea may be associated with Cryptosporidium in daycare centers.314-316 
In addition, outbreaks of inflammatory diarrhea caused by enteric 
pathogens, such as Shigella, Campylobacter, and C. difficile, have also 
been reported.317,318

TRAVELER’S DIARRHEA (TURISTA)
Whether it “arouses one from bed with a start at 4 am for a record-
breaking race to the bathroom to begin a staccato ballet”319 or produces 
the poetry of the psalmist (“I am poured out like water … my heart 
like wax is melted in the midst of my bowels”320), traveler’s diarrhea 
has a major impact each year on the 300 million to 500 million inter-
national travelers and probably on the distribution of well over $100 
billion in international tourism receipts.321,322 Tens of millions of people 
(>10 million from the United States alone) travel from industrialized 
to developing countries.

Diarrhea is by far the most common and among the most discon-
certing illnesses that threaten the traveler.323-329 Many studies have 
focused on North Americans and northern Europeans, who appear to 
be the groups at greatest risk when they travel to Latin America, south-
ern Europe, Africa, or Asia.330-334 The global nature of the problem and 
some suggested causal forces are illustrated by its more euphemistic 
names: Delhi belly, Gyppi tummy, GIs, Rome runs, Greek gallop, 
Turkey trots, Montezuma’s revenge, Aztec two-step, Aden gut, San 
Franciscitis, Basra belly, la turista, backdoor sprint, summer complaint, 
coeliac flux, Canary disease, passion, Hong Kong dog, Poona poohs, 
Casablanca crud, tourist trots, Malta dog, and many more.

Most symptoms of traveler’s diarrhea begin 5 to 15 days after 
arrival, although a range from 3 to 31 days has been noted.275,317,335-340 
The illness is typically manifested by malaise, anorexia, and abdominal 
cramps, followed by the sudden onset of watery diarrhea. Nausea and 
vomiting accompany the illness in 10% to 25% of cases. The diarrhea 
is usually noninflammatory, although a low-grade fever is present in 
approximately one third of the cases. The duration is usually 1 to 5 
days, but up to 50% of patients have an illness that continues 5 to 10 
days and sometimes beyond.

The attack rate for traveler’s diarrhea varies from 5% to 50%, 
depending on the destination as well as duration of the trip. In general, 
it appears that the risk of acquiring turista during travel to a tropical 
country from a temperate climate for 2 weeks or longer approaches 
50%. Destinations with increased risk for acquiring traveler’s diarrhea 
include portions of Africa and Asia (including India) as well as certain 
areas of Central and South America.340,341 The attack rate also appears 
to decrease with age after 25 years, an observation that may reflect 
different habits and exposures rather than inherent susceptibility.319,333 
Expatriate residents living in certain countries appear to be at some 
level of persistent risk for diarrhea of infectious causes, for instance, 
an attack rate of 49% per month observed during the first 2 years of 
residence in Nepal.342

For many years, the etiology of turista was an enigma; only infre-
quently have parasites or bacteria, such as amebas, Giardia, Salmonella, 
or Shigella, been identified, and viral studies have failed to elucidate 
significant viral causes. The first suggestion that an infectious bacterial 
process was likely came from the effective reduction in the attack rate 

TABLE 100-5  Etiology of Traveler’s Diarrhea*

CHARACTERISTIC LATIN AMERICA AFRICA ASIA
Duration of stay (days) 21 (2-42) 28 (28-35) (28-42)

Attack rate (%) 52 (21-100) 54 (36-62) (39-57)

Organism (%)

 Enterotoxigenic Escherichia coli 46 (28-72) 36 (31-75) (20-34)

 Shigella 0 (0-30) 0 (0-15) (4-7)

 Salmonella — 0 (0-0) (11-15)

 Campylobacter jejuni — — (2-15)

 Vibrio parahaemolyticus — — (1-13)

 Rotavirus 23 (0-36) 0 (0-0) —

*Values shown are the median (and range) from multiple studies.322,345,346,386,397

TABLE 100-6  Frequency of Enterotoxigenic Escherichia coli in Association with Traveler’s Diarrhea in Latin 
America, Africa, and Asia

REPORTED FREQUENCY (%)

FEATURE
Gastroenterologists 
in Mexico337

Peace Corps 
Volunteers 
in Kenya338

Yale Glee 
Club in Latin 
America339

Japanese Travelers Returning 
to Tokyo from India, 
Southeast Asia, Orient344 Total

Illness attack rate 49% in 16 days 69% in 5 wk 74% in 1 mo —

Type of enterotoxin

 LT only 16 33 25 4.8 21

 LT and ST 16 15 12.5 11.8 38

 ST only 9.8 2 19 13.6 41

% of ill patients with ETEC 41 (21/51 cases) 52 (14/27 cases) 56 (9/16 cases) 32 (270/843 cases) 33.5

ETEC, enterotoxigenic E. coli; LT, heat-labile; ST, heat-stable.
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DIFFERENTIAL DIAGNOSIS OF 
ACUTE NONINFLAMMATORY 
DIARRHEA
Acute noninflammatory diarrhea may be a consequence of several 
noninfectious processes. As with agents that effect an osmotic diuresis, 
nonabsorbable agents such as sorbitol may cause diarrhea if consumed 
in excess. Ipecac fluid extract, used by mistake instead of ipecac syrup, 
can cause watery diarrhea instead of vomiting. Heavy metal poisoning 
(with arsenic, tin, iron, cadmium, mercury, or lead) is often associated 
with diarrhea, probably as a result of toxic effects on the rapidly 
growing mucosal epithelium.

Endocrine causes of diarrhea that may share the adenylate cyclase–
activating mechanism with enterotoxins include non–beta-islet cell 
tumors, medullary carcinoma of the thyroid, carcinoid tumors, and 
others that are associated with increased serum levels of prostaglandins 
or vasoactive intestinal polypeptide.394 Patients with thyrotoxicosis or 
adrenal or parathyroid insufficiency may have diarrhea. Congenital 
and acquired enzyme deficiencies include lactase deficiency and pan-
creatic or biliary insufficiency, in which inadequately degraded or 
absorbed nutrients may promote an osmotic diarrhea. A child who has 
diarrhea and edema, hypertension, or petechiae should be suspected 
of having hemolytic-uremic syndrome with or without enterohemor-
rhagic E. coli O157-H7. Patients with dermatitis herpetiformis may 
also have diarrhea that may respond to sulfone or sulfapyridine therapy 
or to a gluten-free diet.

CHRONIC NONINFLAMMATORY 
DIARRHEA
Syndromes of chronic noninflammatory diarrhea of infectious etiology 
include giardiasis, tropical spruelike syndromes, syndromes of bacte-
rial “overgrowth,” and Cryptosporidium or C. belli infection (especially 
in immunocompromised hosts).256,262,287,395,396 The patient with weight 
loss, malaise, and watery or fatty stools should be suspected of having 
giardiasis or some other cause of a malabsorption syndrome. This 
syndrome may also be associated with hypocalcemia, with iron or 
folate deficiency anemia, or with deficiency of vitamin D, vitamin K, 
or protein.

Giardiasis is endemic throughout most of the United States and 
much of the world but still may often go undiagnosed for weeks of 
illness.218,220,397-399 Spread of disease is through water or food during 
outbreaks and by direct person-to-person contact. Clinical syndromes 
range in severity from asymptomatic infection to severe, persistent 
diarrhea associated with anorexia, weight loss, and malnutrition.218 
Effective diagnosis often requires testing multiple stool samples or 
occasionally using a small bowel aspirate or “string” sample (Entero-
test; Hedeco, Palo Alto, CA). Current immunoassays have markedly 
improved the sensitivity of stool analysis.218,220 Recommended therapy 
classically included metronidazole, with a reported 70% cure rate.396 
Two somewhat newer agents, tinidazole and nitazoxanide, have shown 
improved efficacy for treatment and are associated with far fewer side 
effects than standard courses of metronidazole.218,231,400 We generally 
use nitazoxanide as initial therapy in most symptomatic cases of 
giardiasis.

Other infectious agents of chronic noninflammatory diarrhea 
include Cryptosporidium, C. belli, and Cyclospora. Each of these agents 
can be identified by standard stool analyses using ova and parasite 
testing combined with specific immunoassay as needed. Of note, 
Cyclospora was identified as the etiologic agent causing a large, multi-
state outbreak of gastroenteritis in 2013 in the United States. Reason-
able efficacy is achieved using trimethoprim-sulfamethoxazole for 
therapy of Cyclospora infection.256,262,397

BACTERIAL OVERGROWTH 
SYNDROMES
Many syndromes have been described in which impaired absorption 
was attributed to abnormal bacterial colonization in the upper segment 
of the small bowel.398 Whether these organisms are virulent pathogens 
or simply part of the normal colonic flora abnormally distributed is 
unclear at present.

Normally, the upper portion of the small bowel is relatively sparsely 
populated, with fewer than 105 organisms/mL; these are predominantly 

are merely commensal.354-356 Cholera is rarely a problem for U.S. travel-
ers.333,357 A subset of patients have persistent diarrhea for which no 
infectious agent can be implicated. Chronic idiopathic diarrhea, 
referred to as Brainerd diarrhea, has been reported to occur in a few 
small travel-related outbreaks.358-361

In contrast to the frequent identification of potential etiologic 
agents among travelers to tropical areas who develop diarrhea, travel-
ers to more developed countries often develop a mild syndrome of 
diarrhea for which no infectious cause can be identified.362 Travelers to 
certain areas, such as Russia and national parks in the United States, 
may be especially susceptible to development of the more insidious 
watery diarrhea seen with giardiasis or cryptosporidiosis.363-366 Stron-
gyloidiasis may also be acquired in tropical areas and may cause non-
inflammatory diarrhea, abdominal pain, and eosinophilia.367

Several other potentially serious infections manifested initially by 
diarrhea or abdominal pain may be acquired by travelers. Malaria may 
be manifested initially as “gastroenteritis” with nausea, vomiting, diar-
rhea, or abdominal pain in 30% to 50% of cases.368 The physician 
should also remember to consider typhoid fever and other infections 
that may be manifested with a “typhoidal pattern,” including plague, 
melioidosis, typhus, and arboviral hemorrhagic fevers.368,369

The desire to control the bothersome problem of diarrhea in travel-
ers has led to a variety of medications used for management.319 Com-
monly used remedies, such as diphenoxylate-atropine (Lomotil) and 
kaolin-pectin suspension, were found to have little or no efficacy in 
most studies.370 Lomotil and other antimotility agents may actually 
worsen the illness in inflammatory processes such as shigellosis.371 
Bismuth subsalicylate was shown to inhibit enterotoxin activity in 
experimental animal models,303 and it has been recommended for 
symptomatic therapy as well as prophylaxis.371-373 As in any type of 
diarrheal illness, the mainstay of therapy continues to be adequate 
hydration with an oral glucose- or sucrose-electrolyte solution.

Prevention of traveler’s diarrhea should be directed toward reduc-
ing the consumption of infectious agents in food and water. Foods that 
are handled but not cooked (e.g., salads, raw vegetables, etc.) are high-
risk foods.323-325,374 Bottled, noncarbonated water cannot be considered 
safe because outbreaks of cholera187 have been traced to bottled water, 
and typhoid fever375,376 to other bottled beverages. Care in eating and 
drinking may reduce one’s risk, even in highly endemic areas, to less 
than 15%.374,377,378

The efficacy of prophylactic antimicrobial agents has been docu-
mented in several studies.335,340,379-381 The increased risk of acquiring a 
more severe infection (e.g., salmonellosis),382 the risk of drug side 
effects (e.g., photosensitivity in the tropics), and the emergence of 
drug-resistant organisms should preclude the widespread use of anti-
biotic prophylaxis at this time. Because treatment regimens that 
combine loperamide with an antibiotic are rapidly effective in control-
ling traveler’s diarrhea (<10 hours), most experts consider prophylactic 
therapy only for travelers with special issues, such as those with a high 
risk of infection and those for whom it is important to remain disease-
free during the trip.383,384

Empirical self-treatment of traveler’s diarrhea with a fluoroquino-
lone, such as ciprofloxacin or levofloxacin for 1 to 3 days, can signifi-
cantly reduce the duration and severity of the disease323-325,344,385-387 (see 
Chapters 323 and 324). Fluoroquinolone drugs are contraindicated in 
pregnant women323-325,384,386 and in children younger than 16 years. 
Therapy with trimethoprim-sulfamethoxazole has traditionally been 
suggested for children, but, because of resistance, most experts cur-
rently recommend the use of a macrolide, such as azithromycin.323-325,388 
In addition, the emergence of fluoroquinolone-resistant strains of 
various Campylobacter spp. is of special concern for travelers to many 
areas of the world, most notably Thailand and other parts of Southeast 
Asia.389-392 Therefore, because of emerging resistance issues and recent 
U.S. Food and Drug Administration “black box” warnings for arthrop-
athy associated with fluoroquinolones,393 consideration should be 
given to recommending azithromycin as a first choice for empirical 
self-treatment of traveler’s diarrhea in many individuals. A nonabsorb-
able relative of rifampin, known as rifaximin, is useful for treatment of 
less severe cases of traveler’s diarrhea in the absence of fever because 
it is not effective for the treatment of diarrhea caused by agents such 
as Salmonella, Shigella, and Campylobacter.
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obtained by intubation or string passage. Because the critical number 
of organisms appears to be approximately 105/mL, semiquantitative 
estimates from a Gram stain (analogous to the urine Gram stain) may 
also prove to be of value. In addition, the 14C–glycocholic acid breath 
test for bacterial deconjugation of bile salts has been shown to be 
helpful for diagnosis in some patients.412

Patients with diarrhea or malabsorption and bacterial overgrowth 
are potential candidates for antibiotic therapy, especially if a predispos-
ing condition, such as achlorhydria, scleroderma, or diabetes, is 
present. Depending on the results of quantitative cultures of upper 
small bowel aspirates, therapy may need to be directed against anaer-
obes as well as aerobic coliform organisms.401,406

OTHER BACTERIAL OVERGROWTH 
SYNDROMES
Noninfectious causes should also be considered in the differential diag-
nosis of chronic noninflammatory diarrhea. Examples include con-
genital deficiency syndromes and food allergies, certain neoplastic and 
endocrine processes, and less well-understood functional disorders. 
Causative disorders to be considered in the first two categories are milk 
allergies, disaccharidase deficiencies, gluten enteropathy, acrodermati-
tis enteropathica, β-lipoprotein deficiency, familial hyperchloremic 
alkalosis (congenital “chloridorrhea”), Leiner’s disease, and Wiskott-
Aldrich syndrome. Neoplastic and endocrine causes of diarrhea 
include carcinoid tumors, Werner’s syndrome (multiple endocrine 
adenomatosis), Zollinger-Ellison syndrome (gastrinoma), “pancreatic 
cholera” syndromes, medullary carcinoma of the thyroid, and thyro-
toxicosis. Patients with partial mechanical bowel obstruction or pel-
lagra may also have chronic diarrhea. Milder forms of inflammatory 
bowel disease as well as irritable bowel disease can also be associated 
with a variety of types of chronic diarrhea. Although a thorough search 
for an infectious cause of any form of chronic diarrhea is usually war-
ranted, most often the specific diagnosis of one of these etiologies 
usually requires referral to gastroenterologist.

facultative gram-positive organisms (diphtheroids, streptococci, and 
lactobacilli).401 The organisms most often incriminated in bacterial 
overgrowth syndromes in the small bowel are aerobic enteric coliforms 
(members of the family Enterobacteriaceae), anaerobic gram-negative 
fecal flora (Bacteroides and other genera), and miscellaneous other 
organisms, such as Plesiomonas shigelloides.402

Bacterial colonization in the upper part of the small bowel may be 
associated with malabsorption or chronic diarrhea in the absence of 
significant histopathologic changes. Small bowel overgrowth is usually 
associated with a predisposing bowel abnormality, such as achlorhy-
dria (from gastritis, pernicious anemia, or gastric surgery), blind-loop 
syndromes, cholangitis, impaired motility (scleroderma, diabetic neu-
ropathy, vagotomy), surgery, strictures, diverticula, or radiation 
damage.403,404 Malnutrition, especially with protein, folate, or vitamin 
B12 deficiency, may also render the bowel more susceptible to microbial 
colonization and injury.401,405 An episode of acute infectious diarrhea 
may provide the initiating event in the establishment of small bowel 
colonization and chronic diarrhea.401,406,407 Lindenbaum and col-
leagues408 described spruelike morphologic changes in the upper 
portion of the small bowel in association with increased numbers of 
bacteria and malabsorption among Peace Corps volunteers living in 
Pakistan.

The mechanism by which fecal flora in the small bowel causes 
malabsorption may involve bacterial binding (e.g., vitamin B12) or 
utilization (e.g., carbohydrates) of nutrients, deconjugation of bile salts 
by bacteria such as enterococci and anaerobes,409 or the toxic effects of 
bacterial products such as fatty acids or amines.401 E. coli organisms 
that lack other recognized virulence traits but colonize the bowel were 
shown to cause prolonged diarrhea in a rabbit model,410 with an associ-
ated impairment in water and electrolyte absorption as well as disac-
charidase activity.411

The approach to the patient with suspected bacterial overgrowth as 
a cause of malabsorption or chronic diarrhea should include quantita-
tive aerobic and anaerobic cultures of the upper small bowel contents, 
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101  Bacterial Inflammatory Enteritides
Aldo A. M. Lima, Cirle A. Warren, and Richard L. Guerrant

DEFINITION
Acute inflammatory enteritides are caused by several specific infec-
tious agents. This chapter will address bacteria, but not viral or para-
sitic etiologies, of this syndrome. The acute inflammatory enteritides 
include several specific, distal, small bowel and colonic infections, such 
as those caused by Campylobacter spp., Salmonella spp., Shigella spp., 
and enteroinvasive Escherichia coli (EIEC), as well as the syndromes of 
necrotizing enteritis and antibiotic-associated pseudomembranous 
enterocolitis (Clostridium difficile). Several other infectious agents 
cause chronic enteric inflammatory processes that may result in syn-
dromes of abdominal pain, weight loss, diarrhea, or malabsorption. 
These involve disease processes such as gastrointestinal mycoses; 
mycobacterioses; bacterial infections, such as those caused by entero-
pathogenic E. coli (EPEC), enteroinvasive, enterotoxigenic (enterohe-
morrhagic), and enteroaggregative E. coli (EAEC); and syphilis.

EPIDEMIOLOGY
Syndromes of acute dysentery with fecal blood and pus have been well 
recognized since the days of Hippocrates. Dysentery is defined as fre-
quent small bowel movements accompanied by blood and mucus, with 
tenesmus or pain on defecation. This syndrome implies an inflamma-
tory invasion of the colonic mucosa resulting from bacterial, cytotoxic, 
or parasitic destruction.

The pathologic changes of inflammatory colitis range from a super-
ficial intense exudative inflammatory process involving the colonic 
mucosa, as seen in infection by shigellae or invasive E. coli organisms, 
to deeper, penetrating, flask-shaped ulcers with undermined edges,  
as seen in amebic dysentery. The pathogenesis of the inflammatory 

colitides may involve cytotoxic products of shigellae,1 certain E. coli 
strains,2 clostridia, or other organisms.

The epidemiologic patterns of acute dysenteric syndromes are 
influenced by the unusually low inoculum for infection required by 
organisms such as shigellae or amebas. As few as 100 shigellae or 10 
cysts of enteric parasites, such as Entamoeba coli or Giardia lamblia, 
have been found to result in infection in adult volunteers.3,4 Conse-
quently, there is a substantial risk of person-to-person spread in 
daycare centers,5 institutions, or other areas where nonhygienic condi-
tions may allow direct fecal-oral spread. The cysts of parasites such as 
Entamoeba histolytica or Balantidium coli often resist chlorination and 
therefore may cause waterborne outbreaks of dysenteric illnesses. Salt-
water or seafood exposure should lead to consideration of Vibrio para
haemolyticus as a potential cause of inflammatory colitis or of watery 
diarrhea, and farm or domestic animal exposure might lead to consid-
eration of nontyphoid Salmonella species, Campylobacter jejuni, or 
Yersinia enterocolitica. A recent study in children younger than 5 years 
in the United States found nontyphoid Salmonella, followed by Cam
pylobacter, Y. enterocolitica, and E. coli O157, were the most common 
bacterial enteric pathogens associated with illnesses.6 When typhoid 
fever is present with diarrhea in an endemic area, the diarrhea is often 
inflammatory, with many fecal polymorphonuclear or mononuclear 
leukocytes seen on microscopic examination.7 A history of travel to 
areas of poor sanitation may implicate any of the aforementioned 
pathogens. Finally, venereal exposure, particularly among men who 
have sex with men, may implicate gonococci, herpes simplex virus, 
Chlamydia trachomatis (including lymphogranuloma venereum sero-
types), or Treponema pallidum as a cause of proctitis, or Campylobacter, 

Definition
•	 Acute	and	chronic	inflammatory	enteritides	

are	caused	by	several	specific	infectious	
agents.

Epidemiology
•	 Acute	dysenteric	syndromes	are	influenced	by	

the	unusually	low	inoculum	required	for	
infection	by	organisms	such	as	shigellae.

•	 The	bacterial	enteric	pathogens	most	
associated	with	illnesses	in	children	younger	
than	5	years	in	the	United	States	are	
nontyphoid	Salmonella,	followed	by	
Campylobacter,	Yersinia	enterocolitica,	and	
Escherichia	coli	O157.

•	 Venereal	exposure,	particularly	among	men	
who	have	sex	with	men,	may	implicate	
gonococci,	herpes	simplex	virus,	Chlamydia	
trachomatis,	or	Treponema	pallidum	as	a	
cause	of	proctitis,	or	Campylobacter,	Shigella,	
C.	trachomatis	(lymphogranuloma	venereum	
serotypes),	or	Clostridium	difficile	as	a	cause	
of	colitis.

•	 A	history	of	antibiotic	intake	and/or	recent	
admission	to	a	health	care	facility	would	
strongly	suggest	C.	difficile	infection.

Microbiology
•	 Genomic	studies	of	Shigella	species	have	

indicated	that	Shigella	and	enteroinvasive	
E.	coli	are	derived	from	multiple	origins	of	
E.	coli	and	form	a	single	pathovar.

•	 The	cause	of	a	recent	outbreak	of	bloody	
diarrhea	and	severe	hemolytic-uremic	
syndrome,	unlike	prior	enterohemorrhagic		
E.	coli	strains	that	had	exhibited	
enteropathogenic	E.	coli	traits	of	attachment	
and	effacement,	was	a	Shiga	toxin–producing	
enteroaggregative	E.	coli	strain.

•	 Campylobacter	spp.	have	a	small	genome	(1.6	
to	2.0	Mb)	and	can	cause	intestinal	and	
systemic	infections.

•	 The	primary	virulence	factors	that	are	known	
to	cause	clinical	disease	in	C.	difficile	infection	
are	the	two	large	toxins:	C.	difficile	toxin	(Tcd)
A,	or	toxin	A	(308	kDa),	and	TcdB,	or	toxin	B	
(270	kDa).

•	 Vibrio	parahaemolyticus	has	been	recognized	
since	1950	in	Japan	and	is	a	cause	of	seafood	
poisoning.

•	 Salmonella	flagellin	is	regulated	by	the	fliC	
gene,	which	is	the	major	ligand	for	the	Toll-like	

receptor	5,	nucleotide	oligomerization	
domain–like	receptors,	and	ICE	protease-
activating	factor	(Ipaf)	protein.

Diagnosis
•	 Any	of	the	above	microorganisms	may	cause	

an	acute	dysentery	syndrome	with	blood	and	
pus	in	the	stool.

•	 Examination	for	leukocytes	or	for	fecal	
lactoferrin	may	suggest	intestinal	
inflammation,	even	if	blood	is	not	present	in	
the	stool	on	gross	examination.

•	 Recent	approaches	using	a	laboratory-
developed	TaqMan	Array	Card	for	
simultaneous	detection	of	several	
enteropathogens	hold	promise,	with	high	
accuracy,	sensitivity,	and	specificity	as	well	as	
being	potentially	suited	for	surveillance	or	
clinical	purposes.

Therapy and Prevention
•	 Because	there	are	many	etiologic	agents,	the	

treatment	and	prevention	rely	on	each	specific	
cause	of	acute	and	chronic	inflammatory	
enteritides,	which	are	viewed	in	more	detail		
in	this	chapter.

SHORT VIEW SUMMARY
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E. coli and form a single pathovar.26 Shigella dysenteriae is capable of 
elaborating a potent toxin with enterotoxic, cytotoxic, and neurotoxic 
properties (Shiga toxin).26 Shigella dysenteriae is responsible for severe 
and epidemic disease, and Shigella boydii is mostly seen in the Indian 
subcontinent. Shigella flexneri and Shigella sonnei are the most common 
around the world.27 Shigellae are facultative intracellular pathogens 
and may cause acute bloody dysentery with high fever and systemic 
manifestations of malaise, headache, and abdominal pain. The incuba-
tion period ranges from 6 hours to 9 days but is usually less than 72 
hours. Shigella species are the most common cause of bloody diarrhea 
in children, and the syndrome may be particularly severe in poorly 
nourished children.27

Despite the intense superficial destructive process in the colonic 
epithelium that typifies acute shigellosis, bacteremia and disseminated 
infection are relatively rare.28 S. flexneri invades and causes inflamma-
tory destruction of the human colonic epithelium. The cell and tissue 
invasion results from a type III secretion system that delivers effector 
protein into target eukaryotic cells.29 Acute shigellosis by S. dysenteriae 
type 1 induces apoptotic cell death in rectal tissues associated with 
increased production of Fas/Fas ligand, perforin, caspase-1, and 
caspase-3 but reduced production of Bcl-2 and interleukin-2 (IL-2).30 
Shigella infection, especially with S. dysenteriae type 1, is associated 
with enteric protein loss that ceases after appropriate antimicrobial 
therapy.31 This protein loss may contribute to increased susceptibility 
to secondary infections or growth stunting.32,33 A complication of 
severe shigellosis in childhood is a hemolytic-uremic syndrome (HUS), 

FIGURE  101-1  Methylene blue stain of fecal leukocytes from 
patient with colitis. This exudative response may be seen in any active 
colitis syndrome,  including those caused by the inflammatory or  invasive 
pathogens discussed in this chapter. 

TABLE 101-1  Differential Diagnosis of Acute 
Bacterial Dysentery and Inflammatory 
Enterocolitis

Specific Infectious Processes
Bacillary dysentery (Shigella dysenteriae, Shigella flexneri, Shigella sonnei, 

Shigella boydii; invasive Escherichia coli)

Campylobacteriosis (Campylobacter jejuni)

Amebic dysentery (Entamoeba histolytica)

Ciliary dysentery (Balantidium coli)

Vibriosis (Vibrio parahaemolyticus)

Salmonellosis (Salmonella typhimurium)

Typhoid fever (Salmonella typhi)

Enteric fever (Salmonella choleraesuis, Salmonella paratyphi)

Yersiniosis (Yersinia enterocolitica)

Proctitis
Gonococcal (Neisseria gonorrhoeae)

Herpetic (herpes simplex virus)

Chlamydial (Chlamydia trachomatis)

Syphilitic (Treponema pallidum)

Other Syndromes
Necrotizing enterocolitis of the newborn

Enteritis necroticans

Pseudomembranous enterocolitis or Clostridium difficile colitis without overt 
pseudomembranes (C. difficile)

Diverticulitis

Typhlitis

Chronic Inflammatory Processes
Enteropathogenic and enteroaggregative E. coli

Syphilis

Gastrointestinal tuberculosis

Gastrointestinal mycosis (including Basidiobolus ranarum)

Parasitic enteritis

Syndromes without Known Infectious Cause
Idiopathic ulcerative colitis

Crohn’s disease

Radiation enteritis

Ischemic colitis

Allergic enteritis

Brainerd diarrhea

Shigella, E. histolytica, or Clostridium difficile as a cause of colitis.8 A 
history of antibiotic intake and/or recent admission to a health care 
facility would strongly suggest C. difficile infection.

Examination for fecal leukocytes often reveals sheets of polymor-
phonuclear leukocytes in clumps of mucus, even in the absence of 
gross blood in the stool specimen (Fig. 101-1).9,10 Fewer pyknotic leu-
kocytes are reported in amebic dysentery11-13; this may be attributable 
to the deeper undermining ulcers characteristic of intestinal amebiasis 
or to a contact-dependent cytolytic effect of the ameba on leukocytes. 
The use of fresh specimens promptly plated onto appropriate enteric 
culture media is very important in the isolation of shigellae.14 Special-
ized techniques are required to isolate Vibrio (thiosulfate citrate bile 
salts [TCBS] agar),15 Yersinia (cold enrichment),16 or C. jejuni.17 The 
identification of toxigenic C. difficile is done by immunoassay for either 
C. difficile toxin A or B, or cell culture cytotoxicity or polymerase chain 
reaction (PCR) assay for C. difficile toxin B.18,19,20,21 Leukocytosis or 
even a leukemoid reaction has been described in colitis caused by C. 
difficile.22

Sigmoidoscopic examination, especially with biopsy, may be useful 
in the diagnosis of a pseudomembranous enterocolitis or in the iden-
tification of parasites such as E. histolytica (with special periodic acid–
Schiff [PAS] stain) or B. coli. Amebic colitis is associated with discrete 
small ulcerations with undermined edges amid relatively normal 
mucosa. Acute shigellosis causes more widespread, shallow, 3- to 7-mm 
ulcers with a more intense inflammatory exudate. Barium studies are 
unnecessary and are relatively contraindicated for toxic patients with 
acute colitis. Therapy consists of careful supportive fluid management 
with specific antimicrobial therapy directed at a specific pathogen if 
suspected on the basis of the epidemiologic setting or microbiologic 
test results. Although not grossly inflammatory, the still enigmatic 
Brainerd diarrhea syndrome, which has been associated with raw milk 
or unchlorinated water consumption in several outbreaks, may involve 
some proximal colonic lymphocytic infiltration.23,23a Finally, the pres-
ence of biomarkers of acute or prolonged intestinal inflammation, such 
as fecal myeloperoxidase and neopterin, may be associated with growth 
shortfalls in young children in developing areas.24

The potential causes of acute dysentery are listed in Table 101-1.

MICROBIOLOGY
Shigella spp. and Enteroinvasive 
Escherichia coli
Bacillary dysentery is caused by Shigella spp. and enteroinvasive E. coli. 
It is estimated that Shigella species (see Chapter 226) infect more than 
200 million people and cause 650,000 deaths each year worldwide.25 
The four Shigella species are classified in subgroups A to D—Shigella 
dysenteriae, Shigella flexneri, Shigella sonnei, and Shigella boydii, 
respectively. Genomic studies of Shigella spp. have indicated that Shi
gella and enteroinvasive E. coli are derived from multiple origins of 
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across Europe, associated with eating imported Egyptian fenugreek 
sprouts in early summer of 2011. The latter, unlike prior EHEC strains 
that had exhibited enteropathogenic EPEC traits of attachment and 
effacement, was a Shiga toxin–producing EAEC strain.57,57a Although 
it accounts for only 0.8% to 3.0% of all cases of diarrhea in the United 
States and Canada, EHEC (serotype O157) is estimated to account for 
15% to 36% of cases of bloody diarrhea.2 Most recognized EHEC 
strains are of serotype O157; others include O26 : K60 : H11, O103 : H2, 
O91 : H2, O145 : H−, O111 : K58 : H−, O38 : H21, O6 : H−, O5 : H−, O128, 
O139, O113 : K75; O121, and O172.2,42,58 EHEC organisms were the 
most commonly recognized cause of diarrhea (3%) among 5415 
patients studied in Calgary in Alberta, Canada, where such cases 
showed a summer seasonal peak.59 In addition to causing 15% to 36% 
of all cases of bloody diarrhea, including outbreaks of hemorrhagic 
colitis, EHEC is associated with 75% to 90% of cases of HUS in North 
America, a complication that develops in 8% of EHEC infections.2

The incubation period is usually 3 to 4 days after the ingestion of 
contaminated food or water. Cattle are the major reservoir of the 
organism. The consumption of inadequately cooked beef, raw milk, or 
other products contaminated by the intestinal contents of cattle, and 
occasionally of contaminated water, has been recognized as an impor-
tant source of O157 : H7 infection.60 A waterborne outbreak of E. coli 
O157 : H7 has been documented in upstate New York at a county fair.61 
The infection causes abdominal cramps and watery diarrhea, followed 
by bloody diarrhea.62 The HUS and thrombocytopenia may occur 2 to 
4 days after the onset of diarrhea, especially in children younger than 
5 years and in older adults. EHEC O157 : H7 forms characteristic actin 
pedestals on infected mammalian cells.63 Previously, typical EHEC 
organisms shared EPEC traits of secreting their own translocated 
intimin receptor (Tir) molecule (via a type II secretion system) into 
the plasma membranes of host cells.64 The attachment of the organism 
via its Tir receptor is required to trigger the assembly of actin into 
focused pedestals beneath bound bacteria. EHEC produces Stx1 or 
Stx2; the latter is more associated with HUS.65 Another EHEC viru-
lence factor, H7 flagellin, is also associated with activation of proin-
flammatory signals in human colonic epithelial cells in response to  
this noninvasive pathogen.64 The German outbreak EHEC strain was 
an enteroaggregative E. coli O104 : H4 strain that produced Stx2a and 
was positive for several EAggEC genes, including aggR, aggA (encoding 
for the biofilm-producing AAF/I), sigA, sepA, pic, aatA, aaiC, and 
aap, but it was negative for the eae (E. coli attaching and effacing) gene 
and produced an extended-spectrum β-lactamase.66,66a The diagnosis 
of infection with EHEC depends on culturing stool on MacConkey 
culture medium, on which the original O157 : H7 EHEC strain yields 
sorbitol-negative colonies.67 The isolated E. coli is serotyped for somatic 
(O) and flagellar (H) antigens. Rapid methods for detection of Shiga 
toxins in the stool samples are now in use.68,69 Antibiotic therapy has 
not been shown to be effective for disease caused by EHEC or EIEC. 
Some EHEC strains may increase their phage-mediated production of 
Shiga-like toxins when exposed to antibiotic to which they are sensi-
tive, such as ampicillin, tetracycline, sulfamethoxazole-trimethoprim, 
or quinolones.70-73

Campylobacter Enteritis
Campylobacter spp. have a small genome (1.6 to 2.0 Mb) and may live 
in the gastrointestinal tract of their natural zoonotic hosts for a long 
time and can sometimes cause intestinal and systemic infection in 
humans. The genome sequence from multiple C. jejuni and several 
other Campylobacter spp. have been published.74-76 There currently are 
16 Campylobacter species and 6 subspecies. C. jejuni and Campylo
bacter coli are the most prevalent species associated with enteric infec-
tions. C. jejuni is the most prevalent bacteria isolated from enteric 
infections in industrialized countries. C. jejuni and C. coli are highly 
prevalent in developing countries, especially in children younger than 
2 years with enteric infection or in asymptomatic carriers. C. jejuni 
(formerly C. fetus or Vibrio fetus) systemic infections (see Chapter 218) 
have been recognized for many years. Although the majority of Cam
pylobacter bloodstream infections in humans are with C. fetus (old 
subspecies, intestinalis),77 C. jejuni commonly causes an enteric infec-
tion in all age groups. This organism was recognized many years  
ago as a cause of calf and swine dysentery. Commercially available 

which may be associated with a leukemoid reaction, pseudomembra-
nous colitis, circulating immune complexes, and circulating endotoxin, 
usually in the absence of demonstrable bacteremia.34

Intestinal obstruction, which occurs in about 3% of patients, is a 
poor prognostic sign, not infrequently associated with death or the 
development of HUS.35 Other, more common extraintestinal manifes-
tations of shigellosis are headache, meningismus, and even seizures, 
especially in children.36 These findings may be attributable to a neuro-
toxin that has been demonstrated with S. dysenteriae type 1.1,37 A 
serious arthritis similar to that seen in reactive arthritis has been 
described in up to 10% of patients 2 to 5 weeks after the dysenteric 
illness that characteristically occurs in patients with histocompatibility 
antigen HLA-B27.38 Culture-positive conjunctivitis during acute shig-
ellosis has also been described and may represent autoinoculation  
of the conjunctiva analogous to that induced in guinea pigs in the 
Sereny test.39 Arthritis syndromes have also been described after 
inflammatory colitis with Y. enterocolitica, Salmonella enteritidis, or 
C. difficile, again in association with HLA-B27.40 The diagnosis of 
shigellosis is made using bacterial cultures or PCR assay for the inva-
siveness plasmid in organisms isolated from stool, rectal swab, or 
endoscopic biopsy specimens.41

Certain E. coli strains may produce a syndrome identical to that 
seen with acute shigellosis. The incubation period is usually 2 to 3 days 
after ingestion. Although invasive E. coli organisms appear to be 
limited to certain serotypes (Table 101-2),39,42,43 to confirm the presence 
of such organisms, their invasive potential should be demonstrated 
with the guinea pig conjunctivitis (Sereny) test44 or in HeLa cells,45 or 
the 120- to 140-MDa plasmid associated with invasiveness in Shigella 
and invasive E. coli should be identified.46 Invasive E. coli organisms 
were responsible for a single widespread outbreak of dysentery asso-
ciated with imported French Camembert cheese.43,47 Although they 
have been identified as occasional causes of diarrhea in Brazil,39 inva-
sive E. coli organisms do not appear to be frequent causes of sporadic 
diarrhea in the United States. Because they are often slow to ferment 
lactose in the laboratory, invasive E. coli organisms may be initially 
mistaken for shigellae,39,43,45 to which they are closely related. Invasive 
E. coli organisms are also usually lysine negative, often nonmotile,48 
and antigenically related to Shigella.49

Early administration of empirical antibiotic treatment is justified in 
children hospitalized for clinical dysentery.50 Short-course (3 days) oral 
ciprofloxacin for S. dysenteriae type 1 dysentery in children has been 
effective.51 Oral rehydration salt solution (World Health Organization 
formula) is recommended for oral rehydration therapy.52

Enterohemorrhagic Escherichia 
coli Diarrhea
A significant cause of bloody diarrhea and potentially fatal HUS is now 
recognized to be enterohemorrhagic E. coli (EHEC) organisms (see 
Chapter 220), which produce Shiga-like toxin, although the frequency 
with which they cause inflammatory diarrhea is not clear.2,53 These 
organisms have attracted particular attention because of widespread 
outbreaks in popular hamburger chain restaurants54 as well as with 
uncooked produce, such as spinach,55,56 and a widespread outbreak of 
bloody diarrhea and severe HUS, starting in Germany and extending 

TABLE 101-2  Enteroinvasive Escherichia coli 
Serotypes

SEROTYPE DIFCO SEROGROUP TEST*
O28 C

O29 —

O112 C

O124 B

O136 C (Trabulsi’s 193-T-64)

O143 —

O144 —

O152 (Trabulsi’s 185-T-64)

*Difco Laboratories, Detroit.
Modified from references 39, 42, 43, and 177.
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parahaemolyticus, which has been recognized since 1950 in Japan and 
was identified as a Vibrio species in 1963. V. parahaemolyticus is a cause 
of seafood poisoning, with onset of signs and symptoms 9 to 25 hours 
after the ingestion of inadequately cooked fish or shellfish. This has 
been reported throughout the coastal areas of the United States and on 
cruise ships and is the most common form of food poisoning in Japan, 
where raw seafood is commonly eaten as sushi.98 Diarrhea may be 
explosive and watery or may be characterized by full-blown dysentery 
with blood and pus and superficial ulceration on proctoscopic exami-
nation.99 The latter syndrome may be associated with cramps, nausea, 
vomiting, headache, and fever. The illness is usually self-limited, 
resolving within 3 to 4 days. The pathogenic Kanagawa-positive strains 
from patients produce β-hemolysis on special (Wagatsuma) medium—
in contrast to environmental isolates—and are best isolated as blue-
green colonies (alkaline) on TCBS agar.15 A PCR method provides a 
species-specific probe for V. parahaemolyticus, Vibrio alginolyticus, 
Vibrio anguillarum, and a cluster of related species.100 Antibiotic treat-
ment with tetracycline or doxycycline can diminish the duration and 
severity of gastrointestinal symptoms. To prevent V. parahaemolyticus 
infections, consumption of raw or undercooked shellfish and exposure 
of wounds to seawater should be avoided.101

Other halophilic vibrios include V. alginolyticus, Vibrio fluvialis, 
Vibrio hollisae, Vibrio damsela, and Vibrio vulnificus, which have been 
associated with enteric, wound, or systemic infections in humans.97 V. 
vulnificus has been associated with life-threatening septicemia occur-
ring within 24 hours of ingesting raw oysters.97,102

Salmonellosis and Typhoid Fever
Salmonella enterocolitis is characterized by fever, cramping, abdominal 
pain, and diarrhea that begin 8 to 48 hours after ingestion of an infec-
tive dose, usually with food, and usually lasts 3 to 5 days (see Chapter 
225). The diarrheal stools of patients with salmonellosis often contain 
a moderate number of polymorphonuclear leukocytes, usually fewer 
than is typical of shigellosis.

Although Salmonella enteritis predominantly involves the lamina 
propria in the small bowel, several reports have noted Salmonella 
typhimurium as a cause of colitis, with crypt abscesses and erosion 
and ulcerations of the colonic mucosa, which result in blood and  
pus in the stool.103 Certain other strains of Salmonella, including 
Salmonella choleraesuis and Salmonella paratyphi, and especially Sal
monella typhi, tend to elicit a mononuclear response and cause a bac-
teremia characteristic of enteric fever. Animal models for Salmonella 
typhimurium continue to advance our understanding of the pathogen-
esis of intestinal and systemic Salmonella infections.104 Salmonella 

techniques of fecal culture have enabled the culture of C. jejuni on 
highly selective media at 42° C from fecal specimens of patients with 
diarrhea.17 Campylobacter enteritis results from oral transmission, and 
a variable but relatively small dose (5 to 8 × 102 cells/mL) is sufficient 
to cause infection.78 This organism causes a syndrome of severe 
abdominal pain, fever, and acute inflammatory enteritis that may range 
from watery diarrhea to severe dysentery with blood and pus in the 
stools.79 This infection has also been associated with sequelae of reac-
tive arthritis and the Guillain-Barré syndrome.80 Cross-reacting anti-
bodies recognizing both C. jejuni lipopolysaccharide and antigenic 
determinants of nerve gangliosides are speculated to contribute to the 
development of the nerve damage after C. jejuni infection. Reports 
from Belgium, England, and central Africa have revealed that in 5% to 
14% of unselected cases of diarrhea, C. jejuni is present,79,81 and out-
breaks of Campylobacter enteritis have been associated with ingestion 
of contaminated water, raw milk, and uncooked meat and poultry. A 
recent review of common source outbreaks of Campylobacter infection 
in the United States, 1997 to 2008, showed that unlike sporadic ill-
nesses, which are primarily attributable to poultry, dairy products were 
the vehicle most often associated with these outbreaks.82 There are 
several genes involved in the adhesion, colonization, invasion, and 
toxin production by Campylobacter spp., and the specific balance 
between these genes and host susceptibility to Campylobacter enteritis 
remains uncertain.74

Most patients with mild-to-moderate C. jejuni enterocolitis do not 
benefit from antibiotic treatment. Severely ill patients, especially those 
who are debilitated or immunocompromised, appear to benefit from 
antibiotic therapy, and erythromycin or ciprofloxacin are the drugs of 
choice. Increased fluoroquinolone resistance in Campylobacter spp. 
from humans and animals, the result of mutations in topoisomerase 
genes, has been documented.83 Two studies now associate symptomatic 
and asymptomatic Campylobacter infections with reduced growth in 
Brazilian and Peruvian children.84,84a

Clostridium difficile Colitis
C. difficile infection (CDI) is the most common cause of antibiotic-
associated diarrhea. In the past decade, the incidence and mortality 
rates of CDI increased because of the emergence of strains character-
ized as BI/NAP1/O27/III.85 Advanced age is a critical risk factor for 
severe disease, recurrence, and mortality,86 although CDI is also now 
appearing in younger, lower-risk populations.87 The primary virulence 
factors that are known to cause clinical disease in CDI are the two large 
toxins: C. difficile toxin A (TcdA), or toxin A, (308 kDa) and TcdB, 
or toxin B, (270 kDa).88 Both toxins are glucosyltransferases that 
inactivate Rho, Rac, and Cdc42 proteins and result in actin condensa-
tion and subsequent cytoskeletal changes, apoptosis, and cell death of 
target cells. Tcds also induce an intense inflammatory response char-
acterized by infiltration of inflammatory cells, especially neutrophils; 
activation of submucosal neurons; secretion of cytokines; chemokines 
and arachidonic acid metabolites; and production of substance P and 
reactive oxygen intermediates. Clinical presentation ranges from 
asymptomatic colonization to severe disease with pseudomembranous 
colitis (Fig. 101-2) and septic shock. Increased fecal lactoferrin, IL-1β, 
and IL-8 were observed in patients with CDI.89

Metronidazole and vancomycin are the drugs of choice for mild-
to-moderate and severe disease, respectively (see Chapter 245 for 
further details).90,91 Recurrent disease occurs in 20% to 65% of the 
patients, depending on the number of previous episodes of the disease.92 
Fidaxomicin, the only other U.S. Food and Drug Administration–
approved drug for CDI, is reported to be equivalent to vancomycin in 
treating acute CDI but superior in preventing relapses.93 However, its 
advantage over vancomycin is lost in infections caused by the prevalent 
epidemic strain BI/NAP1/027. Alternative approaches to prevent 
recurrent disease include probiotics,94 fecal transplantation,95 or use of 
monoclonal antibodies.96

Vibriosis
In addition to classic and El Tor Vibrio cholerae O1, non-O1 V. cholerae 
and several halophilic Vibrio species (see Chapters 216 and 217) are 
now recognized to cause diarrhea and occasional wound or blood-
stream infection.97 The most common and best characterized is V. 

FIGURE 101-2  Proctoscopic view of pseudomembranous colitis in 
a patient who received clindamycin. Note the 4- to 8-mm raised white 
plaques overlying an erythematous mucosa. (From Tedesco FJ, Barton RW, 
Alpers DH. Clindamycin-associated colitis. Ann  Intern  Med. 1974;81:
429-433.)
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leukocytes or for fecal lactoferrin118 may suggest intestinal inflamma-
tion, even if blood is not present in the stool on gross examination. 
Recent approaches using a laboratory-developed TaqMan Array Card 
(Life Technologies, Grand Island, NY) for simultaneous detection of 
several enteropathogens holds promise, with high accuracy, sensitivity 
and specificity as well as being potentially suited for surveillance or 
clinical purposes.119 Other considerations in the differential diagnosis 
of inflammatory colitis are pseudomembranous enterocolitis, which 
may be associated with antibiotic use, and the potentially rapidly pro-
gressive necrotizing enterocolitis syndromes (see Chapter 100). These 
diagnoses are suggested by the setting, clinical course, history, and 
findings on radiologic and proctoscopic examinations. Noninfectious 
syndromes that may be manifested as acute inflammatory enterocolitis 
include idiopathic ulcerative colitis and Crohn’s disease.

Presumptive therapy for the inflammatory colitides varies greatly 
with the different organisms and is influenced by the increasing resis-
tance of enteric pathogens to antimicrobial therapy.120 For example, an 
acute febrile dysenteric illness in a young child with daycare exposure 
or in an area in which shigellosis is common should be treated with an 
antimicrobial agent, such as one of the fluoroquinolones. If the Shigella 
organism is sensitive, prompt therapy can successfully stop the diar-
rhea, alleviate systemic symptoms, and reduce shedding of the organ-
isms in the feces.121-123 Because shigellae are increasingly resistant to 
multiple antibiotics,124,125 the practitioner must be familiar with the 
local resistance pattern of shigellae to treat acute shigellosis appropri-
ately when it is first suspected. Although the fluoroquinolones pres-
ently are not approved for use in children in the United States, available 
data suggest that a short course of therapy is safe.126 Although cipro-
floxacin may shorten the clinical course of Salmonella infections, it 
does not eradicate the organism.127 Studies have shown increasing 
resistance of Campylobacter and even Salmonella to quinolones.128,129 
Azithromycin may reduce the duration of symptoms of Campylobacter 
or Shigella enteritis. Zinc (20 mg/day elemental in two equally divided 
doses for 2 weeks) showed a significant reduction in the duration of 
acute shigellosis, promoted better weight gain, and reduced diarrheal 
morbidity in malnourished children at 6 months after infection.130 
Vitamin A has also been used to reduce severity and mortality from 
shigellosis.131

Amebic dysentery is traditionally diagnosed by direct examination 
of wet mounts of fresh fecal or proctoscopic specimens, which reveal 
E. histolytica trophozoites or cysts characterized by four or fewer deli-
cate nuclei with central karyosomes. Additional patients may be diag-
nosed by biopsy, which may reveal PAS-positive trophozoites or cysts 
in the undermining ulcer in the lamina propria, or by a fecal or serum 
E. histolytica–specific antigen test, which distinguishes virulent E. his
tolytica from avirulent Entamoeba dispar infections.132

Necrotizing Enterocolitis in  
the Newborn
The syndrome of diffuse, fulminating, necrotizing colitis has been rec-
ognized in infants since the 1960s. This syndrome probably represents 
the same entity described as spontaneous intestinal perforation and 
peritonitis as early as 1838.133 Although milder forms of the syndrome 
doubtless exist, the syndrome of necrotizing enterocolitis (NEC) is 
defined by the presence of air in the wall of the intestine, portal venous 
system, or peritoneal cavity, or by necrosis of the bowel wall with 
mucosal sloughing. This fulminant syndrome often leads to intestinal 
perforation, peritonitis, and bacteremia. It is a major cause of mortality 
in low-birth-weight infants (<1500 g) after the first week of life.134 The 
diffuse necrotic changes that characterize this syndrome most often 
occur in the terminal ileum but may be seen in the colon or in the 
proximal portion of the gastrointestinal tract.

The pathogenesis of NEC appears to involve mucosal injury that is 
most often of ischemic origin from hypoxemic or hypotensive epi-
sodes; these may occur in premature infants or in the presence of 
complicating factors, such as an umbilical vein exchange transfusion. 
Ischemia may also result from the effects of endotoxemia, followed by 
the effects of epinephrine, to which the vessels supplying the terminal 
ileum may be especially sensitive. Other factors predisposing to 
mucosal ischemia include asphyxia in association with hyaline mem-
brane disease in premature infants or cyanotic heart disease. Increased 

flagellin is regulated by the fliC gene, which is the major ligand for the 
Toll-like receptor 5 (TLR5), nucleotide oligomerization domain–like 
receptors, and ICE protease-activating factor (Ipaf) protein. TLR5 is 
located in the plasma and phagosomal membranes, and the other two 
are located in the cytoplasm of the host’s Peyer’s patch cells. Flagellin 
activates TLR5 and leads to the production of IL-12, whereas the acti-
vation of Ipaf leads to the production of IL-1β and IL-18. Both path-
ways act synergistically to activate interferon-γ–producing Th1 cells. 
These proinflammatory cytokines have a pivotal role in the induction 
of inflammation with Salmonella infections.

Antibiotic therapy is not required, but patients who are severely ill 
or those with risk factors for developing extraintestinal spread of infec-
tion should be treated with fluoroquinolones or third-generation 
cephalosporins.

Typhoid fever may lead to an erosion of the blood vessels in Peyer’s 
patches that, without appropriate treatment, could result in gross  
blood in the feces in 10% to 20% of patients. Severe intestinal hemor-
rhage may complicate approximately 2% of cases late in the course of 
untreated typhoid fever. Such intestinal bleeding may precede perfora-
tion, another complication of typhoid fever.105

Yersiniosis
Yersinia enterocolitica (see Chapter 231) is another increasingly recog-
nized enteric pathogen that may be responsible for an enteric fever–like 
illness, mesenteric adenitis (which may mimic acute appendicitis), or 
an inflammatory ileitis or ulcerative colitis syndrome with fecal neu-
trophils and mononuclear cells.106 Y. enterocolitica and Yersinia pseu
dotuberculosis may cause similar symptoms and signs. The virulence 
of Yersinia is associated with the direct injection of proteins, such as 
Yersinia protein kinase A (YpkA) and YopE, into eukaryotic cells.107,108 
Yersinia infection may also be associated with migratory polyarthritis, 
reactive arthritis, or erythema nodosum. A syndrome of acute diarrhea 
and vomiting is especially common in young children. The organism 
may cause disseminated abscesses in the liver and spleen109 or an 
inflammatory colitis.110 The causative agent, a gram-negative member 
of the family Enterobacteriaceae, is in the same genus as the plague 
bacillus Yersinia pestis and is sometimes mistaken for Proteus on initial 
culture plates.

Cultivation may require cold enrichment techniques.16 PCR 
methods for detection of pathogenic Y. enterocolitica are more sensitive 
than culture methods.111 Yersinia infection is usually self-limiting; 
however, patients with severe illness or systemic infection are usually 
treated with tetracycline, chloramphenicol, or ciprofloxacin.

Gonococcal Proctitis
Neisseria gonorrhoeae (see Chapter 214) may be the cause of ulcerative 
proctitis, usually acquired by anal intercourse.8 The resultant purulent 
proctitis is accompanied by an erythematous, friable mucous mem-
brane in the rectal vault and occasional abscess or fistula formation. 
Although copious purulent discharge, tenesmus, and burning rectal 
pain may be noted, two thirds of culture-positive patients with anorec-
tal gonococcal infection are asymptomatic.112 Additional diagnostic 
possibilities in cases of venereally acquired proctitis are syphilitic, her-
petic, and chlamydial proctitis.113

Unusual Causes of Dysentery
Spirillar or spirochetal dysentery has been reported to occur in south-
ern France and has been attributed to Spirillum spp. Although severe 
mucoid diarrhea or dysentery has been associated with intestinal spi-
rochetes, their frequency and role in causing enteric disease are unclear. 
A DNA probe for the 16S ribosomal RNA (rRNA) of the agent of  
swine dysentery, Treponema hyodysenteriae, has been developed and 
may open new approaches to the recognition of similar infections in 
humans.114

Other unusual causes of colitis include brucellosis115 and adenovi-
rus infections.116,117

DIAGNOSIS, THERAPY,  
AND PREVENTION
Any of the aforementioned microorganisms may cause an acute dys-
entery syndrome with blood and pus in the stool; examination for 
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commonly eaten after a large pig kill, which takes place every 3 to 10 
years among the highland Melanesians of Papua New Guinea. Sporadic 
cases have been reported from other parts of the world, including the 
United States.152

The pathologic findings are those of acute, patchy, necrotizing 
disease of the small bowel in previously healthy people, which may 
proceed rapidly to segmental gangrene, with small amounts of gas in 
the mucosa, mesentery, or nodes.

Several theories of pathogenesis have been suggested, most of 
which involve the toxic products of Clostridium perfringens type C, 
including α- and β-toxins. Sporadic cases of necrotizing enteritis (NE) 
have been noted in association with nutritional disorders, alcoholism, 
and malabsorption, and after pancreatic or gastric resection.153 After 
gastric surgery, increased numbers of C. perfringens organisms and 
increased levels of α-toxin have been noted in the upper small bowel 
and stomach. Whether α- or β-toxins are capable of causing NE alone, 
or whether they initiate the invasion of the mucosa by other organisms, 
such as gram-negative rods, is currently unclear. An attractive hypoth-
esis was suggested by Lawrence and Walker,153 which could explain the 
association of NE with poor nutrition and episodic dietetic overindul-
gence. The low-protein diet of Papua New Guinea highlanders is asso-
ciated with low levels of digestive proteases in the intestinal lumen, 
which can be shown to inactivate the β-toxin. The proteases can be 
further blocked by the oral intake of trypsin inhibitors, which are 
found in this population in such dietary staples as sweet potatoes. 
Proteases return with improved diet, as occurred in postwar Germany. 
This hypothesis has been confirmed in an animal model that required 
protease inhibitors for symptomatic infection.154

The clinical syndromes of NE range from anorexia, vomiting, severe 
abdominal pain, and bloody diarrhea to fulminant toxemia and shock. 
Acute complications that necessitate emergency surgery include para-
lytic ileus, bowel strangulation, and bowel perforation with peritonitis. 
These complications are common in the first 2 weeks of illness. Later 
complications that may also necessitate surgery include scarring, 
leading to stenosis; obstruction; malabsorption; and fistulas. Necrotiz-
ing enteritis occurs with greater frequency and greater severity in chil-
dren younger than 10 years. In contrast to European control subjects 
who rarely have antibodies, 70% of the healthy adults in Papua New 
Guinea have demonstrable antibody to clostridial β-toxin.151,153

The syndrome is defined by the pathologic findings but should be 
suspected in patients who develop severe abdominal pain, bloody diar-
rhea, ileus, and toxemia. The course is often too fulminant for radio-
graphic detection of air in the bowel wall to be of any diagnostic value.

Agents held responsible for causing NE include C. perfringens type 
C, once designated as type F in the older classification of Clostridium 
welchii. Most surgically resected bowel specimens from patients with 
NE contain C. perfringens, more than half of which are type C. Fur-
thermore, 12 of 21 cases described had a significant change in serum 
β-antitoxin titer after illness with pig-bel in Papua New Guinea.151 
Although polyvalent gas gangrene antiserum was ineffective, adminis-
tration of type C antiserum resulted in a 30% decrease in the need for 
surgery, and mortality was reduced from 43% to 19%.151 Furthermore, 
active immunization against the β-toxin has also proved effective in 
preventing pig-bel.155

Some have suggested that type A C. perfringens, staphylococci, or 
even hepatitis virus may be responsible for NE. The syndrome of enter-
itis gravis has been described in association with infectious hepatitis, 
although no viral cause has been documented.

Considerations in the differential diagnosis of NE include acute 
shigellosis, acute food poisoning syndromes, antibiotic-associated 
pseudomembranous colitis, and acute ulcerative colitis. The absence of 
colonic involvement; the epidemiologic setting, especially in poorly 
nourished patients; and the rapid progression to toxemia and shock 
are strongly suggestive of NE.

Therapy for NE includes careful supportive care and bowel decom-
pression. Fluid requirements may be substantially greater than what is 
indicated by fecal output. Resection of the involved bowel must be 
considered if there is a persistence of paralytic ileus, a rapid increase 
in signs of toxemia, localized or diffuse signs of peritonitis, persistent 
pain, or a palpable mass lesion. If subacute obstruction or malabsorp-
tion is suspected on the basis of weight loss, elective surgery may be 

intraluminal pressures may contribute to ischemia and pneumatosis, a 
process that may also play a role in previously normal infants who 
develop NEC after protracted periods of diarrhea. Some investigators 
have suggested a localized Shwartzman reaction to endotoxemia or 
gram-negative bacteria.135 The absence of lysozyme (normally present 
in human breast milk) may allow overgrowth of gram-negative bacilli. 
EPEC serotype O111 : B4 has also been associated with NEC.136 Because 
of the association with the use of umbilical vein polyvinylchloride 
catheters and feeding tubes, the toxic effect of plasticizers leached from 
the polyvinylchloride materials has also been suggested.137 Reports of 
outbreaks of NEC in newborn intensive care units138,139 have led to a 
careful search for infectious agents, including viral, fungal, and bacte-
rial pathogens.140 Among bacteria, Pseudomonas, Klebsiella,141 certain 
E. coli strains,136,142 Salmonella,143 and Clostridium butyricum139 have 
been implicated. The roles of ischemia and bacteria have been sug-
gested by Barlow and colleagues144 with studies in an experimental rat 
model of NEC, in which breast milk was shown to be protective. On 
the basis of an acidic intraluminal pH (<5.0) and organic acids in 
human neonates with NEC,145 increased numbers of lactose-fermenting 
Klebsiella organisms have been postulated to play a role in the patho-
genesis.146 Other investigators have suggested a role for platelet-
activating factor and protection by superoxide dismutase or endogenous 
nitric oxide.147,148 The role of the intestinal microbiota in the pathogen-
esis of NEC is being actively investigated.

Clinical features of this serious condition in newborn infants 
include apneic spells, vomiting, abdominal distention, and occasion-
ally bloody diarrhea. Most infants are younger than 1 week, and there 
is an association with prematurity, maternal infections during delivery 
(e.g., amnionitis with prolonged postruptured membranes status), and 
exchange transfusion via the umbilical vein. There is no gender or 
seasonal predilection. The disease often progresses rapidly to intestinal 
perforation, shock, septicemia, and pneumatosis intestinalis. Air may 
also be evident in the portal venous system or biliary tract on plain 
radiographs. This syndrome is associated with a mortality rate that is 
often in excess of 70%.

The diagnosis of NEC should be considered in any premature infant 
with altered gastrointestinal function, abdominal distention, or apneic 
spells. Further investigation should include examination of the stool 
for occult blood and for the presence of reducing substances. Plain 
abdominal radiographs may reveal air in the bowel wall, peritoneal 
cavity, or portal venous system, and there may be bloody diarrhea late 
in the course of the disease. Management must be initiated early and 
aggressively for any infant suspected of having NEC. Umbilical cath-
eters should be removed, oral feeding should be stopped, and nasogas-
tric aspiration should be initiated. Intravenous fluid therapy is of 
paramount importance. Laparotomy and excision of the necrotic bowel 
are often necessary and should be done aggressively if there is any 
evidence of peritonitis or obstruction.149

Prevention of NEC includes avoidance of risk factors and careful 
infection control measures in newborn intensive care units. Hyper-
tonic elemental formulas have been implicated and should be avoided 
in high-risk patients. NEC rarely occurs in breast-fed infants. Explana-
tions for the advantage of human breast milk include the presence of 
lysozyme, antibodies, and cellular elements that may play a protective 
role against potential infectious agents. Although oral prophylactic 
nonabsorbable antibiotics have been suggested, serious questions 
remain about the use of prophylactic antibiotics, even in high-risk 
newborn infants weighing less than 1500 g. A few reports have shown 
that epidermal growth factor, which is found in high concentrations in 
breast milk, may have a cytoprotective effect, and probiotics may 
decrease or prevent neonatal necrotizing enterocolitis.148,150

Darmbrand, Pig-Bel,  
Necrotizing Enteritis in Adults 
(Enteritis Necroticans)
First described as Darmbrand (meaning fire bowels) in epidemics of 
enteritis necroticans in northern Germany in the immediate postwar 
period in the mid-1940s, a severe necrotizing jejunitis has also been 
recognized in epidemic and sporadic forms after pork feasting in the 
highlands of Papua New Guinea.151 Pig-bel was the name given to the 
syndrome of abdominal discomfort that followed a large pork meal, 
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tuberculosis may be either primary, from ingestion of the organisms, 
or secondary, usually from a pulmonary source.

Primary intestinal tuberculosis without pulmonary disease often 
results in hypertrophic mucosal changes. Patients with acute miliary 
tuberculosis may also have gastrointestinal involvement.173 Patients 
with primary intestinal tuberculosis may present with abdominal pain, 
fever, and a tender, fixed, palpable mass in the ileocecal area. Primary 
hypertrophic intestinal tuberculosis continues to occur in the Middle 
East174 and in India.175 Intestinal involvement secondary to pulmonary 
tuberculosis may result from swallowing infected sputum or from 
biliary excretion of the organism from an infected liver. The frequency 
of secondary intestinal tuberculosis increases with far-advanced pul-
monary disease. Hippocrates stated that “diarrhea attacking a person 
with phthisis is a mortal symptom.”

Tuberculosis may involve any part of the gastrointestinal tract, but 
most ulcerative and hypertrophic types occur in the ileocecal region, 
where there is a predominance of submucosal lymphatic tissue. The 
most common features are fever and abdominal pain that is often 
relieved by defecation or vomiting. Weight loss is more common in 
secondary intestinal tuberculosis. Only one third of the patients with 
gastrointestinal tuberculosis have diarrhea. Diarrhea may be related  
to exacerbations of abdominal pain and occasionally occurs with 
extensive involvement of the small intestine, which may cause steat-
orrhea and a malabsorption syndrome. Although ulceration and 
mucous diarrhea are relatively common with secondary intestinal 
tuberculosis, hemorrhage and the presence of gross blood in the stool 
are distinctly uncommon, perhaps because of the associated oblitera-
tive endarteritis.

The diagnosis of gastrointestinal tuberculosis may be very difficult 
radiologically and even histologically. It must be distinguished from 
regional enteritis, sarcoidosis, actinomycosis, ameboma, carcinoma, 
and periappendiceal abscess. In contrast to Crohn’s disease, gastroin-
testinal tuberculosis rarely causes anal lesions, fistulas, or perforation. 
It is often associated with miliary nodules on the serosa, it rarely causes 
strictures longer than 3 cm, and it may cause circumferential transverse 
ulcers. Tuberculosis may also cause fibrosis of the muscularis mucosa, 
pyloric metaplasia, and epithelial regeneration.176 There may be 
minimal or no radiologic changes in the bowel mucosa. Small mucosal 
ulcerations may result in tiny calcified nodules in the mucosa in asso-
ciation with calcified mesenteric lymph nodes analogous to those seen 
in the pulmonary Ghon complex. The ileocecal region often reveals 
radiologic evidence of irritability and hypermotility, with hyperseg-
mentation of the mucosal folds or poor filling of the ileocecal region 
detected by barium enema. On occasion, frank ulcerations can be noted 
on contrast studies, and, late in the course, there is scarring. The diag-
nosis requires a careful examination of involved tissue for acid-fast 
bacilli by using special stain and culture. Caseous necrosis is more 
frequently found in the mesenteric nodes than in intestinal tissue itself. 
Complications of intestinal tuberculosis include perforation, peritoni-
tis, and obstruction from hypertrophy, scarring, or tuberculoma.

required up to 6 months after the acute illness. Raw peanut or soybean 
diets should be avoided because they contain trypsin inhibitors. C. 
perfringens type C antiserum containing β-antitoxin or the active β-
toxin vaccine should be available for use in areas where necrotizing 
enteritis can be expected to occur.

CHRONIC INFLAMMATORY 
PROCESSES
Chronic inflammatory enteritides are often indolent, slowly progres-
sive infections. Often, there is a history of weeks or months of fever, 
abdominal pain, weight loss, or other systemic manifestations. Recur-
ring or relapsing symptoms may be seen with C. jejuni or Salmonella 
gastroenteritis. In addition, 16% of cases of shigellosis may become 
prolonged, lasting for 3 weeks or longer.156 Any diarrheal illness that 
extends beyond 2 weeks is considered severe and is associated with a 
high risk of nutritional morbidity in children who live in tropical 
developing areas.157-159

Enteropathogenic and 
Enteroaggregative Escherichia coli
EPEC organisms that cause acute diarrhea in infants may rarely be 
associated with an insidious persistent or relapsing illness.160 E. coli 
organisms in O groups 1, 2, 4, 7, and 75 that produce hemolysin and 
necrotoxin have been isolated from patients with ulcerative colitis. 
These toxic organisms are not present in healthy people or in patients 
with acute diarrheal syndromes.161 In addition, EAEC organisms are 
recognized as a cause of persistent diarrhea in India, Brazil, and 
Mexico.162-164 EAEC infections are an emerging problem, and EPEC 
infections remain important in many parts of the world.165-167 EAEC 
organisms have been associated with intestinal inflammation and mal-
nutrition, even in the absence of diarrhea.168,169 The effects of antibiotic 
treatment constitute a topic of current interest, and such therapy may 
be feasible.170

Syphilis
Syphilis (see Chapter 239) can also involve the gastrointestinal tract, 
usually in the upper part of the small bowel or stomach. An acute 
erosive and infiltrative gastritis with motile spirochetes and a positive 
specific response on treponemal immunofluorescence testing has been 
reported in late secondary syphilis.171 The initial complaints are upper 
abdominal pain, vomiting, and weight loss. More classic are the late 
gastrointestinal manifestations of lues: pyloric obstruction, hourglass 
constriction, and linitis plastica of the stomach. Less commonly, 
gumma may be seen in the small bowel or colon.

Gastrointestinal Tuberculosis
Intestinal tuberculosis, once considered common, had become a rela-
tively rare disease but is now reemerging in association with acquired 
immunodeficiency syndrome and with multidrug-resistant Mycobac
terium tuberculosis (see Chapter 251).172 Intestinal involvement with 
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102 
Enteric Fever and Other Causes of 
Fever and Abdominal Symptoms
Jason B. Harris and Edward T. Ryan

Most patients with enteric fever present with nonspecific clinical fea-
tures, and fever without localizing signs may be the sole manifestation 
of enteric fever. Enteric fever is caused by typhoidal Salmonella, includ-
ing Salmonella enterica serotype Typhi, and serotypes Paratyphi A, B, 
and C. Enteric fever is associated with potentially life-threatening com-
plications, including intestinal hemorrhage and perforation, shock, 
and encephalopathy. Current diagnostic tests for enteric fever lack 
sensitivity and/or specificity, so the diagnosis and treatment of enteric 
fever is often empirical.

The term typhoidal fever is used to broadly refer to a syndrome of 
high-grade and prolonged fevers not caused by Salmonella, often in 
the absence of localizing symptoms or signs. The differential diagnosis 
for typhoidal fevers is extensive and includes a number of bacterial, 
viral, fungal, and parasitic infections, as well as noninfectious entities. 
The approach to the patient with typhoidal fever and the differential 
diagnosis of enteric and typhoidal fevers are reviewed in this chapter.

ENTERIC FEVER (TYPHOID AND 
PARATYPHOID FEVER)
History
Historically termed putrid fever or dothienteritis, the name typhoid was 
coined in 1829 by Pierre Charles Alexander Louis. The name typhoid 
means “typhus-like” and reflects the difficulty in differentiating the 
illness from epidemic typhus, another common cause of prolonged 
fever in Europe during the 19th century. Louis used the term typhoid 
in a landmark report comparing the intestinal pathology in 50 patients 
who died of typhoid fever with 83 patients who died of noninfectious 
causes, and he described the characteristic inflammation of Peyer’s 
patches, intestinal ulceration, and mesenteric adenitis associated with 
typhoid fever.1

William Budd is credited with the recognition of the fecal-oral 
transmission of typhoid fever in 1839, based on his meticulous obser-
vations during a large epidemic in the Taw Valley of England, although 
these findings were not widely recognized until many years later.2

The etiologic agent of typhoid fever was identified in pathologic 
specimens by Karl Eberth, who referred to it as Bacillus typhosus; the 
organism was subsequently first cultured in 1884 by Georg Gaffky at 
the Berlin Institute for Infectious Diseases. The term paratyphoid fever 
was first used in 1896 by Raoul Bensaude and Emile Achard, who 
isolated what would subsequently be recognized as S. Paratyphi B. The 
role of asymptomatic carriers in the transmission of infectious disease 
was first recognized by Robert Koch, a theory that he derived from his 
longitudinal observations of patients recovered from typhoid but with 
continued shedding of Bacillus typhosus.3 An understanding of the role 
of asymptomatic carriers in disease transmission was soon extended 
to other organisms and was an established mode of disease transmis-
sion at the time of George Soper’s association of Mary Mallon (also 
known as Typhoid Mary) with repeated outbreaks of typhoid fever in 
households in New York, ultimately leading to her lifelong quarantine 
on North Brother Island.4

Widal developed the first serologic test for typhoid fever in 1896, 
an agglutination assay that detects the presence of antibodies against 
the O and H antigens of S. Typhi.5 Despite inherent and significant 
limitations (see “Diagnosis”), the Widal test remains widely used in 
many resource-limited settings. The first vaccines for typhoid fever 
were killed whole-cell vaccines developed in 1896, credit for which is 
shared by Almroth Wright and Richard Pfeiffer.6-9 Despite advances in 
the development of a vaccine, typhoid fever remained a leading cause 
of morbidity and mortality in the early 19th century. A prominent 
example was a typhoid fever epidemic in the Spanish American War, 

Definition
•	 Enteric	fever	is	a	nonspecific	febrile	illness	

caused	by	typhoidal	Salmonella;	the	diagnosis	
should	be	considered	in	any	patient	with	
otherwise	unexplained	prolonged	fever.

•	 The	term	typhoidal	fever	is	sometimes	used	
more	broadly	to	refer	to	a	syndrome	of	
persistent	high-grade	fevers,	often	with	no	
localizing	features.	This	chapter	also	covers	the	
broader	differential	diagnosis	and	approach	to	
patients	with	typhoidal	fever,	relapsing	or	
prolonged	fever,	and	fever	accompanied	by	
abdominal	pain.

Epidemiology
•	 Tens	of	millions	of	cases	of	enteric	fever	occur	

each	year,	largely	in	impoverished	areas	of	
Asia	and	Africa.

•	 Enteric	fever	is	fecally/orally	transmitted,	
with	contaminated	municipal	water		
supplies	being	commonly	involved	in	
transmission.

•	 Multidrug-resistant	strains	of	the	major	
causative	agents	of	enteric	fever	(Salmonella	

enterica	serotype	Typhi	and	Paratyphi	A)	are	
now	common	worldwide.

Clinical Manifestations
•	 Common	life-threatening	complications	of	

enteric	fever	include	intestinal	hemorrhage,	
perforation,	encephalopathy,	and	shock.

•	 Untreated,	patients	with	enteric	fever	may	be	
febrile	for	3	to	4	weeks	or	longer,	with	mortality	
rates	exceeding	10%,	and	prolonged	asthenia	
and	fatigue	are	common	among	survivors.

•	 Chronic	biliary	carriage	of	typhoidal	
Salmonella	may	occur	after	resolution	of	the	
acute	illness.

Diagnosis
•	 Current	diagnostic	tests	for	enteric	fever	are	

imperfect:	blood	cultures	are	30%	to	70%	
sensitive,	bone	marrow	cultures	are	more	
sensitive	but	are	impractical,	serologic	assays	
lack	both	sensitivity	and	specificity,	especially	
in	enteric	fever	endemic	areas,	and	nucleic	
acid	amplification	assays	with	sensitivity	are	
not	available.

Therapy
•	 Given	the	morbidity	of	typhoid	fever,	the	risk	

of	complications,	and	the	lack	of	optimal	
diagnostic	tests,	the	initiation	of	antibiotics	for	
treating	individuals	with	suspected	enteric	
fever	may	be	based	on	a	presumptive	
diagnosis,	particularly	in	resource-limited	
settings.

•	 The	most	commonly	used	agents	for	treating	
individuals	with	enteric	fever	are	
fluoroquinolones,	azithromycin,	and	cefixime	
or	ceftriaxone.	Chloramphenicol,	trimethoprim-
sulfamethoxazole,	and	amoxicillin	may	be	used	
to	treat	patients	with	susceptible	strains.

•	 An	oral-attenuated	typhoid	vaccine	and	
injectable	polysaccharide	vaccine	are	
internationally	commercially	available	and	
provide	50%	to	75%	protection	for	5	and	2	
years,	respectively.	Injectable	typhoid	
conjugate	vaccines	are	in	late-stage	
development.	No	vaccine	effective	against	
paratyphoid	A	is	currently	commercially	
available.

SHORT VIEW SUMMARY
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enterica serotypes, which are referred to collectively as nontyphoidal 
Salmonella (often abbreviated as NTS; see Chapter 225). Typhoidal 
strains cause enteric fever in all human hosts, whereas NTS are classi-
cally associated with inflammatory diarrhea in human hosts or prefer-
entially cause invasive disease in immunocompromised individuals. 
However, the clinical distinction between typhoidal and NTS is not 
absolute. NTS may cause invasive infection that includes prolonged 
bacteremia (with or without pyogenic foci) that may mimic the sys-
temic illness caused by typhoidal strains.16 Although host factors influ-
ence susceptibility to invasive NTS infection, the likelihood of invasive 
infection is also dependent on characteristics of the bacterial strain. 
For example, the recent emergence of a dominant genotype associated 
with invasive NTS, S. Typhimurium ST313, in sub-Saharan Africa, 
illustrates the clinical overlap between typhoidal and nontyphoidal S. 
enterica.17

Genomic Features
Escherichia coli and S. enterica diverged over 100 million years ago, and 
S. enterica is now a genetically heterogeneous species.18 S. Typhi is 
genetically homogeneous, meaning there is very limited genetic diver-
sity across S. Typhi isolates throughout the world. Based on standard 
rates of genetic drift, it is estimated that S. Typhi emerged from a 
single-point origin within the last 50,000 years, coinciding with the 
time of human migrations out of Africa and into Asia.19,20 The genetic 
material of S. Typhi consists of a single chromosome that contains 
approximately 5 × 106 base pairs encoding approximately 4000 genes. 
S. Typhi often harbors additional plasmids that may be cryptic (confer 
an unknown function) or involved in pathogenesis. The latter include 
IncHI1 plasmids that comprise the majority of resistance plasmids 
found in S. Typhi and that remain stable in the bacteria without 
ongoing pressure from antibiotic selection.21,22

The genetic core of S. enterica consists of genes that are conserved 
across Enterobacteraciae. The genetic core of S. enterica is approxi-
mately 90% similar to E. coli. In contrast, the genetic core varies 
approximately 1% between S. enterica serovars. In addition to the 
genetic core, S. Typhi contains pathogenicity islands—horizontally 
acquired genetic elements that are often associated with unique prop-
erties of each strain and are essential for specific phenotypes associated 
with pathogenesis of each serotype.18 In S. enterica, these are specifi-
cally identified as Salmonella pathogenicity islands, or SPIs, and are 
designated with a number. S. Typhi possesses more than 20 SPIs, many 
of which are found in other S. enterica serotypes. For example, SPI-7 
is a 134-kb genetic island that possesses elements encoding the viaB 
locus, which is involved in production of the Vi capsule and evasion 
of the host immune response.23 SPI-7 is widely conserved across S. 
Typhi and is also found in S. Paratyphi C.

One of the most remarkable genetic features of S. Typhi is the 
accumulation of more than 200 functionally inactive genes known as 

in which 20,000 American Army recruits contracted the disease and 
1600 died. This defining event was linked to the first compulsory U.S. 
military-wide vaccination program, using a killed whole-cell, inject-
able typhoid vaccine developed by Frederick Russell.10

In the early 20th century, “typhomalaria” or “typhomalarial fever” 
remained an extremely common diagnosis, indicating that differentiat-
ing typhoid from malaria (and other causes of persistent fever) on 
clinical grounds was difficult. The difficulty distinguishing typhoid 
fever from typhus and other causes of fever proved clinically fortuitous. 
In 1948, Theodore Woodward and co-workers11,12 reported the effect 
of chloromycetin in two patients who were referred for a study of the 
efficacy of the drug in scrub typhus. Both were subsequently found to 
have S. Typhi bacteremia, and both patients improved rapidly after 
antibiotic therapy.11 Typhoid fever mortality has been reduced from 
10% to 1% with the use of antibiotics. However, successive pandemics 
of antibiotic-resistant organisms have occurred, including, most 
recently, the emergence of fluoroquinolone-resistant strains of S. 
Typhi. In 2001, the complete sequence of a S. Typhi strain (CT18, 
isolated from a patient in Vietnam in 1993) was published by Parkhill 
and co-workers13 at the Wellcome Trust Sanger Institute, ushering in a 
genomic era in our understanding of typhoid fever.

Etiologic Agents of Enteric Fever
Nomenclature and Classification of Typhoidal 
Salmonella enterica
S. Typhi and S. Paratyphi A, B, and C are gram-negative bacilli that 
belong to the species Salmonella enterica subspecies enterica. All S. 
enterica are categorized serologically by the Centers for Disease Control 
and Prevention (CDC) according to a modified Kauffman and White 
classification scheme, assigned based both on the O (the O polysac-
charide) and H (flagellar) antigen.14,15 Although assigning a serogroup 
based on O antigen agglutination tests is a common procedure in many 
clinical microbiology laboratories, the approach has limited clinical 
utility. Complete serotyping based on both the O and H antigen is most 
commonly performed in reference laboratories. In addition to sero-
grouping and serotyping, standard microbiologic growth and bio-
chemical parameters are also routinely used in the clinical laboratory 
for the presumptive identification of S. enterica. Serologic and selected 
biochemical characteristics that are used in the identification of S. 
Typhi and S. Paratyphi A, B, and C in microbiology laboratories are 
summarized in Table 102-1.

Clinical Distinction between Typhoidal and 
Nontyphoidal Salmonella enterica
S. Typhi, and S. Paratyphi A and B are human-restricted pathogens. S. 
Paratyphi C is pathogenic for animals as well as humans, and S. Typhi 
and S. Paratyphi are classified clinically as typhoidal Salmonella strains. 
This distinction separates these strains from all other pathogenic S. 

TABLE 102-1  Classification and Selected Microbiologic Characteristics of Typhoidal Salmonella
Serotype name S. Typhi S. Paratyphi A S. Paratyphi B 

(schottmuelleri)
S. Paratyphi C 

(hirschfeldii)
Comments

Serologic 
classification*

Serogroup D A B C

O antigen 9, 12 1, 2, 12 1, 4, (5), 12 6, 7

H antigen
Phase 1 : 2

d: − a: (1, 5) b: (1, 2) c: (1, 5) Uncommon S. Typhi H antigen variants include 
Hj : z66 found in Indonesia

K antigen Vi − − Vi

Selected 
biochemical 
characteristics†

Lactose fermentation − − − + The majority of S. Paratyphi C ferment lactose

Sulfide (H2S) production + (weak) − + + 3% of S. Typhi do not produce hydrogen sulfide

Gas produced during 
glucose fermentation

− + + +

Lysine decarboxylase + − + +
Ornithine decarboxylase − + + +

*Strong antigenic determinants are listed in bold; weaker or sometimes absent ones are in parentheses.
†Isolates can be identified as Salmonella using traditional methods. A presumptive diagnosis of S. Typhi can often be made for Salmonella isolates based on selected 

biochemical characteristics, in addition to agglutination with D and Vi antisera.
From World Health Organization (WHO), Department of Vaccines and Biologicals. Background Document: The Diagnosis, Treatment and Prevention of Typhoid Fever. 

Geneva: WHO; 2003; and WHO, Department of Communicable Disease Surveillance and Response. Salmonella serotype Typhi. In: WHO. Manual for the Laboratory 
Identification and Antimicrobial Susceptibility Testing of Bacterial Pathogens of Public Health Importance in the Developing World. Geneva: WHO; 2003:103-118.
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Severity
In the preantibiotic era, 10% to 15% of clinically recognized cases of 
typhoid fever were fatal, whereas other cases resolved over a 3- to 
4-week course. Prospective surveillance in the postantibiotic era has 
revealed that the majority of cases of enteric fever are uncomplicated 
and do not require hospitalization. Although the current mortality of 
typhoid fever is estimated at 1%, this estimate is based on few data.26 
Reported mortality rates in hospitalized patients with enteric fever in 
resource-limited settings vary widely by location, ranging from 0% to 
15%, with a median of 2%.31 In the United States, the fatality rate of 
reported cases is 0.2%.32 In addition to fatal cases, in sub-Saharan 
Africa and other regions where enteric fever is highly endemic, intes-
tinal perforation caused by enteric fever is a leading cause of peritonitis 
and acute surgical abdomen in children.33

Source of Infection
S. Typhi and S. Paratyphi A and B are human restricted. There are no 
known animal reservoirs of these pathogens that cause enteric fever, 
and the source of infection is organisms shed in the stool of infected 
humans. S. Paratyphi C can be shed by humans and animals. In the 
preantibiotic era, patients recovering from enteric fever shed organ-
isms in the stool during acute illness and typically for weeks during 
convalescence. In addition, a small portion of individuals convalescing 
from typhoid fever develop chronic asymptomatic carriage (defined as 
shedding of the bacteria in stool or urine for more than a year), which 
may persist for life.34 In the preantibiotic era, up to 5% of typhoid fever 
survivors developed chronic asymptomatic bacterial shedding in the 
stool,35,36 with gallbladder disease being the major risk factor for car-
riage.37,38 Recent studies from Nepal, where enteric fever is highly 
endemic, found that 3.5% of individuals undergoing elective cholecys-
tectomy grew S. Typhi or S. Paratyphi A from biliary cultures.39 Urinary 
carriage may also occur, frequently in conjunction with urinary schis-
tosomiasis.40 Although chronic carriers are a source of transmission 
where enteric fever occurs sporadically,32,41 their importance in the 
transmission of enteric fever in highly endemic areas is uncertain.

Mode of Transmission
Infections with typhoidal S. enterica are most often acquired via 
ingestion of fecally contaminated water or food. S. Typhi may persist 
for weeks after passage in water and may persist in a variety of 

pseudogenes.13 This adaptation may play a major role in the host 
restriction of S. Typhi. The accumulation of a large number of pseu-
dogenes is a common feature shared with S. Paratyphi A, B, and C, 
which emerged independently of S. Typhi (although subsequent 
recombination events between S. Typhi and S. Paratyphi A may also 
have occurred),24 yet are also adapted specifically to cause disseminated 
infection in humans. The same phenomenon has been observed in S. 
Typhimurium ST313 in sub-Saharan Africa; ST313 has accumulated 
extensive gene deletions and pseudogene formation (more than half of 
which are common to S. Typhi and S. Paratyphi A) compared with 
other less invasive S. Typhimurium strains.25

Epidemiology
Burden and Distribution
Measures of the burden of enteric fever are limited by the absence of 
surveillance in many regions and also by the limited sensitivity of 
current diagnostic tests. Recognizing these limitations, estimates of the 
number of cases of typhoid fever range from 22 to 27 million annu-
ally.26,27 The incidence of typhoid fever and the mortality of the disease 
vary dramatically by region (Fig. 102-1). In South Asia and parts of 
sub-Saharan Africa, the incidence approaches 1000 cases per 100,000 
person-years.26,28 In parts of Northern Africa, South America, and 
Southeast Asia, the incidence is much lower and ranges between 10 
and 100 cases per 100,000 person-years. In the United States and many 
other high-resource settings, the disease occurs sporadically, with less 
than 1 case per 100,000 person-years, and occurs most often in travel-
ers returning from endemic zones (see “Acquisition of Disease in Areas 
Where Enteric Fever Occurs Sporadically”). It is of particular note that 
as the global burden attributable to many intestinal infections has 
fallen over the last 2 decades, the global burden of typhoid has increased 
significantly.29

S. Paratyphi A is by far the most common cause of paratyphoid 
fever and is responsible for an estimated 5 million cases of enteric fever 
annually.27 The proportional burden of enteric fever caused by S. Para-
typhi A has increased substantially over the past 2 decades, and in 
some areas of South Asia, S. Paratyphi A is responsible for more than 
20% to 50% of cases of enteric fever.30 In contrast, S. Paratyphi B and 
C remain less common causes of enteric fever globally, with the pro-
portional incidence of these infections caused by these pathogens 
varying by location.

FIGURE 102-1 Global distribution of typhoid fever. (Modified from Harris JB, Brooks WA. Typhoid and paratyphoid (enteric) fever. In Magill AJ, 
Ryan ET, Hill DR, Solomon T, eds. Hunter’s Tropical Medicine and Emerging Infectious Diseases. 9th ed. Philadelphia: Saunders; 2013:568-576.)
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community-based surveys in highly endemic areas have demonstrated 
the incidence of S. Typhi bacteremia is in fact highest in young children 
(<5 years old), and may be responsible for more than 75% of cases of 
occult bacteremia in these settings.59 The higher incidence of enteric 
fever in older children among inpatients may reflect a predisposition 
to more severe disease in this older age group. In highly endemic areas, 
S. Typhi bactericidal antibodies and anticapsular (Vi) antibodies 
increase significantly over the first decade of life.60 In less endemic 
areas, the median age of patients with typhoid fever increases, suggest-
ing that the age distribution of patients may be influenced by acquired 
immunity. However, protection from a single episode of infection is 
limited, as demonstrated by frequent relapse and recurrent infections 
among patients who have recovered from typhoid fever.61

Although invasive NTS infections classically occur in persons who 
are compromised by extremes of age, malnutrition, immunodeficiency, 
or genetic risk factors, there is not an overt association between host 
risk factors and susceptibility to enteric fever. Various candidate gene 
analyses have drawn associations between single-nucleotide variations 
in Toll-like receptor 4 (TLR4), cystic fibrosis transmembrane conduc-
tance regulator (CFTR), and specific human leukocyte antigen (HLA) 
types with susceptibility to typhoid fever in Vietnam62,63; however, no 
detailed genome-wide study of typhoid fever associations has yet been 
reported.

Pathogenesis
Overview
Enteric fever and NTS infections differ in fundamental aspects. With 
NTS, infections are typically self-limited in immunocompetent hosts 
and manifest largely as an inflammatory gastroenteritis. In com parison, 
typhoidal serotypes are able to evade the normal host inflammatory 
response and cause prolonged bacteremia even in immunocompetent 
individuals, typically without overwhelming sepsis or pyogenic foci of 
infection. Specific bacterial adaptations used by S. Typhi to produce 
persistent bacteremia in the absence of an immediately overwhelming 
inflammatory response include strategies to breach the intestinal epi-
thelium in the absence of inflammatory diarrhea, to evade detection 
by host pattern-recognition receptors,64 to produce an AB5 bacterial 
toxin that acts through cell-to-cell paracrine signaling pathways,65 and 
to persist and disseminate throughout the human host within phago-
cytic cells.66 Much of our understanding of host-pathogen interactions 
in enteric fever is extrapolated from mouse models of enteric fever, 
which use Nramp1-deficient mice that develop disseminated infection 
from S. Typhimurium. Newer mouse models of infection include both 
humanized mice, as well as genetically altered mice that lack TLR11, a 
pattern-recognition receptor for flagellin that is absent in humans.67,68 
These mice are susceptible to disseminated infection with S. Typhi, 
whereas wild-type mice are not.

Invasion
In contrast to NTS and other enteroinvasive pathogens, it is thought 
that typhoidal Salmonella pass though the intestinal epithelium 
through specialized microfold cells (M cells) that transport the bacteria 
across the basolateral membrane, where they are then phagocytosed 
by macrophages in the intestinal lymphoid tissue.69 Such a stealth entry 
mechanism may explain why the invasion phase of S. Typhi infection 
is usually asymptomatic and is only accompanied by transient or mild 
diarrhea in 10% to 20% of patients.

Latency and Dissemination
Typhoidal Salmonella deploy an array of virulence factors that enable 
them to persist and replicate in an intracellular compartment.70,71 
Important cloaking mechanisms of S. Typhi include suppression of 
flagellar protein synthesis, thus masking a potent inducer of TLR5 
responses,72 and synthesis of the Vi capsule that presumably masks the 
detection of lipopolysaccharide (LPS) and other outer membrane com-
ponents.73 The genes that repress flagellin biosynthesis and are respon-
sible for Vi biosynthesis are encoded on the viaB locus located on SPI7, 
which is absent in most NTS.23 Induction of other bacterial defenses 
that are required for survival in the intracellular compartment are 
regulated by a two-component bacterial sensory-regulatory system, 
PhoP/PhoQ.74,75 The sensor PhoQ detects signals present inside the 

contaminated food items, for example, dehydrated formula and iced 
beverages.41-43 Volunteer studies may not optimally mimic natural 
exposure; however, the inoculum required to produce disease in 50% 
of adult volunteers (ID50) is 107 organisms, although fewer than 103 
organisms may produce disease.44,45

Molecular epidemiologic studies based on high-resolution geno-
typing implicate waterborne transmission as the most likely route of 
transmission in the majority of cases of enteric fever.46 Both water-
borne and foodborne transmission may contribute to large epidemics, 
and in some cases, massive epidemics have been associated with water 
contamination from a single source.47 In contrast, direct person-to-
person transmission of the etiologic agents of enteric fever appears  
less common, and more than 80% of cases of enteric fever occur in 
individuals with no known contact with an individual with symptom-
atic infection.48 Even more remarkably, in households where multiple 
cases of enteric fever occur, only 20% of those infections shared a 
common bacterial genotype, suggesting that multiple infections within 
a household occur through a community-based exposure to multiple 
circulating genotypes, rather than through direct person-to-person 
transmission.46 In highly endemic areas, consistent personal risk 
factors for infection with typhoidal S. enterica include drinking non-
boiled water and eating food prepared outside the home.49,50 In Asia, 
peak transmission occurs during the monsoon season, although 
disease is present year-round.51

Acquisition of Disease in Areas Where 
Enteric Fever Occurs Sporadically
In areas where enteric fever occurs sporadically, most cases are 
imported through travel. In the United States, 80% of cases occur in 
travelers to endemic areas.32 The rate of typhoid fever is estimated at 
10 per 1 million travelers arriving from Asia but increases to 89 per 1 
million travelers arriving from India. The risk of travel-related enteric 
fever is higher among travelers visiting friends and relatives.52 Many of 
the remaining non–travel-associated cases in the United States are 
traceable to small, local foodborne outbreaks and/or a chronic carrier.32 
From approximately 1960 to 2000, more than half of foodborne out-
breaks in the United States were linked to an asymptomatic carrier.53 
In 2010, an outbreak of S. Typhi occurred that involved at least 12 cases 
across three western U.S. states and was attributed to imported fruit 
pulp from Guatemala.54 Also, in areas where enteric fever occurs spo-
radically, small clusters of cases of sexual transmission of S. Typhi have 
been documented in men who have sex with men.55

Antibiotic Resistance and Emergence of 
Pandemic S. Typhi
Chloramphenicol-resistant S. Typhi was first reported in 1950, 2 years 
after the antibiotic was first used to treat patients with typhoid fever.56 
However, widespread dissemination of antibiotic-resistant strains did 
not occur until the 1970s. Multidrug-resistant S. Typhi carrying IncHI1 
plasmid-mediated resistance to chloramphenicol, ampicillin, trime-
thoprim, and sulfonamides became common in the 1980s. Nalidixic 
acid–resistant strains of S. Typhi and S. Paratyphi A, with decreased 
susceptibility to fluoroquinolone antibiotics, emerged in the 1990s, and 
are now common.57

Although the lack of genetic diversity of S. Typhi previously hin-
dered efforts to characterize the global epidemiology of disease, the 
increasing use of high-density genotyping methods, including whole-
genome sequencing, has circumvented these challenges and resulted 
in a better understanding of the forces driving the evolution and trans-
mission of S. Typhi. Although a general lack of diversity among 
S. Typhi suggests a lack of strong selection pressure over millennia, 
the recent expansion of a single fluoroquinolone-resistant haplotype 
known as H58 into a pandemic strain found throughout Asia and 
Africa, and the emergence of several other lineages with diverse gyrA 
mutations, suggest that fluoroquinolones may be exerting a uniquely 
strong selection pressure that is shaping the global evolution of  
S. Typhi.20,58

Host Factors and Susceptibility to Infection
Historically, enteric fever was considered a disease that predominantly 
affected school-aged children and young adults. However, prospective 
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Intestinal and Other Local Pathology
Intestinal lymphoid tissue is a predominant site of localized inflamma-
tion and persistent bacterial replication in cases of severe enteric fever 
(Fig. 102-2).83,84,85,86 Early in the course of illness, Peyer’s patches in the 
terminal ileum and draining mesenteric nodes are enlarged and 
contain infiltrates consisting of mononuclear cells, including macro-
phages and lymphocytes.83 As disease progresses, necrosis of intestinal 
lymphoid tissue occurs, with mixed inflammatory infiltrates, including 
neutrophils and ulceration and sloughing of overlying intestinal 
mucosa.83 Immunohistochemical staining for the S. Typhi O antigen 
reveals abundant organisms in necrotic areas.84 The clinical manifesta-
tions of these changes include hemorrhage and/or intestinal perfora-
tion, two of the major life-threatening complications of enteric fever 
(Fig. 102-3). Other affected organs include the liver, with monocytic 
infiltrates and foci of parenchymal necrosis, and the spleen, with 
nodular monocytic infiltrates in the red pulp.87 Similar monocytic 
infiltrates may occur in the gallbladder, and gallbladder perforation, 
which may mimic intestinal perforation, is a rare complication of 
typhoid fever.88

Relapse and Chronic Carriage
Untreated, typhoid fever may persist for up to 4 weeks, and relapse 
occurs in up to 10% of untreated cases, usually within 2 weeks after 
initial resolution of fever.89 Relapse is usually due to the same strain as 
that associated with the original infection.90 The gallbladder is the 
primary site of chronic carriage, although some asymptomatic carriers 
continue to shed the organism in stool even after cholecystectomy. The 
in vitro and clinical observations that S. Typhi forms biofilms on cho-
lesterol gallstones may explain the strong epidemiologic association 
between gallstones and carriage.91,92 An association has been reproduc-
ibly observed between chronic carriage of S. Typhi and risk of gallblad-
der carcinoma, but it is unknown whether carriage causes cancer or 
reflects underlying biliary epithelial surface abnormalities.93

Clinical Manifestations
The clinical manifestations of enteric fever are nonspecific. Although 
paratyphoid fever was considered less severe than typhoid fever, recent 
comparisons suggest that typhoid fever and paratyphoid fever caused 

host phagosome and activates the transcriptional regulator PhoP, 
which in turn controls the expression of a large number of downstream 
genes involved in modification of lipid A, resistance to antimicrobial 
peptides, and acidification of the phagosome.76,77 Consistent with a role 
in pathogenesis, phoPQ mutants are nonvirulent in humans and have 
been evaluated as candidate live-attenuated vaccines.78,79

Quantitative blood cultures demonstrate that more than 60% of 
culturable circulating S. Typhi organisms reside in the intracellular 
compartment.80 Presumably, this allows for dissemination throughout 
reticuloendothelial tissues via the blood and lymphatic systems. The 
heaviest burden of infection is established in the intestinal lymphoid 
tissue, liver, spleen, gallbladder, and bone marrow. Patients with 
typhoid fever most often have very low-grade bacteremia, a feature that 
presents a formidable diagnostic challenge. The kinetics of quantitative 
bacterial cultures has been studied in Vietnam.80 The median number 
of culturable bacteria is less than 1 colony-forming unit (CFU) per mL 
of whole blood in adults, and slightly higher (1.5 CFU/mL) in chil-
dren.80 Slightly more culturable organisms are present in the bone 
marrow, with a median of 10 per mL of bone marrow.81 However, over 
the course of illness, the number of culturable S. Typhi in the blood 
decreases, and the proportion of bacteria in the bone marrow increases 
from 5 : 1 (marrow : blood) in the first week of illness to more than 
150 : 1 in the third week of illness, reflecting relative clearance of bac-
teria from peripheral blood but persistence in the marrow compart-
ment.81 Pathologic examination of bone marrow may demonstrate 
monocytic infiltrates typical of typhoid fever (see “Intestinal and Other 
Local Pathology”).

The initial period of replication and dissemination likely represents 
a prepatent phase of infection. Prepatent infection typically lasts 
between 1 to 2 weeks but can range widely (3 to 60 days), depending 
on the number of organisms ingested.82 Ultimately, infection results 
in the sufficient secretion of inflammatory cytokines, including pyro-
genic cytokines such as tumor necrosis factor-α (TNF-α) and 
interleukin-6 (IL-6), which result in fever. However, unlike what occurs 
during prototypical gram-negative bacteremia, septicemia with hypo-
tension, neutrophilia, and disseminated intravascular coagulopathy 
(DIC) are extremely uncommon in patients with typhoid or enteric 
fever.

FIGURE 102-2 Intestinal pathology in enteric fever. A, The visualized mucosal surface of a surgically resected area demonstrates two perforations 
(arrowheads); the visualized serosal surface demonstrates significant enlargement of lymph nodes (arrows). B and C, Lower and higher magnification 
views demonstrate immunohistochemical staining for the Salmonella O:9 antigen in a necrotic lymph node. (From Neil KP, Sodha SV, Lukwago L, et al. 
A large outbreak of typhoid fever associated with a high rate of intestinal perforation in Kasese District, Uganda, 2008-2009. Clin Infect Dis. 2012;54:
1096.)
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may be the sole manifestation of enteric fever. The onset of fever may 
be insidious, and fevers typically increase over the first week of illness.97 
A variety of other nonspecific flulike symptoms are common early in 
the course of enteric fever, and headache, anorexia, myalgias, and 
malaise may precede the onset of fever.94,98 Mild confusion may be seen 
even in ambulatory patients, and a nonproductive cough is also a 
common feature of uncomplicated enteric fever. Abdominal com-
plaints may include diarrhea, constipation, and abdominal pain. Inva-
sive diarrhea, such as seen in NTS gastroenteritis, does not typically 
occur in enteric fever.

The physical findings of uncomplicated enteric fever are also non-
specific. Although relative bradycardia, or pulse-temperature dis-
sociation, is a classic sign of enteric fever, it may not be a clinically 
useful predictor of enteric fever for individual patients.99 Rose spots, 
the classic cutaneous manifestation of enteric fever, are 1- to 4-mm 
blanching pink macules, and are most often seen on the chest, back, 
and abdomen during the second week of fever. However, rose spots are 
uncommon in uncomplicated typhoid fever. Mild, nonlocalizing, 
abdominal tenderness may be present. Hepatomegaly and splenomeg-
aly, if present, are usually modest. A white or yellowish/brown coating 
of the tongue that spares the tongue’s edges is a common physical 
finding.94

Laboratory Findings  
in Uncomplicated Infection
Although abnormal white blood cell counts in peripheral blood are 
common in patients with bacteremia, the majority of patients with 
uncomplicated enteric fever do not have leukocytosis, neutrophilia, or 
increased immature neutrophils.94 However, either leukocytosis or leu-
kopenia may be present. Both the hematocrit and platelet counts are 
typically normal or slightly low. Elevated serum aspartate transaminase 
and alanine transaminase are very common in enteric fever; values two 
to three times above the upper limit of the normal range are typical.100 
On occasion, more severe hepatitis is observed, but very high levels of 
blood transaminases (>500 IU/L) should prompt concern for other 
etiologies, including viral hepatitis or drug toxicity.100

Severe Illness
Classic descriptions of the features of enteric fever are drawn from 
observations of series of hospitalized patients in the preantibiotic era, 
in which mortality rates were consistently in the 10% to 15% range. 
The natural history of untreated disease included progressively increas-
ing fevers over the first week of illness, followed by increasing abdomi-
nal complaints and rash over the second week of illness, followed by 
complications, including intestinal hemorrhage and perforation, or 
gradual resolution in the third and fourth weeks of illness.95

In the present antibiotic era, it remains true that because enteric 
fever progresses gradually, patients who are severely ill with enteric 
fever may have been febrile for greater than a week when they first 
come to clinical attention. Patients with severe enteric fever may appear 
toxic, and characteristically would have moderate abdominal pain or 
tenderness, as well as constipation or diarrhea. Physical findings in 
severe enteric fever include hepatomegaly and splenomegaly. Patients 
with severe enteric fever are more likely to suffer major complications 
listed in Table 102-3. Complications associated with increased mortal-
ity in severe typhoid fever include intestinal hemorrhage and perfora-
tion, severe encephalopathy, seizures, and pneumonia.101

Gastrointestinal Complications
Intestinal hemorrhage occurs in up to 10% of hospitalized patients 
with severe enteric fever and is usually self-limited.89 Intestinal perfora-
tion, a major life-threatening complication of enteric fever, occurs in 
up to 3% of hospitalized patients.102,103 A recent series of patients from 
Vietnam with intestinal perforation resulting from enteric fever dem-
onstrated that the median length of illness preceding perforation was 
9 days from the onset of fever, although some cases occurred within 
the first week.85 Perforation is suggested by clinical signs of peritonitis, 
including tachycardia, leukocytosis, neutrophilia, and abdominal pain 
with guarding and rebound tenderness. The clinical diagnosis of  
perforation requires a high index of suspicion because patients with 
severe enteric fever may appear toxic and have significant abdominal 

by S. Paratyphi A are generally indistinguishable on clinical grounds.94 
Most patients with enteric fever are diagnosed in the ambulatory 
setting, and up to 90% are treated as outpatients.89 In contrast, classic 
descriptions of the features of enteric fever are derived from series  
of hospitalized patients with more severe disease.95 Complications of 
enteric fever were generally thought to occur late in the course of 
disease, usually after 2 weeks of fever. However, recent experience 
demonstrates that major complications of enteric fever, including 
intestinal perforation and encephalopathy, may occur within days of 
onset of fever.84,85,96

Uncomplicated Typhoid Fever
Clinical features of enteric fever diagnosed in the ambulatory setting 
are listed in Table 102-2. Fever without localizing signs or symptoms 

TABLE 102-2  Clinical Features of Typhoid and 
Paratyphoid Fever

CLINICAL FEATURE APPROX. FREQUENCY*
Flulike symptoms Fever >95%

Headache 80%

Chills 40%

Cough 30%

Myalgia 20%

Arthralgia <5%

Abdominal 
symptoms

Anorexia 50%

Abdominal pain 30%

Diarrhea 20%

Constipation 20%

Physical findings Coated tongue 50%

Hepatomegaly 10%

Splenomegaly 10%

Abdominal tenderness 5%

Rash <5%

Generalized adenopathy <5%

*The proportion of patients demonstrating these clinical features of enteric fever 
varies, depending on the time, region, and the type of clinical population 
(hospitalized or ambulatory) assessed. Estimates are drawn from recent case series 
in an endemic area, with patients presenting for ambulatory or inpatient care.94,98

Modified from Magill AJ, Ryan ET, Hill DR, Solomon T, eds. Hunter’s Tropical 
Medicine and Emerging Infectious Diseases. 9th ed. Philadelphia: Saunders; 2013:
568-576.

FIGURE  102-3 Intraoperative photograph of intestinal perfora-
tion caused by S. Typhi. Intestinal perforation is seen on the antimesen-
teric border of the small bowel, which is inflamed with patchy exudates 
on the serosal surface. (Courtesy Dr. Pukar Maskey, Patan Hospital, Kat-
mandu, Nepal. From Harris JB, Brooks WA. Typhoid and paratyphoid 
(enteric) fever. In Magill AJ, Ryan ET, Hill DR, Solomon T, eds. Hunter’s 
Tropical Medicine and Emerging Infectious Diseases. 9th ed. Philadelphia: 
Saunders; 2013:568-576.)
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frequently occur. Although uncommon, pyogenic complications 
during typhoid have been described and include empyema, osteomy-
elitis, muscle abscess (particularly involving the psoas), as well endo-
vascular infections and endocarditis.109

Diagnosis
The laboratory diagnosis of enteric fever is often challenging because 
current culture-based, serologic, and molecular diagnostic tests for 
enteric fever fail to achieve an optimal combination of sensitivity and 
specificity.110 For this reason, it is often appropriate to treat patients 
with suspected enteric fever with empirical antibiotic therapy. The 
diagnosis of enteric fever should be considered in any person with 
fever, especially in those with fever lasting longer than 3 days and who 
have had an exposure in the last 1 to 6 weeks to an area where enteric 
fever is endemic. In endemic areas, other clinical factors that are asso-
ciated with a higher likelihood of enteric fever include a temperature 
greater than 39° C, ill appearance, young age (<5 years), and any 
abdominal complaints, including abdominal pain, diarrhea, or consti-
pation.59 As the duration of fever increases, the likelihood of enteric 
fever increases.89

Culture-Based Diagnostics
Although a presumptive diagnosis of enteric fever may be sufficient 
grounds for initiating and continuing antimicrobial therapy, a defini-
tive diagnosis of enteric fever is only made through the isolation of  
a typhoidal serotype of S. enterica (S. Typhi or S. Paratyphi A, B, 
and C) from the blood, bone marrow, stool, urine, or other clinical 
specimen of a febrile patient. Isolation of the causative organism  
also allows antimicrobial resistance testing, which facilitates optimal 
management.

Blood culture is the most common method of diagnosis, where 
adequate microbiologic facilities exist. The sensitivity of blood culture 
varies from approximately 40% to 80%.89,111,112 The low-grade bactere-
mia in enteric fever is an inherent limiting factor to the sensitivity  
of blood cultures, as is prior receipt of antibiotics.80 To maximize 
the sensitivity of blood cultures, the World Health Organization 
(WHO) recommends that cultures be performed using 10 to 15 mL of 
blood from schoolchildren and adults, and 2 to 4 mL of blood from 
toddlers and pre–school-aged children.82 The use of a nonselective 
broth media, as is standard for most blood cultures, is encouraged 
because it maximizes detection of a wide range of pathogens. The sole 
use of Salmonella selective or enriching media, such as ox bile medium, 
is discouraged.82

Although less sensitive than blood cultures, stool cultures are posi-
tive in more than 50% of children and 30% of adults with enteric fever, 
and they increase the diagnostic yield over blood cultures alone by 
approximately 5%.113 To maximize detection, the WHO recommends 
the use of greater than 1 g of stool and selenite enrichment broth.82 
Culturing of bone marrow has the highest sensitivity (80% to 95%) of 
all the culture-based approaches, with culturing of a 1-mL aspirate of 
bone marrow having the sensitivity of a 15-mL peripheral blood 
culture in an adult.80,81 Culturing of bone marrow is, however, not 
clinically practical for most patients with suspected enteric fever, 
although microbiologic and hematologic analysis of a bone marrow 
aspirate may be part of an evaluation of a patient with a prolonged 
fever of unknown origin when less invasive testing is unrevealing. 
Other specimens that may yield growth of S. Typhi or S. Paratyphi A, 
B, and C include urine, duodenal aspirates, and skin biopsies of rose 
spots. However, these approaches are not routinely recommended. 
Cultures obtained from intestinal biopsies and peritoneal fluid of 
patients with perforation are rarely positive.84,85

Serologic
The Widal test detects agglutinating antibodies against the O and H 
antigens of S. Typhi. The Widal test was developed over a century ago 
and remains one of the world’s most widely used diagnostic tests but 
suffers from significant limitations in its sensitivity and specificity, as 
well as reliability.110 Like most serologic tests, a false-negative Widal 
test may occur early in the course of illness, and a false-positive Widal 
test may result from past infection or from previous exposure to cross-
reactive antigens or vaccination. There are no universal standards that 

tenderness even before perforation. Radiographic evidence of pneu-
moperitoneum may be present in only 50% of cases.

Neurologic Complications
Various case series document a widely varying prevalence of diverse 
neuropsychiatric manifestations during enteric fever, ranging from 
encephalopathy, encephalomyelitis, transverse myelitis, meningitis, 
ataxia, and Guillain-Barré syndrome.96,104 Although most of these 
manifestations are uncommon, patients with severe enteric fever often 
present with some component of encephalopathy, and a history of 
confusion or an apathetic affect are common.89 Of note, typhoid was 
named for its clinical similarity to typhus, and the name typhus was 
from the Greek term for “smokey” or “cloudy,” reflecting the neuro-
logic features that often accompanied this febrile illness. More severe 
encephalopathy, manifested by delirium, stupor, and coma, occurs in 
a smaller number of hospitalized patients and is associated with a high 
risk of mortality.101,105,106 Even in cases of severe encephalopathy, 
microbiologic evaluation of cerebral spinal fluid is usually unrevealing, 
and pleocytosis, if present, usually reveals fewer than 35 cells per 
µL.105,106 Encephalopathy during enteric fever may be most common 
among older children and young adults.107 Seizures during enteric 
fever are most common in young children and are associated with 
increased mortality.101 Meningitis caused by S. Typhi is seen primarily 
in infants.108

Metastatic Pyogenic Complication
Although enteric fever is a disseminated bacterial infection, pyogenic 
abscess formation during enteric fever is notably infrequent, although 
S. Paratyphi C is more likely to cause abscesses and focal infections 
than the other typhoidal strains. This contrasts with what occurs 
during invasive nontyphoidal salmonellosis, in which osteomyelitis, 
joint infection, abscess formation, and endovascular infection more 

TABLE 102-3  Complications of Typhoid and 
Paratyphoid Fever

SYSTEM COMPLICATION NOTES
Gastrointestinal Hemorrhage 10%-15% in hospitalized 

patients

Perforation 3% in hospitalized patients

Hepatobiliary Jaundice 1%-3% in hospitalized patients

Hepatitis Usually subclinical (↑ ALT/AST)

Acute cholecystitis Rare; gallbladder may perforate

Neurologic Mild encephalopathy Confusion or apathy common

Severe encephalopathy Delirium, stupor, or coma

Seizures Common in children ≤5 yr

Meningitis Rare, primarily infants

Guillain-Barré syndrome Reported

Respiratory Bronchitis Dry cough is common

Pneumonia May be other concomitant 
bacterial infection (e.g., 
Streptococcus pneumoniae)

Empyema Rare reports

Cardiovascular Myocarditis Usually subclinical (ECG changes)

Endocarditis Rare reports

Hematologic Anemia Usually subclinical

Disseminated 
intravascular 
coagulation

Usually subclinical (↑ PT/PTT)

Other Musculoskeletal 
pyogenic infections

Osteomyelitis (particularly 
vertebral), psoas abscess and 
others reported

Hemolytic-uremic 
syndrome

Reported

Miscarriage Reported

ALT, alanine aminotransferase; AST, aspartate aminotransferase; ECG, 
electrocardiographic; PT, prothrombin time; PTT, partial thromboplastin time.

Modified from Magill AJ, Ryan ET, Hill DR, Solomon T, eds. Hunter’s Tropical 
Medicine and Emerging Infectious Diseases. 9th ed. Philadelphia: Saunders; 2013:
568-576.
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Paratyphi A limits the arsenal of effective antibiotics in many areas. 
The selection of an appropriate antibiotic is dependent not only on 
antibiotic-resistant patterns but on the severity of illness, the age of the 
patient, and the availability and cost of antibiotics in resource-limited 
settings. In addition to antibiotic therapy, supportive care, monitoring 
for complications, and adjunctive therapy with pulse-dose steroids for 
severe disease (see later) are important aspects of management of 
patients with enteric fever.

Chloramphenicol, Ampicillin, and 
Trimethoprim-Sulfamethoxazole
Chloramphenicol, ampicillin, and trimethoprim-sulfamethoxazole 
were the original first-line antibiotics for treating patients with enteric 
fever. Widespread resistance emerged in the 1980s, through dissemina-
tion of IncH1 plasmids conferring simultaneous resistance to all three 
agents. Such strains remain widely disseminated and are termed 
“multidrug-resistant (MDR) S. Typhi.” In the United States between 
1999 and 2006, 13% of the 2016 isolates reported to the CDC were 
MDR S. Typhi.32

Because of the risk of irreversible bone marrow aplasia in up to 1 
in 10,000 recipients,119 chloramphenicol is no longer routinely used in 
many areas, and oral chloramphenicol is not available in the United 
States. However, in many resource-limited areas, oral chloramphenicol 
is still available, has excellent bioavailability and central nervous system 
penetration, and has broad-spectrum activity against many common 
causes of serious childhood bacterial infections, including enteric 
fever. Chloramphenicol reduces the mortality rate of enteric fever sub-
stantially and decreases the time to defervescence to 3 to 5 days, but 
its use is associated with a high relapse rate and risk of chronic car-
riage.120,121 Oral trimethoprim-sulfamethoxazole may also be used to 
treat individuals with susceptible strains, although delayed clearance 
and relapses are common. Both chloramphenicol and trimethoprim-
sulfamethoxazole are bacteriostatic agents.122 Oral amoxicillin may 

define the cutoff dilution of agglutinating antibodies to indicate a posi-
tive Widal test. The very low specificity of the assay (50% to 70%) and 
the inability to discern active from previous infection or vaccination 
means that the assay should rarely, if ever, be used.

Other rapid serologic tests for enteric fever have been developed. 
Major commercial tests include the IDL Tubex and Typhidot assays. 
The IDL Tubex test (IDL Biotech AB, Bromma, Sweden) is a rapid 
immunochromatographic test that detects immunoglobulin M (IgM) 
antibodies to the O:9 antigen (the major antigenic determinant of S. 
Typhi LPS). An advantage of this approach is that T-cell–independent 
IgM responses that target S. enterica O polysaccharide develop early in 
the clinical course of illness. Studies suggest the sensitivity of the IDL 
Tubex is approximately 70% to 80%, with a specificity of 80% to 90% 
when evaluated against standards comprised of patients with blood 
culture–proven typhoid fever versus other known causes of bactere-
mia.114,115-117 The Typhidot assay (Malaysian Biodiagnostic Research, 
Bangi, Malaysia) that detects both IgM and IgG to a 50-kDa outer 
membrane protein antigen of S. Typhi has a similar performance 
characteristic.114,115,116,118

Molecular diagnostic approaches based on nucleic acid detection 
have met with only mixed and limited success, presumably reflecting 
the low-level bacteremia that has hindered culture-based methods, as 
well as the action of inhibitors in human blood; such assays are not 
currently commercially available.110 The lack of adequate diagnostic 
testing for enteric fever means that this remains an active area of 
investigation.110

Management
Appropriate antibiotic management (Table 102-4) reduces the mortal-
ity rate of enteric fever from 10% to 15% to less than 1%, and shortens 
the duration of fever from 3 to 4 weeks to 3 to 5 days.11 Uncomplicated 
enteric fever is treated with a single antibacterial drug.89 However, the 
widespread emergence of antibiotic resistance in S. Typhi and S. 

TABLE 102-4  Antibiotics Commonly Used in Treating Patients with Enteric Fever*

ANTIBIOTIC ROUTE

TYPICAL 
PEDIATRIC 
DOSAGE†

ADULT 
DOSAGE

TYPICAL 
DURATION COMMENTS

Original first-line 
agents

Chloramphenicol PO/IV 12.5-25 mg/kg qid 2-3 g/day (divided 
qid)

14-21 days These agents are effective for susceptible 
strains; however, multidrug resistance to 
all of these agents is common in many 
areas.

Amoxicillin PO 25-35 mg/kg tid 1 g tid 14 days

Ampicillin IV 25-50 mg/kg q6h 2 g q6h 14 days

TMP/SMX PO/IV 8-12 mg/kg/day (TMP) 
40-60 mg/kg/day 
(SMX) (divided qid)

160 mg/800 mg qid 14 days

Fluoroquinolones Ofloxacin PO/IV 15 mg/kg bid 400 mg PO bid 5-14 days Ofloxacin and ciprofloxacin are effective for 
nalidixic acid–susceptible strains. Short 
courses of 5-7 days are acceptable in 
uncomplicated cases. Ten- to 14-day 
courses are recommended in patients 
requiring hospitalization or parenteral 
therapy.

Gatifloxacin appears effective for 
uncomplicated cases caused by NaR 
strains.

Ciprofloxacin PO/IV 15 mg/kg bid 500 mg PO bid 5-14 days

Gatifloxacin PO 10 mg/kg qd 10 mg/kg/day qd 7 days

Third-generation 
cephalosporins

Ceftriaxone IV 50-100 mg/kg qd 1-2 g IV qd 10-14 days‡ These are an alternative to fluoroquinolones 
for NaR strains, and for empirical therapy 
in areas where NaR is common.

Cefixime PO 10 mg/kg bid 200 mg PO bid 7-14 days

Macrolides Azithromycin PO 20 mg/kg qd 500-1000 mg PO 
qd

7 days These are an alternative for uncomplicated 
infections caused by NaR strains and for 
empirical therapy where multidrug 
resistance and NaR are common.

Eradication of 
carriage

Ciprofloxacin PO — 500-750 mg bid 28 days If eradication is indicated for public health 
reasons, a trial of medical therapy is 
justified, even in patients with evidence 
of cholelithiasis. Cholecystectomy may be 
considered.

*See text for references.
†Weight-based pediatric dosage should not exceed adult maximum.
‡Recommended that treatment continue for at least 7 days postdefervescence to minimize relapse.
NaR, nalidixic acid resistant (see text); TMP-SMX, trimethoprim-sulfamethoxazole.
Modified from Magill AJ, Ryan ET, Hill DR, Solomon T, eds. Hunter’s Tropical Medicine and Emerging Infectious Diseases. 9th ed. Philadelphia: Saunders; 2013:568-576.
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responses after administration of fluoroquinolones.127,135 Resistance 
of typhoidal S. enterica to extended-spectrum β-lactam antibiotics 
remains rare but has been reported.136,137

Azithromycin
Azithromycin is a highly effective drug for treating patients with 
enteric fever; favorable attributes include its efficacy, its established 
safety in children, and its excellent bioavailability and pharmacokinet-
ics, with once-daily dosing. Azithromycin reaches high intracellular 
concentrations that may contribute to its high rates of cure. A 7-day 
course of azithromycin treatment for patients with enteric fever results 
in lower rates of clinical failure and substantially less relapse than 
third-generation cephalosporins.138 Defervescence occurs within an 
average of 4 days.129,133,138 For these reasons, azithromycin is an excel-
lent option for treating patients with enteric fever caused by MDR and 
NaR S. Typhi and S. Paratyphi A.138 Although not yet reported in 
typhoidal Salmonella, decreased susceptibility to azithromycin has 
been reported in invasive Salmonella choleraesuis in Asia.139

Adjunctive Therapy
Adjunctive therapy with high-dose dexamethasone has been shown to 
decrease mortality in cases of severe typhoid fever.106 A double-blind 
trial involving 38 adult and pediatric patients with severe typhoid fever 
in Indonesia, conducted in 1981 and 1982, demonstrated that treat-
ment with chloramphenicol, along with 3 mg/kg of dexamethasone 
administered over 30 minutes, followed by eight doses at 1 mg/kg 
every 6 hours, significantly reduced mortality (2 of 20 patients died in 
the dexamethasone arm) compared with chloramphenicol and placebo 
(10 of 18 patients died in the placebo arm, P = .003).106 In this study, 
severe typhoid fever was defined as typhoid fever with shock and/or 
profound encephalopathy manifested as delirium or obtundation.106 
More recent studies continue to support the concurrent use of dexa-
methasone and antibiotics in both children and adults with severe 
typhoid fever.105,140 For this reason, administering high-dose steroids to 
patients who present with shock or, more often, significant mental 
status changes, and in whom there is strong suspicion of enteric fever, 
is recommended.

Supportive Care and Management of 
Complications
Supportive care of patients with severe enteric fever includes rehydra-
tion, nutritional management, and mobilization. Contrary to a prevail-
ing historical opinion, it appears that fevers and malaise can be 
managed safely and more comfortably with a standard regimen of 
antipyretics.141 One small double-blind trial showed that ibuprofen was 
superior to paracetamol in reducing the morbidity of fevers in enteric 
fever.141

Patients with intestinal hemorrhage should be monitored, ideally 
in an intensive care setting, but can generally be managed through 
supportive care. Blood products, including packed red cells and 
plasma, may be needed in severe cases. Intestinal perforation in enteric 
fever is associated with a high mortality rate, but prompt surgical 
intervention is associated with improved survival.85,102,142 Although the 
majority of perforations are single, careful inspection is required to 
determine if multiple perforations are present. Although simple closure 
may be performed in some cases, a wedge excision or segmental resec-
tion is more often necessary because the surrounding bowel is often 
necrotic.143,144 Drainage of collections and peritoneal lavage should be 
performed before wound closure. Antibiotic regimens after perforation 
should be expanded to cover other intestinal microbiota, including 
anaerobes.

Treatment of Relapse and Chronic Carriage
Relapse usually occurs within 2 weeks of discontinuation of antibiotics, 
and relapsing patients typically present with more mild symptoms than 
during the primary episode. Isolates obtained after relapse typically 
have the same antibiotic susceptibility as during the initial episode. The 
approach to treating patients with relapsed enteric fever is usually the 
same as for the primary episode.

Chronic carriage is defined as asymptomatic shedding of typhoidal 
S. enterica for 1 year or more. Asymptomatic shedding does not 

also be used to treat individuals with susceptible strains and may result 
in lower likelihood of relapse.123

Fluoroquinolones
In many areas of the world, fluoroquinolone antibiotics are the pre-
ferred therapy for patients with suspected enteric fever, although 
increasing antimicrobial resistance is occurring globally.32,124,125 For 
susceptible isolates, fluoroquinolone antibiotics, such as ciprofloxacin, 
and the less costly, more widely available ofloxacin, result in deferves-
cence within 3 to 4 days, which is similar to the response associated 
with chloramphenicol and more rapid than that for third-generation 
cephalosporins.126,127 Administration of a fluoroquinolone also results 
in lower rates of relapse and carriage compared with those associated 
with use of chloramphenicol or third-generation cephalosporins.126,127

Because of the availability and widespread use of fluoroquinolone 
antibiotics in many areas of the world, fluoroquinolone resistance has 
become increasingly common in S. Typhi and S. Paratyphi A in areas 
where enteric fever is highly endemic.125 In South and Southeast Asia, 
strains with reduced susceptibility to fluoroquinolones now predomi-
nate. In the United States between 1999 and 2006, 38% of the 2016 S. 
Typhi isolates tested demonstrated decreased susceptibility to fluoro-
quinolones,32 and among cases in travelers with typhoid fever acquired 
in India between 2004 and 2006, approximately 80% had decreased 
susceptibility to fluoroquinolones.32

Before 2012, breakpoints for fluoroquinolone susceptibility were 
standard across all Enterobacteriaceae, although resistance to nalidixic 
acid (a nonfluorinated quinolone antibiotic) was associated with 
decreased clinical responsiveness to fluoroquinolone antibiotics, such 
as ofloxacin and ciprofloxacin.128-131 Nalidixic acid resistance (NaR) 
thus became a surrogate marker for predicting clinical failure of  
fluoroquinolones, even for S. Typhi and S. Paratyphi strains that met 
Clinical Laboratory and Standards Institute (CLSI) criteria for fluo-
roquinolone susceptibility.57 The CLSI amended its breakpoints for S. 
Typhi and S. Paratyphi A, B, and C for ciprofloxacin in 2012 and for 
levofloxacin and ofloxacin in 2013. For ofloxacin, strains with a 
minimal inhibitory concentration (MIC) of less than or equal to 
0.12 µg/mL are considered susceptible. Patients with strains with an 
MIC of 0.12 µg/mL defervesce within an average of fewer than 5 days 
after initiation of ofloxacin therapy, and patients with strains with an 
MIC of 0.064 µg/mL or less defervesce in fewer than 4 days.131 For 
ciprofloxacin, the amended breakpoint for defining susceptibility is 
now less than or equal to 0.06 µg/mL. A complicating factor is that 
many laboratories are not currently able to implement testing of these 
lower breakpoints for typhoidal S. enterica isolates. For such strains, 
NaR remains an appropriate marker of reduced susceptibility to fluo-
roquinolone antibiotics.

Although generally well tolerated, concerns about the toxicity of 
fluoroquinolone-induced articular toxicity in immature animals have 
limited their use in children in some areas; however, several studies 
support the safety of their use in children.132 Gatifloxacin is a dual 
mechanism-of-action fluoroquinolone that inhibits both DNA gyrase 
and topoisomerase IV. Gatifloxacin has been associated with increased 
frequency of hypoglycemia and hyperglycemia, compared with other 
fluoroquinolones, and, for this reason, it was withdrawn from the U.S. 
market. However, gatifloxacin remains available in many countries 
where enteric fever is endemic and is reported to be clinically effective 
against NaR S. Typhi.133 For this reason, gatifloxacin may remain useful 
in the empirical treatment of patients with enteric fever, even in areas 
where NaR strains predominate.

Cephalosporins
The emergence of S. Typhi and S. Paratyphi A strains with decreased 
susceptibility to fluoroquinolones has shifted the choice for empirical 
treatment of individuals with suspected severe enteric fever toward 
third-generation cephalosporins. However, although third-generation 
cephalosporins, such as ceftriaxone and cefixime, may be used, they 
appear inferior to fluoroquinolones for fully fluoroquinolone-
susceptible strains.127 Of note, both cefixime and short courses of par-
enteral ceftriaxone (≤7 days) are associated with high relapse rates 
during enteric fever.134 In addition, time to defervescence is longer 
in patients treated with cefixime and ceftriaxone, compared with 
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Although the WHO’s Strategic Advisory Group of Experts has 
advised that typhoid vaccination programs be considered in endemic 
settings,147 these vaccines are not currently widely used in most 
endemic regions and are more often used by travelers to endemic areas. 
For travelers receiving either the Vi or Ty21a vaccines, it is optimal that 
typhoid vaccine be completed at least 7 days before travel, if possible. 
Limitation of currently licensed vaccines include limited immunity in 
young children (<2 years of age) and lack of cross-protection against 
other causes of enteric fever, primarily S. Paratyphi A, although Ty21a 
appears to provide protection against S. Paratyphi B.158 To improve 
both immunogenicity in young children less than 2 years of age and 
to induce longer-lasting protection, a number of conjugate Vi vaccines 
are in various stages of development. One version that conjugated Vi 
to Pseudomonas aeruginosa recombinant exoprotein A (Vi-rEPA) 
achieved 90% protective efficacy against typhoid fever in a large ran-
domized, double-blinded clinical trial involving 11,000 children aged 
2 to 5 years in Vietnam,159 and has been demonstrated to be safe and 
immunogenic in phase 2 trials in infants.160 A paratyphoid A conjugate 
vaccine containing the O-specific polysaccharide of S. Paratyphi A has 
also recently been reported.161

In non–highly endemic areas, other efforts to prevent enteric fever 
are aimed at limiting the role of carriers in transmission, particularly 
for carriers who present a significant public health risk, including food 
handlers and those working in child care or health care settings. In the 
United States, local and state health departments provide screening 
and work exclusion policies for individuals with enteric fever. The 
precise policies vary by location but may require screening of the 
patient and selected contacts to document clearance of bacterial shed-
ding before discharge from public health follow-up and clearance for 
the performance of certain occupations.

DIFFERENTIAL DIAGNOSIS OF 
ENTERIC AND TYPHOIDAL FEVERS
Given the nonspecific clinical features of enteric fever and the current 
limitations of diagnostic testing, it is important that clinicians give 
consideration to the broader differential diagnosis when approaching 
patients with possible enteric fever. Such patients usually present with 
prolonged or relapsing fever, an acute febrile episode in a resource-
limited area, or with fever and abdominal symptoms and signs. Con-
siderations in the differential diagnosis of enteric fever include 
epidemiologic risk factors, such as the relative local prevalence of inva-
sive nontyphoidal salmonellosis, malaria, and other febrile diseases, as 
well as the type and timing of possible exposures, the duration and 
magnitude of fevers, the types of abdominal symptoms and signs, and 
laboratory features at the time of clinical presentation.

Bacteremia Associated with 
Nontyphoidal Salmonella
Although febrile gastroenteritis is the most common clinical manifes-
tation of human nontyphoidal salmonellosis, nontyphoidal serotypes 
can also cause prolonged fever and bacteremia, particularly in immu-
nocompromised patients with cell-mediated immunodeficiencies or 
with concomitant malaria. NTS bacteremia is a leading cause of death 
of young children and adults with acquired immunodeficiency syn-
drome (AIDS) in sub-Saharan Africa.162 NTS can also cause abscess 
formation (spleen, kidneys, liver), and Salmonella and staphylococci 
are the leading causes of aortic atheroma seeding, mycotic aneurysm 
formation, and prolonged bacteremia.163 Individuals with sickle cell 

indicate a recurrence of illness or a high risk of recurrent illness. 
Although chronic carriage is associated with an increased risk of gall-
bladder carcinoma,93 it is unknown whether the eradication of carriage 
reduces this risk of carcinoma, so the decision to attempt to eradicate 
carriage is usually based on public health considerations and is essen-
tial for individuals whose occupation involves food handling. Several 
antibiotics used to treat individuals with acute enteric fever reach high 
concentrations in bile, including fluoroquinolones. A 28-day course of 
ciprofloxacin has demonstrated 80% to 90% efficacy in eradication of 
carriage.145 However, cholecystectomy may be necessary to eradicate 
carriage in individuals with cholelithiasis who continue to shed typhoi-
dal S. enterica after prolonged antimicrobial therapy.82

Prevention
Because enteric fever is transmitted primarily through fecally contami-
nated water and food, the major preventive strategy to prevent enteric 
fever is the provision of safe water and adequate sanitation. At a munic-
ipal public infrastructure level, this requires appropriate facilities for 
waste disposal and sewage treatment as well as provision of a safe water 
supply. At a household level, interventions to prevent enteric fever 
include washing hands with soap before preparing or eating food, 
avoidance of raw or uncooked foods, and local disinfection of unsafe 
drinking water, followed by storage in narrow-mouthed containers. 
Unfortunately, the WHO currently estimates that 800,000,000 indi-
viduals currently lack access to safe water globally.146

Historically, a heat-phenol–inactivated, whole-cell, killed typhoid 
vaccine was available for parenteral administration. The vaccine 
required multiple administrations, induced only short-term protec-
tion, and was associated with a high adverse event profile.147 That 
vaccine is no longer commercially available in the United States. Cur-
rently, two more effective and better-tolerated typhoid fever vaccines 
(Table 102-5) are commercially available in many areas: a capsular 
polysaccharide vaccine, licensed in the United States as Typhim Vi 
(Sanofi Pasteur, Swiftwater, PA), and an oral live-attenuated vaccine 
containing the S. Typhi strain Ty21a, licensed in the United States as 
Vivotif (Crucell, Leiden, Netherlands). The polysaccharide vaccine is 
comprised of the Vi capsular polysaccharide antigen from S. Typhi 
strain Ty2, and the Vi vaccine confers 50% to 80% protection against 
S. Typhi in children 2 years of age and older when administered as a 
single parenteral dose.147-150 The Vi vaccine is not boosted by additional 
doses, and protection wanes rapidly after 2 years, at which point revac-
cination is recommended if risk is ongoing.52 Ty21a is administered 
orally and also affords 50% to 80% protection against S. Typhi.147,151-157 
Although Ty21a enteric-coated capsules are often used for travelers, a 
liquid formulation prepared from two sachets, one containing vaccine 
and a second containing a buffer, have been used for oral administra-
tion to children in resource-limited settings. The duration of immunity 
to the Ty21a vaccine is dependent on the number of doses received. In 
the United States, a four-dose every-other-day series of Ty21a is recom-
mended and confers significant immunity for up to 7 years, although 
revaccination is recommended every 5 years if risk is ongoing.52 Anti-
bacterial drugs should not be given any time from 3 days before until 
3 days after administering a series of Ty21a. For most patients with 
significant primary immunodeficiencies, Ty21a should not be given; 
however, the Strategic Advisory Group of Experts for the WHO advises 
that Ty21a can be safely given to asymptomatic individuals living with 
human immunodeficiency virus (HIV) infection and a CD4+ T-cell 
count greater than 200/mm3.147

TABLE 102-5  Typhoid Fever Vaccines Currently Commercially Available Internationally52,82

VACCINE TYPE ROUTE DOSE AND INTERVAL
MINIMUM 
AGE (yr)

PROTECTION 
AGAINST S. TYPHI

BOOSTING INTERVAL 
IN TRAVELERS

Ty21a Live attenuated Oral Four doses (in United States)
Administer one dose every 

other day until complete

5* 50%-80%‡ Every 5 yr

Vi capsule antigen Polysaccharide Intramuscular 1 2 50%-80% Every 2 yr

*Five years and older per World Health Organization82; 6 years and older per U.S. Advisory Committee on Immunization Practices.52

‡Has some efficacy against S. Paratyphi B (see text). Additional vaccines are under development, including conjugate vaccines.
Modified from Magill AJ, Ryan ET, Hill DR, Solomon T, eds. Hunter’s Tropical Medicine and Emerging Infectious Diseases. 9th ed. Philadelphia: Saunders; 2013:568-576.
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Melioidosis is associated with water and soil exposure and can affect 
anyone, although individuals with diabetes, immunosuppression, 
chronic renal disease, alcoholism, and cirrhosis are at particular risk. 
Clinical manifestations may occur years after initial exposure.

A typhoidal-like illness can also be seen with Q fever, caused by the 
intracellular bacterium Coxiella burnetii. Q fever is a zoonotic infection 
usually associated with exposure to sheep or cattle, and humans 
become infected through exposure to pseudospores from animal prod-
ucts, especially placental tissues. Individuals with Q fever may present 
with prolonged fever and a wide range of symptoms, including head-
ache, pneumonia, hepatitis, and endocarditis. Rat-bite fever, caused by 
Streptobacillus moniliformis, may also present as a nonspecific febrile 
illness that may mimic enteric fever, especially when the route of infec-
tion is foodborne (Haverhill fever); arthritis and rash can occur.167

A number of Bartonella species can cause infections characterized 
by recurrent or prolonged fever. Bartonella bacilliformis is the cause of 
Carrion’s disease and is transmitted by sand flies in focal areas of Peru, 
Colombia, and Ecuador. During the acute illness (Oroya fever), 
patients present with fever and hemolytic anemia. Survivors can prog-
ress to verruga peruana, a chronic illness characterized by vascular, 
proliferative, nodular skin lesions. In addition, Bartonella quintana is 
the cause of trench fever, a relapsing febrile illness transmitted by body 
lice. Trench fever usually affects individuals who are displaced or 
severely impoverished; onset is usually acute with high fever, headache 
and retro-orbital pain, bone pain of the shins, and myalgia. Each 
episode of fever may last for 2 to 4 days, with relapses after 4 to 6 days. 
Prolonged bacteremia can be detected in 20% to 30% of patients.168 
Relapsing fever can also be caused by a number of Borrelia species and 
can be either louse-borne or tick-borne. Louse-borne relapsing fever 
is a human-restricted infection caused by Borrelia recurrentis and is 
associated with human body lice. Most cases of louse-borne relapsing 
fever are reported in Africa. Tick-borne relapsing fever has been 
reported in Asia, Africa, and the Americas. Relapsing fevers are char-
acterized by relapsing and recurrent episodes of fever associated with 
spirochetemia. Diagnosis usually rests on detection of Borrelia on a 
thick blood smear by microscopy, although polymerase chain reaction 
(PCR)-based diagnosis is available. Untreated, louse-borne relapsing 
fever is associated with a high mortality rate. Fever may be prolonged 
with many recurrences over several months.169

An enteric fever–like syndrome with abdominal pain may also be 
caused by a number of enteric pathogens, including Yersinia enteroco-
litica, Yersinia pseudotuberculosis, and Campylobacter fetus and Cam-
pylobacter jejuni. Individuals with these infections may present with a 
prolonged febrile illness, headache, and abdominal pain. Individuals 
with Y. enterocolitica or Y. pseudotuberculosis may have acute diarrhea 
as a major manifestation.170,171 Most important, the prolonged enteric 
fever-like syndromes caused by these agents tend to occur in individu-
als with significant underlying disease, especially cirrhosis and iron-
overloaded states.170 Diagnosis is usually based on microbiologic 
culturing of blood.

Additional Causes of Prolonged or 
Persistent Fever
Most acute febrile illnesses resolve within 3 to 7 days. Individuals with 
typhoid or enteric fever may have fever that lasts for 1 to 4 weeks before 
resolution if left untreated. Clinicians assessing individuals with fever 
that lasts longer than 7 to 10 days need to consider a wide differential, 
both for infectious and noninfectious processes (see Chapter 56). Non-
infectious causes that also need to be considered include lymphoma, 
malignancy, drug fever, Addison’s disease, as well as inflammatory 
conditions and connective tissue disorders. As described earlier, pro-
longed fever may also be associated with malaria, brucellosis, yersini-
osis, tularemia, Q fever, and melioidosis, as well as endocarditis, 
tuberculosis, and endemic mycoses such as histoplasmosis. Recurrent 
or relapsing fever may be associated with trench fever and relapsing 
fever. Clinicians caring for individuals with prolonged fever in 
resource-limited or tropical areas or caring for individuals who have 
traveled to such regions need to consider these and other diagnoses. 
For instance, individuals with babesiosis, caused by an intraerythro-
cyte protozoal parasite transmitted by ticks, may also present with a 
nonspecific and prolonged febrile syndrome. Microscopy can confirm 

disease and individuals with concomitant schistosomiasis are also  
at risk of prolonged and invasive nontyphoidal salmonellosis (see 
Chapter 225).164,165

TYPHOIDAL FEVER
A number of non-Salmonella infections have features that may mimic 
typhoid or enteric fever (Table 102-6). These illnesses have sometimes 
been referred to as typhoidal fevers, and are usually characterized as 
nonspecific systemic illnesses associated with fever that lasts longer 
than a week. Indeed, typhoid itself was named for its clinical similarity 
to typhus, caused by Rickettsia species. Typhus and typhoid are both 
characterized as febrile illnesses that may be prolonged and associated 
with encephalopathy or confusion, and if untreated, both diseases are 
associated with high mortality rates. Typhoid was also once called 
typhomalarial fever, and individuals with malaria can also present with 
a wide range of symptoms, including prolonged or recurrent fever, 
headache, abdominal pain, and cough. Similarly, individuals with bru-
cellosis may present with nonspecific fever, malaise, and abdominal 
pain. Fever may be prolonged and infection during brucellosis is often 
characterized by its chronicity. Manifestations include osteoarticular 
and genitourinary involvement, granulomatous hepatitis, uveitis, and, 
rarely, endocarditis. Tularemia is a zoonotic infection caused by Fran-
cisella tularensis. Most human infections are due to exposure to small 
rodents or lagomorphs (rabbits), and humans usually become infected 
through direct contact with infected animals or animal parts, or 
through the bite of an arthropod as a transmission vehicle. Similar to 
Salmonella, F. tularensis is an intracellular pathogen that is able to 
survive and multiply within phagocytic cells, including macrophages, 
and infection spreads throughout the reticuloendothelial system. 
Without appropriate treatment, typhoidal tularemia is often fatal.

Persistent fever with nonspecific symptoms may also be seen with 
melioidosis, an infection caused by Burkholderia pseudomallei. Melioi-
dosis is usually reported in South and East Asia and Northern Australia. 
Melioidosis may manifest in a number of ways, ranging from a chronic 
febrile illness to an acute septicemia,166 and it may include abscess 
formation (often in the spleen, liver, lungs, or muscles) or pneumonia. 

TABLE 102-6  Differential Diagnoses of Infectious 
Diseases to Consider in Patients with Possible 
Typhoid or Enteric Fever

Common Infectious Causes of Nonspecific Acute Febrile Illness 
in Resource-Limited Areas
Salmonella bacteremia (typhoidal and nontyphoidal serotypes)

Malaria

Dengue and other arboviral fevers

Leptospirosis

Influenza

Rickettsioses

Bartonelloses

Infectious Causes of Typhoidal Illnesses, Including Prolonged 
Nonlocalizing Febrile Illnesses
Persistent nontyphoidal bacteremia or abscess formation

Typhus (rickettsiosis)

Brucellosis

Typhoidal tularemia

Q fever

Bartonellosis (including trench fever)

Melioidosis

Rat-bite fever, Haverhill fever (Streptobacillus moniliformis)

Relapsing fever (borreliosis)

Infective endocarditis

Malaria

Babesiosis

Visceral leishmaniasis

West African trypanosomiasis

Tuberculosis

Endemic mycoses (histoplasmosis)
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and pork-related products, such as the small intestine of pigs (chit-
terlings), are particular risk factors.175 Septicemia can complicate intes-
tinal yersiniosis, especially in individuals with iron-overloaded states, 
immune deficiencies, cirrhosis, and alcoholism. Mesenteric adenitis 
can also be caused by tuberculosis, and Mycobacterium avium complex 
infection in individuals with acquired immunodeficiency syndrome, 
especially in individuals who are becoming immune reconstituted.176 
Children with human immunodeficiency virus in Southeast Asia may 
present with mesenteric adenitis caused by Penicillium marneffei.177 
Epstein-Barr virus, parvovirus B19, and adenovirus infection may also 
be associated with mesenteric adenitis.178,179

Individuals with ileocecitis may present with fever and abdominal 
pain, often localizing to the right lower quadrant, potentially with signs 
of bowel obstruction. Noninfectious causes include Crohn’s disease 
and ulcerative colitis. Infectious causes of ileocecitis include appendi-
citis, diverticular abscess formation, intestinal yersiniosis, tuberculosis, 
histoplasmosis, and amebiasis complicated by an inflammatory mass 
(an ameboma), intestinal schistosomiasis complicated by an inflamma-
tory mass (a bilharzioma), an intestinal actinomycetoma that may 
include drainage fistula tracks, and intestinal angiostrongyloidiasis 
(see “Fever, Abdominal Pain, and Peripheral Eosinophilia”).

Fever, Abdominal Pain, and  
Peripheral Eosinophilia
Individuals will sometimes present with fever, abdominal pain, and 
peripheral eosinophilia (>400 total eosinophils/mm3 peripheral blood). 
The differential diagnosis for these individuals includes a number of 
entities (see Table 102-7). Fascioliasis caused by the liver fluke Fasciola 
hepatica may manifest as severe, right upper quadrant pain and high-
level peripheral eosinophilia and fever. Individuals are often diagnosed 
incorrectly as having a pyogenic hepatic abscess and drug reaction. 

the diagnosis. Chronic and relapsing fever are also part of visceral 
leishmaniasis, a protozoal parasitic infection of the reticuloendothelial 
system. Individuals with visceral leishmaniasis often present with pro-
longed and ongoing fever, hepatosplenomegaly, pancytopenia, hyper-
gammaglobulinemia, and absence of eosinophilia. Serologic tests and 
direct parasitic detection are usually used to confirm the diagnosis. 
Individuals with human African trypanosomiasis (sleeping sickness) 
can present with chronic and recurrent fever, weight loss, and lymph-
adenopathy before manifesting neurologic manifestations. Serologic 
tests and direct parasitic detection are usually used to confirm the 
diagnosis. Prolonged fever can also be associated with a number of 
viral syndromes, including Epstein-Barr virus (mononucleosis), char-
acterized by prolonged fever, headache, weakness, and fatigue and may 
include pharyngitis, hepatosplenomegaly, and lymphadenopathy. 
Serology is available.

Assessing an Individual with an Acute 
Febrile Illness in a Resource-Limited 
Area or after International Travel
Many individuals with typhoid or paratyphoid present with an acute 
febrile illness, and typhoid and paratyphoid fever are common causes 
of bacteremia in many resource-limited areas of the world. Most cases 
of typhoid fever reported in North America and Europe are related  
to international travel, and affected patients usually develop fever 
within 1 to 3 weeks of exposure or returning from travel. Because vac-
cines are 50% to 80% protective, previous immunization does not 
preclude the possibility of enteric fever, and previous immunization 
can lead to cross-reactive serologic assays. Diagnosis can be confirmed 
by identifying S. Typhi or S. Paratyphi in blood cultures, but this assay 
is only 30% to 70% sensitive. As such, the clinical approach to an 
individual with possible typhoid fever after travel is usually based on 
excluding other possible entities and initiation of empirical treatment. 
Leading other causes of acute febrile illness in individuals at risk of 
typhoid include urinary, reproductive tract, and respiratory or intesti-
nal tract infections that can be evaluated by standard approaches. Of 
importance, the differential diagnosis also needs to include influenza, 
dengue, leptospirosis, rickettsiosis, bartonellosis, and malaria, among 
others. An incubation period of less than a week before onset of fever 
would be most consistent with a viral etiology, such as influenza  
or dengue. International travelers are at particular risk of influenza, 
and the transmission season in the Southern Hemisphere is March 
through September, with year-round transmission as one approaches 
the equator. Most individuals with influenza will have respiratory 
symptoms. Most individuals with dengue will present within 3 to  
7 days of returning from travel to Asia or the Caribbean. Thrombocy-
topenia and evidence of capillary fragility, such as a positive tourniquet 
test, would be supportive of consideration of dengue fever (see Chapter 
155). The diagnosis can be confirmed by serology. Leptospirosis is 
caused by exposure to animal urine, and exposure usually occurs from 
contaminated freshwater sources. The febrile illness can be biphasic, 
with conjunctival suffusion, hematuria, proteinuria, renal dysfunction, 
and hepatitis suggestive of the diagnosis (see Chapter 241). Rapid 
microscopic examination of peripheral blood should assist with estab-
lishing whether a patient may have malaria or borreliosis (see Chapter 
243). A careful examination of skin for evidence of eschars or spotted 
rashes can assist in establishing whether the patient may have a rick-
ettsiosis (see Chapter 187). Microbiologic culturing of blood will assist 
in confirming infection with a number of bacterial pathogens, includ-
ing Salmonella.

Fever and Mesenteric  
Adenitis or Ileocecitis
Individuals with mesenteric adenitis or ileocecitis often present with a 
history of fever and abdominal pain, often localizing to the right lower 
quadrant. The illness needs to be differentiated from appendicitis, intra-
abdominal abscess formation, and diverticulitis (Table 102-7).172 Mes-
enteric adenitis can be seen with Y. enterocolitica and Y. pseudotuberculosis; 
Y. enterocolitica can also cause enterocolitis and terminal ileitis. These 
infections are more commonly reported from Europe than the United 
States.173 Fever, abdominal pain, vomiting, and diarrhea are frequent.174 
Fever can be prolonged. Ingestion of undercooked or uncooked pork 

TABLE 102-7  Other Causes of Fever and 
Intestinal Syndromes

Causes of Mesenteric Adenitis and Ileocecitis/Ileal Inflammatory 
Mass

Infectious
Appendicular abscess

Diverticular abscess

Yersiniosis

Salmonellosis

Mycobacterial infection

Mycoses (histoplasmosis, penicilliosis)

Amebiasis (ameboma): ileocecitis

Schistosomiasis (bilharzioma): ileocecitis

Actinomycetoma

Noninfectious
Crohn’s disease

Ulcerative colitis

Causes of Fever, Abdominal Pain or Intestinal Irregularities, and 
Peripheral Eosinophilia

Infectious
Fascioliasis (Fasciola hepatica)

Visceral larva migrans (Toxocara canis, T. catis)

Angiostrongyliasis (Angiostrongylus costaricensis)

Schistosomiasis

Strongylioidiasis

Hookworm infection

Trichinellosis

Sarcocystosis

Isosporiasis

Noninfectious
Churg-Strauss eosinophilic angiitis

Eosinophilic enteropathy

Food allergy (e.g., gluten-sensitive enteropathy)
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based on clinical recognition. Serologic assays are available. Individu-
als with trichinosis can also present with fever, eosinophilia, abdominal 
pain, edema, and myositis. Diagnosis is usually based on clinical rec-
ognition. Serologic assays are available. Individuals with intestinal 
angiostrongyloidiasis, caused by Angiostrongylus costaricensis, can also 
present with abdominal pain and eosinophilia. Affected individuals are 
usually children who present with right lower quadrant pain, ileoceci-
tis, or presumed appendicitis. The disease is present in areas of Latin 
America. A wide range of other helminthic infections can be associated 
with abdominal issues, intestinal irregularities, and peripheral eosino-
philia, including intestinal stronglyloidias, hookworm, trichinellosis, 
and schistosomiasis. Sarcocystosis and isosporiasis can also cause 
abdominal irregularities and peripheral eosinophilia. Individuals with 
gastrointestinal involvement during Churg-Strauss eosinophilic angi-
itis can also present with abdominal pain and eosinophilia.

Fasciola hepatica is transmitted to humans through ingestion of aquatic 
plants such as fresh watercress. During the initial phase of infection, 
the flukes can migrate through hepatic parenchyma, causing severe 
right upper quadrant pain. Imaging studies often disclose migratory 
hepatic lesions. After a few weeks, the worms localize to the biliary 
system, and the abdominal symptoms resolve. Peripheral eosinophilia 
can be very high during the initial stages of infection (>1000 to 3000 
eosinophils/mm3 of blood), when the parasites are migrating through 
tissue. Diagnosis is usually based on clinical recognition. Serologic 
assays are available.

Visceral larva migrans (VLM) may also manifest as abdominal 
pain, fever, eosinophilia, and hepatosplenomegaly. VLM can be caused 
by a number of migratory worms, most commonly the dog or cat 
ascarids Toxocara canis and T. cati, respectively. VLM is usually an 
illness of very young children 2 to 4 years of age. Diagnosis is usually 
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103  Foodborne Disease
Rajal K. Mody and Patricia M. Griffin

Foodborne diseases result from ingestion of a wide variety of foods 
contaminated with pathogenic microorganisms, microbial toxins, and 
chemicals. Many diseases transmitted commonly through food can be 
acquired via other routes of transmission as well. For sporadic cases 
(i.e., those that are not part of recognized outbreaks), the route of 
transmission is generally unknown. Although the majority of food-
borne illnesses are sporadic, investigation of outbreaks is an important 
way to identify the types of foods and contaminants associated with 
foodborne illness. The major source of information for this chapter 
comes from foodborne disease outbreak investigations in the United 
States, and the major focus is on U.S. illnesses. During 2009 and 2010, 
a mean of 764 outbreaks of foodborne disease, affecting a mean of 
14,700 people annually in the United States, were reported to the 
Centers for Disease Control and Prevention (CDC) (Table 103-1).1 
However, these figures, restricted to outbreak cases, greatly underesti-
mate the magnitude of the problem. The actual number of foodborne 
illnesses in the United States is unknown but was estimated in 2011 to 
be approximately 48 million cases, with 128,000 hospitalizations and 
3000 deaths each year (Table 103-2).2,3 The annual cost incurred from 
these illnesses has been estimated to be between $51.0 and $77.7 
billion.4 Thus, foodborne diseases are common, can be severe, and lead 
to considerable economic burden.

Since 1996, in several sites that now comprise 15% of the U.S. popu-
lation, the CDC’s Foodborne Diseases Active Surveillance Network has 
conducted active surveillance for nine pathogens that can be transmit-
ted through food. Comparison of incidence rates in 2012 with rates 
from 1996 to 1998 shows decreases in the incidence of Campylobacter, 

Listeria, Shigella, Shiga toxin–producing Escherichia coli (STEC) O157, 
and Yersinia infections (except for Shigella, nearly all of these declines 
occurred before 2004); no change in Salmonella and Cryptosporidium 
infections; and an increase in infections caused by Vibrio species (data 
and figures available at www.cdc.gov/foodnet).5 Clearly, food safety 
programs need to be intensified.

The spectrum of foodborne diseases has expanded in recent decades 
in many ways. Noroviruses are now recognized as the most frequent 
cause of foodborne illness in the United States.3 Known agents con-
tinue to be newly recognized as causes of foodborne disease, including 
enteroaggregative E. coli,6,7 including novel strains that produce Shiga 
toxin8; Cronobacter (formerly Enterobacter) sakazakii9; and, in South 
America, Trypanosoma cruzi, causing Chagas’ disease.10 Previously 
uncommonly recognized food vehicles, such as fresh fruits and vege-
tables, have become important sources.11,12 Some pathogens have 
become increasingly resistant to antimicrobial drugs.13,14

New discoveries can be anticipated. Although Clostridium difficile, 
has been found in retail meat samples, foodborne transmission remains 
undocumented.15 In addition, identification of more foodborne patho-
gens is likely as newer molecular diagnostic technology allows detec-
tion of more agents.16

Centralization of the food supply in the United States has increased 
the risk for nationwide outbreaks.17 Global food trade, which is grow-
ing faster than increases in food production, forms a complex network 
that facilitates spread of contaminated foods throughout the world  
and can delay identification of the source of contamination causing 
outbreaks.18

Definition
•	 Foodborne	diseases	are	illnesses	that	are	

acquired	through	ingestion	of	food	
contaminated	with	pathogenic	
microorganisms,	bacterial	and	nonbacterial	
toxins,	or	other	substances.

Epidemiology
•	 An	estimated	48	million	foodborne	

illnesses	caused	by	pathogens	or	their		
toxins	are	acquired	annually	in	the	United	
States.

•	 Many	agents	that	cause	foodborne	infection	
can	also	be	acquired	in	other	ways,	including	
ingestion	of	contaminated	drinking	or	
recreational	water,	through	contact	with	
animals	or	their	environment,	and	from		
one	person	to	another	directly	or	through	
fomites.

•	 Some	foodborne	diseases	can	lead	to	
long-term	sequelae,	such	as	impaired	kidney	
function	after	Shiga	toxin–producing	
Escherichia	coli	infection,	Guillain-Barré	
syndrome	after	Campylobacter	infection,	and	
reactive	arthritis	and	irritable	bowel	syndrome	
after	a	variety	of	infections.

•	 Groups	at	higher	risk	of	acquiring	or	
experiencing	more	severe	foodborne	disease	
include	infants,	young	children,	pregnant	
women,	older	adults,	and	
immunocompromised	persons.

•	 A	foodborne	disease	outbreak	should	be	
considered	when	an	acute	illness,	especially	
with	gastrointestinal	or	neurologic	
manifestations,	affects	two	or	more	people	
who	shared	a	meal.	However,	most	foodborne	
diseases	do	not	occur	in	the	context	of	an	
outbreak.

Microbiology
•	 Many	pathogens,	including	bacteria,	

viruses,	and	parasites,	can	cause	foodborne	
disease.

•	 Some	illnesses	are	caused	by	ingestion	of	
chemicals	(e.g.,	heavy	metals,	mushroom	
toxins)	or	preformed	microbial	toxins	(e.g.,	
staphylococcal	toxin,	botulinum	toxin).

Diagnosis
•	 Detection	of	pathogens	has	mostly	relied	on	

isolating	bacterial	pathogens	in	culture,	by	
visualizing	parasites	by	microscopy,	and	by	
enzyme-linked	immunosorbent	assays.

•	 Newer	molecular	tests	pose	opportunities	and	
challenges	to	both	clinical	practice	and	public	
health	surveillance.

•	 Many	intoxications	must	be	diagnosed	based	
on	clinical	suspicion	alone.

Therapy
•	 Therapy	for	most	foodborne	diseases	is	

supportive;	replacing	fluid	and	electrolyte	
losses	is	important	in	diarrheal	illnesses.

•	 Antimicrobial	agents	are	used	to	treat	parasitic	
infections	and	selected	bacterial	infections.

•	 Resistance	to	antimicrobial	agents	complicates	
treatment	and	can	increase	the	likelihood	of	
clinically	apparent	infection.

Prevention
•	 To	reduce	contamination,	food	producers	

identify	points	where	the	risk	of	contamination	
can	be	controlled	and	use	production	systems	
that	decrease	the	hazards.

•	 Outbreak	investigation	is	important	to	identify	
food	safety	gaps	that	may	be	present	
anywhere	in	the	food	production	chain,	from	
the	farm	to	the	table.

•	 Individuals	can	reduce	their	risk	of	illness	by	
adhering	to	safe	food	handling	practices.

SHORT VIEW SUMMARY

http://www.cdc.gov/foodnet
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food poisoning is characterized by vomiting (87% of cases), diarrhea 
(89%), and abdominal cramps (72%); fever is uncommon (9%).19 
Staphylococci responsible for food poisoning produce one or more 
serologically distinct enterotoxins (SEs A through V, excluding F) but 
not all cause vomiting.20 The SEs are very resistant to proteolytic 
enzymes and therefore pass through the stomach intact. All are heat 
resistant. Strains producing SEA alone account for most of the reported 
outbreaks of staphylococcal food poisoning in the United States.21,22 In 
studies of rhesus monkeys, a smaller dose of SEA, compared with doses 
of SEB, SEC and SED, was required to produce emesis.23 The mecha-
nisms by which enterotoxins lead to emesis may involve vagus nerve 
stimulation.20

Rarely, other enterotoxigenic coagulase-positive staphylococcal 
species have been implicated in outbreaks.20 Although enterotoxigenic 
coagulase-negative staphylococci exist, very few reports have associ-
ated these strains with foodborne disease outbreaks.24,25

B. cereus strains can cause two types of food poisoning syndromes, 
one with an incubation period of 0.5 to 6 hours (short-incubation 
emetic syndrome) and a second with an incubation period of 8 to 16 
hours (long-incubation diarrheal syndrome).26 The emetic syndrome 
is characterized by vomiting (100% of cases), abdominal cramps 
(100%), and, less frequently, diarrhea (33%).26,27 The emetic toxin is 
cereulide, a peptide resistant to heat, proteolysis, and is stable at pH 2 

PATHOGENESIS AND CLINICAL 
MANIFESTATIONS
Foodborne disease can appear as an isolated sporadic case or, less 
frequently, as an outbreak of illness affecting a group of people after a 
common food exposure. A foodborne disease outbreak should be con-
sidered when an acute illness, especially one with gastrointestinal or 
neurologic manifestations, affects two or more people who shared a 
common meal. The following section divides acute foodborne diseases 
into a variety of syndromes based on acute signs and symptoms and 
typical time of onset after consumption of contaminated food. Agents 
most likely responsible for each syndrome are described. The incuba-
tion period in an individual illness is usually unknown, but it is often 
apparent in the focal outbreak setting.

Foodborne Syndromes Caused by 
Microbial Agents or Their Toxins
For this next section, the times shown are those that are typically 
encountered after exposure to a known foodborne source carrying a 
pathogen or its toxins.

Nausea and Vomiting within 1 to 8 Hours. The major etiologic 
considerations are Staphylococcus aureus and Bacillus cereus (see Chap-
ters 196 and 210). The short incubation period reflects the fact that 
these diseases are caused by preformed enterotoxins. Staphylococcal 

TABLE 103-1  Foodborne Disease Outbreaks and Outbreak-Associated Illnesses of Known Cause Reported 
to the CDC, 2009-2010

OUTBREAKS OUTBREAK-ASSOCIATED ILLNESSES
ETIOLOGIC AGENT No. % No. %
Bacterial
Bacillus cereus 25 2 427 2

Brucella 1 0 4 0

Campylobacter 40 4 600 2

Clostridium botulinum 3 0 6 0

Clostridium perfringens 57 6 3225 11

STEC 60 6 651 2

Listeria monocytogenes 9 1 49 0

Salmonella 243 24 7089 24

Shigella 8 1 508 2

Staphylococcus aureus 19 2 252 1

ETEC 3 0 85 0

EPEC 1 0 7 0

Vibrio parahaemolyticus 7 1 33 0

Vibrio, other 1 0 4 0

Other bacteria 3 0 187 1

Nonbacterial Toxins
Ciguatoxin 15 1 61 0

Heavy metals 0 0 0 0

Mushroom and other mycotoxins 2 0 8 0

Scombrotoxin 18 2 76 0

Shellfish toxin 1 0 3 0

Other chemicals 7 0 61 0

Parasitic
Cyclospora cayetanensis 1 0 8 0

Giardia intestinalis 1 0 5 0

Viral
Other viral 1 0 13 0

Hepatitis A 4 0 47 0

Norovirus 491 48 9737 33

Rotavirus 1 0 28 0

Unknown Etiology 475 31 5454 19

Multiple Etiology 30 2 816 3

TOTAL 1527 99 29,444 100

CDC, Centers for Disease Control and Prevention; EPEC, enteropathogenic Escherichia coli; ETEC, enterotoxigenic E. coli; STEC, Shiga toxin–producing E. coli.
Modified from Centers for Disease Control and Prevention. Surveillance for foodborne disease outbreaks—United States, 2009-2010. MMWR Morb Mortal Wkly Rep. 

2013;62(3):41-47.
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report fever.19,29 The incubation period is 9 to 12 hours.19 C. perfringens 
can produce at least 11 toxins in addition to C. perfringens enterotoxin 
(CPE). Toxinotype A strains always produce α toxin, and those that 
result in gastrointestinal illness also express CPE, which is produced 
as the ingested vegetative cells sporulate within the intestine.30 The 
toxin binds to the apical membrane of epithelial tight junctions in the 
small intestines, triggering formation of pores through which influx 
and efflux of water, ions, and other small molecules may lead to diar-
rhea and cytotoxicity.31

B. cereus strains that cause a similar long-incubation syndrome, 
including diarrhea (96%), abdominal cramps (75%), sometimes vomit-
ing (33%), and rarely fever,27 elaborate either separately or together with 
two three-component enterotoxins (hemolysin BL [HBL] and nonhe-
molytic enterotoxin [NHE]). A single-protein enterotoxin (CytK) has 
also been described.26,28

Although these illnesses last longer than staphylococcal and emetic 
B. cereus food poisoning, symptoms usually resolve within 24 to 
48 hours.26,32 In contrast, some B. cereus illnesses last several days,28,33 
and in one outbreak attributed to B. cereus, some patients had bloody 
diarrhea and three died.34 In an outbreak of C. perfringens type A 

to 11. Cereulide stimulates the vagus afferent nerve by binding to the 
5-hydroxytryptamine-3 (5-HT3) receptor.28 Rarely, fulminant liver 
failure may develop via impairment of fatty acid oxidation caused by 
cereulide’s toxicity to mitochondria.26

Another clue to the cause of staphylococcal and emetic B. cereus 
illnesses is that their duration is typically less than 24 hours,20,26 and 
often less than 12 hours.22,27

Abdominal Cramps and Diarrhea within 8 to 16 Hours. The 
major etiologic considerations for this enterotoxin-mediated syn-
drome are Clostridium perfringens type A and B. cereus. In contrast to 
staphylococcal food poisoning and the emetic B. cereus disease, which 
are caused by preformed enterotoxins, C. perfringens (see Chapter 100) 
food poisoning is caused by toxins produced in vivo, accounting for 
the longer incubation period.19 For B. cereus diarrheal toxins, the toxins 
themselves are often detected in foods, but it has been postulated that 
the disease is also caused by ingested vegetative cells that produce 
enterotoxin within the host’s intestinal tract. It is possible that both 
modes of infectivity coexist. In C. perfringens type A food poisoning, 
the most common symptoms are diarrhea (91%) and abdominal 
cramps (73%); only 14% of patients experience vomiting, and only 5% 

TABLE 103-2  Estimated Annual Number of Illnesses Caused by Pathogens That Can Be Transmitted 
through Food in the United States

DISEASE OR AGENT
TOTAL NO. OF 
ILLNESSES

TOTAL NO. OF DOMESTICALLY 
ACQUIRED FOODBORNE ILLNESSES

PERCENT 
HOSPITALIZED

PERCENT 
DIED

Bacterial
Bacillus cereus * 63,400 0.4 0

Brucella spp. 2003 839 55 0.9

Campylobacter spp. 1,322,137 845,024 17.1 0.1

Clostridium botulinum * 55 82.6 17.3

Clostridium perfringens * 965,958 0.6 <0.1

STEC O157 96,534 63,153 46.2 0.5

STEC non-O157 168,698 112,752 12.8 0.3

ETEC * 17,894 0.8 0

Other diarrheagenic Escherichia coli 39,871 11,982 0.8 0

Listeria monocytogenes 1662 1607 94.0 15.9

Mycobacterium bovis 208 60 55 4.7

Nontyphoidal Salmonella 1,229,007 1,027,561 27.2 0.5

Salmonella serotype Typhi 5752 1821 75.7 0

Shigella spp. 494,908 131,254 20.2 0.1

Staphylococcus aureus * 241,148 6.4 <0.1

Streptococcus spp. * 11,217 0.2 0

Vibrio cholerae, toxigenic 277 84 43.1 0

Vibrio parahaemolyticus 44,950 34,664 22.5 0.9

Vibrio vulnificus 207 96 91.3 34.8

Vibrio spp., other 34,585 17,564 37.1 3.7

Yersinia enterocolitica 116,716 97,656 34.4 2.0

Parasitic
Cryptosporidium parvum 748,123 57,616 25.0 0.3

Cyclospora cayetanensis 19,808 11,407 6.5 0

Giardia intestinalis 1,221,564 76,840 8.8 0.1

Toxoplasma gondii 173,995 86,686 2.6 0.2

Trichinella spp. 132 156 24.3 0.2

Viral
Astrovirus 3,090,384 15,433 0.4 <0.1

Hepatitis A 35,769 1566 31.5 2.4

Norovirus 20,865,958 5,461,731 0.03 <0.1

Rotavirus 3,090,384 15,433 1.7 <0.1

Sapovirus 3,090,384 15,433 0.4 <0.1

SUBTOTAL 37,220,098 9,388,075

Unknown Pathogens 38,400,000 0.2 <0.1

TOTAL 47,788,075

*Recent estimates are not available.
ETEC, enterotoxigenic E. coli; STEC, Shiga toxin–producing E. coli.
Modified from Scallan E, Griffin PM, Angulo FJ, et al. Foodborne illness acquired in the United States—unspecified agents. Emerg Infect Dis. 2011;17(1):16-22; and 
Scallan E, Hoekstra RM, Angulo FJ, et al. Foodborne illness acquired in the United States—major pathogens. Emerg Infect Dis. 2011;17(1):7-15.
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present as either a diarrheal illness or as a pseudoappendicular syn-
drome; as ileocecitis, consisting of abdominal pain (resembling that of 
appendicitis); fever; leukocytosis; and, in some patients, nausea and 
vomiting.59 Joint pain (see postinfection syndromes later), beginning 
about 1 week after onset of diarrhea, is more common in adults59 Sore 
throat and rash can affect patients of all ages. The median duration of 
diarrhea is 2 weeks, but other symptoms may last longer.60 Of note, 
Campylobacter and Salmonella can also cause an ileocecitis that mimics 
appendicitis.

Bloody Diarrhea with Minimal Fever within 3 to 8 Days. The 
distinctive syndrome of hemorrhagic colitis has been linked to Shiga 
toxin–producing E. coli (STEC), most often serogroup O157 (see 
Chapter 226).61 These strains produce one or both types of Shiga toxins 
(Shiga toxin 1 or 2). Shiga toxins, also referred to as verotoxins, are 
cytotoxins that damage vascular endothelial cells in target organs such 
as the gut and kidney.62 In general, strains that produce Shiga toxin 2 
tend to be more virulent.63 To cause disease, STEC must also possess 
additional virulence factors, including those that lead to adherence to 
the intestinal epithelium.62 The illness is characterized by severe 
abdominal cramping and diarrhea, which is initially watery but may 
quickly become grossly bloody.61,64 About one third of patients report 
a short-lived low-grade fever that typically resolves before seeking 
medical attention.61,65 Most patients fully recover within 7 days.61 
However, overall 6% (15% in children aged <5 years) of patients 
develop hemolytic-uremic syndrome (HUS), which is typically diag-
nosed about 1 week after the beginning of the diarrheal illness, when 
the diarrhea is resolving.66 The fatality rate for HUS is 3% in children 
aged younger than 5 years and 33% in persons aged 60 years or older. 
For most age groups, deaths in persons without HUS are rare, but 2% 
of adults aged 60 years or older with only hemorrhagic colitis die.66 
Non-O157 STEC are diverse in their virulence properties, causing 
illness ranging from uncomplicated watery diarrhea to hemorrhagic 
colitis and HUS. Outbreaks reported in the United States have involved 
serogroups O26, O103, O111, O121, O145, and O104 (serotype 
O104:H21, but not O104:H4).67 A large outbreak of infections caused 
by a strain of enteroaggregative E. coli O104:H4, which had acquired 
a Shiga toxin 2 gene, occurred in Germany in 2011.8 The median incu-
bation period for illness was 8 days, and HUS developed in approxi-
mately 20% of patients.68

Paralysis within 18 to 36 Hours. A cluster of two or more illnesses 
characterized by symmetrical cranial nerve palsies, followed by sym-
metrical descending flaccid paralysis that may progress to respiratory 
arrest, is pathognomonic for foodborne botulism (see Chapter 247). 
The diagnosis should also be strongly suspected in individual patients 
presenting with these findings. Paralysis may coincide with or be pre-
ceded by nausea and vomiting in approximately 50% of patients and 
diarrhea in nearly 20%, but constipation is common once the neuro-
logic syndrome is well established.69 Botulism is usually caused by one 
of four immunologically distinct, heat-labile protein neurotoxins, des-
ignated botulinum toxins A, B, E, and rarely F.70 The toxins irreversibly 
block acetylcholine release at the neuromuscular junction. Foodborne 
botulism results from ingestion of preformed toxin. Nerve endings 
regenerate slowly, so recovery typically takes weeks to months70 but is 
longer for some patients.71 The syndromes of infant botulism and adult 
intestinal colonization result from ingestion of spores, with subsequent 
toxin production in vivo.70,72 Clinical suspicion is important for botu-
lism to be correctly diagnosed.73

Persistent Diarrhea within 1 to 3 Weeks. Parasites, including 
Cryptosporidium, Giardia, and Cyclospora, are the most common 
causes of persistent (lasting ≥14 days) foodborne diarrhea (see Chap-
ters 281, 284, and 285).

In the mid-1990s, outbreaks of cyclosporiasis linked to various 
types of imported fresh produce were recognized in the United States.74 
The incubation period averages about 1 week (range, about 2 days to 
2 or more weeks), and the most common symptom is watery diarrhea. 
Other common symptoms include anorexia, weight loss, abdominal 
cramps, nausea, and body aches. Vomiting and low-grade fever may 
occur. Untreated illness can last for weeks or months, with a remitting-
relapsing course and prolonged fatigue.74

A distinctive chronic watery diarrhea, known as Brainerd diarrhea, 
was first described in persons who had consumed raw milk.75 After a 

infections, severe necrotizing colitis developed in patients with a 
history of chronic, likely medication-induced, constipation.35 A food-
borne infection, fatal in about 20% of patients, is caused by C. perfrin-
gens type C in persons with low protein intake; the disease is rare 
outside of Papua New Guinea.32

Fever, Abdominal Cramps, and Diarrhea within 6 to 48 Hours. 
The major etiologic considerations for this syndrome are nontyphoidal 
Salmonella, Shigella, and Vibrio species, especially V. parahaemolyticus 
(see Chapters 216, 217, 225, and 226).36,37,38-40 Campylobacter jejuni, 
Shiga toxin–producing Escherichia coli (STEC), and Yersinia enteroco-
litica should also be considered but typically have a longer incubation 
period, and fever is less common with STEC (see Chapters 100, 218, 
and 231). Norovirus does not consistently cause fever but should be 
considered. These pathogens, with the exception of norovirus, can 
cause an inflammatory diarrhea, some by invading of the intestinal 
epithelium and some damaging it via secreted cytotoxins.41,42 Bloody 
diarrhea and vomiting may occur in a varying proportion. These ill-
nesses usually resolve within 2 to 7 days.36

Nontyphoidal Salmonella is the most common bacterial cause of 
foodborne illnesses and outbreaks in the United States.1,3 The median 
incubation period is 6 to 48 hours. However, C. jejuni, with a typical 
incubation period of 3 to 4 days, is the most common bacterial cause 
of gastroenteritis, including both foodborne and nonfoodborne routes 
of transmission.3

Infrequent outbreaks of diarrhea with fever caused by Listeria 
monocytogenes (see Chapter 208) have been reported among previ-
ously healthy persons.43-45 This syndrome is characterized by watery 
and frequent diarrhea, fever, abdominal cramps, headache, and myal-
gias, with a median incubation period of 20 to 31 hours.

Abdominal Cramps and Watery Diarrhea within 16 to 72 Hours. 
The major etiologic considerations for this syndrome are enterotoxi-
genic strains of E. coli (ETEC) and V. parahaemolyticus. In the United 
States, other Vibrio species, including V. cholerae (including strains that 
produce and strains that do not produce cholera toxin), and V. mimicus, 
cause this foodborne disease syndrome; outbreaks are uncommon, but 
cases are reported every year.40,46,47 Epidemic cholera manifests as a 
profuse, watery diarrhea accompanied by muscular cramps; by defini-
tion, it is caused by cholera toxin–producing strains of V. cholerae O1 
and O139. V. cholerae O141 and O75 can also produce cholera toxin 
and cause a similar syndrome (see Chapter 217).47,48 C. jejuni, Salmo-
nella, Shigella, STEC, and norovirus may also cause watery diarrhea 
during this time period. Enterotoxins expressed in vivo are responsible 
for illness caused by ETEC49 and by cholera toxin–producing strains 
of V. cholerae.50 The virulence factors of V. parahaemolyticus include 
both secreted toxins and effector proteins delivered directly into the 
cytoplasm of the host cell via type III secretion systems.41 The median 
duration of diarrhea caused by V. parahaemolyticus is 6 days; most 
patients have abdominal cramping (89%), half have vomiting or fever, 
and 29% have bloody diarrhea.37 Diarrhea caused by ETEC lasts for a 
median of 6 days, often accompanied by abdominal cramping for the 
full duration of illness.51 In one ETEC outbreak, uncommon symptoms 
included vomiting (13% of cases) and fever (19%).51

Vomiting and Nonbloody Diarrhea within 10 to 51 Hours. Noro-
viruses are the most common of known foodborne pathogens (see 
Chapter 178). They are estimated to cause 5.5 million foodborne ill-
nesses per year in the United States.3 Even more cases of acute gastro-
enteritis are caused by nonfoodborne transmission of noroviruses, 
directly from one person to another or by fomite contamination.52 The 
median incubation period reported in foodborne norovirus outbreaks 
is 33 hours.53 Norovirus illness is characterized by acute onset of non-
bloody diarrhea, vomiting, or both, accompanied by nausea and 
abdominal pain. Fever occurs in about 40% of patients, is usually low 
grade, and lasts for less than 24 hours. Symptoms usually resolve in  
2 to 3 days, but 12% of patients require medical care and 1.5% are 
hospitalized for rehydration.53,54 A group of related viruses in the 
Caliciviridae family, most notably the sapoviruses, can cause similar 
illness.55

Fever and Abdominal Cramps within 1 to 11 Days, with or 
without Diarrhea. Although febrile diarrhea is the most common 
presentation of Yersinia enterocolitica (see Chapter 231) infection in 
young children,56,57,58 in older children and adults, the illness may 
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life-threatening central nervous system infections if a person later 
becomes immunocompromised. The manifestations of congenitally 
acquired toxoplasmosis include subclinical infection (which may reac-
tivate during childhood or adulthood), a diverse array of abnormalities 
at birth (e.g., hydrocephalus, cerebral calcifications, chorioretinitis, 
thrombocytopenia, and anemia), and perinatal death.85

Several species of Trichinella roundworms cause trichinosis in 
humans, who are only accidental hosts, when raw or undercooked pork 
or wild game meat contaminated with larvae is consumed (see Chapter 
289). The signs and symptoms depend partly on number of larvae 
ingested and the person’s immunity. Gastrointestinal symptoms, such 
as nausea, diarrhea, vomiting, and abdominal cramps may develop as 
early as 24 to 48 hours after ingestion, corresponding to the enteral 
phase of infection. This may be followed by a constellation of signs and 
symptoms, including fever, myalgias, periorbital or facial edema, head-
ache, or eosinophilia lasting up to several weeks to months, corre-
sponding to the parenteral phase of infection.86

Other infectious agents and diseases with primary symptoms 
outside the gastrointestinal tract and neurologic systems that can be 
transmitted by foods include (with a food vehicle example) group A 
β-hemolytic streptococci (e.g., from cold egg–containing salads),87 
typhoid fever (raw produce exposed to human sewage or foods con-
taminated by asymptomatic human carriers),88 brucellosis (goat’s milk 
cheese), anthrax (meat), tuberculosis (raw milk), Q fever (raw milk), 
hepatitis A (shellfish or raw produce), various trematode infections 
(fish and aquatic invertebrates),89 anisakiasis (fish), and cysticercosis 
(foods contaminated by Taenia solium eggs shed in human feces of 
persons with intestinal pork tapeworms).

Postinfection Syndromes. Although arthropathy has been 
reported after a variety of enteric infections, most experts agree that 
the term reactive arthritis should only be applied to infections caused 
by Salmonella, Yersinia, Campylobacter, or Shigella.90 Reactive arthritis 
can occur as part of the triad of aseptic inflammatory polyarthritis, 
urethritis, and conjunctivitis described by Reiter. Attack rates of reac-
tive arthritis after salmonellosis vary from 1.2% in studies using more 
objective case definitions to 14% to 29% in studies using more subjec-
tive case definitions.90 Although associations between HLA-B27 posi-
tivity and reactive arthritis have been identified, the association may 
exist only for patients with more severe joint or extra-articular involve-
ment. In studies consisting of mostly mild cases, no associations with 
HLA-B27 were found.90

Worldwide, 31% of Guillain-Barré syndrome (GBS) cases have been 
attributed to recent Campylobacter jejuni infection (see Chapter 218).91 
When preceding diarrheal illness is reported, it typically occurs 1 to 3 
weeks before the onset of neurologic symptoms.92 In contrast to botu-
lism, this syndrome is usually manifested by an ascending paralysis 
accompanied by sensory findings and abnormal nerve conduction 
velocity.

Several enteric pathogens, including Campylobacter, Shiga toxin–
producing E. coli, Salmonella, Shigella, Giardia, and norovirus may lead 
to the development of postinfectious irritable bowel syndrome or other 
functional gastrointestinal disorders in some patients.93,94

Foodborne Syndromes Caused by 
Nonbacterial Toxins
A description of all nonbacterial toxins that can cause foodborne 
illness is beyond the scope of this chapter. Illness caused by natural 
substances found in staple fruits and vegetables, spices, medicinal 
herbs and oils, and mycotoxins (other than those in mushrooms) are 
not covered95; neither are food allergies96 or illnesses caused by addi-
tives,95 methylmercury,97 or niacin.98

Nausea, Vomiting, and Abdominal Cramps within 1 Hour. The 
major etiologic considerations for this syndrome are heavy metals; 
copper, zinc, tin, and cadmium have caused foodborne outbreaks.99-105 
Latency periods for symptom onset most often range from 5 to 15 
minutes after ingestion of contaminated beverages but can be longer 
with contaminated foods.101 Nausea, vomiting, and abdominal cramps 
result from direct irritation of the gastric and intestinal mucosa and 
usually resolve within 2 to 3 hours if minor amounts are ingested. 
Progression to serious illness and even death is possible if larger 
amounts are consumed.

mean incubation period of 15 days, affected persons developed acute, 
watery diarrhea with marked urgency and abdominal cramping. Diar-
rhea persisted for more than a year in 75% of patients. Several 
restaurant-associated outbreaks and a cruise ship–associated outbreak 
of a similar illness have suggested that water also transmits the agent, 
which has not been identified.76-79

Systemic Illness. Some foodborne diseases manifest mainly as 
invasive infections in immunocompromised patients. Invasive listerio-
sis typically affects pregnant women, fetuses, and persons with com-
promised cellular immunity (see Chapter 208). In pregnant women, 
infection may be asymptomatic or present as a mild flulike illness;  
20% of pregnancies in infected women end in miscarriage.80 Neonatal 
listeriosis is acquired in utero or at birth and manifests as either early-
onset sepsis during the first several days of life or as late-onset menin-
gitis during the first several weeks after birth; the neonatal fatality rate 
is approximately 20% to 30%.81 In the elderly and immunocompro-
mised persons, listeriosis causes meningitis, sepsis, and focal infec-
tions.81 The incubation period ranges from 3 to 70 days, with a median 
of 3 weeks.

Vibrio vulnificus can cause septicemia after ingestion of contami-
nated food, typically raw oysters (see Chapter 216). This severe syn-
drome, often accompanied by bullous skin lesions (Figure 103-1), is 
seen almost exclusively in patients with impaired immunity, especially 
those with chronic liver disease, including cirrhosis, alcoholic liver 
disease, and hepatitis.82 The association with liver disease may be 
related to portal hypertension, resulting in reduced hepatic phagocytic 
function, elevated serum iron levels that promote growth of V. vulni-
ficus, or achlorhydria. The overall mortality rate is 30% and varies by 
the timeliness of antibiotic administration.39,83

On occasion, other Vibrio species, including V. parahaemolyticus 
and strains of V. cholerae that do not produce cholera toxin cause 
septicemia.41,46 Nontyphoidal Salmonella can cause bacteremia and 
focal infections, often in persons at the extremes of age, or in persons 
with sickle cell anemia, inflammatory bowel disease, or an immuno-
compromising condition.84

Consumption of foods contaminated with Toxoplasma gondii 
oocysts excreted from cats or meats containing tissue cysts can cause 
different manifestations of toxoplasmosis, depending on the host  
(see Chapter 280).85 In healthy children and adults, up to 90% of 
infections are asymptomatic, but the remainder lead to nontender, 
nonsuppurative lymphadenopathy, lasting weeks to months, or chorio-
retinitis. Fever, malaise, night sweats, myalgias, sore throat, maculo-
papular rash, and hepatosplenomegaly may occur; other manifestations 
(e.g., disseminated disease, pneumonitis, hepatitis, encephalitis, myo-
carditis, and myositis) are rare. Both asymptomatic and symptomatic 
acute infections lead to latent infections that can reactivate into 

FIGURE 103-1 Hemorrhagic bullae of the leg secondary to Vibrio 
vulnificus infection. (From Millet CR, Halpern AV, Reboli A, et al. Bacterial 
diseases. In: Bolognia JL, Jorizzo JL, Schaffer JV, et al, eds. Dermatology. 
3rd ed. Philadelphia: Mosby; 2012:1187-1220.)
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The features of NSP are similar to those of PSP, except they are less 
severe. Reverse temperature perception may occur.106,107 Brevetoxins 
produced by certain dinoflagellates are responsible. Brevetoxins cause 
an influx of sodium into nerve and muscle cells, leading to continuous 
activation, causing paralysis and fatigue.106 Symptoms typically resolve 
within 48 hours.107

Paresthesias within 3 to 30 Hours. The major cause of this 
syndrome is ciguatera fish poisoning (Table 103-3). Ciguatera is char-
acterized by a broad array of neurologic, gastrointestinal, and cardio-
vascular symptoms. Some characteristic symptoms include facial, 
perioral, and extremity parestheisias, hot and cold temperature sensa-
tion reversal, metallic taste, headache, dizziness, nausea, vomiting, 
bradycardia, and hypotension. In severe cases, respiratory distress  
and death may occur. Gastrointestinal and cardiovascular symptoms 
resolve in a few days, but neurologic symptoms can last for weeks or 
years.107,109

Ciguatoxins are lipid-soluble, heat-stable dinoflagellate toxins that 
open voltage-sensitive sodium channels in neuromuscular junctions. 
The dinoflagellates are consumed by small fish, which are then con-
sumed by carnivorous fish where the toxins concentrate. Some dino-
flagellates that produce ciguatoxins also produce maitotoxin. Although 
maitotoxin opens cell membrane calcium channels, its role in ciguatera 
is uncertain given its water-soluble nature.107,109

Vomiting and Diarrhea in Less Than 24 Hours or Neurologic 
Symptoms in Less Than 48 Hours. Rare outbreaks of amnesic shell-
fish poisoning have been reported. Gastrointestinal symptoms pre-
dominate in persons aged younger than 40 years. Neurologic symptoms, 
including headache, visual disturbances, cranial nerve palsies, antero-
grade amnesia, coma, and death, are more common in persons aged 
older than 50 years. The illness is caused by the toxin domoic acid, 
which is produced by certain dinoflagellates and concentrated in 
shellfish.106,107

Miscellaneous Mushroom Poisoning Syndromes with Onset 
within 2 Hours. Several syndromes may occur after ingestion of toxic 

Diarrhea within 30 Minutes to 12 Hours. Outbreaks of diarrhetic 
shellfish poisoning have been reported from throughout the world but 
not from the United States. Diarrhea is caused by ingestion of filter-
feeding bivalve mollusks, such as mussels and scallops, contaminated 
with okadaic acid produced by certain dinoflagellates, a type of algae. 
Vomiting may be present, and symptoms resolve within 3 days.106,107 
Outbreaks of azaspiracid shellfish poisoning, causing a similar syn-
drome, have been reported in Europe.106

Paresthesias within 1 to 3 Hours. When patients have this 
symptom, fish and shellfish poisonings are possibilities. Histamine fish 
poisoning (scombroid poisoning) is characterized by symptoms resem-
bling those of a histamine reaction. Perioral paresthesias, flushing, 
headache, palpitations, sweating, rash, pruritus, abdominal cramps, 
nausea, vomiting, and diarrhea are common. In severe cases, urticaria 
and bronchospasm may also occur.107 Histamine can accumulate in fish 
flesh that has a high concentration of histidine if postmortem spoilage 
occurs from inadequate refrigeration. Marine bacteria catalyze the 
decarboxylation of histidine to heat-stable histamine. Symptoms 
usually resolve within 24 hours. Unlike seafood allergies, scrombroid 
fish poisonings have a very high attack rate.108 Puffer fish poisoning, 
caused by tetrodotoxin, is rare outside of East Asia, but an outbreak in 
the United States resulted from fish transported in a suitcase. Rapid 
ascending paralysis occurs, and 14% of patients die.107

Two types of shellfish poisoning present with paresthesias: paralytic 
(PSP) and neurotoxic (NSP). Mild PSP is characterized by paresthesias 
of the mouth, lips, face, and extremities. Larger intoxications progress 
rapidly to include headache, vomiting, diarrhea, dyspnea, dysphagia, 
muscle weakness or frank paralysis, ataxia, and respiratory insuffi-
ciency or failure.106,107 The disease is caused by saxitoxins produced by 
certain dinoflagellates. Bivalve mollusks and some fish feed on these 
dinoflagellates; the toxins are concentrated in their flesh. Saxitoxin is 
heat stable and blocks the propagation of nerve and muscle action 
potentials by interfering with sodium channel permeability. Patients 
typically recover in hours to a few days.93

TABLE 103-3  Etiology of Foodborne Disease Outbreaks by Commonly Implicated Foods, Season, and 
Geographic Predilection

ETIOLOGY COMMONLY IMPLICATED FOODS PEAK SEASON(S) GEOGRAPHIC PREDILECTION
Bacterial
Salmonella Beef, poultry, eggs, dairy products, produce Summer, fall None

Staphylococcus aureus Ham, poultry, salads, sandwiches, (unpasteurized dairy 
products in some countries [e.g., France])

Summer None

Campylobacter jejuni Poultry, unpasteurized (raw) milk and dairy products Spring, summer None

Clostridium botulinum Home-canned vegetables, preserved fish, honey (infants) Summer, fall Type E common in Alaska

Clostridium perfringens Beef, poultry, gravy Fall, winter, spring None

Shigella Egg salad, lettuce Summer None

Vibrio parahaemolyticus Shellfish Spring, summer, fall Coastal states

Bacillus cereus Fried rice, meats, vegetables None

Yersinia enterocolitica Milk, pork, chitterlings Winter Unknown

Vibrio cholerae O1 Shellfish Tropical, Gulf Coast, Latin America

Vibrio cholerae non-O1 Shellfish Tropical, Gulf Coast

Shiga toxin–producing Escherichia coli Ground beef, unpasteurized milk, fresh produce Summer, fall Northern United States

Viral
Noroviruses Salads, shellfish Winter None

Parasitic
Toxoplasma gondii Undercooked meat, raw shellfish, produce None

Trichinella Game meat, less commonly pork in the United States None

Cyclospora cayetanensis Imported fresh produce Spring, summer None

Cryptosporidium Unpasteurized apple cider Summer Northern United States

Giardia Raw produce and a variety of other foods Summer Northern United States

Chemical
Ciguatera Barracuda, snapper, amberjack, grouper Tropical reefs

Histamine fish poisoning (scombroid) Tuna, mackerel, bonito, skipjack, mahi-mahi Coastal areas

Shellfish poisoning Shellfish Coastal areas

Mushroom poisoning Mushrooms Spring, fall Temperate

Heavy metals Acidic beverages None
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EPIDEMIOLOGY
In addition to the clinical syndrome and incubation period, other clues 
to the cause of an outbreak may be provided by the type of food 
responsible and the setting (see Table 103-3).

Foods
Outbreaks of staphylococcal food poisoning are associated with foods 
of high protein content. In the United States, the foods most frequently 
implicated include ham, poultry, beef, potato and egg salads, pasta 
dishes, and sandwiches, which are thought to be contaminated during 
preparation by a food handler.19 In the classic staphylococcal food-
borne outbreak, a food handler’s hand has a purulent skin lesion, but 
this is true in only a minority of outbreaks. In countries such as France, 
with greater consumption of unpasteurized cheese, dairy products are 
the most common vehicles. Masititis in dairy animals is a possible 
source of contamination.113 In contrast, outbreaks of emetic B. cereus 
food poisoning are most often associated with starchy foods, especially 
rice, that have been cooked and held warm for extended periods, 
during which heat-resistant spores can germinate into vegetative cells 
that multiply and produce toxin.26,28

C. perfringens outbreaks usually occur after the ingestion of meat 
(especially beef and poultry) that has not been cooked or stored prop-
erly.29 Organisms have been isolated from raw meat, poultry, and fish. 
Outbreaks are more likely to occur when these items are held between 
15° C (59° F) and 50° C (122° F) after cooking, allowing spores to ger-
minate and vegetative cells to rapidly multiply.30,32 B. cereus, resulting 
in the diarrheal syndrome, is frequently associated with proteinaceous 
meat, dairy, and vegetable dishes.28 One large B. cereus diarrheal out-
break was attributed to barbecued pork that was unrefrigerated for 18 
hours after cooking114; another outbreak was traced to a meal delivery 
service in which food was held at and above room temperature for an 
extended period.115

E. coli O157 outbreaks were initially recognized mostly after con-
sumption of undercooked ground beef, and this remains the most 
commonly recognized source in the United States. However, outbreaks 
have been traced to a broad range of foods, including leafy greens, 
apple cider, alfalfa sprouts, venison, salami, and cookie dough.116,117 
Healthy cattle commonly carry E. coli O157 in their intestines and 
excrete it in manure; this organism is not commonly found in other 
food animals. Produce may become contaminated with E. coli O157 
through environmental contamination by feces (from cattle or other 
animals, such as feral swine or deer)118,119 or by use of water in process-
ing that has been contaminated with fecal matter. Outbreaks of non-
O157 STEC infections have been associated with a range of food 
vehicles.

Nontyphoidal Salmonella is carried in the intestines of many 
animals, including wild reptiles, amphibians, birds, mammals, as well 
as most food production animals. Consequently, it is common in the 
environment and food chain, leading to potential contamination of 
many types of foods. Outbreaks have been associated with contami-
nated poultry, beef, fish, egg, dairy products, produce, juice, peanut 
butter, chocolate, cereals, and frozen processed foods. Salmonella sero-
type Enteritidis, common in poultry flocks, can internally contaminate 
shell eggs through an ovarian infection in the hen.120 In the United 
States during 1998 through 2008, eggs and poultry were the predomi-
nant sources in outbreaks caused by S. serotype Enteritidis121; these 
foods are also the dominant sources of sporadic infections of this 
serotype.122,123

Illnesses caused by E. coli O157:H7, other STEC, Salmonella, Cam-
pylobacter, Brucella, Listeria, and Shigella have been associated with 
consumption of raw milk. Despite these risks, raw milk is still legally 
sold in many states. From 1993 to 2006, a total of 73 foodborne disease 
outbreaks caused by nonpasteurized milk or cheese were reported to 
CDC, accounting for 1571 illnesses, 202 hospitalizations, and 2 deaths; 
75% of these outbreaks occurred in the 21 states that permitted sale of 
nonpasteurized dairy products.124

Shigella outbreaks are most often associated with cool, moist foods 
consumed raw or that require handling after cooking, such as lettuce-
based salads, potato and egg salads, salsas, dips, and oysters.125 The 
organism is carried by humans, not animals. Many foodborne Shigella 
outbreaks are restaurant associated, and are usually attributable to ill 

mushrooms; identification of the syndromes is more important than 
knowing the associated species (Table 103-4).110,111,112 Species contain-
ing ibotenic acid and muscimol cause an illness that mimics alcohol 
intoxication and is characterized by confusion, restlessness, and visual 
disturbances, followed by lethargy; symptoms usually resolve within 
12 hours. Muscarine-containing mushrooms cause parasympathetic 
hyperactivity (e.g., salivation, lacrimation, diaphoresis, blurred vision, 
abdominal cramps, diarrhea). Some patients experience miosis, brady-
cardia, and bronchospasm. Symptoms usually resolve within 24 hours. 
Species containing psilocybin cause hallucinations and inappropriate 
behavior, which usually resolve within 8 hours. Mushrooms containing 
a disulfiram-like substance, coprine, cause headache, flushing, pares-
thesias, vomiting, and tachycardia if alcohol is consumed within 72 
hours after ingestion. Species containing allenic norleucine cause gas-
trointestinal symptoms (e.g., anorexia, nausea, vomiting, diarrhea) 
within 30 minutes to 12 hours after ingestion. Progression to liver 
injury and acute renal failure typically occurs 4 to 6 days after inges-
tion. A variety of mushrooms can cause typically mild gastrointestinal 
irritation.111

Abdominal Cramps and Diarrhea within 6 to 24 Hours, Fol-
lowed by Hepatorenal Failure. Mushrooms containing cyclopeptides 
(amatoxins and phallotoxins) are responsible for greater than 90% of 
all mushroom poisoning fatalities (see Table 103-4). The most common 
implicated mushrooms are Amanita phalloides and Amanita virosa.110 
The illness is biphasic. Severe abdominal cramps, vomiting, and severe 
diarrhea present acutely and usually resolve within 12 to 24 hours. The 
patient then remains well for 12 to 24 hours. Two to 4 days after inges-
tion, hepatic and renal failure supervene. The mortality rate in adults 
is about 10% to 30%.110 A similar syndrome occurs after ingestion of 
mushrooms containing gyromitrin. Although renal failure is not a 
feature, hemolysis, seizures, and coma may occur.111

Vomiting and Diarrhea within 4 to 48 Hours, Followed by Renal 
Failure. Aminita smithiana mushrooms contain toxins that cause 
nausea, vomiting, and sometimes diarrhea 4 to 11 hours after inges-
tion; renal failure may develop 4 to 6 days after ingestion.112 Cortinarius 
species containing orellanine cause nausea, vomiting, and diarrhea 6 
to 48 hours after ingestion; renal injury may develop 2 days to 3 weeks 
after exposure.111

TABLE 103-4  Mushroom Poisoning Syndromes

SYNDROME

COMMONLY 
IMPLICATED 
MUSHROOMS TOXINS

Short Incubation
Delirium, restlessness Amanita muscaria, 

Amanita pantherina
Ibotenic acid, muscimol

Parasympathetic 
hyperactivity

Inocybe spp., Clitocybe 
spp., Boletus spp.

Muscarine

Hallucinations, 
somnolence, 
dysphoria

Psilocybe spp., Panaeolus 
spp., Conocybe spp.

Psilocybin

Disulfiram reaction Coprinus atramentarius Coprine

Gastroenteritis Many Various uncharacterized 
irritants

Long Incubation
Gastroenteritis, 

hepatorenal failure
Amanita phalloides, 

Amanita virosa, and 
other Amanitia; 
Galerina, Cortinarius, 
and Lepiota spp.

Cyclopeptides (i.e., 
amatoxins, 
phallotoxins)

Gastroenteritis, muscle 
cramping, hepatic 
failure, hemolysis, 
seizures, coma

Gyromitra spp. Gyromitrin

Gastroenteritis, acute 
renal failure 
(temporary)

Amanita smithiana Allenic norleucine

Gastroenteritis, acute 
renal failure (often 
irreversible)

Cortinarius spp. Orellanine

http://www.myuptodate.com


P
a
rt

 I
I 

M
aj

o
r 

C
lin

ic
al

 S
yn

d
ro

m
es

1290

may be more likely to be contaminated.149 Trichinosis caused by con-
sumption of contaminated pork still occurs infrequently in the United 
States. However, largely because of improvements in swine husbandry 
in the past several decades, and likely because of efforts to educate 
consumers on cooking pork thoroughly to kill any Trichinella larvae 
present, the most frequent source of trichinosis cases and outbreaks in 
the United States has shifted from commercial pork to wild game meat, 
especially bear meat.150,151

Outbreaks of heavy metal poisoning are most often associated with 
acidic beverages, such as tea, lemonade, fruit punch, and carbonated 
drinks that have been stored in corroded metallic containers for 
periods sufficient to leach the metallic ions from the container.99-104

Although histamine, or scombroid, fish poisoning is named after 
the Scombroidiae family, which includes fish such as tuna, mackerel, 
bonito, and skipjack, many nonscombroid fish, including, but not 
limited to, mahi-mahi, bluefish, and escolar, can also cause histamine 
fish poisoning.107,108,152,153 Ciguatera fish poisoning is associated with 
consumption of many different large reef-dwelling carnivorous fish, 
including barracuda, red snapper, amberjack, and grouper caught 
between 35° north and south of the equator.107 Shellfish poisonings 
mostly occur after ingestion of bivalve mollusks, most often oysters, 
clams, mussels, and scallops.106 However, cases of PSP in Florida have 
followed consumption of local pufferfish.154

The possibility that foodborne illness could be the result of an 
intentional contamination should also be considered. An outbreak of 
salmonellosis in Oregon in 1984 involved 751 persons who ate or 
worked at 10 area restaurants. Epidemiologic investigation determined 
that illness was associated with eating from salad bars. A subsequent 
criminal investigation revealed that members of a religious commune 
had deliberately contaminated the salad bars.155 In 1996, an outbreak 
of Shigella dysenteriae type 2 infections, affecting 12 persons, was 
caused by consumption of deliberately contaminated muffins.156 In 
2003, ground beef was intentionally contaminated with nicotine at a 
supermarket.157

Nonfoodborne Transmission
The evaluation of a suspected foodborne outbreak may reveal other 
modes of transmission, including consumption of water (drinking or 
recreational),158,159 or contact with infected animals160 or persons.52

Some pathogens incriminated in waterborne disease outbreaks are 
different from those most often responsible for foodborne disease. 
Giardia is a frequently recognized pathogen in outbreaks associated 
with drinking water, including several large outbreaks traced to munic-
ipal water supplies.161-163 Foodborne giardiasis outbreaks in the United 
States are rare and are usually caused by infected food handlers.164 
Giardiasis is characterized by diarrhea, nausea, abdominal pain, bloat-
ing, flatulence, and occasionally malabsorption. The incubation period 
is typically 1 to 2 weeks, and the duration of illness may be several 
weeks, occasionally longer. Cryptosporidium is the most common 
infectious cause of outbreaks caused by contaminated recreational 
water intended for swimming.159 Cryptosporidium outbreaks caused by 
contaminated food and a massive outbreak caused by contaminated 
drinking water have occurred.164,165 Other waterborne outbreaks have 
been caused by E. coli O157:H7,166,167 Shigella,168 hepatitis A,169 Salmo-
nella serotype Typhi,170 nontyphoidal Salmonella,171 ETEC,172 C. 
jejuni,126,173-175 noroviruses,176-178 Toxoplasma,179 and V. cholerae.

Vulnerable Populations
Some people are more susceptible to acquiring a foodborne infection 
or to experiencing more severe illness than are others.180 Most host 
factors associated with increased risk are related to inadequate immune 
response. Immune-related factors include, but are not limited to, the 
following: age younger than 5 years, age 65 years or older, primary 
immunodeficiencies, pregnancy, human immunodeficiency virus 
(HIV) infection, leukemia, immunosuppressive medications (e.g., che-
motherapy, corticosteroids, agents used to treat autoimmune condi-
tions), diabetes, and nutritional deficiencies.180 Persons with excessive 
iron stores, such as occurs in cirrhosis and hemochromatosis, are more 
susceptible to infection with foodborne pathogens that grow more 
rapidly in the presence of iron.180 The protection against foodborne 
infections conferred by gastric acid is reduced in persons who consume 

food workers.125 Less than half of Shigella infections are estimated to 
be aquired through food; most are transmitted from one person to 
another directly or via fomites. The major food source for Campylo-
bacter infection is poultry. Foodborne illness occurs from consump-
tion of undercooked poultry and from consumption of other foods, 
especially produce cross-contaminated from poultry in the kitchen or 
earlier in the farm-to-table continuum. Cattle also carry Campylo-
bacter, and unpasteurized dairy products are an important source.126

Listeriosis outbreaks have been traced to delicatessen meats, frank-
furters, raw soft cheeses (such as queso fresco), and produce. Delicates-
sen meats and frankfurters, which had caused large outbreaks of 
infections, have been infrequently implicated in outbreaks occurring 
since 2005, probably because of several regulatory initiatives.127 In the 
United States, raw produce has been recognized as the source of three 
recent listeriosis outbreaks: 2008 (raw sprouts), 2010 (precut celery in 
chicken salad), and 2011 (whole cantaloupe).127-129

Vibrio outbreaks are rare in the United States and have been caused 
by V. parahaemolyticus, toxigenic V. cholerae, and V. mimicus, usually 
associated with the ingestion of shellfish.37,40,46,47 Sporadic foodborne 
cases of Vibrio illness are also typically linked to ingestion of shellfish, 
especially oysters.46 Toxigenic strains of V. cholerae have been acquired 
from domestically-grown shellfish. Crabs brought in travelers’ luggage 
have caused cholera.130

Relative to some European countries, the incidence of Y. enteroco-
litica infections in the United States is considerably lower.56,131,132 Out-
breaks occur occasionally and have been associated with consumption 
of pork products and contaminated milk; produce has been implicated 
less frequently.57,58,133-135 Fewer infections now appear attributable to 
cross-contamination from the preparation of pork chitterlings in the 
household.57,131

Although diarrhea caused by ETEC is usually thought to be 
acquired primarily through exposures encountered during travel 
outside developed countries or on cruise ships,136,137 outbreaks caused 
by ETEC do occur in the United States and are most commonly associ-
ated with foods that require extensive handling to prepare and are often 
served cold, such as seafood, fresh produce, herbs, or salads.138-142 
Foodborne ETEC infections are typically associated with a breech  
in hygiene and sanitation during food production, transport, or 
preparation.143

Clostridium botulinum spores can germinate into cells that can 
grow and produce toxins only in foods that provide an anaerobic envi-
ronment, a pH of less than 4.5, low salt and sugar content, and a tem-
perature of 4° to 121° C.70 Botulism outbreaks are most often associated 
with home-canned vegetables, fruits, and fish. Additional vehicles have 
included baked potatoes, sautéed onions, and commercial chopped 
garlic in oil lacking a growth inhibitor.144 Recent outbreaks caused by 
bottled carrot juice and canned chili sauce were the first related to 
commercial products in almost 20 years.145,146 Honey is a recognized 
source of C. botulinum spores in infant botulism; therefore, parents are 
advised to not feed honey to infants younger than 1 year old.72

In norovirus outbreaks, food is most often contaminated by a food 
handler; contamination can also occur either directly with human fecal 
matter at the source of production, such as shellfish caught in sewage-
contaminated waters or produce irrigated with water contaminated by 
sewage.53 Foods that require handling without subsequent cooking are 
typically implicated, including sandwiches, leafy vegetables, fruits, and 
shellfish.53 In one large multistate outbreak, steamed shellfish from the 
Gulf Coast were implicated. These were probably contaminated by ill 
oystermen, who, lacking toilet facilities on their oyster boats, defecated 
and vomited directly into shallow oyster beds.147

Cyclospora infection results from ingestion of mature (infective) 
oocysts in contaminated food or water. Cyclosporiasis is endemic in 
various tropical and subtropical regions. Outbreaks of cyclosporiasis 
in the United States have been linked to multiple types of imported 
fresh produce, including raspberries, basil, mesclun lettuce, and snow 
peas.74,148

Foodborne toxoplasmosis is acquired through consumption of 
undercooked meat (especially pork, lamb, and game meat) that contain 
tissue cysts or uncooked foods (primarily fruits and vegetables, but also 
raw shellfish) contaminated with oocysts originating from cat feces.65,149 
Free-range organically raised meats, which are growing in popularity, 
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most often reported from the Gulf Coast of the United States.46 Type 
E botulism is most common in Alaska.186

Most ciguatera fish poisoning outbreaks in the United States have 
been reported from the Caribbean, Florida, or Hawaii.187 Travelers who 
return from these areas with the characteristic syndrome should be 
questioned regarding fish consumption. Transport of fish from endemic 
areas has caused outbreaks in nonendemic locations.188,189 PSP and NSP 
outbreaks occur more frequently in coastal areas.

Globalization and centralization of the world’s food supply has led 
to increased detection of multistate and multinational outbreaks.17 
Seemingly isolated illnesses within a geographic area may actually be 
part of a larger multistate or multinational outbreak.

Epidemiologic Assessment
If an outbreak of foodborne disease is suspected, public health authori-
ties should be contacted so that it can be investigated. Investigating the 
outbreak is important to identify and rapidly control the source. There 
are several stages during an outbreak investigation, progressing from 
confirmation of an outbreak to identifying the likely factors leading to 
contamination at some point in the food chain.190 Every investigation 
is unique. However, to increase likelihood of solving the outbreak, all 
investigations, at a minimum, require development of case definitions 
and thorough detective work to generate hypotheses as to the likely 
vehicles. Hypothesis generation is an iterative process and involves 
synthesis of multiple types of information, including (1) the distribu-
tion of cases by person, place, and time; (2) existing knowledge about 
the pathogen; and (3) exposures reported through patient interviews. 
A refined hypothesis can be tested in various ways to yield the follow-
ing three types of evidence, which together can implicate a food item 
as a vehicle: (1) statistical association between illness and consumption 
of the food, (2) detection of the outbreak strain in the food, and  
(3) identification of a single point in the food production and distribu-
tion chain to which food consumed by multiple patients can be traced. 
Typically, a strong basis for public health action is met when any two 
of these types of evidence are present. However, particularly severe 
outbreaks may require less stringent criteria to justify action such as 
recalling products or alerting the public.

Sometimes, a common meal shared by all or most patients is identi-
fied. In this situation, a cohort study can be performed. Both ill and 
well persons who ate at the meal must be interviewed. For each item 
served, the proportion of persons who became ill (attack rate) should 
be determined for persons who consumed the item and for persons 
who did not consume the item (Table 103-5). To be incriminated on 
statistical grounds, a food must have a significantly higher attack rate 
among those who ate it than for those who did not. Because significant 
associations may reflect chance findings, it is important to substantiate 
significant associations with other factors, including the magnitude of 
association (e.g., relative risk), evidence of a dose-response relationship 
between the food and illness, and biologic plausibility.190 On occasion, 
more than one food item may be statistically associated with illness. A 

antacids (especially proton-pump inhibitors), large volumes of liquid, 
or fatty foods.180 The increasing average age and accompanying chronic 
illnesses in many countries means that more of the population has a 
heightened susceptibility to severe foodborne infections.

People with compromised immunity caused by HIV infection have 
higher reported rates of salmonellosis, campylobacteriosis, shigellosis, 
invasive listeriosis, and cyclosporiasis than do persons not infected 
with HIV.181,182 Most of these infections are more likely to be severe, 
recurrent, or persistent in such patients.181,182 Rates of cryptosporidiosis 
have decreased since the advent of highly active antiretroviral therapy.

Persons who consume unpasteurized (raw) milk are at increased 
risk of acquiring foodborne infections. Immigrant and refugee popula-
tions may have certain customs that involve consumption of raw or 
undercooked food. Severe mushroom poisonings have occurred 
among immigrants who mistook poison mushrooms as safe mush-
rooms from their place of origin.110

Seasonality
Illnesses caused by S. aureus, Salmonella, Shigella, C. jejuni, Vibrio spp., 
STEC, Giardia, and Cryptosporidium are most common during the 
summer months. Similarly, shellfish-associated Vibrio infections peak 
during warmer months and are closely related to the temperature of 
the water in the oyster beds.183 Illnesses caused by C. perfringens occur 
throughout the year but least often during the summer months.29 
Among black children in the United States, Y. enterocolitica infections 
have occurred primarily after winter holidays at which pork chitter-
lings are served. However, likely in part a result of education efforts, 
the winter seasonality of these infections in black children has dimin-
ished considerably during 2000 to 2009, and Y. enterocolitica infections 
occur throughout the year for other demographic groups.131 Although 
transmitted year-round, winter is the season of peak norovirus activity, 
which provides additional opportunity for foodborne contamination 
with this pathogen.54

With a few exceptions, chemical food poisoning occurs throughout 
the year. Shellfish poisonings and ciguatera occur in association with 
harmful algal blooms, such as a red tide. These blooms can occur at 
any time of the year, but may be more common in late summer and 
fall in Florida. Mushroom poisoning is most common in the spring, 
late summer, and fall.

Geographic Location
The geographic setting may also provide a clue to the cause of food-
borne disease. In the United States, E. coli O157 infections and out-
breaks are more common in the northern states bordering Canada, for 
unexplained reasons.116,184 In Germany, areas of higher frequency of 
human E. coli O157 and some non-O157 STEC infections are those 
with higher cattle density.185

In the United States, V. parahaemolyticus outbreaks are most fre-
quently reported from coastal states (Gulf Coast, Atlantic, and Pacific).37 
Cases of toxigenic and nontoxigenic V. cholerae infection have been 

TABLE 103-5  Example of Use of Food-Specific Attack Rates and Stratified Analysis to Identify Food 
Vehicle in a Foodborne Outbreak

FOOD-SPECIFIC ATTACK RATES
No. of People Eating Food No. of People Not Eating Food

Total Ill % Ill Total Ill % Ill
Meat loaf 100 88 88* 10 2 20*

Gravy 80 80 100† 30 10 33†

Potatoes 95 78 82 15 12 80

Salad 90 74 82 20 16 80

Water 70 58 82 40 32 80

STRATIFIED ANALYSIS
No. of People Eating Meat Loaf No. of People Not Eating Meat Loaf

Total Ill % Ill Total Ill % Ill
No. of people eating gravy 75 67 89† 5 1 20*

No. of people* not eating gravy 25 21 84† 5 1 20

*P < .05 (Fisher’s exact test).
†P < .05 (chi-square analysis).
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Newer commercially available molecular diagnostic assays, such  
as those that use multiplex PCR to simultaneously detect and distin-
guish between multiple enteric pathogens, including several undetect-
able by traditional methods (e.g., ETEC, norovirus), are now available 
in the clinical setting.201,202 These multipathogen assays can yield results 
within several hours. Because of the multipathogen nature of these 
newer molecular tests, they are likely to increase the number of ill-
nesses for which two or more enteric pathogens are identified. Over 
time, this may improve understanding of pathogen interactions. 
However, it will become increasingly important to interpret positive 
results in a clinical context because the pathogens detected may not  
be causing illness.16,201,202 Despite the clinical advantages molecular 
methods may offer (speed, number of detectable pathogens, and pos-
sibly lower cost), bacterial culture remains necessary for antimicrobial 
susceptibility testing and for pathogen subtyping that aids outbreak 
detection and investigation.

The identification, investigation, and confirmation of foodborne 
outbreaks of bacterial etiology have been aided greatly by the establish-
ment of standardized pulsed-field gel electrophoresis (PFGE) methods 
in public health laboratories in the United States and Canada, a subtyp-
ing network called PulseNet.191 Bacterial isolates received from clinical 
laboratories that are routinely subtyped by PFGE include E. coli O157 
and other STEC, Salmonella, L. monocytogenes, V. cholerae, and C. 
botulinum. Campylobacter, Shigella, and other Vibrio species are some-
times subtyped. Other pathogens may be subtyped by PFGE to confirm 
an outbreak. PulseNet is growing internationally, which will enable 
better detection of outbreaks of international scale,203 and newer 
molecular subtyping methods may improve the results.

Outbreaks of staphylococcal food poisoning can be confirmed by 
isolation of S. aureus of the same PFGE pattern from vomitus or feces 
of two or more ill people or from both patient and food samples, or  
by detection of enterotoxin or the isolation of greater than 105 organ-
isms per gram in epidemiologically implicated food.204 However, 
because S. aureus (but not the enterotoxins they produce) is heat sen-
sitive, it is often difficult to isolate the organism from heat-treated 
foods. The identification of specific S. aureus enterotoxins (SE types A 
through E) in food is accomplished, most commonly, by reverse passive 
latex agglutination (RPLA) or enzyme-linked immunosorbent assay 
(ELISA) platforms, which are available commercially. The tests will 
distinguish SE types A through E and are useful for identifying the 
types of enterotoxins involved in foodborne outbreaks. More recently, 
mass spectrometry has been used to quantify enterotoxins in foods. 
Although PCR detection alone of enterotoxin genes directly from con-
taminated foods and specimens cannot be used to confirm staphylo-
coccal food poisoning, it can confirm isolation and direct toxin testing 
results.

B. cereus outbreaks may be documented by isolating organisms 
from the feces of two or more ill people who shared the same meal or 
by isolating 105 or more B. cereus organisms per gram of incriminated 
food. Because nontoxigenic B. cereus is commonly found in foods, 
testing for enterotoxin genes in several isolates is advised. If available, 
multilocus sequence typing,205 plasmid analysis, or serotyping206 may 
be of value in confirming that isolates were derived from a common 
source, because 14% of healthy adults have been reported to have 
transient gastrointestinal colonization with B. cereus.207 Commercial 
immunoassays are available for two of the diarrheagenic enterotoxins 
of B. cereus.26 A wild boar sperm assay has proven to be a simple and 
effective way to screen for cereulide-producing B. cereus isolates.208 
PCR assays that detect the ces gene (cereulide) in emetic strains have 
been developed.209

Because C. perfringens organisms are part of the normal flora in 
many people, it is not sufficient to isolate the organism from the stool 
of two or more ill people to confirm C. perfringens as the etiologic agent 
in an outbreak. In addition, because only less than 5% of C. perfringens 
type A strains produce CPE,31 toxin assessment is needed. A reverse 
passive agglutination kit for detection of CPE directly from stools  
is commercially available. PCR can detect the cpe gene, but detection 
may not indicate expression of the protein. Therefore, detection of 
toxin in stool is the best indicator of infection. PFGE can confirm that 
the same strains are present in both implicated foods and patients.32 
Because both heat-sensitive and heat-resistant strains of C. perfringens 

stratified analysis may indicate whether both items were contaminated 
by the etiologic agent or whether one item was contaminated while the 
other was often consumed with it (e.g., meat loaf and gravy) (see Table 
103-5). For example, if meat loaf and gravy were both statistically 
associated with illness, stratified analysis may indicate that attack rates 
were high for those who ate meat loaf, regardless of whether they ate 
gravy, and were low for those who did not eat meat loaf, regardless of 
whether they ate gravy, indicating that the meat loaf alone was likely 
responsible for the outbreak.

Other outbreaks are the result of a food that was contaminated 
before it was distributed to restaurants, grocery stores, and kitchens, 
so that cases may be dispersed across a broad geographic area. Such a 
cluster of presumably related cases can be identified by subtype-based 
surveillance, such as Salmonella serotype surveillance and PulseNet.191 
Hypothesis-generating interviews of patients in a dispersed cluster 
may suggest that some foods are more often consumed than is expected. 
Once a specific food exposure is suspected, a case-control study involv-
ing systematic interviews of a group of ill persons and a group of 
comparable healthy people may provide statistical evidence associating 
illness with a food vehicle.

Establishing statistical evidence can be challenging if the contami-
nation was present on an ingredient that most people do not know they 
consumed (a stealthy vehicle [e.g., a sprout garnish]),192,193 an ingredi-
ent that is present in many different products (a common ingredient 
[e.g., peanut butter]),194 or an ingredient consumed frequently by both 
ill and well persons (universal exposure [e.g., tap water]).195 In these 
outbreaks, careful hypothesis generation is needed to piece together 
more subtle aspects of patient-reported exposures. Epidemiologic tools 
that supplement patients’ recall of exposures can help.192-196

Once a food vehicle for the infections is identified, the investigation 
turns to the question of how contamination is likely to have occurred. 
Steps of food preparation, holding temperatures, and hygienic circum-
stances in the kitchen are assessed. Investigation into the sources of 
food ingredients may lead to assessments of the originating farm or 
processing plant. These assessments may result in changes in industry 
practices to prevent future illnesses.

LABORATORY DIAGNOSIS
Most diarrheal illnesses do not require diagnostic testing. Guidelines 
exist that describe clinical presentations that should prompt testing.197 
However, in the context of a possible outbreak, determining an etiology 
is always important for identification of additional cases and for inves-
tigation into the possible sources of infection. To confirm the etiologic 
agent in outbreaks, appropriate specimens (e.g., stool or vomitus) 
should be tested from multiple patients. In addition, as guided by 
epidemiologic findings, samples from leftover food, the food prepara-
tion environment, and food handlers may be examined. Specimen 
types vary by etiologic agent, and proper specimen collection and 
transport are important to successful diagnosis198; guidance is available 
at www.cdc.gov/outbreaknet/references_resources.

To date, detection of infectious agents in the clinical setting has 
been performed nearly entirely by isolating bacterial pathogens in 
culture, by visualizing parasites by microscopy, or, in more recent 
years, by detecting presence of antigens or toxins of pathogens in stool 
or food samples by immunoassays. Because some pathogens require 
specific culture media, culture conditions, or stains, diagnosis may 
depend on the skill of the clinician or laboratory choosing methods 
that could identify the causative agent. Some bacterial foodborne 
pathogens are not readily identified from cultures alone (e.g., diarrhea-
genic E. coli other than E. coli O157, such as non-O157 STEC and 
ETEC).143,199 In addition, most clinical laboratories do not have capac-
ity to test for norovirus. Therefore, to identify some etiologies, human 
specimens must be sent to reference laboratories where selective 
methods are available, and food specimens must be sent to food micro-
biology laboratories that can detect bacterial or nonbacterial toxins 
and chemicals. Reference laboratories can identify non-O157 STEC 
isolates from Shiga toxin–positive specimens received from clinical 
laboratories,199 identify other diarrheagenic E. coli (e.g., ETEC, entero-
aggregative, enteropathogenic, and enteroinvasive E. coli) by detection 
of virulence genes or toxins that define specific pathotypes, and can 
identify norovirus by polymerase chain reaction (PCR).200
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unknown etiology may decrease as molecular methods that can detect 
a wider array of pathogens become increasingly available.

Enterococci and gram-negative rods (Aeromonas hydrophila, Kleb-
siella, Enterobacter, Proteus, Citrobacter, and Pseudomonas) have been 
reported as causes of foodborne outbreaks on rare occasions. However, 
because these organisms may be present in foods without causing 
illness and may be part of the normal human fecal flora, documenting 
their role in foodborne disease outbreaks is difficult.

THERAPY
Supportive measures are the mainstay of therapy for most foodborne 
illnesses. In any diarrheal illness, gastrointestinal fluid losses should be 
replaced. Usually any over-the-counter oral rehydration solution is 
sufficient; for severe dehydration, intravenous hydration may be 
required.197 Early intravenous hydration may reduce the risk of oligo-
anuric hemolytic-uremic syndrome in patients with STEC O157 infec-
tion215; patients that develop hemolytic-uremic syndrome frequently 
require blood transfusions.61 Antiemetics and antimotility agents offer 
symptomatic relief among adults, although the latter are contraindi-
cated in patients with high fever, bloody diarrhea, or fecal leukocytes 
indicative of inflammatory diarrhea. Antiemetics and antimotility 
agents are usually not recommended for children. Supportive intensive 
care is essential in the management of botulism; access to mechanical 
ventilation greatly reduces the mortality rate.70 The most lethal food-
borne diseases are botulism, invasive listeriosis (affecting neonates, the 
elderly, and immunocompromised persons), V. vulnificus infection (in 
those with liver disease), paralytic shellfish poisoning, and long-
incubation mushroom poisoning. With other pathogens, fatalities 
most often occur in the elderly or immunocompromised persons.

Antimicrobial agents are lifesaving in invasive salmonellosis, inva-
sive listeriosis, Vibrio septicemia, and typhoid fever. Azithromycin, 
doxycycline, and tetracycline shorten both the duration of cholera 
diarrhea and the excretion of toxigenic V. cholerae O1 and are first-line 
agents (in combination with rehydration) in patients with moderate to 
severe illness. Most diarrheal illness caused by Campylobacter and 
Shigella species is self-limited. Early treatment of Campylobacter infec-
tion with fluoroquinolones, erythromycin, or azithromycin can shorten 
the duration of illness. However, domestically acquired fluoroquinolone-
resistant Campylobacter infections emerged after the approval of these 
agents for use in poultry. Antibiotic treatment of shigellosis is recom-
mended for patients with severe infections, dysentery, or who are 
immunocompromised. Antimicrobial susceptibility testing of Shigella 
isolates is important as resistance is common and reduced susceptibil-
ity to azithromycin has been recently identified.14 Antimicrobial agents 
are used to treat parasitic infections. More information on treating 
parasitic infections can be found at www.cdc.gov/parasites.

Most bacterial diarrheal illnesses are self-limited and do not require 
antimicrobial therapy in healthy hosts who are not at the extremes of 
age. Antibiotic treatment of nontyphoidal Salmonella gastroenteritis 
may increase the risk of long-term carriage.216 Antibiotic treatment of 
STEC O157 infections may increase the risk of hemolytic-uremic syn-
drome.217 Antibiotics are of no value in the management of staphylo-
coccal, C. perfringens, and B. cereus food poisoning.

Resistant strains can complicate treatment and are associated with 
a greater risk of invasive infection and hospitalization.218 Asymptom-
atic Salmonella infection may become clinically apparent when an 
unrelated condition is treated with an antimicrobial agent to which the 
Salmonella organism is resistant; such treatment also lowers the infec-
tious dose.219 The proportion of resistant isolates varies widely by sero-
type. Salmonella serotype Typhimurium resistant to ampicillin, 
chloramphenicol, streptomycin, sulfonamides, and tetracycline 
emerged globally, particularly in Europe and the United States, in the 
1990s.220,221 However, the proportion of serotype Typhimurium strains 
with this resistance pattern isolated from humans and tested in the 
National Antimicrobial Resistance Monitoring System (NARMS) 
declined from 32% in 1996 to 18% in 2009.13

Salmonella serotype Newport resistant to amoxicillin/clavulanate, 
ampicillin, cefoxitin, cephalothin, chloramphenicol, streptomycin, sul-
fonamides, and tetracycline and with decreased susceptibility to ceftri-
axone emerged in the United States in the early 2000s. It is associated 
with consumption of undercooked ground beef.222 The proportion of 

type A have been implicated in food poisoning, selective isolation 
procedures involving heat treatment of food and fecal specimens 
should not be used.

STEC (including E. coli O157), Salmonella, Shigella, C. jejuni, 
Vibrio, and Y. enterocolitica outbreaks may be detected by isolation of 
the organisms from the feces of ill people. However, pathogens identi-
fied as part of a routine stool culture typically only include Salmonella, 
Shigella, Campylobacter, and sometimes E. coli O157. To identify other 
bacterial pathogens in culture, the clinical laboratory needs to be noti-
fied so that special media can be used.84 Infection with STEC O157 can 
be diagnosed by isolating sorbitol-negative E. coli from stools of ill 
persons on selective and differential media, such as sorbitol-
MacConkey, and confirming the serogroup as O157, and then either 
confirming the H7 antigen, the detection of Shiga toxin, or the pres-
ence of stx genes that encode for the expression of the toxin. Non-O157 
STEC can be identified by demonstration of Shiga toxin in stool by 
enzyme immunoassay (EIA) or stx genes in stool by PCR at the clinical 
laboratory, with subsequent isolation of the organism by culture at a 
reference laboratory. In the United States, isolates of E. coli O157 or 
Shiga toxin–positive broth cultures should be forwarded to a public 
health laboratory for full characterization and PFGE subtyping.199 
Although immunoassays for detection of Campylobacter in stool are 
available, the accuracy of these tests varies considerably.210 Testing of 
sera, especially paired serum from the acute and convalescent phases 
of illness, may be helpful in confirming the diagnosis of patients in 
outbreaks of STEC, cholera, and typhoid fever.

Patients with suspected botulism should be treated before the  
diagnosis is confirmed. Tests that can help narrow the differential 
diagnosis include lumbar puncture (a high cerebrospinal fluid [CSF] 
protein level is suggestive of GBS and Miller Fisher syndrome [a 
variant of GBS] and can be confused with botulism), the Tensilon test 
(to diagnose myasthenia gravis), and electromyography (findings of 
neuromuscular junction blockade, normal axonal conduction, and 
potentiation with rapid repetitive stimulation are suggestive of botu-
lism).70 Botulism may be confirmed by the demonstration of botuli-
num toxin in the serum, gastric secretions, stool, or in the incriminated 
food by the mouse neutralization test, or by the isolation of C. botuli-
num from stool or the incriminated food; these tests can be arranged 
through contact with state health departments.70 Laboratory confirma-
tion by testing of clinical specimens can be obtained in about 70% to 
75% of botulism cases.211,212

The gold standard laboratory detection methods for many enteric 
parasitic pathogens require visualization of characteristic forms in the 
feces. Physicians should specifically request testing for Cyclospora and 
Cryptosporidium, if indicated, because these pathogens are not typi-
cally detected via routine ova and parasite examination and require 
specialized techniques. In addition, sensitive, commercially available 
antigen detection and molecular assays exist for Cryptosporidium and 
Giardia. Toxoplasmosis can be diagnosed by both serology and PCR.85 
Trichinosis is diagnosed by serologic testing and, less frequently, by 
muscle biopsy. Additional information on the diagnosis of parasitic 
infections can be found at www.dpd.cdc.gov/dpdx.

Outbreaks caused by heavy metals may be documented by demon-
stration of the metal in the incriminated food or stool specimens from 
ill persons. Marine toxin syndromes are diagnosed by clinical presenta-
tion and history of seafood consumption in the preceding 24 hours; 
diagnostic tests are not available in the clinical setting.107,213 However, 
detection of toxin in implicated foods may be possible. Mushroom 
poisonings should be diagnosed by clinical suspicion, and may be 
confirmed either by the identification of the responsible toxin in gastric 
contents, blood, urine, or fecal specimens or by the identification of 
the mushroom by a mycologist.110

About one third of the reported foodborne disease outbreaks in the 
United States are of unknown etiology.1 In many cases, appropriate 
diagnostic procedures are not conducted, or specimens are not col-
lected in a timely manner, not transported properly, or they are trans-
ported under suboptimal conditions. Many of these unknown 
outbreaks may be due to typical agents.214 In others, no agent is identi-
fied despite testing, raising the possibility that etiologic agents not 
routinely tested for are responsible; possibilities include ETEC, entero-
aggregative E. coli, and sapovirus. The frequency of outbreaks of 
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public health laboratories, as part of CaliciNet, can perform genetic 
sequencing of PCR products to link multiple norovirus cases and envi-
ronmental sources.225

Although knowing the specific serotype or PFGE pattern is rarely 
of importance in the management of a single case, this or other subtyp-
ing information is essential to the investigation of many outbreaks and 
is fundamental to the recognition of multistate outbreaks. This means 
that a diagnostic culture is not only of benefit to the patient but to 
society as a whole. However, diagnostic practices are changing. The use 
of culture-independent methods, such as EIA or PCR, that do not yield 
isolates that can be subtyped is increasing.210 Until culture-independent 
diagnostic tests are developed that provide subtype information, it is 
important to reflexively culture any specimen that tests positive by a 
culture-independent test so that the public health functions of 
laboratory-based surveillance are not impaired.

Efforts are underway to develop new diagnostic methods that serve 
both clinical and public health needs. One approach is metagenomics, 
the sequencing of all the genetic material in a stool sample. Although 
this technology has not reached a stage that is useful for routine diag-
nostic testing or surveillance, it was used in a retrospective study of an 
STEC outbreak.226,227

A report of illness in a single person who has attended a daycare 
center, family gathering, or other setting often leads to discovery of an 
outbreak. Outbreaks can be apparent even before the causative agent 
is not known, and early investigation can control a source. This means 
that the astute clinician or microbiologist who calls the public health 
department epidemiologist to discuss a case plays an important role in 
the control of foodborne and other diseases.

PREVENTION
Monitoring of food production systems is increasingly important as 
the global food supply becomes more interconnected, centralized, and 
preprocessed for the convenience of the consumer. Prevention of food-
borne disease depends on careful handling of animals, raw products, 
and processed foods all the way from the farm to the table, and on 
practices that reduce or eliminate contamination in food.

Raw animal products, including meat, milk, eggs, and shellfish, are 
common sources of contamination leading to foodborne diseases. 
Contamination of raw animal products can be reduced by interven-
tions targeted at both animal production and slaughter practices.  
On the farm, interventions currently in use or being studied include 
(1) good hygienic practices and environmental microbiologic moni-
toring; (2) measures that minimize food animals’ exposure to wild 
animals, rodents, and insects that may carry human pathogens;  
(3) provision of microbiologically safe feed and water; (4) administra-
tion of agents to animals that inhibit pathogen colonization (e.g., pre-
biotics and probiotics) or inactivate pathogens (e.g., bacteriophage and 
bacteriocins); and (5) vaccination against Salmonella or E. coli O157.228

Reducing contamination during animal slaughter or food process-
ing relies on a systematic approach to risk reduction, the Hazard Anal-
ysis Critical Control Point (HACCP) program. HACCP requires a  
food producer to identify points where the risk of contamination  
can be controlled and to use production systems that eliminate the 
hazards, thereby focusing on preventing contamination, rather than 
relying on a final inspection step to detect it after it has occurred.  
Milk pasteurization and commercial canning practices are long-
established technologies that make foods safe. Strategies being applied 
now include monitoring of processing plant equipment for contamina-
tion, and acid rinses and steam scalding of carcasses. Newer and lesser 
used approaches include application of bacteriophage to meats229 and 
gamma, electron-beam, and x-irradiation of meats and some types of 
produce.230

Because pathogens can stick to produce even after washing, the key 
to reducing the growing number of foodborne illness associated with 
consumption of raw produce is to prevent contamination before foods 
arrive in kitchens.11 There are many points where produce can become 
contaminated during growth and harvesting, processing and washing, 
transport, and final processing. The surface of plants and fruits may be 
contaminated by soil, manure, or feces of animals or agricultural 
workers. Agricultural practices that may reduce the risk of contamina-
tion generally include use of clean water and ice for irrigation, pesticide 

serotype Newport isolates with this resistance pattern tested in NARMS 
increased from none in 1996 to a peak of 25% in 2001, and it declined 
to 7% in 2009.13 However, other resistance patterns are emerging. From 
1996 through 2009 in NARMS surveillance, the percentage of Salmo-
nella isolates resistant to ceftriaxone increased from 0.2% to 3.4%, and 
the percentage with nonsusceptiblity to ciprofloxacin increased from 
0.4% to 2.4%.13 The emergence of these multidrug-resistant Salmonella 
was probably related to agricultural uses of antimicrobials. This high-
lights the interconnected pool of pathogens between animal reservoirs 
and people and underlines the need for prudent use of antimicrobials 
in both sectors.

Medical care providers who suspect botulism should implement 
close observation and supportive care and immediately call their state 
health department’s emergency 24-hour telephone number. The state 
health department will contact the CDC to arrange a clinical consulta-
tion by telephone and, if indicated, release of botulinum antitoxin. 
Management of botulism is discussed in Chapter 247.

Patients with paralytic shellfish poisoning and some patients with 
ciguatera may require ventilatory support, usually for only a few days. 
Although case reports and unblinded randomized studies have sug-
gested that intravenous mannitol may ameliorate the acute neurologic 
symptoms of ciguatera, a double-blind randomized trial showed no 
benefit.223 Case reports have suggested that amitriptyline and tocainide 
may improve persistent dysesthesias.213 Therapy is otherwise support-
ive; no antitoxins are available. If not contraindicated by the presence 
of ileus, enemas or cathartics may be administered in an effort to 
remove unabsorbed toxin from the intestinal tract. Because of the 
severe dysesthesias associated with ciguatera, analgesics may also be 
required. Scombroid poisoning may be treated with a combination of 
H1 and H2 antihistamines. In severe cases with bronchospasm, epi-
nephrine may be required.224

Therapy for short-incubation types of mushroom poisoning is pri-
marily supportive. Patients with severe parasympathetic hyperactivity 
caused by muscarine poisoning may be treated with atropine.111 
Therapy for cyclopeptide poisonings includes cathartics to remove 
unabsorbed toxin in the minority of patents who present before the 
onset of severe gastrointestinal symptoms and many additional 
unproven measures.110 Pyridoxine is indicated for treatment of neuro-
logic manifestations of gyromitrin poisonings.111

Therapy for acute heavy metal poisoning is supportive. Emesis 
should be induced if it does not occur spontaneously. Antiemetics are 
contraindicated, because retention of the toxic ions in the gut and 
subsequent systemic absorption may result. In severe cases of heavy 
metal toxicity, use of specific antidotes may be considered, but that is 
rarely necessary.

SURVEILLANCE
Surveillance of enteric diseases address four objectives: (1) individual 
case investigation for localized disease control activities, (2) outbreak 
detection to protect the population and to identify gaps in control 
measures, (3) assessment of disease burden and trends to prioritize and 
assess impact of control measures, and (4) microbiologic characteriza-
tion of infectious agents to improve understanding of their epidemiol-
ogy, antimicrobial resistance, and virulence factors.210 State public 
health laws determine reportable conditions for each state and who is 
responsible for reporting. In turn, state public health officials volun-
tarily submit data to the CDC for nationwide surveillance. Disease 
conditions reportable by law may vary among states; the information 
about reportable conditions is available through state and local health 
departments. Case definitions for nationally notifiable infectious dis-
eases are available at wwwn.cdc.gov/nndss/.

Surveillance systems can be classified as provider based (e.g., 
reports of illnesses from clinicians) or laboratory based (e.g., reports 
of test results from public health laboratories). Although both types  
of surveillance are important and needed, laboratory-based surveil-
lance has proven especially valuable because of information gleaned 
from subtyping. For Salmonella, Shigella, Shiga toxin–producing E. 
coli, and Listeria, clinical laboratories should send isolates to a refer-
ence laboratory for serotyping and molecular subtyping by pulsed- 
field gel electrophoresis (PFGE). In the United States, all state public 
health laboratories participate in PulseNet.191 Similarly, many U.S. 
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example, routine use of pasteurized eggs instead of shell eggs could 
prevent many nosocomial salmonellosis outbreaks. Low microbial  
(or neutropenic) diets are advised for some especially vulnerable 
patients.180,233 Some foods pose such high risk of infection that they 
should be avoided by even healthy nonhospitalized persons; these 
include raw milk (which can transmit Salmonella, C. jejuni, STEC, and 
Mycobacterium tuberculosis)124 and inadequately heat-processed home-
canned foods (botulism).

Except for scombroid fish poisoning, food-handling errors result-
ing in chemical intoxication are different from those leading to bacte-
rial outbreaks. Heavy metal poisoning occurs when acidic beverages 
are stored in defective metallic containers. Ciguatera and shellfish poi-
soning occur when seafood are obtained from unsafe sources; seafood 
containing the toxins appear and taste normal, and cooking does not 
provide protection because the toxins are heat stable. Scombroid fish 
poisoning can be prevented through refrigeration of raw fish.108

The role of the clinician goes beyond that of diagnosis and treat-
ment to prevention. This means educating patients or caregivers, espe-
cially those more vulnerable to foodborne disease (e.g., parents of 
infants, pregnant women, older adults, and immunocompromised 
persons) about food safety measures. Such persons may choose to 
avoid high-risk foods, and everyone can benefit from following good 
food handling practices (Table 103-6).

Clinicians and microbiologists have an important role in the detec-
tion of outbreaks, in particular in obtaining appropriate diagnostic 
tests for foodborne pathogens and reporting them to public health 

application and transport, protection from on-farm fecal contamina-
tion, washing and sanitizing fresh produce, refrigeration, and protec-
tion against contamination by food handlers.11,228 The extra handling 
required to prepare foods such as salads and salsas and the time delay 
between preparation and consumption may increase the risks associ-
ated with contaminated produce.231 Pasteurizing juice and implement-
ing HACCP programs can reduce contamination.232

Much foodborne disease can be prevented if food is selected, pre-
pared, and stored properly. In large kitchens and in homes, careful 
cooking and storage are necessary to kill pathogens and to prevent 
their growth when food is contaminated after cooking. Bacterial 
pathogens grow in food at temperatures ranging from 40° to 140° F; 
growth may be prevented if cold food is adequately refrigerated and 
hot food is held at temperatures higher than 140° F before serving. 
Although thorough cooking of food just before consumption elimi-
nates the risk of many illnesses, protection against staphylococcal food 
poisoning is not provided because the staphylococcal enterotoxins are 
heat stable. Particular care in handling and cooking of raw poultry, 
beef, pork, shellfish, and eggs is important to prevent many foodborne 
diseases. Contamination in the kitchen may occur if cooked foods or 
ready-to-eat foods come in contact with raw foods of animal origin or 
with equipment such as knives and cutting boards. Poor personal 
hygiene by food handlers frequently contributes to norovirus, Staphy-
lococcus, Shigella, and hepatitis A outbreaks.

Because they serve high-risk populations, the kitchens of hospitals 
and nursing homes must pay particular attention to food safety.233 For 

TABLE 103-6  Control and Prevention of Foodborne Diseases

General Recommendations for All Persons
• Thoroughly cook raw food from animal sources, such as beef, pork, poultry, fish, and eggs, to temperatures that eliminate most pathogens.*

• Wash raw fruits and vegetables before eating.

• Keep uncooked meats separate from fruits, vegetables, cooked foods, and ready-to-eat foods.

• Do not thaw meat, poultry, or fish on the counter (instead, thaw in a refrigerator, in cold water, or in a microwave oven).

• Wash hands before, during, and after preparing food and before eating food.

• Wash knives, other utensils, and cutting boards after handling uncooked foods.

• Keep refrigerators set to below 40° F and freezers set to 0° F or lower, and verify with a thermometer.

• Refrigerate perishable foods within 2 hr (or within 1 hr if left out at temperatures >90° F).

• Read and follow all cooking and storage instructions on food product packaging. This is especially important for foods prepared in microwave ovens because these 
ovens heat foods unevenly. Even foods that may appear ready to eat may require thorough cooking.

• Persons with diarrhea or vomiting possibly caused by an infectious agent should not prepare foods for others.

• Keep all animals, including reptiles and amphibians, away from surfaces where foods or drinks are prepared.

• Do not drink unpasteurized (raw) milk or eat foods made from unpasteurized milk. (Exception: hard cheeses made from raw milk that have been aged >60 days are 
generally safe to eat.)

• Do not eat home-canned foods that were not known to be adequately heat processed during canning.

Recommendations for Persons at High Risk, Such as Pregnant Women and People with Weakened Immune Systems, in Addition to the 
Recommendations Listed Above

Measures to Prevent a Variety of Bacterial Infections
• Do not eat uncooked sprouts.

• Do not drink prepackaged juice or juice-containing beverages that have not been processed to reduce or eliminate microbial contamination (for instance, by 
pasteurization).

Listeriosis Prevention Measures
• Do not eat soft cheeses, such as feta, Brie, and Camembert; blue-veined cheeses; and Mexican-style cheeses, such as queso blanco, queso fresco, and panela, unless 

the package has a label that clearly states that the cheese is made from pasteurized milk.

• Do not eat refrigerated pâtés or meat spreads. Canned or shelf-stable pâtés and meat spreads are safe to eat.

• Do not eat refrigerated smoked seafood, unless it is contained in a cooked dish, such as a casserole. Refrigerated smoked seafood, such as salmon, trout, whitefish, 
cod, tuna, and mackerel, is most often labeled as “nova-style,” “lox,” “kippered,” “smoked,” or “jerky.” The fish is found in the refrigerator section or sold at 
delicatessen counters of grocery stores and delicatessens. Canned or shelf-stable smoked seafood is safe to eat.

• Do not eat hot dogs, luncheon meats, or delicatessen meats, unless they are reheated until steaming hot.

• Avoid getting fluid from hot-dog packages on other foods, utensils, and food preparation surfaces, and wash hands after handling hot dogs, luncheon meats, and 
delicatessen meats.

Salmonellosis Prevention Measures
• Choose pasteurized eggs.

Vibriosis, Toxoplasmosis, and Norovirus Prevention Measures
• Do not eat raw or lightly steamed oysters, clams, or other raw shellfish (especially important for patients with liver disease).

*Poultry: 165° F (73.9° C); ground meats: 160° F (71.1° C); intact cuts of beef, pork, ham, veal, and lamb: 145° F (62.8° C) and allow to rest for at least 3 minutes before 
eating; fish and shellfish: 145° F (62.8° C); egg dishes: 160° F (71.1° C).

More food safety information can be found at www.foodsafety.gov/keep/index.html.

http://www.foodsafety.gov/keep/index.html
http://www.myuptodate.com
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authorities. Public health surveillance of foodborne infections and out-
breaks is important for appreciating the magnitude and complexity of 
the problem and guiding targeted prevention efforts. Reporting is 
essential if investigations are to be conducted to identify the source of 
the outbreak so that it can be corrected. Prompt reporting may also 
lead to the prevention of additional cases; there are well-documented 

outbreaks of botulism,234 salmonellosis,235 and E. coli O157:H7236 in 
which recognition and reporting of the initial illness could have pre-
vented many subsequent cases. Diagnosing and reporting of illnesses 
with the potential for intrafamilial spread or for spread within institu-
tions, such as daycare centers (e.g., shigellosis, E. coli O157:H7 infec-
tion), can prevent secondary transmission.237
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104  Tropical Sprue: Enteropathy
Christine A. Wanke

Tropical sprue, also called postinfectious tropical malabsorption, is a 
syndrome of enigmatic origin that is characterized by a prolonged 
diarrheal illness and malabsorption of two or more substances in 
persons in the tropics who have no other obvious reason for malab-
sorption. Tropical sprue has been recognized since the second or third 
century ad, when Aretaeus of Cappadocia reported on “The Coeliac 
Affection” and in India in the Charaka Samhita.1 The first mention of 
sprue in the modern medical literature was in 1747, when Hillary 
emigrated from England to Barbados and published his observations 
on a prolonged tropical diarrheal disease in native islanders. The 
English term sprue is an adaptation from the Dutch sprouw, which was 
originally used to refer to persistent diarrheal disease in Holland (prob-
ably celiac disease). The term sprue first was used in 1880 by Manson 
for the persistent wasting diarrhea that occurred in tropical countries.2 
Knowledge about the cause or pathogenesis of sprue did not advance 
significantly until investigations were begun after recognized outbreaks 
during World War II. The distinction between celiac sprue and tropical 
sprue was not clear until the early 1970s.

EPIDEMIOLOGY
Although sprue is considered a disease of tropical locales, there are 
distinct geographic areas of risk within the tropics. Tropical sprue has 
been identified most readily in Asia and the Caribbean islands, and 
there are isolated areas of particular risk within both hemispheres. 
Sprue is relatively common in the indigenous populations of Puerto 
Rico, Haiti, the Dominican Republic, and Cuba, but it is not seen in the 
rest of the Caribbean islands and is no longer recognized in Barba-
dos.3,4 It is seen in northern South America, Venezuela, and Colombia 
but rarely in Central America or Mexico. It is less common than previ-
ously but remains on the Indian subcontinent, from the Himalayas to 
the south, and it has been recognized in Myanmar and the Philippines.5-7 
Infrequent cases of tropical sprue were documented in Africa until the 
1970s; cases have been recognized in Rhodesia (now Zimbabwe) and 
South Africa, and tropical sprue has developed in expatriates living in 
Nigeria.8 There may be endemic foci of tropical sprue in the Middle 
East as well, with a spruelike illness recognized in Turkey.

In contrast to other endemic diarrheal illnesses in the tropical 
world, tropical sprue is a disease mainly of adults. Children are thought 
to be relatively spared, although disease has been documented in  
all age groups. Very young children have not been found to have tropi-
cal sprue; this may represent a beneficial effect of breast-feeding.  
In studies of family outbreaks of tropical sprue in South India, even 
older children developed disease at a significantly lower rate than 
adults.9 The reason for this is not clear. Persistent diarrhea develops 
in children more commonly in parts of the world where the environ-
ment is contaminated more heavily with potentially disease-causing  

microorganisms.10 Tropical sprue may be one of the causes of pro-
longed diarrhea and wasting in this age group as well, but studies such 
as small bowel intubation and cultures or biopsy have shown conflict-
ing results regarding the correlation of small bowel colonization with 
persistent diarrhea.

Some patterns of disease expression are of particular interest in 
tropical sprue. There are clear epidemics of the disease, which have 
been documented best in families and villages in South India.9 There 
have been descriptions of sprue houses, in which successive tenants 
have developed disease, and an outbreak was described in which more 
than half of the exposed persons in an isolated extended family devel-
oped tropical sprue within 3 months of onset of disease in the index 
case. Well-documented outbreaks of sprue affecting entire villages have 
also been reported, mostly from the Indian subcontinent. Such an 
epidemic pattern suggests an underlying infectious cause.

There has been seasonal variation in outbreaks of tropical sprue as 
well. An increased rate of mild tropical sprue in the setting of an 
increased rate of diarrheal disease was seen more often from March to 
July than at other times of the year for at least 4 years at an American 
military base in the Philippines.7 In these outbreaks, sprue occurred in 
American military personnel and their dependents, who were eating a 
high-calorie, Western-style diet. A seasonal variation also has been 
documented in the rate of occurrence of tropical sprue in the indige-
nous population of Puerto Rico.4 This seasonal variation also lends 
credence to the possibility of an underlying infectious cause.

As suggested by the outbreaks in American military personnel, 
tropical sprue occurs in expatriates living in endemic areas. Tropical 
sprue was originally recognized in expatriates and British colonists in 
India in the early 19th century and subsequently in the Dutch in Java, 
the French in Indochina, and Americans in the Philippines, Vietnam, 
and Puerto Rico. Tropical sprue or malabsorption with jejunitis (tropi-
cal enteropathy) has been described in Peace Corps volunteers and has 
occurred sporadically in travelers.11 Generally, tropical sprue develops 
in an expatriate who has lived for a prolonged time (6 months to 1 
year) in an endemic area. Rare cases also have been described in short-
term travelers. Tropical sprue is also recognized in immigrants who 
leave endemic areas, although they may not complain of gastrointesti-
nal symptoms until they have been out of the endemic area for a 
prolonged period.12 These exposure data also suggest an infectious 
origin for tropical sprue.

Recent studies have suggested that sprue occurs far less frequently 
than it did previously. Sprue was a less common cause of malabsorp-
tion in adults in Delhi than celiac disease in 2011 but remained the 
most common cause of malabsorption in South India in 2011.13,14 
Anecdotally, clinicians continue to report the occurrence of cases in 
endemic areas.

Definition
•	 Syndrome	of	diarrhea,	malabsorption	of	at	

least	two	distinct	nutrients,	abnormal	
duodenal	histopathology,	and	weight	loss.

Epidemiology
•	 Most	frequent	in	Asia	and	the	Caribbean	

islands,	more	frequent	in	adults	than	children;	
occurs	in	long-term	travelers	to	endemic	
regions.

Microbiology
•	 No	single	agent	associated	with	

causality,	small	bowel	overgrowth		
common.

Diagnosis
•	 Appropriate	clinical	syndrome	(persistent	

diarrhea,	malabsorption	of	at	least	two	distinct	
nutrients,	weight	loss)	with	consistent	small	
bowel	series	or	upper	endoscopy.	Response	to	

folate	and	tetracycline	ultimately	confirms	
diagnosis.

Therapy
•	 Removal	from	area	of	risk,	treatment	with	

folate	and	tetracycline.

Prevention
•	 Good	hygiene	practices.

SHORT VIEW SUMMARY
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tropical sprue but previously were not able to be isolated or identified. 
Whether tropical sprue is distinct from tropical or environmental 
enteropathy has never been clear; these syndromes may exist at the 
ends of the spectrum of a single disease, with sprue being the more 
advanced and symptomatic form of the more frequently asymptomatic 
environmental enteropathy.1 Sequence-based microbial identification 
is an example of a significantly more sensitive technique that may be 
beneficial in elucidating intestinal microbiota as it contributes to the 
pathogenesis of tropical sprue and may clarify the relationship to envi-
ronmental enteropathy.1,23

The fact that small bowel overgrowth, as it occurs spontaneously in 
a certain segment of the population in resource-limited countries or 
after an acute enteric infection, may precipitate a series of intestinal 
insults that proceed to full-blown tropical sprue in susceptible persons 
is at present the most likely explanation for the cause of tropical sprue. 
The predisposition for progression from intestinal insult to tropical 
sprue is less easy to explain. Malnutrition, whether generalized or 
presenting as specific micronutrient deficiencies, may be a predispos-
ing factor, but is neither necessary nor sufficient, as shown by the 
occurrence of tropical sprue in apparently well-nourished military per-
sonnel and their dependents. Small bowel overgrowth may alter intes-
tinal transit time and promote further overgrowth and intestinal stasis, 
but it cannot explain the initial colonization that induces the episode.

In vitro data suggest that small bowel colonization by E. coli may 
be increased by low levels of cytokines, as might be expected in chronic 
parasitic infections in the developing world. As noted, certain organ-
isms, such as enteroaggregative E. coli, can alter the intestinal environ-
ment by the induction of intestinal proinflammatory cytokines and 
intestinal inflammation.24 There has been no genetic predisposition 
noted for tropical sprue as there has been for celiac sprue, and the 
inflammatory cytokine profile in the lymphocytes of the small bowel 
in patients with tropical sprue has not been described.

The processes that control the normal colonization of the small 
bowel are not well understood; the forces that may disrupt these 
normal processes to permit abnormal colonization are even less well 
understood. Some factors that can affect the normal small bowel colo-
nization process include gastric acidity, which controls the entry of 
viable organisms into the small bowel, and intestinal mucin glycopro-
tein, which contains receptors for, and specifically binds, a variety of 
bacteria within the small bowel lumen.25

Bacterial binding to mucin is presumed to promote clearance of 
pathogenic organisms to protect the small bowel, but it may promote 
colonization by nonpathogenic organisms or promote small bowel 
colonization by pathogens when the mucin is damaged by malnutri-
tion, an inflammatory process, or bacterial proteases or mucinases. 
Some loss of the protective mucin layer in tropical sprue is suggested 
by evidence that the bacteria visualized are often associated tightly 
within the mucosa rather than being free within the lumen of the gut.2 
Damage to the protective mucin layer may also permit epithelial cell 
damage by other small bowel antigens. The presence of free bile acids 
within the upper small bowel can alter intestinal bacterial growth rates 
and colonization, but bile acid concentrations have not been abnormal 
in patients with tropical sprue, and the bacterial organisms that have 
been cultured from patients with tropical sprue are not organisms that 
typically alter bile salt metabolism.18

Intestinal immunologic dysfunction has been suggested as a factor 
that might predispose to abnormal bacterial colonization in tropical 
sprue. Patients with deficiencies of secretory immumoglobulin A (IgA) 
are subject to more frequent and severe bouts of enteric infections.  
In addition to secretory IgA, lymphoid tissue is present throughout  
the small bowel focally in Peyer patches and diffusely as mucosal lym-
phocytes. When small bowel lymphocytes were characterized in 
patients with tropical sprue and in control patients with irritable bowel 
syndrome in southern India, there was no difference in the number  
of IgA-producing, IgG-producing, or IgM-producing lymphocytes 
between the two groups.26,27 Patients with sprue had increased numbers 
of lymphocytes in the crypt epithelium, with a higher percentage of 
immunoblasts and a higher mitotic index.28 These data can be inter-
preted as evidence that lymphoid activation does occur in tropical 
sprue, but that it is probably secondary to whatever primary process 
institutes the disease, rather than being an inciting process itself.

CAUSES
There is a strong presumption that tropical sprue is caused by an 
enteric infection, perhaps in individuals predisposed by some nutri-
tional deficiency. The facts lending support to this theory include the 
following: (1) often, the prolonged episode of tropical sprue is initiated 
by an episode of acute diarrheal disease; (2) there is an epidemic and 
seasonal nature to the epidemiology of the disease, as noted; and  
(3) the disease responds most often to treatment with antibiotics with 
or without nutritional supplements. The precise nature of the infection 
that leads to development of tropical sprue is less clear.

Multiple studies in Asia and the Caribbean islands have shown 
small bowel bacterial overgrowth in patients with tropical sprue.11,15,16 
Although some bacteria normally live in the upper small bowel of 
healthy persons, the organisms isolated from this region of the gut in 
healthy asymptomatic individuals are most often gram-positive. Strep-
tococci, staphylococci, and lactobacilli are among the common iso-
lates, and these are present in small numbers. In the distal small bowel, 
the cecum, and the colon, anaerobes and facultative gram-negative 
organisms predominate in normal persons. Small bowel cultures from 
travelers with tropical sprue show increased numbers of gram-negative 
rods, including Alcaligenes, Enterobacter aerogenes, and Hafnia spp. In 
small bowel cultures from persons with tropical sprue who were native 
to India, Haiti, or Puerto Rico, Klebsiella, Escherichia coli, and Entero-
bacter cloacae were the most common organisms. Carefully done 
studies in South Africa and India documented similar organisms in 
similar concentrations in the small bowel of asymptomatic control 
patients and in patients with tropical sprue, suggesting that environ-
mental contamination may predispose to increased small bowel 
flora.11,15,16 In another series of patients from India, the number of 
organisms found in the small bowel of tropical sprue patients was the 
same as that found in the small bowel of healthy controls, but the type 
of organisms isolated varied.15 Other organisms, especially Enterobac-
ter and Veillonella, were isolated more frequently from the small bowel 
of patients with tropical sprue than from healthy controls.17 Demon-
stration of organisms does not prove cause and effect, however.

Gram-negative organisms isolated from the small bowel of tropical 
sprue patients in Haiti were found to have a secretory effect, presum-
ably by toxin production, in rabbit ileal loops and rat perfusion studies. 
These supposedly enterotoxigenic organisms have not been studied for 
the presence of any of the recognized secretory toxins by currently 
available methods, such as DNA probes or enzyme-linked immuno-
sorbent assay (ELISA), nor have they been studied for the presence of 
colonizing factors, such as pili or the hydrophobic surface proteins that 
are found in many enteric pathogens. E. coli and Klebsiella isolated 
from Indian patients with tropical sprue were not found to produce 
heat-stable or heat-labile enterotoxins when tested.18 Some animal 
studies have suggested that small bowel overgrowth by colonizing  
nontoxigenic E. coli can produce a secretory diarrheal syndrome if 
the level of colonization reaches a high enough concentration within 
the small bowel.

Other studies have further suggested that enteroaggregative E. coli 
are associated with malnutrition, with or without persistent diarrhea, 
and with intestinal inflammation and cytokine production.19 In addi-
tion to its association with persistent diarrhea in children in tropical 
developing areas, enteroaggregative E. coli in patients with acquired 
immunodeficiency syndrome (AIDS) is associated with persistent 
diarrhea that improves with antimicrobial therapy.20,21 Strains of E. coli 
from patients with tropical sprue have not been examined for adher-
ence factors. The presence of bacteria in the small bowel may potentiate 
the symptoms caused by the small bowel parasite Giardia lamblia, and 
the interaction of small bowel bacteria and parasites has been consid-
ered as a possible cause of tropical sprue.22 Infection with hookworm 
or Strongyloides stercoralis has also been discussed as a possible cause 
for tropical sprue. Reports of tropical sprue occurring in the presence 
of orthomyxovirus or coronavirus particles in the stool have also 
appeared in the literature. Cases of tropical sprue have been reported 
after an intestinal infection with fungus or the blue-green algae Proto-
theca. Although the traditional definition of tropical sprue excludes 
patients with diarrhea on the basis of recognized pathogens, it is pos-
sible that improvements in diagnostic techniques would permit the 
identification of organisms that are or have been associated with 
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Exocrine pancreatic insufficiency has been documented in patients 
with tropical sprue by the indirect pancreolauryl test. The pancreolau-
ryl test was abnormally low in patients with tropical sprue and was 
correlated with damage seen on intestinal biopsy.38 Pancreatic function 
improved with therapy in this study.

CLINICAL MANIFESTATIONS
The classic clinical features of tropical sprue are nonspecific and simply 
reflect the symptoms of malabsorption. Changes in hygiene, increased 
access to medical care, and/or improved access to water supplies may 
all be altering the frequency and severity of malabsorption. Currently, 
the diagnosis is made when the presentation is still quite subtle com-
pared with the severe disease that was the more common presentation 
in the past. Malabsorptive symptoms include prolonged diarrhea, 
abdominal cramping, and anorexia, with or without nausea and sec-
ondary weight loss. Other associated, but less common symptoms, also 
related to the malabsorption of specific nutrients and subsequent mal-
nutrition or micronutrient deficiencies may include peripheral edema, 
glossitis, stomatitis, and dermatitis.34,38 Fever may occur at the onset of 
sprue-related diarrhea (especially in Asia). Although the presence of 
fever has been suggested as a means to distinguish Caribbean from 
Asian sprue, this distinction has not been observed consistently. Fever 
rarely persists for the course of disease, which may span months to 
years. Signs and symptoms related to anemia may also occur; pallor 
and weakness are most common early in disease. Later in the course 
of tropical sprue, peripheral neuropathy, confusion, and, if the anemia 
is severe enough, congestive symptoms reflecting high-output failure 
may occur.

Many patients can pinpoint the onset of disease; tropical sprue 
rarely has an insidious onset and far more often is associated with an 
obvious acute episode of diarrhea that then becomes prolonged. 
Patients with tropical sprue may recall other people with similar acute 
illnesses or being exposed to someone with an acute illness just before 
getting sick themselves. Because the operative definition of tropical 
sprue implies that the function of the gut was normal before the devel-
opment of the disease, ideally the alteration of bowel habits from a 
normal pattern by the inciting episode of acute diarrheal disease 
should be notable. In practice, especially in the resource-limited world, 
the distinction between normal and abnormal bowel habits may not 
be so clear.

Patients describe crampy abdominal pain, multiple soft or loose 
stools daily often with mucus, and exacerbation of symptoms with food 
consumption. Patients may also complain of nausea and bloating that 
lead to decreased appetite and decreased oral intake. The precise pre-
sentation of a patient with tropical sprue depends on the duration of 
illness and the extent of malabsorption.

Malabsorption of specific nutrients may lead to other symptoms 
and syndromes.39 Lactose intolerance often develops early in the course 
of tropical sprue. The anemia of tropical sprue is most often macrocytic 
and related to vitamin B12 and folate malabsorption. Iron deficiency 
may also occur, related to malabsorption, and may turn a macrocytic 
anemia into a normocytic anemia. Impaired absorption of calcium, 
vitamin D, and magnesium may occur, with resulting osteopenia.40 
Patients with tropical sprue also have malabsorption of fats and, 
depending on the severity of fat malabsorption, may complain of bulky, 
floating, or foul-smelling stools.

Spontaneous recovery may occur, but this is not inevitable. Spon-
taneous recovery is more common in travelers to areas endemic for 
tropical sprue who return to their native environments. Patients who 
have emigrated from endemic areas and patients living in endemic 
areas often require medical therapy to alleviate symptoms. Because the 
clinical manifestations of tropical sprue are nonspecific, symptomatic 
response to specific therapy can be considered additional evidence that 
the patient had tropical sprue.

INTESTINAL ABNORMALITIES
Although the secretory and malabsorptive syndrome seen in tropical 
sprue suggests preferential damage to the small bowel, functional 
abnormalities are seen in the large bowel as well. Functional changes 
in the small bowel mirror the morphologic changes seen and are most 
prominent in the ileum and jejunum. In tropical sprue, the jejunum is 

It has also been postulated that dietary fat might play a role in 
tropical sprue. Similar to the permissive effect of protein ingestion in 
the pathogenesis of pig-bel, the intake of long-chain fatty acids has 
been studied as a potential causative factor for tropical sprue.29 The 
seasonal epidemic occurrence of tropical sprue in Puerto Rico imme-
diately follows a traditional holiday feast of pork, which is rich in 
long-chain fatty acids.30 There are several mechanisms whereby these 
long-chain fatty acids might contribute to the production of clinical 
tropical sprue. Long-chain fatty acids can alter intestinal motility and 
delay intestinal transit time. Plasma levels of enteroglucagon and 
motilin are increased significantly in patients with tropical sprue; 
motilin slows gastric emptying, and enteroglucagon slows intestinal 
transit.31 Recent studies have also demonstrated abnormalities in PYY 
and neurotensin after infusion of fat in some patients with sprue, which 
may contribute to altered motility and bacterial overgrowth.32 Intuba-
tion studies have shown that intestinal infusions of fat increase plasma 
enteroglucagon levels and decrease intestinal motor activity. Fat within 
the gut lumen also inhibits the mucosal sodium-potassium fluxes and 
the magnesium adenosine triphosphatases, which can contribute to 
malabsorption of water and electrolytes in the intestine and raise the 
pH of the mucosal microenvironment.29,33

The elevated mucosal pH produced by intestinal fats also has been 
associated with increased growth of gram-negative bacteria in the 
lumen of the small bowel, and a switch to a high-fat diet has been 
associated with alterations in the intestinal microbiota.34,35

The elevation of mucosal pH and the presence of fatty acids within 
the lumen of the gut also may impair the ability of the intestine to 
absorb folate; folate deficiency may potentiate the intestinal dysfunc-
tion that precedes it.36 Folate deficiency leads to a decreased number 
of gut epithelial cells, as assessed by DNA concentrations, and to villus 
atrophy. Additional structural alterations are seen in the intestine with 
folate deficiency, including crypt hypertrophy, villus blunting, and 
megaloblastic changes in the epithelial cells. These changes are non-
specific and are similar to those seen with vitamin B12 deficiency, 
celiac disease, or tropical sprue. Functionally, the folate-deficient gut 
is less efficient in absorbing water, electrolytes, and carbohydrates  
than the normal small bowel.37 It is likely that whatever the initial 
insult to the gut may be in tropical sprue, the resulting folate malab-
sorption and deficiency contribute to the further pathogenesis of 
disease (Fig. 104-1).

FIGURE  104-1  Proposed pathogenesis of tropical sprue.  The 
complex vicious cycle of small bowel  insult  that  results  in bacterial over-
growth  and  malabsorption,  as  well  as  further  small  bowel  damage  by 
luminal  long-chain  fatty  acids  and dysregulation of  intestinal hormones, 
may  promote  disease  in  susceptible  persons  after  an  acute  enteric 
infection. 
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anatomy of the bowel, predisposing to a blind loop syndrome, or any 
medications that could predispose to small bowel overgrowth. Social 
history, in addition to travel and exposures, should include questions 
relating to possible human immunodeficiency virus (HIV) exposure 
because HIV infection is a major risk factor for the development of 
chronic diarrhea.52 History pertaining to symptoms of specific nutrient 
deficiencies, such as night blindness secondary to malabsorption of 
vitamin A, would be expected only in prolonged disease.

There are no diagnostic physical findings for tropical sprue. The 
physical examination should document presence or absence of fever, 
volume status by any orthostatic changes, body weight, evidence of 
weight loss such as temporal wasting, and presence or absence of sig-
nificant lymphadenopathy or abdominal masses. Hyperactive bowel 
sounds may be the only pertinent abdominal finding. Signs of anemia, 
such as pallor, are notoriously nonspecific but can be sought. Signs of 
specific nutrient deficiencies may also be present on physical examina-
tion: Cheilosis, stomatitis, glossitis, rashes, dermatitis, koilonychia, 
muscle pain or weakness, peripheral neuropathy, or edema can suggest 
deficiencies of iron, zinc, vitamin B12, folate, vitamins D and E, or 
protein. Deficiencies of any of these nutrients could be present in tropi-
cal sprue because of malabsorption by the damaged small bowel.

Laboratory evaluation of a patient with suspected tropical sprue can 
be minimal or extensive, depending on the degree of suspicion and the 
urgency for diagnosis. A simple, complete blood count showing a 
macrocytic anemia in a high-risk patient in the appropriate clinical 
setting could be sufficient to proceed with other, more confirmatory 
diagnostic tests, such as a small bowel biopsy. A more complete labora-
tory evaluation includes serum vitamin B12 and red blood cell folate 
levels, serum carotene concentration, or, preferably, a 72-hour fecal fat 
determination. Stool examination to exclude Giardia is useful; stool 
culture looking for bacterial pathogens is less likely to be helpful in 
chronic diarrhea.

Ultimately, a small bowel series with small bowel follow-through 
showing flattened mucosal folds, luminal dilation, or flocculation of 
the barium meal can suggest tropical sprue.52 An upper endoscopy 
with duodenal aspirate for parasites and biopsy can be diagnostic of 
tropical sprue in the appropriate clinical setting. Enhanced magnifica-
tion endoscopy (EME) has been shown to be more sensitive in detect-
ing villus atrophy than standard endoscopy and may assist in making 
a noninvasive diagnosis of sprue. In a study of 15 patients diagnosed 
with sprue by intestinal biopsy in Caracas, Venezuela, atrophy was 
demonstrated in 93% of patients by EME, whereas standard endoscopy 
was able to detect atrophy in only 20% of patients.53 Documentation 
of abnormal transit time by small bowel follow-through or breath 
hydrogen testing, which also can imply bacterial overgrowth, suggests 
but is not diagnostic of tropical sprue. The differential diagnosis that 
must be considered in a patient with chronic diarrhea, weight loss, and 
malabsorption, even in a clinical setting consistent with tropical sprue, 
should include giardiasis, cryptosporidiosis, coccidiosis (Cystoisospora 
belli), capillariasis, strongyloidiasis, celiac sprue (gluten enteropathy), 
lymphoma, intestinal tuberculosis, blind loop syndrome, pancreatic 
tumors, Whipple’s disease, and microsporidia-associated HIV enter-
opathy. If diagnosis remains obscure, biopsy is considered to be very 
sensitive and will allow the syndromes to be clearly differentiated. 
Celiac disease, or gluten enteropathy, can be more definitively diag-
nosed by sending antigliadin or antiendomysial antibodies.

THERAPY
Treatment with folate alone improves the symptoms of tropical sprue 
but does not cure the diarrhea. Combination therapy with tetracycline 
and folate seems to be most effective in symptom resolution and cure 
of diarrhea with promotion of weight gain.54,55 Treatment with 250 mg 
of tetracycline four times daily and 5 mg of folate daily for 1 month 
has been effective for travelers with tropical sprue, but therapy must 
be prolonged for 6 months or longer for residents of the tropics who 
have had long-term disease. Even with prolonged therapy, relapses 
have been seen in this population, although these may have been 
caused by reexposure to an infecting organism and represent recurrent 
rather than relapsing disease.56 Reports have suggested that tropical 
sprue in the Caribbean is more amenable to therapy than sprue in 
India, but these studies are difficult to compare.57 Poorly absorbed sulfa 

in a net secretory state, with active secretion of water, sodium, and 
chloride41; however, glucose-linked absorption remains intact, as it 
does for many other secretory infectious diarrheal syndromes.42 In 
tropical sprue, there is malabsorption of bile acids and vitamin B12 in 
the ileum. Bile acid malabsorption leads to fat malabsorption and 
malabsorption of the fat-soluble vitamins D, A, K, and E. Brush border 
enzymes are decreased functionally and are less efficient in digesting 
and absorbing disaccharides, such as lactose.43,44 Xylose, glucose, and 
folate malabsorption occur, as does malabsorption of minerals such as 
calcium and magnesium. Amino acid malabsorption occurs; protein 
metabolism is complicated further by loss of albumin in the lumen of 
the damaged small bowel.45

Most of the functional changes in tropical sprue may be related  
to small bowel mucosal damage represented by the morphologic 
changes seen, but the hormonal regulation of the gut is also dysfunc-
tional in this disease.46 Postprandial insulin and gastric inhibitory 
peptide are reduced in tropical sprue; enteroglucagon and motilin 
levels are increased. In chronic tropical sprue, gastric acid secretion 
and secretion of intrinsic factor may also be affected. Transit time 
through the small bowel is slowed, as measured by breath hydrogen 
testing.47-49

In the few studies of colonic function in tropical sprue that have 
been done, the ability of the colon to absorb water is decreased in 
patients compared with controls. There is speculation that the dysfunc-
tion of colonic cells may be related to damage by excess fatty acids in 
the gut lumen or bacterial toxins or infection. Although there is physi-
ologic confirmation of the ability of fatty acids to disturb the absorptive 
function of colonocytes and small bowel enterocytes, data suggesting 
that colonic infections are important in the pathogenesis of tropical 
sprue are lacking.

HISTOPATHOLOGY
Partial villus atrophy is the hallmark histologic change seen in the 
small bowel in tropical sprue, as opposed to the flattened mucosa that 
is characteristic of celiac sprue.50 The villi in tropical sprue progres-
sively shorten and thicken, forming fused leaves after about 4 months 
of illness. These histologic changes are seen in the jejunum and the 
ileum, where the changes in absorption also are localized. These his-
tologic changes are not specific for tropical sprue but may be present 
in severe folate deficiency or with bacterial overgrowth. In distinction, 
in celiac disease, blunting of villi and crypt hyperplasia is seen and 
lymphocytes are noted to infiltrate the crypts.

Microscopically, the mucosa is thin, with an infiltrate of chronic 
inflammatory cells consisting of plasma cells, histiocytes, lymphocytes, 
and eosinophils. As noted, these lymphocytes have been characterized, 
and IgA, IgG, and IgM lymphocytes are present in numbers equal to 
those of asymptomatic control patients.27,28 An increased mitotic index 
can be seen in the crypt cells; the nuclei of the crypt cells may also 
appear megaloblastic.45,51 An increased number of goblet cells may be 
present, and lipoid vacuoles have been seen within the basement mem-
brane. To date, there is no convincing evidence that tropical sprue is 
an immunologically mediated disease.

DIAGNOSIS
Because the symptom complex of tropical sprue is nonspecific, the 
travel and exposure history of the patient are crucial in making the 
diagnosis. Tropical sprue should be considered in a patient who pre-
sents with chronic diarrhea, weight loss, and evidence of malabsorp-
tion. Attempts should be made to ascertain the onset of the diarrheal 
illness, duration of diarrheal illness, degree of weight loss, frequency 
and character of the stool, and any other systemic complaints, such as 
prolonged fever, jaundice, or itching, that might suggest alternative 
explanations for the diarrheal illness. Information regarding travel to, 
residence in, or emigration from the tropics should be requested. 
Although there have been sporadic case reports of mild spruelike ill-
nesses occurring after diarrheal illnesses in temperate climates, this 
so-called temperate sprue is rare and a history of exposure to an 
endemic area should be present to entertain the diagnosis of tropical 
sprue.30

Pertinent medical history should also be obtained, with particular 
emphasis on any surgical procedures that might have altered the 
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however, even this is not specific because bacterial overgrowth in a 
blind loop syndrome would also be expected to respond. Lack of 
response to treatment should lead to additional diagnostic evaluation 
to include antibodies to gliadin or endomysium or small bowel biopsy.

drugs are an acceptable alternative to tetracycline in children or preg-
nant women.58 A favorable symptomatic response to therapy with 
folate and antibiotics can provide additional evidence that tropical 
sprue was the cause of chronic diarrhea and malabsorption in a patient; 
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105  Infectious Arthritis of Native Joints
Christopher A. Ohl and Derek Forster

K  Bone and Joint Infections

Infectious arthritis of single or multiple joints may be caused by any 
of a number of diverse microorganisms. Bacterial arthritis, also known 
as suppurative, pyogenic or septic arthritis, is the most common, and 
arguably most important, joint infection and is considered a rheuma-
tologic emergency because of its potential for rapid joint destruction 
with irreversible loss of function. Viral arthritis often involves multiple 
joints as a component of a systemic infection and generally does not 
lead to long-term morbidity. In contrast to the acute occurrence of 
bacterial and viral arthritis, joint infection caused by mycobacteria  

and non-Candida fungi usually occurs as chronic, slowly progressive 
monarticular arthritis. In contrast to the arthritis caused by direct  
joint infection by these diverse pathogens, a reactive or sterile arthritis 
is occasionally associated with systemic or local infection at a site 
remote to the joint. The clinical manifestations, severity, treatment, and 
prognosis of septic arthritis are dependent on the identity and viru-
lence of the infecting bacterium, source of joint infection, and certain 
underlying host factors, such as immune status, comorbid illness, and 
abnormal joint architecture from disease or surgery. For patients with 

DEFINITION
•	 Infectious	arthritis	is	an	infection	of	one	or	

more	joints	that	can	be	caused	by	bacteria,	
viruses,	fungi,	and	parasites.

CLINICAL CATEGORIES
Acute Bacterial Arthritis
•	 Overall	incidence	in	native	joints	is	2	to	

10/100,000	per	year,	increased	in	rheumatoid	
arthritis.

•	 Infection	can	be	acquired	from	hematogenous	
dissemination,	direct	joint	inoculation,	or	a	
contiguous	focus.	Most	infections	are	
monarticular;	10%	to	20%	are	polyarticular.	
The	knee	is	most	often	involved.

•	 Microbiology
○	 Gram-positive	organisms,	including	

Staphylococcus	aureus	and	Streptococcus	
spp.	predominate.

○	 Gram-negative	bacilli	in	5%	to	20%	are	
mainly	in	neonates,	the	elderly,	intravenous	
drug	users,	and	immunocompromised.

○	 Prevalence	rates	of	gonococcal	arthritis	
have	markedly	decreased.	There	are	two	
syndromes	of	joint	involvement:	
monarticular	arthritis	and	disseminated	
gonorrhea	with	febrile	tenosynovitis	and	
skin	lesions.

Viral Arthritis
•	 It	may	occur	sporadically	or	in	community	

outbreaks	that	may	be	small	(e.g.,	parvovirus	
B19)	or	explosive	(e.g.,	chikungunya	virus).

•	 It	is	caused	by	infection	of	the	joint	space	or	
by	immune-mediated	inflammation.

•	 It	is	usually	an	acute	polyarticular	arthritis	that	
occurs	simultaneously	with	other	systemic	
symptoms	of	viral	infection.

•	 Causes	include	parvovirus	B19,	rubella	(which	
may	follow	immunization),	hepatitis	B,	
hepatitis	C,	and	alphaviruses,	including	
chikungunya	virus.

•	 It	may	occasionally	cause	prolonged	or	chronic	
arthritis	after	acute	infection.

CLINICAL EVALUATION
•	 Bacterial	arthritis	is	an	emergency	and	should	

be	considered	in	any	patient	with	acute	
monoarticular	or	polyarticular	arthritis.

•	 The	most	useful	demographic	risk	factors	are	
presence	or	absence	of	recent	joint	surgery,	
rheumatoid	arthritis,	advanced	age,	
concomitant	skin	infection,	or	diabetes	
mellitus.

•	 The	most	helpful	laboratory	parameters	are	
the	synovial	fluid	leukocyte	count	and	
differential,	and	examination	for	crystals	to	
rule	out	gout	or	pseudogout.

•	 Diagnostic	imaging	should	include	plain	film	
radiography.	For	prolonged	or	atypical	
symptoms,	or	for	deep	joints,	computed	
tomography	or	magnetic	resonance	imaging	is	
recommended.

•	 Identification	of	the	infecting	organism	on	
synovial	fluid	Gram	stain	and	culture	remains	
the	definitive	diagnostic	test.	The	polymerase	
chain	reaction	(PCR)	assay	continues	to	show	
promise.

THERAPY
Acute Bacterial Arthritis
•	 Joint	drainage	by	repeat	aspiration,	

arthroscopy,	or	arthrotomy	is	required.
•	 Empirical	selection	should	be	based	on	

synovial	fluid	Gram	stain	(see	Table	105-5).
•	 Intravenous	therapy,	in	some	instances	with	an	

oral	transition,	is	usually	prescribed	for	a	total	
of	2	to	4	weeks.

Chronic Infectious Arthritis
•	 It	is	usually	monarticular,	involving	the	large	

peripheral	joints.
•	 It	is	relatively	uncommon	compared	with	acute	

bacterial	arthritis	but	is	increasingly	seen	in	

immunocompromised	or	chronically	ill	hosts.	
Etiology	includes	Mycobacterium	tuberculosis	
and	nontuberculosis	mycobacteria.	Fungal	
causes	include	Candida,	dimorphic	fungi	(e.g.,	
Blastomyces,	Coccidioides,	Histoplasma,	and	
Sporothrix),	Cryptococcus,	and	Aspergillus,	
among	others.

•	 Therapy	of	M.	tuberculosis	arthritis	is	similar	
to	pulmonary	tuberculosis.

•	 Many	fungal	arthritides	are	difficult	to	
treat	and	result	in	chronic	joint	disability.	
Treatment	varies	by	infecting	organism.	
Experience	using	the	azoles	(including	new	
triazoles)	and	the	echinocandins	is	growing,	
and	in	many	cases,	these	drugs	are	replacing	
amphotericin.

•	 Except	for	Cryptococcus	and	perhaps	
Sporothrix,	fungal	arthritis	requires	surgical	
drainage	and	débridement.

SEPTIC BURSITIS
•	 It	predominantly	involves	the	prepatellar,	

olecranon,	and	trochanteric	bursa.
•	 It	can	be	caused	by	direct	inoculation,	

contiguous	infection,	or	less	commonly,	from	a	
hematogenous	source.

•	 More	than	80%	of	cases	are	due	to	
Staphylococcus	aureus.

•	 Diagnosis	is	made	from	the	clinical	
presentation	and	by	aspirating	the	bursa	for	
fluid	analysis,	Gram	stain,	and	culture.

•	 Treatment	includes	antibiotics	(usually	14	to	
21	days)	and	daily	aspiration	of	the	bursa	until	
sterile	fluid	is	obtained.	Except	for	severe	
cases,	oral	antistaphylococcal	agents	that		
have	activity	against	community-acquired	
methicillin-resistant	S.	aureus	(CA-MRSA)	are	
recommended	pending	culture	and	sensitivity.	
For	moderate-to-severe	cases	or	patients	with	
immunosuppression,	intravenous	antibiotics	
should	be	selected.

SHORT VIEW SUMMARY
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disease-modifying antirheumatic drugs penicillamine, sulfasalazine, 
and prednisone have been identified to further increase the risk in 
patients with rheumatoid arthritis.6,33 Although methotrexate therapy 
was found to be associated with septic arthritis in one investigation,6 
it was not so identified in a large retrospective controlled study.33 Simi-
larly, therapy with anti–tumor necrosis factor (TNF) agents increases 
the risk of joint infection, particularly that caused by opportunistic and 
intracellular pathogens.33-40 A large prospective observational study 
found that anti-TNF therapy doubled the risk (adjusted hazard ratio, 
2.3) of septic arthritis in patients with rheumatoid arthritis. The risk 
was greatest in the first year of therapy and was not significantly dif-
ferent between the specific anti-TNF agents.41

Regarding human immunodeficiency virus (HIV) infection, one 
study in Africa suggested that such patients may have a small increased 
risk for septic arthritis,42 whereas other studies have found no such 
association.43,44 The perceived increased risk in patients with HIV is 
likely related to concomitant intravenous drug abuse, an established 
risk factor for joint infection.45,46 An important source of hematoge-
nously derived joint sepsis is skin disease or lesions, with or without 
concurrent infection.1,2 Of importance, up to 22% of patients with 
septic arthritis will not have an identifiable predisposing risk factor, 
and the negative predictive value of any one factor for joint infection 
is low. Thus, the diagnosis must be considered in all persons presenting 
with inflammatory arthritis, even when risk factors are absent.11,47,48

Nongonococcal Arthritis
Pathophysiology
The pathophysiology of acute nongonococcal septic arthritis is complex 
and dependent on adherence of organisms to, and colonization of, the 
synovial membrane, bacterial proliferation in synovial fluid, and a 
resultant synovial infection with generation of a host inflammatory 
response.49 Much of our understanding of these pathophysiologic 
mechanisms comes from study of animal models of joint infection, 
particularly with Staphylococcus aureus.50 After hematogenous or 
direct entry to the joint, bacterial adherence is facilitated by the low 
shear conditions of synovial fluid, and in some cases, by joint disease 
or injury (traumatic or surgical) that results in an increased amount or 

infectious arthritis, a prompt and thorough clinical evaluation and 
early institution of specific treatment is essential to limit long-term 
sequelae.

This chapter will primarily discuss infections of native joints. For a 
detailed discussion of infections involving prosthetic arthroplasty see 
Chapter 107. Lyme arthritis caused by disseminated Borrelia burgdor-
feri infection is covered in Chapter 243.

ACUTE BACTERIAL ARTHRITIS
The reported incidence of native joint septic arthritis in the general 
population of western Europe and the United States is between 2 and 
10 cases per 100,000 per year and is increasing because of a larger 
number of at-risk patients and surgical joint procedures in recent 
years.1-5 Estimates of the incidence in patients with rheumatoid arthri-
tis are much higher, ranging from 28 to 70 cases per 100,000 per year.6 
Although not well studied, socioeconomically disadvantaged popula-
tions appear to have a higher prevalence than the general population.3,7 
Bacterial arthritis is an uncommon but not rare diagnosis in the emer-
gency department, accounting for 8% to 27% of patients presenting 
with one or more acutely painful joints.8,9 Information on the epide-
miology of septic arthritis is limited by the retrospective nature and 
varying case definitions used for many of the studies and the lack of a 
reliable gold standard for the diagnosis.

The published mortality rates of bacterial arthritis in adults vary 
between 7% and 15% but may be as high as 30% to 50% in those with 
significant comorbidity or multiple joint involvement.3,10-14 Moreover, 
bone and joint infections that develop in a health care setting are 
associated with a significantly higher mortality rate, longer length of 
hospital stay, and greater financial cost than infections acquired in the 
community.15 The morbidity of septic arthritis is considerable, with up 
to 50% of patients reporting permanent decreased joint function or 
mobility after infection, depending on the presence or absence of pre-
existing joint disease and identity of the infecting pathogen.12,16,17 
Despite improved antimicrobial agents and adjunct treatment mea-
sures, as well as advances in hospital care, the morbidly and mortality 
of septic arthritis has not changed appreciably in the past 2 to 3 
decades.18

Bacterial arthritis is usually hematogenously acquired during overt 
or occult bacteremia, including that caused by endocarditis.7,17,19,20 
Normal, diseased, and prosthetic joints are all susceptible to infection, 
although abnormal joint architecture greatly increases the risk. The 
extremely vascular synovial membrane of the joint lacks a limiting 
basement membrane and is particularly susceptible to the hematoge-
nous deposition of bacteria.2,17,21 Most nosocomial cases of acute bacte-
rial arthritis presumably occur via this route.14,22

Other routes of infection include direct inoculation of bacteria into 
the joint through surgery, trauma, bites, percutaneous puncture (such 
as from a nail, needle, or thorn), or from contiguous spread from 
adjacent infected soft tissue or bone.2,7 A common example of the latter 
is septic arthritis of the small joints of the foot, complicating an adjoin-
ing diabetic foot ulcer or infection.23 On occasion, hip joint infection 
may occur from contiguous spread from an intra-abdominal source 
via the retroperitoneal space and iliac acetabulum.24,25

Septic arthritis is an unusual complication of surgical procedures of 
the knee, occurring in only 0.04% to 0.4% of arthroscopies and 0.14% 
to 1.7% of arthroscopic reconstructive procedures.5,26-28 Similarly, it is 
also extremely rare for infection to follow a single joint aspiration or 
corticosteroid injection, occurring in less than 0.04% of procedures.5,29 
Iatrogenic infections that follow joint corticosteroid injection may be 
caused by unusual pathogens and can occur in outbreaks or clusters 
related to contaminated medication, usually methylprednisolone.30,31

Predisposing host factors for septic arthritis are listed in Table  
105-1. The most important risk factor is preexisting abnormal joint 
architecture, particularly that caused by rheumatoid arthritis. A pro-
spective cohort study of patients presenting with acute inflammatory 
arthritis found that recent joint surgery, age greater than 80 years, 
diabetes mellitus, and rheumatoid arthritis were associated with a sig-
nificant and increased incidence of septic arthritis (likelihood ratios: 
6.9, 3.5, 2.7, and 2.5, respectively).1 Prevalence was also increased 
for patients on hemodialysis in one study, although some of this risk 
was likely due to preexisting joint disease.32 The immunosuppressive 

TABLE 105-1  Predisposing Factors in Bacterial 
Arthritis

Major Factors
Rheumatoid arthritis

Advanced age

Diabetes mellitus

Chronic renal failure

Previous joint surgery

Penetrating joint injury

Recreational intravenous drug use

Endocarditis

Immunosuppression
Organ and bone marrow transplant
Immunosuppressant therapy including systemic corticosteroids, DMARDs, and 

anti-TNF agents

Minor Factors
Joint disease

Crystal induced arthritis (gout and pseudogout)
Osteoarthritis
Charcot’s arthropathy

Chronic systemic disease
Collagen vascular disease
Malignancy
Chronic liver disease
Sickle cell disease
Alcoholism

Hypogammaglobulinemia

Intra-articular injection (e.g., glucocorticoids)

Skin disease with or without infection

Low socioeconomic status

DMARDs, disease modifying antirheumatic drugs; TNF, tumor necrosis factor.
From references 1-3, 11, 20, 22, 32, 33, 41, 44, and 91.
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to cause septic arthritis in persons exposed to pigs or improperly 
cooked pork.88,89 Bacterial native joint septic arthritis caused by viri-
dans group streptococci is rare, in contrast to prosthetic joint infec-
tions, where it is a common pathogen.90

Gram-negative bacilli are cultured from approximately 5% to 20% 
of patients with bacterial arthritis, particularly from neonates, the 
elderly, intravenous drug users, and immunocompromised hosts.21,91 
The coliform bacteria are most commonly isolated from the elderly, 
immunocompromised, and comorbidly ill2,23,67,68 and are increasingly 
found to be multiple-drug resistant.92 Pseudomonas aeruginosa is an 
important pathogen in intravenous drug users and has also been 
described as a cause of iatrogenic septic arthritis after surgical proce-
dures and intra-articular injections.93,94 It has a particular affinity for 
fibrocartilaginous articular structures, such as the pubic symphysis and 
the sternoclavicular, sternochondral, and sacroiliac joints.95-99 Hae-
mophilus influenzae, once an important pathogen in young children, 
now rarely causes septic arthritis in populations where H. influenzae 
type b vaccine is widely used.100 For children younger than age 4 years, 
Kingella kingae, a resident of the normal oral flora, has replaced H. 
influenzae as the principal gram-negative cause of hematogenous bac-
terial arthritis.101-104a Joint infection caused by K. kingae is often associ-
ated with stomatitis or upper respiratory tract infection and typically 
responds well to therapy with minimal articular or functional sequela. 
Child-to-child transmission of this communicable bacterium occurs, 
and outbreaks of K. kingae osteoarticular infections in child care 
centers have been reported.105,106

Other nongonococcal bacteria identified in infected joints include 
corynebacteria, Salmonella spp., Neisseria meningitidis, Listeria mono-
cytogenes, Burkholderia pseudomallei, and Brucella spp. Articular 
infection caused by anaerobic bacteria is rarely reported.107 Unusual 
bacterial pathogens causing contiguous septic arthritis after a dog or 
cat bite include Pasteurella multocida and Capnocytophaga spp., and in 
the case of a human bite, Eikenella corrodens and Fusobacterium 
nucleatum.108-111 Streptobacillus moniliformis, a causative agent of rat-
bite fever, is occasionally isolated from the blood or synovial fluid in 
patients with a polyarticular arthritis after a rat bite.112,113 Pantoea 
agglomerans is the most common bacterial isolate cultured from 
infected joints after direct plant thorn injury.114 Table 105-3 lists 
selected clinical and epidemiologic associations with septic arthritis 
and their likely causative bacteria.

Cultures of synovial fluid or blood from patients diagnosed with 
septic arthritis yield polymicrobial flora in up to 10% of cases.23,67 
Causes of bacterial arthritis in which a pathogen is not isolated from 

exposure of host-derived extracellular matrix proteins, such as fibro-
nectin, collagen, laminin, elastin, and hyaluronic acid, which promote 
bacterial attachment.21,51

Some bacteria display a tropism for synovial infection, at least  
in part because of adherence characteristics of the organism. For 
example, S. aureus has surface receptors, such as fibronectin-binding 
protein and “microbial surface components recognizing adhesive 
matrix molecules” (MSCRAMMs), that recognize selected host pro-
teins and mediate adherence to the joint extracellular matrix (see 
Chapter 196).52,53 Expression of these surface receptors, as well as 
several other virulence factors, are influenced by genes, including those 
regulating quorum sensing, which promote S. aureus invasion and 
infection when host defenses are weakened.54,55 In the case of Kingella 
kingae and Streptococcus agalactiae, joint tropism and synovial adher-
ence is influenced by bacterial pili and fibrinogen-binding adhesin 
proteins, respectively.51,56

Although certain bacterial products or toxins may directly increase 
tissue damage in the infected joint,21,57-60 it is the host inflammatory 
response to infection that is responsible for much of the joint injury.61 
In response to replicating bacteria and a number of bacterial products 
an inflammatory cell response is rapidly noted within the joint synovial 
membrane, which then responds with a proliferative lining-cell hyper-
plasia.62 An influx of acute and chronic inflammatory cells results in 
the characteristic purulent inflammation of the joint and its synovial 
fluid. Leukocyte-derived proteases and inflammatory cytokines, 
including interleukin-1 (IL-1), IL-4, IL-6, IL-10, and TNF-α, either 
directly or indirectly result in cartilage degradation, inhibition of car-
tilage synthesis, and subchondral bone loss.21,22 Intra-articular cartilage 
destruction may be seen in as little as 3 days.63 In addition, the inflam-
matory joint infusion increases intra-articular pressure, hampering 
capillary blood flow to the joint, resulting in cartilage and synovial 
ischemia and necrosis.17 Over time, cartilage destruction leads to joint 
space narrowing and further erosive damage to the cartilage and 
underlying bone. If untreated, infection can spread from the joint to 
surrounding soft tissue, disrupting ligaments, tendons, and other peri-
articular structures and occasionally forming sinus tracts.64,65

Microbiology
Nongonococcal septic arthritis is caused by a multitude of pathogenic 
bacteria (Table 105-2). The most common etiology in adults is S. 
aureus, which is responsible for 37% to 65% of cases, depending on 
geographic location, incidence of comorbid rheumatic disease, and 
proportion of infections involving native joints.2,3,11,23,66-68 For patients 
with rheumatoid arthritis, the proportion of septic arthritis caused by 
S. aureus has been reported to be higher (approximately 75%).64,69 
Methicillin-resistant S. aureus (MRSA) is increasingly isolated from 
infected joints, particularly in the elderly, persons with recent ortho-
pedic surgery, and those colonized or previously infected by 
MRSA.14,15,70-75 Coincident with the increased prevalence of invasive 
infections caused by community-acquired MRSA (CA-MRSA) since 
2003, there have been several reports of native joint infection caused 
by this pathogen, especially in children.15,75-80 Septic arthritis caused 
by CA-MRSA is associated with increased morbidity, suppurative com-
plications, and duration of fever and hospitalization, compared with 
that caused by methicillin-susceptible S. aureus.76,77,80 Vancomycin-
intermediate, but not high-level, resistant S. aureus has rarely been 
reported as a cause of septic arthritis in patients with frequent exposure 
to health care facilities.81-83

Streptococcus spp. are the next most frequently isolated bacteria 
from adults with native joint septic arthritis.21,23,66,67 Streptococcus pyo-
genes and other β-hemolytic streptococci from Lancefield groups C, F, 
and G are important pathogens within this group. Streptococcus aga-
lactiae is a cause of bacterial arthritis in neonates, as well as adults with 
diabetes, malignancy, and genitourinary structural abnormalities, and 
it is prone to occur with polyarticular infection.84-87 Streptococcus pneu-
moniae, traditionally thought of as a rare cause of hematogenous septic 
arthritis in the antibiotic era, accounted for 6% of cases in a com-
prehensive systematic review.67a Polyarticular infection was frequent 
(36%), and many patients did not have prior or concurrent respiratory 
tract infection. Streptococcus suis, an emerging zoonotic pathogen in 
China, Southeast Asia and, to a lesser extent, Europe, has been reported 

TABLE 105-2  Bacteria Isolated in 2302 Compiled 
Cases of Bacterial Septic Arthritis in Adults

ORGANISM
NO. OF ISOLATES 
(% OF TOTAL)

Gram-positive

 Staphylococcus aureus 1066 (46)

 Staphylococci, coagulase negative 84 (4)

 Streptococci 512 (22)

  Streptococcus pyogenes 183 (8)

  Streptococcus pneumoniae 156 (7)

  Streptococcus agalactiae 69 (3)

  Other streptococci 104 (5)

Gram-negative

 Escherichia coli 91 (4)

 Haemophilus influenzae 104 (5)

 Neisseria gonorrhoeae 77 (3)

 Neisseria meningitidis 28 (1)

 Pseudomonas aeruginosa 36 (2)

 Salmonella spp. 25 (1)

 Other gram-negative rods 110 (5)

Miscellaneous (including anaerobes) 136 (6)

Polymicrobial 33 (1)

Modified from Ross JJ, Saltzman CL, Carling P, et al. Pneumococcal septic arthritis: 
review of 190 cases. Clin Infect Dis 2003;36(3):319-327.
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over a 1- to 2-week period. In addition to intense pain and decreased 
range of motion, other symptoms of nongonococcal bacterial arthritis 
include swelling, redness, and increased warmth of the infected 
joint.3,11,17,22 Joint pain is often the only focal symptom of deep or axial 
joint infection. In the case of sacroiliac or pubic symphysis septic 
arthritis, pain is intensely exacerbated by ambulation and often radiates 
to the back or groin, respectively, and to the hip and proximal leg in 
either case.95,97,133 Although fever and malaise are commonly associated 
with bacterial arthritis in adults, high fever with rigors and shaking 
chills are typically not apparent.17,20,22 A systematic review showed that 
fever was present as a physical examination finding in approximately 
50% of patients, and it was found to have a sensitivity for articular 
infection of only 57%.47

Physical examination findings of infected peripheral joints include 
focal joint tenderness, inflammation, and effusion (Fig. 105-1). Active 
and passive range of motion of the joint is usually limited and results 
in considerable discomfort. Examination findings in patients with bac-
terial arthritis of the nonperipheral joints may be limited to focal 
tenderness over the afflicted area. Children with septic arthritis of the 
hip characteristically hold the hip in a flexed and externally rotated 
position and resist any range of motion. A source of infection distant 
from the afflicted joint, including that of the skin, may be discovered 
after careful clinical evaluation in up to 50% of patients.20

Patients who are immunocompromised, have comorbid illnesses, 
(including rheumatoid arthritis), or are at the extremes of age often 
present without a fever and with significantly more subtle symptoms 
and signs of joint infection, frequently resulting in delayed diagno-
sis.3,4,91,118,134 For patients afflicted with rheumatoid arthritis or other 
chronic joint disease, particularly those receiving systemic or intra-
articular steroids, manifestations of a complicating joint infection may 
be limited to a modest increase in the severity of chronic articular 
inflammation and loss of joint function. In these cases it can be very 
difficult to differentiate joint infection from an exacerbation of their 
underlying disease.10,135

Laboratory evaluation frequently shows an elevated peripheral 
blood white cell (WBC) count, erythrocyte sedimentation rate (ESR), 
and C-reactive protein (CRP); however, these tests are nonspecific  
and, if elevated, do not appreciably raise the pretest probability of  
septic arthritis.22,47,136 However, in one retrospective analysis of 17 
cases, a CRP exceeding 10.5 mg/dL was considering predictive of 
septic arthritis.135a Serum procalcitonin (PCT), an acute-phase reac-
tant more sensitive and specific than ESR and CRP, was evaluated in  
a meta-analysis for the identification of osteomyelitis and septic arthri-
tis in patients who had fever and orthopedic symptoms. For those 
patients with septic arthritis, the diagnostic sensitivity and specificity 
were 65% and 88%, respectively, and the positive and negative likeli-
hood ratios were 5.3 and 0.4, respectively.137 Thus, an elevated serum 
PCT might help suggest bacterial septic arthritis in a patient with an 
acutely inflamed joint, but most important, it is not useful for ruling 
it out.137,138

blood or joint fluid using conventional culture techniques are Myco-
plasma hominis, Ureaplasma urealyticum, Borrelia burgdorferi and Tro-
pheryma whipplei.115-117

Clinical Manifestations
Nongonococcal septic arthritis is monarticular in 80% to 90% of cases, 
with the knee being the site of infection in approximately 50% of 
patients.2,20,23,118-120 Other native joints that are frequently involved in 
adults include the hip, shoulder, wrist, and ankle. In children, hip infec-
tions predominate.2 Infections of the peripheral joints of the hands are 
unusual, except in the setting of trauma, particularly animal or human 
bites.110 Septic arthritis of the small joints of the foot is most often 
secondary to contiguous spread from skin and soft tissue ulcerations 
or adjacent osteomyelitis and is mostly seen in diabetic patients.23,121 
Nongonococcal polyarticular bacterial arthritis is observed in 10% to 
20% of patients, especially in those with rheumatoid arthritis, immu-
nosuppression, or prolonged or intense bacteremia, and is usually 
caused by S. aureus.13 Sternoclavicular or costochondral joint infec-
tions are uncommon except in intravenous drug users, and occasion-
ally as a complication of occult bacteremia or subclavian vein 
catheterization.98,122,123 In these cases, Pseudomonas aeruginosa is a fre-
quent pathogen. Risk factors for septic arthritis of the pubic symphysis 
include female urinary incontinence surgery, participation in athletics, 
pelvic malignancy, and intravenous drug use.97

Sacroiliac joint infection is an uncommon metastatic complication 
of occult or symptomatic bacteremia, usually caused by S. aureus.95,124-128 
Intravenous drug abusers and patients with indwelling catheters are at 
risk. Patients typically present with acute onset of sacral or pelvic pain 
and leukocytosis. Blood cultures are often positive. Patients should be 
evaluated for the presence of concomitant infective endocarditis. 
Uncommon causes include Salmonella spp. (including S. typhi) and 
brucellosis.125,129-131 Brucellosis causes a chronic unilateral infection of 
the sacroiliac joint that must be distinguished from arthritis associated 
with inflammatory bowel disease and ankylosing spondylitis (see 
Chapter 228). Injection of contaminated methylprednisolone into the 
sacroiliac joint led to an indolent sacroiliac joint infection caused by 
Exserohilum, during a multistate outbreak of meningitis, epidural 
abscess, and joint infection caused by this pathogen.132

Most patients with acute bacterial arthritis present with the cardinal 
symptoms of arthritis—pain and loss of function of one or more joints 

TABLE 105-3  Clinical and Epidemiologic Features 
Associated with Selected Bacterial Causes of 
Septic Arthritis

CLINICAL OR 
EPIDEMIOLOGIC FEATURE ETIOLOGIC AGENT
Rheumatoid arthritis Staphylococcus aureus

Intravenous drug use S. aureus, Pseudomonas aeruginosa

Diabetes, malignancy S. aureus, Streptococcus agalactiae

Immunocompromised hosts S. aureus, streptococci, enteric 
gram-negative bacilli, Listeria 
monocytogenes

Neonates, children younger than 
age 4 yr

Gram-negative bacilli, Kingella kingae

Young adults, menstruating 
females, associated skin lesions

Neisseria gonorrhea

Fibrocartilaginous joints (e.g., 
pubic symphysis)

S. aureus, P. aeruginosa

Cat or dog bite Pasteurella multocida, Capnocytophaga 
spp., anaerobes

Human bite Eikenella corrodens, anaerobes, other 
oral flora (e.g., viridans streptococci)

Rat bite Streptobacillus moniliformis

Postpartum women Mycoplasma hominis

Ingestion of unpasteurized dairy 
products, residents or travelers 
from endemic areas

Brucella spp.

Residents or travelers to Southeast 
Asia

Burkholderia pseudomallei (melioidosis), 
Streptococcus suis

After plant thorn injury Pantoea agglomerans, Nocardia spp.

FIGURE 105-1 A, Bacterial arthritis of the knee showing swelling and 
effusion. B, Septic third proximal interphalangeal joint demonstrating strik-
ing redness, swelling, and effusion. 
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radiography in early infection will typically show periarticular soft 
tissue swelling and fat-pad edema but normal osseous structures.149 In 
advanced infection, findings may include periarticular osteoporosis, 
joint space loss, periosteal reaction, marginal and central erosions, and 
destruction of subchondral bone. Plain films are useful for assessment 
of preexisting joint disease, metallic foreign bodies, and simultaneous 
osteomyelitis, or as a baseline image in monitoring for sequelae of 
infection. Ultrasonagraphy, another simple technique, is an extremely 
sensitive test to confirm the presence of an effusion and guide needle 
aspiration of certain joints.150

Scintigraphy, computed tomography (CT), and magnetic resonance 
imaging (MRI) are highly sensitive techniques for imaging early septic 
arthritis. Scintigraphy, including three- or four-phase bone scanning, 
using technetium 99m methylene diphosphonate, are sensitive but  
nonspecific indicators of articular infection.149 CT is useful for the 
detection of erosive bone changes, subchondral cysts, joint effusions, 
and periarticular soft tissue extension of infection, particularly in deep 
articulations, such as the hip, sacroiliac, and sternoclavicular joints and 
in the pubic symphysis (Fig. 105-2).97,133,149,151,152 Similar to bone scan-
ning and CT, MRI is an extremely sensitive procedure for the evaluation 
of bacterial arthritis but is more specific than these other modali-
ties.153,154 MRI is particularly valuable for the detection of joint inflam-
mation, effusion, and articular cartilage destruction, as well as for 
periarticular cellulitis, fistula, abscess, or osteomyelitis of contiguous 
bone. In some cases, findings on MRI may discriminate between septic 
arthritis and underlying chronic rheumatoid arthritis.155 However, MRI 
may pose difficulties distinguishing septic arthritis from sterile inflam-
matory arthropathies, cannot be used with certain metal joint implants, 
and has lower resolution for the bony cortex than CT.21,153 Dynamic 
contrast-enhanced MRI, a technique that has shown usefulness in dif-
ferentiating septic arthritis and transient tenosynovitis involving the 
hip joint, may also have use for evaluation of other joints.156 In most U.S. 
medical centers, MRI and CT have replaced scintigraphy as the pre-
ferred imaging modalities for evaluation of a potentially infected joint.

Gonococcal Arthritis
During the 1970s and 1980s, Neisseria gonorrhoeae was the predomi-
nant cause of bacterial arthritis in sexually active adults and adoles-
cents, with the majority of cases occurring in persons younger than 
age 30 years.157,158 However, the prevalence of gonococcal arthritis has 
markedly declined as the rate of mucosal gonorrhea has decreased 
fivefold, between 1975 and 2011, to one of the lowest rates since sta-
tistics have been recorded.159 Gonococcal arthritis is one of two clinical 
manifestations of disseminated gonococcal infection (DGI), the other 
being a syndrome of tenosynovitis, dermatitis, and polyarthralgia 
without purulent joint infection.160 There is overlap between the two 
conditions, and in some patients, disseminated infection may progress 
from a bacteremic tenosynovitis-dermatitis syndrome to localized 
joint infection. Septic monarticular or oligoarticular arthritis occurs in 
42% to 85% of patients with disseminated gonococcal infection.161

DGI is usually diagnosed in persons younger than 40 years, is 
approximately four times more common in women than men, and 
complicates 0.5% to 3% of persons with mucosal gonococcal infec-
tion.157,162 Epidemiologic characteristics associated with DGI consist of 
lower socioeconomic status, nonwhite ethnicity, men who have sex 
with men, multiple sexual partners, and illicit drug use.160 The inci-
dence is markedly less in Europe than in North America, and it is 
considerably higher in the developing world.157

Arthrocentesis of an affected joint usually reveals purulent, low-
viscosity synovial fluid with an elevated polymorphonuclear neutro-
phil count. Traditionally, a synovial fluid leukocyte count greater than 
50,000 cells/mm3 has been used to suggest a diagnosis of septic arthri-
tis4,17; however, lower WBC counts are regularly encountered and do 
not exclude the diagnosis (Table 105-4).47 Although synovial fluid 
glucose may be depressed, and protein and lactate dehydrogenase 
elevated, the sensitivity and specificity of these tests are low and limit 
their usefulness.47 The diagnostic accuracy of an elevated synovial fluid 
lactic acid, procalcitonin, or an inflammatory cytokine, such as TNF-α, 
has not been adequately assessed.22,47,137,139

Synovial fluid culture in nongonococcal infection of patients who 
have not previously received antibiotics will yield bacterial growth up 
to 80% to 90% of the time; however Gram staining is diagnostic in only 
50% of these cases.11,68,136 False-positive Gram stains of synovial fluid 
can occur because of artifacts from stain, mucin, and cellular debris. 
There is some evidence that direct inoculation of synovial fluid into 
pediatric or adult blood culture media bottles or isolator culture tubes 
improves the recovery of pathogens,140,141 although one investigation 
comparing the BACTEC (Becton Dickinson, Franklin Lakes, NJ) 
blood culture bottle to lysis centrifugation and conventional agar plate 
culture techniques found similar yields from all three methods.142 
However, using a blood culture system for synovial fluid culture may 
enhance the yield of fastidious organisms, such as Kingella kingae and 
Brucella spp.143,144 The proportion of patients with positive blood cul-
tures in nongonococcal bacterial arthritis varies from 25% to 70%, 
depending on the study.11,20 Of note, they are the sole source of the 
infecting organism’s identity in approximately 10% of cases. Of impor-
tance, synovial fluid and blood culture sensitivity declines in patients 
after antimicrobial therapy has been initiated.

Identification of bacterial DNA in synovial fluid by a broad-range 
polymerase chain reaction (PCR) assay shows promise for improving 
the etiologic diagnosis of septic arthritis, especially for infections 
caused by fastidious or unusual pathogens.145,146 Identification of Kin-
gella kingae, Streptococcus spp., mycoplasma, and anaerobic bacteria is 
particularly enhanced. One technique showed a sensitivity and speci-
ficity of 95% and 97%, respectively, by using a 16S ribosomal DNA 
(rDNA) gene target and real-time PCR.146 The negative predictive value 
in a separate study was 98%.147 Although PCR performance is generally 
thought to be high, one study comparing three 16S rDNA targets 
reported more modest results, with sensitivities of 44% to 63% and 
negative predictive values of 84% to 89%.148 In addition to the identi-
fication of fastidious organisms, other benefits of PCR include rapid 
results, high negative predictive values, and greater likelihood of yield-
ing a pathogen from patients who have previously received antibiotics. 
Limitations of broad-range PCR include false-positive tests as a result 
of sample contamination, difficulty in confirming a specific species 
because of shared regions of bacterial 16S DNA, lack of antimicrobial 
susceptibility data, inability to differentiate species when a polymicro-
bial infection is present, and limited access to this technology in many 
clinical microbiology laboratories. A large prospective study evaluating 
synovial fluid PCR performance in patients with painful, inflamed 
joints is needed.

Radiographic Features
Imaging studies of joints and periarticular structures affected by bacte-
rial arthritis often yield additional information helpful for establishing 
the diagnosis or evaluating for complications of infection. Plain film 

TABLE 105-4  Diagnostic Parameters of Synovial Fluid White Blood Cell Count and Percent 
Polymorphonuclear Cells in Patients with Septic Arthritis

SENSITIVITY (%) SPECIFICITY (%)
LIKELIHOOD RATIO (95% CI)

Positive Negative
>100,000 WBC/mm3 29 99 28.0 (12.0-66.0) 0.71 (0.64-0.79)

>50,000 WBC/mm3 62 92 7.7 (5.7-11.0) 0.42 (0.34-0.51)

>25,000 WBC/mm3 77 73 2.9 (2.5-3.4) 0.32 (0.23-0.43)

PMN cells ≥90% 73 79 3.4 (2.8-4.2) 0.34 (0.25-0.47)

CI, confidence interval; PMN, polymorphonuclear; WBC, white blood cell.
Modifed from Margaretten ME, Kohlwes J, Moore D, et al. Does this adult patient have septic arthritis? JAMA 2007;297(13):1478-1488.
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propensity to disseminate include lack of outer membrane protein II, 
also called “opacity protein,” and nutritional requirements for arginine, 
hypoxanthine, and uracil.21,157 N. gonorrhoeae strains that cause DGI 
are resistant to the bactericidal effects of normal human serum, prob-
ably through changes in cell membrane lipo-oligosaccharide.172

N. gonorrhoeae displays acquired resistance to several antimicrobi-
als, including penicillin, tetracycline, fluoroquinolones, and rarely, 
spectinomycin.173,174 The rapid emergence of fluoroquinolone resis-
tance in N. gonorrhoeae throughout the world since 2001 has resulted 
in fluoroquinolones being contraindicated for empirical therapy of 
gonococcal infection.173,175,176 In addition, minimal inhibitory concen-
trations (MICs) of the oral cephalosporin cefixime against N. gonor-
rhoeae from North America have been increasing since 2009.174 This, 
together with treatment failures using cefixime for gonococcal mucosal 
infections, has led the Centers for Disease Control and Prevention 
(CDC) to no longer recommend this sole remaining oral treatment for 
gonorrhoea in an update to its 2010 Sexually Transmitted Diseases 
Treatment Guidelines.177-179 Unfortunately, precise epidemiologic data 
are not available on the antimicrobial susceptibility of strains of N. 
gonorrhoeae isolated from patients with DGI or gonococcal arthritis 
compared with strains from mucosal infections. This steady emergence 
of resistance of N. gonorrhoeae to numerous antimicrobials, particu-
larly in the Pacific rim and among men who have sex with men, has 
led to considerable concern that gonorrhea could soon attain an 
untreatable status.179,180

Clinical Manifestations
Patients with DGI typically present with the classic triad of dermatitis, 
tenosynovitis, and migratory polyarthralgia or polyarthritis.160,161,163,167,181 
Joint symptoms may be quite severe and are often asymmetrical. Mod-
erate fevers, chills, and general malaise are usually present. Two thirds 
of patients develop tenosynovitis, usually occurring in the fingers, 
hands, and wrists, although the distal large and small joints of the lower 
limbs can also be involved. The hip is rarely affected. Less than one half 
of patients will have a true septic arthritis with a purulent joint effu-
sion. The lesions of dermatitis are seen in two thirds of DGI patients, 
are painless and nonpruritic, few in number, and may not be noticed 
by the patient.160,182 Macules, papules, and pustules on an erythematous 
base are most commonly seen and will often develop central necrosis 
(Fig. 105-3). The rash characteristically appears simultaneously with 
tenosynovitis and will be seen in various stages of development involv-
ing the limbs and hands (including the palms and soles), less often the 
torso, and rarely the face. Lesions will resolve after 4 to 5 days even if 
untreated, and new lesions may materialize after antimicrobial therapy 
is initiated.160

Septic gonococcal arthritis arising without tenosynovitis or skin 
lesions is less common than the so-called bacteremic form described 
previously and is clinically indistinguishable from bacterial arthritis 
caused by other organisms. The knees, wrists, and ankles are most 

Pathogenesis
Gonococcal arthritis and DGI occur as a result of occult bacteremia 
secondary to mucosal infection of the urethra, uterine cervix, rectum, 
or oropharynx. Asymptomatic mucosal infection is much more likely 
to result in DGI than symptomatic infection and may have been sexu-
ally contracted days to months before dissemination. This, at least in 
part, accounts for the increased risk of disease in women for whom 
endocervical gonorrhea may persist without symptoms for extended 
periods. For these women, the risk of DGI increases substantially 
during menstruation, pregnancy, and the direct postpartum period. 
One third to one half of all women who present with DGI will do so 
during these times.161,163,164 Other host factors that increase the risk of 
DGI are complement deficiencies, particularly the terminal compo-
nents C5 to C8,165,166 and systemic lupus erythematosus.167 Immune 
mechanisms, including circulating immune complexes, also likely play 
a part in the pathogenesis of DGI and gonococcal arthritis and may 
account, in part, for the low yield of cultures for N. gonorrhoeae in 
synovial fluid and skin pustules.158,168

N. gonorrhoeae possesses several virulence factors, many of them 
cell surface proteins, that influence pathogenesis and the ability of the 
organism to widely disseminate from infected mucosa. Microbial 
attachment to mucosal and synovial epithelium is facilitated by long 
pili that also play a role in inhibiting host leukocyte phagocytosis.169 
Gonococcal strains with the ability to disseminate are serum resistant 
and almost always express protein 1A, a principal outer membrane 
protein.162,170,171 Other characteristics of strains with an increased 

FIGURE 105-3 Pustular lesion overlying the fifth toe in a patient 
with disseminated gonococcal infection. (Courtesy Graham Interna-
tional Dermatopathology Learning Center.)

FIGURE  105-2 A, Septic arthritis of the symphysis pubis. Computed 
tomography of the pelvis reveals joint space widening (arrow) with sub-
chondral bone resorption and disruption of the articular cortical margins. 
B, Septic sacroiliac joint. Coronal T2-weighted magnetic resonance image 
demonstrates fluid within the right sacroiliac joint, spreading superiorly 
and inferiorly to form soft tissue abscesses. (From Chew FS, Maldjian C, 
Leffler SG. Musculoskeletal Imaging: A Teaching File. Philadelphia: 
Lippincott Williams & Wilkins; 1999:267.)
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event of a “dry tap” of a peripheral joint, fluoroscopic- or CT-guided 
arthrocentesis is indicated. Synovial fluid examination should include 
cell count, leukocyte differential, and crystal examination under polar-
ized light. Tests that need not be performed because of limited utility 
include viscosity, total protein, lactate dehydrogenase, glucose, lactic 
acid, and bacterial capsular antigens. Gram stain and aerobic and 
anaerobic bacterial cultures should be performed. If blood culture 
bottles or isolator tubes are used, they should be inoculated at the 
bedside. In cases with a subacute or chronic presentation, fungal and 
mycobacterial smear and culture is indicated. All cultures should be 
processed promptly in the laboratory. Antimicrobial therapy should be 
delayed until arthrocentesis and appropriate diagnostic cultures are 
obtained, unless the patient shows signs of sepsis. Orthopedic consul-
tation is often necessary for joint drainage, irrigation, and débride-
ment, and orthopedic or rheumatologic assistance is occasionally 
needed for diagnostic arthrocentesis.

If gonococcal arthritis is suspected, NAATs for N. gonorrhoeae 
should be obtained from genitourinary sites and/or freshly voided 
urine in addition to cultures of genitourinary mucosa, rectum, and 
oropharynx. Although NAATs alone will yield a diagnosis, it is 
extremely important that culture also be performed to allow for anti-
microbial sensitivities of an N. gonorrhoeae isolate. Because of the high 
frequency of antimicrobial-resistant gonococcal infections, knowledge 
of drug susceptibility is vital for guiding the choice of oral step-down 
therapy.

Serology is occasionally helpful for diagnosis of nonbacterial joint 
infections. Serologic testing for Borrelia burgdorferi is indicated for 
patients with clinical features of Lyme arthritis in endemic areas, espe-
cially if they are at risk for tick bites (see Chapter 243). Serology,  
and if available, synovial fluid or peripheral blood PCR may also be 
helpful in the diagnosis of the various viral arthritides, including par-
vovirus B19.

Differential Diagnosis
The differential diagnosis of pyogenic arthritis includes several inflam-
matory joint diseases caused by noninfectious sources, in addition to 
joint infections caused by nonbacterial pathogens. Acute attacks of the 
crystalline joint diseases, gout, and pseudogout are perhaps the greatest 
mimics of bacterial arthritis. There is significant overlap in the clinical 
findings of these two entities because both may occur with monarticu-
lar symptoms of warmth, swelling, pain, and erythema of the involved 
joint. In addition, systemic signs of inflammation, including fever and 
elevations of peripheral WBC counts, are often evident. For patients 
with a history of gouty attacks in stereotypical joints, acute joint inflam-
mation is more likely caused by crystalline than bacterial arthritis; 
however, in such attacks, arthrocentesis is necessary to rule out con-
comitant bacterial infection. The coexistence of crystalline and bacte-
rial arthritis is probably not as rare as previously thought.189-191,192 One 
retrospective study found that of 265 joint synovial fluid aspirates that 
contained crystals, 1.5% of the bacterial cultures were positive.193 Of 
importance, the mean synovial WBC was significantly higher in the 
patients who had positive cultures compared with that of the entire 
study population (113,000 cells/mm3 vs. 23,200 cells/mm3). In another 
study of patients with septic arthritis of the ankle, a large proportion 
of patients (43.5%) also had crystals found on synovial fluid analysis.189 
Because of these findings, the presence of crystals in synovial fluid 
should not be used to rule out bacterial arthritis, and bacterial Gram 
stain and culture should be performed on all joint aspirates.

Rheumatoid arthritis, systemic lupus erythematous, spondyloar-
thropathy, Still’s disease, rheumatic fever, and Kawasaki syndrome 
typically occur with subacute polyarticular arthritis associated with 
specific symptoms and signs of their respective diseases. Although 
these conditions may be confused with viral arthritides, especially 
parvovirus B19 or chikungunya arthritis, they are usually easily dif-
ferentiated from bacterial arthritis. More important, however, is the 
recognition and diagnosis of bacterial arthritis in a patient with pre-
existing rheumatoid or other inflammatory arthritis. A sudden increase 
in inflammation of one or two joints in such patients should raise 
suspicion of complicating bacterial arthritis, even if it is not accompa-
nied by fever or other systemic evidence of infection, and joint aspira-
tion should be performed.

commonly affected, and monarthritis is more common than polyar-
thritis. Joints tend to be markedly inflamed, with large effusions. A 
syndrome of tenosynovitis with skin lesions may have occurred before 
the patient seeks medical care. Mucosal infection is usually present in 
patients with DGI and purulent gonococcal arthritis, although it is 
usually asymptomatic.

As with nongonococcal septic arthritis, the laboratory findings of 
gonococcal arthritis and DGI include mild leukocytosis and elevated 
ESR in about 50% of patients.160,161 Synovial fluid from joint effusions 
afflicted with gonococcal arthritis will frequently, but not invariably, 
have 50,000 to 100,000 WBCs/mm3, predominantly neutrophils, 
whereas joint aspirates from patients with DGI without frank suppu-
rative arthritis will exhibit lower cell counts.160 N. gonorrhoeae is cul-
tured from synovial fluid in approximately 50% of these cases and in 
20% to 30% of patients with DGI.157,160,161 Only 25% of Gram-stained 
joint aspirates from patients with suppurative gonococcal arthritis 
reveal intracellular and extracellular gram-negative diplococci. Signifi-
cantly higher proportions of patients with DGI are found to have N. 
gonorrhoeae identified in synovial fluid by PCR assay than by conven-
tional culture, with reported sensitivities of PCR assay estimated at 
80%.183-185 Positive blood cultures are exhibited by less than 30% of 
patients and are more common in those with dermatitis and tenosy-
novitis.181,182,186 Gram staining and bacterial culture of skin lesions 
rarely yield organisms.

For patients with DGI and gonococcal arthritis, culture yield of N. 
gonorrhoeae is much higher from mucosal sites than from synovial 
fluid or blood. Cultures are positive from uterine cervical swabs in 80% 
to 90% of women and from urethral swabs in 50% to 70% of men.160,161,163 
Culture yields from rectal and oropharyngeal swabs are lower but will 
still occasionally give positive results. Although not studied in patients 
with DGI, nucleic acid amplification tests (NAATs) performed on ure-
thral or cervical swabs or freshly voided early morning urine should 
give similar results.187

Management
Initial Approach to the Patient
The diagnosis of bacterial arthritis is considered a rheumatologic  
emergency and should be considered in any patient with acute mono-
articular or polyarticular arthritis. Distinct features of the patient’s 
demographics, clinical history, preexisting joint disease, comorbidity, 
physical examination, and initial laboratory and imaging may each 
raise the pretest probability of septic arthritis (see discussion in “Clini-
cal Manifestations” under “Nongonococcal Arthritis”). A method for 
estimating the pretest probability of an infected joint has been sug-
gested based on clinical risk factors that are identified in the evaluation 
of the patient with a painful swollen joint.47 The most useful demo-
graphic risk factors are presence or absence of recent joint surgery, 
rheumatoid arthritis, advanced age, concurrent skin infection, or dia-
betes mellitus. The most helpful laboratory parameter is the synovial 
fluid leukocyte count and differential (see Table 105-4). If more than 
one factor is present, likelihood ratios from each are multiplicative 
rather than additive. Evidence-based guidelines for the diagnosis and 
management of septic arthritis have been published and were updated 
without changes in 2012 by the British Society for Rheumatology Stan-
dards, Guidelines and Audit Working Group.188

As part of the clinical assessment, routine laboratory tests should 
be drawn for identification of comorbid conditions and as a baseline 
for future antimicrobial monitoring. ESR and C-reactive protein, 
although not predictive for the diagnosis of septic arthritis, may be 
useful for assessing response to therapy or as a prognostic marker. 
Cultures should be obtained from blood, any wound contiguous with 
the afflicted joint, and skin lesions if present. Plain film joint radio-
graphs should be taken, and if there is concern for soft tissue or osseous 
extension of infection, or prolonged or atypical joint symptoms, CT 
and MRI should be considered.

Arthrocentesis should be performed on all patients with inflamma-
tory arthritis in whom joint infection is within the differential diagno-
sis. Skin visibly involved with cellulitis should be avoided when 
entering the joint. For cases of polyarticular arthritis, multiple afflicted 
joints should be aspirated. For axial and deep joints that are difficult 
to aspirate at the bedside (e.g., sacroiliac or pubic symphysis) or in the 
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osteoarticular infections because of once-daily dosing, tolerability, and 
lower cost, it should be noted that it is intrinsically less active than 
standard antistaphylococcal agents, and clinical evidence is limited to 
support its use for these infections. A small retrospective cohort study 
that compared ceftriaxone to oxacillin for treatment of osteomyelitis 
(124 patients) and septic arthritis (57 patients) did demonstrate similar 
treatment outcomes for both groups.202 There were fewer patients who 
required discontinuation of therapy because of toxicity in the ceftriax-
one group. A smaller study comparing ceftriaxone with cefazolin also 
found similar efficacy.203 However, until more evidence is available, the 
use of ceftriaxone for S. aureus septic arthritis remains controversial 
and is not recommended.

For MRSA joint infections, vancomycin should be continued and 
therapeutic serum concentration monitoring performed to achieve a 
trough of 15 to 20 mg/L. Linezolid and daptomycin are an alternative 
for patients with MRSA native joint infection. In clinical practice,  
most clinicians have reserved their use for patients with cultures  
yielding vancomycin-intermediate S. aureus, vancomycin-resistant 
enterococcus, or who are allergic to, intolerant of, or not clinically 
responding after 3 to 5 days of vancomycin. Published experience with 
daptomycin in bone and native joint infection is mostly limited to  
case reports and open-labeled or retrospective, observational, and post 
hoc studies.204-207,208 There was, however, a single prospective random-
ized controlled trial of daptomycin in staphylococcal prosthetic joint 
infections, where it demonstrated safety and similar efficacy as com-
parator antibiotics.209 Evidence for the efficacy of linezolid in bacterial 
arthritis includes observational studies, mostly in prosthetic joint 
infections and osteomyelitis, and a trial in osteoarticular infections  
in children.210-215 Because linezolid is an oral agent with excellent bio-
availability, it has appeal for treatment of staphylococcal joint infec-
tions. However, significant adverse drug events, including neuropathy, 

Reactive arthritis (formerly Reiter’s syndrome) may occur sponta-
neously or follow a recent gastrointestinal or genitourinary infection, 
particularly in men. The oligoarticular arthritis of reactive arthritis 
may be associated with tenosynovitis and urethritis, thus mimicking 
disseminated gonorrhea. Patients with reactive arthritis, however, do 
not display the characteristic rash of DGI and will often have concomi-
tant sacroiliitis, conjunctivitis, circinate balanitis, or keratoderma 
blennorrhagica—all conditions absent in DGI.

Hemarthrosis caused by trauma or intra-articular injury can mimic 
septic arthritis of the knee. In such cases, a history of injury is readily 
apparent. For the rare case of septic arthritis after blunt, nonpenetrat-
ing trauma, an aspiration with synovial fluid analysis and culture is 
required to establish the diagnosis.

Therapy
The management of acute bacterial arthritis requires prompt joint 
drainage in addition to antimicrobial therapy. One approach to drain-
age is through daily closed-needle aspiration of affected joints until 
there is clinical improvement and the amount and degree of purulence 
of synovial fluid is minimal. Surgical modalities for drainage include 
arthroscopy and open arthrotomy, both of which allow visualization 
and irrigation of the joint, lysis of adhesions, and removal of thick 
purulent material and inflammatory mediators.194-196 There are no con-
trolled trials in adults comparing needle aspiration and the two surgi-
cal approaches, and there is controversy as to which modality is best. 
The choice of drainage procedure may depend on the available clinical 
resources and should be adapted for the individual patient and involved 
joint. Needle aspiration is less invasive and may be considered if the 
joint is easily accessible, can be adequately drained, and the patient 
lacks negative prognostic factors, including sepsis, neurovascular com-
promise, prolonged duration of symptoms, and significant comorbidi-
ties, including immunosuppression.21,136,197 For drainage of bacterial 
infection of the knee, shoulder, and wrist, arthroscopy is usually pre-
ferred and may need to be repeated for more severe infections.195,196,198-200 
For septic arthritis of the knee, one study found that arthroscopic 
débridement combined with a postoperative continuous closed 
irrigation-suction system had better immediate outcomes than a single 
arthroscopic débridement.199 Surgical drainage is recommended when 
repeated joint aspiration fails to control infection, and in adults, it is 
often required for management of septic arthritis of the hip.4,135,194

Antimicrobial therapy for native joint bacterial arthritis should be 
initiated without delay to limit articular destruction, preferably after 
synovial fluid cultures have been obtained. There are no randomized 
controlled trials that have evaluated antimicrobial regimens for septic 
arthritis; thus, sound evidence is lacking to guide therapeutic options. 
A large meta-analysis of antimicrobial therapy for bacterial arthritis 
did not show an advantage of any one or combination of therapeutic 
agent(s) over another.201 Initial antibiotic selection is dictated by syno-
vial fluid Gram stain or likely infecting pathogens, or both, as deter-
mined by the clinical presentation (Table 105-5; also see Tables 105-2 
and 105-3). Risk factors for infection by an antimicrobial resistant 
pathogen should be considered. For patients with a negative Gram 
stain, empirical therapy is appropriate even if they have only a modest 
probability of septic arthritis.

Vancomycin is indicated as empirical therapy for persons with 
gram-positive cocci on a synovial fluid Gram stain or as a component 
of therapy for those with a negative Gram stain, because of the high 
prevalence of health care–associated MRSA and CA-MRSA joint  
infection. For patients with gram-negative rods on Gram stain, an 
antipseudomonal cephalosporin should be used unless there is previ-
ous or concurrent infection or colonization by an extended-spectrum 
β-lactamase–producing pathogen, in which case a carbapenem antibi-
otic is preferred. Injection or infusion of antibiotics directly into the 
joint is not recommended.

Empirical treatment should be narrowed or deescalated based on 
the identity and antimicrobial susceptibility of bacteria identified in 
synovial fluid, blood, or in some cases, ancillary cultures (e.g., mucosal 
cultures for gonococcus). For cases where methicillin-susceptible S. 
aureus is isolated, therapy should be narrowed to an antistaphylococcal 
penicillin (e.g., nafcillin) or first-generation cephalosporin (e.g., 
cefazolin). Although ceftriaxone is an attractive option for S. aureus 

TABLE 105-5  Recommended Empirical Therapy 
for Adult Native Joint Bacterial Arthritis

GRAM 
STAIN

PREFERRED 
ANTIBIOTICa

ALTERNATIVE 
ANTIBIOTIC

Gram-positive 
cocci

Vancomycin, 15-20 mg/kg 
(ABW) daily every 8-12 hrb

Daptomycin, 6-8 mg/kg 
dailyc or linezolid, 600 mg 
IV or PO every 12 hrc

Gram-negative 
coccid

Ceftriaxone, 1 g every 24 hr Cefotaxime, 1 g every 8 hre

Gram-negative 
rodsf

Ceftazidime, 2 g every 8 hr or
Cefepime, 2 g every 8 hr or
Piperacillin-tazobactam, 4.5 g 

every 6 hr

Aztreonam, 2 g every 8 hr 
or

Fluoroquinoloneg or
Carbapenemh,i

Gram-stain 
negativef

Vancomycin
plus
Ceftazidime or
Cefepime

Daptomycinc or linezolidc

plus
Piperacillin-tazobactam or
Aztreonam or
Fluoroquinoloneg or
Carbapenemh,i

aUnless noted otherwise, dosages are IV for persons with normal renal function.
bTherapeutic monitoring should target a serum trough of 15-20 mg/L.
cFor patients allergic to, or intolerant of, vancomycin.
dEquivocal gram-negative morphology should be considered as gram-negative 

rods.
eGram-negative cocci with epidemiology or history suggestive of gonococcal 

infection should be initially treated per Centers for Disease Control and Prevention 
Sexually Transmitted Disease Guidelines. Alternative therapies have not been 
suggested for patients with a history of a Stevens-Johnson syndrome or severe 
IgE-mediated allergy to β-lactam antibiotics. Possible empirical options for 
penicillin-allergic patients, pending culture sensitivities, include azithromycin, 
ciprofloxacin, tobramycin, gentamicin, and spectinomycin (not available in United 
States).

fFor patients with risk factors for resistant gram-negative pathogens (significant 
health care exposure, immunosuppression, or history of extended-spectrum 
β-lactamase gram-negative infection or colonization), drug selection should 
consider regional or local antibiograms.

gCiprofloxacin, 400 mg IV every 8 hr or 750 mg PO every 12 hr or levofloxacin, 
750 mg IV or PO every 24 hr.

hDoripenem, 500 mg every 8 hr; imipenem, 500 mg every 6 hr; or meropenem, 
1 g every 8 hr.

iUsually reserved for patients with risk factors for resistant gram-negative 
pathogens (significant health care exposure, immunosuppression, or history of 
extended-spectrum β-lactamase gram-negative infection or colonization).

ABW, actual body weight; IgE, immunoglobulin E; IV, intravenous; PO, by mouth.
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resolves along with other manifestations of illness. Viruses may cause 
arthritis directly by infecting the synovium or indirectly through host 
immune-mediated responses, and much of the pathogenesis is poorly 
understood.223,224

Perhaps the most common form of viral arthritis in developed 
countries is caused by human parvovirus B19. In children, human 
parvovirus B19 infection arises with fever, rash, coryza, headache, and 
malaise.225 The rash classically arises with bright red “slapped checks” 
and a lacy, reticular exanthem on the torso and extremities. Arthritis 
occurs in less than 5% of afflicted children and tends to be asymmetri-
cal, pauciarticular, and predominantly affects the knee.226,227

Adults who become infected with human parvovirus B19 do not 
display the classic facial erythema noted in children and present with 
a febrile, flulike illness with prominent polyarthralgia and joint inflam-
mation accompanied by an absence of reticulocytosis.223,226,228 Cases 
are usually seen in late winter and early spring, and regional and noso-
comial outbreaks of disease have been reported.229-232 An associated 
exanthem, if apparent, is a fleeting and difficult-to-appreciate rash on 
the torso and, less often, on the extremities, which may show some of 
the reticular aspects exhibited by children (Fig. 105-4). Arthritis or 
prominent arthralgias are more common in females than men with 
human parvovirus B19 infection, affecting 60% and 30% of individuals, 
respectively.226,233 Characteristically, an acute and moderately severe, 
symmetrical polyarthritis of the proximal interphalangeal and meta-
carpophalangeal joints is associated with morning stiffness and some-
what resembles rheumatoid arthritis.225,226,234 Knees, wrists, and ankles 
may also be involved. In approximately one third of patients, particu-
larly women, joint symptoms occur in episodic flares with symptom-
free intervals.225 A biphasic illness may manifest in some patients with 
an acute febrile illness that is separated from rash and joint symptoms 
by several days.235 Diagnosis is made clinically, and a positive serologic 
or peripheral blood PCR test supports the diagnosis, although false-
positive and negative results occur with both tests.223,224,236

Although joint symptoms usually resolve within 2 weeks, persistent 
polyarticular arthritis may follow acute human parvovirus B19 infec-
tion in up to 20% of female patients and, in some individuals, may last 
up to several months, occasionally longer.223,225,237 In such patients, joint 
erosions and objective evidence of synovial inflammation do not 
develop,225 and follow-up studies do not demonstrate long-term joint 
swelling or restricted range of motion consistent with true chronic 
arthritis.238 Treatment of chronic human parvovirus B19 arthritis is 
supportive with nonsteroidal anti-inflammatory drugs, and, except in 
exceptional cases, intravenous immunoglobulin is not indicated.223,239 
The role of human parvovirus B19 in the pathogenesis of rheumatoid 
arthritis or systemic lupus erythematosus remains circumstantial and 
inconclusive.224,226,240

Rubella is another important cause of viral arthritis in adults,  
particularly in the developing world, where childhood vaccination is 
not widespread. Joint inflammation may follow natural infection or 
immunization with live-attenuated vaccine.223,241 Arthritis is thought to 

anemia, thrombocytopenia, and lactic acidosis have somewhat limited 
its use for the prolonged therapy that is required for these infections. 
Other gram-positive agents with MRSA activity include quinupristin-
dalfopristin, tigecycline, televancin, and ceftaroline. There is very little 
evidence to support the use of these drugs for the treatment of septic 
arthritis.216,217 There have been reports that the performance of vanco-
mycin diminishes for severe infections caused by MRSA that have an 
isolate MIC greater than or equal to 1 mg/L.204,218,219 Further clinical 
studies are needed to establish whether vancomycin in combination 
with rifampin, or drugs other than vancomycin, should be used for 
native joint infections caused by these organisms.

For patients with a high pretest probability of septic arthritis and 
negative cultures who are responding to empirical therapy, the initially 
chosen antimicrobials should be continued to complete a full treat-
ment course. Infections caused by animal or human bites should be 
treated with antimicrobials that have activity against aerobic and 
anaerobic oral flora, for example, ampicillin-sulbactam or amoxicillin-
clavulanate, and in the penicillin-allergic patient, clindamycin plus 
ciprofloxacin or moxifloxacin. Gonococcal arthritis is treated initially 
with ceftriaxone, 1 g IV once every 24 hours or, alternatively, with 
cefotaxime or ceftizoxime, 1 g IV every 8 hours. After improvement, 
oral “step-down” therapy may be substituted. The emergence of resis-
tance to fluoroquinolones and, more recently, cefixime, will limit the 
use of these agents for oral therapy unless culture isolates are available 
and sensitivity is demonstrated.178,220

The duration of therapy for septic arthritis has not been studied in 
controlled trials. Although therapy should be long enough to eradicate 
all foci of infection and thus prevent recurrence and further joint dis-
ability, the duration does not have to be as long as what is usually given 
for osteomyelitis. Potential variables that likely influence the duration 
of therapy include the particular joint involved, identity of the infecting 
pathogen, and host comorbidity and immune function. Traditionally, 
parenteral therapy for 2 to 4 weeks is prescribed, although if fluoro-
quinolones or linezolid are used, intravenous therapy can be converted 
to oral therapy early in the treatment course. Infections caused by S. 
aureus, including MRSA, and gram-negative bacilli generally require 
4 weeks of treatment. Disseminated gonorrhea or gonococcal arthritis 
requires 1 week. The penetration of inflamed joints is adequate for 
most intravenous and some oral antimicrobials.201

Perhaps shorter courses of parenteral antibiotics would still be 
effective in selected patients. A retrospective study of adult patients 
showed that rates of recurrent infection and sequelae of infectious 
arthritis did not differ among patients who received 7 days of paren-
teral antibiotics, 8 to 21 days, or greater than 21 days as long as suc-
cessful drainage was performed.221 In the same study, patients that had 
14 days or less of total antibiotic treatment, which included initial 
parenteral therapy followed by oral therapy, had no difference in recur-
rence rates or sequelae compared with those that received longer treat-
ment courses. Risk factors for recurrence of infection in the study 
included immune suppression and the lack of surgical intervention. 
Although it is difficult to recommend a duration of antibiotic therapy 
based on these findings, it is reasonable to assume that a shorter dura-
tion of therapy in an immunocompetent patient who has undergone 
an adequate drainage procedure might be appropriate.

Current research is examining whether adjuvant therapy directed 
at the attenuation of microbial virulence factors or the host inflamma-
tory response is able to reduce the sequelae of bacterial joint infec-
tion.22,49 Adjuvant, short-course, systemic corticosteroid treatment for 
children with hematogenous bacterial arthritis was shown, in a ran-
domized, double blind, placebo-controlled study, to significantly 
reduce the duration of symptoms and residual joint dysfunction.222 
However, widespread application of these findings to clinical practice 
is pending confirmatory studies in other populations of patients. 
Animal studies have examined TNF-α antagonists, IL-12, recombinant 
IL-10, and bisphosponates as adjuvant treatments with some bene-
fits.22,136 Although these approaches look promising, further research 
is needed.

VIRAL ARTHRITIS
Arthritis or arthropathy caused by viral agents is often acute, occurs 
concurrently with signs and symptoms of febrile systemic illness, and 

FIGURE  105-4 Faint, lacy reticular rash of the proximal lower 
extremities characteristic of adult human parvovirus B19 infection. 
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highly endemic in most regions where chikungunya fever occurs. 
Similar to infection caused by human parvovirus B19, a chronic form 
of chikungunya virus infection has also been described.264,265 A review 
of patients with chikungunya fever during an outbreak that occurred 
in Mauritius demonstrated the persistence of musculoskeletal symp-
toms for at least 28 months in 79% of patients.264 One fourth of those 
afflicted rated their symptoms as severe. Older age, female gender, and 
symmetrical joint involvement during the acute phase were associated 
with persistence of joint symptoms. In addition, the level of acute 
chikungunya viremia may also be a factor.266 Diagnosis of chikungunya 
fever–associated arthritis is based on clinical, epidemiologic, and labo-
ratory criteria. Tests of acute and convalescent serum with PCR and 
indirect immunofluorescence and enzyme-linked immunosorbent 
assay.(ELISA) serology are most useful.257,259,261,262 Other arboviruses 
that cause alphaviral arthritis include O’nyong-nyong, Igbo Ora, Ross 
River, Barmah Forest, Sindbis, and Mayaro viruses.256

CHRONIC INFECTIOUS ARTHRITIS
Chronic infectious arthritis consists of a constellation of monarticular 
or, less commonly, oligoarticular joint infections that are characterized 
by an insidious onset and indolent course, a paucity of symptoms, and 
progressive joint destruction that may result in considerable loss of 
articular function. Many of these infections arise with few symptoms 
and signs of joint inflammation other than subacute or chronic joint 
swelling, with or without effusion, and pain and stiffness during active 
range of motion. Although this form of infectious arthritis remains 
relatively uncommon compared with the incidence of acute septic 
arthritis, it is a significant component of the differential diagnosis of 
subacute or chronic joint inflammation. An increasing number of 
anecdotal reports indicate that it is an emerging problem in immuno-
compromised or chronically ill hosts. Noteworthy aspects of this entity 
include its ability to mimic other inflammatory joint disorders, such 
as rheumatoid arthritis, and its ability to arouse little clinical suspicion, 
resulting in considerable delays in diagnosis. Moreover, establishing a 
pathogen-specific diagnosis is difficult, and the response to treatment 
is slow and often incomplete. Inappropriate treatment, for example, 
systemic or intra-articular steroids for a tentative diagnosis of rheuma-
toid arthritis, is not uncommon and can further delay diagnosis and/
or lead to more rapid or severe joint destruction. Subacute or chronic 
infectious arthritis is usually caused by mycobacteria or fungi, and 
occasionally by bacteria, such as Borrelia burgdorferi (Lyme disease),117 
Tropheryma whipplei (Whipple’s disease),116 Treponema pallidum (ter-
tiary syphilis),267 and Nocardia (Table 105-6).268 Chronic arthritis 
caused by parasitic infection is rarely described with various helminths 
and filiariae, despite the large number of persons infected with these 
parasites each year.269

Fungal Arthritis
Fungal arthritis may sometimes occur in normal hosts; however, in 
immunocompromised or chronically ill persons, a steadily increasing 
frequency of infection and diversity of infecting mycotic pathogens is 
apparent.270,271 Although there is some overlap between the two groups, 
the most common fungal pathogens isolated from infectious arthritis 
in healthy hosts residing in endemic regions for the dimorphic fungi 
are Blastomyces dermatitidis, Coccidioides spp., and Sporothrix spp.; 
whereas in immunocompromised hosts, Candida spp., Cryptococcus, 
and Aspergillus or other molds are more often observed.270,272 However, 
pulmonary and disseminated infections caused by the dimorphic fungi 
are increasingly diagnosed in patients with rheumatoid arthritis or 
inflammatory bowel disease on TNF-α inhibitor therapy, and these 
drugs are likely a risk factor for chronic fungal arthritis.273,274 Joint 
infection from fungal pathogens usually results from hematogenous 
dissemination of the organism and, except for Candida, has as its source 
a symptomatic or subclinical respiratory tract infection. On occasion, 
a fungus, usually a mold, is introduced into the joint via direct trauma 
or injury, sometimes associated with a penetrating foreign body.271,275,276

Candida arthritis afflicts both native and prosthetic joints and 
has been increasing in frequency over the last 2 decades, parallel to  
the rising incidence of systemic and focal infections caused by this 
organism in hospitalized and chronically ill patients.277,278 Risk factors 
for joint infection with this organism include loss of skin integrity, 

occur via direct infection of joint synovial tissue, although immune 
complexes may also play a role.224,242,243 As with human parvovirus B19, 
the polyarthritis that is associated with rubella affects predominantly 
women and most frequently involves the small joints of the hands and, 
less commonly, the knees, wrists, and ankles.224,244 Joint symptoms 
occur simultaneously or within a few days of the rash in 52% of adult 
female subjects with infection by wild-type virus and within 2 to 3 
weeks in 14% of adults receiving rubella vaccine.224,244 A placebo-
controlled, randomized trial showed that 30% of seronegative, adult 
women receiving rubella vaccine developed acute arthropathy after 
vaccination, as opposed to 20% of those receiving placebo, a significant 
difference.245 Arthritis after rubella vaccination or natural infection 
may persist for several weeks, but chronic or recurring arthritis is 
unusual.241,243,246 Treatment is supportive, with nonsteroidal anti-
inflammatory drugs or low-to-moderate doses of corticosteroids.223

In acute hepatitis B infections, severe arthralgia or arthritis may be 
seen during the febrile prodrome before the onset of jaundice and is 
often seen together with urticaria.223,247,248 A symmetrical, polyarticular 
arthritis typically involves the hands, wrists, knees, or ankles and 
resolves with the onset of jaundice. The clinical findings may resemble 
a rheumatoid arthritis syndrome in the acute infection period, and a 
positive rheumatoid factor may be seen in 40% of patients.247 Although 
an association between chronic hepatitis B and rheumatoid arthritis 
has been hypothesized, sound evidence for this is lacking.247,249

Arthritis in the setting of hepatitis C virus (HCV) infection is 
poorly described.223,247 Joint symptoms are noted in up to 50% of HCV-
infected patients, although only 2% to 4% have frank arthritis.223,247 It 
is controversial whether HCV infection is associated with a distinct 
inflammatory arthritis syndrome, although there is growing evidence 
that a rare nonerosive inflammatory arthritis mimicking rheumatoid 
arthritis may occur.223,247 In chronic hepatitis B– or C–induced essential 
mixed cryoglobulinemia, arthralgias, and fibromyalgia are described 
as occurring in approximately one third of patients, although frank 
arthritis is not usually observed.247,250,251

Both HIV-1 and human T-cell leukemia virus-1 (HTLV-1) are ret-
roviruses with the ability to cause arthritis or arthropathy.223,252 Non-
specific joint pain is common in the setting of HIV infection, although 
true articular manifestations of HIV-1 are rare and include chronic 
arthralgia and oligoarticular arthritis.223,253,254 An increased incidence 
of reactive and psoriatic arthritis has been observed in patients with 
HIV, particularly among men who have sex with men.223,253 Some 
elderly patients in Japan infected with HTLV-1 have been described 
with a chronic joint infection termed HTLV-1–associated arthropathy, 
which closely resembles rheumatoid arthritis (see Chapter 170).252,255

Several alphavirus infections are associated with arthritis in Africa, 
Asia, South Asia, Oceania and, more recently, the Indian Ocean.224,256,257 
These arboviruses usually cause sporadic and endemic disease; however, 
viral mutation or an increased prevalence of their mosquito vectors 
may result in periodic explosive outbreaks of fever, rash, and arthri-
tis.223,258 In 2005, an outbreak of chikungunya virus infection emerged 
in the islands of the Indian Ocean, afflicting more than 300,000 persons 
over a 2-year period before extending to South and Southeast Asia, 
followed by Oceania, where it was responsible for millions of additional 
suspected cases.257,259,260 Chikungunya virus is transmitted by Aedes spp. 
mosquitoes and remains endemic primarily in tropical regions of 
Africa, the western islands of the Indian Ocean, South and Southeast 
Asia, and more recently several Caribbean nations. Infections with high 
levels of viremia have been well described in travelers returning to 
Europe and the United States from endemic regions.260,261 The presence 
of the mosquito vector, Aedes albopictus, in Europe and the Americas, 
together with returning viremic travelers, may one day establish this 
infection in previously nonendemic regions.258,262

Chikungunya fever is characterized by an acute biphasic febrile 
illness, with the initial phase manifesting headache, malaise, myalgias, 
symmetrical arthralgias, or polyarthritis, and in approximately 50% of 
cases, a skin rash.256,258,259,261,262 Joint symptoms are often quite severe 
(chikungunya means “that which contorts or bends up”), affecting 
predominantly the wrist, ankles, and small joints of the hands and feet. 
After 5 to 7 days of fever and a brief interlude of improved symptoms, 
a polyarthritis with or without tenosynovitis often recurs and may be 
disabling.261,263 Some cases may resemble dengue fever, which is also 
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associated osteomyelitis is that of a chronic joint infection, most often 
involving the knee.270 A serum cryptococcal antigen test is often posi-
tive.287 Diagnosis requires joint aspiration or synovial biopsy with 
appropriate synovial fluid or tissue fungal cultures. Of importance, 
with rare exceptions, osteoarticular infection represents disseminated 
cryptococcal disease; thus, coexisting infection of the central nervous 
system should be ruled out.

Acute infection caused by Coccidioides immitis or Coccidioides 
posadasii occurs in the southwestern region of the United States, north-
ern Mexico, and a few regions of Central and South America, causing 
a symptomatic or subclinical primary pneumonitis. Migratory polyar-
thralgia and polyarticular arthritis occur in approximately one third of 
these patients, manifesting as a self-limited hypersensitivity syndrome 
termed “desert rheumatism” or “valley-fever.”271 In about 1% of persons 
with coccidioidomycosis dissemination occurs, and although any host 
may be afflicted, it is more likely in men, pregnant females, blacks, 
Filipinos, and immunocompromised persons, including patients with 
HIV infection.290,291 Skeletal involvement occurs in approximately 30% 
of such cases and results in a chronic granulomatous infection of 
bones, joints, and periarticular tissues.270,272,290 Joint infection may be 
primary or secondary to extension from contiguous osteomyelitis. 
Weight-bearing joints, particularly the knees, are most frequently 
affected, but any joint may be involved.272,290,292 Presentation is that of 
subacute or chronic monarticular or polyarticular arthritis that may 
progress either slowly or quite rapidly, resulting in extensive joint 
destruction.290,293,294 Other manifestations of disseminated infection are 
not uncommon at the initial evaluation.290 Peripheral eosinophilia may 
be present, and synovial fluid leukocyte counts are moderately ele-
vated, with a lymphocytic predominance. Coccidioidal arthritis should 
be considered in patients presenting with chronic progressive arthritis 
in endemic areas. Diagnosis is suggested by an elevated titer against 
coccidioidal antigens on serologic testing of serum, or visualization of 
spherules in synovial fluid. Confirmation is by fungal culture of syno-
vial fluid and histopathologic examination and culture of synovial or 
periarticular tissues.295 In suspected cases of coccidioidal arthritis, the 
microbiology laboratory should be alerted before sending specimens 
for culture because Coccidioides spp. are important biohazards in the 
clinical laboratory. Once isolated, shipping the isolate for confirmation 
of identity is complicated because the organism is a potential agent of 
bioterrorism, and its transport is strictly regulated.296

Similar to coccidioidomycosis, blastomycosis is primarily a pulmo-
nary infection that may later disseminate, potentially involving the 
bones and joints. Skeletal infection caused by Blastomyces dermatitidis 
occurs in about one fourth of patients with disseminated infection, and 
joint infection in most cases is associated with juxtaarticular osteomy-
elitis.297 Monarticular arthritis of the knee is most common, followed 
by the ankle, elbow, wrist, and hand.270 Polyarticular infection is 
extremely rare.298,299 An acute arthritis with abrupt onset and accom-
panying systemic symptoms of inflammation and a more chronic joint 
infection are both described.298,300 Concomitant blastomycosis pneu-
monia and nodular or ulcerative skin lesions are frequently evident on 
examination, and periarticular draining sinus tracts are occasionally 
seen.271 Synovial fluid is purulent, and organisms are readily demon-
strated on cytologic examination or microscopic examination of a wet 
mount smear.301 Cultures of synovial fluid or other affected locations 
will usually confirm the diagnosis.

Histoplasma capsulatum is an extremely rare cause of fungal arthri-
tis in endemic areas and is usually associated with immunosuppres-
sion. A chronic monarticular arthritis of native and prosthetic knee 
joints have been described.302,303 In addition, a hypersensitivity syn-
drome with rash and arthralgia may accompany Histoplasma primary 
infection, which is similar to that in coccidioidomycosis.304,305

Sporotrichosis is a chronic infection caused by Sporothrix spp. that 
primarily affects the skin and secondarily the lymphatics after percu-
taneous inoculation by a contaminated foreign body that is comprised 
of plant or soil material (see Chapter 261 for new Sporothrix species 
names). In contrast to the other endemic mycoses, primary pulmonary 
infection is uncommon. Osteoarticular sporotrichosis comprises 
approximately 80% of extracutaneous infections and results from 
hematogenous dissemination rather than from direct joint inoculation. 
On occasion, hematogenous spread to the skin occurs at the same time. 

diabetes, hemodialysis, malignancy, malnutrition, premature birth, 
intravenous drug use, immunosuppressive therapy (including cortico-
steroids), and the prolonged use of broad-spectrum antimicrobials, 
hyperalimentation fluid, and central intravenous catheters.270,278,279 In 
most cases, articular infection occurs through the hematogenous route, 
with normal joints typically afflicted in a monarticular pattern. Infec-
tion can also occur by direct inoculation of the joint through surgery 
or corticosteroid injection, particularly in arthritic or surgically altered 
joints.270,280 Patients are often heavily colonized by Candida at skin, 
gastrointestinal, or mucosal sites before joint infection. Candida albi-
cans is the most commonly isolated species,278 followed by C. parapsi-
losis.277 Other less commonly cultured species include C. tropicalis, C. 
glabrata, C. krusei, C. guilliermondii, C. zeylanoides, C. lambica, and C. 
lusitaniae.270,278,280-285 As in bacterial arthritis, the knee is affected in the 
majority of cases.278 In intravenous drug abusers, fibrocartilaginous 
joints, including the sternoclavicular, sacroiliac, and costochondral, 
may be involved. Candida arthritis may arise acutely, with complaints 
of marked joint inflammation and associated fever and constitutional 
symptoms, especially in cases accompanied by systemic candidiasis or, 
more insidiously, with chronic indolent joint pain and stiffness and 
minimal systemic manifestations.280 In the latter case, a long latent 
period is often seen between an episode of apparent or suspected occult 
candidemia and the onset of joint complaints. Extension of infection 
from the joint to adjacent bone is not uncommon.270 Synovial fluid 
analysis characteristically shows polymorphonuclear leukocytosis with 
cell counts above 50,000 cells/mm3 and a normal or low measured 
glucose. Gram stain of synovial fluid is not usually diagnostic, although 
bacterial or fungal culture yields Candida spp. in most cases. Blood 
cultures are positive in less than 30% to 50% of patients.

Cryptococcus neoformans causes skeletal infections in less than 
10% of patients with disseminated infection with this organism.286 
Cryptococcal arthritis is considerably less common than cryptococcal 
osteomyelitis, and the latter is frequently the nidus of infection for the 
former through local contiguous spread.287 The majority of patients 
with joint infection caused by this organism are immunocompro-
mised because of various conditions, including acquired immunodefi-
ciency syndrome.288,289 The presentation of cryptococcal arthritis and 

TABLE 105-6  Infectious Causes of Chronic 
Monarticular or Oligoarticular Arthritis

Bacterial
Borrelia burgdorferi

Tropheryma whipplei

Treponema pallidum

Nocardia spp.

Fungi
Candida spp.

Cryptococcus neoformans

Blastomyces dermatitidis

Coccidioides spp.

Paracoccidioides brasiliensis

Sporothrix schenckii

Aspergillus spp. and other molds, including Rhizopus, Scedosporium, and 
Fusarium

Mycobacteria
Mycobacterium tuberculosis

M. kansasii

M. marinum

M. avium-intracellulare complex

M. terrae

M. fortuitum, M. chelonae, M. abscessus

M. haemophilum

M. leprae

Parasites
Helminths

Filariae
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caused by these pathogens.331 However, clinical experience in Candida 
septic arthritis is still limited with these newer triazoles.332-334 Similarly, 
the echinocandin antifungals (caspofungin, micafungin, and anidula-
fungin) may be an alternative for Candida spp. joint infections, includ-
ing those that have resistance to triazole drugs.330,335-338 The incidence 
of echinocandin resistance in Candida spp. is low.331,339 Surgical 
débridement, sometimes multiple procedures, is indicated in all cases 
of Candida arthritis.330 Successful eradication of Candida joint infec-
tion is best confirmed by post-treatment synovial fluid analysis and 
culture.

For cryptococcal arthritis, the choice of treatment depends on the 
extent of disseminated disease and the immune status of the patient. 
In general, initial therapy with an amphotericin B preparation, fol-
lowed by oral fluconazole is appropriate, but in nonimmunocompro-
mised patients with isolated septic arthritis, treatment with fluconazole, 
400 mg daily for 6 to 12 months is appropriate.324

The preferred treatment of isolated joint infection without central 
nervous system involvement caused by the endemic mycoses, includ-
ing Coccidioides, Blastomyces, Histoplasma, and Sporothrix, is with 
itraconazole, 200 mg twice daily for at least 12 months.325,340-342 Mea-
surement of serum itraconazole levels is suggested during therapy. 
Coccidioidal joint infection can also be treated with high doses of 
fluconazole (400 to 800 mg daily). With either drug, a longer duration 
of therapy may be necessary.341 Available evidence suggests that, for 
these pathogens, therapy of arthritis with itraconazole is equivalent to 
that with amphotericin B. The role of voriconazole and posaconazole 
is unclear in the treatment of the endemic mycoses.

For bone and joint infection caused by Aspergillus, voriconazole 
does appear to be effective, and some experts recommend it preferen-
tially to amphotericin B preparations.314,343 Other agents with activity 
include posaconazole, itraconazole, and echinocandins. Unfortunately, 
although still unusual, intrinsic and acquired resistance to voricon-
azole and other azole antifungals may be emerging in Aspergillus spp.344 
Interim treatment recommendations from the CDC for empirical cov-
erage of contaminated steroid injection–related Exserohilum spp. 
osteoarticular fungal infections that do not involve the spine are for 
voriconazole alone for less severe infections and a lipid formulation of 
amphotericin B, in addition to voriconazole, for more severe infec-
tions.345 The use of combination therapy with voriconazole and caspo-
fungin in fungal arthritis caused by Aspergillus has been described, but 
the role of this remains unclear.314

Mycobacterial Arthritis
Worldwide, approximately 10% to 11% of extrapulmonary tuberculosis 
(TB) involves the bone and joints, accounting for 1% to 3% of all TB 
cases.346 The incidence is higher in the developing world and is increas-
ing because of the escalating prevalence of HIV disease. In endemic 
regions of the developing world, TB arthritis is mostly a disease of 
children and young adults, whereas in other regions, older adults and 
immunocompromised hosts are predominantly afflicted. Risk factors 
for TB arthritis include age older than 65 years, female sex, immigra-
tion from regions with high TB endemicity, a lower socioeconomic 
class, incarceration, alcohol abuse, debilitating illness, intravenous 
drug use, immunosuppressive drug therapy (including corticosteroids 
and TNF inhibitors), HIV infection, and preexisting joint disease.346-350 
Multiple drug-resistant and extensively drug-resistant tuberculous 
arthritis have been reported.351-353

Mycobacterium tuberculosis causes a chronic granulomatous mon-
arthritis that is usually a result of the hematogenous dissemination 
associated with primary pulmonary tuberculosis.350 Articular infection 
may remain latent for long periods before clinical presentation. It typi-
cally involves the knee, hip, and ankle but can involve any joint.348,351,354 
The clinical presentation is that of chronic arthritis, indistinguishable 
from that with other potential infectious or noninfectious causes (Fig. 
105-5). Long-standing cases may develop an articular-cutaneous 
fistula, whereas TB arthritis of the wrist may involve the periarticular 
tendon sheaths arising with a carpal tunnel syndrome.354,355 Coexisting 
pulmonary or other extra-articular infection may be evident, but, in 
more than half of cases, it is not.351,354 Fever and other constitutional 
symptoms of TB are often absent. Tuberculin skin testing is positive in 
90% of patients.348,356

The portal of entry is usually not apparent, although a pulmonary 
portal is sometimes evident. At most, only 0.3% of patients with cuta-
neous sporotrichosis will develop arthritis.270,306 Immunocompro-
mised, diabetic, and alcoholic patients are at higher risk for disseminated 
infection and arthritis caused by Sporothrix spp.,307-309 and the typical 
patient is a male involved in gardening, farming, or an outdoor occupa-
tion.310,311 Chronic monarticular or polyarticular arthritis arises in the 
knees, wrists, hands, elbow, and ankle, and a tenosynovitis has also 
been reported.270,311,312 Symptoms and signs are more prominent in the 
small joints of the wrist and ankle. Fever is uncommon, and there are 
usually no other focal symptoms or signs of infection, including pul-
monary or cutaneous, before or during the course of sporotrichosis 
arthritis.309,311 Diagnosis is difficult because organisms are rarely found 
on histologic examination of joint fluid or tissue, and fungal culture of 
these specimens is often negative. Multiple aspirations and biopsy of 
affected joints may be necessary. As a result, extremely long diagnostic 
delays and permanent joint sequelae are common.313

Molds, including Aspergillus, are an exceedingly rare cause of septic 
arthritis, with the majority of cases having been reported in association 
with disseminated infection in immunocompromised hosts or intro-
duction by trauma. One review described 15 cases of Aspergillus fumig-
atus septic arthritis and noted the knee to be the most common joint 
infected. Synovial fluid WBC count varied considerably and was not 
felt by the authors to be a reliable diagnostic marker of infection, 
especially in neutropenic hosts.314 Fungal arthritis caused by Fusarium 
spp., Curvularia spp., Exophiala spp., Trichosporon asahii, Scedospo-
rium prolificans, and Scedosporium apiospermum (Pseudallescheria 
boydii) have all been described and may be seen in either immuno-
compromised or immunocompetent patients.315-319 These pathogens 
often cause severe joint infections that respond poorly to antifungal 
therapy. Bone and joint infection caused by Aspergillus spp. and Rhi-
zopus spp. have complicated arthroscopic anterior cruciate ligament 
reconstruction in young healthy persons.320,321 Mold infections after 
intra-articular steroid injections in immunocompetent hosts have also 
been reported.314,322 In the fall of 2012, a multistate outbreak of fungal 
infection associated with the injection of contaminated methylpred-
nisolone acetate from a single compounding pharmacy resulted in 
several cases of fungal meningitis, vertebral osteomyelitis, epidural 
abscess, and peripheral joint infection. Altogether, there were 33 cases 
of peripheral joint infection caused by Exserohilum spp., some of which 
presented several months after joint injection with contaminated 
steroid.31,132,323

Therapy
A combined approach to therapy for fungal native joint arthritis, using 
medical and surgical modalities, is typically necessary for optimal 
results. Open or arthroscopic débridement and drainage should be per-
formed, at which time tissue and fluid specimens can be obtained for 
histopathologic and microbiologic testing. However, when a diagnosis 
of cryptococcal, or perhaps Sporothrix, joint infection has already been 
established, drainage and débridement are often not necessary.324,325

Historically, most of the clinical experience with therapy for fungal 
arthritis was with amphotericin B, with or without the addition of 
flucytosine. Recently, fluconazole, newer extended-spectrum triazoles 
(itraconazole, voriconazole, and posaconazole), and the echinocandin-
class antifungals (caspofungin, micafungin, and anidulafungin) have 
expanded the therapeutic options available for many fungal 
pathogens.326-329 In addition, lipid preparations of amphotericin B have 
modestly reduced the toxicity of this drug, increasing the safety of 
long-term amphotericin therapy.

Treatment guidelines for native joint Candida arthritis are based on 
case reports and open label series. Recommendations include flucon-
azole, 400 mg daily for at least 6 weeks or a lipid formulation of ampho-
tericin B, 5 mg/kg daily for at least 2 weeks, followed by fluconazole to 
complete therapy. Echinocandins have been used successfully and 
remain available as an alternative option.330 Courses of therapy longer 
than 6 weeks are frequently necessary. Fluconazole, if used, may be 
given orally. Voriconazole and posaconazole are likely equally effective 
for fluconazole-susceptible C. albicans joint infection. Because they 
have greater intrinsic activity against fluconazole-resistant C. glabrata 
and C. krusei, they are potentially an oral option for septic arthritis 
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recent World Health Organization guidelines for treating MDR tuber-
culosis recommend pyrazinamide, a fluoroquinolone, a second-line 
injectable drug, ethionamide, and either cycloserine or p-aminosalicylic 
acid for at least 20 months.362 Adjuvant surgical therapy is required 
only for reconstruction of unstable joints or osseous structures or 
drainage of periarticular abscesses. Surgical therapy may also be con-
sidered in cases where optimal therapy is not possible because of toxic-
ity or resistance.

Nontuberculous mycobacterial arthritis, unlike that caused by M. 
tuberculosis, is usually caused by direct percutaneous inoculation of 
these opportunistic mycobacteria into the skin, joint, or periarticular 
structures. Soil and water are the usual sources of these uncommon 
joint infections. Mycobacterium avium-intracellulare, M. kansasii, M. 
marinum, M. xenopi, and M. terrae are the most common causes, 
although virtually any atypical mycobacteria may be involved.363-365 
Skeletal and joint infection caused by the so-called rapid growers (M. 
chelonae, M. fortuitum, and M. abscessus) may follow trauma or 
surgery.364,366,367,368 On occasion, atypical mycobacterial joint infection 
is acquired through the hematogenous route, usually in immunocom-
promised hosts, and has been reported with M. avium-intracellulare, 
M. haemophilum, M. kansasii, M. fortuitum, M. abscessus, and M. 
chelonei (see Chapter 254).369-372

Chronic monarticular arthritis and tenosynovitis caused by nontu-
berculous mycobacteria is well described.363,364,373,374 Mycobacterium 
marinum arthritis most often affects the small joints of the hand or 
wrist and their overlying tendon sheaths.375 Infection is acquired 
through preexisting or concomitant skin trauma, often minor, during 
contact with fresh, brackish or salt water, or with marine animals, such 
as fish and crustaceans. Diagnosis of atypical mycobacterial joint or 
tendon infections usually requires biopsy of infected structures for 
histopathologic examination and culture. If M. marinum is suspected, 
cultures should be incubated at 30° C in addition to 37° C to facilitate 
growth of this organism.373 Treatment varies depending on the identity 
of the isolated mycobacteria. Susceptibility testing can be performed 
in reference laboratories and is useful in directing therapy for some of 
these organisms.

Mycobacterium leprae has also rarely been associated with an 
inflammatory arthritis that often presents in conjunction with ery-
thema nodosa leprosum (type 2 lepra reaction) (see Chapter 252).269 
This systemic reaction is caused by circulating immune complexes and, 
in its most severe form, presents with diffuse soft tissue, eye, ear, and 
nerve swelling with acute polyarthritis, particularly of the hands, 
wrists, and ankles. In addition, advanced Hansen’s disease may also be 
associated with chronic neuropathic (Charcot) arthritis of the periph-
eral joints.

SEPTIC BURSITIS
Septic bursitis is common, usually affecting the subcutaneous olecra-
non, prepatellar, or infrapatellar bursae.376 Bacteria are most often 
introduced through trauma or accidental percutaneous punctures and, 
very rarely, through intrabursal injection of corticosteroids or hema-
togenous dissemination.376-378 Infection of deep bursae is rare and is 
usually secondary to contiguous spread from an adjacent joint infec-
tion. More than 80% of septic bursitis is due to S. aureus, with the 
remainder due to Streptococcus spp. and various gram-negative bacte-
ria, mycobacteria, and fungi.376,377,379,380 Olecranon septic bursitis 
caused by the algal agent Prototheca has been reported (see Chapter 
270).376,381 Of note, infectious bursitis is more common during the 
summer months, especially that caused by S. aureus. Patients with 
superficial bursitis present with painful swelling, redness, and increased 
warmth of the afflicted bursae.376,382 Evidence of an overlying cutaneous 
injury or lesion is often evident. In moderate or severe cases, pain may 
be extreme and the range of motion of the underlying joint reduced. 
Soft tissue edema and erythema may extend along the extremity and 
circumferentially about the joint. Associated systemic symptoms 
potentially include fever, chills, and malaise. Noninfectious causes of 
bursitis, especially that involving the olecranon bursa, can occur in 
conjunction with several systemic conditions, such as rheumatoid 
arthritis, gout, pseudogout, chondrocalcinosis, and pigmented villo-
nodular synovitis, and must be differentiated from septic bursitis.382 
Sterile traumatic bursitis usually involves the prepatellar bursa.

To prevent unacceptable delays in diagnosis and further joint 
destruction, a high index of suspicion for TB arthritis must be main-
tained, particularly for patients who are immigrants from regions with 
high TB endemicity and those with other risk factors for tuberculosis. 
In the absence of known extra-articular TB, diagnosis requires synovial 
fluid analysis and, in many cases, synovial biopsy. Synovial fluid dem-
onstrates inflammatory changes, with leukocyte counts characteristi-
cally between 10,000 cells/mm3 and 20,000 cells/mm3, although higher 
counts, in the range seen with bacterial arthritis, may be present.354 
Staining of synovial fluid demonstrates acid-fast bacilli in a minority 
of joint aspirates; however, mycobacterial culture yields M. tuberculosis 
80% of the time. The most sensitive means of confirming the diagnosis 
has traditionally been synovial biopsy, in which the characteristic his-
topathology of caseating or noncaseating granulomas can be correlated 
with tissue mycobacterial staining and culture, the latter being positive 
in about 90% of specimens.354 Mycobacterial susceptibility tests should 
be performed on all culture isolates. The use of PCR assay of synovial 
fluid for the diagnosis of tuberculous arthritis has shown promise and 
can provide a rapid and minimally invasive diagnosis.357-359 Sensitivity 
and specificity in one study was 82% and 91%, respectively, with a 
positive and negative predictive value of 90% and 84%, respectively. 
The same study found that of 98 patients with joint tuberculosis, 82.7% 
were positive for tuberculosis by PCR assay, 6.1% were positive by 
acid-fast staining, and 17.3% were positive by culture. These findings 
highlight the poor performance of traditional techniques when com-
pared with PCR assaying.357 The limitations of PCR assaying include 
false-positive tests caused by laboratory contamination and nonavail-
ability in some centers, particularly the developing world. Further con-
firmation of TB PCR performance in clinical practice is necessary 
before a routine recommendation for its use can be made. Imaging 
findings of TB synovitis consist initially of soft tissue swelling, but later 
in the disease process, synovial thickening and bone destruction may 
be seen. The use of MRI may help differentiate tuberculous arthritis 
from chronic noninfectious forms of joint inflammation, including 
rheumatoid arthritis.360

Current recommendations from the CDC for the treatment of skel-
etal TB in adults without pulmonary tuberculosis are identical to that 
of extrapulmonary TB (including patients with HIV or other immu-
nosuppressive states): isoniazid (INH), rifampin (RIF), ethambutol, 
and pyrazinamide for 8 weeks (ethambutol may be discontinued in 
isolates known to be without drug resistance), followed by INH and 
RIF to complete 6 months of therapy (see Chapter 251).361 Directly 
observed therapy is advisable for most patients, and adjuvant cortico-
steroids are generally not recommended.348 If treated early, residual 
joint disease is uncommon and negligible. Data is scarce regarding 
treatment of osteoarticular multidrug-resistant (MDR) tuberculosis. A 
review of available case reports suggests that it is reasonable to follow 
the general guidelines for treatment of MDR tuberculosis.353 The most 

FIGURE 105-5 Chronic arthritis of the knee resulting from Myco-
bacterium tuberculosis, exhibiting joint swelling, effusion, and a 
draining sinus fistula. 
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Treatment for septic bursitis includes antibiotics and daily aspira-
tion of the bursae until sterile fluid is obtained.382-384 In some acute 
cases, bursectomy may be required. Antimicrobial selection should be 
based on bursal aspirate Gram stain as outlined in Table 105-5. Oral 
antimicrobials with antistaphylococcal activity are initially indicated 
for mild cases afflicting healthy patients with good access to medical 
care. Because of the high prevalence of CA-MRSA in many localities, 
clindamycin, trimethoprim/sulfamethoxazole, and minocycline are 
appropriate choices because of their reliable activity against this patho-
gen. For more severe cases, or patients with chronic illness or immu-
nosuppression, intravenous antimicrobials should be selected. In both 
cases, definitive antibiotic therapy should be selected based on the 
identity and susceptibilities of cultured bacteria and continued to com-
plete a 14- to 21-day course. The prognosis of prepatellar or olecranon 
septic bursitis is generally quite good, although recurrences are 
common and may require bursectomy when infection is quiescent.

The diagnosis of septic bursitis is made by aspirating the affected 
bursae and analyzing the fluid for WBC count and crystals. The WBC 
count threshold for a presumptive diagnosis of septic bursitis, greater 
than 1000 cells/mm3, is much lower than that for septic arthritis.382 
Gram staining and culture should also be performed. For chronic 
septic bursitis, mycobacterial and fungal smear and culture are indi-
cated. To distinguish septic olecranon bursitis from acute arthritis of 
the elbow, it is helpful to evaluate whether pain is worsened by elbow 
extension versus flexion. Bursal pressures are increased in the latter 
case. Thus, for patients with septic bursitis, elbow pain is increased 
with joint flexion, whereas for patients with septic arthritis, synovial 
pressures are increased during elbow joint extension, and pain is great-
est in this position.377 Arthrocentesis should be performed if there is 
suspicion of joint involvement. Imaging with MRI or CT, followed by 
directed needle aspiration is necessary to evaluate patients for deep 
bursal infection.
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CLASSIFICATION
Despite advances in surgical and medical management of osteomyeli-
tis, it is still considered one of the most difficult to treat infectious 
diseases. Progressive destruction of the bone and the formation of 
sequestra are characteristics of this disease. Osteomyelitis can develop 
as the result of contiguous spread from adjacent soft tissues and joints, 
hematogenous seeding, or direct inoculation of microorganisms into 
the bone as a result of trauma or surgery.1 When established, microor-
ganisms produce a local inflammatory reaction that promotes bone 
necrosis and the formation of sequestra. Staphylococcus aureus, the 
most common microorganism recovered in osteomyelitis, preferen-
tially causes this disease by expressing high-affinity adhesins to com-
ponents of bone matrix that express fibronectin, laminin, collagen, or 
sialoglycoprotein. The direct medical charges per episode of osteomy-
elitis, which include the average hospital facility charges, professional 
fees, and postdischarge costs, is estimated to be $35,000.2 There are two 
major osteomyelitis classification schemes. Cierny and Mader3 classi-
fied osteomyelitis based on the affected portion of the bone, the physi-
ologic status of the host, and the local environment (Table 106-1). This 
classification lends itself to the treatment and prognosis of osteomyeli-
tis. Stage 1 osteomyelitis typically can be treated with antimicrobial 
therapy alone, whereas stage 3 disease most often is managed with 
aggressive surgical débridement, antimicrobial therapy, and delayed 

orthopedic reconstruction. Lew and Waldvogel4 classified osteomyeli-
tis based on the duration of illness (acute vs. chronic), the mechanism 
of infection (hematogenous vs. contiguous), and the presence of vas-
cular insufficiency. In contrast to the Cierny and Mader classification, 
the Waldvogel classification is an etiologic classification and does not 
implicate a specific therapeutic strategy.

Because of differences in pathophysiology, diagnosis, and manage-
ment, long bone osteomyelitis, osteomyelitis resulting from open frac-
tures, vertebral osteomyelitis, osteomyelitis in patients with diabetes 
mellitus and peripheral vascular insufficiency, acute hematogenous 
osteomyelitis, and SAPHO (synovitis, acne, plantar pustulosis, hyper-
ostosis, and osteitis) syndrome are discussed separately. In addition, 
osteomyelitis in specific hosts (e.g., sickle cell disease), in unusual loca-
tions (e.g., clavicle), and secondary to unusual microorganisms are 
reviewed.

LESSONS FROM EXPERIMENTAL 
MODELS
Because of the lack of well-designed prospective clinical trials to guide 
the management of patients with osteomyelitis, recommendations 
about management of this disease have been primarily derived from 
experimental animal models, expert opinion, and retrospective cohort 
studies. Experimental models have been developed mainly to study the 

Classification
•	 Osteomyelitis	can	develop	as	the	result	of	

contiguous	spread	from	adjacent	soft	tissues	
and	joints,	hematogenous	seeding,	or	direct	
inoculation	of	microorganisms	into	the	bone	
as	a	result	of	trauma	or	surgery.

•	 The	Cierny	and	Mader	classification	is	based	
on	the	affected	portion	of	the	bone,	the	
physiologic	status	of	the	host,	and	the	local	
environment.

•	 The	Lew	and	Waldvogel	classification	is	based	
on	the	duration	of	illness	(acute	versus	
chronic),	the	mechanism	of	infection	
(hematogenous	vs.	contiguous),	and	the	
presence	of	vascular	insufficiency.

General Principles
•	 The	diagnosis	of	osteomyelitis	is	suspected	on	

clinical	grounds.	Confirmation	usually	entails	a	
combination	of	radiologic,	microbiologic,	and	
pathologic	tests.

•	 Cross-sectional	imaging	modalities,	such	as	
computed	tomography	or	magnetic	resonance	
imaging	(MRI),	are	considered	standard	of	care	
in	the	diagnosis	of	osteomyelitis.

•	 Repeated	swab	cultures	of	the	same	organism	
from	draining	wounds	and	sinus	tracts	may	be	
of	diagnostic	benefit,	although	failure	to	
recover	the	true	pathogen	is	common,	except	
for	Staphylococcus	aureus.

•	 Bone	biopsy	or	needle	aspiration	is	best	for	
organism	identification.

•	 Therapy	is	typically	a	combination	of	complete	
surgical	débridement	and	4	to	6	weeks	of	
antimicrobial	therapy	(see	Table	106-3).

Osteomyelitis after a Contaminated Open 
Fracture
•	 Contaminated	open	fractures	can	lead	to	the	

development	of	osteomyelitis	of	the	fractured	
bone,	typically	at	the	fracture	site	in	3%	to	
25%	of	cases.

•	 Staphylococci	and	aerobic	gram-negative	
bacilli	are	the	two	most	common	groups	of	
microorganisms	in	this	setting.

•	 The	hallmark	of	osteomyelitis	after	open	
fracture	is	nonunion	of	the	fracture	site	or	
poor	wound	healing	after	wound	closure	or	
soft	tissue	coverage.

•	 Management	of	open	contaminated	fractures	
entails	early	aggressive	wound	irrigation	and	
débridement,	administration	of	parenteral	and	
local	antimicrobials,	fracture	fixation,	and	soft	
tissue	coverage	of	exposed	bone.

Vertebral Osteomyelitis and 
Spondylodiskitis
•	 The	origin	is	hematogenous	in	most	native	

cases;	it	may	also	occur	postoperatively	or	
postprocedurally.

•	 S.	aureus,	coagulase-negative	staphylococci,	
Mycobacterium	tuberculosis,	and	Brucella	spp.	
are	the	most	common	microorganisms	
encountered	in	vertebral	osteomyelitis.

•	 MRI	of	the	spine	is	highly	accurate	in	the	
diagnosis	of	vertebral	osteomyelitis.

•	 Image-guided	aspiration	and	biopsy	is	highly	
specific	but	lacks	sensitivity.

•	 Most	cases	can	be	treated	with	a	6-week	
course	of	parenteral	antimicrobial	therapy	
without	surgery.

Osteomyelitis in Patients with Diabetes 
Mellitus or Vascular Insufficiency
•	 Patients	typically	have	osteomyelitis	

contiguous	to	an	ulcer	of	the	lower	extremity.
•	 The	sensitivity	of	exposed	bone	or	a	

probe-to-bone	test	was	60%,	and	the	
specificity	was	91%.

•	 This	category	of	osteomyelitis	is	often	
polymicrobial.

•	 Therapy	requires	a	combination	of	broad-
spectrum	antimicrobial	regimen	and	surgical	
débridement.

Acute Hematogenous Osteomyelitis
•	 Acute	hematogenous	osteomyelitis	of	long	

bones	occurs	mainly	in	prepubertal	children,	
elderly	patients,	intravenous	drug	abusers,	and	
patients	with	indwelling	central	catheters.

•	 The	most	common	recovered	microorganism	is	
S.	aureus.

•	 Acute	hematogenous	osteomyelitis	of	long	
bones	in	prepubertal	children	is	typically	
treated	with	a	2-	to	3-week	course	of	
antimicrobial	therapy.

SHORT VIEW SUMMARY
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with antimicrobial administration. Given the inherent difficulties of 
conducting large prospective clinical trials in humans, the manage-
ment of osteomyelitis is likely to continue to be guided by lessons 
learned from experimental animal models.

GENERAL PRINCIPLES
Osteomyelitis can be hematogenous or contiguous to a soft tissue  
infection. Acute hematogenous infectious osteomyelitis in children  
is discussed separately. Adults usually have vague symptoms with  
a subacute-to-chronic presentation. Nonspecific pain around the 
involved site with the absence of systemic signs and symptoms is 
normal. Fever, chills, local swelling, and erythema in the proximity of 
the involved bone are seldom seen. A draining sinus tract may be 
present over the involved bone. It usually evolves over several months 
and sometimes years.

The diagnosis of osteomyelitis is first suspected on clinical grounds. 
Confirmation usually entails a combination of radiologic, microbio-
logic, and pathologic tests. The erythrocyte sedimentation rate (ESR) 
and C-reactive protein are often elevated. The white blood cell count 
can be normal or elevated.

Although insensitive, a conventional radiograph is inexpensive and 
readily available. Abnormalities are usually seen 10 to 14 days after 
onset of the infection. Nuclear bone scans, although sensitive, are 
expensive and sometimes nonspecific. Technetium 99m methylene 
diphosphonate, gallium (Ga)-67 citrate, and indium-111–labeled white 
blood cells commonly are used as tracers. Degenerative joint disease, 
bone tumors, and recent surgery can give false-positive results. These 
tests require more than 1 day for completion. The experience with 
18F-fluorodeoxyglucose positron-emission tomography imaging for 
the diagnosis of osteomyelitis is associated with a high degree of  
accuracy.15 The high-resolution tomographic images, availability of 
the agents, and rapid completion are favorable traits of this imaging 
modality. Cross-sectional imaging modalities, such as computed 
tomography (CT) and magnetic resonance imaging (MRI), are consid-
ered standard of care in the diagnosis of osteomyelitis (Figs. 106-1 and 
106-2). Although expensive, they are very sensitive. In certain cir-
cumstances, these imaging modalities lack specificity.16,17 These modal-
ities have an excellent anatomic delineation of the infectious process 
and an excellent resolution of the surrounding soft tissue. Given  
the high sensitivity of these tests, they are mostly used to rule out 
osteomyelitis.17 The presence of hardware may preclude the use of MRI 
and might create imaging artifacts using CT.

pathogenesis and treatment of osteomyelitis and offer a more con-
trolled approach to a heterogeneous disease.5

In experimental models, normal bone is highly resistant to infec-
tion. Osteomyelitis in this setting can be created only after inoculation 
of large inocula and the creation of bone necrosis, which can result 
from bone trauma, surgery, or be due to the presence of foreign 
bodies.6,7 When digested by osteoblasts, S. aureus can survive in a 
dormant and phenotypically altered state for a long time. This altered 
state renders S. aureus more resistant to the action of antimicrobials. 
This characteristic might explain, in part, the high relapse rate of osteo-
myelitis treated with a short course of antimicrobials and the long 
incubation period.6,7 Muller and associates8 studied leukocyte mobili-
zation and phagocytosis in a guinea pig model of post-traumatic osteo-
myelitis. In this model, leukocyte locomotion was reduced after trauma 
and infection with S. aureus for 90 days.8

Norden and co-workers9 analyzed the effect of the duration of anti-
microbial therapy on the rate of bone sterilization in an experimental 
model of chronic S. aureus osteomyelitis that did not include surgical 
débridement as part of the experimental treatment. Of cultures, 78% 
and 16% yielded bacterial growth after 14 and 28 days of clindamycin 
therapy. These data support the need for a prolonged course of anti-
microbial therapy in osteomyelitis. To our knowledge, the optimal 
duration of antimicrobial therapy after surgical débridement in an 
experimental model has not been studied.

Given the importance of biofilm production and the role of rifampin 
in killing microorganisms present in biofilms, several animal models 
of staphylococcal osteomyelitis have analyzed the efficacy of rifampin, 
alone or in combination with β-lactams, vancomycin, macrolides, and 
quinolones. Combinations of rifampin with other antimicrobial agents 
generally were more effective in sterilizing the bone.10,11

The effect of fluoroquinolones on the healing process of bone frac-
tures was assessed by Huddleston and colleagues.12 In this study, 60 
rats were divided equally into three groups, each group receiving cip-
rofloxacin, cefazolin, or no treatment for 3 weeks. Radiographs revealed 
significantly impaired healing of fractures in the ciprofloxacin-treated 
group compared with fractures in the cefazolin-treated group. Addi-
tional studies have shown this effect with other fluoroquinolones but 
not with vancomycin or gentamicin.13,14 Quinolones should be used 
cautiously and when other antimicrobials are not available in cases of 
osteomyelitis in which fracture healing needs to occur concomitantly 

TABLE 106-1  Staging System of Osteomyelitis

Anatomic Type
Stage 1: Medullary osteomyelitis

Stage 2: Superficial osteomyelitis

Stage 3: Localized osteomyelitis

Stage 4: Diffuse osteomyelitis

Physiologic Class
A Host: Normal host

B Host: Systemic compromise (Bs)

Local compromise (Bi)

Systemic and local compromise (Bis)

C Host: Treatment worse than the disease

Systemic or Local Factors That Affect Immune Surveillance, 
Metabolism, and Local Vascularity

Systemic (Bs) Local (Bi)
Malnutrition Chronic lymphedema

Renal, hepatic failure Major vessel compromise

Diabetes mellitus Small vessel disease

Chronic hypoxia Vasculitis

Immune disease Venous stasis

Malignancy Extensive scarring

Extremes of age Radiation fibrosis

Immunosuppression Neuropathy

Tobacco abuse

From Mader JT, Shirtliff M, Calhoun JH. Staging and staging application in 
osteomyelitis. Clin Infect Dis. 1997;25:1303-1309.

FIGURE 106-1 Magnetic resonance T2 axial image of the left tibia 
reveals abnormality of the mid- and proximal portion of the tibia 
(white changes, arrows). During surgery, there was significant amount 
of purulence and osteomyelitis bone present. Cultures grew Pseudomonas 
aeruginosa. 
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if possible until percutaneous aspirate or surgical deep cultures have 
been obtained, unless there is concomitant soft tissue infection or 
sepsis syndrome. Antimicrobials are usually started (Table 106-3) 
immediately after surgical débridement (Table 106-4).

β-Lactams and vancomycin are the most commonly used antimi-
crobials in the medical management of osteomyelitis.23,24 Cephalospo-
rins and penicillinase-resistant penicillin are commonly used in 
patients with osteomyelitis because of their low toxicity profile and 
their spectrum of activity against staphylococci and other common 
bacterial pathogens that cause osteomyelitis. Cefazolin has excellent 
activity against methicillin-sensitive staphylococci, is safe, inexpensive, 
and has been used extensively in the medical therapy of osteomyelitis.23 
Ceftriaxone once daily is convenient for outpatient therapy; its use in 
methicillin-sensitive staphylococcal osteomyelitis has been advocated 
by some experts.23,25

Vancomycin is used commonly in the treatment of osteomyelitis 
because of methicillin-resistant staphylococci and ampicillin-resistant 
enterococci. Until recently, it was the only available antimicrobial agent 
that was effective against these organisms, despite its known lack of 
efficacy compared with β-lactams when treating susceptible organ-
isms. In a large cohort study of 450 patients with osteomyelitis who 
were followed for 10 years, vancomycin was associated with a 2.5 rela-
tive risk of recurrence, compared with a penicillinase-resistant penicil-
lin in a univariate analysis.23 Because of the high failure rate and the 
increasing minimal inhibitory concentration among many staphylo-
coccus strains, many experts now advocate the use of higher and con-
tinuous dosage of vancomycin, keeping trough levels between 15 and 
20 µg/mL.26,27 Linezolid is the first approved drug in the new oxazolidi-
none class of antimicrobials. It has excellent activity against staphylo-
cocci, streptococci, and vancomycin-resistant enterococci. Linezolid 
has excellent bioavailability when administered orally. For all these 
characteristics, linezolid has been used in patients with infections 
caused by vancomycin-resistant enterococci or when β-lactams or 
vancomycin cannot be used.26,28 Prolonged use of linezolid has been 
associated with significant pancytopenia, peripheral neuropathy, optic 
neuritis, and lactic acidosis.29,30 Because of its toxicity profile, high cost, 
and experimental models showing a high failure rate, the use of line-
zolid in patients with osteomyelitis typically has been limited to 

The identification of a causative microorganism is crucial. The type 
of organism and the associated in vitro susceptibility data help opti-
mize medical therapy. Organism identification is best accomplished by 
surgical sampling or by needle aspiration under radiologic guidance to 
obtain tissues for histopathologic examination and bacterial and anaer-
obic culture.

Swab cultures from draining wounds and sinus tracts can be of 
diagnostic benefit for three reasons. First, the identification of certain 
resistant microorganisms (e.g., methicillin-resistant S. aureus [MRSA], 
vancomycin-resistant enterococcus) indicates the need for infection 
control measures. Second, the isolation of S. aureus from superficial 
cultures has a high degree of correlation with deep cultures.18 The 
recovery of other microorganisms correlates poorly with deep cultures. 
Third, the recovery of the same organism on two consecutive cultures, 
although infrequent, has been shown to highly correlate with deep 
surgical cultures of bones.19

In hematogenous long bone osteomyelitis, the infection is usually 
monobacterial, whereas in contiguous infection, it is usually polymi-
crobial. S. aureus, coagulase-negative staphylococci, aerobic gram-
negative bacteria, and Finegoldia (formerly Peptostreptococcus) spp. are 
the most common organisms encountered (Table 106-2). Community 
acquired–MRSA (CA-MRSA) has been increasingly recognized as a 
cause of acute long bone osteomyelitis and diskitis in children.20 
Panton-Valentine leukocidin (PVL) is a cytotoxin found in CA-MRSA 
strains. In children, osteomyelitis caused by PVL-positive S. aureus is 
associated with multifocal and more aggressive disease when com-
pared with PVL-negative S. aureus.21

The goal of therapy of osteomyelitis is to eradicate the infection and 
to restore function. Most cases of osteomyelitis in adults require a 
combination of medical and surgical therapy for successful eradication 
of the infection. It has long been recognized that antimicrobial therapy 
alone is not curative in most cases of osteomyelitis. In 1944, with the 
introduction of penicillin, Key22 wrote: “continuous drug over a long 
period of time will lessen the amount of discharge, but it will not cure 
the disease because it cannot sterilize dead bone or cavities with 
necrotic content and rigid walls.” All antimicrobials should be withheld 

FIGURE 106-2 Computed tomography reconstruction images of a 
nonunited femur fracture 6 months after intramedullary nailing. 
Surgical cultures grew Pseudomonas aeruginosa and Propionibacterium 
acnes. 

TABLE 106-2  Microbiology of Osteomyelitis

Common (>50% of Cases)
Staphylococcus aureus

Coagulase-negative staphylococci

Occasionally Encountered (>25% of Cases)
Streptococci

Enterococci

Pseudomonas spp.

Enterobacter spp.

Proteus spp.

Escherichia coli

Serratia spp.

Anaerobes (Finegoldia [Peptostreptococcus] spp., Clostridium spp., Bacteroides 
fragilis group)

Mycobacterium tuberculosis

Rarely Encountered (<5% of Cases)
Mycobacterium avium-intracellulare complex

Rapidly growing mycobacteria

Dimorphic fungi (blastomycosis, coccidioidomycosis, sporotrichosis)

Candida spp.

Cryptococcus

Aspergillus spp.

Mycoplasma spp.

Tropheryma whipplei

Brucella spp.

Salmonella spp.

Actinomyces
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hypothesized that an adequate oxygen tension is necessary for oxygen-
dependent killing of organisms by the polymorphonuclear leukocytes 
and for fibroblast activity, leading to angiogenesis and wound healing. 
In addition, hyperbaric oxygen has a direct bactericidal or bacterio-
static effect on anaerobic organisms. The body of evidence does sug-
gest a favorable role in the promotion of chronic ulcer healing and in 
the reduction of major limb amputation.31 Anecdotal experience in 
humans includes data derived from convenience retrospective cohorts 
of patients with recurrent and/or refractory osteomyelitis (see Chapter 
49). To our knowledge, there are no adequate randomized trials assess-
ing the efficacy of hyperbaric oxygen therapy in humans with chronic 
or refractory osteomyelitis, and its use in this scenario is still unproven.40

OSTEOMYELITIS AFTER A 
CONTAMINATED OPEN FRACTURE
Contaminated open fractures can lead to the development of osteomy-
elitis of the fractured bone, typically at the fracture site in 3% to 25% 
of cases, depending on the type of fracture, the level of contamination, 
the degree of soft tissue injury, and whether systemic and local anti-
microbial therapy have been administered (see Fig. 106-2).42,43-46 
Patients with open fractures are usually young men in their teens or 
20s. The bones of the lower extremity are typically involved, most often 
the tibia or fibula. Early contamination after the open fracture of bone 
and soft tissue eventually can lead to the development of osteomyelitis 
at the fracture site. Untreated, infection ultimately may lead to non-
union of the infected site, chronic osteomyelitis, or amputation.

The microorganisms isolated late in this type of osteomyelitis cor-
relate in 25% with the initial culture results at the time of débride-
ment.47 A variety of microorganisms have been implicated. Pathogens 
can include normal skin flora that contaminate the wound, organisms 
from contaminated soil, or nosocomial pathogens acquired because of 
the multiple operations that often are required to surgically repair the 
fracture and surrounding soft tissue envelope. Staphylococci and 
aerobic gram-negative bacilli are the two most common groups of 
microorganisms implicated in this type of osteomyelitis. Several other 
unusual microorganisms, such as enterococci, fungi, and atypical 
mycobacteria, also have been implicated.

Current management of open contaminated fractures entails early 
aggressive wound irrigation and débridement, administration of par-
enteral antimicrobials, stable fracture fixation, and soft tissue coverage 
of exposed bone. In one study, a delay of 5 hours in surgical débride-
ment was associated with a higher incidence of infection.47 Random-
ized clinical trials performed by Patzakis and colleagues48 established 
the efficacy of a short duration of antimicrobial prophylaxis in the 
prevention of osteomyelitis in patients treated for open contaminated 
fractures. The use of prolonged antimicrobial therapy for prevention 
does not decrease the risk of infection and potentially can lead to  
the development of resistant microorganisms.49,50 The addition of 

patients with osteomyelitis caused by vancomycin-resistant entero-
cocci or patients who are intolerant of vancomycin.28,31

Daptomycin, a cyclic lipopeptide antimicrobial agent, has bacteri-
cidal activity against aerobic and facultative gram-positive pathogens. 
The role of daptomycin in the therapy of patients with osteomyelitis  
is now established.32-34 A recent multicenter retrospective study in 
Europe of 220 patients with osteomyelitis evaluated the efficacy and 
safety of daptomycin. Only 0.5% of patients had an elevation of cre-
atine phosphokinase, and 75% of patients had a successful outcome.32 
The role of daptomycin in osteomyelitis caused by methicillin-
susceptible S. aureus osteomyelitis, compared with β-lactam, has not 
been assessed.

A combination of trimethoprim-sulfamethoxazole and rifampin for 
8 weeks was compared with parenteral cloxacillin for 6 weeks, followed 
by oral cloxacillin for 2 weeks in a randomized clinical trial of 50 
patients with nonaxial oxacillin-susceptible staphylococcal osteomyeli-
tis. No difference in the outcome was noted between both groups, 
emphasizing the important role of rifampin when combined with a 
highly bioavailable agent.35

The optimal duration of antimicrobial therapy in osteomyelitis is 
unknown because of the lack of prospective randomized clinical trials 
assessing the length of antimicrobial therapy in patients with osteomy-
elitis and the heterogeneous nature of the disease.36 In experimental 
models, 4 weeks of therapy was more effective in sterilizing the bone 
than 2 weeks of therapy. Surgical débridement was not part of these 
models, however, and shorter courses of therapy may be as effective 
when extensive surgical débridement is accomplished.9 Because it takes 
6 weeks for the débrided bone to be covered by vascularized soft tissue, 
and because of anecdotal experiences suggesting a higher relapse rate 
with a short duration of therapy, many experts advocate a total dura-
tion of 4 to 6 weeks of parenteral antimicrobial therapy. When the 
surgical débridement of all infected bone is complete or the osteomy-
elitic bone has been resected, some experts advocate short-duration 
antimicrobial therapy.37 When stable, patients can be dismissed from 
the hospital, and parenteral antimicrobial therapy can be continued on 
an outpatient basis. Using long-term intravenous catheters, such as 
peripherally inserted central catheters, can facilitate this task.24,38

Hyperbaric oxygen therapy has been used as an adjunctive  
measure for patients with chronic or refractory osteomyelitis.39-41 It is 

TABLE 106-4  Surgical Principles in Osteomyelitis
Adequate drainage of all infected tissue
Extensive débridement of all infected tissue
Removal of all hardware
Management of dead space (flap)
Complete wound closure
Stability of infected fracture

TABLE 106-3  Antimicrobial Therapy of Chronic Osteomyelitis in Adults for Selected Microorganisms

MICROORGANISMS FIRST CHOICE* ALTERNATIVE CHOICE*
Staphylococci

 Oxacillin sensitive Nafcillin sodium or oxacillin sodium, 1.5-2 g IV q4h for 4-6 wk, or cefazolin, 
1-2 g IV q8h for 4-6 wk

Vancomycin, 15 mg/kg IV q12h for 4-6 wk; some add 
rifampin, 600 mg PO qd, to nafcillin/oxacillin

 Oxacillin resistant 
(MRSA)

Vancomycin,† 15 mg/kg IV q12h for 4-6 wk Linezolid, 600 mg PO/IV q12h for 6 wk, or levofloxacin,†

 500-750 mg PO/IV daily, plus rifampin, 
 600-900 mg/day PO for 6 wk if susceptible to both drugs

or
Daptomycin 6 mg/kg IV q24h

Penicillin-sensitive 
streptococci

Aqueous crystalline penicillin G, 20 × 106 U/24 hr IV either continuously or in 
six equally divided daily doses for 4-6 wk, or ceftriaxone, 1-2 g IV or IM 
q24h for 4-6 wk or cefazolin, 1-2 g IV q8h for 4-6 wk

Vancomycin, 15 mg/kg IV q12h for 4-6 wk

Enterococci or streptococci 
with MIC ≥0.5 µg/mL, 
or Abiotrophia or 
Granulicatella spp.

Aqueous crystalline penicillin G, 20 × 106 U/24 hr IV either continuously or in 
six equally divided daily doses for 4-6 wk, or ampicillin sodium, 12 g/24 hr 
IV either continuously or in 6 equally divided daily doses; the addition of 
gentamicin sulfate, 1 mg/kg IV or IM q8h for 1-2 wk is optional

Vancomycin,† 15 mg/kg IV q12h for 4-6 wk; the addition 
of gentamicin sulfate, 1 mg/kg IV or IM q8h for 1-2 wk 
is optional

Enterobacteriaceae Ceftriaxone, 1-2 g IV q24h for 4-6 wk, or ertapenem 1 g IV q24h Ciprofloxacin,† 500-750 mg PO q12h for 4-6 wk, or 
levofloxacin 500-750 mg PO q24h

Pseudomonas aeruginosa Cefepime, 2 g IV q12h, meropenem, 1 g IV q8h or imipenem, 500 mg IV 
q6h for 4-6 wk

Ciprofloxacin,† 750 mg PO q12h for 4-6 wk, or 
ceftazidime, 2 g IV q8h

*Antimicrobial selection should be based on in vitro sensitivity data.
†Should be avoided, if possible, in pediatric patients and in osteomyelitis associated with fractures.
MIC, minimal inhibitory concentration; MRSA, methicillin-resistant Staphylococcus aureus.
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elevation of the ESR is present in more than 90% of cases, whereas the 
white blood cell count is elevated in less than 50% of patients.57-59 
Assessing for the presence of concomitant infective endocarditis 
should be done especially in patients with bloodstream infection.64,65 
Plain spinal radiographs are not sensitive in the diagnosis of disk space 
infection. In one study, 32% of radiographs suggested diskitis.66 MRI 
has proved to be an invaluable tool in detecting disk space infection 
and spinal cord compression (Figs. 106-3 and 106-4). Ga-67 citrate 

empirical vancomycin to cover MRSA in this setting may not be  
warranted.51 Cohort studies have shown the efficacy of antibiotic-
impregnated polymethyl methacrylate beads temporarily placed in and 
around the fracture site in the prevention of osteomyelitis after a con-
taminated open fracture.52,53 The choice between external versus intra-
medullary fracture fixation devices in contaminated open fractures is 
controversial and discussed in detail elsewhere (see Chapter 107).

Signs and symptoms of infection typically appear several months 
after an open fracture. The hallmark of osteomyelitis after open frac-
ture is nonunion of the fracture site or poor wound healing after 
wound closure or soft tissue coverage. Other symptoms, such as local 
erythema or fever and chills, are less common. MRI or radionuclide 
imaging studies are typically neither sensitive nor specific for the pres-
ence of infection because of the abnormalities created by the recent 
previous surgery and the presence of foreign bodies.

Management of established osteomyelitis or infected nonunion 
after an open fracture requires débridement of the surgical site, iden-
tification of the causative microorganisms, and pathogen-directed 
antimicrobial therapy (see Table 106-3). If foreign bodies are retained, 
long-term oral antimicrobial suppression may be helpful until fracture 
healing occurs, at which time oral antimicrobial suppression could be 
discontinued. The use of quinolone and rifampin combinations has 
been studied in staphylococcal fracture-fixation device infection.54,55 In 
sensitive staphylococcal hardware-associated osteomyelitis, a 3- to 
6-month course of a quinolone and rifampin eradicated the infection 
in more than 80% of cases.54,55 Given the good outcome of patients 
treated with other antimicrobials and concerns about the effect of 
quinolones on bone healing, we have not universally adopted this 
strategy.12 If recurrence of the infection develops after discontinuation 
of long-term oral antimicrobial suppression and fracture bone healing, 
definitive therapy with removal of the foreign bodies and pathogen-
directed antimicrobial therapy usually can be then undertaken without 
compromising limb function. This therapeutic strategy is in contrast 
to prosthetic joint infection treated with débridement and retention of 
components, in which removal of the prosthesis typically compromises 
limb function.

VERTEBRAL OSTEOMYELITIS AND 
SPONDYLODISKITIS
Infection of the intervertebral disk and the adjacent vertebrae, variably 
referred to as spondylodiskitis, disk space infection, or vertebral osteo-
myelitis, all with or without associated epidural abscess (see Chapter 
93) or psoas abscesses, is hematogenous in origin in most cases.56-57a 
Potential sources of hematogenous infection are skin and soft tissue 
infection, genitourinary tract infection, infective endocarditis, infected 
intravenous sites, intravenous drug abuse, and respiratory tract infec-
tion.57,58 Infection of the disk space and contiguous vertebra also may 
occur postoperatively.58 Several studies have established the efficacy of 
antimicrobial prophylaxis before spinal surgery in reducing the risk of 
postoperative superficial or deep infection, including vertebral osteo-
myelitis. In one study by Schnöring and Brock,59 0.2% of patients 
receiving antimicrobial prophylaxis developed a surgical site infection, 
whereas 2.8% of patients developed surgical site infection when anti-
microbial prophylaxis was withheld.

The clinical presentation of vertebral osteomyelitis includes local-
ized insidious pain and tenderness in the spine area in 90% of patients. 
Fever is present in less than 50% of patients. Motor and sensory defi-
cits, caused by spinal cord or nerve root compression, are present in 
15% of patients.57-59

S. aureus and coagulase-negative staphylococci are the most 
common microorganisms encountered in vertebral osteomyelitis.57-59 
Mycobacterium tuberculosis and Brucella spondylodiskitis are common 
in endemic regions.60,61 Spine infections caused by gram-negative 
aerobic bacteria and Candida spp. are seen more commonly in intra-
venous drug abusers, immunosuppressed patients, and postoperative 
patients.62,63

The diagnosis of vertebral osteomyelitis requires a high index of 
suspicion in at-risk patients presenting with compatible signs and 
symptoms. The goal of the diagnostic evaluation is to identify the 
organism and to determine the extent of infection. Neurologic func-
tion and spinal stability always should be assessed carefully. An 

FIGURE 106-3 T1-weighted magnetic resonance images show an 
abnormal signal in the disk between L2 and L3, with associated 
vertebral osteomyelitis. A fluid collection is located in the posterior part 
of L2 and L3, resulting in the elevation of the posterior ligament. Staphy-
lococcus aureus grew from a computed tomography–guided aspirate. 

FIGURE  106-4 Angiogram of the lower extremity reveals an 
occluded bypass graft (arrow) in a patient with diabetes mellitus 
who is presenting with chronic gangrene and osteomyelitis of the 
foot. 
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markers, in patients with persistent pain, or in case of development of 
new neurologic signs or symptoms.74

Early postoperative hardware-associated spine infection is treated 
initially with surgical débridement and retention of the hardware (see 
Chapter 107). Removal of spinal hardware in this situation would com-
promise the stability of the spine and the spinal cord. In this setting, 
surgical débridement is followed by a course of parenteral antimicrobial 
therapy (see Table 106-3).75 Although not recommended by all experts, 
parenteral antimicrobial therapy at our institution is typically followed 
by the use of long-term oral antimicrobial suppression in this situa-
tion.60 Long-term antimicrobial suppression should be continued until 
there is radiologic evidence of bone vertebral fusion. This modality is 
highly successful in our institution.75 Complete bone remodeling and 
fusion typically are complete after 2 years. At that time, long-term oral 
suppression may be discontinued, with a low risk of recurrence. If there 
is recurrence, the spinal hardware can be removed without compromis-
ing the stability of the spine.75 Successful therapy of late postoperative 
hardware-associated spine infection often involves removal of the hard-
ware, followed by a course of antimicrobial therapy (see Table 106-3).

OSTEOMYELITIS IN PATIENTS 
WITH DIABETES MELLITUS OR 
VASCULAR INSUFFICIENCY
Osteomyelitis in patients with diabetes mellitus is typically found in 
the foot and less often in the hand.76,77 The economic consequences of 
this type of osteomyelitis are enormous. In 2007, the estimated cost of 
management of diabetic foot ulcers in the United States was $38 
billion.78 Fifteen percent to 25% of patients with diabetes mellitus 
develop foot ulcers during their lifetime. Of those, up to 24% will 
develop a soft tissue infection or contiguous osteomyelitis.79 Several 
factors can lead to the development of a diabetic foot infection. Neu-
ropathy, vascular insufficiency (see Fig. 106-4), and hyperglycemia can 
lead to a variety of consequences that ultimately lead to the develop-
ment of a skin ulcer and subsequently to contiguous osteomyelitis.

Early recognition and management of factors that can lead to the 
development of foot ulcers in patients with diabetes mellitus are crucial 
to the delay or even prevention of osteomyelitis. In assessing the risk 
of subsequent foot ulcer in patients with diabetes mellitus, the treating 
physician should pay special attention to several factors (Table 106-5). 
The lower extremity macrovascular and microvascular circulation 
supply can be assessed by physical examination of the pedal pulses, 
noninvasive vascular assessments such as Doppler ultrasound, or mea-
surement of transcutaneous oxygen pressures.37 Patients with diabetes 
mellitus or vascular insufficiency should have an annual complete foot 
examination performed by a health care professional.37 Strict glycemic 
control and smoking cessation can reduce the rate of progression of 
vascular diseases and neuropathy. Patients with evidence of foot irrita-
tion from local pressure should be offered well-cushioned walking 
shoes that redistribute the pressure in their feet.80

As discussed earlier, the diagnosis of osteomyelitis in patients with 
diabetes or vascular insufficiency often requires multiple modalities, 
including a careful physical assessment of the foot and the ulcer, which 
can often provide clues to the presence of contiguous osteomyelitis. A 
chronic ulcer with a surface area of more than 2 cm2 or a positive 
probe-to-bone test is associated with high positive predictive value.81 
In a systematic review of 288 pooled cases, the sensitivity of exposed 
bone or a probe-to-bone test was 60%, and the specificity was 91%. 

scanning seems to be a sensitive and specific method used to diagnose 
diskitis. In a study of 41 patients with suspected spondylodiskitis, 
Ga-67 scanning proved to be 100% sensitive, specific, and accurate.67 
We use Ga-67 or CT scanning when MRI cannot be performed and in 
cases in which MRI is inconclusive. The experience with the use of 
18F-fluorodeoxyglucose positron-emission tomography in the diagno-
sis of vertebral osteomyelitis is limited but appears to be promising.68

In a significant proportion of patients with S. aureus diskitis, the 
diagnosis is often made by the detection of concomitant S. aureus 
bloodstream infection.69 Image-guided percutaneous biopsy and aspi-
ration has a sensitivity of 38% to 60%.70,71 If the results of the first 
aspirate are inconclusive, a repeat aspirate may be performed to opti-
mize the sensitivity of the microbiologic or pathologic diagnosis. An 
open or a percutaneous endoscopic procedure should be reserved for 
patients with a nondiagnostic fluoroscopic-guided aspiration or in 
patients not responding to empirical antimicrobial therapy.72

The goals of therapy should include eradicating the infection, 
relieving pain, preserving or restoring neurologic function, and main-
taining spinal stability. Complete bed rest is not often necessary. The 
spine could be externally stabilized using a corset or a body brace.  
The treatment of vertebral osteomyelitis requires an initial 6-week 
course of antimicrobial therapy (see Table 106-3). Parenteral antimi-
crobial treatment may be extended in difficult cases or in cases in 
which undrained abscesses are being treated and do not resolve after 
6 weeks. Surgical therapy is not necessary in most cases. Surgical 
débridement should be considered in patients with a large paraverte-
bral abscess or an epidural abscesses (Fig. 106-5; also see Chapter 93), 
when medical management fails, or when the spine is mechanically 
unstable. In selected cases, percutaneous transpedicular débridement 
and dis kectomy, performed under fluoroscopic guidance, may prevent 
the progression of bone destruction and deformity in the early stages 
of vertebral osteomyelitis and spondylodiskitis.72 The neurologic status 
of the patient must be monitored closely. With effective antimicrobial 
medical therapy, spontaneous fusion between adjacent infected verte-
bral bodies requires 12 to 24 months. Carragee and associates73 exam-
ined the value of serial measurements of the ESR. In their study, a rapid 
decline of the ESR (>50% in the first month) after institution of effec-
tive antimicrobial therapy was rarely seen in treatment failure. 
Follow-up MRI of patients with vertebral osteomyelitis has a limited 
role and may give the impression of clinical progression, even though 
there is otherwise clinical improvement.74 We advocate the use of 
follow-up MRI in patients with persistent elevation of inflammation 

TABLE 106-5  Factors Associated with Increased 
Risk of Foot Ulcers in Patients with Diabetes 
Mellitus

Diabetes mellitus duration over 10 years
Poor glucose control
Cardiovascular disease
Renal or retinal complications
Peripheral neuropathy
Evidence of increased local pressure (callus, erythema)
Limited joint mobility
Peripheral vascular disease
Prior history of foot ulcer
Prior history of amputation

FIGURE  106-5 Signal changes within the C5 and C6 vertebral 
bodies and pedicles consistent with bone edema are seen, along 
with a small anterior epidural collection consistent with diskitis and 
epidural abscess. 
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was discussed earlier. This section discusses mainly acute hematoge-
nous osteomyelitis in prepubertal children.

Acute hematogenous osteomyelitis involves mostly the metaphyses 
of long bones (Cierny-Mader classification stage I). The tibia or femur 
is affected in most cases.88-90 The infection can involve multiple osseous 
sites. Because the infection is not confined to the metaphyses, approxi-
mately half of cases of neonatal osteomyelitis also have involvement of 
the adjacent joint with development of septic arthritis. The predilection 
of infection to the metaphyseal region is explained by its peculiar 
anatomy.91,91a Capillary ends of the nutrient artery make sharp loops 
under the growth plate. This nonanastomosing capillary system feeds 
into large venous sinusoids, where the blood flow becomes slow and 
turbulent. An obstruction of these capillaries can lead to an area of 
avascular necrosis. Metaphyseal capillaries lack phagocytic lining cells. 
Any minor trauma can lead to the development of a small hematoma, 
vascular obstruction, and subsequent bone necrosis. This area can be 
seeded from a transient bacteremia. The acute infection initially pro-
duces an inflammatory infiltration, increased bone pressure, decreased 
pH, and decreased oxygen tension. These factors compromise the  
medullary circulation and enhance the spread of infection. In infants, 
the infection may proceed laterally through the bone cortex or through 
the epiphysis and joint surfaces through capillaries that cross the 
growth plate.

The most common microorganisms isolated in cases of hematog-
enous osteomyelitis are S. aureus and Streptococcus pneumoniae. Hae-
mophilus influenzae type b, historically a common cause of long bone 
osteomyelitis, has become exceedingly rare since the development and 
widespread use of an effective vaccine in children.92 Osteomyelitis in 
neonates results from hematogenous spread, especially in infants with 
indwelling central venous catheters. Common causative organisms in 
osteomyelitis of the neonate are organisms that frequently cause neo-
natal sepsis, such as group B Streptococcus spp. and Escherichia coli. 
Candida spp. and Pseudomonas aeruginosa are more commonly 
encountered in intravenous drug abusers and patients with indwelling 
central catheters.

In children, the diagnosis often is made in a patient with compatible 
radiologic and clinical findings with positive blood cultures. In adults, 
a CT-guided aspirate or an open biopsy is often necessary to establish 
a definitive diagnosis.

Most cases of acute hematogenous osteomyelitis in children can be 
treated with antimicrobial therapy alone.92 Surgical débridement and 
intramedullary reaming are indicated if the diagnosis is in doubt, the 
patient has not responded clinically to antimicrobial therapy within 48 
hours, infection extends into the joint, or an adequate course of anti-
microbial therapy fails to cure the infection. After obtaining microbio-
logic specimens, empirical antimicrobial therapy is started to cover 
clinically suspected organisms. When an organism is identified, the 
antimicrobial therapy can be changed accordingly (see Table 106-3). 
Switching from parenteral therapy to oral antimicrobial therapy can be 
done when the patient is afebrile and able to tolerate oral antimicrobi-
als. Oral antimicrobial therapy should be given to compliant patients 
with close follow-up. The typical duration of antimicrobial therapy in 
children is 3 weeks (see Table 106-3). In a recently published study,  
a shorter duration of antimicrobial therapy (i.e., 1 week) was com-
pared with a 2-week duration in 53 pediatric patients with acute osteo-
myelitis. No difference in the outcome was observed after a median 
follow-up of 11.5 months.90 Dosages of antimicrobials should be 
adapted to the pediatric population. Quinolones are contraindicated 
in pediatric patients. In adults, surgical therapy often is required, fol-
lowed by appropriate antimicrobial therapy based on culture and sen-
sitivity data.

SAPHO SYNDROME AND CHRONIC 
RECURRENT MULTIFOCAL 
OSTEOMYELTIS
SAPHO, an acronym for synovitis, acne, plantar pustulosis, hyperos-
tosis, and osteitis, is a disease of unknown cause. Chronic recurrent 
multifocal osteomyelitis (CRMO) is the pediatric form of SAPHO. This 
syndrome was first described in 1972 by Giedion and co-workers.93,93a 
The pathogenesis of this disease is unclear. Studies have implicated 
several genetic factors in the pathophysiology of this disease.94 Local 

MRI was associated with a pooled sensitivity of 90% and a specificity 
of 79%.82 Deep surgical cultures of bone and soft tissue submitted for 
aerobic and anaerobic cultures often revealed the presence of multiple 
microorganisms. This can be done by open débridement, needle punc-
ture, or by transcutaneous bone biopsy.83 Gontcharova and co-workers84 
assessed the role of the microbiome of the wound in patients with 
diabetes mellitus when compared with intact skin by using 16S ribo-
somal DNA amplicon pyrosequencing. Diversity analysis showed 
intact skin to be significantly more diverse than wounds. Diabetic foot 
wounds showed a higher level of microorganisms such as Peptoniphi-
lus, Finegoldia, Anaerococcus, Corynebacterium, and Staphylococcus. 
The role of the wound microbiome in hampering the healing process 
remains to be determined.84

As in other forms of osteomyelitis, combined surgical and medical 
therapy is most often warranted (see Tables 106-3 and 106-4). Treatment 
failure is often due to lack of débridement, peripheral vascular disease, 
and failure to obtain deep cultures before antimicrobial therapy.76

In patients with poor arterial vascular supply, revascularization 
should be done if possible to provide blood flow to the débrided area 
or to minimize the extent of any amputation that may be required. In 
this subset of patients, the infected and necrotic bone is usually exposed 
and surrounded by poorly vascularized soft tissue. Management of 
dead space and adequate surgical drainage of infected bone and soft 
tissue often are required. When possible, antimicrobial therapy should 
be withheld until intraoperative deep cultures have been obtained. 
Antimicrobials should be administered before culture results, however, 
in patients with local or systemic signs of an infectious process (cel-
lulitis, acute soft tissue infection, fever, and hemodynamic compro-
mise). In carefully selected cases and when surgical débridement is not 
done, a prolonged course of antimicrobial therapy of 3 months or more 
has been shown to be curative.37

Because most of these infections are polymicrobial, including mul-
tiple aerobic and anaerobic microorganisms, broad-spectrum antimi-
crobial therapy often is required. Multiple antimicrobial regimens have 
been used, including piperacillin-tazobactam, ampicillin-sulbactam, 
ticarcillin-clavulanic acid, ertapenem, or other β-lactams combined 
with metronidazole.37 The use of a quinolone combined with metroni-
dazole or clindamycin also is considered an acceptable alternative. 
Quinolones, clindamycin, and metronidazole also have excellent bio-
availability when taken orally. First-generation quinolones, such as 
ciprofloxacin, have little activity against staphylococci, streptococci, 
and enterococci and no activity against anaerobes. Levofloxacin has 
good streptococcal and staphylococcal activity but variable and 
minimal anaerobic activity. The latest-generation quinolones, such as 
moxifloxacin, are broad-spectrum antimicrobials with excellent activ-
ity against gram-negative and gram-positive organisms and improved 
anaerobic activity. Quinolones often are used in combination with 
metronidazole or clindamycin for the treatment of osteomyelitis in 
patients with diabetes and peripheral vascular disease.37

The long-term safety of quinolones, specifically levofloxacin and 
moxifloxacin, has been analyzed in patients with chronic osteomyelitis, 
chronic sinusitis, and multidrug-resistant tuberculosis. No significant 
toxicity was encountered.85,86 The efficacy of linezolid in the treatment 
of diabetic foot infection was evaluated in a large randomized clinical 
trial. In this study, linezolid with or without aztreonam was compared 
with an aminopenicillin/β-lactamase inhibitor. The linezolid arm was 
comparable to the aminopenicillin arm in terms of safety, clinical 
efficacy, and microbiologic efficacy in this particular study.87 Surgical 
therapy was performed as clinically indicated.

Depending on the level of surgical débridement and amputation, 
the duration of antimicrobial therapy varies between few days to several 
weeks.37 Some experts recommend that antimicrobial therapy be 
extended until the soft tissue defect and the skin have completely healed.

ACUTE HEMATOGENOUS 
OSTEOMYELITIS
Hematogenous seeding of bones, albeit rare, potentially can affect any 
bone in the body. Acute hematogenous osteomyelitis of long bones 
occurs mainly in prepubertal children, elderly patients, intravenous 
drug abusers, and patients with indwelling central catheters. Hematog-
enous seeding of an intervertebral disk space can occur in adults and 
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more chronic and indolent in nature (i.e., M. tuberculosis). In one 
study, the clinical duration of the symptoms ranged from 2 weeks to 
1.5 years.117 All patients typically presented with clavicular site pain. 
Fever, localized swelling or a mass, and soft tissue abscesses were 
present in 60%, 30%, and 30% of cases, respectively.117 Plain radio-
graphs of the clavicle can show sclerotic or lytic changes. Acute cases 
secondary to S. aureus can be treated with parenteral antimicrobial 
therapy alone (see Table 106-3). Chronic cases should be treated with 
surgical débridement, followed by antimicrobial therapy.

Osteomyelitis in Hemodialysis Patients
Metastatic infections complicate 7% of tunneled catheter-related 
bloodstream infections in dialysis patients. These metastatic infections 
usually affect the disk space, epidural space, and joint space.118 Because 
of a higher rate of S. aureus colonization in this patient population, 
most cases of hematogenous osteomyelitis are due to this microorgan-
ism. Oxacillin resistance is common among S. aureus isolates in these 
patients. Advanced diabetes mellitus and peripheral vascular disease 
are common among patients undergoing hemodialysis. These condi-
tions put these patients at risk for contiguous osteomyelitis of the 
extremities (see “Osteomyelitis in Patients with Diabetes Mellitus or 
Vascular Insufficiency”).

Osteomyelitis in Patients with Sickle 
Cell Disease
Patients with sickle cell disease are at increased risk for osteoarticular 
infections. Acute and long bone osteomyelitis and septic arthritis are 
the most commonly encountered syndromes. In a large cohort study 
of 299 patients with homozygous sickle cell anemia in France, the 
prevalence of osteomyelitis was 12%.119 Salmonella spp. and S. aureus 
remain the most commonly encountered microorganisms in sickle cell 
anemia patients with osteomyelitis.120 Most patients are children.120,121 
Although osteomyelitis could be multifocal in this setting, long bones 
are commonly affected.

The differentiation between bone infarction and osteomyelitis 
could be challenging because their clinical and radiologic presenta-
tion is similar. A history of focalized bone pain and prolonged leuko-
cytosis suggests osteomyelitis.121 Sequential radionuclide bone marrow 
and bone scans can aid in the differentiation process.122 CT-guided 
aspirate or an open biopsy with cultures sometimes is needed for a 
more definitive diagnosis, but the procedure can infect previously 
sterile, infarcted bone. Surgical and medical therapy are similar to  
that for osteomyelitis in patients without sickle cell disease. Empirical 
antimicrobial therapy should be directed against Salmonella and S. 
aureus.123

Gaucher’s Disease
An acute bone crisis, typically affecting the tibia in patients with Gau-
cher’s disease, the most prevalent lysosomal storage disorder, is accom-
panied by fever, intense local pain, and signs of inflammation. 
Intravascular activation of coagulation is postulated to be the cause of 
the ischemic insult to the bone. Bone crisis may occur in stable and 
treated patients with enzyme replacement therapy. Like patients with 
SS-hemoglobin disease (sickle cell anemia), these patients may be 
incorrectly considered to have acute osteomyelitis and, if biopsied, may 
be at risk for developing osteomyelitis at the biopsy site.124

Osteomyelitis in Injection Drug Users
Osteoarticular infections occur more commonly in injection drug 
users (see Chapter 317).125 Pathogens can reach the bones by hematog-
enous routes or by contiguous or direct inoculation. Multiple skeletal 
sites can be affected. Unusual sites of infection outside this setting are 
common in these patients, such as sternoclavicular, sternochondral 
joint, sacroiliac joint, and pubic symphysis. S. aureus, Pseudomonas 
spp., and Candida spp. are the most commonly encountered organisms 
in these patients. M. tuberculosis can cause vertebral osteomyelitis in 
these patients. Eikenella corrodens, a normal oral flora microorganism, 
can cause osteomyelitis in injection drug users who lick the needle tip 
or the skin before injection (“needle licker osteomyelitis”).125 Surgical 
and medical therapy of osteomyelitis in these patients is similar to 
therapy in other groups with osteomyelitis. Outpatient parenteral 

swelling and tenderness of affected bones is often present. Systemic 
symptoms of fever, weight loss, and generalized malaise are rare. Oste-
itis typically is multifocal and affects several bones, including the chest 
wall bones (63%), pelvis (40%), and spine (33%).95,96

Bones of the lower limbs are affected in only 6% of cases. The 
mean number of active lesions per patient is five. The disease is self-
limited, with spontaneous intermittent periods of exacerbation and 
remission. The differential diagnosis includes infectious osteomyeli-
tis, bone malignancy, and other inflammatory arthritides. Patients 
require bone biopsy and cultures for diagnosis to exclude infectious 
osteomyelitis.

There are no specific laboratory tests to diagnose SAPHO syndrome. 
The ESR is increased in 65% of cases. Bone radiographs may show lytic 
erosions similar to those of infectious osteomyelitis affecting the 
metaphysis. With time, reactive hyperostosis can develop. Histopathol-
ogy typically is nonspecific, with a combination of acute and chronic 
inflammatory cells. Cultures of biopsy material are typically negative 
for bacteria, fungi, or mycobacteria.97 The role of Propionibacterium 
acnes in the pathophysiology of SAPHO syndrome is intriguing and 
may require additional investigation.97 Several therapeutic modalities, 
including nonsteroidal anti-inflammatory drugs, pamidronate, gluco-
corticoids, sulfadiazine, methotrexate, and interferon-γ, have been used 
in case reports and small case series.96-103 The role of continuous use of 
azithromycin, and doxycycline was assessed in 27 patients who were 
treated for 16 weeks in a study by Assmann and co-workers.97 Patients 
were assessed after discontinuation of antimicrobial therapy. MRI, skin 
activity, and overall health assessment improved while on antibiotics 
and worsened after discontinuation of antimicrobial therapy, suggest-
ing a role for chronic use of antimicrobials.97

OTHER FORMS OF 
OSTEOMYELITIS: SPECIFIC HOSTS, 
UNUSUAL LOCATIONS, OR 
UNUSUAL ORGANISMS
Osteitis Pubis
Osteitis pubis is an infection of the symphysis pubis. It was recognized 
as a complication in the early era of gynecourologic surgery. Early 
reports postulated incorrectly that this disease was not infectious 
because of the nonresponse to antimicrobials and the “nonvirulent 
organisms” recovered during cultures. The disease is encountered after 
a variety of urologic and gynecologic surgical procedures, including 
Marshall-Marchetti-Krantz urethropexy, prolonged catheterization, 
inguinal hernia repair, and vaginal delivery.104,105-110 S. aureus, Entero-
coccus spp., E. coli, Pseudomonas spp., and Proteus spp. are the most 
commonly encountered organisms. Some patients might present with 
a sterile form of osteitis pubis. It is believed that this form is due to an 
aseptic inflammation that could be triggered by surgery, by bone 
infarction, or in athletes. Most patients present with suprapubic pain 
and difficulty and pain with ambulation. In one study, the time between 
surgery and the diagnosis ranged from 2 to 18 months.111 Fever and 
leukocytosis rarely are present.112 An elevated ESR (>20 mm/hr) is 
present in 67% of patients.112 Plain radiographs may be normal early 
in the disease. Radiographs performed 6 months later can reveal pubic 
bone sclerosis, widening of the joint spaces, and rarefaction. CT and 
MRI are more sensitive than plain radiography and can define the soft 
tissue much better. Bone or indium-labeled white blood cell scanning 
is sensitive. Fine-needle aspiration is sometimes helpful. The aseptic 
form of osteitis pubis could be managed with nonsteroidal anti-
inflammatory drugs and corticosteroids. Antimicrobial therapy should 
be administered in all other cases. In one study, surgical débridement 
of infected bone was required in more than 70% of cases.112

Osteomyelitis of the Clavicle
Osteomyelitis of the clavicle represents less than 3% of osteomyelitis 
cases.88-90,113,114 It may be hematogenous or related to subclavian vein 
catheterization or neck surgery.115 S. aureus is the most common 
organism.114 A variety of other microorganisms have been described, 
including gram-negative bacteria and M. tuberculosis.113,116 Given the 
nontraumatic nature, most cases of clavicular osteomyelitis present as 
a therapeutic challenge. The disease may present as acute local pain 
and swelling with positive blood cultures (i.e., S. aureus) or may be 
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Fungal Osteomyelitis
Osteomyelitis caused by fungi is uncommon. Several observational 
studies and case reports have been published.137-140,141-146 Bone lesions 
are most common in blastomycosis, disseminated coccidioidomycosis, 
and extracutaneous sporotrichosis but are seen occasionally in crypto-
coccosis, candidiasis, and aspergillosis. The typical epidemiologic risk 
factors and host characteristics that predispose to mycoses often 
provide clues as to the fungal etiology. Although most fungal osteomy-
elitis is hematogenous, trauma with contamination of a wound is a risk 
factor for fungal osteomyelitis caused by fungi, including Pseud-
allescheria boydii, Scedosporium prolificans, and Fusarium spp. Hema-
togenous fungal osteomyelitis usually presents clinically as a “cold 
abscess” and radiologically as a well-defined osteolytic lesion with adja-
cent soft tissue abscess. In contrast, extracutaneous sporotrichosis 
causes patchy bone loss and commonly extends to contiguous joints. 
Surgical débridement of contiguous soft tissue should be done in 
patients with large collections of pus, but the role of surgery is usually 
limited to biopsy for diagnosis. Therapy of specific mycoses is dis-
cussed in Chapters 257 to 272.

Brodie’s Abscess
Brodie’s abscess refers to a chronic localized bone abscess. Patients with 
subacute cases may present with fever, pain, and periosteal elevation, 
whereas patients with chronic Brodie’s abscess are often afebrile and 
present with long-standing dull pain. The most common site of involve-
ment is the distal part of the tibia. The lesion is typically single and 
located near the metaphysis. Of patients, 75% are younger than 25 
years. Surgical débridement and culture-directed antibiotics are often 
curative. Cultures may be negative.

Culture-Negative Osteomyelitis
Rarely, bone culture specimens are sterile despite clinical, radiologic, 
and pathologic evidence of osteomyelitis. Brodie’s abscess and bone 
infarcts caused by Gaucher’s disease or sickle cell disease should be 
considered. At our institution, most of these cases are due to prior use 
of antimicrobial therapy. For indolent cases not responding to therapy, 
consideration should be given to stopping antibiotics and waiting for 
at least 1 month before repeating the culture.147 Antimicrobial therapy 
may slow the growth of ordinarily hardy organisms.148 When aerobic 
and anaerobic bacterial specimens are sterile, cultures should be 
obtained for fungi and mycobacteria. In selected cases, polymerase 
chain reaction analysis using 16S rRNA gene primers with a broad 
specificity for detecting bacterial DNA in bone and purulent material 
can be helpful.148 If all cultures are negative, we believe that the anti-
microbial regimen should be designed to cover the commonly encoun-
tered organisms that are clinically suspected, taking into account the 
history of prior use of antimicrobial agents.

SUMMARY
Despite important medical and surgical advances in management  
of patients, osteomyelitis remains extremely difficult to treat. The 
relapse rate can be as high as 20%. The optimal management of  
osteomyelitis requires a multidisciplinary team of physicians, includ-
ing an orthopedic surgeon, neurosurgeon, oral surgeon, plastic 
surgeon, vascular surgeon, invasive radiologist, and infectious disease 
specialist. The usual goal of therapy is the eradication of the infection 
and restoration of function. Treatment of chronic osteomyelitis usually 
requires aggressive surgical débridement and prolonged antimicrobial 
therapy.

antimicrobial therapy and central venous access catheters should be 
used with caution in these patients.126

Skeletal Mycobacterial Infection
Extrapulmonary disease represents 20% of all tuberculosis (see Chapter 
251). Infection of the musculoskeletal system represents 1% to 5% of 
all tuberculosis cases. Osteomyelitis caused by M. tuberculosis often 
affects the spine or a para-articular focus. Most cases are the result of 
a hematogenous spread from a pulmonary source.127,128

The clinician should consider tuberculous osteomyelitis in patients 
with a past medical history of treated or untreated tuberculosis with 
new back pain, patients with a known positive tuberculin skin test or 
gamma release assay, young patients, patients coming from endemic 
areas with chest radiographic findings consistent with active tubercu-
losis or old healed tuberculosis, patients with a household member 
who had tuberculosis, patients with negative bacterial cultures, or 
patients whose biopsy specimen of infected bone shows granuloma-
tous inflammation. Clinical features of osteomyelitis caused by M. 
tuberculosis are pain and swelling with abscess and sinus formation. 
Radiographs reveal irregular cavities and areas of bone destruction 
with little surrounding sclerosis. Because of the presence of a sinus 
tract, secondary bacterial infection does occur infrequently.128

Vertebral osteomyelitis caused by M. tuberculosis, also called Pott’s 
disease, is among the most common osteoarticular manifestations of 
tuberculosis. In this form of vertebral osteomyelitis, in contrast to 
bacterial vertebral osteomyelitis, systemic symptoms are often absent. 
Back pain or stiffness is commonly the only symptom, and a delay in 
the diagnosis is often the norm. In 50% of patients with spinal tuber-
culosis, MRI reveals paravertebral soft tissue abscesses in addition to 
the bone lesion. The infection has a predilection to the anterior supe-
rior or inferior angles of the vertebral bodies, especially in the early 
phases of the disease.127,129

Significant overlap in imaging appearances between tuberculous 
osteomyelitis and other forms of osteomyelitis exists. The diagnosis 
should rely on the presence of M. tuberculosis on stain or culture of a 
biopsy specimen. Chest radiographs show an abnormality in less than 
50% of patients with musculoskeletal tuberculosis but should be 
obtained routinely because the existence of concomitant pulmonary 
tuberculosis has infection control ramifications and may provide for 
an alternative area from which to obtain culture specimens. The 
therapy of skeletal tuberculosis is discussed in Chapter 251.

Osteoarticular infections with nontuberculous mycobacteria also 
can occur. It is commonly seen in immunocompromised patients130 or 
after contamination of a wound after trauma or surgery. Mycobacte-
rium marinum, Mycobacterium avium-intracellulare, Mycobacterium 
fortuitum, Mycobacterium chelonae, Mycobacterium kansasii, and 
Mycobacterium xenopi all have been associated with infection.130-135 
Disseminated osteoarticular infection with Mycobacterium bovis after 
Calmette-Guérin bacillus vaccination or intravesicular installation of 
Calmette-Guérin bacillus also has been reported.136 Children and 
young adults with unexplained disseminated nontuberculous myco-
bacterial infections should be tested for the presence of inherited defi-
ciency in the receptor for interferon-γ (IFN-γ R1) or interleukin-12β1 
(IL-12β1).

Medical therapy alone is often curative, although, in selected cases, 
surgical débridement is required. Antimicrobial agents typically used 
in the treatment of osteoarticular infection caused by atypical myco-
bacteria are the same as agents used to treat infection at other sites and 
are discussed in Chapters 253 and 254.
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Orthopedic Implant–Associated 
Infections
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Orthopedic devices are used to stabilize bone fractures, fuse the verte-
bral column, correct deformities such as scoliosis, and replace damaged 
joints.1-3 Whereas internal stabilization devices could be removed after 
a bone fracture is healed, prosthetic joints are kept in the body as long 
as their function remains full and pain free. The presence of an implant 
increases the risk for an infection because its local susceptibility for 
bacterial adherence is high.4,5 Thus, even with the most meticulous 
infection control, implant-associated infections occur. The optimal 
management of orthopedic implant–associated infections requires 
close cooperation of experienced specialists in infectious diseases, 
microbiology, orthopedic surgery, and plastic surgery.

PERIPROSTHETIC JOINT 
INFECTION
Definition
The classic Centers for Disease Control and Prevention definition of 
wound infection is not applicable for implant-associated infections6 
because superficial and deep wound infection cannot reliably be dif-
ferentiated clinically. This is supported by a study showing that a surgi-
cal site infection “not involving the prosthesis” has a matched odds 

ratio (OR) of 35.9 (95% confidence interval [CI] 8.3 to 154.6) for 
developing a periprosthetic joint infection (PJI).7 Consequently, even 
in the case of a presumably “superficial” wound infection, revision 
surgery must be considered. Empirical antibiotic treatment without 
diagnostic workup should be avoided in the absence of life-threatening 
sepsis.

There are different criteria for the definition of PJI. The most widely 
used are summarized in Table 107-1.3,8-11 Notably, there are criteria for 
PJI irrespective of proof of a pathogen. These include an abscess or a 
sinus tract that communicates with the joint or the presence of puru-
lence in the affected joint. Other criteria for PJI include an elevated 
leukocyte count or the predominance of neutrophils in the synovial 
fluid,12,13 or both, and acute inflammation consistent with infection in 
histopathologic examination of periprosthetic tissue.14 Nevertheless, 
the detection of microorganisms in specimens from synovial fluid or 
tissue or bone cement fragments, or both, obtained intraoperatively is 
important. Swabs from the operative site or from a draining sinus are 
difficult to interpret, particularly if Staphylococcus epidermidis or other 
skin flora are isolated. The number of positive samples varies among 
proposed definitions.11 We suggest obtaining at least three specimens, 

PERIPROSTHETIC JOINT INFECTION (PJI)

Diagnosis
•	 Determination	that	a	prosthetic	joint	is	

infected	depends	on	recovery	of	an	organism	
from	a	joint	aspirate	or	surgically	obtained	
material	from	the	joint,	though	inflammation,	
wound	dehiscence,	a	draining	sinus	tract,	joint	
effusion,	and	loosening	of	the	prosthesis	can	
point	toward	this	diagnosis.

Microbiology
•	 Most	frequent	microorganisms:	Staphylococcus	

aureus,	coagulase-negative	staphylococci	and	
streptococci

•	 Propionibacterium	acnes:	Most	important	
microorganism	in	periprosthetic	shoulder	
infection

•	 Microorganisms	establish	a	biofilm	on	the	
surface	of	the	implant

Pathogenesis
•	 Foreign	devices	are	covered	by	host	proteins	

(e.g.,	fibronectin)	after	implantation	favoring	
bacterial	adherence.

•	 Minimal	infecting	dose	is	greater	than	
10,000-fold	lower	in	the	presence	than	
absence	of	an	implant.

•	 Granulocyte	function	around	the	implant	is	
impaired	(activation	and	degranulation).

Clinical Manifestations
•	 Acute	exogenous	PJI:	Local	signs	of	

inflammation	(wound	dehiscence,	secretion,	
erythema)

•	 Acute	hematogenous	PJI:	New-onset	pain	at	
any	time	after	implantation,	initially	without	

local	signs	of	infection,	new-onset	articular	
effusion

•	 Chronic	PJI:	Pain	because	of	early	loosening,	
local	inflammation,	sinus	tract,	chronic	
articular	effusion

Treatment
•	 Cornerstone	of	successful	treatment	is	early	

diagnosis.
•	 Cure	is	only	possible	with	adequate	surgery	

combined	with	long-term	antibiotic	therapy.
•	 A	treatment	algorithm	(see	Fig.	107-1)	allows	

choosing	the	most	appropriate	surgical	
intervention:	débridement	with	retention,	
one-stage-exchange,	two-stage-exchange,	
removal	without	replacement,	or	suppressive	
therapy.

•	 Guidelines:	www.idsociety.org/Organ_
System/#Skeletal%20%28Bones%20&%20
Joints%29

INTERNAL FIXATION–ASSOCIATED  
INFECTION

Diagnosis
•	 Diagnosis	of	infection	associated	with	

implanted	devices	used	to	stabilize	bone	
fractures,	such	as	pins	and	rods,	requires	
culture	of	the	device,	usually	following		
surgical	removal.	Pain,	inflammation,	wound	
dehiscence,	or	loosening	of	the	fixation	device	
often	indicates	infection.

Microbiology
•	 Microbiology	is	comparable	with	that	of	PJI.	

Staphylococci	are	the	most	important	
pathogens.

•	 In	open	fractures	with	environmental	exposure	
and	preemptive	therapy,	consider	selection	of	
β-lactam-resistant	gram-negative	bacilli	such	
as	Enterobacter	spp.,	nonfermenters.

Pathogenesis
•	 The	exogenous	route	plays	a	more	important	

role	than	the	hematogenous.
•	 Infection	may	also	occur	via	an	adjacent	focus	

(contiguous).

Clinical Manifestations
•	 Acute	early	postoperative	infections:	Wound	

healing	disturbances,	discharge,	erythema
•	 Acute	symptoms	after	an	uneventful	

postoperative	period:	Systemic	infection	signs	
are	dominating,	pain	is	the	most	important	
local	sign.	Other	local	features	are	absent	in	
the	beginning	and	become	apparent	in	the	
course	of	disease.

•	 Acute	symptoms	may	also	be	due	to	
reactivation	of	chronic	post-traumatic	
osteomyelitis	that	has	been	silent	for	many	
years:	Pain	without	prominent	systemic	
inflammatory	signs.

•	 Chronic	symptoms:	Sinus	tract,	pain,	implant	
loosening.

Treatment
•	 Bone	fractures	are	less	susceptible	to	infection	

if	stabilized.
•	 In	acute	infections:	Retain	implant	with	

débridement	and	antimicrobial	therapy,	until	
fracture	is	consolidated.

•	 In	delayed	infections,	implant	must	be	
removed	after	healing	of	bone	fracture.

SHORT VIEW SUMMARY

http://www.idsociety.org/Organ_System/#Skeletal%20%28Bones%20%26%20Joints%29
http://www.idsociety.org/Organ_System/#Skeletal%20%28Bones%20%26%20Joints%29
http://www.idsociety.org/Organ_System/#Skeletal%20%28Bones%20%26%20Joints%29
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exogenous or ahematogenous infection.35 When considering the viru-
lence of bacteria and the host response of immunocompetent patients, 
PJI can be classified on the basis of symptoms as acute or chronic. The 
traditional classification differentiates among early (those developing 
within <3 months after implantation), delayed (3 to 24 months after 
surgery), and late (>24 months after implantation) infection.3,8 In clini-
cal practice, it is useful to classify PJI as follows:
• Acute hematogenous PJI: Infection with 3 weeks or less of duration 

of symptoms after an uneventful postoperative period
• Early postinterventional PJI: Infection that manifests within 1 month 

after an invasive procedure (surgery or arthrocentesis)
• Chronic PJI: Infection with symptoms that persist for more than 3 

weeks and are beyond the early postinterventional period
This simple classification allows the differentiation between PJI, 

which can be potentially cured with débridement and implant reten-
tion, and the infection requiring device removal for cure.3,8 Acute 
hematogenous infection is generally caused by virulent bacteria and 
requires débridement to retain the device. This type of PJI can occur 
at any time after surgery. The risk is highest within the first 3 months 
after implantation. However, most hematogenous infections occur late 
after surgery because the risk for hematogenous seeding persists life-
long.36,37,38 Early postoperative PJI manifests itself by poor wound 
healing, joint fluid accumulation, or persisting pain. In these cases, 
early detection by a high degree of suspicion, rapid diagnostic workup, 
and prompt surgical treatment is required for retention of the implant. 
In contrast, if these (exogenous) infections are not detected early after 
surgery (within the first month) or symptoms persist for more than 3 
weeks, or both, chronic PJI develops irrespective of the infection route. 
This form of infection requires removal of all hardware and bone 
cement for cure.

Risk Factors
Several risk factors have been described for the development of 
PJI.7,39,40,41-48 Most data are derived from patients with total hip and 
knee arthroplasties. Some of the proposed risk factors have to be inter-
preted with caution because the corresponding studies used different 
statistical methods or focused on only one particular anatomic site. 
Nevertheless, risk factors for acquiring PJI can be categorized as patient 
characteristics, surgery- and postoperative-related factors, and risk 
during bacteremia.

Patient Characteristics
Diabetes mellitus, obesity (body mass index ≥30 [weight in kg/height 
in m2]), rheumatic diseases, and immunosuppressive therapy are 
among the most frequently reported risk factors for developing  
PJI. These factors influence wound healing and predispose for many 
other infectious diseases as well. Congestive heart failure, chronic  
pulmonary disease, peripheral vascular disease, malignancy, coagu-
lopathy, and preoperative anemia, among other comorbidities, have 
been described as risk factors for PJI. However, in clinical practice,  
it is rather the “net state of polymorbidity” of a patient (e.g., number 
of comorbidities, physical status) than a single variable that plays a 
unique role in infection pathogenesis. Finally, the patient’s history with 
respect to previous tissue damage should be considered. Previous joint 
surgery, mainly previous arthroplasty, has been identified as a risk 
factor.

Surgery-Related Risk Factors
The complexity and duration of the procedure increase the risk of the 
joint to become inoculated with microorganisms. Therefore, a pro-
longed operative time and multiple simultaneous joint revisions are 
risk factors for acquiring PJI.

Postoperative-Related Factors
In essence, all wound complications (e.g., delayed healing, drainage or 
persistent dehiscence, hematoma, seroma, wet wound after initially 
being dry) increase the risk for infection. Also, postoperative hyper-
glycemia is a risk factor.39 Finally, there are risk factors for PJI that are 
primarily not associated with the surgical procedure or its wound 
healing. These include atrial fibrillation, myocardial infarction, and a 
prolonged hospital stay.

or preferentially six specimens in cases of low-grade infection. As  
a criterion for PJI, detection of the same microorganisms in at least 
two samples should be required. A single positive culture of a patho-
gen belonging to the skin microbiome (e.g., Propionibacterium acnes, 
coagulase-negative staphylococci) does not confirm PJI.

Pathogenesis
Prosthetic joints are made of metal and plastic, most commonly poly-
ethylene inlay between metal shell and metal head. Bone cement (i.e., 
polymethylmethacrylate [PMMA]), is commonly employed at the 
metal-bone interface. Materials for implantation that do not cause 
inflammation in the absence of infection are selected.15,16

After implantation, the device is covered by host proteins (e.g., 
fibronectin) favoring bacterial adherence.17 Complement in interstitial 
fluid can be activated at the surface of polymeric implants, such as 
polyethylene particles, which results in degranulation of local neutro-
phils.5 In addition, it has been shown that granulocytes interact with 
the nonphagocytosable surface of implants. This process is called “frus-
trated phagocytosis” and results in impaired granulocyte function.5,18,19 
Implants and polymer particles, which are produced in variable 
amounts after arthroplasty, compromise granulocyte function.20 This 
interaction with wear particles, fragments from within the joint space, 
results in an impaired granulocyte function but also favors aseptic 
loosening of joint prostheses.21

Implanted foreign material is highly susceptible to local infection. 
Elek and Conen4 showed in human volunteers that in the vicinity of 
suture material, the minimal abscess-forming dose is as low as 100 
colony-forming units (CFUs) of Staphylococcus aureus, which is greater 
than 10,000-fold lower than in the absence of foreign material. This 
observation could be reproduced in an animal model of foreign body–
associated infection using different gram-positive and gram-negative 
microorganisms.18,22-25 The route of infection can be exogenous, hema-
togenous, or contiguous spread. The latter route is rare and implicates 
spread from an adjacent focus of infection (e.g., osteomyelitis, deep soft 
tissue infection), although prosthetic joints can be infected from a 
distant site by the hematogenous route.26 Finally, the exogenous route 
includes a joint inoculation of microorganisms during surgery or in the 
early postoperative period. Exogenous infections can also occur later 
via a penetrating event (e.g., trauma, injection, wound dehiscence).

Implant-associated microorganisms growing as a biofilm are pro-
tected from not only phagocytosis but also the action of antimicrobial 
agents. Many antibiotics can penetrate into the biofilm.27,28 Even a large 
molecule, such as vancomycin, can access staphylococci in biofilms.28 
However, the efficacy of antimicrobial agents depends on the growth 
rate of organisms in the biofilm.29 Most antibiotics do not kill biofilm 
bacteria despite their activity on the same organism in planktonic 
phase.30,31 As an exception, rifampin can eliminate biofilm-associated 
gram-positive microorganisms,22,31-33 and fluoroquinolones may be 
active against gram-negative bacilli.24,25,34

Classification
No classification system of PJI is unanimously accepted. On the basis 
of the two major infection routes, PJI can be classified as either  

TABLE 107-1  Definition of Periprosthetic Joint 
Infection3,8-11

Presence of a sinus tract communicating with the prosthetic joint
Presence of purulence without another known etiology surrounding the 

prosthetic device
Acute inflammation consistent with infection at histopathologic examination of 

periprosthetic tissue
Elevated leukocyte count in the synovial fluid or predominance of neutrophils, 

or both (for cutoff values see text “Diagnostic Procedures”)
Growth of identical microorganism in at least two intraoperative cultures or 

combination of preoperative aspiration and intraoperative cultures in case of a 
low-virulence microorganism (e.g., coagulase-negative staphylococci, 
Propionibacterium acnes). In case of a virulent microorganism (e.g., 
Staphylococcus aureus, Escherichia coli), growth in a single specimen from 
synovial fluid or periprosthetic tissue, or both, and/or sonication fluid may 
also represent periprosthetic joint infection. However, growth in a single 
specimen must always consider other criteria and take into account the 
constellation of diagnostic procedures (e.g., previous antimicrobial treatment).
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symptoms persist for several weeks, irrespective of infection route, the 
PJI becomes chronic. The key symptoms are chronic joint effusion, 
pain caused by local inflammation or implant loosening, and occasion-
ally sinus tracts. In addition, C-reactive protein (CRP) and erythrocyte 
sedimentation rate (ESR) do not normalize after surgery and typically 
fluctuate within a slightly elevated range. However, these tests are not 
specific. The differential diagnosis includes mechanical failure, exces-
sive wear debris, or allergy to the implant material.61,62 If early loosen-
ing is caused by mechanical failure, one-stage exchange is appropriate, 
whereas in patients with septic loosening the surgical strategy depends 
on the infecting agent. Thus, it is crucial to identify PJI cases before 
surgery and before perioperative prophylactic antibiotics. The conse-
quence of missing a low-grade infection is an inadequate revision 
arthroplasty and subsequent failure. In view of the generally long-
lasting course in chronic PJI, there is sufficient time for thorough 
diagnostic procedures.

Diagnostic Procedures
Blood Tests
Leukocyte counts are diagnostically not helpful due to poor sensitivity 
and low predictive values.63 CRP and ESR are routinely used in the 
diagnostic workup of PJI. Both tests have good sensitivity but poor 
specificity. With a threshold at greater than or equal to 30 mm/hr 
(ESR) and at greater than or equal to 10 mg/L (CRP), the sensitivities 
are 91% to 97% and the specificities are 70% to 78%.9,63,64 Thus, both 
tests can be used to estimate the likelihood of a PJI with negative pre-
dictive values of about 96%. Procalcitonin (PCT), which is a promising 
biomarker in patients with respiratory tract infections, has not proved 
helpful in differentiating septic from aseptic loosening.65,66 In addition, 
postoperative serum PCT levels are rarely elevated in patients with PJI 
without sepsis syndrome.67 In contrast, IL-6 values above the cutoff 
value of 10 pg/L appear to have an excellent sensitivity of nearly 100% 
to predict the presence of PJI.63,65 However, this test is not generally 
available.

Synovial Fluid Cell Counts
The threshold of leukocyte counts in synovial fluid for the diagnosis of 
PJI is much lower than for septic native joint arthritis. Published cutoff 
values show a sensitivity and specificity of about 90%. In hip arthro-
plasty, Schinsky and colleagues13 reported optimal cutoff values of 
greater than 4200 leukocytes per µL or greater than 80% neutrophil 
fraction, or both. In patients with periprosthetic knee infection, 
Trampuz and colleagues12 defined an optimal cutoff value greater than 
1700 leukocytes/µL or greater than 65% neutrophil fraction, or both. 
Similar results were shown by Ghanem and colleagues68 (>1100 
leukocytes/µL or >64% neutrophil fraction, or both). In these studies, 
patients with rheumatoid arthritis or joint hemorrhage, or those in the 
early postoperative period, were excluded. However, similar cutoff 
values were reported in synovial fluid of patients with and without 
inflammatory arthritis, namely 3450/µL versus 3444/µL, and 78% and 
75% neutrophil fraction, respectively.69 In synovial fluid drawn shortly 
after surgery, the proposed cutoff values are much higher, namely 
greater than 25,000 leukocytes/µL.70 In summary, leukocyte and dif-
ferential counts are key parameters for the diagnosis of PJI, especially 
in those with negative culture.

Synovial Fluid Culture
Conventional microbiologic cultures of synovial fluid have a moderate 
sensitivity of approximately 85% but an excellent specificity of greater 
than 95%.64 However, published results often do not stratify whether 
the fluid is obtained by puncture, arthroscopy, or open surgery. A 
negative culture result does not exclude PJI. The sample sensitivity can 
be improved by use of polymerase chain reaction (PCR)71 (see later) 
or by culturing synovial fluid in blood culture flasks.72

Intraoperative Samples for Culture  
and Histopathology
Swab cultures clearly have a lower sensitivity than cultures from peri-
prosthetic tissue and synovial fluid, and must therefore not be used.72 
Culturing synovial fluid and periprosthetic tissue has the best accuracy, 
specificity, and sensitivity.64 For the diagnosis of PJI, at least 3, or 

Risk during Bacteremia
Urinary tract infection in the postoperative period has been identified 
as a risk factor for PJI. The incidence of hematogenous seeding to a 
joint from a remote infection is, however, low (0.1%).49 This is different 
for S. aureus. The rate of PJI after S. aureus bacteremia is approximately 
35%.37,38,50 This high infection rate indicates that patients with previ-
ously uninfected prosthetic joints and S. aureus bacteremia should be 
carefully monitored clinically for the development of PJI. Again, rapid 
diagnosis of PJI may avoid an exchange of the prosthesis because these 
infections can be cured with débridement and implant retention.

Microbiology
As a rule, all microorganisms can cause PJI, including mycobacteria.51 
However, staphylococci are the most commonly isolated microorgan-
isms in acute and chronic PJI. In five studies with a total of 1130 epi-
sodes of PJI, the following microorganisms were detected7,52-55:
• S. aureus, 21% to 43%
• Coagulase-negative staphylococci, 17% to 39%
• Streptococci, 7% to 12%
• Gram-negative aerobic bacilli, 5% to 12%
• Enterococci, 1% to 8%
• Anaerobic bacteria, 2% to 6%
Other microorganisms such as diphtheroids and Candida spp. cause 
PJI less frequently. Propionibacterium acnes is responsible for about 3% 
of periprosthetic hip and knee infection but up to 38% of periprosthetic 
shoulder infection.55,56 Occasionally, polymicrobial infection occurs. 
Infections with mixed flora are mainly observed in patients with pro-
tracted wound healing, resulting in exogenous superinfection.57 In 4% 
to 12% of cases, no microorganism is detected.7,52-55,58 This proportion 
depends on the frequency of pretreatment with antimicrobial agents, 
type of microorganism, and microbiologic technique.

Clinical Manifestations and  
Differential Diagnosis
Acute Periprosthetic Joint Infection
Acute exogenous infection typically presents with local signs of inflam-
mation, whereas acute hematogenous infection is characterized by 
new-onset pain, initially without prominent local signs of infection. 
Acute infections are usually caused by virulent pathogens, mainly S. 
aureus, β-hemolytic streptococci, and less frequently gram-negative 
bacilli.3,59

Most early (postoperative) acute infections have an exogenous 
origin. Wound dehiscence, drainage, and erythema are typical signs. A 
systemic inflammatory response syndrome may be missing.3,35 The 
differential diagnosis of postoperative acute PJI includes wound com-
plications such as hematoma or seroma. Because the clinical differen-
tiation of superficial and deep wound infection is not reliable,7 each 
suspicious wound needs a careful orthopedic evaluation (e.g., surgical 
exploration of the site) in order to establish or exclude PJI. Considering 
this principle increases the fraction of patients that can be cured with 
débridement and implant retention.

Acute-onset PJI occurring beyond the postoperative period is gen-
erally of hematogenous origin (acute hematogenous PJI). In such 
infections, systemic signs of inflammation are prominent. The patient 
typically reports profound pain at the site of the implant, though soft 
tissue damage is less frequent and less obviously visible than in early 
exogenous PJI.3,35 Consequently, the differential diagnosis of acute PJI 
after an uneventful postsurgical period is narrow. It includes crystal 
arthropathy, which can be detected with microscopic examination of 
the synovial fluid.60 Venous thrombosis and arterial emboli in vessels 
that are in close anatomic proximity to the joint can imitate clinical 
signs of PJI.

All patients with acute symptoms, irrespective of the interval 
between prosthesis implantation and clinical manifestation, require 
rapid diagnostic workup because the implant can potentially be 
retained if symptom duration is short.3,8

Chronic Periprosthetic Joint Infection
The infection can be exogenous or hematogenous. If the joint is 
infected at surgery by low-virulence organisms, infection manifesta-
tion is often beyond the early postoperative period (≥1 month). When 

http://www.myuptodate.com


C
h

ap
ter 107 O

rthopedic	Im
plant–Associated	Infections

1331

(abscesses, sinus tracts); prosthetic loosening; and bone erosion. With 
the use of special techniques, metallic artifacts can be minimized. 
However, this technique is more often used to estimate the extent of 
an infection than to determine whether or not an infection is present. 
Imaging interference occurs in the vicinity of metal implants. The 
indication for magnetic resonance (MRI) is similar to that for com-
puted tomography (CT).

With radionuclide imaging, signs of infection are visible before 
anatomic changes. The three-phase bone scan using a bone-seeking 
tracer (e.g., technetium-99m-labeled methylene diphosphonate [99mTc-
MDP]) is sensitive for detecting infection but has poor specificity.83 
Bone remodeling and hence marker uptake is increased for at least 1 
year after implantation.84 Furthermore, heterotopic ossification and 
aseptic loosening also increase tracer uptake. The specificity can be 
improved to 80% to 90% by using a more specific radiotracer such as 
99mTc-ciprofloxacin (Infecton) or 99mTc-antigranulocyte monoclonal 
antibodies.85,86 The use of labeled leukocytes is cumbersome and 
depends on the quality of the purification and labeling.87 Unfortu-
nately, the spatial resolution of nuclear scanning techniques is limited. 
Single-photon emission computed tomography plus conventional CT 
(SPECT/CT), which is performed with an integrated hybrid machine, 
offers a more precise localization of the radiotracer, and should there-
fore be preferred. This method is mainly used with 99mTc-MDP 
(methylene diphosphonate), labeled leukocytes, or labeled antigranu-
locyte monoclonal antibodies. It improves the sensitivity and specific-
ity as compared with the planar image. In 31 consecutive patients with 
suspected low-grade PJI, sensitivity, specificity, and accuracy improved 
from 66%, 60%, and 61%, respectively, to 89%, 73%, and 77%, respec-
tively. The prevalence of PJI in this population was 29%.88

Positron Emission Tomography
Positron emission tomography (PET) examination plays an important 
role in the detection of malignant tumors. 18F-fluorodeoxyglucose 
(FDG) accumulates in cells such as neutrophils and is intracellularly 
phosphorylated to a stable molecule. Therefore, accumulation occurs 
in not only tumors but also inflammatory foci. According to a recent 
systematic review of 11 studies, including a total sample size of 635 
prostheses, FDG-PET has good sensitivity (84.6%; 95% CI, 71% to 
93%) and specificity (84%; 95% CI, 68% to 93%) for the detection of 
PJIs in hip and knee arthroplasties.89 Nevertheless, it cannot yet be 
recommended for routine clinical practice. In many countries costs are 
not covered for these novel imaging techniques.

Treatment Concepts
General Aspects
Cure by the first treatment attempt is crucial because with each treat-
ment failure, tissue damage and functional integrity are worse. Delayed 
ambulation increases loss of muscle strength and increases chances of 
thromboembolism. Therefore, early referral to specialized centers is 
advised. As a rule, before starting treatment, it should be clear whether 
a curative or palliative approach will be taken. Cure is defined as a 
long-term pain-free functional joint with complete eradication of 
infection. This requires a combination of both an appropriate surgical 
procedure and long-term antimicrobial therapy. In contrast, palliative 
therapy is geared toward suppression of infection, and hence, of symp-
toms. In general, this approach requires only minor or no surgery. 
However, lifelong suppressive antimicrobial therapy may be necessary 
because the chance for cure is minimal.

The cornerstone of successful treatment is early diagnosis. The 
earlier the diagnosis, the less invasive is the surgical therapy (see later). 
Therefore, a high degree of suspicion is required and empirical antibi-
otic therapy without unequivocal diagnosis must be avoided.

Traditional standard treatment included two-stage exchange with 
meticulous removal of all necrotic tissue, bone cement, and the pros-
thesis combined with a prolonged course of antibiotics during the 
implant-free interval.90 During the past 2 decades, an algorithm for the 
optimal surgical therapy of the different presentations was developed 
at our institute.3,91 Choosing the least invasive treatment that cures 
infection is the most rational approach (Fig. 107-1). Because data from 
controlled trials comparing different surgical procedures are lacking, 
treatment concepts vary between different centers. Recommendations 

optimally 6 or more samples, should be obtained.73 Histopathologic 
examinations are difficult to interpret because the threshold of neutro-
phils per high-power field varies among different experts, ranging from 
1 or more to 10 or more neutrophils. Many experts accept five or more 
neutrophils per high-power field in ×40 magnification as a positive 
indicator for PJI.74 Frozen sections can only be used in centers with 
experienced pathologists who are able to differentiate between 
mechanical failure and infection. This technique informs the surgeon 
in the operating room whether infection can be excluded, and hence 
the planned one-stage exchange for early loosening performed.75 In 
case of chronic PJI, we recommend paraffin sections, which have been 
reported to be superior as compared with frozen sections. If possible, 
each tissue sample should be cut into two pieces, labeled with their 
precise origin and submitted one each to microbiologic and histo-
pathologic examination. If dividing tissue sample is not possible (e.g., 
bone biopsies), two samples from the same location should be obtained. 
The comparison between culture results and histopathologic findings 
helps to differentiate between contamination and infection.

Novel Diagnostic Procedures
Sonication
Sonication of foreign body material, such as implants or parts of it, 
followed by either culturing or use of molecular methods on the soni-
cate fluid, or both, allows detecting microorganisms in biofilms.76 In a 
population with either PJI or aseptic failure, Trampuz and colleagues77 
performed a prospective trial comparing culture results from synovial 
fluid, periprosthetic tissue, and sonicate fluid. In this trial, the sensitivi-
ties for detecting PJI with the three different methods were 56.3%, 
60.8%, and 78.5%, respectively, with specificities greater than 98%. The 
sensitivity of the sonicate fluid was significantly better than peripros-
thetic tissue cultures in patients treated with antibiotics within 2 weeks 
before sampling (75% vs. 45%, P < 0.001). Sonication has also been 
used by other groups. However, its increased sensitivity has not been 
consistently observed.78 There is a considerable interest in combining 
sonication with molecular diagnostics in culture-negative PJI.

Molecular Diagnostics
Molecular methods have been used in synovial fluid, periprosthetic 
tissue specimens, and sonicate fluid from explanted prostheses or 
modular parts of them. Different techniques have been used, either 
broad-range PCR or specific multiplex PCR.78-80 In patients pretreated 
with antibiotics, the sensitivity of the broad-spectrum PCR is higher 
than the one of the culture, however still only about 70%.71 In addition, 
it does not give information about the susceptibility of the microorgan-
ism with a few exceptions such as the mecA gene for methicillin resis-
tance and the rpoB gene for rifampin resistance. Thus, it is mainly 
useful in combination with conventional cultures in pretreated patients. 
Using specific PCR primers is potentially more sensitive for detecting 
defined microorganisms. A commercially available real-time multiplex 
PCR (SeptiFast, LightCycler; Roche Diagnostics, Indianapolis, IN)  
has been used for detection of microbial DNA in sonication fluid  
from devices that have been removed from patients with PJI.80 Overall, 
the sensitivity of the multiplex PCR was not significantly better than 
that of conventional culture. The main problem with this assay is the 
choice of primers, which does not include important low-virulent 
pathogens of PJI such as Propionibacterium acnes. As a consequence, 
the next step for improving molecular diagnostics of PJI is the use of 
a multiplex PCR including all clinically relevant microorganisms.

Bead Mill Processing
This is a novel technique that has the same aim as sonication, namely, 
resuscitation of nonreplicative biofilm bacteria. However, there are not 
yet enough data to define the clinical role of this procedure.81

Imaging Procedures
Radiographs have a low sensitivity and specificity for the diagnosis of 
PJI. Radiolucency, osteolysis, and migration are signs of not only infec-
tion but also aseptic loosening.82 Hence, its diagnostic role is limited. 
Ultrasonography is helpful in cases with joint effusion that cannot be 
clinically diagnosed and where guidance for joint aspiration is neces-
sary. Computed tomography allows detection of soft tissue infection 
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Débridement with Retention of Implant
The success rate of this procedure is traditionally widely underesti-
mated, because there are many published series with patients not quali-
fying for this procedure.99 However, the success rate is not lower than 
the one of exchange surgery (>80% cure rate), provided that the fol-
lowing conditions are fulfilled†:
• Acute infection (<3 weeks’ duration of infectious symptoms or <1 

month after implantation)
• Stable implant
• Pathogen susceptible to a biofilm-active antimicrobial agent (see 

later)
• No sinus tract and no periprosthetic abscess

The definition for duration of symptoms is based on a controlled 
trial.33 Rapid and meticulous débridement of necrotic tissue is essen-
tial. In periprosthetic knee infection, the reported success rate is better 
after open surgery than after arthroscopic débridement (median 
reported success rates 86% vs. 56%).101 In case of open débridement, 
modular components can be exchanged. This may result in higher cure 
rates. The advantages of débridement with retention are the minimal 
invasive surgery and rapid rehabilitation.

One-Stage Exchange
Direct exchange includes removal and reimplantation during the same 
surgical procedure. It can be chosen for patients with (1) good soft 
tissue envelope and (2) a pathogen that is susceptible to oral antimi-
crobial agents with excellent bioavailability and activity on biofilms 
(see later). However, it is crucial to identify the causative pathogen 
before the surgical procedure. In contrast to implant retention, stability 
of the implant is not required. In general, effective antibiotic impreg-
nated bone cement is utilized.102

are therefore based on case series and expert opinions and published 
in the Infectious Diseases Society of America (IDSA) guidelines.3,8,59,91 
Considering the prerequisites for the successful use of each surgical 
procedure, all surgical interventions have a favorable outcome in more 
than 80% of the patients.*

Surgical Interventions
Antimicrobial treatment without any surgical intervention is not cura-
tive but only suppressive. There are four different curative options, 
namely débridement and implant retention, one-stage exchange, two-
stage exchange, and removal without replacement. In addition, in 
special situations, arthrodesis or amputation may be necessary. There 
are some controversies between different specialized centers: (1) one-
stage exchange is uncommonly performed in the United States but is 
frequent in most European centers; (2) in case of two-stage exchange, 
the approach with a short interval is only used by a minority of centers; 
and (3) some centers continue suppressive antimicrobial therapy 
despite curative approach, considering the small uncertainty that the 
infection is not cured.8,96 However, the benefit of stopping treatment 
(e.g., reducing side effects) overweighs that uncertainty. These contro-
versial aspects will remain, as long as controlled trials are missing. 
Figure 107-1 shows a treatment algorithm that allows choosing the 
most appropriate surgical intervention based on several variables.3,91 
This algorithm has been developed for patients with hip and knee 
PJI.3,52,53,97 In addition, it has also been validated for shoulder and elbow 
prostheses.56,98 In contrast, the optimal surgical management of ankle 
PJI is not yet defined.48 In these patients, the surgical strategy is mainly 
dictated by the more difficult soft-tissue situation. Figure 107-2 shows 
the sequence of surgical interventions and the duration of intravenous 
and oral antimicrobial therapy.

†References 3, 8, 92, 93, 100, 101.*References 3, 32, 33, 52, 53, 92-95.

FIGURE 107-1 Surgical treatment algorithm for prosthetic joint infections. *Difficult-to-treat microorganisms include microorganisms resistant 
to antibiotics with good oral bioavailability, rifampin-resistant staphylococci, enterococci, and quinolone-resistant gram-negative bacilli and fungi. (Modi-
fied from Trampuz A, Zimmerli W. Prosthetic joint infections: update in diagnosis and treatment. Swiss Med Wkly. 2005;135:243-251.)

Otherwise

All
yes

Condition Surgical Procedure

Duration of symptoms �3 weeks or
infection within 4 weeks after implantation
+ stable implant
+ absence of sinus tract
+ susceptibility to antibiotics with

activity against surface-adhering
microorganisms

Intact or only slightly
damaged soft tissue

Damaged soft tissue,
abcess, or sinus tract

Microorganism resistant or
difficult to treat*

No functional improvement
by exchange of the implant

Inoperable, debilitated, or
bedridden

Two-stage exchange with short
interval (2-4 weeks)

Two-stage exchange with long
interval (8 weeks)

Implant removal without
replacement

Long-term suppressive
antimicrobial treatment

One-stage exchange

Débridement with retention
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TABLE 107-2  Treatment of Implant-Associated Infections

MICROORGANISM ANTIMICROBIAL AGENTa DOSE ROUTE
Staphylococcus spp. Recommendation for the initial IV-treatment phase (for 2 wk)

 Methicillin-susceptible Rifampin plus 450 mg q12hb PO/IV

Nafcillin or oxacillinc 2 g q4h IV

 Methicillin-resistant Rifampin plus 450 mg q12hb PO/IV

Vancomycin or 15 mg/kg q12hd IV

Daptomycin 6 mg/kg q24he IV

FIGURE 107-2 Surgical intervention, route, and duration of antimicrobial therapy according to Zimmerli et al.3 IV, Intravenous route; PO, 
oral route; * = Microbiological sampling, † = Continuation with the same antibiotic regimen. Samples are cultured for 10 to 14 days in most centers that 
are specialized centers for periprosthetic joint infection. If microbiologic results are confirmed to be negative, the antimicrobial treatment can be stopped. 

Débridement and
implant retention 2 weeks IV PO until completion of total treatment duration

Surgical Procedure Antimicrobial Treatment (    IV/    PO)

Débridement and implant retention*

Two-stage exchange
(short interval)

Two-stage exchange
(long interval)

One-stage exchange

2 weeks
no antibiotics

2 weeks IV

IV until
culture results

are determined†

PO until completion of total treatment duration

2 weeks IV PO until completion of total treatment duration

Implantation of prosthesis*Removal of implant*

Implantation of prosthesisRemoval of implant*

Exchange of implant*

6 weeks IV

Two-Stage Exchange
This procedure starts with thorough removal of all necrotic tissue, bone 
cement, and all of the implant before reimplantation of a new device 
is performed at a second intervention.95 After removal of all foreign 
material, an antibiotic-impregnated spacer, typically PMMA (poly-
methylmethacrylate), is inserted in order to get some stability, allow 
some degree of mobility, prevent shrinking of the joint space, and have 
a high local concentration of antibiotics. However, the need of local 
antibiotics in the spacer has never been proven in a comparative and 
prospective PJI trial. Interestingly, in patients with a microorganism 
resistant to the anti biotic in the spacer (e.g., methicillin-resistant S. 
aureus [MRSA] resistant to gentamicin), there is no measurable disad-
vantage regarding the outcome.103 The advantage of staged exchange is 
the oppor tunity for removing all infected material before implantation 
of the new prosthesis. The disadvantage is the need for two surgical 
interventions, prolonged disability, and the interval with the biome-
chanically suboptimal spacer. Therefore, we favor a short interval of 
only 2 to 3 weeks before reimplantation, except in patients with 
difficult-to-treat microorganisms.3 During this interval the bacterial 
load can be diminished and the soft tissue heals. This allows a treatment 
during one single hospitalization. Antibiotics are not stopped before 
implantation, and no sampling is recommended during implantation. 
However, long-term antibiotic treatment postoperatively is necessary 
as in patients with débridement and retention or one-stage exchange. 
In patients with difficult-to-treat microorganisms (small colony vari-
ants, rifampin-resistant staphylococci, fluoroquinolone-resistant gram-
negative bacilli, enterococci, fungi) early reimplantation should not be 

chosen.3,104 The rationale for the long interval is the concept that 
difficult-to-treat microorganisms must be completely eradicated before 
reimplantation. These patients should be treated for 6 weeks without 
any foreign body material to which the microorganism could poten-
tially adhere again and form a biofilm. Then, reimplantation should be 
delayed for 2 more weeks free of antibiotics in order to get reliable 
samples for microbiology. In these patients, the same antimicrobial 
treatment of the previous 6 weeks should be restarted after implantation 
of the new device. It can be definitely stopped when intraoperative 
culture results remain negative (see Fig. 107-2).

Antimicrobial Therapy
After microbiologic sampling, antimicrobial agents are administered 
by the intravenous route mainly for two reasons. First, the risk for 
emergence of resistance is highest during the initial phase, when the 
bacterial load is still high. Therefore, subinhibitory antimicrobial con-
centrations should be avoided. Second, enteral resorption may be com-
promised during the perioperative phase. Table 107-2 summarizes the 
pathogen-specific antimicrobial therapy, and Figure 107-2 shows the 
timing of the intravenous and the oral therapy. It mainly depends on 
the type of surgery performed. The correct duration of treatment has 
never been tested in comparative studies. It is based on the reasoning 
that biofilm bacteria cannot be killed by host defense.5 Therefore, PJI 
reoccurs if not all microorganisms are eliminated by débridement and 
antimicrobial therapy. For patients with either implant retention, direct 
exchange or two-stage exchange with short interval, most experts 
propose a 3-month regimen for hip prostheses and 6 months for knee 
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MICROORGANISM ANTIMICROBIAL AGENTa DOSE ROUTE
Staphylococcus spp. Recommendation after completion of the initial IV-treatment phase

Rifampin plus 450 mg q12hb PO

Levofloxacin or 750 mg q24h to 500 mg q12h PO

Ciprofloxacin or 750 mg q12h PO

Teicoplanin or 400 mg q24hf IV

Fusidic acid or 500 mg q8h PO

Trimethoprim-sulfamethoxazole or 1 DS tablet q8hg PO

Minocyclineh or 100 mg q12h PO

Linezolid or 600 mg q12h PO

Clindamycini 1200-1350 mg/day divided in 3-4 doses PO

Streptococcus spp.j Penicillin Gc or 18-24 million U/day divided in 6 doses IV

Ceftriaxone 2 g q24h IV

 for 4 wk, followed by

Amoxicillin or 750-1000 mg q6h to q8h PO

Clindamycini 1200-1350 mg/day divided in 3-4 doses PO

Enterococcus spp.k

 Penicillin-susceptible Penicillin Gl or 24 million U/day divided in 6 doses IV

Ampicillin or amoxicillinl or 2 g q4h to q6h IV

 Penicillin-resistant Vancomycin or 15 mg/kg q12hd IV

Daptomycin or 6 mg/kg q24he IV

Linezolid 600 mg q12h IV/PO

Enterobacteriaceae β-Lactam based on in vitro susceptibilities for 
2 wkm followed by

IV

Ciprofloxacin 750 mg q12h PO

Enterobacter spp.n and 
nonfermenterso (e.g., 
Pseudomonas aeruginosa)

Cefepime or 2 g q8h IV

Ceftazidime or 2 g q8h IV

Meropenem
 for 2-4 wk, followed by

1 g q8hp IV

Ciprofloxacin 750 mg q12h PO

Propionibacterium spp. Penicillin G or 18-24 million U/day divided in 6 doses IV

Clindamycini

 for 2-4 wk followed by
600-900 mg q8h IV

Amoxicillin or 750-1000 mg q6h to q8h PO

Clindamycini 1200-1350 mg/day divided in 3-4 doses PO

Gram-negative anaerobes 
(e.g., Bacteroides spp.)

Metronidazole 500 mg q8h IV/PO

Mixed infections (without 
methicillin-resistant 
staphylococci)

Ampicillin/sulbactam or 3 g q6h IV

Amoxicilin/clavulateq or 2.2 g q6h IV

Piperacillin/tazobactam or 4.5 g q8h IV

Imipenem or 500 mg q6h IV

Meropenem
 for 2-4 wk, followed by individual regimens 

according to antimicrobial susceptibility

1 g q8hp IV

Antimicrobial dosage recommendations are based on normal renal and hepatic function. Antimicrobials should be chosen based on in vitro susceptibility, as well as patient 
drug allergies, intolerances, and potential drug interactions or contraindications to a specific antimicrobial.

aFor total duration of antimicrobial treatment see text.
bOther dosages and intervals of administration have been reported with equivalent success rates.32

cIn patients with delayed hypersensitivity, cefazolin (2 g q8h IV) can be administered. In patients with immediate hypersensitivity, penicillin should be replaced by 
vancomycin.

dRecommended doses are based on AUC0–24/MIC and trough levels.175 Trough levels should be monitored for nephrotoxicity.
eRecommended dose according to Infectious Diseases Society of America (IDSA) guidelines.8 However, dosages up to 10 mg/kg q24h are reported.121

fTeicoplanin: Loading dose (day 1-3 of treatment) 800 mg q24h is recommended. Not available in the United States.
gDouble strength = trimethoprim 160 mg plus sulfamethoxazole 800 mg.
hLack of data on bone penetration. Alternatively doxycycline 100 mg q12h PO is possible.32

iHigher doses PO (e.g., up to 2400 mg/day) are possible but frequently not tolerated due to side effects.
jWe recommend determination of minimal inhibitory concentration for penicillin.
kCombination therapy with an aminoglycoside is optional because its superiority to monotherapy in PJI is unproven.176 When using combination therapy, monitor signs of 

ototoxicity and nephrotoxicity of aminoglycosides; the latter is potentiated with other nephrotoxic agents (e.g., vancomycin).
lIn patients with hypersensitivity to penicillin, see treatment options for penicillin-resistant enterococci.
mIn patients with hypersensitivity to β-lactam, ciprofloxacin can be administered.
nCetriaxone and ceftazidime should not be administered for Enterobacter spp., even when tested susceptible in the laboratory. We recommend determination of MIC for 

cefepime. In infections due to Enterobacter spp., ertapenem 1 g q24h can be administered alternatively. However, ertapenem is not effective against Pseudomonas spp. and 
other nonfermenters.

oAddition of aminoglycoside is optional.8

pDosage recommended according to IDSA guidelines.8 In Europe, 2 g q8h is suggested in case of P. aeruginosa infection.32

qNot available in the United States as IV drug.
AUC0–24, area under the time-concentration curve from time 0 to 24 hr; DS, double-strength; MIC, minimal inhibitory concentration.
Modified from Zimmerli W, Trampuz A, Ochsner PE. Prosthetic-joint infections. N Engl J Med. 2004;351(16):1645-1654; Sendi P, Zimmerli W. Antimicrobial treatment 

concepts for orthopaedic device-related infection. Clin Microbiol Infect. 2012;18:1176-1184; and Osmon D, Berbari E, Berendt A, et al. Diagnosis and Management of 
Prosthetic Joint Infection: Clinical Practice Guidelines by the Infectious Diseases Society of America. Clin Infect Dis. 2013;56:e1–e25.

TABLE 107-2  Treatment of Implant-Associated Infections—cont’d
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management of PJI and internal fixation–associated infections, there 
are also important differences. First, eradication of infection is not 
always a priority because the device could be removed after fracture 
healing or after replacement of internal with external fixation hard-
ware. Removal of hardware implanted for spinal fusion or correction 
of scoliosis is often less optional. Also, infection around the internal 
fixation device typically prevents bone healing, particularly if the fixa-
tion becomes unstable. Thus, the primary question is whether the 
device should be removed for treating the infection or kept in for treat-
ing the fracture. Second, exogenous infection following surgical treat-
ment for open fractures plays a more important role than in PJI. Third, 
there is a large variety of anatomic locations where orthopedic devices 
are fixed, and a large variety of hardware is implanted (e.g., plates, 
screws, nails, rods), illustrating heterogeneous clinical constellations. 
The proposed treatment concepts are mainly based on observations 
and expert opinions. Nevertheless, in many aspects, management con-
cepts for PJI are also valid for internal fixation–associated infections.

Definition
There are no commonly accepted criteria for the definition of internal 
fixation–associated infections. By analogy with PJI, an infection can be 
diagnosed if at least two of the following criteria are present:
• Significant growth of microorganisms in sonicate or conventional 

culture of the device
• Growth of microorganisms in proximity to the device
• Combination of clinical, laboratory, imaging, histopathology, micro-

biology, and signs of infection
Additional signs of infection are bone loss around metal screws or 

an intramedullary rod, fluid accumulation around the device, or a 
draining sinus.

Incidence of Infection
After internal fixation of closed fractures, the risk of infection is 
between 0.4% and 3.6%.126 In patients with open fracture, the incidence 
of infection gradually increases with the extent of soft tissue damage. 
Open fractures are generally classified according to Gustilo and col-
leagues127 (Table 107-3). Based on this classification, it can be stated 
that the more severe the open fracture, the higher the incidence of 
infection. This was confirmed by a systematic review of the literature 
including 32 studies with 3060 open tibial fractures showing that a  
type I fracture has an infection rate of 1.8% and type III C, 16.1% (see 
Table 107-3).127

Pathogenesis and Classification
Similar to PJI, the two major routes of infection are exogenous and 
hematogenous. Hematogenous infections are less frequent than in 
patients with prosthetic joints. Nevertheless, in patients with S. aureus 

prostheses.3,8 This duration has been chosen in a controlled trial in 
patients with staphylococcal infection treated with implant retention.33 
In a recent observational study of patients with implant retention, a 
2-month therapy for total hip arthroplasty PJI and 3 months for total 
knee arthroplasty was as efficacious as the longer treatment in histori-
cal controls.93 These data need confirmation in a controlled study. The 
treatment course can be shortened to 6 weeks in patients treated with 
two-stage exchange with a long interval.

Initial intravenous therapy is followed by long-term oral antibiotics. 
Oral compounds that are used in bone and joint infection should have 
good bioavailability and reasonable bone penetration.32,33,105-111 Optimal 
therapy is best defined in staphylococcal implant infections. Rifampin 
has excellent activity on susceptible biofilm staphylococci. This has 
been proven in vitro, in animal models and in several clinical 
studies.22,31,33,108,111 There are no clinical studies proving a superiority of 
rifampin combinations in other gram-positive or gram-negative PJI.32 
Rifampin must always be combined with another drug for prevention 
of emergence of resistance. Fluoroquinolones are the first choice for 
the combination.3,8,33 However, because of increasing resistance, other 
combinations may be necessary. Rifampin should be reserved for 
patients with implant retention, one-stage exchange, or after early 
reimplantation in two-stage exchange. It has no advantage in patients 
with suppressive therapy and should, therefore, be discouraged with 
this treatment concept. Diligent use of rifampin lowers the risk for 
emergence of resistance.112

The prevalence of methicillin-resistant staphylococci is increasing, 
and their susceptibility to vancomycin decreasing.113 Therefore, novel 
antistaphylococcal drugs, such as linezolid and daptomycin, may be 
necessary for the treatment of PJI.114 Notably, neither is approved for 
bone and joint infections. Linezolid surpasses the minimal inhibitory 
concentration in 90% of isolates (MIC90) of enterococci and staphylo-
cocci and has a good penetration in human bone.115 Despite several 
observational studies in humans, linezolid efficacy in PJI cannot be 
unambiguously judged.116-119 According to an observational noncom-
parative study, in patients with implant retention, monotherapy had a 
lower cure rate than combination therapy with rifampin. Notably, the 
best cure rate with implant retention was observed in patients with 
acute infections and combination therapy.32,107 However, serious 
adverse events of long-term linezolid must be considered, including 
peripheral neuropathy, optic neuritis, and bone marrow suppression. 
Because bone and joint infections generally require prolonged treat-
ment, the use of linezolid remains controversial.

Daptomycin monotherapy has a low cure rate in animal models of 
implant-associated infections. However, in combination with rifampin 
it was highly efficacious in animal models of implant-associated infec-
tions.120,121 Moreover, in contrast to vancomycin, daptomycin combina-
tion therapy completely prevented the emergence of rifampin 
resistance.120 However, the efficacy of daptomycin for PJI cannot be 
conclusively judged because there are not enough clinical data. If dap-
tomycin is considered for selected cases, the available data point toward 
treatment regimens with doses from 6 mg/kg (IDSA guidelines)8 up to 
10 mg/kg once daily and combination with rifampin.122 During pro-
longed treatment, creatine phosphokinase surveillance is necessary to 
rapidly detect muscle toxicity. In addition, co-medication with statins 
should be avoided.

PJI due to gram-negative bacilli is diagnosed in 10% to 15% of the 
cases. The risk for these microorganisms is higher in previously treated 
patients.123 Whether patients with gram-negative PJI can also be suc-
cessfully treated with débridement and retention is still a matter of 
debate.34,123-125 In our view, patients qualifying for débridement and 
retention have a good outcome provided they are treated with a fluo-
roquinolone after initial intravenous therapy (see Table 107-2). The 
rationale for favoring fluoroquinolones is its activity against gram-
negative biofilms.24,25,34

INTERNAL FIXATION–ASSOCIATED 
INFECTION
Included in this category are metal hardware for internal fixation of 
bone fractures, spinal fusions, and corrections of scoliosis. Many of the 
same principles apply to tendon grafts for anterior cruciate repair or 
hand surgery. Although there are several similarities between the 

TABLE 107-3  Open Fractures Classification 
According to Gustilo et al.127 and Their 
Corresponding Postoperative Infection Rates

FRACTURE TYPE DESCRIPTION INFECTION RATE
Type I Wound is <1 cm long with a 

clean piercing puncture
1.8%

Type II Laceration is >1 cm long, no 
extensive soft-tissue 
damage, the puncture 
wound is moderately 
contaminated

3.3%

Type IIIA Extensive laceration with 
adequate coverage of the 
fractured bone

5.0%

Type IIIB Extensive loss of soft tissue 
with periosteal stripping 
and exposure of bone 
resulting in massive 
contamination

12.3%

Type IIIC Open fracture with an arterial 
injury regardless of the 
degree of soft tissue injury

16.1%
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• Anaerobic bacteria, 0.1%
• Fungi, 1.2%

Regional epidemiologic data about MRSA vary considerably among 
different countries.

In case of open fractures with exposed bone, a polymicrobial flora 
contaminates the wound. A prolonged course of empirical antibiotics 
(i.e., preemptive therapy) is often administered to reduce the infection 
rate (see later). On the other hand, this practice may lead to a selection 
of one or more resistant microorganisms because no compound is 
active against all pathogens. For this reason antimicrobial agents with 
broader activity should be avoided. However, in patients with open 
fracture, β-lactam-resistant gram-negative bacilli such as Enterobacter 
spp., nonfermenters, and anaerobes may play a more significant role 
than in those with closed fracture. Anaerobic bacteria, in particular, 
should be actively looked for in infection cases with dead spaces, 
extensive tissue necrosis, and tissue with poor vascularization.

Clinical Manifestations
The clinical presentation depends on the following variables:
• History of surgical procedure and preceding trauma
• Anatomic localization and surrounding soft tissue
• Time interval between inoculation (e.g., trauma, surgery) and infec-

tion manifestation
• Type of microorganism

However, symptoms are either acute or chronic.
Acute infections in the postoperative period manifest early after 

surgery (≤2 weeks). Poor wound healing and signs of a surgical site 
infection such as erythema and wound discharge are the main findings. 
Wound edge necrosis and hematoma are important risk factors for 
internal fixation–associated infections. Antibiotic treatment without 
adequate diagnostic and treatment procedures postpones but does not 
cure the infection. Consequently, clinical signs of poor wound healing 
after internal fixation placement should rapidly raise the suspicion of 
infection. Correct and early surgical revision enables retaining the 
device for fracture healing.

Acute infections after an uneventful postoperative period are 
almost always caused by virulent pathogens (e.g., S. aureus). There are 
two entities with slightly different clinical presentations. In case of 
microbial seeding from a distant focus, a recent or present history of 
fever and chills, as well as elevated systemic inflammatory parameters, 
are found. The patient suffers from local pain, but objective signs of a 
local infection are initially missing. They typically appear only several 
days or weeks after bacterial seeding. The intensity of these local find-
ings depends on the thickness of the soft tissue covering the implant 
(e.g., visibility at femur versus lower tibia). Therefore, it is crucial to 
have a high degree of suspicion to rapidly identify these cases.

The second type of acute infection after an uneventful postoperative 
period is post-traumatic osteomyelitis. In this entity, previous latent 
infection is reactivated. This may occur even many years or decades 
after the device has been removed and the bone has apparently 
healed.130,131 In the perspective of terminology, these infections are dif-
ficult to classify because infection pathogenesis is chronic, symptoms 
are acute, and reoccurrence is late. The dominating symptom is pain. 
Systemic inflammatory signs such as fever and chills are less frequent 
than in acute hematogenous cases. Also, the surrounding soft tissue is 
less prominently involved than in early infection. The key to diagnosis 
is, hence, the patient’s history and imaging before performing invasive 
procedures. It is, however, not completely clear how and why virulent 
bacteria reactivate from a dormant state, causing acute symptoms, and 
not yet known what triggers them.104,132

Chronic infections occur either delayed (3 to 10 weeks) or late (10 
weeks or more) after internal fixation (see Table 107-4). They are due 
to low-virulence microorganisms (e.g., coagulase-negative staphylo-
cocci) or occur after inadequate initial treatment of any microorgan-
ism, including S. aureus. Although initial wound healing can be 
observed in chronic infections, patients often present with persisting 
pain or local signs of inflammation, such as intermittent discharge 
(sinus tract) or fluctuating erythema in the area of the scar. Again, 
depending on the anatomic localization, clinical signs of the surround-
ing soft tissue may be completely absent. CRP and ESR typically remain 
elevated at low levels.

bacteremia, seeding of an internal fixation device can occur in up to 
7%.37 The exogenous route is dominant either via wound contamina-
tion due to a penetrating trauma (e.g., open fracture) or via inoculation 
of microorganisms into the surgical wound during or immediately 
after surgery (perioperative). In spinal fusions, breakdown of the skin 
over the hardware can also lead to exogenous infection. In addition, 
infection may occur via an adjacent ongoing infection, such as skin 
infection and soft tissue infection (contiguous). On the basis of these 
routes of infections, internal-fixation devices can be classified into:
• Hematogenous
• Exogenous (perioperative or penetrating event)
• Contiguous

Infections can also be classified according to the time interval 
between surgery and clinical manifestation.128 This classification is 
helpful for clinical practice because it considers three features of patho-
genesis: typical infection route, typical microorganisms, and findings 
on clinical examination (Table 107-4).128 Early and delayed infections 
are mainly acquired during trauma (e.g., open fracture) or implant 
surgery (deep surgical site infection). Early infection is generally 
caused by high-virulence organisms, and delayed infection by low-
virulence microorganisms. Alternatively, delayed manifestation may 
be due to postponed early infection. This mainly occurs if a suspected 
superficial surgical site is treated with empirical antimicrobial therapy 
without appropriate diagnostic workup. Late infections should be sub-
classified into acute and chronic. Acute late infection without bridging 
symptoms after surgery is caused by hematogenous seeding.37,50 
Chronic infection often includes a history of symptoms beginning 
shortly after surgery, such as pain, wound healing disturbances, or 
nonunion. When late infection occurs as a result of a missed delayed 
infection or recurs after an inadequately treated early infection, the 
association among infection route, microorganisms, and time point of 
clinical presentation cannot be applied.

Microbiology
As in PJI, staphylococci are the most commonly isolated microorgan-
isms in patients with internal fixation device–associated infections. In 
a study reporting microbiologic data from 777 patients with orthope-
dic device–associated or periprosthetic infection, the following micro-
organisms were detected129:
• S. aureus, 43.5%
• Coagulase-negative staphylococci, 32.9%
• Streptococcus spp., 9.0%
• Gram-negative aerobic bacilli, 7.6%
• Enterococci, 3.7%

TABLE 107-4  Classification and Characteristics 
of Internal Fixation Device–Associated 
Osteomyelitis127

TIME OF ONSET 
OF SYMPTOMS CHARACTERISTICS
Early infection (within 
≤2 wk after 
implantation)

Clinical picture: Signs of wound infection such as 
persistent fever, pain, erythema, swelling, wound 
healing disturbances

Typical microorganisms: Staphylococcus aureus, 
group A streptococci, gram-negative bacilli

Delayed infection 
(3-10 wk after 
implantation)

Clinical picture: persisting pain, low-grade fever, 
mechanical instability, sinus tract

Typical microorganisms: low-virulence microorganisms 
such as coagulase-negative staphylococci or mixed 
skin flora in case of a sinus tract

Late infection (>10 wk 
after implantation)

Clinical picture: (1) acute hematogenous infection: 
sepsis syndrome, local pain and signs of 
inflammation, (2) chronic (delayed infection or 
recurrence of incorrectly treated early infection): 
signs of infection after interval with bridging 
symptoms such as pain, wound-healing 
disturbances, nonunion

Typical microorganisms: (1) S. aureus, Escherichia 
coli, (2) any microorganism including polymicrobial 
infection
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biofilm is not the primary goal. Whether or not the device must be 
removed after bone consolidation also depends on the time point of 
infection manifestation. In case of early infection or acute hematoge-
nous infection after an uneventful postoperative period, rapid diagno-
sis and immediate surgical and antimicrobial treatment improve the 
outcome. The cure rate of early staphylococcal implant-associated 
infections treated with a fluoroquinolone/rifampin combination was 
shown to be high.33 Hence, in these cases the implant does not have to 
be removed after consolidation. In contrast, in patients with delayed 
infection, the biofilm may persist on the implant. Therefore, all foreign 
material should be removed after bone healing, although this concept 
cannot be applied to all anatomic sites (e.g., spine). However, if the 
implant is removed, antimicrobial therapy can be stopped shortly 
thereafter (i.e., within 1 week).

There are risk factors for failure when using device retention and 
antimicrobial treatment. These include open fractures and the use of 
an intramedullary nail.135

Systemic Antimicrobial Therapy
Principles of intravenous and oral antimicrobial treatment are not dif-
ferent in PJI and internal fixation device–related organisms (see Table 
107-2). However, there are no recommendations nor are there com-
parative studies defining the length of treatment. In case of hardware 
maintenance, long-term antibiotic treatment is necessary. In case of 
early infection or acute hematogenous infection after an uneventful 
postoperative period, we propose 3 months of antimicrobial therapy.33 
In case of delayed or late infection with chronic symptoms, treatment 
duration depends on the surgical intervention and may be prolonged 
as long as the device is retained. Hence, it is important to regularly 
evaluate the bone consolidation and remove the device after the frac-
ture is healed. Thereby, the treatment duration can be kept at the 
shortest possible time.

Local Antimicrobial Therapy
In case of open fractures, in particular, with high bacterial contamina-
tion, the implantation of antibiotic-loaded beads or spacers to fill dead 
space is common practice.139 This procedure is often considered as 
preemptive therapy (see “Perioperative Antimicrobial Prophylaxis” 
later). However, local antimicrobial therapy is used in certain constel-
lations of internal fixation–associated infections as well. Although an 
aminoglycoside (e.g., gentamicin, tobramycin) is the standard antibi-
otic in spacers, virtually any antimicrobial agent can be added to 
spacers and beads.101 The rationale behind this procedure is to reduce 
the local bacterial load. Also, bead chains can be placed in difficult-to-
reach bone areas.128 Because beads can be connected by a wire, slow 
withdrawal through the skin in a controlled interval is possible. In case 
of open fracture, several studies reported a reduction of infection rates 
when adjuvant antibiotic-loaded beads were used.140-142 However, it 
should also be considered that there will be a selection of bacteria 
emerging resistance toward the antibiotics incorporated in beads and 
spacers.143 Considering that these materials are foreign bodies, adher-
ence of bacteria can occur.144 Although antibiotics are released locally, 
uncommonly they may have systemic unwanted effects (e.g., nephro-
toxicity of gentamicin).145 Taken together, it is judicious to rapidly 
reduce the local bacterial load in a contaminated open fracture.  
Nevertheless, antibiotic-loaded beads are foreign bodies and should be 
removed within a short period of time.128 Of note, it should be consid-
ered that a muscle flap likely contributes its part to local antimicrobial 
defense via excellent vascularization and penetration into the tissue. 
Closure of the wound is essential to hinder the penetration of skin 
flora into the wound.

Surgical Interventions
As a rule, stability of bone fragments is required for union.128 There is 
no difference regarding the type of initial surgical treatment of patients 
with early and delayed infection. However, early recognition and rapid 
débridement improve the outcome. Débridement includes diagnostic 
biopsies for microbiology and histology and meticulous removal of all 
necrotic tissue including dead bone, abscess membranes, and granula-
tion tissue. In many cases, several débridement interventions are nec-
essary, especially in case of extensive tissue necrosis or repetitive 

Diagnostic Procedures
The benefit and their sensitivity and specificity of means to diagnose 
internal fixation devices mainly depend on the time interval between 
surgery and infection. Early infections should be clinically evaluated 
by a multidisciplinary team of experts. In this time period, CRP, ESR, 
and blood leukocyte counts are not helpful to predict infection. 
However, when performing serial CRP measurements, infection 
should be suspected in case of persistent high values or significant 
increase after a postoperative decline. In addition, imaging plays a 
minor role in patients with early infections. Yet both laboratory tests 
and imaging may be helpful in the delayed and late period. Irrespective 
of the type of infection, microbiologic sampling without previous anti-
microbial treatment should be strived for.

Microbiology and Histopathology
When infection is suspected, surgical exploration and sampling are 
required. As in PJI, three to six biopsies should be obtained in order 
to optimize sensitivity and specificity. The main difficulty, especially in 
patients with poor wound healing and poor surrounding soft tissue, is 
the differentiation between colonizing wound flora and causative 
pathogens of the device-associated infection. This should be taken in 
account because the proportion of exogenous infection is higher than 
in PJI. Therefore, it is crucial to explore areas with the most florid tissue 
inflammation and to obtain biopsies in close proximity of the device. 
The samples should be labeled with the anatomic localization. In case 
of infections with chronic low-grade symptoms presenting at a delayed 
or late time point, histopathology examination should be added in 
parallel. This investigation is helpful in differentiating contamination 
of the biopsies from true culture-positive results, in particular when 
low-virulence bacteria of the skin flora are involved. If anaerobes are 
potentially involved, special media and a rapid transport from the 
operating room to the microbiology laboratory should be organized in 
order to increase the culture sensitivity.133 Anaerobes should be sus-
pected in the presence of dead spaces, hematoma, and areas of tissue 
or bone necrosis. In case of removal of the hardware or parts of them, 
cultures in enrichment broth can be performed, though there is a high 
risk of contamination. Sonication of removed devices may increase the 
sensitivity of the culture. However, comparative data in patients with 
internal fixation devices are missing.

Imaging
Conventional radiographs after implantation, in particular when per-
formed in serial follow-ups, are helpful to estimate bone healing, for-
mation of a nonunion, implant loosening, bone loss around screws, 
and migration of devices. However, there are no signs that are specific 
for infection. Therefore, additional parameters for infection are neces-
sary for infection diagnosis. This is also true when early device loosen-
ing is detected. Ultrasound reveals fluid collection in the proximity of 
a device and hence helps guiding puncture for microbiologic sampling. 
However, fluid collection is mainly seen in acute internal device–
associated infection. Therefore, for rapid and correct diagnosis, open 
surgery is more appropriate than fluid sampling. Thus, ultrasound 
plays a minor role in these types of infections. CT is helpful to estimate 
the extent of inflamed tissue and allows the detection of bone necrosis. 
Similar to conventional radiographs, serial CT can help to estimate the 
success of treatment by evaluation of bone healing. Nuclear imaging 
and PET, as well as PET-CT, are not routinely used for the detection 
of internal fixation device infections.

Treatment Concepts
General Aspects
The objectives of the therapeutic management of infection associated 
with internal fixation devices are fracture consolidation and prevention 
of chronic osteomyelitis. Stable hardware can be maintained, as long 
as the patient does not suffer from uncontrolled sepsis. The cure rate 
in such patients is between 68% and 100%.33,134,135 Clinical experience 
and data from animal studies suggest that stable fractures are less 
susceptible to infection than unstable bone components.136-138 There-
fore, it is important to stabilize the fracture, even in the presence of an 
infection. Also, because foreign devices can be removed after fracture 
healing without functional deficiency, complete eradication of the 
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the question on optimal timing for antibiotic prophylaxis, a large ran-
domized controlled trial is ongoing.156 However, the infection rate 
increases in parallel to the optimal infusion time point as the time 
interval before or after incision increases. From a rational and phar-
macologic point of view, the following conditions are required for an 
efficient prophylaxis regimen. The antimicrobial agent must be effec-
tive against the majority of bacteria potentially introduced from the 
skin surface. During and at the end of the surgery sufficient levels of 
the compound should be present.157 Consequently, it is useful to repeat 
administration of prophylactic antibiotics if the duration of operation 
exceeds the time of which antibiotic levels are above the MIC of the 
involved bacteria.158 Finally, good tissue penetration of the systemically 
administered antimicrobial agent should be achieved at the time of or 
close to the time of incision.159

Most studies investigating the prophylactic effect of antibiotic-
impregnated bone cement in elective orthopedic surgery fail to dem-
onstrate significant differences because of the small numbers of 
patients.151 However, a study including 43,149 primary and revision 
knee arthroplasties (Finnish Arthroplasty Register) was able to show 
that the lack of antibiotic-impregnated cement increases the risk for 
reoperation because of infection. Cases receiving only intravenous  
prophylaxis were compared with those receiving combined antibiotic 
prophylaxis (hazard ratio, 1.42; 95% CI, 1.08 to 1.88 for primary arthro-
plasty, and 2.12; 95% CI 1.14 to 3.92 for revision arthroplasty).46

Intravenous antimicrobial prophylaxis should be stopped after the 
end of surgery. Continuation does not further reduce infection rates 
but may increase the incidence of resistant pathogens in subsequent 
nosocomial infections.160-162

Compounds for antimicrobial prophylaxis are usually selected 
according to local epidemiology, national guidelines, and in-house 
practices. Most centers use first- or second-generation cephalospo-
rins.152 It is important to note that dual antibiotic prophylaxis (i.e., 
cefazolin plus vancomycin) failed to prove superiority in reducing the 
overall rate of surgical site infections in comparison with cefazolin 
monotherapy.163 Nevertheless, if the local epidemiology points toward 
high MRSA or multiresistant gram-negative colonization rates, or 
both, the compounds used for antimicrobial prophylaxis should be 
adapted accordingly, based on the recommendations of local hospital 
infection control specialists.

In case of suspected or definite orthopedic implant–associated 
infections, there are additional aspects regarding the timing of antimi-
crobial prophylaxis. Obtaining biopsies after antimicrobial agents have 
reached significant tissue levels decreases the sensitivity of microbio-
logic culture. Hence, preferentially samples should be obtained just 
before administering antimicrobial prophylaxis. However, when 
surgery is performed during ischemia (e.g., total knee arthroplasty), 
antibiotic prophylaxis is administered before the tourniquet is inflated, 
potentially influencing microbiologic results. Yet a clinical trial analyz-
ing whether antibiotic prophylaxis during elective knee arthroplasty 
should be administered before tourniquet inflation or can be delayed 
just before tourniquet deflation found similar low deep-tissue infection 
rates in both groups.164 Thus, prophylactic antibiotics can be delayed 
until tourniquet deflation, thereby avoiding antibiotic carryover during 
sampling for microbiology.

Open Fractures
Open fractures are at increased risk for infection (see Table 107-3). 
Therefore, emergency surgery with antibiotic prophylaxis (e.g., first-
generation cephalosporins for up to 24 hours) is necessary. For type I 
and II fractures, the same compounds used for closed fractures are 
indicated. In case of massive exogenous contamination (type III open 
fractures), certain experts recommend antibiotics that are more active 
against anaerobes or gram-negatives (e.g., ampicillin/sulbactam or 
piperacillin/tazobactam or the addition of an aminoglycoside).165 
However, these recommendations are based on expert opinion and 
observational studies, and most cited data in the literature are at least 
30 years old.166 Also, despite a proposed and conceivable rationale (see 
earlier), it is difficult to prove the superiority of local antibiotic therapy 
(e.g., antibiotic-loaded beads).167

In type IIIB and IIIC fractures, preemptive antimicrobial therapy is 
recommended. Similar to the lack of data regarding the optimal 

hematoma formation. However, the first intervention is generally the 
most important.

Delayed wound healing may result in exogenous superinfection, 
which is often polymicrobial, because the source is the flora from the 
surrounding skin and soft tissue. The duration of both hospitalization 
and antimicrobial treatment is commonly long in patients having 
superinfections. Consequently, the causative pathogens include 
antibiotic-resistant hospital flora. Importantly, the development of 
superinfection is not hindered, but rather enhanced, when the wound 
is covered with a vacuum-assisted closure device. Therefore, in patients 
with significant skin and soft tissue defects or delayed wound healing, 
or both, meticulous débridement should be combined with plastic 
reconstructive surgery in order to get a covered implant.

In patients with unstable devices, there is neither bone consolida-
tion nor healing of infection. Therefore, such implants should be 
removed and replaced by either a new internal fixation device (plate or 
intramedullary nail) or external fixation. External fixation is preferred 
in case of difficult-to-treat microorganisms such as Enterococcus spp., 
fungi, or any multiresistant microorganisms for which no oral drug 
with excellent bioavailability is available.

In patients with chronic implant-associated osteomyelitis, meticu-
lous débridement should include the removal of all hardware, necrotic 
tissue, dead bone, and sinus tracts. Without concomitant soft tissue 
coverage by plastic reconstructive surgery, the orthopedic intervention 
has no fair chance of healing. On the other hand, covering soft tissue 
damage with a muscle flap without débridement of dead bone and 
fixation of the bone fragments is not successful either.

Plate-Associated Osteomyelitis
Internal fixation with a plate may lead to devascularized areas at the 
interphase between plate and bone.128 In case of a subcutaneous posi-
tion of the plate (e.g., tibial fracture), rapid clinical diagnosis is 
required, and therefore débridement with implant retention and long-
term antibiotic treatment can be performed. However, if the plate is in 
a submuscular or subfascial position (e.g., femur fracture), diagnosis 
is often delayed, leading to instability of the infected nonunion. In this 
situation, the implant has to be exchanged or, alternatively, replaced by 
external fixation.

Intramedullary Nail–Associated Osteomyelitis
According to experimental data, medullary nailing leads to necrosis in 
the central part of the cortex.146 If diagnosis is delayed, infected non-
union requires the exchange of the implant. In general, antimicrobial-
impregnated beads (see earlier) are inserted into the canal for about 7 
to 10 days, combined with external fixation.128

Pin-Tract Infection
Local inflammation surrounding fixation pins is frequent, mainly due 
to heat necrosis by drilling at excessive speed and power. Such frag-
ments (ring sequesters) are prone to infection, leading to loosening of 
the pins. Parameswaran and colleagues147 reported an incidence of 
pin-tract infection of 11%, which was lowest for ring fixators (4%) and 
highest for hybrid fixators (20%). According to a Cochrane Review, no 
specific pin-site care was better than any other for reducing the risk of 
infection.148 Surgical treatment of such infections requires removing 
the involved pins and short course of antibiotics. If bone fragments are 
not yet stable, new pins should be inserted at a distant site. Alterna-
tively, internal fixation with a medullary nail can be performed.

PREVENTION IN ORTHOPEDIC 
SURGERY
Perioperative Antimicrobial 
Prophylaxis
Arthroplasty and Closed Fractures
Although the causes of surgical site infection are multifactorial, timely 
correct antimicrobial prophylaxis reduces postoperative infec-
tions.46,126,149-152 The Surgical Infection Prevention Guideline Writers 
Workgroup suggests infusion of the first antimicrobial dose within 60 
minutes before surgical incision.153 However, in several studies, even 
lower infection rates have been observed when antibiotic prophylaxis 
was administered within 30 minutes before incision.151,154,155 To answer 
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implanted.36,37,38,50 Accordingly, means to prevent hematogenous infec-
tion are limited. Patients should be informed about the risk and 
reminded to rapidly contact a physician when signs of infection occur, 
irrespective of localization. It is important to treat obvious infections 
(e.g., pneumonia, skin and soft tissue infections, urinary tract infec-
tions) rapidly in order to prevent bacteremia, and hence, seeding to 
the orthopedic device.

A further approach is the application of hygiene measures to poten-
tial sources of bacteremia. These include S. aureus decolonization and 
dental hygiene procedures. In a double-blind, placebo-controlled, ran-
domized study including patients undergoing elective orthopedic 
surgery, eradication of S. aureus nasal carriage with mupirocin was not 
effective in reducing surgical site infections. However, the rate of hema-
togenous S. aureus infections was five times lower in the mupirocin 
group.171 Similarly, orodental hygiene and regular dental treatment can 
be recommended because these might result in risk reduction of hema-
togenous PJI.172,173 In contrast, antibiotic prophylaxis to reduce the risk 
of hematogenous seeding and joint contamination during dental 
surgery is unnecessary.173,174 This is true for both low- and high-risk 
dental procedures.172

compound, the optimal duration is unknown. In previous publications, 
10 days are reported.168,169 Dellinger and colleagues170 compared in a 
double-blind prospective trial 1 day versus 5 days of preemptive cepha-
losporin treatment in patients with open-extremity fractures. The rates 
of postoperative fracture-site infections were similar. We recommend 
a 3- to maximum 5-day preemptive therapy course with ampicillin/
sulbactam or amoxicillin/clavulanic acid in patients with grade III 
open fractures.152 Irrespective of the duration of preemptive therapy, 
repetitive débridement and open wound healing during the first few 
days are suggested.127 Yet closure of the wound should be strived for as 
soon as soft tissue conditions allow doing so. Also, rapid stabilization 
of the fracture is necessary. In type III fractures, initial external fixation 
should be preferred because of the high risk of infection in case of 
intramedullary nailing. Hence, adequate surgical procedures reduce 
the rate of post-traumatic infections, illustrating the importance of an 
interdisciplinary approach.

Prevention of Hematogenous Infection
Because implants are highly susceptible to bacterial adherence, the  
risk of hematogenous infection remains as long as the device is 
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108 
Genital Skin and Mucous  
Membrane Lesions
Michael H. Augenbraun

Genital lesions are of uncertain historical pedigree. Ancient Chinese 
medical writings dating back to as early as 2500 bc appear to have 
alluded to a “corroding ulcer” of the genitals, developing a few days 
after coitus.1 There are references throughout the Old Testament to 
genital pathology that may have been infectious in nature. Ancient 
Greek, Roman, and Arabic medical texts also suggest a familiarity with 
acute genital infections, but the descriptions are difficult to associate 
with any specific clinical syndrome recognized today.2,3

Although genital lesions originate from a wide range of infectious 
processes, they most commonly result from sexually transmitted dis-
eases or venereal infections (Table 108-1).4,5,6,7 Other pathologic pro-
cesses, including chemical and mechanical trauma, neoplasia, and 
immunologic phenomena, also can cause genital lesions (Table 108-2). 
The term venereal, as it relates to disease, dates to the 15th century. Its 
root comes from the Latin venereus or venus, meaning “from sexual 
love or desire.” In the United States, the most common causes of sexu-
ally transmitted genital lesions are herpes simplex virus type 2 (HSV-
2), Treponema pallidum (syphilis), and human papillomavirus (HPV).8

Infectious genital lesions are unique in a number of ways when 
compared with other infectious processes. Most are communicable and 
therefore are not only a clinical concern but also a public health 
concern. Infectious genital lesions can harbor more than one pathogen 
at a time, making proper diagnosis and management a challenge.9,10 
The morphologic appearance of the lesion can differ widely from one 
clinical presentation to another, even when the causative organism is 

the same. The unpredictable nature of lesion presentation can make a 
purely clinical diagnosis unreliable.11-13 Inflammatory epithelial defects 
characteristic of these pathologies appear to enhance the transmission 
of other diseases, most importantly human immunodeficiency virus 
(HIV). Genital lesions may contribute substantially to the worldwide 
spread of this infection.14-20

This chapter focuses on the broad issues relevant to the assessment 
and management of genital lesions. For in-depth discussions of indi-
vidual pathogens, readers are directed to the chapters that address 
those topics.

HISTORY OF PRESENTATION
Individuals who present with a new genital lesion and who report 
recent sexual activity, particularly activity with a new partner or 
someone with a suspected genital infection, are likely to have a sexually 
transmitted infection. On the other hand, certain clinical circum-
stances suggest nonsexually transmitted pathology, such as trauma, 
chemical irritation, or allergic hypersensitivity. A lesion that occurs 
proximate to sexual exposure (i.e., within hours to 1 or 2 days) may be 
too early to account for the incubation period of most infectious 
pathologies. In the case of a lesion with rapid onset, the nature of the 
sexual activity, a topic often left unexplored by the clinician and patient, 
may suggest trauma.21,22 Traumatic genital lesions may result from 
sexual assault, questions about which are also often avoided.23 Recur-
rent lesions in someone who uses or whose partner uses latex condoms 

Definition
•	 Infectious	genital	skin	and	mucous	membrane	

lesions	cover	a	wide	spectrum	of	pathologic	
etiologies	and	clinical	manifestations,	mostly	
presenting	as	inflammatory	reactions	or	
defects	in	the	epithelium	of	the	genital	tract	in	
men	and	women.

Epidemiology
•	 Infectious	genital	skin	and	mucous	membrane	

lesions	are	seen	globally	without	seasonality.
•	 These	lesions	occur	primarily	among	

individuals	who	are	sexually	active.
•	 Incubation	periods	may	vary	according	to	

etiology,	that	is,	human	papillomavirus	
potentially	weeks,	months,	or	years	after	
exposure;	primary	syphilis	weeks	to	months;	
herpes	simplex	outbreaks	years.

•	 Disease	may	be	modified	in	populations	that	
are	immunocompromised.

•	 Some	conditions	are	currently	being	seen	more	
frequently	in	men	who	have	sex	with	men	

(early-stage	syphilis,	lymphogranuloma	
venereum	[LGV]).

Microbiology
•	 Bacteria:	Treponema	pallidum	(spirochete),	

Haemophilus	ducreyi	(gram-negative	
diplococcus),	Chlamydia	trachomatis	L	
serovars	(obligate	intracellular	pathogen),	
Klebsiella	granulomatis/donovanosis	
(gram-negative	rod)

•	 Viruses:	Herpes	simplex	virus,	molluscum	
contagiosum	virus,	human	papillomavirus

•	 Fungi:	Candida	albicans

Diagnosis
•	 Clinical	assessment	alone	may	be	misleading.
•	 Laboratory	examination	using	microscopy	and	

serologic	testing	is	often	helpful.
•	 Gram	staining	and	light	microscopy	help	to	

identify	H.	ducreyi	and	Candida.
•	 Darkfield	microscopy	is	used	to	identify	

Treponema	pallidum.

•	 Serology	helps	to	diagnose	T.	pallidum	and	
herpes	simplex	virus.

•	 Cell	culture	is	used	to	diagnose	herpes	simplex	
virus.

•	 Nucleic	acid	amplification	tests	are	used	to	
identify	C.	trachomatis.

Therapy
•	 Therapy	is	best	chosen	based	on	the	likely	or	

specific	etiologic	agent.
•	 Syphilis	is	treated	with	penicillin	and	

tetracyclines.
•	 Herpes	simplex	virus	infection	is	treated	with	

acyclovir,	valacyclovir,	and	famciclovir.
•	 C.	trachomatis	causing	LGV	should	be	treated	

with	tetracyclines.

Prevention
•	 Safe	sex
•	 Partner	contact	tracing
•	 Preemptive	treatment	based	on	contact	

and	risk

SHORT VIEW SUMMARY

http://www.myuptodate.com


C
h

ap
ter 108 G

enital	Skin	and	M
ucous	M

em
brane	Lesions	

1341.e1

KEYWORDS
chancroid; condylomata acuminatum; donovanosis; erythema; 
herpes; human papillomavirus; lymphadenopathy/candida; 
lymphogranuloma venereum (LGV); molluscum contagiosum; 
syphilis; ulcer

http://www.myuptodate.com


P
a
rt

 I
I 

M
aj

o
r 

C
lin

ic
al

 S
yn

d
ro

m
es

1342

broad: Kaposi sarcoma, giant condyloma acuminatum, chronic non-
healing HSV, and chancroid.42,43,44-46 This reflects both the common 
occurrence of coinfection with other sexually transmitted diseases  
and a propensity for HIV immunosuppression to modulate other 
conditions.

CLINICAL MANIFESTATIONS
Location
In men, lesions associated with infectious or noninfectious processes 
may be found on or under the prepuce, around the coronal sulcus, on 
the shaft of the penis, the scrotum, the perianal tissue, the inner thighs, 
or the rectum. In the female patient, sites of involvement are equally 
varied. Genital lesions can appear on the mons pubis, labia, fourchette, 
cervix, inner thighs, perianal tissue, or anywhere in the vagina. As a 
result of orogenital sex, pathogens such as HSV and Treponema palli-
dum can also cause orolabial lesions. Lesions of chancroid can be 
disseminated distant from the genitalia and the original site of infec-
tion by a process of autoinoculation, although this is not common.47,48 
In secondary syphilis, spirochetemia causes lesions, sometimes widely 
dispersed from the genitalia, that morphologically range from the 
classic papulosquamous rash of the palms and soles to the moist, raised 
lesions of condylomata lata (genitals) or mucous patches (orolabial 
area). Neisseria gonorrhoeae, a pathogen not commonly associated with 
genital lesions, may disseminate and cause tender, necrotic pustules, 
primarily on the distal extremities as part of an arthritis-dermatitis 
syndrome.49 Lesions associated with scabies infestation are common in 
the genital region as well as intertriginous areas elsewhere, including 
but not limited to the axillary folds and the interdigital spaces. Genital 
edema can occur after any local inflammatory process.50

Pain, Dysesthesias, and  
Systemic Symptoms
The lesions of syphilis, lymphogranuloma venereum (LGV), scabies, 
molluscum contagiosum, and HPV are ordinarily painless. Herpetic 
lesions are usually painful, although they may not be noticed until the 
clinician examines the patient and palpates or abrades the lesion. If 
herpes lesions are adjacent to or within the urethra, the patient can 
experience dysuria. Pain or other dysesthesias, including pruritus, may 
precede the development of a clinically recognizable lesion, particu-
larly during episodes of disease recurrence.51-53 The so-called prodro-
mal symptoms are usually milder than those experienced during a 
primary outbreak. They may be so characteristic that patients can be 
reliably instructed to begin antiviral medication before lesions erupt. 
Chancroid ulcers are typically painful. Genital lesions from immuno-
logically mediated noninfectious causes, such as Behçet’s syndrome, 
genital extensions of Crohn’s disease, aphthous ulcers, and vulvitis/
vestibulitis, may also be exquisitely tender. Granuloma inguinale  
(donovanosis), a genital ulcer disease seen primarily in the tropics, is 
caused by the bacillus Klebsiella (Calymmatobacterium) granulomatis. 
Although the lesions of this disease are often large and destructive, 
pain is surprisingly absent. Most patients with exophytic genital warts 
are asymptomatic; a few may report pain or pruritus.

Pruritus is common only with ectoparasitic infestations such as 
scabies or lice. The pruritus associated with scabies is often described 
as intense and worse at night. Although pruritus may be experienced 
by individuals with herpes or syphilis, it is not characteristic of these 
conditions. Fever is occasionally seen with secondary syphilis and with 
primary herpes simplex infection, but usually is absent.53,54 Headaches, 
fatigue, myalgias, and malaise may also accompany these infections.

Lymphadenopathy
Inguinal lymphadenopathy is a nonspecific finding that is characteris-
tic of inflammatory pathology almost anywhere in the groin or either 
lower extremity. It may also be a manifestation of systemic disease, 
such as HIV infection, tuberculosis, or lymphoma. It often accompa-
nies genital infection. Although the inguinal and femoral lymph nodes 
drain the genital region in both men and women, the inner segment 
of the vagina and the cervix drain into deep pelvic and perirectal lymph 
nodes. Anorectal lymph drainage patterns are also complex and 
depend on whether infection occurs above or below the dentate line 
(the mucocutaneous junction in the rectum) In either case, if pelvic 

may be attributable to a latex allergy, although allergy typically results 
in more generalized edema and erythema of the genitals rather than a 
focal ulcer or papular lesion.24 The geographic prevalence of disease 
may be an important factor to consider when assessing a genital lesion 
in a traveler.

A history of recurrent genital lesions with or without dysesthesias 
preceding the development of lesions usually suggests an infection 
with HSV. HSV-2 and, less commonly, HSV-1 cause a chronic genital 
ulcer disease that is characterized by repeated symptomatic or often 
subclinical outbreaks separated by variable periods of quiescence 
during which the virus is localized to the dorsal root ganglia. A variety 
of factors are postulated to precipitate viral shedding, including immu-
nosuppression, other intercurrent illnesses, sun exposure, and menses.25

Host factors can be important historical determinants of genital 
lesion etiology. Patients with preexistent psoriasis or eczema or other 
noninfectious dermatitides may have a genital lesion related to the 
underlying dermatologic pathology. Recent history of medication use, 
such as tetracyclines or antineoplastics in someone presenting with a 
new genital lesion, can prompt consideration of a fixed-drug eruption. 
In these cases, lesions may be characterized by pigmentation or super-
ficial ulceration.26-30 Candidal balanitis in men has been associated with 
immunosuppression, contact with a partner who has vaginal candidia-
sis, and diabetes.29-33 Vulvovaginal candidiasis is an extremely common 
problem that may manifest as focal genital lesions.34 Although it may 
be more common in women with underlying immunosuppression 
(e.g., diabetes mellitus, HIV infection), vulvovaginal candidiasis occurs 
most frequently in women without such risk factors.35,36 Autoimmune 
diseases, such as acute reactive arthritis, Crohn’s disease, or Behçet’s 
syndrome, may be associated with genital lesions.37-41 The spectrum of 
typical and atypical genital lesions associated with HIV infection is 

TABLE 108-1  Infectious Causes of Genital Lesions

Sexually Transmitted Infections
Syphilis
  Primary (chancre)
  Secondary (condyloma latum)

Herpes simplex virus types 1 and 2

Chancroid (Haemophilus ducreyi)

Lymphogranuloma venereum

Granuloma inguinale (donovanosis)

Human papillomavirus

Sarcoptes scabiei

Molluscum contagiosum

Nonsexually Transmitted Infections
Folliculitis

Tuberculosis

Tularemia

Histoplasmosis

Candida (balanitis or vaginitis)

Amebiasis

TABLE 108-2  Nonvenereal Causes of Genital 
Lesions

Trauma
Malignancies (e.g., squamous cell carcinoma)
Behçet’s syndrome
Lipschütz’s vulvar ulcers
Peyronie’s disease
Fixed-drug eruption
Eczema
Psoriasis
Inflammatory bowel disease
Contact dermatitis
Lichen planus
Hidradenitis suppurativa
Postinflammatory hypopigmentation
Aphthous ulcers (associated with human immunodeficiency virus)
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necrotic with a purulent exudate. Compared with the lesions of syphi-
lis, induration of chancroid lesions tends to be less prominent, account-
ing for the designation of these ulcers as “soft chancres” (ulcus molle, 
chancre mou). Despite the obvious tissue damage, adjacent inflamma-
tion is absent. Single lesions are the norm, but multiple lesions may  
be seen.

The lesions of granuloma inguinale start as firm subcutaneous 
nodules or papules that eventually ulcerate. Typically, this ulcerative 
process becomes hypertrophic and bleeds easily (Fig. 108-7).59 Local 
tissue destruction may be extensive. Swelling of the vulva and phimosis 
are common. Variants include deeply necrotic ulcers and dry, so-called 
cicatricial lesions that consist primarily of fibrotic tissue. On occasion, 
lesions are confused with squamous cell carcinoma.60

LGV (also called Nicholas-Durand-Favre disease) is one of several 
sexually transmitted diseases caused by Chlamydia trachomatis and is 

lymph nodes are involved in inflammatory genital pathology, pelvic or 
rectal discomfort may be the most striking symptom.

Bilateral inguinal lymphadenopathy is typical in syphilis. Like the 
chancre of primary syphilis, it is usually painless. In secondary syphilis, 
as befitting a systemic process, lymphadenopathy distant from the 
genital area is common. Typically, the inguinal, axillary, cervical, and 
epitrochlear nodes are involved.54 Lymphadenopathy associated with a 
herpetic genital lesion is usually bilateral and, like the lesion, also is 
tender. In HSV infection and in syphilis, lymphadenopathy persists for 
some time after resolution of the lesion.

LGV and chancroid are characterized by expansive, tender lymph 
nodes called buboes. These may be unilateral or bilateral. A central 
area of fluctuance often develops; if left untreated, it eventually spon-
taneously ruptures. Although drainage may be spontaneous, tender-
ness can become sufficiently severe to warrant intervention and 
drainage. Lymphadenitis is unusual in granuloma inguinale.

Lesion Morphology
Although the appearance of a genital lesion is not entirely specific, it 
can implicate an etiologic agent. Herpes infections are characterized 
by vesicles that evolve into pustules and finally to shallow ulcers on  
an erythematous base (Fig. 108-1). Multiple lesions are common,  
and they may erupt in tightly grouped clusters. Sometimes the charac-
teristic evolution of the lesion is not appreciated, and the patient or 
clinician simply observes tender ulcers that assume a wide variety of 
shapes and sizes because of confluence of evolving vesicles and pustules 
(Fig. 108-2). In a primary outbreak, lesions can reach sizes greater than 
1 to 2 cm in diameter (Fig. 108-3). Immunocompromised individuals, 
such as transplantation patients, those taking immunosuppressive 
agents, and those infected with HIV can also experience extensive 
herpetic ulceration of the genitals in the setting of either a primary 
outbreak or a recurrence.45,55,56 At the other end of the spectrum, a 
substantial proportion of patients fail to recognize herpes outbreaks 
because of mild or absent symptoms.57 When instructed carefully 
about these types of outbreaks, most of these individuals can recognize 
disease.58

Syphilitic chancres are typically solitary, although they may rarely 
occur in pairs. They are round and 1 to 2 cm in diameter, with clean 
margins that are indurated on palpation (Fig. 108-4). The ulcer base 
usually lacks exudate but occasionally becomes superinfected with 
other bacteria.

The lesions of secondary syphilis are not chancre-like. They may 
start anywhere as fine macular lesions that evolve into pigmented 
papules, often with a fine, circumferential scale. In warm, moist areas 
such as the buttocks and genitals, unique lesions of secondary syphilis, 
known as condylomata lata, develop (Fig. 108-5). These are raised, 
moist nodules or plaques that are teeming with treponemes. They are 
highly infectious.

Chancroid lesions are similar in size to syphilitic chancres, but their 
edges are ragged and undermined (Fig. 108-6). The ulcer base is 

FIGURE 108-1  Herpes simplex virus infection. Genital infection with 
herpes simplex virus. 

FIGURE  108-2  Herpes simplex virus ulcer.  An  irregularly  shaped 
herpes simplex virus ulcer. 

FIGURE  108-3  Primary herpes simplex infection.  Severe  primary 
herpes simplex virus infection. 
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attributable specifically to serovars L1, L2, and L3. At its earliest stage, 
LGV may cause a small papule or herpes-like ulcer. This is usually 
asymptomatic and resolves before recognition.61 The patient with LGV 
then comes to medical attention with tender inguinal lymphadenopa-
thy as the primary process of concern.

Clinically visible lesions of HPV are typically caused by viral types 
with low oncogenic potential (i.e., types 6 and 11). Most HPV infec-
tions are asymptomatic. Lesions can run the gamut from flat or rela-
tively inconspicuous papules to verrucous, pedunculated, or large 
cauliflower-like masses referred to as condylomata acuminata (Fig. 
108-8). Whatever the configuration, these lesions are clinically charac-
teristic and unlikely to be confused with those of other etiologies. 
Certain HPV types (e.g., 16, 18, 31, and 33) have oncogenic potential 
both on moist mucosal surfaces such as ectocervix and, less commonly, 
on keratinized epithelium characteristic of the external genitalia. The 
dysplastic cytologic changes they induce are collectively referred to as 
squamous intraepithelial (SIL) neoplasia and may be benign or malig-
nant. Squamous cell carcinoma of the cervix, the vagina, the vulva, the 
penis, or the anus may arise from previous HPV infection. HPV-
associated carcinoma in situ on keratinized epithelium may manifest 
as multiple papular lesions, referred to as bowenoid papulosis or, when 
it occurs as a single plaque, as Bowen’s disease. Erythroplasia of 
Queyrat is a variant of this process that involves the glans of the penis.

A poxvirus known as molluscum contagiosum virus (MCV) causes 
benign, wartlike lesions (Fig. 108-9). The etiologic agent of this condi-
tion is a member of the poxvirus family. Spread can be sexual or 
through nonsexual contact in children. Lesions are small, 3 to 5 mm 
in diameter, multiple, and clustered in the genital or inguinal areas, the 
perineum, or the inner thighs in adults. They appear pearly with an 
area of central umbilication, which often can be appreciated only on 
very close inspection. Lesions of scabies infestation range from papules 

FIGURE 108-4  Primary syphilis. Chancre of primary syphilis. 

FIGURE  108-5  Secondary syphilis.  Condylomata  lata  of  secondary 
syphilis. 

FIGURE 108-6  Genital lesion. Genital lesion of chancroid with a drain-
ing inguinal lymph node. 

FIGURE 108-7  Granuloma inguinale. 

FIGURE 108-8  Human papillomavirus. Genital human papillomavirus 
lesions. 
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to nodules with a surrounding crust (Fig. 108-10). With scratching, 
these lesions are often modified by excoriations or lichenification.

The use of systemic or topical antimicrobial agents before clinical 
evaluation can have a dramatic effect on lesion morphology.

Duration
Without therapy, herpes ulcers resolve within 3 weeks in cases of 
primary infection, and a recurrence resolves in 5 to 12 days. Except for 
some postinflammatory hypopigmentation, there is little scarring. 
Lesions that heal within days after an outbreak in the absence of 
therapy are probably not herpetic in nature. On the other hand, lesions 
proven to be herpetic and persist for longer than 3 to 4 weeks raise the 
possibility of underlying immunosuppression. Syphilitic chancres and 
condylomata lata also resolve without therapy, usually between 3 and 
12 weeks and usually without much scarring. Without therapy, the 
lesions of chancroid and donovanosis are slowly destructive. Scarring 
is typical in both of these situations. Lesions caused by HPV or MCV 
may persist unchanged for a prolonged time, or they may be character-
ized by brief periods of clinical disease alternating with resolution.

EPIDEMIOLOGY
Understanding of the epidemiology of genital lesions has been ham-
pered by inconsistent access to diagnostic tools in many parts of the 
world. The probability of a given cause of a genital lesion varies some-
what depending on the region of the world in which the patient lives 
or acquires infection (Table 108-3). Worldwide, HSV-2 is the most 
common cause of genital ulcer disease.

Although previously a common cause of genital ulcer in the devel-
oping world, chancroid has become increasingly rare.65,66 In the devel-
oped world, H. ducreyi is usually seen only in the context of focal urban 
outbreaks.67,68

In the absence of reliable serologic tests for HPV infection, it has 
been difficult to accurately determine the prevalence of this organism 
in different regions of the world. This assessment is further hampered 
by the asymptomatic nature of most infections. Despite these handi-
caps, some studies suggest that HPV may be the most common sexu-
ally transmitted infection in the United States.69,70 Some of this infection 
results in the typical lesions of external genital warts known as condy-
loma acuminatum.71 The incidence of syphilis in the United States 
declined so precipitously through the 1990s that the U.S. Public Health 

FIGURE  108-9  Molluscum contagiosum.  Lesion  of  molluscum 
contagiosum. 

FIGURE 108-10  Sarcoptes scabiei. Infestation with S. scabiei. 

TABLE 108-3  Causes of Genital Ulcer Disease by Region (Percentage of Cases)

PATHOGEN DAR ES SALAAM4 SOUTH AFRICA62 LOS ANGELES5 ST. LOUIS5 THAILAND63 MADAGASCAR64

Herpes simplex virus type 2 63 36 76 53 82 10

Haemophilus ducreyi 13 32 0 0 0 33

Treponema pallidum 2 20 0 13 0 29

>1 pathogen 10 9 0 2 2 —

Negative 21 22 24 32 16 32

Service embarked on an ambitious program to eliminate the disease 
from the country.72 Despite these efforts, outbreaks of early-stage syph-
ilis, particularly among men who have sex with men (MSM) and who 
are also infected with HIV, have been reported.73 Even more dramatic 
increases in the incidence of syphilis have been seen in Europe.74-76

LGV occurs primarily in the tropics and subtropics.61,77 Sporadic 
cases and outbreaks of LGV occur in the developed world, and the 
disease should be considered in travelers returning from endemic 
areas.78-80 More recently, LGV outbreaks, characterized by ulcerative 
proctitis, have been noted among MSM in both Europe and North 
America.81-83 Donovanosis is endemic in Papua New Guinea but has 
also been seen in southern Africa, parts of India, the Caribbean, and 
South America. It is infrequently seen in the United States.59

Genital Lesions in Patients with 
Human Immunodeficiency Virus
Although the majority of HIV-infected individuals with genital lesions 
manifest disease in a fashion similar to their nonimmunocompromised 
counterparts, it is clear that some individuals, particularly those with 
significant immunosuppression, experience more extensive and pro-
longed disease. Large, persistent, or progressive condylomata acumi-
nata have been well described in this patient population.84,85 In patients 
with HIV infection, the lesions of molluscum contagiosum can also 
vary in size and may number in the hundreds.86-88 In this population, 
both primary and recurrent herpetic ulcers may progress to extend over 
large areas of the perineum.45,89 The pain associated with such lesions 
can be so debilitating that it warrants hospitalization. Herpes lesions in 
HIV-infected individuals may persist well beyond the 2- to 3-week 
period ordinarily encountered in classic primary or recurrent disease. 
This finding may serve as an early sign of immunosuppression.90-92 
There has also been concern that HIV-infected patients are more likely 
to harbor HSV isolates that are resistant to commonly used antiviral 
agents.93,94 The lesions of early-stage syphilis probably are not apprecia-
bly altered by HIV infection, although some data suggest that patients 
present more frequently than usual with multiple chancres. Clinical 
manifestations of secondary lesions may also develop before the resolu-
tion of the syphilitic chancre more commonly in HIV-infected 
individuals.95-97 Rarely, aggressive forms of secondary syphilis have 
been reported in patients with HIV/acquired immunodeficiency syn-
drome.98,99 Whether this truly reflects an altered presentation in this 
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is then pressed against a glass slide. The specimen should not be con-
taminated with too much blood. A cover slip is then applied. Rapid 
examination of the specimen is essential because desiccation reduces 
the viability of organisms. Agar-based methods for the cultivation of 
T. pallidum are not routinely available. Direct fluorescent antibody 
testing of smears or tissue is available and, unlike darkfield microscopy, 
can differentiate between pathogenic and nonpathogenic trepo-
nemes.111,112 Silver staining of biopsy material can identify spirochetes 
but is not commonly performed.

Serologic testing is the most commonly used method for the diag-
nosis of syphilitic genital lesions. The process requires two steps: a 
screening test that detects serum antibodies to nontreponemal anti-
gens (e.g., rapid plasma reagin [RPR] test, Venereal Disease Research 
Laboratory [VDRL] test, unheated serum reagin [USR] test), and then 
a confirmatory test that detects serum antibody to true treponemal 
antigens (e.g., fluorescent treponemal antibody absorption [FTA-ABS] 
test, T. pallidum particle agglutination assay [TP-PA]).113 Early after the 
appearance of the syphilitic chancre, only the treponemal-specific test 
may be reactive. Repeat testing with the nontreponemal test should be 
considered at some time after the ulcer has formed. In rare situations, 
the nontreponemal test may be falsely nonreactive in secondary syphi-
lis because of the blocking effect of excess antibody; this is known as 
the prozone phenomenon. In this situation, repeat testing should be 
performed on diluted serum specimens. Ordinarily, the nontrepone-
mal serologic test reaches its highest titer in secondary disease and 
declines with the onset of latency or with effective therapy. For the 
purpose of economy, enzyme immunoassay (EIA) methodologies 
using treponemal antigens have recently been introduced as screening 
tests. When reactive, these need to be confirmed by traditional non-
treponemal specific tests. The significance of a reactive EIA treponemal 
test unconfirmed by a nontreponemal test has not been clearly 
established.114

HSV-infected genital lesions can be identified by light microscopy 
using the Tzanck smear. In this procedure, epithelial cells are scraped 
from an ulcer base and stained with Wright-Giemsa stain. Multinucle-
ated giant cells and intranuclear inclusions are characteristic of HSV 
infections. However, both the sensitivity and the specificity of the 
Tzanck smear are poor.115,116 When available, conventional cell culture 
provides a relatively rapid and accurate diagnosis. Most specimens 
from a genuine lesion of HSV demonstrate the pathognomonic cyto-
pathic effect within 48 hours after collection. Fluorescein-conjugated 
type-specific monoclonal antibody can then be applied to these speci-
mens for confirmation. Serologic tests for herpes antibodies are  
currently available and can distinguish between antibodies to viral 
glycoprotein G, which allows for distinction between HSV-1 and HSV-
2.117 Given the prevalent, chronic, and recurring nature of herpes 
genital infections, these tests are not typically used to establish the role 
of herpes as a cause of an acute genital lesion. Further modifications 
now allow these tests to be performed rapidly in the office or clinic.118

Klebsiella granulomatis, the cause of granuloma inguinale, or don-
ovanosis, can be identified by staining scrapings of a lesion base with 
the Wright-Giemsa stain (Fig. 108-12). Surface cells alone may not 
harbor the organism, so biopsy is often necessary. Clusters of blue rods, 
with prominent polar granules and surrounded by pink capsules, are 
seen within infected epithelial cells and are known as Donovan bodies. 
Cultivation is difficult.

The diagnosis of LGV is usually based on clinical criteria. Diagnosis 
on the basis of a genital ulcer or lesion alone is rare. Later, after the 
onset of tender unilateral inguinal or femoral adenopathy, the diagno-
sis is most obvious. Isolation by cell culture or identification by poly-
merase chain reaction (PCR) of C. trachomatis from bubo drainage is 
diagnostic. When these tests are performed on ulcer exudate, they are 
considered diagnostic only if an LGV serovar is identified. Testing of 
serum for C. trachomatis antibody can be done with the use of comple-
ment fixation or microimmunofluorescence techniques. The latter is 
the more sensitive and specific serologic study, but it is not widely 
available outside research centers.

The lesions of HPV also are diagnosed primarily by their clinical 
appearance. Resort to biopsy of lesions on keratinized tissue is infre-
quent. There is no cell culture system for the cultivation of HPV. The 
presence of virus in nonkeratinized tissue, such as cervical epithelium, 

population remains unclear. Anecdotal reports of accelerated disease 
and failure of routine therapy have not been supported by prospective 
studies.95

Any break in the ordinarily protective barrier of the integument, 
such as that caused by genital inflammatory lesions, can potentially 
serve as a conduit through which HIV is more efficiently transmitted 
from one sexual partner to another. Lesion exudate has been demon-
strated to harbor virus.100-102 There is additional concern that genital 
HSV-2 may increase local HIV replication, further enhancing the risk 
of transmission.102 Syphilis, herpes, and chancroid infections have been 
associated with a greater likelihood of HIV infection in both retrospec-
tive and prospective studies.103-108

LABORATORY TESTING
Laboratory tests are critical to the diagnosis and proper management 
of genital lesions. As previously discussed, although specific pathogens 
can be linked to well-characterized clinical presentations, there is 
enough variation to ensure that clinicians relying on educated guess-
work will be wrong in a significant number of cases. The following 
discussion is not meant to be exhaustive; for more details, reference 
should be made to the individual pathogens discussed elsewhere in  
the text.

A number of direct microscopic examinations can be performed 
on lesion exudate or a biopsy sample and can help make a diagnosis. 
Gram staining usually is not helpful in the evaluation of genital  
lesions. Lesion exudate is typically laden with a variety of nonpatho-
genic organisms common to genitourinary and perirectal flora. Under 
ideal circumstances, Haemophilus ducreyi appears as a gram-negative, 
slender rod or coccobacillus that aligns in a pattern referred to as 
“school of fish” (Fig. 108-11). Most clinicians and microbiologists are 
not experienced enough to recognize this pattern in the welter of other 
organisms typical of a lesion Gram stain, and its sensitivity and speci-
ficity are poor. H. ducreyi can be cultivated on special nutrient media 
using Mueller-Hinton–based chocolate agar, supplemented with 1% 
IsoVitaleX (Becton Dickinson, Franklin Lakes, NJ) and 3 µg/mL van-
comycin to inhibit the growth of other organisms.109 The rarity of this 
organism and the expense and limited shelf life of the media make 
isolation of H. ducreyi difficult and uncommon.

Light microscopy of syphilis chancre exudate is not useful. The 
spirochetes that cause syphilis do not take up standard stains well and 
are extremely thin. Darkfield microscopy of lesion exudate from either 
a chancre or condylomata lata can identify spirochetes. Incident light 
is angled obliquely at the stage by polarizing lenses and then reflected 
upward through the objective by microbes in the clinical specimen. 
Spirochetes appear as tightly coiled, white organisms spirally rotating 
against the black background of the microscopic field.110 There are 
nonpathogenic treponemes, particularly in the oral cavity, which 
cannot be differentiated from T. pallidum by darkfield microscopy. In 
the appropriate clinical setting, a positive darkfield specimen is highly 
suggestive of syphilis. To perform a proper darkfield examination, 
ulcers must be cleaned with gauze and saline. Exudate from the lesion 

FIGURE 108-11  Haemophilus ducreyi. Gram stain of H. ducreyi. 
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response. There is no evidence that HIV-infected patients require addi-
tional or different therapies for early syphilis.95 Serologic tests in these 
patients should be performed at intervals of less than 6 months.

HSV infections can be treated with a variety of related nucleoside 
analogues available both orally and intravenously. The goal of therapy 
may be to hasten the resolution of lesions and reduce infectivity or to 
suppress outbreaks in individuals who suffer frequent bouts of disease. 
Antiviral agents inhibit DNA polymerase and require phosphorylation 
by viral thymidine kinase to do so. The most commonly used agent, 
acyclovir, was the first to be marketed. Subsequently, both valacyclovir, 
a prodrug of acyclovir, and famciclovir, a prodrug of another nucleo-
side analogue, penciclovir, were introduced for the treatment of herpes. 
These agents are more bioavailable than acyclovir in oral form and can 
be dosed less frequently. If necessary, severe herpes genital disease  
can be treated with intravenous acyclovir. Treatment strategies for 
HSV-2 are varied and regularly under study. Patients can use these 
agents to more quickly resolve acute outbreaks, to preempt the devel-
opment of lesions, or chronically suppress outbreaks.131 Regular use of 
valacyclovir by infected individuals has been shown to prevent trans-
mission to previously uninfected sexual partners.132 Thymidine kinase–
deficient strains of virus, although rare, have developed mutants that 
are resistant to this group of antivirals. This phenomenon has been 
observed primarily, although not exclusively, in immunocompromised 
hosts.93,133,134 Disease caused by resistant isolates can be treated with 
foscarnet, a DNA polymerase inhibitor unrelated to acyclovir and its 
congeners.135 Foscarnet is available only for intravenous or topical use. 
It potentially causes renal dysfunction and hypophosphatemia. Another 
agent that has activity against herpes is cidofovir, an acyclic nucleoside 
phosphonate.136 It is also available intravenously and can be formulated 
for topical use. An oral preparation is also under study.

Chancroid may be cured microbiologically with a number of anti-
microbial agents. Lesions are often slow to heal and scarring may 
occur. Although sulfonamides and aminopenicillins were originally 
used in the treatment of chancroid, microbial resistance has rendered 
them ineffective. Erythromycin and azithromycin are currently recom-
mended therapies. The latter can be used as a single 1-g dose orally.8 
The third-generation cephalosporin ceftriaxone, given as a single dose 
of 250 mg intramuscularly, also is effective, but there are concerns 
about diminished activity in HIV-coinfected individuals.46,137 Fluoro-
quinolones effectively treat chancroid but should be administered for 
at least 3 days and not as single-dose therapy.138,139 Tender, fluctuant 
buboes can be aspirated for symptomatic relief.

Although symptomatic HPV infection and molluscum contagio-
sum may both spontaneously resolve, there is a role for treatment. 
Therapies include a variety of ablative techniques, such as curettage, 
electrocautery, cryosurgery, and laser. Each of these therapies causes 
some element of tissue damage. None provides a certain cure, and 
recurrence is common. Topical agents include podophyllin (from the 
resin of the mayapple), trichloroacetic acid, and imiquimod (an 
immune modulator). Podophyllin should not be used on nonkera-
tinized epithelium. Podophyllin and imiquimod also are available for 
use as patient-applied preparations. Intralesional interferon injections 
have been studied but are associated with poor response and significant 
side effects.140

Tetracycline congeners and erythromycin have long been the stan-
dard therapy for LGV. The duration of therapy is ordinarily 14 to 21 
days. There are no data comparing any particular preparation or, for 
that matter, satisfactorily defining duration of therapy. Reports of suc-
cessful azithromycin use for LGV have been published, but clinical 
trials data are lacking.140a Donovanosis can be treated with a variety of 
antibiotics, including doxycycline, trimethoprim-sulfamethoxazole, 
fluoroquinolones, and erythromycin. The course of therapy for donova-
nosis should be 3 weeks or until lesions are healed. Relapse may occur.

OTHER MANAGEMENT ISSUES
Because genital ulcer disease, in particular, and sexually transmitted 
diseases, in general, seem so closely linked to HIV transmission, it is 
prudent to make HIV counseling and testing services available to all 
patients who present with venereal genital lesions. It is also necessary 
for patients with genital lesions to be counseled about the communi-
cable nature of their disease and the need in many of these instances 

can be assessed by cytologic methods (e.g., Papanicolaou smear) or 
biopsy. The cytologic change consistent with HPV is the koilocyte, with 
or without nuclear atypia. Cytology alone can be both insensitive and 
nonspecific. HPV DNA tests, such as hybrid capture or PCR, used in 
conjunction with cytologic examination are accurate. Application of 
3% to 5% acetic acid to suspicious mucosal lesions reveals the charac-
teristic “whitening” of HPV lesions on either female or male genitalia. 
Serologic tests for HPV are still under development. Their utility in 
aiding the diagnosis of a chronic, common problem such as HPV may 
be an issue.

Infestation with ectoparasites, such as Sarcoptes scabiei, is demon-
strated by identification of the organism, eggs, or feces under direct 
light microscopy. This may require the unroofing of the scabies burrow 
bluntly with a needle or scalpel.

Nucleic acid amplification tests (NAATs) are an increasingly 
common means of diagnosing infectious diseases, including Chla-
mydia trachomatis and Neisseria gonorrhoeae urethritis. Efforts have 
been made to apply these technologies to the diagnosis of some of the 
more common genital lesions. Nucleic acid detection can be performed 
with the use of hybridization techniques, amplification techniques  
(i.e., PCR, transcription-mediated amplification [TMA], ligase chain 
reaction [LCR]), or some combination of both. PCR tests have been 
developed for H. ducreyi,119,120 T. pallidum,121,122 and HSV.123,124 These 
technologies have also been combined in one “multiplex” platform 
(M-PCR) to aid in the clinical evaluation of genital lesions.123,125,126 The 
role of such tests in current clinical practice is undefined.

Routine evaluation of genital ulcer disease in the United States 
should at the very least include viral culture for HSV-2 and serologic 
tests for syphilis. If darkfield microscopy is readily available, it should 
be used to identify spirochetes. Unless there is an increase in the 
prevalence of chancroid, it is difficult to assume that most laboratories 
will have ready access to media for the cultivation of H. ducreyi.

THERAPY
The goals of therapy should include the elimination of the pathogen, 
resolution of lesions and symptoms, reduction in the risk of transmis-
sion, and, if applicable, a reduction in the frequency of recurrences.

After more than 50 years of use, penicillin remains the treatment 
of choice for the chancre of primary syphilis and the lesions associated 
with secondary disease. A single intramuscular injection of 2.4 million 
units of benzathine penicillin G should result in prompt conversion to 
darkfield-negative lesions and the onset of healing within 24 to 48 
hours. Alternatives to penicillin include a 1-week course of oral doxy-
cycline, 100 mg twice daily, or 8 to 10 days of intramuscular ceftriax-
one, 1 g daily.8 There are far fewer data and little clinical experience 
supporting the use of these alternative regimens.127-130 Regardless of the 
therapy selected, patients treated for early-stage syphilis require serially 
repeated serologic tests (nontreponemal) even after lesions heal to 
verify an adequate response. These can be done at 6-month intervals. 
Fourfold or two-step dilutional decreases indicate an appropriate 

FIGURE 108-12  Klebsiella granulomatis. Biopsy of granuloma ingui-
nale  lesion  revealing  “Donovan  bodies”  consistent  with  Klebsiella 
granulomatis. 
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with any of a variety of topical or oral azole antifungal agents is usually 
effective.

Fixed-drug eruptions, which represent systemic responses to medi-
cation, may involve the genitalia in either sex. A wide range of agents 
have been implicated, including antibiotics such as the tetracyclines 
and the sulfonamides, as well as nonsteroidal anti-inflammatory 
agents, barbiturates, and oral contraceptives.143-145 Lesions occur soon 
after ingestion of the offending agent, with the development of ery-
thematous or violaceous, sharply demarcated macules. They may 
recede with residual hyperpigmentation or evolve to form bullae and 
erosions. Topical medications applied to the genitals can also cause 
localized contact dermatitis. Other common dermatologic conditions 
can involve the genitals, including eczema and psoriasis; they are char-
acterized by the lesions typical of these conditions.146 In eczema, pru-
ritus leads to scratching, which then results in linear erosions. When 
chronic, this can cause lichenification or thickening of the skin. In 
psoriasis, there is epidermal hyperplasia. Lesions are red, well-
demarcated, and often scaling. Patients with psoriasis and who have 
been exposed to therapy with ultraviolet light may be at a higher risk 
for squamous cell carcinoma of the genitals.147

Aphthous ulcers of the vagina occur in Behçet’s syndrome and in 
HIV infection.148-150 The cause of these lesions is unclear, but they are 
presumably the result of some immune-mediated phenomenon. These 
lesions are typically small, approximately 1 to 2 mm, but may be quite 
large in some instances. They may be superficial or deep and often are 
marked by surrounding erythema. The diagnosis is made by observa-
tion, a history of recurrence, and the exclusion of other causes. They 
are treated with topical or systemic steroids, colchicine, dapsone, or 
thalidomide. Lichen planus, another process of presumed immuno-
logic origin, may also cause isolated genital lesions or genital lesions 
in association with oral lesions.151

Genital lesions may also arise from other processes, including 
trauma152-155 and folliculitis. Pearly penile papules are anatomic 
variants characterized by tightly clustered, small, uniform papules 
exclusively involving the coronal sulcus in a circumferential dis-
tribution. These often appear in young adulthood and lead anxious 
patients to seek clinical care, but they require no intervention. Tuber-
culosis can cause anogenital fistulas from adjacent, infected genital  
or gastrointestinal structures or, rarely, primary lesions of the 
genitals.156-158 Genital lesions rarely result from systemic infection with 
other pathogens, such as Histoplasma capsulatum and Entamoeba 
histolytica.159-162

for partner referral. Based on local public health requirements, it may 
be necessary to report certain infections to the health department. 
Sexual partners of patients with syphilis and chancroid require evalu-
ation and therapy for those conditions. In the cases of LGV and don-
ovanosis, the treatment of asymptomatic partners is of unclear benefit. 
The partners of individuals with HSV or HPV need counseling about 
exposure and the potential for disease. The utility of routine cervical 
Papanicolaou smears for women should be explained. Finally, methods 
to avoid future infections (e.g., safe sex) should be explored with the 
patient.

Male circumcision has been garnering attention as a potential way 
to reduce risk of HIV acquisition. Evidence that this strategy might 
also reduce risk of genital ulcer disease and other sexually transmitted 
diseases is not convincing.141,142 Condom use remains an important, 
although not a fool-proof, measure to prevent infection with common 
causes of diseases associated with genital lesions.

NONVENEREAL GENITAL LESIONS
Candida species and other yeasts sometimes cause nonvenereal genital 
lesions. In women, vaginal colonization with yeast is extremely 
common, although symptomatic disease occurs in only a fraction of 
colonized individuals. In a small number of patients, symptomatic 
disease may be recurrent. Recent use of antimicrobials is a common 
predisposing risk factor for candidal infections. Vulvovaginal infection 
is commonly characterized by a thick, whitish, pruritic vaginal dis-
charge, but occasionally it manifests solely as vulvar and perineal 
disease, with inflammatory vulvitis, erythema, pruritus, superficial 
excoriations, and ulcerations. Whether this is attributable to the yeast 
infection itself or to excoriations from scratching is unclear. Distin-
guishing candidal lesions on the external genitalia from those of other 
common superficial ulcerative processes, such as herpes lesions, may 
at times be difficult.

Genital infection with yeast also occurs in men, a condition known 
as candidal balanitis or balanoposthitis. A history of a sexual partner 
with vulvovaginal infection may be elicited, although sexual transmis-
sion is not typical. Balanitis usually involves only the glans, which can 
appear taught and glossy. There may be multiple, discrete, small pus-
tules as well as linear or more substantial erosions. As in women, there 
is often significant pruritus.30 A proportion of individuals with candi-
dal balanitis have diabetes mellitus.32 Skin scrapings or vaginal fluid 
examined under light microscopy after the addition of potassium 
hydroxide reveal the pseudohyphae of Candida species. Treatment 
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109  Urethritis
Michael H. Augenbraun and William M. McCormack

The symptoms of urethritis range from the trivial and often overlooked 
to the disabling.1 Urethral discharge in men may be apparent at all 
times during the day and may be present in sufficient quantity to stain 
undergarments, or it may be so scanty that it is noted by the patient 
only on arising as a small bead of moisture or crust at the meatus. It 
may be completely clear, mucopurulent, or frankly purulent, and it 
may be white, yellow, green, or brown. Some patients complain only 
of a deviation of the first morning urine stream. Occasionally, urethral 
discharge comes to the attention of the patient through the observation 
of mucus strands in the urine.

The urine stream transiently eliminates most inflammatory dis-
charges; therefore, scanty discharges are best observed on arising, 
before the passage of any urine. Micturition immediately preceding 
urethral examination may completely eliminate signs of infection.

The discomfort of urethritis can take several forms. Dysuria is 
common, and men variously localize it to the meatus, the distal  
portion of the penis, or anywhere along the shaft. Discomfort is some-
times increased by the acidity or solute content of the urine and there-
fore may be most marked during the passage of concentrated first 
morning urine. Dysuria may be increased in the presence of irritants 
such as alcohol, which is an observation that sometimes leads the 
patient to attribute his disease to the ingestion of specific foods or 
fluids. Discomfort may persist between micturitions and is perceived 
as pain, itching, frequency, urgency, or a feeling of heaviness in the 
genitalia.

Discomfort experienced only during ejaculation, deep pelvic pain, 
or pain radiating to the back is infrequent in uncomplicated urethritis 
and suggests prostatitis or inflammation involving other portions of 
the urogenital tract, such as the epididymis. Hematuria (particularly if 
painless) and blood in the ejaculate are uncommon in urethritis. The 
persistence of hematuria after cure of urethritis demands a thorough 
urologic evaluation.

EXAMINATION OF THE URETHRA
The genitalia are best examined while the patient is supine. Alterna-
tively, the man can stand before the seated examiner so that the exter-
nal genitalia are at approximately eye level. A good light source is 
essential. The patient should remove his trousers and underwear so 
that the entire genital area can be observed. The underwear may reveal 
stains of dried discharge, suggesting that it is being produced in large 
amounts. This observation is particularly useful if the patient has 
recently urinated.

The patient is preferably examined at least 2 hours after his last 
micturition. If advised to restrict fluids during the day preceding the 
examination, he may be able to present for evaluation before passing 
the first urine of the day, which sometimes permits the recovery of very 
small amounts of discharge.

The entire genital area should be carefully examined, because acqui-
sition of more than one sexually transmitted infection is relatively 
common. Inguinal adenopathy should be sought, and tenderness 
should be noted. The skin of the entire pubic area, scrotum, groin, and 
penis should be examined for lesions, and the hair should be examined 
for nits. The testes, epididymis, and spermatic cords should be palpated 
for masses or tenderness. The foreskin should be completely retracted 
and the glans examined. The urethral meatus should be inspected for 
dried crusts, redness, and spontaneous discharge. If no discharge is 
present, the urethra should be gently stripped as follows. The examiner 
places the gloved thumb along the ventral surface of the base of the 
penis and the forefinger on the dorsum and then applies gentle pres-
sure; the hand is moved slowly toward the meatus. This maneuver 
frequently expels a discharge that may be collected on a swab for 
examination (as described later).

If no discharge is delivered by this maneuver, the third and fourth 
fingers should be used to grip the penis lightly from above, just behind 
the glans. The thumb and forefinger can then spread open the meatus 
to examine for urethral redness or the presence of small amounts of 
discharge. Unless the patient has recently urinated or has been in a 
state of sexual arousal, virtually no fluid should be expressible from the 
urethra or observed by spreading the meatus.

If expressed material cannot be collected at the meatus, a specimen 
must be obtained from inside the urethra. This is best accomplished 
with a small urethral swab. The swab should be inserted gently at least 
2 cm into the urethra, with care taken not to attempt to force the tip 
past any obstruction. The patient should be warned that the procedure 
will be uncomfortable; also, the insertion and removal of the swab 
should be accomplished as quickly as possible. Patients tolerate the 
procedure better if they are supine. If additional specimens are required 
for multiple examinations or cultures, separate swabs should be used 
and each one should be inserted at least 1 cm deeper than the one 
preceding it.

Regular cotton swabs should not be used for urethral examination, 
because their larger diameter makes insertion extremely uncomfort-
able and because of the possibility that the cotton or the wooden shaft 
may be toxic to some fastidious pathogens. A small platinum loop is 

Definition
•	 Urethritis	is	an	inflammatory	condition	

involving	the	male	urethra	usually	caused	by	
sexually	transmitted	infectious	pathogens.

Epidemiology
•	 Urethritis	occurs	worldwide.

Microbiology
•	 Common	etiologic	agents	include	Chlamydia	

trachomatis,	Neisseria	gonorrhoeae,	
Trichomonas	vaginalis,	and	Mycoplasma	
genitalium.

Diagnosis
•	 Light	microscopy	of	urethral	discharge	can	be	

helpful.	The	presence	of	polymorphonuclear	
leukocytes	is	highly	suggestive	of	
inflammation.	Gram	stain	of	this	material	that	
reveals	intracellular	gram-negative	diplococci	
suggests	Neisseria	gonorrhoeae,	which	can	
also	be	cultured	using	standard	agar-based	
techniques.	Nucleic	acid	amplification	
techniques	are	preferred	for	diagnosing	the	
other	etiologic	agents	of	this	condition	(see	
Table	109-1).

Therapy
•	 Treatment	is	directed	toward	the	known	or	

suspected	pathogen.	Infection	with	Neisseria	
gonorrhoeae	is	generally	treated	with	
third-generation	cephalosporins,	but	resistance	
is	an	emerging	concern.	Infection	with	
Chlamydia	trachomatis	responds	to	azalides	
and	tetracyclines.

Prevention
•	 Condom	use	or	abstaining	from	high-risk	

sexual	activity	reduces	the	risk	for	urethritis.

SHORT VIEW SUMMARY
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gram-negative, “intracellular” diplococci (Fig. 109-1). These organisms 
are not randomly distributed among the cells but are seen in large 
numbers in a few PMNs. They are observed in more than 95% of all 
symptomatic patients with gonococcal urethritis and in fewer than 2% 
of all symptomatic men who cannot be shown to have gonorrhea by 
culture.4 Some strains of Neisseria gonorrhoeae are inhibited by the 
concentrations of vancomycin that usually are employed in selective 
isolation media (i.e., Thayer-Martin, Martin-Lewis); these organisms 
will not be recovered by standard culture techniques.5 Extracellular 
diplococci indicate gonorrhea in only 10% to 29% of all cases, and this 
predictive value is reduced even further in populations with a low 
prevalence of gonorrhea. A shortcoming of the Gram-stained smear is 
that it cannot diagnose coincidental infection with the agents respon-
sible for most cases of nongonococcal urethritis (NGU) in the presence 
of gonorrhea. Although a smear containing PMNs that does not reveal 
gram-negative intracellular diplococci suggests NGU, a smear reveal-
ing these organisms does not rule out concomitant infection with 
Chlamydia trachomatis, Mycoplasma genitalium, or Trichomonas vagi-
nalis. Trichomonads are nearly impossible to identify on Gram-stained 
smears. Urethral material may be mixed with a small amount of saline 
and observed as a wet mount with the substage condenser racked down 
or the substage diaphragm partially closed. Motile trichomonads occa-
sionally are observed but are rarely seen unless the urethral material 
for examination is obtained before the first voiding. Positive findings 
on a wet mount are diagnostic of trichomoniasis, but findings on the 
wet mount are often negative in infected men. Endourethral cultures 
and/or cultures of first-void urine sediment in liquid media such as 
modified Diamond’s medium are useful in the diagnosis of trichomo-
niasis in men.6,7 NAATs for T. vaginalis infections are now available.8

After the patient’s urethra has been carefully examined, he may be 
asked to provide a divided urine specimen. The patient delivers the first 
10 mL of urine into one container and a midstream urine specimen 
into a second container. The presence of mucus strands in the first 
fraction that clears in the second portion suggests urethritis. Equal 
aliquots of the fractions may be centrifuged and the sediments exam-
ined as wet mounts. Observation of more white blood cells in the initial 
than in the second fraction suggests urethritis, whereas equal numbers 
of white cells in both fractions suggests cystitis or infection higher in 
the urinary tract. The presence of more than 10 to 15 white blood cells 
in 400× microscopic fields of the sediment from the initial fraction 
strongly suggests urethritis, but the minimum significant number of 
white blood cells is unknown.

The presence of white blood cells in the initial urine fraction pro-
vides no clue to the cause of the urethritis. Such a finding, however, 
may allow an objective diagnosis of urethritis to be made in a man 
whose Gram-stained smear does not contain PMNs.

Some men who are infected with N. gonorrhoeae and many men 
infected with C. trachomatis have no symptoms. Such men often have 
pyuria that can be detected by examination of the first 10-mL urine 

effective, but it must be sterilized in a flame and carefully cooled 
between uses.

A woman’s urethra is best examined while she is in the lithotomy 
position. The entire genital area should be examined for lesions, and 
the vagina should be examined as described in Chapter 110. The ure-
thral meatus may be directly visualized, and the urethra may be 
stripped by placing the gloved finger inside the vagina and gently 
moving it along the urethra. A urine specimen may be examined by 
light microscopy, culture, or nucleic acid amplification tests (NAATs) 
for the presence of typical pathogens.

EXAMINATION OF THE URETHRAL 
SPECIMEN
A swab that contains material from the urethra should be rolled across 
a clean microscope slide. Rolling rather than streaking the swab brings 
all its surfaces into contact with the slide and better preserves cellular 
morphologic characteristics. The material should be air dried and fixed 
by gentle heating or by rinsing with methanol. Gram staining of ure-
thral material is particularly useful in the workup of urethritis (Table 
109-1), and the specimen should be examined with the use of the oil-
immersion objective. Specimens obtained from within the urethra 
usually contain urethral epithelial cells. If recovered from near the 
meatus, these are typical squamous cells with a very large cytoplasmic-
nuclear ratio; if obtained from further within the urethra, they are 
cuboidal epithelial cells, which are smaller and have relatively larger, 
less dense nuclei.

Urethral material from patients with acute urethritis contains poly-
morphonuclear neutrophils (PMNs) (Table 109-2). The area of the 
smear that contains the most PMNs should be sought. More than four 
PMNs per oil-immersion microscopic field is abnormal and is seen in 
most patients with acute symptomatic urethritis. However, although 
the positive predictive value of urethral PMNs is quite good, the nega-
tive predictive value for infection is not. As many as 15% of men with 
documented urethral infection do not show four PMNs in Gram-
stained smears.2 The number of PMNs in the smear is reduced by 
recent micturition; also, often there is considerable observer variation 
in the number of PMNs detected in a single specimen.3 Therefore, 
although purulent discharges may reveal sheets of PMNs, the minimal 
number of these cells that indicates disease is not known. In general, 
the presence of even rare PMNs suggests infection, particularly in the 
patient who has urethral symptoms or who is found to have a small 
amount of discharge on examination.

The distal centimeter of the urethra is colonized by normal skin or 
introital microbiota. The smear usually contains a variety of gram-
positive and gram-negative organisms that have no particular signifi-
cance. Of great diagnostic value, however, is the presence of typical 

TABLE 109-1  Evaluation of Men Who Have 
Urethral Symptoms

DIAGNOSTIC STUDIES COMMENTS
Gram-stained urethral smear

Examination of first-void urine 
specimen for leukocytes

Endourethral cultures or 
nonculture tests

 Neisseria gonorrhoeae Culture and NAATs are equally 
appropriate. Culture can provide 
option for susceptibility testing.

 Chlamydia trachomatis NAATs preferred

 Trichomonas vaginalis Culture or NAATs

 Mycoplasma genitalium No currently available commercial test

NAATs, nucleic acid amplification tests.

TABLE 109-2  Objective Evidence of Urethritis
Visibly abnormal discharge (purulent, mucopurulent)
Urethral Gram stain containing >4 leukocytes per oil-immersion field
First-void urine specimen containing >10-15 leukocytes per high dry field

FIGURE  109-1 Urethral exudate from a man with gonorrhea. 
Gram stain of urethral exudate from a man with gonorrhea. Several neu-
trophils contain many gram-negative cell-associated diplococci. 
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calculous gravel can produce urinary discomfort. The intermittent 
nature of pain associated with the passage of gravel or the obvious 
presence of crystals on microscopic examination of the urine sediment 
usually confirms this diagnosis. White blood cells may be present.

Chemicals can irritate the urethra, and alcohol has long been 
known to produce mild dysuria. The ingestion of alcohol during treat-
ment for gonorrhea was at one time thought to be responsible for the 
syndrome of postgonococcal urethritis (discussed later), although 
postgonococcal urethritis is now known to have an infectious etiology. 
Occasionally, a patient develops urethral symptoms on contact with 
vaginal chemicals such as spermicides used by a sexual partner. The 
history of discomfort immediately after sexual contact may be sugges-
tive. This condition should be diagnosed only after other possible 
causes have been excluded.

INFECTIOUS URETHRITIS
Gonococcal and Nongonococcal 
Urethritis
The classic specific etiologic agent of acute urethritis is N. gonorrhoeae. 
Urethral infection of all other causes is referred to collectively as NGU 
(Table 109-3). As with gonorrhea, NGU is a sexually acquired condi-
tion. NGU is more common than gonorrhea in the United States and 
in much of the developed world. In some developing areas, however, 
gonorrhea accounts for 80% of the cases of acute urethritis.18,19 Like 
many other sexually transmitted diseases (STDs), gonococcal urethri-
tis and NGU have an increased incidence during the summer months, 
presumably because of a seasonal increase in sexual activity. The ratio 
of cases of NGU to those of gonococcal urethritis is greater among 
groups with higher socioeconomic status in the United States.

Compared with gonococci, the organisms that cause NGU may be 
relatively less prevalent among homosexual than among heterosexual 
men with urethritis. In a study of men who had urethritis, Ciemins 
and colleagues20 recovered gonococci from 45% of men who had sex 
with men and from 26% of men who had sex with women. Examining 
consecutive men attending an STD clinic, Stamm and colleagues21 
recovered gonococci from 12% of heterosexual men and 25% of homo-
sexual men; in contrast, chlamydiae were recovered from 14% of het-
erosexual men but only 5% of homosexual men. Other studies 
demonstrate similar findings.22,23 Studies have associated fellatio with 
the acquisition of gonococcal urethritis and NGU in homosexual but 
not in heterosexual men.23,24

Urethritis may facilitate transmission of human immunodeficiency 
virus (HIV). Among patients infected with HIV, the quantity of HIV 
in urethral secretions is increased if the man has concomitant chla-
mydial or gonococcal urethritis. Treatment of urethritis reduces the 
urethral viral load.25

The clinical spectrum of gonorrhea differs from that of NGU, but 
there is sufficient overlap that an accurate diagnosis must be based on 
examination of the urethral specimen. Seventy-five percent of men 
who acquire urethral gonorrhea develop symptoms within 4 days, and 
80% to 90% do so within 2 weeks.26 The incubation period for NGU is 
much more variable and is often longer. Incubation periods ranging 
from 2 to 35 days have been described, but almost 50% of men with 
NGU developed urethral symptoms within 4 days.26 Therefore, an 
incubation period of less than 1 week is not a reliable factor in the 
differential diagnosis. The incubation period of either infection can be 
prolonged by the ingestion of subcurative doses of antibiotics.

The urethral discharge is described as frankly purulent in three 
fourths of patients with gonorrhea (Fig. 109-2) but in only 11% to 33% 
of patients with NGU.4,27 A purulent discharge issuing from the meatus 

sample by either microscopy9 or leukocyte-esterase “dipstick” testing.10 
This approach provides a noninvasive, inexpensive method for screen-
ing men for urethral infection. Men found to have pyuria are candi-
dates for further examination, including examination of endourethral 
specimens for gonococci, chlamydiae, and trichomonads.

If the urine specimen is a first morning micturition, motile tricho-
monads may be observed in the sediment. In one study, T. vaginalis 
organisms were recovered by culture of urethral swabs in 80% and 
first-void urine in 68% of infected patients. When combined, these two 
cultures were detected in 49 (98%) of 50 infected men.6 As in the case 
of endourethral specimens, NAATs of urine are the most sensitive and 
specific means of identifying T. vaginalis.11

Although enzyme-linked immunosorbent assay, DNA probes, and 
direct immunofluorescence tests are less sensitive than cultures for C. 
trachomatis, NAATs are more sensitive than cultures and retain high 
specificity.12,13 NAATs have replaced culture as the test of choice for 
identification of C. trachomatis organisms.14 Material recovered from 
the urethra can be cultured on appropriate media for N. gonorrhoeae. 
Nonculture tests are also available for detection of N. gonorrhoeae 
organisms. These tests offer no significant advantage over culture but 
can be used in situations in which facilities for culture are not available. 
Importantly, most nonculture tests for chlamydiae are “bundled” with 
a nonculture test for gonococci.

Mycoplasma genitalium is a documented cause of some cases of 
urethritis. Polymerase chain reaction (PCR) assays are the most sensi-
tive tests for this fastidious organism.15 Ureaplasma urealyticum has 
been subdivided into two species—Ureaplasma parvum, which is a 
saprophyte, and Ureaplasma urealyticum, which may be a cause of 
urethritis (see later discussion). NAATs for U. urealyticum may become 
available.15 Although they are present in the distal urethra, normal skin 
organisms (e.g., Staphylococcus epidermidis, α-hemolytic streptococci, 
propionibacteria) and vaginal organisms (e.g., Candida albicans, lac-
tobacilli, Escherichia coli, Gardnerella vaginalis) are of no diagnostic 
significance.

NONINFECTIOUS URETHRITIS
So psychologically important is the genital tract that trivial symptoms 
often receive patients’ frightened attention. The “worried well” make 
up a significant fraction of men who are seen in venereal disease clinics 
and in private practices. Sympathetic questioning as to why the patient 
thinks he has contracted a genital infection may reveal guilt over mas-
turbation or an extramarital sexual contact. The urethral specimen in 
these cases usually reveals normal epithelial cells and no white blood 
cells. Some patients confuse dried remnants of semen with inflamma-
tory discharge. Spermatozoa may be recognized on the Gram stain as 
gram-positive ovoids whose coloration fades gradually toward the 
acrosomal cap. Spermatozoa may also be recognized on the wet mount. 
However, the clinician must remember that symptoms and signs of 
true urethritis can be trivial and that microscopic examination may 
miss minimal inflammation, particularly if the patient has recently 
voided. Symptomatic patients with negative examination results should 
have urethral or urine specimens tested for urethral pathogens and be 
asked to return in several days, by which time the symptoms may have 
resolved or examination may provide a diagnosis. Antimicrobial treat-
ment of symptomatic men who have neither objective evidence of 
urethritis nor positive cultures for urethral pathogens is inadvisable 
and may serve to reinforce psychosomatic contributions to their symp-
toms.16 Occasionally, a patient who complains of a discharge is actually 
suffering from urinary incontinence.

Chronic irritation of the urethra can elicit a clear, mucoid dis-
charge. Occasionally, patients who are concerned that they may have 
contracted a venereal disease vigorously strip the urethra, looking for 
a discharge. After several days of this, a clear discharge obligingly 
appears that may contain a few white blood cells. A history of vigorous 
urethral stripping is helpful diagnostically. Patients who are receiving 
treatment for other forms of urethritis should be cautioned not to 
examine themselves too vigorously for fear that such a traumatic dis-
charge may confuse the clinical picture. Very rarely, patients insert 
foreign bodies into the urethra and produce a mechanical urethritis.17

A heavy precipitation of crystals in the urine can suggest a dis-
charge, and the presence of large amounts of crystalline material or 

TABLE 109-3  Most Common Infectious Causes of 
Urethritis

Neisseria gonorrhoeae
Chlamydia trachomatis
Trichomonas vaginalis
Mycoplasma genitalium
Herpes simplex virus
Adenovirus
Ureaplasma urealyticum
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of the symptoms may erroneously convince the patient with NGU that 
he does not have a significant disease; such patients often delay seeking 
medical attention.4

In most cases, the symptoms of infectious urethritis resolve even if 
the causative disorder remains untreated. Ninety-five percent of 
patients with acute gonococcal urethritis who do not receive treatment 
are free of symptoms 6 months after contracting the disease,29 and the 
symptoms of NGU gradually subside over a period of 1 to 3 months 
in 30% to 70% of the patients.30 How many of these asymptomatic 
patients remain infected and potentially infectious is unknown. 
Untreated gonococcal urethritis may subside to a chronic state char-
acterized by little or no urethral discomfort and a small amount of 
mucoid discharge called gleet. This discharge contains small numbers 
of gonococci and PMNs.

So great is the clinical overlap between NGU and gonococcal ure-
thritis that a diagnosis should not be made on clinical grounds alone. 
Gram staining of urethral discharge material reveals typical gram-
negative, intracellular diplococci in about 95% of cases of symptomatic 
gonococcal urethritis and is negative in about 97% of the patients with 
symptomatic NGU.4 Therefore, in a population in which about 50% of 
the cases of acute urethritis are gonococcal, a positive result on Gram 
staining suggests gonorrhea and a negative result suggests NGU with 
98% accuracy.4 The finding of typically shaped extracellular diplococci 
diagnoses gonorrhea with an accuracy of only 10% to 30%. Such results 
on Gram staining are known as equivocal and are found in about 15% 
of patients with symptomatic urethritis.4

The sensitivity of the culture for N. gonorrhoeae is less than 100%. 
The chances of isolating the organism are further reduced if the patient 
has recently taken antibiotics or if there is a delay in processing the 
culture. Therefore, it seems likely that most of the few patients with 
positive findings on Gram staining and negative cultures actually have 
gonorrhea. In most cases of acute symptomatic urethritis, culture is 
unnecessary to confirm Gram stain findings diagnostic of gonorrhea. 
It must be remembered that results on Gram staining are negative in 
as many as 5% of patients who have gonorrhea, so Gram stain findings 
suggestive of NGU should be confirmed with a culture or nonculture 
test for gonococci, although therapy need not be delayed until the 
results are known. Results on Gram staining cannot be used to make 
a diagnosis of simultaneous NGU in the presence of gonorrhea. 
Because of the frequency with which trichomonads are missed with 
direct microscopic techniques, patients in whom trichomonal urethri-
tis is suspected should be evaluated by culture of urethral and first-void 
urine specimens7 or, if available, an NAAT.

There is no doubt that urethritis is sexually transmitted. It occurs 
most frequently during the ages of peak sexual activity and in groups 
with a high prevalence of other STDs. It frequently occurs after sexual 
exposure to a new partner and is almost never seen in virgins except 
as a part of some systemic conditions. As the etiologic agents of ure-
thritis have been defined, they have been isolated with high frequency 
from the female and male sexual partners of infected men, by whom, 
however, they usually are carried asymptomatically.

Recognition of urethritis as an STD is important for several practi-
cal reasons. It allows definition of a population at very high risk for 
carrying the causative agents, namely, the sexual partners of infected 
patients. The prevalence of infection with these agents is sufficiently 
high among sexual partners to justify their treatment on epidemiologic 
grounds, even if they are asymptomatic. Many episodes of recurrent 
urethritis are terminated only by the treatment of an asymptomatic 
sexual partner of the infected patient. Because persons with one STD 
are at increased risk for others, it is important to screen patients with 
urethritis for other STDs.

Etiology of Nongonococcal Urethritis
The organism most clearly associated with NGU, C. trachomatis, is 
discussed in detail in Chapter 182. This obligate intracellular parasite 
causes between 20% and 50% of cases of NGU.31,32 Effective Chlamydia 
control programs have reduced the proportion of men with NGU who 
are infected with C. trachomatis. C. trachomatis is susceptible to several 
antimicrobial agents, including the tetracyclines, sulfonamides, eryth-
romycin, and azithromycin. Significantly, it is not reliably eradicated 
by cephalosporins. Chlamydiae are not recovered from at least 50% of 

without stripping of the urethra correlates strongly with the diagnosis 
of gonorrhea but is also seen in 4% of patients with NGU.4,27 Mucopu-
rulent discharge (Fig. 109-3), consisting of thin, cloudy fluid or mucoid 
fluid with purulent flecks, is seen in about 50% of the patients with 
NGU but in only 25% of the patients with symptomatic gonorrhea.4,27 
The discharge is completely clear and moderately viscid in 10% to 50% 
of patients with NGU, principally those who are minimally symptom-
atic, but in only 4% of symptomatic patients with gonorrhea.4,27,28 A 
diagnosis based on the clinical characteristics of the urethral discharge 
is unreliable and correctly identifies the causative disorder in only 73% 
of all cases, even under optimal circumstances.27 Microscopic examina-
tion always should be part of the initial evaluation.

Dysuria has been described in 53% to 75% of patients with NGU 
and in 73% to 88% of patients with symptomatic gonorrhea.4 Only 
about 10% of patients complaining of dysuria without discharge have 
gonorrhea; the remainder have NGU.4 A combination of dysuria and 
discharge is seen in 71% of patients with gonococcal urethritis but in 
only 38% of patients with NGU. Therefore, the combination of dis-
charge and dysuria is associated with gonorrhea, whereas the appear-
ance of one without the other is more frequently seen with NGU. The 
association is insufficiently specific for differentiating these two enti-
ties. Urethral discomfort can mimic cystitis in men and women and 
can result in urinary frequency and urgency.

Symptoms of gonorrhea often begin abruptly, and the patient may 
remember the specific time of day when they were first noted. NGU 
usually has a less acute onset, with symptoms increasing over several 
days. A urethral discharge may appear days in advance of dysuria; the 
symptoms may wax and wane, even to the point of transiently disap-
pearing before the patient seeks therapy. The mildness and variability 

FIGURE 109-2 Purulent discharge. Purulent urethral discharge from 
a man with gonococcal urethritis. 

FIGURE 109-3 Mucopurulent urethral discharge from a man with 
nongonococcal urethritis. 
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symptoms of gonorrhea, but it usually spares the agents of NGU. Once 
the incubation period of NGU is exceeded, the patient experiences a 
recurrence or persistence of milder symptoms that is consistent with 
the latter infection.

Although PGU was originally thought to result from the consump-
tion of alcohol or other irritants during therapy for gonorrhea, dual 
infection is now well established as the explanation. C. trachomatis has 
been recovered from 11% to 50% of men with gonorrhea31; 75% to 
100% of patients with gonorrhea who are also culture positive for 
Chlamydia will develop PGU if their gonorrhea is treated with an agent 
that does not eradicate Chlamydia.53 C. trachomatis can be recovered 
from almost 50% of patients with PGU, which is similar to the recovery 
rate in NGU. PGU, however, also develops in up to 50% of the patients 
with gonorrhea from whom chlamydiae are not recovered. Presumably, 
these cases are due to coinfection with gonococci and other agents of 
NGU, such as M. genitalium, T. vaginalis, HSV, adenovirus, and perhaps 
U. urealyticum. As might be expected, if gonorrhea is treated with a 
regimen active against the agents of NGU, the incidence of PGU is 
lower.53 Accordingly, current treatment schedules for gonorrhea 
include a second agent such as doxycycline or azithromycin.

Patients with persistence or recurrence of urethral symptoms after 
therapy for acute gonococcal urethritis may have PGU, but gonococcal 
reinfection and frank treatment failure are also possible. The patient 
who is experiencing recurrent urethritis must be evaluated as a new 
patient to differentiate gonococcal from nongonococcal infection.

ASYMPTOMATIC URETHRAL 
INFECTION
Patients without specific complaints that are referable to the urethra 
may be found to have signs of urethritis on physical examination; sexu-
ally transmitted pathogens can be recovered from some patients who 
have neither symptoms nor signs of urethritis.

The importance of asymptomatic urethral gonococcal infection in 
men is well recognized.54 Prolonged asymptomatic urethral carriage of 
gonococci occurs in 2% to 3% of newly infected men; however, because 
these men do not seek treatment, and because asymptomatic urethral 
infection may persist for months, the prevalence of asymptomatic  
urethral gonococcal infections may be as high as 50%.55 This may 
have considerable epidemiologic significance. Random screening of 
asymptomatic men is unrewarding54 except in high-risk populations. 
Most cases of asymptomatic urethral infection are detected after gon-
orrhea is diagnosed in female sexual partners or if complications sub-
sequently develop in the infected man. Up to 40% of the asymptomatic 
sexual partners of women with disseminated gonococcal infection or 
pelvic inflammatory disease are found to be infected. Asymptomatic 
gonorrhea may be diagnosed by examination of Gram-stained urethral 
material collected on a swab with a sensitivity of only about 70%.54 
Therefore, culture or a NAAT for gonococci is the most appropriate 
diagnostic test.

Asymptomatic urethritis in many cases can be rapidly detected by 
observing PMNs in material recovered from the urethra with a swab 
or loop. Endourethral sampling, however, is uncomfortable and is 
poorly accepted by asymptomatic men. Examination of a first-void 
urine specimen for leukocytes or leukocyte esterase or for evidence of 
gonococcal or chlamydial infection with a NAAT12,13 is a more accept-
able means of examining men for asymptomatic urethral infection.

Because of the frequency of asymptomatic, sexually transmitted 
urethral infections in men, asymptomatic sexual partners of infected 
women or homosexual men should always be evaluated. Because 
immediate diagnostic techniques are of relatively low sensitivity, such 
men should receive treatment at the time of their initial presentation 
(i.e., epidemiologic treatment).

URETHRAL SYNDROME AND 
RELATED DISEASES OF WOMEN
Dysuria, frequency, urgency, and nocturia are common symptoms of 
bacterial cystitis in women. A similar syndrome occurs in women who 
do not have classic bacterial infection of the lower urinary tract. Such 
women are said to have the acute urethral syndrome.56,57 The usual 
workup for bacterial urinary tract infection is unrewarding because 
fewer than 105 uropathogens are recovered from each milliliter of 

men with NGU. The clinical features of Chlamydia-negative NGU are 
very similar to those of Chlamydia-positive NGU.33

The agents responsible for Chlamydia-negative NGU are incom-
pletely identified. U. urealyticum, whose role in NGU is controversial, 
has been reclassified into two species: U. parvum (biovar 1) and U. 
urealyticum (biovar 2).15 U. parvum may be a commensal organism, 
whereas U. urealyticum may be one of the true causative agents of 
chlamydia-negative NGU.34,35,36 Accurate assessment of the relative 
contribution of ureaplasmas has been hindered by the ubiquity of the 
organisms that can be recovered from urethral cultures from many 
sexually experienced men who have no evidence of urethritis.37 Myco-
plasma hominis is not a cause of NGU,36 whereas M. genitalium has 
been recovered from patients with NGU.38 Studies in which this fastidi-
ous organism was identified with the use of PCR assays identified M. 
genitalium in men with NGU more often than in symptom-free 
controls.39-41

Like Chlamydia, U. urealyticum and M. genitalium organisms are 
susceptible to erythromycin, azithromycin, and, usually, tetracyclines—
the agents that have been most successful in treating NGU. Perhaps 2% 
to 7% of patients, however, are infected with tetracycline-resistant U. 
urealyticum42; such patients may not be cured by tetracycline therapy. 
M. genitalium may fail to respond to therapy with commonly used 
therapies for NGU. Fluoroquinolones were effective in some instances.

Dysuria is described by 83% of women and 44% of men with 
primary herpes simplex virus (HSV) genital infection. Some men 
notice a clear, mucoid discharge that seems disproportionately mild 
relative to the degree of dysuria that they experience. HSV is recovered 
from the urethras of about 80% of women and 30% of men with 
primary infection, and HSV must be regarded as a cause of some cases 
of NGU. In most such instances, however, the diagnosis of HSV is 
obvious because of typical genital lesions. Urethral involvement is less 
common in recurrent disease, and dysuria is described by only 27% of 
women and 9% of men.43

T. vaginalis organisms have been isolated with use of NAATs from 
upwards of 20% of men attending urban STD clinics in the United 
States.44,45 Identification of T. vaginalis has been associated with signs 
and symptoms of urethritis. The syndrome is not clinically distinguish-
able from NGU of other causes.

Although rare urethral infection with gram-negative bacilli can be 
seen in men with diabetes and in those who practice insertive anal 
intercourse, it may occur in patients with phimosis and in those with 
urethral trauma after instrumentation or indwelling catheterization.46 
Periurethral abscesses can occur in this setting. Syphilis, with an endo-
urethral chancre, and intraurethral condylomata acuminata occasion-
ally cause a urethral discharge. Neisseria meningitidis47 and Moraxella 
catarrhalis48 have been isolated from some patients with urethritis. One 
study49 identified adenovirus more often in patients with than without 
urethritis.

In summary, C. trachomatis, adenovirus, M. genitalium, T. vaginalis, 
and HSV have been convincingly implicated as etiologic agents in 
NGU. This has not yet been proven for U. urealyticum biovar 2.50 A 
significant minority of men with NGU are not infected with any of the 
aforementioned organisms.

POSTGONOCOCCAL URETHRITIS
Some patients who receive single-dose treatment for acute gonococcal 
urethritis experience prompt resolution, followed, in a few days, by a 
recurrence of symptoms—usually a mucoid or mucopurulent dis-
charge and sometimes mild dysuria. In other patients, the symptoms 
never entirely disappear and, after initial rapid improvement, stabilize 
at a low level. This syndrome is referred to as postgonococcal urethritis 
(PGU)51,52; it should be suspected if signs, symptoms, or laboratory 
evidence of urethritis are found 4 to 7 days after single-dose treatment 
for gonorrhea. PGU is a manifestation of dual urethral infection. 
Gonococci and the agents of NGU are extremely prevalent in sexually 
active populations, and they are carried simultaneously and asymp-
tomatically by many women. Male sexual partners of these women may 
acquire both agents during the same sexual exposure. In the presence 
of gonorrhea, coincident NGU cannot be diagnosed with Gram stain-
ing. Single-dose treatment of gonorrhea with an appropriate cephalo-
sporin, such as ceftriaxone, eradicates the gonococci, eliminating the 
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orally twice daily for 7 days. This drug is highly effective, is well toler-
ated by patients, and can be taken with food. Twice-daily administra-
tion and fewer side effects are probably associated with better 
compliance. Inexpensive generic preparations are available. Doxycy-
cline is the tetracycline of choice for treatment of NGU. Administration 
of doxycycline may be associated with photosensitivity reactions. 
Minocycline has no apparent advantages over doxycycline, and it pro-
duces dizziness in many patients.

Azithromycin is an azalide antimicrobial agent with a prolonged 
half-life that is active against C. trachomatis. A single 1-g oral dose is 
effective and may be more active than doxycycline against M. 
genitalium.66

Both doxycycline and azithromycin are highly effective and well 
tolerated. Generic doxycycline is inexpensive, but compliance with the 
7-day regimen will not be complete in all instances.68 Azithromycin 
may be more expensive, but compliance can be ensured if the drug is 
given under direct observation.

Erythromycin is as effective as tetracycline in chlamydial infections 
and is active against tetracycline-resistant ureaplasmas.42 Erythromy-
cin has the additional theoretical advantage of producing higher pros-
tatic levels than those obtainable with tetracycline hydrochloride, and 
it may be of use in the re-treatment of patients whose symptoms are 
relieved by tetracycline but return after therapy is completed. Such 
patients may have a prostatic focus of infection that is not cured by 
tetracycline.69 Gastrointestinal discomfort is a common and significant 
adverse effect of erythromycin therapy. Given the well-tolerated and 
effective options provided by azalide and tetracycline therapy, most 
clinicians no longer choose erythromycin. Recommended regimens 
include erythromycin base, 500 mg orally four times daily for 7 days, 
and erythromycin ethyl succinate, 800 mg orally four times daily for  
7 days.66

Fluoroquinolone antimicrobial agents have been evaluated in chla-
mydial urethritis and in syndromic NGU. Ciprofloxacin was ineffec-
tive, whereas ofloxacin (300 mg twice daily for 7 days) and levofloxacin 
(500 mg daily for 7 days) were effective.66 Sulfonamides, including 
sulfisoxazole and trimethoprim-sulfamethoxazole, can also be used to 
treat chlamydial infections.

Even if the condition is untreated, the symptoms of NGU may 
resolve; up to 70% of patients have a complete resolution of symptoms 
within 6 months.30 Resolution of symptoms does not mean that the 
infection is cured; asymptomatic patients may remain infected and 
infectious. Conversely, the inflammatory response accompanying 
NGU may take some time to resolve, even after the pathogens have 
been eliminated.

During treatment, the symptoms of NGU frequently resolve before 
the patient has completed the therapeutic regimen. Patients should be 
cautioned to complete the entire course of antibiotics, because relapse 
may be more common if therapy is aborted. To reliably differentiate a 
relapse from reinfection and to protect sexual partners, patients under-
going treatment for urethritis should be advised to refrain from coitus 
or to use condoms until both partners have completed their medica-
tion regimens and their symptoms have resolved.

Because coincident chlamydial infection is very common in men 
with gonorrhea, the Centers for Disease Control and Prevention66 has 
suggested that uncomplicated gonococcal urethritis should be treated 
with a combined regimen consisting of a single dose of a suitable 
cephalosporin (ceftriaxone, 250 mg IM in a single dose) followed by 7 
days of doxycycline (100 mg orally twice daily) or by azithromycin 
(1.0 g orally in a single dose) (Table 109-4). These regimens have the 
advantage of providing effective single-dose therapy for gonorrhea and 
effective therapy for coincident, undiagnosed NGU. Disadvantages 
include increased cost and the potential for adverse reactions. It is also 
prudent to use one of these combined regimens to treat urethritis of 
undetermined origin. Fluoroquinolone-resistant strains of N. gonor-
rhoeae are widespread. Patients who have or may have gonorrhea 
should not be treated with fluoroquinolones unless the organism has 
been shown to be susceptible.70 Over the years in fact Neisseria gonor-
rhoeae has demonstrated a consistent capacity to develop resistance to 
previously effective antimicrobial agents. Most recently, a gradual but 
disturbing declining trend in the efficacy of cephalosporins has been 
noted.71

urine. Some of these patients appear to have bacterial cystitis, although 
bacteria are recovered from the urine in smaller than usual numbers.56,57 
In other patients, however, the symptoms appear to be related to ure-
thritis rather than cystitis. Escherichia coli sometimes causes urethritis 
in the absence of cystitis.58 If ordinary bacterial pathogens associated 
with urinary tract infections are not isolated (even in small numbers), 
the condition is often caused by sexually transmitted agents.56,57 If 
pyuria is absent, cultures for enteric bacteria and agents of STD are less 
likely to be positive and antimicrobial treatment is less likely to be 
effective; a noninfectious explanation for urethral symptoms should be 
sought in such patients.

N. gonorrhoeae can affect the urethra in women as it does in men 
and may occasionally cause the urethral syndrome.59 Gentle stripping 
of the urethra may deliver a purulent discharge that on Gram staining 
reveals typical gram-negative, cell-associated diplococci. Cultures and/
or NAATs will be positive for N. gonorrhoeae. In about three fourths 
of affected women, gonococci are recovered from the endocervix as 
well. The syndrome responds to standard therapy for uncomplicated 
anogenital gonorrhea (see Chapter 214).

C. trachomatis may be recovered from the urethra in women with 
dysuria, frequency, and pyuria.56,57 Indeed, urinary tract symptoms are 
described by about half of women in whom C. trachomatis is isolated 
from the urethra.60 In such patients, if initial drug therapy includes 
antimicrobial agents that are active against chlamydiae (e.g., tetracy-
clines, amoxicillin, fluoroquinolones, sulfonamides, azithromycin), 
clinical improvement with resolution of symptoms is likely.

Dysuria is a common complaint of women with trichomoniasis. 
The parasite is recovered from the urethra and periurethral glands in 
more than 90% of women with the infection (see Chapter 282) and is 
associated with pyuria. Dysuria also may result from vulvar irritation 
such as that accompanying vaginal candidiasis, in which case the 
dysuria is often perceived by the patient as being external. Dysuria is 
unusual in patients with bacterial vaginosis.

Among sexually active women, infection with uropathogens such 
as gonococci, chlamydiae, and trichomonads should be ruled out 
before other therapies are tried.

COMPLICATIONS OF URETHRITIS
Both N. gonorrhoeae and C. trachomatis have been identified as causes 
of acute epididymitis among sexually active men.61 Epididymitis could 
conceivably lead to infertility, although an association between infec-
tious epididymitis and infertility in men has not been convincingly 
demonstrated.62 In 20% to 30% of men with NGU, prostatic involve-
ment can be documented; however, it is usually asymptomatic63 and 
responds to standard treatments. The role of organisms that cause 
urethritis in the development of chronic prostatitis/chronic pelvic pain 
syndrome (CP/CPPS) remains unclear. In a 2004 study, Krieger and 
Riley evaluated prostatic biopsy specimens from 135 men with CP/
CPPS with use of PCR assays. Only 10 (8%) of the men had positive 
assays for pathogens such as M. genitalium, T. vaginalis, and C. tracho-
matis. However, 77% of subjects had evidence of 16S rDNAs, suggest-
ing a role for previously undescribed microorganisms in CP/CPPS.64 
Urethral stricture may follow gonococcal urethritis or NGU. N. gonor-
rhoeae and C. trachomatis can infect the conjunctiva. Also, an oculo-
genital syndrome consisting of NGU and conjunctivitis may be seen 
in about 4% of patients with NGU65; it responds to standard therapy 
with tetracyclines and must be differentiated from reactive arthritis 
(see later discussion).

THERAPY
Specific forms of urethritis, including gonococcal, chlamydial, myco-
plasmal, and trichomonal, should be treated as discussed in the appro-
priate chapters in Part III of this text. As a syndrome, NGU has been 
treated with a variety of regimens, but doxycycline and azithromycin 
are the current drugs of choice.66

Tetracyclines are usually prescribed for 7 days; there is little con-
vincing evidence that full-dose regimens exceeding 7 days have any 
additional benefits.67 Tetracycline hydrochloride is given in doses of 
500 mg four times a day. The patient should be instructed to take the 
drug on an empty stomach, not accompanied by milk or antacids. 
Alternatively, doxycycline can be administered in a dose of 100 mg 
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evaluation to rule out anatomic abnormalities.69 Such men probably 
are not infected with Chlamydia or Ureaplasma. About one fourth will 
be found to have a partial obstruction to urine flow, and about half of 
these will have urethral strictures.69 They and their sexual partners do 
not appear to be at significant risk for infectious complications.76 Long-
term antimicrobial suppression is useful in this setting.76

Sexual partners of patients with sexually transmitted urethritis 
should receive treatment simultaneously. A woman who has been the 
sexual partner of a man with urethritis of undetermined origin should 
be given a regimen that is effective against gonococci, chlamydiae, and 
M. genitalium. A regimen combining a cephalosporin with doxycy-
cline, as described previously, is suitable in nonpregnant women. 
Azithromycin, erythromycin, amoxicillin,77 or clindamycin78 may be 
substituted for doxycycline in pregnancy. In one study, patient-
delivered partner treatment was more effective in treating partners of 
men who had urethritis than standard partner referral.79 Asymptom-
atic male sexual partners of women known to have gonorrhea, chla-
mydial infection, or trichomoniasis should receive treatment even in 
the absence of abnormalities on direct microscopic examination.

THERAPY FOR SEXUAL 
PARTNERS OF MEN WITH 
NONGONOCOCCAL URETHRITIS
Female sexual partners of men who have urethritis are often infected 
with one or more of the causative microorganisms. Although infected 
women are often asymptomatic, the organisms are far from benign. C. 
trachomatis is a cause of acute salpingitis. Additionally, infants born to 
infected women may develop chlamydial conjunctivitis or pneumonia. 
T. vaginalis is an important cause of vaginitis,11 and M. genitalium has 
been implicated as a cause of cervicitis.39 Asymptomatic women with 
these infections are undoubtedly a reservoir for recurrent NGU. These 
considerations support the routine treatment of female sexual partners 
of men with NGU.

REACTIVE ARTHRITIS
Some cases of NGU appear as one element of reactive arthritis (for-
merly known as Reiter’s syndrome), which also includes arthritis, 
uveitis, and, often, lesions of the skin and mucous membranes.80 The 
syndrome complicates 1% to 2% of the cases of NGU81 and is believed 
to be the most common peripheral inflammatory arthritis in young 
men.82 Its pathogenesis is unclear, but it probably represents an abnor-
mal host response to any of a number of infectious agents.83 The idio-
syncratic nature of the host’s response is supported by a strong 
correlation between the development of reactive arthritis and the pres-
ence of the human leukocyte antigen (HLA)-B27 histocompatibility 
antigen. This antigen has been found in 90% to 96% of patients with 
reactive arthritis,84 and it also has been related to uveitis and sacroili-
itis.81 Although possibly providing a clue to pathogenesis, the presence 
of this antigen is not diagnostic.

The inciting infection is of two types. Sexually acquired reactive 
arthritis (SARA) may occur after sexually transmitted urethritis. Most 
cases in North America and Europe occur in sexually active young 
people.85 Many cases occur after contact with a new partner, and some 
cases have been epidemiologically linked.81 In one series, 9% of cases 
occurred after gonococcal urethritis, although 50% of affected patients 
subsequently developed PGU.86 C. trachomatis is strongly implicated 
in the pathogenesis of SARA.87 It has been recovered from the urethras 
of up to 50% of patients with SARA and from most of those men who 
had signs of urogenital inflammation at the time of examination.88,89 
Antibodies to C. trachomatis have been detected in about half of 
patients with SARA, and Chlamydia-specific cell-mediated immunity 
occurs in most patients with SARA.89,90 Chlamydiae were isolated from 
synovial biopsy specimens in 15 of 29 patients from a number of small 
series and from a smaller proportion of synovial fluid specimens.91 
Chlamydial nucleic acids have been identified in the synovial mem-
branes,92 and chlamydial elementary bodies have been observed in 
joint fluid.93 Attempts to isolate or identify mycoplasmas in affected 
joints have not been successful.91

Reactive arthritis also occurs after bacterial gastroenteritis, and it 
has been repeatedly described after infection with Salmonella, Shigella, 
Yersinia, or Campylobacter.81,82,86 A few cases suggest that reactive 

Patients who are receiving therapy for urethritis should be exam-
ined for other STDs and should be tested serologically for syphilis and 
HIV infection at the initial visit. An initial workup for trichomoniasis 
may be worthwhile in settings with a high prevalence of trichomoniasis 
in women. Direct microscopic examination of a urethral specimen for 
trichomonads is usually unrewarding, even if the patient can be seen 
before the first morning micturition. If the patient’s urethritis has not 
been cured by previous antibacterial therapy, or if symptoms or signs 
in the sexual partner suggest trichomonal infection, the patient’s first-
void urine sediment or an endourethral swab sample, or both, can be 
examined with use of culture or PCR. Empirical treatment for tricho-
moniasis may be warranted in some such patients.

Syndromic management of urethritis, in which men who have 
symptoms or signs of urethritis are treated with antimicrobial agents 
active against N. gonorrhoeae and C. trachomatis without any diag-
nostic studies, has been employed with success in resource-poor 
settings.72

In men whose symptoms and signs do not resolve or in whom 
clinical manifestations recur after appropriate treatment for urethritis, 
urethral Gram-stained specimens or first-void urine sediments should 
be examined to establish the existence of persistent urethritis. Symp-
toms and signs may persist in the absence of objective evidence of 
urethritis. Antimicrobial treatment in symptomatic men who do not 
have objective evidence of urethritis is of questionable value.16

Patients who initially receive treatment for NGU but in whom 
urethritis is not eliminated by doxycycline should be suspected of 
having infection with Trichomonas or doxycycline-resistant M. geni-
talium or U. urealyticum.41,73 Because these infections can be impos-
sible to differentiate clinically, such patients may be given empirical 
treatment with a single 2-g dose of metronidazole or tinidazole fol-
lowed, after 2 hours (to prevent gastrointestinal upset), by azithromy-
cin, 1 g orally as a single dose.66 It is, of course, important that their 
sexual partners receive the same regimen.

Some men report that their urethral symptoms disappeared while 
they were taking an antimicrobial agent but reappeared days to weeks 
after completion of therapy. Such recurrences with objective evidence 
of urethritis are seen in about 20% of patients with chlamydial NGU 
and in about 40% of patients with nonchlamydial infection. M. geni-
talium has been associated with recurrent or chronic NGU.74

Men with recurrent urethritis should be questioned closely about 
the possibility of reexposure, and attention should be given to ensuring 
simultaneous treatment of all sexual partners. If reexposure is likely, 
re-treatment with the initial doxycycline or azithromycin regimen  
may be given. If the patient has not been reexposed, a recurrence of 
urethritis suggests the possibility that some pathogens remained in a 
relatively antibiotic-protected site. Prostatic involvement is common  
in NGU. It is possible that some men have a prostatic focus of infec-
tion. In men with repeated relapses, treatment with a 3-week course  
of erythromycin occasionally succeeds.75 Patients whose relapses are 
not eliminated by these maneuvers should be referred for urologic 

TABLE 109-4  Therapy for Urethritis

DRUG AND DOSAGE COMMENT
Ceftriaxone, 250 mg IM For Neisseria gonorrhoeae if documented by 

culture or NAATs, suspected based on 
examination or history, or if gram-negative 
diplococci are seen on Gram stain

Azithromycin, 1 g orally once Appropriate for almost all forms of urethritis 
unless NAATs specifically do not 
demonstrate Chlamydia trachomatis. 
Azithromycin is preferred for treatment of 
Mycoplasma genitalium.

or

Doxycycline, 100 mg orally 
twice daily for 7 days

Metronidazole 2 g orally once
or
Tinidazole 2 g orally once

If Trichomonas vaginalis has been 
demonstrated by light microscopy, culture, 
or NAATs or if these tests are not available 
when symptoms persist despite the above-
listed therapies.

NAATs, nucleic acid amplification tests.
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papules epithelialize and thicken to produce keratoderma blennor-
rhagicum in 10% to 25% of the patients.82 Circinate balanitis is usually 
painless and occurs in 25% to 40% of all patients.81,82,98 Circinate 
and ulcerative vulvitis also are described.103 Painless erosions on the 
dorsum of the tongue and fauces occur most commonly with the initial 
episode and less frequently with recurrence. Incomplete reactive 
arthritis, consisting of urethritis and arthritis or arthritis alone, has 
been reported.82,104

The initial episode of reactive arthritis usually lasts 2 to 6 months, 
but episodes lasting for 1 year have been described.82,98,100 Most patients 
feel completely well after the attack subsides, but the disease recurs in 
many cases, at a rate of about 15% in each 5-year period after the initial 
attack.81,82,85,93 During recurrence, the genital symptoms are usually less 
marked and may be entirely absent.105 More than half of the patients 
have active disease 15 to 20 years after the initial episode,82,101,106 the 
risk for residua being somewhat higher among patients with the 
HLA-B27 antigen. Almost 50% of affected persons develop some 
degree of permanent disability.101

Rare complications of reactive arthritis include pericarditis,  
myocarditis, first-degree atrioventricular block, and aortic 
insufficiency.98,100

Laboratory Findings
Anemia is common,82 and the erythrocyte sedimentation rate is ele-
vated in about 50% of patients.85 Findings in fluid recovered at the same 
time from different joints may be dissimilar.98 Synovial fluid usually 
contains 1000 to 200,000 white blood cells per milliliter, more than two 
thirds of which are PMNs.98 The glucose level in joint fluid is low in 
about 50% of affected joints.98 Synovial biopsy specimens reveal non-
specific inflammatory changes.

Therapy
Treatment of reactive arthritis remains controversial. Because of the 
possibility that the inciting infection may be sexually transmitted 
NGU, standard antichlamydial therapy is recommended106 and has 
been claimed by some authorities to reduce or eliminate urethritis.107 
Others, however, have seen no effect on the arthritis or on the overall 
course of the disease.106 The relative safety of antichlamydial therapy 
and the frequency with which chlamydiae are isolated from patients 
with reactive arthritis make such treatment reasonable. Among a pop-
ulation in Greenland with a high prevalence of HLA-B27, treatment of 
patients who had urethritis or cervicitis with a tetracycline or erythro-
mycin was associated with a lower incidence of subsequent arthritis 
than was treatment with penicillin or no treatment at all.108

Long-term antichlamydial treatment (e.g., with a tetracycline for 3 
months) has been suggested, and its use was supported by the results 
of a double-blind, placebo-controlled trial that demonstrated an ame-
liorating effect on Chlamydia-associated but not on enteropathogen-
associated disease.109 The effectiveness of long-term tetracycline 
therapy in other arthritides110 raises the question of whether the drug 
is working through an antibacterial effect on persistent, viable micro-
organisms or through an anti-inflammatory action. That the tetracy-
clines are more effective in Chlamydia-associated disease than in other 
reactive arthritides suggests the former.

Administration of nonsteroidal anti-inflammatory drugs (NSAIDs) 
is the most effective treatment.82 Indomethacin or tolmetin is favored 
by some workers, and all of these agents are superior to salicylates or 
corticosteroids. Sulfasalazine may be beneficial for patients whose 
symptoms do not respond to an NSAID. Cytotoxic agents such as 
methotrexate111 or immunosuppressive agents such as inflixamab112 
may be of value in recalcitrant cases.

arthritis may occur after antibiotic-associated colitis94 or cryptospo-
ridiosis.95 Postdysenteric reactive arthritis has been reported in about 
1% of patients after epidemics of gastrointestinal infection; it is con-
siderably more common among patients who are HLA-B27 positive. 
Short peptides shared by HLA-B27 and enteric pathogens have raised 
the question of a contribution of molecular mimicry to pathogenesis.96 
Antibodies reacting with Yersinia proteins appear in the sera of many 
patients with reactive arthritis.97

Clinically, reactive arthritis after genital infection is indistinguish-
able from that occurring after bacterial gastroenteritis; indeed, 12% to 
80% of patients with postdysenteric reactive arthritis have genital 
symptoms.81,98 The age- and gender-specific attack rates, however, are 
different; 94% to 99% of the cases of reactive arthritis after sexually 
transmitted infections occur in men. However, up to 10% of the cases 
of postdysenteric reactive arthritis occur in women.85 The syndrome 
has also been reported in sexually inexperienced children.85

Reactive arthritis is encountered with some frequency in HIV-
infected persons.99 It is said to be the most common rheumatologic 
complication of the acquired immunodeficiency syndrome. The spec-
trum of clinical manifestations is similar to that in other patients, but 
the arthritis and mucocutaneous lesions are more severe and may 
require more intensive therapy.

Clinical Manifestations
NGU is the initial manifestation of reactive arthritis in 80% of 
patients.81,82 As with other forms of NGU, it usually occurs within 14 
days after sexual exposure. The urethritis may be mild and may go 
unnoticed by the patient, being detectable only by physical examina-
tion performed before the first morning micturition. Gonococcal ure-
thritis sometimes precedes reactive arthritis,86 but coinfection with an 
agent of NGU is difficult to rule out. The urethral discharge may be 
purulent or mucopurulent, and patients may or may not complain of 
dysuria. Accompanying prostatitis, usually asymptomatic, has been 
described by some authors.82,98,100 Cystitis without urethritis also has 
been reported and may be a manifestation, particularly in women.98

The other features of reactive arthritis develop 1 to 5 weeks after 
the onset of urethritis.98 Arthritis begins within 4 weeks after the onset 
of urethritis in 80% of patients,81 but it precedes urethritis in about 
15%.85 The knees are most frequently involved, followed by the ankles 
and small joints of the feet. Sacroiliitis, either symmetrical98 or, more 
frequently, asymmetrical,85,100 develops in up to two thirds of patients. 
It is more common in patients with the HLA-B27 antigen. Ankylosing 
spondylitis, which occurs in only about 1% of the general population, 
complicates a significant minority of cases of reactive arthritis,81,101 and 
back pain is reported by 60% of all patients.82 Many patients with reac-
tive arthritis and the HLA-B27 antigen develop ankylosing spondyli-
tis,101 which is rare in patients without the antigen. Calcaneal spurring 
may be seen in up to one fourth of patients with reactive arthritis81,100 
and may produce heel pain. A dactylitis resulting in sausage-shaped 
swelling of the digits is also characteristic.85 Arthritis is the most per-
sistent feature of the syndrome; it may last for months to years after 
other manifestations have disappeared.85,98

Mild bilateral conjunctivitis, iritis, keratitis, or uveitis is sometimes 
present but often lasts for only a few days.98,100,102 Unlike the conjunc-
tivae in direct infection with C. trachomatis, the inflamed conjunctivae 
in reactive arthritis do not manifest follicular hypertrophy. The uveitis 
is usually anterior, acute, and unilateral.

Dermatologic manifestations occur in up to 50% of patients.81,82 The 
initial lesions are waxy papules, which often display a central yellow 
spot; they occur most frequently on the soles and palms98 and with 
decreasing frequency on the nails, scrotum, scalp, and trunk. The 
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110 Vulvovaginitis and Cervicitis
William M. McCormack and Michael H. Augenbraun

Vulvovaginal symptoms are common and frequently result in encoun-
ters of patients with the health care system, including use of folk 
remedies, purchase of over-the-counter (OTC) pharmaceuticals, and 
presentation to health care providers. In one survey1 of female college 
graduates with a median age of about 30 years, almost 70% reported 
at least one lifetime physician-diagnosed and treated vaginal yeast 
infection; in addition, 29% had been treated for bacterial vaginosis 
(BV) and 26% for trichomoniasis. More than 20% of the women had 
been treated for a vaginal yeast infection within the past year.

Genitourinary symptoms in women tend to lack specificity. All 
women have vaginal secretions, but their ability to discriminate normal 
from abnormal secretions is often imprecise. Similarly, vulvar discom-
fort is fairly common and may result from a variety of infectious and 
noninfectious causes. This chapter discusses vaginal discharge and vul-
vitis separately, with the understanding that there is considerable 
overlap between these syndromes and that a patient whose symptoms 
appear to represent one syndrome may ultimately have a quite different 
diagnosis.

VAGINAL SECRETIONS
The normal vaginal secretions are a physiologically important biomass. 
Vaginal cells contain glycogen and are continually shed into the  
lumen of the vagina. As the cells autolyze, glycogen depolymerizes  
to glucose, which serves as an energy source for bacteria known as 
lactobacilli. Data reported by Ravel and associates demonstrated that 
the vaginal bacterial communities of asymptomatic North American 
women clustered into five groups: four were dominated by Lactobacil-
lus crispatus, L. jensenii, L. iners, or L. gasseri, whereas the fifth had 
lower proportions of lactobacilli and higher proportions of strictly 
anaerobic organisms.2

Lactobacilli metabolize glucose to lactic acid, which results in a 
normal vaginal pH of about 4.0.

In the studies of Ravel and associates,2 the vaginal communities of 
women whose flora was dominated by L. jensenii and those with higher 
proportions of strictly anaerobic bacteria had higher mean pH levels 
than the other groups. In addition, blacks and Hispanics had higher 
mean vaginal pH levels than whites and Asians.

Although the vagina is not sterile and many species of bacteria can 
be isolated from vaginal specimens from healthy women, lactobacilli 
often dominate the vaginal microbiota. Indeed, the predominant cells 
in the vaginal secretions of most normal women are lactobacilli and 
vaginal epithelial cells (Fig. 110-1).

In addition to producing lactic acid, lactobacilli may also produce 
hydrogen peroxide, which is bactericidal alone and highly bactericidal 
in combination with physiologic amounts of myeloperoxidase and 
chloride.3 Loss of the normal Lactobacillus-dominated vaginal micro-
biota increases the likelihood of exogenous infection after exposure to 
sexually transmitted pathogens,4 as well as the risk for endogenous 
infection in association with pregnancy and gynecologic surgery.5

Therefore, the normal vaginal secretions are a heterogeneous sus-
pension of vaginal epithelial cells and lactobacilli in fluid that emanates 
from the cervix and vaginal walls (Fig. 110-2). The secretions have a 
pH of 3.5 to 4.6, are odorless, and do not cause itching or irritation. 
The normal secretions are clumpy and tend to remain in the vagina, 
although in some women egress of normal secretions may require use 
of a perineal pad. Characteristics of normal vaginal secretions are listed 
in Table 110-1.

An appreciation of what is normal is important in dealing with 
patients who report an abnormal discharge. A significant minority of 
such patients have normal secretions. These women may have a large 
volume of normal secretions; relaxation of the introitus after childbirth 
that allows outflow of normal volumes of normal secretions; or height-
ened awareness of a normal amount of physiologic secretions, often as 
a result of other genitourinary symptoms such as vulvar discomfort. 

Definition
•	 Vulvovaginitis	and	cervicitis	include	infectious	

and	noninfectious	conditions	involving	the	
vulva,	vagina,	and	cervix.

Epidemiology
•	 Trichomoniasis	is	a	sexually	transmitted	

condition.
•	 Bacterial	vaginosis	and	vulvovaginal	

candidiasis	are	not	classic	sexually	transmitted	
diseases	but	seldom	occur	in	sexually	
inexperienced	women.

•	 Vulvitis	and	desquamative	inflammatory	
vaginitis	are	not	sexually	transmitted.

•	 Cervicitis	may	be	sexually	transmitted	or	
idiopathic.

Microbiology
•	 Trichomoniasis	is	caused	by	Trichomonas	

vaginalis.
•	 Candidiasis	is	caused	by	Candida	albicans	and	

other	fungal	species.
•	 Bacterial	vaginosis	is	associated	with	a	

complex	bacterial	microbiota.

•	 Infectious	cervicitis	is	usually	caused	by	
Neisseria	gonorrhoeae	or	Chlamydia	
trachomatis.

Diagnosis
•	 Trichomoniasis	and	cervical	infections	due	to	

N.	gonorrhoeae	and	C.	trachomatis	can	be	
diagnosed	by	identifying	the	causative	
organisms	with	use	of	culture	or	nonculture	
methods	of	which	nucleic	acid	amplification	
testing	is	the	most	accurate.

•	 Bacterial	vaginosis	is	diagnosed	using	clinical	
criteria	including	vaginal	pH,	odor	produced	
when	potassium	hydroxide	is	added	to	vaginal	
fluid,	and	detection	of	“clue	cells”	when	
vaginal	fluid	is	examined	microscopically.

•	 Vulvovaginal	candidiasis	is	diagnosed	clinically	
and	by	the	identification	of	C.	albicans	or	
other	fungal	species	in	cultures	of	vaginal	
fluid.

•	 Desquamative	inflammatory	vaginitis	is	
diagnosed	by	the	clinical	appearance	of	the	
vagina	and	the	identification	of	leukocytes		

and	parabasal	cells	in	wet	preparations	of	
vaginal	fluid.

Therapy
•	 Trichomoniasis	is	treated	with	the	oral	

administration	of	metronidazole	or	tinidazole.
•	 Bacterial	vaginosis	is	treated	with	a	7-day	

course	of	oral	metronidazole	or	with	
preparations	for	intravaginal	use	that	contain	
metronidazole	or	clindamycin.

•	 Vulvovaginal	candidiasis	is	treated	with	oral	
fluconazole	or	with	preparations	for	vaginal	
use	that	contain	nystatin,	miconazole,	or	other	
antifungal	agents.

•	 Desquamative	inflammatory	vaginitis	is	best	
treated	with	intravaginal	clindamycin.

•	 Intravaginal	administration	of	boric	acid	
or	corticosteroids	provides	symptomatic		
relief.

Prevention
•	 Judicious	choice	of	sexual	partners	and	regular	

use	of	condoms	is	preventative.

SHORT VIEW SUMMARY
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index finger. This finger test is an important historical clue that the 
woman has normal secretions.

In addition to normal secretions, the differential diagnosis of 
vaginal discharge primarily includes three infections (trichomoniasis, 
vulvovaginal candidiasis, and BV); an idiopathic condition known as 
desquamative inflammatory vaginitis (DIV); cervicitis (both infectious 
and noninfectious); and vulvovaginitis associated with estrogen defi-
ciency (Table 110-3).

APPROACH TO THE PATIENT
History
The etiologic diagnosis of vaginitis depends on a careful evaluation of 
the history, a physical examination, and immediate laboratory tests. 
Historical features are relatively nonspecific,6 but they may direct clini-
cal suspicion toward certain causes. If at all possible, the history should 
be obtained with the patient in the sitting position and before she has 
disrobed.

The medical history (Table 110-4) should include all of the usual 
gynecologic parameters, including menstrual history, pregnancies, 
contraception, sexual preference, past and current sexual relationships, 
and prior genitourinary infections. Additionally, the patient should be 
asked about underlying medical conditions such as allergies, diabetes, 
malignancies, and immunodeficiency syndromes (primarily human 

The volume of normal secretions may increase during pregnancy and 
during use of hormonal contraceptive agents.

Patients with a normal or physiologic vaginal discharge usually 
have a history of multiple self-directed or clinician-directed treatments 
with a bewildering array of topical and systemic antibacterial and 
antifungal agents. Recognition of the normalcy of the secretions is 
important so that the patient can be reassured that her secretions are 
normal and so that diagnostic and therapeutic attention can be focused 
on associated conditions, if any, that may be present.

Important characteristics of patients who present with normal 
vaginal secretions are listed in Table 110-2. Notable characteristics 
include chronicity, absence of odor, absence of vulvar discomfort 
(unless there is unrelated vulvitis), many unsuccessful visits to a variety 
of different health care providers, and many ineffective treatments.

On close questioning, a number of these patients do not have suf-
ficient external flow of vaginal secretions to stain their clothing or to 
require use of a perineal pad. They appreciate what they perceive to be 
abnormal secretions by extracting normal secretions with use of their 

FIGURE 110-1  Healthy vaginal secretions. Normal vaginal secretions 
as seen in a suspension of vaginal secretions  in 0.9% NaCl. Vaginal epi-
thelial cells and lactobacilli are the primary cells seen. 

FIGURE 110-2  Healthy vaginal secretions on a speculum. Normal 
vaginal  secretions on a plastic  vaginal  speculum. The  secretions  are off-
white and heterogeneous. 

TABLE 110-1  Characteristics of Normal Vaginal 
Secretions

Heterogeneous suspension of desquamated vaginal epithelial cells in water
Lactobacilli dominate the microbiota
pH of 3.5-4.6
Odorless
Do not cause itching or irritation
Usually do not soil underclothing

TABLE 110-2  Characteristics of Patients Who 
Report Vaginal Symptoms But Are Found to Have 
Normal Vaginal Secretions

Chronicity of symptoms
Many prior visits to health care practitioners
Multiple ineffective treatments with vaginal and oral antimicrobial agents
Absence of odor
Absence of itching and irritation
Minimal, if any, staining of clothing

TABLE 110-3  Differential Diagnosis of the 
Abnormal Vaginal Discharge

Normal (physiologic) vaginal secretions
Vaginal infections
  Trichomoniasis
  Vulvovaginal candidiasis
  Bacterial vaginosis
Desquamative inflammatory vaginitis
Cervicitis
  Infectious
  Noninfectious
Estrogen deficiency

TABLE 110-4  Most Pertinent History from 
Patients with Vulvovaginal Symptoms

General Gynecologic History
Menstrual history

Pregnancies

Sexual preference

Contraception

Sexual relationships

Prior infections

General medical history

Allergies

Diabetes

Malignancies

Immunodeficiency

Symptoms of Vulvovaginitis
Discharge

Odor

Vulvar discomfort

Dyspareunia
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corticosteroids or oral contraceptives are at increased risk for develop-
ment of vulvovaginal candidiasis. Local medications, including vaginal 
douches, rarely produce a chemical vaginitis; douching immediately 
before examination makes diagnosis difficult.

Examination
If the patient has not had recent medical care, a general physical exami-
nation can be performed. At the least, the patient’s breasts should be 
examined if she has not had a professional breast examination during 
the past year. Similarly, a mammogram should be ordered if the 
patient’s age or history dictate that one is indicated.

With the patient supine on the examining table, the pubic hair 
should be examined for the presence of crab lice or nits. The inguino-
femoral areas should be palpated for adenopathy. Suprapubic and 
lower abdominal tenderness or masses can be sought by palpation.

The gynecologic examination (Table 110-5) requires adequate light. 
Magnification is helpful and is best provided by a colposcope. Provid-
ing the patient with a mirror allows her to participate in the examina-
tion and is useful for clarifying the location of symptoms as well as 
demonstrating important findings to the patient.

With the patient in the lithotomy position, the external genitalia 
should be carefully inspected. The patient should be asked to point to 
any areas of external itching, irritation, or other discomfort. Localiza-
tion of discomfort to vulvar skin or vestibular mucosa provides useful 
information. The appearance of the vulvar skin and vestibular mucous 
membranes should be noted, with careful attention to ulcers or other 
discontinuity of the skin or mucosa, mucosal erythema, and visible 
secretions. Diffuse perineal erythema may accompany candidiasis. 
Diffuse reddening with small satellite lesions, usually papular or papu-
lopustular, suggests candidiasis. The degree of perineal irritation is 
quite variable with all infections, but severe perivaginal irritation is 
uncommon with BV. Labial edema may accompany severe irritation, 
especially in vulvovaginal candidiasis.

Careful examination of all the extravaginal surfaces may reveal 
lesions of genital herpes, syphilis, condyloma acuminatum, molluscum 
contagiosum, scabies, or vulvar vestibulitis.

By spreading the labia with the gloved hand, one may examine the 
urethral meatus. The urethra may be gently stripped with a finger 
placed inside the vagina. Urethral discharge is not a common finding, 
but, if delivered, such material should be examined microscopically 
and cultured. The introitus and the internal surfaces of the labia minora 
should be examined for lesions. Vaginal discharge is sometimes 
observed on the labia or flowing onto the perineum. Such copious 
discharge is usually associated with trichomoniasis or BV but may 
accompany other infections.

A speculum is then inserted to expose the cervix and vaginal 
mucosa. A small-sized speculum is adequate for most patients and 
minimizes discomfort for patients who have introital lesions. A small 
amount of lubricant facilitates insertion without compromising the 
quality of the microbiologic samples to be collected. The vaginal and 
cervical mucosa should be inspected with attention to erythema and 

immunodeficiency virus [HIV] infection) that might be associated 
with or influence vulvovaginal disease.

Age
Neonates can acquire trichomonal or candidal vulvovaginitis during 
passage through an infected birth canal, which would argue for treating 
these infections in pregnant women before term. Neonatal vaginal 
thrush responds promptly to topical antifungal medications. Neonatal 
trichomoniasis can be treated with metronidazole. After the neonatal 
period, a vaginal discharge is abnormal and should prompt a thorough 
examination. Vaginal candidiasis is rare in prepubescent girls. Prepu-
bescent vaginal epithelium is thin, and the entire vagina is susceptible 
to infection with Neisseria gonorrhoeae. Gonococcal vulvovaginitis 
often causes profuse vaginal discharge. The diagnosis of a sexually 
transmitted disease in a young girl should raise the suspicion of child 
abuse, although some agents have been transmitted to children in the 
absence of frank sexual contact.7 Patients in the sexually active years 
are more likely to have physiologic secretions or infectious vaginitis. 
Postmenopausal women are more likely to have atrophic vaginitis.

Mode of Onset
An abrupt and identifiable time of onset of symptoms suggests infec-
tion. Vaginal discharge associated with neoplasia, estrogen depletion, 
or a foreign body often has a subacute onset, with symptoms progress-
ing over a period of weeks.

Quantity of Discharge
The amount of discharge is highly variable in all conditions. Patients 
with vulvovaginal candidiasis often have scanty discharge or no dis-
charge at all. Atrophic discharges are commonly scanty unless infec-
tion has supervened.

External Irritation
Physiologic discharge is rarely associated with vulvar or perineal dis-
comfort. Pruritus with a scant or absent discharge is frequently seen 
in candidiasis. External discomfort is an infrequent complaint in BV. 
Severe episodic perineal pain that sometimes prevents urination sug-
gests herpes simplex virus infection, which affects the labia but usually 
spares the vagina. Chronic discomfort (often interfering with sexual 
activity) should prompt consideration of a noninfectious vulvitis such 
as vulvar vestibulitis.

Odor
Vaginal odor in the absence of other symptoms is the initial complaint 
in many cases of BV. A feculent odor may accompany anaerobic super-
infection of genital lesions, or it may be noted in the presence of a 
foreign body or enterovaginal fistula.

Abdominal Pain
Abdominal discomfort is rare in uncomplicated vulvovaginitis, except 
for some cases of trichomoniasis. Women who complain of abdominal 
pain should be examined for evidence of urinary tract infection and 
pelvic inflammatory disease.

Sexual History
Exposure to a new sexual partner increases the likelihood of sexually 
transmitted disease. A history of genital symptoms in a sexual partner 
is helpful diagnostically. The commencement of oral contraceptive use 
may be associated with increased physiologic discharge.

Other Diseases
Diabetes mellitus, acquired immunodeficiency syndrome (AIDS), 
malignancy and the treatment thereof, and possibly hypoparathyroid-
ism increase the risk for candidal vaginitis. Diseases known to impair 
host defenses may predispose to otherwise rare infections. Drugs used 
in the treatment of other diseases may predispose to vaginal infection.

Medications
Systemic or local medications may influence vaginal infection. Antibi-
otics that are active against the normal bacterial microbiota of the 
vagina predispose to candidal vaginitis.8 Patients who are taking 

TABLE 110-5  Principles for the Genital 
Examination of the Patient with Vulvovaginal 
Symptoms

Adequate illumination
Magnification, if possible
Give the patient a mirror
Inspect the external genitalia
  Lesions
  Mucosal erythema
Examine the vaginal mucosa
  Erythema
  Lesions
  Secretions
Examine the cervix
  Ectropion
  Lesions
  Erythema
  Endocervical secretions
Collect vaginal and cervical specimens
Bimanual examination
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of PMNs is characteristic of the discharge of BV.10 In fact, the finding 
of many PMNs in the vaginal discharge of a patient with BV should 
prompt a search for simultaneous infection, such as trichomoniasis, 
gonorrhea, or chlamydial cervicitis. Pseudohyphae suggest vaginal 
candidiasis, but often only moderate or even very small numbers of 
yeast cells are seen in this condition. Indeed, some patients with vul-
vovaginal candidiasis have organisms identified only by culture. The 
wet preparation should be scanned for motile trichomonads.

Normal squamous epithelial cells have transparent cytoplasm and 
small nuclei. Immature (parabasal) cells are smaller and have larger 
nuclei. Epithelial cells covered with tiny coccobacillary forms are called 
clue cells and are associated with BV. Clue cells are best recognized by 
observing the edges of epithelial cells, which may be obscured by the 
adherent coccobacilli. Some cells are so heavily encrusted that the 
nuclei are obscured. Trichomonads are best recognized by their char-
acteristic twitching motility. The flagellae and undulating membrane 
may be observed by careful focusing of the microscope and adjustment 
of the light source. Trichomonad motility may be improved by gentle 
warming of the preparation. The wet mount is negative in about 30% 
of the women with trichomoniasis (see Chapter 282), so a negative wet 
mount does not rule out this infection, particularly in asymptomatic 
women.

The bacterial microbiota can be assessed on the wet mount. Normal 
vaginal microbiota consists of a sparse population of bacilli. In BV, the 
predominant organisms are tiny coccobacilli. Spermatozoa may be 
observed as long as 10 days after the last coitus, but motile sperm 
suggest sexual contact within the preceding 24 hours.11

Combining a drop of 10% KOH with the vaginal material on a 
microscope slide and applying a coverslip destroys cellular elements 
but leaves the bacteria and fungi unscathed. The KOH preparation 
cannot be used for microscopic diagnosis of trichomoniasis or BV.

A Gram stain of vaginal material is somewhat less useful than the 
wet mount for differential diagnosis. Although Candida spp. are readily 
recognized on the Gram-stained smear, trichomonads are difficult to 
identify. Normal vaginal flora consists primarily of gram-positive 
bacilli, which are mostly lactobacilli. In BV, the normal flora is replaced 
by sheets of gram-variable coccobacilli, which often overlie the surface 
of epithelial cells. Women with vulvovaginal candidiasis sometimes 
have large numbers of budding yeasts and pseudohyphae. The Gram 
stain is negative in many women from whom Candida can be 
cultured.12

Material recovered from the endocervix can be Gram stained. 
Normal cervical discharge usually contains moderate numbers of 
PMNs, and their presence is not necessarily an indication of infection.9 
The presence of large numbers of PMNs suggests cervicitis. Gram-
negative, intracellular diplococci accurately diagnose gonorrhea (see 
Chapter 214), but extracellular diplococci are less predictive. The cervi-
cal Gram stain is positive in only about 60% of women with cervical 
gonorrhea. Therefore, a negative Gram stain does not rule out this 
infection.12

Before the speculum is removed, specimens are obtained for exami-
nation for N. gonorrhoeae, Chlamydia trachomatis, and Trichomonas 
vaginalis with use of culture or nonculture methods such as nucleic 
acid amplification tests. Vaginal cultures for yeast are useful to exclude 

lesions. An ectropion, if present, should be noted (Fig. 110-3). The 
vaginal secretions should be described, as should any secretions ema-
nating from the endocervical canal or from an ectropion.

Specimens obtained during the examination are listed in Table  
110-6. Vaginal pH should be measured. A sample of vaginal material 
should be collected from the lateral vaginal wall with use of a cotton-
tipped applicator. Care should be taken to avoid contamination with 
endocervical secretions. The collected vaginal secretions are applied to 
a strip of pH paper and compared with the standard chart provided by 
the manufacturer (Fig. 110-4).

A sample of vaginal secretions is then examined. The specimen may 
be prepared in several ways. A swab of vaginal secretions may be agi-
tated in a tube containing about 0.5 mL of normal saline to form a 
suspension. Alternatively, a plastic transfer pipette may be used to 
introduce 2 to 3 mL of normal saline solution into the posterior fornix. 
The saline solution is mixed with the vaginal secretions by aspiration 
and reaspiration of the solution, and the resultant suspension of vaginal 
material is placed into a small tube.

The suspension is then examined for odor (whiff test) by placing a 
drop on a microscope slide, adding a drop of 10% potassium hydroxide 
(KOH), and smelling the resultant mixture. Normal secretions have no 
odor. A fishy odor is indicative of BV.

A drop of the suspension of vaginal material is placed on a micro-
scope slide, and a coverslip is added. This wet mount can be examined 
under high power with a bright-field microscope. Phase-contrast 
microscopy provides an excellent means of evaluating vaginal wet 
mounts. The relative numbers of epithelial cells and polymorphonu-
clear neutrophils (PMNs) should be noted. Because PMNs are present 
in physiologic endocervical discharge that collects in the vagina,9 small 
numbers of PMNs may be observed in the vaginal material recovered 
from healthy women. A finding of more PMNs than epithelial cells in 
a vaginal wet preparation should raise suspicion for cervical or vaginal 
inflammation. Observation of relatively few PMNs does not rule out 
vaginal infection, however. Vaginal candidiasis can produce a dis-
charge that contains only small numbers of PMNs. The relative absence 

FIGURE  110-3  Healthy cervix.  Normal  cervix  with  a  normal 
ectropion. 

TABLE 110-6  Specimens Obtained during the 
Gynecologic Examination

Vaginal secretions
  pH
  Whiff test
  Saline wet preparation
  Potassium hydroxide (KOH) wet preparation
Cultures or nonculture tests
  Neisseria gonorrhoeae
  Chlamydia trachomatis
  Candida spp.
  Trichomonas vaginalis
Cervical cytologic examination (if not documented within the currently 

recommended time frame)

FIGURE 110-4  Testing for pH. Examination of vaginal  secretions  for 
pH with use of pH paper. 
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(Xenotope Diagnostics, San Antonio, TX). These tests have sensitivity 
that approaches that of culture.16,17 Sensitive and specific nucleic acid 
amplification tests have also been developed (including APTIMA 
Trichomonas vaginalis Assay [Gen-Probe, San Diego, CA])18,19

A wet preparation diagnostic of trichomoniasis is highly specific 
because of the characteristic motility of the organisms. Diagnostic tests 
in which the organisms are no longer motile may lack specificity. A 
common clinical problem is the woman with no epidemiologic evi-
dence for a sexually transmitted condition who has trichomonads visu-
alized on a cervical cytologic examination.20 In some of these cases the 
cytologist may have misread the smear. For such a patient, the clinician 
should obtain confirmation of the diagnosis of trichomoniasis, by wet 
preparation or culture (or both), before initiating treatment and before 
embarking on a potentially disruptive epidemiologic investigation.

Therapy
Metronidazole and tinidazole are the only effective agents that are 
approved by the FDA for the treatment of trichomoniasis. A single 2-g 
oral dose of metronidazole or tinidazole can be prescribed. Alterna-
tively, 500 mg of oral metronidazole can be given twice daily for 7 days. 
Controlled studies have failed to show any important advantage of the 
7-day regimen. A single-dose regimen, if administered under direct 
observation in the office or clinic, has the obvious advantage of 100% 
compliance. Because trichomoniasis is almost always sexually trans-
mitted, treatment with metronidazole of all recent sexual partners, 
regardless of their symptoms, is an integral part of management.21

The aforementioned regimens containing metronidazole or tinida-
zole eliminate trichomonads in well over 90% of instances. If this 
treatment fails (Table 110-8), the diagnosis should be reconfirmed with 
a wet preparation or culture. Additionally, treatment of all current 
sexual partners should be ensured. Initial re-treatment should be with 
oral metronidazole, 500 mg twice daily for 7 days, or a single 2.0-g dose 
of oral tinidazole. If this regimen is not successful, oral metronidazole 
or tinidazole in a single daily dose of 2.0 g can be prescribed for 5 
days.21 If the latter metronidazole regimen fails, the patient can be 
assumed to have clinically significant metronidazole resistance, and 
consultation with an expert in the management of trichomoniasis 
should be sought. Susceptibility testing, available through the Centers 
for Disease Control and Prevention, should be performed.22 Alterna-
tive regimens include very high doses of metronidazole. One such 
regimen is that described by Lossick and associates,23 which consists 
of both oral (2.5 g daily) and vaginal (0.5 g daily) metronidazole for 
up to 3 weeks. Antiemetics may be prescribed with this regimen to 
reduce nausea and vomiting. In Lossick’s experience, this regimen was 
effective in about 90% of cases. Intravenous regimens of metronidazole 
have also been prescribed.24 For patients who cannot tolerate metroni-
dazole at this dosage level and for those who do not respond to it, 
tinidazole has better in vitro efficacy,25 is better tolerated than metro-
nidazole, and has cured most patients with metronidazole-resistant 
trichomoniasis.26

fungal infection, for which the wet preparation is insensitive.13 Tricho-
monads can be sought by inoculating selective liquid media such as 
modified Diamond’s medium if trichomoniasis is a diagnostic possibil-
ity.14 Finally, a cervical cytologic smear should be obtained if such an 
examination cannot be documented within the currently recom-
mended time frame. Relying on the patient’s history of cervical cyto-
logic examinations is risky, because some women assume that all 
gynecologic examinations include a Papanicolaou (Pap) smear.

Bimanual examination for adnexal tenderness and masses should 
be a part of the evaluation. Adnexal tenderness is sufficiently un-
common with local vaginal infections that its presence suggests 
salpingitis.

TRICHOMONIASIS
Etiology and Pathogenesis
Trichomoniasis is caused by the protozoan Trichomonas vaginalis. It is 
a classic exogenous sexually transmitted infection, like gonorrhea and 
chlamydial infection. The organism is not normally present in the 
vagina. Transmission almost always occurs through sexual contact. 
After an incubation period of a few days, patients develop a purulent 
discharge associated with varying degrees of vulvar irritation, dysuria, 
and dyspareunia (Table 110-7). An abnormal odor is often present, 
usually signifying concomitant BV.

Diagnosis
Examination is notable for vulvar, vestibular, and vaginal erythema and 
a purulent vaginal discharge (Fig. 110-5). A minority of patients mani-
fest characteristic mucosal capillary dilation, which gives the mucosa 
a strawberry appearance.

Vaginal pH is almost always greater than 4.5. A positive whiff test 
is not unusual. The vaginal wet preparation contains an abundance  
of leukocytes and motile flagellated trichomonads (Fig. 110-6). In 
experienced hands, the wet preparation is only 60% to 70% sensitive 
in symptomatic patients.15 The organism can be cultivated by inocu-
lating a liquid medium such as modified Diamond’s medium14 or 
InPouch TV.16 After incubation, aliquots of the liquid medium are 
examined daily for motile trichomonads. Culture improves the diag-
nostic yield, especially in asymptomatic patients. Nonculture tests 
approved by the U.S. Food and Drug Administration (FDA) include 
OSOM Trichomonas Rapid Test (Genzyme, Cambridge, MA), Affirm 
VPIII (Becton Dickinson, Franklin Lakes, NJ), and XenoStrip-Tv 

TABLE 110-7  Symptoms of Trichomoniasis
Purulent vaginal discharge
Vulvar irritation
Dysuria
Dyspareunia
Abnormal vaginal odor

FIGURE  110-5  Trichomoniasis.  There  are  purulent  secretions  and 
mucosal erythema. 

FIGURE  110-6  Trichomoniasis suspension.  Suspension  of  vaginal 
secretions  in  0.9%  NaCl.  There  are  leukocytes  and  flagellated 
trichomonads. 
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symptoms, primarily vulvovaginal itching and irritation. These data 
suggest that colonization with Candida species usually produces symp-
toms, albeit mild symptoms that do not prompt the patient to seek 
medical attention.

C. albicans can be isolated from 80% to 90% of patients with vul-
vovaginal candidiasis, and other yeasts account for up to 20% of cases.46 
Candida tropicalis is isolated from 1% to 5% and may be associated 
with a higher rate of recurrence after standard treatments.47,48 Candida 
(formerly Torulopsis) glabrata accounts for about 10% of vaginal yeast 
isolates.46,47,49-51 Symptomatic vaginitis caused by this organism is asso-
ciated with less intense itching and dyspareunia49 than that caused by 
other Candida species, but the organism may be harder to eradicate 
with standard therapies.47,51 The relative incidence of vaginitis caused 
by fungi other than C. albicans appears to be increasing. Non-albicans 
infections are associated with recurrent disease (accounting for 21% of 
recurrent vs. 12% of initial infections) and with HIV infection (22% of 
infections in HIV-positive women vs. 12% in HIV-negative women), 
especially in HIV-infected women who receive prophylaxis with imid-
azoles or triazoles.47 It is believed that the widespread use of topical 
antifungal agents, especially in short courses, may contribute to selec-
tion for non-albicans yeasts, which are less susceptible to these agents 
than is C. albicans. Cases of vaginitis caused by Saccharomyces cerevi-
siae have been reported and may be associated with baking.52,53

Some workers have estimated that 75% of adult women will suffer 
at least one episode of vulvovaginal candidiasis during their lifetime.54 
Inhibition of normal bacterial microbiota by antibiotics favors the 
growth of yeasts,54,55 although symptomatic cases are seen after the use 
of antimicrobial agents that do not suppress lactobacilli.56 Vulvovaginal 
candidiasis sometimes occurs after antimicrobial treatment of tricho-
moniasis or BV.

Growth of yeasts is apparently favored by high estrogen levels, 
although such levels also promote the growth of lactobacilli.57-59 The 
prevalence of vaginal carriage of Candida is higher among users of oral 
contraceptives than among women using other methods of birth 
control.55,59 The mechanism of this estrogenic predisposition is unclear.

Vulvovaginal candidiasis is associated with poorly controlled dia-
betes mellitus, and tight glycemic control decreases the frequency of 
symptomatic infection.60 However, testing for diabetes in women with 
recurrent vulvovaginal candidiasis is not cost effective.55

It has been suggested that tight, insulating clothing predisposes to 
vulvovaginal candidiasis by increasing vulvar warmth and moisture. In 
prospective studies, a higher prevalence of candidal carriage and 
higher concentrations of organisms were found in women who wore 
tight rather than loose clothing.61-63 Impairment of phagocytic cells or 
of cell-mediated immunity (e.g., transplantation, chemotherapy) also 
predisposes to vulvovaginal candidiasis. Some authorities believe that 
women with HIV infection develop vulvovaginal candidiasis more 
often than HIV-negative women do, especially if they have low CD4 
T-cell counts.64,65

The contribution of sexual transmission is poorly defined. Vulvo-
vaginal candidiasis increases in incidence with the onset of sexual 
activity,66-68 but the incidence is also increased by the use of oral con-
traceptives,55,59 the contraceptive sponge, or the intrauterine device,67 
any of which might coincide with sexual activity. Having multiple 
sexual partners is not associated with a higher incidence of Candida 
infection. Most women who present with vulvovaginal candidiasis 
have no predisposing illnesses or medications.

The mechanism by which Candida produces disease is not well 
defined. Although it is postulated that differences in virulence must 
exist,55 strains isolated from symptomatic women are not demonstrably 
different from isolates from asymptomatic carriers.69 Filamentous 
forms (hyphae and pseudohyphae) are associated with active disease.70 
Pseudohyphae have been observed to penetrate vaginal epithelial 
cells,71 and they are more adherent to cells than are budding yeasts 
(blastospores).72 Adherence appears to be an important pathogenic 
feature of Candida spp.,73 and sublethal concentrations of antifungal 
agents may ameliorate disease by reducing adherence.74

The severity of symptoms in vulvovaginal candidiasis is not directly 
related to the number of yeast cells present. Indeed, very small numbers 
of yeasts may be present in vaginal material recovered from highly 
symptomatic women.55 An immunologic reaction has been suggested 

For patients with trichomoniasis who are unresponsive to metro-
nidazole and tinidazole, there are few therapeutic options of proven 
value. Nonoxynol-9 is active against T. vaginalis in vitro and was 
reported to be effective in one patient.27 However, in a subsequent 
study, nonoxynol-9 was effective in only 3 of 17 patients.28 Furazoli-
done is highly active in vitro against metronidazole-sensitive and 
metronidazole-resistant isolates of T. vaginalis29 and was effective when 
given vaginally in a study conducted some years ago.30 In one study,31 
vaginal acidification with boric acid was effective. In general, however, 
topical treatments have been disappointing,14 presumably because of 
reservoirs of infection in periurethral glands and other areas that are 
not adequately sterilized by intravaginal medications. Specifically, 
topical preparations containing metronidazole (e.g., 0.75% metronida-
zole gel) have been ineffective in unselected patients with trichomonia-
sis32 and are of no use in patients with metronidazole resistance except 
as a possible adjunct to oral treatment.

T. vaginalis organisms have been shown to be estrogen dependent 
in vitro33 and in vivo.34 In one report, discontinuation of estrogen 
replacement treatment in a postmenopausal woman was associated 
with resolution of vaginal trichomoniasis.35 These data suggest that 
hormonal manipulation should be studied in the management of 
trichomoniasis that is unresponsive to metronidazole and tinidazole 
and for women who cannot tolerate these drugs.

Minor adverse reactions to metronidazole, primarily nausea and a 
metallic taste, are common, but most patients can tolerate the usual 
dosage schedules. Metronidazole allergy is unusual. In such instances, 
desensitization has been useful.36

HIV infection has no effect on the incidence or prevalence of 
trichomoniasis or on persistence or recurrence.37 Treatment of tricho-
moniasis decreases the viral load of HIV in vaginal fluid,38 an observa-
tion concordant with the results of studies that show an association of 
trichomoniasis with HIV acquisition.39

Trichomoniasis in pregnancy has been the subject of considerable 
interest. An association between trichomoniasis and premature rupture 
of the membranes was reported in 1984.40 Cotch and colleagues,41 
using data from the Vaginal Infections and Prematurity (VIP) study, 
reported in 1997 on the prospective evaluation of 13,816 pregnant 
women. They found that trichomoniasis was independently associated 
with a 30% greater likelihood of preterm delivery and low birth weight 
and a 40% greater likelihood of having a preterm infant of low birth 
weight. In a more recent study, treatment of trichomoniasis in asymp-
tomatic pregnant women with metronidazole did not prevent preterm 
delivery.42 Metronidazole has traditionally been avoided during preg-
nancy because of largely theoretical concerns about mutagenicity and 
oncogenicity. However, studies and meta-analyses have not demon-
strated a consistent association between metronidazole use during 
pregnancy and teratogenic or mutagenic effects in infants.43-45 There-
fore, pregnant women who have symptomatic trichomoniasis may be 
treated with 2 g of metronidazole.21 Tinidazole has not been well evalu-
ated in pregnant women. In lactating women, breast-feeding should be 
stopped during treatment and for 12 to 24 hours after completion of 
treatment with metronidazole and for 3 days after completion of treat-
ment with tinidazole.21

VULVOVAGINAL CANDIDIASIS
Etiology and Pathogenesis
Candida albicans and other species of Candida can be part of the 
vaginal microbiota of asymptomatic women. About 30% of unselected 
women are colonized. In one study of unselected women,13 two thirds 
of colonized women and only 22% of uncolonized women reported 

TABLE 110-8  Management of Trichomoniasis 
Treatment Failures

Reconfirm diagnosis
  Wet preparation
  Culture
Confirm that all current sexual partners have been treated
Re-treat with oral metronidazole or tinidazole
Consultation with an expert
Susceptibility testing
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TABLE 110-9  Symptoms of Vulvovaginal 
Candidiasis

Vulvar itching
Vulvar irritation
Dysuria
Dyspareunia
Abnormal vaginal discharge

FIGURE 110-7  Vulvovaginal candidiasis. There is a linear ulcer of the 
perineal skin. 

FIGURE  110-8  Vulvovaginal candidiasis.  There  are  excoriations  of 
the skin of the labia majora due to scratching. 

FIGURE  110-9  Vulvovaginal candidiasis.  There  are  adherent  white 
patches with surrounding erythema on the cervical mucosa. 

FIGURE  110-10  Vulvovaginal candidiasis.  Suspension  of  vaginal 
secretions in 0.9% NaCl. Mycelia can be seen. 

as the mechanism for symptomatic disease in such women,75 and one 
small series suggested that desensitization may decrease the frequency 
of symptomatic episodes.76

Clinical Manifestations
Patients with candidal vulvovaginitis generally complain of perivaginal 
pruritus, often with little or no discharge (Table 110-9). Dysuria is 
occasionally noted and is likely to be perceived as vulvar rather than 
urethral. The labia may be pale or erythematous. Shallow, radial, linear 
ulcerations (Fig. 110-7), especially on the posterior portion of the 
introitus, are common. Excoriations caused by scratching are often 
present (Fig. 110-8). Tiny papules or papulopustules, called satellite 
lesions, just beyond the main area of erythema are helpful diagnosti-
cally. The vaginal walls may be erythematous. Candidal discharge is 
classically thick and adherent (Fig. 110-9). However, it may be thin and 
loose, resembling the discharge of other vaginitides.

Diagnosis
Vaginal pH is usually normal. There is no odor when the vaginal secre-
tions are mixed with 10% KOH. Microscopic examination of vaginal 
material in saline or in 10% KOH may disclose budding yeasts or 

mycelia (Fig. 110-10). In the symptomatic patient with a diagnostic 
microscopic examination, fungal cultures are not needed. Microscopic 
examination of vaginal secretions is incompletely sensitive, however. 
Accordingly, cultures may be helpful to secure the diagnosis in a 
patient who has a compatible clinical presentation and a negative 
microscopic examination. It is usually expedient to treat such a patient 
with antifungal agents while awaiting culture results. Cultures are also 
useful if empirical treatment produces no response.

Therapy
The treatment of vulvovaginal candidiasis is best approached by clas-
sifying the patient as having either uncomplicated or complicated 
infection (Tables 110-10 and 110-11).21

Uncomplicated vulvovaginal candidiasis is a sporadic infection 
with C. albicans, of mild to moderate severity, in a woman without a 
history of recent candidiasis and without underlying illness such as 
HIV infection or diabetes mellitus. Most patients have uncomplicated 
disease, and most cases respond to treatment with short courses of 
vaginal or oral antifungal agents. Effective agents include vaginal prep-
arations containing nystatin, miconazole, clotrimazole, butoconazole, 
terconazole, and tioconazole. All except nystatin- and terconazole-
containing products are available without a prescription. Self-diagnosis 
and self-medication with OTC antifungal agents should be limited to 
women who have previously had documented vulvovaginal candidiasis 
and are experiencing a recurrence of similar symptoms; self-diagnosis 
in other situations is often erroneous.77 Failure to respond to self-
medication should trigger a visit to a physician. In uncomplicated 
disease, there does not appear to be any difference in efficiency related 
to dosage form (vaginal tablets, suppositories, ointments, creams) or 
to length of treatment (1, 3, 7, or 14 days). Oral fluconazole in a single 
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Pregnant women should be treated with topical agents for at least 
7 days. Oral azole antifungal agents should not be used during 
pregnancy.

Because a significant minority of healthy women are colonized with 
Candida species, treatment is not indicated for asymptomatic women 
who have positive vaginal cultures.

Resistance to antifungal agents appears to be increasing. The avail-
ability of OTC antifungal agents and the widespread use of oral agents 
(e.g., ketoconazole, fluconazole, itraconazole), especially in patients 
with HIV disease, are possible explanations. In any event, an increasing 
number of cases do not respond to the usual topical and oral agents. 
Species other than C. albicans, such as Candida krusei84 and C. glabrata, 
are more likely to be resistant,85 but nonresponsive C. albicans isolates 
are also beginning to appear.85,86

Fungal susceptibility testing is neither widely available nor easy to 
interrupt. The National Commission for Clinical Laboratory Standards 
(NCCLS) has published guidelines.87 Laboratories should offer testing 
using these guidelines. In vitro resistance predicts treatment failure, 
whereas in vitro susceptibility to a given agent is more difficult to 
interpret.

For vulvovaginal candidiasis that does not respond to the available 
topical and oral agents, intravaginal boric acid has been used with 
success.88 Boric acid powder (600 mg) is placed into size 0 gelatin 
capsules and administered vaginally for 14 days. Treatment of sexual 
partners has no role in the treatment of sporadic uncomplicated infec-
tions, but it may be worth considering for patients who have recurrent 
infections. Sequential isolates from such patients tend to be identical,89 
suggesting endogenous reactivation or exogenous reinfection from the 
same partner. Because the responsible organism can often be recovered 
from male sexual partners,90 they cannot be ruled out as a possible 
source of reinfection.

Yogurt has been proposed as a prophylactic agent for recurrent 
vulvovaginal candidiasis. In one study,91 oral ingestion of yogurt con-
taining live lactobacilli by patients with documented recurrent vaginal 
yeast infections was associated with a remarkable reduction in asymp-
tomatic vaginal colonization and symptomatic vaginal infection with 
Candida species. More studies are needed before yogurt can be firmly 
established as a preventive agent. Patients who wish to try this treat-
ment should be advised to obtain an unpasteurized yogurt product that 
contains live lactobacilli.

BACTERIAL VAGINOSIS
Many women who present to their physicians with vaginal symptoms 
have a specific condition, first described by Gardner and Dukes in 
1955,92 that is now referred to as bacterial vaginosis (BV).93,94 Perivagi-
nal irritation is considerably milder than in trichomoniasis or candi-
diasis. Dysuria and dyspareunia are correspondingly rare. Affected 
women are usually sexually active and often complain of vaginal odor, 
which frequently is described as “fishy.” About 90% of patients also 
notice a mild to moderate discharge. Abdominal discomfort is occa-
sionally present, but it is usually mild and should prompt evaluation 
for coincident infections such as salpingitis.

Discharge is often present at the introitus and visible on the labia 
minora. The labia and vulva are not erythematous or edematous. On 
speculum examination, the vaginal walls appear uninflamed. The 
vagina usually contains a grayish, thin, homogeneous discharge. A 
pungent odor may be noted by the examiner.

The endocervix is unaffected by the process, and any cervical dis-
charge should be physiologic. The presence of a purulent cervical dis-
charge may result from coincident gonococcal or chlamydial infection.95 
Abnormalities on bimanual examination are unusual in uncomplicated 
BV and should prompt a search for other pathologic processes. There 
is an increased risk for endometritis and salpingitis among women 
with BV.96-98

Other vaginal infections may resemble BV; an accurate differential 
diagnosis depends on laboratory examination. The pH of vaginal fluid 
is elevated above 4.6 in about 90% of women with BV.92,99,100 A vaginal 
pH of 5 or higher strongly suggests BV.101 A whiff test is positive.99,102

A wet mount of the vaginal fluid from patients with BV usually 
reveals clue cells, which are vaginal epithelial cells studded with tiny 
coccobacilli. These organisms are best appreciated at the edges of the 

150-mg dose is as effective as the aforementioned vaginal medications 
in the treatment of uncomplicated vulvovaginal candidiasis78 and has 
been approved by the FDA for this indication. Oral fluconazole may 
be less expensive than some topical preparations and is preferred over 
topical treatments by many women. In this dosage, the side effects are 
few78 and systemic toxicity is unlikely. Other oral antifungal agents, 
such as ketoconazole, itraconazole, and voriconazole, are effective.

Complicated vulvovaginal candidiasis occurs in patients with 
underlying conditions that compromise the immune response, such as 
diabetes, HIV disease, malignancy, or treatment with immunosuppres-
sive agents. Patients who are pregnant or who have severe disease and 
patients with frequent recurrences (four or more episodes during the 
past year) should also be considered to have complicated disease, as 
should women infected with species other than C. albicans.

Management of complicated disease should begin with a vaginal 
culture to confirm the diagnosis and to determine the species of any 
isolated yeast. More than half of patients referred because of chronic 
fungal vaginitis have negative yeast cultures and a noninfectious expla-
nation for their symptoms.79 It is important that these misdiagnosed 
patients be culled at the outset so that needless and predictably futile 
antifungal treatment can be avoided and attention directed to estab-
lishing an accurate diagnosis. Speciation is important for those patients 
who do have candidiasis, because infections caused by species of 
Candida other than C. albicans are often more difficult to treat.80

Complicated vulvovaginal candidiasis responds poorly to short 
courses of treatment with oral fluconazole81 or topical preparations. 
Treatment for 7 to 14 days or longer is usually required. For patients 
with recurrent infections, chronic suppressive treatment with an  
oral antifungal agent may be useful in preventing recurrences once  
the current infection has responded. A report82 published in 1986 
described the use of 100 mg of ketoconazole daily. More recently, 
150 mg of fluconazole per week has been evaluated.83 Recurrences are 
infrequent during chronic suppressive treatment, which is continued 
for at least 6 months. Once suppressive treatment is discontinued, 
relapse occurs in about half of the patients, necessitating continued 
chronic suppression.

TABLE 110-10  Classification of Patients with 
Vulvovaginal Candidiasis

Uncomplicated Infection
Sporadic or infrequent

Mild to moderate severity

Likely to be caused by Candida albicans

Patient is not immunocompromised

Complicated Infection
Recurrent infection (four or more episodes per year)

Severe infection

Caused by non-albicans species of Candida

Uncontrolled diabetes, debilitation, immunosuppression, or pregnancy

TABLE 110-11  Treatment of Vulvovaginal 
Candidiasis

Uncomplicated Infection
Any available topical agent, short course

Fluconazole, 150 mg as a single oral dose

Complicated Infection
Culture confirmation mandatory

Antifungal susceptibility testing may be helpful

Treatment for 10-14 days with vaginal or oral agents

Alternative topical agents

Boric acid

Consider treatment of partners

Long-term suppressive treatment for frequently recurrent disease
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genital tract of infected women,116 consistent with the hypothesis that 
BV predisposes to the acquisition of HIV-1 infection.

Diagnosis
The patient is most likely to complain of odor and of the discharge, 
which tends to be gray and homogeneous (Fig. 110-11). The odor is 
best described as “fishy” and is caused by amines such as methylamine. 
These amines volatilize at increased pH, which explains the propensity 
of the patient to notice the odor when her secretions are more alkaline 
(e.g., during menses, after intercourse). Vulvovaginal irritation is not 
usually a prominent symptom, hence the use of the term vaginosis 
rather than vaginitis. Table 110-12 details the symptoms usually associ-
ated with BV.

Vaginal pH is typically elevated to greater than 4.6. Odor is pro-
duced when vaginal secretions are mixed with 10% KOH. Microscopic 
examination of vaginal secretions suspended in 0.9% NaCl reveals few 
leukocytes and many small bacilli. The bacilli tend to coat vaginal 
epithelial cells—the so-called clue cells (Fig. 110-12), so named by 
Herman Gardner because they provided a clue to the diagnosis of this 
condition.92

Criteria for the diagnosis of BV are listed in Table 110-13. Amsel 
and colleagues102 suggested that at least three of the four listed criteria 
(homogeneous discharge, positive whiff test, pH >4.6, clue cells) should 
be present for the diagnosis of BV to be made. Clinicians’ descriptions 
of the discharge tend to be poorly reproducible, and some workers 
prefer to require that all three of the somewhat more objective criteria 
be present. Criteria have been developed by Nugent and colleagues for 
the diagnosis of BV with use of the vaginal Gram stain.117 This is an 
objective method of diagnosis that compares well118,119 with the criteria 
of Amsel. Although diagnosis using highly sensitive tests such as the 
polymerase chain reaction (PCR) assay directed at G. vaginalis are not 
useful owing to the high prevalence of G. vaginalis among healthy 
individuals, PCR detection of organisms more clearly related to BV, 
such as Megasphaera spp., may prove to be of diagnostic utility.120

Therapy
The primary regimen for the treatment of BV is oral metronidazole, 
500 mg twice a day for 7 days. A single 2.0-g dose of metronidazole, 
such as is used to treat trichomoniasis, is less effective and is not rec-
ommended.121 Vaginal preparations containing 0.75% metronidazole 
gel122 or 2% clindamycin cream,123 or ovules containing 100 mg of 

cell and may be dense enough to partially obscure the nucleus. Not all 
cells in the specimen are clue cells, but some clue cells are seen in more 
than 90% of patients with BV.103,104 A finding of increased numbers of 
PMNs in a patient with BV suggests the presence of a coexisting 
process, notably cervicitis.95

Culture for Gardnerella vaginalis can be accomplished on a variety 
of media (see Chapter 238). The organism can be isolated from virtu-
ally all women with BV,94,102 but it is also recovered from at least 50% 
of asymptomatic women.94 Therefore, the presence of G. vaginalis does 
not prove that a patient has BV or suggest a need for treatment. The 
frequency with which G. vaginalis organisms can be recovered from 
healthy women renders a positive culture for this organism uninter-
pretable. Nonculture tests for G. vaginalis have similar limitations. A 
positive culture or nonculture test for G. vaginalis should not be con-
sidered diagnostic of BV unless other objective evidence of BV (ele-
vated pH, odor with 10% KOH, clue cells) is present.

Epidemiology
Bacterial vaginosis was initially described in sexually active women, 
and it is common in populations with a high prevalence of sexually 
transmitted diseases. The precise contribution of heterosexual trans-
mission to the overall epidemiology of the condition remains contro-
versial. However, a recent meta-analysis105 found a significant positive 
association between BV and new or multiple sexual partners and a 
significant negative association between BV and condom usage. The 
prevalence is appreciable in lesbians, among whom other sexually 
transmitted diseases are relatively uncommon. Lesbian couples are 
mostly concordant with regard to vaginal microbiota (normal or BV), 
suggesting that BV is sexually transmitted in this setting.106,107

Pathophysiology
Microscopic examination of vaginal discharge in BV characteristically 
reveals a predominant microbiota of coccobacilli. On the basis of this 
morphology, the organism most closely associated with BV was origi-
nally called Haemophilus vaginalis.92 It has now been given its own 
genus and is called Gardnerella vaginalis in recognition of Gardner’s 
initial observations (see Chapter 238). Several studies suggest a less 
than straightforward relationship between G. vaginalis and BV. 
Although Gardner regularly produced BV by inoculating fresh vaginal 
discharge from patients with BV into the vaginas of healthy volunteers, 
inoculation of a pure culture of G. vaginalis was far less likely to 
produce disease.92 In addition, G. vaginalis can be isolated from about 
50% of asymptomatic women.108 Finally, the in vitro sensitivity of G. 
vaginalis to antimicrobial agents does not match the effectiveness of 
these agents in clinical disease. Metronidazole is highly effective 
therapy for BV despite the fact that G. vaginalis is relatively resistant 
to the drug in vitro.99

An explanation for all of these observations is that G. vaginalis is 
not the single cause of BV. BV is actually a synergistic infection involv-
ing not only G. vaginalis but also other microorganisms. The total 
diversity of culturable vaginal organisms is dramatically increased in 
women with BV. Taxa such as Prevotella, Megasphaera, Coriobacteria-
ceae, Lachnospira, and Sneathia are present.109

Most cases of BV are also associated with motile, curved anaerobic 
rods that are gram negative or gram variable. These organisms have 
been classified into the genus Mobiluncus.110 Similarly, Atopobium 
vaginae is found in high titers in the vaginal fluids of most women who 
have BV.111 The precise pathogenic role of these organisms remains to 
be elucidated. Mycoplasma hominis and Ureaplasma urealyticum can 
be isolated from the vagina in many women with BV. Their role as etio-
logic agents of BV has not been established.

Hydrogen peroxide–producing lactobacilli dominate the normal 
vaginal microbiota2 and appear to protect against exogenous infection. 
Some workers believe that an undefined change in the vaginal milieu 
permits the replacement of protective H2O2-producing lactobacilli 
with G. vaginalis and other microorganisms.

Some investigators have linked douching to BV.112,113 Women who 
have BV are at increased risk for the development of infection with 
herpes simplex virus type 2,114 N. gonorrhoeae, and C. trachomatis.4

BV has been associated with an increased risk for HIV infection.115 
In one study, BV was associated with HIV-1 RNA expression in the 

FIGURE  110-11  Bacterial vaginosis.  The  gray,  homogeneous  dis-
charge that coats the tissues is characteristic. 

TABLE 110-12  Symptoms Associated with 
Bacterial Vaginosis

Homogeneous vaginal discharge
Fishy vaginal odor
During menstruation
After intercourse
Minimal itching or irritation
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risk for prematurity.134-136 Accordingly, pregnant women who are at 
high risk for prematurity should be screened for BV, regardless of 
symptoms and, if affected, treated with oral metronidazole or oral 
clindamycin.137 Topical agents do not appear to be as effective as oral 
agents, and the use of clindamycin cream has been associated with 
adverse events such as prematurity and neonatal infections.138,139

Treatment of pregnant women who have asymptomatic BV and 
who are at low risk for premature delivery is controversial.140-142 An 
analysis of 21 clinical trials involving 7847 women showed that antibi-
otic treatment of BV during pregnancy eradicated bacterial vaginosis, 
but the overall risk for preterm birth was not significantly reduced.143

BV can be nonsymptomatic. Women without symptoms are not 
usually treated, although the approach to such patients may change as 
more is learned about the implications of having abnormal vaginal 
secretions. Some women with nonsymptomatic BV who receive  
treatment retrospectively notice improvement in vaginal discharge  
and odor.

Several studies have failed to show that treatment of male sexual 
partners improves the outcome of women treated for BV, although 
these studies were not of high quality.144 Some clinicians treat sexual 
partners of women who have recurrent BV or BV that is poorly respon-
sive to treatment with metronidazole or clindamycin. Although such 
an approach appears to be reasonable, there is no supporting scientific 
evidence.

Bradshaw and colleagues studied 450 women who were treated for 
bacterial vaginosis. Recurrent BV was associated with sexual contact 
with their pretreatment sexual partner and inconsistent condom use. 
Recurrence was halved in association with the use of estrogen-
containing contraceptives.145 These data provide further support for 
the importance of sexual transmission in the epidemiology of bacterial 
vaginosis and suggest that change in the vaginal environment pro-
duced by estrogen may facilitate restoration of normal microbiota after 
treatment of bacterial vaginosis.146

DESQUAMATIVE INFLAMMATORY 
VAGINITIS
Etiology and Pathogenesis
Desquamative inflammatory vaginitis (DIV) is an unusual condition 
of unknown cause. It mimics estrogen deficiency vaginitis and tricho-
moniasis but usually occurs in women of reproductive age who have 
normal hormonal function and no evidence of any sexually transmit-
ted conditions.

This disorder sometimes occurs in perimenopausal women or after 
pregnancy, suggesting a role for changes in the level of estrogen in its 
etiology.147 About half of the patients with this condition seen in 
Brooklyn, New York, were of northern European Ashkenazi Jewish 
background, and they were more likely than other women of similar 
background to have the A26 and B35 histocompatibility antigens. This 
suggests that there may be an inherited susceptibility to this condition 
in some patients.

Although Gram stains of vaginal material often contain gram-
positive cocci, and group B streptococci can be recovered from some 
patients, especially those who are perimenopausal, there is no micro-
organism that has been clearly associated with this disease.147

In a few patients, DIV appears to be a local manifestation of a 
systemic illness such as systemic lupus erythematosus. Patients with 
DIV may also have erosive lichen planus involving oral or genital 
mucous membranes. Some workers148 have suggested that DIV is 
always part of the lichen planus complex. The paucity of occasions 
when these two enigmatic conditions coexist does not support this 
conclusion.149

Diagnosis
The patient reports purulent vaginal discharge and varying degrees of 
vulvar irritation, dysuria, and dyspareunia (Table 110-14). There is 
often a history of multiple unsuccessful treatments with a variety of 
topical and oral antimicrobial agents. Because the disease is most often 
confused with trichomoniasis, frequently in patients in whom a sexu-
ally transmitted condition is highly unlikely, many patients carry the 
diagnosis of resistant trichomoniasis and have received several courses 
of metronidazole in various dosage forms and dosages.

clindamycin,124 are effective and have few systemic side effects. They 
are, however, more expensive than generic oral metronidazole. Oral 
clindamycin also is effective, but it is not widely prescribed for this 
indication. Oral tinidazole, 1 g once daily for 5 days, has been shown 
to be effective.125 The FDA has also cleared metronidazole administered 
as 750-mg extended-release tablets once daily for 7 days and a single 
dose of clindamycin vaginal cream.21

Treatment failures occur fairly commonly,126 presumably because a 
normal Lactobacillus-dominated microbiota fails to become reestab-
lished after the anaerobes and other components of the BV microbiota 
have been reduced in number with use of antimicrobial agents. Recent 
studies have shown that persistence of G. vaginalis in biofilms on the 
vaginal wall may be associated with treatment failure.127,128

For patients who have BV that is unresponsive to the currently 
available antimicrobial agents, intravaginal boric acid, 600 mg at 
bedtime, provides symptomatic relief. Once the symptoms have been 
controlled, the dosing interval can be increased. Some patients remain 
free of symptoms using boric acid capsules once or twice a week.

Recent work has emphasized that BV is far more than a smelly 
discharge. BV is the result of a major change in the vaginal microbial 
microbiota, in which the normal, protective, Lactobacillus-dominated 
microbiota is replaced with a more complex microbiota that is com-
posed of large numbers of potentially pathogenic bacteria. Postopera-
tive infections occur more often in women undergoing gynecologic 
surgery if they have BV than if they have normal microbiota.5 In one 
study,129 women who had BV and who underwent total abdominal 
hysterectomy were randomly assigned to receive metronidazole or no 
treatment. Vaginal cuff infections occurred in none of the treated 
women but in 27% of the untreated women (P < .01). Treatment studies 
have demonstrated that treatment of BV before induced abortion 
reduces the risk for subsequent pelvic inflammatory disease.130 There-
fore, it would appear prudent to screen and treat women who have BV 
before performing induced abortion or hysterectomy. This logic could 
be extended to women undergoing other invasive gynecologic proce-
dures, although there have been no studies in those areas.

Pregnant women who have symptomatic BV should be treated.21 
BV during pregnancy is associated with adverse pregnancy outcomes, 
including premature membrane rupture, early labor, preterm birth, 
and postpartum endometritis.131-133 Treatment of pregnant women who 
have BV and who previously delivered a premature infant reduced the 

FIGURE 110-12  Bacterial vaginosis. Suspension of vaginal material in 
0.9% NaCl. Many bacteria are attached to the vaginal epithelial cells (clue 
cells). 

TABLE 110-13  Criteria for the Diagnosis of 
Bacterial Vaginosis

Homogeneous vaginal discharge
Vaginal pH >4.6
Positive whiff test with 10% KOH
Clue cells
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Therapy
Topical corticosteroids and topical boric acid provide symptomatic 
relief and normalize the appearance of the mucous membranes  
and vaginal secretions. Relapse is predictable after these agents are 
discontinued. By far the most effective treatment for this condition is 
2% clindamycin vaginal cream: 5 g of the cream (containing 100 mg 
of clindamycin) is inserted into the vagina at bedtime for 14 days.  
Most patients have a prolonged remission after this course of treat-
ment. A few patients require a second 14-day course of treatment to 
induce a remission, but at least 90% of patients with DIV experience 
a complete remission in association with treatment with topical 
clindamycin.147

Once remission has been induced, it may be lifelong. More com-
monly, however, relapses occur months to years later. The relapses  
may also respond to re-treatment with topical clindamycin. Some 
patients who have very frequent relapses require continual biweekly 
intravaginal clindamycin or corticosteroids to remain in remission. 
Perimenopausal patients who are deficient in estrogen may require 
estrogen replacement as well as topical clindamycin to sustain a 
remission.

CERVICITIS
Etiology and Pathogenesis
Cervicitis may be infectious or noninfectious.150 Infectious cervicitis is 
primarily an endocervicitis caused by N. gonorrhoeae, C. trachomatis, 
or Mycoplasma genitalium.150

Human papillomavirus and herpes simplex virus may involve the 
cervix. Consideration of these important sexually transmitted organ-
isms is beyond the scope of this chapter (see Chapters 138 and 146). 
Noninfectious cervicitis is usually ectocervicitis, in which there is 
inflammation in an ectropion (Table 110-15).

Diagnosis
The patient usually complains only of a purulent vaginal discharge. The 
mucopurulent secretions are not irritating, so there is no vulvar dis-
comfort or introital dyspareunia. In infectious cervicitis, there may be 
dysuria, abnormal uterine bleeding, lower abdominal pain, or pelvic 

The mucosa of the vestibule, vagina, and cervix may show diffuse 
(Fig. 110-13) or segmental involvement, usually in the proximal vagina. 
There may be superficial erosions of the mucosa, which are character-
istic of this condition (Fig. 110-14).

The vaginal pH is often elevated to greater than 4.6. There is no 
odor when the vaginal secretions are mixed with 10% KOH. The saline 
wet preparation contains many leukocytes. Most of the vaginal epithe-
lial cells are immature parabasal cells (Fig. 110-15). Gram-stained 
smears of vaginal secretions often contain gram-positive cocci. Vaginal 
cultures may contain a variety of organisms. Group B streptococci can 
be recovered from vaginal cultures from a significant minority of 
patients with DIV.147

TABLE 110-14  Characteristics of Desquamative 
Inflammatory Vaginitis

Symptoms
Purulent discharge

Vulvar discomfort

Dyspareunia

Findings
Mucosal erythema

Purulent secretions

Parabasal cells

Treatment
Clindamycin 2% vaginal cream

Boric acid

Topical corticosteroids

FIGURE  110-13  Desquamative inflammatory vaginitis.  Diffuse 
mucosal erythema and a purulent vaginal discharge are evident. 

FIGURE 110-14  Desquamative inflammatory vaginitis.  Superficial 
mucosal erosions can be seen. 

FIGURE 110-15  Desquamative inflammatory vaginitis. The vaginal 
wet preparation contains many leukocytes and parabasal cells. 

TABLE 110-15  Cervicitis

Endocervicitis
Sexually transmitted

Neisseria gonorrhoeae, Chlamydia trachomatis, or both

Associated urethritis, endometritis, or salpingitis may be present

Ectocervicitis
Noninfectious

Inflammation in an ectropion

Not associated with urethritis, endometritis, or salpingitis
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ESTROGEN-DEFICIENCY VAGINITIS
Etiology and Pathogenesis
Estrogen-deficiency vaginitis is seen in postmenopausal women and 
in younger women who have become deficient in estrogen because of 
disease or because of treatment with pharmaceuticals that interfere 
with the production or the activity of estrogen.151 This condition can 
also be seen during breast-feeding because of an effect of prolactin on 
estrogen production.152 Without estrogen, the genital mucosa thins. 
Glycogen is decreased, and, as a result, lactobacilli no longer dominate 
the vaginal microbial microbiota. Thinning of the mucosa may result 
in vulvar discomfort and introital dyspareunia. The thin vaginal 
mucosa may become infected, presumably by enteric organisms and 
others that are able to colonize the vagina in the absence of lactobacilli. 
Frequent urinary tract infections may occur. In some instances, 
estrogen-deficiency vaginitis overlaps with DIV.

Diagnosis
The vestibular and vaginal mucosae are pale, often with patches of 
erythema. Vaginal secretions, if present, may be purulent. Vaginal pH 
is elevated. There is no odor when the secretions are mixed with 10% 
KOH. Microscopic examination of the secretions discloses immature 
(parabasal) vaginal cells with or without leukocytes. Vaginal cultures 
contain a variety of enteric and other bacteria.

Therapy
The primary defect is the absence of estrogen. Therefore, definitive 
treatment involves estrogen replacement or cessation of antiestrogenic 
drugs or breast-feeding. Topical antibacterial agents containing  
sulfonamides or clindamycin may improve symptomatic vaginitis,  
and lubricating agents may relieve vaginal dryness and dyspareunia. 
Without estrogen replacement, symptoms may recur after cessation of 
treatment.

VULVITIS AND VESTIBULITIS
External genital discomfort is a very common symptom among women 
of reproductive age. Usually described as itching or burning, vulvar 
discomfort may or may not be associated with introital dyspareunia. 
There are a number of possible causes, few of which are infectious and 
virtually none of which are sexually transmitted. Nonetheless, the clini-
cian should be aware of these entities to rule out infections, prescribe 
appropriate treatment if the diagnosis is apparent, and refer the patient 
to a gynecologist or dermatologist who specializes in vulvar disease if 
an explanation for the patient’s symptoms is not readily forthcoming.

The first task in approaching a patient with vulvar symptoms is to 
attempt to determine whether her discomfort primarily involves the 
skin of the labia (vulvitis) or the mucous membranes of the vestibule 
(vestibulitis). An important historical clue is the presence or absence 
of introital dyspareunia, which is unusual in vulvitis but commonly 
reported by women who have vestibulitis. During the examination, 
asking the patient to point to the areas of discomfort may also help to 
localize the process.

Vulvitis
Etiology and Pathogenesis
Sexually transmitted conditions, including genital ulcers and warts 
involving the labia majora and labia minora, should be obvious on 
physical examination. The only infection that commonly causes diffuse 
vulvitis is vulvovaginal candidiasis, usually in association with involve-
ment of the vestibule and vagina. Most patients with vulvitis are not 
infected. Rather, most have vulvar dermatitis, for which there are many 
possible explanations, including topical allergic reactions to products 
used for personal hygiene, products used to launder underclothing, 
and particularly topical medications. Lichen sclerosus is an idiopathic 
chronic inflammatory skin disease that affects primarily vulvar and 
perianal areas; if left untreated, it may lead to chronic vulvar scarring 
and depigmentation.153

Diagnosis
The physical examination should address any discrete lesions that 
require evaluation, perhaps with biopsy by a specialist in vulvar disease. 
In most cases, there is diffuse discomfort, usually described as itching, 

dyspareunia because gonococcal or chlamydial infection can involve 
the urethra, endometrium, or uterine adnexa. With noninfectious cer-
vicitis, dysuria, abdominal pain, and deep (pelvic) dyspareunia are 
uncommon. There may be postcoital bleeding due to trauma to the 
inflamed ectropion during intercourse.

Findings on examination of the vulva and of the vaginal mucosa 
are usually normal. In infectious endocervicitis, the purulent secre-
tions can be seen to flow from the endocervical canal; in noninfec-
tious ectocervicitis, the purulent secretions can be seen to emanate 
from the ectropion (Fig. 110-16), often with crystal-clear normal 
secretions flowing from the endocervix. In some patients with nonin-
fectious cervicitis, the abnormal secretions are solely endocervical, 
presumably reflecting noninfectious endocervicitis. In patients who 
have gonococcal or chlamydial infection, urethral, uterine, or adnexal 
tenderness may be present, reflecting infection of these loci. The 
bimanual examination is usually normal in women who have nonin-
fectious cervicitis.

Vaginal pH may be elevated. There is no odor when the secretions 
are mixed with 10% KOH. Wet preparations of vaginal secretions 
contain many leukocytes. The vaginal cells are mature. Gram-stained 
smears of cervical secretion confirm the presence of many leukocytes 
and, in gonococcal infection, may contain intracellular cocci.

Therapy
Studies that have attempted to correlate numbers of leukocytes in 
Gram-stained cervical smears with gonococcal or chlamydial infection 
have not produced clear-cut recommendations as to which patients 
should be treated for infectious cervicitis without waiting for culture 
results. Similarly, recommendations that women seen in high-risk set-
tings such as sexually transmitted disease clinics be treated without 
microbiologic information result in the treatment of many uninfected 
patients.

Accordingly, patients who have mucopurulent cervicitis should 
undergo diagnostic testing for the presence of N. gonorrhoeae and C. 
trachomatis, but they should not be treated at the initial visit unless 
there is compelling evidence of sexually transmitted cervicitis, such as 
a male partner with urethritis, visualization of intracellular gram-
negative cocci in cervical Gram staining, or a positive test for the 
gonococci or chlamydiae in the patient or her sexual partner. It may 
also be prudent to treat without culture results patients who are con-
sidered unlikely to return for follow-up visits.21

Patients who have positive tests for sexually transmitted bacteria 
should be treated with regimens recommended for the specific etio-
logic agent.21 If tests for gonococci and chlamydiae are negative, anti-
microbial treatment is not likely to be of benefit.

If the volume of secretions arising from an ectropion is bothersome, 
destruction of the endocervical mucosa of the ectropion with cryo-
therapy may allow the ectocervix to become re-epithelialized with  
squamous epithelium, with a resultant diminution in the volume  
of ectocervical secretions.

FIGURE  110-16  Noninfectious purulent ectocervicitis.  Purulent 
secretions can be seen to emanate from the ectropion. 
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vulvodynia.156 Vulvar vestibulitis is fairly common. In one study,157 15% 
of unselected gynecologic patients were found to have this condition. 
The search for possible infectious causes of vulvar vestibulitis has been 
unproductive, and the illness is now believed to be noninfectious. The 
average age at onset is about 25 years. The condition is uncommon in 
African-American women.

Diagnosis
In diffuse vestibulitis, the entire vestibule is inflamed. With vulvar 
vestibulitis, there are erythematous lesions in the vestibule just lateral 
to the hymen (Fig. 110-17). The usual locations for the lesions are at 4 
o’clock and 8 o’clock, near the openings of the Bartholin ducts. Most 
patients have two lesions, but there may be a single lesion or several. 
Palpation of the lesions with a cotton-tipped swab or with the examin-
ing finger reproduces the dyspareunia. Cultures for Candida and other 
yeasts should be obtained.

Therapy
Diffuse vestibulitis should be managed as outlined earlier for vulvitis, 
with oral antifungal treatment for candidiasis if the yeast cultures  
are positive, avoidance of possible allergens, and use of topical corti-
costeroids. Vulvar vestibulitis is initially treated symptomatically. 
Vulvar burning may respond to tap water or baking soda douches  
to temporarily reduce vaginal acidity. Tepid baths may also provide 
transient relief. The dyspareunia usually improves with the use of  
precoital lubricants and topical anesthetic agents. Many patients  
obtain satisfactory relief of symptoms with these nonoperative mea-
sures. For women who do not achieve a satisfactory response, surgical 
treatment (vestibuloplasty) provides good results in about 75% of 
patients.158,159

with varying degrees of dermatitis involving the skin of the labia 
majora and labia minora. Vaginal cultures should be examined for 
Candida.

Therapy
If vaginal cultures contain Candida species or other yeasts, a course of 
treatment with an oral antifungal agent will help to determine whether 
elimination of the yeast eliminates the patient’s symptoms. Oral anti-
fungal agents are useful in this situation to avoid masking or enhancing 
of symptoms by topical antifungal drugs. If cultures for Candida 
species are negative, or if eradication of colonizing Candida species 
with oral antifungal treatment does not provide relief of symptoms, the 
patient can be presumed to have noninfectious vulvitis.

As a first step in the management of noninfectious vulvitis, all 
topical medications should be discontinued. Sensitization by topical 
medications, including topical antifungal agents, is a common cause of 
vulvitis. The patient should be asked whether there have been any 
changes in products used for personal hygiene or menstrual protec-
tion, in soaps used for bathing the genitalia, or in products used to 
launder underclothing that might have produced a local allergic 
reaction.

If elimination of potential allergens does not provide relief, topical 
use of a low-potency corticosteroid, such as 1% hydrocortisone or  
an oral antihistamine, may provide relief. Lichen sclerosus responds  
to high-potency corticosteroids.153 If corticosteroid treatment and 
removal of potentially sensitizing agents do not result in symptomatic 
improvement, referral to a specialist in vulvar disease is indicated.

Vestibulitis
Etiology and Pathogenesis
Although the vestibule is involved in most patients who have infectious 
vaginitis, vestibulitis without associated vaginitis is seldom infectious. 
Vestibulitis is best characterized as being generalized or localized. Gen-
eralized vestibulitis is usually part of a process involving other areas, 
whereas vestibulitis also may be localized. The symptoms of vestibulitis 
include discomfort usually described by the patient as burning and 
introital dyspareunia.

Vestibular burning is caused primarily by the contact of normally 
acid vaginal secretions with abnormal vestibular tissue. The burning 
characteristically increases in intensity during the latter portion of the 
menstrual cycle, as vaginal secretions become more abundant, and 
dramatically disappears after menstrual flow begins, presumably 
because of the increase in vaginal pH associated with menses. The 
burning is usually temporarily relieved by bathing, which removes 
acidic vaginal secretions.

Introital dyspareunia is a characteristic symptom of vestibulitis. 
Pain is noted immediately on penetration, usually increases with con-
tinued intercourse, and often requires that relations be discontinued. 
Sexual dysfunction, including failure to become lubricated and aroused 
and secondary vaginismus, is predictably associated with dyspareunia.

The most common cause of localized vestibulitis is vulvar vestibu-
litis,154 which is also called focal vulvitis,155 and localized provoked 

FIGURE  110-17  Vulvar vestibulitis.  Focal,  erythematous,  tender 
lesions are in the vestibule lateral to the hymen. 
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111  Infections of the Female Pelvis
David E. Soper

Infections of the female pelvis are conveniently considered in three 
categories: infections related to pregnancy, infections occurring after 
gynecologic surgery, and pelvic inflammatory disease. Pelvic infections 
are commonly polymicrobial, with cultures revealing a mixture of both 
aerobic and anaerobic bacteria. These microorganisms usually origi-
nate in the lower genital tract. The microbial etiology of even hospital-
acquired intrapartum, postpartum, and postsurgical infections reflects 
this because isolation of bacteria resistant to broad-spectrum antibiotic 
therapy is uncommon.

INTRAPARTUM, POSTPARTUM, 
AND POSTABORTAL INFECTIONS
Intraamniotic infection syndrome (IAIS), also referred to as chorioam-
nionitis, is a clinically detectable infection of the amniotic fluid and 
fetal membranes during pregnancy.1 IAIS occurs in up to 10.5% of 
women in labor.2 Most cases of IAIS originate when vaginal microor-
ganisms ascend into the intrauterine cavity after rupture of the mem-
branes.3 Approximately 2% of women with preterm labor (<37 weeks 
of gestation) and intact membranes have symptomatic chorioamnion-
itis, whereas another 20% have subclinical infection. Of women receiv-
ing ampicillin and erythromycin therapy for preterm-premature 
rupture of the membranes, approximately 15% will develop IAIS com-
pared with a 26% incidence for those not treated with antibiotics.4 In 
full-term pregnancies, IAIS is associated with dysfunctional labor. 
Approximately 75% of infected women require augmentation of labor 
with oxytocin, and approximately 35% require cesarean delivery, 
usually because of arrest of progress in labor.5 A few cases, most notably 
those caused by Listeria monocytogenes, result from transplacental 
hematogenous spread in mothers with bacteremia.6 The diagnosis is 
usually made before membrane rupture in these patients. Rare cases 
of IAIS occurring after diagnostic amniocentesis, intrauterine transfu-
sion, or percutaneous umbilical blood sampling have been reported. 
Intrauterine infection also occurs after cervical cerclage (a circumfer-
ential suture about the cervix to prevent preterm delivery in women 
with cervical insufficiency) in 1% to 2% of patients, and this risk may 
be as high as 25% if the cerclage is performed after prolapse of the 
membranes into the vagina. Risk factors for IAIS include prolonged 
duration of labor or rupture of membranes, multiple vaginal examina-
tions, young age, low socioeconomic class, nulliparity, and preexisting 
bacterial vaginosis.5

Microorganisms, such as lactobacilli and diphtheroids, are com-
monly found in the amniotic fluid of women in normal labor at term. 

Those with IAIS have a select group of high-virulence microorganisms, 
such as group B streptococci, Escherichia coli, genital mycoplasmas, 
and pathogenic anaerobes (e.g., Prevotella bivia) present in signifi-
cantly higher quantities, causing an inflammatory response and sys-
temic signs of infection.3 The first two are found most commonly when 
maternal and/or neonatal bacteremia complicates intra-amniotic 
infection.3 Many of these microorganisms (especially anaerobic bacte-
ria, the mycoplasmas, and Gardnerella vaginalis) have been associated 
with bacterial vaginosis.

The clinical diagnosis of IAIS is imprecise but is based on the pres-
ence of fever (>38° C [100.4° F]) and at least two other findings: mater-
nal and/or fetal tachycardia, maternal leukocytosis (defined as a white 
blood cell count >15,000/µL), uterine tenderness, and foul-smelling 
amniotic fluid. The vast majority of these gravidas will have concomi-
tant ruptured membranes. Practically, clinicians tend to base the diag-
nosis on the presence of intrapartum fever plus one additional 
criterion.7 Maternal and fetal tachycardia are common with fever and 
add little additional information. Although the abdomen should be 
examined for uterine tenderness, it is often obscured by conduction 
anesthesia. Foul-smelling amniotic fluid is rarely appreciated. Maternal 
white blood cell counts increase with duration of labor, but no reliable 
breakpoint has been established to reliably distinguish fever from 
infectious and noninfectious causes. Furthermore, patients with 
preterm-premature rupture of the membranes before 32 weeks of ges-
tation are candidates for antenatal steroid therapy to promote fetal lung 
maturity. Betamethasone leads to an increase in maternal leukocyte 
count and a decrease in lymphocyte count. These changes return to 
baseline within 3 days. Although the diagnosis is based largely on 
clinical findings, amniotic fluid Gram staining, white blood cell count 
(>50 cells/mm3), and glucose concentration (<15 mg/dL) have been 
shown to be useful in supporting the clinical impression, particularly 
in patients with intact membranes.8 Microbial invasion of the amniotic 
cavity is accompanied by the presence of high amniotic fluid concen-
trations of proinflammatory cytokines such as interleukin-1, tumor 
necrosis factor, interleukin-6, interleukin-8, and a gelatinase, matrix 
metalloproteinase 9.9 Measurement of these substances is costly and 
not readily available.

Given the imprecision of the diagnosis of IAIS, antibiotic therapy 
should be considered in laboring gravidas with fever (>38° C [100.4° F]). 
Antimicrobial therapy for IAIS is aimed at preventing bacteremia in 
the mother as well as initiating intrapartum treatment of the fetus 
while awaiting delivery. Gibbs and colleagues10 documented improved 

Definition
•	 An	acute	inflammation	of	the	epithelium	and/

or	soft	tissue	of	the	pelvic	organs

Microbiology
•	 Microorganisms	found	in	the	endocervix	and	

vagina
•	 Bacterial	vaginosis	microorganisms,	

predominantly	anaerobes
•	 Group	B	Streptococcus	and	Escherichia	coli
•	 Sexually	transmitted	microorganisms,	such	as	

Neisseria	gonorrhoeae	and	Chlamydia	
trachomatis

Diagnosis
•	 Clinical	diagnosis	based	on	fever,	erythema,	

and	tenderness	in	the	postoperative	setting
•	 Clinical	diagnosis	based	on	risk	assessment	

for	sexually	transmitted	disease	and		
an	evaluation	for	lower	genital	tract	
inflammation	in	the	case	of	pelvic	
inflammatory	disease

Therapy for Postoperative Infections
•	 Broad-spectrum	antibiotic	therapy
•	 Include	coverage	of	penicillinase-producing	

anaerobes

•	 Use	antibiotic	regimens	effective	in	an	
anaerobic	environment

Therapy for Pelvic Inflammatory Disease
•	 Be	aware	of	the	emerging	resistance	of	N.	

gonorrhoeae	to	quinolones,	azithromycin,	and,	
to	some	degree,	cephalosporins

•	 Treat	concurrently	for	bacterial	vaginosis	if	the	
diagnosis	is	made	concurrently

Prevention
•	 Preoperative	antibiotic	prophylaxis
•	 Screening	for	sexually	transmitted	

microorganisms

SHORT VIEW SUMMARY
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of postcesarean endomyometritis and total infectious morbidities 
without affecting neonatal outcomes.18 Many patients who develop 
postcesarean endometritis despite antibiotic prophylaxis have histo-
logic evidence of incipient infection.19

PPE is a polymicrobial infection caused by a wide variety of bacte-
ria. Group B streptococci, enterococci, other aerobic streptococci, G. 
vaginalis, E. coli, P. bivia, Bacteroides spp., and peptostreptococci are 
the most common endometrial isolates, with group B streptococci and 
G. vaginalis the most common isolates from the blood.20,21,22

The isolation of Ureaplasma urealyticum and Mycoplasma hominis 
from endometrium and blood suggests that these organisms can cause 
PPE, although good clinical responses have been obtained in patients 
with mycoplasmas cultured from the blood who were treated with 
antibiotics not active against these organisms. These organisms have 
also been reported to be important pathogens associated with abdomi-
nal wound infection after cesarean delivery.23

Chlamydia trachomatis has been associated with a late form of PPE 
that occurs more than 2 days to 6 weeks after delivery in women who 
deliver vaginally.24 Group A β-hemolytic streptococcal endometritis is 
uncommon. The source of a sporadic postpartum group A β-hemolytic 
streptococcal infection is typically unknown, but outbreaks of postpar-
tum and postsurgical group A β-hemolytic streptococcal infections 
have been associated with colonized health care workers. Health care 
workers who were asymptomatic carriers of group A β-hemolytic 
streptococci have been identified in 15 of 21 outbreaks of postpartum 
and postsurgical infections reported from 1976 to 2005.25 The infec-
tions are characterized by early onset and rapid progression with few 
localizing symptoms or physical signs.

The diagnosis of PPE is suggested by the development of fever, 
usually on the first or second postpartum day. Significant fever is 
defined as an oral temperature of 38.5° C [101.3° F] or higher in the 
first 24 hours after delivery or 38° C [100.4° F] or higher for at least 4 
consecutive hours 24 or more hours after delivery. Other consistently 
associated findings are lower abdominal pain, uterine tenderness, and 
leukocytosis. These patients may also exhibit a delay of the normally 
rapid postoperative return of bowel function due to an associated local 
peritonitis.

Patients with suspected PPE should have the uterus assessed for 
size, consistency, and tenderness. This requires a bimanual pelvic 
examination in women in whom the uterus is no longer palpable on 
abdominal examination.

The value of transvaginally obtained uterine cultures and the 
optimal method of obtaining such cultures remain matters of contro-
versy. Although cultures obtained transvaginally are often difficult to 
interpret because of contaminants, they may be useful for those 
patients in whom initial therapy fails.26 A test for Chlamydia should be 
performed in patients with late-onset (>7 days after delivery) mild 
PPE, particularly those at high risk for chlamydial infection (e.g., 
adolescents).

Clindamycin plus gentamicin has proved to be the most effective 
regimen in treating PPE, especially if PPE occurs after cesarean deliv-
ery.27 Alternative regimens used for the treatment of PPE include one of 
the extended-spectrum penicillins or second-generation cephalospo-
rins (e.g., ampicillin/sulbactam, ticarcillin/clavulanic acid, piperacillin/
tazobactam, cefotetan, cefoxitin). Failures of those regimens with poor 
activity against penicillin-resistant anaerobic bacteria (e.g., penicillin 
and gentamicin without clindamycin) are more likely. For this reason, 
antimicrobial regimens used in the treatment of postcesarean endome-
tritis should provide satisfactory coverage of penicillin-resistant anaer-
obic microorganisms (e.g., P. bivia). The carbapenems (imipenem/
cilastatin, meropenem, ertapenem) have also proved effective in the 
treatment of these infections but are generally reserved for more resis-
tant infections not usually found on an obstetric service.

Parenteral therapy should be continued until the patient’s tempera-
ture has remained lower than 37.8° C (100° F) for 24 hours, the patient 
is pain free, and the leukocyte count is normalizing. The use of oral 
antibiotics after discharge has been shown to be unnecessary.28 Women 
with late-onset PPE can be treated as outpatients with oral azithromy-
cin or doxycycline therapy with or without metronidazole depending 
on whether they have coexistent bacterial vaginosis. Doxycycline 
should be avoided in nursing mothers.

neonatal and maternal outcome when antibiotic therapy is begun 
intrapartum rather than immediately postpartum. Delivery of the fetus 
and placenta removes the sites of infection, much like draining an 
abscess, making this intervention the most significant part of therapy. 
Because group B streptococci and E. coli are the most common isolates 
from infected neonates, a combination of ampicillin plus gentamicin 
is a reasonable initial regimen for IAIS. This regimen is sufficient to 
treat the mother if the delivery was vaginal with only one additional 
dose of the antibiotic regimen needing to be administered postpartum. 
If cesarean delivery is required, up to 15% of operative patients given 
only ampicillin and gentamicin experience treatment failure by devel-
oping postpartum endometritis. These patients probably require con-
tinued broad-spectrum antibiotic coverage, including anaerobic 
coverage, and accordingly a drug such as clindamycin and metronida-
zole should be added to the treatment regimen to decrease the risk for 
postpartum endometritis by half.11 Other broad-spectrum regimens 
may be equally effective. This antibiotic regimen should be continued 
until the patient has been afebrile (temperature <37.8° C [100° F]) for 
24 hours.12

Although delivery is essential for cure, no critical diagnosis-to-
delivery interval beyond which the frequency of neonatal complica-
tions escalates dramatically has been identified.13 Accordingly, labor 
must be managed actively, but cesarean delivery should be performed 
only for accepted obstetric indications.

Postpartum Endometritis
Postpartum infection of the uterus, the most common cause of puer-
peral fever, is designated endomyometritis. Cesarean delivery, particu-
larly after labor or rupture of the membranes of any duration, is the 
dominant risk factor for postpartum endomyometritis (PPE).14 The 
pathogenesis of this infection involves inoculation of the amniotic fluid 
after membrane rupture or during labor with vaginal microorganisms. 
The myometrium, leaves of the broad ligament, and the peritoneal 
cavity are then exposed to this contaminated fluid during surgery (Fig. 
111-1). The reported incidence of PPE after cesarean delivery is less 
than 10% in patients receiving antibiotic prophylaxis. The diagnosis is 
uncommon after vaginal delivery. Risk factors for postcesarean endo-
myometritis include duration of labor or rupture of the membranes, 
presence of bacterial vaginosis, number of vaginal examinations, and 
use of internal fetal monitoring.15,16 Antimicrobial prophylaxis is asso-
ciated with a 50% reduction in infection in all populations studied. All 
patients undergoing cesarean delivery, either elective or unscheduled, 
are candidates for antibiotic prophylaxis.17 There is now strong evi-
dence that antibiotic prophylaxis given for cesarean delivery before 
skin incision, rather than after cord clamping, decreases the incidence 

FIGURE  111-1  Pathophysiology of postcesarean endomyometri-
tis. Note the potential pathways for contaminated amniotic fluid to infect 
the postpartum pelvic tissues. 
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Similarly, Witlin and colleagues36 reviewed the medical records of 
31 postpartum women with the diagnosis of SPT for an 8-year period 
(1986 to 1994). All of the patients demonstrated refractory febrile 
morbidity (mean, 5.5 ± 1.9 days before institution of heparin therapy) 
despite antimicrobial therapy with ampicillin, gentamicin, and clinda-
mycin. Imaging studies (CT, ultrasonography, or both) revealed no 
pelvic pathologic process. The patients required an average of 4.7 ± 2.1 
days (median, 5 days; range, 1 to 9 days) of heparin therapy before 
defervescence. Heparin levels were therapeutic at a mean of less than 
24 hours (range, 6 to 24 hours). The authors suggested that currently 
available imaging studies cannot diagnose the entity we now define as 
SPT. In addition, their findings do not support the time-honored rule 
that SPT responds within 24 to 48 hours to therapeutic anticoagulation 
with heparin.

Taken together, these studies suggest that patients with refractory 
postpartum fever require more time to resolve their persistent fever 
than their more responsive counterparts and that anticoagulation does 
not speed this process along. Antibiotics should be discontinued in 
patients with persistent fever who look well, have a normal pelvic 
examination, and have no leukocytosis, considering the diagnosis of 
drug fever. More prolonged antibiotic therapy (5 to 6 days) with or 
without adjunct heparin therapy should be anticipated in those patients 
with persistent fever, continued pelvic organ tenderness, and persistent 
leukocytosis.37

Infections after Perineal Lacerations
Infection of the episiotomy site is an uncommon occurrence. Overall, 
only 0.1% of episiotomies become infected, although this rate increases 
to 1% to 2% for episiotomies complicated by third- or fourth-degree 
extensions. Routine episiotomy is no longer recommended in obstet-
rics. Modern obstetrics therefore deals with spontaneous perineal lac-
erations after vaginal delivery. A recent report suggests that women 
with third- and fourth-degree perineal tears have a lower rate of peri-
neal wound complications if they receive antibiotic prophylaxis with 
cefoxitin or cefotetan at the time of repair.38

Shy and Eschenbach39 classified episiotomy infections into four 
categories, depending on the depth of infection. The simple episiotomy 
infection is a local infection that is limited to the skin and superficial 
fascia along the episiotomy incision. In contrast to deeper infection, 
the associated skin changes of edema and erythema occur only adja-
cent to the episiotomy. The simple episiotomy infection may initially 
be treated with broad-spectrum antibiotics with activity against strep-
tococci, staphylococci, Enterobacteriaceae, and anaerobes, including 
Bacteroides fragilis. If a therapeutic response is not prompt, the wound 
should be opened, explored, and débrided under adequate anesthesia 
to exclude hematoma or previously unrecognized rectovaginal com-
munication. Ramin and colleagues40 showed that with proper preop-
erative care, simple episiotomy infection is not a contraindication to 
early repair of dehiscence.

Infection of the two layers of the superficial fascia may occur. The 
more common is superficial fascia infection without necrosis, the clini-
cal presentation of which is neither striking nor distinctive. The skin 
may be erythematous and edematous, but severe systemic manifesta-
tions do not occur. If a response to broad-spectrum antibiotic therapy 
does not occur in 24 to 48 hours or if the clinical condition worsens 
during antibiotic therapy, then the episiotomy should be surgically 
explored.

Infection of the superficial fascia with necrosis, most commonly 
referred to as necrotizing fasciitis, is an infection of the subcutaneous 
tissues (i.e., the superficial fascia) that spreads in the fascial clefts 
overlying the deep fascia. The deep fascia usually, but not always, is 
spared; skin involvement results only secondarily, after the nutrient 
vessels to the skin thrombose. Because the skin is not primarily 
involved, the episiotomy wound may appear normal, making early 
recognition difficult and causing fatal delay in treatment. Despite the 
minimal local findings, patients may appear severely ill, with marked 
local pain, high fever, and prominent systemic manifestations. Most 
patients are diabetic. A definitive diagnosis is made at surgery, with  
the discovery of extensive undermining of surrounding tissues and 
lack of resistance in the superficial fascial plane to probing with a  
blunt instrument. Treatment includes broad-spectrum antibiotics (e.g., 

Early-onset PPE should respond to parenteral antimicrobial therapy 
within 48 hours, with the patient becoming afebrile within 96 hours. 
Failure to accomplish this goal suggests the presence of an abdominal 
wound infection, which occurs in 50% of these patients.29 Because 
cephalosporin antibiotic prophylaxis is commonly administered to 
women undergoing cesarean delivery, enterococcal superinfection is 
another common explanation for failure to respond or relapse after 
treatment with regimens that are not effective against enterococci (e.g., 
extended-spectrum cephalosporins, clindamycin plus gentamicin). 
This is particularly true if the organism is isolated in pure culture or 
from heavy growth from an endometrial specimen. If an enterococcal 
superinfection is suspected, one of the following regimens should be 
used: (1) clindamycin or metronidazole plus ampicillin plus gentami-
cin, (2) ampicillin/sulbactam plus gentamicin; (3) cefoxitin or cefo-
tetan plus ampicillin, (4) ticarcillin/clavulanic acid, or (5) piperacillin/
tazobactam. Uncommonly, failure results from lack of coverage of a 
drug-resistant anaerobe; this can be corrected by a regimen containing 
either metronidazole or clindamycin. The importance of endometrial 
cultures for aerobes, anaerobes, and mycoplasmas will increase as anti-
microbial resistance to clindamycin grows among isolates of gram-
negative anaerobes.30

If fever persists despite apparently appropriate antimicrobial 
therapy, the differential diagnosis includes a wound or pelvic abscess, 
refractory postpartum fever, and noninfectious fever (e.g., drug fever, 
breast engorgement). Careful physical examination is the most impor-
tant to distinguish between pelvic and nonpelvic causes of fever. 
Appropriate imaging studies, usually pelvic ultrasonography or com-
puted tomography (CT), can confirm the presence of a pelvic hema-
toma or abscess, usually involving the space between the lower uterine 
segment and bladder. If present, percutaneous drainage by interven-
tional radiology can be considered.

PPE caused by group A β-hemolytic streptococci has special epi-
demiologic significance.31,32,33 The Centers for Disease Control and 
Prevention (CDC) recommends that health care worker screening be 
undertaken when two episodes of postpartum group A streptococcal 
infection are identified within a 6-month period. All health care 
workers present at the delivery and those who performed vaginal 
examinations before delivery should be screened with cultures of the 
nares, throat, vagina, rectum, and skin. Any health care worker who is 
culture positive for group A streptococcus should refrain from patient 
care for the first 24 hours of antimicrobial therapy. If surveillance 
identifies additional patients or health care workers with positive cul-
tures for group A streptococcus, the isolates should be typed by 
sequencing the variable portion of the M-protein gene or other molec-
ular methods to identify the strain.

Refractory Postpartum Fever  
of Undetermined Origin
Traditionally, the diagnosis of septic pelvic thrombophlebitis (SPT) 
was entertained in those patients with PPE refractory to broad-
spectrum antimicrobial therapy. Once alternative explanations (e.g., 
wound infection, pelvic abscess) for persistent fever were ruled out, 
heparin therapy was used to determine whether the diagnosis was SPT 
or drug fever. Women with SPT responded promptly to therapeutic 
anticoagulation with heparin and became afebrile within 24 to 48 
hours.34 More recent analysis of this practice has made this therapeutic 
approach suspect.

Brown and colleagues35 studied women who had pelvic infection 
and fever that persisted after 5 days despite adequate antimicrobial 
therapy with clindamycin, gentamicin, and ampicillin. A diagnosis of 
SPT was made after CT evaluation revealed uterine vein thrombosis. 
Women were randomly assigned to continuation of antimicrobial 
therapy, either alone or with the addition of heparin, until the tempera-
ture was lower than 37.5° C [99.5° F] for 48 hours. SPT (1 : 3000 deliver-
ies) was diagnosed in 22% of women with prolonged infection. There 
was no significant difference between the responses of women with 
pelvic infection who were and were not given heparin therapy; in both 
groups, women required an average of 6 days of therapy before becom-
ing afebrile. These results do not support the common empirical prac-
tice of heparin treatment for women with persistent postpartum 
infection.
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curettage, oxytocin or vaginal misoprostol administration is often suc-
cessful. Concurrent laparoscopy may be needed for curettage of a 
uterus that was perforated at the time of abortion.

Indications for laparotomy and possible hysterectomy include 
failure to respond to uterine evacuation and appropriate medical 
therapy, perforation and infection with suspected bowel injury, pelvic 
and adnexal abscess, and clostridial necrotizing myonecrosis (gas gan-
grene). Isolation of C. perfringens alone does not mandate hysterec-
tomy. Initial treatment should include high-dose penicillin (5 million 
units) or ampicillin-sulbactam (3 g) intravenously every 6 hours, 
curettage, supportive therapy, and intensive cardiovascular monitor-
ing. Laparotomy is indicated, and hysterectomy should be considered 
if there is deterioration or no response.

Avoidance of unwanted pregnancies by making contraceptives 
available is the most important preventive measure. Screening for 

clindamycin plus ampicillin plus gentamicin) and radical débridement 
to include removal of all necrotic and pale tissue. It should be empha-
sized that treatment of this disease is primarily surgical and that less 
than aggressive resection of all involved tissues will lead to therapeutic 
failure (see Chapter 95).

In the extremely rare event of infection beneath the deep fascia, 
muscle may be involved, resulting in another type of episiotomy 
infection—myonecrosis. Myonecrosis is commonly caused by Clos-
tridium perfringens, although it can occur from a neglected necrotizing 
fasciitis infection that invades the deep fascia, and should be consid-
ered as a medical emergency. Myonecrosis of the subgluteal muscles 
surrounding the hip joint or the psoas muscles can also occur from 
bacteria introduced into this deep space by a paracervical or pudendal 
needle during the administration of anesthesia. These patients experi-
ence severe hip pain associated with marked limitation of motion.

Both myonecrosis and clostridial infection should be treated with 
surgical resection and antibiotic therapy. For clostridial infection, 
high-dose penicillin is the therapy of choice. Radical wide excision may 
be necessary. Hyperbaric oxygen therapy is at best an adjunctive 
measure to surgical débridement. Polyvalent gas gangrene antitoxin is 
probably ineffective.

Soper41 reported an unusually severe form of clostridial myonecro-
sis arising from an episiotomy caused by Clostridium sordellii. The 
patient had a distinctive course characterized by the sudden onset of 
severe and unrelenting hypotension associated with marked, general-
ized tissue edema and third spacing, with increased hematocrit, 
marked leukemoid reaction, absence of rash or fever, and a rapidly fatal 
course. This C. sordellii toxic shock syndrome was subsequently 
reported in association with retention of a vaginal pack, degeneration 
of a cervical myoma, and postpartum endometritis.42

Postabortal Infections
Infection after abortion is an ascending process that occurs most com-
monly in the presence of retained products of conception or operative 
trauma. Risk factors include greater duration of pregnancy, technical 
difficulties, and the unsuspected presence of sexually transmitted 
pathogens or bacterial vaginosis.

Symptoms include fever, chills, abdominal pain, and vaginal bleed-
ing, often with the passage of placental tissue. Postabortal infection 
typically has its onset within 4 days after the procedure.

Physical findings include an elevated temperature, tachycardia, 
tachypnea, and abdominal tenderness. In the presence of bacteremia, 
hypotension and frank shock may occur, and the patient may be agitated 
or disoriented. Pelvic examination reveals a sanguinopurulent dis-
charge and uterine tenderness, with or without adnexal and parametrial 
tenderness. It is important to look for cervical or vaginal lacerations, 
especially with a suspected illegal abortion. Transvaginal ultrasonogra-
phy can assess the intrauterine cavity for the presence of retained 
products of conception, suggesting the need for uterine curettage.

Septic abortion caused by C. perfringens has a characteristic clinical 
presentation and can be rapidly fatal. In severe cases, massive intravas-
cular hemolysis produces jaundice, mahogany-colored urine, and cata-
strophic anemia.

Laboratory evaluation of patients with more than early uncompli-
cated postabortal endometritis should include a complete blood cell 
count, urinalysis, and culture of the endometrial cavity with an endo-
metrial suction curet; blood cultures; and CT of the abdomen and 
pelvis and upright chest radiographs looking for a foreign body or 
intrauterine gas. Simple endometritis, defined as low-grade fever asso-
ciated with mild uterine tenderness after uncomplicated elective abor-
tion, can be treated with combined parenteral and oral regimens 
recommended for the treatment of pelvic inflammatory disease (Table 
111-1). Patients with established infection, as indicated by fever higher 
than 38° C (100.4° F), pelvic peritonitis, or tachycardia, should be hos-
pitalized for parenteral antibiotic therapy (Table 111-2) and prompt 
uterine evacuation if retained products of conception are suspected. 
Stubblefield and Grimes43 reviewed the management of these cases.

Surgical removal of infected tissue is essential in all but the mildest 
of postabortal infections. Pelvic ultrasonography can be used to 
confirm the presence of retained tissue. In most cases, prompt curet-
tage controls the infection. If the uterus is too large to allow suction 

TABLE 111-1  Combined Parenteral and Oral 
Treatment Regimens for Pelvic Inflammatory 
Disease

Ceftriaxone, 250 mg IM in a single dose

or
Cefoxitin, 2 g IM in a single dose, and probenecid, 1 g orally administered 

concurrently in a single dose

or
Other parenteral third-generation cephalosporin (e.g., ceftizoxime, cefotaxime)

plus
Doxycycline, 100 mg PO bid for 14 days

with or without
Metronidazole, 500 mg PO bid for 14 days

From Centers for Disease Control and Prevention. Updated recommended treatment 
regimens for gonococcal infections and associated conditions—United States, April 
2007. MMWR Morb Mortal Wkly Rep. 2007; April 13. Available at www.cdc.gov/
std/treatment/2006/updated-regimens.htm. Accessed March 27, 2013.

TABLE 111-2  Intravenous Antibiotic Regimens 
for Treating Gynecologic Postoperative Infections

Localized Infection with Minimal Systemic Findings
Cefotaxime, 1 g q8h

Cefotetan, 2 g q12h

Cefoxitin, 2 g q6h

Ceftriaxone, 2 g, then 1 g q24h

Ampicillin/sulbactam, 3 g q6h

Ticarcillin/clavulanic acid, 3.1 g q4-6h

Piperacillin/tazobactam, 3.375 g q6h

Extensive Infection with Moderate to Severe Systemic Findings
Clindamycin, 900 mg IV q8h

plus
Gentamicin, 2 mg/kg IV, then 1.5 mg/kg q8h (or single daily dose 5 mg/kg)

with or without
Ampicillin, 2 g IV, then 1 g IV q4h

or
Ampicillin, 2 g IV, then 1 g IV q4h

plus
Gentamicin, 2 mg/kg IV, then 1.5 mg/kg q8h (or single daily dose 5 mg/kg)

plus
Metronidazole, 500 mg IV q8h

or
Imipenem/cilastatin, 500-1000 mg IV q6h

or
Meropenem, 1 g IV q8h

or
Ertapenem, 1 g IV q 24h

or
Levofloxacin, 500 mg IV q24h

plus
Metronidazole, 500 mg IV q8h

From Larsen JW, Hager WD, Livengood CH, et al. Guidelines for the diagnosis, 
treatment and prevention of postoperative infections. Infect Dis Obstet Gynecol. 
2003;11:65-70.

http://www.cdc.gov/std/treatment/2006/updated-regimens.htm
http://www.cdc.gov/std/treatment/2006/updated-regimens.htm
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and a secondary phase with abscess formation, in which anaerobes 
predominate (abscess stage) (Fig. 111-2).

Risk Factors
Several factors, some of which are beyond the surgeon’s control, influ-
ence the likelihood of the development of a postoperative infection. 
Febrile morbidity is more common after abdominal than after vaginal 
hysterectomy.54 The incidence of postoperative infection is higher in 
patients of lower socioeconomic status, regardless of surgical approach. 
Age has inconsistently been shown to be a risk factor after hysterec-
tomy, with premenopausal women shown to be at increased risk in 
some studies, especially after vaginal hysterectomy. Duration of surgery 
is directly correlated with postoperative infection rates.55

Bacterial vaginosis has been associated with an increased risk  
for infection after hysterectomy.56 Patients scheduled for elective 
hysterectomy should be screened for bacterial vaginosis before the 
planned procedure. Those found to have bacterial vaginosis should be 
treated preoperatively or with metronidazole perioperatively for at 
least 4 days.57

Cuff Cellulitis
An inflammatory response at the margins of the vaginal cuff incision 
is a normal part of the healing process in the early posthysterectomy 
period. Host defense mechanisms quickly resolve this cellulitis in most 
patients without the need for antibiotic administration. Hemsell58 
observed that 17% of women undergoing vaginal hysterectomy and 
35% of those undergoing abdominal hysterectomy had recurrent tem-
perature elevations on the second or third postoperative day despite 
normal abdominal and pelvic examinations and no pain. These patients 
become afebrile without therapy. In a small number of cases, however, 
cuff cellulitis after hysterectomy requires antibiotic therapy. These 
women usually present within 10 days after surgery complaining of 
increasing central lower abdominal and pelvic pain, increased vaginal 
discharge, and low-grade fever. Abdominal examination is normal or 
elicits only slight suprapubic tenderness to deep palpation. On biman-
ual examination, only the vaginal surgical margin is tender and no 
masses are palpable. Women with cuff cellulitis have been treated suc-
cessfully as outpatients with oral antibiotics, but it is important to 
choose an antibiotic regimen that includes coverage for anaerobic 
microorganisms. Examples of such regimens include (1) amoxicillin/
clavulanic acid or (2) the combination of a first-generation cephalo-
sporin, a quinolone, or trimethoprim/sulfamethoxazole with metroni-
dazole. Patients should monitor their temperatures at home, and 
clinical reevaluation should be considered if improvement in pain and 
temperature is not noted by 72 hours.

A well-localized collection of pus just above the vaginal cuff (vaginal 
cuff abscess) develops in a few patients with cuff cellulitis. In addition 
to fever, these women may report a sense of fullness in the lower 
abdomen. Bimanual pelvic examination confirms the presence of a 
vaginal cuff mass, and ultrasonography can confirm the presence of an 
abscess. Vaginal drainage facilitates cure and may be accomplished 

sexually transmitted diseases and bacterial vaginosis before perfor-
mance of elective abortion is optimal but often impractical. A meta-
analysis revealed a substantial protective effect of antibiotic prophylaxis 
in all subgroups of women undergoing induced abortion, even women 
in low-risk groups. Routine use of periabortal antibiotics, such as doxy-
cycline, in the United States may prevent up to half of all cases of 
postabortal infections.44,45

Medical abortion with mifepristone (a progesterone antagonist) 
and misoprostol (a prostaglandin) is commonly used for elective first-
trimester terminations. There have now been five reported cases of C. 
sordellii toxic shock syndrome associated with medical abortion. This 
syndrome is characterized by the rapid onset of profound hypotension, 
hypothermia, a marked leukemoid reaction, and hemoconcentration. 
Infection with C. sordellii in these cases was associated with lethal toxin 
production (C. sordellii cytotoxin L), thus explaining why the syn-
drome is uniformly fatal.46

SURGICAL SITE INFECTION AFTER 
GYNECOLOGIC SURGERY
The identification of surgical site infection (SSI) involves interpretation 
of clinical and laboratory findings, and it is crucial that surveillance 
programs use definitions that are consistent and standardized. The SSIs 
(organ or space) associated with hysterectomy are cuff cellulitis, pelvic 
cellulitis, and pelvic abscess.

Pathogenesis
Microbial contamination of the surgical site is a necessary precursor 
of SSI. The risk for SSI can be conceptualized according to the follow-
ing relationship47:

Dose of bacterial contamination Virulence Resistance of host× ÷
ppatient Risk for SSI=

Quantitatively, it has been shown that if a surgical site is contami-
nated with more than 105 microorganisms per gram of tissue, the risk 
for SSI is markedly increased.48 However, the dose of contaminating 
microorganisms required to produce infection may be much lower if 
foreign material is present at the site.49

Hysterectomy can be performed as a total vaginal hysterectomy, 
total abdominal hysterectomy, or laparoscopically assisted vaginal hys-
terectomy. The later may also be robotically assisted. For SSIs that 
occur after hysterectomy performed by any method, the source of 
pathogens is the endogenous microbiota of the vagina. The normal 
vaginal microbiota consists of lactobacilli, various species of strepto-
cocci, G. vaginalis, strains of Enterobacteriaceae, and anaerobes (see 
Chapter 110). Although anaerobes predominate numerically (10 : 1), 
the concentration of lactobacilli in normal women surpasses that of 
the anaerobic bacteria by a factor of 100 to 1000.50 Lactobacilli produce 
both hydrogen peroxide and lactic acid, which play crucial roles in 
protecting against the overgrowth of pathogens in the vagina. Patho-
genic microorganisms, such as group B streptococci, E. coli, and G. 
vaginalis, and anaerobes, such as P. bivia, are present in increased 
concentrations in women without these protective microbiota or 
equivalent lactic acid-producing taxa (e.g., those with bacterial 
vaginosis).

Other factors alter the vaginal microbiota and may indirectly pre-
dispose to postoperative infection. Ohm and Galask51,52 showed that E. 
coli, Klebsiella, Proteus, Enterobacter, B. fragilis, and enterococci are 
more common in 5-day postoperative vaginal cultures after abdominal 
or vaginal hysterectomy than in preoperative cultures from the same 
patients. Although several studies have documented increased entero-
coccal colonization after perioperative cephalosporin prophylaxis, 
other factors must be involved because placebo-treated groups show 
increased enterococcal colonization as well.

Once the vaginal epithelium is breached during excision of the 
cervix, microorganisms gain entry to the vaginal cuff, paravaginal 
tissues, and peritoneal cavity. The animal model of intraabdominal 
infection devised by Weinstein and colleagues53 clarified the distinctive 
roles played by different bacteria in the natural history of pelvic infec-
tion. These investigators documented a biphasic response to infection 
consisting of an initial phase characterized by peritonitis and sepsis, in 
which gram-negative aerobic bacteria predominate (peritonitis stage), 

FIGURE  111-2  Biphasic pathophysiology of polymicrobial pelvic 
infection. (From Weinstein WM, Onderdonk AB, Bartlett JG, et al. Experi-
mental intraabdominal abscesses in rats: development of an experimental 
model. Infect Immun. 1974;10:250-1255.)
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actually an osteomyelitis of the pubis. It is a rare infection that results 
from direct inoculation of the bone at the time of surgery or extension 
of a contiguous focus of infection. Most cases in women occur after 
urethral suspension or, less commonly, after radical vulvectomy or 
pelvic exenteration. The diagnosis is based on typical symptoms of 
suprapubic discomfort, difficulty with ambulation and a wide-based 
waddling walk, and changes on radiography or magnetic resonance 
imaging showing irregular bony margins and rarefaction and widening 
of the symphyseal joint spaces. Wound drainage, low-grade fever, mod-
erate leukocytosis, and an increased erythrocyte sedimentation rate or 
alkaline phosphatase level may be present.68

Patients for whom clinical and radiologic findings are suggestive of 
this diagnosis should undergo a needle bone biopsy guided by CT.69 
Specimens should be submitted for histopathologic examination and 
aerobic and anaerobic culture. If pathogenic microorganisms are 
recovered and if the interval between onset of symptoms and diagnosis 
is short, a trial of antimicrobial therapy may be attempted. Patients 
with a poor response to this management should undergo débride-
ment. If pathogenic microorganisms are not isolated from a needle 
aspirate, open surgical biopsy with débridement should be undertaken 
and specimens of bone or purulent material should be cultured. 
Common isolates include aerobic gram-negative bacteria and staphy-
lococcal and streptococcal species. After débridement, directed anti-
microbial therapy should be administered for at least 4 weeks.70

Sacral osteomyelitis as a complication of abdominal sacral colpo-
pexy has been reported.71

PELVIC INFLAMMATORY DISEASE
Pelvic inflammatory disease (PID) refers to the clinical syndrome that 
represents a continuum of inflammation from the cervix to the endo-
metrium, fallopian tubes, and contiguous pelvic structures: cervicitis, 
endometritis, salpingitis, pelvic peritonitis, and tubo-ovarian abscess.72 
Each year, approximately 1 million women in the United States experi-
ence an episode of symptomatic PID. Many women with PID have 
minimal or no symptoms.73

PID results from direct canalicular spread of microorganisms from 
the vagina or endocervix to the endometrium and fallopian tube 
mucosa.74 Both Neisseria gonorrhoeae and C. trachomatis commonly 
cause endocervitis, and clinical symptoms of acute PID develop in 10% 
to 40% of women with these infections who do not receive adequate 
treatment.75 In addition to N. gonorrhoeae and C. trachomatis, a wide 
variety of bacteria have been isolated from the upper genital tracts of 
women with acute, symptomatic PID, including anaerobes, gram-
negative rods, streptococci, and mycoplasmas.76,77 Many of these are 
the same microorganisms that are found in increased concentrations 
in the vagina of women with bacterial vaginosis.78 Moreover, approxi-
mately one of every four women with presumed uncomplicated lower 
genital tract gonococcal or chlamydial infection is found to have his-
tologic endometritis (subclinical PID) when evaluated by endometrial 
biopsy.74 Uncommonly, respiratory pathogens including Haemophilus 
influenzae and Streptococcus pyogenes have also been isolated from the 
upper genital tracts of women with symptomatic PID.79,80

Risk Factors
Age is inversely related to the rate of PID. Sexually experienced teen-
agers are three times more likely to be diagnosed with PID than are 
women 25 to 29 years of age. A history of multiple sexual partners, an 
increased rate of acquisition of new partners within the previous 30 
days, and frequent sexual intercourse with a single partner are all 
associated with an increased risk for PID.81 Women with confirmed 
PID commonly have concurrent bacterial vaginosis.82 Contraceptive 
choice modifies PID risk in a complex manner. Mechanical and chemi-
cal barriers decrease risk. Oral contraceptives have a variable effect, 
decreasing the risk for a clinical diagnosis of PID but having no effect 
on the rate of infertility or endometrial inflammation. Intrauterine 
contraceptive devices (IUDs) confer a slightly increased risk for non–
sexually transmitted PID in the first month after insertion.83 Other 
suggested associations with PID include douching, menses, cigarette 
smoking, and substance abuse.84,85

The improved intrauterine devices—the levonorgestrel intrauterine 
system and the copper intrauterine device—are rarely associated with 

simply by dilation of the vaginal cuff in a treatment room. Some 
patients with larger collections may benefit from drainage under ultra-
sonographic or CT guidance by an interventional radiologist or in the 
operating room. Any purulent material recovered should be cultured 
for aerobic and anaerobic pathogens.59

Broad-spectrum parenteral antibiotics (see Table 111-2) covering 
both aerobic and anaerobic bacteria should be given until the patient 
has been afebrile for 24 to 36 hours. Many experts suggest initiating 
antibiotic therapy with a single broad-spectrum agent, whereas others 
recommend combination therapy (e.g., clindamycin plus gentamicin), 
even for clinically milder infections.60

Pelvic Abscess
The most serious late postoperative complication is a pelvic abscess. 
These abscesses may involve one or both residual adnexa (tubo-ovarian 
abscess) if the fallopian tubes and ovaries were not removed at surgery.

These infections are rare, occur almost exclusively in premeno-
pausal women, occur despite the use of prophylactic antibiotics, and 
often have a latent period of many weeks between surgery and onset 
of symptoms.61

Patients may have had no apparent infection during their initial 
hospitalization, or, alternatively, they may have appeared to respond 
rapidly to the initial selection of antibiotics for presumed pelvic cellu-
litis, only to experience relapse after discharge. Typically, the fever 
curve is characterized by a high spike late in the afternoon or early 
evening. The leukocyte count is often in the range of 20,000/mm3, and 
the erythrocyte sedimentation rate is markedly increased. Patients with 
postoperative adnexal abscess often have a palpable mass high in the 
pelvis.62 Ultrasonography and CT both confirm the presence of a mass 
and help to determine whether it is loculated, related to an intraperito-
neal structure, or drainable percutaneously. Because their location is 
removed from the vaginal cuff, pelvic/adnexal abscesses cannot be 
drained through the vaginal cuff unless they extend to the cul-de-sac.

Identification of a postoperative pelvic abscess does not mandate 
immediate drainage if it is inaccessible because antibiotic therapy alone 
may be successful in the treatment of this complication. The frequent 
isolation of a β-lactamase–producing Prevotella species from these 
abscesses warrants the use of clindamycin, metronidazole, or other 
agents effective against gram-negative anaerobes. A regimen of clinda-
mycin plus gentamicin is frequently used. For patients whose infection 
fails to respond to appropriate antibiotic therapy, drainage is necessary. 
Ledger and colleagues63 showed that most such antibiotic failures are 
caused not by antimicrobial resistance but by the unique environment 
of the abscess, which inhibits antibiotic effectiveness. Necrosis associ-
ated with these types of infections makes surgical exploration neces-
sary in some cases.

If the abscess is located in the posterior cul-de-sac, drainage via 
colpotomy can be attempted under ultrasonographic guidance. The 
abscess cavity should be completely evacuated and a drain placed to 
prevent reaccumulation of fluid. Abscesses not located in the cul-de-
sac may be drained percutaneously if they are located adjacent to the 
abdominal wall or are determined to be accessible by CT. A pigtail or 
equivalent catheter should remain in place until drainage ceases, 
usually 4 to 8 days.64,65 Patients with suspected postoperative pelvic 
abscess who fail to respond to antibiotic therapy and cannot undergo 
drainage by one of the previously mentioned techniques require opera-
tive laparoscopy or laparotomy. In most cases, the adnexa are involved 
and must be removed. Purulent material or tissue must be submitted 
for both aerobic and anaerobic culture.

Parenteral antibiotics should be administered until the patient has 
remained afebrile for 48 to 72 hours, the leukocyte count is normal, 
and the signs and symptoms have resolved. Most clinicians choose to 
treat these patients for 7 days after discharge with oral agents such as 
amoxicillin/clavulanate or metronidazole. All patients should be reex-
amined 2 weeks after discharge to ensure that recurrence or reaccu-
mulation of the abscess has not occurred.66

Osteomyelitis Pubis
Osteitis pubis has been described as a noninfectious, self-limited 
inflammatory condition of the symphysis pubis associated with retro-
pubic urologic procedures.67 It is now recognized that this condition is 
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sedimentation rate or C-reactive protein level. Definitive criteria for 
PID include histologic evidence of endometritis on endometrial 
biopsy; transvaginal ultrasonography or other imaging techniques 
showing thickened, fluid-filled tubes with or without free pelvic fluid 
or tubo-ovarian complex; and laparoscopic abnormalities showing 
tubal purulent exudate, erythema, and edema (Fig. 111-4).

Clinical diagnosis and grading of PID have poor specificity. In fact, 
women with PID associated with moderate to severe pelvic adhesions 
or tubal occlusion were found to have less tenderness on abdomino-
pelvic examination and therefore to appear less ill than women with 
limited or no adhesions.91 Diagnostic laparoscopy should be consid-
ered in patients for whom empirical therapy has failed and in patients 
with a history of recurrent PID and negative tests for chlamydia, gon-
orrhea, and bacterial vaginosis. Endometriosis is a common alternative 
diagnosis in these women.

Although rare, acute salpingitis can occur in the proximal stump of 
patients who have undergone surgical sterilization and in women in 
the first trimester of pregnancy.

Management of Acute Pelvic 
Inflammatory Disease
Most women with PID are treated as outpatients, reflecting the pre-
ponderance of patients with only mild to moderate symptoms and 
signs. A prospective, randomized clinical trial compared outpatient 
treatment with a single dose of cefoxitin intramuscularly and multi-
dose oral doxycycline with inpatient treatment with intravenous cefox-
itin and doxycycline in women with clinical symptoms and signs of 
mild to moderate PID. There were no differences in response to therapy 
or reproductive outcome between inpatient and outpatient regimens.92 
These data suggest that hospitalization can be reserved for those 
patients with clinically severe disease (severe illness, nausea and vomit-
ing, or high fever), those unable to follow or tolerate an outpatient oral 
regimen, pregnant women, and women with a clinical diagnosis of 
tubo-ovarian abscess.

Treatment consists of pelvic rest and antibiotics. Antibiotic regi-
mens must provide empirical, broad-spectrum coverage of likely 
pathogens, including N. gonorrhoeae, C. trachomatis, anaerobes, gram-
negative facultative bacteria, and streptococci. Several antimicrobial 
regimens have been effective in achieving clinical and microbiologic 
cure in randomized clinical trials with short-term follow-up. The need 
to eradicate anaerobes from women with PID has not been determined 
definitively. However, anaerobic bacteria associated with bacterial 
vaginosis have been isolated from the upper reproductive tract of 
women with PID, and these bacteria have been shown to cause tubal 
and epithelial destruction. One method of determining the appropri-
ateness of metronidazole therapy in women with PID is to determine 
the presence of concurrent bacterial vaginosis. Metronidazole should 

infection. Contamination of the endometrial cavity at insertion appar-
ently results in a slightly increased risk for acute PID that is limited to 
the first 4 months of IUD use. Infections occurring after 4 months are 
believed to be the result of acquired sexually transmitted pathogens 
and not the IUD itself.86

A unique role for Actinomyces organisms in IUD-associated PID 
has been suggested, but this relationship remains unclear. Although as 
many as 4% to 8% of IUD users have Actinomyces-like organisms 
identified on Papanicolaou (Pap) smear, their presence has not been 
equated with pelvic actinomycosis, nor has the risk for subsequent 
pelvic infection been quantified.87 In patients with cytology showing 
Actinomyces colonization, Lippes88 showed that removal of the IUD 
was not necessary.

Diagnosis
The clinical diagnosis of acute PID is imprecise. Data indicate that a 
clinical diagnosis of symptomatic PID has a positive predictive value 
of 65% to 90% compared with laparoscopy. The positive predictive 
value of a clinical diagnosis of acute PID varies depending on epide-
miologic characteristics and the clinical setting, with a higher positive 
predictive value among sexually active young women (particularly 
adolescents), among patients attending sexually transmitted diseases 
clinics, and in settings in which the rates of gonorrhea, chlamydia, and 
bacterial vaginosis are high.

Many episodes of PID go unrecognized. Although some cases are 
asymptomatic, others are underdiagnosed because the patient or the 
health care provider fails to recognize the implications of mild or 
nonspecific symptoms or signs (e.g., abnormal bleeding, dyspareunia, 
vaginal discharge). In one study, chlamydial infection was noted in 
29% of women experiencing persistent intermenstrual bleeding while 
taking oral contraceptives, suggesting the presence of endometritis.89 
Given the often subtle presentation of this disease and the significant 
reproductive sequelae associated with it (infertility, ectopic pregnancy, 
chronic pelvic pain), clinicians should maintain a low threshold for the 
diagnosis of PID.

Empirical treatment for PID should be considered in sexually active 
young women and other women at risk for sexually transmitted infec-
tions if the following minimum criteria are met and no other cause for 
the illness can be identified: (1) pelvic organ tenderness noted on 
bimanual examination with or without manipulation of the cervix and 
(2) microscopy showing the presence of white blood cells in the vaginal 
secretions. Most women with PID have either mucopurulent cervical 
discharge or evidence of white blood cells on a microscopic evaluation 
of the vaginal secretions (Fig. 111-3). If cervical discharge appears 
normal and no white blood cells are found during microscopy, the 
diagnosis of PID is unlikely and alternative causes of pain should be 
investigated.90 Additional criteria that support a diagnosis of PID 
include bacterial vaginosis, mucopurulent cervicitis, laboratory docu-
mentation of cervical infection with N. gonorrhoeae or C. trachomatis, 
oral temperature higher than 38° C (100.4° F), and elevated erythrocyte 

FIGURE 111-3  Microscopy of a wet mount of the vaginal secre-
tions reveals clue cells and inflammatory cells in a patient with 
pelvic inflammatory disease (×400). 

FIGURE 111-4  Laparoscopic confirmation of moderate acute sal-
pingitis showing patchy fibrin deposits on the serosal surfaces of 
the fallopian tubes.  (From Soper DE. Cervicitis and endometritis. In: 
Mandell GL, Sobel JD, eds. Atlas of Infectious Diseases, vol. 9. Philadelphia: 
Churchill Livingstone; 1997:810.)
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may not return for this visit if they are symptomatically improved. 
Substantial clinical improvement with lysis of fever, reduction in direct 
or rebound abdominal tenderness, and reduction in pelvic organ ten-
derness with bimanual examination should be noted. If there is no 
response to therapy within 72 hours, patients should be reevaluated 
and possibly hospitalized to confirm the diagnosis and for consider-
ation of parenteral antibiotic therapy if they are on an oral regimen.

All male sex partners of women with acute PID should be evaluated 
for sexually transmitted diseases, and those who had sexual contact 
with the patient during the 60 days preceding the onset of symptoms 
in the patient should be empirically treated with regimens effective 
against C. trachomatis and N. gonorrhoeae. In many circumstances, the 
male sex partner tests positive for chlamydia or gonorrhea but the 
patient receiving therapy is negative, suggesting a sexually transmitted 
etiology and a false-negative test in the woman with PID.95

Management of Suspected  
Tubo-ovarian Abscess
Patients with suspected tubo-ovarian abscess should be hospitalized 
and given broad-spectrum antimicrobial drugs that include adequate 
coverage for gram-negative anaerobes. Failure to respond to medical 
therapy is suggested by a lack of defervescence within 72 hours or an 
increase in the size of the mass. Eighty-five percent of abscesses with 
a diameter of 4 to 6 cm respond to antibiotics alone, but only 40% of 
those 10 cm or larger respond.96 Triple-agent therapy with ampicillin, 
clindamycin, and gentamicin would seem to be the regimen of choice, 
although other combination regimens have been used effectively.96,97

Surgical intervention for a tubo-ovarian abscess that does not 
respond to antimicrobial therapy can be performed laparoscopically, 
percutaneously, or transvaginally or by laparotomy. A patient with a 
suspected leaking or ruptured abscess should undergo immediate sur-
gical exploration after rapid stabilization and institution of broad-
spectrum antibiotics.98

Sequelae
After one episode of PID, a woman’s risk for ectopic pregnancy 
increases sevenfold. Approximately 13% of women are infertile after a 
single episode of PID, 25% to 35% after two episodes, and 50% to 75% 
after three or more episodes. If a true tubo-ovarian abscess is present, 
only 7% to 14% of patients are able to conceive after treatment. After 
treatment for a tubo-ovarian complex (a less restrictive diagnostic 
category than tubo-ovarian abscess), approximately two thirds of 
women attempting pregnancy are unable to conceive. Other sequelae 
associated with PID include dyspareunia, pelvic adhesions, and chronic 
pelvic pain.99 Screening for cervical chlamydial infection can prevent 
more than 50% of PID.100

be prescribed for women with the clinical diagnosis of PID and con-
current bacterial vaginosis.

The fluoroquinolones alone are no longer recommended in the 
treatment of PID due to the emergence of quinolone-resistant N. gon-
orrhoeae. The CDC has updated the published antibiotic treatment 
guidelines for acute PID (Tables 111-1 and 111-3).93 If parenteral ceph-
alosporin therapy is not feasible, use of fluoroquinolones (levofloxacin, 
500 mg PO once daily, or ofloxacin, 400 mg twice daily for 14 days) 
usually with metronidazole (500 mg PO twice daily for 14 days) may 
be considered if the community prevalence and individual risk for 
gonorrhea is low. Tests for gonorrhea must be performed before insti-
tuting therapy. If the nucleic acid amplification test result is positive 
for gonorrhea, a parenteral cephalosporin is recommended. If culture 
for gonorrhea is positive, treatment should be based on results of 
antimicrobial susceptibility. If the isolate is quinolone-resistant N. gon-
orrhoeae or antimicrobial susceptibility cannot be assessed, parenteral 
cephalosporin is recommended. Although information regarding 
other outpatient regimens is limited, amoxicillin/clavulanic acid and 
doxycycline or azithromycin with metronidazole have demonstrated 
short-term clinical cure.94

Optimal outpatient management includes a follow-up examination 
performed within 72 hours after the initiation of therapy. Many patients 

TABLE 111-3  Parenteral Treatment Regimens for 
Pelvic Inflammatory Disease

Parenteral Regimen A
Cefotetan, 2 g IV q12h

or
Cefoxitin, 2 g IV q6h

plus
Doxycycline, 100 mg PO or IV q12h

Parenteral Regimen B
Clindamycin, 900 mg IV q8h

plus
Gentamicin, 2 mg/kg IV or IM as a loading dose, then 1.5 mg/kg q8h for 

maintenance; single daily dosing may be substituted

Alternative Parenteral Regimens
Ampicillin/sulbactam, 3 g IV q6h

plus
Doxycycline, 100 mg PO or IV q12h

From Centers for Disease Control and Prevention. Updated recommended 
treatment regimens for gonococcal infections and associated conditions—United 
States, April 2007. MMWR Morb Mortal Wkly Rep. 2007; April 13. Available at 
www.cdc.gov/std/treatment/2006/updated-regimens.htm. Accessed March 27, 
2013.
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112  Prostatitis, Epididymitis, and Orchitis
Catherine C. McGowan and John Krieger

ANATOMY AND PHYSIOLOGY OF 
THE TESTES AND MALE 
ACCESSORY SEX ORGANS
The testicle has two functional components: seminiferous tubules and 
interstitial cells. Sperm production is the primary function of the semi-
niferous tubules. Interstitial cells, located between the seminiferous 
tubules, produce sex hormones. After spermatogenesis, spermatozoa 
are transported from the testis into the epididymis (Fig. 112-1). Sperm 
move into the vas deferens, a muscular tube approximately 12 inches 
long that is easily palpable in the scrotum. Fructose from the seminal 
vesicles is the major energy source for ejaculated sperm. In addition, 
the seminal vesicles provide proteins that coagulate the ejaculate. Liq-
uefaction of the semen occurs 5 to 30 minutes after ejaculation because 
of proteolytic enzymes from the prostate.

HOST DEFENSES OF THE MALE 
LOWER UROGENITAL TRACT
Organisms that ascend through the urethra cause most infections of 
the urogenital ducts and accessory sex organs. Mechanical factors, such 
as the flushing action of micturition and ejaculation, should provide 
some protection against infection, although the relative significance of 
these defenses is unclear.

A zinc-containing polypeptide termed the prostatic antibacterial 
factor is the most important antimicrobial substance secreted by the 
prostate.1 Men with well-documented chronic bacterial prostatitis have 
significantly lower levels of zinc in their prostatic fluid than healthy 
men, despite normal serum zinc levels. Other findings suggest that 
bacterial prostatitis and chronic prostatitis/chronic pelvic pain syn-
drome (CP/CPPS) are associated with prostatic secretory dysfunction.2 
It is unclear whether reduced zinc concentrations precede the develop-
ment of prostatic infection or result from secretory dysfunction. Pros-
tatic secretions from patients with bacterial prostatitis contain high 

concentrations of immunoglobulins.3 Several studies have shown 
antigen-specific antibody coating of bacteria isolated from the lower 
urinary tracts of patients with prostatitis.4 The antigen-specific anti-
body response in prostatic secretions, predominantly secretory immu-
noglobulin A, is significantly greater in magnitude than the serologic 
response. Studies have documented that patients with prostatitis syn-
dromes have high concentrations of cytokines and chemokines in their 
prostatic secretions and semen.5,6 Although the precise mechanisms 
are unclear, local cytokines, chemokines, and other growth factors may 
contribute to the apparent increased risk of both prostate cancer and 
symptomatic benign prostatic hypertrophy in men with a history of 
prostatitis.7-10

The presence of leukocytes is characteristic of many inflammatory 
conditions of the male lower urinary tract, including prostatitis. 
Phagocytosis of abnormal sperm by leukocytes has been observed in 
infertile men with pyospermia, but the precise role and significance of 
prostatic fluid leukocytes is uncertain. Patients with symptoms of pros-
tatitis have more lower urinary tract leukocytes than controls,11 but no 
evidence has linked prostatitis symptoms with prostatic fluid leukocyte 
counts or shown that symptomatic patients with leukocytes in their 
prostatic secretions respond differently to treatment than symptomatic 
patients without inflammation.12

PROSTATITIS
Classification
The term prostatitis has been used clinically to describe various com-
plaints referable to the lower urogenital tract and perineum in men. It 
has been estimated that 50% of men experience symptoms of prostatitis 
at some time in their lives. Studies have suggested that the prevalence 
of prostatitis is 2% to 16%.13 In otherwise healthy young men, prosta-
titis may be the most common urologic diagnosis. A national survey 
of physician visits found that there were almost 2 million visits 

Definition and Classification
•	 For	the	National	Institutes	of	Health	

classification	of	prostatitis	syndromes,	see	
Table	112-2.

•	 Acute	bacterial	prostatitis	is	associated	
with	lower	urinary	tract	infection	and		
sepsis.

•	 Chronic	bacterial	prostatitis	is	associated	with	
recurrent	lower	urinary	tract	infections	caused	
by	the	same	bacterial	clade.

•	 Chronic	prostatitis/chronic	pelvic	pain	
syndrome	(CP/CPPS)	occurs	in	absence	of	
uropathogenic	bacteria.

•	 Acute	epididymitis	and	orchitis	are	usually	due	
to	infectious	agents	or	local	trauma.

Epidemiology
•	 Prostatitis	represents	the	most	common	

urologic	diagnosis	in	healthy	young	men.	Fifty	
percent	of	men	may	experience	symptoms	in	
their	lifetimes.	Prevalence	is	2%	to	16%.

•	 Nearly	90%	of	men	evaluated	for	
genitourinary	symptoms	have	CP/CPPS.

•	 Sexually	transmitted	epididymitis	is	most	
common	in	young	men.	Men	with	bacterial	
epididymitis	may	have	underlying	urologic	
pathology	or	recent	genitourinary	tract	
manipulation.

•	 Isolated	orchitis	is	rare.

Microbiology
•	 Gram-negative	Enterobacteriaceae	cause	most	

episodes	of	bacterial	prostatitis.	Enterococci	
account	for	a	small	percentage.

•	 Etiology	of	epididymitis	and	orchitis	reflects	
patient	age.	Chlamydia	trachomatis	and	
Neisseria	gonorrhoeae	predominate	in	young	
men,	and	coliform	or	Pseudomonas	species	
predominate	in	older	men.

•	 Most	orchitis	is	caused	by	viral	infections.

Diagnosis
•	 Careful	history,	physical	examination,	

urinalysis,	and	urine	culture	are	essential.
•	 The	lower	urinary	tract	localization	test	(see	

Table	112-1)	is	the	gold	standard.

•	 Epididymitis	and	orchitis	should	be	
evaluated	with	a	urethral	swab	for	C.	
trachomatis	and	N.	gonorrhoeae.	A	urethral	
smear	for	Gram	stain	and	midstream	urine	
culture	is	useful	for	establishing	other	
etiologies.

Therapy
•	 Fluoroquinolones	are	preferred	oral	treatment.	

Quinolone	resistance	is	increasingly	common,	
especially	after	genitourinary	tract	
instrumentation.

•	 Septic	patients	should	receive	empirical	
broad-spectrum	parenteral	therapy.

•	 Combinations	of	antibiotics,	α-blockers,	
anti-inflammatory	agents,	and	pain	
management	therapies	represent	the	most	
effective	treatment	for	CP/CPPS.

•	 Combination	therapy	with	intramuscular	
ceftriaxone	plus	either	azithromycin	or	
doxycycline	is	recommended	for	N.	
gonorrhoeae	infections.

SHORT VIEW SUMMARY
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urinary tract infection, such as urinary frequency and dysuria. Acute 
edema of the prostate may lead to lower urinary tract obstruction. 
Signs of systemic toxicity are common. Some such patients have had 
recent genitourinary tract procedures.17,18,19 On physical examination, 
patients may have fever and lower abdominal or suprapubic tender-
ness. Findings on rectal examination are frequently impressive, with 
an exquisitely tender, tense prostate on palpation. Urinalysis is abnor-
mal, with pyuria, and urine culture is positive, unless the patient has 
received prior antimicrobial therapy. Bacteremia may occur spontane-
ously or may result from excessively vigorous rectal examination. 
Gram-negative uropathogens, especially Escherichia coli, are the caus-
ative agents in more than 60% of cases, although infection may be due 
to Pseudomonas aeruginosa and Enterococcus species.18,19 E. coli isolates 
that cause acute prostatitis in healthy young men have been shown to 
possess specialized virulence factors.20 The isolation of Staphylococcus 
aureus from prostatic secretions or urine should prompt a search for a 
remote or endovascular source of S. aureus infection.

Results of antimicrobial therapy for acute bacterial prostatitis often 
are dramatic. Many drugs that do not penetrate into the prostate under 
normal conditions are effective in acute bacterial prostatitis.21 A variety 
of antibiotics are appropriate for treating acute bacterial prostatitis and 
recommendations for empirical therapy are based on the likelihood of 
the infecting organism and regional patterns of antimicrobial resis-
tance. In most settings, fluoroquinolones are the preferred oral agents. 
However, quinolone resistance is increasingly common, especially in 
patients who develop bacterial prostatitis after genitourinary instru-
mentation. Nearly 90% of E. coli isolates were resistant to fluoroquino-
lones in several studies of acute prostatitis occurring after prostate 

annually for prostatitis, accounting for 8% of visits to urologists and 
1% of visits to primary care physicians in the United States.14 In the 
United States, the direct cost for the diagnosis and management of 
prostatitis was approximately $84 million in 2000, exclusive of phar-
maceutical spending.15

The crucial clinical issue is to distinguish patients with lower 
urinary tract complaints associated with bacteriuria (i.e., patients who 
may have acute or chronic bacterial prostatitis) from the larger number 
of patients without bacteriuria. Further classification of patients with 
prostatitis depends on careful bacteriologic assessment of the lower 
urinary tract, which is based on sequential cultures obtained during 
micturition (Table 112-1). Prostatitis syndromes may be classified into 
four major groups: acute bacterial prostatitis, chronic bacterial pros-
tatitis, CP/CPPS, and asymptomatic inflammatory prostatitis (Table 
112-2).16 In addition, rare patients develop granulomatous prostatitis.

Bacterial prostatitis is a common diagnosis in clinical practice, but 
well-documented bacterial infections of the prostate, whether acute or 
chronic, are uncommon. Most patients with a diagnosis of prostatitis 
are men with perineal, lower back, or lower abdominal pain or ejacula-
tory complaints. Most patients have no history of bacteriuria and little 
objective evidence of bacterial infection of the prostate. Patients with 
symptoms of prostatitis but no evidence of bacteriuria may be classified 
as having CP/CPPS, but as yet there are few firm data on which to base 
therapeutic decisions.

Acute Bacterial Prostatitis
Acute bacterial prostatitis is seldom a subtle or difficult diagnosis. 
Patients complain of abrupt onset of symptoms associated with lower 

FIGURE 112-1  Anatomy of the male sex organs and lower urinary 
tract. 
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TABLE 112-1  Lower Urinary Tract Localization 
Using Sequential Urine Cultures*

SPECIMEN SYMBOL DESCRIPTION
Voided bladder 1 VB1 Initial 5-10 mL of urinary stream

Voided bladder 2 VB2 Midstream specimen

Expressed prostatic 
secretions

EPS Secretions expressed from prostate by 
digital massage

Voided bladder 3 VB3 First 5-10 mL of urinary stream 
immediately after prostatic massage

*Unequivocal diagnosis of bacterial prostatitis requires that the colony count in the 
VB3 specimen greatly exceed the count in the VB1 specimen, preferably by at least 
10-fold. Many patients who have chronic bacterial prostatitis harbor only small 
numbers of bacteria in the prostate. In these patients, direct culture of prostatic 
secretions is particularly useful. Microscopic examination of the EPS is useful for 
identifying white blood cells and oval fat bodies—large lipid-laden macrophages 
characteristic of the prostatic inflammatory response.

From Stamey T. Pathogenesis and Treatment of Urinary Tract Infections. 
Baltimore: Williams & Wilkins; 1980.

TABLE 112-2  Classification of Prostatitis Syndromes on the Basis of Lower Urinary Tract Localization Studies

CONDITION BACTERIURIAa

INFECTION 
LOCALIZED 
TO PROSTATEb

INFLAMMATORY 
RESPONSEc

ABNORMAL RECTAL 
EXAMINATION OF 
PROSTATEd

SYSTEMIC 
ILLNESSe

Acute bacterial prostatitis + + + + +
Chronic bacterial prostatitis + + + − −
Chronic prostatitis/chronic pelvic pain syndrome −
  Inflammatory subtypef − − + − −
  Noninflammatory subtypeg − − − − −
Asymptomatic inflammatory prostatitis − − + ± −

aDocumented with an identical organism that is shown to localize to a prostatic focus when the midstream urine culture is negative.
bSee text for diagnostic criteria.
cIn expressed prostatic secretions, semen, postmassage urine, or prostate tissue.
dAbnormal findings include exquisite tenderness and swelling that may be associated with signs of lower urinary tract obstruction.
eSystemic findings frequently include fever and rigors and may include signs of bacteremia.
fFormerly termed nonbacterial prostatitis.
gFormerly termed prostatodynia.
From Krieger JN, Nyberg L Jr, Nickel JC. NIH consensus definition and classification of prostatitis. JAMA. 1999;282:236-237.
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penile, scrotal, or inguinal in location and are described as either con-
tinuous or spasmodic, and commonly as a “dull ache.”34 Other com-
plaints include voiding difficulty, urinary symptoms, and sexual 
dysfunction.35 Systemic symptoms or signs are usually absent, and 
physical examination generally is unremarkable.

The diagnosis of CP/CPPS is one of exclusion. Patients have no 
history of bacteriuria and lack objective evidence of bacterial infection 
of their prostatic secretions on careful lower urinary tract localization 
studies (see Table 112-2). Some patients with CP/CPPS have leukocytes 
in expressed prostatic secretions, postprostate massage urine (voided 
bladder 3 [VB3]; see Table 112-1), or semen (in the inflammatory 
subtype, formerly termed nonbacterial prostatitis), whereas others have 
no objective evidence of inflammation (in the noninflammatory 
subtype, formerly termed prostatodynia; see Table 112-2).16

The causes of CP/CPPS are uncertain and subject to ongoing mul-
ticenter investigations. Although numerous studies have found no 
strong evidence for a causative infectious agent,36-38 others have 
reported various atypical pathogens in men with CP/CPPS.39,40 A large 
prospective study of men with chronic prostatitis found that 74% had 
an infectious etiology, including Chlamydia trachomatis in 37% of 
cases, Trichomonas vaginalis in 11%, Ureaplasma urealyticum in 5%, 
and classic bacterial uropathogens in 20%.41 The methods, techniques, 
and control groups used in these various studies have differed consid-
erably. Molecular studies have shown that patients with inflammatory 
CP/CPPS are significantly more likely to have bacterial DNA in pros-
tatic secretions than patients without inflammation42 or control 
patients with prostate cancer.43

Some authorities have proposed that CP/CPPS is not an infectious 
disease, and that multiple extraprostatic factors may be important in 
the cause of this syndrome. Increased prostaglandins, autoimmunity, 
psychological abnormalities, neuromuscular dysfunction of the 
bladder neck or urogenital diaphragm, allergy to environmental agents, 
and neurogenic inflammation all have been suggested as causative 
factors.44,45

Current therapy for symptomatic patients with CP/CPPS is unsat-
isfactory. The most commonly used modalities include empirical anti-
microbial therapy,46 α-blockers,47 anti-inflammatory therapy,48 and 
pain management therapies.49 A meta-analysis including 23 random-
ized trials of patients with CP/CPPS found that α-blockers (terazosin, 
tamsulosin), antibiotics (fluoroquinolones), and combinations of these 
therapies appeared to achieve the greatest improvement in clinical 
symptom scores compared with placebo.50 However, the small statisti-
cally significant overall benefit observed may or may not be clinically 
significant for individual patients, and antimicrobial therapy generally 
is not recommended as a primary therapy, particularly in patients who 
have previously failed treatment with antibiotics.51 More effective treat-
ment of CP/CPPS is the focus of major research efforts. Ongoing 
National Institutes of Health (NIH)-funded research is focused on 
patient phenotyping to identify genetic, environmental, and clinical 
factors (e.g., associated nonurologic conditions, irritable bowel syn-
drome, chronic widespread pain, etc.), as well as evidence of “central 
nervous system sensitization” that may be associated with the likeli-
hood that individual patients will respond to specific therapies.52

Asymptomatic Inflammatory Prostatitis
The NIH consensus classification of prostatitis includes a category for 
patients who have a diagnosis of prostatitis determined by the presence 
of significant leukocytes (or bacteria or both) in prostate-specific speci-
mens but who have no genitourinary tract symptoms.16 These patients 
have prostate inflammation but have none of the usual symptoms 
associated with other prostatitis syndromes. It is common for patients 
with elevated prostate-specific antigen levels to undergo prostate 
biopsy for evaluation of possible prostate cancer. The most common 
benign pathologic diagnosis is prostatitis, based on the histologic 
finding of inflammatory infiltrates in the prostatic parenchyma. Some 
clinicians recommend a course of antimicrobial or anti-inflammatory 
therapy in this situation.32 These recommendations are based on the 
observations that acute bacterial prostatitis and exacerbations of 
chronic bacterial prostatitis are associated with elevations of serum 
prostate-specific antigen and acid phosphatase levels.53 Whether 
antimicrobial therapy is beneficial for asymptomatic patients with 

biopsy.22,23 Systemically ill patients should receive empirical parenteral 
therapy with a third-generation cephalosporin or a carbapenem, pos-
sibly combined with an aminoglycoside, with subsequent modification 
based on culture and sensitivity results. Severe sepsis after manipula-
tion of the genitourinary tract, such as biopsy of the prostate, may be 
caused by E. coli strains that are multidrug resistant to common empir-
ical antibiotic agents.24 There are limited data regarding duration of 
antibiotic therapy, and recommendations range from 2 to 4 weeks 
depending on the severity of illness. Urinary retention is managed best 
with a suprapubic cystostomy, rather than a transurethral catheter, to 
avoid obstructing drainage of infected prostatic secretions into the 
urethra. General measures, including hydration, analgesics, and bed 
rest, also are indicated. The most important complications of acute 
bacterial prostatitis are prostatic abscess, prostatic infarction, and 
chronic bacterial prostatitis. Nonspecific granulomatous prostatitis 
may follow acute lower urinary tract infections and mimic prostate 
cancer clinically and histologically.25,26

Chronic Bacterial Prostatitis
Chronic bacterial prostatitis is an important cause of bacterial persis-
tence in the male lower urinary tract. Characteristically, patients expe-
rience recurrent bacterial urinary tract infections caused by the same 
organism.16 Patients often are asymptomatic between episodes of 
bladder bacteriuria. The prostate gland is usually normal on rectal or 
endoscopic evaluation. Careful lower urinary tract localization studies 
constitute the cornerstone on which to base a diagnosis of chronic 
bacterial prostatitis (see Tables 112-1 and 112-2). Evaluation of prepro-
state and postprostate massage samples has been proposed as an alter-
native to the traditional lower urinary localization study.27 Diagnosis 
of chronic bacterial prostatitis based solely on symptoms, the number 
of leukocytes in expressed prostatic secretions, or the use of prostate 
biopsy specimens is inadequate.

Gram-negative rods (members of Enterobacteriaceae or pseudo-
monads) are the most important pathogens in chronic bacterial pros-
tatitis. Enterococci may be the causative organisms in some cases. An 
etiologic role for other gram-positive cocci, such as S. aureus, has been 
suggested.28 However, studies have demonstrated that repetitive cul-
tures to consistently localize gram-positive bacteria in prostate-specific 
specimens, such as expressed prostatic secretions, are seldom repro-
ducible in untreated patients, leading to uncertainty regarding the 
clinical significance of these organisms.29

Bacteria isolated from patients with chronic bacterial prostatitis, 
even after multiple episodes of symptomatic bacteriuria and prolonged 
antibiotic courses, are often antibiotic-sensitive strains. Several factors 
may increase the risk of failure of antibiotic therapy in some patients, 
including poor drug penetration into the prostatic parenchyma,  
prostatic fluid pH changes associated with infection, incomplete  
medication adherence, and infected calculi that may serve as persis-
tent foci for bacteria. In addition, E. coli strains that cause prostatitis 
tend to possess urovirulence profiles similar to strains isolated from 
women with acute pyelonephritis, especially hemolysin and cytotoxic 
necrotizing factor, with many strains exhibiting multiple virulence 
factors.20,30

Depending on the results of antimicrobial sensitivity, the preferred 
therapy is at least 4 to 6 weeks with an oral fluoroquinolone, which 
results in microbiologic cure rates of 70% or more.31,32 Long-term 
follow-up with repeated microbiologic evaluation is needed to ensure 
that patients respond to treatment. Patients with chronic bacterial 
prostatitis who are not cured may be rendered asymptomatic by long-
term suppressive treatment, based on anecdotal clinical experience. 
Because patients usually are asymptomatic between episodes of bacte-
riuria, the goal of suppressive therapy is to prevent symptomatic epi-
sodes despite the persistence of bacteria in the prostate.

Chronic Prostatitis/Chronic Pelvic Pain 
Syndrome
Men with chronic CP/CPPS are the largest population with prostatitis, 
representing more than 90% of patients evaluated. CP/CPPS causes 
significant morbidity and substantially decreases patients’ quality of 
life.10,33 Patients may complain of various perineal and pelvic symp-
toms, especially pain, that may be perineal, suprapubic, infrapubic, 
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rectal examination. The presentation may be subtle, however. Ultraso-
nography, computed tomography (Fig. 112-2), or magnetic resonance 
imaging of the pelvis is helpful for confirming the diagnosis or in 
patients with equivocal clinical findings. Treatment includes draining 
the abscess through a perineal or a transurethral route and appropriate 
antimicrobial therapy for 4 to 6 weeks.65

EPIDIDYMITIS
Epididymitis is an inflammatory reaction of the epididymis to various 
infectious agents or to local trauma. Epididymitis is common, account-
ing for more than 600,000 visits to physicians per year in the United 
States. Acute epididymitis is responsible for more days lost from mili-
tary service than any other disease and is responsible for 20% of uro-
logic hospital admissions in military populations.66

Patients with epididymitis usually complain of painful swelling  
of the scrotum. The onset may be acute over 1 or 2 days or more 
gradual and often is accompanied by dysuria or irritative lower urinary 
tract symptoms. Many patients have a urethral discharge. Specific 
attention should be directed toward eliciting a past history of genito-
urinary tract disease or sexual exposure. Some patients may have only 
a nonspecific finding of fever or other signs of infection. This presenta-
tion is particularly common in hospitalized patients who have under-
gone recent urinary tract manipulation and who may be obtunded by 
medication.67

Tender swelling, frequently accompanied by erythema and gener-
ally unilateral, may be noted primarily in the posterior aspect of the 
scrotum. If the patient is examined early in the course of the disease, 
the swelling may be localized to one portion of the epididymis. Later, 
involvement of the ipsilateral testis is common, producing an 
epididymo-orchitis, and it may be difficult to distinguish the testicle 
from the epididymis within the inflammatory mass. Scrotal examina-
tion commonly reveals the presence of a hydrocele caused by the 
secretion of inflammatory fluid between the layers of the tunica vagi-
nalis. Urethral discharge may be apparent on inspection or stripping 
of the urethra.

There are two common types of epididymitis: nonspecific bacterial 
epididymitis and sexually transmitted epididymitis. Epididymitis also 
may occur rarely after genital trauma or with disseminated infections.

Nonspecific Bacterial Epididymitis
The most common cause of epididymitis in men older than 35 years 
is infection with coliform or Pseudomonas species.68,69 In most 
series, gram-negative aerobic rods caused more than two thirds of 
bacterial epididymitis cases. Enterococci also have been reported as 
pathogens.70

Many patients who develop bacterial epididymitis have underlying 
urologic pathology or have a history of recent genitourinary tract 

histologic evidence of prostatitis is uncertain. The current consensus 
is that antimicrobial therapy is not indicated for asymptomatic 
patients.54

Histologic evidence of prostatic inflammation also may be noted in 
patients with no clinical history of prostatitis who have benign prostate 
tissue removed during surgical procedures for the treatment of bladder 
outflow obstruction9 or who have radical prostatectomy for prostate 
cancer.55 Inflammatory prostatitis may be diagnosed among asymp-
tomatic men undergoing evaluation for infertility. On semen micro-
scopic analysis, increased numbers of round cells, which could 
represent immature spermatozoa or white blood cells, may prompt a 
diagnosis of prostatitis. Other terms used in the infertility literature 
include asymptomatic male genital tract infection, male accessory gland 
infection, prostatoseminal vesiculitis, leukocytospermia, and pyosemia 
(pyospermia). Some specialists recommend antimicrobial therapy, but 
the proportion of these patients who have active genital tract infections 
is poorly defined. It would seem prudent to identify a specific genito-
urinary tract pathogen before recommending antimicrobial therapy 
for asymptomatic men who present for infertility evaluation.

Epidemiologic studies and other lines of evidence have suggested 
that prostatitis may be associated with an increased risk for later devel-
opment of benign prostatic hypertrophy–associated events and with 
prostate cancer.7,10,56,57 Confirmation of these potential associations 
would support efforts to diagnose and treat symptomatic and asymp-
tomatic prostatitis syndromes.55,57

Granulomatous Prostatitis
Granulomatous prostatitis is a characteristic histologic reaction of the 
prostate to various insults, with granulomas containing lipid-laden 
histiocytes, plasma cells, and scattered giant cells. In most cases, granu-
lomatous prostatitis follows an episode of acute bacterial prostatitis.25 
There also are many specific infectious causes of granulomatous reac-
tion by the prostate. Tuberculous prostatitis usually is secondary to 
tuberculosis elsewhere in the genital tract.58 Most patients have no 
symptoms referable to prostatic infection. At biopsy, the granulomas 
may contain typical Langerhans giant cells and exhibit caseous necro-
sis. These infections are caused most often by Mycobacterium tubercu-
losis but also have been reported with nontuberculous mycobacteria. 
Iatrogenic mycobacterial prostatitis may develop in patients who 
receive intravesicular Calmette-Guérin bacillus for treatment of tran-
sitional cell carcinoma of the bladder.59 Prostatitis may be secondary 
to systemic infection with many of the deep mycoses.60 Most cases of 
mycotic prostatitis reported have been associated with blastomycosis, 
coccidioidomycosis, and cryptococcosis.61,62 The prostate may be a 
focus of persistent cryptococcosis in patients with acquired immuno-
deficiency syndrome (AIDS). Rarely, prostatic histoplasmosis occurs 
in these patients.63

Granulomatous prostatitis is most important in the differential 
diagnosis for an indurated, firm, or nodular prostate. Findings on 
rectal examination in these patients raise the suspicion of prostatic 
carcinoma. Biopsy usually is necessary for diagnosis, and it is impor-
tant that appropriate stains and cultures be used to detect specific 
causative agents.

Prostatic Abscess
Prostatic abscess is a rare complication. Most prostatic abscesses occur 
in patients with diabetes or with an immunocompromised state and in 
patients who have not received appropriate therapy for acute prostati-
tis. Foreign bodies and urinary tract obstruction are other predispos-
ing factors. In the past, Neisseria gonorrhoeae was a common pathogen, 
but most cases now are caused by the common uropathogens. Infection 
generally occurs by the ascending route. On occasion, S. aureus is the 
pathogen,28 which suggests the possibility of hematogenous infection. 
Blastomycosis, cryptococcosis, and nocardiosis are also well-described 
causes of prostatic abscess. In a prospective case series of melioidosis 
from an endemic region, prostatic abscess caused by Burkholderia 
pseudomallei was commonly observed.64

Patients are usually febrile with irritative and obstructive voiding 
symptoms, and they may have signs of sepsis. The clinical presentation 
closely resembles that of acute bacterial prostatitis. The classic abscess 
presentation is a fluctuant area in the prostate when palpated during 

FIGURE 112-2  Computed tomography scan of a prostatic abscess 
lateral to the urethra (arrow).  (From Sobel JD, Kaye D. Urinary tract 
infections. In: Mandell GL, Bennett JE, Dolan R, eds. Principles and Practice 
of  Infectious Diseases, 6th ed. Philadelphia: Churchill Livingstone; 2005:
894.)
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transmitted epididymitis. Rare complications of sexually transmitted 
epididymitis include abscess formation, testicular infarction, chronic 
epididymitis, and infertility. Ultrasonography, particularly color-flow 
Doppler ultrasonography, is useful for the differential diagnosis of 
complicated cases of epididymitis.82,83

Follow-up
Failure of the signs and symptoms of epididymitis to subside within 3 
days requires reevaluation of the diagnosis and the therapy.79 Persistent 
swelling and tenderness after completion of therapy suggest the need 
for comprehensive evaluation. Considerations in the differential diag-
nosis include abscess, infarction, testicular cancer, and tuberculous or 
fungal epididymitis. Some patients develop chronic scrotal pain that is 
difficult to manage and may, on occasion, merit consideration of surgi-
cal procedures.84

ORCHITIS
Orchitis is inflammation of the testis, but the term has also been used 
to describe pain localized to the testis without objective evidence of 
inflammation. Isolated orchitis is significantly less common than pros-
tatitis or epididymitis. Orchitis differs from other infections of the  
male accessory sex glands in two important respects; bloodborne dis-
semination is the major route of infection, and viruses are implicated 
as important pathogens.

Viral Orchitis
Viral infections, particularly mumps,85 are associated with most cases 
of orchitis. Although mumps rarely causes orchitis in prepubertal boys, 
orchitis occurs in approximately 20% of postpubertal males with 
mumps. Testicular pain and swelling usually begin 4 to 6 days after the 
onset of parotitis but may occur without parotid involvement. Orchitis 
is unilateral in approximately 70% of cases. Contralateral testicular 
swelling may occur 1 to 9 days after involvement of the first side. The 
clinical course is variable and ranges from mild testicular discomfort 
and swelling to severe testicular pain and marked swelling accompa-
nied by nausea, vomiting, prostration, high fever, and constitutional 
symptoms. Epididymitis and inflammation of the spermatic cord may 
be noted on physical examination. Resolution of mild cases may occur 
in 4 to 5 days. More severe cases usually resolve in 3 to 4 weeks. In 
approximately half of cases, the involved testes undergo some degree 
of atrophy. In older series, sterility was reported in 25% of patients with 
bilateral disease. More recent studies have found, however, that mumps 
orchitis seldom results in infertility.86 Coxsackie B virus produces a 
disease that clinically and histologically resembles mumps orchitis.87 
Infection with lymphocytic choriomeningitis virus occasionally can 
result in orchitis, which develops 1 to 3 weeks after the onset of the 
initial fever. Orchitis is usually unilateral and painful. Most cases 
resolve within 2 weeks.88

Bacterial Orchitis
With the exception of viral diseases, acute genitourinary tract infec-
tions involving only the testis are distinctly unusual. Pyogenic bacterial 
orchitis usually occurs because of contiguous spread from an inflam-
matory process in the epididymis that causes an epididymo-orchitis. 
Most cases of pyogenic orchitis are caused by E. coli, Klebsiella pneu-
moniae, P. aeruginosa, staphylococci, or streptococci. On occasion, 
acute orchitis may be caused by other organisms as a result of hema-
togenous seeding. This seeding seems to be a particular risk with 
brucellosis in endemic areas. Rare reports of syphilitic orchitis have 
been described.89

A patient with pyogenic orchitis appears acutely ill, with high fever 
and marked discomfort and swelling of the involved testicle. In gen-
eral, the pain is described as radiating to the inguinal canal, and it 
frequently is accompanied by nausea and vomiting. On examination, 
there is usually an acute hydrocele. The testis is swollen and exquisitely 
tender.

The overlying scrotal skin is generally erythematous and edema-
tous. Complications of pyogenic bacterial orchitis include testicular 
infarction, abscess formation, and pyocele of the scrotum. Surgery 
usually is required for treatment of these conditions. Orchitis can be 
caused by tuberculosis and blastomycosis, usually by extension from 

manipulation. Urologic abnormalities are especially common in chil-
dren who present with epididymitis.71 The development of epididymi-
tis after surgery or urethral catheterization may occur weeks or, rarely, 
months after the manipulation. Epididymitis is particularly likely in 
patients who undergo urinary tract surgery or instrumentation while 
they are bacteriuric. Acute and chronic bacterial prostatitis is another 
important predisposing condition for the development of bacterial 
epididymitis.

Bacterial epididymitis may be an important focus of organisms 
causing bacteremia and local morbidity in patients with indwelling 
transurethral catheters. Genitourinary tract complications of acute 
bacterial epididymitis that occur rarely include testicular infarction, 
scrotal abscess, pyocele, a chronic draining scrotal sinus, chronic epi-
didymitis, and infertility.

Tuberculous epididymitis is the most common manifestation of 
male genital tuberculosis, with orchitis and prostatitis seen less com-
monly.72 The usual symptom is a sensation of heaviness or swelling. 
There is characteristic scrotal swelling with beadlike enlargement of 
the vas deferens. Chronic draining scrotal sinuses may be a feature. 
The systemic mycoses rarely may cause epididymitis; blastomycosis  
is the most common pathogen and may cause a draining sinus through 
the scrotal wall.60 Brucellosis is also well described as a cause of epi-
didymitis in patients with a history of exposure.73 Iatrogenic cases of 
epididymitis and orchitis may complicate Calmette-Guérin bacillus 
therapy for transitional cell carcinoma of the bladder.74 Rare patients 
develop epididymitis as a complication of collagen vascular disor-
ders75,76 or as a complication of amiodarone therapy.77

Medical management is appropriate for most patients with bacterial 
epididymitis. Initial empirical treatment with agents appropriate for 
gram-negative rods and gram-positive cocci should be initiated 
pending urine culture and sensitivity results. Nonspecific measures, 
such as bed rest, scrotal elevation, analgesics, and local ice packs, are 
helpful. Surgery may be necessary for the management of complica-
tions of acute epididymal infections, such as testicular infarction, 
abscess, or pyocele of the scrotum.78

Sexually Transmitted Epididymitis
Sexually transmitted epididymitis is the most common type of epididy-
mitis in young men. C. trachomatis and N. gonorrhoeae are the major 
pathogens in this population.79 Chlamydiae have been identified as the 
most common cause of epididymitis in younger, sexually active popu-
lations. These patients formerly were considered to have idiopathic 
nonspecific epididymitis.80 One study documented infections with C. 
trachomatis in 16 (47%) of 34 cases of epididymitis in patients younger 
than 35 years and in only 1 of 16 cases of epididymitis in patients older 
than 35.80 Patients with chlamydial epididymitis frequently do not 
complain of urethral discharge. Eleven of 17 patients with epididymitis 
caused by chlamydiae had demonstrable discharge, however, usually 
the scant watery discharge characteristic of nonspecific urethritis. The 
median interval from the last sexual exposure was 10 days (range, 1 to 
45 days).80 Patients may carry chlamydiae for long periods before 
developing overt epididymitis.

Before the availability of penicillin, it was estimated that epididy-
mitis occurred in 10% to 30% of men with gonococcal urethritis. In 
more recent studies, N. gonorrhoeae was identified as the cause of acute 
epididymitis in 16% of cases in military populations and in 21% of 
cases in civilians younger than 35 years.80 Many patients with gonococ-
cal epididymitis do not have a history of urethral discharge, and a 
discharge may be demonstrable in only 50% of these patients.

Underlying genitourinary tract abnormalities are uncommon in 
patients with sexually transmitted epididymitis. Diagnosis depends on 
a high index of clinical suspicion, evaluation for presence of urethritis 
(that may be asymptomatic), and appropriate diagnostic tests. Specific 
antibiotic therapy, using drugs appropriate for chlamydial and gono-
coccal infections, is the most important aspect of treatment.79 Because 
of emerging antibiotic resistance identified in N. gonorrhoeae isolates, 
combination therapy with intramuscular ceftriaxone plus either 
azithromycin or doxycycline is currently recommended.81 Patients 
should be evaluated for other sexually transmitted diseases, and treat-
ment of sexual partners is important. In general, a complete urologic 
workup is not indicated for patients with uncomplicated sexually 
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nongonococcal) increase the HIV-1 viral load in semen.101 In contrast, 
sexually transmitted disease treatment reduces HIV-1 shedding.

Epidemiologic studies have suggested that direct contact with 
semen is the most important route for HIV-1 sexual transmission. 
HIV-1 first was isolated by cocultivation of seminal cells and donor 
lymphocytes.102 Shedding of HIV-1 in semen was associated with no 
significant changes in semen parameters that assessed fertility in one 
study of 50 semen specimens from asymptomatic or minimally symp-
tomatic HIV-1–seropositive men.103 In contrast, three men with AIDS 
all had pyospermia and grossly abnormal sperm. Abnormalities in the 
semen of men with AIDS likely reflect severity of disease but do not 
correlate with seminal shedding of HIV-1.

Semen is composed of cell-free seminal plasma and seminal cells 
(mature spermatozoa, immature sperm forms, leukocytes, and epithe-
lial cells). Two approaches have been used to determine the likely 
sources of HIV-1 within the semen. The first approach is to fractionate 
and analyze ejaculated semen specimens.104 These studies have sug-
gested that most viable (i.e., culturable) HIV-1 in semen is cell associ-
ated, particularly with T lymphocytes and macrophages but not with 
motile spermatozoa. The second approach is anatomic, based on the 
observations that vasectomy causes dramatic reductions in seminal 
cells and eliminates secretions from proximal sites in the male repro-
ductive tract. HIV-1 RNA was assayed in seminal plasma and HIV-1 
DNA in seminal cells from 46 asymptomatic seropositive men before 
and after vasectomy.105 Vasectomy produced no significant changes in 
levels of HIV-1 RNA or DNA, supporting the conclusion that most 
seminal HIV-1 is not associated with germinal cells but arises from 
distal sites in the male reproductive tract.106

Several lines of evidence support the idea that the male genital tract 
may be distinct from the systemic immune compartment.107 Qualita-
tive and quantitative virologic measurements from blood and genital 
compartments have suggested lack of association between culturability 
of virus in semen and viral RNA level in blood, discordant distribution 
of phenotypes, discordant viral RNA levels, a weak correlation between 
viral RNA level in semen and CD4+ lymphocyte count in blood, dif-
ferences in the biologic variability of viral RNA levels, and differences 
in the viral load response to antiretroviral therapy.107 Phylogenetic 
studies have also supported the concept of compartmentalization.108 
Some, but not all,109 studies have suggested a weak correlation between 
HIV-1 RNA levels in the blood plasma and HIV RNA levels in the 
seminal plasma. However, neither HIV-1 RNA blood level nor the 
CD4+ lymphocyte count reliably predicts shedding of culturable virus 
or detection of viral RNA in the semen.107 A recent study demonstrat-
ing that higher seminal HIV-1 RNA levels were associated with a 
greater risk of heterosexual HIV-transmission, independent of plasma 
HIV-1 concentrations, suggests that HIV-1 RNA in semen could be 
used as a marker of HIV-1 sexual transmission risk.110 Factors that may 
influence the HIV viral load in seminal fluid include systemic illness, 
antiretroviral therapy, urethritis, male genital tract inflammation, reac-
tivation of genital herpesvirus infection, and seminal shedding of cyto-
megalovirus or other viruses. If the male reproductive tract is a distinct 
immunologic compartment, factors determining the infectiousness of 
semen may differ substantially from the factors determining HIV levels 
in blood, lymphatic tissue, or central nervous system.

the epididymis.72,90 Involvement of the testicle without palpable abnor-
mality in the adjacent epididymis rarely has been observed with these 
agents.

PROSTATITIS, EPIDIDYMITIS, 
AND ORCHITIS IN MEN WITH 
HIV-1 INFECTION
One study of 140 autopsied AIDS patients found that 2 of 17 cases with 
systemic toxoplasmosis and 4 of 65 cases of systemic cytomegalovirus 
infection involved the testes.91 Other opportunistic infections involving 
the male genital tract include those caused by mycobacteria, cryptococ-
cosis, Aspergillus fumigatus and other mycoses, toxoplasmosis, Hae-
mophilus parainfluenzae, and candidiasis.92 The testes characteristically 
exhibit azoospermia, marked spermatogenic arrest, germ cell degener-
ation, peritubular fibrosis, and Leydig cell depletion. These nonspecific 
findings probably reflect the severe systemic disease in these patients.

Urologic Manifestations
Other urologic manifestations in patients with human immunodefi-
ciency virus type 1 (HIV-1) infection reflect involvement of related 
organ systems. Bladder dysfunction may occur in patients with HIV-1–
associated neurologic disorders. This bladder dysfunction increases the 
risk of urinary tract infection, which was diagnosed in 14% to 20% of 
HIV-1–seropositive patients in one series.93 HIV status was an inde-
pendent risk factor for bothersome lower urinary tract symptoms in a 
recent study of men who have sex with men, and severe urinary symp-
toms were more likely to be reported in HIV-infected men with a 
history of AIDS.94 In another report, bacterial prostatitis was diag-
nosed in 17 (8%) of 209 men hospitalized for treatment of HIV-1–
related infections.95 The prevalence of bacterial prostatitis was observed 
to increase from 3% in HIV-asymptomatic patients to 14% in patients 
with AIDS. Although C. trachomatis and N. gonorrhoeae are the two 
most common causative organisms of epididymitis in young men, 
coliform bacteria may be etiologic agents in men who have sex with 
men having unprotected anal intercourse.96

Semen as a Vector for Human 
Immunodeficiency Virus
The relative contributions of behavioral and clinical risk factors to 
transmission of HIV-1 are incompletely understood, but sexual activity 
alone provides a limited explanation. Expressing risk as a function of 
frequency and types of sexual contacts has not yielded straightforward 
patterns; this probably reflects biologic factors that determine infec-
tiousness and the vulnerable partner’s susceptibility. Stage of disease 
and other host factors; male circumcision; genital and plasma HIV-1 
viral load; viral characteristics, such as tropism and syncytium-
inducing capability; and antiretroviral treatment have been linked to 
greater and lesser degrees of infectivity.97

Studies demonstrate that other sexually transmitted diseases 
increase the risk of HIV-1 transmission and acquisition98 and suggest 
that their treatment may reduce the sexual transmission of HIV-1.99,100 
Sexually transmitted diseases are believed to increase susceptibility to 
HIV-1 infection by recruiting target cells and disrupting epithelial bar-
riers. In addition, genital ulcer diseases and urethritis (gonococcal and 
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Vision loss impacts daily life in so many ways that most people value 
their sight more than any other special sense. Eye infections that result 
in permanent vision loss can be devastating, and many eye infections 
rapidly threaten sight if not promptly diagnosed and treated. Infectious 
disease physicians appreciate how important their help may be to  
ophthalmologists but may find it difficult to interpret the ophthal
mologist’s notes and specialized terminology. This brief review of eye 
anatomy and of the terminology commonly used by ophthalmologists 
may be helpful to the nonophthalmologist caring for patients with eye 
infections.

ANATOMY
Several points about eye anatomy are worth considering in particular.
1. From an embryologic perspective, the eye may be thought of as 

having three “coats” (cornea/sclera, uvea, retina) and two humors 
(aqueous, vitreous) (Fig. 1131). The cornea and sclera form a pro
tective outer coat, with the cornea as a clear window. The uvea is 
highly vascularized and pigmented. It is composed of the iris, ciliary 
body, and choroid. The retina, embryologically, is an outpouching 
of the brain.

2. The eye is divided into anterior and posterior segments by the lens 
(more specifically, the posterior lens capsule). Aqueous humor 
(0.25 mL) fills the anterior segment, while vitreous (4 mL) fills the 
posterior segment.

3. Aqueous humor is a liquid that is continuously produced and reab
sorbed, with a turnover time of approximately 100 minutes. In 
contrast, the vitreous humor is a gellike substance that forms in 
utero and is never regenerated. The rapid turnover of aqueous but 
persistence of vitreous is one reason why a break in the posterior 
lens capsule during cataract surgery greatly increases the risk of 
postcataract endophthalmitis. The aqueous is commonly contami
nated by ocular surface flora during eye surgery, but these bacteria 
are usually cleared unless they reach the vitreous (see Chapter 116).

4. There is a bloodeye barrier similar in many respects to the blood
brain barrier. Many antibiotics that penetrate the bloodbrain 
barrier also penetrate the bloodeye barrier and therefore may be 
good choices for treating intraocular infections.

TYPES OF EYE INFECTIONS
Patients with most types of eye infections have no systemic evidence 
of infection and usually feel well aside from their eye. The exceptions 
are patients with endogenous endophthalmitis, some types of uveitis, 
and orbital infections. However, even patients with these types of eye 
infections may be afebrile and have a normal white blood cell count.

Conjunctivitis
Conjunctivitis is characterized by eye irritation or discomfort but not 
significant pain unless there is also involvement of the cornea. The 
latter is then termed keratoconjunctivitis and may lead to corneal scar
ring (see Chapters 114 and 115).

Keratitis
Keratitis refers to infection of the cornea (see Chapter 115). The cornea 
is only 0.5 mm thick in the center and has a 5 to 7cellthick epithe
lium overlying the stroma and endothelium. Keratitis may occur in the 

epithelium only (e.g., dendritic keratitis in an initial episode of herpes 
simplex keratitis), the stroma or interstitium (e.g., interstitial keratitis 
of syphilis), or both as an infiltrate or ulceration (e.g., Pseudomonas 
keratitis). In cases of large corneal infiltrates or ulcerations, the keratitis 
may be appreciated even with a flashlight examination at the bedside.

Along with the overlying tear film, the cornea provides 65% to 75% 
of the refractive power of the eye, so keratitis usually causes decreased 
vision. The cornea has no blood vessels but many nerve endings, so 
keratitis is typically painful. Patients with decreased corneal sensation, 
such as from repeated attacks of herpetic keratitis, may not appreciate 
that they have a corneal infection until it is advanced, however.

Endophthalmitis
Endophthalmitis refers to bacterial or fungal infection inside the eye 
involving the vitreous or aqueous, or both (see Chapter 116). Infection 
may be introduced exogenously (i.e., from the outside in), such as from 
eye surgery or eye trauma, or endogenously, from bacteremia or funge
mic seeding of the eye. Of note, endophthalmitis does not serve as a 
source for bacteremia or fungemia.

Uveitis
Uveitis refers to inflammation of the uvea (iris, ciliary body, choroid) 
or retina (see Chapter 117). Most cases are idiopathic or related to a 
rheumatologic condition, and the frequency of infectious etiologies 
varies by the type of uveitis. Uveitis is categorized by the location of 
maximal inflammation and thereby divided into four types: anterior 
(iritis, iridocyclitis); intermediate (pars planitis); posterior (retinitis, 
chorioretinitis, choroiditis); or panuveitis. It is important to understand 
the type of uveitis because the differential diagnosis, as well as the 
likelihood of an infectious etiology, varies by the anatomic category.

Periorbital Infections
Periorbital infections are those involving the soft tissues surrounding 
the globe of the eye (see Chapter 118). The term “periorbital” is not 
precise and encompasses both “preseptal” and “orbital.” It is important 
to distinguish preseptal from orbital infections. Preseptal infections 
involve the superficial part of the lids and do not threaten vision. 
Orbital infections (orbital cellulitis, subperiosteal abscess, orbital 
abscess) are much more serious and are often vision threatening. The 
two conditions may be distinguished on physical examination: orbital 
infections cause decreased vision, limitation in extraocular movement, 
and/or proptosis, whereas preseptal infections do not. Of note, the 
proptosis may not be obvious on gross examination and may only be 
detected by use of Hertel’s exophthalmometer. A difference between 
the eyes of 2 mm or more is significant.

UNDERSTANDING THE 
OPHTHALMOLOGIST’S NOTE
The ophthalmologist’s examination starts with visual acuity and intra
ocular pressure measurements and then describes findings in sequence 
from the surface of the eye to the fundus. The ophthalmologist uses a 
slit lamp and indirect ophthalmoscope for a complete examination. 
The direct ophthalmoscope used by most nonophthalmologists does 
not show most corneal abnormalities, the degree of intraocular inflam
mation, or provide a full view of the fundus. Perhaps as a consequence, 
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Ophthalmology Examination
The ophthalmologist records the eye examination from front to back, 
starting with the lids and adnexae, and ending with the funduscopic 
examination. Common abbreviations used are listed in Table 1131. To 
illustrate the interpretation of an ophthalmology note, the following 
are examples of eye infection cases referred for infectious disease con
sultation. Interpretation of each line of the note is listed in italics.

Case Example 1
A 65yearold woman with multiple medical problems presented with 
5 weeks of painless decrease in vision in her right eye. This had been 
her “better eye,” with baseline visual acuity of 20/40. The onset of 
symptoms was 2.5 months after she had been hospitalized with pneu
monia and treated with intravenous antibiotics for 10 days via a 
peripherally inserted central catheter.

Ophthalmologist’s Examination
Exam OD (OD = right eye):
VA sc LP; PH NI
(Visual Acuity without correction is Light Perception only; Pinhole 

examination shows No Improvement)
IOP 15 (Intraocular Pressure is 15 mm Hg)
lids—normal
conj—mild injection (conj = conjunctiva)
K—mild edema (K = cornea)
AC—3+ cells, no hypopyon (Anterior Chamber has 3+ white blood cells, 

on a scale of 0 to 4+ with 0 being normal. There is no hypopyon, 
meaning no layer of white blood cells in the anterior chamber. A 
hypopyon is illustrated in Chapter 116)

iris—WNL (within normal limits)

FIGURE 113-1 Diagram of the eye. 
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TABLE 113-1 Common Abbreviations

ABBREVIATION MEANING
OD Right eye

OS Left eye

OU Both eyes

VA Visual acuity. By convention, the right eye vision is given 
above the left, so the symbol below means right eye 
vision is 20/30 and left eye vision is 20/50:

 20/30
VA

 20/50

BCVA Best corrected visual acuity (meaning with refractive 
error corrected, e.g., patient wearing glasses)

PH Pinhole, used to mimic glasses in order to quickly correct 
for refractive error and give a measurement close to 
the best corrected visual acuity

CF Count fingers vision (best vision is ability to count fingers; 
often given with distance of examiner’s fingers from 
face)

CF @ 3 feet Patient can count fingers when fingers are 3 feet away 
(better, e.g., than CF @ 1 foot)

HM Hand motion (best vision is ability to detect when the 
examiner’s hand is moving)

LP Light perception (best vision is ability to tell when a light 
source, such as a flashlight, is turned on or off)

NLP No light perception

T Tonometry measurement of intraocular pressure. As with 
visual acuity, the right eye pressure is listed above the 
left eye pressure.

IOP Intraocular pressure—normal is 10-20 mm Hg

AC Anterior chamber

PC Posterior chamber (note this is part of anterior segment 
of the eye)

IOL Intraocular lens. This artificial lens is placed in the eye 
after cataract surgery to help with refraction. It is 
nearly always placed in the posterior chamber (the 
part of the anterior segment between iris and lens).

PCIOL Posterior chamber intraocular lens (the usual location of 
the IOL)

K Cornea

many serious eye infections are initially misdiagnosed as conjunctivitis 
by the nonophthalmologist. Symptoms that distinguish more serious 
eye infections from conjunctivitis include decrease in baseline vision 
and eye pain. Patients with these symptoms should be referred to an 
ophthalmologist for an urgent examination.

Visual Acuity and Measuring Low Vision
The ophthalmologist’s note usually starts with a measurement of visual 
acuity. This is measured both “with correction” and “without correc
tion,” meaning correction of refractive error (e.g., through use of 
glasses). A “pinhole” visual acuity is measured by having the patient 
look through a card with a pinhole in it. This mimics optimal refraction 
and distinguishes visual loss due to uncorrected refractive error from 
more serious etiologies.

Patients with low vision are particularly affected by lighting condi
tions, and the nonophthalmologist should keep this in mind. Patients 
being examined at the bedside in a dimly lit hospital room may have 
better vision when examined under good lighting.

The best visual acuity the patient can achieve with each eye is always 
recorded. Patients with serious eye infections may have worse vision 
than can be measured by use of the Snellen eye chart: the “big E” at 
the top of the chart is 20/400 vision. If the patient has very low vision, 
it is recorded as one of the following, in descending order: “count 
fingers” (CF), “hand motion” (HM), or “light perception” (LP). For 
count fingers vision, the distance of the examiner’s fingers is recorded, 
so “CF at 3 feet” is recorded and represents better vision than “CF at 1 
foot.” If the patient cannot detect a bright light shining directly in his 
or her eye, he or she has “no light perception” (NLP) vision, or com
plete blindness in that eye. Visual recovery from NLP is extremely 
unlikely in an infected eye unless the NLP recording is transient. Any 
vision better than NLP is worth saving, and an aggressive approach to 
eye infections is important: patients value even LP vision. In addition, 
there are many factors that affect vision in the setting of an acute eye 
infection, and some of these are reversible. The patient’s vision 3 
months after an acute bacterial endophthalmitis, for example, is usually 
much better than it is 3 days after presentation.

Intraocular Pressure
The intraocular pressure (IOP) is usually measured with a tonometer, 
so a symbol of “T” is often listed in the ophthalmologist’s note. Normal 
IOP is 10 to 20 mm mercury, and both very low and very high pres
sures are dangerous to the eye. Very low pressure may occur in a kera
titis case, for example, if the corneal infection has led to a corneal 
perforation and aqueous humor leak. High IOP often occurs in cases 
of acute endophthalmitis or infectious uveitis in which there is marked 
inflammation. High IOP must be treated to prevent glaucomatous 
damage to the eye.
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Discussion
The ophthalmologist’s interpretation in this case was panuveitis. The 
differential diagnosis of panuveitis is discussed in Chapter 117. The 
patient’s diagnosis was endogenous Candida endophthalmitis, presum
ably from transient candidemia 4 months earlier while she had an 
indwelling central venous catheter.

Case Example 2
A 19yearold otherwise healthy man presented to his college infir
mary with a 1day history of right eye redness but no drainage. He had 
no history of prior eye problems and did not wear contact lenses. He 
was initially misdiagnosed with conjunctivitis and prescribed a topical 
antibiotic. Over the next 3 days, he developed blurring in his peripheral 
vision and eye pain. He was referred to an ophthalmologist:

Ophthalmologist’s Examination
Exam OD (right eye):
VA—20/70
T—15 (normal intraocular pressure)
Lids—normal
Conjunctiva = normal
K = clear (cornea clear)
AC = 3+ cells (3+ white blood cells in the anterior chamber)
Lens = clear
Fundus: vitreous 3+ cells (white blood cells), blurred disc margins, 

peripheral retinal whitening with vasculitis

Discussion
The external view of the right eye (Fig. 1133A) shows injection but 
no discharge. The patient’s eye pain and decreased vision excludes the 
diagnosis of conjunctivitis. The view of the fundus (Fig. 1133B) is hazy 

lens—PC IOL (the native lens has been replaced by an artificial intra-
ocular lens, placed in the posterior chamber, which is the usual 
location)

fundus: vitreous 4+ cells, retina hazy view—? retinal infiltrate supra
temporally (Vitreous has 4+ white blood cells, on a 0 to 4+ scale with 
0 being normal. This eye therefore has marked vitritis and this pro-
duces a hazy view of the fundus, so details such as a retinal infiltrate 
are difficult to see. The funduscopic photograph of this case is shown 
in Fig. 113-2).

FIGURE 113-2 Funduscopic photograph in a case of endogenous 
Candida endophthalmitis. 

FIGURE 113-3 19-year-old previously healthy patient with acute retinal necrosis in his right eye. The etiology was herpes simplex. A, External 
view. B, Limited funduscopic view of affected eye. C, Funduscopic view of the patient’s other (normal) eye. D, View of periphery of retina, showing the 
peripheral necrotizing retinitis and vasculitis (whitening and hemorrhage). 

A B

C D
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due to the intraocular inflammation (3+ white blood cells in aqueous 
and vitreous, as noted earlier in the ophthalmologist’s examination). 
This is in contrast with the clear view of the fundus in the patient’s left 
(normal) eye (Fig. 1133C). Examination of the affected eye with the 
indirect ophthalmoscope shows the peripheral necrotizing retinitis: 
areas of whitening due to retinal necrosis, and hemorrhage due to 
vasculitis, as noted in the ophthalmologist’s note. The ophthalmologist 
correctly diagnosed acute retinal necrosis, a visionthreatening viral 
retinitis usually due to either herpes simplex or herpes zoster and 
discussed further in Chapter 117. This infection often occurs in other
wise healthy patients, as in this case, and is due to reactivation of latent 
virus.

CONCLUSION
Ophthalmologists treat most eye infections without consulting an 
infectious disease specialist. A patient presenting to an ophthalmolo
gist with decreased vision and the funduscopic findings shown in 
Figure 1134, for example, would not usually be referred to an infec
tious disease physician. This case would be readily diagnosed by the 
retina specialist as ocular toxoplasmosis because the appearance of the 
fundus is classic for that disease. However, ophthalmologists will refer 
patients in whom a diagnosis is in question or in whom the usual 
treatment for a presumed diagnosis is failing. In these cases, the oph
thalmologist and infectious disease physician working closely together 
can accomplish what neither alone can do, and the patient’s vision may 
be saved as a result.

FIGURE 113-4 Funduscopic photograph of a patient with reacti-
vation ocular toxoplasmosis. This shows a new active lesion (creamy 
yellow) adjacent to a black “scar” from a prior episode. The new lesion 
threatens the macula. 
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114 
Microbial Conjunctivitis
Scott D. Barnes, Nalin M. Kumar, Deborah Pavan-Langston,  
and Dimitri T. Azar

CONJUNCTIVITIS
Conjunctivitis affects people of all ages and is seen in all geographic 
locations; it is the most common inflammation of the eye and ocular 
adnexa.1,2 The economic impact for prevention, diagnosis, and treat-
ment of microbial conjunctivitis is immense.3 The various forms of 
conjunctivitis caused by viruses, chlamydia, bacteria, parasites, fungi, 
and antigens tend to share a number of signs and symptoms, but there 
are some clinical differences that suggest the appropriate identification 
and treatment. The patient’s history often provides the diagnosis, which 
may then be confirmed through clinical examination and possibly 
laboratory evaluation. Different agents cause acute versus chronic con-
junctivitis. Onset within 4 to 6 weeks before presentation is classified 
as acute disease. In this chapter we describe the anatomy and physiol-
ogy of the conjunctiva and the clinical presentation and laboratory 
testing of microbial conjunctivitis, and we discuss viral conjunctivitis, 
bacterial conjunctivitis, and neonatal conjunctivitis. We end with 
descriptions of fungal and parasitic conjunctivitis.

ANATOMY AND PHYSIOLOGY
The inner surface of the eyelid is covered by a mucous membrane 
called the conjunctiva. This membrane lining the lids (palpebral con-
junctiva) is reflected on itself, forming an inferior and superior cul-de-
sac, or fornix, as it then covers the surface of the globe (bulbar 
conjunctiva) and extends to the edge of the cornea (limbus). These 
fornices form a physical barrier that prevents a foreign body (e.g., 
contact lens) from getting into the orbital space. In addition to con-
necting the lids to the globe, the conjunctiva produces mucus as part 
of the tear film. The conjunctiva and tear film provide protection of 
the ocular surface from pathogens accomplished via mechanical means 
and via the resident immune tissue.

The conjunctiva is made up of a superficial epithelial layer overlying 
the substantia propria. The conjunctival epithelium possesses goblet 
cells, unique among stratified, nonkeratinized epithelia. These goblet 
cells contribute to the production of mucins in the tear film. Corneal 
stem cells are known to exist at the limbus and peripheral cornea. A 

Definition
•	 Microbial	conjunctivitis	involves	inflammation	

of	the	thin	lining	of	the	inner	eyelid	and	front	
of	the	eyeball,	caused	by	bacteria,	viruses,	
fungi,	or	parasites.

Epidemiology
•	 Conjunctivitis	affects	males	and	females	of	all	

ages.
•	 Bacterial	conjunctivitis	is	more	prevalent	in	

children;	viral	conjunctivitis	is	more	prevalent	
in	adults.

•	 Risk	factors	include	contact	lens	wear,	
contaminated	ocular	medications,	exposure	to	
an	infected	person,	vaginal	versus	cesarean	
delivery,	and	visits	to	camps	and	swimming	
pools.

Microbiology
•	 Common	causes	of	bacterial	conjunctivitis	

include	Staphylococcus	aureus,	Streptococcus	
pneumoniae,	Haemophilus	species,	Moraxella,	
Corynebacterium	diphtheriae,	Neisseria	
species,	and	enteric	gram-negative	rods.

•	 The	most	common	cause	of	viral	conjunctivitis	
is	infection	with	adenovirus,	but	other	viral	
causes	include	herpes	simplex	virus	(HSV),	
picornavirus,	and	herpes	zoster	virus.

•	 Neonatal	conjunctivitis	is	commonly	due	to	
transmission	from	the	mother	during	childbirth	
of	sexually	transmitted	bacteria,	including	
Chlamydia	trachomatis	and	Neisseria	
gonorrhoeae.

Diagnosis
•	 Symptoms	of	conjunctivitis	include	itching,	

increased	ocular	secretions,	swelling	of	the	

conjunctiva	and/or	eyelids,	pink	color	in	the	
white	of	the	eyes,	and	light	sensitivity.

•	 Clinical	presentation	of	acute	bacterial	
conjunctivitis	involves	rapid	onset	of	unilateral	
lid	edema,	conjunctival	injection,	a	
mucopurulent	discharge,	and	involvement	of	
the	second	eye	within	1	to	2	days.	Itching	is	
uncommon.	Unlike	viral	and	chlamydial	
conjunctivitis,	there	is	no	preauricular	
lymphadenopathy.

•	 Clinical	presentation	of	viral	conjunctivitis	
is	acute,	unilateral	conjunctivitis	with	
involvement	of	the	second	eye	occurring	often	
within	1	week.	It	is	associated	with	a	watery	
to	mucous	discharge	and	enlargement	of	
preauricular	lymph	nodes.

•	 Routine	laboratory	evaluation	is	not	usually	
required	except	in	the	first	month	of	life	where	
cultures	and	smears	for	bacterial,	chlamydial,	
and	herpetic	causes	need	to	be	performed.

•	 If	bacterial	conjunctivitis	is	suspected,	
conjunctival	scraping	for	identification	of	
bacterial	species	by	further	analysis	is	
recommended	for	guidance	of	appropriate	
antibiotic	therapy.

•	 Viral	conjunctivitis	can	often	be	diagnosed	
from	signs	(e.g.,	common	cold);	symptoms	
(e.g.,	watery,	rather	than	mucus,	discharge);	
and	patient	history	(e.g.,	work	environment	
such	as	if	person	is	a	veterinarian).	Laboratory	
tests	are	not	usually	necessary.

Therapy
•	 Acute	bacterial	conjunctivitis	is	treated	with	a	

broad-spectrum	agent	such	as	sulfacetamide,	
trimethoprim-polymyxin,	or	a	fluoroquinolone	

for	7	to	10	days.	Topical	azithromycin	has	been	
shown	to	be	effective	in	treating	bacterial	
conjunctivitis	with	a	3-day	course.

•	 Viral	conjunctivitis	spontaneously	resolves	
within	days	to	weeks,	usually	without	adverse	
sequelae	to	the	conjunctiva,	but	associated	
keratitis	may	have	long-term	sequelae.	HSV	
conjunctivitis	in	newborns	should	be	treated	
with	intravenous	acyclovir.

•	 Adult	inclusion	conjunctivitis	involves	systemic	
treatment	for	3	weeks	with	tetracycline,	
doxycycline,	or	erythromycin,	with	the	caution	
to	avoid	tetracycline	in	children	younger	than	
age	8	and	in	pregnant	or	lactating	women.	
The	use	of	oral	azithromycin	has	also	been	
found	to	be	effective.

•	 For	hyperacute	bacterial	conjunctivitis,	the	
prevalence	of	penicillin-resistant	organisms	
has	made	ceftriaxone	the	treatment	of	choice.

•	 When	treating	neonatal	chlamydial	
conjunctivitis,	if	erythromycin	or	tetracycline	
ointment	is	applied	to	the	conjunctival	surface	
within	1	hour	after	delivery,	the	chance	of	
developing	chlamydial	conjunctivitis	is	
reportedly	almost	zero.	Two	weeks	of	oral	
erythromycin	therapy	is	given	to	the	newborn	
with	laboratory-proven	chlamydial	
conjunctivitis;	a	second	course	may	be	given	if	
adequate	resolution	is	not	achieved	with	the	
initial	treatment.

•	 Limit	spread	of	conjunctivitis	by	following	good	
hygiene	steps,	including	washing	hands	often,	
washing	any	discharge	from	around	the	eyes	
multiple	times	during	the	day,	and	using	fresh	
washcloths,	cotton	balls,	or	tissues	each	time.

SHORT VIEW SUMMARY
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rosacea is quite common and usually bilateral. Caution must be used 
when diagnosing rosacea in unilateral cases because sebaceous gland 
carcinoma can manifest in such a fashion. Allergic conjunctivitis 
incited by antigens such as cosmetics, soaps, lotions, and some medica-
tions often has a typical periocular dermal manifestation.

Sweet’s syndrome (acute febrile neutrophilic dermatosis) is com-
monly associated with conjunctivitis.8 The ocular manifestations of 
Sweet’s syndrome include periorbital and orbital inflammation, dac-
ryoadenitis, conjunctivitis, episcleritis, scleritis, limbal nodules, 
peripheral ulcerative keratitis, iritis, glaucoma, and choroiditis. The 
ocular inflammation appears concurrently with skin lesions. In addi-
tion, the syndrome can present itself with optic nerve involvement.10 
Treatment of the ocular complications of Sweet’s syndrome includes 
systemic administration of corticosteroid or cyclosporine.11

Conjunctival Hyperemia
The rich network of subepithelial vessels that runs throughout the 
conjunctiva becomes markedly dilated and congested. Against the 
background of the relatively avascular sclera, this hyperemia appears 
quite impressive. On closer examination, the hyperemia appears 
greater near the conjunctival periphery than in the limbal region (near 
the corneal border). Saccular aneurysms, petechiae, and subconjunc-
tival or intraconjunctival hemorrhages may be present.

Discharge
Ocular secretion is almost universal in conjunctivitis. Excessive tearing 
results from either increased lacrimation or impaired lacrimal outflow. 
Increased mucin production, especially relative to the aqueous com-
ponent of the tear film, is a common finding. Exudation from the 
conjunctival surface contains varying proportions of protein and cel-
lular debris. A serous exudation is mainly proteinaceous; a purulent 
exudate is more cellular (e.g., leukocytes, fibrin). The combination of 
proteins, fibrin, mucin, and sloughed epithelial cells can be copious 
depending on the cause of the inflammation. Significant matting and 
“sticking together” of the eyelids and eyelashes are common.

Conjunctival Edema (Chemosis)  
and Conjunctivochalasis
The loosely adherent subepithelial connective tissue allows the con-
junctiva a rather impressive degree of edema. Hemodynamic changes 
and altered vascular integrity allow transudation through fenestrated 
capillaries, resulting in chemosis. This edema can be so prominent that 
the conjunctiva appears to be “bulging” out from between the eyelids, 
and it may indeed cause exposure of the ocular surface if the eyelids 
cannot adequately close. Depending on the inciting agent, the chemo-
sis may become hemorrhagic. Acute chemosis is often self-limited, but 
chronic chemosis can lead to conjunctivochalasis, or laxity of the con-
junctiva, with resultant redundancy sometimes draping over the lower 
lid margin.

Conjunctival Papillae
The palpebral conjunctiva contains connective tissue septa that provide 
anchorage for the tarsus (dense connective tissue providing strength 
to eyelids). Conjunctival inflammation may result in dilated subepithe-
lial blood vessels that become surrounded by an infiltrate of mixed 
inflammatory cells (e.g., neutrophils, lymphocytes). This edema pro-
duces elevated mounds of conjunctival epithelium, with the septa 
restricting diffusion beyond the fibrovascular core. The mounds, or 
“papillae,” have a central red dot corresponding to the dilated capillary 
viewed from above. A mild papillary reaction has a velvety appearance; 
increasing severity or chronicity may lead to enlarged, cobblestone-like 
papillae. Mucus and purulent material may collect within the furrows 
between adjacent papillae. The conjunctiva beyond the tarsus is less 
likely to reveal papillae because the septal connections decrease toward 
the fornices. With prolonged or recurrent inflammation, the septal 
anchors may weaken to the point at which the papillae appear reduced 
because of confluence. Although papillae are fairly nonspecific, they 
appear more commonly in cases of bacterial and allergic conjunctivitis. 
They are usually much less than 1 mm in diameter, but giant papillae 
of 1- to 3-mm diameters may be seen in association with contact 
lenses, ocular prostheses, or exposed corneal sutures.

similar search for conjunctival stem cells has produced interesting 
results. Conjunctival cells with stemlike activity have been identified 
in rabbits, and subdermal injection of clonal cultures of conjunctival 
epithelium in nude mice has produced cysts with goblet cells and 
stratified epithelium, suggesting pluripotency that seems to give rise to 
both cell types.4,5 The connective tissue of the substantia propria is 
loose and highly vascularized, properties that allow for the rather dra-
matic clinical appearances of significant edema and injection. Abun-
dant numbers of lymphocytes, mast cells, plasma cells, and neutrophils 
are found throughout the connective tissue.6 This lymphoid tissue does 
not form actual lymph nodes; however, its abundance, combined with 
the phagocytic properties of the conjunctival epithelium, demonstrates 
the nature of this tissue in dealing with infectious organisms.7

CLINICAL PRESENTATION
History and Physical Examination
Particular attention should be paid to the time course of the condition, 
any inciting events, prior and current medication use, and the patient’s 
own report of the associated symptoms. The physical examination 
focuses on the appearance of the periorbital skin and other mucous 
membranes (e.g., nasal, oral); unilaterality/bilaterality; the appearance 
of the conjunctiva; the associated discharge; and any specific facial, lid, 
and corneal involvement.

Eye Pain
In contrast to keratitis, ocular pain is not common with most forms of 
conjunctivitis. There is usually some degree of irritation, most com-
monly described as a foreign body sensation. Although uncommon in 
most forms of conjunctivitis, the presence of ulcerated lesions in the 
eyelid and conjunctiva in herpetic, smallpox, and vaccinia conjuncti-
vitis may be quite painful. If the conjunctival process secondarily 
affects the cornea, eye pain may also become more prominent. There-
fore, the presence of significant eye pain should prompt a more thor-
ough search for lid/corneal involvement or intraocular inflammation.

Itching
Almost all patients with conjunctivitis complain of variable ocular 
burning and itching. However, severe itching tends to be a hallmark of 
the allergic and toxic causes of conjunctivitis. In addition to the resi-
dent lymphoid tissue, the conjunctiva has plentiful immunoglobulin E 
and mast cells. Degranulation of mast cells and histamine released in 
response to an inciting antigen are responsible for the significant 
itching.

Recent studies have focused on whether itching can be regarded as 
a top clinical sign and symptom for conjunctivitis. Using a logistic 
regression model, Rietveld and colleagues8 report itching as one of the 
three indicators that provided optimal discrimination between patients 
with and without a positive culture. They reported that infectious con-
junctivitis history and itch both made the probability of current bacte-
rial involvement less likely. This has now been incorporated into the 
practice guidelines of the Dutch College of General Practitioners 
(NHG).9

Visual Acuity
Visual acuity is usually normal or mildly decreased with conjunctivitis. 
Unless the cornea has become secondarily involved, vision is pre-
served. The ocular irritation and discharge may affect the ability to read 
an eye chart; a topical anesthetic agent and surface irrigation may 
improve the office examination of vision. A reduction in vision should 
prompt a search for an associated cause other than the conjunctivitis.

Periocular and Periorbital Skin
Some cases of conjunctivitis have associated skin changes. Skin lesions 
typical in poxviruses, immune-mediated diseases (Stevens-Johnson 
syndrome), and herpetic conditions are usually not difficult to recog-
nize; however, a close examination may help identify causes that 
produce less obvious skin findings. Subtle vesicular changes on the lid 
margin may be the only sign of an otherwise unimpressive herpetic 
conjunctivitis. Numerous lesions in molluscum contagiosum provide 
an easy diagnosis, but small, isolated lesions may be missed if they are 
buried near the eyelid margin or obscured by the eyelashes. Ocular 
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corneal involvement, especially with viral causes, may quickly improve 
with the resolution of the conjunctivitis; however, some associations 
can lead to undesired sequelae. Continued vigilance, a high index of 
suspicion, and appropriate treatment of corneal involvement are 
necessary.

Preauricular Adenopathy
The lymphatic vessels of the eyelids drain primarily to the preauricular 
lymph node. The medial third of the eyelids and the conjunctiva drain 
to the submandibular and submental lymph nodes. Preauricular ade-
nopathy is also a nonspecific finding, but it is often present with viral, 
chlamydial, herpetic, and gonococcal causes of conjunctivitis and may 
be absent in toxic, allergic, and nongonococcal bacterial conjunctivitis. 
Submandibular and submental lymphadenopathy are uncommon but 
are usually present in Parinaud’s oculoglandular conjunctivitis.

LABORATORY EVALUATION
Routine laboratory evaluation is probably not performed in most cases 
of conjunctivitis. Although there is agreement that all cases of sus-
pected ophthalmia neonatorum (conjunctivitis in first month of life) 
should have laboratory evaluation with cultures and smears for bacte-
rial, chlamydial, and herpetic causes, there is not universal agreement 
regarding which other cases require laboratory evaluation and which 
types of evaluation are most appropriate. Because most cases of con-
junctivitis are viral, it is expected that most patients will go through a 
self-limited course, with spontaneous resolution after nothing but sup-
portive therapy. The patient’s history and physical examination can 
often predict the need for laboratory evaluation. Clear cases of viral 
conjunctivitis may not require conjunctival scraping for stains and 
cultures, but if bacterial conjunctivitis is suspected, such scrapings are 
recommended to guide appropriate antibiotic therapy. Indiscriminate 
use of antibiotics without laboratory identification of a bacterial cause 
may lead to the emergence of resistant organisms or may aggravate the 
condition as the result of a toxic or immune-mediated reaction associ-
ated with the medication.

The most common procedure involves the use of a calcium alginate 
swab or culturette device to collect material from the conjunctiva. 
Material is transferred to slides for appropriate Gram and Giemsa 
stains and to culture plates (e.g., blood/chocolate agar, fungal media) 
for further identification and sensitivity testing. Diagnosis of bacterial 
conjunctivitis has been recently reviewed by Golde and Gardiner.15 
Smears from bacterial infections reveal numerous neutrophils along 
with the standard epithelial and goblet cells. Lymphocytes and mono-
cytes are predominant in viral infections. Herpetic conjunctivitis may 
reveal multinucleated epithelial cells and eosinophilic, intranuclear 
inclusion bodies. Chlamydial conjunctivitis often reveals leukocytes, 
lymphocytes, and epithelial cells with basophilic, intracytoplasmic 
inclusion bodies; these findings are noted more frequently in children 
than in adults. The most common agents for bacterial conjunctivitis in 
children are Haemophilus influenzae and Streptococcus pneumoniae,15 
whereas in adults they are Staphylococcus aureus and Haemophilus 
influenzae.16 Identification of inclusion bodies can be difficult, and 
suspected cases of herpetic and viral conjunctivitis may be diagnosed 
with the use of immunofluorescent techniques.

VIRAL CONJUNCTIVITIS
As a group, viral organisms are probably the most common cause of 
conjunctivitis. Viral conjunctivitis, often called “pink eye,” is one of the 
most frequent reasons for a visit to the emergency department or 
physician’s office. Because the diagnosis can usually be made clinically, 
viral cultures and laboratory evaluations are not commonly per-
formed.8 The viral organisms typically produce an acute, unilateral 
conjunctivitis with involvement of the second eye occurring often 
within 1 week. The watery discharge and conjunctival hyperemia can 
be quite impressive. Preauricular adenopathy is often noted on the 
involved side. Although many health care providers prescribe antibiot-
ics in the mistaken notion that such discharge and hyperemia have a 
bacterial cause, most cases of viral conjunctivitis spontaneously resolve 
within days to weeks, usually without adverse sequelae. Numerous 
viruses can cause conjunctivitis, and many can be identified by slightly 
differing features of the disease course.

Large cobblestone papillae on the superior tarsal conjunctiva and 
limbal conjunctiva are common with vernal conjunctivitis. The cobble-
stone papillae characteristically are easily visible with eversion of the 
upper lid. On slit-lamp examination, they are 1 to 8 mm in diameter, 
have a central core of blood vessels, and stain with fluorescein at their 
apices from erosion during active inflammation. Laced between and 
on top of the giant papillae is a ropy mucoid discharge that can form 
a pseudomembrane. The papillae in the upper lid may become so 
severe as to cause a mechanical ptosis from their weight. White dots 
(Horner’s points or Trantas’ dots) can occur in the corneal limbus and 
persist for 2 days to 1 week. Follicles are not a feature of this disease. 
Vernal conjunctivitis can cause a reticular subepithelial fibrosis but 
does not cause keratoconjunctivitis sicca and only rarely causes cica-
trization of the conjunctiva.12

Conjunctival Follicles
Lymphoid tissue is normally present within the substantia propria of 
the conjunctiva except in neonates, in whom follicles are not visible. 
Conjunctival follicles are small, elevated clusters of lymphocytes. Small 
follicles can be observed in the noninflamed conjunctiva, especially  
in the lower fornix, and clusters of noninflamed follicles have been 
observed in children and adolescents in a condition called benign 
lymphoid folliculosis.13 Follicles associated with conjunctivitis are 
usually of recent onset, inflamed, and enlarged. Follicles used to be 
distinguished from papillae. Follicles have a similar elevated appear-
ance to conjunctival papillae; however, there is no central vascular  
core in conjunctival follicles. The vessels surround and peripherally 
encroach on the raised follicle, with the central lymphocytes and other 
mononuclear cells often obscuring the vessels. Except in giant papillary 
conjunctivitis, papillae are smaller than follicles. Follicles often have  
a smooth, glistening surface and are most commonly seen near the 
tarsus, although their presence has been described on the bulbar and 
limbal conjunctiva.14 As with papillae, the presence of follicles is a 
nonspecific sign, but follicles are most commonly associated with viral, 
chlamydial, and toxic conjunctivitis.

Membranes and Pseudomembranes
Membrane formation results from intertwining of the conjunctiva with 
coalescence of an inflammatory coagulum, forming a yellowish-white 
membrane overlying the palpebral conjunctiva. If the fibrinous layer is 
intertwined with the conjunctiva via granulation tissue, it is a true 
membrane and will cause bleeding when removed.

Pseudomembranes have a similar appearance but are not as adher-
ent and do not bleed when removed. Viral and bacterial causes of 
conjunctivitis have an increased likelihood of membrane formation, 
although the presence of a membrane does not rule out other causes.

Conjunctival Phlyctenules  
and Granulomas
A phlyctenule is a whitish, nodular collection of chronic inflammatory 
cells located at or near the limbus, often in the center of a hyperemic 
area. This represents a delayed hypersensitivity reaction generally asso-
ciated with Staphylococcus species or tuberculosis. However, it can also 
be associated with coccidioidomycosis, candidiasis, lymphogranuloma 
venereum, or parasitic conjunctivitis.

Although a granulomatous nodule of chronic inflammatory cells 
with a fibrovascular proliferation is a classic finding in Parinaud’s ocu-
loglandular conjunctivitis, it is not common with most types of con-
junctivitis. A conjunctival granuloma is more indicative of an embedded 
foreign body or a granulomatous disease (e.g., sarcoidosis, tuberculo-
sis), but it may be seen with chlamydial and fungal conjunctivitis.

Corneal Involvement
Because of the close proximity of the conjunctiva to the cornea, it is 
not surprising to see extension of the conjunctival inflammation. 
Corneal involvement can be as mild as punctate epithelial erosions or 
as severe as frank ulceration that may lead to perforation. A number 
of bacterial agents that can cause conjunctivitis may penetrate an intact 
corneal epithelium. Foreign body sensation, pain, decreased vision, 
and photophobia are all signs of corneal involvement; however, many 
of these signs are present with the inciting conjunctivitis alone. The 
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level of the Bowman layer, were also observed at 1 week. Underneath 
the anterior stroma, clusters of highly reflective, irregularly shaped cells 
were detected. At 2 weeks, follicular conjunctivitis, focal keratitis, and 
subepithelial infiltrates were present. Confocal microscopy revealed 
persistent clusters of hyperreflective basal epithelial cells intermingled 
with roundish cells that probably represent leukocytes. Dendritic cells 
had formed an intricate network and, in the anterior stroma, a hyper-
reflective cellular plaque that corresponded to the subepithelial infil-
trate was detected. At 24 weeks after onset of the symptoms, density 
and dimension of dendritic cell clusters were decreased, but stromal 
hyperreflectivity in the midstroma was detected.28

Acute Hemorrhagic Conjunctivitis
Also known as Apollo disease, acute hemorrhagic conjunctivitis was 
initially described in Ghana during the time of the first lunar landing 
mission in 1969.29 The disease is associated with coxsackievirus A24 
and enterovirus 70.30 The classic presentation is rapid onset of severe, 
painful papillary conjunctivitis marked by chemosis, tearing, and small 
subconjunctival hemorrhages. Although individual hemorrhages are 
noted at first, these rapidly coalesce to become confluent. The resultant 
hemorrhagic chemosis can reach alarming proportions. The cornea 
may have punctate elevations or erosions, but these rarely progress to 
subepithelial opacities as seen with EKC. The conjunctivitis tends to 
clear in 4 to 6 days, but the hemorrhages may persist. Epidemics are 
quite common, especially in developing countries, where up to 50% of 
the population may be involved. Treatment again is mainly supportive.

Recent reports have documented several outbreaks of hemorrhagic 
conjunctivitis with coxsackievirus A24 variant.31,32,33,34,35,36 Molecular 
serotyping methods have been reported to be a good alternative to the 
“gold standard” cell culture-neutralization method for diagnosis in 
view of its easy accessibility and expected sensitivity.

Herpes Simplex Conjunctivitis
Primary ocular involvement by herpes simplex virus (HSV) may mani-
fest as an acute follicular conjunctivitis or keratoconjunctivitis with 
preauricular adenopathy and often with notable vesiculating periocu-
lar skin involvement. Pseudomembranes may be present in the forni-
ces. In 1% to 5% of all HSV cases, skin lesions may be absent.2 In the 
absence of frank skin vesiculation, differentiation from adenoviral 
infection is aided by a careful search of the lid margins for signs of 
herpetic blistering. In contrast to primary disease, recurrent blepharo-
conjunctivitis is a much more localized infection. Vesicles are localized 
rather than diffuse, starting as red papules, which form clear vesicles, 
break, and scab over to heal without scarring. Virus is present for about 
3 days in the lesions, although the lesions themselves take about 1 week 
to heal. Conjunctivitis is usually diffuse and watery. Occasionally, rose 
bengal or fluorescein staining reveals a conjunctival dendritic ulcer. As 
opposed to the host of treatment regimens used when herpetic disease 
affects the cornea and other ocular components, herpetic manifesta-
tions limited to the conjunctiva require minimal supportive treatment. 
There is no role for antiviral agents or corticosteroids; however, an 
antibiotic ointment such as erythromycin may be used to prevent a 
bacterial superinfection. Close monitoring for corneal or adnexa 
involvement is necessary because this complication would necessitate 
a change in the treatment regimen.

Research into HSV has resulted in mechanistic insights in how this 
virus gains entry into ocular cells and how it spreads.37 This includes 
the involvement of receptors such as nectin1, HVEM, heparin sulfate, 
and paired immunoglobulin-like 2, as well as the participation of Toll-
like receptors and nuclear factor kappa B.38,39 The involvement of filo-
pedia and endocytic pathways in the initiation and progression of the 
disease has also been suggested.37

Varicella and Herpes Zoster 
Conjunctivitis
Although the follicular conjunctivitis and preauricular adenopathy of 
herpes zoster virus are rarely seen, approximately 4% of patients with 
chickenpox have conjunctival or corneal findings, or both.40 Papules 
may be seen on the lids, conjunctiva, and limbus. Vesicles may be 
found on the semilunar fold and throughout the conjunctiva. The 
papules form pustules, which then ulcerate as the disease progresses. 

Adenoviral Conjunctivitis
Adenoviruses are responsible for two of the most common types of 
conjunctivitis. These infections are spread through respiratory fomites 
or by direct contact with conjunctival secretions. The incubation 
period varies from 5 to 10 days, with the clinical process lasting 5 to 
15 days.17 Nineteen different serotypes of adenovirus have been 
reported to cause conjunctivitis.18 Once the disease course passes, 
immunocompetent patients are protected from a recurrent adenoviral 
infection caused by the same serotype.

The advent of new laboratory techniques such as the real-time 
polymerase chain reaction (PCR), which can identify more pathogens 
than routine virus isolation, have led to more accurate diagnosis of 
adenoviral conjunctivitis.19 Recently, a review of the available methods 
for identifying adenoviruses has suggested that a commercially avail-
able immunoassay kit (RPS Adeno Detector; Rapid Pathogen Screen-
ing Inc., Sarasota, FL), using antibodies to the hexon protein may be as 
sensitive and ideally suited for analysis in a clinical environment.2,20

Pharyngoconjunctival Fever
Pharyngoconjunctival fever (PCF) has been reported to be the most 
common ocular adenoviral infection.21 The most commonly impli-
cated serotypes in PCF are 3, 4, and 7, but it has been associated with 
types 1, 5, 6, and 14 as well, having been isolated from conjunctiva, 
nasopharynx, and feces. The incubation period after exposure is 5 to 
12 days (most commonly 8 days).22 The triad of pharyngitis, fever, and 
subsequent conjunctivitis is the classic clinical presentation. The con-
junctivitis is marked by a follicular reaction accompanied by a mild 
watery discharge, hyperemia, and chemosis (edema of the conjunc-
tiva). The cornea may have fine, punctate erosions, and preauricular 
adenopathy is present in about 90% of cases. The condition usually 
resolves spontaneously within 2 weeks. Supportive treatment with cold 
compresses and artificial tears is usually sufficient.

Epidemic Keratoconjunctivitis
Epidemic keratoconjunctivitis (EKC) is associated most often with 
adenovirus serotypes 8 and 19, but it has also been reported with mul-
tiple serotypes including types 2 to 4, 7 to 11, 14, 16, and 29. Serotypes 
other than 8 and 19 may produce a similar clinical picture to the latter 
but do not have the tendency to widespread epidemic.22 EKC is more 
severe than PCF; it lasts 7 to 21 days, with possible corneal sequelae 
persisting for weeks or months.23 The mixed papillary and follicular 
response in the conjunctiva is accompanied by a watery discharge, 
chemosis, significant hyperemia, and preauricular adenopathy.17,24 
Subconjunctival hemorrhages and conjunctival membranes are found 
in approximately one third of patients with EKC, especially in the more 
severe cases.25 These membranes (and pseudomembranes) are made up 
primarily of fibrin, leukocytes, and fibroblasts. Removal of the mem-
brane leaves a bleeding conjunctival surface; removal of pseudomem-
branes is not associated with such bleeding. The presence of either type 
of membrane can be associated with formation of conjunctival scarring 
and symblepharon (adhesion of conjunctival surfaces). Corneal 
involvement varies from the almost ubiquitous diffuse, punctate epi-
thelial elevations to the subepithelial infiltrates, seen in 20% to 50% of 
cases, which may persist for months or longer but usually resolve 
without scarring or neovascularization.24 Treatment of EKC focuses on 
relieving the symptoms and minimizing the spread of this highly con-
tagious disease. Patients are usually infectious for 10 to 14 days after 
onset. Cold compresses, artificial tears, and possibly decongestant eye 
drops constitute the main treatment. Reduced visual acuity or dis-
abling glare from the subepithelial infiltrates often responds to topical 
corticosteroids.26 Removal of the membranes and pseudomembranes, 
along with administration of topical steroids, often has a significant 
effect on patient comfort. Meyer-Rüsenburg and colleagues27 have 
recently reviewed the prevention and treatment of epidemic kerato-
conjunctivitis. They recommended the application of rigorous hygenic 
conditions in medical facilities to reduce viral transmission.

The structural changes occurring during the course of adenovirus 
EKC from the onset of the disease up to 24 weeks of follow-up have 
been recently evaluated by confocal microscopy.28 Hyperreflective cells 
in the basal epithelial cell layer were found 1 week after infection. 
Subepithelial accumulations of dendritic cells, located mainly at the 
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effective in treatment of lid and conjunctival lesions.54,55 A 2002 panel 
convened by the Centers for Disease Control and Prevention in Atlanta 
recommended the treatments shown in Table 114-1 for vaccinia 
conjunctivitis.56

Other Viral Etiologies
Rubella, rubeola, mumps, influenza, Epstein-Barr virus, papillomavi-
rus, molluscum contagiosum, and Newcastle disease virus have all  
been implicated in conjunctivitis. Rubella produces a catarrhal and/or 
follicular reaction along with the typical disease findings. Influenza 
viruses have also been associated with a catarrhal and/or follicular 
conjunctivitis. Rubeola (measles) produces a catarrhal and/or papillary 
reaction, often with significant discomfort and photophobia. Pale, avas-
cular spots, similar in appearance to the oral Koplik spots, can be found 
in the conjunctiva.57 Patients with mumps may develop a catarrhal 
conjunctivitis and punctate epithelial keratitis with severe photophobia 
and lacrimation but often little discomfort.58 A follicular conjunctivitis 
is present in about 5% of patients with Epstein-Barr–induced mono-
nucleosis.59 Human papillomavirus can produce lesions on the lid 
margin and the conjunctiva; a catarrhal conjunctivitis may follow. Mol-
luscum contagiosum lesions on the lid margin may cause an irritating 
chronic follicular conjunctivitis with punctate keratitis, superior 
corneal vascular pannus, and cicatricial punctal occlusion. Lesions may 
also occur several millimeters away from the lid margins yet still cause 
a follicular conjunctivitis culture positive for virus.60 Lesions confined 
only to the cornea or conjunctiva are rare but not unknown. They are 
usually seen in patients with immune dysfunction.61 Newcastle disease, 
seen primarily in poultry workers, veterinarians, and laboratory techni-
cians, typically produces a unilateral, follicular, and papillary conjunc-
tivitis with hyperemia, edema, and chemosis usually in the lower fornix, 
mild tearing, and preauricular adenopathy.62

In all of these cases, there is no specific therapy directed toward the 
conjunctivitis because it is almost always self-limited. Therapy directed 
toward the causative agent (e.g., removal of molluscum lesions) may 
hasten the resolution of the conjunctivitis.

CHLAMYDIAL CONJUNCTIVITIS
Chlamydia trachomatis Infection
Chlamydial infections cause several important acute and chronic eye 
infections.63 Studies using monoclonal antibodies to the chlamydial 
major outer membrane protein have identified several serotypes of 
Chlamydia trachomatis. Serotypes B, Ba, and D through K, which are 
often sexually transmitted, can cause a follicular conjunctivitis in the 
adult (inclusion conjunctivitis). The same serotypes can lead to neona-
tal conjunctivitis if an infected mother transmits the pathogen to the 
newborn during vaginal delivery. Repeated infections with C. tracho-
matis serotypes A, B, Ba, and C can cause trachoma, a chronic follicular 
keratoconjunctivitis that remains the most common cause of prevent-
able blindness in the world. C. trachomatis infection can also cause 
acute reactive arthritis (formerly known as Reiter’s syndrome),64 a triad 
of urethritis, arthritis, and iridocyclitis frequently seen in sexually 

Again, there is no indication for antivirals or corticosteroids in  
this herpetic conjunctivitis. Supportive care, with the possibility of 
prophylactic antibacterial ointment, is usually sufficient. However, 
herpes zoster ophthalmicus may lead to substantial disability if left 
untreated.41,42 These complications may involve the anterior segment, 
optic nerve, and the retina, resulting in a number of ocular pathologies 
including optic neuritis, glaucoma, retinal vasculitis, and uveitis.43

Variola (Smallpox) Conjunctivitis
Between 10% and 20% of individuals affected with smallpox develop 
severe ocular complications.44 Additionally, about 7% of unvaccinated 
patients develop corneal lesions.45 About 5 days after the onset of clini-
cal disease, an exanthematous, watery conjunctivitis may develop. It 
frequently clears without complication. However, in some patients, 
pustules then appear on the bulbar conjunctiva. These painful lesions 
are associated with a great inflammatory reaction and purulent dis-
charge. The lesions often extend to the cornea, leading to inflamma-
tion, scarring, and possible perforation with loss of the eye. Specific 
treatment is currently not established. A promising but unproven treat-
ment is systemic and topical cidofovir; this agent has some activity 
against variola in vitro and against poxviruses in animal model 
systems.46,47 A recently developed drug, ST-246 (tecovirimat [Arest-
vyr]), may prove to be useful in treating smallpox and is being stock-
piled by the U.S. government for use in a bioterrorist smallpox attack 
(see Chapter 135). Penicillinase-resistant antimicrobial agents should 
be used if the skin lesions are secondarily infected or if infection is near 
or involves the eyes. Daily rinsing of the eyes is important in severe 
cases. There are no data showing that prophylaxis or treatment of 
variola conjunctivitis with vaccinia immune globulin (VIG) has any 
effect, but many experts would use it to reduce the likelihood of spread.

Vaccinia Conjunctivitis
The attention to smallpox as a bioterror hazard has also brought atten-
tion to the complications of smallpox vaccine (vaccinia). Lid and con-
junctival involvement is the most common form of ocular vaccinia and 
is similar to that seen on the arm at the site of the intentional vaccina-
tion. Initial formation of vesicles progresses to indurated pustules, 
which then umbilicate to open sores. The resultant scab formation may 
occasionally scar and leave depigmented marks in the skin. Vaccinia 
conjunctivitis is characterized by an acute papillary reaction and serous 
or mucopurulent discharge. Multifocal ulceration of the palpebral and 
bulbar conjunctiva occurs commonly. Conjunctival ulcers have a 
whitish center with surrounding injection and edema; they may be 
covered by a thick, yellowish-gray membrane and may lead to sym-
blepharon formation. Preauricular and submandibular adenopathy 
commonly accompanies vaccinia conjunctivitis.48,49 The differential 
diagnoses of vaccinia lesions of the eyelid or ocular adnexa include 
molluscum contagiosum, keratoacanthoma, bacterial blepharitis, and 
herpes simplex or varicella-zoster virus infection.50

Clinicians must maintain a high index of suspicion for ocular 
smallpox vaccine–associated adverse reactions in vaccine recipients 
and their close contacts. A 26-year-old woman developed right pre-
septal cellulitis and blepharoconjunctivitis after contact with a vacci-
nated member of the military was reported by Hu and colleagues.51 The 
preseptal cellulitis resolved with antibacterial therapy, and the conjunc-
tival infection was treated successfully with a 14-day course of topical 
trifluridine and a single dose of intravenous VIG.51

When compared with historical data on the ocular complications 
of smallpox vaccination, the incidence of ocular complications during 
the Department of Defense Smallpox Vaccination program in the 
United States has been low. In addition, the severity of disease seems 
to be less than during other vaccination periods. Perhaps these findings 
are the result of improved screening of vaccinees, prevaccination coun-
seling, postvaccination wound care, and the suggested efficacy of tri-
fluridine in the treatment of ocular vaccinia.52

No topical antiviral agents have been approved by the U.S. Food 
and Drug Administration (FDA) for the treatment of ocular vaccinia, 
but topical trifluridine, cidofovir, and vidarabine have been shown to 
be effective in animal and uncontrolled human reports. In addition, 
use of antiviral ophthalmic medication and vaccinia-immune globulin 
medication has been suggested.53 VIG has been demonstrated to be 

TABLE 114-1  Treatment of Vaccinia Conjunctivitis

Mild to Moderate Disease (mild hyperemia and edema, no 
membranes or focal lesions)
Adults: Trifluridine (Viroptic) drops 9 times daily for 2 wk

Children: Vidarabine 3% ointment (Vira-A) 2-5 times daily for 2 wk

A one-time dose of vaccinia immune globulin (VIG), 100 mg/kg IM or 6000 U/kg 
IV, is recommended as adjunctive therapy for moderate conjunctivitis

Severe Disease (marked hyperemia, edema, membranes, focal 
lesions, lymphadenopathy, fever)
A single dose of VIG, 100 mg/kg IM or 6000 U/kg IV, is recommended as 

adjunctive therapy; repeat in 48 hours if not improved

Adults: Trifluridine (Viroptic) drops nine times daily for 2 wk

Children: Vidarabine 3% ointment (Vira-A) ointment 2-5 times daily for 2 wk

Topical antibiotic to the conjunctiva to prevent secondary bacterial infection

From Centers for Disease Control and Prevention. Smallpox: Summary of October 
2002 Advisory Committee on Immunization Practices Smallpox Vaccination 
Recommendations. Atlanta: Centers for Disease Control and Prevention; 2002.
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• Trachomatous trichiasis (TT): at least one eyelash rubbing on the 
eyeball or evidence of recent removal of in-turned eyelashes

• Corneal opacity (CO): corneal opacity blurring part of pupil margin
Although there is no gold test for C. trachomatis, it has been deter-

mined that a clustered latent class analysis (LCA) using WHO criteria 
and PCR may provide a useful method for diagnosis.75

Systemic tetracycline or erythromycin has been given for 3 to 4 
weeks. Because the clinical response can often take several months, 
topical tetracycline or erythromycin is often used twice daily for 5 days 
each month for 6 months.18 This repeated topical treatment is espe-
cially useful in situations in which repeat infection is likely. Loosely 
based on the smallpox eradication efforts, widespread prophylactic 
systemic antibiotics have been tried in endemic areas in an attempt to 
eliminate the disease. A single dose of azithromycin was proposed as 
a good choice for the eradication theory.76 The use of azithromycin for 
3 to 5 days has also been proposed for treatment in patients with bacte-
rial or trachomatous conjunctivitis.77 With the advent of topical 
azithromycin, there has been support for consideration of using this 
eye drop as a treatment for the various ocular sequelae of trachoma.78 
Evidence has been provided that face washing alone or in combination 
with treatment with topical tetracycline is ineffective in treatment of 
active trachoma.79

Consensus has built on the value of mass treatment strategies for 
both logistic and efficacy reasons. Important unanswered questions 
remain about the best distribution strategies including timing of  
repeat mass antibiotic treatment and duration of treatment. Theoretical 
models suggest that biannual treatment is necessary when the baseline 
prevalence is greater than 50% in children. Currently, WHO recom-
mends mass treatment for at least 3 years if the prevalence of trachoma 
in children aged 1 to 9 years is greater than 10% and then reassessment 
of prevalence. Evidence to guide duration of treatment is scarce; 
however, trachoma is unlikely to be eliminated until the SAFE strategy 
has been implemented for at least 3 years. A survey has recently been 
published on the clinical management, treatment options, and chal-
lenging issues facing elimination of this disease.80

Adult Inclusion Conjunctivitis
C. trachomatis can cause a chronic follicular conjunctivitis in adults 
and neonates. The adult form is usually sexually transmitted, with an 
estimated 1 in 300 patients with genital chlamydia developing conjunc-
tivitis,81 but it can occur with orogenital or hand-to-eye transmission 
of secretions.82 The most common presentation is that of a unilateral 
red eye (although it can be bilateral), preauricular adenopathy, papil-
lary hypertrophy, marked hyperemia, mucopurulent discharge, and a 
follicular reaction. Men often have a concomitant urethritis; women 
may have chronic cervicitis. Corneal involvement may quickly follow 
the conjunctivitis, resulting in punctate keratitis, EKC-like infiltrates, 
and superior limbal pannus (neovascularization). Corneal scarring 
and neovascularization are less common with inclusion conjunctivitis 
than with trachoma, and the upper and lower palpebral conjunctivae 
are often equally involved, as opposed to the preferentially affected 
upper conjunctiva in trachoma. However, severe inclusion conjuncti-
vitis may be associated with a chronic, relapsing course leading to 
characteristics generally seen in trachoma.

Treatment of Adult Inclusion 
Conjunctivitis
Because of the prominent sexual transmission of this form of conjunc-
tivitis, it is important to simultaneously treat all known partners. 
Failure to do so often results in more serious sequelae associated with 
reinfections. Topical antibiotics are relatively ineffective, so systemic 
therapy is the mainstay of treatment. Tetracycline, doxycycline, or 
erythromycin is given for 3 weeks, with caution to avoid tetracycline 
in young children and in pregnant or lactating women. The use of oral 
azithromycin was found to be effective in the treatment of Chlamydia 
infection, although often more than one course of treatment was 
required.83

Lymphogranuloma Venereum
Certain serotypes of C. trachomatis (L1, L2, and L3) have been asso-
ciated with systemic lymphogranuloma venereum. The associated 

active young men who are positive for the HLA-B57 histocompatibility 
allele. In addition, several cases of Parinaud’s oculoglandular syndrome 
have been reported with lymphogranuloma venereum, a sexually 
transmitted disease characterized by painful inguinal lymphadenopa-
thy and caused by C. trachomatis serotypes L1 through L3. Although 
vaccines for chlamydial infections have been developed for animals, 
such vaccines have not yet been generated for humans. Strategies and 
promising avenues for development of vaccines for chlamydial infec-
tions in humans have been recently summarized.65

Chlamydia pneumoniae Infection
Chlamydia pneumoniae shares considerable homology with C. tracho-
matis and follows a similar life cycle.66 However, it is transmitted by 
aerosol droplets, can target a spectrum of cell types, and is associated 
with several chronic inflammatory diseases, most notably atheroscle-
rosis.67 Although C. pneumoniae first was isolated from the conjunc-
tiva, there are few studies on its role in ocular disorders. The organism 
has been detected in conjunctival swabs collected from patients with 
conjunctivitis,68 but a clear association with external ocular disease is 
lacking. Although it has been suggested that there is an association of 
C. pneumoniae with age-related macular degeneration (AMD),69 most 
evidence indicates the lack of association of Chlamydia infection with 
AMD.70

Trachoma
C. trachomatis serotypes A through C are responsible for trachoma. 
Active trachoma affects an estimated 84 million people; another 7.6 
million have end-stage disease, of which about 1.3 million are blind.71 
The severely blinding condition is endemic in many developing coun-
tries, especially in areas of close overcrowding and poor sanitation. 
Trachoma is typically the result of multiple untreated infections rather 
than a one-time event. The initial follicular conjunctivitis begins in the 
upper palpebral conjunctiva and is followed by limbal follicles. Papil-
lary hypertrophy, mucopurulent discharge, superior corneal pannus 
(neovascularization), and epithelial keratitis are early features of the 
disease. Later stages are marked by cicatrization of the conjunctiva, 
cornea, and eyelids.

Trachoma stands on the brink of extinction thanks to a 1998 initia-
tive launched by the World Health Organization (WHO)—the Global 
Elimination of Trachoma by 2020. This program advocated control of 
trachoma at the community level with four interrelated population-
health initiatives that form the “SAFE” strategy: surgery for trichiasis, 
antibiotics for active trachoma, facial cleanliness, and environmental 
improvement. Evidence supports the effectiveness of this approach, 
and if current world efforts continue, blinding trachoma will indeed 
be eliminated by 2020.71,72 In this context, the success of this approach 
has been recently demonstrated by the elimination of trachoma in 
Nepal.73

The blinding complications of trachoma are the result of corneal 
exposure and ulceration caused by conjunctival scarring and lid defor-
mities.74 Two classic findings are Arlt’s line and Hebert’s pits. Arlt’s line 
is the horizontal line of conjunctival scarring found along the superior 
palpebral conjunctiva. Hebert’s pits are the sharply demarcated ero-
sions near the limbus that are filled with epithelium after the cicatriza-
tion of the limbal follicles. Once regression of the superior pannus 
occurs, a diffuse corneal haze may be seen. Eyelid deformities are the 
result of conjunctival scarring. Lids can be turned inward (entropion) 
or outward (ectropion), and lashes can be directed against the cornea 
(trichiasis), all of which contribute to an irregular ocular surface. Such 
irregularities can cause corneal scars, ulcers, neovascularization, and 
even perforation.

Most trachoma programs use the WHO simplified grading system, 
which was specifically designed to allow rapid assessment of preva-
lence and severity of disease within a population. The grading system 
is based on the presence or absence of five clinical signs71:
• Trachomatous inflammation follicular (TF): five or more follicles of 

larger than 0.5 mm on upper tarsal conjunctiva
• Trachomatous inflammation intense (TI): inflammatory thickening 

obscuring more than half the normal deep tarsal vessels
• Trachomatous conjunctival scarring (TS): presence of easily visible 

scars in the tarsal conjunctiva
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It was recommended that marsupialization of the crypts be performed 
because it obliterates the potential space and was found to be 
curative.92

Hyperacute (Purulent) Bacterial 
Conjunctivitis
The most frequent cause of hyperacute conjunctivitis is N. gonorrhoeae; 
a less severe form can be seen with Neisseria meningitidis.93 This severe 
disease is most common in neonates, sexually active adolescents, and 
young adults. The most impressive characteristic is the copious, thick, 
yellowish-green, purulent discharge. Marked chemosis, painful hyper-
emia, and eyelid edema are seen. In contrast to most cases of bacterial 
conjunctivitis, there is often tender preauricular adenopathy. There 
may be conjunctival membrane formation, and the condition may 
rapidly progress to corneal ulceration and perforation because Neis-
seria species can penetrate an intact corneal epithelium in as little as 
24 hours.

Treatment of Hyperacute Bacterial 
Conjunctivitis
Laboratory evaluation via Gram stain and culture is important because 
the treatment of Neisseria conjunctivitis is different than that of most 
bacterial entities. Topical antibiotics can augment treatment, but sys-
temic therapy is the mainstay with Neisseria infections. The prevalence 
of penicillin-resistant organisms has made ceftriaxone the treatment 
of choice. Gonoccocal conjunctivitis without corneal involvement may 
be treated with one intramuscular injection of ceftriaxone. Corneal 
involvement usually requires hospitalization for a 3-day course of 
intravenous treatment. Topical antibiotic ointments and solutions have 
been considered, but the most important topical therapy is frequent 
(every 30 to 60 minutes) saline irrigation of the conjunctival surface 
and fornices to remove the inflammatory cells, proteolytic enzymes, 
and debris, which may be toxic to the ocular surfaces. Because up to 
one third of patients with gonococcal conjunctivitis have been reported 
to have chlamydia, concurrent treatment with tetracycline, doxycy-
cline, or azithromycin may be indicated. A 1.5% azithromycin solution 
was found to be well tolerated and effective in patients with purulent 
bacterial conjunctivitis.77

Chronic Bacterial Conjunctivitis
The most common causes of chronic bacterial conjunctivitis are the 
Staphylococcus species.94 Such infections can be difficult to eradicate 
because the eyelid margins and surrounding skin are heavily populated 
with staphylococci. Associated exotoxins are thought to be responsible 
for the effect on the conjunctiva, lids, and cornea. A diffuse hyperemia, 
minimal mucopurulent discharge, and conjunctival thickening with 
either a follicular or papillary reaction are common. Eyelid involve-
ment may manifest as redness, telangiectasia, loss of lashes, thickening, 
or recurrent hordeola (“stye”), and ulceration at the base of the eye-
lashes may be seen. Maceration and ulceration of the inner and outer 
canthal angles may be seen in chronic blepharoconjunctivitis caused 
by Moraxella species. Chronic staphylococcal blepharoconjunctivitis 
may lead to marginal corneal ulceration, most likely as the result of an 
immune-mediated hypersensitivity reaction. Gram-negative bacteria 
are more common in chronic than acute conjunctivitis.95 Organisms 
more often associated with the intestinal flora can be associated with 
chronic conjunctivitis: Proteus mirabilis is the most common of these, 
but Klebsiella pneumoniae, Escherichia coli, and Serratia marcescens 
have also been described.

Treatment of Chronic Bacterial 
Conjunctivitis
Treatment of this type of bacterial conjunctivitis demands appropriate 
antibiotic therapy combined with aggressive lid hygiene and possible 
evaluation of the lacrimal system. Laboratory evaluation may guide 
appropriate antibiotic treatment, often with erythromycin or bacitracin 
ointment. Lid hygiene involves the use of warm compresses, eyelid 
scrubs with nontearing shampoo, and gentle lid massage because the 
meibomian (sebaceous gland) orifices at the base of the eyelashes may 
harbor the inciting agents. The lacrimal canaliculus or sac may also 
serve as a bacterial reservoir requiring antibiotic irrigation and oral 

conjunctivitis is often mild and unilateral, producing a scant, watery 
discharge. Although the conjunctivitis appears mild, there is rather 
impressive edema in the upper and lower eyelids. In addition to the 
usual preauricular lymphadenopathy, the nodes in the parotid and 
submaxillary region are also involved. There is a report of lympho-
granuloma venereum conjunctivitis causing a keratitis leading to  
a corneal perforation in a patient with acquired immunodeficiency 
syndrome (AIDS).84 Treatment is similar to that for inclusion 
conjunctivitis.

BACTERIAL CONJUNCTIVITIS
There is significant disagreement on the actual incidence of bacterial 
conjunctivitis. Many cases of conjunctivitis are treated as if they  
were caused by bacterial organisms, but culture-proven bacterial  
conjunctivitis appears uncommon. The clinical presentation is char-
acterized by a rapid onset of unilateral lid edema, conjunctival injec-
tion, and a mucopurulent discharge, followed by involvement of the 
second eye within 1 to 2 days. Staphylococcus and Corynebacterium 
species are the most common organisms to colonize the lids and  
conjunctiva; consequently, they are prominent causes of infectious 
conjunctivitis.85 Although almost any bacterial organism can cause 
conjunctivitis given the appropriate set of conditions, the most 
common ones are Staphylococcus species, S. pneumoniae, Haemophilus 
species, Moraxella, Corynebacterium diphtheriae, Neisseria species, and 
enteric gram-negative rods.86

Pathogenesis
The pathogenesis of bacterial conjunctivitis usually involves a compro-
mised epithelial surface. Although intact epithelium is an effective 
barrier to most organisms, Neisseria gonorrhoeae, C. diphtheriae, Hae-
mophilus aegyptus (Koch-Weeks bacillus), and Listeria monocytogenes 
can penetrate such a surface through specialized attachments or  
toxins, or both.87 Injured epithelium or specialized attachments allow 
adhesion, which may result in the entry of various bacterial products 
and toxins. Enzymatic components such as proteases, coagulases, col-
lagenases, and fibrinolysins, combined with toxins such as those seen 
in Staphylococcus and Pseudomonas species, can disrupt underlying 
tissue, allowing further bacterial entry and possible isolation from host 
defense mechanisms.88 Bacterial conjunctivitis can be clinically catego-
rized as acute, hyperacute, or chronic on the basis of various features.

Acute (Mucopurulent) Bacterial 
Conjunctivitis
S. aureus, S. pneumoniae, and H. influenzae are the organisms that 
most commonly cause bacterial conjunctivitis. The acute conjunctivitis 
is marked by unilateral hyperemia, tearing, mucopurulent discharge, 
and matting of the eyelids. S. aureus is the most common agent in 
adults and children; S. pneumoniae and H. influenzae occur more fre-
quently in children than in adults.89 H. influenzae is often associated 
with systemic infections, such as upper respiratory tract disease, and 
its treatment usually requires the administration of systemic antibiot-
ics. Viridans streptococci and Streptococcus pyogenes can produce an 
acute conjunctivitis, often with an associated membranous reaction. 
Gram-negative rods, other than Haemophilus species, rarely cause 
acute conjunctivitis in the immunocompetent patient.

Treatment of Acute Bacterial 
Conjunctivitis
Appropriate laboratory confirmation of bacterial conjunctivitis should 
be attained to guide treatment. Although many mild conjunctival 
infections resolve on their own, topical antibiotic treatment may speed 
resolution and reduce severity and morbidity.90 Treatment with a 
broad-spectrum agent such as sulfacetamide, trimethoprim-polymyxin, 
or a fluoroquinolone is necessary for 7 to 10 days. Recently, topical 
moxifloxacin has gained FDA approval to treat bacterial conjunctivitis 
in those as young as 3 years of age and topical azithromycin has been 
shown to be effective in treating bacterial conjunctivitis with a 3-day 
course.91 Appropriate agents may be selected or altered on the basis of 
laboratory results.

In one study it was reported that the upper eyelid may have tarso-
conjunctival crypts, and these may be a reservoir for the organisms.  
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eye. Conjunctival membrane formation is not uncommon. N. gonor-
rhoeae can penetrate an intact epithelial surface and quickly invade 
the cornea, causing ulceration, perforation, and even endophthalmitis 
if not promptly treated. Other localized gonococcal infections such  
as rhinitis and proctitis may be present, as well as the rare but more 
severe disseminated infection with arthritis, meningitis, pneumonia, 
and septicemia, which could lead to infant death.103 With resistance 
emerging against penicillin, tetracycline, and even the fluoroquino-
lones, a single dose of intramuscular or intravenous ceftriaxone, 25 to 
50 mg/kg, not to exceed 125 mg, is the preferred treatment.109 Hospi-
talization and hourly saline irrigation of the conjunctival fornices are 
recommended; if corneal involvement cannot be ruled out because of 
the copious exudation, topical antibiotics are applied.110 Povidone-
iodine prophylaxis treatment has also been suggested, but its effective-
ness compared with tetracycline ointment has been questioned.111,112,113,114 
Fusidic acid may prove to be a promising treatment.114

Nongonococcal Neonatal  
Bacterial Conjunctivitis
Numerous organisms can cause bacterial conjunctivitis in the new-
born. The majority of infections are associated with gram-positive 
organisms such as the Staphylococcus and Streptococcus species. Gram-
negative organisms such as the Haemophilus and Enterobacter spp., 
E. coli, P. mirabilis, K. pneumoniae, and S. marcescens have been less 
commonly implicated.115 Although Pseudomonas aeruginosa is a rare 
cause of neonatal conjunctivitis, it deserves special consideration 
because of its ability to rapidly cause corneal ulceration and possible 
perforation.116

Although symptoms can manifest at any time within the first 
month of life, nongonococcal bacterial conjunctivitis usually manifests 
2 to 5 days after delivery. The clinical presentation consists of perior-
bital edema, chemosis, and conjunctival hyperemia and discharge. 
There is a higher incidence if obstruction of the nasolacrimal system 
is present. Conjunctival scraping for Gram stain and cultures allows 
for appropriate treatment—usually erythromycin ointment for gram-
positive organisms and either gentamicin or tobramycin ointment for 
gram-negative organisms.

Neonatal Viral (Herpetic) Conjunctivitis
Herpetic conjunctivitis in the neonate is rare but can be associated with 
significant morbidity and mortality. HSV types 1 and 2 can be associ-
ated with conjunctivitis. In theory, HSV-1 can be transmitted to the 
infant through oral secretions from an adult or sibling with an active 
“cold sore,” but the more common source is contact with HSV-2 during 
passage through an infected birth canal. The edema, conjunctival injec-
tion, and tearing usually begin within the first 2 weeks of life and may 
be followed by keratitis or keratouveitis. Diagnosis is commonly made 
by Giemsa stain but can be confirmed in 24 to 48 hours by PCR.

If HSV is detected in neonatal conjunctivitis, the baby should  
be evaluated for extent of HSV infection and intravenous acyclovir 
should be started immediately per American Academy of Pediatrics 
guidelines.117

PARINAUD’S OCULOGLANDULAR 
CONJUNCTIVITIS
This condition refers to the association of follicular conjunctivitis and 
unilateral preauricular lymphadenopathy. This classification describes 
a type of conjunctivitis that has numerous associated causes including 
bacterial, viral, parasitic, mycobacterial, syphilitic, leukemic, and 
fungal agents. The red eye, mucopurulent discharge, and foreign body 
sensation are accompanied by one or more granulomatous nodules on 
the palpebral conjunctiva. There is usually a visibly enlarged preauricu-
lar or submandibular lymph node on the involved side. This follicular 
conjunctivitis is associated with a fever and possible skin rash. Barton-
ella henselae, or cat-scratch disease, is the most common cause, but 
tularemia, tuberculosis, syphilis, lymphoma, mumps, Epstein-Barr 
virus, sporotrichosis, and sarcoidosis have all been implicated as 
potential causes.

Cat-scratch disease often resolves spontaneously, but 1 month of 
topical and systemic antibiotic therapy has been described. Because of 
the host of etiologic agents, an extensive workup may be warranted, 

antibiotics. The staphylococcal hypersensitivity reaction in the cornea 
may require mild topical corticosteroid treatment to reduce the associ-
ated inflammation. Oral tetracycline or doxycycline may be beneficial 
in more severe infections.

NEONATAL CONJUNCTIVITIS
Any conjunctivitis occurring within the first 4 weeks of life is classified 
as neonatal conjunctivitis (ophthalmia neonatorum).96 Conjunctivitis 
in the newborn can be bacterial, viral, chlamydial, or toxic (reaction 
to chemicals). Specific identification of the cause is particularly impor-
tant because there is often a potentially serious systemic infection 
associated with the localized ocular condition. Neonatal conjunctivitis 
is more commonly found if babies are delivered vaginally compared 
with cesarean, and this may be a risk factor for this disease.97

Neonatal Chemical Conjunctivitis
In 1881 Credé introduced the use of topical silver nitrate as prophylaxis 
against neonatal gonococcal infection.98 The self-limited conjunctivitis, 
present in approximately 90% of treated newborns, usually begins a 
few hours after delivery and resolves in 24 to 36 hours.99 Although 
quite effective against N. gonorrhoeae, silver nitrate has little effect on 
bacteria and essentially no effect on chlamydia or viruses.100 Silver 
nitrate may injure epithelial cells to such a degree that they are more 
susceptible to the entry of other microbial agents. Silver nitrate may 
still be used in some countries, but hospitals in the United States have 
changed to erythromycin or tetracycline ointment. Betadine is mark-
edly inexpensive and quite effective against many microbial agents; it 
is becoming more widely used as a prophylactic agent for newborns, 
especially in developing countries. The associated chemical conjuncti-
vitis is similar in nature and course as that seen with silver nitrate.

Liquid detergent capsules have also been associated with ocular 
conjunctivitis in children in a U.K. study.101

Neonatal Chlamydial Conjunctivitis
The most frequent cause of neonatal conjunctivitis in the United States 
is C. trachomatis.102 Up to 3 million new cases of chlamydial infection 
occur annually,103 with 4% to 10% of all pregnant women in the United 
States being diagnosed with chlamydia.104 The infant of an untreated 
mother has a 30% to 40% chance of developing conjunctivitis and a 
10% to 20% chance of developing pneumonia.98 A unilateral or bilateral 
discharge begins 5 to 14 days after delivery. PCR has been demon-
strated to be more sensitive than other conventional methods in 
detecting neonatal chlamydial conjunctivitis and may be useful for the 
routine screening and treatment of genital C. trachomatis infection in 
pregnant women.105,106,107

Chlamydial conjunctivitis in the neonate differs from that in the 
adult in a number of ways. No follicular response is seen in the neonate 
because of the immature immune system’s inability to form such a 
reaction. The amount of mucopurulent discharge is greater in the 
neonate, as is the propensity to form membranes on the palpebral 
conjunctiva. The infection in neonates is more responsive to topical 
medications. Although the typical conjunctivitis is mild and self-
limited, severe cases can result in conjunctival scarring with corneal 
pannus and scarring. If erythromycin or tetracycline ointment is 
applied to the conjunctival surface within 1 hour after delivery, the 
chance of developing chlamydial conjunctivitis is reportedly almost 
zero.108 However, topical medications cannot treat the pneumonitis and 
otitis media that may accompany the conjunctivitis. Two weeks of oral 
erythromycin therapy is given to the newborn with laboratory-proven 
chlamydia conjunctivitis; a second course may be given if adequate 
resolution is not achieved with the initial treatment. The mother and 
her sexual partners must also be treated with oral erythromycin or 
tetracycline (with caution in breast-feeding mothers) for 1 week.

Neonatal Gonococcal Conjunctivitis
The incidence of neonatal gonococcal conjunctivitis has dropped dra-
matically with effective prenatal screening and use of prophylactic 
antimicrobial agents in newborns. The clinical presentation begins 
with a hyperacute bilateral conjunctival discharge that appears within 
the first 24 to 48 hours after delivery. The associated purulent exudate 
is often so profuse that it reappears immediately after cleaning of the 
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Encephalitozoon, has been implicated as the cause of a mild conjunc-
tivitis with punctate epithelial keratitis in immunocompromised 
patients.119 Symptoms may be mild and can easily be mistaken for tear 
film deficiencies or blepharitis; a high index of suspicion is required to 
make a clinical diagnosis of microsporidial conjunctivitis. Oral alben-
dazole, 400 mg twice daily, has been reported to be effective (see 
Chapter 283). Topical fumagillin can be obtained as Fumadil B and 
formulated for human use but is not approved by the FDA; fumagillin 
has been used to successfully treat microsporidial keratoconjunctivitis 
(see Chapter 283).120 In general, medical treatment involves long dura-
tion with frequent recurrences after discontinuation of medication.

NONINFECTIOUS VISION-
THREATENING CONDITIONS 
ASSOCIATED WITH “RED EYE”
Care must be taken with any patient who presents with a “red eye” 
because there are numerous conditions that can simulate conjunctivi-
tis. As with most conditions, a thorough medical history and physical 
examination are often helpful in the differential diagnosis. Most cases 
of conjunctivitis are associated with fairly painless discharge and  
irritation, essentially normal vision, normally reactive pupil, normal 
intraocular pressure, essentially clear cornea, and generally diffuse 
conjunctival injection. Three possible sight-threatening conditions—
corneal ulcer, uveitis, and angle-closure glaucoma—often have differ-
ent signs, which may enable a more proper diagnosis.

An attack of angle-closure glaucoma is associated with significant 
pain, often nausea, usually no discharge, generally markedly decreased 
vision, mid-dilated nonreactive pupil, markedly elevated intraocular 
pressure, a cloudy and edematous cornea, and a more localized con-
junctival injection in the limbal region.

Uveitis is generally associated with mild to moderate pain with 
photophobia, essentially normal to mildly reduced vision, no dis-
charge, a small to normal-sized reactive pupil, normal to low intraocu-
lar pressure (elevated in herpetic uveitis and Posner-Schlossman 
syndrome), a generally clear cornea, and a localized conjunctival injec-
tion around the limbus.

Corneal ulcers are quite painful and are usually accompanied by 
moderate to markedly reduced vision, variable mucoid or mucopuru-
lent discharge, normally reactive pupil, normal intraocular pressure, 
an opaque lesion that is easily visible in the cornea, and usually a 
generalized conjunctival injection.

with the identified cause given the appropriate systemic treatment (see 
Chapter 236).

PARASITIC CONJUNCTIVITIS
Leishmaniasis and Microsporidia
A number of parasites may be associated with conjunctivitis, either by 
primary infection or secondarily as a response to the presence of the 
parasite. Blepharoconjunctivitis caused by Leishmania may begin as 
simple edema and hyperemia, with eventual progression to superficial 
phlyctenules in the conjunctiva and at the corneal limbus.118 These 
phlyctenules may progress to abscess formation, scarring of the lids 
and conjunctiva, and even corneal perforation. These parasites are 
obligate intracellular agents that are transmitted through bites of 
infected sand flies. Previously uncommon protozoa are now being 
recovered from the conjunctivae of patients with acquired immunode-
ficiency syndrome.

Other Parasites and Ectoparasites
The tsetse fly can infect humans with the flagellates responsible for 
African trypanosomiasis or “sleeping sickness.” Ocular effects manifest 
as unilateral conjunctivitis, periorbital edema, and preauricular lymph-
adenopathy.119 Cryptosporidia, fly larvae, and nematodes (e.g., Loa loa) 
have also been implicated as parasitic causes of conjunctivitis.120,121-124 
The lid margin and lashes may be colonized by Phthirus pubis (lice) 
or Demodex (mites), with conjunctivitis occurring as a reaction to the 
organism or its waste products. Treatment for the actual conjunctivitis 
associated with the parasitic agents is mainly supportive; more aggres-
sive treatment may be necessary for the systemic parasitic condition.

FUNGAL CONJUNCTIVITIS
Although various fungal agents can be recovered from the conjunc-
tiva, fungal conjunctivitis is rarely observed clinically. In comparison 
with fungal keratitis, relatively few organisms have been implicated in 
fungal conjunctivitis. Candida spp., Blastomyces spp., and Sporothrix 
schenckii have been associated with a granulomatous conjunctivitis. 
These mycoses are treated with systemic antifungal agents. Conjuncti-
val Rhinosporidium seeberi infection usually manifests as a fleshy, 
friable, red, pedunculated mass.1 Excision of the mass with adequate 
margins is often curative.

Microsporidia are ubiquitous obligate intracellular fungi that are 
found more often in animal hosts, but the related microsporidium, 
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Keratitis is an inflammation of the cornea produced by infectious 
organisms or noninfectious agents or stimuli. Microbial keratitis is a 
potentially vision-threatening infectious corneal inflammation event 
that can be caused by bacteria, viruses, fungi, or parasites.1 Microbial 
keratitis is a significant public health problem. The reported incidence 
ranges from 11 to 27.6 per 100,000 person-years in the United States,2,3 
and 799 per 100,000 person-years in the developing nation of Nepal.4 
Infectious keratitis requires prompt diagnosis and expedient treatment 
to prevent blindness or even enucleation. There are few clinical signs 
that distinguish microbial keratitis from corneal inflammation associ-
ated with trauma, hypersensitivity, or immune-mediated conditions. 
The patient’s history and ocular examination, focusing on the presence 
or absence of an epithelial defect and/or stromal inflammation, serve 
as important diagnostic clues. The nature of the stromal inflammation 
(suppurative or nonsuppurative) and its location (focal, multifocal, or 
diffuse) are also helpful in making a diagnosis. Microbiologic tests are 
needed to establish the etiologic agent and antimicrobial susceptibility, 
but therapy is often begun before these results are final.

Given the rapid progression and virulent nature of many infectious 
agents, any corneal inflammation should be considered a threat to 
vision, requiring prompt evaluation and treatment. Even relatively 
minor corneal ulcerations may lead to significant reduction in visual 
acuity, should they be located in the visual axis. Corneal perforation 
can occur in as little as 24 hours with certain virulent organisms; sub-
sequent endophthalmitis (inflammatory process involving the ocular 
cavity and adjacent structures), leading to loss of vision or even loss of 
the eye, is an ever-present danger in such settings.

ETIOLOGIC AGENTS AND RISK 
FACTORS
Microbial Agents
The conjunctival surface has been theorized to be the location of  
hundreds of organisms, any of which might be the origin of a given 

keratitis. The most commonly encountered organisms involved in 
microbial keratitis show tremendous geographic variance; some of the 
more commonly known infectious agents are shown in Table 115-1. 
Although the climate, vegetation, soil, and individual patient factors 
tend to favor specific organisms, any known organism can cause 
microbial keratitis, given the appropriate conditions and predisposing 
risk factors.

Anatomic Protection
The epithelial surface, with its tight junctions formed by desmosomes 
and hemidesmosomes, is remarkably resistant to the host of virulent 
organisms found in the surrounding ocular environment. The tear film, 
containing antimicrobial enzymes, combined with the mechanical 
action of the blinking eyelids, reduces the likelihood of microbial 
attachment to and survival on the corneal surface. In general, microbial 
agents do not cause keratitis in immunocompetent hosts or those 
without prior epithelial injury. However, there are exceptions in which 
organisms, such as Neisseria gonorrhoeae, Listeria monocytogenes, Shi
gella, and Corynebacterium spp., may invade an intact epithelial surface.

Risk Factors
Predisposing risk factors associated with microbial keratitis usually 
involve disruption of the corneal epithelium, such as by contact lens 
wear, trauma (surgical and nonsurgical), contaminated ocular medi-
cations, and altered structure of the corneal surface. Contributing  
risk factors include diabetes mellitus, systemic immunodeficiency, 
exposure keratopathy (e.g., Graves’ exophthalmopathy, Bell’s palsy), 
surface alteration from or with dysfunctional tear states (e.g., Sjögren’s  
syndrome, neurotrophic cornea, chemical burn, Stevens-Johnson syn-
drome, medication-related), and anatomic abnormalities (e.g., neopla-
sia, cicatricial pemphigoid, traumatic lid scarring).

Nonsurgical ocular trauma reportedly accounted for 48% to 65% 
of all corneal ulcers in some developing countries,4,5 but such trauma 

Definition
•	 Microbial	keratitis	is	a	vision-threatening	

corneal	inflammatory	condition,	caused	by	
bacteria,	viruses,	fungi,	or	parasites.

Epidemiology
•	 Disease	burden	is	higher	in	developing	than	

developed	countries.
•	 Risk	factors	include	contact	lens	wear,	trauma	

(surgical	and	nonsurgical),	contaminated	ocular	
medications,	altered	structure	of	the	corneal	
surface,	and	contributing	systemic	diseases.

•	 Contact	lens	use	is	the	main	cause	for	keratitis	
in	the	United	States:	poor	lens	storage	and	
hygiene	and	overnight	lens	use.

•	 Nonsurgical	ocular	trauma	is	the	main	cause	
of	keratitis	in	developing	countries.

•	 Trachoma	is	encountered	more	commonly	in	
developing	countries.

Microbiology
•	 Pathogens	can	be	gram-negative	organisms,	

such	as	Pseudomonas	aeruginosa.

•	 Pathogens	can	be	gram-positive	organisms,	
such	as	Staphylococcus	and	Streptococcus	spp.

•	 Viral	pathogens	include	herpes	simplex	virus,	
varicella-zoster	virus,	adenovirus.

•	 Recent	outbreaks	of	microbial	keratitis	in	
contact	lens	wearers	have	involved	
Acanthamoeba	and	Fusarium	spp.

Diagnosis
•	 Symptoms	include	severe	pain	and	discomfort,	

tearing,	photophobia,	blepharospasm,	and	
decreased	vision.

•	 Clinical	presentation	includes	conjunctival	
injection	and	discharge,	decreased	corneal	
transparency,	corneal	infiltrate,	epithelial	
defect	and/or	stromal	inflammation,	corneal	
edema,	corneal	neovascularization,	stromal	
melting,	loss	of	vision.

•	 Knowing	the	nature	of	the	stromal	
inflammation	(suppurative	or	nonsuppurative),	
and	its	location	(focal,	multifocal,	or	diffuse)	is	
helpful.

Therapy
•	 Corneal	scrapings	and	cultures	should	be	

performed	on	all	suspected	cases	with	
infectious	keratitis.

•	 Aggressive	antimicrobial	therapy	should	be	
initiated	after	scrapings	and	cultures	of	
infectious	keratitis.

•	 Fortified	topical	administration	is	the	most	
common	route	of	antimicrobial	therapy.	
Subconjunctival	injections,	parenteral	and	oral	
routes,	and	antibiotic-soaked	collagen	shields/
soft	lenses	are	used	infrequently.

•	 Fortified	cefazolin	and	aminoglycoside	should	
be	used	for	more	severe	bacterial	keratitis.

•	 Monotherapy	with	a	fourth-generation	
fluoroquinolone	is	used	for	bacterial	keratitis.

•	 Antifungal	therapeutic	agents	include	topical	
amphotericin	B,	flucytosine,	fluconazole,	and	
itraconazole.	Oral	itraconazole	or	
voricaonazole	have	also	shown	favorable	
outcomes	when	added	to	topical	therapy.

SHORT VIEW SUMMARY
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was responsible for only 27% of corneal ulcers reported in 1987 at one 
large trauma referral center in the United States.6 In a more recent 
survey, potential predisposing risk factors were identified in 91% of 
300 cases of suspected bacterial keratitis: 50% resulting from contact 
lens wear, 21% from ocular surface disease, 15% from nonsurgical 
trauma, and 4% from corneal surgery.7

Contact Lenses
Contact lenses remain the most common risk factor for microbial 
keratitis diagnosed in the United States. The annual incidence of con-
tact lens–associated keratitis is estimated at 0.04% for those using 
daily-wear soft lenses and 0.21% for those with extended-wear lenses. 
The risk increases approximately 10-fold if the lens users wear their 
contacts overnight and is also positively correlated with the number of 
consecutive days lenses are worn without removal.8 The reported per-
centage of contact lens–associated corneal ulceration in the general 
population has increased from 0% in the 1950s and 1960s to 31% in 
the 1970s and more than 50% of all cases since the 1980s.2 A similar 
upward trend in contact lens–associated keratitis was seen in academic 
referral centers during the 1970s and 1980s, but the trend actually 
began decreasing to 9% to 18% during the late 1990s.9,10,11 Although it 
is tempting to believe that disposable soft contact lenses have started 
to decrease the incidence of microbial keratitis, it is more likely that  
a change in treatment patterns is responsible. The fact that the inci-
dence of contact lens–related keratitis has decreased at academic refer-
ral centers while increasing in the community-based population 
suggests a greater willingness on the part of general practitioners and 
optometrists to treat such patients rather than refer them to major 
treatment centers. The introduction of commercially available topical 

TABLE 115-1  Partial List of Causative Agents in Microbial Keratitis

Bacteria

Gram-Positive Cocci
Staphylococcus aureus

Staphylococcus epidermidis

Streptococcus pneumoniae, Streptococcus pyogenes, viridans streptococci

Enterococcus faecalis

Peptostreptococcus spp.

Gram-Positive Bacilli
Bacillus coagulans, Bacillus cereus, Bacillus licheniformis

Brevibacillus (Bacillus) brevis, Brevibacillus (Bacillus) laterosporus

Corynebacterium diphtheriae

Clostridium perfringens, Clostridium tetani

Gram-Negative Coccobacilli
Neisseria gonorrhoeae

Moraxella lacunata, Moraxella nonliquefaciens, Moraxella catarrhalis

Acinetobacter calcoaceticus

Pasteurella multocida

Gram-Negative Bacilli
Pseudomonas aeruginosa, Pseudomonas stutzeri, Pseudomonas fluorescens

Burkholderia (Pseudomonas) mallei

Proteus mirabilis

Serratia marcescens

Escherichia coli

Klebsiella pneumoniae

Morganella morganii

Aeromonas hydrophila

Bartonella henselae

Mycobacteria
Mycobacterium tuberculosis, Mycobacterium chelonae, Mycobacterium 

gordonae, Mycobacterium mucogenicum

Actinomycetes
Nocardia spp.

Spirochetes
Treponema pallidum

Borrelia burgdorferi

Viruses
Herpes simplex virus

Varicella-zoster virus

Adenovirus

Vaccinia

Epstein-Barr

Rubeola

Enteroviruses

Coxsackievirus

Fungi
Fusarium spp.

Candida spp.

Aspergillus spp.

Acremonium spp.

Alternaria spp.

Penicillium spp.

Bipolaris spp.

Nosema spp.

Vittaforma (Nosema) corneae

Encephalitozoon spp.

Chlamydia
Chlamydia trachomatis

Parasites
Acanthamoeba polyphaga, Acanthamoeba castellanii

Onchocerca volvulus

Leishmania brasiliensis

Trypanosoma spp.

Modified from O’Brien TP. Keratitis. In: Mandell GL, Bennett JE, Dolin R, eds. Principles and Practice of Infectious Diseases. 5th ed. New York: Churchill Livingstone; 
2000:1257-1266.

fluoroquinolones in the 1990s parallels the reduction of cases diag-
nosed in academic centers. The ease of use, low cost, availability, and 
broad-spectrum coverage against most aerobic gram-negative and 
gram-positive bacteria make these medications attractive.12 In a 2010 
study in Northern California, Jeng and co-workers3 reported a sub-
stantially higher rate of corneal ulcers in contact lens wearers, com-
pared with non–contact lens wearers. They reported the incidence of 
corneal ulceration in contact lens wearers as 130.4 per 100,000 person-
years, compared with non–contact lens wearers, who had an incidence 
of ulcerative keratitis of 14.0 per 100,000 person-years.3 Recent out-
breaks of microbial keratitis in contact lens wearers have involved 
Acan thamoeba and Fusarium spp.,13 which historically have been 
involved only rarely in cases of contact lens–associated microbial kera-
titis. These outbreaks may have been associated with the improper use 
of certain multipurpose solutions, with two multipurpose solutions 
having been identified as major contributing factors to the risk of 
microbial keratitis.

In a review, Butcko and co-workers14 report that failing to rub lenses 
as part of the cleaning process, with the concurrent absence of adequate 
rinsing, does not seem to be prudent behavior and particularly may 
cause a greater level of microbial adherence to lenses.14 In addition, a 
recent study in Australia was performed to establish the risk factors for 
moderate and severe microbial keratitis among daily contact lens 
wearers. Independent risk factors for moderate and severe keratitis, 
while adjusting for age, gender, and lens material type, included poor 
storage case hygiene (odds ratio [OR] of 6.4), infrequent storage case 
replacement (OR of 5.4), solution type (multipurpose solution A, OR 
of 7.2), occasional overnight lens use (<1 night per week, OR of 6.5), 
high socioeconomic status (OR of 4.1), and smoking (OR of 3.7).15
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that accompanies the inflammatory cells can overwhelm the endothe-
lium’s “pumping” capacity, resulting in varying degrees of corneal 
edema. This fluid may coalesce under the epithelium, forming uncom-
fortable bullous elevations. The discomfort may increase if the bullae 
rupture.

Corneal Neovascularization
Neovascularization of the cornea is a common occurrence with chronic 
inflammation but can present early in the course of severe keratitis. 
The presence of neovascularization not only affects the severity of the 
host inflammatory reaction, but also has long-term consequences. 
After resolution of the inflammation, the vessels may regress slightly 
to the point of no longer carrying blood but still remain as empty 
channels (“ghost vessels”). If the neovascularization does not regress, 
the vessels not only provide a route for recurrent inflammatory cells 
but also can directly affect visual acuity and greatly decrease the poten-
tial for successful corneal transplantation.

Intraocular Inflammatory Reaction
Intraocular inflammation is not uncommon with microbial keratitis, 
especially with some of the more virulent gram-negative bacteria. 
These signs, including cell/flare, hypopyon, synechiae, and glaucoma, 
are less common with early fungal, viral, and parasitic etiologies,  
but could present during the course of any case of keratitis. Early,  
subtle changes may be difficult to detect and are often described as 
protein (“flare”) and leukocytes (“cells”) in the anterior chamber on 
slit-lamp examination. Late changes or signs of more aggressive organ-
isms may be seen in a collection of fibrin and inflammatory white 
blood cells layering in the inferior portion of the anterior chamber 
(hypopyon). Adhesive scarring of the pupillary margin (posterior  
synechiae) or of the peripheral iris (peripheral anterior synechiae)  
may lead to an irregular pupil or elevated intraocular pressure (glau-
coma), which may necessitate urgent medical or surgical treatment. 
This intraocular inflammation is generally considered sterile unless 
infection has penetrated Descemet’s membrane and entered the ante-
rior chamber.

Stromal Melting (Keratolysis)
Loss of corneal tissue (keratolysis) is a major consequence of the 
inflammatory reaction seen in microbial keratitis. It is most common 
with bacterial keratitis. Keratolysis may lead to irregular astigmatism, 
corneal thinning, visually significant scar formation, and, in severe 
cases, corneal perforation.

LABORATORY EVALUATION
The rather small area of active infection and the need to avoid unneces-
sary scraping dictate patient cooperation. This may be accomplished 
through use of topical anesthetics (although this may reduce growth 
of recovered organisms) in patients old enough to cooperate and may 
necessitate general anesthesia in children. The small amount of speci-
men to be obtained from the cornea requires careful advance planning 
and consultation with the microbiology laboratory as to how the speci-
men should be obtained, transported, and processed.

Several studies have shown no statistical difference in organism 
recovery if using sterile surgical blades, blunt platinum spatulas, or 
calcium alginate swabs (often dipped in trypticase soy broth). Corneal 
biopsies may be necessary, especially when fungal infections or late 
stages of Acanthamoeba are suspected. (Earlier stages of Acantham
oeba have organisms in the more superficial layers.) Shave biopsies or 
partial thickness 1- to 2-mm trephined specimens may be possible at 
the slit lamp but are better performed in a minor operating room. 
Lamellar keratoplasty is not usually necessary, but in cases in which a 
rapidly progressive, necrotizing keratitis is refractory to treatment or 
identification is otherwise impossible, or both, a diagnostic and thera-
peutic penetrating keratoplasty (host corneal removal and transplant) 
may be necessary.

Stains and Media Inoculation
Material from the scrapings should be transferred directly to glass 
slides and appropriate culture media (see Chapter 16). The slides 
should be clean, to avoid artifacts, and sterile, to avoid contaminating 

Laboratory Data and Clinical Response
Clinicians often culture the contact lens and the contact lens case in 
addition to the patient’s cornea. False positives are too frequent to 
recommend this procedure. In one study, the significance of cultures 
from the lens or case could be confirmed by corneal cultures in only 
25% of the cases.10 Gram-negative organisms, such as Pseudomonas 
aeruginosa, which can be cultured from the lens or case, are indeed 
associated with contact lens–associated microbial keratitis; however, 
gram-positive organisms, such as Staphylococcus and Streptococcus 
spp., have often been shown to be responsible for a majority of these 
ulcers even when gram-negative organisms have been recovered from 
the contact lens or storage case. Contact lens use alone can produce 
sterile inflammatory infiltrates that resolve spontaneously with discon-
tinued use of the lens.

CLINICAL PRESENTATION
Eye Pain
Inflammation of the cornea, one of the most richly innervated tissues 
in the body, generally is accompanied by severe pain and significant 
discomfort, which can greatly affect the physical examination. The 
continued movement of the eyelids over a corneal lesion further adds 
to the patient’s discomfort during examination. Judicious use of a 
topical anesthetic immediately preceding the eye examination is 
helpful. However, long-term use of topical anesthetics has been impli-
cated in continued epithelial defects and melting of the corneal stroma. 
Therefore, topical anesthetics should not be prescribed beyond the 
examination process.

Conjunctival Injection and Discharge
The rapid onset of pain is often accompanied by significant conjuncti-
val injection, tearing, photophobia, blepharospasm, and decreased 
vision. Discharge, so often associated with conjunctivitis, is not usually 
present other than in some cases of purulent bacterial keratitis. There 
may be some differences in the presence or absence of injection and, 
to some degree, tearing and discharge based on the etiologic agent (i.e., 
viral and parasitic keratitis may have minimal discharge; fungal kera-
titis may have minimal injection in the early phases).

Corneal Infiltrate
Other than the injection of limbal vessels, the noninfected regions of 
the cornea are generally clear. Therefore, corneal inflammation appears 
quite different than in most other tissues. The invading organism 
begins a reaction whereby inflammatory cells from the limbal vessels 
and tear film migrate into the cornea, reducing its transparency. The 
resultant inflammatory reaction at the site of a microbial replication is 
called an “infiltrate.”

Epithelial Defect
The infiltrate often has an overlying epithelial defect because the infec-
tious agent generally enters the cornea through an epithelial defect that 
can rapidly increase in size with the microbial replication. Epithelial 
defects can best be visualized using a cobalt blue light after the addition 
of fluorescein, which will pool in areas of punctate and ulcerative 
defects. Infections caused by slow-growing, fastidious organisms (i.e., 
Mycobacterium, anaerobic bacteria) may have an intact epithelial 
surface.

Stromal Suppuration
Microbial keratitis generally produces a sharply demarcated epithelial 
ulceration and suppurative stromal inflammation. There is substantial 
crossover in the presenting characteristics of various microbial agents. 
Bacterial organisms generally produce a clearly defined, local inflam-
mation; fungal elements can have a more diffuse or multifocal infil-
trate. A number of slow-growing, fastidious organisms may present 
without an ulcer or a suppurative infiltrate.

Corneal Edema
The loss of transparency is further affected by the corneal edema that 
is present in almost all cases of microbial keratitis. The corneal clarity 
is very specifically maintained through the ability of endothelial  
cells to maintain a stable level of dehydration. The influx of fluid  
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Geographic Variation
Gram-positive organisms, particularly Staphylococcus aureus, continue 
to be the most common agents causing bacterial keratitis in most 
series. The order of prevalence in one series from New York City was 
S. aureus, Moraxella, Pseudomonas, and S. pneumoniae.16 A different 
order, S. aureus, S. pneumoniae, Pseudomonas, and Moraxella, was 
seen in a similar series from London.23 Pseudomonas and Streptococcus 
spp. are the most common bacterial pathogens isolated in previously 
healthy eyes in the southern United States.17

Gram-Positive Bacteria
The strains of staphylococci invading the cornea, usually S. aureus, are 
often resident strains from the patient’s own flora.24,25 Staphylococcus 
epidermidis is not a common infectious agent, but this organism, along 
with Streptococcus spp., can cause keratitis in immunodeficient patients 
and may be associated with chronic dacryocystitis.26 In these cases of 
S. epidermidis and Streptococcus keratitis, ulcers may appear similar to 
the staphylococcal hypersensitivity keratitis (see later), in which 
corneal inflammation is thought to be a result of toxins produced by 
the conjunctiva-based organism or a hypersensitivity reaction to some 
portion of the bacterial cell wall.

Gram-positive aerobic bacilli do not often cause keratitis in immu-
nocompetent individuals.27 Corynebacterium diphtheriae is one of the 
organisms reported to invade intact epithelial surfaces. Bacillus cereus 
is a gram-positive rod that can cause severe ulcerative keratitis, often 
after an injury involving a foreign body.28 Nocardia and Mycobacterium 
spp. are increasingly implicated in bacterial keratitis after refractive 
surgery (i.e., LASIK).

Staphylococcus hypersensitivity reactions may actually be the most 
common cause of keratitis. Although it is related to the bacteria, it is 
a reaction to some exotoxin or antigen rather than direct inoculation 
or infection. This condition may exist in hosts who may not have any 
increased bacterial load other than what is considered the normal 
commensural load in healthy individuals. The punctate epithelial 
defects, marginal stromal infiltrates, phlyctenules, and peripheral 
ulcerations are theorized to result from either type III or type IV 
hypersensitivity reactions. Histologic analysis reveals the presence of 
plasma cells and lymphocytes in the peripheral cornea but an absence 
of infectious organisms. Further support for the noninfectious etiology 
comes from the reduction in pathology when treated with topical 
steroids alone.

In a recent study, Lichtinger and co-workers29 reviewed the distri-
bution, current, trends, and resistance patterns of bacterial keratitis in 
Toronto from January 1, 2000 through December 31, 2010. They iden-
tified a decreasing trend in gram-positive isolates. The most common 
isolate was coagulase-negative staphylococcus.29 In another recent 
study, Schalchi and co-workers30 reported a high level of gram-negative 
keratitis and highlighted a trend of increasing gram-negative infection 
in cultures isolated in the United Kingdom over a 10-year period.

Gram-Negative Bacteria
P. aeruginosa is a particularly virulent and generally most common 
gram-negative organism implicated in bacterial keratitis.29 Untreated 
P. aeruginosa keratitis progresses quite rapidly from suppuration to 
perforation, mainly because of swift corneal destruction from the asso-
ciated proteolytic enzymes.31,32 A characteristic inflammatory ring of 
neutrophilic infiltrate may surround the lesion.33,34 This “ring infiltrate” 
is not unique to gram-negative organisms; it can also be seen in fungal, 
viral, and Acanthamoeba keratitis. Patients in burn units and intensive 
care settings often have altered mental status or anatomic injuries that 
make ocular exposure and corneal desiccation more common. When 
this is combined with the frequent colonization of such units with  
P. aeruginosa, this organism can be a significant cause of keratitis. 
P. aeruginosa was identified as the most common gram-negative bac-
teria isolated in cultures performed on suspected bacterial keratitis 
from January 1, 2000 through December 31, 2010.29

Less common gram-negative entities have been reported to  
cause keratitis. Although Morganella morganii keratitis may be clini-
cally indistinguishable from P. aeruginosa keratitis, Delftia (Pseudo
monas) acidovorans and Pseudomonas stutzeri usually have a more 
benign course.35 Serratia marcescens has been implicated in contact 

the instrument. Multiple slides are desirable to permit Gram stain; 
calcofluor, or other fungal stain; and acid-fast stain. Chlamydia, her-
pesviruses, mycobacteria, and Acanthamoeba require special methods 
for culture. In addition to culturing the suspected cornea, it may be 
helpful to culture material from the eyelids, conjunctiva, ocular medi-
cation bottles, contact lenses, storage cases, and perhaps the unin-
volved eye, to establish the flora uniquely associated with the patient. 
If the patient had been treated before evaluation and there is uncer-
tainty as to the diagnosis, it may be wise to consider stopping the 
medication for 12 to 24 hours and then to proceed with culture. Obvi-
ously, antimicrobials should not be stopped in cases of severe or rapidly 
progressive ulceration.

Viral Cultures
Viral keratitis is unique among microbial keratitis in that the diagnosis 
is often possible based on morphology and patient history. PCR for 
herpes simplex virus and herpes zoster virus is now readily accom-
plished in most routine diagnostic laboratories (see Chapter 16). Viral 
cultures are less sensitive than PCR but, if used, specimens for viral 
culture must be placed in transport media and inoculated into cell 
culture the same day.

BACTERIAL KERATITIS
Etiology
Several published studies have reported that bacterial pathogens are 
responsible for 65% to 90% of all cases of microbial keratitis.16,17 In one 
large survey, a microbial organism was isolated in 49% of 5845 cases 
of suspected infectious keratitis; 82% were bacterial, 16% fungal, and 
2% parasitic.18 A smaller survey isolated an organism in 68% of 300 
eyes suspected of having bacterial keratitis; 83% were gram-positive, 
17% gram-negative, and 2% polymicrobial.7 The majority of all bacte-
rial keratitis is caused by five major groups: Staphylococcus spp.; Strep
tococcus spp. (Streptococcus pneumoniae, groups A to G streptococci); 
other gram-positive organisms (Bacillus and Propionibacterium spp.); 
gram-negative organisms, such as Pseudomonas, Haemophilus, Morax
ella; and the Enterobacteriaceae (Proteus, Serratia, Klebsiella, Entero
bacter, Citrobacter). The prominence of certain organisms responsible 
for bacterial keratitis has been changing over many years. S. pneu
moniae was the most common responsible agent in the past, but other 
gram-positives, opportunistic commensals, Pseudomonas, anaerobes, 
and protozoa are now increasingly being reported. With the advent  
of refractive surgery, especially laser-assisted in situ keratomileusis 
(LASIK), more unusual organisms, such as Nocardia and Mycobacte
rium spp., are causing keratitis. The apparent changes in causal organ-
isms could be the result of numerous factors: improved isolation 
techniques, less frequent culturing as highly effective broad-spectrum 
single agents (i.e., fluoroquinolones) have been developed, increased 
use of topical corticosteroids (i.e., refractive and cataract surgery), 
increased population of systemically immunodeficient patients, and an 
expansion in the use of soft contact lenses, especially extended-wear 
and cosmetic lenses.19,20 A recent study in Toronto reported on the 
shifting trends in bacterial keratitis over the course of 11 years.21 A total 
of 1701 consecutive corneal scrapings were taken from January 1, 2000 
through December 31, 2010. A significant decrease in the percentage 
of gram-positive microorganisms was observed over time. The sensi-
tivity of gram-negative isolates to tested antimicrobials was greater 
than 97% response for all the reported antibiotics; this was not the case 
for gram-positive isolates, for which resistance to the antibiotics was 
more common. Methicillin-resistant organisms accounted for 29.1% 
of all gram-positive cultures. The authors concluded that the empirical 
use of vancomycin in the setting of severe suspected bacterial keratitis 
may be justified given the shifting trends.21

Pathogenesis
The corneal epithelium and Bowman’s membrane underneath limit 
penetration of many organisms into the corneal stroma unless the 
barrier is breached by trauma. The few organisms that appear to invade 
in the absence of trauma appear to adhere and elaborate proteolytic 
enzymes or toxins that lyse the tissue barrier. Migration of leukocytes 
from the vessels in the corneal limbus into the infected cornea add to 
tissue destruction.22
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especially in cases of severe suppurative keratitis. Although patients 
may prefer ointments for ease of delivery and the comfort associated 
with the carrier, topical solutions can actually penetrate ocular tissues 
and achieve higher concentrations better than antibiotics in ointment 
formulations. Commercial pharmacies do not often provide concen-
trated (fortified) antibiotics, but compounding and hospital-based 
pharmacies can easily formulate fortified antibiotics using most paren-
teral antibiotic preparations.

Local and Systemic Administration
Subconjunctival injection of antibiotics had been more common in the 
past and is one way to attain a peak concentration without compliance 
issues. However, the discomfort and temporary nature make this less 
attractive, and frequent topical administration of fortified antibiotics 
can achieve adequate tissue levels. Parenteral administration is uncom-
mon and generally used only in suppurative keratitis with impending 
or actual perforation or bacterial extension involving the sclera.

Contact Lenses and Collagen Shields
Antibiotics have been administered through the use of collagen  
shields and soft contact lenses.45 Although these methods have been 
used experimentally, there are no controlled clinical studies detailing 
efficacy and safety. New technologic advances in polymer formation 
and microspheric packaging of antibiotics have allowed more practi-
cal ways to actually impregnate antimicrobials into the contact lens 
rather than simply soaking the lens or shield in the antibiotic as is 
done currently. Polymer inserts have been designed to theoretically 
increase the duration of the drug in the tear film. A rather simple 
strategy to include drug delivery to the corneal tissue involves place-
ment of temporary punctal plugs to reduce the outflow from the 
ocular surface.

Unique Pharmacokinetics with  
Topical Antibiotics
Although laboratory identification is quite helpful, the standard sen-
sitivity testing has its limitations in treating ocular infections. The 
minimal inhibitory concentration (MIC) determinations performed in 
the laboratory are based on antibiotic concentrations that are achiev-
able through the host’s serum. The concentrations achievable through 
direct topical administration can be many thousands of times greater 
than that measured in the serum after parenteral administration. This 
might cause an organism to be labeled “resistant” to testing with an 
antibiotic at achievable serum concentrations, although it may well be 
in the process of eradication with that same drug through the highly 
concentrated topical approach. This highlights the clinical response 
being the best indicator of actual susceptibility, not to the exclusion of 
laboratory sensitivities, but within the unique limitations in dealing 
with the direct approach in eye conditions. The direct application to 
the infected area may avoid dealing with numerous issues critical with 
systemic therapy: distribution space, first-pass clearance, absorption 
characteristics, toxic reaction in nontarget tissues, and impact of renal 
or hepatic failure.

Initial Therapy
The ideal initial antimicrobial agent should be effective (bactericidal 
vs. bacteriostatic) against the common or suspected corneal pathogens 
and have low rates of resistance, minimal toxicity to ocular tissues, 
comfort on administration, and rapid penetration into the ocular 
tissues. Traditionally, broad-spectrum therapy for suspected bacterial 
keratitis has been the combination of a topical cephalosporin (or van-
comycin) and an aminoglycoside (tobramycin or gentamicin), all as 
fortified con centrations. The main disadvantages of such treatment 
involve the ocular irritation, difficulty of obtaining noncommercially 
available solutions, significant cost, and continued refrigeration of 
some preparations. These inconveniences have led to an increasing 
interest in initial single-agent therapy by using recently developed fluo-
roquinolones. As single agents or in combination, treatment generally 
begins with hourly dosing and then is tapered according to the clinical 
response. The fortified preparations are often continued for 10 to 14 
days, after which a broad-spectrum nonfortified antibiotic may be 
given until resolution.

lens–associated keratitis.36 Moraxella keratitis may be more common 
in alcoholics and, less commonly, in patients with chronic ocular 
surface disease.37,38

Although N. gonorrhoeae is more commonly associated with con-
junctivitis, it can penetrate an intact corneal epithelium and cause 
keratitis. The rather explosive onset and copious purulent exudates 
may obscure a diagnosis of keratitis. The corneal infiltration may be 
secondary to the effects of the conjunctival infection. N. gonorrhoeae 
can produce such marked infiltration and edema that the affected 
conjunctiva may protrude or drape over the corneal surface, exposing 
the epithelium to numerous proteolytic enzymes; ulceration can 
quickly result. Acinetobacter can produce a keratitis that is clinically 
indistinguishable from Neisseria and can appear morphologically 
similar on Gram stain.

Mycobacteria
Mycobacterium keratitis had been decreasing in prevalence, paralleling 
the reduction in systemic tuberculosis. Although primary tuberculous 
keratitis still is uncommon, an increase in systemic immunodeficient 
hosts as well as incisional refractive surgery (i.e., LASIK) has been 
accompanied by an increase in Mycobacterium keratitis (M. fortuitum, 
M. chelonae, M. gordonae, and M. aviumintracellulare).39,40 Infection 
with atypical Mycobacterium spp. may be indolent with mild inflam-
mation, therefore delaying the diagnosis.41 Several cases of mycobacte-
rial keratitis after LASIK have been reported in the literature. The most 
frequently involved pathogen is M. chelonae (66%).41,42 These nontu-
berculous species can be quite difficult to isolate and eradicate because 
they follow a chronic indolent course and are often resistant to con-
ventional antituberculous medications. In the case of refractive surgery, 
the location under the LASIK flap causes difficulty in obtaining cul-
tures as well as direct application of topical medications. Mycobacte
rium spp. are responsible for eventually producing keratitis in about 
15% of patients with tuberculoid leprosy but nearly 100% in those with 
lepromatous leprosy.43,44

Therapy for Bacterial Keratitis
Immediate, Aggressive Therapy
Aggressive antimicrobial therapy is the primary approach with infec-
tious keratitis. Topical administration is the most common route, but 
subconjunctival injections, parenteral and oral routes, and antibiotic-
soaked collagen shields/soft lenses have been, or are currently being, 
used. The clinician must decide the need to initiate immediate antimi-
crobial therapy, either directed or broad spectrum, or to wait for labo-
ratory identification of the offending agent. The explosive nature of 
bacterial keratitis suggests the need for immediate therapy, perhaps 
guided by results of Gram or Giemsa stains, in all suspicious cases. The 
rather indolent course of fungal and Acanthamoeba keratitis and the 
significant commitment to months of costly treatment might allow a 
delay in therapy until a causative agent is identified. If severe suppura-
tive keratitis is seen, the Gram stain and smear will guide the selection 
of medication. One specific medication may be selected if only one 
type of bacterium (gram-positive or gram-negative) can be positively 
identified and the patient has not previously started an antibiotic. If 
two or more types of bacteria are identified, if the stain and smears are 
equivocal, or if the patient has been on any type of antimicrobial, then 
broad-spectrum therapy is initiated.

Hospital Admission
An important decision in treating keratitis involves hospitalization or 
outpatient care. Hospitalization is rarely required, but it may be neces-
sary for noncompliant patients or for patients with rapid necrosis or 
thinning. The potential for a rapid downturn and possible perforation 
should give the clinician a low threshold for admission. The high fre-
quency of antimicrobial administration (perhaps hourly around the 
clock) and close monitoring may make outpatient care impractical, 
especially for those living alone, far from the hospital or clinic, or 
otherwise unable to comply with such demands.

Antibiotic Solutions
The route of antibiotic administration should be based on the severity 
of the disease but often includes hourly (or more frequent) dosing, 
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trials correlate well with the results of the in vitro studies, mentioned 
above, in that fourth-generation fluoroquinolones were comparable  
to fortified antibiotics and were better in the treatment of infectious 
keratitis.55-57 The antibiotic resistance rates of bacterial isolates were 
consistently lower with moxifloxacin and gatifloxacin than almost all 
other antibiotics.46 A large study was conducted by Constantinou and 
co-workers55 that comprised 229 patients randomized to three treat-
ment groups (moxifloxacin 1.0%, ofloxacin 0.3%, and the combined 
fortified tobramycin 1.33%/cefazolin 5.0%). Constantinou and co- 
workers reported that none of the bacterial isolates were resistant to 
moxifloxacin, 2.5% were resistant to olfloxacin, 14.8% to cefazolin, 
1.6% to tobramycin, and 17.5% to chloramphenicol. Clinical outcomes 
(cure rate, mean time to cure, clinical sign score, and rate of serious 
complications) were not significantly different among the three 
groups.55 Parmar and co-workers56 compared the effect of topical gati-
floxacin 0.3% with ciprofloxacin 0.3% for the treatment of patients with 
bacterial keratitis and ulcer size of at least 2 mm. These authors 
reported that culture results revealed a significantly larger proportion 
of gram-positive and gram-negative bacteria to be susceptible to gati-
floxacin than to ciprofloxacin (96.2% of gram-positive cocci were sus-
ceptible to gatifloxacin vs. 60.4% to ciprofloxacin); all gram-positive 
bacilli were susceptible to gatifloxacin, but only 75% were susceptible 
to ciprofloxacin; and 92.9% of gram-negative bacilli were susceptible 
to gatifloxacin compared with 85.7% to ciprofloxacin. Even for P. aeru
ginosa, 87.5% were susceptible to gatifloxacin, whereas only 75% were 
susceptible to ciprofloxacin). With patients on gatifloxacin, 95.1% 
showed good response and complete healing of ulcer compared with 
80.9% of patients on ciprofloxacin.56 The third study, by Shah and 
co-workers,57 compared the clinical effects of moxifloxacin 0.5%, gati-
floxacin 0.5%, and combined fortified tobramycin 1.3%/cefazolin 5% 
on bacterial keratitis. All patients had ulcer size between 2 and 8 mm. 
These authors reported that all bacteria isolated were susceptible to the 
two fourth-generation fluoroquinolones. The cure rates of the fortified 
antibiotics group was 90%, and that of the gatifloxacin and moxifloxa-
cin group was 95%.57

In contrast to these three clinical trials, a retrospective study in the 
United Kingdom by Shalchi and co-workers30 determined the scale of 
antibiotic resistance in microbial keratitis. They reported no trend in 
increasing resistance of ciprofloxacin and advised against a change to 
fourth-generation compounds.30 Wong and co-workers46 attributed 
this discrepancy to the different spectrum of pathogens in bacterial 
keratitis, with 38.9% gram-positive and 61.1% gram-negative in the 
U.K. study. Fourth-generation fluoroquinolones are known to have 
higher potency against gram-positive pathogens and lower potency 
than second-generation fluoroquinolones in the inhibition of P. aeru
ginosa. Of note is that P. aeruginosa only constituted 7% of all the 
isolates in the Constantinou study compared with 49.1% in the United 
Kingdom.

In summary, fourth-generation fluoroquinolones are reasonable 
monotherapeutic alternatives to the combination of fortified antibiot-
ics in the management of infectious keratitis. Further studies are 
needed to compare the response of P. aeruginosa infections to these 
antibiotics before concluding that the new fluoroquinolones are as 
effective as the standard combination of fortified antibiotics in the 
management of infectious keratitis.46

Proposed Therapy Guidelines
The spectrum, safety, comfort, cost, and availability of the fluoroqui-
nolones make them a very appealing choice in treating keratitis. 
Although many practitioners use these medications as first-line agents, 
fluoroquinolones are still not recommended as empirical therapy in 
vision-threatening keratitis. Initial treatment, often with combination 
agents directed toward the likely pathogens, guided by laboratory 
evaluation, is still essential for such cases. General guidelines for man-
aging keratitis are as follows. The best approach for corneal ulcers is 
still not definite.
1. Corneal scrapings are indicated in patients with suspected infec-

tious keratitis when risk factors are present, when there is a large 
central infiltrate, or after empirical therapy has failed.

2. Culture should be done in all cases of suspected infectious keratitis 
in community- and hospital-based practices.

Many classes of antibiotics have been used for the treatment of 
specific classes of organisms, often based on Gram stain and eventual 
identification. The advent of the broad-spectrum fluoroquinolones has 
altered some of these traditional classes and treatment pathways, but 
many still hold true. Topical cephalosporin preparations are often used 
in gram-positive keratitis, especially with Staphylococcus spp. Vanco-
mycin is an alternative if resistance is suspected. Gentamicin and 
tobramycin are the most common therapeutic choices in gram-negative 
keratitis. Drops are readily available commercially after the clinical 
improvement warrants a change from the fortified preparation.

Topical Fluoroquinolones
The development of fluoroquinolones has radically altered the previ-
ously standardized treatment of bacterial keratitis. Cultures were per-
formed on all patients and all were generally started on combination 
fortified antibiotics. The efficacy of the fluoroquinolones, however, has 
made some consider monotherapy and question the need for culturing 
in all cases. The agents responsible for this shift were the second- and 
third-generation fluoroquinolones: ciprofloxacin, ofloxacin, and levo-
floxacin. Fourth-generation fluoroquinolone topical antibiotics (moxi-
floxacin, gatifloxacin) were introduced later to reduce the risk of 
bacterial resistance in view of the structural modifications and dual 
inhibition mechanisms of these antibiotics.46 The spectrum of coverage 
at the high concentrations obtained locally is quite similar for the 
second- and third-generation fluoroquinolones, showing activity 
against most gram-negative aerobes and many gram-positive organ-
isms.47 These fluoroquinolones have significant activity against P. aeru
ginosa, including strains that may be resistant to other antimicrobials. 
Haemophilus, Neisseria, and Moraxella spp. are quite susceptible to any 
of the fluoroquinolones. Ciprofloxacin, ofloxacin, and levofloxacin 
have reasonable activity topically against some Mycobacterium and 
Chlamydia species. The greatest gap in coverage of second- and third-
generation fluoroquinolones was with Streptococcus spp. and anaerobic 
bacteria.

The fourth-generation fluoroquinolones, moxifloxacin and gati-
floxacin, inhibit bacterial DNA gyrase and topoisomerase IV, which 
results in increased antibiotic potency against gram-positive organisms 
and broad-spectrum activity against gram-negative bacteria.48

Studies of the MICs of fourth-generation fluoroquinolones showed 
similar or better ability to kill causative bacteria in infectious corneal 
ulcer than earlier-generation fluoroquinolones.46,49,50 Fourth-generation 
fluoroquinolones have higher potencies against gram-positive organ-
isms. However, ciprofloxacin is still better than the third- and fourth-
generation fluoroquinolones against gram-negative bacteria, including 
P. aeruginosa.51 Moxifloxacin has been reported to achieve the highest 
conjunctival, corneal, and aqueous concentrations.46

Comparison of Fluoroquinolones and 
Fortified Antibiotics
Any new medication or alteration in standard treatment protocols is 
best accepted after direct comparison with the gold standard. There are 
several comparative studies of the fluoroquinolones and the fortified 
combination therapies. In a randomized, masked comparative study of 
122 patients, second-generation fluoroquinolones were found to be  
as efficacious as fortified gentamicin and fortified cefuroxime.52 In 
another multicenter, randomized study, fluoroquinolones also com-
pared favorably with fortified tobramycin and fortified cefazolin in 
another.53 A similarly designed multicenter study involving 324 patients 
showed no difference using ciprofloxacin versus fortified cefazolin and 
fortified tobramycin.54 In all three studies, the patients favored the fluo-
roquinolone, mainly for greater ocular comfort. The only adverse effect 
of the fluoroquinolones was the appearance of white crystalline pre-
cipitates near the epithelial defect in 16% of patients. This precipitate 
was seen more frequently with ciprofloxacin than with ofloxacin, con-
sistent with a difference in the pH of the two agents. The precipitates 
can impair ability to monitor the subprecipitate infiltrates. The corneal 
precipitates appear to have no other clinical impact, and they resolve 
spontaneously after the medication is stopped.

Wong and co-workers46 in a review report three clinical trials that 
investigated the clinical efficacy of the fourth-generation fluoroquino-
lones in treating infectious keratitis. The results of the three clinical 
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predispose to bacterial superinfection, further adding to the disease 
morbidity.

Syphilitic Keratitis (Interstitial 
Keratitis)
The keratitis associated with syphilis, sometimes termed interstitial 
keratitis (IK), is not often seen in the active phase but is noted in sub-
sequent examinations. The two major categories of IK are associated 
with syphilis and Mycobacterium tuberculosis. IK is rarely associated 
with acquired primary or secondary syphilis (<3% of all cases), with 
more than 90% caused by congenital syphilis. The IK usually does not 
develop until the later phases of congenital syphilis, occurring in about 
50% of all untreated patients. The typical presentation is during the 
early teen years; however, it can develop any time during the first two 
decades of life. Pain, photophobia, increased tearing, blepharospasm, 
and decreased vision are common during the acute phase. A severe 
iridocyclitis is present as the cornea becomes hazy, with significant 
reduction in vision over a few days. Neovascularization progresses 
centrally over the next months until the vessels coalesce in the central 
cornea, at which time there is a dramatic change in the disease process. 
After resolution of the corneal infiltrates and significant regression of 
the blood vessels (leaving empty channels or “ghost vessels”), some 
patients have a surprisingly significant return of visual acuity. Only 
about 10% have less than 20/200 vision; approximately 70% have 
between 20/20 and 20/100 vision. Lyme disease has also been impli-
cated as a possible etiology in corneal disease, with Borrelia burgdorferi 
causing an IK similar to that seen with syphilis.64

Therapy for Chlamydial and  
Syphilitic Keratitis
Keratitis in patients with trachoma is largely due to the lid scarring or 
exposure resulting from the conjunctival disease and therefore requires 
treatment of the associated conditions to reduce the subsequent kera-
titis. Several generalizations can be made when treating other chla-
mydial eye infections. First, systemic rather than local therapy is 
necessary when treating adult inclusion conjunctivitis because the 
infected individual may harbor the pathogen in the genital tract. Simi-
larly, newborns presenting with neonatal chlamydial conjunctivitis 
may harbor the organism in the lower respiratory tract and may need 
to be treated systemically. Individuals treated systemically do not need 
to be treated locally. Second, all sexual partners must be treated along 
with the infected patient to prevent primary infection in the partner 
as well as reinfection in the symptomatic individual. Third, repeat 
treatment may be necessary because clinical cure rates can be modest, 
especially for treatment of chronic chlamydial infection. Finally, anti-
biotics that achieve sustained tissue levels, high intracellular penetra-
tion, and low microbial resistance and require an infrequent dosing 
regimen are generally preferred. To this end, azithromycin is rapidly 
becoming the mainstay of therapy for many chlamydial infections, 
including trachoma.

Therapy for Interstitial Keratitis (Syphilitic 
and Lyme Associated)
Syphilitic interstitial keratitis is an immune phenomenon that may 
benefit from topical corticosteroids, but antitreponemal therapy has 
little impact on the corneal process. However, such therapy may be 
necessary for other systemic manifestations of the disease and does 
seem to reduce the recurrence rate and likelihood of bilateral involve-
ment. Lyme keratitis may be addressed through the use of corticoste-
roids, with systemic evaluation and treatment similar to that for 
syphilis.

VIRAL KERATITIS
Herpes Simplex Virus
Ocular herpes may be classified into three general groups: congenital 
and neonatal, primary, and recurrent. The global incidence of herpes 
simplex virus (HSV) keratitis has roughly been estimated to be 1.5 
million, including 40,000 new cases of severe monocular visual impair-
ment or blindness each year.65 The combined incidence of epithelial 
and stromal keratitis in the United States has been estimated to be 18.2 
per 100,000 person-years.65 The vast majority of all ocular herpes 

3. Fortified cefazolin and aminoglycoside should be used for more 
severe keratitis.

4. Monotherapy with a fourth-generation fluoroquinolone can be 
used for mild keratitis.

Topical Corticosteroids
The use of topical corticosteroids to decrease long-term sequelae of 
bacterial keratitis is controversial. An intense suppurative inflamma-
tory reaction consisting mainly of polymorphonuclear leukocytes is 
induced by many bacteria responsible for keratitis. These neutrophils 
may destroy a significant amount of tissue through free radicals and 
the liberation of collagenases and gelatinases that dissolve the stroma. 
The rationale for corticosteroids is to prevent such tissue destruction. 
Several studies have shown that concomitant use of topical steroids 
does not alter or reduce the bactericidal effect of antimicrobials.58 In 
a recent study, Henry and co-workers59 reported that patients using 
topical corticosteroids are at a higher risk of progression from keratitis 
to endophthalmitis. There is a concern that steroid use may promote 
a relapse of an organism that appeared to be clinically resolved but still 
had a low number of active bacteria. This may be the case with virulent 
organisms that are difficult to eradicate and require only a low inocu-
lum to establish an infection, as seen in some gram-negative bacteria 
such as P. aeruginosa.

Supportive Measures
Supportive measures in managing infectious keratitis are numerous. 
Topical cycloplegics can reduce the discomfort of ciliary spasm, reduc-
ing the associated photophobia and preventing synechiae (scarring/
adhesions) of the pupil. If corneal ulceration is quite significant, a 
temporary soft contact lens may act as a bandage to relieve some of 
the discomfort while allowing repair of the stromal and epithelial sur-
faces without mechanical disruption from the lid. The contact lens 
itself can serve as a nidus for infection, but this should not be the  
case with the temporary placement of the contact lens combined with 
continued application of antibiotics. The change to commercial-
strength antimicrobials is warranted as soon as clinically reasonable 
because the fortified antibiotics are epitheliotoxic and decrease epithe-
lial healing.

Price and co-workers60 have investigated the role of collagen cross-
linking adjuvant therapy for microbial keratitis in 48 patients (con-
firmed bacterial etiology in 24 eyes, fungal in 7, and protozoan in 2). 
Despite encouraging results for superficial infiltrates, the potential 
benefit of this approach remains of limited value.

CHLAMYDIAL AND SYPHILITIC 
KERATITIS
Chlamydiae are small intracellular organisms dependent on their host 
cell for replication and prolonged survival.61 Their unique multiphasic 
life cycle permits the pathogen to establish persistent infections, allow-
ing the organism to escape immune clearance yet express virulence 
determinants that cause chronic inflammation.62 In addition, long-
lasting protective immunity does not develop after chlamydial infec-
tion, and reinfections are common.

Ocular Associations with Chlamydia
Chlamydiae cause a spectrum of acute and chronic ocular diseases, 
ranging from self-limited follicular conjunctivitis to trachoma, often 
with blinding sequelae.63 Several serotypes of Chlamydia trachomatis 
can cause a follicular conjunctivitis in the adult inclusion conjunctivi-
tis. The same serotypes can lead to neonatal conjunctivitis if an infected 
mother transmits the pathogen to the newborn during vaginal delivery. 
Repeated infections with certain serotypes can cause trachoma, a 
chronic follicular keratoconjunctivitis that remains the most common 
cause of preventable blindness in the world. In developed countries, 
sexually transmitted C. trachomatis rarely causes the sequelae of 
true trachoma, which is generally marked by repeat infection and 
chronicity.

The cicatricial phase of trachoma causes lid irregularities, leading 
to exposure or direct trauma from in-turned lids or eyelashes, which 
leads to corneal ulceration and opaque scarring, often long after resolu-
tion of the infective phase. The resultant effects on the cornea may 
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scarring, found in more chronic cases, the more marked is the decrease 
in sensitivity. The corneal lesions begin as a fine, transient, punctate 
keratitis that coalesces to form dendritic, dendrogeographic, or geo-
graphic ulcers. In an eye that has had many recurrences or is receiving 
steroids without antiviral prophylaxis, the more subtle stages may be 
bypassed, and the cornea may simply break down in rapidly forming 
geographic ulceration. The actual incidence of infectious epithelial 
HSV keratitis in immunocompetent patients may be much higher than 
suspected clinically. Kodama and co-workers75 reported that of 48 eyes 
with diagnoses of nonherpetic conditions, 19 were culture positive for 
HSV. Contrary to common opinion, recurrent epithelial infections are 
not always due to the patient’s original HSV strain. Remeijer and 
co-workers76 reported a study on 30 patients in whom sequential 
corneal HSV-1 isolates revealed that 63% were genotypically the same 
from recurrence to recurrence, whereas 37% were actually genetically 
different.

Stromal Inflammation and  
Intraocular Reaction
Stromal reaction is usually absent or mild and confined to the anterior 
layers in milder epithelial infections. On occasion, however, even mild 
epithelial infection may be associated with notable stromal edema and 
iritis. These eyes are more likely to go on to chronic recurrent immune 
disease and scarring, resulting in visual loss. Concurrent or future 
stromal disease may be minimized, as well as healing rate enhanced, 
by gentle débridement of the infected epithelium with a sterile cotton-
tipped applicator before instituting antiviral chemotherapy.77,78 Such 
débridement is thought to remove much of the immune-inciting 
antigen that could penetrate to deep stromal layers.

Neurotrophic Keratitis
On occasion, despite adequate antiviral therapy, epithelial ulcers do not 
completely heal or, having healed, break down again in an ovoid or 
dendritiform pattern. This is trophic, or “metaherpetic,” keratopathy. 
Clinically, a trophic ulcer may be distinguished from an actively 
infected viral ulcer by the appearance of its edge. Trophic ulcers have 
gray, thickened borders formed by heaped-up epithelium unable to 
move across or adhere to the damaged ulcer base. In contrast, actively 
infected ulcers have discrete flat edges that may change their configura-
tion as the ulcer erodes newly infected epithelium. Persistence of 
trophic ulceration over several weeks or months poses a threat to the 
integrity of the globe. The longer the ulcer is present, the greater is the 
chance of collagenolytic activity, with subsequent stromal melting 
(thinning) down to Descemet’s membrane and perforation.

Treatment is aimed at protecting the corneal surface and damaged 
basement membrane because of the neurochemical and mechanical 
nature of the problem. Therapetuic approcahes include treatment of 
any meibomian gland dysfunction, copious lubrication with unpre-
served artificial tears, gels and/or ointments, lateral tarsorrhaphy, 
therapeutic soft contact lenses, tetracyclines, suppression of inflamma-
tion, prophylactic oral antivirals, autologous serum drops, amniotic 
membrane transplant, or, on occasion, conjunctival transplant, con-
junctival flap, penetrating keratoplasty, or keratoprosthesis.79 It has 
recently been reported that neurotrophic corneal ulcer occurred after 
a retrobulbar injection of chlorpromazine. The authors postulated that 
chlorpromazine may lead to sensory denervation to the cornea, with 
subsequent development of neurotrophic keratopathy, and they caution 
against this potential adverse side effect through proper patient safety, 
education, and postinjection management.80

Varicella-Zoster Virus
Contact with the varicella virus in the United States was formerly 
almost invariable,81 but the use of varicella-zoster virus (VZV) vaccine 
as part of the recommended childhood immunizations has substan-
tially reduced the frequency of chickenpox. Ocular involvement in 
chickenpox is diagnosed on the basis of an acute or recent history  
of chickenpox with ocular or periocular involvement with the 
vesicle-pustules.

VZV infection may involve small phlyctenule-like lesions that may 
erupt most commonly at the corneal limbus.68,82,83 It is unclear whether 
these are due to live virus or to an immune phlyctenule-like reaction, 

infections are caused by HSV-1. Because infection is acquired by 
passage through an infected birth canal, 80% of neonatal cases are 
caused by HSV-2.66,67 Multiple recurrences are far more common with 
genital and oral herpes than with ocular herpes. Studies have shown 
an 89% recurrence rate for genital and a 42% recurrence rate for oral 
HSV over a 1-year period. In contrast, the ocular herpes recurrence 
rate was 40% over a 5-year period, which is fortunate considering the 
visual consequences.68,69 Epithelial ulcers ultimately respond to antivi-
ral therapy, but stromal involvement may not readily clear, leaving a 
nebulous scar. In the absence of superinfection, the skin lesions heal 
without scarring.

Evidence has suggested that HSV-1 infection disrupts the normal 
equilibrium between angiogenic and antiangiogenic stimuli, leading to 
vascularization. Thrombospondin 1 and 2, matricellular proteins 
involved in wound healing, are potent antiangiogenic factors and 
appear to be one of the key players. Elucidating their roles in corneal 
scarring and vascularization may lead to improved therapies for herpes 
simplex keratitis.70

Ocular infection with HSV-1 continues to be a serious clinical 
problem despite the availability of effective antivirals. A 2008 review 
reports that despite intensive antiviral and anti-inflammatory therapy, 
a significant percentage of patients do not respond to chemotherapy 
for herpetic necrotizing stromal keratitis. Therefore, the development 
of therapies that would reduce asymptomatic viral shedding and lower 
the risks of recurrent disease and transmission of the virus is crucial 
to decreasing the morbidity of ocular herpetic disease.71

Primary Herpes Simplex Virus Keratitis
Sixty percent of children are infected with HSV by age 5 years, all of 
whom then carry latent virus in their dorsal root ganglia.72,73 Ocular 
disease resulting from primary infection or reactivation in the trigemi-
nal ganglion may manifest in many forms, one of which is keratocon-
junctivitis. In the absence of skin vesiculation, differentiation from 
adenoviral infection is aided by a careful search of the lid margins for 
signs of herpetic blistering.

Primary HSV keratitis is often atypical. Initially, there may be just 
a nonspecific diffuse punctate keratitis that evolves into multiple scat-
tered microdendritic figures. There may be wandering linear serpigi-
nous ulcers across the entire corneal surface.68 The diffuse nature of 
this primary epithelial involvement is probably a function of the host’s 
nonimmune state, which allows more widespread ulceration. Primary 
disease is, as a rule, confined to the epithelium in terms of clinical 
findings. Stromal involvement is not usually seen in this phase of the 
disease, presumably because the host is not immunologically pro-
grammed against the virus. Primary ocular herpes should not be con-
fused with “first ocular occurrence.” The former is a first encounter 
with the virus; the latter is the first eye involvement with HSV in a 
patient who has had a subclinical oral or nasal infection and is immune. 
First ocular occurrence is, therefore, similar to recurrent ocular herpes 
as described later.

Recurrent Keratitis
Patients with recurrent herpes have both cellular and humoral immu-
nity against the virus. Herpes simplex–induced eruptions of the corneal 
epithelium are characteristically thin, branching dendritic ulcers; 
wider, branching dendrogeographic ulcers; or map-shaped geographic 
lesions, all caused by live virus. Little inflammatory cell reaction—
polymorphonuclear (PMN) leukocytes but no lymphocytes—is seen in 
this form of ocular herpes, but many free viruses lie in intracellular 
and extracellular locations, particularly in the basal epithelium.74 Signs 
and symptoms include tearing, irritation, photophobia, and often blur-
ring of vision. Because the only presenting clinical findings may be a 
watery conjunctivitis, the patient should be asked about any trauma, 
previous corneal ulcers, inflammation inside the eye (iritis), nasal or 
oral cold sore, genital sores, recent use of topical or systemic steroid or 
immunosuppressive drugs, and immunologic deficiency states, malig-
nancy, organ transplants, or chronic eczema. If corneal examination 
reveals dendritic or even geographic ulceration, the infectious agent is 
HSV until proven otherwise. In HSV, corneal sensation is reduced in 
about 70% of patients,75 although it is almost never totally absent as 
often seen in varicella-zoster keratitis. The more marked the stromal 
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study by Ruben and Lane94 indicated that not only were the ocular 
complications of vaccination infrequent, they were also not notably 
vision threatening. Corneal involvement after autoinoculation is 
uncommon, with reports of approximately 1.2 cases per million 
primary vaccinations.95 Other studies indicate postvaccinial keratitis 
in 6% to 37% of vaccinia cases with ocular involvement.96,97 Keratitis 
appears more frequently in primary vaccinees than in revaccinees, 
which is probably a reflection of the immune status of the previously 
vaccinated patient. Long-term sequelae, such as madarosis (eyelash 
loss), punctal stenosis, and cicatricial lid changes are more common in 
cases with corneal manifestations (18%) than in ocular vaccinia 
without keratitis (2%). However, reexamination of patients with 
corneal vaccinia after 5 years revealed either no ocular residua or only 
minor corneal changes, including mild corneal scarring, ghost vessels, 
and subepithelial opacity with chronic conjunctivitis.94

Vaccinia Keratitis
Corneal manifestations of ocular vaccinia range from mild superficial 
punctate keratitis to interstitial or stromal keratitis, to disciform kera-
titis with keratic precipitates, to necrosis with perforation. As with 
epithelial herpes simplex or varicella-zoster keratitis, corneal epithelial 
vaccinia lesions stain with rose bengal early in the course of the disease 
and with fluorescein as an epithelial defect evolves. Direct infection of 
the corneal epithelium with vaccinia may present as multiple punctate 
lesions, as dendritiform lesions, or in a geographic pattern. All forms 
of vaccinia epithelial keratitis may closely resemble that seen with 
herpes simplex. Stromal keratitis caused by vaccinia may initially 
appear as scattered subepithelial opacities similar to that seen in epi-
demic keratoconjunctivitis. This pattern may evolve to ring infiltrates, 
ulceration, or stromal necrosis or scarring, which must be differenti-
ated from Acanthamoeba, herpes zoster, and herpes simplex stromal 
keratitis.

Adenoviral Keratitis
Epidemic keratoconjunctivitis (EKC), caused by various adenovirus 
serotypes, is a highly contagious condition that can have explosive 
spread in schools, workplaces, and physicians’ offices. The keratitis may 
have an early epithelial component, followed by a later subepithelial 
stage. Active viral replication within epithelial cells marks the early 
keratitis. The later-developing subepithelial infiltrates (SEIs) probably 
represent an immune response to viral antigens because microscopic 
analysis of SEIs reveals lymphocytes, degenerated collagen fibrils, and 
scarring, but no virus particles. A watery discharge, photophobia, and 
foreign body sensation is often accompanied by a hemorrhagic con-
junctivitis with membrane formation. The keratitis progresses through 
a fairly orderly process of superficial epithelial keratitis, deep epithelial 
keratitis, and eventual SEIs.

Differential Diagnosis of Epidemic 
Keratoconjunctivitis
Pharyngoconjunctival fever is caused by different serotypes of adeno-
virus with a similar course of conjunctivitis but less commonly leads 
to epithelial keratitis and SEIs. Pharyngoconjunctival fever may begin 
in one eye but usually involves both eyes eventually. Enterovirus, mol-
luscum contagiosum, Epstein-Barr virus, and coxsackievirus can be 
associated with a mild epithelial keratitis similar to the early stages of 
EKC. Keratitis associated with hemorrhagic conjunctivitis caused by 
enterovirus 70 is discussed in Chapter 174. Keratitis associated with 
measles (rubeola) generally is similar to that seen in EKC; however, in 
patients with significant malnutrition and vitamin A deficiency, 
measles keratitis can become a blinding disease with secondary bacte-
rial infection and possible perforation of the globe.

Therapy for Viral Keratitis
Self-Limited Cases
Many of the cases associated with viral keratitis may not require spe-
cific antimicrobial therapy. There may be a twofold reason for this: 
First, a number of viral conditions are self-limited with relatively minor 
deleterious effects on the cornea, and second, the research and produc-
tion of antiviral agents have not led to many viable treatment options, 
especially compared with those for bacterial keratitis. However, there 

or both. The cornea may develop superficial punctate keratitis, wispy, 
branching dendritic ulcers without terminal knobs (herpes simplex 
ulcers have knob-shaped endings on their branches).84,85 Months after 
the acute disease, a disciform keratitis similar to that seen in HSV 
disease may develop.86 This disciform reaction is steroid responsive but 
may recur and cause scarring similar to HSV keratitis. Less frequently 
reported varicella findings in the eye include dendritic keratitis and 
neurotrophic ulceration with corneal melting.

Herpes Zoster Ophthalmicus
Herpes zoster is a reactivation of infection with varicella-zoster virus. 
Approximately 50% to 72% of patients with periocular zoster have 
involvement of the ocular structures, develop chronic disease, and 
possibly suffer a moderate to severe degree of visual loss.87 Of the three 
divisions of the fifth (trigeminal) cranial nerve, the first (ophthalmic) 
is by far the most frequently affected. Herpes zoster ophthalmicus 
(HZO) occasionally affects the maxillary division but rarely affects  
the mandibular division.88 The first division of the fifth nerve, along 
with sympathetic branches from the ciliary ganglion, innervate the 
lids, forehead, tip of the nose, and the majority of the orbit and ocular 
adnexa.89

Clinical Manifestations of Herpes  
Zoster Ophthalmicus
In Liesegang’s study of 94 patients with HZO, two thirds had corneal 
involvement.89 This took the form of punctate keratitis (51%), pseudo-
dendrites (51%), anterior stromal infiltrates (41%), sclerokeratitis 
(1%), keratouveitis-endotheliitis (34%), peripheral ulcerative keratitis 
(7%), delayed mucous plaques (13%), disciform keratitis (10%), neu-
rotrophic keratitis (25%), and exposure keratitis (11%). A delayed 
limbal vasculitis with or without anterior ischemic necrosis was also 
noted on rare occasions. Corneal disease may precede, accompany, or 
follow the acute disease by months to years and may recur in any of 
its many forms. The acute epithelial disease is considered infectious 
and may present as a diffuse superficial punctate keratitis or more 
commonly as migratory dendritic lesions that at first could be confused 
with herpes simplex. Piebenga and Laibson90 also described herpes 
zoster dendrites that were culture negative but appeared as heaped-up, 
superficial plaquelike lesions, coarser than herpes simplex dendrites 
but lacking terminal bulbs (an important differentiating point), and 
staining poorly with fluorescein. These dendrites cause a foreign body 
sensation and are elevated, coarse, gray-white, swollen epithelial cells 
piled in plaques or a dendritiform shape on the corneal surface. They 
are both migratory and transitory and are usually associated with a 
neurotrophic keratitis (75%) or previous corneal inflammation (100%). 
Immune keratitis similar in appearance to HSV stromal disciform 
edema/endotheliitis may occur any time after the acute illness, most 
commonly first appearing after 3 to 4 months.

Corneal Anesthesia
Corneal sensation may be markedly diminished in even the mildest 
cases of clinically manifest herpes zoster keratitis. Sixty percent of 
patients have moderate-to-complete corneal anesthesia (neuroparaly-
sis) secondary to the destructive VZV ganglionitis and to aqueous tear 
deficiency resulting from loss of the nasolacrimal reflex.88,91,92 Anes-
thetic epithelial breakdown comprises one of the most dangerous 
aspects of herpes zoster keratitis. One quarter of all HZO patients 
develop clinical signs of neurotrophic keratitis because of permanent 
corneal anesthesia. As the corneal epithelium becomes progressively 
more unhealthy, oval epithelial defects may develop in the palpebral 
fissure or lower corneal area, with subsequent melting and corneal 
thinning. Neovascularization in these cases is a good sign and should 
be allowed to take place because healing often accompanies the process. 
Because many of these eyes are poor surgical risks, it is unlikely that a 
corneal graft would be successful.

Ocular Complications with Vaccinia 
(Smallpox) Vaccination
Recent attention to the development and use of a smallpox vaccine has 
brought about an interest in vaccinia keratitis; the vaccine directed 
against smallpox is derived from the bovine equivalent, vaccinia.93 A 
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TABLE 115-2  Antiviral Medications Used in 
Herpes Simplex Keratitis

Acute Infection
Topical or systemic medication; in the immunocompromised patient, a 

topical agent may be combined with a systemic agent and continued 
longer than the indicated period

MEDICATION, DOSAGE FREQUENCY
Trifluridine (Viroptic) 1% drops Nine times daily for 7 days. May 

decrease dose to 5 times/day 
after 7 days if ulcer healed.

Acyclovir (Zovirax) 400 mg PO* tid for 14-21 days

Famciclovir (Famvir) 500 mg PO† bid for 14-21 days

Valacyclovir (Valtrex) 1 g PO† bid for 14-21 days

Prophylaxis
Against recurrent stromal keratitis, high steroid use, and graft rejection/

postoperative grafts

MEDICATION, DOSAGE FREQUENCY
Acyclovir (Zovirax) 400 mg PO*,† bid for 12-18 mo

Famciclovir (Famvir) 250 mg PO† bid for 12-18 mo

Valacyclovir (Valtrex) 500 mg PO†,‡ bid for 12-18 mo

*Pediatric syrup 200 mg/tsp.
†Not U.S. Food and Drug Administration–approved for this specific purpose.
‡For use in immunocompetent hosts only.
Modified from Pavan-Langston D. Ophthalmic zoster. In: Watson C, Gershon A, 

eds. Herpes Zoster and Post-herpetic Neuralgia. 2nd ed. Amsterdam: Elsevier 
Sciences BV; 2001:119-129. Reprinted with permission from Elsevier.

TABLE 115-3  Management of Herpes Zoster 
Ophthalmicus (Acute)

Antivirals
Treat for 7 days, preferably starting within 72 hr of onset of rash

Famciclovir (Famvir) 500 mg PO tid
Valacyclovir (Valtrex) 1 g PO tid
Acyclovir (Zovirax) 800 mg PO 5×/day

Immunocompromised patients: IV acyclovir for 10 days; 10 mg/kg q8h in adults 
and 500 mg/m2 q8h for children aged younger than 12 yr

Pain Prevention and Management
Tricyclic antidepressants, e.g., nortriptyline, desipramine 25-75 mg PO qhs or 

divided dose for 3 mo (or longer, prn) starting lowest dose with antivirals or 
as early as possible after acute disease onset, increasing over 2-3 wk prn. 
Caution in patients with cardiac disease.

Non-narcotic or short-term narcotic analgesics (e.g., oxycodone, codeine, 
propoxyphene)

Dermatitis Therapy
Cool to tepid wet compresses (if tolerated) to keep dermatitis clean

Ocular Anterior Segment
Exposure keratopathy: topical antibiotic ophthalmic ointment tid

Dendritiform keratopathy: therapy for 2-3 wk (variably effective)
3% vidarabine ointment, or
1% trifluridine 5×/day, or
Oral antivirals (see above)

Immune keratopathy, episcleritis, scleritis, or iritis
Topical steroids (1%-0.125% prednisolone, 0.1% dexamethasone, 1% 

rimexolone, or 0.2%-0.5% loteprednol) q3-4h to qid prn disease severity
Slow taper. Antibiotic eye drops or gtt/ointment prophylaxis.
Oral nonsteroidal anti-inflammatory agents (e.g., ibuprofen) 400 mg PO bid-tid
Topical antivirals unnecessary
Cycloplegia prn iritis (scopolamine) qd

Glaucoma
Topical β-blockers (e.g., timolol or carteolol) bid

Add prn latanoprost qd, brimonidine, or dorzolamide bid

No miotics (e.g., pilocarpine)

Topical steroids if glaucoma due to inflammatory trabeculitis

Modified from Pavan-Langston D. Ophthalmic zoster. In: Watson C, Gershon A, 
eds. Herpes Zoster and Post-herpetic Neuralgia. 2nd ed. Amsterdam: Elsevier 
Sciences BV; 2001:119-129. Reprinted with permission from Elsevier.

TABLE 115-4  Management of Herpes Zoster 
Ophthalmicus (Chronic or Recurrent)

Dendritiform or Immune Keratopathy, Episcleritis, Scleritis, Iritis
See Table 115-3

Tenuous, Hazy Epithelium in Anesthetic Cornea
Early lateral tarsorrhaphy and lubrication with artificial tears and tear ointments

Allow vascularization to progress to aid in healing any ulcer

Topical steroids with caution and only at low doses to minimize any inflammation

Exposure Keratopathy or Corneal Ulceration or Thinning
Lateral tarsorrhaphy

Therapeutic soft contact lens (e.g., Permalens or Kontur)

Tissue adhesive (e.g., Dermabond, Epidermglu) for progressive thinning

Conjunctival flap, transplant, or keratoprosthesis

Glaucoma
See Table 115-3

Postherpetic Neuralgia (Drugs Below May Be Used Additively)
Tricyclic antidepressants (e.g., nortriptyline, desipramine, or other tricyclics) 

25 mg titrated up to 75 mg qhs or divided dose prn. Caution if patient has 
cardiac disease.

Gabapentin (Neurontin): 300 mg PO bid starting dose. Efficacy may not be 
reached until 600 mg bid-qid. Some may not respond at all.

Slow-release opioids added if tricyclic antidepressants and/or gabapentin not 
sufficiently effective; oxycodone (OxyContin-SR) 10-40 mg PO q12h

Capsaicin cream 1-3 times daily to skin as tolerated

Lidocaine skin patches, 12 hr on, 12 hr off painful skin area

Frontal and/or nasal nerve block

Trigeminal ganglion ablation contraindicated

Modified from Pavan-Langston D. Ophthalmic zoster. In: Watson C, Gershon A, 
eds. Herpes Zoster and Post-herpetic Neuralgia. 2nd ed. Amsterdam: Elsevier 
Sciences BV; 2001:119-129.

are viral organisms that can cause significant visual or ocular morbid-
ity, particularly when combined with the associated inflammatory 
response.

Therapy for Herpes Simplex Virus and 
Varicella-Zoster Virus
The management plan for both herpes simplex and herpes zoster has 
undergone many changes as more antiviral agents and information 
from basic research and clinical trials become available. Tables 115-2 
to 115-4 give the currently recommended treatments. Data in the 
normal population indicate that the incidence of zoster is much lower 
in vaccinated healthy children and adults compared with those who 
have suffered a natural infection.97 The U.S. Food and Drug Administra-
tion (FDA) approval of a live-attenuated VZV vaccine for the immuni-
zation of healthy people of all ages who have not had previous varicella, 
thereby reducing the incidence of varicella and its complications, was 
hailed as a major step in controlling this disease and is potentially 
essential to reducing the incidence of zoster.98 Introduction of a high-
titered VZV vaccine  for adults over 50 years of age has also reduced 
the incidence of herpes zoster. One question that continues to be raised 
is, should every patient with herpes zoster receive antiviral treatment? 
Gnann and Whitley99 have recommended that treatment be given to 
those at high risk of complications: older than 50 years of age, immu-
nocompromised, having moderately severe to severe pain at presenta-
tion, having a greater degree of skin-surface involvement, and those 
with HZO. One study of 324 patients compared the effect of antiviral 
therapy on complications of HZO; the probability of an adverse 
outcome was 9% in untreated patients and 2% in treated ones.100

Therapy for Ocular Vaccinia
During the previous era of routine smallpox vaccination, the treatment 
of ocular vaccinia was based predominantly on anecdotal reports of 
the use of vaccinia immune globulin alone or in combination with 
idoxuridine or topical interferon. Many of these isolated case reports 
were before the availability of more effective topical antivirals, such as 
trifluridine and vidarabine. In the absence of masked, controlled clini-
cal trials, a meaningful meta-analysis of the literature is not possible. 
Because of this limitation, some of the current recommendations, 
which depart from the previous policy designed in the mid-1960s, 
were made by the Centers for Disease Control and Prevention (CDC) 
after consultation with an outside panel of corneal and external disease 
and infectious disease specialists.101 The recommendations are based 
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matruchotii are rare causes of infectious keratitis but give a corneal 
lesion whose appearance is nearly identical to those seen in fungal 
keratitis. Because the treatment would be quite different, laboratory 
evaluation is necessary. A number of fungi have been rarely suspected 
of causing keratitis, but because they are ubiquitous and easily isolated 
from the environment, their role in true pathogenesis is difficult to 
ascertain.

The incidence of fungal keratitis varies according to geographic 
location and ranges from 2% of keratitis cases in New York to 35% in 
Florida. Fusarium spp. are the most common cause of fungal corneal 
infection in the southern United States (45% to 76% of fungal keratitis), 
whereas Candida and Aspergillus spp. are more common in northern 
states. In a large series of fungal keratitis from south Florida, Rosa and 
co-workers106 reported that Fusarium oxysporum was the most common 
isolate (37%), followed by, in order of decreasing frequency, Fusarium 
solani (24%), Candida, Curvularia, and Aspergillus spp.106

Mild Early Clinical Presentation
Patients with fungal keratitis generally have fewer inflammatory signs 
and symptoms than those with bacterial keratitis. Fungal infections 
may be mild and indolent, often without suppuration or an ulcerated 
epithelial surface in the early phases. Molds (most often Fusarium or 
Aspergillus) may manifest with gray-white, dry-appearing infiltrates 
that have a filamentous or feathery edge. The superficial lesions may 
even appear as strands elevating the corneal surface. Minimal stromal 
inflammation may be present in a focal or multifocal pattern, along 
with satellite lesions. Larger lesions or deep invasion may be associated 
with an endothelial plaque or hypopyon. As the keratitis progresses, 
extensive suppuration may develop, giving the appearance of a bacterial 
keratitis. A rapidly increasing hypopyon and anterior chamber mem-
branes may be noted. Such rapidly progressive anterior chamber 
inflammation may herald fungal extension into the anterior chamber.

Fusarium Keratitis
A number of individuals have contracted Fusarium keratitis from 
contact lens wear, but this number is generally very small. In 2006, the 
CDC began to receive reports of an increased incidence of contact 
lens–associated Fusarium keratitis. The CDC began an investigation of 
the Fusarium keratitis outbreak, resulting in 130 confirmed cases. 
More than 60% of people with confirmed Fusarium keratitis had used 
a specific type of contact lens solution; the FDA has recalled that spe-
cific solution. Of the 130 confirmed cases of Fusarium keratitis, 37 
resulted in cornea transplant surgery.107

Candida Keratitis
Major predisposing risk factors for keratitis caused by Candida spp. are 
prolonged epithelial ulceration, topical corticosteroid use, recent kera-
toplasty (corneal transplant), current corticosteroid use, and current 
use of a “bandage” soft contact lens (i.e., recurrent erosion, persistent 
epithelial defect, etc.). Candida keratitis is more common in patients 
with a history of ocular surface disease, previous ocular herpes, expo-
sure keratopathy, and systemic immunosuppression. In contrast to that 
caused by molds, Candida keratitis manifests as an oval epithelial 
ulceration with an expanding, more sharply demarcated, densely focal 
suppuration. In this appearance, Candida may mimic a gram-positive 
keratitis, although the inflammatory reaction is generally somewhat 
less than that seen with bacterial keratitis.

Therapy for Fungal Keratitis
Limited Therapy Options
The development of antifungal preparations has been similar to that 
for the antivirals in that there are relatively few treatment options for 
patients. Most agents must be specially formulated, and a number  
of the oral and parenteral agents cannot be processed into topical  
solutions because of pH or other solubility difficulties. Therapy for 
fungal keratitis may require a combination of expensive topical and 
systemic antimicrobials, often for many months. Natamycin suspen-
sion, although no longer commercially available in the United States, 
is the recommended topical treatment for most cases of keratitis caused 
by molds, especially those caused by Fusarium spp. An alternative 
to natamycin is chlorhexidine gluconate, which was found equally 

upon principles routinely used in the treatment of other viral diseases 
of the ocular surface—treat active viral replication with antivirals, fol-
lowed by cautious use of topical corticosteroids (when appropriate) to 
prevent inflammatory damage of the cornea and anterior segment. For 
vaccinia, there is an additional therapeutic agent, intravenous immune 
globulin (IVIG). Because ocular vaccinia virus infections are generally 
self-limited, treatment should be directed toward shortening the 
course and limiting the severity of the disease. The evaluation and 
treatment of ocular complications of vaccinia virus should be per-
formed by an ophthalmologist in a timely manner. Intravenous vac-
cinia immune globulin is not recommended for isolated vaccinia 
keratitis because of the danger of corneal opacities. A new drug, ST-246 
(tecovirimat [Arestvyr]), has antiviral activity against vaccinia and 
could prove to be useful for ocular complications of vaccinia (see 
Chapter 135). Although no topical antiviral is licensed by the FDA for 
the treatment of ocular vaccinia, topical trifluridine drops or vidara-
bine ointment can be used off-label for this purpose and is likely more 
effective and less toxic than topical idoxuridine or cytosine arabino-
side.102,103 Topical vidarabine may be preferable for use in children 
because it has been available in an ointment preparation that allows 
less frequent dosing and is associated with less initial stinging than 
trifluridine. Vidarabine ointment is currently not commercially avail-
able but may be obtained through compounding pharmacists. If, 
however, vidarabine cannot be obtained or the patient would better 
tolerate drops, trifluridine may be used in children just as it is in ocular 
herpes simplex. Topical antiviral drugs should be considered for pro-
phylaxis of the conjunctiva and cornea if vaccinia lesions are present 
on the eyelid, especially if near the lid margin. The use of these drugs 
for prophylaxis should be balanced against the possible risk of drug 
toxicity and of introducing virus into the eye by frequent manipulation. 
Topical trifluridine may possibly have an increased risk of toxicity if 
used for longer than 14 days. Toxic changes to the ocular surface are 
almost invariably reversible with discontinuance of the drug.

Therapy for Viral Keratoconjunctivitis
The keratoconjunctivitis associated with EKC (adenoviral mediated) 
may not require any measures other than artificial tears and possible 
cycloplegics. There is no effective antiviral for EKC. If, however, the 
condition is associated with significant pain, photophobia, and visual 
alteration, a course of mild topical corticosteroids, in addition to the 
cycloplegics, may be beneficial. There have been no definitive trials 
indicating whether topical steroids alter the typical duration of the 
disease process.

FUNGAL KERATITIS
Although many genera of molds and yeasts have been identified in 
fungal keratitis, it is generally much less common than either bacterial 
or viral keratitis.104 Although there are great differences based on global 
geography, fungi are generally responsible for less than 5% to 10% of 
corneal infections in most clinical series reported in the United States. 
Keratitis caused by molds occurs more commonly in areas with a 
warmer and more humid environment. These fungi are usually inocu-
lated into the cornea by trauma involving plant or vegetable matter. 
Keratitis caused by Candida albicans is acquired from the patient’s own 
flora. Corticosteroid use has been implicated in altering the cornea’s 
resistance to fungal infection, while certainly potentiating any existing 
fungal infection. Topical corticosteroid use for medical or surgical 
ocular conditions (i.e., LASIK), as well as the use of soft contact lenses 
as a “bandage” for postoperative or damaged corneas, may increase the 
likelihood of fungal keratitis.

Fungal keratitis remains a diagnostic and therapeutic challenge. 
Difficulties are related to establishing a clinical diagnosis, isolating the 
causative agent in the laboratory, and treating the keratitis effectively 
with topical antifungal agents. Delayed diagnosis is common, primarily 
because of lack of suspicion; even if the diagnosis is made accurately, 
management remains a challenge because of the poor corneal penetra-
tion and the limited commercial availability of antifungal agents.

Numerous fungi can cause keratitis—Aspergillus, Curvularia, Pae
cilomyces, Phialophora, Blastomyces, Sporothrix, Exophiala, Pseud
allescheria, Scedosporium, and Alternaria—but Fusarium spp. appear 
to be the most commonly isolated.105,106 Nocardia and Corynebacterium 
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supports the need to understand the risk factors and environmental 
exposures associated with Acanthamoeba keratitis.115

Shoff and co-workers116 performed a study to determine contact lens 
solution efficacy against recent clinical and tap water Acanthamoeba 
isolates and to determine whether taurine inclusion increases Acan
thamoeba survival against contact lens solutions. They found that 
recent clinical and tap water Acanthamoeba strains, representing proven 
human pathogens and/or household strains, were highly virulent 
against contact lens solutions. The Chicago-area tap water strain was 
most resilient, a concern if tap water is contributing to the Acantham
oeba keratitis increase. Results further differentiated resistance among 
T4 strains, highlighting the importance of multiple strain testing.116

Although an ophthalmologist should be immediately consulted to 
treat any suspected keratitis, an excellent review of Acanthamoeba 
keratitis can be found in Chapter 275.

Clinical Signs and Symptoms  
with Amebic Keratitis
Patients with amebic keratitis have photophobia and severe pain,  
often out of proportion to the clinical appearance. A lengthy and  
worsening course shows little or no response to a variety of antimicro-
bial agents. Early infection is often limited to the corneal epithelium, 
manifesting as a diffuse epithelial keratitis, dendritic lesion, or radial 
keratitis. At this stage, amebic keratitis is often misdiagnosed as her-
petic keratitis, and attempted treatment is tried with antivirals and 
corticosteroids. Enlarged corneal nerves have been suggested, but peri-
neural inflammation may be a more appropriate term. This radial 
keratitis/perineuritis is generally not seen with other types of microbial 
keratitis. A late finding is the “classic” ring infiltrate after progression 
of the gray-white superficial nonsuppurative infiltrate generally found 
in the central or paracentral cornea.

Onchocerciasis
The impact of parasitic keratitis is devastating in some tropical regions. 
Sclerosing keratitis and corneal opacification can be the result of 
stromal infestation by microfilariae of Onchocerca volvulus.117 The host 
for this parasite is the black fly found in Africa and certain areas of 
Central and South America. The female fly deposits her eggs in vegeta-
tion and on rocks in streams and rivers. Despite the swiftly flowing 
cool water, the eggs persist. Onchocerciasis, or “river blindness,” is one 
of the leading causes of blindness throughout the world.118 The ocular 
lesions are seen after direct invasion of the anterior segment by the 
microfilariae. Early in the course of the condition, the patient will 
complain of tearing, photophobia, and redness. Slit-lamp examination 
may reveal microfilariae “swimming” in the anterior chamber or slowly 
moving through the cornea just under the epithelium.119 The host 
tolerates the organism surprisingly well; however, a severe inflamma-
tory reaction begins when the microfilariae die in the cornea.120

Sclerosing keratitis is the eventual blinding complication after many 
long-lasting infections.

Leishmaniasis
Leishmania keratitis may appear quite similar to that of onchocercia-
sis.121 Leishmania parasites are obligate intracellular agents transmitted 
through bites of infected sand flies. Human infection can take many 
forms, but cutaneous and mucocutaneous varieties cause edema, ulcer-
ation, and scarring of the lids or conjunctivae. Corneal involvement 
may begin as superficial “bumps” (phlyctenules) that progress to 
abscess formation and possible corneal perforation.

Microsporidia and Trypanosomes
With the increase in infections caused by the human immunodefi-
ciency virus (HIV), microsporidial infections are being more com-
monly recognized. Microsporidia are ubiquitous obligate intracellular 
parasites now classified as fungi. Except in the immunocompromised 
patient, they are an unlikely cause of keratitis, generally after traumatic 
penetration of the stroma. Vittaforma (Nosema) corneum has been 
implicated in a few cases in Africa, India, and Japan.122 Nosema ocula
rum and Brachiola (Nosema) algerae keratitis have also been reported. 
The ensuing granulomatous inflammation generally leads to necrotiz-
ing thinning and perforation. HIV-positive patients may develop mild 

effective when both were compared in a randomized trial with 71 
patients in Bangladesh, most of whom had Aspergillus or Fusarium 
keratitis.108 Topical amphotericin B solution, prepared in a pharmacy, 
is the recommended treatment for Candida keratitis and may be an 
alternative for Aspergillus keratitis. Topical preparations of flucytosine, 
fluconazole, and itraconazole have been used in clinical and experi-
mental situations. Favorable reports of using oral itraconazole for mold 
keratitis suggest that either this drug or perhaps oral voriconazole may 
be worth adding to whatever topical therapy is given. Oral fluconazole 
should be considered for Candida keratitis, although experience is 
limited. Detection of hyphae on wet mounts of corneal scrapings is 
difficult and mechanical débridement may be necessary because the 
fungi are often deep within the stroma. The greater sensitivity of cal-
cofluor white staining of wet mounts recommends this technique for 
corneal scrapings. Penetration of topical agents into the corneal stroma 
is usually poor, and the fungal infiltration deep within the stroma is 
frequently unresponsive to such therapy. Cases with progressive disease 
unresponsive to maximal oral or topical therapy may ultimately require 
a penetrating keratoplasty to prevent perforation or loss of the globe 
because of unchecked fungal extension.

A recent study was performed comparing the efficacy of topical 
voriconazole and topical natamycin with that of intrastromal voricon-
azole and topical natamycin in patients with recalciltrant fungal kera-
titis.109 The authors reported that the visual acuity after treatment was 
significantly better in topical voriconazole and concluded that topical 
voriconazole seems to be a useful adjunct to natamycin in fungal kera-
titis not responding to topical natamycin. Intrastromal injections did 
not offer any beneficial effect over topical therapy in this study.109

PARASITIC KERATITIS
Acanthamoeba Keratitis
Acanthamoebae are free-living protozoa ubiquitous in fresh water, well 
water, brackish water, and soil. These protozoa have been increasingly 
recognized as a worldwide cause of painful keratitis, resistant to many 
forms of treatment, and ultimately responsible for loss of vision or even 
loss of the eye.110 They are resistant to killing by freezing, desiccation, 
and chlorination commonly used in municipal water supplies, swim-
ming pools, and hot tubs. They exist as mobile trophozoites or dormant 
cysts. The vast majority of reported cases of amebic keratitis have been 
associated with contact lens use,111,112 although corneal trauma involv-
ing contaminated water has been implicated. A significant increase in 
amebic keratitis was seen when saline tablets were introduced to the 
general public to enable preparation of homemade saline solutions. A 
reduction in amebic keratitis was seen after the tablets were taken off 
the U.S. market; however, a recent outbreak of amebic keratitis showed 
that such cases still persist.

In 2006, the Illinois Department of Public Health reported an 
increased incidence of contact lens–associated Acanthamoeba keratitis, 
dating from 2004. In 2007, the CDC began a retrospective review of 
culture-proven cases of Acanthamoeba keratitis in 22 centers nation-
wide. The review identified an association of increasing Acanthamoeba 
keratitis and the use of a contact lens solution that was different than 
that previously associated with the Fusarium keratitis outbreak. 
Although no specific contaminants were found in any of the solutions 
or the production plant, the manufacturer voluntarily removed this 
product from the market.113

To further investigate the significant increase of Acanthamoeba 
keratitis at the University of Illinois at Chicago, Joslin and co-workers114 
performed a study and reported that the contact lens solution use is 
independently associated with Acanthamoeba keratitis among soft 
contact lens users. However, it did not explain all cases, suggesting 
additional factors. In addition, a recent study described an increase in 
Acanthamoeba keratitis after the outbreak and after the recall of the 
multipurpose contact lens solution. The study revealed that the yearly 
number of cases gradually increased from 22 in 1999 to 43 in 2003, 
with a marked increase beginning in 2004 (93 cases) that continued 
through 2007 (170 cases; P < .0001).115 A statistically significant 
decrease in monthly cases reported, from 28 cases in June 2007 (after 
the recall) to 7 cases in June 2008, was followed by an increase (P = 
.0004) in reported cases thereafter; cases have remained higher than 
pre-outbreak levels. The persistently elevated number of reported cases 
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trophozoite form of the organism, but none is particularly effective 
against the cystic stage. No agreement exists as to the best combina-
tion, but successful outcomes have been achieved using a biguanide 
with or without a diamidine. Recent reports of success with topical and 
oral miltefosine are encouraging (see Chapter 275). Controversy exists 
on the use or benefit of corticosteroids because early use may contrib-
ute to persistence of viable cysts. Penetrating keratoplasty may be nec-
essary, medically and therapeutically. However, even in a quiet-appearing 
eye, such surgery has been associated with a recurrence if performed 
within the first year of the diagnosis, presumably because of persistent 
cysts. It may be best to complete a full course of antiamebic therapy, 
followed by a 6-month disease-free course before considering a pen-
etrating keratoplasty.

The effect of photodynamic therapy with methylene blue on Acan
thamoeba was evaluated by Mito and co-workers125 in an in vitro study. 
They reported that methylene blue–mediated photodynamic therapy 
(MB-PDT) suppressed the respiratory activity of trophozoites in a 
concentration-dependent manner and that MB-PDT had a synergistic 
effect when used in combination with polyhexamethylene biguanide 
(PHMB) or amphotericin B, but not with voriconazole.125 Further 
studies are needed before this in vitro approach would be translated to 
the bedside.

Onchocerciasis was originally treated with diethylcarbamazine, but 
ivermectin is equally effective and less toxic.126 Encephalitozoon con-
junctivitis has responded to albendazole 400 mg PO bid (see Chapter 
272), suggesting that the drug should be considered for keratitis. Expe-
rience with other agents has been discouraging. Penetrating kerato-
plasty has been used as a last resort.

conjunctivitis with punctate epithelial keratitis caused by the related 
microsporidium, Encephalitozoon cuniculi.123 Symptoms may be mild 
and can easily be mistaken for tear film deficiencies or blepharitis, or 
both; a high index of suspicion is required in such patients to make a 
clinical diagnosis of microsporidial keratitis. The tsetse fly can infect 
humans with the hemoflagellates responsible for African trypanoso-
miasis, or “sleeping sickness.” Ocular effects manifest as unilateral con-
junctivitis, periorbital edema, and preauricular lymphadenopathy. 
Interstitial keratitis similar to that seen in syphilitic keratitis has been 
described.124

Therapy for Parasitic Keratitis
Early diagnosis of Acanthamoeba infection is the single most predictive 
factor in successful treatment. Most cases are initially diagnosed and 
treated as herpetic keratitis, further delaying proper treatment and 
usually allowing treatment with corticosteroids, which is proportion-
ally correlated with a poor outcome. Early diagnosis during the epithe-
lial stage may lead to a good visual outcome after débridement and a 
3- to 4-month course of antiamebic therapy. If diagnosis is made after 
stromal infiltrates appear, the prognosis is more guarded because erad-
ication is quite difficult, often requiring up to a year of antiamebic 
therapy. Numerous agents have been suggested in treating Acantham
oeba, likely indicating that the best therapy is uncertain. Diamidines 
(propamidine, hexamidine), biguanides (polyhexamethylene bigua-
nide, chlorhexidine), aminoglycosides (neomycin, paromomycin), and 
imidazoles/triazoles (miconazole, clotrimazole, ketoconazole, itracon-
azole) have all been used in different combinations, depending on 
availability. Most of these agents are effective against the free-living 
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116  Endophthalmitis
Marlene L. Durand

Endophthalmitis refers to bacterial or fungal infection inside the eye 
involving the vitreous and/or aqueous humors. Most cases of endoph
thalmitis are caused by bacteria and present acutely. Acute endophthal
mitis is a medical emergency because delayed or inadequate therapy 
may result in irreversible vision loss. Endophthalmitis may be either 
exogenous, in which organisms are introduced directly into the eye 
from an external source, or endogenous, in which the eye is seeded 
during bacteremia or fungemia. The majority of cases are exogenous 
and occur after eye surgery, intraocular injections (e.g., given for treat
ment of macular degeneration), and eye trauma, from extension of 
corneal infection (keratitis), or through a glaucoma filtering bleb. In 
exogenous endophthalmitis, the infection is confined to the eye and 
there are rarely any systemic symptoms. In endogenous endophthal
mitis, patients may have prominent symptoms of the underlying sys
temic infection (e.g., endocarditis).

CATEGORIES
It is useful to further classify endophthalmitis into several categories 
(Table 1161). The presentation and typical pathogens vary by category, 
but treatment almost always requires the intraocular injection of anti
biotics and, often, vitrectomy.

Acute Postcataract Endophthalmitis
Cataract surgery is one of the most common surgeries performed 
worldwide, with over 2 million cataract surgeries performed annually 

in the United States alone. Removing a cataract, or opacified lens, 
requires making an incision through the sclera or cornea and then 
through the anterior lens capsule to remove the lens. An attempt is 
made to leave the posterior lens capsule intact. In most cases, an arti
ficial intraocular lens (IOL) is placed in the residual capsular bag. The 
incidence of postcataract endophthalmitis is 0.1% to 0.2% in several 
large series worldwide.1,2,3,4 The pathogenesis of postcataract endoph
thalmitis has been well established, and in nearly all cases the source 
of the bacteria is the patient’s own eyelid or conjunctival flora.5,6 These 
bacteria contaminate the aqueous at the time of surgery, and many 
studies have found that aqueous samples taken at the close of surgery 
often grow bacteria (8% to 43% of cases).710 Endophthalmitis is rare 
despite this high rate of intraoperative contamination, and rabbit 
experiments with Staphylococcus epidermidis suggest that the immune 
system can clear small inocula of bacteria of low virulence from the 
aqueous.11

An incision through the cornea rather than the sclera is commonly 
used for cataract surgery, but this may slightly increase the risk for 
endophthalmitis.12,13 These clear cornea incisions are considered self
sealing and do not require sutures, but such incisions may gape inter
mittently in the early postoperative period, leading to potential 
contamination.14,15

The vitreous is more susceptible to infection than the aqueous, and 
the risk for postcataract endophthalmitis is nearly 14 times higher if 
the posterior lens capsule is inadvertently broken during surgery, 

Definition
•	 Endophthalmitis	is	a	bacterial	or	fungal	

infection	inside	the	eye,	involving	the	vitreous	
and/or	aqueous.	It	is	either	exogenous,	in	
which	infection	is	introduced	from	the	outside	
in,	or	endogenous,	in	which	the	eye	is	seeded	
from	the	bloodstream.

Clinical Manifestations
•	 Decreased	vision	and	eye	pain	are	usually	

present.	Hypopyon	(layer	of	white	blood	cells	
in	aqueous	humor)	is	commonly	seen.	No	
fever	or	leukocytosis	is	present	in	exogenous	
cases	and	may	also	be	absent	in	endogenous	
cases	on	presentation.

Categories and Microbiology  
(see	Table	116-1)
•	 Acute	postcataract	endophthalmitis.	Incidence	

is	0.1%	to	0.2%	of	cataract	surgeries,	with	
onset	within	1	week	postoperatively	in	75%.	
Etiology	is	contamination	of	aqueous	from	
ocular	surface	flora.	Gram-positive	cocci	cause	
95%	of	cases,	with	coagulase-negative	
staphylococci	the	major	pathogens	(70%	of		
all	cases).

•	 Chronic	postcataract	endophthalmitis.	Rare,	
this	category	presents	as	low-grade	
inflammation	in	aqueous	postoperatively		
that	persists	for	months.	It	may	respond	to	
topical	corticosteroids	initially	but	recurs		
as	the	drug	dosage	is	tapered.	The	cause		

is	Propionibacterium	acnes	in	most	
cases.

•	 Postinjection	endophthalmitis.	Incidence	is	
0.1%	after	each	intravitreal	injection	of	
anti–vascular	endothelial	growth	factor		
agents	(treatment	of	wet	macular	
degeneration).	Injections	are	typically		
given	once	monthly.	Major	pathogens	are	
coagulase-negative	staphylococci	and	
streptococci	(25%	of	cases),	the	latter	usually	
causing	severe	endophthalmitis.

•	 Bleb-related	endophthalmitis.	A	filtering	bleb	
is	a	“bleb”	of	conjunctiva	overlying	a	
surgically	created	defect	in	the	sclera.	
Endophthalmitis	typically	occurs	suddenly,	
months	to	years	postoperatively;	incidence	is	
1.3%	per	patient-year.	Infection	is	often	
fulminant	because	streptococci,	including	
Streptococcus	pneumoniae,	and	Haemophilus	
influenzae	are	major	pathogens.

•	 Post-traumatic	endophthalmitis.	Incidence	is	
3%	to	10%	after	penetrating	eye	trauma	
(“open	globe”)	but	may	be	much	lower	after	
protocol	that	includes	48	hours	of	prophylactic	
antibiotics.	Coagulase-negative	staphylococci	
and	Bacillus	cereus	are	major	pathogens;	
B.	cereus	is	most	feared	and	causes	fulminant	
infection.

•	 Endogenous	bacterial	endophthalmitis.	Sources	
include	endocarditis	(Staphylococcus	aureus	
and	streptococci	are	major	pathogens),	

intraabdominal	abscess	(liver	abscess	due	to	
Klebsiella	pneumoniae	in	East	Asian	nations),	
transient	bacteremia	(e.g.,	endoscopy,	
intravenous	drug	abuse).

•	 Candida	endophthalmitis.	This	category	is	
usually	endogenous,	and	chorioretinitis,	the	
earliest	manifestation,	is	often	asymptomatic.	
Chorioretinitis	usually	responds	to	systemic	
antifungal	treatment	alone,	but	cases	with	
endophthalmitis	(marked	vitreous	
inflammation)	also	require	intravitreal	
antifungal	injection	and	often	vitrectomy.

•	 Mold	endophthalmitis.	Usually	exogenous,	this	
infection	occurs	after	eye	surgery,	eye	trauma,	
or	as	an	extension	of	keratomycosis	(fungal	
corneal	infection).	Aspergillus	and	Fusarium	
are	the	most	common	pathogens.

Diagnosis
•	 Exogenous	cases,	and	some	endogenous	

cases,	require	vitreous	aspirate	or	vitrectomy	
for	culture	(aqueous	may	also	be	cultured).	
Endogenous	cases	with	positive	blood	cultures	
are	usually	presumed	to	be	due	to	the	same	
organism.

Therapy
•	 Intravitreal	antibiotics	and	often	vitrectomy	

(surgical	débridement	of	the	vitreous)	are	
required	in	all	cases.	Systemic	antibiotics	alone	
are	not	used	to	treat	endophthalmitis,	except	
in	cases	of	Candida	chorioretinitis.

SHORT VIEW SUMMARY
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Patients present with a persistent decrease in vision in the involved  
eye, and half also have eye pain, which is usually mild. On slitlamp 
examination there are white blood cells in the anterior chamber and 
usually also in the anterior vitreous. A small hypopyon is present in 
half of patients, and in nearly all patients there is a white plaque in the 
residual posterior lens capsule. Patients often are misdiagnosed as 
having anterior uveitis and may be treated for months with topical 
corticosteroids, producing a waxing and waning course of intraocular 
inflammation. Diagnosis may be difficult because aqueous or vitreous 
cultures are frequently negative, even in cases in which electron 
microscopy of the removed artificial lens or lens capsule shows bacte
ria.20,21 Biopsy of the posterior lens capsule, including the white plaque, 
is most likely to yield positive cultures, and capsulectomy is important 
for successful treatment.22 Leaving the original IOL in place has a 40% 
to 50% relapse rate.

Postinjection Endophthalmitis
Neovascular, or “wet,” macular degeneration accounts for approxi
mately 10% of macular degeneration cases. In recent years, wet macular 
degeneration has been treated with intravitreal injections of anti–
vascular endothelial growth factors, such as bevacizumab, ranibi
zumab, or pegaptanib. These injections are usually repeated monthly, 
over for many months. Each injection carries a small risk for endoph
thalmitis. A study using a Medicare database of nearly 41,000 injec
tions found an endophthalmitis rate of 0.09% per injection.23 This is 
similar to the postcataract endophthalmitis rate of 0.1%, but the patient 
faces this risk with each monthly injection. Symptoms usually develop 
within 1 week after injection and include eye pain and decreased 
vision. A hypopyon is found in about 80% of patients. As with post
cataract endophthalmitis, grampositive cocci cause 95% of cases but 
viridans streptococci cause a much higher percentage of postinjection 
cases (25%) than postcataract endophthalmitis cases (9%). Patients 
with streptococcal endophthalmitis have a poor visual prognosis.

Bleb-Related Endophthalmitis
A filtering bleb is a defect in the sclera, covered only by conjunctiva, 
that is surgically created to control glaucoma refractory to medical 
treatment. The bleb allows excess aqueous to filter out of the eye and 
into the systemic circulation. Because the only barrier to the aqueous 
humor at the site of the bleb is the thin conjunctiva, acute endophthal
mitis may occur at any time, particularly if the eye becomes colonized 
by virulent bacteria. Blebrelated endophthalmitis usually occurs 
abruptly, months to years after bleb surgery. One study found that 
endophthalmitis developed an average of 2 years after bleb placement 
(range, 1 month to 8 years).24 The incidence of endophthalmitis in 
another series was 1.3% per patientyear.25 Blebrelated endophthalmi
tis is typically fulminant. Patients complain of sudden onset of eye pain 
and decreased vision. On examination, the patient has an injected eye, 
a hypopyon, and often a purulent bleb.

Streptococci, including S. pneumoniae and viridans streptococci, 
and coagulasenegative staphylococci are the predominant pathogens 
in recent series, each causing 20% to 30% of cases.24,25,26,27 Other causes 
include S. aureus, Haemophilus influenzae, Moraxella catarrhalis, and, 
in one series,27 enterococci and Serratia.

Post-traumatic Endophthalmitis
Posttraumatic endophthalmitis develops in 3% to 10% of eyes that 
have sustained penetrating trauma.28,29 Endophthalmitis is most likely 
to follow a lacerating injury with a metal object, whereas glass lacera
tion injuries and blunt trauma rarely lead to endophthalmitis. Lens 
disruption is another major risk factor and was present in 86% of post
traumatic endophthalmitis cases in one study.30 Other risk factors 
include retained intraocular foreign bodies and delay in primary 
closure of greater than 24 hours.31,32 Bacillus species (often Bacillus 
cereus) and coagulasenegative staphylococci are the major causes of 
posttraumatic endophthalmitis. Whereas eyes with endophthalmitis 
due to coagulasenegative staphylococci often have a good visual 
outcome, those with Bacillus endophthalmitis usually lose all useful 
vision.33 Rare cases of successful therapy have been described.34 Onset 
of symptoms in 12 to 24 hours after trauma, marked intraocular 
inflammation, and a ring corneal infiltrate are characteristic of this 

thereby establishing a communication with the vitreous.16 Silicone 
rather than acrylic IOLs also increase the risk for endophthalmitis.4

Symptoms of endophthalmitis occur within 1 week of surgery  
in 75% of patients and include eye pain (74%), redness (82%), and 
decreased vision (94%).17 The patient often has no symptoms for 
several days and then symptoms develop rapidly within 24 hours. The 
pain is often not severe, and patients feel otherwise well. Signs of sys
temic illness are absent: there is no fever, and the white blood cell count 
is normal in two thirds of patients and only mildly elevated in the rest. 
The physical examination is unremarkable except for the involved eye, 
which is usually injected and has a hypopyon (Fig. 1161). The hypo
pyon is a layer of white blood cells in the anterior chamber. Slitlamp 
examination reveals white blood cells in the aqueous and vitreous. 
Inflammation may be so severe that it obscures the funduscopic view 
of the retina.

In temperate climates, nearly all postcataract endophthalmitis cases 
are due to bacteria and 95% are due to grampositive cocci. Coagulase
negative staphylococci are the major pathogens, causing 70% of 
culturepositive cases, regardless of whether a scleral tunnel or clear 
cornea incision was used for the surgery.17,18 Staphylococcus aureus 
(10%), streptococci (9%), other grampositive cocci (5%), and gram
negative bacilli (6%) account for the remaining cases. Streptococci (e.g. 
viridans streptococci, Streptococcus pneumoniae, and βhemolytic 
streptococci) are associated with a particularly poor outcome. Thirty 
percent of patients with clinical evidence of endophthalmitis have 
negative or equivocal vitreous cultures.17 In tropical countries such as 
India, fungi typically cause 10% to 15% of postoperative endophthal
mitis cases.19

Chronic Postcataract Endophthalmitis
Chronic postcataract endophthalmitis, also termed chronic pseudopha-
kic endophthalmitis in reference to the IOL, is a rare, indolent infection 
that is almost always due to Propionibacterium acnes. A few cases have 
been caused by coagulasenegative staphylococci and diphtheroids. 

TABLE 116-1  Endophthalmitis Categories and 
the Most Common Pathogens in Each

CATEGORY PATHOGEN
Acute postcataract Coagulase-negative staphylococci

Chronic postcataract Propionibacterium acnes

Postinjection Viridans streptococci, coagulase-negative staphylococci

Bleb-related Streptococci, Haemophilus influenzae

Post-traumatic Bacillus cereus

Endogenous Staphylococcus aureus, streptococci, gram-negative 
bacilli

Fungal Candida, Aspergillus, Fusarium

FIGURE 116-1 Endophthalmitis. Eye with endophthalmitis, illustrat-
ing a hypopyon. (Courtesy Donald J. D’Amico.)
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Endogenous Candida Endophthalmitis
In the literature on endogenous Candida endophthalmitis, the term is 
used variably. In some reports, it is used to describe both chorioreti
nitis and “endophthalmitis” (i.e., infection with significant vitritis), 
whereas in other reports it is used only for those cases with significant 
vitritis (the usual meaning of endophthalmitis). A better term is ocular 
candidiasis, which encompasses the spectrum of intraocular infection 
from chorioretinitis to endophthalmitis. To avoid confusion, we will 
reserve “endophthalmitis” for those cases with significant vitritis and 
the degree of vitritis will be described. Ophthalmologists grade the 
degree of vitreous inflammation on a scale of 1 to 4, with 1+ white 
blood cells considered mild vitritis, and 4+ cells severe vitritis. Deter
mining the degree of vitreous inflammation is important. Ocular can
didiasis with moderate to severe vitritis (i.e., endophthalmitis) requires 
intravitreal injection of amphotericin or voriconazole and usually  
vitrectomy, in addition to systemic therapy. In contrast, chorioretinitis 
with minimal or no vitritis usually resolves with systemic therapy 
alone. Visual outcome also depends on the initial degree of vitreous 
involvement.49

Candidemic seeding of the eye starts in the highly vascular choroid, 
so chorioretinitis is the initial manifestation seen in most prospective 
trials of candidemia. In chorioretinitis, there are typically several white 
chorioretinal lesions but a clear vitreous. As infection progresses, there 
is significant vitritis, and examination reveals a cloudy vitreous that 
often contains inflammatory “fluff balls” (Fig. 1162). Chorioretinitis 
is much more common than endophthalmitis, and chorioretinitis often 
is asymptomatic. In a prospective multicenter study of 118 hospitalized 
patients with candidemia, 9% were found to have chorioretinitis, 
almost none had eye symptoms, and none had endophthalmitis (sig
nificant vitritis).50 In another trial of 370 patients with candidemia, 
16% had possible or probable ocular involvement, although only 1.6% 
had endophthalmitis.51 Undiagnosed and untreated chorioretinitis 
may progress to endophthalmitis, and patients with the latter usually 
present with a gradual and painless decrease in vision. This presen
tation is common in outpatients who have had transient, usually 
asymptomatic, candidemia. The major risk factors for candidemia in 
outpatients are indwelling central venous catheters (or recent history 
of such a catheter) and illicit injection drug use. The latter is the most 
common risk factor in some recent studies and accounted for 70% of 
cases of fungal endophthalmitis between 2001 and 2007 in a study 
from Australia.52 Outpatients who present with endogenous Candida 
endophthalmitis often have a subacute presentation (i.e., 2 weeks of 
progressive vision loss) and may be misdiagnosed as having uveitis, 
especially if a history of an indwelling central venous catheter in the 
previous months, or injection drug use, is not elicited. Such patients 
do not usually show other signs of systemic infection, and blood 

infection. Other causes of posttraumatic endophthalmitis include 
streptococci, gramnegative bacilli such as Klebsiella and Pseudomo-
nas, and molds.35,36 Unlike bacterial cases, posttraumatic endophthal
mitis due to molds usually has a subacute presentation (see later 
discussion).

Prompt repair of open globe injuries is important in preventing 
endophthalmitis, and prophylactic antibiotics may also lower the risk. 
One prospective trial that gave prophylactic intravenous antibiotics for 
5 days reported a low overall posttraumatic endophthalmitis rate of 
2.6% and found that intravitreal antibiotics given at the time of surgical 
repair significantly lowered the rate in those eyes with intraocular 
foreign bodies.28 A retrospective study of 558 patients who underwent 
surgical repair of open globe injuries and received 2 days of prophy
lactic intravenous vancomycin plus ceftazidime beginning on presen
tation reported one of the lowest rates of posttraumatic endophthalmitis 
in the literature at 0.9%.37

Endogenous Bacterial Endophthalmitis
Endogenous bacterial endophthalmitis results from bacteremic seeding 
of the eye. Usually a significant focus of bacteremia is identified, such 
as endocarditis or an intraabdominal abscess, but transient bacteremia 
rarely may cause endophthalmitis. Endocarditis was the source in 
nearly 40% of cases in one U.S. series of 28 patients, whereas 1 patient 
developed endophthalmitis 2 days after upper gastrointestinal endos
copy, presumably from transient bacteremia.38 Patients who are injec
tion drug users also are at risk for endophthalmitis from transient 
bacteremia. Gastrointestinal or hepatic abscesses, urinary tract infec
tions, meningitis, and infected indwelling catheters are other sources 
of bacteremia in endogenous endophthalmitis case series.38,39,40 In 
Taiwan, Singapore, and other east Asian nations, pyogenic liver abscess 
due to Klebsiella pneumoniae is prevalent41 and may be complicated by 
endogenous endophthalmitis in almost 10% of patients.42

The bacteria involved in endogenous endophthalmitis (e.g.,  
S. aureus, streptococci, gramnegative bacilli) typically cause acute 
inflammation, and most patients present with acute decrease in vision 
and eye pain. These may be their only complaints, and the source of 
bacteremia may not be apparent initially. In one series, half of the 
patients presented to an ophthalmologist.38 In a series of 27 patients 
with fungal or bacterial endogenous endophthalmitis, fewer than  
20% of patients had fever on presentation and more than 40% had an 
unremarkable general physical examination.40 A delay in diagnosis is 
common, but endophthalmitis should be considered in any patient 
who presents with acute vitritis and hypopyon. Patients with known 
endocarditis should be monitored for new visual complaints and 
examined by an ophthalmologist promptly if these develop.

Diagnosis usually is established by culture of vitreous samples or 
by blood cultures in patients with endophthalmitis whose vitreous 
cultures fail to grow. Blood cultures are positive in approximately three 
fourths of patients tested, as are vitreous cultures.38 In North America 
and Europe, streptococci (S. pneumoniae, Streptococcus anginosus 
group, and group A and group B streptococci) cause 30% to 50% of 
cases and S. aureus causes about 25% of cases; gramnegative bacilli 
(e.g., Escherichia coli, Klebsiella, Serratia) cause only one third of 
cases.38,40 In Asia, gramnegative bacilli (e.g., Klebsiella, E. coli) cause 
the majority of cases,39,43 with K. pneumoniae accounting for 60% of 
cases in one study.43 In Taiwan, a syndrome of Klebsiella liver abscess 
and endophthalmitis occurring primarily in diabetic patients has been 
welldescribed44 and appears to be associated with a strain of K. pneu-
moniae exhibiting a hypermucoviscosity phenotype.45

Fungal Endophthalmitis
Fungal endophthalmitis cases may be divided into two major catego
ries by incidence and response to therapy: Candida endophthalmitis 
and mold endophthalmitis. In industrialized nations and colder cli
mates, Candida endophthalmitis is more common than mold endo
phthalmitis, whereas the reverse is true in tropical countries. Candida 
endophthalmitis is most often endogenous and usually responds well 
to treatment, whereas mold endophthalmitis is almost always exoge
nous and successful therapy is uncommon. Endophthalmitis due to 
Cryptococcus or the dimorphic fungi, Histoplasma and Coccidioides, is 
rare and almost always a result of disseminated disease.4648

FIGURE 116-2 Candida endophthalmitis. Candida endophthalmitis, 
with cloudy vitreous and central vitreal “fluff ball.” 
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DIAGNOSIS
Endophthalmitis must be suspected clinically based on the appearance 
of the eye in a patient with an appropriate risk factor for endophthal
mitis. The diagnosis usually is confirmed by culture of the vitreous or, 
less often, the aqueous. The endophthalmitis patient is afebrile and has 
no signs of systemic infection except in two situations: endogenous 
endophthalmitis, in which there is another focus of infection, and 
panophthalmitis, in which infection has spread from the globe to the 
orbit. Panophthalmitis is rare, owing to virulent pathogens (e.g.,  
S. pneumoniae), and characterized by signs of endophthalmitis plus 
orbital cellulitis (marked edema and erythema of the eyelids, proptosis, 
and limitation of extraocular movements). Except for cases of endog
enous endophthalmitis and panophthalmitis, blood cultures are nega
tive and the white blood cell count is normal or only slightly elevated.

Radiologic studies are rarely helpful in acute endophthalmitis and, 
except for a brightness scan (Bscan), are not warranted before diag
nostic vitreous sampling and therapy. The Bscan is an ultrasound of 
the globe of the eye. It can confirm the presence of vitreous inflamma
tion or show a retinal detachment in cases in which the vitreous cannot 
be seen (e.g., dense cataract or extensive aqueous inflammation). The 
normal vitreous is echo free, whereas multiple vitreous echoes are 
present when there is vitritis. An initial Bscan showing dense vitreous 
opacities or membranes or retinal or choroidal detachment correlated 
with a poor visual outcome in one report.69

The diagnosis of endophthalmitis is usually made by culturing a 
sample of the vitreous. The aqueous also may be cultured and is aspi
rated easily in the ophthalmologist’s office, but aqueous cultures rarely 
add additional information. In one large study in which aqueous and 
vitreous samples were obtained, aqueous samples yielded the only 
positive cultures in just 4% of cases.70 The vitreous may be sampled, 
either by needle aspirate or by vitrectomy (Fig. 1163). A needle aspi
rate yields 0.2 to 0.3 mL of vitreous and may be performed in the 
ophthalmologist’s office using a 27gauge needle and syringe. A vitrec
tomy is performed in the operating room using a 20gauge vitrector 
attached via tubing to a sterile collection bag or canister. Suction is 
provided by a Venturiaspiration vitrectomy machine. The vitrector 
simultaneously cuts and suctions the gellike vitreous. A separate 
cannula placed in the vitreous provides continuous infusion of bal
anced salt solution to maintain eye turgor during the procedure, and 
this dilutes the vitreous sample. The result is a collection canister con
taining dilute (20 to 100 mL) vitreous “washings.” An undiluted vitre
ous sample called a biopsy specimen also may be obtained with the 
vitrector at the start of the case by attaching a syringe via threeway 
stopcock.

Gram stains of vitreous samples are positive for organisms in only 
40% to 50% of bacterial endophthalmitis cases.17,38 Positive stains are 
highly predictive of positive cultures, but negative stains have little 
predictive value.70 A unique feature of Gram stains of aqueous or vitre
ous samples from an inflamed eye is the pigment granule. Pigment 
granules are most likely melanin released from the iris or retinal 
pigment epithelium. They appear football shaped or spherical, and the 
latter may be mistaken for grampositive cocci. Their true identity is 
evident when the microscope focus is varied because pigment granules 
are highly refractile and appear copper colored with focus modulation, 
whereas bacteria do not.

Vitreous washings are more likely to yield positive cultures (75% to 
90% of cases) than are vitreous aspirates or biopsy specimens (50% to 
75% of cases).17,71 Although aspirate or biopsy samples may be cultured 
directly on various media (blood agar, chocolate agar, broth, and Sab
ouraud media), vitreous washings first should be filtered through a 
0.45µm filter. The filter paper is sterilely cut into fourths and placed 
on the aforementioned media. Before this filtration procedure, a 3mL 
sample of the washings should be aspirated from the vitrectomy can
ister and centrifuged to produce a pellet that may be smeared on a slide 
for Gram stain. A negative culture does not exclude endophthalmitis 
in the appropriate clinical setting; 18% of 420 patients with postcata
ract endophthalmitis had negative cultures.17 The rate of falsepositive 
cultures is unknown but is reduced if positive cultures are counted  
as those with moderatetoabundant growth or growth on two media. 
In a study of 36 patients undergoing vitrectomy for noninfectious 
indications, one fifth of cultures were positive, but organisms (mostly 

cultures are usually negative, because candidemia was transient and 
occurred days or weeks earlier. There is often a substantial delay in 
diagnosis, and such a delay may lead to permanent vision loss. This 
delay was illustrated by a retrospective 10year study, published in 
1997, of 15 patients with endogenous Candida endophthalmitis (11 
from indwelling lines): the average time from onset of symptoms to 
treatment of endophthalmitis was 2 months.53 Although vitreous aspi
rate alone may yield the diagnosis in some cases, this is often nondi
agnostic and a vitrectomy for culture is usually necessary to make the 
diagnosis.

Exogenous Candida Endophthalmitis
Exogenous cases are uncommon but may develop after eye surgery, eye 
trauma, or keratitis.54 Initially, only the aqueous may have inflamma
tion, and then the infection may extend into the vitreous. Candida 
parapsilosis has been a common cause of postsurgical outbreaks of 
Candida endophthalmitis, possibly because this species appears to 
survive well in irrigation fluids and on prosthetic materials.55 Rarely, 
endophthalmitis may develop after corneal transplantation (post
keratoplasty endophthalmitis). The overall incidence of bacterial  
and fungal postkeratoplasty endophthalmitis is 0.2% in the United 
States.56,57 Contaminated donor corneas are usually the source, and 
culture of the unused donor corneal rim at time of surgery may  
be helpful. A rim culture that grows Candida species predicts a 3% 
chance of developing Candida endophthalmitis.56 Awareness of this 
increased risk may allow for earlier detection and treatment of post
keratoplasty fungal endophthalmitis. Contamination of donor corneas 
with Candida may develop during storage in standard media that 
contain broadspectrum antibacterial antibiotics but typically no anti
fungal agents.57

Mold Endophthalmitis
Endophthalmitis due to molds is rare in Western countries. In the 
United States, it is most common in tropical areas, such as Florida, 
where 6% of 278 endophthalmitis cases treated between 1996 and 2001 
were due to Aspergillus and other molds.58 In tropical countries, such 
as India, fungal endophthalmitis is a significant problem. Molds 
accounted for 22% of 124 postcataract endophthalmitis cases in north
ern India59 and 21% of 170 postoperative endophthalmitis cases in 
southern India.60

Mold endophthalmitis is usually exogenous, with most cases occur
ring after eye surgery, after penetrating eye trauma, or as an extension 
of fungal keratitis (keratomycosis).54

Postoperative mold endophthalmitis usually presents within days 
to weeks of eye surgery. Patients complain of eye pain and decreased 
vision. The surgical corneal or scleral incision may appear normal or 
may show evidence of wound involvement.61 Extensive eye involve
ment (cornea, anterior segment, vitreous) and early presentation (37% 
within 1 week) characterized postcataract fungal endophthalmitis in 
one series from India.62 Posttraumatic mold endophthalmitis also may 
present relatively quickly; in a series from India, the average time to 
presentation after eye trauma was 7 days.63 In endophthalmitis due to 
keratomycosis, the diagnosis is made when there is evidence of exten
sion of the corneal infection into the aqueous. On slitlamp examina
tion, the fungal keratitis extends through the full thickness of the 
cornea and there is significant inflammation in the aqueous. Some
times, frondlike projections may be seen extending from the back of 
the cornea into the aqueous. Both corneal trauma and contact lens 
wear are risk factors for keratomycosisassociated endophthalmitis.

Endogenous mold endophthalmitis has been reported primarily in 
intravenous drug abusers or immunocompromised patients. The latter 
include organ transplant patients and patients with hematologic malig
nancies.64,65 Most of these immunocompromised patients have a focus 
of fungal infection elsewhere, usually the lungs.64,65

Aspergillus is the most common cause of mold endophthalmitis, 
causing 50% to 90% of cases.60,63 Fusarium is another common cause 
of mold endophthalmitis, and most cases result from Fusarium kera
titis. Several recent cases occurred after a nationwide outbreak of 
Fusarium keratitis, from 2004 to 2006, associated with a contact 
lens cleaning solution.66,67 In this outbreak, 6% of cases developed 
endophthalmitis.66,68
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The most important component of treatment is direct injection of 
antibiotics into the vitreous by the ophthalmologist. This can be done 
in an office procedure room after a needle aspirate of the vitreous was 
sent for culture (called tap and inject) or at the conclusion of a vitreous 
débridement procedure (vitrectomy) in the operating room. The 
empirical intravitreal antibiotics most often used in the United States 
are vancomycin, 1 mg, plus either ceftazidime, 2.25 mg, or amikacin, 
0.4 mg. Each agent is diluted in 0.1 mL of sterile water or normal 
saline. Ceftazidime is preferred over amikacin by most ophthalmolo
gists because macular infarction has occurred from injected aminogly
cosides, although this complication is very rare.80

Intravitreal antibiotics persist in the vitreous only 24 to 48 hours.81 
In severe cases of endophthalmitis, one antibiotic injection may be 
insufficient to cure the infection. This is especially true in patients  
who did not undergo a vitrectomy as their initial procedure but only 
an office tap and inject. If such patients fail to improve by 24 to  
48 hours, a vitrectomy with repeat antibiotics (either vancomycin or 
ceftazidime) is usually indicated. Vitrectomy rather than a tap is in fact 
the initial procedure of choice in patients presenting with fulminant 
infection, because a vitrectomy débrides the abscesslike infected vitre
ous rapidly, leading to quicker clearing of infection and improved 
visual outcome.17,82

Systemic antibiotics alone are not effective for treating any type of 
endophthalmitis but are used for treating the underlying systemic 
infection in endogenous endophthalmitis cases. Whether systemic 
antibiotics that achieve good vitreous levels and target the most 
common pathogens could play any role in treating exogenous bacterial 
endophthalmitis is unknown, although theoretically such systemic 
antibiotics could effectively extend the halflife of intravitreal antibiot
ics. The only large randomized trial undertaken to evaluate this was 
the Endophthalmitis Vitrectomy Study (EVS).17 The EVS concluded 
that the addition of systemic antibiotics to intravitreal antibiotics was 
not beneficial, but the study has been criticized for using the wrong 
systemic antibiotics. The study used intravenous amikacin and ceftazi
dime as the systemic agents. These antibiotics provide poor activity 
against coagulasenegative staphylococci, the etiology of 70% of cases 
in the study. Additionally, amikacin penetrates the bloodeye barrier 
poorly.83 Amikacin plus ceftazidime therapy is very active against 
gramnegative bacilli, but these organisms caused only 6% of the infec
tions in the study participants. Had the EVS used intravenous vanco
mycin plus ceftazidime, the traditional systemic antibiotics used in 
empirical treatment of bacterial endophthalmitis, the results would 
have been helpful. Both agents cross the bloodeye barrier and provide 
good vitreous levels in the inflamed eye.84,85

Oral antibiotics that might be considered for use as adjunctive 
therapy include linezolid and moxifloxacin. Both produce therapeutic 
vitreous levels even in noninflamed eyes.86,87,88

The value of adjunctive intravitreal corticosteroids (dexametha
sone, 0.4 mg) is unknown, but some trials have shown a slight benefit.89 
A prospective trial from 2001 to 2005 of 62 patients with either post
cataract, blebrelated, or “other” types of endophthalmitis treated all 
patients with intravitreal antibiotics but randomized them into two 
groups based on whether they also received intravitreal dexametha
sone 0.4 mg.90 There was no significant difference in visual outcomes 
between the two groups overall, but subgroup analysis suggested a 
beneficial trend (P = .33) in the postcataract corticosteroid subgroup.

In acute bacterial endophthalmitis of any type (postcataract, endog
enous, blebrelated), removal of any synthetic IOL that is present is 
usually not necessary. In chronic pseudophakic endophthalmitis, 
exchange or removal of the IOL is necessary in the majority of cases. 
In mold endophthalmitis, the IOL should be removed.

Chronic Postcataract Endophthalmitis
Chronic postcataract endophthalmitis due to P. acnes requires at least 
vitrectomy and intravitreal vancomycin for treatment, but 50% of cases 
recur with this therapy alone.91 The addition of posterior capsulectomy 
to this regimen reduced the recurrence rate in one study,91 but not in 
another.92 Exchanging the IOL for a new one markedly improved the 
success rate. The combination of total capsulectomy, IOL exchange or 
removal, vitrectomy, and intravitreal antibiotics cured all infections in 
both studies, including refractory infections that had failed earlier 

coagulasenegative staphylococci) grew on only one medium, indica
tive of a low inoculum.72

Molecular diagnostic techniques, such as polymerase chain reac
tion (PCR) assay, have been used recently both to diagnose unusual 
pathogens (e.g., Neisseria meningitidis,73 Bartonella henselae)74 and to 
improve pathogen detection.75 Some caution must be exercised if bac
teria that usually colonize the ocular surface, such as coagulase
negative staphylococci, are detected: these may represent only ocular 
surface contaminants rather than intraocular pathogens. Falsepositive 
rates by PCR assay of 5% to 14% have been reported in uninfected 
eyes.76,77 However, this assay does appear promising. In a study from 
Brazil of 11 patients with postcataract endophthalmitis, PCR assay was 
more often positive than culture (91% vs. 75%).78 In the control group, 
none of 12 vitreous cultures was positive, although 2 of 50 aqueous 
cultures were. In a study from France of 100 postcataract cases, PCR 
assay was no more sensitive than culture of initial intraocular samples, 
before any intravitreal antibiotics were given.79 However, PCR assay 
was much more sensitive (70% vs. 9%) in subsequent vitreous cultures, 
either reflecting falsenegative cultures due to the persistence of the 
intravitreal antibiotics in the vitreous sample or falsepositive PCR 
results due to detection of dead pathogens.

THERAPY
Acute Bacterial Endophthalmitis
Acute bacterial endophthalmitis is a medical emergency because delay 
in giving appropriate therapy may lead to irreversible loss of vision. 

FIGURE 116-3 Vitreous aspirate and vitrectomy. Diagram of vitre-
ous aspirate (A) and vitrectomy (B). 
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Echinocandins successfully treat most cases of candidemia, includ
ing candidemia due to fluconazoleresistant strains. However, they are 
not recommended as firstline therapy for treating Candida endo
phthalmitis owing to poor penetration into the vitreous. It is possible, 
but not proven, that echinocandins may be adequate to treat chorio
retinitis. There have been case reports of failure in endophthalmitis 
(significant vitritis) but success in chorioretinitis.100,101 Some of the 
large prospective trials of candidemia that compare echinocandins 
with amphotericin or fluconazole report results of baseline and 
followup eye examinations. A study of 224 patients randomized to 
either caspofungin or amphotericin for invasive candidiasis found 7 
patients (3.7%) had ocular candidiasis on initial examination and all 
had resolution at followup.102 How many of these patients received 
caspofungin is not reported, but the study notes that one patient with 
an initially normal eye examination developed ocular involvement on 
day 3 of systemic amphotericin treatment. A study of anidulafungin 
and fluconazole for invasive candidiasis reported 1 patient in each 
group who developed endophthalmitis while on therapy, the patient 
on anidulafungin at 2 weeks and the patient on fluconazole at 1 week.103 
A large randomized prospective trial of echinocandins (micafungin vs. 
caspofungin) for therapy for candidemia and other forms of invasive 
candidiasis included 11 patients with Candida endophthalmitis in the 
noncandidemic group; treatment was successful in 7 of the patients.104 
Further information such as use of vitrectomy and intravitreal antibiot
ics is not given, however, so it is impossible to evaluate the success or 
failure rates of echinocandins for ocular candidiasis. These large trials 
do demonstrate that failures of treatment of ocular candidiasis may 
occur on any systemic therapy, and patients with chorioretinitis must 
be closely followed by an ophthalmologist to look for progression. Any 
patient with chorioretinitis who develops significant vitritis on anti
fungal therapy should have a vitrectomy plus intravitreal amphotericin 
or voriconazole (for sensitive strains).

Exogenous Candida Endophthalmitis
Many of these cases involve primarily the aqueous humor; and in such 
cases, either amphotericin or voriconazole (for susceptible strains) may 
be injected into the anterior chamber (“intracamerally”). The usual 
dose is 5 µg of amphotericin or 50 µg of voriconazole. Voriconazole is 
preferred over amphotericin for sensitive species, because intracameral 
amphotericin can cause a transient increase in eye pain, hypopyon,  
or intraaqueous inflammation.105,106 Intracameral voriconazole has a 
halflife of only 22 minutes in rabbits107 so a similarly short halflife is 
presumed in humans. Topical voriconazole 1% solution applied to the 
cornea produces high levels in the aqueous,108 so topical voriconazole 
may be given at regular intervals to prolong the intracameral level  
of the drug after intracameral injection. Antibiotics injected into the 
aqueous do not usually reach the vitreous, so a separate intravitreal 
injection of either amphotericin or voriconazole should be given in 
most cases. Even in cases in which there is no apparent vitritis, intra
vitreal injection of antifungal agent should be considered (in addition 
to intracameral antifungal), because occult infection may already be 
present. In cases in which there is marked vitritis, vitrectomy should 
be performed before the intravitreal injection of either amphotericin 
(5 to 10 µg) or voriconazole (100 µg). Systemic fluconazole (for sus
ceptible strains) or voriconazole (for fluconazoleresistant strains such 
as Candida krusei or some strains of Candida glabrata) is recom
mended in all cases of exogenous Candida endophthalmitis, in addi
tion to the justdescribed therapy.

In nearly all cases of postcataract Candida endophthalmitis, the 
IOL should be removed. In cases that occur after corneal transplanta
tion, the infected cornea should usually be replaced with a new donor 
cornea at the onset of endophthalmitis.

Mold Endophthalmitis
Mold endophthalmitis typically has a poor prognosis for vision recov
ery, but with aggressive therapy more eyes can be saved. In cases of 
exogenous endophthalmitis involving primarily the aqueous, such as 
occurs with progression of keratomycosis, intracameral injection of 
either amphotericin, 5 µg, or voriconazole, 50 µg, should be done, in 
addition to systemic voriconazole (for susceptible fungi). Any foreign 
material, such as an IOL, synthetic glaucoma filtering valve, or foreign 

therapies. Systemic antibiotic therapy is not indicated for this 
condition.

Fungal Endophthalmitis
Endogenous Candida Endophthalmitis
There are no controlled trials of treatment regimens for Candida en
dophthalmitis, so information on treatment comes from retrospective 
case series and indirectly from the experience in the large randomized 
trials for treatment of candidemia.

All patients with ocular candidiasis require systemic antifungal 
therapy. Patients with Candida chorioretinitis but no endophthalmitis 
(i.e., minimal or no vitritis) usually respond to systemic antifungal 
therapy alone. In patients with chorioretinitis in which there is a 
maculathreatening lesion, intravitreal antibiotics are sometimes used 
as well to provide immediate high intraocular antifungal levels. The 
intravitreal antibiotics used are amphotericin, 5 to 10 µg in 0.1mL 
sterile water, or voriconazole, 100 µg in 0.1mL sterile water. Voricon
azole may be used for sensitive strains. In patients with Candida endo
phthalmitis (i.e., significant vitritis), intravitreal antifungal therapy is 
always indicated, as is vitrectomy in nearly all cases. Vitrectomy appears 
to be an important component of therapy of endophthalmitis, although 
in inpatients ill with candidemia, such a procedure is not always pos
sible. A study of 12 patients with Candida endophthalmitis (i.e., signifi
cant vitritis) reported a good outcome in the 7 patients who underwent 
early vitrectomy but blindness or scotoma in 4 of 5 patients in whom 
vitrectomy was delayed more than 1 week or not performed.93

Systemic therapy is indicated for both Candida chorioretinitis and 
endophthalmitis. Agents evaluated in randomized prospective trials of 
candidemia include amphotericin, fluconazole and voriconazole, and 
the echinocandins (caspofungin, micafungin, and anidulafungin). 
However, similar prospective trials for ocular candidiasis are lacking, 
so relative efficacy of these systemic agents has not been determined. 
Amphotericin has been available for 50 years, so it is best studied, but 
the azoles penetrate the vitreous better. However, amphotericin is 
usually very effective against ocular candidiasis. It is used with or 
without flucytosine. Flucytosine achieves excellent vitreous levels but 
has potential bone marrow toxicity. Liposomal amphotericin is less 
toxic than amphotericin B and may achieve higher intraocular concen
trations, based on studies in rabbits.94 The azoles and echinocandins 
have less systemic toxicity than amphotericin and are equally effica
cious for candidemia, but echinocandins are not recommended as 
firstline therapy for Candida endophthalmitis (discussed later). Flu
conazole achieves vitreous levels that are 50% of plasma levels, and 
there are many reports of successful fluconazole therapy for ocular 
candidiasis.95,96 For fluconazolesensitive strains, either amphotericin 
plus flucytosine, or highdose (6 to 12 mg/kg/day) fluconazole is rec
ommended for treatment of Candida endophthalmitis in guidelines 
published by the Infectious Diseases Society of America in 2009.97 
Candida albicans is the most common cause of ocular candidiasis in 
most studies, causing 92% of 35 cases seen between 1990 and 2009 at 
a major Florida eye center.98 However, approximately half of the cases 
of candidemia in recent studies of candidemia are due to nonalbicans 
species, and fluconazole resistance is an increasing concern. Voricon
azole achieves high levels in the vitreous and will treat most species of 
Candida. It is active in vitro against some fluconazoleresistant Candida 
species as well, although one third of fluconazoleresistant Candida 
species are also voriconazole resistant.99

Taking the above into consideration, I recommend the following as 
treatment for endogenous Candida endophthalmitis (i.e., with moder
ate to severe vitritis): vitrectomy plus intravitreal injection of either 
amphotericin B (5 to 10 µg in 0.1 mL) or voriconazole (100 µg in 
0.1 mL), plus systemic therapy with fluconazole 800 mg (12 mg/kg) 
orally or intravenously (if concern for adequate oral absorption) daily 
for Candida spp. susceptible to fluconazole. For fluconazoleresistant 
Candida spp., I recommend liposomal amphotericin B (3 to 5 mg/kg 
IV daily), amphotericin B deoxycholate (0.7 to 1 mg/kg IV daily) plus 
flucytosine, or voriconazole if the species is known to be susceptible to 
voriconazole. Voriconazole is given as 6 mg/kg every 12 hours for the 
first day, followed by 4 mg/kg twice daily thereafter, and the intrave
nous formulation is recommended for the initial few days before 
changing to oral therapy.
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based on presenting visual acuity and the causative organism, factors 
that are related.116 In the EVS, patients who presented with the worst 
vision, light perception only, were much more likely to have infection 
from virulent bacteria (streptococci, S. aureus, gramnegative bacilli) 
and a poor visual outcome. Factors that correlated with virulent bac
teria in the EVS included presentation with swollen eyelids, afferent 
pupillary defect, corneal infiltrate, larger hypopyon (≥1.5 mm), or loss 
of a red reflex.116 Patients did best if they presented with a mild decrease 
in vision or had vitreous cultures that were negative or grew coagulase
negative staphylococci. In the EVS, outcome closely correlated with the 
pathogen recovered.117 More than 80% of eyes with coagulasenegative 
staphylococci had at least 20/100 vision at followup 9 to 12 months 
later, and only 4% had severe visual loss (<5/200). Results in culture
negative endophthalmitis cases were similar. In contrast, 20/100 or 
better vision was achieved in only 56% of gramnegative cases, 50% of 
S. aureus cases, and 30% of streptococcal cases. Similar large outcome 
studies are not available for other types of endophthalmitis, but, in 
general, outcomes reflect the virulence of the predominant organisms. 
The worst outcomes are seen in posttraumatic endophthalmitis due 
to B. cereus, in which salvage of the eye merits a case report.34 The 
generally poor visual outcome in blebrelated endophthalmitis reflects 
the fact that most cases are due to streptococci and H. influenzae. 
Endogenous bacterial endophthalmitis also usually has a poor outcome, 
although early diagnosis and prompt treatment with vitrectomy and 
intravitreal antibiotics has saved useful vision even in eyes with viru
lent organisms.38

Visual outcome after chronic P. acnes endophthalmitis may depend 
on the chronicity of the infection. In a review of 36 patients diagnosed 
with this infection over 22 years, the visual outcome was 20/40 or better 
in half of the patients but worse than 20/400 in one fifth of patients.91

The visual prognosis for endogenous Candida endophthalmitis is 
difficult to determine because many reviews combine cases of chorio
retinitis with endophthalmitis cases.40 Patients with chorioretinitis 
alone usually have excellent visual outcomes. Candida endophthalmitis 
also may have a good outcome if treated with vitrectomy and intravit
real amphotericin in addition to systemic therapy. This treatment 
resulted in a visual acuity of 20/80 or better in 60% of 17 eyes in one 
study.53 In contrast, the prognosis in mold endophthalmitis has been 
dismal, with rare salvage of useful vision. In recent years, however, a 
number of cases treated with the aggressive regimen described earlier 
have had recovery of vision.

body introduced by trauma, must be removed. For cases resulting from 
progression of keratomycosis, in addition to topical, intracameral, and 
systemic antifungal therapy, corneal transplantation is almost always 
required as well to rapidly debulk the infection. An intravitreal injec
tion of amphotericin or voriconazole is often given in exogenous cases 
even if there is no apparent vitritis, because of concern for occult infec
tion. Patients with exogenous mold endophthalmitis involving the 
vitreous should receive a vitrectomy plus intravitreal amphotericin,  
5 to 10 µg, or voriconazole, 100 µg (for susceptible fungi),109,110,111 as 
well as systemic voriconazole (for susceptible fungi). Intravitreal injec
tions of either amphotericin or voriconazole may be repeated at least 
48 hours after the first injection if there is no improvement and may 
be repeated more than once if necessary. Patients too ill for initial 
vitrectomy should have this performed if the eye does not quickly 
improve after intravitreal and systemic therapy.

Systemic voriconazole is recommended for all cases of mold  
endophthalmitis due to susceptible molds, such as Aspergillus and 
Fusarium.54,112,113 These molds are the most common causes of exoge
nous or endogenous mold endophthalmitis, and oral voriconazole 
penetrates the eye very well. Intravenous voriconazole is preferred for 
initial treatment to ensure adequate levels before switching to oral 
therapy. For systemic therapy for exogenous endophthalmitis due to 
voriconazoleresistant molds, the potential benefit of intravenous 
amphotericin must be weighed against the toxicity of treatment for a 
particular case and depends on response to initial vitrectomy and 
intravitreal antifungal therapy. Systemic therapy with posaconazole has 
been used with success in a few case reports.114,115 Fluconazole is not 
recommended owing to poor activity against molds.

For endogenous mold endophthalmitis due to transient fungemia 
such as occurs after injection drug abuse, vitrectomy, intravitreal 
amphotericin or voriconazole, and systemic voriconazole should be 
given (for susceptible molds). For endogenous cases in patients ill with 
fungemia, the systemic antifungal chosen should be the one optimal 
for the systemic infection. Such patients are often too ill for vitrectomy 
but can tolerate intravitreal injections of antifungal agents.

VISUAL OUTCOME
The final visual outcome after acute bacterial endophthalmitis usually 
cannot be determined for several months because sequelae of intraocu
lar inflammation resolve slowly. Patients who lose all vision (no light 
perception) do not regain it, however. Some predictions can be made 
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117  Infectious Causes of Uveitis
Marlene L. Durand

Uveitis means inflammation of the uvea. The uvea is the pigmented, 
vascular middle layer of the eye embryologically, sandwiched between 
the cornea-sclera outer protective layer and the retina. The word uvea 
comes from the Latin word uva, meaning grape, a translation by 
Roman anatomists (e.g., Galen) of the Greek term, used because of the 
grapelike appearance of this highly vascular layer when the white sclera 
was stripped away. The uvea is composed of the iris, ciliary body, and 
choroid (see Chapter 113). The iris regulates the amount of light that 
reaches the retina, the ciliary body produces aqueous humor and sup-
ports the lens, and the choroid helps to nourish the retina.

Retinitis is included as a type of uveitis even though the retina is 
not part of the uvea, because the retina is often involved when there is 
underlying choroidal inflammation. Uveitis is classified by the ocular 
structures involved. Several anatomic classification schemes exist, but 
all divide uveitis into anterior, intermediate, posterior, and panuveitis 
categories (Table 117-1). The site of greatest inflammation determines 
the category. The International Uveitis Study Group classification is 
commonly used. In anterior uveitis, inflammation involves the iris 
(iritis), anterior ciliary body (cyclitis), or both (iridocyclitis). Anterior 
uveitis is characterized by white blood cells (WBCs) in the aqueous 
humor. There are often keratic precipitates (cells on the corneal endo-
thelial surface) and iris lesions. Intermediate uveitis refers to inflam-
mation involving the anterior vitreous, ciliary body, and adjacent 
portion of the retina (called peripheral retina). Posterior uveitis refers 
to inflammation involving the choroid (choroiditis), retina (retinitis), 
both (chorioretinitis), or retinal vessels (retinal vasculitis). There may 
be inflammation of the posterior vitreous. Panuveitis involves all three 
parts of the uvea. Uveitis may also extend to involve the cornea (kera-
touveitis) or sclera (sclerouveitis).

Other terms commonly used in uveitis appear in Figure 113-1 (see 
Chapter 113). The eye is divided into anterior and posterior segments 
by the lens. The iris divides the anterior segment further into anterior 
and posterior chambers. Aqueous humor fills the anterior segment and 

is produced and resorbed constantly, with a turnover time of 100 
minutes. The posterior segment, a term not to be confused with pos-
terior chamber, is filled with the gel-like vitreous. The vitreous is pro-
duced in utero and never regenerated, although it may be surgically 
removed (vitrectomy) and replaced with clear fluids such as saline.

In addition to anatomic location, uveitis is classified as granuloma-
tous or nongranulomatous. Granulomatous does not mean there are 
granulomas on pathology but describes a type of inflammation in 
which the WBC cells are condensed into clumps rather than uniformly 
dispersed. In granulomatous anterior uveitis, granulomatous or mutton 
fat keratic precipitates form on the endothelial surface of the cornea. 
These are greasy in appearance and more yellow than nongranuloma-
tous (granular) keratic precipitates (Fig. 117-1). There may also be 
clusters of WBCs in the iris, called Busacca nodules if in the iris stroma, 
and Koeppe nodules if at the pupillary margin. In granulomatous uveitis 
that involves the posterior segment of the eye, there may be WBCs in 
large clusters (snowballs) in the vitreous, in exudates adjacent to retinal 
vessels (candle wax drippings), or as granulomas within the choroid 
(e.g., multifocal choroiditis). Granulomatous uveitis is typical of infec-
tions such as tuberculosis (TB), syphilis, and toxoplasmosis, although 
all may have a nongranulomatous presentation. Two types of autoim-
mune uveitis, sarcoidosis and Vogt-Koyanagi-Harada syndrome, 
usually produce a granulomatous uveitis. Nongranulomatous inflam-
mation is more characteristic of autoimmune uveitis, such as Behçet’s 
disease, reactive arthritis, and ankylosing spondylitis.

EPIDEMIOLOGY
In the United States, uveitis has a prevalence of 2.3 million people and 
causes 10% of all cases of blindness.1 The prevalence in the United 
States is 70 to 115 cases per 100,000 population, and uveitis affects 
slightly more women than men.2,3 The prevalence in developing coun-
tries is not clear, but a study from West Africa found that uveitis, 
including that due to onchocerciasis, caused 24% of blindness.4 Uveitis 

Definition and Categories
•	 Uveitis	means	inflammation	of	the	uvea	(iris,	

ciliary	body,	choroid)	or	retina.
•	 Divided	into	categories	by	site	of	greatest	

inflammation:
○	 Anterior	(iritis,	iridocyclitis)
○	 Intermediate	(pars	planitis)
○	 Posterior	(choroiditis,	retinitis,	chorioretinitis)
○	 Panuveitis

•	 Noninfectious	causes	of	uveitis	(idiopathic,	
autoimmune)	are	more	common	than	
infectious	causes,	but	the	frequency	of	each	
varies	depending	on	category.

•	 Approximately	10%	of	anterior	uveitis	cases	
have	an	infectious	etiology.

•	 Approximately	50%	of	posterior	uveitis	cases	
have	an	infectious	etiology.

Epidemiology and Etiology
•	 The	most	likely	infectious	etiologies	vary	by	

uveitis	category	and	by	location	in	the	world	
(see	Table	117-1).

•	 Infectious	causes	of	anterior	include	herpes	
simplex	virus	(HSV)	(90%	of	infectious	
etiologies),	varicella-zoster	virus	(VZV),	syphilis,	
tuberculosis	(TB),	and	Lyme	disease.

•	 Infectious	causes	of	intermediate	uveitis	are	
rare	and	include	Lyme	disease.

•	 Infectious	causes	of	posterior	uveitis	include	
ocular	toxoplasmosis,	acute	retinal	necrosis	
(HSV,	VZV,	sometimes	cytomegalovirus	[CMV]),	
CMV	retinitis	(severely	immunocompromised	
patients),	ocular	Toxocara,	syphilis,	cat-scratch	
disease,	and	Candida	endophthalmitis.

•	 Infectious	causes	of	panuveitis	include	syphilis,	
TB,	and	Candida	endophthalmitis.

•	 Other	infectious	etiologies	of	uveitis	seen	
primarily	in	tropical	regions	or	developing	
countries	include	leptospirosis	(panuveitis	
without	retinal	or	choroidal	lesions),	leprosy	
(anterior	uveitis),	Brucella	(chronic	relapsing	
uveitis),	and	Chikungunya	virus	(anterior	
uveitis,	retinitis,	or	optic	neuritis).

Diagnosis
•	 Varies	by	etiology;	see	text.	Ocular	syphilis	is	

presumed	in	cases	of	uveitis	with	positive	
specific	treponemal	serology.	Polymerase	chain	
reaction	of	aqueous	or	vitreous	for	HSV,	VZV,	
and	CMV	may	be	helpful	in	some	chronic	
anterior	uveitis	cases	(aqueous)	and	in	some	
cases	of	acute	retinal	necrosis	(vitreous	higher	
yield	than	aqueous,	but	vitreous	sampling	
carries	more	risk).

Therapy
•	 Varies	by	etiology;	see	text.	Acute	retinal	

necrosis	is	a	medical	emergency	and	requires	
antiviral	treatment	directed	against	HSV	and	
VZV	and	against	CMV	as	well	in	
immunocompromised	patients.	Ocular	
toxoplasmosis	is	discussed	in	Chapter	280.	
Ocular	TB	and	ocular	syphilis	should	be	treated	
the	same	way	as	TB	meningitis	and	
neurosyphilis,	respectively.

SHORT VIEW SUMMARY
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Neutrophils predominate in acute uveitis cases, and mononuclear cells 
predominate in chronic cases.

Infections cause about 20% of all uveitis cases, with the most 
common infectious etiologies being herpetic infections and toxoplas-
mosis.6 The likelihood of an infectious etiology, however, is greater in 
some categories of uveitis, such as posterior uveitis, than others. This 
is illustrated in Figure 117-2, and the frequency of infections is listed 
by category in Table 117-1. Understanding the types of infectious eti-
ologies by category is helpful in considering possible etiologies for a 
patient with uveitis. In anterior uveitis, most cases are idiopathic (40%) 
or associated with a rheumatologic condition (45%), such as seronega-
tive arthropathies, human leukocyte antigen (HLA)-B27–associated 
disease, reactive arthritis, and juvenile rheumatoid arthritis. The most 
common infectious cause is herpetic anterior uveitis, which accounts 
for almost 10% of cases, whereas syphilis, TB, and Lyme disease each 
cause less than 1%. Intermediate uveitis most often has an unknown 
etiology (69%) or is due to sarcoidosis (22%) or multiple sclerosis (8%); 
infections are extremely rare.5 Posterior uveitis has an infectious etiol-
ogy in more than 40% of cases. Toxoplasmosis causes 25% to 40% of 
cases, whereas less common infectious etiologies include cytomegalo-
virus (CMV) retinitis, acute retinal necrosis (ARN), Toxocara, syphilis, 
and Candida.5,8 Major noninfectious diagnoses in a U.S. study were 
lupus erythematosus, sarcoidosis, and birdshot retinochoroidopathy, 
an eye disease of unknown etiology (8% each).5 In panuveitis, infec-
tions cause 10% of cases and include syphilis, TB, and Candida.5 The 
remaining 90% of cases are caused by inflammatory conditions such 
as sarcoidosis, Behçet’s disease, systemic lupus erythematosus, multifo-
cal choroiditis and panuveitis, and Vogt-Koyanagi-Harada syndrome, 
or are idiopathic.

GENERAL CLINICAL 
MANIFESTATIONS
Because infectious uveitis usually represents a chronic process, patients 
often present with no systemic complaints. Patients with anterior 
uveitis typically present with eye pain and decreased vision. The eye is 
often injected, especially near the limbus (ciliary flush), and slit-lamp 
examination shows cells in the anterior chamber. There may be keratic 
precipitates, iris nodules, or synechiae (adhesions) between the iris and 

can occur at any age, but the average age at presentation is about 40. 
Anterior uveitis is the most common type of uveitis, accounting for 
90% of uveitis cases in community-based ophthalmology practices and 
approximately 50% in university referral centers.5-7 Intermediate 
uveitis, posterior uveitis, and panuveitis each account for 10% to 15% 
of uveitis cases in university referral centers but only 1% to 5% in com-
munity practices.

ETIOLOGY AND 
PATHOPHYSIOLOGY
Uveitis may be caused by autoimmune conditions, infections, or, rarely, 
trauma, but 50% of cases are idiopathic. Some cases of intraocular 
inflammation masquerade as uveitis (masquerade syndromes) but 
have other causes, such as malignancy (e.g., ocular–central nervous 
system lymphoma). Infectious uveitis nearly always results from hema-
togenous spread of infection from another part of the body to the 
highly vascular uvea. The pathophysiology of uveitis depends on the 
specific etiology, but in all types there is a breach in the blood-eye 
barrier. The blood-eye barrier, similar to the blood-brain barrier, nor-
mally prevents cells and large proteins from entering the eye. Inflam-
mation causes this barrier to break down, and WBCs enter the eye. 

TABLE 117-1  Classification of Uveitis and Major 
Infectious Etiologies in Each Category

CATEGORY
OCULAR 
FINDINGS

MAJOR INFECTIOUS 
ETIOLOGIES (%)*

Anterior (iritis, 
cyclitis, 
iridocyclitis)

WBCs in aqueous, 
keratic precipitates, 
iris nodules, 
synechiae

Herpes simplex (10%); 
syphilis (<1%); TB 
(<1%); Lyme disease 
(<1%); leprosy (<1%)

Intermediate WBCs or snowballs in 
the vitreous, pars 
plana snow bank

Lyme disease (<1%)

Posterior 
(choroiditis, 
chorioretinitis, 
retinitis)

Lesions in choroid, 
retina, or both; 
vitritis in some

Toxoplasma (25%); CMV 
(12%)†; ARN (6%); 
Toxocara (3%); syphilis 
(2%); Candida (<1%)

Panuveitis WBCs in aqueous 
and vitreous

Syphilis (6%); TB (2%); 
Candida (2%)

*Percentage of uveitis cases in each category (not of total uveitis cases), based on 
1237 cases of uveitis seen at Massachusetts Eye & Ear Infirmary, Boston, 
1982-1992, by Foster’s group (Rodriguez A, Calonge M, Pedoza-Seres M, et al. 
Referral patterns of uveitis in a tertiary eye care center. Arch Ophthalmol. 
1996;114:593-599).

†Series was before use of highly active antiretroviral therapy, and rate for CMV 
retinitis would be lower now.

ARN, acute retinal necrosis; CMV, cytomegalovirus; TB, tuberculosis; WBCs, 
white blood cells.

FIGURE 117-1 Granulomatous keratic precipitates. Granulomatous 
keratic precipitates, also called mutton fat keratic precipitates. The white 
precipitates represent white blood cells that have condensed on the endo-
thelial surface of the cornea in anterior uveitis. They do not represent 
granulomas. Granular keratic precipitates are similar, but the condensa-
tions are much smaller, so the white “dots” appear finer. (Courtesy Audrey 
C. Melanson.)

FIGURE 117-2 The etiologies of uveitis. Bar graph of the causes of 
uveitis by anatomic category (anterior, intermediate, posterior, panuveitis), 
one bar for each category. Each bar is divided into three segments, a dif-
ferent color for each etiology: infectious, autoimmune, and idiopathic. 
(Height of each bar and each segment based on data by Rodriguez A, 
Calonge M, Pedoza-Seres M, et al. Referral patterns of uveitis in a tertiary 
eye care center. Arch Ophthalmol. 1996;114:593-599.)
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Acute Retinal Necrosis
ARN first was described in 1971 and is a rapidly progressive necrotiz-
ing retinitis due to herpesviruses that mainly affects immunocompe-
tent patients.17 The American Uveitis Society has established the 
following four features as diagnostic criteria for ARN: (1) focal well-
demarcated areas of retinal necrosis located in the peripheral retina; 
(2) rapid circumferential progression of necrosis; (3) occlusive vascu-
lopathy; and (4) prominent inflammation (white blood cells) in the 
vitreous and aqueous.18 HSV types 1 and 2 and VZV cause nearly all 
cases. A study of 18 ARN patients (negative for human immunodefi-
ciency virus [HIV]) who underwent vitreous biopsy found PCR evi-
dence of VZV in 12 and HSV in 4; 2 were negative by PCR.19 CMV is 
a rare cause of ARN but must be considered in immunocompromised 
patients. Epstein-Barr virus (EBV) has been found by vitreous PCR in 
some cases of ARN, but only in cases in which vitreous PCR was also 
positive for VZV.19 Some patients with ARN due to HSV have a history 
of congenital herpes or herpes encephalitis months to years earlier, but 
these cases are uncommon.20,21 ARN typically begins with a unilateral 
anterior uveitis. Patients may have mild eye pain or photophobia, then 
decreased vision in the affected eye. Funduscopic examination with an 
indirect ophthalmoscope shows one or more foci of retinal necrosis in 
the peripheral retina, an area not usually seen with a direct ophthal-
moscope (Fig. 117-3). The areas of retinitis have sharply demarcated 
borders and typically spread circumferentially and posteriorly. Vascu-
lar sheathing develops along with a dense vitritis. Necrosis of areas of 
the retina leads to retinal detachment in many patients. Retinal detach-
ment occurs weeks to months after onset of ARN. One study found 
that more than 50% of patients developed a retinal detachment, and 
this occurred 3 weeks to 5 months after onset of ARN.19 Treatment 
with laser to encircle areas of retinal necrosis may help prevent retinal 
detachment. Treatment with intravenous acyclovir halts progression of 
the retinitis in ARN in most cases. ARN may involve the other eye 
several months after the first even in spite of therapy. In an early study, 
ARN developed in the other eye in 70% of patients who had not 
received antiviral treatment and in 13% of treated patients.22 In cases 
that progress despite intravenous acyclovir, intravitreal foscarnet and 
other systemic antiviral agents may be essential to halt the rapid pro-
gression of this blinding infection (see “Therapy”).

Progressive Outer Retinal Necrosis
Progressive outer retinal necrosis (PORN) is a rapidly progressive viral 
retinitis, most often due to VZV, that involves the deepest layers 
(“outer” layers) of the retina and occurs primarily in HIV-positive 
patients with CD4+ T-cell counts less than 100/mm3. It is rare in the 
United States and other countries in which highly active antiretroviral 
therapy (ART) is widely available for HIV-positive patients. Patients 

either the cornea or the lens. The vitreous has few, if any, cells and the 
retina is normal. Patients with intermediate uveitis present with float-
ers or blurred vision but typically no pain or photophobia. The aqueous 
is quiet, but vitreous cells are characteristic and are often clumped into 
so-called snowballs. There may be a white exudate or snow bank over 
the pars plana. In posterior uveitis, patients often have painless loss of 
vision as their primary symptom. There are usually few cells in the 
anterior chamber, but the funduscopic examination shows lesions in 
the retina or choroid, or both. There may be retinal vasculitis or peri-
phlebitis (venous sheathing). There may be many cells in the vitreous, 
typical of toxoplasmosis, or no vitritis, typical of CMV retinitis. Panu-
veitis is characterized by a combination of the previously mentioned 
findings.

CLINICAL MANIFESTATIONS OF 
MAJOR INFECTIOUS ETIOLOGIES
The most common infectious etiologies of uveitis include herpes 
simplex virus (HSV), varicella-zoster virus (VZV), cytomegalovirus 
(CMV), syphilis, TB, Toxoplasma, and Toxocara. In the United States, 
other etiologies include Lyme disease–related uveitis and chronic 
endophthalmitis due to Propionibacterium acnes or Candida that 
mimics uveitis.

Anterior Uveitis Due to Herpes 
Simplex Virus, Varicella-Zoster Virus,  
and Cytomegalovirus
Of the 10% of anterior uveitis cases that are due to infection, most are 
caused by HSV, and nearly all of these are due to HSV type 1. This 
represents reactivation of latent HSV infection, rather than new HSV 
infection, in nearly all cases. The patient is otherwise well at the time 
of anterior uveitis, without systemic illness, active cold sores, or other 
evidence of reactivation HSV infection aside from the eye. Most 
patients with HSV-related anterior uveitis have either a history of HSV 
keratitis or active corneal infection at the time of uveitis. HSV keratitis 
is common, and approximately 40% of patients with ocular herpetic 
disease have recurrent episodes of anterior uveitis.9 Iritis in an eye 
with previous herpetic keratitis should be considered herpetic until 
proven otherwise.10 Herpetic anterior uveitis is nearly always unilat-
eral. Patients complain of eye pain, redness, and photophobia. The 
cornea may appear cloudy, and slit-lamp examination may reveal inter-
stitial keratitis typical of active recurrent HSV keratitis, or corneal scars 
from prior episodes. Anterior chamber inflammation may be mild to 
severe, and there may be a hypopyon or keratic precipitates, or both; 
keratic precipitates may be small, large, or stellate. Anterior uveitis due 
to HSV may occur in a patient with no history or findings suggesting 
herpetic keratitis, but this is thought to be uncommon.11 In the absence 
of clinical evidence or history of HSV keratitis, there are some clues 
that suggest herpetic anterior uveitis. These include unilateral disease, 
decreased corneal sensation, posterior synechiae, acute increase in 
intraocular pressure (from inflammation of the trabecular meshwork), 
and iris atrophy (either patchy, sectoral, or diffuse).12 VZV reactivation 
may also cause a similar anterior uveitis. Sectoral iris atrophy is par-
ticularly suggestive of HSV or VZV as the etiology.13 Polymerase chain 
reaction (PCR) studies of the aqueous in patients with no history of 
keratitis but recurrent episodes of anterior uveitis with sectoral iris 
atrophy found HSV in 83% and VZV in 13% of patients.14

Recently, CMV has been implicated in some cases of chronic or 
recurrent anterior uveitis.15 Similar to HSV and VZV, these cases have 
been unilateral and chronic, and some have had sectoral iris atrophy. 
The patients are immunocompetent and have no CMV retinitis or 
other signs of CMV disease. As for HSV and VZV, serology shows 
evidence of past rather than acute infection. CMV cases typically have 
diffuse keratic precipitates and marked intraocular pressure elevation 
at the time of the uveitis flares.15 Diagnosis has been by PCR of the 
aqueous. In some cases, there is response to oral valganciclovir hydro-
chloride. However, optimal duration of treatment is not known. In 
some cases, recurrence of anterior uveitis has occurred while on 
therapy, as well as soon after stopping the medication.15,16 It is unclear 
whether local CMV reactivation is the primary cause of the uveitis or 
whether it reflects a secondary reactivation in response to another 
cause of the inflammation.16

FIGURE  117-3 Acute retinal necrosis. Funduscopic photograph of 
acute retinal necrosis showing loss of retinal features in the peripheral 
retina due to retinal necrosis. 
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syphilis, onset of uveitis may occur in secondary or tertiary syphilis. 
The most common ocular finding in secondary syphilis is iritis, which 
accounts for more than 70% of eye findings.35 Symptoms are often 
acute in onset. In contrast, when ocular syphilis develops in tertiary 
disease, patients often have slowly progressive decrease in vision as 
their only symptom. The eye findings are protean and include all of the 
previously listed findings. In contrast to patients with secondary 
disease, patients with tertiary disease are often middle-aged or older. 
They often have no knowledge of prior exposure to syphilis, which 
likely occurred decades earlier. The diagnosis may be missed if only 
rapid plasma reagin (RPR) or Venereal Disease Research Laboratory 
(VDRL) is checked because these tests are often negative in tertiary 
syphilis. In a series of 50 patients with a reactive absorbed fluorescent 
treponemal antibody (FTA-ABS) and eye findings consistent with 
active or inactive ocular syphilis (e.g., chorioretinitis, optic atrophy, 
iritis, interstitial keratitis), the average age was 59 and the VDRL was 
reactive in only 24%.36

All patients with presumed ocular syphilis should have a lumbar 
puncture to exclude concomitant neurosyphilis, which may be present 
in 40% of patients.36 Note that a normal cerebrospinal fluid (CSF) does 
not exclude ocular syphilis because ocular syphilis is frequently present 
without evidence of neurosyphilis. Patients who test positive for HIV 
have a higher rate of concurrent ocular syphilis and neurosyphilis.35,37 
All patients with ocular syphilis should be tested for HIV. In a study 
of 24 patients treated for ocular syphilis between 1998 and 2006, 11 
patients were found to be HIV positive, and this was a new diagnosis 
in 7.38 HIV-positive patients are more likely than HIV-negative patients 
to have acute, bilateral uveitis with more extensive eye involvement 
(vitreous, retina, and optic nerve involvement simultaneously).35,39

It is likely that nearly all cases of uveitis and positive specific syphilis 
serologies represent infection with Treponema pallidum subsp. palli-
dum. It is possible, however, that some patients from areas endemic for 
yaws or bejel have positive serologies due to exposure to these nonve-
nereal T. pallidum spp. in childhood but have uveitis from another 
etiology. Commercial laboratories often employ enzyme-linked immu-
nosorbent assay (ELISA) kits that use one or more cloned antigens  
or a lysate of the Nichols strain of T. pallidum. These kits vary in speci-
ficity and sensitivity, with false positives being common in low-risk 
populations. Additionally, some authors maintain that uveitis may be 
a late manifestation of yaws or bejel.40-42 The eye findings they describe 
are similar to those seen in ocular syphilis, and the diseases cannot be 
distinguished from syphilis serologically. The possible distinction 
would be important to the patient because of social implications, 
although it would not change therapy.

False-positive test results (e.g., low titer RPR, rarely FTA-ABS) may 
also occur in patients with uveitis, especially as many have underlying 
rheumatologic conditions that increase the risk of a false-positive test. 
These are discussed later (see “Diagnosis”).

Ocular Tuberculosis
Ocular complications of systemic TB are rare. Ocular TB was diag-
nosed in only 1.4% of the 10,524 patients seen in the eye clinic of a 
Boston sanatorium between 1940 and 1966.43 A 1996 report of 1005 
patients in India with active TB also found evidence of ocular disease 
in only 1.4%.44 Ocular disease may be more common in HIV-positive 
patients with TB. A study of 100 patients hospitalized for TB in Madrid 
found presumed ocular tuberculosis in 24% of the 45 HIV-positive 
patients versus 13% in the 55 HIV-negative patients.45 Ocular TB was 
seen in 3.8% of HIV-positive patients with ocular lesions seen in a 
tertiary eye center in India; all had pulmonary TB as well. Patients 
presented with conjunctival involvement, subretinal abscess, choroidal 
tubercles, and panophthalmitis.

Ocular TB may present without evidence of systemic disease, so the 
diagnosis is often presumptive. Most patients have no history of TB, 
and half have normal chest radiographs.46 Eye pathology is rarely avail-
able before vision is lost, and the eye is enucleated. Biopsies of the uvea 
risk vision and are rarely performed. In a review of 40 cases with his-
tologic evidence of intraocular TB reported between 1869 and 1991, 
only one case was proved by biopsy, and the rest were proved after loss 
of the eye.47 Cultures of the aqueous or vitreous are negative with rare 
exceptions.48 Diagnosis by PCR of aqueous or vitreous samples has 

with HIV and PORN typically have CD4+ counts less than 100/mm3, 
(average 20), but rare cases have been described in HIV-positive 
patients with CD4+ T-cell higher than 100/mm3.23 A few cases of PORN 
have been described in other immunosuppressed patients, such as 
organ transplant recipients.24 Nearly all cases of PORN are due to VZV, 
although CMV and HSV have been described. Patients present with 
vision loss that may be unilateral or bilateral, and examination shows 
multiple peripheral lesions in the deep (outer) layers of the retina 
initially. These lesions rapidly coalesce to involve the full thickness of 
the retina. PORN resembles ARN but is distinguished from it clinically 
by the following three features: (1) involvement of the outer retina; (2) 
the absence of any significant inflammation in the vitreous or aqueous 
humor; and (3) the absence of involvement of the retinal vasculature. 
Optic neuropathy may precede PORN in rare cases.25 The retinitis in 
PORN usually progresses rapidly despite systemic antiviral therapy, 
often resulting in blindness within days of presentation. A few recent 
successes have been achieved by a combination of systemic and intra-
vitreal therapy (see “Therapy”).

Cytomegalovirus Retinitis
CMV may cause ARN in an immunocompromised host but more typi-
cally causes a characteristic CMV retinitis. CMV retinitis affected more 
than 30% of patients with acquired immunodeficiency syndrome 
(AIDS) in the pre-ART era, but now it is rare in countries where ART 
is widely available. CMV was still the most common cause of ocular 
lesions in HIV-positive patients seen at a tertiary eye center in India 
from 1993 to 2010, however.26 CMV retinitis is seen primarily in HIV-
positive patients who are ART-naïve or who have failed ART; most 
have CD4+ T-cell counts fewer than 50/mm3 (average 15 in one recent 
study).27 CMV retinitis may also occur in other severely immunocom-
promised patients, such as organ transplant recipients. Patients with 
CMV retinitis usually present with painless loss of vision. Eye findings 
typically include white retinal infiltrates; retinal vasculitis, which may 
have a frosted branch angiitis pattern; and multiple retinal hemor-
rhages. An important clinical feature is the absence of significant vitre-
ous inflammation. As a consequence, the view of the retina is usually 
clear. This is in contrast to ocular toxoplasmosis, in which vitritis is 
common. Patients with HIV who developed CMV retinitis while on 
ART (ART-failure patients) had less severe disease, but more often 
bilateral eye involvement, than those who were ART-naïve in one 
recent study.26 CMV retinitis is discussed further in Chapters 131 
and 140.

Ocular Syphilis
The incidence of ocular syphilis appears to be increasing, coincident 
with the rising incidence of syphilis.28,29 Ocular syphilis may be the 
presenting feature of syphilis, especially in older adults.30 Syphilis may 
involve the cornea as an interstitial keratitis or the sclera as a nodular 
scleritis.31 Uveitis, however, is the most common manifestation of 
ocular syphilis and is often granulomatous. Syphilis may produce  
anterior uveitis, intermediate uveitis, posterior uveitis, or panuveitis. 
Syphilitic anterior uveitis is granulomatous in two thirds of patients32 
and bilateral in half. Interstitial keratitis, iris nodules, dilated iris 
vessels, and iris atrophy may be seen. The most common form of pos-
terior uveitis is multifocal chorioretinitis, but other manifestations 
include focal chorioretinitis, pseudoretinitis pigmentosa, retinal necro-
sis, neuroretinitis, and optic neuritis. A pale optic nerve head from 
prior syphilitic optic neuritis may mimic glaucomatous optic atrophy. 
Chorioretinitis was the type of uveitis seen in 15 of 20 patients with 
syphilitic posterior uveitis in one review.33 A specific type of focal 
chorioretinitis, acute posterior placoid chorioretinitis, has been 
described in syphilis for more than 20 years and is characterized by 
large, often solitary yellow lesions that are typically in the macula.34 
Retinal vasculitis may occur in ocular syphilis, and branch retinal vein 
occlusions have been described.35

Uveitis may occur in either congenital or acquired syphilis. Typical 
findings in congenital disease include interstitial keratitis and so-called 
salt-and-pepper fundi. Interstitial keratitis does not usually occur until 
the patient is a teenager or young adult. It may be accompanied by an 
anterior uveitis. The patient may have no other stigmata of congenital 
syphilis. Glaucoma may result from the inflammation. In acquired 
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Other manifestations of ocular TB include scleritis, interstitial kerati-
tis, and optic neuritis.

Ocular Toxoplasmosis
Ocular toxoplasmosis is the most common infectious cause of  
posterior uveitis in the United States. Toxoplasmosis is a worldwide 
infection that may cause a majority of posterior uveitis cases in  
highly endemic areas, such as Brazil and France. The characteristic 
funduscopic findings in ocular toxoplasmosis include a creamy  
yellow chorioretinal lesion adjacent to an old scar and marked vitre-
ous inflammation. Ocular toxoplasmosis is discussed in detail in 
Chapter 280.

Ocular Toxocariasis
Ocular toxocariasis usually affects children. It can be asymptomatic or 
cause unilateral decrease in vision. Although either dog (Toxocara 
canis) or cat (Toxocara cati) roundworms may cause ocular toxocaria-
sis, T. canis is the more common etiology (see Chapter 292). A survey 
of ophthalmologists performed by the Centers for Disease Control and 
Prevention found that only 64% of patients with newly diagnosed 
ocular toxocariasis owned pets.54 Toxocara infection occurs most com-
monly through ingestion of contaminated soil, and children exposed 
to playgrounds or sandboxes contaminated with dog or cat feces are at 
increased risk.54

There are three types of ocular manifestations: (1) peripheral cho-
rioretinal granuloma (50% of cases); (2) posterior pole chorioretinal 
granuloma (25%); and (3) diffuse panuveitis (25%).55,56 In nearly all 
cases, only one eye is involved. Diagnosis may be difficult, especially 
in panuveitis cases. Because the infection is confined to the eye, serol-
ogy is often negative and there is usually no peripheral eosinophilia or 
other signs of systemic parasitic infection. In addition, patients without 
ocular toxocariasis may have positive serologic tests due to incidental 
or past exposure to Toxocara. Data from the Third National Health and 
Nutrition Survey of a representative sample of U.S. population age 6 
or older found that 13.9% were positive for Toxocara antibodies.57 The 
diagnosis is often clinical, based on the appearance of the eye findings, 
particularly in an older child. A vitreous aspirate for evaluation of local 
Toxocara IgG compared with serum levels (Goldmann-Witmer coef-
ficient) may be helpful in diagnosis.58 However, vitreous aspiration is 
contraindicated in children in whom retinoblastoma is in the differen-
tial diagnosis.

In rare cases, ocular toxocariasis may be in the differential diagnosis 
of sporadic retinoblastoma. The distinction may be difficult, particu-
larly in children older than age 5 in whom retinoblastoma is rare, but 
ocular toxocariasis is more common. All such cases should be evalu-
ated by an experienced pediatric oncologic ophthalmologist because 
much of the distinction relies on the clinical examination. There are 
some clues in distinguishing retinoblastoma from ocular toxocariasis. 
The average age of unilateral cases of retinoblastoma is 2, and only 8% 
of retinoblastoma cases occur in children older than 5.59 In contrast, 
ocular toxocariasis is typically seen in older children, with most cases 
occurring in ages 4 to 8 in some studies, but even older in other studies. 
A retrospective study of ocular Toxocara cases seen over 20 years in 
a uveitis center found that the average age was 16.5.56 Another differ-
entiating feature is that intraocular calcifications as seen by orbital 
ultrasound or computed tomography (CT) are characteristic of retino-
blastoma but not seen in ocular Toxocara. Subtle findings on eye exam-
ination also help distinguish the entities. The presence of posterior 
synechiae and cataract argue against retinoblastoma and for chronic 
uveitis such as that caused by Toxocara or chronic endophthalmitis.59 
Both ocular toxocariasis and retinoblastoma may have vitreous cells; 
however, these are WBCs in Toxocara. Carol Shields and colleagues59 
at Wills Eye Hospital in Philadelphia describe the vitreous cells in reti-
noblastoma as appearing different from WBCs—”soft and round, often 
appearing much larger and smoother in configuration than inflamma-
tory cells.” Diagnostic vitrectomy or aspirate must be avoided in cases 
suspected of retinoblastoma. Any instrumentation of the eye may 
spread the retinoblastoma to the orbit, and because of this risk, a child 
who undergoes vitreous aspirate for Toxocara diagnostic testing is 
committed to prophylactic chemotherapy if retinoblastoma is found 
instead. Orbital extension of retinoblastoma is the most significant 

been reported,49,50 but the sensitivity and specificity of this test is 
unknown. Most reported PCR-positive cases have no culture confir-
mation, and many have no evidence of systemic disease.48,49 A positive 
purified protein derivative (PPD) skin test alone is of little help in 
determining if a patient with uveitis has ocular TB. It has been esti-
mated that a patient with uveitis and a positive PPD has only a 1% 
probability of having ocular TB.51 Factors that make the diagnosis more 
likely, however, include a history of TB or evidence of active disease, 
and the presence of eye findings typical of ocular TB, such as multifocal 
choroiditis or granulomatous anterior uveitis.

Based on studies of patients with systemic TB and presumed ocular 
involvement, the spectrum of ocular findings has been described. TB 
can involve any part of the eye, but the most common finding is focal 
or multifocal choroiditis. Active or healed choroiditis was found in 
78%44 and 94%45 of patients with systemic disease and presumed 
ocular tuberculosis in two reports. In earlier studies, choroidal involve-
ment was seen in 30% to 40% of similar patients.43 Choroidal tubercles 
are usually one-quarter to several disk diameters in size and are seen 
most often in the posterior pole rather than the periphery of the 
fundus. Most patients have fewer than five lesions, but the number 
ranges from 1 to 60.47 One or both eyes may be involved. Lesions are 
yellow, white, or gray. In active disease, overlying vitreous inflamma-
tion may be present. Inactive choroidal lesions appear as scars. The 
appearance of the choroiditis is not pathognomonic for TB, and 
similar lesions may be seen in sarcoidosis, syphilis, and, rarely, meta-
static disease. The choroidal tubercles may coalesce and produce a  
type of uveitis called serpiginous-like choroiditis.52 Chronic anterior 
uveitis, usually granulomatous (i.e., with mutton-fat keratic precipi-
tates or iris nodules, or both), is the next most common manifestation 
of ocular TB.43 There may be an associated vitritis or choroiditis. A 
third common manifestation is retinal vasculitis or periphlebitis. The 
mechanism is controversial, with some proponents arguing for direct 
infection of the vessels and others for immune reaction to tuberculo-
protein.47 In 1880, a British ophthalmologist, Henry Eales, described 
recurrent retinal and vitreous hemorrhages in young men that he 
thought were immunologically mediated. However, recent PCR studies 
of removed epiretinal membranes from eyes with Eales’ disease have 
demonstrated Mycobacterium tuberculosis genome in many cases, 
although cultures were negative.53 Retinal vasculitis in ocular TB is 
often called Eales’ disease. Eales’ disease is most common in patients 
from India, Pakistan, and Afghanistan.47 Typical features include vas-
cular sheathing of retinal veins (periphlebitis), vitreous inflammation, 
and peripheral retinal capillary occlusion. Capillary occlusion leads to 
neovascularization and subsequent retinal hemorrhages (Fig. 117-4). 

FIGURE 117-4 Ocular tuberculosis. Retinal photograph showing signs 
of Eales’ disease in a patient from India: retinal neovascularization sur-
rounded by a large yellow ring of fibrovascular proliferation in the vitreous. 
(From Raizman MB, Haas JJ. Case 4: 1998. A 32-year-old man with vitreous 
hemorrhage and mediastinal lymphadenopathy. Case records of the  
Massachusetts General Hospital. N Engl J Med. 1998;338:313-319.)
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occlusion. Antibiotics were given in 74% and there was no correlation 
with visual outcome, but no conclusions can be drawn from this given 
the retrospective nature of the study.

West Nile Virus
The incidence of ocular involvement in West Nile virus (WNV) infec-
tion is unknown but may be common in patients with severe disease. 
The most common eye finding is multifocal chorioretinitis, and this is 
bilateral in nearly all cases. In an outbreak in Tunisia in 2003 involving 
29 patients hospitalized with severe WNV, 80% had multifocal chorio-
retinitis, although 65% had no eye symptoms.68 Retinal vasculitis was 
also common. Onset of lesions occurred 3 to 30 days after onset of 
acute illness. The ocular disease was self-limited, and chorioretinal 
lesions evolved into scars that resembled laser scars. A report of seven 
patients with WNV in the United States also found that bilateral mul-
tifocal chorioretinitis was the most common finding, occurring in 86% 
of eyes.69 Other findings included retinal hemorrhages, chorioretinal 
streaks, vitritis, retinal vasculitis, and optic atrophy. A majority of 
patients in both studies were diabetic. Outcomes were good in most 
cases, although the few patients with optic atrophy or occlusive retinal 
vasculitis had permanent loss of vision.

WNV may also produce retinal findings in some birds. A study of 
13 hawks with naturally acquired WNV infection found that all had 
similar funduscopic findings, with exudative chorioretinal lesions or 
scars in a linear or geographic pattern.70

Leptospirosis
Leptospirosis is a common cause of uveitis in tropical countries and 
generally occurs during the immune phase of this biphasic illness. 
Uveitis may occur 2 days to 4 years after the initial systemic illness but 
usually occurs 3 to 6 months later.71 An outbreak of uveitis involving 
73 patients in southern India occurred in 1994, several months after 
heavy rains and flooding.72 The uveitis was bilateral in half of the 
patients, and 96% had panuveitis. Nearly all patients had had a febrile 
illness consistent with leptospirosis 1 to 10 months earlier. Leptospiral 
DNA was detected by PCR in aqueous samples of 80% of patients.73 
Eye findings are typically either a nongranulomatous hypopyon uveitis 
or a panuveitis with marked vitritis and retinal vasculitis.71 The retinal 
vasculitis affects primarily retinal veins. There may be optic disk papil-
litis and neuroretinitis with a macular star. Retinal and choroidal 
lesions are absent in leptospiral panuveitis, which helps to distinguish 
it from sarcoidosis, toxoplasmosis, and ARN. An analysis of 107 lep-
tospiral uveitis cases from southern India found that several different 
Leptospira interrogans serovars were involved, but the most common 
was serovar Australis.74 Some patients had infection with more than 
one serovar. Visual outcome did not seem to be influenced by the 
number or type of infecting serovars.

factor predictive of eventual metastases and is associated with a 96% 
mortality rate.59

Ocular Lyme Disease
Uveitis rarely occurs in Lyme disease, but when it does the findings are 
protean. As with syphilis, ocular Lyme disease has been associated with 
anterior uveitis, intermediate uveitis, optic neuritis, neuroretinitis, 
retinal vasculitis, choroiditis, and panuveitis.60 Uveitis is usually seen 
in the late stage of Lyme disease.61 It may accompany Lyme arthritis. 
In a European prospective study of 84 patients with Lyme arthritis, 4% 
had ocular inflammation (keratitis, anterior uveitis, intermediate 
uveitis).62 Intermediate uveitis, which rarely has an infectious etiology, 
may be the most common type of uveitis due to Lyme disease in 
Europe.63 Establishing a causal relationship with Lyme disease in 
uveitis is complicated by the limitations of Lyme serology testing. In a 
retrospective study of 440 patients with optic neuritis in a hyperen-
demic area on Long Island, New York, Lyme was causal in only 1 of 28 
patients with positive ELISA tests for Lyme.64 Of the remaining patients, 
24 patients had a negative Lyme test by Western blot and 3 had 
syphilis.

Chronic Endophthalmitis Due to 
Propionibacterium acnes or 
Candida Species
Patients with a history of several months of unilateral anterior chamber 
inflammation following cataract surgery should be suspected of having 
chronic pseudophakic endophthalmitis rather than anterior uveitis. 
Nearly all such cases are due to P. acnes, and clues to the diagnosis 
include the history of onset after cataract surgery and the finding on 
eye examination of white plaques in the posterior lens capsule. Aqueous 
or vitreous cultures are usually negative. For a further discussion, see 
Chapter 116.

A chronic endophthalmitis that may mimic posterior uveitis is that 
due to Candida. Candidemia can lead to fungal seeding of the choroid 
and then extension into the vitreous as infection progresses. Both the 
early chorioretinitis and later vitritis may mimic uveitis. Clues that 
suggest Candida infection rather than uveitis include a history of risk 
factors for candidemia (e.g., recent hospitalization or indwelling 
central venous catheter) and funduscopic finding of discrete white 
lesions on the retina or fluff balls in the vitreous. Ocular candidiasis is 
discussed further in Chapter 116.

CLINICAL MANIFESTATIONS OF 
UNCOMMON INFECTIOUS 
ETIOLOGIES
Cat-Scratch Disease
Bartonella henselae causes Parinaud’s oculoglandular syndrome in 2% 
to 5% of patients with cat-scratch disease (CSD). This syndrome con-
sists of a necrotic granuloma with ulceration of the conjunctival epi-
thelium and regional lymphadenopathy (preauricular, submandibular, 
cervical). The other major ocular manifestations of cat-scratch disease 
are neuroretinitis and optic neuritis, although other posterior segment 
manifestations (e.g., vitritis, focal retinitis, choroiditis, intraretinal 
white spots, retinal vasculitis) have been described.65 Approximately 
two thirds of patients with neuroretinitis are seropositive for B. hense-
lae.66 Patients present with decreased vision and have characteristic eye 
findings of optic disk edema and a macular star, a striking sunburst 
pattern around the macula (Fig. 117-5). The macular star resolves in 2 
to 3 months, and vision usually spontaneously recovers in almost all 
patients. Treatment with doxycycline plus rifampin in adults, erythro-
mycin instead of doxycycline in children, may decrease the duration 
of disease.67 Optic neuropathy is another common manifestation of 
ocular CSD. In a retrospective review of 53 patients with CSD-related 
optic neuropathy (with optic nerve head edema) seen at 5 academic 
centers, two thirds of patients had flulike symptoms at the time of 
presentation, including fever in 28% and headache in 23%.65 Patients 
ranged in age from 8 to 65 (mean 28), and 17% presented with bilateral 
involvement. More than 90% had relative afferent pupillary defect on 
examination, a marker for optic neuropathy. Half had neuroretinitis 
(macular star in addition to swollen optic disk). Significant visual 
complications occurred in 9%, primarily due to retinal vascular 

FIGURE 117-5 Cat-scratch disease neuroretinitis. Funduscopic pho-
tograph of cat-scratch disease neuroretinitis, showing macular star in a 
9-year-old patient who developed unilateral visual loss after acquiring a 
kitten. (Courtesy Dr. Simmons Lessell.)
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bilateral chorioretinitis in a 16-year-old immunocompetent boy in 
Tennessee who developed acute disseminated histoplasmosis. His  
chorioretinitis did not respond to antifungal therapy alone but did 
resolve after the eventual addition of corticosteroids. By 3 months  
after presentation, all chorioretinal lesions had resolved and no histo 
spots developed.92 The association of Histoplasma capsulatum with 
POHS is presumptive and based primarily on epidemiologic grounds, 
however. In the United States, POHS is most prevalent in the Midwest, 
the region endemic for histoplasmosis. A study published in 1972 
found that 4.4% of people living in an endemic area who tested positive 
by a histoplasmin skin test had ocular histo spots.93 Other support 
for H. capsulatum as the etiology is lacking, however, and POHS has 
been found in areas where H. capsulatum is absent, such as the 
Netherlands.94

DIAGNOSIS OF INFECTIOUS 
UVEITIS
Patients with infectious uveitis often present a diagnostic dilemma to 
ophthalmologists and infectious disease physicians. The diagnosis is 
nearly always made clinically, primarily on the basis of the eye exami-
nation by the ophthalmologist. Ophthalmologists do not need to refer 
cases with typical eye findings (e.g., classic toxoplasma chorioretinitis) 
to infectious disease physicians, so the infectious disease specialist sees 
only those cases that have atypical features or are rapidly progressive. 
The diagnosis often cannot be proved by studies on the aqueous or 
vitreous, and these are the parts of the eye that can be sampled rela-
tively safely, although even vitreous sampling has some risk.

Approach to the Patient with Uveitis
An infectious disease physician consulting on a case of uveitis should 
(1) obtain a copy of the ophthalmologist’s notes for review (see Chapter 
113 for help with interpretation of these notes); (2) determine what 
anatomic category of uveitis is involved—i.e. anterior, intermediate, 
posterior, or panuveitis; and (3) ask the ophthalmologist what their 
differential diagnosis is based on their findings of the eye examination 
alone. The anatomic category limits the likely infectious and noninfec-
tious etiologies, as does the pace of the infection. The anatomic cate-
gory is determined by the ophthalmologist based on the site of greatest 
inflammation.

Pathology of vitreous samples is important in establishing a diag-
nosis of ocular lymphoma, and culture is essential in cases of “uveitis” 
that are due to chronic Candida or P. acnes endophthalmitis. Molecular 
diagnostic techniques such as PCR have been helpful in viral retinitis, 
but the sensitivity appears to be low in other types of uveitis. The tech-
nique for sampling aqueous or vitreous is discussed in Chapter 113.

PCR has proven most useful in herpetic uveitis cases, such as her-
petic anterior uveitis and ARN. The aqueous or vitreous may be tested 
for HSV, VZV, or CMV. Yamamoto and co-workers95 found that PCR 
tests of aqueous samples from 7 patients with recurrent iridocyclitis of 
suspected viral etiology were all positive for either HSV (6 samples) or 
VZV (1 sample), whereas samples from 17 control eyes were negative. 
A retrospective study from Florida of 53 anterior uveitis patients found 
PCR of the aqueous humor to be positive for HSV in 8% (4/49), VZV 
in 3% (1/35), and CMV in 2% (1/47).96 In a study of 28 patients with 
ARN, PCR was positive in 27 (96%) for HSV, VZV, or CMV.97 Another 
study using PCR of aqueous in ARN or PORN diagnosed these viruses 
in 86% of cases.98 A study of 433 PCR tests of 133 patients with possible 
infectious chorioretinitis, analyzed for HSV, VZV, CMV, EBV, and 
toxoplasmosis, identified 81% of the 95 patients with a final clinical 
diagnosis of infectious uveitis.99

The sensitivity and specificity of aqueous or vitreous PCR for most 
other types of uveitis is not yet known, although sensitivity appears to 
be low enough that a particular etiology should not be excluded from 
the differential diagnosis based on a negative PCR result. The “gold 
standard” is usually clinical diagnosis or response to therapy, or both, 
because most agents of uveitis cannot be cultured. In a study from 
France that included 55 cases of clinically diagnosed ocular toxoplas-
mosis who also underwent vitreous sampling, the sensitivity of PCR 
was only 27%, although specificity was 100%.100 Similarly, in a series 
of 9 patients with ocular Whipple’s disease who underwent vitreous 
sampling, all had periodic acid–Schiff–positive macrophages, but the 

Chikungunya Virus
Chikungunya virus is the cause of an ongoing epidemic in India and 
the islands of the southwest Indian Ocean (e.g., Reunion). In India, 1.4 
million cases were reported in 2006.75,76 Infection may cause uveitis 
with presentation several weeks after the acute febrile illness. The most 
common eye findings are anterior uveitis (iridocyclitis), retinitis, and 
optic neuritis.77,78 The retinitis or retinochoroiditis is characterized by 
areas of whitening in the posterior pole with surrounding retinal and 
macular edema; there may be an associated occlusive vasculitis.79 Most 
patients recover good visual acuity.

Brucellosis
Brucellosis is endemic in several countries, including Turkey, Iran, 
Saudi Arabia, Kuwait, and Peru, and uveitis may develop as part of the 
illness. A prospective study from Turkey of 147 patients with brucel-
losis found uveitis in 5% (anterior in 6 patients and posterior in 1 
patient).80 The authors noted that osteoarticular complications of bru-
cellosis, such as spondylitis, were more common in patients with 
ocular involvement. Ocular involvement may occur during acute or 
chronic brucellosis. A report from Iran described a case of bilateral 
acute optic disk swelling with retinal hyperemia occurring 1 week after 
the febrile illness.81 Chronic relapsing uveitis may be a sign in chronic, 
untreated brucellosis. In a 2008 study of 1551 patients with brucellosis 
seen in Peru over a 26-year period, 0.7% of patients with acute brucel-
losis and 8% of chronic brucellosis patients had ocular findings.82 
Uveitis accounted for more than 80% of cases, with posterior uveitis 
accounting for half of the cases. The diagnosis of brucellosis may be 
missed for years. Tabbara and Al-Kassimi described a Saudi Arabian 
patient with a 9-year history of relapsing uveitis with episodes respond-
ing to corticosteroids.83 The patient also had a history of recurrent 
fevers, but brucellosis was not diagnosed until she developed a para-
vertebral abscess due to Brucella melitensis. The uveitis responded to 
the antibiotic therapy.

Whipple’s Disease
Whipple’s disease is rare, and ocular findings are even more so. Bilat-
eral granulomatous panuveitis in one patient has been described. This 
patient had iris and retinal nodules, as well as vitritis, and a chronic 
course over 4 years before diagnosis.84 A case of Whipple’s disease in 
a patient with a long-standing renal transplant included findings of 
bilateral vitritis and chorioretinitis.85 A review of 11 patients with 
ocular Whipple’s disease found that chronic uveitis was the most 
common manifestation, affecting 9 patients, while one patient had 
isolated bilateral disk swelling and one had Parinaud’s syndrome.86

Leprosy
More than half of the patients affected by leprosy in a recent study from 
Nepal had ocular complications.87 This was also the case in a study 
from India of 150 patients with leprosy, in which visual impairment 
was seen in 12.6% and blindness due to leprosy in 3.3%.88 Common 
eye findings included corneal scarring from corneal hypesthesia and 
trichiasis and anterior uveitis (iridocyclitis). Most cases of ocular 
disease in this study and others have occurred in patients with multi-
bacillary (lepromatous) disease of several years’ duration. The uveitis 
in leprosy and its complications (glaucoma, cataract) are the primary 
cause of blindness from this disease. Uveitis is nearly always an irido-
cyclitis that is bilateral, chronic, and relapsing. Unlike ocular TB, cho-
roidal involvement is rarely seen.89,90

Presumed Ocular Histoplasmosis 
Syndrome
Presumed ocular histoplasmosis syndrome (POHS) is a syndrome 
characterized by multiple scars in the choroid (histo spots), neovascu-
larization, peripapillary atrophy, and a clear vitreous and aqueous. 
POHS affects young and middle-aged adults and is a major cause of 
choroidal neovascularization in patients younger than age 50. POHS 
causes permanent loss of vision in at least 2000 people in the United 
States annually and is associated with the HLA-DR15 (a subtype of 
HLA-DR2) and HLA-DQ6 haplotype.91 The etiology is unknown. Rare 
cases of fungal endophthalmitis have been seen in patients with dis-
seminated histoplasmosis, and a recent case report described acute 
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patients suspected of having ocular sarcoidosis, CT was positive for 
sarcoidosis in 20%, although none of the patients had pulmonary 
symptoms.105

THERAPY
Acute anterior uveitis due to HSV is treated with topical corticosteroids 
and oral acyclovir 400 mg PO five times daily. Long-term prophylactic 
oral acyclovir (400 mg twice daily) seems to be beneficial in preventing 
recurrences of herpetic stromal keratitis106 and anterior uveitis.107

ARN due to HSV or VZV is treated with high-dose IV acyclovir 
(10 mg/kg every 8 hours with normal renal function) for 1 to 2 weeks 
followed by valacyclovir or famciclovir for 6 weeks to several months.19 
For severe cases, IV acyclovir for 1 to 2 weeks followed by valacyclovir 
1 g every 8 hours for several weeks is appropriate, followed by a slow 
taper to chronic acyclovir maintenance therapy 400 mg PO twice daily. 
In immunocompromised patients presenting with ARN, CMV could 
be an etiology and treatment with IV ganciclovir should be given 
instead of acyclovir, until or unless CMV can be excluded (e.g., sero-
negative patients). Retinitis can progress rapidly (within 24 hours) in 
ARN, and the goal of initial therapy in ARN is to halt progression of 
retinitis and prevent involvement of the other eye. The infectious 
disease physician should work with the retina specialist on a daily basis 
to determine if the retinitis is progressing despite IV acyclovir. If it is, 
then additional therapies should be pursued, such as intravitreal fos-
carnet (1.2 to 2.4 mg/0.1 mL) injections and an empirical switch to a 
different systemic antiviral agent, such as IV ganciclovir if CMV is a 
possibility, or IV foscarnet even if the patient is not known to be immu-
nocompromised. Cases of ARN in immunocompetent hosts that pro-
gressed despite IV acyclovir have responded to combination therapy 
with intravitreal ganciclovir or foscarnet injections plus systemic gan-
ciclovir, foscarnet, or cidofovir.108,109 Repeated intravitreal injections 
may be required to halt progression of retinitis. Intravitreal foscarnet 
may reduce the rate of retinal detachment, a common complication of 
ARN, particularly VZV-ARN.110 VZV-ARN tends to be more severe 
and progress more rapidly than HSV-ARN, in general.110 Because for 
any type of ARN, retinitis may occur in the second eye several months 
after onset of ARN in the first eye, oral antiviral therapy (e.g., acyclovir, 
valacyclovir, famciclovir) usually should be continued for several 
months following initial IV therapy. For immunosuppressed patients, 
suppressive antiviral therapy should probably be given for the duration 
of immunosuppression, which may be indefinite in many cases.

PORN has a dismal outcome despite therapy in most cases. In 
countries where resources are limited, treatment may be especially 
difficult. A center in South Africa used outpatient treatment with 
repeated intravitreal injections of ganciclovir over weeks to months 
(median, 12 injections) in 50 eyes of HIV-positive patients with PORN, 
and only 13% of eyes lost all vision (no light perception), compared 
with 60% in earlier published studies.111 The best outcomes have been 
reported in case reports and small series using intravitreal and systemic 
antiviral therapies, however. The importance of starting ART in 
patients not already receiving this has also been emphasized. There 
have been successes with repeated intravitreal injections with foscarnet 
and ganciclovir, in addition to prolonged combination IV therapy with 
these agents and the initiation of ART in HIV-positive patients. In one 
patient with bilateral PORN, vision was lost in one eye, but an aggres-
sive treatment led to visual recovery in the other eye.112 This treatment 
included IV foscarnet and ganciclovir for 7 months and concurrent 
nearly twice-weekly intravitreal injections with foscarnet 
1.2 mg/0.05 mL and ganciclovir 2 mg/0.05 mL (total 58 injections over 
6 months). ART was also initiated, and anti-VZV therapy was stopped 
when CD4+ T-cell count rose to 100/mm3. The patient maintained 
20/20 vision in the treated eye 2 years later.

Ocular syphilis should be treated the same as neurosyphilis, with 
10 to 14 days of intravenous penicillin (4 million units every 4 hours, 
assuming normal renal function). Systemic corticosteroids (e.g., oral 
prednisone, 60 to 80 mg daily) should be started along with the anti-
biotic therapy and then tapered over days to weeks, depending on the 
degree of inflammation. Corticosteroids are given to decrease intra-
ocular inflammation and prevent rebound inflammation from Jarisch-
Herxheimer reaction.113 Many experts follow intravenous penicillin 
with injections of 2.4 million units of IM benzathine penicillin, once 

sensitivity of vitreous PCR was only 60% (3 of 5 tested).86 For ocular 
TB, both false-positive and false-negative PCR results have been 
described. Gupta and colleagues50 reported that 10 of 17 patients (60%) 
with presumed ocular TB had positive aqueous PCR assays for Myco-
bacterium tuberculosis, with the clinical diagnosis based on a positive 
PPD or abnormal chest radiograph (or both) and the absence of 
another uveitis diagnosis. However, PCR was also positive in 23% of 
the control group of uveitis patients who had a negative PPD and 
normal chest radiograph.

False-negative PCR tests may also occur in some PCR assays 
because aqueous and vitreous specimens may contain inhibitors.101

Positive serologic tests, such as IgG antibodies to Toxoplasma, HSV, 
VZV, or CMV, also may be of little help given the high prevalence of 
such antibodies in the general population. However, negative serolo-
gies to these pathogens may be helpful and may effectively exclude 
these diagnoses in the appropriate clinical setting. The specific trepo-
nemal test for syphilis (e.g., T. pallidum particle agglutination or FTA-
ABS) should be ordered on all patients with uveitis. If this test is 
positive and eye findings are consistent with ocular syphilis, the patient 
should be treated for ocular syphilis with high-dose intravenous peni-
cillin. It is possible that the positive specific test for syphilis represents 
an incidental finding and that the uveitis has another etiology, but 
patients require treatment for the possibility of syphilitic uveitis 
because it is nearly impossible to exclude. Syphilis can produce almost 
any ocular manifestation.102 Such patients should also have a lumbar 
puncture, but a normal CSF will not exclude the diagnosis of ocular 
syphilis. The T. pallidum agglutination test is preferred because the 
FTA-ABS may be falsely positive in some patients, especially patients 
with rheumatologic conditions.103 The RPR also should be checked, 
although false-positive tests are common in autoimmune conditions, 
and all positive RPR tests must be confirmed with a specific trepone-
mal test. A negative RPR does not exclude ocular syphilis because it is 
negative in greater than 50% of patients with eye disease due to tertiary 
syphilis. Fulminant cases of syphilitic uveitis characterized by marked 
intraocular inflammation are nearly always due to secondary syphilis, 
and in these cases, the RPR titer is usually high. Treatment for pre-
sumed syphilis should be started immediately in fulminant cases with 
high RPR titers and not delayed until confirmatory specific treponemal 
test results return.

For both medical and social reasons, it is important to determine 
that a positive syphilis serologic test is not falsely positive. Although it 
is well-known that nontreponemal tests such as RPR may be falsely 
positive in a variety of patient populations, the FTA-ABS may be falsely 
positive as well, particularly in patients with rheumatologic conditions. 
A prospective cohort study of 50 patients with rheumatologic condi-
tions and at least one serologic test positive for syphilis found that the 
specificity of the FTA-ABS was only 68% in this population.103 In addi-
tion, FTA-ABS may be falsely positive in patients with Lyme disease. 
The new ELISA tests for syphilis have also been plagued with false-
positive results, as well as variability among laboratories. Commercial 
laboratories often use ELISA kits that employ one or more cloned 
antigens or a lysate of the Nichols strain of T. pallidum. These kits vary 
a great deal in specificity and sensitivity. Any patient with uveitis and 
a positive FTA-ABS should have confirmation with a T. pallidum par-
ticle agglutination (TPPA) assay, or enzyme immunoassay. Because 
results from these confirmatory tests may take more than a week, 
therapy for possible ocular syphilis should be started as soon as it is 
suspected, if delay in therapy could compromise vision.

Radiologic studies of the eye or orbit are sometimes helpful in 
uveitis, but primarily for evaluation of noninfectious etiologies. Mag-
netic resonance imaging of the brain and orbit may be helpful in sus-
pected cases of ocular–central nervous system lymphoma if brain 
lesions are found, although eye disease may precede central nervous 
system lesions by months. Fluorescein angiography of the eye may 
show retinal vascular patterns consistent with certain diseases, such as 
viral-induced vasculitis in CMV. Indocyanine green angiography of the 
eye was found to be useful in detecting and following subclinical cho-
roidal lesions in eight patients with presumed ocular TB.104 Chest com-
puted tomography (CT) may be helpful in distinguishing sarcoidosis 
from tuberculosis in patients with granulomatous uveitis because these 
diseases often produce similar eye findings. In a study of 50 uveitis 
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possible because of potential ocular toxicity. A short course of systemic 
corticosteroids may be necessary initially if there is sight-threatening 
inflammation.

The treatment of CMV retinitis, ocular toxoplasmosis, and ocular 
toxocariasis is discussed in Chapters 140, 280, and 292. Lyme uveitis 
should be treated the same as for neuroborreliosis, preferably with 
intravenous ceftriaxone. Chronic endophthalmitis due to P. acnes or 
Candida is discussed in Chapter 116.

weekly for 3 weeks. All patients with presumed ocular syphilis should 
be tested for HIV, and all should have a lumbar puncture before start-
ing therapy to exclude concurrent neurosyphilis. If there is evidence  
of neurosyphilis, antibiotic treatment is the same, but a follow-up 
lumbar puncture at 6 months is necessary to document resolution of 
infection.

Ocular TB should be treated with the same medications and dura-
tion of therapy as TB meningitis, although ethambutol is avoided if 
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118  Periocular Infections
Marlene L. Durand

Periocular infections include infections of the eyelids, lacrimal system, 
and orbital soft tissues that surround the globe of the eye. These infec-
tions may affect vision if not recognized and treated appropriately.

EYELID INFECTIONS
Anatomy
Each eyelid contains a fibrous tarsal plate, which gives the lid its firm-
ness (Fig. 118-1). Within each tarsal plate are 20 to 25 meibomian  
(or tarsal) glands (Fig. 118-2). These glands may be seen as faint  
yellow lines on the inner surface of the everted lid, extending perpen-
dicular to the lid margin. Meibomian glands are sebaceous glands that 
secrete sebum, an oily substance. Sebum prevents the tear film from 
evaporating too quickly from the ocular surface. At the lid margin, 
adjacent to the eyelash follicles, are smaller sebaceous glands called 
glands of Zeis.

Hordeolum
A hordeolum is an acute infection of a sebaceous gland of the lid, 
usually caused by Staphylococcus aureus. An internal hordeolum is an 
infection of a meibomian gland, and patients present with lid swelling, 
erythema, and tenderness. Internal hordeola may point toward either 
the skin or the conjunctival surface. An external hordeolum (stye) is 
an infection of a gland of Zeis, and patients present with a painful 
pustule, which points to the lid margin. Internal and external hordeola 
usually respond to frequent warm compresses. Topical bacitracin or 
erythromycin ointment may be used at night. Incision and drainage of 
the lesion is rarely required. There have been no randomized studies 
of the various medical treatments commonly prescribed for acute 
internal hordeola (e.g., warm compresses, antibiotics, lid scrubs), so 
the effectiveness of various treatments is unknown.1 Methicillin-
resistant S. aureus (MRSA) may play a role in some cases.2

Chalazion
A chalazion is a sterile granulomatous reaction to inspissated sebum 
within an obstructed meibomian gland. It may result from an internal 
hordeolum or arise de novo.3 Patients present with a nontender nodule 
within the lid that points to the conjunctival surface. Chalazia may 
become large and press on the ocular surface, distorting vision. Most 
chalazia resolve within 1 month, but recurrences are common in 
patients with chronic blepharitis. A randomized prospective trial treat-
ing patients with primary chalazia that had persisted for at least 1 
month despite conservative measures found that intralesional triam-
cinolone injection was as effective as incision and curettage.4 Persistent 
or recurrent chalazia should be biopsied to exclude sebaceous cell 
carcinoma of the lid.

Marginal Blepharitis
Marginal blepharitis (Fig. 118-3) is a diffuse inflammation of the lid 
margins. It is one of the most common conditions seen by ophthalmolo-
gists.5 Marginal blepharitis is usually due to an abnormality of meibo-
mian gland secretion, although superinfection with S. aureus may occur. 
It may be mild, with redness and scaling at the margins (seborrheic 
blepharitis), or more severe, with small marginal ulcerations and 
destruction of the hair follicles (ulcerative blepharitis). It is usually 
chronic and remitting, and it is often associated with seborrheic derma-
titis or rosacea. Treatment of the chronic condition is with gentle eyelid 
scrubs (e.g., twice daily with baby shampoo), with the addition of baci-
tracin ointment to the lid margins for acute inflammation. Oral tetracy-
cline may be helpful if there is associated rosacea. Malassezia yeasts have 
been associated with seborrheic dermatitis.6 Seborrheic dermatitis may 
respond to antifungal agents, such as a short course of itraconazole.7

Case reports of rare causes of blepharitis or blepharoconjunctivitis 
have been published. Pseudomonas aeruginosa caused an acute 

Definition
•	 Periocular	infections	include	infections	of	the	

eyelids,	lacrimal	system,	and	orbit.
•	 Eyelid	infections	include	preseptal	cellulitis,	

infections	of	the	meibomian	glands	of	the	lids	
(hordeolum,	stye),	sterile	inflammatory	
granulomatous	nodule	in	the	lid	(chalazion),	
and	marginal	blepharitis	(inflammation	at	the	
lid	margins).

•	 Lacrimal	system	infections	include	
dacryoadenitis	(infection	of	the	lacrimal	
gland),	canaliculitis	(infection	of	the		
canaliculi	that	collect	tears	in	the	medial	
canthus	and	drain	into	the	lacrimal	sac),		
and	dacryocystitis	(infection	of	the	lacrimal	
sac).

•	 Orbital	infections	include	orbital	cellulitis,	
subperiosteal	abscess,	orbital	abscess,	and	
cavernous	sinus	thrombophlebitis.	Acute	
sinusitis	is	the	most	common	cause	of	orbital	
infections.

Microbiology
•	 Lid	infections:	Staphylococcus	aureus,	

streptococci
•	 Canaliculitis:	Actinomyces	israelii,	also	

staphylococci,	streptococci
•	 Dacryocystitis:	S.	aureus,	streptococci;	also	

gram-negative	bacilli
•	 Orbital	infections:	S.	aureus	including	

methicillin-resistant	S.	aureus,	Streptococcus	
anginosus	(milleri),	other	streptococci	
(including	Streptococcus	pneumoniae),	
gram-negative	bacilli,	anaerobes.	Mixed	
infections	common.

Diagnosis
•	 Clinical	examination	in	lid	infections,	lacrimal	

system	infections,	supported	by	culture.
•	 Preseptal	cellulitis	must	be	distinguished	from	

orbital	infections	(orbital	cellulitis,	
subperiosteal	and	orbital	abscess).	Orbital	
infections	usually	have	one	or	more	of	the	
following	findings:	proptosis	(which	may	not	

be	grossly	apparent	but	can	be	measured	as	
2	mm	or	more	difference	in	Hertel’s	
exophthalmometer	measurements),	
ophthalmoplegia,	and	vision	loss.	Preseptal	
cellulitis	has	none	of	these	features—only	lid	
edema	and	erythema.	Computed	tomography	
(CT)	scan	should	be	performed	on	any	patient	
with	orbital	findings.	CT	should	be	considered	
in	children	who	present	with	what	appears	to	
be	severe	preseptal	cellulitis	because	they	may	
have	subperiosteal	abscess	(see	text).

Therapy
•	 Varies	by	diagnosis;	see	text.
•	 Orbital	infections	are	much	more	serious	than	

preseptal	cellulitis,	and	all	orbital	infections	
must	be	treated	with	intravenous	antibiotics.	
Subperiosteal	abscesses	usually	require	
surgical	drainage,	and	orbital	abscesses	almost	
always	do.	Drainage	of	an	adjacent	infected	
sinus	may	be	indicated.
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necrotizing blepharoconjunctivitis and subsequent facial cellulitis in a 
patient with chemotherapy-induced leukopenia.8 Leishmania donovani 
caused blepharoconjunctivitis in a patient with post-kala-azar dermal 
leishmaniasis.9 Capnocytophaga ochracea caused a chronic blepharo-
conjunctivitis in a 70-year-old immunocompetent patient; the organ-
ism was also isolated from the gingiva.10 Phthiriasis palpebrarum is 
infestation of the eyelashes by crab lice. Patients have pruritus of the 
lid margins and blepharoconjunctivitis.11 Herpes simplex blepharitis 
has been described in adults and children, may be recurrent, and is 
occasionally bilateral.12,13 Blastomycosis is a rare cause of a granuloma-
tous blepharitis (Fig. 118-4). Demodex mites are common ectoparasites 
of the skin and may infest the lid margins; infestation is associated with 
cylindrical dandruff around the lashes. Demodex folliculorum can be 
found in the lash follicle and D. brevis in sebaceous and meibomian 
glands.14 There has been recent interest in the potential association 
between Demodex and chronic blepharitis, an association that was first 
postulated 50 years ago.15 Studies of topical treatments have found that 
lid scrubs with tea tree oil (from the leaf of the tree Melaleuca alterni
folia) are effective in eradicating Demodex,16 and such scrubs have 
effectively treated some cases of chronic blepharitis.14 A case of chronic 
blepharitis that mimicked sebaceous gland carcinoma was found to be 
due to Demodex on lid biopsy and responded to tea tree oil lid scrubs.17

INFECTIONS OF THE LACRIMAL 
SYSTEM
Anatomy
The lacrimal gland is located beneath the upper outer orbital rim (Fig. 
118-5). It produces tears that flow across the eye and then drain 
through the puncta, canaliculi, lacrimal sac, and lacrimal duct into the 
nasal cavity. The only parts of the lacrimal system that are visible on 
examination are the puncta and sometimes the lacrimal gland. The size 
of the lacrimal gland varies, but a portion may be visible in some 
patients when the upper lid is everted and the patient looks down and 
in. The gland then appears as a pink mass under the conjunctiva, just 
under the lateral part of the upper orbital rim.

Dacryoadenitis
Dacryoadenitis is an inflammation of the lacrimal gland. Infections are 
rare and may be acute or chronic. Patients with acute dacryoadenitis 
present with a tender area of erythema and swelling in the lateral part 
of the upper lid. It may lead to preseptal or orbital cellulitis or may 
suppurate into an abscess.18,19 S. aureus is the most common pathogen, 
although streptococci may also be a cause.20 A recent series of 11 cases 
of acute bacterial dacryoadenitis with positive cultures from lid aspi-
rate, biopsy, or purulent drainage reported S. aureus in over half 
(6 cases), followed by Streptococcus pneumoniae (2), mixed skin flora 

FIGURE  118-1  Diagram of the anterior portion of the eye and 
orbit, illustrating the orbital septum and tarsal plate of the eyelid. 
Infections  anterior  to  the  orbital  septum  are  described  as  preseptal, 
whereas infections posterior to the septum are considered orbital. Meibo-
mian glands lie within the tarsal plate. 

Periosteum

Orbital septum

Tarsal plate

Meibomian gland

Gland of Zeis

FIGURE  118-2  The meibomian glands.  (From Warwick RE. Wolff’s 
Anatomy of the Eye and Orbit. Philadelphia: Saunders; 1976.)
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FIGURE 118-3  Photograph of eyelids with marginal blepharitis. 

FIGURE 118-4  Blastomycosis involving the eyelid in an otherwise 
healthy man with a normal chest radiograph.  (Courtesy Dr. John 
Bennett.)
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of the canaliculus. Occasionally, surgical exploration is required. Anti-
biotics given topically as eyedrops (ciprofloxacin plus cefazolin) several 
times daily, with or without irrigation of the canaliculi with antibiotics, 
was effective in all patients in one series from India.48

Dacryocystitis
Dacryocystitis, or inflammation of the lacrimal sac, is the most 
common infection of the lacrimal system. It arises because of obstruc-
tion of the lacrimal duct, pooling of tears in the lacrimal sac, and 
subsequent infection. Obstruction may be congenital or may result 
from trauma, tumors, infection, or inflammation of the duct. Acute 
dacryocystitis symptoms include pain, swelling, and erythema near the 
nasal corner of the eye. There is usually epiphora (excessive tearing) 
and a purulent discharge. Infants often have lacrimal duct obstruction 
with epiphora, but acute dacryocystitis complicates the obstruction in 
only 3%.49 The most common causes of acute dacryocystitis are S. 
aureus and streptococci. Gram-negative bacilli accounted for 25% of 
isolates in one study, with Escherichia coli as the most frequent gram-
negative organism isolated.50 Treatment requires antibiotic therapy 
(e.g., ampicillin-sulbactam) and usually incision and drainage of a 
lacrimal sac abscess. In one study, incision and drainage was an out-
patient procedure requiring only local anesthesia in approximately 
80% of cases.51 A repeat drainage procedure was required within 1 
month in 8%. Chronic or recurrent dacryocystitis usually requires a 
surgical procedure, dacryocystorhinostomy (DCR). One study found 
that cultures taken at the time of DCR surgery were positive in nearly 
half of the 114 patients studied, although only one fifth of the patients 
had a history of dacryocystitis.52 Staphylococcus epidermidis and S. 
aureus were the only organisms isolated in 45% and 24% of culture-
positive cases. Whether these reflect nasal flora contamination is 
unknown. Gram-negative bacilli composed a larger percentage of iso-
lates in patients with a history of dacryocystitis, a finding also noted 
by others.53 Gram-negative bacilli were present in 26% of cultures in a 
recent study, with H. influenzae predominating.54 Anaerobes were 
found in 19%. Fungi have been reported as a cause of two cases of 
dacryocystitis, including one with mucormycosis involving the lacri-
mal sac.55 Rhinosporidium seeberi, an aquatic protistan parasite seen 
especially in tropical climates such as southern India, may cause 
chronic dacryocystitis. A recent report from India described 50 patients 
seen with ocular rhinosporidiosis over a 2.5-year period; half had 
conjunctival involvement, and 26% had lacrimal sac involvement.56 
Bloody discharge from the puncta was a feature of lacrimal sac infec-
tion, and at surgery, a pink, vascularized growth was found in the 
lacrimal sac.

Patients with an episode of acute dacryocystitis who do not ulti-
mately undergo a DCR procedure may have further episodes of acute 
dacryocystitis. One study found that 4 of 16 patients with a lacrimal 
abscess who did not eventually have a definitive procedure (DCR or 
dacryocystectomy) developed a recurrent lacrimal sac abscess.51

PRESEPTAL CELLULITIS AND 
ORBITAL INFECTIONS
Anatomy
The orbital septum is a thin, fibrous membrane that serves as a barrier 
between the superficial lids and the orbit. The septum arises from the 
orbital periosteum at the orbital rim and extends to the tarsal plates of 
the eyelids (see Fig. 118-1). Infections anterior to the septum are pre-
septal, and infections posterior to the septum are orbital. Preseptal 
cellulitis involves only the lids and not the orbit, whereas orbital cel
lulitis involves the soft tissues (fat, muscle) contained within the bony 
orbit (Fig. 118-6). The bony orbit is shaped like a cone placed horizon-
tally, apex tilted medially. It is surrounded by the paranasal sinuses for 
much of its circumference: the frontal sinus superiorly, the maxillary 
sinus inferiorly, and the ethmoid medially. The medial orbital wall, the 
paper-thin lamina papyracea, is also the lateral wall of the ethmoid 
sinus. It contains multiple foramina for nerves and blood vessels and 
natural defects called Zuckerkandl’s dehiscences. For these anatomic 
reasons, ethmoid sinusitis is the most common cause of sinus-related 
orbital infection. Periosteum (periorbita) lines the orbit, and infection 
from the ethmoid sinus may cross the lamina papyracea and collect 
beneath the periorbita as a subperiosteal abscess. Infection may break 

(2), and Haemophilus influenzae (1).21 There are case reports of acute 
suppurative dacryoadenitis due to Pseudomonas, brucellosis, and 
cysticercosis.22-24 Epstein-Barr virus may cause acute nonsuppurative 
dacryoadenitis in mononucleosis, which may be unilateral or bilat-
eral.25,26 It may result in keratoconjunctivitis sicca.27 Acute herpes 
zoster dacryocystitis was described in a patient who, 2 days later, devel-
oped iridocyclitis and shingles in the distribution of the first division 
of the trigeminal nerve.28 A study found that dacryoadenitis was 
present in one third of patients with Acanthamoeba keratitis, although 
direct infection of the lacrimal gland was not found.29 Chronic infec-
tious dacryoadenitis is rare, but most reports describe Mycobacterium 
tuberculosis as the cause.30-32 Most cases of chronic dacryoadenitis are 
inflammatory rather than infectious, however. Sjögren’s disease and 
sarcoidosis are the most common associated diseases, although cases 
of Crohn’s disease and Wegener’s disease presenting as chronic dacryo-
adenitis have been described.33,34 Granulomatous inflammation of 
bilateral lacrimal glands was seen in one patient receiving interferon-α 
and ribavirin for hepatitis C; evaluation for sarcoidosis was negative.35 
Tumors cause approximately 25% of cases of chronic lacrimal gland 
enlargement.20

Canaliculitis
Canaliculitis may occur spontaneously or develop after placement of 
silicone in the canaliculi (e.g., punctal plugs to treat dry eyes) or in the 
nasolacrimal system (tubes for tear drainage). Infections have also 
been associated with the more recent types of canalicular plugs made 
from a temperature-sensitive acrylic polymer.36 Canaliculitis results in 
chronic symptoms of tearing and irritation in the medial portion of 
the affected eyelid. Examination reveals a swollen, “pouting” punctum 
and erythema of the adjacent nasal conjunctiva. There may be a uni-
lateral conjunctivitis. The lower canaliculus is affected more often than 
the upper.20 A yellow-green exudate and yellowish concretions may be 
expressed from the involved punctum in many cases of canaliculitis. 
The concretions, called sulfur granules, are formed by Actinomyces 
israelii, the organism in the majority of cases.37 A recent review of the 
literature found that of 188 reported cases, Actinomyces (30% of cases), 
streptococci (12%), and staphylococci (10%) were the most common 
etiologies, while cultures were negative in 22%.38 In a series from India 
of 74 patients with primary canaliculitis, staphylococci were cultured 
in 39% of cases.39 Mycobacterium chelonae has been the etiology in 
several cases, usually associated with punctal plugs.40,41 Rare causes 
include Propionibacterium propionicum,42 Eikenella corrodens, either 
alone43 or with Streptococcus anginosus (milleri) group,44 Arcanobacte
rium haemolyticum,45 Enterobacter cloacae,46 and Nocardia asteroides.47 
Nocardia was found in canalicular cultures of 5 of 12 canaliculitis 
patients in a series from Chennai, India.48 Treatment requires removal 
of canalicular material and concretions, usually accomplished by 
applying pressure near the nasal corner of the eye or by office curettage 

FIGURE 118-5  The lacrimal system.  (Modified from Barza M, Baum 
J. Ocular infections. Med Clin North Am. 1983;67:131-152.)
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The etiology of sinus-related preseptal and orbital cellulitis is usually 
unknown because blood cultures are often negative. Sinus cultures in 
these cases reveal typical acute sinusitis pathogens, such as S. pneu
moniae and H. influenzae. Some studies show S. aureus as a major 
sinus pathogen.62

Subperiosteal abscess is caused by ethmoid sinusitis in nearly all 
cases. Abscess cultures show S. pneumoniae, group A streptococcus, 
nontypeable H. influenzae, and S. aureus as the major pathogens.63,64 
Harris63 noted that bacteriology varies with age. Greater than 80% (10 
of 12) of children younger than age 9 years in his study had negative 
cultures or their infection cleared after intravenous antibiotics without 
drainage, and the culture-positive cases grew only single aerobes (S. 
aureus or S. pneumoniae). Infection in children age 9 years or older did 
not usually clear on intravenous antibiotics alone, and drainage cul-
tures were positive for multiple organisms, usually a mixture of aerobes 
and anaerobes. Aerobes included S. anginosus (milleri) group, group A 
and group C streptococci, S. aureus, H. influenzae, and Moraxella 
catarrhalis, whereas anaerobes included Peptostreptococcus, Eikenella, 
Fusobacterium, and Bacteroides spp. A recent study of children with 
sinogenic orbital cellulitis or subperiosteal abscess evaluated the 
changing bacteriology since the widespread use of the 7-valent pneu-
mococcal conjugate vaccine (PCV7) and found a marked decrease in 
infections due to S. pneumoniae or viridans streptococci but an increase 
in S. aureus infections, including MRSA.65 Brook and Frazier66 found 
that subperiosteal abscesses in adults were also polymicrobial, with a 
similar mixture of aerobes and anaerobes. These cultures agreed with 
maxillary sinus puncture cultures obtained from the same patients. A 
study of orbital cellulitis and abscess in children found that S. anginosus 
(milleri) was the most common pathogen (44% of culture-positive 
cases), followed by S. aureus.67 A study of 53 patients, two-thirds adults, 
with sinogenic orbital or subperiosteal abscess found that the major 
pathogens were streptococci (37%), S. aureus (28%), gram-negative 
bacilli (17%), and anaerobes (19%).68 Methicillin-resistant S. aureus 
accounted for 6.5% of cases; one third of cultures grew more than one 
pathogen.

Preseptal cellulitis may have two other causes besides sinusitis: 
bacterial superinfection of a rash or break in the eyelid skin, and bac-
teremic seeding. The first may follow trauma, an insect bite, or herpetic 
lid lesions (herpes simplex or zoster). The pathogens are usually S. 
aureus or group A streptococcus. Preseptal cellulitis that is part of a 
facial cellulitis or erysipelas is included in this category. Rare cases of 
group A streptococcal preseptal cellulitis have been complicated by 
either streptococcal toxic shock syndrome or eyelid necrosis.69,70 P. 
aeruginosa also caused lid necrosis as a complication of blepharitis and 
preseptal cellulitis in one case.71 Other unusual causes of preseptal cel-
lulitis include ringworm,72 atypical mycobacteria,73 and anthrax.74 The 
second cause, bacteremic seeding of the lids, occurs in infants and 
young children (usually younger than 3 years). This syndrome has 
become much less common since the introduction of H. influenzae 
type b (Hib) vaccine in 1990. Before the Hib vaccine, preseptal cellulitis 
was associated with bacteremia in 10% to 33% of cases, with 80% to 
100% of these cases due to H. influenzae.75-77 Large studies in the Hib 
vaccine era found only 4% to 8% of cases were bacteremic, with no 
cases due to H. influenzae type b bacteremia after 1987.59,78 Strepto-
cocci, especially S. pneumoniae and group A streptococcus, are the 
main causes of bacteremia now,79 although nontypeable H. influenzae 
is still an occasional pathogen.58,59,78

Orbital cellulitis and orbital abscess are usually caused by sinusitis, 
but rare cases follow penetrating trauma, orbital surgery, canalicular 
surgery, peribulbar anesthesia for eye surgery, endophthalmitis, dental 
abscess, dacryocystitis, or dacryoadenitis.61,80-84 These nonsinusitis eti-
ologies may be more common in adults than children. In a study from 
Australia, 91% of children with orbital cellulitis or abscess had sinus-
itis, whereas only half of adults did.62 The remaining adults had dac-
ryocystitis, trauma, endophthalmitis, and secondarily infected nasal 
tumor as etiologies. There was no case of posterior extension of pre-
septal cellulitis in either children or adults in this study, and the inci-
dence of this is unknown.

An unusual cause of preseptal or orbital cellulitis is pneumococcal 
bacteremia. Cellulitis of the head and neck region from bacteremic 
pneumococcal infection is well described in patients with lupus 

through the periorbita or coalesce from an orbital cellulitis and form 
an orbital abscess. The venous drainage of the middle third of the 
face and paranasal sinuses is primarily through the valveless orbital 
veins, which drain inferiorly to the pterygoid plexus and posteriorly to 
the cavernous sinus.57 As a consequence, cavernous sinus thrombophle
bitis may occur as a complication of a sinus or orbital infection (see 
Chapter 93).

Epidemiology
Preseptal cellulitis is much more common than orbital cellulitis. In a 
review of 315 pediatric patients (age 18 years or younger) with either 
infection treated in two adjacent Boston hospitals between 1980 and 
1998, 94% were preseptal cellulitis cases.58 Both conditions occur most 
often in young children: 75% of patients in the Boston study were 
younger than 5 years. Children with orbital cellulitis tend to be slightly 
older than children with preseptal cellulitis. The average age of orbital 
cellulitis patients in the Boston study was 5 years versus 3 years for 
preseptal cellulitis patients. A study from New York found similar 
results, with an average age of 7.6 years for orbital cellulitis and 4.6 
years for preseptal cellulitis.59 Frequently the term orbital cellulitis is 
used in the literature imprecisely to include cases of subperiosteal and 
orbital abscess in addition to cellulitis. The distinction is important 
clinically because abscesses usually require surgical drainage. Subperi-
osteal abscess occurs almost as often as uncomplicated orbital cellulitis 
and accounts for 2% to 10% of all cases of preseptal and orbital infec-
tions in large inclusive series.58-60 Orbital abscess is rare, accounting for 
less than 1% of cases in these series.

Etiology and Bacteriology
Sinusitis causes 80% to 90% of all cases of preseptal and orbital cellu-
litis.47 The ethmoid sinus is involved in most of these cases, followed 
by the maxillary sinus. The frontal sinus, which does not develop until 
at least age 6 years, is involved occasionally in older children and 
adults.61 Sphenoid sinusitis rarely leads to bacterial orbital infections. 

FIGURE 118-6  Five diagrams illustrating preseptal cellulitis (A), orbital 
cellulitis (B), subperiosteal abscess (C), orbital abscess (D), and cavernous 
sinus  thrombophlebitis  (E).  (Modified from Chandler JR, Langenbrunner 
DJ, Stevens FR. The pathogenesis of orbital complications in acute sinusitis. 
Laryngoscope. 1970;80:1414.)
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syndrome in immunocompromised or normal hosts and may have a 
subacute presentation.91,92 Pseudallescheria boydii has been described 
as an etiology in rare cases of invasive fungal infection involving the 
orbital apex.93 Rare cases of orbital apex syndrome are due to 
bacteria.94-96 Visual loss is usually irreversible.

If the infection is localized immediately anterior to the orbital apex, 
a “superior orbital fissure syndrome” may occur. This syndrome has the 
same cranial neuropathies as orbital apex syndrome except there is no 
involvement of the optic nerve. If the infection is posterior to the orbital 
apex, a “cavernous sinus syndrome” may occur. This has the same 
cranial neuropathies as orbital apex syndrome except with the added 
involvement of the second division of cranial nerve V and sometimes 
the oculosympathetic fibers. In addition, because the cavernous sinus 
is a venous plexus that extends to the opposite side, bilateral cranial 
neuropathies are typical. The superior orbital fissure, orbital apex, and 
cavernous sinus are contiguous and the etiologies are similar.89 Infec-
tions rarely respect the precise anatomic locations these syndromes 
imply, and infections may be in the cavernous sinus, for example, 
without having all the features of the cavernous sinus syndrome. Infec-
tious etiologies for all of these syndromes include fungi, bacteria such 
as S. aureus, streptococci including S. anginosus (milleri), gram-negative 
bacilli, syphilis, and herpes zoster. Herpes zoster ophthalmicus (HZO) 
may rarely be complicated by complete unilateral ophthalmoplegia or 
orbital apex syndrome. In a review of 20 cases, HZO preceded ophthal-
moplegia in 75% and occurred concurrently in 20%.97

Cavernous Sinus Thrombophlebitis
Septic cavernous sinus thrombophlebitis is rare and should be sus-
pected in any patient with orbital cellulitis who develops contralateral 
signs of orbital inflammation (lid swelling, proptosis, ophthalmople-
gia) (see also Chapter 93). Spread to the opposite eye occurs through 
the cavernous sinus and usually occurs within 24 to 48 hours of the 
initial unilateral orbital findings.98 Patients may also present with bilat-
eral findings, including lid edema, chemosis, proptosis, ptosis, and 
ophthalmoplegia, or they may present with signs of bilateral neuropa-
thies of some or all of cranial nerves III, IV, and VI but without the lid 
edema and erythema that typifies orbital cellulitis. The latter is espe-
cially true in cases of cavernous sinus thrombophlebitis that arise from 
skin infections of the mid third of the face, or in dental infections, 
rather than primary orbital infections. In cavernous sinus thrombo-
phlebitis, there may be decreased sensation over the forehead and 
sometimes cheek due to involvement of the first or second division of 
cranial nerve V. Trigeminal nerve involvement may be seen in a quarter 
of patients with cavernous sinus thrombophlebitis but is not a feature 
of usual bacterial orbital cellulitis.99 Early cases may present with uni-
lateral findings of orbital cellulitis and cavernous sinus syndrome but 
with persistent headache and lethargy. This was illustrated in a recent 
case report of a child with cavernous sinus thrombophlebitis, sphenoid 
sinusitis, and S. anginosus (milleri) bacteremia in whom the clues to 
more serious infection were unrelenting headache, fever, and leth-
argy.100 Visual loss may occur from venous congestion and ischemia. 
Patients are usually febrile and may be lethargic or obtunded. There is 
often sphenoid and posterior ethmoid sinusitis. S. aureus is the major 
pathogen, and cases of methicillin-resistant S. aureus have also been 
described.101 Other pathogens include streptococci, especially S. angi
nosus (milleri) group, anaerobes, and gram-negative bacilli.102-104 Two 
cases with a subacute presentation involved Actinomyces in one 
and Aggregatibacter (Actinobacillus) actinomycetemcomitans in the 
other.105,106 In both cases, patients initially were misdiagnosed as having 
Tolosa-Hunt syndrome, an idiopathic, steroid-responsive inflamma-
tory process involving the cavernous sinus.

Laboratory and Radiologic Studies
Laboratory studies (white blood cell count, blood cultures) should be 
obtained in all patients with preseptal or orbital cellulitis. Leukocytosis 
with a left shift is present in most patients. Blood cultures are rarely 
positive in older children and adults but may be positive in up to 8% 
of young children, as noted earlier.

The most helpful study in evaluating a patient with orbital infection 
is computed tomography (CT). A CT scan should be performed in  
any patient with orbital signs (ophthalmoplegia, proptosis, decreased 

erythematosus or hematologic disorders.85 Patients with lupus who 
develop this may just have started corticosteroid therapy. Pneumococ-
cal orbital cellulitis has also been described in a previously healthy 
adult without bacteremia.86 Pseudomonas preseptal or orbital cellulitis 
may occur in neutropenic cancer patients secondary to Pseudomonas 
bacteremia.87,88

Clinical Manifestations
Preseptal and Orbital Cellulitis
Preseptal cellulitis must be distinguished from orbital cellulitis, a much 
more dangerous infection. The term periorbital cellulitis, sometimes 
used for preseptal cellulitis, should be avoided because it does not 
make this distinction clear. In preseptal and orbital cellulitis, the lids 
are red and swollen. The lids may be swollen shut, but it is essential to 
examine the eye to evaluate visual acuity and extraocular movement. 
In preseptal cellulitis, vision is normal, there is no afferent pupillary 
defect, extraocular movements are full and painless, and there is no 
proptosis. In contrast, patients with orbital cellulitis have some degree 
of ophthalmoplegia or proptosis, or both. There is often deep eye pain 
and pain with eye movement. Proptosis may not be grossly apparent 
and should be measured (e.g., with Hertel’s exophthalmometer); a dif-
ference of 2 mm or more is significant. Vision may be decreased, and 
an early warning sign may be an afferent pupillary defect. Fever and 
leukocytosis are usually present in children with preseptal or orbital 
cellulitis, but they may be absent in adults. Fever was present in 70% 
of pediatric cases but only 30% of adult cases in one series.62

Orbital and Subperiosteal Abscesses
Patients with an orbital or subperiosteal abscess usually present with 
marked lid swelling and erythema, eye pain, proptosis, marked oph-
thalmoplegia, and often vision loss. Most have fever. Because the 
abscess is medial or superomedial in nearly all cases, the eye is typically 
fixed looking “down and out” (Fig. 118-7).

Orbital Apex, Superior Orbital Fissure, and 
Cavernous Sinus Syndromes
Orbital apex syndrome is characterized by marked ophthalmoplegia 
and vision loss. The cranial nerves of the orbital apex are involved, 
which include the optic nerve and cranial nerves III, IV, VI, and the 
first division of V. There is often an afferent pupillary defect due to 
involvement of the optic nerve and hypoesthesia of the forehead  
due to involvement of the first division of cranial nerve V. Etiologies 
include vascular (e.g., carotid cavernous fistula); inflammatory (e.g., 
giant cell arteritis, Wegener’s disease); neoplastic (e.g., lymphoma,  
head and neck cancers, neural tumors); and infectious.89 In infectious 
orbital apex syndrome, unlike orbital cellulitis, marked vision loss  
and ophthalmoplegia may occur with minimal or no lid swelling or 
erythema. Overt signs of orbital inflammation may worsen subse-
quently. This syndrome is usually caused by infection in the adjacent 
posterior ethmoid or sphenoid sinuses, and most cases are due to 
invasive mold infections. Orbital apex syndrome is a well-known pre-
sentation of mucormycosis.90 Aspergillus may cause an orbital apex 

FIGURE 118-7  Patient with orbital abscess (eye looks “down and 
out”). 
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of 8 patients with cavernous sinus thrombophlebitis and 30 control 
patients, 2 independent radiologists blinded to the cases reviewed the 
CT images.112 They correctly diagnosed 7 of the 8 patients with cavern-
ous sinus thrombosis on initial CT images and correctly diagnosed the 
eighth on a repeat CT obtained 4 days after presentation. They also 
correctly read all of the control CTs as normal. Six of the 8 patients 
with cavernous sinus thrombophlebitis also underwent MRI, but this 
was not superior to fine-cut contrast-enhanced CT.

The differential diagnosis of bacterial orbital cellulitis includes 
orbital pseudotumor, tumor, and invasive fungal disease (invasive  
sinus aspergillosis and mucormycosis). Orbital pseudotumor is an 
idiopathic disease, more common in adults than children, that often 
manifests with painful ophthalmoplegia. It may appear with inflamma-
tory proptosis, mimicking orbital cellulitis.113,114 Patients with tumors 
of the orbit may present with acute inflammation mimicking orbital 
cellulitis. This has been described in primary ophthalmic rhabdomyo-
sarcoma and retinoblastoma.115,116 Rhinocerebral mucormycosis, which 
frequently manifests as an orbital cellulitis, is discussed in Chapter 260. 
Mucormycosis should be considered in any patient who presents with 
orbital cellulitis and who has risk factors for mucormycosis (e.g., 
poorly controlled diabetes mellitus, hematologic malignancies, immu-
nosuppression, deferoxamine therapy). In contrast with typical bacte-
rial orbital cellulitis, patients with rhinocerebral mucormycosis may 
have minimal lid erythema, more pain in the forehead or temple than 
in the eye, and early onset of decreased sensation in the first and second 
divisions of cranial nerve V. Invasive sinus aspergillosis usually invades 
from the sphenoid sinus and may manifest as a subacute orbital apex 
syndrome.

Therapy
Preseptal cellulitis due to sinusitis should be treated with antibiotics 
active against S. aureus, S. pneumoniae, and H. influenzae. Antibiotics 
should be given intravenously at first in very young children because 
they may be bacteremic. In older children and adults with mild pre-
septal cellulitis due to sinusitis, initial antibiotics may be oral (e.g., 
amoxicillin-clavulinate). In cases of preseptal cellulitis due to second-
ary infection of skin lesion, antibiotics that are also active against 
MRSA should be considered.

All patients with orbital cellulitis should be treated with intrave-
nous antibiotics and monitored closely for signs of visual compromise. 
Depending on the severity of the clinical presentation and likelihood 
of MRSA as a pathogen, initial broad-spectrum antibiotics could 
include either intravenous ampicillin-sulbactam or the combination  
of intravenous vancomycin, metronidazole, and ceftriaxone. If Pseu
domonas is a consideration (e.g., patients who are immunocompro-
mised, have known sinus colonization with Pseudomonas, or who have 
received multiple antibiotics in recent months), then an antipseudo-
monal agent should be included. Clinical worsening should prompt a 
repeat CT scan and consideration of surgical exploration of the orbit. 
Sinus drainage surgery should also be considered if sinusitis is present.

Older children and adults with subperiosteal abscess require 
prompt surgical drainage in addition to broad-spectrum intravenous 
antibiotics, such as the combination of intravenous vancomycin,  
metronidazole, and ceftriaxone (or ceftazidime if Pseudomonas is a 
concern). An antibiotic, such as vancomycin, that is active against 
MRSA should be included initially for these serious infections, given 
the increased incidence in recent years, as discussed earlier. The need 
for immediate drainage of subperiosteal abscess in young children is 
controversial. Some authors recommend a trial of intravenous antibi-
otics in children younger than 9 years who have a medial subperiosteal 
abscess that is not large and who do not have frontal sinusitis, visual 
decrease, chronic sinusitis (e.g., nasal polyps), or infection of dental 
origin.117 These authors recommend performing visual and pupillary 
examinations every 6 hours for at least 48 hours and immediate surgery 
if the child remains febrile for more than 36 hours, develops visual loss 
or afferent pupillary defect at any time, worsens after 48 hours, or fails 
to improve after 72 hours. Other authors advocate immediate surgical 
drainage in all patients, citing a 10% rate of blindness in this infection 
without prompt drainage.118 These authors also note that it may be 
impossible to obtain frequent and accurate assessments of visual acuity 
in young, acutely ill children. A third group recommends a trial of 

vision, or a combination of these) because it is essential to identify an 
abscess that may require urgent drainage. Repeat scans should also be 
obtained in any patient with presumed uncomplicated orbital cellulitis 
who fails to improve, or worsens, on intravenous antibiotics alone. A 
CT scan may not be necessary in many cases of preseptal cellulitis 
because the diagnosis may be made clinically. However, several reports 
highlight the fact that in children, orbital signs may be absent yet they 
may have an orbital or subperiosteal abscess. Some authors advocate 
CT for all children with preseptal cellulitis, however, and report three 
cases of subperiosteal abscess that presented similar to preseptal cel-
lulitis, with no proptosis, visual decrease, or ophthalmoplegia.107 A 
recent retrospective study that included 111 children (median age, 7) 
with orbital or subperiosteal abscess on CT found that proptosis, oph-
thalmoplegia, and pain with eye movement were risk factors for 
abscess, but half lacked these findings.108 This study found that marked 
lid inflammation with edema extending beyond the lid margins, high 
white blood count (neutrophil count >10,000), and previous antibiotic 
therapy were also risk factors for abscess.

If performed, CT in preseptal cellulitis shows lid edema but no 
proptosis or inflammation (“streaking”) of the orbital fat. Findings in 
orbital cellulitis usually include proptosis, streaking of the intraconal 
fat, and edema of the medial rectus muscle. In subperiosteal or orbital 
abscess, there is a low-density mass effect with or without enhance-
ment.109 An air-fluid level within the mass is even more specific for 
abscess.110 Lateral displacement of the medial rectus and displacement 
of the periosteum away from the lamina papyracea are findings that 
suggest subperiosteal abscess (Fig. 118-8). CT results alone lead to 
misdiagnoses, however, and cannot always be relied on to determine 
the need for surgery. In one study, CT missed the diagnosis for 2 of 10 
subperiosteal abscesses and 1 of 5 orbital abscesses.109 Another review 
of 159 patients with orbital complications of sinusitis described 4 
patients who developed blindness from orbital abscess.111 The abscess 
was not diagnosed by CT in any of these four patients before surgery.

If orbital apex syndrome is suspected, magnetic resonance imaging 
(MRI) or high-resolution CT with slice thickness of 3 mm or less,  
or both, should be obtained.109a If cavernous sinus thrombosis is sus-
pected, MRI with venography (MRV) should be performed. Findings 
in cavernous sinus thrombosis include flattening or bowing of the 
lateral wall of the cavernous sinus (best viewed on coronal images) and 
filling defects within the contrast-enhancing cavernous sinus.98 Dila-
tion of the superior ophthalmic vein due to venous obstruction is an 
indirect sign of cavernous sinus thrombosis. Contrast-enhanced thin 
section CT also has a very high sensitivity for detecting cavernous 
sinus thrombophlebitis, and CT is the usual initial study performed in 
patients who present with orbital infections. In a retrospective study 

FIGURE  118-8  Computed tomography scan of subperiosteal 
abscess. 
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Broad-spectrum combination antibiotic therapy (e.g., vancomycin, 
metronidazole, ceftriaxone) should also be used as initial therapy for 
acute bacterial cavernous sinus thrombosis until culture results are 
available. Because this infection carries a high risk of intracranial com-
plications (e.g., brain abscess, subdural empyema), any regimen should 
include antibiotics that cross the blood-brain barrier. In septic cavern-
ous sinus thrombosis, surgical drainage of the primary focus of infec-
tion (e.g., sinusitis or dental abscess) should be performed and patients 
should be monitored closely for any intracranial extension that may 
require surgical drainage.118a The use of anticoagulation has been con-
troversial, but some studies suggested it was beneficial when started 
early in patients who had no evidence of hemorrhage.119,120

intravenous antibiotics only if vision is normal and close monitoring 
is possible.107 Surgical drainage does not always require an external 
incision. A nasal endoscopic approach has proved successful in drain-
ing medial subperiosteal abscesses in some patients.107,118

All patients with orbital abscesses should have immediate surgical 
drainage, in addition to initial broad-spectrum empirical therapy. 
Combination therapy with vancomycin, metronidazole, and ceftriax-
one will provide coverage for most pathogens; it is usually important 
to initially include an antibiotic active against MRSA given the increas-
ing incidence of this organism. Antibiotics may be simplified (e.g., to 
ampicillin-sulbactam) following drainage if cultures reveal sensitive 
organisms.

Key References
The complete reference list is available online at Expert Consult.

1. Lindsley K, Nichols JJ, Dickersin K. Interventions for acute 
internal hordeolum. Cochrane Database Syst Rev. 2013;(4):
CD007742.

2. Amato M, Pershing S, Walvick M, et al. Trends in ophthal-
mic manifestations of methicillin-resistant Staphylococcus 
aureus (MRSA) in a northern California pediatric popula-
tion. J AAPOS. 2013;17:243-247.

3. Raskin EM, Speaker MG, Laibson PR. Blepharitis. Infect 
Dis Clin North Am. 1992;6:777-787.

5. McCulley JP, Shine WE. Changing concepts in the diagnosis 
and management of blepharitis. Cornea. 2000;19:650-658.

13. Tsao CH, Chen CY, Yeh KW, et al. Monthly recurrent 
herpes simplex virus blepharitis in a boy for more than 10 
years. Infection. 2003;31:257-259.

14. Liu J, Sheha H, Tseng SC. Pathogenic role of Demodex 
mites in blepharitis. Curr Opin Allergy Clin Immunol. 
2010;10:505-510.

17. Galea M, Sharma R, Srinivasan S, et al. Demodex blephari-
tis mimicking eyelid sebaceous gland carcinoma. Clin Exp 
Ophthalmol. 2013; Apr 9. doi: 10.1111/ceo.12116. [Epub 
ahead of print].

20. Boruchoff SA, Boruchoff SE. Infections of the lacrimal 
system. Infect Dis Clin North Am. 1992;6:925-932.

21. Goold LA, Madge SN, Au A, et al. Acute suppurative bacte-
rial dacryoadenitis: a case series. Br J Ophthalmol. 2013;
97:735-738.

25. Marchese-Ragona R, Marioni G, Staffieri A, et al. Acute 
infectious mononucleosis presenting with dacryoadenitis 
and tonsillitis. Acta Ophthalmol Scand. 2002;80:345-346.

34. Scheilian M, Bagheri A, Aletaha M. Dacryoadenitis as the 
earliest presenting manifestation of systemic Wegener’s 
granulomatosis. Eur J Ophthalmol. 2002;12:241-243.

38. Freedman JR, Markert MS, Cohen AJ. Primary and sec-
ondary lacrimal canaliculitis: a review of literature. Surv 
Ophthalmol. 2011;56:336-347.

39. Kaliki S, Ali MJ, Honavar SG, Chandrasekhar G, et al. 
Primary canaliculitis: clinical features, microbiological 
profile, and management outcome. Ophthal Plast Reconstr 
Surg. 2012;28:355-360.

40. Fowler AM, Dutton JJ, Fowler WC, et al. Mycobacterium 
chelonae canaliculitis associated with SmartPlug use. 
Ophthal Plast Reconstr Surg. 2008;24:241-243.

44. Hatton MP, Durand ML. Orbital cellulitis with abscess 
formation following surgical treatment of canaliculitis. 
Ophthal Plast Reconstr Surg. 2008;24:314-316.

48. Mohan ER, Kabra S, Udhay P, et al. Intracanalicular anti-
biotics may obviate the need for surgical management of 
chronic suppurative canaliculitis. Indian J Ophthalmol. 
2008;56:338-340.

51. Boulos PR, Rubin PA. A lacrimal sac abscess incision 
and drainage technique. Arch Ophthalmol. 2008;126:
1297-1300.

54. Chaudhry IA, Shamsi FA, Al-Rashed W. Bacteriology of 
chronic dacryocystitis in a tertiary eye care center. Ophthal 
Plast Reconstr Surg. 2005;21:207-210.

56. Mithal C, Agarwal P, Mithal N. Ocular and adnexal rhino-
sporidiosis: the clinical profile and treatment outcomes  
in a tertiary eye care center. Nepal J Ophthalmol. 2012;4:
45-48.

57. Jain A, Rubin PAD. Orbital cellulitis in children. Int Oph
thalmol Clin. 2001;41:71-86.

58. Ambati BK, Ambati J, Azar N, et al. Periorbital and orbital 
cellulitis before and after the advent of Haemophilus 
influenzae type B vaccination. Ophthalmology. 2000;107:
1450-1453.

62. Ferguson MP, McNab AA. Current treatment and outcome 
in orbital cellulitis. Aust N Z J Ophthalmol. 1999;27:
375-379.

63. Harris GJ. Subperiosteal abscess of the orbit: age as a factor 
in the bacteriology and response to treatment. Ophthalmol
ogy. 1994;101:585-595.

65. Peña MT, Preciado D, Orestes M, et al. Orbital complica-
tions of acute sinusitis: changes in the post-pneumococcal 
vaccine era. JAMA Otolaryngol Head Neck Surg. 2013;139:
223-227.

66. Brook I, Frazier EH. Microbiology of subperiosteal orbital 
abscess and associated maxillary sinusitis. Laryngoscope. 
1996;106:1010-1013.

67. Seltz LB, Smith J, Durairaj VD, et al. Microbiology and 
antibiotic management of orbital cellulitis. Pediatrics. 
2011;127:e566-e572.

68. Liao S, Durand ML, Cunningham MJ. Sinogenic orbital 
and subperiosteal abscesses: microbiology and methicillin-
resistant Staphylococcus aureus incidence. Otolaryngol 
Head Neck Surg. 2010;143:392-396.

79. Rimon A, Hoffer V, Prais D, et al. Periorbital cellulitis in 
the era of Haemophilus influenzae type B vaccine: predis-
posing factors and etiologic agents in hospitalized children. 
J Pediatr Ophthalmol Strabismus. 2008;45:300-304.

83. Chaudhry IA, Shamsi FA, Elzaridi E, et al. Inpatient pre-
septal cellulitis: experience from a tertiary eye care centre. 
Br J Ophthalmol. 2008;92:1337-1341.

84. Hatton MP, Durand ML. Orbital cellulitis with abscess 
formation following surgical treatment of canaliculitis. 
Ophthal Plast Reconstr Surg. 2008;24:314-316.

85. Capdevila O, Grau I, Vadillo M, et al. Bacteremia pneumo-
coccal cellulitis compared with bacteremic cellulitis caused 
by Staphylococcus aureus and Streptoccoccus pyogenes. Eur 
J Clin Microbiol Infect Dis. 2003;22:337.

86. Naseib S, Watanakunakorn C. Orbital cellulitis due to 
Streptococcus pneumoniae in a previously healthy adult. 
Clin Infect Dis. 1999;29:1361-1362.

87. Milstone AM, Ruff AJ, Yeamans C, et al. Pseudomonas 
aeruginosa preseptal cellulitis and bacteremia in a pediatric 
oncology patient. Pediatr Blood Cancer. 2005;45:353.

89. Yeh S, Foroozon R. Orbital apex syndrome. Curr Opin Oph
thalmol. 2004;15:490-498.

90. Turunc T, Demiroglu YZ, Aliskan H, et al. Eleven cases 
of mucormycosis with atypical clinical manifestations in 
diabetic patients. Diabetes Res Clin Pract. 2008;82:203-
208.

91. Sivak-Callcott JA, Livesley N, Nugent RA, et al. Localised 
invasive sino-orbital aspergillosis: characteristic features. 
Br J Ophthalmol. 2004;88:681-687.

92. O’Toole L, Acheson JA, Kidd D. Orbital apex lesion due to 
Aspergillus presenting in immunocompetent patients 
without apparent sinus disease. J Neurol. 2008;255:
1798-1801.

93. Thiagalingam S, Fernando GT, Tan K, et al. Orbital apex 
syndrome secondary to Pseudallescheria boydii fungal 
sinusitis in an immunocompetent patient. Clin Experiment 
Ophthalmol. 2004;32:545-547.

94. Colson AE, Daily JP. Orbital apex syndrome and cavernous 
sinus thrombosis due to infection with Staphylococcus 
aureus and Pseudomonas aeruginosa. Clin Infect Dis. 1999;
29:701-702.

96. Slavin ML, Glaser JS. Acute severe irreversible visual loss 
with sphenoethmoiditis-“posterior” orbital cellulitis. Arch 
Ophthalmol. 1987;105:345-348.

97. Sanjay S, Chan EW, Gopal L, et al. Complete unilateral 
ophthalmoplegia in herpes zoster ophthalmicus. J Neuro
ophthalmol. 2009;29:325-337.

98. Ebright JR, Pace MT, Niazi AF. Septic thrombosis of 
the cavernous sinuses. Arch Intern Med. 2001;161:2671-
2676.

99. Barahimi B, Murchison AP, Bilyk JR. Forget me not. Surv 
Ophthalmol. 2010;55:467-480.

103. Watkins LM, Pasternack MS, Banks M, et al. Bilateral cav-
ernous sinus thromboses and intraorbital abscesses sec-
ondary to Streptococcus milleri. Ophthalmology. 2003;110:
569-574.

104. Cannon ML, Antonio BL, McCloskey JJ, et al. Cavernous 
sinus thrombosis complicating sinusitis. Pediatr Crit Care 
Med. 2004;5:86-88.

107. Rahbar R, Robson CD, Petersen RA, et al. Management of 
orbital subperiosteal abscess in children. Arch Otolaryngol 
Head Neck Surg. 2001;127:281-286.

108. Rudloe TF, Harper MB, Prabhu SP, et al. Acute periorbital 
infections: who needs emergent imaging? Pediatrics. 2010;
125:e719-e726.

109. Younis RT, Anand VK, Davidson B. The role of computed 
tomography and magnetic resonance imaging in patients 
with sinusitis with complications. Laryngoscope. 2002;112:
224-229.

109a. Mathew AV, Craig E, Al-Mahmoud R, et al. Paediatric 
post-septal and pre-septal cellulitis: 10 years’ experience  
at a tertiary-level children’s hospital. Br J Radiol. 2014;87:
20130503.

110. Younis RT, Lazar RH, Bustillo A, et al. Orbital infection as 
a complication of sinusitis: are diagnostic and treatment 
trends changing? Ear Nose Throat J. 2002;81:771-775.

112. Schuknecht B, Simen D, Yuksel C, et al. Tributary venosi-
nus occlusion and septic cavernous sinus thrombosis: CT 
and MR findings. Am J Neuroradiol. 1998;19:617-626.

117. Garcia GH, Harris GJ. Criteria for nonsurgical manage-
ment of subperiosteal abscess of the orbit: analysis of out-
comes, 1988-1998. Ophthalmology. 2000;107:1454-1458.

118a. Desa V, Green R. Cavernous sinus thrombosis: current 
therapy. J Oral Maxillofac Surg. 2012;70:2085-2091.

120. Bhatia K, Jones NS. Septic cavernous sinus thrombosis 
secondary to sinusitis: are anticoagulants indicated?  
A review of the literature. J Laryngol Otol. 2002;116:
667-676.

http://www.myuptodate.com


C
h

ap
ter 118 Periocular	Infections

1438.e1

References
1. Lindsley K, Nichols JJ, Dickersin K. Interventions for acute 

internal hordeolum. Cochrane Database Syst Rev. 2013;(4):
CD007742.

2. Amato M, Pershing S, Walvick M, et al. Trends in ophthal-
mic manifestations of methicillin-resistant Staphylococcus 
aureus (MRSA) in a northern California pediatric popula-
tion. J AAPOS. 2013;17:243-247.

3. Raskin EM, Speaker MG, Laibson PR. Blepharitis. Infect 
Dis Clin North Am. 1992;6:777-787.

4. Ben Simon GJ, Rosen N, Rosner M, et al. Intralesional 
triamcinolone acetonide injection versus incision and 
curettage for primary chalazia: a prospective, randomized 
study. Am J Ophthalmol. 2011;151:714-718.

5. McCulley JP, Shine WE. Changing concepts in the diagno-
sis and management of blepharitis. Cornea. 2000;19:
650-658.

6. Gupta AK, Bluhm R, Cooper EA, et al. Seborrheic derma-
titis. Dermatol Clin. 2003;21:401-412.

7. Ninomiya J, Nakabayashi A, Higuchi R, et al. A case of 
seborrheic blepharitis: treatment with itraconazole. Nippon 
Ishinkin Gakkai Zasshi. 2002;43:189-191.

8. Giagounidis AA, Meckenstock G, Flacke S, et al. Pseudo
monas aeruginosa blepharoconjunctivitis during cytore-
ductive chemotherapy in a woman with acute lymphocytic 
leukemia. Ann Hematol. 1997;75:121-123.

9. Nandy A, Addy M, Chowdhury AB. Leishmanial blepha-
roconjunctivits. Trop Geogr Med. 1991;43:303-306.

10. Wasserman D, Asbell PA, Friedman AJ, et al. Capnocyto
phaga ochracea chronic blepharoconjunctivitis. Cornea. 
1995;14:533-535.

11. Yoon KC, Park HY, Seo MS, et al. Mechanical treatment of 
phthiriasis palpebrarum. Korean J Ophthalmol. 2003;17:
71-73.

12. Robinson J. Photo quiz: Blepharitis due to herpes simplex 
virus type 1. Clin Infect Dis. 1997;24:17.

13. Tsao CH, Chen CY, Yeh KW, et al. Monthly recurrent 
herpes simplex virus blepharitis in a boy for more than 10 
years. Infection. 2003;31:257-259.

14. Liu J, Sheha H, Tseng SC. Pathogenic role of Demodex 
mites in blepharitis. Curr Opin Allergy Clin Immunol. 
2010;10:505-510.

15. Post CF, Juhlin E. Demodex folliculorum and blepharitis. 
Arch Dermatol. 1963;88:298-302.

16. Gao YY, Di Pascuale MA, Li W, et al. In vitro and in vivo 
killing of ocular Demodex by tea tree oil. Br J Ophthalmol. 
2005;89:1468-1473.

17. Galea M, Sharma R, Srinivasan S, et al. Demodex blephari-
tis mimicking eyelid sebaceous gland carcinoma. Clin 
Experiment Ophthalmol. 2013; Apr 9. doi: 10.1111/
ceo.12116. [Epub ahead of print].

18. Patel N, Khalil HM, Amirfeyz R, et al. Lacrimal gland 
abscess complicating acute sinusitis. Int J Pediatr Otorhino
laryngol. 2003;67:917-919.

19. Mirza S, Lobo CJ, Counter P, et al. Lacrimal gland abscess: 
an unusual complication of rhinosinusitis. ORL J Otorhino
laryngol Relat Spec. 2001;63:379-381.

20. Boruchoff SA, Boruchoff SE. Infections of the lacrimal 
system. Infect Dis Clin North Am. 1992;6:925-932.

21. Goold LA, Madge SN, Au A, et al. Acute suppurative bacte-
rial dacryoadenitis: a case series. Br J Ophthalmol. 2013;
97:735-738.

22. Gungur K, Bekir NA, Namiduru M. Ocular complications 
associated with brucellosis in an endemic area. Eur J Oph
thalmol. 2002;12:232-237.

23. Mawn LA, Sanon A, Conlon MR, et al. Pseudomonas dac-
ryoadenitis secondary to a lacrimal gland ductule stone. 
Ophthal Plast Reconstr Surg. 1997;13:135-138.

24. Sen DK. Acute suppurative dacryoadeniitis caused by a 
cysticercus cellulosa. J Pediatr Ophthalmol Strabismus. 
1982;19:100-102.

25. Marchese-Ragona R, Marioni G, Staffieri A, et al. Acute 
infectious mononucleosis presenting with dacryoadenitis 
and tonsillitis. Acta Ophthalmol Scand. 2002;80:345-346.

26. Rhem MN, Wilhelmus KR, Jones DB. Epstein-Barr virus 
dacryoadenitis. Am J Ophthalmol. 2000;129:372-375.

27. Merayo-Lloves J, Baltatzis S, Foster CS. Epstein-Barr virus 
dacryoadenitis resulting in keratoconjunctivitis sicca in a 
child. Am J Ophthalmol. 2001;132:922-923.

28. Obata H, Yamagami S, Saito S, et al. A case of acute dac-
ryoadenitis associated with herpes zoster ophthalmicus. 
Jpn J Ophthalmol. 2003;47:107-109.

29. Tomita M, Shimmura S, Tsubota K, et al. Dacryoadenitis 
associated with Acanthamoeba keratitis. Arch Ophthalmol. 
2006;124:1239-1242.

30. van Assen S, Lutterman JA. Tuberculous dacryoadenitis:  
a rare manifestation of tuberculosis. Neth J Med. 2002;60:
327-329.

31. Sardana K, Koranne RV, Langan U, et al. Ocular scrofulo-
derma with unilateral proptosis. J Dermatol. 2002;29:
232-234.

32. Bansal RK, Malhotra C, Ghatia R, et al. Tubercular 
dacryoadenitis—a case report and review of literature. 
Indian J Pathol Microbiol. 2006;49:385-387.

33. Hwang IP, Jordan DR, Acharya V. Lacrimal gland inflam-
mation as the presenting sign of Crohn’s disease. Can J 
Ophthalmol. 2001;36:212-213.

34. Scheilian M, Bagheri A, Aletaha M. Dacryoadenitis as the 
earliest presenting manifestation of systemic Wegener’s 
granulomatosis. Eur J Ophthalmol. 2002;12:241-243.

35. Hwang CJ, Gausas RE. Sarcoid-like granulomatous orbital 
inflammation induced by interferon-alpha treatment. 
Ophthal Plast Reconstr Surg. 2008;24:311-313.

36. Chen SX, Lee GA. SmartPlug in the management of severe 
dry eye syndrome. Cornea. 2007;26:534-538.

37. Briscoe D, Edelstein E, Zacharopoulos I, et al. Actinomyces 
canaliculitis: diagnosis of a masquerading disease. Graefes 
Arch Clin Exp Ophthalmol. 2004;242:682-686.

38. Freedman JR, Markert MS, Cohen AJ. Primary and sec-
ondary lacrimal canaliculitis: a review of literature. Surv 
Ophthalmol. 2011;56:336-347.

39. Kaliki S, Ali MJ, Honavar SG, Chandrasekhar G, et al. 
Primary canaliculitis: clinical features, microbiological 
profile, and management outcome. Ophthal Plast Reconstr 
Surg. 2012;28:355-360.

40. Fowler AM, Dutton JJ, Fowler WC, et al. Mycobacterium 
chelonae canaliculitis associated with SmartPlug use. 
Ophthal Plast Reconstr Surg. 2008;24:241-243.

41. Moscato EE, Sires BS. Atypical canaliculitis. Ophthal Plast 
Reconstr Surg. 2008;24:54-55.

42. Brazier JS, Hall V. Propionibacterium propionicum and 
infections of the lacrimal apparatus. Clin Infect Dis. 1993;
17:892-893.

43. Jordan DR, Agapitos PJ, McCumm PD. Eikenella corrodens 
canaliculitis. Am J Ophthalmol. 1993;115:823-824.

44. Hatton MP, Durand ML. Orbital cellulitis with abscess 
formation following surgical treatment of canaliculitis. 
Ophthal Plast Reconstr Surg. 2008;24:314-316.

45. Varma D, Chang B, Musaad S. A case series on chronic 
canaliculitis. Orbit. 2005;24:11-14.

46. Chumbley LC. Canaliculitis caused by Enterobacter 
cloacae: report of a case. Br J Ophthalmol. 1984;68:
364-366.

47. Asghar S, Mahmood A, Khan MA. Nocardia canaliculitis 
presenting as pouted punctum. J Coll Physicians Surg Pak. 
2008;18:55-57.

48. Mohan ER, Kabra S, Udhay P, et al. Intracanalicular anti-
biotics may obviate the need for surgical management of 
chronic suppurative canaliculitis. Indian J Ophthalmol. 
2008;56:338-340.

49. Pollard ZF. Treatment of acute dacryocystitis in neonates. 
J Pediatr Ophthalmol Strabismus. 1991;28:341-343.

50. Huber-Spitzy V, Steinkogler FJ, Huber E, et al. Acquired 
dacryocystitis: microbiology and conservative therapy. 
Acta Ophthalmol (Copenh). 1992;70:745-749.

51. Boulos PR, Rubin PA. A lacrimal sac abscess incision 
and drainage technique. Arch Ophthalmol. 2008;126:
1297-1300.

52. DeAngelis D, Hurwitz J, Mazzulli T. The role of bacterio-
logic infection in the etiology of nasolacrimal duct obstruc-
tion. Can J Ophthalmol. 2001;36:134-139.

53. Hartikainen J, Lehtonen OP, Saari KM. Bacteriology of 
lacrimal duct obstruction in adults. Br J Ophthalmol. 
1997;81:37-40.

54. Chaudhry IA, Shamsi FA, Al-Rashed W. Bacteriology of 
chronic dacryocystitis in a tertiary eye care center. Ophthal 
Plast Reconstr Surg. 2005;21:207-210.

55. Halawa A, Yacoub G, Al Hassan M, et al. Dacryocystitis: 
an unusual form of Mucorales infection. J Ky Med Assoc. 
2008;106:520-524.

56. Mithal C, Agarwal P, Mithal N. Ocular and adnexal rhino-
sporidiosis: the clinical profile and treatment outcomes in a 
tertiary eye care center. Nepal J Ophthalmol. 2012;4:45-48.

57. Jain A, Rubin PAD. Orbital cellulitis in children. Int Oph
thalmol Clin. 2001;41:71-86.

58. Ambati BK, Ambati J, Azar N, et al. Periorbital and orbital 
cellulitis before and after the advent of Haemophilus influ
enzae type B vaccination. Ophthalmology. 2000;107:
1450-1453.

59. Barone SR, Aiuto LT. Periorbital and orbital cellulitis in the 
Haemophilus influenzae vaccine era. J Pediatr Ophthalmol 
Strabismus. 1997;34:293-296.

60. Uzcategui N, Warman R, Smith A, et al. Clinical practice 
guidelines for the management of orbital cellulitis. J Pediatr 
Ophthalmol Strabismus. 1998;35:73-79.

61. Rumelt S, Rubin PAD. Potential sources for orbital celluli-
tis. Int Ophthalmol Clin. 1996;36:207-221.

62. Ferguson MP, McNab AA. Current treatment and outcome 
in orbital cellulitis. Aust N Z J Ophthalmol. 1999;27:
375-379.

63. Harris GJ. Subperiosteal abscess of the orbit: age as a factor 
in the bacteriology and response to treatment. Ophthalmol
ogy. 1994;101:585-595.

64. Skedros DG, Haddad J Jr, Bluestone CD, et al. Subperios-
teal orbital abscess in children: diagnosis, microbiology, 
and management. Laryngoscope. 1993;103:28-32.

65. Peña MT, Preciado D, Orestes M, et al. Orbital complica-
tions of acute sinusitis: changes in the post-pneumococcal 

vaccine era. JAMA Otolaryngol Head Neck Surg. 2013;139:
223-227.

66. Brook I, Frazier EH. Microbiology of subperiosteal orbital 
abscess and associated maxillary sinusitis. Laryngoscope. 
1996;106:1010-1013.

67. Seltz LB, Smith J, Durairaj VD, et al. Microbiology and 
antibiotic management of orbital cellulitis. Pediatrics. 2011;
127:e566-e572.

68. Liao S, Durand ML, Cunningham MJ. Sinogenic orbital 
and subperiosteal abscesses: microbiology and methicillin-
resistant Staphylococcus aureus incidence. Otolaryngol 
Head Neck Surg. 2010;143:392-396.

69. Meyer MA. Streptococcal toxic shock syndrome com-
plicating preseptal cellulitis. Am J Ophthalmol. 1997;123:
841-843.

70. Stone L, Codere F, Ma SA. Streptococcal lid necrosis in 
previously healthy children. Can J Ophthalmol. 1991;26:
386-390.

71. Prendiville KJ, Bath PE. Lateral cantholysis and eyelid 
necrosis secondary to Pseudomonas aeruginosa. Ann Oph
thalmol. 1988;20:193-195.

72. Rajalekshmi PS, Evans SL, Morton CE, et al. Ringworm 
causing childhood preseptal cellulitis. Ophthal Plast Recon
str Surg. 2003;19:244-246.

73. Mauriello JA Jr; Atypical Mycobacterial Study Group. 
Atypical mycobacterial infection of the periocular region 
after periocular and facial surgery. Ophthal Plast Reconstr 
Surg. 2003;19:182-188.

74. Soysal HG, Kiratli H, Recep OF. Anthrax as the cause of 
preseptal cellulitis and cicatricial ectropion. Acta Ophthal
mol Scand. 2001;79:208-209.

75. Gellady AM, Shulman ST, Ayoub EM. Periorbital and 
orbital cellulitis in children. Pediatrics. 1978;61:272-277.

76. Smith TF, O’Day D, Wright PF. Clinical implications of 
preseptal (periorbital) cellulitis in childhood. Pediatrics. 
1978;62:1006-1009.

77. Shapiro ED, Wald ER, Brozanski BA. Periorbital cellulitis 
and paranasal sinusitis: a reappraisal. Pediatr Infect Dis. 
1982;1:91-94.

78. Donahue SP, Schwartz G. Preseptal and orbital cellulitis in 
childhood: a changing microbiologic spectrum. Ophthal
mology. 1998;105:1902-1905.

79. Rimon A, Hoffer V, Prais D, et al. Periorbital cellulitis 
in the era of Haemophilus influenzae type B vaccine: 
predisposing factors and etiologic agents in hospitalized 
children. J Pediatr Ophthalmol Strabismus. 2008;45:
300-304.

80. Varma D, Metcalfe TW. Orbital cellulitis after peribulbar 
anaesthesia for cataract surgery. Eye. 2003;17:105-106.

81. Irvine F, McNab AA. Orbital abscess following uncompli-
cated phacoemulsification cataract surgery. Clin Experi
ment Ophthalmol. 2002;30:430-431.

82. Allan BP, Egbert MA, Myall RW. Orbital abscess of odon-
togenic origin: case report and review of the literature. Int 
J Oral Maxillofac Surg. 1991;20:268-270.

83. Chaudhry IA, Shamsi FA, Elzaridi E, et al. Inpatient pre-
septal cellulitis: experience from a tertiary eye care centre. 
Br J Ophthalmol. 2008;92:1337-1341.

84. Hatton MP, Durand ML. Orbital cellulitis with abscess for-
mation following surgical treatment of canaliculitis. 
Ophthal Plast Reconstr Surg. 2008;24:314-316.

85. Capdevila O, Grau I, Vadillo M, et al. Bacteremia pneumo-
coccal cellulitis compared with bacteremic cellulitis caused 
by Staphylococcus aureus and Streptoccoccus pyogenes. Eur 
J Clin Microbiol Infect Dis. 2003;22:337.

86. Naseib S, Watanakunakorn C. Orbital cellulitis due to 
Streptococcus pneumoniae in a previously healthy adult. 
Clin Infect Dis. 1999;29:1361-1362.

87. Milstone AM, Ruff AJ, Yeamans C, et al. Pseudomonas 
aeruginosa preseptal cellulitis and bacteremia in a pedi-
atric oncology patient. Pediatr Blood Cancer. 2005;45:
353.

88. Atkins MC, Harrison GA, Lucas GS. Pseudomonas aerugi
nosa orbital cellulitis in four neutropenic patients. J Hosp 
Infect. 1990;16:343-349.

89. Yeh S, Foroozon R. Orbital apex syndrome. Curr Opin Oph
thalmol. 2004;15:490-498.

90. Turunc T, Demiroglu YZ, Aliskan H, et al. Eleven cases 
of mucormycosis with atypical clinical manifestations in 
diabetic patients. Diabetes Res Clin Pract. 2008;82:203-
208.

91. Sivak-Callcott JA, Livesley N, Nugent RA, et al. Localised 
invasive sino-orbital aspergillosis: characteristic features. 
Br J Ophthalmol. 2004;88:681-687.

92. O’Toole L, Acheson JA, Kidd D. Orbital apex lesion due to 
Aspergillus presenting in immunocompetent patients 
without apparent sinus disease. J Neurol. 2008;255:
1798-1801.

93. Thiagalingam S, Fernando GT, Tan K, et al. Orbital apex 
syndrome secondary to Pseudallescheria boydii fungal 
sinusitis in an immunocompetent patient. Clin Experiment 
Ophthalmol. 2004;32:545-547.

94. Colson AE, Daily JP. Orbital apex syndrome and cavernous 
sinus thrombosis due to infection with Staphylococcus 

http://www.myuptodate.com


P
a
rt

 I
I 

M
aj

o
r 

C
lin

ic
al

 S
yn

d
ro

m
es

1438.e2

aureus and Pseudomonas aeruginosa. Clin Infect Dis. 
1999;29:701-702.

95. Tarazi AE, Shikani AH. Irreversible unilateral visual loss 
due to acute sinusitis. Arch Otolaryngol Head Neck Surg. 
1991;117:1400-1401.

96. Slavin ML, Glaser JS. Acute severe irreversible visual loss 
with sphenoethmoiditis-“posterior” orbital cellulitis. Arch 
Ophthalmol. 1987;105:345-348.

97. Sanjay S, Chan EW, Gopal L, et al. Complete unilateral 
ophthalmoplegia in herpes zoster ophthalmicus. J Neuro
ophthalmol. 2009;29:325-337.

98. Ebright JR, Pace MT, Niazi AF. Septic thrombosis of the 
cavernous sinuses. Arch Intern Med. 2001;161:2671-2676.

99. Barahimi B, Murchison AP, Bilyk JR. Forget me not. Surv 
Ophthalmol. 2010;55:467-480.

100. Absoud M, Hikmet F, Dey P, et al. Bilateral cavernous sinus 
thrombosis complicating sinusitis. J R Soc Med. 2006;98:
474-476.

101. Munckhof WJ, Krishnan A, Kruger P, et al. Cavernous 
sinus thrombosis and meningitis from community-
acquired methicillin-resistant Staphylococcus aureus infec-
tion. Int Med J. 2008;38:283-287.

102. Southwick FS, Richardson EP Jr, Swartz MN. Septic throm-
bosis of the dural venous sinuses. Medicine (Baltimore). 
1986;65:82-106.

103. Watkins LM, Pasternack MS, Banks M, et al. Bilateral cav-
ernous sinus thromboses and intraorbital abscesses sec-
ondary to Streptococcus milleri. Ophthalmology. 2003;110:
569-574.

104. Cannon ML, Antonio BL, McCloskey JJ, et al. Cavernous 
sinus thrombosis complicating sinusitis. Pediatr Crit Care 
Med. 2004;5:86-88.

105. Ohta S, Nishizawa S, Namba H, et al. Bilateral cavernous 
sinus actinomycosis resulting in painful ophthalmoplegia: 
case report. J Neurosurg. 2002;96:600-602.

106. Tobias S, Lee JH, Tomford JW. Rare Actinobacillus infection 
of the cavernous sinus causing painful ophthalmoplegia: 
case report. Neurosurgery. 2002;51:807-809.

107. Rahbar R, Robson CD, Petersen RA, et al. Management of 
orbital subperiosteal abscess in children. Arch Otolaryngol 
Head Neck Surg. 2001;127:281-286.

108. Rudloe TF, Harper MB, Prabhu SP, et al. Acute periorbital 
infections: who needs emergent imaging? Pediatrics. 
2010;125:e719-e726.

109. Younis RT, Anand VK, Davidson B. The role of computed 
tomography and magnetic resonance imaging in patients 
with sinusitis with complications. Laryngoscope. 2002;112:
224-229.

109a. Mathew AV, Craig E, Al-Mahmoud R, et al. Paediatric 
post-septal and pre-septal cellulitis: 10 years’ experience  
at a tertiary-level children’s hospital. Br J Radiol. 2014;87:
20130503.

110. Younis RT, Lazar RH, Bustillo A, et al. Orbital infection as 
a complication of sinusitis: are diagnostic and treatment 
trends changing? Ear Nose Throat J. 2002;81:771-775.

111. Patt BS, Manning SC. Blindness resulting from orbital 
complications of sinusitis. Otolaryngol Head Neck Surg. 
1991;104:789-795.

112. Schuknecht B, Simen D, Yuksel C, et al. Tributary venosi-
nus occlusion and septic cavernous sinus thrombosis: CT 
and MR findings. Am J Neuroradiol. 1998;19:617-626.

113. Sirbaugh PE. A case of orbital pseudotumor masquerading 
as orbital cellulitis in a patient with proptosis and fever. 
Pediatr Emerg Care. 1997;13:337-339.

114. Brown DH, MacRae DL, Allen LH. Orbital pseudotumors. 
J Otolaryngol. 1988;17:164-168.

115. Shields CL, Shields JA, Honavar SG, et al. Clinical spec-
trum of primary ophthalmic rhabdomyosarcoma. Ophthal
mology. 2001;108:2284-2292.

116. Shields JA, Shields CL, Suvarnamani C, et al. Retinoblas-
toma manifesting as orbital cellulitis. Am J Ophthalmol. 
1991;112:442-449.

117. Garcia GH, Harris GJ. Criteria for nonsurgical manage-
ment of subperiosteal abscess of the orbit: analysis of out-
comes, 1988-1998. Ophthalmology. 2000;107:1454-1458.

118. Page EL, Wiatrak BJ. Endoscopic and external drainage of 
orbital subperiosteal abscess. Arch Otolaryngol Head Neck 
Surg. 1996;122:737-740.

118a. Desa V, Green R. Cavernous sinus thrombosis: current 
therapy. J Oral Maxillofac Surg. 2012;70:2085-2091.

119. Levine SR, Twyman RE, Gilman S. The role of anticoagula-
tion in cavernous sinus thrombosis. Neurology. 1988;38:
517-522.

120. Bhatia K, Jones NS. Septic cavernous sinus thrombosis 
secondary to sinusitis: are anticoagulants indicated?  
A review of the literature. J Laryngol Otol. 2002;116:
667-676.

http://www.myuptodate.com


1439

ACUTE HEPATITIS
•	 Acute	clinical	illnesses	caused	by	the	five	

hepatitis	viruses	(HAV,	HBV,	HCV,	HDV,	and	
HEV)	are	similar.

•	 Illness	ranges	from	asymptomatic	to	
fulminant.

•	 Asymptomatic	infections	are	10	to	30	times	
more	common	than	symptomatic	ones.

CHRONIC HEPATITIS
•	 Chronic	hepatitis	affects	more	than	500	

million	people	worldwide.
•	 HBV,	HCV,	and	HDV	cause	chronic	hepatitis.
•	 HEV	causes	protracted	and	chronic	hepatitis	

only	in	immunosuppressed	patients.

INDIVIDUAL HEPATITIS VIRUSES (SEE	
TABLE	119-1)

Hepatitis A Virus (HAV)
•	 HAV	is	an	RNA	virus	that	is	a	member	of	the	

Hepatovirus	genus.
•	 HAV	is	transmitted	via	the	fecal-oral	route.
•	 It	typically	causes	an	acute,	self-limited	illness,	

more	often	symptomatic	in	adults	than	in	
children.

•	 HAV	is	more	severe	in	patients	with	
preexisting	chronic	hepatitis	B	or	C.

•	 Relapsing	and	cholestatic	hepatitis	may	occur.
•	 Diagnosis	is	by	serology	(IgM	anti-HAV)	(see	

Table	119-2).
•	 Treatment	is	usually	not	necessary	beyond	

supportive	care.
•	 Prevention—highly	effective	HAV	vaccines	that	

have	markedly	reduced	incidence	where	used	
are	available.

•	 Passive	immunization	with	immune	globulin	
intramuscularly	is	effective	in	postexposure	
prophylaxis.

Hepatitis B Virus (HBV)

Virology/Epidemiology
•	 HBV	is	a	double-stranded	DNA	virus	in	

the	Orthohepadnavirus	genus	and	the	
Hepadnavirus	family;	10	genotypes	have	
been	identified.

•	 Worldwide,	350	million	people	are	infected	
chronically	with	HBV.

•	 One	million	deaths	annually	result	from	
complications	of	chronic	infection—cirrhosis,	
hepatocellular	carcinoma	(HCC).

•	 Prevalence	in	Asia	is	estimated	at	greater	than	
10%,	resulting	primarily	from	perinatal	

transmission,	after	which	the	likelihood	of	
acquiring	chronic	infection	is	90%.

•	 In	adults,	transmission	of	hepatitis	B	occurs	
primarily	following	high-risk	behaviors	
(injection	drug	use,	sexual	activity)	or	after	
occupational	exposure	but	resolves	in	greater	
than	95%	of	otherwise	healthy	persons.

Diagnosis
•	 Acute	hepatitis	B	is	a	symptomatic	infection	

typified	by	right	upper	quadrant	pain,	nausea,	
malaise,	jaundice,	elevated	alanine	
aminotransferase	(ALT)	and	aspartate	
aminotransferase	(AST),	and	IgM	antibody	to	
hepatitis	B	core	antigen.

•	 Different	categories	of	chronic	infection	are	
diagnosed	on	the	basis	of	serologic	testing	
and	HBV	DNA	level	(see	Table	119-5).

•	 Liver	biopsy	is	not	required	for	diagnosis	but	
may	inform	treatment	decisions	in	chronic	
infection.

Treatment
•	 Indications	(see	Table	119-7):
○	 Hepatitis	B	e	antigen	(HBeAg)-positive	or	

HBeAg-negative	patients	with	ALT		
>	2×	upper	limit	of	normal	or	moderate	to	
severe	hepatitis	on	liver	biopsy	and	HBV	
DNA	>	20,000	IU/mL

○	 HBeAg-negative	patients	with	low-level	
HBV	DNA	but	evidence	of	fibrosis	or	
moderate	to	severe	hepatitis	on	liver	biopsy

○	 Cirrhosis	associated	with	chronic	HBV	
irrespective	of	HBV	DNA	level

○	 Inactive	carrier	(hepatitis	B	surface	antigen	
[HBsAg]	positive)	preemptively	when	
starting	chemotherapy	or	other	
immunosuppressive	therapy	(including	
anti–tumor	necrosis	factor)

•	 Therapy	(see	Table	119-8):
○	 Tenofovir	300	mg	daily	or	entecavir	0.5	mg	

daily	(1	mg	dose	approved	for	prior	
lamivudine	resistance	but	not	a	viable	
alternative	to	adding	tenofovir)

○	 48	weeks	of	pegylated	interferon	(PEG	IFN)	
in	noncirrhotic	HBeAg-positive	patients	also	
an	option

○	 Consider	stopping	oral	therapy	in	HBeAg-
positive	patients	6	to	12	months	after	
HBeAg	seroconversion	(HBeAg-negative	and	
anti-HBe-positive);	≥40%	chance	of	
seroconversion	after	5	years	of	therapy

○	 Indefinite	treatment	for	chronic	HBeAg-
negative	hepatitis	B;	consider	stopping	
therapy	for	HBsAg	seroconversion

Prevention
•	 Universal	vaccination	of	infants	beginning	at	

birth	(≥3	intramuscular	doses)
•	 Prenatal	maternal	HBsAg	screening	and	if	

HBsAg	positive,	hepatitis	B	immune	globulin	
0.5	mL	at	birth	along	with	vaccination

•	 Tenofovir	300	mg	starting	in	the	third	
trimester	in	women	with	HBV	DNA	>108	IU/mL	
(some	authorities	recommend	antiviral	therapy	
for	mothers	with	HBV	DNA	>106	IU/mL)

Hepatitis D Virus (HDV)
•	 HDV	is	a	percutaneously	transmitted,	circular	

RNA	virus	(genus:	Deltavirus)	that	requires	
HBV	(or	other	hepadnaviruses)	to	replicate		
and	persist.

•	 Acute	coinfection	can	occur	and	follows	the	
clinical	course	of	acute	HBV	infection.

•	 HDV	superinfection	results	in	chronic	infection	
in	patients	with	prior	chronic	hepatitis	B	and	
has	clinical	features	similar	to	chronic	hepatitis	
B	infection,	although	with	increased	severity	
and	risk	of	progression	to	cirrhosis.

•	 The	diagnosis	is	made	by	serologic	testing	for	
antibodies	to	HDV	or	by	polymerase	chain	
reaction	(PCR)	for	HDV	RNA.

•	 Oral	antivirals	for	hepatitis	B	are	not	active	
against	HDV,	but	prolonged	treatment	with	
PEG	IFN	may	benefit	a	proportion	of	patients.

Hepatitis C Virus (HCV)

Virology/Epidemiology
•	 HCV	is	a	single-stranded	RNA	virus	(genus:	

Hepacivirus)	with	six	main	genotypes	(1	to	6);	
it	exists	as	quasi-species	because	of	its	high	
mutation	rate.

•	 HCV	requires	host	lipid	membrane	assembly/
secretion	apparatus	for	replication.

•	 Worldwide,	185	million	patients	have	chronic	
HCV,	with	more	than	4	million	residing	in	the	
United	States.

•	 Transmission	occurs	predominantly	through	
injection	drug	use,	but	other	modes	include	
blood	transfusion	before	the	availability	of	
screening	or	nonsterile	practices	in	which	
blood/body	fluids	are	exchanged	[note—the	
risk	of	hepatitis	C	is	not	increased	in	people	
with	tattoos	or	in	health	workers].

SHORT VIEW SUMMARY
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The acute clinical illnesses caused by the five hepatitis viruses (A-E) 
range from asymptomatic to fulminant and fatal. The chronic infec-
tions caused by HBV, HCV, and HDV range from subclinical persistent 
infections to rapidly progressive chronic liver disease with cirrhosis 
and increased risk for hepatocellular carcinoma. HEV can also cause 
protracted and chronic infections in immunosuppressed patients (see 
later).

Discussion of viral hepatitis in this chapter is divided into the  
following two sections: “Acute Viral Hepatitis” and “Chronic Viral 
Hepatitis.”

ACUTE VIRAL HEPATITIS
Clinical Manifestations
The clinical manifestations of acute viral hepatitis are similar among 
the five hepatitis viruses, and no clinical features unequivocally distin-
guish one from the other, although certain epidemiologic patterns of 
transmission may suggest a particular virus.

Asymptomatic infections with the hepatitis viruses are approxi-
mately 10 to 30 times more common than symptomatic ones. These 
are most often recognized by rises in liver biochemical tests along with 
serologic markers of viral infections in individuals being evaluated  
for nonspecific constitutional complaints (see later). The incubation 
periods of hepatitis vary with the individual virus (see later), and 

Viral hepatitis is an infection that predominantly affects the liver but 
may also have systemic clinical manifestations. It is estimated that as 
many as 400 million individuals have chronic viral hepatitis,1 and 
therefore it is the most common cause of chronic liver disease. Although 
the exact burden of acute viral hepatitis is not known, at least 1.4 
million cases of hepatitis A occur worldwide annually. Thus, viral hepa-
titis is a major public health problem. The vast majority of cases of 
hepatitis are caused by one of five hepatotropic viruses: hepatitis A virus 
(HAV); hepatitis B virus (HBV); hepatitis C virus (HCV); hepatitis D 
(delta) virus (HDV); and hepatitis E virus (HEV). HBV, HCV, and HDV 
also cause chronic hepatitis, whereas HAV does not. HEV causes acute 
hepatitis in normal hosts but can cause protracted and chronic hepatitis 
in immunosuppressed patients (Table 119-1). Approximately 15% to 
17% of cases of hepatitis have features similar to hepatitis caused by 
known viruses but remain unexplained and are therefore areas of search 
for occult viral agents. Putative viral agents for such cases, primarily in 
transfusion-associated hepatitis, have been described (hepatitis G, 
hepatitis GB, transfusion-transmitted virus, SEN virus),2-4 but these do 
not appear to be human pathogens. Liver involvement may also be seen 
on occasion as part of systemic infections with herpes simplex virus, 
Epstein-Barr virus, varicella-zoster virus, enteroviruses, adenoviruses, 
yellow fever virus, mumps, rubella, and rubeola, but these viruses do 
not cause infections that primarily affect the liver.

•	 Chronic	HCV	infection	develops	in	at	least	
85%	of	patients	with	acute	infection	and,	in	
the	absence	of	treatment,	results	in	cirrhosis	in	
approximately	20%	of	patients	after	20	years	
of	infection.

•	 The	annual	incidence	of	HCC	in	persons	with	
HCV-associated	cirrhosis	is	1%	to	4%.

•	 HCV	is	the	leading	indication	for	liver	
transplantation	in	the	United	States.

Diagnosis
•	 Symptomatic	hepatitis	and	jaundice	develop	

in	fewer	than	10%	to	20%	of	patients	with	
acute	hepatitis	C,	which	often	portends	viral	
clearance.

•	 Chronic	hepatitis	C	tends	to	be	asymptomatic,	
although	patients	often	complain	of	fatigue.

•	 Patients	with	HCV-associated	cirrhosis	may	
present	clinically	with	complications	of	
end-stage	liver	disease	such	as	variceal	
bleeding,	hepatic	encephalopathy,	or	ascites.

•	 The	detection	of	antibody	to	HCV	is	the	initial	
diagnostic	test,	but	PCR	testing	for	HCV	RNA	
distinguishes	ongoing	chronic	infection	
(commonly)	from	prior	exposure	with	
subsequent	clearance	(rare).

Treatment
•	 The	goal	of	therapy	in	chronic	hepatitis	C	is	to	

achieve	a	sustained	virologic	response	(SVR),	
which	is	defined	as	undetectable	HCV	RNA	24	
weeks	following	completion	of	therapy	(12	
weeks	has	been	adopted	as	the	SVR	endpoint	
in	recent	clinical	trials).

•	 Standard of care 2011-2013:	for	genotypes	
2	and	3,	24	weeks	of	PEG	IFN-α2a	or	-α2b	
and	ribavirin	(RBV)	800	mg	daily;	for	genotype	
1,	PEG	IFN,	weight-based	RBV,	and	either	
boceprevir	(BOC)	or	telaprevir	(TVR)	(see		
Fig.	119-5).	In	prior	treatment-naïve	patients,	
treatment	regimens	are	either	24	weeks	(TVR),	
28	weeks	(BOC,	after	4	weeks	of	PEG	IFN/RBV	
lead-in),	or	up	to	48	weeks	(with	triple-drug	
therapy	for	12	weeks	and	PEG	IFN/RBV	
thereafter	for	TVR	or	BOC-based	triple-drug	
therapy	for	up	to	week	36	and	PEG	IFN/RBV	

thereafter)	and	are	based	on	HCV	RNA	
response	milestones	(i.e.,	response-guided	
therapy;	see	Figs.	119-5	and	119-6),	except	in	
cirrhotics,	in	whom	treatment	for	a	full	48	
weeks	is	recommended.	In	treatment-
experienced	patients,	relapsers	are	treated	the	
same	way	as	treatment-naïve	patients,	while	
prior	nonresponders	are	treated	for	up	to	48	
weeks	(with	triple-drug	therapy	for	12	weeks	
and	PEG	IFN/RBV	thereafter	for	TVR	or	
triple-drug	therapy	up	to	44	weeks	following		
4	weeks	of	PEG	IFN/RBV	lead-in	for	BOC).

•	 Standard of care 2014	(see	Table	119-9):	
treatment	recommendations	continue	to	
evolve	rapidly	as	new	antivirals	are	introduced	
(see	www.hcvguidelines.org).

•	 Treatment-naïve	patients:
○	 Genotype	1:	sofosbuvir	(SOF)	400	mg	daily	

with	PEG	IFN/RBV	(weight-based,	1000	to	
1200	mg	daily)	for	12	weeks	or	simeprevir	
(SMV)	150	mg	with	PEG	IFN/RBV	for	12	
weeks	followed	by	another	12	weeks	of	
PEG	IFN/RBV;	an	alternative	for	IFN-
ineligible	patients	is	combination	SOF,	SMV,	
and	RBV	for	12	weeks.

○	 Genotype	2:	SOF	400	mg	daily	with	RBV	
(weight-based,	1000	to	1200	mg	daily)	for	
12	weeks.

○	 Genotype	3:	SOF	400	mg	daily	with	RBV	
(weight-based,	1000	to	1200	mg	daily)	for	
24	weeks	(an	alternative	is	SOF	with	PEG	
IFN/RBV	for	12	weeks).

○	 Genotypes	4	to	6:	similar	to	genotype	1	
with	minor	modifications	(see	www.
hcvguidelines.org).

•	 Patients	with	prior	PEG	IFN/RBV	treatment	
failure:
○	 Genotype	1:	SOF	400	mg	daily,	SMV	150	mg	

daily,	and	RBV	(1000	to	1200	mg	daily)	for	
12	weeks	(an	alternative	is	SOF	for	12	
weeks	with	PEG	IFN/RBV	for	12	to	24	
weeks	or	SMV	150	mg	for	12	weeks	with	
PEG	IFN/RBV	for	48	weeks).

○	 Genotype	2:	SOF	400	mg	daily	with	RBV	
(weight-based,	1000	to	1200	mg	daily)	for	

12	weeks	(an	alternative	is	SOF	400	mg	
daily	with	PEG	IFN/RBV	[weight-based,	
1000	to	1200	mg	daily]	for	12	weeks).

○	 Genotype	3:	SOF	400	mg	daily	with	RBV	
(weight-based,	1000	to	1200	mg	daily)	for	
24	weeks	(an	alternative	is	SOF	400	mg	
daily	with	PEG	IFN/RBV	[weight-based,	
1000	to	1200	mg	daily]	for	12	weeks).

○	 Genotypes	4	to	6:	SOF	400	mg	daily	with	
PEG	IFN/RBV	(weight-based,	1000	to	
1200	mg	daily)	for	12	weeks.

•	 Patients	with	genotype	1	and	prior	TVR	or	
BOC	protease	inhibitor	failure:	SOF	for		
12	weeks	with	PEG	IFN/RBV	for	12	to		
24	weeks.

•	 Standard of care after 2014:	future	therapy	
for	HCV	infection	will	involve	combining	
direct-acting	antivirals	in	all	oral,	IFN-free	
regimens	typically	lasting	12	weeks,	or	even	
shorter	(e.g.,	8	weeks),	with	SVR	greater	than	
95%	in	both	treatment-naïve	and	treatment-
experienced	patients.

Hepatitis E (HEV)
•	 HEV	is	an	RNA	virus	(genus:	Hepevirus).
•	 It	spreads	by	fecally	contaminated	water	in	

endemic	areas.
•	 HEV	causes	acute,	self-limited	hepatitis,	similar	

to	HAV,	in	normal	hosts.
•	 Case	fatality	rates	are	0.9%	to	2.8%	in	men	

and	20%	in	pregnant	women,	particularly	in	
the	third	trimester.

•	 In	immunosuppressed	patients,	particularly	
solid	organ	transplants,	HEV	can	cause	
protracted	infection,	chronic	hepatitis,	and	
cirrhosis.

•	 Diagnosis	is	by	serologic	tests	(IgM	antibody	
to	HEV)	or	PCR	in	blood	or	stool.

•	 Treatment:	acute	hepatitis	E	is	usually	
self-limited;	chronic	hepatitis	E	responds	to	
ribavirin	therapy.

•	 Highly	effective	vaccines	consisting	of	
recombinant	capsid	proteins	have	been	
developed	for	use	in	endemic	areas.	One	
(Hecolin)	has	been	recently	licensed	in	China.

http://www.hcvguidelines.org
http://www.hcvguidelines.org
http://www.hcvguidelines.org
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severe than hepatitis B during the acute phase, and fatalities are rare, 
although the precise case fatality rate is unknown; chronic hepatitis C 
follows acute infection in approximately 85% of cases. Patients with 
simultaneous acute hepatitis B and acute hepatitis D do not necessarily 
have a more severe disease than those with acute hepatitis B alone, and 
the duration of hepatitis B infection will determine the chronicity of 
hepatitis. In contrast, hepatitis D superinfection of established chronic 
hepatitis B infection often leads to clinical deterioration (see later). 
Waterborne acute infection with HEV has a mortality of 0.6% to 2.8%5 
in men and up to 20%6,7 in pregnant women. HEV can also cause 
chronic and severe hepatitis in immunosuppressed patients.8

Certain clinical and laboratory findings may be associated with 
more complicated and protracted courses of acute viral hepatitis. These 
include advanced age and serious underlying medical conditions. Pre-
senting clinical features such as ascites, peripheral edema, and hepatic 
encephalopathy indicate a poorer prognosis. A prolonged prothrombin 
time, low serum albumin, hypoglycemia, and very high serum biliru-
bin indicate more severe hepatocellular damage. Patients with those 
clinical and laboratory findings should be hospitalized promptly.

Fulminant Hepatitis
Fulminant hepatitis is defined as severe liver failure developing within 
8 weeks of the onset of symptoms and is the most feared complication 
of acute hepatitis. It is seen primarily with hepatitis B and D but may 
occur rarely in hepatitis A infection in older patients and in patients 
who also have chronic hepatitis B or C infection.9 Hepatitis B infection 
of patients with underlying chronic hepatitis C may also lead to fulmi-
nant hepatic failure. Fulminant hepatitis is hardly ever seen in hepatitis 
C alone. As noted earlier, hepatitis E may lead to acute liver failure 
uncommonly in men and in up to 20% of pregnant women.5-7

Considerable geographic variations exist in the causes of acute liver 
failure. Hepatitis E is the leading cause in India, and hepatitis B is the 
leading cause in France and Japan. Patients with acute fulminant hepa-
titis usually present with hepatic encephalopathy, which may evolve 
into a deep coma. Liver size is reduced, bilirubin rises, and prothrombin 
time is markedly prolonged, even as aminotransferase levels drop. 
Ascites and peripheral edema are present, consistent with hepatic 
failure. Cerebral edema is common, and brainstem compression may 
occur. Also seen are gastrointestinal bleeding, sepsis, and respiratory 
failure. Cardiovascular collapse and renal failure are terminal events. 
The mortality rate is high (>80% in patients with deep coma), but those 
who survive have a complete clinical and laboratory recovery. Liver 
transplantation, if it can be performed in time, may be lifesaving in such 
patients. Drug-induced (acetaminophen) toxicity is the leading cause 
of hepatic failure in the United Kingdom and United States.10 Viral 
hepatitis was identified in only 12% of cases of fulminant hepatitis in 
the United States; HBV and HAV accounted for 7% and 4% of cases, 
respectively.11,12

Complications of Acute Hepatitis
Uncommonly, hepatitis A can be associated with relapsing hepatitis, 
occurring weeks to months after apparent recovery from hepatitis A.13 

prodromal symptoms are common but quite varied in the individual 
patient. Approximately 25% of patients report the onset of symptoms 
as a “flulike” illness. Symptoms include malaise, fatigue, myalgia, 
arthralgia, and headache. Anorexia, nausea, and vomiting may occur, 
sometimes associated with alterations in olfaction and taste. Pharyn-
gitis, coryza, and cough may also be present. Low-grade fever is 
common and more frequent in hepatitis A and E, rather than in hepa-
titis B or C, except when hepatitis B is associated with a serum 
sickness–like syndrome, in which a fever of 39.5° C to 40° C may be 
present. Dark urine and clay-colored stools may appear, usually 1 to 5 
days before the onset of icterus, although a substantial portion of 
patients never become jaundiced. With the onset of jaundice, the con-
stitutional symptoms generally abate but may continue during the 
entire icteric period. Right upper quadrant tenderness and discomfort 
are present as the liver enlarges, and in some patients, a cholestatic 
clinical picture may develop, suggesting extrahepatic obstruction. Sple-
nomegaly and cervical lymphadenopathy are seen in 10% to 20% of 
patients.

As patients recover, constitutional symptoms resolve, but usually 
some liver enlargement persists, as well as elevations of liver biochemi-
cal tests (see later). The duration of the posticteric phase is variable and 
ranges from 2 to 12 weeks. It is usually more prolonged in hepatitis B 
and C. Complete resolution of clinical and laboratory abnormalities is 
to be expected 1 to 2 months after the onset of jaundice in acute hepa-
titis A and 3 to 4 months after the onset of jaundice in 75% of cases of 
uncomplicated acute hepatitis B or C. In hepatitis E, acute cases are 
similar to those in hepatitis A, but protracted infection may occur in 
hepatitis E in immunosuppressed patients, and severe and fatal infec-
tion can occur in pregnant women (see later).

Laboratory Features
Serum aspartate aminotransferase (AST) and the alanine aminotrans-
ferase (ALT) activities increase to variable levels during the prodromal 
phase of acute hepatitis and precede elevations in bilirubin. The mag-
nitude of AST and ALT elevations do not correlate closely with the 
extent of liver damage. Peak levels vary from 400 to 4000 international 
units (IU)/L, and maximums are usually reached when the patient 
becomes icteric. Jaundice, when present, reaches levels of 5 to 20 mg/
dL and is usually equally divided between conjugated and unconju-
gated fractions. Neutropenia and lymphopenia may be present initially, 
followed by a lymphocytosis with atypical lymphocytes. Prothrombin 
times should be followed because a prolonged value may indicate a 
severe synthetic hepatic defect, severe hepatocellular necrosis, and a 
poor prognosis. A diffuse but modest elevation of the serum globulin 
fraction is often present, and antibodies to smooth muscle and to other 
cell constituents can be seen.

Prognosis of Acute Hepatitis
The prognosis of patients with hepatitis A is excellent, as nearly all 
previously healthy patients recover fully and without sequelae. Simi-
larly, 95% to 99% of otherwise healthy, immunocompetent patients 
with acute hepatitis B recover completely. Hepatitis C is even less 

TABLE 119-1  Hepatitis Viruses and Characteristics of Infection

CHARACTERISTIC A B C D E
Virus family Picornaviridae Hepadnaviridae Flaviviridae Unassigned Hepeviridae

Genus Hepatovirus Orthohepadnavirus Hepacivirus Deltavirus Hepevirus

Nucleic acid RNA DNA RNA RNA RNA

Incubation period (days) 15-48
(mean 30)

30-180
(mean 60-90)

15-160
(mean 50)

30-180
(mean 60-90)

14-60
(mean 40)

Mode of transmission:

 Fecal-oral Yes No No No Yes

 Sexual Possible Yes Rare Yes No

 Blood Rare Yes Yes Yes No*

Chronic infection No Yes Yes Yes Yes†

Cirrhosis and hepatocellular carcinoma No Yes Yes With hepatitis B No‡

*Can be bloodborne in endemic areas.
†Acute hepatitis in normal hosts, protracted and chronic infection only in immunosuppressed patients.
‡Cirrhosis can occur after chronic infection, which is confined to immunosuppressed patients.
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shedding of HAV does not take place, virus shedding may recur during 
relapsing illness.

Hepatitis A is typically an acute self-limited disease, but its clinical 
expression varies with age. The vast majority of infections are silent in 
children younger than 5 years of age, and rates of symptomatic infec-
tion and jaundice increase in older children and adults. Hepatitis A 
often begins with a mild prodrome; after 1 to 7 days dark urine and 
jaundice may appear. Two thirds of patients recover by 2 months, 85% 
by 3 months, and nearly all by 6 months. Recovery is full and without 
sequelae, and chronic infection does not occur. Relapsing disease may 
occur after a typical initial course in 3% to 20% of patients. Cholestatic 
hepatitis may occasionally complicate an acute course. HAV is a rare 
cause of fulminant hepatitis in the developed world but can cause 
severe hepatitis in individuals with preexisting hepatitis B or C.

Hepatitis B Virus (also see Chapter 148)
HBV infects more than 350 million people worldwide. It is the leading 
cause of chronic hepatitis, cirrhosis, and HCC. The sequelae of chronic 
infection account for more than 1 million deaths annually.

HBV is a partially double-stranded DNA virus in the Hepadnaviri-
dae family, which replicates through an RNA intermediate and, there-
fore, has a reverse transcriptase. The complete viral particle is 42 nm 
in diameter, and 22 nm spherical and filamentous subviral particles are 
present. HBV is divided into 10 genotypes (A-J) and multiple subgeno-
types. The primary hosts for HBV are humans, but the envelope 
protein, hepatitis B surface antigen (HBsAg), has been detected in 
nonhuman primates. The primary cell for HBV replication is the hepa-
tocyte, although a robust in vitro culture system has not been estab-
lished. HBV does not appear to be directly cytopathic to the hepatocyte, 
and liver injury appears to be mediated by virus-specific cellular and 
humoral immune responses (see Chapter 148).

HBV is transmitted by cutaneous and mucosal exposure to infec-
tious blood or bodily fluids, such as semen, saliva, cervical secretions, 
and tears, and can survive up to 7 days on environmental surfaces. The 
typical mode of transmission of HBV varies in part with the prevalence 
of infection. Perinatal transmission is the predominant mode in high-
prevalence areas, whereas horizontal transmission, particularly in early 
childhood, accounts for most cases in intermediate prevalence areas. 
Unprotected sexual intercourse and intravenous drug use are the major 
routes of spread in low prevalence areas.

The sequence of virologic markers of acute, self-limited HBV infec-
tion is depicted in Figure 119-2. The incubation period of hepatitis B 
is 30 to 180 days (mean of 60 to 90 days). The first marker is HBsAg 
within 1 to 12 weeks, usually in 8 to 12 weeks. HBsAg is ordinarily 

Uncommonly, a clinical picture of protracted cholestatic hepatitis may 
be present in patients with hepatitis A and persist for up to a year. Even 
with these complications, however, hepatitis A remains self-limited 
and does not progress to chronic liver disease.

A variety of immune-mediated complications may be associated 
with hepatitis B and C. During the prodromal phase of hepatitis B, a 
serum sickness–like syndrome may develop, characterized by arthritis 
or arthralgias, rash, angioedema, and, rarely, hematuria and protein-
uria. Essential mixed cryoglobulinemia and associated lymphoprolif-
erative disorders can complicate chronic (not acute) hepatitis C, and 
hepatitis C may be associated with abnormalities in lipoprotein and 
glucose metabolism. The risk of chronic infection after acute hepatitis 
B in otherwise healthy adults is appropriately 1%, whereas the corre-
sponding risk of chronicity after acute hepatitis C is 85% to 90%. Both 
chronic hepatitis B and C are associated with an increased risk of 
hepatocellular carcinoma (HCC). Chronic hepatitis B and C are dis-
cussed in the subsequent section of this chapter as well as in Chapters 
148 and 156.

Agents of Viral Hepatitis
The characteristics of individual viruses that cause hepatitis are 
reviewed in Table 119-1. Additional details regarding epidemiology, 
virology, and pathogenesis are presented in chapters devoted to the 
individual pathogens.

Hepatitis A Virus (also see Chapter 176)
HAV is a nonenveloped positive-strand virus that is 27 to 28 nm in 
diameter and is a member of the Hepatovirus genus in the Picornaviri-
dae family. Human HAV strains are divided into three genotypes but 
appear to be of only one serotype. HAV is relatively stable under a 
variety of environmental conditions but can be inactivated by com-
monly used disinfecting chemicals, including hypochlorite and bleach 
(see Chapter 176). Person-to-person transmission by the fecal-oral 
route is the primary means of HAV transmission throughout the 
world.14 Before the introduction of HAV vaccine, children were the 
major source of person-to-person transmission. Although foodborne 
and waterborne transmission are increasingly uncommon in the devel-
oped world, sporadic foodborne outbreaks continue to be reported, 
often linked to food products imported from developing countries.

HAV replicates in the liver and is excreted in high concentrations 
in the stool and bile. The incubation period of illness is 15 to 45 days 
(mean of 30 days), and infectivity of virus in stool is present from 21 
days before to 8 days after onset of jaundice. The highest concentration 
of virus in stool is in the 2-week period before jaundice develops (Fig. 
119-1). Viremia begins during the prodrome and extends through the 
period of increased serum aminotransferase levels. Shedding of virus 
in stool may be longer in children than in adults. Although chronic 

FIGURE  119-1 Clinical, virologic, and serologic course of acute 
hepatitis A virus (HAV) infection. ALT, alanine aminotransferase; IgG, 
immunoglobulin G; IgM, immunoglobulin M. 
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Hepatitis D Virus (also see Chapter 148)
HDV is a 32 nm circular, single-stranded RNA virus (genus: Deltavi-
rus) that requires the presence of HBV or another Hepadnavirus for 
replication. Therefore, it may either infect the host at the same time as 
HBV, or it can superinfect a host that is already infected with HBV. 
HDV has a viral envelope derived from HBV and has a similar tropism 
for hepatocytes. An in vitro culture system, however, has not been 
established for its growth, and thus the mechanism for injury of hepa-
tocytes with HDV remains unclear. HDV prevalence generally mirrors 
prevalence of HBV worldwide. It is primarily transmitted by parenteral 
routes, although sexual and intrafamilial transmission can also occur.

Simultaneous infection (coinfection) of HBV and HDV generally 
presents as an acute self-limited hepatitis with full recovery, and 
chronic infection is seen in 2% of patients driven primarily by chronic 
HBV infection. More severe acute infection can be seen, and fulminant 
hepatitis can occur. In contrast, HDV superinfection of a person with 
chronic HBV infection usually results in a severe infection, followed 
by chronic hepatitis D infection in 90% of individuals. Fulminant 
hepatitis may occur and is 10 times more common in superinfection 
with HDV than in coinfection with HDV and HBV. In patients with 
chronic HDV infection, HDV is the dominant virus because it sup-
presses HBV replication. Once chronic HDV is established, the course 
of hepatitis is accelerated, and cirrhosis occurs in 60% to 80% of 
patients. If HDV is present, the risk of HCC is higher than with HBV 
infection alone.

Hepatitis E Virus (also see Chapter 180)
HEV is a single-stranded, nonenveloped RNA virus that is 27 to 34 nm 
in diameter. It is the single member of the genus Hepevirus in the 
family Hepeviridae. HEV has four genotypes and up to 24 subtypes. 
HEV is primarily enterically transmitted. It is spread by fecally con-
taminated water in endemic areas and may be spread by blood transfu-
sion, particularly in endemic areas. Person-to-person transmission is 
uncommon but has been documented in households. Highest rates of 
seroprevalence are in Asia, Africa, the Middle East, and Central 
America. Sporadic cases occur in western countries, and, surprisingly, 
a relatively high seroprevalence (21%) has been found in the United 
States, apparently related to infection with attenuated genotypes 3 and 
4, which are of limited pathogenicity.

The incubation period of illness is 14 to 60 days (mean of 40 days), 
and clinical illness appears to be similar to acute hepatitis from other 
hepatotropic viruses, although perhaps more severe than that seen with 
HAV. Fulminant hepatitis can occur, with case fatality rates of 0.9%  
to 2.8% in men and up to 20% in pregnant women, particularly in  
the third trimester.5-7 The reason for the markedly increased mortality 
in pregnant women is unclear but may be related to increased virus 
replication observed in pregnancy.16 HEV can be detected in stool 
for 1 week before the onset of illness and for up to 2 weeks afterward 
(Fig. 119-4). Hepatitis E viremia is generally short in duration, but on 
occasion it can last up to 4 months.

HEV is not a cause of chronic hepatitis, except in immunosup-
pressed patients. These include solid-organ recipients, HIV-infected 
patients, and patients receiving chemotherapy for hematologic malig-
nancies. In such patients, chronic HEV infection and progressive clini-
cal liver disease have been reported to develop.8,17-19

Diagnosis
Serologic tests are available to make the diagnosis of acute hepatitis A, 
B, C, D, and E. An algorithm for a diagnostic approach to a patient 
with acute hepatitis begins with four serologic tests for the most 
common causes of viral hepatitis in the United States: HBsAg, IgM 
anti-HAV, IgM anti-HBc, and anti-HCV. Table 119-2 shows the inter-
pretation of the results of those tests. Detection of HBeAg may be 
useful as a marker for viral replication and for relative infectivity late 
in the course of illness. Sensitive and specific tests are available for HBV 
DNA (see Chapter 148) and HCV RNA (see Chapter 156), and these 
are particularly useful in assessing the effect of antiviral therapy (see 
“Chronic Viral Hepatitis” later). If hepatitis E is under consideration, 
a serologic test for IgM antibody to HEV (IgM anti-HEV) or poly-
merase chain reaction (PCR) for HEV RNA in blood or stool can be 
sought from the Centers for Disease Control and Prevention.

detected 2 to 6 weeks before ALT or AST elevations and clinical symp-
toms and remains detectable during the entire course of HBV infection. 
In typical acute cases, HBsAg becomes undetectable by 1 to 2 months 
after jaundice and rarely persists beyond 6 months. After HBsAg clears, 
anti-HBs becomes detectable and persists indefinitely. Anti-HBc can 
be present weeks to months before detection of anti-HBs. HBeAg, 
which appears concurrently with or shortly after the appearance of 
HBsAg, is associated with high levels of HBV replication.

Hepatitis C Virus (also see Chapter 156)
HCV is a positive-strand RNA virus in the genus Hepacivirus of the 
family Flaviviridae. HCV is roughly spherical and is 55 nm in diam-
eter. There are at least six major genotypes or clades, and provisionally 
a seventh genotype has been identified. The genotypes are highly 
diverse, but the extent of serotypic variation among genotypes is not 
well understood. The high level of virion turnover coupled with the 
absence of proofreading by the NS5B polymerase results in generation 
of multiple variants (“quasi-species”) in an infected individual. The use 
of autonomously replicating viral replicons and the establishment of a 
complete cell culture system have enabled detailed studies of HCV 
replication to be undertaken and to identify specific viral functions  
as targets for antiviral chemotherapy (see “Chronic Viral Hepatitis” 
later).

After infection, HCV RNA can be detected within days of exposure. 
The incubation period of hepatitis C is from 15 to 160 days (mean of 
50 days). Viremia peaks 8 to 12 weeks after infection and then plateaus 
or drops to lower levels and persists in 85% to 90% of individuals (Fig. 
119-3). The major consequence of persistent HCV infection is hepatic 
fibrosis, which may progress to life-threatening cirrhosis and increased 
risk of HCC. This generally occurs more than 20 years after infection 
but can develop more rapidly in persons older than 50 years of age or 
those with immunosuppression or human immunodeficiency virus 
(HIV) infection (see Chapter 156).15

HCV RNA can be detected in blood, saliva, tears, seminal fluid, 
ascitic fluid, and cerebrospinal fluid; however, it is most often transmit-
ted by percutaneous exposure to blood. In economically developed 
countries, most new HCV infections are related to intravenous drug 
use. HCV may also be transmitted between sexual partners and peri-
natally, although these modes of transmission are inefficient and much 
less frequent than in HBV infections. WHO estimates that more than 
185 million persons worldwide are currently infected with HCV. In 
developed nations, antibody to HCV is prevalent in 1% to 2% of the 
population.

FIGURE  119-3 Typical clinical, virologic, and serologic course of 
chronic hepatitis C virus (HCV). ALT, alanine aminotransferase; PCR, 
polymerase chain reaction; RNA, ribonucleic acid. (From Hoofnagle JH. 
Chronic hepatitis. In: Goldman L, Ausiello D, eds. Cecil Medicine, 23rd ed. 
Philadelphia: Saunders; 2008.)
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Chapter 140). Herpes simplex virus may cause a generalized infection 
that is associated with hepatic abnormalities, most commonly in neo-
nates and immunocompromised children and adults.

Yellow fever may be associated with acute hepatitis and can be severe. 
Serum AST is usually higher than ALT, probably because of skeletal or 
myocardial injuries or both. In severe cases, aminotrans ferase levels 
may be greater than 2000 IU/L. Serum bilirubin is most often in the 
range of 5 to 10 mg/dL. Yellow fever should be suspected in a recent 
traveler to enzootic areas who did not receive adequate immunization. 
Acute hepatitis may also be seen in patients with leptospirosis20 and Q 
fever.21

Treatment
Most cases of acute viral hepatitis do not require specific treatment, 
other than generally supportive and symptomatic measures. Other 
than for clinically severe cases, hospitalization is not required. Focused 
or prolonged bed rest is also not necessary for full recovery, although 
patients may feel more comfortable with some restriction of physical 
activity. A high-caloric diet is desirable, but because many patients may 
experience nausea later in the day, the major caloric intake may be best 
tolerated early in the day. Intravenous feeding may be necessary if the 
patient cannot tolerate oral feeding. Glucocorticoid therapy has no 
proven value in acute viral hepatitis.

In acute hepatitis B, the prognosis is excellent and specific antiviral 
therapy is not necessary. In rare cases of severe acute hepatitis B, 
however, treatment with a nucleoside analogue at oral doses used for 
chronic hepatitis B is recommended by many consultants (see “Chronic 
Hepatitis B” later), even though its efficacy in acute hepatitis B has not 
been established by clinical trials.

Because progression to chronic infection is the rule after acute 
hepatitis C, treatment of acute cases of hepatitis C is recommended 
and is supported by a meta-analysis of data from clinical trials.22 
Although the optimum regimen, duration of treatment, and time to 
begin therapy is not established, authorities currently suggest begin-
ning intensive interferon (IFN)-α therapy 2 to 3 months after the onset 
of symptoms, with either pegylated interferon (PEG IFN)-α2a 180 µg/
wk or PEG IFN-α2b 1.5 µg/kg/wk for 24 weeks or standard IFN-α2a 
or IFN-α2b at 5 million units SC daily for 4 weeks, followed by IFN 3 
times per week for 20 weeks. Many consultants would add ribavirin 
(RBV) to IFN therapy for acute hepatitis C, even though the value of 
adding RBV for that indication has not been demonstrated. IFN-based 
therapy for acute hepatitis C is nearly 100% effective; however, the 
availability of oral direct antivirals is likely to simplify treatment for 
acute hepatitis C (pending evidence-based guidelines). In the setting 
of an acute needle stick from a patient with known or suspected hepa-
titis C, the individual who was stuck should be monitored with HCV 
RNA and AST and ALT tests and should receive treatment for acute 
hepatitis C infection as noted earlier.

As noted earlier, most acute cases of hepatitis E are also self-limited 
and do not require specific therapy; however, uncommonly, acute cases 
may be severe, and RBV has been used effectively in individual cases 
with apparently good clinical responses and reduction of HEV RNA 
levels in blood.23,24 Supporting the use of RBV in severe acute hepatitis 
E are observations of the effectiveness of RBV therapy in achieving a 

Liver biopsies are not indicated in patients with acute, self-limited 
hepatitis. In protracted cases or in those with cholestatic disease, liver 
biopsy may be helpful in establishing the diagnosis or differentiating 
the patient’s presentation from that associated by other causes of liver 
injury. Typical findings in acute viral hepatitis include lobular disarray, 
apoptosis of hepatocytes, mononuclear cell infiltrates in portal and 
periportal areas, and cholestasis. Liver biopsies are seldom indicated 
in cases of fulminant hepatitis and are often contraindicated because 
of coagulation defects or thrombocytopenia.

Differential Diagnosis
A number of clinical entities can be considered in the differential 
diagnosis of acute hepatitis. These include drug-induced liver injury, 
ischemic hepatitis, autoimmune hepatitis, Budd-Chiari syndrome, 
Wilson’s disease, and syndromes related to pregnancy, such as acute 
fatty liver of pregnancy and the syndrome of hemolysis, elevated liver 
enzymes, and low platelets (HELLP).

Other viruses may cause acute hepatitis on occasion. Epstein-Barr 
virus (EBV) is a relatively common cause, and 90% of patients with 
heterophile-positive mononucleosis have mild AST and ALT eleva-
tions, at two to five times normal (see Chapter 141). Cytomegalovirus 
(CMV) infection may also be associated with mild elevations of AST 
and ALT in otherwise healthy individuals but can be associated with 
more severe and systemic disease in immunosuppressed patients (see 

TABLE 119-2  Simplified Diagnostic Approach in Patients Presenting with Acute Hepatitis

DIAGNOSTIC INTERPRETATION
SEROLOGIC TESTS OF PATIENT’S SERUM

HBsAg IgM Anti-HAV IgM Anti-HBc Anti-HCV
Acute hepatitis B + − + −
Chronic hepatitis B + − − −
Acute hepatitis A superimposed on chronic hepatitis B + + − −
Acute hepatitis A and B + + + −
Acute hepatitis A − + − −
Acute hepatitis A and B (HBsAg below detection threshold) − + + −
Acute hepatitis B (HBsAg below detection threshold) − − + −
Acute hepatitis C − − − +

HAV, hepatitis A virus; HBc, hepatitis B core; HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus.
Modified from Longo D, Fauci A, Kasper D, et al. Harrison’s Principles of Internal Medicine. 18th ed. New York: McGraw Hill; 2011.

FIGURE  119-4 Time course of clinical, virologic and serologic 
events during acute hepatitis E virus (HEV) infection. ALT, alanine 
aminotransferase; IgG, immunoglobulin G; IgM, immunoglobulin M; RNA, 
ribonucleic acid. 
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Hepatitis E
IG, even produced from populations where hepatitis E is highly 
endemic, does not appear to provide protection against infection with 
HEV.27

Vaccines against hepatitis E have been in active development. Most 
advanced is a recombinant hepatitis E capsid protein vaccine (Hecolin 
[Xiamen Innovax Biotech, Xiamen, China]), which was highly protec-
tive against infection with HEV (100% efficacy) in a large-scale trial 
and was licensed in China in 2011.28 Another recombinant HEV capsid 
protein vaccine developed by GlaxoSmithKline in collaboration with 
the U.S. Army has also been shown to be highly effective (95.5% pro-
tection against HEV infection after three doses)29 (see Chapter 176 for 
further details). Vaccines against HEV would be directed at areas of 
high prevalence for infection, as noted earlier.

CHRONIC VIRAL HEPATITIS
The term chronic viral hepatitis is used to describe protracted hepato-
cellular necrosis and inflammation, often with fibrosis, that lasts longer 
than 6 months and is caused by HBV, HCV, HBV-associated HDV, or 
HEV. Nonviral causes of chronic hepatitis that may be confused clini-
cally with chronic viral hepatitis include autoimmune hepatitis; 
metabolic-genetic disorders (Wilson’s disease, hereditary hemochro-
matosis, α1 antitrypsin deficiency); alcoholic liver disease; nonalco-
holic fatty liver disease; drug-induced liver disease; and granulomatous 
disorders. The chronic viral hepatitides, however, are readily distin-
guished from these other forms of chronic hepatitis with serologic or 
virologic testing. Classified histologically by the degree of hepatocel-
lular necrosis and inflammation (grade) and fibrosis (stage; Table 119-
3),30-32 chronic viral hepatitis may be mild (even sometimes without 
liver injury at all, representing an inactive carrier state), moderate, or 
severe. With the potential to culminate in cirrhosis, portal hyperten-
sion, and even HCC, chronic viral hepatitis ranks as the fifth most 
common cause of human deaths worldwide and the tenth most 
common cause of deaths in the United States. In the United States, 
chronic viral hepatitis has been estimated to result in annual economic 
losses that exceed $1 billion. Left to follow its natural history, chronic 
viral hepatitis could account for an even more substantial health and 
economic burden in coming generations; however, a vaccine to prevent 
hepatitis B and rapidly evolving antiviral therapies for both hepatitis B 
and C are likely to reduce the morbidity and mortality of this human 
scourge.

Neither of the enteric RNA hepatitis viruses, hepatitis A and hepa-
titis E, causes chronic hepatitis; however, acute hepatitis A can be 
followed by a protracted, cholestatic syndrome that may last many 
months.33 Hepatitis E can cause a protracted and chronic hepatitis in 

sustained virologic response (SVR) in organ-allograft recipients with 
chronic hepatitis E.24a Hepatitis E can be a severe and fatal disease in 
pregnant women, and therapy is necessary in such cases; however, RBV 
is contraindicated in pregnancy because of its teratogenicity. Studies of 
its potential use in this setting are worthy of consideration.25

Prevention
Hepatitis A
Both passive and active immunoprophylaxis are available against hepa-
titis A (see Chapter 321). Immune globulin (IG) preparations contain 
sufficient anti-HAV concentrations to provide protection. IG can be 
given at doses of 0.02 mL/kg IM for postexposure prophylaxis of inti-
mate contacts after exposure to hepatitis A (household, sexual, insti-
tutional).26 Administration is recommended as early as possible after 
exposure and is effective as late as 2 weeks after exposure. Prophylaxis 
is not necessary for those who have already received hepatitis A vaccine 
or for those known to have serum anti-HAV. For postexposure pro-
phylaxis against HAV for individuals 12 months to 40 years of age, 
hepatitis A vaccine is preferred to IG. For those younger than 12 
months or older than 40, immunocompromised persons, and those 
with chronic liver disease, IG is recommended. For preexposure pro-
phylaxis (e.g., travel) for relatively short trips of 1 to 2 months, IG can 
be used at a dose of 0.02 mL/kg or in a larger dose (0.06 mL/kg) every 
5 months for longer trips.

Highly effective inactivated hepatitis A vaccines are available and 
have been part of the childhood immunization schedule since 2006 in 
the United States. This has resulted in a dramatic reduction of hepatitis 
A in all areas where vaccine use has been extensive (see Chapter 176). 
Patients with chronic hepatitis B or C have an increased risk of severe 
hepatitis when infected with HAV and should therefore receive hepa-
titis A vaccine as well.

Hepatitis B
Vaccines against hepatitis B are now part of childhood immunization 
schedules in the United States and in most developed countries. These 
are now recommended for individuals with frequent exposures to  
HBV infections, such as health care workers exposed to blood and 
household and sexual contacts of persons with chronic HBV infection. 
HBV vaccines are recombinant preparations (Recombivax-HB [Merck, 
Rahway, NJ] and Engerix-B [GlaxoSmithKline, Brentford, London]), 
which are available individually or as part of combinations with HAV 
vaccine (Twinrix [GlaxoSmithKline]) or with DPT (diphtheria, pertus-
sis, tetanus) and inactivated polio vaccine for children (Pediarix [Glax-
oSmithKline]) (see Chapter 321).

For postexposure prophylaxis after exposure to HBV, a combination 
of hepatitis B immune globulin (HBIG) (0.06 mL/kg) for rapid pres-
ence of antibody and hepatitis B vaccine (full course) for long-lasting 
immunity is recommended for those who have not been vaccinated. 
This is recommended for percutaneous inoculation or transmucosal 
exposure to HBV-containing bodily fluids as well as sexual contact with 
an individual with hepatitis B (see Chapter 321). All pregnant women 
should be tested for circulating HBsAg, and HBIG (0.5 mL) should be 
given to infants as soon as possible after birth but within 12 hours of 
delivery in conjunction with a dose of hepatitis B vaccine. Additional 
doses of vaccine are indicated at 1 month and 6 months of age.

Hepatitis C
IG is not effective in prevention of hepatitis C. Development of vac-
cines to hepatitis C is impeded by the extensive viral heterogeneity  
of HCV. For persons with multiple sexual partners or sexually trans-
mitted diseases, the likelihood of transmission of HCV is increased, 
and use of condoms is recommended. Persons with hepatitis C should 
avoid sharing razors, toothbrushes, and nail clippers with sexual part-
ners and family members.

Hepatitis D
No product is available specifically to prevent transmission of HDV. 
The major approach to prevention of hepatitis D is prevention of hepa-
titis B through vaccination with HBV vaccines. Persons with chronic 
HBV infection should avoid percutaneous exposure and intimate 
contact with persons who have HDV infection.

TABLE 119-3  Contemporary Histologic 
Classification of Chronic Hepatitis According to 
the Modified Histologic Activity Index (HAI) of 
Ishak et al30 and the Metavir32 Scale

HAI METAVIR
Necroinflammatory Activity (Grade)
Periportal necrosis, bridging necrosis 0-4 0-3, 0-1

Intralobular necrosis, confluent 0-6

Intralobular necrosis, focal 0-4 0-2

Portal inflammation 0-4 0-3

TOTAL 0-18 A0-A3*

Fibrosis (Stage)
None 0 F0

Portal (some) 1 F1

Portal (most) 2 F1

Bridging (few) 3 F2

Bridging (many) 4 F3

Incomplete cirrhosis 5 F4

Cirrhosis 6 F4

TOTAL 6 4

*Necroinflammatory activity: A0, none; A1, mild; A2, moderate; A3, severe.
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compared with babies born to mothers with low-level HBV replication, 
whose likelihood of chronic HBV infection is 10% or less.45 Similarly, 
a person who sustains a needle stick contaminated by blood from 
someone with highly replicative chronic HBV infection has a more 
than 30% chance of infection, but the likelihood of infection is only 
0.1% if the needle stick derives from a person with low-level HBV 
replication.46 Similar distinctions occur between the two groups in 
sexual transmission. Inactive hepatitis B carriers, who have low-level 
viremia, absent or negligible histologic activity, normal liver biochemi-
cal tests, and minimal infectivity, can undergo HBsAg-to-anti-HBs 
seroconversion (i.e., the serologic hallmark of recovery from hepatitis 
B) but at a frequency of only 1% to 2% per year.47,48 In the setting of 
immunologic compromise (e.g., cytotoxic chemotherapy, immunosup-
pression for organ transplantation, anti–tumor necrosis factor [TNF]-
α therapy for inflammatory bowel disease or rheumatologic disorders, 
HIV infection), inactive carriers and even persons who have recovered 
from hepatitis B can have reactivation, potentially severe, of hepatitis 
B.49 Among the complications of chronic hepatitis B is HCC, postu-
lated to be associated with incorporation of HBV DNA (but not at a 
recognized uniform site) into the host genome.50-52 Ironically, conver-
sion from a state of free episomal HBV DNA to one in which HBV 
DNA is integrated into the host genome tends to occur, in nature, as 
HBV infection converts from highly replicative to minimally replica-
tive. In all likelihood, integration of HBV DNA into host DNA does 
not rely on this change in replicative status; instead, both integration 
and reduced replication tend to occur after prolonged HBV infection. 
Areas of high HCC and HBV prevalence overlap geographically51; the 
relative risk of HCC among persons with HBsAg is 100-fold higher 
than in persons without this marker of HBV infection.50 Recent obser-
vations show that, among persons with HBsAg, the risk of HCC resides 
primarily among those with markers of high-level HBV replication.53,54 
Similarly, severity and progression of chronic hepatitis B are more 
pronounced in patients with high levels of HBV replication.39,55,56 Thus, 
the level of HBV replication has a profound influence over the clinical 
expression of chronic hepatitis B.

Distinctions Based on Epidemiologic 
Considerations
Chronic hepatitis B follows acute HBV infection in more than 90% of 
neonates born to mothers with chronic hepatitis B but in only approxi-
mately 1% of immunocompetent adults with clinically apparent acute 
hepatitis B.57-59 In Asia and sub-Saharan Africa, the prevalence of HBV 
infection is high, exceeding 10% of the population, and in many 
western countries, such as the United States, prevalence rates of less 
than 1% are the rule. These differences in frequency translate into 
marked distinctions in clinical expression of HBV infection.

In high-prevalence areas, women of childbearing age have the high 
likelihood of infection characteristic of the population at large; conse-
quently, the risk of perinatal transmission of HBV infection from 
infected mother to her baby is high and represents the most common 
mode of HBV transmission in the population. Acquired in the perina-
tal period, HBV infection is unlikely to be accompanied by clinically 
apparent acute hepatitis but almost universally results in chronic infec-
tion, a reflection of tolerance of the virus by the host-immune system.57 
Although most such infected persons can have mild asymptomatic 
chronic hepatitis B during childhood and early to middle adulthood, 
the lifetime risk of succumbing to chronic hepatitis B in such high-
prevalence HBV populations can reach 40%, the result of cirrhosis  
and HCC.50

In contrast, in low-prevalence areas (e.g., United States, western 
Europe), the limited frequency of HBV infection in the general  
population does not support a large cohort of infected women of child-
bearing age; therefore, the frequency of perinatal transmission is low. 
Instead, most HBV infections in such western countries occur during 
adolescence and early adulthood, enhanced by behaviors (e.g., sexual 
activity, injection drug use, occupational exposure to blood and con-
taminated instruments) that foster the spread of bloodborne agents. 
Such infections result typically in a robust host-immune response to 
the presence of HBV on hepatocyte membranes, recognized clinically 
as acute hepatitis, and the cytolytic T-cell response is usually sufficient 
to eradicate HBV infection. Chronicity of hepatitis B under these 

immunosuppressed patients (see later). Similarly, rare instances have 
been reported in which classic autoimmune hepatitis was initiated by 
an episode of acute viral hepatitis A, B, or C.34-36 Both CMV and EBV 
have been implicated as agents of acute hepatitis, primarily in patients 
with immunocompromise, but in immunocompetent patients with 
systemic acute CMV or EBV infection (e.g., infectious mononucleosis), 
transient elevations of serum aminotransferase and alkaline phospha-
tase activities are common. Neither agent is a likely contributor to 
chronic hepatitis.

In all forms of chronic viral hepatitis, liver injury does not result 
directly from a cytopathic effect of the virus but instead from an 
ongoing host-mediated cytolytic T-cell response to virus-infected 
hepatocytes that is ineffective in achieving adequate clearance of all 
virus-infected cells.

Chronic Hepatitis B
In persons in whom HBV infection fails to clear during acute infection, 
chronic infection is characterized serologically by persistence in serum 
of the HBV envelope protein, hepatitis B surface antigen (HBsAg). 
Among cases of chronic hepatitis B, several important distinctions, 
based on levels of HBV replication, epidemiologic considerations, and 
viral variants, merit attention (Table 119-4).

Distinctions Based on Relative Levels of  
HBV Replication
Among cases with chronic hepatitis B, a distinction can be drawn 
between those with highly replicative HBV infection (>105 to 106 IU/
mL) and those with levels of replication below this threshold. In the 
relatively replicative phase of chronic hepatitis B, levels of HBV DNA 
are high (detectable in the past with insensitive hybridization assays 
or, currently, at levels that exceed 105 to 106 IU/mL with sensitive 
amplification assays such as PCR and transcription-mediated amplifi-
cation [TMA]); transmissibility of infection to contacts is favored; 
hepatitis B e antigen (HBeAg), another serologic marker of HBV rep-
lication, is detectable; the expression of HBV nucleocapsid antigens 
(primarily hepatitis B core antigen [HBcAg]) in hepatocytes is demon-
strable; and clinical markers of liver injury are present. Such patients 
tend to have moderate to severe chronic hepatitis B.37

At an annual incidence of approximately 10% to 15%, persons with 
highly replicative chronic hepatitis B lose markers of high replication 
and undergo spontaneous conversion to a relatively low replicative 
state characterized by limited infectivity and liver injury and loss of 
HBeAg and of detectable hepatocyte expression of HBcAg.38-41 Such 
patients tend to have clinically mild chronic hepatitis or are even inac-
tive carriers of the virus. Unlike hepatitis C, in which any level of virus 
replication can be associated with liver injury, in chronic HBV infec-
tion, a threshold exists, on the order of approximately 103 to 104 IU per 
mL, below which liver injury is negligible or absent.42-44 The distinction 
in level of HBV replication between these two relative phases of chronic 
HBV infection is reflected by a dramatic difference in infectivity. Babies 
born to mothers with high-level HBV replication (HBeAg-reactive, 
HBV DNA ≥106 IU/mL) have a 90% chance of chronic HBV infection, 

TABLE 119-4  Distinctions among Patients with 
Chronic Hepatitis B

Distinction Based on Levels of HBV Replication
HBV DNA ≥ 105-106 IU/mL versus ≤103-104 IU/mL

Wild-type HBeAg-reactive versus HBeAg-nonreactive

Distinctions Based on Epidemiologic Considerations
High-prevalence areas: perinatal acquisition, host tolerance, clinically inapparent 

acute infection, chronicity >90%, high risk of cirrhosis and HCC

Low-prevalence areas: adolescent/adult sexual/percutaneous acquisition, host 
intolerance, clinically apparent acute hepatitis, chronicity <1%, low risk of 
cirrhosis and HCC

Distinction Based on Viral Variants
Wild-type, HBeAg-reactive versus precore or core-promoter (HBeAg-negative) 

variants

HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; HCC, hepatocellular 
carcinoma; IU, international units.
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complementary, and unstably bound to nucleotide 1896 in the HBV 
genome loop structure. Because the bond between T1858 and G1896 is 
so unstable, G1896A mutations can occur readily, without the need 
for a complementary mutation at position 1858. Therefore, precore 
mutations occur primarily among persons with HBV genotypes other 
than A.73 Consequently, precore mutations and HBeAg-negative 
chronic hepatitis are relatively uncommon in parts of the world (e.g., 
the United States) in which genotype A predominates but are common 
in other parts of the world (e.g., Mediterranean countries, Europe, 
Asia) in which other genotypes are prevalent.73,74 Although wild-type 
chronic hepatitis B predominates in the United States, almost all con-
temporary cases of chronic hepatitis B in Europe and the Mediterra-
nean are HBeAg-negative; and in the United States, HBeAg-negative 
hepatitis B, once rare, now accounts for up to 40% of cases, fueled by 
migration from these other countries.62,70

Levels of HBV DNA tend to be lower in patients with HBeAg-
negative chronic hepatitis B, but episodic flares in necroinflammatory 
activity are common, as are severe and progressive chronic hepatitis 
and its consequences, cirrhosis and HCC.48 Important distinctions 
in response to antiviral therapy between wild-type HBeAg-reactive 
and mutant HBeAg-negative chronic hepatitis B are discussed 
subsequently.

Pathophysiology and Natural History
Like the other human hepatitis viruses, HBV is not cytopathic but 
instead engenders an endogenous cytolytic T-cell response to virus-
infected hepatocytes.75 Although nucleocapsid HBV antigens appear to 
be the target for cytolytic T cells, the complex cellular and humoral 
host factors, as well as the interaction among these factors, that deter-
mine the severity, duration, and outcome of hepatitis B are poorly 
understood. As noted, some authorities have postulated that periods 
of relative inactivity followed by periods of accelerated liver injury 
represent an immune-tolerance phase and an immune-intolerance or 
immune-clearance phase, respectively, in the natural history of chronic 
hepatitis B.44 Such a model, however, is too simplistic and fails to 
account for low-level or episodic liver injury that occurs during periods 
postulated to represent a tolerance phase, for periods of quiescence that 
can occur later in the natural history of chronic hepatitis B, for reacti-
vations that can occur at any time during the course of chronic hepa-
titis B, or for waxing and waning necroinflammatory activity that 
occurs so commonly in HBeAg-negative chronic hepatitis B. Cur-
rently, the consensus view is that viral proteins are presented by 
antigen-presenting cells to CD4+ (TH1) lymphocytes and to CD8+ (TH2) 
lymphocytes. In acute, self-limited HBV infection, the CD4+/TH1 
response dominates, supporting cytolytic T-cell destruction of viral 
antigen-expressing hepatocytes. In chronic hepatitis B, TH2 responses 
dominate, and the weaker cytolytic T-cell response to HBV-infected 
hepatocytes is insufficient to clear virus-infected cells but sufficient to 
maintain inefficient but persistent hepatocyte injury. Evidence in 
experimental chimpanzee infection, however, suggests that this adap-
tive cellular immune response plays a secondary or “mop-up” role after 
the innate immune response, which clears 90% of the virus before, and 
without any, liver injury.76-79 The pathogenesis and natural history of 
chronic hepatitis B are covered in more detail in Chapter 148.

Clinical Manifestations
In chronic hepatitis B, symptoms run the gamut from absent to severe, 
debilitating, and life-threatening.55 Among inactive hepatitis B carriers 
and persons with mild to moderate chronic hepatitis B, symptoms are 
usually absent, although some with mild to moderate chronic hepatitis 
B report fatigue and, less commonly, right upper quadrant discomfort 
or “fullness.” More severe and advanced cases can be associated with 
fatigue and jaundice, but persons with compensated cirrhosis may have 
no symptoms at all. Decompensated cirrhosis may be accompanied by 
fatigue, jaundice, loss of muscle mass (weight loss), ascites, edema, 
bruising (coagulopathy), gastrointestinal bleeding (gastroesophageal 
varices or portal hypertensive gastropathy), and hepatic encephalopa-
thy. As is the case for acute hepatitis B and its associated serum-
sickness-like prodromal syndrome, chronic hepatitis B may be 
complicated by immune-complex manifestations, including cutaneous 
vasculitis, arthritis, glomerulonephritis, and generalized vasculitis.80

circumstances is rare (≤1%),58,60 and even among those with chronic 
hepatitis B in such low-prevalence HBV populations, progression to 
cirrhosis, and especially to HCC, is much less likely. Therefore, hepa-
titis B tends to be a chronic progressive disorder associated with a risk 
of HCC in high-prevalence populations but an acute self-limited illness 
with a low risk of HCC in low-prevalence populations.

What appears to drive the distinction between hepatitis B acquired 
in infancy and hepatitis B acquired in adulthood is the level of immu-
nologic tolerance to HBV, high in the former group and low in the 
latter. In fact, most persons with chronic hepatitis B do not recall 
having had an acute hepatitis-like illness (i.e., an episode in which the 
host-immune system mounted a vigorous attack on HBV-infected liver 
cells). In this vein, the clinical expression of HBV infection in the host 
with immunocompromise resembles the pattern that occurs in high-
prevalence early-life acquisition areas (high likelihood of chronic 
infection and its consequences) rather than the pattern in low-
prevalence adulthood-acquired infection. Some authorities distinguish 
between an immune-tolerant phase of chronic HBV infection during 
the early decades of life (high-level HBV replication with near-normal 
biochemical markers of inflammation, ALT activity, and liver injury) 
and an immune-clearance phase in later decades (with levels of liver 
injury more appropriate to the level of HBV replication). This catego-
rization, of course, does not apply to patients who acquire HBV infec-
tion during adulthood and who are immunologically intolerant of the 
virus from the outset of infection. Even among those infected at birth 
(e.g., as is the rule in high-HBV-prevalence Asian countries), liver 
inflammatory activity and fibrosis occur even in early decades,61 and 
many infected persons have protracted periods of inactive liver injury 
during the so-called immune-clearance period. Therefore, a more 
accurate distinction after perinatally acquired infection is between 
relatively high levels of immunologic tolerance during the early decades 
of life and substantially lower levels of tolerance during later decades. 
Ultimately, over the lifetime of such patients, except during the early 
decades, the degree of progression of liver disease does correlate with 
the level of HBV replication.53-56

At least 10 genotypes of HBV have been identified, varying in geo-
graphic distribution, but understanding of the impact of genotype on 
the severity and consequences of chronic hepatitis B is evolving.62 For 
example, genotype C is more likely than genotype B to result in pro-
gressive chronic hepatitis B and HCC and to be associated with later 
HBeAg seroconversion.63-65

Distinctions Based on Viral Variants
The distinction between high-replication HBeAg-reactive and low-
replication HBeAg-negative chronic hepatitis B has been complicated 
by the recognition of a variant of chronic hepatitis B, HBeAg-negative 
chronic hepatitis B. In this subset of patients with chronic hepatitis B, 
HBeAg is undetectable, but other markers of enhanced HBV replica-
tion (HBV DNA, intrahepatocytic HBcAg), elevation of serum amino-
transferase activity, and histologic evidence of chronic liver injury are 
present. With mutations in the precore region of the HBV genome 
(precore mutations or core-promoter mutations [see Chapter 148]), 
these patients have HBV infection in which the gene for and the soluble 
nucleocapsid HBeAg protein cannot be transcribed or translated.66-69

Generally, these mutations are acquired later in the natural history 
of chronic hepatitis B among persons infected early in life (i.e., they 
follow infection with wild-type HBV infection).70 The exception to 
this observation is patients with precore-mutant fulminant hepatitis  
B in whom HBeAg-negative infection is transmitted perinatally or 
horizontally from persons with precore-mutant hepatitis B.71,72 Still, 
all patients with these mutations have circulating serum anti-HBe 
instead of HBeAg. The most common precore mutation represents a 
G-to-A mutation at nucleotide 1896, which results in a stop codon in 
the precore gene, where initiation of HBeAg transcription occurs. In 
HBV genotype A, the nucleotide at position 1858 is C, adjacent, com-
plementary, and strongly bound to nucleotide 1896 in the loop struc-
ture of this part of the viral genome. Because the C1858-G1896 bond is so 
strong, mutations have to occur at both of these sites for a precore 
mutation to occur, which is rare; therefore, precore mutations are 
seldom seen in patients with HBV genotype A. In contrast, in geno-
types other than A, the nucleotide at position 1858 is T, adjacent, 
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B.86-88 Similarly, oral agents have been shown to retard the clinical 
progression of HBV-associated compensated cirrhosis and advanced 
fibrosis,89,90 and an approximately 30% reduction in the number of 
patients with end-stage chronic hepatitis B listed per year for liver 
transplantation coincided with the introduction and wide use of oral 
antivirals between the years of 2000 and 2006.91

Studies of viral kinetics after the initiation of antiviral therapy with 
any of the available drugs suggest a biphasic decay in viral replication,92 
with the short first phase related to the viral half-life (≈1 to 2 days) and 
the second longer phase related to the half-life of virus-infected liver 
cells (≈18 to 40 days); however, this simple kinetic model does not 
account for observations in all patients. In some reports, the second 
phase was flat for some patients, and, in others, the slope of the decline 
changed several times, stepwise, during the course of therapy.93 A 
simple biphasic decay model is probably too simplistic and does not 
take into account host-immunologic or cytokine effects, the amount 
and production of cccDNA, and possible “cure” of infected cells, 
among other factors.

According to recommendations of the American Association for 
the Study of Liver Diseases (AASLD), candidates for antiviral therapy 
have HBV DNA levels of more than 2 × 104 IU/mL (standardized IU/
mL have replaced copies/mL [1 IU = 5.6 copies/mL] in contemporary 
usage), usually with elevated ALT levels and with histologic evidence 
of liver injury. Both HBeAg-reactive and HBeAg-negative (generally 
with HBV DNA levels >2 × 104 IU/mL) chronic hepatitis B are candi-
dates for therapy.94-96 HBeAg-negative patients with viremia greater 
than 2 × 103 but less than 2 × 104 constitute an indeterminate group in 
whom a liver biopsy may be useful to guide treatment decisions (when 
moderate-to-severe inflammation, necrosis, fibrosis, or a combination 
of these are present). An HBV DNA threshold of 2 × 103 IU/mL has 
been recommended by the European Association for the Study of the 
Liver (EASL) for all patients with either HBeAg-positive or HBeAg-
negative chronic hepatitis B.95 Patients with decompensated chronic 
hepatitis B are not candidates for IFN therapy, which is contraindicated 
because of ineffectiveness and intolerability, but have been shown to 
derive therapeutic benefit from nucleos(t)ide analogues.

Seven antiviral drugs have been approved in the United States by the 
Food and Drug Administration (FDA) for treatment of chronic hepati-
tis B: injectable recombinant IFN-α97 and PEG IFN-α98,99 and five oral 
agents, the nucleoside analogues lamivudine,100-103 entecavir,104,105 and 
telbivudine,106,107 and the nucleotide analogues adefovir dipivoxil108,109 
and tenofovir disoproxil fumarate.110 (Also see Chapter 46.) The relative 
antiviral potencies of the approved drugs are listed in Table 119-6.

Interferon-Based Therapy for Chronic  
Hepatitis B
Although reports that describe antiviral activity of IFNs in patients 
with chronic hepatitis B date back to the mid-1970s,111 not until the 
late 1980s was the convincing efficacy of IFN-α in chronic hepatitis B 
shown in controlled clinical trials.97,112 IFNs induce host antiviral gene 
expression and signal-transduction pathways and enhance cytolytic 
T-cell activity targeted at HBV-infected hepatocytes. A meta-analysis 
of 24 randomized controlled trials that involved 1299 patients showed 
that subjects with standard IFN-α treatment (5-10 million units sub-
cutaneously for 16 to 24 weeks113) had a 25% advantage in normaliza-
tion of ALT activity, a 25% advantage in HBeAg loss, a 23% advantage 

Viral and laboratory markers of HBV infection are summarized  
in Table 119-5. The biochemical hallmark of chronic hepatitis B is 
elevation of serum aminotransferase activity, with normal to near-
normal alkaline phosphatase activity. In severe, progressive, and 
decompensated chronic hepatitis B, bilirubin levels can increase 
(hepatic excretory dysfunction), albumin can fall, prothrombin time 
can become prolonged (hepatic synthetic defect), and hypersplenism 
can occur (primarily thrombocytopenia and leukopenia). Autoanti-
bodies are usually absent but may be present at low levels.

Histologic features of chronic viral hepatitis vary from absence of 
necrosis and inflammation to architectural distortion and fibrosis char-
acteristic of cirrhosis. Generally, histologic injury (grade) and fibrosis 
(stage) are categorized as mild, moderate, or severe. The level of necro-
inflammatory activity or injury is based on periportal necrosis, portal 
inflammation, and intralobular necrosis. Mild activity is confined to 
portal tracts, and necrosis and inflammation spilling beyond the limit-
ing plate of periportal hepatocytes (interface hepatitis) signify a more 
severe injury with increased potential for progression. The degree of 
fibrosis is based on the localization and extent of scar tissue; fibrosis 
confined to portal areas is mild, and fibrosis that reaches beyond the 
portal tract (septal or bridging fibrosis), especially that which links 
portal tracts to other portal tracts or to central veins, connotes a more 
advanced and progressive process (see Table 119-3).1,81

Treatment
The goal of antiviral therapy in chronic hepatitis B is prevention of 
clinical and histologic progression, which, in turn, can be achieved 
with eradication or, more likely, suppression of HBV replication to 
below the threshold for liver injury (103 to 104 IU/mL).43 In patients 
with HBeAg-reactive chronic hepatitis B, HBeAg to anti-HBe sero-
conversion tends to be associated (in ≈80% of cases) with a sustained 
reduction in HBV replication that persists even after therapy is dis-
continued. Therefore, in HBeAg-reactive chronic hepatitis B, HBeAg 
seroconversion is a potential end point of therapy, after a consolida-
tion period. For noncirrhotic HBeAg-positive patients, therapy should 
be continued for an additional 6 months after HBeAg seroconversion. 
Moreover, Lee and colleagues 82 found a higher rate of durable HBeAg 
seroconversion after extending treatment with lamivudine to 12 
months, and most authorities would recommend a full 12-month con-
solidation period after HBeAg seroconversion in patients who had 
acquired HBV infection in infancy (as is common among Asian 
patients) and even potentially longer (or indefinitely) in cirrhotic 
patients.82-85 In patients with HBeAg-negative chronic hepatitis B, 
however, HBeAg seroconversion is not an option, and a sustained 
response (i.e., maintained even after cessation of treatment) is a less 
realistic goal; long-term suppressive therapy is usually necessary.70 
Chronic HBV infection is associated with the presence in hepatocytes 
of stable covalently closed circular HBV DNA (cccDNA). Although 
proponents of one type of therapy over another invoke relative efficacy 
of a drug in reducing cccDNA, no therapies have been shown to eradi-
cate this stable form of HBV DNA, whereas all therapies that reduce 
HBV replication have been shown to reduce cccDNA as well. Simi-
larly, persons with spontaneous HBeAg seroconversion have a con-
comitant reduction in serum and liver HBV DNA and in hepatic 
cccDNA. Successful antiviral therapy with any agent is likely to have a 
beneficial impact on the long-term natural history of chronic hepatitis 

TABLE 119-5  Viral and Laboratory Markers of Hepatitis B Virus Infection

DIAGNOSIS HBsAg Anti-HBs IgM Anti-HBc IgG Anti-HBc HBeAg Anti-HBe ALT
Acute hepatitis + − + − + − Elevated

Recovered (immune) − + − + − + Normal

HBeAg-positive chronic 
hepatitis B

+ − − + + − Elevated

HBeAg-negative chronic 
hepatitis B

+ − − + − + Elevated (may be 
intermittent)

Vaccinated (immune) − + − − − − Normal

Inactive carrier + − − + − + Normal

ALT, alanine aminotransferase; HBc, hepatitis B core [antigen]; HBe, HBeAg, hepatitis B e antigen; HBs, HBsAg, hepatitis B surface antigen; IgG, immunoglobulin G; IgM, 
immunoglobulin M.
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well for HBeAg-reactive chronic hepatitis B.124 Another predictor of 
PEG IFN responsiveness in chronic hepatitis B is the quantitative 
HBsAg level—a decline within the first 12 to 24 weeks and a reduction 
to less than 20,000 IU/mL at week 24. If these milestones are not 
achieved, therapy will be ineffective and can be stopped.125,126

These observations notwithstanding, generally, the value of PEG 
IFN in HBeAg-negative patients remains controversial because  
the benefits of therapy may not outweigh its side effects and 
intolerability.

Toxicities of IFN include systemic flulike symptoms; malaise; 
fatigue; marrow suppression (cytopenias); emotional liability (mani-
festing primarily as irritability, depression, or anxiety); hair loss or 
thinning; weight loss; and autoimmune events, most commonly thy-
roiditis. Side effects are usually manageable but limit therapy in those 
with marked hypersplenism and severe psychiatric disorders.

During IFN-based therapy, ALT flares that are typically well toler-
ated can occur, except in patients with advanced cirrhosis, in whom 
such flares can precipitate hepatic decompensation. Patients treated 
with IFN need frequent monitoring of blood counts and thyroid-
stimulating hormone, as well as close medical supervision. In practice, 
PEG IFN is discontinued after 1 year of therapy, whereas the oral 
agents are continued until treatment end points are met; the extension 
of therapy with oral agents can yield ultimate serologic response rates 
comparable with or exceeding those of PEG IFN (see subsequent 
discussion).

Direct Oral Antiviral Agents
Lamivudine.  Although lamivudine has been superseded by newer, 
more effective oral agents, many important lessons gleaned from  
experiences with lamivudine apply to antiviral therapy with other 
nucleoside analogues. Lamivudine, the (−)enantiomer of β-L-2′,3′-
dideoxy-3′-thiacytidine and an analogue of deoxycytidine, is a reverse 
transcriptase inhibitor that results in HBV and HIV RNA chain termi-
nation (see Chapter 130). The first nucleoside analogue, approved in 
1998, for the treatment of chronic hepatitis B, lamivudine, 100 mg 
daily administered orally, reduces HBV DNA replication by a median 
of up to 5.5 logs.104,106,127 In HBeAg-reactive chronic hepatitis B, 1 year 
of lamivudine treatment, whether in treatment-naïve or IFN-
experienced patients, is associated with HBeAg loss in just under one 
third, HBeAg seroconversion in 16% to 21%, histologic improvement 
in 50% to 60%, and a return to normal of aminotransferase activity in 
40% to 75%.100-105,106 Comparable results have been achieved in chil-
dren.128 Suppression of HBV DNA to levels undetectable with hybrid-
ization assays (with detectability thresholds of 105 to 106 virions/mL) 
is achieved in almost all patients100-103 and to levels undetectable with 
PCR amplification assays (thresholds of 102 to 103 virions/mL) in 30% 
to 44%.104,106 Unlike IFN, lamivudine is effective in patients with high-
level HBV DNA, but like IFN, lamivudine is more likely to result in 
HBeAg loss and seroconversion among patients with high baseline 
aminotransferase levels.101,129,130 In fact, for the subgroup of patients 
with ALT levels five or more times the upper limit of normal, whether 
Caucasian or Asian, lamivudine therapy achieves HBeAg seroconver-
sion in approximately 55%. In contrast, for patients with normal ami-
notransferase activity, common in Asian populations, HBeAg responses 
are rarely achieved. HBeAg seroconversions are more likely if HBV 
DNA suppression is profound, confined to patients with HBV DNA 
suppressed to less than 104 virions/mL.43 If HBeAg responses occur 
and therapy is stopped after 1 year, the response is durable in more 
than 80% of cases and (at least in western cohorts, but not in Asians) 
may be followed by HBsAg seroconversion (>20% after 2 to 3 
years).83,84,131,132 Lamivudine responses are more durable among patients 
with more protracted treatment duration after HBeAg response85,133,134 
and among those with HBV genotype B than C.134 Lamivudine-
associated HBV DNA suppression was found to be substantially more 
profound in patients with HBV subtype ayw (genotype D) than in 
those with subtype adw (genotype A).135 If HBeAg remains detectable 
during therapy, cessation of therapy results in a return to baseline 
virologic and biochemical levels; long-term therapy, then, is indicated 
to maintain clinical benefit, and HBeAg seroconversions have been 
shown to increase over time with duration of therapy, approaching 50% 
after 5 years.131,132,136

in clearance of HBV DNA by hybridization assay (detection threshold 
of ≈≥105 to 106 virions/mL), and a 6% advantage in HBsAg loss.114 
Relapse is infrequent after a successful HBeAg response, and among 
patients with IFN-associated HBeAg responses, post-treatment HBsAg 
seroconversions occur in up to 80% over the decade after therapy in 
western patients,86,88,114-116 but not in Asian patients.117,118 In addition, 
the natural history of chronic hepatitis B has been shown to be 
improved after successful IFN therapy; during the decade after success-
ful IFN therapy, both long-term survival and freedom from hepatic 
decompensation have been reported,87 as has a reduction in the fre-
quency of HCC.117,119 The first approved IFNs for hepatitis B were 
recombinant IFN-α preparations administered three times a week or 
every other day; however, long-acting once-weekly PEG IFN has sup-
planted standard IFN-α. A polyethylene glycol moiety is covalently 
linked to IFN through a reaction called pegylation, which renders the 
drug more stable and less immunogenic. Two forms are available, PEG 
IFN-α2a and -α2b. Although they differ in size (40 kD vs. 12 kD) and 
dosing (180 µg vs. 1.5 µg/kg/wk), their efficacy appears similar. PEG 
IFN is administered via subcutaneous injection, and resistance does 
not emerge during therapy, as it does for some of the oral agents (see 
subsequent discussion).

Large-scale trials of 48 weeks of treatment with PEG IFN-α2a 
180 µg injections weekly versus lamivudine 100 mg by mouth daily 
versus combination PEG IFN/lamivudine have been conducted in 
HBeAg-positive and HBeAg-negative populations. In HBeAg-positive 
patients, at the end of the 48-week treatment period, HBV DNA was 
suppressed by 4.5 log10, 5.8 log10, and 7.2 log10 in the three groups, 
respectively. Although HBeAg seroconversions occurred during 
therapy in comparable proportions of all three groups (27%, 20%, and 
24%, respectively), 24 weeks after cessation of therapy, HBeAg sero-
conversions were most common, 32%, in the PEG IFN monotherapy 
arm, compared with 27% in the combination arm and 19% in the 
lamivudine monotherapy arm.98

In HBeAg-negative patients, during 48 weeks of treatment, HBV 
DNA was suppressed by 4.1 log10, 4.2 log10, and 5.0 log10 in the PEG 
IFN monotherapy, lamivudine monotherapy, and combination therapy 
groups, respectively. Yet 24 weeks after completion of therapy, HBV 
DNA was suppressed to undetectable (<102 copies/mL) in only 19%, 
20%, and 7% of the three groups, respectively.99 The degree of HBV 
DNA suppression in the PEG IFN arms was durable 6 months later, at 
the end of 2 years (17%), at the end of 3 years (13% to 18%), and at 5 
years (12%)120,121; however, this is the only trial to demonstrate such 
short-term and long-term benefits of PEG IFN for HBeAg-negative 
chronic hepatitis B. In a randomized trial of 48 weeks of PEG IFN plus 
RBV versus PEG IFN in 138 patients with HBeAg-negative chronic 
hepatitis B, the addition of RBV conferred no benefit, but the more 
important outcome was the limited efficacy of PEG IFN–based therapy. 
Only 7.5% of the study population achieved suppression of HBV DNA 
to less than 400 copies/mL at week 24 after treatment, and HBsAg loss 
did not occur in any trial participant.122 In a study of patients with HBV 
genotype D, HBeAg-negative patients treated with PEG IFN for a 
median of 23 months,123 IL28B genotype “CC” was associated with a 
higher rate of HBsAg loss (29%) than non-CC genotypes (13%); the 
beneficial impact of CC over non-CC genotypes has been reported as 

TABLE 119-6  Relative Potencies of Approved 
Antiviral Drugs for Chronic Hepatitis B

LOG10 REDUCTION OF HBV DNA 
IN HBeAg-REACTIVE DISEASE

Interferon-α Not reported

Adefovir 3.5

Pegylated interferon 4.5

Lamivudine 5.5

Tenofovir 6.2

Telbivudine 6.5

Entecavir 6.9

DNA, deoxyribonucleic acid; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; 
LOG, logarithm.
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lower in YMDD-mutant chronic hepatitis B, and ultimately, clinical 
benefit is lost in some patients.131,138,148,154,156 This clinical observation 
may be explained by the emergence of compensatory mutations in 
other polymerase domains.152 In patients with immunologic compro-
mise, such as those with HIV infection or those receiving immuno-
suppressive therapy after liver transplantation, the emergence of 
YMDD variants occurs earlier after the initiation of lamivudine ther-
apy and is more likely to precipitate severe acute hepatitis-like flares 
and hepatic decompensation.157 Severe flares can occur, as reported 
most frequently in Asian patients,158 and are more common in patients 
with marginally compensated cirrhosis.159 Moreover, in persons with 
HBV-HIV coinfection, treatment with lamivudine monotherapy 
results in universal rapid HIV resistance160; therefore, testing for HIV 
infection should be done before the initiation of lamivudine therapy 
for hepatitis B. When HBV-HIV coinfection is identified, lamivudine 
monotherapy is contraindicated; instead, combination-drug therapy 
should be instituted, and if lamivudine is used, the 300-mg HIV dose 
should be given.

When lamivudine was introduced, no other nucleoside analogues 
were available (the value of lamivudine-IFN combination therapy  
was never established in YMDD-variant HBV infection). Because 
patients tended to do well clinically, certainly compared with baseline 
pretreatment status, for at least 1 or 2 years after the emergence of 
YMDD-mutant hepatitis B131,138,148; because cessation of lamivudine 
after YMDD mutations resulted in reversion to wild-type HBV and its 
attendant higher ALT and HBV DNA levels150; and because other anti-
virals were not available, the general approach was to continue lamivu-
dine after the emergence of YMDD variants unless clinical benefit was 
lost. Now that other antivirals are available to which YMDD variants 
are responsive,151,153,161,162 breakthrough resistance to lamivudine is 
managed with the addition of another antiviral drug (see subsequent 
discussion).

The optimal duration of lamivudine or any oral therapy has not 
been determined. In HBeAg-reactive chronic hepatitis B, treatment 
may be stopped 6 months after HBeAg seroconversion, and the dura-
bility of the response is anticipated to be more than 80%.83,84 Data 
suggest that Asian patients should be treated even longer before stop-
ping therapy.85 For patients who have not achieved an HBeAg response, 
and for patients with HBeAg-negative chronic hepatitis B, lamivudine 
or any oral treatment may have to be extended indefinitely.

As the first oral antiviral introduced for hepatitis B, lamivudine has 
been studied extensively and has an excellent safety record. On the 
other hand, its poor resistance profile and the subsequent availability 
of newer, more potent, more effective, and less resistance-prone agents 
(see subsequent discussions) have reduced dramatically the current use 
of lamivudine and rendered it almost obsolete; it is no longer recom-
mended as first-line therapy.

Adefovir Dipivoxil.  Adefovir dipivoxil, approved by the U.S. Food 
and Drug Administration in 2002, is the oral prodrug of adefovir, an 
acyclic phosphonate nucleotide analogue of adenosine monophos-
phate with antiviral activity against HBV and other hepadnaviruses, 
retroviruses such as HIV, and herpes viruses. Although doses of 30 mg 
or more daily are associated with nephrotoxicity, at a daily oral dose 
of 10 mg, adefovir dipivoxil suppresses HBV replication by medians of 
approximately 3.5 log10 in HBeAg-reactive hepatitis B and 3.9 log10 in 
HBeAg-negative hepatitis B, both in treatment-naïve and IFN-failed 
patients.108,109 In a phase III clinical trial among HBeAg-reactive 
patients, adefovir treatment, 10 mg daily for 48 weeks, resulted in 
histologic improvement in 53%, return to normal of ALT in 48%, 
undetectable HBV DNA by PCR (<400 virions/mL) in 21%, loss of 
HBeAg in 24%, and HBeAg seroconversion in 12%.109 A 30-mg group 
included in this study but abandoned because of nephrotoxicity 
achieved even better results: histologic response in 59%, biochemical 
response in 55%, undetectable HBV DNA by PCR in 29% (median 4.76 
log10 reduction in copies/mL of HBV DNA), HBeAg loss in 27%, and 
HBeAg seroconversion in 14%.109 As is the case for IFN and lamivu-
dine, adefovir is more likely to result in HBeAg seroconversion in 
patients with elevated baseline ALT levels; for both the 10-mg and 
30-mg doses of adefovir, the frequency of HBeAg seroconversion 
increased to 21% for the subset of patients with baseline ALT levels 
five or more times the upper limit of normal.109 HBeAg seroconversion 

During a year of lamivudine therapy, progression of fibrosis is 
retarded,137 and with more protracted therapy, histologic benefit con-
tinues. Moreover, in patients with compensated cirrhosis treated for 3 
years cumulatively, regression of cirrhosis has been documented his-
tologically to occur in two thirds of patients.138,139

In HBeAg-negative chronic hepatitis B, an HBeAg serologic 
response is not a goal; instead, responsiveness is measured with bio-
chemical, virologic, and histologic end points. In this subgroup of 
patients treated for a year, biochemical responses are achieved in 
approximately 60% to 80% and histologic responses in two thirds.105,106,140 
Undetectable HBV DNA as measured with PCR can be achieved in 
approximately 60% to 70% of patients, and HBV DNA can be sup-
pressed by up to 4.7 log10 copies/mL.105,106 When therapy is discontin-
ued, a return to baseline is almost invariable; therefore, to maintain 
benefit in HBeAg-negative chronic hepatitis B, long-term therapy is 
necessary.141,142

During lamivudine treatment, flares in ALT activity accompany 
HBV DNA suppression in approximately 40% of patients, and in the 
absence of a sustained response (i.e., HBeAg response), post-treatment 
ALT flares occur in approximately 20% to 30% of patients.101,143 Flares 
in biochemical activity may be no more common in patients with 
lamivudine treatment than in matched placebo recipients, but post-
treatment flares are more common in treated patients.132 Usually, 
posttreatment flares are mild and asymptomatic but severe, even life-
threatening, post-treatment flares have been reported, primarily in 
patients with cirrhosis with marginal hepatic compensation before 
treatment.144 Therefore, whenever lamivudine is discontinued, patients 
should be monitored closely for several months.

Whereas patients with decompensated cirrhosis are not candidates 
for IFN therapy, they can respond to lamivudine, which can stabilize, 
retard, or even reverse clinical and laboratory markers of hepatic 
failure.145,146,147 In one report of 23 patients referred to a liver transplan-
tation center after the availability of lamivudine, the survival rate at 4 
years was 60%. In contrast, among 23 patients referred to the same 
center in the period immediately before the availability of lamivudine, 
all patients for whom donor livers were not available died within just 
over a year.146 In addition, a placebo-controlled trial of lamivudine in 
patients with compensated cirrhosis (or advanced hepatic fibrosis) 
showed a significantly higher frequency of disease progression (≥2-
point elevation in Child-Turcotte-Pugh compensation score, life-
threatening complications of cirrhosis, emergence of HCC) in the 
placebo group compared with the lamivudine group, which provided 
proof of principle that nucleoside-analogue maintenance therapy can 
prevent hepatic decompensation in patients with cirrhosis.89 The 
observation that lamivudine treatment can retard the clinical progres-
sions of cirrhosis adds to the evidence that drug treatment can improve 
the natural history of chronic hepatitis B, as has been shown in western 
patients treated with IFN for chronic hepatitis B.87

Besides ALT flares that accompany treatment-related suppression 
of HBV DNA (similar to those seen during IFN therapy and to those 
that occur during spontaneous HBeAg seroconversion) and that 
accompany cessation of treatment (as viral replication resumes), no 
adverse effects of therapy were identified in registration trials of lami-
vudine compared with placebo, nor have adverse events been linked 
to lamivudine since its approval.143 Unfortunately, when used as mono-
therapy, lamivudine is associated with viral resistance.148 Mutations in 
the tyrosine-methionine-aspartate-aspartate (YMDD) region of the 
HBV polymerase emerge in approximately a quarter of patients treated 
with lamivudine for a year.43,100-103,140,148-150 The most common of these 
are methionine-to-valine or methionine-to-isoleucine mutations in 
polymerase domain C at amino acid 204 (M204V, M204I), often 
accompanied by upstream leucine-to-methionine mutations (L180M) 
in domain B.151-153 With each successive year of lamivudine therapy, 
the frequency of YMDD mutations increases, reaching 70% at 5 
years.154 Initial observations suggested that YMDD-mutant hepatitis B 
was less “replicatively competent” in vitro,149,155 which corresponded 
with the biochemical, virologic, and histologic benefit (compared  
with pretreatment baseline) maintained after transient ALT and HBV 
DNA elevations accompanying the emergence of the mutations.148 
Although HBeAg seroconversions continue to occur after the emer-
gence of YMDD mutations, the frequency of HBeAg responses is  
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min, every third day; for patients undergoing hemodialysis, once a 
week after dialysis).

Although adefovir filled an important niche when it was intro-
duced, providing effective therapy for lamivudine resistance, the drug 
has several limitations. Adefovir remains the least potent of all available 
oral agents in suppressing HBV DNA and in achieving HBeAg sero-
conversion, and it suppresses HBV DNA relatively slowly in most 
patients and hardly at all (by <2 log10) in a sizable proportion of treated 
patients.170 Therefore, adefovir has been supplanted by its superior 
successor tenofovir (see subsequent discussion) and is no longer con-
sidered first-line therapy.

Entecavir.  Entecavir (approved in 2005) is a cyclopentyl guanine 
nucleoside analogue that interferes with priming of the HBV poly-
merase, with reverse transcription of the minus strand of DNA and 
with DNA-dependent synthesis of the positive strand of HBV DNA. 
At a daily dose of 0.5 mg given for 48 weeks, entecavir was shown to 
be superior to lamivudine in preliminary and registration trials.104,105 
In patients with HBeAg reactivity, entecavir results in HBeAg serocon-
version in 21%, reduces HBV DNA by a median of 6.9 log10 (5.0 log10 
in patients with HBeAg negativity), suppresses HBV DNA to undetect-
able (<102 log10 copies/mL) by PCR in 67% (90% in HBeAg-negative 
patients), returns aminotransferase levels to normal in 68% (78% in 
HBeAg-negative patients), and improves histology in 72% (70% in 
HBeAg-negative patients). Continuing entecavir after the first year has 
been shown to result in increased HBeAg seroconversion rates (up to 
39% at year 3) and HBsAg loss (5% at 2 years).171,172 Data extending the 
duration of entecavir therapy for up to 5 years with a concomitant 
increase in dosing from 0.5 mg to 1.0 mg daily in patients who did not 
seroconvert after 1 year are now available.173 An additional 23% 
(33/141) achieved HBeAg seroconversion on treatment, though only 
1.4% (2/145) lost HBsAg. A retrospective analysis of the 94 Asian 
patients enrolled in this extension study found that 95% of patients 
maintained an HBV DNA level of less than 300 copies/mL, and 76% 
had normalized levels of ALT at 5 years.174 Importantly, long-term 
therapy was well tolerated and resistance occurred in only one patient.

Although entecavir is cross-resistant with lamivudine, the blood 
levels achieved with daily doses of 0.5 or 1 mg exceed the increased 
IC50 for YMDD-variant hepatitis B in most patients.152 At an increased 
dose of 1 mg daily, entecavir has also been proven effective in, and 
approved for use in, lamivudine-resistant chronic hepatitis B.175 In 
previously treatment-naïve patients, entecavir resistance has not been 
encountered during the first year of therapy in phase II or phase III 
clinical trials; with its high barrier to resistance, entecavir has been 
observed to maintain its favorable resistance profile in cohorts followed 
for up to 5 years (1.2%).171,176,177 On the other hand, resistance does 
occur at an unacceptable rate (from 7% at 1 year up to 43% at 4 years) 
among treatment-experienced patients with preexisting lamivudine 
resistance. In this setting, entecavir resistance requires the emergence 
of both YMDD-mutant HBV and a second mutation in domain B 
(T184A or I169T), C (S202G/I), or D (M250V).178 Therefore, although 
approved for this indication, entecavir has not been embraced for the 
treatment of lamivudine-resistant HBV infection.

Although entecavir was found in preclinical toxicity testing to be 
associated with hepatic, pulmonary, and brain tumors in rodents, 
similar toxicity has not been detected in other animal species or in 
humans. Entecavir has a safety profile indistinguishable in clinical 
trials from that of lamivudine, but post-treatment ALT flares are much 
less frequent,104,105 and the durability of HBeAg responses is compa-
rable with that of the other oral agents. Initially believed to have no 
antiviral activity against HIV, entecavir does have low-level anti-HIV 
activity and cannot be used as monotherapy in patients with HBV-HIV 
coinfection who need treatment for HBV infection.179

Because of its high potency; high efficacy in achieving biochemical, 
serologic, virologic, and histologic endpoints; high barrier to resis-
tance; and excellent short-term and long-term tolerability/safety 
profile, entecavir is recommended as first-line antiviral treatment for 
chronic hepatitis B.

Telbivudine.  Telbivudine (approved in 2006) inhibits HBV poly-
merase, interfering with plus-strand synthesis of HBV DNA; in  
large-scale registration human trials, at an oral dose of 600 mg/day,  
it achieved a median 6.4 log10 (HBeAg-positive) and 5.2 log10 

during adefovir therapy results in a durable response that allows treat-
ment to be discontinued; in the absence of an HBeAg response, indefi-
nite continuation of therapy is necessary.

In a phase III clinical trial among HBeAg-negative patients, adefo-
vir treatment, 10 mg daily for 48 weeks, resulted in histologic improve-
ment in 64%, return to normal of ALT in 72%, and undetectable HBV 
DNA by PCR (<400 virions/mL) in 51%.108 Reactivation is the rule 
when treatment is discontinued, as observed after short-term IFN or 
lamivudine therapy. The histologic efficacy of adefovir is similar in 
patients with both mild and advanced fibrosis. In addition, adefovir 
reduces log10 HBV DNA levels comparably across all HBV genotypes.163 
Whether cross-genotype activity represents an advantage of adefovir 
over lamivudine is debatable; HBV genotyping was not available when 
lamivudine registration trials involving approximately 1000 patients 
were done, and the number of patients with lamivudine treatment in 
reports of variable responses across genotypes is too small to be con-
clusive.134,135 In addition, HBeAg responses to adefovir did differ, 
ranging from 7% to 20%, among HBV genotypes A to D, but the 
numbers of HBeAg responses were too small for adequate statistical 
comparisons.163 Like lamivudine, adefovir appears to retard progres-
sion of fibrosis in patients treated for a year.108,109 Although reports have 
appeared in the literature to suggest that adefovir reduces cccDNA in 
treated patients, in fact, cccDNA is reduced (but not to undetectable 
levels) in patients who undergo HBeAg seroconversion spontaneously 
and in those who achieve seroconversion when treated with IFN, lami-
vudine, or adefovir.164

Adefovir, a flexible acyclic nucleotide that is similar to its natural 
substrate, is less likely to be sterically hindered by mutated amino  
acids in the HBV polymerase YMDD binding site pocket.151 During 
courses of adefovir therapy that lasted 48 to 60 weeks in patients  
with immunocompetence, immunocompromise (e.g., persons with 
HIV coinfection or liver allograft recipients), HBeAg reactivity, and 
HBeAg negativity, no viral resistance was encountered.165 Moreover, 
lamivudine-resistant, YMDD-mutant HBV responds to adefovir.161,162 
In clinical trials of adefovir for lamivudine-resistant YMDD-mutant 
hepatitis B, adefovir monotherapy (i.e., a switch from lamivudine 
monotherapy to adefovir monotherapy) reduced HBV DNA by a 
median of 4 log10 copies/mL and was just as effective as adefovir-
lamivudine combination therapy (i.e., the addition of adefovir to lami-
vudine).161,162 On the basis of this observation, some authorities had 
recommended switching to adefovir monotherapy in patients who 
become lamivudine-resistant; however, when this is done, especially if 
any delay is introduced between the cessation of lamivudine and the 
addition of adefovir, ALT flares are encountered in approximately one 
third of patients.162 In addition, in vitro studies indicate that adefovir 
is actually more effective (lower IC50 and reduced resistance) in 
lamivudine-resistant than in wild-type HBV.152,153 Finally, adefovir 
resistance (see subsequent discussion) occurs more frequently in 
patients who switch from lamivudine to adefovir compared with those 
in whom adefovir is added to lamivudine.166,167 These observations 
argue for maintenance of lamivudine when adefovir is added for lami-
vudine resistance. Although no resistance occurs during 48 or 60 weeks 
of adefovir therapy,165 adefovir resistance does begin to emerge during 
the second year of treatment and can reach 30% at 5 years.168 These 
mutations occur in polymerase domain D, usually an asparagine-to-
threonine mutation at residue 236 (N236T),169 but also in domain B, 
an alanine-to-valine mutation at residue 181 (A181V). These adefovir-
associated mutations respond to lamivudine.

Safety of adefovir at a dose of 10 mg daily is similar to that of 
placebo.108,109 Elevations of ALT occur during and after cessation of 
therapy, just as observed with lamivudine treatment. At doses of 30 mg 
or more a day of adefovir, however, nephrotoxicity is encountered.109 
A distal renal tubular acidosis occurs, with falling phosphorus and 
rising creatinine levels. At a dose of 10 mg, adefovir has a high thera-
peutic index, and creatinine elevations of 0.5 mg/100 mL or more were 
not observed in the registration trials of adefovir.108,109 At doses of 
30 mg or more, nephrotoxicity is not encountered before 6 to 8 months 
of therapy, and when it occurs, it is reversible. Creatinine monitoring 
is recommended when adefovir is used, and reductions in dose fre-
quency are mandated for patients with reduced creatinine clearance 
(CCr; for CCr 20 to 49 mL/min, every other day; for CCr 10 to 19 mL/
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cccDNA, this clinical end point has not been documented, and 
although HBV DNA is much slower to rebound after clevudine therapy, 
clinical trials to date show no advantage of clevudine in potency or 
resistance profile over available agents.186 In 2009, development of this 
drug was halted because of the emergence of severe myopathy after 
prolonged use.

Optimal Use of Available Agents for Hepatitis B
The trend in drug development has been in the direction of agents with 
progressively more profound inhibition of HBV replication. Although 
the proportion of HBeAg-reactive patients who achieve HBeAg sero-
conversion after 1 year of therapy (≈20%) is no greater for the more 
potent oral agents than for the less potent,104,106,110 patients treated with 
any drug who achieve the most robust inhibition of HBV DNA are the 
most likely to achieve HBeAg responses and to avoid drug resis-
tance.106,187 Thus, the more potent the antiviral in inhibiting HBV repli-
cation, the better the outcome is likely to be (see Table 119-6). Potentially, 
combination therapy with high-potency, low-resistance agents could 
achieve even more limited resistance and treatment synergies, such as 
improved antiviral kinetics.188,189 To date, however, advantages of com-
bination therapy have not been shown in clinical trials.98,107 For example, 
in a trial of combination tenofovir and entecavir therapy, after 2 years, 
the benefit of dual antiviral therapy compared with entecavir mono-
therapy was modest and restricted to a small subset with HBeAg and 
very high baseline HBV DNA (≥108 IU/mL), in whom HBV DNA was 
reduced to less than 50 IU/mL in 79% versus 62% of patients, respec-
tively; however, even in this subset, the difference in rates of HBeAg loss 
and HBeAg seroconversion were not statistically significant between 
the groups.177 Therefore, currently, combination therapy is restricted to 
patients with established drug resistance.161,162,167

Recommendations for Therapy
Recommendations or guidelines for the treatment of chronic hepatitis 
B have been issued by the AASLD,94 the EASL,95 the Asian Pacific 
Association for the Study of the Liver,96 and several other official bodies 
(Table 119-7). PEG IFN, entecavir, or tenofovir is the preferred first-
line therapy for chronic hepatitis B; however, the availability of ente-
cavir and tenofovir in resource-limited settings across the world 
continues to be an issue.190 Although an approved first-line treatment 
with an excellent frequency of 1-year HBeAg seroconversion, PEG IFN 
may not be as competitive as the first-line oral agents entecavir and 
tenofovir, the efficacy, simplicity of use, tolerability profile, and high 
barrier to resistance of which are appealing to physicians and patients. 
As discussed later, any advantage in achieving HBeAg seroconversion 
after a 1-year course of PEG IFN injection therapy is overcome by 
extending oral-agent therapy beyond a year, and HBeAg seroconver-
sion frequencies increase with each year of additional oral-agent 
therapy, associated rarely, if at all, with the emergence of resistance 
variants. Moreover, therapy with entecavir or tenofovir has been shown 
to be associated with histologic evidence of regression of fibrosis and 
cirrhosis after 3 to 5 years of therapy.90,191 Patients with hepatitis B 
genotype A have particularly favorable rates of HBeAg seroconversion 
and even HBsAg loss with PEG IFN compared with patients with 
non-A genotypes,192 and some authorities favor PEG IFN in this sub-
group of patients; however, patients with genotype A are also highly 
responsive to oral-agent therapy. Additional details for the antiviral 
drugs for hepatitis B are presented in Chapter 46.

A consensus from the most updated, rigorously evidence-based and 
authoritative of these recommendations94 is that HBeAg-negative 
patients with normal ALT activity and HBV DNA levels below the 
threshold associated with liver injury (≤2 × 103 IU/mL; i.e., inactive 
hepatitis B carriers) are not candidates for antiviral therapy. On the 
other hand, patients with HBV DNA levels of more than 2 × 104 IU/
mL, ALT levels more than two times the upper limit of normal, and 
with or without HBeAg are considered candidates for therapy. Such 
patients have been shown to benefit from antiviral therapy and are 
assumed to have at least moderate necroinflammatory activity and 
fibrosis on liver biopsy; therefore, liver biopsy is not necessarily needed. 
For HBeAg-reactive patients with HBV DNA of more than 2 × 104 IU/
mL, but normal or minimally elevated ALT levels two or less times  
the upper limit of normal, common among those who acquire HBV 

(HBeAg-negative) reduction in HBV DNA at 52 weeks.106 In HBeAg-
positive and HBeAg-negative patients, telbivudine suppressed HBV 
DNA to undetectable (<102 log10 copies/mL) in 60% and 88%, reduced 
ALT to normal in 77% and 74%, and improved histology in 65% and 
67%, respectively. HBeAg seroconversion occurred in 22% at the end 
of 1 year, with an increase to 30% at the end of year 2.180 As an 
L-nucleoside, telbivudine is cross-resistant with lamivudine. Although 
telbivudine resistance at 1 year was less common (in 5% of HBeAg-
positive and 2% of HBeAg-negative cases) than lamivudine resistance, 
by year 2,106 telbivudine resistance increased to 22% and 9%, respec-
tively.180 The combination of telbivudine plus lamivudine is not addi-
tive and achieves no greater inhibition of HBV DNA than telbivudine 
alone.107 In fact, none of the currently available nucleos(t)ide analogues 
provide more profound HBV suppression in combination with any 
others than the more potent one used alone.

Telbivudine has the same excellent tolerability profile as lamivudine 
(save for creatine kinase elevations), and durability of HBeAg responses 
after cessation of therapy is similar to that of the other antivirals 
(≈80%). Despite its high potency, telbivudine has not been widely 
embraced as therapy for hepatitis B because of its poor resistance 
profile, and it is not recommended as a first-line agent for hepatitis B.

Tenofovir.  Tenofovir disoproxil fumarate, another acyclic nucleo-
tide, approved as an inhibitor of HIV reverse transcriptase, has similar 
activity in vitro against wild-type and lamivudine-resistant hepatitis B; 
it was approved for hepatitis B in 2008. In trials among patients with 
immunocompetence and immunocompromise (e.g., with HIV-HBV 
coinfection and after liver allograft) and treatment-naïve or lamivudine-
resistant patients, tenofovir, 300 mg daily, reduced HBV replication by 
more than 6 logs; achieved HBV DNA suppression much more rapidly 
and consistently, with negligible nephrotoxicity and resistance; and was 
superior to adefovir.105,109,181,182 In a registration trial,110 tenofovir (com-
pared with adefovir; data shown for 48 weeks, except as noted) reduced 
HBV DNA by 6.2 log10 in HBeAg-reactive patients and by 4.6 log10 in 
HBeAg-negative patients and to undetectable by PCR in 76% and 93%; 
resulted in normal ALT in 68% and 76%; and improved histology in 
74% and 72%, respectively. HBeAg seroconversion was achieved in 
21% at the end of 1 year, 27% at the end of 2 years, 34% at the end of 
3 years, and 40% at the end of 5 years; HBsAg loss was recorded in 3% 
at 1 year, 6% at 2 years, and 8% at 3 and 5 years,110,183,184 and no resis-
tance was encountered through year 3184 and 5.90 Among 348 patients 
who completed 5 years of therapy with tenofovir and who underwent 
liver biopsies at baseline and at the end of treatment, 87% had histo-
logic improvement, 51% had a regression in fibrosis score, and 71% 
(71/96) no longer had cirrhosis (Ishak fibrosis score 5 or 6) as defined 
as a greater than or equal to 1-unit decrease in score.90

The safety profile of tenofovir continues to be reassuring in up to 5 
years of patient experience on therapy. The rate of nephrotoxicity and 
renal tubular dysfunction are approximately 1%. In a 5-year, treatment-
extension study, only 9/585 (2%) patients experienced a serious adverse 
event attributed to tenofovir. These side effects included an increase  
in ALT or AST, increase in lactate dehydrogenase (LDH), and three 
reports of a reduction in bone mineral density.90

On the basis of potent suppression of HBV DNA, efficacy data, 
compelling evidence of histologic improvement, a high barrier to resis-
tance, and an excellent safety and tolerability profile, tenofovir is rec-
ommended as first-line therapy for chronic hepatitis B; moreover, 
classified as pregnancy category B, tenofovir should be considered for 
women with chronic hepatitis B during their child-bearing years and 
during pregnancy, when therapy is indicated.

Other Agents for Chronic Hepatitis B
Approved as therapy for HIV infection, but not approved officially for 
HBV infection, the cytosine analogue emtricitabine is similar in struc-
ture, activity, and resistance to lamivudine (see Chapter 130).185 
Although it has no advantage over lamivudine, emtricitabine is avail-
able (for HIV/AIDS) in a combination tablet with tenofovir, which 
some clinicians use when combination therapy is advisable (e.g., for 
patients with already established L-nucleoside resistance).

Clevudine, a pyrimidine nucleoside analogue that is approved for 
use in Korea, was being evaluated in clinical trials versus adefovir as 
comparator. Although clevudine has been purported to eradicate 
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Patients with compensated cirrhosis, in whom treatment has been 
shown to delay clinical progression,89 should be treated at an HBV 
DNA threshold of greater than 2 × 103 IU/mL, independent of ALT 
level; however, if ALT is elevated, even if the HBV DNA level is less 
than 2 × 103 IU/mL, treatment should be given. For decompensated 
cirrhosis in the presence of any detectable HBV DNA, urgent therapy 
may be lifesaving, but care should be coordinated with a liver trans-
plantation center. Patients with cirrhosis should be treated with oral 
agents, not PEG IFN.

Choice of Antiviral Agents
On the basis of demonstrated superiority, PEG IFN has supplanted 
standard IFN, entecavir has supplanted lamivudine, and tenofovir has 
supplanted adefovir; although better than lamivudine, telbivudine has 
a poor resistance profile, which limits its appeal. Therefore, for most 

infection at birth, sustained responses are not likely, and treatment is 
not recommended. For HBeAg-negative patients with HBV DNA of 
more than 2 × 103 IU/mL but with normal to near-normal ALT (one 
to more than two times the upper limit of normal), a liver biopsy is 
recommended to assess the degree of liver injury and fibrosis, which, 
in turn, is helpful in the decision of whether or not to treat.94 Some 
authorities suggest that the HBV DNA threshold for treatment should 
be lower (>2 × 103 IU/mL), that the ALT threshold should be one times 
the upper limit of normal, that histologic grade or stage should be 
assessed in HBeAg-reactive and HBeAg-negative patients with both 
high HBV DNA and ALT,95 and that therapy should be instituted 
earlier in life among those with high HBV replication but low ALT.193,194 
These thresholds and criteria, however, do not meet the most rigorous 
evidence-based standard, and adopting them has never been shown to 
result in clinical benefit.94,195

TABLE 119-7  Recommendations/Guidelines of the American Association for the Study of Liver Diseases 
for the Treatment of Chronic Hepatitis B

HBeAg HBV DNA (IU/mL) ALT TREATMENT FIRST-LINE AGENTS
Chronic Hepatitis B without Cirrhosis
+ >2 × 104 >2 × ULN Recommended PEG IFN, ETV, TDF

+ >2 × 104 ≤2 × ULN Not recommended

− >2 × 104 >2 × ULN Recommended PEG IFN, ETV, TDF

− >2 × 103 1 to >2 × ULN Histology determines*

− ≤2 × 103 Normal Not recommended†

Cirrhosis
± Detectable (PCR‡) Normal or ↑ Recommended Compensated: treat with ETV or TDF for HBV DNA >2 × 103; for HBV 

DNA <2 × 103, treat if ALT ↑
Decompensated§: treat with ETV or combination nucleoside/nucleotide

± Undetectable (PCR‡) Normal or ↑ Not recommended §

*If liver biopsy reveals advanced necroinflammatory activity or fibrosis, consider treatment.
†Inactive carrier.
‡>102 to 103 IU/mL.
§If decompensated, coordinate care with a liver transplantation center.
ALT, alanine aminotransferase; ETV, entecavir; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; IU, international units; PCR, polymerase chain reaction; PEG IFN, 

pegylated interferon; TDF, tenofovir; ULN, upper limit of normal.
Table is updated to reflect supplanting of the less effective drugs by the best available antiviral drugs.94

TABLE 119-8  Approved Antiviral Drugs for Chronic Hepatitis B

IFN PEG IFN LAM ADV ETV TBV TDF
Dose 5 MU/day* 180 µg/wk 100 mg/day 10 mg/day 0.5 mg/day 600 mg/day 300 mg/day

Route Subcutaneous Subcutaneous Oral Oral Oral Oral Oral

Duration in trials 4 mo 48 wk 48-52 wk 48 wk 48 wk 52 wk 48 wk

Tolerability Poor Poor Excellent Excellent† Excellent Excellent Excellent†

HBeAg seroconversion 18%-20% 27%‡ 16%-21% 12% 21% 22% 21%

Log10 HBV DNA reduction

 HBeAg-positive ?§ 4.5 5.5 3.5 6.9 6.5 6.2

 HBeAg-negative ?§ 4.1 4.7 3.9 5.0 5.2 4.6

HBV DNA PCR-negative

 HBeAg-positive ? 25% 44% 21% 67% 60% 76%

 HBeAg-negative ? 63% 73% 64% 90% 88% 93%

ALT normalization

 HBeAg-positive ?‖ 39% 75% 61% 68% 77% 68%

 HBeAg-negative ?‖ 38% 79% 77% 78% 74% 76%

HBsAg loss during treatment up to 8% 3%-4% ≤1% 0% 2% <1% 3%

Viral resistance None None 15%-30% None None 2%-5% 0%

>1 yr None None 5 yr: 70% 5 yr: 29% ≤1% 2 yr: 9%-22% 0%

Cost (U.S. $) 5600* 18,500 2500 6600 8700 6000 6000

*5 MU daily to 10 MU three times a wk for 16 to 24 wk; the cost is that of a complete course, not of a yr of therapy.
†Creatinine monitoring recommended.
‡At 32% 24 wk after therapy.
§When these studies were conducted, HBV DNA was measured with insensitive hybridization assays.
‖ALT is generally normal in those with adequate serologic/virologic response; reports rarely include ALT levels at the end of treatment. In HBeAg-reactive patients, a 

meta-analysis showed a 23% advantage in ALT normalization (after therapy) in treated vs. untreated patients.538

ADV, adefovir; ALT, alanine aminotransferase; ETV, entecavir; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B virus surface antigen; HBV, hepatitis B virus; IFN, interferon; 
LAM, lamivudine; PCR, polymerase chain reaction; PEG IFN, pegylated IFN; MU, million units; TBV, telbivudine; TDF, tenofovir.

Data shown are maximum reported values for up to 1 yr (48-52 wk) of treatment in registration trials. These comparisons are head to head only for PEG IFN vs. LAM, 
ETV vs. LAM, TBV vs. LMV, and TDF vs. ADV.

http://www.myuptodate.com


P
a
rt

 I
I 

M
aj

o
r 

C
lin

ic
al

 S
yn

d
ro

m
es

1454

therapy, most patients undergoing liver transplantation could manage 
well clinically for several years, despite HBV reinfection; however,  
in an unpredictable proportion, severe allograft-compromising and 
life-threatening HBV-associated liver injury supervened. The most 
aggressive form of HBV reactivation, fibrosing cholestatic hepatitis, 
represents overwhelming expression of HBV in the hepatocyte.209 
Characterized histologically by fibrosis and cholestasis out of propor-
tion to necroinflammatory activity, this dreaded form of hepatitis B is 
more reminiscent of direct virus-induced cytopathic injury than indi-
rect cell-mediated cytotoxicity characteristic of virus-associated liver 
injury in the immunocompetent host. The likelihood of recurrent 
hepatitis B (i.e., hepatitis associated with HBV infection) correlates 
with the level of HBV replication before transplantation; however, even 
patients with low-level HBV replication before liver transplantation 
can have recurrent hepatitis B because immunosuppression, especially 
with corticosteroids, enhances HBV replication.210,211 In fact, even 
recipients of donor livers from anti-HBs-positive or anti-HBc-positive 
donors have had hepatitis B reactivation after liver transplantation.212 
Patients who undergo liver replacement for fulminant hepatitis B may 
be an exception to the rule of universal reinfection; in such cases, rapid 
and overwhelming elimination of HBV-infected hepatocytes depletes 
the substrate for new HBV replication.

Currently, centers that perform liver transplantation follow a proto-
col of preemptive prophylaxis with intravenously administered, high-
dose HBIG beginning during the anhepatic phase of the procedure  
and continuing daily for the first week, followed by periodic readmin-
istration indefinitely thereafter.213,214 Rarely, however, HBV envelope 
(HBsAg) escape mutations emerge during HBIG therapy after liver 
transplantation.215-217 The addition of a nucleos(t)ide analogue to this 
regimen has reduced dramatically the risk of recurrent hepatitis B after 
transplantation.157,218 Moreover, availability of these potent nucleos(t)-
ide analogue antiviral agents—IFN is not effective—has permitted 
exploration of strategies to change the route (intramuscular versus 
intravenous) of administration and to reduce the dose, frequency, and 
duration of HBIG treatment.208,219,220 Although the success of post-
transplantation lamivudine therapy was hampered by the emergence  
of resistance,157 the addition of adefovir, either as rescue therapy or as 
primary therapy, has overcome the problem of post-transplantation 
lamivudine resistance and its often dire clinical consequences. There-
fore, currently, the outcome of liver transplantation for hepatitis B is 
comparable with that of the procedure for nonviral types of end-stage 
liver disease.208,218 Now that newer, better oral agents are available, they 
are being studied and used instead of lamivudine and adefovir and, on 
the basis of early reports, may even replace the need for HBIG therapy.221

HIV Coinfection (also see Chapter 126)
Patients with HIV-HBV coinfection tend to have high levels of HBV 
DNA and more advanced histologic disease but with relatively limited 
elevations of aminotransferase activity.222 Moreover, occasionally, 
immunologic reconstitution associated with successful antiretroviral 
therapy (ART) results in severe exacerbations of hepatitis B in patients 
with coinfection.223 IFN is not effective in this subset of patients with 
immunocompromise.44 Lamivudine, when administered as part of the 
ART drug cocktail used to treat patients with HIV infection, is given 
at a dose of 150 mg twice daily, three times the HBV dose, and is 
complicated frequently by lamivudine resistance.224 In patients with 
HIV coinfection, the emergence of resistance limits the value of lami-
vudine, but adefovir has been shown to lower HBV DNA levels by 4 
to 5 log10 copies/mL and to maintain this effect without resistance even 
after more than 2 years of treatment.206,225 Furthermore, tenofovir, 
effective against both HIV and HBV and now a popular component of 
ART, represents an attractive first-line agent to be used in this popula-
tion.225 Currently, combination therapy that includes the nucleotide 
analogue tenofovir and an L-nucleoside (e.g., with the combination 
tablet that includes tenofovir and emtricitabine) is recommended 
(monotherapy with anti-HIV agents is not advisable), and ideally, both 
HIV and HBV infections should be treated simultaneously.94,95,196,226-228 
If an HBV-HIV coinfected patient is a candidate for therapy of hepatitis 
B but not HIV, single agents that have activity against HIV (lamivu-
dine, tenofovir, entecavir) are contraindicated because of the risk of 
HIV resistance to monotherapy; although, potentially, adefovir at the 

patients with chronic hepatitis B who are candidates for therapy, either 
PEG IFN, entecavir, or tenofovir is a potential first-line treatment 
(Tables 119-7 and 119-8).94,95,196 Several authorities recommend IFN-
based therapy as the first-line approach, focusing on its apparent 
immunomodulatory activity, the brief duration of treatment, the 
higher frequency of HBeAg seroconversion during a year of therapy, 
the potential for HBsAg seroconversion, and the absence of resis-
tance.98,99,196-200 In fact, ALT elevations attributed to the immunologic 
effects of IFN are seen just as commonly during nucleos(t)ide analogue 
therapy,101,109 and restoration of endogenous cytolytic T-cell activity or 
function occurs during nucleos(t)ide analogue therapy, as the level of 
HBV DNA is reduced.201-203 Some favor PEG IFN for the subgroups 
most likely to respond (i.e., those with high ALT, low HBV DNA levels, 
genotypes A and B, and early age)199,200; however, these are also the 
populations most likely to respond to nucleos(t)ide analogues. More-
over, HBsAg seroconversions were no more common in patients with 
IFN treatment than with lamivudine treatment in a head-to-head trial 
(although these HBsAg results were not included in the published 
report),102 and the frequency of HBsAg loss during PEG IFN therapy 
can be accomplished with the newer oral agents after 1 to 2 years or 
longer. Similarly, rates of HBeAg seroconversion with oral agents 
extended beyond 1 year are comparable with those achieved with a 
year of PEG IFN* but without the need for injections, side effects, or 
intensive clinical and laboratory monitoring. Although PEG IFN 
requires therapy of a brief finite duration and is not associated clini-
cally with resistance, the need for subcutaneous injections and often 
intolerable systemic side effects reduce its appeal. In addition, resis-
tance to the newest oral agents, entecavir and tenofovir, is trivial even 
after several years of therapy.171 Furthermore, oral agents are effective 
in a substantial proportion of patients with failure to respond to IFN,103 
including patients with immunocompromise157,205,206 and patients with 
hepatic decompensation.145,146,147

For patients with lamivudine resistance, the addition of adefovir 
was recommended,160,162,166,167,189 but tenofovir is a better choice. When 
resistance emerges to a drug, a second drug that is not cross-resistant 
should be added. Although entecavir at double the regular dose is 
approved for treatment of lamivudine-resistant hepatitis B,175 the fre-
quency of emergent entecavir resistance in this population is unaccept-
ably high.171 Because the stakes are so high when resistance emerges in 
patients with decompensated cirrhosis and in organ allograft recipi-
ents, for these populations, initial therapy with two agents may be 
advisable,94-96 although not proven to be superior to entecavir or teno-
fovir alone. Similarly, because of the risks of treatment failure in 
patients with cirrhosis, stopping antiviral therapy after HBeAg sero-
conversion may not be the best strategy.94,95

Special Patient Populations
Pregnancy
The safety of antiviral drug therapy during pregnancy has not been 
established. Experience with lamivudine for pregnant women with 
HIV infection suggests that lamivudine is safe at the end of pregnancy, 
but data remain limited. Although lamivudine treatment during late 
pregnancy reduces levels of maternal HBV DNA, studies have not 
shown that such antiviral therapy reduces the frequency of maternal-
fetal transmission of HBV infection below levels achieved with admin-
istration of HBIG and hepatitis B vaccine to newborns. An exception 
may be in mothers with high-level viremia.94,95,207 On the basis of pre-
clinical teratogenicity studies, entecavir is classified as pregnancy cat-
egory C, while tenofovir is classified as category B95; because of this 
theoretical advantage and the vast experience with tenofovir in HIV-
infected pregnant women, some authorities would choose tenofovir 
over entecavir for treating pregnant women.

Liver Transplantation
Antiviral therapy with lamivudine or adefovir in patients with decom-
pensated chronic hepatitis B may delay the need for liver trans-
plantation; however, once liver transplantation is undertaken, HBV 
reinfection of the new liver occurs universally unless preemptive anti-
viral measures are instituted.208 Before the availability of such antiviral 

*References 131, 132, 168, 171, 172, 180, 204.
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generalizations do not prevail in one clinical situation. After liver 
transplantation for chronic hepatitis D, hepatitis D reinfection can 
occur without high levels of HBV replication and without liver injury. 
Even in the absence of maneuvers to prevent the reestablishment of 
HBV infection (HBIG plus antiviral agents), the outcome of hepatitis 
D after liver transplantation is comparable with that after nonviral liver 
disease.213,238,239 On the other hand, if after liver transplantation for 
hepatitis D, high-level HBV infection emerges, severe hepatitis D may 
follow. Although hepatitis D, like other viral hepatitides, is likely to 
injure hepatocytes indirectly via cytolytic T-cell activation, and 
although autoimmune markers (anti-LKM3) are common in hepatitis 
D,240 the mechanism of HDV-associated liver disease has not been 
defined definitively.

Serologically, the diagnosis of hepatitis D is established by the pres-
ence of circulating antibody to HDV (anti-HDV). Unlike anti-HBc  
in HBV infection, the distinction between immunoglobulin M (IgM) 
and immunoglobulin G (IgG) anti-HDV is not useful clinically. 
Although not widely used clinically, testing is available in a limited 
number of specialized and research laboratories to detect HDV RNA 
by PCR.241 Curiously, patients with chronic hepatitis D may harbor 
liver-kidney microsomal antibodies type 3 (anti-LKM3) that recognize 
uridine diphosphate glucuronosyltransferase and that are distinct from 
similar LKM antibodies observed in type 2 autoimmune hepatitis and 
chronic hepatitis C (anti-LKM1) and certain types of drug-induced 
hepatitis.240

Treatment
None of the currently available nucleos(t)ide analogues active against 
hepatitis B has been shown to be effective in patients with hepatitis 
D.232 IFN-α at doses and durations recommended for hepatitis B are 
ineffective for chronic hepatitis D; however, IFN therapy extended to 
12 months and at a dose of 9 million units three times a week can result 
in clinical improvement (return to normal of aminotransferase activity 
and an improvement in liver histology) in more than two thirds of 
treated patients, despite the fact that therapy has limited impact on 
HDV replication and that clearance of HDV RNA is unusual.242 
Although aminotransferase activity remained normal for 6 months 
after therapy in half of patients treated this way, ultimately, clinical 
reactivation followed after cessation of therapy in many patients. On 
the other hand, biochemical remission was maintained in a proportion 
of treated patients, even 14 years after completion of therapy, and in 
some, clearance of HDV RNA and regression of fibrosis were docu-
mented.232,243 An anecdotal report of a sustained biochemical, virologic, 
and histologic response after 12 years of IFN therapy (5 million units 
daily) in one patient244 raises the possibility that protracted treatment 
may be the best approach for patients with chronic hepatitis D. There-
fore, some investigators have advocated chronic therapy until eradica-
tion of HDV RNA is achieved. PEG IFN has also been shown to have 
efficacy in chronic hepatitis D,245 and in a recent trial, 48 weeks of PEG 
IFN resulted in sustained clearance of HDV RNA (as of 24 weeks after 
therapy) in a quarter of patients.246 Ultimately, novel antiviral 
approaches for the treatment of chronic hepatitis D (clevudine, now 
abandoned, was shown to be active in woodchucks with HDV infec-
tion247) are necessary.248

As noted previously, liver transplantation for end-stage chronic 
hepatitis D has an excellent prognosis; still, the same protocol of HBIG 
plus a nucleos(t)ide analogue used after transplantation for chronic 
hepatitis B is recommended for patients with chronic hepatitis D to 
minimize the likelihood of recurrent hepatitis B and its deleterious 
impact on post-transplantation HDV infection.

Chronic Hepatitis C
In adults with clinically apparent acute hepatitis B, the likelihood of 
chronic infection is less than 1%.58,60 In marked contrast, acute hepatitis 
C is followed by chronic HCV infection in at least 85% of cases.5,249 
Contributing to this high frequency of chronic HCV infection are  
its high replication rate (1011 to 1012 virions per day with a virion half-
life of 2 to 3 hours)250 without polymerase error proofreading, molecu-
lar heterogeneity driven by a high mutation rate (1 mutation per 
synthesized genome), and consequently, the virus’s ability to change 
sufficiently and rapidly enough in the face of the evolutionary pressure 

10-mg dose or telbivudine, which has no anti-HIV activity, could be 
used in this setting, they suffer from either limited HBV antiviral 
potency or a low barrier to resistance, or both. Therefore, treating both 
HBV and HIV infections would be a preferable strategy.95

Immune-Complex Disease
Immune-complex glomerulonephritis and generalized vasculitis 
(polyarteritis nodosa) can occur in patients with chronic hepatitis B.80 
Because these extrahepatic manifestations occur in settings of viral 
antigen excess, reduction of hepatitis B replication can reverse the 
process. Early trials of IFN showed improvements in nephrotic syn-
drome and in clinical findings in generalized vasculitis,229 but oral 
nucleos(t)ide analogues, especially now entecavir and tenofovir, are 
likely to replace IFN in the management of these cases.

Oncology Patients Who Need Cytotoxic Chemotherapy
When cytotoxic chemotherapy is administered to HBV-infected 
patients with malignant disease, levels of HBV replication are enhanced 
and cell-mediated immune injury of HBV-infected hepatocytes is sup-
pressed. When cycles of chemotherapy are completed, however, resto-
ration of cytolytic T-cell function occurs at a time of residual high-level 
HBV antigen expression on hepatocyte membranes, initiating a burst 
of hepatocytolysis and severe, often fatal, reactivation of hepatitis B.25,26 
Preemptive antiviral therapy with nucleos(t)ide analogues, initiated 
before chemotherapy (preemptive therapy), has been shown to prevent 
such reactivations of hepatitis B.204 The risks of HBV reactivation and 
the advantages of preemptive antiviral therapy are similar for patients 
undergoing immunosuppressive or immunomodulatory (e.g., anti-
TNF and other anticytokine) therapy. The optimal duration of antiviral 
therapy after discontinuation of immunosuppressive chemotherapy 
remains to be defined.94,95,230

Chronic Hepatitis D
HDV is a defective agent that requires HBV (or hepadnaviruses of 
other species) to replicate and that depends absolutely on the persis-
tence of HBV to establish chronic infection (see Chapter 148).231-233,234 
When acute coinfection with both agents occurs simultaneously, the 
duration of infection is determined by the duration of HBV infection; 
therefore, HDV does not increase the frequency of chronicity of acute 
HBV infection. When HDV superinfection occurs in a person already 
infected chronically with HBV, chronic hepatitis D follows almost 
invariably (with rare exceptions), maintained by chronic HBV infec-
tion. Clinically, hepatitis D superinfection may be recognized as a flare 
in aminotransferase activity in a person with chronic hepatitis B, and 
generally, chronic hepatitis B is converted to more severe chronic hepa-
titis after HDV superinfection; for example, severe, even fatal, chronic 
hepatitis can follow in an inactive hepatitis B carrier superinfected  
with HDV.

Clinical features of chronic hepatitis D are similar to those of 
chronic hepatitis B, except for the increased severity and more rapid 
progression to cirrhosis and end-stage liver disease; in addition, both 
early mortality and the risk of HCC are increased in patients with 
hepatitis D.232 When hepatitis D was described originally, the more 
severe cases attracted clinical attention, and hepatitis D was believed 
to be invariably severe; however, mild hepatitis, even quiescent liver 
disease (inactive carriage), has been recognized, and the disease can 
become indolent after an early period of severe hepatitis lasting several 
years.235 In addition, three genotypes have been identified, with distinct 
geographic distribution, and genotype 2 has been associated with 
milder disease.232 Although focal outbreaks of hepatitis D continue to 
emerge throughout the world, in Mediterranean countries, where 
hepatitis D was first recognized, the frequency of hepatitis D declined 
dramatically during the 1990s, attributed to changes in migration pat-
terns, improvements in socioeconomic conditions, adoption of HIV-
avoidance behavior among injection drug users, and hepatitis B 
vaccination programs (immunity to hepatitis B protects against infec-
tion with hepatitis D).236 Still, HDV superinfection of persons with 
chronic hepatitis B continues to be observed, even in low-prevalence 
countries, among active injection drug users.237

Although chronic hepatitis D tends to be more severe than chronic 
hepatitis B, and to require concomitant chronic hepatitis B, these 
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which may represent a cellular receptor for the virus.278 HCV also 
binds to the tight-junction protein claudin 1 and to other liver-surface 
proteins. Because HCV and lipids rely on the same low-density lipo-
protein (LDL) assembly/secretion pathway, HCV appears to be able to 
“hijack” the LDL assembly/secretion pathway, which allows the virus 
to “masquerade,” invisible to the adaptive immune response, as a lipo-
protein; this ability to evade the immune system may contribute to the 
success of HCV as a chronic passenger in its human host.279 Like the 
other hepatitis viruses, HCV is not cytopathic; instead, the presence of 
virus-infected hepatocytes initiates a cascade of host cellular immuno-
logic events that culminate in clearance of HCV-infected hepatocytes. 
Early insight has been gleaned from studies of cell-mediated immunity 
to HCV polypeptides, and the host, genetic, and viral factors that 
distinguish between the small minority who recover and the large 
majority who proceed to harbor chronic infection after acute HCV 
infection are now beginning to be understood. From studies of cell-
mediated immunity, a general consensus has emerged that attributes 
recovery to a more robust, broadly targeted CD4+ and CD8+ T-cell 
response to HCV proteins and chronic infection or disease to an absent 
or minimal and narrowly directed HCV-specific T-cell response.5,280-283 
For spontaneous resolution of hepatitis C, CD4+ T cells, specifically, 
have been found to be essential for viral clearance.284 In addition, 
intrahepatic CD4+ and CD8+ responses against a wide spectrum of 
HCV epitopes have been shown to correlate with viral clearance and 
recovery from HCV infection, as has the presence of intrahepatic 
HCV-specific IFN-γ-producing T cells.285 Moreover, genomic analysis 
of the progression of HCV infection in chimpanzees has revealed tran-
scriptional changes in the IFN-α response that correlate with the dura-
tion of infection; and genomic signals for antigen-processing and 
presentation and for the adaptive immune response are expressed in 
association with viral clearance.286 Also contributing to chronic HCV 
infection are mutations in CD8+ T cell–targeted viral epitopes that 
allow HCV to escape immune-mediated clearance, as well as upregula-
tion of inhibitory receptors on exhausted (functionally impaired) T 
cells.287 For HCV infection to be established chronically, as noted previ-
ously, the host immune response to HCV is usually too limited in 
impact to contain the infection; in addition, this feeble immunologic 
response allows superinfection with a different genotype or viral isolate 
(absence of heterologous immunity) or even, under experimental con-
ditions in chimpanzees, reinfection with the same viral isolate (absence 
of homologous immunity).288-292 Accordingly, prospects for an effective 
hepatitis C vaccine to prevent infection are challenging.293 On the other 
hand, neutralizing antibodies have been identified against broadly con-
served HCV epitopes294; potentially, this advance in understanding the 
humoral immune response to HCV could be exploited to pursue 
passive immunoprophylaxis with globulin preparations or active 
immunization with vaccines.

Host factors that have been suggested to correlate with a higher 
frequency of chronicity after acute infection include male gender, older 
age (adults more than children), ethnicity (blacks more than whites), 
clinically mild/inapparent/anicteric acute infection, certain extended 
human leukocyte antigen (HLA) haplotypes, and immunologic com-
promise.295 From genome-wide association studies among patients 
treated with IFN-based antiviral therapy emerged the recognition that 
IL28B-related haplotypes coding for IFN lambda 3 (IFN-λ3) correlate 
strongly with response to antiviral therapy—the favorable CC genotype 
was associated with sustained virologic responsiveness (≈80%), while 
the unfavorable genotype TT reflected refractoriness to responsiveness 
(≈30%).296 The same genotypes have been shown as well to be associ-
ated with relative likelihood of HCV clearance after acute infection, 
CC associated with a greater than 50% chance of resolution, TT with 
approximately 25% chance of resolution, and heterozygous CT with 
approximately 30% chance of resolution.297 A link with resolution after 
acute hepatitis C is even more strongly linked to the combination of 
the IL28B CC genotype and an HLA class-II allele near DQB1*03:01.298 
Further functional analysis of the link between resolution of acute 
HCV infection and IL28B has revealed a frameshift variant upstream 
of IL28B-encoding IFN-λ3 on chromosome 19q13.13 that creates a 
novel IFN gene, IFN-λ4, associated with impaired HCV clearance.299

The natural history of hepatitis C is variable.295-299,300-307 As noted 
previously, up to 85% to 90% of acutely infected persons acquire chronic 

of host immunity to circumvent neutralizing antibodies.251 In addition 
to viral genotypes 1 to 6, the nucleotide sequences of which can differ 
by as much as 30% to 50%, HCV exists as multiple genetically distinct 
quasi-species, differing in nucleotide sequence by up to 5% (see 
Chapter 156).252,253 Believed to have diverged phylogenetically from 
related viral agents more than 10,000 years ago and to have evolved in 
humans for this extended period, HCV has established itself firmly 
among humans, infecting as many as 175 million worldwide. In the 
United States alone, as many as 1.6% to 1.8% of the population (≈4 
million) have been infected, and the Public Health Service estimates 
an annual death toll of 8000 to 10,000.5,254,255

The impact of hepatitis C is difficult to minimize. Chronic hepatitis 
C contributes to approximately 25% to 40% of all chronic liver 
disease,256 accounts for up to 40% of all patients undergoing liver trans-
plantation,257-259 and, as of 2007, mortality associated with hepatitis C 
surpassed mortality associated with HIV/AIDS in the United States.260 
Economic estimates of the annual hepatitis C–related direct medical 
care costs incurred in the United States exceed $1 billion.258 These 
statistics may seem surprising in light of the documented decline of 
acute hepatitis C cases reported over the past several decades. Initially, 
hepatitis C was recognized in recipients of transfused blood and blood 
products, but the frequency among transfused persons declined from 
more than 30% in the 1960s, to more than 10% in the 1970s (exclusion 
of “commercial” blood donors),261 to approximately 5% in the 1980s 
(adoption of “surrogate” screening tests that identified blood donors 
with an increased risk of bloodborne viral infections),262-264 to less than 
4% in the early 1990s (adoption of HCV-specific screening tests of 
donor blood).265-267 During the 1990s, with progressively increasing 
sensitivity of donor screening tests for anti-HCV, the frequency of 
transfusion-associated hepatitis C fell to almost undetectable, effec-
tively imperceptible levels, estimated now to be 1 in 103,000 units 
transfused.268 This remarkable reduction in transfusion-associated 
hepatitis C, however, hardly made a dent in the overall frequency of 
reported cases, most of which occurred in groups other than blood 
recipients. In the 1990s, however, the overall frequency of reported 
cases of acute hepatitis C fell by more than 80% (to its current level of 
≈35,000), mirroring a similar decline among injection-drug users, who 
adopted behavioral changes designed to minimize acquisition of HIV 
infection.269

Despite the fact that the annual incidence of new HCV infections 
has declined substantially during the last decade of the 20th century, 
however, the burden of long-established chronic infections continues 
to grow and is expected to triple or quadruple over the next genera-
tion.257,258,270 The relatively recent decline in new cases has had no 
impact on the large reservoir of chronic infections established, in most 
instances, 3 to 4 decades ago.255 Of the 4 million people estimated on 
the basis of serologic surveys to have chronic hepatitis C in the United 
States, less than one third to one half have come to clinical attention, 
mostly as a result of serendipitous discovery (e.g., when donating blood 
or during routine laboratory testing for other reasons).271,272 In sero-
logic surveys of the U. S. population, three quarters of persons found 
to harbor HCV infection were in the baby-boomer age cohort (born 
from 1945 through 1965); whereas the prevalence in other birth cohorts 
was only 0.8%, in baby boomers, the prevalence was 3.2%, and 73% of 
HCV-related mortality occurs in this cohort. Therefore, the U.S. Public 
Health Service has recommended birth-cohort screening in all persons 
born between 1945 and 1965.273-275 This recommendation acknowl-
edges the fact that in many cases, an obvious epidemiologic source is 
not apparent and that most of the pool of currently infected persons 
was exposed during the 1960s and 1970s in adolescence and early 
adulthood; now that they are in their 40s and 50s, many have moderate 
to advanced liver disease. Implementation of this one-time age-cohort 
screening policy has been predicted to identify approximately 800,000 
cases of hepatitis C; to prevent 200,000 cases of cirrhosis, 47,000 cases 
of HCC, and 120,000 HCV-related deaths; and to be cost-effective.275

Pathophysiology and Natural History
Long refractory to in vitro cultivation, HCV can now be replicated in 
cell culture, which has facilitated understanding of the viral life 
cycle.276,277 One of the envelope proteins of HCV, E2, contains a binding 
site for a surface protein on hepatocytes and lymphocytes, CD81, 
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explained.322 For patients who acquired hepatitis C after transfusion in 
the 1970s, long-duration follow-up studies lasting 20 years (the Trans-
fusion Transmitted Viruses Study) showed progression to cirrhosis in 
approximately 20% but no increase in overall mortality (and only a 
slight, almost negligible, increase in liver-related mortality) compared 
with a matched, transfused control group in whom hepatitis did not 
develop.295,306 Therefore, for someone whose perspective is molded by 
experiences in a blood bank—where asymptomatic healthy persons 
with hepatitis C are identified during blood-donor screening and 
where disease progression in transfusion-related hepatitis C is slow and 
clinically inapparent—hepatitis C appears to be a slowly progressive 
and mild disease. In contrast, in a tertiary-care hospital with a liver-
transplantation program, referrals that funnel in primarily the sickest 
patients along the spectrum of disease activity301 bias hepatologists and 
transplant surgeons to the view that hepatitis C is an invariably pro-
gressive and fatal disease. A more balanced reality exists between these 
two extremes. In most patients, chronic hepatitis C is a slowly progres-
sive liver disease that may have few clinical consequences over the first 
2 decades; progression to cirrhosis occurs in 2% to 4% of young chil-
dren and young women and in less than 10% of community-based 
young adult (<40 years) patient cohorts but in about 20% to 25% of 
referral-center-based cohorts of older adults.295,304 What is not known 
is whether, given a sufficiently long time (e.g., 3 to 5 decades or more), 
hepatitis C is progressive in most patients.

Neither level of HCV RNA, HCV genotype, nor HCV quasi-species 
diversity correlates with the degree and rapidity of progression of 
chronic hepatitis C, but more advanced liver disease is found in 
patients with higher liver iron levels, almost certainly an indirect 
reflection of duration of infection.295 Several factors have been shown 
to accelerate or to be associated with accelerated progression of fibrosis 
in chronic hepatitis C, including advanced age at the time of infection; 
male gender; excessive alcohol use; coinfection with HBV or, as is 
common in hemophiliacs with multiple transfusions and in injection 
drug users, HIV; persistently elevated aminotransferase activity314; 
certain extended HLA haplotypes323; and concomitant other type of 
liver disease (e.g., hemochromatosis, steatohepatitis).272,295,324 Fibrosis 
associated with steatosis has been recognized to be more common in 
patients with HCV genotype 3,325 but hepatic steatosis associated with 
obesity and insulin resistance may also be associated with a higher 
frequency of cirrhosis in patients with chronic hepatitis C.326,327 The 
intimate relation between HCV replication and the low-density lipo-
protein assembly/secretion pathway contributes to the observed asso-
ciation between hepatic steatosis and progression of fibrosis.279 Blacks, 
in whom acute hepatitis C is more likely to be followed by chronic 
hepatitis C, are actually less likely to have progression to cirrhosis than 
whites,328 although in one report, the estimated risk of fibrosis progres-
sion in blacks was statistically indistinguishable from (albeit 10% lower 
than) that in whites.329 Severity of chronic hepatitis C is thought to be 
increased in patients with acute hepatitis A, based primarily on a 
report of fulminant hepatitis in a group of patients with chronic hepa-
titis C superinfected with HAV.330 This report, however, documented a 
unique experience not replicated by other observers.

Among patients with compensated cirrhosis resulting from chronic 
hepatitis C, long-term studies of the natural history of the disease have 
shown a very good prognosis, a 10-year survival rate of 80%.331 Others, 
however, have reported more rapidly progressive decompensation and 
mortality.332 Once evidence for hepatic decompensation appears, the 
survival rate falls dramatically to 50%.331 In most experiences, in 
patients with cirrhosis, decompensation occurs at an incidence rate of 
4% to 5% per year, a mortality rate of 2% to 6% per year, and an HCC 
rate of 1% to 4% (up to 7% in some reports) per year.331,333,334 In a study 
cohort of 1050 patients selected because of failed previous IFN-based 
therapy and advanced fibrosis (Ishak stage 3 to 4) or cirrhosis (Ishak 
stage 5 to 6; see Table 119-3), the rate of clinical decompensation was 
18% over 3.5 years,335 and the 5-year incidence of HCC was 5%, higher 
in the cirrhotic group at 7% than in the advanced fibrosis group at 
4.1%.336 In this cohort, the 5-year risk of HCC could be stratified into 
low (0.4% observed), medium (4.8% observed), and high (17.8% 
observed) risk based on a model in which risk increased with age, black 
race, alkaline phosphatase, presence of esophageal varices, smoking 
history, and lower platelet count.336

infection. Progression to cirrhosis among those with chronic hepatitis 
C has been observed even in patients with asymptomatic and otherwise 
clinically, biochemically, and histologically mild disease. An analysis of 
57 adequately sized and documented published studies showed that, 
among adults (mean age of infection, 42 years) with transfusion-
acquired chronic hepatitis C, progression to cirrhosis occurred in 
approximately 25% over the course of 20 years.304 A similarly high 
20-year, 22% rate of progression to cirrhosis, probably magnified by 
selection bias, was recorded in cohorts of patients (mean age of infec-
tion, 29 years) referred to liver clinics; however, recorded 20-year rates 
of progression were lower in community-acquired hepatitis C (mean 
age of infection, 26 years) at 7% and in blood donors (mean age, 22 
years) at 4%.304 In a systematic review of 111 studies (of 33,121 patients) 
of prognosis of chronic hepatitis C, Thein and colleagues308 found 
that rates of progression from histologic fibrosis stage to stage varied 
(nonlinear progression), in that the overall progression to cirrhosis 
after 20 years was 16%, but that the 20-year rate of progression to cir-
rhosis varied according to study type: 18% for cross-sectional retro-
spective studies (attempt to time the duration of infection retrospectively, 
based on history of potential exposure, in patients presenting for clini-
cal care), 7% for retrospective-prospective studies (i.e., prospective 
follow-up studies of subjects identified retrospectively after outbreaks 
of apparently acute hepatitis C), 18% for studies in clinical settings, and 
7% for studies in nonclinical (e.g., blood donation center) settings.

Histologic features are perhaps the best predictors of disease pro-
gression.309,310 Among a cohort of Japanese patients who underwent 
serial liver biopsies over a 20-year period, progression to cirrhosis was 
limited in those with histologically mild necroinflammatory activity 
and fibrosis.311 In contrast, those with moderate and severe hepatitis or 
fibrosis had progression to cirrhosis almost invariably over 20 to 10 
years, respectively.311 Therefore, baseline liver biopsy is helpful not only 
to define the degree of liver injury that transpired in the decades before 
clinical presentation but also to predict the pace of histologic progres-
sion over the ensuing 1 to 2 decades.312,313 In a U.S. cohort of 123 
untreated patients who underwent paired biopsies a median of almost 
4 years apart, histologic progression of fibrosis occurred in 39%, his-
tologic stability in 37%, and improvement in 24%.314 Although some 
investigators have devised models to assess linear progression of fibro-
sis in chronic hepatitis C,309 others have emphasized that the rate of 
progression is variable, not linear.308,314,315 In this U.S. cohort, the best 
predictors of histologic progression of fibrosis were advanced age, 
grade of histologic necroinflammatory activity (especially periportal 
necrosis), and level of aminotransferase activity.314 Although a number 
of anecdotal reports have documented the presence of severe hepatitis 
and even, rarely, cirrhosis in patients with normal aminotransferase 
activity,316 such severe histologic changes could have derived from an 
earlier period of biochemical activity, and in large groups of patients 
with normal aminotransferase levels, histologic studies have shown 
that the overwhelming majority of patients, with few exceptions, have 
mild histologic features.272,317,318 In addition, in several longitudinal 
studies of patients with chronic hepatitis C and persistently normal 
aminotransferase activity, the absence of histologic progression over 5 
years or more has been documented.314,319,320 Therefore, the rationale 
exists for monitoring patients with persistently normal aminotransfer-
ase activity without therapeutic intervention.321 Still, because as many 
as a quarter of patients with normal aminotransferase activity followed 
for several years ultimately have aminotransferase elevations,319 even 
patients with normal aminotransferase levels should be monitored 
regularly. In addition, patients with normal aminotransferase activity 
respond as well as those with elevated aminotransferase activity to 
antiviral therapy and are not excluded as treatment candidates (see 
subsequent discussion).

Variability in progression of chronic hepatitis C remains a con-
founding clinical feature of the disease. Yet to be explained are extreme 
differences in outcome between cohorts of young women who acquired 
hepatitis C from contaminated anti-D Rh immunoglobulin at the time 
of childbirth (17- to 20-year progression to cirrhosis of only 0% to 
2%)300,303 and cohorts of recipients of HCV-contaminated intravenous 
globulin (<11-year progression to cirrhosis in 30%).302 Similarly, the 
limited progression of transfusion-related chronic hepatitis C in young 
children compared with that in adults has been described but not 
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in extrahepatic sites, such as lymphocytes and the spleen.347,348 Among 
the extrahepatic diseases linked with HCV infection are autoimmune 
disorders such as Sjögren’s (sicca) syndrome and immune-complex 
disorders such as essential mixed cryoglobulinemia (with a spectrum 
from mild leukocytoclastic cutaneous vasculitis [palpable purpura, 
arthralgias] to membranoproliferative glomerulonephritis).5,349 In 
patients with immune-complex disease, HCV RNA and anti-HCV 
have been found to be concentrated in circulating immune com-
plexes.350 Essential mixed cryoglobulinemia (EMC) is associated not 
only with immune-complex diseases but also with lymphoproliferative 
disorders, such as monoclonal gammopathy of unknown source and 
B-cell non-Hodgkin’s lymphoma, also reported to be more prevalent 
in patients with hepatitis C (with or without EMC).344,351-353 Lichen 
planus and porphyria cutanea tarda have also been linked with chronic 
hepatitis C; whether hepatitis C can cause neurologic disorders and 
impaired cognition is controversial. Hepatitis C has also been linked 
with insulin resistance/hepatic steatosis (metabolic syndrome) and 
type II diabetes mellitus.327,354,355

Hepatitis C Virus–HIV Coinfection (also see 
Chapter 126)
Because of the common, bloodborne routes of acquisition of these two 
viral agents, approximately one third of patients with HIV infection 
(three quarters in the subset with injection-drug use) are coinfected 
with HCV.356 As the introduction of ART reduced dramatically the 
frequency of life-threatening opportunistic infections and malignant 
diseases and improved survival, hepatitis C emerged as an important 
cause of morbidity and mortality in persons with HIV. The level of 
viremia is amplified, the rate of hepatic fibrosis is higher, the course of 
chronic hepatitis C is accelerated, and the frequency of liver failure is 
more pronounced in patients with HIV-HCV coinfection.357-359 Since 
the introduction of ART for HIV infection, mortality from end-stage 
liver disease caused by HCV infection in this patient population has 
increased fivefold.360 Occasionally, an acute hepatitis-like biochemical 
flare follows the initiation of ART therapy in patients with HIV-HCV 
coinfection; ART-related immune recovery resulting in cytolytic T-cell 
injury of HCV-infected hepatocytes has been invoked to explain this 
observation.361

Treatment
When recombinant IFN-α was first approved and introduced in the 
early 1980s, the duration of therapy (at a dose of 3 million units 
administered subcutaneously three times a week) was 6 months. The 
therapeutic end point in early clinical trials was a return to normal of 
alanine aminotransferase activity (end-treatment response), which 
occurred in approximately half of all treated patients during therapy 
but that was sustained 6 months after therapy in fewer than a 
quarter.362,363 When assays were introduced to detect the presence of 
HCV RNA with reverse transcription PCR, application of these assays 
showed that SVRs (i.e., sustained virologic responses for at least 6 
months after the cessation of therapy), a more stringent end point than 
biochemical outcome, occurred in fewer than 10% of patients treated 
for 6 months.363 Higher doses, more frequent administration, and dif-
ferent preparations (e.g., α2b, α2a, consensus, leukocyte) of IFN failed 
to increase the frequency of SVRs, as did induction therapy with 
higher doses and more frequent administration during the early 
months of therapy.321,363-369 Doubling the duration of therapy to 12 
months, however, doubled the frequency of SVR to approximately 
20%.363,365,366 The efficacy of therapy was doubled again to approxi-
mately 40% when the oral guanine nucleoside RBV was added to IFN 
treatment.370,371 RBV has a minimal impact on HCV replication and is 
ineffective when used alone372,373; however, this nucleoside 
analogue could potentially result in immunologic modulation (shift 
from Th2 response to Th1 response), inhibition of host inosine mono-
phosphate dehydrogenase (IMPDH) activity, depletion of intracellular 
guanosine triphosphate pools,374 induction of viral mutational catas-
trophe,375 enhancement of the effect of IFN through an increase in 
IFN-stimulated gene expression (which is suppressed by HCV NS5A), 
and a direct, albeit subtle, antiviral effect.376-379 Although the mecha-
nism of RBV activity in HCV infection is not known, the addition of 
RBV to IFN, with dose based on patient weight, reduces the frequency 

HCC, however, rarely occurs until HCV infection has been estab-
lished for approximately 20, but more often 30, years, and almost all 
such patients are already cirrhotic or at least have advanced fibro-
sis.336,337 HCV does not integrate into the human host genome, as does 
HBV. In vitro studies suggest that HCV core protein and nonstructural 
protein NS3 can transform mammalian cells in culture,338 and HCV 
core protein has been shown to induce HCC in transgenic mice,339 but 
the mechanism of hepatocarcinogenesis in chronic hepatitis C is 
unknown. Like other chronic liver diseases associated with cirrhosis 
and HCC (e.g., hemochromatosis, autoimmune liver disease, α1-
antitrypsin deficiency, nonalcoholic steatohepatitis, alcoholic cirrho-
sis), chronic hepatitis C may lead to liver cancer by promoting endlessly 
repetitive cycles of hepatocyte regeneration and repair, resulting ulti-
mately in the emergence of malignant clones. Among patients with 
cirrhosis and hepatitis C, excessive alcohol intake, hepatic iron over-
load, and concomitant HBV infection appear to increase the risk of 
HCC. Currently, chronic hepatitis C accounts for approximately one 
third of all cases of HCC in the United States, where the incidence  
and mortality of all causes of HCC have doubled over the past 25 years 
and of HCV-associated HCC have tripled during the 1990s.340,341 In 
Japan, where currently HCV infection accounts for 90% of all cases  
of HCC, the frequency of HCV-associated HCC has tripled over the 
past 4 decades.249 As the cohort of those who acquired HCV infection 
in young adulthood matures to middle-aged adults, now predomi-
nantly otherwise healthy and in the prime of their careers, expecta-
tions are that, discounting the potential impact of antiviral therapy  
on the natural history of chronic hepatitis C, over the ensuing decade 
the frequency of cirrhosis will increase by more than 500%, of HCC 
by more than 250%, of liver-related deaths by more than 200%, and  
of both hepatic decompensation and liver transplantation by more 
than 60%.258,270,342

Clinical Manifestations
The most typical patient with recently discovered hepatitis C is asymp-
tomatic, but fatigue is one of the more common clinical features in 
symptomatic persons. Overall, clinical features of chronic hepatitis C, 
and of decompensated cirrhosis associated with hepatitis C, are similar 
to those of chronic hepatitis B. Laboratory test abnormalities in chronic 
hepatitis B and C are similar; the principal abnormality is an elevation 
of serum aminotransferase activity, usually ALT exceeding AST, until 
cirrhosis supervenes, when, generally, AST exceeds ALT.343 More char-
acteristic of chronic hepatitis C than other forms of chronic liver 
disease are episodic fluctuations in aminotransferase activity, postu-
lated to result from bursts of hepatic necroinflammatory activity 
accompanying the emergence of new quasi-species that overcome host 
immunologic containment of HCV.290,291 With progressive chronic 
hepatitis C and evolving fibrosis, hypersplenism occurs and platelet 
and white blood cell counts fall. In patients with compensated cirrhosis 
associated with hepatitis C, laboratory indicators of hepatic synthetic 
function, prothrombin time and serum albumin, remain normal, but 
these markers become abnormal in decompensated cirrhosis. Impaired 
hepatic excretory function tends to be maintained before the emer-
gence of severe, end-stage cirrhosis, when bilirubin increases.

Chronic hepatitis C can be accompanied by circulating autoanti-
bodies, including nuclear antibodies, especially liver-kidney micro-
somal antibody (anti-LKM1), similar to that seen in autoimmune 
hepatitis type 2.36 Assays for circulating immune complexes (such as 
those that detect aggregated immunoglobulins or cold-precipitable 
globulins [cryoprecipitates]) can be detected in up to half of all patients 
with chronic hepatitis C,344 but only a small fraction of patients have 
immune-complex disorders (see subsequent discussion).

Histologic features of chronic hepatitis C are similar to those 
observed in chronic hepatitis B (see previous discussion).345,346 Fibrosis 
stage 3 in the 6-point Ishak scale (or F2 in the F0 to F4 Metavir staging 
system; see Table 119-3) represents septal fibrosis (i.e., scar tissue 
extending beyond the portal tract and bridging portal to portal or 
portal to central zones of the liver lobule).30,32 Fibrosis stages higher 
than 3 (>F2) are usually progressive and are accepted as histologic 
criteria for treatment.311

Disease manifestations unrelated to the liver have been described 
in patients with chronic hepatitis C, and HCV RNA has been detected 
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near-full doses was undertaken in 936 patients with genotype 1 who 
had failed treatment with standard IFN and were then retreated with 
PEG IFN and RBV.397 Maintenance of PEG IFN to more than 60% of 
the prescribed dose during the first 20 weeks of therapy was found to 
be crucial to achieving SVR; however, reducing the RBV dose during 
the first 20 weeks had no negative impact on SVR if the PEG IFN dose 
was not reduced and RBV was not discontinued before completion.398 
These observations in re-treated prior nonresponders—that maintain-
ing the PEG IFN dose during therapy is more important than main-
taining the RBV dose—appear to apply as well to treatment-naïve 
patients being treated for the first time, as long as the cumulative RBV 
dose does not fall below 60% of anticipated therapy.399 Although com-
pleting the full duration of planned RBV therapy is usually necessary, 
patients with suppression of HCV RNA to undetectable within 2 weeks 
of initiation of therapy may be an exception.400 The observation that 
reduction of RBV doses has little impact on SVR does raise doubt 
about the need for or value of maintenance of RBV doses with 
erythropoietin.394

In registration trials of PEG IFN-α2a and -α2b with RBV, RBV 
doses, definitions of response and of adverse effects (e.g., differences 
in objectivity of recording depression), and baseline characteristics 
(e.g., average weight, percent male, percent with bridging fibrosis or 
cirrhosis) of the study populations were not entirely equivalent,388-390 
and comparisons between the trials of the two PEG IFNs should be 
interpreted with reservations. In these registration trials, both PEG 
IFNs with RBV were tested versus a comparator arm of standard IFN-
α2b with RBV. In these combination therapy trials, PEG IFN-α2b plus 
RBV was comparable in tolerability with standard IFN-α2b plus RBV, 
and PEG IFN-α2a plus RBV was somewhat better tolerated.388,389 Nev-
ertheless, in these trials, among patients with genotype 1, SVR was 
achieved in 42% of those in the trial of PEG IFN-α2b (albeit with a 
suboptimal RBV dose)388 and in 46% to 51% of those in the trials of 
PEG IFN-α2a.389,390 Further suggesting that PEG IFN-α2a is more 
effective against genotype 1 is the observation that, among patients 
with genotype 1 and a high level of HCV RNA (>2 million copies/mL), 
PEG IFN-α2a, but not α2b, plus RBV achieved SVR more frequently 
than nonpegylated IFN-α2b plus RBV.

In the only head-to-head trial of PEG IFN-α2b and -α2a (the 
IDEAL trial, supported by the manufacturer of PEG IFN-α2b) for 48 
weeks in 3070 patients with HCV genotype 1, two doses of PEG IFN-
α2b (standard 1.5 µg/kg and lower 1 µg/kg, with weight-based RBV 
doses ranging from 800 to 1400 mg and with RBV dose reductions for 
side effects at 200-mg decrements) were compared with PEG IFN-α2a 
(at the standard 180-µg dose, with weight-based RBV doses limited to 
the standard 1000 and 1200 mg and with RBV dose reductions by half, 
per package insert).401 Because of potentially higher RBV doses and 
smaller RBV dose reductions for anemia in the PEG IFN-α2b groups, 
this trial might have been predicted to favor PEG IFN-α2b; however, 
patients randomized to the PEG IFN-α2a arm actually received higher 
median weight-based RBV doses (13.4 mg/kg) than those in the two 
PEG IFN-α2b arms (12.4 to 12.6 mg/kg). Whether the odds were 
weighted to favor one type of PEG IFN over the other, however, SVRs 
occurred in comparable proportions of all three groups: 39.8% and 
38% in the two PEG IFN-α2b groups, 1.5 and 1.0 µg/kg, respectively, 
and 40.9% in the PEG IFN-α2a group. Adverse events, drug discon-
tinuations for adverse events, serious psychiatric side effects, hemato-
logic adverse effects, erythropoietin use, and cumulative RBV doses 
administered were indistinguishable across the three groups.402 
Although the two PEG IFNs were found to be of equivalent efficacy in 
this head-to-head trial, several meta-analyses have supported higher 
efficacy for PEG IFN-α2a over that of α2b.403-405

In patients with chronic hepatitis C, aminotransferase levels fall 
during IFN therapy, without the transient ALT flare characteristic of 
IFN treatment for chronic hepatitis B; however, in a small proportion 
of patients, ALT levels remain elevated during successful PEG IFN 
therapy, even after suppression of HCV RNA, returning to normal only 
after completion of therapy. A two-phase kinetic reduction in HCV 
RNA follows IFN-based therapy, with the first, steep-sloped phase 
lasting 2 to 3 days and representing inhibition of virus replication or 
release and with the second, less steep-sloped phase lasting weeks to 
months and believed to represent turnover of infected hepatocytes.249,406 

of virologic relapse at the end of therapy, increasing substantially the 
efficacy (SVR) of therapy.369-371 Moreover, achievement of SVR after the 
completion of therapy has been shown to translate into a durable 
response characterized by maintenance of virologic, biochemical, clin-
ical, survival, and histologic benefit (including regression of cirrhosis), 
equivalent to a “cure” in almost all cases.380,381,382,383

Pegylated Interferon and Ribavirin: Standard of Care  
2001 to 2011—Treatment Principles Established
The efficacy of antiviral therapy was improved again by the introduc-
tion of PEG IFNs, long-acting IFNs bound to polyethylene glycol, α2b 
in 2001 and α2a in 2002. Although, for patients with chronic hepatitis 
C, PEG IFN and RBV are no longer the standard of care, important 
principles of antiviral therapy were established during the PEG IFN 
decade. Moreover, even after the introduction of first-generation pro-
tease inhibitors for genotype 1 in 2011, PEG IFN/RBV remained the 
standard of care for genotypes 2 and 3, and, for genotype 1, PEG IFN/
RBV remained the backbone of therapy, to which direct antiviral 
agents were added, when protease inhibitors and then polymerase 
inhibitors were introduced. Therefore, an appreciation of the role of 
PEG IFN and RBV remains relevant in the era of early-generation 
direct antivirals.

Limiting degradation of circulating IFNs, pegylation prolongs the 
half-life of IFNs substantially, permitting once, instead of thrice, weekly 
injections; PEG IFN monotherapy doubles the frequency of SVR rela-
tive to monotherapy with its nonpegylated IFN counterpart.384-387 
Moreover, the addition of daily oral RBV to PEG IFNs increases the 
frequency of SVR to approximately 55%.388-390 Two PEG IFNs were 
approved: (1) a smaller, linear, 12-kDa, partially renally excreted, PEG 
IFN-α2b385,388 and (2) a larger, branched, 40-kDa, nonrenally excreted 
PEG IFN-α2a.384,386,387,389,390 The two are comparable in efficacy when 
administered with RBV,389,390 although the 40-kDa molecule has a 
longer half-life and, because of its large size, a more restricted (8-L) 
volume of distribution, allowing a common dose (180 µg) to be used 
over a wide range of patient weights. The smaller, 12-kDa molecule has 
a much larger (20-L) volume of distribution and is administered on 
the basis of weight (1.5 µg/kg). At standard doses, neither PEG IFN–
RBV combination has a higher efficacy than nonpegylated IFN/RBV 
combination therapy for patients who weigh more than 85 kg.

The side effects of PEG IFN and RBV are similar to those of stan-
dard IFN (primarily flulike symptoms, marrow suppression, irritability 
or depression, and thyroiditis [the most common of potential autoim-
mune reactions]) plus those of RBV (hemolytic anemia [mean, 2 to 
3 g/dL reduction in hemoglobin], nasal or chest congestion, pruritus, 
drug rashes, and gout); however, neutropenia is more profound, result-
ing in dose reductions more frequently, in patients treated with 
pegylated (18% to 20%) than with nonpegylated (5% to 8%) IFNs.390 
Because of the risk of anemia in patients with ischemic cardiovascular 
or cerebrovascular disease, RBV should be avoided in such patients 
and in patients with marked anemia. In addition, because it is terato-
genic in animals, RBV should not be used in pregnant women or their 
sexual partners, and contraceptive use should be practiced by women 
of child-bearing age and their sexual partners during and for several 
months after RBV therapy. Excreted by the kidneys, RBV is contrain-
dicated in persons with renal insufficiency. The side effects of PEG IFN 
plus RBV are not inconsequential and require substantial support from 
those supervising therapy. In the registration trials of combination 
PEG IFN/RBV therapy, side effects or laboratory abnormalities led to 
dose reductions in 36% to 45% and drug discontinuation in 10% to 
14%.388,389 Although neutropenia is common, infections are not,391 even 
when absolute neutrophil counts fall below 500/mm3; therefore, white 
blood cell growth factors are almost never required. For patients with 
RBV-associated anemia, options include dose reduction or the addi-
tion of erythropoietin injections, which have been shown to reduce 
RBV dose reductions and to improve symptoms of anemia (quality of 
life) but not to increase the frequency of SVR.392-394

For patients with genotypes 2 and 3, PEG IFN and RBV dose reduc-
tions have no impact on SVR rates.395,396 In contrast, patients with 
genotype 1 do have reductions in SVR when they are not fully adherent 
to planned doses and durations of therapy.395-397 An analysis to dissect 
out which of the two drugs was more important to maintain at full or 
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Tailored Therapy
As noted previously, the duration of therapy may be shortened for 
patients with genotype 1 (less securely shown for genotypes 2 and 3) 
who achieve rapid reductions in HCV RNA (RVR), especially those 
with a low baseline HCV RNA. This observation supported the trend 
to improve outcomes by tailoring antiviral therapy based on patient 
(e.g., weight), viral (e.g., genotype and baseline level of HCV RNA), 
and initial drug-response (e.g., presence or absence of RVR) factors. 
Although shortening of therapy may be helpful in patients with RVR, 
patients with genotype 1 who do not achieve RVR (slow responders) 
and who take longer to suppress HCV RNA to undetectable levels 
(including those with a ≥2 log10 reduction but with HCV RNA still 
detectable at 12 weeks; i.e., with an EVR) were shown to benefit from 
the extension of therapy to 72 weeks.426,427,433-435 Therefore, the longer 
the time necessary to suppress HCV RNA to undetectable levels, the 
longer therapy should be continued thereafter.425,426

For patients with genotype 3, but not 2, treated for 24 weeks with 
PEG IFN-α2a and RBV, a reduced daily RBV dose of 400 mg has been 
found to be just as effective in yielding SVR as the full 800-mg dose.436 
Generally, however, in most clinical trials, patients with genotype 3 do 
not respond quite as well as those with genotype 2,426,430,432 and consid-
eration should be given to lowering the threshold for extending therapy 
to 48 weeks in patients with genotype 3. In addition, many authorities 
prefer to treat patients with cirrhosis who have genotypes 2 and 3 for 
a full 48 weeks.

For patients with genotype 1 who are relatively refractory to treat-
ment because of a high baseline HCV RNA (>800,000 IU/mL) and 
being overweight (>85 kg), increasing the weekly PEG IFN-α2a dose 
to 270 µg and the daily RBV dose to a fixed 1600 mg was shown in a 
prospective, randomized, controlled trial of 188 patients to improve 
the rate of SVR (47%) compared with standard PEG IFN-α2a and RBV 
doses (SVR, 28%) or with an increase over the standard regimen in the 
dose of one drug but not the other (32% for increased RBV only; 36% 
for increased PEG IFN only). As might be anticipated, tolerability was 
lower in the group receiving higher doses of both drugs.437 For patients 
treated with PEG IFN-α2b and RBV, a large (>5000 subjects), 
community-based trial of weight-based RBV therapy (the WIN-R 
trial) showed that, for patients with genotype 1 (but not 2 and 3), 
increasing the range of daily RBV doses from 800 to 1400 mg (includ-
ing the 1400-mg dose for patients weighing >105 kg) was more effec-
tive, especially in overweight patients, than the standard 1000- to 
1200-mg range without increased intolerability.438 Similarly, another 
trial of 150 patients with genotype 1 treated with PEG IFN-α2b and 
RBV showed the benefit of increasing starting RBV doses from 
13.3 mg/kg (800 to 1400 mg daily; SVR up to 29%) to 15.2 mg/kg 
(1000 to 1600 mg daily; SVR up to 49%), an SVR benefit that was not 
enhanced by the use of erythropoietin.394 Finally, the IDEAL trial402 
showed that a higher, 1400-mg, daily RBV dose combined with PEG 
IFN-α2b achieved excellent rates of SVR, among the highest in the trial 
(42% to 45%), in patients weighing more than 105 kg. Moreover, 
reduced-dose PEG IFN-α2b (1 µg/kg) was just as effective as full-dose 
PEG IFN-α2b (1.5 µg/kg)402; this reduced dose might be considered 
for patients in whom side effects of full-dose PEG IFN-α2b are intoler-
able. In short, tailoring PEG IFN or RBV doses and treatment duration 
to individual patients was found to improve the outcome of PEG IFN/
RBV therapy.

Clinical Benefits of Therapy
Successful treatment with IFN-based regimens has been associated 
with improved survival and with a reduction in complications of 
chronic hepatitis C in most analyses,381,382,439-441 although not all.369 
Similarly, antiviral therapy has been calculated to be cost effective,442,443 
even in patients with mild chronic hepatitis C.444 In addition, therapy 
can retard the progression of, and even reverse, fibrosis and cirrho-
sis.380,381,383,445,446 Many reports have appeared in the literature purport-
ing to show that IFN treatment of patients with cirrhosis and hepatitis 
C, even in the absence of an SVR, can reduce the frequency of  
HCC.447-451 These predominantly retrospective studies, however, were 
potentially flawed by a lead-time bias; treated patients may have had 
less advanced disease than untreated patients in these trials. Therefore, 
less advanced disease, not IFN treatment, may have accounted for the 

Studies of standard IFN-RBV combination therapy and of PEG IFN/
RBV therapy showed convincingly that a 6-month course of therapy 
suffices for patients with HCV genotypes 2 and 3, and a full year is 
necessary for optimal benefit in patients with genotype 1.370,371,390 The 
duration of therapy and RBV dose were not assessed equally in regis-
tration trials of the two PEG IFNs with RBV; however, regardless of 
which PEG IFN is chosen, all treatment guidelines include a recom-
mendation for treatment of patients who have the more refractory 
genotype 1 with a full year of combination therapy and daily doses  
of RBV—for PEG IFN-α2a, 1000 mg (for patients weighing <75 kg) 
or 1200 mg (for patients weighing 75 kg or more); for PEG IFN-α2b, 
a range of weight-based daily RBV doses from 800 mg for weight  
less than 65 kg, 1000 mg for weight 65 to 85 kg, 1200 mg for weight 
greater than 85 to 105 kg, and 1400 mg for weight greater than 105 kg. 
For patients with the more favorable genotypes 2 and 3, 6 months  
of therapy and a daily RBV dose of only 800 mg suffice.313,407-411 The 
likelihood of SVR is approximately 80% in patients with genotypes 2 
and 3388-390; although comparable results can be achieved in patients 
with genotypes 2 and 3 when treated with nonpegylated IFN plus 
RBV,388,389 improved convenience and tolerability favor PEG IFN in 
these patients.

Hepatitis C genotype (2 and 3 more responsive than 1 and 4) is an 
important predictor of response, as noted previously. On the basis of 
a genome-wide association study (GWAS) of patients in the IDEAL 
trial, investigators found that the IFN-λ3-associated IL28B genotype 
of the host was a strong determinant of treatment responsiveness. As 
noted earlier, approximately 80% of patients with the favorable CC 
genotype achieved SVR, while only approximately 30% of patients with 
the unfavorable TT genotype achieved SVR.296 As noted earlier, the 
same genotypes have been shown as well to be associated with relative 
likelihood of HCV clearance after acute infection, CC favoring clear-
ance and TT favoring chronicity.297

Other variables that correlate with reduced responsiveness to PEG 
IFN/RBV therapy include high-level HCV RNA; advanced histologic 
grade (necrosis and inflammation) and stage (fibrosis); higher HCV 
quasi-species diversity; higher hepatic iron levels; age exceeding 40 
years; obesity; insulin resistance; hepatic steatosis; male gender; black 
ethnicity328,402,412-414; Latino ethnicity415; limited adherence (<80% of 
prescribed IFN, <80% of prescribed RBV, <80% of prescribed duration 
of therapy)396; and immunologic compromise.368,388,389,416-421 IL28B gen-
otype contributes to the lower responsiveness of black patients, who 
are more likely to harbor non-CC genotypes, but race-associated dif-
ferences in virus-specific CD4-positive T-cell responses at baseline 
(lower in blacks) and upregulated expression on cytolytic T cells and 
natural killer cells of “programmed cell death-1” receptors (associated 
with functional CD8-positive T-cell impairment/exhaustion) also con-
tribute to the reduced antiviral responsiveness in black patients.422,423 
Patients with failure to achieve a 2-log10 or more reduction in HCV 
RNA during the first 12 weeks of therapy have a 3% or less likelihood 
of achieving an SVR. That is, absence of an early virologic response 
(EVR) is a strong predictor of nonresponsiveness; in contrast, among 
patients who achieve an EVR, approximately two thirds have an ulti-
mate SVR.389,395 Therefore, the absence of an EVR at 12 weeks has been 
adopted widely as an important milestone, after which treatment is 
discontinued.313,395

Rapid virologic responses (RVRs) are defined as reductions of HCV 
RNA to undetectable levels within 4 weeks of initiation of antiviral 
therapy. Among patients with genotype 1 who achieve an RVR, 24 
weeks of PEG IFN/RBV therapy is just as effective as 48 weeks of 
therapy, especially in those with low-level HCV RNA at baseline 
(<800,000 IU/mL), who may achieve SVR rates of approximately 
90%.424-427 Abbreviation of therapy to 24 weeks for RVR has been 
shown to be effective as well for patients with genotype 4.428 Early 
analyses suggested that, for patients with genotypes 2 and 3, the dura-
tion of PEG IFN/RBV therapy could be truncated from 24 to 12 or 16 
weeks.429,430 In the largest trial to test this strategy,431 24 weeks of 
therapy was superior to 16 weeks and, as shown in another trial,432 even 
with daily RBV doses as high as 1400 mg. Although a full 24 weeks 
appears to be the best regimen in patients with genotypes 2 and 3, 
patients with low-level viremia and an RVR may be candidates for 
shortening of therapy, especially if tolerability of therapy is poor.
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meet criteria for shortened therapy, SVRs were no more common than 
in the PEG IFN/RBV control arm.

REALIZE (TVR)460 and RESPOND-2 (BOC)461 were the registra-
tion trials in treatment-experienced patients with genotype-1 chronic 
hepatitis C who had failed to achieve SVRs during prior courses of 
IFN-based therapy: relapsers who had an end-of-treatment response 
(undetectable HCV RNA) but whose HCV RNA reemerged after 
therapy; partial responders who had a greater than or equal to 2-log10 
IU/mL reduction in HCV RNA but never cleared viremia during previ-
ous IFN-based therapy; and null responders, in whom levels of HCV 
RNA fell by less than 2 log10 during previous therapy. The registration 
trial of TVR in prior nonresponders, REALIZE, involved all three 
categories of nonresponders, did not include RGT, but did have a 
lead-in arm. Subjects in the PEG IFN/RBV/TVR treatment arms (12 
weeks of triple therapy with or without a 4-week lead-in phase followed 
by PEG IFN/RBV for the remainder of 48 weeks) had indistinguishable 
SVRs of 66% and 64%, respectively, compared with the control group, 
which received PEG IFN/RBV for 48 weeks and had a 17% rate of SVR. 
The likelihood of an SVR was inversely proportional to the relative 
level of treatment refractoriness during previous IFN-based therapy—
31% in prior null responders, 57% in prior partial responders, and 86% 
in prior relapsers.

The registration trial of BOC in prior nonresponders, RESPOND-2, 
involved former relapsers and partial responders but not null respond-
ers and included both a 4-week PEG IFN/RBV lead-in period and 
RGT. Patients were randomized to 4 weeks of lead-in PEG IFN/RBV 
therapy followed by either triple-drug RGT (PEG IFN/RBV/BOC 
through week 36 for an eRVR [defined as undetectable HCV RNA at 
week 8 and at all subsequent time points through week 36] but for a 
full 44 weeks of triple-drug therapy if eRVR was not achieved) or fixed-
duration triple-drug therapy (triple-drug therapy for 44 weeks after 
lead-in) or to a 48-week PEG IFN/RBV control group. An SVR was 
achieved in up to 52% of prior partial responders and in up to 75% in 
prior relapsers (differences between the RGT and fixed-duration triple-
drug arms were small and related to unexplained slightly lower 
on-treatment responses in the RGT group that occurred during the 
initial 36 treatment weeks, when regimens were identical). In a subse-
quent open-label trial among 42 prior null responders, an SVR was 
achieved in 38% after 48 weeks of therapy (44 weeks of PEG IFN/RBV/
BOC following 4 weeks of PEG IFN/RBV lead-in therapy).

Essential conclusions from trials of both PIs in treatment-
experienced patients are that prior relapsers attained an SVR at rates 
exceeding those of treatment-naïve patients (69% for BOC and 86% 
for TVR); prior partial responders had intermediate SVR rates of 52% 
(48-week BOC arm) to 57% (48-week TVR arm); and prior null 
responders had the lowest SVR rates in the 30% range. Pretreatment 
bridging fibrosis or cirrhosis on biopsy had no effect on SVR rates in 
prior relapsers but was associated with a poorer outcome in prior 
partial and, especially, in prior null responders. For example, among 
TVR-treated null responders, SVRs occurred in 41% of TVR-treated 
subjects with minimal fibrosis, 39% with bridging fibrosis, but in only 
14% with cirrhosis (for comparison, 10% of PEG IFN/RBV-treated 
prior null responders with cirrhosis had SVRs). For both PIs, respon-
siveness correlates with IL28B genotype (CC better than non-CC), 
ethnicity (white better than black), fibrosis stage (low stage better than 
high stage), HCV genotype subtype (1b more responsive than 1a), and, 
when available, level of HCV RNA reduction during lead-in PEG IFN/
RBV therapy (≥1 log10 reduction better than <1 log10 reduction). Unlike 
the case for PEG IFN/RBV therapy, for PI-based triple-drug therapy, 
age, baseline HCV RNA, and insulin resistance have little or no influ-
ence on treatment responsiveness.

Recommendations based on randomized controlled trials, as well 
as data extrapolated by FDA analysis from the body of data generated 
in treatment-naïve and treatment-experienced patients,462,463 were 
issued in 2011 for TVR and BOC, as follows (Figs. 119-5 and 119-6). 
For treatment-naïve patients with chronic hepatitis C, genotype 1, 
treatment consisted of TVR or BOC along with PEG IFN/RBV. For 
TVR, 750 mg three times a day with a fatty diet, along with weekly 
PEG IFN and twice-daily, weight-based RBV, was administered for  
12 weeks, followed by an additional 12 weeks of PEG IFN/RBV for 
patients with an eRVR (HCV RNA undetectable, but ≤1,000 IU/mL, 

reduced frequency of this late neoplastic complication of chronic hepa-
titis C. Confidence in the conclusions of these studies is minimized as 
well by other subject selection biases; incomparability of subjects, treat-
ment, and monitoring among trials; inadequately addressed confound-
ing variables (such as alcohol use); and lower publication frequency of 
studies with negative results.452 In fact, in other retrospective and pro-
spective studies, IFN treatment had no beneficial impact on the risk of 
HCC in patients with cirrhosis with chronic hepatitis C.331,453,454 In 
addition, in a large, lengthy, prospective, randomized controlled trial 
(the HALT-C Trial) of maintenance PEG IFN therapy for 3.5 years in 
1050 patients with chronic hepatitis C, advanced fibrosis, and prior 
failure to respond to IFN-based therapy (i.e., in the absence of an SVR), 
PEG IFN therapy had no impact on the incidence of HCC, even out 
to 5 years,335,336 although a beneficial impact on late-emerging HCC 
after 5 years was suggested in patients with baseline cirrhosis (Ishak 
fibrosis score 5 to 6) but not advanced fibrosis (Ishak fibrosis score 3 
to 4).455 On the other hand, among patients of any stage of fibrosis who 
achieve an SVR following IFN-based therapy, the risk of HCC is 
reduced.456

First-Generation NS3-4A Protease Inhibitors for Chronic 
Hepatitis C: Boceprevir and Telaprevir—The New Standard 
of Care for Genotype 1, 2011 to 2013
The first direct-acting antivirals (DAAs), telaprevir (TVR) and bocepre-
vir (BOC), gained FDA approval in May 2011 specifically for the treat-
ment of genotype-1 chronic hepatitis C. BOC and TVR are linear 
ketoamide compounds, which cause reversible covalent inhibition at 
the protease catalytic site. The NS3-4a viral protease is required for 
cleavage of the HCV polyprotein into mature proteins. Neither of these 
protease inhibitors (PIs) can be used as monotherapy because of the 
rapid emergence of resistant variants; however, when these PIs were 
added to PEG IFN/RBV, the percentage of patients with genotype-1 
achieving SVR improved dramatically, both for treatment-naïve and 
treatment-experienced (i.e., who had failed prior IFN-based treat-
ment) patients. In the pivotal registration trials of TVR (ADVANCE)457 
and BOC (SPRINT 2)458 in treatment-naïve subjects, study patients 
were randomized to standard-of-care PEG IFN/RBV therapy versus 
triple therapy with PEG IFN/RBV plus a PI. In the ADVANCE trial, 
patients received PEG IFN-α2a/RBV/TVR for 8 or 12 weeks followed 
by PEG IFN/RBV for up to another 40 or 36 weeks, respectively. This 
trial included response-guided therapy (RGT); patients who achieved 
an undetectable HCV RNA at weeks 4 and 12 (an extended rapid 
virologic response [eRVR]) could truncate PEG IFN/RBV therapy to 
a total of 24 weeks, whereas patients who did not achieve an eRVR but 
cleared virus by week 24 continued PEG IFN/RBV therapy for 40 to 
36 more weeks. In the 12-week triple-drug therapy arm, 75% of patients 
achieved an SVR, compared with 44% of patients receiving PEG IFN/
RBV therapy alone, and, even in the 8-week triple-therapy arm, SVRs 
occurred in 69%. On the basis of RGT rules, 58% of TVR-treated study 
subjects met eligibility criteria to discontinue therapy at 24 weeks and 
had SVR rates of 83% to 89%, respectively, for the 8-week triple-
therapy group and for the 12-week triple-therapy group; the likelihood 
of an SVR in patients who failed to meet shortened-therapy criteria 
was lower, 50% and 54%, respectively, but still better than in patients 
treated for 48 weeks in the PEG IFN/RBV control group who did not 
achieve an eRVR, 39%. A follow-up study in 540 treatment-naïve sub-
jects (ILLUMINATE) confirmed the value of RGT with TVR; among 
the 65% of study subjects who achieved an eRVR, 92% went on to  
an SVR.459

In the SPRINT 2 trial of BOC in treatment-naïve subjects, patients 
were randomized to 48 weeks of PEG IFN/RBV versus PEG IFN/RBV/
BOC triple therapy; this trial included 4 weeks of lead-in therapy with 
PEG IFN/RBV for all subjects and both an RGT arm—BOC/PEG IFN/
RBV for 24 weeks if HCV RNA was undetectable at weeks 8 and 24 or 
a full 48 weeks of triple therapy if RGT criteria were not met—and a 
fixed-duration arm—PEG IFN/RBV/BOC for 44 weeks following the 
4-week PEG IFN/RBV lead-in. Rates of SVR rates were 63% in the 
RGT arm (44% meeting criteria for shortened, 28-week, therapy), 66% 
in the full-48-week-therapy arm, and 38% in the PEG IFN/RBV control 
arm. The rate of SVR was 67% to 69% in nonblack patients, but only 
42% to 53% in blacks. Among subjects in the RGT arm who did not 
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week 48) or full-48-week TVR-based therapy (12 weeks of triple-drug 
therapy followed by 36 weeks of PEG IFN/RBV therapy) was recom-
mended. In BOC-treated patients, if HCV RNA did not fall by at least 
1 log10 IU/mL during lead-in with PEG IFN/RBV, a full 44 weeks of 
triple-drug therapy was considered.

If a decision was made to treat null responders, a full 48 weeks  
of therapy was recommended (for TVR, 12 weeks of triple therapy 
followed by 36 weeks of PEG IFN/RBV; for BOC, 4 weeks of lead-in 
PEG IFN/RBV, followed by 44 weeks of triple-drug treatment, ending 
at week 48).

For these regimens, failure to achieve HCV RNA reductions at 
critical treatment milestones was shown to be invariably predictive of 
nonresponse, justifying absolute stopping rules—for TVR, if HCV 
RNA was greater than 1000 IU/mL at weeks 4 or 12, or if HCV RNA 
remained detectable at week 24; for BOC, if HCV RNA was greater 
than or equal to 100 IU/mL at week 12, or if HCV RNA remained 
detectable at week 24. If PEG IFN/RBV was to be discontinued for any 
reason, the PI had to be discontinued as well to protect the patient from 
being treated with PI monotherapy, which would engender the emer-
gence of resistance (see Figs. 119-5 and 119-6).

Triple therapy does not avert the toxicities of PEG IFN/RBV, and 
both TVR and BOC can augment the anemia induced by PEG IFN/
RBV, mandating close laboratory monitoring for anemia and requiring 

at weeks 4 and 12) and for an additional 36 weeks for patients without 
an eRVR (but with HCV RNA undetectable at week 24). For BOC, 
following 4 weeks of PEG IFN/RBV lead-in therapy, patients received 
BOC 800 mg three times daily with food along with weekly PEG IFN 
and twice-daily, weight-based RBV for 24 weeks (total duration of 
therapy 28 weeks), if HCV RNA was undetectable at weeks 8 and 24. 
If HCV RNA was detectable at week 8, less than 100 IU/mL at week 
12, but undetectable at week 24, triple-drug PEG IFN/RBV/BOC was 
continued for another 12 weeks (through week 36), followed by an 
additional 12 weeks of PEG IFN/RBV (total duration of therapy 48 
weeks). Patients with cirrhosis treated with either TVR or BOC were 
treated for a full 48 weeks, without response-guided shortening of 
therapy.

For treatment-experienced patients who relapsed after prior IFN-
based therapy, the treatment regimen was the same as that for treat-
ment-naïve patients. Data in relapsers with cirrhosis were too limited 
for a definitive recommendation about the duration of therapy.

For treatment-experienced patients who were prior partial respond-
ers and noncirrhotic, response-guided therapy with BOC (4 weeks of 
lead-in therapy with PEG IFN/RBV, followed by BOC along with PEG 
IFN and RBV through week 36 if HCV RNA was undetectable at weeks 
8 and 24, but, if HCV RNA is detectable at week 8 but undetectable at 
week 24, followed by an additional 12 weeks of PEG IFN/RBV, through 

FIGURE 119-6 Recommended approach to treating patients with chronic hepatitis C virus (HCV), genotype 1, with boceprevir (BOC)-based 
therapy. EU, European Union; IU, international units; LI, lead-in; PEG IFN, pegylated interferon; PR, pegylated; RBV, ribavirin; RGT, response-guided 
therapy; RNA, ribonucleic acid. 

800 mg (four 200-mg capsules) q8h with food
Early response = HCV RNA negative at weeks 8 and 24

Treatment Naïve and Previous Relapsers
PEG
IFN +
RBV

PEG
IFN +
RBV

PEG IFN + RBV

PEG IFN + RBVBOC + PEG IFN + RBV

BOC + PEG IFN + RBV

BOC + PEG IFN + RBV

BOC + PEG IFN + RBV
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Cirrhotics and null responders should receive lead-in and then PEG IFN/RBV + BOC for 44 weeks (no RGT).
Week 4 <1 log10 HCV RNA reduction: consider PEG IFN/RBV + BOC for 44 weeks after lead-in (no RGT).
EU label: fixed-duration therapy for all treatment-experienced patients: LI + 32 weeks triple + 12 weeks PR (no RGT).

24
Weeks

28 36 48

Early response; stop at week 28
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Week 24
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Week 12 Discontinue all therapyHCV RNA �100 IU/mL
Discontinue all therapy

Discontinue BOCDiscontinuation of PEG/RBV for any reason
Detectable HCV RNA

Time Point Criterion Stopping Rule

FIGURE 119-5 Recommended approach to treating patients with chronic hepatitis C virus (HCV), genotype 1, with telaprevir (TVR)-based 
therapy. eRVR, extended rapid virologic response; IU, international units; PEG IFN, pegylated interferon; RBV, ribavirin; RNA, ribonucleic acid. 

750 mg (two 375-mg tablets) q8h with food (not low fat)
eRVR = HCV negative weeks 4 and 12
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TVR + PEG IFN + RBV PEG IFN + RBV
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*Treatment-naïve patients with compensated cirrhosis and eRVR may benefit from continuing PEG IFN + RBV to week 48.

24 48

eRVR; stop at week 24*

Previous Partial or Null Responders
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Week 24

Any

Week 4 or 12 Discontinue all therapyHCV RNA >1000 IU/mL
Discontinue PEG IFN/RBV

Discontinue TVR Discontinuation of PEG IFN/RBV for any
reason

Detectable HCV RNA

Criterion Stopping Rule
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response-guided therapy (if HCV RNA < 25 IU/mL at week 4 and 
undetectable at week 12, the treatment course could end at week 24; if 
these milestones were not met [but stopping rules not violated], treat-
ment was extended to 48 weeks); however, in the 8% of study subjects 
who failed to meet response-guided therapy milestones for shortened 
therapy, only 25% experienced an SVR. Therefore, response-guided 
therapy is not recommended for SMV. The efficacy of SMV-based tri-
ple-drug therapy is similar in prior relapsers to IFN-based therapy, 
achieving (in the phase III PROMISE trial) an SVR in 79% (compared 
with 37% in a PEG IFN/RBV–treated control group). Phase III trials 
did not include treatment-experienced nonresponders, but, based on 
phase II trials, SMV-based triple-drug therapy was approved for partial 
responders and null responders, for all of whom a full 48 weeks of 
therapy (12 weeks of SMV with PEG IFN/RBV, followed by 36 weeks 
of PEG IFN/RBV) is recommended; in these phase II trials, an SVR was 
achieved in 85% of prior relapsers, 70% of prior partial responders, and 
45% of prior null responders. These treatment approaches apply to 
patients with any stage of fibrosis, including those with cirrhosis. If an 
HCV RNA suppression milestone of less than or equal to 25 IU/mL is 
not met by week 4, further treatment is futile, and therapy should be 
stopped; if HCV RNA is not suppressed to less than or equal to 25 IU/
mL at week 12 or 24 (by which time SMV has been completed), PEG 
IFN/RBV should be stopped for futility. In black patients, SMV therapy 
is approximately 10% less effective in achieving an SVR than in white 
patients. SMV is metabolized in the liver by cytochrome P450 3A (CYP 
3A); therefore, concomitant administration of SMV along with CYP 3A 
inducers or inhibitors can amplify or reduce SMV exposure; therefore, 
prescribing information and/or the website www.hep-druginteractions 
.org should be consulted before SMV is prescribed. In addition to the 
side effects of PEG IFN/RBV, SMV-based therapy has been associated 
with photosensitivity, rash, and mild hyperbilirubinemia (Janssen 
Therapeutics, Titusville, New Jersey November 2013).463a-463e

Sofosbuvir (SOF) was the first nonprotease inhibitor direct antiviral 
agent to be approved. SOF is a uridine nucleoside polymerase inhibitor 
with one of the best profiles among the new oral hepatitis C antiviral 
agents being developed. It is very potent, has a high barrier to resis-
tance and pangenotypic activity, is very well tolerated with few adverse 
events, requires only once-daily oral administration, and appears to be 
relatively free from major drug-drug interactions.463f,463g In clinical 
trials, SOF has been studied in all genotypes (1 to 6); in treatment-
naïve subjects and prior null-responders to PEG IFN-based therapy; 
in prior TVR and BOC nonresponders, with PEG IFN/RBV or in IFN-
free regimens; in combination with RBV or with NS5A inhibitors;  
and for treatment periods as brief as 8 to 12 weeks to as long as 24 
weeks.464-466

In a phase III, IFN-free trial of SOF plus RBV—in patients with 
genotypes 2 and 3 who were IFN intolerant, ineligible, or unwilling 
(55% IL28B non-CC; 16% cirrhotic)—78% achieved SVR (93% geno-
type 2, 61% genotype 3) versus 0% in placebo recipients.466 Similarly, 
among prior PEG IFN/RBV nonresponders with genotypes 2 and 3 
treated with open-label SOF/RBV (IFN free) for 12 or 16 weeks, 50% 
(86% genotype 2, 30% genotype 3) and 73% (94% genotype 2, 62% 
genotype 3), respectively, experienced SVRs.466 In phase III trials, 
among patients with genotypes 1 and 4 to 6, open-label SOF plus PEG 
IFN/RBV for 12 weeks yielded SVRs of 90% (compared with 60% in 
historical control subjects); 89% in genotype 1; and 97% in genotypes 
4 to 6 (NEUTRINO trial).465 In treatment-naïve subjects with geno-
types 2 and 3, SVRs occurred in 67% of patients treated with either 
SOF and RBV for 12 weeks or PEG IFN/RBV for 24 weeks; again, SVR 
was more frequent in SOF/RBV recipients with genotype 2 (97%) than 
those with genotype 3 (56%) (FISSION trial).465 Exploratory trials of 
IFN-free combinations of SOF plus NS5A inhibitors yielded near-
100% SVRs in both treatment-naïve subjects and prior null responders 
with genotypes 1, 2, and 3 after treatment durations as brief as 12 weeks 
(ledipasvir) and 24 weeks (daclatasvir). A combination fixed-dose pill 
containing 400 mg of SOF plus 90 mg of ledipasvir to be used with or 
without RBV for 8 weeks (treatment-naïve, noncirrhotic) to 12 weeks 
(treatment-experienced, cirrhotic) (LONESTAR, ION-1, ION-2, 
ION-3 trials) is expected to be approved by the end of 2014.466a-466d

SOF has been approved for combination therapy of chronic hepa-
titis C with genotypes 1, 2, 3, and 4 infections, including those with 

red blood cell transfusions in some cases, especially in prior null 
responders with cirrhosis. Rectal burning occurs in approximately one 
third of TVR-treated patients, and dysgeusia (altered sense of taste) is 
common to both PIs (≈one third of BOC-treated patients and ≈10% 
of TVR-treated patients). Moreover, in TVR trials, 6% of patients  
withdrew because of the development of a severe, confluent, maculo-
papular, pruritic rash of the trunk and extremities, which in some  
cases necessitated systemic corticosteroid therapy; careful monitoring 
is necessary to identify rashes when they are early, mild, and easily 
reversible. Both drugs are administered every 8 hours with food. TVR 
must also be taken with a 20-g fat meal. Lastly, both drugs are metabo-
lized via the P-450 (CYP3A4) system, accounting for multiple drug-
drug interactions. Careful review of co-administered medications is 
paramount before initiation of treatment. For example, statins should 
be stopped for the duration of TVR or BOC therapy because of the 
CYP3A4 effect. The rigors of triple-drug PI therapy—multiplied intol-
erability, complexity of RGT and stopping rules, thrice-daily dosing 
and high pill burden, multiple drug-drug interactions, etc.—as well as 
rapidly accelerating progress on next-generation and all-oral direct 
antiviral therapy (see later) tempered initial enthusiasm for this gen-
eration of direct antivirals. Although first-generation PI-based triple-
drug therapy was the recommended standard of care from 2011 to 
2013 for patients with genotype-1 chronic hepatitis C (see treatment 
regimens outlined in Figs. 119-5 and 119-6), in practice, the treating 
community became progressively more conservative as time elapsed, 
in anticipation of simpler, more effective direct-acting antiviral regi-
mens to come. For patients with mild disease and low-stage fibrosis, 
treatment was postponed, whereas initiation of first-generation therapy 
was more selective, limited to specific populations of patients who 
warrant immediate therapy, such as prior relapsers who have bridging 
fibrosis or cirrhosis on biopsy or other subgroups in whom mitigating 
the risk of progressive liver disease and its complications commands a 
high priority.

The most frequently described mutation in NS3/4A is R155K, 
which occurs at the catalytic site where BOC and TVR bind. This 
mutation is found more commonly in genotype 1a-infected patients 
because one nucleotide change creates the amino acid substitution in 
1a, whereas two nucleotide changes are required for the same substitu-
tion in genotype 1b. This common variant may explain the consistently 
higher SVR rates observed in genotype 1b patients on triple therapy 
and suggests another highly responsive subgroup to target for triple 
therapy. Although most nonresponders to PI-based triple-drug therapy 
acquire resistance variants, these variants are not archived and are 
supplanted by wild-type HCV within 2 years of stopping therapy in 
almost all patients.

Second-Generation NS3-4A Protease Inhibitor and  
First-Generation Nucleoside Polymerase Inhibitor for 
Chronic Hepatitis C: Simeprevir and Sofosbuvir—The  
New Standard of Care, 2014
Simeprevir, a second-generation protease inhibitor for HCV genotype 
1, was approved in November 2013, and the pangenotypic nucleoside 
polymerase inhibitor sofosbuvir was approved shortly thereafter in 
December 2013.

Simeprevir (SMV) with antiviral activity against HCV genotype 1 
(1b > 1a) has improved pharmacokinetic properties compared with 
those of first-generation protease inhibitors and, therefore, can be 
taken once a day. Like first-generation protease inhibitors, SMV must 
be taken with PEG IFN/RBV and must be taken with food. Approxi-
mately a third of patients with HCV genotype 1a harbor an NS3 poly-
morphism, Q80K, which renders them refractory to the antiviral 
activity of SMV; if SMV therapy is being considered, Q80K testing is 
advisable, and, if positive, should discourage the use of SMV.

In two phase III clinical trials among treatment-naïve subjects with 
chronic hepatitis C (QUEST-1 and QUEST 2), SMV 150 mg daily plus 
PEG IFN/RBV for 12 weeks, followed by another 12 weeks of PEG  
IFN/RBV, yielded an SVR in 80% (compared with 50% of control sub-
jects treated with PEG IFN/RBV). In subjects with genotype 1a and a 
Q80K variant, SMV triple-drug therapy was no more effective than 
PEG IFN/RBV, and the efficacy of SMV-based triple-drug therapy was 
reduced to 58% in subjects with cirrhosis. Phase III trials included 
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Candidates for Therapy
Evidence-based, authoritative treatment recommendations have been 
issued by the AASLD467 and the European Association for the Study of 
the Liver.468 Patients with chronic hepatitis C, detectable HCV RNA, 
with or without elevated aminotransferase activity, and histologic evi-
dence of moderate to severe hepatitis and fibrosis (septal or bridging 
fibrosis, Ishak stage ≥3, Metavir stage ≥F2) are candidates for antiviral 
therapy. In patients with histologically milder hepatitis C, progression 
is sufficiently slow to justify postponement of immediate therapeutic 
intervention313; however, patients with histologically mild hepatitis 
respond as well as or better than patients with more severe hepatitis. 
Because histologic findings predict future progression of chronic  
hepatitis C, and because moderate to severe, rather than mild, necro-
inflammatory activity predict future histologic progression, a baseline 
liver biopsy has been recommended as a prelude to antiviral 
therapy.312,313,407,408,410 Given how progressively simple antiviral therapy 
has become, the role of liver biopsy is growing progressively less 
important, and a growing consensus is that a baseline liver biopsy 
before therapy is no longer necessary for most patients with chronic 
hepatitis C.469,470 Patients with advanced fibrosis and compensated cir-
rhosis remain candidates for therapy, although their response rates are 
lower,313 and if clinical features are insufficient to determine whether 
cirrhosis or advanced fibrosis are present, available noninvasive 
approaches to approximating histologic stage are gaining in popularity. 
Whether antiviral therapy with IFN or PEG IFN prolongs survival in 
patients with cirrhosis remains the subject of debate, supported by 
some studies,333,381,382 and not by others, in treatment-naïve persons 
and in prior nonresponders.331,335,454 In patients with decompensated 
cirrhosis, PEG IFN–based antiviral therapy regimens, ineffective and 
poorly tolerated, are not recommended; instead, such patients should 
be evaluated as candidates for liver transplantation.321 Still, reports have 
appeared in which PEG IFN/RBV therapy was effective in achieving 
SVR in a small proportion of patients with decompensated cirrhosis 
and in prolonging survival.471 In some centers, an attempt is made to 
treat subjects with decompensated cirrhosis associated with hepatitis 
C as a prelude to liver transplantation. With escalation from low, toler-
ated PEG IFN/RBV doses slowly and gradually to higher doses, patients 
with decompensated cirrhosis can tolerate therapy and even clear 
viremia before transplantation, reducing, but not preventing, the likeli-
hood of recurrent hepatitis C after transplantation.472,473 Promising 
preliminary data indicate that SOF with ribavirin can be used before 
liver transplantation to clear viremia and that, if viremia is undetect-
able for at least 30 days before transplantation, recurrent HCV infec-
tion of the allograft is highly unlikely. Similarly, in preliminary studies, 
SOF and RBV therapy for up to 24 weeks has been shown to be highly 
effective in eradicating HCV infection in patients with recurrent hepa-
titis C after liver transplantation (SVR12 in ≥60%).

In patients with persistently normal aminotransferase activity, his-
tologic grade and stage usually do not progress, as documented with 
serial liver biopsies performed at intervals of up to 5 years314,474,475; 
however, antiviral therapy is just as likely to result in an SVR in patients 
with normal as with elevated aminotransferase activity.474,475 Therefore, 
patients with normal aminotransferase activity and with histologically 
mild chronic hepatitis C are considered as candidates for therapy, 
which is cost-effective,444 or for close monitoring without therapy, 
depending on such patient variables as motivation, genotype, and his-
tologic stage.313 Even if a decision is made not to treat patients with 
such biochemically mild hepatitis C, they should be monitored for 
biochemical reactivation, which can occur in a quarter to one third of 
such patients followed for 3 to 5 or 5 to 10 years, respectively.319,476

For patients who did not respond to the best available IFN-based 
antiviral regimen, potentially, maintenance therapy with PEG IFN 
could have retarded histologic and clinical progression. Supporting 
this hypothesis was the demonstration of a histologic benefit in three 
quarters of patients with IFN treatment, including a sizable proportion 
without virologic response.363 In addition, in prior nonvirologic 
responders to IFN monotherapy, a preliminary controlled trial of addi-
tional treatment versus no treatment for 2 years showed histologic 
benefit in the treated group.477 Definitive clinical trials undertaken to 
determine whether maintenance therapy with PEG IFN can prevent 
histologic progression in virologic nonresponders, however, showed 

HCC awaiting liver transplantation and those with HCV/HIV-1 coin-
fection, in whom efficacy is comparable to that in patients with HCV 
monoinfection. The dosage of SOF is 400 mg orally every day, and 
combination regimens are listed in Table 119-9. Additional details  
are provided in Prescribing Information, Gilead, Foster City, CA, 
December 2013 (www.gilead.com/~/media/Files/pdfs/medicines/liver 
-disease/sovaldi/sovaldi_pi.pdf). Because antiviral drug development 
has been progressing at such a rapid pace, the AASLD and the Infec-
tious Diseases Society of America have collaborated to update consen-
sus treatment recommendations (www.hcvguidelines.org).

Compared with SOF-based treatment for genotype 1, SMV is 
approximately 10% less likely to yield an SVR and more likely to cause 
adverse effects. Moreover, treatment with SMV requires baseline Q80K 
testing in patients with genotype 1a and an additional 12 weeks (for 
treatment-naïve patients and prior relapsers) to 36 weeks (for prior 
nonresponders) of PEG IFN/RBV therapy after the initial 12-week 
course of triple-drug therapy, which is not required after the initial 12 
weeks of SOF-based triple-drug therapy. These observations reduce  
the appeal of SMV and favor SOF. For prior nonresponders to PEG 
IFN/RBV therapy, however, the IFN-free combination of daily SOF 
(400 mg) plus SMV (90 mg) plus RBV (1000 to 1200 mg based on 
weight <75 kg or ≥75 kg) for 12 weeks is superior to any other available 
regimen and has been suggested as the treatment of choice (www.
hcvguidelines.org). Generally, SOF-based regimens are preferred. In 
brief, treatment-naïve patients and prior relapsers with genotypes 1 
and 4 are treated with SOF along with PEG IFN/RBV, whereas in 
patients with genotypes 2 and 3, first-line treatment is PEG IFN-free, 
consisting of SOF and RBV for 12 weeks (genotype 2) or 24 weeks 
(genotype 3). For treatment-experienced patients with a prior partial 
or null response, combination SMV, SOF, and RBV for 12 weeks is 
considered first-line treatment for genotype 1 in prior PEG IFN/RBV 
nonresponders; SOF with PEG IFN/RBV for 12 weeks is recommended 
for prior BOC and TVR nonresponders with genotype 1 and for prior 
PEG IFN/RBV nonresponders with genotype 4; and SOF with RBV is 
first-line therapy for genotypes 2 (12 weeks) and 3 (24 weeks). Current 
recommendations for antiviral therapy of hepatitis C are summarized 
in Table 119-9.

TABLE 119-9  Sofosbuvir Regimens for Treatment 
of Hepatitis Ca

HCV MONO-INFECTED AND 
HCV/HIV-1 COINFECTED TREATMENT DURATION
Treatment-Naïve and Relapsers
Genotype 1b or 4c SOF + PEG IFN-α + RBV 12 wk

Genotype 2 SOF + RBV 12 wk

Genotype 3d SOF + RBV 24 wk

Treatment-Experienced Partial and Null Responders
Genotype 1 prior PEG IFN/RBVe SOF + SMV + RBV 12 wk

Genotype 1 prior TVR, BOC SOF + PEG IFN + RBV 12 wk

Genotype 2f SOF + RBV 12 wk

Genotype 3g SOF + RBV 24 wk

Genotype 4h SOF + PEG IFN + RBV 12 wk

BOC, boceprevir; HCV, hepatitis C virus; HIV-1, human immunodeficiency virus 
type 1; PEG IFN, pegylated interferon; RBV, ribavirin; SOF, sofosbuvir; TVR, 
telaprevir.

aRecommended first-line regimens. Please consult www.hcvguidelines.org for 
alternative regimens. Oral doses are 400 mg daily for SOF; 150 mg daily for SMV; 
and 1000 to 1200 mg daily (administered twice daily in divided doses) for RBV, 
based on weight <75 kg versus ≥75 kg. Subcutaneous PEG IFN-α2a 180 µg is 
administered once weekly.

bAlternatives: (1) for IFN-eligible patients, SMV + PEG IFN + RBV for 12 weeks 
followed by another 12 weeks of PEG IFN + RBV; (2) for IFN-ineligible patients, 
combination SOF + SMV + RBV for 12 weeks or SOF + RBV for 24 weeks.

cAlternatives: (1) for IFN-eligible patients, SMV + PEG IFN + RBV for 12 weeks 
followed by another 12 to 36 weeks of PEG IFN + RBV; (2) for IFN-ineligible 
patients, SOF + RBV for 24 weeks.

dAlternative: SOF + PEG IFN + RBV for 12 weeks.
eAlternatives: (1) SOF for 12 weeks with PEG IFN + RBV for 12 to 24 weeks; (2) 

SMV for 12 weeks with PEG IFN + RBV for 48 weeks.
fAlternatives: (1) SOF + RBV for 16 weeks; (2) SOF + PEG IFN + RBV for 12 weeks.
gAlternatives: (1) SOF + RBV for 16 weeks; (2) SOF + PEG IFN + RBV for 12 weeks.
hAlternative: SOF + RBV for 24 weeks.

http://www.hcvguidelines.org
http://www.gilead.com/~/media/Files/pdfs/medicines/liver-disease/sovaldi/sovaldi_pi.pdf
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concomitant medication can be amplified; for example, TVR increases 
tacrolimus drug levels by 70-fold and cyclosporine levels by almost 
5-fold.495 Although firm guidelines on how to use these PIs after liver 
transplantation were illusive, their successful use after liver transplan-
tation was reported.

Exploratory trials of SOF with RBV in patients with hepatitis C and 
decompensated cirrhosis who were wait-listed for liver transplantation 
and who were treated for up to 48 weeks showed that more than 90% 
could experience complete suppression of HCV RNA before transplan-
tation; if HCV RNA had been undetectable for at least 30 days before 
transplantation, recurrent HCV infection in the allograft could be pre-
vented in almost all. Therefore, currently, patients, with any HCV 
genotype and with decompensated cirrhosis, in association with refer-
ral to a liver transplantation center, can be treated with SOF and RBV 
for up to 48 weeks. Similarly, in a report of compassionate-use SOF/
RBV with or without PEG IFN in patients with recurrent HCV infec-
tion after liver transplantation, complete suppression of HCV RNA was 
achieved during 12 weeks of therapy, SVR12 in just over half, and sta-
bilization or improvement in liver disease in three quarters. SOF-based 
therapy is now recommended for patients with recurrent hepatitis C 
after liver transplantation; first-line regimens are as follows: for geno-
type 1, SOF plus SMV with or without RBV for 12 to 24 weeks; for 
genotypes 2 and 3, SOF plus RBV for 24 weeks (www.hcvguidelines.org).

HIV Coinfection (also see Chapter 126)
If CD4+ T-cell counts are normal, patients with HIV-HCV coinfection 
could respond to antiviral therapy with standard or PEG IFN plus RBV, 
but the likelihood of an SVR was approximately half to two thirds  
that expected in immunocompetent patients with HCV infections 
alone.313,496-501 In patients with HIV-HCV coinfection, PEG IFN/RBV 
treatment had to be administered for a full 48 weeks for all genotypes, 
and the target daily dose of RBV had to be reduced often to 600 to 
800 mg,498,499,501 although full doses had been recommended.229,502 PEG 
IFN/RBV antiviral therapy of patients with HIV-HCV coinfection was 
shown to result in reduced antiretroviral drug hepatoxicity503,504 and 
did not appear to have a deleterious effect on progression of HIV 
disease, but patients with coinfection tolerated PEG IFN and RBV less 
well than patients with HCV infection alone. Moreover, because RBV 
is an IMPDH inhibitor, its use had the capability to potentiate the 
activity and toxicity of the purine analogue didanosine; therefore, these 
two drugs could not be used together.505 Similarly, zidovudine may 
exacerbate RBV-associated anemia, and stavudine-associated lipoat-
rophy may be enhanced by RBV.502 Whether abacavir reduces PEG 
IFN/RBV efficacy is controversial.506 In a head-to-head trial of PEG 
IFN-α2b versus α2a (with RBV) in 182 patients with HIV-HCV coin-
fection, the two drugs were similar in efficacy (SVR in 28% vs. 32% for 
genotypes 1 and 4 and in 62% vs. 71% for genotypes 2 and 3, respec-
tively) and tolerability (leading to discontinuation in 10% vs. 13%, 
respectively).507 The results of a preliminary trial of TVR-based triple-
drug therapy in 60 HCV-HIV-coinfected patients have been reported. 
Compared with the old standard-of-care PEG IFN/RBV, which led to 
SVR24 in 41% of subjects, TVR-based triple-drug therapy (for 12 weeks 
followed by 36 weeks of PEG IFN/RBV) resulted in an SVR24 rate of 
71% (i.e., comparable in efficacy with the HCV-monoinfected experi-
ence). No significant drug-drug interactions were apparent between 
TVR and ART, no HIV breakthroughs occurred in patients being 
treated with ART during PI-based therapy for hepatitis C, and safety/
tolerability were similar to those in HCV monoinfected patients.508

The old standard-of-care PEG IFN/RBV and first-generation pro-
tease inhibitors have been supplanted in HIV coinfected patients by 
SOF-based regimens. In a phase III open-label trial among 182 treat-
ment-naïve HIV-HCV coinfected patients with preserved CD4+ counts 
and who were permitted to continue their ART (PHOTON-1), SOF 
with RBV was as effective as observed in HCV-monoinfected-patient 
trials—an SVR12 was reported in 76% of subjects with genotype 1 (24 
weeks of therapy) and in 88% and 67% of subjects with genotypes 2 
and 3, respectively (12 weeks of therapy). Current recommendations 
are very similar in HIV-HCV coinfected patients to those for HCV 
monoinfected patients. For treatment-naïve patients and prior relaps-
ers: in genotype 1, first-line therapy is SOF with PEG IFN/RBV for 12 
weeks (or SOF with RBV for 24 weeks in IFN-ineligible or unwilling 

no benefit, and such maintenance therapy is not recommended.335,478-480 
Now that more potent oral antivirals are available, only a small fraction 
of treated patients will end up as nonresponders; whether they might 
benefit from prolonged or even maintenance therapy remains to be 
determined.

In the pivotal registration clinical trials of antiviral therapy for 
chronic hepatitis C, restrictive entry and exclusion criteria confined 
the treated population to a narrow subset without comorbid medical 
conditions, active alcoholism or other substance use, uncontrolled 
neuropsychiatric disorders, etc.481 Patients with these other conditions 
can be treated, however, if the other medical conditions can be managed 
effectively.313,407 In most clinical trials, persons with advanced age were 
not included, and for many elderly patients with chronic hepatitis C, 
longevity is not affected by the disease or its treatment. In elderly 
persons, although treatment should not be precluded automatically, 
baseline clinical and histologic characteristics, overall health, patient 
motivation, and anticipated survival independent of hepatitis C should 
be taken into account in determination of whether to embark on a 
course of therapy.321

In children, progression of chronic hepatitis C tends to be slow, and 
the disease follows a relatively benign course in most cases.322 Unfor-
tunately, progression to cirrhosis has been reported in a small propor-
tion of those with childhood-acquired hepatitis C. Clinical trials of 
antiviral therapy in this population are limited, but efficacy appears to 
be similar to that achieved in adult populations.313,482 Data on safety 
and efficacy of the new direct-acting antiviral agents in children 
younger than age 18 have not been generated, and these drugs are not 
recommended yet in this age group.

Special Patient Populations
Liver Transplantation
End-stage chronic hepatitis C is the most frequent indication for liver 
transplantation.259,483 Recurrent HCV infection is reestablished invari-
ably in the new liver and may be associated with an increase in the 
frequency of acute rejection episodes,484,485 but clinical progression 
during the early years after transplantation may be limited and overall 
early survival unaffected. In contrast, even during the first 5 years  
after liver transplantation, histologic progression appears to be accel-
erated; more than half of patients have moderate to severe hepatitis 
and approximately 10% have advanced fibrosis or cirrhosis,486,487 and 
eventually, survival is impaired.488,489 A small proportion of patients 
with chronic hepatitis C have early reactivation of hepatitis, and in 
those with early and difficult-to-manage rejection, added immuno-
suppression enhances HCV replication and may amplify HCV-
associated liver injury.485 Furthermore, management is confounded 
by difficulty in distinguishing between rejection and viral liver injury 
on the basis of often overlapping clinical and histologic features. The 
most aggressive form of recurrent hepatitis C after liver transplanta-
tion is fibrosing cholestatic hepatitis, a rapidly progressive form of liver 
injury, described previously in patients with hepatitis B undergoing 
liver transplantation, and characterized by progressive fibrosis, cho-
lestasis, and severe jaundice out of proportion to necroinflammatory 
activity.490 PEG IFN/RBV–based antiviral therapy for hepatitis C, 
whether begun preemptively immediately after transplantation or 
introduced after the emergence of recurrent HCV-associated liver 
injury, was disappointingly ineffective after liver transplantation, 
sometimes suppressing HCV replication but resulting only rarely in  
an SVR.418,491 What is more, PEG IFN and RBV are poorly tolerated 
after liver transplantation, necessitating dose reductions.491 Because 
immunosuppression enhances HCV replication,492 attempts are made 
to minimize the use of immunosuppressive drugs after liver trans-
plantation for chronic hepatitis C.493 With all its limitations, however, 
PEG IFN/RBV–based antiviral therapy did appear to slow disease  
progression after liver transplantation, as reported in a study of 81 
patients monitored histologically and hemodynamically.494 Because 
of inadequate TVR and BOC pharmacokinetic and safety data in 
patients with hepatic decompensation, these drugs were not recom-
mended in patients with hepatic decompensation. TVR is metabolized 
by CYP3A4; BOC is metabolized by hepatic aldo-keto reductase and 
CYP3A4. Because plasma levels of medications that compete for 
metabolism with CYP3A4 can be increased by these PIs, toxicity of the 
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patients); in genotype 2, SOF with RBV for 12 weeks (consider 16 
weeks in cirrhotics); in genotype 3, SOF with RBV for 24 weeks; in 
genotype 4, SOF with PEG IFN/RBV for 12 weeks.  For treatment-
experienced patients (partial and null responders): in genotype 1, prior 
PEG IFN/RBV nonresponders—SOF, SMV (only with ART drugs  
with which SMV does not have drug-drug interactions), and RBV; for 
BOC or TVR nonresponders—SOF plus PEG IFN/RBV for 12 weeks; 
in genotypes 2, 3, and 4, the same regimens as in treatment-naïve 
patients (for additional details and alternative regimens, please see 
www.hcvguidelines.org).

Immune-Complex Disease
The response to antiviral therapy is variable and often disappointing 
in patients with cutaneous vasculitis or glomerulonephritis resulting 
from HCV-associated essential mixed cryoglobulinemia. Although 
some patients may respond during therapy, SVR is unlikely, and  
many such patients may need indefinite maintenance of antiviral 
therapy.321,509-512 In refractory HCV-associated immune-complex syn-
dromes, options include plasmapheresis, cytotoxic therapy, and B-cell 
blockade with monoclonal anti-CD20 (rituximab).407,513 Experience 
with current-generation direct antivirals is awaited.

B-cell Lymphoma
In patients with B-cell, non-Hodgkin’s lymphoma associated with 
chronic HCV infection, antiviral therapy has been reported to achieve 
disease remission.514-516

Future Therapies
Even before TVR and BOC were approved, data on next-generation, 
direct oral antivirals began to appear—second-generation NS3/4 pro-
tease inhibitors, nucleoside and nonnucleoside NS5B polymerase 
inhibitors, and inhibitors of NS5A (a membrane-associated phospho-
protein that is part of the HCV RNA replication complex).517,518 As a 
class, first-generation PIs have good efficacy in patients who are treat-
ment-naïve and prior relapsers but only fair efficacy in prior nonre-
sponders, a low barrier to resistance, a narrow genotype specificity, 
challenging tolerability, and multiple drug-drug interactions.518

Second-generation protease inhibitors with improved pharmacoki-
netics (once-daily instead of thrice-daily administration), reduced 
regimen complexity, efficacy across genotypes, a higher barrier to resis-
tance, improved tolerability, and a paucity of drug-drug interactions 
are being evaluated in clinical trials. Among the most advanced are 
simeprevir (already approved, as reviewed above), asunaprevir, and 
ritonavir-booster ABT-450,519 which, when combined with PEG IFN/
RBV or, in the absence of PEG IFN, with one or more other direct oral 
antivirals (polymerase inhibitors, NS5A inhibitors, RBV, or a combina-
tion of these) have been shown to achieve SVR rates greater than 90% 
in both treatment-naïve patients and prior null responders with 
genotype-1 HCV infection, including those with the more refractory 
IL28B non-CC host genotypes and viral genotype 1a.

The NS5A inhibitors suppress HCV replication rapidly and pro-
foundly but tend to have less-than-ideal resistance profiles518; however, 
some in this class have been reported to have excellent resistance pro-
files and broad genotype specificity. Administration of the PI asuna-
previr twice daily along with the NS5A inhibitor daclatasvir once  
daily (with or without RBV) for 24 weeks in prior null responders to 
PEG IFN–based therapy provided proof of principle in small, explor-
atory trials that an all-oral, IFN-free regimen could cure chronic hepa-
titis C even in previously treatment-refractory patients, dramatically 
in genotype 1b (90%), and less so in genotype 1a (36%).520,521 Other 
promising NS5A inhibitors include ledipasvir, ABT-267, and ACH-
3102, which appears to be pangenotypic and to have a high barrier to 
resistance.

The promise of all-oral, IFN-free regimens has been reinforced in 
a phase II trial of various combinations of the ritonavir-boosted PI 
ABT-450, the NS5A inhibitor ABT-267, the nonnucleoside polymerase 
inhibitor ABT-333, and RBV (i.e., up to five drugs). In treatment-naïve 
subjects with genotype 1, the five-drug combination for only 8 weeks 
yielded an SVR of 88%, indistinguishable from SVRs of approximately 
90% when combinations of four (without ABT-0267, without ABT-
333, or without RBV) or all five drugs were administered for 12 or 24 

weeks. For prior null responders, SVRs were observed in 89% to 95% 
of subjects treated with four drugs (without ABT-333) for 12 weeks or 
with all five drugs for 12 or 24 weeks. The results of phase III trials  
of these drugs in patients with genotype-1 chronic hepatitis C have 
been reported. In 473 noncirrhotic, treatment-naïve subjects, the 
combination of ritonavir (100 mg)-boosted ABT-450 (150 mg once 
daily), ABT-267 (ombitasvir, 25 mg once daily), ABT-333 (dasabuvir, 
250 mg twice daily), with weight-based RBV for 12 weeks achieved  
an SVR12 in 96.2% (SAPPHIRE-I).521a In 297 noncirrhotic, treatment-
experienced subjects, this five-drug combination was associated with 
an SVR12 in 96.3%—95.3% in relapsers, 100% in partial responders, 
and 95.2% in null responders (SAPPHIRE-II).521b In a group of 380 
treatment-naïve and treatment-experienced subjects with well-com-
pensated cirrhosis, the same five-drug treatment regimen for 12 weeks 
or 24 weeks yielded an SVR12 in 91.8% and 95.9%, respectively. In the 
treatment-naïve subgroup, 12- and 24-week SVR12 rates were 94.2% 
and 94.6%, respectively. In the treatment-experienced subgroup, 12- 
and 24-week SVR12 rates were 96.6% and 100%, respectively, in relaps-
ers; 94.4% and 100%, respectively, in partial responders; and 86.7%  
and 95.2%, respectively, in null responders (TURQUOISE-II).521c The 
rate of SVR12 after treatment with this drug combination was indistin-
guishable between study subjects with genotypes 1a and 1b.521a-521c 
Null-responder cirrhotic patients with genotype 1a treated for 12 
weeks responded less well (SVR12 80%) than those treated for 24 weeks 
(SVR12 92.9%).521c

Although the momentum lies with small-molecule oral agents that 
target viral proteins, other piloted strategies include the application of 
agents designed against host targets, which are appealing because of 
the low likelihood of viral resistance. The host protein cyclophilin A is 
important in the replication of NS5A, and the nonimmunosuppressive 
cyclophilin inhibitor alisporivir has shown promise in its ability, in 
combination with PEG IFN/RBV, to improve efficacy over that of PEG 
IFN/RBV522; however, drug development has been halted because of 
the emergence in early trials of pancreatitis in drug recipients.518 In a 
preliminary trial, investigators reported that miravirsen, a subcutane-
ously administered, antisense oligonucleotide inhibitor of host liver-
expressed microRNA-122, suppressed HCV RNA by up to 3 log10 after 
five weekly injections, and viral suppression tended to persist for the 
duration of the observation period, 14 weeks following the month of 
therapy, in most high-dose (7 mg/kg) recipients.523 Still, skepticism is 
warranted over whether such approaches will ever be competitive with 
simple, all-oral, brief-duration, direct-acting antiviral regimens.

On the basis of these promising results and the accelerated pace of 
new-drug development, and in light of the fact that many patients with 
chronic hepatitis C have an indolent and slowly progressive disease, 
the treating community of physicians and their patients have been 
electing to postpone antiviral therapy pending the anticipated immi-
nent approval of one or more of these novel agents. In the near future, 
PEG IFN–based treatments will be supplanted by combinations of 
orally administered, small-molecule HCV inhibitors with few side 
effects, simple dosing, treatment courses as brief as 8 to 12 weeks, near-
100% pangenotypic efficacy, and negligible resistance.

Chronic Hepatitis E
Initially, HEV had been considered to cause acute hepatitis exclusively, 
albeit on occasion severe, particularly in pregnant women,25,524 but 
HEV has been recognized as a cause of protracted and chronic hepa-
titis in immunocompromised patients. These have primarily involved 
solid organ transplant recipients, including liver, kidney, and kidney-
pancreas transplants.525 Chronic hepatitis E has also been reported in 
HIV-infected patients,526 in a patient with lymphoma taking ritux-
imab,527 and in patients with hematologic disorders on chemother-
apy.528,529 In the largest series of reported patients with organ transplants, 
HEV infection led to chronic hepatitis in two thirds of patients and 
cirrhosis in 10%.530

Chronic infection is associated with HEV genotype 3. The clinical 
manifestations of chronic HEV are similar to those of other chronic 
viral hepatitides.25 Infected organ-transplant patients have relatively 
few symptoms, and most do not present with jaundice. Liver tests are 
usually only modestly abnormal (e.g., ALTs are ≈ 300 IU/L). Liver 
histopathology in patients with chronic HEV infections is similar to 
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that seen in chronic hepatitis C. Sequential liver biopsies may show 
rapid progression to liver fibrosis.531

In addition to liver involvement, extrahepatic complications are 
also seen. These include neurologic manifestations, such as Guillain-
Barré syndrome, Bell’s palsy, peripheral neuropathy, muscle wasting, 
acute transverse myelitis, and acute meningoencephalitis.532,533 Chronic 
glomerulonephritis and cryoglobulinemia can also be seen. HEV-
associated neurologic and kidney manifestations may completely or 
partially resolve if HEV is cleared.

Treatment
Chronic HEV infection will clear, and associated chronic hepatitis will 
resolve in approximately one third of organ transplant patients whose 
immunosuppression is diminished, particularly if drugs that target T 
cell function are reduced.530 For the remaining 70% whose hepatitis E 
cannot be resolved by reduction of immunosuppression, specific anti-
viral therapy has been used. PEG IFN and RBV, either individually or 

in combination, have been used in a small case series with encouraging 
results.534,535,536,537 Most recently, a retrospective case series was reported 
of 59 solid organ transplant patients with chronic hepatitis E who were 
treated with RBV monotherapy. The median time between diagnosis 
of HEV infection and beginning therapy was 9 months (range 1 to 82 
months). The median dose of RBV was 600 mg/day (range 29 to 
1200 mg) with a median treatment of 3 months (range 1 to 18 months). 
At the end of therapy, HEV clearance was observed in 95% of patients. 
A relapse of HEV replication occurred in 10 patients when RBV was 
stopped. An SVR was observed in 78% (46/59) of patients and in 4 
relapsers who were re-treated for longer periods of time. Anemia was 
the main side effect, which required reductions in RBV dose, erythro-
poietin use, and blood transfusions.24a

On the basis of this retrospective case series, the authors recom-
mend therapy of chronic hepatitis E with RBV for 3 months and addi-
tional courses for those who relapse. Determination of the optimal dose 
and duration of therapy will require prospective, controlled studies.
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More than 3 decades after the recognition of acquired immunodefi-
ciency syndrome (AIDS) in the United States, the pandemic of human 
immunodeficiency virus (HIV) infection has dramatically changed the 
global burden of disease,1 and its effects will continue well into the next 
decades. Whereas the disease was originally confined primarily to 
North America, Western Europe, and parts of sub-Saharan Africa, HIV 
has spread throughout the world, with growing heterogeneity. However, 
signs of major progress in the AIDS response have become apparent: 
the annual number of AIDS deaths has declined from 2.3 million in 
2005 to 1.7 million in 2011, mainly as a result of the substantial increase 
in access to antiretroviral treatment in recent years, and new HIV 
infections have declined more than 20% to 2.5 million (range, 2.2 
million to 2.8 million) between 2001 and 2011.2-4

The focus of this chapter is on specific features of the epidemiology 
and impact of HIV infection outside North America and the global 
response to the epidemic. Although two virus types of HIV are cur-
rently recognized, namely, HIV-1 and HIV-2, the term HIV is used in 
this chapter to designate HIV-1, which is the major virus.

SIZE OF THE PROBLEM
By the end of 2011, the estimated number of people infected with HIV 
worldwide was 34.0 million (range, 31.4 million to 35.9 million), from 
a cumulative total of approximately 60 million persons infected since 
the beginning of the epidemic. Table 120-1 shows global estimates of 
the HIV epidemic.2 On a global scale, the HIV epidemic is declining, 

although with unacceptably high levels of new HIV infections and 
AIDS deaths. In every day of 2011 alone, more than 6800 persons 
became infected with HIV, and 1.7 million persons died of AIDS in 
2011,3 mostly because of inadequate access to prevention and treat-
ment of the infection.2

Figure 120-1 shows a world map with HIV prevalence rates by 
country. Southern Africa continues to bear a disproportionate share of 
the global burden of HIV: 27% of people living with HIV infection are 
in southern Africa, with around 25% of AIDS deaths in 2011 occurring 
in that subregion. Altogether, sub-Saharan Africa is home to 69% of 
all people infected with HIV. Most new HIV infections occur in sub-
Saharan Africa, Asia, and eastern Europe. An estimated 45% of persons 
currently living with HIV infection are between the ages of 15 and 24 
years old.4

Women account for nearly half (49%)5 of all people infected with 
HIV worldwide, and in most affected regions such as Africa and the 
Caribbean nearly 60% of people who have HIV infection are women. 
Young women’s (15 to 24 years) HIV infection rates are twice as high 
as those of young men (0.6%), with substantial increases in sub-
Saharan Africa, with 3.1% of women living with HIV infection versus 
1.3% of young men.5 During the past 15 years, the proportion of 
women infected with HIV has increased in many regions (Fig. 120-2). 
In the United States and Western Europe, despite the spectacular 
reduction in the number of new AIDS cases as a result of advances in 
antiretroviral treatment, a constant number of new HIV infections 
occur every year, with evidence that among men who have sex with 
men (MSM), high-risk behavior has increased. Trends suggest that 
HIV prevention efforts are having an impact in several of the most 
affected countries. East and West African countries, Côte d’Ivoire, 
several Caribbean countries, most Southeast Asian countries, and 
Southern India have all seen downward trends in national HIV preva-
lence percentages. There were more than 700,000 fewer new HIV infec-
tions globally in 2011 than in 2001.3

Surveillance for HIV infection worldwide is probably the most 
complete and consistent among global health issues since the mid-
1990s. The selection of surveillance populations depends on the type 
of epidemics and the local context. In epidemics with at least 1% 
prevalence rates in the adult population and in which transmission is 
mostly heterosexual, the recommended surveillance population is 
pregnant women who attend antenatal clinics. In epidemics in which 
HIV has not spread into the general population, the primary focus of 
the surveillance system is among groups at higher risk for infection 
with HIV, such as sex workers, MSM, and injection drug users. In 
addition, more than 50 countries, mostly in Africa where heterosexual 
transmission of HIV is predominant, have conducted national 
population-based household surveys with HIV and syphilis testing.6 
These surveys give a more precise picture of HIV prevalence rates in 
men and women in rural areas, populations previously not well covered 

TABLE 120-1  Global Summary of the Human 
Immunodeficiency Virus (HIV) Epidemic as of 
December 2011

Number of People with HIV in 2011
Total 34 million

Adults 30.7 million

Women 16.7 million

Children <15 yr 3.3 million

People Newly Infected with HIV in 2011
Total 2.5 million

Adults 2.2 million

Children <15 yr 330,000

AIDS Deaths in 2011
Total 1.7 million

Adults 1.5 million

Children <15 yr 230,000

Data from UNAIDS and WHO. AIDS Epidemic Update: December 2012. Geneva: 
UNAIDS; 2012.
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FIGURE 120-1 Human immunodeficiency virus prevalence by country. (Data from UNAIDS. AIDSinfo Epidemiological Status 2012. Available at 
http://www.unaids.org/en/dataanalysis/datatools/aidsinfo/. Accessed October 7, 2013.)
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FIGURE 120-2 Prevalence of human immunodeficiency virus (HIV) among young women and men (15-24 years), by region, 2001 and 
2012. A, Africa. B, Non-African regions. (From UNAIDS. UNAIDS Report on the Global AIDS Epidemic 2012. Geneva; UNAIDS; 2012.)
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by figures from antenatal clinic attendees, but may also underestimate 
the extent of HIV infection among mobile populations and some of 
the most affected or vulnerable populations. Thus, several surveillance 
approaches are needed to achieve the most accurate estimates of HIV 
infection.7

WESTERN EUROPE
The epidemiology of HIV infection/AIDS in North America is exten-
sively discussed in Chapter 121. Except for this section, this chapter 
deals mainly with the situation in the developing world. Western and 
central Europe had an estimated 900,000 persons infected with HIV 
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A total of 1.8 million people in sub-Saharan Africa became infected 
with HIV in 2011, which was a decline from 2.2 million new infections 
in 2001.3 AIDS continues to be the single largest cause of mortality in 
sub-Saharan Africa, ahead of malaria and lower respiratory tract infec-
tions. An estimated 12 million orphans have been created by AIDS in 
this region.14

National adult HIV prevalence rates in 2011 exceeded 12% in eight 
countries,2 all in southern Africa. Sub-Saharan Africa bears a dispro-
portionate share of the global burden of HIV; with 92% of the world’s 
HIV-positive pregnant women living in that region. Of the children 
who acquired HIV in 2011, more than 90% lived in sub-Saharan 
Africa, although new infections in children decreased by 24% from 
2009 to 2011. In Burundi, Kenya, Namibia, South Africa, Togo, and 
Zambia, the number of children newly infected with HIV decreased 
between 40% and nearly 60% from 2009 to 2011.

HIV prevalence and incidence in a growing number of African 
countries have declined significantly. The number of people acquiring 
HIV has been reduced substantially in sub-Saharan Africa between 
2001 and 2011. For example, in Malawi, the rate of new HIV infections 
dropped by 73%, in Botswana by 71%, in Namibia by 68%, in Zambia 
by 58%, and in Zimbabwe by 50%. In South Africa and Swaziland, with 
the largest number of HIV infections and the highest rate of infection, 
reductions amounted to 41% and 37%, respectively. In West and cen-
tral Africa, Ghana’s rates dropped 66% and those in Burkina Faso to 
60%. Other countries with declines included Burundi, Cameroon, 
Mali, and Sierra Leone, with reductions of more than one third. How-
ever, even when there has been a 25% reduction overall in the number 
of people acquiring HIV in sub-Saharan Africa, the region represented 
72% of all new HIV infections in 2011. A modeling study conducted 
in urban Kenya, Zimbabwe, and urban Haiti suggests that changes in 
patterns of HIV prevalence are consistent with behavior change.15

In Uganda, urban antenatal HIV seroprevalence rates peaked 
around 1992 (15% to 30%) followed by a steady decline by 2002, most 
markedly among women aged 15 to 24 years.16 This decline was associ-
ated with an increase in median age of sexual debut and a decline in 
multiple partnerships among men, although no significant changes 
were found in extramarital sex among men. Between 1995 and 2000, 
condom use at last sex with a nonregular partner increased from 35% 
to 59% in men and 20% to 39% in women, respectively. In 2005, the 
national HIV prevalence rate was estimated to be 6.7%, with large 
regional variations. In particular, in the conflict-affected region of 
northern Uganda with 1.7 million internally displaced persons, the 
HIV prevalence rate was estimated to be close to 10%, which is very 
high for a rural population.17 However, a national survey in 2012 found 
a new increase in HIV prevalence from 6.4% in 2005 to 7.3%, and 
140,000 new HIV infections occurred. This increased spread of HIV 
occurred in the presence of antiretroviral therapy coverage of approxi-
mately 70% in 2011.Whereas some of these increases are due to the 
enormous demographic growth of the Ugandan population (at 3% per 
year), it seems that HIV spread in Uganda is rising again. It is not clear 
whether this increase in HIV incidence in Uganda will remain a unique 
case of reversal of declining HIV rates or is the beginning of a new trend 
in the epidemic in Africa. In the 2011 survey, some behavioral indica-
tors in parts of Uganda showed more risky behavior in recent years 
compared with the 1990s, whereas others indicated that the reduction 
in risky behavior that began in the 1990s continues, illustrating that 
HIV prevention efforts must be sustained over several generations.

Young women are still disproportionally infected by HIV as com-
pared with young men. A national household survey undertaken in 
South Africa in 2008 showed sustained high levels of HIV infection 
among young females. For example, among 15- to 19-year-olds, female 
prevalence (6.7%) is 2.7 times higher than that of males (2.5%).5 Young 
women with older partners were also at increased risk for HIV infec-
tion. Among men and women, increasing partner numbers and incon-
sistent condom use were significantly associated with HIV infection. 
In a survey in 2005, young people who reported participation in at  
least one program for behavioral change were less likely to be infected 
with HIV.18

Thus, an understanding of sexual networks is crucial to under-
standing the rapid heterosexual spread of HIV, particularly in southern 
Africa. Why is southern Africa HIV hyperendemic? A multiplicity of 

in 2011.2 The number of annual reported new diagnoses of HIV infec-
tion almost tripled between 1999 and 2005 to reach nearly 20,000.8 In 
2011, the figure rose again to 30,000.3 In 2011, the highest proportion 
of diagnoses in European Union/European Economic Area countries 
was reported to be in MSM (39%), followed by heterosexual transmis-
sion (36%), with 19% of the cases where the transmission mode 
remained unknown. HIV infection diagnoses among MSM have 
increased by 33% since 2004, whereas the number of cases among 
injection drug users has decreased by 40%, although increases were 
observed in 2011 owing to outbreaks in Greece, Lithuania, and 
Romania.9 More than half of the heterosexually transmitted HIV cases 
originated in migrants from countries with high HIV prevalence rates; 
within that group, more than 50% of new diagnoses of HIV infection 
were in women.10 Portugal has the highest HIV prevalence rate, esti-
mated at around 0.6% to 1%.2

The annual number of newly diagnosed HIV infections has more 
than doubled in the United Kingdom to about 6280 in 2011.11 In 2011, 
96,000 people were estimated to be living with HIV infection, includ-
ing around 73,400 people diagnosed with the infection and 22,600 who 
were undiagnosed.11 This higher number is mainly the result of sus-
tained levels of newly acquired infections among MSM, an increase in 
diagnoses among heterosexual men and women with infection 
acquired in a high prevalence country, and improved reporting from 
expanding HIV testing services. In central Europe, the number of 
newly diagnosed HIV infections in 2011 surpassed 990 from the 100 
cases in 2006 cases in only Poland and Romania,12 with 9900 (range, 
7700 to 13,000) people living with HIV in Poland and 4700 (range, 
3900 to 5800) in Romania in 2011.13

EASTERN EUROPE AND  
CENTRAL ASIA
The most HIV infections in 2011 in this area were from the two coun-
tries with the largest populations: the Russian Federation, with an 
estimated 1 million cases (range, 730,000 to 1.3 million] (three times 
the reported HIV cases), and Ukraine, with around 230,000 (range, 
180,000 to 310,000) persons with HIV (four times the estimated 
number of reported cases). In the Russian Federation, the annual 
number of new infections has dramatically increased from less than 
40,000 in 2006 to more than 60,000 in 2011.3 Ukraine has an adult HIV 
prevalence rate of 1.4%, which represents the highest of any country 
in Europe.

Of the new HIV cases reported, nearly 60% were attributed to injec-
tion drug use, and 39% were ascribed to unprotected sex. Large 
numbers of young and unemployed men inject and share drugs. 
Syringe exchange programs have recently increased, but coverage is too 
limited to make an impact on the HIV epidemic curve; and in Russia, 
substitution therapy with methadone is still against the law. As Russia’s 
epidemic matures, AIDS mortality rates will contribute significantly to 
the demographic decline of the country.

Elsewhere, the epidemics are comparatively small. Injection drug 
use is the most reported mode of HIV transmission in the three Baltic 
states, where the epidemics appear to have stabilized.9 However, new 
infections are on the rise in several countries in eastern Europe. Estonia 
has the highest estimated HIV prevalence rate at around 0.7% to 1.3%, 
followed by Latvia at around 0.5% to 1%.2

In addition to that of HIV infection, major epidemics of tubercu-
losis and syphilis have occurred in central Asia against a background 
of political and economic instability, increased mobility, drug use, and 
degradation of public health infrastructure.

SUB-SAHARAN AFRICA
AIDS more heavily affects sub-Saharan Africa than any other region 
of the world. In 2011, 23.5 million people in the region were estimated 
to be infected with HIV. Of these cases, 61% were women, where 3.1% 
of young women are living with the viral infection, versus 1.3% of 
young men.5

Africa and the Caribbean are the only regions in which cases of 
women exceed cases of men.2 The region’s epidemics vary significantly 
in scale. National adult HIV prevalence rates range from around 1% 
(i.e., Senegal, Benin, Guinea) in some countries of West Africa, to 
around 15% to 25% in southern Africa, to more than 25% in Swaziland. 
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Approximately 309,000 died of AIDS-related illnesses in 2011.3,4 The 
national HIV prevalence rate is highest in Southeast Asia (0.3%), with 
wide variations in epidemic trends among different countries.28 
Although the Joint United Nations Programme on HIV/AIDS 
(UNAIDS) did not include estimates for India in its 2012 report, 
approximately 2.5 million people in India were estimated to have HIV 
in 2011, with a national adult HIV prevalence rate of around 0.4%. The 
epidemic is extremely heterogeneous; for example, in Mumbai, Pune, 
and also Karnataka, Andhra Pradesh, and Tamil Nadu states, HIV 
prevalence rates of 2% to 4% have been reported in pregnant women, 
in contrast to Calcutta and Delhi, in which prevalence rates have 
remained at less than 1%. Injection drug use is the predominant mode 
of transmission in the northeastern states near Myanmar, where preva-
lence rates among drug users exceed 70%. In Manipur state, many of 
the women with positive HIV test results are sex partners of male 
injection drug users. HIV prevalence levels among injection drug users 
usually far exceed levels among sex workers. HIV among injection 
drug users is now also appearing in other parts of India, such as 
Punjab.29,30

In China, HIV infection was first noted in Yunnan province, which 
borders the Golden Triangle where Myanmar, Thailand, and Laos 
meet. The prevalence rate of HIV infection in injection drug users here 
climbed rapidly to 70% or more in the early 1990s, and HIV infection 
first emerged in sex workers in this region. China has an estimated 2.4 
million injection drug users, with an HIV prevalence rate of 12.3%.31 
At least 780,000 persons in China were infected with HIV in 2011, with 
approximately half of them infected through injection drug use. Since 
2005, China has established more than 1000 methadone clinics and 
needle exchange sites. Examples in Sichuan show that these programs 
can reduce the reuse of nonsterile needles by almost half. In 2000, 
serious HIV epidemics have been documented in Henan province in 
central China, where thousands of rural villagers have become infected 
by selling their blood to illegal collecting centers.

China’s HIV prevalence rate remains low (estimated at <0.1% of the 
total population), but the epidemic continues to grow in several parts 
of the country. More than 30 million people are estimated to practice 
risky sexual and drug use behavior. The AIDS epidemic remains a 
formidable challenge, and several factors in China fuel it, including 
rapid economic growth and higher disposable income for men, com-
mercial sex, injection drug use, and high mobility of workers. China 
has dramatically improved its AIDS response since an initial phase of 
denial. This commitment has been translated into laws and policies, 
growing HIV prevention efforts, and increased access to treatment. In 
2008, antiretroviral drugs were supplied to more than 53,000 individu-
als as part of the “Four Frees and One Care Policy,” which is a major 
improvement considering that in 2003 there were 5000 people under-
going treatment. In addition, China has increased the number of 
people on HIV treatment by nearly 50% in 2011 alone.3

The most heavily affected countries of Southeast Asia are Cambo-
dia, Thailand, and Myanmar, with injection drug use and commercial 
sex driving HIV transmission. In Thailand, the epidemic has spread in 
overlapping waves through injection drug users and sex workers, their 
clients, and the female partners of clients, including female spouses. 
The prevalence rate among sex workers rose from 3% in 1989 to 30% 
in 1996, and the rate among sexually transmitted disease (STD) clinic 
attendees rose from nearly zero to 9% over the same period, before 
declining in the late 1990s. Convincing evidence shows a fall in risky 
behaviors after extensive programs to promote condom use in brothels 
and to discourage men from visiting them. The number of new annual 
HIV infections in Thailand continues to decline in 2008, although the 
decline in HIV prevalence has been slowing in recent years, as more 
people receive antiretroviral therapy. The HIV prevalence rate among 
injection drug users has remained high during the past 15 years, with 
a prevalence of 21.9% in 2011.2 Similarly, infection rates remain high 
among MSM. Programs for injection drug users and MSM are still 
inadequate. The percentage of sex workers reached with HIV preven-
tion programs amounted to 57%, whereas the percentage of sex 
workers reporting the use of a condom with their most recent client 
was reported at 95% in 2011.2

The epidemic in Myanmar also shows signs of a decline, with HIV 
prevalence rates among pregnant women at antenatal clinics dropping 

risk factors, such as the lack of male circumcision, male sexual vio-
lence, concurrent and multiple partnerships, and migratory patterns, 
operates to create a “perfect storm”; no single factor in itself can explain 
such HIV levels, because all of them individually exist elsewhere. The 
practice of multiple sexual partnerships has been shown to be the most 
important risk factor in the transmission of HIV,19 but the character-
istics of each sexual partnership (e.g., whether it is transactional or 
whether payment is involved, older age of the male partner, earlier age 
of the female partner, existence of concurrent partnerships) have been 
associated with HIV transmission.

The comparative impact on the spread of HIV of concurrent mul-
tiple relationships, defined as sexual relationships that overlap in time 
as opposed to serial multiple relationships, is less clear. Early modeling 
work concluded that, for the same number of partners per person, 
sexual partner networks that include concurrent partnerships lead to 
larger HIV epidemics than do networks without concurrent partner-
ships, especially at the beginning of the HIV epidemic curve.20 However, 
empirical evidence so far has not confirmed such mathematical model-
ing. A study in five cities in sub-Saharan Africa and one in Kwazulu, 
Natal, found no association between concurrency and HIV prevalence 
level.21-23

In the countries in southern Africa in which HIV prevalence rates 
are extremely high, the probability that one’s partner is infected with 
HIV is around 1 in 3 to 1 in 6. This probability results in much higher 
levels of heterosexual exposure to HIV than occur anywhere else in the 
world and makes any new partnership, whether concurrent or not, a 
critical risk factor. Multiple and concurrent partnerships are often 
linked to mobility (including labor-related mobility), in that people 
may have different partners at different residences; also, those who stay 
behind may themselves have other partners.24,25

The disease burden of HIV infection in sub-Saharan Africa is high 
and will probably grow considerably higher. In 2011 alone, despite 
major progress in antiretroviral therapy coverage, around 1.2 million 
Africans died of AIDS, which constituted 71% of the global total.3 The 
HIV adult prevalence rate in West Africa is less than 4%, with Nigeria 
having the highest HIV prevalence rate at 3.7%. In central Africa, the 
estimated prevalence rates in all countries are below 5%, with the 
exception of Gabon that is at 5%. Other countries are just below 5%, 
with Equatorial Guinea at 4.7% and Cameroon and Central African 
Republic with both 4.6%. HIV-2 is primarily found in West Africa but 
has also been confirmed in other African countries. The highest preva-
lence of HIV-2 infection is found in Guinea Bissau, with prevalence 
rates as high as 8.0% in 1987 to 1988 and a decline to 2.5% in 2011. In 
contrast to the increasing spread of HIV-1, the prevalence rate of 
HIV-2 has remained rather stable in West Africa and has declined in 
Guinea Bissau and in the Gambia,26 probably the result of the higher 
transmissibility of HIV-1 compared with that of HIV-2.

MIDDLE EAST AND NORTH AFRICA
The number of HIV infections in these countries is very low.2 However, 
it is worth noting that from 2001 up until 2011 the number of people 
newly infected in the Middle East and North Africa increased by more 
than 35%.3 So far, the spread of the virus appears to be limited to those 
who pay for sex, MSM, and injection drug users in large cities. Most 
of the AIDS cases have been reported from Djibouti, Somalia, and 
Sudan, with only Djibouti having an estimated HIV prevalence rate 
higher than 1% (1.4%). Morocco, Egypt, Iran, Lebanon, Yemen, and 
Tunisia are at 0.2% of HIV seroprevalence levels among the general 
population or below.2 Iran has made needles and syringes available in 
pharmacies in an effort to cut the spread of HIV infection among an 
estimated 200,000 drug injectors, with half of them sharing injection 
equipment.3 Libya’s epidemic has been growing, with almost 90% of 
the 6000 to 10,000 HIV infections in Tripoli attributed to injection 
drug use. Transmission through contaminated injection equipment 
has also been reported in Bahrain and Oman. Because of the illegality 
of homosexuality in this region, concern exists that HIV may spread 
undetected among MSM.27

ASIA
Overall, in Asia, an estimated 4.8 million people had HIV in 2011, 
including 440,000 people who were newly infected in the past year. 
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areas, HIV prevalence remains at high levels in well-established epi-
demics (Quang Ninh, 56%; Ho Chi Minh City, 55%; Can Tho, 45%), 
and prevalence is increasing in newer epidemics in northwestern prov-
inces of Vietnam. In Malaysia, the prevalence rate of injection drug use 
is 1.3%, with an HIV prevalence rate of nearly 9%. The first HIV out-
break in China occurred among injection drug users in Yunnan prov-
ince in the late 1980s, with the epidemic rapidly expanding to its 
neighboring provinces. Despite large investments in prevention ser-
vices for drug users, less than 25% of injection drug users in Yunnan 
obtain their own injecting equipment and have rates of sharing inject-
ing equipment below 50%.25,35

New HIV epidemics in MSM are now firmly established across 
Asia. These data represent an alarming trend because male-male sexual 
activity in the region is diverse, often completely hidden, and beyond 
the reach of current HIV prevention efforts. Similarly, recent studies 
show increasing HIV prevalence rates among MSM in Bangkok rose 
from 17% in 2003 to 28% in 2007. The increasing sex industry in parts 
of Asia is of concern, and sex workers and male clients of sex workers 
are likely to be the most important groups to target for prevention 
programs.24

LATIN AMERICA AND  
THE CARIBBEAN
With an estimated 83,000 people newly infected with HIV in 2011, the 
HIV prevalence rate in Latin America remains generally low and 
stable. The total number of people estimated to be infected with the 
virus is 1.4 million; 230,000 live in the Caribbean. However, HIV 
transmission continues to occur among populations at higher risk for 
exposure, including sex workers, their clients, injection drug users,  
and particularly MSM.3,4 The epidemic in Latin America was similar 

from 2.2% in 2000 to 0.6%. In 2011, the rate in new military recruits 
has dropped as well.32 The male-to-female ratio has changed signifi-
cantly from almost 8 to 1 in 1994 to a steady increase in the proportion 
of women infected by 2008. However, the elevated prevalence rate of 
HIV among key populations at higher risk is of concern. Although the 
epidemics in Cambodia also show declines in HIV prevalence rates, 
those in Vietnam and Indonesia (especially in the Papua province) are 
growing. Commercial sex and injection drug use remain the most 
common risk factors for HIV infection in Vietnam. However, the HIV 
prevalence rates among pregnant women increased from 0.03% in 
1994 to 0.5% in 2011. The HIV prevalence rate among pregnant women 
increased from 0.03% in 1994 to 0.5% in 2011. In 2007, the number of 
male adults living with HIV infection was 3.0 times higher than the 
number of female adults, with this ratio gradually decreasing to 2.6 by 
2012. Although frequently ignored because of prevailing social atti-
tudes, MSM are an emerging risk group, with an incidence rate of more 
than 15% in 2011. However, the epidemic is now sweeping through the 
general population, with the growth in HIV infections among clients 
of sex workers and women at low risk.

An HIV prevalence rate of 0.7% has been documented in Papua 
New Guinea, fueled mainly via heterosexual transmission. Risky 
behavior is widespread, with research showing high rates of unsafe sex 
with multiple partners, sexual violence, and the frequent failure to use 
condoms.33

Injection drug use currently is the major mode of HIV transmission 
in several countries in Asia (Fig. 120-3). In China, with the largest 
estimated population of injection drug users (2.3 to 2.9 million), and 
an HIV prevalence rate of 6.4%34 in users, HIV infection rates have 
been rising. In Vietnam, HIV prevalence among injection drug users 
was 30% in 2011, and it stabilized through to 2012. However, in certain 

FIGURE 120-3 Human immunodeficiency virus trends among injection drug users in selected countries, 1994-2011. (Data from UNAIDS.)
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and Asia, but the situation is somewhat different in the rest of the 
world.

The low average efficiency of penile-vaginal intercourse for trans-
mission of HIV in the absence of amplifying factors has now been well 
documented, especially for transmission from women to men.37 A 
sustained and fulminant heterosexual epidemic can be explained only 
by a common occurrence of factors that amplify heterosexual trans-
mission, probably in addition to high-risk sexual behavior patterns.38

Factors that may enhance the efficiency of heterosexual transmis-
sion of HIV include higher viremia or more advanced immunodefi-
ciency in the infecting partner, acute primary infection, receptive anal 
intercourse, sex during menses, lack of male circumcision, and the 
presence of other STDs. Viral load of HIV-1 has been shown to be  
the primary determinant of transmission risk in HIV-discordant 
couples,39,40 and suppressing viral load through antiretroviral therapy 
reduced HIV transmission in “discordant” couples by 96%.41

Other factors that may increase the risk for heterosexual transmis-
sion, but are less well documented, include the use of various desiccat-
ing vaginal agents, traumatic sexual intercourse, and cervical ectopy.42

Conventional STDs have attracted much attention as a risk factor 
because many are treatable with relatively inexpensive antibiotics and 
antiviral agents.43 Evidence from prospective studies shows that genital 
ulcers (e.g., chancroid, syphilis, genital herpes) particularly enhance 
the sexual transmission of HIV by a factor of 3 to 8.44,45 Early diagnosis 
and treatment of STDs reduced the spread of HIV infection in two 
randomized trials in Tanzania46 and Uganda,47 where a 38% to 42% 
decline in the rate of newly acquired HIV infections was observed in 
the interventions communities. However, later studies found no 
effect.48 Perhaps STD treatment as a form of HIV prevention is more 
effective early in an epidemic. Since the first description of AIDS in the 
early 1980s, severe mucocutaneous herpes simplex virus (HSV) infec-
tions were associated with the immunodeficiency syndrome. HSV type 
2 (HSV-2) is also the most common cause of genital ulcer disease, with 
prevalence levels above 80% in Africa.49 HSV-2 infection may facilitate 
HIV acquisition and potentially increase HIV genital shedding and 
infectiousness. A meta-analysis of prospective observational cohort 
studies showed that male and female patients with seropositive results 
for HSV-2 had a threefold higher risk for acquiring HIV compared 
with individuals with HSV-2–seronegative results.50 More recently, in 
two cohort studies in Uganda and Zimbabwe, hazard ratios for HIV 
acquisition were 2.8 and 4.4 for prevalent HSV-2 infection, respec-
tively, and 4.6 and 8.6 for incident HSV-2 infection, respectively.51

Several trials have been conducted to measure the effect of acyclovir 
suppressive therapy in reduction of HIV acquisition with HIV sero-
negativity, reduction of HIV transmission from persons with dual HIV 
and HSV-2 infections, and reduction of HIV disease progression. Two 
controlled trials reported no efficacy of HSV-2 suppressive therapy on 
reduction of HIV acquisition,52,53 undermining the extensive evidence 
from epidemiologic studies.54

The relative risks of gonorrhea and chlamydial infection for HIV 
acquisition in women are smaller than those of genital ulcers. However, 
because these STDs are far more common in most populations than 
are genital ulcers, their contribution to the heterosexual spread of HIV 
may also be greater. Several studies have found that genital shedding 
of HIV is greatly enhanced in the presence of urethral, cervical, or 
vaginal inflammation.55,56 Overall, the case for STD control to reduce 
HIV transmission has been considerably weakened; and with the 
appearance of antiretroviral-based prevention interventions, STD 
treatment may no longer be a core HIV prevention strategy. Data from 
three randomized controlled trials undertaken in South Africa, Kenya, 
and Uganda show that male circumcision reduces the risk for hetero-
sexually acquired HIV infection in men by approximately 60%.57-59 This 
evidence strongly supports the findings of numerous observational 
studies.60 At this stage, what, if any, protective effect male circumcision 
may have on a woman’s risk for acquiring HIV during sexual inter-
course is unclear. A study in Uganda and Zimbabwe has found it 
neither increased nor decreased a woman’s risk for infection.61 A more 
recent mathematical modeling analysis conducted in Zimbabwe and 
Kenya suggested a 46% reduction in the rate of male-to-female HIV 
transmission, suggesting that women also benefit greatly from male 
circumcision.

initially to that in North America and Europe, with most cases occur-
ring among MSM and injection drug users. Systematic surveillance in 
the region is limited, and the picture is complex, with male-to-male 
transmission predominating in major cities of countries with levels of 
HIV infection varying between 10% and 17% (Mexico, Chile, Ecuador, 
and Peru and several Central American countries); in other countries 
(Argentina and Brazil), injection drug use accounts for about half of 
all infections. In Latin America, HIV prevalence decreased by nearly 
20% among young people in 2011, with higher decreases among young 
men (33%), the group in which the majority of HIV infections occur 
in Latin America. A large proportion of MSM often also have sex with 
women, which leads to an increased number of HIV infections among 
women. Bisexual behavior of male partners is an important source of 
HIV infection for women in several Latin American countries. HIV 
rates in pregnant women are generally low, although estimates of prev-
alence rates higher than 1% are found in Belize (2.3%), Guyana (1.1%), 
and urban areas of Brazil and Argentina.3

About one third of all people with HIV in Latin America reside in 
Brazil, where, in 2011, an estimated 490,000 people had HIV, which 
corresponds to 0.3% of the adult population. Although initially con-
centrated primarily among MSM, the epidemic subsequently spread to 
injection drug users and eventually into the general population, with 
increasing numbers of women becoming infected. A large proportion 
of infections among women may be attributed to the behavior of male 
sexual partners. However, unprotected sex between men remains an 
important factor. In 2011, HIV prevalence rate among MSM was 
10.5%. HIV prevalence among injection drug users in Brazil has 
declined in some cities, as a result of harm-reduction programs and 
changes from injected to inhaled drugs, and mortality rates among 
drug users have also declined.36

Brazil remains one of the world’s first success stories in its political 
determination to secure antiretroviral drugs while also sustaining 
resources for prevention and care. More than 77% of the 300,000 
people infected with HIV in need of treatment are receiving antiretro-
viral drug therapy in Brazil.

Of the Central American countries, Honduras has been especially 
broadly affected by heterosexual transmission. However, overall, HIV 
infections are highest among female sex workers and their clients and 
among MSM.

In the Caribbean, the adult HIV prevalence rate is estimated to be 
1.0%. HIV prevalence is highest in the Dominican Republic and Haiti, 
which together account for nearly three fourths of the 230,000 people 
infected with HIV in the Caribbean.3,4 The HIV prevalence rates show 
clear signs of decline in these two countries, but AIDS remains one of 
the leading causes of death among adults. Declining HIV rates are also 
documented in the Bahamas, Barbados, and Cuba. HIV infection in 
the Caribbean is a true mosaic of different epidemiologic patterns 
determined by the local interaction of various risk determinants for 
HIV transmission.

In 2011, HIV prevalence rates among MSM were 37.6 % in Trinidad 
and Tobago, 19.4% in Guyana, and 18.6% in Haiti.2 Drug use and sex 
for drugs (mainly cocaine and crack) are major risk factors in the 
Bahamas, Bermuda, Puerto Rico, and Trinidad. Finally, heterosexual 
transmission is predominant in Haiti and in the neighboring Domini-
can Republic.3,4 Among female sex workers, an HIV prevalence rate of 
8.4% has been found in Haiti, with 4.6% in Jamaica and 16.6% in 
Guyana.

DYNAMICS OF THE SPREAD OF 
HUMAN IMMUNODEFICIENCY 
VIRUS
Basically, no difference exists between the various modes of transmis-
sion of HIV in the developing world and industrialized countries. 
Selected aspects of HIV transmission in the low and middle-income 
countries and other determinants of HIV spread are reviewed briefly 
in this section.

Modes of Transmission
Worldwide, HIV infection is predominantly sexually transmitted. 
Unprotected heterosexual intercourse accounts for most cases of HIV 
infection in sub-Saharan Africa and some countries in the Caribbean 
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of HIV in the developing world is not well documented, although it is 
probably no more than 5%, with women and children at greater risk 
because of frequent anemia. The mean probability of HIV infection 
from puncture with a contaminated needle was estimated to be 0.23% 
(range, 0.00 to 2.38%).69 The potential for HIV transmission with 
unsterilized needles in medical settings is probably weak, but localized 
outbreaks in Romania and Libya among infants and young children 
through intravenous contamination have shown that it can occur when 
basic hospital hygiene is not applied. In 2001, it became widely known 
that in a number of Chinese provinces, but mostly in Henan in central 
China, paid blood donation for plasmapheresis did not respect basic 
practices of infection control. This resulted in HIV infections, with 
estimates ranging from less than 100,000 to several hundreds of thou-
sands. Those criminal practices seem to have ceased, but it is unclear 
whether those responsible for them were ever punished.

Determinants That Influence  
the Spread of Human 
Immunodeficiency Virus
Historically, the HIV epidemic is still in an early phase in most parts 
of the world, with continuing geographic spread and changing epide-
miologic patterns. A multitude of variables influences the spread of 
HIV and makes prevention particularly difficult.70 It is the complex 
mix and interaction of these direct (behavioral) and indirect risk and 
vulnerability factors that determine how and when HIV spreads in the 
population.70,71

Sexual Behavior
Sexual behavior is the most important determinant of HIV spread in 
most parts of the world: about 85% of HIV transmission is sexual, 
whether via penile-vaginal or anal sex.4 Such behavior is heterogeneous 
among and within populations. Sexual behavior surveys around the 
world have documented this heterogeneity in terms of sexual orienta-
tion, marriage patterns, age of sexual debut, number of partners, and 
rates of casual, transactional, and commercial sex.72-75 In addition, 
these studies found that men have generally more casual partners than 
women; that their female partners are often much younger, with age 
differences of 10 years or more; that in many societies, women before 
or within marriage also disclose several partners; and that in some 
societies, higher socioeconomic status and urban settings are associ-
ated with a higher number of partners. However, according to math-
ematical models, sexual mixing patterns are equally important in 
determining the spread of HIV, particularly in early stages of the epi-
demic.76,77 The “core group” concept postulates that a relatively small 
proportion of the population contributes to maintenance of the epi-
demic; this pattern was first described in the 1970s with respect to the 
epidemiology of gonorrhea in the United States.78 However, for a 
chronic viral infection such as HIV, this concept may be more relevant 
during the emerging phase of the epidemic than for epidemics with 
very high levels of HIV infection that already occur among persons at 
a very young age and with relatively low-risk behavior, such as in 
southern Africa.

The behavior of one’s partner is as relevant for the risk for HIV 
infection as one’s own behavior. In parts of sub-Saharan Africa, in 
discordant couples, as many couples have women with HIV as have 
men with HIV. However, outside of Africa, in most settings, up to 80% 
of women with HIV in long-term stable relationships have been 
infected by their partner. Data suggest that an increasing proportion 
of women with HIV infection in Latin America and most of Asia have 
their husbands as their only sexual contact.3

The rate of condom use in high-risk behaviors plays a major role 
in the control of HIV transmission. Despite much early skepticism and 
moral concerns, condoms are increasingly being used in many parts 
of the developing world, particularly in high-risk populations and 
where social marketing programs are dynamic.79-81 In these groups, 
both increases in condom use and high rates of consistent condom use 
have been documented and have resulted in fewer HIV infections. 
Numerous studies also show moderate to high rates of condom use in 
the general population of many developing countries (Fig. 120-4).81 For 
example, data collected by the Brazilian Ministry of Health in 2006 
showed that 51% of men and 32% of women reported using a condom 

Mother-to-child transmission during pregnancy, delivery, or 
breast-feeding is a major mode of spread of HIV. As a result of hetero-
sexual transmission in women, the number of infants born with HIV 
infection is growing dramatically. In 2011, globally, an estimated 
333,000 infants become infected with HIV every year; this is a  
24% reduction since 2009, when about 430,000 children were newly 
infected with HIV.4 Nine of 10 new infections in children occur in 
sub-Saharan Africa. Mother-to-child transmission of HIV can occur 
during pregnancy, at the time of delivery, or postnatally via breast-
feeding. Breast-feeding by mothers who are HIV positive (in the 
absence of antiretroviral therapy for either mother or infant) can 
account for up to one third of HIV infections among infants in sub-
Saharan Africa. HIV transmission risk through breast-feeding is 
enhanced during primary maternal HIV infection acquired after the 
infant has been put to the breast.62 The additional risk for postnatal 
transmission attributable to breast-feeding is estimated at about 14% 
(range, 5% to 20%). Duration of breast-feeding, maternal plasma and 
breast milk viral load, cracked nipples, mastitis, breast abscess, and 
infant thrush increase the risk for transmission of HIV. Exclusive 
breast-feeding is associated with a reduced risk for HIV transmission 
as compared with mixed feeding.63

In contrast to those in high-income countries, most pregnant 
women in most developing countries still do not have access to inter-
ventions to prevent mother-to-child transmission of HIV, although the 
situation has greatly improved in numerous countries, from 10% of 
pregnant women with HIV in 2004 to more than 30% at the end of 
2007 to 61% in 2011. Of note is the steady progress made in eastern 
and southern Africa, which is home to the majority of children who 
have been newly infected, with UNAIDS and the U.S. government 
calling for elimination of mother-to-child transmission of HIV.64

Injection drug use is estimated to account for about one third of 
new infections outside Africa.65 HIV has spread considerably among 
injection drug users in parts of Asia, eastern Europe, Latin America, 
and the Caribbean; this spread has sometimes occurred where injec-
tion has replaced smoking and inhaling as a more cost-effective way 
of drug administration.

Extrapolations estimate that between 11 million and 21.2 million 
people inject drugs worldwide.66 The largest numbers of injectors are 
found in China, the United States, and Russia, where mid estimates of 
HIV prevalence rates among injectors were 12%, 16%, and 37%, 
respectively.66 Worldwide, 3 million people who inject drugs are esti-
mated to be HIV positive.66a Injection drug–associated HIV epidemics 
are characterized by a high degree of regional and local heterogeneity. 
Explosive epidemics have occurred in both developing and developed 
countries, with documented HIV incidence rates reaching as high as 
20% to 30% per year. Several interventions have been developed to 
reduce the spread of HIV among injection drug users, including pro-
grams that promote sterile syringe acquisition, drug use treatment, and 
community outreach—jointly referred to as “harm reduction.” Substi-
tution treatment, and methadone maintenance in particular, has been 
associated with reduced injection frequency and declines in needle 
sharing, sexual risk behaviors, and HIV seroconversion. In cities in 
which cocaine and methamphetamine are the main drugs of use, little 
is available in terms of drug abuse treatment.67 A systematic review on 
coverage of HIV prevention, treatment, and care services in injection 
drug user populations concluded that coverage is still very low world-
wide. The study concluded that although the number of countries with 
HIV prevention services for injection drug users is growing, the level 
of coverage remains poor. The study identified 82 countries imple-
menting needle and syringe programs and 70 countries providing 
opioid substitution therapy, an increase of 5 and 8 countries, respec-
tively, since the last audit was published in 2008.66

Transfusion with HIV-contaminated blood continues to be a source 
of HIV infection in some parts of the developing world as a result of 
the absence of implementation of national policies for transfusion, the 
recruitment of voluntary and unpaid donors, proper screening of col-
lected blood, and strategy for its rational use.68 Clinical indications for 
appropriate blood transfusions are often not met outside of large cities 
of the low-income countries.

Nosocomial transmission of HIV through injection with nonsterile 
syringes and needles occurs, but its relative contribution to the spread 
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medically performed male circumcision is part of combination preven-
tion programs in populations where male circumcision is not the rule. 
According to the most recent available data from the World Health 
Organization, by the end of 2011, more than 1.3 million voluntary 
medical male circumcisions had been performed for HIV prevention, 
representing double the number from 2010.90,91

However, circumcision of boys at birth is still not widely recom-
mended or practiced in sub-Saharan Africa and would be the longer-
term and less costly solution. In sub-Saharan Africa, rates of 
circumcision vary throughout the region, with important implications 
for HIV prevention efforts. In southern Africa, where one in three 
adults is infected in some countries, only about 20% of men are cir-
cumcised.92 Recent data from Uganda show that 5 years since the male 
circumcision intervention trial took place, high effectiveness among 
the men who were circumcised still remained, with a 73% protective 
effect against HIV infection.92

Antiretroviral-Based Prevention
Recent advances in pharmaceutical-based HIV prevention have 
opened new and important approaches to combination prevention. 
Whereas a trial of a microbicide gel with tenofovir in South Africa 
found a 39% protection among women,93 another large trial did not 
find effectiveness of a tenofovir gel.94 More research with various prod-
ucts is being conducted, but it seems that, as for oral preexposure 
prophylaxis, adherence to the use of the microbicide is a key factor for 
effectiveness.

Another measure includes preexposure prophylaxis with an anti-
retroviral drug that is used prior to sex among HIV-negative individu-
als. Randomized control trials testing precoital use of different 
preexposure prophylactic products identified reductions in infection 
for some groups, such as women (39% reduction), MSM (44% reduc-
tion), uninfected partners in HIV serodiscordant partnerships (~70%), 
and young heterosexuals.95 However, two other studies produced con-
flicting results, finding no efficacy. Reasons for the difference in these 
results might be related to low adherence to treatment or to biologic 

during their last sexual encounter with a casual partner.82 In Zimba-
bwe, where a decline in HIV prevalence has been documented, more 
than 70% of men reported using a condom the last time they had high-
risk sex.83 However optimistic the trends in condom use are in the 
world, the rise in condom use generally applies only to a suboptimal 
fraction of all sexual encounters. Condom use is much lower in rural 
areas, and condom promotion has had little impact in the context of 
steady sexual relationships.84 Across the world, promotion efforts to 
encourage consistent condom use are poor, particularly within regular 
partnerships, in which condom use can be a very sensitive issue.4,85 
Globally, in 2005 estimates were that a condom was used in less than 
10% of sex acts involving a nonregular partner. In most sub-Saharan 
African countries, fewer than 50% of sexually active young people 
reported use of a condom the last time they had sex.2

Country data available on the percentage of adults aged 15 to 49 
who had more than one sexual partner in the past 12 months who 
reported use of a condom during last intercourse vary greatly world-
wide. Females aged 15 to 49 reported condom use during their last 
intercourse at 12% in India, 35% in Democratic Republic Congo, 48% 
in Ukraine, 55% in Swaziland, and 66% in Namibia, illustrating the 
variation worldwide.2

The use of condoms has played a role in the significant reduction 
of HIV incidence rate in MSM in the high-income countries; among 
intensively counseled discordant couples86,87; in large populations of 
men and women in Thailand, Uganda, and Senegal; and among sex 
workers in Kenya, the Democratic Republic of Congo, India, and 
Bolivia. These best practices show that effective HIV prevention is 
possible, particularly when HIV prevention is comprehensive and sus-
tained. In contrast, the number of HIV infections in MSM recently has 
increased in the United States and many European countries.88

Male Circumcision
Over the past years, efficacy studies in Kenya, South Africa, and 
Uganda indicated that male circumcision reduced the risk for female-
to-male sexual HIV transmission by roughly 60%.57-59,89 Since then, 

FIGURE 120-4 Condom use among females with more than one sexual partner in Africa. AIS, AIDS indicator survey; DHS, demographic and 
health surveys. 
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interventions have been used extensively in public health policy for a 
broad range of issues, including injury prevention, smoking cessation, 
obesity control, and motor vehicle safety. These interventions address 
the determinants of health and seek to change the health environment 
of individuals, communities, and organizations. In HIV prevention, 
examples of such interventions include income-generating activities 
for women infected with HIV, expansion of voluntary HIV counseling 
and testing services, conditional cash transfers, empowerment of 
women, enactment of laws to prevent HIV infection discrimination in 
the workplace, sex education programs in schools, and harm reduction 
programs. Hard evidence that “structural interventions”108 can be effec-
tive is still limited but was demonstrated for cash transfer in adolescent 
schoolgirls in Malawi and for a program to reduce violence against 
women in South Africa.109,110

The simplistic assumptions that “poverty causes AIDS” or that 
“AIDS is a disease of poverty” have been overturned. Higher-income 
groups and people who are better educated usually live in urban set-
tings and have higher-risk sex than those who live in rural areas. 
However, the HIV prevalence rate is not necessarily higher because 
more educated persons use condoms more often and have different 
sexual networks.6 Economic inequality or disparities in wealth have 
been shown to be an important factor underlying HIV vulnerability. 
Poverty clearly makes it more difficult for individuals and communities 
to cope with the consequences of HIV infection and AIDS.108

At the microlevel, the evidence is more mixed. In some contexts, 
disposable income drives people into transactional sex.107 Especially 
among women and girls, lack of income can impede access to HIV and 
other health information and services and can increase food insecu-
rity.111,112 Food insecurity in southern Africa was associated with 
increased transactional sex or multiple sexual partners. Among women 
who attended antenatal clinics in Soweto, South Africa, 21% said they 
had exchanged sex for goods or money; these women were consider-
ably more likely to be HIV positive compared with the other women 
in the study.113

Gender
Gender inequalities are now widely recognized to drive the HIV epi-
demic. Among affected populations in diverse regions, a greater per-
centage of women are HIV positive or face disproportionate risk for 
infection. More women living globally were infected with HIV in 2011 
than ever before, more than half of the 34 million people living with 
HIV infection are women, this figure being higher than the estimated 
15.4 million in 2007 and the 13.8 million in 2001. In sub-Saharan 
Africa, 57% of adults infected with HIV in 2011 were women, equating 
to around 13.6 million, compared with about 9.9 million men.2,5 The 
Caribbean region has experienced an increase in the number of HIV-
infected women, and women are more affected than men are by HIV. 
HIV prevalence among females was six times higher in 2011 than in 
2001. The gender discrepancy in HIV infections is especially glaring 
among young people in sub-Saharan Africa, where women aged 15 to 
24 years are, on average, three times more likely to be infected with 
HIV than young men of the same age (Fig. 120-5).114,115 This vulnerabil-
ity does not match sexual risk behaviors; indeed, demographic and 
health surveys in 14 countries show that the proportion of young men 
aged 15 to 19 years who report more than one sexual partner in the 
last 12 months varied from 12% to 46%, with a median of 21%. For 
young women, the results were much lower, varying from 2% to 15%, 
with a median of 4%.6 Studies suggest that in settings where young 
women have limited access to education, employment, and economic 
resources, age-disparate sexual relationships often involve potential 
economic benefits.116 Wide age disparities between young women and 
older men play an important role in the high HIV infection levels 
found among young women because of power imbalances and eco-
nomic dependence in such relationships.117 In a Botswana study among 
8000 men, the odds of unprotected sex rose by 28% for every year’s 
increase in age difference between men and their female partners. 
Condom use was shown to be least likely in relationships with the 
widest age disparities.118 In rural Zimbabwe, for example, the HIV 
prevalence rate was approximately 16% among teenage girls whose last 
partner was younger than 5 years older than themselves, but among 
girls with partners 10 or more years older, the prevalence rate was twice 

differences. In 2012, the U.S. Food and Drug Administration approved 
one of the preexposure prophylaxis products (i.e., Truvada gel).

Treatment as Prevention
There is some ecologic evidence that antiretroviral therapy also reduces 
the spread of HIV at population level,40 and several community-based 
trials are being conducted to confirm population-level effectiveness of 
treatment as prevention.

Combination Prevention
There is wide agreement that a combination prevention strategy may 
be the best approach to prevent new infections.96 It is suggested that 
biomedical interventions need to be introduced together with behav-
ioral and structural approaches for the first to be successful. There is 
also a need to test in community trials what the optimum program 
design and content of a combination prevention strategy might be. 
Issues to consider are what key populations should be targeted and the 
need to provide a better understanding of the existent cultural barriers 
to the provision of such services.

Demography and Social Context
Investigators took a long time to recognize that the determinants of 
HIV epidemic involve more than multiple sexual and drug using part-
ners. There is increasing awareness that personal behavior is critically 
influenced and conditioned by the sociodemographic, cultural, and 
legal contexts within a society.70,71,97,98 Some factors have an indirect 
effect; for example, the inconsistencies in harm reduction policies and 
practices are obstacles to the prevention of the transmission of HIV 
through injection drug use.67

In developing countries, with demographic growth rates of more 
than 3% in some African countries and age pyramids that reflect the 
slow decline in mortality rates in the age group of those younger than 
5 years, the more sexually active age groups account for a high propor-
tion of the population: for example, 51% of the African population is 
younger than 18 years old, compared with 22% in industrialized coun-
tries. This demographic by itself often results in higher incidence rates 
of STDs such as HIV infection.99,100 In sub-Saharan Africa, the popula-
tion will increase from 0.8 billion to 1.9 billion by 2050.101 It is esti-
mated that 1.1 billion Africans will be of working age in 2040.

In 2008, the world reached an invisible but momentous milestone: 
for the first time in history, more than half its human population, 3.3 
billion people, was living in urban areas.102 Furthermore, the total 
urban population in sub-Saharan Africa is expected to increase from 
298 million in 2010 to about 1.1 billion in 2050.103 Urban population 
growth is driven partly by rural-to-urban migration of young adults 
seeking jobs and other livelihood opportunities. Estimates by United 
Nations Habitat show that about 70% of all urban residents in sub-
Saharan Africa live in slums.102 The experiences of the urban poor are 
characterized by reliance on cash economy, overcrowding, poor envi-
ronmental sanitation, lack of security, lack of social and health services, 
social fragmentation, and high levels of mobility and more risky sexual 
practices. These experiences have often led to the growth of highly 
marginalized subpopulation conditions that have been associated with 
higher rates of STDs.104 In many sub-Saharan African countries, the 
HIV prevalence rate is significantly higher in urban than in rural areas 
and is also higher in slums than in nonslum urban areas. Moreover, 
women who live in slums are particularly at risk, with higher HIV 
prevalence rates than those of both men and rural women.4

With globalization of the economy and increased inequalities, 
rural-to-urban movement, migrations, and displacement occur all over 
the developing world and have played a major role in the spread of 
HIV in some parts of the world, such as in central and southern 
Africa105 and also in the Mekong, Nepal, and China.106 The Greater 
Mekong subregion includes a vast number of migrants and mobile 
people.107 Border crossing points are meeting places for many transport 
workers, workers without families, traders, tourists, border police, and 
military personnel; and the use of alcohol, drugs, and commercial or 
casual sex is common.

With the insight that social, political, and economic contexts often 
contribute to health risk and HIV vulnerability, some HIV prevention 
programs have begun to focus on structural interventions. Structural 
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barriers determine who will access such services.129 A study in Botswana 
found that stigmatizing attitudes had lessened 3 years after the national 
program for universal access to antiretroviral therapy was introduced. 
Antiretroviral therapy access was a factor in reducing stigma but did 
not eliminate stigma altogether and did not lessen the fear of stigma 
among people infected with HIV.130

Stigmatizing processes also play an important role in HIV risk, 
transmission, and the quality of life for people with AIDS. In China, a 
study with mobile populations found an association between increased 
levels of stigmatizing attitudes toward people infected with HIV and a 
reported unwillingness to engage in harm-reduction activities.131 Com-
parative studies from Uganda and India show that individuals are more 
reluctant to seek HIV testing or care for fear of ostracism, humiliation, 
and unemployment and rejection from family members, colleagues, 
and the community as a whole.132

On a global scale, stigma has discouraged policymakers, political 
leaders and also civil society leaders, from prioritizing or even acknowl-
edging AIDS as urgent national issues.133

Thus far, interventions that have in part succeeded in reducing 
stigma related to HIV infection have integrated skills building (e.g., for 
caregivers and health care workers) with health information and com-
munication activities, including media campaigns with opinion leaders 
and role models. Some stigma reduction interventions appear to work, 
at least on a small scale and in the short term, but many gaps remain, 
especially in relation to scale and duration of impact.134

IMPACT OF PREVENTION AND 
CARE PROGRAMS
The most important lesson from the past 30 years is that the spread of 
HIV can be reversed or prevented on a large scale, including in some 
of the poorest countries of the world. For example, the latest data 
suggest that there has been a 50% reduction in new HIV infections in 
25 low- and middle-income countries between 2001 and 2011, and in 
99 countries it has been reduced by one third.2 The debate over the 
relative priority of HIV prevention versus treatment and care should 
be viewed with skepticism.135 The most successful responses to the 
epidemic combine prevention and care strategies to prevent future 
infections and improve the quality of life for both infected and unin-
fected individuals. Prevention efforts have traditionally focused on 
those at risk for acquiring the virus. Recently, growing interest has been 
seen in directing prevention efforts toward HIV-infected individuals 
who seek care in increasing numbers as a result of improved access to 
voluntary counseling and testing and antiretroviral therapy in resource-
limited countries.136-138 As antiretroviral therapy decreases viral load, 
and in one discordant couples study reduced transmission by 96%, 
treatment now also has a major role in the prevention of new HIV 
infections.41 However, translating such research findings at the popula-
tion level is still a challenge, also because of declining adherence to 

as high.119 Similarly, among South African women aged 15 to 24 years, 
the HIV prevalence rate was found to be 30% in those with partners 
at least 5 years older, compared with 19% in those with partners 
younger than 5 years older.120

Numerous studies in many parts of the world have linked sexual 
violence and intimate partner violence, the most common form of 
violence experienced by women, to heightened HIV infection risks for 
women.121 Lifetime prevalence rate estimates of forced sex by an inti-
mate partner varied from 4% in Serbia and Montenegro to 46% in 
Bangladesh and Ethiopia provinces.122 Exposure to intimate partner 
violence can increase women’s risk for HIV infection through forced 
sex with an infected partner, through limited or compromised negotia-
tion of safer sex practices,123 and through increased sexual risk-taking 
behaviors. Studies in Kenya and Tanzania show that women who have 
been subjected to violence by their partners are up to three times  
more likely to acquire HIV than women who have not experienced 
violence.124,125

Economic and social empowerment can help reduce some forms of 
violence against women. In South Africa, for example, a microfinance 
project targeting rural women was combined with training on HIV, 
gender norms, and domestic violence. Within 2 years, women’s risks 
for intimate partner violence were reduced by more than half.126 In 
South Africa, Stepping Stones is an HIV prevention program that aims 
to improve sexual health through building stronger, more gender-
equitable relationships with better communication and less violence 
between partners.127 A randomized controlled trial of the program 
found that, in addition to a reduction in HIV infection, the men in the 
program disclosed lower rates of perpetrating severe intimate partner 
violence at 12 and 24 months after intervention.128

Stigma and Discrimination
The spread of HIV is disproportionately high among many groups that 
experience discrimination and a lack of human rights protection. Since 
the beginning of the pandemic, reports of harassment and violence 
against sex workers, AIDS widows, bisexuals and MSM, street children, 
and drug users have been widespread, occurring in all continents. In 
2012, UNAIDS reported that 61% of countries now have some form of 
antidiscrimination law in place to protect people infected with HIV.2

Factors that contribute to AIDS-related stigma include misconcep-
tions about modes of transmission, the fatality of AIDS, widespread 
taboos about the sexual and drug use behaviors that are risk factors for 
infection, homophobia, and blaming of individuals for infection.

Stigma within health care systems is also common and can result 
in the transfer of HIV-positive patients to facilities with inferior care 
or in the disregard for patients’ rights and confidentiality. However, 
research in rural Haiti suggests that the introduction of quality HIV 
care can lead to a reduction in stigma, with the result of increased 
uptake of HIV testing. Rather than stigma, logistic and economic 

FIGURE 120-5 Percentage of people identified as living with human immunodeficiency virus and tuberculosis who initiated antiretroviral 
therapy. (From UNAIDS estimates.)
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primary health care services have been improved. The negative effect 
of AIDS on the health workforce has been lessened by the provision of 
antiretroviral therapy to HIV-infected health care workers, by training, 
and, to an extent, by task shifting.144 Of ongoing concern is the long-
term sustainability of efforts in terms of the future burden of HIV and 
availability of the necessary funding.145 As of 2010, funding for HIV 
efforts in low- and middle-income countries has declined slightly as a 
result of the economic and financial crisis in western countries and 
Japan. The impact of reduced resources for AIDS is still unclear, but it 
should negatively affect some optimistic scenarios predicting the end 
of AIDS and an HIV-free generation. What is now needed is a long-
term strategy to reduce the epidemic to low endemic levels—something 
that is realistic with the existing prevention and treatment tools.146

IMPACT OF THE AIDS EPIDEMIC
AIDS has been shown to affect not only individual patients and their 
relatives but also, in the worst affected countries, communities at large, 
with a long-term impact on households, the health sector, demography, 
and economic and social systems. With an estimated 23.5 million HIV 
infections and with an adult HIV prevalence rate at least 10 times 
higher than in most other parts of the world, the magnitude of the 
impact in southern and eastern Africa on the population and econo-
mies is bound to be of a different scale. In addition, within Africa, huge 
and widening differences in the spread of HIV are seen, which implies 
that the consequences of the epidemic differ substantially. The HIV 
prevalence rate among pregnant women in southern Africa is as much 
as five times higher than in western Africa and three times higher than 
in eastern Africa.4

Perhaps the most visible aspect of the burden of AIDS is the large 
number of men and women with AIDS in the hospitals of many 
African countries, where they may make up at least 50% of all adult 
patients in the absence of access to antiretroviral therapy. AIDS has 
also become the major cause of death in Africa.4 Among people with 
HIV, tuberculosis is the most common and deadly opportunistic infec-
tion; it accounts for 40% of all adult deaths, although the cause of death 
in patients infected with HIV in the developing world is not well 
studied.147 Only 40% of individuals coinfected with HIV and tubercu-
losis received both antiretroviral and antituberculosis drugs in 2011 
(see Fig. 120-5).2

In a large study of a representative sample of patients who died 
during hospitalization in Abidjan, Côte d’Ivoire, tuberculosis, bactere-
mia with gram-negative rods, and cerebral toxoplasmosis caused 53% 
of the deaths.148 Tuberculosis was found in half of the cadavers with an 
AIDS-defining pathologic process, compared with only 4% for Pneu-
mocystis jirovecii pneumonia. In 2001, in the city of Pointe-Noire, 
Congo, where by law all bodies should be registered at the morgue 
before they can be legally buried, a clinical examination of all bodies 
registered at the morgue was performed. Overall, 1309 adult deaths 
were investigated and tested for HIV. Forty-five percent of the deaths 
were from AIDS. The AIDS mortality rate among adults was 6.3 per 
thousand for women and 4.9 per thousand for men. In the most pro-
ductive age group, 25 to 44 years, mortality was tripled by AIDS.149

In rural South Africa, since 1992, deaths have been rigorously 
monitored with a validated verbal autopsy instrument to establish 
probable cause. The dynamics of the mortality transition were investi-
gated with comparison of the periods 2002 to 2005 and 1992 to 1994. 
Mortality from chronic noncommunicable disease ranked highest in 
adults aged 50 years and older in 1992 to 1994 (41% of deaths), whereas 
acute diarrhea and malnutrition accounted for 37% of deaths in chil-
dren younger than 5 years. Since then, all-cause mortality increased 
substantially because of a sixfold rise in deaths from infectious disease 
that affected most age and gender groups and a modest increase in 
deaths from noncommunicable diseases. The change in female risk for 
death from HIV infection and tuberculosis was almost double that of 
the change in male risk. The burden of disorders requiring chronic care 
increased disproportionately compared with those requiring acute 
care. The implications for primary health care systems are substantial, 
with integrated chronic care based on scaled-up delivery of antiretro-
viral therapy needed to address this expanding burden.150

In countries of southern and eastern Africa, the direct effects of 
AIDS on the health sector have been dramatic; they include increased 

treatment over time. A trial (PopART) is currently examining the 
impact in Zambia and South Africa of a combination prevention strat-
egy including early antiretroviral therapy, community-wide, house-to-
house voluntary testing for HIV, and medical circumcision to men who 
test HIV negative on a population-level HIV incidence, with results 
expected in 2016.139

Despite repeated claims of a single or simple intervention to stop 
the transmission of HIV, all real world evidence points to the need for 
a combination of approaches to HIV prevention. Only when commu-
nities and decision makers come to terms with the complexity of HIV 
prevention and responses will programs succeed.70 Whereas the precise 
mix of elements of “combination prevention” needs to be tailored to 
the local epidemiology and resources, in general it includes: condom 
use, behavioral interventions, and medical male circumcision, as well 
as expanded use of antiretroviral therapy for infected persons and 
preexposure prophylaxis for uninfected persons at high risk for infec-
tion. In addition, for maximal impact, resources should be directed to 
areas where transmission risk in a country is highest.

The effectiveness of national responses to the AIDS pandemic ulti-
mately will determine how extensively HIV will spread. This effective-
ness requires, in the first place, political and financial commitment to 
HIV prevention, which is still insufficient. Many countries need two 
to three times more financial resources than presently available to 
control the AIDS epidemic.

In 2011, investment in HIV programs reached $16.8 billion, up 
from $10 billion in 2007, $8.3 billion in 2005, and $250 million in 1996, 
when UNAIDS was founded. Extraordinary efforts resulted in over 8 
million people in low-income and middle-income countries receiving 
antiretroviral therapy in 2012.Whereas there was a decline in interna-
tional resources in 2010 and 2011, there was also an increase of 15% 
in HIV expenditures by low- and middle-income countries, with 
domestic spending representing the majority of all HIV expenditures 
for the first time.2

Access has also greatly improved to antiretroviral drugs that prevent 
mother-to-child transmission of HIV. In low-income and middle-
income countries, 53% of pregnant women living with HIV had access 
to antiretroviral medicines to prevent transmission of HIV to their 
infants in 2009, up from 45% in 2008,140 a third of women in 2007, and 
up from 14% in 2005. Some countries, including Argentina, Botswana, 
Georgia, and the Russian Federation, have achieved close to universal 
access, with prevention of mother-to-child services at more than 75% 
coverage. In Botswana, the percentage of coverage is 94%; in South 
Africa and Swaziland it is more than 95%, with Namibia at 85% and 
Ghana at 75%. A few countries in sub-Saharan Africa still have to make 
progress with less than 50% of coverage (i.e. Nigeria, Central African 
Republic and Ethiopia, among others).2 The increased availability of 
point-of-care rapid tests for diagnosis of HIV infection has the poten-
tial to expand the already crucial role of voluntary counseling and 
testing in prevention and care. Health care centers with adequate 
resources can provide immediate prevention education or referral to 
treatment and care services, thus drastically reducing loss to follow-up 
among patients. The reach of HIV testing services has remained poor; 
in 2011, 50% of people living with HIV infection did not know their 
HIV status.2 Increasingly, couples testing and provider-initiated (in 
addition to client involvement) approaches in clinical settings are being 
promoted (i.e., health care providers routinely initiate an offer of HIV 
testing in a context in which the provision of, or referral to, effective 
prevention and treatment services is assured).141 However, whereas 
there has been major progress in access to antiretroviral therapy, there 
are several barriers to the provision of antiretroviral therapy, resulting 
in a declining cascade of treatment access, adherence, and reduction 
in viral load. The latter was as low as 28%142 in the United States and 
56.5% in Mozambique. Most often reported reasons are related to 
inconsistent pattern of diagnosis, linkage to care, differences in levels 
of CD4 cell count for initiation, and retention in care.143

Considerably increased resources have been brought into countries 
for AIDS programs by major global health initiatives, particularly the 
Global Fund to Fight AIDS, Tuberculosis and Malaria and the Presi-
dent’s Emergency Plan for AIDS Relief (PEPFAR). As a result, services 
to people with HIV have recently rapidly expanded. In many countries, 
infrastructure and laboratories have been strengthened, and, in some, 
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declaration outlined the key elements of local, regional, and global 
responses to HIV, which included strong leadership, a commitment to 
human rights principles, treatment and care for persons infected with 
HIV, and increased resources for prevention and research. Targets were 
established to reduce HIV prevalence in the most affected countries by 
2015. AIDS is inextricably linked to the other “Millennium Develop-
ment Goals”: education, gender equality, and poverty eradication are 
all vital for fighting it. Moreover, in many countries, reducing HIV 
infections and deaths from AIDS is essential for making progress on 
these goals.70

After UNGASS, the Global Fund to Fight AIDS, Tuberculosis and 
Malaria was established as a public-private partnership between gov-
ernments, civil society, and the private sector to raise and dispense 
resources worldwide to combat these three diseases, with special atten-
tion to regions and countries that have been most devastated. The 
Global Fund had pledged $11.7 billion for 2011 through 2013, with 
55% of the resources being devoted to AIDS activities by the end of 
2011. In 2003, President George W. Bush launched the President’s 
Emergency Plan for AIDS Relief (PEPFAR), which is the largest funder 
of AIDS efforts in the developing world and the major financier of the 
Global Fund. In 2008, the U.S. Congress authorized $48 billion over a 
5-year period to combat global HIV and AIDS, tuberculosis, and 
malaria. The plan seeks to prevent 12 million new infections, provide 
antiretroviral drugs to 3 million persons, and provide care for 12 
million infected people in 15 countries (Fig. 120-6). Globally, $16.8 
billion was available from all sources for the AIDS response in 2011, 
which represented a 30% gap in resources for fully funding the AIDS 
response by 2015. The estimated annual need by 2015 is between $22 
billion and $24 billion. While international funding decreased, domes-
tic spending in low- and middle-income countries rose from $3.9 
billion in 2005 to $8.6 billion in 2011.3

Despite the progress accomplished in access in recent years, and 
although the number of new HIV infections has fallen in many coun-
tries and regions, the AIDS epidemic is not over in any part of the 
world, and more people become newly infected with HIV than people 
who initiate antiretroviral therapy. Current efforts to slow the AIDS 
pandemic are still inadequate. Globally, less than approximately 56% 
of sex workers, 46% of injection drug users (National Strategic Plans 
had been implemented in 82 countries and Opioid Substitution Thera-
pies in 70 countries), and 40% of MSM were reached with HIV preven-
tion programs, although these average coverage estimates, based on a 
limited number of reporting countries, mask national and subnational 
realities.4 In Asia, where the HIV epidemic is still concentrated in most 
at-risk populations, progress has been made in reaching female sex 
workers with HIV prevention programs; much less progress is seen 

burden of disease and increased service needs associated with caring 
for people with HIV. In Zambia, Malawi, and South Africa, for example, 
the availability of health workers is affected by morbidity and mortality, 
absenteeism from personal or family illness, and attrition from employ-
ment changes or family illness.151 A study in four South African prov-
inces found that an estimated 16% of health workers employed in the 
public and private health facilities had HIV in 2002.152 In addition, in 
some African countries, 35% to 45% of physician posts and upward of 
15% of nurse posts are vacant.153

A growing number of persons with HIV infection and development 
of AIDS and almost 8 million people on chronic antiretroviral therapy 
put additional pressure on health services that are already under great 
strain. Absorbing this growing burden is a major challenge for health 
care systems in the worst affected countries.154 A report in Tanzania 
concluded that the services of half the current health workforce are 
necessary to deliver antiretroviral therapy to everyone in need.155 The 
impact of AIDS on health services also applies to countries with much 
lower HIV prevalence rates. For example, in Vietnam, in 2007, AIDS 
absorbed nearly 5% of all public health spending. Vietnam, with an 
adult HIV prevalence rate of 0.4%, has 210,000 people infected with 
HIV, nearly as much as Swaziland, where adult prevalence is more than 
33% but the population is about 1 million.4

The long-term demographic impact of AIDS is becoming clearer. 
The estimates from the Global Burden of Disease Study of 2010 con-
firmed that HIV infection/AIDS remains one of the leading causes of 
disease burden and death in 2010156 HIV infection/AIDS ranked 33rd 
in 1990 and 5th in 2004; it remained 5th globally in 2010 despite major 
recent declines in AIDS-related mortality due to the increased avail-
ability of antiretroviral therapy, care and support, and fewer new infec-
tions.156 Despite progress, in southern and eastern Africa, AIDS 
remains the leading cause of death in 2010. Since 2001, annual inci-
dence of HIV infection has fallen in 38 countries, most of them in 
sub-Saharan Africa.156 Research by Walker and Ghys157 estimated that 
10% of child mortality in sub-Saharan Africa as a whole was the result 
of HIV infection. Some of the increase in child mortality is the result 
of direct transmission from mother to child, and some is caused by the 
indirect effects of maternal illness or maternal death.158

In addition, the number of orphans with parents who died of AIDS 
has reached about 14.8 million worldwide as of 2011 In sub-Saharan 
Africa, one in six children (17%) younger than age 18 years has lost 
one or both parents and another 11% are considered vulnerable 
because they live in households with very ill adults. In some countries, 
a large percentage of all children, for example 16% in Zimbabwe and 
12% in Botswana and Swaziland, are orphaned due to AIDS. In abso-
lute numbers, six countries in sub-Saharan Africa (Nigeria, South 
Africa, Tanzania, Uganda, Kenya, and Zimbabwe) have more than 1 
million orphans each. Orphans are less likely than other children to 
have basic material needs met and are more likely to be underweight. 
They are as likely to be in school as other children, however.4,159

In economic terms, because infection occurs mostly in adults in 
their most productive years, HIV profoundly affects the economic and 
social sectors in the most affected countries. The key factor here is the 
cumulative weakening from generation to generation of human and 
social capital and the severing of connections between one generation 
and another.

GLOBAL RESPONSES TO AIDS
More than 30 years of the fight against AIDS is finally beginning to 
deliver results. In 2012, on a global basis, fewer people were infected 
with HIV, primarily because of scaling up of HIV prevention efforts, 
and fewer died of AIDS, partly because of increased access to treat-
ment. Globally, there were more than half a million fewer deaths in 
2011 than in 2005, and 25 countries have seen a 50% or greater drop 
in new HIV infections since 2001.3 This progress has been achieved 
through political leadership at both government and civil society level, 
programs on the ground, and through a spectacular increase in financ-
ing for the national response.

In June 2001, the United Nations General Assembly held a Special 
Session on HIV/AIDS (UNGASS) at which the Declaration of  
Commitment on HIV/AIDS was adopted; this declaration has since 
served as a blueprint for action against the worsening pandemic. The 

FIGURE  120-6 UNAIDS estimates for resources available for 
human immunodeficiency virus (HIV) in low- and middle-income 
countries, 2002-2012 and 2015 target. The United Nations General 
Assembly 2011 Political Declaration on HIV and AIDS set a target of $22 
billion to $24 billion by 2015. (From UNAIDS estimates.)
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with the increase in infected patients undergoing antiretroviral therapy, 
but Brazil has also an active prevention program, which makes separa-
tion of a decline in risk behavior from a reduction of HIV transmission 
as a result of antiretroviral therapy difficult. However, as documented 
among MSM in five major cities in the United States162 and in Western 
Europe,163 a rise in risky sexual behavior may undo reductions in HIV 
prevalence and incidence, even when antiretroviral treatment is gen-
eralized. This reinforces the need for scaling up prevention programs 
while broadening access to antiretroviral treatment and delivering pre-
vention messages for persons infected with HIV.87

The future of the response to HIV requires continuous advocacy to 
remind policymakers that the AIDS pandemic is one of the defining 
issues of our time and that AIDS remains one of the most severe epi-
demics in modern history.164,165 Long-term strong leadership is needed 
to keep HIV prevention at the forefront of social policy and action, 
with scientific evidence and human rights as the basis for the response. 
This requires a broad-based coalition from civil society, business, and 
faith-based organizations to community groups and activists. Research 
and development for new prevention tools, including preexposure pro-
phylaxis, microbicides, and vaccines that can be made available and 
affordable across the world, need to be strengthened.

among MSM and injection drug users (Fig. 120-7), despite the fact that 
HIV epidemics are still progressing in these two vulnerable groups.

More progress has been accomplished in recent years on HIV treat-
ment than on prevention. Globally, 53% of pregnant women at risk for 
infection had access to antiretroviral therapies to prevent mother-to-
child transmission, from 9% in 2004.4 Antiretroviral drugs have suc-
ceeded in delaying the onset of illness, reducing mortality from AIDS, 
improving the quality of life for people infected with HIV, and possibly 
limiting the spread of HIV. In rural Malawi, for example, a reduction 
in mortality in adults, with no change in those older than 60 years, 
shows that deaths from AIDS were averted by the rapid scale-up of free 
antiretroviral therapy, which led to a decline in adult mortality that was 
detectable at the population level.160 After years of debate, the dramatic 
drops in the prices of antiretroviral drugs because of generic manufac-
turing and differential pricing have made antiretroviral therapy a reality 
in low-income nations (Fig. 120-8), but in 2011 nearly half (47%) of 
people who need antiretroviral therapy still do not have access to it.

Mathematical modeling suggests that high use of antiretroviral 
therapy can decrease the overall transmission rate of HIV.161 In Brazil, 
the only developing country with a universal HIV prevention and care 
program, data suggest that the incidence of HIV infection has declined 

FIGURE 120-7 Percentage of most at-risk populations in selected Asian countries reached by human immunodeficiency virus prevention 
programs, 2011. A, Sex workers. B, People who inject drugs. C, Men who have sex with men. 
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FIGURE 120-8 Trends in the number of people receiving antiretroviral therapy in low-income and middle-income countries, by region, 
2002-2011. 
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121 
Epidemiology and Prevention of 
Acquired Immunodeficiency 
Syndrome and Human 
Immunodeficiency Virus Infection
Carlos del Rio and James W. Curran

Acquired immunodeficiency syndrome (AIDS) is the most severe 
manifestation of a clinical spectrum of illness caused by infection with 
human immunodeficiency virus (HIV). The syndrome is defined by 
the development of serious opportunistic infections, neoplasms, or 
other life-threatening manifestations resulting from progressive HIV-
induced immunosuppression. AIDS was first recognized in mid-1981, 
when unusual clusters of Pneumocystis jirovecii pneumonia and Kaposi 
sarcoma were reported in young, previously healthy homosexual men 
in New York City, Los Angeles, and San Francisco.1,2 The subsequent 
documentation of cases among persons with hemophilia, blood trans-
fusion recipients, and heterosexual injection drug users (IDUs) and 
their sex partners suggested that a transmissible agent was the primary 
cause of the immunologic defects characteristic of AIDS. In 1983, 2 
years after the first reports of AIDS, a cytopathic retrovirus was isolated 
from persons with AIDS and associated conditions such as chronic 
lymphadenopathy.3,4 By 1985, serologic tests to detect evidence of 
infection with HIV had been developed and licensed.

Blood obtained in 1959 from an adult Bantu man living in what is 
now the Democratic Republic of Congo represents the oldest known 
case of HIV-1 infection in the world.5 HIV sequences from that sample 
as well as others from the same region in Africa suggest that humans 
acquired a common ancestor of the HIV-1 M group by cross-species 
transmission under natural circumstances in approximately 1933 
(1919 to 1945).6 HIV infection has become pandemic, affecting every 
region of the world, and is a major cause of morbidity and mortality, 
particularly among young adults. HIV is spread primarily through 
heterosexual contact, with women now accounting for more than half 
of new HIV infections in adults.7 Transmission through transfusion of 
blood and blood products has been virtually eliminated in countries 
that have systematically instituted HIV antibody screening of donated 
blood and plasma and heat treatment of clotting factors. In developed 
countries, sharp declines in the incidence and mortality of AIDS have 
been noted after the use of active antiretroviral therapy (ART) became 
widespread in 1996.8 As a result, the number of persons living with 
HIV infection continues to rise, and evidence suggests that new infec-
tions in the United States remain stable, except among men who have 
sex with men (MSM) and, in particular, black young MSM, in whom 
rates have increased.9 In the United States, the HIV epidemic increas-
ingly affects women, minorities, persons living in the Southeast, and 
the poor.10,11 The control and prevention of HIV infection, whether on 
a global or an individual scale, must be grounded in an understanding 
of the changing epidemiology of HIV.

HIV AND AIDS SURVEILLANCE IN 
THE UNITED STATES
The Centers for Disease Control and Prevention (CDC) collects, ana-
lyzes, and disseminates surveillance data on HIV infection and AIDS. 
All 50 states, the District of Columbia, and all U.S. territories require 
the reporting of AIDS cases to local health authorities by name, and 
they in turn use a uniform surveillance case definition and case report 
form to report cases to the CDC.12 Confidential name-based HIV 
infection is now also reported from all 50 states, the District of Colum-
bia, and six dependent areas, but HIV surveillance data is only mature 
enough at this point from 46 states and five dependent areas that  

represent 92% of all AIDS diagnosis through 2010. Along with HIV 
serologic surveys, HIV infection reporting and AIDS surveillance have 
served as the major resources to monitor and anticipate trends in HIV 
morbidity.

The initial AIDS surveillance case definition, which was established 
soon after the first reports of unexplained illnesses associated with 
cellular immunodeficiency in homosexual or bisexual men, formally 
listed the opportunistic infections and neoplasms indicative of under-
lying immunosuppression.13 In the absence of previously described 
causes of immunosuppression, a diagnosis of one of these conditions 
was defined as AIDS. The definition did not include the less severe 
manifestations of HIV infection and was designed to be highly specific 
and provide a standard means to monitor trends of severe immunode-
ficiency caused by what was then an unknown agent.

One of the initial uses of AIDS surveillance was to search medical 
records and death certificates retrospectively for previously unrecog-
nized or unreported cases of similar immunodeficiency. This review 
identified only 125 cases of AIDS diagnosed between 1977 and 1981 
and provided evidence that the condition was a new disease in the 
United States. Although a few isolated cases compatible with AIDS 
have been retrospectively diagnosed from the 1950s and 1960s, the 
AIDS epidemic in the United States essentially began in the late 
1970s.14,15

The AIDS surveillance case definition was modified in 1985, 1987, 
1993, and again in 2008.16-19 These revisions were made to reflect the 
development of serologic tests to detect HIV in 1985, the recognition 
of additional clinical illnesses associated with or directly caused by 
HIV infection in 1987 and changes in the clinical management of HIV- 
infected persons in 1993, and to have a single case definition for HIV 
infection that includes AIDS in 2008. Each revision to the AIDS sur-
veillance case in the United States has been done in response to diag-
nostic and therapeutic advances and to improve standardization and 
compatibility of surveillance data regarding persons at all stages of HIV 
disease.

The 1985 and 1987 revisions added several new diseases to the 
AIDS surveillance definition for persons with diagnosed HIV infec-
tion. The 1985 revision included disseminated histoplasmosis, chronic 
isosporiasis, and certain types of non-Hodgkin’s lymphoma. After this 
revision, the number of reported AIDS cases increased by an estimated 
3% to 4%.20 The 1987 revision incorporated HIV encephalopathy, 
wasting syndrome, and other AIDS-indicator diseases that are diag-
nosed presumptively (i.e., without definitive laboratory evidence). As 
a result of this revision, an estimated additional 10% to 15% of HIV-
infected persons became reportable as having AIDS, and AIDS cases 
increased by as much as 28% in some areas.21,22 The increase in AIDS 
case reporting resulting from these revisions was the greatest for 
women, blacks, Hispanics, and IDUs.21,22

In 1993, the AIDS surveillance definition was expanded to include 
evidence of severe immunosuppression (<200 CD4+ T-lymphocytes/µL 
or a CD4+ T-lymphocyte percentage of total lymphocytes of <14) as 
well as a series of clinical conditions that, in the presence of HIV infec-
tion, were considered AIDS defining (Table 121-1).

Evaluation studies have shown that AIDS surveillance has provided 
complete and timely information on diagnosed cases of AIDS in the 
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evidence of HIV infection to meet the surveillance case definition. 
Diagnostic confirmation of an AIDS-defining condition alone without 
laboratory-confirmed evidence of HIV infection is no longer sufficient 
to classify an adult or adolescent as HIV infected for surveillance pur-
poses. The incorporation of laboratory confirmation of HIV infection 
into the surveillance case definition is also consistent with the 2007 
recommendations of the World Health Organization (WHO).34 For 
laboratory confirmation of HIV infection, the revised surveillance case 
definition accepts a positive HIV antibody test (a screening test, such 
as enzyme immunoassay [EIA], confirmed by a supplemental test, such 
as a Western blot [WB]) or a positive HIV virologic test (such as the 
detection of HIV nucleic acid by polymerase chain reaction [PCR], 
HIV p24 antigen, or viral isolation). With the laboratory confirmation 
of HIV infection and the CD4+ T-lymphocyte count, cases are classified 
into one of four HIV infection stages (stage 1, stage 2, stage 3, or stage 
unknown) (Table 121-2). In stage 1, the person has no AIDS-defining 
conditions and either a CD4+ T-lymphocyte cell count of greater than 
or equal to 500 cells/µL or a percentage of greater than or equal to 29. 
In stage 2, there are no AIDS-defining conditions, and the CD4+ 
T-lymphocyte cell count is between 200 and 499 cells/µL or a percent-
age between 14 and 28. Stage 3 corresponds to AIDS; the patient has 
a CD4+ T-lymphocyte cell count of less than 200 cells/µL (or a percent-
age <14) or documentation of an AIDS-defining condition. Finally, 
when the CD4+ T-lymphocyte cell count is not available or there is no 

United States. A national multicenter study published in 1992 used 
computerized medical records in six areas to determine that 92% of 
persons with AIDS-defining conditions were reported to local health 
departments.23 Of these previously reported cases, 67% were reported 
to local health departments within 2 months of the date of diagnosis. 
Studies of state and local death certificate information and national 
vital statistics found that the completeness of reporting persons with 
AIDS ranged from 80% to 96% and that 70% to 90% of HIV-related 
deaths were reported to AIDS surveillance groups.24-26 Therefore, the 
reporting of AIDS in the United States has been among the most com-
plete of all reportable diseases and conditions.27,28 However, advances 
in HIV treatment have slowed the progression of HIV disease for 
infected persons and contributed to a decline in AIDS incidence; as a 
result, many persons infected with HIV may never develop AIDS. 
Therefore, data from the AIDS reporting system, although still impor-
tant, have become less informative about current trends in HIV trans-
mission. This led public health authorities, in 1999, to recommend that 
all states and territories include surveillance for HIV infection and not 
just for AIDS.29 In addition, a revised surveillance case definition for 
HIV infection that incorporated the reporting criteria for HIV infec-
tion and AIDS into a single case definition was recommended by the 
Council of State and Territorial Epidemiologists at its 1998 annual 
meeting and published by the CDC in 1999.30

As of April 2008, all 50 states, the District of Columbia, and six 
dependent areas—American Samoa, Guam, the Northern Mariana 
Islands, Puerto Rico, the U.S. Virgin Islands, and the Republic of 
Palau—have implemented the same confidential name-based report-
ing system to collect HIV and AIDS data. The analysis of data from 
states that have been conducting name-based HIV-AIDS surveillance 
for some time, and where the reporting system is now thought to be 
mature, suggests that the reporting of HIV infection in addition to 
AIDS case surveillance gives a better picture of recent trends in HIV 
transmission and assists efforts to better plan, implement, and evaluate 
HIV prevention and medical intervention programs.31,32 In addition, 
in line with more recent trends in HIV transmission, persons reported 
with HIV infection are more likely than those reported with AIDS to 
be women, adolescents, and racial and ethnic minorities.9,33

In the most recent revision of the surveillance case definition for 
adults and adolescents in 2008, the CDC required laboratory-confirmed 

TABLE 121-1  AIDS-Defining Conditions
Bacterial infections, multiple or recurrent*
Candidiasis of bronchi, trachea, or lungs
Candidiasis, esophageal
Cervical cancer, invasive†

Coccidioidomycosis, disseminated or extrapulmonary
Cryptococcosis, extrapulmonary
Cryptosporidiosis, chronic intestinal (>1-mo duration)
Cytomegalovirus disease (other than liver, spleen, or nodes)
Cytomegalovirus retinitis (with loss of vision)
Encephalopathy, HIV related
Herpes simplex, chronic ulcer(s) (>1-mo duration); bronchitis, pneumonitis, or 

esophagitis
Histoplasmosis, disseminated or extrapulmonary
Isosporiasis, chronic intestinal (>1-mo duration)
Kaposi sarcoma
Lymphoid interstitial pneumonia and/or pulmonary lymphoid hyperplasia*
Lymphoma, Burkitt’s (or equivalent term)
Lymphoma, immunoblastic (or equivalent term)
Lymphoma, primary, of brain
Mycobacterium avium-intracellulare complex or Mycobacterium kansasii, 

disseminated or extrapulmonary
Mycobacterium tuberculosis, any site (pulmonary† or extrapulmonary)
Mycobacterium, other species or unidentified species, disseminated or 

extrapulmonary
Pneumocystis jirovecii pneumonia
Pneumonia, recurrent†

Progressive multifocal leukoencephalopathy
Salmonella septicemia, recurrent
Toxoplasmosis of brain
Wasting syndrome of HIV infection

*Children younger than 13 years.
†Added in the 1993 expansion of the AIDS surveillance case definition for 

adolescents and adults.
AIDS, acquired immunodeficiency syndrome; HIV, human immunodeficiency virus.

TABLE 121-2  Surveillance Case Definition for 
HIV Infection among Adults and Adolescents 
(Aged ≥ 13 years): United States, 2008

STAGE LABORATORY EVIDENCE*
CLINICAL 
EVIDENCE

Stage 1 Laboratory confirmation of HIV 
infection and CD4+ T-lymphocyte 
count of ≥500 cells/µL or CD4+ 
T-lymphocyte percentage of ≥29

None required (but 
no AIDS-defining 
condition)

Stage 2 Laboratory confirmation of HIV 
infection and CD4+ T-lymphocyte 
count of 200-499 cells/µL or CD4+ 
T-lymphocyte percentage of 14-28

None required (but 
no AIDS-defining 
condition)

Stage 3 (AIDS) Laboratory confirmation of HIV 
infection and CD4+ T-lymphocyte 
count of <200 cells/µL or CD4+ 
T-lymphocyte percentage of <14†

or documentation of 
an AIDS-defining 
condition (with 
laboratory 
confirmation of 
HIV infection)†

Stage unknown§ Laboratory confirmation of HIV 
infection and no information on 
CD4+ T-lymphocyte count or 
percentage

and no information 
on presence of 
AIDS-defining 
conditions

*The CD4+ T-lymphocyte percentage is the percentage of total lymphocytes. If the 
CD4+ T-lymphocyte count and percentage do not correspond to the same HIV 
infection stage, select the more severe stage.

†Documentation of an AIDS-defining condition supersedes a CD4+ T-lymphocyte 
count of ≥200 cells/µL and a CD4+ T-lymphocyte percentage of total lymphocytes 
of ≥14. Definitive diagnostic methods for these conditions are available in 
Appendix C of the 1993 revised HIV classification system and the expanded AIDS 
case definition. (Centers for Disease Control and Prevention. 1993 revised 
classification system for HIV infection and expanded surveillance case definition  
for AIDS among adolescents and adults. MMWR Recomm Rep.1992;41[RR-17]):
1-19; and National Notifiable Diseases Surveillance System. Available at http://
www.cdc.gov/epo/dphsi/casedef/case_definitions.htm.)

§Although cases with no information on the CD4+ T-lymphocyte count or 
percentage or on the presence of AIDS-defining conditions can be classified as 
stage unknown, every effort should be made to report CD4+ T-lymphocyte counts 
or percentages and the presence of AIDS-defining conditions at the time of 
diagnosis. Additional CD4+ T-lymphocyte counts or percentages and any identified 
AIDS-defining conditions can be reported as recommended. (Council of State and 
Territorial Epidemiologists. Laboratory Reporting of Clinical Test Results Indicative  
of HIV Infection: New Standards for a New Era of Surveillance and Prevention 
[Position Statement 04-ID-07]. 2004. Available at http://www.cste.org/ps/2004pdf/ 
04-ID-07-final.pdf.)

AIDS, acquired immunodeficiency syndrome; HIV, human immunodeficiency virus.
From Schneider E, Whitmore S, Glynn KM, et al; Centers for Disease Control and 

Prevention. Revised surveillance case definitions for HIV infection among adults, 
adolescents, and children aged < 18 months and for HIV infection and AIDS 
among children aged 18 months to <13 years—United States, 2008. MMWR 
Recomm Rep. 2008;57(RR-10):1-12.

http://www.cdc.gov/epo/dphsi/casedef/case_definitions.htm
http://www.cdc.gov/epo/dphsi/casedef/case_definitions.htm
http://www.cste.org/ps/2004pdf/04-ID-07-final.pdf
http://www.cste.org/ps/2004pdf/04-ID-07-final.pdf
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number of AIDS diagnoses in the United States and six dependent 
areas was 19,241, with an estimated rate of AIDS diagnoses of 10.8 per 
100,000 population. Sixty-five percent of these AIDS diagnoses were 
among blacks and 53% among MSM. In 2009, there were 13,179 deaths 
from AIDS.39

Because of this dramatic drop in mortality from AIDS resulting 
from the use of ART, the number of persons living with AIDS in the 
United States has increased. At the end of 2009, an estimated 476,732 
persons were living with AIDS in the United States.

In 2008, the CDC published the first national HIV incidence esti-
mates, using novel laboratory assays that differentiate recent versus 
long-standing HIV infection.40 This analysis showed that an estimated 
56,300 new HIV infections (95% confidence interval [CI], 48,200 to 
64,500) occurred in 2006, for an overall incidence rate of 22.8 cases 
per 100,000 population.11 The revised number of new infections is 
substantially higher than the previous estimate of 40,000 annual new 
infections in the United States.41 Seventy-three percent of new infec-
tions occurred among men, 45% among blacks, and more than half 
(53%) among MSM. As methods to calculate incidence have been 
improved, the CDC now estimates that there were 48,600 individuals 
who were infected with HIV in 2006; 56,000 in 2007; 47,800 in 2008; 
and 48,100 in 2009.42 In each year, most of the new infections (>755%) 
occurred among males and blacks (>42%). From 2006 to 2009, there 
was no significant increase in HIV incidence in the United States, 
except among young persons (aged 13 to 29 years). In this group,  
MSM made up greater than 60% of new infections. Furthermore, 
young black men experienced the largest increase in HIV incidence, 
from 5300 new infections in 2006 to 7600 in 2009, a 43% increase. The 
rate of diagnoses of HIV infection among adults and adolescents  
in 2011 in the United States and six dependent areas was 19.1 per 
100,000 population and varied from a high of 177.6 in the District of 
Columbia to 0.0 in American Samoa, Guam, and the Republic of Palau 
(Fig. 121-1).

Significant increases in HIV testing have occurred in recent years. 
The CDC estimated in 2008 that 44.6% of persons aged 18 to 64  
have never been tested for HIV infection,43 and the percentage of 

information of an AIDS- defining condition, the patient is classified as 
HIV infected, stage unknown. For children younger than 18 months, 
the revised surveillance case definition incorporates newly available 
testing technologies and classifies cases into definitively HIV infected, 
presumptively HIV infected, presumptively uninfected with HIV, and 
definitively uninfected with HIV. One must stress that the revised case 
definition is intended for public health surveillance and not for clinical 
diagnosis.

HIV INFECTION AND AIDS  
IN ADULTS
Incidence and Prevalence of AIDS and 
HIV in the United States
More accurate estimates of HIV prevalence are now possible, with 80% 
of the states reporting name-based HIV diagnoses since January 2006. 
The CDC estimates that 1.2 million persons were living with diagnosed 
or undiagnosed HIV infection in the United States at the end of 2008, 
for an overall HIV prevalence of 417.5 per 100,000 population.35 The 
majority of those living with HIV were nonwhite (65%), and nearly 
half (48.1%) were MSM. The HIV prevalence rates for blacks (1715 per 
100,000) and Hispanics (585 per 100,000) were, respectively, 7.6 and 
2.6 times the rate for whites (224 per 100,000). Since 1981, when the 
first cases were reported in the United States,1,2 the number of persons 
with AIDS increased rapidly, with the first 100,000 AIDS cases reported 
during an 8-year period (1981 to 1989), whereas the second 100,000 
cases were reported in just more than 2 years (1989 to 1991).36

In the early 1990s, the number of persons reported with AIDS in 
the United States increased substantially, in part because of expansion 
of the surveillance definition for AIDS,18 primarily the inclusion of 
markers for severe HIV-related immunosuppression. Because of this 
expansion, the number of reported AIDS cases increased by more than 
100% in 1993 versus 1992.37 After the introduction of highly active 
ART, the number of deaths and new AIDS cases began to decline for 
the first time in the history of the epidemic.34,38 Between 1995 and 1998, 
the annual number of new AIDS cases fell by 38% (from 69,242 to 
42,832) and deaths by 63% (from 51,760 to 18,823). In 2010, the 

FIGURE  121-1 Adolescent/adult annual rates of human immunodeficiency virus infection diagnosis per 100,000 population for cases 
reported in 2011, United States and six dependent areas. (From Centers for Disease Control and Prevention. Epidemiology of HIV Infection through 
2011. Available at http://www.cdc.gov/hiv/pdf/statistics_surveillance_Epi-HIV-infection.pdf. Accessed March 12, 2014.)
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the prevalence was 29% among blacks and 42% among those who 
injected drugs.48 Among homosexual and bisexual men attending STD 
clinics from 1988 to 1992, the overall HIV seroprevalence was 33% 
(range, 5% to 52%).49 Between 1989 and 1999, the cumulative HIV 
prevalence in 4 STD clinics in the western United States among MSM 
ranged from 13% in Seattle to 30% in San Francisco and declined a 
mean of 2.1% (95% CI, 1.6 to 2.6) to 2.8% (95% CI, 2.6 to 3.1) per 
year.50 The HIV seroprevalence decline seen in this population over 
time was particularly significant among white homosexual and bisex-
ual men (from 32% in 1989 to 22% in 1992), suggesting a decrease in 
the incidence of HIV infection.51 The incidence of HIV infection 
among homosexual and bisexual men in some cohort studies dropped 
in the mid- to late 1980s.46,52 However, more recent studies in young 
MSM suggest the continued high incidence of HIV. Data from the 
Young Men’s Survey conducted in 7 U.S. cities between 1994 and 1998 
demonstrated an overall prevalence of HIV infection of 7.2%, ranging 
from 3.3% among whites to 14.1% among blacks. In that same study, 
HIV incidence overall was 2.6%, but it was 3.5% among persons aged 
20 to 22 years, 4.0% among blacks, and 5.4% among men of mixed 
races.53 In the most recent NHBS cycle of survey among MSM, the 
overall HIV prevalence was 19%, but it was 28% among black MSM, 
18% among Hispanic MSM, and 26% among white MSM. The esti-
mated number of newly reported HIV infections among MSM 
increased by 12% from 26,700 in 2008 to 29,800 in 2010, and the 
majority of new HIV/AIDS diagnoses are occurring among racial and 
ethnic minority men, particularly black MSM.54 The increase in the 
incidence of new HIV infections among MSM may be due to contin-
ued high-risk behavior in this population.55,56 The role of ART in the 
increase of risk-taking behavior among MSM is still controversial, but 
data suggest that persons on ART are more likely to develop sexually 
transmitted infections, an epidemiologic marker of unsafe sex.57 In 
addition, the increase of HIV resistance to antiretroviral drugs among 
persons with recent infection suggests that their infections are being 
acquired from persons who are known to be HIV infected and receiv-
ing therapy.58

In contrast to the epidemic among homosexual and bisexual men, 
the epidemic among IDUs has been more concentrated geographically 
within the United States. Among IDUs, the initial HIV seroprevalence 
studies demonstrated very high rates of HIV infection in the Northeast 
and along the Atlantic Coast and low rates on the West Coast and in 
cities in other areas.46,59,60 Although the highest rates of HIV infection 
continue to be observed in northeastern cities, the rate of HIV infec-
tion among IDUs in other cities has increased. Studies conducted in 
the late 1980s in Atlanta, Chicago, and Baltimore showed an HIV 
seroprevalence rate of greater than 12%.61-63 Surveys conducted in drug 
treatment centers in 1997 showed a median HIV seroprevalence rate 
of 14.8% (range, 0% to 37.7%) among IDUs entering drug treatment 
programs.47 Similar findings have been noted in subsequent studies: 
HIV seroprevalence among IDUs admitted to drug treatment centers 
in Baltimore (25%) and Newark (24%) was high, whereas it was low 
in San Francisco (7%), Seattle (5%), Denver (2%), and Detroit (1%).64-66 
However, among most large metropolitan areas, the HIV prevalence 
rates among IDUs continues to be less than 10%, and approximately 
40% have a prevalence of less than 5%.67 The incidence of HIV also has 
significant geographic variation, remaining higher in the East (1 to 
3/100 person-years) and lower in the West (<0.5/100 person-years) 
United States.43 The number of new HIV infections attributed to injec-
tion drug use in the United States has decreased in recent years. Despite 
this, 9% of new HIV infections in 2009 occurred among IDUs.39

The reasons for the geographic differences in HIV seroprevalence 
among IDUs remain poorly understood, inasmuch as cities with low 
prevalence rates have many IDUs who practice high-risk behaviors.66 
In addition, the HIV epidemic among IDUs is closely related to other 
high-risk behaviors, such as having unprotected sex, which frequently 
occurs in the context of illicit-substance use.67,68 Studies in STD clinics 
have also shown elevated rates of HIV infection among heterosexual 
IDUs compared with other heterosexual men and women.49,51 Although 
heroin injection is typically associated with the parenteral transmission 
of HIV, injectors of cocaine and other drugs also have increased rates 
of HIV infection.63-71 Cocaine injection, especially the use of “speed-
balls” (cocaine or amphetamines with heroin), injection in a “shooting 

HIV-positive persons who were undiagnosed decreased from approxi-
mately 25% in 2003 to less than 20% in 2009.

Serologic Monitoring of  
the HIV Epidemic
Because AIDS is the most advanced manifestation of HIV infection, 
the period between infection with HIV and the development of AIDS 
is long, and substantial changes in the natural history of HIV infection 
have occurred as a result of the availability of highly active ART, sur-
veillance systems that only monitor AIDS cases have become less rel-
evant than in the past. As a result, various methods have been used 
periodically to estimate the prevalence and incidence of HIV infection 
over the course of the epidemic.

HIV seroprevalence surveys have been the standard means to 
describe the patterns of current HIV transmission. These surveys have 
been conducted on (1) specimens not linked to personal identifiers  
and collected for other purposes, (2) name-identified specimens, and 
(3) specimens collected from populations subject to routine or man-
datory HIV screening, such as blood donors or military personnel.  
In addition, in 2003, the CDC implemented the National HIV Behav-
ioral Surveillance System (NHBS) to estimate and monitor HIV behav-
iors, prevalence, and trends. This survey is conducted in rotating 
annual cycles, with each one of three risk groups (MSM, IDUs, and 
high-risk heterosexuals) surveyed each year. In general, the patterns of 
HIV transmission observed in these studies in the United States are 
similar to those observed through AIDS case surveillance—higher 
rates of HIV infection are found among men than women, among 
blacks and Hispanics than whites, and among persons 20 to 45 years 
of age than those in other age groups. In 2005, the CDC recommended 
that all states and U.S. dependent areas adopt confidential name-based 
reporting of HIV infection. Because different states have adopted this 
recommendation at different times, the robustness of the data varies. 
However, 51 areas (46 states and five dependent areas) have had con-
fidential named-based HIV infection reporting since at least 2003, 
which allows stabilization of data collection and adjustment of the data 
to monitor trends.39 These 46 states represent approximately 92% of 
AIDS diagnosis in the 50 states and the District of Columbia. At the 
end of 2009, an estimated 784,701 persons were living with diagnosed 
HIV infection in these 46 states, 74% were male, 43% were black, and 
68% of infections were attributed to male-to-male sexual contact. The 
highest incidence remains among MSM, which peaked in the early 
1980s (5 to 20/100 person-years) and then declined but remained high 
during the 1990s (2 to 4/100 person-years).41 In addition, the most 
recent estimates demonstrated that HIV infection disproportionately 
affects blacks, with a rate that is seven times higher among blacks 
(incidence rate, 83.7/100,000) and almost three times higher in His-
panics (29.3/100,000) than whites (11.5/100,000).11 It is estimated that 
approximately 0.7% of men and 0.2% of women between the ages of 
18 and 49 years are infected in the United States. However, the preva-
lence is much higher for blacks, in whom 2% of men and 0.6% of 
women are estimated to be infected. The most recent National Health 
and Nutrition Examination Survey (NHANES) reported that the prev-
alence of HIV infection among adults aged 18 to 49 years residing in 
households in the United States was 0.47% for the period 1999 to 
2006.44 Although the number of persons who are being tested for HIV 
has increased in the United States, the denial of HIV risk factors and 
the fear of being HIV positive continue to be major reasons for not 
being tested for HIV.45

Homosexual and bisexual men remain a major population with an 
increased prevalence of HIV infection. In surveys conducted primarily 
in sexually transmitted disease (STD) clinics in the early to mid-1980s, 
HIV seroprevalence rates in homosexual and bisexual men ranged 
from 10% to 70%, with most rates falling between 20% and 50%.46 
Although the highest rates were found in New York City and San 
Francisco, areas of moderate-to-high HIV seroprevalence are dis-
persed throughout the country.46 In 1997, a study of unlinked serologic 
specimens collected from homosexual and bisexual men attending 
STD clinics in 17 cities had a median seroprevalence rate of 19.3%, 
with rates among black men approximately twice those of white 
MSM.47 That same year, a probability sample of MSM in 4 large U.S. 
cities demonstrated an overall HIV seroprevalence of 17%; however, 
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demonstrate an HIV seroprevalence of 3.8% among patients who  
otherwise would not have been tested for HIV, suggesting that a sub-
stantial number of patients with undiagnosed HIV are being discharged 
from health care facilities without HIV infection being considered.89

In many areas, tuberculosis patients have high rates of HIV infec-
tion, and HIV screening should be provided to all those diagnosed 
with tuberculosis.90 Among 27 tuberculosis treatment clinics in 15 
metropolitan areas surveyed between 1988 and 1995, HIV seropreva-
lence ranged from 0.6% to 42.9%, with a median rate of 8.9%.91 The 
highest rates were found in the Northeast and Atlantic Coast areas and 
among U.S.-born persons 30 to 39 years of age, who had a median 
seroprevalence of 30.1%. High rates were also noted among those with 
extrapulmonary disease. A review of the prevalence of HIV among 
persons newly diagnosed with tuberculosis in Los Angeles County 
between 1993 and 1996 demonstrated an overall prevalence of 10.8%, 
with the highest prevalence rates seen among persons born in the 
United States (15.7%), males (14.1%), blacks (14.3%), and those aged 
30 to 44 years (14.4%).92

Among patients with syphilis, the overall HIV seroprevalence was 
15.7%; among men, the seroprevalence was 27.5% and among women 
12.4%.93 However, among MSM and those with syphilis, the seropreva-
lence ranged from 64.3% to 90%.

HIV prevalence rates among adolescents attending adolescent 
medicine clinics in three metropolitan areas (Baltimore, Houston,  
and New York City) that collected data each year from 1993 to 1997 
showed an overall HIV prevalence rate of 0.4% (range, 0.2% to  
0.5%).94 The rates were the same for male and female patients (0.4%) 
and were approximately the same among patients 13 to 19 years of age 
(0.4%) and those 20 to 24 years of age (0.5%). However, the rates were 
higher among black patients (0.6%) than among Hispanic and white 
patients (0.1%).

Studies of HIV seroprevalence in entrants to correctional facilities 
have indicated a wide range of rates, with the highest in areas with a 
moderate-to-high incidence of AIDS.95 From 1991 to 1992, the median 
HIV seroprevalence was 2.9% (range, 0% to 15%) in 35 correctional 
facilities in 17 metropolitan areas.62 The rates ranged from 1% to 12.5% 
for men and 0% to 24% for women, which is a reflection of the high 
rates of drug use in these persons. Among entrants to the New York 
state prison system between 1987 and 1997, 12% of men and 18% of 
women were infected with HIV.96 Between 1992 and 1998, data from 
nearly 500,000 HIV tests performed in correctional facilities in the 
United States demonstrated an overall HIV seroprevalence of 3.4%, 
56% of which were among persons newly identified as HIV infected.97

HIV seroprevalence data are more available for large groups  
who are routinely tested for HIV infection. These groups include  
blood donors, applicants for military service, military personnel, and 
applicants to U.S. Department of Labor Job Corps training pro-
grams.62,94,98-105 These surveys are valuable but limited in generalizabil-
ity in that many persons at risk for HIV infection are excluded from 
some populations (e.g., potential blood donors and military appli-
cants). A study of five blood banks conducted between 1991 and 1996 
showed that the prevalence of HIV decreased in first-time donors from 
0.030% to 0.015%.106 Approximately 8 million persons voluntarily 
donate 14 million units of blood annually in the United States. Trends 
in the prevalence of HIV can be best determined from first-time blood 
donors, who represent approximately 20% of all donations. Since 1985, 
the American Red Cross, which collects approximately half of the 
voluntary donations, has provided the CDC with routine HIV screen-
ing results from their blood donations. After a slight increase from 
1993 to 1994 among men, prevalence then decreased from 0.032% in 
1994 to 0.021% in 1997. Among women, prevalence was relatively 
stable (0.010% to 0.014%) between 1993 and 1997.94 In 2002, the preva-
lence of HIV among donors was 0.012%. Controlling for age, HIV 
prevalence was higher among donations from first-time male donors 
than first-time female donors (0.0171% vs. 0.0070%) and higher from 
repeat male donors than repeat female donors (0.0013% vs. 0.0006%).107 
The prevalence of HIV among first-time donors decreased by 0.00026% 
per quarter between 1995 and 2002. HIV prevalence decreased among 
first-time male and female donors of most age groups except for that 
among first-time male donors 30 to 39 years of age in whom HIV 
prevalence had appeared to have increased since 2000 (P = .0525).107

gallery,” and sexual-risk behavior are associated with HIV infection 
among IDUs.71,72 Data from New York City suggest that HIV preva-
lence among drug users declined between 1991 and 199673 and indicate 
that changes in HIV prevalence among sex and needle-sharing part-
ners or changes in risk behavior with such partners might lead to 
changes in the risk for new infections among drug users.

Certain populations of heterosexual men and women who do not 
inject drugs also have appreciable rates of HIV infection. From 1988 
to 1989, studies conducted in STD clinics with heterosexual persons 
who do not inject drugs but have other STDs found a median sero-
prevalence of 2.3%, with a range of 0% to 14%.51 Although the men in 
these clinics typically had higher rates than women, in some areas, 
adolescent females had higher rates of HIV infection than adolescent 
males. Nearly one third of those infected heterosexually are estimated 
to have been infected as adolescents.74

HIV infection acquired through heterosexual contact is the source 
of an increasing number of AIDS cases, especially among women, 
particularly those who are members of minority groups.75,76 Despite 
this, the number of reported cases of HIV/AIDS attributable to high-
risk heterosexual contact has remained constant or has declined during 
the current decade for both men and women. Of those persons infected 
heterosexually, sexual contact with an IDU is the most frequently 
reported risk. Accordingly, the geographic distribution of HIV rates 
among persons who acquired their infection through heterosexual 
contact and among IDUs is similar.77 In addition, persons who use 
smokable forms of cocaine (“crack” cocaine) and other noninjected 
illicit drugs have elevated risks for HIV infection as a result of exchang-
ing sex for drugs or money and the presence of other STDs.72,78-81 Some 
persons infected through heterosexual contact may not report a risk 
of HIV infection because they are unaware of the serostatus of their 
heterosexual partners.35,51,78 However, the incidence among hetero-
sexual men and women continues to be much lower than that among 
MSM. In a study conducted among clients of STD clinics in the United 
States between 1990 and 1999, the incidence of HIV among hetero-
sexual men and women was estimated to be 0.5% compared with 7.1% 
among MSM.82

Female commercial sex workers (prostitutes) are at increased risk 
for HIV infection because of injection drug use and multiple sex part-
ners. In a 1987 multicenter study of prostitutes in various settings in 
selected cities, 65 (10%) of 670 women tested positive for the HIV 
antibody.83 The seroprevalence rates for HIV infection ranged from 0% 
for prescreened prostitutes in Nevada to 69% for prostitutes being 
treated for drug addiction in New Jersey. Among the prostitutes who 
were studied, the major risk factor was injection drug use. In a study 
in south Florida in 1987, 37 (41%) of 90 inner-city sex workers were 
positive for the HIV antibody, including 29 (46%) of 63 women who 
reported drug use and 8 (30%) of 27 women who denied using drugs.84 
From 1987 to 1991, the prevalence of HIV infection among female sex 
workers in southern Florida remained relatively stable at approxi-
mately 24%. However, the incidence of HIV infection among female 
sex workers in this area who received multiple HIV tests increased 
from 0.3% per 100 person-years in 1987 to 15% in 1991.85 The data 
from a cohort study conducted among drug users in Baltimore, a high-
incidence and high-prevalence city, suggest that the incidence of HIV 
is doubled among drug-using men who also engage in homosexual sex 
and among women who have had a recent sexually transmitted infec-
tion, suggesting that sexual behavior is a major determinant of risk 
even among drug users.86

Surveys conducted in some clinical settings indicate that the HIV 
infection rate is higher than it is in a more representative sample  
of the general population.87-91 In a survey conducted from 1989 to 
1991 of persons admitted to 20 hospitals, an HIV seroprevalence of  
4.7% (range, 0.2% to 14.2%) was observed; in one hospital, 24% of  
men 15 to 54 years of age were infected with HIV.87 The data from this 
survey were used to estimate that 225,000 HIV-infected persons were 
hospitalized in 1990; 72% of them were admitted for conditions other 
than HIV infection or AIDS. A survey conducted from 1990 to 1992  
of patients seen in primary care practices revealed an HIV seropre-
valence rate of 0.45%, with the rate among men (0.96%) being higher 
than that among women (0.22%).88 Voluntary routine HIV counseling 
and testing among inpatients in a hospital in Boston was able to  
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system that focuses on incident rather than prevalent infections 
undoubtedly allows better monitoring of the HIV epidemic.112

Exposure Categories
Since the first cases of AIDS were reported in 1981 in the United States, 
cases in MSM have consistently represented the largest number of 
AIDS cases reported. In 1987, the rate of increase in AIDS reporting 
began to slow for homosexual and bisexual men, particularly in the 
cities where AIDS was first recognized.113,114 This slowing in case 
reporting was related to several events, including the increasing use of 
therapies such as zidovudine and prophylaxis against P. jirovecii pneu-
monia, which delayed the development of AIDS-defining conditions; 
a decrease in the number of new HIV infections, which in part reflects 
the impact of prevention programs; and a decline in the completeness 
of reporting.43,52,115,116 As a result of this slowing in case reporting and 
changes in the dynamics of the HIV epidemic, the proportion of AIDS 
cases among homosexual and bisexual men has decreased from 65% 
to 28% of the total cases reported among adults from 1987 to 2002. 
The cases of AIDS among recipients of blood or blood components 
and among persons with hemophilia increased dramatically during  
the mid-1980s, but since 1987, the numbers have declined, and these 
persons represented less than 1% of the AIDS cases reported in 1997. 
After the implementation of HIV antibody testing in March 1985, no 
more than 5 cases of transfusion-associated HIV infection per year 
were reported to the CDC during the subsequent years, compared with 
714 cases in 1984.114 Since the initiation of HIV antibody screening of 
donated blood and plasma and heat treatment of clotting factors, trans-
mission of HIV through blood and blood products has been reported 
only rarely.117 Almost all the cases of transfusion-associated AIDS diag-
nosed in 1991 with known transfusion dates were the result of transfu-
sions received before 1986.114

Heterosexual contact cases consist of persons who report exposure 
to a person with or at increased risk for HIV infection (e.g., an IDU) 
or those born in countries where heterosexual transmission is the 
major route of HIV infection (e.g., areas of sub-Saharan Africa and 
some Caribbean countries). AIDS cases associated with heterosexual 
contact have been increasing steadily and in 2006 represented 32% of 
all cases reported among adults. In 1992, for the first time, the number 
of cases diagnosed among women infected through heterosexual 
contact exceeded the number infected through injection drug use and 
represented 68% of cases among women reported in 2002.35 Blacks and 
Hispanics account for greater than 75% of all persons reported with 
AIDS attributed to heterosexual contact.118 For AIDS cases reported in 
2006, 17% of men and 73% of women reported having acquired HIV 
through high-risk heterosexual contact. In the past, persons with sex 
partners of unknown HIV infection or risk status were classified in the 
undetermined category, but since September 2000, the procedures for 
investigating cases reported without risk have changed from ascertain-
ing risk for all reported cases to estimating risk distributions from 
statistical models and population-based samples. Selected follow-up 
and investigation of heterosexual contact cases have identified other 
sources of exposure to HIV infection for some persons, especially 
men.119,120 Nonetheless, it is unlikely that such misclassification bias has 
significantly influenced national trends.113

Of the 32,301 cases of HIV infection among adults and adolescent 
males reported in 2009, 3% occurred in MSM as well as IDUs. Except 
for this group, persons with more than one reported mode of expo-
sure to HIV are counted only once in a hierarchy of exposure 
categories.39

The cases in persons with no reported exposure to HIV through 
any of the recognized routes are classified as “no risk reported or iden-
tified.” This category includes cases that are being followed up by local 
health department officials; cases in persons whose exposure history is 
incomplete because they died, declined to be interviewed, or were lost 
to follow-up; and cases in persons who were interviewed or for whom 
other follow-up information was available and no mode of exposure 
was identified. Previous studies indicate that when follow-up informa-
tion is obtained, an established exposure mode can be identified for 
greater than 90% of these persons, and they are subsequently reclassi-
fied into the appropriate exposure category.121 Although the surveil-
lance and investigation of cases with an undetermined risk can assist 

The overall prevalence of HIV infection among 2.3 million appli-
cants for military service was 1.31 per 1000 between October 1985 and 
September 1989.98 The HIV infection rates in this population were 
higher for men (1.42/1000) than women (0.66/1000), for black non-
Hispanic men (3.7/1000) than white men (0.61/1000), and for persons 
from large metropolitan areas, particularly those with higher rates of 
AIDS case reporting. The seroprevalence rate among teenage military 
applicants (0.34/1000) was lower than the median rate for all appli-
cants, the male-to-female ratio was nearly 1 : 1, and the rate of infection 
among 17- and 18-year-old females exceeded that of males of the same 
age.99 The overall prevalence of HIV infection in applicants decreased 
from approximately 0.15% in 1985 to 0.045% (1 positive for every 2200 
applicants tested) in 1997.47 The rates were particularly high for black 
male military applicants (0.17%).94 Because applicants who are HIV-
positive drug users and homosexuals are not accepted into the military, 
a self-selection bias among persons in high-risk categories may occur; 
therefore, certain populations may be underrepresented among mili-
tary applicants.47

Among U.S. Army active-duty personnel, the HIV incidence rate 
was 0.17/1000 person-years between 1985 and 1999.103 The incidence 
rate for male and female soldiers was 0.18/1000 person-years and 
0.08/1000 person-years, respectively. The rate of seroconversion 
decreased from 0.49/1000 person-years from 1985 to 1987 to 0.29/1000 
person-years from 1988 to 1989.96 However, a reduction in the sero-
conversion rate was not observed for black soldiers, suggesting a higher 
rate of continued transmission in this population.

Students who enter Job Corps training programs tend to be eco-
nomically disadvantaged school-aged youths drawn from racial and 
ethnic minority communities in both rural and urban areas. For stu-
dents aged 16 to 21 years who entered training from January 1990 
through December 1996, 2.3 per 1000 were infected with HIV, a rate 
of almost 10 times that seen among applicants for military service, with 
statewide prevalence rates ranging from 0% to 0.8% in 1997.47,105 
Among Job Corps applicants, the infection rate increased with age. 
HIV prevalence was higher for women than men (2.8/1000 vs. 
2.0/1000). HIV seroprevalence rates were the highest for black women 
(4.9/1000). From 1990 through 1996, the HIV prevalence rates for 
women and men declined from 2.8 per 1000 in 1990 to 1.4 per 1000 
in 1996. The highest rates were observed in students from large North-
east urban centers and also among students from rural and smaller 
urban centers in the South. In 1997, HIV prevalence was 0.26% for Job 
Corps entrants from the South, 0.20% from the Northeast, 0.11% from 
the Midwest, and 0.01% from the West.94

Another type of broad population survey was for childbearing 
women, which provided unbiased population-based estimates of HIV 
infection in women giving birth in the United States. HIV antibody 
prevalence for childbearing women was ascertained by blinded surveys 
conducted on residual blood samples collected on filter paper from 
newborns for routine metabolic screening, such as that for phenylke-
tonuria.108 HIV seroprevalence among childbearing women remained 
stable nationwide from 1987 through 1994 at values ranging from 1.5 
to 1.7 per 1000 women.109 Seroprevalence decreased over this time in 
the Northeast and increased in the South. In 1994, HIV seroprevalence 
rates among black childbearing women were 2 to 20 times higher than 
those among white women. The findings of seroprevalence studies of 
women seeking reproductive care services have also shown the highest 
HIV rates to be in clinics located along the Atlantic Coast and in 
Puerto Rico.47,110 If HIV seroprevalence rates among childbearing 
women were similar for all women of reproductive age in the United 
States, in 1994, approximately 84,000 women in this age group would 
have been infected with HIV.108 The survey of childbearing women was 
halted in 1995 in light of congressional concerns about blinded surveys 
in this population.

As previously stated, although surveillance for HIV infection has 
traditionally focused on the incidence of AIDS and the prevalence  
of HIV, new diagnostic technologies that allow the estimation of inci-
dent HIV infection have become available, including the use of the 
sensitive–less sensitive EIA test (or the serologic testing algorithm for 
recent HIV seroconversion [STAHRS]) and the measurement of HIV-
ribonucleic acid (RNA) by PCR in pooled blood specimens that test 
negative for HIV (see Chapter 122).40,111 Having an HIV surveillance 
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among women), and 20% were Hispanic (Table 121-3). In 2010, the 
rate of AIDS diagnoses was 43.0 per 100,000 for blacks and 13.7 per 
100,000 for Hispanics compared with 10.2 per 100,000 for white non-
Hispanics.39 Rates among American Indian/Native Alaskans have also 
increased; however, only 133 cases were reported in 2010 in these 
populations.39

Hispanics with AIDS represent different countries of origin and 
cultures.126 The rate of AIDS is the highest for Hispanics in the North-
east and Puerto Rico. Injection drug use is the predominant exposure 
mode in Puerto Rican–born men and women with AIDS who are 
residing in either Puerto Rico or the U.S. mainland. The AIDS rate 
among Hispanics is the lowest in the West. Hispanics with AIDS in 
this area are primarily from Mexico or Central and South America and 
are less likely to report a history of injection drug use.

Geographic Distribution of AIDS Cases
The first cases of AIDS reported in the United States were clustered 
among homosexual and bisexual men and IDUs in the major 

in detecting unusual modes of transmission (e.g., transplantation), 
such instances remain rare.122

AIDS Trends
The 1993 change in the AIDS case definition18 dramatically altered 
trends in the incidence of AIDS because of a large increase in reported 
AIDS cases. In 1993, the first year that the new case definition was 
used, 103,500 AIDS cases were reported to the CDC among persons 
13 years or older, compared with 49,016 cases in 1992.37 In 1994, 1995, 
and 1996, the number of AIDS cases reported annually decreased, in 
contrast to the artificial peak in the number of cases reported in 1993. 
Since the implementation of the revised case definition, more than half 
of all cases have been reported based on a CD4+ T-lymphocyte count 
of less than 200 cells/µL. However, in 1995 and 1996, the occurrence 
of AIDS-defining opportunistic illnesses and death among persons 
with AIDS decreased 7% and 25%, respectively, for the first time in the 
epidemic.18,123 Declines in the incidence of AIDS continued from 1998 
through 1999, but these declines began to level off, and there was 
essentially no change from 1999 through 2001. From 2002 through 
2006, the estimated number of newly diagnosed AIDS cases remained 
stable, with 37,852 cases reported in 2006, for a rate of 12.3 per 100,000 
population in the United States. From 2007 through 2010, the esti-
mated number of annual AIDS diagnoses continued to remain stable, 
but the rate continued to decline for an estimated rate of AIDS diag-
noses in 2010 of 10.8 per 100,000 population.39 Reported AIDS deaths 
declined from 16,947 in 2002 to 14,061 in 2006, a 17% decrease; but 
since then, rates have stabilized with approximately 15,000 deaths  
per year resulting from AIDS and a rate of 5.8 per 100,000 population 
(Fig. 121-2).39 Survival was lowest among those with infection attrib-
uted to injection drug use.

Demographic Characteristics
Men accounted for 74% of the AIDS cases reported in 2009, and AIDS 
case rates were much higher for men (20.0/100,000) than women 
(6.4/100,000).39

Through December 2010, 69% of the reported AIDS cases occurred 
in persons 25 to 44 years of age. Information from HIV infection 
reporting suggests that adolescents and young adults, particularly 
young black men and women, have a high rate of recently acquired 
infection.124 Since 1991, the percentage of AIDS cases reported among 
persons 50 years or older has steadily increased, and in 2010, they 
represented 24% of all AIDS cases reported.39,125 The CDC estimated 
that 10.8% of incident HIV infections occur among persons 50 years 
or older.42

In 2010, 25.6% of the persons reported with AIDS were white, 47% 
were black non-Hispanic (44% of reported cases among men and 66% 

FIGURE 121-2 Acquired immunodeficiency syndrome (AIDS) cases, deaths, and persons living with acquired AIDS by year, 1981 to 2008, 
United States. Adjusted for reporting delays. HIV, human immunodeficiency virus. (From Centers for Disease Control and Prevention. HIV surveillance—
United States, 1981-2008. MMWR Morb Mortal Wkly Rep. 2011;60:689-693.)
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TABLE 121-3  Characteristics of Persons Reported 
with Acquired Immunodeficiency Syndrome and 
Rates by Year of Report: United States, 1997  
and 2010

1997 2010
Number
(n = 60,634) Rate*

Number
(n = 33,015) Rate*

Sex†

Male 47,312 (78%) 44.0 24,749 (71%) 20.0

Female 13,322 (22%) 11.5 8242 (29%) 6.4

Race/Ethnicity
White non-Hispanic 20,197 10.4 8875 4.4

Black 27,075 83.7 16,118 43.0

Hispanic 12,466 37.7 6636 13.7

Asian/Pacific Islander 448 4.5 44 9.7

American Indian/
Native Alaskan

206 10.4 170 7.2

*Per 100,000 population, extrapolating from the official 1980 census count and 
2009 postcensus estimates. Available at http://222.census.gov/ipc/www/idb/.

†Rates by sex are only for adult/adolescent cases of acquired immunodeficiency 
syndrome.

From Centers for Disease Control and Prevention. HIV/AIDS surveillance report. 
MMWR Morb Mortal Wkly Rep. 1997;9:1-43; and Centers for Disease Control 
and Prevention. HIV/AIDS surveillance report. MMWR Morb Mortal Wkly Rep. 
2006;18:1-55.

http://222.census.gov/ipc/www/idb/
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Estimates of the frequency of symptoms among those with primary 
HIV infection range from 40% to 90%. The signs and symptoms of 
acute HIV infection are usually manifested days to weeks after 
exposure.137-139 In a comprehensive review of primary HIV infection, 
the interval between exposure and symptomatic illness was reported 
to range on average from 2 to 4 weeks, with the duration of illness 
lasting from 1 to 2 weeks.136 However, the diagnosis of acute HIV infec-
tion is frequently missed as the symptoms associated with acute HIV-1 
infection are nonspecific. In a group of 23 persons at risk of HIV infec-
tion, 87% were symptomatic, and 95% of them sought medical care, 
yet few had the correct diagnosis made at the first clinic visit.133 In a 
prospective study, fever, myalgia, rash, night sweats, and arthralgia 
occurred more frequently among patients with primary HIV infection, 
but no targeted symptoms allowed for screening for primary infec-
tion.134 Acute HIV infection should therefore be included in the correct 
setting in the differential diagnosis of any unexplained febrile illness 
(see Chapter 124).137

The diagnosis of acute HIV infection cannot be made with the 
commonly available serologic tests (third-generation immunoassays) 
because they detect antibodies and become positive approximately 3 
weeks after the initial infection.140 Studies of homosexual men,141,142 
persons with hemophilia,141,143 and intravenous drug users144 have con-
sistently demonstrated the development of detectable HIV antibodies 
within 3 to 12 weeks after infection. Epidemiologic studies and case 
reports as well as modeling techniques141 suggest that seroconversion 
beyond 6 months is very uncommon. The laboratory diagnosis of 
primary HIV infection should be made by requesting a plasma 
HIV-RNA assay, which has a sensitivity of 100% and specificity of 
97.4%.134 The test for the presence of detectable p24 antigen is less 
sensitive (88.7%) but more specific (100%) than the plasma HIV-RNA 
assay for the diagnosis of primary infection,134 and the detection of p24 
antigen is now used routinely in the screening of blood donors.145 
Therefore, the presence of viral p24 antigen or high-titer HIV-RNA in 
a patient with a negative test for HIV-1 antibodies establishes the 
diagnosis of acute HIV infection (see Chapter 122). False-positive 
HIV-RNA tests have been described, but they are not reproducible and 
have values less than 3000 copies/mL.146 With the recent availability of 
fourth-generation HIV tests that detect both p24 antigen and antibod-
ies (immunoglobulins G and M [IgG and IgM]), HIV infection can be 
identified sooner than with third-generation immunoassays. In a study 
that did nucleic acid amplification testing (NAAT) on HIV-negative 
specimens after third- and fourth-generation immunoassays, NAAT 
increased HIV detection rate by 2.2% after a third-generation immu-
noassay and by only 0.7% after fourth-generation immunoassay.147

Since 1989, cases of severe cellular immunodeficiency and associ-
ated opportunistic conditions in the absence of detectable HIV infec-
tion have been reported.148 A provisional surveillance case definition 
was subsequently developed and based on the common feature of 
CD4+ T-lymphocyte depletion; this condition was termed idiopathic 
CD4+ T lymphocytopenia.149 Extensive laboratory and epidemiologic 
investigations have determined that these cases do not represent occult 
HIV infection and do not appear to be etiologically linked, nor is there 
evidence to support a new transmissible agent.150

After primary infection with HIV, the risk for disease progression 
increases with the duration of infection. Most cohort studies that have 
evaluated the natural history of HIV infection have been conducted in 
the United States and Europe and show that AIDS develops in less than 
5% of HIV-infected adults within 2 years of infection; without therapy, 
AIDS develops in approximately 20% to 25% within 6 years of infection 
and in 50% within 10 years.151-154 Approximately 5% to 8% of HIV-
infected individuals remain clinically asymptomatic, with normal 
CD4+ T-lymphocyte counts for more than 8 years after infection. These 
individuals are called “long-term nonprogressors.”155-157

Differences in the rate of progression may be due to the route of 
infection, the size of the viral inoculum, the pathogenicity of the infect-
ing viral strain, or the immunologic status of the host. For example, in 
one analysis of nearly 700 HIV-infected transfusion recipients, the 
estimated risk for the development of AIDS was 33% for persons 
within 5 years of infection and 49% within 7 years.158 Among recipients 
infected for similar periods, AIDS developed more rapidly in those 
who received blood from donors who progressed to AIDS soon after 

metropolitan areas of the East and West Coasts.127 Since then, AIDS 
cases have been reported from all 50 states, the District of Columbia, 
Puerto Rico, the Virgin Islands, and Guam. However, these cases are 
distributed unevenly across the United States.35 The populous north-
eastern states and metropolitan areas with more than 1 million persons 
have the highest rates of AIDS. In 2010, AIDS incidence rates were 
highest in the Northeast (14.2 per 100,000 population) and in the 
South (13.0 per 100,000 population) and lowest in the Midwest (6.3 
per 100,000 population)

The geographic distribution of AIDS is changing over time. Three 
states—New York, California and Florida—have each reported more 
than 100,000 cases of AIDS through 2010 and account for almost a 
third of all cases reported. The southern region of the United States 
accounted for 46% of the AIDS cases reported in 2010.39 Between 1999 
and 2003, there was a 13.8% increase in the incidence of AIDS in the 
southern region of the United States, more than any other region of 
the country.128 In 2010, the rate of AIDS cases reported in the South 
was highest, regardless of the size of the population. In the South, in 
metropolitan areas with a population of more than 500,000 or more, 
the rate of AIDS diagnoses was 20.2 per 100,000; in those metropolitan 
areas having between 50,000 and 499,999 population, it was 10.3 per 
100,000; and in nonmetropolitan areas, it was 8.2 per 100,000 popula-
tion. In 2010, the cities with the highest annual AIDS rates per 100,000 
population were Baton Rouge (33.7); Miami (30.3); Jackson, Missis-
sippi (29.2); Baltimore (26.8); and New Orleans (26.2).39 However, 
when one takes into consideration the actual number of cases diag-
nosed in each one of those cities, then health care professionals in 
Miami, New York, and Los Angeles all diagnosed more than 1000 
cases. Regional variations in AIDS case reporting reflect temporal dif-
ferences in the introduction of HIV, the rate of new HIV infections 
over time, the migration of HIV-infected persons, and local reporting 
practices.115,129 The geographic trends observed in population-based 
HIV seroprevalence studies and HIV reporting are similar to those for 
AIDS case reporting.98,100,102-109 As previously stated, with the advent of 
HIV reporting, it is now possible to also monitor trends for HIV infec-
tion (not AIDS). In the 46 states (where approximately 92% of AIDS 
diagnoses have occurred) with robust confidential HIV infection 
reporting, the estimated rate of HIV diagnoses in 2010 was 16.1 per 
100,000 population, and the prevalence rate of diagnosed HIV infec-
tion was 268.6 per 100,000 (496.1 among adult and adolescent males, 
153.6 among adult and adolescent females, and 21.1 among children). 
The geographic distribution of persons with HIV and AIDS also varies 
by the reported mode of HIV transmission and reflects multiple epi-
demics among different populations in different regions of the country. 
MSM represent a large percentage of HIV/AIDS cases in some states, 
although they are distributed throughout all regions of the United 
States.130 Injection drug use is the second most frequently reported risk 
behavior for HIV infection in states along the Atlantic Coast of the 
United States.131 Although the highest rates of HIV/AIDS associated 
with injection drug use continue to occur in the Northeast, the rate 
there has slowed down, and the number of cases in the South and West 
has increased at a faster rate. All areas of the country have had an 
increase in the number of men and women with HIV/AIDS reportedly 
infected through heterosexual contact, but the largest increase in 
recent years has occurred in the South.

Clinical Manifestations of  
HIV Infection
Spectrum and Progression of HIV Infection
The spectrum of HIV infection ranges from an asymptomatic state to 
severe immunodeficiency and associated serious secondary infections, 
neoplasms, and other conditions.132 Initial or primary infection with 
HIV can be followed by an acute mononucleosis-like illness. The fea-
tures of this acute illness associated with seroconversion include fever, 
lymphadenopathy, sweats, myalgia, arthralgia, rash, malaise, lethargy, 
sore throat, anorexia, nausea, vomiting, diarrhea, headache, photopho-
bia, and mucocutaneous ulcers.133,134 Less common manifestations have 
also been reported, including a variety of neurologic conditions (e.g., 
aseptic meningitis, myelopathy, radiculopathy, peripheral neuropathy, 
and Guillain-Barré syndrome),135 Candida esophagitis,136 and mucocu-
taneous ulceration (see Chapter 124).
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decreasing trend for some AIDS-defining opportunistic infections, 
such as P. jirovecii pneumonia, is probably related to the increasing use 
of ART and prophylaxis against P. jirovecii pneumonia. For example, 
among adults and adolescents with a single AIDS-defining disease 
reported through 1996, the proportion with P. jirovecii pneumonia 
decreased from 50% in 1988 to 39% in 1996. Although declines were 
seen in everyone with AIDS during this period, it was the most striking 
for homosexual/bisexual men and persons with hemophilia or a coag-
ulation disorder. The differences in trends for homosexual/bisexual 
men and IDUs may reflect differences in socioeconomic status, access 
to medical care, or adherence to preventive medications. The increas-
ing use of effective ART, which began in 1995/1996, had caused a 
dramatic decrease in the incidence of AIDS-defining opportunistic 
illnesses by the end of 1996,8 and the incidence of AIDS could no 
longer be reliably estimated. The decline in AIDS-defining opportunis-
tic illnesses that began in 1996 has continued. With the increasing use 
of effective ART, AIDS-defining illnesses are occurring mainly among 
persons with newly diagnosed HIV infection at the time of AIDS, those 
known to be infected but who do not seek or receive care, and those 
for whom treatment has failed.177-180 Among patients who begin ART, 
the unusual presentation of opportunistic infections can occur as a 
result of immune reconstitution.181

In 1993, three new AIDS-defining illnesses were added to the sur-
veillance case definition: recurrent bacterial pneumonia, invasive cer-
vical carcinoma, and pulmonary tuberculosis.18 Several studies have 
shown that persons with HIV-related immunosuppression are at 
increased risk of bacterial pneumonia,182 which can result in significant 
morbidity and mortality.24,25 One study among IDUs found that the 
annual incidence rate of bacterial pneumonia was five times higher in 
those who were infected with HIV than in those who were seronegative 
IDUs.182 Streptococcus pneumoniae is the most commonly isolated bac-
terial pathogen and has been reported to precede the onset of other 
AIDS-defining conditions in 57% to 81% of persons with HIV infec-
tion.183 In a population-based survey in San Francisco, the rate of 
pneumococcal bacteremia (89% of the HIV-infected patients with bac-
teremia had pneumonia as a major clinical syndrome) among persons 
with AIDS was nearly 100 times higher than rates reported before the 
HIV epidemic.184 The risk of pneumonia in HIV-infected patients is 
inversely related to their CD4+ T-lymphocyte counts (see Chapter 125).

Precursor lesions to invasive cervical cancer, such as cervical dys-
plasia, neoplasia, and genital papillomavirus infection, are more com-
monly diagnosed in HIV-infected women than in other women (also 
see Chapter 146).185 In a study comparing HIV-seropositive with HIV-
seronegative women with normal baseline cervical cytology, women 
positive for oncogenic human papillomavirus had a higher 2-year inci-
dence of squamous intraepithelial lesions than HIV-negative women, 
regardless of CD4+ count. Among women infected with nononcogenic 
human papillomavirus types, the incidence of squamous intraepithelial 
lesions at 2 years was significantly higher among HIV-infected women 
with a CD4+ count of less than 200 cells/µL than among those with 
higher CD4+ counts and HIV-negative women.186 The risk of cervical 
cancer among HIV-infected patients has not changed with the advent 
of potent ART.187

HIV Infection and Tuberculosis
After several decades of declining incidence, the number of new cases 
of tuberculosis in the United States began to increase in 1986.188 Many 
factors contributed to the resurgence of tuberculosis, but the HIV/
AIDS epidemic was in part a major cause of these excess cases of 
tuberculosis.189 Now once again, the overall case rates of tuberculosis 
in the United States are declining, with 4.6 new cases per 100,000 
population (a total of 13,767 cases) reported in 2006190 and an esti-
mated 4.0% prevalence of latent tuberculosis infection in the general 
population. The percentage of tuberculosis cases with known HIV 
infection also decreased from 15.0% in 1993 to 6% in 2006191; however, 
the full spectrum of the overlap between HIV and tuberculosis is not 
known, and more than 100,000 persons in the United States are thought 
to be coinfected with HIV and Mycobacterium tuberculosis.188,189 Com-
parisons of AIDS and tuberculosis registries conducted by the 50 states 
and Puerto Rico revealed that 14% of persons with tuberculosis in 1993 
and 1994 (27% among those 25 to 44 years of age) also appeared in the 

donation (50%) than in those who received blood from other HIV- 
infected donors (26%). In the same study, the recipients in whom AIDS 
developed had received significantly more units of blood at the time 
of infection than HIV-infected recipients without AIDS did, which 
raises the possibility that the underlying clinical status leading to  
multiple transfusions, particularly the degree of immunosuppression, 
or exposure to other viral cofactors may also have affected disease 
progression.

The role of exogenous biologic and behavioral cofactors in the 
progression to AIDS remains uncertain. Coinfection with other 
viruses, the use of tobacco, and injection or recreational drug use  
have not been consistently associated with the acceleration of HIV 
disease.159-162 Several studies have suggested that the risk of develop-
ment of AIDS increases significantly with age.152,162,163 Pregnancy has 
not been shown to affect the progression of HIV infection.164

Because the natural history of HIV infection can vary considerably 
from person to person, clinical and laboratory predictors of progression 
are helpful. Oral candidiasis165; oral hairy leukoplakia166; and severe, 
recurrent herpes zoster167 have been associated with an increased likeli-
hood of the development of AIDS. Measures of CD4+ T lymphocytes 
are the most specific laboratory markers of HIV-related immunosup-
pression and are strongly predictive of disease progression.168 However, 
the quantity of HIV-RNA present in serum or plasma (the “viral load”) 
has been found to be the single best predictor of progression to AIDS 
and death among HIV-infected individuals.169,170 When both the viral 
load and CD4+ T-lymphocyte cell count are combined, the prognosis is 
more accurately defined; therefore, both parameters are critically 
important in the evaluation of HIV-infected persons.171

AIDS-Indicator Diseases
Three clinical conditions accounted for more than 75% of all initial 
AIDS-indicator conditions reported in 1992: P. jirovecii pneumonia 
(42%), HIV wasting syndrome (20%), and candidiasis of the esophagus 
(15%). The prevalence of several AIDS-indicator diseases was higher 
in MSM than in heterosexual men or women. In general, the reported 
frequency of AIDS-indicator diseases is similar for men and women 
with similar modes of exposure to HIV. However, among IDUs, esoph-
ageal candidiasis, cytomegalovirus disease and retinitis, and herpes 
simplex virus (HSV) disease have been reported more frequently in 
women than men.172

Because most AIDS-indicator infections result from the endoge-
nous reactivation of previously acquired pathogens, the frequency  
of reported opportunistic infections probably reflects, in part, the 
geography-specific prevalence of endemic infections. For example, 
toxoplasmosis and cryptococcosis are more likely to develop in African 
and Haitian patients.173 Similarly, the risk of extrapulmonary tubercu-
losis among foreign-born persons with AIDS in the United States is 
the highest in those from Haiti, the Philippines, Central America, and 
Africa.174 Among U.S.-born persons, those at increased risk for extra-
pulmonary tuberculosis include residents of the South and Northeast, 
blacks and Hispanics, and IDUs.175

Expansion of the surveillance case definition for AIDS in the United 
States in 1993 to include immunologic criteria (a CD4+ T-lymphocyte 
cell count of <200/µL) caused a substantial distortion of the trend in 
the incidence of AIDS-defining diseases. Therefore, the CDC devel-
oped a procedure for estimating the incidence of AIDS-defining 
opportunistic infections among persons reported solely on the basis of 
immunologic criteria; this procedure allowed trends in the incidence 
of opportunistic infections in persons with AIDS to be estimated as 
though the case definition had not changed.175 Changes in the inci-
dence and prevalence trends of AIDS-defining diseases between 1991 
and 1996 demonstrated that for homosexual/bisexual men, significant 
decreasing trends occurred for 11 opportunistic infections, including 
Mycobacterium avium-intracellulare disease, P. jirovecii pneumonia, 
cytomegalovirus retinitis, Kaposi sarcoma, esophageal candidiasis, 
cytomegalovirus disease, extrapulmonary cryptococcosis, toxoplasmic 
encephalitis, tuberculosis, HSV infection, and disseminated histo-
plasmosis. In contrast, for IDUs, decreasing trends were seen for only 
five opportunistic infections (P. jirovecii pneumonia, esophageal can-
didiasis, tuberculosis, chronic HSV infection, and chronic cryptospo-
ridiosis), and an increase occurred for recurrent pneumonia.176 The 
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The percentage decrease in mortality has been the smallest among 
black women and women in the South.

In 1993, HIV infection became the most common cause of death 
among persons aged 25 to 44 years.207 In 1994, 72% of HIV-related 
deaths occurred in persons aged 25 to 44 years, in whom it was the 
leading cause of death, accounting for 19% of the deaths in this age 
group. After 1996, when AIDS mortality began to decline, AIDS was 
no longer the leading cause of death in this age group. However, in the 
United States it continues to be a leading cause of death among black 
men aged 25 to 44 years.

To put into perspective the impact that AIDS-related mortality has 
had, the years of potential life lost before the age of 65 years because 
of AIDS have been calculated.208 From 1989 to 1990, the years of 
potential life lost before the age of 65 years that could be attributed  
to AIDS and HIV infection increased by 13%. In 1993, AIDS had 
become the fifth leading cause of years of potential life lost before age 
65 years, and in 1994, it became the fourth. That year it was estimated 
that approximately 49,500 persons died of AIDS.207 At a population 
level, the improvement in survival for AIDS patients as a result of the 
introduction of highly active ART in 1996 can be seen in a study con-
ducted in New York City, where the overall cumulative survival at 24 
months increased from 43% among patients diagnosed with AIDS 
from 1990 to 1995 to 76% among those diagnosed from 1996 through 
1998.205 It has been estimated that at least 3 million years of life have 
been saved in the United States as a direct result of the treatment of 
HIV infection.209

AIDS IN CHILDREN
Through the end of 2010, a total of 9428 cases of AIDS in children 
younger than 13 years had been reported in the United States.39 The 
number of AIDS diagnoses reported in children younger than 13 years 
is now quite small in the United States, with 18 cases reported in 2010. 
HIV diagnosis is also uncommon with 185 cases and a rate of 0.4 per 
100,000 population reported in 2010.39 The spectrum of AIDS-defining 
opportunistic infections and malignancies in children overlaps consid-
erably with those that are included in the surveillance case definition 
for adults and adolescents; however, some differences can be noted (see 
Chapter 129).210 Three important exceptions for children younger than 
13 years are the inclusion of lymphoid interstitial pneumonia and/or 
pulmonary lymphoid hyperplasia, recurrent bacterial infections, and 
the exclusion of a threshold CD4+ T-lymphocyte count (e.g., <200 
CD4+ T lymphocytes/µL). Longitudinal evaluations of lymphocyte 
subsets in both HIV-infected and HIV-uninfected children suggest 
some measure of prognostic value.211,212 However, because normal 
newborns and young infants have prominent lymphocytosis,213 moder-
ate declines in CD4+ T lymphocytes by adult standards can represent 
significant impairment in young children.211,214

Pediatric cases are ordered into a hierarchy of mutually exclusive 
exposure categories, and most children reported with AIDS acquire 
HIV infection perinatally from their mothers.215 Of the 18 children 
reported with AIDS in 2010, 14 acquired HIV infection perinatally. 
Similarly, 77% of the HIV diagnosis in children that year had acquired 
their infection perinatally. Because most children acquire HIV infec-
tion from their mothers, the racial, ethnic, and geographic distribu-
tions of children with AIDS parallel those of women with AIDS. 
Sixty-five percent of the pediatric HIV infections and 55% of AIDS 
cases reported in 2010 were among black non-Hispanics.

From 1984 through 1992, the estimated number of children with 
perinatally acquired AIDS diagnosed each year increased and peaked 
at 905 in 1992.215 In 1994, as a result of a clinical trial that demonstrated 
the efficacy of zidovudine in reducing perinatal HIV transmission by 
two thirds,216 the Public Health Service issued recommendations for 
the use of zidovudine and counseling and HIV testing of pregnant 
women in the United States.217,218 With the implementation of these 
recommendations, the number of children with perinatally acquired 
HIV infection has decreased dramatically in the United States, with 
only 18 cases diagnosed in 2010 (Fig. 121-3).

The relative frequency of certain AIDS-indicator diseases in chil-
dren younger than 13 years appears to vary with age. For example, 
lymphoid interstitial pneumonitis is more common in older children. 
Of the children reported with AIDS in 1991 and 1992 in whom the 

AIDS registry.192 The overlap in the demographic and geographic char-
acteristics of the two diseases is evident by surveys of HIV seropreva-
lence in tuberculosis clinics as well as by the fact that 80% of those with 
tuberculosis and AIDS were found in New York, California, Florida, 
Georgia, New Jersey, Illinois, and Texas. Both tuberculosis and HIV 
infection disproportionately affect racial and ethnic minorities and the 
urban poor.188 In one analysis, black and Hispanic adults who died 
from AIDS were nearly three times more likely than whites to also have 
tuberculosis.193

HIV infection is a strong risk factor for the development of active 
tuberculosis in persons with latent M. tuberculosis infection. In a pro-
spective study of IDUs with documented positive tuberculin skin tests, 
the observed incidence of active tuberculosis was 7.9 per 100 person-
years for 49 HIV-infected persons versus no cases among 62 HIV-
seronegative persons. The risk of active tuberculosis in HIV-seropositive 
persons in this study—14% over 2 years—contrasts strikingly with the 
estimated 10% lifetime risk in HIV-negative persons with latent tuber-
culosis infection.194 In addition, HIV-infected persons are at increased 
risk for the development of active, symptomatic tuberculosis after their 
initial exposure and subsequent infection with M. tuberculosis.195 Out-
breaks of tuberculosis among HIV-infected individuals in correctional 
facilities, AIDS clinics, and hospital wards suggest that the develop-
ment of active tuberculosis after exposure is greatly increased among 
HIV-infected persons. Finally, molecular epidemiology studies con-
ducted in San Francisco and New York suggest that one third of the 
cases in San Francisco and 40% in New York are due to recent trans-
mission rather than reactivation.196,197

Drug-resistant tuberculosis is more common in persons with HIV 
infection than in those with tuberculosis but without HIV infection.192 
In a multivariate analysis conducted by the CDC between 1993 and 
1996, being infected with HIV was a risk factor for isoniazid and 
rifampin monoresistance as well as multidrug-resistant tuberculosis.198 
In a study conducted in New York City, the proportion of isolates 
resistant to one or more antituberculosis drugs increased from 10% 
from 1982 to 1984 to 23% in 1991.199 Among the isolates of M. tuber-
culosis with primary resistance to isoniazid or rifampin, 75% came 
from patients known to be infected with HIV.199 The increased risk of 
drug-resistant tuberculosis among HIV-infected persons may reflect  
a higher proportion of the disease resulting from recently acquired 
drug-resistant strains196,197 as well as other factors, such as decreased 
absorption of oral antimycobacterial drugs among HIV-infected 
persons.200 Outbreaks of multidrug-resistant tuberculosis (e.g., resis-
tant to both isoniazid and rifampin and/or other drugs) have been 
characterized by (1) a high prevalence of HIV infection among the 
outbreak cases (range, 20% to 100%), (2) a high mortality rate among 
persons infected with resistant strains (range, 72% to 89%), (3) a short 
median interval between diagnosis and death (range, 4 to 16 weeks), 
and (4) nosocomial transmission to health care workers.192,201-203 The 
emergence of extensively drug-resistant tuberculosis (resistant to both 
isoniazid and rifampin and to any fluoroquinolone drug and at least 
one of three second-line injectable drugs [amikacin, kanamycin, or 
capreomycin]) among HIV-infected persons in South Africa raises 
concerns about the possibility of epidemics of virtually untreatable 
tuberculosis.204

Mortality of Persons with HIV 
Infections and AIDS
Through the end of 2010, 53% of the 1,163,575 children, adolescents, 
and adults in whom AIDS had been diagnosed in the United States 
were reported to have died.39 The estimated number of deaths among 
persons with AIDS increased steadily through 1995, when approxi-
mately 50,000 persons were estimated to have died of AIDS. In 1996, 
the estimated number of deaths from AIDS decreased to 37,525 and 
has continued to drop every year since then to 17,347 in 2000, 16,371 
in 2002, and 14,061 in 2006 (see Fig. 121-2).35 Since then, the number 
of deaths reported among persons with an AIDS diagnosis has 
remained stable, with approximately 14,000 to 15,000 deaths per year 
and a rate of 5.8 per 100,000 population.39 The dramatic declines in 
AIDS mortality seen after 1996 were largely due to the availability of 
combination ART34,205,206 and have been more rapid among whites and 
homosexual and bisexual men but have occurred in all populations.10 
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Whereas heterosexual transmission is the major mode of spread of 
HIV infection in Africa, most of South America, and the Caribbean, 
it accounts for a smaller, albeit growing, proportion of AIDS cases  
in North America and Europe, where male-to-male sexual transmis-
sion continues to account for a major proportion of the reported cases 
of AIDS.223

The likelihood of acquiring or transmitting HIV infection through 
a single sexual contact is directly related to certain correlates of expo-
sure, such as the infectiousness of the source partner, the susceptibility 
of the exposed individual, the number of partners, and the prevalence 
of HIV infection in the population. Sexual transmission of HIV is rela-
tively inefficient, but behavioral and biologic factors influence the like-
lihood of HIV transmission in a given sexual encounter. For example, 
anal sex has been consistently found to be a greater risk than vaginal 
sex, which in turn is a higher risk than oral sex,224 and the coexistence 
of a sexually transmitted infection (most notably the presence of 
genital ulcerative disease) greatly increases the infectiousness as well 
as the susceptibility of the individual.225-227 Carefully performed longi-
tudinal cohort studies conducted in Africa have helped us understand 
the risk of HIV transmission per coital act. In a study conducted in 
Uganda the probability of HIV transmission per coital act was the 
highest from subjects with early infection (8.2 cases/1000 coital acts), 
it declined to 0.7 to 1.5 per 1000 coital acts with established infection, 
and it increased again to 2.8 cases per 1000 coital acts in advanced 
infection.228 Index partner HIV viral load was the strongest predictor 
of transmission at each stage of infection. Taking into consideration 
that patients with acute infection have extremely high viral loads, the 
risk for HIV transmission from patients with acute infection has been 
estimated to be as high as 1 case per 50 coital acts.229 The per-contact 
risk of acquiring HIV infection from homosexual contacts was esti-
mated in a prospective cohort study of 2189 high-risk homosexual  
and bisexual men conducted in San Francisco, Denver, and Chicago. 
During 2633 person-years of follow-up, 60 seroconversions were 
observed. The estimated per-contact risk of acquiring HIV from 
unprotected receptive anal intercourse was 0.82% when the partner 
was known to be HIV infected and 0.27% when partners of unknown 
serostatus were included.230 In a systematic review and meta-analysis 
of the literature on HIV-1 infectiousness through anal intercourse, the 
per-act risk was 1.4%, and the per-partner risk was 40.4% for unpro-
tected receptive anal intercourse, with no significant difference between 
per-act risks for heterosexuals and MSM.231 The per-partner risk for 
unprotected insertive anal intercourse and combined unprotected 
receptive and insertive anal intercourse risks were 21.7% and 39.9%, 
respectively. These data support that unprotected anal intercourse is a 
high-risk practice for HIV transmission, but that there is probably 
substantial variation in infectiousness.

syndrome was diagnosed before or at 12 months of age, 7% had lym-
phoid interstitial pneumonitis, compared with 36% of children in 
whom AIDS was diagnosed at 1 to 4 years of age. In contrast, in chil-
dren in whom AIDS was diagnosed before or at 12 months of age, 58% 
had P. jirovecii pneumonia versus 14% of those aged 1 to 4 years. This 
early age at onset, as well as the high mortality rate associated with P. 
jirovecii pneumonia in infants and children, reinforces recommenda-
tions that HIV infection in infants should be diagnosed as soon as 
possible after birth so that prophylaxis can be promptly initiated when 
indicated.219

Overall, 50% of the children with AIDS detected through national 
surveillance through 2009 are reported to have died. Before the avail-
ability of ART, the survival of HIV-infected children was closely related 
to age at the initial diagnosis of AIDS and to the specific AIDS-defining 
condition. The shortest duration of survival, ranging from 1 to 9 
months, has been reported for children with an initial AIDS diagnosis 
of P. jirovecii pneumonia.220-222 In contrast, longer median survival 
times ranging from 65 to 72 months have been reported for lymphoid 
interstitial pneumonitis.220,221 In a longitudinal evaluation of 789 chil-
dren enrolled in the New York State Medicaid Programs, the propor-
tion of children younger than 6 months at diagnosis who survived 1 
year after AIDS was diagnosed (40% vs. 5% to 4%) was substantially 
less than that for children older than 6 months (70% vs. 85%), irrespec-
tive of the AIDS indicator disease.221 Similar to adults, effective ART 
for children, P. jirovecii prophylaxis, and intravenous (IV) immuno-
globulin have had a positive impact on survival by delaying disease 
progression. The implementation of recommendations by the U.S. 
Public Health Service for the treatment of HIV-infected women during 
pregnancy with combination ART has undoubtedly had a positive 
impact in further reducing perinatal HIV transmission and may even-
tually lead to the elimination of perinatal HIV infection in this 
country.222

MODES OF TRANSMISSION
More than 2 decades after the initial studies were conducted to deter-
mine the ways in which HIV is transmitted, surveillance and epide-
miologic data throughout the world continue to support only three 
primary modes of transmission: sexual contact; exposure to blood, 
largely through injection drug use and occasionally through trans-
fusion; and perinatal transmission from infected mothers to their 
infants.

Sexual Transmission
Sexual contact is the predominant mode of HIV transmission through-
out the world. However, the geographic distribution of cases attribut-
able to homosexual and heterosexual transmission varies markedly.7 

FIGURE 121-3 Diagnosis of human immunodeficiency virus Infection among children younger than 13 years by year of diagnosis, 2008 
to 2011, United States and six dependent areas. (From the Centers for Disease Control and Prevention. Pediatric HIV Surveillance. Available at http://
www.cdc.gov/hiv/pdf/statistics_surveillance_Pediatric.pdf. Accessed March 12, 2014.)
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ulcer disease.266 Furthermore, a similar study in Uganda suggested that 
genital ulcers, caused mainly by HSV-2, are associated with higher viral 
loads in both incident and prevalent HIV-infected patients.267 Genital 
ulcer disease may have augmented the women’s infectiousness by 
increasing viral shedding in the female genital tract through a local 
inflammatory response mediated by the recruitment and activation of 
HIV-infected macrophages and lymphocytes to and on the disrupted 
mucosal surface.265,268 The recovery of HIV from genital ulcers in HIV-
infected women supports this hypothesis.269 These data suggest that the 
treatment of genital ulceration and HSV-2 suppressive therapy may be 
associated with a reduction in HIV viremia, thus potentially reducing 
HIV transmission and disease progression. However, recent controlled 
studies of antiviral therapy for genital HSV infections did not show a 
reduced risk in the acquisition or transmission of HIV infection.270-272

Nonulcerative STDs may also enhance the sexual transmission  
of HIV. Among men, urethritis and gonorrhea are associated with  
the increased detection of HIV in semen,273,274 and appropriate anti-
biotic treatment diminishes the amount of HIV present in genital 
secretions.275

Susceptibility of the Recipient Partner
As previously mentioned, the presence of genital and anorectal ulcer-
ation or mucosal disruption secondary to infection has emerged as one 
of the most consistent and biologically plausible factors affecting the 
transmission and acquisition of HIV infection through sexual contact. 
Although ulcers that disrupt the genital epithelium can serve simply 
as a portal of entry for HIV, they may have a more complex role in 
HIV transmission. Genital ulcers cause an inflammatory response that 
in turn may increase the number of stimulated T lymphocytes at the 
surface of the ulceration and thus increase the number of susceptible 
cells.266,268

A number of epidemiologic studies have demonstrated that a 
history of genital ulcer disease in the recipient partner is a risk factor 
for acquiring HIV in both heterosexual and homosexual men268,276 and 
women.264,276 Although this association may not be surprising, two 
seroepidemiologic studies of homosexual men have convincingly dem-
onstrated that genital ulcer disease is not simply a marker for increased 
sexual activity.268,277 Instead, infection with HIV was independently 
associated with serologic evidence of prior syphilis or infection with 
HSV-2, the two most common causes of genital ulcers among homo-
sexual men in the United States. In another study among female pros-
titutes in Nairobi, 60% of seroconverting women experienced one or 
more episodes of genital ulcers before seroconverting.264

Nonulcerative STDs, such as gonorrhea and chlamydial infection, 
also facilitate the acquisition of HIV infection by causing mucosal 
disruption of the genital tract.264 Other nonulcerative STDs (e.g., ure-
thritis, cervicitis, balanitis, bacterial vaginosis, and genital warts)  
also increase the risk of acquiring HIV infection.278-280 Observational 
studies over many years strongly suggested that circumcised men were 
unlikely to acquire HIV. More recently, three randomized trials have 
demonstrated that circumcision can decrease the acquisition of HIV 
infection rates by 50% to 60% in circumcised men who largely engaged 
in heterosexual intercourse.281-283 However, this benefit has not been 
confirmed for MSM.284,285 The higher frequency of balanitis in uncir-
cumcised men has been postulated as a partial explanation for the 
increased risk of HIV observed among uncircumcised men in develop-
ing countries.265,286,287

Noninfectious causes of ulceration of the genital tract may also pose 
a risk for the sexual transmission of HIV. For example, the frequent 
use of the nonoxynol-9 contraceptive sponge by female prostitutes in 
Nairobi was associated with increased rates of genital ulcers, vulvitis, 
and HIV seroconversion in one study.288 The increased risk for HIV 
acquisition may be attributable to chemical irritation from the spermi-
cide or to mechanical trauma, both of which can result in inflammation 
and ulceration.289 The importance of the treatment of sexually trans-
mitted infections in the HIV epidemic was made evident by a study in 
Tanzania showing that prompt management of sexually transmitted 
infections decreased the incidence of HIV infection by 42%.290 Certain 
traumatic sexual practices that result in rectal mucosal disruption and 
lesions have been associated with HIV infection. Early epidemiologic 
studies of homosexual men found that receptive anal intercourse, 

Infectiousness of the Source Partner
The variability in the infectiousness of the source partner has been 
suggested by observations that some persons appear to be highly effi-
cient transmitters of HIV through sexual contact. Such efficiency is 
manifested by the infection of a high proportion of an individual’s 
sexual partners,232 often after only a single contact.233,234

It has been thought for some time that HIV transmission appears 
to be more efficient late in the course of HIV infection.228,235-239 This 
association was first suggested in a prospective study of infected hemo-
philiac men and their female sex partners.236 These observations cor-
relate well with laboratory studies demonstrating that both the ability 
to isolate HIV from semen and the concentration of the virus in plasma 
are inversely proportional to the number of CD4+ T lymphocytes.240-243 
In another study, HIV was isolated more frequently from the cervico-
vaginal secretions of women with AIDS than from those of women in 
earlier stages of the disease.244 More recently, primary HIV infection 
has been recognized as a period associated with increased infectious-
ness likely related to the much higher viral load in blood and genital 
secretions of persons with acute infection.229,245,246 From a public health 
point of view, this association is extremely important because increased 
infectiousness would precede recognition of infection by the individ-
ual.247,248 In general, the higher the plasma viral load, the more likely 
HIV transmission will occur, given similar exposure. In a study con-
ducted in Africa, there were no cases of seroconversion among hetero-
sexual discordant partners when the infected partner had serum 
HIV-RNA of less than 1500 copies/mL and the per-person risk of 
transmitting HIV-1 increased by a factor of 2.5 each time the viral load 
in the HIV-infected person increased by a factor of 10.249

Similarly, the risk for perinatal transmission of HIV increases as  
the viral load in the mother increases, and no cases in one study 
occurred when the maternal viral load in plasma was less than  
1000 copies/mL, 16.6% when the viral load was between 1001 and 
10,000 copies/mL, 21.3% when the viral load was between 10,001 and 
50,000 copies/mL, 30.9% when the viral load was between 50,001 to 
100,000 copies/mL, and 40.6% when the viral load was greater than 
100,000 copies/mL.250 High concentrations of HIV can be detected in 
individuals with acute HIV infection and in those with more advanced 
disease.229,251,252 Reducing the viral load through the use of ART dra-
matically reduces the infectiousness of the HIV-1 infected individual 
and the subsequent risk of transmission through sexual contact.253 In 
a randomized, controlled trial conducted among serodiscordant 
couples, treatment with ART led to a 96% reduction in the probability 
of HIV transmission. However, even with the use of combination ART 
and in the presence of suppression of HIV-RNA in plasma, proviral 
DNA has been detected in the seminal cells of infected men254 and the 
genital secretions of women.255 Therefore, the protective effect of anti-
retroviral drugs on the sexual transmission of HIV is likely not to 
render an individual completely noninfectious.256,257

Because HIV is present in both blood cells and cervicovaginal 
secretions, sexual contact with an HIV-infected woman during men-
struation somewhat increases the risk of female-to-male HIV trans-
mission237 as well as the woman’s risk of acquiring HIV infection.238 
Nonmenstrual vaginal and penile bleeding have also been reported to 
be associated with HIV transmission.258,259

The probability of saliva from HIV-infected persons transmitting 
HIV through oral-oral or oral-genital sexual contact is low but real.260 
HIV is found in very low concentrations in the saliva of infected 
persons,261,262 and since 1987, 21 case reports of 42 potential instances 
of oral transmission of HIV have appeared.260 Such transmission is 
difficult to prove or rule out because most persons with HIV and a 
history of oral sexual contact report genital contact as well.

Epidemiologic and laboratory data indicate that genital ulcer 
disease in the source partner is an important factor facilitating HIV 
transmission. Genital ulcers probably increase the infectiousness of 
both male and female source partners.263,264 In a prospective study of 
more than 400 men who acquired an STD (including HIV infection) 
from a group of prostitutes in Nairobi, Kenya, seroconversion to HIV 
was independently associated with the concurrent acquisition of 
genital ulcer disease.265 In a study in Malawi, patients with genital ulcer 
disease were associated with lower CD4+ T-lymphocyte cell counts and 
higher plasma HIV-RNA than HIV-infected patients without genital 
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Many IDUs have changed their drug use behavior to reduce the  
risk of HIV infection.304,305 Drug abuse treatment, street outreach pro-
grams, needle and syringe exchange programs, AIDS educational 
efforts, and HIV counseling and testing programs have all been shown 
to be effective in reducing, although not eliminating, the risk of HIV 
transmission in these populations.306 However, worldwide coverage of 
HIV prevention, treatment, and care services for injection drug use 
populations is very low, and thus interventions that are known to be 
effective have not been implemented.307 Recently, antiretroviral drugs 
given to HIV-negative IDUs has been shown to decrease HIV-1 inci-
dence by 49%.308

Transmission by Blood and Other Tissues
The recipients of unscreened blood or blood products from HIV-
infected donors are at high risk for HIV infection. HIV has been 
transmitted through receipt of whole blood, blood cellular compo-
nents, plasma, and clotting factors.309,310 The likelihood of a person 
becoming infected with HIV after receiving a single-donor blood 
product documented to be HIV positive approaches 100%.311,312 Other 
blood or plasma products, such as hepatitis B immune globulin, 
immune serum globulin, Rh(D) immune globulin, and hepatitis B 
vaccine, are prepared by using one of several fractionation processes 
that inactivate HIV; the use of these products has not been associated 
with transmission.313,314

Before serologic testing for HIV was begun in 1985, 0.04% of 
1,200,000 donations in the United States were estimated to be HIV 
positive.315 During this time, an estimated 29,000 blood or blood 
product recipients were exposed to HIV; because many died of under-
lying conditions, 12,000 of these persons were estimated to have sur-
vived long enough for AIDS to develop.316 Confidential unit exclusion 
and direct donor deferral as well as the institution of HIV antibody 
screening in 1985, followed by additional tests for antibodies to HIV-2 
and p24 antigen in 1996, markedly decreased the risk of HIV infection 
through blood or blood products. With the implementation of p24 
antigen testing, the risk of HIV transmission through the transfusion 
of screened blood was estimated to be 1 in 200,000 to 1 in 2,000,000 
per unit transfused in the United States.317,318 Further reduction in the 
risk of transfusion-transmitted HIV in the United States occurred after 
the U.S. Food and Drug Administration (FDA) approved the imple-
mentation of nucleic acid amplification testing (NAAT) of blood units 
in 2002, which reduces the window period to approximately 12 days.319 
In the clinical trials that led to the approval of NAAT by the FDA, a 
total of 7 HIV-1-positive and 88 hepatitis C virus (HCV)-positive 
donations that would otherwise not have been diagnosed were detected 
in more than 20 million donations tested. As a result of additional 
testing, the risk of HIV through transfusion was estimated by the Red 
Cross in 2001 to be 1 in 2,135,000.320 The risk of HIV infection for 
patients with hemophilia who received concentrated clotting factors 
composed of blood components from potentially thousands of donors 
was substantial before 1985,321,322 but now it is exceedingly low. HIV 
transmission by transplantation of the liver, heart, kidney, pancreas, 
bone, and possibly skin has been reported.122,323,324 Relatively avascular 
tissues, such as corneas and processed tissues, have not been associated 
with transmission.122,325,326 AIDS developed in several transplant recipi-
ents after receiving a variety of organs from a single HIV-negative 
cadaver donor. The donor was subsequently found to be HIV infected 
by culture and PCR.122

Perinatal Transmission
Vertical transmission of HIV from an infected woman to her infant 
can occur during gestation (in utero), at the time of delivery (intrapar-
tum), or postpartum through breast-feeding. Significant progress has 
been made in elucidating risk factors that influence transmission 
during these three periods, detecting infection in the newborn earlier 
and more reliably, and preventing perinatal transmission with the use 
of antiretroviral drugs (see Chapter 128).

The occurrence of intrauterine infection is supported by the detec-
tion of HIV both in fetal tissue as early as 8 weeks327 and in placental 
tissue infected in vivo and in vitro.328 In addition, the 30% to 50% of 
infected infants who test positive by PCR or HIV culture at birth329-331 
also suggests intrauterine transmission of HIV. The proportion of 

“fisting,” and douching increased the risk of HIV transmission.291-293 
Subsequent studies have both supported these findings and extended 
the association of receptive anal intercourse to the heterosexual trans-
mission of HIV.237,247,259

Although cases of AIDS have been reported among lesbian and 
bisexual women, most were infected through injection drug use or sex 
with HIV-infected men.284-286 Female-to-female transmission of HIV 
appears to be very rare.287 However, cases of female-to-female trans-
mission of HIV have been reported.288-290

No consistent association between oral contraceptive use by women 
and acquisition of HIV infection has been found. In one study, women 
who reported taking oral contraceptives had a reduced risk of HIV 
infection.238 However, in a longitudinal cohort study of Nairobi pros-
titutes and a cross-sectional study of sex partners at an STD clinic in 
Nairobi, oral contraceptive use was an independent risk factor for HIV 
seroconversion and prevalent infection, respectively.264,291 In contrast, 
a study of prostitutes in Zaire276 and one of pregnant women in a rural 
U.S. community with a high prevalence of HIV infection79 found no 
association between HIV infection and the use of oral contraceptives. 
The presence of cervical ectopy has been associated with an increased 
risk of HIV seropositivity among long-term female partners of HIV-
positive men in Nairobi.291 Because oral contraceptives are associated 
with higher rates of ectopy, the relationship, if any, between oral con-
traceptives and HIV requires further study.292 Injectable hormonal 
contraceptives have been recently found to be associated with an 
increased risk of both acquisition and transmission of HIV among 
serodiscordant couples.293 What clinicians should do with this data is 
uncertain at this point, but a recent consultation by the WHO/Joint 
United Nations Programme on HIV/AIDS (UNAIDS) concluded that 
the data are not sufficient to change current guidance recommending 
that HIV-1 infected women or those at risk of HIV-1 infection can 
continue to be prescribed hormonal contraceptives to prevent preg-
nancy, but it also emphasized that condoms should be recommended 
to prevent HIV-1 infection.293a

Although anal and vaginal intercourse are the two sex practices 
associated with the greatest risk of transmission, other sexual activities 
involving exposure to semen or blood also carry a potential risk of 
transmission. For example, seroconversion for the HIV antibody has 
been documented after receptive oral intercourse with ejaculation.260

Finally, a mutation in the chemokine receptor gene that may render 
the rare homozygous host relatively resistant to HIV infection has been 
identified (see Chapter 171). When this mutation is present in the 
heterozygous state, it does not prevent infection.294 The presence of this 
mutation varies according to race, with 11% and 1.7% homozygosity 
among whites and blacks, respectively.245

Transmission through Injection  
Drug Use
Among IDUs, HIV is transmitted by parenteral exposure to HIV-
infected blood through contaminated needles and other injection 
equipment. Specific factors that have been associated with HIV infec-
tion among IDUs include the duration of injection drug use since 1977, 
frequency of needle sharing, number of needle-sharing partners, 
number of injections, median number of injections in “shooting gal-
leries,” and prevalence of HIV infection in the area of residence.46,60,295,296 
The rate of HIV infection among IDUs varies widely among different 
geographic areas. In the United States, the rate of HIV infection has 
been the highest in the Northeast.63,65

Most studies have found higher rates of HIV infection associated 
with cocaine and heroin injection than with heroin injection alone, 
probably because of the greater frequency of cocaine injections.69,297,298 
Another possible explanation is the greater likelihood of the exchange 
of sex for drugs among cocaine users.299 Among IDUs, poor socioeco-
nomic conditions, homelessness, and minority race and ethnicity are 
associated with an increased frequency of risk behavior and higher rates 
of HIV infection.47,72,300,301 Among IDUs enrolled in a study in Baltimore 
from 1988 to 1989, the 703 HIV-infected users were more likely to have 
a history of syphilis (16.8%) than the 2218 uninfected IDUs (11.3%).302 
The higher rates of STD among HIV-infected IDUs than uninfected 
users suggests that some infections are transmitted through unsafe 
sexual practices rather than injection drug use itself.86,302,303
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sensitivity and specificity for detecting HIV infection (see Chapters 
122 and 129).356 Nonetheless, these tests can detect only one half or less 
of perinatally infected infants, which is a reflection of very low viral 
burden, sequestration of the virus in other tissues, or recent transmis-
sion to the infant either late in the third trimester or at the time of 
delivery.357 Other options for diagnosing HIV infection in infants 
include HIV-specific IgA assays and an in vitro antibody production 
assay such as the ELISPOT (enzyme-linked immunosorbent spot).332,358 
However, the overall sensitivity and specificity of these tests are less 
than those of PCR and viral culture, especially for infants younger than 
3 months.

Transmission of HIV in Health  
Care Settings
Percutaneous, mucous membrane, and cutaneous exposure to blood-
contaminated body fluids can occur frequently in the health care 
setting.359-361 Such exposure has resulted in occupationally acquired 
HIV infection in health care workers (see Chapter 307).362-366 Data from 
several prospective surveillance projects among health care workers 
indicate that the average risk of seroconversion after a needlestick 
injury with HIV-infected blood is approximately 0.3%.362-364 Percutane-
ous injury, usually inflicted by a hollow bore needle, is the most 
common mechanism of occupational HIV transmission. The transmis-
sion of HIV has also been reported after mucous membrane and cuta-
neous exposure to blood, and in those instances the risk is estimated 
to be 0.09%.367 As of December 2001, the CDC had received reports of 
57 documented cases of HIV seroconversion temporally associated 
with occupational exposure to HIV among health care personnel in 
the United States.368 In addition, 138 cases of possible occupational 
transmission of HIV have been reported to the CDC; in these cases, 
HIV seroconversion temporally associated with an occupational expo-
sure was not documented. In a retrospective study conducted by the 
CDC, it was found that the risk of transmission of HIV to health care 
workers increased when the device causing the injury was visibly con-
taminated with blood, the device had been used for insertion into a 
vein or artery, the device caused a deep injury, or the source patient 
died within 2 months after the exposure.369

Because health care workers are more likely than patients to have 
contact with blood in the health care setting, the risk of HIV transmis-
sion from patient to health care worker clearly exceeds that of health 
care worker to patient.370,371 Transmission of HIV from a health care 
worker to patients has been documented in two instances: in a dental 
practice in Florida372,373 and from an orthopedic surgeon in France.374 
In the cluster of cases in Florida, the precise events that resulted in the 
dentist transmitting HIV to 6 of approximately 1100 patients tested for 
HIV in this practice remain unknown. However, the 6 patients had no 
confirmed exposure to HIV other than receiving treatment from the 
dentist, and each was infected with a viral strain that was very similar 
to that of the dentist but dissimilar from other HIV-infected persons 
in the local area.372,373 The very small risk of a health care worker trans-
mitting HIV to a patient probably depends on several factors, includ-
ing the type of procedure; the technique, skill, and medical condition 
of the health care worker; and the titer of circulating virus.370,375,376 
Aside from these two instances, the investigation of 22,759 patients of 
53 other HIV-infected health care workers has not identified other 
episodes of transmission of HIV from a health care worker to a 
patient.377

Two patients undergoing nuclear medicine procedures have been 
reported to have been infected through inadvertent IV injections of 
blood or other material from HIV-infected patients.378 In addition, 
transmission of HIV through percutaneous or mucocutaneous expo-
sure to blood or other body substances has occurred in homes in which 
health care has been provided.379,380 Transmission of HIV from patient 
to patient through improper sterilization or reuse of contaminated 
needles and syringes has been reported in Romania and the former 
Soviet Union.381,382 Similarly, a report from Australia suggested that a 
breach in infection control precautions caused HIV to be transmitted 
from one patient to four others during minor surgical procedures 
performed on the same day by an HIV-negative surgeon.383 A more 
detailed review of transmission in the health care setting can be found 
in Chapter 307.

infants who become infected in each trimester of pregnancy is 
unknown, but transmission to the infant early in pregnancy would 
presumably allow viral replication to reach a level sufficient for detec-
tion by culture or PCR.332 HIV-infected infants who test negative by 
PCR or HIV culture at birth may have become infected late in preg-
nancy or during the intrapartum period. Accumulating information 
suggests that a sizable proportion of vertical transmission may occur 
during the intrapartum period.333,334 Both vaginal and cesarean deliver-
ies present frequent and varied opportunities for the infant to be 
exposed to infected maternal blood and cervicovaginal fluids. Although 
many studies have found statistically similar rates of transmission for 
vaginal and cesarean section delivery,335-338 there are data from meta-
analysis and randomized clinical trials suggesting that elective cesarean 
section reduces the risk of perinatal HIV transmission even when 
accounting for the use of antiretroviral drugs.339 As a result, the per-
centage of deliveries performed via elective cesarean section in HIV-
infected pregnant women increased from 20% from 1994 to 1998 to 
44% from 1998 to 2000.340 The isolation of HIV from breast milk,341 as 
well as reports of breast-feeding mothers who infected their infants 
after they had acquired HIV infection through postpartum blood 
transfusions, provided initial evidence for postnatal HIV transmis-
sion.342 Subsequent evaluation has focused on estimating the added, or 
attributable, risk of perinatal transmission conveyed by breast-feeding. 
Several prospective cohort studies that compared breastfed and bottle-
fed infants have detected higher rates of HIV infection in breast-fed 
children.334-336,343,344 The attributable risk of transmission through 
breast-feeding ranges from 14% to 29% and was determined on the 
basis of data from developing countries where ART has not been 
used.345 Mothers who themselves acquired HIV infection in the post-
partum period were more efficient transmitters, presumably because 
of the increased viral burden associated with primary HIV infec-
tion.346,347 For these reasons, it has been recommended in the United 
States since 1985 that HIV-infected women abstain from breast-feeding 
their infants. Epidemiologic studies344 and mathematical models348 
have evaluated the competing risks of acquiring HIV infection by 
breast-feeding and the increased morbidity and mortality associated 
with alternatives to breast-feeding in developing countries. Both 
approaches have found that for children in many developing countries, 
the benefits from breast-feeding outweigh the risk of HIV transmission 
through breast-feeding. However, the risk of not breast-feeding varies 
greatly between and within developing countries, so the situation 
needs to be considered on an individual basis.

Prospective studies of infants born to women with HIV infection 
before the use of antiretroviral drugs have found rates of transmission 
ranging from 13% to 40%,335-337,349 with the highest rates of perinatally 
acquired HIV infection, which approach 40%, reported from Africa.349 
The disparity in these rates most likely reflects differences in the sever-
ity of the maternal disease stage, nutritional status, rates of breast-
feeding, study design, completeness and length of follow-up, and use 
of different diagnostic criteria.214 The risk of perinatal transmission 
appears to vary by the disease stage of the mother. Mothers at both 
extremes of the clinical spectrum of HIV infection, with either acute, 
primary infection286,333 or advanced, symptomatic disease,346,349 have 
been reported to be more likely to transmit HIV to their infants than 
asymptomatic seropositive women. The most important risk factor to 
determine the likelihood that an infant will acquire HIV perinatally is 
the HIV viral load of the mother.350,351 However, mother-to-child trans-
mission has been observed across the entire range of plasma HIV RNA 
levels, including in women with very low or undetectable levels of 
maternal HIV-1 RNA on ART.352

In addition to maternal risk factors, obstetric factors that disrupt 
the maternal-fetal barrier can increase perinatal transmission. In one 
study among Zairian women, the presence of histologic chorioamnio-
nitis and funisitis was associated with an overall twofold increase in 
the risk of transmission.353 Preterm delivery, prolonged rupture of 
membranes (>4 hours), the use of illicit drugs during pregnancy, a low 
antenatal CD4+ count, and low birth weight are also associated with 
increased risk for perinatal HIV transmission.354,355

Infants born to HIV-infected mothers have passively acquired the 
maternal antibody to HIV, which persists for 12 to 18 months. For 
infants 0 to 6 months of age, PCR and viral culture offer the greatest 
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HIV are similar throughout the world, but the relative frequency varies 
considerably among countries and regions. In western Europe, North 
America, and Australia, as well as some parts of South America and 
the Caribbean, homosexual and bisexual men and IDUs remain the 
predominantly affected groups.408 In northern Europe, most AIDS 
cases have occurred among homosexual and bisexual men, whereas in 
southern Europe, more than 60% of persons with AIDS are IDUs.409 
The sex partners of IDUs have been particularly affected by the hetero-
sexual transmission of HIV. The proportion of infections attributed to 
heterosexual transmission has increased over time, particularly in 
Brazil and other countries in South America, where infection rates 
among IDUs are relatively high.409-411

In sub-Saharan Africa and some areas of the Caribbean, hetero-
sexual contact is the most common mode of transmission.408,412-418 High 
rates of HIV infection among pregnant women have resulted in a 
substantial number of children with perinatally acquired HIV.418 The 
highest rates of HIV infection in Africa and some Caribbean countries 
are found among female prostitutes and persons treated for other 
STDs.273,417,419-423 Injection drug use is now an important route of trans-
mission of HIV in many developing countries and countries in transi-
tion, including those of the former Soviet Union.424 In contrast, the 
receipt of contaminated blood products remains a major source of HIV 
transmission in many developing countries, and medical injections 
with contaminated medical devices continue to result in some HIV 
infections.407,408,425

HIV was introduced later (mid- to late 1980s) in Asia, the Middle 
East, northern Africa, and Eastern Europe than in other regions. Pro-
gression of the HIV epidemic in southern and Southeast Asia has been 
quite rapid, with an explosive increase in HIV infection among IDUs, 
prostitutes, and other populations of young adults in Thailand, 
Myanmar, India, Malaysia, Cambodia, and Vietnam.409-434 India, China, 
and the former Soviet republics are now the areas of the world where 
the epidemic has increased.435,436 Korea and Japan continue to have low 
rates of HIV infection among their populations at risk.437,438

In eastern Europe and the newly independent states of the former 
Soviet Union, HIV infections are rapidly increasing, primarily in asso-
ciation with injection drug use, and the prevalence of HIV among 
persons who inject drugs is growing.424 Rising trends for syphilis and 
other sexually transmitted infections have resulted in an explosive HIV 
epidemic in Russia and many of the newly independent states.439 In 
1990, several thousand Romanian children were infected after receiv-
ing multiple injections with improperly cleaned needles and syringes 
and transfusions of unscreened blood.381 In Russia, a nosocomial out-
break of HIV infection among 152 hospitalized children was associated 
with the multiple use of unsterilized syringes.382

The increasing availability of ART in developing countries in the 
last few years has improved the prognosis for many living with HIV, 
and HIV mortality and incidence are now decreasing globally. UNAIDS 
estimates that at the end of 2010, 6.65 million persons were receiving 
ART in low- and middle-income countries. However, many still are 
without access to treatment, and thus the HIV epidemic is expected to 
continue to grow in the coming years. A more extensive discussion of 
AIDS in the developing world is presented in Chapter 120.

HIV-2
HIV-2 is a second human immunodeficiency virus that can result in 
severe immunodeficiency in some individuals but generally does so 
less frequently than in HIV-1–infected individuals. Compared with 
HIV-1 infection, asymptomatic infection is more common in HIV-2–
infected individuals, virus loads in blood are lower, and transmission 
to partners or neonates is less frequent.440-442

HIV-2 likely emerged after cross-species transmission of simian 
immunodeficiency virus (SIV) from sooty mangabeys to humans. 
Infection with HIV-2 was first reported in western Africa in 1986.443 
Although cases of HIV-2 infection have since been reported in other 
parts of Africa, several European countries, Canada, the United States, 
Brazil, and India,444 the virus continues to be found mostly among 
heterosexual persons in western Africa.445 Differences in the geo-
graphic distribution of HIV-1 and HIV-2 may reflect differences in 
viral load, which in turn can affect the transmission and the duration 
of infectiousness.446 Data from surveillance and serologic surveys 

Other Modes of Transmission
Although HIV has been isolated from a variety of body  
fluids,251,262,341,384-386 only blood, semen, other genital secretions, and 
breast milk have been implicated as sources of infection. HIV infection 
is acquired through exposure to blood, principally through injection 
drug use and receipt of contaminated blood, blood products, organs, 
and tissues. Exposure of nonintact skin to blood after a motor vehicle 
accident and a sports injury has been reported to result in HIV infec-
tion, but these occurrences are rare.387,388

Vaginal or anal intercourse is the predominant way in which 
persons are exposed to HIV-infected semen and cervicovaginal fluids. 
However, transmission of HIV through intravaginal insemination with 
unprocessed donor semen389,390 and intrauterine insemination with 
processed semen391 has been reported. Although data regarding the 
magnitude of the risks are conflicting,389-391 there is no evidence that 
any procedure can reliably eliminate HIV from semen.391

Laboratory and epidemiologic studies indicate that the infectious-
ness of saliva from HIV-infected persons through human bites or 
occupational contact is extremely low. Furthermore, definitive attribu-
tion of HIV transmission to contact with saliva is difficult because 
saliva is often comingled with blood in these settings. The low risk of 
saliva-mediated HIV transmission is probably attributable to the very 
low concentrations of HIV in the saliva of infected persons261,262 as well 
as the presence of HIV inhibitory activity in saliva.392 One case report 
of two siblings infected with HIV suggested a bite as the route of 
transmission for the previously uninfected child.393 However, because 
the bite did not break the skin or result in bleeding, the precise mode 
of transmission remains uncertain. Multiple epidemiologic studies, 
including occupational and household contact studies, have found  
no evidence of transmission via a human bite.394 Similarly, studies 
of health care workers monitored prospectively after percutaneous, 
mucous membrane (e.g., during the administration of cardiopulmo-
nary resuscitation), or nonintact skin exposure to saliva from HIV-
infected patients have not detected any instances of HIV antibody 
seroconversion.363,395

To examine the risk of HIV transmission through casual contact, 
studies have evaluated more than 1000 nonsexual household contacts 
of both adults and children with HIV infection.394,396-398 In these house-
holds, transmission of HIV was found only among sex partners, chil-
dren born to infected mothers, and persons who themselves had risk 
factors for HIV infection. However, eight case reports have described 
household transmission of HIV unassociated with sexual contact, 
injection drug use, or breast-feeding. Five of the eight reports were 
associated with documented or probable blood contact.380,399-401 Two 
reports involved nursing care of terminally ill persons with AIDS in 
which blood exposure might have occurred but was not documented; 
in both reports, skin contact with other secretions and excretions 
occurred.380,402 In the last report, a bite was suggested but not docu-
mented to have resulted in transmission.393

Laboratory and epidemiologic studies have produced no evidence 
of the replication of HIV within insects, in vitro mechanical trans-
mission of HIV, or transmission through biting or bloodsucking 
insects.403-405 The potential role of insect-mediated HIV infection was 
evaluated in a study of residents in a southern Florida community with 
a high rate of HIV infection.406 HIV seropositivity was not associated 
with either epidemiologic or laboratory evidence of exposure to mos-
quitoes, as measured by the presence of antibodies to five arboviruses. 
Additional studies in Africa failed to establish an association between 
the presence of malaria antibodies and HIV.407

HIV INFECTION AND AIDS 
OUTSIDE THE UNITED STATES
HIV infection is pandemic, affecting almost all countries (see Chapter 
120). Through December of 2011, UNAIDS and the WHO estimate 
that approximately 34 (31.4 to 35.9) million persons are living with 
HIV worldwide, including 3.3 (3.1 to 3.8) million children younger 
than 15 years. UNAIDS/WHO estimate that in 2011, 2.5 (2.2 to 2.8) 
million persons were newly infected with HIV, of which 70% occurred 
in sub-Saharan Africa, the most severely affected region of the world. 
Greater than 95% of all HIV-infected persons live in low- and middle-
income countries (see Chapter 120). The modes of transmission of 
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been rigorously evaluated and have demonstrated evidence of efficacy. 
The current EBIs include 74 HIV risk-reduction behavioral interven-
tions for which there is best evidence for 44 and good evidence for 
30.465 However, it should be noted that these interventions have been 
proven to reduce HIV-related risky behaviors but not HIV incidence 
in randomized, controlled trials. As a number of biomedical interven-
tions (in particular antiretroviral drugs) have been proven to be effec-
tive for HIV prevention, the concept of “combination prevention” has 
emerged. Combination prevention is defined as rights-based, evidence-
informed, and community-owned programs that use a mix of biomedi-
cal, behavioral, and structural interventions prioritized to meet the 
HIV prevention needs of particular individuals and communities and 
to have the greatest sustained impact on reducing new infections.466

Because of the proven efficacy of ART and the availability of HIV 
rapid testing, the CDC launched a new prevention initiative that seeks 
to make HIV testing more widely available, increase the number of 
persons who enter care once diagnosed and thus benefit from medical 
care and prevention interventions, and further decrease perinatal HIV 
transmission.467 Concern about reports of an upsurge in sexually trans-
mitted infections among persons known to be infected with HIV468-470 
has resulted in new guidelines for the incorporation of HIV prevention 
into the medical care of HIV-infected persons.471,472

Prevention of Sexual Transmission
Strategies for the prevention of the sexual transmission of HIV have 
focused up to very recently on reducing unsafe sexual behavior (by 
promoting sexual abstinence or decreasing the number of partners), 
encouraging condom use, and treating sexually transmitted infec-
tions.473 More recently, there has been a rapid movement toward the 
use of antiretroviral agents for prevention of HIV. The consistent use 
of latex condoms has been shown to be effective for the prevention  
of HIV transmission at the level of both the individual and the 
population.474-476 Multiple epidemiologic studies of heterosexual 
couples in which one partner is HIV positive and the other HIV nega-
tive indicate that the correct and consistent use of condoms can sig-
nificantly reduce the transmission of HIV and other STDs.477-480

In one prospective study of 342 HIV-seronegative women who had 
no exposure to HIV other than participation in a stable, monogamous 
relationship with an infected man, 19 seroconversions were detected, 
for an incidence rate of 3.6 per 100 person-years.479 The risk of acquir-
ing HIV infection was sixfold greater for women whose partners were 
inconsistent (i.e., never or not always) condom users than for women 
who reported that their partners always used condoms. A second lon-
gitudinal study of heterosexual HIV-serodiscordant couples reported 
similar findings: no seroconversions occurred among the 124 partners 
who always used condoms, whereas 12 of the 121 partners who were 
irregular condom users seroconverted, for an incidence rate of 4.8  
per 100 person-years.480 Deriving precise and consistent estimates of 
condom efficacy is often hindered by the inability to control for poten-
tially important confounders that may significantly affect transmission, 
including the presence of other concurrent STDs, the frequency of sex, 
the duration of the partnership, anal intercourse, and the source part-
ner’s degree of immunosuppression.478 Two large prospective studies 
of serodiscordant couples have demonstrated that among partners who 
do not use condoms regularly, the risk of transmission increases with 
advanced stages of HIV infection in the index partner and with the 
presence of a genital tract infection in the HIV-negative partner.479,480 
Such information reinforces the need for the ongoing counseling of 
persons involved in long-term relationships with infected partners 
whose clinical conditions may change over time.

In Thailand, a program of “100% condom use” in commercial sex 
establishments has led to an enormous increase in condom use and 
substantial changes in sexual behavior, with parallel declines in HIV 
seroprevalence and sexually transmitted infections.481-483

The effectiveness of condoms to prevent the heterosexual transmis-
sion of HIV has been estimated to be 87%, but it may be as low as 60% 
or as high as 96%.484,485 Many factors can affect the effectiveness of 
condoms in reducing the risk of HIV transmission, such as condom 
breakage, leakage, and slippage. Although condom breakage can occur, 
it appears to be uncommon, particularly in developed countries, where 
studies have found breakage rates of 2% or less for vaginal or anal 

indicate that the prevalence of HIV-2 infection in the United States is 
extremely low.416,417 In 1992, the FDA recommended that all blood 
donations be screened with serologic assays for HIV-1 and HIV-2.  
The serologic testing of more than 24 million blood donations found 
no HIV-2–infected persons.417 Similarly, surveys conducted among 
persons presumably at increased risk of infection with retroviruses 
through sexual contact and injection drug use have found very low 
rates of HIV-2 infection.444,446 In one survey, performed from 1988 to 
1990, of 31,533 persons at high risk for HIV infection in the United 
States, 10% were found to be infected with HIV-1, but only 2 persons 
(0.006%) were seropositive for HIV-2.447

Accumulating information suggests that the modes of transmission 
for HIV-1 and HIV-2 are similar. Worldwide, HIV-2 infections have 
been diagnosed predominantly in men and women infected through 
heterosexual contact and to a lesser extent in homosexual men, IDUs, 
transfusion recipients, and persons with hemophilia.444,448 The lower 
level of shedding of HIV in genital secretions may help explain the 
different transmission rates between HIV-1 and HIV-2.449 Although 
the perinatal transmission of HIV-2 has been reported, numerous 
studies suggest that HIV-2 is transmitted less efficiently than HIV-1 
from mother to child.448-453 The natural histories of HIV-1 and HIV-2 
infection appear similar in that both are characterized by a broad 
spectrum of disease. However, the incubation period from the time of 
initial infection to the eventual development of AIDS may be longer 
for HIV-2.448,454-456

HIV-1 and HIV-2 are genetically and immunologically distinct. 
However, nucleotide sequence analysis indicates that HIV-1 and HIV-2 
share a similar genomic organization, suggesting a common evolution-
ary origin.457 Overall, the nucleotide sequence homology for HIV-1 
and HIV-2 is approximately 40%; the gag and pol genes for the two 
viruses are approximately 60% homologous.457 These genetic similari-
ties can result in frequent serologic cross-reactions between HIV-1 and 
HIV-2. HIV-1 antibody tests in which whole-virus lysate EIA is used 
will detect 41% to 91% of HIV-2-infected persons.458 Similarly, because 
the gag and pol proteins of HIV-1 and HIV-2 are antigenically cross 
reactive, HIV-2-infected persons may have an indeterminate HIV-1 
WB test result.459 The available HIV-2 EIA tests have a reported sensi-
tivity of greater than 99%,444 and the criteria for the diagnosis of HIV-2 
infection using WB have been established.460 HIV-2 is intrinsically 
resistant to the non-nucleoside reverse-transcriptase inhibitors and 
enfuvirtide.461 Although dual infection with both HIV-1 and HIV-2 has 
been reported, they are uncommon outside endemic areas. In one 
study from France, among 3700 HIV-infected patients, only 17 were 
identified as dually infected.462 Blood donations in the United States 
are currently tested for evidence of both HIV-1 and HIV-2 antibodies. 
The very low prevalence of HIV-2 infection in the United States does 
not warrant routine testing for HIV-2 in settings other than blood 
centers. The CDC has recommended that tests for both HIV-1 and 
HIV-2 be performed in two HIV testing situations: (1) if demographic 
or behavioral information suggests that HIV-2 infection might be 
present, for example, sexual or blood contact with a person from a 
country where HIV-2 is endemic or with a person known to be infected 
with HIV-2; or (2) when clinical evidence suggests HIV disease in the 
absence of a positive test for antibodies to HIV-1 or in the presence of 
an HIV-1 WB with only gag and pol bands.444 Detailed HIV-2 testing 
and counseling algorithms have been developed.444

PREVENTION OF HIV INFECTION 
IN THE COMMUNITY
The prevention of HIV infection must be based on strategies that inter-
rupt sexual, bloodborne, and perinatal transmission of the virus. Such 
strategies must be grounded in an understanding of the epidemiology 
of HIV infection and knowledge of the science of human behavior. 
These science-based strategies are the foundation for the design,  
implementation, and evaluation of prevention efforts. A number of 
behavioral interventions have been tested and applied to reduce HIV-
associated risk behaviors across a variety of populations. In general, 
these programs are theory driven and emphasize the development of 
the cognitive, social, and technical skills associated with safer sex and 
drug use practices.463 CDC has compiled a compendium of evidence-
based HIV behavioral interventions (EBIs).464 These interventions have 

http://www.myuptodate.com


C
h

ap
ter 121 Epidem

iology and Prevention of Acquired Im
m

unodeficiency Syndrom
e and Hum

an Im
m

unodeficiency Virus Infection
1499

moderate-to-heavy drug use, and younger age were associated with 
subsequent seroconversion.514 Collectively, these studies highlight the 
diversity among MSM; the challenges in preventing new HIV infec-
tion; and the need for continued commitment to the development, 
implementation, and targeting of intervention and education programs 
suitable for different age, racial and ethnic, socioeconomic, and geo-
graphic populations.514 In the era of effective ART, new challenges have 
emerged. Studies suggest that optimism about the effectiveness of ART 
and prognosis may be contributing to relapses in high-risk sexual 
behaviors among HIV-infected persons.515-517

The data available suggest that changes in sexual behavior by het-
erosexual men and women at risk for HIV infection have been limited. 
In the United States, the HIV epidemic among heterosexual men and 
women has its roots in injection drug use, crack cocaine use, and the 
exchange of sex for drugs.118,518 The prevention of heterosexually 
acquired HIV in the United States will require efforts to prevent HIV 
transmission associated with drug use, especially injection drug use, 
as well as prevent and treat other STDs that facilitate HIV transmis-
sion.302,518-520 As previously stated, three recently conducted random-
ized trials of male circumcision have demonstrated that circumcision 
provides a protected benefit of between 50% and 60% against the 
acquisition of HIV infection among men who engage predominantly 
in heterosexual intercourse.281-283 Although these results are clearly 
encouraging and studies have proven the protective effect of male 
circumcision, there still remain many challenges in the implementa-
tion of this intervention to obtain the full impact of circumcision on 
HIV incidence among those populations the most heavily affected  
by HIV.521

Partner notification is another mechanism to assist in the preven-
tion of sexual transmission of HIV. Even though many HIV-infected 
individuals cooperate in notifying at least some of their sex partners, 
others do not.522,523 Although the effectiveness of contact tracing and 
partner notification has been hotly debated,524 it is probably an effective 
prevention strategy,525,526 particularly when it is targeted to acute HIV 
infection.527 The efficacy of partner notification by the health depart-
ment appears to be substantially more effective than notification by the 
infected person or the patient’s physician.523,528,529

The control of sexually transmitted infections is also an important 
intervention to reduce the sexual transmission of HIV. Data from a 
study in Tanzania in which a syndrome approach was used in the treat-
ment of symptomatic sexually transmitted infections led to a 42% 
decrease in HIV incidence.530 In contrast, in the Rakai district of 
Uganda, a recently completed community-based trial of mass treat-
ment for sexually transmitted infections failed to show a difference 
between the treatment and control arms.531 The reasons for the lack of 
consistency in the results of these two trials are multiple and not yet 
fully explained. Nevertheless, despite lack of proven efficacy in the 
prevention of HIV infection, the diagnosis and treatment of sexually 
transmitted infections remains important for the individual as well as 
for public health.

Antiretrovirals are also effective for the prevention of HIV when 
administered prophylactically to HIV-uninfected but at-risk individu-
als (preexposure prophylaxis) and when administered after sexual 
exposure (postexposure prophylaxis).532,533 Results of several studies of 
preexposure prophylaxis have recently been reported in the literature. 
In a randomized trial, daily administration of co-formulated tenofovir 
plus emtricitabine as preexposure prophylaxis to MSM decreased  
the risk of HIV infection by 44%.534 Other studies using tenofovir 
co-formulated with emtricitabine have shown as much as a two-thirds 
decrease in HIV transmission among heterosexual couples,535,536 
although findings have varied across different studies, with some trials 
failing to demonstrate efficacy primarily because of poor adherence 
(Table 121-4).537

Antiretrovirals can also be given after exposure to prevent HIV 
acquisition (postexposure prophylaxis). In 2005, the CDC published 
guidelines for antiretroviral postexposure prophylaxis after sexual, 
injection drug use, and other nonoccupational exposures to HIV. In 
these guidelines, it is recommended that persons seeking care 72 hours 
or sooner after nonoccupational exposure to blood, genital secretions, 
or other potentially infected body fluids of a person known to have 
HIV infection be offered a 28-day course of ART.533

intercourse.475,477 Similarly, low rates of slippage (i.e., less than 1%) have 
been reported.486 In vitro testing of intact latex condoms to detect leak-
age of HIV-sized particles suggests that when they are properly used, 
condoms can act as an effective physical barrier and substantially 
reduce contact with fluid-containing HIV-sized particles, even if leak-
age were to occur.487 The effectiveness of condoms during anal inter-
course is probably lower because condom breakage and slippage may 
be considerably higher than they are during vaginal intercourse.488

Intravaginal pouches (“female condoms”), advocated as a “female- 
controlled” barrier prevention method, also require correct and  
consistent use.489,490 The female condom has been shown to be as 
effective as the male condom for the prevention of sexually trans-
mitted infections,490-492 and its contraceptive failure rate has ranged 
from 11% to 26%, depending on the consistency and correctness of 
usage.491 However, the contraceptive failure rate of a condom may 
not accurately reflect its effectiveness in reducing heterosexual HIV 
transmission.475,477

Currently available spermicides do not protect against the trans-
mission of HIV and other sexually transmitted infections, and 
nonoxynol-9 might increase the risk for HIV sexual transmission. 
Three randomized, controlled trials of the use of nonoxynol-9 by com-
mercial sex workers in Africa failed to demonstrate any protection 
against HIV infection,493,494 with one showing an increased risk of HIV 
transmission with the use of a vaginal sponge containing a high dose 
of nonoxynol-9.495 Nonoxynol-9–containing contraceptives also failed 
to protect against infection with Neisseria gonorrhoeae and Chlamydia 
trachomatis in two randomized trials, one among prostitutes in Africa 
and one among U.S. women recruited from an STD clinic.496,497 The 
irritative effects of spermicides on the vaginal epithelium may in fact 
facilitate rather than reduce HIV transmission.498 Despite these data, 
contraceptives containing nonoxynol-9 continue to be commonly used 
in family planning clinics.499 Several other available topical microbi-
cides that have been studied in clinical trials thus far have also failed 
to demonstrate efficacy.500,501 A placebo-controlled study of a polynaph-
thalene sulphonate gel (PRO2000) completed in 2009 in Malawi, South 
Africa, Zambia, Zimbabwe, and the United States reported that HIV 
infections were reduced by 30% in women who used PRO2000 vaginal 
gel; however, this difference did not reach statistical significance.502 
More recently, the use of a microbicide gel containing the antiretroviral 
tenofovir has demonstrated efficacy in reducing HIV incidence. In a 
study conducted in South Africa (CAPRISA 004), this product dem-
onstrated an overall reduction in HIV acquisition of 39% and 54% 
among women with high gel adherence.503 This data was not confirmed 
by the VOICE (MTN-003) trial, where a 1% tenofovir vaginal gel was 
no better than placebo in preventing HIV acquisition. The quest to 
develop an effective vaginal microbicide is critically important as 
female-controlled methods to prevent HIV and STDs that can be safely 
and effectively used by women are urgently needed.

Despite the demonstrated benefits of condom use, multiple studies 
have found relatively low rates of consistent condom use among sexu-
ally active homosexual men and heterosexual men and women. The 
factors that influence condom use are complex.504 Concern about 
decreased sexual pleasure or a partner’s lack of cooperation, inadequate 
communication skills, the temporal effects of drugs or alcohol, the use 
of other methods for contraception, and cultural influences have been 
correlated with low rates of condom use.504-507

Among homosexual and bisexual men in the United States, Canada, 
Australia, and Europe, significant reductions in high-risk sexual 
behaviors, such as casual sex with nonsteady partners and unprotected 
anal intercourse, have been achieved, and reductions in incident HIV 
infections have been observed.52,508 However, coincident with these 
observations, evidence is accumulating that such risk-reduction behav-
ior has not been universally adopted and is difficult to maintain over 
extended periods.468-470,509 Cross-sectional studies of homosexual and 
bisexual men, younger men aged 18 to 25 years,510 blacks,506 and men 
from cities with a low AIDS prevalence511 reported the highest rates of 
unprotected anal intercourse. Two longitudinal studies of men who 
adopted safer sexual practices found that 12% of the participants in 
San Francisco512 and 47% in Chicago513 acknowledged relapsing to 
unprotected receptive anal intercourse. One study of men who engaged 
in receptive anal intercourse found that heavy alcohol ingestion, 
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administration of oral tenofovir as preexposure prophylaxis to IDUs 
resulted in a 49% reduction on HIV incidence.308 As a result, the CDC 
has published interim guidance for preexposure prophylaxis among 
IDUs,564 but no data are available on the effectiveness of this approach 
for the prevention of HIV infection among IDUs.

Prevention of Transmission through 
Blood and Other Tissues
The first report of transfusion-associated AIDS was in 1982. In 1983, 
blood banks initiated the voluntary self-exclusion of donors with  
risks for HIV infection. In 1985, the first serologic assays for the HIV 
antibody became available, and the use of these HIV serologic tests  
to screen blood donations dramatically decreased the risk of 
transfusion-associated HIV transmission.316,317 The serologic identifi-
cation of repeat donors with HIV infection (including the detection of 
p24 antigen and NAAT), screening of blood for hepatitis C and human 
T-lymphotropic virus types I and II, and reduction in the number of 
transfusions performed have also lowered the risk of transmission.317-320 
The risk of HIV infection in the United States through the transfusion 
of blood or blood products is currently extremely low and estimated 
to be 1 in 2,000,000 units.565 In addition to the HIV antibody testing 
of plasma donors and deferral procedures for donors with risks for 
HIV infection, the implementation of viral inactivation procedures, 
such as heat and solvent/detergent treatments and purification with 
monoclonal antibody, has virtually eliminated the risk of HIV trans-
mission through pooled plasma products for persons with hemophilia. 
In 1993, a recombinant factor VIII product obtained from hamster 
cells containing the gene for human factor VIII became available as an 
alternative therapy to pooled human plasma products. Organ and 
tissue donors should be evaluated and serologically screened in a 
manner similar to that for blood donors.566,567 In addition, donations 
of semen and bone from a living donor may be quarantined until 
subsequent testing has definitively ruled out the possibility of delayed 
seroconversion in the donor. The prompt administration of antiretro-
viral drugs for postexposure prophylaxis after transfusion of contami-
nated blood prevented HIV infection in one patient.568

Prevention of Transmission in the 
Health Care Setting
The effective prevention of HIV transmission in the health care setting 
requires a multifaceted approach to reduce the frequency of occupa-
tional blood exposure among health care workers. Such a strategy 
includes engineering controls that do not rely on worker compliance 
(e.g., self-sheathing needles), safe work practices and techniques, per-
sonal protective equipment, and training.569,570 In particular, a reduc-
tion in percutaneous injuries will require the development of 
puncture-resistant gloves, the redesign of needles and other sharp 
instruments, or both. In 1987, the CDC recommended that the prin-
ciple of “universal precautions” be incorporated in programs for infec-
tion control.571 Under universal precautions, blood and certain other 
body fluids from all patients are considered to be potentially infective. 
Universal precautions include the appropriate use of hand washing and 
protective barriers, care in the use and disposal of needles and other 
sharp instruments, and appropriate disinfection and sterilization of 
reusable equipment. For occupational exposure to HIV among health 
care workers, the CDC recommended the use of zidovudine for 

As previously stated, reducing the viral load through the use of ART 
dramatically reduces the risk for transmission through sexual contact.253 
In a randomized controlled trial, ART given to HIV-infected persons, 
beginning at a CD4 count of 350 to 550 cells/mm3, reduced sexual 
transmission of HIV-1 by 96%. This is by far the most effective inter-
vention to date for the prevention of HIV infection. The realization 
that treatment is prevention has led to a variety of test-and-treat 
strategies.538

Prevention of Transmission by 
Injection Drug Use
The prevention and treatment of injection drug use are critical for 
reducing HIV transmission among IDUs,539 and several studies have 
documented that significantly lower rates of drug use and related risk 
behavior are practiced by IDUs who are in treatment.540,541 In addition, 
substance abuse treatment can serve as an entry point for medical care. 
However, the impact of substance abuse treatment on HIV infections 
has been observed only for those users who remain in treatment for  
at least 1 year.542 For this reason, brief detoxification programs are 
not considered effective strategies for HIV prevention unless they are 
followed by a longer course of treatment. Furthermore, an estimated 
80% of active drug users in the United States are not in treatment 
because of choice or the unavailability of treatment.543 An integrated 
approach to service delivery for persons who use drugs that incorpo-
rates science-based prevention strategies is critical for the prevention 
of HIV and other infectious diseases among substance abusers.544 The 
removal of restrictions on the purchase of needles and syringes,545 
needle and syringe exchange programs,546 the proper use of bleach for 
the disinfection of drug injection equipment,547 and methadone main-
tenance programs548 are all effective interventions for the prevention 
of HIV infection among IDUs. Community outreach-based interven-
tions that include education about HIV transmission and prevention 
and the distribution of condoms and bleach kits have also demon-
strated significant changes in the frequency of drug use and drug-
related behaviors.549 Particularly useful have been risk reduction 
interventions delivered through social networks by peer educators.550 
Improvement in selected drug use behavior has been reported, includ-
ing a decrease in the sharing of drug-injection equipment and an 
increase in the use of bleach for cleaning equipment,549-553 although the 
duration of such behavior has not been studied extensively. The over-
whelming majority of studies have found that needle exchange pro-
grams lead to reduction in the sharing of syringes among program 
participants,554,555 do not result in increased drug use among partici-
pants or in the recruitment of first-time users, and reduce the transmis-
sion of HIV among IDUs.556-559 However, access to sterile needles and 
syringes has been difficult in the United States. In December 2011, the 
U.S. Congress reinstated a ban on the use of federal funds for any 
program that distributes sterile needles or syringes for hypodermic 
injection of illegal drugs. Because of the difficulties that IDUs face in 
accessing clean needles in the United States, interventions via phar-
macy sales and physician prescriptions for syringes for active users are 
being evaluated.560,561 The use of bleach was not found to be effective 
in studies in New York City and Baltimore.562,563 As mentioned previ-
ously for sexual exposure to HIV, it has also been proposed that ART 
be considered for persons exposed to HIV through injection drug 
use.533,538 In a recently published study conducted in Thailand, the 

TABLE 121-4  Studies of Preexposure Prophylaxis Using ARV to Prevent HIV Infection

STUDY ARV POPULATION N SITES EFFICACY ON HIV INCIDENCE
CAPRISA 004503 TDF gel Women 889 South Africa 39% reduction

iPrEx534 TDF/FTC MSM 2499 South America, Africa, 
South East Asia

44% reduction

Partners PrEP535 TDF
TDF/FTC

Heterosexual serodiscordant 
couples

4758 Africa 67% TDF
75% TDF/FTC

TDF2537 TDF/FTC Heterosexual men and women 1200 Botswana 62% efficacy

FEM-PrEP536 TDF/FTC Women 1950 Kenya and South Africa Stopped for futility

MTN-003
VOICE608

TDF tablet and gel 1%
TDF/FTC

Women 5029 Uganda, Zimbabwe, 
South Africa

TDF tablet and gel stopped for futility. 
TDF/FTC also not effective

ARV, antiretrovirals; FTC, antiretroviral drug emtricitabine; HIV, human immunodeficiency virus; MSM, men who have sex with men; TDF, antiretroviral drug tenofovir.
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and malnutrition are the primary causes of death during infancy,  
artificial feeding substantially increases a child’s risk of illness and 
death. In those settings, it is preferable for women to provide exclusive 
breast-feeding to their infants rather than mixed feeding (breast milk 
plus food supplements) because the risk of HIV transmission is sub-
stantially lower when the infant receives only breast-feeding.582 The 
importance of providing safe alternatives to breast-feeding among 
HIV-infected women has been highlighted by several randomized 
trials on the prevention of perinatal transmission in breast-feeding 
populations. For example, in the PETRA (PErinatal TRAnsmission) 
trial, the benefits of combination ART diminished considerably as  
a result of breast-feeding.583 In the South African Intrapartum Nevi-
rapine Trial (SAINT), breast-feeding was the most significant risk 
factor for transmission from mother to child when ART was adminis-
tered to prevent intrapartum and early postpartum HIV transmis-
sion.584 Recent trials providing ART to the mother during breast-feeding 
have proven to be an effective approach to reducing HIV infection 
through breast milk.585

COUNSELING AND HIV  
ANTIBODY TESTING
Early recognition of HIV infection through HIV antibody testing has 
been one of the primary objectives of HIV prevention efforts. However, 
with the realization that treatment of HIV infection has prevention 
benefits, HIV testing has become an even more important preventive 
intervention.467,471 The major benefits of HIV testing programs are 
(1) linkage to care and prevention services of HIV-seropositive persons, 
(2) counseling to promote the behavior change necessary to reduce 
HIV transmission, and (3) referral to preexposure prophylaxis pro-
grams of high-risk individuals found to be HIV uninfected when these 
programs are available.

Physicians have an essential role in this public health effort. As the 
principal providers of primary health care, they are the most frequently 
named by the general public as the desired source for HIV testing.586 
The number of persons who have been tested for HIV has increased 
significantly in recent years, and the CDC now estimates that greater 
than 44% of adults and adolescents in the United States report having 
ever been tested for HIV infection.41 However, many who are tested 
for HIV do not return for their results. The CDC estimates that 31% 
of those who tested HIV positive in 2000 at publicly funded testing 
sites of the CDC failed to return for their results.467 The approval by 
the FDA of rapid HIV tests, such as the OraQuick HIV rapid test 
(OraSure Technologies, Bethlehem, PA) and the subsequent CLIA 
(Clinical Laboratory Improvement Amendment) waiver of this test, 
offers the possibility for more persons to be tested for HIV and receive 
their results on the same day, eliminating the need for a second visit.587 
Although some concerns have been expressed about the reliability of 
rapid tests, several studies have demonstrated that the sensitivity and 
specificity of the commercially available rapid tests are comparable to 
those of standard EIA testing (see Chapter 122).588

In an effort to make HIV testing more accessible and available in 
clinical settings, the CDC issued new counseling and referral guide-
lines in 2006.573 These guidelines recommend that an “opt-out” 
approach be implemented for HIV testing in health care settings, in 
which all patients between the ages of 13 to 64 are notified that they 
will be tested for HIV unless they decline. Prevention counseling is no 
longer a part of routine HIV testing but is still recommended for 
persons known to engage in behaviors that increase their risk of 
acquiring HIV infection. The guidelines also recommend annual 
testing for persons considered to be at high risk. Although this 
approach has been shown to be cost-effective in several studies,589,590 it 
has still not gained wide acceptance as a screening strategy.591 Even 
among HIV care providers, many are still conducting risk-based rather 
than routine HIV testing.592 In 2013, the U.S. Preventive Services Task 
Force updated their 2005 recommendations on HIV screening and 
recommended that clinicians screen adolescents and adults aged 15 to 
65 years, and that younger adolescents and older adults who are at 
increased risk should also be screened. Both these recommendations 
received a grade A recommendation.593

Couples voluntary counseling and testing (CVCT) has been used 
as an HIV prevention intervention for heterosexual couples in Africa 

postexposure prophylaxis in 1990.572 This recommendation was further 
supported by a case-control study involving health care workers from 
the United States, France, Italy, and the United Kingdom that showed 
that the risk of HIV seroconversion after occupational exposure 
decreased by approximately 81% with the use of zidovudine.369 Subse-
quent recommendations have incorporated the newer antiretroviral 
drugs as well as risk stratification for the type of exposure in the man-
agement of occupational exposure to HIV.367 A detailed discussion of 
the prevention of transmission of HIV in the health care setting is 
presented in Chapter 307.

Prevention of Perinatal Infection
The primary prevention of perinatally acquired HIV infection must 
center on routine, voluntary counseling and HIV antibody testing and 
on the availability of reproductive health services for women of repro-
ductive age (see Chapter 128).573,574 Because a substantial proportion 
of women may not initially acknowledge high-risk behavior or know 
the infection status of their partners, routine HIV testing and counsel-
ing must be considered a standard of care when managing pregnant 
women575 and not reserved only for women with self-reported risk 
histories. In 1994, the results of a randomized, double-blind clinical 
trial (Pediatric AIDS Clinical Trials Group Protocol 076) found that 
zidovudine therapy administered to HIV-infected women during preg-
nancy, at the time of labor, and postpartum to their infants was associ-
ated with a 67.5% reduction in the risk of perinatal HIV transmission.216 
Based on these results, a Public Health Service task force issued recom-
mendations for the use of zidovudine for the reduction of perinatal 
HIV-1 transmission.217 Several subsequent studies have confirmed the 
benefits of zidovudine for the prevention of perinatal HIV-1 transmis-
sion, even when the drug is given for a much shorter period than it 
was in the original Protocol 076 trial.576,577 Advances in understanding 
the pathogenesis of HIV infection and the availability of laboratory 
tests to monitor the disease (such as HIV-RNA) and better antiretro-
viral drugs have led to an update in 2008 in the recommendations for 
the use of antiretroviral drugs in pregnant women.222 The implementa-
tion of these recommendations, which include universal prenatal HIV 
counseling and testing, antiretroviral prophylaxis, scheduled cesarean 
delivery, and avoidance of breast-feeding, has resulted in significant 
public health benefits. The current risk of perinatal HIV transmission 
in the United States is less than 2%,578 and the number of children in 
whom AIDS attributed to perinatal HIV transmission was diagnosed 
has decreased from a peak of 954 in 1992 to 14 in 2010,39 and the 
elimination of perinatal HIV transmission in the United States is now 
considered a feasible goal. Unfortunately, in most of the world, peri-
natal HIV transmission continues to be an important way in which 
children acquire HIV infection globally, and further efforts are neces-
sary to reduce mother-to-child HIV transmission.

The prevention of postnatal transmission of HIV infection through 
breast-feeding must take into account the likelihood of competing risks 
for morbidity and mortality associated with feeding alternatives in 
developing countries. In 1985, after the first case report implicating 
HIV transmission from breast milk and the isolation of HIV from 
breast milk, the CDC recommended that HIV-seropositive women not 
breastfeed their infants.579 This recommendation was intended for 
mothers in the United States, where alternative, safe, and nutritious 
substitute feeding methods are readily available.342 In 1992, the WHO 
and the United Nations International Children’s Emergency Fund 
developed a consensus statement on HIV transmission related to 
breast-feeding, which stated that “in settings where the primary causes 
of infant deaths are infectious diseases and malnutrition, breast-
feeding should remain the standard advice to pregnant women, includ-
ing those who are HIV infected.”580 By 1996, UNAIDS had published 
a revised statement that supported breast-feeding in all populations for 
whom other safe options are not available, irrespective of HIV infec-
tion rates, but recommended counseling for women about the risks of 
HIV transmission through breast-feeding.581

When children born to HIV-infected women can be ensured unin-
terrupted access to nutritionally adequate breast-milk substitutes that 
are safely prepared and fed to them, they are at less risk of illness and 
death if they are not breastfed. However, when these conditions are  
not fulfilled, in particular in an environment where infectious diseases 
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their state requirements concerning pretest counseling and informed 
consent for HIV testing.602 Persons seeking repeat HIV testing may be 
at greater risk for HIV infection and are more likely to have a sexually 
transmitted infection.603 These patients might benefit from referral to 
additional HIV prevention and support services because they might 
view HIV testing as protective. With the availability of HIV rapid tests, 
HIV results can now be delivered the same day as the HIV test. Persons 
who test negative can be told that they are not infected unless they have 
had a recent (within 3 months) known or possible exposure to HIV. 
Persons who test positive on a rapid test should be told that their 
preliminary results are positive and additional testing (EIA and WB if 
the EIA is positive) will be conducted to confirm the diagnosis.604 A 
return visit is thus required for those who test positive for HIV with 
the use of a rapid test.

Counseling of HIV-seropositive persons should be tailored to each 
individual and include an interpretation of the test results and a discus-
sion of the importance of receiving medical care. The use of short-term 
case management to link newly diagnosed HIV infected persons into 
care has been shown to be effective and is a recommended intervention 
to decrease the possibility that HIV-infected persons may fail to enter 
care.605,606 HIV-infected persons should also be instructed to notify sex 
or needle-sharing partners and refer them for HIV counseling and 
testing. If HIV-infected persons are reluctant to directly inform their 
partners, physicians may offer to inform the partners or seek the assis-
tance of the local health department. Confidentiality is very important, 
to protect these individuals and not discourage them from seeking 
HIV testing.

Persons found to be HIV seropositive should be referred for medical 
evaluation, including immunologic (CD4+ T-lymphocyte cell counts) 
and virologic (quantitation of HIV-RNA) monitoring, screening for 
other STDs, prophylaxis against certain opportunistic illnesses, vac-
cinations, ART, and other preventive and therapeutic services.607

for more than 20 years.593a The critical difference between the CVCT 
model and the conventional model of individual HIV testing is that 
the couple receives all counseling and testing at the level of the dyad 
and allows the implementation of prevention and care interventions 
based on their joint HIV status. CVCT has recently been adopted for 
male-male couples in the United States.593b

Health care workers who perform invasive procedures that are con-
sidered prone to exposure (e.g., procedures that include digital palpa-
tion of a needle tip in a body cavity or the simultaneous presence of 
the health care worker’s fingers and a needle or other sharp object in 
a poorly visualized or highly confined anatomic site) should know their 
HIV antibody status. The mandatory testing of health care workers for 
the HIV antibody is not recommended.594

Guidelines for HIV Counseling  
and Testing
Testing for HIV infection should be voluntary, with informed consent 
obtained in accordance with local laws. Confidentiality and the avoid-
ance of discrimination toward persons who test positive must be 
ensured. Mandatory testing is not recommended except in the limited 
setting of tissue and organ donation. Testing patients to reduce the risk 
of HIV transmission within health care settings has not been shown 
to be effective and is not a substitute for universal precautions.359,595

Although study results have differed, in general, voluntary HIV 
counseling and testing have been found to reduce the prevalence of 
high-risk behavior, such as unprotected intercourse, and are thus effec-
tive interventions that can help reduce HIV transmission.596-601 When 
HIV testing is conducted in health care settings for diagnosis or as part 
of a screening program, the CDC does not recommend that separate 
written consent for HIV testing be done or prevention counseling 
appropriate to testing required.573 However, this approach may conflict 
with state HIV testing laws, and health care providers should consult 

Key References
The complete reference list is available online at Expert Consult.

3. Barre-Sinoussi F, Chermann JC, Rey F, et al. Isolation of a 
T-lymphotropic retrovirus from a patient at risk for 
acquired immune deficiency syndrome (AIDS). Science. 
1983;220:868-871.

35. Centers for Disease Control and Prevention. Vital signs: 
HIV prevention through care and treatment—United 
States. MMWR Morb Mortal Wkly Rep. 2011;60:1618-
1623.

42. Prejean J, Song R, Hernandez A, et al. Estimating HIV 
incidence in the United States, 2006-2009. PLoS One. 2011;
6:e17502.

231. Baggaley RF, White RG, Boily MC. HIV transmission 
risk through anal intercourse: systematic review, meta-
analysis and implications for HIV prevention. Int J Epide-
miol. 2010;39:1048-1063.

246. Cohen MS, Shaw GM, McMichael AJ, Haynes BF. Acute 
HIV-1 infection. N Engl J Med. 2011;364:1943-1954.

253. Cohen MS, Chen YQ, McCauley M, et al. Prevention of 
HIV-1 infection with early antiretroviral therapy. N Engl J 
Med. 2011;365:493-505.

308. Choopanya K, Martin M, Suntharasamai P, et al. Antiret-
roviral prophylaxis for HIV infection in injecting drug 
users in Bangkok, Thailand (the Bangkok Tenofovir Study): 
a randomized, double-blind, placebo-controlled phase 3 
trial. Lancet. 2013;381:2083-2090.

534. Grant RM, Lama JR, Anderson PL, et al. Preexposure che-
moprophylaxis for HIV prevention in men who have sex 
with men. N Engl J Med. 2010;363:2587-2599.

535. Van Damme L, Corneli A, Ahmed K, et al. Preexposure 
prophylaxis for HIV infection among African women. N 
Engl J Med. 2012;367:411-422.

536. Beaten JM, Donnell D, Ndase P, et al. Antiretroviral pro-
phylaxis for HIV prevention in heterosexual men and 
women. N Engl J Med. 2012;367:399-410.

537. Thigpen MC, Kebaabetswe PM, Paxton LA, et al. Antiretro-
viral preexposure prophylaxis for heterosexual HIV trans-
mission in Botswana. N Engl J Med. 2012;367:423-434.

593. Moyer VA on behalf of the U.S. Preventive Services Task 
Force. Summaries for patients: screening for HIV: U.S. Pre-
ventive Services Task Force Recommendation Statement. 
Ann Intern Med. 2013;159:1-36.

606. Thompson MA, Mugavero MJ, Amico KR, et al. Guidelines 
for improving entry into and retention in care and antiret-
roviral adherence for persons with HIV: evidence-based 
recommendations from an International Association of 
Physicians in AIDS Care Panel. Ann Intern Med. 2012;156:
817-833.

608. Marrazzo J, Ramjee G, Nair G, et al. Pre-exposure prophy-
laxis for HIV in women: daily oral tenofovir, oral tenofovir/
emtricitabine, or vaginal tenofovir gel in the VOICE study 
(MTN 003). Abstract #26LB. 20th Conference on Retrovi-
ruses and Opportunistic Infections. Atlanta, March 3-6, 
2013.

http://www.myuptodate.com


C
h

ap
ter 121 Epidem

iology and Prevention of Acquired Im
m

unodeficiency Syndrom
e and Hum

an Im
m

unodeficiency Virus Infection
1502.e1

References
1. Centers for Disease Control and Prevention. Pneumocystis 

pneumonia—Los Angeles. MMWR Morb Mortal Wkly Rep. 
1981;30:250-252.

2. Centers for Disease Control and Prevention. Kaposi’s 
sarcoma and Pneumocystis pneumonia among homosexual 
men—New York City and California. MMWR Morb Mortal 
Wkly Rep. 1981;30:305-308.

3. Barre-Sinoussi F, Chermann JC, Rey F, et al. Isolation of 
a T-lymphotropic retrovirus from a patient at risk for 
acquired immune deficiency syndrome (AIDS). Science. 
1983;220:868-871.

4. Gallo RC, Sarin PS, Gelmann EP, et al. Isolation of human 
T-cell leukemia virus in acquired immune deficiency syn-
drome (AIDS). Science. 1983;220:865-867.

5. Zhu T, Korber BT, Nahmias AJ, et al. An African HIV-1 
sequence from 1959 and implications for the origin of the 
epidemic. Nature. 1998;391:594-597.

6. Worobey M, Gemmel M, Teuwen DE, et al. Direct evidence 
of extensive diversity in Kinshasa by 1960. Nature. 2008;
455:661-664.

7. Joint United Nations Programme on HIV/AIDS 
(UNAIDS). Report on the Global HIV/AIDS Epidemic 2008. 
Geneva: World Health Organization/UNAIDS; 2008.

8. Pallela F, Delaney KM, Moorman AC, et al. Declining mor-
bidity and mortality among patients with advanced human 
immunodeficiency virus infection. N Engl J Med. 1998;338:
853-860.

9. Centers for Disease Control and Prevention. Prevalence 
and awareness of HIV infection among men who have sex 
with men—21 cities, United States, 2008. MMWR Morb 
Mortal Wkly Rep. 2010;59:1202-1207.

10. Karon JM, Fleming PL, Steketee RW, et al. HIV in the 
United States at the turn of the century: an epidemic in 
transition. Am J Public Health. 2001;91:1060-1068.

11. Hall HI, Song R, Rhodes P, et al; HIV Incidence Surveil-
lance Group. Estimation of HIV incidence in the United 
States. JAMA. 2008;300:520-529.

12. Nakashima AK, Fleming PL. HIV/AIDS surveillance in the 
United States, 1981-2001. J Acquir Immune Defic Syndr. 
2003;32(suppl 1):S68-S85.

13. Centers for Disease Control and Prevention. Update on 
acquired immune deficiency syndrome (AIDS)—United 
States. MMWR Morb Mortal Wkly Rep. 1982;31:507-508, 
513-514.

14. Garry RF, Witte MH, Gottlieb AA, et al. Documentation of 
an AIDS virus infection in the United States in 1968. 
JAMA. 1988;260:2085-2087.

15. Huminer D, Rosenfeld JB, Pitlik SD. AIDS in the pre-AIDS 
era. Rev Infect Dis. 1987;9:1102-1108.

16. Centers for Disease Control and Prevention. Revision of 
the case definition of acquired immunodeficiency syn-
drome for national reporting—United States. MMWR 
Morb Mortal Wkly Rep. 1985;34:373-375.

17. Centers for Disease Control and Prevention. Revision of 
the CDC surveillance case definition for acquired immu-
nodeficiency syndrome. MMWR Morb Mortal Wkly Rep. 
1987;36(suppl):S1-S15.

18. Centers for Disease Control and Prevention. 1993 revised 
classification system for HIV infection and expanded sur-
veillance case definition for AIDS among adolescents and 
adults. MMWR Recomm Rep. 1992;41(RR-17):1-19.

19. Centers for Disease Control and Prevention. Revised sur-
veillance case definitions for HIV infection among adults, 
adolescents, and children aged < 18 months and for HIV 
infection and AIDS among children 18 months to <13 
years—United States, 2008. MMWR Recomm Rep. 2008;
57(RR-10):1-12.

20. Centers for Disease Control and Prevention. Update: 
acquired immunodeficiency syndrome—United States, 
1981-1988. MMWR Morb Mortal Wkly Rep. 1989;38:
229-236.

21. Selik RM, Buehler JW, Karon JM, et al. Impact of the 1987 
revision of the case definition of the acquired immunode-
ficiency syndrome in the United States. J Acquir Immune 
Defic Syndr. 1990;3:73-82.

22. Payne SF, Rutherford GW, Lemp GF, et al. Effect of the 
revised AIDS case definition on AIDS reporting in San 
Francisco: evidence of increased reporting in intravenous 
drug users. AIDS. 1990;4:335-339.

23. Rosenblum LS, Buehler JW, Morgan MW, et al. The com-
pleteness of AIDS case reporting, 1988: a multisite collab-
orative surveillance project. Am J Public Health. 1992;82:
1495-1499.

24. Buehler JW, Devine OJ, Berkelman RL, et al. Impact of the 
human immunodeficiency virus epidemic on mortality 
trends in young men, United States. Am J Public Health. 
1990;80:1080-1086.

25. Chu SY, Buehler JW, Berkelman RL. Impact of the human 
immunodeficiency virus epidemic on mortality in women 
of reproductive age, United States. JAMA. 1990;264:
225-229.

26. Buehler JW, Berkelman RL, Stehr-Green JK. The complete-
ness of AIDS surveillance. J Acquir Immune Defic Syndr. 
1992;5:257-264.

27. Doyle T, Glynn K, Groseclose S. Completeness of notifiable 
infectious diseases reporting in the United States: an ana-
lytical review. Am J Epidemiol. 2002;155:866-874.

28. Vogt RL, Clark SW, Kappel S. Evaluation of the state sur-
veillance system using hospital discharge diagnoses, 1982-
83. Am J Epidemiol. 1986;123:197-198.

29. Centers for Disease Control and Prevention. Guidelines for 
national human immunodeficiency virus case surveillance, 
including monitoring for human immunodeficiency virus 
infection and acquired immunodeficiency syndrome. 
MMWR Morb Mortal Wkly Rep. 1999;48:1-28.

30. Centers for Disease Control and Prevention. Revised  
surveillance case definition for HIV infection. MMWR 
Recomm Rep. 1999;48(RR-13):29-31.

31. Centers for Disease Control and Prevention. Public health 
uses of HIV-infection reports—South Carolina, 1986-1991. 
MMWR Morb Mortal Wkly Rep. 1992;41:245-249.

32. Centers for Disease Control and Prevention. Diagnosis and 
reporting of HIV infection and AIDS in states with HIV/
AIDS surveillance—United States, 1994-2000. MMWR 
Morb Mortal Wkly Rep. 2002;51:595-598.

33. Centers for Disease Control and Prevention. Implementa-
tion of named HIV reporting—New York City, 2001. 
MMWR Morb Mortal Wkly Rep. 2004;52:1248-1252.

34. World Health Organization (WHO). WHO Case Defini-
tions of HIV for Surveillance and Revised Clinical Staging 
and Immunological Classification of HIV-Related Disease in 
Adults and Children. Geneva: WHO Press; 2007. Available 
at http://www.who.int/hiv/pub/guidelines/hivstaging/en/
index.html.

35. Centers for Disease Control and Prevention. Vital signs: 
HIV prevention through care and treatment—United 
States. MMWR Morb Mortal Wkly Rep. 2011;60:
1618-1623.

36. Centers for Disease Control and Prevention. The second 
100,000 cases of acquired immunodeficiency syndrome—
United States, June 1981-December 1991. MMWR Morb 
Mortal Wkly Rep. 1992;41:28-29.

37. Centers for Disease Control and Prevention. Update: 
impact of the expanded AIDS surveillance case distribu-
tion for adolescents and adults on case reporting—United 
States, 1993. MMWR Morb Mortal Wkly Rep. 1994;43:160-
161, 167-170.

38. Louie JK, Hsu LC, Osmond DH, et al. Trends in causes of 
death among persons with acquired immunodeficiency 
syndrome in the era of highly active antiretroviral therapy, 
San Francisco, 1994-1998. J Infect Dis. 2002;186:
1023-1027.

39. Centers for Disease Control and Prevention. HIV Surveil-
lance Report, 2010. Vol 22. Available at http://www.cdc.gov/
hiv/topics/surveillance/resources/reports/,

40. Janssen R, Satten G, Stramer S, et al. New testing strategy 
to detect early HIV-1 infection for use in incidence esti-
mates and for clinical and prevention purposes. JAMA. 
1998;280:42-48.

41. Vu MQ, Steketee RW, Valleroy L, et al. HIV incidence in 
the United States, 1978-1999. J Acquir Immune Defic Syndr. 
2002;31:188-201.

42. Prejean J, Song R, Hernandez A, et al. Estimating HIV 
incidence in the United States, 2006-2009. PLoS One. 2011;
6:e17502.

43. Centers for Disease Control and Prevention. Vital signs: 
HIV testing and diagnosis among adults—United States, 
2001-2009. MMWR Morb Mortal Wkly Rep. 2010;59:
1550-1555.

44. McQuillan G, Kruson-Moran D. HIV Infection in the 
United States Household Population Aged 18-49 Years: 
Results from 1999-2006. Available at http://www.cdc.gov/
nchs/data/data-briefs/db04.pdf.

45. Kellerman SE, Lehman JS, Lansky A, et al. HIV testing 
within at-risk populations in the United States and the 
reasons for seeking or avoiding HIV testing. J Acquir 
Immune Defic Syndr. 2002;31:202-210.

46. Centers for Disease Control and Prevention. Human 
immunodeficiency virus infection in the United States: a 
review of current knowledge. MMWR Morb Mortal Wkly 
Rep. 1987;36(suppl 6):S1-S48.

47. Centers for Disease Control and Prevention. National HIV 
Prevalence Surveys, 1997 Summary. Atlanta: Centers for 
Disease Control and Prevention; 1998:1-25.

48. Catania JA, Osmond D, Stall RD, et al. The continuing HIV 
epidemic among men who have sex with men. Am J Public 
Health. 2001;91:907-914.

49. Weinstock HS, Sidhu J, Gwinn M, et al. Trends in HIV 
seroprevalence among persons attending sexually trans-
mitted diseases clinics in the United States. J Acquir 
Immune Defic Syndr. 1995;9:514-522.

50. Harawa NT, Douglas J, McFarland W, et al. Trends in HIV 
prevalence among public sexually transmitted disease clinic 
attendees in the western region of the United States (1989-
1999). J Acquir Immune Defic Syndr. 2004;37:1206-1215.

51. McCray E, Onorato IM. Sentinel surveillance of human 
immunodeficiency virus infection in sexually transmitted 
disease clinics in the United States. Sex Transm Dis. 1992;
19:235-241.

52. Winkelstein W Jr, Wiley JA, Padian NS, et al. The San 
Francisco Men’s Health Study: continued decline in HIV 
seroconversion rates among homosexual/bisexual men. 
Am J Public Health. 1988;78:1472-1474.

53. Centers for Disease Control and Prevention. HIV inci-
dence among young men who have sex with men. MMWR 
Morb Mortal Wkly Rep. 2001;50:440-444.

54. Centers for Disease Control and Prevention. Trends in 
HIV/AIDS diagnoses among men who have sex with 
men—33 states, 2001-2006. MMWR Morb Mortal Wkly 
Rep. 2008;57:681-686.

55. Katz MH, McFarland W, Guillin V, et al. Continuing high 
prevalence of HIV and risk behaviors among young men 
who have sex with men: the young men’s survey in the San 
Francisco Bay Area in 1992 to 1993 and in 1994 to 1995.  
J Acquir Immune Defic Syndr Hum Retrovirol. 1998;19:
178-181.

56. Chen SY, Gibson S, Katz MH, et al. Continuing increases 
in sexual risk behavior and sexually transmitted diseases 
among men who have sex with men: San Francisco, Calif, 
1999-2001, USA. Am J Public Health. 2002;92:1387-1388.

57. Scheer S, Chu PL, Klausner JD, et al. Effect of highly  
active antiretroviral therapy on diagnoses of sexually  
transmitted diseases in people with AIDS. Lancet. 2001;
357:432-435.

58. Little SJ, Holte S, Routy JP, et al. Antiretroviral-drug resis-
tance among patients recently infected with HIV. N Engl J 
Med. 2002;347:385-394.

59. Hahn RA, Onorato IM, Jones TS, et al. Prevalence of HIV 
infection among intravenous drug users in the United 
States. JAMA. 1989;261:2677-2684.

60. Des Jarlais DC, Friedman SR, Novick DM, et al. HIV-1 
infection among intravenous drug users in Manhattan, 
New York City, from 1977 through 1987. JAMA. 1989;261:
1008-1012.

61. Weibel W, Lampinen T, Chene D, et al. HIV-1 seroconver-
sion in a cohort of street intravenous drug users in Chicago. 
Abstract F.C.556. In: Final Program and Abstracts of the 
Sixth International Conference on AIDS. Vol. 2. San Fran-
cisco: International AIDS Society; 1990:220.

62. Centers for Disease Control and Prevention. National HIV 
Serosurveillance Summary—Results through 1992. Publica-
tion No. HIV/NCID/1193/036. Atlanta: U.S. Department 
of Health and Human Services, Public Health Service; 
1993.

63. Allen DM, Onorato IM, Green TA, et al. HIV infection in 
intravenous drug users entering drug treatment, United 
States, 1988 to 1989. Am J Public Health. 1992;82:541-546.

64. Murill C, Weeks HR, Lambert S, et al. Age-specific trends 
in seroprevalence of HIV and hepatitis B and C virus 
among injecting drug users admitted to drug treatment in 
six US cities. Abstract 13224. Presented at the Twelfth 
International Conference on AIDS, Geneva, June 28-July 
3, 1998.

65. Prevots DR, Allen DM, Lehman JS, et al. Trends in human 
immunodeficiency virus seroprevalence among injection 
drug users entering drug treatment centers, United States, 
1988-1993. Am J Epidemiol. 1996;143:733-742.

66. Battjes RJ, Pickens RW, Brown LS Jr. HIV infection and 
AIDS risk behaviors among injecting drug users entering 
methadone treatment: an update. J Acquir Immune Defic 
Syndr. 1995;10:90-96.

67. Centers for Disease Control and Prevention. HIV diagno-
ses among injection-drug users in states with HIV 
surveillance—25 states, 1994-2000. MMWR Morb Mortal 
Wkly Rep. 2003;52:634-636.

68. Centers for Disease Control and Prevention. HIV infection 
and HIV-associated behaviors among injecting drug 
users—20 cities, United States, 2009. MMWR Morb Mortal 
Wkly Rep. 2012;61:133-138.

69. Friedman SR, Lieb S, Tempalski B, et al. HIV among injec-
tion drug users in large metropolitan areas, 1998. J Urban 
Health. 2005;83:434-445.

70. Chaisson RE, Bacchetti P, Osmond D, et al. Cocaine use 
and HIV infection in intravenous drug users in San Fran-
cisco. JAMA. 1989;261:561-565.

71. Battjes RJ, Pickens RW, Haverkos HW, Sloboda Z. HIV risk 
factors among injection drug users in five US cities. AIDS. 
1994;8:681-687.

72. Kral AH, Bluthenthal RN, Booth RE, et al. HIV seropreva-
lence among street-recruited injection drug and crack 
cocaine users in 16 US municipalities. Am J Public Health. 
1998;88:108-113.

73. DesJarlais DC, Perlis T, Friedman SR, et al. Declining sero-
prevalence in a very large HIV epidemic: injection drug 
users in New York City, 1991 to 1996. Am J Public Health. 
1998;88:1801-1806.

74. Byers RH, Lindegren ML, Hanson IC, et al. AIDS patients 
infected during adolescence, United States. Abstract 284. 
Presented at the Thirty-second Interscience Conference on 
Antimicrobial Agents and Chemotherapy. Anaheim, Calif, 
October 11-14, 1992.

75. Lee LM, Fleming PL. Trends in human immunodeficiency 
virus diagnoses among women in the United States, 1994-
1998. J Am Med Womens Assoc. 2001;56:94-99.

http://www.who.int/hiv/pub/guidelines/hivstaging/en/index.html
http://www.who.int/hiv/pub/guidelines/hivstaging/en/index.html
http://www.cdc.gov/hiv/topics/surveillance/resources/reports/
http://www.cdc.gov/hiv/topics/surveillance/resources/reports/
http://www.cdc.gov/nchs/data/data-briefs/db04.pdf
http://www.cdc.gov/nchs/data/data-briefs/db04.pdf
http://www.myuptodate.com


P
a
rt

 I
I 

M
aj

o
r 

C
lin

ic
al

 S
yn

d
ro

m
es

1502.e2

76. Pence BW, Reif S, Whetten K, et al. Minorities, the poor, 
and survivors of abuse: HIV-infected patients in the US 
Deep South. South Med J. 2007;100:1114-1122.

77. Dondero TJ, Allen DM, McCray D, et al. Injected drug use: 
the driving force for much of the U.S. epidemic. Abstract 
WC 3356. In: Abstracts of the Seventh International Confer-
ence on AIDS. Vol. 2. Florence, Italy; 1991:385.

78. Chaisson MA, Stoneburner RL, Hildebrandt DS, et al.  
Heterosexual transmission of HIV-1 associated with the 
use of smokable freebase cocaine (crack). AIDS. 1991;5:
1121-1126.

79. Ellerbrock TV, Lieb S, Harrington PE, et al. Heterosexually 
transmitted human immunodeficiency virus infection 
among pregnant women in a rural Florida community. N 
Engl J Med. 1992;327:1704-1709.

80. Jones D, Irwin KL, Inciardi J, et al. The high-risk sexual 
practices of crack-smoking sex workers recruited from the 
streets of three American cities: the Multicenter Crack 
Cocaine and HIV Infection Study Team. Sex Transm Dis. 
1998;25:184-193.

81. Stoneburner RL, Chaisson MA, Weisfuse IB, et al. The epi-
demic of AIDS and HIV-1 infection among heterosexuals 
in New York City. AIDS. 1990;4:99-106.

82. Weinstock H, Dale M, Gwinn M, et al. HIV seroincidence 
among patients at clinics for sexually transmitted diseases 
in nine cities in the United States. J Acquir Immune Defic 
Syndr. 2002;29:478-483.

83. Darrow WW, Cohen JB, French J, et al. Multicenter study 
of HIV antibody in U.S. prostitutes. Abstract W.2.1. Pre-
sented at the Third International Conference on AIDS. 
Washington, DC, June 1-5, 1987.

84. Fischl MA, Dickinson GM, Flanagan S, et al. Human 
immunodeficiency virus (HIV) among female prostitutes 
in south Florida. Abstract W.2.2. Presented at the Third 
International Conference on AIDS. Washington, DC, June 
1-5, 1987.

85. Onorato IM, Klaskala W, Morgan M. High and rising  
HIV incidence in female sex workers in Miami, Florida, 
despite stable HIV prevalence over time. Abstract 285. Pre-
sented at the Thirty-second Interscience Conference on 
Antimicrobial Agents and Chemotherapy. Anaheim, Calif, 
October 11-14, 1992.

86. Strathdee SA, Galai N, Safaiean M, et al. Sex differences in 
risk factors for HIV seroconversion among injection drug 
users: a 10-year perspective. Arch Intern Med. 2001;161:
1281-1288.

87. Janssen RS, St. Louis ME, Satten GA, et al. HIV infection 
among patients in U.S. acute care hospitals: strategies for 
the counseling and testing of hospital patients. N Engl J 
Med. 1992;327:445-452.

88. Miller RS, Green LA, Nutting PA, et al. Human immuno-
deficiency virus seroprevalence in community-based 
primary care practices, 1990-1992: a report from the 
Ambulatory Sentinel Practice Network. Arch Fam Med. 
1995;4:1042-1047.

89. Walensky RP, Losina E, Steger-Craven KA, et al. Identifying 
undiagnosed human immunodeficiency virus: the yield of 
routine, voluntary inpatient testing. Arch Intern Med. 2002;
162:887-892.

90. Weis SE, Foresman B, Cook PE, et al. Universal HIV 
screening at a major metropolitan TB clinic: HIV preva-
lence and high-risk behaviors among TB patients. Am J 
Public Health. 1999;89: 73-75.

91. Schneider E, McCray E, Onorato IM. HIV seroprevalence 
among TB clinic patients in the US, 1988-1995. Abstract 
145. Presented at the Thirty-sixth Interscience Conference 
on Antimicrobial Agents and Chemotherapy. New Orleans, 
September 15-18, 1996.

92. Lopez J, Welvaat H, Ford W, et al. HIV prevalence and risk 
behaviors among patients attending Los Angeles County 
Tuberculosis Clinics: 1993-1996. Ann Epidemiol. 1998;8:
168-174.

93. Blocker ME, Levine WC, St. Louis ME. HIV prevalence in 
patients with syphilis, United States. Sex Transm Dis. 2000;
27:53-59.

94. Centers for Disease Control and Prevention. HIV Preva-
lence and Trends in Selected Populations in the United States: 
Results from National Serosurveillance, 1993-1997. Atlanta: 
Centers for Disease Control and Prevention; 2001:1-51.

95. Withum DG, Guerena-Burgueno F, Gwinn M, et al. High 
HIV prevalence among female and male prisoners in the 
United States, 1989-1992: implications for prevention and 
treatment strategies. Abstract POC213115. In: Abstracts of 
the Ninth International Conference on AIDS/Fourth STD 
World Congress. Vol. 2. Berlin, 1993:736.

96. Mikl J, Dzierbicki A, Smith PF, et al. Trends in HIV infec-
tion rates among New York State prison entrants, 1987-97. 
Abstract 2356. Presented at the Twelfth International Con-
ference on AIDS. Geneva, June 28-July 3, 1998.

97. Sabin KM, Frey RL Jr, Horsley R, et al. Characteristics and 
trends of newly identified HIV infections among incarcer-
ated populations: CDC HIV voluntary counseling, testing, 
and referral system, 1992-1998. J Urban Health. 2001;78:
241-255.

98. Brundage JF, Burke DS, Gardner LI, et al. Tracking the 
spread of the HIV infection epidemic among young adults 
in the United States: results of the first four years of screen-
ing among civilian applicants for U.S. military service.  
J Acquir Immune Defic Syndr. 1990;3:1168-1180.

99. Burke DS, Brundage JF, Goldenbaum M, et al. Human 
immunodeficiency virus infections in teenagers. JAMA. 
1990;263:2074-2077.

100. Withers BG, Kelley PW, McNeil JG. A brief review of the 
epidemiology of HIV in the U.S. Army. Mil Med. 1992;
157:80-84.

101. Cowan DN, Pomerantz RS, Wann ZF, et al. Human  
immunodeficiency virus infection among members of the 
reserve components of the U.S. Army: prevalence, inci-
dence, and demographic characteristics. J Infect Dis. 1990;
162:827-836.

102. Kelley PW, Miller RN, Pomerantz R, et al. Human immu-
nodeficiency virus seropositivity among members of the 
active duty U.S. Army, 1985-89. Am J Public Health. 1990;
80:405-410.

103. Renzullo PO, Sateren WB, Garner RP, et al. HIV-1 serocon-
version in United States Army active duty personnel, 1985-
1999. AIDS. 2001:15:1569-1574.

104. McNeil JG, Brundage JF, Gardner LI, et al. Trends of HIV 
seroconversion among young adults in the U.S. Army, 1985 
to 1989. JAMA. 1991;265:1709-1714.

105. Valleroy LA, MacKellar DA, Karon JM, et al. HIV infection 
in disadvantaged out-of-school youth: prevalence for US 
Job Corps entrants, 1990 through 1996. J Acquir Immune 
Defic Syndr Hum Retrovirol. 1998;19:67-73.

106. Glynn SA, Kleinman SH, Schreiber GB, et al. Trends  
in incidence and prevalence of major transfusion-
transmissible viral infections in US blood donors, 1991 to 
1996: Retrovirus Epidemiology Donor Study (REDS). 
JAMA. 2000;284:229-235.

107. Zou S, Notari EP, Stramer SL, et al. Patterns of age- and 
sex-specific prevalence of major blood-borne infections in 
United States blood donors, 1995 to 2002: American Red 
Cross Blood Bank Study. Transfusion. 2004;44:1640-1647.

108. Pappaioanou M, George RJ, Hannon WH, et al. HIV sero-
prevalence surveys of childbearing women: objectives, 
methods, and uses of the data. Public Health Rep. 1990;
105:147-152.

109. Fisher-Davis S, Rosen DH, Steinberg S, et al. Trends in HIV 
prevalence among childbearing women in the United 
States, 1989-1994. J Acquir Immune Defic Syndr Hum Ret-
rovirol. 1998;19:158-164.

110. Sweeney PA, Onorato IM, Allen DM, et al. Sentinel surveil-
lance of human immunodeficiency virus infection in 
women seeking reproductive health services in the United 
States, 1988-1989. Obstet Gynecol. 1992;79:503-510.

111. Pilcher CD, McPherson JT, Leone PA, et al. Real-time,  
universal screening for acute HIV infection in a routine 
HIV counseling and testing population. JAMA. 2002;288:
216-221.

112. Rutherford GW, Schwarcz SK, McFarland W. Surveillance 
for incident HIV infection: new technology and new 
opportunities. J Acquir Immune Defic Syndr. 2000;25
(suppl 2):S115-S119.

113. Green TA, Karon JM, Nwanyanwu OC. Changes in AIDS 
incidence trends in the United States. J Acquir Immune 
Defic Syndr. 1992;5:547-555.

114. Selik RM, Ward JW, Buehler JW. Trends in transfusion-
associated acquired immune deficiency syndrome in the 
United States, 1982 through 1991. Transfusion. 1993;33:
890-893.

115. Berkelman R, Karon J, Thomas P, et al. Are AIDS cases 
among homosexual men leveling? Abstract W.A.O.13. Pre-
sented at the Fifth International Conference on AIDS. 
Montreal, June 4-9, 1989.

116. Gail MH, Rosenberg PS, Goedert JJ. Therapy may explain 
recent deficits in AIDS incidence. J Acquir Immune Defic 
Syndr. 1990;3:296-306.

117. Conley LJ, Holmberg SD. Transmission of AIDS from blood 
screened negative for antibody to the human immunodefi-
ciency virus [letter]. N Engl J Med. 1992;326:1499-1500.

118. Neal JJ, Fleming PL, Green TA, et al. Trends in hetero-
sexually acquired AIDS in the United States, 1988 through 
1995. J Acquir Immune Defic Syndr Hum Retrovirol. 1997;
14:465-474.

119. Nwanyanwu OC, Conti LA, Ciesielski CA, et al. Increasing 
frequency of heterosexually transmitted AIDS in southern 
Florida: artifact or reality? Am J Public Health. 1993;83:
571-573.

120. Klevens RM, Fleming PL, Neal JJ, et al. Is there really a 
heterosexual AIDS epidemic in the United States? Findings 
from a multisite validation study, 1992-1995. Mode of 
Transmission Validation Study Group. Am J Epidemiol. 
1999;149:75-84.

121. Castro KG, Lifson AR, White CR, et al. Investigations of 
AIDS patients with no previously identified risk factors. 
JAMA. 1988;259:1338-1342.

122. Simonds RJ, Holmberg SD, Hurwitz RL, et al. Transmis-
sion of human immunodeficiency virus type 1 from a 

seronegative organ and tissue donor. N Engl J Med. 1992;
326:726.

123. Centers for Disease Control and Prevention. Update: 
trends in AIDS incidence, deaths and prevalence—United 
States, 1996. MMWR Morb Mortal Wkly Rep. 1997;46:
165-173.

124. Centers for Disease Control and Prevention. HIV trans-
mission among black women—North Carolina, 2004. 
MMWR Morb Mortal Wkly Rep. 2005;54:89-94.

125. Centers for Disease Control and Prevention. AIDS among 
persons aged greater than or equal to 50 years—United 
States, 1991-1996. MMWR Morb Mortal Wkly Rep. 
1998;47:21-27.

126. Diaz T, Buehler JW, Castro KG, et al. AIDS trends among 
Hispanics in the United States. Am J Public Health. 1993;
83:504-509.

127. Centers for Disease Control and Prevention. Risks for HIV 
infection among persons residing in rural areas and small 
cities—selected sites, southern United States, 1995-1996. 
MMWR Morb Mortal Wkly Rep. 1998;47:974-978.

128. Centers for Disease Control and Prevention. HIV/AIDS 
Surveillance Report 2003. Vol. 15. Atlanta: US Department 
of Health and Human Services, Centers for Disease 
Control and Prevention; 2004:5-46.

129. Thomas PA, Hindin R, Greenberg A, et al. Decreased inci-
dence of reported AIDS cases, New York City. Abstract 
Th.C.707. In: Abstracts of the Sixth International Conference 
on AIDS. Vol. 1. San Francisco: International AIDS Society; 
1990:301.

130. Karon J, Berkelman RL. The geographic and ethnic diver-
sity of AIDS incidence trends in homosexual/bisexual men 
in the United States. J Acquir Immune Defic Syndr. 1991;4:
1179-1189.

131. Centers for Disease Control and Prevention. AIDS associ-
ated with injecting drug use—United States, 1995. MMWR 
Morb Mortal Wkly Rep. 1996;45:392-396.

132. Greenberg AE, Thomas PA, Landesman SH, et al. The spec-
trum of HIV-1-related disease among outpatients in New 
York City. AIDS. 1992;6:849-859.

133. Schacker T, Collier AC, Hughes J, et al. Clinical and epide-
miological features of primary HIV infection. Ann Intern 
Med. 1996;125:257-264.

134. Daar ES, Little S, Pitt J, et al. Diagnosis of primary HIV-1 
infection. Los Angeles County Primary HIV Infection 
Recruitment Network. Ann Intern Med. 2001;134:25-29.

135. Hardy WD, Daar ES, Sokolov RT Jr, et al. Acute neurologic 
deterioration in a young man. Rev Infect Dis. 1991;13:
745-750.

136. Tindall B, Cooper DA. Primary HIV infection: host 
responses and intervention strategies. AIDS. 1991;5:1-14.

137. Kahn JO, Walker BD. Current concepts: acute human 
immunodeficiency virus type 1 infection. N Engl J Med. 
1998;339:33-39.

138. Fox R, Eldred LJ, Fuchs EJ, et al. Clinical manifestations of 
acute infection with human immunodeficiency virus in a 
cohort of gay men. AIDS. 1987;1:35-38.

139. Pedersen C, Lindhardt BO, Jensen BL, et al. Clinical course 
of primary HIV infection: consequences for subsequent 
course of infection. BMJ. 1989;299:154-157.

140. Busch MP, Lee LL, Shatten GA, et al. Time course of detec-
tion of viral and serologic markers preceding human 
immunodeficiency virus type 1 seroconversion: implica-
tions for screening of blood and tissue donors. Transfusion. 
1995;35:91-97.

141. Horsburgh CR Jr, Ou CY, Jason J, et al. Duration of human 
immunodeficiency virus infection before detection of anti-
body. Lancet. 1989;2:637-640.

142. Pan LZ, Sheppard HW, Winkelstein W, et al. Lack of detec-
tion of human immunodeficiency virus in persistently 
seronegative homosexual men with high or medium risks 
for infection. J Infect Dis. 1991;164:962-964.

143. Simmonds P, Lainson FAL, Cuthbert R, et al. HIV antigen 
and antibody detection: variable responses to infection  
in the Edinburgh haemophiliac cohort. BMJ. 1988;296:
593-598.

144. Yerly S, Chamot E, Deglon JJ, et al. Absence of chronic 
human immunodeficiency virus infection without sero-
conversion in intravenous drug users: a prospective and 
retrospective study. J Infect Dis. 1991;164:965-968.

145. Alter HJ, Epstein JS, Swenson SG, et al. Prevalence of 
human immunodeficiency virus type 1 p24 antigen in the 
US blood donors—an assessment of the efficacy of testing 
in donor screening. The HIV-Antigen Study Group. N Engl 
J Med. 1990;323:1312-1317.

146. Hecht FM, Busch MP, Rawal B, et al. Use of laboratory tests 
and clinical symptoms for identification of primary HIV 
infection. AIDS. 2002;16: 1119-1129.

147. Patel P, Mackellar D, Simmons P, Uniyal A, et al. Detecting 
acute human immunodeficiency virus infection using 3 
different screening immunoassays and nucleic acid ampli-
fication testing for human immunodeficincy virus RNA, 
2006-2008. Arch Intern Med. 2010;170:66-74.

148. Laurence J, Siegal FP, Schattner E, et al. Acquired immu-
nodeficiency syndrome without evidence of infection with 

http://www.myuptodate.com


C
h

ap
ter 121 Epidem

iology and Prevention of Acquired Im
m

unodeficiency Syndrom
e and Hum

an Im
m

unodeficiency Virus Infection
1502.e3

human immunodeficiency virus types 1 and 2. Lancet. 
1992;340:273-274.

149. Centers for Disease Control and Prevention. Unexplained 
CD4+ T-lymphocyte depletion in persons without evident 
HIV infection—United States. MMWR Morb Mortal Wkly 
Rep. 1992;41:541-545.

150. Smith DK, Neal JJ, Holmberg SD, et al. Unexplained oppor-
tunistic infections and CD4+ T-lymphocytopenia without 
HIV infection: an investigation of cases in the United 
States. N Engl J Med. 1993;328:373-379.

151. Centers for Disease Control and Prevention. Projections of 
the number of persons diagnosed with AIDS and the 
number of immunosuppressed HIV-infected persons—
United States, 1992-1994. MMWR Recomm Rep. 1992;
41(RR-18):1-29.

152. Ragni MV, Kingsley LA. Cumulative risk for AIDS and 
other HIV outcomes in a cohort of hemophiliacs in 
western Pennsylvania. J Acquir Immune Defic Syndr. 1990;
3:708-713.

153. Kuo JM, Taylor JMG, Detels R. Estimating the AIDS incu-
bation period from a prevalent cohort. Am J Epidemiol. 
1991;133:1050-1057.

154. Rutherford GW, Lifson AR, Hessol NA, et al. Course of 
HIV-1 infection in a cohort of homosexual and bisexual 
men: an 11 year follow up study. BMJ. 1990;301:1183-1188.

155. Lifson AR, Buchbinder SP, Sheppard HW, et al. Long-term 
human immunodeficiency virus infection in asymptomatic 
homosexual and bisexual men with normal CD4+ lympho-
cyte counts: immunologic and virologic characteristics.  
J Infect Dis. 1991;163:959-965.

156. Learmont J, Tindall B, Evans L, et al. Long-term symptom-
less HIV-1 infection in recipients of blood products from 
a single donor. Lancet. 1992;340:863-867.

157. Ashton JJ, Carr A, Cunningham PM, et al. Predictors of 
progression in long-term non-progressors. Australian 
Long-term Non-progressor Study Group. AIDS Res Hum 
Retrovirus. 1998;14:117-121.

158. Ward JW, Bush TJ, Perkins HA, et al. The natural history 
of transfusion-associated infection with human immuno-
deficiency virus. N Engl J Med. 1989;321:947-952.

159. Selwyn PA, Alcabes P, Hartel D, et al. Clinical manifesta-
tions and predictors of disease progression in drug users 
with human immunodeficiency virus infection. N Engl J 
Med. 1992;327:1697-1703.

160. Coates RA, Farwell VT, Raboud J, et al. Cofactors of pro-
gression to acquired immunodeficiency syndrome in a 
cohort of male sexual contacts of men with human immu-
nodeficiency virus disease. Am J Epidemiol. 1990;132:
717-722.

161. Kaslow RA, Blackwelder WC, Ostrow DG, et al. No evi-
dence for a role of alcohol or other psychoactive drugs in 
accelerating immunodeficiency in HIV-1 positive individ-
uals: a report from the Multicenter AIDS Cohort Study. 
JAMA. 1989;261:3424-3429.

162. Goedert JJ, Kessler CM, Aledort LM, et al. A prospective 
study of human immunodeficiency virus type 1 infection 
and the development of AIDS in subjects with hemophilia. 
N Engl J Med. 1989;321:1141-1148.

163. Mariotto AB, Mariotti S, Pezzotti P, et al. Estimation of the 
acquired immunodeficiency syndrome incubation period 
in intravenous drug users: a comparison with male homo-
sexuals. Am J Epidemiol. 1992;135:428-437.

164. Vermund SH, Galbraith MA, Ebner SC, et al. Human immu-
nodeficiency virus/acquired immunodeficiency syndrome 
in pregnant women. Ann Epidemiol. 1992;2:773-803.

165. Klein RS, Harris CA, Small CB, et al. Oral candidiasis in 
high-risk patients as the initial manifestation of the 
acquired immunodeficiency syndrome. N Engl J Med. 
1984;311:354-358.

166. Greenspan D, Greenspan JS, Hearst NG, et al. Relation of 
oral hairy leukoplakia to infection with the human immu-
nodeficiency virus and the risk of developing AIDS. J Infect 
Dis. 1987;155:475-481.

167. Melbye M, Grossman RJ, Goedert JJ, et al. Risk of AIDS 
after herpes zoster. Lancet. 1987;1:728-731.

168. Stein DS, Korvick JA, Vermund SH. CD4+ lymphocyte cell 
enumeration for prediction of clinical course of human 
immunodeficiency virus disease: a review. J Infect Dis. 
1992;165:352-363.

169. Mellors JW, Rinaldo CR, Gupta P, et al. Prognosis in HIV-1 
infection predicted by the quantity of virus in plasma. 
Science. 1996;272:1167-1170.

170. Saag MS, Holodniy M, Kuritzkes DR, et al. HIV viral load 
markers in clinical practice. Nat Med. 1996;2:625-629.

171. Mellors JW, Muñoz A, Giorgi JV, et al. Plasma viral load 
and CD4+ lymphocytes as prognostic markers of HIV-
infection. Ann Intern Med. 1997;126:946-954.

172. Fleming PL, Ciesielski CA, Byers RH, et al. Gender differ-
ences in reported AIDS-indicative diagnoses. J Infect Dis. 
1993;168:61-67.

173. Kreiss JK, Castro KG. Special considerations for managing 
suspected human immunodeficiency virus infection and 
AIDS in patients from developing countries. J Infect Dis. 
1990;162:955-960.

174. Slutsker L, Castro KG, Ward JW, et al. Epidemiology of 
extra-pulmonary tuberculosis among persons with AIDS 
in the United States. Clin Infect Dis. 1993;16:513-518.

175. Karon JM, Green TA, Hanson DL, et al. Estimating the 
number of AIDS-defining opportunistic illness diagnoses 
from data collected under the 1993 AIDS surveillance defi-
nition. J Acquir Immune Defic Syndr Hum Retrovirol. 1997;
16:116-121.

176. Jones JL, Hanson DL, Dworkin MS, et al. Trends in AIDS-
related opportunistic infections among men who have sex 
with men and among injecting drug users, 1991-96. J Infect 
Dis. 1998;178:114-120.

177. Holtzer CD, Jacobson MA, Hadley WK, et al. Decline in 
the rate of specific opportunistic infections at the San  
Francisco General Hospital, 1994-1997. AIDS. 1998;12:
1931-1933.

178. Gebo KA, Fleishman JA, Reilly ED, et al. High rates of 
primary Mycobacterium avium complex and Pneumocystis 
jiroveci prophylaxis in the United States. Med Care. 2005:
43(suppl 9):III23-III30.

179. Jacobson MA, Franch M. Altered natural history of AIDS- 
related opportunistic infections in the era of potent com-
bination antiretroviral therapy. AIDS. 1998;12(suppl A):
S157-S163.

180. Mouron Y, Alfandari S, Valette M, et al. Impact of protease 
inhibitors on AIDS-defining events and hospitalizations  
in 10 French AIDS reference centers. AIDS. 1997;11:
F101-F105.

181. French MA. Immune reconstitution inflammatory syn-
drome: a reappraisal. Clin Infect Dis. 2009;48:101-107.

182. Selwyn PA, Feingold AR, Hartel D, et al. Increased risk of 
bacterial pneumonia in HIV-infected intravenous drug 
users without AIDS. AIDS. 1988;2:167-172.

183. Janoff EN, Breiman RF, Daley CL, et al. Pneumococcal 
disease during HIV infection: epidemiologic, clinical, and 
immunologic perspectives. Ann Intern Med. 1992;117:
314-324.

184. Redd SC, Rutherford GW 3rd, Sande MA, et al. The role of 
human immunodeficiency virus infection in pneumococ-
cal bacteremia in San Francisco residents. J Infect Dis. 
1990;162:1012-1017.

185. Laga M, Icenogle JP, Marsella R, et al. Genital papilloma-
virus infection and cervical dysplasia—opportunistic com-
plications of HIV infection. Int J Cancer. 1992;50:45-48.

186. Harris TG, Burk RD, Palefsky JM, et al. Incidence of cervi-
cal squamous intraepithelial lesions associated with HIV 
serostatus, CD4 cell counts, and human papillomavirus test 
results. JAMA. 2005;293:1471-1476.

187. Engels EA, Pfeiffer RM, Goedert JJ, et al. Trends in cancer 
risk among people with AIDS in the United States, 1980-
2002. AIDS. 2006;20:1645-1654.

188. Barnes PF, Bloch AB, Davidson PT, et al. Tuberculosis in 
patients with human immunodeficiency virus infection. N 
Engl J Med. 1991;324:1644-1650.

189. Raviglione MC, Narain JP, Kochi A. HIV-associated tuber-
culosis in developing countries: clinical features, diagnosis, 
and treatment. Bull World Health Organ. 1992;70:515-526.

190. Centers for Disease Control and Prevention. Trends in 
tuberculosis incidence—United States, 2006. MMWR 
Morb Mortal Wkly Rep. 2007;56:245-250.

191. Centers for Disease Control and Prevention. Reported 
Tuberculosis in the United States, 2007. Atlanta: US Depart-
ment of Health and Human Services, Centers for Disease 
Control and Prevention; 2008.

192. Centers for Disease Control and Prevention. Prevention of 
tuberculosis among patients infected with human immuno-
deficiency virus: principles of therapy and revised recom-
mendations. MMWR Recomm Rep. 1998;47(RR-20):1-58.

193. Braun MM, Cote TR, Rabkin CS. Trends in death with 
tuberculosis during the AIDS era. JAMA. 1993;269:
2865-2868.

194. Rieder HL, Snider DE Jr. Tuberculosis and the acquired 
immunodeficiency syndrome [editorial]. Chest. 1986;90:
469-470.

195. Havlir DV, Barnes PF. Tuberculosis in patients with human 
immunodeficiency virus infection. N Engl J Med. 1998;340:
367-373.

196. Small PM, Hopewell PC, Singh SP, et al. The epidemiology 
of tuberculosis in San Francisco: a population based study 
using conventional and molecular methods. N Engl J Med. 
1994;330:1703.

197. Alland D, Kalbut GE, Moss AR, et al. Transmission of 
tuberculosis in New York City: an analysis of DNA finger-
printing and conventional epidemiologic methods. N Engl 
J Med. 1994;330:1710.

198. Moore M, Onorato IM, McCoy E, et al. Trends in drug-
resistant tuberculosis in the United States, 1993-1996. 
JAMA. 1997;278:833-837.

199. Frieden TR, Sterling T, Pablos-Mendez A, et al. The emer-
gence of drug-resistant tuberculosis in New York City. N 
Engl J Med. 1993;328:521-526.

200. Peloquin C, MacPhee AA, Berning SE. Malabsorption of 
anti-mycobacterial medications [letter]. N Engl J Med. 
1993;329:1122.

201. Edlin BR, Tokars JI, Grieco MH, et al. An outbreak  
of multidrug-resistant tuberculosis among hospitalized 
patients with the acquired immunodeficiency syndrome.  
N Engl J Med. 1992;326:1514-1521.

202. Pearson ML, Jereb JA, Frieden TR, et al. Nosocomial trans-
mission of multidrug-resistant Mycobacterium tuberculosis: 
a risk to patients and health care workers. Ann Intern Med. 
1992;117:191-196.

203. Beck-Sagué C, Dooley SW, Hutton MD, et al. Hospital out-
break of multidrug-resistant Mycobacterium tuberculosis 
infections: factors in transmission to staff and HIV-
infected patients. JAMA. 1992;268:1280-1286.

204. Gandhi NR, Moll A, Sturm AW, et al. Extensively drug-
resistant tuberculosis as a cause of death among patients 
co-infected with tuberculosis and HIV in a rural area in 
South Africa. Lancet. 2006;368:1575-1580.

205. Fordyce EJ, Singh TP, Nash D, et al. Survival rates in NYC 
in the era of combination ART. J Acquir Immune Defic 
Syndr. 2002;30:111-118.

206. Murphy EL, Collier AC, Kallish LA, et al. Highly active 
antiretroviral therapy decreases mortality and morbidity in 
patients with advanced HIV disease. Ann Intern Med. 
2001;135:17-26.

207. Centers for Disease Control and Prevention. Update: mor-
tality attributable to HIV-infection among persons aged 
25-44 years—United States, 1994. MMWR Morb Mortal 
Wkly Rep. 1996;45:121-125.

208. Centers for Disease Control and Prevention. Years  
of potential life lost before age 65-United States, 1990  
and 1991. MMWR Morb Mortal Wkly Rep. 1993;42:
251-252.

209. Walensky RP, Paltiel AD, Losina E, et al. The survival ben-
efits of AIDS treatment in the United States. J Infect Dis. 
2006;194:1-5.

210. Turner BJ, Eppes S, McKee LJ, et al. A population-based 
comparison of the clinical course of children and adults 
with AIDS. AIDS. 1995;9:65-72.

211. Duliege AM, Messiah A, Blanche S, et al. Natural history 
of human immunodeficiency virus type 1 infection in chil-
dren: prognostic value of laboratory tests on the bimodal 
progression of the disease. Pediatr Infect Dis J. 1992;11:
630-635.

212. McKinney RE Jr, Wilfert CM. Lymphocyte subsets in chil-
dren younger than 2 years old: normal values in a popula-
tion at risk for human immunodeficiency virus infection 
and diagnostic and prognostic application to infected chil-
dren. Pediatr Infect Dis J. 1992;11:639-644.

213. Waecker NJ Jr, Ascher DP, Robb ML, et al. Age-adjusted 
CD4+ lymphocyte parameters in healthy children at risk for 
infection with human immunodeficiency virus. Clin Infect 
Dis. 1993;17:123-125.

214. Quinn TC, Ruff A, Modlin J. HIV infection and AIDS in 
children. Annu Rev Public Health. 1992;13:1-30.

215. Centers for Disease Control and Prevention. AIDS among 
children—United States, 1996. MMWR Morb Mortal Wkly 
Rep. 1996;45:1005-1010.

216. Connor EM, Sperling RS, Gelber R, et al. Reduction of 
maternal-infant transmission of human immunodeficiency 
virus type 1 with zidovudine treatment. N Engl J Med. 1994;
331:1173-1180.

217. Centers for Disease Control and Prevention. Recommen-
dations of the US Public Health Service Task Force on the 
use of zidovudine to reduce perinatal transmission of 
human immunodeficiency virus. MMWR Recomm Rep. 
1994;43(RR-11):1-20.

218. Centers for Disease Control and Prevention. US Public 
Health Service Recommendations for human immunode-
ficiency virus counseling and testing for pregnant women. 
MMWR Recomm Rep. 1995;44(RR-7):1-15.

219. Centers for Disease Control and Prevention. Guidelines for 
prophylaxis against Pneumocystis carinii pneumonia for 
children infected with human immunodeficiency virus. 
MMWR Recomm Rep. 1991;40(RR-2):1-13.

220. Scott GB, Hutto C, Makuch RW, et al. Survival in  
children with perinatally acquired human immunodefi-
ciency virus type 1 infection. N Engl J Med. 1989;321:
1791-1796.

221. Turner BJ, Denison M, Eppes SC, et al. Survival experience 
of 789 children with the acquired immunodeficiency syn-
drome. Pediatr Infect Dis J. 1993;12:310-320.

222. Panel on Treatment of HIV-Infected Pregnant Women and 
Prevention of Perinatal Transmission. Recommendations 
for Use of Antiretroviral Drugs in Pregnant HIV-1 Infected 
Women for Maternal Health and Interventions to Reduce 
Perinatal HIV Transmission in the United States. Available 
at http://aidsinfo.nih.gov/contentfiles/lyguidelines/
PerinatalGL.pdf. Accessed June 1, 2013.

223. Chin J, Sato PA, Mann JM. Projections of HIV infections 
and AIDS cases to the year 2000. Bull World Health Organ. 
1990;68:1-11.

224. Samuel MC, Hessol N, Shiboski S, et al. Factors associated 
with human immunodeficiency virus seroconversion in 
homosexual men in three San Francisco cohorts. J Acquir 
Immune Defic Syndr. 1993;6:303-312.

http://aidsinfo.nih.gov/contentfiles/lyguidelines/PerinatalGL.pdf
http://aidsinfo.nih.gov/contentfiles/lyguidelines/PerinatalGL.pdf
http://www.myuptodate.com


P
a
rt

 I
I 

M
aj

o
r 

C
lin

ic
al

 S
yn

d
ro

m
es

1502.e4

225. Cohen MS. Sexually transmitted diseases enhance HIV 
transmission: no longer a hypothesis. Lancet. 1998;351
(suppl 3):S5-S7.

226. Quinn TC. Association of sexually transmitted diseases 
and infection with the human immunodeficiency virus: 
biological cofactors and markers of behavioral interven-
tions. Int J STD AIDS. 1996;7(suppl 2):S17-S24.

227. Fleming DT, Wasserheit JN. From epidemiological synergy 
to public health policy and practice: the contribution of 
other sexually transmitted diseases to sexual transmission 
of HIV infection. Sex Trans Infect. 1999;75:3-17.

228. Wawer MJ, Gray RH, Sewankambo NK, et al. Rates of 
HIV-1 transmission per coital act, by stage of HIV-1 infec-
tion, Rakai, Uganda. J Infect Dis. 2005;191:1403-1409.

229. Cohen MS, Pilcher CD. Amplified HIV transmission and 
new approaches to HIV prevention. J Infect Dis. 2005;
191:1391-1393.

230. Vittinghoff E, Douglas J, Judson F, et al. Per-contact risk of 
human immunodeficiency virus transmission between 
male sexual partners. Am J Epidemiol. 1999;150:306-311.

231. Baggaley RF, White RG, Boily MC. HIV transmission risk 
through anal intercourse: systematic review, meta-analysis 
and implications for HIV prevention. Int J Epidemiol. 
2010;39:1048-1063.

232. Clumeck N, Taelman H, Hermans P, et al. A cluster of HIV 
infection among heterosexual people without apparent risk 
factors. N Engl J Med. 1989;321:1460-1462.

233. Peterman TA, Stoneburner RL, Allen JR, et al. Risk of 
human immunodeficiency virus transmission from hetero-
sexual adults with transfusion-associated infections. 
JAMA. 1988;59:55-58.

234. Johnson AM, Petherick A, Davidson SJ, et al. Transmission 
of HIV to heterosexual partners of infected men and 
women. AIDS. 1989;3:367-372.

235. Seidlin M, Vogler M, Lee E, et al. Heterosexual transmis-
sion of HIV in a cohort of couples in New York City. AIDS. 
1993;7:1247.

236. Goedert JJ, Eyster ME, Bigger RJ, et al. Heterosexual trans-
mission of human immunodeficiency virus: association 
with severe depletion of T-helper lymphocytes in men with 
hemophilia. AIDS Res Hum Retroviruses. 1987;3:355-361.

237. European Study Group on Heterosexual Transmission of 
HIV. Comparison of female to male and male to female 
transmission of HIV in 563 stable couples. BMJ. 1992;304:
809-813.

238. Lazzarin A, Saracco A, Musicco M, et al. Man-to-woman 
sexual transmission of the human immunodeficiency 
virus: risk factors related to sexual behavior, man’s infec-
tiousness, and woman’s susceptibility. Arch Intern Med. 
1991;151:2411-2416.

239. Laga M, Taelman H, Van der Stuyft P, et al. Advanced 
immunodeficiency as a risk factor for heterosexual trans-
mission of HIV. AIDS. 1989;3:361-366.

240. Seage GR III, Mayer KH, Horsburgh CR Jr. Risk of human 
immunodeficiency virus infection from unprotected recep-
tive anal intercourse increases with decline in immuno-
logic status of infected partners. Am J Epidemiol. 1993;
137:899-908.

241. Anderson DJ, Hill JA. CD4 (T4+) lymphocytes in semen of 
healthy heterosexual men: implications for the transmis-
sion of AIDS [letter]. Fertil Steril. 1987;48:703-704.

242. Anderson DJ, O’Brien TR, Politch JA, et al. Effects of 
disease stage and zidovudine therapy on the detection of 
human immunodeficiency virus type 1 in semen. JAMA. 
1992;267:2769-2774.

243. Ho DD, Moudgil T, Alam M. Quantitation of human 
immunodeficiency virus type 1 in the blood of infected 
persons. N Engl J Med. 1989;321:1621-1625.

244. Hénin Y, Mandelbrot L, Henrion R, et al. Virus excretion 
in the cervical secretions of pregnant and nonpregnant 
HIV-infected women. J Acquir Immune Defic Syndr. 
1993;6:72-75.

245. Pilcher CD, Eron JJ Jr, Vernazza PL, et al. Sexual transmis-
sion during the incubation period of primary HIV infec-
tion. JAMA. 2001;286:1713-1714.

246. Cohen MS, Shaw GM, McMichael AJ, Haynes BF. Acute 
HIV-1 infection. N Engl J Med. 2011;364:1943-1954.

247. Cates W Jr, Chesney MA, Cohen MS. Primary HIV 
infection—a public health opportunity. Am J Public Health. 
1997;87:1928-1930.

248. Pilcher CD, Eron JJ, Galvin S, et al. Acute HIV revised: new 
opportunities for treatment and prevention. J Clin Invest. 
2004;113:937-945.

249. Quinn TC, Wawer MJ, Sewankambo N, et al. Viral load and 
heterosexual transmission of human immunodeficiency 
virus type 1. Rakai Project Study Group. N Engl J Med. 
2000;342:921-929.

250. Garcia PM, Kalish LA, Pitt J, et al. Maternal levels of plasma 
human immunodeficiency virus type 1 RNA and the risk 
of perinatal transmission. Women and Infants Transmis-
sion Study Group. N Engl J Med. 1999;341:394-402.

251. Vernazza PL, Eron JJ, Cohen MS, et al. Detection and bio-
logic characterization of infectious HIV-1 in semen of 
seropositive men. AIDS. 1994;8:1325-1329.

252. Pilcher CD, Tien HC, Eron JJ, et al. Brief but efficient: acute 
HIV infection and the sexual transmission of HIV. J Infect 
Dis. 2004;189:1785-1792.

253. Cohen MS, Chen YQ, McCauley M, et al. Prevention of 
HIV-1 infection with early antiretroviral therapy. N Engl J 
Med. 2011;365:493-505.

254. Zhang H, Dornadula G, Beumont M, et al. Human immu-
nodeficiency virus type 1 in the semen of men receiving 
highly active antiretroviral therapy. N Engl J Med. 1998;
339:1803-1809.

255. Rasheed S, Li Z, Xu D, et al. Presence of cell-free human 
immunodeficiency virus in cervicovaginal secretions is 
independent of viral load in the blood in human immuno-
deficiency virus-infected women. Am J Obstet Gynecol. 
1996;175:122-129.

256. Eron JJ, Vernazza PL, Johnston DM, et al. Resistance of 
HIV-1 to antiretroviral agents in blood and seminal plasma: 
implications for transmission. AIDS. 1998;12:F181-F189.

257. Haase AT, Schacker TW. Potential for transmission of 
HIV-1 despite highly active antiretroviral therapy. N Engl J 
Med. 1998;339:1846-1848.

258. Padian NS, Shiboski SC, Jewell NP. Female-to-male trans-
mission of human immunodeficiency virus. JAMA. 1991;
266:1664-1667.

259. Padian NS, Shiboski SC, Jewell NP. The effect of number of 
exposures on the risk of heterosexual HIV transmission.  
J Infect Dis. 1990;161:883-887.

260. Rothenberg RB, Scarlett M, del Rio C, et al. Oral transmis-
sion of HIV. AIDS. 1998;12:2095-2105.

261. Goto Y, Yeh CK, Notkins AL, et al. Detection of proviral 
sequences in saliva of patients infected with human immu-
nodeficiency virus type 1. AIDS Res Hum Retroviruses. 
1991;7:343-347.

262. Levy JA, Greenspan D. HIV in saliva [letter]. Lancet. 1988;
2:1248.

263. Piot P, Laga M. Genital ulcers, other sexually transmitted 
diseases, and the sexual transmission of HIV: the first two 
may be important risk factors for the third. BMJ. 1989;
298:623- 624.

264. Plummer FA, Simonsen JN, Cameron DW, et al. Cofactors 
in male-female sexual transmission of human immunode-
ficiency virus type 1. J Infect Dis. 1991;163:233-239.

265. Cameron DW, Simonsen JN, D’Costa LJ, et al. Female to 
male transmission of human immunodeficiency virus type 
1: risk factors for seroconversion in men. Lancet. 1989;2:
403-407.

266. Dyer JR, Eron JJ, Hoffman IF, et al. Association of CD4 cell 
depletion and elevated blood and seminal plasma human 
immunodeficiency virus type 1 (HIV-1) RNA concentra-
tions with genital ulcer disease in HIV-1-infected men in 
Malawi. J Infect Dis. 1998;177:224-227.

267. Hray RH, Wawer MJ, Li X, et al. Determinants of HIV viral 
load in incident and prevalent infections, Rakai, Uganda. 
Abstract 908. In: Program and Abstracts 10th Conference on 
Retrovirus and Opportunistic Infections. Boston, February 
10-14, 2003.

268. Stamm WE, Handsfield HH, Rompalo AM, et al. The  
association between genital ulcer disease and acquisition 
of HIV infection in homosexual men. JAMA. 1988;260:
1429-1433.

269. Kreiss KJ, Coombs R, Plummer F, et al. Isolation of human 
immunodeficiency virus from genital ulcers in Nairobi 
prostitutes. J Infect Dis. 1989;160:380-384.

270. Watson-Jones D, Weiss HA, Rusizoka M, et al. Effect of 
herpes simplex suppression on incidence of HIV among 
women in Tanzania. N Engl J Med. 2008;358:1560-1571.

271. Effect of aciclovir on HIV-1 acquisition in herpes simplex 
virus 2 seropositive women and men who have sex with 
men: a randomised, double-blind, placebo-controlled trial. 
Lancet. 2008;371:2109-2119.

272. Celum C, Wald A, Lingappa JR, et al. Acyclovir and trans-
mission of HIV-1 from persons infected with HIV-1 and 
HSV-2. N Engl J Med. 2010;362:427-439.

273. Moss GB, Overbaugh J, Welch M, et al. Human immuno-
deficiency virus DNA in urethral secretions in men: asso-
ciation with gonococcal urethritis and CD4 depletion.  
J Infect Dis. 1995;172:1469-1474.

274. Atkins MC, Carlin EM, Emery VC, et al. Fluctuations of 
HIV load in semen of HIV-positive patients with newly 
acquired sexually transmitted diseases. BMJ. 1996;313:
341-342.

275. Cohen MS, Hoffman IF, Royce RA, et al. Reduction of 
concentration of HIV-1 in semen after treatment of ure-
thritis: implications for prevention of sexual transmission 
of HIV-1. AIDSCAP Malawi Research Group. Lancet. 
1997;349:1868-1873.

276. Greenblatt RM, Lukehart SA, Plummer FA, et al. Genital 
ulceration as a risk factor for human immunodeficiency 
virus infection. AIDS. 1988;2:47-50.

277. Holmberg SD, Stewart JA, Gerber AR, et al. Prior herpes 
simplex virus type 2 infection as a risk factor for HIV 
infection. JAMA. 1988;259:1048-1050.

278. Laga M, Manoka A, Kivuvu M, et al. Non-ulcerative  
sexually transmitted diseases as risk factor for HIV-1 

transmission in women: results from a cohort study. AIDS. 
1993;7:95-102.

279. Kapiga SH, Shao JF, Lwihula GK, et al. Risk factors for  
HIV infection among women in Dar es Salaam, Tanzania. 
J Acquir Immune Defic Syndr. 1994;7:301-309.

280. Cohen CR, Duerr A, Pruithithada N, et al. Bacterial  
vaginosis and HIV seroprevalence among female commer-
cial sex workers in Chiang Mai, Thailand. AIDS. 1995;9:
1093-1097.

281. Auvert B, Ralijaard D, Lagarde E, et al. Randomized, con-
trolled intervention trial of male circumcision for the 
reduction of HIV infection risk: the ANRS 1265 trial. PLoS 
Med. 2005;2:e298.

282. Gray RH, Kigozi G, Servadda D, et al. Male circumcision 
for HIV prevention in Rakai, Uganda: a randomized trial. 
Lancet. 2007;369:657-666.

283. Bailey RC, Moses S, Parker CB, et al. Male circumcision for 
HIV prevention in young men in Kisumu, Kenya: a ran-
domized controlled trial. Lancet. 2007;369:643-656.

284. Chu SY, Hammett TA, Buehler JW. Update: epidemiology 
of reported cases of AIDS in women who report sex only 
with other women, United States, 1980-1991. AIDS. 1992;
6:518-519.

285. Kral AH, Lorvick J, Bluthenthal RN, et al. HIV risk profile 
of drug-using women who have sex with women in 19 
United States cities. J Acquir Immune Defic Syndr Hum 
Retrovirol. 1997;16:211-217.

286. Marrazzo JM, Koutsky LA, Handsfield HH. Characteristics 
of female sexually transmitted disease clinic clients who 
report same-sex behaviour. Int J STD AIDS. 2001;12:
41-46.

287. Petersen LR, Doll L, White C, et al. No evidence for  
female-to-female HIV transmission among 960,000 female 
blood donors. J Acquir Immune Defic Syndr. 1992;5:853-
855.

288. Marmor M, Weiss LR, Lyden M, et al. Possible female-to-
female transmission of human immunodeficiency virus 
[letter]. Ann Intern Med. 1986;105:969.

289. Monzon OT, Capellan JMB. Female-to-female transmis-
sion of HIV [letter]. Lancet. 1987;2:40-41.

290. Rich JD, Buck A, Tuomala RE, et al. Transmission of 
human immunodeficiency virus infection presumed to 
have occurred via female-homosexual contact. Clin Infect 
Dis. 1993;17:1003-1005.

291. Moss GB, Clemetson D, D’Costa L, et al. Association of 
cervical ectopy with heterosexual transmission of human 
immunodeficiency virus: results of a study of couples in 
Nairobi, Kenya. J Infect Dis. 1991;164:588-591.

292. Stephenson JM. Systematic review of hormonal contracep-
tion and risk of HIV transmission: when to resist meta-
analysis. AIDS. 1998;12:545-553.

293. Heffron R, Donnell D, Rees H, et al. Use of hormonal 
contraceptives and risk of HIV-1 transmission: a prospec-
tive cohort study. Lancet Infect Dis. 2012;12:19-26.

293a. World Health Organization. Hormonal Contraception 
and HIV Technical Statement. 2012. Available at http://
reliefweb.int/sites/reliefweb.int/files/resources/Hormonal 
%20contraception%20and%20HIV%204.pdf. Accessed on 
June 1, 2013.

294. Dean M, Carrington M, Winkler C, et al. Genetic restric-
tion of HIV-1 infection and progression to AIDS by a dele-
tion allele of the CKR5 structural gene. Science. 1996;273:
1856-1862.

295. Schoenbaum EE, Hartel D, Selwyn PA, et al. Risk factors 
for human immunodeficiency virus infection in intrave-
nous drug users. N Engl J Med. 1989;321:874-879.

296. Lange WR, Snyder FR, Lozovsky D, et al. The geographic 
distribution of human immunodeficiency virus markers  
in parenteral drug abusers. Am J Public Health. 1988;78:
443-446.

297. Anthony JC, Vlahov D, Nelson KE, et al. New evidence on 
intravenous cocaine use and the risk of infection with 
human immunodeficiency virus type 1. Am J Epidemiol. 
1991;134:1175-1189.

298. Koblin BA, McCusker J, Lewis BF, et al. Racial/ethnic dif-
ferences in HIV-1 seroprevalence and risky behaviors 
among intravenous drug users in a multisite study. Am J 
Epidemiol. 1990;132:837-846.

299. Fernando D, Schilling RF, Fontdevila J, et al. Predictors of 
sharing drugs among injection drug users in the South 
Bronx: implications for HIV transmission. J Psychoactive 
Drugs. 2003;35:227-236.

300. Selik RM, Castro KG, Pappaioanou M, et al. Birthplace and 
the risk of AIDS among Hispanics in the United States. Am 
J Public Health. 1989;79:836-839.

301. McCusker J, Koblin B, Lewis BF, et al. Demographic char-
acteristics, risk behaviors, and HIV seroprevalence among 
intravenous drug users by site of contact: results from a 
communitywide HIV surveillance project. Am J Public 
Health. 1990;80:1062-1067.

302. Nelson KE, Vlahov D, Cohn S, et al. Sexually transmitted 
diseases in a population of intravenous drug users: associa-
tion with seropositivity to the human immunodeficiency 
virus (HIV). J Infect Dis. 1991;164:457-463.

http://reliefweb.int/sites/reliefweb.int/files/resources/Hormonal%20%20contraception%20and%20HIV%204.pdf
http://reliefweb.int/sites/reliefweb.int/files/resources/Hormonal%20%20contraception%20and%20HIV%204.pdf
http://reliefweb.int/sites/reliefweb.int/files/resources/Hormonal%20%20contraception%20and%20HIV%204.pdf
http://www.myuptodate.com


C
h

ap
ter 121 Epidem

iology and Prevention of Acquired Im
m

unodeficiency Syndrom
e and Hum

an Im
m

unodeficiency Virus Infection
1502.e5

303. Rolfs RT, Goldberg M, Sharrar RG. Risk factors for syphilis: 
cocaine use and prostitution. Am J Public Health. 1990;80:
853-857.

304. Magura S, Grossman JI, Lipton DS, et al. Determinants of 
needle sharing among intravenous drug users. Am J Public 
Health. 1989;79:459-462.

305. Guydish JR, Abramowitz A, Woods W, et al. Changes in 
needle sharing behavior among intravenous drug users: 
San Francisco, 1986-88. Am J Public Health. 1990;80:
995-997.

306. Neaigus A, Sufian M, Friedman SR, et al. Effects of out-
reach intervention on risk reduction among intravenous 
drug users. AIDS Educ Prev. 1990;2:253-271.

307. Mathers BM, Deganhardt L, Ali H, et al. HIV prevention, 
treatment, and care services for people who inject drugs: a 
systematic review of global, regional and national coverage. 
Lancet. 2010;375:1014-1026.

308. Choopanya K, Martin M, Suntharasamai P, et al. Antiret-
roviral prophylaxis for HIV infection in injecting drug 
users in Bangkok, Thailand (the Bangkok Tenofovir Study): 
a randomized, double-blind, placebo-controlled phase 3 
trial. Lancet. 2013;381:2083-2090.

309. Curran JW, Lawrence DN, Jaffe H, et al. Acquired immu-
nodeficiency syndrome (AIDS) associated with transfu-
sions. N Engl J Med. 1984;310:69-75.

310. Evatt BL, Ramsey RB, Lawrence DN, et al. The acquired 
immunodeficiency syndrome in patients with hemophilia. 
Ann Intern Med. 1984;100:499-504.

311. Donegan E, Stuart M, Niland JC, et al. Infection with 
human immunodeficiency virus type 1 (HIV1) among 
recipients of antibody-positive blood donations. Ann 
Intern Med. 1990;113:733-739.

312. Ward JW, Deppe DA, Samson S, et al. Risk of human 
immunodeficiency virus infection from blood donors who 
later developed the acquired immunodeficiency syndrome. 
Ann Intern Med. 1987;106:61-62.

313. Centers for Disease Control and Prevention. Safety of 
therapeutic immune globulin preparations with respect to 
transmission of human T-lymphotropic virus type III/
lymphadenopathy-associated virus infection. MMWR 
Morb Mortal Wkly Rep. 1986;35:231-233.

314. Wells MA, Wittek AE, Epstein JS, et al. Inactivation and 
partition of human T-cell lymphotrophic virus, type III, 
during ethanol fractionation of plasma. Transfusion. 1986;
26:210-213.

315. Ward JW, Grindon AJ, Feorino PM, et al. Laboratory and 
epidemiologic evaluation of an enzyme immunoassay for 
antibodies to HTL V-III. JAMA. 1986;256:357-361.

316. Peterman TA, Lui KJ, Lawrence DN, et al. Estimating the 
risks of transfusion-associated acquired immune defi-
ciency syndrome and human immunodeficiency virus 
infection. Transfusion. 1987;27:371-374.

317. Lackritz EM, Satten GA, Aberle-Grasse J, et al. Estimated 
risk of transmission of the human immunodeficiency virus 
by screened blood in the United States. N Engl J Med. 
1995;333:1721-1725.

318. Schreiber GB, Bush MP, Kleinman SH, et al. The risk of 
transfusion-transmitted viral infections. N Engl J Med. 
1996;334:1635-1690.

319. U.S. Food and Drug Administration. FDA Approves First 
Nucleic Acid Test (NAT) System to Screen Whole Blood 
Donors for Infections with Human Immunodeficiency 
Virus (HIV) and Hepatitis C Virus (HCV). Available at 
www.fda.gov/bbs/topics/ANSWERS/2002/ANS01140.html.

320. Dodd RY, Notari EP IV, Stramer SL. Current prevalence 
and incidence of infectious disease markers and estimated 
window-period risk in the American Red Cross blood 
donor population. Transfusion. 2002;42:975-979.

321. Stehr-Green JK, Jason JM, Evatt BL, et al. Geographic vari-
ability of hemophilia-associated AIDS in the United States: 
effect of population characteristics. Am J Hematol. 1989;
32:178-183.

322. Eyster ME, Gail MH, Ballard ID, et al. Natural history of 
human immunodeficiency virus infection in hemophiliacs: 
effects of T-cell subsets, platelet counts and age. Ann Intern 
Med. 1987;107:1-6.

323. Erice A, Rhame FS, Heussner RC, et al. Human immuno-
deficiency virus infection in patients with solid-organ 
transplants: report of five cases and review. Rev Infect Dis. 
1991;13:537-547.

324. Clarke JA. HIV transmission and skin grafts. Lancet. 1987;
1:983.

325. Pepose JS, McRae S, Quinn TC, et al. Serologic markers 
after the transplantation of corneas from donors infected 
with human immunodeficiency virus. Am J Ophthalmol. 
1987;103:798-801.

326. Glasser DB. Serologic testing of cornea donors. Cornea. 
1998;17:123-128.

327. Lewis SH, Reynolds-Kohler C, Fox HE, et al. HIV-1 in 
trophoblastic and villous Hofbauer cells, and haematologi-
cal precursors in eight-week fetuses. Lancet. 1990;335:
565-568.

328. Douglas GC, King BF. Maternal-fetal transmission of 
human immunodeficiency virus: a review of possible 

routes and cellular mechanisms of infection. Clin Infect Dis. 
1992;15:678-691.

329. Krivine A, Firtion G, Cao L, et al. HIV replication during 
the first weeks of life. Lancet. 1992;339:1187-1189.

330. Rogers MF, Ou CY, Rayfield M, et al. Use of the polymerase 
chain reaction for early detection of the proviral sequences 
of human immunodeficiency virus in infants born to sero-
positive mothers. N Engl J Med. 1989;320:1649-1654.

331. Burgard M, Mayaux MJ, Blanche S, et al. The use of viral 
culture and p24 antigen testing to diagnose human immu-
nodeficiency virus infection in neonates. N Engl J Med. 
1992;327:1192-1197.

332. Rogers MF, Schochetman G, Hoff R. Advances in diagnosis 
of HIV infection in infants. In: Pizzo PA, Wilfert CM, eds. 
Pediatric AIDS: The Challenge of HIV Infection in Infants, 
Children and Adolescents. 2nd ed. Baltimore: Williams & 
Wilkins; 1994:219-238.

333. Ehrnst A, Lindgren S, Dictor M, et al. HIV in pregnant 
women and their offspring: evidence for late transmission. 
Lancet. 1991;338:203-207.

334. European Collaborative Study. Risk factors for mother-to-
child transmission of HIV-1. Lancet. 1992;339:1007-1012.

335. Gabiano C, Tovo PA, de Martino M, et al. Mother-to-child 
transmission of human immunodeficiency virus type 1: 
risk of infection and correlates of transmission. Pediatrics. 
1992;90:369-374.

336. Blanche S, Rouzioux C, Moscato MLG, et al. A prospective 
study of infants born to women seropositive for human 
immunodeficiency virus type 1. N Engl J Med. 1989;320:
1643-1648.

337. Hutto C, Parks WP, Lai S, et al. A hospital-based prospec-
tive study of perinatal infection with human immunodefi-
ciency virus type 1. J Pediatr. 1991;118:347-353.

338. Goedert JJ, Duliege AM, Amos CI, et al. High risk of  
HIV-1 infection for firstborn twins. Lancet. 1991;338:
1471-1475.

339. The International Perinatal HIV Group. The mode of deliv-
ery and the risk of vertical transmission of human immu-
nodeficiency virus type 1-A meta-analysis of 15 prospective 
cohort studies. N Engl J Med. 1999;340:977-987.

340. Dominguez KL, Lindegren ML, D’Almada PJ, et al. Increas-
ing trend of cesarean deliveries in HIV-infected women in 
the United States from 1994 to 2000. J Acquir Immune Defic 
Syndr. 2003;33:232-238.

341. Thiry L, Sprecher-Goldberger S, Jonchkheer T, et al. Isola-
tion of AIDS virus from cell-free breast milk of three 
healthy virus carriers [letter]. Lancet. 1985;2:891-892.

342. Oxtoby MJ. Human immunodeficiency virus and other 
viruses in human milk: placing the issues in broader per-
spective. Pediatr Infect Dis J. 1988;7:825-835.

343. Phuapradit W. Timing and mechanism of perinatal human 
immunodeficiency virus-1 infection. Aust N Z J Obstet 
Gynaecol. 1998;38:293-297.

344. Ryder RW, Manzila T, Baende E, et al. Evidence from Zaire 
that breastfeeding by HIV-1 seropositive mothers is not a 
major route for perinatal HIV-1 transmission but does 
decrease morbidity. AIDS. 1991;5:709-714.

345. Dunn DT, Newell ML, Ades AE, et al. Risk of human 
immunodeficiency virus type 1 transmission through 
breastfeeding. Lancet. 1992;340:585-588.

346. Van de Perre P, Simonon A, Msellati P, et al. Postnatal 
transmission of human immunodeficiency virus type 1 
from mother to infant: a prospective cohort study in Kigali, 
Rwanda. N Engl J Med. 1991;325:593-598.

347. Palasithran P, Ziegler JB, Stewart GJ, et al. Breastfeeding 
during primary human immunodeficiency virus infection 
and risk of transmission from mother to infant. J Infect Dis. 
1993;167:441-444.

348. Hu DJ, Heyward WL, Byers RH Jr, et al. HIV infection and 
breastfeeding: policy implications through a decision anal-
ysis model. AIDS. 1992;6:1505-1513.

349. Ryder RW, Nsa W, Hassig SE, et al. Perinatal transmission 
of the human immunodeficiency virus type 1 to infants  
of seropositive women in Zaire. N Engl J Med. 1989;320:
1637-1642.

350. Mofenson LM, Lambert JS, Stiehm ER, et al. Risk factors 
for perinatal transmission of human immunodeficiency 
virus type 1 in women treated with zidovudine. N Engl J 
Med. 1999;341:385-393.

351. Jamieson DJ, Sibailly TS, Sadek R, et al. HIV-1 viral load 
and other risk factors for mother-to-child transmission of 
HIV-1 in a breast-feeding population in Côte d’Ivoire.  
J Acquir Immune Defic Syndr. 2003;34:430-436.

352. Warszawski J, Tubiana R, LeChenadee J, et al. Mother-to-
child HIV transmission despite antiretroviral therapy in the 
ANRS French Perinatal Cohort. AIDS. 2008;22:289-299.

353. St. Louis ME, Kamenga M, Brown C, et al. Risk for perina-
tal HIV-1 transmission according to maternal immuno-
logic, virologic, and placental factors. JAMA. 1993;269:
2853-2859.

354. Kuhn L, Steketee RW, Weedon J, et al. Distinct risk factors 
for intrauterine and intrapartum human immunodeficiency 
virus transmission and consequences for disease progres-
sion in infected children. J Infect Dis. 1999;179:52-58.

355. Landsman SH, Kalish LA, Burns DN, et al. Obstetrical 
factors and the transmission of human immunodeficiency 
virus type 1 from mother to child. N Engl J Med. 1996;334:
1617-1623.

356. Borkowsky W, Krasinski K, Pollack H, et al. Early diagnosis 
of human immunodeficiency virus infection in children 6 
months of age: comparison of polymerase chain reaction, 
culture, and plasma antigen capture techniques. J Infect Dis. 
1992;166:616-619.

357. Report of a Consensus Workshop, Siena, Italy, January 
17-18, 1992. Early diagnosis of HIV infection in infants.  
J Acquir Immune Defic Syndr. 1992;5:1169-1178.

358. Nesheim S, Lee F, Sawyer M, et al. Diagnosis of human 
immunodeficiency virus infection by enzyme-linked 
immunospot assays in a prospectively followed cohort of 
infants of human immunodeficiency virus-seropositive 
women. Pediatr Infect Dis J. 1992;11:635-639.

359. Tokars JI, Bell DM, Culver DH, et al. Percutaneous injuries 
during surgical procedures. JAMA. 1992;267:2899-2904.

360. Marcus R, Culver DH, Bell DM, et al. Risk of human 
immunodeficiency virus infection among emergency 
department workers. Am J Med. 1993;94:363-370.

361. Wong ES, Stotka JL, Chinchilli VM, et al. Are universal 
precautions effective in reducing the number of occupa-
tional exposures among health care workers? A prospective 
study of physicians on a medical service. JAMA. 1991;265:
1123-1128.

362. Tokars JI, Marcus R, Culver DH, et al. Surveillance of HIV 
infection and zidovudine use among health care workers 
after occupational exposure to HIV-infected blood. Ann 
Intern Med. 1993;118:913-919.

363. Henderson DK, Fahey BJ, Willy M, et al. Risk for occupa-
tional transmission of human immunodeficiency virus 
type 1 (HIV 1) associated with clinical exposures: a pro-
spective evaluation. Ann Intern Med. 1990;113:740-746.

364. Gerberding JL. Incidence and prevalence of human immu-
nodeficiency virus, hepatitis B virus, hepatitis C virus and 
cytomegalovirus among health care personnel at risk for 
blood exposure: final report from a longitudinal study.  
J Infect Dis. 1994;170:1410-1417.

365. Ippolito G, Puro V, De Carli G. The risk of occupational 
human immunodeficiency virus infection in health care 
workers: Italian multicenter study. Arch Intern Med. 1993;
153:1451-1458.

366. Chamberland ME, Conley LJ, Bush TJ, et al. Health care 
workers with AIDS: national surveillance update. JAMA. 
1991;266:3459-3462.

367. Centers for Disease Control and Prevention. Updated U.S. 
Public Health Service guidelines for the management of 
occupational exposures to HBV, HCV, and HIV and rec-
ommendations for postexposure prophylaxis. MMWR 
Morb Mortal Wkly Rep. 2001;50:1-52.

368. Centers for Disease Control and Prevention. HIV/AIDS 
Surveillance Report. Vol. 12, No. 1. Atlanta: Centers for 
Disease Control and Prevention; 2000:24.

369. Cardo DM, Culver DH, Ciesielski CA, et al. A case-control 
study of HIV seroconversion in health-care workers after 
percutaneous exposure. N Engl J Med. 1997;337:1485-
1490.

370. Chamberland ME, Bell DM. HIV transmission from health 
care worker to patient: what is the risk [editorial]? Ann 
Intern Med. 1992;116:871-873.

371. Gerberding J. Provider-to-patient HIV transmission: how 
to keep it exceedingly rare. Ann Intern Med. 1999;130:1-6.

372. Ciesielski C, Marianos D, Ou CY, et al. Transmission of 
human immunodeficiency virus in a dental practice. Ann 
Intern Med. 1992;116:798-805.

373. Centers for Disease Control and Prevention. Update: inves-
tigations of patients who have been treated by HIV-infected 
healthcare workers—United States. MMWR Morb Mortal 
Wkly Rep. 1993;42:329-337.

374. Lot F, Séguier JC, Fégueux S, et al. Probable transmission 
of HIV from an orthopedic surgeon to a patient in France. 
Ann Intern Med. 1999;130:1-6.

375. Ou CY, Ciesielski CA, Myers G, et al. Molecular epidemiol-
ogy of HIV transmission in a dental practice. Science. 
1992;256:1165-1171.

376. Bell DM, Shapiro CN, Gooch BF. Preventing HIV trans-
mission to patients during invasive procedures. J Public 
Health Dent. 1993;53:170-173.

377. Robert LM, Chamberland ME, Cleveland JL, et al. Investi-
gations of patients of health care workers infected with 
HIV: the Centers for Disease Control and Prevention data-
base. Ann Intern Med. 1995;122:653-657.

378. Centers for Disease Control and Prevention. Patient expo-
sures to HIV during nuclear medicine procedures. MMWR 
Morb Mortal Wkly Rep. 1992;41:575-578.

379. Centers for Disease Control and Prevention. HIV infection 
in two brothers receiving intravenous therapy for hemo-
philia. MMWR Morb Mortal Wkly Rep. 1992;41:228-231.

380. Centers for Disease Control and Prevention. Human 
immunodeficiency virus transmission in household 
settings—United States. MMWR Morb Mortal Wkly Rep. 
1994;43:347,353-356.

http://www.fda.gov/bbs/topics/ANSWERS/2002/ANS01140.html
http://www.myuptodate.com


P
a
rt

 I
I 

M
aj

o
r 

C
lin

ic
al

 S
yn

d
ro

m
es

1502.e6

381. Hersh BS, Popovici F, Apetrei RC, et al. Acquired immu-
nodeficiency syndrome in Romania. Lancet. 1991;338:
645-649.

382. Pokrovsky VV, Eramova EU. Nosocomial outbreak of HIV 
infection in Elista, USSR. Abstract W.A.O.5. Presented at 
the Fifth International Conference on AIDS. Montreal, 
June 4-9, 1989.

383. Chant K, Lowe D, Rubin G, et al. Patient-to-patient trans-
mission of HIV in private surgical consulting rooms 
[letter]. Lancet. 1993;342:1548-1549.

384. Fujikawa LS, Salahuddin SZ, Palestine AG, et al. Isolation 
of human T-lymphotropic virus type III from the tears of 
a patient with the acquired immunodeficiency syndrome. 
Lancet. 1985;2:529-530.

385. Ho DD, Rota TR, Schooley RT, et al. Isolation of HTL V-III 
from cerebrospinal fluid and neural tissues of patients with 
neurologic syndromes related to the acquired immunode-
ficiency syndrome. N Engl J Med. 1985;313:1493-1497.

386. Mundy DC, Schinazi RF, Gerber AR, et al. Human immu-
nodeficiency virus isolated from amniotic fluid [letter]. 
Lancet. 1987;2:459-460.

387. Hill DR. HIV infection following motor vehicle trauma in 
central Africa. JAMA. 1989;261:3282-3283.

388. Torre D, Sampietro C, Ferraro G, et al. Transmission of 
HIV-1 infection via sports injury [letter]. Lancet. 1990;
335:1105.

389. Stewart GJ, Tyler JPP, Cunningham AL, et al. Transmission 
of human T-cell lymphotropic virus type III (HTL V-III) by 
artificial insemination by donor. Lancet. 1985;2:581-585.

390. Chiasson MA, Stoneburner RL, Joseph SC. Human immu-
nodeficiency virus transmission through artificial insemi-
nation. J Acquir Immune Defic Syndr. 1990;3:69-72.

391. Centers for Disease Control and Prevention. HIV-1 infec-
tion and artificial insemination with processed semen. 
MMWR Morb Mortal Wkly Rep. 1990;39:249, 255-256.

392. Yeh CK, Handelman B, Fox PC, et al. Further studies of 
salivary inhibition of HIV-1 infectivity. J Acquir Immun 
Defic Syndr. 1992;5:898-903.

393. Wahn V, Kramer HH, Voit T, et al. Horizontal transmission 
of HIV infection between two siblings [letter]. Lancet. 
1986;2:694.

394. Rogers MF, White CR, Sanders R, et al. Lack of transmis-
sion of human immunodeficiency virus from infected chil-
dren to their household contacts. Pediatrics. 1990;85:210-
214.

395. Saviteer SM, White GC, Cohen MS, et al. HTLV-III expo-
sure during cardiopulmonary resuscitation [letter]. N Engl 
J Med. 1985;313:1606-1607.

396. Lifson AR. Do alternate modes for transmission of human 
immunodeficiency virus exist? A review. JAMA. 1988;259:
1353-1356.

397. Gershon RRM, Vlahov D, Nelson KE. The risk of transmis-
sion of HIV-1 through nonpercutaneous, nonsexual 
modes—a review. AIDS. 1990;4:645-650.

398. Lusher JM, Operskalski EA, Aledort LM, et al. Risk of 
human immunodeficiency virus type 1 infection among 
sexual and nonsexual household contacts of persons with 
congenital clotting disorders. Pediatrics. 1991;88:242-249.

399. Centers for Disease Control and Prevention. Apparent 
transmission of human T-lymphotrophic virus type III/
lymphadenopathy-associated virus from a child to a 
mother providing health care. MMWR Morb Mortal Wkly 
Rep. 1986;35:76-79.

400. Centers for Disease Control and Prevention. HIV trans-
mission between two adolescent brothers with hemophilia. 
MMWR Morb Mortal Wkly Rep. 1993;42:948-951.

401. Fitzgibbon JE, Gaur S, Frenkel LD, et al. Transmission from 
one child to another of human immunodeficiency virus 
type 1 with a zidovudine-resistance mutation. N Engl J 
Med. 1993;329:1835-1846.

402. Grint P, McEvoy M. Two associated cases of the acquired 
immunodeficiency syndrome (AIDS). Commun Dis Rep. 
1985;42:4.

403. Srinivasan A, York D, Bohan C. Lack of HIV replication in 
arthropod cells [letter]. Lancet. 1987;1:1094-1095.

404. Miike L. Do Insects Transmit AIDS? Washington, DC: 
Health Program, Office of Technology Assessment, U.S. 
Congress; 1987:1-43.

405. Webb PA, Happ CM, Maupin GO, et al. Potential for  
insect transmission of HIV: experimental exposure of 
Cimex hemipterus and Toxorhynchites amboinensis to 
human immunodeficiency virus. J Infect Dis. 1989;160:
970-977.

406. Castro KG, Lieb S, Jaffe HW, et al. Transmission of HIV in 
Belle Glade, Florida: lessons for other communities in the 
United States. Science. 1988;239:193-197.

407. Greenberg AE, Nguyen-Dinh P, Mann JM, et al. The asso-
ciation between malaria, blood transfusions, and HIV 
seropositivity in a pediatric population in Kinshasa, Zaire. 
JAMA. 1988;259:545-549.

408. Joint United Nations Programme on HIV/AIDS. Report on 
the Global HIV/AIDS Epidemic: Report 2008. Available at 
http://www.unaids.org/en/KnowledgeCentre/HIVData/
GlobalReport/2008/2008_Global_report.asp.

409. Mertens TE, Belsey E, Stoneburner RL, et al. Global esti-
mates of HIV infections and AIDS: further heterogeneity 
in spread and impact. AIDS. 1995;9(suppl 1):S251.

410. Mann JM, Tarantola DJM, eds. AIDS in the World: II. 
Cambridge: Oxford University Press; 1996:61.

411. Cortes E, Detels R, Aboulafia D, et al. HIV-1, HIV-2, and 
HTLV-I infection in high risk groups in Brazil. N Engl J 
Med. 1989;320:953-958.

412. Torrey BB, Way PO. Seroprevalence of HIV in Africa: Winter 
1990. CIR Staff Paper No. 55. Washington, DC: Center for 
International Research, U.S. Bureau of the Census; 1990.

413. Rwandan HIV Seroprevalence Study Group. Nationwide 
community based serological survey of HIV-1 and other 
human retrovirus infections in a central African country. 
Lancet. 1989;1:941-943.

414. Serwadda D, Wawer MJ, Musgrave SD, et al. HIV risk 
factors in three geographic strata of rural Rakai District, 
Uganda. AIDS. 1992;6:983-989.

415. Miotti PG, Dallabetta GA, Ndovi E, et al. HIV-1 and preg-
nant women: associated factors, prevalence, estimate of 
incidence and role in fetal wastage in Central Africa. AIDS. 
1990;4:733-736.

416. Allen S, Lindan C, Serufilira A, et al. Human immunode-
ficiency virus infection in urban Rwanda: demographic 
and behavioral correlates in a representative sample of 
childbearing women. JAMA. 1991;226:1657-1663.

417. N’Galy B, Ryder RW. Epidemiology of HIV infection in 
Africa. J Acquir Immune Defic Syndr. 1988;1:551-558.

418. Dallabetta GA, Miotti PG, Chiphangwi JD, et al. High 
socioeconomic status is a risk factor for human immuno-
deficiency virus type 1 (HIV-1) infection but not for sexu-
ally transmitted diseases in women in Malawi: implications 
for HIV-1 control. J Infect Dis. 1993;167:36-42.

419. Piot P, Plummer FA, Rey MA, et al. Retrospective seroepi-
demiology of AIDS virus infections in Nairobi populations. 
J Infect Dis. 1987;155:1108-1112.

420. Simonsen JN, Plummer FA, Ngugi EN, et al. HIV infection 
among lower socioeconomic strata prostitutes in Nairobi. 
AIDS. 1990;4:139-144.

421. Simonsen JN, Cameron W, Gakinya MN, et al. Human 
immunodeficiency virus infection among men with sexu-
ally transmitted diseases. N Engl J Med. 1988;319:274-278.

422. Pape JW, Stanback ME, Pamphile M, et al. Prevalence of 
HIV infection and high-risk activities in Haiti. J Acquir 
Immune Defic Syndr. 1990;3:995-1001.

423. Diallo MO, Ackah AN, Lafontaine MF, et al. HIV-1 and 
HIV-2 infections in men attending sexually transmitted 
disease clinics in Abidjan, Côte D’Ivoire. AIDS. 1992;6:
581-585.

424. Field MG. HIV and AIDS in the Former Soviet Bloc. N Engl 
J Med. 2004;351:117-120.

425. Lackritz EM. Prevention of HIV transmission by blood 
transfusion in the developing world: achievements and 
continuing challenges. AIDS. 1998;12(suppl A):S81.

426. Weniger BG, Limpakarnjanarat K, Ungchusak K, et al. The 
epidemiology of HIV infection and AIDS in Thailand. 
AIDS. 1991;5(suppl 2):S71-S85.

427. Ou CY, Takebe Y, Weniger BG, et al. Independent intro-
duction of two major HIV-1 genotypes into distinct high-
risk populations in Thailand. Lancet. 1993;341:1171-1174.

428. Sirisopana N, Torugsa K, Carr J, et al. Prevalence of HIV-1 
infection in young men entering the Royal Thai Army. 
Abstract POCO82778. In: Abstracts of the Ninth Interna-
tional Conference on AIDS/Fourth STD World Congress. 
Vol. 2. Berlin, 1993:680.

429. Jain MK, John JT, Keusch GT. Epidemiology of HIV and 
AIDS in India. AIDS. 1994;8(suppl 2):S61-S75.

430. Ryan CA, Vathiny OV, Gorbach PM, et al. Explosive spread 
of HIV-1 and sexually transmitted diseases in Cambodia. 
Lancet. 1998;351:1175.

431. Singh YN, Malaviya AN, Tripathy SP, et al. HIV serosur-
veillance among prostitutes and patients from a sexually 
transmitted diseases clinic in Delhi, India. J Acquir Immune 
Defic Syndr. 1990;3:287-289.

432. Singh S, Crofts N, Gertig D. HIV infection among IDU’s in 
northeast Malaysia. Abstract POCO82777. In: Abstracts of 
the Ninth International Conference on AIDS/Fourth STD 
World Congress. Vol. 2. Berlin, 1993:680.

433. Zheng X, Thian C, Zhang J, et al. Rapid spread of HIV 
among drug users and their wives in southwest China. 
Abstract POCO82766. In: Abstracts of the Ninth Interna-
tional Conference on AIDS/Fourth STD World Congress. 
Vol. 2. Berlin, 1993: 678.

434. Lindan CP, Lieu TX, Giang LT, et al. Rising HIV infection 
rates in Ho Chi Minh City herald emerging AIDS epidemic 
in Vietnam. AIDS. 1997;11(suppl 1):S513.

435. Wu Z, Sullivan SG, Wang Y, et al. Evolution of China’s 
response to HIV/AIDS. Lancet. 2007;369:679- 690.

436. Solomon S, Kailasam Ganesh A. HIV in India. Topics HIV 
Med. 2002;10:19-24.

437. Oh MD, Choe K, Shin Y, et al. Current status of HIV/AIDS 
epidemic in South Korea. Abstract POCO82769. In: 
Abstracts of the Ninth International Conference on AIDS/
Fourth STD World Congress. Vol. 2. Berlin, 1993:678.

438. Soda K, Fukutomi K, Hashimoto S, et al. Temporal trend 
and projections of HIV/AIDS epidemic in Japan. Abstract 
POCO82779. In: Abstracts of the Ninth International Con-
ference on AIDS/Fourth STD World Congress. Vol. 2. Berlin, 
1993:680.

439. Gromyko A. Challenge of HIV/AIDS and STD rising 
trends in Eastern Europe. Abstract 60107. Presented at the 
Twelfth International Conference on AIDS. Geneva, June 
28-July 3, 1998.

440. Marlink R, Kanki P, Thior I, et al. Reduced rate of disease 
development after HIV-2 infection as compared to HIV-1. 
Science. 1994;265:1587-1590.

441. Berry N, Jaffar S, Schim van der Loeff M, et al. Low level 
viremia and high CD4% predict normal survival in a 
cohort of HIV type-2-infected villagers. Aids Res Hum Ret-
roviruses. 2002;18:1167-1173.

442. Leligdowicz A, Yindom LM, Onyango C, et al. Robust Gag-
specific T cell responses characterize viremia control in 
HIV-2 infection. J Clin Invest. 2007;117:3067-3074.

443. Clavel F, Guetard D, Brun-Vezinet F, et al. Isolation of a 
new human retrovirus from West African patients with 
AIDS. Science. 1986;233:343-346.

444. Centers for Disease Control and Prevention. Testing for 
antibodies to human immunodeficiency virus type 2 in  
the United States. MMWR Recomm Rep. 1992;41(RR-12):
1-9.

445. DeCock KM, Adjorlolo G, Ekpini E, et al. Epidemiology 
and transmission of HIV-2: why there is no HIV-2 pan-
demic. JAMA. 1993;270:2083-2086.

446. O’Brien TR, George JR, Holmberg SD. Human immuno-
deficiency virus type 2 infection in the United States:  
epidemiology, diagnosis, and public health implications. 
JAMA. 1992;267:2775-2779.

447. Onorato IM, O’Brien TR, Schable CA, et al. Sentinel sur-
veillance for HIV-2 infection in high-risk US populations. 
Am J Public Health. 1993;83:515-519.

448. Markovitz DM. Infection with the human immunodefi-
ciency virus type 2. Ann Intern Med. 1993;118:211-218.

449. Hawes SE, Sow PS, Stern JE, et al. Lower levels of HIV-2 
than HIV-1 in the female genital tract: correlates and  
longitudinal assessment of viral shedding. AIDS. 2008;22:
2517-2525.

450. Poulsen AG, Kvinesdal BB, Aaby P, et al. Lack of evidence 
of vertical transmission of human immunodeficiency virus 
type 2 in a sample of the general population in Bissau.  
J Acquir Immune Defic Syndr. 1992;5:25-30.

451. Centers for Disease Control and Prevention. Compendium 
of HIV Prevention Interventions with Evidence for Effective-
ness. Atlanta: CDC; 1999 [revised August 31, 2001].

452. Del Mistro A, Chotard J, Hall AJ, et al. HIV-1 and HIV-2 
seroprevalence rates in mother-child pairs living in The 
Gambia (West Africa). J Acquir Immune Defic Syndr. 1992;
5:19-24.

453. Adjorlolo-Johnson G, DeCock KM, Ekpini E, et al. Pro-
spective comparison of mother-to-child transmission of 
HIV-1 and HIV-2 in Abidjan, Ivory Coast. JAMA. 1994;
272:462.

454. Dufoort G, Courouce AM, Ancelle-Park R, et al. No clini-
cal signs 14 years after HIV-2 transmission via blood trans-
fusion [letter]. Lancet. 1988;2:510.

455. Pepin J, Morgan G, Dunn D, et al. HIV-2-induced immu-
nosuppression among asymptomatic West African prosti-
tutes: evidence that HIV-2 is pathogenic, but less so than 
HIV-1. AIDS. 1991;5:1165-1172.

456. Marlink R, Thior I, Travers K, et al. Reduced virulence of 
HIV-2 compared to HIV-1. Science. 1994;265:1587.

457. Guyader M, Emerman M, Sonigo P, et al. Genome organi-
zation and transactivation of the human immunodefi-
ciency virus type 2. Nature. 1987;326:662-669.

458. George JR, Rayfield MA, Phillips S, et al. Efficacies of US 
Food and Drug Administration-licensed HIV-1-screening 
enzyme immunoassays for detecting antibodies to HIV-2. 
AIDS. 1990;4:321-326.

459. Myers RA, Patel JD, Joseph JM. Identifying HIV-2 sero-
positive individuals by reevaluating HIV-1 indeterminate 
sera. J Acquir Immune Defic Syndr. 1992;5:417-423.

460. World Health Organization. Recommendations for inter-
pretation of HIV-2 Western blot results. Wkly Epidemiol 
Rec. 1990;10:74.

461. Heneine W. Susceptibility of HIV-2, SIV and SHIV to 
various anti-HIV-1 compounds: implications for treatment 
and postexposure prophylaxis. Antiviral Ther. 2004;9:
57-65.

462. Landman R, Damond F, Gerbe J, et al. Immunological and 
therapeutic follow-up of HIV-1/HIV-2 dually seropositive 
patients. AIDS. 2009;23:426-428.

463. DiClemente RJ. Looking forward: future directions for 
HIV prevention research. In: Peterson JL, DiClemente RJ, 
eds. Handbook of HIV Prevention. New York: Kluwer 
Academic/Plenum; 2000:311-324.

464. Lyles CM, Kay LS, Crepaz N, et al. Best-evidence interven-
tions: findings from a systematic review of HIV behavioral 
interventions for US populations at high risk, 2000-2004. 
Am J Public Health. 2007;97:133-143.

http://www.unaids.org/en/KnowledgeCentre/HIVData/GlobalReport/2008/2008_Global_report.asp
http://www.unaids.org/en/KnowledgeCentre/HIVData/GlobalReport/2008/2008_Global_report.asp
http://www.myuptodate.com


C
h

ap
ter 121 Epidem

iology and Prevention of Acquired Im
m

unodeficiency Syndrom
e and Hum

an Im
m

unodeficiency Virus Infection
1502.e7

465. Centers for Disease Control and Prevention. Compen-
dium of Evidence-Based HIV Behavioral Interventions.  
Available at http://www.cdc.gov/hiv/prevention/research/
compendium/rr/complete.html. Accessed June 1, 2013.

466. Hankins CA, de Zalduondo BO. Combination prevention: 
a deeper understanding of effective HIV prevention. AIDS. 
2010;24(suppl 4):S70-S80.

467. Centers for Disease Control and Prevention. Advancing 
HIV prevention: new strategies for a changing epidemic—
United States, 2003. MMWR Morb Mortal Wkly Rep. 
2003;52:329-332.

468. Centers for Disease Control and Prevention. Resurgent 
bacterial sexually transmitted disease among men who 
have sex with men—King County, Washington, 1997-1999. 
MMWR Morb Mortal Wkly Rep. 1999;48:773-777.

469. Centers for Disease Control and Prevention. Increases in 
unsafe sex and rectal gonorrhea among men who have sex 
with men—San Francisco, California, 1994-1997. MMWR 
Morb Mortal Wkly Rep. 1999;48:45-48.

470. Erbelding EJ, Stanton D, Quinn TC, et al. Behavioral and 
biological evidence of persistent high-risk behavior in an 
HIV primary care population. AIDS. 2000;14:297-301.

471. Janssen RS, Holtgrave DR, Valdiserri RO, et al. The serosta-
tus approach to fighting the HIV epidemic: prevention 
intervention strategies for infected individuals. Am J Public 
Health. 2001;91:1019-1024.

472. Centers for Disease Control and Prevention. Incorporating 
HIV prevention into the medical care of persons living 
with HIV. Recommendations of CDC, the Health 
Resources and Services Administration, the National Insti-
tutes of Health, and the HIV Medicine Association of the 
Infectious Diseases Society of America. MMWR Morb 
Mortal Wkly Rep. 2003;52:1-24.

473. Chen MS, Dellabeta G, Laga M, et al. A new deal in HIV 
prevention: lessons from the global approach. Ann Intern 
Med. 1994;120:340-341.

474. Johnson AM. Condoms and HIV transmission. N Engl J 
Med. 1994;331:391-392.

475. Centers for Disease Control and Prevention. Update: 
barrier protection against HIV infection and other sexually 
transmitted diseases. MMWR Morb Mortal Wkly Rep. 
1993;42:589-591.

476. National Institute of Allergy and Infectious Diseases. 
Workshop Summary: Scientific Evidence on Condom 
Effectiveness for Sexually Transmitted Disease (STD)  
Prevention. Available at www.niaid.nih.gov/dmid/stds/
condomreport.pdf. Accessed July 20, 2001.

477. Thompson JL, Yager TJ, Martin JL. Estimated condom 
failure and frequency of condom use among gay men. Am 
J Public Health. 1993;83:1409-1413.

478. Weller SC. A meta-analysis of condom effectiveness in 
reducing sexually transmitted HIV. Soc Sci Med. 1993;36:
1635-1644.

479. Saracco A, Musicco M, Nicolosi A, et al. Man-to-women 
sexual transmission of HIV: longitudinal study of 343 
steady partners of infected men. J Acquir Immune Defic 
Syndr. 1993;6:497-502.

480. De Vincenzi I. A longitudinal study of human immunode-
ficiency virus transmission by heterosexual partners. Euro-
pean Study Group on Heterosexual Transmission of HIV. 
N Engl J Med. 1994;331:341-346.

481. Nelson KE, Celentano DD, Eiumtrakol S, et al. Changes in 
sexual behavior and a decline in HIV infection among 
young men in Thailand. N Engl J Med. 1996;335:297-303.

482. Hanenberg RS, Rojanapithayakorn W, Kunasol P, et al. 
Impact of Thailand’s HIV-control programme as indicated 
by the decline of sexually transmitted diseases. Lancet. 
1994;344:243-245.

483. Rojanapithayakorn W, Hanenberg R. The 100% condom 
program in Thailand. AIDS. 1996;10:1-7.

484. Davis KR, Weller SC. The effectiveness of condoms in 
reducing heterosexual transmission of HIV. Family Plann 
Perspect. 1999;31:272-279.

485. Weller SC, Davis KR. Condom Effectiveness in Reducing 
Heterosexual HIV Transmission. [Cochrane review]. Issue 
1. Oxford: Update Software; 2004.

486. Trussell J, Warner DL, Hatcher R. Condom performance 
during vaginal intercourse: comparison of TrojanEnz and 
Tactylon condoms. Contraception. 1992;45:11-19.

487. Carey RF, Herman WA, Retta SM, et al. Effectiveness of 
latex condoms as a barrier to human immunodeficiency 
virus-sized particles under conditions of simulated use. Sex 
Transm Dis. 1992;19:230-234.

488. Silverman BG, Gross TP. Use and effectiveness of condoms 
during anal intercourse. Sex Transm Dis. 1997;24:11-17.

489. Rosenberg MJ, Gollub EL. Commentary: methods women 
can use that may prevent sexually transmitted disease, 
including HIV. Am J Public Health. 1992;82:1473-1478.

490. French P, Latka M, Gollub EL, et al. Female condoms as 
effective as male condoms in preventing sexually transmit-
ted diseases. Abstract 60730. Presented at the Twelfth Inter-
national Conference on AIDS. Geneva, June 28-July 3, 1998.

491. Fontan AL, Saba J, Chandelying V, et al. Protection against 
sexually transmitted diseases by granting sex workers in 

Thailand the choice of using the male or female condom: 
results from a randomized controlled trial. AIDS. 1998;
12:1851-1859.

492. French PP, Latka M, Gollub EL, et al. Use-effectiveness of 
the female versus male condom in preventing sexually 
transmitted disease in women. Sex Transm Dis. 2003;30:
433-439.

493. Roddy R, Zekeng L, Ryan K, et al. A controlled trial of 
nonoxynol-9-film to reduce male-to-female transmission 
of sexually transmitted diseases. N Engl J Med. 1998;339:
504-510.

494. Van Damme L. Advances in topical microbicides. Pre-
sented at the Thirteenth International AIDS Conference. 
Durban, South Africa, July 9-14, 2000.

495. Kreiss J, Ngugi E, Holmes K, et al. Efficacy of nonoxynol 9 
contraceptive sponge use in preventing heterosexual acqui-
sition of HIV in Nairobi prostitutes. JAMA. 1992;268:
477-482.

496. Louv WC, Austin H, Alexander WJ, et al. A clinical trial of 
nonoxynol-9 for preventing gonococcal and chlamydial 
infections. J Infect Dis. 1988;158:513-523.

497. Roddy RE, Zekeng L, Ryan KA, et al. Effect of nonoxynol-9 
gel on urogenital gonorrhea and chlamydial infection—a 
randomized controlled trial. JAMA. 2002;287:1117-1122.

498. Stone KM, Peterson HB. Spermicides, HIV, and the vaginal 
sponge [editorial]. JAMA. 1992;268:521-523.

499. Centers for Disease Control and Prevention. Nonoxynol-9 
spermicide contraception use—United States, 1999. 
MMWR Morb Mortal Wkly Rep. 2002;51:389-392.

500. Feldblum PJ, Adeiga A, Bakare R, et al. SAVVY vaginal gel 
(C31G) for prevention of HIV infection: a randomized 
controlled trial in Nigeria. PLoS One. 2008;3:e1474.

501. Van Damme L, Govinden R, Mirembe FM, et al. Lack  
of effectiveness of cellulose sulfate gel for the prevention  
of vaginal HIV transmission. N Engl J Med. 2008;359:
463-472.

502. Abdool KS, Coletti A, Richardson B, et al. Safety and effec-
tiveness of vaginal microbicides BufferGel and 0.5% PRO 
2000/5 Gel for the prevention of HIV infection in women: 
results of the HPTN 035 Trial. AIDS. 2011;25:957-966.

503. Abdool Karim Q, Abbdool Karim SS, Frohlich JA, et al. 
Effectiveness and safety of tenefovir gel, an antiretroviral 
microbicide, for the prevention of HIV infection in 
women. Science. 2010;329:1168-1174.

504. Roper WL, Peterson HB, Curran JW. Commentary: 
condoms and HIV/STD prevention—clarifying the 
message. Am J Public Health. 1993;83:501-503.

505. Centers for Disease Control and Prevention. Heterosexual 
behaviors and factors that influence condom use among 
patients attending a sexually transmitted disease clinic—
San Francisco. MMWR Morb Mortal Wkly Rep. 1990;39:
685-689.

506. Peterson JL, Coates TJ, Catania JA, et al. High-risk sexual 
behavior and condom use among gay and bisexual African-
American men. Am J Public Health. 1992;82:1490-1494.

507. Catania JA, Coates TJ, Kegeles S, et al. Condom use in 
multiethnic neighborhoods of San Francisco: the 
population-based AMEN (AIDS in Multiethnic Neighbor-
hoods) study. Am J Public Health. 1991;81:284-287.

508. Osmond DH, Page K, Wiley J, et al. HIV infection in 
homosexual and bisexual men 18 to 29 years of age: the 
San Francisco Young Men’s Health Study. Am J Public 
Health. 1994;84:1933-1937.

509. Stall R, Ekstrand M, Polleck L, et al. Relapse from safer sex: 
the next challenge for AIDS prevention efforts. J Acquir 
Immune Defic Syndr. 1990;3:1181-1187.

510. Hays RB, Kegeles SM, Coates TJ. High HIV risk-taking 
among young gay men. AIDS. 1990;4:901-907.

511. St. Lawrence JS, Hood HV, Brasfield T, et al. Differences in 
gay men’s AIDS risk knowledge and behavior patterns in 
high and low AIDS prevalence cities. Public Health Rep. 
1989;104:391-395.

512. Ekstrand ML, Coates TJ. Maintenance of safer sexual 
behaviors and predictors of risky sex: the San Francisco 
Men’s Health Study. Am J Public Health. 1990;80:973-977.

513. Adib SM, Joseph JG, Ostrow DG, et al. Relapse in sexual 
behavior among homosexual men: a 2-year follow-up from 
the Chicago MACS/CCS. AIDS. 1991;5:757-760.

514. Penkower L, Dew MA, Kingsley L, et al. Behavioral, health 
and psychosocial factors and risk for HIV infection among 
sexually active homosexual men: the Multicenter AIDS 
Cohort Study. Am J Public Health. 1991;81:194-196.

515. Kravcik S, Victor G, Houston S, et al. Effect of antiretroviral 
therapy and viral load on the perceived risk of HIV trans-
mission and the need for safer sex practices. J Acquir 
Immune Defic Syndr Hum Retrovirol. 1998;19:124-129.

516. DiClemente RJ, Funkhouser E, Wingood GM, et al. Prote-
ase inhibitor combination therapy and decreased condom 
use among gay men. South Med J. 2002;95:421-425.

517. Scheer S, Chu PL, Klausner JD, et al. Effect of highly active 
antiretroviral therapy on diagnoses of sexually transmitted 
diseases in people with AIDS. Lancet. 2001;357:425-432.

518. Chirgwin K, DeHovitz JA, Dillon S, et al. HIV infection, 
genital ulcer disease, and crack cocaine use among patients 

attending a clinic for sexually transmitted diseases. Am 
J Public Health. 1992;81:1576-1579.

519. Centers for Disease Control and Prevention. Condom use 
among male injecting-drug users—New York City, 1987-
1990. MMWR Morb Mortal Wkly Rep. 1992;41:617-620.

520. Elwy AR, Hart GJ, Hawkes S, et al. Effectiveness of inter-
ventions to prevent sexually transmitted infections and 
human immunodeficiency virus in heterosexual men. Arch 
Intern Med. 2002;162:1818-1830.

521. Sawires SR, Dworkin SL, Fiamma A, et al. Male circumci-
sion and HIV/AIDS: challenges and opportunities. Lancet. 
2007;369:708-713.

522. Marks G, Richardson JL, Maldonado N. Self-disclosure  
of HIV infection to sexual partners. Am J Public Health. 
1991;81:1321-1323.

523. Landis SE, Schoenbach VJ, Weber DJ, et al. Results of a 
randomized trial of partner notification in cases of HIV 
infection in North Carolina. N Engl J Med. 1992;326:
101-106.

524. Bayer R, Toomey KE. HIV prevention and the two faces  
of partner notification. Am J Public Health. 1992;82:
1158-1164.

525. Pavia AT, Benyo M, Niler L, et al. Partner notification for 
control of HIV: results after 2 years of a statewide program 
in Utah. Am J Public Health. 1993;83:1418-1424.

526. Golen MR. HIV partner notification: a neglected preven-
tion intervention. Sex Transm Dis. 2002;29:472-475.

527. Pilcher CD, Fiscus SA, Nguyen TQ, et al. Detection of acute 
infections during HIV testing in North Carolina. N Engl J 
Med. 2005;352:1873-1883.

528. Macke BA, Maher JE. Partner notification in the United 
States: an evidence-based review. Am J Prev Med. 1999;17:
230-242.

529. Giesecke J, Ramstedt K, Granath F, et al. Efficacy of  
partner notification for HIV infection. Lancet. 1991;338:
1096-1100.

530. Grosskurth H, Mosha F, Todd J, et al. Impact of improved 
treatment of sexually transmitted diseases on HIV infec-
tion in rural Tanzania: randomized controlled trial. Lancet. 
1995;346:530-536.

531. Wawer MJ, Sewankambo NK, Serwadda D, et al. Control 
of sexually transmitted diseases and AIDS prevention in 
Uganda: a randomized community trial. Lancet. 1999;353: 
525-535.

532. Centers for Disease Control and Prevention. Interim guid-
ance: preexposure prophylaxis for the prevention of HIV 
infection among men who have sex with men. MMWR 
Morb Mortal Wkly Rep. 2011;60:165-168.

533. Centers for Disease Control and Prevention. Antiretroviral 
postexposure prophylaxis after sexual, injection-drug use, 
or other nonoccupational exposure to HIV in the United 
States: recommendations from the U.S. Department of 
Health and Human Services. MMWR Recomm Rep. 2005;
54(RR-2):1-20.

534. Grant RM, Lama JR, Anderson PL, et al. Preexposure che-
moprophylaxis for HIV prevention in men who have sex 
with men. N Engl J Med. 2010;363:2587-2599.

535. Van Damme L, Corneli A, Ahmed K, et al. Preexposure 
prophylaxis for HIV infection among African women. N 
Engl J Med. 2012;367:411-422.

536. Beaten JM, Donnell D, Ndase P, et al. Antiretroviral pro-
phylaxis for HIV prevention in heterosexual men and 
women. N Engl J Med. 2012;367:399-410.

537. Thigpen MC, Kebaabetswe PM, Paxton LA, et al. Antiretro-
viral preexposure prophylaxis for heterosexual HIV trans-
mission in Botswana. N Engl J Med. 2012;367:423-434.

538. Granich RM, Gilks CF, Dye C, et al. Universal voluntary 
HIV testing with immediate antiretroviral therapy as a 
strategy for elimination of HIV transmission: a mathemati-
cal model. Lancet. 2009;373:48-57.

539. The Twin Epidemics of Substance Use and HIV. Washington, 
DC: National Commission on AIDS; 1991.

540. Metzger DS, Navaline H, Woody GE. Drug-abuse treat-
ment as AIDS prevention. Public Health Rep. 1998;113
(suppl 1):S97-S106.

541. Gossop M, Marsden J, Stewart D, et al. Reduced injection 
risk and sexual risk behaviours after drug misuse treat-
ment: results from the National Treatment Outcome 
Research Study. AIDS Care. 2002;14:77-93.

542. Metzger DS, Navaline H. HIV prevention among injection 
drug users: the need for integrated models. J Urban Health. 
2003;80:iii59-iii66.

543. Centers for Disease Control and Prevention. Update: 
reducing HIV transmission in intravenous-drug users not 
in drug treatment—United States. MMWR Morb Mortal 
Wkly Rep. 1990;39:97-101.

544. Centers for Disease Control and Prevention. Integrated 
prevention services for HIV infection, viral hepatitis, sexu-
ally transmitted infections and tuberculosis for persons 
who use drugs illicitly: summary guidance from CDC and 
the U.S. Department of Health and Human Services. 
MMWR Morb Mortal Wkly Rep. 2012;61:1-43.

545. Groseclose SL, Weinstein B, Jones S, et al. Legal purchase 
of clean needles and syringes in Connecticut: do they make 

http://www.cdc.gov/hiv/prevention/research/compendium/rr/complete.html
http://www.cdc.gov/hiv/prevention/research/compendium/rr/complete.html
http://www.niaid.nih.gov/dmid/stds/condomreport.pdf
http://www.niaid.nih.gov/dmid/stds/condomreport.pdf
http://www.myuptodate.com


P
a
rt

 I
I 

M
aj

o
r 

C
lin

ic
al

 S
yn

d
ro

m
es

1502.e8

a difference? Abstract POD274185. In: Abstracts of the 
Ninth International Conference on AIDS/Fourth STD World 
Congress. Vol. 2. Berlin: International AIDS Society; 1993:
915.

546. U.S. General Accounting Office (USGAO). Needle 
Exchange Programs: Research Suggests Promise as an AIDS 
Prevention Strategy. Report to the Chairman, Select Com-
mittee on Narcotics Abuse and Control, House of Representa-
tives. Washington, DC: USGAO, Human Resources 
Division; 1993.

547. Centers for Disease Control and Prevention. Use of bleach 
for disinfection of drug injection equipment. MMWR 
Morb Mortal Wkly Rep. 1993;42:418-419.

548. Yancovitz SR, Des Jarlais DC, Peyser NP, et al. A random-
ized trial of an interim methadone maintenance clinic. Am 
J Public Health. 1991;81:1185-1191.

549. Coyle SL, Needle RH, Normand J. Outreach-based HIV 
prevention for injecting drug users: a review of published 
outcome data. Public Health Rep. 1998;113(suppl 1):
S19-S30.

550. Latkin CA. Outreach in natural settings: the use of peer 
leaders for HIV prevention among injecting drug users’ 
networks. Public Health Rep. 1998;113(suppl 1):S151-S159.

551. Stephens RC, Feucht TE, Roman SW. Effects of an interven-
tion program on AIDS-related drug and needle behavior 
among intravenous drug users. Am J Public Health. 1991;
81:568-571.

552. Negigus A, Friedman SR, Curtis R, et al. Relevance of drug 
injectors’ social networks and risk networks for under-
standing and preventing HIV infection. Soc Sci Med. 1994;
38:67-78.

553. Des Jarlais DC, Friedman SR, Friedman P, et al. HIV/AIDS 
related behavior change among injecting drug users in dif-
ferent national settings. AIDS. 1995;9:611-617.

554. Hagan H, McGough JP, Thiede H, et al. Reduced injection 
frequency and increased entry and retention in substance 
abuse treatment associated with needle-exchange partici-
pation in Seattle drug injectors. J Subst Abuse Treat. 2000;
19:247-252.

555. Strathdee SA, Celentano DD, Shah N, et al. Needle 
exchange attendance and health care utilization promote 
entry into detoxification. J Urban Health. 1999;76:448-460.

556. School of Public Health, University of California, Berkeley 
and the Institute for Health Policy Studies, University of 
California, San Francisco. The Public Health Impact of 
Needle Exchange Programs in the United States and Abroad: 
Summary, Conclusions, and Recommendations. Report pre-
pared for the Centers for Disease Control and Prevention. 
Atlanta: Centers for Disease Control and Prevention; 1993.

557. Vlahov D, Junge B. The role of needle exchange programs 
in HIV prevention. Public Health Rep. 1998;113(suppl 1):
S75-S80.

558. Hurley S, Jolley D, Kaldor J. Effectiveness of needle-
exchange programmes for prevention of HIV infection. 
Lancet. 1997;349:1797.

559. Des Jarlais D, Perlis T, Arasteh K, et al. HIV incidence 
among injection drug users in New York City, 1990 to  
2002: use of serologic test algorithm to assess expansion  
of HIV prevention services. Am J Publ Health. 2005;95:
1539-1544.

560. Rich JD, Macalino GE, McKenzie M, et al. Syringe pre-
scription to prevent HIV infection in Rhode Island: a case 
study. Am J Public Health. 2001;91:699-700.

561. Burris S, Lurie P, Abrahamson D, et al. Physician prescrib-
ing of sterile injection equipment to prevent HIV infection: 
time for action. Ann Intern Med. 2000;133:218-226.

562. Titus S, Marmor M, Des Jarlais DC, et al. Bleach use and 
HIV seroconversion among New York City injection drug 
users. J Acquir Immune Defic Syndr. 1994;7:700-704.

563. Vlahov D, Astemborski J, Soloman L, et al. Field effective-
ness of needle disinfection among injecting drug users.  
J Acquir Immune Defic Syndr. 1994;7:760-766.

564. Centers for Disease Control and Prevention. Update to 
interim guidance for preexposure prophylaxis (PrEP) for 
the prevention of HIV infection: PrEP for injecting drug 
users. MMWR Morb Mortal Wkly Rep. 2013;62:463-465.

565. Busch MP, Glynn SA, Stramer SL, et al. A new strategy for 
estimating risks of transfusion-transmitted viral infections 
based on rates of detection of recently infected donors. 
Transfusion. 2005;45:254-264.

566. Centers for Disease Control and Prevention. Semen 
banking, organ and tissue transplantation, and HIV anti-
body testing. MMWR Morb Mortal Wkly Rep. 1988;37:57-
58, 63.

567. Centers for Disease Control and Prevention. Transmission 
of HIV through bone transplantation: case report and 

public health recommendations. MMWR Morb Mortal 
Wkly Rep. 1988;37:597-599.

568. Katzenstein TL, Dickmeiss E, Aladdin H, et al. Failure to 
develop HIV infection after receipt of HIV-contaminated 
blood and postexposure prophylaxis. Ann Intern Med. 
2000;133:31-34.

569. Bell DM. Human immunodeficiency virus transmission in 
health care settings: risk and risk reduction. Am J Med. 
1991;91(suppl 3B):S294-S300.

570. Do AN, Ciesielski CA, Metler RP, et al. Occupationally 
acquired human immunodeficiency virus (HIV) infection: 
national case surveillance data during 20 years of the HIV 
epidemic in the United States. Infect Control Hosp Epide-
miol. 2003;24:86-96.

571. Centers for Disease Control and Prevention. Recommen-
dations for prevention of HIV transmission in healthcare 
settings. MMWR Morb Mortal Wkly Rep. 1987;36(suppl 
2S):S1-S18.

572. Centers for Disease Control and Prevention. Public Health 
Service statement on management of occupational expo-
sure to human immunodeficiency virus, including consid-
erations regarding zidovudine postexposure use. MMWR 
Morb Mortal Wkly Rep. 1990;39:1-14.

573. Centers for Disease Control and Prevention. Revised rec-
ommendations for HIV testing of adults, adolescents and 
pregnant women in health-care settings. MMWR Recomm 
Rep. 2006;55(RR-14):1-17.

574. Institute of Medicine. Reducing the Odds: Preventing Peri-
natal Transmission of HIV in the United States. Washington, 
DC: National Academy Press; 1998.

575. Lindsay MK, Peterson HB, Feng TI, et al. Routine antepar-
tum human immunodeficiency virus infection screening in 
an innercity population. Obstet Gynecol. 1989;74:289-294.

576. Wade NA, Birkhead GS, Warren BL, et al. Abbreviated 
regimens of zidovudine prophylaxis and perinatal trans-
mission of the human immunodeficiency virus. N Engl J 
Med. 1998;339:1409-1414.

577. Centers for Disease Control and Prevention. Administra-
tion of zidovudine during late pregnancy and delivery to 
prevent perinatal HIV transmission—Thailand, 1996-1998. 
MMWR Morb Mortal Wkly Rep. 1998;47:1551-1554.

578. Cooper ER, Charurat M, Mofenson LM, et al. Combination 
antiretroviral strategies for the treatment of pregnant 
HIV-1 infected women and prevention of perinatal HIV-1 
transmission. J Acquir Immune Defic Syndr Hum Retrovirol. 
2002;29:484-494.

579. Centers for Disease Control and Prevention. Recom-
mendations for assisting in the prevention of perinatal 
transmission of human T-lymphotrophic type III/
lymphadenopathy-associated virus. MMWR Morb Mortal 
Wkly Rep. 1985;34:721-726, 731-732.

580. World Health Organization. Consensus statement from the 
WHO/UNICEF consultation on HIV transmission and 
breastfeeding. Wkly Epidemiol Rec. 1992;67:177-179.

581. United Nations AIDS Program. HIV and infant feeding: an 
interim statement. Wkly Epidemiol Rec. 1996;71:289-291.

582. Iliff PJ, Piwoz EG, Tavengwa NV, et al. Early exclusive 
breastfeeding reduces the risk of postnatal HIV-1 trans-
mission and increases HIV-free survival. AIDS. 2005;19:
699-708.

583. Petra Study Team. Efficacy of three short-course regimens 
of zidovudine and lamivudine in preventing early and late 
transmission of HIV-1 from mother to child in Tanzania, 
South Africa, and Uganda (Petra study): a randomised, 
double-blind, placebo-controlled trial. Lancet. 2002;359:
1178-1186.

584. Moodley D, Moodley J, Coovadia H, et al. A multicenter 
randomized controlled trial of nevirapine versus a combi-
nation of zidovudine and lamivudine to reduce intrapar-
tum and early postpartum mother-to-child transmission of 
HIV-1. J Infect Dis. 2003;187:725-735.

585. Kumwenda NI, Hoover DR, Mofenson LM, et al. Extended 
antiretroviral prophylaxis to reduce HIV-1 transmission.  
N Engl J Med. 2008;359:119-129.

586. Valdiserri RO, Holtgrave DR, Brackbill RM. American 
adults’ knowledge of HIV testing availability. Am J Public 
Health. 1993;83:525-528.

587. Centers for Disease Control and Prevention. Notice to 
readers: approval of a new rapid test for HIV antibody. 
MMWR Morb Mortal Wkly Rep. 2002;51:1051-1052.

588. Wesolowski LG, MacKellar DA, Facente SN, et al. Post-
marketing surveillance of OraQuick whole blood and oral 
fluid rapid testing. AIDS. 2006;20:1661-1666.

589. Sanders GD, Bayoumi AM, Sundaram V, et al. Cost-
effectiveness of screening for HIV in the era of highly active 
antiretroviral therapy. N Engl J Med. 2005;352:570-585.

590. Paltiel AD, Weinstein MC, Kimmel AD, et al. Expanded 
screening for HIV in the United States—an analysis of cost-
effectiveness. N Engl J Med. 2005;352:586-595.

591. Chou R, Huffman LH, Fu R, et al. US Preventive Services 
Task Force. Screening for HIV: a review of the evidence for 
the U.S. Preventive Services Task Force. Ann Intern Med. 
2005;143:55-73.

592. McNaghten AD, Valverde EE, Blair JM, Johnson CH, 
Freedman MS, Sullivan PS. Routine HIV testing among 
providers of HIV care in the United States, 2009. PLoS One. 
2013;8:e51231.

593. Moyer VA on behalf of the U.S. Preventive Services Task 
Force. Summaries for patients: screening for HIV: U.S. Pre-
ventive Services Task Force Recommendation Statement. 
Ann Intern Med. 2013;159:1-36.

593a. Painter TM. Voluntary counseling and testing for couples: 
a high-leverage intervention for HIV/AIDS prevention in 
sub-Saharan Africa. Soc Sci Med. 2001;53:1397-1411.

593b. Sullivan PS, White D, Rosenberg ES, et al. Safety and 
acceptability of couples HIV testing and counseling for US 
men who have sex with men: a randomized prevention 
study. J Int Assoc Provid AIDS Care. 2014;13:135-144.

594. Centers for Disease Control and Prevention. Recommen-
dations for preventing transmission of human immunode-
ficiency virus and hepatitis B virus to patients during 
exposure-prone invasive procedures. MMWR Morb Mortal 
Wkly Rep. 1991;40:1-9.

595. Gerberding JL, Littell C, Tarkington A, et al. Risk of expo-
sure of surgical personnel to patients’ blood during surgery 
at San Francisco General Hospital. N Engl J Med. 1990;
322:1788-1793.

596. Higgins DL, Galavotti C, O’Reilly KR, et al. Evidence for 
the effects of HIV antibody counseling and testing on risk 
behaviors. JAMA. 1991;266:2419-2429.

597. Sangiwa G, Balmer D, Furlonge C, et al. Voluntary HIV 
counseling and testing reduces risk behavior in developing 
countries: results from the voluntary counseling and 
testing study. Abstract 133/33269. Presented at the Twelfth 
International Conference on AIDS. Geneva, June 28-July 
3, 1998.

598. Otten MW, Zaidi AA, Wroten JE, et al. Changes in sexually 
transmitted disease rates after HIV testing and posttest 
counseling—Miami, 1988 to 1989. Am J Public Health. 
1993;83:529-533.

599. Zenilman JM, Erickson B, Fox R, et al. Effect of HIV  
posttest counseling on STD incidence. JAMA. 1992;267:
843-845.

600. Holtgrave DR, Valdiserri RO, Gerber AR, et al. Human 
immunodeficiency virus counseling, testing, referral, and 
partner notification services: a cost-benefit analysis. Arch 
Intern Med. 1993;153:1225-1230.

601. Kamb ML, Fishbein M, Douglas JM Jr, et al. Efficacy of 
risk-reduction counseling to prevent human immunodefi-
ciency virus and sexually transmitted diseases: a random-
ized controlled trial. JAMA. 1998;280:1161-1167.

602. Wolf LE, Donoghoe A, Lane T. Implementing routine HIV 
testing: the role of state law. PLoS One. 2007;2:e1005.

603. Leaity S, Sherr L, Wells H, et al. Repeat HIV testing: high-
risk behavior or risk reduction strategy? AIDS. 2000;14:
547-552.

604. Centers for Disease Control and Prevention. Update: HIV 
counseling and testing using rapid tests—United States, 
1995. MMWR Morb Mortal Wkly Rep. 1998;47:211-215.

605. Gardner LI, Metsch LR, Anderson-Mahoney P, et al. Effi-
cacy of a brief case management intervention to link 
recently diagnosed HIV-infected persons to care. AIDS. 
2005;19:423-431.

606. Thompson MA, Mugavero MJ, Amico KR, et al. Guidelines 
for improving entry into and retention in care and antiret-
roviral adherence for persons with HIV: evidence-based 
recommendations from an International Association of 
Physicians in AIDS Care Panel. Ann Intern Med. 2012;
156:817-833.

607. Panel on Antiretroviral Guidelines for Adults and Adoles-
cents. Guidelines for the Use of Antiretroviral Agents in 
HIV-1-Infected Adults and Adolescents. Department of 
Health and Human Services. Available at http://www 
.aidsinfo.nih.gov/ContentFiles/AdultandAdolescentGL 
.pdf. Accessed June 1, 2013.

608. Marrazzo J, Ramjee G, Nair G, et al. Pre-exposure prophy-
laxis for HIV in women: daily oral tenofovir, oral tenofovir/
emtricitabine, or vaginal tenofovir gel in the VOICE study 
(MTN 003). Abstract #26LB. 20th Conference on Retrovi-
ruses and Opportunistic Infections. Atlanta, March 3-6, 
2013.

http://www.aidsinfo.nih.gov/ContentFiles/AdultandAdolescentGL.pdf
http://www.aidsinfo.nih.gov/ContentFiles/AdultandAdolescentGL.pdf
http://www.aidsinfo.nih.gov/ContentFiles/AdultandAdolescentGL.pdf
http://www.myuptodate.com


1503

1503

122 
Diagnosis of Human 
Immunodeficiency Virus Infection
Francesco R. Simonetti, Robin Dewar, and Frank Maldarelli

Human immunodeficiency virus (HIV) infection results in a progres-
sive immune deficiency that has caused more than 30 million deaths 
worldwide1,2 during the past 30 years. By the end of 2011, more than 
34 million individuals were living with HIV infection throughout the 
world.3 HIV detection methods are a cornerstone of the medical and 
public health response to the HIV epidemic. Accurate, sensitive, and 
precise assays have been designed for three general purposes: patient 
diagnosis and clinical management, epidemiologic surveillance, and 
donor screening for blood and tissue products. This chapter surveys 
the methods, strategies, and circumstances for detection of HIV 
infection.

Diagnosis of HIV infection is not simply the result of interpretation 
of a laboratory test but proceeds as for the evaluation of any other 
illness, from a careful history and physical examination to indicated 
laboratory studies; laboratory detection of HIV infection is a two-step 
process that requires sequential use of a highly sensitive screening test 
followed by a highly specific confirmatory assay. Evaluation of HIV 
infection should be conducted in a confidential fashion with voluntary 
participation, appropriate counseling, and informed consent of the 
individual. HIV testing is not a static methodology, and methods con-
tinue to undergo technologic developments in sensitivity to detect 
early HIV infection and in new strategies and formats for screening/
confirmation. During the period 2006-2013, advances in diagnostic 
methods, regulatory approvals, and testing implementation guidelines 

have fundamentally changed the approach to HIV diagnosis in the 
United States. In developing countries, expansion in testing availability 
and acceptance of voluntary counseling and testing for HIV has 
resulted in increases in numbers of individuals screened. At the same 
time, fundamental changes have occurred in the approach to newly 
diagnosed HIV infection and in the use of antiretroviral therapy to 
prevent HIV infection as preexposure prophylaxis (PrEP) and as post-
exposure prophylaxis (PEP). A thorough understanding of the capabil-
ity and limitations of HIV testing modalities in these and other settings 
is essential in establishing a diagnosis of HIV. As testing is expanded 
and new therapeutic approaches are implemented, health care profes-
sionals will have more choices and settings for HIV testing, and spe-
cialists will evaluate and counsel patients under a variety of 
circumstances. In addition, because HIV is a worldwide epidemic, 
physicians may evaluate patients with test results from outside their 
geographic locale and should be aware that recommendations on the 
use and interpretation of HIV testing may vary according to governing 
jurisdiction (Centers for Disease Control and Prevention [CDC], 
World Health Organization [WHO], other national agencies). Numer-
ous screening and confirmatory tests have been developed, but only a 
subset has been U.S. Food and Drug Administration (FDA) approved 
or recommended for use by the WHO. Regardless of approval, no assay 
or test strategy is perfect and familiarity with assay limitations is essen-
tial to ensure accurate identification of HIV infection; misdiagnosis of 

Definition
•	 Human	immunodeficiency	virus	(HIV)	detection	

is	the	cornerstone	of	the	medical	and	public	
health	response	to	the	HIV	epidemic.	HIV	
detection	is	accurate	and	sensitive,	and	precise	
assays	have	been	designed	for	three	general	
purposes:	patient	diagnosis	and	clinical	
management,	epidemiologic	surveillance,	and	
donor	screening	for	blood	and	tissue	products.

Epidemiology
•	 By	the	end	of	2011,	more	than	34	million	

individuals	were	living	with	HIV	infection	
throughout	the	world.	In	the	United	States,	the	
percent	of	individuals	ever	tested	for	HIV	
increased	from	36%	to	45%	in	2000-2011,	but	
the	yearly	testing	rate	has	remained	relatively	
stable	at	9.6%	to	10.4%	despite	the	
promotion	of	rapid	testing	modalities	and	
expansion	of	testing	resources.	Although	the	
proportion	of	people	with	HIV	aware	of	their	
status	is	about	80%	in	the	United	States,	the	
United	Nations	estimates	that	only	30%	of	
infected	individuals	worldwide	are	aware	of	
their	status.

Microbiology
•	 The	genetic	diversity	of	HIV-1	during	early	

infection	period	is	limited,	and	it	is	likely	that	
the	majority	of	individuals	are	infected	with	a	
single	variant,	with	slow,	predictable	
accumulation	in	genetic	diversity	reflecting	

both	the	intrinsic	mutation	rate	of	HIV-1	and	
strong	selection	pressure,	likely	including	
immune	responses.	At	present,	useful	tools	to	
detect	HIV	infection	in	vivo	include	viral	
components	(HIV	RNA	and	p24	antigen)	and	
humoral	responses	(detected	by	ELISA-,	
Western	blot–,	and	immunofluorescence-based	
studies).

Diagnosis
•	 Diagnosis	proceeds	from	history,	physical	

examination,	and	laboratory	studies.	
Laboratory	detection	of	HIV	is	a	two-step	
sequential	process	using	a	highly	sensitive	
screening	test	followed	by	a	highly	specific	
confirmatory	assay	(see	Table	122-1).

•	 A	variety	of	formats	are	available,	and	rapid	
tests	are	now	U.S.	Food	and	Drug	
Administration	approved	for	HIV	screening	and	
confirmation	(see	Table	122-3).	In	many	
circumstances,	it	is	now	possible	to	screen	and	
confirm	HIV	infection	using	rapid	tests	without	
having	patients	return	for	results.

•	 HIV	testing	is	undergoing	expansion	in	the	
United	States;	Centers	for	Disease	Control	and	
Prevention	recommendations	for	opt-out	
testing	for	all	individuals	from	15	to	65	years	
have	been	adopted	by	the	U.S.	Preventive	
Services	Task	Force	(USPSTF),	and	the	cost		
for	opt-out	testing	will	be	substantially	
underwritten	through	the	Affordable	Care	Act.

•	 No	assay	or	test	strategy	is	perfect,	and	
familiarity	with	assay	limitations	is	essential	to	
ensure	accurate	identification	of	HIV	infection.

Therapy
•	 HIV	diagnosis	is	essential	to	introduce	specific	

antiretroviral	therapy	for	treatment	of	disease	
and	now	as	part	of	preexposure	prophylaxis	
strategies.

•	 Screening	tests	are	necessary,	but	not	
sufficient,	to	introduce	therapy	for	HIV	
infection,	and	confirmation	of	HIV	infection	is	
essential	before	introduction	of	antiretroviral	
therapy.

•	 A	nonreactive	HIV	screening	test	result	has	
been	useful	in	identifying	patients	at	high	risk	
of	HIV	infection	who	may	undergo	
preexposure	prophylaxis.	Regimens	for	
preexposure	prophylaxis	are	distinct	from	and	
less	potent	than	routine	combination	
antiretroviral	therapy,	and	it	is	essential	to	
evaluate	patients	carefully	for	HIV	infection.

•	 Specific	guidelines	are	available	for	testing	for	
treatment	and	prophylaxis	purposes.

Prevention
•	 Preexposure	prophylaxis	represents	a	strategy	

to	treat	high-risk	individuals	with	antiretroviral	
therapy	to	prevent	HIV	infection.	Careful	
evaluation	to	rule	out	HIV	infection	is	
necessary.

SHORT VIEW SUMMARY
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of ELISAs decreased false-positive rates by employing recombinant 
antigens and synthetic peptides instead of infected cell lysates, result-
ing in greater sensitivity.26-30 Introduction of an assay to detect the 
presence of viral antigen (p24) in 1989 was especially useful during 
early virus infection and improved detection of recent HIV infection31-35; 
p24 antigen detection kits were FDA approved in 1989.

In 1986, a second human immunodeficiency virus (HIV-2) was 
identified in West African natives with AIDS-like immunodeficiency 
who had nonreactive or unusual HIV-1 serologic results.36,37 Shortly 
thereafter, cases of HIV-2 were detected in the United States, Canada, 
and Europe38-43; changes in ELISAs to include HIV-2 antigens ensued, 
and combination ELISA kits were introduced in 1991. The ELISA 
approach was also adapted in a number of distinct formats to produce 
flexible, rapid tests that would be useful in resource limited settings44 
and for use with other body fluids including urine and saliva.45-49

HIV testing was developed to detect HIV subtype B, the most 
common subtype in the United States and Europe. However, the 
majority of infections worldwide are non-B subtype and early-
generation assays had variable sensitivity to detect these non-B sub-
types; inclusion of additional antigens and peptides has improved 
sensitivity, such that the current versions of ELISA, WB, and nucleic 
acid testing (NAT) assays will detect B and non-B subtypes with the 
same sensitivity and specificity.

Inability to detect HIV during early infection (window period) 
remains a critical limitation in HIV testing.50 Methods to detect HIV 
p24 antigen decreased the window period and were required for blood 
donor screening in 1996, but they remained relatively insensitive. 
Improvements in ELISA approaches using “sandwich” antibody tech-
niques resulted in greater specificity in screening and greater sensitivity 
in detecting antibody during the window period and ushered in a new 
third generation of HIV ELISA assays.51,52 Detection of HIV nucleic 
acid, denoted NAT, was developed for diagnosis and found to be more 
sensitive than third-generation ELISAs in detecting HIV during the 
window period.53 NAT (for HIV-1 only) was approved for use in 
screening plasma donors in 2001 and for use in individual blood 
donors in 2002. Qualitative HIV-1 RNA detection for diagnosis was 
approved in 2006, which reduced the window period, on average, by 6 
days compared with p24 assays in seroconversion panels.54

In independent efforts to increase detection of infections during the 
window period, fourth-generation assays have been developed that 
employ a combination of third-generation ELISA and sensitive p24 
antigen detection.52,55-58 The first Ab/Ag diagnostic assay was FDA 
approved in 2010 for detection of both HIV-1 and HIV-2.59 Although 
not as sensitive as NAT, these fourth-generation tests are marked 
improvements in detecting early infection.60,61 Fourth-generation 
assays perform well in detecting HIV-262 infection and in group O 
infection.63 Fourth-generation testing has excellent performance char-
acteristics,64 but several studies of direct field testing reported decreased 
sensitivity in detecting early HIV infection. Modeling estimates that 
the use of fourth-generation tests is cost effective,65 although estimates 
suggest NAT may offer greater cost savings.66

HIV diagnosis has involved two-stage screening and confirmation 
strategy for more than 20 years. In the United States and many devel-
oped countries, confirmation has involved laboratory assays, typically 
WB or immunofluorescence assays. Dual ELISA formats have been 
standard practice in many developing countries with WHO oversight 
and have been implemented with useful advantages in rapid field diag-
nosis of HIV infection. Two-step algorithms to diagnose HIV infection 
have undergone recent progress in developed countries, with FDA 
approval of specific ELISA assays for confirmation. The impact of this 
advance remains uncertain but has great potential to change the tempo 
of detection as rapid testing becomes available for screening and 
confirmation.67

Advances in Guidelines, 
Recommendations, and Regulation
Implementation of HIV testing has evolved over the past 25 years, 
although certain goals have remained: Under the majority of circum-
stances, testing is voluntary and confidential. The first ELISA HIV test 
kits received FDA approval for use in blood donor screening in the 
United States in March 1985.19 All blood donations reactive in a single 

HIV infection has profound consequences for patients and their con-
tacts; and liability issues have been substantial.4,5

BACKGROUND/PERSPECTIVE
The current state of the field of HIV diagnosis is the product of con-
certed advances in laboratory techniques coordinated with progressive 
expansion in implementation.

Advances in Laboratory Science
In early studies of patients with acquired immune deficiency syn-
drome, retrovirus infection was demonstrated by transmission of 
infection to cultures of susceptible cells with reproducible cytopathol-
ogy associated with virus-like particles containing reverse transcrip-
tase enzyme activity characteristic of the retrovirus family.6,7,8,9,10,11 As 
such, virus isolation was the first diagnostic “gold standard” of infec-
tion in patients with AIDS. Serum from patients expressing infectious 
retroviruses contained antibodies that recognized viral gene prod-
ucts,6,7,12,13 and development of infectious molecular clones of HIV14-16 
permitted detailed virus characterization of the AIDS virus (Fig. 122-
1). During the development of molecular techniques for HIV detec-
tion, the use of CD4/CD8 cell ratios as a marker of immunodeficiency 
was utilized in screening.17

Several standard laboratory procedures used to detect HIV gene 
products, including radioimmunoprecipitation, Western blot (WB), 
enzyme-linked immunosorbent assays (ELISA), and immunofluores-
cence, were adapted to form the earliest HIV detection systems,18 
which were FDA approved in 1985; testing in blood donations revealed 
0.25% of all donations were repeatedly reactive.19 Two principal techni-
cal issues of the first generation of HIV ELISA assays were (1) a high 
rate of false-positive results arising from a variety of clinical conditions 
and laboratory artifacts20 and (2) a small but important number of 
false-negative results resulting from the inability to detect the presence 
of HIV antibodies early in infection before full seroconversion 
(so-called window period).21,22

To address false-positive results, highly specific tests including WB, 
immunofluorescence, and radioimmunoprecipitation were incorpo-
rated as confirmatory assays on all repeat ELISA-reactive samples.23-25 
Although all confirmatory assays are relatively labor intensive, WB 
procedures proved most useful, efficient, and specific; WB technique 
was soon established as a widely utilized “gold standard” test for con-
firmation and was FDA approved for use in the United States in 1987.

Technical advancements in ELISAs also improved sensitivity for 
early HIV infection during the window period. A second generation 

FIGURE  122-1  Organization of human immunodeficiency virus 
(HIV)-1.  HIV-1  is  an  enveloped  retrovirus  with  a  plus-stranded  RNA 
genome that contains genes for proteins with structural, enzymatic, and 
regulatory functions. 
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newly diagnosed with HIV infection are reported to state health 
departments, where data are maintained in confidential databases; per-
sonal identifying information is removed from the dataset when the 
data are reported to the CDC.

In combination with strong public health commitments, HIV 
testing has been an essential aspect of successful measures to reduce 
HIV incidence throughout the world, especially in countries with high 
transmission rates, such as Uganda, Zambia, Cote d’Ivoire, Senegal, 
and Thailand.94 Reduction in transmission has not been clearly 
observed in all countries and is more difficult in areas with relatively 
low-level prevalence at baseline, such as the United States. Multiple 
factors contribute to the failure to reduce transmission rates; in 
attempts to address potential barriers to testing, the CDC launched a 
new initiative, “Advancing HIV Prevention: New Strategies for a 
Changing Epidemic.”95,96 One cornerstone of this effort is the avail-
ability of rapid/simple testing, which may be performed outside tradi-
tional health facilities. Initially, test results and counseling were 
delivered when serostatus had been confirmed and not based on 
screening assays.97 Experience with screening, poor follow-up for 
return visits, and the advent of rapid testing procedures prompted 
review of this recommendation. The Association of State and Territo-
rial Public Health Laboratory Directors reviewed this policy and in 
1998 recommended that results of screening tests be provided to 
patients before confirmation in circumstances where providers believe 
patients may benefit from the information.98 The development of con-
venient sampling and ELISA methods has made HIV sample collection 
and HIV testing outside health care facilities, so-called point-of-care 
testing, possible. In the United States, the introduction of rapid HIV-1 
testing procedures was combined with new guidelines in 2001 to rec-
ommend screening of all pregnant women and simplification of the 
consent process. This was followed by additional recommendations in 
2003 to make testing routine in health care settings and to use rapid 
testing during labor and delivery. This strategy expanded HIV testing 
beyond traditional health care facilities and permitted support of 
point-of-care, real-time HIV diagnosis. Benchmark results of these 
advances have been analyzed using a number of statistical approaches. 
The National Center for Health Statistics surveyed more than 188,000 
noninstitutionalized individuals aged 18 to 64 years and asked ques-
tions about HIV testing. After an initial increase in individuals tested 
over the years 1987-1995, the total proportion of the population who 
had ever undergone testing and the rate at which individuals were 
tested within a year have been routinely measured over time.99 The 
percent of individuals ever tested for HIV increased in 2000-2011 from 
36% to 45%, but the yearly testing rate has remained relatively stable 
at 9.6% to 10.4%,100,101 despite the promotion of rapid testing modalities 
and expansion of testing resources. Although the proportion of people 
with HIV aware of their status is about 80% in the United States,102 the 
majority of HIV-infected persons in Africa are unaware of their status. 
The United Nations estimates that only 30% of infected individuals 
worldwide are aware of their status.103 The risks of a large population 
of infected undiagnosed individuals include ongoing transmission and 
clinical progression.100,104 Long-term failure to identify infected patients 
is directly reflected in the proportion of individuals who are diagnosed 
with AIDS at the time of, or within a year of, HIV diagnosis and of 
individuals who are likely to have been infected for prolonged periods. 
Despite the expansion of services and new CDC recommendations in 
2001 and 2003, the average proportion of all AIDS diagnoses made 
within 12 months of a diagnosis of HIV in 2002-2007 did not decline. 
More than a third of all patients presented with AIDS (38.1%, range 
36% to 39%); similar data are reported in other developed and develop-
ing nations with endemic HIV where late presenters approximate 30% 
to 50% of new infections.105-115 Analysis of longitudinal data is useful 
in identifying trends in effectiveness of HIV detection. Analysis of 
1997-2007 data from the North American-AIDS Cohort Collaboration 
revealed overall increases in CD4 count at diagnosis, suggesting some 
improvement in screening.116 Meta-analysis of CD4 counts at presenta-
tion117 found only a slight increase in CD4 counts at diagnosis during 
2000-2011, suggesting challenges persist in testing implementation.

In an effort to reach the substantial proportion of undiagnosed 
individuals, the CDC revised recommendations in 2006100 to make 
HIV testing a part of routine screening for all individuals presenting 

test were discarded, and units with repeat reactivity were considered 
positive for viral antibodies. Within approximately 3 months, more 
than 1 million units of donated blood were screened in the United 
States with 0.25% reported to be repeatedly reactive.19

An early challenge presented by HIV testing was expanding diag-
nostics beyond blood donation facilities and implementing a public 
health measure that was confidential, voluntary, and effective. In the 
United States and elsewhere, so-called alternative sites were estab-
lished, independent of blood centers, and were permitted to perform 
voluntary and confidential HIV testing with pre- and post-test coun-
seling procedures.68 The logistics of screening at alternative sites69 were 
often controversial, but mandatory testing of patient populations was 
rejected.

As testing procedures for blood donation expanded, variations in 
laboratories carrying out these evaluations were expected and test kit 
evaluation procedures were established with the CDC Model Perfor-
mance Evaluation Program to evaluate and limit variation70,71 and 
worldwide under WHO auspices.72 High-performance and quality 
control measures were delineated,73,74 and guidelines for screening 
donor organs before transplantation were established by the FDA with 
the first interim rule in 1993 that required donor screening and record 
keeping. Worldwide, HIV testing of donated blood products is required 
in 42 of 121 participating countries, representing 66% of the world’s 
population.75

Rapid testing methods began in the United States with agglutina-
tion assays,44 and home collection procedures were established in 1996. 
The first home collection kits contained written pretest counseling and 
obtained dried blood spots for shipping and testing. Results and post-
test counseling were provided by telephone,76 and “home testing” for 
HIV became FDA approved in 2012.59 Home test kits represent ELISA 
screening assays, which require confirmation if reactive.

As described later, recommendations for voluntary HIV testing in 
the United States have shifted to opt-out testing with inferred assent. 
Issues surrounding mandatory testing and partner notification remain 
areas of controversy. In general, mandatory (without consent) testing 
has been rejected on the basis of ethical concerns for patient rights77 
outweighing the public health issues. In South Korea, where manda-
tory testing has been discontinued, a decrease in numbers of individu-
als identified was accompanied by an increase in late presentation of 
HIV infection (CD4 <200 cells/µL).78 Mandatory testing has been sup-
ported under governmental authority to protect the community inter-
est against epidemic disease.79 Mandatory testing of inmates in federal 
corrections facilities began in 1998, and approximately 24 states have 
mandatory testing in state prisons.80-82 In certain circumstances, espe-
cially sexual offenses, HIV testing has been court ordered. Test results 
are made available to victims and in some cases to prison administra-
tors. HIV testing of infants is mandatory in several states including 
New York, New Jersey, and Connecticut. Testing as a part of military 
recruitment is required in the United States and at least 26 other coun-
tries.77 Mandatory testing is required by a number of governments for 
immigrants entering as a worker, student, or temporary or permanent 
resident, and policies for migrants and ethnic minorities vary by 
country.83,84 A list of the requirements for HIV testing for travel to 
individual countries is maintained.85 Premarital testing is required for 
marriage in certain denominations.86 Regulatory bodies such as the 
WHO have categorically rejected mandatory HIV testing,77 and the 
issue remains debated.81,82,87,88

Initially, reporting of HIV infection cases for epidemiologic pur-
poses was deemed unnecessary because the HIV-1 epidemic was 
tracked using AIDS case definition and mortality statistics. With the 
advent of effective antiretroviral therapy resulting in the dramatic 
decline in death and in AIDS diagnoses, the epidemic can no longer 
be tracked using these modalities, and HIV diagnoses represent a key 
marker of prevalence. In the United States, reporting takes place on 
state and federal levels.89 Initial recommendations were to report 
names in a partner notification strategy; however, concerns for privacy 
and stigmatization were proposed as reasons to maintain complete 
confidentiality with unique identifiers throughout the diagnostic 
process. This was referred to as “HIV exceptionalism” and contrasted 
with certain public health considerations.90-93 Name reporting has 
become standard practice in the United States; names of individuals 
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into screening assays and confirmatory tests (see Table 122-1); the 
qualitative HIV RNA detection assay introduced in 2006 is approved 
for both screening and confirmation (but not both in an individual 
patient). Serologic screening assays are available in a number of ELISA 
or p24 antigen assay formats for initial testing. Results of screening 
tests are considered reactive or nonreactive. In the United States, con-
firmatory tests consist of WB, qualitative HIV RNA determination 
(diagnostic test), or the Multi-Spot (Meso Scale Diagnostics, Gaithers-
burg, MD) ELISA assay or immunofluorescence assays; results of con-
firmatory tests are termed positive, negative, or indeterminate. Home 
sample collection of dried blood spots for HIV testing is available, as 
is home HIV testing. NAT has been introduced (see Table 122-1), with 
DNA- and RNA-based formats.

No test is perfect, and assay imperfections are quantitated using a 
number of characteristics: sensitivity, specificity, false-positive rate, 
and false-negative rate. For assays of HIV infection, both false-negative 
rates and false-positive rates have profound implications. Sensitivity 
(see Table 122-2) relates how many infections are missed by testing; 
inadequate sensitivity has great impact both in blood surveillance and 
in individual diagnosis; in both circumstances inability to detect infec-
tion potentially exposes others to infection and misses critical oppor-
tunities for counseling and therapy. Specificity (see Table 122-2) 
describes the proportion of uninfected individuals who test negative 
for HIV. Decreased specificity results in false-positive findings, prompt-
ing profound patient distress and extensive additional evaluation. 
Decreased specificity compromises HIV testing from a patient diagno-
sis (fear of positive testing) and public health standpoint (inadequate 
description of the epidemic, unnecessary use of resources). In general, 
the optimization of any test ultimately pits sensitivity at odds with 
specificity; the greater the sensitivity of a test, the more likely the pos-
sibility that false positives may occur, whereas increasing specificity 
results in increased numbers of false negatives (Fig. 122-2). In order 
to maximize both specificity and sensitivity for detection of HIV infec-
tion, a single test is inadequate. Instead, a sequential strategy has been 
designed. Testing is initiated with a highly sensitive ELISA screening 
(>99.5% sensitive); in this phase, false positives may be significant (1% 
to 10%). The screening phase is followed, however, by a highly specific 
confirmatory test (>99.5% specific), and the initial false positives are 
excluded. As a result, HIV testing has the highest level of sensitivity 
and specificity of any medical diagnostic procedure.

When deciding to utilize HIV testing in individual circumstances, 
it is essential to know estimates of the probability that HIV infection 
is present if the testing is positive, as well as the probability that HIV 
is not present if the HIV test is negative. In this regard, knowledge of 
the positive predictive value (the proportion of all positive results that 
are actually true positives) and negative predictive value (the propor-
tion of all negative results that are true negatives) of HIV testing is 
quite useful (see Table 122-2). Even at high specificity and sensitivity, 
positive predictive values and negative predictive values are dependent 
on disease prevalence (Fig. 122-3). As a result, no single test for HIV 
is useful or efficient in low-prevalence populations. The combination 
of a repeatedly reactive screening assay followed by a highly specific 
confirmatory assay yields an effective approach for diagnostic pur-
poses, even in low-prevalence populations.

Test efficacies are determined in licensing trials using ideal condi-
tions in which performance characteristics are defined, whereas per-
formance may vary under conditions of actual field use (test 
effectiveness). Initial trials of kits may employ relatively small numbers 
of samples, which reduces the likelihood to obtain false positives. In 
such circumstances, test sensitivity/specificity may be reported mis-
leadingly as “100%.” It is more informative to report such findings 
taking into account sample size, such as “less than 1 false positive/
sample size.”

Numerous screening and confirmatory assays have been developed 
using a variety of patient materials to determine the presence of HIV 
infection, but not all test formats are available for all sources (Table 
122-3). Kit names and manufacturers of the FDA-approved assays are 
available from the FDA website (www.fda.gov).59 In addition, the 
WHO has evaluated specificity, sensitivity, negative predictive value, 
positive predictive value, and cost of all test kits that the organization 
supports for distribution throughout the world.133

for care, incorporating an opt-out strategy, where patients implicitly 
agree to testing on presenting for care; testing is done unless the patient 
specifically declines. Testing outside of any medical facility has been 
possible since the approval of home collection services in 1996 and has 
been expanded using home testing, approved in the United States in 
2012. Opt-out testing is cost effective,118 but the effectiveness in 
improving diagnoses remains incompletely studied. In pilot studies, 
Haukoos and co-workers119 did identify an increase in diagnoses, 
mostly in late presenters. Additional efforts were initiated to overcome 
barriers to testing. Home collection for HIV testing was introduced in 
the United States in 1996. It required individuals to prepare dried 
blood spots using a lancet, ship samples for testing, and receive results 
by telephone; its use was not widespread.120 Introduction of HIV self-
testing completed in the home was introduced in 2012 and has enabled 
HIV testing to become a routine over-the-counter screening event. 
Sampling is via oral fluid, has simple technical manipulations, and has 
obvious advantages of confidentiality. Early studies suggest utility of 
home testing in informing patient decisions,121 but cost (≈$40 to $50) 
has been reported as affecting willingness to test.122 Diverting test kits 
for partner testing121,123 may also affect sexual activity in patients at 
elevated risk for HIV but also represents an unintended use and high-
lights concerns for counseling and confidentiality. Subsequent linkage 
to care represents an additional challenge to home testing and high-
lights new roles for health care professionals in post-test counseling.

The potential for success of the 2006 “opt-out” CDC guidelines 
remains uncertain. Since the incidence of HIV infection in the United 
States has remained stable at 50,000 to 55,000 infections/year, addi-
tional increases in testing frequencies will be essential to achieve mean-
ingful decreases in incidence. Initially, opt-out testing was at odds with 
guidelines and laws in several states, regarding requirements for 
written consent.124 Pilot programs of active screening are relatively 
labor intensive but have demonstrated success in identifying HIV 
infection.125 However, the combinations of legislative and regulatory 
decisions in 2011 and 2013 have completely recast HIV testing in the 
United States. The Affordable Care Act mandates that all new insur-
ance plans cover, without deductible or co-pay, preventive services 
with a strong (“A” or “B”) recommendation from the U.S. Preventive 
Services Task Force (USPSTF). In April 2013, the USPSTF recom-
mended HIV testing for all individuals from 15 to 65 years with an “A” 
rating. As these rulings stand, opt-out (not mandatory) testing will be 
performed for all individuals as part of a routine health maintenance 
program throughout the United States. Similar counseling and testing 
programs have had early success in programs in developing coun-
tries.126 Even if fully implemented, universal testing may still not 
provide sufficient surveillance and active surveillance programs may 
be required.

HIV diagnostic testing has taken on several new roles with the 
advent of postexposure and preexposure prophylaxis. HIV Prevention 
Trials Network Study 052, which evaluated the effect of immediate 
versus delayed initiation of antiretroviral therapy (ART) on hetero-
sexual transmission from HIV-infected persons to their HIV-
uninfected partners, found that immediate initiation of ART resulted 
in a 96% reduction in sexual transmission of HIV in discordant 
couples.127,128 The combination of tenofovir and emtricitabine is now 
FDA approved for use as preexposure prophylaxis. HIV diagnostic 
testing is an essential part of any preexposure prophylaxis strategy to 
determine whether the PrEP recipient is actually HIV uninfected.129 
Similarly, postexposure prophylaxis strategies must incorporate appro-
priately timed testing strategies to ensure HIV transmission does not 
go undiagnosed.130,131

HIV DIAGNOSTIC TERMINOLOGY 
AND PERFORMANCE 
CHARACTERISTICS
Laboratory approaches for detecting the presence of HIV infection 
have been developed (Table 122-1) typically for a particular applica-
tion, such as blood safety, patient diagnosis, or epidemiologic surveil-
lance.132 A number of specific terms have been applied in describing 
HIV testing, procedures, and results (Table 122-2). In the United 
States, the FDA has regulatory oversight for testing and not all modali-
ties have FDA-approved versions. Serologic tests are broadly divided 
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The HIV “window period” (see Fig. 122-2) is the time after infec-
tion has occurred but before evidence of HIV infection is detectable. 
The HIV diagnostic window represents a vulnerable period, particu-
larly from the standpoint of blood safety, and several major efforts have 
been launched to minimize its duration. Initial studies suggested the 
HIV window period was on the order of 2.1 months,146 but progressive 
improvements in ELISA methodology reduced window periods to  
less than 4 weeks. As shown in Figure 122-2, HIV p24 antigen or HIV 
RNA is often detectable before antibody responses, and use of sensitive 
HIV antigen and nucleic acid tests has reduced the window period to 
the current minimum level (see subsequent discussion). Limited 
studies with other HIV antigens have demonstrated early detectable 
reverse transcriptase following infection.147 However, it is important 
to note that studies of viral and immune kinetics to estimate the  
duration of the HIV window period employ seroconversion panels 
consisting of serial samples obtained from patients with known expo-
sure histories.148 The levels of HIV-1 viremia vary in patients, and the 
rate of change of HIV RNA levels or production of antibodies during 
acute HIV infection is unpredictable. Thus, generalizations regarding 
the timing of seroconversion in such panels (or in newly infected 
patients) remain imprecise. Instead, analyses describe only average 
changes in the window period relative to an established comparator 
method. In general, the average window period with third-generation 
antibody tests is 22 days. Standard antigen testing decreases the 
window period to approximately 16 days, and NAT further reduces 
this period an additional 4 to 6 days.54,149 New fourth-generation 

SPECIFIC LABORATORY METHODS 
FOR DETECTION OF HIV INFECTION
Immune Responses to HIV
Infection with HIV results in virus replication in a variety of cell types 
that express the surface marker CD4 and a co-receptor such as CXCR4 
or CCR5. The genetic diversity of HIV-1 during this early infection 
period is limited, and it is likely that the majority of individuals are 
infected with a single variant, with slow, predictable accumulation in 
genetic diversity reflecting both the intrinsic mutation rate of HIV-1 
and a selection process likely including immune responses.134,135 Viral 
replication results in humoral and cellular responses, leading to viral 
protein processing and display of viral antigen fragments on infected 
cell surfaces, prompting immune reaction (see Fig. 122-2). Cellular 
innate immune responses are also stimulated and represent the earliest 
detectable host response to HIV,136-139 but such responses have not yet 
been utilized in early diagnosis of HIV infection.

Humoral responses represent a reliable method to determine the 
presence of HIV infection. Antibody production after HIV infection 
follows a period of intense virus replication, as demonstrated by rela-
tively high viral RNA levels and p24 antigen production preceding 
development of antibodies (see schematic in Fig. 122-2). Precise 
kinetics of antibody production to individual HIV proteins is incom-
pletely understood, and significant variability has been detected.140 In 
general, immune responses to HIV-1 appear similar to other infec-
tions with immumoglobulin M (IgM) followed by appearance of IgG 
production.141-145

TABLE 122-1  Human Immunodeficiency Virus (HIV) Testing Categories

NAME

SYNONYMS 
AND 
ABBREVIATIONS

ANALYTE 
DETECTED DESCRIPTION/USE

VERSION WITH 
FDA APPROVAL 
FOR HIV 
DIAGNOSIS

HIV-2 
DETECTION

Screening serology Initial testing IgG and IgM Presumptive identification of HIV infection

  Donor screen Initial testing IgG and IgM Blood donor applications Yes Yes

  Nondonor screen Initial testing IgG and IgM HIV testing outside blood donor circumstances Yes Yes

  Enzyme-linked 
immunosorbent assay

ELISA, RIA IgG and IgM Standard screening assay with 
spectrophotometric reactive result

    Simple ELISA, RIA IgG and IgM Requires no special equipment No No

    Rapid ELISA, RIA IgG and IgM Results obtained in 10-30 min Yes No

    Simple/Rapid S/R IgG and IgM Results obtained in 10-30 min, and no special 
equipment necessary

Yes No

    Particle agglutination PA IgG and IgM ELISA assay with visual readout of clumping 
particles denoting reactivity

Yes No

    Sensitive/Less sensitive/
More sensitive

S/LS, “detuned” IgG and IgM Combines a less sensitive ELISA with sensitive 
ELISA to detect recent HIV infection

No No

  Antigen capture p24 Antigen 
detection

p24 Detection of HIV antigen Yes Yes (HIV-1 version 
detects HIV-2)

    Immune complex 
dissociation

ICD p24 Method to increase p24 detection by 
disrupting p24 Ag–p24 Ab complexes, 
permitting p24 Ag capture to occur

No No

Combination HIV p24 
antigen/HIV antibody

Ag/Ab testing p24 and IgG 
and IgM

Combination assay to detect acute HIV 
infection

Yes Yes

Confirmatory assay Supplemental testing IgG Confirmation of HIV infection

  Western blot WB IgG Confirmation of HIV infection Yes Yes but not FDA 
approved

  Multi-Spot ELISA IgG Confirmation of HIV infection Yes Yes

  Immunofluorescence IFA IgG Confirmation of HIV infection Yes Yes but not FDA 
approved

Nucleic acid testing NAT HIV nucleic 
acid

Use of PCR techniques to detect HIV nucleic 
acid in blood donor screening

Yes No

  HIV RNA detection HIV RNA, “viral load” HIV RNA May be useful in resolving indeterminate or 
other circumstances

No Yes but not FDA 
approved

  HIV DNA detection Proviral DNA HIV DNA PCR technique to detect HIV DNA for use in 
neonatal diagnosis

No Yes but not FDA 
approved

Home collection IgG Sample collection performed outside health 
care facility, testing performed at central 
location

Yes No

Home testing   IgG Sample collection and HIV testing done 
outside health care facility

Yes No

DNA, deoxyribose nucleic acid; FDA, U.S. Food and Drug Administration; PCR, polymerase chain reaction; RIA, radioimmunoassay; RNA, ribonucleic acid; TMA/HPA 
transcription-mediated amplification/hybridization protection assay.
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FIGURE 122-2  Human immunodeficiency virus (HIV) infection profile. Following HIV  infection  intense viral  replication results  in high  levels of 
HIV RNA and HIV p24 protein in plasma. Subsequently, increases in anti-HIV antibody are detected. A variable window period exists between the time 
of infection and the point at which evidence of infection is detected. HIV RNA levels are detected earliest, followed by HIV p24 antigen and HIV antibody 
production. 
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TABLE 122-2  Test Performance Definitions and Derivations

TEST PERFORMANCE CHARACTERISTICS DEFINITION FORMULA
True HIV positive Number of individuals who are actually HIV infected A

True HIV negative Number of individuals who are actually HIV-uninfected B

False HIV positive Number of positive HIV test results/total samples without HIV infection C

False HIV negative Number of negative test results/total samples with HIV infection D

Total number of individuals with HIV infection HIV-infected population A + D

Total number of individuals without HIV infection HIV-free population B + C

Total number of positive tests — A + C

Total number of negative tests — B + D

Sensitivity Number of positive test results/total samples with HIV infection A/A + D

Specificity Number of negative test results/total samples without HIV infection B/B + C

Positive predictive value Proportion of those with HIV-positive assay who are actually HIV infected A/A + C

Negative predictive value Proportion of those with HIV negative assay who are actually HIV uninfected B/B + D

Test efficacy Test performance under ideal conditions

Test effectiveness Test performance under practical conditions

Number of persons with HIV infection who test positive — A

Number of persons without HIV infection who test negative — B

Number of HIV-positive test results and not infected — C

Number of HIV-negative test results with the disease — D

Total number of persons — A + B

HIV, human immunodeficiency virus.

testing is a clear improvement over third-generation testing but is not 
superior to NAT.

Additional serologic assays have been investigated to permit more 
sensitive HIV detection during the window period. Current assays, 
especially WB tests, rely largely on recognition of continuous linear 
epitopes for diagnosis because antigen preparation for WB destroys 
conformational epitopes. However, several investigators have noted 

that early immune responses recognize discontinuous conformational 
epitopes.141,150,151 B cells reacting to HIV proteins p17 and nef antibod-
ies have been identified and expanded before seroconversion.152,153 
Assays for HIV-1 p17 IgM have been developed using immune complex 
transfer technology,154,155 which have, in some cases, detected HIV 
antibody within 7 days of infection. It is not yet clear that such alterna-
tive approaches uniformly significantly shorten the HIV-1 window 
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HIV Screening Assays
Serologic Techniques to Detect Anti-HIV Antibody
Standard ELISA Assays
HIV-1 ELISAs were the earliest approved serologic tests for HIV infec-
tion and remain the most sensitive commercial assays for infection. 
HIV-1/2 ELISA assays have evolved over a number of generations to 
maximize sensitivity and specificity. All assays capture HIV antibody 
using immobilized HIV antigens (Fig. 122-4). In their earliest itera-
tions, whole cell lysates of infected cells were used to coat ELISA wells. 
Incubation with patient sera permitted anti-HIV antibody to bind to 
the immobilized antigens, and bound antibody was identified using 
enzyme-conjugated anti-human IgG (see Fig. 122-4). The amount of 
measured enzyme activity is proportional to the amount of bound 
antibody. Readout for ELISAs is quantitative (e.g., optical density or 
fluorescence measurements), and reactivity is defined as enzyme activ-
ity exceeding an established threshold. Techniques to produce recom-
binant HIV-1 antigens172-174 and chemically synthesized HIV peptides 
eliminated the use of cell lysates, thereby increasing specificity and 
sensitivity. Third-generation assays used a sandwich technique with 
enzyme-coupled HIV antigens (see Fig. 122-4), which took advantage 
of the bivalent or multivalent nature of antibodies to improve specific-
ity and provided a substantial improvement in HIV detection. Only 
antibodies bound to ELISA wells that also bind HIV antigens generate 
a signal; nonspecifically bound antibodies would be less likely to bind 
HIV antigens.175 Sandwich technology also expands subtypes of anti-
bodies detected. In direct ELISAs, the conjugate is directed against a 
specific antibody subtype (e.g., IgG), whereas sandwich technology 
permits detection of all antibody classes including IgM. Sandwich 
ELISAs thus increased ability to detect HIV antibodies early in HIV 
infection.176 Current screening methods are available in various formats 
with a variety of source material (see Table 122-3). Screening tests have 
also been adapted for epidemiologic use in detecting incident HIV 
infection.177

Particle Agglutination Assays
HIV antigen-antibody reactions have been used to develop relatively 
rapid, simple assays that do not require colorimetric readout. Such 
assays, called particle agglutination (PA), are based on the ability of sera 
containing HIV antibodies to crosslink small particles containing HIV 
antigens on the surface. PA has advantages of sensitivity and relatively 
high inherent specificity because the presence of bivalent or multiva-
lent reactions is necessary for agglutination to occur. PA assays are 
relatively easy to perform and require little equipment; thus, they have 
important advantages for resource-poor areas.178-183 Assays based on 
particle agglutination have been FDA approved44; PA assays are subject 
to reader interpretation, are time sensitive, and have no permanent 
records of agglutination reactions.44,184 Nevertheless, in large field trials 
and hospital-based studies, PA platforms are quite robust, have per-
formed well for HIV screening,185-187 and have reported utility with 
dried blood spots.188 Moreover, advances in particle research with min-
iaturization and use of paramagnetic particles have been useful in 
development of new detection methodologies, including new fourth-
generation tests.

period in all patients154 or represent robust or superior testing proce-
dures compared with current assays. However, such techniques may be 
useful in circumstances where technically detailed polymerase chain 
reaction (PCR) assays are not feasible.

Once established, HIV seroreactivity is typically lifelong, although 
several exceptions and observations have been reported: (1) Late in the 
course of HIV-1 infection in the presence of profound immune defi-
ciency, antibody levels may decline, potentially confusing serodiagno-
sis. Levels of HIV expression remain relatively high, and detection of 
HIV RNA is likely to be positive. (2) In rare cases, HIV infection may 
proceed in the absence of detectable serologic markers.156-166 Typically, 
such patients have been characterized by rapid disease progression with 
CD4 lymphopenia. (3) Early introduction of antiretroviral therapy may 
delay the development of full antibody responses to HIV infection.167 
In addition, introduction of antiretroviral therapy may permit humoral 
immunity such that immunosilent infection may be detected.168,169 
Therapy may decrease the relative levels of anti-HIV antibodies and 
may affect detection by certain diagnostic platforms.170,171

In these unusual circumstances, it is typically straightforward to 
reconstruct the clinical course and establish an HIV diagnosis; careful 
history and use of p24 assays or NAT assays are useful for clarification 
in such cases.

FIGURE  122-3  Positive predictive rate of human immunodefi-
ciency virus (HIV) confirmatory assay is a function of disease preva-
lence.  At  very  low  disease  prevalence  (0.01%),  the  positive  predictive 
value of testing declines sharply with any false-positive test results. As the 
prevalence  of  infection  increases,  the  positive  predictive  value  improves 
despite a  few  false-positive  test  results. As HIV  screening eliminates  the 
majority  of  HIV-negative  individuals  for  further  confirmation,  the  preva-
lence of the population of samples referred for confirmatory assay increases 
dramatically and will be in the range of 90%. The positive predictive value 
for the sequential strategy remains high despite any false positive. 
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TABLE 122-3  FDA-Approved Formats for HIV Testing

SOURCE FOR HIV 
TESTING

FDA-APPROVED TESTING MODALITY*

ELISA Rapid EIA Western Blot IFA p24 Antigen Capture HIV-1 TMA/HPA
Whole blood X X

Dried blood X

Plasma X X X X X X

Serum X X X X X

Oral fluid X X X

Urine X X

Minipools (donor screen) X X

Cadaveric serum X X

*Names and manufacturers of individual testing kits are available at www.fda.gov.
EIA, enzyme immunoassay; ELISA, enzyme-linked immunosorbent assay; FDA, U.S. Food and Drug Administration; HIV, human immunodeficiency virus; IFA, indirect 

immunofluorescence assay; TMA/HPA, transcription-mediated amplification/hybridization protection assay.
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detection of HIV-2. However, in seroconversion panels, rapid testing 
may be less sensitive than conventional assays. Makuwa and 
co-workers189 found rapid tests were positive 2 to 8 days after conven-
tional third-generation ELISAs using a seroconversion panel including 
subtype A, B, and C. Similarly, in some panels, WHO surveys noted 
that p24 antigenemia was detectable before positive results from rapid 
simple assays. Brauer and colleagues191 recently evaluated the only cur-
rently available fourth-generation rapid assay, finding a problematic 
low sensitivity for p24 (10%) in seroconversion panels, implying that 
most acute infections would be missed with this assay. Nevertheless, 
strategies have been evaluated to utilize sequential independent rapid 
testing assays exclusively for HIV screening and confirmation.192,193 
Dual ELISA formats may yield higher false-positive results.193

Use of rapid HIV testing has resulted in increases in frequency of 
populations that receive test results, including pregnant women,194 
individuals attending sexually transmitted disease (STD) and outpa-
tient clinics,195 and patients presenting in emergency departments.196 
Modeling studies using the performance characteristics of the Single-
Use Diagnostic System (SUDS) rapid test kit suggested significant 
increases in numbers of individuals who would have learned their 
serostatus.98 Rapid HIV testing permits early counseling and discus-
sion of risk reduction and therapy but is challenged by the conse-
quences of immediately discussing unexpected test results. For 
example, in a randomized study of rapid versus conventional testing 

Alternative ELISA Formats: Simple/Rapid Tests
Despite excellent performance characteristics, there are significant 
drawbacks of current HIV screening assays, including delays from the 
time of sample collection to reporting, and the complexity of assay 
procedures. In the United States, publicly funded programs perform 
approximately 2.1 million HIV tests annually. In 2000, 30% of patients 
with positive results and 39% with negative results did not return to 
obtain test findings. The need for simple HIV detection assays for 
point-of-care sites and for resource-poor circumstances has spurred 
development of a class of more user-friendly kits known as “rapid” and 
“simple/rapid.” Simple and rapid tests are manufactured in a variety of 
formats, and the WHO and CDC differ in details of definition (storage 
requirements, time required to obtain results). In general, these assays 
employ lateral or capillary flow of sample, along a solid support to 
permit interaction with an embedded antigen; controls are included to 
identify nonspecific reactivity. Simple tests react with antigen in vari-
able storage requirements at ambient temperature using whole blood 
as substrate and require little or no equipment. Rapid tests are com-
pleted in less than 15 minutes (WHO) or in 30 minutes or less (CDC). 
Simple rapid tests require confirmation but have been utilized in cir-
cumstances of emergency detection (e.g., pregnant women at time of 
delivery).

Sensitivity of rapid testing methods is sufficiently high with non-B 
HIV subtypes and with group O viruses,189,190 and several kits include 

FIGURE 122-4  Human immunodeficiency virus (HIV) screening strategies. A, Standard enzyme-linked immunosorbent assay (ELISA) technique. 
ELISA wells coated with HIV viral  lysate are  incubated with patient sera, permitting binding of specific antibodies  to viral proteins. Bound antibody  is 
detected by an anti-IgG antibody conjugated to assay enzyme, such as horseradish peroxidase or alkaline phosphatase. Conversion of substrate to product 
is quantitated by spectrophotometry. B, Sandwich ELISA. Wells are incubated with patient sera; bound antibodies are detected by purified viral proteins 
conjugated  to  detection  enzyme;  bound  enzyme  is  detected  by  the  addition  of  substrate.  C,  Multi-Spot  HIV  detection  using  immunoconcentration, 
immobilized  HIV  antigen,  and  peptides.  Plasma  samples  are  immunoconcentrated  by  absorption  onto  reaction  membranes  containing  microparticles 
coated with (1) goat antihuman IgG (control), (2) HIV-2 gp36 peptide, (3) recombinant HIV-1 gp41 antigen, and (4) HIV-1 gp41 immunodominant peptide. 
Samples are washed, incubated with conjugate, and developed with enzyme substrate. Any development of color is considered reactive. In this example, 
plasma sample is reactive for HIV-1. 
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(see Fig. 122-2). As a result, there is a short but significant period in 
early infection during which p24 antigen is present in the absence of 
specific anti-p24 antibody. ELISA techniques have been developed to 
specifically detect p24 using polyclonal patient-derived IgG prepara-
tions or monoclonal antibodies to coat ELISA wells. Wells are incu-
bated with dilutions of patient sera and washed, and bound p24 is 
detected using a second anti-HIV antibody conjugated to a colorimet-
ric detection system. HIV antigen capture assays detect as little as 5 to 
20 pg of p24. Assuming that all p24 in blood is from intact virions, 
there are approximately 3000 p24 molecules per virion, and all the p24 
is available to react with antibody, then the limit of p24 detection is in 
the range of approximately 40,000 to 200,000 virion particles.

Clinical application of p24 antigen tests revealed that newly infected 
patients had transient detectable p24 levels32,34 and that p24 antigen-
emia in established disease suggested a poor prognosis.33 As antibody 
to p24 develops, complexes of p24 with endogenous antibody interfere 
with laboratory detection and p24 sensitivity is reduced.35 Indetermi-
nate p24 results were examined in depth and found to be HIV negative. 
Methods incorporating pH adjustment or heat treatment to dissociate 
p24 antigen-antibody complexes have resulted in increased p24 detec-
tion sensitivity, and immune complex dissociation results in more fre-
quent detection of antigenemia late in disease.221,222 The combination of 
heat denaturation and signal amplification using biotinylated tyramide 
has extended the lower limit of signal detection to 0.5 pg p24 (≈4000 
virion particles),223-226 suggesting this assay may be particularly attrac-
tive in resource-limited areas without capability to perform quantitative 
HIV-1 RNA levels. Gag p24 protein is a relatively well-conserved 
protein among HIV-1 variants, and commercially available kits have 
performed consistently well even with diverse HIV-1 subtypes.

Combined Antigen-Antibody Detection:  
Fourth-Generation Assays
Efforts to improve HIV detection during HIV-1 seroconversion period 
have led to combining the standard third-generation ELISA assay with 
a p24 antigen detection assay with increased sensitivity; microparticles 
and sandwich strategies are incorporated into microparticle technolo-
gies. Monoclonal antibodies to HIV p24 are immobilized onto mic-
roparticles, along with HIV-1 antigens and HIV-2 peptides. Patient 
samples to be analyzed are added to the well, and any antibody or 
antigen, or both, is captured to form a complex. After a wash step, 
enzyme-labeled anti-p24 antibody and HIV-1 and HIV-2 antigens are 
added to form antibody-antigen-antibody or antigen-antibody-antigen 
conjugate complexes. Finally, a substrate is added to provide a detect-
able chemiluminescent signal proportional to the amount of bound 
enzyme. The WHO has evaluated five such kits,227 and the FDA 
approved two assays in 2011 for diagnosis in both adults and children 
as young as 2 years old,59 but not yet for donor screening.

As noted earlier, p24 antigen detection sensitivity is a key aspect of 
detection of early HIV infection before the development of antibody. 
Comparative analysis of early versions of fourth-generation tests 
revealed p24 detection limits in the range of 125 pg/mL across a 
number of HIV-1 subtypes, which should detect many infections with 
relatively high viremia (>500,000 copies/mL plasma). Assays had 
excellent sensitivity228 but reported decreased specificity.51,229

Newer versions of fourth-generation assays had improved detection 
characteristics for p24. In the United States, the following assays have 
been FDA approved: ARCHITECT HIV Ag/Ab Combo and GS HIV 
Combo Ag/Ab EIA. Initial studies with GS HIV Combo Ag/Ab EIA 
note excellent performance characteristics for detecting recent HIV 
infection63 but did not detect p24 when viral RNA levels were below 
100,000 copies/mL. Brennan and co-workers230 reported that ARCHI-
TECT HIV Ag/Ab Combo detected HIV exceeding 58,000 copies/mL 
plasma. A recent performance evaluation revealed an improvement in 
seroconversion detection up to 20 days compared with third-generation 
ELISAs.63,231

Not all fourth-generation assays have identical performance char-
acteristics. Field testing of fourth-generation test kits other than 
ARCHITECT and GS HIV Combo Ag/Ab EIA have reported evidence 
of decreased sensitivity. As outlined by Kilembe,232 Hunter and col-
leagues, who used a fourth-generation testing kit (Determine HIV 
[1/2] Ag/Ab Combo) in subtype C, limitations that decrease sensitivity 

in pregnant women, more women in the rapid testing arm were likely 
to obtain their serostatus results, but were less likely to return for anti-
retroviral therapy compared with women who received their results in 
a traditional follow-up appointment.197

Saliva as Source of Patient Material for ELISA Assay
The difficulty, expense, and risk involved in obtaining blood for HIV 
detection have led to investigation of alternative sources for diagnosis. 
Several investigators noted the presence of anti-HIV antibodies in 
saliva, which contains little if any infectious virus46,47,198 and can be 
obtained safely without the risk of needlestick injury.199 Oral fluid 
consists of saliva, bacteria, mucus, debris, and a crevicular transudate 
containing significant and detectable levels of anti-HIV antibodies in 
infected individuals.48,200 The presence of anti-HIV antibody appears to 
be transudative in origin and generally, but not exclusively, the result 
of local synthesis.201,202 Both IgA47 and IgG classes are present, but anti-
HIV-1 IgG is present in greater abundance; even so, anti-HIV-1 anti-
bodies in saliva are nearly 1000 times lower in concentration than in 
serum.203 Nevertheless, IgG levels remain sufficiently high for measure-
ment by both ELISA and WB techniques.45,204,205

Oral fluid detection of HIV-1 has excellent performance character-
istics comparable with that detected using serum.45,204,205 Recently, 
O’Connell and co-workers171 reported several false-negative results 
using oral fluid testing in patients with HIV infection who have under-
gone antiretroviral therapy early in the course of HIV infection. It is 
possible that partial resolution of polyclonal gammopathy reduced 
transudative IgG levels, thereby reducing sensitivity. Obviously, 
patients on antiretroviral therapy will be identified as HIV infected, 
but there are circumstances where such patients may be unwilling to 
disclose their status. Such false-negative results may have an impact on 
development of new HIV testing because new assays will likely be 
tested in positive HIV-infected patients who may be undergoing 
therapy.171 Instances of false-positive oral HIV testing have been 
reported.206 The etiology of such occurrences remains uncertain, 
although recent data suggest increasing false-positive rates as test kits 
reach expiration dates.207

Although little, if any, infectious HIV is present in saliva, HIV DNA 
was detected in crevicular fluid samples from patients with gingivitis 
or periodontitis even in the absence of local bleeding.208,209 The source 
of HIV nucleic acid in these circumstances is unclear, although oro-
pharyngeal shedding may contribute to this.210

Saliva IgA has been investigated as source material to diagnose HIV 
infection in newborns. Early studies in newborns and infants suggested 
that determining anti-HIV IgA might represent a useful assay to spe-
cifically identify HIV-infected infants211 more frequently. Recently, 
several studies have suggested lower sensitivity and greater non-
specific reactivity for saliva IgA detection.212,213

Although use of nonbloody oral fluid reduces possibilities for expo-
sure to HIV, there remain concerns for potential exposure to other 
infectious agents, particularly tuberculosis.214 Saliva-based assays 
expand the settings for HIV testing. Dental offices offer a useful avenue 
for testing,215 and in-home testing is an oral testing format. Saliva-
based assays are approved for use in HIV screening, and studies are 
evaluating the utility of oral assays as confirmatory assays for HIV 
infection.216

Urine as Source of Patient Material for ELISA
Urine as a source of patient material for HIV detection offers relative 
ease of collection and high sensitivity.217 As levels of HIV IgG in urine 
are relatively low (estimated in the range of 1 mg/L), sensitive tech-
niques are required for detection. ELISAs were approved in 1996, fol-
lowed by WB assays in 1998. There are no FDA-approved simple rapid 
tests for urine approved as of 2013. False-positive results have been 
identified with urine,218 although performance characteristics are gen-
erally excellent. One potential advantage of urine is that a single sample 
can be used to investigate the presence of chlamydia and gonorrhea in 
addition to HIV-1.219

Serologic Techniques to Screen for HIV Antigens
Acute HIV-1 infection is characterized by relatively high levels of 
viremia compared with the levels of various anti-HIV antibodies220; 
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the frequency of these events is likely to be quite low.254 In 1992, influ-
enza vaccination was reported to be associated with increased false-
positive HIV testing. An extensive analysis traced increases in false 
positives to certain ELISA kit lots, and frequent false reactivity after 
routine influenza vaccination has not been reported. Multiparous 
women also have a higher rate of false-positive screening tests for HIV, 
although the etiology remains uncertain.

Acute infections may yield false-positive HIV screening assays; 
recent infections with dengue, malaria, and hepatitis B have been 
reported to yield false reactivity. False-positive results have been 
reported in patients with leprosy using early ELISAs255,256 with antibod-
ies to lipoarabinomannan of Mycobacterium leprae being implicated as 
potential cross-reacting antibodies,257 although a study using double-
sandwich ELISA did not reproduce the high rate of false-positive results 
in this population.258 Because primary HIV infection may present as 
an acute viral syndrome with fever, rash, and numerous constitutional 
symptoms, thoughtful interpretation of any screening assay in patients 
with such symptoms is warranted. A recent survey of patients with 
documented acute infectious mononucleosis did not identify positive 
HIV screening assays.259 However, several patients with primary HIV 
infection have been reported with false-positive serologic tests for 
Epstein-Barr virus (EBV) infection noted during evaluation.

The presence of HIV infection may affect serologic detection of 
other infections. False-positive results for syphilis, Ebola, Marburg, 
and Lassa fever have been reported in patients with HIV infection; 
HIV infection has been reported to result in occasional false-negative 
results in human T-cell lymphotropic virus types 1 and 2 (HTLV 1/2) 
assays.260

With time and widespread application, it is possible that new 
sources of false-positive results may occur. In needlestick circum-
stances, samples for HIV testing from inpatients may be obtained from 
indwelling catheters. Samples drawn in such fashion may become con-
taminated with vehicles for drugs administered through the catheter. 
One diluent, propylene glycol has been reported to give a false-positive 
result with HIV ELISAs.261

Nonserologic Techniques to Screen for HIV
Hybridization and Amplification Assays to Detect HIV 
Nucleic Acids
Use of NAT represents an adjunct to, but not a replacement, for sero-
logic methods for HIV detection. Various formats can detect HIV-1 
RNA with great sensitivity, and new real-time PCR methods have been 
developed capable of detecting a single copy of HIV-1 RNA.262 Clinical 
methods for HIV nucleic acid detection for use in monitoring HIV 
infection have included NASBA, branched (b)DNA, and PCR amplifi-
cation; NASBA formats have detected as low as 22 to 31 copies/mL.263,264 
The first of these methods to be FDA approved for donor screening  
or diagnosis is a “TMA/HPA” system consisting of a transcription-
mediated amplification (TMA) and hybridization protection assay 
(HPA), named Aptima, developed by Gen-Probe.54 This new modality 
has been approved both for screening and confirmation of infection 
and only detects HIV-1.

The principle of the TMA/HPA assay is to generate large numbers 
of HIV RNA copies from HIV-1 for detection by specific hybridization 
to chemiluminescent probes (Fig. 122-5). Plasma samples are extracted, 
and HIV-1 RNA is reverse transcribed to complementary (c)DNA 
using exogenous murine leukemia virus reverse transcriptase. The 
primer for the cDNA reaction contains the promoter sequence for the 
T7 bacteriophage RNA polymerase followed by sequences comple-
mentary to HIV-1. The resulting cDNA product contains T7 promoter 
sequences linked to HIV-1 sequences, which are used as a template for 
added T7 RNA polymerase, a high-efficiency enzyme, which rapidly 
transcribes multiple copies from the chimeric T7-HIV cDNA. The 
RNA copies are visualized by addition of chemiluminescent probes, 
which hybridize the HIV-1 sequence; excess probe is quenched, and 
the luminescence from the RNA-probe hybrid is quantitated (see  
Fig. 122-5). The assay is qualitative only and does not yield a specific 
copy number; sensitivity of the assay is in the range of 13 copies/mL 
plasma.54 TMA/HPA detected a limited panel of non-B subtypes of 
HIV-1 equally well. The TMA/HPA assay was sufficiently sensitive to 
detect HIV-RNA 12 days earlier than standard third-generation 

may be due to subtype-specific differences and to the scoring of  
weak-positive results in testing, and they highlighted the critical need 
for field testing of point-of-care settings. Additional development 
improved performance characteristics.233,234 Sample preparation and 
handling is likely to be critical, and some reduction in sensitivity has 
been reported in use of reconstituted dried blood spots.235 More recent 
international field tests still identify issues in sensitivity in detecting 
recent (antibody-negative/antigen-positive) samples with some testing 
kits.236-239 Faraoni and co-workers239 also identified decreased sensitiv-
ity in identifying antigen-positive/antibody-negative patients. Parallel 
studies using viral RNA detection in patients who were identified as 
acute using a fourth-generation assay (Determine HIV [1/2] Ag/Ab 
Combo), showed viral RNA levels exceeding 10 million copies when 
p24 antigen was detected. These data suggest p24 detection was less 
sensitive than expected.239

There have been reports of the presence of a second “window 
period” with former fourth-generation assays due to a short period 
when p24 antigen has declined below detection limit, but antibody 
levels remain below the limit of detection.231,240-242

False-Positive and false-Negative Results in Serologic 
Screening Tests for HIV Antibody
HIV screening assays are designed for highest available sensitivity and 
specificity. Sensitivity is a more important requirement for screening 
because the consequences of a false-negative screening test (which 
permits HIV infection to proceed undiagnosed) are more profound 
than a false positive (which will be further evaluated with a confirma-
tory test). Currently, false-positive rates in a low-risk population 
remain low (0.06% to 0.12% in blood donor population),243 suggesting 
practical test effectiveness is consistent with performance efficacy. 
Despite high specificity and sensitivity of HIV screening assays, false-
negative and false-positive results may occur. Technical difficulties in 
assay execution may represent a cause for either a false-negative reac-
tion or false-positive results and may represent the most common 
cause of false-positive or false-negative test results.

False-negative results from ELISA methodology are rare but may 
arise from the lack of antibodies of sufficient avidity to generate a colo-
rimetric signal above the assay background threshold. Early HIV infec-
tion, as described earlier, represents a common cause of low-level 
antibody production. Rare immunosilent HIV infection without devel-
opment of antibody response despite HIV replication, other underly-
ing conditions, such as neoplasms/chemotherapy and common variable 
immunodeficiency (CVI), represent potential causes of false-negative 
HIV screening assays; patients with CVI have had detectable serocon-
versions.244 Unusual circumstances, such as extensive transfusion, may 
sufficiently dilute endogenous antibody in infected individuals to yield 
false-negative HIV results,245 and robust antibody reactivity is not uni-
versally present.246 In the past, technical difficulties especially in early 
second-generation assays containing limited numbers of synthetic 
antigens represented significant sources of false-negative results.247-249 
Currently such artifacts are highly unlikely sources of false-negative 
results.

False-positive screening results are more common than false-
negative results and may arise for a number of reasons, generally clas-
sified as technical artifacts, chronic medical conditions, multiparity, 
and unusual circumstances. Reports of false-positive ELISAs are fre-
quent and often occur in the setting of testing patients with low pretest 
probability for HIV infection. As a result, it is not always certain 
whether the false-positive result was associated with a particular 
medical condition or was the result of the false-positive rate of the test 
itself.

Several medical conditions may contribute to falsely reactive HIV 
ELISA test, including chronic alcohol use, rheumatic disease, congeni-
tal bleeding disorders, syphilis, and neurocysticercosis. In certain 
rheumatic diseases, polyclonal antibody production has been a persis-
tent source of false-positive HIV ELISA results. Specific reactivity for 
gp41 has been identified in some cases, and p24 reactivity has been 
responsible for false positives in Sjögren’s syndrome. Reactivity has 
been generally of low avidity and has been eliminated by thiocyanate 
washing.250 Recent vaccination with hepatitis B251 or rabies252,253 has 
been reported to result in false-positive HIV screening results, although 
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TMA/HPA requires trained personnel and is more expensive than 
traditional HIV testing or routine HIV RNA quantitation assays, and 
routine assays have been employed for diagnosis in resource-limited 
settings. However, routine HIV RNA quantitation assays are reported 
to have both false-positive and false-negative results in plasma.282,283 A 
value of 10,000 copies/mL has been proposed as the cutoff for an HIV-1 
RNA level, above which is suggestive of HIV infection in a nondonor 
population. NAT has not been extensively used for cadaveric speci-
mens, but multiplex assays detecting HIV-1/2 and HCV have been 
FDA approved.59 RNA is chemically labile, and delays in sample pro-
cessing may present particular challenges in detection by this method. 
NAT is effective in detecting HIV in serum or dried blood spots.284 
Plasma (nonheparinized) is a more ideal starting material, especially 
for low copy number detection.

In unusual circumstances, HIV-infected individuals may have 
TMA/HPA negative results. As described in Chapter 124, the spectrum 
of HIV infection includes long-term nonprogressors (LTNP) with per-
sistently high CD4 cell numbers and relatively low HIV-1 RNA levels.285 
Although LTNP are HIV-1 ELISA reactive and WB positive, screening 
with current NAT could not be expected to reliably identify such indi-
viduals as HIV infected. As reported by Migueles and co-workers,286 
the HIV-1 RNA levels in LTNPs with naturally suppressed viremia are 
approximately 2 copies/mL plasma, below the limit of reported detec-
tion for TMA/HPA. At present, NAT systems for patient analysis only 
detect HIV-1; currently, there are no FDA-approved HIV-2 NAT diag-
nostic kits. In the United States, NAT blood bank screening procedures 
do not evaluate the presence of HIV-2 infections. In addition, NAT 
performance characteristics have been established largely with subtype 
B virus. HIV-1 RNA detection assays used to monitor HIV infection 
have been adapted for use with alternative HIV subtypes. A collabora-
tive study of 28 laboratories from 16 countries evaluated an HIV-1 
RNA Genotype Reference Panel for use with NAT287 that contained six 
pure subtypes plus two recombinants (CRF01_AE and URF A/G) from 
group M and two isolates from group N and O, respectively. Despite 
some interassay differences, subtypes A-D and AE were detected con-
sistently, but some assays had difficulty with the detection and quanti-
fication with subtypes F and G and the representative of group N; most 
assays failed to detect group O. More recent NAT assays have been 
designed to overcome the impact of HIV diversity on HIV detection, 
but some peculiar strains can still affect NAT efficiency. In a case 
report, Foglieni and co-workers288 described a repeat blood donor 
seroconverting to anti-HIV antibodies but showing undetectable HIV 
RNA at diagnosis, and 2 to 3 log lower viral load during follow-up 
when compared with other NATs targeting different regions. Genome 
sequencing revealed a B/F recombinant with mutations affecting 
primers and probe annealing.

HIV Confirmatory Assays
Western Blot
The HIV WB represents a specific method to detect the presence of 
serologic reactivity to individual viral antigens. WB has a specificity  
of greater than 99% and currently represents the practical “gold stan-
dard” confirmatory test for HIV infection in the United States (Fig. 
122-6). Purified preparations of HIV are heated in a strong ionic  
detergent (sodium dodecyl sulfate [SDS]) and a reducing agent 
(2-mercaptoethanol). This disrupts virions and yields HIV proteins 
that are subjected to preparative SDS slab polyacrylamide gel electro-
phoresis (SDS-PAGE). Under these conditions, HIV proteins are sepa-
rated, in general, according to molecular size (distance migrated is 
proportional to the molecular weight [log10]). Consequently, higher 
molecular weight proteins may not be clearly resolved from each other 
(e.g., the ENV precursor gp160 and Env product gp120 often migrate 
close to each other and are considered as a unit, denoted gp160/120). 
Once separated, proteins are electrotransferred (“blotted”) from the gel 
onto a solid support, typically composed of nitrocellulose or nylon 
membrane, and cut into strips. The membrane is incubated with 
patient sera, and the immobilized antibody is detected typically using 
an antihuman IgG conjugated to a conveniently measured detection 
system (direct conjugation to alkaline phosphatase, conjugated with 
biotin or detected with avidin-horseradish peroxidase), or both. The 
position of the signal identifies specific viral proteins that are 

ELISAs and 6 days earlier than p24 assays. Thus, one primary applica-
tion of TMA/HPA is in diagnosis of early HIV-1 infection. The Aptima 
system was approved for screening and confirmation of HIV-1 in 2006 
and should supplant use of bDNA or PCR assays for diagnosis.

Similarly, TMA/HPA technology was developed for blood donor 
screening. In the United States, trials for blood donor screening by 
NAT screened more than 20 million donations and found 7 HIV-
infected samples that scored negative for HIV antibody.149 NAT systems 
detected a number of HIV-1 infections that would have been missed 
by previously licensed test methods, confirming the increased sensitiv-
ity of these systems.265 Similarly, trials in Europe, South Africa, and 
Japan,266-269 as well as case reports,270-274 have documented, either in real 
time or retrospectively, identification of patients in seroconversion 
windows using NAT that had scored negative using p24 antigen detec-
tion. By contrast, there are also reports of undetected HIV-1 in the 
setting of relatively low HIV-1 RNA levels, especially in minipools of 
16 or 24 plasma samples.149 Retrospective analysis of a blood transmis-
sion case (before NAT) revealed a relatively low viral RNA level (esti-
mated 40 copies/mL.275 The benefit of NAT over traditional testing has 
been estimated to reduce the window period by 2 to 6 days. Using NAT 
technology, the risk of HIV infection through transfusion was esti-
mated at 1/1,576,000.276 Four cases of p24 antigen–negative blood com-
ponent were identified in more than 19 million screened units.277 
Consequently, the risk of HIV-1 transmission via blood components 
is reduced but not completely eliminated by incorporating NAT into 
screening procedures. The residual risk of HIV infection in the United 
States is estimated at 1 per 2,135,000.277 Similar or lower risks have been 
estimated from other reporting countries,278,279 and although there are 
concerns regarding subtype sensitivity and sample preparation, many 
blood centers throughout the world have incorporated NAT as a com-
ponent of HIV screening. Relative cost-effectiveness of NAT remains 
a concern,266,268,280 but estimates predict substantial savings in identify-
ing acutely infected individuals.66 NAT is approved in the United States 
for blood donor screening using plasma, and assays must be able to 
detect 100 copies 95% of the time; several assays exceed this limit.264 
Standard subtype B virus preparations have been established as quan-
titative controls.281 Testing can be performed on single samples or 
minipools of plasma and may be combined with testing for hepatitis 
C and B.

FIGURE 122-5  Transcription-mediated amplification/hybridization 
protection assay human immunodeficiency virus (HIV) RNA detec-
tion. Multistep assay for HIV detection. A, HIV-1 cDNA is synthesized using 
exogenous reverse transcriptase (RT) and a primer encoding the promoter 
for the bacteriophage T7 and sequences complementary to HIV-1. B, The 
resulting  cDNA  is  transcribed  using  exogenous  T7  RNA  polymerase  and 
added nucleoside triphosphates (NTPs). C, The synthesized RNA is detected 
by  chemiluminescent  probe  hybridizing  to  the  synthesized  RNA.  Excess 
probe  is destroyed and the only  luminescent signal derives from binding 
to transcribed RNA. 
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false-positive reactivity in patients with systemic lupus erythematosus 
(SLE) and Sjögren’s syndrome.297 In contrast, Kammerer298 has reported 
no specific association with anti-p24 reactivity in rheumatologic 
patients and HIV false positives. Several autoimmune diseases, notably 
Hashimoto’s thyroiditis and SLE, as well as neoplastic or other condi-
tions (non-Hodgkin’s lymphoma, histiocytosis) were associated with 
p24 reactivity.159,299 Initial studies of group O viruses with earlier WB 
versions had variable results,300 but improvements have resulted in 
nearly equivalently high specificity for most subtypes. Significant rates 
of indeterminate results are still reported with samples with elevated 
bilirubin, SLE, hemolysis, rheumatoid factor, polyclonal gammopathy, 
hemodialysis, HLA antibodies, and various other infectious diseases 
including HTLV-1.301 Moreover, sporadic reports of indeterminate 
WBs have been reported with schistosomiasis in Brazil,302 recent 
tetanus immunization,303 the presence of heterophile antibodies,304 or 
massive proteinuria.305

Indeterminate WB results have been reported with higher frequen-
cies in Africans.306-310 Rates of p24 reactivity are particularly high and 
although the etiology remains uncertain, it is not likely due to infection 
with non-B subtype virus. HIV-1 Gag reactivity, particularly p24, was 
often responsible for indeterminate results while Env reactivity was 
rarely present.311 As a consequence, use of alternative criteria for defin-
ing HIV infection in African populations has been suggested, includ-
ing use of the combination of gp160 and p31.309,310

False-positive WB after repeatedly reactive ELISA has been reported 
in the presence of rheumatologic disorders, and in extremely rare 
circumstances, WB may be falsely positive after false-positive enzyme 
immunoassay (EIA),312,313 leading to misdiagnoses of HIV infection. 
Class II antigens are expressed in certain cell lines (H9) used for large-
scale HIV propagation; because class II is incorporated into virions, 
WB strips may contain low levels of class II, which may be the cause 
of indeterminate results.314

The Western blotting approach has been adapted for use with 
recombinant or peptide Westerns, so-called line immunoassays; 
(“INNO-LIA,” “LiaTek,”315-317 and Pepti-LAV). All have immobilized 

recognized by the antibodies from the patient’s sera. As individual 
proteins are denatured, the antibody reactivity detected in WBs is 
generally directed to linear (and not conformational) epitopes. WBs 
contain only proteins incorporated into the virion (Fig. 122-7A); gene 
products confined to the cell (e.g., vpu, tat, rev; see Fig. 122-1) are 
not represented. Other HIV proteins specifically incorporated into 
virions, such as Vpr and Vif, are inconsistently detected in commercial 
blots and not included in diagnostic criteria. Technical factors may 
influence reactivity; tight associations between gp41 molecules may 
remain despite SDS treatment, and a portion of gp41 may migrate  
as oligomeric structures and trimers of gp41 may comigrate with 
gp120.

WB results are scored as negative, positive, or indeterminate. 
According to CDC criteria, a negative WB has no reactive bands. The 
WHO has suggested that weakly reactive p17 band may be considered 
negative.289 Definition of positive WB has undergone evolution since 
introduction, and several sets of criteria are in use. CDC/ASTPHLD 
criteria (any two bands: p24, gp41, and gp120/160) had the least 
number of indeterminate and the greatest number of true positives. 
Despite revision, the indeterminate rate of HIV-1 WB is unacceptably 
high to permit Western blotting as a screening assay.290,291 Non-B sub-
types are detected by current HIV-1 WBs with equal sensitivity and 
specificity as subtype B (see Fig. 122-7B). Although relative intensity 
of bands may vary, relative migration and number of bands are rela-
tively uniform and thus comparable.

Indeterminate results may arise from either insensitive detection of 
true reactivity (e.g., window period) or false reactivity with principally 
single band reactivity. In general, single band p24 reactivity remains 
among the most common reasons for indeterminate WB reactivity,292 
and longitudinal studies of persistent single band p24 reactivity in 
various populations showed that they are not HIV infected.293-295 Etiol-
ogy of false-positive p24 reactivity remains uncertain; analysis by 
Blomberg and colleagues296 revealed distinct regions of p24 reactivity 
in sera from false-positive and true-positive samples. Similarly, Deas 
and colleagues identified peptides in p24, which were responsible for 

FIGURE 122-6  Human immunodeficiency virus (HIV) Western blot. A, Western blot strips are prepared with purified HIV virions that are disrupted 
with ionic detergent and reducing agent, subjected to sodium dodecyl sulfate–polyacrylamide gel electrophoresis (SDS-PAGE), and electrotransferred to 
solid strips, typically of nitrocellulose. B, Strips are sequentially incubated with patient sample (serum, plasma, saliva, or urine); enzyme-conjugated anti-
human IgG; and enzyme substrate. The positions of enzymes bound identify the presence of antibody to individual HIV proteins. 
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immobilized ligands, including recombinant gp41, an immunodomi-
nant gp41 peptide, and a gp36 immunodominant peptide representa-
tive of HIV-2 isolates, as well as a procedural control goat antihuman 
IgG (see Fig. 122-4). Patient samples are added to a cartridge, which 
is then concentrated onto the membrane, and antibodies reacting with 
immobilized ligands are detected with goat antihuman antibody. In a 
series of studies, the sequential use of a third-generation HIV ELISA 
followed by Multi-Spot was equivalent to the standard ELISA–WB 
algorithm.62,323,324 The Multi-Spot approach also detected HIV antibod-
ies in individuals with declines in anti-gp41 antibodies as the result of 
antiretroviral therapy.171 Confirmation of HIV infection using ELISA 
may become commonplace (see Fig. 122-8C), especially in circum-
stances where linkage to care can be improved by screening and con-
firmation at a single visit.

Immunofluorescence
Indirect Immunofluorescence
Immunofluorescence assay (IFA) is a standard virologic technique  
to identify the presence of antibodies by their specific ability to react 
with viral antigens expressed in infected cells; bound antibodies are 
visualized by incubation with fluorescently labeled antihuman anti-
body.325,326 A requirement for antibodies to demonstrate reactivity with 

specific recombinant antigens and peptides at specific positions on a 
nitrocellulose strip, and other solid phase confirmatory assays have 
been proposed.318 Because these solid-phase assays are constructed 
without virions, false-positive results stemming from the presence of 
cellular proteins encapsidated with HIV are reduced. The assays can 
distinguish HIV-1/HIV-2 dual-positive WBs319 and may yield fewer 
indeterminate results.320,321

HIV-1/2 ELISA
In the United States and many Western countries, the requirements for 
optimum sensitivity and specificity in HIV testing have generally been 
supplied by sequential ELISA-WB formats. ELISAs have been utilized 
to provide confirmation of HIV infection, especially in developing 
countries with limited resources to support WB or immunofluores-
cence assays. As described later, the WHO has established several 
strategies incorporating dual ELISA formats with distinct design 
formats for diagnosis algorithms. In 2013 the FDA expanded the 
approval for the HIV Multi-Spot ELISA test for screening to include 
confirmation as part of a new CDC-proposed algorithm. Multi-Spot 
employs sample concentration onto a solid-phase membrane to over-
come relatively slow, diffusion-mediated interactions between immo-
bilized ligands and free analytes in solution.322 Multi-Spot consists of 
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FIGURE 122-7  A, Proteins detected by human immunodeficiency (HIV) Western blot. Viral lysates are disrupted, subjected to SDS-PAGE and proteins 
separated according to molecular size. Positions of viral proteins  in typical Western blot strips for HIV-1 and HIV-2 are  indicated. The  location of each 
protein in the virion is indicated, and the positions of the genes encoding relevant proteins are color coded in the HIV-1 genome map. B, HIV-1 Western 
blot results with example subtypes and with HIV-2. Standard Western blots detect all HIV-1 subtypes but not HIV-2. HIV-2 may yield indeterminate results. 

http://www.myuptodate.com


P
a
rt

 I
I 

M
aj

o
r 

C
lin

ic
al

 S
yn

d
ro

m
es

1516

FIGURE 122-8  Algorithms for human immunodeficiency virus (HIV) detection in patients at risk for HIV infection. In the absence of docu-
mented infection (noted in yellow), all individuals with HIV risk factors should be monitored and followed as indicated with routine testing. A, Screening 
algorithm. HIV screening should be considered for all patients at elevated risk for infection. The choice of screening test may be guided by clinical cir-
cumstances. B, Confirmation algorithm: Western blot. Negative and indeterminate results require discussion and consideration for alternative possibilities, 
especially the presence of acute HIV infection. 
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characteristic staining patterns provides additional specificity to the 
interpretation. Indirect immune fluorescence had been used exten-
sively as a confirmatory assay in HIV diagnosis326,327 and continues to 
be utilized in laboratories with extensive experience with the assay. The 
presence of HIV antibodies is demonstrated by intense cytoplasmic 
immunofluorescence in cells observed in multiple fields as determined 
by an experienced examiner. Negative results consist of no significant 
difference in background fluorescence staining in positive and negative 
cells. Results that are neither positive nor negative (denoted “other” or 
“indeterminate”) may be obtained as well, when intense fluorescence 
is present in uninfected cells and infected cells. Conditions interfering 
with immunofluorescence include severe lipemia, hyperbilirubinemia, 
paraproteinemia, and autoimmune diseases. IFA for HIV-2 has been 
described,328 but no FDA-approved kits for this purpose are available 
in the United States.

Performance characteristics for IFA remain excellent and in good 
agreement with WB results.329 In a Model Performance Evaluation 
Program (MPEP) survey, no false positives were detected, and 14.3% 
of 215 results were indeterminate. Commercial IFA assays are relatively 
rapid, straightforward, and inexpensive330 but require special equip-
ment and expertise. Nevertheless, they may be particularly suited for 

programs with limited resources.331 In the United States, IFA has largely 
been replaced by WB.

Other methods for HIV diagnosis have been used in the past but 
have largely been supplanted by commercial assays. Radioimmunopre-
cipitation assay (RIPA) is a standard technique to identify the presence 
of antibodies by their ability to react with radiolabeled antigens.332-334 
Antigens may be labeled by iodination or by metabolic labeling, in 
which HIV-infected cells are grown in the presence of radioactive 
amino acids, resulting in the incorporation of label into HIV proteins. 
Lysates of radiolabeled cells are incubated with dilutions of patient 
serum. Complexes of radiolabeled antigen–HIV antibody are har-
vested using reagents such as sepharose-bound protein A. Radioim-
munoprecipitations are highly specific and were used as early 
confirmatory assays.333 In some circumstances, RIPA may be more 
sensitive than WB reactivity. Huisman and co-workers332 detected early 
Gag p24 reactivity before ELISA reactivity, and Saah and co-workers 
noted utility of radioimmunoprecipitation in resolving indeterminate 
WBs early in infection.150 RIPA is still likely less sensitive than p24 or 
NAT as described in case reports of analyses of serial specimens from 
seroconversions.335 Techniques to distinguish HIV-1 and HIV-2 have 
been reported.336 Radioimmunoprecipitation assays are relatively labor 
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including couples and families. In the past, all testing had essentially 
an “opt-in” format, in which patients provided consent after discussion 
of testing and counseling. The recent shift to “opt-out” testing, in which 
HIV testing is routinely done, and in which consent may be part of 
general consent for medical care, does not exempt the requirement for 
counseling. In general, written information is available, with additional 
counseling provided as requested by the patient. Counseling includes 
discussion of HIV and modes of transmission, risk, window period, 
and a discussion of the test itself, including its limitations. Confiden-
tiality of the discussion and of the results is of paramount importance, 
but providers should make patients aware of name-reporting require-
ments. Specific counseling may be necessary for individual groups, 
such as pregnant women, families, or couples. Opt-out testing has the 
potential to identify previously undiagnosed individuals, but even 
routine testing requires careful attention to patient interview and 
demographics.

HIV-1/2 Screening Phase
Screening for HIV begins during the patient interview. As described 
earlier, HIV testing is imperfect with significant false-positive rates in 
low-prevalence populations. For patient diagnostic purposes, efficient 
application of HIV testing should be implemented with HIV risk 
assessment.339

In initiating HIV testing, specific questions provide useful informa-
tion to choose the optimum HIV screening test (rapid or routine, or 
p24 antigen testing) to perform (see Fig. 122-8A): Is there a risk of 
acute HIV-1 infection?; Is there a risk of HIV-2 infection? If there is a 
significant risk of acute HIV infection, then use of some rapid testing 
modalities is not advised because they are less sensitive in this setting. 
Recent advances have developed rapid testing modalities that combine 
p24 antigen and HIV-1 antibody detection58,191,340 and were FDA 
approved in mid-2013. If HIV-2 is a significant consideration (see 
later), only a limited number of rapid test kits that screen for both 
HIV-1 and HIV-2 are available (e.g., Multi-Spot HIV-1/HIV-2 Rapid 
Test, ADVIA Centaur HIV 1/O/2 Enhanced ReadyPack Reagents, HIV 
1/2 STAT-PAKT Assay, all current FDA-approved kits listed at 
www.fda.gov/cber/products/testkits.htm). If there is a potential patient 
benefit for rapid diagnosis and the patient is not thought to be at risk 
for HIV-2 infection or acute HIV-1 infection, then rapid testing should 
be considered and advantages and disadvantages discussed. If rapid 

intensive, have specific equipment and laboratory requirements, and 
do not have commercial versions approved by the FDA.

PRACTICAL IMPLEMENTATION OF 
HIV DIAGNOSIS
Several algorithms for HIV detection have been devised depending on 
the purpose of the detection. Health care professionals may encounter 
patients directly or in referral at various points after initial evaluation 
or blood donation deferral. Algorithms differ on the basis of purpose 
(blood surveillance, epidemiologic screening, patient diagnosis); in the 
United States, the FDA regulates strategies; worldwide the WHO main-
tains “best practice” materials,337 cognizant of the special requirements 
and limitations of various locations. The advent of rapid testing and 
point-of-care or home collection or testing complicates such algo-
rithms, but in the United States, regardless of purpose or location, all 
HIV algorithms used for diagnosis have two distinct stages, a screening 
phase and confirmation phase (Fig. 122-8).

In general, the most effective diagnostic process has five sequential 
characteristics (“the five C’s”): counseling, consent, confidential testing, 
correct test results, and connections/linkage to care.338 Individuals 
enrolled in programs in which these steps are efficiently coordinated 
have improved chances of successful long-term HIV care.

Test Setting, Consent, and Pretest 
Counseling
Settings for HIV diagnostic testing have been categorized, and their 
success has been investigated in a number of circumstances. In general, 
testing done on site at the time of sample acquisition is considered 
“point-of-care diagnosis.”

Provider-based HIV testing generally takes place in clinics or hos-
pitals, is initiated by health care professionals caring for individual 
patients, and involves specific counseling and consent discussion. 
Although largely supplanted by voluntary counseling and testing, 
provider-based testing has been suggested to represent a useful testing 
initiative, especially in circumstances where providers’ discussions 
with couples or pregnant women may be sufficiently compelling to 
overcome perceived disadvantages of fear and stigma.88

Voluntary counseling and testing may take place in a variety of 
settings that are not limited to health care locations, but extend to 
mobile or occupational settings, and may be targeted to specific groups, 

Proposed Confirmation Phase: Multi-Spot Algorithm
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FIGURE 122-8, cont’d
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Use of FDA-approved TMA/HPA qualitative NAT represents an 
appropriate modality to resolve indeterminate WBs, especially if acute 
infection is a possibility. Aptima NAT performs well with all HIV-1 
subtypes but will not detect HIV-2. The use of bDNA or PCR assays, 
which are FDA approved for HIV RNA determinations as an adjunct 
in the treatment of HIV infection, are not recommended in the United 
States for use in a diagnostic setting to confirm the presence of HIV 
infection. The performance characteristics of these assays have been 
optimized for use in the HIV-infected patient populations and have 
not been sufficiently tested in early infection. However, many countries 
in which Aptima test is not available use WHO-evaluated and com-
mercially available PCR assays as a further confirmatory test when 
ELISA or WB patterns are indeterminate and/or an acute HIV infec-
tion is suspected. Before introduction of qualitative NAT, quantitative 
NAT was employed with careful consideration of low-level viremia. 
Use of alternative confirmatory assays, such as RIPA or IFA,348 has been 
suggested to resolve indeterminate WBs, although the majority remain 
indeterminate.349

In the United States, use of HIV Multi-Spot has been reported to 
be equivalent to WB as a confirmatory assay, including resolving inde-
terminate WBs,350 and alternative algorithms have performed well in 
field testing.323,324 These data provide an additional modality to evaluate 
indeterminate WBs, especially in circumstances where NAT is not 
available for technical or financial reasons.

Test Counseling
Pretest and post-test counseling sessions represent critical opportuni-
ties for health care professionals to affect HIV transmission and are  
an integral part of the HIV testing process. Patient counseling is a 
paramount concern in patient diagnosis, and specially trained counsel-
ing should be considered. In general, typical pretest counseling includes 
a discussion of the importance and limitations of the assays, a discus-
sion of behaviors to reduce risk of contracting HIV, and implications 
of positive results. In opt-out settings, inferred consent does not imply 
the absence of counseling. Health care professionals represent essential 
resources at a critical point in HIV diagnostics and should have 
resources available to have informed discussions with patients in all 
circumstances.

Alternative Strategies for Screening/
Confirmation HIV Detection
Although the sequential ELISA/WB is a sensitive and specific approach 
for HIV detection, it is relatively expensive, labor intensive, and 
requires special equipment. Alternative strategies are essential for 
detection of HIV antibodies in resource-poor circumstances. Dual 
ELISA strategies, using assays with different principles or antigens, 
have demonstrated 100% sensitivity and specificity in field tests using 
HIV subtypes appropriate for resource-poor areas.351-356,357,358,359 Even in 
developed countries, alternative strategies can be useful advances; use 
of HIV-Multi-Spot as confirmatory testing compared favorably with 
WB and resolved a number of indeterminate WB results (see later).350 
Additional studies will be useful in devising newer and perhaps less 
expensive algorithms to screen and confirm HIV infection.

The WHO and the Joint United Nations Programme on HIV/AIDS 
(UNAIDS)190,360,361 have proposed three alternative strategies for detec-
tion of HIV infection, designed for surveillance of blood supply (Strat-
egy I), surveillance and diagnosis (Strategy II), and diagnosis (Strategy 
III). In Strategy I, reactivity in a single-screening ELISA or simple rapid 
test is reported as HIV positive, and negative result is HIV negative. 
This strategy represents a stringent blood safety mechanism and has 
been suggested for implementation in areas where HIV seroprevalence 
exceeds 30% among the patient population (such as a tuberculosis 
ward); this recommendation has been supported in field studies.362 For 
Strategy II, sequential ELISA or simple/rapid tests are utilized. A single 
positive prompts use of a second ELISA, and a reactive result with both 
assays is reported as the presence of HIV infection. Discordant results 
are repeated, and repeated discordant samples are deemed indeter-
minate. Strategy II has been suggested for determination of HIV infec-
tion in areas where seroprevalence is estimated at less than or equal to 
10% and for diagnosis where seroprevalence is 30% among symptom-
atic persons and greater than 10% among asymptomatic individuals. 

testing is performed and is nonreactive, a standard HIV-1/2 ELISA 
should be performed to evaluate the possibility that early infection is 
present.

All screening ELISA tests with reactive results are automatically 
repeated in duplicate; repeatedly reactive samples are referred for con-
firmation. In cases of discordant results, an independent blood sample 
should be obtained and screening ELISA HIV-1/2 should be repeated. 
Use of an independent approved HIV-1/2 ELISA kit using a different 
detection strategy may be considered. A nonreactive result identifies 
patients who are at elevated risk but do not have detectable infection. 
Such individuals represent a critical population that requires continued 
care and counseling.

HIV-1/2 Confirmation Phase
Samples repeatedly reactive in screening assays are referred for confir-
mation (see Fig. 122-8). The confirmatory tests approved by the FDA 
include WB, immunofluorescence assays, qualitative NAT, and Multi-
Spot ELISA. In current practice, WB assays are the most commonly 
used. Recent evidence reported performance characteristics of Multi-
Spot HIV test that were indistinguishable from WB, and this has 
resulted in expansion of the FDA indication for Multi-Spot to include 
confirmation of HIV infection when used in combination with third-
generation ELISA. There are proposals to add sequential ELISA formats 
as a diagnostic algorithm for HIV infection. Use of sequential rapid 
testing modalities for HIV diagnosis has obvious logistical advantages 
in linkage to care.

As described earlier, results of WBs may be positive, negative, or 
indeterminate. Positive WB results of repeatedly reactive ELISA 
HIV-1/2 ELISA indicate the presence of HIV-1 infection. Negative  
WB indicates the absence of HIV-1 antibodies in sufficient quantities 
to react with proteins in nitrocellulose strips. In this regard, there 
should be circumspect consideration for the presence of early (window 
period) HIV infection. Risk factors for HIV-2 infection should also  
be reviewed regardless of the presence of HIV-1 infection. HIV-2  
WB should be performed if indicated and should be performed in 
individuals with appropriate demographics, in the setting of HIV-1-
negative WB results. Notably, there are no FDA-approved HIV-2 WB, 
IFA, or NAT assays, and confirmation of HIV-2 infection should 
include careful evaluation of available WB choices. Although a screen-
ing assay, the Multi-Spot HIV-1/HIV-2 Rapid Test may represent a 
useful adjunct because it will distinguish HIV-1 from HIV-2 in a visual 
ELISA format.

Resolving WB indeterminate samples is a critical function of infec-
tious disease specialists in conjunction with clinical laboratories. Inde-
terminate WBs may represent nonspecific reaction or an early infection, 
and the pattern of WB reactivity should be evaluated with the perspec-
tive of comorbid patient illness and HIV risk factors. Davey and 
co-workers341 and others342 noted numerous indeterminate patterns 
among high-risk individuals with indeterminate WBs, none of which 
were predictive of infection. Similarly, in populations with decreased 
risk for HIV infection, longitudinal analysis of indeterminate WBs 
revealed infrequent evolution to infection. Longitudinal studies of 
blood donors with indeterminate WB results were not associated with 
subsequent full seroconversion.343,344 Patients who do progress to HIV 
infection rarely do so in the absence of Env or p24 reactivity.345 By 
contrast, Rich and co-workers346 demonstrated a high rate of full sero-
conversion in prison inmates with increased risk for HIV infection and 
initially indeterminate WBs. Indeterminate blots with single reactivity 
to gp120/160 or gp 41 are less typical for false positives and may 
suggest early infection.347 On the basis of early studies, ELISA assays 
will be of increasing importance in resolving indeterminate WBs.

Repeat ELISA/WB using a fresh test specimen is useful in resolving 
indeterminate WB results; repeat HIV testing in 4 to 6 weeks is typi-
cally indicated to determine whether an indeterminate result repre-
sents an evolving immune response to recent HIV infection. In recent 
years, however, there has been an effort to institute antiretroviral 
therapy as early as possible after HIV infection has occurred; the stan-
dard wait-and-repeat strategy may introduce unnecessary delay in 
such cases. P24 antigen determination is useful in resolving indeter-
minate blots if p24 is elevated; a negative result represents noncon-
tributory data, however, because early infection may still be present.

http://www.myuptodate.com


C
h

ap
ter 122 Diagnosis	of	Hum

an	Im
m

unodeficiency	Virus	Infection
1519

third-generation EIA; Fiebig II—positive HIV RNA, positive p24 
antigen, negative third-generation EIA; Fiebig III—positive HIV RNA, 
positive p24 antigen, positive third-generation EIA, negative WB; 
Fiebig IV—positive HIV RNA, positive or negative p24 antigen, posi-
tive third-generation EIA, indeterminate WB. All subjects had to have 
a nonreactive EIA by non–IgM-sensitive EIA. In these early studies, 
the corresponding mean cumulative durations from onset of HIV 
infection according to Fiebig and colleagues are: 5 days (Fiebig I), 10.3 
days (Fiebig II), 13.5 days (Fiebig III), and 19.1 days (Fiebig IV). 
Immunologic and virologic events in early Fiebig stages I to III remain 
under investigation373,374; Ananworanich and co-workers375 reported 
use of fourth-generation HIV testing has the capability of subclassify-
ing Fiebig I stage patients; such knowledge could inform the design of 
new testing strategies.

Diagnosis of HIV infection in early Fiebig stages requires specific 
attention to history and physical examination. Laboratory studies are 
specifically targeted to detect early serologic activity, HIV antigen, and 
HIV RNA. TMA/HPA assay (Aptima) is currently the most sensitive 
assay for acute HIV-1 infection. Use of routine quantitative HIV RNA 
assays developed for monitoring HIV infection are not FDA approved 
for diagnosis, and false-positive RNA detection with relatively low 
copy numbers of HIV RNA (<5000 copies) have been reported. FDA-
approved rapid/simple assays may not be as sensitive as standard third-
generation ELISA assays. P24 antigen and third-generation ELISA 
combined have excellent performance characteristics and can detect 
antigens approximately 5 to 7 days after the appearance of nucleic 
acid.62 Fourth-generation assays have greater sensitivity for detecting 
p24 than older assays that detect p24 antigen alone. Fourth-generation 
assays available in the United States are capable of detecting acute HIV 
infection in more than 80% of individuals who are NAT positive but 
nonreactive or indeterminate in antibody-only assays.

Diagnosis of acute HIV infection requires both screening and con-
firmation for diagnosis. Fourth-generation assays are approved for 
screening of HIV but not for confirmation. Diagnostic qualitative HIV 
RNA assays are approved for either screening or confirmation, but not 
both screening and confirmation in the same individual. Early in infec-
tion, third-generation Multi-Spot, WB, or immunofluorescence assays 
are unlikely to confirm HIV infection. In diagnosis of acute HIV, 
qualitative HIV RNA testing may be the only approved method with 
sufficient sensitivity for confirmation of HIV infection. Thus, use of a 
fourth-generation assay would be a reasonable initial step as a diag-
nostic algorithm, followed by qualitative HIV RNA as confirmation. In 
cases of suspected acute HIV infection in which fourth-generation 
assays are antigen negative in initial screening, retesting with the more 
sensitive qualitative HIV RNA testing would be useful. If HIV antigen 
is positive, but subsequent qualitative RNA is negative, subsequent 
testing is necessary to resolve these discordant results.

Documenting HIV infection after early institution of antiretroviral 
therapy, therefore, may represent a diagnostic challenge. O’Connell and 
colleagues171 demonstrated the utility of Multi-Spot after early intro-
duction of antiretroviral therapy, but large studies of detection after 
introduction of antiretroviral therapy in acute HIV infections have not 
been performed. In such circumstances, analysis of cell-associated HIV 
DNA may be of special use. HIV-infected cells persist despite introduc-
tion of antiretroviral therapy and are readily detectable despite years 
of suppressive therapy.376

As outlined earlier, other acute infections may yield false reactivity 
in HIV screening assays. Similarly, primary HIV infection may present 
with relatively nonspecific symptoms and may give false-positive 
results for acute EBV infection. Thus, review of such cases should be 
comprehensive.

Detection of HIV-2 and HIV-1/2  
Dual Infections
HIV-2 is a retrovirus with a structure and replication program similar 
to HIV-1 but is distinct from HIV-1 in origin, epidemiology, spread, 
disease progression, genetic organization, and nucleic acid 
sequence.36,37,377 HIV-2 infections originally reported in West Africa 
are now present in Europe, especially Portugal, and in south Asia 
including India.378 CDC reports that African countries with at least 1% 
HIV-2 prevalence include Angola, Cape Verde, Côte d’Ivoire, Gambia, 

Strategy III utilizes two sequential tests beginning with standard ELISA 
or rapid/simple testing. Samples repeatedly reactive on test 1 or reac-
tive on tests 1 and 2 are tested with an independent test using a differ-
ent antigen preparation or strategy. Reactivity on all three tests is 
considered HIV positive. Strategy III has been recommended for diag-
nosis in asymptomatic patients in areas where HIV seroprevalence is 
estimated to be less than or equal to 10%.

Testing kits account for a substantial cost of testing.190,351,356,363 The 
WHO assists in supplying HIV kits to resource-poor countries using 
a bulk purchasing strategy and has established standards for perfor-
mance characteristics and manufacture of individual kits. In addition 
to technical requirements, the WHO has recommended that any kit 
marketed internationally should be first approved for use in the home 
country of manufacturing.190

Potential for alternative strategies in domestic U.S. settings was 
rigorously analyzed364 in the context of FDA sensitivity/specificity 
requirements, and it was concluded that some dual formats excluding 
WB may provide appropriate performance characteristics and may 
have fewer indeterminate or discordant results.

Post-test Counseling and Linkage to Care
Notification strategies are traditionally carried out in a face-to-face 
manner to permit broad discussion and to address patient concerns. 
Telephone counseling was found to be surprisingly effective in home 
collection strategies,365 and alternatives to face-to-face discussions may 
be advantageous in certain circumstances. Tsu366 compared direct 
(face-to-face) and telephone notification (patients called to obtain 
results) in randomized trial of 351 at-risk and homeless youth.  
A significantly higher proportion of individuals in the telephone noti-
fication group received testing results and post-test counseling com-
pared with those who returned to receive information face to face. 
Counseling has always been a component of home collection services 
and has been incorporated into new home testing, including web-
based information, 24-hour telephone contacts, and referral services. 
Home testing has incorporated written counseling and availability of 
counseling by phone, including referral services.

Following testing, counseling is required regardless of outcome. If 
HIV infection is not detected, appropriate risk counseling and discus-
sions of window periods and retesting are essential. In cases where HIV 
is diagnosed, interventions in appropriate counseling, emotional 
support, and linkage to ongoing care are critical. Post-test counseling 
may have a substantial effect on risk reduction, although randomized 
studies have not always demonstrated such a benefit.367 The advent of 
approved rapid screening and confirmatory assays in emergency room 
(ER) and other voluntary counseling and testing circumstances raises 
the potential to improve linkage to care but only if appropriate resources 
are in place and readily available at all hours. In other circumstances, 
including in-home testing, counseling, and linkage to care may be 
more challenging to implement. Factors associated with poor linkage 
to care are likely to vary according to risk and circumstance. In detailed 
studies of the intravenous drug–using population, Westergaard and 
co-workers368 identified poor access to medical care, active drug use, 
and incarceration as specific challenges in care linkage.

SPECIFIC CIRCUMSTANCES AND 
SPECIAL POPULATIONS
HIV Testing in the Setting of Acute 
Retroviral Syndrome or Other  
Acute Illness
Primary HIV infection may present as an acute viral syndrome with 
fever, lymphadenopathy, and rash (see Chapter 124). Diagnosis near 
the time of infection has obvious social, medical, and public health 
benefits.50 It can be made to be efficient and cost effective in acute care 
circumstances, especially when combined with risk assessment,369-371 
but not all screening strategies are equally effective in detecting primary 
HIV infection.

As described earlier, HIV RNA production in plasma and serologic 
reactivity evolves in a relatively reproducible fashion after HIV infec-
tion (see Fig. 122-2). Fiebig and colleagues372 proposed an early HIV 
infection staging system based on NAT, p24, and serologic reactivity 
patterns: Fiebig I—positive HIV RNA, negative p24 antigen, negative 
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immunofluorescence assays have been used to distinguish HIV-1 and 
HIV-2 infection,328 but currently there are no FDA-approved HIV-2 
IFA test kits. HIV-2 cultivation from infected individuals has been 
reported,403 but the frequency of infectious virus recovery was lower 
than that detected with HIV-1.403 Use of rapid or line assays containing 
recombinant antigen has been reported to be useful in identification 
of HIV-1/2 infections.319,404,405 As described for HIV-1, alternatives to 
typical ELISA plus WB algorithms have been developed with excellent 
sensitivity and specificity even in the setting of HIV-1/HIV-2 dual 
infections.406

As newly diagnosed cases of HIV are frequently referred for early 
initiation of antiretroviral therapy, identifying the presence of HIV-2 
either as a single infection or as HIV-1/2 dual infection is an absolute 
imperative. Torian and her colleagues385 have documented a prolonged 
(>1-year) delay in documenting the presence of HIV-2 after first diag-
nosis with HIV infection. In light of consequences for emergence of 
drug resistance if NNRTI-containing regimens are initially employed, 
careful assessment for HIV-2 infection must be considered in all indi-
viduals with HIV infection originating from or tied to West Africa. The 
CDC recommends HIV-2 testing the following: for sex partners or 
needle-sharing partners of HIV-2-infected persons; for individuals 
from countries with significant HIV-2 populations; for individuals who 
have received transfusions or nonsterile needle exposures in countries 
with significant HIV-2 populations; for children of women known to 
be HIV-2 infected; for individuals with HIV-like illness who test nega-
tive for HIV-1; or for individuals who have unusual WB patterns (e.g., 
Gag and Pol reactive bands without Env reactive bands). All patients 
receiving standard HIV testing already include HIV-2 in most (but not 
all) licensed ELISA test kits, and standard algorithms for specific 
HIV-2 investigation follow positive ELISA and negative HIV-1 WB. 
Thoughtful consideration for HIV-2 must also be undertaken in indi-
viduals from West Africa who have been previously identified with 
HIV-1, in whom HIV-2 has not been specifically evaluated. Torian and 
co-workers385 noted that more than 60% of the HIV-2 diagnoses had 
an initial diagnosis of HIV-1 only; the absence of testing does not mean 
the absence of infection.

Little is known regarding the HIV-2 window period, and unfortu-
nately, third-generation HIV-1/2 ELISA assays are less sensitive in 
detecting early HIV-2 infection.407 There are few available seroconver-
sion samples for HIV-2. Use of experimentally infected primates with 
SIV (which is a close relative of HIV-2) has been suggested, but this 
method relies on the efficiency of detecting cross-species antibody, and 
the kinetics of immune response may not be identical to HIV-2 infec-
tion in humans.

Detecting Non-B HIV-1 Types and 
Subtypes Other Than Subtype B
HIV-1 is composed of four principal groups: a large group, M (main), 
representing the majority of HIV-1 pandemic viruses; O (outlier); N 
(not M and not O,408,409); and the recently isolated group P. This strain 
was identified in 2009 in a Cameroonian woman, and it is closely 
related to gorilla simian immunodeficiency virus (SIVgor), suggesting 
a different cross-species transmission compared with SIVcpz.410

Group M viruses have been classified by phylogenetic analysis  
into a series of nine subtypes (A through J except for E), five subsub-
types, a growing number of circulating recombinant forms (CRFs, 58 
so far), and an immeasurable number of unique recombinant forms 
(URFs).411-413 Non-B viruses account for almost 90% of HIV-1 infec-
tions globally and, due to travels and migratory waves, show an 
increasing prevalence in previously subtype B–restricted areas (i.e., 
Europe and North America). In the past, such variants were relatively 
difficult to detect with the same sensitivity as subtype B, although more 
recent versions of ELISA assays have been optimized to include detec-
tion of non-B subtypes.414,415 Group O viruses are more distantly related 
to group M, have been identified at relatively low frequency in localized 
areas of central Africa,416 and may have emerged after zoonotic events 
from chimpanzee or gorilla reservoirs.417,418 Other groups are quite 
rare; group N (N = 13) and P (N = 2). Group N viruses detected in 
West Africa are likely zoonotic events from nonhuman primates. 
Notably, all types and groups are detected by HIV ELISA assays, even 
groups N and P.419

Guinea-Bissau, Mali, Mauritania, Mozambique, Nigeria, and Sierra 
Leone. In addition, Benin, Burkina-Faso, Ghana, Guinea, Liberia, 
Niger, São Tomé, Senegal, and Togo are reported to have significant 
numbers of HIV-2 infections. There have been fewer than 100 cases of 
HIV-2 reported in the United States.379 Infection with HIV-2 does not 
prevent infection with HIV-1,380 sequential HIV-2–HIV-1 infections 
have been documented,381 and dual HIV-1/HIV-2 infections are 
reported in West Africa and India.378,382,383 The prevalence of HIV-2 
remains low and may be decreasing in some areas of West Africa.384 
In the United States, HIV-2 remains infrequent but not rare; Torian  
and colleagues385 documented 62 HIV-2 infections in New York City 
from 2000-2008. Fourth-generation assays perform well in detecting 
HIV-2.62

The ability to detect HIV-2 infection, discriminate HIV-2 from 
HIV-1, and identify HIV-1 plus HIV-2 dual infections has always been 
important from an epidemiologic and blood safety standpoint, but 
precise diagnosis has become essential in the era of effective antiretro-
viral therapy. Specifically, HIV-2 reverse transcriptase is not sensitive 
to non-nucleoside reverse-transcriptase inhibitor (NNRTI) antiretro-
virals such as nevirapine, efavirenz, etravirine, or delavirdine. This is 
due to a Y188L polymorphism naturally occurring in HIV-2. As a 
result, patients with HIV-2 infection (or HIV-1/2 coinfection) should 
not be treated with NNRTI-based regimens. Despite recent studies 
suggesting that HIV-2 is susceptible to treatment with drugs from  
new classes (i.e., integrase and entry inhibitors), drug-resistant HIV-2 
may be particularly difficult to treat, as a substantial portion of resis-
tant viruses encode mutations (Q151M resistance mutation complex) 
conferring multidrug resistance to nucleoside reverse-transcriptase 
inhibitors (NRTIs).386 Thus, misdiagnosis of HIV-1/2 coinfection as 
HIV-1 monoinfection may rapidly lead to difficulties in treating drug-
resistant HIV-2.

Initially 60% to 90% of sera from HIV-2 infected individuals reacted 
with HIV-1 ELISA kits387,388; in the United States, specific screening 
assays for HIV-2 were not initially developed because of the relatively 
few number of HIV-2 infections. Instead, combination screening 
assays389 were developed to improve the sensitivity of HIV-1 assays, 
often incorporating synthetic peptides, including those from immuno-
dominant domains of HIV glycoproteins.390-396 Use of cross-absorption 
tests,397 competitive ELISA398,399 and PCR assays were reported to dis-
tinguish infections.400 Screening assays specific for HIV-2 have since 
been developed (Genetic Systems, Biorad Laboratories, Redmond, 
WA); laboratory diagnosis of HIV-2 infection is straightforward and 
rapid assays are robust in field trials.401

The development of an HIV-1/2 ELISA platform (Multi-Spot 
HIV-1/HIV-2 Rapid Test) that distinguishes whether reactivity is 
derived from HIV-1 or HIV-2 represents a particularly useful advance. 
Because Multi-Spot is now FDA approved for confirmation of HIV 
infection, the combination of a reactive screening test with third-
generation HIV-1/2 and confirmation of HIV-2 infection with Multi-
Spot effectively offers, for the first time, an FDA-approved method for 
diagnosing HIV-2 infection in the United States. Demonstration of the 
utility of Multi-Spot as a potential confirmatory assay350 suggests this 
modality will be particularly useful to evaluate the presence of HIV-2 
infection (see Fig. 122-8C).

HIV-2 WBs may also be useful, even though they are not FDA 
approved. HIV-2 WBs have similar Gag, Pol, and Env proteins, 
although molecular size and therefore migration by SDS-PAGE by 
these proteins differs from the corresponding HIV-1 proteins (see Fig. 
122-7A). Some cross-reactivity between relatively well-conserved Gag 
and Pol proteins may occur (e.g., Fig. 122-7B), giving rise to indeter-
minate WB results. Criteria for interpretation of HIV-2 WBs have been 
reported. Initially, significant cross-reactivity of HIV-1 with HIV-2 
WBs was reported, and requirement for presence of reactivity to both 
Env proteins gp36 and gp130 reduced false-positive rates. Resolution 
of indeterminate WBs is perhaps more problematic with HIV-2 com-
pared with HIV-1. HIV-1 p24 antigen detection assays detect HIV-2 
Gag protein, and there are reports of HIV-2 antigen capture assays  
with high sensitivity.402 HIV-2 antigen capture assays are not, however, 
FDA approved for use in the United States. Methodology for HIV-2 
RNA levels has not been standardized to the same degree as HIV-1, 
and no FDA-approved tests are available for this purpose. Indirect 
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18 months following delivery. Methods for diagnosing infection 
include serial APTIMA HIV-1 qualitative assay (plasma) and DNA 
PCR testing of peripheral blood mononuclear cells (whole blood or 
dried blood spots432,433). Sensitivity and specificity of DNA and RNA 
testing methods have been reviewed434; detection of non-B subtypes by 
qualitative RNA testing (Aptima) has had excellent reported results; 
DNA PCR may be suboptimal with false-negative results docu-
mented.435 The recent FDA approval of qualitative RNA testing 
(Aptima) for use in diagnosis (including pediatric diagnosis) may 
make this test the preferred modality. Alternative techniques to 
measure the presence of early HIV infection include direct HIV culti-
vation using techniques standardized by the AIDS Clinical Trials 
Group. In order to evaluate HIV infection, a recent summary reports 
use of sequential sampling and analysis using DNA/RNA or p24 
testing. Two positive samples obtained after 1 or more months and 
after 4 or more months indicate the presence of HIV infection. Nega-
tive HIV infection is based on two DNA or RNA or p24 determinations 
at 1 or more months and 4 or more months of age or two negative 
serologic tests obtained separately at 6 months of age or older. Repeat-
ing serologic evaluation at 18 months in individuals with prior negative 
results is common.434 HIV-1 NAT early after birth must be interpreted 
with care because infection may take place at parturition, and HIV-1 
RNA levels in plasma may be relatively low at delivery even in true 
infection. Early introduction of antiretroviral therapy after delivery 
may also confound diagnosis. HIV RNA and DNA levels may be sup-
pressed as a result of therapy, and complete antibody seroconversion 
may not take place in the setting of early antiretroviral therapy. In such 
circumstances, perhaps the only method to identify the presence of 
infection is close monitoring and serial testing after completion of a 
defined course of antiretroviral therapy. Recently, a case of a possible 
functional cure of HIV in a newborn with viremia was reported, after 
initiation of antiretroviral therapy within hours of birth. The patient 
subsequently had therapy discontinued and remained with HIV 
plasma viral RNA levels of fewer than 50 copies/mL. Sensitive HIV 
DNA assays of peripheral blood mononuclear cells (PBMCs) detected 
a single copy of HIV provirus, and single copy assays detected a single 
copy of HIV RNA. HIV WB bands were not present, suggesting insuf-
ficient antigen to generate humoral response.436

Maternal-fetal transmission of HIV-2 is much less common than 
HIV-1 (mother-to-child transmission rate 4% vs. 15% to 45%, respec-
tively) but may occur, especially if women are infected during preg-
nancy. Diagnosis of HIV-2 infection is similar to HIV-1, although Faye 
and co-workers437 have reported that assays may be less sensitive than 
those for HIV-1. A full discussion of diagnosis of HIV infection in 
newborn can be found.434

HIV Testing for Blood Donor Screening
Laboratory methods for HIV detection were first implemented in 
populations as screening tools for blood products, and more than 
14,000 recipients of blood products as a risk factor for HIV infection 
have developed AIDS. Cases have decreased markedly. In the United 
States, 40 adults and adolescents have developed AIDS after receiving 
blood screened negative for HIV antibody.438

Blood surveillance procedures are designed to provide optimum 
safety of blood products. The screening phase begins with an interview 
and questionnaire, and donors may be screened out on the basis of 
history. Donors not screened out sign consent for donation and for 
HIV-1/2 testing with HIV-1/2 ELISA and NAT. Any sample reactive 
on either assay is discarded, and the sample is repeated in both screen-
ing assays. If the repeat screen is negative, a second screening assay is 
performed. If the second screening assay is negative, the sample is 
considered negative and the donor is not deferred. If the second 
screening assay is positive, the sample is considered repeatedly reactive 
and sent for confirmatory WB. Positive WBs are repeated with a sepa-
rate sample, and the results of ELISA and WB are reported to the 
patient with appropriate post-test counseling and referral. An indi-
vidual with donor status of positive screening with negative confirma-
tory test remains under consideration for blood donation. WHO 
recommendations for screening for blood safety involve a single 
screening assay for HIV infection. If the donation is reactive in a single 
test, it is discarded and the test repeated. The risk from blood donation 

The performance characteristics for many HIV-1 kits have been 
optimized using HIV-1 subtype B. Incorporation of HIV peptides with 
broad cross-reactivity into third-generation ELISAs has enabled detec-
tion of non-B subtypes, including more distantly related type O.420-423 
Peptide-based ELISA assay has been reported using V3 peptides to 
accurately discriminate among HIV and SIV viruses424 including group 
O. Thus ELISA-detected group M was used to identify the existence of 
group N isolates.408 HIV-1 subtypes, group O and group N viruses, are 
detected by standard WB techniques (see Fig. 122-7B). Qualitative 
TMA/HPA testing has also performed well in detecting non-B sub-
types; all A, C, D, E, F, G, N, and O subtypes were detected.

Detecting HIV-1 Dual Infections
The human immune response to viruses usually prevents secondary 
infections by identical or closely related viruses, but HIV is one of the 
exceptions. Two strains can infect the same person before host immu-
nity develops, known as coinfection; circumstances in which a second 
strain is transmitted after seroconversion are denoted superinfec-
tions.425 One of the strongest markers of dual infection is the high 
frequency, at least 20% of the HIV pandemic, of recombinant viral 
strains worldwide. Clinical implications of HIV dual infection are 
acquisition of drug-resistant strains during effective therapy, thus 
leading to virologic failure and onward transmission of drug resistance 
if recombination occurs, as well as the associated impact on disease 
progression: Cornelissen and co-workers426 reported that dual infec-
tion is associated with faster CD4 decline in patients with recent HIV 
infection, even in long-term nonprogressors (LTNPs).427 Diagnosis of 
dual infection by screening and confirmation is straightforward, but 
detecting that a superinfection has occurred is technically involved and 
not routine. Diagnosis hinges on detecting genetic differences between 
viral strains within the same individual. Frequent sampling, specific 
diagnostic assays, and sensitive sequencing methods such as single 
genome sequencing (SGS) or ultra-deep sequencing (UDS), are fun-
damental. Recently, a novel Multiregion Hybridization PCR Assay 
(MHA) in three regions of the HIV-1 genome (gag p17, vpu, and nef) 
was developed to detect the most common subtypes and CRFs in West 
Central Africa, providing sufficient sensitivity and specificity so that it 
could be used as a screening tool in areas where multiple subtypes 
cocirculate with high prevalence.428 Dual infections may be difficult to 
detect as such, and, therefore, difficult to quantify. Studies show wide 
incidence variations, from no detected cases to rates close to the rate 
of incident HIV in the background population. This is due to wide 
variation in laboratory methods, sample timing and frequency, HIV-1 
subtype, ongoing risk behavior, and ART use.

HIV Testing during Pregnancy or  
at Delivery
Diagnosis of HIV in pregnant women is a public health priority (also 
see Chapter 128). The advent of effective therapy to reduce the risk of 
transmission has made the need more compelling. Diagnosis in preg-
nancy may be complicated by increased false-positive rates of ELISA 
screening assays with increased parity. In addition, women may present 
at delivery without previous evaluation, and rapid tests may be the  
only available modality to evaluate HIV infections expeditiously. In  
a study of 858 women diagnosed in labor, Constantine and co- 
workers429,430 have suggested that a single-screening ELISA at delivery 
is sensitive, although the use of two rapid ELISA assays has perfor-
mance characteristics similar to those of a standard ELISA/WB strat-
egy. Current guidelines for standard prenatal care include information 
regarding HIV testing, routine opt-out testing, and testing early in 
pregnancy and in the third trimester for individuals at high risk for 
HIV infection. Some experts recommend repeat testing for all preg-
nant women in the third trimester. For women who present at delivery 
with unknown serostatus, 24-hour availability of rapid tests along with 
initiation of antiretroviral therapy based on a single positive rapid 
result is recommended.431

HIV in Perinatal Diagnosis (also see 
Chapter 129)
Serodiagnosis of HIV infection in the perinatal period is complicated 
by the prolonged persistence of maternal antibody for approximately 
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additional test to overcome the risk associated with the antibody 
window period. Such further screening raised the issue of losing more 
life-saving organs due to false-positive results. HIV transmission is an 
extremely rare event in the United States, and there is no nationwide 
policy for HIV screening for living donors. CDC recommendations 
address: (1) repeated donor testing with a combination of an HIV 
serologic test and HIV NAT as close to the time of organ donation as 
feasible logistically, but no longer than 7 days preceding organ dona-
tion; (2) all living donors should be advised of their obligation to avoid 
behaviors that would place them at risk for acquiring HIV infection 
before transplant surgery; (3) for living donors with a history of high-
risk behaviors (e.g., high-risk sexual activity or injection drug use) 
identified during evaluation, individualized counseling and a detailed 
discussion of specific strategies to avoid high-risk behaviors should be 
provided.452 Controversy persists; despite CDC recommendations, a 
recent Consensus Meeting concluded that currently there is no com-
pelling evidence to require NAT to be performed at proscribed times 
on specific groups of live donors; in the absence of such evidence, good 
clinical judgment should remain the standard.453

HIV Testing in Vaccine,  
Prevention, Postexposure,  
and Gene Therapy Studies
A concern in laboratory evaluation of HIV-1 infection is evaluation of 
patients enrolled in vaccine trials employing one or more HIV antigens 
for immunization. If the vaccines are effective immunogens, it is pos-
sible that patients will convert their HIV serostatus in the absence of 
true infection.454,455 Alternatively, patients in vaccine trials may become 
truly infected. Careful history and evaluation with inspection of WB 
patterns and application of NAT in such circumstances may yield 
useful results in establishing the presence of infection.456

Recently, several studies have directly addressed the use of ART as 
either preexposure prophylaxis (PrEP) or early treatment to prevent 
HIV transmission and have shown these approaches to have great 
promise as tools for HIV prevention.127,457,458 Testing that gives accurate 
HIV infection status is important so that only uninfected individuals 
are given PrEP, illustrated as two study participants in HPTN 052 with 
undetected acute HIV infection were randomized to the PrEP arm of 
the study and developed drug resistance.127 Interim guidance for the 
use of PrEP459 recommends HIV testing before PrEP. The approach to 
evaluation of all preexposure and postexposure prophylaxis circum-
stances should have three components: at the initial visit, a careful 
history establishing the timeline of all potential exposure events; sec-
ondly, relevant physical examination and laboratory tests should be 
performed to determine whether HIV infection is already present at 
the time of the visit, which may predate the presenting history; and 
finally, timeline of ongoing visits to track the effect of preexposure or 
postexposure interventions must be established, which will include 
additional testing. Clinicians should strongly consider that individuals 
presenting for either PrEP or PEP may already have early or acute HIV 
infection, and HIV screening modalities should be chosen accordingly. 
Rapid tests may be helpful but should not be exclusive modalities in 
these circumstances because of their lower sensitivity in acute infec-
tion. Similarly, home test kits are approved with window periods of up 
to 3 months, and no-reactive results should not be considered defini-
tive. Similarly, repeat testing is essential during the course of PrEP and 
PEP and follow-up during discontinuation to exclude window period 
infection that was suppressed and not detectable by routine testing 
during PEP.

The recent advent of lentiviral vectors for gene therapy raises pos-
sibilities that portions of the vector may be expressed and potentially 
result in false-positive HIV testing. Patients in gene therapy trials have 
received retroviral vectors in clinical studies of replication-competent 
retrovirus. Recent analyses of large series of individuals who have 
received autologous cells transduced with lentiviral vectors have not 
documented reactive serologies or detectable retroviral nucleic acid in 
plasma.460 In certain gene therapy settings, defective retroviral vectors 
have been utilized to complement patient gene deficiencies. Cells from 
which these defective viruses are propagated include other “helper” 
viruses.461 Neither the nucleic acids or gene products from the vectors 
or the helper cell lines are remotely related to HIV and are not sources 

in developed countries is relatively low. Recent analysis demonstrated 
the successful expansion of NAT.439 Screening over the 1998-2008 
period, both in terms of numbers of countries and in terms of advances 
in technology and automation, has progressed.440 The majority of NAT 
screening is now conducted with multiplexed HIV/HCV/HBV assays, 
based on either transcription mediated amplification (TIGRIS/
ULTRIO systems) or polymerase chain reaction (MPX), performed on 
highly automated instrument platforms that ensure reliable results 
with excellent sensitivity and specificity.441 However, serologic screen-
ing must be maintained, even with the most sensitive NAT testing 
performed on individual donations. Rare low-viremic HIV-infected 
subjects (i.e., “Elite Controllers”) may indeed be seropositive but NAT 
negative, given their unique control over viral replication. Overall, in 
the United States, the estimated risk of HIV transmission from transfu-
sion is less than 1/106 units transfused.

Worldwide, blood safety in general varies considerably. In an esti-
mated 39 countries, the WHO reported that blood donations are not 
routinely tested for HIV and 47% of donated units in low-income 
countries are tested in the absence of quality assurance.442 Dedicated 
efforts to improve safety have been implemented. In 2003, the Presi-
dent’s Emergency Plan for AIDS Relief (PEPFAR) began supporting 
programs in 14 targeted countries in sub-Saharan Africa and the 
Caribbean206 with improvements in blood donation infrastructure, 
increases in numbers of units donated, and decreases in HIV-reactive 
units. Challenges persist; a survey of UNAIDS fact sheets of reporting 
countries with more than 50,000 cases of HIV infection noted a 
number of principalities (cumulative population estimated >100 
million persons) reporting that less than 80% of collected units were 
screened in quality-assured manner.443

NAT has begun to make a substantial impact worldwide. More than 
270 million units have been screened by HIV NAT since its inception, 
and 244 (0.9/million) were NAT positive/serology negative. The risk of 
transfusion-associated infection is estimated to be below one infection 
in million transfused product, and even these calculations may be 
overestimates.444 Extremely rare transfusion-associated infections have 
been documented after instituting NAT, which appear to be due to 
nucleotide mismatches between the primers used in amplification and 
the infecting viruses.288,445,446 New primer design targeting HIV long 
terminal repeat regions is reported to provide useful improvement.447 
This remarkable progress in the implementation of molecular amplifi-
cation techniques allowed the interdiction of approximately 3000 
viremic donations that would have been missed by serologic screening 
methods. The demonstrated success of NAT has not yet been realized 
in all countries, and only 33 countries have adopted NAT nation-
wide.440 These data have prompted pilot studies in countries with 
resource limitations.

HIV Testing in Tissue Procurement for 
Transplantation
HIV transmission from organs transplanted from infected individuals 
occurred before the availability of sensitive and specific testing. In 
adults and adolescents, there have been more than 50 cases of HIV 
transmission through transplantation or artificial insemination, some-
times involving multiple recipients, even very recently.448 Not all organs 
or tissues appear to be equally infectious. HIV transmission by cornea 
transplants has not been documented even though several transplants 
took place using undiagnosed HIV-infected individuals as donors.449 
With the advent of the CDC’s recommendations for high-risk donor 
assessment, including assessment for hemodilution (that might lead to 
false-negative results) and behavioral risk factors in 1994, HIV has 
been transmitted in the United States from blood donations during the 
HIV window period. Strikingly, a 38-year-old male donor who tested 
negative for HIV and HCV antibodies at the time of donation trans-
mitted HIV and HCV to four recipients.450 A transmission event 
occurred in 2009 from a living donor who was negative for HIV anti-
bodies 79 days before organ recovery. A retrospective investigation 
revealed a reactive NAT on a stored sample obtained 11 days before 
transplant.451 Both in the United States and internationally, donor 
screening before organ recovery has been based on ELISA testing since 
its introduction in 1985. After the implementation of NAT assays, more 
than 50% of organ procurement organizations recently adopted this 
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completely distinct from HIV infection, but patients with persistent 
CD4 lymphopenia and HIV nonreactive ELISA may be referred for 
additional evaluation. Careful history and repeated HIV testing with 
judicious use of appropriate NAT will clarify these cases quickly so that 
they may be referred for appropriate and targeted care.

Factitious HIV Infection and  
AIDS Phobia
Cases of factitious HIV infection have been reported in the context of 
psychiatric dysfunction.472-475 The advent of multiple testing modalities 
including home collection systems and in-home testing may compli-
cate patient presentation in factitious HIV. Careful history, application 
of routine algorithms, repeating standard assays, use of appropriate 
counseling or psychiatric consult services, and common sense may 
resolve most of these delicate cases.

Similarly, a number of individuals have reported substantial fear of 
HIV infection because of experiencing flulike symptoms. These cases 
are typically isolated occurrences but may occur in groups.476 In general, 
these cases are easily resolved from an infectious disease standpoint by 
routine evaluation and sequential testing. In the setting of coexisting 
obsessive-compulsive behavior, anxiety, or paranoia, such patients 
obviously require primary therapy for underlying illness as well, and 
infectious disease consultants play a key role in performing appropriate 
testing, providing information, counseling, and dispelling myths.

HIV Testing to Estimate Duration of 
Infection and Incidence
The HIV epidemic has been tracked by prevalence using rates of clini-
cal disease (AIDS) and, more recently, by HIV seroprevalence. Esti-
mates of incidence rates of HIV infection have been relatively difficult 
to obtain but are an important characteristic of epidemics, especially 
in areas where infection rates may be changing rapidly. The need for 
such data has been clearly articulated and assays have been com-
pared.50,477 Application of novel ELISA strategies, including “sensitive/
less sensitive” and quantitative immunocapture assays, has permitted 
estimates of HIV-1 incidence rates.177,478,479 Sensitive/less sensitive (S/
LS), “detuned” ELISA, employs dual ELISA strategy assays, including 
a standard sensitive third-generation ELISA to detect all HIV infec-
tions, and a “detuned” ELISA that does not detect early infections 
because of the decreased antibody quantity and avidity early in infec-
tion. Samples with discordant results (i.e., reactive on the standard 
assay and nonreactive on the detuned assay) are classified as recent 
infections. Sensitive/less sensitive assays are not yet approved by the 
FDA and appear to be generally applicable in epidemiologic studies of 
HIV-1 to characterize high-risk populations, incidence trends, and 
peak age incidence of infection.480-482 Subtype performance has not 
been extensively studied, and the assay is somewhat labor intensive.

Quantitative immunocapture assay (Aware BED) represents a 
second-generation incidence assay designed to address some limita-
tions of S/LS approach.483,484 Quantitative immunocapture assay mea-
sures the relative levels of HIV gp41-specific IgG as a fraction of the 
total IgG. The gp41 peptide is a synthetic peptide consisting of an 18 
amino-acid immunodominant region of gp41 from subtypes B, E, and 
D each ligated to a spacer aminobutyric acid and then conjugated in 
parallel as a branched chain peptide.483 Field testing with more than 
600 samples revealed linear relationship between standardized detec-
tion of the BED peptide and duration of infection. BED assay has been 
used in the United States177,485 and elsewhere486,487,488,489 to detect recent 
infections and estimate incidence rates.

Although not commercially available, a third test, denoted as an 
“avidity index,” is performed to discriminate between recent serocon-
versions (i.e., within 6 months) and established infections. This assay 
is based on the comparison of test signal (measured as sample/cutoff 
ratio) between two replicates of third- or fourth-generation ELISAs in 
which the second replicate is added with guanidine hydrochloride, a 
denaturating agent that elutes low-avidity and low-affinity antibodies 
after antigen-antibody bonds have formed.490-492 Early results suggest 
utility with this approach.493

At a research level, new tools to discriminate recent from chronic 
infections have been investigated. Kouyos and co-workers494 from the 
Swiss HIV Cohort evaluated whether certain footprints of HIV viral 

of cross-reaction. As gene therapy studies proceed, thoughtful review 
will be essential for individuals undergoing HIV testing. All patients 
under consideration for therapy should have serologic studies and 
NAT before gene therapy. Subsequently, reports of positive tests should 
be diligently analyzed to identify the source of the positive test.

HIV Infection but Viral RNA Less Than 
50 Copies/mL: HIV Elite Controllers
A small fraction of individuals infected with HIV do not progress with 
CD4 lymphopenia and do not have HIV viral RNA levels greater than 
50 copies/mL plasma in commercial assays. More sensitive single-copy 
assays do detect the presence of HIV in these so-called elite controller 
patients, and ongoing low-level HIV replication is detectable using 
sufficiently sensitive assays.462-464 Despite the low level of plasma 
viremia and substantial CD4 cell numbers, all such patients are ELISA 
reactive and fully WB positive. As a result, patients who are newly 
diagnosed with HIV and have reactive HIV-1/2 ELISA tests and are 
WB positive but have HIV RNA levels less than 50 copies/mL are likely 
to be elite controllers. The presence of a fully positive WB makes early 
infection much less likely. All such patients should be repeatedly evalu-
ated to document the presence of HIV infection and absence of 
viremia. Such patients are actively studied in tertiary care centers and 
referral for additional evaluation is often useful.465-468

HIV Testing in Occupational Exposure
HIV-1 infection may be transmitted as an occupational exposure in 
the hospital setting (see Chapter 307) as a result of needlestick injury, 
transmission during surgery in outpatient dental circumstances, or 
other instances where contact-favoring transmission may occur. It is 
essential that the serostatus of the donor patient be established as 
expediently as possible. Although testing in these circumstances is time 
sensitive, it still requires the same elements of counseling, consent, and 
confidentiality as standard HIV-1 testing. In the United States it is the 
opinion of the American Medical Association Council of Ethical and 
Judicial Affairs that involuntary HIV testing is acceptable in the event 
that a health care professional underwent exposure and the patient 
refuses to be tested.469 In contrast, the WHO has unequivocally rejected 
mandatory HIV testing.77 In occupational exposures, it is important to 
test the exposed worker at the time the event took place to establish 
baseline serostatus. Counseling and HIV testing should be performed 
on the exposed worker immediately, to rule out the possibility of a 
preexisting but undiagnosed infection. Rapid ELISA testing may be 
employed, especially if the donor is not thought to be acutely HIV-1 
infected. In the event of a nonreactive rapid ELISA, it would be prudent 
to obtain a routine ELISA and TMA/HPA testing to address the 
unlikely possibility that the rapid assay was insensitive to an early 
HIV-1 infection. Judicious use of RNA assays may also be employed. 
It is essential to carefully scrutinize testing of donors in this circum-
stance because hospitalized or acutely ill patients may have a variety 
of conditions that may yield a falsely reactive HIV-1/2 ELISA. In the 
event the serostatus cannot be established, initiating antiretroviral 
therapy is an appropriate option (see Chapter 130).

Health care workers with HIV infection in the United States are not 
lawfully excluded from practicing including surgery. The Society for 
Healthcare Epidemiology of America (SHEA) provides guidelines for 
management of infected health care workers.470 They include some 
restrictions for individuals with viremia: For individuals with viremia 
greater than or equal to 500 copies/mL, guidelines recommend double 
gloving for any procedure requiring gloves and such individuals should 
not engage in procedures for which there is definite risk of bloodborne 
virus transmission, including general, oral, obstetric/gynecologic, neu-
rosurgery, and transplant surgeries. Individuals with viremia less than 
500 copies/mL undergo no restrictions but should undergo viral RNA 
testing twice yearly.469

HIV Testing in Idiopathic  
CD4 Lymphopenia
Idiopathic CD4 lymphopenia (ICL) is an immunodeficiency character-
ized by repeated CD4 cell numbers less than 300 cells/µL (<20%), 
without coexisting condition thought to be a cause of immunodefi-
ciency in individuals who are HIV negative.471 ICL is obviously 
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body fluids. Using sequential strategy of HTLV serology followed by 
amplification using primers with sequences shared by primate T cell 
leukemia viruses, two primate retroviruses were identified in humans.501 
Primate T-cell viruses are genetically distinct from HIV-1 and HIV-2 
and should not yield reactive HIV-1/2 ELISA or NAT. Simian foamy 
viruses are members of the Spumaretrovirinae, a subfamily of Retro-
viridae distinct from the Orthoretrovirinae subfamily to which HIV 
belongs,502 that are frequently identified in nonhuman primates, 
including chimpanzees, gorillas, baboons, orangutans, and macaques; 
most macaques are seroreactive by 3 years of age and are readily trans-
missible to humans, typically primate handlers,503,504 bushmeat hunters, 
pet owners, and workers or visitors to temples in Southeast Asia where 
macaque species are present.503,505,506 Although foamy virus infection in 
vitro results in dramatic cytopathic effect, foamy viruses have not been 
associated with disease in humans. Fewer than 200 infections have 
been documented in humans. In the Democratic Republic of Congo, 
Switzer and colleagues507 measured a seroprevalence rate of 0.5% 
among individuals in rural villages with routine and close contact with 
nonhuman primates, but additional study is essential to document 
human-to-human transmission. Simian foamy virus (SFV) is not 
closely related to HIV or SIV and should not be responsible for reactive 
HIV-1 serology or NAT.

Cross-species transmission of retroviruses from other species has 
been considered as a possible consequence of xenotransplantation 
because candidate species for tissue donation all harbor endogenous 
retroviruses (e.g., porcine endogenous retrovirus [PERV] in pig 
species).508,509 Endogenous retroviruses present in animal genomes may 
not be expressed in the host species but may be inducible on culture 
in vitro and retransmissible to human cells.510 Receptors for PERV are 
expressed in a variety of tissues,511 and PERV is resistant to most 
current antiretrovirals.512 Thus, one concern is that endogenous retro-
virus production may not be detected at time of harvest but may be 
induced after transplantation. No evidence of PERV transmission to 
humans has been demonstrated,513 and studies in nonhuman primates 
have not detected PERV in experimental xenotransplants,514 although 
transmission to severe combined immunodeficiency [syndrome] 
(SCID) or nonobese diabetic/SCID mice has been reported in pancre-
atic islet transplants.514,515 Tacke and co-workers516 have developed sen-
sitive ELISAs and WB assays for PERV expression products; screening 
recipients of pig tissues and butchers with extensive contact with pigs 
revealed no evidence of reactivity to PERV. Interestingly, indeterminate 
WBs have been identified with PERV reagents with patterns similar to 
HIV WB indeterminates with reactivity to principal gag gene product.516 
None of these indeterminate results represented true infection. Con-
cerns for potential retroviral expression with development of zoonotic 
disease from other porcine and other tissue has prompted debate and 
recommendations on testing of xenotransplanted tissue for the pres-
ence of retroviral sequences and the ability to induce retroviruses in 
vitro from candidate tissues.517

REGULATORY AND  
DISTRIBUTION ISSUES
HIV infection and AIDS are conditions with active constituencies 
among the public and relatively high-profile media attention. Although 
the scientific debate over the cause of AIDS has justifiably been put  
to rest518 and HIV testing has been largely accepted, materials that 
provide biased, exaggerated, misinterpreted, or outdated information 
regarding testing (e.g., www.aliveandwell.org, www.duesberg.com, 
www.virusmyth.com/aids/) continue to circulate. Physicians, scien-
tists, and the public require accurate information regarding the materi-
als and procedures currently utilized for HIV testing. National and 
international oversight infrastructure is well established. The CDC 
surveys laboratories performing HIV testing through routine perfor-
mance evaluations (Model Performance Evaluation Program [MPEP]), 
and the FDA reviews quality control and licensure of these products. 
Worldwide, the WHO has supported distribution of kits to resource-
poor countries, maintains a list of kits meeting WHO performance 
specifications,133 and recommends that any kit manufactured for dis-
tribution should be approved by regulatory agencies in the home 
country of manufacture. Distribution regarding HIV testing and diag-
nostics has become much more commonplace through the Internet, 

evolution and diversity could correlate with time from infection. 
During acute/early HIV infection, viral quasi-species are highly homo-
geneous, whereas they become more and more diverse within the 
following years. Sequence data obtained from routine genotyping for 
clinical purposes (i.e., evaluation of drug resistance) show that the 
number of ambiguous nucleotides increased with the age of infection, 
and a fraction of ambiguous nucleotides higher than 0.5% provides 
strong evidence against a recent infection event (i.e., 1 year before 
sampling). Sequence ambiguity has been reported useful to simultane-
ously track transmitted drug resistance, estimate duration of infec-
tion,495 and track transmission groups.496

Assays for HIV incidence provide critical information regarding 
trends in course of the HIV epidemic. If clinical benefits of instituting 
combination chemotherapy early during course of HIV-1 infection are 
clearly demonstrated, such incidence assays may be especially useful 
in classifying infections497 and assisting decisions of when to initiate 
antiretroviral therapy.

Home Collection and Home Testing  
for HIV
The development of simple/rapid tests presents new opportunities, 
including the possibility of HIV diagnosis outside traditional testing 
facility. Two kinds of HIV testing are available outside health care 
facilities: home collection devices and home testing. Home collection 
devices are available in the United States and are FDA approved (Home 
Access). Patients purchasing a home collection kit must contact the 
distributor using a toll-free telephone number, register a unique identi-
fier contained in the kit, provide demographic data, and receive an 
educational pretest counseling session. Patients prepare a dried blood 
spot sample, which is shipped for laboratory testing. After a short (3- to 
7-day) processing time, patients contact the toll-free number for 
results, which are available through an interactive voice response 
system or directly from a counselor. All indeterminate and positive 
results are delivered by trained counselors. Home collection is consid-
ered a safe, confidential, and FDA-approved service and has been avail-
able in the United States since 1996.

In July 2012 the FDA approved the OraQuick InHome HIV Test,59 
intended as an over-the-counter185 test for consumer use as an aid in 
the diagnosis of HIV-1 and HIV-2. Such a test is not to be used by 
individuals younger than the age of 17 and is not intended to be used 
with specimens other than oral fluid. The kit provides a test result in 
20 minutes, and results are for screening only. Additional confirmatory 
testing is essential.

Other Human Retroviral Infections and 
New Retroviral Zoonoses
Human T-cell lymphotropic viruses are discussed in Chapter 170.

Current research indicates HIV-1 and HIV-2 epidemics arose from 
two independent zoonotic infections arising from distinct primate 
species; zoonotic events are unlikely; there are more than 40 SIV vari-
ants in nonhuman primates; and only a few have established infection 
with human-to-human transmission. Although the precise circum-
stances of these cross-species events remain uncertain, practices and 
behaviors continue such that new zoonotic retroviral infection remains 
possible. Evaluation of patients with immune deficiency will undoubt-
edly involve testing for known retroviruses, and the possibility of novel 
infections should be considered. Primate hunters/butchers exposed to 
animals in which infection with simian immunodeficiency virus (SIV) 
is endemic may show evidence of exposure using sensitive laboratory-
based assays to detect cell-mediated immunity to SIV,498 but they are 
consistently negative in HIV-1/2 ELISAs. There are, however, numer-
ous distinct retroviruses in primate species, and the sensitivity of cur-
rently approved assays for the detection of more distantly related 
viruses is uncertain but likely to be low. Simon and co-workers499 have 
reported design of new peptide ELISA assays using Env gp120 V3 
sequences from several HIV-1 M,N,O isolates and from diverse SIV 
isolates. Such assays, which have demonstrated robust performance in 
field detection of HIV and SIV, may have additional utility in screening 
potentially contaminated bushmeat and thereby prevent future zoo-
notic events.500 New zoonotic infections have been detected in persons 
from central Africa with extensive contact with primate blood and 
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but precise use of terminology is not employed at all websites, resulting 
in considerable potential for confusion. Physicians and other health 
care professionals represent a critical source of information, advice, 
and perspective.

CONCLUSION
HIV testing is available for a variety of purposes: epidemiologic sur-
veillance, individual testing, and protecting the supply of blood prod-
ucts and tissues for transplantation. Establishing the diagnosis of HIV 
infection in individuals is a process that optimally requires a coordi-
nated effort among patients, health professionals, and laboratories. The 

contribution of infectious disease specialists in diagnosis is invaluable 
and should proceed from medical history and physical examination to 
laboratory diagnostic testing.
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The interactions between the human immunodeficiency virus (HIV) 
and the human immune system are extraordinarily complex, as evi-
denced by the highly variable rates of disease progression observed in 
HIV-infected individuals. Indeed, even individuals who were infected 
from a common source may experience widely divergent clinical out-
comes.1 HIV subverts the immune system by infecting CD4+ T cells 
that normally orchestrate immune responses and by activating the 
immune system and inducing a replication-permissive microenviron-
ment that the virus uses to its own advantage. The discoveries that 
certain chemokine receptors function as essential HIV co-receptors for 
HIV entry into target cells, whereas other receptors facilitate entry or 
propagation, have expanded the scope of host factors that play a role 
in the pathogenesis of HIV-induced disease.

The lack of recognizable and consistent correlates of protective 
immunity in HIV infection continues to hamper vaccine development 
and immunotherapeutic approaches. Robust HIV-specific immune 
responses, both humoral and cell-mediated, are mounted by most 
infected individuals. Nonetheless, the vast majority of untreated HIV-
infected individuals experience inexorable disease progression, result-
ing in profound immunodeficiency, despite the presence of these 
robust antiviral immune responses. In this regard, qualitative as well 
as quantitative aspects of virus-specific immune responses clearly are 
important in the containment of viral replication.

The progress that has been made to date in understanding the 
pathogenesis of HIV infection is unparalleled; the availability of effec-
tive combination antiretroviral therapy (ART) has had extraordinary 
clinical benefits for patients and has also provided important insights 
into the immunologic and virologic factors associated with the control 
of HIV infection and disease progression. Studies on cohorts of well-
defined HIV-infected individuals, including long-term nonprogressors/
elite controllers (LTNP/ECs) and those initiating ART early after infec-
tion, have also provided important insights into HIV immunopatho-
genesis. However, fundamental questions remain regarding the nature 
and scope of the precise pathogenic mechanisms of HIV disease. It is 
clear that HIV induces dysfunction of almost every element of the 
immune system and that the pathogenesis of HIV disease is multifacto-
rial.2 In this regard, a great deal is known about how HIV hijacks the 
immune system by targeting lymphoid tissues and perturbing the 
immunoregulatory balance; however, any attempt to manipulate these 
enormously complex and intertwined immunologic parameters for the 
purpose of inhibiting HIV replication without untoward effects is a 
daunting task.

HUMAN IMMUNODEFICIENCY 
VIRUS ENTRY AND 
DISSEMINATION
Human Immunodeficiency Virus 
Receptors and Entry into Cells
CD4 was identified as the major cellular receptor for HIV fusion and 
entry in 1984.3,4 Additional factors for viral entry were suspected, yet 
remained elusive for many years until the recognition of HIV 
co-receptors. In late 1995 and early 1996, a series of papers was  
published that altered our understanding of how HIV enters a target 
cell. The first report, by Cocchi and co-workers,5 identified the CC 
chemokines, macrophage inflammatory protein (MIP)-1α, MIP-1β+, 
and RANTES (regulated on activation, normal T-cell expressed 
and secreted), as major components of CD8+ T-cell–derived HIV 

suppressor factors. They observed that these chemokines, in combina-
tion, could inhibit the infection of activated CD4+ T cells by certain 
strains of HIV-1, HIV-2, and simian immunodeficiency virus (SIV). 
Subsequently, a chemokine receptor, CXCR4, was described whose 
expression allowed gp160-mediated cell fusion in the presence of 
CD4.6 This receptor, together with CD4, was required for the fusion of 
X4 viruses to target cells but was not used by R5 strains.

In a separate line of research, Paxton and co-workers7 studied a 
population of individuals who had been exposed repeatedly to HIV-
infected partners but who remained uninfected. They identified two 
subjects whose CD4+ T cells were refractory to infection with R5 
strains of HIV but were easily infectable with X4 strains. In addition, 
cells from these individuals produced high levels of MIP-1α, MIP-1β, 
and RANTES, the same chemokines previously identified as suppres-
sors of HIV infection. Shortly thereafter, the chemokine receptor 
CCR5 was identified and shown in a series of papers to be a co-receptor 
for cellular entry of R5 strains (Fig. 123-1).8-12 Subsequently, a mutant 
allele of the CCR5 gene was described that contained a 32-bp deletion 
resulting in a truncated nonfunctional co-receptor for HIV entry.13,14 
Because CCR5-utilizing HIV is almost universally responsible for 
primary infection, individuals homozygous for the CCR5 mutation are 
almost completely protected from HIV-1 infection.15 Heterozygosity 
for the CCR5 mutation results in reduced expression of CCR5 on the 
cell surface. Although heterozygosity for CCR5 does not appear to 
afford protection against HIV-1 infection, it may result in slowed pro-
gression of disease in HIV-infected individuals.15 Conversely, several 
polymorphisms in the CCR5 gene and its ligands have been associated 
with more rapid disease progression.16 In more recent years, deletion 
of the CCR5 gene through either stem cell transplantation or gene 
therapy has been proposed as one of several potential strategies for 
eradicating HIV from infected individuals.17 Nonetheless, the practi-
cality of such an approach, even if experimentally successful, remains 
in doubt for the tens of millions individuals currently living with HIV.

Over the past decade, many other receptors have been suggested to 
play a role in HIV entry into target cells. There is a general consensus 
that CD4 and a chemokine co-receptor, usually either CCR5 or CXCR4, 
are essential for viral entry into target cells, whereas other receptors 
may serve to facilitate infection or transmission of HIV. In this regard, 
dendritic cell-–specific intercellular adhesion molecule 3–grabbing 
nonintegrin (DC-SIGN) and related calcium-dependent lectins are 
regarded as important attachment receptors for HIV18 and may play 
an important role in early events of transmission (see next section). 
Attachment factors can also enhance cell-to-cell spread via the forma-
tion of virologic synapses (see Fig. 123-1). More recently, the integrin 
α4β7 has been shown to bind the HIV envelope glycoprotein gp120 and 
serve as an attachment receptor for HIV.19 The interaction between 
α4β7 and gp120 may be especially important for replication in the gut-
associated lymphoid tissues (GALT), where this integrin is preferen-
tially expressed on resident CD4+ T cells.20 In addition, the binding of 
gp120 to α4β7 leads to activation of another integrin, lymphocyte 
function–associated antigen-1 (LFA-1), which also enhances the rep-
lication efficiency of HIV. This receptor may also play a role in the 
facilitation of HIV transmission across genital mucosal surfaces.20

Dissemination of Human 
Immunodeficiency Virus Infection
It remains unclear which cell type is actually the first to become 
infected after exposure to HIV. The most frequent route of exposure 
occurs through sexual transmission (Fig. 123-2), with less frequent 
routes including blood and mother to child.21 However, regardless of 

*All material in this chapter is in the public domain, with the exception of any borrowed 
figures or tables.
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cells, as well as stromal DCs and LCs, are also present in the male 
genital tract and are especially abundant in the foreskin.21 The very 
strong protective effect of circumcision on HIV transmission is sug-
gestive of a role for cells of the foreskin in susceptibility to HIV infec-
tion.30 These areas of research have also advanced considerably over 
the past several years, at least in part driven by a growing interest in 
preventing transmission with topical microbicides and various inhibi-
tors that can directly target HIV, including inhibitors of CCR5 binding 
to HIV or neutralizing antibodies.31 There has also been considerable 
interest in identifying the earliest events of HIV transmission given the 
evidence that the majority of mucosal infections are established by a 
single or a few viruses.26 A better understanding of these events is 
thought to be essential for advancing HIV vaccine strategies and other 
strategies aimed at reducing the rates of HIV transmission.32

DCs and LCs are capable of retaining infectious virus on their 
surface or within endosomal compartments for extended periods of 
time, thus allowing HIV to remain shielded before encountering a 
target cell for productive replication. It is somewhat unclear how reten-
tion of infectious virus is mediated, although several lectin and non-
lectin receptors expressed on DCs and LCs have been proposed.33 
Given that some of the proposed HIV capture molecules, such as 
DC-SIGN are expressed on DCs but not LCs, it is likely that this 
process can be achieved by a variety of different mechanisms. Further-
more, there is evidence to suggest that CD4 may also help retain HIV 
on DCs and LCs. Regardless of the mechanism of retention, the pre-
ponderance of evidence indicates that LC–T-cell or DC–T-cell conju-
gates enhance HIV replication via what has been termed a virologic 
synapse (see Fig. 123-1).18 Furthermore, whereas LCs are thought to 

the route of entry, rapid migration to regional lymph nodes is followed 
by dissemination via the bloodstream to various lymphoid tissues (see 
Fig. 123-2). Massive depletion of memory CD4+ T cells in the GALT 
has been shown to occur very early after SIV and HIV infections,22-24 
although there is some debate as to whether the depletion is a result of 
direct infection, bystander effects, or both.

In early studies of macaques exposed to SIV intravaginally, myeloid 
dendritic cells (mDCs) in the vaginal mucosa were identified as the 
first cells to contain SIV DNA at approximately 2 days after exposure.25 
Improvements in imaging techniques have provided better insight into 
the early events of virus transmission, particularly in nonhuman 
primate (NHP) models, although there still remains debate regarding 
which cells are infected first. The answer may depend on the type of 
mucosal transmission, whether vaginal, rectal or penile, with impor-
tant variables that include target cell availability and attributes of the 
mucosal epithelial barrier.26 Nonetheless, DCs, especially the special-
ized DCs called Langerhans cells (LCs), as well as macrophages and 
resting CD4+ T-cells are all potentially among the first cells to capture 
and/or replicate HIV.26,27 Various studies of heterosexual transmission 
in NHP have also shown that both cell-free and cell-associated virus 
in semen, including virus associated with macrophages and, to a lesser 
extent, with CD4+ T cells, can penetrate the vaginal epithelium and 
rapidly disseminate to lymphoid tissues.27 Given the difficulties of 
studying early events of HIV infection in humans, various organ cul-
tures, including intact human cervical tissue explants, have been used 
as models of HIV transmission. Exposure of cervical explants to HIV 
has demonstrated that intraepithelial CD4+ T cells and LCs rapidly 
bind virus.28,29 HIV target cells, including macrophages and CD4+ T 

FIGURE 123-1  Model of virus-cell infection and cell-to-cell transmission of human immunodeficiency virus (HIV). A, CCR5-utilizing strains 
of HIV (R5) infect CD4+ target cells by binding to both CD4 and the chemokine receptor CCR5, followed by fusion and entry into the cell. B, Cell-to-cell 
spreading of virus can occur by transinfection, whereby a DC or LC captures virus through a C-type lectin receptor, a process thought to occur both at 
the site of transmission and in lymphoid tissues. After capture, the LC or DC internalizes the virus into a cellular vesicle and transfers it to a target CD4+ 
T  cell. C,  Passage of  virus  from one  infected  cell  to  another uninfected  target  cell  also occurs,  and both processes  can be enhanced by  interactions 
between various ligands and host attachment receptors, for example, the binding of HIV envelope gp120 to the integrin α4β7 leads to binding of LFA-1 
to  ICAM-1 through a cascade of activation steps. These  interactions coalesce to form virologic synapses that can enhance virus spreading by physical 
proximity and possibly by excluding neutralizing antibodies. DC, dendritic cell; DC-SIGN, dendritic cell-–specific intercellular adhesion molecule 3–grabbing 
nonintegrin; ICAM-1, intercellular adhesion molecule-1; LC, Langerhans cell; LFA, lymphocyte function–associated antigen. 
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HUMAN IMMUNODEFICIENCY 
VIRUS–SPECIFIC IMMUNE 
RESPONSES
Although the immune response to HIV has been extensively studied, 
a number of fundamental issues remain unresolved. Among the most 
important of these is that it remains unclear how HIV avoids immu-
nologic control in most infected individuals. It is striking that unlike 

be largely sessile, DCs are uniquely poised to carry HIV from tissues 
in which the initial rounds of viral replication occur to the regional 
lymph nodes, where CD4+ T cells become infected after contact with 
DCs. This leads to subsequent rounds of virus replication and spread 
in the absence of HIV-specific immune responses. Thus, lymphoid 
tissue plays a key role in the initiation and dissemination of HIV 
infection.

FIGURE 123-2  Initial infection and dissemination of human immunodeficiency virus (HIV) infection. The sequence of events after vaginal or 
rectal transmission includes the following: (1) crossing the mucosal barrier; (2) interaction of virus with host cells, such as dendritic cells, that transport 
HIV to the paracortical regions of draining lymphoid tissues, leading to infection of CD4+ T cells and systemic dissemination of HIV infection in various 
lymphoid tissues; macrophages can also be infected in this manner, although they are not felt to efficiently produce virus for wide dissemination; and 
(3) induction of HIV-specific immune responses, beginning with CD8+ T cells and following with antibodies that provide incomplete control of viremia. 
MHC,  major  histocompatibility  complex.  (Modified from Haase AT. Perils at mucosal front lines for HIV and SIV and their hosts. Nat  Rev  Immunol. 
2005;5:783-792; with permission.)
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be isolated with these advanced technologies were PG9 and PG16, both 
directed against conformational epitopes within the variable loops V1/
V2 of gp120.50 Subsequently, three more classes of potent and broadly 
neutralizing antibodies have been identified, with each class targeting 
a site of vulnerability on the HIV envelope. These include antibodies 
that target the CD4 binding site, such as VRC01 and NIH45-4651,52; 
antibodies that target the gp41 MPER, such as previously identified 
4E10 and recently identified 10E853,54; and a more diverse class of 
antibodies that target glycan-dependent epitopes within the variable 
loop V3 of gp120, such as the PGT121-137 series.55 Although most of 
these antibodies are individually potent and broadly neutralizing, it has 
been suggested that combinations from the different classes of antibod-
ies may be most desirable in either prophylaxis or vaccine strategies. 
Several uncertainties remain despite these recent successes; these 
include whether the high levels of somatic mutations (apparently 
required for high-affinity binding) in the antigen-binding variable 
regions of most of these naturally occurring antibodies can be elicited 
from a vaccine. However, this drawback could be offset by a combina-
tion strategy that would not require any one single antibody to be 
highly diversified from germline sequence. Other properties that have 
been identified among the first- and second- generation neutralizing 
antibodies, which may or may not be desirable, include polyreactivity 
(4E10),56 long hydrophobic or negatively charged variable regions 
(4E10, PG9/16), as well as restricted use of variable heavy-chain genes 
and convergent evolution of different antibodies (VRC01 and NIH45-
46).51,57 Finally, the elimination of HIV-infected cells through non-
neutralizing effector properties of antibodies, such as Fc receptor 
(FcR)-mediated clearance, is a property that could potentially be 
manipulated to increase antibody-mediated protection.58,59

As noted, genetic diversity among HIV isolates is also thought to 
contribute to the difficulty in neutralizing the virus. The level of genetic 
variation of HIV is high within geographically defined populations and 
even within a single infected patient. Mutations that occur during the 
process of reverse transcription and a prolonged duration of infection 
generate highly diverse viral sequences that coexist in the plasma.60,61 
The level of diversity of HIV is considerably higher than that of most 
human RNA viruses and is likely a major contributor to the paucity of 
cross-neutralizing antibodies in the majority of HIV-infected individu-
als.62 Even when compared with influenza, which is also an RNA virus 
that undergoes high rates of mutation, the HIV variability in one indi-
vidual is often greater than that of the influenza virus circulating in the 
community for an entire season.62 HIV viral sequences may vary 
between 10% to 16% in the plasma of a given chronically infected 
individual.60 The even higher degree of HIV envelope sequence varia-
tion across clades of HIV remains a major challenge to developing a 
vaccine that elicits neutralizing antibodies.61 However, the existence of 
patients with sera capable of neutralizing highly diverse, difficult-to-
neutralize viruses indicates that it is at least possible for the human 
immune response to handle such sequence variation. In addition, there 
are indications that variability is limited during transmission of HIV,63 
which could offer a window of opportunity to neutralize the virus 
before widespread dissemination occurs. Considerable optimism has 
been generated by a recent vaccine trial in humans demonstrating 31% 
overall efficacy in preventing infection in participants, primarily those 
at heterosexual risk of HIV infection in Thailand.64 Participants were 
vaccinated with a combination of an attenuated poxvirus encoding 
HIV gene products, followed by an HIV envelope protein boost. 
Although the precise mechanism of action remains incompletely 
understood, protection from infection may have operated through an 
antibody-mediated cellular cytotoxicity mechanism. This study pro-
vided an important proof of concept that the humoral immune 
response can provide protection from infection against relatively 
diverse HIV isolates in humans (see Chapter 131).

Cellular Immune Responses
Cytotoxic T Lymphocytes
Major histocompatibility complex (MHC) class I–restricted, HIV-
specific, CD8+ T-lymphocyte responses are found in the peripheral 
blood within the first few months of HIV infection and are detected 
during the chronic phases of infection in most HIV-infected individu-
als.65 During the chronic phase of infection, CD8+ T cells specific for 

the situation with most other viral infections, the human host does not 
consistently mount an immune response that is able ultimately to 
eliminate the virus from the body or even suppress it. NHP models 
have been useful for the study of retrovirus-specific immunity and, to 
a certain extent, vaccine development. Through passive transfer studies 
or studies involving depletion of CD8+ T cells in experimental animals, 
insight into the various facets of virus-specific immune responses have 
been extended to correlative studies in humans. It is known that passive 
transfer of virus-specific antibody can protect against retroviral infec-
tion, and cellular immune responses can control viral replication in 
NHP models34-37; in addition, there are indications for similar out-
comes in humans. Furthermore, recent insight into the breadth and 
magnitude of HIV-specific immune responses in HIV-infected indi-
viduals is beginning to inform new strategies for the development of 
effective prophylactic or therapeutic vaccines.

Humoral Immune Responses
In most individuals who acquire HIV, the virus rapidly establishes a 
persistent infection and evades the antibody response of the host. 
Whereas antibodies that bind HIV proteins, including the viral surface 
envelope glycoprotein and especially its gp41 component,38 can be 
detected in the plasma within weeks of HIV infection, these early 
antibodies are largely non-neutralizing and do not protect against 
superinfection.39,40 Relatively high levels of antibodies that have neu-
tralizing potential appear several weeks later, although their breadth is 
limited and their ability to eliminate the circulating virus is inadequate 
(see Fig. 123-2).41,42 This is at least partly the result of the selective 
pressure exerted by the antibody response that drives HIV genetic 
variants to arise rapidly. It is thought that these diverse circulating 
envelope sequences may represent a constantly evolving target that 
contributes to the ability of HIV to evade the humoral immune 
response. Additional mechanisms of virus evasion of humoral immune 
responses relate to features of the HIV envelope glycoprotein (gp160), 
which forms trimeric spikes of heterodimers (three gp120s covalently 
linked to three gp41s) that are heavily glycosylated, yet sparsely dis-
tributed on the surface of virions. Glycosylation reduces immunoge-
nicity, thus providing the virus with what has been termed a glycan 
shield.41 In addition, although both the CD4 and co-receptor binding 
sites are well conserved among viral isolates and are not heavily glyco-
sylated, these sites remain immunologically inaccessible through 
mechanisms of conformational masking and instability.43

Although sera from most patients do not neutralize highly diverse 
strains of HIV-1, such activity is not rare in HIV-infected cohorts. 
Antibodies with broad neutralizing potential have been shown to arise 
in approximately 20% of HIV-infected individuals.44-46 Sera from these 
patients are active against difficult-to-neutralize primary isolates and 
across highly diverse clades of viruses to which the patient has not been 
exposed. However, such antibodies may take 1 to 2 years to develop in 
infected individuals.47,48 The modest prevalence and long time to 
develop such antibodies is likely due at least in part to defects in the 
humoral immune response of HIV-infected individuals.49 Until 
recently, only a few broadly neutralizing antibodies had been identified 
and isolated from HIV-infected individuals. However, the quest for 
more has received extensive attention because they may provide clues 
that will help improve antibody responses to vaccination. Most of these 
rare “first-generation” broadly neutralizing antibodies were directed 
either against conserved regions of the HIV envelope, including the 
CD4 binding site and the membrane-proximal external region (MPER) 
of gp41, or had very unusual features that were considered almost 
impossible to reproduce.43 However, as rare as these were, another 
incentive for further investigation was that the in vivo neutralizing 
potential of several of these antibodies had been established by pas-
sively immunizing nonhuman primates, followed by challenge with a 
hybrid form of HIV. The challenged animals were shown to be com-
pletely protected from infection, although very high antibody levels 
were required to attain sterilizing protection.34

Over the past several years, extraordinary advances in HIV enve-
lope imaging, as well as techniques to generate monoclonal antibodies 
from HIV-specific B cells and evaluate their neutralizing potential, 
have led to an explosion of “second-generation” broadly neutralizing 
antibodies.40,43 The first potent and broadly neutralizing antibodies to 
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there is not uniform agreement that this is a predominant mechanism 
by which HIV avoids immunologic control. LTNP/ECs (see later), who 
can maintain immunologic control for many years, typically have 
intact MHC and HIV nef sequences.70,82 Several investigators have 
demonstrated the ability of autologous HIV-infected cells to stimulate 
cytokine secretion or cytolysis by class I–restricted HIV-specific CD8+ 
T cells.70,82 In addition, the high frequencies of HIV-specific CD8+ T 
cells found in the peripheral blood of most HIV-infected patients 
rapidly fall to very low levels after initiation of antiretroviral therapy.83 
This indicates that, in the absence of therapy, HIV-infected cells stimu-
late and maintain high frequencies of HIV-specific CD8+ T cells. 
Although infected cells are recognized, viral replication is not fully 
suppressed. At present, the relative role of MHC downregulation in the 
loss of restriction of HIV replication remains unclear.

Another parameter of the CD8+ T-cell response that may provide 
enhanced restriction of virus replication is the breadth or number of 
HIV peptides to which a patient may respond. However, when the total 
CD8+ T-cell response was measured during acute or chronic infection, 
no relationship was found between the breadth of the response and 
levels of plasma HIV viremia.77,84,85 Several reports have described a 
narrowly focused CD8+ T-cell response in LTNP/ECs or in individuals 
treated with ART during acute infection and who have restricted virus 
replication.70,86,87 Because HIV-specific CD8+ T cells of most chroni-
cally infected patients persist at high frequencies and respond to a 
broad array of HIV peptides, it does not appear likely that inadequate 
breadth of the response is a major contributor to poor restriction of 
virus replication during chronic infection.

Several lines of evidence have suggested that the inability of CD8+ 
T cells to control HIV may lie not in the quantity of these cells but 
rather in the qualitative properties of the response. Some data have 
suggested that disrupted HIV-specific CD8+ T-cell function in pro-
gressors is associated with increased expression of programmed death 
(PD)-1 molecules88,89 or decreased CD127 (interleukin [IL]-7Rα 
chain)90 expression, but other studies have noted that these parame-
ters are restored during antiretroviral therapy, suggesting that they 
may be a consequence rather than a cause of the loss of control of  
viral replication.91-93 The HIV-specific CD8+ T cells of LTNP/ECs 
maintain greater frequencies of “polyfunctional” cells, named for  
their ability to degranulate and produce several cytokines, including 
IL-2.94 HIV-infected LTNP/ECs have also been differentiated by 
increased proliferative capacity of HIV-specific CD8+ T cells linked to 
enhanced expression of perforin.95 These functions have been found 
to be necessary for the killing of autologous HIV-infected CD4+ T 
cells. It is thought that the relative absence of these functions in pro-
gressors may represent a mechanism whereby HIV avoids immuno-
logic control.95,96

One important recent study has provided evidence that the CD8+ 
T cell response may be used to suppress or possibly prevent lentiviral 
infection.36 In this study, rhesus macaques were immunized with a 
rhesus cytomegalovirus (CMV) vaccine that encoded HIV gene prod-
ucts that are targets of the cellular immune response. The vaccine 
caused a chronic CMV infection that induced a persistent SIV-specific 
CD8+ T-cell response. In those animals that were infected, a profound 
level of suppression of the pathogenic SIV challenge virus was observed. 
Thus, in addition to an envelope-specific humoral immune response 
to an HIV vaccine, the CD8+ T-cell response may provide an important 
second line of defense against breakthrough infections.

Soluble CD8+ T-Cell–Secreted Factors
In addition to cytolysis, other mechanisms of CD8+ T-cell–mediated 
antiviral activities have been described. CD8+ T cells of HIV-infected 
patients secrete soluble factors that can inhibit viral replication in the 
absence of cell killing. This noncytolytic antiviral activity was initially 
described in vitro by using CD8+ T cells from HIV-infected patients.97 
Years later, the suppressive activity against R5 viruses was shown to be 
mediated in large part by the CC chemokines MIP-1α, MIP-1β, and 
RANTES.5 These molecules are natural ligands for CCR5, a co-receptor 
for R5 strains of HIV-1, and inhibit viral replication primarily by 
blocking virus entry. In addition to the CC chemokines, poorly char-
acterized soluble factor(s) act after viral entry to suppress HIV tran-
scription in infected cells. These factor(s) have been termed CD8+ T-cell 

each of the known HIV-1 gene products are found in the peripheral 
blood by bulk cytotoxicity assays, limiting dilution assays for cytolysis, 
interferon-γ (IFN-γ) secretion, or tetramer staining, as reviewed by 
Migueles and co-workers.66 Several lines of evidence suggest that HIV-
specific CD8+ T cells play an important role in restriction of virus 
replication. First, the temporal association of the peak of the virus-
specific cytotoxic response with the decline of viremia during acute 
HIV infection of humans or SIV infection of macaques is thought  
to represent the effect of virus-specific CD8+ T cells in restricting 
retroviral replication in humans.65,67 Second, indirect evidence of an 
important role of CD8+ T cells in restriction of HIV replication in 
humans comes from strong associations between restriction of virus 
replication and certain MHC class I alleles and functional links with 
epitopes presented by these alleles.68-71 Third, CD8+ T-cell depletion 
by exogenous monoclonal antibodies has been shown to abrogate 
restriction of virus replication in simian HIV (SHIV)-infected and 
SIV-infected monkeys.36,72-74 Lastly, the HIV-specific CD8+ T cells 
of patients that control HIV replication for many years have been 
shown to be functionally superior to those without immunologic 
control of virus replication, as reviewed by Hersperger and co-workers75 
(see “Long-term Nonprogressors/Elite Controllers”). Based on the 
above-cited evidence, it is now generally accepted that CD8+ T cells 
are an important component of immune system–mediated restriction 
of HIV replication. However, although HIV-specific CD8+ T cells 
likely exert some level of control over HIV replication, this restriction 
is generally incomplete, because viral RNA levels reach 103 to 106 
copies/mL plasma in the vast majority of HIV-infected individuals 
during the chronic phase of infection in the absence of antiretroviral 
therapy.

Several viral factors unique to HIV likely contribute to the ability 
of HIV to evade the cellular immune response. Mutations produced 
during the reverse transcription process, combined with high levels of 
replication over a prolonged period, result in a highly diverse popula-
tion of viruses that circulate in a given patient. It is thought that this 
extraordinary level of viral diversity is associated with the development 
of mutant viruses that escape immune recognition. Selection of 
“escape” mutations has been documented in HIV-infected humans and 
SIV-infected macaques. Longitudinal studies of viral sequences and 
CD8+ T cell responses to known motifs have shown the appearance of 
mutations that no longer bind to the MHC class I molecule, as reviewed 
by Goulder and Walker.76 However, it should be noted that the inter-
play of host and viral factors is extraordinarily complex, given the large 
number of viral epitopes targeted by the immune response, the timing 
of gene expression during the viral replication cycle, and the comple-
ment of MHC class I alleles. The host CD8+ T cell response is limited 
by the ability of the MHC class I alleles to bind to various viral epitopes, 
and viral replication is limited by the degree to which an escape muta-
tion impairs viral replicative capacity, or “fitness.” In addition, the 
CD8+ T-cell response to each of the proteins within the autologous 
virus is very high in frequency and very broad.77,78 Escape mutations 
may be found within a single epitope, but it is likely that other con-
served epitopes within the same gene remain as targets.78 Strong asso-
ciations between escape mutations and virus load have not been 
found.79 Finally, putative escape mutations are also found in viral 
sequences in the plasma of LTNP/ECs at the same frequency as MHC-
matched progressors.77,78 Taken together, these data suggest that 
although escape mutations clearly can occur, they do not appear to be 
the critical driving force in the loss of immunologic control in the vast 
majority of HIV-infected patients.

In addition to the high levels of diversity generated during HIV 
infection, other viral factors may contribute to the poor ability of the 
immune system to control HIV replication. HIV Nef, Tat, and Vpu are 
each capable of downmodulating surface expression of MHC class I 
molecules necessary for the recognition of infected cells, as reviewed 
by Wonderlich and co-workers.80 The effect of Nef is to diminish cell 
surface expression of human leukocyte antigen-A (HLA-A) and 
HLA-B molecules, leaving HLA-C and HLA-E unaffected.81 It has been 
proposed that these effects may permit infected cells to avoid lysis by 
HLA-A– or HLA-B–restricted T cells, which dominate the cellular 
immune response, yet also avoid lysis by natural killer (NK) cells, 
which are inhibited by the presence of HLA-C or HLA-E.81 However, 
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As noted above (see “Human Immunodeficiency Virus Entry and 
Dissemination”), the chemokine receptor genotype has an impact  
on rates of progression of disease. For example, individuals who carry 
one copy of the mutant CCR5-Δ32 allele have an increased chance of 
experiencing a slow rate of disease progression compared with indi-
viduals who are homozygous for wild-type alleles, as reviewed by 
O’Brien and Moore.114 In addition, some CCR2 alleles have been asso-
ciated with slower rates of disease progression. Despite the association 
between CCR5 genotype and slower progression of HIV disease, this 
factor does not appear to be a dominant influence in the determination 
of the state of long-term nonprogression; neither CCR5-Δ32 nor CCR2 
alleles have been found to be enriched in LTNP/ECs who control HIV 
replication.70,82

LONG-TERM NONPROGRESSORS/
ELITE CONTROLLERS
Important clues regarding mechanisms underlying a successful 
immune response to HIV-1 have come from the study of rare examples 
of naturally occurring immunologic control of HIV replication. 
Although rates of disease progression vary widely among HIV-infected 
individuals, the median time between infection and development of 
acquired immunodeficiency syndrome (AIDS) is approximately 10 
years. It has become clear that a small percentage of untreated HIV-
infected individuals show no evidence of disease progression, despite 
prolonged infection.115,116 In addition to LTNP/ECs, other individuals 
who remain HIV seronegative, despite multiple exposures to HIV, have 
been identified, suggesting that elements of protection exist but may 
not be readily detected by standard measures of the immune response. 
This group is likely heterogeneous with regard to the mechanisms of 
resistance to HIV infection, as reviewed by Lederman and co-workers.117 
Studies of LTNP/ECs and highly exposed seronegative patients have 
advanced our understanding of the pathogenesis of HIV disease and 
have increased optimism that some forms of immunologic protection 
from infection or control of viral replication may be harnessed in 
prophylactic or therapeutic vaccines.

Definitions of LTNP/ECs have varied, as reviewed by Migueles and 
co-workers.118 One early definition that was commonly used included 
documented HIV infection for more than 7 years, CD4+ T-cell count 
higher than 500 cells/µL without significant decline over time, no 
symptoms of HIV disease, and no history of antiretroviral therapy. 
Because definitions of nonprogressors were created empirically, it is 
not surprising that these individuals constitute a heterogeneous group. 
Many who were originally defined by these clinical criteria have now 
gone on to progressive disease. However, there remains a small sub-
group of untreated nonprogressors who have now been infected for 20 
years and maintain normal CD4+ T-cell counts and plasma viral RNA 
levels less than 50 copies/mL of plasma.118 Mechanisms that may deter-
mine a course for LTNP/ECs during HIV infection include host genetic 
factors, effective immunologic control of virus replication, and/or 
infection with an attenuated strain of HIV (Table 123-1). Although 
patients with normal CD4+ T-cell counts and low levels of plasma virus 
are a heterogeneous group, a small subset of patients with truly non-
progressive HIV infection and control of virus replication in the 
absence of antiretroviral therapy are likely to hold important clues to 
the basis of an effective immune response to HIV.

Host Immune Response Factors
A considerable amount of evidence now suggests that HIV-specific 
CD8+ T cells play a major role in the maintenance of low viral load in 
most LTNP/ECs. First, the HLA-B*57 allele is found in approximately 
65% of patients in several different cohorts.118 In addition, the HIV-
specific CD8+ T-cell response in these patients is highly focused on 
B57-restricted peptides, suggesting that the B57 molecule likely plays 
a direct role in restriction of virus replication in these individuals.70,71 
There are reports documenting viruses sufficiently pathogenic to cause 
progression to be transmitted to a second patient, who then becomes 
a LTNP/EC.119 In this case, both individuals carried the B*5703 allele. 
Thus, the recipient was able to mediate immunologic control despite 
B*57-associated escape mutations in the virus. In addition, there are 
cases of virus strains that cause progression in one partner being trans-
mitted by superinfection to a nonprogressor, and that virus being 

antiviral factors (CAF), as reviewed by Levy and co-workers.98 Although 
not required for this suppressive activity, maximal suppression of HIV 
replication is observed under conditions where cell contact is main-
tained and cells are HLA matched.99,100 This suppressive activity has 
been shown to be greater in peripheral blood mononuclear cells 
(PBMCs) of HIV-infected patients than in uninfected control subjects. 
However, at present, it remains unclear whether these factors are 
secreted in an antigen-specific manner.

CD4+ T-Cell Responses
It has been demonstrated in several animal models of viral pathogen-
esis that virus-specific CD4+ T cells are critical for the induction or 
maintenance of an effective CD8+ T-cell response that mediates restric-
tion of virus replication, as reviewed by Migueles and co-workers.66 
Many viral infections of humans or experimental animals typically 
result in induction of CD4+ T-cell responses that can be demonstrated 
by proliferation to virus antigens in vitro long after elimination or 
control of infection, which is a reflection of the persistence of these 
virus-specific memory CD4+ T cells. Unlike most other infections of 
humans, HIV infection is characterized by the absence or extremely 
low level of HIV-specific CD4+ T-cell proliferative responses in the vast 
majority of untreated patients. However, these responses have been 
detected in some cohorts of patients who restrict HIV replication. In 
this regard, strong HIV-specific CD4+ T-cell responses are found in 
relatively rare LTNP/ECs who restrict HIV replication in the absence 
of antiretroviral therapy.101,102,103,104 In addition, proliferative responses 
to HIV antigens have been found in patients who were treated early 
during acute infection and who then had restricted HIV replication 
when antiretroviral therapy was withdrawn.103 Because HIV infects 
CD4+ T cells, it was believed that the early loss of HIV-specific prolif-
erative responses may be the result of infection and deletion of HIV-
specific CD4+ T cells in the lymphoid tissues on encountering the 
virus.105 However, several lines of evidence indicate that HIV-specific 
CD4+ T cells persist in patients with progressive disease. Many reports 
have documented the persistence of HIV-specific CD4+ T cells in most 
patients by intracellular cytokine staining after stimulation with HIV 
antigens.106,107,108,109 HIV-specific CD4+ T cells also persist at the 
expected frequency and with the expected phenotype and functions in 
progressors when compared with responses to other viral antigens.109 
IL-2 production and proliferation of HIV-specific CD4+ T cells was 
abrogated during an interruption of antiviral therapy but restored in 
patients receiving antiretroviral therapy, suggesting that diminished 
proliferation of these cells may be partly a result of the presence of high 
levels of HIV antigen. This effect is similar to that observed during 
viremia with other human viruses. Thus, there is now general agree-
ment that HIV-specific CD4+ T cells persist at the expected frequencies 
during the chronic phase of infection in patients with progressive 
disease, although there is some controversy over whether disruptions 
of function persist. In addition, the role of depletion or disruption of 
the functions of HIV-specific CD4+ T cells during acute infection or 
end-stage disease remains to be defined.

Host Genetic Factors
Among the most reproducible and powerful host factors to affect HIV 
disease is the impact of HLA alleles on viral load and disease progres-
sion. Since its initial description, the association between HLA-B*57/58 
and B*27 with slower disease progression and B*35 with more rapid 
disease progression has been repeatedly observed, including in two 
recent genome-wide association studies recently reviewed by Goulder 
and co-workers.76 Associations between these “protective alleles” and 
reduced viral load is not simply due to their enrichment in LTNP/ECs 
but has been observed even in progressor cohorts.110 In addition, an 
association has been observed between reduced viral load and a 
micropolymorphism in HLA-C,111,112 and an association with reduced 
viral load has been made in patients who carry a subset of B alleles and 
a killer inhibitory receptor.113 Unlike other protective alleles, this com-
bination is believed to function through the action of NK cells express-
ing the 3DL1 inhibitory receptor. Although the mechanisms of each of 
these HLA effects remain incompletely understood, important clues 
continue to come from in vitro studies of CD8+ T-cell and NK-cell 
function.
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relatively high CD4+ T-cell counts, but are viremic.128,129 Although such 
patients tend to have slow rates of disease progression, they are a het-
erogeneous group.125,127 In these patients, antibodies may not be causing 
slower disease progression, but rather the association may be a conse-
quence of the need for both an intact immune system and the presence 
of viral antigen to have such a response. At present, it does not appear 
likely in most cases that maintenance of neutralizing antibodies plays 
a major role in determining the state of nonprogression.

Virologic Factors
Infection with attenuated strains of HIV may account for nonprogres-
sion in a small subset of individuals. The most extensively character-
ized association of attenuated viral strains and nonprogression is that 
of an Australian cohort of nonprogressors who were infected by trans-
fusion from a single nonprogressor donor.130 Viruses from these indi-
viduals contained deletions in the nef gene and in the U3 region of the 
long terminal repeat (LTR). Other anecdotal reports have implicated 
other defective HIV genes with nonprogression, although such cases 
appear to be the exception rather than the rule.131 Many of the patients 
described in the original Australian cohort ultimately developed pro-
gressive disease.

RESERVOIRS OF HUMAN 
IMMUNODEFICIENCY VIRUS 
INFECTION
There is unequivocal evidence from several lines of investigation that 
HIV persists in almost all infected individuals receiving effective ART. 
The most powerful demonstration of the inability of ART to eradicate 
HIV infection comes from in vivo studies of individuals who began 
antiretroviral therapy during the chronic stage of HIV infection, 
achieved and maintained suppression of plasma HIV RNA for several 
years, and subsequently interrupted therapy. Interruption of antiretro-
viral therapy resulted in a rapid rebound of plasma viremia in 95% of 
patients.132 Although the origin of rebounding plasma HIV is not clear, 
a number of studies have suggested that replication-competent virus 
persists in the CD4+ T-cell compartment in infected individuals receiv-
ing effective ART.133-135 In addition, there is evidence for a higher HIV 
burden in CD4+ T cells of the GALT compared with their counterpart 
in peripheral blood in individuals receiving adequate therapy.136

Finally, it was demonstrated, using highly sensitive assays with a 
limit of detection of a single copy of HIV RNA/mL of plasma, that 
persistent low levels of plasma viremia from an unknown origin 
remain in the vast majority of individuals with undetectable (less than 
50 copies/mL) plasma HIV when using standard assays.137 Important 
HIV reservoir sites include GALT and peripheral lymphoid tissues. 
Putative reservoir sites include the reproductive tract, reticuloendothe-
lial system, bone marrow, peripheral blood dendritic cells and mono-
cytes, and microglial cells of the central nervous system.138 Genetic 
variability has been demonstrated in HIV isolated simultaneously from 
the plasma and several reservoir sites, including the reproductive tract 
and the central nervous system, indicating that there may be compart-
mentalization of HIV in different sites.139 Such compartmentalization 
may provide a sanctuary for HIV that may be relatively impenetrable 
by antiretroviral drugs; however, it is unclear whether these sanctuary 
sites contribute significantly to ongoing HIV replication in the pres-
ence of ART.

Latent Reservoirs of Human 
Immunodeficiency Virus
The pool of latently infected cells in the resting CD4+ T-cell compart-
ment has been one of the most extensively studied persistent reservoirs 
to date and is considered to be a major impediment to HIV 
eradication.140-142 HIV may enter resting CD4+ T cells, at which point 
a varying degree of reverse transcription of the HIV genome may occur 
in these cells (Fig. 123-3).143,144 This period of preintegration latency 
may last hours to days; in the absence of an activation signal, uninte-
grated proviral DNA loses its capacity to initiate a productive infection. 
If these cells become activated, however, reverse transcription proceeds 
to completion, followed by nuclear translocation and integration of 
proviral DNA into cellular DNA.143,144 It has been clearly demonstrated 
that a pool of resting CD4+ T cells that carry replication-competent 

controlled.120,121 In addition, “elite controller” rhesus macaques have 
been described that are enriched for the Mamu B*08 and B*17 
alleles.35,122 In some cases, epitopes restricted by these alleles have 
motifs similar to those that bind HLA-B27 or HLA-B57 in humans. 
Furthermore, transient CD8+ T-cell depletion of SIV-infected elite con-
troller macaques resulted in a dramatic increase in viral replication.73 
Taken together, these data argue strongly that immunologic control in 
most LTNP/ECs is not a consequence of infection with attenuated 
viruses but rather is mediated by HIV-specific CD8+ T cells.

The most recent data regarding immunologic control in LTNP/ECs 
suggest that the superior ability of these patients to control HIV com-
pared with progressors is mediated not by the quantity of HIV-specific 
CD8+ T cells but rather by their qualitative function. A number of 
studies using quantitative techniques that examined the response to a 
broad array of HIV gene products have not found higher frequencies 
or breadth of HIV-specific CD8+ T cells in LTNP/ECs compared with 
progressors.70,84,95,106 The HIV-specific CD8+ T cells of LTNP/ECs main-
tain greater frequencies of polyfunctional cells, named for their ability 
to degranulate and produce several cytokines, including IL-2.93,94 
However, these cells make up an extremely small subset of the total 
HIV-specific CD8+ T-cell response, and many LTNP/ECs demonstrate 
few or no such cells.

By far, the property that most clearly distinguishes the HIV-specific 
immune response of LTNP/ECs from other patients is the ability to 
suppress HIV replication and/or kill HIV-infected cells in vitro. For 
some time, it had been known that HIV-specific CD8+ T cells of LTNP/
ECs maintain greater proliferative capacity and ability to upregulate 
perforin on stimulation compared with progressors.95 More recently, 
the CD8+ T cells of LTNP/ECs were shown to have a greater capacity 
to restrict HIV replication in vitro.96,123,124 In addition, increases in 
perforin and granzyme B production were shown to result in a dra-
matically increased ability of CD8+ T cells of LTNP/ECs to kill autolo-
gous HIV-infected CD4+ T cells compared with progressors.91,93 
Although causality must ultimately be demonstrated, the abilities to 
proliferate, produce perforin, and kill HIV-infected CD4+ T cells 
appear to be qualities within the HIV-specific CD8+ T-cell response 
that are clearly associated with immunologic control in LTNP/ECs.

The relationship between humoral immune responses to HIV and 
disease progression remains incompletely understood. LTNP/ECs, as 
a group, do not have high levels of neutralizing antibodies.115,125-127 
In many cases, they may have low levels of binding or neutralizing 
antibodies believed in part to be due to lower levels of antigen driving 
the humoral immune response. In one study that examined clinical 
parameters that might be associated with broadly neutralizing antibod-
ies, the only correlation found was a positive correlation with viral 
load.127 Some studies have demonstrated that sera that can neutralize 
a broad panel of primary isolates can be found in patients that have 

TABLE 123-1  Possible Mechanisms of Long-term 
Nonprogression/Elite Control with HIV Infection

Host Genetic Factors
HLA type

Heterozygosity for 32-bp deletion in chemokine receptor CCR5

Mannose-binding lectin alleles

Tumor necrosis factor c2 microsatellite alleles

Gc vitamin D–binding factor alleles

Host Immune Response Factors
Effective CTL responses: “polyfunctionality,” proliferation, perforin production, 

cytotoxicity

Secretion of CD8 antiviral factor

Secretion of chemokines that block HIV entry co-receptors CCR5 (e.g., MIP-1α, 
MIP-1β, and RANTES) and CXCR4 (e.g., SDF-1)

Maintenance of functional lymphoid tissue architecture

Virologic Factors
Infection with attenuated strains of HIV

CTL, cytotoxic T lymphocyte; HIV, human immunodeficiency virus; HLA, human 
leukocyte antigen; MIP, macrophage inflammatory protein; RANTES, regulated on 
activation, normal T-cell expressed and secreted; SDF, stromal cell-derived factor.
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therapy suggests that these compartments may play a significant role 
in ongoing HIV replication in the presence of ART. Initiation of ART 
leads to a rapid decrease in lymph node viral burden and, within 24 
weeks, it is uncommon to detect HIV RNA in the GCs.149 However, it 
is almost universally possible to detect HIV RNA in the subcortical 
regions of lymph nodes despite prolonged antiretroviral therapy. 
Whereas the precise identity of these cells remains unknown, follicular 
dendritic cells (FDCs) have been proposed as long-lived repositories 
for intact HIV virions.150 The GALT also harbors HIV that is not com-
pletely cleared with antiretroviral therapy; levels of HIV DNA in CD4+ 
T cells remain severalfold higher in GALT compared with the periph-
eral blood in those whose levels of plasma HIV RNA had remained 
below the limit of detection for several years. However, the effect of 
ART on the recovery of CD4+ T cells in GALT remains uncertain and 
requires further study.

Strategies for HIV Eradication
Over the past few years, there has been a flurry of discussion regarding 
the possibility that HIV can be eradicated from HIV-infected individu-
als.17,136,138,151,152 Such a pursuit has accelerated with evidence that one 
such individual, commonly referred to as the “Berlin patient,” has  
been cured of HIV.153 His case is unique and unlikely to be clinically 
applicable, given that the approach taken was to treat an underlying 
leukemia with chemotherapy and to perform a stem cell transplanta-
tion from a donor who was homozygous for the HIV resistance gene 
CCR5-Δ32. The post-transplantation therapy also included chronic 
immunosuppressive therapy for the prevention of transplant rejection. 
Nonetheless, similar strategies to deplete wild-type CCR5-expressing 
cells involving bone marrow or stem cell transplantation or gene 
therapy are actively being pursued.17 Alternative cure strategies are 
also being pursued, including the use of agents that could purge the 
virus from reservoirs by activating the latently infected cells. One  
such strategy involves using inhibitors of histone deacetylase, such as 
suberoylanilide hydroxamic acid (SAHA),154 to induce transcriptional 

HIV persists in essentially all infected patients who were receiving 
ART and in whom plasma viremia was suppressed below levels of 
detectability.140-142 In addition, this HIV reservoir is established during 
the earliest stages of HIV infection. The initiation of ART as early as 
10 days after infection with HIV does not prevent the establishment of 
the resting CD4+ T-cell reservoir of HIV.145 Furthermore, several 
studies have shown that despite effective ART, HIV persists in the 
resting CD4+ T-cell reservoir for years (reviewed by Chun and Fauci).136 
It has been estimated that it would take decades of continuous ART, 
using the currently available drugs, to eradicate HIV, and these esti-
mates assume 100% effectiveness of ART and that the CD4+ T-cell 
latent reservoir is the only viral reservoir present in infected individu-
als. These sobering data and the unlikelihood of certain of the assump-
tions have led many to conclude that the latent as well as other viral 
reservoirs present major impediments to eradication of HIV.

Lymphoid Tissues
Secondary lymphoid tissues, especially those of lymph nodes and 
GALT, represent major sites of HIV replication early, after, and 
throughout all stages of infection. In the absence of ART, HIV infection 
is characterized by a dichotomy in viral load between peripheral blood 
and lymphoid tissue, in which the frequency of infected cells in lym-
phoid tissues exceeds that in peripheral blood by 2 to 3 logarithms.136 
Early findings on tissue sections excised from axillary lymph nodes 
have demonstrated that up to 25% of CD4+ T cells present in the ger-
minal centers (GCs) harbor HIV DNA.146 More recent analyses per-
formed on tissues isolated from GALT have demonstrated massive 
depletion of CD4+ T cells in the lamina propria within several weeks 
after infection.22,147,148 Depletion of CD4+ T cells has also been shown 
to persist throughout all stages of HIV infection in untreated individu-
als.148 Collectively, these data emphasize the role of secondary lym-
phoid tissues as critical reservoirs for HIV in vivo.

The significant role of secondary lymphoid tissues in ongoing HIV 
replication during all stages of disease in the absence of antiretroviral 

FIGURE 123-3  Direct and indirect effects of human immunodeficiency virus (HIV) infection. HIV preferentially replicates  in activated CD4+ T 
cells, although virus entry can occur before activation. Productive HIV replication proceeds as follows: entry into cell, reverse transcription of HIV RNA, 
integration into host genome, and formation of new virions. Consequences of productive HIV infection in CD4+ T cells include cell death by cytolysis and 
other mechanisms, spreading of virus to new targets, and establishment of long-lived latently infected reservoirs. The availability of high numbers of HIV 
target cells  in  lymphoid tissues  leads to high levels of viral replication in most untreated individuals, and in turn leads to bystander effects that reflect 
chronic immune activation. CTL, cytotoxic T lymphocyte. 

Reverse transcription
of HIV-1 RNA 

CD4+ T-cell activation by
antigens and cytokines 

Integration of HIV-1 DNA Cell death by viral 
cytopathic effects
or CTL 

Productively infected
CD4+ T cell in lymphoid
tissues

Bystander effects

Increased cell turnover
Increased apoptosis
Increased exhaustion

Latently infected
CD4+ T cell 

Productively infected
CD4+ T cell 

http://www.myuptodate.com


P
a
rt

 I
I 

M
aj

o
r 

C
lin

ic
al

 S
yn

d
ro

m
es

1534

although direct evidence of disruption of the mucosal barrier in the 
GALT of SIV-infected monkeys has been demonstrated, such evidence 
is limited in HIV infection. Nonetheless, as with studies on the effect 
of early ART on lymph node architecture, early treatment appears to 
help restore the intestinal CD4+ T-cell pool.162

CD4+ T Cells
CD4+ T-cell dysfunction, both quantitative and qualitative, is a major 
hallmark of HIV disease. The opportunistic infections observed with 
advancing disease are primarily caused by defects in CD4+ T-cell 
number and function that result directly or indirectly from HIV infec-
tion, although much debate remains regarding the pathogenic mecha-
nisms of CD4+ T-cell depletion. Direct effects of HIV on CD4+ T-cell 
function include direct infection of these cells, with resultant cell death 
that leads to loss of absolute cell numbers. Indirect effects of HIV 
infection result in decreased CD4+ T-cell production and differentia-
tion, altered activation and migration, dysregulation of effector func-
tions, and other defects in T-cell help.163 Furthermore, there is growing 
evidence that differences in phenotypic and functional attributes of 
HIV-specific as well as opportunistic pathogen-specific CD4+ T cells 
contribute to HIV disease progression and susceptibility to opportu-
nistic infections.164 For example, CD4+ T-cell responses against tuber-
culosis (TB) are lost earlier than those directed against CMV in 
HIV-infected individuals, in part because TB-specific CD4+ T cells 
tend to be more susceptible to HIV than their CMV-specific counter-
parts.165 These differences are also thought to help explain at least in 
part the progressive susceptibility of HIV-infected individuals to 
opportunistic pathogens.

T cells from HIV-infected individuals manifest various phenotypic 
and functional abnormalities that begin early after infection and 
worsen with disease progression.163 Functionally, CD4+ T cells are 
assessed by proliferative capacity, secretion of cytokines and chemo-
kines, and cytolytic activity. Defects in early HIV infection include 
depletion in the GALT of Th17 helper T cells that secrete IL-17,  
IL-22, and IFN-γ and are responsible for host responses against extra-
cellular bacteria at mucosal sites.166 Defects associated with chronic 
HIV disease and ongoing viral replication include decreases in response 
to and production of IL-2, particularly with IL-2 as part of a poly-
functional immune response; this latter defect is most clearly associ-
ated with poor outcome.163 Although single IFN-γ–producing CD4+ 
T cells are not affected until late in disease, these cells have poor  
proliferative capacity compared with the polyfunctional populations 
and predominate throughout the chronic phase in most untreated 
individuals.

Functional attributes of a given T-cell population can generally be 
linked to a distinct phenotypic profile, although there is considerable 
overlap between phenotypically distinct subsets of memory T cells  
and function.163 As noted earlier, several surface markers are used to 
define various stages of CD4+ T-cell differentiation, from naïve to 
central, effector, and terminally differentiated memory populations. 
Effector memory CD4+ T cells, which are primed for immediate effec-
tor response, including secretion of IFN-γ and cytotoxicity, are rela-
tively short lived and have a low capacity to self-renew.167 Central 
memory CD4+ T cells, which are better preserved in HIV-infected 
individuals who spontaneously control viral replication than in those 
who do not, have a high expansion capacity and are relatively long  
lived as a result of autocrine production of IL-2.167 In addition, HIV 
viral load has been associated with skewing toward terminal differen-
tiation of CD4+ T cells,168 in effect reducing the percentage of CD4+ 
T cells expressing CD28 (i.e., the major co-stimulatory receptor of  
the B7-CD28 family, which is needed for normal activation of T cells 
and expressed on central but not effector memory T cells). Further-
more, there is an increase in the frequency of CD4+ T cells expressing 
high levels of inhibitory members of the B7-CD28 family, namely  
PD-1 and CTLA-4, in HIV-infected individuals with persistent 
viremia.88,89,169 This phenomenon has been termed T-cell exhaustion, a 
dysfunctional manifestation of HIV persistence that includes impair-
ment of cytokine production and proliferative potential. Such defects 
can be reversed ex vivo by blocking the immunoregulatory mole-
cules,169 although the reversibility of exhaustion has not been proven 
in vivo in humans.

activation of integrated HIV in latently-infected resting CD4+ T cells 
in the hope that the virus in these cells will replicate and kill the cells, 
thus accelerating the depletion of the latent reservoir. Finally, there are 
also discussions of using therapeutic vaccination as part of a combina-
tion of approaches to control HIV replication in infected individuals 
through the induction of an immune response that could prevent viral 
rebound in the absence of ART. In this case, the more appropriate term 
would be a “functional” cure, whereby the virus, while still present in 
the body, would be kept in check by the individual’s own immune 
system.136,152

IMMUNE DYSFUNCTION CAUSED 
BY HUMAN IMMUNODEFICIENCY 
VIRUS INFECTION
A wide array of immune system deficits is associated with HIV infec-
tion. Abnormalities in the function of all limbs of the immune system, 
including T and B lymphocytes, antigen-presenting cells, and NK cells, 
have been described. Immunodeficiency may become so profound in 
the late stages of disease that HIV-specific antibody and cytolytic 
T-lymphocyte responses diminish in the face of high levels of ongoing 
viral replication.

Lymphoid Tissues
The dysfunctions induced by HIV can be best appreciated in the 
context of the microenvironment in which the virus replicates. Most 
CD4+ T cells, which comprise the main targets for HIV replication, 
reside in secondary lymphoid tissues, such as lymph nodes and GALT, 
in which immune responses are generated. Early studies conducted 
before the availability of effective ART demonstrated that the clinically 
asymptomatic phase of HIV infection is characterized by lymphoid 
hyperplasia, whereas advanced HIV infection is marked by a striking 
disruption of lymphoid tissue architecture.155 Follicular involution, 
hypervascularity, and fibrosis are some of the histopathologic changes 
evident in lymph nodes from patients with advanced HIV disease. The 
loss of FDCs, which results in follicular involution, has important 
implications regarding the pathogenesis of HIV-related immunodefi-
ciency. The ability to mount immune responses against new antigens 
and the ability to maintain memory responses are severely impaired in 
the absence of an intact FDC network.156 This loss of functional sub-
strate for the generation and maintenance of immune responses results 
in loss of containment of HIV replication and enhanced susceptibility 
to opportunistic infections.

In studies on the effect of HIV infection on lymph node architec-
ture, the inflammation caused by persistent viral replication contrib-
utes to lymphatic tissue damage and limits the potential for 
immunologic reconstitution after ART. Deposition of collagen in T-cell 
zones of lymph nodes is thought to be associated with the loss of  
total CD4+ T cells in general and naïve CD4+ T cells in particular.157 
Early initiation of ART may help limit the HIV-related damage and 
enable normalization of CD4+ T-cell populations. More recent studies 
have focused on a distinct subset of lymphoid tissue CD4+ T cells, 
named T follicular helper (Tfh) cells for their role in the formation and 
maintenance of GCs and in providing survival and differentiation 
signals to cognate B cells during the GC reaction.158 In lymph nodes of 
chronically infected HIV-viremic individuals, there is an increase in 
the frequency of Tfh cells, of which a substantial proportion is HIV-
specific.159 It is unknown whether these Tfh cells can provide adequate 
help to GC B cells, although Tfh cell function may be hampered, given 
recent findings that Tfh cells serve as major targets for active HIV 
replication.160

Massive depletion of CD4+ memory T cells, and especially the 
Th17+ CD4+ T-cell subset, in GALT, appears to occur within weeks 
after infection. Such a profound level of destruction at mucosal sur-
faces was first reported within the controlled setting of SIV infec-
tion.23,24 Furthermore, there are strong indications that the same 
extensive depletion occurs in GALT during the acute phase of HIV 
infection.22,147,148 The consequence of massive loss of CD4+ T cells in 
GALT on the course of HIV disease remains uncertain, although there 
is some suggestion that the depletion compounds immune activation, 
a hallmark of HIV disease (see Fig. 123-3), through the disruption of 
mucosal integrity and leakage of inflammatory products.161 However, 
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in HIV-infected cells has been shown in numerous in vitro models, the 
vast majority of apoptosis that occurs in vivo during the chronic phase 
of infection results from activation-induced cell death that occurs 
through bystander mechanisms.179 In this regard, acute SIV infection 
has been associated with massive depletion of effector memory CD4+ 
T cells in GALT.23,24 Although some debate remains as to the precise 
mechanism of cell death in GALT, it is likely that multiple mechanisms 
are involved, including massive depletion of bystander cells by Fas-
mediated apoptosis. Fas-mediated apoptosis is also the primary mech-
anism of apoptosis resulting from HIV-induced activation of CD4+ T 
cells, as well as CD8+ T cells, B cells, and NK cells (see Fig. 123-3).179,180 
In addition, both Fas- and TNF-related apoptosis-inducing ligand 
(TRAIL)-mediated pathways of apoptosis have been linked to the 
induction of IFN-induced genes, a major mechanism of HIV-mediated 
immune dysregulation that has been shown to affect all major lympho-
cyte populations.2,181,182 Of note, increased survival of memory CD4+ T 
cells of HIV-infected individuals who control HIV replication in the 
absence of ART has been associated with increased phosphorylation 
of FOXO3, a transcription factor that promotes extrinsic apoptosis 
when unphosphorylated.183 In addition to activation-induced cell 
death mediated by ligation of death receptors, there is also intrinsic 
apoptosis induced by activation that results in decreased expression of 
prosurvival members of the Bcl-2 family including Bcl-2 and Bcl-xl.178 
Both these prosurvival proteins are downregulated in activated CD4+ 
and CD8+ T cells isolated from HIV-infected individuals.180,184 Past and 
recent studies on the immunotherapeutic potential of cytokines such 
as IL-7 and IL-15 have suggested that part of their mechanism of action 
is to increase survival of T cells by increasing intrinsic levels of Bcl-2 
and other prosurvival members of this family.185

Lymphocyte Turnover. Mathematical models of lymphocyte turn-
over derived through analysis of immediate changes in circulating 
CD4+ T-cell counts in individuals, after the initiation of ART, have led 
to estimates that approximately 2 × 109 CD4+ T cells are destroyed and 
replenished daily.186 These seminal findings have led to the suggestion 
that increased turnover, which is defined by increased proliferation as 
well as cell death, of CD4+ T cells results from homeostatic compensa-
tion caused by HIV-mediated killing of CD4+ T cells. However, later 
studies using a variety of techniques to measure lymphocyte prolifera-
tion, including Ki-67 antigen, 5-bromo-2′-deoxyuridine (BrdU), and 
2H2-glucose to evaluate the effects of HIV on cell turnover have 
revealed a more complicated view. Several investigators have demon-
strated that the increase in cell turnover during ongoing viral replica-
tion not only affects CD4+ T cells, but is also observed in cells that are 
not direct targets of HIV and SIV, namely CD8+ T cells, B cells, and 
NK cells.187-189 These observations have led to the conclusion that 
increased cell turnover is mainly caused by HIV-induced immune 
activation and increased homeostatic proliferation in response to lym-
phopenia.176,177,190 Consistent with this view is the observation that 
CD4+ T-cell counts are maintained in natural SIV infections in which 
chronically high levels of virus replication occur in the absence of 
immune activation.191 Furthermore, cell turnover decreases after ART, 
in association with decreasing HIV viremia and immune activation, 
and before recovery of CD4+ T-cell counts.192 One lingering question 
with regard to the view that increased cell turnover is driven by 
increased immune activation is how to explain why CD4+ T cells are 
gradually depleted while CD8+ T cells are maintained until late-stage 
disease. Although there is no clear answer to this conundrum, several 
possibilities have been proposed, including a greater susceptibility of 
CD4+ than CD8+ T cells to the detrimental effects of immune activation 
and/or a lower regenerative capacity for CD4+ compared with CD8+ T 
cells. There are also indications that mechanisms of increased turnover 
differ between CD4+ and CD8+ T cells, with the latter being more 
influenced by homeostatic changes and effects of increased levels of 
type I IFNs.190

Decreased Production
Decreased production of CD4+ T cells could occur as a result of 
reduced thymic output. Proposed mechanisms for reduced thymic 
output in HIV infection include disruption of the thymic microenvi-
ronment, direct HIV infection and depletion of CD4+ thymocytes, 
reduction in thymocyte proliferation, and destruction of thymocytes 

A variety of additional mechanisms probably also contribute to the 
observed functional defects in T cells. Preferential infection by HIV of 
CD4+ memory T cells, and in particular HIV-specific CD4+ T cells,105 
helps explain loss of an effective response against the virus itself and 
other pathogens. In this regard, disruptions in the Vβ repertoire are 
seen with increased frequency in CD4+ T cells from patients with 
progressive HIV disease, particularly with a CD4+ T-cell count less 
than 200 cells/µL170; these disruptions are not restricted to a particular 
subset of CD4+ T cells but are thought to help explain the impaired 
response to pathogens in individuals with advancing HIV disease.171 
Of interest, increases in CD4+ T-cell counts associated with antiretro-
viral or IL-2 therapy do not result in restoration of the normal pattern 
of the T-cell receptor repertoire. However, there are indications that 
early initiation of ART and other cytokine-based therapies, such as 
IL-7 and IL-15 therapy, may stabilize and even improve the T-cell 
repertoire.172,173

Mechanisms of CD4+ T-Cell Depletion
Even though CD4+ T cells were shown more than a quarter century 
ago to be the cells most deleteriously affected in HIV-infected indi-
viduals, there remains considerable debate regarding the relative con-
tribution of various mechanisms for the depletion of CD4+ T cells 
during the course of HIV infection. As with many other areas of HIV 
immunopathogenesis, evaluations of patients who control viremia 
without treatment for prolonged periods of time as well as those who 
initiate effective antiretroviral therapy during acute or chronic phases 
of infection and those who interrupt treatment have provided funda-
mental insights into the understanding of the potential contributions 
of increased destruction, decreased production, and redistribution as 
mechanisms for CD4+ T-cell depletion in HIV-infected individuals.

Increased Destruction
Direct Infection. The observations that CD4+ T cells are the principal 
targets of HIV infection in vivo3,4 and that HIV infection of CD4+ T 
cells in vitro causes cytopathogenicity have led to a reasonable assump-
tion that direct infection of CD4+ T cells in vivo results in their deple-
tion (see Fig. 123-3). However, quantitative studies of the frequency of 
HIV-infected cells in vivo suggest that single-cell killing by direct 
infection with HIV may not be the predominant mechanism of CD4+ 
T-cell depletion. In this regard, the proportion of productively infected 
peripheral blood CD4+ T cells in HIV-infected individuals rarely 
exceeds 1 in 100, even in advanced disease.174,175 Viral burden and levels 
of virus expression are far greater in lymphoid tissues, including GALT 
and lymph nodes, than in peripheral blood.146-148,155 Furthermore, the 
very high level of CD4+ T-cell depletion observed in mucosal tissues 
during acute HIV and SIV infection has led to a reevaluation of the 
mechanisms of HIV pathogenesis.176 However, these observations do 
not clarify whether early killing of CD4+ T cells is from direct infection, 
and there are many indications that distinct mechanisms of CD4+ 
T-cell dynamics characterize the early versus the chronic phase of HIV 
infection. Overall, direct infection does not appear to be high enough 
to account solely for the progressive, albeit slow, loss of CD4+ T cells 
that occurs over the course of HIV disease.177

Apoptosis. Apoptosis is the morphologic description of a form of 
programmed cell death critical to physiologic homeostasis in almost 
every organ system. Apoptosis is mediated by a series of effectors (e.g., 
caspases) and regulators and proceeds by one of two major pathways: 
the extracellular pathway, triggered by the binding of a ligand to a 
death receptor, and the intracellular pathway, triggered by mitochon-
drial events after stress signals from within the cell.178 Both pathways 
are thought to be involved in the death of cells, resulting from direct 
and indirect effects of HIV infection. Mechanisms of apoptosis associ-
ated with HIV infection include cytolysis of infected cells through 
activation of granzymes, death of infected cells by virus-induced cyto-
pathogenicity, death of bystander cells from proapoptotic viral proteins 
released from infected cells, and death resulting from HIV-induced 
immune activation.179

It has been suggested that aberrant intracellular signals transduced 
by HIV proteins, including gp120 and Tat, might prime CD4+ T cells 
for apoptosis and thereby result in depletion of these cells during the 
course of HIV infection.180 However, whereas induction of apoptosis 
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During HIV disease progression, CD8+ T cells also undergo altera-
tions that reflect a skewing within the CD8+ T-cell compartment. 
Increased frequencies of CD8+ T cells with reduced expression of CD28 
and increased expression of CD57 are observed in HIV disease, pos-
sibly reflecting expansion of immunosenescent cells that normally 
occurs in the elderly.197 Data from numerous studies have suggested 
that impaired HIV-specific CD8+ T-cell activity in HIV-viremic indi-
viduals is at least in part associated with a skewed effector memory 
CD8+ T-cell population that displays low polyfunctionality, prolifera-
tive capacity, and effector function.163,198 Furthermore, HIV-induced 
T-cell exhaustion, which includes upregulation of the inhibitory recep-
tors, including PD-1 and Tim-3 among others, has been described both 
for HIV-specific CD8+ T cells and in the general CD8+ T-cell popula-
tion.169 However, the precise role of PD-1 in cytotoxic T lymphocyte 
(CTL) responses is not clear, although there is consensus agreement 
that its expression is detrimental to function.163 Other CD8+ T-cell 
functions may be impaired during HIV disease progression, such as 
loss of noncytolytic, non–MHC-restricted CD8+ T-cell–derived HIV 
suppression.199

B Cells
Dysregulation of B cells and the decreased ability of these cells to 
respond to antigen are likely responsible, in part, for the increase in 
certain bacterial infections seen in advanced HIV disease in adults, as 
well as for the morbidity and mortality associated with bacterial infec-
tions in HIV-infected children who cannot mount an adequate humoral 
response to common bacterial pathogens.200 The number of circulating 
B cells is decreased in HIV-infected individuals; this likely reflects a 
combination of effects associated with HIV viremia, including the 
expansion of apoptosis-prone subsets and redistribution of cells into 
lymphoid tissues.201 During the chronic phase of HIV infection with 
persistent HIV viremia, hypergammaglobulinemia, and B-lymphocyte 
hyperactivation are noted. The increase in immunoglobulins occurs for 
all classes of antibody, although IgG is the most affected, and the 
increase is largely polyclonal.201 The association between hypergam-
maglobulinemia and ongoing HIV replication was first demonstrated 
in longitudinal studies in which initiation of ART led to the normaliza-
tion of serum levels of both immunoglobulins and the corresponding 
antibody-secreting cells (plasmablasts or plasma cells).202 B cells iso-
lated from HIV-viremic individuals have been shown to be defective 
in their proliferative responses to various stimuli, as first demonstrated 
in 1983.203 Chronic HIV plasma viremia has also associated with the 
appearance of various subpopulations of B cells that express reduced 
levels of CD21, some of which are responsible for the increased secre-
tion of immunoglobulins and the decreased response to B-cell 
stimuli.201 Several of these phenotypic and functional aberrations can 
be reversed by reduction of HIV plasma viremia by ART, suggesting 
that control of viremia may contribute to the restoration of the humoral 
arm of the immune system.201

Several defects in B cells from HIV-infected individuals have been 
attributed to the expansion of subsets that are not normally present in 
the peripheral blood of healthy individuals.204 In addition to the plas-
mablasts, described above, that are associated with hypergammaglobu-
linemia, there is also an expansion of immature transitional B cells and 
tissue-like memory B cells bearing features of exhaustion. The expan-
sion of immature transitional B cells in the peripheral blood of HIV-
infected individuals is associated with increased serum levels of IL-7 
and CD4+ T-cell lymphopenia, with the strongest effects observed in 
advanced HIV disease and in individuals treated with exogenous 
IL-7.201,205 In contrast, the expansion of tissue-like memory B cells, 
defined by reduced expression of CD21 and CD27, the marker of 
classic B-cell memory, in the peripheral blood of HIV-infected indi-
viduals is associated with chronic HIV viremia.206 Tissue-like memory 
B cells show signs of HIV-associated exhaustion, as manifested by the 
following: increased expression of multiple inhibitory receptors and 
altered expression of homing receptors, similar to exhausted virus-
specific T cells; decreased replication history and somatic hypermuta-
tion required for an effective antibody response; and decreased 
proliferative responses. Furthermore, the HIV-specific B-cell response 
is enriched within this exhausted B-cell compartment, indicating that 
B-cell exhaustion may contribute to the poor antibody response against 

by apoptosis.176 Douek and co-workers193 first demonstrated that recent 
thymic emigrants in HIV-infected individuals are significantly 
decreased as a consequence of HIV infection. The percentage of circu-
lating and lymph node naïve CD4+ T cells carrying signal-joint T-cell 
receptor (TCR) excision circle (TREC) gene products, a marker of 
recent thymic emigration, was significantly reduced in HIV-infected 
individuals compared with age-matched control subjects. Initiation of 
effective antiretroviral therapy resulted in a significant increase in 
signal-joint TRECs in CD4+CD45RO−CD27+ naïve T cells in the 
periphery; the latter finding suggested that the thymus remains func-
tional in these individuals, who were past adolescence, and may con-
tribute to immune reconstitution. Although some of these findings 
were later questioned, newer approaches to measuring the various 
forms of TREC have been used to show decreased intrathymic prolif-
eration in HIV disease,194 thus supporting earlier indications that pro-
duction of new T cells by the thymus is compromised in infected 
individuals. These findings are also supported by observations of 
increased thymic mass after initiation of ART in HIV-infected indi-
viduals. However, many issues regarding thymic output in HIV infec-
tion remain a matter of debate and, as explained later, T-cell dynamics 
are also likely to be affected by redistribution.

The disruption of normal hematopoiesis may contribute to the 
depletion of CD4+ T cells during HIV infection. Although there is 
limited evidence for direct infection of CD34+ progenitor cells and 
a role for the bone marrow in HIV persistence, abnormalities in  
bone marrow architecture and stromal auxiliary cells are observed in 
HIV-infected individuals.195 Such defects may thus compromise the 
bone marrow’s ability to serve as the primary source of lymphocyte 
precursors.

Redistribution. Although the role of redistribution in the loss of 
CD4+ T cells is unclear and difficult to ascertain, data from both HIV 
and SIV infections indicate that there is significant trafficking of CD4+ 
T cells from the peripheral blood to lymphoid tissue in acute and 
chronic infection. The trafficking of lymphocytes is mediated, in part, 
through the expression of homing receptors, which guide cells from 
the peripheral blood into lymphoid tissues via extravasation that 
involves cross-linking of their ligands on endothelial venule cells. In 
this regard, several investigators have suggested that redistribution of 
CD4+ T cells back from lymphoid tissue to the peripheral blood con-
tributes significantly to the increase in CD4+ T cells after the initiation 
of ART.196 The concept that redistribution rather than increased pro-
liferation is responsible for early increases in CD4+ T-cell counts after 
ART is more consistent with lymphocyte-labeling data, which show a 
decrease in the rate of cell division after ART.187,189,192

CD8+ T Cells
Dysregulation of CD8+ T-cell numbers and function is evident 
throughout the course of HIV disease. After acute primary infection, 
CD8+ T-cell counts usually rebound to supranormal levels and may 
remain elevated for prolonged periods. Increases in CD8+ T cells 
during all but the late stages of disease may partly reflect the effects of 
chronic immune activation that affect both CD4+ and CD8+ T cells, 
albeit with distinct responses in terms of rates of proliferation, death, 
and regeneration. Although many explanations for the inverse ratio of 
CD4 to CD8 remain speculative, there is general agreement that the 
inversion is not simply a reflection of CD4+ T cells being direct targets 
for HIV.176,177,190 As with CD4+ T cells, CD8+ T cells of HIV-viremic 
individuals manifest an increased cell turnover and decreased levels of 
TREC. However, there are some indications that compared with 
memory CD4+ T cells, memory CD8+ T cells are less dependent on the 
naïve compartment for replenishment and have a lower deficit to over-
come after the acute phase of massive cell depletion in GALT.157

Furthermore, whereas both activation and death rates are equally 
increased for CD4+ T cells, there is likely a net increase in activation 
for CD8+ T cells that may be explained by differences in how CD4+ and 
CD8+ T cells become activated in HIV-infected individuals.190 In this 
regard, the degree of T-cell activation, as measured by the expression 
of the activation marker CD38 on CD8+ but not on CD4+ T cells, 
remains one of the strongest predictors of time to HIV disease progres-
sion.176 Even in patients receiving ART, the level of activation on CD8+ 
T cells is inversely correlated to gains in CD4+ T-cell counts.184

http://www.myuptodate.com


C
h

ap
ter 123 The Im

m
unology of Hum

an Im
m

unodeficiency Virus Infection
1537

replication (see “Role of Immune Activation in the Pathogenesis of 
Human Immunodeficiency Virus Infection”).215

Monocytic cells express CD4 and numerous HIV co-receptors on 
their surface, including CCR5 and CXCR4,216 and serve as targets of 
HIV infection. Unlike infection of CD4+ T cells, HIV co-receptor usage 
is more restricted to CCR5 in the monocyte-macrophage lineage. 
Recent evidence suggests that host restriction factors also explain  
the more restricted replication of HIV in this lineage despite the 
expression of appropriate HIV receptors.217 Whereas circulating 
monocytes are rarely found to be infected in vivo, infection is found 
in vitro in tissue macrophages, including resident microglial cells in 
the brain, pulmonary alveolar macrophages, and mature macrophages 
derived from blood monocytes in vitro.151 Lymphoid tissue macro-
phages can be prolific producers of HIV in the setting of advanced HIV 
disease.218

In pre-ART years, HIV-induced central nervous system (CNS) 
disease was common and involved infection and activation of microg-
lia and macrophages in the CNS. The process resulted in neurologic 
impairment, including encephalopathy, neuropathy, astrocytosis, and 
cerebral vasculitis. The inflammatory processes linked to HIV-
associated dementia have been associated with several factors, includ-
ing chemokines and cytokines that are produced by activated 
macrophages.219 Increased levels of lipopolysaccharide (LPS), a highly 
inflammatory bacterial product that preferentially binds to macro-
phages through interactions with CD14 and Toll-like receptors, are 
observed in the serum of HIV-infected individuals.161 The binding of 
LPS to monocytes may promote disruption of the blood-brain barrier, 
further enhancing the migration of activated monocytes into the CNS 
and thus contributing to HIV-associated dementia.220 Even in indi-
viduals whose HIV viremia is controlled by ART, there is evidence for 
residual neurocognitive disorders that are likely to be associated with 
residual macrophage activation.220

Dendritic Cells
Dendritic cells (DCs) are among the first cells to encounter HIV after 
mucosal exposure and are probably responsible for transporting the 
virus to lymphoid organs, thus facilitating infection of CD4+ T cells 
and viral dissemination (see “Dissemination of Human Immunodefi-
ciency Virus Infection”). Whereas DCs express several different che-
mokine receptors that can be used as HIV co-receptors for entry,221 
there is limited evidence that DCs become productively infected in 
vivo. Instead, DCs are more likely to be involved in capturing HIV, 
forming conjugates with CD4+ T cells by way of long flexible filopodia, 
and contributing to the formation of infectious viral synapses.18,222 This 
sequence of events is thought to be highly efficient at promoting the 
transmission of HIV virions from DCs to CD4+ T cells. Several C-type 
lectin receptors, including DC-SIGN and langerin, which are differen-
tially expressed on subsets of DCs, play an important role in the 
capture of HIV virions by DCs.223

Early studies provided conflicting data on the dysfunction of DCs 
during HIV infection. Interpretation of these studies was complicated 
by the use of different DC purification techniques, existence of multiple 
poorly defined DC subsets, and differential culture conditions used by 
investigators. The more recent classification of DCs into mDC and 
plasmacytoid (pDC) subsets has led to the identification of specific DC 
dysfunction in HIV disease. pDCs, which secrete high amounts of 
IFN-α in response to viral infections, are an important component of 
the innate immune system. HIV infection leads to a decrease in the 
number of circulating pDCs through mechanisms that are not well 
delineated but may involve direct infection with HIV or direct interac-
tions with the HIV envelope, redistribution to lymphoid tissues, and 
apoptosis.224,225 Several mechanisms of immune dysfunction in HIV 
disease have also been attributed to pDCs, including the induction of 
regulatory (Treg) T cells with suppressive function and induction of 
apoptosis-mediating ligands on pDCs.18,224 In this regard, recent studies 
suggest that HIV-infected individuals who control viremia without 
ART have superior DC functional and phenotypic attributes than those 
with advancing HIV disease.167 Finally, there are also indications that 
the increase in Treg cells and reciprocal depletion of Th17 cells in the 
gut of HIV-infected individuals is in part due to inflammatory factors 
secreted by chronically activated mDCs and pDCs.226

HIV observed in HIV disease. Finally, correlates of B-cell dysfunction 
observed in HIV-infected viremic individuals also included an 
increased frequency of B-cell neoplasms, which is likely a reflection of 
transformation arising from increased HIV-induced B-cell turnover in 
the face of impaired T-cell immunoregulation.207

Several studies have found an overall decrease in memory B cells 
at the phenotypic and functional levels.208 Classic memory B cells are 
defined by the expression of CD27 on B cells that are resting and long 
lived. Of note, the decrease in the frequency of resting memory B cells 
in HIV-infected individuals occurs early after infection and is not 
reversed by antiretroviral therapy, although there are some indications 
that early initiation of ART helps normalize the B-cell compart-
ment.209 These observations likely explain, at least in part, the reduced 
memory B-cell responses that have been reported against various 
T-cell–dependent and –independent immunogens, as well as against 
HIV itself. In this regard, new tools for directly probing HIV-specific 
B cells have become available in recent years and are providing new 
insights into the antibody response against HIV.210 Recent findings 
suggest that potent and broadly neutralizing antibodies, mainly 
directed against a few sites of vulnerability within the HIV envelope, 
arise after several years of infection in a relatively small percentage of 
untreated individuals.43 It is hoped that a better understanding of the 
HIV-specific antibody and B-cell responses in HIV-infected individu-
als will lead to better strategies for an effective antibody-based vaccine.

Natural Killer Cells
NK cells provide innate immune defense against virus-infected cells, 
certain tumor cells, and allogeneic cells. Activation of NK cells is gov-
erned by a balance of signals received from the triggering of cytotoxic 
activating and inhibitory receptors, the latter of which recognize MHC 
class I molecules and prevent cytolysis.211 NK cells can be divided into 
three subsets based on the expression of CD56; most NK cells in the 
peripheral blood of healthy individuals are composed of CD56dim NK 
cells compared with a minority that are CD56bright.211 This latter subset 
tends to have a more regulatory function, secreting high levels of 
cytokines such as IFN-γ and TNF-α, whereas the former subset has a 
more cytotoxic function. The third subset, CD56neg NK cells, are almost 
absent in healthy individuals, yet become overexpressed in HIV-
infected individuals, especially those who maintain a high level of 
viremia.211 A reduction in the ability of NK cells to lyse target cells is 
observed throughout the course of HIV disease, and this defect 
increases with disease progression. Loss of function is associated with 
the increased frequency of CD56neg NK cells. The functional defects of 
CD56neg NK cells are also associated with an upregulation of certain 
inhibitory receptors and a downregulation of several activating 
receptors.212

There is little evidence that HIV productively infects NK cells in 
vivo; however, there is evidence that many HIV proteins, including 
envelope and accessory proteins, perturb NK cells by increasing their 
susceptibility to apoptosis. In addition, the virus possesses evasion 
properties that reduce the ability of NK cells to kill infected target 
cells.211 Several studies, reviewed by Carrington and coworkers,213 have 
also found an association between genotype of certain NK cell-related 
HLA molecules and control of HIV viremia and disease progression, 
suggesting a role for NK cells in the control of HIV disease. In this 
regard, a recent study demonstrated that mutations identified in HIV 
accessory genes of chronically infected individuals likely arose in 
response to pressure from killer-cell immunoglobulin-like receptors 
(KIR), providing additional evidence that HIV evolves to evade NK 
cell–mediated responses against the virus.214

Monocytes and Macrophages
Cells of the monocyte-macrophage lineage play key roles in the immu-
nopathogenesis of HIV disease. These cells are likely involved in facili-
tating the transmission and establishment of HIV infection, as 
described earlier (see “Dissemination of Human Immunodeficiency 
Virus Infection”), although their role in maintaining the viral reservoir 
in ART-treated individuals is less certain.151 Dysfunction of these cells 
also occurs in HIV-infected individuals, especially with regard to 
impaired host defense against intracellular pathogens and their contri-
bution to the immune-activating effects associated with ongoing HIV 
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translocation in nonpathogenic SIV infections,220 immune activation 
is unlikely to be solely linked to mucosal CD4+ T-cell depletion.

There are important consequences of generalized immune activa-
tion that likely contribute to the inefficiency of the HIV-specific 
immune response and to the eventual impairment of the regenerative 
potential of the entire immune system. The increase in immune activa-
tion and inflammation that arises from ongoing HIV replication is 
accompanied by an expansion of exhausted T cells and B cells, as well 
as increased levels of immunoregulatory factors such as IL-10.231 HIV-
specific exhaustion of CD4+ and CD8+ T cells is defined by decreased 
proliferative and effector function, alterations in homing receptor 
expression patterns consistent with migration to sites of inflammation, 
and increased expression of inhibitory receptors, such as PD-1, 2B4, 
LAG-3, CD160, and Tim-3 on CD8+ T cells, and PD-1 and CTLA-4 on 
CD4+ T cells.88,89,169 A reversal of HIV-specific exhausted T cells has 
been demonstrated with PD-1 and CTLA-4 antagonists. A similar 
skewing of B cells toward a profile consistent with exhaustion has also 
been described,206 although the reversibility of B-cell defects, although 
shown in NHP models,232 remains an open question in humans.

The effect of generalized immune activation on the immune system 
also includes gradual destruction of lymph node architecture and 
changes in the composition of lymphoid tissues that impede immune 
function. The destruction of lymph node architecture and an increase 
in fibrosis have deleterious effects, both on the generation of effective 
immune responses and on T-cell homeostasis.196 Furthermore, the 
deposition of collagen in lymphoid tissues has been shown to contrib-
ute to defects in normal T-cell homeostasis. Similar effects have been 
proposed for B cells.233

CYTOKINES AND HUMAN 
IMMUNODEFICIENCY VIRUS 
DISEASE: DYSREGULATION OF 
CYTOKINE PRODUCTION
One important facet of chronic immune activation induced by HIV 
infection is the increased production of proinflammatory cytokines 
and chemokines. Early after infection, high levels of TNF-α, IP-10, 
IFN-γ, and IL-6 are found in serum.234 These dramatic changes, which 
are unique to HIV, are commonly referred to as a cytokine storm.235 
Levels of other proinflammatory and immunoregulatory cytokines 
increase over the course of HIV disease, including IL-1β, IL-10, and 
transforming growth factor-β (TGF-β), the latter of which is particu-
larly evident in lymphoid tissues and is thought to contribute to the 
deposition of collagen and ensuing damage to the stromal fibroblastic 
reticular cell network on which lymphocytes migrate.196 The produc-
tion of proinflammatory cytokines and chemokines is thought to origi-
nate, at least in part, from innate immune cells as a result of increased 
expression of pattern recognition receptors such as Toll-like recep-
tors.229 In this regard, the triggering of Toll-like receptors, as part of the 
innate immune responses against HIV or because of mucosal leaching 
of microbial products such as LPS, is thought to lead to secretion of 
proinflammatory cytokines by macrophages and dendritic cells.229

The role of pDCs in shaping the cytokine milieu in HIV-infected 
individuals is considered potentially very important, although difficult 
to ascertain because of the low frequency of pDCs in the circulation. 
Although numbers of pDCs may be decreased in the peripheral blood 
of HIV-infected individuals, their induction and secretion of copious 
amounts of IFN-α is most likely to occur as part of the host innate 
immune response to HIV.224 In this regard, numerous studies have 
shown that ongoing HIV replication is associated with the induction 
of numerous IFN-induced genes in all major lymphocyte popula-
tions.182,201 Among these IFN-induced genes are ones coding for death 
receptors and ligands that have been associated with increased suscep-
tibility to apoptosis of lymphocytes isolated from HIV-viremic indi-
viduals. These include Fas and FasL, as well as the ligand TRAIL and 
accompanying death receptors DR4 and DR5.224

Another disruption in cytokine networks observed in HIV disease 
is a progressive loss of the ability to produce immunoregulatory cyto-
kines, such as IL-2, that reflect changes in CD4+ and CD8+ T-cell effec-
tor function (see, “Cellular Immune Responses”). Whereas functional 
impairment was once attributed to loss of type 1 T-helper (Th1) cyto-
kines (IL-2, IFN-α, and IL-12) and possible dominance of Th2-like 

ROLE OF IMMUNE ACTIVATION IN 
THE PATHOGENESIS OF HUMAN 
IMMUNODEFICIENCY VIRUS 
INFECTION
The end result of HIV infection is profound immunodeficiency; 
however, paradoxically, HIV infection is associated with hyperactiva-
tion of the immune system throughout most of the course of disease. 
HIV subverts the immune system by inducing immune activation, 
using this milieu toward its own replicative advantage, and causing 
widespread damage to the immune system. Whereas it is well accepted 
that the replicative cycle of HIV infection is most efficiently achieved 
in activated cells,143,144 most of the damage caused by HIV is not the 
result of direct infection of CD4+ T cells but, rather, the widespread 
activation and apoptosis of CD4+ T cells and other cells of the immune 
system.177,179,227 In this regard, numerous studies have demonstrated 
that the level of CD8+ T-cell activation, as measured by expression of 
CD38 and HLA-DR, is a better correlate of HIV disease progression 
than HIV viremia.228 More recently, alterations in expression and secre-
tion of factors associated with the myeloid lineage have also been 
proposed as indicators of immune activation induced by both active 
viral replication and by the residual effects of viremia in individuals 
receiving effective ART.161,215 The persistence of immune activation in 
individuals receiving ART is thought to explain, at least in part, their 
increased risk of comorbidities, such as cardiovascular and liver dis-
eases, type 2 diabetes, osteoporosis, and malignancies.197,229

With regard to T cells, and to a lesser extent B cells and NK cells, 
the evidence for HIV-induced immune activation is severalfold. There 
is a high frequency of cells expressing markers of activation and cell 
cycling during ongoing HIV replication that is reversed by effective 
ART.177,176,227 There is a higher frequency of cells that are prone to 
apoptosis, most likely activation-induced apoptosis, in HIV-viremic 
individuals compared with HIV-aviremic and HIV-negative indi-
viduals.179 There is a high frequency of cells turning over in vivo, 
as measured by direct labeling techniques, which is also reversed by 
effective ART or shown to be lower in HIV-aviremic and HIV-negative 
individuals.187,189,192

One of the most widely accepted indirect pieces of evidence that 
immune activation plays a major role in HIV immunopathogenesis is 
the nonpathogenic outcome of SIV infection in its natural host. In the 
case of naturally SIV-infected sooty mangabeys, high levels of SIV 
viremia occur in the absence of generalized immune activation and 
progressive CD4+ T-cell depletion.220 In further contrast to HIV infec-
tion, which almost invariably leads to AIDS if left untreated, SIV infec-
tion in natural hosts almost never leads to disease progression. Over 
the years, the differences between pathogenic HIV infection in humans 
and nonpathogenic SIV infection in nonhuman primates, such as  
sooty mangabeys, have been extensively investigated. The most consis-
tent feature of these comparisons remains the lack of generalized 
immune activation in natural SIV infection, with a muted type I IFN 
response after the acute phase being the most important difference 
observed between naturally controlled SIV and uncontrolled HIV 
infections.230

The underlying causes of HIV-induced immune activation, 
increased cell turnover, and eventual depletion of CD4+ T cells remain 
a matter of debate. On the one hand, it has been suggested that 
increased cell turnover is a homeostatic response to depletion of CD4+ 
T cells and that the early massive depletion in mucosal tissues leads to 
a chronic state of increased proliferation, activation, and cell death.176,177 
The eventual systemic depletion of CD4+ T cells that characterizes 
AIDS is also explained by a pronounced loss of naïve and central 
memory CD4+ T cells, both of which are strictly regulated and may be 
more prone to regenerative failure than other lymphocytes.227 On the 
other hand, immune activation and inflammation are seen as resulting 
from various direct and indirect effects of HIV viremia. It is most likely 
that the causes of immune activation are multifactorial and not driven 
by one overriding force. In this regard, there are some indications that 
inflammation may, in part, be driven by the translocation of bacterial 
products such as LPS after the massive loss of CD4+ T cells and subse-
quent disruption of the mucosal barrier in the gut.161 However, given 
that depletion of mucosal CD4+ T cells occurs without bacterial 
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improvement of T-cell homeostasis and function.205 There are also 
indications that IL-7 is less toxic than IL-2 and may also improve 
reconstitution of lymphoid tissues.196 Finally, IL-15, also a member of 
the γc family, is produced by antigen-presenting cells, including 
monocyte-macrophages and DCs, and binds to the IL-2Rβ complexed 
with common γc. In both HIV-infected and HIV-negative individuals, 
IL-15 induces many of the same responses as IL-2.190 However, in 
contrast with IL-2 and IL-7, IL-15 may be most effective at driving the 
expansion and tissue emigration of CD4+ and CD8+ effector memory 
T cells.240 However, these findings are based on an SIV model, and it 
remains to be seen how IL-15 will modulate T cells in HIV-infected 
individuals. There are also concerns that IL-15 may be difficult to 
implement as part of a clinical regimen of immune reconstitution, 
given that it can accelerate disease progression when administered 
during the acute phase of infection.190

CONCLUSIONS
The pathogenesis of HIV infection is a multifactorial process consist-
ing of aberrant cellular activation and dysregulation of almost every 
aspect of the immune system. Disease progression is intimately related 
to ongoing virus replication and the ability of the virus to induce 
quantitative and qualitative abnormalities of the immune system by 
direct and/or indirect mechanisms.

Potent ART currently remains the best approach for delaying HIV 
disease progression. In addition, several cytokines of the γc family, 
including IL-7 and IL-15, have been added to IL-2 as potential immu-
notherapeutic agents. There are also indications that therapeutics 
aimed at dampening HIV-induced immune activation may be benefi-
cial, especially early in infection. Finally, agents aimed at purging HIV 
from latent and other viral reservoirs are also being considered, with 
or without immune-modulating therapies, in the context of potentially 
curing individuals of HIV.

Progression of HIV disease in the setting of seemingly vigorous 
anti-HIV immune responses remains a central paradox in the patho-
genesis of HIV infection. Elements of humoral and, especially, cell-
mediated immune responses against HIV have been implicated in 
individuals who control the virus in the absence of ART. However, the 
lack of clear correlates of protective immunity in HIV infection con-
tinues to be a major obstacle to the rational development of immuno-
therapeutic approaches and vaccine development.

HIV is the quintessential opportunist, as illustrated by its ability to 
subvert activation of the immune system to its own replicative advan-
tage. The virus can disarm multiple components of the host immune 
response by direct and indirect mechanisms. Understanding more 
about interactions between the virus and host that lead to dysfunction 
and depletion of the immune system should aid in the development of 
preventive and therapeutic strategies.

responses (i.e., secretion of IL-4, IL-5, and IL-10) during progression 
of HIV disease, many of these paradigms have been complicated by 
the discovery of new CD4+ T-cell subsets. These include Th17 cells, 
which produce IL-17 and IL-22 and are likely to play an important role 
in antibacterial immunity.236 In one model of mucosal tissue dysregula-
tion associated with HIV-induced immune activation, the secretion of 
indoleamine 2,3-dioxygenase, an immunomodulatory enzyme, by DCs 
led to preferential depletion of Th17 cells and a concomitant increase 
in Tregs in the blood and gut.226 Although the role of Tregs in HIV 
disease remains controversial, there does appear to be a consensus that 
the balance of Tregs and Th17 is disrupted in HIV-infected individuals 
and that these changes are, in part, driven by increases in Treg conver-
sion cytokines, such as TGF-β and IL-10.237

ROLE OF CYTOKINES AS 
THERAPEUTIC AGENTS IN HUMAN 
IMMUNODEFICIENCY VIRUS 
INFECTION
The use of cytokine-based therapies aimed at immune reconstitution 
and immune modulation in HIV disease has expanded over the past 
several years, particularly with the mounting evidence that ART alone 
is unable to restore CD4+ T-cell numbers and function completely. 
Early concerns that cytokine-based therapies could increase viral rep-
lication by increasing the number of activated CD4+ T-cell targets have 
been carefully addressed.

Most cytokine-based therapies have been aimed at T-cell deficien-
cies in the common gamma chain (γc) family of cytokines. Among this 
family, IL-2 has received the most attention because it was first con-
sidered as a therapeutic agent in 1983.238 Several years of trials and 
detailed analyses have determined that intermittent administration of 
IL-2, although associated with a sustained expansion of naïve and 
memory regulatory CD4+ T cells and diminution in levels of activation 
and apoptosis, does not appear to provide sustained clinical benefits.190 
Two additional members of the γc family of cytokines, namely IL-7 and 
IL-15, are being considered as therapeutic agents to improve T-cell 
function in HIV-infected individuals.

IL-7 is produced in the thymus and bone marrow mainly by non-
hematopoietic cells and binds to IL-7Rα (CD127) complexed with 
common γc. IL-7 is considered a major regulator of survival and 
homeostasis of naïve and memory T cells.205 In HIV-infected individu-
als, high levels of IL-7 are detected in serum, inversely correlated with 
CD4+ T-cell counts.239 It is unclear whether the increased levels of 
IL-7 induced by CD4+ T-cell lymphopenia results from increased pro-
duction of IL-7 or decreased presence of cells expressing CD127. 
Nonetheless, several studies in SIV models have demonstrated a thera-
peutic benefit of administering exogenous IL-7, and clinical studies in 
humans have also demonstrated that administration of IL-7 leads to 
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Human immunodeficiency virus (HIV) infection results in a wide 
range of clinical consequences from asymptomatic infection despite 
active viral replication to severe immunodeficiency with life-
threatening opportunistic disease. In persons infected with HIV, 
ongoing viral replication produces a steady decline in and eventual 
ablation of cell-mediated immunity, as well as marked immune activa-
tion and inflammation, all of which give rise to diverse manifestations 
of opportunistic disease. The acquired immunodeficiency syndrome 
(AIDS) is the most advanced stage of this illness, in which the infected 
host can no longer control opportunistic organisms or malignancies 
that rarely cause illness in immunocompetent individuals. The clinical 
features of HIV may vary according to the individual’s age, sex, race, 
geographic location, treatment status, and behavioral history. In this 
chapter selected clinical aspects of HIV infection, from the acquisition 
of the virus to death with AIDS, are reviewed and the classification and 
staging of this important viral infection and the acute retroviral syn-
drome and oral, cutaneous, renal, ocular, and cardiac diseases are 
discussed.

HISTORY
Disease caused by HIV-induced immunosuppression was first 
described in late 1980 and early 1981, when physicians in Los Angeles, 
New York, and San Francisco reported outbreaks of Kaposi sarcoma, 
a previously rare malignancy, and opportunistic infections in young 
homosexual men.1-6 These patients had a selective defect in cell-
mediated immunity that was manifested by low numbers of CD4+ 
T lymphocytes and the development of a variety of opportunistic 
infections.

The occurrence of opportunistic diseases in homosexual men  
who had previously been healthy suggested that immunodeficiency 

developed because of an acquired rather than a congenital trait. In 
1982, the Centers for Disease Control and Prevention (CDC) devel-
oped a case definition, based on the clinical, immunologic, and epide-
miologic features of the first clusters of cases, for what was called the 
“acquired immunodeficiency syndrome.”7 AIDS was defined as the 
occurrence of a reliably diagnosed disease at least moderately indica-
tive of underlying cellular immunodeficiency in a person without a 
condition known to be associated with an increased incidence of dis-
eases related to cellular immunodeficiency. AIDS became a reportable 
condition in the United States in 1983. Soon after the initial case 
reports of AIDS, additional cases were observed in persons other than 
homosexual men. In 1981 and 1982, heterosexual injection drug users 
and immigrants from Haiti were reported to have AIDS.8-10,11,12 AIDS 
cases in hemophiliacs, recipients of blood transfusions, and Africans 
were soon reported.13,14

As the groups of persons at risk for AIDS expanded, clinicians 
noted an increasing spectrum of clinical manifestations of AIDS-
associated immunodeficiency. Unexplained generalized lymphade-
nopathy, idiopathic thrombocytopenia, oral candidiasis, herpes zoster, 
and a constitutional wasting syndrome were observed in persons from 
AIDS risk groups who had deficits in cellular immunity.15-19 The term 
AIDS-related complex was coined to describe the signs and symptoms 
of immunodeficiency recognized with increasing frequency in persons 
at risk for AIDS.20 In 1982 to 1983, several investigators postulated an 
asymptomatic carrier state of the AIDS agent in healthy homosexual 
men, heterosexual partners of injection drug users, and Haitians who 
were noted to have laboratory evidence of impaired cellular immu-
nity.21 After HIV was first described in 1983 to 1984,22-24 serologic tests 
to identify persons infected with HIV were developed that allowed 
large serologic surveys of at-risk populations to estimate the number 

ACUTE RETROVIRAL SYNDROME
•	 This	syndrome	is	the	initial	manifestation	

of	human	immunodeficiency	virus	(HIV)	
infection.

•	 One	half	to	two	thirds	of	patients	present	
with	an	acute	“mononucleosis-like”	illness		
(see	Table	124-7),	often	with	a	truncal	
exanthem.

•	 Symptoms	generally	resolve	within	10	to	
15	days.

PERSISTENT GENERALIZED 
LYMPHADENOPATHY
•	 This	disorder	occurs	in	50%	to	70%	of	

HIV-infected	individuals	and	usually	affects	the	
cervical,	submandibular,	occipital,	and	axillary	
regions.

•	 In	patients	treated	with	antiretroviral	
therapy,	previously	involuted	nodes	may	
enlarge.

METABOLIC AND ENDOCRINE 
ABNORMALITIES
•	 Hypogonadism,	constitutional	wasting,	lipid	

abnormalities,	insulin	resistance,	and	
lipodystrophy	have	been	reported.

ORAL DISEASE
•	 Oral	candidiasis,	oral	hairy	leukoplakia,	

gingivitis,	and	periodontitis	may	occur.

CUTANEOUS DISEASE
•	 Dermatologic	consequences	include	

cutaneous	infections	(herpes	simplex	virus,	
varicella-zoster	virus,	molluscum	contagiosum,	
scabies,	bacillary	angiomatosis,	and	Kaposi	
sarcoma.

RENAL DISEASE
•	 Multiple	causes	of	renal	disease	may	afflict	

patients	with	HIV	infection,	as	well	as	a	
specific	HIV-related	nephropathy,	which	

includes	proteinuria,	mildly	elevated	serum	
creatinine	concentration,	reflecting	glomerular	
injury,	mesangial	proliferation,	and	tubular	
degeneration.

CARDIAC DISEASE
•	 Accelerated	atherosclerosis	with	myocardial	

infarction	is	seen	in	HIV-infected	patients	who	
have	been	treated	with	antiretroviral	therapy	
and	appears	to	be	associated	with	elevations	
in	proinflammatory	cytokines	and	
prothrombotic	markers.

•	 Myocarditis	and	pericarditis	are	also	found.

IMMUNE RECONSTITUTION SYNDROMES
•	 Immune	reconstitution	syndromes	are	seen	

after	antiretroviral	therapy	and	can	involve	
Mycobacterium	tuberculosis,	Mycobacterium	
avium	complex,	cytomegalovirus,	hepatitis	B	
and	C,	and	other	opportunistic	infections.

SHORT VIEW SUMMARY
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present era, patients treated with combination ART often experience 
marked improvement in cellular immune function and may have a 
normal or near-normal life expectancy with dramatically lower risk for 
developing opportunistic disease than they had before receiving treat-
ment.39 There is no current mechanism for reclassifying patients on the 
basis of immunologic and clinical improvement resulting from ART, a 
situation that understandably curtails use of the CDC and WHO 
systems. In areas in which combination ART is not widely used, these 
classification schemes more reliably reflect the maturity and status of 
the HIV epidemic within populations. The WHO classification system 
(Tables 124-2, 124-3, and 124-4) is used primarily in developing coun-
tries. However, there are limitations that make it difficult for this 
staging system to be uniformly implemented. Many of the classifica-
tions require the diagnosis of opportunistic infections that cannot be 
readily confirmed in most resource-poor settings; clinical criteria for 
establishing presumptive or definitive diagnoses might be useful. Esti-
mates of weight loss and other constitutional symptoms are also dif-
ficult in such settings. A comparison of the CDC and WHO staging 
systems is presented in Table 124-5.

of individuals infected with the virus and to delineate the spectrum of 
HIV-associated diseases.

Retrospective studies of serum and tissue indicated that the virus 
was present in humans in Africa as early as 1959 and that disease 
associated with HIV occurred in the United States in 1968.25-28 The 
CDC expanded its case definition of AIDS in 1985 and again in 1987 
to accommodate the increased number of manifestations of impaired 
cellular immunity that had become associated with HIV infection.29,30 
The World Health Organization (WHO) also promulgated a case defi-
nition for AIDS for use in developing countries that lacked sophisti-
cated diagnostic resources.31 The AIDS case definition and HIV staging 
system were revised again in 1993 to include individuals with advanced 
immunodeficiency and with several other clinical manifestations of 
HIV disease.32 The surveillance case definitions for HIV and AIDS 
were again revised by the WHO in 2007.33 In 2008, the CDC revised 
the HIV classification system and the surveillance case definitions for 
HIV infection and AIDS in adults and adolescents and combined them 
into a single case definition for HIV infection.34 Both the WHO and 
CDC revised surveillance case definitions now require laboratory con-
firmation of HIV infection. Insights into the pathogenesis of HIV 
disease have emphasized the critical role of viral dynamics in the 
natural history of HIV infection,35-37 leading to clinical management 
schemata based largely on viral load and CD4+ cell levels (see later 
discussion).

CLASSIFICATION OF HIV INFECTION
HIV infection represents an ongoing active viral process in most 
untreated individuals associated with progressive immunodeficiency 
that is likely to result in serious clinical consequences. Although there 
may be a prolonged state of clinical latency, during which many 
patients are unaware of their infection, HIV infection is usually not 
virologically latent, and infection is a chronic and progressive condi-
tion that without treatment may ultimately result in significant impair-
ment and death. Although distinguishing between HIV infection and 
AIDS has been historically useful for epidemiologic purposes, the dis-
tinction is somewhat arbitrary and is less meaningful from a clinical 
perspective in an era of potent antiretroviral therapy (ART). As noted, 
current clinical staging approaches favor use of the CD4+ lymphocyte 
counts and plasma viral load assays.

Several systems for classifying HIV infection and disease have 
developed and evolved over the past 3 decades. The 1986 CDC clas-
sification system placed HIV-infected persons into four categories: 
group I, acute infection; group II, asymptomatic infection; group III, 
persistent generalized lymphadenopathy (PGL); and group IV, symp-
tomatic HIV disease.38 This system had limited prognostic usefulness 
and was supplanted by the 1993 classification system and revised case 
definition.32 The 1993 CDC classification system for HIV categorized 
HIV-infected individuals according to clinical and CD4+ cell count 
groupings. The clinical categories were as follows: group A, asymptom-
atic, acute HIV infection, or PGL; group B, symptomatic HIV disease; 
and group C, AIDS indicator conditions, encompassing the 1987 case 
definition with the addition of recurrent bacterial pneumonia, pulmo-
nary tuberculosis, and invasive cervical cancer. The revised 2008 CDC 
surveillance case definition includes three stages based on CD4+ lym-
phocyte count and percentage and clinical evidence including AIDS-
defining conditions (Table 124-1).34

The CDC classification system for HIV infection recognizes the 
prognostic significance of the CD4+ cell count in individuals with HIV 
infection, but it is important to note that there is considerable variation 
in risk for opportunistic complications and prognosis in individuals 
with CD4+ cell counts below 200/mm3. Those with CD4+ counts below 
50/mm3, for example, are generally considered to have advanced HIV 
disease and are at much higher risk for death and for the development 
of opportunistic infections such as cytomegalovirus (CMV) disease or 
disseminated Mycobacterium avium complex infection. The CDC clas-
sification system was initially developed at a time when the inevitable 
course of HIV infection was progression toward advanced immuno-
deficiency and death and when drug therapy was of limited and tran-
sient efficacy in stemming the course of the disease. According to the 
CDC classification system, HIV-infected individuals are classified on 
the basis of the most advanced stage that they have reached.34 In the 

TABLE 124-1  HIV Infection Staging Systems

STAGE
LABORATORY 
EVIDENCE*

CLINICAL 
EVIDENCE

Stage 1 Laboratory confirmation of HIV 
infection and

None required (but no 
AIDS-defining 
condition)CD4+ T-lymphocyte count of 

>500 cells/mm3 or

CD4+ T-lymphocyte percentage 
of ≥29

Stage 2 Laboratory confirmation of HIV 
infection and

None required (but no 
AIDS-defining 
condition)CD4+ T-lymphocyte count of 

200-499 cells/mm3 or

CD4+ T-lymphocyte percentage 
of 14-28

Stage 3 (AIDS) Laboratory confirmation of HIV 
infection and

or documentation of an 
AIDS-defining condition 
(with laboratory 
confirmation of HIV 
infection)†

CD4+ T-lymphocyte count of 
<200 cells/mm3 or

CD4+ T-lymphocyte percentage 
of <14†

Stage unknown‡ Laboratory confirmation of HIV 
infection and no information 
on CD4+ T-lymphocyte count 
or percentage

and no information on 
presence of AIDS-
defining conditions

*The CD4+ T-lymphocyte percentage is the percentage of total lymphocytes. If the 
CD4+ T-lymphocyte count and percentage do not correspond to the same HIV 
infection stage, select the more severe stage.

†Documentation of an AIDS-defining condition supersedes a CD4+ T-lymphocyte 
count of ≥200 cell/µL and a CD4+ T-lymphocyte percentage of total lymphocytes 
of ≥14.

‡Although cases with no information on CD4+ T-lymphocyte count or percentage 
or on the presence of AIDS-defining conditions can be classified as stage 
unknown, every effort should be made to report CD4+ T-lymphocyte counts or 
percentages and the presence of AIDS-defining conditions at the time of diagnosis. 
Additional CD4+ T-lymphocyte counts or percentages and any identified AIDS-
defining conditions can be reported as recommended.

Data from Schneider E, Whitmore S, Glynn KM, et al; Centers for Disease 
Control and Prevention. Revised surveillance case definitions for HIV infection 
among adults, adolescents, and children aged <18 months and for HIV infection 
and AIDS among children aged 18 months to <13 years—United States, 2008. 
MMWR Recomm Rep. 2008;57(RR-10):1-12.

TABLE 124-2  World Health Organization (WHO) 
Clinical Staging of Established HIV Infection

HIV-ASSOCIATED SYMPTOMS WHO CLINICAL STAGE
Asymptomatic 1

Mild symptoms 2

Advanced symptoms 3

Severe symptoms 4
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NATURAL HISTORY OF  
HIV INFECTION
The clinical spectrum of HIV infection includes primary infection (the 
acute retroviral syndrome), asymptomatic infection, early symptom-
atic infection, and advanced immunodeficiency with opportunistic 
complications. Figure 124-1 shows a schematic diagram of the key 
immunologic, viral, and clinical features of HIV infection in untreated 

TABLE 124-3  World Health Organization Immunologic Classification for Established HIV Infection

HIV-ASSOCIATED 
IMMUNODEFICIENCY

AGE-RELATED CD4 VALUES
<11 mo (% CD4+) 12-35 mo (% CD4+) 36-59 mo (% CD4+) >5 yr (Absolute No./mm3 or % CD4+)

None or not significant >35 >30 >25 >500

Mild 30-35 25-30 20-25 350-500

Advanced 25-29 20-24 15-19 200-349

Severe <25 <20 <15 <200 or <15%

TABLE 124-4  World Health Organization Clinical Staging of HIV/AIDS for Adults and Adolescents with 
Confirmed HIV Infection

Clinical Stage 1
Asymptomatic

Persistent generalized lymphadenopathy

Clinical Stage 2
Moderate unexplained weight loss (<10% of presumed or measured body 

weight)*

Recurrent respiratory tract infections (e.g., sinusitis, tonsillitis, otitis media, 
pharyngitis)

Herpes zoster

Angular cheilitis

Recurrent oral ulceration

Papular pruritic eruptions

Seborrheic dermatitis

Fungal nail infections

Clinical Stage 3
Unexplained* severe weight loss (>10% of presumed or measured body weight)

Unexplained chronic diarrhea for longer than 1 month

Unexplained persistent fever (>37.6° C [99.7° F]), intermittent or constant, for 
longer than 1 month)

Persistent oral candidiasis

Oral hairy leukoplakia

Pulmonary tuberculosis (current)

Severe bacterial infections (e.g., pneumonia, empyema, pyomyositis, bone or 
joint infection, meningitis, or bacteremia)

Acute necrotizing ulcerative stomatitis, gingivitis, or periodontitis

Unexplained anemia (<8 g/dL), neutropenia (<0.5 × 109/L), or chronic 
thrombocytopenia (<50 × 109/L)

Clinical Stage 4†

HIV wasting syndrome

Pneumocystis jirovecii

Recurrent severe bacterial pneumonia

Chronic herpes simplex infection (orolabial, genital or anorectal, longer than 1 
month’s duration, or visceral at any site)

Esophageal candidiasis (or candidiasis of trachea, bronchi, or lungs)

Extrapulmonary tuberculosis

Kaposi sarcoma

Cytomegalovirus infection (retinitis or infection of other organs)

Central nervous system toxoplasmosis

HIV encephalopathy

Extrapulmonary cryptococcosis, including meningitis

Disseminated nontuberculous mycobacterial infection

Progressive multifocal leukoencephalopathy

Chronic cryptosporidiosis (with diarrhea)

Chronic isosporiasis

Disseminated mycosis (coccidioidomycosis or histoplasmosis)

Recurrent nontyphoidal Salmonella bacteremia

Lymphoma (cerebral or B-cell non-Hodgkin’s) or other solid HIV-associated 
tumors

Invasive cervical carcinoma

Atypical disseminated leishmaniasis

Symptomatic HIV-associated nephropathy or symptomatic HIV-associated 
cardiomyopathy

*Unexplained refers to when the condition is not explained by other causes.
†Some additional specific conditions can also be included in regional classifications (such as reactivation of American trypanosomiasis [meningoencephalitis and/or 

myocarditis]) in the World Health Organization region of the Americas and disseminated penicilliosis in Asia.

TABLE 124-5  Comparison of WHO and CDC Staging Systems*

WHO STAGE†
WHO T-LYMPHOCYTE COUNT AND 
PERCENTAGE‡ CDC STAGE§

CDC T-LYMPHOCYTE COUNT AND 
PERCENTAGE

Stage 1 (HIV infection) CD4+ T-lymphocyte count of ≥500 cells/mm3 Stage 1 (HIV infection) CD4+ T-lymphocyte count of ≥500 cells/mm3 or 
CD4+ T-lymphocyte percentage of ≥29

Stage 2 (HIV infection) CD4+ T-lymphocyte count of 350-499 cells/mm3 Stage 2 (HIV infection) CD4+ T-lymphocyte count of 200-499 cells/mm3 
or CD4+ T-lymphocyte percentage of 14-28

Stage 3 (advanced HIV disease [AHD]) CD4+ T-lymphocyte count of 200-349 cells/mm3 Stage 2 (HIV infection) CD4+ T-lymphocyte count of 200-499 cells/mm3 
or CD4+ T-lymphocyte percentage of 14-28

Stage 4 (acquired immunodeficiency 
syndrome [AIDS])

CD4+ T-lymphocyte count of <200 cells/mm3 or 
CD4+ T-lymphocyte percentage of <15

Stage 3 (AIDS) CD4+ T-lymphocyte count of <200 cells/mm3 or 
CD4+ T-lymphocyte percentage of <14

*For reporting purposes only.
†Among adults and children aged ≥5 years.
‡Percentage applicable for stage 4 only.
§Among adults and adolescents (ages ≥13 years). CDC also includes a fourth stage, stage unknown; laboratory confirmation of HIV infection but no information on CD4+ 

T-lymphocyte count or percentage and no information on AIDS-defining conditions.
CDC, Centers for Disease Control and Prevention; WHO, World Health Organization.

individuals. Viral load or viremia is monitored by measurement of HIV 
RNA in plasma, and immunologic status is reflected by the absolute 
number of CD4+ lymphocytes or the proportion of lymphocytes that 
express CD4+. Primary HIV infection is characterized by a high con-
centration of HIV RNA in plasma and suppression of the CD4+ cell 
count. Plasma viremia declines precipitously with antibody serocon-
version and the development of an anti-HIV immune response, usually 
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of the mechanisms whereby they control HIV is of potential value for 
the development and evaluation of HIV vaccines.

Before the availability of effective ART, the rate of progression from 
primary HIV infection to AIDS and from AIDS to death was estimated 
in a number of studies. Among homosexual men in San Francisco,  
the median time from seroconversion to AIDS by the 1987 CDC case 
definition was 9.8 years.46 Other studies estimated the period from 
infection to AIDS (1987 definition) to be 7 years for transfusion recipi-
ents, 10 years for hemophiliacs, 10 years for injection drug users,  
and 8 to 12 years for homosexual men.47 An important study of the 
natural history of HIV infection was the study of a cohort of homo-
sexual and bisexual men by the San Francisco Department of Public 
Health and the CDC beginning early in the AIDS epidemic.48 These 
subjects were originally enrolled in a study of hepatitis B vaccine  
in 1978 and had serologic studies and clinical evaluations that dated 
from that time. Of the 489 men for whom the time of HIV serocon-
version could be reliably estimated, 13% developed AIDS within 5 
years, 51% within 10 years, and 54% at 11 years. In addition, of those 
who had not developed AIDS within 11 years of seroconversion, 19% 
had symptomatic disease and another 29% had CD4+ cell counts less 
than 200/mm3. Thus, after 11 years of follow-up, more than three 
fourths of HIV-infected homosexual men had severe immunodefi-
ciency, had AIDS, or had died. A number of laboratory tests have been 
correlated with progressive immunodeficiency, the development of 
AIDS, and mortality. Taken together, however, the CD4+ lymphocyte 
count and plasma viral load are the best prognostic markers for sub-
sequent disease course in an HIV-infected individual. The CD4+ lym-
phocyte count, a specific test for cellular immunocompetence, is a 
sensitive predictor of the development of symptomatic HIV infection 
and AIDS in the near term, because it reflects current immunologic 
capacity.49-52,53 Conversely, the plasma viral load (HIV-1 RNA) is an 
extremely useful predictor of disease course over a more extended 
period and is strongly associated with the rate of subsequent CD4+ cell 
count decline.54-58,59-62 A more rapid decline in CD4+ count, faster clini-
cal progression, and decreased survival are all associated with a higher 
baseline viral load. In a study of HIV-infected gay or bisexual men 
enrolled in the Multicenter AIDS Cohort Study, the risk for progres-
sion to AIDS and death was highly correlated with plasma viral load 
at study entry, independent of CD4+ cell count.57,58 Baseline plasma 
viral load was a stronger predictor of progression and mortality than 
CD4+ count. In addition, the average annual decline in the CD4+ count 
of HIV-infected men varied according to their initial viral load, 
decreasing by 36 CD4+ cells/year in men with baseline HIV-1 RNA less 
than 500 copies/mL and by 77 CD4+ cells/year in men with baseline 
HIV-1 RNA higher than 30,000 copies/mL.58 Using the viral load and 
CD4+ count together, however, provides the best prognostic estimate 
of subsequent clinical course (Table 124-6; Fig. 124-2). Put in the 

reaching a steady-state level within 6 to 12 months.40,41 In most 
untreated asymptomatic patients, the CD4+ cell count declines gradu-
ally over several years. The slope of decline is a function of the plasma 
viral load. Plasma viremia increases, accompanied by a more rapid 
decline in CD4+ count, before the onset of symptomatic disease. As the 
viral load rises and the CD4+ cell count falls, the risk for opportunistic 
infections, malignancies, wasting, neurologic complications, and death 
increases substantially.

There is considerable variation in the progression of HIV disease, 
with some individuals progressing from infection to AIDS in less than 
5 years42 and so-called long-term nonprogressors remaining asymp-
tomatic without treatment or evidence of immunologic decline for 
many years.43,44 Long-term nonprogressors appear to fall into at least 
two categories. Most have detectable viremia but maintain CD4+ cell 
levels that provide adequate protection from the development of 
opportunistic disease. These individuals generally have gradual loss of 
CD4+ lymphocytes, however, and eventually progress to advanced 
immunodeficiency. A much smaller group of individuals are so-called 
elite controllers, who have undetectable HIV viral loads and maintain 
normal CD4+ lymphocyte counts.45 This group is of considerable inter-
est because of their ability to contain viral replication. Understanding 

FIGURE 124-1 Natural history of HIV infection in the absence of 
therapy in a hypothetical patient. (From Fauci AS, Pantaleo G, Stanley 
S, et al. Immunopathogenic mechanisms of HIV infection. Ann Intern Med. 
1996;124:654-663.)
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TABLE 124-6  Probability of Developing AIDS* in 1604 Men in the Multicenter AIDS Cohort Study†

BASELINE 
VIRAL LOAD‡

BASELINE 
CD4+ COUNT§ NO. STUDIED NO. WITH AIDS

% AIDS AT 
3 YEARS

% AIDS AT 
6 YEARS

% AIDS AT 
9 YEARS

<500 >750 66 3 0 1.7 3.6

<750 56 13 3.7 9.6 22.3

501-3000 Any 257 90 2.0 16.6 35.4

3001-10,000 >750 93 39 3.2 14.2 59.7

<750 300 179 8.1 37.7 62.4

10,001-30,000 >750 64 42 9.5 36.7 62.4

351-750 259 194 16.1 54.9 76.3

≤350 73 63 40.1 72.9 86.2

>30,000 >500 141 105 32.6 66.8 76.3

351-500 121 111 47.9 77.7 94.4

201-350 104 92 64.4 89.3 92.9

<200 70 67 85.5 97.9 100

*1987 Centers for Disease Control and Prevention case definition.
†Based on baseline HIV branched-chain DNA viral load and CD4+ cell count.
‡HIV RNA copies/mL of plasma by branched-chain DNA. Viral load determined by reverse-transcriptase polymerase chain reaction approximately twofold greater.
§CD4+ cells/mm3.
Data from Mellors JW, Munoz A, Giorgi JV, et al. Plasma viral load and CD4+ lymphocytes as prognostic markers of HIV-1 infection. Ann Intern Med. 1997;126:946-954.
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Because the CD4+ percentage has a narrower range of variation in most 
clinical laboratories than the absolute CD4+ cell count, many clinicians 
favor using this measure for staging and monitoring of patients.84 
Other markers of HIV disease progression that have been validated in 
clinical studies include the HIV p24 antigen, serum β2-microglobulin, 
neopterin, acid-labile interferon-α, anti-p24 antibody, and soluble 
CD8. These so-called surrogate markers are measures of virus presence 
or host immune responses to HIV. Many of these measures do not 
provide prognostic information independent of the viral load and  
have therefore been supplanted by quantitative plasma HIV-1 RNA 
monitoring in developed countries. Heat-denatured p24 antigen assay 
provides prognostic information independent of HIV-1 RNA85,86 but is 
unlikely to supplant the CD4+ count or HIV viral load as a clinical 
monitoring tool. Low-cost alternatives to flow cytometric quantifica-
tion of CD4+ lymphocytes for application in resource-poor settings 
are now available and include manual assays that use enzyme-linked 
immunosorbent assay or bead-based formats.87 Other low-cost predic-
tors of disease progression include total lymphocyte count and hemo-
globin, although these are relatively nonspecific.88-90 Of note, coinfection 
with GB virus C, a close relative of hepatitis C virus, may be associated 
with a decreased risk for HIV disease progression.91-93

The probability of an HIV-infected individual developing opportu-
nistic disease is influenced by several factors. First, immunocompe-
tence is a critical determinant of whether an infected individual can 
contain a potential pathogen. As discussed later, the CD4+ cell count 
appears to be the most clinically useful measure of host cellular immu-
nocompetence and plays a central role in the staging of HIV disease. 
Second, exposure to potential pathogens is required before disease can 
result. Although some opportunistic pathogens are ubiquitous, result-
ing in latent or continuous infection in a large proportion of HIV-
infected persons (e.g., Pneumocystis jirovecii, CMV), others are 
prevalent in a smaller proportion of individuals and cause disease less 
often (e.g., Toxoplasma gondii). Other opportunistic pathogens do not 
appear to be associated with latent reactivation but rather cause disease 
when a sufficiently immunocompromised host acquires new infection 
(e.g., Cryptococcus neoformans, M. avium complex). Third, the relative 
virulence of a potential pathogen is a factor that may determine which 
disease is likely to occur. For example, more virulent organisms such 
as Mycobacterium tuberculosis or Streptococcus pneumoniae cause clini-
cal illness in patients with less severe immunodeficiency, whereas less 
virulent organisms such as P. jirovecii or CMV cause illness in those 
with more severe immunodeficiency.94-96 Finally, whether a patient is 
taking chemoprophylactic agents with activity against specific patho-
gens influences the risk for disease. Figure 124-3 shows CD4+ cell 
counts at the time of diagnosis of opportunistic diseases in patients with 
CD4+ cell counts of 300/mm3 or less before 1996.97,98 Although the range 
of CD4+ cell counts for some conditions is broad, most patients with 
truly opportunistic infections had CD4+ counts less than 100/mm3.

Although the clinical manifestations of HIV infection do not vary 
according to HIV subtype, the incidence of specific opportunistic 
infections is profoundly influenced by geography and the prevalence 
of infectious diseases in particular regions. HIV-1 infection increases 
susceptibility to tuberculosis, and the incidence of tuberculosis in HIV-
infected persons is extremely high in sub-Saharan Africa, where tuber-
culosis is endemic. In this setting, tuberculosis is the most common 
opportunistic infection in people with HIV infection and the leading 
cause of death. Approximately 25% of all deaths from tuberculosis 
worldwide are associated with HIV disease, mostly in sub-Saharan 
Africa.99 Malaria is also endemic in many developing countries and 
occurs with increased frequency and severity in HIV-infected persons, 
particularly during pregnancy.100 Opportunistic infections such as 
P. jirovecii pneumonia, M. avium complex disease, CMV retinitis, 
non-Hodgkin’s lymphoma, and HIV encephalopathy, which are rela-
tively common in developed countries, are uncommon in developing 
countries, such as those in West Africa.101 In regions where it is 
endemic (e.g., the Mediterranean, Central America, South America, 
Africa, and Asia), leishmaniasis occurs with increased frequency 
among HIV-infected persons. Similarly, Trypanosoma cruzi (South 
America), histoplasmosis (Ohio and Mississippi river valleys), and 
Penicillium marneffei (Thailand, China, Hong Kong) occur with 
increased frequency in certain regions.

context of HIV pathogenesis, the viral load measures the replicative 
rate of the infection and its destructive potential for the cellular 
immune system and the CD4+ count gauges the extent of immune 
compromise and the present risk for opportunistic disease.

In the absence of treatment, survival is short after the diagnosis of 
clinically defined AIDS. Studies of survival of the first patients with 
AIDS in San Francisco and New York found a median survival of 9 to 
12 months, with most patients dead within 2 years.63,64 Patients diag-
nosed with an opportunistic infection had the most rapid mortality, 
whereas survival was significantly longer in patients initially diagnosed 
with Kaposi sarcoma. Subsequent studies revealed that survival after 
diagnosis of AIDS was directly related to the CD4+ count at diagnosis. 
In most studies before the availability of combination ART, median 
survival after the diagnosis of AIDS was estimated to be between 12 
and 18 months.65 The mean survival time after a CD4+ count of 200/
mm3 was 38 to 40 months.66,67

The rate of progression of HIV infection in population-based 
studies varies depending on age, with older individuals generally 
having a more rapidly progressive course.68-72 Whether age differences 
in the pace of progression of HIV infection are the result of differences 
in viral setpoints, host immune responses, or both is unclear. Patients 
who experience more severe or long-lasting symptoms during the 
acute retroviral syndrome tend to have higher viral loads after sero-
conversion and progress more rapidly than those who seroconvert 
without symptoms.73 Women have approximately half-log10 lower 
HIV-1 RNA than men after seroconversion, but this difference dimin-
ishes with time from seroconversion.74-76 Although HIV-1 RNA is an 
important predictor of subsequent disease progression in both women 
and men,58,77,78 there is no gender difference in HIV disease progres-
sion, particularly when women and men have equal access to care.79-81 
There do not appear to be racial differences in HIV-1 RNA levels82 or 
the natural history of HIV disease progression.80,83

Other laboratory studies that predict the development of AIDS in 
a seropositive individual include a total lymphocyte count less than 
1000/mm3, a total white blood cell count less than 4000/mm3, a hema-
tocrit less than 40 mL/dL, and a low percentage of CD4+ lymphocytes. 

FIGURE  124-2 Prognosis according to CD4+ cell count and viral 
load in the pre–antiretroviral therapy (ART) and ART eras. These data 
were from 12,574 adult patients starting ART with a combination of at 
least three drugs. Kaplan-Meier estimates of the probability of AIDS at 3 
years are shown. (From Egger M, May M, Chene G, et al. Prognosis of 
HIV-1-infected patients starting highly active antiretroviral therapy: a col-
laborative analysis of prospective studies. Lancet. 2002;360:119-129.)
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had substantially altered the natural history of AIDS, prolonging the 
median survival of treated AIDS patients to 2 to 3 years.114-118 Anti-
retroviral therapy and prophylaxis against P. jirovecii pneumonia and 
M. avium complex also prolonged the time from HIV infection to 
AIDS, decreased the incidence of opportunistic complications, and 
improved overall survival.119-126 Changes in plasma HIV-1 RNA and 
CD4+ lymphocyte counts resulting from ART have been shown to 
be strong predictors of clinical progression (or regression) of HIV 
disease.127-129

The use of combination ART and the introduction of protease 
inhibitors in 1995 and 1996 led to a dramatic change in the natural 
history of treated HIV disease.130-134 In the HIV Outpatient Study, 
mortality declined from 29.4 deaths/100 person-years in 1995 to 8.8 
deaths/100 person-years in the second quarter of 1997 (Fig. 124-4).135 
This decline in mortality was accompanied by marked decreases in the 
incidence of P. jirovecii pneumonia, M. avium complex disease, and 
CMV retinitis; the incidence of any one of those three infections 
declined from 21.9/100 person-years in 1994 to 3.7/100 person-years 
by mid-1997 (Fig. 124-5). The degree of benefit was associated with 
the intensity of ART; combination therapy resulted in an improved 
prognosis compared with monotherapy. In the United States as a 
whole, deaths attributed to AIDS decreased by 23% in 1996 and by 44% 
in 1997.131,132 Subsequent studies among cohorts of HIV-infected 
persons have continued to demonstrate the beneficial effect of ART on 
clinical disease progression and death (Fig. 124-6).136 Improvements in 
survival have also been documented in patients receiving ART in 
resource-poor settings, although the incidence of death remains higher 
in these areas than in developed countries.137,138 In developed countries 
in particular, death among persons with AIDS or advanced HIV infec-
tion is now more frequently caused by chronic diseases not tradition-
ally classified as related to HIV infection. In a follow-up to the earlier 
HIV outpatient study, Pallela and colleagues found continued declines 
in AIDS-related mortality between 1997 and 2004, with relative (but 
not absolute) increases in deaths due to non-AIDS-related causes, such 
as liver disease, non-AIDS cancers, and cardiovascular disease.139 The 
Antiretroviral Therapy Cohort Collaboration reported that among 
more than 1800 deaths in 13 HIV clinical cohorts in the ART era, about 
half were due to AIDS and the remainder due to non-AIDS cancers, 
cardiovascular disease, trauma, liver disease, and other causes; the rate 
of AIDS-related deaths fell steadily with increased time on ART.140 A 
study from Switzerland has indicated that patients receiving effective 
ART have a risk for death similar to that in patients with cured 
cancer.141 Interruption of ART increases the risk for opportunistic 

The incidence of specific opportunistic diseases has been deter-
mined for several large cohorts of HIV-infected individuals. In a cohort 
of more than 1200 patients with CD4+ cell counts less than 300/mm3 
prior to the availability of ART, the most common opportunistic infec-
tion was Candida esophagitis (13.3 cases/100 person-years). P. jirovecii 
pneumonia, disseminated M. avium complex, CMV disease, and the 
AIDS dementia complex occurred at rates of 5 to 9 cases/100 person-
years. The relatively lower incidence of P. jirovecii pneumonia reflects 
the use of specific prophylaxis with trimethoprim-sulfamethoxazole  
or aerosolized pentamidine, which dramatically lowers the risk for  
this infection, even in the absence of ART.71,97 Less common were 
toxoplasmosis, cryptococcal meningitis, herpes zoster, the wasting 
syndrome, and Kaposi sarcoma (2 to 4 cases/100 person-years). The 
least common complications were non-Hodgkin’s lymphoma, tubercu-
losis, progressive multifocal leukoencephalopathy, and cryptosporidi-
osis (1 to 2 cases/100 person-years). Similar results have been found 
in other cohorts of patients in developed country settings.102 Consider-
ably less information is available on the natural history of HIV infec-
tion in developing countries, but the spectrum of disease in patients 
presenting with HIV-related illnesses is different, with tuberculosis, 
cryptococcosis, bacterial sepsis and pneumonia, herpes zoster, and 
gastroenteritis predominating.103

Early clinical findings may also predict disease progression in HIV-
infected individuals who have not developed opportunistic disease. 
Oral candidiasis and oral hairy leukoplakia are markers of immuno-
suppression and herald the development of AIDS in many patients.104-106 
Generalized lymphadenopathy is a common clinical finding in early 
HIV infection but does not predict progression to AIDS.107 The occur-
rence of an opportunistic disease increases the risk for death indepen-
dently of the CD4+ cell count.108,109 This may be caused not only by 
morbidity related to the complication itself but also by an increase in 
immune activation and inflammatory responses leading to upregula-
tion of HIV replication, with acceleration of HIV disease progression. 
A number of studies have demonstrated increases in HIV viral load in 
patients with acute opportunistic infections.110-113 Although viral load 
generally decreases somewhat after the acute illness, it generally does 
not return to premorbid levels.

Effect of Antiretroviral Therapy on 
Natural History of HIV Infection
Even before the era of effective combination ART, it was clear that 
nonsuppressive ART and prophylaxis against P. jirovecii pneumonia 

FIGURE  124-3 Range of CD4 lymphocyte counts at the time of 
diagnosis of opportunistic diseases in HIV-infected patients. Boxes 
represent the 25th to 75th percentiles, bars represent medians, and aster-
isks represent means. Can, Candida esophagitis; CMV, cytomegalovirus; 
Crp, cryptosporidiosis; Cry, cryptococcosis; Enc, HIV encephalopathy; HSV, 
herpes simplex virus; HZos, herpes zoster; KS, Kaposi sarcoma; MAC, 
Mycobacterium avium complex; NHL, non-Hodgkin’s lymphoma; PCP, first 
episodes of Pneumocystis jirovecii pneumonia; PCP2, recurrent P. jirovecii 
pneumonia; PML, progressive multifocal leukoencephalopathy; Tox, toxo-
plasmosis; WS, wasting syndrome. (From Moore RD, Chaisson RE. Natural 
history of opportunistic disease in an HIV-infected urban cohort. Ann 
Intern Med. 1996;124:633-642.)
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FIGURE 124-4 Incidence of death and use of protease inhibitors 
in HIV-infected patients and a CD4+ count lower than 100/mm3 in 
the HIV Outpatient Study. (From Palella FJ, Delaney KM, Moorman AC, 
et al. Declining morbidity and mortality among patients with advanced 
human immunodeficiency virus infection. N Engl J Med. 1998:338:853-
860. © 1998 Massachusetts Medical Society.)
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ART can alter the clinical presentation of specific opportunistic infec-
tions, as in the case of focal mycobacterial lymphadenitis or CMV 
vitritis.146 It may also unmask opportunistic infections that were not 
evident prior to ART initiation, such as tuberculosis.147,148 It is becom-
ing increasingly clear that the immunologic changes resulting from 
ART represent at least a partial immune reconstitution, although the 
recovery of antigen-specific immunity appears to lag behind CD4+ cell 
count increases.149-152 The clinical manifestations of immune reconsti-
tution syndromes are discussed at the end of this chapter. The inci-
dence of new opportunistic infections in patients who have had 
satisfactory virologic and immunologic responses to ART is extremely 
low, even when primary prophylaxis has been discontinued.153,154 
Moreover, reactivation of previously diagnosed opportunistic infec-
tions, such as M. avium complex infections and CMV retinitis, appears 
to be uncommon in patients with immune recovery who discontinue 
maintenance therapy.155,156

Thus, over the past 3 decades, the natural history of HIV infection 
has undergone considerable change, as has our understanding of it. The 
clinical course of HIV disease in those receiving ART is likely to evolve 
further in the coming years, with additional manifestations and com-
plications of long-standing infection and use of antiretroviral drugs 
becoming apparent as larger numbers of patients are treated for longer 
periods of time.

CLINICAL MANIFESTATIONS
HIV infection causes disease manifestations of three principal types: 
(1) an acute viral illness seen in the initial weeks of infection and 
associated with a high viral load and an intense host immune response; 
(2) immunologically mediated processes related to host responses to 
chronic viral infection, including inflammation (e.g., lymphadenopa-
thy, thrombocytopenia, HIV-related dementia, and cardiovascular 
disease accelerated by proinflammatory responses); and (3) opportu-
nistic diseases resulting from impaired host responses as the cellular 
immune system is damaged or ablated. The major clinical syndromes 
most frequently seen in HIV-infected individuals fall into the last 
category, that is, opportunistic diseases that arise as a consequence of 

disease and death from any cause, as well as major cardiovascular, 
renal, and hepatic disease.142,143 This suggests that lower counts of CD4+ 
lymphocytes and higher HIV-1 RNA increase the risk for non-AIDS 
events as well as AIDS-related events in HIV-infected persons.144

Effective therapy has not only decreased the incidence of new 
opportunistic infections but has also led to the resolution of preexisting 
conditions.145 In some cases, the immune restoration resulting from 

FIGURE  124-5 Incidence of selected opportunistic infections in 
HIV-infected patients and a CD4+ count lower than 100/mm3 in the 
HIV Outpatient Study in the era before and after the introduction 
of protease inhibitors. (From Palella FJ, Delaney KM, Moorman AC, et al. 
Declining morbidity and mortality among patients with advanced human 
immunodeficiency virus infection. N Engl J Med. 1998:338:853-860. © 
1998 Massachusetts Medical Society.)
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209 cases, reviewed by Niu and co-workers.174 Fever, sweats, malaise, 
myalgias, anorexia, nausea, diarrhea, and a nonexudative pharyngitis 
are prominent symptoms.174,175,176,177-181 Many patients report head-
aches, photophobia, and meningismus. Two thirds of patients may 
have a truncal exanthem that may be maculopapular, roseola-like, or 
urticarial. Findings of skin biopsies are nonspecific, with perivascular 
lymphocytic infiltrates and dermal mononuclear cell infiltrates.182 In 
addition to aseptic meningitis, neurologic symptoms occur in a minor-
ity of patients and may include encephalitis, peripheral neuropathy, 
and an acute ascending polyneuropathy (Guillain-Barré syndrome).183 
Physical examination frequently reveals cervical, occipital, or axillary 
lymphadenopathy, rash, and, less commonly, hepatosplenomegaly. 
Oral aphthous ulcerations (Fig. 124-7) have been reported in several 
cases; these may involve the esophagus. Oral and esophageal candidia-
sis during the seroconversion illness has been reported. The remainder 
of the physical examination is usually unremarkable. Symptoms gener-
ally resolve in 10 to 15 days. A wide range of acute opportunistic 
infections have been reported in patients with the acute retroviral 
syndrome, including P. jirovecii pneumonia, cryptococcal meningitis, 
and Candida esophagitis. Their occurrence is probably caused by the 
depression of the CD4+ cell count that generally accompanies acute 
HIV infection.

Laboratory evaluation of patients with the syndrome reveals a 
reduced total lymphocyte count, elevated sedimentation rate, negative 
heterophil antibody test, and elevated aminotransferase and alkaline 
phosphatase levels.174 When lymphocyte phenotyping is performed, a 
characteristic pattern is observed.184 Initially, the total lymphocyte 
count, including both CD4+ and CD8+ T lymphocytes, decreases, with 
a normal ratio of CD4+ to CD8+ cells. Within several weeks, both the 
CD4+ and CD8+ cell populations begin to increase. The rise in CD8+ 
cell numbers is relatively greater than that in CD4+ cells, and the CD4/
CD8 ratio is inverted. In the weeks that follow, the CD8+ cell popula-
tion increases rather markedly because of HIV-specific CD8+ T lym-
phocytes. The ratio of CD4+ to CD8+ cells usually remains inverted as 
the acute illness resolves, primarily because of excess numbers of CD8+ 
cells. In patients with neurologic symptoms, the cerebrospinal fluid 
may show a lymphocytic pleocytosis with normal levels of protein and 
glucose.185

Tests for detecting acute HIV infection iinclude plasma HIV RNA, 
which becomes positive at about 5 days after infection and HIV p24 
antigen, which may be detected after 10 days, whereas antibody reac-
tivity on enzyme immunoassay testing is not found until 14 to 21 
days.186 HIV p24 antigen may be detected in the serum and cerebro-
spinal fluid in about 75% of patients with primary HIV infection 
within 2 weeks of exposure, often coincidentally with the onset of 
symptoms.185,186 Antigenemia can persist for several weeks or months 
and generally resolves when antibodies to p24 are produced in suffi-
cient quantity to form complexes with free antigen. The most sensitive 
marker for acute HIV infection, however, is plasma HIV RNA, which 
is markedly elevated in most patients.187 Typical RNA levels range from 
105 to more than 106 copies/mL of plasma, and the titers decline as the 

impaired cellular immunity in late-stage HIV infection. Potent ART 
has added two new categories of clinical manifestations that may be 
commonly encountered in patients with HIV infection: (1) immune 
reconstitution syndromes with exacerbations of previously silent or 
adequately treated infections, especially mycobacterial infections,157,158 
and (2) a syndrome of lipodystrophy with fat loss and redistribution, 
elevated serum triglyceride and cholesterol levels, and insulin resis-
tance seen in patients receiving ART, especially with protease inhibi-
tors.159,160 The clinical features of immune reconstitution syndromes are 
discussed later in this chapter, and the manifestations of drug toxicity 
related to the treatment of HIV are discussed in Chapter 130.

Acute Retroviral Syndrome
The initial manifestation of HIV infection in one half to two thirds of 
recently infected individuals is a mononucleosis-like illness referred to 
as the acute retroviral syndrome. The syndrome was first described in 
1985 by Cooper and colleagues161 as an acute mononucleosis-like syn-
drome in 11 of 12 homosexual men who seroconverted for HIV anti-
bodies. In a follow-up study, 36 of 39 (92%) homosexual men with 
recent HIV infection recalled an illness consistent with the acute ret-
roviral syndrome during the time when their tests showed seroconver-
sion162 but 40% of a seronegative control group also reported a 
mononucleosis-like illness. Similar descriptions of a characteristic syn-
drome have been reported in people infected with HIV through par-
enteral exposures, including health care workers exposed to accidental 
parenteral inoculation of HIV.163

The incidence of the acute retroviral syndrome is not precisely 
known. Retrospective studies of homosexual men infected with HIV 
found a low frequency of seroconversion illness.164,165 A prospective 
study of homosexual men showed a 55% incidence of a mononucleosis-
like illness in 22 subjects who became antibody positive compared with 
21% in 44 nonconverting control subjects.166 In one study of 378 
persons with acute retroviral syndrome, injection drug users had or 
reported symptoms less frequently than persons who acquired HIV 
through sexual transmission.167 Most health care workers with occu-
pationally acquired HIV had the acute retroviral syndrome after expo-
sure.163,168 Overall, this syndrome is probably underreported and 
underdiagnosed, as noted in two series of patients, most of whom were 
not initially thought to have acute HIV infection.169,170

The clinical features of the acute retroviral syndrome are nonspe-
cific and variable.171-173 The onset of the illness ranges from 1 to 6 weeks 
after exposure to the virus but peaks at 3 weeks. Table 124-7 shows  
the signs and symptoms of the acute retroviral syndrome reported in 

TABLE 124-7  Symptoms and Signs of the Acute 
Retroviral Syndrome in 209 Patients

SYMPTOM OR SIGN NO. WITH FINDING FREQUENCY (%)
Fever 200 96

Adenopathy 154 74

Pharyngitis 146 70

Rash 146 70

Myalgia or arthralgia 112 54

Thrombocytopenia 94 45

Leukopenia 80 38

Diarrhea 67 32

Headache 66 32

Nausea, vomiting 56 27

Elevated aminotransferase 
levels*

38 21

Hepatosplenomegaly 30 14

Thrush 24 12

Neuropathy 13 6

Encephalopathy 12 6

*Based on 178 subjects.
Modified from Niu MT, Stein DS, Schnittman SM. Primary human 

immunodeficiency virus type 1 infection: review of pathogenesis and early 
treatment intervention in human and animal retrovirus infections. J Infect Dis. 
1993;168:1490-1501. FIGURE 124-7 Aphthous ulcer. (Courtesy Dr. Stephen Raffanti.)
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reactions seen in multibacillary forms of leprosy, heralding a return of 
pathogen-specific T-cell responses.

The differential diagnosis of PGL includes HIV infection and a wide 
variety of other processes associated with generalized lymphadenopa-
thy, such as sarcoid, secondary syphilis, and Hodgkin’s disease. In 
patients with HIV infection, lymphadenopathy may also be caused by 
mycobacterial infections, Kaposi sarcoma, and lymphoma.194 An 
unusual cause of lymphadenopathy in patients with HIV infection is 
multicentric Castleman disease.195,196 Castleman disease is an angio-
proliferative, hyperplastic process of lymph nodes and other lymphoid 
tissues showing characteristic histologic findings, with either hyaline 
vascular or plasma cell variants. In patients with HIV in particular, 
multicentric Castleman disease is the most common presentation, with 
involvement of lymph nodes, liver, spleen, and other organs. Although 
the pathogenesis of Castleman disease is not fully understood, infec-
tion with Kaposi sarcoma–associated herpesvirus (human herpesvirus 
type 8) is believed to underlie a large proportion of cases.197,198 Unlike 
PGL, multicentric Castleman disease is associated with constitutional 
symptoms and multiorgan involvement in most HIV-infected patients. 
The diagnosis is established histopathologically. Treatment with the 
anti-CD20 monoclonal antibody rituximab has shown promise.199

In patients with clinical findings suggesting opportunistic disease, 
needle aspiration of lymph nodes may help establish a specific diagno-
sis.200 Examination of aspirates with cytologic, acid-fast, and Gram 
stains and with flow cytometry is valuable in identifying infection or 
malignancy. If a specific diagnosis is not determined after staining and 
culture of node aspirates, lymph node biopsy is indicated. Aspiration 
of lymph nodes in patients with PGL usually reveals benign cells. 
Biopsy specimens show follicular hyperplasia, with the normal archi-
tecture distorted by greatly expanded germinal centers composed of B 
lymphocytes. It is now known that active viral replication is occurring 
in these follicular cells and that virus is trapped in dendritic cells, 
although the patient may appear well clinically.201

Most patients with PGL require no invasive evaluation and can be 
managed according to standard guidelines for HIV infection.

Constitutional Disease and Wasting
HIV infection is often completely asymptomatic; however, some 
patients complain of nonspecific constitutional symptoms in the 
months or years after primary infection but before opportunistic 
disease is diagnosed. Patients commonly complain of being easily 
fatigued and report the need to reduce their normal activities some-
what. Debilitating fatigue is uncommon in the early years of infection. 
Low-grade fevers (temperature <38° C [100.4 °F]), occasional night 
sweats, and intermittent diarrhea are also reported. Severe wasting, 
with loss of more than 10% of body weight, is generally a finding of 
advanced HIV disease. The exact incidence of constitutional symp-
toms, fatigue, and weight loss is not known, and the cause is varied 
and often multifactorial. The differential diagnosis of these findings 
includes intercurrent minor illnesses, endocrinologic abnormalities, 
anemia, and psychological or psychiatric disorders.

Anxiety disorders and depression are common in populations of 
patients with HIV infection,202-204 and studies have suggested an 
increased prevalence of affective disorders among HIV-infected indi-
viduals. Injection drug users, in particular, have a high prevalence of 
affective disorders that may result in somatic complaints. Moreover, 
the physical effects of opiates and withdrawal from stimulants such as 
cocaine and amphetamines cause fatigue and other constitutional 
symptoms.

Metabolic and Endocrine 
Abnormalities
A number of metabolic and endocrinologic disturbances have been 
identified in patients infected with HIV.205-207 Hypogonadism, particu-
larly depression of testosterone or dihydrotestosterone levels, has been 
reported in men and women with HIV infection and weight loss or 
wasting.208,209 Elevated levels of myostatin-immunoreactive protein, a 
muscle catabolic agent, have been found in men with HIV and 
wasting.210 In most clinical studies, however, wasting has been found 
in association with decreased caloric intake, elevated catabolism 
caused by opportunistic infections, or chronic diarrhea.211-214 In 

CD8+ cytotoxic T-cell and antibody responses increase subsequently. 
Low-level (<104) false-positive HIV RNA tests may occur, but high-
level viremia is diagnostic of acute infection in the absence of anti-HIV 
antibodies. The enzyme immunoassay for HIV antibodies remains 
negative for an average of 2 to 6 weeks after the onset of symptoms, 
despite the appearance of specific antibodies on a Western blot of the 
patient’s serum. Anti-p24 appears on the Western blot shortly before 
seroconversion is detected by enzyme-linked immunosorbent assay 
and by the appearance of antibodies to other antigens. To increase 
sensitivity among antibody-negative persons, and to overcome the 
costs, labor, and false-positive results of HIV-1 RNA tests, pooled-
sample group testing can be used.188,189

The differential diagnosis of the acute retroviral syndrome includes 
a number of other illnesses—infectious mononucleosis and other viral 
infections such as influenza, viral hepatitis, measles, rubella, primary 
herpes simplex virus (HSV) infection, cytomegalovirus, and secondary 
syphilis. Evaluation of patients presenting with an illness consistent 
with acute retroviral infection should include a careful history to elicit 
risks for HIV infection, laboratory tests to rule out mononucleosis, 
cytomegalovirus, and syphilis, HIV antibody and plasma RNA tests, 
and complete blood cell counts and differential. There is potential 
benefit in treating acute HIV with combination ART because there is 
evidence that this may lower the viral setpoint, lead to enhanced CD4+ 
and CD8+ HIV-specific responses, and decrease the severity of acute 
disease.190 However, early treatment does not appear to prevent estab-
lishment of reservoirs of latently infected resting CD4+ cells (although 
it may decrease the size of the reservoirs) and may not provide any 
long-term benefit.191 There are also concerns about the potential toxic-
ity of long-term therapy and the risk for developing drug resistance. 
Nonetheless, because recommendations for ART are moving toward 
treatment for all HIV-infected persons, it is also recommended for 
persons with early HIV infection—the acute phase of infection up to 
6 months after infection192 (see Chapter 130).

Persistent Generalized 
Lymphadenopathy
Infection with HIV is associated with a high prevalence of generalized 
lymphadenopathy, often beginning with the acute retroviral syndrome. 
In the early 1980s, PGL was recognized as a prodromal state to the 
development of AIDS in homosexual men who were otherwise 
healthy.15,17 The pathogenesis of generalized lymphadenopathy is 
related to the rapid infection of CD4+ cells in lymph nodes by HIV 
after initial infection. The syndrome of PGL is defined as the presence 
of two or more extrainguinal sites of lymphadenopathy for a minimum 
of 3 to 6 months for which no other explanation can be found. Biopsy 
specimens of lymph nodes from such patients usually reveal a follicular 
hyperplasia without specific pathogens.

PGL develops in 50% to 70% of HIV-infected individuals. The most 
frequently involved node groups are the posterior and anterior cervi-
cal, submandibular, occipital, and axillary chains; epitrochlear and 
femoral nodes may also be enlarged. Physical examination usually 
reveals symmetrical, mobile, rubbery lymph nodes ranging from 0.5 
to 2 cm. Pain and tenderness are uncommon. Localized (i.e., asym-
metrical) adenopathy and rapid nodal enlargement are not character-
istic and suggest an infectious or malignant process. The remainder of 
the physical examination is often unremarkable, although other com-
plications of HIV infection may be found, such as thrush or hairy 
leukoplakia. Mediastinal and hilar adenopathy is not characteristic of 
the syndrome; however, abdominal computed tomography (CT) often 
reveals enlarged mesenteric and retroperitoneal adenopathy in HIV-
infected persons. The natural history of HIV infection in those with 
PGL does not differ significantly from that of HIV infection without 
PGL.107,193 Involution of enlarged lymph nodes, with degeneration of 
follicular germinal centers and loss of hyperplasia, often accompanies 
progression of HIV infection to advanced disease.

In patients treated with ART, previously involuted lymph nodes 
may again enlarge as HIV-specific and other T cells are replenished.  
In addition, focal lymphadenitis with constitutional symptoms may 
occur in patients with previously silent mycobacterial infections 1 to  
2 months after starting ART. These reversal or unmasking reactions, 
or immune reconstitution syndromes, are reminiscent of reversal 
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can be removed with a tongue blade are seen on the soft palate, tonsils, 
and buccal mucosa (Fig. 124-8). Less often, thrush involves the lateral 
and posterior aspects of the tongue, the hard palate, and the hypo-
pharynx. Candida infection can produce flat erythematous plaques 
distributed in the same way as the pseudomembranous form of the 
disease but without the characteristic white exudate. This atrophic 
form of candidiasis is underdiagnosed because many clinicians are 
unfamiliar with its appearance. Atrophic candidiasis of the tongue also 
occurs. Less frequently, Candida can cause a nonscrapeable white 
plaque similar to that in hairy leukoplakia (see next section). Unlike 
the corrugated lesions and hairlike projections seen in oral hairy leu-
koplakia, candidal lesions are smooth. This hypertrophic form of 
disease may involve the lateral border of the tongue, palate, and buccal 
mucosa. Candida infection of the lateral lip (angular cheilitis) is 
another common complication. Angular cheilitis can cause pain, fis-
sures, erythema, and difficulty opening the mouth (Fig. 124-9). Physi-
cal examination, wet mount preparation, and the response to antifungal 
therapy establish the diagnosis.

The diagnosis of candidiasis is frequently made on the basis of 
physical examination alone. A potassium hydroxide preparation of 
scraped material from a plaque is diagnostic and can be performed 
easily in most clinical settings. Cultures for Candida are rarely neces-
sary unless antimicrobial resistance is suspected in patients with thrush 
refractory to azole therapy. A biopsy specimen of oral lesions can be 
used to distinguish various forms of leukoplakia. A therapeutic trial of 
antifungal agents can also help establish a diagnosis. The widespread 
use of oral triazole antifungal agents has been accompanied by the 

advanced HIV, severe wasting, whatever the cause, is strongly associ-
ated with the risk for dying.215 Weight loss has remained an important 
predictor of mortality, even in the era of ART.216

In patients with more advanced HIV disease with high viral loads 
and severe depletion of CD4+ cells, constitutional disease (fatigue, 
weight loss, malaise, fever) usually heralds the onset of opportunistic 
infections or malignancies. In one study of HIV-infected outpatients 
with fever, a specific cause could be identified for 83%.217 Common 
causes of fever in these patients included P. jirovecii pneumonia, M. 
avium complex bacteremia, catheter-related bacteremia, bacterial 
pneumonia, sinusitis, lymphoma, and drug reactions. Fever of longer 
than 2 weeks’ duration was more often associated with AIDS-defining 
illnesses.

In African patients with HIV infection, a wasting illness, termed 
slim disease, has been described.218 These patients have debilitating 
fatigue, fevers, sweats, protracted diarrhea, and severe weight loss. 
Opportunistic or conventional pathogens are not found, but the 
patients waste away and die of severe malnutrition and terminal sec-
ondary infections. This illness has been encountered in developed 
countries as well but far less commonly than in Africa—a pattern that 
suggests underdiagnosis of opportunistic diseases in Africa. Several 
studies of African patients with enteropathic slim disease have found 
that most had enteric pathogens or microsporidia when a thorough 
evaluation was performed.219,220 In Abidjan, Côte d’Ivoire, 37% of 
patients who died with a diagnosis of slim disease were found at 
autopsy to have disseminated tuberculosis221 and the presence of tuber-
culosis at autopsy was strongly associated with the degree of wasting.222 
The definition of wasting syndrome in the United States is the presence 
of unexplained constitutional disease for longer than 1 month with a 
temperature higher than 38.3°C (100.9 °F), diarrhea, and loss of more 
than 10% of baseline body weight. A thorough evaluation to identify 
specific pathogens that would explain the symptoms and that might be 
amenable to treatment is essential before wasting syndrome is diag-
nosed, and usually a specific cause can be implicated.

In contrast to the wasting illness seen in advanced untreated HIV 
infection, persons receiving ART may have lipid abnormalities, includ-
ing hypertriglyceridemia and high low-density lipoprotein cholesterol 
and low high-density lipoprotein cholesterol levels. They may also  
have lipodystrophy, obesity, and insulin resistance.160,223 These abnor-
malities are seen more commonly with protease inhibitor–based 
therapy, but they also occur with non-nucleoside reverse-transcriptase 
inhibitor therapy. The lipid and glucose abnormalities may contribute 
to an increased risk for cardiovascular disease, including myocardial 
infarction.224

Oral Disease
Abnormalities of the oral cavity occur throughout the course of HIV 
infection. Primary HIV infection has been associated with severe aph-
thous stomatitis and with oropharyngeal and esophageal candidiasis. 
As the infection progresses and immunologic impairment proceeds, 
numerous oral complications arise. In the late stages of disease, oral 
manifestations are highly prevalent and frequently severe.225-227 A 
number of studies have demonstrated that the occurrence of oral 
lesions such as candidiasis and hairy leukoplakia is associated with an 
increased risk for progression to AIDS.228-230

Oral Candidiasis
Candida infections of the hard and soft palates, buccal mucosa, tongue, 
pharynx, and hypopharynx are observed frequently. Candida albicans 
is the species most commonly identified, but Candida tropicalis, 
Candida glabrata, and Candida krusei infections also occur. Contrary 
to systemic Candida infections, which appear to result from defects in 
phagocyte function and number, mucosal Candida infections result 
from impaired cellular immunity. The incidence of candidiasis increases 
with progressive cellular immunodeficiency, particularly as CD4+ lym-
phocyte counts fall below 200 to 300/mm3.231 Because oral candidiasis 
itself is an opportunistic infection, it is predictive of the disease progres-
sion and development of other AIDS-related infections.

Several clinical manifestations of candidiasis have been described 
in HIV-infected patients. The most common form is thrush (pseudo-
membranous candidiasis). Characteristic cottage cheese plaques that 

FIGURE  124-8 Oral candidiasis (thrush). (Courtesy Dr. Stephen 
Raffanti.)

FIGURE 124-9 Angular cheilitis. (Courtesy Dr. Stephen Raffanti.)
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human papillomavirus infection may be seen, but they are not malig-
nant precursors. Ketoconazole and zidovudine can cause brown oral 
pigmentation. Salivary glands such as the parotid gland may be 
enlarged by infiltration with CD8+ lymphocytes or benign lymphoepi-
thelial cysts. These cysts often respond to ART.242

Musculoskeletal Complications
Polymyositis complicates HIV infection in a small number of patients 
and can occur at any stage of HIV infection.243 Clinical features include 
myalgias, weakness of the proximal muscles, muscle tenderness, 
wasting, and fatigue.244 Creatine kinase and other muscle enzyme con-
centrations are usually elevated, although they do not correlate with 
disease severity; electrophysiologic studies are consistent with a myop-
athy.245,246 The pathogenesis is unknown; most patients respond clini-
cally to a course of corticosteroids. Nucleoside reverse-transcriptase 
inhibitors have been associated with a polymyositis-like clinical picture 
in a small proportion of patients who receive this drug class. Although 
initially described with zidovudine, it can occur with other drugs in 
this class. The mechanism of this myopathy is inhibition of mitochon-
drial DNA, which is distinguished on electron microscopy by ragged 
myofibrils.247

Pyomyositis has been reported in patients with advanced HIV. Skin 
flora, particularly Staphylococcus aureus, are usually recovered from 
wound cultures, and preexisting skin diseases such as prurigo nodu-
laris are a risk factor.248,249

Although rheumatologic findings in patients with HIV disease are 
not unusual, the extent to which HIV infection is associated with these 
disorders is not always clear. Defining a specific arthropathy caused by 
HIV is difficult because many patients with HIV infection are already 
at increased risk for inflammatory joint disease. Injection drug users, 
for example, may develop septic arthritis caused by pyogenic bacteria, 
particularly S. aureus. Homosexual men may have an increased risk 
for gonococcal arthritis or postinfectious reactive arthritis (formerly 
Reiter’s syndrome) associated with genital or gastrointestinal tract 
infections. Immune complex deposition related to hepatitis B or C 
infection may also be associated with arthritis in patients with HIV 
infection. Thus, although some animal retroviruses are clearly associ-
ated with arthropathies, the situation with HIV remains somewhat 
clouded.

Acute reactive arthritis does not occur with increased frequency in 
HIV-infected persons, but the clinical course may be prolonged and 
severe.250-252 Patients with this syndrome are usually human leukocyte 
antigen (HLA)-B27 positive and present with an asymmetrical oligo-
articular arthritis, primarily of the large joints of the lower extremities, 
and sacroiliitis. Urethritis, conjunctivitis, keratoderma blennorrhagi-
cum, and circinate balanitis may also be present. An enthesopathy of 
the Achilles tendon and plantar fascia can result in a characteristic gait 
in which weight is distributed to the lateral portion of the feet.253 Aspi-
rated synovial fluid is generally unremarkable, and synovial biopsy 
specimens show mononuclear cell infiltrates. Management is difficult, 
because the response to nonsteroidal anti-inflammatory drugs is 
limited and the use of the high doses of corticosteroids often required 
further increases the risk for opportunistic infections. Methotrexate 
and azathioprine should also be avoided because of the resultant exac-
erbation of immune suppression.

Osteopenia and avascular necrosis of bone occur at a higher fre-
quency in HIV-infected persons than in HIV-seronegative persons in 
the general population,254-256 and the incidence of avascular necrosis 
appears to be increasing.257 Risk factors for avascular necrosis include 
corticosteroid therapy, lipid-lowering agents, and testosterone.255 
Although avascular necrosis has been described in persons receiving 
ART,258 such therapy does not appear to affect the risk for avascular 
necrosis.259 Bone mineral density decreases modestly shortly after ART 
initiation but does not appear to decrease with time on ART, and in 
some studies it has increased.256

Cutaneous Manifestations
Dermatologic consequences of HIV infection include primary cutane-
ous opportunistic infections and malignancies, which may also dis-
seminate to the viscera, and systemic opportunistic diseases with skin 
involvement.260,261

emergence of disease caused by drug-resistant fungi.232 Risk factors for 
fluconazole-resistant candidiasis include an extended duration of prior 
antifungal therapy and a low CD4+ count.233 Of note, in patients treated 
with ART, rates of fluconazole resistance were relatively low, even 
though many had received several previous courses of fluconazole, 
suggesting that advanced immunosuppression is the most important 
risk factor for resistance.234 In addition, C. krusei is always resistant to 
azoles, and C. glabrata is frequently so.

Oral Hairy Leukoplakia
Originally described in 1984 by Greenspan and colleagues,235 oral hairy 
leukoplakia is a raised white lesion of the oral mucosa that is usually 
seen on the lateral margin of the tongue. The frequency of occurrence 
of oral hairy leukoplakia increases as the CD4+ count decreases.231 Oral 
hairy leukoplakia appears to be caused by the replication of Epstein-
Barr virus in the epithelium of keratinized cells on the surface of the 
tongue and buccal mucosa.236 Other herpesviruses have also been iso-
lated from cultures of biopsy specimens of lesions; however, their role 
in the pathogenesis of oral hairy leukoplakia is unclear. HIV is not 
routinely cultured from specimens and is not found with DNA probes. 
The diagnosis is established by visual inspection, failure to scrape off 
the lesion with a tongue blade, failure of the lesion to respond to anti-
fungal therapy, and biopsy material or scrapings in which Epstein-Barr 
virus can be identified. Oral hairy leukoplakia is usually asymptomatic, 
although large lesions may impair taste, hinder eating, and cause dis-
comfort. Lesions respond to high-dose acyclovir or ganciclovir, foscar-
net, podophyllin, and isotretinoin, but only temporarily. There may be 
clinical improvement with ART.

Gingivitis and Periodontitis
Severe gingivitis (linear gingival erythema) and periodontitis (necro-
tizing ulcerative periodontitis) have been observed in patients with 
HIV disease.237 The onset of symptoms is often insidious but may be 
abrupt. Pain is often severe; patients may note foul breath, bleeding 
gums, and loosening of teeth. Physical examination may reveal a bright 
red marginal line on the gingiva, necrosis and ulceration of interdental 
papillae, gingival erosion, exfoliation of enamel, and loose teeth. The 
cause of gingivitis and periodontitis is unclear. Cigarette smoking may 
be an important cofactor in the pathogenesis of periodontitis. Mixed 
cultures of aerobic and anaerobic flora have been obtained from gin-
gival biopsy samples. More severe, ulcerating gingivitis can be caused 
by infections with gram-negative bacilli, particularly Klebsiella pneu-
moniae and Enterobacter cloacae. Infections tend to be chronic, but 
débridement, irrigation, and topical antiseptic agents or metronidazole 
therapy may control some cases.

Oral Ulcers
A number of ulcerative lesions may occur in the oral cavity of patients 
with HIV infection. Herpes simplex virus (HSV) types 1 and 2 may 
cause primary or recurrent oral ulcers. These lesions generally appear 
as small smooth ulcers on an erythematous base on the lips, buccal 
mucosa, hard palate, or gums. The ulcers may be single or multiple and 
are often painful. Episodes may last for several weeks; acyclovir may 
be beneficial. CMV may rarely cause solitary large ulcers in those with 
disseminated CMV infection. Aphthous stomatitis is manifested by 
single or multiple painful ulcers, often with exudate or necrosis, which 
may appear on the buccal and labial mucosa and lateral margin of the 
tongue (see Fig. 124-7). These ulcers do not occur more commonly 
than in HIV-seronegative persons, but episodes are more severe and 
prolonged.238 They may be treated with topical corticosteroids or tha-
lidomide if persistent.239-241 The cause of oral ulcers is best determined 
by biopsy and viral culture, although minor lesions may be observed 
without specific therapy in many cases. Several drugs have been 
reported to cause oral and gastrointestinal ulcers, including zalcitabine, 
zidovudine, and dapsone.

Other Oral Lesions
The purple-red lesions of Kaposi sarcoma may occur at any site in the 
mouth, but the palate is most common. Lesions may become large and 
nodular. Non-Hodgkin’s lymphoma may arise in the mouth as a swell-
ing or ulcers; biopsy is required for diagnosis. Oral warts caused by 
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followed by lumbar and sacral roots, are most often involved. Out-
breaks along the ophthalmic branch of the trigeminal nerve may result 
in corneal involvement and lead to scarring and opacification that 
impair vision. A substantial proportion of patients may experience 
postherpetic scarring and pain. In patients with HIV infection who 
acquire primary varicella (chickenpox), the acute infection may prog-
ress to a chronic form in a period of weeks to months.

Despite the frequency of disseminated CMV disease in late-stage 
AIDS, cutaneous manifestations are unusual. Vesicles, bullae, and 
hyperpigmented indurated plaques have all been described, however. 
Infections with human papillomavirus, the causative agent of condy-
lomata acuminata, are more prevalent in HIV-infected persons than in 
the general population. In addition to genital lesions (see Chapter 146), 
warts are often seen in periungual locations, on the feet (plantar warts), 
and in bearded areas of the face.

Molluscum contagiosum, a cutaneous poxvirus infection, is seen 
more often in HIV-infected persons than in other populations (see 
Chapter 136). Most patients have CD4+ cell counts less than 200/mm3. 
The agent is transmitted by sexual or other close contact; reactivation 
of remote infection may cause outbreaks in immunosuppressed hosts. 
Molluscum lesions are small firm papules with a pearly white umbili-
cated surface distributed on the face, trunk, or genital areas. The lesions 
are usually painless and can be differentiated from herpetic lesions by 
the absence of erythema, smaller size, and resolution of lesions without 
ulcerating or crusting (Fig. 124-12). Biopsy may be necessary to 
exclude more serious causes of cutaneous lesions, such as cryptococ-
cosis, pyogenic granuloma, and basal cell carcinoma. Liquid nitrogen 
is used effectively to treat this condition. Lesions may also resolve after 
initiation of ART, with a resultant increase in CD4+ level.273

Viral Infections of the Skin and  
Mucous Membranes
A wide range of viruses involve the skin in HIV-immunosuppressed 
patients. The exanthem of acute HIV infection is an erythematous 
morbilliform eruption of the trunk and upper arms that occurs 2 to 4 
weeks after infection and is usually associated with fever, headache, 
arthralgias, night sweats, pharyngitis, or thrush.170,262,263 The rash 
resolves within 5 to 7 days. HSV (see Chapter 138) frequently causes 
morbidity in patients with advanced HIV disease.264 Serology shows 
previous infection with HSV-2 in more than 90% of homosexual men 
with HIV infection; it is less prevalent in other groups. Although 
HSV-2 recurs frequently even in nonimmunosuppressed hosts, it 
recurs more frequently and for prolonged periods in patients with HIV 
infection. HSV-2, a common pathogen of the sacral root dermatomes, 
often causes outbreaks in the buttocks, perineum, scrotum (or vulva), 
and shaft and glans of the penis. Characteristic lesions of herpes 
simplex appear first as painful erythematous papules; later, they vesicu-
late and ulcerate, and pustules may form. Chronic ulcers may become 
granulated, verrucous, or bloody (Fig. 124-10). Herpes simplex proc-
titis is associated with severe rectal pain, fever, tenesmus, and obstipa-
tion. External lesions may be absent, and the diagnosis is established 
by anoscopic or sigmoidoscopic examination and cultures. Giant peri-
rectal ulcers and lesions at other sites that yield thymidine kinase–
resistant strains of HSV-2 have occurred in patients who were 
previously treated with acyclovir. HSV infections are diagnosed by the 
typical appearance and distribution of the lesions, viral culture, or 
polymerase chain reaction assay. Tzanck preparations may show giant 
cells, which suggest HSV infection but generally have low sensitivity. 
Some physicians base their diagnosis on how patients respond to an 
empirical trial of acyclovir. Orolabial HSV infections in HIV-infected 
persons may be caused by HSV-1 or HSV-2. Although primary infec-
tions may occur after patients acquire HIV, recurrences are the more 
common manifestation of HSV infection. Often, a prodrome of tin-
gling and pain precedes the appearance of painful vesicles and ulcers. 
Lesions may be found on the lips, buccal mucosa, gingiva, soft palate, 
uvula, and tongue. HSV disease may recur chronically in patients with 
advanced immunosuppression.

In persons with HIV infection, varicella-zoster virus (shingles) is 
often reactivated265 (see Chapter 139), typically when the CD4+ level is 
200 to 500 cells/mm3. There have been reports of herpes zoster after 
initiation of ART,266 suggesting a role of the host immune response in 
this clinical manifestation. Herpes zoster may occur early in the course 
of HIV infection, but the incidence in late HIV disease is 5% to 10% 
annually.267-271 Dermatomal outbreaks are most common, and a sub-
stantial proportion of patients may have several dermatomes involved 
(Fig. 124-11). Recurrent episodes at the same or different sites, chronic 
(nonremitting) zoster, and dissemination are often seen.272 Shingles is 
often characterized by radicular pain and itching several days before 
erythematous papules appear, and vesiculation occurs within several 
days. Lesions are often extremely pruritic, and excoriation with sec-
ondary bacterial infection commonly occurs. Over a period of 4 to  
7 days, lesions form bullae and crusts and begin to heal, although some 
patients have zoster chronically. Cranial and thoracic dermatomes, 

FIGURE 124-10 Herpes simplex. (Courtesy Dr. Stephen Raffanti.)

FIGURE 124-11 Herpes zoster in dermatomal distribution. (Cour-
tesy Dr. Stephen Raffanti.)

FIGURE  124-12 Molluscum contagiosum. (Courtesy Dr. Stephen 
Raffanti.)
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Other Cutaneous Manifestations
Various other skin disorders have been described in HIV-infected 
patients. Seborrheic dermatitis, an inflammatory condition of seba-
ceous glands that may be associated with dermatophytic superinfec-
tion, is an early complication (Fig. 124-14). Erythema and scaling of 
midline areas of the forehead, face, and groin are typical findings. 
Psoriasis occurs in 5% of HIV-infected persons, with scaly reddish 
plaques, onycholysis, nail pitting, and subungual hyperkeratosis. Asso-
ciated psoriatic arthritis occurs more frequently than in HIV-
seronegative persons with psoriasis. Tinea infections of the scalp, 
trunk, inguinal and perineal areas, extremities, and feet are also 
common. Onychomycoses, or fungal infections of the fingernails and 
toenails, are common, although usually asymptomatic, causing only 
cosmetic changes. Bacterial folliculitis may be localized or dissemi-
nated in patients with HIV infection, and relapses frequently occur. S. 
aureus is the most common causative pathogen. Community-acquired 
methicillin-resistant S. aureus skin infections occur with increasing 
frequency in HIV-infected persons; risk factors include high-risk sex, 
drug-using behavior, and environmental exposure, but not immune 
status.289 Eosinophilic folliculitis (Fig. 124-15) is an inflammatory con-
dition associated with raised pruritic nodules with a pustular head on 
an erythematous base; it is similar to bacterial folliculitis. Biopsy speci-
mens of these lesions reveal intense infiltration of eosinophils and 
absence of polymorphonuclear cells and organisms. Xerosis and ich-
thyosis are also common in patients with advanced HIV disease and 
may be refractory to therapy with emollients and anti-inflammatory 
agents; antihistamines may provide symptomatic relief. Prurigo nodu-
laris appears as nodules and papules caused by chronic rubbing and 
scratching. This is precipitated by one of the many causes of pruritus 

Bacillary Angiomatosis
Bacillary angiomatosis is associated with cutaneous and visceral 
involvement that produces lesions characterized by vascular prolifera-
tion, hemorrhage, and necrosis.274-278 The disease was first described in 
1983 in an AIDS patient with subcutaneous nodules with vascular 
proliferation and evidence of bacterial involvement by electron micros-
copy.278 Subsequently, the cause of bacillary angiomatosis was attrib-
uted to the organisms Bartonella henselae and Bartonella quintana (see 
Chapter 236). B. henselae infection has been associated with cat and 
flea exposure and B. quintana infection with low socioeconomic status, 
homelessness, and exposure to lice.279 Bartonella organisms have been 
cultured from skin lesions, blood, liver, bone, and other sites.274-277

Patients with bacillary angiomatosis usually present with one or 
several cutaneous lesions, although disseminated disease is common. 
The typical skin lesions are purple-red nodules or plaques that can 
ulcerate and crust. Lesions may be mistaken for cutaneous Kaposi 
sarcoma, skin tags, or basal cell carcinoma. Visceral disease may include 
hepatitis (bacillary peliosis), splenic or osseous lesions, bacillemia, 
pneumonitis or, less often, involvement of other organs.280 Bacillary 
peliosis is a characteristic illness in which patients present with fever, 
right upper quadrant pain, hepatomegaly, and elevation of liver enzyme 
levels, particularly alkaline phosphatase.281,282 Imaging studies of the 
liver may reveal echogenic defects; histologically, lesions have a cystic 
appearance, with vascular proliferation, hemorrhage, and necrosis.

The diagnosis of bacillary angiomatosis is best made by biopsy of 
involved sites. Hematoxylin and eosin stains of biopsy specimens from 
skin lesions show proliferation of small blood vessels in the dermis or 
cutis, enlarged endothelial cells with abundant cytoplasm, and necrotic 
and granulomatous changes. Warthin-Starry stains show perivascular 
accumulations of bacilli; these findings may be confirmed by electron 
microscopy, although this is not usually necessary. The diagnosis can 
also be established by culture of the organism in several special media 
or by detection of Bartonella DNA by polymerase chain reaction 
assay.283 Serologic assays for anti-Bartonella antibodies are available 
through the Special Pathogens Branch of the CDC. The natural history 
of the infection in patients with HIV is for relapses to occur in the 
absence of prolonged therapy with erythromycin or doxycycline. Fluo-
roquinolones, other macrolides, and trimethoprim-sulfamethoxazole 
also have activity against Bartonella.

Kaposi Sarcoma
Kaposi sarcoma is a vascular neoplastic disorder that in the United 
States is seen predominantly in HIV-infected homosexual men. Human 
herpesvirus type 8, which is transmitted sexually, has been implicated 
in the pathogenesis of Kaposi sarcoma (see Chapter 143).284-287 Although 
Kaposi sarcoma also affects visceral organs, the characteristic findings 
are cutaneous red-purple nodules or plaques (Fig. 124-13). Sites com-
monly involved include the legs, feet, mucous membranes, hard palate, 
nose, trunk, and scalp.288 Lesions of Kaposi sarcoma are often difficult 
to distinguish from those of bacillary angiomatosis; biopsy is required 
for diagnosis.

FIGURE 124-13 Kaposi sarcoma. (Courtesy Dr. Stephen Raffanti.)

FIGURE  124-14 Seborrheic dermatitis. (Courtesy Dr. Stephen 
Raffanti.)

FIGURE  124-15 Eosinophilic dermatitis. (Courtesy Dr. Stephen 
Raffanti.)
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and its associated opportunistic infections are nephrotoxic.296 Teno-
fovir can cause Fanconi syndrome. Pentamidine, foscarnet, and the 
aminoglycosides can cause acute tubular necrosis, and indinavir, sul-
fadiazine, and intravenous acyclovir can cause intratubular obstruction 
by crystal formation. Thrombotic thrombocytopenic purpura/
hemolytic-uremic syndrome has been reported in HIV-infected 
persons. Hypertension may be a prominent feature, and the prognosis 
is poor.297 Immune complex–mediated glomerular diseases, such as 
those associated with immunoglobulin A nephropathy298 and hepatitis 
C virus infection,299 have also been reported. The predisposition of 
patients of African descent to develop renal disease has been linked to 
polymorphisms in the APOL1 apolipoprotein gene, which is hypoth-
esized to have provided evolutionary protection against trypanosomal 
infections in Africa.300 APOL1 risk alleles are present in a large propor-
tion of, but not all, African-American patients with HIV-associated 
nephropathy (HIVAN) or focal sclerosing glomerulonephritis.301

Manifestations of HIV-associated nephropathy include proteinuria, 
mildly elevated serum creatinine levels, and normal-sized echogenic 
kidneys on renal ultrasonography. Biopsy specimens show focal and 
segmental glomerulosclerosis on histopathology, with glomerular 
injury, mesangial proliferation, tubular degeneration with microcyst 
formation, and capillary collapse.302 Patients usually have detectable 
HIV RNA in the plasma.302,303

Renal dysfunction in patients with HIV disease is usually diagnosed 
incidentally, when patients present with opportunistic infections and 
have a CD4+ cell count less than 200/mm3.304 Asymptomatic protein-
uria, up to 5 g/day, is often the initial finding, and the serum creatinine 
level is often normal or only mildly elevated. The albumin concentra-
tion is almost always low, as is true for most AIDS patients with 
opportunistic infections, and the blood pressure is usually normal. 
Renal biopsy most often shows focal and segmental glomerulosclerosis 
(“collapsing” glomerulosclerosis) with severe tubulointerstitial disease 
and proliferative microcyst formation. Immunofluorescence studies 
often reveal deposits of immunoglobulin M and C3, and electron 
microscopy shows tubuloreticular inclusion bodies.295 Although a 
variety of renal pathologic processes occur in patients of all races, and 
chronic renal insufficiency due to a variety of causes is not uncommon, 
black patients develop end-stage renal disease considerably more often 
than white patients, a consequence of the APOL1 polymorphism. One 
recent study noted that more than 90% of patients with biopsy-proved 
HIVAN had APOL1 risk alleles, underscoring the association of this 
genetic association, but the presence of HIVAN in the small number 
of individuals without risk alleles indicates that other factors are also 
involved.305

The clinical course of HIVAN progresses quickly, usually because 
many other opportunistic processes occur simultaneously.306 The 

in HIV-infected persons, such as xerosis, eosinophilic folliculitis, and 
atopic dermatitis.

Disseminated cryptococcosis and histoplasmosis may cause muco-
cutaneous papules, nodules, pustules, or ulcers (Figs. 124-16 and 124-
17). Biopsy and culture establish the diagnosis. In Thailand and 
southern China, P. marneffei is a common opportunistic fungal infec-
tious agent in AIDS patients.290 Patients can present with umbilicated 
papules, subcutaneous nodules, or morbilliform eruptions. Diagnosis 
is established by identifying the elliptic organism with central septation 
and characteristic red pigment production when grown in culture. 
Nontuberculous mycobacteria such as M. avium complex and M. hae-
mophilum may cause cutaneous papules, pustules, abscesses, lymphad-
enitis, or ulcerations. Culture is required for diagnosis.

Scabies
Sarcoptes scabiei var. humanus is the mite responsible for this common 
ectoparasitic infestation in HIV-infected persons. Scaly pruritic 
papules or hyperkeratotic plaques may occur on the palms, soles, 
trunk, or extremities. Characteristic burrows between the fingers and 
on the wrists are not always seen. Norwegian (crusted) scabies (Fig. 
124-18) is a severe and highly contagious manifestation of this disease, 
seen particularly with advanced immunosuppression.291 Permethrin 
5% cream and ivermectin are effective therapies.292

Renal Disease
A number of renal abnormalities have been described in patients with 
HIV infection, including a specific HIV-related nephropathy.293-295 The 
risk for renal dysfunction in patients with HIV is elevated by other 
conditions that mediate renal pathologic processes, including injection 
drug use, hepatitis B and C infection, hypertension, fluid and electro-
lyte disorders, and genetic polymorphisms associated with chronic 
kidney disease. In addition, many drugs used to treat HIV infection 

FIGURE 124-16 Cryptococcosis. (Courtesy Dr. Stephen Raffanti.)

FIGURE 124-17 Histoplasmosis. (Courtesy Dr. Stephen Raffanti.)

FIGURE  124-18 Norwegian scabies (in a patient with wasting 
syndrome). (Courtesy Dr. Stephen Raffanti.)
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Patients who have had CMV retinitis frequently experience acute 
retinal detachment. Erosion of the retinal border at the site of a necrotic 
lesion allows the retina to be lifted off underlying tissues. Patients 
complain of sudden loss of vision, “like a curtain falling” in front of 
the affected eye. Surgical reattachment is often partially successful in 
restoring vision, although progressive visual loss may ensue. Treatment 
options include oral valganciclovir, intravenous ganciclovir, intrave-
nous foscarnet, and intravenous cidofovir in combination with ART 
(see Chapter 140).318

Varicella-zoster retinitis is a severe necrotizing retinitis (progressive 
outer retinal necrosis) that may occur in patients with advanced HIV 
disease and low CD4+ cell counts, although some cases occur at earlier 
stages of HIV disease.319 Patients most often note rapid visual loss. 
Funduscopic findings include peripheral necrosis, occlusive vasculopa-
thy, optic neuritis, and vitreal and scleral inflammation, and the syn-
drome is termed acute retinal necrosis. Varicella-zoster retinitis usually 
occurs in the absence of zoster at other sites, but a history of varicella-
zoster virus disease is common and the virus may be isolated from 
tissue samples in some patients.320 Blindness ensues despite therapy in 
most patients, although responses to intravenous ganciclovir and fos-
carnet plus intravitreal injections of ganciclovir or foscarnet or both 
have been reported.318 Optimization of ART is also recommended.

Ocular toxoplasmosis occurs in patients with advanced immuno-
deficiency, and many, but not all, have cerebral toxoplasmosis. Toxo-
plasma retinitis is characterized by discrete, rounded, pale exudates. 
Lesions are usually discrete foci of retinal inflammation without hem-
orrhage or vasculopathy. Vitreal inflammation is common. The diag-
nosis is made by observation by an experienced ophthalmologist.

P. jirovecii may cause a choroiditis that mimics CMV retinitis.321 The 
lesions are typically posterior, are yellow-orange, and do not cause 
vitreal inflammation. Choroidal pneumocystosis occurs most often in 
patients with previous P. jirovecii pneumonia, particularly in those 
taking aerosolized pentamidine for prophylaxis.

Cardiac Manifestations
Early clinical observations suggested that HIV infection spared the 
heart, as memorialized in the activist/playwright Larry Kramer’s 
award-winning play The Normal Heart. Subsequent experience showed 
that cardiac involvement in HIV and AIDS is not unusual.322,323 Cardiac 
abnormalities in patients with HIV infection may include opportunis-
tic infections or diseases of the myocardium (e.g., T. gondii, Trypano-
soma cruzi) or pericardium (e.g., mycobacteria, Kaposi sarcoma), left 
ventricular dysfunction and dilated cardiomyopathy, cardiac auto-
nomic abnormalities, and vascular heart disease, such as pulmonary 
hypertension. Infectious endocarditis may also occur in patients with 
HIV infection, especially injection drug users, but there is little evi-
dence to suggest that the risk is increased after accounting for behav-
iors. Marantic endocarditis is a manifestation of late-stage HIV disease 
and is sometimes noted at autopsy.

In patients with long-standing but treated HIV infections, acceler-
ated atherosclerosis with myocardial infarction is increasingly 
common.224 Population-based studies have demonstrated that rates of 
myocardial infarction and cardiac death are increased in HIV-infected 
veterans compared with controls, and HIV-infected men in the Multi-
center AIDS Cohort Study have an increased prevalence of coronary 
calcification and total (but not calcified) coronary artery plaque than 
HIV-negative men.324,325 The risk for coronary disease is associated 
with age, duration of HIV infection, nadir CD4+ lymphocyte count, 
and duration of ART, suggesting, in part, that chronic immune activa-
tion plays a mechanistic role in the development of cardiac disease. 
This is consistent with the results of the Strategies for Management of 
Antiretroviral Therapy (SMART) study,142 in which patients random-
ized to interrupted ART had increased rates of cardiac death, which 
was associated with elevations in proinflammatory cytokines and pro-
thrombotic markers.

Myocardial disease in HIV-infected individuals is surprisingly 
common, particularly in late-stage disease. Infectious myocarditis has 
been reported with a number of opportunistic infections, notably T. 
gondii. In an autopsy-based study in France, for example, 12% of AIDS 
patients who died were found to have cardiac toxoplasmosis.326 Most 
patients with cardiac toxoplasmosis also had cerebral involvement, 

optimal management for HIVAN includes rapid initiation of ART,307,308 
short courses (8 to 12 weeks) of corticosteroids,309 and use of 
angiotensin-converting enzyme inhibitors for patients who can toler-
ate them.310 Immunosuppressive therapy with cyclosporine has been 
tried but is probably not superior to corticosteroid therapy.311

Ocular Complications
Ocular diseases are extremely common manifestations of HIV disease, 
with a wide variety of causes, ranging from a benign HIV retinopathy 
to sight-threatening viral opportunistic infections.312,313,314 As HIV 
disease progresses, the risk for ocular complications rises appreciably.

Prior to widespread initiation of ART, HIV retinopathy occurred 
in approximately one third of all patients with HIV, with the prevalence 
higher in those with low CD4+ counts. The most frequent finding is a 
cotton-wool spot, a small pale lesion that is thought to represent tran-
sient focal retinal ischemia. HIV retinopathy may also produce micro-
aneurysms and retinal hemorrhages. The condition is generally benign, 
although some patients have developed visual defects attributed to this 
condition.

The most common and serious ocular complication of HIV disease 
is retinitis, most often caused by CMV (also see Chapter 140). CMV 
is ubiquitous in patients with HIV infection and causes serious mor-
bidity in patients with AIDS. CMV is transmitted by the same routes 
as HIV, and almost all patients with sexually acquired HIV infection 
are also infected with CMV. Like other herpesviruses, CMV may infect 
cells latently and be reactivated when host defenses are impaired. 
Asymptomatic CMV viruria and viremia may be found in one third to 
one half of patients with advanced HIV disease. The risk for CMV 
retinitis is determined largely by the CD4+ cell count and by the CMV 
DNA level in the peripheral blood. For patients with CD4+ cell counts 
less than 200/mm3, the annual risk is 4% to 12%. Further risk stratifica-
tion is aided by CMV DNA measurements, with aviremic patients 
having less than 1% risk per year, even at low CD4+ cell counts.315

CMV has a unique predilection for the retina, with 90% of end-
organ disease in patients with HIV infection being retinitis.316 Other 
involved sites include the colon, esophagus, stomach, adrenals, pan-
creas, brain, and lungs. The onset of CMV retinitis may be insidious 
or rapid. Patients complain of painless, progressive visual loss, blur-
ring, and floaters. CMV retinitis usually arises unilaterally, although it 
may subsequently progress to the contralateral retina. Funduscopic 
examination of the involved eye typically reveals coalescing white  
exudates in a vascular pattern, with surrounding hemorrhage and 
edema. Often, lesions are peripheral initially, involve the fovea later, 
and result in visual loss. Retinal detachment may occur as a late 
complication.

Fortunately, the advent of combination ART has resulted in aston-
ishing declines in the incidence of CMV retinitis. Several population-
based studies have reported 60% to 90% reductions in the incidence 
of this disease. Improvement in cell-mediated immunity with ART 
results in suppression of CMV DNA in plasma, with a subsequent 
decrease in the risk for disease. Indeed, it appears that patients with 
treated CMV retinitis who receive ART may safely discontinue anti-
CMV therapy if their CD4+ count rises to more than 100 cells/mm3 for 
at least 3 to 6 months.317,318 For patients with CD4+ counts less than 50 
cells/mm3, education regarding retinitis symptoms and regular oph-
thalmologic examinations are recommended. Patients complaining of 
ocular symptoms should undergo a thorough ophthalmologic exami-
nation. Retinal findings may include cotton-wool spots or lesions of 
infectious retinitis. Less common retinal infections include toxoplas-
mosis, pneumocystosis, varicella-zoster virus, and ocular syphilis, 
which is usually a diffuse intraocular process. Cotton-wool spots are 
prevalent in patients with AIDS but do not appear to predict the devel-
opment of other retinal disease. The cotton-wool spots are distributed 
in a vascular pattern similar to that of CMV but do not have the 
irregular pattern of full retinal exudates and hemorrhages characteris-
tic of CMV retinitis. An ophthalmologist or other highly trained 
observer should examine any patient with signs or symptoms of reti-
nitis promptly, because delay in therapy can result in irreversible visual 
loss. Cultures of the blood and urine yield CMV in 60% and 80% of 
cases, respectively, although the diagnosis rarely rests entirely on these 
results.
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episodes were mild and self-limited. Anemia is common in advanced 
HIV infection and is an independent risk factor for death.335,336 HIV-
related thrombocytopenia is a result of both immune-mediated platelet 
destruction (as is seen in idiopathic thrombocytopenic purpura) and 
impaired platelet production.337 Patients are usually asymptomatic, 
even with profound thrombocytopenia. The thrombocytopenia usually 
responds to ART; this has been best studied with zidovudine but has 
also been shown with ART.338,339 Thrombotic thrombocytopenic 
purpura in an HIV-infected person was first described by Jokela and 
colleagues in 1987.340 The classic diagnostic pentad includes thrombo-
cytopenia, microangiopathic hemolytic anemia, renal failure, fever, 
and neurologic abnormalities, although not all patients have all these 
findings. In addition, given the high frequency of many of these find-
ings in those with advanced AIDS, such a diagnosis may not always be 
considered. The incidence of thrombotic thrombocytopenic purpura 
has appeared to be decreasing in the ART era.341

Immune Reconstitution Syndromes
ART—regimens that include a HIV-1 protease inhibitor or non-
nucleoside reverse transcriptase inhibitor, together with nucleoside 
reverse-transcriptase inhibitors—is associated with dramatic reduc-
tions in HIV-1 RNA and increases in CD4+ lymphocyte counts. In 
addition to decreasing HIV-related mortality and the incidence of 
opportunistic infections significantly (as discussed earlier), the 
improvement in immune function can be associated with paradoxical 
worsening of underlying opportunistic infections.342,343 The clinical 
presentation of immune reconstitution inflammatory syndrome (IRIS) 
varies according to the pathogen (see later discussion). Not every 
patient who has immunologic improvement with ART experiences 
IRIS; the risk factors for the development of these syndromes are not 
well understood.

Tuberculosis
Paradoxical worsening of tuberculosis was initially described in HIV-
seronegative tuberculosis patients before the HIV era, but it appears  
to be more common in HIV-infected patients.157 Clinical manifesta-
tions include fever, adenopathy (e.g., cervical, thoracic, or intra-
abdominal), and worsening pulmonary infiltrates. Central nervous 
system tuberculomas, pleural effusions, and psoas abscesses have also 
been described.157,158,344,345 Diagnoses such as lymphoma, adverse drug 
reaction, and tuberculosis treatment failure related to nonadherence, 
malabsorption, or drug resistance must be excluded before the diag-
nosis of tuberculosis IRIS can be established. Treatment with ART has 
been associated with an increased risk for IRIS in some but not all 
studies; the incidence rate ranges from 7% to 43%.157,158,344-346 Persons 
who experience IRIS with ART usually do so within 2 to 3 weeks of 
starting therapy. Clinical management includes a continuation of anti-
tuberculosis and ART and the use of nonsteroidal anti-inflammatory 
drugs for symptomatic relief. For severe manifestations, such as com-
promise of the airways or venous return to the heart, corticosteroids 
(e.g., prednisone 1 mg/kg/day, then taper as symptoms allow) may be 
given. Unmasking of previously unrecognized tuberculosis after ART 
initiation has also been reported, although this may represent progres-
sion of untreated tuberculosis that is coincidental to the start of HIV 
therapy.147,148

Mycobacterium avium Complex Disease
Focal or diffuse lymphadenitis developing within 2 to 3 months of 
initiation of ART has been described in several persons with low base-
line CD4+ lymphocyte counts.146,347 Mycobacteremia is generally not 
present, but cultures of lymph nodes usually grow M. avium. There 
have also been reports of focal osteomyelitis developing in persons who 
discontinue primary or secondary M. avium prophylaxis after sus-
tained increases in CD4+ counts during ART.348,349 Treatment is the 
same as that for M. avium infection in the absence of immune 
reconstitution.

Cytomegalovirus Disease
CMV retinitis in the setting of immune reconstitution (immune recov-
ery uveitis) has been described in persons with and without a history 
of CMV retinitis before initiation of ART.350-352 Development of CMV 

although several patients had isolated toxoplasmic myocarditis. Myo-
carditis may be seen in acute T. gondii infection, and coincident 
toxoplasmic pneumonitis may present a clinical picture of diffuse  
pulmonary infiltrates and cardiac insufficiency. Other opportunistic 
agents causing myocardial involvement include mycobacteria and 
fungi.

A more common and underdiagnosed disorder in HIV-infected 
individuals is cardiomyopathy with left ventricular dysfunction, which 
may result in congestive heart failure.327 Several large cohort studies in 
the pre-ART era found that 8% to 12% of patients with HIV infection 
had echocardiographic evidence of left ventricular dysfunction, and 
the incidence of dilated cardiomyopathy with severe congestive heart 
failure (New York Heart Association Class III or IV) was 15% to 18% 
per year.328,329 Clinical evaluation of patients may reveal only com-
plaints of fatigue and exertional dyspnea, and physical examination 
may show tachycardia without rales or overt signs of congestive heart 
failure. Echocardiography shows global hypokinesis and enlargement 
of all four chambers, with a modestly to severely reduced left ventricu-
lar ejection fraction and increased end-diastolic volume index. Chest 
radiography is frequently unhelpful. The cause of HIV-related cardio-
myopathies is multifactorial, with conflicting data on the causative role 
of cardiotropic viruses, vitamin deficiencies, and cardiotoxic drugs. 
There is compelling evidence, however, that HIV itself is involved  
in the pathogenesis of cardiomyopathy in a large proportion of 
patients.328,329 HIV has been identified in myocardial tissue by in situ 
hybridization in several studies and found to be positive in one third 
to two thirds of patients with myocarditis. In addition, an inflamma-
tory cellular infiltrate composed of major histocompatibility complex 
class I–expressing CD8+ cells is found in a large proportion of patients, 
suggesting an autoimmune mechanism in this process. Other viruses 
also implicated in dilated cardiomyopathy in patients with HIV infec-
tion include Epstein-Barr virus, coxsackieviruses, and CMV. Support-
ive treatment with digoxin, diuretics, and afterload reduction is usually 
of symptomatic benefit, and some patients with inflammatory myocar-
ditis respond to corticosteroid therapy. Nonetheless, the prognosis for 
patients with this finding is poor,330 although combination ART might 
change this.

Pericardial effusions have been reported in varying proportions of 
patients in a number of studies, many of which have suffered from 
selection bias. In patients with more advanced illness in hospital-based 
settings, pericardial effusions can be common. A Portuguese study 
found, for example, that 41% of 181 HIV-infected patients had peri-
cardial effusions.331 Most effusions in this setting are asymptomatic or 
arise with signs and symptoms of opportunistic disease at other sites. 
The cause of pericardial disease in patients with HIV infection is 
diverse, but opportunistic infections and malignancies are the agents 
most commonly implicated. Mycobacterial infections, especially 
tuberculosis, are frequently associated with pericardial involvement in 
areas in which coinfection with HIV and M. tuberculosis is common, 
and nontuberculous mycobacteria may also invade the pericardial 
space. Other infections seen in the pericardium include bacterial infec-
tions, fungal infections (e.g., Cryptococcus), and viral cardiopulmonary 
infections. Kaposi sarcoma and non-Hodgkin’s lymphoma may also 
cause pericardial effusion. Cardiac tamponade or cardiac dysfunction 
resulting from effusions is unusual in most series, and, in most cases, 
pericardiocentesis is not necessary as a therapeutic maneuver. One 
study, however, reported that 40% of patients with an HIV-related 
pericardial effusion had signs of tamponade.332

Hematologic Manifestations
HIV infection can affect all three hematologic cell lines—leukocytes, 
red blood cells, and platelets. Although neutropenia and anemia are 
seen primarily in advanced disease, thrombocytopenia can occur in 
early-stage disease (e.g., HIV-related thrombocytopenia) or late-stage 
disease (thrombotic thrombocytopenic purpura). Neutropenia may be 
caused by HIV infection itself or may be an adverse effect of therapy. 
In one study, neutropenia was an independent risk factor for bacterial 
infection after controlling for CD4+ count.333 In another study of 71 
patients with an absolute neutrophil count less than 1000 cells/mm3 for 
a median of 13 days, only 6 (8%) developed culture-proven infection.334 
The risk for infection increased with decreasing CD4 counts, but most 
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persistent increase in HCV RNA, particularly in persons with baseline 
CD4+ count less than 350 cells/mm3.360,361 Other studies have found that 
hepatotoxicity in coinfected patients who respond to ART is associated 
with increased HCV-specific immune responses and T-cell activa-
tion.362 This suggests that, at least in some cases, hepatotoxicity is 
associated with immune reconstitution. There have also been reports 
of acute hepatitis developing during ART in those patients with prior 
hepatitis B virus infection, in whom increased HBV RNA levels are 
detected.363 Patients with chronic hepatitis B infection are at increased 
risk for hepatotoxicity from ART, and withdrawal of antiretroviral 
drugs that have activity against hepatitis B virus, such as tenofovir or 
lamivudine, may result in worsening of hepatic function and increased 
aminotransferase levels, which may be caused by immune mechanisms 
or loss of viral suppression.364 Management of patients with chronic 
hepatitis is discussed in Chapter 119.

Other Diseases
Paradoxical worsening in the setting of immune reconstitution has also 
been described after initiation of ART with infection with C. neofor-
mans,365 P. jirovecii pneumonia,366,367 progressive multifocal leukoen-
cephalopathy,368 and Kaposi sarcoma.369 Of particular concern is IRIS 
that involves the central nervous system because of the high associated 
morbidity and mortality. This has been seen with infection with C. 
neoformans and progressive multifocal leukoencephalopathy in addi-
tion to tuberculosis.

disease at extraocular sites (e.g., bloodstream, colon, and pancreas) in 
patients without prior CMV disease has also been described.353 Among 
persons with a history of CMV retinitis who subsequently initiate and 
respond to ART, 18% to 63% develop immune recovery uveitis.354,355 
The median time of ART until development of uveitis was 43 weeks in 
one study.354 The optimal management is unclear. Oral corticosteroids 
with or without concomitant anti-CMV therapy are often used.

Infection with Varicella-Zoster Virus
There have been several reports of the development of herpes zoster in 
persons receiving ART. In two series, herpes zoster developed in 7% 
to 8% of persons receiving combination ART and occurred within 17 
weeks of initiation of therapy.356,357 In one report, herpes zoster was 
associated with an increase in CD8+ lymphocytes.357 The clinical mani-
festations are usually not severe and respond to acyclovir or 
famciclovir.

Viral Hepatitis
Persons infected with hepatitis C virus (HCV) can develop acute hepa-
titis or cirrhosis during ART.358,359 It is difficult to discern whether 
elevations in hepatic aminotransferase levels are caused by toxicity of 
ART or immune reconstitution: there is no reliable clinical or labora-
tory parameter that will distinguish between these two entities. In a 
study of 60 persons coinfected with HIV and HCV who completed  
at least 16 weeks of ART, immune recovery was associated with a 
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125 
Pulmonary Manifestations  
of Human Immunodeficiency  
Virus Infection
Paul E. Sax and Kevin L. Ard

Respiratory complications of human immunodeficiency virus (HIV) 
infection remain a significant source of morbidity and mortality, even 
after the introduction of potent combination antiretroviral therapy in 
1996.1 Although the incidence rate of these complications has since 
declined, they are frequently the sentinel event that brings a person 
with unknown HIV status to medical attention via hospitalization or 
emergency department visit.

EPIDEMIOLOGY
The Pulmonary Complications of HIV Infection Study followed 1100 
patients with HIV from 1988 to 1994.2 The study also included 167 
control subjects who were negative for HIV. The study preceded the 
availability of protease inhibitors and the widespread use of triple-
combination antiretroviral therapy, but it provided the most accurate 
data regarding the incidence of specific pulmonary infections among 
individuals with HIV. Importantly, the study included the era after 
which prophylaxis against Pneumocystis jirovecii (formerly Pneumo
cystis carinii) pneumonia (PCP) became standard of care. During the 
5 years of follow-up, acute bronchitis was the most common lower 
airway infection; it occurred twice as often in those with HIV infection 

than in controls. By far, the two most common acquired immunode-
ficiency syndrome (AIDS)-defining complications were bacterial 
pneumonia and PCP. These occurred with approximately equal fre-
quency, and sequential follow-up results showed higher rates of pneu-
monia with declining CD4 cell counts. Other specific causes of 
opportunistic infections occurred relatively infrequently and included 
cases of infection with cytomegalovirus (CMV), Aspergillus, crypto-
cocci, and herpes simplex virus.

The use of combination antiretroviral therapy has dramatically 
diminished the incidence of all of these complications, with some 
evidence of a greater decline in PCP than in bacterial pneumonia.1,3 
For the former, this decline occurred independently of the frequency 
of PCP prophylaxis.4 However, even among individuals with normal 
or near-normal CD4 cell counts who are undergoing antiretroviral 
therapy, the rate of bacterial pneumonia is significantly higher  
among those infected with HIV than in uninfected control subjects.5,6 
Long-term administration of anti-Pneumocystis prophylaxis with 
trimethoprim-sulfamethoxazole (TMP/SMX) in particular and Myco
bacterium avium complex prophylaxis with macrolide antibiotics likely 
reduces the incidence of bacterial pneumonia.7-10 Treatment with 

Epidemiology
•	 Human	immunodeficiency	virus	(HIV)	infection	

increases	the	risk	of	infectious	and	
noninfectious	respiratory	conditions.

•	 Most	complications	occur	in	those	not	
receiving	antiretroviral	therapy	(ART).

•	 Effective	ART	has	reduced,	but	not	eliminated,	
the	excess	risk	of	pulmonary	infections	such	as	
Pneumocystis	jirovecii	pneumonia	(PCP)	and	to	
a	lesser	extent	bacterial	pneumonia.

•	 Noninfectious	conditions,	such	as	chronic	
obstructive	pulmonary	disease	and	lung	
cancer,	are	assuming	greater	importance	as	
HIV-infected	individuals	live	longer.

Approach to the Patient
•	 The	differential	diagnosis	is	influenced	by	the	

stage	of	immunosuppression,	ART,	prophylaxis	
for	opportunistic	infections,	and	the	local	
epidemiology	of	conditions	such	as	
tuberculosis	and	endemic	fungal	infections.

•	 Lower	CD4	cell	counts	increase	the	risk	of	all	
pulmonary	infections,	including	those	that	also	
occur	at	higher	CD4	cell	counts.

•	 Findings	on	chest	radiography	can	help	
guide	the	differential	diagnosis	(see		
Table	125-2).

Pneumocystis jirovecii Pneumonia
•	 Most	cases	of	PCP	occur	at	CD4	cell	counts	of	

fewer	than	200	cells/mm3	in	patients	not	
receiving	ART.

•	 Patients	with	PCP	typically	report	cough	and	
fever	of	at	least	several	weeks’	duration.

•	 Radiographic	findings	include	diffuse	
interstitial	infiltrates	most	commonly,	but	

cavities,	pneumothoraces,	pleural	effusions,	
and	normal	radiographs	can	occur.

•	 Diagnosis	relies	on	identification	of	the	
organism	in	respiratory	secretions,	often	
through	induced	sputum	or	bronchoalveolar	
lavage,	which	is	more	sensitive.

•	 Serum	(1→3)-β-D-glucan	is	also	highly	
sensitive	for	the	diagnosis	of	PCP.

Bacterial Pneumonia
•	 Streptococcus	pneumoniae	and	Haemophilus	

influenzae	are	the	most	commonly	isolated	
pathogens.

•	 With	worsening	immunosuppression,	
pneumonias	due	to	Staphylococcus	aureus,	
Pseudomonas	aeruginosa	(especially	in	the	
setting	of	neutropenia),	Nocardia	spp.,	and	
Rhodococcus	equi	can	occur.

Mycobacterial Pneumonia
•	 The	features	of	Mycobacterium	tuberculosis	

pulmonary	infection	vary	based	on	the	degree	
of	immunosuppression.

•	 HIV-infected	patients	with	respiratory	
symptoms	who	are	from	tuberculosis-endemic	
areas	or	have	other	risk	factors	for	
tuberculosis,	who	have	a	positive	test	for	
latent	tuberculosis	without	a	history	of	
prophylactic	therapy,	or	who	have	a	personal	
history	of	tuberculosis	without	documentation	
of	appropriate	treatment	should	be	placed	in	
negative	air	pressure	rooms	until	the	diagnosis	
of	pulmonary	tuberculosis	is	excluded.

•	 Sputum	nucleic	acid	amplification	tests	can	
hasten	diagnosis,	particularly	in	smear-
negative	cases.

Fungal Pneumonia
•	 Fungal	pneumonia	tends	to	occur	with	CD4	

cell	count	<100	cells/mm3,	often	as	a	
component	of	disseminated	fungal	infection	
(cryptococcosis,	histoplasmosis,	
coccidioidomycosis,	blastomycosis).

•	 Histoplasmosis	and	coccidioidomycosis	are	
important	causes	of	pneumonia	in	those	who	
have	resided	in	or	traveled	to	endemic	areas;	
Blastomyces	rarely	causes	pulmonary	infection	
in	patients	with	HIV.

•	 Pulmonary	aspergillosis	is	usually	in	severely	
immunocompromised	individuals	with	
neutropenia	or	corticosteroid	use.

Viral Pneumonia
•	 During	the	influenza	season,	influenza	is	the	

most	common	diagnosis	in	HIV-infected	
patients	with	fever	and	respiratory	symptoms,	
although	adenovirus,	respiratory	syncytial	
virus,	and	parainfluenza	virus	can	cause	a	
similar	presentation.

Noninfectious Respiratory Disorders
•	 Pulmonary	Kaposi	sarcoma	usually	occurs	with	

cutaneous	or	mucosal	disease.
•	 Pulmonary	lymphoma	causes	nodules,	

masses,	or	pleural	effusions	and	is	usually	
diagnosed	via	video-assisted	thorascopic	
surgery	(VATS).

•	 Lymphocytic	interstitial	pneumonitis,	a	rare	
cause	of	interstitial	infiltrates,	is	typically	
diagnosed	on	biopsy.	It	primarily	occurs	in	
children	but	may	develop	in	adults,	particularly	
those	with	higher	CD4	counts	than	are	seen	
with	many	opportunistic	infections.

SHORT VIEW SUMMARY
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evaluation and initial empirical therapy should be focused toward 
these diagnoses.

Certain historic, clinical, and radiographic clues help determine the 
likelihood of underlying specific opportunistic infections and are dis-
cussed in the following sections.

Clinical or Laboratory Stage of 
Immunosuppression
The vast majority of cases of PCP occur in individuals with CD4 cell 
counts of fewer than 200 cells/mm.3,12-14 If the CD4 cell count is 
unavailable, helpful clinical correlates are the presence of oral candi-
diasis, which is known to correlate with advanced HIV-related immu-
nosuppression and the risk of PCP, and other clinical markers of 
advanced HIV disease such as weight loss. Progressive immunosup-
pression increases the risk of all pulmonary infectious processes, 
including those that may occur with relatively preserved CD4 cell 
counts, such as bacterial pneumonia and tuberculosis (TB).

Tempo of the Illness
Individuals with HIV with bacterial pneumonia typically present in 
much the same way as those without HIV infection: with a relatively 
acute illness (measured in days) characterized by fever and chills and 
sometimes also accompanied by pleuritic pain and sputum produc-
tion.15 PCP, in contrast, typically manifests as a subacute to chronic 
illness of several weeks’ duration, with the most prominent symptoms 
being fever and shortness of breath. Other helpful clues to PCP include 
chest tightness (specifically a sense of difficulty in taking a full breath) 
and a report that a typical day’s activities (climbing stairs, conversing 
on the telephone) are now associated with dyspnea.

Receipt and Type of Pneumocystis 
Prophylaxis
Patients receiving TMP/SMX for Pneumocystis prophylaxis rarely have 
breakthroughs of PCP if they are compliant with therapy. In contrast, 
second-line prophylaxis, such as atovaquone, dapsone, and aerosolized 
pentamidine, is associated with small but significant rates of treatment 
failure.7,16,17,18 As noted previously, TMP/SMX reduces the risk of all 
bacterial infections, including pneumonia. However, given the high 
rates of pneumococcal infection among patients with HIV, as well as 
the concurrently high rate of pneumococcal resistance to TMP/SMX 
and macrolides, receipt of these drugs for prophylaxis can be consid-
ered as partially protective at most.

Receipt of Antiretroviral Therapy
In addition to its obvious beneficial effect on HIV RNA levels and CD4 
cell counts, patients who receive continuous antiretroviral therapy 
(ART) have a lower rate of pneumonia than a comparable group 
undergoing intermittent therapy.19 A notable aspect of this study is 
that only patients with CD4 cell counts greater than 350 cells/mm3 
could be enrolled, which shows again that pneumonia may occur at 
relatively higher CD4 cell counts compared with other opportunistic 
infections. The favorable effect of HIV treatment on reducing pneu-
monia incidence may be in part the result of a reduction in pulmonary 
viral replication and improvement in lung CD4 function and number.20

History of Opportunistic Processes
Some patients with HIV appear to have more prominent B-cell dys-
function and thus are at a much greater risk for the development of 
encapsulated bacterial infections, in particular those from Streptococ
cus pneumoniae and Haemophilus influenzae. Such individuals fre-
quently have a history of multiple visits or hospitalizations for bacterial 
pneumonia,10 as well as episodes of otitis media, bronchitis, and other 
bacterial respiratory infections. In addition, persons with a history of 
Pneumocystis infection are at greater risk for relapse, in particular if 
they are not receiving antiretroviral therapy or PCP prophylaxis with 
TMP/SMX.7

Injection Drug Use and Smoking
Persons with HIV who are active users of intravenous drugs are more 
likely to have invasive bacterial infections develop, including pneumo-
nia, compared with individuals with HIV acquired from other routes.6 

TMP/SMX, however, has been shown to increase the rate of coloniza-
tion with resistant bacteria, especially pneumococci.11

DIFFERENTIAL DIAGNOSIS
The differential diagnosis of a person with HIV infection with respira-
tory symptoms is exceedingly broad and includes infectious, neoplas-
tic, and cardiovascular etiologies (Table 125-1). However, as noted 
previously, certain conditions (in particular, PCP and bacterial pneu-
monia) occur far more commonly than others; hence, the diagnostic 

TABLE 125-1  Causes of Pulmonary Disease 
Associated with Human Immunodeficiency  
Virus Infection*

Most Common

Bacterial
No organism identified, but responsive to antibacterial therapy

Streptococcus pneumonia

Haemophilus influenzae

Mycobacterial
Mycobacterium tuberculosis†

Fungal
Pneumocystis jirovecii

Less Common but Potentially Clinically Important in Some 
Settings

Bacterial
Pseudomonas aeruginosa

Staphylococcus aureus

Enterobacteriaceae

Legionella spp.

Nocardia spp.

Rhodococcus equi

Mycobacterial
Mycobacterium kansasii

Mycobacterium avium complex

Fungal
Cryptococcus neoformans

Histoplasma capsulatum

Coccidioides spp.

Aspergillus spp.

Blastomyces dermatitidis

Penicillium marneffei

Viral
Influenza

Cytomegalovirus

Herpes simplex virus

Adenovirus

Respiratory syncytial virus

Parainfluenza virus

Parasitic
Toxoplasma gondii

Strongyloides stercoralis

Microsporidia spp.

Cryptosporidium parvum

Noninfectious
Chronic obstructive pulmonary disease

Lung cancer

Kaposi sarcoma

Non-Hodgkin’s lymphoma

Primary pulmonary hypertension

Congestive heart failure

Lymphocytic (or lymphoid) interstitial pneumonitis

Abacavir hypersensitivity

*Causes are listed within categories in approximate order of frequency.
†Frequency of M. tuberculosis infection is highly dependent on local rates of 

tuberculosis and the patient’s exposure history.
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pneumococcal antigen testing may provide a more rapid diagnosis of 
pneumococcal pneumonia than that provided by cultures. The reported 
sensitivity and specificity of this test are 81% and 98%, respectively.29 
Given the low specificity of sputum Gram stain and the low sensitivity 
of sputum culture, a positive blood culture or urinary antigen assay is 
often the only method for a specific etiologic diagnosis in a patient 
with bacterial pneumonia.

As noted in Chapter 271, LDH levels are generally elevated in 
patients with PCP, especially when the disease is severe enough to 
necessitate hospitalization. A normal level suggests an alternative diag-
nosis, and, conversely, the level of elevation correlates with the severity 
of the disease. Because many conditions cause an increase in LDH, the 
test has a low specificity for PCP but is a helpful adjunctive diagnostic 
clue pending more definitive tests.28 In many centers, an induced 
sputum sample (with hypertonic saline solution to induce cough) is 

As with other populations, smoking increases the risk of pneumonia 
regardless of whether the patient is undergoing antiretroviral therapy 
or not.19

Local Epidemiology or Past Residence
The incidence of TB as a complication of HIV infection varies mark-
edly depending on local rates of TB and the patient’s exposure history. 
In the United States, a high proportion of TB cases occur in persons 
who have emigrated from highly TB endemic areas21; many of these 
areas (such as sub-Saharan Africa and parts of the Caribbean) also have 
high background rates of HIV infection. In addition, homelessness and 
incarceration both increase the risk of TB exposure and subsequent 
disease. A person’s past residence or travel history may elicit potential 
exposure not only to TB but also to endemic fungi such as histoplas-
mosis, coccidioidomycosis, and blastomycosis.

Characteristic Radiographic Findings
Although no radiographic finding is pathognomonic for a specific 
microbiologic diagnosis, certain patterns help suggest various diagno-
ses (Table 125-2). Patients with bacterial pneumonia are more likely to 
have a focal infiltrate on chest radiography, whereas those with PCP 
typically show diffuse interstitial infiltrates.15,22 Importantly, many 
exceptions to these generalizations exist, including the presence of a 
normal chest radiograph in up to 10% of those with PCP or TB and 
the occasional occurrence of diffuse interstitial infiltrates in persons 
with bacterial pneumonia, in particular, caused by H. influenzae.23-25 
In fact, given the wide range of radiographic findings that potentially 
result from PCP (including cavities, pneumatoceles, pleural effusions, 
nodules, and pneumothoraces), no radiographic appearance can 
entirely rule out the diagnosis of PCP in an HIV-infected host with 
advanced immunosuppression.26

TRIAGE OF PATIENTS: INFECTION 
CONTROL ISSUES
Appropriate triage of patients with HIV-related respiratory infections 
is a frequently encountered dilemma because of the higher rates of  
TB in this context and the often atypical presentation of the disease. 
Because no clinical or radiographic presentation can entirely exclude 
TB, practitioners must have a high degree of suspicion and a low thresh-
old to admit such cases to negative airflow rooms until TB has been 
ruled out or an alternative diagnosis has clearly been established.27

Patients with HIV and respiratory disease are admitted to negative-
airflow rooms if any of the following conditions are present:
1. Any clinical presentation highly consistent with TB (cavitary lung 

disease, subacute course, weight loss)
2. Prior residence in a highly TB endemic area
3. Other risk factors for TB exposure, such as contact with an active 

case, homelessness, or incarceration
4. History of positive tuberculin skin test or interferon-γ release assay 

results without preventive therapy
5. History of TB without documentation that appropriate treatment 

has been completed
The use of these criteria minimizes, but does not eliminate, the 

chance that a person with HIV is a potential source of a nosocomial 
exposure to TB.

DIAGNOSTIC TESTS
Diagnostic tests should begin with noninvasive studies, usually while 
empirical therapy for the most likely diagnoses (bacterial pneumonia, 
and if suspected, PCP) is started. These tests include a complete blood 
count with differential, lactate dehydrogenase (LDH), two sets of blood 
cultures, a sputum Gram stain and culture, a serum cryptococcal 
antigen, and a chest radiograph. If TB is being considered, a sputum 
acid-fast smear and culture should also be obtained and processed at 
a laboratory that is experienced in TB diagnostics and can turn around 
results of acid-fast staining relatively promptly (in 24 to 48 hours). 
Nucleic acid amplification tests can also aid rapid diagnosis with 
sputum (see Chapter 16). The purpose of the blood cultures is to facili-
tate diagnosis of bacterial pneumonia, most notably from S. pneu
moniae, where rates of bacteremia in patients with HIV can occur 
in up to 60% of cases.28 Although not universally available, urinary 

TABLE 125-2  Radiographic Appearance of 
Pulmonary Diseases in Human Immunodeficiency 
Virus Infection

Diffuse Interstitial Infiltrates
Pneumocystis jirovecii

Mycobacterium tuberculosis, especially with advanced human immunodeficiency 
virus disease

Histoplasma capsulatum

Coccidioides spp.

Cryptococcus neoformans

Toxoplasma gondii

Cytomegalovirus

Influenza

Lymphocytic interstitial pneumonitis

Abacavir hypersensitivity

Focal Consolidation
Pyogenic bacterial pneumonia from Streptococcus pneumoniae, Haemophilus 

influenzae

M. tuberculosis

Legionella spp.

Rhodococcus equi

Hilar Adenopathy
M. tuberculosis

H. capsulatum

Coccidioides spp.

Non-Hodgkin’s or Hodgkin’s lymphoma

Mycobacterium avium complex

Cavitary Disease
Pyogenic bacterial pneumonia from Pseudomonas aeruginosa, Staphylococcus 

aureus, Enterobacteriaceae

M. tuberculosis

C. neoformans

R. equi

Aspergillus spp.

Nocardia spp.

Mycobacterium avium complex

P. jirovecii

Nodules or Masses
M. tuberculosis

C. neoformans

Aspergillus spp.

H. capsulatum

Nocardia spp.

Non-Hodgkin’s lymphoma

Kaposi sarcoma

Lung cancer

Normal Radiograph
P. jirovecii

M. tuberculosis
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30 mm Hg.36-38 Because of the tendency for PCP to worsen slightly 
after initiation of therapy (postulated as the result of an enhanced 
inflammatory response to dying organisms), adjunctive corticosteroids 
are indicated for partial pressure of oxygen (Po2) less than 70 mm Hg 
or an A-a gradient of greater than 35 mm Hg because this intervention 
has been shown to reduce the risk of respiratory failure and death.39,40 
Although considerable concern exists that use of adjunctive cortico-
steroids could worsen concomitant opportunistic infections (in par-
ticular, TB and CMV infection), these complications of steroid therapy 
used in this context have been surprisingly rare.41 As such, these con-
current infections are not essential to rule out before the use of steroids 
for PCP, although naturally one should always remain vigilant for the 
presence of such processes in a patient at risk.

Since the introduction of potent antiretroviral therapy, studies have 
identified additional risk factors for poor outcome, including older age, 
use of treatments other than TMP/SMX, concurrent culture of CMV 
from BAL fluid, and a CD4 cell count less than 50/mm3.36,42 One ret-
rospective study suggested that when controlling for other factors, 
receipt of combination antiretroviral therapy at the time of treatment 
for PCP is associated with improved survival.43 Supporting this finding 
were the results of a controlled clinical trial that compared early versus 
delayed antiretroviral therapy in the setting of acute opportunistic 
infections, the bulk of which were PCP; the results showed that the 

the initial test of choice for diagnosis of PCP and sometimes TB. The 
sensitivity of this test varies widely on the basis of published reports, 
with a summary of several analyses citing an overall sensitivity of 
55%.30 Factors that may account for the varying sensitivity include 
patient cooperation with the test, persistence of the respiratory thera-
pist in obtaining the sample, and experience of the diagnostic labora-
tory in identifying the organism. Centers that use immunofluorescence 
staining for diagnosis likely have a higher sensitivity than those that 
use alternative staining methods (Giemsa, toluidine blue).30,31

If no definitive diagnosis has been identified, the decision to 
proceed with other diagnostic tests, both noninvasive and invasive, 
depends on whether the patient has responded to initial therapy. In 
clinical practice, a prompt clinical response to empirical antibiotic 
therapy directed at the most common pathogens in HIV-related pneu-
monia (S. pneumoniae and H. influenzae) serves as indirect evidence 
that alternative processes have not been overlooked.28 For patients 
without clinical improvement and for a still unknown diagnosis, expe-
dited referral for fiberoptic bronchoscopy with bronchoalveolar lavage 
(BAL), with or without a transbronchial biopsy, is recommended. 
Because BAL alone is highly sensitive for the diagnosis of PCP and 
because biopsy carries a risk of pneumothorax and pulmonary hemor-
rhage, many bronchoscopists prefer to perform BAL alone initially, 
reserving biopsy for a repeat procedure if still indicated. The main 
indication to proceed with a biopsy at the initial procedure is a high 
likelihood of an alternative diagnosis to PCP; this situation arises when 
a patient is taking TMP/SMX for PCP prophylaxis, has a relatively high 
CD4 cell count or an atypical-appearing chest radiograph, or if a diag-
nosis requiring biopsy for identification is highly suspected. Examples 
of such conditions include CMV, Aspergillus, lymphocytic interstitial 
pneumonitis, and malignant diseases other than Kaposi sarcoma  
(KS). Additional diagnostic studies depend on the degree of patient 
immunosuppression, epidemiologic risk factors, clinical course, and 
radiographic appearance. For example, a patient from a histoplasmosis-
endemic area with chest imaging that shows hilar adenopathy along 
with diffuse infiltrates should undergo testing for histoplasmosis 
urinary antigen. Alternatively, someone with a history of neutropenia 
and receipt of corticosteroids who presents with pleuritic pain and 
pulmonary nodules may ultimately need video-assisted thoracoscopic 
surgery (VATS) for diagnosis of pulmonary aspergillosis. The various 
diagnostic strategies for patients with HIV-related pulmonary disease 
are summarized in Table 125-3.

SPECIFIC PATHOGENS
Pneumocystis jirovecii Pneumonia
Early in the HIV epidemic, the principal risk factor for development 
of HIV-related PCP was established to be a reduced CD4 cell count. 
Data from the Multicenter AIDS Cohort Study (MACS) showed that 
the risk of PCP was markedly increased in patients with CD4 cell 
counts of fewer than 200 cells/mm3; thrush and fever were other inde-
pendent predictors.12 In the postprophylaxis era, patients with PCP 
usually have severe immunosuppression: in one series of patients 
receiving care at an urban hospital, the median CD4 cell count for  
a first-time case of PCP was 36 cells/mm3; for a recurrent case, it was 
10 cells/mm3.32

Care providers need to be aware that PCP remains a frequent sen-
tinel opportunistic infection for patients who are not aware they are 
HIV positive and that this is also a risk factor for severe disease. In one 
retrospective series from Baltimore, 77% of patients with diagnosed 
PCP were not receiving prophylaxis and 33% were not previously 
known to have HIV infection. Patients not undergoing preventive 
therapy accounted for 100% of the deaths, 85% of the hospital days, 
and 100% of the cases admitted to the intensive care unit (ICU).33 
In large part because of this phenomenon and the advanced immuno-
suppression associated with the disease, short-term mortality from 
PCP remains significant despite the declining incidence of PCP that 
began in the early 1990s and continued after the use of potent therapy 
in 1996.34,35

Risk factors for a poor clinical outcome in PCP include hypoxemia, 
extensive bilateral pulmonary involvement, concurrent other pulmo-
nary infections, recurrent rather than primary disease, elevated  
LDH levels, and an alveolar-arterial (A-a) gradient of greater than 

TABLE 125-3  Diagnostic Tests Used in Patients 
with HIV Infection and Pulmonary Disease

TEST COMMENT
Indicated in All Patients
Complete blood count 

with differential
If neutropenia is present, empirical therapy 

covering Pseudomonas aeruginosa is indicated

Lactate dehydrogenase Elevated in most patients with PCP; nonspecific.

Blood cultures Helpful for diagnosis of bacterial pneumonia, in 
particular from Streptococcus pneumoniae

Expectorated sputum Often not available; Gram stain and culture have 
low sensitivity and specificity, especially after 
antibiotics have been started

Induced sputum for PCP 
stain, acid-fast bacilli 
stain, and culture

Initial test of choice in most centers for diagnosis 
of Pneumocystis jirovecii, although sensitivity 
varies widely

Indicated for Selected Patients Not Responding to Initial 
Empirical Therapy
Fiberoptic bronchoscopy 

with BAL ± 
transbronchial biopsy

BAL highly sensitive for diagnosis of PCP; Kaposi 
sarcoma often diagnosed with visualization of 
characteristic purple endotracheal or 
endobronchial plaques, with no biopsy done 
because of risk of bleeding. Biopsy often 
necessary to establish alternative diagnoses 
such as cytomegalovirus, Aspergillus, or 
lymphocytic interstitial pneumonitis.

Video-assisted 
thoracoscopic biopsy

Useful in diagnosis of peripheral nodules, masses 
not reachable with bronchoscopic biopsy

Serum cryptococcal 
antigen

Nearly 100% sensitive for diagnosis of 
disseminated disease in patients with HIV 
infection; if positive, cerebrospinal fluid 
examination is mandatory to exclude meningitis

Serum (1→3)-β-D-glucan Component of many fungal cell walls, including 
P. jirovecii; elevated in many patients with 
HIV-related PCP, including some with negative 
induced sputum examinations

Urinary histoplasmosis 
antigen

Indicated in patients residing in or from 
histoplasmosis-endemic areas, in particular if 
imaging shows diffuse or reticulonodular 
infiltrates and hilar adenopathy

High-resolution 
computed tomography 
scan

May help identify abnormalities not evident on 
chest radiography; normal test results make 
PCP highly unlikely

Gallium scan Negative study results rule out PCP; however, 
positive test results are nonspecific, and other 
tests (high-resolution computed tomography 
scan, sputum induction) provide more useful 
information with greater rapidity

BAL, bronchoalveolar lavage; HIV, human immunodeficiency virus; PCP, 
Pneumocystis jirovecii pneumonia.
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infection.65 The relative rarity of nocardiosis compared with other 
opportunistic processes may relate to the frequent use of TMP/SMX for 
PCP prophylaxis, although this does not completely prevent Nocardia 
infection. The disease is usually subacute to chronic and limited to the 
lung, where cavitation may occur; it therefore may appear similar to 
TB.66 Dissemination with positive blood cultures is also possible, in 
particular in patients with advanced immunosuppression.

Rhodococcus equi can cause both localized pulmonary and dissemi-
nated disease in HIV-infected hosts, who appear to be particularly 
susceptible to this pathogen. A gram-positive coccobacillus, R. equi can 
be mistaken for routine oral flora on sputum smears; a potential clini-
cal clue is that the organism also is weakly acid-fast. The typical pre-
sentation is one of a chronic pneumonia (with cough, sputum 
production, and sometime hemoptysis) with radiographs that show 
cavitary disease and often with associated pleural effusion (Fig. 125-1); 
however, diverse radiographic findings have been reported.67 Bactere-
mia commonly accompanies Rhodococcus pneumonia and may be the 
most reliable way to make the diagnosis.68 Because treatment neces-
sitates prolonged therapy with multiple agents, persistence or recur-
rence of symptomatic infection is common unless the immune status 
can be improved with antiretroviral therapy.67

Mycobacterial Pneumonia
HIV infection markedly increases the risk of the development of TB, 
as either progression of primary disease or reactivation. As noted pre-
viously, the likelihood of a pulmonary process being the result of TB 
is strongly influenced by the exposure history, which is related to the 
patient’s current or past residence and the presence of other known 
risk factors, such as homelessness or incarceration. Areas in the United 
States with relatively high numbers and rates of TB include the New 
York metropolitan area (including the cities of northern New Jersey), 
Florida, California, Louisiana, Arizona, Alaska, Hawaii, the District of 
Columbia, Georgia, and Texas.21 A majority of tuberculosis cases in the 
United States occur in foreign-born individuals, and rates are particu-
larly high in immigrants from highly TB-endemic regions, such as 
sub-Saharan Africa and Asia.69

The clinical presentation of TB in patients with HIV depends on 
the degree of immunosuppression.23,27,70,71 Those with higher CD4 cell 
counts (>400 cells/mm3) present similarly to those without HIV, with 
upper lobe cavitary disease and a low risk of extrapulmonary dissemi-
nation; the presence of constitutional symptoms is variable. At more 
advanced stages of immunosuppression, patients are more likely to 
have disseminated disease accompanied by prominent constitutional 
symptoms and unusual pulmonary manifestations such as mediastinal-
hilar adenopathy, focal lower lobe or diffuse interstitial infiltrates, and 
pleural effusions. In these cases, sputum acid-fast smears are less likely 

early therapy strategy was associated with a significantly reduced risk 
of HIV disease progression or death.44

Because culture of the organism in clinical laboratories is not prac-
tical, definitive diagnosis relies on visualization of cysts in respiratory 
secretions. As discussed previously, induced sputum is often the first 
diagnostic procedure, followed by BAL obtained with bronchoscopy, 
which has a sensitivity of 95% to 100%. Identification of cysts on 
appropriate stains is diagnostic of PCP because an asymptomatic 
carrier state does not appear to exist in HIV-infected individuals; 
however, persistence of organisms through and even after therapy is 
common and does not reflect failure of treatment.45 Newer diagnostic 
techniques under investigation include polymerase chain reaction 
(PCR) of saliva or sputum and blood tests to measure levels of 
S-adenosylmethionine, a substance used exclusively by P. jirovecii and 
hence lowered in patients with active disease; however, neither test is 
available for routine clinical use.46 Serum (1→3)-β-D-glucan (β-glucan) 
is a component of the fungal wall of many fungi, including P. jirovecii. 
Measurement of serum β-glucan has been found to be a reliable sero-
logic marker for PCP, particularly when respiratory symptoms are 
present.47,48,49,50 In addition, the test may provide further supportive 
evidence for the diagnosis of PCP in settings where the clinical pre-
sentation is suggestive of the disease but sputum study results are 
negative.51

Bacterial Pneumonia
Although impairment of cell-mediated immunity is the most notable 
HIV-related immune deficit, both abnormalities in humoral immunity 
and, in the late stages of disease, neutrophil function, occur.52,53,54 As a 
result, bacterial infections, and particularly, bacterial respiratory infec-
tions, frequently complicate HIV disease. In a study done after the 
availability of effective HIV therapy, the rate of bacterial pneumonia 
among patients with HIV was still over 10-fold higher than that in 
HIV-negative control subjects.55 Because the encapsulated bacteria (in 
particular, S. pneumoniae) are more intrinsically virulent than the 
opportunistic infections of advanced HIV disease, these infections may 
occur at any stage of HIV disease and may be the sentinel opportunistic 
process in a person otherwise unaware of HIV infection. Among those 
with HIV infection, risk factors for the development of bacterial pneu-
monia are progressive immunodeficiency (as measured by the absolute 
CD4 cell count), cigarette smoking, and IV drug use.56 Neither the 
concomitant use of TMP/SMX for PCP prophylaxis nor a history of 
having received immunization against S. pneumoniae is sufficiently 
protective against bacterial pneumonia to warrant a change in empiric 
therapy in consideration of this diagnosis.57 Mortality from bacterial 
pneumonia is higher in patients with HIV who have a CD4 cell count 
of less than 100 cells/mm3, radiographic progression of disease on 
therapy, and shock.58 As with other opportunistic infections, use of 
antiretroviral therapy decreases the risk of bacterial pneumonia, but 
not to the rate of individuals who are HIV-negative, even when the CD4 
cell count normalizes.3,6 Most patients with HIV-related community-
acquired bacterial pneumonia respond promptly to empirical therapy. 
One study suggests that the prognosis is similar to those without HIV 
infection, despite increased susceptibility to the disease.59

The most commonly identified pathogen in HIV-related bacterial 
pneumonia is S. pneumoniae, generally followed by H. influenzae.60,61 
Although both typically are seen with a relatively acute illness and focal 
consolidation on chest radiography, H. influenzae may rarely cause a 
more subacute illness with diffuse interstitial infiltrates, suggestive of 
PCP. Gram-negative bacilli and Staphylococcus aureus (including 
methicillin-resistant strains) assume increasing importance as immu-
nosuppression worsens, presumably from both neutrophil dysfunction 
and selective pressure of other antimicrobials. Pseudomonas aeruginosa 
infection has been associated with neutropenia, prior treatment with 
cephalosporins, and CD4 cell counts of less than 50 cells/mm3. Another 
important feature of pseudomonal respiratory infections in patients 
with HIV is their predilection for relapse; chronic colonization typically 
ensues, with relapse rates after therapy between 25% and 86%.62-64 
Although pathogens of atypical pneumonia have been identified in 
HIV-infected hosts, in most published series, they occur relatively 
infrequently, if at all.60 Nocardia spp. are an important cause of pulmo-
nary disease in immunocompromised hosts, including those with HIV 

FIGURE  125-1 Chest computed tomography in patient with 
human immunodeficiency virus with pulmonary and disseminated 
infection from Rhodococcus equi, showing a consolidation with 
cavitation in the lingula. Sputum and blood cultures were both positive 
for the organism, which was visualized on both Gram and acid-fast stain-
ing of respiratory secretions. 
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in disseminated histoplasmosis, these tests have reported sensitivities 
of 92% and 100%, respectively.84 The antigen test does not distinguish 
between histoplasmosis and blastomycosis, but the latter rarely occurs 
in HIV-positive patients. These tests have supplanted antibody and 
skin testing, which are rarely indicated. The histoplasmin skin test 
antigen is no longer commercially available. Blood cultures that use 
the lysis-centrifugation method and BAL fluid are also often positive 
for histoplasmosis in patients with HIV. Because the organism grows 
relatively slowly, results of histoplasmosis antigen testing are often 
available before the cultures turn positive.

Coccidioides spp. are endemic to the southwestern United States, 
northern Mexico, and parts of South and Central America. In endemic 
areas, they may cause pulmonary disease in individuals with HIV and 
predominantly affect those with severe immunosuppression (CD4 cell 
counts <200 cells/mm3).85,86 As with histoplasmosis, pulmonary find-
ings are often accompanied by clinical evidence of dissemination, 
including involvement of the skin, lymph nodes, bone, and meninges. 
Chest radiographic abnormalities are diverse and may include alveolar 
infiltrates, nodules, adenopathy, cavities, and pleural effusions. Isola-
tion of the organism in respiratory secretions, usually through bron-
choscopy, is generally necessary for the diagnosis. A positive isolator 
blood culture confirms the presence of disseminated disease. Presump-
tive diagnosis of coccidioidomycosis can also be made via urinary 
antigen testing, which has a sensitivity of 71% in patients with severe 
forms of the disease.87 Although 80% of patients with HIV with pul-
monary coccidioidomycosis have positive serology results, these titers 
have more of a role in monitoring response to therapy than in estab-
lishing the diagnosis. Skin testing with coccidioidal antigen has no 
useful role diagnostically and is no longer commercially available.

Of the endemic fungi, B. dermatitidis is the least likely to act as an 
opportunistic pathogen in patients with HIV.88 The organism is found 
in the midwestern and south central United States. In a case series of 
blastomycosis in 15 patients with HIV, 12 had evidence of pulmonary 
involvement and five also had disseminated disease at the time of 
diagnosis. The predominant signs at presentation were fever, weight 
loss, and cough.89 Most patients with blastomycosis have a positive 
serum test for histoplasmin.

Pulmonary aspergillosis in patients with HIV infection occurs 
almost exclusively in those with advanced HIV-related immunosup-
pression (CD4 cell count <50/mm3). Frequently, other risk factors for 
aspergillosis are present as well, such as receipt of corticosteroids or 
neutropenia.90-93 The specific organism is usually Aspergillus fumigatus 
or Aspergillus flavus. Respiratory tract disease is the most common 
manifestation; despite the predilection for the organism to invade 
blood vessel walls and disseminate, focal central nervous system 
disease from Aspergillus in patients with AIDS appears to occur more 
commonly from contiguous spread from the sinuses, orbits, and ears.94

Two types of Aspergillus respiratory disease have been described: 
invasive pseudomembranous tracheitis and invasive pneumonitis. In 
the former, fever, cough, dyspnea, and wheezing are common signs; 
the diagnosis is established when endoscopic examination reveals an 
exudative pseudomembrane adherent to the tracheal wall. In invasive 
pneumonitis, fever and cough may be accompanied by pleuritic pain 
and hemoptysis. Radiographic abnormalities in both of these forms 
overlap and can show diffuse infiltrates, cavities, and focal wedge-
shaped abnormalities that reflect pulmonary infarction. A definitive 
diagnosis requires identification of fungal organisms consistent with 
Aspergillus on a biopsy specimen in a patient with the appropriate 
clinical syndrome. Not uncommonly, a presumptive diagnosis of pul-
monary disease is made when Aspergillus spp. are cultured from respi-
ratory secretions in a patient with fever, cough, infiltrates, and severe 
immunosuppression. The diagnosis is especially likely when concomi-
tant risk factors, such as corticosteroid exposure or neutropenia, are 
present.

Viral Pneumonia
Although patients with HIV infection are at risk for viral pneumonitis, 
these conditions are rarely diagnosed in clinical practice. Indeed, even 
when a potential respiratory pathogen is isolated from respiratory 
secretions, in the absence of specific histopathology, pneumonitis is 
often difficult to ascribe solely to the virus identified. An example of 

to be positive than in those with cavitary disease, and diagnosis may 
ultimately be made with alternative methods such as isolator blood 
cultures (positive in one fourth to one half of patients) or tissue biopsy 
of an involved site (lymph node, bone marrow, or liver). Nonetheless, 
even with negative acid-fast bacillus (AFB) smears on respiratory 
secretions, sputum or BAL cultures may ultimately be positive even 
with relatively subtle parenchymal abnormalities. Sputum nucleic acid 
amplification tests, some of which simultaneously assess for rifampin 
resistance, have recently been introduced and hasten diagnosis, par-
ticularly for smear-negative cases.72 With respect to atypical mycobac-
teria, the respiratory tract may act as a portal of entry for M. avium 
complex, but it is rarely a primary cause of respiratory symptoms.73,74 
As a result, recovery of the organism from respiratory secretions may 
be a marker of colonization and a harbinger of disseminated disease 
but is not diagnostic of pulmonary infection and does not necessarily 
warrant treatment. Among the non-TB mycobacteria, Mycobacterium 
kansasii is the most likely to cause pulmonary disease in persons with 
HIV. It occurs relatively uncommonly, mostly during advanced HIV 
disease, and has been associated with a subacute to chronic course that 
includes constitutional symptoms and cough; radiographic abnormali-
ties include cavities, nodules, or infiltrates.75,76,77 Isolation of the organ-
ism from sputum or BAL specimens generally warrants therapy 
because asymptomatic colonization is unusual.

Fungal Pneumonia
A variety of fungi other than P. jirovecii may rarely cause pneumonia 
in patients with HIV. The most common are Cryptococcus neoformans; 
the endemic fungi Coccidioides species, Histoplasma capsulatum, and 
Blastomyces dermatitidis; and the mold Aspergillus fumigatus.

Each of these organisms rarely causes pneumonia until the patient 
has severe immunosuppression (CD4 cell count <100 cells/mm3). They 
also share the fact that although the lungs act as a portal of entry, and 
may be the initial site of symptoms, hematogenous dissemination com-
monly occurs to other sites.

Cryptococcal pneumonia typically is seen with few symptoms; 
most patients present with meningitis and then are found to have a 
pulmonary infiltrate. However, some may have fever and cough; other 
associated findings may include dyspnea, chest pain, and hemoptysis.78-80 
Nonpulmonary symptoms depend on whether dissemination has 
occurred, most commonly to the central nervous system, where basilar 
meningitis can lead to headache, cranial neuropathies, and, in more 
severe cases, depressed consciousness. On occasion, physical examina-
tion reveals white papular lesions on the skin that mimic molluscum 
contagiosum. A wide range of radiographic abnormalities may occur, 
including diffuse interstitial infiltrates, focal consolidation, cavitary 
disease, nodules, adenopathy, and pleural effusions, with more exten-
sive disease seen in those with lower CD4 cell counts. BAL cultures are 
usually positive, as is the serum cryptococcal antigen; antibody testing 
has no significant role. Even in the absence of central nervous system 
symptoms, a cerebrospinal fluid examination is mandatory in patients 
with AIDS who have cryptococcal pneumonia and a positive serum 
cryptococcal antigen because meningitis may be chronic or subacute 
and produce minimal symptoms. Not surprisingly, patients with HIV 
with higher CD4 cell counts and lower serum cryptococcal antigen 
titers are more likely to have localized pulmonary disease.78

Pulmonary histoplasmosis, coccidioidomycosis, and blastomycosis 
are generally limited to the geographic regions where these fungi are 
endemic although, rarely, these infections may reactivate many years 
after travel or residence in one of these areas.81 H. capsulatum is found 
worldwide, most notably in the Mississippi, Ohio, and St. Lawrence 
River valleys; the Caribbean; southern Mexico; and Central America. 
In patients with AIDS, pulmonary histoplasmosis is most commonly 
seen as a disseminated disease in an individual with a CD4 cell count 
of less than 100 cells/mm3, with fever, wasting, adenopathy, diarrhea, 
and mucosal lesions accompanying the pulmonary process.82,83 Cough 
and dyspnea are the most common pulmonary symptoms; typical 
radiographic findings are diffuse interstitial or reticulonodular infil-
trates. The presence of hilar or mediastinal adenopathy may help dis-
tinguish histoplasmosis from P. jirovecii; the clinical presentations in 
susceptible hosts overlap significantly. The diagnostic test of choice for 
histoplasmosis is detection of polysaccharide antigen in urine or blood; 
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eosinophilia is variably present, and its absence does not exclude the 
diagnosis.

Although cryptosporidiosis and microsporidiosis predominantly 
involve the gastrointestinal tract, both can, rarely, colonize the lung 
and lead to pulmonary disease.106,107 Diagnosis is made through direct 
visualization of the organism on respiratory secretions or histopathol-
ogy, with appropriate stains: modified acid-fast for cryptosporidiosis 
and the modified trichrome stain for microsporidiosis. Because anti-
microbial treatment for these conditions is suboptimal, improvement 
of immune function with antiretroviral therapy is the preferred 
strategy.

Neoplastic and Other Noninfectious 
Pulmonary Complications of Human 
Immunodeficiency Virus Infection
The two neoplasms of the lung that are considered AIDS-defining 
conditions are pulmonary KS and non-Hodgkin’s lymphoma. Patients 
with pulmonary KS usually have evidence of cutaneous or mucosal 
disease; in one series, only 16% had disease limited to the lungs.108,109 
The disease may be asymptomatic even with extensive abnormalities 
on chest radiograph (Fig. 125-2); these abnormalities are typically 
nodular infiltrates with or without pulmonary effusions, with chest 
computed tomography showing a peribronchovascular distribution of 
infiltrates. Diagnosis is generally made through direct visualization of 
characteristic purplish plaques on bronchoscopy; because these lesions 
are highly vascular and quite typical, biopsy is often deferred to avoid 
the risk of hemorrhage. Treatment with chemotherapy is indicated for 
symptomatic pulmonary disease. However, as with cutaneous KS, anti-
retroviral therapy can induce significant improvement in pulmonary 
KS and sustained remissions; in some cases, antiretroviral therapy can 
even obviate the need for chemotherapy.110,111 Conversely, HIV treat-
ment has also rarely been associated with inflammatory worsening of 
KS, as a form of the immune reconstitution inflammatory syndrome.112 
Such cases should be managed with continued antiretroviral therapy 
combined with chemotherapy to control flares of the disease.

The radiographic findings in pulmonary lymphoma are diverse and 
may consist of nodules, masses, and pleural effusions.113 Although the 
diagnosis can sometimes be established through BAL with cytology, 
transbronchial biopsy, or thoracentesis, these procedures have a low 
yield and VATS is often necessary.114 Nonspecific findings that suggest 
lymphoma are elevations in LDH and a positive gallium scan corre-
sponding to the area of abnormality on chest imaging. Pleural effusion 
lymphocytes contain HHV-8 proteins in both KS and primary effusion 
lymphoma, but the cytology in the latter is distinctive.

In many centers, the most common pulmonary neoplasm encoun-
tered in patients with HIV is lung cancer.115 Risk factors for the devel-
opment of lung cancer are similar to those in non-HIV-infected 

this clinical quandary is CMV; isolation of CMV from BAL specimens 
is relatively common, yet most patients with positive BAL cultures have 
an alternative diagnosis (especially PCP or bacterial pneumonia) and 
may have improvement without specific therapy directed at CMV.95-97 
Nonetheless, in a patient with advanced HIV disease (CD4 cell count 
<50 cells/mm3), interstitial infiltrates on chest radiography, and no 
alternative diagnosis established, CMV may be the sole responsible 
pathogen. This diagnosis is confirmed when histopathology (samples 
are usually obtained via transbronchial biopsy or VATS) shows intra-
cellular inclusions typical of CMV; cultures are confirmatory rather 
than diagnostic, and noninvasive blood testing (antibody or PCR) 
cannot provide definitive evidence of CMV pulmonary disease. Gan-
ciclovir or valganciclovir therapy is indicated for cases confirmed with 
histopathology or with sufficient evidence to suggest that CMV may 
be acting as a copathogen when treatment of another diagnosis is 
associated with a suboptimal response.

During influenza season, patients with HIV may present with 
typical symptoms of influenza, consisting of an acute febrile illness 
associated with cough, myalgias, sore throat, and rigors. One prospec-
tive study found that during the winter, even when extensive testing 
for other respiratory viruses is done, influenza was the most common 
specific diagnosis among outpatients with HIV who presented with 
fever and respiratory symptoms.98 Overall disease severity was mild. 
Although influenza vaccine is indicated for all individuals with HIV, 
not all patients receive the vaccine, and in addition, they may mount 
a suboptimal response to the vaccine with progressive immunodefi-
ciency.99 Chest radiographs are typically negative, which suggests that 
as with patients without HIV, primary influenza pneumonia is 
unusual100,101; major complications ensue with bacterial superinfection. 
The diagnosis of influenza is established either on clinical grounds 
during influenza season or with use of a rapid influenza diagnostic test 
on respiratory secretions.

As with other populations with immunosuppression, pneumonitis 
in patients with HIV has been reported as a result of herpes simplex 
virus and adenovirus, respiratory syncytial virus, and parainfluenza 
virus type 3. These causes of pneumonia are rare in patients with HIV 
but should be considered when clinicians cannot identify an alternative 
diagnosis. For herpes simplex virus, viral isolation in respiratory secre-
tions usually indicates evidence of reactivation in the upper orophar-
ynx rather than primary pneumonitis, but pulmonary or tracheal 
infection may occur, especially in the context of endotracheal or naso-
gastric intubation.

Parasitic Pneumonia
Among the various parasitic infections that occur in patients with HIV, 
none primarily affects the respiratory tract. However, rarely, they can 
lead to pulmonary disease as part of generalized dissemination or from 
focal lung involvement, sometimes without the primary target organ 
being clinically involved. Pulmonary toxoplasmosis is a rare form of 
severe pneumonia that occurs predominantly in patients with mark-
edly depressed immune function (CD4 cell count <50 cells/mm3).102

Clinical presentation is similar to that of PCP but, unlike PCP, it 
may be accompanied by a sepsis-like syndrome with hypotension. 
Radiographic abnormalities are diverse and consist most commonly of 
interstitial infiltrates but also potentially of nodules, effusions, or a 
mass lesion; as with PCP, an elevated LDH is a commonly reported 
laboratory finding.103 Diagnosis is established with identification of 
toxoplasma tachyzoites on Giemsa stain of BAL fluid or tissue obtained 
on biopsy; alternative techniques such as PCR or tissue culture are 
available in commercial laboratories and research settings.

Despite its association with defects in cell-mediated immunity, dis-
seminated infection to the lung of Strongyloides stercoralis is surpris-
ingly rare in individuals with HIV, even in areas highly endemic for 
both HIV and strongyloides. Indeed, many patients with HIV with 
strongyloides superinfection syndrome have other classic risk factors, 
including receipt of corticosteroids, severe wasting, or human T-cell 
lymphotropic virus type I (HTLV-I) coinfection. Clinicians should 
consider this diagnosis in a patient with HIV, especially with the previ-
ously mentioned risk factors, who presents with pneumonitis, gram-
negative sepsis, and sometimes associated meningitis.104,105 Identification 
of strongyloides larvae on a centrifuged BAL specimen is diagnostic; 

FIGURE  125-2 Chest computed tomography in patient with 
human immunodeficiency virus with biopsy-confirmed pulmonary 
Kaposi sarcoma. Despite the extensive bilateral lung nodules evident on 
this study, the patient’s only respiratory symptom was a mild cough. Nearly 
complete clearance was seen with chemotherapy and combination anti-
retroviral therapy. 
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Studies have not shown a consistent beneficial response of this condi-
tion to antiretroviral therapy.124,125

Evidence shows that patients with HIV are at greater risk for the 
development of chronic obstructive pulmonary disease, particularly 
emphysema, than are HIV-negative subjects.126 Some observational 
studies suggest that antiretroviral therapy may decrease the likelihood 
of developing this condition.5,127 Cigarette smoking is highly prevalent 
among patients with HIV but is an area of prevention that is often 
overlooked by providers.

Abacavir is a nucleoside reverse transcriptase inhibitor that causes 
a systemic reaction in approximately 5% of individuals, usually within 
1 to 6 weeks of starting the drug128 (see Chapter 130). As part of this 
multisystem reaction, symptoms may include fever, rash, fatigue, 
malaise, gastrointestinal symptoms, and arthralgias; cough and dyspnea 
may also occur and may mimic bronchitis or pneumonia.129 Clinicians 
who evaluate patients who have recently been started on abacavir must 
be aware that this nucleoside reverse transcriptase inhibitor can cause 
a systemic hypersensitivity reaction because continued abacavir treat-
ment in the face of this reaction can be fatal. Symptoms generally 
resolve slowly after cessation of the drug. Abacavir should never be 
resumed in such circumstances because rechallenge can lead to an 
immediate and life-threatening recurrence of the hypersensitivity  
reaction. Because abacavir hypersensitivity can mimic other processes, 
in particular influenza, helpful clinical clues that make hypersensitivity 
more likely are worsening of symptoms after each dose, gastrointestinal 
symptoms, and rash.130 A strong association is seen between the pres-
ence of the human leukocyte antigen (HLA)-B*5701 allele and the risk 
of development of abacavir hypersensitivity131; as such, patients must 
be tested for HLA-B*5701 before initiation of abacavir, and that drug 
is contraindicated in those who are positive. Such a strategy markedly 
reduces the risk of severe hypersensitivity.

TREATMENT
Treatment of opportunistic infections of the lung and other sites is 
discussed in Chapter 131.

populations, with smokers having the greatest risk.116 Unlike the AIDS-
defining cancers, KS and lymphoma, the incidence of lung cancer in 
HIV patients is likely to increase because of the prolonged survival 
associated with antiretroviral therapy. As with other non-AIDS-related 
malignant diseases, the risk appears to be greatest for those with lower 
nadir CD4 cell counts.117

Although lymphocytic interstitial pneumonitis (LIP) is seen more 
commonly in children with HIV, this complication may, rarely, develop 
in adults as well.118 It is seen as similar to a related condition, nonspe-
cific interstitial pneumonitis, with cough, shortness of breath, and con-
stitutional symptoms. Diffuse reticulonodular or interstitial infiltrates 
are seen on chest imaging, which makes differentiation from PCP dif-
ficult. However, compared with patients in whom HIV-related oppor-
tunistic infections develop, those with LIP usually have a relatively 
preserved or even normal CD4 cell count. Because diagnosis is made 
through histopathology and exclusion of infectious etiologies, trans-
bronchial or VATS biopsy is indicated. Several case reports have shown 
that antiretroviral therapy may lead to substantial improvement in 
LIP.119,120 For unresponsive cases, corticosteroids may be effective.118

HIV infection is a risk factor for the development of pulmonary 
hypertension.121,122 It occurs at all stages of HIV disease, with variable 
CD4 cell counts and HIV RNA levels at the time of presentation.  
In some series, women represent a disproportionate number of the 
cases.123 The predominant symptom is exertional dyspnea; cough, 
fatigue, and chest pain may also be present. The key to the diagnosis 
is recognition that the symptoms are not related to a primary pulmo-
nary infectious process; physical examination signs consistent with 
right ventricular hypertrophy or failure are helpful but often not 
present initially. An echocardiogram shows evidence of right atrial 
hypertrophy and elevated pulmonary pressures; this is then confirmed 
with right heart catheterization. Management of pulmonary hyperten-
sion is the same as for HIV-negative hosts, with prostaglandin agonists 
(epoprostenol), endothelin receptor antagonists (bosentan, ambrisen-
tan), diuretics, and anticoagulation therapy; sildenafil may also have a 
role, but drug-drug interactions with protease inhibitors can occur. 
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126 
Gastrointestinal, Hepatobiliary, and 
Pancreatic Manifestations of Human 
Immunodeficiency Virus Infection
Charles Haines and Mark S. Sulkowski

Diseases of the gastrointestinal system frequently complicate human 
immunodeficiency virus (HIV) infection and mark its progression to 
acquired immunodeficiency syndrome (AIDS). Many HIV-related gas-
trointestinal diseases, such as Candida esophagitis, biliary cryptospo-
ridiosis, and cytomegalovirus (CMV) colitis, represent opportunistic 
infections that are the result of advanced immunosuppression, whereas 
other gastrointestinal processes, such as chronic viral hepatitis B or C 
infection or drug-induced liver injury, may occur at any stage of HIV 
disease. The likelihood and nature of gastrointestinal manifestations of 
HIV depend on both host and environmental factors; infectious com-
plications are typically a product of both exposure to potential patho-
gens and immunocompetence. With the advent of potent antiretroviral 
therapy (ART), the incidence and spectrum of HIV-related gastro-
intestinal manifestations have changed dramatically.1 Most patients 
with severe immunodeficiency are likely to experience symptomatic 
gastrointestinal tract disease; the broad range of diagnostic consider-
ations mandates the systematic evaluation of gastrointestinal signs and 
symptoms among such patients. Conversely, patients with HIV with 
relatively preserved immune function are unlikely to experience gas-
trointestinal manifestations of opportunistic pathogens but may be at 
risk for other gastrointestinal disease, such as with hepatitis B or C 
viruses, gastroesophageal reflux disease (GERD), or adverse effects  
of ART.2

DISORDERS OF THE ESOPHAGUS
Esophageal disease occurs commonly among persons with HIV, affect-
ing up to one third of persons with AIDS.3 Esophageal abnormalities 
typically produce symptoms of dysphagia and odynophagia, which 

may be the result of esophageal ulceration caused by infectious patho-
gens or noninfectious processes. Infectious esophagitis is most often 
the result of infection with Candida albicans but may also be caused 
by viruses, such as herpes simplex virus (HSV), CMV, and varicella-
zoster virus (VZV), and less commonly by other infectious agents, such 
as Mycobacterium tuberculosis, nontuberculous mycobacteria, Histo-
plasma capsulatum, Pneumocystis jirovecii, and primary HIV infection. 
Noninfectious processes, such as reflux esophagitis, pill esophagitis 
(zidovudine and doxycycline), and malignancy disease (esophageal 
carcinoma, lymphoma, and Kaposi sarcoma), may be clinically indis-
tinguishable from those of infectious esophagitis. Furthermore, the 
risk of esophageal (and gastric) carcinoma may be significantly higher 
in persons with AIDS compared with the general population, indepen-
dent of cancer site and histology.4 Esophageal ulcerations are often 
caused by CMV (≈45%), idiopathic ulcers (≈40%), and herpes simplex 
virus (≈5%) and may involve symptoms of localized pain.5 In the era 
of effective ART, the clinical spectrum of esophageal disease has 
changed substantially; the occurrence of infectious and idiopathic 
esophageal ulceration has decreased significantly, whereas noninfec-
tious esophageal diseases, such as GERD and dysmotility disorders 
(e.g., achalasia), may account for an increasing proportion of esopha-
geal symptoms.

Regardless of etiology, most esophageal processes are associated 
with dysphagia or odynophagia, and persistent or intermittent 
retrosternal pain, nausea, anorexia, and weight loss may occur. The 
onset of symptoms may be acute but more typically follows an indolent 
course. Nonesophageal manifestations of disease may be found in 
patients with odynophagia; for example, oral candidiasis frequently 

Definition
•	 Gastrointestinal	and	hepatobiliary	diseases	

are	a	common	cause	of	morbidity	in	persons	
with	human	immunodeficiency	virus	(HIV)	
infection	and	often	result	from	both	host	
factors	and	exposures.

Disorders of the Esophagus
•	 Disorders	of	the	esophagus	typically	

manifest	as	dysphagia	or	odynophagia		
and	affect	up	to	one	third	of	patients		
with	acquired	immunodeficiency	syndrome	
(AIDS).

•	 Infectious	causes	include	Candida,	
cytomegalovirus	(CMV),	herpes	simplex	virus,	
varicella-zoster	virus,	mycobacteria,	
Histoplasma,	and	Pneumocystis	jirovecii.

•	 Noninfectious	causes	include	reflux	esophagitis	
and	pill	esophagitis.

•	 Malignant	causes	include	esophageal	
carcinoma,	lymphoma,	and	Kaposi		
sarcoma.

•	 Presumptive	diagnoses	can	often	be	made	
with	a	careful	history	and	physical	
examination.

•	 Upper	endoscopy	with	biopsy	of	lesions	is	
highly	sensitive	in	many	cases.

Disorders of the Stomach
•	 Gastric	disorders	can	result	from	opportunistic	

infections	but	more	commonly	are	not	related	
to	HIV-induced	immunosuppression.

•	 Helicobacter	pylori,	CMV,	and	Kaposi	sarcoma	
are	common	causes	of	gastric	disorders.

•	 Upper	endoscopy	and	gastric	biopsies	are	
often	needed	for	definitive	diagnosis.

Disorders of the Liver
•	 Because	of	shared	modes	of	transmission,	

hepatitis	caused	by	acute	or	chronic	infection	
with	hepatitis	B	and	C	viruses	is	common.

•	 Drug-induced	liver	injury	has	been	observed	
with	some	antiretroviral	agents	and	other	
drugs	used	in	persons	with	HIV	infection.

Disorders of the Biliary Tree, Gallbladder, 
and Pancreas
•	 Acalculous	cholecystitis	and	cholangitis	are	

found	primarily	in	advanced	AIDS	and	may	
involve	the	pancreas.

•	 CMV,	Cryptosporidium,	and	microsporidia	are	
most	commonly	implicated.

•	 AIDS-related	acalculous	cholecystitis	and	
cholangitis	are	rare	in	settings	where	
antiretroviral	therapy	(ART)	is	widely	used,	and	

non–AIDS-related	gallbladder	and	biliary	
diseases	may	be	more	common	in	such	
settings.

•	 Endoscopic	retrograde	
cholangiopancreatography	can	be	used	for	
both	diagnosis	and	treatment.

•	 Didanosine	and	systemic	pentamidine	can	
cause	pancreatitis.

•	 Pancreatic	infections	with	mycobacteria,	
Cryptococcus,	Toxoplasma	gondii,	P.	jirovecii,	
and	CMV	have	been	described,	often	in	
disseminated	disease.

Disorders of the Small and Large Intestine
•	 Causes	of	enterocolitis	include	bacterial,	

protozoal,	and	viral	pathogens	(see		
Table	126-2).

•	 Clostridium	difficile	is	the	most	common	cause	
of	diarrhea	in	HIV-infected	patients.

•	 CMV,	Cryptosporidium,	and	Mycobacterium	
avium	complex	infections	are	more	common	in	
the	setting	of	severe	immunocompromise.

•	 HIV-associated	enteropathy	causes	culture-
negative	diarrhea	and	may	improve	with	ART.	
Human	papillomavirus	(HPV)	and	high-grade	
anal	dysplasia	are	elevated	in	HIV,	but	the	
utility	of	anal	HPV	screening	is	not	clear.
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gastric disease may present with protean symptoms, such as nausea, 
vomiting, early satiety, and anorexia; abdominal pain and hematemesis 
may also be present. Some disease processes, such as CMV gastritis 
and gastrointestinal Kaposi sarcoma, may be associated with extragas-
tric involvement.

Gastritis and gastroduodenal ulcers may be found in persons with 
HIV with upper gastrointestinal symptoms and may be the result of 
Helicobacter pylori infection. However, several studies indicate that 
the prevalence of H. pylori–related disease is lower among persons 
with HIV than among the general population, possibly because of 
frequent antimicrobial therapy. For example, Varsky and co-workers12 
reported that only 5% of 497 patients with HIV with upper gastroin-
testinal symptoms had endoscopic evidence of gastroduodenal ulcers, 
and H. pylori infection was found in only one third of these patients. 
H. pylori infection may be detected with serology, urea breath testing, 
and histologic evaluations; however, highly accurate, noninvasive, stool 
H. pylori antigen testing has emerged as the preferred test for diagnosis 
and treatment efficacy.13 Patients with HIV may also have altered 
gastric function, including decreased secretion of gastric acid and 
intrinsic factor. Hypochlorhydria may impair the absorption of some 
medications, such as ketoconazole, itraconazole, and atazanavir, and 
may also permit gastric bacterial overgrowth.14 HIV infection may also 
alter the microbiome of gastric fluid, leading to reduced bacterial 
diversity; the clinical implications of this are unknown.15

CMV may cause gastric inflammation or ulceration alone or in 
association with esophageal ulceration. The appearance of gastric 
CMV may be diverse and includes thickened edematous gastric folds, 
erosive gastritis, and superficial or deep ulcerations. The radiographic 
features may be nonspecific and may even be mass-like, suggestive of 
malignant disease. Other gastric infections have been reported, includ-
ing infection with Cryptosporidium, Mycobacterium avium complex, 
histoplasmosis, leishmaniasis, and syphilis. Malignant lesions that 
involve the stomach may also be associated with upper gastrointestinal 
symptoms. Gastrointestinal Kaposi sarcoma, associated with human 
herpesvirus type 8 infection, complicates cutaneous disease in as much 
as 50% of patients and most commonly involves the stomach.16 Gastric 
Kaposi sarcoma lesions may be asymptomatic but can also cause 
nausea, abdominal pain, and, rarely, severe hemorrhage. AIDS-related 
lymphomas may also involve the gastrointestinal tract; these lesions 
tend to be multifocal but may rarely be gastric mucosa–associated 
lymphoid tissue (MALT) lymphomas associated with H. pylori.17 
Although the incidence of AIDS-related lymphoma has decreased in 
the era of ART, the risk of gastric carcinoma is elevated (up to 44% 
higher) in people with AIDS compared with the general population.4 
In light of these diverse diagnostic considerations, patients with per-
sistent upper gastrointestinal symptoms, particularly those with low 
CD4+ cell counts, should be evaluated for opportunistic infection and 
malignancy disease. The definitive diagnosis of upper gastrointestinal 
pathology often requires endoscopic evaluation with biopsy and cul-
tures. Kaposi sarcoma lesions typically appear as a violet-blue submu-
cosal mass without ulceration or bleeding but may appear as linitis 
plastica. Biopsies of these lesions may fail to confirm Kaposi sarcoma 
in up to two thirds of cases. However, when cutaneous Kaposi sarcoma 
has been histologically confirmed, the endoscopic appearance of the 
lesion may be sufficient to establish the diagnosis. Biopsies of gastro-
duodenal ulcerations should be performed and specimens sent for viral 
culture and histologic staining for evidence of viral inclusions, fungi, 
and H. pylori infection. Multiple biopsies may be needed to exclude 
viral pathogens, and additional stains and cultures may be helpful in 
diagnosing specific infections, such as acid-fast stains and culture for 
M. avium complex.

DISORDERS OF THE BILIARY TREE 
AND GALLBLADDER
Diseases of the gallbladder and biliary tree that affect persons with HIV 
include common, non–AIDS-associated conditions, such as choleli-
thiasis, and AIDS-associated conditions, such as acalculous cholecys-
titis and cholangiopathy. Patients typically present with postprandial 
pain, fever, right upper quadrant pain and tenderness, and an elevated 
serum alkaline phosphatase level. Ultrasound scan or computed 
tomography scan studies may reveal evidence of acute cholecystitis or 

accompanies Candida esophagitis, and active CMV infection may be 
found in other anatomic sites, such as the retina or colon.6 However, 
among patients with advanced immunodeficiency, the broad range of 
disease processes and the possibility of multiple etiologies mandate a 
methodical approach to the evaluation and management of esophageal 
symptoms.

During the initial evaluation, medical history may suggest drug-
induced esophagitis or GERD; physical examination may reveal oral 
candidiasis or CMV retinitis. Patients with high CD4 cell counts (>350 
cells/mm3) who present with typical symptoms of GERD may be empir-
ically treated with medications to reduce gastric acid secretion, such as 
proton-pump inhibitors or H2 blockers. However, because the absorp-
tion of some antiretroviral drugs (e.g., atazanavir) may be reduced in 
the setting of acid suppression, clinicians should be cognizant of con-
current medications. Patients with more advanced HIV disease, with 
or without the presence of oral candidiasis, should be empirically 
treated for esophageal candidiasis with antifungal therapy (e.g., fluco-
nazole at 100 mg/day).7 Presumptive oral antifungal therapy is highly 
effective for esophageal candidiasis and is usually preferable to initial 
diagnostic upper endoscopy.8 If the esophageal symptoms resolve with 
oral antifungals, the diagnosis of candidiasis can be established empiri-
cally. However, failure of symptoms to respond to empirical antifungal 
therapy within 4 to 7 days indicates a need for further evaluation. Most 
patients with advanced HIV disease (up to 77%) who do not respond 
to antifungal therapy have esophageal ulceration rather than evidence 
of persistent esophageal candidiasis.9 Upper endoscopy with biopsy and 
immunohistochemical staining is a highly sensitive procedure for 
establishing a specific diagnosis and is the preferred approach to the 
evaluation of patients with odynophagia or dysphagia who do not 
respond to empirical antifungal therapy. Upper gastrointestinal con-
trast radiography may reveal characteristic abnormalities, but these 
findings are relatively insensitive and nonspecific, whereas upper 
endoscopy may yield a treatable pathologic diagnosis in most patients.

The endoscopic appearance of esophageal candidiasis resembles 
cheesy friable plaques that may involve the entire esophagus, whereas 
viral esophagitis is usually associated with diffuse erythematous ulcer-
ation of the mucosa. CMV esophagitis frequently causes numerous 
large shallow ulcerations, whereas herpes simplex virus esophagitis is 
typically seen as superficial confluent ulcers in the distal esophagus and 
may be associated with concurrent nonesophageal lesions. Idiopathic 
or aphthous ulcers may have an endoscopic appearance similar to that 
of CMV ulcers and represent a diagnosis of exclusion. Less commonly, 
other infectious processes may be observed, including Mycobacterium 
tuberculosis and Haemophilus ducreyi. Noninfectious processes, such 
as drug-induced ulcers and malignant diseases, may affect the esopha-
gus, with the most common tumors being Kaposi sarcoma, primary 
lymphoma, and adenocarcinoma. Persons with HIV infection may also 
have conventional esophageal pathology, such as reflux esophagitis, 
achalasia, esophageal strictures, and esophagotracheal fistulas.

For lesions visualized with endoscopy, a biopsy should be per-
formed and tissue sections prepared for histopathologic stains to iden-
tify viral inclusion bodies (CMV), multinucleated giant cells (herpes 
simplex virus), HSV and CMV (identified with immunohistochemical 
staining), or invasive fungi. In some settings, polymerase chain reac-
tion (PCR) assay has been used to detect organisms from nondiagnos-
tic ulcer biopsy specimens; however, contamination with oral secretions 
limits its clinical utility.10 Cultures for fungi and viruses may be helpful, 
although positive results for C. albicans may not indicate esophagitis. 
Antifungal drug sensitivity testing may be useful if azole-resistant can-
didiasis is suspected.11 The yield of endoscopy with biopsy and culture 
is extremely high, and more than one pathologic process may be found. 
However, multiple biopsies (more than three) may be needed to 
exclude the diagnosis of viral esophagitis. Lesions that do not respond 
to appropriate therapy should be reevaluated with endoscopy with 
biopsy and culture to confirm the diagnosis and, if indicated, with drug 
sensitivity testing.

DISORDERS OF THE STOMACH
Gastric disorders in patients with HIV may be the result of opportu-
nistic infections but are often unrelated to HIV-induced immunodefi-
ciency, even among patients with advanced HIV disease. Patients with 
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with those with chronic HBV alone.27 For example, among men with 
and without HIV, followed longitudinally in the Multicenter AIDS 
Cohort Study (MACS), Thio and colleagues27 reported that those with 
HIV/HBV coinfection were approximately 19 times more likely to die 
of liver disease compared with men infected with HBV alone. These 
and other data support the recommendation that all persons with HIV 
should be screened for evidence of resolved or active HBV infection.28 
Testing for HBsAg, hepatitis B core antibody (total), and hepatitis B 
surface antibody is recommended before the initiation of antiretroviral 
therapy because some drugs frequently used to treat HIV are also 
active against HBV. Individuals with no evidence of prior infection 
(i.e., susceptibility to HBV infection) should undergo vaccination. 
Persons with chronic HBV (defined as persistent HBsAg >6 months) 
should undergo further evaluation to determine HBV replication 
status (e.g., hepatitis B early antigen [HBeAg] and serum HBV DNA 
testing) and liver disease stage (e.g., serum ALT level or other serum 
marker of liver damage, liver biopsy, or transient elastography).

cholangitis related to cholelithiasis, and in patients with advanced 
immunodeficiency, these studies may suggest acalculous cholecystitis 
or AIDS-associated cholangitis.18 During acute or chronic acalculous 
cholecystitis, the gallbladder generally appears thickened and edema-
tous, with obliteration of the gallbladder lumen without evidence  
of gallstones. Nonvisualization of the gallbladder with radionuclide 
hepatobiliary scintigraphy is also suggestive of cholecystitis. If a cho-
lecystectomy is performed, operative specimens should be sent for 
microbiologic and histopathologic evaluation because, before the 
advent of potent ART, opportunistic pathogens were identified in more 
than 50% of cases.19 CMV, Cryptosporidium, and microsporidia are the 
pathogens most commonly associated with acalculous cholecystitis; 
however, multiple organisms or other pathogens, such as Cystoisospora 
belli, may be recovered, and often no etiologic agent is identified after 
extensive microbiologic evaluation. Although the exclusion of oppor-
tunistic infection is critical in the evaluation of patients with HIV with 
signs and symptoms of acute cholecystitis, the incidence of AIDS chol-
angiopathy is very low in settings where ART is widely used and should 
be primarily considered in patients with a CD4+ cell count less than 
50/mm3. Accordingly, noninfectious disorders (e.g., cholelithiasis) 
probably account for an increasing proportion of hepatobiliary disease 
in patients with HIV. Although rare, the use of the HIV protease inhibi-
tor atazanavir may lead to the development of biliary stones containing 
significant concentrations of the actual drug; thus, patients treated with 
atazanavir who present with symptomatic cholelithiasis warrant con-
sideration of a change to another antiretroviral drug.20

If noninvasive radiographic imaging indicates intrahepatic or 
extrahepatic biliary ductal dilation, endoscopic retrograde cholangio-
pancreatography (ERCP) may be necessary for the diagnosis and man-
agement of AIDS-associated cholangiopathy. Four common patterns 
of cholangiographic abnormalities are revealed with ERCP: stenosis of 
the papilla of Vater with dilated extrahepatic biliary tract, sclerosing 
cholangitis, a combination of sclerosing cholangitis and papillary ste-
nosis, and choledochal long stenosis or strictures. Endoscopic collec-
tion of bile from the common bile duct and duodenal or papillary 
biopsy may identify an opportunistic pathogen or malignancy disease. 
Like acalculous cholecystitis, cholangitis is associated with opportunis-
tic infections by CMV, Cryptosporidium, or microsporidia in more 
than one half of cases. For example, among 82 patients with HIV in 
whom cryptosporidiosis developed during a waterborne outbreak, 24 
(29%) had evidence of biliary involvement that was associated with 
CD4+ cell counts less than 50 cells/mm3.5,21 Other infectious pathogens, 
such as Cryptococcus neoformans, Cystoisospora belli, and P. jirovecii, 
and biliary tree malignant diseases, including lymphoma and Kaposi 
sarcoma, have also been reported. If papillary stenosis is present, endo-
scopic sphincterotomy may produce relief of symptoms and biochemi-
cal resolution of cholestasis, although in some case series the clinical 
effectiveness of this procedure has been disappointing.22

DISORDERS OF THE LIVER
Hepatic abnormalities are quite common in persons with HIV and are 
often associated with elevated serum alanine and aspartate amino-
transferase (ALT and AST, respectively) and alkaline phosphatase 
levels. Liver disease may result from acute or chronic viral hepatitis, 
HIV-related opportunistic infections, or noninfectious processes, such 
as medication toxicity, alcohol, nonalcoholic fatty liver disease, or 
malignancy disease (Table 126-1). Because of shared routes of trans-
mission, chronic infection with hepatitis B virus (HBV), hepatitis C 
virus (HCV), or both frequently complicates HIV disease,2 and liver 
disease caused by these pathogens has emerged as one of the most 
common causes of death among persons with HIV infection in the era 
of effective ART.23,24

Compared with only 5% of persons without HIV infection, approx-
imately 20% of persons with HIV who acquire acute HBV infection 
will develop chronic HBV infection, characterized by hepatitis B 
surface antigenemia (HBsAg) and ongoing, active viral replication.25 
In addition, spontaneous HBV reactivation has been reported in anti–
hepatitis B surface antibody–positive patients with severe immunosup-
pression.26 Although chronic HBV infection does not appear to 
adversely impact the natural history of HIV disease, coinfected persons 
are at increased risk of liver-related morbidity and mortality compared 

TABLE 126-1  Selected Causes of Hepatic Disease 
in Persons with Human Immunodeficiency Virus

Viruses
Hepatitis A

Hepatitis B

Hepatitis C

Hepatitis D (with hepatitis B)

Hepatitis E

Epstein-Barr

Cytomegalovirus

Herpes simplex

Adenovirus

Varicella-zoster

Fungi
Histoplasma capsulatum

Cryptococcus neoformans

Coccidioides immitis

Candida albicans

Pneumocystis jirovecii

Penicillium marneffei

Protozoa
Toxoplasma gondii

Cryptosporidium parvum

Microsporida spp.

Schistosoma

Bacteria
Mycobacteria

Mycobacterium avium complex

Mycobacterium tuberculosis

Bartonella henselae (peliosis hepatis)

Malignant Disease
Kaposi sarcoma (HHV-8)

Non-Hodgkin’s lymphoma

Hepatocellular carcinoma

Medications
Zidovudine

Didanosine

Nevirapine

Ritonavir (full-dose)

Other HIV-1 protease inhibitors (tipranavir/ritonavir)

Fluconazole

Macrolide antibiotics

Isoniazid

Rifampin

Trimethoprim-sulfamethoxazole

HHV-8, human herpesvirus type 8; HIV, human immunodeficiency virus.
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HCV RNA should be assessed when HCV infection is suspected in 
persons with negative anti-HCV results (e.g., elevated liver enzyme 
levels). Patients with positive HCV antibody results should have fur-
ther testing to confirm active HCV replication, with supplemental 
testing for HCV RNA. Patients with HIV/HCV coinfection should be 
counseled to prevent liver damage and HCV transmission, evaluated 
for the presence of chronic liver disease, and considered for anti-HCV 
treatment.3 Because alcohol ingestion accelerates the progression of 
liver disease, patients should be advised to abstain from alcohol. 
Assessments of disease severity should include a history and physical 
examination for signs and symptoms of chronic liver disease, measure-
ment of blood albumin, prothrombin time/international normalized 
ratio, direct bilirubin, and platelet count. Measurement of the HCV 
RNA level is important to establish ongoing infection but provides only 
limited information regarding disease severity. Noninvasive radio-
graphic imaging may reveal hepatic parenchymal abnormalities, mass 
lesions, or evidence of ascites, splenomegaly, or varices; however, imag-
ing studies cannot reliably exclude the presence of significant histologic 
liver disease. Specific liver disease staging is recommended for all coin-
fected patients by using either noninvasive serum markers (e.g., AST-
to-platelet ratio index), liver stiffness measurement by elastography, or 
liver biopsy.38,39 In addition to hepatic fibrosis staging, histologic evalu-
ation may be useful to exclude other causes of hepatic disease, such as 
nonalcoholic liver disease, drug toxicity, or opportunistic pathogens.

All persons with HIV with acute or chronic HCV infection should 
be considered for HCV treatment. In the absence of contraindications, 
HCV treatment should be routinely offered to persons in whom the 
potential benefits of therapy are judged to outweigh the potential risks 
of therapy. Because ART may slow the progression of HCV-related 
liver disease, most HCV-coinfected patients should receive antiretro-
viral therapy, regardless of CD4+ count. In general, the selection of HIV 
and HCV treatment regimens for coinfected patients with HIV infec-
tion should follow guidelines for patients with HIV or HCV monoin-
fection. However, the treatment of HCV in patients taking ART may 
be complicated by increased pill burden, toxicities, and drug-drug 
interactions. For example, because of inhibition or induction of cyto-
chrome P-4503A/4 (CYP3A/4), the HCV nonstructural 3/4A (NS3/4A) 
protease inhibitors telaprevir or boceprevir may be combined only 
with selected antiretroviral agents.40,41 Further, the science of HCV 
drug development is evolving rapidly, and deferral of HCV treatment 
may be recommended for HIV-infected patients with minimal liver 
disease because novel direct-acting antivirals for HCV may offer 
greater efficacy with less adverse effects (see Chapter 119).

Other infectious processes may involve the liver and lead to hepa-
tocellular necrosis or granulomatous inflammation. Viral pathogens, 
such as CMV, Epstein-Barr virus, herpes simplex virus, and adenovi-
rus, can cause hepatocellular damage, usually in the setting of dissemi-
nated disease. Other infectious pathogens, such as mycobacterial and 
fungal agents, may lead to granulomatous inflammation, characterized 
by elevated alkaline phosphatase levels and nonspecific hepatic granu-
loma. M. avium complex is the most common opportunistic pathogen 
that affects the liver and is associated with manifestations of systemic 
disease, including fever, abdominal pain, and wasting.42 Extrapulmo-
nary M. tuberculosis infection may be associated with hepatic involve-
ment in 5% to 10% of HIV-related cases and, less commonly, a 
tuberculosis abscess has been identified. Disseminated fungal infec-
tions, with organisms including C. neoformans, H. capsulatum, Coc-
cidioides immitis, Penicillium marneffei, and C. albicans, may produce 
a granulomatous response in liver. C. neoformans and H. capsulatum 
may be rapidly detected with evidence of polysaccharide capsular anti-
genemia; other causes of fungal hepatitis may be diagnosed with his-
tologic and microbiologic evaluation of liver tissue.

P. jirovecii hepatic infection may occur, particularly during aerosol-
ized pentamidine prophylactic therapy. Bartonella henselae can cause 
peliosis hepatis, a vascular proliferative liver infection, in the absence 
of cutaneous lesions. Peliosis hepatis occurs in patients with advanced 
immunodeficiency, who may present with fever, weight loss, and hepa-
tosplenomegaly with an elevated serum alkaline phosphatase level. The 
diagnosis of bartonellosis is made with Warthin-Starry silver staining 
of biopsy specimens, culture of the blood or tissue plated on heart 
infusion agar with 5% rabbit blood, and PCR assay.43 Blood culture for 

Patients with HIV and chronic HBV infection characterized by 
active HBV replication (e.g., detectable HBV DNA) are at increased risk 
for the development of cirrhosis, end-stage liver disease (ESLD), and 
hepatocellular carcinoma and should be monitored for the develop-
ment of cancer with liver ultrasonography every 6 to 12 months.29 
Treatment for both HBV and HIV is recommended for all HIV/HBV 
coinfected persons, regardless of serum ALT or HBV DNA level.30 The 
goal of HBV therapy in coinfected patients is the prevention of liver 
disease (e.g., cirrhosis and hepatocellular cancer), which may be 
achieved through sustained suppression of HBV replication and in 
some cases seroclearance of HBe or HBs antigens, or both. Three  
antiretroviral drugs approved by the U.S. Food and Drug Administra-
tion (FDA) for the treatment of HIV (lamivudine, emtricitabine, teno-
fovir disoproxil fumarate) also suppress HBV replication by inhibition 
of the HBV DNA polymerase (see Chapters 46 and 119).29 Similarly, 
entecavir, a guanosine analogue approved for the treatment of chronic 
HBV infection, also inhibits HIV reverse transcriptase in vivo and in 
vitro, which in some patients with coinfection leads to the emergence 
of HIV-resistance mutations (M184V) that confer decreased suscepti-
bility to lamivudine and emtricitabine.31 To prevent the development 
of HIV and HBV drug resistance, these agents, which are active against 
both viruses, should be used only as part of an effective antiretroviral 
combination therapy regimen. In addition, oral adefovir (at 10 mg 
daily) and telbivudine are also approved for the treatment of chronic 
HBV infection but do not represent first-line therapies for HBV. Fur-
thermore, although no anti-HIV activity or HIV resistance has been 
observed with these agents at the approved doses, some experts remain 
concerned regarding the potential for emergence of HIV resistance.7 
Interferon-α or peginterferon-alfa may also be effective in the treat-
ment of chronic HBV; however, few data exist regarding their effective-
ness and tolerability in persons coinfected with HIV.32 Current treatment 
guidelines recommend that all HIV-infected persons with chronic HBV 
infection be treated for both infections with combination antiretroviral 
therapy that includes tenofovir plus emtricitabine or lamivudine. Treat-
ment of one viral infection but not the other (e.g., treat HIV but not 
HBV or treat HBV but not HIV) is no longer recommended.

Hepatitis C virus coinfection is also common. Among persons with 
HIV with parenteral exposures, such as injection drug users and recipi-
ents of blood products, the prevalence of chronic HCV infection is 
high, with a range from 60% to 95% worldwide.33 Heterosexual trans-
mission of HCV is uncommon but may be more likely in persons with 
partners who are coinfected with HIV and HCV. Likewise, HCV trans-
mission between HIV-infected men who have sex with men (MSM) 
has been increasingly recognized, particularly among men who engage 
in unprotected anal receptive intercourse.34 Although most patients 
with HIV/HCV coinfection have asymptomatic elevations in serum 
ALT and AST levels, chronic HCV infection may lead to significant 
hepatic fibrosis or cirrhosis, which may be followed by hepatic decom-
pensation or hepatocellular carcinoma (HCC) or death.35 Patients with 
ESLD are profoundly symptomatic with manifestations of portal 
hypertension, including ascites, esophageal varices, and splenomegaly; 
decreased hepatic synthetic function, including hypoalbuminemia, 
thrombocytopenia, and coagulopathy; and hepatic encephalopathy. In 
some centers, HIV-infected patients with HCC or ESLD may be can-
didates for liver transplantation.36 Extrahepatic manifestations of hepa-
titis C infection, such as membranous glomerulonephritis, porphyria 
cutanea tarda, and cryoglobulinemia with or without vasculitis, may 
also occur at any stage of liver disease.

HIV coinfection adversely affects the natural history of HCV dis-
ease, with enhanced HCV replication and accelerated progression of 
hepatic fibrosis, presumably because of HIV-related immunosuppres-
sion. On the other hand, conflicting reports exist on the impact of 
HCV infection on the natural history of HIV disease and, for most 
persons, HCV does not adversely affect HIV disease or its treatment 
with ART.37 In the era of effective HIV treatment, HCV infection has 
emerged as an important cause of morbidity and mortality in patients 
with HIV.5 As such, current management guidelines recommend that 
all HIV-infected patients be screened for infection with a licensed  
assay to detect anti-HCV antibodies. However, patients with advanced 
immunodeficiency (e.g., CD4+ cell count <100/mm3) or acute HCV 
infection may be nonreactive for HCV antibody; in such cases, blood 
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disease, although clinical pancreatitis is infrequently recognized before 
death.57 Infection with mumps may also cause pancreatitis.

Drug-induced pancreatic inflammation and dysfunction may  
also occur in patients with HIV disease. Didanosine may frequently 
cause asymptomatic hyperamylasemia; clinical pancreatitis has been 
observed in 1.2% to 6.7% of didanosine recipients, and fulminant 
pancreatic toxicity has been reported.58 Patients with a history of 
pancreatitis are at higher risk for development of didanosine-related 
pancreatitis, and the drug should be avoided in this setting. Systemic 
pentamidine therapy for P. jirovecii pneumonia is toxic to pancreatic 
beta-islet cells and can cause pancreatitis and symptomatic hypergly-
cemia or hypoglycemia; in contrast, prophylaxis with aerosolized pent-
amidine rarely leads to pancreatic dysfunction.59 The risk of pancreatitis 
in patients receiving intravenous pentamidine is dose related, with 
most cases occurring after 2 weeks of therapy. Despite the association 
of pancreatitis with medications used in persons with HIV, the inci-
dence rate of acute pancreatitis between 2001 and 2006 has been low 
(1.27 cases per 1000 person-years) in some settings.60 Other HIV-
related medications, including megestrol acetate, have been associated 
with derangements of glucose homeostasis.

DISORDERS OF THE SMALL AND 
LARGE INTESTINE
Symptomatic disease of the small intestine and colon remains common 
among individuals with HIV with advanced immunodeficiency and 
may be caused by a diverse range of infectious agents. Of note, among 
subjects with HIV undergoing effective anti-HIV therapy, the inci-
dence of acute enterocolitis has declined substantially. Small bowel 
diseases generally produce bloating, nausea, cramping, and profuse 
diarrhea and may be associated with malabsorption and weight loss.  
In contrast, colitis may produce lower abdominal discomfort and 
cramping, urgency, and tenesmus and typically causes frequent small-
volume diarrhea. However, the clinical manifestations of small and 
large bowel infections may be indistinguishable, and some processes 
may cause panenteritis. In addition, among patients undergoing ART, 
the incidence of medication-related diarrhea has increased, and gas-
trointestinal adverse effects may lead to discontinuation of antiretro-
viral medications.61 Furthermore, with prolonged life expectancy, the 
finding of colorectal malignant diseases, such as adenocarcinoma, is 
expected to increase.62 Colorectal neoplasm should be considered in 
patients with HIV with chronic abdominal symptoms, and recommen-
dations for routine screening with colonoscopy should be followed. In 
addition, inflammatory bowel diseases (e.g., ulcerative colitis, Crohn’s 
disease) have been reported in patients with HIV with diarrhea.

The differential diagnosis for enterocolitis in a person with severe 
immunocompromise is extensive and includes bacterial, protozoal, 
and viral pathogens (Table 126-2). Bacteria that are more common in 
patients with HIV include Salmonella spp., Shigella, Campylobacter 
jejuni, Escherichia coli (enterotoxigenic, enteroadherent, and enteroag-
gregative), and Listeria monocytogenes. Further, among MSM, shigel-
losis is predominantly a sexually transmitted pathogen, particularly 
among men with HIV.63 Nontyphoidal salmonellosis is associated with 
bacteremia in one half of infections and may be recurrent in persons 
with HIV. In Africa, HIV-infected patients are approximately eight 
times more likely to have nontyphoidal salmonellae bacteremia than 
seronegative patients.64 Less commonly, bacteremia may occur with 
Shigella and Campylobacter infection. Clostridium difficile infection 
may also be more common among individuals with HIV disease, par-
ticularly among hospitalized patients, those who have recently under-
gone antibiotic therapy, and those with advanced AIDS (CD4+ count 
<50 cells/mm3).65 Indeed, C. difficile may be one of the more common 
causes of bacterial diarrhea among persons with HIV, particularly 
those with AIDS. Small bowel overgrowth can occur and has been 
associated with hypochlorhydria and wasting. Other, less common 
bacterial causes of enterocolitis include Aeromonas, Plesiomonas, Yer-
sinia, and Vibrio spp. Mycobacterial infections of the small bowel are 
usually associated with late-stage HIV disease and disseminated M. 
avium complex, although enteritis caused by M. tuberculosis has been 
reported. Parasites and fungi that infect the small and large bowel 
include spore-forming protozoa, Cryptosporidium, microsporidia spp. 
(such as Enterocytozoon bieneusi and Encephalitozoon intestinalis), 

acid-fast bacilli is usually sufficient to establish the diagnosis of dis-
seminated mycobacterial infection. The evaluation of other potential 
causes of liver disease may require liver biopsy, which may rapidly yield 
a treatable diagnosis in more than 60% of patients with HIV with 
unexplained fever and liver abnormalities. Hepatic tissue should be 
sent for microbiologic evaluation and culture and for routine and spe-
cific histologic staining for acid-fast bacilli and fungal pathogens. 
Hepatic mass lesions are commonly the result of malignant disease, 
although radiographically, infectious processes may resemble mass 
lesions. Before the widespread use of potent ART, the most common 
hepatic malignant disease was Kaposi sarcoma; hepatic involvement 
typically occurs in the setting of cutaneous disease and is often associ-
ated with hepatomegaly and abdominal pain. Abdominal imaging with 
contrast-enhanced computed tomography may reveal enhanced lesions 
located in the capsular, hilar, and portal areas, with invasion into the 
liver parenchyma. The definitive diagnosis of hepatic Kaposi sarcoma 
requires biopsy with histologic examination; however, the risk of hem-
orrhage after a biopsy may be increased because of the vascular nature 
of the Kaposi sarcoma lesion. Non-Hodgkin’s lymphomas may involve 
the liver, usually in association with lymph node or visceral involve-
ment, or both, although primary hepatic lymphoma has been reported. 
Patients may present with “B” symptoms, including weight loss, fever, 
night sweats, and abdominal pain; jaundice may occur with intrahe-
patic or extrahepatic bile duct obstruction. Radiographic imaging typi-
cally reveals solitary or multiple hepatic mass lesions and involvement 
of abdominal lymph nodes. Biopsy of the hepatic lesion or involved 
lymph nodes is needed to confirm the diagnosis of lymphoma. 
Although the incidence rates of Kaposi sarcoma and lymphoma have 
declined, hepatocellular carcinoma related to chronic hepatitis B or C 
infection has been increasingly recognized in patients with HIV, par-
ticularly those with cirrhosis; such patients may have evidence of 
advanced liver disease, elevated serum α-fetoprotein level, and radio-
graphic evidence of a mass lesion.44

Hepatotoxicity associated with HIV-related medications is a 
common cause of liver abnormalities, and infection with HIV, HCV, 
or both may enhance the toxicity of some medications, such as antitu-
berculosis drugs.45 Patients typically present with elevated serum ALT 
and AST levels, although some drugs, such as macrolide antibiotics 
(e.g., azithromycin) and trimethoprim-sulfamethoxazole, induce a 
cholestatic or mixed liver injury pattern. Drug-induced hepatotoxicity 
is often asymptomatic and detected through routine monitoring of 
serum liver enzymes. HIV-1 protease inhibitors, particularly tipranavir/
ritonavir, and non-nucleoside reverse-transcriptase inhibitors, particu-
larly nevirapine, have been associated with severe hepatotoxicity after 
the initiation of therapy, which may be more common in the setting 
of concurrent chronic HBV or HCV infection.45-49 In addition to eleva-
tions of serum ALT and AST levels, nucleoside analogue reverse-
transcriptase inhibitors, such as zidovudine and stavudine, have been 
associated with mitochondrial toxicity, which leads, in some cases, to 
fatal hepatomegaly with severe steatosis and lactic acidosis.50-52 Anti-
retroviral medications, particularly didanosine, have also been associ-
ated with noncirrhotic portal hypertension and nodular regenerative 
hyperplasia; however, the incidence of this condition is low.53-55 Despite 
concerns for antiretroviral toxicity, persons with HIV and HBV coin-
fection should be treated with ART, followed by monitoring for signs 
or symptoms of hepatotoxicity; treatment should be modified if drug-
induced hepatotoxicity is suspected (see Chapter 119).

DISORDERS OF THE PANCREAS
Diseases that involve the pancreas may be caused by processes unre-
lated to HIV infection, such as alcohol abuse, cholelithiasis, and hyper-
lipidemia, or may be caused by HIV-related opportunistic infections 
or medication toxicity.56 AIDS cholangiopathy caused by CMV, Cryp-
tosporidium, or microsporidia may involve the juxta ampullary portion 
of the pancreatic duct. Mycobacterial infections of the pancreas have 
been described, including pancreatic abscess related to M. tuberculosis 
and disseminated M. avium complex. Fungal pathogens, such as 
C. neoformans and Candida spp., Toxoplasma gondii, P. jirovecii, and 
protozoal pathogens may involve the pancreas, typically in the setting 
of disseminated disease. Pancreatic CMV inclusions are frequently 
observed in autopsy specimens from patients with disseminated CMV 
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intestinal perforation or toxic megacolon. As with its appearance in the 
esophagus, CMV enterocolitis occurs with severe immunodeficiency 
and produces mucosal inflammation with superficial ulceration.67 
Other viral pathogens implicated as causes of diarrhea include adeno-
virus, which may cause a condition that mimics CMV colitis, and 
human herpesvirus type 6, astrovirus, calicivirus, and picobirnavirus.

Proctitis in patients with HIV disease typically reflects sexually 
transmitted infections, such as herpes simplex virus infection, Chla-
mydia trachomatis infection, syphilis, and gonorrhea, particularly 
among homosexual men. However, advanced immunosuppression 
may be associated with more severe disease manifestations and recur-
rent infection. CMV proctitis is less common but may occur in the 
setting of extensive CMV colitis. The incidence of human papillomavi-
rus (HPV)-associated anal dysplasia and cancer is increasing in persons 
with HIV, particularly MSM; anal cancer screening is recommended 
for individuals at risk who may present independent of ART use.68,69 
However, the rate of progression of high-grade anal dysplasia to cancer 
appears to be lower than in high-grade cervical dysplasia, which sheds 
some doubt on the utility of HPV screening to prevent anal cancer, until 
additional studies are performed.70 Patients with HIV with diarrhea or 
other symptoms of enterocolitis should be carefully evaluated for iden-
tification of treatable conditions. Historical assessments should focus 
on the nature and duration of the symptoms, concomitant medications, 
travel, and other exposures, such as food, water, or sexual contact. The 
standard diagnostic evaluation should include stool leukocyte exami-
nation for identification of inflammatory causes of diarrhea, such as 
bacterial pathogens and CMV, and for guiding empirical therapy; other 
infectious agents, such as protozoa and M. avium complex, are typically 
not associated with the finding of fecal leukocytes. Stool should be 
cultured for enteric bacterial pathogens, assayed for C. difficile toxin, 
and examined for ova and parasites. Stool specimens should be exam-
ined on at least three occasions with modified acid-fast stain to identify 
Cryptosporidium, Cyclospora, and Cystoisospora. Special trichrome 
staining may be useful for the identification of microsporidia.

If noninvasive stool studies are not diagnostic and symptoms 
persist, endoscopic evaluation with biopsy may prove helpful, particu-
larly in patients with chronic diarrhea and severe immunodeficiency 
(CD4+ cells count <100 cells/mm3).71 Patients with signs and symptoms 
suggestive of large bowel involvement should undergo colonoscopy 
and biopsy. The sensitivity of endoscopic biopsy for the diagnosis of 
CMV disease is high, and colonoscopy may be used to identify disease 
limited to the right side of the colon, which may be missed during 
flexible sigmoidoscopy. Upper endoscopy with duodenal biopsy is 
useful for patients with symptoms of small bowel disease or those with 
persistent symptoms and negative evaluation of the lower gastrointes-
tinal tract. In addition to hematoxylin and eosin staining, duodenal 
histologic specimens should be stained with fungal stains and modified 
acid-fast stain for Cryptosporidium and should undergo electron 
microscopy for microsporidia. PCR assay of biopsy specimens may 
also prove valuable in the diagnosis of some pathogens, such as micro-
sporidia. Small bowel aspirates are generally not useful in the evalua-
tion of unexplained diarrhea.

Approximately 20% to 50% of patients with chronic diarrhea have 
a negative gastrointestinal tract evaluation. Patients without an identi-
fiable cause of diarrhea may have HIV-associated enteropathy, the 
pathology of which is not fully understood but likely involves depletion 
of gut-associated CD4+ cells.72,73 Histologic evaluation of small bowel 
biopsy specimens may reveal a decrease in villous surface area and 
crypt cell proliferation in the absence of inflammation. For many 
pathogens, few specific therapies are available, but potent ART may 
effectively control diarrhea in patients with HIV enteropathy and in 
those with microsporidiosis and cryptosporidiosis.

Cystoisospora, Cyclospora, and Entamoeba histolytica and Giardia 
lamblia. Amebic infection and giardiasis may occur at any stage of 
HIV disease and are commonly associated with conventional risk 
factors, such as sexual practices and travel-related exposures. Disease 
caused by Cryptosporidium is more common and severe in persons 
with HIV with advanced immunosuppression and leads to persistent 
infection (60%), biliary disease (29%), and even fulminant disease 
(8%).66 Similarly, microsporidiosis causes diarrhea in patients with 
advanced HIV disease (CD4+ cell count <50 cells/mm3) and may be 
associated with cholangiopathy. Less commonly, diarrhea caused by 
Cystoisospora and Cyclospora has been reported in persons with 
advanced immunosuppression.1

CMV is the most significant viral cause of enterocolitis and leads  
to fever, abdominal pain and tenderness, bloody diarrhea, and, rarely, 

TABLE 126-2  Causes of Lower Gastrointestinal 
Tract Disease in Patients with Human 
Immunodeficiency Virus

Causes of Enterocolitis

Bacteria
Campylobacter jejuni and other spp.

Salmonella spp.

Shigella flexneri

Aeromonas hydrophila

Plesiomonas shigelloides

Yersinia enterocolitica

Vibrio spp.

Mycobacterium avium complex

Mycobacterium tuberculosis

Escherichia coli (enterotoxigenic, enteroadherent)

Bacterial overgrowth

Clostridium difficile (toxin)

Parasites
Cryptosporidium parvum

Microsporidia (Enterocytozoon bieneusi, Septata intestinalis)

Cystoisospora belli

Entamoeba histolytica

Giardia lamblia

Cyclospora cayetanensis

Viruses
Cytomegalovirus

Adenovirus

Calicivirus

Astrovirus

Picobirnavirus

Human immunodeficiency virus

Fungi
Histoplasma capsulatum

Causes of Proctitis

Bacteria
Chlamydia trachomatis

Neisseria gonorrhoeae

Treponema pallidum

Viruses
Herpes simplex

Cytomegalovirus
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Neurologic Diseases Caused by 
Human Immunodeficiency Virus 
Type 1 and Opportunistic Infections
Omar K. Siddiqi and Igor J. Koralnik

Neurologic manifestations are frequent in human immunodeficiency 
virus type 1 (HIV-1) infection. In the era before combined antiretro-
viral therapy (ART) or in settings where antiretroviral drugs are not 
available, neurologic disease constituted the initial presentation in 10% 
of patients, and neurologic complications developed in 30% to 50% 
during the course of the disease.1,2 Autopsies have shown involvement 
of the nervous system in up to 80% of cases.3,4 With the advent of ART, 
the overall incidence of the most frequent HIV-associated neurologic 
diseases has decreased. The most consistent impact has been a 
decreased incidence of acquired immunodeficiency syndrome (AIDS)-
associated dementia, but decreases in HIV-associated polyneuropathy 
and central nervous system (CNS) opportunistic infections have also 
been observed.5-8

Diagnosis of neurologic complications in patients with HIV-1 
infection poses a particular challenge for clinicians. Indeed, HIV-
infected individuals are often severely debilitated and present with 
multiple constitutional symptoms related to systemic infections or 
tumors that might overshadow or mimic a primary neurologic condi-
tion. In addition, HIV-infected individuals are usually treated with a 
combination of prophylactic drugs and a rapidly growing number of 
antiretroviral medications. Drug interactions and neurologic side 
effects of these medications are common, which adds another level of 
complexity for care providers. However, certain rules can be applied to 
facilitate the understanding of these challenging cases:
1. The spectrum of neurologic manifestations in HIV-1 infected indi-

viduals depends on their degree of immunosuppression, reflected 
by CD4+ T-lymphocyte counts, and the speed of disease progres-
sion, as estimated by measurement of plasma HIV-1 viral load.

2. Multiple pathologies may coexist in the context of immunosuppres-
sion. The peripheral nervous system and CNS are frequently affected 
concomitantly in HIV-1 infected individuals, and opportunistic 
infections of the brain may be superimposed on primary HIV-1-
associated neurologic disorders.

3. Antiretroviral medications and prophylactic drugs taken by HIV 
infected individuals often cause neurologic side effects, which must 
be included in the differential diagnosis of these patients.

4. Immune recovery associated with ART may be associated with an 
inflammatory reaction within the CNS.

PRINCIPAL NEUROLOGIC 
MANIFESTATIONS OF HIV  
TYPE 1 INFECTION
Meningeal Syndrome
Patient Otherwise Asymptomatic, CD4+ 
T-Lymphocyte Counts Greater Than 200 
cells/µL: Aseptic Meningitis
Clinical Presentation. Headache, stiff neck, and fever, associated with 
nausea and vomiting, can be the first manifestations of HIV-1 infec-
tion. It is a self-limited illness that subsides spontaneously after several 
weeks. In some cases, transient cranial neuropathies may develop, 
affecting mostly the fifth, seventh, and eighth cranial nerves.9

In addition, patients may present with symptoms of encephalopa-
thy, and postmortem examination of individuals who died of unrelated 
causes in this early stage showed mild meningeal inflammation, focal 
cerebral white matter myelin damage, and perivascular inflammatory 
infiltrates and gliosis.10,11

Laboratory Investigations. Cerebrospinal fluid (CSF) analysis 
shows a moderate lymphocytic pleocytosis (10 to 100 cells/µL), which 
is typical of viral meningitis.12 This aseptic meningitis can occur as 
soon as 1 week after the primary infection, when HIV-1 conventional 
serology is still negative. HIV-1 RNA, however, should be detectable 
in blood and CSF, and the HIV-1 p24 antigen might be detected in the 
blood. Repeat serology testing after 6 weeks usually helps to clarify this 
situation.

Treatment. Interestingly, early onset of aseptic meningitis has 
not been associated with late neurologic manifestations in HIV-1 

Definition
•	 Human	immunodeficiency	virus	(HIV)	and	

associated	infections	can	adversely	affect	any	
aspect	of	the	central	and	peripheral	nervous	
system.

Epidemiology
•	 Ten	percent	of	HIV-positive	patients	

initially	present	with	neurologic		
disease.

•	 Thirty	to	fifty	percent	of	HIV-positive	
patients	have	neurologic	complications.

•	 Eighty	percent	of	HIV-positive	patients	
have	nervous	system	involvement	at		
autopsy.

Cognitive Manifestations
•	 HIV-associated	neurocognitive	disorder	occurs	

in	15%	of	patients	with	AIDS	and	can	be	the	
first	manifestation	of	disease	in	3%	to	10%	of	
patients.

Central Nervous System (CNS) Mass 
Lesions
•	 Toxoplasmosis	is	the	most	frequent	cerebral	

mass	lesion.	Incidence	depends	on	the	
seropositivity	of	the	population.	Empiric	
treatment	with	pyrimethamine	and	sulfadiazine	
is	useful	when	clinical	and	radiologic	findings	
are	consistent	with	the	diagnosis.

•	 Primary	CNS	lymphoma	is	the	most	common	
HIV-associated	brain	malignancy	and	is	
associated	with	Epstein-Barr	virus	infection.

•	 Progressive	multifocal	leukoencephalopathy	is	
caused	by	JC	polyomavirus,	which	induces	lytic	
infection	of	oligodendrocytes	causing	
multifocal	CNS	demyelination.

Spinal Cord
•	 Vacuolar	myelopathy	is	present	at	autopsy	in	

17%	to	46%	of	patients	with	acquired	
immunodeficiency	syndrome.

•	 Presenting	symptoms	are	gait	disturbance,	
weakness,	sensory	changes,	and	urinary	
dysfunction.

•	 Diagnosis	is	one	of	exclusion.
•	 Etiology	is	unclear.

Peripheral Nervous System
•	 HIV-associated	distal	sensory	polyneuropathy	

is	the	most	common	peripheral	neuropathy	
seen	in	HIV.	Symmetrical	paresthesia,	
numbness,	and	painful	dysesthesia	of	the	
lower	extremities	can	occur.

•	 Nucleoside	neuropathy	is	associated	with	
nucleoside	analogue	reverse-transcriptase	
inhibitors	zalcitabine,	didanosine,	and	
stavudine.

•	 Clinical	and	electrophysiologic	manifestations	
are	indistinguishable	from	DSNP.	Symptoms	
can	improve	upon	discontinuation	of	offending	
medication.
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cellularity and protein concentration. Normalization of serum RPR 
predicted normalization of CSF and clinical abnormalities 13 months 
after treatment in more than 90% of a cohort composed mostly of 
HIV-infected men. This was more frequent in those receiving ART 
than in untreated patients.17 Some patients have a transient increase in 
CSF HIV-1 viral load to more than 100,000 copies/mL associated with 
neurosyphilis, which subsides after antibiotic treatment. Neurosyphilis 
may amplify intrathecal HIV replication, possibly through immune 
activation that persists even after syphilis treatment.18 As is the case 
with other opportunistic infections of the brain, this viral burden is 
likely carried by activated circulating lymphocytes and monocytes 
coming to combat the CNS infection and should not be interpreted as 
a manifestation of HIV-1 encephalitis.

Patient with AIDS, CD4+ T-Lymphocyte 
Counts of Less Than 200 Cells/µL: 
Cryptococcal Meningitis
Clinical Presentation. This is the most common opportunistic men-
ingitis in AIDS, which affected 10% of patients before the ART era19 
but has decreased in incidence since then (also see Chapter 264).20 
Cryptococcal meningitis differs from aseptic meningitis in that men-
ingismus is present in less than 40% of cases, and patients may present 
with only fever and headache, which become progressively more debil-
itating. Confusion, blindness, or altered state of consciousness occurs 
in severe cases.

Laboratory Investigations. The detection of Cryptococcus neofor-
mans antigen titers by enzyme immunoassay in the CSF provides a 
rapid diagnosis, which is confirmed subsequently by CSF culture. 
Because false-positive results occur with all the antigen tests, confirma-
tion by culture is essential to establish the diagnosis of cryptococcal 
meningitis. Other CSF findings include markedly elevated opening 
pressure, mononuclear pleocytosis, elevated protein and decreased 
glucose concentration in 50% of the cases, and direct detection of the 
organism by India ink staining in 80% of the cases. Serum cryptococcal 
antigen is usually detected in cryptococcal meningitis in AIDS patients, 
and blood and urine cultures may also be positive.

Brain imaging is usually negative unless an associated cryptococ-
coma or hydrocephalus is present. Poor prognosis factors include 
altered mental status, absence of CSF pleocytosis, CSF antigen titer 
greater than 1 : 1024, a positive blood culture, and hyponatremia.

Treatment. Treatment should begin with amphotericin B (0.7 mg/
kg) with flucytosine (100 mg/kg PO in four divided doses per day) 
until the patient is clearly responding and for not less than 2 weeks, 
which is associated with significantly increased rates of yeast clearance 
from CSF and decreased mortality compared with amphotericin B 
alone. Combination of fluconazole with amphotericin B showed no 
survival benefit.21 Use of fluconazole alone as initial therapy is associ-
ated with much slower culture conversion and is not recommended.22 
Consolidation therapy then consists of fluconazole (400 mg PO once 
or twice daily) administered for 8 weeks or until CSF cultures are 
sterile. Lipid formulations of amphotericin B may be used for patients 
with renal insufficiency, and itraconazole may be substituted for fluco-
nazole if patients can tolerate fluconazole but is clearly inferior to the 
latter. Lifelong maintenance therapy using fluconazole 200 mg/day has 
been previously recommended to prevent relapses.23 Updated recom-
mendations state that maintenance therapy can be discontinued if a 
patient has received a minimum of 12 months of antifungal treatment, 
CD4+ counts reach greater than 100 cells/µL, and there is a sustained 
undetectable or very low HIV RNA level for ≥3 months.23a

The outcome is generally favorable within 2 weeks, but early mor-
tality still reaches 6%.26 In a study done in Botswana, the in-hospital 
mortality was significantly lower among those patients who were on 
ART at the time of diagnosis of cryptococcal meningitis compared 
with untreated patients (8% vs. 21%).27 Complications such as increased 
intracranial pressure greater than 200 mm H2O occur in nearly all 
patients. Such a complication should be recognized and treated aggres-
sively with mechanical drainage, including repeat lumbar punctures, 
temporary external lumbar drainage, or intraventricular shunts.28,29 
Corticosteroids, acetazolamide, and mannitol have not been shown to 
be effective. Neurologic deterioration after commencing ART occurs 
in 26% of patients and is caused by cryptococcosis-associated immune 

infection, and patients may remain asymptomatic for many years 
before developing other symptoms of HIV-1 infection. If not properly 
diagnosed at the time of their acute illness, these patients may therefore 
unwittingly infect a number of sexual partners. It is therefore crucial 
to include HIV-1 in the differential diagnosis of aseptic meningitis. 
This condition might recur at any time throughout the course of the 
disease, although CSF pleocytosis becomes less common with advanced 
immunosuppression. Treatment is symptomatic. The decision to start 
on antiretroviral medications should be based on current guidelines 
that generally recommend treatment of initial HIV-1 infection (see 
Chapter 130).

Patient at Any Stage of HIV Type 1 Infection 
and CD4+ T-Lymphocyte Counts at Any Level: 
Syphilitic Meningitis
Clinical Presentation. In the United States, up to 6% of HIV-infected 
individuals have a history of syphilis. Treponema pallidum infection 
can also occur at any time during HIV-1 infection and mimics neuro-
logic complications of AIDS. Indeed, both conditions may cause acute 
or chronic meningitis, myelopathy, cranial or peripheral neuropathies, 
cerebrovascular disease, and dementia. Therefore, it is paramount to 
distinguish neurosyphilis from latent disease with positive serology 
and normal physical examination in HIV-infected patients because it 
has a direct impact on treatment. Neurosyphilis can occur as early as 
1 year or as late as 30 years after initial infection. In this chapter, we 
discuss only syphilitic meningitis; other neurologic complications of 
this disease are covered in Chapter 239.

Laboratory Investigations. Elevation of protein concentration 
and leukocyte counts can be found in the CSF of approximately 15% of 
patients with primary syphilis and up to 40% of patients with second-
ary syphilis. Some of these patients eventually experience spontaneous 
cure of this earlier CNS infection, but the persistence of asymptomatic 
CSF abnormalities for more than 5 years in the untreated patient is 
highly predictive of the development of clinical neurosyphilis.

Persistent mononuclear pleocytosis and elevated protein concentra-
tion can be found in the CSF of HIV-1-infected patients with neuro-
syphilis,13 as well as an elevated immunoglobulin G synthesis rate and 
oligoclonal bands. This is of no help in establishing the diagnosis of 
neurosyphilis in the context of HIV-1 infection because these findings 
occur as well in asymptomatic HIV-1 seropositive patients, especially 
when they have detectable HIV-1 RNA in their CSF. Using either the 
criterion of elevated CSF protein of greater than 50 mg/dL or white 
blood cells greater than 10 cells/µL in HIV-positive patients with reac-
tive rapid plasma reagin may lead to overdiagnosis of neurosyphilis in 
the absence of clinical symptoms. Follow-up lumbar puncture after 12 
months showed persistence of CSF abnormalities in 62% of cases.14 A 
positive CSF Venereal Disease Research Laboratories (VDRL) test 
result establishes the diagnosis of neurosyphilis if the tap is not bloody. 
However, this test may be negative in HIV-1 infection.15,16 A reactive 
CSF fluorescent treponemal antibody absorbed test increases the likeli-
hood of T. pallidum infection but is less specific because it can result 
from treated neurosyphilis or from contamination of the CSF with 
small amounts of blood containing antibody at the time of the lumbar 
puncture.

Acute symptomatic syphilitic meningitis is usually the earliest clini-
cal manifestation of neurosyphilis, which occurs within the first year 
of infection and can be associated with cranial nerve palsies, including 
isolated eighth nerve palsy, and signs and symptoms of hydrocephalus. 
CSF abnormalities are similar to those of asymptomatic neurosyphilis, 
except that the CSF VDRL test result is nearly always positive (also see 
Chapter 239).

Treatment. HIV-1–infected individuals with a positive serum 
rapid plasma reagin (RPR) test result, unexplained CSF pleocytosis, 
and elevated protein concentration, as well as symptoms consistent 
with neurosyphilis, should be treated with intravenous penicillin even 
in the absence of a positive VDRL test result in the CSF. Treatment 
consists of intravenous penicillin G (3 to 4 million units IV every 4 
hours for 10 to 14 days). In case of allergy to penicillin, ceftriaxone 
(2 g IV once daily for at least 14 days) is another option. A careful 
follow-up of these patients is necessary, and a repeat spinal tap 1 month 
after onset of treatment should show a normalization of the CSF 
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dysfunction, which includes decreased coordination, altered handwrit-
ing, loss of balance, and gait instability.

The mental status examination reveals minor psychomotor slow-
ing, inattention, decreased short-term memory, inability to perform 
simple calculations, and frontal release signs. Ocular movement testing 
shows saccadic pursuit. Other frequent findings are brisk reflexes,  
mild postural tremor, slowing of rapid alternating movements, and  
gait instability when performing half-turns. If untreated, dementia 
becomes more global, profoundly impairing orientation, memory, and 
cognition. Confusional or psychotic episodes have been reported, but 
seizures are a rare occurrence. Despite the extent of the cerebral 
involvement, there is usually no aphasia, apraxia, or other signs of 
discrete cortical dysfunction, except in terminal stages. Therefore, this 
syndrome has been classified as a frontal-subcortical dementia. A 
rapid bedside evaluation can be performed with the HIV Dementia 
Scale.42 However, this screening test is not as sensitive as a more 
detailed neuropsychological evaluation, which should include tests of 
attention, memory, and psychomotor speed such as trail making, digit 
span, verbal fluency, grooved pegboard, symbol digit modalities, and 
Rey auditory verbal learning tests.43 An international dementia scale 
can be used to identify individuals at risk of HIV-associated dementia 
despite language barriers.44,45

Unfortunately, cognitive dysfunction persists despite ART. A cross-
sectional study of 1555 HIV-infected adults in the United States 
showed neuropsychological impairment in 52%. Prevalence estimates 
for specific HIV-associated neurocognitive disorder (HAND) diagno-
ses were 33% for asymptomatic neurocognitive impairment, 12% for 
MND, and 2% for HIV-associated dementia.46

Laboratory Investigations. Numerous groups have detected early 
neurologic dysfunction in HIV-1-infected asymptomatic individuals.47-49 
Subtle electrophysiologic abnormalities can be found in early HIV-1 
infection (on electroencephalography, evoked potentials, nerve con-
duction studies), but they do not seem to have a predictive value for 
the later onset of AIDS dementia, which occurs generally when the 
CD4+ T-lymphocyte counts are less than 200 cells/µL. CSF analysis 
shows mild lymphocytic pleocytosis in 25% and elevated protein in 
55%,50 which can also be found in nondemented patients. Increased 
CSF levels of nonspecific markers of immune activation or neuronal 
injury have been reported, but their use in patients’ management is 
limited because these markers are also elevated during opportunistic 
infections of the CNS and because these assays are not readily available 
in the clinical setting.51

Measurement of the HIV-1 CSF viral load has been evaluated as a 
surrogate marker in HIV-1 infected individuals with cognitive dys-
function. A wide overlap was found between CSF HIV-1 viral load 
values of demented and nondemented individuals, and concomitant 
opportunistic infections of the CNS must be ruled out because they 
also contribute to transient elevation of HIV-1 viral burden in the 
CSF.52 These findings suggest that there may be two phases of HIV-1 
infection in the CSF. (1) A transitory infection of the CNS may occur 
early in the disease via trafficking lymphocytes. These viral strains have 
a lymphotropic phenotype (using CXCR4 co-receptor) and may 
respond to therapy in parallel to plasma virus load. (2) A more autono-
mous infection of CNS monocytes/macrophages may take place at a 
later stage; with macrophage tropic strains (using CCR5 co-receptor).53 
Such patients may need higher drug penetration in the CNS. Whether 
measurement of the HIV-1 CSF viral load provides an accurate repre-
sentation of the viral replication occurring in the CNS is unclear. 
However, subsets of patients with higher CSF than plasma viral loads 
have been recognized in whom intrathecal viral replication correlates 
with neurologic deficits. Because HIV-1–associated dementia complex 
is a diagnosis of exclusion, CSF examination is indicated for bacterial, 
fungal, and acid-fast bacteria cultures; cryptococcal antigen; VDRL 
test; and cytology. In addition, CSF polymerase chain reaction (PCR) 
for JC virus (JCV), the agent of progressive multifocal leukoencepha-
lopathy (PML), is indicated because this condition is often difficult to 
distinguish from HIV-1 encephalopathy on brain imaging studies (see 
later and also see Chapter 147).

Imaging Studies. Computed tomography (CT) and magnetic 
resonance imaging (MRI) may show greater subcortical atrophy  
than cortical atrophy, which is not proportional to the degree of 

reconstitution inflammatory syndrome (C-IRIS).30 It is more frequent 
if ART is given 7 days after compared with 28 days after onset of anti-
fungal therapy.31 Persistent CSF cryptococcal growth at ART initiation 
and poor CD4+ T-cell increases on ART are strong predictors of 
C-IRIS.30 Management of C-IRIS includes continuation of ART, anti-
fungal therapy, and a course of corticosteroids.32

Differential Diagnosis of Meningitis
Other CNS infections in AIDS include tuberculosis, histoplasmosis, 
aspergillosis, coccidioidomycosis, amebiasis, Candida albicans infec-
tion, Trypanosoma cruzii infection, herpes simplex and herpes zoster 
infections, and Nocardia asteroides. Geographic differences account for 
variations in local prevalence. Estimates indicate that more than 1 
million people worldwide have tuberculosis (TB) and HIV coinfection 
with the highest number of individuals in sub-Saharan Africa. CNS 
tuberculosis can present in numerous ways, including as a tubercu-
loma, abscess, spinal cord lesion, and most commonly as tuberculous 
meningitis (TBM). TBM is a highly treatable condition in resources-
limited settings (RLS) because its presentation is commonly subacute 
and antituberculosis treatment is widely available. However, TBM 
diagnosis remains a challenge throughout the world. Acid-fast bacilli 
staining on CSF has a sensitivity of 10% to 20% that varies greatly  
on the basis of technical expertise.33 CSF culture has a sensitivity of 
approximately 50% and can take as long as 6 weeks to become posi-
tive.34 Neither of these techniques is practical in an RLS. As a result, 
treatment is often initiated empirically with minimal objective testing 
for guidance except for hypoglycorrachia and high CSF total protein, 
where biochemical tests are available.

Bacterial meningitis is more commonly a problem for HIV-infected 
patients in resource- limited settings compared with resource-rich set-
tings.35,36 HIV-infected patients are at risk for pneumococcal infec-
tion,37 and pneumococcal meningitis usually arises from spread of an 
untreated primary infection. These cases are more likely in RLS where 
patients present at later stages of disease and have limited access to 
health services.

COGNITIVE AND MOTOR 
SYNDROMES
HIV Type 1 Associated Neurocognitive 
Disorder
Clinical Presentation. This common CNS complication of HIV-1 
infection occurs in 15% of patients with AIDS and can be the first 
manifestation of the disease in 3% to 10%.38 In the past, this condition 
has also been named AIDS dementia complex, HIV-1 encephalopathy, 
or HIV-associated major cognitive disorder. A less severe entity named 
HIV-1-associated minor cognitive/motor disorder (MND) occurs in 
an additional 20% to 25%, and asymptomatic neurocognitive impair-
ment is used to categorize individuals with subclinical impairment.39,40 
Risk factors include an AIDS-defining illness, increased age and sur-
vival duration, lower nadir of CD4+ T-cell counts, and higher baseline 
HIV viral loads.41

The clinical characteristics of this disorder can be subdivided into 
three main categories: cognitive, behavioral, and motor (Table 127-1).

Initial symptoms are usually subtle. Patients often report difficulty 
with memory and note a slowness of thinking. They have trouble con-
centrating. Complex mental activities become more time consuming 
and difficult to perform. A loss of interest in social and professional 
activities soon follows, and such apathy and social withdrawal may be 
mistaken for depression. Although cognitive and behavioral symptoms 
are prominent in most patients, some mainly present with motor 

TABLE 127-1  Clinical Triad in Human 
Immunodeficiency Virus Type 1–Associated 
Neurocognitive Disorder

COGNITION BEHAVIORAL MOTOR
Forgetfulness

Mental slowing

Decreased concentration

Apathy

Social withdrawal

Lack of spontaneity

Gait instability

Poor coordination

Leg weakness
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dementia. MRI may also demonstrate multiple hyperintense signals in 
T2-weighted images, which are nonenhancing, poorly demarcated, and 
localized bilaterally in the subcortical white matter (Fig. 127-1). MRI 
is superior to CT for distinguishing these abnormalities from con-
founding illnesses such as PML. Unlike lesions of PML, there is no 
associated hypointensity in T1-weighted images. The severity of global 
brain atrophy and signal changes in basal ganglia correlates with cogni-
tive impairment.54

Brain Biopsy and Histologic Analysis. There is no indication to 
perform a brain biopsy in patients with HAND, unless imaging studies 
suggest the presence of another process. Postmortem examination 
reveals encephalitis with multinucleated giant cells and microglial 
nodules, as well as astrocytosis and perivascular mononuclear cell infil-
trates. HIV-1 has been found in microglial nodules, perivascular mac-
rophages, and multinucleated giant cells. The latter are the result of the 
fusion of infected macrophages. The virus can also infect astrocytes.55 
HIV-1 has also been found in endothelial cells,56 and abnormalities 
of the cerebral microcirculation are characterized by increased cellu-
larity and pleomorphism of endothelial cells, as well as prominent 
perivascular aggregates of HIV-infected macrophages. These findings 
are sometimes related to microinfarcts and are postulated to give rise 
to increased vascular permeability.57 Indeed, early enhancement has 
been detected in the basal ganglia of patients with HAND, suggesting 
a disruption of the blood-brain barrier (BBB) in these regions.58 HIV-1 
does not infect glial cells in adults, whereas a limited expression of  
viral regulatory gene products has been demonstrated in glial cells 
from children with AIDS.59 White matter pallor involving primarily 
the centrum semiovale is a hallmark of HIV-1 encephalopathy in 
adults, which may be caused by seepage of macromolecules and edema 
fluid in the brain parenchyma through the permeable BBB and may 
cause injury to the myelinated fibers. Finally, HIV-1 does not infect 
neurons. Therefore, quantitative neuronal loss, decrease in cell size,  
or dendritic injury found in the cortex of demented patients60 may 
only be secondary to infection of other cells and associated immune 
activation.61

Treatment. Although the pathophysiology of HAND is not entirely 
elucidated, HIV-1 remains the main triggering factor, and it is there-
fore reasonable to prevent viral replication in the CNS. However, anti-
retroviral drugs have variable penetration through the BBB, and 
evaluation of CNS concentration and pharmacokinetics of these  
medications is incomplete. On the basis of available pharmacologic 
data, antiretrovirals can be classified according to their penetration 
through the BBB. A CSF penetration effectiveness (CPE) score62 is 
given to each medication going from 1 (low) up to 4 (high) (Table 
127-2). The CPE score of an ART regimen is calculated by summing 
the score of each individual antiretroviral. Patients with higher 
penetration-effectiveness scores tended to have lower HIV RNA levels 
in the CSF. Drugs with the highest CPE scores include zidovudine, 
nevirapine, and ritonavir-boosted indinavir.

FIGURE 127-1 Brain magnetic resonance images of a 42-year-old 
man with human immunodeficiency virus–associated neurocogni-
tive disorder. The T2-weighted image (A) shows bilateral, ill-defined 
hyperintense signal in the periventricular white matter and centrum semi-
ovale, which does not enhance with gadolinium injection on the 
T1-weighted image (B). The ventricles are slightly enlarged, consistent with 
subcortical atrophy. 

A

B

TABLE 127-2  Cerebrospinal Fluid Penetration Effectiveness Score*

4 3 2 1
Nucleoside analogue 

reverse-transcriptase inhibitors
Zidovudine Abacavir Didanosine Tenofovir

Emtricitabine Lamivudine Zalcitabine

Stavudine

Non-nucleoside analogue 
reverse-transcriptase inhibitors

Nevirapine Delavirdine Etravirine

Efavirenz

Protease inhibitors Indinavir-r Darunavir-r Atazanavir-r Nelfinavir

Fosamprenavir-r Atazanavir Ritonavir

Indinavir Fosamprenavir Saquinavir-r

Lopinavir-r Saquinavir

Tipranavir

Fusion/Entry inhibitors Maraviroc Enfuvirtide

Integrase inhibitors Raltegravir

*Numerical score of 4 is highest and 1 is lowest by method of Letendre.62

-r, ritonavir-boosted.
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Toxoplasma Encephalitis
At the beginning of the AIDS epidemic, Toxoplasma encephalitis 
(TE) was the most common cerebral mass lesion in patients with  
AIDS. TE is caused by a reactivation of latent infection by the pro-
tozoan Toxoplasma gondii as a result of progressive loss of cellular 
immunity. In the United States, where the incidence of seropositivity 
for T. gondii is approximately 30% in the adult population, TE for-
merly developed in 3% to 10% of patients with AIDS.80 In Europe and 
Africa, where the overall seroprevalence is higher, up to 25% to 50% 
of patients with AIDS presented with this condition. The incidence of 
TE has decreased initially thanks to widespread prophylaxis for Pneu-
mocystis jirovecii pneumonia using trimethoprim-sulfamethoxazole, 
which also prevents CNS toxoplasmosis.81 Since the era of ART, there 
has been a further trend for a decreased incidence of this condition,20 
and it accounted for only 28% of focal brain lesions occurring in 
patients with AIDS in 199882 and for 26% of patients with neurologic 
disorders in 2004.83 Nevertheless, TE continues to be a severe health 
problem. Patients who develop TE nowadays either did not receive or 
had not taken ART adequately.84 Therefore, toxoplasmosis still repre-
sents the most frequent complication affecting the CNS of patients 
with AIDS.

Clinical Presentation. Almost 90% of patients with TE have CD4+ 
T-lymphocyte counts less than 200 cells/µL, and 75% have CD4+ 
counts less than 100 cells/µL at the time of clinical presentation. The 
most common symptoms include headache, confusion, fever, and leth-
argy. Seizures develop in up to 30% of patients.85 Seventy percent of 
patients have focal signs on the neurologic examination, such as hemi-
paresis, cranial nerve palsies, ataxia, and sensory deficits. The clinical 
presentation is usually subacute, ranging from a few days to a month 
(see Chapter 280).

Laboratory Investigations. As is the case in the general popula-
tion, serum anti-Toxoplasma immunoglobulin G antibodies can be 
detected in patients with TE, whereas immunoglobulin M antibodies 
are less commonly found, supporting the notion that most cases rep-
resent a reactivation of latent infection. Measurement of antibody titers 
is not helpful to establish the diagnosis. On enzyme-linked immuno-
sorbent assay, only 7% of patients known to be seropositive for T. gondii 
had lost their antibodies at the time of presentation.80 Therefore, a 
negative serology orients toward another entity, whereas a positive 
serology is not diagnostic (see Chapter 280).

A slight increase in CSF protein concentration and a moderate 
mononucleated pleocytosis (<60 cells/µL) are common, but nonspe-
cific, and may be due to the underlying HIV-1 infection. A slight 
decrease in the CSF glucose has been reported but is not a constant 
finding. The PCR technique has been less useful for detection of T. 
gondii DNA in the CSF compared with other pathogens, with a sensi-
tivity of only 44% to 65% and a specificity of 100%.86 However, this low 
sensitivity may be improved by the use of stage-specific PCR primers.87 
CSF analysis is therefore more useful to rule out other infectious pro-
cesses than to confirm the diagnosis of TE.

Imaging Studies. Neuroimaging with head CT or MRI demon-
strates CNS lesions in almost all cases, with the exception of the rare 
diffuse encephalitic form of toxoplasmosis. Lesions are multiple in two 
thirds of the cases, and 90% of them display ring enhancement after 
administration of contrast material. MRI is more sensitive than CT in 
detecting multiple lesions. These are generally localized at the cortico-
medullary junction, in the white matter, or in the basal ganglia; are 
surrounded by edema; and induce mass effect on surrounding struc-
tures (Fig. 127-2). Unfortunately, the neuroradiologic characteristics of 
TE are not pathognomonic and may be observed in other conditions 
such as primary CNS lymphoma (PCNSL) (see later).

Brain Biopsy. Because of the good response to therapy, histologic 
examination is not required for the diagnosis of TE, and an empirical 
therapeutic trial is recommended when the clinical and radiologic 
findings are consistent with this diagnosis. Histologic examination 
shows mainly necrotic abscesses with blood vessel thrombosis and 
necrosis. Cysts containing bradyzoites, the dormant form of T. gondii, 
coexist with numerous active tachyzoites.

Treatment. Treatment consists of a combination of pyrimeth-
amine and sulfadiazine, which cause a synergistic and sequential block 
on the folic acid metabolism necessary for the development of the 

Since 1996, the availability of protease inhibitors (PIs) and the use 
of three or more drugs in ART regimens have made a major impact 
on the incidence of neurologic disease in HIV-1-infected patients.63-65 
This is somewhat surprising; PIs in general have a very low CSF-to-
plasma ratio because they are highly protein bound. Nevertheless, the 
incidence of HAND, which was estimated at 6.49 per 1000 person-
years pre-1997, has decreased to 0.66 by 2003 to 2006, an approxi-
mately 10-fold decrease.63,66 Although ART is now the treatment of 
choice for advanced HIV-1 disease, the optimal drug combination for 
HAND has not been established. Whether regimens containing several 
drugs with good penetration through the BBB were advantageous has 
been investigated. In ART-experienced patients with CD4+ T-cell 
counts of less than 200 cells/µL, those who received multiple CSF 
penetrating agents had a greater reduction of CSF HIV-1 RNA.67,68 
These results have been confirmed in recent studies, showing that 
higher CPE scores of long-term ART are associated with better viral 
suppression in CSF61-63and decreased risk of cognitive impairment.69,70 
However, other studies have shown that discontinuation of efavirenz 
was associated with cognitive improvement in scheduled treatment 
interruption regimens71 and in otherwise asymptomatic HIV-infected 
individuals,72 suggesting that some antiretrovirals might have neuro-
toxic properties, which was also demonstrated in vitro.73

The hypothesis that discordant mutations are present in blood and 
CSF has been confirmed by the analysis of HIV-1 genotypes in paired 
samples. Mutations of the reverse transcriptase and protease genes of 
CSF strains, but not in the corresponding blood isolates, were detected 
in 10 of 23 subjects (43%). Interestingly, mutations conferring resis-
tance to low or high CSF-penetrating agents occurred at similar fre-
quencies.74 Reverse-transcriptase mutation patterns differed in 14 of 21 
(67%) paired samples from plasma and CSF in one study, and HIV 
RNA responses and reverse-transcriptase genotypes were discordant 
between CSF and plasma in some subjects.75,76 In a study of HIV-
infected children starting ART, 8 of 11 had identical resistance patterns 
in both CSF and plasma at baseline, whereas at week 48 of treatment, 
only 1 of 9 children had similar genotypes, suggesting discordant viral 
evolution in these two compartments.77 CSF viral escape was reported 
recently in 10 patients with progressive neurologic dysfunction despite 
well controlled plasma viral load and good immunologic response on 
ART. In general, these patients had a higher CSF viral load compared 
with plasma. The patients also had CSF pleocytosis and elevated 
protein concentration, MRI abnormalities, and unique CSF resistance 
mutations compared with plasma and improved clinically after opti-
mization of ART.78 Long-term follow-up of a patient who developed 
HAND and elevated CSF viral load despite low plasma viral load and 
high CD4 counts confirmed the importance of concomitant genotype 
testing in CSF and plasma. Subsequent change of ART targeting CSF 
strains was associated with suppression of CSF HIV replication, as  
well as a marked clinical and radiologic improvement.78 Failure to 
recognize the occurrence of different genotypic resistance patterns  
in plasma and CSF may lead to uncontrolled viral replication in the 
CNS and worsening neurologic symptoms despite evidence of viral 
clearance in the periphery. These resistant isolates may, in turn, spill 
back into the circulation and contribute to the progression of HIV-1 
disease. Therefore, genotypic analysis of CSF HIV-1 strains is indicated 
in patients with cognitive dysfunction who have good virologic 
response to ART in the plasma but persistence of an elevated HIV-1 
CSF viral load.

In addition to antiretroviral treatment, other experimental com-
pounds have been tested for the treatment of HAND, but without 
evidence of clear benefit so far. These include a calcium channel blocker 
(nimodipine); antioxidants (vitamin E, thioctic acid, CPI-1189); a 
tumor necrosis factor-α antagonist (pentoxifylline); a noncompetitive 
N-methyl-d-aspartate inhibitor (memantine); peptide T; selegiline; 
and, more recently, minocycline.79

CENTRAL NERVOUS SYSTEM 
MASS LESIONS
In patients with AIDS presenting with change in mental status or 
abnormal neurologic examination results, brain lesions are frequently 
revealed on CT or MRI. These can be quite extensive and may repre-
sent life-threatening emergencies.
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by day 7. Nevertheless, the death rate at 1 year varies from 10% to 
60%.83,89 Persistent neurologic sequelae remained in 37% of survivors.90 
A failure to improve or a worsening of the symptoms should prompt 
repeat imaging studies by days 10 to 14 to determine the need for a 
brain biopsy. TE-IRIS presenting simultaneously with initiation of 
ART has been reported in six patients, including five who were sup-
posed to take effective prophylaxis. Brain biopsy showed intense angio-
centric infiltrate consisting predominantly of CD8+ T lymphocytes in 
two of them.91

Secondary Prophylaxis. T. gondii is sensitive to treatment only 
when in tachyzoite form. Because dormant cystic forms may rupture 
and reinitiate the infectious process at any time, maintenance therapy 
is necessary to prevent a relapse, which is likely to occur after a delay 
of 6 to 8 weeks of interruption of treatment. Standard maintenance 
therapy consists of pyrimethamine 25 mg/day with folinic acid 10 to 
25 mg/day and either sulfadiazine 2 g/day in four divided doses or 
clindamycin 450 mg PO four times daily. Patients with sustained CD4+ 
T-cell counts higher than 200 cells/µL for more than 3 months can 
discontinue their secondary prophylaxis.92 Relapse occurred in only 
one of 22 (5%) patients.93

parasite. Standard acute therapy consists of pyrimethamine 200 mg PO 
the first day of treatment, followed by 75 mg/day PO, sulfadiazine 
4-6 g/day PO in four divided doses, and folinic acid 10 to 25 mg/day 
PO for 6 weeks.

Clindamycin 600 mg IV or 450 mg PO four times daily is an ade-
quate alternative to sulfadiazine in the previous regimen for patients 
allergic to sulfonamides. Side effects, which consist of cytopenia, 
rashes, diarrhea, and increased liver enzymes, have been reported in 
40% to 70% of patients receiving pyrimethamine and sulfadiazine and 
in 36% of those receiving pyrimethamine and clindamycin. These can 
cause early discontinuation of therapy. Azithromycin 900 to 1200 mg 
PO once daily or atovaquone 1500 mg PO two times daily can also be 
combined with pyrimethamine and folinic acid. Although corticoste-
roids are frequently prescribed to diminish cerebral edema, their use 
has been shown to be neither beneficial nor harmful in TE.88 Because 
high doses of steroids also decrease the size of CNS lymphoma lesions, 
they should be administered only in cases with impending cerebral 
herniation during the initial medical treatment of presumed TE so as 
not to cloud the diagnosis. Neurologic improvement is clinically appar-
ent in more than half the cases by day 3 of therapy and in most cases 

FIGURE  127-2 Brain magnetic resonance images of a 38-year-old man with acquired immunodeficiency syndrome and Toxoplasma 
encephalitis. The T1-weighted image after gadolinium injection shows a large enhancing lesion in the left frontal lobe (A), surrounded by edema, as 
demonstrated on the T2-weighted image (B). Additional smaller enhancing lesions can be seen on coronal cuts in the right thalamus and at the left 
convexity (C) and in the right cerebellum and right temporal lobe (D). 
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Brain Biopsy. If the CSF cytology fails to reveal lymphomatous 
cells and if EBV PCR is negative in the CSF, an image-guided stereo-
tactic brain biopsy using CT or MRI is the only way to ascertain the 
diagnosis. The macroscopic appearance of these tumors is generally 
that of a multifocal, diffusely infiltrating and expanding nonhemor-
rhagic mass, without well-demarcated borders, simulating the appear-
ance of an infiltrating glioma. However, well-circumscribed, largely 
necrotic masses can also resemble abscesses. Microscopic analysis 
reveals a variety of patterns, including large cells, small noncleaved 
cells, and immunoblastic or mixed cellular components. These are 
generally of B-lymphocyte lineage. EBV is present in tumor cells, sug-
gesting that this virus may have a role in tumorigenesis,105 as is the case 
in Burkitt’s lymphoma and in nasopharyngeal carcinoma.

Treatment. The response to steroids seen in lymphomas of non-
AIDS patients is not always seen in AIDS patients. In patients with 
altered mental status, debilitating focal symptoms, or impending her-
niation, dexamethasone 10 mg IV or PO followed by 4 mg IV or PO 
every 6 hours can provide temporary improvement. The treatment of 
CNS lymphoma in AIDS consists of whole-brain irradiation with a 

If the diagnosis is made in a timely fashion and the patient does 
not become intolerant to the treatment, TE is currently an opportunis-
tic infection with a relatively high therapeutic success rate, and death 
is usually caused by other complications of AIDS.

Primary Central Nervous System 
Lymphoma
This condition, which affected 2% of patients with AIDS at the begin-
ning of the epidemic, has seen its incidence decrease considerably in 
the ART era.20 In 1998, it accounted for only 12% of AIDS-related focal 
brain lesions.82 Its radiographic appearance makes it the principal dif-
ferential diagnosis of TE.

Clinical Presentation. The onset of symptoms is generally sub-
acute, lasting weeks to months. Confusion, lethargy, and memory loss 
are the most frequent symptoms. As the disease progresses, hemipare-
sis, aphasia, seizures, and cranial nerve palsies occur.94 Fever, head-
aches, and constitutional symptoms are generally absent, which helps 
distinguish PCNSL from TE. At the time of diagnosis, the average 
CD4+ T-lymphocyte counts are usually very low (≈50 cells/µL).

Laboratory Investigations. A mild mononuclear pleocytosis (<30 
cells/µL) and an increase in the protein concentration in the CSF are 
common findings in patients with PCNSL but are nonspecific and may 
be due to the underlying HIV-1 infection. High protein levels (≤590 mg/
dL) have been reported in patients with extensive lymphomatous infil-
tration of both cerebral hemispheres. Hypoglycorrhachia is a rare 
finding.

It is important to perform cytologic analysis of the CSF because the 
presence of atypical or malignant lymphomatous cells can establish the 
diagnosis. Flow cytometry immunophenotyping has at least 25% 
higher sensitivity than conventional cytomorphologic methods for the 
detection of malignant cells.95 Systemic extracerebral lymphomas, 
which have an increased incidence in AIDS patients, can also cause 
lymphomatous meningitis but do not generally spread to the brain 
itself. Similarly, PCNSL does not metastasize systemically. The Epstein-
Barr virus (EBV) genome can be detected in tumor cells of nearly all 
PCNSLs, but only in some systemic lymphomas of AIDS patients, and 
rarely in primary brain lymphoma tissue from patients without immu-
nodeficiency.96 When testing is performed in a research setting, detec-
tion of EBV DNA by PCR in the CSF has a reported sensitivity of 80% 
to 90% and a specificity of 87% to 98% for the diagnosis of PCNSL. 
Measurement of the EBV CSF viral load by quantified PCR in the CSF 
may improve the sensitivity of this test and be clinically useful in 
monitoring responses to treatment.97 However, other groups have 
found EBV DNA in the CSF of patients who did not have PCNSL, 
which raises doubts regarding the true predictive value of this test 
when performed in the clinical setting.98,99

Imaging Studies. Head CT or MRI usually shows findings consis-
tent with a CNS tumor. Solitary mass lesions are as frequent as multiple 
lesions.94 Most lesions display some degree of enhancement, which is 
usually nodular or patchy. Ring enhancement, identical to that com-
monly seen in TE, can occur and correlate with central tumor necrosis. 
Subependymal enhancement seems more specific of CNS lymphoma, 
but this is a rare feature. Lesions are frequently located in the corpus 
callosum, the periventricular white matter, or the cortex. Involvement 
of the posterior fossa occurs only in 10% of cases.100 Lesions can be 
surrounded by edema, which may induce variable mass effect on 
neighboring structures (Fig. 127-3).101 MRI is more sensitive than CT 
in revealing multiple lesions, which can be useful if a biopsy is being 
considered. Thallium 201 single-photon emission CT shows an accu-
mulation of isotope in the tumor due to increased metabolic activity.102 
In one series comparing enhancing brain lesions caused by toxoplas-
mosis and lymphoma, the thallium index of each lesion, measured as 
the ratio of the mean uptake in the lesion to that of the corresponding 
contralateral side, was increased and a significant predictor of lym-
phoma only in lesions 2 cm or larger, yielding 100% sensitivity and 
89% specificity.103 However, the usefulness of this method in differen-
tiating CNS lymphoma from opportunistic infections may depend 
heavily on the resolution of the images, and appropriate technology 
may not be available in every center. Fludeoxyglucose (FDG) positron 
emission tomography (PET) scan has also shown utility in differentiat-
ing TE from PCNSL in a small series.104

FIGURE 127-3 Brain magnetic resonance images of a 50-year-old 
man with primary central nervous system lymphoma. A 2-cm ring-
enhancing lesion is present in the right parietal lobe, surrounded by  
edema (A). The T2-weighted image shows low signal intensity centrally, 
which is more consistent with cellular proliferation than with an infectious 
process (B). 
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preferentially in the periventricular areas and the subcortical white 
matter.125 Involvement of the deep gray structures, including the basal 
ganglia and thalamus, can nevertheless be found in up to 17% of cases. 
Normal findings on CT or MRI do not rule out PML because micro-
scopic lesions might be smaller than the resolution power of these  
tests. One such case showed multiple small foci of demyelination dis-
seminated among the cortical U fibers at autopsy.126 HIV-1 encepha-
lopathy can be easily mistaken for PML on brain imaging studies.  
As in PML, white matter lesions without mass effect or contrast 
enhancement are the radiologic hallmarks of this disease. However, 
HIV-1 encephalopathy lesions tend to be symmetrical and less clearly 
demarcated than the lesions of PML and are not associated with focal 
neurologic deficits. Proton magnetic resonance spectroscopy and mag-
netization transfer studies have shown promising potential in differen-
tiating PML lesions from HIV-1 encephalopathy.127 The typical proton 
magnetic resonance spectroscopy pattern in PML lesions includes a 
decreased N-acetylaspartate-to-creatine ratio, consistent with axonal 
compromise; increased choline/creatine ratio, indicating cell mem-
brane breakdown and turnover; and an occasional increase in lipid/

total of 3000 cGy over a 3-week period. Steroids are added to decrease 
peritumoral edema and mass effect.100 The palliative response rate 
before the ART era was 53%.106 In a series of 25 patients in the United 
States seen between 1995 and 2001, the median survival was 87 days. 
However, patients who received ART after diagnosis had a longer sur-
vival; 6 of 7 patients receiving ART were alive compared with 0 of 18 
untreated patients at a median follow-up time of 1.8 years. Further-
more, the median survival was only 29 days for 11 patients who 
received neither radiation nor ART.107 In a recent study, the estimated 
3-year overall survival (OS) rate of HIV-associated PCNSL after whole 
brain radiation was 64%. Results were influenced by the performance 
status at presentation, with patients with good performance status 
having a 100% 3-year OS vs. 38% in those with poor performance 
status.108 Combination treatment including radiation and chemother-
apy is difficult to tolerate because of high toxicity. A pilot trial using a 
combination of zidovudine, ganciclovir, and interleukin-2 showed 
promising results.109 In any event, immune recovery induced by ART 
leads to dramatic improvement in survival of patients with AIDS-
associated PCNSL.110

Progressive Multifocal 
Leukoencephalopathy
Before the AIDS era, PML was a rare disease affecting mainly patients 
with chronic lymphocytic leukemia, those with non-Hodgkin’s lym-
phoma, or organ transplant recipients.111 At the beginning of the AIDS 
epidemic, up to 5% of patients developed PML.112 Despite the avail-
ability of ART, up to 28% of focal brain lesions in AIDS patients were 
attributed to PML in 1998,82 which equals the number of TE cases. The 
incidence of PML in ART-treated patients is 0.6 to 1.3/1000 person-
years.113,114 PML is caused by the polyomavirus JCV. This double-
stranded DNA virus infects 90% of the normal adult population 
worldwide and remains quiescent in the kidneys without causing any 
disease. In the setting of immunosuppression, JCV is reactivated and 
induces a lytic infection of oligodendrocytes, causing multifocal demy-
elination of the CNS (see Chapter 147).115

Clinical Presentation. Classic PML usually develops when CD4+ 
T-lymphocyte counts decrease to fewer than 200 cells/µL.112 The most 
common presenting symptoms are limb weakness (hemiparesis or 
monoparesis), altered mental status, gait ataxia, and visual symptoms, 
including hemianopsia, diplopia, and third nerve palsy. Approximately 
80% of patients have focal neurologic findings.116 However, PML 
lesions can occur anywhere in the CNS white matter, particularly at 
the subcortical level, although the optic nerves and the spinal cord are 
rarely involved.117 Because subcortical lesions prevent the transmission 
of information to and from the cortical areas, presentation implying 
cerebral cortical dysfunction such as aphasia, apraxia, memory loss, 
and visual agnosia does not rule out this diagnosis. In fact, seizures, 
which are usually considered to be of cortical origin, occur in 18% of 
PML patients.118 Some symptoms can also be attributed to HAND, 
which is often superimposed on other CNS pathologies in the end 
stages of AIDS.

Laboratory Investigations. Laboratory analyses are necessary to 
establish the diagnosis of PML.119 Conventional CSF analysis is normal 
or shows a moderate increase in protein concentration and a mild 
mononucleated pleocytosis (<25 cells/µL), which is nonspecific in the 
context of HIV-1 infection. Before the ART era, detection of JCV DNA 
in the CSF by PCR has a sensitivity of 74% to 92% and a specificity of 
92% to 96% for the diagnosis of PML.120,121 In patients receiving ART, 
the sensitivity of this test has decreased to 58%, probably because of 
decreased JCV replication in the context of a recovering immune 
system.122 Nevertheless, measurement of JC viral load in the CSF 
appears to be of value as a correlate of PML disease activity and 
survival.121,123,124

Imaging Studies. The hallmark of PML is patchy or confluent 
areas of low attenuation on CT or hyperintensity on T2-weighted MRI 
(Fig. 127-4). MRI is twice as sensitive as CT in distinguishing multiple 
lesions. These generally do not enhance after administration of contrast 
material, and they are not surrounded by edema, and, hence, substan-
tial mass effect on surrounding structures is absent. However, 8% of 
lesions can show faint, peripheral, and irregular enhancement. Lesions 
are usually bilateral, asymmetrical, well demarcated, and localized 

FIGURE 127-4 Brain magnetic resonance images of a 43-year-old 
man with progressive multifocal leukoencephalopathy. Prominent 
areas of high signal intensity are present in the subcortical white matter 
of both temporoparietal lobes on T2-weighted images (A). The affected 
areas are hypointense on T1-weighted images, do not enhance with gado-
linium, and are not associated with mass effect or edema (B). 
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and more prominent confusion/disorientation or apathy/withdrawal. 
Hyponatremia and cranial nerve involvement, which are usually not 
present in AIDS dementia, are also helpful for establishing the 
diagnosis.154

Laboratory Investigations. The conventional CSF examination is 
generally nonspecific because it is either normal or shows a slight 
protein increase and mononucleated pleocytosis. CMV culture often 
remains negative. However, the detection of CMV DNA by PCR in the 
CSF is both sensitive and specific.155

Imaging Studies. Focal necrotizing lesions associated with peri-
ventricular and meningeal enhancement or hydrocephalus may be 
seen on brain imaging studies.156 Although MRI has better resolution 
than CT, it often lacks sensitivity for diagnosing CMVE.157

Brain Biopsy. Microglial nodule encephalitis with CMV inclu-
sions can be readily diagnosed by histologic examination. Interestingly, 
similar findings can be found at autopsy in 6% to 40% of patients with 
AIDS and dementia.152 However, autopsy findings of CMV infection 
of the brain do not always correlate with the presence of cognitive 
dysfunction.

Treatment. The management of CMVE is difficult.158 In one 
autopsy-confirmed series, half of the patients were taking maintenance 
doses of ganciclovir for the treatment of CMV retinitis. CMVE devel-
oped in others during first full-dose inductions with ganciclovir or 
foscarnet for retinitis.156 The possibility of viral resistance to antivirals 
should be considered if treatment failure occurs.

The treatment is similar to that for CMV retinitis, with induction 
therapy with ganciclovir at 5 mg/kg/day IV every 12 hours for 14 to 
21 days, followed by maintenance at 5 mg/kg IV daily indefinitely. If 
ganciclovir resistance is suspected, foscarnet should be used, with fos-
carnet induction at 90 mg/kg IV every 12 hours for 14 to 21 days, 
followed by maintenance 90 to 120 mg/kg/day indefinitely. Blood 
levels of oral valganciclovir at a dose of 900 mg are equivalent to those 
of intravenous ganciclovir at a dose of 5 mg/kg. The prognosis is 
usually poor, with median survival not exceeding 5 weeks. Therefore, 
combination therapy with ganciclovir and foscarnet at the doses men-
tioned earlier should be considered. Cidofovir may be used in patients 
in whom ganciclovir or foscarnet has failed or who have become intol-
erant to these drugs. The cidofovir dose is 5 mg/kg/wk for 2 weeks, 
followed by 5 mg/kg every 2 weeks. This drug is nephrotoxic and 
should be given with intravenous hydration and high doses of proben-
ecid before and after cidofovir injection (see Chapter 140).

Miscellaneous Mass Lesions and 
Rationale for Brain Biopsy
Brain biopsy used to be considered the gold standard for the diagnosis 
of CNS mass lesions in AIDS. The biopsy is the most specific, but not 
always the most sensitive, test. Indeed, sensitivities of 64% to 96% have 
been reported in AIDS patients. In addition, this procedure is not 
without significant risks in this patient population. Brain biopsy has a 
mortality rate of 0% to 3%, a major morbidity rate of 0.5% to 9%, and 
a minor morbidity rate of 2% to 4%.159-161,162

Brain biopsy is often impractical because of the location of the 
lesion. In addition, several disease processes can coincide in patients 
with multiple lesions, and multiple biopsies are rarely performed. 
Finally, change of therapy indicated by the result of the biopsy is not 
always possible in patients with advanced AIDS, and overall survival 
was improved by only a couple of months before the era of ART.160,162

The availability of molecular diagnosis by PCR in the CSF has con-
siderably changed the management of these patients. A decision analy-
sis was performed on 136 consecutive HIV-1 patients presenting with 
mass lesions between 1991 and 1995.161 After 3 weeks of empirical 
therapy for TE, patients with progressive disease underwent a brain 
biopsy. CSF PCR amplification for T. gondii, EBV, and JCV DNA was 
performed in 66 patients. The presence or absence of mass effect  
surrounding the brain lesions, knowledge of the patient’s serologic 
status for T. gondii, and prophylactic regimen with trimethoprim-
sulfamethoxazole, as well as PCR results, were used in this analysis. The 
probability of TE was 0.87 in Toxoplasma-seropositive patients with 
mass effect who were not receiving trimethoprim-sulfamethoxazole, 
but only 0.59 for those receiving prophylaxis. For Toxoplasma-
seropositive patients receiving trimethoprim-sulfamethoxazole, the 

lactate and myo-inositol.128-130 In one study, patients who had the 
longest survival had the highest myo-inositol level, consistent with glial 
activity and inflammation in PML lesions.128 Metabolic alterations con-
sistent with inflammation detected on proton magnetic resonance 
spectroscopy in PML lesions are associated with a cellular immune 
response against JCV. This inflammatory reaction, occurring early after 
disease onset, appears to be instrumental in the containment of PML.131

Brain Biopsy. A brain biopsy may be necessary to establish the 
diagnosis of PML, when the JC viral load is too low to be detected by 
PCR in the CSF.132 Such cases have become more frequent in the era 
of ART.82 Histologic examination shows areas of demyelination in sub-
cortical white matter or at the gray-white junction, as well as large, 
hyper-chromatic oligodendrocytic nuclei that stain positively for JCV 
by immunohistochemistry and contain large amounts of JC virions 
detectable by electron microscopy. Other histologic features of PML 
include large, bizarre astrocytes with lobulated nuclei and lipid-laden 
macrophages engaged in removing myelin breakdown products. 
Demyelinating lesions may be entirely circumscribed within the corti-
cal gray matter.115

Treatment. There is no specific treatment for PML. Numerous 
therapeutic attempts in HIV-infected patients included cytosine arabi-
noside,133 interferon-α,134 topotecan,135 cidofovir,136,137 mirtazapine, and 
mefloquine,138 but none showed any benefit compared with antiretro-
viral treatment alone. Serotonin receptors are used by JCV to enter 
astroglial cells in vitro.139 Therefore, serotonin receptor blockers, such 
as mirtazapine, which downregulate receptors on the cell surface, have 
been used empirically with variable success.140

It is important to realize that there is a large diversity in the natural 
evolution of PML. In patients with AIDS who are profoundly immu-
nosuppressed, the course of the disease used to be rapidly progressive, 
leading to death within 2 to 4 months from the time of symptom pre-
sentation. However, approximately 10% of patients had a protracted 
course and survived more than a year. Since the ART era, median 
survival has increased to 10.5 months,141 and 40% to 50% of the patients 
survive PML, although some have devastating neurologic sequelae.142 
Predictive factors for longer survival include CD4+ T-lymphocyte 
counts greater than 300 cells/µL at disease onset. Study of the cellular 
immune response against JCV showed that detection of JCV-specific 
cytotoxic T lymphocytes in the peripheral blood mononuclear cells of 
HIV-infected patients with PML was associated with long-term sur-
vival, whereas those with undetectable cellular immune responses 
against the virus had a progressive neurologic disease and a fatal 
outcome.143-146 Strategies aimed at boosting this immune response may 
prove useful for preventing uncontrolled replication of JCV and the 
spread of PML.147 For the time being, optimization of ART and avoid-
ance of immunosuppression remain the best available therapeutic 
option for patients with PML.

Inflammatory Progressive Multifocal 
Leukoencephalopathy
Inflammatory forms of PML occur frequently in the setting of IRIS in 
patients taking ART. PML-IRIS is characterized by contrast-enhancing 
lesions and even swelling on neuroimaging studies or inflammatory 
infiltrates on a brain biopsy specimen,148 or both, and their outcome is 
usually favorable,149 but fatal cases have been reported.150 PML-IRIS 
often causes a paradoxical worsening of neurologic symptoms and can 
be distinguished from the natural evolution of PML by MR spectros-
copy.151 Clinicians should not disregard the diagnosis of PML in the 
presence of contrast-enhancing brain lesions and should use caution 
before treating these immunosuppressed individuals with steroids.

Cytomegalovirus Encephalitis
Cytomegalovirus (CMV) may cause necrotizing focal encephalitis and 
ventriculoencephalitis.152 It occurs in patients with CD4+ counts of 
fewer than 50 cells/µL and is often concomitant with CMV infection 
of other organs, including retinitis, adrenalitis, and pneumonitis  
(see Chapter 140). The incidence of CMV disease, including CMV 
encephalitis (CMVE), has decreased considerably since the availability 
of ART.153

Clinical Presentation. Patients with CMVE show features similar 
to those with AIDS dementia but tend to have a more acute onset  
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Imaging Studies. Findings on MRI of the spinal cord are usually 
normal in patients with VM. However, this examination is useful to 
rule out an extradural or intradural mass lesion or an epidural abscess.168

Histologic Studies. Because an anatomic diagnosis is not possible, 
VM remains a clinical diagnosis of exclusion. At autopsy, discrete or 
coalescent 10- to 100-µm vacuoles containing cellular debris or mac-
rophages and, rarely, axonal swelling can be seen in the white matter of 
the spinal cord, involving principally the posterior or lateral columns, 
or both. These lesions are usually symmetrical and more frequent at the 
middle to lower thoracic levels. Vacuoles appear to be the result of focal 
swelling within the myelin sheath. Ultrastructural studies indicate both 
axonal and myelin injury,169 although axonal destruction is seen only 
in areas of intense vacuolation. The etiology of VM is still unknown. 
Consistent with the absence of an increased HIV-1 CSF viral load, 
immunohistochemistry studies did not demonstrate an association 
between HIV-1 antigens and VM.165,170 Therefore, the role of HIV-1 
may only be indirect. Because histologic findings are similar to those 
of subacute combined degeneration of the spinal cord and because 
patients with VM usually have normal serum levels of vitamin B12 and 
folic acid, it was suggested that abnormal metabolism of the vitamin 
B12-dependent transmethylation pathway may be important in the 
pathogenesis of VM. Indeed, S-adenosylmethionine and methionine 
were decreased in the CSF and serum of patients with VM, respec-
tively.171 The underlying cause of this metabolic disorder is unclear. 
Macrophage activation might generate substrates that are metabolized 
by methylation and therefore trigger a local deficit of methyl group 
donors in the spinal cord, leading to myelin vacuolization.

Treatment. An open-label pilot clinical trial suggested that patients 
with VM may benefit from supplements of l-methionine 3 g twice 
daily for 6 months.172 However, there are also reports indicating a role 
for ART in the treatment of myelopathy in an antiretroviral-naïve HIV-
infected patient173 and for the combination of lopinavir/ritonavir in an 
ART-experienced patient.174 Because there is no way to confirm the 
diagnosis of VM outside of a postmortem examination, it is possible 
that the patients who responded to various ART formulations were 
instead affected by HIV-1 myelitis,175 which has the same histologic 
features as HIV-1 encephalitis, and therefore may benefit from antiret-
roviral treatment.

Differential Diagnosis of a 
Noncompressive Myelopathy
Other etiologies of noncompressive myelopathy in patients with 
advanced HIV-1 infection include other viral infections such as CMV, 

probability of PCNSL was 0.36. Conversely, in Toxoplasma-seronegative 
patients with mass effect, the likelihood of PCNSL was 0.74, which 
increased to 0.96 if the EBV PCR result was positive in the CSF. Among 
focal brain lesions without mass effect, the probability of PML was 0.81, 
which increased to 0.99 if JCV DNA was detected in the CSF.

Therefore, brain biopsy is not necessary to confirm a diagnosis of 
PML, and JCV PCR in the CSF is now being used as a diagnostic test 
and for inclusion of patients in treatment studies.163 Bypassing the need 
for tissue diagnosis is more controversial in patients with suspicion of 
PCNSL, who have a positive result on EBV PCR in the CSF. Because 
treatment consists of whole-brain radiation, the risk of a false-positive 
PCR result has to be balanced with the risks of brain biopsy and by the 
fact that this technique does not always yield a definitive diagnosis.

An algorithm for the management of HIV-1-infected patients with 
CNS mass lesions is shown in Figure 127-5.

SPINAL SYNDROME
Myelopathy is a frequent finding at autopsy in patients with AIDS and 
is probably underrecognized clinically. It can be primarily HIV-1 asso-
ciated or caused by other opportunistic infections or tumors.

Vacuolar Myelopathy
Vacuolar myelopathy (VM) is present at autopsy in 17% to 46% of 
patients with AIDS.164-166 This disorder occurs with advanced immu-
nosuppression, and the symptoms are often overlooked or attributed 
to debilitation.

Clinical Presentation. Symptoms are often overshadowed by 
coexisting central or peripheral nervous system impairment, such as 
AIDS dementia, which occurs late in the course of the disease.164 
Usually, patients report progressive, painless gait disturbance; weak-
ness and sensory disturbances in the legs; impotence in men; and 
urinary frequency and urgency. The evolution is usually progressive 
and leads to severe paralysis of the legs and loss of sphincter control. 
Neurologic signs include spastic paraparesis, hyperreflexia, extensor 
plantar responses, and mild sensory impairment, with vibratory and 
position sense being disproportionately affected. There is usually no 
associated sensory level.

Laboratory Investigations. CSF analysis is either normal or dem-
onstrates a slight increase in protein and lymphocytosis frequently seen 
in HIV-1 infection. Opposite to what is observed in AIDS dementia, 
the CSF HIV-1 viral load is not increased in patients with VM.167 CSF 
examination is, however, a useful test to rule out other treatable infec-
tions (see later).

FIGURE 127-5 Management of the human immunodeficiency virus (HIV) type 1–infected patient with central nervous system (CNS) mass 
lesions. The elements in italics represent data that contribute to the decision-making process (see text for details). CSF, cerebrospinal fluid; CT, computed 
tomography; LP, lumbar puncture; MRI, magnetic resonance imaging; SPECT, single-photon emission computed tomography; TE, Toxoplasma 
encephalitis. 

HIV-infected patient with CNS symptoms
CD4+ T lymphocyte counts/HIV viral load

CT/MRI
Lesion(s) with
mass effect

Lesion(s) without
mass effect

Impending
herniation

Steroids
Open biopsy

Decompression

TE serology
? TE prophylaxis

Thallium-201 SPECT

Safe to
perform LP

Safe to
perform LP

Specific
treatment

CSF

CSFAnti-TE trial

Clinical and radiologic
improvement after 2 wk

Continue
treatment

Biopsy

+ 

+ 
+ 

+ 

+ 
+ + 

+ 

-

-
-

-
-
-

Specific
treatment

http://www.myuptodate.com


P
a
rt

 I
I 

M
aj

o
r 

C
lin

ic
al

 S
yn

d
ro

m
es

1584

Distal Sensory Polyneuropathy
HIV Associated. This is the most common cause of peripheral neu-
ropathy in HIV-1 infection, which is symptomatic in 38% of patients 
and asymptomatic in an additional 20%.185,186 Moreover, histologic 
abnormalities can be detected at autopsy in most patients dying of 
AIDS.187 Distal sensory polyneuropathy (DSPN) occurs despite ART; 
87% of affected individuals have an HIV-1 virus load less than 400 cps/
mL, and 70% have CD4+ T cell counts greater than 350/µL.188 DSPN is 
associated with older age, low CD4 nadir, diabetes, and past nucleoside 
analogue reverse-transcriptase inhibitor (NRTI) exposure. In the 
United States, HIV-positive African-American women had a higher 
incidence of DSPN (41.3%) compared with whites (34.8%) and His-
panics (24.7%).189

Clinical Presentation. DSPN is characterized by the progressive 
onset of symmetrical paresthesia, numbness, and painful dysesthesia 
of the lower extremities. The pain is often described as an aching  
or burning sensation and is worse on the soles of the feet. Some  
patients have a lower pain threshold (hyperalgesia) or pain induced  
by non-noxious stimuli (allodynia), such as the contact with bed  
covers at night. Symptoms may remain stable or progress over months 
and ascend in a length-dependent fashion up the legs. Fingertips  
may become affected when symptoms reach the knees. Although 
wearing shoes and walking may exacerbate the pain for some patients, 
others report maximal discomfort when they are barefoot in bed. 
Therefore, DSPN may have a major negative impact on patients’ ability 
to ambulate and the quality of their sleep. Perception of noxious 
stimuli, temperature, and vibrations is usually more affected than  
light touch and proprioception. DSPN may even have several forms 
because some patients only have decreased sensation for noxious 
stimuli and temperature, indicating dysfunction of small unmyelin-
ated sensory fibers; some only have decreased vibration sense and 
proprioception, consistent with dysfunction of large myelinated fibers; 
and others have decreased sensation for all modalities. Hyporeflexia  
of the lower extremities is a common finding, and gait ataxia with  
a positive Romberg’s sign is present in severe cases. Weakness is  
rarely found on the examination or is confined to the intrinsic foot 
muscles.

Laboratory Investigations. CSF analysis shows only nonspecific 
findings with mild elevation of protein concentration and mononucle-
ated pleocytosis, which is common in HIV-1 infection.

Electrophysiologic Studies. Nerve conduction studies show low-
amplitude or absent sural nerve action potentials. Sensory and motor 
nerve conduction velocities are normal or only mildly reduced. Elec-
tromyographic studies demonstrate acute denervation and chronic 
reinnervation in distal leg muscles. These findings are consistent with 
an axonal distal symmetrical, predominantly sensory, polyneuropathy.

Nerve and Skin Biopsy. Sural nerve biopsy confirms the diagnosis 
of axonal degeneration of myelinated and unmyelinated axons. Punch 
skin biopsies show evidence of decreased epidermal nerve fiber density 
in the distal leg. In patients with advanced HIV infection, epidermal 
nerve fiber density correlated with the clinical and electrophysiologic 
severity of DSPN.190 A modest dorsal root ganglion (DRG) neuronal 
loss has also been demonstrated in DSPN,191 as well as selective degen-
eration of the axons and myelin sheaths in the cervical and upper 
thoracic levels of the gracile tracts. This process therefore represents 
the degeneration of the centrally directed extension of the sensory 
neurons.192

Inflammatory infiltrates around peripheral nerve fibers and in 
DRGs consist of activated macrophages, with local release of cytokines 
such as tumor necrosis factor-α, interferon-γ, and interleukin-6.187 As 
is the case in VM and, to some extent, in HIV encephalitis, productive 
HIV-1 replication in the peripheral nerves and DRGs is sparse and 
limited to monocyte/macrophages. Therefore, the presence of activated 
macrophages secreting inflammatory cytokines, rather than the virus 
itself, seems to account for most of the peripheral nerve damage.193 
How activated macrophages penetrate DRGs and peripheral nerve 
fibers is unclear, and it has been hypothesized that the blood-nerve 
barrier, like the BBB, may be affected in HIV-infected patients.187 
Finally, experimental models in animals suggest that it is still possible 
that HIV, or HIV-1 proteins, may have a direct toxic effect on the 
neuropathic pain of DSPN.194

varicella-zoster virus, and herpes simplex virus types 1 and 2, as well 
as human T-cell lymphotropic virus type 1. Human T-cell lympho-
tropic virus type 1 is also transmitted sexually or through transfusion 
of cellular blood products and is the agent of a chronic spastic parapa-
resis called human T-cell lymphotropic virus type 1–associated 
myelopathy (see Chapter 170).176 Syphilitic meningomyelitis and rare 
fungal or parasitic infections are diagnosed by appropriate serologies 
and cultures.177

PERIPHERAL NERVOUS SYSTEM 
SYNDROMES
Peripheral neuropathies have become the most common neurologic 
complication of HIV infection. Neuropathies include several entities 
that are thought to be directly associated with HIV and occur at dif-
ferent stages of immunosuppression. Other forms are caused by oppor-
tunistic pathogens, such as CMV. Finally, the peripheral nervous 
system can also be affected by antiretroviral treatment toxicities.

HIV-Associated Neuropathies
Inflammatory Demyelinating Polyneuropathy
These entities can occur at the time of seroconversion but are generally 
diagnosed in seropositive patients who are otherwise asymptomatic 
and not yet profoundly immunosuppressed, although some cases have 
also been reported in late stages of the disease.178 Acute inflammatory 
demyelinating polyneuropathy (AIDP) has clinical features similar to 
those of Guillain-Barré syndrome. Sensory symptoms such as pares-
thesias may precede an acute, progressive weakness of distal and proxi-
mal muscles of two or more limbs, associated with areflexia. Respiratory 
muscles may be involved, and patients sometimes require assisted ven-
tilation.179 Sensory signs are usually mild, even in the setting of severe 
weakness. The maximal weakness is usually reached within the first 4 
weeks. Patients with a more protracted course are affected by the 
chronic form of inflammatory demyelinating polyneuropathy, which 
may be monophasic or relapsing.180 A severe case of AIDP was observed 
in a patient with advanced AIDS 4 weeks after starting on ART, con-
comitant with immune reconstitution.181 AIDP should therefore be 
included in the growing number of ART-induced immune reconstitu-
tion inflammatory syndromes in HIV-infected individuals.

Laboratory Investigations. The CSF analysis often differs from 
that of HIV-1-seronegative patients with Guillain-Barré syndrome by 
the presence of a mononuclear pleocytosis of 20 to 50 cells/µL. The 
CSF protein concentration is usually elevated to levels as high as 
250 mg/dL, and a polyclonal gammaglobulinemia can be detected.

Electrophysiologic Studies. Demyelination is demonstrated by 
decreased motor nerve conduction velocities or prolonged distal laten-
cies and minimum F-wave latencies in two or more nerves. Conduc-
tion block is often prominent.

Nerve Biopsy. Sural nerve biopsy generally demonstrates the pres-
ence of a perivascular and endoneural mononuclear cell infiltrate with 
macrophage-mediated segmental demyelination. In severe cases, 
wallerian-like degeneration of axons can be seen. Similar to Guillain-
Barré syndrome occurring in immunocompetent individuals, the etiol-
ogy of AIDP in HIV-infected patients is thought to be autoimmune. 
Antiperipheral nerve myelin antibodies have been found in HIV-1–
positive patients with AIDP, as well as increased levels of soluble CD8 
and neopterin in the CSF, indicating an abnormal immune activation. 
CMV was found at autopsy in the peripheral nerves of one patient with 
AIDS who presented with AIDP.182

Treatment. Spontaneous recovery is usually the outcome of AIDP, 
although HIV-1–infected patients tend to have a more severe course 
with a slower recovery than immunocompetent individuals with Guil-
lain-Barré syndrome. Plasmapheresis is indicated if the illness is suf-
ficiently severe to warrant treatment. Patients with chronic inflammatory 
demyelinating polyneuropathy benefit from treatment with predni-
sone or plasmapheresis.183,184 However, prednisone should be used with 
great caution in patients with immunosuppression. Other treatments 
such as intravenous immunoglobulin have also been used successfully 
in HIV-1–positive patients with inflammatory demyelinating polyneu-
ropathy, sometimes in combination with plasmapheresis.185 In cases of 
AIDP occurring in late stages of the disease, a trial of ganciclovir may 
be warranted if other treatments are not efficient.182
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First-line therapies include nonsteroidal anti-inflammatory drugs 
and acetaminophen, as well as topical application of capsaicin199,200 or 
5% lidocaine gel.201 Anticonvulsant medications are the second line of 
treatment. Medications such as carbamazepine and phenytoin that are 
commonly used in other forms of painful neuropathies are contrain-
dicated because both are metabolized by the liver, which may cause 
unwanted interactions in patients taking PIs. Gabapentin is metabo-
lized by the kidneys and is usually well tolerated by HIV-infected 
individuals.202 Treatment starts using 300 mg PO at bedtime and is 
increased to 300 mg PO three times daily over 1 week. The extent of 
symptomatic relief is variable, and some patients may need doses as 
high as 1200 mg three times daily for a significant reduction in their 
discomfort. Fatigue and sleepiness are infrequent but may be limiting 
in some patients. Another anticonvulsant, lamotrigine, showed sub-
stantial pain reduction in a subgroup of patients receiving neurotoxic 
NRTIs but no difference compared with placebo in patients with DSPN 
who were not receiving nucleosides.203 Pregabalin is a newer drug used 
for neuropathic pain in diabetics and may be useful in HIV-infected 
patients as well.

Amitriptyline, which is commonly used for the treatment of dia-
betic neuropathy, is not superior to placebo in HIV-infected patients 
with DSPN.204 However, adjunction of tricyclics with lower anticholin-
ergic side effects, such as nortriptyline, may benefit patients who 
remain symptomatic on adequate doses of anticonvulsants. In refrac-
tory cases, a combination of anticonvulsant, tricyclic, nonsteroidal 
anti-inflammatory drug, and topical medications may be necessary to 
achieve significant relief.

Narcotic analgesics should be kept as the last resort because of their 
addictive potential in the context of a chronic pain syndrome. Trama-
dol shares properties with opioid analgesics but is less likely to cause 
dependence and lead to abuse.205 Long-acting opioid agonists such as 
fentanyl patches should be preferred to short-acting agents. Smoked 
cannabis may be as efficient as oral drugs for treatment of neuropathic 
pain.206,207 Numerous experimental drugs and therapies have been dis-
appointing in the treatment of DSPN, including mexiletine, meman-
tine, prosaptide, peptide T, recombinant human nerve growth factor, 
plasmapheresis, and acupuncture (for reviews, see Simpson208 and 
Gonzalez-Duarte and colleagues209). Depletion of acetylcarnitine, a 
substrate in the production of energy during β-oxidation of free fatty 
acids, was implicated in the pathogenesis of DSPN,210 but this was not 
confirmed in a larger sample of patients.211

Mononeuritis Multiplex
Patients with previously asymptomatic HIV-1 infection and CD4+ 
T-lymphocyte counts greater than 200 cells/µL, as well as patients with 
AIDS and profound immunosuppression, can be affected by mononeu-
ritis multiplex.

Clinical Presentation. Patients present with acute onset of sensory 
or motor deficit limited to one or more peripheral nerves. Involvement 
of a facial or laryngeal nerve has also been reported. The asymmetrical 
nature of this disorder and the prominent weakness differentiate it 
from other HIV-associated neuropathies. The course can be self-
limited in early HIV-1 infection212 or more severe in patients with 
advanced disease.

Laboratory Investigations. CSF analysis is nonspecific and shows 
only a mild elevation of protein concentration and a mononuclear 
pleocytosis. Cryoglobulinemia was reported in one case.213

Electrophysiologic Studies. Nerve conduction studies reveal a 
reduction of the amplitude of sensory nerve action potentials and com-
pound muscle action potentials, as well as a mild reduction in nerve 
conduction velocities in the distribution of single nerves. The electro-
myographic examination is also consistent with focal or asymmetrical 
multifocal axonal degeneration, although considerable overlap may 
exist with DSPN and inflammatory demyelinating polyneuropathy.

Nerve Biopsy. Similar to its clinical presentation, the nerve biopsy 
specimen of patients with mononeuritis multiplex shows a spectrum of 
pathologies rather than a single pattern. Axonal degeneration and peri-
vascular inflammatory infiltrates are found in patients with early HIV-1 
infection and limited clinical involvement. Patients with AIDS and 
CMV infection usually have mixed axonal and demyelinating lesions 
with inflammatory infiltrates also containing polymorphonuclear cells, 

Because a similar type of polyneuropathy is common in the  
HIV-1–seronegative population, other etiologies such as vitamin B12 
deficiency, neurotoxic medications, alcoholism, and diabetes mellitus 
should be ruled out.

Nucleoside Neuropathy
Clinical Presentation. Dose-dependent neurotoxicity of the NRTIs 
zalcitabine, didanosine, and stavudine (d4T) has been detected in 
approximately 30% of patients taking these medications.195 The risk is 
increased in patients on regimens containing a combination of didano-
sine and d4T.196 The clinical presentation and electrophysiologic study 
results were indistinguishable from those of DSPN, and the diagnosis 
can only be established by a temporal association between initiation of 
a dideoxynucleoside NRTI and the onset of the symptoms, which can 
occur as early as 1 week. Discontinuation of the offending medication 
may lead to symptomatic improvement over several weeks in two 
thirds of patients, although it is often preceded by a transient worsen-
ing of symptoms known as “coasting.”197

Laboratory Investigations. The pathogenetic mechanism of 
nucleoside neuropathy appears to be most likely related to nucleoside-
induced mitochondrial dysfunction. Indeed, NRTIs inhibit mitochon-
drial polymerase in vitro, resulting in tissue-specific injury. Zidovudine 
toxicity affects mainly skeletal muscle (see later), whereas didanosine 
and d4T cause pancreatitis in addition to neuropathy. Nucleoside neu-
ropathy occurs more frequently in individuals with preexisting DSPN, 
and administration of NRTIs to healthy animals does not result in 
neuropathy.187 These data suggest that NRTI may only exacerbate an 
inflammatory process triggered by activated macrophages in periph-
eral nerve fibers or DRGs of HIV-infected individuals. Clinicians 
should therefore use caution before removing didanosine or d4T from 
successful ART regimens, unless there is a clear temporal association 
between the administration of these medications and the onset of the 
symptoms or an elevated serum lactate level.198 A list of neurotoxic 
medications that have been associated with DSPN in HIV-infected 
patients is shown in Table 127-3.

Treatment. There is no available therapy that leads to the regenera-
tion of nerve fibers and DRGs and reversal of symptoms. Suppression 
of viral replication with ART is unfortunately not associated with clini-
cal improvement in DSPN. Therefore, treatment of neuropathic pain 
in DSPN is purely symptomatic and is aimed primarily at attenuating 
the painful dysesthesia and improving the quality of life of these 
patients. Treatment should not be administered if numbness and 
decreased sensation for noxious stimuli and temperature are the only 
symptoms because they do not improve.

TABLE 127-3  Neurotoxic Medications Used in 
Human Immunodeficiency Virus–1 Infection

NAME CLINICAL PRESENTATION
Nucleoside Analogue Reverse-Transcriptase Inhibitors
Zidovudine Myopathy

Zalcitabine DSPN

Didanosine DSPN

Stavudine DSPN

Non-nucleoside Analogue Reverse-Transcriptase Inhibitors
Efavirenz Vivid dreams

Antiviral Agent
Foscarnet Seizures

Antibacterial Agents
Isoniazid DSPN

Dapsone DSMP

Metronidazole* DSPN

Antineoplastic Agents
Vincristine DSMP, CN

Cisplatin DSPN

*High doses only.
CN, cranial neuropathy; DSMP, distal sensory motor polyneuropathy; DSPN, distal 

sensory polyneuropathy.
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Because the results of PCR for CMV DNA in the CSF can take 1  
to 2 weeks to obtain, empirical treatment can be justified in this  
entity, especially if the workup reveals a polymorphonuclear pleo-
cytosis in the CSF or widespread systemic infection with this virus.  
The rationale is to prevent irreversible necrosis of the nerve roots. In 
patients who are already paraplegic several weeks after the onset of 
their symptoms, treatment can achieve stabilization, but no real 
improvement should be expected. Neutropenia is the most common 
dose-limiting toxicity of ganciclovir and may preclude concomitant 
use of other myelotoxic drugs such as zidovudine. Concomitant treat-
ment with granulocyte colony-stimulating factor may become neces-
sary in that setting.

Diffuse Infiltrative Lymphocytosis 
Syndrome-Associated Neuropathy
A small subset of HIV-infected patients develops persistent CD8 
hyper-lymphocytosis and a Sjögren’s syndrome–like illness associated 
with multivisceral CD8 T-cell infiltration, known as diffuse infiltrative 
lymphocytosis syndrome. These individuals usually have parotid 
enlargement and generally have higher CD4+ T-lymphocyte counts, 
fewer opportunistic infections, and longer survival times than do other 
HIV-infected patients.221 Some of these patients may develop a primary 
B-cell lymphoma.

Clinical Presentation. Some of these patients present with an 
acute or subacute sensorimotor distal symmetrical neuropathy, which 
is always painful.222

Electrophysiologic Studies. Electromyographic and nerve con-
duction study results are consistent with axonal neuropathy.

Nerve Biopsy. A nerve biopsy specimen shows marked angiocen-
tric CD8+ infiltrates without mural necrosis and abundant expression 
of HIV-1 p24 protein in macrophages. The lymphocytic infiltrate is 
polyclonal in most patients. The HIV-1 proviral load in peripheral nerve 
is much higher than in other types of HIV-associated neuropathy.223

Treatment. Zidovudine and steroid therapy was associated with 
improvement in a small group of patients.222 The prevalence of diffuse 
infiltrative lymphocytosis syndrome has significantly decreased in the 
ART era, suggesting that this condition is an antigen-driven response 
against HIV and should be treated with anti-HIV therapy.224

Amyotrophic Lateral Sclerosis-Like 
Syndrome
During the past 20 years, at least 19 cases of amyotrophic lateral scle-
rosis (ALS) or ALS-like syndromes have been reported in HIV-infected 
individuals.225-227 These cases differed from classic ALS because they 
occurred in younger patients, were unusually rapidly progressive, and 
improved after the institution of ART. Case studies at autopsy exhibited 
pathology outside the motor neuron pool. The etiology of this syn-
drome is unclear because HIV-1 does not infect neurons. It has also 
been suggested that ALS is caused by another, yet unidentified, retro-
virus, and retroviral enzyme reverse transcriptase has been found in 
50% to 56% of sera from HIV-1 negative ALS patients, but not in CSF, 
at levels comparable to those of HIV reverse transcriptase, compared 
with 7% to 19% of controls.228,229 However, this causality is not proven, 
and there is no indication for administering antiretroviral treatment to 
HIV-1–negative patients with ALS. ALS and HIV-1 infection can also 
be coincidental,230 and these data indicate that HIV-1 should be 
included in the differential diagnosis of ALS.231

MUSCULOSKELETAL SYNDROMES
Muscular disorders have been described in HIV-1-infected individuals 
and can occur at any stage of the disease.

Myopathy
Clinical Presentation. Myopathy occurs in 17% of patients treated 
with zidovudine for periods longer than 270 days232 and in 0.22% of 
HIV-infected patients who are not taking this medication.233 The clini-
cal presentation is similar in these two groups. Patients report mainly 
lower extremity weakness, characterized by difficulty in rising from a 
chair or climbing stairs, as well as fatigue. Myalgias are present in as 
many as half of the cases, and the neurologic examination reveals 
proximal symmetrical weakness, predominant at the level of the hip 

as well as, sometimes, characteristic cytomegalic inclusion bodies.214 
The most aggressive form consists of a necrotizing arteritis with necro-
sis of endoneurial or epineurial vessels and might be caused by circulat-
ing immune complexes.

Treatment. Mild forms of mononeuritis multiplex developing 
in patients who are otherwise asymptomatic might improve without 
specific treatment. Others might benefit from therapies such as plas-
mapheresis213 or intravenous immunoglobulin.215 Corticosteroids 
and cyclophosphamide should be reserved for aggressive cases of 
mononeuritis multiplex with vasculitis proved by nerve biopsy. In  
late HIV-1 infection, especially in patients with concurrent systemic 
CMV infection, empirical therapy with ganciclovir for CMV should be 
considered.216

Progressive Polyradiculopathy
Because it occurs late in the course of HIV-1 infection, in patients with 
low CD4+ T-lymphocyte counts and concurrent systemic illnesses, pro-
gressive polyradiculopathy is often underrecognized.

Clinical Presentation. Initially patients report lower extremity 
and sacral paresthesia and, sometimes, radicular pain in the cauda 
equina distribution. These symptoms are followed by a rapidly progres-
sive areflexive paraparesis and ascending sensory loss, often accompa-
nied by urine retention. The upper extremities are relatively spared. A 
thoracic sensory level, if present, indicates concomitant medullary 
involvement, but other features indicating upper motor neuron damage 
such as spasticity and hyperreflexia are usually absent. A prominent 
infection with CMV, mainly retinitis, esophagitis, or colitis, is con-
spicuously present in a majority of cases.

Laboratory Investigations. In contrast to other peripheral nervous 
system diseases associated with HIV-1 infection, the CSF analysis is 
useful in establishing the diagnosis. A marked polymorphonuclear  
cell pleocytosis, elevated protein concentration, and hypoglycorrha-
chia are the hallmarks of this syndrome.217 CSF cultures demonstrate 
the presence of CMV in 60% of the cases.218 Cultures may take as long 
as 2 weeks to grow, and CSF samples must be kept on ice immediately 
after the lumbar puncture. As is the case with CMVE,155 CMV DNA 
may be detectable in the CSF by PCR. Because of the frequent con-
comitant systemic infection with CMV, blood culture may also be 
positive for this virus. Urine culture is nonspecific because many AIDS 
patients shed CMV in the urine asymptomatically. Cytologic studies 
can reveal cytomegalic cells with intranuclear and intracytoplasmic 
CMV inclusions.

Electrophysiologic Studies. Electromyographic examination is 
useful to differentiate this syndrome from AIDP. Severe and wide-
spread proximal axonal damage in lumbar nerve root distribution is 
correlated by fibrillation potentials, complex repetitive discharges, and 
motor unit recruitment patterns in lower extremity muscles. Motor 
nerve conduction velocities are minimally altered, but affected muscles 
display prolonged or absent F waves. These findings are consistent with 
extensive denervation of the lower extremity muscles, which is char-
acteristic in this syndrome.

Nerve Biopsy. Because of the radicular localization of the lesions, 
a nerve biopsy is not helpful for diagnosis. Autopsy studies reveal a 
severe inflammation associated with necrosis of the ventral and dorsal 
nerve roots. Cytomegalic inclusions can be detected within the nucleus 
and cytoplasm of Schwann, ependymal, and endothelial cells, which 
are also positive for CMV by in situ hybridization studies. Similar 
findings have been reported in cranial nerves at the site of exit from 
the brainstem.

Despite the strong association of polyradiculopathy and CMV in 
patients with AIDS, other possibilities include neurosyphilis and  
lymphomatous meningitis, which should be ruled out by the CSF 
analysis.

Treatment. The treatment of CMV-associated progressive polyra-
diculopathy is similar to that of CMVE (see earlier). It consists of 
intravenous ganciclovir or foscarnet, or both.219 Newer anti-CMV 
medication such as valganciclovir and cidofovir have not been evalu-
ated for progressive polyradiculopathy. Phenotypic and genotypic 
characterization of viral isolates should be considered in case of resis-
tance to treatment.220 The clinical response is variable but usually best 
if therapy is started within days after the onset of symptoms.
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dysfunction have been described within a year of starting on indinavir. 
A survey using an anonymous questionnaire answered by 292 HIV-
infected patients in Europe indicated that arthralgias were more fre-
quent in patients taking PIs, especially indinavir (40.6%) or ritonavir 
plus saquinavir (41.9%) compared with non-nucleoside analogue 
reverse-transcriptase inhibitors (NNRTIs) (26.5%) or NRTIs (25.3%).244 
Indinavir causes urolithiasis by crystallizing in the urinary tract, and 
indinavir crystals have been found in the joint fluid of patients with 
frozen shoulder. Temporary interruption of the PI or replacement with 
NNRTI should be considered on the basis of the patient’s discomfort, 
ART history, and HIV-1 genotype studies.

The principal neuromuscular syndromes found in HIV-1 infection 
are listed in Table 127-4.

Seizures
HIV+ patients have an increased risk to develop seizure activity due to 
HIV-associated brain lesions and metabolic disturbances. The inci-
dence of seizures depends on the degree of immunosuppression.

CNS mass lesions and meningitis are the major causes of seizures, 
but no identifiable cause other than HIV-1 infection can be detected 
in up to 25% of cases.245 Unless a reversible cause can be readily identi-
fied and treated, anticonvulsant therapy should be initiated after the 
first seizure.

Antiepileptic drugs (AEDs) and antiretrovirals can adversely affect 
each other when co-administered. The adverse effects can include 
breakthrough seizures, virologic failure, or drug toxicity. One of the 
recommendations is that it may be important to avoid cytochrome 
P-450 enzyme-inducing AEDs in people on antiretroviral regimens 
that include protease inhibitors or non-nucleoside reverse transcrip-
tase inhibitors because pharmacokinetic interactions may result in 
virologic failure.246 This particularly applies to the older generation 
AEDs—primidone, phenytoin, phenobarbital, and carbamazepine.

In addition, protein binding must be considered. Most AEDs and 
PIs are highly protein bound, as are other medications taken by HIV-
infected patients such as trimethoprim-sulfamethoxazole. This may 
result in competition for available protein binding sites. Valproic acid 
and phenytoin commonly displace other drugs from albumin and thus 
may result in increased free drug levels, side effects, and toxicity. Con-
versely, PIs may also displace AEDs such as carbamazepine from 
protein binding sites and result in toxicity. There have been no studies 
of the outcome of seizure management in HIV-infected patients on 
ART. Until these data are available, clinicians should favor the use of 
AEDs that have no effect on the cytochrome P-450 system and have 
limited protein binding such as levetiracetam, lacosamide, gabapentin, 
and pregabalin.247 The choice of the AED or combination thereof 
depends on the type of seizure presented by the patient. In the case of 
status epilepticus or emergencies in which intravenous treatment is 
indicated, traditional AEDs such as phenytoin or phenobarbital should 
be used temporarily in the acute phase and should then be replaced by 
medications that have lower interaction potential with PIs once seizure 
control has been achieved.

A summary of the principal neurologic complications of HIV infec-
tion is provided in Figure 127-6.

Temporal Trends and Aging in 
Neurologic Manifestations of  
HIV Infection
The spectrum of CNS complications of HIV-1 diseases is constantly 
evolving, and both quantitative and qualitative changes have been 
noted in recent years.65,248 Patients are living longer with ART, but they 
may become resistant to antiretrovirals. The clinical presentation of 
known diseases such as PML may be altered by ART-induced immune 
reconstitution,149 and new entities, such as severe HIV-associated leu-
koencephalopathy, have been described in ART-experienced individu-
als.248,249 Expanded tropism of JCV to cerebellar neurons has been 
demonstrated, which may have implications in the pathogenesis of 
cerebellar atrophy occurring in HIV-infected individuals.250 In addi-
tion, PIs are associated with a marked increase in serum cholesterol 
and triglycerides. Therefore, long-term HIV-1-infected individuals are 
at increased risk of developing cerebrovascular events.250,251 Stroke 
usually occurs in younger patients infected with HIV-1 compared with 

flexors.234 This syndrome must be differentiated from HIV-1 wasting 
syndrome and may easily be overlooked in a population of debilitated 
patients who often present with generalized weakness. In addition, it 
may occur simultaneously with CNS or peripheral nervous system 
complications of HIV-1 infection.

Laboratory Investigations. There is a mild elevation of creatine 
phosphokinase in the serum (median, ≅500 IU/L), although creatine 
phosphokinase can be as high as 7500 IU/L in some cases.233 This may 
be an incidental finding that orients toward a diagnosis in cases in 
which muscle strength is still intact. The creatine phosphokinase level 
correlates with the degree of myonecrosis seen on a muscle biopsy 
specimen, but not with the weakness.

Electrophysiologic Studies. Electromyographic testing may reveal 
myopathic motor unit potentials with early recruitment and full inter-
ference patterns, predominantly in proximal muscles,234 but it can also 
be normal in 30% of the cases.233 Therefore, a normal electromyogram 
does not rule out this diagnosis.

Muscle Biopsy. The etiology of myopathy in AIDS has been a 
matter of debate235 because both HIV-1 and zidovudine have been 
incriminated as causative factors. In patients not treated with zidovu-
dine presenting with myopathy, the most common finding is scattered 
myofiber degeneration, fibrosis, necrosis, and phagocytosis of muscle 
fibers associated with a variable inflammatory infiltrate similar to that 
seen in idiopathic polymyositis.233 HIV-1 does not seem to infect 
muscle fibers, and opportunistic organisms have been detected only 
exceptionally. Infiltrating cells are predominantly CD8+ T cells and 
macrophages.236 As is the case for DSPN and VM, it is possible that 
these cells secrete proinflammatory cytokines that may damage muscle 
fibers, precipitate muscle antigen exposure, and generate an autoim-
mune response.237 Interestingly, almost one half of patients with HIV-1 
polymyositis also had diffuse infiltrative lymphocytosis syndrome. 
Because both conditions are extremely rare, their association is not 
likely to be coincidental.233

In zidovudine myopathy, biopsy results reveal numerous ragged-
red fibers and abnormal mitochondria.238 Zidovudine-induced mito-
chondrial toxicity is mediated through the inhibition of the enzyme 
γ-DNA polymerase, which is responsible for the replication of mito-
chondrial DNA. This induces an energy shortage within the muscle, 
which results in overt myopathy over time.

Treatment. Similar to idiopathic polymyositis, patients with HIV-1 
polymyositis have had a favorable response with corticosteroids (pred-
nisone 1 mg/kg/day) for an average of 9 months. However, the risk of 
long-term immunosuppressive therapy should be carefully considered 
in this population of patients. Other immunologically based therapies 
such as azathioprine, methotrexate, or intravenous immunoglobulin 
have also been successful.233 In zidovudine-induced myopathy, treat-
ment consists of zidovudine withdrawal. Objective improvement in 
muscle strength is expected to occur in most patients after 8 weeks.239

Other Musculoskeletal Conditions 
Associated with HIV
Rare cases of nemaline rod myopathy, sporadic inclusion body myosi-
tis, pyomyositis, and cardiomyopathy have also been reported in HIV-
infected individuals.240 Sporadic inclusion body myositis is characterized 
by an antigen-driven inflammatory response and vacuolar degenera-
tion. In one study, a subset of CD8+ T cells surrounding muscle fibers 
were HIV specific and may play a role in the disease mechanism by 
cross-reacting with antigens on the surface of muscle fibers.241

More worrisome is the prospect of statin-associated rhabdomyoly-
sis.242 Indeed, increased cholesterol and triglyceride values are frequent 
in HIV-infected patients on ART, requiring therapy with statins with 
the aim of preventing cardiovascular complications. Most statins are 
metabolized by the liver cytochrome P-450 isoenzyme 3A4. Similarly, 
PIs are both substrates for and inhibitors of cytochrome P-450 iso-
enzyme 3A4 and substrates for P-glycoprotein, a bidirectional drug 
transporter that is also inhibited by statins to varying degrees. Phar-
macokinetic studies have shown that PIs may greatly increase statin 
concentrations. Statin-associated rhabdomyolysis occurs within weeks 
from onset of treatment and may be fatal.243

HIV-infected patients on ART often complain of arthralgias, and 
cases of frozen shoulder, tendonitis, and temporomandibular joint 
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addition, cerebral small-vessel ischemic vascular disease may cause 
white matter lesions and cortical atrophy, thus compounding the effect 
of HIV on the CNS of older patients.257 Because of these trends and 
the fact that new clinical entities may potentially warrant different 
treatments, a brain biopsy should be considered in cases in which 
molecular diagnosis cannot be obtained, and postmortem analysis 
should be sought for all patients who did not respond to treatment.

HIV-negative individuals, and, in some cases, it may be caused by a 
vasculopathy.252

As this population becomes older, age-related entities are expected 
to overlap with HIV-associated and treatment-associated neurologic 
conditions and add another layer of complexity to management of these 
patients.253,254 Not surprisingly, older age and diabetes were associated 
with increased frequency of dementia in HIV-infected patients.255,256 In 

TABLE 127-4  Neuromuscular Syndromes in Human Immunodeficiency Virus Type–1 Infection

DIAGNOSIS DISEASE STAGE CLINICAL FEATURES DIAGNOSTIC STUDIES TREATMENT
AIDP Early > late Weakness more than sensory loss CSF: ↑ WBCs Early: IVIG, steroids, plasmapheresis

CIDP  ↑↑ Protein Late: consider ganciclovir/foscarnet

NCSs: demyelination

MM Early or late Multiple painful mononeuropathies NCSs: multifocal axonal neuropathy Early: none

Biopsy: inflammation/vasculitis Late: steroids/cyclophosphamide

CMV Ganciclovir/foscarnet

Nucleoside Any stage Distal sensory loss NCSs: distal axonopathy Nucleoside withdrawal

Neuropathy Neuropathic pain Increased serum lactate

DSPN Late Distal sensory loss NCSs: distal axonopathy NSAIDs, capsaicin

Neuropathic pain AED, tricyclics

PP Late Progressive flaccid paraparesis, 
urinary dysfunction, LS pain

CSF: increased
WBCs (PMNs), CMV PCR+

Ganciclovir/foscarnet
Cidofovir

DILS Late Sjögren’s syndrome, distal motor 
and sensory loss, pain

NCSs: axonal neuropathy
Biopsy: CD8+ T cells, HIV-1

Zidovudine/ART
Steroids

Zidovudine Any stage Proximal weakness EMG: ± irritative Zidovudine withdrawal

Myopathy Myalgias Biopsy: ragged red fibers

Polymyositis Any stage Proximal weakness EMG: ± irritative Steroids, IVIG

Myalgias Biopsy: inflammatory infiltrates Immunosuppressants

ALS-like Late Weakness, dysphagia EMG: neurogenic ART

AED, antiepileptic drug; AIDP, acute inflammatory demyelinating polyneuropathy; ALS, amyotrophic lateral sclerosis; ART, antiretroviral therapy; CIDP, chronic inflammatory 
demyelinating polyneuropathy; CMV, cytomegalovirus; CSF, cerebrospinal fluid; DILS, diffuse infiltrative lymphocytosis syndrome; DSPN, distal sensory polyneuropathy;  
EMG, electromyography; HIV, human immunodeficiency virus; IVIG, intravenous immunoglobulin; LS, lumbosacral; MM, mononeuritis multiplex; NCS, nerve conduction 
studies; NSAID, nonsteroidal anti-inflammatory drug; PCR, polymerase chain reaction; PMNs, polymorphonuclear leukocytes; PP, progressive polyradiculopathy;  
WBCs, white blood cells.

FIGURE 127-6 Occurrence of the principal neurologic complications of human immunodeficiency virus (HIV) type 1 infection according 
to the degree of immunosuppression as measured by CD4+ T-lymphocyte counts (see text for details). AIDS, acquired immunodeficiency virus; 
CNS, central nervous system; HAND, HIV-associated neurocognitive disorder; OIs, opportunistic infections; PNS, peripheral nervous system. 
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Human immunodeficiency virus (HIV) infection has had a profound 
impact on the health of women worldwide. By the end of 2011, more 
than 50% of the more than 34 million people living with HIV infection 
were women.1 HIV infection and the resultant acquired immunodefi-
ciency syndrome (AIDS) are the leading causes of death among women 
in their reproductive years (ages 15 to 49).2,3 Sub-Saharan Africa 
remains the most severely affected region, with nearly 1 in 20 adults 
(4.9%) living with HIV infection (more than half of whom are women) 
and accounting for 69% of all people living with HIV infection world-
wide.1 In the United States, 7% of all cases of AIDS reported as of 1985 
occurred in women; this proportion increased to 26% of all AIDS cases 
newly diagnosed in 2001 and has stabilized at 25% to 27% through 
2011.4,5 With the advent of increasing access to potent HIV antiretro-
viral therapy (ART) worldwide, new HIV infection rates have decreased 
overall and by 50% or more in many countries, including some in sub-
Saharan Africa.1,3 Half of all the reductions in HIV infections recently 
have been among children, with increasing use of ART for prevention 
of mother-to-child transmission (PMTCT). However, people infected 
with HIV continue to face stigma, discrimination, and injustice; and 
women and girls continue to be at higher risk for HIV infection 
because of gender inequity and sexual violence.1

In this chapter, the epidemiology of HIV infection in women, trans-
mission of HIV to women, prevention of heterosexual HIV transmis-
sion, pregnancy and risk for perinatal transmission, and clinical 
manifestations and management issues for women infected with HIV 
are discussed.

EPIDEMIOLOGY
United States
When AIDS first was recognized in 1981 it was considered to be a 
disease of men who have sex with men (MSM) and of injection drug 
users. With the rapid increase in the number of women infected with 
HIV has come an increased understanding of the potential for hetero-
sexual transmission of HIV infection. By 2001, women accounted for 
26% of new AIDS diagnoses (11,164/43,158 cases), 18% of the 816,149 
cumulative AIDS cases, and 32% of newly reported HIV diagnoses 
(11,394/35,575 cases); and this percentage has remained fairly stable 
over time, with over 280,000 women among the 1.1 million people 
living with HIV infection and AIDS in the United States as of 2011.4,6 
Overall, in the United States, AIDS rates continue to be lower in 
women than in men: 6.0 per 100,000 women compared with 19.1 per 
100,000 men in 2011.5

Women are acquiring HIV infection primarily through heterosex-
ual contact, with a decrease in injection drug use–associated cases 
since 1992. Since 1995, heterosexual contact has become the predomi-
nant mode of exposure for women in the United States, accounting for 
78% of new HIV infections among women in the United States in 2011, 
with 20% due to injection drug use.5,7 Although most diagnoses of HIV 
infection among women aged 13 years or older were attributed to 
heterosexual transmission, in 2009 18% were attributed to injection 
drug use among women 45 years and older compared with 9.6% 
among women aged 13 to 19 years.8 The 9,500 new HIV infections 
among women in 2010 reflect a significant 21% decrease from the 
12,000 new infections among women in 2008.9 Transmission patterns 
have shifted over time within the United States, with most new HIV 
infections occurring through male-to-male sexual contact (63% in 
2010). New infections among MSM increased from 2008 to 2010, as 
has the growing proportion among heterosexuals.6 Bisexually active 
men also may be contributing to the spread of HIV infection to women 
because, at least in a Boston cohort, they were more likely to have 

unprotected sex with their female partners than with their male part-
ners.10,11 Black men who have sex with both men and women but who 
do not identify as gay or disclose their bisexual activities to main 
female partners, also known as men “on the down low,” have been cited 
as one of the reasons for the increase in HIV infections in black 
women.12

HIV disproportionately affects women of color; cases in black and 
Hispanic women accounted for 83% of reported AIDS cases in 2011.5 
The AIDS case rate for black women was 33.7 per 100,000 or 22 times 
the rate for white women (1.5).6 The case rate for Hispanic women of 
7.1 was five times the rate for white women.6 In 2010, black women 
accounted for 64% of new AIDS diagnoses among women ages 13 and 
older but only 13% of the U.S. population of women.6 Hispanic women 
are also overrepresented, accounting for 17% of new AIDS diagnoses, 
compared with 14% of the U.S. female population ages 13 and older.6 
The highest rates of AIDS diagnoses were among black women living 
in the northeastern (52.4/100,000) and southern (36.1/100,000) states.8 
HIV infection is predominantly a disease of women of childbearing 
age; in 2009, 68% of new HIV infections among women were diag-
nosed in girls and women between 13 and 44 years of age. With the 
aging of the HIV epidemic among women, the percent of HIV-infected 
women older than 50 continues to grow; however, underrecognition 
of HIV may be common and older women typically present for medical 
attention with advanced disease and are unaware of their risk for HIV 
infection.4,13,14 A study of women older than 50 with AIDS found that 
they were more likely than younger women to live alone (24% vs. 11%), 
to have not completed high school (63% vs. 37%), to be tested for HIV 
infection while hospitalized (51% vs. 32%), and to have never used a 
condom before diagnosis of HIV infection (86% vs. 67%).15 Within the 
United States, more than 1.1 million people are living with HIV infec-
tion and 18.1% are unaware of their infection.9 The gravity of the HIV 
epidemic among U.S. women is often not appreciated by those at risk 
and by the broader community.16 A recent cohort study of high-risk 
women in the northeastern and southeastern states found an annual 
HIV incidence of 0.32%; and older age, substance use, and knowing 
that a partner had HIV were associated with HIV prevalence.17 With 
the increasing use of routine, rapid HIV testing of adults in the United 
States, it is hoped that more people will be identified earlier and started 
promptly on ART.18

The AIDS epidemic has had a major impact on morbidity and 
mortality among young women. By 1992, AIDS was the fourth leading 
cause of death among women 25 to 44 years old in the United States 
and was the leading cause of death among women in the same age 
group in 15 primarily eastern coastal cities.19 By 1995, HIV infection 
was the third leading cause of death in women in this age group and 
the leading cause of death among African-American women.20 Deaths 
from AIDS peaked in 1994 and 1995 and then began decreasing  
in 1996. The percentage decrease in mortality was smallest among 
African-American women and women from southern states; the 
highest death rates were among the population below the poverty 
level.21 In 2008, death rates from HIV were highest among African-
Americans (22.1 per 100,000, 10 times higher than among whites, and 
nearly four times higher than the rate for Hispanics).8 Decreased mor-
tality has been attributed to improved combination regimens, includ-
ing protease inhibitors and non-nucleoside reverse-transcriptase 
inhibitors (NNRTIs), rather than to advances in the prevention of HIV 
transmission; there continue to be approximately 50,000 new HIV 
diagnoses annually in the United States, with 25% being female.22 
Medical advances and programs aimed at prevention and medical care 
have reached many but not all people with or at risk for HIV infection. 
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infection has been reported from all over the world, but most infected 
persons (97%) reside in low- and middle-income countries and more 
than two thirds live in sub-Saharan Africa.2 Approximately 2.5 million 
people were newly infected with HIV in 2011, which equates to more 
than 7,000 a day. The rate of new HIV infections has decreased in 
several countries, but globally these favorable trends are at least par-
tially offset by increases in new infections in other countries.1 As treat-
ment access continues to increase, the annual number of HIV-associated 
deaths, at 1.7 million deaths in 2011, has fallen, a decrease in 24% since 
2005.3 However, new infections continue to outstrip access to treat-
ment, with two new infections occurring for every person starting 
treatment. Globally, as access to services for PMTCT has increased, the 
number of children being born with HIV infection has decreased, with 
370,000 children newly infected in 2009, a decrease of 24% from 5 
years earlier.1,3

Worldwide, HIV infection is spread primarily through heterosexual 
contact, although injection drug use and its contribution to exposure 
to HIV vary geographically. Because female drug users have sexual 
partners who are at high risk for HIV infection and because injection 
drug use can lead to exchange of sex for drugs or money, there may be 
underrecognition and underreporting of cases spread through hetero-
sexual contact. Several recent studies suggest that unprotected anal sex 
between men is probably a more important factor in the epidemics in 
sub-Saharan Africa than is commonly believed. In Zambia, one in 
three (33%) surveyed MSM tested HIV positive.1 In the Kenyan port 
city of Mombasa, 43% of men who said they had sex only with other 
men were found to be living with HIV infection.42 In virtually all 
regions outside sub-Saharan Africa, HIV disproportionately affects 
injection drug users, MSM, and sex workers.1

The most recent international epidemiologic data contain some 
favorable news. In some countries in Asia, Latin America, and sub-
Saharan Africa the annual number of new HIV infections is decreas-
ing.1 In western, central and eastern Europe, central Asia, and North 
America the rates of annual new HIV infections have been stable for 
at least the past 5 years.1 However, there has been a resurgence of HIV 
infection in several high-income countries among MSM. In eastern 
Europe and central Asia, high rates of HIV transmission continue to 
occur in networks of people who inject drugs and their sexual partners. 
The estimated rate of AIDS deaths has also decreased, in part as a result 
of increased availability of ART as well as decreased incidence of HIV 
infection, including increased access to successful PMTCT programs 
in health care resource–limited settings.1

The geographic region hardest hit by HIV/AIDS is sub-Saharan 
Africa, accounting for 67% of all new HIV infections and 80% of the 
world’s HIV-positive women.43 Almost 90% of the 2 million HIV-
infected children live in sub-Saharan Africa. In 2011, new HIV infec-
tions in children were 43% lower than in 2003 and 24% lower than in 
2009, demonstrating that elimination of new infections in children 
may be possible.2 Women account for 59 percent of adults with HIV 
in sub-Saharan Africa, and this is primarily the result of unprotected 
heterosexual intercourse.3 Most epidemics in sub-Saharan Africa 
appear to have stabilized, although often at very high levels, particu-
larly in southern Africa. Additionally, in a growing number of coun-
tries, adult HIV prevalence has been decreasing. For the region as a 
whole, women are disproportionately affected compared with men, 
with especially stark differences between the sexes in HIV prevalence 
among young people 15 to 24 years of age. In southern Africa, decreases 
in HIV prevalence are especially striking in Zimbabwe, where HIV 
prevalence in pregnant women attending antenatal clinics decreased 
from 26% in 2002 to 18% in 2006.1 The 26% HIV prevalence found in 
adults in Swaziland in 2009 is the highest prevalence in the world.1,44 
In Botswana, where ART coverage exceeds 90%, the estimated annual 
number of AIDS-related deaths declined in half from 2002 to 2009, 
whereas the estimated number of children newly orphaned by AIDS 
fell by 40%.1,44 Despite more recent positive trends, these countries all 
face massive challenges not only to sustain and expand prevention 
efforts but also to provide adequate treatment (including ART), care, 
and support to the millions of people living with HIV infection and 
AIDS or orphaned by the epidemic.1 The extensive provision of ART 
in Botswana has averted approximately 50,000 adult deaths and could 
lead to an estimated reduction in 130,000 deaths there through 2016.44

Although 82% of people with HIV infection are diagnosed, and 66% 
are linked to care, fewer remain in regular care (37%) and are pre-
scribed ART (33%), with only 25 being virally suppressed. The percent 
with viral suppression is even lower among blacks (21%) and young 
people aged 25 to 34 (15%).22 In July 2010, the U.S. Government 
released the National HIV/AIDS Strategy, a comprehensive plan to 
address the HIV epidemic. The strategy has three primary goals—
reduce new infections, increase access to care, and improve health 
outcomes—along with reduction of HIV-related health disparities.23

The epidemiology of drug use affects the epidemiology of HIV 
infection among American women. In 1996, after exclusion of the 24% 
of women whose initial mode of transmission was not reported, two 
thirds of HIV-infected women reported injection drug use (45%) or 
heterosexual contact with an injection drug user (18%).24 By 2001, after 
excluding the 42% of women without a reported risk behavior, only 
one third of women with newly diagnosed AIDS reported injection 
drug use and 14% reported heterosexual contact with an injection drug 
user.4 In 2009, the percentage of HIV infections attributed to injection 
drug use was highest among white women (23%), followed by Hispanic 
(17%) and black women (13%); older women with HIV aged 35 to 44 
and 45 and older had the highest percentage attributable to injection 
drug use of 15.9% and 17.9%, respectively.8 Since the mid-1980s, 
heroin has become less popular whereas cocaine and other drugs have 
been used increasingly. When used intravenously, these newer drugs 
typically are injected more frequently and are associated with increased 
needle sharing.25 The use of smokable freebase (“crack”) became wide-
spread after its first appearance in New York City in 1985 because of 
its low cost and high addictive potential. Although smoking crack 
cocaine itself does not transmit HIV, the tendency of persons who use 
crack to engage in unsafe behaviors, such as increased sexual activity 
with multiple partners and exchange of sex for drugs, has resulted in 
the increased spread of HIV infection and other sexually transmitted 
infections (STIs), including syphilis.26,27

Female-to-female sexual transmission of HIV is exceedingly rare. 
Moreover, in populations of women with HIV infection who report 
having sexual contact only with women, most have had a history of 
injection drug use and the rest had received a blood transfusion in the 
first few years after HIV infection was identified; no cases were attrib-
utable to female-to-female sexual transmission.21,28 In a study of 498 
lesbian and bisexual women frequenting public venues in San Fran-
cisco and Berkeley, California, 6 (1.2%) were HIV infected.29 This 
population showed high rates of high-risk behaviors (10% reported 
injection drug use, and 40% reported unprotected sex with men, some 
of whom were bisexual men and male injection drug users), and no 
evidence of sexual transmission between women was found. These data 
and other more recent studies suggest that the frequency of female-to-
female HIV transmission remains very low.30

HIV transmission through intravaginal insemination of donor 
semen has been reported.31-33 Use of assisted reproductive technolo-
gies, which include sperm washing and intracytoplasmic sperm injec-
tion, seems to have an extremely low risk for horizontal transmission 
from an HIV-infected man to an HIV-negative woman or vertical 
transmission to children born as a result of these procedures.34,35,36-40 
Although these techniques seem to be promising, they are rarely avail-
able in the United States outside a research setting, require specialized 
laboratories, are quite expensive, and typically are not covered by 
insurance and thus are not accessible to most couples (see “Strategies 
to Prevent Heterosexual Transmission” and “Fertility Issues”). Given 
their remarkable success, many experts now advocate that assisted 
reproduction with sperm washing not be denied to serostatus-
discordant couples in developed countries and, where possible, should 
be integrated into a global public health initiative for HIV infection in 
health care resource–constrained regions.41

Worldwide
New estimates from the World Health Organization (WHO) indicate 
that HIV infection continues to be prevalent worldwide, having 
resulted in more than 60 million infections.1 As of December 2012, 
there were an estimated 34 million people living with HIV infection, 
over half of whom are women, and nearly 30 million people have died 
of HIV infection–related causes since the start of the epidemic.2 HIV 
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is approximately 25% after a single male contact with an infected 
woman and close to 90% for transmission by infected men to unin-
fected female partners.53,54 HIV is much less efficiently transmitted; 
however, the extremely long incubation period of HIV disease has 
hindered specific inferences about the relative rates and efficiency of 
sexual transmission because many persons do not learn of their infec-
tion until years after the relevant exposure. Estimates of infectivity for 
each sexual contact have ranged from 3 per 100 for the most efficient 
transmitters in a male homosexual cohort study55 to less than 1 per 
10,000 contacts in studies of heterosexual couples discordant for HIV 
serostatus.47,50,56 In a California study of heterosexual HIV serostatus-
discordant couples, the risk for male-to-female transmission was 17 
times higher than the risk for female-to-male transmission.48 An 
Italian study of 730 discordant heterosexual couples found the trans-
mission of HIV from men to women to be twice as efficient as from 
women to men.57 More recent studies of monogamous HIV-discordant 
partners in Uganda suggest that the efficiency of HIV spread may be 
more similar between men and women than was appreciated 
initially.56

Associated Factors
Factors that have been associated with the greater likelihood of trans-
mitting HIV between heterosexual partners include viremia of greater 
magnitude or more advanced immunodeficiency in the infecting 
partner, the presence of any STD, including ulcerative and nonulcer-
ative disease; sexual activity during menses; receptive anal sex; unpro-
tected vaginal sex; traumatic sex; increased number of sexual contacts; 
and infectivity of the HIV-infected partner.55,58-60 Baeten and associates 
demonstrated that genital HIV type 1 (HIV-1) RNA independently 
predicted HIV-1 transmission risk even after adjusting for plasma 
HIV-1 quantity, suggesting that genital HIV viral load could be used 
as a marker of HIV-1 sexual transmission risk.61 Male circumcision62-65 
was shown in randomized trials in Africa to decrease female-to-male 
HIV transmission by 60%.66 Because male circumcision provides only 
partial protection, higher risk behaviors could nullify the effect of 
circumcision. Additionally, circumcision among HIV-infected men 
may not directly decrease male-to-female HIV transmission among 
discordant couples, according to a study from eastern and southern 
Africa of 1096 heterosexual serostatus-discordant couples in which the 
HIV-infected partner was male.63,66 To realize its optimal protective 
benefit in areas of highest HIV prevalence, implementing male circum-
cision will require consistently safe sexual practices, with increased 
emphasis on surgical training, aseptic techniques, acceptability, avail-
ability, and cultural considerations.64

Recent work has delineated the complexity of the female reproduc-
tive tract, the cyclical sex hormones, and the immune defenses, creat-
ing a “window of vulnerability” to HIV and other infectious agents 
when the humoral, cell-mediated, and innate immune defenses are 
suppressed during the ovulatory phase of the menstrual cycle.67 Cervi-
cal mucus and cervicovaginal mucus have recently been shown to 
impede the diffusion of HIV, helping to examine why conditions such 
as bacterial vaginosis that can disrupt mucus have been associated with 
increased HIV transmission.68

Hormonal contraception has intermittently been associated with 
increased risk for HIV-1 transmission and acquisition, mostly from 
retrospective studies or from studies designed to assess different 
outcomes.69-71 Heffron and co-workers conducted secondary data anal-
yses from the Partners in Prevention HSV/HIV Transmission Study on 
3790 heterosexual HIV-discordant couples enrolled in two longitudi-
nal studies in seven African countries.69 Incidence of HIV infection 
among female hormonal contraception nonusers was 3.8/100 person-
years, compared with 6.9/100 person-years among users of injectable 
forms of contraception (P = .04) and 5.9/100 person-years in oral 
contraceptive users (P = 0.33). Among men, the incidence of HIV 
infection was 1.5/100 person-years in partners of HIV-positive hor-
monal contraception nonusers, compared with 2.6/100 person-years 
in partners of those using injectable drugs (P < .05) and 2.5/100 
person-years in men whose HIV-infected partners used oral contra-
ceptives (P = .31).69

There were several confounding factors that could not be con-
trolled, including misreporting of condom use, especially given the 

In eastern Europe and central Asia, the estimated number of people 
living with HIV increased to 1.4 million in 2009, compared with 
760,000 in 2001.1 The HIV epidemic in the Russian Federation contin-
ues to grow, fueled by a rise in HIV infection among injection drug 
users, sex workers, and their various sexual partners.1,44 In the Russian 
Federation, more than a third (37%) of the 1.8 million injection drug 
users are believed to be infected with HIV, with surveys of injection 
drug users yielding HIV prevalence rates as high as 88% in the city of 
Kryvyi Rih.1 By 2009, approximately 45% of the HIV-infected popula-
tion living in Ukraine were women, up from 41% in 2004; an estimated 
35% of women probably acquired HIV through injection drug use, 
whereas an additional 50% were probably infected by partners who 
used injection drugs.1

The Asian HIV epidemic with an estimated 4.9 million people 
living with HIV in 2009 is largely stable.1 The epidemic is varied, being 
driven by injection drug users, sex workers, and MSM in countries 
throughout Asia. HIV has spread heterosexually among people who 
became infected when they sold their blood to collecting centers that 
improperly adhered to safety procedures.1 More recent economic and 
social unrest in Indonesia seems to be associated with a sharp increase 
in injection drug use and with it a significant increase in HIV infec-
tions. After an initial explosion in seroprevalence rates among female 
commercial sex workers in Thailand, government-sponsored preven-
tion efforts have resulted in dramatically decreasing incidences.1 Many 
of the new HIV infections in Thailand now seem to be occurring in 
the sexual partners (and wives) of men who were infected by sex 
workers in the 1990s.1 In India, a significant proportion of women with 
HIV have probably been infected by their regular partners who have 
had a history of paying for sex.1

The HIV epidemic is well established in Central and South America, 
yet the HIV prevalence continues to rise even with improved access to 
ART. The epidemic is concentrated in and around networks of MSM. 
Social stigma has kept many of these MSM hidden, and fear of being 
stigmatized has led many MSM to also have sexual relations with 
women. In Central America, more than one in five MSM reported 
having sex with at least one woman in the previous 6 months.1 Efforts 
to control HIV spread among sex workers have been successful, with 
reported high condom use rate and low HIV prevalence among female 
sex workers in Santiago, Chile.1

The high mortality rate for HIV/AIDS continues to have a major 
impact on families. At the end of 2011, 17.3 million children and ado-
lescents worldwide had been orphaned by loss of one or both parents 
to AIDS.1 More than 80% of children orphaned as a result of AIDS 
were in sub-Saharan Africa.45 Saving lives of parents through access to 
ART in health care resource–limited countries and helping to alleviate 
poverty and improve education are central to the global response to 
the orphan crisis.45

TRANSMISSION
Heterosexual Transmission
Efficiency of Transmission
Globally, heterosexual transmission accounts for the spread of HIV 
infection in approximately 90% of persons living with AIDS.2 Mecha-
nisms of heterosexual transmission, however, remain poorly under-
stood.46 HIV has been isolated from semen of HIV-infected men and 
from cervicovaginal secretions of HIV-infected women. Although het-
erosexual transmission seems more efficient from men to women than 
from women to men, HIV-infected women can spread HIV to their 
uninfected sexual partners.47-49 The most likely explanation for this 
difference in ease of HIV spread from men to their partners relates to 
the larger volume of semen compared with cervicovaginal secretions 
and to the higher concentration of HIV on average in seminal fluid.

HIV is not transmitted consistently by sexual contact. Although 
some persons become infected after a single sexual exposure or artifi-
cial insemination with HIV-infected semen,32 others remain unin-
fected despite hundreds of exposures.50-52 This lack of transmission may 
be due to the amount of virus, the host immune response, the relative 
virulence of HIV isolates, or some combination thereof.

The efficiency of heterosexual transmission of HIV between women 
and men has not been characterized fully. The efficiency of transmis-
sion of gonorrhea, a well-studied sexually transmitted disease (STD), 
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supporting the hypothesis that potent ART may reduce the spread of 
HIV.81-85 Observational studies among HIV-1 serostatus-discordant 
couples have associated ART initiation with a reduction in HIV trans-
mission of 80% to 92%, and a recent randomized trial demonstrated 
that earlier initiation of ART (at CD4 counts of 350 to 550 cells/mm3) 
in the context of virologic monitoring and adherence support resulted 
in a 96% reduction in HIV transmission.86,87

STDs, particularly diseases associated with genital ulcers, increase 
the efficiency of HIV transmission and the susceptibility to HIV infec-
tion.84 Genital ulcerative diseases, which include syphilis, chancroid, 
and genital herpes, are thought to enhance the access of HIV to 
mucosal tissues, lymphatic drainage, and systemic lymphocytes.85,88 
HIV also may be transmitted through intact mucosal membranes, 
presumably by infecting dendritic cells within the mucous membranes 
of the genital tract.89 Epidemiologic studies suggest that ulcerative 
and nonulcerative STDs increase the susceptibility to HIV infection; 
female sex workers in Zaire had an increased risk for HIV seroconver-
sion if they had nonulcerative STDs,90 and among HIV serostatus–
discordant sex partners, seroconversion was more likely if the 
previously HIV-negative sex partner had ulcerative and nonulcerative 
STDs.91 Nonulcerative STDs, such as gonorrhea, chlamydial infection, 
and trichomoniasis, seem to increase the number of lymphocytes, 
monocytes, and Langerhans cells in the endocervix in susceptible sero-
negative women and provide more potential targets for HIV infec-
tion.84 Similarly, nonulcerative STDs may increase the number of 
HIV-infected cells in the genital tracts of HIV-positive transmitters. 
Cohen and associates92 found that HIV-infected men with urethritis 
had seminal plasma HIV-1 RNA eight times the levels in seropositive 
men without urethritis. Treatment of urethritis was associated with 
significant decreases in HIV-1 concentration in semen, suggesting a 
decrease in infectivity with successful STD treatment.

Bacterial vaginosis has been associated with higher concentrations 
of HIV RNA in the genital tract of HIV-infected women,93 increased 
risk for HIV transmission to male partners,94 and a 60% increased risk 
for HIV acquisition in women.95 Recently, Cohen and co-workers 
studied 2236 HIV-seropositive women and their HIV-uninfected male 
partners from the African Partners in Prevention HSV/HIV Transmis-
sion Study to see if bacterial vaginosis was associated with increased 
HIV transmission. They found the HIV incidence in men whose HIV-
infected female partners had bacterial vaginosis was 2.91 versus 0.76 
per 100 person-years in men whose female partners had normal flora 
(hazard ratio [HR], 3.62; 95% confidence interval [CI], 1.74 to 7.52).94 
After controlling for sociodemographic factors, sexual behavior, male 
circumcision, STIs, pregnancy, and plasma HIV-1 RNA levels in female 
partners, bacterial vaginosis was associated with a greater than three-
fold increased risk for female-to-male HIV-1 transmission (adjusted 

high pregnancy rates among the serostatus-discordant couples.70 Clini-
cians and patients need to weigh the potential risk for hormonal con-
traception with known risks for unwanted pregnancies with its known 
morbidity and mortality.70 In February 2012, the WHO convened a 
technical consultation regarding hormonal contraception and HIV 
acquisition, progression, and transmission to consider whether the 
current WHO guideline Medical Eligibility Criteria for Contraceptive 
Use should be changed.72 After the current data were summarized, it 
was concluded that there should be no restrictions on the use of any 
hormonal contraceptive method for women at high risk for HIV infec-
tion or living with the infection. However, the group recommended 
that a new clarification be added that women at high risk for HIV 
infection or living with HIV infection and using hormonal contracep-
tion should be strongly advised to always use condoms, male or female, 
and other HIV preventive measures because hormonal contraceptives 
are not protective against HIV transmission or acquisition. In June 
2012, the Centers for Disease Control and Prevention (CDC) issued a 
similar statement of clarification to the U.S. Medical Eligibility Criteria 
for Contraceptive Use73 stating that women at high risk for HIV infec-
tion using progestin-only injectable contraception should be strongly 
advised to also always use condoms (male or female) and take other 
preventive measures to avoid HIV transmission.73

For HIV-infected women, hormonal contraception prevents unin-
tended pregnancy, excess maternal morbidity, and vertical HIV trans-
mission. Given their global widespread use, concern was raised that 
hormonal contraception might lead to more rapid HIV disease pro-
gression. Heffron and colleagues studied 2269 chronically HIV-infected 
women from their African cohort.74 They found that there was no 
evidence that the use of hormonal contraception overall or the use of 
either injectable or oral contraception use, respectively, led to acceler-
ated disease progression.74

Huijbregts and associates explored the role of medroxyprogester-
one acetate (MPA), the active component of depot medroxyprogester-
one acetate (DMPA), the most widely used progestin-only injectable 
contraceptive, on the immune system.75 They showed that MPA inhib-
ited the cytokine and chemokine production by peripheral blood cells 
and activated T cells and that MPA prevented the downregulation of 
HIV-1 co-receptors CXCR4 and CCR5 on the surface of T cells after 
activation and increased HIV-1 replication in activated peripheral 
blood mononuclear cell cultures, suggesting that MPA may suppress 
both innate and adaptive arms of the immune systems, thus resulting 
in a reduction of host resistance to invading pathogens.75 Numerous 
studies and recent reviews of hormonal contraception and HIV acqui-
sition have not demonstrated a statistically significant increase in risk 
for HIV infection. However, the ongoing uncertainty, especially with 
respect to injectable hormonal use, underscores the need for dual 
protection with condoms and other preventive methods and the  
need for diverse contraceptive options for women at risk for HIV 
infection.76-78

Other less well-documented factors that are believed to increase the 
risk for heterosexual transmission include cervical ectopy or use of 
nonoxynol-9 (Table 128-1). A chemokine receptor gene mutation (i.e., 
a 32-base pair deletion in CCR5) seems to confer resistance to HIV in 
persons who are homozygous for this trait.59 Although persons with 
more advanced disease are more likely to transmit HIV, consistent with 
their increased viral burden, the data are incomplete. Using data from 
a study of HIV serostatus-discordant couples in Rakai, Uganda, Hol-
lingsworth and colleagues79 estimated that those with primary infec-
tion and late-stage infection were 26 and 7 times, respectively, more 
infectious than those with asymptomatic infection. High infectious-
ness during primary infection was estimated to last for approximately 
3 months after seroconversion, whereas high infectiousness during 
late-stage infection was estimated to be concentrated between 19 
months and 10 months, respectively, before death.79

In some men receiving potent ART, HIV was cleared successfully 
from the blood to below the level of detection of some laboratories 
(e.g., <400 copies/mL), but the men still were able to transmit HIV, 
suggesting a compartmentalization of HIV between semen and 
plasma.80 Many investigators have found that treatment-induced 
changes in HIV viral load generally are associated with a correspond-
ing change in the amounts of seminal and cervicovaginal HIV RNA, 

TABLE 128-1  Risk Factors Associated with Sexual 
Transmission of HIV

Sexually transmitted infections
Ulcerative/nonulcerative diseases

Genital tract inflammation
HIV disease

Higher viral loads
Lower CD4+ levels
Acute HIV infection
Lack of effective antiretroviral therapy
Lack of heterozygosity or homozygosity for the inactivating 32-base pair 

deletion in the chemokine receptor gene (CCR5)
Anatomic factors

Lack of circumcision
Cervical ectopy
Leukocytospermia
?Hormonal contraception

Sexual practices
Receptive anal intercourse
Sexual activity during menses
Bleeding during intercourse (disruption of vaginal mucosa through trauma)
Lack of barrier protection

HIV viral features
Syncytium formation
Certain viral clades

HIV, human immunodeficiency virus.
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“Fertility Issues”).120-125 Current microbicides in trials can be catego-
rized into vaginal defense enhancers, which help maintain the vaginal 
pH or facilitate the colonization of vaginal lactobacilli; surfactants (or 
detergents), which disrupt viral membranes; HIV entry inhibitors; and 
HIV reverse-transcriptase inhibitors.116 Cleansing the birth canal with 
chlorhexidine has been studied in Malawi; it did not decrease perinatal 
HIV transmission126 but did decrease early neonatal and maternal 
postpartum infectious problems.127

Strategies to Prevent Heterosexual 
Transmission
The introduction of potent combination ART in 1996 and the public 
health approach to HIV treatment in health care resource–limited set-
tings in 2002 have changed the course of the epidemic.128,129 ART to 
reduce the infectiousness of individuals with HIV and oral and topical 
preexposure prophylaxis (PrEP) for uninfected individuals to prevent 
HIV acquisition are the most promising approaches for decreasing the 
spread of the virus.86 ART given to HIV-infected partners with the 
purpose of achieving and maintaining full virologic suppression has 
been shown to prevent linked HIV transmission in an African cohort 
of serostatus-discordant couples.87 In a meta-analysis of studies report-
ing HIV transmission rates, ART histories and viral loads of the HIV-
positive partners, Loutfy and co-workers concluded that there is 
minimal risk for sexual transmission for heterosexual serostatus-
discordant couples when the HIV-positive partner has full viral sup-
pression, with caveats regarding lack of information on sexual 
intercourse type, STIs, and condom use.130 ART should be a key com-
ponent for all combination prevention strategies, and the challenge 
now is to improve access to ART and use more effective, better toler-
ated, and more durable ART. A health care system should be developed 
that can seamlessly link and retain patients in care and implement 
necessary improvements, such as easier to use point-of-care assays for 
virus load.131

Treatment of STDs is likely to decrease transmission of HIV and 
susceptibility to HIV infection. In a Tanzanian clinical trial conducted 
among persons in rural communities, universal STD screening and 
treatment of symptomatic cases of STD resulted in a 40% decrease in 
HIV incidence compared with that in a village in which no STD 
screening or treatment was available.132 However, a randomized, 
placebo-controlled trial in HIV-negative, HSV-2–seropositive women 
in Africa and MSM in Peru and the United States demonstrated that 
acyclovir, 400 mg twice daily, was able to suppress HSV-2 genital ulcers 
but was not effective in reducing HIV-1 acquisition in HSV-2–sero-
positive women and MSM.133

Barrier contraceptives constitute an effective means of preventing 
HIV transmission. de Vincenzi91 found no heterosexual transmission 
among 124 HIV serostatus-discordant couples who used condoms 
consistently but a seroconversion rate of 4.8 per 100 person-years for 
the 121 serostatus-discordant couples who used condoms inconsis-
tently. The use of barrier contraceptives such as condoms should be 
promoted as a means of contraception and as partial protection against 
HIV infection and other STDs.

The CDC expanded its prevention activities to include the Serosta-
tus Approach to Fighting the Epidemic, a program that especially 
targets HIV-infected persons.134 This program encourages people 
to know their HIV status and, if infected, encourages them to seek 
high-quality care and prevention services, helps them adhere to  
treatment regimens, and supports them in adopting and sustaining 
HIV risk-reduction behavior. By ensuring quality care for the HIV 
infection and focusing on behavioral interventions to prevent HIV 
transmission, it is hoped that the 1.1 million persons living in the 
United States with HIV infection will limit their spread of the virus  
to others.22 However, approximately 18% are unaware of their HIV 
status and therefore unable to access clinical care and life-sustaining 
treatment.22 In September 2006, the CDC released revised guidelines 
recommending universal, routine, and voluntary HIV screening in 
public and private health care settings for all adults and adolescents 
between the ages of 13 and 64.135 Unfortunately, despite the cost-
effectiveness of HIV testing and treatment in the United States,136 these 
guidelines have been difficult to implement fully across states and 
communities.137

HR, 3.17; 95% CI, 1.37 to 7.33).94 However, there were several limita-
tions affecting the generalizability of their results, including that all the 
participants were involved in a clinical trial and underwent couples 
HIV counseling and testing and index participants had baseline CD4 
counts greater than or equal to 250 cells/mm3 and were herpes simplex 
virus type 2 (HSV-2) seropositive. Mitchell and associates studied 54 
HIV-infected U.S. and Kenyan women prospectively and found in the 
women on ART that HIV shedding was greater if they were coinfected 
with certain bacterial vaginosis–associated species compared with 
women not on ART.93 Vaginal Lactobacillus species were associated 
with lower risk for genital HIV shedding, whereas the presence of 
certain bacterial vaginosis–associated species may increase that risk.93

The use of ART has led to significant decreases in morbidity and 
mortality due to HIV infection. Epidemiologic data suggest that ART 
has contributed to a resurgence of unsafe sexual practices, especially 
among some MSM.6,96 ART is believed to be associated with a loss of 
fear of acquiring and transmitting HIV, decreased use of condoms, and 
more unsafe sex among HIV-discordant and HIV-concordant couples, 
especially if they have responded well to ART. Other current factors 
associated with potential increases in sexual transmission of HIV 
include use of the Internet to identify potential sex partners (e.g., 
serosorting),97,98 increased use of erectile dysfunction medications 
(e.g., sildenafil [Viagra]) as recreational drugs, and increased desire of 
HIV-infected persons to have children.96,99,100,101,102

HIV Infection within the Genital Tract
Much research has been dedicated to isolation, identification, and 
quantification of the amount of HIV present within cervicovaginal 
secretions. The presence of HIV in the female genital tract is necessary 
for heterosexual transmission of HIV61 and for perinatal transmission 
of HIV during labor and delivery. HIV-1 has been isolated from cervi-
cal and cervicovaginal secretions obtained using cervicovaginal lavage 
and vaginal or cervical swabs or wicks.103 Although viral loads in 
genital secretions tend to be lower after initiation of effective antiret-
roviral medications, detectable HIV in genital secretions has been 
reported in men and women with undetectable plasma HIV levels.104,105 
Patients with a low plasma virus burden still may potentially transmit 
HIV to a sexual partner or perinatally to an infant, although the risk 
is low.

HIV has been detected in menstrual blood, and having intercourse 
during menses increases the risk for infecting the male partner.106 
Menstruation introduces approximately 80 mL of blood into the 
genital tract over a 3- to 5-day period.107 This menstrual blood is likely 
to contain HIV-infected cells and free virus, reflecting the HIV viral 
load of peripheral blood. Menstrual blood increases the pH in the 
vagina to the neutral range, improving the viability of HIV shed in 
menses and HIV in semen deposited in the vagina during inter-
course.108 Higher levels of HIV in the genital tract may be seen with 
conditions that increase the vaginal pH, such as blood in the vagina, 
bacterial vaginosis, lack of Lactobacillus, menopause, intercourse, and 
possibly the use of some forms of birth control.109-112 More recent 
studies confirmed that although plasma HIV-1 viral load remained 
constant during the menstrual cycle, genital viral loads are lower in the 
periovulatory phase and highest during menses.113-115 These results 
suggest that local factors may affect the genital viral load compartment 
independent of plasma viral load.113-115

Research is under way to develop intravaginal microbial agents 
capable of decreasing the heterosexual and perinatal transmission of 
HIV-1.116 Although nonoxynol-9, a commonly used spermicidal agent, 
has anti-HIV activity in vitro, there have been safety concerns after 
reports of vaginal ulceration and inflammation during clinical 
studies.117,118 A placebo-controlled trial of nonoxynol-9 in sex workers 
in four countries did not show a protective effect of nonoxynol-9 on 
HIV-1 transmission.119 The risk for acquiring HIV was higher in the 
women in the nonoxynol-9 group who used a mean of 3.5 applicators 
or more per working day compared with women who used fewer 
administrations per day or the placebo. Nonoxynol-9 may cause toxic 
effects enhancing HIV-1 infection and should not be used as a poten-
tial HIV prevention method.

Assessment of other microbicides and antiretroviral preparations  
is under way, and some results have recently been published (see  
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efficacy for HIV prevention in women. There is much that is not yet 
understood in terms of PrEP for women, such as what is the optimal 
drug concentration necessary to prevent HIV transmission, how 
should ART be given (e.g., orally, vaginally, parenterally), what is the 
optimal timing of dosing (around coitus or daily administration) and 
for how long, and how can we promote effective use of prevention 
strategies.138

Perinatal Transmission
Understanding of factors associated with increased perinatal transmis-
sion of HIV has increased greatly, and advances have led to earlier, 
more reliable detection of HIV infection in neonates. Although highly 
active combination antiretroviral medications used during pregnancy 
and delivery have resulted in dramatic decreases in perinatal transmis-
sion, much still is poorly understood about mechanisms and patho-
genesis of mother-to-child transmission.

Before the use of antiretroviral medications, estimates of the fre-
quency of perinatal transmission ranged from a low of 13% in Europe 
to a high of more than 60% in Africa, with frequencies of 14% to 33% 
reported in the United States.139,140 As the number of women who 
become HIV infected during their childbearing years increases, so will 
the number of children who contract HIV perinatally without effective 
intervention. Effective antiretroviral medications for PMTCT can 
reduce perinatal HIV transmission to less than 2% in the absence of 
breast-feeding and to less than 5% by 6 months of age among breast-
feeding infants.141,142 Despite the WHO calling for the “virtual elimina-
tion” of pediatric HIV infection, access to antiretroviral agents for 
PMTCT remains limited, with only 57% of HIV-infected pregnant 
women in low- and middle-income countries having received them in 

Another strategy to decrease the sexual transmission of HIV 
involves the use of ART for primary prevention (i.e., PrEP). Even after 
more than 30 years of the HIV epidemic, the number of new infections 
both worldwide and in settings with highly available health care 
resources such as the United States has been stable. The majority of 
new HIV infections occur in countries with low to moderate levels of 
health care resources, and key populations for prioritizing novel HIV 
prevention interventions include young women, who face a very high 
incidence particularly in southern Africa, heterosexual HIV serostatus-
discordant couples, and commercial sex workers.138 The past few years 
have seen significant advances in knowledge regarding antiretroviral-
based PrEP, including definitive evidence that PrEP works for HIV 
prevention at least in some populations.138 Other advances include 
regulatory approval for combination oral emtricitabine/tenofovir diso-
proxil fumarate (FTC/TDF) as the first PrEP agent with a label indica-
tion for prevention of sexual HIV acquisition and the development of 
guidelines for delivery of PrEP in clinical settings.138 Still, many ques-
tions remain about how best to motivate uptake by populations at risk 
for HIV infection, how much use is sufficient to achieve protection 
from the virus, and are there newer, simpler PrEP agents such as a 
monthly injection that may be effective in the future.138 Seven random-
ized, double-blind, placebo-controlled clinical trials of oral and topical 
TDF-based PrEP for HIV prevention have been conducted in the 
context of HIV prevention services. These have included HIV and 
risk-reduction counseling to participants and their partners, screening 
and treatment for STIs, provision of condoms, referrals for male cir-
cumcision, and provision of ART to HIV-infected partners.138 Table 
128-2 highlights the key PrEP studies in women, their primary find-
ings, and the fact that not all clinical trials of PrEP have demonstrated 

TABLE 128-2  Preexposure Prophylaxis Antiretroviral Therapy–Based Clinical Trials in Women

STUDY POPULATION LOCATION INTERVENTION OUTCOME COMMENTS
CAPRISA 

004121
889 women; at high risk; 

aged 18-40 yr
South Africa TDF vaginal gel vs. 

placebo; coitally 
associated use

39% protection
(95% CI, 6%-60%; P = .017)

Detection of high concentrations of TDF 
in cervicovaginal fluid associated with 
74% reduced risk

TDF2123 1219 sexually active adults; 
55% male, 45% female; 
approximately 90% age 
21-29 yr

Botswana Daily oral TDF/FTC 
vs. placebo

63% protection (95% CI, 
22%-83%; P = .01)

>30% did not complete study; greater 
TDF blood concentrations in those who 
remained HIV uninfected compared 
with those who acquired HIV; cannot 
draw definitive conclusions for women 
and men separately

Partners 
PrEP 
Study66

4758 heterosexual 
serodiscordant couples; 
38% negative-female, 
68% negative-male 
partner; median age 33 yr

Botswana, Kenya, 
Rwanda, South 
Africa, Tanzania, 
Uganda, Zambia

Daily oral TDF, TDF/
FTC, or placebo

67% protection with TDF 
alone; 75% protection with 
TDF/FTC; TDF vs. FTC/TDF: 
not statistically significant in 
primary analysis

TFV detected in blood samples from 82% 
of a subset of HIV-uninfected subjects 
vs. 31% of those who acquired HIV; 
detection of TFV in blood associated 
with 86%-90% protection

FEM-PrEP463 2120 heterosexual women 
at high risk for infection 
aged 18-35 yr

Kenya, South 
Africa, Tanzania

Daily oral TDF/FTC 
vs. placebo

Trial discontinued for lack of 
efficacy for HIV prevention 
in April 2011

TFV consistently detected in blood 
samples from <30% of a subset of 
HIV-uninfected subjects

VOICE 
(MTN-
003)124

5029 heterosexual women 
aged 18-45 yr in 
high-prevalence areas

South Africa, 
Zimbabwe, 
Uganda

Daily oral TDF, FTC/
TDF, or placebo 
or daily vaginal 
TDF gel or 
placebo gel

TDF and TDF gel discontinued 
early owing to lack of 
efficacy for HIV protection. 
No study drug significantly 
reduced the risk for HIV 
acquisition: HIV incidence 
was 5.7 per 100 person-
years (range, 0.8-9.9 per 
100 person-years). 
Effectiveness was −48.8% 
for TDF; −4.2% for TDF/FTC; 
and 14.7% for TDF gel.

Adherence to study drugs was low: TFV 
was detected in 28% of the oral TDF 
arm, 29% in the oral TDF/FTC arm and 
22% in the TDF gel arm

HPTN 05287 1763 heterosexual 
serostatus-discordant 
couples; 50% negative 
female, 50% negative 
male partner; 94% 
married; 61% aged 
26-40 yr

Botswana, Kenya, 
Malawi, South 
Africa, 
Zimbabwe, 
Brazil, India, 
Thailand

Immediate or 
delayed 
antiretroviral 
therapy in 
HIV-infected 
partner

96% protection Suppression of viremia on therapy 
ensured by routine monitoring

FTC, emtricitabine; HIV, human immunodeficiency virus; TDF, tenofovir disoproxil fumarate; TFV, tenofovir.
Modified from Kashuba ADM, Patterson KB, Dumond JB, et al. Pre-exposure prophylaxis for HIV prevention: how to predict success. Lancet. 2012;379:2409-2410; 

Baeten JM, Grant R. Use of antiretrovirals for HIV prevention: what do we know and what don’t we know? Curr HIV/AIDS Rep. 2013;10:142-151; Marrazzo J, Ramjee G, 
Nair G, et al; VOICE Study Team. Pre-exposure prophylaxis for HIV in women: daily oral tenofovir, oral tenofovir/emtricitabine, or vaginal tenofovir gel in the VOICE study 
(MTN 003). Abstract 26LB CROI, Atlanta, March 2013; and the Panel on Antiretroviral Guidelines for Adults and Adolescents. Recommendations for Use of Antiretroviral 
Drugs in HIV-1–Infected Women for Maternal Health and Interventions to Reduce Perinatal HIV Transmission in the United States. Department of Health and Human 
Services. Updated 7/31/12. Available at http://aidsinfo.nih.gov/contentfiles/lvguidelines/AdultandAdolescentGL.pdf. Accessed April 18, 2013.
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Foundation, which has committed more than $2.5 billion for treatment 
and prevention of HIV infection.2,146 With increased support and polit-
ical will, the world is moving closer toward improving access to ART 
and eliminating mother-to child transmission of HIV.

Preconception Counseling and Care for 
HIV-Infected Women of Childbearing Age
The CDC, the American College of Obstetricians and Gynecologists, 
and other national organizations recommend offering all women of 
childbearing age comprehensive family planning and the opportunity 
to receive preconception counseling and care as a component of 
routine primary medical care.148 Preconception care is not something 
that occurs in a single visit but, rather, a process that includes ongoing 
care and interventions integrated into primary care to address the 
needs of women during different stages of reproductive life. Because 
more than half of all pregnancies among HIV-infected women in the 
United States are unintended and contraception is underutilized,148-151 
it is important that comprehensive family planning and preconception 
care be integrated into routine health visits. Providers should initiate 
and document a nonjudgmental conversation with all women of repro-
ductive age concerning their reproductive desires because women may 
be reluctant to initiate this discussion.152,153

The goals of preconception care for women living with HIV are  
to prevent unintended pregnancy, optimize maternal health before 
pregnancy, improve maternal and fetal outcomes in pregnancy, pre-
vent perinatal transmission, and prevent HIV transmission to an  
HIV-uninfected sexual partner when trying to conceive.154 HIV care 
providers who routinely care for women of reproductive age play a 
critical role in promoting preconception health and informed repro-
ductive decision-making. The fundamental principles of preconcep-
tion counseling and care are outlined in the CDC Preconception  
Care Work Group’s Recommendations to Improve Preconception 
Health and Health Care (www.cdc.gov/mmwr/preview/mmwrhtml/
rr5506a1.htm).149 In addition to the general components of preconcep-
tion counseling and care that are appropriate for all women of repro-
ductive age, HIV-infected women have specific needs that should be 
addressed.148 Because many women infected with HIV are aware of 
their HIV status before becoming pregnant, issues that impact preg-
nancy can be addressed before conception during routine medical care 
for their HIV disease. In addition to discussing their fertility desires 
and reproductive option at each visit, women should be counseled on 
safe sexual practices to prevent HIV transmission to sexual partners 
and to protect women from acquiring STDs. All women should be 
offered effective and appropriate contraceptive methods to reduce the 
likelihood of unintended pregnancy, including hormonal contracep-
tion and intrauterine devices, and offered emergency contraception as 
appropriate.148 Providers should be aware of potential interactions 
between antiretroviral medications and hormonal contraceptives that 
could lower contraceptive efficacy (Table 128-3).

HIV infection has become a manageable chronic disease in devel-
oped countries, with life expectancy of recently diagnosed, asymptom-
atic HIV-positive patients approaching that of uninfected individuals, 
especially if they do not engage in high-risk behaviors (e.g., injection 
drug use) and start effective ART before significant immune suppres-
sion has occurred.155 With current interventions for PMTCT, perinatal 
transmission rates have fallen to less than 1% to 2% and fewer than 
200 infants were infected in the United States in 2011.5,6 Most HIV-
infected children now live to become adults,156 and many are having 
children themselves.157 In a study using the U.S. Women’s Interagency 
HIV Study (WIHS) cohort of HIV-infected women and matched unin-
fected women, HIV-infected women had a 150% increase in live birth 
rates in the period of highly active ART therapy (HAART) (during 
2001 to 2002) compared with the pre-HAART period (1994 to 1995), 
with only a 5% increase among HIV-uninfected women.158 Abortions 
were also less likely in this population after the introduction of ART.159

Timing of Transmission
HIV can be transmitted from an HIV-infected woman to her child 
during intrauterine gestation, at delivery, or in the postpartum period 
through breast-feeding. HIV-1 has been isolated from fetal blood 
samples taken before elective terminations160 and from fetal tissues at 

2011.142,143 In 2011, an estimated 330,000 infants acquired HIV infec-
tion from their mothers in sub-Saharan Africa, which was 43% fewer 
than in 2003 when 560,000 children were infected.1,143

In 2010, the WHO revised guidelines for PMTCT to include iden-
tifying pregnant HIV-infected women with CD4 counts less than or 
equal to 350 cells/mm3 or WHO stage 3 to 4 disease who require life-
long combination ART for treatment of their own health and for 
PMTCT.144 For women with less-advanced disease, the WHO recom-
mended a country or program-level choice between option A (mater-
nal zidovudine [ZDV] during pregnancy; infant nevirapine [NVP] 
through breast-feeding) and option B (maternal three-drug antiretro-
viral regimen during pregnancy and breast-feeding, with stopping after 
weaning). Some programs have been considering option B+ (maternal 
three-drug antiretroviral regimen initiated in pregnancy regardless of 
maternal CD4 count and continued lifelong including throughout 
breast-feeding and subsequent pregnancies).142,145 Ciaranello and col-
leagues performed a cost-effectiveness analysis using Zimbabwean 
data in a validated computer model to simulate a cohort of pregnant, 
HIV-infected women with guideline-concordant care to one of four 
PMTCT regimens: single-dose nevirapine (sdNVP), option A, option 
B, and option B+.141 Outcomes included maternal and infant life expec-
tancy and lifetime health care costs. These researchers found that 
replacing sdNVP with option A would increase maternal and infant 
life expectancy by close to a year and would reduce lifetime costs from 
$5760 to $5710 per mother-infant pair. Compared with option A, 
option B improved life expectancy by another 6 months and saved 
money within 4 years after delivery ($5630 per mother-infant pair). 
Option B+ increased life expectancy even further but at slightly 
increased cost ($6620 per mother-infant pair), with an incremental 
cost-effectiveness ratio per year of life saved of $1370 compared with 
option B.141 Thus, both option A and option B improve maternal and 
infant outcomes and save money compared with sdNVP. Option B+ 
further improves maternal outcomes with an additional cost per year 
similar to many currently HIV-related health care interventions.141

Barriers to ART provision for pregnant women in health care 
resource–limited settings include the need for CD4 cell count, distance 
between antenatal care sites where HIV diagnosis is made and ART 
sites where treatment is started, transportation costs, and human 
resource constraints that lead to long waiting times and scheduling 
difficulties.143 Recently, the CDC reported on the implementation of 
option B+ in the third quarter of 2011 in Malawi, a country where an 
important barrier to PMTCT is the limited laboratory capacity to 
perform a CD4 cell count.143 The Malawi Ministry of Health began a 
program in which all HIV-infected pregnant and breast-feeding 
women were eligible for lifelong ART regardless of CD4 status. Since 
that time, other countries, including Rwanda, Uganda, and Haiti, have 
adopted the option B+ policy.143 In Malawi, the number of pregnant 
and breast-feeding women started on ART per quarter increased by 
748%, from 1,257 in the second quarter of 2011 prior to program 
implementation to 10,663 in the third quarter of 2012, which was 1 
year after implementation of option B+ policy.143 More than 77% of 
women started on ART during pregnancy or while breast-feeding in 
Malawi have continued on ART 1 year later, a finding similar to that 
of the national ART program. The removal of the barrier of CD4 cell 
count, decentralization of ART into all antenatal care sites, and the 
training of nearly all nurses and clinical officers on the new integrated 
PMTCT/ART guidelines facilitated the increase in the number of preg-
nant and breast-feeding women started on ART in Malawi. Option B+ 
is an important innovation that has the potential to accelerate the goal 
of eliminating mother-to-child transmission of HIV worldwide.143

In 2011, about half (54%) of the 14.8 million people who were 
eligible for ART were receiving it.3 With the creation of the WHO’s 
Global Programme on AIDS in 1987, Joint United Nations Programme 
on HIV/AIDS (UNAIDS) in 1996, the Global Fund in 2001, and the 
President’s Emergency Plan for AIDS Relief (PEPFAR) in 2003, among 
other programs, more than $7.6 billion has been disbursed in 2011, up 
from $1.2 billion in 2002, to address HIV infection in low- and middle-
income countries.2,146,147 The Global Fund has approved more than $13 
billion for efforts to fight HIV infection in more than 100 countries to 
date.2 Other private foundations and corporations have provided addi-
tional funding to the Global Fund, including the Bill & Melinda Gates 
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and serologic data, applied mathematical modeling to estimate the 
timing of perinatal transmission in non–breast-feeding women.140,168 
The investigators estimated that 92% of all instances of transmission 
occurred during the last 2 months of pregnancy and that 65% (95% 
CI, 22% to 92%) occurred during the intrapartum period.168

Twin studies have been used to further understanding of the timing 
of perinatal HIV transmission. Goedert and co-workers169 studied 22 
pairs of HIV seropositivity–discordant twins, and in 18 of the 22 pairs, 
the presenting twin was the infected sibling. Data from the Interna-
tional Registry of HIV-Exposed Twins suggest that the risk for infec-
tion in the twin who is born first is twice that in the second-born twin 
(26% and 13%, respectively).140,169,170 The greater infection rates of first-
born twins may be linked to increased contact with maternal secretions 
during birth.

Risk Factors
Perinatal transmission is a multifactorial process, influenced by viral, 
immune, and clinical factors in the mother and the infant (Table  
128-4). Maternal plasma viral load is the strongest predictor of the risk 
for transmitting HIV perinatally.148,171 Coll and associates172 studied 67 

TABLE 128-3  Pharmacokinetic Interactions 
Between Selected Protease Inhibitor or Non-
nucleoside Reverse-Transcriptase Inhibitor 
Therapies and Oral Contraceptive Pills

INCREASES LEVELS OF EE 
OR NE

DECREASES LEVELS OF EE  
OR NE

Atazanavira Increases EE 
↑48%

Atazanavir/
ritonavirb,d,f

Decreases EE ↓19%

Increases NE 
↑110%

Increases Norgestimate 
↑85%

Efavirenzc No change: EE Darunavir/
ritonavird,f

Decreases EE ↓44%
Decreases NE ↓14%

Efavirenzc Decreases NE
Levonorgesterol ↓83%
Norelgestromin ↓64%
Decreases NE ↓37%

Fosamprenavir/
ritonavird,f

Decreases NE ↓34%

Etravirinee Increases EE 
↑22%

No change: NE

Lopinavir/
ritonavird,f

Decreases EE ↓42%
Decreases NE ↓17%

Fosamprenavirf Increases EE Nelfinavirf Decreases EE ↓47%
Decreases NE ↓18%Increases NE

Decreases 
amprenavir 
levels ↓22%

Indinavire Increases EE 
↑25%

Increases NE 
↑26%

Nevirapinec Decreases EE ↓20%
Decreases NE ↓19%
No change: DMPAg

Saquinavir/
ritonavird,f

Decreases EE

Rilpivirinec Increases EE 
↑14%

No change: NE

Tipranavir/
ritonavird,f

Decreases EE ↓48%
No change: NE

aOral contraceptive should contain no more than 30 µg ethinyl estradiol or use 
additional or alternative contraceptive method.

bOral contraceptive should contain at least 35 µg ethinyl estradiol.
cConsider an alternative method or a reliable method of barrier contraception in 

addition to combined hormonal methods and progestin-only pills.
dConsider an alternative method or a reliable method of barrier contraception 

for etonogestrel implants
eNo dose adjustment needed.
fUse alternative contraceptive method.
gBecause the hormonal levels achieved with depot medroxyprogesterone acetate 

(DMPA) are substantially higher than are required for contraception, any small 
reduction in hormonal level due to antiretroviral therapy is believed to be unlikely 
to reduce contraceptive effectiveness.

Maraviroc, raltegravir, and elvitegravir/cobicistat do not appear to alter hormonal 
levels, and no additional contraceptive protection is needed in addition to 
hormonal contraception.

EE, ethinyl estradiol; NE, norethindrone.
Modified from Guidelines for the Use of Antiretroviral Agents in HIV-1–Infected 

Adults and Adolescents. Available at http://aidsinfo.nih.gov/guidelines/html/1/
adult-and-adolescent-arv-guidelines/0/. Accessed April 29, 2013; and Panel on 
Antiretroviral Guidelines for Adults and Adolescents. Recommendations for Use of 
Antiretroviral Drugs in HIV-1–Infected Women for Maternal Health and Interventions 
to Reduce Perinatal HIV Transmission in the United States. Department of Health 
and Human Services. Updated 7/31/12. Available at http://aidsinfo.nih.gov/
contentfiles/lvguidelines/AdultandAdolescentGL.pdf. Accessed April 30, 2013.

TABLE 128-4  Potential Factors Influencing 
Mother-to-Child Transmission of HIV

Maternal Factors
Advanced HIV disease, as measured by:

Clinical staging
Low CD4+ lymphocyte count
Higher viral loads
p24 antigenemia

Primary HIV infection

Viral phenotype: syncytium inducing

Viral genotype: virulent mutant strain of HIV

Coinfection with other sexually transmitted diseases

First-born twins

Obstetric events
Vaginal delivery
Invasive procedures or fetal monitoring during labor
Prolonged premature rupture of membranes (>4 hr)

Older maternal age

Cigarette smoking and illicit drug use during pregnancy

Breast-feeding

Unprotected sexual intercourse with multiple partners

Fetal or Placental Factors
Chorioamnionitis

Prematurity

Low birth weight

Labor or Birth Canal Factors
Cervicovaginal viral load

Local HIV-specific immune response

Maternal-fetal transfusion of blood

Immune Factors

Humoral
Neutralizing antibody

Antibody-dependent cellular cytotoxicity

gp120 V3 loop antibody

MHC concordance and homozygosity

Maternal human leukocyte antigen A*2301

Other

Cell Mediated
Cytotoxic T lymphocytes

CD8 suppression

Mucosal immunity

Other

HIV, human immunodeficiency virus; MHC, major histocompatibility complex.
Modified from Sprecher S, Soumenkoff G, Puissant F, et al. Vertical transmission 

in a 15-week fetus. Lancet. 1986;2:228, © by The Lancet Ltd., 1986; and Bryson 
YJ. Perinatal HIV-1 transmission: recent advances and therapeutic interventions. 
AIDS. 1996;3:533-542.

8 weeks of gestation.161-164 In addition, in fetuses lost early in pregnancy, 
one study found that half had thymic tissue heavily infected with HIV, 
resulting in lymphoid depletion, epithelial injury, and precocious invo-
lution.165 In half of the infants who eventually are proven to be HIV 
infected, HIV-1 can be identified by culture, polymerase chain reaction 
(PCR) assay, or p24 antigen detection at or shortly after birth, which 
suggests that they were infected in utero before delivery.166 HIV-
infected infants who test negative for HIV by PCR assay or culture at 
birth may have been infected late in pregnancy or during the birthing 
process. The differences in onset and progression of HIV infection in 
infants may reflect timing of infection, whereas infants infected earlier 
in pregnancy typically have more rapid progression to AIDS than do 
infants infected at birth, who present with asymptomatic HIV infection 
and have prolonged survival.167

Perinatal transmission is thought to occur near or during delivery 
in most cases.139,140,148 The French Collaborative Study, using virologic 
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http://aidsinfo.nih.gov/contentfiles/lvguidelines/AdultandAdolescentGL.pdf
http://aidsinfo.nih.gov/contentfiles/lvguidelines/AdultandAdolescentGL.pdf
http://www.myuptodate.com


P
a
rt

 I
I 

M
aj

o
r 

C
lin

ic
al

 S
yn

d
ro

m
es

1598

macrophages preferentially are infected by non–syncytium-inducing 
monocyte/macrophage tropic viral isolates.140,190

HIV-1 can be classified into at least nine different genotypes (clades) 
based on differences in the envelope region of the viral genome.140 The 
distribution of subtypes differs around the world: subtype B predomi-
nates in the United States and Europe; subtypes A, C, and D predomi-
nate in Africa; and subtypes B and E predominate in Thailand.140 The 
role of subtypes in perinatal transmission is as yet undefined, but some 
epidemiologic studies have suggested that subtype E may be transmit-
ted sexually more efficiently than subtype B, perhaps accounting for at 
least some of the differences in transmission rates seen between 
countries.140,191

Sociodemographic and lifestyle factors also seem to influence the 
risk for perinatal transmission. Maternal drug and tobacco use, espe-
cially after the first trimester, may modify the risk for perinatal HIV-1 
transmission.188,192 Several studies have suggested that the rate of peri-
natal transmission is increased with a higher frequency of unprotected 
vaginal intercourse after the first trimester of pregnancy even after 
controlling for maternal CD4+ counts, ZDV use, and higher frequency 
of STDs diagnosed during pregnancy.188,192,193

Obstetric factors also are believed to be associated with increased 
perinatal HIV-1 transmission, especially when patients are not on 
virally suppressed ART. These include chorioamnionitis, placenta 
previa, preterm delivery, and invasive interventions, such as scalp 
monitoring, chorionic villus sampling, amniocentesis, cord blood sam-
pling, and placental biopsy.194,195

Several studies done before combination ART and viral load testing 
became a routine part of clinical practice consistently showed that 
elective cesarean delivery performed before the onset of labor and 
rupture of membranes significantly reduces the risk for perinatal trans-
mission of HIV-1 by 55% to 80%.148 The protective benefit of elective 
cesarean section was shown in two studies: (1) a large meta-analysis of 
15 prospective North American and European cohort studies consist-
ing of 8533 mother-child pairs196 and (2) a prospective, randomized 
clinical trial of elective cesarean section versus vaginal delivery among 
370 mother-child pairs.197 In the meta-analysis, after adjustment for 
receipt of ART, maternal stage of disease, and infant birth weight, an 
elective cesarean section decreased the risk for perinatal transmission 
of HIV-1 by 50% (adjusted OR, 0.43; 95% CI, 0.33% to 0.56%).196 The 
transmission rate in the randomized, prospective clinical trial within 
the cesarean section arm was only 1.8% (3 of 170 infants) compared 
with 10.5% (21 of 200 infants) in the vaginal delivery arm.197 Although 
the data clearly show a protective benefit of elective cesarean section, 
these studies were performed in populations not receiving ART with 
protease inhibitors or NNRTIs and in which patients did not have HIV 
viral loads monitored.

The degree of protective efficacy that cesarean section offers to 
patients on ART or with undetectable plasma viral loads remains 
unknown. Among 366 women in four studies, there has been only one 
documented case of HIV transmission among women taking antiret-
roviral medications with viral loads less than or equal to 500 copies/
mL late in pregnancy.148 Scheduled cesarean section is unlikely to 
reduce this low transmission rate further among treated women with 
undetectable viral loads, and it would not prevent in utero transmis-
sion.148 For HIV-positive women, cesarean section may be associated 
with increased risk for infection and other postoperative morbidity, 
especially in women with advanced HIV disease.198 The morbidity 
from cesarean section was low in the prospective, randomized trial, 
but postpartum fever was significantly more frequent in the women 
who delivered by elective cesarean section versus vaginal delivery 
(6.7% vs. 1.1%; P = .002).197 Current U.S. guidelines recommend that 
women with HIV-1 RNA levels greater than 1000 copies/mL near the 
time of delivery be counseled regarding the benefit of scheduled cesar-
ean delivery at 38 weeks in reducing the risk for perinatal transmis-
sion.148 The current British HIV Association (BHIVA) guidelines differ 
and recommend vaginal delivery of the neonate for women with a 
plasma HIV-1 RNA level of less than 50 copies/mL at 36 weeks’ gesta-
tion.199 Giles describes the major areas where the U.S. and British 
Guidelines differ despite both being evidence-based, including mode 
of delivery according to maternal viral load, as well as use of efavirenz 
(EFV) in pregnancy, duration of neonatal ZDV, and the number of 

HIV-1–infected mothers during pregnancy and labor and their 69 
neonates and found a strong relationship between plasma viral RNA 
concentrations of more than 105/mL (odds ratio [OR], 22; 95% CI, 4.4 
to 119.2; P < .00001) and CD4+ cell counts of fewer than 400/mm3 
(OR, 4.1; 95% CI, 1.1 to 15.4; P = .01) and transmission of HIV. Women 
with more advanced HIV disease and lower CD4+ and higher CD8+ 
T-cell counts are at increased risk to transmit HIV perinatally.139,173,174 
In a nested case-control study within a prospectively followed cohort 
of HIV-infected women, Thea and colleagues175 found that high mater-
nal viral load increased the likelihood of perinatal transmission in 
women without AIDS. Primary HIV infection in pregnancy or during 
breast-feeding associated with acute high-titer HIV viremia also seems 
to be associated with increased rates of transmission. No threshold has 
been observed below which transmission does not occur; women with 
undetectable plasma HIV RNA have transmitted HIV perinatally.171,176 
In a collaboration of studies, Ioannidis and co-workers177 identified 44 
cases of perinatal HIV-1 transmission among 1202 women with HIV-1 
RNA viral loads less than 1000 copies/mL at delivery or at the measure-
ment closest to delivery. The transmission rate was approximately 1% 
for women on ART, which was significantly lower than the 9.8% rate 
for untreated mothers. Multiple RNA measurements were obtained 
during pregnancy or at the time of delivery in 12 cases, 10 of whom 
had a mean viral load greater than 500 copies/mL. Perinatal HIV-1 
transmission may be almost eliminated with combination antiretrovi-
ral prophylaxis accompanied by suppression of maternal viremia.177

Use of antiretroviral regimens for perinatal prophylaxis that are not 
completely suppressive (e.g., ZDV or NVP monotherapy) may result 
in the development of resistance mutations and possibly increase the 
risk for perinatal transmission or progression in infected infants. Peri-
natal transmission of HIV with mutations associated with ZDV resis-
tance has been described.178,179 The current Recommendations for Use 
of Antiviral Drugs in Pregnant HIV-Infected Women for Maternal 
Health and Interventions to Reduce Perinatal HIV Transmission in the 
United States advise that all pregnant HIV-infected women should 
receive a combination antiretroviral drug regimen to prevent perinatal 
transmission regardless of plasma HIV RNA copy number or CD4 cell 
count and those with detectable HIV-RNA have antiretroviral drug 
resistance studies performed before starting or modifying ART.148

Many reports have correlated perinatal transmission with virologic 
factors, including p24 antigenemia,139,174 syncytium-inducing versus 
non–syncytium-inducing phenotype,139 and persistently positive 
HIV-1 cultures.173 MacDonald and associates180 found that maternal-
child major histocompatibility complex discordance was associated 
with decreased perinatal transmission of HIV. Mackelprang and col-
leagues have found both maternal human leukocyte antigen (HLA) 
homozygosity and maternal HLA-A*2301 were associated with 
increased perinatal HIV transmission.181,182

Vitamin A deficiency in pregnant HIV-infected women has been 
associated with increased vaginal HIV-1 shedding183 and has intermit-
tently been shown to be an independent predictor of perinatal 
transmission.184-186 Vitamin A helps promote epithelial cell regenera-
tion, and low vitamin A levels may be associated with mucosal breaks 
and increased HIV shedding into genital secretions.140,187 Vitamin A 
deficiency also is associated with impaired immunity and increased 
susceptibility to infection. In a recent meta-analysis, vitamin A supple-
mentation in HIV was protective against low birth weight but no effects 
on preterm delivery or small-for-gestational age were observed.186 
Vitamin A supplementation was associated with higher hemoglobin 
levels and reduced anemia risk during pregnancy but had no effect on 
mother-to-child transmission.186 Given the possibility of teratogenicity 
of vitamin A when administered early in gestation188 and the potential 
for harm through increased HIV transmission in some populations, 
vitamin A supplementation beyond that present in prenatal vitamins 
is not recommended at present. Currently available evidence does not 
support the use of vitamin A supplementation of HIV-infected preg-
nant women to decrease mother-to-child transmission of HIV.185,186

Viral biologic phenotypes may influence transmission. Monocyte/
macrophage-tropic or non–syncytium-inducing viral isolates may  
be more likely to be transmitted than maternal T cell–tropic or 
syncytium-inducing isolates.140 Isolates obtained from infected infants 
tend to be of the non–syncytium-inducing phenotype,189 and neonatal 
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sub-Saharan Africa, where 90% of HIV-infected children live, as many 
as 40% of new HIV infections, more than 130,000 annually, occur in 
the postpartum period through breast milk.1,2,210 The only method to 
eliminate the risk for breast-feeding–associated HIV transmission is 
not to breastfeed; however, exclusive breast-feeding lowers the risk for 
infant mortality and of postnatal HIV transmission compared with 
mixed feeding but does not eliminate the risk.210,211 Current strategies 
under study in a health care resource–limited setting are provision of 
antiretroviral medications to infants exposed to HIV during breast-
feeding and provision of combination ART to breast-feeding women.143 
Two randomized, controlled trials effectively demonstrated the safety 
and efficacy of infant prophylaxis to decrease postnatal transmission. 
The Six-Week Extended Nevirapine study compared single-dose 
maternal/infant NVP with single-dose NVP plus extended daily infant 
NVP from age 1 to 6 weeks.210,212 Among infants who were uninfected 
at birth, there was a 46% reduction in the relative risk of postnatal 
infection at age 6 weeks (transmission rate of 2.5% in the extended 
NVP vs. 5.3% in the single-dose NVP arm of the study); however, there 
was diminished efficacy by age 6 months.210,212 The Post-Exposure Pro-
phylaxis to the Infant trial in Malawi evaluated a longer regimen of 
infant prophylaxis (e.g., single-dose maternal/infant NVP combined 
with 1 week of infant ZDV compared with two experimental regimens, 
one with an additional 14 weeks of extended daily infant NVP and the 
other with 14 weeks of extended NVP and ZDV).213 Extended prophy-
laxis with NVP or with NVP and ZDV for the first 14 weeks of life 
significantly decreased postnatal HIV infection in 9-month-old infants 
from 10.6% in the control group compared with 5.2% in the extended 
NVP group and 6.4% in the extended dual prophylaxis group.213 A 
recent randomized placebo-controlled study of extended nevirapine 
given once daily for up to 6 months compared with 6 weeks in four 
African countries found a 54% reduction in mother-to-child transmis-
sion from 2.4% of controls compared with 1.1% for infants on extended 
nevirapine.214 However, mortality rates at 6 months did not differ 
between groups.214 Data from 5396 mother-infant pairs who partici-
pated in five randomized trials where the infant was HIV negative at 
birth were pooled to estimate the efficacy of infant NVP prophylaxis 
to prevent breast milk HIV transmission, comparing NVP for 6 weeks, 
14 weeks, or 28 weeks, or NVP plus ZDV for 14 weeks.215 Extended 
prophylaxis with NVP or with NVP and ZDV significantly reduced 
postnatal HIV infection, with longer duration resulting in greater 
reduction in the risk for infection.215 Numerous studies have supported 
the use of maternal ART during lactation to reduce postnatal HIV 
transmission. Recent studies suggest that giving antiretroviral agents 
to the breast-feeding infant can also decrease the risk for HIV trans-
mission.216 Access worldwide to ART is increasing rapidly, primarily 
determined by countrywide policies. It is hoped that the successful 
implementation of option B+ in which all HIV-infected pregnant and 
breast-feeding women are eligible for lifelong ART regardless of CD4 
count or plasma viral load will help to eliminate mother-to-child trans-
mission and prevent heterosexual transmission to HIV-uninfected 
sexual partners.87,143

Impact of Pregnancy on HIV Infection
Although pregnancy and HIV infection are immunosuppressive con-
ditions, large studies in the United States and Europe failed to show 
that pregnancy accelerates HIV replication or disease progression.217-220 
Data from developing countries suggest that there may be a progres-
sion of HIV disease in pregnancy under certain conditions.221 Differ-
ences in the impact of pregnancy on HIV infection across geographic 
areas may reflect differences in potential confounding issues, such as 
poverty and nutrition, greater likelihood of advanced HIV disease at 
the time of pregnancy, and the impact of additional infectious dis-
eases.165 Pregnancy does not seem to result in acceleration of HIV 
disease in most HIV-infected women; however, women with more-
advanced disease tend to experience disease progression over a shorter 
period than that typical of women with less-advanced disease, suggest-
ing that the pregnancy may enhance progression of HIV disease in 
such cases.222 In South Africa, a recent report noted that the maternal 
mortality ratio in HIV-infected women was about 10 times higher 
than in uninfected women, in a setting where few women were receiv-
ing ART.223

antiretroviral agents to prescribe in a neonate considered high risk for 
acquiring HIV infection.200 It is important to keep abreast of the most 
recent data and inform women so that, together with their provider, 
they can make the best decisions for themselves. Women should be 
informed of the risks associated with cesarean delivery, and these risks 
to the mother should be balanced with potential benefits expected for 
the neonate. It is not clear whether cesarean delivery after rupture of 
membranes or onset of labor provides benefit in preventing perinatal 
transmission. Although no controlled studies have evaluated the effi-
cacy of antimicrobial prophylaxis specifically for HIV-infected women 
undergoing scheduled operative delivery, use of prophylactic antibiot-
ics at the time of cesarean delivery is generally recommended.148 
Women should be counseled about the limitations of the current data, 
and the woman’s informed decision about mode of delivery should be 
respected and honored.148

A variety of factors may increase the risk for perinatal transmission 
of HIV. Some of these factors may be amenable to modification, such 
as lowering HIV viral load with antiretroviral agents or limiting the 
amount of time that the infant is exposed to the genital secretions of 
the infected mother by delivery by cesarean section, shortening the 
labor process, decreasing the exposure to ruptured membranes, or 
limiting invasive procedures such as scalp monitoring.195 Promotion of 
safer sexual practices, including condom use and limiting sexual part-
ners, and abstaining from drug, tobacco, and alcohol use also may 
reduce the risk for perinatal transmission.

HIV transmission through breast milk is supported by detection of 
HIV-1 in the cellular and acellular compartments of breast milk and 
reports of transmission from mothers infected with HIV-1 during the 
postnatal period.139,201-204 A study in Rwanda found that 36% to 60% of 
breastfed infants born to postnatally infected women became infected 
with HIV and that seroconversion in the infant and mother occurred 
during the same 3-month period.202 These infants presumably were 
exposed to high viral titers, and no maternal HIV-1–specific humoral 
or cellular immune response was detected. A meta-analysis of studies 
published before 1992 suggested an attributable risk for transmission 
through breast milk by women who were infected before pregnancy of 
14% and by postnatally infected women of 26%.202,205 Breast-feeding 
now is thought to play a significant role in perinatal HIV transmission; 
and in many international settings, transmission of HIV during lacta-
tion accounts for one third to one half of all HIV transmission from 
mothers to infants.206

Transmission of HIV via breast-feeding can occur throughout lac-
tation. A study quantified breast milk HIV-1 RNA levels in serial 
samples collected from 275 women for 2 years after delivery.207 Higher 
maternal plasma virus load, lower maternal CD4+ T-cell count, and 
detection of HIV-1 DNA in maternal genital secretions were signifi-
cantly associated with elevated breast milk HIV-1 RNA. The median 
viral load in colostrum/early milk was significantly higher than that in 
mature breast milk collected 14 days after delivery. Breast-feeding 
mothers who transmitted HIV-1 to their infants had significantly 
higher breast milk viral RNA throughout lactation and more consistent 
viral shedding compared with mothers who did not transmit HIV-1.207 
The researchers found a twofold increased risk for transmission was 
associated with every 10-fold increase in breast milk virus load. The 
risk for transmission is highest early after delivery when HIV levels in 
breast milk are highest, and increased duration of breast-feeding 
increases risk.207,208 In areas of the world where adequate sanitary 
replacement feeding is not available, the decision to withhold breast-
feeding to decrease HIV transmission may lead to increased rates of 
child morbidity and mortality from diarrheal and respiratory diseases 
and malnutrition.209,210 Ideally, women should be counseled about the 
risks of breast-feeding transmission of HIV, the risks of morbidity and 
mortality among non-breastfed infants, the availability of adequate 
formula feeding, and combination ART to the HIV-infected mother. 
Women in the United States and other areas where access to nutrition-
ally adequate formula feeding can be ensured should be counseled not 
to breastfeed their infants.148

Despite the considerable advances made to reduce in utero and 
intrapartum mother-to-child HIV transmission even in health care 
resource–limited settings, there remains a significant challenge in such 
settings to reduce transmission of HIV through breast-feeding.210 In 
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HIV transmission, to prevent horizontal HIV transmission to sexual 
partners, and to avoid potential maternal or fetal toxicity. This section 
provides a review of data on the use of antiretroviral medications in 
pregnancy and the current guidelines for antiretroviral chemoprophy-
laxis to decrease perinatal HIV transmission. In the subsequent section, 
the use of antiretroviral medications in pregnancy and the optimal 
management of pregnant HIV-infected women are addressed.

Use of Antiretroviral Drugs to Decrease Perinatal 
Transmission
Combination drug regimens are considered the standard of care for 
both the treatment of HIV infection and prevention of perinatal HIV 
transmission.148 One of the major achievements in HIV research was 
the demonstration by the Pediatric AIDS Clinical Trials Group Proto-
col 076 Study (PACTG 076) in February 1994 that administration of 
ZDV to the pregnant woman and her infant could reduce the risk for 
perinatal transmission by 67.5%.176,233 In PACTG 076, women with 
CD4+ cell counts greater than 200 cells/mm3 were assigned randomly 
to a ZDV treatment group or to a control group in which placebo was 
given. The women in the treatment group received 100 mg of ZDV five 
times daily starting between 14 and 34 weeks of gestation and contin-
ued throughout pregnancy, followed by intrapartum ZDV (given as an 
intravenous loading dose of 2 mg/kg over 1 hour during labor, then a 
continuous intravenous infusion of 1 mg/kg/hr until delivery), with 
oral administration of ZDV to the infant (syrup 2 mg/kg every 6 hours) 
for 6 weeks. The rate of perinatal transmission was decreased to 8.3% 
in the 205 women who received ZDV from a rate of 25.5% in the 204 
women who received no ART (P = .00006).233 In August 1994, the U.S. 
Public Health Service Task Force issued recommendations for the use 
of ZDV for reduction of perinatal HIV-1 transmission,234 followed in 
July 1995 by recommendations for universal prenatal HIV-1 counsel-
ing and HIV-1 testing with informed consent for all pregnant women 
in the United States.235 Subsequent epidemiologic studies in the United 
States, France, and other countries with higher-level health care 
resources showed successful use of the PACTG 076 ZDV regimen in 
the “real” world coupled with increased antenatal HIV counseling, and 
testing rapidly demonstrated dramatic reductions in perinatal trans-
mission rates.148,236-238

Subsequent clinical trials and observational studies demonstrated 
that combination antiretroviral prophylaxis (initially dual- and then 
triple-combination therapy) given to the mother antenatally was asso-
ciated with further declines in transmission to less than 2%.239-241 It is 
currently estimated that fewer than 200 infected infants are currently 
born each year in the United States.5,242 However, although new peri-
natal HIV infections are becoming rare in countries with good access 
to health care resources, infections continue to occur and the birth of 
an infected infant is a sentinel event representing missed opportunities 
and barriers to prevention of this infection.148 Important obstacles to 
eradication of perinatal transmission of HIV in the United States 
include the continued increase of HIV infection among women of 
childbearing age; delayed or lack of prenatal care, particularly in 
women using illicit drugs; acute (primary) infection late in pregnancy 
and in women who are breast-feeding; poor adherence to prescribed 
antiretroviral regimens; and lack of full implementation of routine, 
universal prenatal HIV counseling and testing.148

Within health care resource–limited regions, the complexity and 
cost of the three-part PACTG 076 regimen significantly limit its appli-
cability and implementation. Thus, researchers began to explore the 
development of shorter, less-expensive prophylactic regimens more 
applicable to health care resource–constrained regions. Clinical trials 
initially focused on shortened ZDV-alone prophylaxis regimens and 
moved to evaluating whether combination antiretroviral regimens, 
such as short-course ZDV combined with lamivudine (3TC), might 
have improved efficacy over ZDV alone. Studies also evaluated whether 
even simpler, less-expensive, single-drug regimens, such as single-dose 
intrapartum/neonatal NVP, would be effective and whether combining 
such regimens with other short-course regimens might result in 
improved efficacy (see Chapter 129).148 Ideally, the world is moving 
toward a goal that all HIV-infected women will receive suppressive 
ART during pregnancy and through breast-feeding, assuming safe 
alternative feeding strategies are not available.

Conflicting data exist regarding the effects of HIV infection and 
pregnancy on T-cell function and phenotype.222 Cellular immunity and 
CD4+ lymphocyte levels are expected to decline during pregnancy but 
eventually return to baseline.165,222 In HIV-positive and HIV-negative 
pregnant women, the number of CD4+ cells decreases, reaching their 
lowest levels in the third trimester, whereas the CD4+ percentage 
remains relatively stable.224 CD4+ percentage, rather than absolute 
number, may be a more accurate measure of immune function in HIV-
infected pregnant women. It is still unclear whether these CD4+ 
declines are due to the HIV infection, pregnancy, or hemodilution. 
HIV viral loads remain relatively stable throughout pregnancy in the 
absence of treatment.225 Determination of whether immunologic 
changes in HIV-positive women result in progression of HIV disease 
during pregnancy requires additional prospective, longitudinal studies. 
Pregnancy in HIV-infected women, especially those on ART, appears 
to result in higher interleukin-10 production and lower T-cell prolif-
eration and HIV-1 replication, thus reducing the risk for vertical HIV-1 
transmission, an effect enhanced by ART.226,227

Impact of HIV Infection on Pregnancy 
Outcome
Maternal HIV infection has not been associated with fetal anomalies, 
premature delivery, low birth weight, or specific pregnancy-related 
abnormalities in studies from industrialized countries.159,165,222,228 
Because infection with HIV early in pregnancy appears to be uncom-
mon, embryopathy does not seem to be a major problem in pregnan-
cies in women with HIV infection. Reports from various developing 
areas have noted an increased incidence of preterm deliveries and  
low-birth-weight infants.229 In the Pediatric HIV/AIDS Cohort Study 
Network’s Surveillance Monitoring for ART Toxicities Study of a U.S.-
based cohort of HIV-exposed uninfected children, 18.6% of the 1869 
singleton births were preterm, 89% of whom used three-drug com-
bination ART during pregnancy.230 In adjusted models, the odds of 
preterm birth and spontaneous preterm birth were higher among 
mothers using protease inhibitors during the first trimester (adjusted 
OR, 1.55 and 1.59, respectively) but not among mothers using NNRTIs 
or triple nucleoside regimens during the first trimester.230 Combination 
ART exposure starting later in pregnancy was not associated with 
increased risk.231

HIV infection appears to be associated with increased adverse preg-
nancy outcomes, and it is not clear whether ART exacerbates this 
increased risk. A recent study abstracted obstetric records from 33,148 
women at six sites in Botswana, 97% of whom were tested for HIV and 
30% were HIV infected.231 They found maternal HIV was significantly 
associated with stillbirths, preterm delivery, small for gestational age, 
and neonatal death and that use of ART compared with zidovudine 
alone was associated with higher odds for these outcomes.231 The 
pathogenesis of preterm delivery among all women and the potential 
increased risk among HIV-infected women remain poorly under-
stood.232 As ART is rolled out more widely for pregnant women in 
health care resource–limited settings, it will be critical to carefully 
monitor pregnancy outcomes, including congenital anomalies, preterm 
birth, stillbirth, and infant mortality, to assess risks and benefits of the 
different regimens used to treat and prevent PMTCT and to determine 
optimal regimens for improving maternal health and maximizing 
HIV-free survival in infants.232

Use of Antiretroviral Drugs in Pregnancy for 
Maternal Health and to Reduce Perinatal 
Transmission
Advances in ART have greatly reduced the risk for perinatal HIV 
transmission. Studies have shown that the most important determi-
nant of perinatal HIV transmission is maternal viral load. If the viral 
load is less than 1000 copies/mL in pregnancy, the HIV perinatal 
transmission rate is estimated to be 2% or less. Among women with  
a viral load of less than 1000 copies/mL, ART provides additional 
protection (1% perinatal transmission risk among women on treat-
ment and 10% transmission among women on no ART) (see earlier 
discussion).

The goals of ART in pregnancy are to optimize maternal health, to 
provide maximal suppression of the viral load, to prevent perinatal 
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soon after birth as possible.148 In all other scenarios, decisions about 
use of combination antiretroviral prophylaxis should be made in con-
sultation with a pediatric HIV specialist before delivery, if possible, and 
should be accompanied by a discussion with the mothers about poten-
tial risks and benefits of this approach.148 Despite the paucity of data, 
the use of combination antiretroviral prophylaxis for infants in high-
risk situations is increasing, with ZDV/3TC/NVP being the most com-
monly used combination regimen.148,249

Recommended Guidelines on the Use of 
Antiretroviral Agents in HIV-Infected Adults 
and in Pregnancy
Since mid-1997, the U.S. Department of Health and Human Services 
(DHHS) Panel on Antiretroviral Guidelines for Adults and Adoles-
cents has issued recommendations for the use of antiretroviral agents 
in HIV-infected adults. These recommendations are updated on a 
regular basis, with the most recent information available on the  
AIDSinfo website (http://AIDSinfo.nih.gov).250 The DHHS Perinatal 
Guidelines panel revises their recommendations for the use of antiret-
roviral drugs in pregnant HIV-infected women on an ongoing basis, 
and the recommendations are also fully accessible online (http://
aidsinfo.nih.gov/contentfiles/lvguidelines/PerinatalGL.pdf ).148 
Although there are no controlled clinical trials demonstrating the 
safety or efficacy of most antiretroviral agents during pregnancy, both 
panels recommend that ART in pregnant women be the same as for 
nonpregnant women, unless clear fetal or maternal contraindications 
exist. Antiretroviral prophylaxis to prevent perinatal HIV transmission 
should be provided to all pregnant HIV-infected women, regardless of 
CD4 count and HIV RNA copy number. Although the risk for perina-
tal transmission in women with HIV RNA below the level of assay 
quantitation appears to be extremely low, transmission from mother 
to infant has been reported among women with extremely low and 
undetectable levels of maternal HIV RNA.148,177,250

The DHHS Perinatal Guidelines state that pregnancy is not a reason 
to defer standard suppressive ART and outline unique considerations 
for combination therapy use, including the potential need to alter 
dosing as a result of physiologic changes associated with pregnancy, 
the potential for adverse short-term or long-term effects on the fetus 
and neonate, and efficacy in reducing the risk for perinatal transmis-
sion.148 Women who are offered antiretroviral medication during preg-
nancy should be informed about the known and unknown short- and 
long-term benefits and risks of therapy for infected women and their 
infants. The current pharmacokinetic and toxicity data in human preg-
nancy and recommendations for use in pregnancy for approved anti-
retroviral agents are presented in Table 128-5.148

Management of Pregnant HIV-Infected 
Women
With the improved clinical outlook of persons with HIV, HIV-infected 
women are increasingly interested in having children. In a national 
survey of HIV-infected persons under care in the United States in 1998, 
28% to 29% desired children in the future and among persons desiring 
children, 69% of women and 59% of men expected to have one child 
or more in the future.101 In a survey of HIV-infected women under care 
in an American university HIV clinic in 2004, most of the 118 women 
(91%) had borne children and a third wanted to have children in the 
future, suggesting that HIV-positive women have reproductive pat-
terns similar to HIV-negative women.102 In a cross-sectional survey 
conducted by telephone in 2006 to 2007, 61% of the 700 HIV-infected 
women on ART believed they could safely have children and 59% of 
them thought that society strongly urged them not to have children.251 
Preconceptual counseling should include a thorough discussion of the 
woman’s health, including HIV status, optimal treatment strategies for 
her health, and, if she were to become pregnant, strategies for prevent-
ing perinatal transmission and potential harm to her infant (see earlier 
discussion of preconceptual counseling).252 If the potential father is 
HIV infected, his ART also should be optimized. If the potential father 
is HIV negative, the safest approach to conception is to perform intra-
vaginal or intrauterine inseminations during the periovulatory period. 
Couples comprising a woman who is HIV negative and a man who is 
HIV infected often have limited options for conception without putting 

Potential Mechanisms of Antiretroviral Drugs to Reduce 
Perinatal Transmission
There are a number of mechanisms through which ZDV or other 
antiretroviral drugs can reduce perinatal transmission. One important 
mechanism is by decreasing maternal viral load in the blood and 
genital secretions via antenatal drug administration, particularly in 
women with high viral loads. However, antiretroviral drugs have been 
shown to reduce the risk for transmission even among women with 
HIV RNA levels of less than 1000 copies/mL.177 Additionally, the level 
of HIV RNA at delivery and receipt of antenatal ART are each inde-
pendently associated with the risk for transmission, suggesting that 
antiretroviral prophylaxis does not work solely through reduction in 
viral load.176,240

An additional mechanism of protection is preexposure infant pro-
phylaxis provided by administration of antiretroviral drugs that cross 
the placenta from the mother during labor, resulting in adequate sys-
temic drug levels in the infant at a time of intensive exposure to mater-
nal genital tract virus during passage through the birth canal.148 
Postexposure infant prophylaxis is provided through administration  
of drug to the infant after birth; this would protect against cell-free  
or cell-associated virus that might have obtained access to the fetal/
infant systemic circulation through maternal-fetal transfusion during 
uterine contractions occurring in labor or through systemic dissemi-
nation of virus swallowed by the infant during passage through the 
birth canal.148

It is likely that efficacy of antiretroviral drugs in reducing perina-
tal transmission is multifactorial, and each of these mechanisms is 
contributory. The efficacy of antiretroviral regimens administered 
only during labor or to the neonate or both in reducing perinatal 
transmission demonstrates the importance of the preexposure and 
postexposure components of prophylaxis in decreasing perinatal 
transmission.148,243-247

Combination antiretroviral regimens are far superior to single-drug 
regimens in decreasing HIV viral load and perinatal transmission. 
When feasible and affordable, a longer three-part regimen (e.g., start-
ing at or before 28 weeks’ gestation) given antenatally, intrapartum,  
and postpartum is superior in preventing perinatal transmission to  
a shorter two-part antepartum/intrapartum (e.g., starting at 36 weeks’ 
gestation) or intrapartum/postpartum regimen; therefore, current 
guidelines recommend that all pregnant women should be treated with 
combination suppressive ART as soon as possible, although whether 
to start the regimen during the first trimester or delay until 12 weeks’ 
gestation will depend on the woman’s immune status and maternal 
conditions, such as nausea and vomiting.148 Earlier initiation of a com-
bination antiretroviral regimen may be more effective in reducing 
transmission, but benefits must be weighed against potential fetal effect 
of first-trimester drug exposure.148

Recent data from PACTG 1043 showed that 1746 infants born to 
HIV-infected women who received no antiretroviral prophylaxis 
during pregnancy were randomized to three infant prophylaxis regi-
mens: the standard 6-week ZDV regimen; 6 weeks of ZDV plus three 
doses of NVP given during the first week of life (at birth, 48 hours later, 
and 96 hours after the second dose); and 6 weeks of ZDV plus 2 weeks 
of 3TC/nelfinavir (NFV).248 The risk for intrapartum transmission was 
significantly lower with the two- and three-drug arms compared with 
ZDV alone (2.2% and 2.5%, respectively) compared with 4.9% for ZDV 
alone (P = .046 for each arm compared with ZDV alone).248 Although 
transmission rates with the two combination regimens were similar, 
neutropenia and anemia have been associated with the three-drug 
regimens including 3TC in infants.239,248

In the United States, data from PACTG 316 demonstrated that the 
addition of a two-dose oral NVP regimen (200 mg intrapartum/2 mg/
kg dose to neonates) to the standard antepartum combination antiret-
roviral regimens used for prophylaxis or treatment in pregnant women 
is not recommended because it does not appear to provide additional 
efficacy in reducing transmission and may be associated with the devel-
opment of NVP resistance.148,241 Therefore, if women do not receive 
antepartum or intrapartum antiretroviral drugs, postnatal infant anti-
retroviral prophylaxis is recommended with a minimum of 6 weeks of 
ZDV combined with three doses of NVP in the first week of life (at 
birth, 48 hours later, and 96 hours after the second dose), begun as 
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TABLE 128-5  Antiretroviral Drug Use in Pregnant HIV-Infected Women: Pharmacokinetic and Toxicity Data 
in Human Pregnancy and Recommendations for Use in Pregnancy

ANTIRETROVIRAL 
DRUG

FDA PREGNANCY 
CATEGORY PK IN PREGNANCY

CONCERNS IN 
PREGNANCY

RATIONALE FOR 
RECOMMENDED USE IN 
PREGNANCY

NRTIs/NtRTIs Potential maternal and infant 
mitochondrial toxicity

Used as part of combination 
regimens; use of single or dual 
NRTIs alone is not recommended 
for treatment of HIV infections

Preferred Agents
Abacavir (ABC) C PK not significantly altered; no 

change in dose indicated
High placental transfer to fetus

No evidence of human 
teratogenicity (can rule out 
twofold increase in overall birth 
defects); hypersensitivity 
reactions occur in approximately 
5% to 8% or more of 
nonpregnant persons; rate in 
pregnancy is unknown; previous 
screening for HLA-B5701 should 
be done and documented as 
negative before starting ABC

One of several preferred NRTIs for 
dual nucleoside backbone of 
combination regimens in pregnancy; 
see footnote regarding use in triple 
NRTI regimen*

Emtricitabine (FTC) B Pharmacokinetic study shows 
slightly lower levels in third 
trimester compared with 
postpartum; no clear need to 
increase dose

High placental transfer to fetus

No evidence of human 
teratogenicity (can rule out 
twofold increase in overall birth 
defects). If hepatitis B 
coinfected, possible hepatitis B 
flare if drug stopped 
postpartum.

One of several preferred NRTIs for 
dual nucleoside backbone of 
combination regimens in pregnancy

Lamivudine (3TC) B PK not significantly altered; no 
change in dose indicated

High placental transfer to fetus

No evidence of human 
teratogenicity; well-tolerated, 
short-term safety demonstrated 
for mother and infant. If 
hepatitis B coinfected, possible 
hepatitis B flare if drug stopped 
postpartum.

One of several preferred NRTIs for 
dual nucleoside backbone of 
combination regimens in pregnancy

Tenofovir disoproxil 
fumarate (TDF)

B Limited studies in human 
pregnancy; data indicate AUC 
lower in third trimester than 
postpartum but trough levels 
adequate

High placental transfer to fetus

No evidence of human 
teratogenicity (can rule out 
twofold increase in overall birth 
defects); clinical studies in 
humans (particularly children) 
show bone demineralization 
with long-term use; no effect on 
intrauterine growth but one 
study showed lower length and 
head circumference with 
exposure; clinical significance 
unknown. If hepatitis B 
coinfected, possible hepatitis B 
flare if drug stopped 
postpartum.

One of several preferred NRTIs for 
dual nucleoside backbone of 
combination regimens in pregnancy. 
TDF is a preferred NRTI in 
combination with 3TC or FTC in 
women with chronic HBV infection. 
Because of potential for renal 
toxicity, renal function should be 
monitored.

Zidovudine (ZDV) C PK not significantly altered; no 
change in dose indicated

High placental transfer to fetus

No evidence of human 
teratogenicity; well-tolerated, 
short-term safety demonstrated 
for mother and infant

One of several preferred NRTIs for 
dual nucleoside backbone of 
combination regimens in pregnancy; 
should not be included in regimen 
if significant toxicity or d4T use

Use in Special Circumstances
Didanosine (ddI) B PK not significantly altered; no 

change in dose indicated
Low-moderate placental transfer 

to fetus

Cases of lactic acidosis, some fatal, 
reported in pregnant women 
receiving ddI and d4T together

Alternate NRTI for dual nucleoside 
backbone of combination regimens; 
combination ddI and d4T should 
only be used if no other alternatives 
are available

Stavudine (d4T) C PK not significantly altered; no 
change in dose indicated

High placental transfer to fetus

No evidence of human 
teratogenicity; cases of lactic 
acidosis, some fatal, reported in 
pregnant women receiving ddI 
and d4T together

d4T should be used only in special 
circumstances where preferred or 
alternative NRTIs cannot be used; 
d4T should not be used with ZDV 
or ddI

NNRTIs Hypersensitivity reactions, including 
hepatic toxicity, and rash more 
common in women; unclear 
whether increased in pregnancy

NNRTIs are recommended for use in 
combinations with two NRTI drugs

Preferred Agents
Nevirapine (NVP) B PK not significantly altered; no 

change in dose indicated
High placental transfer to fetus

No evidence of human 
teratogenicity; increased risk for 
symptomatic, often with rash, 
and potentially fatal liver toxicity 
among women with CD4 counts 
>250 cells/mm3 when first 
initiating therapy; unclear 
whether pregnancy increases risk

NVP should be initiated in pregnant 
women with CD4 counts >250 
cells/mm3 only if benefit clearly 
outweighs risk; women who enter 
pregnancy on NVP may continue 
therapy, regardless of CD4 count
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Continued

ANTIRETROVIRAL 
DRUG

FDA PREGNANCY 
CATEGORY PK IN PREGNANCY

CONCERNS IN 
PREGNANCY

RATIONALE FOR 
RECOMMENDED USE IN 
PREGNANCY

Use in Special Circumstances
Efavirenz (EFV) D AUC decreased during third 

trimester but nearly all exceeded 
target exposure levels and no 
change in dose is indicated

High placental transfer to fetus

Significant malformations 
(anencephaly, anophthalmia, 
cleft palate) were observed in 3 
(15%) of 20 cynomolgus 
monkeys receiving EFV during 
the first trimester at a dose 
comparable to human 
therapeutic exposure; there are 
five case reports of neural tube 
defects in humans with 
first-trimester exposure and one 
prospective case of 
anophthalmia with facial clefts; 
relative risk unclear

Use of EFV should be avoided in the 
first trimester, and women of 
childbearing potential must be 
counseled regarding risks and 
avoidance of pregnancy; because of 
the known failure rate of 
contraception, alternative regimens 
should be considered in women of 
childbearing potential who are 
trying to become pregnant or not 
using effective contraception; EFV 
may be continued in pregnant 
women who present during the first 
trimester provided there is virologic 
suppression on the regimen. 
Women on EFV in pregnancy may 
continue its use postpartum if 
adequate contraception can be 
ensured.

Insufficient Data to Recommend Use
Etravirine (ETR) B Limited PK studies in human 

pregnancy; in four pregnant 
women, drug levels and AUC 
similar to nonpregnant women, 
suggesting no dose modification 
needed

No data on whether ETR crosses 
the placenta or is excreted in 
breast milk

Limited experience in human 
pregnancy. No evidence of 
teratogenicity in rats and rabbits.

Safety and PK in pregnancy data are 
insufficient to recommend use 
during pregnancy

Rilpivirine (RPV) B No PK studies in human 
pregnancy, placental transfer 
rate unknown

No published experience in human 
pregnancy. No evidence of 
teratogenicity in rats and rabbits.

Safety and PK in pregnancy data are 
insufficient to recommend use 
during pregnancy

Protease Inhibitors 
(PIs)

Hyperglycemia, new-onset or 
exacerbation of diabetes 
mellitus, and diabetic 
ketoacidosis reported with PI 
use; unclear whether pregnancy 
increases risk. Data are 
conflicting regarding risk for 
preterm delivery in women 
receiving PIs.

PIs are recommended for use in 
combination with two NRTI drugs

Preferred Agents
Atazanavir (ATV) B Two of three intensive PK studies 

of ATV with RTV boosting 
during pregnancy suggest that 
standard dosing results in 
decreased plasma concentrations 
compared with nonpregnant 
adults; ATV concentrations 
further reduced by 
approximately 25% with 
concomitant  
TDF use

Low placental transfer to fetus

No evidence of human 
teratogenicity (can rule out 
twofold increase in overall birth 
defects); theoretical concern 
regarding increased indirect 
bilirubin levels causing significant 
exacerbation in physiologic 
hyperbilirubinemia in neonates 
has not been observed in clinical 
trials to date

One of the preferred PIs for use in 
combination regimens in pregnancy; 
should give with low-dose RTV once 
daily; if co-administered with TDF, 
ATV must be given with low-dose 
RTV boosting. Package insert 
recommends increased ATV dosing 
for ARV-experienced pregnant 
women in the second and third 
trimester also receiving either TDF 
or an H2-receptor antagonist or 
ARV-naïve pregnant women 
receiving EFV. Some experts 
recommend increased ATV dosing 
for all pregnant women after the 
first trimester. ATV should not be 
used in patients receiving both TDF 
and H2-receptor antagonist or in 
ARV-experienced patients also  
taking EFV.

Lopinavir/ritonavir (LPV/
RTV)

C AUC decreased in second and 
third trimesters with standard 
dosing; PK studies suggest 
increasing to LPV 
600 mg/150 mg bid in second 
and third trimesters

Low placental transfer to fetus.

No evidence of human 
teratogenicity; well-tolerated, 
short-term safety demonstrated 
in phase I/II studies

One of the preferred boosted PIs for 
use in combination regimens in 
pregnancy; PK studies suggest need 
for increased dosing in second and 
third trimesters; if standard dosing 
is used, monitor virologic response 
and LPV drug levels, if available. 
Once-daily LPV/RTV is not 
recommended in pregnancy 
because there are currently no data 
to verify that drug levels are 
adequate with such administration.

TABLE 128-5  Antiretroviral Drug Use in Pregnant HIV-Infected Women: Pharmacokinetic and Toxicity Data 
in Human Pregnancy and Recommendations for Use in Pregnancy—cont’d
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ANTIRETROVIRAL 
DRUG

FDA PREGNANCY 
CATEGORY PK IN PREGNANCY

CONCERNS IN 
PREGNANCY

RATIONALE FOR 
RECOMMENDED USE IN 
PREGNANCY

Ritonavir (RTV) B Phase I/II study in pregnancy 
demonstrates lower levels 
during pregnancy compared 
with postpartum

Minimal placental transfer to fetus

No evidence of human 
teratogenicity (can rule out 
twofold increase in overall birth 
defects). Limited experience at 
full dose in human pregnancy; 
should be used as low-dose RTV 
boosting with other PIs.

Given low levels in pregnant women 
when used alone, recommended for 
use in combination with second PI 
as low-dose RTV “boost” to 
increase levels of second PI

Darunavir (DRV) C PK study demonstrated plasma 
concentrations were decreased 
by 23%-28% with once- and 
twice-daily dosing in the third 
trimester. Some experts 
recommend only twice-daily 
dosing.

Low placental transfer to fetus

Insufficient data to assess for 
teratogenicity in humans. No 
evidence of teratogenicity in 
mice, rats, or rabbits but low 
bioavailability. Limited experience 
in human pregnancy.

Safety and PK data are limited. Must 
be give as low-dose RTV-boosted 
regimen.

Saquinavir, hard gel 
capsule (SQV HGC)

B Limited PK data on SQV HGC, and 
the new 500-mg tablet 
formulation; suggest that 
1000-mg SQV HGC/100 mg 
RTV given twice daily achieves 
adequate SQV drug levels in 
pregnant women

Well-tolerated, short-term safety 
demonstrated for mother and 
infant for SQV in combination 
with low-dose RTV

PK data are limited on SQV HGC and 
the new 500-mg tablet formulation 
in pregnancy; RTV–boosted SQV 
HGC or SQV HGC tablets are 
alternative PIs for combination 
regimens in pregnancy and  
are alternative initial ARV 
recommendations for nonpregnant 
women; must be given with 
low-dose RTV boosting

Use in Special Circumstances
Indinavir (IDV) 

(combined with 
low-dose ritonavir 
boosting)

C Two studies of unboosted IDV 
800 mg tid showed markedly 
lower levels during pregnancy 
compared with postpartum, 
although suppression of HIV 
RNA was seen; in a study of 
RTV-boosted IDV (400 mg 
IDV/100 mg RTV bid), 82% met 
the target trough level

Minimal placental transfer to fetus

No evidence of human 
teratogenicity (can rule out 
twofold increase in overall  
birth defects); theoretical 
concern regarding increased 
indirect bilirubin levels, which 
may be exacerbated in the 
neonate, but minimal placental 
passage; use of unboosted IDV 
during pregnancy is not 
recommended

Because of twice-daily dosing, pill 
burden, and potential for renal 
stones, IDV should only be used 
when preferred and alternative 
agents cannot be used

Must give as low-dose RTV-boosted 
regimen

Nelfinavir (NFV) B Adequate drug levels are achieved 
in pregnant women with NFV 
1250 mg bid, although levels 
are variable in late pregnancy; 
using the 625-mg tablet dose at 
1250 mg bid, lower AUC and 
peak levels were observed 
during the third trimester than 
postpartum

Minimal to low placental transfer 
to fetus

No evidence of human 
teratogenicity; well-tolerated, 
short-term safety demonstrated 
for mother and infant

Given PK data and extensive use in 
pregnancy, NFV should only be used 
when preferred and alternative 
agents cannot be tolerated; in 
clinical trials of initial therapy in 
nonpregnant women, NFV-based 
regimens had a lower rate of viral 
response compared with 
lopinavir-ritonavir or EFV-based 
regimens but similar viral response 
to ATV- or NVP-based regimens

Insufficient Data to Recommend Use
Fosamprenavir C With RTV boosting, AUC is 

reduced in third trimester
Low placental transfer to fetus

Limited experience in human 
pregnancy

Safety and PK in pregnancy data  
are insufficient to recommend 
routine use during pregnancy in 
ARV-naïve patients; recommended 
to be given with low-dose RTV 
boosting

Tipranavir C PK studies in human pregnancy 
are insufficient to recommend 
routine use during pregnancy  
in ARV-naïve patients; must  
give as low-dose RTV-boosted 
regimen

Moderate placental transfer to 
fetus

Limited experience in human 
pregnancy

Safety and PK in pregnancy data are 
insufficient to recommend use 
during pregnancy; must be given 
with low-dose RTV boosting

Entry Inhibitors

Insufficient Data to Recommend Use
Enfuvirtide (T20) B Limited PK studies in human 

pregnancy
No placental transfer to fetus, 

based on limited data

Minimal data in human pregnancy; 
no teratogenicity seen in rats or 
rabbits

Safety and PK in pregnancy data are 
insufficient to recommend use 
during pregnancy

Maraviroc (MVC) B No PK studies in human 
pregnancy; unknown placental 
transfer to fetus

Minimal data in human pregnancy; 
no teratogenicity seen in rats or 
rabbits

Safety and PK in pregnancy data are 
insufficient to recommend use 
during pregnancy

TABLE 128-5  Antiretroviral Drug Use in Pregnant HIV-Infected Women: Pharmacokinetic and Toxicity Data 
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Integrase Inhibitors

Insufficient Data to Recommend Use
Raltegravir (RAL) C In third trimester, RAL PK showed 

wide variability but RAL 
exposure was similar to 
postpartum and historical data

Variable but high placental transfer 
to fetus

Insufficient data to assess for 
teratogenicity in humans. 
Increased skeletal variants in rats 
but not in rabbits. Limited 
experience in human pregnancy.

Safety and PK in pregnancy data are 
limited; can be considered for use 
in special circumstances if no other 
alternatives are available

Elvitegravir/cobicistat 
(available in the 
Quad pill formulated 
with TDF/FTC/EVG/
COBI) (brand name: 
Stribild)†

B In third trimester, AUC lower than 
postpartum but trough levels 
adequate

Unknown placental transfer to 
fetus

No evidence of teratogenicity in 
rats and rabbits with all four 
components of medications. If 
hepatitis B coinfection present, 
possible hepatitis B flare if drug 
stopped postpartum.

Safety and PK in pregnancy data are 
insufficient to recommend use 
during pregnancy

Dolutegravir B No PK studies in human pregnancy
Unknown placental transfer to 

fetus

No teratogenicity in rats and rabbits Safety and PK in pregnancy data are 
insufficient to recommend use 
during pregnancy

*Triple NRTI regimens including abacavir are less potent virologically compared with PI-based highly active antiretroviral therapy regimens. Triple NRTI regimens should be 
used only when an NNRTI- or PI-based highly active antiretroviral therapy regimen cannot be used, such as because of significant drug interactions.

†Stribild FDA-approved product information. Available at http://www.accessdata.fda.gov/drugsatfda_docs/label/2012/203100s000lbl.pdf. Accessed March 1, 2013.
ARV, antiretroviral; AUC, area under the concentration-time curve; FDA, U.S. Food and Drug Administration; HBV, hepatitis B virus; HIV, human immunodeficiency virus; 

NNRTI, non-nucleoside reverse-transcriptase inhibitor; NRTI, nucleoside reverse-transcriptase inhibitor; NtRTI, nucleotide reverse-transcriptase inhibitor; PI, protease inhibitor; 
PK, pharmacokinetics.

Modified from the U.S. Public Health Service Task Force. Recommendations for the use of antiretroviral drugs in pregnant HIV-infected women for maternal health and 
interventions to reduce perinatal HIV transmission in the United States. Updated April 30, 2013. Available at http://www.aidsinfo.nih.gov/guidelines/ or http://aidsinfo.nih.
gov/contentfiles/PerinatalGL.pdf; and Tivicay (dolutegravir): prescribing information. Available at http://www.accessdata.fda.gov/drugsatfda_docs/label/2013/204790lbl.pdf. 
Accessed November 23, 2013.
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the woman at risk for HIV infection. (See earlier discussion of use of 
assisted reproductive technologies and fertility issues.)

Antepartum Care
Medical care of the HIV-infected pregnant woman requires coordina-
tion and communication between prenatal care providers, primary and 
HIV specialty care providers, obstetric providers, and other needed 
service providers, including mental health and drug abuse treatment 
services and public assistance programs.148,253 An initial evaluation of 
an HIV-infected pregnant woman should include an assessment of 
HIV disease status and recommendations regarding ART or alteration 
of her current antiretroviral regimen (see Chapter 124). This assess-
ment should include evaluating past and current CD4 count, current 
plasma HIV RNA copy number, past and current ART and previous 
antiretroviral drug use in pregnancy, assessing the need for prophylaxis 
against opportunistic infections such as Pneumocystis jirovecii pneu-
monia or Mycobacterium avium complex, reviewing results of previous 
and current HIV antiretroviral drug resistance studies, and assessing 
supportive care needs, in addition to the usual antenatal assessments.148 
The history should identify any factors known to be associated with 
enhanced perinatal transmission, such as a history of STDs, drug and 
alcohol use, tobacco use, and high-risk sexual activity, including lack 
of condom use, because altering these practices may decrease perinatal 
transmission risk. A complete physical examination including a pelvic 
examination can reveal concurrent conditions that may warrant 
therapy. The woman’s HIV disease status should be evaluated at pre-
sentation and at least every trimester with lymphocyte marker studies 
(i.e., CD4 counts) and viral load assessment. Ongoing routine obstetric 
care and decisions about initiating, continuing, or adjusting ART 
should be the same as for nonpregnant HIV-infected women. Viral 
load testing also should be repeated 2 to 4 weeks after changing anti-
retroviral medications to provide feedback on the effectiveness of the 
antiretroviral regimen.148

The U.S. DHHS guidelines recommend advising HIV-infected 
women in the United States and other regions with good health care 
resources where safe alternative infant feedings exist (including those 
receiving ART) to refrain from breast-feeding to avoid postnatal trans-
mission of HIV to their infants through breast milk254 and to avoid 
premastication of food for their infants, a potential risk factor for 
transmission.248,255,256

Decisions regarding the use and choice of an antiretroviral regimen 
should be individualized based on the woman’s health, previous treat-
ment, and known or suspected drug resistance. These discussions 
should be noncoercive, and the final decision regarding use of antiret-
roviral drugs is the responsibility of the woman. The known benefits 
and known and unknown risks of such therapy during pregnancy 
should be considered and discussed. Results from preclinical and  
available clinical information about use of the various antiretroviral 
agents during pregnancy should be discussed with the woman (see 
Table 128-5). Risks of these drugs during pregnancy should be placed 
in perspective by also discussing benefits of ART for the health of the 
infected woman and for reducing the risk for HIV transmission to  
her infant. The importance of adherence to the ART or prophylaxis 
regimen should be emphasized. Depending on individual circum-
stances, provision of support services, mental health services, and drug 
abuse treatment may be essential to ensure adherence of the infected 
woman to ART regimens and ultimate success of ART for her own 
health and for preventing perinatal transmission.148

Although the risk for teratogenicity is greatest during the first 10 
weeks of gestation, information to date does not support major tera-
togenic effects of the majority of antiretroviral drugs.148 However, 
certain drugs are of more concern than others, such as EFV, which 
should be avoided during the first trimester (see Table 128-5). If a 
pregnant woman requires immediate initiation of ART, treatment 
should be initiated as soon as possible, including in the first trimester. 
The clinical, immunologic, and virologic status of the mother must  
be weighed against the potential effect on the fetus. In general, an  
HIV-infected woman who is already receiving ART should continue 
her therapy during pregnancy even if the antiretroviral regimen 
includes EFV.148 Discontinuing antiretroviral medications may result 
in a rebound of viral load, however, which may have an impact on  
HIV transmission, disease progression, and subsequent ability to 
obtain rapid virologic control. Although the rates of HIV infection are 
low in women with undetectable or low HIV RNA levels, there is no 
threshold below which the lack of transmission can be ensured.148 
Dual-combination therapy (i.e., ZDV/3TC) without the addition of  
a third drug (i.e., a protease inhibitor or an NNRTI) is not recom-
mended because of the potential for inadequate viral suppression  
and rapid development of resistance, most commonly the M184V 
mutation.148,257

http://www.accessdata.fda.gov/drugsatfda_docs/label/2012/203100s000lbl.pdf
http://www.aidsinfo.nih.gov/guidelines/
http://aidsinfo.nih.gov/contentfiles/PerinatalGL.pdf
http://aidsinfo.nih.gov/contentfiles/PerinatalGL.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2013/204790lbl.pdf
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could lead to an increase in viral load, a subsequent decline in immune 
status, disease progression, as well as adverse consequences for both 
the fetus and the woman, including increased risk for transmission. 
EFV, the preferred NNRTI for non-pregnant adults, is not recom-
mended for initiation in antiretroviral-naïve women in the first 8 weeks 
of pregnancy because of concerns related to teratogenicity. Because the 
risk for neural tube defects is restricted to the first 5 to 6 weeks of 
pregnancy and pregnancy is rarely recognized before 4 to 6 weeks of 
pregnancy, and because unnecessary antiretroviral drug changes 
during pregnancy may be associated with loss of viral control and 
increased risk for perinatal transmission, EFV may be continued in 
pregnant women who desire prenatal care in the first trimester who 
have achieved virologic suppression on the regimen.148 Although 
hepatic toxicity is a concern in women with a CD4 count greater than 
250 cells/mm3 at the time that they first initiate an NVP-based therapy, 
an increased risk for hepatic toxicity has not been seen in women who 
are receiving NVP-based therapy and have immune reconstitution 
with therapy.148,250

Stopping Antiretroviral Therapy during Pregnancy
Discontinuation of ART during pregnancy may be indicated in some 
situations, including serious treatment-related toxicity, pregnancy-
induced hyperemesis, acute illnesses or planned surgeries that preclude 
oral intake, lack of available medication, and patient request.148 Women 
who are having an elective cesarean section can take oral medications 
before the scheduled surgery and restart drugs after surgery; given that 
most antiretroviral medications are now given once or twice daily, the 
women would either not miss any doses or at most receive the post-
partum dose a few hours late.148

If discontinuation of ART is indicated, all antiretroviral drugs 
should be stopped and reintroduced together. However, drugs with 
long half-lives, such as NVP and EFV, may be detected for 21 days or 
longer after discontinuation.260-262 As other drugs with shorter half-
lives are cleared, only the NNRTI may persist, resulting in functional 
monotherapy that can increase the risk for selection of NNRTI-
resistant mutations. To prevent this functional monotherapy, some 
experts recommend either (1) stopping the NNRTI first and continu-
ing the other antiretroviral drugs for a period of time261 (at least 7 days 
is recommended) or (2) switching from an NNRTI to a protease inhibi-
tor before interruption and continuing the protease inhibitor with the 
other antiretroviral drugs for a period of time before electively stop-
ping the therapy.148,263 The optimal interval between stopping an 
NNRTI and the other antiretroviral drugs is not known. Given the 
potential of prolonged detectable NNRTI concentrations for more than 
3 weeks, some experts recommend continuing the other antiretroviral 
agents, whether dual nucleosides alone or a substituted protease inhibi-
tor plus two other agents, for up to 4 weeks.148,250 Further research is 
needed to assess appropriate strategies for stopping NNRTI regimens 
and other antiretroviral drug combination regimens. If NVP is stopped 
and more than 2 weeks have passed before restarting therapy, NVP 
should be restarted with the 2-week dose escalation period.250

HIV-Infected Pregnant Women Who Have Previously 
Received Antiretroviral Treatment but Are Not Currently 
Receiving Medication
There is concern that some women with previous time-limited use of 
antiretroviral drugs during previous pregnancies may develop geno-
typic resistance to one or more components of the initial antiretroviral 
regimen, thus potentially limiting the efficacy of standard regimens 
(i.e., those containing the dual NRTI backbone of ZDV and 3TC). 
Given the lack of substantive data, it is reasonable to make preliminary 
decisions about antiretroviral regimens based on results of previous 
resistance testing. Careful monitoring of virologic response to the 
chosen antiretroviral regimen is important, and adjustments to therapy 
should be guided by repeat resistance testing in consultation with a 
clinician experienced in HIV treatment.

Monitoring of the Woman and Fetus during Pregnancy
CD4 counts should be monitored in HIV-infected pregnant women at 
the initial visit and at least every 3 to 6 months during pregnancy, 
similar to recommendations in nonpregnant women.148,250 CD4 counts 

HIV-Infected Pregnant Women Who Have Never Received 
Antiretroviral Drugs
All HIV-infected pregnant women should receive potent combination 
ART regardless of CD4 count or plasma HIV RNA copy number that 
generally consists of two nucleoside reverse-transcriptase inhibitors 
(NRTIs) plus an NNRTI or protease inhibitor(s), with consideration 
regarding continuing the antiretroviral regimen after delivery being 
the same as for nonpregnant individuals.148,250 Studies of ZDV in pre-
vention of perinatal transmission suggest that an important mecha-
nism of infant preexposure prophylaxis is transplacental drug passage. 
Thus, when selecting an antiretroviral regimen for pregnant women, 
at least one NRTI agent with high placental transfer should be included 
(ZDV, 3TC, emtricitabine [FTC], tenofovir [TDF], or abacavir 
[ABC]).148 Although ZDV/3TC remains a preferred NRTI combination 
for antiretroviral-naïve pregnant women, based on efficacy studies in 
preventing perinatal transmission and extensive experience with safe 
use in pregnancy, additional NRTIs are now also considered preferred. 
TDF/FTC is the preferred NRTI component for nonpregnant adults 
and, based on increased experience with use in pregnancy, once daily 
dosing, enhanced activity against hepatitis B, and less frequent toxicity 
compared with ZDV/3TC, can now be considered preferred in preg-
nancy. In addition, ABC offers the advantage of once-daily dosing in 
combination with 3TC and has been well tolerated in pregnancy and 
is also considered a preferred NRTI agent.148

Current adult treatment guidelines250 strongly recommend treat-
ment of all adults with CD4 counts less than 350 cell/mm3 based on 
randomized controlled clinical trial data demonstrating clear benefit 
in reduction of mortality and morbidity.250 Based on observational 
cohort data and recent results from a randomized trial, the adult treat-
ment guidelines also recommend initiation of lifelong ART in indi-
viduals with CD4 cell counts between 350 and 500 cell/mm3.148,250 (See 
also Chapter 130.) The important HIV Prevention Trials Network 
(HPTN) study HPTN 052, a multinational, randomized trial evaluat-
ing treatment of HIV-infected individuals within serostatus-discordant 
couples, demonstrated that immediate initiation of ART among HIV-
infected participants with CD4 counts between 350 and 500 cell/mm3 
reduced both the combination of HIV-related events/death and the 
sexual transmission of HIV to their HIV-negative partners by more 
than 96%.87 Of the 28 transmissions that were virologically linked to 
the infected partner, only 1 occurred in the immediate-therapy arm 
compared with those who started ART only after their CD4 counts 
decreased below 250 cells/mm3 (deferred study arm) (HR, 0.04; 95% 
CI, 0.01 to 0.27; P < .001).87 Pregnant women should be started on a 
combination ART regimen during pregnancy to prevent perinatal 
transmission and should be assessed for their willingness and ability 
to commit to ongoing continuous therapy, given current data on the 
benefits and risks to the woman and its prevention of sexual transmis-
sion to her sexual partners.148

Women with CD4 counts greater than 250 cells/mm3 have an 
increased risk for developing symptomatic, often rash-associated, 
NVP-related hepatotoxicity, which can be severe, life threatening, and, 
in some cases, fatal within the first 18 weeks after initiation of 
therapy.148,258 However, recent data do not show a similar strong asso-
ciation between NVP toxicity and CD4 counts among pregnant 
women.259 NVP should be used only as a component of a combination 
regimen when ART is being initiated in women with CD4 counts 
greater than 250 cells/mm3 if the benefit clearly outweighs the risk. If 
NVP is used, frequent and careful monitoring of aminotransferase 
levels, particularly during the first 18 weeks of treatment, is required. 
Aminotransferase levels should be checked in all women who develop 
a rash while receiving NVP, and NVP therapy should be stopped imme-
diately in all women who develop signs or symptoms of hepatitis.

The combination of didanosine (ddI) and stavudine (d4T) should 
be avoided if possible because of rare case reports of fulminant hepa-
titis and lactic acidosis in late pregnancy among women taking these 
drugs.148

HIV-Infected Pregnant Women Who Are Currently 
Receiving Antiretroviral Therapy
Women who have been receiving ART for their HIV infection should 
continue treatment during pregnancy. Discontinuation of therapy 
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Antiretroviral Agents in Pregnancy of the Perinatal Guidelines267 and 
are briefly summarized in Table 128-5.

Intrapartum Antiretroviral Therapy/Prophylaxis
Women who are receiving an antepartum combination antiretroviral 
regimen should continue this regimen on schedule as much as possible 
during labor and before scheduled cesarean delivery.148 Intravenous 
ZDV administration is recommended for pregnant women with HIV 
RNA greater than or equal to 400 copies/mL or unknown HIV RNA 
levels near delivery, regardless of antepartum regimen or mode of 
delivery. Many experts choose to continue to give intravenous ZDV to 
all HIV-positive women during labor and to neonates regardless of  
the antepartum antiretroviral regimen, even though intrapartum pro-
phylaxis was not associated with a lower risk for transmission among 
2845 women with HIV RNA less than 400 copies/mL at delivery  
(0.6% transmission with intrapartum prophylaxis vs. 0% without  
intrapartum prophylaxis).148 The 6-week neonatal component of the 
ZDV chemoprophylaxis regimen is recommended for all HIV-exposed 
neonates to reduce perinatal transmission of HIV, preferably within  
6 to 12 hours of birth. Women receiving fixed-dose combination regi-
mens that include ZDV should have ZDV administered intravenously 
during labor while other antiretroviral components are continued 
orally.148

For women who have received antepartum antiretroviral drugs but 
have suboptimal viral suppression near delivery (i.e., HIV RNA >1000 
copies/mL), scheduled cesarean delivery at 38 weeks’ gestation is rec-
ommended to minimize perinatal transmission of HIV. The addition 
of intrapartum/neonatal single-dose NVP is not recommended. 
Women of unknown HIV status who present in labor should have 
rapid HIV antibody testing performed and intravenous ZDV initiated 
if the test is positive (without waiting for results of the confirmatory 
test) and infant ZDV therapy initiated.148 A confirmatory test should 
be done postpartum; if positive, 6 weeks of infant ZDV therapy is 
recommended, and if negative, the infant ZDV therapy can be stopped. 
For HIV-infected women in labor who have not received antepartum 
antiretroviral drugs, intravenous administration of ZDV during labor 
and 6 weeks of infant ZDV therapy is recommended. Some experts 
would combine the intravenous intrapartum/6-week neonatal ZDV 
regimen with single-dose intrapartum/neonatal NVP.148 If single-dose 
NVP is given (alone or in combination with ZDV), consideration 
should be given to adding 3TC during labor and maternal ZDV/3TC 
for 7 days postpartum or longer, which may reduce development of 
NVP resistance in the woman.148

Women experiencing postpartum hemorrhage due to uterine atony 
are often managed with oral or parenteral methylergonovine 
(Methergine) or other ergot alkaloid as a first-line agent. However, 
methylergonovine should not be co-administered with drugs that are 
potent CYP3A4 enzyme inhibitors, including protease inhibitors and 
the NNRTI drugs EFV and delavirdine. The concomitant use of ergota-
mines and these CYP3A4-inhibiting drugs has been associated with 
exaggerated vasoconstrictive responses. If alternative treatments for 
postpartum hemorrhages are not available, methylergonovine should 
be used in as low a dose and for as short a time as possible.148

Practitioners who provide health care for HIV-infected pregnant 
women and their neonates should report prospectively all cases of 
prenatal exposure to any antiretroviral medication (either alone or in 
combination) to the Antiretroviral Pregnancy Registry (Research Park, 
1011 Ashes Drive, Wilmington, NC 28405; telephone: 1-800-258-4263; 
fax: 1-800-800-1052; Internet access: www.APRegistry.com).148,267 
Treatment and prophylaxis of opportunistic infections during preg-
nancy should follow guidelines similar to those for nonpregnant 
women.268 Pregnant women who develop active opportunistic infec-
tions, including tuberculosis, should receive a drug regimen developed 
by obstetric and infectious diseases specialists. As with antiretroviral 
medications, the potential benefits of prophylactic agents must be 
weighed against their potential risks. Pneumococcal, hepatitis B, and 
inactivated influenza vaccines may be given if indicated during preg-
nancy. Live vaccines, such as for rubella, measles, mumps, and vari-
cella, are contraindicated in patients with severe immunosuppression 
(CD4 count <200 cells/mm3) and during pregnancy, labor, and the 
early postpartum period.

can be performed every 6 months in patients on ART for more than 2 
to 3 years who are adherent to therapy, clinically stable, and have sus-
tained viral suppression. Viral loads should be monitored in HIV-
infected pregnant women at the initial visit, 2 to 6 weeks after initiating 
or changing ART, monthly until undetectable, and then at least every 
3 months. The recommended monitoring of viral load in pregnancy is 
more frequent than in nonpregnant women because of the need to 
lower viral load as rapidly as possible to decrease transmission risk. 
Viral load should also be assessed at 34 to 36 weeks’ gestation to inform 
decisions on the mode of delivery (see “Risk Factors”). Antiretroviral 
drug resistance testing should be performed on women who have 
persistently detectable plasma HIV RNA levels despite receiving anti-
retroviral drugs for treatment or prophylaxis. Because NRTI drugs may 
be associated with development of lactic acidosis, pregnant women 
receiving NRTI drugs should have hepatic enzymes and electrolytes 
monitored more frequently and any new symptoms of potential hepa-
totoxicity should be evaluated thoroughly.

Because of physiologic changes such as hemodilution during preg-
nancy, the CD4 percentage may be more stable than the absolute CD4 
count during pregnancy.264 Monitoring for complications of antiretro-
viral drugs during pregnancy should be based on what is known about 
side effects of the drugs that the woman is receiving (see Table 128-5). 
An ultrasound scan in the first trimester is recommended for confir-
mation of gestational age and to guide potential timing of scheduled 
cesarean delivery, if needed, because scheduled cesarean deliveries for 
prevention of HIV transmission should be performed at 38 weeks’ 
gestation in the setting of maternal HIV viremia.148 Most experts would 
recommend assessment of fetal anatomy in women who have received 
combination ART (particularly if the regimen included EFV in the first 
trimester), given the limited data on the effect of combination therapy 
on the fetus. If the patient is not seen until later in gestation, then 
second-trimester ultrasonography can be used for both anatomy scan-
ning and determining gestational age.

Although data are still limited, the risk for transmission does  
not appear to be increased with amniocentesis or other invasive  
diagnostic procedures in women receiving effective ART resulting  
in viral suppression. This is in contrast to the pre-ART era, when 
amniocentesis and chorionic villus sampling were associated with a 
twofold-to-fourfold increased risk for perinatal transmission (see “Risk 
Factors,” earlier). Some experts consider chorionic villus sampling and 
cordocentesis too risky to offer to HIV-infected women, and they 
recommend limiting invasive procedures to amniocentesis, but exist-
ing data on transmission risk associated with these procedures are 
limited.265

HIV-infected women receiving ART during pregnancy should 
receive a glucose screening with a standard, 1-hour 50-g glucose 
loading test at 24 to 28 weeks of gestation.148 Some experts would 
perform earlier glucose screening in women with ongoing protease 
inhibitor–based therapy initiated before pregnancy, similar to recom-
mendations for women with a high-risk factor for glucose intolerance, 
such as maternal obesity, advanced maternal age, and family history of 
diabetes mellitus.148

Teratogenicity
The major toxicity of NRTIs is related to effects on mitochondrial DNA 
synthesis; these drugs have varying affinity for mitochondrial gamma 
DNA polymerase, resulting in depletion and dysfunction of mitochon-
drial DNA.148 Clinical disorders linked to mitochondrial toxicity may 
be subtle (mild peripheral neuropathy or myopathy) or fulminant 
(hepatic steatosis, lactic acidosis, and liver failure). The relative potency 
of NRTIs in inhibiting mitochondrial gamma DNA polymerase in vitro 
is highest for zalcitabine, followed by ddI, d4T, ZDV, 3TC, ABC, and 
TDF.148 Toxicity related to mitochondrial dysfunction has been 
reported to occur in infected patients receiving long-term treatment 
with NRTIs and generally has resolved with discontinuation of the 
drug or drugs; a possible genetic susceptibility to these toxicities has 
been suggested.266 These toxicities may be of particular concern for 
pregnant women and infants with in utero exposure to NRTIs.

Human data on teratogenicity of all antiretroviral agents approved 
by the U.S. Food and Drug Administration (FDA) can be found  
in Appendix A: Supplement: Safety and Toxicity of Individual 
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nodular opacities, peribronchovascular opacities, thickened interlobu-
lar septa, pleural effusions, and lymphadenopathy.275 Women also may 
have gynecologic involvement. There is at least one case report of 
Kaposi sarcoma presenting as a vulvar mass276 and two cases diagnosed 
by cervical biopsy.277

The incidence of non–AIDS-defining cancers in HIV-positive 
patients has increased over recent years. In a cohort of Italian patients 
from 1985 to 2011, the incidence rates before and after the introduc-
tion of ART were examined and standardized incidence ratios (SIRs) 
were used to compare the cancer risk of HIV-infected subjects with 
that of the age- and gender-matched general population.278 In women, 
the risks were higher than expected for cancer of the vulva (SIR, 69.2), 
Hodgkin’s lymphoma (SIR, 7.5), anal cancer (41.2), and lung cancer 
(SIR 4.8) However, in a recent review in the United States, the incident 
lung cancer rates among WIHS participants found these rates did not 
differ by HIV status or by time period (pre-ART versus post-ART).278 
HIV-infected women with lung cancer are typically young smokers 
(mean age, 40 years) with stage IV adenocarcinoma who have a poor 
prognosis.279 All WIHS women with lung cancer were noted to be 
smokers, and the risk increased with cumulative tobacco exposure.280

Multiple recent reviews of breast cancer have not found an excess 
incidence among HIV-infected compared with uninfected women.281,282 
Patients with HIV infection tend to present with more advanced stage 
and aggressive disease.283 A summary of case reports of women in the 
pre-ART era found histopathology results uniformly describing poorly 
differentiated or undifferentiated tumors.284-290 These reviews substanti-
ate the observation that HIV-infected women generally, but not always, 
present at a younger age and have increased bilateral disease, unusual 
histology, and a poorer outcome compared with uninfected women. In 
contrast, at least one study showed that HIV infection did not influence 
the outcome.291 Chemotherapy-induced myelosuppression can be 
problematic, and patients often require hematopoietic growth factor 
and dose reduction during treatment of their breast cancer.292

Population studies of HIV-infected women have actually shown 
lower than expected cases of breast cancer in selected African and 
Western countries.281,293,294 One explanation is competing mortality. 
Pantanowitz and Dezube294 offer additional hypotheses, including the 
possibility that the immunodeficiency state may be protective and 
HIV-infected women could have fewer risk factors compared with the 
general female population. HIV infection may actually be protective 
for breast cancer at the molecular level. Neoplastic breast cells express 
CXCR4 but not CCR5. In vitro, binding of HIV to the CXCR4 receptor 
induces apoptosis of neoplastic breast cells.281,295 In a nested case-
control study among WIHS and HIV Epidemiology Research Study 
(HERS) HIV-infected participants, a significantly higher proportion of 
the controls had CXCR4-tropic HIV compared with cases with breast 
cancer (28% vs. 9%). Breast cancer risk was decreased with CXCR4 
tropism and menopause, after adjustment for CD4 cell count, HIV 
RNA level, and antiretroviral drug exposure.281

HIV-infected women should follow guidelines established for the 
general female population for mammographic screening.

Gynecologic Infections and Disease
Human Papillomavirus Infections and Disease
HIV-infected women are two to three times more likely than non–
HIV-infected women to have detectable levels of human papillomavi-
rus (HPV) DNA in cervicovaginal specimens296-301 and approximately 
five times more likely to have SILs, vulvovaginal condylomata acumi-
nata, or anal intraepithelial neoplasia.301-304 The prevalence of SILs 
among HIV-infected women is high and has been reported to range 
from approximately 12% to over 40%.305-310 Although the frequency of 
HPV infections appears to be similar between African and American 
HIV-infected women, one study found women residing in Nairobi, 
Kenya, to be more likely to have only one HPV genotype compared 
with women residing in Seattle, Washington.311 Adolescent women are 
particularly prone to HPV infection and disease, with high prevalence 
rates of HPV infection (77.4%)312 and SILs (55%).309,313 Bacterial vagi-
nosis and Trichomonas vaginalis infections increase the risk for acqui-
sition or reactivation of HPV infection, which suggests that the local 
cervicovaginal milieu may play a role in the susceptibility to HPV 
infection.314

Postpartum Follow-up of HIV-Infected Women
The decision to continue or stop ART after delivery should take into 
account current recommendations for initiation of ART, current and 
nadir CD4 count, HIV RNA level, adherence issues, clinical symptoms/
disease stage, presence of other indications for ART, whether a woman 
has an HIV-uninfected sexual partner, and patient preference. The 
immediate postpartum period poses unique challenges for 
adherence269,270,271,272; new or continued supportive services should be 
ensured before hospital discharge. Women with a positive rapid HIV 
antibody test result during labor require comprehensive follow-up, 
including confirmation of HIV infection, full health assessment includ-
ing evaluation for associated medical conditions, counseling related to 
newly diagnosed HIV infection, and assessment of the need for ART 
and opportunistic infection prophylaxis.148 As previously stated, breast-
feeding is not recommended for HIV-infected women in the United 
States, where safe, affordable, and feasible alternatives are available and 
culturally acceptable. Contraceptive counseling is a critical aspect of 
postpartum care. Although condoms are universally recommended for 
prevention of STD/HIV transmission, the unintended pregnancy rate 
with condom use alone is high. The postpartum period provides an 
opportunity to review and optimize women’s health care, including 
cervical cancer screening, routine immunizations, mental health and 
substance abuse treatment as indicated, and assessment for signs of 
postpartum depression and alcohol and illicit drug use, which may 
interfere with adherence.148,269,270

For a detailed discussion of postnatal care of neonates born to HIV-
infected women, see Chapter 129.

Guidelines for the prevention of perinatal HIV and information on 
the management of HIV during pregnancy are changing rapidly. The 
reader is encouraged to obtain the most current information about 
HIV and women from up-to-date sources on the Internet. One of the 
best sources on HIV/AIDS is AIDS Info, a web-based service of the 
U.S. Department of Health and Human Services (www.aidsinfo.nih.gov) 
that offers current information on research, clinical trials, and treat-
ment of patients and health care providers. There are links to the most 
current guidelines for management of women during pregnancy148 and 
for information on the safety and toxicity of antiretroviral agents in 
pregnancy.267 The U.S. government also has published A Guide to the 
Clinical Care of Women with HIV/AIDS, 2005 Second Edition, which is 
fully accessible online at http://hab.hrsa.gov/deliverhivaidscare/files/
clinicalcareguide2005.pdf and available free of charge by mail.224 
Because optimal HIV care must be individualized and incorporate 
rapidly changing knowledge, consultation with an HIV/AIDS expert 
is strongly recommended.

CLINICAL MANIFESTATIONS AND 
NATURAL HISTORY OF HIV 
INFECTION IN WOMEN
In the beginning of the HIV epidemic, initial data on the natural 
history of HIV infection were derived from predominantly male 
cohorts. Subsequent data on the clinical manifestations of HIV infec-
tion in women suggested few sex differences in nongynecologic oppor-
tunistic processes and HIV disease progression. Women can present 
with gynecologic disease, however, that is influenced by their HIV-
induced immunosuppression.

In recent years, recognition of the association between HIV infec-
tion and abnormal Papanicolaou (Pap) smears has prompted HIV 
testing among women with squamous intraepithelial lesions (SILs) or 
cervical intraepithelial neoplasia (CIN). SILs or CIN is often the first 
HIV-related symptom today. Many asymptomatic women also are 
diagnosed with HIV during prenatal screening.

Opportunistic Processes and 
Nongynecologic Malignancies
Although Kaposi sarcoma is infrequent among women, HIV infection 
dramatically increases the risk for this malignancy. In the WIHS study, 
the standardized incidence ratio was 275.8.273 Kaposi sarcoma has a 
different presentation in women than in men. Women with this malig-
nancy may have a highly aggressive disease course and an increased 
incidence of noncutaneous disease, lymphedema, lymph node disease, 
and visceral Kaposi sarcoma.274 Radiographic findings can include 
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treatment for the prevention of recurrent cervical disease after ablative 
therapy for type 2 or 3 CIN in 101 HIV-infected women found 
5-fluorouracil treatment to be significantly protective, decreasing the 
recurrence rate from 47% to 28% in the 5-fluorouracil study arm.337

Invasive cervical carcinoma became an AIDS-defining diagnosis in 
1993. The incidence is low among HIV-infected women, although the 
prevalence of SILs and CIN is high. Invasive cervical carcinoma is an 
important AIDS-defining illness, however, and may be the most 
common AIDS-related malignancy among HIV-infected women in 
areas with a high prevalence of HPV infection.338 Rates of invasive 
cervical carcinoma increase with declining CD4 cell counts. In one 
large prospective study, women with baseline CD4 cell counts of 
greater than or equal to 350, 200 to 349, and less than 200 cells had a 
2.3 times, 3.0 times, and 7.7 times increase in the incidence of invasive 
cervical carcinoma, respectively, compared with HIV-uninfected 
women.339 Compared with uninfected women, HIV-infected women 
with invasive cervical carcinoma are likely to present with advanced 
clinical disease; have persistent or recurrent disease at follow-up, a 
short time to recurrence, and a short survival after diagnosis; and die 
of cervical cancer.340 In the pre-ART era, the median CD4+ count was 
relatively higher (153 cells/mm3 vs. 50 cells/mm3) among women with 
invasive cervical carcinoma compared with women diagnosed with 
other opportunistic illnesses,341 but women with low CD4+ counts have 
a particularly poor prognosis.342 Limited data on women with invasive 
cervical carcinoma in the post-ART era have shown a better outcome. 
A review of malignancies in the HERS cohort found that women diag-
nosed with invasive cervical carcinoma had a higher mean CD4+ count 
(443 cells/mm3) and only one of four women died of metastatic disease 
55 months after diagnosis.279

Studies conducted in the United States, France, Italy, and Canada 
have had conflicting results regarding the impact of ART on the per-
sistence of HPV infection and cervical disease. There was no associa-
tion between ART and persistence of HPV infection in the French and 
Italian cohorts after a mean follow-up of 17.7 and 15.4 months, respec-
tively.343,344 Several groups have found that U.S. women who received 
ART were less likely to have HPV DNA detected in cervical samples 
than women not receiving ART.345,346 The regression rate of CIN was 
twofold higher among women receiving ART in the French cohort,343 
but there was no association between ART and cervical disease pro-
gression or regression in the Italian cohort (N = 163)344 and in a second 
U.S. cohort (N = 602, follow-up 12 months).347 Some studies have 
shown that ART seems to have a modest beneficial effect on the inci-
dence of HPV infection and disease, although the association did not 
reach statistical significance across studies.315,345,348

Because of the increased risk for cervical disease, in 1993 the CDC 
recommended that HIV-infected women should have a Pap smear 
performed when they were found to be HIV infected; if the results  
are normal, the Pap test should be repeated in 6 months. Women who 
have never had abnormal Pap smear results and have had at least two 
Pap smears with normal results can undergo Pap screening every 12 
months.268 Although the risk for cervical HPV is lower among women 
with repeated normal Pap smear results, one study did show that 20% 
of HIV-infected women with no history of cervical disease developed 
biopsy-confirmed incident SILs within 3 years.349 The most recent 
opportunistic infection guidelines state that routine baseline colpos-
copy screening is not recommended, but women with SILs, HPV find-
ings, atypical squamous cells of uncertain significance, and atypical 
glandular cells should be referred for colposcopy.268,350 Although HPV 
testing has been recommended for triaging women to undergo colpos-
copy by the American Society for Colposcopy and Cervical Pathology 
(ASCCP) guidelines,351 the most recent opportunistic infection guide-
lines have not incorporated this recommendation because of insuffi-
cient data. Among HIV-infected women, mild cytologic atypia352 and 
atypical cells of undetermined significance353,354 with positive testing 
for high risk HPV are often associated with CIN.

Women who do not have biopsy-confirmed CIN and who undergo 
an adequate colposcopic examination can be followed with repeat 
cytology in 12 months. Women with atypical squamous cells of uncer-
tain significance should be referred back for colposcopy, but if two 
cervical screening examinations have negative findings, then the 
woman can have routine cytologic screening. Women with atypical 

Among HIV-infected women, HPV disease, as manifested by find-
ings of SILs or CIN on cervical studies, is influenced by HIV-induced 
immunosuppression. SILs and clinically evident HPV infections have 
been associated with a decreasing CD4+ count.306,308,315,316 In addition, 
women with high plasma HIV RNA levels are at increased risk for 
cervical HPV infection with high-risk types and cervical cytologic 
abnormalities.308,317,318 Crack cocaine has been associated with onco-
genic HPV infection, SILs, and a decrease in the clearance of SILs over 
time.318 Vitamin A may play a protective role. In one study, HIV-
infected women with low serum retinol levels (<1.05 mol/L) were 
more likely to have cervical SILs (multivariate OR, 1.75; P = .02) even 
after adjustment for HPV status, nutritional status, and HIV disease 
stage.319

Although most HIV-infected women with SILs present with low-
grade lesions,297,298,302 SILs have been reported to be more severe and 
extensive in HIV-infected women compared with non–HIV-infected 
women and can present as multifocal extensive cervical and lower 
genital tract lesions.320 The increased incidence of HPV-related disease 
among HIV-infected women may be due to the high rate of persistent 
HPV infections, particularly among women with advanced immuno-
suppression, with the oncogenic HPV types associated with the devel-
opment of high-grade lesions and cervical cancer.321,322

The risk for cervical disease progression among HIV-infected 
women with either low-grade SILs or type 1 CIN is relatively low. 
Observational studies have shown that 14% to 22% of women have 
cervical disease progression annually,323-326 and only 20.6% of HIV-
infected women with low-grade cervical dysplasia experienced pro-
gression to high-grade SILs in a randomized, observation-controlled 
clinical trial evaluating treatment with isotretinoin (median follow-up 
was 65 weeks for subjects on oral isotretinoin and 49 weeks for subjects 
on observation, N = 102).327 The difference between the two study arms 
was not significant.327 A 5-year study of HIV-infected and uninfected 
women with normal baseline Pap smears and no oncogenic HPV 
determined the 5-year cumulative risk for CIN2 or worse to be com-
parable (5% vs. 5%). These results suggest that HIV-infected women 
who are cytologically normal without evidence of oncogenic HPV have 
a risk for precancer lesions similar to that of HIV-negative women 
through 5 years of follow-up.328

In observational studies, progression of low-grade SILs has been 
associated with lower CD4+ counts and the presence of HPV types 16, 
18, and 33.316,329-331 Time to cervical disease progression was slightly 
associated with CD4+ count in the randomized clinical trial, but the 
only significantly associated covariate was age. Subjects younger than 
30 had a shortened time to progression than did subjects older than 
30, independent of treatment with isotretinoin (P = .046).327 A Euro-
pean prospective longitudinal study showed sustained virologic sup-
pression for more than 40 months and a CD4 cell count greater than 
500 cells for more than 18 months to be protective. Each of these 
factors was independently associated with a decrease of high-risk HPV 
cervical infection.332 The results from the one clinical trial and a few 
observational studies suggest that observation without excisional 
therapy may be appropriate for HIV-infected women with low-grade 
SILs or type 1 CIN who are not prone to loss to follow-up. Over time, 
the cumulative risk for progression will be higher. In one retrospective 
case-control study, 53.6% and 36.2% of HIV-infected women with 
untreated and treated low-grade SILs, respectively, experienced disease 
progression after 48 months.330 If treatment is recommended, loop 
electrosurgical excision procedure is a preferred treatment of CIN. 
HIV-infected women tolerate this procedure well with a low frequency 
of complications.331

Historically, the risk for recurrent disease after treatment among 
HIV-infected women with type 2 or 3 CIN has approached 40% to 60% 
annually. More recent studies have had slightly better results, showing 
that only 21% to 22% of women undergoing ablative or surgical treat-
ment had recurrent disease and that most failures or recurrences were 
low grade.331,333 Cervical disease progression and recurrent disease after 
treatment correlate with low CD4+ counts.315,326,329,334,335 One study 
showed that nearly 50% of HIV-infected women had positive margins 
on cone biopsy specimens, suggesting that this population may need 
more aggressive management than merely close follow-up colposco-
pies.336 A clinical trial evaluating the efficacy of 5-fluorouracil 
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Although Candida albicans is the cause of more than 95% of oropha-
ryngeal candidiasis, it accounts for only 75% to 85% of the cases of 
VVC, and mixed fungal infections with two or more Candida spp. are 
more common in the oropharynx.371

Fluconazole at a dose of 200 mg weekly for the prevention of 
mucosal candidiasis among HIV-infected women has been previously 
shown to be safe and efficacious and did not precipitate resistance to 
vaginal C. albicans isolates.373 In one study, this dose of fluconazole did 
reduce vaginal colonization with C. albicans; however, non-albicans 
spp., particularly Candida glabrata, rapidly supervened.374 There was a 
trend toward more in vitro azole resistance in C. glabrata isolates from 
women who received fluconazole.375 For this reason, long-term azole 
prophylaxis should be considered only for women at high risk for 
developing recurrent symptomatic VVC. Recommendations for treat-
ment currently are based on whether VVC is uncomplicated versus 
complicated (defined as recurrent VVC, severe VVC, non-albicans 
candidiasis, or having selected conditions including immunosuppres-
sion).268,350 Therapy for VVC in HIV-infected women should not differ 
from therapy for non–HIV-infected women, but prolonged (i.e., 7 to 
14 days) courses of conventional antimycotic treatments may be neces-
sary for women with severe VVC, very low CD4+ counts, or additional 
immunocompromising conditions, such as diabetes or receipt of cor-
ticosteroid treatment.

Trichomonal Vaginitis
Trichomonal vaginitis is one of the most common STIs among HIV-
infected and non-HIV-infected women. Proportions of HIV-infected 
women diagnosed with vaginal infection caused by Trichomonas have 
ranged from 6% to 27% in various U.S. cohorts.305,306,359,376-379 Women 
who are injection drug users,306,359,377 women with more than two 
sexual partners,376 and those who douche363 are at increased risk for 
trichomonal vaginitis. Reinfection is common, occurring in 36% of 
HIV-infected women, and is associated with a history of another STI 
(relative risk [RR], 1.52; 95% CI, 1.08 to 2.14).380 Becoming pregnant 
may be protective (RR, 0.59; 95% CI, 0.39 to 0.87).380 A large clinical 
trial of HIV-infected women has determined a 7-day course of metro-
nidazole is more effective than a single dose for the treatment of Tricho-
monas.381 A concurrent bacterial vaginosis infection was associated 
with failure of the metronidazole single-dose treatment.382

Pelvic Inflammatory Disease
Several studies performed in the United States and Africa compared 
the presentation and course of pelvic inflammatory disease (PID) in 
HIV-infected and non–HIV-infected women. Four studies383-386 found 
that HIV-infected women had a lower admission white blood cell 
count, and five studies383,384,386-388 noted that HIV-infected women were 
more likely to have tubo-ovarian abscesses or require surgical interven-
tion. One study383 found that HIV-infected women were more likely to 
have persistent fevers refractory to antibiotic therapy, and higher tem-
peratures and mean clinical severity scores were found in another 
study.387 Barbosa and colleagues384 noted that HIV-infected women 
were more likely to remain febrile 48 hours after initiation of antimi-
crobial therapy. By day 5 or 6 of therapy, however, there was no statisti-
cally significant difference in the presence of fever.

The microbiology of PID in these studies is similar to that described 
in non–HIV-infected women with PID, although the frequency of 
Neisseria gonorrhoeae and Chlamydia trachomatis may be lower among 
HIV-infected women.384,389 One study showed Mycoplasma spp. and 
Streptococcus spp. were more likely to be isolated in endometrial biopsy 
specimens of HIV-infected women (P < .05).386 Another study of 
Kenyan women with PID found that the prevalence of bacterial  
vaginosis was significantly higher among HIV-infected women with 
low CD4+ counts,389 and in a South African study it was noted that 
Trichomonas vaginalis infection of the lower genital tract was signifi-
cantly associated with a clinical PID diagnosis in HIV-infected women 
(P = .002).390

Very rare causes of PID among HIV-infected women may include 
cytomegalovirus (CMV) and tuberculosis. There was one case report 
of silent oophoritis due to CMV in a woman with advanced HIV 
disease found at autopsy.391 In addition, there are a few reports of HIV-
infected women with clinically diagnosed PID who failed to respond 

glandular cells or low-grade SILs who have an adequate colposcopy 
and have no CIN identified are recommended to have repeated cyto-
logic testing at 6 and 12 months.268

Although most studies have focused on cervical disease, HPV also 
can cause genital warts and anal or vulvar SILs. Anal HPV infections 
seem to be more prevalent than cervical infections and have similar 
risk factors, including CD4+ counts less than 200 cells/mm3 and age 
younger than 45 years.355 The characteristic course of HPV anal infec-
tion among HIV-infected women is unclear, and the optimal manage-
ment is unknown. HIV infection and induced immunosuppression 
seem to increase the risk for HPV vulvovaginal lesions.356-358 These 
observations suggest that HIV-infected women should have a thor-
ough inspection of the vulva, vagina, and perianal region during each 
gynecologic examination. Some specialists recommend an annual 
digital rectal examination and/or anal cytologic screening. If anal 
cytology indicates atypical squamous cells of uncertain significance or 
SILs, then the woman should undergo high-resolution anoscopy and 
possible biopsy of visible lesions.268

Unlike for HIV-negative women, there are no current recommenda-
tions for the use of HPV testing to triage HIV-infected women with 
normal cytology to determine the appropriate frequency of cytologic 
screening evaluations or to determine the optimal follow-up of CIN 
after treatment.350 The use of HPV testing has been recommended 
to assist in the management of HIV-infected women with atypical 
squamous cells of uncertain significance. The HPV vaccine is not con-
traindicated in HIV-infected adolescent and adult women and may be 
used in situations in which the clinician believes that it may offer 
benefit.268

Vaginal Infections
Bacterial Vaginosis
Bacterial vaginosis has been the most frequent vaginal infection in 
some U.S. cohorts of HIV-infected women, occurring in 35% to 47% 
of women.359,360

Studies of women in Africa and Thailand have found similar fre-
quencies.93,94,361,362 Factors associated with bacterial vaginosis among 
U.S. HIV-infected women include alcohol use, smoking, douching,  
and multiple sex partners.359,363 HIV infection and induced immuno-
suppression may modify the course of bacterial vaginosis. Bacterial 
vaginosis is more persistent among HIV-infected women compared 
with non–HIV-infected women, particularly women with lower CD4+ 
counts. Women with low CD4+ counts are more likely to have severe 
symptoms from bacterial vaginosis.364 Although HIV-infected women 
may have more severe or persistent bacterial vaginosis infections, there 
are no unique treatment recommendations. Bacterial vaginosis has 
been associated with various adverse outcomes, such as preterm birth, 
transmission and acquisition of STIs including HIV,94,365 and increased 
genital HIV shedding,93 possibly due to the increased local inflamma-
tory response.366 Bacterial vaginosis–associated organisms that have 
been significantly associated with genital HIV shedding include 
BVAB3, Leptotrichia, and Sneathia.93 Treatment can normalize vaginal 
flora back to the protective lactic acid–producing bacteria and should 
be considered as a prevention strategy for STI/HIV acquisition and 
prevention.93

Vulvovaginal Candidiasis
Although one study showed that recurrent vulvovaginal candidiasis 
(VVC) occurs early in the disease process (median CD4+ count, 506 
cells/mm3),367 this finding has not been substantiated in other studies. 
Other investigators have found that the frequency of VVC noticeably 
increases only when the CD4+ count decreases to less than 100 to 200 
cells/mm3.368,369 The first description of VVC among HIV-infected 
women characterized this infection as frequent and chronic, often 
persistent, and poorly responsive to antifungal therapy.370 More recent 
data have shown that although VVC may be more frequent among 
HIV-infected women, the symptoms are similar to those experienced 
by non–HIV-infected women.371

Limited data on the molecular epidemiology of mucosal candidiasis 
in HIV-infected women reveal that the dominant strains of Candida 
colonizing the oropharynx and vagina are different, suggesting that the 
development of disease in these body sites may be disassociated.372 
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have detectable plasma and genital tract virus shedding or either alone 
after changing their ART regimen.425

Decreased cervicovaginal HIV shedding also is correlated with 
resolution of sexually transmitted infections416 and treatment of Tricho-
monas vaginitis, bacterial vaginosis,93 and vulvovaginal candidiasis.426 
Mycoplasma genitalium infection is a common coinfection with other 
STIs among HIV-infected women but is not associated with vaginal 
HIV shedding.427

The impact of the phase of menstrual cycle and serum estradiol or 
progesterone levels on genital tract shedding is not clear. Some studies 
have not found an association,410,428 whereas others have noted a sig-
nificant association,113,115 between menstrual cycle phases and genital 
tract HIV RNA levels. The levels of selected vaginal, but not plasma, 
cytokines are significantly elevated during menses, which could explain 
an increased risk for genital HIV shedding during this time.114,429,430

Sex Hormones, Ovulation, and 
Menstrual Function
There is little information pertaining to sex hormones in HIV-infected 
women. In the WIHS, 55 HIV-infected women and 10 high-risk unin-
fected women with self-reported normal menstrual functioning had 
progesterone and estradiol levels evaluated weekly for 8 weeks.431 
Among HIV-infected women, progesterone and estradiol levels were 
normal during the menstrual cycle with no significant differences in 
progesterone and estradiol levels by ART, baseline plasma viral load, 
or median CD4 cell count.431 Although these findings suggest that HIV 
infection does not influence the reproductive endocrine system, some 
studies evaluating menstrual function imply that there may be an effect 
on pituitary-gonadal functioning by the virus or subsequent immune 
dysfunction.

In one study of 248 HIV-infected women and 82 non–HIV-infected 
controls, HIV-infected women were more likely to experience amenor-
rhea or intervals longer than 6 weeks without menstrual bleeding and 
were less likely to have typical premenstrual symptoms, suggesting that 
anovulatory cycles may be more common in this population.432 A 
second study of 797 HIV-infected women and 205 non–HIV-infected 
controls found that the prevalence of amenorrhea, defined as no men-
strual periods for more than 90 days, was 7% among HIV-infected 
women and 5% among non–HIV-infected controls. On multivariate 
analysis, HIV infection, heroin use, low albumin, and live births in the 
past year were each independently associated with amenorrhea. Amen-
orrhea also was more common among women with low CD4+ counts 
(<50 cells/mm3), and the etiology of amenorrhea was associated with 
hypothalamic dysfunction, with low or normal levels of follicle-
stimulating hormone and low levels of estradiol in approximately 80% 
of HIV-infected women.433 Later information on this cohort showed 
there also was a significant association between high viral loads and 
lower CD4+ counts and cycle length (short and long) and cycle vari-
ability.433 In contrast to these studies, two additional studies did not 
find that HIV infection status or CD4+ count was associated with 
menstrual dysfunction.434,435

Dysfunctional bleeding often occurs in women who are anovula-
tory or perimenopausal. HIV infection may have minimal influence 
on the prevalence of anovulation and the age at which menopause 
occurs. One study of HIV-infected women with regular menses (N = 
14) found that 4 (29%) did not ovulate during a single cycle,436 which 
is similar to comparable HIV-negative women (5% to 31% are anovula-
tory).437,438 The HIV-infected anovulatory women tended to be older 
(38 vs. 31 years old) and to have higher CD4+ counts (632 cells/mm3 
vs. 392 cells/mm3) compared with women who ovulated. A second 
study of HIV-infected women with normal and abnormal menses (N 
= 33) found that 48% of women did not ovulate.439

Clinicians should look for potential causes in HIV-infected women 
presenting with dysfunctional uterine bleeding. In addition to cervical 
or endometrial cancer, other malignancies may manifest as bleeding. 
One case report described an HIV-infected woman diagnosed with 
high-grade, immunoblastic, non-Hodgkin’s lymphoma originating in 
the endometrium who presented with intractable menometrorrhagia 
requiring a hysterectomy.440 Although there have not been reports 
from either clinical trial or observational cohort studies to suggest any 
influence of ART on menstrual cycling, one series of case reports 

to conventional regimens but seemed to have benefited from ganciclo-
vir therapy after CMV was found in genital secretions.392 There was 
one report of a young African patient with isolated acute PID due to 
tuberculosis diagnosed by laparotomy and salpingo-oophorectomy.393

Taken together, these studies suggest HIV infection may influence 
the morbidity of PID and possibly have some effect on the microbiol-
ogy. There does not seem to be a difference, however, in response to 
therapy. HIV-infected women should receive the conventional recom-
mended antibiotic regimens.350

Women should be instructed not to douche, because douching 
more than once a month will increase the risk for STIs.363 Even intra-
vaginal cleaning with soap can change the normal vaginal flora and 
should be discouraged.377

Genital Ulcer Disease
The most common causes of genital ulcer disease among HIV-infected 
women are HSV and syphilis. Proportions of women diagnosed with 
these two infections in U.S. cohorts have ranged from 3% to 22% for 
syphilis and 4% to 18% for HSV.* Injection drug users and women who 
exchange sex for drugs or money are at higher risk for syphilis.305,359 
Women with lower CD4+ counts are more likely to have active and 
severe genital ulcer disease due to HSV.306,394 Because HIV seems to 
modify the course of HSV, the CDC has specific recommendations 
regarding the treatment of episodic infections or suppression for HIV-
infected persons. In general, the doses of acyclovir, famciclovir, and 
valacyclovir are higher and the duration of treatment is longer (see 
Chapter 134).350 Persistent large ulcerations recalcitrant to HSV treat-
ments may herald either acyclovir resistance or the presence of idio-
pathic aphthous ulcerations, described subsequently.

In women with advanced HIV disease, idiopathic vulvar or vaginal 
ulcers are rare manifestations306,394-398; the ulcers can be intractable, 
progress to fistula formation, and cause severe bleeding. In a national 
retrospective review of 29 women with idiopathic genital ulcers 
(defined by either negative HSV and syphilis test results or a nondiag-
nostic ulcer biopsy specimen), the median CD4+ count was only 50 
cells/mm3 and 68% had a previous AIDS-defining event.396 In 37% of 
patients, oral ulcers coexisted; and in 19%, genital ulcers progressed to 
fistula formation. Although the numbers were small, there was often a 
good response to either corticosteroid treatment (topical, intralesional, 
or systemic) or initiation of ART among antiretroviral-naïve women.396 
Thalidomide has also been used successfully in the pre-ART era.399

CMV rarely can cause disease in the lower female genital tract. 
Women present with labial, vulvar, and cervical ulcerations, and typi-
cally they are severely immunocompromised. They often have coexis-
tent cytomegaloviral retinal or gastrointestinal tract disease. In addition 
to painful genital ulcers, some women have had fevers and significant 
cervical bleeding. Women with this manifestation generally responded 
to intravenous ganciclovir (see Chapter 140).398,400-402

Cervicovaginal HIV-1 RNA Shedding
Several studies have focused on the genital tract as a separate compart-
ment, particularly because there is evidence that the genital tract may 
harbor different quasi-species of HIV.403-406 Analyses of HIV-1 in 
various anatomic sites have shown viral sequences from each location 
that are distinct, yet phylogenetically related.405 Genital tract HIV RNA 
levels are associated with plasma HIV-1 RNA levels, CD4+ cell count, 
hormonal contraceptive use, pregnancy, cervical ectopy, various cervi-
cal or vaginal infections, douching, plasma cell endometritis, and 
vitamin A deficiency.363,407-418 Lactobacillus bacterial counts are inversely 
related to genital HIV RNA levels.93,112,419 HIV RNA suppression in the 
genital tract rapidly occurs after institution of ART and is correlated 
strongly with plasma HIV-1 RNA levels.414,420 However, rarely women 
will have discordant plasma and genital HIV RNA dynamics. For 
example, a woman may have optimal plasma HIV RNA suppression 
yet have detectable genital tract virus.103,406,420-423 Treatment interrup-
tion has been associated with emergence of detectable genital tract 
virus, including genotypically resistant isolates.424 One small study that 
examined the longitudinal virologic response among antiretroviral-
experienced women also determined some women may continue to 

*References 305, 306, 359, 376, 377, 380.
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isolated semen HIV shedding can occur even when the isolate is sus-
ceptible to the current regimen.454

Some experts advocate intracytoplasmic injection combined with 
in vitro fertilization (IVF) as the preferred strategy compared with 
intrauterine insemination because the oocyte is exposed to fewer 
sperm, but no clinical data support this to date.455 A limited amount 
of data have shown IVF clinical outcome parameters, including clinical 
pregnancy and live birth rates, to be comparable to those of HIV-
negative couples with no cases of horizontal or vertical transmis-
sion.40,456,457 HIV infection does not appear to affect ovarian response 
among women with HIV who are otherwise healthy,458 and there is no 
evidence that HIV infection influences ovarian aging.459 Drawbacks to 
intracytoplasmic injection combined with IVF are the expense and 
relatively high risk for multiple gestations.

HIV-infected women who do not have obvious fertility problems 
trying to conceive with an uninfected male partner can first try self-
insemination or can seek assistance with sperm insemination from 
fertility centers. When both partners are infected with HIV, the same 
strategies, including optimal virologic suppression, outlined for 
serostatus-discordant couples can be applied. Sperm washing can still 
be considered to minimize the risk for transmitting viruses with dif-
ferent resistance mutations.

Precoital administration of topical or oral PrEP for uninfected part-
ners is an additional strategy to decrease the risk for HIV sexual trans-
mission. Current efficacy studies have chosen tenofovir as a vaginal gel 
or as oral tenofovir disoproxil fumarate (TDF) alone or as co-formulated 
with emtricitabine (FTC/TDF) as PrEP agents. Several studies have 
shown successful prevention of transmission66,138,460-463 in heterosexu-
ally active adults or MSM, but two additional studies found no 
effect,124,464 and one of these124 was terminated early. Experts have sug-
gested the disparate results are due to differing populations, routes of 
HIV transmission (anal vs. vaginal mucosa), tissue concentrations, 
and, most importantly, adherence.125,465,466 In a prospective study of 53 
serostatus-discordant couples (male HIV-infected) opting to use only 
timed intercourse plus or minus PrEP, the pregnancy rate after natural 
conception was 26% for the first attempt and increased up to 75% after 
12 attempts.467 No cases of HIV transmission occurred. To participate 
in this study, the male partner had to have undetectable HIV RNA in 
the plasma (<50 copies/mL), no reports of STIs, and no unprotected 
sex with other partners. Luteinizing hormone in the urine was tested 
to determine the optimal time of conception, and PrEP (with tenofo-
vir) was given at the luteinizing hormone level peak and 24 hours later. 
Fertility evaluations were suggested after six unsuccessful attempts, 
and advanced age in the female partner was found to be a predictor 
for infertility.467

Most fertility centers are open to assisting HIV-infected couples or 
individuals. The most recent guidelines from the American Society for 
Reproductive Medicine published in 2010 state that “unless health care 
workers can show that they lack the skill and facilities to treat HIV-
infected patients safely or that the patient refused reasonable testing 
and treatment, they may be legally, as well as ethically, obligated to 
provide requested reproductive assistance.”468

Contraception and Sexually 
Transmitted Infection Protection
Protection against STI is a critical aspect to consider when determining 
the optimal contraceptive plan. All HIV-infected women need to use 
barrier methods to prevent both STI and HIV transmission. Although 
HIV-infected individuals have relied on barrier methods for the pre-
vention of STIs, including HIV, the WHO categorizes male and female 
condoms as only somewhat effective contraceptives.469 Male condoms 
also require partner cooperation, so dual methods are recommended 
for optimal birth control.

Microbicides are promising future agents that ideally could be used 
to prevent both STI transmission and pregnancy, and several interna-
tional clinical trials are under way evaluating various products. Cur-
rently, the available highly effective reversible birth control options 
include hormonal methods and the intrauterine device (IUD).

Clinicians need to be aware of the potential for pharmacologic 
interactions between most protease inhibitors or NNRTIs and ethinyl 
estradiol, as shown in Table 128-3.250,470 The effect of the change in 

described four women taking ritonavir who had significant 
hypermenorrhea.441

Several studies have shown that the mean age at menopause in 
HIV-infected women is 47 to 50 years as opposed to the median age 
of 51 years among noninfected white and Hispanic women or 49 years 
among African-American women.442-445 Predicators for age-adjusted 
onset of menopause in HIV-infected women include a low CD4 cell 
count, substance use, and physical inactivity.446 The slightly earlier 
menopause may be due to a higher prevalence of known characteristics 
such as substance use including smoking tobacco, low body weight, 
depression, and low socioeconomic status in this population.443 Data 
on the effect of HIV infection on menopausal symptoms are conflicting 
and difficult to study because most symptoms are nonspecific.446 Two 
symptoms that are clearly linked to menopause, hot flashes and vaginal 
dryness, appear to be more common in HIV-infected women com-
pared with uninfected women.445,447 The safety and benefits of hormone 
replacement therapy have not been studied in HIV-infected women.

Fertility Issues
Factors associated with fertility issues and intentions in HIV-infected 
women are listed in Table 128-6. Reduced fertility among HIV-infected 
women has been observed in both developed and developing coun-
tries. Lower fertility rates may be due to reproductive choices, previous 
infection with other STIs, an effect of HIV infection or induced immu-
nosuppression (i.e., anovulation, effect on sperm, higher rates of fetal 
wastage), and decreased sexual activity. The decrease in the conception 
rate in three African cities was estimated as 16% to 26%.448 In one study 
of infertile women with HIV and their partners, the women often 
presented with unexplained tubal occlusions and the men had abnor-
mal semen parameters.449 Anovulation is another relatively frequent 
cause of infertility and is associated with low CD4 cell counts, high 
HIV RNA levels, and a history of substance use.450 Among concordant 
couples, the male infertility factor may also be important. Men with 
advanced HIV infection are more likely to have low testosterone levels 
and abnormal semen analyses compared with HIV-negative controls.450 
A significant positive correlation between sperm count and CD4 cell 
count has been observed.451

Discordant couples can follow some simple strategies to reduce the 
risk for horizontal transmission. Couples should be counseled on HIV 
transmission risks and prevention strategies.

The infected partner should receive treatment and achieve optimal 
virologic suppression prior to attempting conception. If the man is 
HIV infected but the woman is not, donor sperm insemination can be 
offered. If the couple does not desire this option, then sperm washing 
can be considered, ideally once the man has achieved nondetectable 
plasma HIV RNA levels. Sperm washing is based on the premise that 
HIV-infective material exists primarily in the seminal fluid and not 
within sperm cells.452 The technique uses density-gradient fraction-
ation to separate sperm from seminal plasma and nonsperm cells.453 
The sperm have no receptors for HIV, in contrast to the plasma and 
nonsperm cells, which may contain virus. Samples should be checked 
for HIV RNA after the sperm washing because virus may be detectable 
in 5%.453 Although a man may have suppressed plasma HIV RNA, 

TABLE 128-6  Factors Associated with Fertility 
Desires and Intentions in Women Living with HIV 
Infection

POSITIVE INFLUENCES NEGATIVE INFLUENCES
Younger age Personal health concerns

No children Having had one or more children

Antiretroviral therapy Concerns about infecting partner

Interventions to prevent 
mother-to-child transmission

Concerns about infecting child

Partner’s/family members’ wish 
for children

Negative or judgmental attitudes of health 
care workers, family, and community

HIV-related stigma HIV-related stigma

New male partner Fear of disclosure

Modified from Hoyt MJ, Storm DS, Aaron E, et al. Preconception and contraceptive 
care for women living with HIV. Infect Dis Obstet Gynecol. 2012;2012:604183.
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may have a slightly increased risk. Given this concern, the CDC 
strongly advises the concurrent use of condoms (male or female) and 
utilizing other HIV preventive measures among couples using this 
method of birth control.73,76,78

Sex Differences in HIV-1 RNA Levels, 
HIV Progression, and Antiretroviral 
Treatment Response
Although initial observations of survival in HIV infection implied that 
women possibly had a worse prognosis than men,486,487 more recent 
data generally have not supported sex differences in the rate of HIV 
disease progression.488-492 This observation possibly reflects the fact that 
in the early years of the epidemic, women often had delayed access to 
health care, perhaps because of delayed recognition of HIV infection 
or because of family and child care obligations.493

Studies have had conflicting results as to whether there is a sex 
difference in HIV-1 RNA viral loads. In a cross-sectional study of a 
cohort of injection drug users, there was a consistent trend toward 
lower viral load levels in women compared with men after adjustment 
for CD4+ cell count, race, and drug use within the previous 6 months. 
There was no difference, however, in HIV disease progression to 
AIDS.494 Additional analyses of seroconverters in the IUD cohort 
found that the sex difference was present at the time of seroconversion 
but disappeared after 5 to 6 years because women had more rapid viral 
load increases.495 This study again confirmed that the rates of HIV 
disease progression to AIDS did not differ.496 Another small longitudi-
nal study showed similar results—an initial small sex difference in 
HIV-1 RNA viral loads was present that diminished over time.497

Two other large cohort studies (the Swiss HIV Cohort and the 
Italian Cohort Naïve Antiretroviral studies) found modest sex differ-
ences (0.13 log10) among selected subgroups.498,499 Two additional 
studies (a Johns Hopkins cohort and comparison between the WIHS 
and the Multicenter AIDS Cohort Study [MACS]) found either no sex 
difference500 or a minimal difference only at higher CD4+ cell count 
levels.501,502 Taken together, the studies suggest that there may be a 
mild sex influence on viral load levels, but the difference is seen pre-
dominantly at higher CD4+ cell count levels. Pregnancy does not seem 
to be an independent risk factor for disease progression in most 
studies.220,503-505

It is unclear whether sex influences CD4 cell count or HIV RNA level 
dynamics after ART. Some studies have shown that women have a 
greater CD4 cell count increase compared with men after virologic  
suppression,506-508 and one study found that fewer women than men 
experienced clinical progression after antiretroviral initiation.492 In con-
trast, other studies have found no association between sex and immu-
nologic or virologic outcomes.507,509 Regardless, these observations are 
reassuring for women because they show that women have equivalent 
or possibly a more favorable response to ART compared with men.

Sex Influence on Antiretroviral 
Pharmacokinetics and Adverse Events
Antiretroviral pharmacokinetic profiles have been shown to be mod-
estly influenced by sex.510-512 The few studies evaluating sex differences 
with NRTIs suggest that women generally tend to have higher intracel-
lular nucleoside triphosphate concentrations for selected antiretroviral 
agents, including ZDV, 3TC, and ABC, but the findings are not con-
sistent across studies.513-516 Specific sex pharmacokinetic differences for 
NNRTIs and protease inhibitors have been reviewed in several previ-
ous publications.510-512,516,517 Women have higher concentrations or 
decreased clearance of several antiretroviral agents, including atazana-
vir, lopinavir, saquinavir, and NVP. One review noted a trend toward 
higher protease inhibitor drug exposure in women compared with men 
only when the protease inhibitors are boosted with ritonavir.518

The higher serum levels for selected antiretroviral agents in women 
compared with men may in part explain a sex difference in adverse 
events due to the selected agents. Women have an increased frequency 
and severity of specific antiretroviral side effects compared with 
men.510,511,516,517,519 NRTI adverse events noted to be higher include 
lactic acidosis, hepatic steatosis and hepatotoxicity, and anemia.

Although sex is not associated with the EFV toxicity profile, women 
clearly have a much higher incidence of NVP-associated rashes and 

ethinyl estradiol level on contraceptive efficacy is not clear because the 
progesterone component is primarily responsible for the contraceptive 
effects in combined estrogen/progesterone methods.250 Concurrent use 
of fosamprenavir and oral contraceptive pills is not recommended 
because the ethinyl estradiol pharmacokinetic effect on amprenavir or 
fosamprenavir is to lower the amprenavir levels.470 Progestin-only con-
traceptive methods are less likely to have significant interactions. One 
study has shown that DMPA does not affect selected protease inhibitor 
and NNRTI levels and remains efficacious in suppressing ovulation 
while co-administered with selected protease inhibitor or NNRTI 
therapies.471,472 However, case reports have described contraceptive fail-
ures of etonogestrel implant among women using antiretroviral 
agents.473,474 Another drawback to progestin-only contraception is an 
adverse metabolic effect. Use has been associated with low high-density 
lipoprotein levels and risk for insulin resistance.475

One study has evaluated the interaction between EFV and levo-
norgestrel, the hormone in Plan B, an over-the-counter emergency 
contraception among HIV-negative women. Levonorgestrel levels 
appeared to drop after administration of EFV.476,477 Although the 
minimal effective concentration of levonorgestrel for emergency con-
traception is unknown, the pharmacokinetic information suggests that 
higher doses (1.5 mg) would be needed among women taking EFV to 
prevent pregnancy.

Maraviroc is a substrate of CYP3A enzymes, but it is neither an 
inducer nor an inhibitor of the CYP3A system and has had no signifi-
cant interactions with hormonal agents demonstrated.250 Likewise, no 
clinically significant interactions with raltegravir have been noted. 
Conversely, hormonal therapies with at least 30 µg ethinyl estradiol are 
recommended when taking elvitegravir and cobicistat because of this 
combination’s effect on ethinyl estradiol levels.473

One study has investigated interactions between the transdermal 
contraceptive patch (ethinyl estradiol/norelgestromin) and lopinavir/
ritonavir.477 The 45% decrease in the area under the concentration-time 
curve of ethinyl estradiol from this study was comparable to results 
from interaction studies with oral hormonal contraceptive therapies.477 
To date, pharmacokinetic studies between the contraceptive intravagi-
nal ring and antiretroviral agents have not been performed.477

The IUD is widely used internationally but infrequently used in the 
United States even though the current thinking is that this method is 
safe and effective among women with HIV.478-481 The levonorgestrel-
releasing intrauterine system has been shown to be safe, effective, and 
well tolerated and to reduce menstrual bleeding in HIV-infected 
women.481-483 There are no known pharmacokinetic interactions 
between the levonorgestrel-releasing IUD and ART. IUDs do not influ-
ence genital tract HIV RNA shedding, and their use among HIV-
infected women is not associated with increased risk for transmission 
of the virus to sexual partners.72,73,482-484 In one recent study of 25 HIV-
infected antiretroviral-naïve women in Kenya who had a levonorgestrel 
IUD placed, there were no changes at 6 months compared with non-
placement in genital HIV-1 RNA shedding or inflammatory markers, 
with the exception of interleukin-1β, which increased (0.42 log10; 95% 
CI, 0.10 to 0.75).482 One surprising observation from a comparison trial 
of the copper IUD and hormonal contraception was the finding of 
better contraceptive efficacy in the IUD arm of the study and more 
rapid HIV disease progression, measured by death or CD4 cell count 
decreasing to less than 200 cells/mm3, among women assigned to the 
hormonal contraception arm of the study.479 However, several other 
cohort studies have not found any association between hormonal con-
traception and HIV disease progression as measured by mortality, CD4 
cell count, or HIV RNA level.68,485 The WHO medical eligibility criteria 
for contraceptive use has a level 3 recommendation (use of IUD is not 
usually recommended unless other more appropriate methods are not 
available or not acceptable) for women with AIDS initiating its use, but 
for all other women infected with HIV, even those with AIDS and 
clinically stable, IUD use falls into the WHO level 2 recommendation 
(the method can generally be used because the benefits of the method 
outweigh the risks).72,73 Multiple studies have examined the risk for 
HIV transmission or acquisition and the use of hormonal agents for 
birth control. Most have not have found an association between oral 
contraceptive use and HIV infection acquisition. However, some 
studies suggest women using progestin-only injectable contraception 
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The U.S. Clinical Preventive Services Guide recommends that 
women aged 65 years and older be screened routinely for osteoporosis, 
and screening can begin at age 60 for women at increased risk for 
osteoporotic fractures.550 Risk factors among women not infected with 
HIV include low body weight (<70 kg), smoking, weight loss, family 
history, decreased physical activity, alcohol or caffeine use, low calcium 
and vitamin D intake, and white race.551 The value of universal screen-
ing of younger perimenopausal or postmenopausal HIV-negative 
women is not well established,551 but clinicians can consider screening 
patients younger than 60 years of age at high risk for osteoporotic 
fractures on an individual basis. HIV-infected women, particularly 
those with prolonged exposures to either DMPA or TDF, may be can-
didates for earlier screening.

Experts recommend screening all HIV-infected postmenopausal 
women who are at least 50 years of age by dual-energy x-ray absorpti-
ometry (DXA). If the results do not warrant treatment (or the T score 
is >1) then screening should be repeated in 2 to 5 years. If the initial 
DXA is abnormal, then the patient should be monitored every 1 to 2 
years.552 Women with abnormal results of DXA should also be evalu-
ated for secondary osteoporosis, which can be caused by several dis-
eases, medications, or behaviors. All women, regardless of age, should 
be screened for vitamin D insufficiency or deficiency because low 
vitamin D levels are highly prevalent, particularly among African-
American women.553,554

Several clinical trials have evaluated the use of a bisphosphonate in 
HIV-infected persons. The trials show an increase in bone mineral 
density in patients taking alendronate versus control groups, and it is 
the preferred agent for treatment in this population.552 The data on the 
use of estrogen, testosterone, calcitonin, and teriparatide are limited, 
but they may be considered in select cases.555Adequate calcium (1000 
to 1200 mg/day), vitamin D (800 to 1000 IU), and weight-bearing 
exercise should be advised for prevention of osteoporosis.552,555 Smoking 
cessation and limiting alcohol intake will also decrease the risk for 
bone disease.552

Management Issues
Several studies have shown that, in the United States, HIV-infected 
women historically are less likely than men to receive health care ser-
vices, including medications.493,556 This finding reflects the fact that 
delivery of health care to HIV-infected women can be a challenge. 
Barriers specific for this population have been identified in several 
studies and include child care responsibilities and the need for several 
services, such as gynecologic or obstetric care, which can necessitate 
multiple visits to different locations.556-558 Not surprisingly, substance 
use has been shown to interfere with access to health care and compli-
ance with treatment.559

Strategies shown to improve accrual and retention of HIV-infected 
women into health care include combining clinics for mothers and 
their children, integrating gynecologic/colposcopy services on site into 
primary care clinics, daily availability of health care provider services, 
and provision of on-site child care and transportation services.560 Spe-
cific management issues that should be emphasized in young HIV-
infected women or infected adolescents include discussion of optimal 
methods for contraception and STI protection and psychosocial 
concerns.561-563 Older HIV-infected women are unique because they are 
at risk for various medical conditions owing to their age and should 
receive routine recommended health maintenance screening examina-
tions such as mammography. However, although age could influence 
risk for adverse events from comorbidities, menopausal status has been 
shown not to affect either virologic or immunologic response to ART.564

Underlying medical conditions, including but not limited to hyper-
tension, diabetes, coronary artery disease, angina, chronic obstructive 
pulmonary disease, asthma, and arthritis, are common. HIV-infected 
women at least 40 years old also are more likely to be diagnosed with 
psychiatric illnesses, such as substance abuse, anxiety, depression, psy-
chosis, and dementia, compared with younger HIV-infected women.13 
Factors associated with cognitive deficits among HIV-infected women 
include type 2 diabetes,565 insulin resistance,566 and carotid disease.567,568 
Women with CD4 cell counts less than 100 are particularly vulnerable 
and are 2.7 times more likely than women with higher CD4 cell counts 
to be diagnosed with the frailty phenotype.569

hepatotoxicity compared with men.517,518 The risk is also related to the 
degree of immunocompromise. Individuals with higher CD4 cell 
counts appear to be at highest risk. The CD4 cell count thresholds for 
increasing risk differs by sex and is lower among women compared 
with men (>250 cells/mm3 vs. >400 cells/mm3, respectively). In a 
gender comparison study of a darunavir/ritonavir regimen that could 
include etravirine, an analysis of persons on etravirine showed women 
had a higher frequency of nausea and rashes but a lower frequency of 
diarrhea or hypertriglyceridemia compared with men.520 In general, 
women have higher frequencies of selected protease inhibitor–related 
gastrointestinal symptoms compared with men.510,511,521

Metabolic Complications
Metabolic complications of ART include insulin resistance and glucose 
intolerance, dyslipidemia, changes in body fat distribution, and pos-
sibly bone disorders.522-529 Glucose disorders have been linked to both 
protease inhibitors522 and NNRTIs.529 Lipid abnormalities are nearly an 
inevitable consequence of most protease inhibitor therapies.522 Among 
HIV-infected women, both protease inhibitor or non-nucleoside 
therapy have been shown to elevate the levels of total cholesterol and 
specific apolipoproteins.530 Higher CD4 cell counts are also associated 
with higher cholesterol, low-density lipoprotein, and apolipoprotein B 
levels in women.531

Metabolic complications can put HIV-infected individuals at an 
increased risk for cardiovascular events. Among HIV-infected women, 
activated CD4+ and CD8+ T cells and immunosenescent CD8+ cells 
have also been shown to be independently associated with increased 
prevalence of carotid artery lesions after controlling for age, ART, and 
HIV RNA levels.532 Low CD4 cell counts in women appear to increase 
the risk for subclinical carotid artery abnormalities, even among 
patients with optimal virologic suppression.

Overt proteinuria is an additional risk or marker for cardiovascular 
morbidity among HIV-infected individuals.533 Both kidney function 
and preexisting proteinuria at time of ART initiation are predictors for 
all-cause mortality among HIV-infected women.534,535 The mechanisms 
underlying body fat changes and bone disorders and their relationship 
to specific antiretroviral agents are not clearly delineated. However, 
d4T536 is associated with less leg subcutaneous adipose tissue and ddI528 
is associated with decreases in hip circumference in women. Compared 
with men, women have both a higher frequency and different presenta-
tion of body fat changes. Several studies have shown that women are 
more likely than men to experience truncal obesity and less likely to 
acquire subcutaneous fat wasting or atrophy that primarily occurs in 
the appendages531,537-542 compared with men, although this finding is 
still common.528,543 The Fat Redistribution and Metabolic Change in 
HIV Infection study found that peripheral lipoatrophy occurred in 
28% of their HIV-infected female study population (vs. 4% in controls) 
and central lipohypertrophy was even more frequent but not associated 
with HIV infection (62% vs. 63% in controls). The peripheral lipoat-
rophy was not associated with either increased visceral adipose tissue 
or trunk fat, suggesting that the mechanisms for these body fat changes 
are not linked.536

HIV infection may increase the risk for osteopenia and osteoporo-
sis, but studies evaluating the influence of ART on the risk for bone 
disease have shown conflicting results, possibly because not all studies 
adjusted for potential confounders such as age or duration of HIV 
infection.527 One analysis found low body weight may largely account 
for the high prevalence of low bone mineral density reported in HIV-
infected patients.524 Older age,524 low CD4 cell count nadir,524 and low 
lean body mass512,544 have been independently associated with 
osteoporosis/osteopenia in HIV-infected women.524 Other factors 
found to be significant in unadjusted analyses include low free testos-
terone and oligomenorrhea.545 Studies evaluating the influence of ART 
have had conflicting results showing either no relationship524 or an 
association between a lower bone mineral density and a protease 
inhibitor–containing antiretroviral regimen or longer lopinavir use.526 
TDF546 and DMPA547,548 are other drugs that could potentially increase 
the risk for bone disease among women. Although HIV-infected 
women are more likely to have osteopenia or osteoporosis compared 
with uninfected women, the incidence of bone fracture appears to be 
similar among predominantly premenopausal women.549
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clinical trials. It has been difficult to study the influence of sex on the 
toxicity or efficacy of antiretroviral agents. In recent years, investigators 
have become more cognizant of the importance of studying sex differ-
ences. There are still large gaps in our knowledge in many areas, includ-
ing, but not limited to, pharmacokinetic data among women on 
hormonal agents and selected therapies (e.g., antiretroviral agents, 
mycobacterial or hepatitis treatments), HPV treatment and prevention 
strategies, and adherence in challenging populations, such as postpar-
tum women, adolescents, and substance users. More women need to 
be involved in cutting edge research to help find a cure for HIV infec-
tion, an area where men have predominated in study populations.

Older HIV-infected women at least 50 years of age appear to have 
more psychosocial challenges compared with uninfected women in 
negotiating intimate partner relationships. Major issues include stigma, 
concerns about body image, and dilemmas raised by disclosure. These 
concerns should be screened for in this population because they may 
be successfully addressed in some individuals.570

Offering enrollment into clinical trials is an advantageous manage-
ment option for HIV-infected women. At least one study showed that 
women who participate in ART clinical trials have significantly longer 
survival.307 Historically, a relatively low proportion of HIV-infected 
women in countries with good health care resources were enrolled in 
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Although the pathogenesis of human immunodeficiency virus (HIV) 
infection and the general virologic and immunologic principles under-
lying the use of antiretroviral therapy are similar for HIV-infected 
children and adults, unique considerations apply to infants, children, 
and adolescents. These include (1) the acquisition of infection through 
perinatal exposure for the vast majority of children (i.e., a primary 
infection acquired in the context of an immature immune system);  
(2) in utero exposure to antiretroviral medications, HIV infection, and 
altered inflammatory milieu; (3) differences in immunologic markers, 
viral load, and diagnostic strategies in young infants; (4) changes in 
pharmacokinetic parameters with age; (5) considerations related to the 
formulation and palatability of medications; (6) issues of adherence in 
infants and young children dependent on others for medication 
administration and in adolescents facing adherence challenges from 
developmental issues including peer pressure; and (7) challenges in the 
disclosure of HIV diagnosis to children and adolescents. The salient 
pediatric-specific issues in the diagnosis, clinical manifestations, and 
treatment of pediatric HIV infection are addressed in the previous 
edition of this textbook and elsewhere.1-20 Table 129-1 lists frequently 
updated Internet-based sources of information. The focus of this 
chapter is on current successes and the remaining challenges in domes-
tic pediatric and adolescent HIV infection.

CURRENT EPIDEMIOLOGY OF 
DOMESTIC PEDIATRIC AND 
ADOLESCENT HIV INFECTION
The epidemic of acquired immunodeficiency syndrome (AIDS) was 
first recognized in adults in the United States in 1981, although spo-
radic cases in the United States and Europe had occurred since at least 

the mid-1970s.21-25 In retrospect, it is known that pediatric cases 
occurred almost as early as adult cases.26-29 During the peak of the U.S. 
pediatric HIV epidemic, approximately 10% of people living with HIV 
infection in the United States were children (<13 years of age) and 
adolescents (13 to 19 years of age); currently, children and adolescents 
together account for only 1.3% of people living with HIV infection.30 
This remarkable 90% decline in the prevalence of pediatric HIV infec-
tion is the result of striking advances in both the prevention of mother-
to-child transmission (MTCT) of HIV reducing the incidence of new 
infection and the increased survival of infected children aging into 
young adulthood.30,31

Since reporting began in 1981, approximately 9500 cases of AIDS 
in children younger than 13 years of age have been reported by the 
Centers for Disease Control and Prevention, with most occurring  
in children of color (60% blacks, 20% Hispanic, 17% white).30 The 
greatest number of pediatric AIDS cases (cumulative through 2011, 
recognizing that case numbers of HIV infection, not just AIDS, are 
likely much greater) have been reported in New York (2457), Florida 
(1571), New Jersey (816), California (705), and Puerto Rico (405). The 
mode of infection for more than 95% of the cumulatively reported 
cases of pediatric AIDS is MTCT. Less than 1% of cases have been 
reported to have no identifiable risk factor; early in the epidemic, some 
cases were the result of transfusion of tainted blood components. 
Rarely, cases have been attributed to sexual abuse or assault and only 
very rarely to household, school, child care, and hospital or clinic 
exposure. Breast-feeding is an important mode of HIV transmission 
in lower resource settings, but in the United States, where nutritionally 
complete infant formula and clean water are readily available,  
HIV-infected women are counseled to avoid breast-feeding.2-4,14-18,32,33 

Epidemiology
•	 A	remarkable	decline	in	U.S.	pediatric	human	

immunodeficiency	virus	(HIV)	infection	has	
occurred	as	a	result	of	both	the	majority	of	
currently	infected	children	surviving	into	young	
adulthood	and	the	tremendous	success	in	
interrupting	new	mother-to-child	transmission	
(MTCT).	Such	success	may	be	achieved	
globally	wherever	effective	HIV	screening	and	
therapy	for	pregnant	women	is	accomplished.

•	 A	small	influx	of	HIV-infected	immigrants,	
refugees,	and	adoptees,	as	well	as	uncommon	
domestic	MTCT,	will	continue	to	contribute	to	
a	minor	but	definite	presence	of	pediatric	HIV	
infection	in	the	United	States.

•	 An	alarming	increase	in	adolescent	acquisition	
of	HIV	infection	is	occurring	among	young	
men	who	have	sex	with	men,	especially	
African-American	and	Hispanic	men.

Elimination of New Pediatric HIV Infection 
in the United States
•	 Prevention	of	pediatric	HIV	infection	critically	

depends	on	prevention	of	HIV	MTCT,	which	in	
turn	depends	on	primary	prevention	of	HIV	
infection	in	women,	universal	HIV	testing	of	

pregnant	women	to	identify	those	who	are	HIV	
infected,	and	appropriate	antiretroviral	therapy	
in	HIV-infected	women	and	their	infants.

•	 Each	episode	of	perinatal	HIV	infection	in	the	
United	States	should	be	viewed	as	a	sentinel	
public	health	event	indicating	a	woman	whose	
HIV	infection	was	either	undiagnosed	before	
or	during	pregnancy	or	a	woman	with	a	
known	diagnosis	who	did	not	receive	
adequate	prenatal	care	including	appropriate	
interventions	to	prevent	MTCT.

•	 Prevention	of	adolescent	HIV	infection	involves	
similar	strategies	to	those	used	for	adults	
(safer	sex,	avoidance	of	intravenous	or	
injection	drug	use)	but	with	special	attention	
to	the	adolescent’s	unique	developmental	and	
biopsychosocial	challenges.	Additional	
challenges	may	be	posed	by	interrupted	health	
insurance,	homelessness,	and	stigma	among	
young	men	who	have	sex	with	men.

Therapy for Aging HIV-Infected Youth
•	 Disclosure	of	the	diagnosis	of	perinatal	HIV	

infection	to	the	aging	child	requires	discussion	
and	planning	and	is	a	process	that	may	take	
place	over	months	to	years	based	on	several	

factors,	including	the	developmental	level	of	
the	child	and	the	parent’s	or	caretaker’s	
readiness	to	disclose.	Disclosure	is	best	
accomplished	by	early	adolescence	to	more	
fully	engage	youth	in	their	own	care,	
preferably	before	the	age	of	sexual	debut.

•	 Adherence	with	medical	care	may	suffer	
during	adolescence	because	of	issues	revolving	
around	psychosocial	developmental,	
confidentiality,	peer	pressure,	and	
socioeconomic	factors.	This	contributes	to	the	
substantial	presence	of	antiretroviral	resistance	
of	HIV	strains	in	aging	adolescents.

•	 Transition	from	the	pediatric	care	model	to	the	
adult	care	model	is	a	multifaceted	process	that	
requires	time	and	planning	to	keep	the	aging	
adolescent	successfully	engaged	in	care.

•	 Complications	of	long-standing	perinatal	HIV	
infection	and	its	therapy	among	maturing	
youth	include	impaired	growth	and	bone	
mineral	accrual,	possibly	increased	
cardiovascular	risk	factors,	increased	incidence	
of	behavioral	and	psychiatric	disorders,	and	
increased	risk	for	cervical	dysplasia	and	
preterm	birth	among	young	women.

SHORT VIEW SUMMARY
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City.45 Some urban zip codes had seroprevalence figures among child-
bearing women as high as 3%. Using a comprehensive approach 
including improving primary prevention services for women of child-
bearing age, linking and co-locating inpatient and outpatient medical, 
pediatric, and obstetric care through specialized designated AIDS 
Center hospitals and clinics, making the recommendation of prenatal 
HIV counseling and testing a standard of care, instituting a “safety-net” 
policy of expedited HIV testing of women and infants in birth facilities 
and within the neonatal metabolic screening program, offering free 
neonatal molecular virologic diagnostic testing, and providing educa-
tional, financial, and quality assurance support for all of these pro-
grams, the New York State Department of Health’s AIDS Institute was 
able to reduce MTCT rates of approximately 25% in 1988 (representing 
an estimated 500 infected infants) to 11.5% by 1997 (99 infected infants 
born) and to 1.3% in 2008 (only 6 infected infants born).45-48

Similar remarkable decreases in MTCT of HIV have been reported 
from the United Kingdom, Ireland, France, and wherever prenatal 
testing and identification of HIV-infected pregnant women and provi-
sion of combination antiretroviral therapy to pregnant women and 
their infants is achieved.49-51

Thus, pediatric HIV infection in the United States is now consid-
ered as a condition that could be eliminated—a nearly unimaginable 
concept just 2 decades ago.38 Globally, however, pediatric HIV infec-
tions were responsible for at least 10% of prevalent infections, 13% of 
incident infections, and 14% of deaths.52 The influx of HIV-infected 
immigrants, refugees, and international adoptees, as well as uncom-
mon instances of MTCT, will continue to contribute to a small but 
definite presence of HIV-infected children in the United States for a 
number of years to come.

In contrast to the tremendous success in decreasing new perinatal 
HIV infections through aggressive MTCT prevention programs, the 
total number of reported cases of AIDS in U.S. adolescents continues 
to increase. This increase in adolescent cases represents a confluence of 
the majority of perinatally infected children now surviving into adoles-
cence and the acquisition of HIV infection during adolescence through 
sexual contact (especially among young men who have sex with men) 
and, to a lesser extent, intravenous drug use (Fig. 129-2).48 In 2011, 
approximately 10% of all newly diagnosed cases of AIDS in the United 
States and 20% of the newly reported infections with HIV were in 
adolescents and young adults 13 to 24 years old at diagnosis.30 Young 
men who have sex with men, especially those of ethnic/racial minori-
ties, account for an increasing majority of new cases of HIV infection 
among U.S. youth; men who have sex with men accounted for approxi-
mately 60% of new U.S. HIV infections in 2010, and 36% of these men 
were black or African American and another 22% were Hispanic or 
Latino.30,53 Overall, nearly 75% of new U.S. HIV infections among youth 
13 to 24 years of age were among young men who have sex with men.30

Premastication or prewarming of infant food by an HIV-infected  
caregiver is a possible source of pediatric HIV infection and also is 
contraindicated.34,35

In the 5 years after antenatal, intrapartum, and neonatal zidovudine 
MTCT prophylaxis was implemented as the standard of care in the 
United States for HIV-seropositive pregnant women, the number of 
pediatric AIDS cases reported in the United States decreased by 86% 
among infants younger than 1 year of age and by 78% in children 1 to 
5 years of age.31,36,37,40-48 These changes reflected a clear success in 
decreasing perinatal transmission as well as better antiretroviral ther-
apy and prophylactic medications to prevent progression of pediatric 
HIV infection to AIDS. In 1991, the annual number of perinatally 
infected infants in the United States peaked at 1650; in 2009, only 151 
perinatally infected children were born, an affirmation that the com-
bination of clinical investigation, public health policy implementation, 
and continued antiretroviral drug development has sharply curtailed 
the rate of perinatally acquired pediatric HIV/AIDS in the United 
States (Fig. 129-1).31,38 The total number of HIV-exposed births (i.e., 
pregnancies among HIV-infected women) appears to be rising, how-
ever, such that continued efforts to prevent MTCT will be required.38,39

The experience in New York State (including New York City) has 
been particularly notable.40-48 Many of the earliest reports of pediatric 
HIV infection came from New York, and in 1988 a neonatal seropreva-
lence study showed that 0.66% of childbearing women in the state were 
HIV infected, including 1.25% of childbearing women in New York 

TABLE 129-1  Useful Websites for Information on Pediatric HIV/AIDS

WEBSITE SPONSOR COMMENTS
www.aidsinfo.nih.gov U.S. DHHS (NIH/CDC/HRSA) Continuously updated practice guidelines, information on clinical 

trials, and other research efforts

www.hivguidelines.org New York State Department of Health AIDS Institute Updated practice guidelines and chapters on management issues

www.cdc.gov CDC Compendium of information, websites, telephone and fax 
numbers; Spanish language links

www.niaid.nih.gov NIAID/NIH Summary of NIH activities; information on HIV/AIDS topics

www.nccc.ucsf.edu Clinician Consultation Center, University of California, San 
Francisco

Telephone consultation and web-based information on perinatal 
HIV issues including antepartum, intrapartum, and postpartum 
prophylaxis for prevention of MTCT (perinatal HIV hotline: 
1-888-448-8765)

www.womenchildrenhiv.org François-Xavier Bagnoud Center at the University of Medicine 
and Dentistry of New Jersey and the Center for HIV 
Information at the University of California, San Francisco

Pediatric-specific information, links, presentations

www.who.int WHO Information, practice guidelines, and other HIV resources for 
international providers

www.unaids.org Consortium of United Nations Agencies including WHO, UNICEF Information and statistics relevant to international providers

AIDS, acquired immunodeficiency syndrome; CDC, Centers for Disease Control and Prevention; DHHS, U.S. Department of Health and Human Services; HIV, human 
immunodeficiency virus; HRSA, Health Research Services Administration; MTCT, mother-to-child-transmission; NIAID, National Institute of Allergy and Infectious Diseases; 
NIH, National Institutes of Health; UNAIDS, Joint United Nations Program on HIV/AIDS; UNICEF, United Nations Children’s Fund; WHO, World Health Organization.

All sites accessed April 18, 2014.

FIGURE 129-1 Acquired immunodeficiency syndrome (AIDS) cases 
in the United States and dependent areas acquired perinatally, by 
year of, and age at, diagnosis, 1985 to 2010. (From Centers for Disease 
Control. HIV/AIDS. Available at www.cdc.gov/hiv/topics/surveillance/
resources/slides/pediatric/index.htm.)
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intrapartum transmission.† Interventions initiated at delivery have no 
effect on those infants already infected in utero but can decrease the 
rate of intrapartum transmission.33,62,63 Even neonates born to HIV-
infected women who did not receive antenatal and intrapartum therapy 
may benefit from antiretroviral therapy if it is begun in the first 12 
hours after birth.40,42,64 When HIV infection is newly diagnosed in a 
pregnant woman or child, it is essential to recommend HIV testing to 
the mother’s other children regardless of age.14-18 Acute retroviral infec-
tion late in pregnancy or during breast-feeding greatly increases the 
rate of HIV MTCT.3,44

Postpartum Mother-to-Child Transmission
The rate of infection among infants of HIV-infected women who 
breastfeed is notably greater than that among infants of non–breast-
feeding women, even if antiretroviral agents were administered during 
pregnancy and intrapartum.16,18,33,56,65-67 HIV has been detected in both 
the cellular and the cell-free fractions of human breast milk, and high 
maternal plasma viral load is likely a risk factor for transmission by 
breast-feeding.16,18,28,44-46 In high-resource settings such as the United 
States, all HIV-infected women should completely avoid breast-feeding 
to prevent HIV transmission to their infants. However, in lower 
resource settings such as sub-Saharan Africa, the decrease in HIV 
transmission through avoidance of breast-feeding needs to be balanced 
against the substantially increased risk for respiratory and diarrheal 
disease morbidity and mortality in infants who are not breastfed.32,33 
The World Health Organization has suggested that each country 
should decide if it should adopt the strategy of counseling mothers to 
breastfeed while receiving antiretroviral interventions or that of coun-
seling to avoid all breast-feeding to give infants the greatest chance of 
HIV-free survival.32

Elimination of Mother-to-Child Transmission
Prevention of pediatric HIV infection critically depends on prevention 
of HIV MTCT, which in turn depends on primary prevention of HIV 
infection in women, universal HIV testing of pregnant women to iden-
tify those who are HIV infected, and, finally, appropriate antiretroviral 
therapy in HIV-infected women and their infants.3,38 Currently, each 

REMAINING CHALLENGES IN 
DOMESTIC PEDIATRIC HIV 
INFECTION
Elimination of New Pediatric  
HIV Infection
The reader is referred to Chapter 128 for a more detailed discussion of 
perinatal transmission; however, a few essential points are reiterated 
here.

Maternal Determinants of Mother-to-Child 
Transmission
The MTCT rate is estimated to range from 13% to 39% for infants born 
to HIV-infected women who did not receive antiretroviral therapy 
during pregnancy or intrapartum.3,4,18 In the United States, the trans-
mission rate decreased from 25% to 8% in 1995, after incorporation of 
an antenatal, intrapartum, and neonatal regimen of zidovudine (Pedi-
atric AIDS Clinical Trials Group 076 study) into standard-of-care 
guidelines; and, currently, the rate of MTCT in the United States is less 
than 2%.* Correlates of MTCT include maternal HIV viral load greater 
than 1000 copies/mL, low CD4+ T-cell count, prolonged rupture of 
membranes, preterm delivery, delivery after initiation of labor or rup-
tured membranes, concomitant genital ulcerative disease, and serocon-
version during pregnancy.3,54-56 Cesarean section is recommended for 
the prevention of transmission if viral load suppression (<1000 copies/
mL) has not been achieved by delivery.57-61 It is clear that vertical 
transmission is most significantly decreased by the use of antiretroviral 
therapy in pregnant women and their neonates.3,36,37,61

In the absence of antiretroviral therapy, the majority of MTCT 
occurs during labor and delivery (50%), with an additional 25% occur-
ring antenatally and 25% postnatally through breast-feeding.3,14-18 
Preventive therapies and other measures have differential effects 
depending on the stage of pregnancy in which they are applied and 
whether infants breastfeed.33 Appropriately designed antenatal antiret-
roviral therapy optimizes maternal health and prevents antenatal and 

FIGURE 129-2 A-D, Historical and projected numbers of persons living with diagnosed HIV infection by age and risk in New York State, 
2002-2014. Hetero, heterosexual; Unk, unknown; MSM, men who have sex with men; IDU, injection drug users. (Data from Gordon DE, Ghazaryan LR, 
Maslak J, et al. Projections of diagnosed HIV infection in children and adolescents in New York State. Paediatr Perinat Epidemiol. 2012;26:131-139.)
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complicate prevention efforts and require a different focus from that 
used for adults.2,11-13,19 In addition, special focus on the increasing 
demographic of young men who have sex with men, especially those 
of ethnic/racial minorities, may be required to successfully decrease 
new adolescent HIV infection.53

ISSUES IN THE CARE OF AGING 
HIV-INFECTED YOUTH
Disclosure of the HIV Diagnosis
Disclosing to a child that he or she has had HIV infection since birth 
is simultaneously one of the most difficult and important aspects of 
caring for such children. The process for disclosure should be discussed 
and planned with the parents (or caretakers) and generally represents 
a process that takes place over many visits and several years, based on 
multiple factors, including the child’s developmental level and ques-
tions about reasons for medications and medical visits, child’s health 
status, approaching age of potential sexual debut, and the parent’s/
caretaker’s readiness for disclosure to the child.73-76 Parents’ concern 
about revealing their own HIV status when disclosing information 
about HIV to their infected children can contribute to reluctance and 
delays in children being disclosed.76 Observational studies show that 
most children learn of their diagnosis at 8 to 10 years of age.73-75 
However, delayed disclosure is unfortunately common, even occurring 
after sexual debut in some cases.77 It is important and developmentally 
appropriate to disclose perinatal HIV infection no later than early 
adolescence to more fully engage youth in their own care goals, enable 
them to discuss their HIV status with sexual partners, and allow them 
to draw on social support to improve their health outcomes.77,78

Care Refusal and Low Adherence 
among HIV-Infected Youth
The advent of effective combination antiretroviral therapy has trans-
formed perinatal HIV infection from a progressive, fatal infection into 
a chronic disease.2,3,11-13,48 In addition to the concern for the develop-
ment of cardiovascular and other long-term complications, many sur-
vivors of perinatal HIV infection must also confront the usual 
challenges of adolescence and adulthood faced by peers without HIV 
infection.

Despite frequent contact with the pediatric medical care system, 
HIV-infected adolescents are often inexperienced with adult health 
care provision systems; may fear or deny their HIV infection; and may 
distrust any information given to them by the medical establishment.2 
Adolescents may also have complex biopsychosocial issues such as low 
self-esteem, chaotic and unstructured lifestyles, peer pressures not to 
be singled out with illness, and a lack of family support, all of which 
may reduce adherence with prescribed therapy. The concrete thought 
processes of adolescents might make it difficult for them to understand 
why medications are necessary during periods of asymptomatic infec-
tion, especially if they have experienced any adverse effects of medica-
tion. Adolescents with perinatal HIV infection have often developed 
substantial antiretroviral resistance after serial, nonsuppressive regi-
mens through childhood and continue to struggle with medication 
adherence.79 Finally, adolescents with behaviorally acquired HIV infec-
tion are less likely than adults to be initiated on treatment when anti-
retroviral therapy is indicated, and adolescents in adult care sites are 
more likely to discontinue antiretroviral therapy than those receiving 
care at pediatric and adolescent clinics.80,81

Treatment regimens for adolescents must balance the goal of pre-
scribing a maximally potent antiretroviral regimen with a realistic 
assessment of existing and potential support systems for the adolescent 
to adhere to such a regimen.2,19 Rather than focusing simply on choos-
ing “the right antiretroviral regimen” and avoidance of opportunistic 
illnesses, care plans for HIV-infected youth may require a strong focus 
on school success and career choices, reproductive health and plans for 
marriage and families, and transition to adult medical care.

Transition of HIV-Infected Youth from 
the Pediatric Care Model to the Adult 
Care Model
Transition to the adult medical care model takes time and advance 
planning because the pediatric and adult chronic care models are 

episode of perinatal HIV infection in the United States should be 
viewed as a sentinel public health event, indicating a woman whose 
HIV infection was either undiagnosed before or during pregnancy or 
a woman with a known diagnosis who did not receive adequate pre-
natal care including appropriate interventions to prevent MTCT.38 One 
or more missed opportunities for prevention (defined as lack of pre-
natal care, lack of early maternal HIV testing, lack of prenatal, intra-
partum, or infant antiretroviral prescriptions, failure to perform 
scheduled cesarean delivery for eligible women, and breast-feeding by 
HIV-infected women) were present in 74% of perinatally HIV-infected 
infants (and 52% of uninfected infants) among 8000 births in 15 U.S. 
jurisdictions during 2005 to 2008.39 Although substantial challenges 
remain in ensuring universal prevention, identification, and appropri-
ate therapy of HIV infection among girls and women of childbearing 
age, near-elimination of U.S. MTCT is achievable with current initia-
tives such as universal HIV opt-out testing of adolescents, adults, and 
pregnant women; early treatment of HIV-infected men and women to 
reduce transmission to heterosexual partners; and solidifying standard 
antiretroviral therapy for infected pregnant women during antenatal 
and intrapartum periods, along with infant prophylaxis.38,68-72 Residual 
MTCT from acute HIV infection acquired late in pregnancy or during 
breast-feeding of previously uninfected women or from transmission 
of antiretroviral-resistant HIV will likely make achieving zero cases of 
perinatal HIV transmission impossible, but reductions of another 
order of magnitude from the current 100 to 200 infected births per 
year is feasible.38

Neonatal diagnostic testing is critical to determine both the success 
of MTCT initiatives as well as for the infant’s health. Proper use of 
diagnostic tests for pediatric HIV infection is heavily dependent on the 
age of the child (also see Chapter 122).1-3,7,14,17 Beyond the age of 18 
months, standard serologic evaluations with enzyme immunoassay 
and confirmatory Western blot assay may be performed as for an adult. 
However, infants born to HIV-seropositive women pose a special diag-
nostic challenge because they are seropositive at birth, whether or not 
they are infected, owing to transplacental passage of maternal antibody 
to HIV. Because maternal antibody is detectable in the infant for as 
long as 18 months after birth, immunoglobulin G antibody tests for 
HIV are not useful for diagnosis in children younger than 18 months 
of age.1-3,7,14,17 Rather, tests that detect the presence of the virus itself 
must be performed. DNA polymerase chain reaction (PCR) and RNA 
assays such as reverse-transcriptase PCR or transcriptase-mediated 
amplification assays are the most widely available of these tests and are 
equally preferred for the diagnosis of HIV infection in infants.2,3,14,15,17 
Optimal testing of infants born to HIV-infected women includes two 
or three HIV DNA PCR or RNA assays, performed at ages 14 to 21 
days, 1 to 2 months, and 4 to 6 months.2,3,14,17 Some experts perform 
an additional PCR test in the first 48 hours of life to identify infected 
infants early, especially in infants at higher risk for in utero infection 
(e.g., no antenatal antiretroviral treatment or high level of maternal 
viremia in late pregnancy). Any positive assay constitutes presumptive 
evidence of HIV infection; a second diagnostic test should be per-
formed immediately, using either the same assay on a different blood 
sample or one of the other assays (i.e., RNA assay if DNA PCR assay 
was used or DNA PCR assay if RNA assay was used) on the original 
sample to confirm the diagnosis. Two or more negative PCR test results 
(and the absence of any other positive PCR test result), both performed 
at 2 or more weeks of age and at least one performed at 1 or more 
month of age are sufficient to reasonably exclude HIV infection in the 
non-breastfed infant. Many experts continue to perform a serologic 
test (enzyme immunoassay) at 12 to 18 months to confirm the absence 
of HIV infection (seroreversion), even in those children with all nega-
tive PCR assays in infancy.

Prevention of Adolescent HIV Infection
The routes of transmission of HIV in adolescents are similar to those 
in adults (sexual contact, intravenous drug use), such that prevention 
goals are similar to those used in adult medicine—serologic testing, 
counseling on safer sex practices, and avoidance of intravenous drug 
use. However, the adolescent individual’s ongoing psychosocial devel-
opment, independence in seeking and following health care, and fre-
quent difficulty in modifying current behavior for future benefits, may 
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mass normally is accrued to produce the early adulthood peak; the 
resulting compromise of peak bone mass may put these young adults 
at higher risk for fractures and osteoporosis at an early age.93

It is established that cardiovascular risk factors in childhood predict 
cardiovascular disease in adulthood and that atherosclerosis has a 
clinically silent onset early in life.94-96 It has also been reported that HIV 
infection in adults appears to be an independent risk factor for cardio-
vascular disease, even with effective antiretroviral therapy.97 Taking 
these observations together, there is substantial concern that the pro-
longed exposure to dyslipidemia, chronic inflammation, and other 
cardiovascular risk factors related to HIV and its treatment throughout 
childhood may create particularly early onset and high risk for cardio-
vascular disease as perinatally HIV-infected youth reach adulthood.

Although active combination antiretroviral therapy has drastically 
lowered the rate of pediatric HIV encephalopathy, cognitive deficits, 
attention deficits, and psychiatric disorders appear to remain at higher 
than expected rates among perinatally HIV-infected youth.12,98 Deter-
mining an appropriate comparison group confounds these analyses, 
but there are data supporting significantly higher rates of behavioral, 
educational, and pharmacologic interventions among perinatally 
infected youth.99 In addition, perinatally infected youth 6 to 17 years 
of age have notable cognitive, academic, and social functioning deficits 
despite being in relatively good HIV virologic and immunologic 
control.100

Adolescent women with HIV infection have a high rate of cervical 
dysplasia (approaching 60%) and should have cervical Papanicolaou 
testing at HIV diagnosis, in 6 months, and then (if normal) yearly, 
rather than waiting until 21 years of age.13 Contraceptive counseling 
on estrogen-containing oral contraceptives is complicated by the use 
of some concurrent antiretroviral agents. More than 100 pregnancies 
among U.S. adolescent and young adult women with perinatally 
acquired HIV infection now have been reported.77,101-104 Common fea-
tures among these reported pregnancies include greater rates of 
preterm birth, cervical dysplasia, and sexually transmitted infections, 
although not increased MTCT of HIV.77,101-104

The actual risks for adverse long-term growth, bone, cardiovascular 
and other health outcomes are not completely known, because the first 
wave of perinatally infected youth has just reached early adulthood. 
Thus, it will be important for adult medical care providers to be able 
to identify which of their adult patients acquired HIV infection peri-
natally, to monitor them appropriately, and to continue to research 
long-term complications of perinatally acquired HIV infection.

different.82,83 Transition is “a multifaceted, active process that attends to 
the medical, psychosocial, and educational or vocational needs of ado-
lescents as they move from the child-focused to the adult-focused 
health-care system.”84 Care models for children and adolescents with 
perinatally acquired HIV tend to be family centered, consisting of a 
multidisciplinary team of physicians, nurses, social workers, and 
mental health professionals. Many adolescents have had long-standing 
relationships with pediatric clinic staff and are often reluctant or 
anxious about adjusting to a new provider. In the pediatric setting, they 
have depended on substantial psychosocial support and are accus-
tomed to a family-oriented setting that is not as easily externally identi-
fied as a clinic for treating people with HIV infection as are many adult 
care settings. Most adolescents are unfamiliar with the typical adult care 
model, which tends to be more individual centered, manages higher 
patient volumes, and has stricter consequences for lateness and missed 
appointments. In addition, the transition to adult care is often compli-
cated by loss of insurance coverage that was relatively stable before 
adulthood.85,86 Opportunities for the pediatric care provider and adult 
medical care provider to communicate early about timing of and expec-
tations for transition of adolescents can lead to a smoother process. 
Pediatric care providers should have a formal plan to transition adoles-
cents to adult care that considers factors such as adherence and HIV 
clinical status, presence of cognitive impairment or mental illness, level 
of family or other social support, financial and housing stability, and 
history of incarceration. Several groups have proposed specific models 
and approaches for transition programs.85,87,88

ADULT COMPLICATIONS OF 
PERINATAL HIV INFECTION
In many respects, the long-term complications of perinatal HIV infec-
tion and its treatment will be similar to those for HIV infection acquired 
in adulthood. However, there may be additional effects of exposures to 
HIV itself or to antiretroviral therapy during critical periods of growth 
and development that lead to unique or more severe adverse outcomes 
as perinatally infected youth age through adulthood.

Many perinatally infected adolescents have had impaired growth 
during long periods of poorly controlled HIV infection in earlier child-
hood prior to the advent of combination antiretroviral regimens. As a 
result, their final adult stature is likely to be permanently shorter than 
their genetic potential, despite recovery of body mass.89-92

Similarly, perinatal HIV infection is associated with higher risk for 
poor bone mineral accrual during the first 20 years of life, when bone 
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Antiretroviral Therapy for Human 
Immunodeficiency Virus Infection
Athe M. N. Tsibris and Martin S. Hirsch

In June of 1981, the description of five cases of acquired immunodefi-
ciency in the United States began our modern understanding of the 
human immunodeficiency virus (HIV) epidemic.1 Although HIV pre-
vention and vaccine development efforts have continued since that 
time, the rapid advances made in the development and implementation 
of combination antiretroviral therapy have transformed care of the 
HIV-infected patient. In the developed world, substantial reductions 
in HIV-associated morbidity and mortality have changed an HIV diag-
nosis from a potential death sentence into a manageable chronic 
illness.2 The life expectancy of adults with well-controlled HIV infec-
tion is beginning to approximate the life expectancy of uninfected 
persons.3 These successes in developed nations should not obscure the 
magnitude of the ongoing worldwide HIV epidemic, as dedicated 
efforts to export these therapeutic advances to developing and impov-
erished nations have often met financial, organizational and, in some 
cases, political, obstacles. Since the U.S. Food and Drug Administra-
tion approval of zidovudine in 1987, antiretroviral agents have been 
developed that target many of the critical steps in the HIV replication 
cycle: entry, reverse transcription, integration, and proteolytic process-
ing (Fig. 130-1). The clinical use of combination HIV antiretroviral 
therapy requires attentive consideration of the pharmacology of, the 
clinical experience with, and the emergence of resistance to antiretro-
viral agents.

ANTIRETROVIRAL AGENTS
Nucleoside and Nucleotide Reverse-
Transcriptase Inhibitors
Nucleoside and nucleotide reverse-transcriptase inhibitors (NRTIs) 
block the RNA-dependent DNA polymerase—reverse transcriptase—
from synthesizing viral complementary DNA (cDNA) from HIV RNA. 
Drugs from this class were the first antiretrovirals to enter clinical use 
but, because of drug-associated toxicities, these early agents have 
largely been replaced in clinical practice by newer drugs with improved 
therapeutic, toxicity, and dosing profiles. All drugs in this class are 
analogues of native nucleotides, and almost all of them share the 
common motif of a lack of 3′-hydroxyl (OH) group on their ribose 
ring, which prevents the addition of nucleotides to the elongating 
proviral DNA strand; this effectively terminates proviral DNA synthe-
sis (Fig. 130-2 and Table 130-1). The structural exception is tenofovir, 
which causes chain termination because of the lack of an intact ribose 
moiety. Drugs in this class must be phosphorylated by intracellular 
kinases into their active triphosphate form before they can effectively 
inhibit reverse transcriptase, and all of these agents can, to a much 
lesser extent, inhibit the activity of normal cellular DNA polymerases—
most notably the mitochondrial DNA (mtDNA) polymerase-γ (pol-γ). 

This NRTI-associated inhibition of mitochondrial function and repli-
cation accounts for certain drug-specific adverse effects, for instance, 
hyperlactatemia, lactic acidosis, hepatic steatosis, peripheral neuropa-
thy, myopathy, and lipoatrophy. The dideoxynucleoside RT inhibitors 
exhibit the tightest binding to and the most inefficient exonucleolytic 
removal (proofreading) from DNA pol-γ; this leads to the greatest 
degree of mtDNA synthesis inhibition via chain termination.4-6 The 
rank order of NRTIs associated with mitochondrial dysfunction is 
dideoxyinosine (ddI) > stavudine (d4T) > zidovudine (ZDV) ≫ 
lamivudine/emtricitabine (3TC/FTC) = abacavir (ABC) = tenofovir 
(TDF). Lamivudine, emtricitabine, abacavir, and tenofovir are the 
NRTIs least likely to be associated with adverse drug effects resulting 
from mitochondrial dysfunction.

Zidovudine
Zidovudine (ZDV, 3′-azido-3′-deoxythymidine, AZT) is a thymidine 
analogue that is administered orally as a 300-mg pill twice daily. More 
commonly, however, zidovudine is co-formulated with lamivudine and 
administered twice daily. For patients with renal impairment necessi-
tating peritoneal dialysis, hemodialysis, or continuous venovenous 
hemofiltration (CVVH), zidovudine dosing should be adjusted to 
100 mg every 8 hours. Zidovudine can be taken with or without food 
and has an oral bioavailability of 64%, resulting in part because of 
first-pass glucoronidation in the liver. Zidovudine is neither a substrate 
for, nor an inducer of, the cytochrome P-450 (CYP450) enzyme 
complex. The short plasma half-life and concentrations of zidovudine 
do not accurately reflect the more robust intracellular concentrations 
of the zidovudine phosphorylated forms. Zidovudine should never be 
co-administered with stavudine (d4T) because of antagonism, demon-
strated both in vitro and in vivo.7,8

As the first antiretroviral agent approved in the United States in 
1987, a wealth of clinical outcomes data has been generated with  
zidovudine as either monotherapy or dual therapy.9-13 The use of zid-
ovudine in effective three-drug regimens has been systematically eval-
uated since 1996.14 A study that compared the efficacy of six 
combination regimens demonstrated the superiority of zidovudine in 
combination with lamivudine and efavirenz and established this 
zidovudine-containing regimen as the standard for initial antiretrovi-
ral therapy at the time.15 Since then, however, tenofovir-containing 
regimens have largely replaced zidovudine-containing regimens as the 
preferred first-line regimens because of superior virologic outcomes, 
reduced drug resistance, and less lipoatrophy.16,17 If the preferred 
tenofovir-containing regimens cannot or should not be used, current 
guideline recommendations also generally do not list zidovudine as  
an alternative nucleoside backbone choice.18,19 Zidovudine, used as 

Definition
•	 Treatment	of	human	immunodeficiency	virus	

(HIV)	infection	uses	a	combination	of	at	least	
three	drugs	to	arrest	virus	replication	and	
disease	progression.

Therapy Choices
•	 Antiretroviral	therapy	targets	and	inhibits	

HIV-specific	enzymes.
○	 Nucleoside	and	nucleotide	reverse-

transcriptase	inhibitors	(see	Table	130-1)

○	 Non-nucleoside	reverse-transcriptase	
inhibitors	(see	Table	130-2)

○	 Protease	inhibitors	(see	Table	130-3)
○	 Integrase	inhibitor	(see	Table	130-4)

•	 CCR5	antagonists	are	the	only	drug	class	to	
target	a	host	protein.
○	 Entry	inhibitors	(see	Table	130-4)

Therapy Strategies
•	 Preferred	regimens	will	use	two	nucleoside	

reverse-transcriptase	inhibitors	in		

combination	with	either	a	non-nucleoside	
reverse-transcriptase	inhibitor,	a	protease	
inhibitor,	or	an	integrase	strand	transfer	
inhibitor.

Therapy Goals
•	 The	goal	of	antiretroviral	therapy,	in	all	

patients,	is	durable	suppression	of	virus		
load	to	levels	undetectable	in	commercial	
assays.
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lipoatrophic changes, and myopathy all appear to be related to the 
mitochondrial toxicities associated with zidovudine. Because of fewer 
toxicities and superior clinical outcomes observed with newer NRTIs, 
zidovudine is no longer frequently used as a first-line antiretroviral 
agent in developed countries. The combination of zidovudine and 
lamivudine remains first-line therapy, however, for HIV-infected preg-
nant women.

Two resistance pathways have been described in patients failing 
zidovudine (or stavudine) therapy, most often when used as mono-
therapy or dual therapy in the pre–highly active antiretroviral therapy 
(ART) era. Thymidine analogue mutations (TAMs) accumulate in the 

monotherapy or in combination, has also been widely used to prevent 
maternal-to-child transmission of HIV; rates of transmission in the 
United States and many other countries are now less than 2%, often 
using zidovudine-containing regimens.20-22

The most common zidovudine adverse effects are headache and 
malaise. Other common side effects include anorexia, nausea, and 
vomiting. These symptoms often improve during the first month of 
therapy. Zidovudine can also cause dose-limiting toxicities of anemia 
and granulocytopenia. Of greatest long-term concern is the interfer-
ence of zidovudine with the normal function of mtDNA polymerase-γ. 
Lactic acidosis, hepatic steatosis, peripheral neuropathy, lipodystrophic/

FIGURE 130-1  The HIV replication cycle. Combination antiretroviral therapy disrupts multiple viral processes to suppress replication. Fusion inhibitors 
can block the virus–co-receptor interaction and late stages of virus-cellular membrane fusion. Reverse transcription in the cytoplasm is inhibited by struc-
tural analogues of native nucleotides/nucleosides. Newly-formed viral  complementary DNA  is  incorporated  into preintegration complexes and actively 
transported  into  the  nucleus.  Viral  integrase  catalyzes  both  the  cytoplasmic  processing  of  viral  DNA  and  chromosomal  integration  (known  as  strand 
transfer);  integrase inhibitors block strand transfer. Once viral DNA is transcribed and translated, homodimeric viral proteases cleave and process poly-
peptides  into  mature  virions;  protease  inhibitors  render  these  virions  noninfectious.  Virions  bud  from  the  infected  cellular  surface  and  are  released, 
continuing the cycle. 

Budding
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Reverse transcriptase
inhibitors

Reverse
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FIGURE  130-2  Nucleoside and nucleotide analogue reverse-transcriptase inhibitors.  Shown  on  top  are  the  naturally  occurring  nucleosides 
(adenosine, guanosine, cytosine, and thymidine); below each of them are analogues used in antiretroviral therapy. 
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TABLE 130-1  Approved Nucleoside and Nucleotide Reverse-Transcriptase Inhibitors

AGENT
TRADE 
NAME

ORAL 
BIOAVAILABILITY 
(%)

SERUM 
HALF-LIFE 
(hr)

INTRACELLULAR 
HALF-LIFE OF 
TRIPHOSPHATE (hr) ELIMINATION

ADULT 
DOSE*

DOSAGE 
FORMS

Zidovudine Retrovir 64 1.1 3-4 Hepatic 
glucuronidation

Renal excretion

300 mg PO q12h 
or 200 mg PO 
q8h

2 mg/kg IV 
loading dose, 
followed by 
1 mg/kg/hr 
until umbilical 
cord is 
clamped

300-mg tablets
100-mg capsules
50-mg/5 mL syrup
10-mg/mL solution 

for IV infusion

Didanosine Videx
Videx EC

40 fasted 1.5 25-40 Cellular 
metabolism

≥60 kg: 400 mg 
PO qd

25 kg < weight < 
60 kg: 250 mg 
PO qd

125-, 200-, 250-, 
and 400-mg 
capsules

2- and 4-g powder 
packets (makes 
10-mg/mL solution)

Stavudine Zerit 86 1.1 3 Renal excretion ≥60 kg: capsules 
or solution, 
40 mg PO 
q12h;

<60 kg: capsules 
or solution, 
30 mg PO 
q12h

15-, 20-, 30-, and 
40-mg capsules

1-mg/mL oral 
solution

Lamivudine Epivir 86 2.5 12-18 Renal excretion 300 mg PO qd 
or 150 mg PO 
q12h

150- and 300-mg 
tablets

10-mg/mL solution

Abacavir Ziagen 83 1.5 3.3 Hepatic 
glucuronidation 
and 
carboxylation

600 mg PO qd 
or 300 mg PO 
q12h

300-mg tablets
20-mg/mL solution

Tenofovir Viread 39 with meal 12-14 >11† Renal excretion 300 mg PO qd 150-, 200-, 250-, 
and 300-mg tablet

Oral powder 40 mg/g

Emtricitabine Emtriva 93 8-10 >24 Renal excretion 200 mg PO qd
solution, 240 mg 

PO qd

200-mg capsules
10-mg/mL solution

Zidovudine + 
lamivudine

Combivir‡ One tablet PO 
q12h

300-mg 
zidovudine/150-mg 
lamivudine tablets

Abacavir + 
lamivudine

Epzicom‡

Kivexa
One tablet PO qd Abacavir 600-mg/

lamivudine 300-mg 
tablet

Tenofovir + 
emtricitabine

Truvada‡ One tablet PO qd Tenofovir 300-mg/
emtricitabine 
200-mg tablet

Zidovudine + 
lamivudine + 
abacavir

Trizivir‡ One tablet PO 
q12h

300-mg zidovudine/ 
150-mg 
lamivudine/300-mg 
abacavir tablets

Tenofovir + 
emtricitabine 
+ efavirenz

Atripla‡ One tablet PO qd 
on an empty 
stomach

Tenofovir 300-mg/
emtricitabine 
200-mg/efavirenz 
600-mg tablet

Tenofovir + 
emtricitabine 
+ rilpivirine

Complera
Eviplera‡

One tablet PO qd 
with a meal

Tenofovir 300-mg/
emtricitabine 
200-mg/rilpivirine 
27.5-mg tablet

Tenofovir + 
emtricitabine 
+ elvitegravir 
+ cobicistat

Stribild‡ One tablet PO qd 
with food

Tenofovir 300-mg/
emtricitabine 
200-mg/elvitegravir 
150-mg/cobicistat 
150-mg tablet

*For pediatric dose see Chapter 129.
†Diphosphate form in activated cells.
‡Pharmacokinetic properties are similar to those of the component drugs used separately.

reverse-transcriptase gene at either positions 41, 210, and 215 (TAM1 
pathway) or at positions 67, 70, and 219 (TAM2 pathway). Although 
the factors responsible for the emergence of one pathway over the other 
remain unclear, the TAM1 pathway confers higher-level zidovudine 
resistance and greater cross-resistance to other NRTIs than does the 
TAM2 mutation pathway. Mutations from both pathways can be seen 
in patients, and TAMs can continue to accumulate over time, especially 

in those who continue zidovudine in the presence of either a partially 
suppressive or overtly failing regimen.

Stavudine
Stavudine (2′,3′-didehydro-2′,3′-dideoxythymidine, d4T) is a thymi-
dine analogue dosed at 40 mg twice daily for patients weighing more 
than 60 kg; a dose reduction to 30 mg twice daily is recommended for 
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tenofovir NRTI backbone have out-performed regimens with a 
zidovudine/lamivudine backbone.16

Lamivudine and emtricitabine are each well tolerated. Headache, 
nausea, fatigue, and neutropenia have been reported. Care should be 
taken when discontinuing lamivudine or emtricitabine in patients 
coinfected with HBV because HBV rebound and worsening hepatitis 
can occur.

High-level resistance to lamivudine and emtricitabine, up to 1000-
fold, is conferred by a point mutation at position 184 in the RT gene 
(M184V). This mutation comes with a fitness cost to HIV that results 
in a 0.3 to 0.6 log10 reduction in plasma HIV RNA levels.32,33 This fitness 
cost to HIV is often exploited clinically by continuing lamivudine or 
emtricitabine therapy in patients harboring virus with the M184V 
mutation. M184V can also hypersensitize HIV to inhibition by zidovu-
dine, restore sensitivity to zidovudine in the presence of TAMs,34 and 
delay or prevent the emergence of TAMs.32

Abacavir
Abacavir (1S, cis)-4-[2-amino-6-(cyclopropylamino)-9H-purin-9-
yl)]-2-cyclopentene-1- methanol, ABC] is a synthetic guanosine ana-
logue administered orally as either 300 mg twice daily or 600 mg once 
daily. Mild hepatic dysfunction necessitates a decrease in dose to 
200 mg twice daily; the use of abacavir in patients with moderate-to-
severe hepatic dysfunction is contraindicated. The use of abacavir with 
ribavirin or ganciclovir can increase the likelihood of mitochondrial, 
hepatic, and pancreatic toxicities. Abacavir is not a substrate or inhibi-
tor of the CYP450 enzyme complex, can be taken with or without food, 
and is metabolized primarily by glucuronidation. Abacavir is available 
as fixed-dose combinations with lamivudine, and with lamivudine and 
zidovudine.

On the basis of clinical trials, some guidelines recommend abacavir/
lamivudine as an alternative nucleoside backbone combination for 
antiretroviral naïve patients,18,19 whereas others recommend it as a 
preferred combination.31 Results from the AIDS Clinical Trials Group 
(ACTG) 5202 trial that compared tenofovir/emtricitabine to abacavir/
lamivudine, either in combination with efavirenz or ritonavir-boosted 
atazanavir, demonstrated reduced virologic responses in participants 
with initial viral loads greater than 100,000 copies/mL who were ran-
domized to receive abacavir/lamivudine.35 In participants with baseline 
virus loads less than 100,000 copies/mL, similar times to virologic 
failure for the NRTI backbones of abacavir/lamivudine or tenofovir/
emtricitabine were observed when used in combination with efavirenz 
or ritonavir-boosted atazanavir.36 Abacavir use was associated with a 
shorter time-to-regimen modification when combined with boosted 
atazanavir or efavirenz and a shorter time-to-safety event when com-
bined with efavirenz. A similarly designed smaller study also compar-
ing abacavir/lamivudine with tenofovir/emtricitabine, combined with 
ritonavir-boosted lopinavir, showed no differences in responses among 
individuals with high initial viral loads.37 A 48-week study that included 
HLA-B*5701 prescreening demonstrated superior virologic efficacy of 
tenofovir/emtricitabine over abacavir/lamivudine when either was 
combined with efavirenz.38 In another trial in treatment-naïve subjects, 
the addition of abacavir to a three-drug regimen of zidovudine, lami-
vudine, and efavirenz did not improve treatment results.39

A series of studies have evaluated switching a patient’s NRTI back-
bone regimen to include abacavir. Substitution of either abacavir or 
tenofovir for stavudine or zidovudine in patients with lipoatrophy led 
to significant gains in limb fat.40 Two studies that investigated the 
effects of a switch to tenofovir/emtricitabine or abacavir/lamivudine 
from the subject’s existing NRTI backbone demonstrated no statisti-
cally significant differences in treatment failure rates, increased lipids 
or cardiovascular events with abacavir, and decreased bone mineral 
density (without increased fracture rate) associated with tenofovir-
containing therapy.41,42

Abacavir is a weak inhibitor of DNA pol-γ and exhibits few 
mitochondrial-associated toxicities. The most significant acute adverse 
effect of abacavir use is a potentially fatal hypersensitivity syndrome. 
The presence of fever, abdominal pain, and rash, usually within 2 weeks 
of starting abacavir, generally requires discontinuation of the drug. 
This syndrome has been linked to the presence of the HLA-B*5701 
allele, found in 5% to 8% of white HIV-infected populations. Screening 

patients weighing less than 60 kg. Stavudine has similar antiretroviral 
activity as zidovudine but has significant toxicities that limit its clinical 
use. These include peripheral neuropathy, hyperlactatemia, lactic aci-
dosis, hepatic steatosis, lipoatrophy, and pancreatitis. Stavudine is 
antagonistic to zidovudine, and should also not be co-administered 
with didanosine because of concerns for possibly fatal lactic acidosis 
that appears to have a female predominance.23 In one clinical trial, 
participants randomized to receive stavudine in their antiretroviral 
regimen developed lower amounts of limb fat than participants  
receiving either zidovudine or tenofovir.24 Stavudine offers no advan-
tages in virologic outcome over tenofovir and should not generally  
be used as first-line antiretroviral therapy.25 Nevertheless, because 
of co-formulation with other agents and cost concerns, it is still  
widely used as part of initial regimens in some parts of the developing 
world.

Didanosine
Didanosine (2′,3′-dideoxyinosine, ddI) is functionally an adenosine 
analogue that is administered in a delayed release enteric-coated form. 
Dosing is weight-based; 400 mg daily is recommended for patients 
weighing more than or equal to 60 kg, 250 mg for patients less than 
60 kg. In the setting of renal insufficiency, didanosine dosing should 
be reduced commensurate with creatinine clearance. There is no spe-
cific recommendation for dosing in the setting of hepatic impairment, 
although the potential for toxicities in this situation should be closely 
monitored. Didanosine absorption is decreased in the presence of 
food, and the drug should be taken 30 minutes before or 2 hours after 
a meal. Administration of ganciclovir, allopurinol, and tenofovir 
increase didanosine concentrations, whereas methadone decreases the 
didanosine area under the curve (AUC).26

As with other dideoxynucleotides, didanosine may be associated 
with mitochondrial-associated toxicities. Most commonly, didanosine 
can cause peripheral neuropathy and pancreatitis and should not  
be co-administered with drugs having similar toxicity profiles (e.g., 
ethambutol, isoniazid, and pentamidine). In one observational study, 
current didanosine use was associated with a reversible 1.5-fold 
increased relative risk of myocardial infarction (MI), even after adjust-
ment for baseline cardiovascular risk.27 This corresponds to an absolute 
increase of 1.5 MIs per 1000 patient-years in patients taking didano-
sine. Six months after didanosine was discontinued, the MI rates were 
similar to those in patients who had never received didanosine. 
However, these data were not confirmed in a second study.28 Didano-
sine resistance during the monotherapy and dual-therapy era was most 
often conferred by the L74V mutation in the RT gene. In the era of 
combination therapy, this mutation is less commonly seen. Resistance 
to didanosine can also be conferred by point mutations that confer 
broad class resistance across the NRTIs. These include the 69 insertion 
complex and the Q151M complex.29 Didanosine can also select for the 
signature tenofovir mutation K65R in vitro, although the significance 
of this in vivo is unknown.30 Largely because of associated toxicities, 
current guidelines no longer recommend didanosine-based regimens 
for initial therapy in antiretroviral-naïve patients.18,19,31

Lamivudine/Emtricitabine
Lamivudine [(−)2′,3′-dideoxy-3′-thiacytidine; 3TC] is a cytosine ana-
logue with activity against HIV and hepatitis B Virus (HBV). Emtric-
itabine is chemically related to lamivudine. Given their similar activities 
and toxicities, these drugs will be discussed together. Of importance, 
however, these drugs should not be used together clinically. Lamivu-
dine and emtricitabine can be taken with or without food and require 
dose reductions in patients with renal insufficiency. These drugs have 
minimal DNA pol-γ inhibitory effects.

Lamivudine or emtricitabine form part of the backbone of nearly 
all currently recommended antiretroviral regimens. Emtricitabine is 
available in several fixed-dose combinations with other antiretroviral 
drugs, including tenofovir, efavirenz, rilpivirine, and elvitegravir. 
Lamivudine is available co-formulated with abacavir, with zidovudine, 
or with both abacavir and zidovudine. No direct comparisons of lami-
vudine and emtricitabine have been performed, although emtricitabine 
and lamivudine are often included as parts of combination regimens 
that are being compared. In general, regimens with an emtricitabine/
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renal dysfunction; 50% of patients after 10 years of tenofovir therapy 
had estimated glomerular filtration rates below 90 mL/min per 
1/73 m2.70,71 Monitoring of renal function in patients receiving tenofo-
vir (serum creatinine, urinalysis, and urine electrolytes) is warranted. 
Tenofovir is also associated with decreases in bone mineral density,25,72,73 
although the precise clinical implications of these findings remain to 
be fully elucidated.

Resistance to tenofovir is selected by the K65R mutation and 
confers a twofold reduction in tenofovir activity. The TAM1 pathway 
(41L, 210W, 215Y/F) reduces tenofovir susceptibility fourfold, whereas 
the TAM2 pathway has less of an effect on tenofovir activity.29,74,75 
Insertion mutations at position 69 confer high-level resistance to the 
NRTIs, including TDF, whereas tenofovir retains significant activity in 
the presence of the Q151M complex.76-78

Non-nucleoside Reverse-Transcriptase 
Inhibitors
Non-nucleoside reverse-transcriptase inhibitors (NNRTIs) bind 
reverse transcriptase but, in contrast to NRTIs, do so in a pocket far 
from the active site (Fig. 130-3 and Table 130-2). NNRTIs are noncom-
petitive inhibitors that induce conformational changes in reverse tran-
scriptase, thereby reducing its activity. Available NNRTIs have long 
half-lives (t1/2 25-55 hr), do not require phosphorylation, and are 
HIV-1 specific; they have no activity against HIV-2. The NNRTI 
binding pocket on RT is nonessential to enzymatic function and can 
tolerate mutations without significant loss of RT activity. NNRTIs are 
hepatically metabolized and are substrates for the CYP enzymes. The 
potential for clinically relevant drug-drug interactions is, therefore, 
higher in NNRTIs than NRTIs.

The barrier to HIV-1 resistance is low for NNRTIs. Single-point 
mutations in RT can inactivate all members of this class, with the 
exception of etravirine. Given this low resistance barrier, NNRTIs are 
often used early in therapy when the probability of HIV resistance to 
these agents is lowest and the combined protective effect of three fully 
active drugs is maximized. NNRTI resistance mutations do not affect 
in vitro viral fitness, but it is not clear whether this observation has 
clinical relevance.79 However, drug discontinuation in patients harbor-
ing NNRTI resistance mutations often leads to the loss of circulating 
viruses with mutations over time, suggesting at least some in vivo 
fitness disadvantage to those viruses.

for the HLA-B*5701 allele led to reductions in both clinically diag-
nosed and immunologically confirmed hypersensitivity reactions, and 
screening is now recommended before considering abacavir therapy.43 
Patients who are HLA-B*5701 positive should not receive abacavir. 
Data from a large cohort study raised concerns about increased rates 
of myocardial infarction in patients taking abacavir.27 An association 
between abacavir and cardiovascular event risk has subsequently been 
corroborated, weakly corroborated, or refuted in a series of studies.44-53 
No consensus on abacavir-associated cardiovascular risk has yet been 
reached. Caution should therefore be exercised when considering aba-
cavir therapy in patients at high risk for cardiovascular disease.

Reduced phenotypic susceptibility and resistance to abacavir can 
be conferred by the RT gene mutations K65R, L74V, Y115F, and 
M184V.54 L74V reduced abacavir susceptibility twofold, K65R by 
roughly threefold, and Y115F by threefold, whereas the M184V muta-
tion in isolation did not reduce abacavir activity unless paired with 
more than twoTAMs.55-58 The combination of M184V with either L74V 
or K65R resulted in a fivefold to eightfold decrease in abacavir suscep-
tibility. As is the case for other NRTIs, high-level abacavir resistance 
accompanies the Q151M complex and T69 insertion mutations.

Tenofovir
Tenofovir is a nucleotide adenosine 5ï-monophosphate derivative that, 
because of poor oral bioavailability, is commercially available as the 
prodrug tenofovir disoproxil fumarate (TDF). Tenofovir has activity 
against both HIV and HBV and is administered orally at a dose of 
300 mg once daily without regard to food; it is also available as fixed-
dose combinations with emtricitabine, as well as with emtricitabine 
with either efavirenz, rilpivirine, or elvitegravir/cobicistat. Dosing 
should be decreased in patients with renal insufficiency; no dose 
adjustment is needed for hepatic impairment. After ingestion, tenofo-
vir disoproxil fumarate is hydrolyzed to tenofovir and then phosphory-
lated and incorporated into HIV DNA, causing chain termination. 
Tenofovir has low affinity for cellular DNA polymerases, including the 
mtDNA polymerase-γ. The majority of tenofovir is excreted unchanged 
in the urine via glomerular filtration, although the drug is also actively 
secreted across the renal tubule. Tenofovir is not a substrate for or 
inducer of the CYPs, but can reduce atazanavir concentrations; ritona-
vir and atazanavir increase tenofovir exposure. Tenofovir and didano-
sine should not be co-administered.

Tenofovir is now included in many preferred first-line antiretroviral 
regimens, and can also be used in treatment-experienced patients 
whose virus lacks the K65R mutation. Tenofovir, in combination with 
either lamivudine or emtricitabine, is often used in patients coinfected 
with HIV and HBV. In general, regimens that include a nucleoside 
backbone of tenofovir and either emtricitabine or lamivudine, along 
with either a boosted protease inhibitor (PI), a non-nucleoside reverse-
transcriptase inhibitor (NNRTI), or an integrase inhibitor, are likely to 
achieve durable HIV responses.16,59-62 There are exceptions to this rule. 
Some patients receiving tenofovir in combination with emtricitabine 
(or lamivudine) and nevirapine have experienced early virologic 
failure,63,64 and certain triple nucleoside combinations that include 
tenofovir, for example, tenofovir/lamivudine/abacavir and tenofovir/
lamivudine/didanosine, have fared less well than some comparator 
regimens.65 The triple-NRTI combination of tenofovir/zidovudine/
lamivudine has antiviral activity but has never been compared directly 
with more standard regimens.66

There has been some concern about the cumulative nephrotoxic 
potential of tenofovir, given its structural similarity to the nephrotoxic 
nucleosides adefovir and cidofovir. In an observational cohort, the use 
of tenofovir was associated with a greater decline in renal function than 
was seen with other NRTIs.67 Decreased glomerular filtration rates 
(GFRs) in patients receiving tenofovir were modest within 6 months 
of starting therapy (−14 mL/min per 1.73 m2) and appeared to stabilize 
after 18 months (GFR decline of −19 mL/min per 1.73 m2); these find-
ings were not associated with an increased rate of tenofovir discontinu-
ation.68 Tenofovir, in combination with boosted PIs, was associated 
with greater declines in renal function compared with tenofovir in 
combination with NNRTIs, although it is not always clear that observed 
decreases in GFR on tenofovir are clinically significant.69 More recent 
large studies have confirmed an association between tenofovir and FIGURE 130-3  Non-nucleoside reverse-transcriptase inhibitors. 
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taken on an empty stomach; a high-fat meal increases bioavailability 
and toxicity. No dose adjustment is needed in renal failure. Efavirenz 
is a major substrate of CYP2B6 and 3A4; a moderate inhibitor of 
CYP2C9, 2C19, and 3A4; and an inducer of CYP2B6 and 3A4. Con-
comitant use with other drugs acting at CYP3A4 carries a high likeli-
hood of drug-drug interactions. All protease inhibitors are substrates 
of CYP3A4, and drug-specific dose adjustments are necessary.19 There 
is no significant interaction between efavirenz and fluconazole, but an 
efavirenz dose adjustment is needed when co-administered with vori-
conazole. Significant interactions can occur with antituberculosis 
therapies, particularly rifampin, although a large study demonstrated 
comparable virologic outcomes in patients receiving concomitant 
efavirenz-based therapy and antituberculosis treatment.80 Like nevi-
rapine, efavirenz decreases plasma methadone levels and can precipi-
tate acute withdrawal.104

Efavirenz is a preferred agent for use in initial antiretroviral regimens 
and demonstrates durable virologic suppression in combination regi-
mens.25,39 Superior virologic outcomes have been seen when efavirenz-
based therapy was compared with some PI-based (nelfinavir, indinavir, 
and lopinavir/ritonavir) or triple NRTI-based regimens.15,24,65,105,106 
Comparable virologic outcomes were noted in a comparison to an 
atazanavir-, elvitegravir-, or a raltegravir-containing regimen.107-111

As with other NNRTIs, efavirenz can cause rash and hepatotoxicity, 
although less commonly than nevirapine. The two major toxicities of 
efavirenz are central nervous system (CNS) adverse effects and terato-
genicity. Efavirenz should generally be avoided during pregnancy, in 
women trying to conceive, or in sexually active women not using 
contraception because of the possible risk of efavirenz-associated 
neural tube defects in newborns (see www.apregistry.com).112-114 Up to 
50% of patients starting efavirenz can experience some CNS adverse 
effects, although these usually decrease over the first several weeks of 
therapy and can be partially ameliorated by evening dosing. Adverse 
CNS effects include vivid dreams, insomnia, dizziness, and difficulty 
concentrating. Hallucinations, depression, suicidal ideation, and psy-
chosis have been reported less commonly. Efavirenz is often avoided 
in persons with preexisting psychiatric conditions.

Efavirenz resistance is most commonly conferred by the K103N 
substitution in RT, but all NNRTI mutations at positions 100, 106, 181, 
188, 190, and 225 abrogate efavirenz activity.103 Y181C is uncommonly 
selected during efavirenz therapy. The standard commercial genotypic 
assays cannot reliably detect resistance mutations present at less than 
20% of the viral population.115 Consequently, some importance should 
also be placed on ascertaining past NNRTI treatment history as a sur-
rogate guide to the possible presence of key resistance mutations.

Delavirdine
Delavirdine is administered orally as 400 mg (two 200-mg pills) three 
times daily. In the modern era of consolidated and streamlined anti-
retroviral therapy, the pill burden and dosing schedule of delavirdine 
have made other NNRTI options preferable. As a result, delavirdine is 
now rarely used.19 Delavirdine is not recommended as initial therapy; 
very little clinical data exist to accurately guide its use.19

Nevirapine
Nevirapine is administered orally with or without food at 200 mg once 
daily for the first 2 weeks, then 200 mg twice daily thereafter. Nevirap-
ine induces it own metabolism via CYP3A4, and the dose increase 2 
weeks into therapy is necessary to maintain adequate plasma drug 
levels. No dose adjustment is needed for renal impairment short of 
dialysis, and the use of nevirapine in the setting of hepatic dysfunction 
is not recommended. Nevirapine is a minor substrate for CYP2B6 and 
2D6 and a weak inhibitor of CYP1A2, 2D6, and 3A4. It is a major 
substrate and inducer of CYP3A4 and a strong inducer of CYP2B6. As 
such, multiple clinically relevant drug-drug interactions are possible. 
Antibiotics with antimycobacterial activity, such as rifampin, rifabutin, 
and clarithromycin, should not be co-administered with nevirapine. 
Inferior virologic outcomes were observed in HIV-infected patients 
receiving nevirapine-based antiretroviral therapy while on treatment 
for tuberculosis.80 Nevirapine decreases serum concentrations of some 
protease inhibitors and decreases plasma concentrations of oral contra-
ceptives and methadone.81 A careful review of drug-drug interactions 
on a patient-by-patient basis is warranted before starting nevirapine. 
Nevirapine crosses the placenta and is known to enter breast milk.82-84

Nevirapine can be an effective component of a three-drug antiret-
roviral regimen.85,86 Nevirapine has lost favor relative to other NNRTIs, 
particularly efavirenz, for initial antiretroviral therapy, largely because 
of inferior clinical effectiveness and problematic toxicities that include 
rash, Stevens-Johnson syndrome, and hepatic necrosis.87,88 A study of 
more than 23,000 participants demonstrated an increased risk of death 
and acquired immunodeficiency syndrome (AIDS)-defining illness in 
subjects starting a nevirapine-based regimen, relative to efavirenz.89 
After 12 months of combination therapy, participants on nevirapine 
had smaller CD4 cell count increases and markedly higher rates of 
virologic failure compared with efavirenz regimens, although disagree-
ment on some of these conclusions exists.90

An elevated risk of liver damage contraindicates the use of nevirap-
ine in two subsets of patients: women with CD4 counts greater than 
250 cells/mm3 and men with CD4 counts greater than 400 cells/
mm3.91,92 Nevirapine use should be avoided in pregnant women with 
CD4 counts greater than 250 cells/mm3.93-95a Single-dose nevirapine, 
however, is associated with alarming rates of NNRTI resistance in both 
mothers and infants, and combination therapies are now generally 
recommended in these situations.96-100 In women previously exposed 
to single-dose nevirapine, combination therapy with ritonavir-booster 
lopinavir is superior to nevirapine-based therapy.101

Resistance to nevirapine is conferred by any of the following muta-
tions in RT: K103N, V106A/M, Y181C, Y188L, and G190A/S. All of 
these NNRTI mutations reduce nevirapine sensitivity by greater than 
or equal to 50-fold.102,103 The existence of any of these mutations in a 
patient’s HIV genotype precludes the effective use of nevirapine.

Efavirenz
Efavirenz is an NNRTI that is administered orally as a 600-mg tablet 
once daily, usually in the evening. Efavirenz is also available as a 
co-formulation with tenofovir and emtricitabine. Efavirenz should be 

TABLE 130-2  Approved Non-nucleoside Reverse-Transcriptase Inhibitors

AGENT
TRADE 
NAME

ORAL 
BIOAVAILABILITY 
(%)

SERUM 
HALF-LIFE 
(hr) ELIMINATION ADULT DOSE* DOSAGE FORMS

Nevirapine Viramune >90 45 after first dose
25-30 after 2 wk

Hepatic cytochrome P-450, 
CYP3A4 and CYP2B6

200 mg PO qd for 14 days, 
then, if no rash develops, 
200 mg PO q12h or 400 
mg XR PO qd

200-mg tablets
50 mg/5-mL solution

Delavirdine Rescriptor 85 5.8 Hepatic cytochrome P-450, 
CYP3A4

400 mg PO q8h 100- and 200-mg tablets

Efavirenz Sustiva
Stocrin

40-45 40-55 Hepatic cytochrome P-450, 
CYP2B6 and CYP3A4

600 mg PO qd 50- and 200-mg capsules
600-mg tablet

Etravirine Intelence Unknown 41 ± 20 Hepatic cytochrome P-450, 
CYP3A4, 2C9, and 2C19

200 mg PO q12h after 
meals

25-, 100-, and 200-mg 
tablets

Rilpivirine Edurant Unknown 50 Hepatic cytochrome P-450, 
CYP3A

25 mg PO qd with a meal 25 mg tablet

*For pediatric dose see Chapter 129.
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rilpivirine and efavirenz, although rilpivirine had lower rates of dis-
continuation because of adverse events and fewer grade 2 to 4 labora-
tory abnormalities. Rates of virologic failure-associated drug resistance 
after 96 weeks were higher with rilpivirine and were more likely to be 
accompanied by NRTI resistance-associated mutations, most com-
monly at position 184 of reverse transcriptase (M184I or V). The 2013 
Department of Health and Human Services (DHHS) Antiretroviral 
Guidelines Panel recommends the fixed dose combination of rilpiv-
irine, tenofovir, and emtricitabine as an alternative regimen for use in 
antiretroviral therapy–naïve patients.

The most common rilpivirine-associated NNRTI resistance muta-
tion is E138K, a mutation that confers resistance to all NNRTIs, includ-
ing etravirine. The K101E, Y181C, and V189I NNRTI resistance 
mutations can also be selected by rilpivirine therapy; K103N has not 
been reported. Adverse effects associated with rilpivirine use include 
depressive disorders, headache, insomnia, and rash. Rash is signifi-
cantly less likely to occur with rilpivirine than efavirenz.124

Protease Inhibitors
HIV relies on its aspartyl protease to cleave Gag and Gag-Pol polypro-
teins into their essential structural and enzymatic (RT, integrase) com-
ponents. Many human monomeric aspartyl proteases (e.g., renin, 
pepsin) exist, but it is the homodimer structure of HIV-1 and HIV-2 
protease that selectively binds to, and is inhibited by, PIs (Fig. 130-4 
and Table 130-3). Although viral particles can still be formed in the 
presence of PIs, they are rendered noninfectious. As a class, PIs are 
hepatically metabolized via the cytochrome P-450 isoenzyme CYP3A4. 
Ritonavir is a potent inhibitor of CYP3A4 metabolism; this property 
has been exploited to beneficially increase, or “boost,” plasma drug 
levels of other PIs by co-administering subtherapeutic doses of ritona-
vir. CYP3A4 inhibition can lead, however, to drug-drug interactions 
with other medication classes that include immunosuppresants, antiar-
rhythmics, antimycobacterials, other antiretroviral drugs, hydroxy-
methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors (statins), 
methadone, and oral contraceptives. Atorvastatin, lovastatin, rosuvas-
tatin, and simvastatin are either contraindicated with PI-based antiret-
roviral therapies or have maximum dosing limits.

PIs can be effective components of initial, second-line, and salvage 
antiretroviral regimens, although dyslipidemias can be a problem with 
some agents, and may develop within weeks to months of starting 
PI-based therapy.125-128 Protease inhibitors have also been implicated in 
the development of insulin resistance.129-132 Although certain PIs may 
increase the risk of insulin resistance and diabetes, this is unlikely to 
be a class-wide effect and, in certain cases, may have more to do with 
a regimen’s NRTI backbone.133-139 Some data suggest a possibly 
increased risk of preterm delivery in pregnant women receiving 
PI-based antiretroviral therapy.140

Protease inhibitors often have a higher genetic barrier to resistance 
than either NNRTIs or integrase inhibitors and typically require mul-
tiple mutations to substantially lose antiviral activity, although excep-
tions exist (e.g., saquinavir, nelfinavir). With most PIs, a major (or 
primary) mutation limits antiviral effectiveness and is followed by one 
or more minor (or secondary) mutations that by themselves do not 
dramatically affect phenotype but can improve viral fitness.103 Boosted 
protease inhibitors select resistance mutations based on the main PI 
and not the low-dose ritonavir. The genotypic mutation patterns asso-
ciated with PIs can be particularly complex and challenging to inter-
pret; phenotypic resistance testing can often help resolve these clinical 
ambiguities.141 Limited data exist on PI resistance mutations selected 
during boosted PI therapy in treatment-naïve patients, primarily 
because these patients usually fail with resistance to the NRTI back-
bone and not to the boosted PI.103

Boosted protease inhibitor monotherapy has been studied as a 
strategy to limit drug toxicities and regimen cost. Unfortunately, 
boosted PI monotherapy leads to inferior rates of viral suppression  
and the emergence of drug resistance in treatment-naïve patients.142 
Boosted PI monotherapy has also been studied as maintenance, or 
consolidation, therapy to maintain viral suppression; results have been 
less effective than combination therapy.143,144 Simultaneous double 
ritonavir-boosted protease inhibitor therapy has also not demonstrated 
benefit over the more traditional single-boosted PI approach.145,146

Etravirine
Etravirine is a non-nucleoside reverse-transcriptase inhibitor that 
retains some activity in the presence of certain NNRTI resistance 
mutations. The drug acts as an allosteric inhibitor of HIV-1 reverse 
transcriptase.

Etravirine is administered orally, 200-mg (two 100-mg) pills twice 
daily after a meal. Ingestion without food decreases etravirine exposure 
by 50%. No dose adjustment is required for patients with renal insuf-
ficiency or mild-to-moderate hepatic insufficiency. As with other 
NNRTIs, etravirine has a relatively long half-life (41 ± 20 hours). As a 
substrate and inducer of CYP3A4 and an inhibitor of other cytochrome 
P-450 isozymes, etravirine has important drug-drug interactions. The 
drug cannot be co-administered with tipranavir, fosamprenavir, or 
atazanavir. Etravirine should not be used with another NNRTI or any 
unboosted PI and should not be given with rifampin, clarithromycin, 
erythromycin, or anticonvulsants such as phenytoin or carbamazepine. 
Etravirine has not been associated with fetal risk in animal studies, and 
there are no studies to define the risk of etravirine use in pregnant 
women.

Two similar randomized, double-blind, placebo-controlled trials of 
etravirine and darunavir versus darunavir, both with optimized back-
ground therapy, demonstrated greater virologic suppression to less 
than 50 copies/mL after 24 weeks in subjects receiving etravirine and 
darunavir.116,117 Subjects in these trials had active or historical geno-
typic evidence of NNRTI resistance-associated mutations. A smaller 
randomized, phase IIb placebo-controlled trial of etravirine versus 
placebo, both with optimized background therapy, however, did not 
demonstrate a significant reduction in viral loads in etravirine-treated 
subjects after 48 weeks; in this study, subjects receiving etravirine had 
a median of one NNRTI resistance mutation at study entry.118 In pro-
tease inhibitor–naïve subjects with baseline NRTI and NNRTI resis-
tance mutations, an etravirine-containing regimen was inferior to a 
regimen containing any protease inhibitor, boosted or unboosted.119 
An etravirine regimen dosed once daily was associated with fewer 
adverse neuropsychiatric side effects than efavirenz over 48 weeks and 
similar viral efficacy, although the study was not powered to demon-
strate virologic noninferiority.120

Resistance to etravirine is associated with up to 17 different muta-
tions in reverse transcriptase.121 The most important resistance muta-
tions appear to be Y181C and G190A and require the presence of other 
mutations to limit etravirine activity; K103N does not confer etravirine 
resistance. The most common adverse effects seen with etravirine are 
rash and nausea. The rash, described as erythema or a papular erup-
tion, usually begins in the second week of therapy and lasts for a 
median of 10 days.118 As with other NNRTIs, severe dermatologic reac-
tions have been reported.

Rilpivirine
Rilpivirine is an NNRTI that is administered orally as a 25-mg tablet 
once daily with food. It is also available as a fixed-dose combination 
with emtricitabine and tenofovir. No dosage adjustment is recom-
mended for patients with renal dysfunction, including patients who 
require hemodialysis or peritoneal dialysis, or mild-to-moderate 
hepatic insufficiency. The use of rilpivirine in patients with severe 
hepatic impairment has been insufficiently studied. Rilpivirine has a 
half-life of 50 hours and is metabolized by CYP3A4-mediated hepatic 
oxidation; no inhibition or induction of cytochrome P-450 isoenzymes 
has been reported. Rilpivirine absorption is sensitive to gastric pH; 
proton-pump inhibitors should not be co-administered, and H2 recep-
tor antagonists and antacids require spacing of doses. Rifamycins and 
efavirenz decrease rilpivirine concentrations, whereas protease inhibi-
tors and azole antifungals increase plasma rilpivirine levels. Suprathera-
peutic rilpivirine plasma levels may prolong the cardiac QTc interval.

Two similar randomized phase III trials demonstrated noninferior 
efficacy of rilpivirine compared with efavirenz over 48 to 96 weeks of 
therapy when combined with tenofovir and emtricitabine.122,123 
However, a pooled analysis demonstrated lower response rates and 
higher rates of virologic failure in patients who received rilpivirine and 
had either baseline plasma virus loads greater than 100,000 copies/mL 
or adherence less than or equal to 95%, relative to patients taking 
efavirenz.124 The incidence of serious adverse events was similar for 
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Early clinical experience with saquinavir was compromised by the 
poor bioavailability of a hard capsule formulation.14 A soft gel formula-
tion improved bioavailability and clinical outcomes but has since been 
replaced by the current 500-mg tablet.148,149 Twice-daily saquinavir/
ritonavir (saquinavir/r) was compared with lopinavir/ritonavir 
(lopinavir/r), both in combination with emtricitabine/tenofovir, and 
demonstrated similar virologic and immunologic outcomes.150 From 
the perspective of patient adherence, lopinavir/r retains a lower pill 
burden, can be taken without food, and can be stored above 34° C. A 
once-daily saquinavir/r dosing schedule has also been tested but dem-
onstrated low drug trough concentrations; this dosing schedule is not 
currently recommended.151

Adverse effects of saquinavir/r are most commonly nausea, vomit-
ing, diarrhea, and abdominal discomfort. Ritonavir-boosted saquina-
vir can prolong the QT and PR electrocardiographic intervals and lead 
to serious arrhythmias. The major saquinavir resistance mutation is 
L90M within protease, although G48V can also be selected. Minor 
mutations can occur at positions 10, 24, 54, 62, 71, 73, 77, 82, and 84.

Indinavir
Indinavir is not recommended for initial antiretroviral therapy, boosted 
or unboosted, because of pill burden and the risk of nephrolithiasis.19 
Unboosted indinavir is administered as two 400-mg capsules every 8 
hours. A boosted regimen combines two 400-mg indinavir capsules 
with 1 to 2 100-mg ritonavir capsule(s), twice daily. Indinavir must be 
taken with water, either 1 hour before or 2 hours after a meal. Meal 
requirements do not apply to ritonavir-boosted indinavir (indinavir/r). 
Indinavir has low solubility at physiologic pH and can crystallize in the 
kidney and urine.152,153 Patients should increase their water intake to 
decrease the risk of nephrolithiasis associated with indinavir/r. CYP3A4 
inhibition by indinavir can lead to multiple drug-drug interactions; a 

Ritonavir
Ritonavir was originally marketed and used as a stand-alone protease 
inhibitor dosed at 600 mg orally twice daily. Gastrointestinal side 
effects, particularly diarrhea and nausea, were common and limited 
the drug’s tolerability. Dyslipidemias, vomiting, altered taste, and par-
esthesias were also reported. Today, ritonavir is usually used at lower 
doses (100-200 mg twice daily) to inhibit CYP3A4, improve the bio-
availability, and increase the half-life of other protease inhibitors. These 
low ritonavir doses decrease, but do not entirely eliminate, its gastro-
intestinal side effects. Ritonavir inhibits the metabolism of all available 
protease inhibitors but is not used in conjunction with nelfinavir. Rito-
navir boosting improves PI efficacy and decreases the occurrence of 
protease inhibitor resistance after virologic failure, albeit at a cost of an 
increased incidence of clinically significant drug-drug interactions. In 
several countries, all preferred PI-based treatment regimens include a 
recommendation for ritonavir boosting.18,19,31 When used at full dose, 
ritonavir selects for resistance mutations in a genotypic pattern similar 
to those selected for by indinavir.147

Saquinavir
Saquinavir is administered as two 500-mg tablets (1000 mg) along with 
a ritonavir 100-mg tablet, both twice daily. The use of unboosted 
saquinavir is not recommended. Saquinavir bioavailability is improved 
with high-calorie, high-fat meals and should be taken within 2 hours 
of a full meal. The inhibition of CYP3A4 by saquinavir and ritonavir 
leads to drug-drug interactions. For example, amiodarone, midazolam, 
lovastatin, simvastatin, and St. John’s wort should not be co-administered. 
Concurrent use of rifampin is contraindicated because of hepatic toxic-
ity, and levels of oral contraceptives are decreased. A complete review 
of a patient’s medications is warranted before the use of boosted 
saquinavir therapy.

FIGURE 130-4  Protease inhibitors. 
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mutation is D30N, and less commonly L90M. Minor mutations can 
occur at amino acid positions 10, 36, 46, 71, 77, 82, 84, and 88 within 
protease.

Fosamprenavir
Fosamprenavir, the phosphorylated prodrug of amprenavir, has 
improved oral bioavailability and efficacy compared with the no longer 
available amprenavir. Pill burden has also been improved but is still 
greater than with some other PIs. Once ingested, fosamprenavir is 
converted to amprenavir in the gut. Fosamprenavir is administered as 
a 700-mg tablet with a 100-mg ritonavir tablet, both twice daily; a 
once-daily regimen of fosamprenavir 1400 mg with 100 to 200 mg 
ritonavir has also been used. The twice-daily regimen is preferred; 
once-daily fosamprenavir/r should not be used in PI-experienced 
patients and its use in treatment-naïve patients cannot be recom-
mended until efficacy is demonstrated in a sufficiently large random-
ized clinical trial. Fosamprenavir is metabolized by CYP3A4 and is 
excreted in feces. The potential for drug-drug interactions is signifi-
cant. No dose adjustment is required for renal insufficiency but pro-
gressive dose reductions are needed in patients with worsening hepatic 
dysfunction.

Early clinical experience with amprenavir demonstrates viral effi-
cacy in combination regimens.162 Patients receiving twice-daily 
fosamprenavir/r demonstrated similar viral load reductions and CD4 
cell count increases when compared with those seen in nelfinavir-
treated patients.160 Less virologic failure was seen in fosamprenavir/
r-treated patients than in those treated with nelfinavir. A regimen 

thorough review of a patient’s medications is warranted before indina-
vir therapy. The main adverse effects seen with indinavir are nephro-
lithiasis, unconjugated hyperbilirubinemia without jaundice, 
abdominal pain, nausea, and dry skin and lips. Indinavir has been used 
in combination regimens with some success but has been largely 
replaced in recent years by less toxic and more tolerable PI regi-
mens.154,155 The major indinavir resistance mutations selected during 
therapy are M46L, V82A, and I84V. Minor mutations can occur at 
positions 10, 20, 24, 32, 36, 54, 71, 73, 76, 77, and 90.

Nelfinavir
Nelfinavir is not generally recommended for initial antiviral therapy 
because of inferior viral efficacy relative to other protease inhibitors, 
notably lopinavir/r, and the NNRTI efavirenz. Nelfinavir is adminis-
tered as two 625-mg tablets (1250 mg total) twice daily with meals.  
It is primarily metabolized by CYP2C19 and CYP3A4 and is not 
boosted with ritonavir. Increasing doses of ritonavir did not necessarily 
increase the observed “area under the curve,” or AUC, of nelfinavir.156 
The potential for drug-drug interactions is significant, as for other 
protease inhibitors, and a thorough review of a patient’s medications 
should be undertaken before nelfinavir therapy. Nelfinavir-induced 
viral suppression, when used in combination with two NRTIs, com-
pares unfavorably with that induced by efavirenz, nevirapine, 
lopinavir/r, and fosamprenavir/r, in antiretroviral-naïve patients.15,157-160 
Nelfinavir should not be used in PI-experienced patients.161 Adverse 
effects with nelfinavir include loose stools or diarrhea, hypercholester-
olemia, and hypertriglyceridemia. The major nelfinavir resistance 

TABLE 130-3  Approved Protease Inhibitors

AGENT
TRADE 
NAME

ORAL 
BIOAVAILABILITY 
(%)

SERUM 
HALF-LIFE 
(hr) ELIMINATION ADULT DOSE*

DOSAGE 
FORMS

Saquinavir Invirase 4 1-2 Hepatic and 
intestinal 
cytochrome 
P-450, CYP3A4

1000 mg PO q12h with ritonavir 100 mg PO 
q12h

200-mg capsules
500-mg tablets

Ritonavir Norvir 70 3-5 Hepatic cytochrome 
P-450, CYP3A4, 
and 2D6

300 mg PO q12h with escalation over 6-9 
days to 600 mg PO q12h; rarely used as 
single agent

100-mg capsules and  
tablets

80 mg/mL solution

Indinavir Crixivan 60-65 1.8 Hepatic cytochrome 
P-450, CYP3A4

800 mg PO q8h
Drink ≥1.5L of water daily

200- and 400-mg 
capsules

Nelfinavir Viracept 70-80 3.5-5 Hepatic cytochrome 
P-450, CYP2C19, 
CYP3A4, and 
CYP2D6

1250 mg PO q12h or 750 mg PO q8h 250- and 625-mg 
tablets

50-mg/g powder

Fosamprenavir Lexiva
Telzir

— 7-11 Hepatic cytochrome 
P-450, CYP3A4

Biliary excretion

Treatment-naïve: 1,400 mg PO q12h without 
food, or 1400 mg PO qd with ritonavir 
200 mg PO qd, or 1400 mg PO qd with 
ritonavir 100 mg PO qd, or 700 mg PO 
q12h with ritonavir 100 mg PO q12h

PI-experienced: 700 mg PO q12h with 
ritonavir 100 mg PO q12h

700-mg tablets
50-mg/mL suspension

Lopinavir + 
ritonavir

Kaletra — 5-6 Hepatic cytochrome 
P-450, CYP3A4

Two tablets PO q12h Lopinavir/ritonavir 
100-mg/25-mg and 
200-mg/50-mg 
tablets

Lopinavir/ritonavir 
80-mg/20-mg per 
mL solution

Atazanavir Reyataz — 7 Hepatic cytochrome 
P-450, CYP3A4

Treatment-naïve: 400 mg PO qd with food or
300 mg PO qd with ritonavir 100 mg PO qd 

with food.
Treatment-experienced or with tenofovir: 

300 mg PO qd with ritonavir 100 mg PO qd

100-, 150-, 200-, 
and 300-mg 
capsules

Tipranavir Aptivus — 5-6 Hepatic cytochrome 
P-450, CYP3A4

500 mg PO q12h with ritonavir 200 mg PO 
q12h

250-mg capsules
100-mg/mL solution

Darunavir Prezista — 15 (with 
ritonavir)

Hepatic cytochrome 
P-450, CYP3A4

Treatment-naïve: 800 mg PO qd with ritonavir 
100 mg qd and with food.

Treatment-experienced: 800 mg PO qd with 
ritonavir 100 mg PO qd and with food, or 
600 mg PO q12h with ritonavir 100 mg PO 
q12h and with food

75-, 150-, 400-, 
600-, and 800-mg 
tablets

100-mg/mL 
suspension

*For pediatric dose see Chapter 129. Consult product monograph for appropriate dose when low-dose ritonavir is used for pharmacokinetic enhancement.
PI, protease inhibitor.
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absorption of atazanavir requires a low gastric pH; interactions with 
antacids and H2 antagonists are possible. Atazanavir and proton-pump 
inhibitors should not be co-administered in treatment-experienced 
patients.19 Nevirapine should not be co-administered with either 
boosted or unboosted atazanavir.

Unboosted atazanavir has shown comparable efficacy to nelfinavir 
and efavirenz in treatment-naïve-subjects.107,174,175 The recommenda-
tion for ritonavir boosting of atazanavir in treatment-naïve patients is 
derived from two studies, one that directly compared boosted and 
unboosted atazanavir over 96 weeks and a second that compared 
atazanavir/r with lopinavir/r over 48 weeks.59,176 Similar virologic 
response rates were seen with unboosted and boosted atazanavir, 
although there were more treatment failures and atazanavir resistance 
in participants receiving an unboosted atazanavir-containing regimen. 
Atazanavir/r demonstrated noninferiority to lopinavir/r over 48 weeks 
of therapy. There were fewer dyslipidemias and diarrhea in participants 
receiving atazanavir/r, although this trial used an older lopinavir/r 
formulation that is no longer available. Ritonavir-boosted atazanavir 
had similar antiviral efficacy compared with efavirenz when used with 
the NRTI backbones of either abacavir and lamivudine or tenofovir 
and emtricitabine.177 In an unrelated trial, the combination of 
atazanavir/didanosine/emtricitabine was associated with inferior viro-
logic outcomes when compared with either zidovudine/lamivudine/
efavirenz or tenofovir/emtricitabine/efavirenz; the combination of 
atazanavir/didanosine/emtricitabine should not be used.178

Adverse effects associated with atazanavir include nausea, hyper-
bilirubinemia with jaundice and scleral icterus, rash, cholelithiasis, and 
nephrolithiasis.179-182 Atazanavir has less effect on serum cholesterol 
and triglycerides than do other PIs and was not associated with an 
increased risk of cardiovascular disease events.183 Ritonavir boosting 
of atazanavir comes at a cost of more hyperbilirubinemia and a greater 
adverse effect on serum lipid profiles. The primary atazanavir resis-
tance mutation is the I50L substitution; I84V also significantly limits 
drug activity. Minor mutations occur at positions 10, 16, 20, 24, 32, 33, 
34, 36, 46, 48, 53, 54, 60, 62, 64, 71, 73, 82, 85, 90, and 93. In general, 
three or more of these mutations predicts a loss of virologic response 
to atazanavir.184 For the practicing clinician, the simplest approach may 
be to order a resistance phenotype that will integrate all of the afore-
mentioned genotypic information in a more concise and straightfor-
ward manner.

Tipranavir
Tipranavir is a nonpeptidic protease inhibitor approved for use in 
treatment-experienced patients with resistance to multiple other PIs. 
The drug is administered at 500 mg twice daily with ritonavir 200 mg 
twice daily, and should be taken with a high-fat meal. No dose adjust-
ments are required for patients with renal or mild hepatic impairment; 
tipranavir is contraindicated in patients with moderate-to-severe liver 
dysfunction. Tipranavir capsules are thermally labile and must be kept 
below 77° F. Complex drug-drug interactions occur as a result of the 
net effect of tipranavir and ritonavir inducing P-glycoprotein and inhib-
iting CYP3A4. As a consequence, tipranavir cannot be co-administered 
with rifampin, several antiarrhythmics, lopinavir, saquinavir, and 
amprenavir. Numerous other tipranavir interactions exist, including 
increases in rifabutin levels and significant reductions in the levels of 
co-administered methadone and oral contraceptives. Tipranavir has 
been shown to induce adverse fetal effects in animal studies; no studies 
assessing risk in pregnant women have been performed.

The efficacy of tipranavir in treatment-experienced subjects with 
PI-resistant virus was demonstrated in two randomized trials, RESIST-1 
and RESIST-2.185 Subjects enrolled in these trials were required to have 
at least one primary PI resistance mutation but could not have more 
than three at codons 33, 82, 84, or 90. After 48 weeks, more subjects 
randomized to tipranavir/ritonavir plus optimized background therapy 
achieved viral loads of less than 50 copies/mL than subjects receiving 
a ritonavir-boosted comparator PI (23% vs. 10%).185 Tipranavir/
ritonavir has also shown sustained virologic responses in pediatric and 
adolescent patients.186

Tipranavir has been associated with severe hepatotoxicity and 
intracranial hemorrhage. Thirteen of 6840 patients receiving tipranavir 
in clinical trials developed intracranial hemorrhages, and for this 

containing twice-daily fosamprenavir/r demonstrated noninferiority 
to a lopinavir/r-containing regimen in the proportion of patients 
achieving plasma HIV RNA levels less than 50 copies/mL after 48 
weeks of therapy.137 Similar increases in plasma lipid levels were seen 
with either therapy.

Adverse effects of boosted fosamprenavir therapy include diarrhea, 
hypertriglyceridemia, and rash. Fosamprenavir contains a sulfonamide 
moiety that may explain the increased incidence of dermatologic side 
effects relative to other PIs. Patients with a known sulfonamide allergy 
should be monitored when starting boosted fosamprenavir therapy. 
The major fosamprenavir resistance mutation is I50V and less com-
monly I84V.103 The valine substitution at position 50 selected by fosam-
prenavir is different than the leucine substitution selected at the same 
position by atazanavir (I50L); these mutations do not confer cross-
resistance. Minor mutations can occur at amino acid positions 10, 32, 
46, 47, 54, 73, 76, 82, and 90.

Lopinavir/Ritonavir
Lopinavir is available only as a co-formulation with ritonavir. First-
pass metabolism limited unboosted lopinavir plasma concentrations, 
whereas ritonavir boosting dramatically improved drug trough con-
centrations.163 The most recent formulation of lopinavir/ritonavir 
(lopinavir/r) is a heat-stable tablet that is administered as two 
lopinavir/r 200-mg/50-mg tablets twice daily. This tablet can be taken 
without regard to food, although lopinavir/r solution should still be 
taken with meals. Lopinavir/r can also be given once a day, although 
not to pregnant women. Decreased clearance is not expected with renal 
insufficiency, and some increase in lopinavir/r exposure occurs with 
worsening hepatic dysfunction. Significant CYP3A4 inhibition occurs, 
and a patient’s medications should be thoroughly reviewed before 
lopinavir/r therapy.

Lopinavir/r has demonstrated efficacy in combination regimens in 
treatment-naïve and treatment-experienced patients, and it has been 
frequently used as the comparator PI in noninferiority trials of new or 
newly formulated PIs.158,164 Lopinavir/r is superior to nelfinavir, 
whereas atazanavir/r, darunavir/r, fosamprenavir/r, and saquinavir/r 
have demonstrated noninferior virologic outcomes when compared 
with lopinavir/r in treatment-naïve subjects.59,137,158,165-167 Virologic sup-
pression on a lopinavir/r and 2NRTI regimen can be maintained for at 
least 7 years.168 A comparison of lopinavir/r or efavirenz, either with 
two NRTIs, demonstrated superior virologic efficacy of an efavirenz-
containing regimen but greater CD4 cell count gains with the lopinavir/
r-containing regimen.24 Less drug resistance associated with virologic 
failure was seen in subjects randomized to lopinavir/r.

Adverse effects seen with lopinavir/r are primarily gastrointestinal: 
diarrhea or loose stools, nausea, and, less commonly, vomiting. Hyper-
cholesterolemia and hypertriglyceridemia are reported in patients 
taking lopinavir/r. The major lopinavir/r resistance mutation is V82A, 
although V32I and I47A can also be selected. Lopinavir/r resistance 
requires the accumulation of multiple mutations, often six or more, 
before the drug loses clinical effectiveness.169,170 This is unlikely to 
occur in treatment-naïve patients receiving lopinavir/r as part of rec-
ommended combination therapy. Minor mutations have been docu-
mented at positions 10, 20, 24, 33, 46, 50 (I50V), 53, 54, 63, 71, 73, 76, 
84, and 90. When mutations V32I and I47A are found together with 
mutations at position 46, they are associated with high-level lopinavir/r 
resistance.171,172

Atazanavir
Atazanavir can be administered either as a 400-mg capsule once daily 
in treatment-naïve patients, or preferably as a 300-mg capsule com-
bined with 100-mg ritonavir, both once daily, for treatment-naïve  
and treatment-experienced patients. Both boosted and unboosted ata-
zanavir should be taken with food. No dose adjustment is needed for 
renal dysfunction in treatment-naïve patients, but a recommendation 
exists not to use atazanavir in treatment-experienced dialysis patients. 
Moderate hepatic impairment necessitates a dose reduction to atazana-
vir, 300 mg once daily, and the drug should not be used in severe 
(Child-Pugh class C) hepatic insufficiency. Atazanavir is metabolized 
by CYP3A4 and can also affect CYP2C8 and UGT1A1 substrates. 
Methadone steady-state levels appear unaffected by atazanavir.173 The 
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developed acute hepatitis. Postmarketing cases of liver injury and 
death have been reported.

Genotypic data from the screening samples of the POWER studies 
suggest that several darunavir-associated resistance mutations exist. 
The I50V mutation, one that is also selected by amprenavir, confers the 
greatest resistance, with a more than fourfold change increase. However, 
a single darunavir resistance-associated mutation, even I50V, does not 
confer resistance; two or more mutations are required. Mutations V11I, 
I54L, G73S and L89V confer the least resistance, with each contribut-
ing a less than twofold increase in resistance. Mutations V32I, L33F, 
I47V, I54M, L76V, and I84V lead to an intermediate twofold to fourfold 
increase. Treatment-experienced patients should preferably not start 
darunavir (or tipranavir) without first obtaining a virus-resistance phe-
notype. This is because the limited clinical experience with these PIs 
may initially compromise the accuracy of the genotypic algorithms 
used to predict drug sensitivity.

Entry Inhibitors
HIV entry shares common mechanisms with several other enveloped 
viruses.190 The HIV-1 surface glycoproteins gp120 and gp41 mediate 
viral binding to and membrane fusion with host target cells (Fig.  
130-5). The ENV gene product is first translated as gp160 and then 
cleaved intracellularly into gp120 and gp41. On the viral membrane, 
there is a noncovalent association of one molecule of gp120 with one 
molecule of gp41.191 Three of these units aggregate on the membrane 
surface to form the gp120/gp41 heterotrimer.192-194 The association of 
gp120 with gp41 in the trimer traps gp41 in a conformationally meta-
stable state, the energy from which can later be exploited to accelerate 
the rate of fusion.195

Binding of gp120 to its primary receptor on the cell surface, CD4, 
is the first step leading to membrane fusion. After CD4 binding, 
sequential binding of co-receptor occurs, although some interactions 
of CD4 with gp120 lead to inappropriate shedding of gp120 and inac-
tivation of the fusion reaction.196 If gp120 is not shed, fusion requires 
the binding of either CCR5 or CXCR4 to proceed.197-201 The interaction 
of gp120 with CD4 forms the co-receptor binding site.202 Co-receptor 
recognition is defined by several structural elements of gp120 that 
include the V1-V2 region, the bridging sheet (an antiparallel, four-
stranded β sheet that connects the inner and outer domains of gp120), 
and most importantly, the V3 loop.202-205 According to current models 
of HIV-1 entry, sequential binding of gp120 to CD4 and the co-receptor 
leads to the release of gp41 from its metastable conformation. The 
hydrophobic N-terminal fusion domain of gp41, now free, inserts into 
the target membrane.195,206,207 Two trimeric coiled coil structures in 
gp41, termed heptad repeat 1 (HR1) and heptad repeat 2 (HR2), rear-
range to form a six-helix bundle that leads to the approximation of  
the two membranes and eventual fusion.190 Enfuvirtide is a peptide 
mimetic of gp41 HR2 that interferes with the HR1-HR2 association, 
whereas maraviroc binds to CCR5, changes its conformation, and pre-
vents gp120-CCR5 binding (Table 130-4).208

reason, patients at risk for bleeding from trauma, surgery, or other 
medical conditions (e.g., hemophilia), or who are taking other drugs 
that increase the risk for bleeding, should not receive tipranavir. The 
most common adverse effects seen with tipranavir are nausea and diar-
rhea, in part because of the increased dosage of ritonavir required for 
boosting. Tipranavir contains a sulfonamide moiety; the proportion of 
patients with a sulfonamide allergy that react unfavorably to tipranavir 
is unknown.

Darunavir
Darunavir is a protease inhibitor with activity against some PI-resistant 
viruses. Its efficacy was first validated when boosted with ritonavir in 
treatment-experienced patients. On the basis of additional trials, 
ritonavir-boosted darunavir can now also be considered as a first-line 
protease inhibitor in patients initiating antiretroviral therapy. No dose 
adjustments are needed for patients with mild or moderate renal insuf-
ficiency or with mild or moderate hepatic impairment. No data are 
available on dosing in severe renal failure; the use of darunavir in 
patients with severe hepatic impairment is not recommended.

In treatment-experienced patients, darunavir is administered with 
meals as a 600-mg tablet twice daily with ritonavir (100 mg) or as an 
800-mg tablet once daily with 100 mg ritonavir for patients with no 
genotypic darunavir resistance mutations.187 In treatment-naïve 
patients, darunavir/ritonavir has been studied at an 800-mg/100-mg 
once-daily dose. The drug contains a sulfa moiety and should be used 
with caution in patients with sulfonamide allergies. Darunavir can be 
used in conjunction with atazanavir, efavirenz and etravirine. It is not 
recommended for use, however, with lopinavir/ritonavir, saquinavir, 
lovastatin, or simvastatin.

Two randomized phase IIb studies (POWER-1 and POWER-2) in 
treatment-experienced patients with, on average, three primary PI 
resistance mutations and a greater than or equal to 80-fold baseline 
change in lopinavir susceptibility demonstrated greater viral load 
reductions and CD4 lymphocyte increases after 24 weeks of therapy in 
patients receiving darunavir/ritonavir compared with an investigator-
selected PI, both with optimized background therapy.188 At 48 weeks, 
a greater proportion of darunavir/ritonavir-treated than comparator 
PI-treated subjects had plasma HIV-1 RNA levels less than 50 copies/
mL (45% vs. 10%). In a separate trial comparing darunavir/ritonavir 
to lopinavir/ritonavir in lopinavir-naïve, treatment-experienced 
patients, darunavir/ritonavir was noninferior to lopinavir/ritonavir in 
achieving plasma HIV-1 RNA less than 400 copies/mL at 48 weeks.189 
In treatment-naïve patients, darunavir/ritonavir was noninferior to 
lopinavir/ritonavir after 48 weeks of treatment in achieving HIV-1 
RNA levels less than 50 copies/mL.167 The dose of darunavir/ritonavir 
studied in treatment-naïve subjects was 800 mg/100 mg once daily, 
rather than the 600 mg/100 mg twice-daily dose previously studied in 
treatment-experienced subjects. Adverse effects seen with darunavir 
include diarrhea, nausea, headache, and nasopharyngitis; 0.5% of sub-
jects enrolled in clinical trials of ritonavir-boosted darunavir 

FIGURE 130-5  Human immunodeficiency virus entry. Entry (from left to right) requires CD4, envelope glycoproteins assembled as a heterotrimer, 
and a  co-receptor,  in  this  case CCR5. Binding of CD4  to gp120 exposes  a flexible V3  loop.  The V3  loop  interacts with both  the N-terminus  second 
extracellular loop (ECL2) of CCR5, leading to the release of gp41 by a currently unknown mechanism. Gp41 inserts into the target cell membrane, rear-
ranges, and brings  the HR1 and HR2 domains  together  to  form a 6-helix bundle. Viral and cellular membranes  then approximate,  leading  to  fusion. 
(Reprinted with permission from Louis B. Henderson, PhD and the Physicians’ Research Network, Inc. See Tsibris A. Update on CCR5 Inhibitors: Scientific 
Rationale, Clinical Evidence, and Anticipated Uses. Available at http://www.prn.org/images/pdfs/86_tsibris_athepdf. Accessed December 2007.)
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enfuvirtide. Nausea, diarrhea, fatigue, and insomnia have also been 
reported. Resistance to enfuvirtide is conferred by amino acid substitu-
tions in the HR1 region of gp41, most commonly at positions 36, 38, 
40, and 43.103

Maraviroc
Maraviroc is the first approved CCR5 antagonist (Fig. 130-6). HIV 
entry requires viral gp120 to sequentially bind CD4 and a surface 
co-receptor, either CCR5 or CXCR4. Maraviroc is an allosteric inhibi-
tor of the gp120-CCR5 interaction that blocks HIV attachment to 
target cells and thereby reduces viral replication.

Maraviroc is typically administered as 300 mg twice daily; the drug 
has not yet been adequately studied in patients with renal or hepatic 
dysfunction. Maraviroc is a substrate for CYP3A. This necessitates a 
dose reduction to 150 mg twice daily during co-administration with 
CYP3A inhibitors like protease inhibitors (with the exception of 
ritonavir-booster tipranavir), ketoconazole, or clarithromycin, and the 
dose increases to 600 mg twice daily during co-administration with 
CYP3A inducers, such as efavirenz, nevirapine, and some anticonvul-
sants. All patients should be screened for viral co-receptor usage before 
starting maraviroc, and this drug should not be used in patients with 

Enfuvirtide
Enfuvirtide is a 36-amino acid synthetic peptide that is administered 
as a 90-mg subcutaneous injection twice daily; the location of the 
injection does not affect bioavailability. No dose adjustment is required 
for hepatic or renal impairment. No clinically significant drug interac-
tions with enfuvirtide have been reported. Studies in animals demon-
strated no teratogenic effects of enfuvirtide, and there are no formal 
studies in pregnant women to assess fetal risk from enfuvirtide use.

Two similar randomized, open-label trials in treatment-experienced 
subjects with advanced HIV disease (median CD4 count < 100 cells/µL) 
demonstrated greater viral load reductions when enfuvirtide was 
added to an optimized background regimen.209,210 Enfuvirtide use in 
enfuvirtide-naïve subjects also adds virologic benefit when used in 
combination with darunavir, tipranavir, maraviroc, and raltegravir, 
underscoring the added benefit to patients when at least two active 
drugs are included in salvage regimens.185,188,211,212 Enfuvirtide is not 
currently recommended for treatment-naïve patients.

The need for twice-daily injections, along with the adverse effects 
that accompany those injections, have limited the clinical use of enfu-
virtide. Injection site reactions that include pain, erythema, nodules, 
cysts, induration, and pruritis are seen in 98% of patients injecting 

TABLE 130-4  Approved Entry Inhibitors and Integrase Inhibitor

AGENT
TRADE 
NAME

BIOAVAILABILITY 
(%)

SERUM 
HALF-LIFE (hr) ELIMINATION ADULT DOSE* AVAILABILITY

Enfuvirtide Fuzeon 84 3.8 Catabolism to 
constituent 
amino acids

90 mg SC q12h 108-mg single-use vials, for 
reconstitution with 1.1 mL 
sterile water

Maraviroc Selzentry
Celsentri

33 14-18 Hepatic cytochrome 
P-450, CYP3A

300 mg PO q12h 150- and 300-mg tablets

Raltegravir Isentress Not established 9 UGT1A1-mediated 
glucuronidation

400 mg PO q12h 400-mg tablet
Chewable 25- and 100-mg tablets

Dolutegravir Tivicay Not established 14 UGT1A1-mediated 
glucuronidation

Hepatic cytochrome 
P-450, CYP3A

Treatment- or INSTI-naïve: 
50 mg PO qd

INSTI-experienced or when 
co-administered with 
UGT1A/CYP3A inducers: 
50 mg PO bid

50-mg tablet

*For pediatric dose see Chapter 129. Elvitegravir is not available as a single drug.
INSTI, integrase strand transfer inhibitor.

FIGURE 130-6  Entry inhibitor and integrase strand transfer inhibitors. 
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exists in the United States. The European Medicines Agency, however, 
suggests that a doubling of the raltegravir dose to 800 mg twice daily 
be considered when co-administering with rifampin.

Raltegravir may be used in treatment-experienced HIV-infected 
patients and is considered a recommended treatment option by several 
guideline panels.18,19,31 The combined results of two similar phase III 
trials demonstrated a greater suppression to plasma viral loads less 
than 50 copies/mL through 48 weeks of treatment in chronically 
infected, treatment-experienced subjects receiving raltegravir com-
pared with placebo, either combined with optimized background 
therapy.211,221 In a 48-week study in treatment-naïve subjects, a 
raltegravir-based regimen resulted in noninferior virologic outcomes 
to efavirenz-based combination therapy, with fewer central nervous 
system side effects; these benefits persisted over 5 years of raltegravir-
based therapy.110,222 In this trial, and in an earlier phase II trial, a more 
rapid viral decay was observed in raltegravir-treated, compared with 
efavirenz-treated, subjects.223 The clinical significance of this decay, 
which may be a general feature of INSTIs, requires further investiga-
tion because similar inhibitory activity was observed in both arms by 
week 24.

Two raltegravir switching strategies have been explored with dispa-
rate results. In a study of treated, virologically suppressed patients on 
a ritonavir-boosted lopinavir regimen, participants were randomized 
to either continued PI therapy or switched to a raltegravir regimen.224 
A raltegravir switch was associated with improved lipid profiles but at 
a cost of greater virologic failure rates. Raltegravir switching was viro-
logically inferior to maintaining a ritonavir-boosted lopinavir regimen. 
In a second study that enrolled fewer patients with prior virologic 
failure, a raltegravir switch met noninferiority criteria compared with 
continuing a boosted PI-based regimen.225

Adverse effects that occur more often in raltegravir-treated than 
placebo subjects have included fatigue, nasopharyngitis, rash, herpes 
zoster infection, elevations of alanine aminotransaminase (ALT) and 
aspartate aminotransferase (AST), and increased triglycerides. 
Increases in creatine kinase, myalgia, and proximal myopathy have 
been associated with raltegravir use.226,227 HIV resistance to raltegravir 
is conferred by amino acid substitutions that occur in proximity to the 
integrase catalytic residues.211,220 Raltegravir is considered to have a low 
genetic barrier to resistance; single mutations (E92Q, Q148H, N155H) 
confer 5-fold to 10-fold decreases in drug sensitivity and contribute to 
virologic failure.228

Elvitegravir
Elvitegravir is an INSTI that is currently available only as the fixed-dose 
combination of 150 mg elvitegravir, 300 mg tenofovir, 200 mg emtric-
itabine, and 150 mg cobicistat. Elvitegravir absorption is increased with 
food; the fixed-dose combination should be taken once daily with a 
meal. Cobicistat is a CYP3A inhibitor with no antiviral activity, which 
is used to enhance exposure to elvitegravir, a CYP3A4 substrate, and 
is analogous to ritonavir boosting of protease inhibitors. Pharmacoki-
netic boosting extends the half-life of elvitegravir to 9 hours. The 
fixed-dose combination that contains elvitegravir should not be used 
in patients with a creatinine clearance less than 70 mL/min and must 
be discontinued when the creatinine clearance falls below 50 mL/min. 
Cobicistat inhibits tubular secretion of creatinine and results in a 0.1 
to 0.2 mg/dL increase in serum creatinine; glomerular filtration rates 
are not affected. No dose adjustments are required in patients with 
mild-to-moderate hepatic insufficiency.

The fixed-dose elvitegravir-containing product is considered a pre-
ferred regimen by the 2013 DHHS Antiretroviral Guidelines Panel for 
use in ART-naïve patients.19 Two phase III studies demonstrated the 
noninferiority of co-formulated elvitegravir, cobicistat, emtricitabine, 
and tenofovir when compared with either co-formulated efavirenz, 
emtricitabine, and tenofovir or the combination of ritonavir-booster 
atazanavir and co-formulated emtricitabine and tenofovir after 48 
weeks of therapy.108,111 Co-formulated elvitegravir remained noninfe-
rior to the boosted atazanavir-containing regimen after 96 weeks.109 
Similar magnitudes of CD4+ T-cell recovery were observed between the 
elvitegravir-, atazanavir-, and efavirenz-containing regimens. Patients 
receiving co-formulated elvitegravir had smaller changes in triglycer-
ides when compared with the boosted atazanavir regimen and lower 

evidence of circulating CXCR4-using virus. Phenotypic and genotypic 
co-receptor usage assays are commercially available, although a phe-
notypic assay was used to determine co-receptor usage in the major 
maraviroc clinical trials. A phenotypic tropism assay is therefore gen-
erally preferred in routine clinical practice.

Maraviroc may be used in treatment-experienced and treatment-
naïve patients in the United States. Two similar clinical trials in 
treatment-experienced subjects with CCR5-using viruses compared 
maraviroc versus placebo, both with optimized background ther-
apy.212,213 After 48 weeks, a greater proportion of maraviroc-treated 
subjects achieved plasma viral loads less than 50 copies/mL and had 
greater increases in CD4+ T-cell counts than placebo recipients. For 
subjects taking at least three active drugs, similar proportions in the 
placebo and maraviroc dosing arms achieved undetectable HIV RNA 
levels. Maraviroc confers no virologic benefit in subjects with dual/
mixed virus.214 In a 48-week study in treatment-naïve subjects, mara-
viroc was compared with efavirenz, either in combination with 
zidovudine/lamivudine; the HIV RNA levels less than 50 copies/mL 
results did not meet criteria set to demonstrate noninferiority for 
maraviroc in this study.215 A post hoc reanalysis of these data with an 
enhanced sensitivity tropism assay, currently used in clinical practice, 
did meet noninferiority criteria. Adverse effects seen with maraviroc 
include cough, fever, upper respiratory infections, rash, musculoskel-
etal symptoms, abdominal pain, and dizziness. A modest increase in 
liver-related adverse events was seen in subjects receiving maraviroc, 
most commonly elevated transaminases and increased bilirubin.

High-level maraviroc resistance can occur by the selection of amino 
acid substitutions in the third hypervariable (V3) loop of gp120. The 
intrinsic sequence variability of this region, however, has precluded the 
identification of canonical genotypic resistance mutations. In clinical 
trials, genotypic maraviroc resistance has been uncommon compared 
with escape via selection of minority CXCR4-using viral populations 
that circulate below the detection limit of co-receptor usage assays. 
Therefore, changes in co-receptor usage, rather than emergence of true 
resistance, currently represent the dominant mechanism for virologic 
escape from maraviroc. The selection of CXCR4-using viruses raises 
clinical concern because, in the natural history of HIV infection, the 
appearance of CXCR4-using virus may be associated with a faster rate 
of CD4+ T-cell loss, rapid disease progression, and increased rate of 
development of AIDS and death.216-219 In clinical trials to date, however, 
discontinuation of maraviroc generally resulted in a loss of detectable 
CXCR4-using viruses and a reappearance of CCR5-using viral 
populations.

Integrase Strand Transfer Inhibitors
After viral entry into a target cell and subsequent uncoating, HIV RNA 
is reverse transcribed in the cytoplasm. The viral cDNA is then pro-
cessed and transported to the nucleus, where integration into the cel-
lular genome occurs as a result of strand transfer. HIV integrase 
catalyzes both the cDNA processing and strand transfer, and integrase 
strand transfer inhibitors (INSTIs) block the strand transfer reaction, 
thereby inhibiting HIV-1 and HIV-2 replication.220 In clinical trials, 
integrase inhibitor–containing regimens exhibit more rapid plasma 
HIV-1 RNA decay kinetics than comparator regimens, although viro-
logic response rates are similar after 48 to 96 weeks of therapy. The 
clinical significance of this observation is not known.

Raltegravir
Raltegravir was the first approved antiretroviral drug that inhibits the 
catalytic activity of HIV integrase (see Fig. 130-6 and Table 130-4). 
Raltegravir is administered orally, 400 mg twice daily, with or without 
food. No dose adjustment is recommended for patients with mild-to-
moderate hepatic dysfunction or renal insufficiency. Raltegravir is not 
known to induce or inhibit the cytochrome P-450 (CYP450) enzyme 
complex, and is primarily metabolized by glucuronidation. Insufficient 
data currently exist to determine if promoter polymorphisms in gluc-
uronidation enzymes have any clinically relevant effect on the safety 
or activity profile of this drug. Caution is suggested when raltegravir 
and inducers of glucuronidation enzymes (rifampin, rifabutin, phe-
nytoin, or phenobarbital) are used concurrently. Under these circum-
stances, no formal recommendation for an increased raltegravir dosage 
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Most major integrase inhibitor resistance mutations decrease 
dolutegravir susceptibility, including E92Q, G140S/A, and Q148H/
R/K. The exception is Q155H; Q155H-containing virus retains in vitro 
dolutegravir sensitivity.235 In a study of 24 patients with raltegravir-
resistant virus, 75% of participants who received 24 weeks of dolute-
gravir 50 mg twice daily, with an optimized background regimen, 
achieved plasma HIV-1 RNA levels less than 50 copies/mL.231 The 
presence of more than two INSTI-resistance mutations at baseline was 
associated with virologic failure. Given the limited patient enrollment 
and duration of follow-up, the use of dolutegravir in patients with 
INSTI resistance mutations should be restricted to research studies or 
to those patients without additional antiretroviral treatment options, 
until additional outcomes data are reported.

INITIATING ANTIRETROVIRAL 
THERAPY
Recommendations regarding when to initiate antiretroviral therapy for 
HIV infection have varied widely over the years. The pendulum and 
the accumulating data are now swinging toward universal treatment 
for infected individuals, regardless of CD4 counts. For all patients, 
regardless of duration of infection or prior treatment experience, the 
goal of therapy is the reduction of plasma viral load to less than 50 
copies/mL. Guidelines from expert panels are published and periodi-
cally updated; comprehensive online versions of these recommenda-
tions are available.18,19,31

When to Begin Therapy?
The decision to begin antiretroviral therapy for any patient must 
balance the burden and toxicity of the drug regimen against the ben-
efits of decreased HIV-related morbidities and increased life expec-
tancy (Table 130-5). Although clinicians are most comfortable 
considering the deleterious consequences of HIV infection in discrete 
quanta of CD4 counts, (e.g., <50, <200, >350 cells/mm3, etc.), there is 
a continuum, without clear demarcation, in the risk of progression to 
AIDS and death across the range of declining CD4 counts, from greater 
or equal to 650 cells/mm3 to less than 50 cells/mm3.236,237,238,239 This 
includes causes of death not usually attributed to HIV infection 
itself.240-246 As the risks associated with ART have decreased because of 
more potent drug combinations, lower pill burdens that improve 
adherence, and newer medications with fewer short-term and long-
term toxicities, the risk-benefit ratio of initiating ART earlier in the 
course of disease has shifted toward beginning therapy at higher CD4 
cell counts.247

rates of dizziness, abnormal dreams, insomnia, and rash than patients 
receiving the co-formulated efavirenz-containing regimen. Median 
fasting low-density lipoprotein and high-density lipoprotein concen-
trations increased less with the co-formulated elvitegravir-containing 
than the co-formulated efavirenz-containing regimen. Elevated amino-
transferases were less common with co-formulated elvitegravir than 
with co-formulated efavirenz. Nausea and diarrhea were more common 
with co-formulated elvitegravir than with co-formulated efavirenz and 
occurred at similar rates compared with the boosted atazanavir-
containing regimen. Serum creatinine concentrations were greater in 
patients randomized to co-formulated elvitegravir than either the 
co-formulated efavirenz-containing or boosted atazanavir-containing 
regimens. Overall rates of antiretroviral drug resistance were similar 
between the co-formulated elvitegravir-containing and co-formulated 
efavirenz-containing regimens; drug resistance was not observed in the 
boosted atazanavir-containing regimen. Of 13 participants whose virus 
developed resistance on co-formulated elvitegravir, 3 demonstrated 
triple-class resistance, and 9 had mutations to both elvitegravir and 
emtricitabine (M184I/V). Elvitegravir selects for resistance at positions 
E92, G140, Q148, and N155 of integrase and should not be used in 
subjects with prior resistance to raltegravir.

The most common adverse events associated with co-formulated 
elvitegravir are nausea and diarrhea. Clinically relevant drug-drug 
interactions are possible with the elvitegravir-containing fixed dose 
combination and are mainly due to the CYP3A, CYP2D6, and 
P-glycoprotein inhibition by cobicistat. Antacids reduce cobicistat 
levels, whereas H2-receptor antagonists and proton-pump inhibitors 
do not. Co-formulated elvitegravir is contraindicated in patients taking 
lovastatin, simvastatin, and rifampin.

Dolutegravir
Dolutegravir is an INSTI that does not require pharmacologic boosting 
and can be taken with or without food.229 In antiretroviral-naïve 
patients, dolutegravir has been administered orally as 50 mg once 
daily; a 50-mg twice-daily dose was studied in treatment-experienced 
patients with genotypic resistance to raltegravir.230,231 Dolutegravir has 
a half-life of 14 hours, is primarily metabolized by glucuronidation, 
and does not inhibit or induce cytochrome P-450 isoenzymes.232 
Dolutegravir can inhibit tubular secretion of creatinine, resulting in 
increased serum creatinine concentrations without changes in glo-
merular filtration.233 A fixed-dose, once-daily combination of dolute-
gravir, abacavir, and lamivudine is under investigation.

A dose-ranging phase IIb study of dolutegravir 50 mg with the 
fixed-dose combination of abacavir 600 mg and lamivudine 300 mg 
demonstrated superiority to the fixed-dose combination efavirenz, 
emtricitabine, and tenofovir.234 However, this difference in virologic 
response was driven primarily by discontinuation of the efavirenz-
containing regimen at a much higher rate than has been observed  
in prior trials or is typically seen in clinical practice. A phase III  
study in antiretroviral-naïve participants demonstrated virologic  
noninferiority of a once-daily dolutegravir regimen compared with 
twice-daily raltegravir in combination with an NRTI backbone.230 
Approximately 60% of subjects received emtricitabine and tenofovir, 
and 40% received abacavir with lamivudine. After 48 weeks of therapy, 
88% and 85% of participants randomized to dolutegravir or raltegravir, 
respectively, achieved plasma HIV RNA levels less than 50 copies/mL. 
No statistical differences were observed in response rates by back-
ground NRTI regimen or baseline plasma HIV-1 RNA. Overall 
response rates were similar to recent phase III studies that demon-
strated the noninferiority of rilpivirine- and elvitegravir-containing 
regimens compared with comparator regimens containing efavirenz or 
ritonavir-boosted atazanavir. Once-daily dolutegravir was associated 
with statistically significant increases, albeit small, in serum creatinine 
(0.14 mg/dL, 12.3 µmol/L) over 48 weeks. Nausea, headache, naso-
pharyngitis, and diarrhea were observed in similar proportions of  
participants receiving dolutegravir or raltegravir. A phase III study  
of HIV-infected treatment-naïve participants demonstrated the supe-
rior efficacy, safety profile, and time to viral suppression of a dolute-
gravir plus abacavir-lamivudine regimen through 48 weeks when 
compared with the fixed-dose combination of efavirenz, tenofovir, and 
lamivudine.234a

TABLE 130-5  When to Initiate Antiretroviral 
Therapy in Adolescents and Adults

Recommend Initiation of Therapy
All HIV-infected patients, regardless of CD4 count

Conditions Favoring Early Initiation of Therapy
Acute or recent HIV infection, or

AIDS-defining conditions, including HIV-associated dementia, or

Pregnancy, or

HIV-associated nephropathy, or

Lower CD4 counts (<200 cells/mm3), or

Acute opportunistic infections, or

HIV RNA >100,000 copies/mL, or

CD4 decline >100 cells/mm3/yr, or

Hepatitis B coinfection, or

Hepatitis C coinfection

AIDS, acquired immunodeficiency disease; HIV, human immunodeficiency disease; 
RNA, ribonucleic acid.

Modified in part from Panel on Antiretroviral Guidelines for Adults and 
Adolescents. Guidelines for the Use of Antiretroviral Agents in HIV-1-Infected 
Adults and Adolescents. Department of Health and Human Services. Available at 
http://aidsinfonihgov/contentfiles/lvguidelines/adultandadolescentglpdf. Accessed 
February 12, 2013; and Thompson MA, Aberg JA, Hoy JF, et al. Antiretroviral 
treatment of adult HIV infection: 2012 recommendations of the International 
Antiviral Society-USA panel. JAMA. 2012;308:387-402.
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available choices. Most regimens will consist of a dual-NRTI backbone 
in combination with an NNRTI, a ritonavir-boosted PI, or an INSTI.

The Dual-NRTI Backbone
Three two-NRTI fixed-dose combinations are commercially available: 
tenofovir plus emtricitabine, abacavir plus lamivudine, and zidovudine 
plus lamivudine. Zidovudine/lamivudine requires twice-daily dosing, 
whereas both tenofovir/emtricitabine and abacavir/lamivudine are 
administered once daily. The combination of zidovudine and lamivu-
dine, long the most widely used fixed-dose NRTI combination, has 
been largely replaced by tenofovir and emtricitabine in the developed 
world as the most commonly used dual-NRTI backbone. In a 48-week 
study of tenofovir/emtricitabine versus zidovudine/lamivudine, both 
with efavirenz, the combination of tenofovir/emtricitabine was nonin-
ferior to zidovudine/lamivudine for achieving HIV-1 RNA levels less 
than 400 copies/mL and less than 50 copies/mL as a secondary end 
point.16 Patients randomized to receive tenofovir/emtricitabine also 
had greater increases in CD4 cell counts, lower rates of drug resistance, 
and fewer adverse effects resulting in treatment discontinuation than 
patients receiving zidovudine and lamivudine. After 96 weeks, 
tenofovir/emtricitabine-treated patients also had more limb fat and 
lower triglyceride levels than zidovudine/lamivudine-treated patients.17

Abacavir was shown to be noninferior to zidovudine, when either 
drug was combined with lamivudine and efavirenz, after 48 weeks of 
therapy.275 Two studies have directly compared abacavir/lamivudine 
and tenofovir/emtricitabine, either in combination with boosted lopi-
navir (the HEAT study) or in conjunction with a comparison of efavi-
renz and boosted atazanavir (ACTG 5202). In the HEAT study, a 
similar proportion of patients in either treatment arm had achieved 
viral loads of less than 50 copies/mL after 48 weeks, regardless of initial 
screening viral loads.37 In the larger ACTG 5202 trial, however, 
abacavir/lamivudine-treated subjects with initial viral loads greater 
than 100,000 copies/mL had an elevated hazard ratio of virologic failure 
compared with subjects receiving tenofovir/emtricitabine, forcing an 
independent data safety monitoring board to recommend that this arm 

Some treatment guidelines, particularly those in the United States, 
now recommend ART for all HIV-infected patients, regardless of CD4 
count, whereas some other (e.g., British) guidelines recommend ART 
for patients with CD4 counts less than 350 cells/mm3.18,19,31 The level 
of evidence to support therapy initiation guidelines is strongest for 
CD4 counts less than 200 cells/mm3 and weakens as the CD4 counts 
studied increase to greater than 500 cells/mm3. Patients who initiate 
therapy with CD4 counts between 200 to 350 cells/mm3 have reduced 
rates of death, opportunistic infections, serious non-AIDS events, and 
an increase in rates of maximal virologic suppression and CD4 cell 
count rises.238,248-254,255,256-258 Between 350 to 500 cells/mm3, cohort 
studies and randomized controlled trials have demonstrated a 
decreased risk of HIV-related disease progression, relative to patients 
who initiated therapy at CD4 counts less than 350 cells/mm3.259-261,262,263 
Some studies found mortality benefits to starting therapy in this CD4 
stratum,259,260 whereas others have not.261,262 This mortality benefit has 
been extended to patients who start therapy with CD4 counts greater 
than 500/mm3 but has not consistently been observed.259-261 Several 
factors favor earlier initiation of therapy and include the presence of 
an AIDS-defining condition (including HIV-associated dementia), 
pregnancy, acute or recent HIV infection, hepatitis B or C coinfection, 
cardiovascular disease, HIV-associated nephropathy, plasma viral 
loads greater than 100,000 copies/mL, or more rapid CD4 cell decline 
(>100/mm3/year). The measurement of CD4 cell percentage has also 
been used in decisions to initiate antiretroviral treatment and oppor-
tunistic infection prophylaxis, typically at percentages less than 14% to 
17%.264-266 Some evidence suggests, however, that the absolute CD4 
count may play the more relevant role in deciding when to initiate 
therapy.267 There are limited data to address the use of ART in acute 
primary HIV infection syndromes, and this remains an area of active 
clinical investigation.

Treatment of HIV infection across CD4 strata may play an impor-
tant role in limiting HIV transmission, a strategy known as “treatment 
is prevention.” An observational study of nearly 3400 heterosexual 
HIV-infected patients and their uninfected partners, that is, sero-
discordant couples, demonstrated a 92% reduction in HIV trans-
mission rates when the HIV-infected partner received antiretroviral 
therapy.268 In the HPTN 052 study, serodiscordant heterosexual 
couples, where the HIV-infected partner had a median CD4 count of 
approximately 450 cells/mm,3 were randomized to immediate or 
delayed antiretroviral therapy and followed prospectively.269 A 96% 
reduction in HIV transmission was observed in participants who 
received early ART. Early ART participants had increased CD4 counts 
and decreased rates of extrapulmonary tuberculosis. These data were 
the first from a randomized controlled trial to definitively demonstrate 
both a personal benefit to HIV-infected patients from early ART initia-
tion and a public health benefit from a reduction in the rates of HIV 
transmission.

Although treatment guidelines play a useful role in helping physi-
cians decide when to start therapy, patient willingness and readiness 
to start lifelong therapy are critical, and the role of meticulous adher-
ence to ART success is undeniable.270-272 The improved potency of 
boosted protease inhibitors and the long half-lives of NNRTIs (more 
forgiving of sporadic missed doses), however, have led to virologic 
suppression at adherence rates below those required for earlier regi-
mens.273,274 The deferral of therapy until adherence can be maximized 
is preferable to suboptimal or incomplete therapy.

What to Begin With?
Several patient and virus factors need to be considered when choosing 
an initial regimen (Table 130-6). These include existing comorbidities 
(e.g., cardiovascular, renal, or psychiatric disease), potential adverse 
drug effects and interactions with other medications the patient may 
be receiving, pregnancy or pregnancy potential, convenience, and 
potential patient adherence. Determining the drug susceptibility of a 
patient’s HIV isolate is also an important step in constructing a com-
bination antiretroviral regimen. Based on the results of genotypic 
testing, a regimen can be constructed that maximizes the probability 
of virologic suppression, while minimizing adverse effects, toxicities, 
and pill burden for the patient. Fixed-drug combinations have become 
a mainstay of initial therapeutic regimens and have simplified the 

TABLE 130-6  What Antiretroviral Regimens to 
Start*

Preferred Regimens

NNRTI-Based
Efavirenz/tenofovir/emtricitabine

PI-Based
Atazanavir/r + tenofovir/emtricitabine

Darunavir/r (once daily) + tenofovir/emtricitabine

INSTI-Based
Raltegravir + tenofovir/emtricitabine

Elvitegravir/cobicistat/tenofovir/emtricitabine

Dolutegravir + abacavir/lamivudine

Dolutegravir + tenofovir/emtricitabine

Alternative Regimens

NNRTI-Based
Efavirenz + abacavir/lamivudine†

Rilpivirine/tenofovir/emtricitabine

Rilpivirine + abacavir/lamivudine

PI-Based
Atazanavir/r + abacavir/lamivudine

Darunavir/r + abacavir/lamivudine

Fosamprenavir/r + abacavir/lamivudine or tenofovir/emtricitabine

Lopinavir/r + abacavir/lamivudine or tenofovir/emtricitabine

INSTI-Based
Raltegravir + abacavir/lamivudine

*Recommendations from the 2013 Department of Health and Human Services 
Guidelines.

†Some consider the NRTI backbone of abacavir + lamivudine as preferred in 
patients with plasma virus loads less than 100,000 copies/mL.

INSTI, integrase strand transfer inhibitor; NNRTI, non-nucleoside reverse-
transcriptase inhibitor; PI, protease inhibitor.
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the number of initial boosted PI treatment options, boosted darunavir 
could be held in abeyance until such time as PI resistance mutations 
accumulate, thereby extending the time available for a patient to 
receive benefit from the PI drug class. Others, however, are now using 
boosted darunavir as initial therapy. Atazanavir/r has fewer gastroin-
testinal side effects and may induce fewer changes in lipid profiles than 
lopinavir/r but is associated with more hyperbilirubinemia than other 
regimens.279 Nelfinavir and indinavir no longer have important roles 
in initial therapy.158,160

Initial NNRTI-Based Regimens
Efavirenz is preferred over nevirapine for therapy in most treatment-
naïve patients because of less toxicity and possibly greater efficacy; these 
drugs should not be used in combination.86 There are situations, 
however, where nevirapine is the preferred NNRTI in initial regimens. 
In pregnant women and women of child-bearing age who might become 
pregnant, efavirenz is contraindicated, and nevirapine is preferable. 
Similarly, in individuals with preexisting psychiatric disturbances,  
some prefer nevirapine over efavirenz because of efavirenz-associated 
neuropsychiatric side effects. Rilpivirine may be considered in patients 
with pretreatment HIV-1 RNA level loads less than 100,000 copies/mL. 
Delavirdine is not recommended for initial NNRTI-based therapy 
because of decreased efficacy data and greater pill burdens than with 
either efavirenz or nevirapine.

Initial Integrase Inhibitor-Based Therapy
Raltegravir may be considered over fixed-dose co-formulated elvite-
gravir because of fewer drug-drug interactions, no food requirement, 
and no association with proximal renal tubulopathy or inhibition of 
creatinine secretion. The two integrase inhibitors have not been directly 
compared in a clinical trial. One study has demonstrated the noninfe-
riority of dolutegravir when compared with raltegravir.230

Triple NRTI and Four-Drug Therapy
Three-drug NRTI therapy has been compared with other regimens in 
clinical trials and is not generally recommended. Inferior rates of viro-
logic response were seen in treatment-naïve subjects treated with 
stavudine/didanosine/lamivudine compared with those treated with 
stavudine/didanosine/nevirapine or stavudine/didanosine/nelfina-
vir.280 A randomized, double-blind study demonstrated greater rates 
of virologic failure, regardless of initial viral load, in treatment-naïve 
subjects receiving zidovudine/lamivudine/abacavir compared with 
zidovudine/lamivudine/efavirenz-treated and zidovudine/lamivudine/
efavirenz/abacavir-treated subjects.105 A comparison of tenofovir 
versus efavirenz, both combined with abacavir/lamivudine, resulted in 
a high rate of virologic nonresponse in treatment-naïve tenofovir-
treated subjects, together with high rates of the M184V (98% of sub-
jects tested) and K65R (54%) resistance mutations.65

No advantages have been demonstrated for four-drug versus three-
drug initial regimens. In early trials, the addition of a PI to a three-drug 
regimen of two NRTIs plus an NNRTI provided no additional benefit.15 
The addition of a fourth drug to two-class, three-drug therapy confers 
no additional benefit. In a randomized, double-blind trial, standard 
three-drug therapy (zidovudine/lamivudine/efavirenz) had similar 
efficacy to four-drug therapy (zidovudine/lamivudine/efavirenz/
abacavir), even in subjects with initial viral loads greater than 100,000 
copies/mL.39 In subjects with virologic suppression on a zidovudine/
lamivudine/abacavir regimen, the addition of either tenofovir or efa-
virenz resulted in similar rates of virologic suppression maintenance; 
treatment failures were also similar.281 Given that zidovudine/
lamivudine/abacavir and zidovudine/lamivudine/tenofovir have both 
been shown to be inferior regimens, there is concern about the long-
term efficacy of combining these drugs. In light of the proven efficacy 
of NNRTI- and PI-based three-drug regimens, a compelling contra-
vening medical necessity should exist before a four-drug NRTI regimen 
is considered for initial therapy.

Interrupting Therapy
Temporary discontinuations of antiretroviral treatment, whether 
referred to as structured treatment interruptions or intermittent 
therapy, have been studied in patients with HIV infection as a strategy 

of the study be discontinued.35 Abacavir/lamivudine should therefore 
be used with caution in patients with viral loads greater than 100,000 
copies/mL, pending further data in this population. Similar viral effi-
cacy was observed in a study of abacavir/lamivudine in combination 
with dolutegravir, regardless of pretreatment plasma HIV-1 RNA 
levels.234a Concerns have also been raised about a possibly increased 
cardiovascular risk associated with concomitant abacavir use, although 
more data are needed.27,28 Until such information is available, caution 
is advised regarding abacavir use in patients with preexisting cardiac 
risk factors.19

Regimens containing a single NRTI, in combination with an 
NNRTI and a PI, or NRTI-sparing regimens have been studied, gener-
ally with inferior results. Subjects randomized to receive an NRTI/
NNRTI/PI combination discontinued treatment more frequently 
because of side effects than subjects receiving either a dual-NRTI/
NNRTI or dual-NRTI/PI combination regimen.276 An NRTI-sparing 
regimen of efavirenz and boosted lopinavir was more likely to be  
associated with drug resistance, had increased frequencies of lipid 
elevations, and showed greater rates of virologic failure in patients with 
viral loads greater than 100,000 copies/mL when compared with a 
dual-NRTI/efavirenz or dual-NRTI/boosted lopinavir combination 
regimen.24 An NRTI-sparing regimen of raltegravir plus boosted 
darunavir resulted in high rates of virologic failure.277 Based on these 
findings, combination therapy without a dual nucleoside backbone is 
not generally recommended for initial antiretroviral therapy, although 
trials of NRTI-sparing regimens continue.

Initial NNRTI-Based versus PI-Based Therapy 
versus INSTI-Based Therapy
NNRTI-, PI-, and INSTI-based therapies, in combination with a dual-
NRTI backbone, all provide effective suppression of HIV-1 replication 
and reconstitution of CD4 cell counts. A randomized prospective trial 
of 1400 subjects demonstrated similar composite end points of death, 
AIDS-defining event, or CD4 count decline to less than 200 cells/µL 
in subjects receiving either an NNRTI- or PI-based regimen. In this 
trial, the greatest suppression of plasma HIV RNA was seen in the 
NNRTI-based regimen (63% of these subjects received efavirenz, 37% 
nevirapine) although nearly two thirds of the subjects randomized to 
PI-based therapy received nelfinavir.276 A similar finding was noted, 
however, in a more recent randomized prospective trial where an 
efavirenz-based regimen resulted in better virologic suppression than 
a boosted lopinavir-based regimen.24 In the latter trial, however, better 
CD4 cell responses and less resistance after virologic failure were 
observed in the boosted PI arm. An earlier meta-analysis of clinical 
trials comparing NNRTI- and PI-based therapy suggested that NNRTI-
based therapy was more effective than PI-based therapy for virologic 
suppression but was similar to PI-based therapy for clinical out-
comes.278 The low genetic barrier to resistance to NNRTIs, where single 
nucleotide substitutions may confer broad class-wide resistance (except 
for etravirine), provides an additional rationale for the first use of a 
boosted PI when adherence may be a problem. However, NNRTI-
based regimens may have lower pill burdens and greater convenience 
(particularly the fixed-dose regimen of tenofovir/emtricitabine/efavi-
renz), longer NNRTI half-lives that are more permissive of missed 
doses, and possibly less effect on lipid profiles and insulin resistance, 
although this is controversial. In general, integrase inhibitor–based 
regimens have demonstrated noninferiority to both efavirenz- and 
atazanavir-based regimens with similar virologic and immunologic 
outcomes. Thus, the choice of whether to use an NNRTI, a boosted PI, 
or an INSTI in combination with two NRTIs as initial therapy needs 
to be individualized, and all are considered preferred options by dif-
ferent guidelines panels.18,19,31

Initial PI-Based Regimens
Several clinical trials have evaluated which PIs to use initially. Ritonavir-
boosted PIs are preferred for first-line ART regimens unless patients 
are intolerant to ritonavir-associated side effects. Atazanavir/r, 
darunavir/r, fosamprenavir/r, and saquinavir/r have all demonstrated 
noninferiority to lopinavir/r.137,165,167,279 Given that boosted darunavir is 
the PI most likely to retain activity against HIV resistant to other PIs, 
some have argued not to use darunavir as first-line therapy. In light of 
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to increase between 50 to 150 cells/mm3 in the first year and 50 to 100 
cells/mm3 in the second year.287,288 In patients initiating therapy when 
CD4 counts fall below 200 cells/mm3, only a minority reconstitute their 
CD4 counts to greater than 500 cells/mm3 after 4 years.287 CD4 counts 
can often reach levels considered normal in patients who initiate 
therapy with CD4 counts greater than 350 cells/mm3.289

HLA-B*5701 Screening
Prospective screening for the HLA-B*5701 allele reduces substantially, 
but does not eliminate, the risk of an abacavir hypersensitivity reac-
tion.43,290 All patients being considered for an abacavir-containing 
regimen should first undergo HLA-B*5701 testing. Patients who test 
positive for this allele should not receive abacavir therapy. Abacavir 
skin patch testing is not recommended.

Plasma Viral Load Monitoring
Viral load monitoring is necessary to assess the response to antiretro-
viral therapy and the durability of virologic suppression. The goal of 
all antiretroviral therapy, whether in treatment-naïve or treatment-
experienced patients, living in developed or developing countries, is 
suppression of plasma HIV RNA to undetectable levels (<50 copies/
mL). Viral load should be measured before starting therapy, 2 to 8 
weeks later, and then at 4- to 8-week intervals until HIV RNA is no 
longer detectable. At least a one log10 reduction in viral load should be 
expected at 4 weeks, with a decline in plasma HIV RNA to less than 
50 copies/mL by 16 to 24 weeks of therapy. More rapid virus decay 
kinetics may be observed with INSTI-based therapy, although the 
clinical significance of this is unknown.234a Viral blips, or transient viral 
load increases to between 50 to 1000 copies/mL in a patient with previ-
ously suppressed plasma HIV RNA, are occasionally seen but do not 
appear to be associated with eventual virologic failure and do not 
necessitate a change in therapy.291,292 In some cases, blips may be the 
results of temporary lapses in patient adherence to antiretroviral regi-
mens.293 True virologic failure is defined as a persistently detectable 
viral load in a patient with previously suppressed HIV RNA or the 

to minimize drug toxicities and cost, decrease treatment fatigue, 
improve quality of life, stimulate HIV-specific immune responses, or 
minimize the emergence of drug-resistance viruses. In many of these 
respects, interruptions of therapy have been unsuccessful. The body of 
available evidence suggests a lack of benefit to structured treatment 
interruptions, and a recent large study demonstrated potential harm 
with this approach.237,282 Several other studies have also supported the 
proposition that discontinuing therapy has detrimental effects on 
outcome.283-285 Taken together, the available evidence on the use of 
treatment interruptions in HIV infection suggests a lack of benefit and 
the potential for harm with treatment interruption. Treatment inter-
ruptions are, thus, not a recommended strategy, and their use should 
generally be limited to the research setting as part of a clinical trial.

LABORATORY TESTING DURING 
ANTIRETROVIRAL THERAPY
CD4-based criteria are most widely used to determine when antiret-
roviral therapy should be initiated. Resistance testing, HLA-B57 typing, 
and plasma viral RNA load monitoring are also important laboratory 
tests that assist the clinician in designing the most effective and patient-
specific antiretroviral regimen. When CCR5 antagonist therapy is 
being considered, co-receptor tropism testing is essential. Routine 
monitoring of hepatic and renal function, along with serum lipids, 
fasting glucose, and hematologic parameters, should be undertaken 
when appropriate (Table 130-7).

CD4 T-cell Counts
CD4 T-cell counts should be determined when an HIV diagnosis is 
made and monitored at intervals thereafter. However, the value of 
frequent (every 3-4 months) CD4 count monitoring in HIV clinical 
management has been called into question.286 Patients with plasma 
virus loads less than 200 copies/mL and CD4 counts greater than 300 
cells/mm3 had a greater than 97% chance of maintaining durable CD4 
counts greater than 200 cells/mm3 for 4 years. Once combination anti-
retroviral therapy is started, the CD4 count may reasonably be expected 

TABLE 130-7  Laboratory Monitoring before and during Antiretroviral Therapy

ENTRY 
INTO CARE

FOLLOW-UP 
BEFORE ART

STARTING 
ART

2-8 WEEKS 
POST-ART

EVERY  
3-6 MONTHS

EVERY  
12 MONTHS

TREATMENT 
FAILURE

CD4 T-cell count • •b • • •

HIV RNA • •b • • • •

Resistance testing • •e •

Basic chemistriesa • •c • • •

ALT, AST, T. bili., D. bili. • •c • • •

CBC with differential • •b • • •

Fasting lipid profile • •d • •h •j

Fasting glucose or 
hemoglobin A1C

• •d • •i

Urinalysis • • •k

HLA-B*5701 testing •f

Pregnancy test •g

Tropism testing •l

Hepatitis C testing •
aSerum Na+, K+, Cl−, HCO3

−, BUN, creatinine, glucose; determination of renal function should include calculation of creatinine clearance by the Cockcroft and Gault equation 
or estimation of the glomerular filtration rate by the MDRD equation.

bEvery 3-6 months.
cEvery 6-12 months.
dIf normal, then repeat annually.
eFor treatment-naïve patients, if resistance testing was performed at entry, repeat testing is optional.
fIf considering abacavir.
gIf starting efavirenz.
hConsider after starting new antiretroviral therapy.
iIf normal, check every 6 months. If borderline or abnormal, check every 3-6 months.
jIf normal, check yearly. If borderline or abnormal, check every 6 months.
kFor HIV-associated nephropathy, check every 6 months. Check yearly if patient is receiving tenofovir.
lIf considering a CCR5 antagonist.
ALT, alanine aminotransferase; ART, antiretroviral therapy; AST, aspartate aminotransferase; BUN, blood urea nitrogen; CBC, complete blood count; Cl−, chloride ion; Cr, 

creatinine; D. bili., direct bilirubin; HCO3
−, bicarbonate ion; HIV, human immunodeficiency virus; K+, potassium ion; MDRD, modification of diet in renal disease; Na+, sodium 

ion; T. bili., total bilirubin.
Modified from Panel on Antiretroviral Guidelines for Adults and Adolescents. Guidelines for the Use of Antiretroviral Agents in HIV-1-Infected Adults and Adolescents. 

Department of Health and Human Services. Available at http://aidsinfonihgov/contentfiles/lvguidelines/adultandadolescentglpdf. Accessed February 12, 2013.
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detection of CXCR4-using or dual-mixed virus are now available.315a 
Changes in co-receptor usage, rather than emergence of true resis-
tance, represent the dominant mechanism of virologic escape from 
CCR5 antagonists.212

CHANGING THERAPY
Clinical assessment, together with measurement of HIV RNA levels 
and CD4 cell counts, should be used to assess the need to change 
therapy. If the patient experiences drug toxicity or intolerance or  
is unable to adhere to therapy, a change in regimens may be required. 
In these situations, it may be appropriate simply to replace the  
offending drug by another that is better tolerated and exhibits similar 
potency.

Clinical situations that should prompt consideration for changing 
therapy include a poor early virologic response to therapy, failure to 
suppress plasma HIV-1 RNA to undetectable levels by 4 to 6 months 
after initiation, repeated detection of virus in plasma after initial sup-
pression to undetectable levels, a persistent and significant decline in 
the CD4 T-cell count, and clinical deterioration.

The selection of a new regimen in patients with virologic, immu-
nologic, and clinical failure should involve consideration of the history 
of previous antiretroviral drug exposure, current drug resistance pat-
terns, other drugs with the potential for drug interactions, and indi-
vidual comorbid conditions. At least two, and preferably three, fully 
active drugs should be included in the new regimen, ideally using 
agents from at least one new class. With the multiple drugs available, 
the goal of the new regimen should always be to durably suppress 
plasma HIV RNA levels to below detectable limits of the most sensitive 
available assay.

SPECIAL CIRCUMSTANCES
Preexposure Prophylaxis
Antiretroviral therapy has been studied as possible HIV prevention for 
at-risk, HIV-uninfected populations. The effectiveness of a 1% 
tenofovir-containing vaginal gel was studied in a randomized con-
trolled trial of South African women, where its use before and after 
potential HIV exposures was associated with a 39% reduction in HIV 
incidence.316 Greater risk reduction was observed in women with high 
levels of gel adherence. A study of 2499 HIV-uninfected men and 
transgender women who have sex with men demonstrated a 44% risk 
reduction of HIV infection over 1 year of follow-up in participants 
randomized to receive oral tenofovir/emtricitabine daily, compared 
with placebo.317 This risk reduction was strongly tied to adherence and 
varied from 73% in participants with greater than or equal to 90% 
adherence to 32% when adherence was less than 50%. A large study of 
serodiscordant heterosexual Kenyan and Ugandan couples found that 
daily oral tenofovir use reduced the incidence of HIV infection by 62% 
and that daily tenofovir/emtricitabine reduced HIV incidence by 
73%.318 Similar findings were reported in a 1200-person Botswanan 
study where daily oral tenofovir/emtricitabine reduced HIV incidence 
by 63%.319

Not all studies have demonstrated benefits to preexposure prophy-
laxis. A study of daily oral tenofovir/emtricitabine in African women 
did not demonstrate reduced HIV incidence rates and was associated 
with increased rates of side effects.320 A separate study of African women 
showed no HIV incidence reduction with the use of oral tenofovir or 
daily tenofovir vaginal gel; adherence to study drugs was low.321 The 
Centers for Disease Control and Prevention (CDC) have issued interim 
guidelines on the use of HIV chemoprophylaxis.322,323 These guidelines 
emphasize that patients considered for preexposure prophylaxis should 
be at an ongoing high (for men having sex with men) or very high (for 
heterosexuals) risk for HIV acquisition. Subjects receiving preexposure 
prophylaxis should be treated with the fixed-dose combination 
tenofovir/emtricitabine once daily for a maximum of 90 days. Regular 
HIV antibody testing, counseling, sexually transmitted infection 
screening, and serum creatinine measurements should be performed.

Postexposure Prophylaxis
Exposures to HIV can occur both inside and outside of the health care 
setting. For health care personnel, the risk of HIV exposure results 
from percutaneous or mucous membrane exposure to HIV-infected 

inability to achieve an undetectable viral load after 24 to 48 weeks of 
therapy. Although multiple causes of virologic failure are possible, a 
detectable viral load in either scenario should prompt HIV drug resis-
tance testing.

The initiation of effective antiretroviral therapy in developing coun-
tries can result in initial treatment outcomes that are similar to those 
seen in resource-rich nations.294 The lack of available viral load moni-
toring in many resource-poor countries, however, can complicate 
efforts to achieve and sustain durable virologic suppression on antiret-
roviral therapy.295,296 One potential consequence of using CD4- or 
clinically-based criteria to guide treatment decisions is the emergence 
of HIV-1 drug resistance in patients who may unknowingly continue 
a partially suppressive antiretroviral regimen. High rates of HIV resis-
tance have been observed in some developing countries that institute 
antiretroviral therapy programs without frequent viral load 
monitoring.297-300 The accumulation of resistance carries the risk of 
compromising both first- and second-line therapeutic regimens, and 
efforts to bring cost-effective viral load monitoring to HIV-infected 
patients worldwide should be encouraged.

HIV Drug Resistance Testing
Virologic failure that results from resistance to antiretroviral agents is 
a major cause of treatment failure.301-304 The clinical significance of 
antiretroviral drug resistance was demonstrated not long after the 
introduction of the nucleoside analogues.305,306 Subsequent studies 
show an increased risk of virologic failure when patients are treated 
with drugs to which the virus shows genotypic or phenotypic resis-
tance.307,308 Resistance testing is cost-effective under several clinical 
circumstances and is currently recommended at the time of HIV diag-
nosis, before initiating therapy in pregnant women, and whenever a 
treatment regimen fails with HIV RNA levels greater than 1000 copies/
mL.141,309-314 The resistance test should, if possible, be performed while 
the patient is still on the failing regimen. Genotypic resistance assays 
sequence HIV genes from patient isolates and report the presence of 
mutations that confer resistance; these assays are generally preferred 
for antiretroviral-naïve patients. Phenotypic resistance assays rely on 
cultured patient HIV isolates and report fold-changes in sensitivities 
in the presence or absence of drugs. Phenotypic tests are usually more 
expensive than genotypic tests but can be useful in the interpretation 
of more complex resistance patterns. Virtual phenotypic resistance 
assays make use of a library of known matched genotypes and empiri-
cally tested phenotypes to predict a patient’s phenotype based on 
known genotype results. All resistance assays have limitations when 
determining resistance to recently approved antiretrovirals. Clinical 
experience is often helpful to evaluate the number and type of geno-
typic mutations and the magnitude of phenotypic fold-changes in drug 
susceptibility that are clinically meaningful and correspond to a loss of 
in vivo drug activity. Technical issues can sometimes prevent successful 
resistance testing when plasma HIV RNA levels are less than 500 to 
1000 copies/mL.

Determining HIV Co-receptor Usage
The co-receptor tropism assay used most widely in clinical trials is a 
phenotypic assay that requires the amplification of ENV sequences 
from plasma HIV-1 RNA.315 A commercial genotypic assay is available 
and can be used to determine co-receptor usage but has not been vali-
dated with clinical outcomes, making it more challenging for the prac-
ticing clinician to interpret. Currently, the DHHS Antiretroviral 
Guidelines Panel recommends phenotypic testing as the preferred 
assay for measuring tropism. As with resistance testing, viral loads 
greater than 1000 copies per mL are needed to most accurately perform 
co-receptor usage testing. Test results supplied to the clinician will 
indicate whether a virus is R5, X4, or dual/mixed. The term dual/mixed 
refers to the fact that the current co-receptor usage assay cannot dis-
tinguish between the presence of one virus that uses either receptor for 
viral entry (dual-tropic) or mixed viral populations in the same patient 
sample—populations that use either CCR5 or CXCR4. For clinical 
purposes, this distinction is not as important as knowing whether the 
sample contains any X4 virus. Although the initially approved pheno-
typic assay used only detected X4 viruses if they constituted 5% to 10% 
of the quasi-species present, assays with improved sensitivity for 
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seroconversion on nPEP, when used for voluntary sexual and intrave-
nous drug use exposures, has been reported to occur at a rate of 1% in 
one nonrandomized study; the availability of nPEP does not appear to 
increase risk behavior.335-337 The use of prophylaxis in sexual assault 
victims is recommended, but the acceptance of and adherence to nPEP 
in this group may be low.338 A decision to offer nPEP when the source 
patient is unavailable, and thus has an unknown HIV status, should be 
made on an individual basis. HIV postexposure prophylaxis is not 
generally recommended in the setting of bombings or other mass-
casualty events.339

CONCLUSIONS AND FUTURE 
DIRECTIONS
Remarkable progress has been made since the advent of antiretroviral 
therapy for HIV infection in the mid-1980s, turning a once almost 
uniformly fatal disease into a generally treatable infection. Newer regi-
mens offer greater convenience and less toxicity than ones previously 
used, and emerging data suggest that antiretroviral therapy should be 
initiated earlier during the natural history of HIV infection than was 
previously recommended.

Many challenges remain for patients on therapy, including adher-
ence to complex regimens, emergence of drug-resistant virus variants, 
and the development of complications of therapy. Close monitoring  
of patients on therapy remains essential, using available laboratory 
tests, such as CD4 cell counts and viral load measurements, to evalu-
ate success or failure. Progress is also being made in the roll-out of 
antiretroviral therapy in the developing world, although major chal-
lenges remain because of the costs and infrastructure needs required 
for sustainable programs. As the roll-out and optimization of antiret-
roviral treatment programs continue in the developing world, viral 
load testing and resistance monitoring will be increasingly important 
to minimize the morbidity associated with suboptimal treatment 
regimens.

The successes of antiretroviral therapy have permitted a consider-
ation of the possibility of an HIV cure. The experience of the “Berlin 
patient,” an HIV-infected man presumably cured after allogeneic stem 
cell transplantation from a CCR5-Δ32 homozygous donor, provided 
the proof-of-concept that the HIV reservoir could be eradicated.340 
The best research approach to pursue HIV cure on a broader scale 
remains unsettled. One strategy, referred to as “kick” or “shock” and 
“kill,” aims to activate latent HIV transcription and then clear reacti-
vated virus from HIV-infected host cells.341,342 Whether the host 
immune response can accomplish this, however, remains an open 
question.343 Research efforts will begin to focus on several cure 
approaches, with the hope of ushering in a new era of potent and selec-
tive eradication therapeutics.

body fluids, most commonly blood. Nonoccupational exposure can 
occur with any exchange of body fluids, most commonly sexual activity 
(voluntary or forced) or intravenous drug use. Saliva that does not 
contain blood is associated with a negligible risk of HIV transmis-
sion.324 Few data exist in humans regarding optimal postexposure pro-
phylaxis (PEP), so in many cases, treatment decisions will be based on 
guidelines from national advisory panels, anecdotal clinical experi-
ences, and patient preferences.

Occupational HIV Exposures
Prospective studies have suggested a roughly 0.3% and 0.09% risk of 
HIV transmission from percutaneous and mucous membrane expo-
sure, respectively.325,326 The risk of HIV transmission increases with the 
severity of the exposure; a deep puncture from a hollow-bore needle 
containing a high viral load HIV-infected blood confers greater risk 
than a superficial cut from a suture needle in a patient with an unde-
tectable viral load. Transmission can occur in both settings, however, 
and prompt evaluation by occupational health services is imperative. 
If the source person is known to be HIV positive, PEP should be con-
sidered.326 For blood or fluid sources with unknowable HIV status (e.g., 
from a disposed needle in a sharps container), PEP is generally not 
recommended. The absolute and relative risk reductions in HIV trans-
mission from the use of PEP are unclear, but PEP should begin as soon 
as possible after exposure. Animal studies suggest the optimal duration 
of PEP may be approximately 4 weeks, although the tolerability of 
regimens can limit patient adherence.327-333 Because of toxicities and 
tolerability, the CDC has recommended a tiered approach for patients 
needing PEP, wherein more severe exposures receive combination 
three-drug therapy and less severe exposures receive two-drug 
therapy.326 Although no prospective data are available to guide this 
decision, the reduced toxicities of newer medications, the improved 
dosing schedules of co-formulated pills, and the known reduced 
potency of two-drug regimens to sustain viral load reductions in HIV-
infected patients suggest that a simplified three-drug PEP regimen for 
all patients be considered. Any PEP regimen should attempt to maxi-
mize adherence (e.g., low pill burdens, no food restrictions), limit 
toxicities, and account for any drug resistance in the source HIV. The 
delay associated with HLA-B*5701 typing before abacavir use should 
generally preclude its inclusion in PEP regimens. Consultation with 
persons with expertise in HIV antiretroviral therapy is advised.

Nonoccupational HIV Exposures
Nonoccupational postexposure prophylaxis (nPEP) is recommended 
for patients presenting within 72 hours of exposure to known HIV-
infected body fluids. Under these circumstances, nPEP should consist 
of combination three-drug antiretroviral therapy for 28 days.334 HIV 
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131 
Management of Opportunistic 
Infections Associated with Human 
Immunodeficiency Virus Infection
Henry Masur

The quality and duration of survival for patients with human immu-
nodeficiency virus (HIV) infection has improved remarkably since the 
acquired immunodeficiency syndrome (AIDS) was first recognized in 
the early 1980s.1-5 Much of the early improvement in prognosis was the 
result of anti-Pneumocystis prophylaxis, improved management of 
acute opportunistic infections, and the development of nucleoside 
antiretroviral therapy.6-14,15 Since 1995, the expanding number of well-
tolerated and highly effective antiretroviral drugs has permitted the 
development of multidrug regimens that have improved CD4+ T-cell 
counts, reduced HIV viral load, reduced opportunistic infections, and 
prolonged survival.1-5 For those patients who are linked to care and 
who manifest durable responses to chronic antiretroviral therapy 
(ART), survival is almost equal to that of individuals without HIV 
infection.5

Unfortunately, in many regions of the United States, fewer than 30% 
of HIV-infected patients are aware of their HIV status, have regular 
access to care, and demonstrate durable viral suppression, resulting in 
a large fraction of the HIV-infected population that is likely to develop 
opportunistic infections.10-12 It is remarkable that in the United States, 
25% of HIV-infected individuals nationally continue to be unaware of 
their HIV infection, especially in medically underserved areas.4,10,16,17 
Testing programs in many parts of the country continue to indicate 
that many patients are tested late in the course of their illness: a sub-
stantial fraction are classified as “late testers,” that is, they develop 
AIDS within 1 year of their initial positive HIV test.4,10,12,16,17 This 

usually occurs when such patients present with an AIDS-defining con-
dition such as Pneumocystis pneumonia and are found to be HIV 
infected for the first time or when they are asymptomatic but are found 
at a testing site to have a CD4+ T-cell count less than 200 cells/mm3 at 
the time of their initial positive HIV test. In the District of Columbia, 
which is representative of some especially hard-hit urban areas, 70% 
of newly identified HIV-infected individuals were late testers when 
assessed in 2007.10,17 Although the percent of late testers is declining, 
it remains unacceptably high.

Until there are better support services to improve adherence to care, 
patients will continue to demonstrate the natural history of immune 
decline and opportunistic infections that characterized the United 
States epidemic in the 1980s. Programs to increase HIV testing in the 
community, targeting high-risk populations, and strategies to improve 
linkage to care are being developed locally, regionally, and nationally.

Health care providers need to be cognizant that a substantial con-
tribution to improved quality of life and improved prognosis can be 
made by more effective management of the opportunistic processes 
that complicate the immunosuppression caused by HIV.3-8 Manage-
ment of opportunistic infections has become more successful because 
of advances in several convergent areas: understanding unique features 
of the natural history of HIV-associated opportunistic infections; being 
able to measure the course of immunologic decline; relating these 
measurements to the occurrence of opportunistic processes; develop-
ing new diagnostic techniques to identify opportunistic infections; 

Definition
•	 Acquired	immunodeficiency	syndrome	

(AIDS)-related	opportunistic	infections	are	
defined	as	those	infections	that	occur	with	
increased	frequency	or	severity	in	patients	
with	human	immunodeficiency	virus	(HIV)	
infection	or	AIDS.

Epidemiology
•	 The	incidence	of	HIV-related	opportunistic	

infections	depends	on	the	degree	of	
immunosuppression	and	environmental	
exposure.

•	 The	occurrence	of	specific	infections	in	some	
cases	is	due	to	primary	infection;	in	other	
cases,	disease	is	the	result	of	reactivation	of	
latent	infection.

Microbiology
•	 The	constellation	of	infections	that	characterize	

AIDS	is	unique:	Pneumocystis	pneumonia,	
Toxoplasma	encephalitis,	cytomegaloviral	
retinitis,	pneumococcal	pneumonia,	
disseminated	Mycobacterium	avium	complex,	
cryptosporidiosis,	cryptococcal	meningitis,	and	
Mycobacterium	tuberculosis	infection.	The	
occurrence	of	these	infections	individually	or	in	
a	cluster	should	prompt	consideration	of	
underlying	HIV	infection/AIDS	in	any	patient	
without	a	clear	predisposing	immunodeficiency.

•	 The	organisms	that	cause	HIV-related	
opportunistic	infections	include	bacteria,		
fungi,	viruses,	and	protozoa.	Some	are	
transmitted	person	to	person,	whereas		
others	are	present	in	certain	environmental	
niches.

Diagnosis
•	 Given	the	broad	range	of	pathogens	that	

can	cause	infectious	syndromes	in	patients	
with	HIV	infection/AIDS,	and	the	potential	
toxicities	of	therapeutic	agents,	specific	
microbiologic	diagnoses	should	be		
established	when	possible.	AIDS-related	
opportunistic	infections	are	diagnosed	by		
a	wide	variety	of	techniques,	including	
bacterial	and	fungal	and	viral	culture,	serum		
or	body	fluid	antigen	assays	or	polymerase	
chain	reaction	assays,	colorimetric	and	
immunofluorescent	stain	of	secretions	or	
tissue,	and	histology.

Therapy
•	 There	are	specific	agents	that	can	successfully	

treat	most	HIV-related	opportunistic	infections	
(see	Table	131-2).	Prognosis	depends	on	the	
severity	of	the	acute	illness	as	well	as	
prognosis	for	comorbidities	and	availability		
of	effective	and	well-tolerated	therapies.	For	
some	HIV-related	opportunistic	infections,	such	

as	cryptosporidiosis,	microsporidiosis,	and	JC	
virus	encephalitis,	there	is	no	effective	specific	
therapy;	clinical	response	depends	on	
improving	immune	response	by	initiating	
effective	antiretroviral	therapy.

Prevention
•	 Because	patients	with	HIV	infection	have	an	

extraordinarily	high	rate	of	opportunistic	
infections,	and	because	these	opportunistic	
infections	characteristically	recur	unless	
patients	either	are	reconstituted	with	
antiretroviral	therapy	(ART)	or	administered	
chemoprophylaxis,	both	ART	and	
chemoprophylaxis	are	both	important	
preventive	strategies	(see	Table	131-1).	For	
some	infections	such	as	Pneumocystis	
pneumonia,	Toxoplasma	encephalitis,	and	
disseminated	Mycobacterium	avium	complex,	
primary	prevention	is	effective,	safe,	and	well	
tolerated	and	should	be	part	of	standard	
patient	management.	Immunization	is	also	an	
important	part	of	routine	infection	prevention	
strategy.

•	 Recommendations	for	discontinuing	or	
restarting	prophylactic	medications	are	
available.

SHORT VIEW SUMMARY

http://www.myuptodate.com


C
h

ap
ter 131 M

anagem
ent	of	O

pportunistic	Infections	Associated	w
ith	Hum

an	Im
m

unodeficiency	Virus	Infection
1642.e1

KEYWORDS
AIDS; Bartonella; Candida; coccidioidomycosis; Cryptococcus; 
Cryptosporidium; cytomegalovirus; herpes simplex virus; 
histoplasmosis; Kaposi sarcoma (HHV-8); microsporidia; 
Mycobacterium avium complex; opportunistic infections; 
Pneumocystis jirovecii pneumonia (PCP); progressive multifocal 
leukoencephalopathy (PML); salmonellosis; syphilis; Toxoplasma; 
tuberculosis; varicella-zoster virus 

http://www.myuptodate.com


C
h

ap
ter 131 M

anagem
ent	of	O

pportunistic	Infections	Associated	w
ith	Hum

an	Im
m

unodeficiency	Virus	Infection
1643

CD4+ T-cell counts are not the only laboratory predictors of oppor-
tunistic infection. HIV viral load in the peripheral blood is an inde-
pendent predictor: with each log increase in titer, the likelihood of 
occurrence of an opportunistic infection increases.35,36-38 Furthermore, 
at a given CD4+ T-cell count, patients with viral loads that are below 
the level of assay detection (e.g., <50 copies/µL) are at far less risk for 
developing an opportunistic infection than patients with detectable 
viral loads.36

Cytomegalovirus (CMV) viral load is also an independent predic-
tor of the occurrence of AIDS-defining events, although CMV viral 
loads are currently used only for diagnosis of acute CMV disease in 
this patient population.39,40

Specific skin, blood, or urine tests for individual pathogens are also 
useful predictors for the occurrence (or relapse) of opportunistic infec-
tions. Such tests include the purified protein derivative (PPD) skin test, 
the interferon-γ release assay (IGRA) for tuberculosis (TB), and anti-
body tests for varicella-zoster virus (VZV), CMV, herpes simplex virus 
(HSV), Toxoplasma, HBV and HCV, Treponema pallidum, or Coccidi
oides. These tests indicate whether patients have been previously 
infected with specific organisms, and might, therefore, reactivate latent 
infection. Specific antigen tests or nucleic acid amplification tests such 
as cryptococcal antigen test, Histoplasma antigen, HCV polymerase 
chain reaction (PCR) assay, HBV PCR assay, or CMV PCR assay are 
used to assess the presence of active disease.41-44

Clinical findings can be useful predictors of opportunistic infection 
susceptibility to supplement the information derived from CD4+ T-cell 
counts and HIV viral loads. For example, the development of otherwise 
unexplained oropharyngeal candidiasis or oral hairy leukoplakia, 
wasting, or any type of pneumonia is an indicator of current suscepti-
bility to PCP or other opportunistic infections.8 Such findings indicate 
a need to consider prophylaxis, independent of the CD4+ T-cell count 
and the HIV viral load.8

SPECTRUM OF OPPORTUNISTIC 
PATHOGENS
Many of the opportunistic diseases that characterize HIV-induced 
immunosuppression occur in patients with HIV infection much more 
frequently than in almost any other patient group. For example, 
without prophylaxis or effective ART, PCP ultimately develops in at 
least 80% of HIV-infected patients in North America.8,27 The annual 
attack rate for patients with CD4+ T-cell counts less than 100 cells/mm3 
is about twice that for patients with severe combined immunodefi-
ciency syndrome and more than 10 times the rate for patients with 
organ transplantations, solid tumors, or most hematologic malignant 
neoplasms.45 Disseminated MAC was rarely recognized in humans 
before the advent of HIV infection, yet it occurred in 30% to 50% of 
patients with advanced HIV infection in North America before ART 
and specific chemoprophylaxis became standard of care.32,33,46

Cerebral toxoplasmosis, chronic cryptosporidiosis, microsporidio-
sis, and Kaposi sarcoma are examples of other processes that only 
rarely occur in patients other than those with HIV infection. Indeed, 
their presence should strongly suggest that HIV testing be performed.

Environmental exposure is an important determinant of the com-
plications of HIV infection. Some pathogens are ubiquitous, so that 
many patients have colonization or latent infection before they develop 
HIV infection, such as Candida, HSV type 1 (HSV-1), or CMV. Other 
pathogens occur only because of specific, geographically related expo-
sure. These exposures may be respiratory (e.g., TB, endemic mycoses, 
and Pneumocystis), enteric (e.g., Salmonella, Cryptosporidium, and 
Microsporidium), vector borne (e.g., Leishmania, Bartonella, trypano-
somes), contact mediated (e.g., methicillin-resistant Staphylococcus 
aureus [MRSA]), or sexual (e.g., HSV type 2 [HSV-2], human herpes-
virus 8 [HHV-8], Treponema pallidum).8,47-56

Traditionally, most HIV-associated opportunistic infections were 
thought to be caused by reactivation of latent infection, but this conclu-
sion was based primarily on speculation rather than data. Some epi-
sodes of opportunistic infection in adults clearly represent primary 
infection rather than reactivation. For some patients, second episodes 
of disease, such as TB and PCP, have been caused by different strains 
than the initial episode, suggesting that acquisition of a new strain 
rather than reactivation of the initial disease-causing strain can 

identifying more effective therapies; designing more effective and com-
prehensive preventive strategies; and improving the education of 
health care providers and patients.

The successful management of HIV-related opportunistic infec-
tions requires special expertise. Health care providers must be familiar 
with many pathogens that are infrequently seen in other patient popu-
lations, such as Pneumocystis jirovecii (formerly Pneumocystis carinii), 
Toxoplasma gondii, and Mycobacterium avium complex (MAC). Health 
care providers must also be adept at recognizing potential drug interac-
tions between agents used to treat opportunistic infections and ART. 
Given the special knowledge required for management, and the com-
plexity of competing priorities, management is usually superior if per-
formed by providers who have a large cadre of patients and extensive 
clinical experience.

The management of HIV-related opportunistic infections is chang-
ing as patients live longer. Patients are developing serious or life-
threatening diseases due to more indolent pathogens such as hepatitis 
C virus (HCV), hepatitis B virus (HBV), and human papillomavirus 
(HPV).18-21 Non–AIDS-defining cancers are becoming increasingly 
important and are being recognized as likely associated with HIV 
infection.18-23 Conditions that appear to be related to chronic inflam-
mation, including accelerated atherosclerosis and neurocognitive 
impairment, are also being recognized with increasing frequency.

Efforts to recognize HIV infection early and to initiate ART before 
immunosuppression is extreme are the most important approaches to 
prevention of AIDS-related opportunistic infections. Similarly, early 
recognition of opportunistic infections and prompt initiation of appro-
priate treatment will minimize the impact of opportunistic infections 
when they do occur. Health care resources used to manage opportu-
nistic infections are unequivocally well spent if applied with a strategy 
that emphasizes prevention and that provides aggressive recognition 
of and therapy for acute syndromes.24,25

PROSPECTIVE MONITORING
The CD4+ T-cell count is a valuable marker to determine when patients 
are at increased risk for development of a specific opportunistic 
infection.26-32 For example, P. jirovecii pneumonia (PCP) occurs rarely 
in patients who have CD4+ T-cell counts greater than 200 to 250 cells/
mm3 8,26-28 and disseminated MAC occurs rarely in patients with counts 
greater than 50 cells/mm3.8,32,33 This information is helpful for focusing 
a diagnostic evaluation. If a patient with a CD4+ T-cell count of 700 
cells/mm3 develops cough, fever, and diffuse interstitial pulmonary 
infiltrates, for instance, the likelihood that this syndrome is caused by 
PCP is extremely low (but not zero). Therefore, sputum examination 
for Pneumocystis is not initially indicated, and most attention, when 
processing respiratory secretions and choosing empirical therapy, 
should be directed at common bacterial and viral pathogens. In con-
trast, if the CD4+ T-cell count were 25 cells/mm3 in the same patient, 
the search for Pneumocystis in sputum or bronchoalveolar lavage would 
be an important focus because PCP is so common in this patient popu-
lation.26,27 If a patient with HIV develops chronic fever and weight loss 
without focal findings, disseminated Mycobacterium avium complex 
becomes a more important consideration if the CD4+ T-cell count is less 
than 50 cells/mm3 than if the CD4+ T-cell count is more than 300 cells/
mm3, in which case tuberculosis, endemic mycoses, or an HIV-related 
malignant neoplasm would be more appropriate considerations.

Although CD4+ T-cell counts provide a useful estimate of suscepti-
bility to infections, they are not perfect predictive tools. For example, 
although more than 90% of cases of PCP occur in patients with CD4+ 
T-cell counts less than 200 cells/mm3, some cases occur in patients with 
counts in the range of 200 to 300 cells/mm3 and a few occur in those 
with counts greater than 300 cells/mm3.26-34 When the most recent CD4+ 
T-cell count was obtained many months before the patient’s presenta-
tion, it may be difficult to judge the patient’s current immune status.

A frequent concern has been that CD4+ T-cell counts in patients 
receiving ART may not accurately reflect the clinical susceptibility to 
opportunistic infections. Evaluation of several large databases demon-
strated that ART does not alter the relationship between CD4+ T-cell 
counts and the occurrence of opportunistic infections in any substan-
tial manner, regardless of how low the nadir CD4+ T-cell count was 
before initiation of ART.35
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infections, although these processes may not occur with increased 
frequency or severity in patients with HIV infection. Similarly, patients 
with HIV infection can develop ventilator-associated pneumonia, 
intravascular access–associated bacteremia, or bacterial urinary tract 
infections, and such processes should not be overlooked when assess-
ing fever or new-onset organ dysfunction.

MRSA infections, including soft tissue infections, primary bactere-
mia, and necrotizing pneumonia, have become frequent occurrences 
among HIV-infected patients.47,48 There is no clear evidence that MRSA 
is an opportunistic pathogen in this population. Skin and pulmonary 
infections due to MRSA are not consistently documented to be more 
severe or more frequent than in HIV-uninfected patients with the same 
behavioral risk factors. However, MRSA infections are common among 
homosexual men and are related to sexual contact, intravenous sub-
stance use, and contact with health care facilities, all factors that are 
overrepresented among HIV-infected individuals.

Similarly, when HIV-infected patients develop diarrhea that per-
sists for more than a few days, clinicians reflexively consider Salmo
nella, Cryptosporidium, microsporidia, and Cystoisospora (Isospora). 
However, Clostridium difficile, which is not clearly opportunistic, is one 
of the most common identified causes of bacterial diarrhea among 
patients with HIV infection in the United States.74,75 Some data suggest 
that the severity of C. difficile disease increases with declining CD4+ 
T-cell counts, which could indicate that this is an opportunistic infec-
tion. Thus, although patients with HIV infection and low CD4+ T-cell 
counts need to be assessed for HIV-associated pathogens such as  
Cryptosporidium and microsporidia, nonopportunistic processes such 
as C. difficile or norovirus or food-borne toxins need to be considered 
as well.

DRUG INTERACTIONS
Some drugs used for treatment or prevention of opportunistic infec-
tions can interact with each other or with other drugs such as anti-
retroviral agents.8 Such interactions can alter the efficacy and toxicity 
of prescribed drugs. This most often occurs with drugs that share  
the same hepatic cytochrome metabolic pathway. Protease inhibitors 
and non-nucleoside reverse transcriptase inhibitors (NNRTIs), as well 
as rifampin, rifabutin, azoles, atovaquone-proguanil, and quinolones, 
need special attention because they are all metabolized by hepatic 
enzymes. For example, darunavir, ritonavir, and lopinavir-ritonavir 
can each increase the rifabutin area-under-the-concentration-time 
curve (AUC) substantially. Ritonavir decreases the AUC of voricon-
azole, but co-administration of voriconazole and efavirenz leads to 
decreased voriconazole AUC and increased efavirenz AUC.8

Useful tables are available in the U.S. Department of Health and 
Human Services Guidelines for Antiretroviral Therapy in Adolescents 
and Adults, as well as websites, package inserts, and published inves-
tigations of specific drug-drug interactions.8

GENERAL PRINCIPLES  
OF MANAGEMENT
The optimal approach to prevention of opportunistic infections is to 
initiate effective ART. As noted earlier, ART can probably never restore 
immune function completely to normal, and some pathogens such as 
Mycobacterium tuberculosis, herpes zoster, and probably Streptococcus 
pneumoniae will still cause more disease than in HIV-uninfected 
patients, even with comparable CD4+ T-cell counts. Although ART is 
now the most important method for minimizing the impact of oppor-
tunistic infections in patients with HIV infection, other strategies are 
effective for improving patient quality and duration of life. This is 
especially pertinent for patients who for some reason cannot or will 
not take ART, or perhaps for patients whose CD4+ T-cell counts have 
not yet risen substantially despite apparently optimal viral suppression. 
For the latter group, admittedly, the value of primary or secondary 
prophylaxis is controversial if their viral load is effectively suppressed 
with ART. The successful pathogen-directed management of opportu-
nistic infections that are treatable depends on (1) primary prevention, 
(2) prompt diagnosis, (3) initiation of therapy early, before the clinical 
syndrome is severe, (4) recognition that a poor response to therapy 
requires reassessment of the diagnosis and treatment of the identified 
pathogen, and (5) lifelong suppression with secondary prophylaxis to 

produce acute infection. Cases of Pneumocystis and TB reinfection 
have been well documented.57-60,61-63

MANAGEMENT OF 
ANTIRETROVIRAL THERAPY FOR 
PATIENTS WITH ACUTE 
OPPORTUNISTIC INFECTION
If a patient who has not been on ART develops acute PCP, cryptococcal 
meningitis, TB, severe microsporidial diarrhea, or some other acute or 
severe opportunistic infection, the question often arises whether to 
initiate ART. Unquestionably, the immune augmentation that ART 
produces will ultimately be beneficial in preventing HIV-related 
opportunistic complications and prolonging survival.64 However, there 
are complications associated with initiation of ART, which must factor 
into the decision about when to initiate ART. For ART-naïve patients, 
the initiation of ART may produce an enhanced inflammatory response 
(immune reactivation inflammatory syndrome [IRIS]) that can cause 
considerable morbidity.8,13-15,64-67,68 For example, a patient with crypto-
coccal or tuberculous meningitis may develop dangerously increased 
intracranial pressure if ART is initiated and the inflammatory response 
to meningeal organisms or antigen is enhanced.13-15 IRIS may also 
unmask a site that had latent infection due to the pathogen being 
treated or another pathogen.65-68 For instance, when ART is started, a 
patient who is being treated for PCP may develop exacerbation of the 
pneumonitis related to Pneumocystis organisms or could develop cho-
rioretinitis in response to latent CMV.

Other challenges to successful initiation of ART are also prominent 
problems in some patients. When patients with acute opportunistic 
infections initiate ART, their drug pharmacokinetics may be unpre-
dictable owing to severe diarrhea, malabsorption, or altered renal or 
hepatic function. Drug interactions between ART and opportunistic 
infection therapies may enhance serum levels of either, therefore likely 
enhancing toxicity. Because almost no clinical facilities have the 
resources to do real-time drug level monitoring for most of the agents 
in question, a preferable strategy may be to withhold ART until pre-
dictable drug kinetics are likely to be achieved.

Managing drug toxicities is also especially difficult when patients 
initiate ART at the time they have an acute opportunistic infection. For 
example, if rash, liver function test abnormalities, or renal dysfunction 
occur after ART is initiated, it can be difficult to know whether the 
abnormality is due to the opportunistic pathogen, the specific therapy 
for the opportunistic infection, or ART.

Thus, as a general principle, for patients not already receiving ART, 
ART should be initiated within the first 2 weeks of treatment of the 
opportunistic infection.8,64 However, considerable clinical judgment is 
needed to determine whether the severity of the illness, the specific 
opportunistic infection, potential drug absorption or interaction 
issues, or patient readiness to take ART regularly should merit a dif-
ferent strategic approach.

For patients receiving ART when the opportunistic infection is 
diagnosed, ART should generally be continued if possible. However, 
as discussed earlier, drug absorption issues or potential drug interac-
tion complexities may be sufficiently compelling that temporary ART 
interruption may be the best management strategy.

For some opportunistic infections, ART is the only intervention 
available that has the potential to ameliorate the clinical syndrome. 
Cryptosporidiosis, JC virus encephalitis, and certain forms of micro-
sporidiosis have no specific therapy that is effective, and thus starting 
ART is the only intervention likely to resolve the infectious 
complication.69-73 For patients with severe diarrhea due to cryptospo-
ridiosis or microsporidiosis, however, drug absorption can be a major 
limitation to therapeutic efficacy.

INFECTIONS DUE TO PATHOGENS 
THAT ARE NOT OPPORTUNISTIC
Patients with HIV infection develop nonopportunistic as well as 
opportunistic infections. HIV-infected patients are as likely to acquire 
common, community-acquired, or hospital-acquired pathogens as 
HIV-uninfected patients. Therefore, if a patient with HIV infection 
develops a respiratory syndrome, diagnostic considerations should 
include influenza virus, Mycoplasma pneumoniae, and Legionella 
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are not mandatory if the patient responds as expected to empirical 
therapy.

Most AIDS-related opportunistic infections will relapse within 
weeks or months after acute therapy is stopped if effective ART cannot 
be initiated and maintained.8 Experience during the first decade of 
AIDS clearly documented that, for example, PCP, toxoplasmosis, cryp-
tococcosis, disseminated MAC infection, and CMV retinitis would 
relapse if chronic suppressive pathogen-specific therapy were not 
maintained lifelong. For a few opportunistic infections, such as mucosal 
candidiasis, herpes simplex infections, and herpes zoster infections, 
such secondary prophylaxis was not believed to be indicated because 
the disease was not life threatening, recurrences could be easily treated, 
and pill burden, cost, drug toxicity, and potential drug interactions 
appeared to outweigh the small potential benefit.

Patients who respond to ART, as manifested by sustained increases 
in CD4+ T-cell counts, are very unlikely to experience opportunistic 
infection relapse, and thus do not need to receive prolonged secondary 
prophyalaxis.81-86,87,88 There are sufficient data to recommend that for 
patients who have raised CD4+ T-cell counts above the thresholds sug-
gested in well-established, evidence-based guidelines,8 primary pro-
phylaxis (preventing a first episode of disease) or secondary prophylaxis 
(preventing relapse or recurrence) can be discontinued. Prophylaxis 
should be restarted if the CD4+ T-cell count subsequently falls below 
the threshold indicated in the guidelines.8

If patients have an appropriate virologic response to ART, but their 
CD4+ T-cell count fails to rise substantially, they are probably at low 
risk for opportunistic infection.36 However, the cautious approach 
would be to provide primary and secondary prophylaxis until their 
CD4+ T-cell count rises above indicated threshold levels, realizing 
those rises may never occur in some patients.

If a patient develops an opportunistic infection at an uncharacter-
istically high CD4+ T-cell count (e.g., if PCP occurs at CD4+ T-cell 
counts above 200 cells/mm3, or disseminated MAC occurs at CD4+ 
T-cell counts above 100 cells/mm3), it is probably prudent to manage 
primary and secondary prophylactic regimens as if the CD4+ T-cell 
count were low.35 Tables 131-1 through 131-3 summarize current rec-
ommendations from the National Institutes of Health, Centers for 
Disease Control and Prevention, and Infectious Diseases Society of 
America for prophylaxis to prevent first episodes (Table 131-1); to treat 
acute opportunistic infections (Table 131-2); and to start, discontinue, 
and restart prophylaxis (Table 131-3).

OPPORTUNISTIC INFECTIONS
Pneumocystis jirovecii Pneumonia
PCP was the clinical manifestation that originally suggested to clini-
cians that a new syndrome, AIDS, was occurring in patients who 
appeared to be previously healthy. Until those cases, PCP had been 
rarely recognized in the United States in any population because 
immunosuppressive regimens were not as intense as current approaches 
and diagnostic tools were less developed.

PCP continues to be a commonly recognized complication of HIV 
infection in North America and Western Europe. PCP probably occurs 
worldwide, although in some areas of the world it is rarely documented 
(see Chapter 271).2,8

PCP can be prevented by either ART-induced immune reconstitu-
tion or specific chemoprophylaxis. As noted previously, many patients 
do not recognize that they have HIV infection until they develop PCP. 
Some patients are aware of their HIV infection but do not adhere to 
prescribed chemoprophylaxis or ART. Other patients adhere to their 
regimen, but develop PCP despite prophylaxis, especially if the regimen 
is a drug other than TMP-SMX.76,89-92 Therefore, PCP continues to be 
a substantial cause of morbidity and mortality despite the availability 
of approaches that can markedly reduce its incidence.

Pneumocystis causes disease almost exclusively in the lungs. Extra-
pulmonary disease occurs but is uncommon. Patients may have chest 
tightness or exercise intolerance as very early symptoms, before routine 
chest radiographs demonstrate infiltrates and before arterial blood 
gases reveal hypoxemia.76 If therapy is to have the greatest chance to 
succeed, patients and clinicians must be trained to initiate diagnostic 
evaluation at this stage, before pulmonary dysfunction is severe.89-92 

prevent relapses or recurrences unless ART is able to substantially 
increase the CD4+ T-cell count and also suppress HIV.

Some opportunistic infections are so likely to occur in patients with 
AIDS that primary prevention is appropriate when the patient’s CD4+ 
T-cell count falls to a certain, pathogen-specific threshold. Thus, 
primary PCP chemoprophylaxis is appropriate when the CD4+ T-cell 
count decreases to 200 cells/mm3; and in North America, MAC che-
moprophylaxis is appropriate when the CD4+ T-cell count decreases 
below 50 cells/mm3. Similarly, immunization with pneumococcal 
vaccine is appropriate regardless of CD4+ T-cell count, as is HBV 
vaccine. However, such pathogen-specific prophylaxis is only feasible 
for certain pathogens in terms of having a regimen that is effective, 
well tolerated, convenient to take, and economically feasible.

Some opportunistic infections are so likely to recur that secondary 
prophylaxis is appropriate to prevent a relapse or recurrence. Such 
infections include PCP, toxoplasmosis, cryptococcosis, infection with 
MAC, and cytomegalovirus (CMV) infection.

The manifestations and natural history of specific processes such as 
PCP, toxoplasmosis, cryptococcosis, or CMV infection are different in 
patients with HIV compared with other causes of immunosuppres-
sion.8,76-80 For instance, PCP is characteristically more subacute in 
patients with HIV infection than in organ transplant recipients.76 CMV 
infection in patients with HIV infection characteristically causes reti-
nitis or colitis, whereas CMV infection in cancer patients or transplant 
recipients more characteristically causes pneumonia or colitis. Toxo-
plasmosis is more likely to cause encephalitis in patients with HIV 
infection, whereas it more often manifests as disseminated disease in 
other immunosuppressed populations.79 Each of these infections is 
much more likely to relapse in patients with untreated HIV infection 
than in other immunocompromised populations, perhaps because the 
immunosuppression is more prolonged and progressive.

Establishing a diagnosis of AIDS-related opportunistic infections is 
also associated with some important differences from other immuno-
suppressed populations. The detection of CMV in the oral secretions, 
bronchoalveolar lavage, or blood has little positive predictive value in 
patients with HIV infection, even at low CD4+ T-cell counts. In con-
trast, the detection of CMV by culture or PCR assay in the serum or 
bronchoalveolar lavage from a recent stem cell transplant recipient, 
particularly at high copy number, has important prognostic implica-
tions. Similarly, evaluating a prolonged fever in a patient with HIV 
infection and low CD4+ T-cell counts warrants blood cultures for 
Mycobacterium and perhaps Bartonella, and a serum cryptococcal 
antigen test, but such tests would have very low yield in other patient 
populations.

When choosing chemotherapeutic agents for opportunistic infec-
tion treatment or prevention, drug intolerances are special consider-
ations. Trimethoprim-sulfamethoxazole (TMP-SMX) is associated 
with considerably more adverse reactions in patients with HIV infec-
tion than in any other patient population.8,76,78 The reasons for this 
are not clear. Multiple drugs may have overlapping toxicities, such as 
bone marrow suppression (valganciclovir, TMP-SMX, pyrimethamine, 
zidovudine), renal dysfunction (amphotericin B, tenofovir, pentami-
dine, cidofovir), or liver dysfunction (protease inhibitors, NNRTIs, 
azoles, TMP-SMX, isoniazid, rifampin). As noted earlier, drug inter-
actions are a special concern given the multiplicity of prescription  
and nonprescription drugs directed against opportunistic infections, 
HIV infection, and other disorders associated with aging or metabolic 
abnormalities. Such interactions can reduce drug efficacy or augment 
drug toxicity.

An issue that frequently arises is whether to use immediate empiri-
cal antimicrobial regimens or to withhold therapy until a specific diag-
nosis is established by invasive techniques. There are clearly urgent 
situations in which empirical therapy is prudent while diagnostic tests 
are organized and performed, with the plan to alter the empirical 
regimen when more specific information becomes available. In addi-
tion, there may be situations in which the diagnosis is so predictable 
(e.g., retinitis with hemorrhage and exudates in patient with a CD4+ 
T-cell counts <50 cells/mm3 or a cerebral mass lesion in a patient 
who is Toxoplasma IgG positive and has a CD4+ T-cell count <50 
cells/mm3 or a patient with dysphagia, oral candidiasis, and a CD4+ 
T-cell count <50 cells/mm3) that expensive or invasive diagnostic tests Text continued on p. 1654
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TABLE 131-1  Prophylaxis to Prevent First Episode of Opportunistic Disease

OPPORTUNISTIC 
INFECTIONS INDICATION PREFERRED ALTERNATIVE
Pneumocystis 

pneumonia (PCP)
CD4 count <200 cells/mm3, or oropharyngeal 

candidiasis,
or CD4 <14%, or history of AIDS-defining 

illness, or
CD4 count >200 but <250 cells/mm3 if 

monitoring CD4 cell count every 3 mo is 
not possible

Note: Patients who are receiving 
pyrimethamine-sulfadiazine for treatment 
or suppression of toxoplasmosis do not 
require additional PCP prophylaxis.

TMP-SMX 1 DS tablet PO daily, or
TMP-SMX 1 SS tablet PO daily

TMP-SMX 1 DS tablet PO three times a week, 
or

Dapsone 100 mg PO daily or 50 mg PO bid, or
Dapsone 50 mg PO daily + pyrimethamine 

50 mg + leucovorin 25 mg PO weekly, or
Dapsone 200 mg + pyrimethamine 75 mg + 

leucovorin 25 mg PO weekly; or
Aerosolized pentamidine 300 mg via 

Respirgard II nebulizer every month, or
Atovaquone 1500 mg PO daily, or Atovaquone 

1500 mg + pyrimethamine 25 mg + 
leucovorin 10 mg PO daily

Toxoplasma gondii 
encephalitis

Toxoplasma IgG-positive patients with CD4 
count <100 cells/mm3

Seronegative patients receiving PCP 
prophylaxis not active against 
toxoplasmosis should have Toxoplasma 
serology retested if CD4 count declines to 
<100 cells/mm3.

Prophylaxis should be initiated if 
seroconversion occurred.

Note: All regimens recommended for primary 
prophylaxis against toxoplasmosis are also 
effective as PCP prophylaxis.

TMP-SMX 1 DS tablet PO daily TMP-SMX 1 DS tablet PO three times a week, 
or

TMP-SMX 1 SS tablet PO daily, or
Dapsone 50 mg PO daily + pyrimethamine 

50 mg + leucovorin 25 mg PO weekly, or
Dapsone 200 mg + pyrimethamine 75 mg + 

leucovorin 25 mg PO weekly; or
Atovaquone 1500 mg PO daily; or
Atovaquone 1500 mg + pyrimethamine 25 mg 
+ leucovorin 10 mg PO daily

Mycobacterium 
tuberculosis 
infection (i.e., 
treatment of LTBI)

Positive screening test for LTBI, with no 
evidence of active TB, and no prior 
treatment for active TB or LTBI, or

Close contact with a person with infectious 
TB, with no evidence of active TB, 
regardless of screening test results.

INH 300 mg + pyridoxine 25 mg PO daily 
× 9 mo, or

INH 900 mg PO twice weekly (by DOT) + 
pyridoxine 25 mg PO daily × 9 mo.

Rifampin 600 mg PO daily × 4 mo, or
Rifabutin (dose adjusted based on concomitant 

ART) × 4 mo.
For persons exposed to drug-resistant TB, 

select anti-TB drugs after consultation with 
experts or public health authorities.

Disseminated 
Mycobacterium 
avium complex 
(MAC) disease

CD4 count <50 cells/mm3 after ruling out 
active disseminated MAC disease based on 
clinical assessment.

Azithromycin 1200 mg PO once weekly, or
Clarithromycin 500 mg PO bid, or
Azithromycin 600 mg PO twice weekly

Rifabutin (dose adjusted based on concomitant 
ART); rule out active TB before starting 
rifabutin.

Streptococcus 
pneumoniae 
infection

For individuals who have not received any 
pneumococcal vaccine, regardless of CD4 
count, followed by:

if CD4 count ≥200 cells/mm3

if CD4 count <200 cells/mm3

PCV13 0.5 mL IM × 1.
PPV23 0.5 mL IM at least 8 wk after the 

PCV13 vaccine.
PPV23 can be offered at least 8 wk after 

receiving PCV13 or can wait until CD4 
count increased to >200 cells/mm3.

PPV23 0.5 mL IM × 1

For individuals who have previously received 
PPV23

One dose of PCV13 should be given at 
least 1 yr after the last receipt of PPV23.

Revaccination:
If age 19-64 yr and ≥5 yr since the first 

PPV23 dose
If age ≥65 yr, and if ≥5 yr since the previous 

PPV23 dose

PPV23 0.5 mL IM × 1

PPV23 0.5 mL IM × 1

All HIV-infected patients Inactivated influenza vaccine annually (per 
recommendation for the season)

Live-attenuated influenza vaccine is 
contraindicated in HIV-infected patients.

Histoplasma 
capsulatum 
infection

CD4 count ≤150 cells/mm3and at high risk 
because of occupational exposure or live 
in a community with a hyperendemic rate 
of histoplasmosis (>10 cases/100 
patient-years)

Itraconazole 200 mg PO daily

Coccidioidomycosis A new positive IgM or IgG serologic test in 
patients who live in a disease-endemic 
area and with CD4 count <250 cells/mm3

Fluconazole 400 mg PO daily

Varicella-zoster virus Preexposure prevention:
Patients with CD4 counts ≥200 cells/mm3 

who have not been vaccinated, have no 
history of varicella or herpes zoster, or 
who are seronegative for VZV

Note: Routine VZV serologic testing in 
HIV-infected adults and adolescents is not 
recommended.

Preexposure prevention:
Primary varicella vaccination (Varivax), two 

doses (0.5 mL SQ each) administered 
3 mo apart.

If vaccination results in disease because of 
vaccine virus, treatment with acyclovir is 
recommended.

Preexposure prevention:
VZV-susceptible household contacts of 

susceptible HIV-infected persons should be 
vaccinated to prevent potential transmission 
of VZV to their HIV-infected contacts.

Postexposure prevention:
Close contact with a person with chickenpox 

or herpes zoster and is susceptible (i.e., no 
history of vaccination or of either 
condition, or known to be VZV 
seronegative)

Postexposure prevention:
Varicella-zoster immune globulin (VariZIG) 

125 IU/10 kg (maximum 625 IU) IM, 
administered as soon as possible and 
within 10 days after exposure.

Note: VariZIG is available through 
Cangene, Canada.

Individuals receiving monthly high-dose 
IVIG (>400 mg/kg) are likely to be 
protected if the last dose of IVIG was 
administered <3 wk before exposure.

Alternative postexposure prevention:
Acyclovir 800 mg PO five times a day for 5-7 

days, or
Valacyclovir 1 g PO tid for 5-7 days
These alternatives have not been studied in 

the HIV population.
If antiviral therapy is used, varicella vaccines 

should not be given until at least 72 hr after 
the last dose of the antiviral drug.
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TABLE 131-2  Treatment of AIDS-Associated Opportunistic Infections

OPPORTUNISTIC 
INFECTION PREFERRED THERAPY ALTERNATIVE THERAPY OTHER COMMENTS
Pneumocystis 

pneumonia (PCP)
Patients who develop PCP despite TMP-SMX 

prophylaxis can usually be treated with 
standard doses of TMP-SMX

Duration of PCP treatment: 21 days

Indications for adjunctive corticosteroids:
PaO2 <70 mm Hg at room air, or
Alveolar-arterial O2 gradient >35 mm Hg
Prednisone doses (beginning as early as possible 

and within 72 hr of PCP therapy):
Days 1-5: 40 mg PO bid
Days 6-10: 40 mg PO daily
Days 11-21: 20 mg PO daily
IV methylprednisolone can be administered as 

75% of prednisone dose.
Benefit of corticosteroid if started after 72 hr of 

treatment is unknown, but some clinicians will 
use it for moderate-to-severe PCP.

Whenever possible, patients should be tested for 
G6PD before use of dapsone or primaquine. 
Alternative therapy should be used in patients 
found to have G6PD deficiency.

Patients who are receiving pyrimethamine-
sulfadiazine for treatment or suppression of 
toxoplasmosis do not require additional PCP 
prophylaxis.

If TMP-SMX is discontinued because of a mild 
adverse reaction, reinstitution should be 
considered after the reaction resolves. The dose 
can be increased gradually (desensitization), 
reduced, or the frequency modified.

TMP-SMX should be permanently discontinued in 
patients with possible or definite Stevens-
Johnson syndrome or toxic epidermal necrosis.

For moderate-to-severe PCP:
TMP-SMX: (TMP 15-20 mg and SMX 

75-100 mg)/kg/day IV given q6h or q8h; 
may switch to PO after clinical 
improvement

For moderate-to-severe PCP:
Pentamidine 4 mg/kg IV daily infused 

over ≥60 min; can reduce dose to 
3 mg/kg IV daily because of 
toxicities, or

Primaquine 30 mg (base) PO daily + 
clindamycin 600 mg q6h IV, or 
900 mg IV q8h, or clindamycin 
300 mg PO q6h, or 450 mg PO q8h

For mild-to-moderate PCP:
TMP-SMX: (TMP 15-20 mg and SMX 

75-100 mg)/kg/day, given PO in three 
divided doses, or

TMP-SMX: (160 mg/800 mg or DS) 2 tablets 
PO tid

For mild-to-moderate PCP:
Dapsone 100 mg PO daily + TMP 

5 mg/kg PO tid, or
Primaquine 30 mg (base) PO daily + 

clindamycin 300 mg PO q6h, or 
450 mg PO q8h, or

Atovaquone 750 mg PO bid with food

Secondary prophylaxis, after completion of 
PCP treatment:

TMP-SMX DS: 1 tablet PO daily or
TMP-SMX (80 mg/400 mg or SS): 1 tablet PO 

daily

Secondary prophylaxis, after 
completion of PCP treatment:

TMP-SMX DS: 1 tablet PO three times 
a week, or

Dapsone 100 mg PO daily, or
Dapsone 50 mg PO daily + 

pyrimethamine 50 mg + leucovorin 
25 mg PO weekly, or

Dapsone 200 mg + pyrimethamine 
75 mg + leucovorin 25 mg PO 
weekly, or

Aerosolized pentamidine 300 mg 
monthly via Respirgard II nebulizer, 
or

Atovaquone 1500 mg PO daily, or
Atovaquone 1500 mg + 

pyrimethamine 25 mg + leucovorin 
10 mg PO daily

OPPORTUNISTIC 
INFECTIONS INDICATION PREFERRED ALTERNATIVE
Hepatitis A virus 

(HAV) infection
HAV-susceptible patients with chronic liver 

disease or who are injection drug users or 
MSM.

Hepatitis A vaccine 1 mL IM × two doses 
at 0 and 6-12 mo.

IgG antibody response should be assessed 
1 mo after vaccination; nonresponders 
should be revaccinated when CD4 count 
>200 cells/mm3.

For patients susceptible to both HAV and 
hepatitis B virus (HBV) infection (see below):

Combined HAV and HBV vaccine (Twinrix), 
1 mL IM as a three-dose (0, 1, and 6 mo) or 
four-dose series (days 0, 7, 21 to 30 and at 
12 mo)

Hepatitis B virus 
(HBV) infection

Vaccine nonresponders:
Anti-HBs <10 IU/mL 1 mo after vaccination 

series
For patients with low CD4 counts at time of 

first vaccine series, some specialists might 
delay revaccination until after sustained 
increase in CD4 count with ART.

Revaccinate with a second vaccine series Some experts recommend revaccinating with 
40-µg doses of either HBV vaccine.

ART, antiretroviral therapy; CD4, CD4+ lymphocyte count; DOT, directly observed treatment; DS, double strength; HBs, hepatitis B surface antibody; HIV, human 
immunodeficiency virus; IM, intramuscular; INH, isoniazid; IVIG, intravenous immune globulin; LTBI, latent tuberculosis infection; MSM, men who have sex with men; 
PCV13, 13-valent pneumococcal conjugate vaccine; PO, oral; PPV23, 23-valent pneumococcal polysaccharide vaccine; SQ, subcutaneous; SS, single strength; TB, 
tuberculosis; TMP-SMX, trimethoprim-sulfamethoxazole; VZV, varicella-zoster virus.

From Guidelines for Prevention and Treatment of Opportunistic Infections in HIV-Infected Adults and Adolescents: Recommendations from CDC, the National Institutes of 
Health, and the HIV Medicine Association of the Infectious Diseases Society of America. Available at http://aidsinfo.nih.gov/guidelines. Accessed May 5, 2014.

TABLE 131-1  Prophylaxis to Prevent First Episode of Opportunistic Disease—cont’d
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OPPORTUNISTIC 
INFECTION PREFERRED THERAPY ALTERNATIVE THERAPY OTHER COMMENTS
Toxoplasma gondii 

encephalitis
Treatment of acute infection:
Pyrimethamine 200 mg PO 1 time, followed 

by weight-based therapy:
If <60 kg, pyrimethamine 50 mg PO once 

daily + sulfadiazine 1000 mg PO q6h + 
leucovorin 10-25 mg PO once daily

If ≥60 kg, pyrimethamine 75 mg PO once 
daily + sulfadiazine 1500 mg PO q6h + 
leucovorin 10-25 mg PO once daily

Leucovorin dose can be increased to 50 mg 
daily or bid.

Duration for acute therapy:
At least 6 wk; longer duration if clinical or 

radiologic disease is extensive or response is 
incomplete at 6 wk

Treatment of acute infection:
Pyrimethamine (leucovorin)* + 

clindamycin 600 mg IV or PO q6h, 
or

TMP-SMX (TMP 5 mg/kg and SMX 
25 mg/kg) IV or PO bid, or

Atovaquone 1500 mg PO bid with 
food + pyrimethamine (leucovorin), 
or

Atovaquone 1500 mg PO bid with 
food + sulfadiazine 1000-1500 mg 
PO q6h (weight-based dosing, as in 
preferred therapy), or

Atovaquone 1500 mg PO bid with 
food, or

Pyrimethamine (leucovorin)* + 
azithromycin 900-1200 mg PO daily

Adjunctive corticosteroids (e.g., dexamethasone) 
should only be administered when clinically 
indicated to treat mass effect associated with 
focal lesions or associated edema; discontinue 
as soon as clinically feasible.

Anticonvulsants should be administered to 
patients with a history of seizures and 
continued through acute treatment but should 
not be used as seizure prophylaxis.

If clindamycin is used in place of sulfadiazine, 
additional therapy must be added to prevent 
PCP.

Chronic maintenance therapy:
Pyrimethamine 25-50 mg PO daily + 

sulfadiazine 2000-4000 mg PO daily (in 
two to four divided doses) + leucovorin 
10-25 mg PO daily

Chronic maintenance therapy:
Clindamycin 600 mg PO q8h + 

(pyrimethamine 25-50 mg + 
leucovorin 10-25 mg) PO daily, or

TMP-SMX DS 1 tablet bid, or
Atovaquone 750-1500 mg PO bid + 

(pyrimethamine 25 mg + leucovorin 
10 mg) PO daily, or

Atovaquone 750-1500 mg PO bid + 
sulfadiazine 2000-4000 mg PO daily 
(in two to four divided doses), or

Atovaquone 750-1500 mg PO bid 
with food

Mycobacterium 
tuberculosis disease

After collecting specimen for culture and 
molecular diagnostic tests, empirical TB 
treatment should be started in individuals 
with clinical and radiographic presentation 
suggestive of TB.

Refer to Chapter 251 for dosing 
recommendations.

Initial phase (2 mo, given daily, 5-7 times/wk 
by DOT):

INH + [RIF or RFB] + PZA + EMB
Continuation phase:
INH + (RIF or RFB) daily (5-7 times/wk) or 

three times a week
Total duration of therapy (for drug-susceptible 

TB):
Pulmonary TB: 6 mo
Pulmonary TB and culture-positive after 2 mo 

of TB treatment: 9 mo
Extrapulmonary TB with CNS infection: 

9-12 mo
Extrapulmonary TB with bone or joint 

involvement: 6 to 9 mo
Extrapulmonary TB in other sites: 6 mo
Total duration of therapy should be based on 

number of doses received, not on calendar 
time.

Treatment of drug-resistant TB
Resistant to INH:
(RIF or RFB) + EMB + PZA + 

(moxifloxacin or levofloxacin) for 
2 mo; followed by (RIF or RFB) + 
EMB + (moxifloxacin or levofloxacin) 
for 7 mo

Resistant to rifamycins ± other drugs:
Regimen and duration of treatment 

should be individualized based on 
resistance pattern, clinical and 
microbiologic responses, and in 
close consultation with experienced 
specialists.

Adjunctive corticosteroid improves survival for TB 
meningitis and pericarditis. See text for drug, 
dose, and duration recommendations.

RIF is not recommended for patients receiving 
HIV PI because of its induction of PI 
metabolism.

RFB is a less potent CYP3A4 inducer than RIF and 
is preferred in patients receiving PIs.

Once-weekly rifapentine can result in 
development of rifamycin resistance in 
HIV-infected patients and is not recommended.

Therapeutic drug monitoring should be 
considered in patients receiving rifamycin and 
interacting ART.

Paradoxical IRIS that is not severe can be treated 
with NSAIDs without a change in TB or HIV 
therapy.

For severe IRIS reaction, consider prednisone and 
taper over 4 wk based on clinical symptoms.

For example:
If receiving RIF: prednisone 1.5 mg/kg/day for 

2 wk, then 0.75 mg/kg/day for 2 wk
If receiving RFB: prednisone 1.0 mg/kg/day for 

2 wk, then 0.5 mg/kg/day for 2 wk
A more gradual tapering schedule over a few 

months may be necessary for some patients.

Disseminated 
Mycobacterium 
avium complex 
(MAC) disease

At least two drugs as initial therapy with:
Clarithromycin 500 mg PO bid + ethambutol 

15 mg/kg PO daily, or
Azithromycin 500-600 mg + ethambutol 

15 mg/kg PO daily if drug interaction or 
intolerance precludes the use of 
clarithromycin

Duration:
At least 12 mo of therapy, can discontinue 

if no signs and symptoms of MAC disease 
and sustained (>6 mo) CD4 count >100 
cells/mm3 in response to ART

Addition of a third or fourth drug 
should be considered for patients 
with advanced immunosuppression 
(CD4 counts <50 cells/mm3), high 
mycobacterial loads (>2 log CFU/mL 
of blood), or in the absence of 
effective ART.

Third or fourth drug options may 
include:

RFB 300 mg PO daily (dosage 
adjustment may be necessary based 
on drug interactions),

Amikacin 10-15 mg/kg IV daily or 
streptomycin 1 g IV or IM daily, or

Moxifloxacin 400 mg PO daily or 
levofloxacin 500 mg PO daily

Testing of susceptibility to clarithromycin and 
azithromycin is recommended.

NSAIDs can be used for patients who experience 
moderate to severe symptoms attributed to 
IRIS.

If IRIS symptoms persist, short-term (4-8 wk) 
systemic corticosteroids (equivalent to 
20-40 mg prednisone) can be used.

TABLE 131-2  Treatment of AIDS-Associated Opportunistic Infections—cont’d
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Continued

OPPORTUNISTIC 
INFECTION PREFERRED THERAPY ALTERNATIVE THERAPY OTHER COMMENTS
Bacterial respiratory 

diseases (with focus 
on pneumonia)

Empirical antibiotic therapy should be initiated promptly for patients presenting with 
clinical and radiographic evidence consistent with bacterial pneumonia. The 
recommendations listed are suggested empirical therapy. The regimen should be 
modified as needed once microbiologic results are available.

Fluoroquinolones should be used with caution in 
patients in whom TB is suspected but is not 
being treated.

Empirical therapy with a macrolide alone is not 
routinely recommended, because of increasing 
pneumococcal resistance.

Patients receiving a macrolide for MAC 
prophylaxis should not receive macrolide 
monotherapy for empirical treatment of 
bacterial pneumonia.

For patients begun on IV antibiotic therapy, 
switching to PO should be considered when 
they are clinically improved and able to tolerate 
oral medications.

Chemoprophylaxis can be considered for patients 
with frequent recurrences of serious bacterial 
pneumonia.

Clinicians should be cautious about using 
antibiotics to prevent recurrences because of 
the potential for developing drug resistance 
and drug toxicities.

Empirical outpatient therapy:
A PO β-lactam + a PO macrolide 

(azithromycin or clarithromycin)
Preferred β-lactams: high-dose amoxicillin or 

amoxicillin/clavulanate
Alternative β-lactams: cefpodoxime or 

cefuroxime, or
For penicillin-allergic patients: levofloxacin 

750 mg PO once daily, or moxifloxacin 
400 mg PO once daily

Duration: 7-10 days (a minimum of 5 days). 
Patients should be afebrile for 48-72 hr and 
clinically stable before stopping antibiotics.

Empirical outpatient therapy:
A PO β-lactam + PO doxycycline
Preferred β-lactams: high-dose 

amoxicillin or amoxicillin-clavulanate
Alternative β-lactams: cefpodoxime or 

cefuroxime

Empirical therapy for non-ICU hospitalized 
patients:

An IV β-lactam + a macrolide (azithromycin or 
clarithromycin)

Preferred β-lactams: ceftriaxone, cefotaxime, 
or ampicillin-sulbactam

For penicillin-allergic patients:
Levofloxacin, 750 mg IV once daily, or 

moxifloxacin, 400 mg IV once daily

Empirical therapy for non-ICU 
hospitalized patients:

An IV β-lactam + doxycycline

Empirical therapy for ICU patients:
An IV β-lactam + IV azithromycin, or
An IV β-lactam + (levofloxacin 750 mg IV 

once daily or moxifloxacin 400 mg IV once 
daily)

Preferred β-lactams: ceftriaxone, cefotaxime, 
or ampicillin-sulbactam

Empirical therapy for ICU patients:
For penicillin-allergic patients: 

Aztreonam IV + (levofloxacin 
750 mg IV once daily or 
moxifloxacin 400 mg IV once daily)

Empirical therapy for patients at risk for 
Pseudomonas pneumonia:

An IV antipneumococcal, antipseudomonal 
β-lactam + (ciprofloxacin 400 mg IV q8-12h 
or levofloxacin 750 mg IV once daily)

Preferred β-lactams: piperacillin-tazobactam, 
cefepime, imipenem, or meropenem

Empirical therapy for patients at risk 
for Pseudomonas pneumonia:

An IV antipneumococcal, 
antipseudomonal β-lactam + an 
aminoglycoside + azithromycin, or

Above β-lactam + an aminoglycoside 
+ (levofloxacin 750 mg IV once daily 
or moxifloxacin 400 mg IV once 
daily), or

For penicillin-allergic patients: Replace 
the β-lactam with aztreonam

Empirical therapy for patients at risk for 
methicillin-resistant Staphylococcus aureus 
pneumonia:

Add vancomycin IV or linezolid (IV or PO) to 
the baseline regimen

Addition of clindamycin to vancomycin (but 
not to linezolid) can be considered for 
severe necrotizing pneumonia to minimize 
bacterial toxin production

Salmonellosis Ciprofloxacin 500-750 mg PO (or 400 mg IV) 
q12h, if susceptible

Duration of therapy:
For gastroenteritis without bacteremia:
If CD4 count ≥200 cells/mm3: 7-14 days
If CD4 count <200 cells/mm3: 2-6 wk
For gastroenteritis with bacteremia:
If CD4 count ≥200/mm3: 14 days; longer 

duration if bacteremia persists or if the 
infection is complicated (e.g., if metastatic 
foci of infection are present)

If CD4 count <200 cells/mm3: 2-6 wk
Secondary prophylaxis should be considered 

for:
Patients with recurrent Salmonella 

gastroenteritis ± bacteremia, or
Patients with CD4 <200 cells/mm3 with severe 

diarrhea

Levofloxacin 750 mg (PO or IV) q24h, 
or

Moxifloxacin 400 mg (PO or IV) q24h, 
or

TMP-SMX (160 mg/800 mg) (PO or IV) 
q12h, or

Ceftriaxone 1 g IV q24h, or
Cefotaxime 1 g IV q8h

Oral or IV rehydration if indicated.
Antimotility agents should be avoided.
The role of long-term secondary prophylaxis in 

patients with recurrent Salmonella bacteremia 
is not well established. Must weigh benefit 
against risks of long-term antibiotic exposure.

Effective ART may reduce the frequency, severity, 
and recurrence of Salmonella infections.

TABLE 131-2  Treatment of AIDS-Associated Opportunistic Infections—cont’d
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OPPORTUNISTIC 
INFECTION PREFERRED THERAPY ALTERNATIVE THERAPY OTHER COMMENTS
Mucocutaneous 

candidiasis
For oropharyngeal candidiasis; initial episodes 

(for 7-14 days):
Oral therapy:
Fluconazole 100 mg PO daily, or
Topical therapy:
Clotrimazole troches, 10 mg PO five times 

daily, or
Miconazole mucoadhesive buccal 50-mg 

tablet—apply to mucosal surface over the 
canine fossa once daily (do not swallow, 
chew, or crush)

For oropharyngeal candidiasis; initial 
episodes (for 7-14 days):

Oral therapy:
Itraconazole oral solution 200 mg PO 

daily, or
Posaconazole oral solution 400 mg PO 

bid for 1 day, then 400 mg daily
Topical therapy:
Nystatin suspension 4-6 mL qid or one 

to two flavored pastilles four to five 
times daily

Chronic or prolonged use of azoles may promote 
development of resistance.

Higher relapse rate for esophageal candidiasis 
seen with echinocandins than with fluconazole 
use.

Suppressive therapy usually not recommended 
unless patients have frequent or severe 
recurrences.

If decision is to use suppressive therapy:
Oropharyngeal candidiasis:
Fluconazole 100 mg PO daily or three times a 

week
Itraconazole oral solution 200 mg PO daily
Esophageal candidiasis:
Fluconazole 100-200 mg PO daily
Posaconazole 400 mg PO bid
Vulvovaginal candidiasis:
Fluconazole 150 mg PO once weekly

For esophageal candidiasis (for 14-21 days):
Fluconazole 100 mg (up to 400 mg) PO or IV 

daily, or
Itraconazole oral solution 200 mg PO daily

For esophageal candidiasis (for 14-21 
days):

Voriconazole 200 mg PO or IV bid, or
Posaconazole 400 mg PO bid, or
Anidulafungin 100 mg IV one time, 

then 50 mg IV daily or
Caspofungin 50 mg IV daily, or
Micafungin 150 mg IV daily, or
Amphotericin B deoxycholate 0.6 mg/

kg IV daily or
Lipid formulation of amphotericin B 

3-4 mg/kg IV daily

For uncomplicated vulvovaginal candidiasis:
Oral fluconazole 150 mg for one dose, or
Topical azoles (clotrimazole, butoconazole, 

miconazole, tioconazole, or terconazole) for 
3-7 days

For uncomplicated vulvovaginal 
candidiasis:

Itraconazole oral solution 200 mg PO 
daily for 3-7 days

For severe or recurrent vulvovaginal 
candidiasis:

Fluconazole 100-200 mg PO daily for ≥7 
days, or

Topical antifungal ≥7 days

Cryptococcosis Cryptococcal meningitis:
Induction therapy (for at least 2 wk, followed 

by consolidation therapy):
Liposomal amphotericin B 3-4 mg/kg IV daily 
+ flucytosine 25 mg/kg PO qid (Note: 
flucytosine dose should be adjusted in 
patients with renal dysfunction.)

Cryptococcal meningitis:
Induction therapy (for at least 2 wk, 

followed by consolidation therapy):
Amphotericin B deoxycholate 0.7 mg/

kg IV daily + flucytosine 25 mg/kg 
PO qid, or

Amphotericin B lipid complex 5 mg/kg 
IV daily + flucytosine 25 mg/kg PO 
qid, or

Liposomal amphotericin B 3-4 mg/kg 
IV daily + fluconazole 800 mg PO or 
IV daily, or

Amphotericin B deoxycholate 0.7 mg/
kg IV daily + fluconazole 800 mg 
PO or IV daily, or

Fluconazole 400-800 mg PO or IV 
daily + flucytosine 25 mg/kg PO qid, 
or

Fluconazole 1200 mg PO or IV daily

Addition of flucytosine to amphotericin B has 
been associated with more rapid sterilization of 
CSF and decreased risk for subsequent relapse.

Patients receiving flucytosine should have either 
blood levels monitored (peak level 2 hr after 
dose should be 30-80 µg/mL) or close 
monitoring of blood cell counts for 
development of cytopenia. Dosage should be 
adjusted in patients with renal insufficiency.

Opening pressure should always be measured 
when an LP is performed. Repeated LPs or CSF 
shunting are essential to effectively manage 
increased intracranial pressure.

Corticosteroids and mannitol are ineffective in 
reducing ICP and are not recommended.

Some specialists recommend a brief course of 
corticosteroid for management of severe IRIS 
symptoms.

Consolidation therapy (for at least 8 wk 
followed by maintenance therapy):

Fluconazole 400 mg PO (or IV) daily

Consolidation therapy (for at least 
8 wk followed by maintenance 
therapy):

Itraconazole 200 mg PO bid for 
8 wk—less effective than 
fluconazole

Maintenance therapy:
Fluconazole 200 mg PO daily for at least 

12 mo

Maintenance therapy:
No alternative therapy 

recommendation

For non-CNS, extrapulmonary cryptococcosis 
and diffuse pulmonary disease:

Treatment same as for cryptococcal meningitis
Non-CNS cryptococcosis with mild-to-

moderate symptoms and focal pulmonary 
infiltrates:

Fluconazole, 400 mg PO daily for 12 mo
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OPPORTUNISTIC 
INFECTION PREFERRED THERAPY ALTERNATIVE THERAPY OTHER COMMENTS
Histoplasmosis Moderately severe to severe disseminated 

disease:
Induction therapy (for at least 2 wk or until 

clinically improved):
Liposomal amphotericin B 3 mg/kg IV daily
Maintenance therapy:
Itraconazole 200 mg PO tid for 3 days, then 

200 mg PO bid

Moderately severe to severe 
disseminated disease:

Induction therapy (for at least 2 wk, 
or until clinically improved):

Amphotericin B lipid complex 3 mg/kg 
IV daily, or

Amphotericin B cholesteryl sulfate 
complete 3 mg/kg IV daily

Itraconazole, posaconazole, and voriconazole may 
have significant interactions with certain ARV 
agents. These interactions are complex and can 
be bidirectional.

Therapeutic drug monitoring and dosage 
adjustment may be necessary to ensure triazole 
antifungal and ARV efficacy and reduce 
concentration-related toxicities.

Random serum concentration of itraconazole + 
hydroitraconazole should be >1 µg/mL.

Clinical experience with voriconazole or 
posaconazole in the treatment of 
histoplasmosis is limited.

Acute pulmonary histoplasmosis in HIV-infected 
patients with CD4 counts >300 cells/mm3 
should be managed as 
nonimmunocompromised host.

Less severe disseminated disease:
Induction and maintenance therapy:
Itraconazole 200 mg PO tid for 3 days, then 

200 mg PO bid
Duration of therapy:
At least 12 mo

Alternatives to itraconazole for 
maintenance therapy or treatment 
of less severe disease:

Voriconazole 400 mg PO bid for 1 
day, then 200 mg bid, or

Posaconazole 400 mg PO bid, or
Fluconazole 800 mg PO daily

Meningitis:
Induction therapy (4-6 wk):
Liposomal amphotericin B 5 mg/kg/day
Maintenance therapy:
Itraconazole 200 mg PO bid to tid for ≥1 year 

and until resolution of abnormal CSF 
findings

Meningitis:
No alternative therapy 

recommendation

Long-term suppression therapy:
For patients with severe disseminated or CNS 

infection after completion of at least 12 mo 
of therapy; and those who relapse despite 
appropriate therapy:

Itraconazole 200 mg PO daily

Long-term suppression therapy:
Fluconazole 400 mg PO daily

Coccidioidomycosis Clinically mild infections (e.g., focal 
pneumonia):

Fluconazole 400 mg PO daily, or
Itraconazole 200 mg PO bid

Mild infections (focal pneumonia):
For patients who failed to respond to 

fluconazole or itraconazole:
Posaconazole 200 mg PO bid, or
Voriconazole 200 mg PO bid)

Some patients with meningitis may develop 
hydrocephalus and require CSF shunting.

Therapy should be continued indefinitely in 
patients with diffuse pulmonary or 
disseminated diseases because relapse can 
occur in 25%-33% of HIV-negative patients. It 
can also occur in HIV-infected patients with 
CD4 counts >250 cells/mm3.

Therapy should be lifelong in patients with 
meningeal infections because relapse occurs in 
80% of HIV-infected patients after 
discontinuation of triazole therapy.

Itraconazole, posaconazole, and voriconazole may 
have significant interactions with certain ARV 
agents. These interactions are complex and can 
be bidirectional. Therapeutic drug monitoring 
and dosage adjustment may be necessary to 
ensure triazole antifungal and antiretroviral 
efficacy and reduce concentration-related 
toxicities.

Intrathecal amphotericin B should only be given 
in consultation with a specialist and 
administered by an individual with experience 
with the technique.

Severe, nonmeningeal infection (diffuse 
pulmonary infection or severely ill patients 
with extrathoracic, disseminated disease):

Amphotericin B deoxycholate 0.7-1.0 mg/kg 
IV daily

Lipid formulation amphotericin B 4-6 mg/kg 
IV daily

Duration of therapy: continue until clinical 
improvement, then switch to an azole.

Severe, nonmeningeal infection 
(diffuse pulmonary infection or 
severely ill patients with 
extrathoracic, disseminated disease):

Some specialists will add a triazole 
(fluconazole or itraconazole, with 
itraconazole preferred for bone 
disease) 400 mg/day to 
amphotericin B therapy and 
continue triazole once amphotericin 
B is stopped.

Meningeal infections:
Fluconazole 400-800 mg IV or PO daily

Meningeal infections:
Itraconazole 200 mg PO tid for 3 

days, then 200 mg PO bid, or
Posaconazole 200 mg PO bid, or
Voriconazole 200-400 mg PO bid, or
Intrathecal amphotericin B 

deoxycholate, when triazole 
antifungal agents are ineffective

Chronic suppressive therapy:
Fluconazole 400 mg PO daily, or
Itraconazole 200 mg PO bid

Chronic suppressive therapy:
Posaconazole 200 mg PO bid, or
Voriconazole 200 mg PO bid

Cytomegalovirus (CMV) 
disease

CMV retinitis:
Induction therapy for immediate sight-

threatening lesions (adjacent to the optic 
nerve or fovea):

Consult ophthalmologist because ganciclovir 
implant no longer available:

Ganciclovir 5 mg/kg IV q12h for 14-21 days 
followed by valganciclovir 900 mg PO bid

For small peripheral lesions:
Valganciclovir 900 mg PO bid for 14-21 days
One dose of intravitreal ganciclovir can be 

administered immediately after diagnosis 
until steady-state plasma ganciclovir 
concentration is achieved with oral 
valganciclovir.

CMV retinitis:
Induction therapy:
Ganciclovir 5 mg/kg IV q12h for 

14-21 days, or
Foscarnet 90 mg/kg IV q12h or 60 mg 

q8h for 14-21 days, or
Cidofovir 5 mg/kg/wk IV for 2 wk; 

saline hydration before and after 
therapy and probenecid, 2 g PO 
3 hr before dose, followed by 1 g 
PO 2 hr and 8 hr after the dose 
(total of 4 g). (Note: This regimen 
should be avoided in patients with 
sulfa allergy because of cross-
hypersensitivity with probenecid.)

The choice of therapy for CMV retinitis should be 
individualized, based on location and severity 
of the lesions, level of immunosuppression, and 
other factors (e.g., concomitant medications 
and ability to adhere to treatment).

The choice of chronic maintenance therapy (route 
of administration and drug choices) should be 
made in consultation with an ophthalmologist. 
Considerations should include the anatomic 
location of the retinal lesion, vision in the 
contralateral eye, the patients’ immunologic 
and virologic status and response to ART.

Patients with CMV retinitis who discontinue 
maintenance therapy should undergo regular 
eye examinations (optimally every 3 mo) for 
early detection of relapse IRU, and then 
annually after immune reconstitution.

IRU may develop in the setting of immune 
reconstitution.

Treatment of IRU:
Periocular corticosteroid or short courses of 

systemic corticosteroid.
Initial therapy in patients with CMV retinitis, 

esophagitis, colitis, and pneumonitis should 
include initiation or optimization of ART.

Chronic maintenance (secondary prophylaxis):
Valganciclovir 900 mg PO daily (for small 

peripheral lesion)

Chronic maintenance (secondary 
prophylaxis):

Ganciclovir 5 mg/kg IV five to seven 
times weekly, or

Foscarnet 90-120 mg/kg IV once daily, 
or

Cidofovir 5 mg/kg IV every other 
week with saline hydration and 
probenecid as above
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CMV esophagitis or colitis:
Ganciclovir 5 mg/kg IV q12h; may switch to 

valganciclovir 900 mg PO q12h once the 
patient can tolerate oral therapy

Duration: 21-42 days or until symptoms have 
resolved

Maintenance therapy is usually not necessary, 
but should be considered after relapses.

CMV esophagitis or colitis:
Foscarnet 90 mg/kg IV q12h or 

60 mg/kg q8h for patients with 
treatment-limiting toxicities to 
ganciclovir or with ganciclovir 
resistance, or

Valganciclovir 900 mg PO q12h in 
milder disease and if able to 
tolerate PO therapy, or

For mild cases, if ART can be initiated 
without delay, consider withholding 
CMV therapy.

Duration: 21-42 days or until 
symptoms have resolved.

Well-documented, histologically confirmed 
CMV pneumonia:

Experience for treating CMV pneumonitis in 
HIV patients is limited. Use of IV ganciclovir 
or IV foscarnet is reasonable (doses same as 
for CMV retinitis)

The optimal duration of therapy and the role 
of oral valganciclovir have not been 
established.

Herpes simplex virus 
(HSV) disease

Orolabial lesions (for 5-10 days):
Valacyclovir 1 g PO bid, or
Famciclovir 500 mg PO bid, or
Acyclovir 400 mg PO tid
Initial or recurrent genital HSV (for 5-14 days):
Valacyclovir 1 g PO bid, or
Famciclovir 500 mg PO bid, or
Acyclovir 400 mg PO tid
Severe mucocutaneous HSV:
Initial therapy, acyclovir 5 mg/kg IV q8h
After lesions begin to regress, change to PO 

therapy as above. Continue until lesions are 
completely healed.

Chronic suppressive therapy:
For patients with severe recurrences of genital 

herpes or patients who want to minimize 
frequency of recurrences:

Valacyclovir 500 mg PO bid, or
Famciclovir 500 mg PO bid, or
Acyclovir 400 mg PO bid
Continue indefinitely regardless of CD4 cell 

count.

For acyclovir-resistant HSV:
Preferred therapy:
Foscarnet 80-120 mg/kg/day IV in two 

to three divided doses until clinical 
response

Alternative therapy:
IV cidofovir (dosage as in CMV 

retinitis), or
Topical trifluridine, or
Topical cidofovir, or
Topical imiquimod
Duration of therapy:
21-28 days or longer

Patients with HSV infections can be treated with 
episodic therapy when symptomatic lesions 
occur or with daily suppressive therapy to 
prevent recurrences.

Topical formulations of trifluridine and cidofovir 
are not commercially available.

Extemporaneous compounding of topical 
products can be prepared using trifluridine 
ophthalmic solution and the IV formulation of 
cidofovir.

Varicella-zoster virus 
(VZV) disease

Primary varicella infection (chickenpox):
Uncomplicated cases (for 5-7 days):
Valacyclovir 1 g PO tid, or
Famciclovir 500 mg PO tid
Severe or complicated cases:
Acyclovir 10-15 mg/kg IV q8h for 7-10 days
May switch to oral valacyclovir, famciclovir, or 

acyclovir after defervescence if no evidence 
of visceral involvement

Primary varicella infection (chickenpox)
Uncomplicated cases (for 5-7 days):
Acyclovir 800 mg PO five times a day

In managing VZV retinitis consultation with an 
ophthalmologist experienced in management 
of VZV retinitis is strongly recommended.

Duration of therapy for VZV retinitis is not well 
defined and should be determined based on 
clinical, virologic, and immunologic responses 
and ophthalmologic responses.

Optimization of ART is recommended for serious 
and difficult-to-treat VZV infections (e.g., 
retinitis, encephalitis).Herpes zoster (shingles):

Acute localized dermatomal:
For 7-10 days consider longer duration if 

lesions are slow to resolve.
Valacyclovir 1 g PO tid, or
Famciclovir 500 mg tid

Herpes zoster (shingles):
Acute localized dermatomal:
For 7-10 days consider longer 

duration if lesions are slow to 
resolve.

Acyclovir 800 mg PO five times a day

Extensive cutaneous lesion or visceral 
involvement:

Acyclovir 10-15 mg/kg IV q8h until clinical 
improvement is evident

May switch to PO therapy (valacyclovir, 
famciclovir, or acyclovir) after clinical 
improvement (i.e., when no new vesicle 
formation or improvement of signs and 
symptoms of visceral VZV), to complete a 
10-14 day course.

Progressive outer retinal necrosis (PORN):
(Ganciclovir 5 mg/kg + foscarnet 90 mg/kg) 

IV q12h + (ganciclovir 2 mg/0.05 mL ± 
foscarnet 1.2 mg/0.05 mL) intravitreal 
injection twice weekly, or

Initiate or optimize ART.

Acute retinal necrosis (ARN):
Acyclovir 10 mg/kg IV q8h for 10-14 days, 

followed by valacyclovir 1 g PO tid for 6 wk
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Progressive multifocal 

leukoencephalopathy 
(PML) (JC virus 
infections)

There is no specific antiviral therapy for JC 
virus infection. The main treatment 
approach is to reverse the 
immunosuppression caused by HIV.

Initiate ART immediately in ART-naïve patients
Optimize ART in patients who develop PML in 

phase of HIV viremia on ART.

None Corticosteroids may be used for PML-IRIS 
characterized by contrast enhancement, 
edema, or mass effect, and with clinical 
deterioration.

*Pyrimethamine and leucovorin doses are the same as for preferred therapy.
AIDS, acquired immunodeficiency syndrome; ART, antiretroviral therapy; ARV, antiretroviral; bid, twice daily; CD4, CD4+ lymphocyte cells; CFU, colony-forming unit; CNS, 

central nervous system; CSF, cerebrospinal fluid; CYP3A4, cytochrome P-450 3A4; DOT, directly observed therapy; DS, double strength; EMB, ethambutol; G6PD, 
glucose-6-phosphate dehydrogenase; HIV, human immunodeficiency virus; ICP, intracranial pressure; ICU, intensive care unit; IM, intramuscular; INH, isoniazid; IRIS, immune 
reconstitution inflammatory syndrome; IRU, immune recovery uveitis; IV, intravenous; LP, lumbar puncture; NSAIDs, nonsteroidal anti-inflammatory drugs; PI, protease 
inhibitor; PO, oral; PZA, pyrazinamide; q(n)h, every “n” hours; RFB, rifabutin; RIF, rifampin; SS, single strength; TB, tuberculosis; tid, thrice daily; TVR, telaprevir; TMP-SMX, 
trimethoprim-sulfamethoxazole; ZDV, zidovudine.

From Guidelines for Prevention and Treatment of Opportunistic Infections in HIV-Infected Adults and Adolescents: Recommendations from CDC, the National Institutes of 
Health, and the HIV Medicine Association of the Infectious Diseases Society of America. Available at http://aidsinfo.nih.gov/guidelines. Accessed May 5, 2014.

TABLE 131-3  Indications for Discontinuing and Restarting Opportunistic Infection Prophylaxis in HIV-
Infected Adults and Adolescents

OPPORTUNISTIC 
INFECTION

INDICATION FOR 
DISCONTINUING 
PRIMARY 
PROPHYLAXIS

INDICATION FOR 
RESTARTING 
PRIMARY 
PROPHYLAXIS

INDICATION FOR DISCONTINUING 
SECONDARY PROPHYLAXIS/
CHRONIC MAINTENANCE THERAPY

INDICATION FOR 
RESTARTING SECONDARY 
PROPHYLAXIS/CHRONIC 
MAINTENANCE

Pneumocystis 
pneumonia

CD4 count increased from 
<200 to >200 cells/mm3 
for >3 mo in response 
to ART

CD4 count <200 
cells/mm3

CD4 count increased from <200 cells/mm3 to 
>200 cells/mm3 for >3 mo in response to ART.

If PCP was diagnosed when CD4 count was 
>200 cells/mm3, continue prophylaxis for life 
regardless of CD4 count rise in response to 
ART.

CD4 count <200 cells/mm3, or
If PCP recurred at CD4 count 
>200 cells/mm3, prophylaxis 
should be continued for life.

Toxoplasma gondii 
encephalitis (TE)

CD4 count increased to 
>200 cells/mm3 for 
>3 mo in response to 
ART

CD4 count <100 to 
200 cells/mm3

Successfully completed initial therapy, remain 
free of signs and symptoms of TE, and CD4 
count >200 cells/mm3 for >6 mo in response 
to ART.

CD4 count <200 cells/mm3

Microsporidiosis Not applicable Not applicable No signs and symptoms of nonocular or ocular 
microsporidiosis and CD4 count >200 cells/
mm3 for >6 mo in response to ART.

No recommendation

Disseminated 
Mycobacterium 
avium complex 
disease

CD4 count >100 cells/mm3 
for ≥3 mo in response 
to ART

CD4 count <50 cells/
mm3

If the following criteria are fulfilled:
Completed ≥12 mo of therapy, and
No signs and symptoms of MAC disease, and
Have sustained (>6 mo) CD4 count >100 cells/

mm3in response to ART

CD4 count <100 cells/mm3

Salmonellosis Not applicable Not applicable Resolution of Salmonella infection and after 
response to ART with sustained viral 
suppression and CD4 counts >200 cells/mm3

No recommendation

Cryptococcal 
meningitis

Not applicable Not applicable If the following criteria are fulfilled:
Completed initial (induction and consolidation) 

therapy, and
Received at least 1 yr of maintenance therapy, 

and
Remain asymptomatic of cryptococcal infection, 

and
CD4 count ≥100 cells/mm3 for >3 mo and with 

suppressed plasma HIV RNA in response to 
ART

CD4 count <100 cells/mm3

Histoplasma 
capsulatum 
infection

CD4 count >150 cells/mm3 
for 6 mo while on ART

For patients at high 
risk of acquiring 
histoplasmosis, 
restart at CD4 
count <150 cells/
mm3.

If the following criteria are fulfilled:
Received itraconazole for >1 yr, and
Negative fungal blood cultures, and
CD4 count ≥150 cells/mm3 for ≥6 mo in 

response to ART, and
Serum Histoplasma antigen <2 ng/mL

CD4 count <150 cells/mm3

Coccidioidomycosis CD4 count ≥250 cells/mm3 
for ≥6 mo

Restart at CD4 count 
<250 cells/mm3

Only for patients with focal coccidioidal 
pneumonia:

Clinically responded to ≥12 mo antifungal 
therapy, with CD4 count >250 cells/mm3, and 
receiving effective ART.

Should continue monitoring for recurrence with 
serial chest radiographs and coccidioidal 
serology.

For patients with diffuse pulmonary, 
disseminated nonmeningeal, or meningeal 
diseases:

Suppressive therapy should be continued 
indefinitely, even with increase in CD4 count 
on ART.

No recommendation
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OPPORTUNISTIC 
INFECTION

INDICATION FOR 
DISCONTINUING 
PRIMARY 
PROPHYLAXIS

INDICATION FOR 
RESTARTING 
PRIMARY 
PROPHYLAXIS

INDICATION FOR DISCONTINUING 
SECONDARY PROPHYLAXIS/
CHRONIC MAINTENANCE THERAPY

INDICATION FOR 
RESTARTING SECONDARY 
PROPHYLAXIS/CHRONIC 
MAINTENANCE

Cytomegalovirus 
retinitis

Not applicable Not applicable CMV treatment for >3 to 6 mo; and with CD4 
count >100 cells/mm3 for >3 to 6 mo in 
response to ART

Therapy should be discontinued only after 
consultation with an ophthalmologist, taking 
into account anatomic location of lesions, 
vision in the contralateral eye, and feasibility 
of regular ophthalmologic monitoring.

Routine (i.e., every 3 mo) ophthalmologic 
follow-up is recommended for early detection 
of relapse or immune restoration uveitis, and 
then annually after immune reconstitution.

CD4 count <100 cells/mm3

ART, antiretroviral therapy; CD4, CD4+ T lymphocyte cell; CMV, cytomegalovirus; HIV, human immunodeficiency virus; MAC, Mycobacterium avium complex; PCP, 
Pneumocystis pneumonia; TE, Toxoplasma encephalitis.

From Guidelines for Prevention and Treatment of Opportunistic Infections in HIV-Infected Adults and Adolescents: Recommendations from CDC, the National Institutes of 
Health, and the HIV Medicine Association of the Infectious Diseases Society of America. Available at http://aidsinfo.nih.gov/guidelines. Accessed May 5, 2014.

TABLE 131-3  Indications for Discontinuing and Restarting Opportunistic Infection Prophylaxis in HIV-
Infected Adults and Adolescents—cont’d

Even with very mild manifestations of disease, organisms can be 
detected readily from sputum or bronchoalveolar lavage,93,94 allowing 
initiation of therapy on an outpatient basis at a stage when prognosis 
is excellent. These secretions can also be analyzed for other pathogens, 
thus leading to diagnoses other than PCP.42,44,95 In many cases, PCP can 
be distinguished from bacterial pneumonia or viral pneumonia by the 
duration of symptoms, the character of the sputum, and the radiologic 
manifestations. PCP can be especially difficult to reliably distinguish 
from certain other infectious and noninfectious processes that can 
present subacutely as symmetrical interstitial infiltrates, including TB, 
histoplasmosis, and nonspecific interstitial pneumonitis.80,95-97 There-
fore, it is important to establish a specific diagnosis to ascertain that 
the correct pathogen is being treated and to avoid the toxicities, cost, 
and inconvenience of unnecessary drugs. Establishing a specific diag-
nosis also has epidemiologic implications in terms of ascertaining the 
isolation precautions and contact tracing that are needed (i.e., such 
considerations are very different for TB as opposed to PCP). However, 
given the cost of a diagnostic evaluation, in some settings it may be 
necessary to treat cases of presumptive PCP empirically. If patients do 
not improve, the yield of a diagnostic evaluation of Pneumocystis infec-
tion should not be diminished substantially within the first several days 
or even 2 weeks after initiation of therapy, which is quite different from 
the experience with PCP in other patient populations. Empirical diag-
noses by definition preclude the possibility of testing for active TB, 
eliminating the potential for early identification of TB and reduction 
of transmission. The availability of induced sputum examination pro-
vides a very sensitive, relatively low-cost method for diagnosis of PCP 
and detection of TB.94,95 The visualization of Pneumocystis by colori-
metric or immunofluorescent stain in sputum, bronchoalveolar lavage, 
or tissue is definitive for diagnosis of PCP. Nucleic acid detection 
systems for PCP that use oral washes, gargles, sputum, or bronchoal-
veolar lavage have not yet been standardized and validated for clinical 
use.98,99 β1-glucan detection in serum or bronchoalveolar lavage is not 
sufficiently sensitive or specific to be diagnostically useful.100-102

The likelihood that an AIDS patient will survive an episode of PCP 
depends on the severity of pulmonary dysfunction at the time of initia-
tion of therapy, the patient’s ability to tolerate available regimens, the 
presence of a concomitant pathologic process, and the severity of the 
patient’s immunologic dysfunction. A poor prognosis correlates best 
with an alveolar-arterial gradient greater than 30 mm Hg, a severely 
abnormal chest radiograph, and a large number of organisms detected 
on lavage or biopsy, as well as comorbid conditions.91,103,104 Any drug 
therapy is more likely to be successful if it is started at a time when 
pulmonary dysfunction is mild and if other severe opportunistic infec-
tions or neoplasms are absent. Second, third, and subsequent episodes 
of PCP do not carry a worse prognosis than the first episode.105

TMP-SMX is the treatment of choice for acute PCP because of its 
convenience of administration, high degree of efficacy, and manage-
ability of associated toxicities (see Table 131-2).8,106,107 No agent has 

been shown to have a higher efficacy for PCP than TMP-SMX. There 
is no clear reason to prefer intravenous over oral TMP-SMX in patients 
with mild disease who adhere to the treatment and who are without 
potential gastrointestinal dysfunction. Patients usually improve clini-
cally within 4 to 8 days in terms of fever, respiratory rate, arterial-
alveolar gradient, and dyspnea, although there may be an initial 
worsening during the first 8 to 72 hours of therapy if adjunctive corti-
costeroid therapy is not given.76,108-111

Survival for mild episodes treated with TMP-SMX has improved 
steadily during the past 2 decades.106-112 For patients with an initial 
room-air partial pressure of oxygen (Po2) greater than 70 mm Hg, 
survival has improved from 85% to 90% to 95% to 99% in optimal 
circumstances.106-112 Nonadherent patients and patients with significant 
concomitant disorders do not have such good results. This improve-
ment in patient outcome presumably reflects better supportive treat-
ment in critical care units, the better understanding that TMP-SMX 
can be continued despite non–life-threatening toxicities, and the 
absence of severe comorbidities. In addition, better alternative agents 
are available for patients who truly have treatment failure with 
TMP-SMX or who are unable to tolerate the drug.8,113,114

Microbiologic resistance of Pneumocystis to TMP-SMX was not 
described until the 1990s. Some human isolates contain mutations in 
their dihydropteroate synthase enzyme, the target for sulfonamides. 
When these mutations occur in other organisms (e.g., S. pneumoniae 
or Plasmodium species), they produce microbiologic and clinical resis-
tance. Further information is needed to determine whether these 
mutations in fact confer sulfonamide resistance to Pneumocystis that 
is clinically significant and whether the frequency of such resistance 
will become sufficient to warrant new therapeutic and prophylactic 
strategies.115-118

Common adverse reactions to TMP-SMX include rash, nausea, 
vomiting, granulocytopenia, transaminase elevations, nephritis, and 
hyperkalemia.76,78 These reactions do not invariably require discon-
tinuation of TMP-SMX therapy. The rashes, which commonly occur 
between days 8 and 12 of therapy, may be limited in extent and associ-
ated with a degree of pruritus that the patient can tolerate for 21 days. 
They are more frequent in patients with higher CD4+ T-cell counts. 
Life-threatening desquamating processes (e.g., Stevens-Johnson syn-
drome) are rare in AIDS patients, although a few fatal cases have been 
reported. Severe febrile, hypotensive episodes that resemble septic 
shock in terms of hemodynamics have also been reported. Granulocy-
topenia is most often a dose-related phenomenon that may resolve 
partially or completely if the dose of TMP-SMX is reduced by 25%. 
Granulocytopenia responds to leucovorin administration only rarely. 
A report that leucovorin administration can diminish the likelihood 
of therapeutic response to TMP-SMX was intriguing but not conclu-
sive.119 Nausea and vomiting can be troublesome complications of 
TMP-SMX therapy. Severe nausea may result from very high sulfon-
amide levels and may resolve if the dose is reduced such that  
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human isolates, but their clinical relevance remains to be determined.132 
The primary toxicity associated with atovaquone is rash. Atovaquone 
is a reasonable treatment option for patients with mild or moderate 
PCP who cannot tolerate TMP-SMX and who are good candidates for 
oral therapy.

Clindamycin plus primaquine is also effective therapy for PCP.8,107,114 
Despite the fact that primaquine can be given only orally, this regimen 
has been used successfully in patients with mild, moderate, and severe 
disease. Clindamycin plus primaquine is associated with considerable 
toxicity, including rash, serum aminotransferase elevation, diarrhea, 
and hemolysis. It is a reasonable regimen for patients who are unable 
to tolerate other regimens. Clindamycin-primaquine is a reasonable 
option for patients with definitively established PCP who are unequiv-
ocally failing therapy with TMP-SMX.

Regardless of which specific agent is chosen as the initial therapy 
for PCP, adjunctive corticosteroid therapy is indicated for any patient 
whose initial room-air Po2 is less than 70 mm Hg.8,108-111 Three pro-
spective trials demonstrated that the frequencies of ventilatory failure 
and mortality can be reduced substantially by the prompt use of 
corticosteroids.108-111 Physiologically, adjunctive corticosteroids appear 
to prevent much of the decline in oxygenation that characteristically 
occurs during the first 3 days of treatment.111 This decline may be 
caused by the inflammatory response elicited by dying organisms. 
Adjunctive corticosteroids may also provide benefit for patients with 
an initial room-air Po2 greater than 70 mm Hg. There is physiologic 
evidence that indicates improved lung function in such patients, but 
so few patients with mild PCP develop respiratory failure or die that 
it is difficult to substantiate a survival benefit. The safety of the 21-day 
regimen is well substantiated. Reactivation of TB, CMV, or Kaposi 
sarcoma is unusual. Whether such short courses of corticosteroids 
could predispose patients to osteonecrosis is not clear.133,134 Interest-
ingly, the frequency of TMP-SMX–related rash is not diminished by 
corticosteroids.135

If an HIV-infected patient with PCP fails to improve while receiving 
conventional therapy, there are no controlled data to indicate which 
modifications in therapy are optimal.8,113,136-140,141,142 The mean time to 
improvement for HIV-infected patients treated with conventional 
therapy is 4 to 8 days,76,106 so therapeutic failure probably should not 
be diagnosed until patients have received 4 to 8 days of therapy. Clini-
cians often feel compelled to alter therapy earlier, however, especially 
if the patient’s condition is deteriorating rapidly as opposed to failing 
to improve. If a patient has not improved after 5 to 10 days of therapy, 
a repeat diagnostic procedure should be considered to determine 
whether another treatable pathogen is present. Bronchoalveolar lavage 
is the procedure of choice. Pneumocystis is often present in lavage or 
tissue for at least 3 to 4 weeks after initiation of therapy, even in patients 
who respond promptly, so its presence after 7 to 10 days of therapy 
does not necessarily imply that therapy is ineffective. A decision 
regarding treatment effectiveness should be based on clinical and labo-
ratory parameters such as oxygenation, ventilation, and fever. The pres-
ence of extensive intra-alveolar exudate or extensive fibrosis after 7 to 
10 days of therapy is probably a more ominous sign. Open lung biopsy 
is rarely necessary to establish a diagnosis of PCP, but it can be useful 
for identifying other processes. Kaposi sarcoma of the lung is usually 
apparent on bronchoscopy because of endobronchial lesions that are 
obvious to the bronchoscopist.143 However, if such lesions are not seen 
on bronchoscopy, Kaposi sarcoma of the lung is one treatable process 
that is difficult or impossible to diagnose reliably from cytology or 
from transbronchial biopsy specimens. Nodular lesions on chest com-
puted tomography (CT), extensive intrabronchial lesions, and the pres-
ence of a bloody pleural effusion may be helpful clues that Kaposi 
sarcoma is the cause of pulmonary dysfunction. CMV and lymphoma 
are other processes that may be identified by cytology or by some form 
of biopsy more readily than by sputum assessment.

If Pneumocystis infection is the only identifiable cause of the pul-
monary dysfunction after 7 to 10 days of therapy and no improvement 
has been observed, there are several therapeutic interventions to con-
sider: (1) switch from TMP-SMX to parenteral pentamidine, (2) add 
corticosteroids to conventional therapy if they have not already been 
added, (3) switch to intravenous clindamycin with oral primaquine,  
or (4) use two specific therapies concurrently (e.g., TMP-SMX plus 

sulfonamide levels 2 hours post dosing are 100 to 150 µg/mL. Trans-
aminase levels may fluctuate to three to five times normal until therapy 
is stopped; they usually return promptly to baseline values if they were 
caused by TMP-SMX rather than another drug or a coexisting process 
such as a viral hepatitis.

Overall, adverse reactions have required discontinuation of 
TMP-SMX therapy in about 25% of cases.* Although it has not been 
proved by a prospective study, adverse reactions can probably be 
reduced without sacrificing efficacy by lowering the recommended 
dose of TMP-SMX from TMP 20 mg/kg/day (with SMX 100 mg/kg/
day) to TMP 15 mg/kg/day (with SMX 75 mg/kg/day).106 Seventy to 
80 percent of sulfonamide-intolerant individuals can tolerate dapsone 
for significant periods.107,121 Gradual dose escalation of TMP-SMX can 
reduce the impact of adverse effects, but this approach is appropriate 
in selected patients when trying to institute prophylaxis, not when 
instituting therapy in patients with acute illness.122,123

Parenteral pentamidine is effective therapy for PCP.8,106 This intra-
venous regimen is inconvenient to administer, however, and the 
adverse reactions associated with it can be life-threatening. Renal dys-
function, hypoglycemia, hyperglycemia, granulocytopenia, and hypo-
tension are reported in 10% to 50% of patients.8,106,124-126 If pentamidine 
is administered over a period of at least 60 minutes in 100 to 150 mL 
of dextrose in water, clinically important hypotension is unusual.126 
The renal dysfunction associated with pentamidine can be severe. If 
the serum creatinine level rises by more than 1 to 2 mg/dL, strong 
consideration should be given to withholding therapy for a few days 
or changing to an alternative agent. Hypoglycemia can be a life-
threatening complication of pentamidine therapy; it can occur at any 
juncture during therapy or for many weeks after therapy has been 
completed.127 Hypoglycemia occurs more frequently in patients who 
have pentamidine-induced renal dysfunction. The unpredictability of 
the hypoglycemia adds an element of risk to the inpatient or outpatient 
use of this drug. Life-threatening hypoglycemia is sufficiently uncom-
mon, however, that this effective agent is still recommended for patients 
with severe disease who cannot tolerate TMP-SMX or TMP-dapsone. 
Lowering the dose of parenteral pentamidine from 4 to 3 mg/kg/day 
has been advocated to reduce toxicity; whether this also reduces effi-
cacy is unknown.128 Aerosol pentamidine is not sufficiently effective 
for use to treat PCP.128

Dapsone (100 mg orally every day) plus TMP (5 mg/kg orally every 
8 hours or 300 mg orally every 8 hours) appears to be as effective as 
TMP-SMX but less toxic.8,106,129 This regimen is not frequently used 
because it is less convenient to administer than TMP-SMX and does 
not have major advantages in terms of efficacy or safety. Rashes are 
common among HIV-infected patients treated with dapsone, but a 
21-day course of therapy can usually be completed without interrup-
tion. Oral dapsone alone has some efficacy when 100 mg is adminis-
tered every day for 21 days, but there is probably not enough activity 
to warrant use of this agent as single-drug therapy.130 Higher doses 
are not well tolerated. Dapsone should not be administered to patients 
who have had immediate hypersensitivity reactions to sulfonamides.

Atovaquone is a hydroxynaphthoquinone that affects mitochon-
drial electron transport in microorganisms and therefore has a mecha-
nism of action distinct from that of TMP-SMX or pentamidine.112,131 
Atovaquone is available as an oral suspension but is not available in a 
parenteral form. For patients with mild or moderate PCP, it has a high 
degree of efficacy and is extremely well tolerated. A large, prospective, 
double-blind study demonstrated that atovaquone, although very 
effective and much better tolerated than TMP-SMX, is associated with 
more treatment failures.112 Because atovaquone, unlike TMP-SMX, has 
no antibacterial activity, it is possible that patients in the atovaquone-
treated groups were more likely to experience a deterioration of their 
condition owing to unrecognized, concurrent bacterial processes. Ato-
vaquone is better tolerated than intravenous pentamidine.131 The 
absorption of atovaquone suspension can be erratic, especially in 
patients who cannot consume fatty foods with this medication. Atova-
quone takes several days to reach steady-state levels. It should not be 
given to patients with significant gastrointestinal dysfunction. Muta-
tions that could confer atovaquone resistance have been identified in 

*References 8, 76, 78, 106, 107, 120.
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50% (i.e., a single-strength tablet daily) or reducing the frequency to 
two or three times weekly lowers the toxicity. In a study comparing 
TMP-SMX at a dose of one double-strength tablet daily with TMP-SMX 
at a dose of one double-strength tablet three times weekly, there was 
no difference in efficacy when the data were evaluated based on an 
intent-to-treat analysis.151 However, there were more failures on the 
intermittent regimen when occurrences of PCP were analyzed based 
on the regimen patients were actually taking at the time that PCP was 
diagnosed. This finding has suggested to some investigators that the 
intermittent regimen is less effective.

Because TMP-SMX is the preferred regimen, strategies to increase 
patient tolerance of this regimen are important. Gradual dose escala-
tion of TMP-SMX at the time at which prophylaxis is restarted was 
shown in two controlled studies to increase tolerability.122,123

For patients who cannot tolerate TMP-SMX, there are several alter-
natives. Daily dapsone or weekly dapsone-pyrimethamine has an effi-
cacy comparable to that of aerosolized pentamidine (i.e., not as effective 
as daily TMP-SMX when used as prophylaxis for PCP). Dapsone-
containing regimens, especially dapsone-pyrimethamine regimens, are 
effective as prophylaxis against toxoplasmosis.147 Dapsone or dapsone-
pyrimethamine, like TMP-SMX, is poorly tolerated by a substantial 
number of patients; fever, rash, pruritus, and hemolysis occur. About 
20% of patients who cannot tolerate TMP-SMX also cannot tolerate 
dapsone-containing regimens.121 Aerosolized pentamidine, although 
not as effective as TMP-SMX, has a definite ability to reduce the fre-
quency of PCP when used for primary or secondary prophylaxis. The 
manner in which aerosolized pentamidine is delivered to the patient 
is a major determinant of efficacy and safety.152 Because different nebu-
lizers deliver different spectra and different densities of particle sizes, 
they deliver different amounts of drug to the lung. Only the Respirgard 
II jet nebulizer and the Fisons ultrasonic nebulizer have been studied 
in large, well-controlled trials with clinical end points. Aerosolized 
pentamidine is well tolerated by most patients. Coughing and wheez-
ing can be ameliorated or prevented by nebulized albuterol. A bitter 
taste is often reported. Cases of pancreatitis and renal dysfunction have 
been attributed to aerosolized pentamidine, but it is not certain that 
aerosolized pentamidine was the cause. A major concern related to the 
use of aerosolized pentamidine is environmental contamination with 
drug and respiratory aerosols, which is created when patients cough 
or become disconnected from the nebulizer. Health care workers and 
patients may inhale enough pentamidine to develop detectable urine 
levels of the drug.153 The clinical importance of this is unknown. More 
important, if the patient has pulmonary TB, the environmental con-
tamination produced by dispersed respiratory particles has consider-
able potential to spread TB.154 Patients need to be carefully screened 
for pulmonary TB before aerosolized pentamidine prophylaxis is 
initiated.

Atovaquone has been assessed as prophylaxis in trials comparing it 
with either dapsone alone or aerosolized pentamidine.155,156 In both 
situations, atovaquone was equally effective as the alternative, and it 
was better tolerated than dapsone. As indicated earlier, optimal atova-
quone absorption is dependent on ingestion of high-fat meals concur-
rent with drug administration.

If patients cannot tolerate TMP-SMX and have an excessive number 
of breakthroughs while receiving dapsone-containing regimens, aero-
solized pentamidine, or atovaquone, there are several poorly studied 
options. The best option for patients intolerant of the normally used 
therapies is to try to maximize the patient’s ability to tolerate TMP-SMX 
by using a dose-escalation strategy or an intermittent (three times 
weekly) regimen. Aerosolized pentamidine can be administered by 
employing doses greater than the approved regimen (300 mg twice 
monthly or 600 mg once monthly, rather than the approved dose of 
300 mg monthly),157 although experience documenting the superiority 
of twice-monthly pentamidine is limited. Results with clindamycin-
primaquine have been disappointing. Whether the need for alternative 
regimens will grow substantially depends on the clinical relevance of 
sulfonamide resistance.

Patients who experience breakthrough infection while receiving 
prophylactic therapy are usually those who are not receiving TMP-
SMX, who are not adherent, or who have very low CD4+ T-cell counts 
with high viral loads.158,159 For such patients, education to reinforce 

pentamidine). Each of these approaches has been associated with a 
successful outcome in some cases.136-140,141 A controlled trial is needed 
to determine the best approach, but such trials are difficult to perform 
because of the large size, complexity, and cost of a valid study. Whether 
AIDS patients with PCP should be supported aggressively with inten-
sive care, mechanical ventilation, or other interventions depends on 
issues specific to each individual patient, as it would be for any patient 
who is critically ill. The most reasonable approach would be to indi-
vidualize each management plan in terms of the days of therapy that 
have been completed, the therapeutic alternatives that are available, 
and the concomitant processes that are present. The patient’s wishes 
and the availability of resources need to be taken into account. Pub-
lished data indicate that some AIDS patients with PCP can survive 
intubation and mechanical ventilation and lead independent lives for 
years after hospital discharge. The best candidates for intensive care and 
mechanical ventilation are patients who had a good functional status 
before PCP, who have presented with no other serious opportunistic 
processes, those who have received fewer than 7 days of specific therapy, 
and those who have clearly articulated a desire for aggressive support.

Prevention of PCP is a major priority in the management of HIV 
infection.8,27 Prevention of PCP is logical because episodes are frequent 
(at least 80% to 90% of HIV-infected patients in North America 
develop an episode at some point if they have received neither anti-
Pneumocystis prophylaxis nor ART), morbidity and mortality due to 
PCP can be substantial, low-cost drugs are available that are effective, 
and the period of high susceptibility can be defined.8,27,45 Prospective 
and retrospective studies have shown that most primary episodes of 
PCP occur in patients with CD4+ T-cell counts less than 200 cells/mm3 
or in patients with otherwise unexplained oropharyngeal candidiasis, 
regardless of their CD4+ T-cell count.8,27,45 Therefore, these are the 
indications for primary prophylaxis, although initiating effective ART 
is the most important intervention to reduce morbidity and mortality 
that result from HIV-related opportunistic infections. Other docu-
mented predictors of the occurrence of PCP, independent of the CD4+ 
T-cell count, are high HIV viral load, wasting syndrome, previous 
AIDS-defining event, and prior pneumonia of any type.8,26-35 These 
parameters should be added to the list of factors encouraging primary 
prophylaxis. A few cases of PCP occur in patients with CD4+ T-cell 
counts greater than 200 cells/mm3 who do not have fever or mucocu-
taneous candidiasis, and for this reason clinicians may prefer to initiate 
prophylaxis at somewhat earlier time points. However, such a strategy 
results in prophylactic therapy for a relatively larger patient population 
to prevent a relatively small incremental number of treatable cases. 
Before the era of ART, secondary prophylaxis (the prevention of second 
or subsequent episodes of PCP) was indicated for everyone who had 
a documented PCP episode because the 1-year recurrence rate is about 
65% for patients who receive no prophylaxis.8,45 As mentioned earlier, 
there is considerable evidence suggesting that discontinuation of 
primary or secondary prophylaxis is reasonable for patients who 
respond to ART and who manifest CD4+ T-cell counts that are persis-
tently about 200 cells/mm3, especially if the other listed risk factors are 
absent and if patients can be trained to seek medical care promptly if 
symptoms suggestive of PCP develop (see Table 131-3).83-86,87,88

TMP-SMX is the preferred prophylactic regimen for any  
HIV-infected patient who can tolerate it (see Tables 131-1 and  
131-2).8,45,144,145-149 If it is administered at a dose of 160 mg TMP plus 
800 mg SMX (i.e., one double-strength tablet once daily), episodes of 
PCP are extremely uncommon among patients who adhere to the 
regimen. Trials have demonstrated that TMP-SMX is much more effec-
tive for either primary or secondary prophylaxis than aerosolized pent-
amidine or dapsone-containing regimens.145,147-149 TMP-SMX also has 
the benefit, based on retrospective analyses, of reducing the frequency 
of toxoplasmosis,150 and it may have a beneficial effect on reducing the 
frequency of some pneumococcal, staphylococcal (methicillin-sensitive 
S. aureus [MSSA] and MRSA) and Haemophilus species infections 
when daily regimens are used.145

Comparative trials have confirmed that TMP-SMX is not nearly as 
well tolerated as aerosolized pentamidine. Twenty to 40 percent of 
patients cannot tolerate TMP-SMX because of the side effects of rash, 
pruritus, fever, granulocytopenia, thrombocytopenia, anemia, hepati-
tis, nephritis, nausea, or vomiting. Reducing the dose of TMP-SMX by 
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samples may miss the area that has abundant organisms. When patients 
are treated with either sulfadiazine-pyrimethamine or clindamycin-
pyrimethamine, unequivocal improvement clinically and radiologi-
cally should occur within 10 to 21 days. If such improvement does not 
occur, a biopsy should be performed to establish whether the cause is 
an infectious or a neoplastic process other than toxoplasmosis.182,183 
Pyrimethamine and sulfadiazine are becoming more difficult to find 
in some regions. TMP-SMX has not been as extensively evaluated in 
published literature as pyrimethamine and sulfadiazine, but several 
small trials or observational cohorts suggest that TMP-SMX has com-
parable efficacy and safety to sulfadiazine plus pyrimethamine.184,185 
TMP-SMX has the advantage of being available as an oral or an intra-
venous preparation.

Corticosteroids to reduce inflammation may be necessary in 
patients with signs of increased intracranial pressure. There are no 
well-defined parameters to determine when corticosteroid therapy is 
indicated: clinical judgment must be used. The administration of cor-
ticosteroids can make early evaluation of the clinical and radiologic 
response to specific therapy difficult because the observed improve-
ment may be solely the result of corticosteroid therapy and unrelated 
to the anti-Toxoplasma regimen employed. Doses of corticosteroids 
should be tapered as soon as feasible.

Although some clinicians institute antiseizure drugs prophylacti-
cally, it is reasonable to initiate such therapy only if a seizure occurs.

For patients who have a clinical and radiologic response, anti-
Toxoplasma therapy should be continued lifelong, in the absence of 
an ART-induced rise in the CD4+ T-cell count, because relapses occur 
in the same sites manifesting initially if therapy is discontinued, even 
after 8 to 12 months of treatment.79,165,166 If the CD4+ T-cell count rises 
substantially (e.g., to levels >200 cells/mm3) and the patient has 
received at least 6 months of therapy, anti-Toxoplasma therapy can be 
safely discontinued, provided that the lesion has largely resolved on 
cerebral imaging and the patient is neurologically stable (see Table 
131-3).8,186,187

Treatment failures are unusual for patients with toxoplasmosis who 
are able to tolerate both pyrimethamine and sulfadiazine. Radiologi-
cally proven failures in patients who are adhering to their drug regimen 
should raise the possibility that toxoplasmosis is not the correct or the 
only diagnosis.

Adverse reactions to sulfadiazine (leukopenia, rash, elevated levels 
of aminotransferases, nausea, nephritis) and to pyrimethamine  
(leukopenia, thrombocytopenia) are common. Trimethoprim- or  
pyrimethamine-induced leukopenia often does not respond to leu-
covorin therapy, although a short course of leucovorin (10 to 20 mg 
orally or intravenously every 6 hours) should be administered.

For patients unable to tolerate sulfadiazine, clindamycin plus pyri-
methamine is also effective (see Table 131-2).182,183

Immune reconstitution syndromes associated with toxoplasmosis 
have only rarely been reported.188,189 The potential for such syndromes 
to occur should be considered before initiating ART, especially in 
patients who have elevated intracranial pressure.

TMP-SMX offers considerable protection as primary prophylaxis 
for Toxoplasma-seropositive patients with CD4+ T-cell counts less than 
100 cells/mm3.8,150 Dapsone-pyrimethamine and atovaquone also have 
substantial efficacy.

Herpes Simplex Virus and Varicella-
Zoster Virus
In the United States, 60% of the general adult population is seropositive 
for HSV-1 and 17% for HSV-2. For HIV-positive individuals, 95% are 
HSV-1 or HSV-2 seropositive.190,191 HSV (see Chapter 138) is a frequent 
cause of oral, genital, and perirectal ulcerations in patients with HIV 
infection. Ulcers can be several centimeters in diameter.

The response of acyclovir-sensitive HSV lesions is usually prompt 
and occurs within 3 to 10 days.192,193 Therapy should continue until the 
lesions are crusted over or epithelialized. Relapses occur with high 
frequency. If relapses occur quickly or often, long-term suppressive 
therapy may be necessary. Acyclovir-resistant isolates occur primarily 
in patients who have low CD4+ T-cell counts and who have received 
long-term suppressive therapy. Foscarnet and cidofovir are active 
against herpes simplex and have been used successfully against 

adherence to prophylactic regimens, the use of strategies to enhance 
tolerability of TMP-SMX, and efforts to augment CD4+ T-cell counts 
by ART are recommended.

Toxoplasma gondii
Toxoplasma gondii (see Chapter 280) causes disease in patients with 
HIV infection primarily by reactivation of latent disease rather than 
by primary infection.160 Patients almost always have immunoglobulin 
G antibodies against Toxoplasma (although insensitive enzyme-linked 
immunosorbent assays [ELISAs] may fail to detect such antibodies), 
have fairly advanced disease (CD4+ T-cell counts <50 cells/mm3), and 
have not been receiving TMP-SMX prophylaxis.160-164 Because the sero-
prevalence of toxoplasmosis is much higher in some areas, such as 
Western Europe (50% to 80%) and South America than in the United 
States (11%) (i.e., there is a higher incidence of latent infection), those 
areas have much higher frequencies of AIDS-associated toxoplasmosis 
because the latent disease has the potential to reactivate when patients 
are severely immunosuppressed.165-168

In patients with HIV infection, toxoplasmosis manifests most often 
as cerebral disease presenting as fever, headache, confusion, motor 
defects, and seizures. Retinochoroiditis, pneumonitis, disseminated 
disease, and a sepsis-like syndrome have all been reported, but these 
are not as frequent as focal lesions of the central nervous system (CNS).

If an HIV-infected patient with a CD4+ T-cell count of less than 100 
cells/mm3 presents with a space-occupying cerebral lesion that involves 
gray matter, the differential diagnosis should focus on two entities: 
toxoplasmosis and lymphoma. Fungal, mycobacterial, and viral pro-
cesses also manifest as space-occupying lesions, but these pathogens 
are the causative organisms less commonly in the United States and 
Western Europe than Toxoplasma and lymphoma. Progressive multi-
focal leukoencephalopathy should manifest differently because it 
affects primarily white matter. The incidence of malignant neoplasms 
that are not included as “AIDS defining conditions” is increasing; thus, 
clinicians must also be alert to the possibility that CNS masses repre-
sent metastatic tumor.22,23,169-173 Also, in the era of ART, CNS lym-
phoma appears to be increasing in frequency compared with CNS 
toxoplasmosis.

Clinical or imaging characteristics help to distinguish lymphoma 
from toxoplasmosis but are not definitive.165-176 Magnetic resonance 
imaging (MRI) is more sensitive than CT for radiologic diagnosis of 
Toxoplasma encephalitis. Positron emission tomography (PET) or 
single-photon emission computed tomography (SPECT) may also be 
helpful in distinguishing Toxoplasma encephalitis from primary CNS 
lymphoma. However, no imaging technique is completely specific.

If safe and feasible, a lumbar puncture should be performed for T. 
gondii PCR assay.177-180 A positive cerebrospinal fluid (CSF) PCR assay 
for Epstein-Barr virus (EBV) appears to be moderately specific for 
primary CNS lymphoma180,181; some positive results have been docu-
mented in patients with proven cerebral toxoplasmosis, that is, the CSF 
is EBV positive but the lesion is caused by Toxoplasma. For toxoplas-
mosis, detection of the organism by PCR of CSF should be highly 
suggestive that Toxoplasma is the causative agent; the test is not stan-
dardized, however, across laboratories. Published results have shown 
that some laboratories can achieve high specificity but low sensitivity. 
Sensitivity may be low after specific therapy has been started.

Although most cases of Toxoplasma encephalitis are diagnosed by 
response to empirical therapy, or by PCR assay of the CSF, an unequiv-
ocal diagnosis of Toxoplasma encephalitis requires a brain biopsy, 
which is most commonly performed by a stereotactic CT-guided 
needle biopsy. Hematoxylin and eosin stains can be used for detection 
of T. gondii, but sensitivity is significantly increased if immunoperoxi-
dase or immunofluorescent staining is used.

If an HIV-infected patient with a circulating CD4+ T-cell count less 
than 50 cells/mm3 and positive serum anti-Toxoplasma antibody pres-
ents with a CNS mass lesion involving gray matter, most clinicians 
would treat the patient empirically for toxoplasmosis. A definitive 
diagnostic study (i.e., brain biopsy) has morbidity associated with it, 
and the diagnostic yield may be only 50% if toxoplasmosis is the cause 
depending on the size of the biopsy and skill of the pathologist. The 
cysts and tachyzoites of T. gondii can be difficult to recognize in frag-
ments of necrotic brain tissue, and even several small needle biopsy 
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Historically, before either specific anti-CMV prophylaxis or ART 
was available, 21% to 44% of patients developed CMV-associated 
disease at some point during their illness.7,200-212,213 HIV-infected 
patients with circulating CD4+ T-cell counts less than 50 cells/mm3 are 
often viremic and viruric with CMV.214,215 The likelihood of develop-
ment of CMV-associated disease is related to both the degree of immu-
nosuppression and the quantity of circulating CMV. The latter can be 
assessed by a variety of quantitative systems that detect antigen or 
nucleic acid in circulating blood. A strategy to intervene in high-risk 
patients (i.e., those with low CD4+ T-cell counts and detectable CMV 
above some defined threshold) might be plausible because oral agents 
are available, but such an approach has yet to be definitively shown  
to be both useful and cost-effective, especially in the era of highly 
effective ART.

Retinitis is the most commonly recognized disease caused by 
CMV.7,209-212,213,216-218 Most cases occur at CD4+ T-cell counts less than 
50 cells/mm3. CMV retinitis has the potential to involve and rapidly 
damage the macula and optic disk, to cause retinal detachments, and 
to result in visual impairment and ultimately in blindness. Disease is 
usually recognized unilaterally at first but may present bilaterally.

The diagnosis of CMV retinitis is usually made clinically. Obtaining 
retinal or vitreous material for examination is risky (detached retinas 
or secondary infections may result). The appearance of CMV retinitis 
is characteristic to an experienced ophthalmologist, and CMV causes 
most cases of retinitis that occur in HIV-infected patients.216-219

If effective treatment is not initiated, bilateral disease occurs in 
most cases and blindness can occur.220,221 Therefore, therapy is urgent 
when disease is recognized unless the lesions are small and peripheral 
in patients not receiving ART, in which case anti-CMV therapy could 
possibly be withheld while ART is initiated if the patient is closely 
monitored.

A variety of therapeutic approaches have been used employing 
intravenous ganciclovir, intravenous foscarnet, intravenous cidofovir, 
oral valganciclovir, local injections of antiviral drugs, and sustained-
release ganciclovir implants (see Table 131-2).8,222-230 Many strategies 
have relied on sustained-release ganciclovir implants, which are no 
longer marketed. However, unless these again become available, alter-
nate therapeutic strategies will be necessary.

For extensive retinitis or vision-threatening retinitis, many ophthal-
mologists use a strategy of immediate intraocular ganciclovir injec-
tions followed promptly by intravenous ganciclovir, followed by oral 
valganciclovir.

For small peripheral lesions, oral valganciclovir alone is a reason-
able option, especially if ART is being initiated. These patients must be 
followed closely by an ophthalmologist.

Intravenous ganciclovir and intravenous foscarnet are equally effec-
tive in terms of inducing remission of retinitis. Intravenous cidofovir 
is also effective.8,80,226,231 Ganciclovir is usually the intravenous drug of 
choice because of its more favorable toxicity profile compared with 
foscarnet or cidofovir. New lesions or progressive disease may be iden-
tified during the first 7 days of therapy: these do not necessarily imply 
a poor response. Considerable improvement in inflammation, edema, 
and hemorrhage will be recognized in responders before the end of 21 
days of therapy.

Maintenance regimens using intravenous ganciclovir or intrave-
nous foscarnet were more commonly administered in an earlier era 
before effective ART, but without ART these regimens only prolonged 
the interval until relapse by several weeks; the mean time to progres-
sion for patients receiving ganciclovir or foscarnet maintenance regi-
mens without effective ART is 50 to 59 days.80,231

Oral valganciclovir is an attractive alternative to intravenous 
therapy for maintenance regimens and for initial regimens in some 
patients. Oral valganciclovir has similar but not identical pharmacoki-
netics to intravenous ganciclovir. Its oral bioavailability is predictable 
for patients with normal gastrointestinal function, but the oral route is 
not preferred as the sole initial therapy for patients with severe or 
vision-threatening disease. Oral ganciclovir is no longer available since 
the advent of oral valganciclovir.

The major toxicity of ganciclovir and valganciclovir is bone mar-
row suppression with neutropenia and thrombocytopenia.80,231 Confu-
sion, nausea, vomiting, aminotransferase elevation, and inhibition of 

acyclovir-resistant strains.194-197 Cases of foscarnet-resistant and 
cidofovir-resistant HSV have also been reported. Favorable experience 
has been reported with topical preparations of trifluridine, foscarnet, 
imiquimod, or cidofovir.198,199 If lesions recur, the causative virus may 
be a drug-susceptible strain even if the prior episode was caused by a 
drug-resistant strain.

Chemoprophylaxis is not routinely recommended to prevent 
occurrences of HSV-1 or HSV-2 disease. If recurrences are severe or 
frequent, such suppression could be considered using valacyclovir or 
famciclovir.

Esophagitis due to HSV occurs but is not as common as Candida 
esophagitis. Disseminated herpes simplex viral infections and focal 
visceral manifestations, including encephalitis, are unusual in HIV-
infected patients, even in those with very low CD4+ T-cell counts.

The incidence of herpes zoster is 15-fold higher in HIV-infected 
individuals than in age-matched controls.200,201 ART does not diminish 
the incidence of herpes zoster substantially.202 In fact, zoster occurs 
with increased frequency in the initial 6 months after starting ART, 
which may represent a form of either “unmasking” or immune recon-
stitution syndrome. Dermatomal herpes zoster lesions are usually 
similar in extent and distribution to those seen in immunocompetent 
patients (see Chapter 139). Dissemination of VZV is an unusual 
event.201,203 If dissemination does occur, visceral disease is unusual, and 
cutaneous manifestations can be quite variable in presentation. A high 
index of suspicion should be maintained that hyperkeratotic, verru-
cous, or ecthymatous lesions in patients with low CD4+ T-cell counts 
could be caused by VZV infection.

Neurologic disease due to VZV is well described in association  
with HIV infection. Manifestations include CNS vasculitis, multifocal 
leukoencephalopathy, ventriculitis, myelitis, cranial nerve palsies, 
aseptic meningitis, progressive outer retinal necrosis, and acute retinal 
necrosis.

For dermatomal disease, acyclovir, valacyclovir, or famciclovir 
therapy can have a role in hastening the crusting of lesions, in prevent-
ing postherpetic neuralgia, and in preventing recurrences in HIV-
infected patients (see Table 131-2).204 Therapy is indicated within the 
first week of rash onset or if lesions have not fully crusted, Treatment 
should probably continue until all lesions are scabbed or crusted, even 
if this requires more than 7 to 10 days. Patients with zoster ophthal-
micus and neurologic complications would be logical candidates for 
high-dose intravenous acyclovir. Many clinicians are reluctant to use 
corticosteroids to treat dermatomal disease in patients with HIV infec-
tion despite evidence regarding a beneficial effect in patients who are 
not HIV infected.204,205 Acyclovir-resistant isolates do occur,206,207 and 
some of these cases have been treated successfully with parenteral 
foscarnet or cidofovir.

About 5% of patients with HIV infection do not have detectable 
antibodies to VZV. Such patients may benefit from ensuring that all 
household contacts have been immunized, thus avoiding exposure to 
the patient by a family member with varicella. If seronegative patients 
are exposed to this virus, primary varicella may result and can be 
severe.207 The live-attenuated varicella vaccine can be considered for 
adults with CD4+ T-cell counts greater than 200 cells/mm3. Seronega-
tive HIV-infected patients who are exposed to varicella probably 
benefit from VariZIG or acyclovir (see Chapter 139). Vaccine to prevent 
herpes zoster (Zostavax) can be considered for HIV-infected patients 
with CD4+ T-cell counts greater than 200 cells/mm3, but there is no 
extensive published safety data yet for this population.8,208

Cytomegalovirus
CMV retinitis was one of the earliest manifestations that clinicians 
recognized as characteristic of AIDS. During the first decade of the 
AIDS epidemic, CMV retinitis was a devastating and common occur-
rence in patients with this new syndrome. In that era, CMV retinitis 
caused severe visual impairment because no specific therapy was avail-
able for CMV and no durably effective therapy was available for HIV.

CMV infection, as assessed by serology, is almost universal among 
HIV-infected patients who have acquired HIV infection through 
homosexual contact (see Chapter 140). In contrast, only about 75%  
of HIV-infected patients who are heterosexual are seropositive for 
CMV.209,210
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When antiretroviral therapy is initiated, CMV can be associated 
with IRIS. IRIS associated with CMV is most commonly recognized in 
the retina and typically occurs in patients with CD4+ counts less than 
50 cells/mm3 at the time ART was started. Some patients develop IRIS 
after treatment for CMV retinitis; other patients develop IRIS but were 
never aware of active CMV ocular disease.240-242 Immune reactivation 
syndromes typically have more inflammation in the anterior or poste-
rior chambers than primary CMV disease and typically occur in the 
first 4 to 12 weeks after ART is started. These lesions can be difficult 
to distinguish from active CMV retinitis. Therapy has not been studied 
in large clinical trials but usually includes periocular corticosteroids or 
short courses of systemic corticosteroids. Some clinicians use oral val-
ganciclovir in conjunction with corticosteroid therapy.

Epstein-Barr Virus and Human 
Herpesvirus 6 and 7
EBV (see Chapter 141) has been implicated in the pathogenesis of oral 
hairy leukoplakia and primary CNS lymphoma and may have a role in 
the pathogenesis of some cases of nonspecific pneumonitis, lymphade-
nopathy, lymphoma, fever, or wasting. There is currently insufficient 
evidence to warrant specific testing for EBV, except for CSF testing 
when CNS lymphoma is being considered. Detection of EBV by quali-
tative PCR assay in the CSF of a patient with a CNS mass lesion is 
suggestive of primary CNS lymphoma but is not unequivocally 
specific.180,181

Human herpesvirus 6 (HHV-6) and human herpesvirus 7 (HHV-7) 
(see Chapter 142) can be isolated from some patients with HIV infec-
tion. It is not clear how often these viruses cause clinically important 
syndromes such as fever, rash, pneumonitis, or cerebritis in this patient 
population. If there is a strong suspicion that they could be the cause 
of a clinical syndrome, ganciclovir or foscarnet therapy is the preferred 
choice for therapy based on in vitro studies. Cidofovir also has activity 
against HHV-6 and HHV-7.

Progressive Multifocal 
Leukoencephalopathy
Progressive multifocal leukoencephalopathy (PML) is a unifocal or 
multifocal demyelinating process caused by JC virus (see Chapter 147). 
This disorder produces characteristic white matter lesions and presents 
subacutely as cognitive impairment, focal motor deficits, and sei-
zures.252 Clinically, PML must be distinguished from AIDS dementia 
complex, CMV encephalitis, and cerebral infarction. Detection of JC 
virus in the CSF by nucleic acid amplification is helpful diagnostically, 
but some patients with positive JC virus in their CSF have neurologic 
disease due to some other process.253-255 Detection of JC virus or anti-
body outside the CNS is not helpful for clinical management.

Examples of dramatic clinical and radiologic improvement after 
institution of ART have been reported, although some patients worsen 
after institution of ART owing to an immune reconstitution 
syndrome.256-258 No specific antiviral therapy has been effective.

Candida Species
Oral candidiasis is a hallmark of HIV infection. One of the earliest 
clinical observations in the era before there was a serologic test for HIV 
infection was that the presence of oral candidiasis was almost diagnos-
tic of AIDS in patients who did not have some other obvious risk factor 
such as high-dose corticosteroid therapy or diabetes mellitus. Vaginal 
candidiasis was not so characteristic, because there are many reasons 
for women to develop vaginal candidiasis other than HIV/AIDS (i.e., 
pregnancy, concurrent antibacterial therapy, corticosteroid therapy).

Stomatitis, esophagitis, vaginitis, and proctitis caused by Candida 
albicans infection are common and often respond to topical therapy 
(nystatin or clotrimazole), oral therapy (itraconazole, fluconazole, 
voriconazole, posaconazole), or intravenous therapy (fluconazole, 
voriconazole, posaconazole, caspofungin, micafungin, anidulafungin, 
or amphotericin B). Fluconazole is convenient and relatively inexpen-
sive and is therefore preferred unless there is a strong suspicion that 
the pathogen is fluconazole resistant. Fluconazole, itraconazole, vori-
conazole, and posaconazole all inhibit specific hepatic enzymes of the 
cytochrome P-450 class, resulting in elevated levels of drugs metabo-
lized by those enzymes, such as protease inhibitors and NNRTIs.8

spermatogenesis also occur. Granulocyte colony-stimulating factor 
(G-CSF) may be useful to permit continued ganciclovir or valganciclo-
vir therapy. Foscarnet is nephrotoxic and can cause nausea, vomiting, 
anorexia, seizures, hypocalcemia, and hypomagnesemia.80,231 Foscar-
net generally must be infused over 60 minutes, after salt loading with 
a 60-minute infusion of normal saline, and therefore requires more 
infusion time than ganciclovir therapy. Cidofovir is not used often but 
has the advantage that it can be given once every 2 weeks after two 
consecutive weekly doses, obviating the need for permanent intrave-
nous access.226-228 Cidofovir is nephrotoxic, and each dose should be 
administered with probenecid after hydration with 1 L of normal 
saline. The long half-life can be a disadvantage if toxicity occurs.

Esophagitis, enteritis, colitis, pneumonitis, and encephalitis are  
life-threatening syndromes caused by CMV that have been docu-
mented to respond to therapy.232-237 A specific diagnosis for these syn-
dromes should be established by histology or cytology because they  
are indistinguishable from syndromes caused by other pathogens on 
the basis of clinical criteria alone. Culture of CMV from tissue, secre-
tions, or excretions is insufficiently specific for CMV-caused disease  
to be used as a basis for therapy except in the case of neurologic  
disease. Detection of CMV by culture or, more often, by PCR in CSF 
is highly suggestive that CMV is the cause of a compatible neurologic 
syndrome.236,238,239

For patients with esophagitis, colitis, or rectal ulcers, improvement 
in clinical symptoms is usually noted during the first week of therapy 
with valganciclovir, ganciclovir, or foscarnet. Improved performance 
status and increased weight are often noted, especially if therapy results 
in reduced dysphagia or reduced diarrhea. There is considerably less 
knowledge about ganciclovir therapy for CMV pneumonia. No con-
sensus exists regarding the specific criteria for establishing this diag-
nosis, and many patients with no response to ganciclovir therapy had 
severe and advanced lung damage before ganciclovir treatment was 
started. Ganciclovir therapy for bone marrow or stem cell transplant 
recipients is usually given concurrently with immune serum globulin 
or hyperimmune globulin. However, even though there are no con-
vincing data that immune or hyperimmune globulin enhances efficacy 
in transplant populations, this strategy is often employed for patients 
with HIV infection and CMV disease.

Recurrence of CMV retinitis is extremely unusual if the CD4+ T-cell 
count rises to more than 50 to 100 cells/mm3 after institution of ART.8 
It is reasonable to stop maintenance therapy if the CD4+ T-cell count 
has been greater than 50 to 100 cells/mm3, the lesion is inactive, the 
lesion is not vision threatening, and regular ophthalmologic follow-up 
is possible.8 Clinicians need to distinguish between the recurrence of 
CMV retinitis and immune reconstitution vitreitis because manage-
ment of immune reconstitution syndromes is quite different from 
management of CMV retinitis.240-242

Drug-resistant CMV isolates are not as common in the era of ART 
as they were previously.243-249 Isolates that are resistant to ganciclovir 
may be susceptible to foscarnet depending on the mutation that 
occurred.

Because CMV frequently causes specific organ damage in patients 
with HIV infection and may contribute to the febrile wasting syn-
dromes associated with HIV disease, specific prevention of CMV 
disease is a logical goal for patients not on ART or not responding to 
ART. Strategies based on intervention with intravenous or oral regi-
mens when CMV is detected by a nucleic acid or antigen assay of 
serum or peripheral white blood cells are logical, but benefit has not 
been demonstrated over and above what can be achieved with ART. 
Patients might also wish to consider methods to reduce infection or 
reinfection by practicing safe sex, avoiding infected needles, and 
receiving only blood products that have been determined to be CMV 
free or have been filtered. Child care providers in child care facilities 
are also at increased risk due to contact with infected secretions.

Oral ganciclovir has been used to prevent primary CMV disease; 
studies suggest that this drug was effective in the era before effective 
ART.250,251 Even then, few clinicians used oral ganciclovir as primary 
prophylaxis because of the cost, toxicity, and inconvenience of this 
drug. Oral valganciclovir has not been studied extensively for primary 
prophylaxis. There is little role for specific CMV prophylaxis in this era 
when ART is so effective.
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but fluconazole at the doses tested to date is not as effective as ampho-
tericin B.271,272 There is no specific reason to use voriconazole, posacon-
azole, or itraconazole.

Cryptococcus rarely becomes resistant to amphotericin B or fluco-
nazole. Susceptibility testing is available only as a research procedure.

The condition of patients with cryptococcal disease may deteriorate 
because of the consequences of increased intracranial pressure.273,274 
Clinical signs of increased pressure need to be sought, especially at 
presentation and during acute induction therapy. The baseline opening 
pressure should be measured at the time of the initial lumbar puncture 
in patients with focal neurologic findings or altered mental status. An 
imaging study of the CNS may be useful before the initial lumbar 
puncture and subsequently if the clinical status deteriorates. If the 
opening pressure is high (>25 cm H2O), consideration should be given 
to reducing the pressure by repeated lumbar punctures or by insertion 
of a CSF drain or shunt. One approach used by experienced clinicians 
is to remove the volume of CSF that reduces opening pressure by 50%. 
Corticosteroids, mannitol, and acetazolamide administrations are not 
recommended.268

Monitoring titers of cryptococcal polysaccharide antigen in serum 
or CSF is of no value in determining response to therapy and is not 
recommended. If new symptoms or clinical findings subsequently 
develop, a repeat lumbar puncture, with measurement of opening 
lumbar pressure and CSF culture, should be performed. Many experts 
would repeat the CSF culture after 2 weeks. Because a positive culture 
after 2 weeks of therapy predicts relapse, these experts would consider 
a positive culture at this time point to be an indication to extend the 
duration of induction therapy.

After at least 2 weeks of successful induction therapy (i.e., substan-
tial clinical improvement and a negative CSF culture after repeat 
lumbar puncture), therapy with amphotericin B and flucytosine can be 
discontinued and consolidation therapy can be initiated with flucon-
azole 400 mg daily. This therapy should continue for at least 8 weeks. 
Subsequently, the fluconazole should be reduced to 200 mg daily and 
continued as chronic maintenance therapy to complete at least 1 year 
of azole therapy.

Maintenance fluconazole therapy can be stopped for patients who 
are asymptomatic, have completed 6 months of therapy, and have had 
a sustained increase in CD4+ T-cell counts with ART to more than 100 
to 200 cells/mm3 for at least 6 months (see Table 131-3).8,268,275 Some 
clinicians would repeat the lumbar puncture before stopping therapy, 
to assess the antigen titer and the presence of viable organisms, but 
there is no evidence that this is necessary.

About 30% of patients with cryptococcal meningitis will develop 
IRIS when ART is initiated.14,276-278 IRIS can be a life-threatening com-
plication of starting ART for patients with cryptococcal meningitis, 
with substantial headache, fever, photophobia, lymphadenopathy, 
pneumonitis or progressive obtundation, herniation, and death. The 
manifestations of IRIS are difficult to distinguish from treatment 
failure. Many clinicians would withhold ART for at least 2 weeks after 
starting anticryptococcal therapy to reduce the likelihood of IRIS, 
especially if meningitis is severe. Short courses of corticosteroids may 
be indicated in such settings.

Histoplasmosis is a well-recognized complication of HIV infection, 
often occurring as the AIDS-defining disease in patients with CD4+ 
T-cell counts less than 150 cells/mm3, especially in certain geographic 
areas such as the Mississippi and Ohio River valleys of the United 
States, Puerto Rico, and much of Latin America.279 Patients with low 
CD4+ T cells, particularly those with counts less than 150 cells/mm3, 
are likely to present with extrapulmonary manifestations such as  
fever, meningitis, abdominal pain, diarrhea, or shock. Patients with 
higher CD4+ T-cell counts (i.e., >300 cells/mm3) may present with 
disease confined to the lungs. Diagnosis is characteristically estab-
lished by direct microscopy or culture (bronchoalveolar lavage, bone 
marrow, or blood) or by antigen detection (urine, blood, or bronchoal-
veolar lavage). Although a sensitive and specific assay is available  
only from specialized laboratories, the sensitivity of the test is high in 
urine (95%), serum (85%), bronchoalveolar lavage (70%), and CSF 
(50%).280-282 Histoplasma meningitis can be especially difficult to docu-
ment and must sometimes be treated presumptively in patients with 
disseminated disease.

There is usually no urgency to institute antifungal therapy for any 
of these candidal mucosal disorders. Esophagitis in this patient popula-
tion is rarely associated with bleeding, perforation, fungemia, or dis-
seminated fungal disease, in contrast to the experience with neutropenic 
patients after antineoplastic chemotherapy.

Stomatitis, esophagitis, and proctitis often recur after specific 
therapy is discontinued if CD4+ T-cell counts remain low. Chemopro-
phylaxis is not routinely recommended. However, fluconazole admin-
istration may have to be continued for life if recurrences are frequent 
or severe and the CD4+ T-cell counts remain low (see Table 131-2). 
Patients with no response to oral azole therapy after 1 to 2 weeks 
usually have CD4+ T-cell counts less than 50 cells/mm3 and/or exten-
sive prior exposure to fluconazole. Candida isolates that are clinically 
and microbiologically resistant to fluconazole have been described in 
patients taking chronic azole therapy.259

If there is no response to a 7-day course of oral fluconazole (200 mg 
or more every day), higher doses of fluconazole are rarely effective. 
Other options include itraconazole-cyclodextrin solution, voricon-
azole, posaconazole, an echinocandin, or a short course of intravenous 
amphotericin B.

Disseminated candidiasis is not characteristic of AIDS. If candi-
demia occurs, it is usually associated with an intravenous catheter or 
intravenous substance abuse. Treatment is similar to that in other 
patient populations, with particular attention directed at removing 
infected intravenous lines.

Cryptococcus neoformans, Histoplasma 
capsulatum, and Coccidioides 
immitis/posadasii
Meningitis is the most frequent manifestation of cryptococcosis in 
HIV-infected patients.260,261 Patients usually present with fever, head-
ache, neck stiffness, or photophobia. Most but not all have CD4+ T-cell 
counts less than 50 cells/mm3. Patients can also present with pulmo-
nary or cutaneous manifestations with or without apparent neurologic 
disease. Patients with meningitis have CSF that typically demonstrates 
elevated protein levels and numbers of mononuclear cells and decreased 
glucose concentration. In some patients, one or all of these CSF param-
eters may be normal. The CSF and serum cryptococcal antigen tests 
are almost always positive, and 75% of patients have an elevated 
opening pressure when a lumbar puncture is performed. Baseline 
factors predicting a poor therapeutic response in patients with menin-
gitis include altered mental status (e.g., confusion, lethargy, obtunda-
tion), CSF antigen titer greater than 1 : 32, decreased CSF leukocyte 
count (<20 cells/mm3), age younger than 35 years, positive blood cul-
tures for Cryptococcus, hyponatremia, and positive CNS culture for 
Cryptococcus.260-266,267,268

As with other opportunistic infections, early recognition and insti-
tution of therapy are important for maximizing the likelihood of a 
favorable response. Diagnosis is readily established by culture or cryp-
tococcal antigen testing of blood and CSF. Long-term outcomes 
improve if effective ART is initiated.269

The best-studied therapy for cryptococcal meningitis is amphoteri-
cin B intravenously plus flucytosine given orally until clinical improve-
ment has occurred and at least for 2 weeks; this is followed by 
fluconazole, 400 mg orally every day for 8 weeks; followed by flucon-
azole, 200 mg orally every day for life unless CD4+ T-cell counts rise 
above 100 to 200/mm3 (see Table 131-2).8,268 Both amphotericin B 
deoxycholate and liposomal amphotericin have been used (see Table 
131-2).268,270 Liposomal amphotericin B, in a dose of 3 to 4 mg/kg/daily, 
is recommended as the preferred amphotericin B formulation for 
primary induction therapy, based on clinical experience and reduced 
renal toxicity compared with amphotericin B deoxycholate. Flucyto-
sine, when combined with amphotericin B, accelerates fungal clearance 
from the CSF and reduces the rate of relapse. Flucytosine is associated 
with potential bone marrow suppression and hepatotoxicity. Patients 
receiving flucytosine should either have blood levels monitored (peak 
level 2 hours after dose should be between 30 and 80 µg/mL) or close 
monitoring of complete blood cell counts to identify developing 
cytopenias.

Fluconazole therapy is used as initial therapy to treat cryptococcal 
meningitis with a high degree of success in many parts of the world, 
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infection and low CD4+ T-cell counts do develop more severe pneumo-
coccal disease than HIV-uninfected patients, as characterized by bac-
teremia and focal complications, such as effusions and empyemas.

The frequency of bacterial infections is reduced by prophylactic 
regimens prescribed for other indications employing TMP-SMX (e.g., 
for PCP144,145) and azithromycin or clarithromycin (e.g., for MAC).296 
Granulocyte colony-stimulating factor can reduce the frequency of 
bacterial infections in severely neutropenic patients with cancer, and 
it has been used for neutropenic patients with HIV infection. Because 
the frequency of pneumococcal disease can be reduced by the admin-
istration of pneumococcal vaccine to patients with CD4+ T-cell counts 
greater than 200 cells/mm3, immunization with both the conjugate and 
the polysaccharide vaccines should be given following published 
guidelines (see Chapter 320).8 Immunization should probably be 
repeated if the initial vaccine was administered when the CD4+ T-cell 
count was less than 200 cells/mm3 and later increased to more than 
200 cells/mm3 due to ART. HIV-infected patients also should receive 
annual influenza immunization with the inactivated vaccine. Reducing 
patient exposure by immunizing family members for pneumococcus 
and influenza is also indicated.

Mycobacterium Species Infection
Mycobacterium tuberculosis
In many areas of the world, TB is the most common opportunistic 
infection associated with HIV infection and AIDS. Worldwide, 13% of 
patients with tuberculosis are infected with HIV, and 31% of all TB 
deaths occur in patients with HIV infection.297 However, TB is relatively 
uncommon among U.S.-born patients who have not had exposure to 
known cases and who have not spent time in high-risk environments, 
such as correctional facilities, shelters, or drug treatment centers.298

TB is a special risk in patients with HIV infection because the 
conversion rate from latent disease to active disease is 35 to 162 per 
1000 person-years of observation for patients with HIV, as opposed  
to 12.9 per 1000 person-years for the general population.8,299 TB can 
occur at any CD4+ T-cell count, although the risk increases with pro-
gressive immunodeficiency. ART results in a prompt and marked 
decrease in the incidence of TB, and this effect has been documented 
in settings with low and high case rates.300 Even when patients develop 
sustained viral suppression and a CD4+ T-cell count in “normal” 
ranges, however, HIV-infected patients remain at higher risk for TB 
than the general population.

The manifestations of TB among patients with HIV/AIDS depend 
on host immune status. For patients who have CD4+ T-cell counts 
greater than 350 cells/mm3, manifestations of pulmonary disease are 
not substantially different from those in the general population. For 
patients with lower CD4+ T-cell counts, lower lobe pulmonary disease, 
miliary disease, cavitation, effusions, adenopathy, and extrapulmonary 
disease are more common.301

All persons with HIV infection should be tested for TB with either 
a PPD or an IGRA; a patient should not be assessed with both tests 
because of uncertainty related to interpretation of discordant results.8 
The test chosen should be repeated if it was negative and the CD4+ 
T-cell count increases above 200 cells/mm3 from a level below that. If 
the patient is exposed to TB, or has a high risk for exposure, the screen-
ing test should be repeated annually.

All previously untreated patients with a positive test for latent TB 
and all patients with close recent contact with active TB should be 
treated.8 Treatment of latent TB should be with isoniazid or one of the 
recommended alternatives once the presence of active disease has been 
ruled out (see Table 131-1).

TB can be diagnosed by smear, culture, or nucleic acid probe of a 
respiratory sample or some other tissue or fluid.8,302-304 The use of a 
nucleic acid amplification test is recommended on at least one speci-
men from all patients being evaluated for suspected pulmonary TB, 
because this test has excellent sensitivity, and because this test can 
distinguish TB from nontuberculous mycobacteria.8,304 HIV infection 
does not alter the sensitivity of sputum culture.8,302

A variety of treatment regimens can be used: clinicians should  
carefully consider the limitations of regimens that are less than 5 to 7 
days per week, especially during the intensive phase of therapy. Drug 
susceptibility testing should be performed to ensure that adequate 

Acute therapy for moderate or severe nonmeningeal disease should 
consist of intravenous liposomal amphotericin B for at least 14 days, 
for most patients.8,283-287 Meningeal disease requires a longer course of 
amphotericin B (i.e., at least 4 to 6 weeks). For patients with mild, 
nonmeningeal disease, itraconazole is also effective (see Table 131-
2).8,287 Serum levels of itraconazole should be monitored, especially 
when patients are receiving ART. Serum and urine Histoplasma capsu
latum polysaccharide antigens are useful for monitoring both the 
initial and the long-term phases of treatment. These tests predict treat-
ment failure or relapse.8,287 As with most HIV-associated opportunistic 
infections, patients with acute disease need lifelong maintenance 
therapy with itraconazole to prevent relapses unless they receive effec-
tive ART.288

Coccidioidomycosis is a complication of HIV infection in patients, 
usually those with CD4+ cell counts less than 250 cells/mm3, who have 
traveled to or resided in the southwestern United States and parts of 
Central or South America (see Chapter 267).289 Patients can develop 
focal or diffuse pneumonia, meningitis, lymphadenitis, hepatitis, or 
skin disease, or they can be asymptomatic with a positive serology. The 
diagnosis is difficult to establish: direct microscopy, culture, and assays 
for IgG, IgM, complement-fixing antibody, antigen, and nucleic acid 
have been used.289,290

For patients with diffuse pulmonary infiltrates and CD4+ T-cell 
counts less than 50 cells/mm3, therapy should consist of the deoxycho-
late or liposomal form of amphotericin B.8 There is less experience with 
liposomal amphotericin B than with amphotericin B deoxycholate. If 
meningeal involvement is present, therapy should consist of flucon-
azole or, alternatively, itraconazole; some refractory cases may require 
systemic and intrathecal amphotericin B twice weekly; some of these 
patients will require a CSF shunt.

Focal pneumonia or other mild disease in patients with CD4+ T-cell 
counts more than 50 cells/mm3 and relatively mild disease can prob-
ably be treated adequately with fluconazole alone, 400 mg orally every 
day, or itraconazole.

Primary prophylaxis is recommended by many experts based on a 
new positive IgG or IgM serology plus a CD4+ T-cell count less than 
250 cells/mm3.8 These experts would test seronegative individuals 
yearly if the patients reside in endemic areas.

After acute disseminated or meningeal disease, fluconazole or itra-
conazole maintenance therapy should probably be continued lifelong 
regardless of CD4+ T-cell count, which differs from recommendations 
for all other HIV-related opportunistic infections; that is, for other 
infections maintenance therapy can be stopped when reconstitution 
goals are met.8

Aspergillosis is occasionally recognized as a cause of pseudomem-
branous tracheobronchitis, pneumonia, sinusitis, and disseminated 
disease in patients with HIV disease (see Chapter 259).291 Diagnosis is 
difficult to confirm without visualization of hyphae in tissue. Therapy 
is often unsuccessful because of both poor host immune function 
(patients often have a CD4+ T-cell count <50 cells/mm3 and/or a neu-
trophil count <500 cells/mm3) and the presence of extensive disease at 
the time of diagnosis. Strong consideration should be given to surgical 
resection of the most obviously affected tissue as an adjunct to medical 
therapy. Treatment with voriconazole or liposomal amphotericin is the 
standard approach. Whether combination therapy offers improved effi-
cacy over voriconazole or amphotericin B monotherapy remains to be 
determined. If voriconazole is used in patients receiving ART, special 
attention needs to focus on drug-drug interactions.

Bacterial Pneumonia
Patients with HIV infection report a higher incidence of respiratory 
infections than do patients without HIV infection (see Chapter  
125).292-295 The frequency of these infections is inversely related to the 
CD4+ T-cell count. These respiratory infections include upper tract 
diseases (sinusitis, otitis, and bronchitis) and lower tract disease (pneu-
monia). S. pneumoniae is the most common identified bacterial cause. 
Haemophilus species infection is not common among adults in North 
America. Pseudomonas species and S. aureus pneumonia have been 
reported to be frequent causative agents for respiratory disease.

Diagnosis and therapy do not differ from the approaches estab-
lished for patients who are not infected with HIV. Patients with HIV 
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continued for a minimum of 12 months. Therapy can be discontinued 
after 12 months in patients who are asymptomatic and have had an 
ART-induced increase in CD4+ T-cell counts to greater than 100 cells/
mm3 for at least 6 months.8

For patients with disseminated MAC who are ART naïve, many 
clinicians would not initiate ART for the first 2 to 4 weeks of anti-MAC 
therapy to reduce the likelihood of IRIS and simplify assessment of 
management strategy if adverse events occur.8

Chemoprophylaxis for MAC disease has been a logical manage-
ment strategy in the United States because this disease is frequent, 
severe, and difficult to treat in the long term and because there are 
parameters for identifying patients who are at highest risk.32,33,315,316 
Patients at risk include those with a CD4+ T-cell count less than 50 
cells/mm3, those with a previous opportunistic infection (especially 
CMV disease), and those with a respiratory or gastrointestinal tract 
that is colonized with MAC. Clarithromycin, azithromycin, and rifabu-
tin are each effective chemoprophylactic agents in terms of reducing 
the incidence of disease and reducing mortality. Prophylaxis is gener-
ally continued until patients have an increase in CD4+ T-cell count 
greater than 100 cells/mm3 for at least 3 months. Clarithromycin or 
azithromycin is more effective than rifabutin, and these drugs produce 
fewer important drug interactions (see Table 131-1). The combination 
of rifabutin plus azithromycin is more effective than either drug alone, 
but few clinicians employ this regimen because of the adverse effects 
and cost associated with this combination regimen. If breakthrough 
occurs during clarithromycin prophylaxis, isolates are not predictably 
clarithromycin resistant.

Enteric Pathogens: Salmonella, 
Shigella, and Campylobacter Species 
and Clostridium difficile
When HIV-infected patients present with diarrhea, common viral and 
foodborne pathogens and toxins should be considered.74 However, 
incidence rates for Salmonella, Shigella, and Campylobacter infections 
are 20- to 100-fold higher for HIV-infected patients than for the 
general population.317-319 Most such infections are presumably food-
borne, although some are acquired sexually among patients who are 
homosexual or bisexual.

For diarrhea in which a cause was identified, C. difficile has been 
the most common cause in some series, presumably related to patient 
exposure to antimicrobial agents and to health care facilities.74 Whether 
C. difficile is truly more severe or more frequent in this patient popula-
tion compared with appropriate controls has not been conclusively 
determined.

Patients with HIV infection and acute gastrointestinal infection 
develop one of three basic syndromes: acute gastroenteritis, severe and 
prolonged diarrhea, or septicemia. Severity correlates with low CD4+ 
T-cell counts. Relapses after therapy are common with Salmonella 
species and probably other enteric bacterial infections as well.317-319

Patients with HIV infection are predisposed to enteric infections 
with non-jejuni non-coli Campylobacter species such as Campylobacter 
fetus, as well as Helicobacter species such as Helicobacter cinaedi and 
Helicobacter fennelliae.319 These organisms require special techniques 
to be identified.

Given their enhanced susceptibility to enteric pathogens, HIV-
infected patients should be particularly careful about exposures to 
high-risk foods (e.g., raw eggs, undercooked seafood or poultry) or 
high-risk pets (e.g., stray animals or dogs or cats younger than 6 
months) or to pathogen transmission involved with exposure to infants 
and children (e.g., those in day care).8

Cryptosporidium, Cystoisospora, 
cyclospora, and Microsporida Species
Cryptosporidium, Cystoisospora, Cyclospora, and microsporidia all 
cause chronic diarrheal syndromes in HIV-infected patients with low 
CD4+ T-cell counts.320-323 Each can cause biliary and pancreatic disease 
by infecting the biliary-pancreatic ducts as well. Some Microsporidia 
species (see Chapter 271) can also cause systemic disease, and certain 
species can produce keratitis. These pathogens can be identified in stool 
by appropriate direct microscopic techniques or by tissue biopsy. For 
corneal disease, microsporidia can be identified by corneal scrapings.

therapy is initiated. The treatment regimen should be modified based 
on susceptibility results.8 A 6-month treatment regimen is standard for 
drug-susceptible cases of pulmonary disease that become culture nega-
tive within 2 months and that have no complicating factors. Courses 
longer than 6 months (e.g., 9 months, 12 months, 18 months, or longer) 
are indicated in certain patients with high burden of disease, slow 
therapeutic response, or involvement of the meninges or bone. Some 
clinicians prefer courses of at least 9 months for all HIV-infected 
persons with TB. A 6- to 8-week course of corticosteroids is indicated 
for patients with severe pericardial or meningeal disease.305,306

When ART is initiated, a variety of clinical manifestations related 
to tuberculosis may occur.13,15,307-311 Soon after initiating ART, latent 
disease may become active, requiring specific chemotherapy. In addi-
tion, patients who initiate ART at a time when they have low CD4+ 
T-cell counts and high viral loads, may manifest IRIS. IRIS may mani-
fest as clinical exacerbation at sites previously known to be involved 
by active disease or at sites that had been clinically silent until enhanced 
immunity caused clinical manifestations in response to viable or non-
viable organisms.

Drug interactions between antituberculous drugs (especially rifa-
mycins) and antiretroviral drugs (especially protease inhibitors and 
NNRTIs) need to be carefully considered and appropriate adjustments 
made.8

Relapse of TB is uncommon if patients have strains susceptible to 
all major antituberculous drugs and if they complete the recommended 
course of therapy. Some apparent relapses are, in fact, reinfections with 
new, different strains of TB.57-61

Mycobacterium avium Complex
MAC disease has been much less common since the widespread use 
of ART.2,3,32,312 MAC most often manifests as a systemic process char-
acterized by fever, weight loss, elevated serum alkaline phosphatase 
levels, and substantial anemia.312-314 Wasting, diarrhea, or lymphade-
nopathy may be seen. Diagnosis is most readily established by blood 
culture or by biopsy of affected tissue. Culture of organisms from 
respiratory secretions, stool, or urine does not unequivocally establish 
the presence of invasive disease or the need for therapy. Patients colo-
nized with MAC do not necessarily develop disease due to MAC. 
Therefore, a positive culture of sputum, stool, or urine is not necessarily 
an indication for therapy.

Initial treatment regimens usually include either clarithromycin or 
azithromycin plus ethambutol (see Table 131-2). Testing of isolates for 
clarithromycin or azithromycin resistance is recommended for all 
clinically significant isolates.8 Because there is more experience with 
clarithromycin than with azithromycin, the former drug is usually 
preferred.8 If clarithromycin or azithromycin is used as monotherapy, 
relapse occurs in most patients in less than 1 year. Therefore, clarithro-
mycin plus ethambutol is the recommended regimen unless there is 
reason to suspect that the isolate is macrolide resistant.8,313,314

Additional drugs such as rifabutin or amikacin, ciprofloxacin,  
moxifloxacin, or linezolid may be added if the disease is severe or 
extensive, if the isolate is drug resistant, or if the patient is extremely 
immunosuppressed. Some experts advocate a three-drug regimen of 
clarithromycin, ethambutol, and rifabutin and/or a quinolone and/or 
an aminoglycoside.

Most patients with drug-susceptible isolates demonstrate deferves-
cence and lower quantities of circulating MAC within 2 to 4 weeks after 
initiation of therapy, unless the disease is extensive, drug adherence is 
poor, or absorption or pharmacokinetic issues result in suboptimal 
serum tissue concentrations of drug. If patients do not respond within 
the first 1 to 2 months of therapy, MAC susceptibility testing should 
be repeated and serum drug-level monitoring should be considered.

If MAC bacteremia recurs after a period of clinical and mycobacte-
rial improvement, organisms have often become resistant to the drugs 
used in the treatment regimen. It is logical to choose a new regimen 
based on susceptibility results, although, as noted, such testing has not 
been validated as clinically useful for most drugs. A multidrug regimen 
is typically recommended. Whether the macrolide should be contin-
ued despite clinical or in vitro resistance is controversial.

A repeat blood culture during therapy is necessary only if patients 
have not responded clinically after 4 to 8 weeks. Therapy should be 
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HIV-infected patients regardless of stage, especially if the CD4+ T-cell 
count is less than 350 cells/mm3 or the rapid plasma reagin (RPR) is 
at least 1 : 32.335-337 The interpretation of CSF results can be complex 
(see Chapter 239). Neurosyphilis therapy requires intravenous aqueous 
crystalline penicillin for 10 to 14 days or procaine penicillin for 10 to 
14 days.8

Bartonella Species
Bartonella henselae, the cause of cat-scratch disease, and Bartonella 
quintana, the cause of trench fever (see Chapter 236), have been 
described as the causes of a spectrum of almost unique clinical syn-
dromes in patients with HIV infection.338-340

B. henselae, associated with cat exposure and also transmitted by 
fleas, causes disease primarily in patients with CD4+ T-cell counts less 
than 50 cells/mm3. Manifestations may be acute or very indolent and 
include cutaneous and subcutaneous angiomatous papules, which can 
be confused with Kaposi sarcoma, and angiomatous masses in the liver 
(peliosis hepatis), lymph nodes, lungs, and CNS, which can present as 
mass lesions. Bartonellosis can also manifest as fever alone.

B. quintana, transmitted by body lice, causes fever, cutaneous 
lesions, bone lesions, and endocarditis. B. quintana is epidemiologi-
cally very different from B. henselae because it is associated with lice 
and homelessness. This organism rarely if ever causes peliosis hepatis.

The diagnosis of bartonellosis is usually established by Warthin-
Starry stain of tissue, by culture of blood or tissue using enriched agar, 
or by PCR assay of serum.8 Antibody titers can be useful if patients 
seroconvert, although antibody synthesis may be deficient in patients 
with low CD4+ T-cell counts and elevated titers may not be seen for 
many weeks or months after the acute event.

Most experience with therapy has been with either erythromycin 
or doxycycline, although azithromycin is frequently substituted for 
erythromycin. At least 2 g daily of erythromycin base should be given 
for at least 12 weeks for patients with cutaneous disease.8 Doxycycline 
with or without rifampin is preferred for CNS disease and severe mani-
festations and should be given at a dose of 100 mg every 12 hours. 
Clinical response may be seen during the first week. Cutaneous lesions 
may require 1 to 2 months to resolve; hepatic lesions may require 2 to 
3 months. Hepatic and osseous lesions should be treated initially with 
intravenous erythromycin. Rifampin may be useful as an adjunct to 
the primary drug. A Jarisch-Herxheimer reaction may be seen in 
response to the first few drug doses. Treatment failures and relapses 
occur.

Prevention of bartonellosis should focus on reducing exposure to 
the vectors, namely, the body louse (for B. quintana) and cats (espe-
cially young cats and stray cats) and cat fleas (for B. henselae).

Kaposi Sarcoma and Human 
Herpesvirus 8
Seroprevalence of HHV-8 is 1% to 5% in the general population but 
higher in certain geographic areas and among men who have sex with 
men (20% to 77%).341-344 Most persons with chronic HHV-8 infection 
are asymptomatic. HHV-8 is associated with Kaposi sarcoma as well 
as less common neoplastic processes, including primary effusion cell 
lymphoma and multicentric Castleman disease (see Chapter 143). 
Seroconversion to HHV-8 usually precedes the development of these 
tumors.343 Seropositive patients with HHV-8 viremia have a markedly 
elevated likelihood of developing Kaposi sarcoma, and all patients with 
multicentric Castleman disease are viremic.343,344 Serologic testing for 
antibody to HHV-8 is not routinely performed. A PCR assay to quan-
titate circulating HHV-8 in peripheral blood is useful primarily for 
diagnosis and management of persons with multicentric Castleman 
disease.

Kaposi sarcoma and primary effusion cell lymphoma occur most 
commonly among persons with CD4+ T-cell counts less than 200 
cells/mm3, whereas multicentric Castleman disease can occur at any 
CD4+ T lymphocyte count. Since the introduction of ART, Kaposi 
sarcoma has become less frequent in the United States and Western 
Europe.22,23,345

HHV-8 is inhibited by ganciclovir, foscarnet, and cidofovir in vitro. 
Ganciclovir may have a role in treating multicentric Castleman disease 
but has no role in treating other HHV-8–associated malignancies.346-349

The results of therapy for cryptosporidiosis (see Chapter 284) have 
been disappointing. No pharmacologic or immunologic therapy 
directed specifically against Cryptosporidium has been shown to be 
consistently effective in patients with HIV infection when used without 
ART. Some clinicians recommend paromomycin therapy, but clinical 
trials have not shown benefit.324 Nitazoxanide might be effective in 
some patients.325 For cryptosporidiosis and microsporidiosis, the use 
of antimotility drugs, combined with enhancing immune function 
with ART, is currently the best option.8,326

Prevention of cryptosporidiosis should focus on environmental 
control because no drugs are known to be effective for chemoprophy-
laxis.8 In some areas where outbreaks have been linked to the local 
drinking water supply or where contamination of water is likely, water 
for drinking should be boiled for 1 minute or filtered through a device 
capable of removing particles as small as 1 mm in diameter. Individuals 
at risk should also avoid contact with farm animals, infected humans, 
or pets that are at high risk (e.g., dogs and cats younger than 6 months, 
stray animals, animals with diarrhea).8

Cystoisospora and Cyclospora infections (see Chapter 285) can each 
be treated effectively with TMP-SMX.321,322 Balantidium coli infection 
can be treated with tetracycline, metronidazole, or iodoquinol. Patients 
usually respond symptomatically within 7 to 10 days, but the relapse 
rate is high unless TMP-SMX is continued lifelong for patients whose 
CD4+ T-cell counts remain low. If patients respond to ART with sus-
tained increases in CD4+ T-cell counts and sustained suppression of 
HIV viral loads, it is logical to presume that long-term maintenance 
therapy for isosporiasis or cyclosporiasis can be discontinued. Cipro-
floxacin is also active against Cyclospora.327

Albendazole has activity in vitro and in vivo against some micro-
sporidia. Albendazole can have a beneficial effect on diarrhea caused 
by Encephalitozoon intestinalis, disseminated disease caused by Enceph
alitozoon hellem or Encephalitozoon cuniculi, and disease caused by 
Nosema or Trachipleistophora species.328,329

Albendazole has not been as effective in treating the major cause 
of microsporidial diarrhea: Encephalitozoon bieneusi. Some patients 
with E. bieneusi diarrhea experience transient symptomatic improve-
ment after albendazole therapy, but there is little evidence for micro-
biologic improvement or improvement in absorption, and relapse often 
occurs promptly after drug therapy is discontinued.

Microsporidial keratitis has been treated successfully with lifelong 
topical administration of fumagillin.330 Patients with microsporidial 
keratitis should be assessed for systemic microsporidiosis, and sys-
temic therapy with albendazole should be considered.

Because little is known about the transmission of microsporidia to 
humans, no specific recommendations for prevention can be made. It 
is logical to presume that prevention of food and water contamination 
by animals decreases transmission of this organism.

Treponema pallidum
Syphilis is often recognized in HIV-infected patients either because of 
characteristic lesions of primary or secondary disease or because a 
screening serology result for Treponema pallidum is positive. With the 
resurgence of syphilis in HIV-infected patients in many areas, trepo-
nemal disease is becoming increasingly important. The clinical mani-
festations of syphilis, as well as its diagnosis and treatment, do not 
differ dramatically in HIV-infected patients and those who are not HIV 
infected.331-334

Syphilis can have diverse manifestations of primary, secondary, and 
tertiary disease. Especially among those HIV-infected individuals who 
are in population groups experiencing a resurgence in syphilis, T. pal
lidum should enter into the differential diagnosis of dermatologic, 
ocular, and neurologic syndromes. Infected patients can be diagnosti-
cally and therapeutically approached similarly to HIV-uninfected indi-
viduals (see Chapter 239).

HIV-infected patients appear to have an increased incidence of 
neurosyphilis.335-337 Neurosyphilis can occur at any stage of syphilis. 
There is considerable controversy over which HIV-infected patients 
should have a lumbar puncture. All patients with symptoms or signs 
consistent with neurosyphilis and any patient with syphilis and treat-
ment failure or late latent syphilis should have a lumbar puncture. 
Some specialists recommend lumbar puncture for syphilis in 
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online because new drug approvals and new studies are appearing 
rapidly. Recommended regimens will likely rely less and less on inter-
feron or ribavirin, and more and more on directly acting agents alone. 
It seems likely that regimens for monoinfected and coinfected patients 
will be similar or identical, although large trials must validate this 
approach. Drug interactions between ART and directly acting agents 
against HCV must be considered when initiating HCV therapy. Some 
patients may benefit from changing their ART before initiating HCV 
therapy in order to minimize the risk for clinically important drug-
drug interactions. These recommendations are discussed in detail in 
Chapters 119 and 156.

HBV is the leading cause of chronic liver disease worldwide.359-361 
In the United States, however, it is much less common than HCV 
among HIV-infected persons. HBV is transmitted neonatally, by blood, 
and by sex.

Initial testing for patients with HIV infection should include sero-
logic testing for surface antigen (HBsAg), hepatitis B core antibody 
(anti-HBc total), and hepatitis B surface antibody (anti-HBs). If the 
patient has acute infection, HBsAg can be detected 4 weeks (range, 1 
to 9 weeks) after exposure, and anti-HBc immunoglobulin M is usually 
detectable when the patient is initially symptomatic.

Chronic HBV infection is defined as HbsAg detected on two occa-
sions at least 6 months apart. Patients with chronic HBV infection 
should be tested for HBV e-antigen (HBeAg), antibody to HBeAg 
(anti-HBe), and HBV DNA. Active disease, which can be HBeAg nega-
tive or positive, can be distinguished from inactive disease by the 
presence of serum HBV DNA and persistent or fluctuating alanine 
aminotransferase (ALT) elevation. Patients with past infection that has 
cleared are HBsAg negative with positive anti-HBs and anti-HBc (also 
see Chapter 148).

A patient who is seropositive for anti-HBc and anti-HBs has 
resolved infection. Some patients test positive for anti-HBc alone, 
which usually signifies infection with HBV in the past with subsequent 
loss of anti-HBs. This may also be a false-positive result. The clinical 
significance of isolated anti-HBc is uncertain. Patients who are positive 
for circulating HBV DNA should be treated like patients who are 
chronically infected.

The treatment of HBV is discussed in Chapters 119 and 148. Most 
coinfected patients with HIV and HBV will be treated with ART. For 
patients who are coinfected with HIV and HBV, any ART regimen 
should include two agents that are active against HBV with two goals: 
to prevent an exacerbation of HBV hepatitis due to the initiation of 
ART (IRIS) and to prevent progression of HBV liver disease.

The presence of Kaposi sarcoma does not necessarily mandate insti-
tution of specific therapy, especially if lesions are few and inconspicu-
ous. Lesions may regress in patients who respond to ART. Local 
measures can be useful, including excision, irradiation, and intrale-
sional injection with chemotherapy. Kaposi sarcoma can cause life-
threatening disease by obstructing a vital structure such as the larynx, 
bronchus, biliary tract, or bowel. Kaposi sarcoma can occasionally 
infiltrate a vital organ such as the lung and cause fatal hypoxemia. In 
these life-threatening situations, either radiation therapy or cytotoxic 
chemotherapy is necessary to produce a rapid and substantial response. 
The optimal mode of therapy depends on the location and extent of 
the tumor. A variety of chemotherapeutic regimens have been used 
with some success. Pegylated liposomal doxorubicin or liposomal dau-
norubicin is generally the preferred therapy.

Viral Hepatitis
Liver disease is an increasingly important cause of morbidity and mor-
tality in patients with HIV infection.350-354 HCV and HBV are com-
monly recognized causes of liver disease in patients with HIV infection, 
but alcohol, antiretroviral drugs, and a host of other infectious, neo-
plastic, and toxic processes can adversely affect the liver (see Chapter 
119). All HIV-infected patients should be screened for hepatitis A, B, 
and C.8

The incidence of HCV among HIV-infected patients depends on 
the specific population being evaluated; because this virus is more 
efficiently spread by blood exposure than sex, intravenous substance 
users and recipients of unscreened blood products are more likely to 
be infected than men who have sex with men. Cirrhosis develops within 
a median of 20 years of HCV acquisition among HIV-infected persons, 
although the range of onset is highly variable. The natural history of 
HCV is clearly accelerated among patients with HIV coinfection. Cir-
rhosis is more likely to occur in older patients, males, alcohol users 
(>20 to 50 g/day), and those with decreased CD4+ T-cell counts.354-358

All patients with HIV infection should be screened for HCV using 
immunoassays to detect antibody. If the antibody test is negative and 
there is high suspicion for HCV infection, testing for HCV RNA should 
be performed. Treatment for HCV disease should be considered for  
all coinfected patients. The goal of therapy is prevention of fibrosis, 
cirrhosis, hepatocellular carcinoma, and death. Updated guidance for 
the management of HCV in monoinfected (HCV) and coinfected 
(HIV/HCV) persons, sponsored by the Infectious Diseases Society of 
America and the American Association for the Study of Liver Diseases, 
is available at www.hcvguidelines.org.358a This guidance will be updated 
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The development of a safe and effective human immunodeficiency 
virus type 1 (HIV-1) vaccine is one of the highest biomedical research 
priorities. Effective vaccination offers the best hope for the ultimate 
control of the HIV-1 epidemic, but no vaccine is near clinical use 
despite more than 30 years of intensive research in this field. HIV-1 
vaccine development presents unprecedented scientific challenges.1,2 
Among the most important roadblocks is our current lack of under-
standing of the immune correlates of protection against HIV-1 and our 
limited ability to induce potentially protective immune responses by 
vaccination. In addition, enormous genetic variation exists among 
HIV-1 strains worldwide. Perhaps most importantly, immunogens 
aimed at eliciting HIV-1-specific humoral immune responses have to 
date been unable to induce broadly reactive neutralizing antibody 
(NAb) responses against primary isolates of HIV-1 as opposed to 
neutralization-sensitive or type-specific laboratory-adapted strains. 
Nevertheless, new vaccine candidates aimed at eliciting virus-specific 
cellular and humoral immune responses have been able to afford 
partial protection in certain nonhuman primate models. In this 
chapter, we review recent progress in the preclinical and clinical devel-
opment of candidate HIV-1 vaccines.

IMMUNE RESPONSES TO  
HIV INFECTION
Cell-Mediated Immune Responses
The molecular virology and antigenic characteristics of HIV-1 have 
been elucidated in extraordinary detail. However, HIV-1-infected indi-
viduals cannot eradicate infection, and thus there are no known natural 
immune correlates of protection, which are typically the cornerstone 
on which the development of viral vaccines is based. Studies of HIV-
1-infected individuals in whom disease has not progressed over long 
periods of time (“long-term nonprogressors”) or who spontaneously 
control viral replication to extremely low levels (“elite controllers”) 
have suggested that partially protective cell-mediated immune 
responses can develop.3 Virus-specific CD8+ T lymphocytes have been 
reported to arise early in acute infection coincident with the control of 
primary viremia.4-6 Moreover, depletion of CD8+ T lymphocytes has 
been shown to result in markedly increased viral loads in simian 
immunodeficiency virus (SIV)-infected macaques.7,8 In addition, can-
didate vaccines that elicit potent CD8+ T lymphocytes have been 
reported to afford partial immune control of virus replication in rhesus 
macaques following SIV challenge.9-12 Taken together, these observa-
tions suggest that cell-mediated immune responses play an important 
role in the control of virus replication.

Cell-mediated responses restrict virus replication by eliminating 
virally infected cells. CD8+ T lymphocytes are readily detectable in 
HIV-1-infected individuals13,14 and have also been elicited in humans 
by a variety of candidate HIV-1 vaccines.15-24 Cellular immune 
responses are often directed against a variety of HIV-1 antigens, 
including Env (envelope) glycoproteins, Gag internal structural pro-
teins, Pol proteins, and regulatory proteins.25-30 The epitope specificities 
and functional capacities of HIV-1-specific cellular immune responses 
are currently areas of active investigation. It is likely that not only the 
magnitude but also the phenotype31 and breadth32 of virus-specific 
T-lymphocyte responses may be critical for their antiviral activity.

Neutralizing Antibody Responses
Virus-specific NAbs represent the immune correlates of many cur-
rently licensed viral vaccines. The HIV-1 vaccine field has been rein-
vigorated by the identification of broader and more potent monoclonal 

antibodies from HIV-1-infected individuals targeting the CD4 binding 
site, variable loop glycans, and the membrane proximal external 
domain.33-37 Studies in chimpanzees and macaques have indicated that 
passive administration of NAbs can protect against HIV-1 or SHIV 
infection, provided that such antibodies have appropriate specificity 
and sufficiently high titers are maintained.38-44 More recent studies 
suggest that only moderate titers may be necessary with the newer, 
more potent antibodies such as PGT121.45 Neutralizing epitopes have 
been defined in both the gp120 and gp41 envelope proteins. However, 
NAb activity has proved considerably different for T-cell line-adapted 
(TCLA) viruses, which are typically “easier” to neutralize than primary 
isolate viruses. For TCLA viruses, NAbs are often directed against the 
third variable region of gp120 (V3 loop) of the envelope protein.46,47 
NAbs against the V3 loop are generally more narrow and strain specific 
in their activity than are the more broadly active antibodies directed 
against the CD4 binding domain.48-50 Additional epitopes for neutral-
izing antibodies have also been described on the V2 region of gp12051 
and on gp41.52

For primary isolates, the V3 loop does not appear to represent the 
primary neutralization epitopes. Antibodies generated by vaccine can-
didates in clinical trials thus far have not been able to neutralize a broad 
range of primary isolates, even if high titers of neutralizing activity 
against laboratory-adapted strains are present. The reasons for these 
observations are being investigated.53 The elucidation of the three-
dimensional structure of the HIV-1 envelope indicates that it has a 
highly dynamic configuration, with important differences depending 
on the state of activation and binding to cellular receptors.54,55 Factors 
such as glycosylation, protein folding, and correct trimerization may 
also be critical in determining the antigenic properties of HIV-1 enve-
lope proteins.

Only a subset (10% to 20%) of HIV-1-infected individuals make 
broadly reactive NAbs, and in most cases, these only arise after  
years of infection.56,57 Virus-specific NAbs are present throughout the 
course of HIV-1 infection, but they fail to clear the virus.58 The relative 
lack of effectiveness of the NAb response may be related in part to the 
generation of “escape mutants” that render the virus less susceptible to 
neutralization by the initial NAb responses.59-61 Many of these muta-
tions result in modifications in N-linked glycosylation sites, which may 
lead to “glycan shielding” as a neutralization escape mechanism.61

Considerable research is under way to develop more complex enve-
lope vaccine immunogens that might prove more immunogenic than 
monomeric gp120. Examples of these strategies include construction 
of envelope trimers that may more closely resemble the native envelope 
spike on viral surfaces,62-65 deletion of variable loops or other structural 
regions of the envelope protein,65,66 and stabilization of envelope con-
formations that may resemble intermediate structures in the mem-
brane fusion process in which conserved epitopes are exposed.67-69 
Additional novel approaches involve developing epitope scaffolds70 and 
immunogens that target the germline antibody genes that may serve 
as precursors to broadly neutralizing antibodies.71-73 These approaches 
are in the early stages of preclinical evaluation, and the extent to which 
any of these strategies will increase the breadth of NAbs in humans is 
not clear.

TYPES OF CANDIDATE  
HIV-1 VACCINES
Because of the uncertainty regarding the optimal type of immune 
responses that should be generated by an HIV-1 vaccine, a wide variety 
of different approaches have been explored. The principal strategies are 
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germline B cell receptors. To date, none of these approaches has been 
successful in generating broadly reactive NAbs in either preclinical or 
clinical studies.

Synthetic Peptides
Another approach is the generation of synthetic peptides that include 
only epitopes of immunologic interest. This affords the opportunity to 
include only those epitopes that are most important for a protective 
response in the vaccine and to exclude minor or even potentially del-
eterious epitopes. Conversely, a potential disadvantage of this approach 
is that synthetic peptides may not stimulate immune responses to 
noncontiguous or conformation-dependent epitopes. Moreover, syn-
thetic peptides have to date proved less immunogenic than whole or 
native proteins in general, although it is possible that this limitation 
may be overcome by coupling peptides to protein or lipid carriers or 
by the addition of more potent adjuvants. An example of this approach 
is a vaccine candidate that consists of synthetically produced peptides 
from the V3 loops of multiple strains of HIV-1, linked to an oligolysine 
backbone.99 Another example is a hybrid linear peptide that consists 
of multiple epitopes that are recognized by B and T lymphocytes.100,101 
The combination of a lipophilic membrane-anchoring moiety such  
as tripalmitoyl glyceryl cysteine with synthetic peptides resulted in  
the formation of liposomes that could be used to generate CD8+ 
T-lymphocyte responses.102

Internal or Core Proteins
Vaccine candidates composed of HIV-1 internal proteins have received 
relatively less attention. As noted earlier, it is believed that core proteins 
are particularly important in the generation of cell-mediated immune 
responses, although antibodies against internal proteins have been 
reported as well. Examples of vaccine candidates based on internal 
proteins include a 30-amino-acid peptide of p17 of HIV-1 (HGP-30)103; 
a portion of p17/p24 proteins formulated as a virus-like particle by 
introduction into the yeast retrotransposon Ty (Ty-gag)104; p24 protein 
generated through a baculovirus vector or by Chinese hamster ovary 
cells; and p55 particulate proteins.89

Live Vectors
The development of live vector–based vaccines for HIV-1 has received 
considerable attention over the past several years. Such vectors present 
HIV-1 antigens in the context of a replicating or nonreplicating micro-
bial system; antigens are expressed by host cells and thus efficiently 
induce HIV-1-specific CD8+ T-lymphocyte responses. However, live 
vectors themselves may also contribute to morbidity in certain clinical 
settings (e.g., administration of replicating vaccinia vectors to indi-
viduals with eczema or depressed cell-mediated immune defenses). An 
additional limitation of live vector vaccines is antivector immunity, 
either preexisting and present before vaccination or elicited after initial 
immunization. Preexisting antivector immunity has been shown to 
suppress the immunogenicity of vaccine vectors, and antivector immu-
nity after initial immunization has been demonstrated to blunt the 
potency of subsequent boost immunizations.

The most extensively studied live vectors for HIV-1 are poxvirus 
and adenovirus vectors. Poxvirus vectors include vaccinia,105 canary-
pox,106 and attenuated versions of vaccinia. These vectors have been 
well characterized and contain large DNA genomes into which mul-
tiple genes can be inserted. Stable constructs have been generated that 
contain various combinations of HIV-1 env, gag, pol, and regulatory 
genes. As noted earlier, vaccinia vectors have the potential to cause 
serious illness in immunosuppressed subjects and those with eczema-
toid skin disorders, either as a result of vaccination or by spread from 
vaccinees. Attenuated vaccinia vectors such as NYVAC and modified 
vaccinia Ankara (MVA) have therefore been developed to address this 
concern.107,108 MVA is a highly host-restricted virus with multiple 
genetic deletions after passage in chick embryo fibroblasts. A variety 
of NYVAC and MVA vectors have been evaluated in phase I studies  
in humans.109-111 Both MVA and canarypox have the advantage of 
undergoing a single-cycle, nonproductive infection in mammalian 
cells. A downside is that the attenuated poxvirus vectors appear less 
immunogenic than replication-competent vaccinia vectors. Neverthe-
less, with the partial success of the RV144 vaccine trial (see later 

outlined as follows. Several of these vaccine concepts—recombinant 
gp120 proteins, recombinant canarypox (ALVAC) vectors, and recom-
binant adenovirus serotype 5 (rAd5) vectors with or without DNA 
vaccine priming or gp120 boosting—have undergone clinical efficacy 
studies in humans.

Live Attenuated Virus Vaccines
The use of live attenuated viruses as vaccines has been highly successful 
in the control of several important viral diseases, including measles, 
rubella, and polio. These vaccines present antigens in a manner that 
most closely resembles naturally occurring infection, and they stimu-
late a broad array of humoral and cell-mediated immune responses. 
For HIV-1, the major concern in the development of a live attenuated 
vaccine is safety. One approach has been to delete one or more regula-
tory genes, which can result in a mutant virus that has lost pathogenic-
ity. One such live attenuated SIV vaccine, in which the nef gene was 
deleted, provided impressive protection against SIV challenge in 
macaques.74 The precise mechanism of protection for the nef-deleted 
vaccine, however, has remained unclear. Unfortunately, nef-deleted 
SIV has also been shown to cause disease in both adult and neonatal 
monkeys,74-77 illustrating the risks inherent in such an approach. As a 
result, there are no plans currently to advance live attenuated HIV-1 
vaccines into clinical trials.

Whole Killed Virus Vaccines
An important traditional approach in the development of viral vac-
cines has been to generate an inactivated or “killed” whole-virus prepa-
ration. This may be particularly advantageous when the parameters of 
immunity are not defined and, therefore, the critical antigenic compo-
nents of a vaccine are difficult to predict. Compared with a subunit 
preparation, a whole-virus vaccine offers inclusion of a larger number 
of potentially relevant immunologic epitopes. In HIV-1 vaccine devel-
opment, however, this approach has received relatively little emphasis. 
A major concern is related to the potential hazard of retained genetic 
material in such a vaccine (i.e., the potential safety risk for transmis-
sion of infectious HIV-1). Whole-virus vaccines can now be prepared 
by techniques that render any remaining nucleic acid extremely 
unlikely to be infectious, and such vaccines can be ascertained to be 
free of nucleic acids by techniques of extraordinarily high sensitivity. 
However, killed whole-virus vaccines are still limited by their inability 
to date to generate broadly reactive NAbs or virus-specific CD8+ 
T-lymphocyte responses.

Envelope Proteins
Vaccines composed of HIV-1 envelope proteins have undergone exten-
sive evaluation in humans. As noted earlier, important neutralizing 
epitopes, as well as T-lymphocyte epitopes, have been identified on 
HIV-1 envelope proteins. Envelope HIV-1 vaccines studied in humans 
have been generated through recombinant DNA expression systems, 
which provide an efficient means to prepare large quantities of purified 
proteins and also bypass concerns about possible contamination with 
other HIV-1 components. These recombinant proteins have been  
generated from laboratory-adapted HIV-1 strains with a number of 
different vectors and cell systems, including insect,78 yeast,79 and mam-
malian cell cultures.80-82 However, these recombinant proteins may 
have important differences compared with their naturally occurring 
analogues, including differences in tertiary structure, glycosylation, 
and oligomerization. Envelope protein vaccine candidates that have 
been evaluated in human trials include rgp160 generated by a baculo-
virus vector and produced in insect cells (LAI strain)83-94; a fully gly-
cosylated rgp160 made by a vaccinia vector in Vero cells (LAI and MN 
strains)82; a nonglycosylated rgp120 made in yeast cells (SF-2 strain)95; 
rgp120 generated in Chinese hamster ovary cells (SF-2 strain)96; and 
rgp120 generated in Chinese hamster ovary cells (IIIB and MN 
strains).97,98 These rgp120 vaccines have been derived from TCLA 
viruses. However, rgp120 subunit candidate vaccines have also been 
generated from primary isolates from clade B (GNE-8) and clade E 
(CM244) viruses and have been studied in phase III efficacy trials,  
both with and without canarypox ALVAC vector priming (see later 
discussion). Additional novel concepts are production of Env trimers, 
epitope scaffolds, and immunogens designed to stimulate particular 
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dose of the challenge virus, the route of administration of the virus, 
the homology between the vaccine antigens and the challenge virus, 
and the type of efficacy end points.

The importance of humoral immune responses is illustrated by 
studies in rhesus macaques in which passive infusions of HIV-1- 
specific neutralizing monoclonal antibodies afforded complete protec-
tion against infection with pathogenic SHIV isolates.45,67 Although 
vaccine-elicited antibody responses have been shown to provide a 
degree of protection against homologous and heterologous viral chal-
lenges in certain settings,117,118,135-137 it has proved extraordinarily 
difficult to generate broadly reactive NAbs by vaccination using recom-
binant envelope proteins.

Whole inactivated virus vaccines and monomeric rgp120 subunit 
vaccines both exhibited early apparent successes in nonhuman primate 
challenge studies.138,139 However, subsequent studies revealed that the 
apparent protection afforded by these approaches could be explained 
either by experimental artifacts or by the use of nonpathogenic chal-
lenge models.139,140

Plasmid DNA vaccines have proven immunogenic in animal 
models for a number of diseases.141-144 In particular, DNA vaccines 
have been shown to elicit potent HIV/SIV-specific cellular immune 
responses that reduced viral replication after SIV and SHIV challenges 
in rhesus macaques,145,146 and DNA vaccines augmented by plasmid 
IL-2 constructs were also able to protect monkeys against SHIV-
induced disease progression.146 However, relatively high doses of DNA 
have been required to generate potent immune responses in nonhu-
man primates. More importantly, DNA vaccines have proved only 
weakly immunogenic in humans to date.18 Therefore, it is likely that 
plasmid DNA vaccines will require either effective adjuvants, improved 
delivery systems such as in vivo electroporation, or boosts with heter-
ologous vectors such as poxviruses109 or adenoviruses17 to augment 
their immunogenicity.

Poxviruses have been explored extensively as candidate HIV-1 
vaccine vectors in nonhuman primates. Recombinant, replication-
competent vaccinia virus was initially shown to elicit potent immune 
responses in nonhuman primates.147,148 However, substantial safety 
risks associated with the use of vaccinia in immunosuppressed indi-
viduals have led to the development of attenuated poxviruses that 
undergo little or no replication in the host. Recombinant modified 
vaccinia Ankara (MVA) vaccines have also been shown to elicit HIV/
SIV-specific cellular immune responses in nonhuman primates. More-
over, both MVA vaccines alone and DNA prime/MVA boost regimens 
reduced viral replication after SIV and SHIV challenges and protected 
against SHIV-induced disease progression.149-153 Canarypox (ALVAC) 
vectors have also been studied in nonhuman primates, but the immu-
nogenicity of these vectors has generally been disappointing. The 
potential utility of combining ALVAC vectors with protein subunits or 
other live vectors is under investigation. In particular, consistent with 
the results of the RV144 clinical trial, ALVAC/gp120 regimens have 
been shown to afford a low level of protection against acquisition of 
repetitive SIVmac251 challenges.154

Replication-incompetent, recombinant adenovirus serotype 5 
(rAd5) vectors have been shown to elicit impressive cellular immune 
responses in nonhuman primates.155,156 Moreover, these vaccines have 
afforded effective control of viral replication after SHIV challenges and 
protection against SHIV-induced disease progression. However, both 
rAd5 vaccines and DNA prime/rAd5 boost regimens have shown no 
protection against more stringent SIVmac251 challenges.9,10,118 The fail-
ures of the Merck rAd5-gag/pol/nef vaccine and the NIH VRC DNA 
prime, rAd5-env/gag/pol vaccine in phase IIb efficacy trials (see later 
discussion) suggests that the SIVmac251 challenge model may be more 
appropriate than the less stringent SIVsmE660 and SHIV-89.6P chal-
lenge models for the evaluation of candidate HIV-1 vaccines.

Recent studies have suggested that replication-incompetent rAd 
vectors derived from rare Ad serotypes may offer several advantages 
over rAd5 vectors,116 including evasion of preexisting Ad5 immu-
nity,113,157 improved immune quality,158-160 and the possibility of being 
combined into potent heterologous prime-boost regimens using sero-
logically distinct vectors.11 Recently, an rAd26/rMVA vaccine regimen 
expressing SIV env/gag/pol was shown to afford partial protection 
against acquisition of infection, as well as reduction of setpoint viral 

discussion), there has been increasing interest in poxvirus vectors in 
recent years.

Considerable effort has also been devoted to the development of 
adenoviruses as live vectors for HIV-1 vaccines. The most extensively 
studied construct has been a recombinant adenovirus serotype 5 
(rAd5) vector that has been rendered replication-incompetent through 
deletion of the E1 gene.112 Ad5 vectors expressing HIV-1 antigens have 
been evaluated for both immunogenicity and efficacy in humans, both 
with and without DNA vaccine priming (see later discussion). A major 
limitation in the use of such vectors is the high seroprevalence of pre-
existing anti-Ad5 immunity in the general population; seroprevalence 
rates of 30% to 40% in the developed world and 80% to 90% in parts 
of the developing world have been noted.113-115 This limitation is being 
addressed by the development of adenovirus vectors from serotypes 
that are found much less commonly in human populations, such as 
Ad26, Ad35, and Ad48.113-115 It has also become apparent that the dif-
ferent adenovirus serotypes are biologically substantially different from 
each other in terms of the use of cellular receptors, in vivo tropism, 
innate immune profiles, adaptive immune phenotypes, and protective 
efficacy in nonhuman primate challenge studies.116-118 Recent studies 
have also demonstrated the unique immunology of rhesus cytomega-
lovirus (CMV) vectors, which appear to induce primarily effector 
memory cellular immune responses.119 Other viral vectors are also 
being explored, including Venezuelan equine encephalitis virus,120 
alphaviruses such as Sindbis virus121 and Semliki Forest virus,122 adeno-
associated viruses,123 vesicular stomatitis virus,124 and polioviruses.125 
Bacterial vectors are also being developed, including Salmonella126 and 
bacillus Calmette-Guérin.127

DNA Vaccines
Intramuscular immunization of purified plasmids expressing antigens 
of interest (“DNA vaccines”) has been shown to elicit both humoral 
and cellular immune responses against the encoded antigen. These 
observations have led to the widespread use of DNA vaccines as a 
means to deliver antigens for immunization in preclinical studies. Such 
vaccines consist only of components of immunologic interest. The 
proteins are presented through the major histocompatibility complex 
(MHC) class I–restricted pathway and induce CD8+ T-lymphocyte 
responses. Initial studies of DNA vaccination in humans generated 
relatively low levels of immunogenicity, although the use of codon-
optimized synthetic genes has resulted in more efficient expression of 
gene products.18,128,129 Immunogenicity in preclinical studies has been 
further improved by adsorbing DNA to microparticles; the use of 
plasmid cytokine adjuvants such as interleukin-2 (IL-2) and (IL-12); 
and the use of in vivo electroporation. These strategies are being 
explored in clinical trials.

ANIMAL MODELS
The lack of a small animal model for HIV-1 has necessitated the use 
of nonhuman primates for the preclinical evaluation of candidate 
HIV-1 vaccines. Chimpanzees can be infected with HIV-1, but most 
viruses are nonpathogenic in this species.130,131 The most extensively 
studied nonhuman primate model involves SIV infection of rhesus 
macaques (Macaca mulatta).132 SIV and HIV-1 are similar in genetic 
structure and organization, although some differences exist.133,134 Cer-
tain pathogenic strains of SIV cause an acquired immunodeficiency  
syndrome–like disease in macaques, including immunosuppression 
and opportunistic diseases. As a result, SIV infection of rhesus 
macaques has emerged as a popular model for preclinical evaluation 
of candidate HIV-1 vaccines. A related model, involving chimeric 
simian-human immunodeficiency virus (SHIV) infection of macaques, 
has also been used.

Numerous studies of candidate vaccines have been carried out in 
nonhuman primate challenge models. Some SIV strains have a broad 
range of virulence, ranging from persistent infection with little or no 
disease to rapid, lethal infection. As might be anticipated, candidate 
vaccines have been generally more effective in inducing protection 
against less virulent challenges (such as against SIVsmE660) as com-
pared with more stringent challenges (such as SIVmac251).118 In addi-
tion to the virulence of the challenge strain, important variables to be 
considered in the interpretation of primate challenge studies are the 
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vaccine under study will prove effective. A detailed description of  
the procedures employed in the conduct of phase I studies of HIV-1 
candidate vaccines in humans, including measures taken to address the 
preceding issues, has been published.83

The purpose of phase I studies is to examine the immunogenicity 
and safety of vaccine candidates in humans. A wide variety of different 
types of vaccine candidates have been evaluated in humans. For most 
phase I and phase II studies (Table 132-1), individuals at low risk for 
acquisition of HIV-1 infection are enrolled to avoid the potentially 
confounding effects of intercurrent HIV-1 infections. In contrast, 
phase IIb and III studies are carried out in subjects at higher risk for 
acquisition of HIV-1 infection (Table 132-2).*

Purified envelope protein vaccines, live vector–based vaccines, and 
DNA vaccines have been explored in clinical trials. In addition, various 
adjuvant strategies have been studied, including alum, MF59, and plas-
mid cytokines (such as granulocyte-macrophage colony-stimulating 
factor, IL-2, IL-12, and IL-15). Various delivery modalities have also 

loads against SIVmac251 challenges in macaques,117 which is the strin-
gent challenge model in which the rAd5 and DNA/rAd5 regimens have 
failed.118 Another promising vaccine study showed that CMV vectors 
afforded early and profound virologic control in approximately half of 
the vaccinated animals following SIV challenge.119

HUMAN TRIALS
More than 50 candidate HIV-1 vaccines have been studied in more 
than 30,000 HIV-1-uninfected healthy volunteers since 1987. The 
study of candidate HIV-1 vaccines in humans poses several unique 
problems above and beyond those encountered in studies of other 
experimental vaccines. Volunteers need to be fully informed of the 
potential hazards of immunization and of the limitations of our knowl-
edge regarding HIV-1 transmission, pathogenesis, and immune 
control. Volunteers must be made aware that they may become sero-
positive for HIV-1 by conventional screening assays,161-165 and the 
recent adoption of an “opt-out” policy for routine HIV-1 testing 
increases the potential for false-positive results to occur.166,167 Volun-
teers must also be counseled not to abandon behaviors to reduce risk 
for acquisition of HIV-1 infection because of a presumption that the 

TABLE 132-1  Phase II Studies of Candidate HIV-1 Vaccines in HIV-1-Seronegative Volunteers

VACCINE COMPOSITION HIV-1 STRAINS SPONSOR REFERENCES
rgp120 Protein SF-2 + MN Chiron/Biocine, Aventis Pasteur 226

vCP205, rgp120 Canarypox prime, protein boost MN/LAI (vCP205), SF-2 (rgp120) Aventis Pasteur, Chiron/Biocine 227

vCP1452, rgp120 Canarypox prime, protein boost MN/LAI (vCP1452), MN + GNE8 (rgp120) Aventis Pasteur, VaxGen 228

VRC-HIVDNA-016-00-VP, 
VRC-HIVADV014-00-VP

DNA prime, rAd5 boost Clade B HXB2 gag, NL4-3 pol, NY5/BRU nef; clade A 
92rw020, clade B HXB2/BaL, clade C 97ZA012 env

NIH VRC 230

pGA2/JS7, MVA/HIV62 DNA prime, rMVA boost BH10, IIIB, HXB-2/ADA gag, protease, reverse 
transcriptase, env, tat, vpu, rev

Geovax 231

TABLE 132-2  Efficacy Studies (Phase IIb, III) of Candidate HIV-1 Vaccines in HIV-1-Seronegative Volunteers

VACCINE START
SAMPLE 
SIZE LOCATION

TARGET 
POPULATION

HIV 
INFECTION 
RATE IN 
VACCINE 
GROUP (%)

HIV 
INFECTION 
RATE IN 
PLACEBO 
GROUP (%)

VACCINE 
APPROACH; 
HIV-1 
STRAINS

VACCINE 
DEVELOPER REFERENCES

AIDSVAX B/B 1998 5403 North 
America, 
Netherlands

MSM 6.7 7.0 rgp120: MN, 
GNE-8

VaxGen 168

AIDSVAX B/E 1999 2546 Thailand IVDU 8.4 8.3 rgp120: MN, 
A244

VaxGen 170

Step Study 
(HVTN 502)

2004 3000 North 
America, 
Caribbean, 
Australia

MSM; sexual 
exposure

4.6* 3.1 Ad5 gag/pol/
nef: clade B 
gag-CAM-1, 
pol-IIIB, 
nef-JR-FL

Merck 15

Phambili 
Study 
(HVTN 503)

2006 3000† South Africa Sexual exposure Stopped early
4.54‡

Stopped early
3.70

Ad5 gag/pol/
nef: clade B 
gag-CAM-1, 
pol-IIIB, 
nef-JR-FL

Merck 240

ALVAC-HIV 
(vCP1521) 
AIDSVAX 
B/E (RV144)

2003 16,402 Thailand Sexual exposure 0.192§ 0.279 Canarypox and 
rgp120

Sanofi Pasteur, 
VaxGen

232

DNA/Ad5 
(HVTN 505)

2009 2504 United States MSM Ongoing∥ Ongoing DNA prime, 
Ad5 boost. 
Clade B HXB2 
gag, NL4-3 
pol, NY5/BRU 
nef; clade A 
92rw020, 
clade B HXB2/
BaL, clade C 
97ZA012 env

NIH VRC 241

*Yearly HIV-1 incidence in MSM population (n = 1836) as of October 17, 2007.
†Target enrollment was 3000. Actual enrollment was 801 before study termination on September 19, 2007 and unblinded in October 2007. At the time the study was 

stopped, 56 (7%) of subjects had received all 3 planned injections.
‡Yearly HIV-1 incidence per 100 person-years, through August 31, 2009.
§Yearly HIV-1 incidence per 100 person-years.
∥Stopped early April 22, 2013 by the Data Safety Monitoring Board because futility criteria were met. Study was also unblinded.
IVDU, intravenous drug user; MSM, men who have sex with men.

*References 15, 19, 168-170, 232, 240, 241.
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that express gp160 alone or multiple HIV-1 proteins (gp160, gag,  
and pol) have been administered to normal volunteers in studies 
similar to those previously carried out with the recombinant envelope 
immunogens.194-201 The vaccinia constructs were administered by scari-
fication and resulted in local lesions indistinguishable in character 
from those seen with vaccinia virus. The vaccinia vectors induced only 
low levels of antibody responses, and neutralizing activity was also 
relatively restricted, typically directed only against the homologous 
virus strain and only against TCLA viruses and not primary isolates. 
However, induction of CD8+ T lymphocytes directed against HIV-1-
infected target cells regularly developed.21,23 The presence of preexist-
ing immunity to vaccinia reduced immunogenicity of the vector 
constructs, and initial immunization with the vaccinia vector provided 
solid immunity against subsequent infection or “takes” with the 
vector.21,194,195

Although the vaccinia vectors were generally well tolerated, safety 
concerns preclude the use of vaccinia in immunosuppressed patients 
or in those with eczematoid skin disorders. Because of these concerns, 
safer poxvirus vectors have been developed as extensively reviewed 
elsewhere including considerations regarding potential cardiac toxic-
ity.196,197 Canarypox is an avian poxvirus that undergoes an abortive 
replicative cycle in mammalian cells. Administration of canarypox to 
humans does not result in the production of infectious virus, and 
therefore it provides a greater margin of safety than does vaccinia. 
Canarypox constructs have been generated that express gp160, gp120/
gp41/gag/protease, with and without the addition of epitopes in nef/
pol. In several phase I studies and two phase II studies, intramuscularly 
administered canarypox vectors were well tolerated.202-204 The immune 
responses to the canarypox vectors were similar in nature to those seen 
with the vaccinia vector. Relatively weak humoral antibody responses 
were observed, but HIV-1-specific CD8+ T-lymphocyte responses were 
seen in 15% to 30% of subjects at any single point in time and at least 
once in 35% to 65% of subjects over the duration of the study.202-204 
Vectors that expressed multiple HIV-1 antigens appeared to induce 
cellular immune responses with higher frequency than did those that 
express only one antigen. Moreover, CD8+ T lymphocytes induced by 
canarypox vectors were able to lyse cells infected with primary isolates, 
as well as cells infected with viruses from clades other than the homol-
ogous clade B.205

Modified vaccinia virus Ankara (MVA) also has an abortive replica-
tion cycle in mammalian cells and thus has safety advantages over 
wild-type vaccinia. MVA constructs expressing a variety of HIV-1 
inserts have undergone phase I testing and have demonstrated induc-
tion of HIV-1-specific cellular immune responses utilizing both  
clade B and C HIV-1 immunognes.206-211 A phase I study assessing a 
DNA prime/MVA boost strategy found the highest magnitude of 
T-lymphocyte responses with a regimen consisting of two doses of 
DNA followed by two doses of MVA (at 1 × 108 TCID50 [median tissue 
culture infective dose]), with 77% of subjects developing CD4+ and 
42% CD8+ T-lymphocyte responses. This approach has recently 
advanced into a phase II clinical trial (see later discussion). Another 
study with an MVA-vectored HIV vaccine identified no safety con-
cerns with up to 5 MVA immunizations in vaccinia naïve volunteers. 
Maximal immune responses were identified after 2 MVA immuniza-
tions with a CD4 response detectable in 47% of subjects without clear 
augmentation with subsequent immunizations.212 Interestingly, vector-
elicited immune responses did not appear to interfere with HIV-1 
insert responses.213 The NYVAC (vP2010) strain, which is derived from 
the Copenhagen strain and has 18 genes deleted, has also been devel-
oped as another attenuated poxvirus vector. NYVAC vectors have been 
produced expressing subtype C gag, pol, env, and nef antigens. The 
initial results from phase I testing, both alone and following DNA 
priming, show a good safety profile and encouraging immunogenicity, 
with cellular immune responses seen in 50% of subjects receiving 
NYVAC alone and in 90% of those receiving DNA/NYVAC combina-
tion, as well as detection of mucosal responses.109,214-217

Adenovirus Vectors
Adenoviral HIV-1 vectors have also undergone extensive phase I 
studies in HIV-1-uninfected subjects. Dose-escalating studies have 
been conducted with the Merck MRKAd5 vector, an E1-deleted, 

been assessed for DNA vaccines, including intramuscular injection, 
bioinjector (compressed air injection system), and electroporation.

Phase I Studies
Envelope Proteins
Recombinant envelope proteins (rgp160 and rgp120) have undergone 
extensive studies in humans. These envelope proteins were mostly 
derived from TCLA-adapted X4 clade B viruses (LAI, SF-2, and MN 
strains) or primary isolates from clade B (GNE-8) or clade E (CM244). 
Combinations of these latter rgp120s were evaluated in phase III effi-
cacy trials (see later discussion).168-170 Phase I studies of safety and 
immunogenicity were carried out in relatively small numbers of vol-
unteers at “low risk” for acquisition of HIV-1 infection.83,96-98,171-176 The 
recombinant envelope vaccines were administered intramuscularly in 
multiple-dose schedules, combined with various adjuvants (predomi-
nantly alum).

Overall, the recombinant envelope HIV-1 candidate vaccines were 
well tolerated. Vaccinees experienced mild local reactions comparable 
in frequency and magnitude to those seen with administration of 
licensed vaccines. An exception to this was the combination of rgp120 
with MTP-PE, a synthetic lipophilic muramyl tripeptide adjuvant, 
which had a significantly higher rate of local and systemic reactions.175 
The use of QS21 as an adjuvant was also associated with significant 
reactogenicity.176 Immunization with at least three doses of these 
recombinant envelope proteins resulted in high rates (>90%) of binding 
antibodies as determined by Western blot or enzyme-linked immuno-
sorbent assay. High rates of homologous NAbs were also induced by 
the rgp120 immunogens, particularly those generated in Chinese 
hamster ovary cells.96-98,174 In general, rgp120 immunogens induced 
more neutralizing, but less binding, antibodies than did the rgp160 
immunogens.

NAbs were generally restricted to type-specific neutralizing activity 
against the homologous isolate. Perhaps most troubling was the unan-
ticipated observation that serum neutralizing activity from the vac-
cinees was effective only against TCLA viruses, whereas primary 
isolates were not neutralized.177-179 Subsequent discoveries of HIV-1 
co-receptors and the high-resolution crystal structures of the HIV-1 
envelope protein have helped to explain why the immune responses to 
TCLA viruses might be different from those to primary isolates. 
Recombinant envelope immunogens also induced T-cell proliferative 
responses to HIV-1, although no CD8+ T-lymphocyte responses were 
elicited.180,181

VaxGen conducted a phase I/II trial of their bivalent rgp120 B/B 
vaccine, which consisted of two rgp120 proteins from the clade B 
TCLA strain MN and from the clade B primary isolate GNE-8. This 
vaccine was administered at months 0, 1, 6, and 12 to 122 subjects in 
the United States, at doses of 100, 300, and 600 µg. The vaccine was 
well tolerated and induced MN-specific antibodies in 76% of subjects 
and GNE-8-specific antibodies in 91% of subjects at the 300-µg dose. 
A similar study was conducted on the rgp120 B/E vaccine, which 
included an rgp120 from the clade E primary isolate CM244 in 92 
subjects in Thailand; 83% of subjects developed antibody activity 
against MN and 100% against CM244.182,183

Synthetic Peptides
Synthetic peptides that have undergone phase I studies in humans 
include peptides from envelope or gag proteins derived from clade B 
viruses or from other clades. Several techniques have been employed 
for the presentation of immunogens in these vaccine formulations, 
including conjugation with an oligolysine backbone or with a lipopep-
tide, encapsulation in polylactide copolymers, or as a fusion protein 
particle in a self-assembling yeast protein, Ty. In general, these peptide 
vaccines have been poorly immunogenic, whether administered intra-
muscularly or by rectal or oral routes.184-191 Low levels of binding anti-
bodies and little or no neutralizing activity were seen. Clinical studies 
with more complex polyepitope vaccines demonstrated no obvious 
safety concerns but similarly revealed minimal immunogenicity.192,193

Poxvirus Vectors
Vaccinia and canarypox vectors expressing HIV-1 antigens have also 
undergone extensive phase I studies in humans. Vaccinia virus vectors 
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throughout the study and less than 15% at any single time point.228 
Why vCP1452 was less immunogenic in this phase II study than other 
canarypox constructs in phase I studies is not clear. Raising the dose 
of vCP1452 to 108 significantly increased reactogenicity but did not 
augment immunogenicity.229

The second phase II trial conducted by the HVTN assessed the 
safety and immunogenicity of a DNA prime/rAd5 boost regimen 
developed by the NIH VRC (HVTN 204). This vaccine contained 6 
DNA plasmids (gag, pol, and nef from clade B and env from clades A, 
B, and C) and 4 rAd5 vectors (gag-pol from clade B and env from clades 
A, B, and C). This placebo-controlled study enrolled 480 subjects irre-
spective of baseline Ad5 titer in the Americas (United States, Brazil, 
Jamaica, and Haiti) and South Africa and administered 4 mg of DNA 
at 0, 1, and 2 months followed by an rAd5 boost (1 × 1010 viral particles) 
at month 6. The vaccine regimen was well tolerated and moderately 
immunogenic with cellular immune responses directed at global 
potential T-cell epitopes (PTEs), detected to env and gag in 54% and 
55% of subjects, respectively. This regimen also induced modest 
binding antibody responses in subjects to Con S (95%), clade A (84%), 
clade B (95%), and clade C (93%) gp140 oligomers, but limited neutral-
izing antibody responses to Tier 1 viruses.230 This regimen was 
advanced into a phase IIb efficacy study (HVTN 505) in Ad5-
seronegative, circumcised men who have sex with men (MSM) and 
who are at high risk for acquiring HIV-1 (which is described later).

A third phase II trial has been conducted by the HVTN, which 
assessed the safety and immunogenicity of an MVA alone and a DNA 
prime/MVA boost regimen (HVTN 205). These vaccines, pGA2/JS7 
DNA (expressing gag, pol, env, tat, rev, and vpu genes) and MVA/
HIV62 (expressing gag, pol, and env genes), were studied in 300 vac-
cinia-naïve individuals of whom 75 received placebo. The vaccines 
were given in two different regimens—3 mg of DNA given at 0 and 2 
months followed by MVA given at 4 and 6 months (DDMM regimen) 
versus three doses of the MVA given at 0, 2, and 6 months (MMM 
regimen). Both of these regimens were found to be generally safe and 
well tolerated. However, differences in the immune responses elicited 
were observed, with the DDMM regimen eliciting higher rates of T-cell 
responses and the MMM regimen inducing higher rates of antibody 
responses.231 Further studies of these products are being planned.

Phase IIb and III Efficacy Studies
Determination of the efficacy of a candidate HIV-1 vaccine requires 
the conduct of large-scale, rigorously controlled clinical trials. Such 
trials present formidable scientific and logistic challenges and require 
extensive resources. As a result, the criteria to determine that a candi-
date HIV-1 vaccine has sufficient promise to proceed into an efficacy 
trial remain a matter of substantial controversy. Nevertheless, it is also 
appreciated that properly conducted efficacy trials may provide impor-
tant information regarding correlates of protection that may not be 
obtained otherwise, even if the candidate vaccine is only minimally 
effective. This information could then be “fed back” to investigators for 
appropriate modification or revision of vaccine development efforts.

The first phase III trial of a candidate HIV-1 vaccine involved the 
VaxGen AIDSVAX B/B vaccine.168 This vaccine consisted of rgp120 
proteins from two clade B isolates (MN and GNE-8) in alum and was 
administered at months 0, 1, 6, 12, 18, 24, and 30 in a multicenter study. 
The experimental design was a double-blinded, randomly allocated, 
placebo-controlled study (vaccine-to-placebo ratio of 2 : 1) in 5403 
subjects, of whom 5109 were MSM and 308 were women at hetero-
sexual risk for HIV-1 infection. At the end of the 3-year period of 
observation, the rate of the major study end point (HIV-1 infection) 
was virtually the same in the vaccine group (6.7%) and the placebo 
group (7%) (see Table 132-2).

A second phase III study was conducted in Thailand with a similar 
rgp120 vaccine (AIDSVAX B/E) derived from a clade B isolate (MN) 
and a primary clade E isolate (CM244).170 The experimental design was 
similar to that described previously, except that the vaccine-to-placebo 
ratio was 1 : 1, and the study population consisted of 2546 injection 
drug users. The 3-year cumulative rate of infection was 8.3% in the 
placebo group and 8.4% in vaccine recipients. Taken together, these 
studies indicate that the rgp120 approach offered no evidence for pro-
tection against acquiring HIV-1 infection.

replication-incompetent, recombinant adenovirus serotype 5 (rAd5) 
vector expressing gag, pol, and nef antigens. Doses ranged from 109 to 
1011 viral particles/dose and have been associated with side effects such 
as fevers, chills, and myalgias within 24 to 48 hours after vaccination, 
particularly at the highest dose, although generally not of sufficient 
severity to require discontinuation from the study. At least 60% of 
vaccinated subjects developed HIV-1-specific cell-mediated immune 
responses as measured by ELISPOT assays.20 Other rAd5-based HIV-1 
vaccine constructs have been developed by the National Institutes of 
Health (NIH) Vaccine Research Center (VRC) and express HIV-1 gag-
pol from clade B and env from clades A, B, and C. These vaccines have 
been assessed both as single immunogens and as prime-boost regi-
mens with DNA vaccines.16 In these studies, preexisting immunity to 
Ad5 significantly reduced the immunogenicity of rAd5 vaccine vectors. 
To circumvent this problem, several rare serotype rAd vectors have 
been developed, including rAd26, rAd35, and rAd48 vectors. They are 
in early stages of clinical testing and have been found to be generally 
safe and immunogenic.113,115,157,218-220 Phase IIb studies of the MRKAd5 
vaccine and VRC DNA/rAd5 regimens have been conducted and are 
discussed later.15,19

DNA Vaccines
Phase I studies of DNA vaccines for HIV-1 have suggested that these 
vaccines are in general safe and nonreactogenic. A DNA vaccine 
encoding env and rev was given to 12 subjects in either 100- or 300-µg 
doses at 0, 1, 2, and 6 months, and modest HIV-1-specific T-lymphocyte 
responses were noted at the higher dose.221 The AIDS Vaccine Evalua-
tion Group (AVEG) conducted a study of a DNA gag-pol vaccine in 52 
subjects in doses from 100 µg to 3 mg at the above schedule and 
observed low levels of T-lymphocyte responses.222 DNA gag vaccines 
have also been tested by Merck in doses up to 5 mg, but cell-mediated 
immune responses to these DNA vaccines were less robust than after 
rAd5 immunization.223 A multiclade DNA vaccine has also been devel-
oped by the NIH VRC and consists of plasmids encoding gag-pol-nef 
from clade B and env from clades A, B, and C. Phase I trials of these 
candidate vaccines showed no obvious safety concerns but revealed 
limited immunogenicity unless combined with an rAd5 boost.18,224,225

Phase II Clinical Studies
Five phase II studies of candidate HIV-1 vaccines by AVEG and its 
successor, the HIV Vaccine Trials Network (HVTN), have been per-
formed. The first study (AVEG 201) evaluated two rgp120 subunit 
vaccines in 296 HIV-1-seronegative subjects in six demographic 
groups: four with higher-risk behavior and two with lower-risk behav-
ior.226 After three immunizations, more than 87% of subjects developed 
NAbs to the homologous isolate, which persisted for at least 2 years in 
57% of subjects who were tested. However, the study showed somewhat 
lower antibody responses to one of the vaccines (HIV-1SF-2 gp120) in 
the intravenous drug user group and to a lesser extent in heterosexual 
partners of HIV-1-infected individuals. The reasons for this have not 
been explained, but this study illustrates the importance of assessing 
immunogenicity in groups other than low-risk subjects.

The second phase II study was a collaboration between AVEG  
and HIVNET (AVEG 202—HIVNET 014).227 This study examined a 
prime-boost regimen consisting of the canarypox vector vCP205 with 
an rgp120 (SF-2) boost in 435 subjects, of whom 60 were lower risk 
and 375 were higher risk. The vaccines were generally well tolerated in 
these groups. More than 90% of subjects who received the prime-boost 
regimen developed NAbs against the homologous TCLA virus, and 
one third of those who received regimens containing vCP205 devel-
oped HIV-1-specific CD8+ T-lymphocyte responses. There appeared to 
be no significant difference in immune responses between the higher- 
and lower-risk groups in this study.

The HVTN completed a phase II study of the canarypox vector 
vCP1452, which expressed gp120, the transmembrane portion of gp41, 
gag, a portion of pol, and several CD8+ T-lymphocyte epitopes from 
nef and pol (HVTN 203). The vector was administered at a dose of 
107.26 TCID50 at a regimen of 0, 1, 3, and 6 months to 330 subjects. The 
vaccine was well tolerated, but the overall immunogenicity was disap-
pointing. Vaccinees developed HIV-1-specific CD8+ T-lymphocyte 
responses at a cumulative frequency of less than 30% at any point 
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evidence for vaccine benefit in preventing HIV-1 acquisition or on 
HIV-1 viral load setpoint (see Table 132-2).240 Although the biologic 
basis for the potentially increased rate of HIV-1 acquisition in the Step 
Study remains unclear, these data suggest potential advantages of using 
vaccine vectors that are not subject to substantial preexisting vector 
immunity.

The fourth concept to be tested in an efficacy trial is HVTN 505, a 
phase IIb study of a DNA prime followed by rAd5 boost HIV-1 vaccine 
regimen (DNA/rAd5) developed by the Vaccine Research Center 
(VRC) at the NIH. This vaccine included envelope antigens from 
HIV-1 clades A, B, and C. This study enrolled 2504 volunteers in the 
United States who were MSM or transgender volunteers at high risk 
for acquiring HIV-1. At the first planned interim Data Safety Monitor-
ing Board review for efficacy in April 2013, the study was stopped for 
lack of efficacy because futility criteria had been met for both 
co-primary end points: HIV-1 acquisition and reduction in HIV-1 viral 
load setpoint in those who became HIV-1 infected.241 At present, no 
further development of rAd5-based HIV-1 vaccine candidates is 
planned. It is unclear whether the failure of these rAd5 vector-based 
vaccines represents the failure of these specific vaccine products or the 
failure of the T-cell-based vaccine concept in general. Future investiga-
tion is focusing on the development of adenovirus vectors that show 
substantial differences or improvements over these rAd5 vaccines.

SUMMARY
A large body of information has been generated in recent years describ-
ing the immune responses to HIV-1 infection and to candidate HIV-1 
vaccines in phase I, II, and III studies. Multiple vaccine approaches 
have been evaluated, including rgp120 protein vaccines, adenovirus 
vectors, and poxvirus vectors. Two phase III studies of rgp120 vaccines 
developed by VaxGen failed to demonstrate efficacy against HIV-1 
infection. A phase IIb study of an rAd5 vector-based vaccine developed 
by Merck failed to demonstrate efficacy and suggested an increased risk 
for HIV-1 acquisition in subjects with preexisting Ad5 immunity. A 
phase IIb study of a DNA/rAd5 regimen developed by the NIH VRC 
also failed to demonstrate efficacy. In contrast, an ALVAC/gp120 
vaccine afforded a modest degree of protection against acquisition of 
HIV-1 infection in humans and has led to the development of more 
immunogenic poxvirus/protein vaccine candidates. In addition, DNA 
vaccines are currently being assessed as priming agents, with electro-
poration or cytokine adjuvants, or both, for subsequent boosts by 
vectors or proteins. In addition, evaluation of rare serotype rAd vectors 
that circumvent Ad5 immunity is also underway. Future priorities of 
the field also involve the development of novel Env immunogens that 
elicit broadly reactive NAbs against primary HIV-1 isolates.

A phase III trial (RV144) of a prime-boost vaccine regimen consist-
ing of the canarypox vector vCP1521, expressing gp120 from clade E, 
Gag, and protease from clade B, boosted by AIDSVAX B/E has been 
conducted in Thailand. The vaccine regimen involved administration 
of the canarypox ALVAC vector at months 0, 1, 3, and 6 and the rgp120 
protein at months 3 and 6. Each subject was followed for 3 years to 
assess for both acquisition of HIV-1 infection and HIV-1 disease pro-
gression. This study enrolled a community-based population of 16,402 
(1 : 1 randomization) subjects not at especially high risk for HIV-1 
acquisition (see Table 132-2). The modified intention-to-treat analysis 
(excluding HIV-1 infections present at baseline) showed a modest 
vaccine efficacy of 31.2% (P = 0.04) but no effect on viral load setpoint 
in those subjects who became HIV-1 infected.232 This observation of 
modest vaccine efficacy triggered an exhaustive search for potential 
correlates of efficacy, which identified IgG responses to the variable 
regions (particularly V2) of the HIV-1 envelope as potentially protec-
tive immune responses (see Table 132-2).233-235

Two phase IIb efficacy studies of the Merck rAd5-gag/pol/nef 
vaccine given at months 0, 1, and 6 have also been conducted. These 
studies aimed to determine whether the HIV-1-specific cellular 
immune responses elicited by this vaccine20 would reduce either HIV-1 
acquisition or viral load setpoint following infection. One study was 
conducted in the Americas, the Caribbean, and Australia (HVTN 502 
or “Step”) and enrolled 3000 subjects at high risk for HIV-1 infection. 
A parallel study was begun in South Africa (HVTN 503 or “Phambili”). 
The Step Study was terminated early at the first Data Safety Monitoring 
Board meeting in September 2007 because of a determination of futil-
ity in finding significant protection from infection between the vaccine 
and placebo groups. The rates of infection in the vaccine and placebo 
groups were not significantly different (see Table 132-2), and HIV-1 
viral loads were not reduced in vaccinees compared with placebos, 
despite the induction of HIV-1-specific cellular immune responses in 
most vaccinees.15,19,236 In addition, the data suggested that vaccinees 
who had preexisting Ad5 immunity and who were uncircumcised may 
have had increased risk for HIV-1 acquisition, especially during the 
early period after vaccination.237 Subsequent analyses, using an HIV-1 
sieve approach, suggested that the vaccine may have elicited immune 
responses which exerted immunologic pressure on the infecting HIV-1 
virus in vaccine recipients who became HIV-1 infected.238,239 No 
increased HIV-1 acquisition was observed in vaccinees who did not 
have preexisting Ad5 immunity and who were circumcised. A second 
study of this vaccine regimen was carried out in Phambili. It was halted 
and unblinded shortly after it was initiated due to the results from the 
Step trial—with 801 of the planned 3,000 participants enrolled. An 
evaluation of HIV-1 acquisition of these limited data found no 
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133  Chronic Fatigue Syndrome
N. Cary Engleberg

P  Miscellaneous Syndromes

Chronic fatigue syndrome (CFS) refers to an illness that consists of 
profound, prolonged fatigue associated with other somatic or neuro-
psychological symptoms. The diagnosis is based on the patient’s subjec-
tive report of a compatible symptom cluster and the absence of any 
medical or psychiatric condition that might account for the com-
plaints. Attempts to ascribe CFS to a single, coherent cause have been 
fruitless. The available evidence favors the notion that the syndromal 
definition identifies a heterogeneous population of patients in whom 
fatigue, pain, cognitive complaints, and viral-like symptoms, such as 
low-grade fever, sore throat, and tender lymph nodes, are the final 
common consequences of a variety of different causes. The current, 
prevailing etiologic hypothesis is that the disorder is a multifactorial 
condition in which genetic and environmental factors (including infec-
tion) interact to produce a disturbed capacity to manage and control 
stress, fatigue, and pain.

Other names for this disorder include myalgic encephalomyelitis (in 
Great Britain and Canada) and chronic fatigue and immune dysfunction 
syndrome (in the United States). Most authorities in the United States 
prefer the designation chronic fatigue syndrome because there is no 
convincing evidence that either inflammation of the central nervous 
system (CNS) or immune system dysfunction is directly responsible 
for the disorder. Postviral fatigue and postinfectious fatigue are less 
strictly defined designations for chronic idiopathic fatigue when the 
condition is perceived to be induced by an infectious disease and  
persists after resolution of the infection.

HISTORY
Although popular interest in CFS has been a relatively recent phenom-
enon, a historical perspective suggests that the illness is not new.1 

For several centuries, an illness resembling CFS has been described 
repeatedly in the medical literature by different names. The illness has 
been attributed variously to neurologic, cardiovascular, endocrine, and 
infectious causes. The proximate association of infections, especially 
influenza, with chronic fatigue (i.e., neurasthenia) was appreciated in 
the late 19th century.2 In the 1950s, Spink3 found that nearly 20% of 
patients with serologic evidence of brucellosis developed lingering 
symptoms of fatigue, weakness, myalgic pain, mental confusion, and 
depression in the absence of evidence for continued, active infection, 
whether or not they had received treatment. He hypothesized that the 
development of “chronic brucellosis” involved an infection and a psy-
chological predisposition. Later studies by Imboden and co-workers4 
confirmed this impression by showing that patients with chronic bru-
cellosis scored unfavorably on the Minnesota Multiphasic Personality 
Inventory relative to patients who had recovered from acute brucel-
losis. To test the hypothesis that a psychological propensity precedes 
the chronic fatigue illness, these authors conducted a retrospective 
cohort analysis of military personnel and dependents in Maryland 
after an outbreak of Asian influenza during the winter of 1957-1958.5 
All subjects had completed the Minnesota Multiphasic Personality 
Inventory in August 1957, just before the epidemic. Prolonged conva-
lescence from influenza was correlated with preexisting, unfavorable 
scores on certain subscales of this test. The typical Minnesota Multi-
phasic Personality Inventory profile associated with prolonged postin-
fluenzal symptoms was nearly identical to that observed in patients 
with chronic brucellosis.

In 1985, two large series of patients with prolonged fatigue and 
other symptoms were reported to have elevated antibody titers against 
Epstein-Barr virus (EBV) compared with healthy controls.6,7 In the 

Definition
•	 As	defined	in	a	1994	Centers	for	Disease	

Control	and	Prevention/National	Institutes	of	
Health	consensus	conference,	chronic	fatigue	
syndrome	(CFS)	is	a	disorder	involving	6	or	
more	months	of	unexplained,	profound	fatigue	
with	at	least	four	of	eight	associated	
symptoms	(see	Table	133-2).

•	 Other	names	used	for	this	disorder	include	
“postinfectious	fatigue,”	“chronic	
mononucleosis,”	“myalgic	encephalomyelitis”	
(United	Kingdom/Canada),	and	“chronic	
fatigue	and	immune	dysfunction	syndrome”	
(United	States).

Epidemiology
•	 Prevalence	is	estimated	at	0.2%	to	1%	of	the	

population,	depending	on	the	definitions	used.
•	 CFS	occurs	in	women	three	to	seven	times	

more	frequently	than	in	men.

•	 It	occurs	in	all	socioeconomic	strata	and	
among	all	races.

Etiology
•	 CFS	may	be	a	sequel	of	various	infectious	

diseases	(e.g.,	herpesvirus	infections,		
influenza,	Q	fever,	brucellosis,	Lyme	disease,	
giardiasis)	but	is	not	known	to	be	directly	
related	to	any	ongoing	chronic	infection	(see	
Table	133-1).

•	 Subtle	disturbances	of	immune	function	are	
not	consistent	and	not	known	to	be	causative	
of	symptoms.

•	 Hypothalamus-pituitary-adrenal	axis	or	
autonomic	disturbances	may	occur,	but	
correcting	these	subtle	anomalies	does	not	
improve	symptoms	of	CFS.

•	 Prior	or	concurrent	history	of	psychiatric	
disorders	is	common.

Diagnosis
•	 Diagnosis	is	clinical	and	usually	based	on	the	

1994	consensus	definition	(see	Table	133-2).
•	 There	is	no	valid	laboratory	test	to	rule	in	or	

to	rule	out	CFS.

Therapy
•	 Pharmacologic	therapies	are	directed	at	

relieving	symptoms	of	pain,	sleep	disruption,	
and	depression.

•	 No	antimicrobial	and	immune	therapies	have	
been	proven	to	be	helpful.

•	 Nonpharmacologic	therapies	(cognitive-
behavioral	therapy	and	graded	exercise	
therapy)	have	been	repeatedly	shown	to	be	
helpful	in	most	patients.

Prevention
•	 There	are	no	known	preventive	measures.

SHORT VIEW SUMMARY
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EPIDEMIOLOGY
Fatigue is one of the most common complaints encountered in general 
medical practice. In most patients, the complaint is eventually attrib-
uted to a diagnosable medical condition or is short-lived. According 
to the most recent consensus conference definition, severe fatigue that 
remains unexplained after baseline physical and laboratory examina-
tions and persists for more than 6 months is designated as idiopathic 
chronic fatigue. Patients with idiopathic chronic fatigue who also com-
plain of four or more of the associated symptoms listed in Table 133-2 
may be considered to have CFS.18

Because the case definition requires a medical evaluation, it can be 
applied only to study the prevalence of CFS in populations who seek 
medical attention. In a general medical practice in Boston, idiopathic 
chronic fatigue was reported by 8.5% of patients, but only 0.3% could 
be diagnosed with CFS.19 The CDC ascertained the national prevalence 
of CFS by conducting case findings through a network of physicians 
in four cities. The prevalence, age, and sex distribution were remark-
ably similar in the four cities. The prevalence ranged from 3 to 11 per 
100,000 population. Patients were predominantly women (7 : 1) and 
clustered in the 30- to 50-year age group.20 Similar estimates of preva-
lence were reported from studies in Australia and the United 
Kingdom.21,22 The characteristic predominance of upper middle class 
white women in their 30s and 40s resulted in the pejorative term 
“yuppie flu.” These and other observations are biased, however, by reli-
ance on clinic-based case ascertainment. When a random telephone 
survey was conducted in the San Francisco area, a different epidemio-
logic pattern emerged.23 The overall prevalence of subjects reporting a 
CFS-like illness was 0.2% of the population, and the female predomi-
nance was less dramatic (2.9 : 1). The age distribution was the same as 
that seen in clinic-based studies, but the distribution of cases by income 
showed higher rates in persons with family incomes less than $40,000, 
suggesting that the perception of “yuppie flu” is an artifact of health 
care use by the affected populations. The rates of CFS-like illness were 
higher in African Americans and Hispanics than in whites and Asian 
Americans, and there was no preponderance of cases in any individual 
occupational group. Similar findings have been reported in other 
community-based studies.24-27 These studies suggest that there is a high 
frequency of chronic fatigue in all communities; however, review of 
individual medical records reveals a medical or psychiatric condition 
to account for a majority of the cases. In addition, the prevalence of 
idiopathic chronic fatigue (usually about 1% to 6%) is much greater 
than the number that meets the CDC consensus criteria for CFS  
(0.1 to 0.3%).

Outbreaks of idiopathic illness consistent with CFS have been 
reported occasionally since the 1940s.28 In many of these outbreaks, 
the involvement of an infectious agent is unlikely because certain  
subgroups of the population at risk were affected disproportionately. 
Large hospital outbreaks in Los Angeles and London affected the pro-
fessional staff but not the hospitalized patients or nonprofessional 
staff.29,30 An acute outbreak of neuromyasthenia in New Zealand 
resulted in CFS in many of the affected individuals. A 10-year follow-up 
of these cases indicated that most patients had recovered partially or 
completely.31

ETIOLOGY AND PATHOGENESIS
Attempts to elucidate the pathophysiology of CFS have been hampered 
by several methodologic problems. Foremost among these is the 
problem of selecting a homogeneous group of subjects for study from 
among patients identified by the working definition. In a symptom 
cluster analysis of patients meeting the CDC criteria, at least two dis-
tinct subgroups emerged—one having numerous syndromal and non-
syndromal symptoms with high severity scores and a second, larger 
group with limited symptoms and only moderate severity.32 A recent 
genetic and clinical symptom analysis suggests the existence of seven 
discrete subgroups.33

It has long been appreciated that some patients have an acute onset 
associated with an infectious disease or other definable stressor, 
whereas others describe an insidious and progressive onset. Most 
patients have past or current psychiatric disorders,34-36 whereas some 
have no past or present psychiatric symptoms. There is no reason to 
assume a priori that patients with these diverse clinical circumstances 

same year, a large outbreak of chronic fatigue with associated symp-
toms and serologic tests suggesting chronic EBV infection occurred in 
the area of Lake Tahoe, Nevada.8 It was proposed that idiopathic 
chronic fatigue might be due to “chronic mononucleosis.” This hypoth-
esis was appealing because it had long been observed that persistent 
fatigue may follow documented acute mononucleosis in a small pro-
portion of cases.9-12 However, several subsequent investigations failed 
to confirm a role for active EBV replication in the persistence of this 
clinical syndrome.13,14,15,16,17 During the past 4 decades, numerous other 
infectious agents have been proposed as the cause of CFS, including 
Candida albicans, Borrelia burgdorferi, enteroviruses, cytomegalovirus, 
human herpesvirus 6, spumavirus, Bornavirus, and retroviruses, with 
the most recent controversy over a xenotropic murine retrovirus, 
XMRV (Table 133-1). The evidence that active infection with any of 
these agents causes a significant proportion of chronic fatigue cases is 
either inconclusive or refuted by subsequent investigations.

To stimulate productive research on this clinical problem, the 
National Institutes of Health and the Centers for Disease Control and 
Prevention (CDC) sponsored a series of research conferences between 
1985 and 1994. One goal of these conferences was to prepare a work-
able consensus definition of CFS that could be applied uniformly by 
investigators studying the epidemiology, clinical features, etiology, and 
treatment of the disorder (Table 133-2).

TABLE 133-1  Proposed Infectious Causes of 
Chronic Fatigue Syndrome

PROPOSED 
ETIOLOGIC AGENT

REFERENCES
Suggestive 
Studies Negative Studies

Epstein-Barr virus 6, 7, 173 13, 14, 15, 16, 174-176

Cytomegalovirus 177, 178 13, 14, 174-176

Human herpesvirus 6 45, 46, 179, 180 13, 14, 175, 176, 181, 182

Human herpesvirus 7 183 46, 175, 179, 182

Human herpesvirus 8 — 46, 175, 184

Enteroviruses 185-187 13, 14, 188-191

Parvovirus 39, 192 175, 193, 194

GB virus-C 195

Human spumavirus 196 —

Bornavirus 197, 198 199

Human retrovirus 200 201-203

Xenotropic murine 
retrovirus (XMRV)

49, 50 54, 56-58
59 (retraction of 49)
60 (retraction of 50)

Borrelia burgdorferi 204 205, 206

Brucella spp. 207 3

Mycoplasma spp. 208, 209 210

Candida albicans 211, 212 213

TABLE 133-2  CDC/NIH Consensus Conference 
Definition of Chronic Fatigue Syndrome

Clinically evaluated, unexplained chronic fatigue for >6 mo duration, which is 
not lifelong or the result of ongoing exertion and is not alleviated 
substantially by rest. Fatigue is associated with a significant reduction in 
occupational, educational, social, or personal activities plus ≥4 of the 
following concurrent symptoms:

 Impaired memory or concentration
 Sore throat
 Tender cervical or axillary lymph nodes
 Muscle pain
 Multijoint pain
 New headaches
 Unrefreshing sleep
 Postexertion malaise

CDC, Centers for Disease Control and Prevention; NIH, National Institutes of Health.
Modified from Fukuda K, Straus SE, Hickie I, et al. The chronic fatigue 

syndrome: a comprehensive approach to its definition and study. International 
Chronic Fatigue Syndrome Study Group. Ann Intern Med. 1994;121:953-959.
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persistent fatigue may be attributable to neurally mediated hypoten-
sion. Subsequent studies have provided mounting evidence that 
younger patients with CFS have increased sympathetic activity at rest 
with exaggerated cardiovascular response to orthostatic stress. Resting 
catecholamine levels are increased, and thermoregulatory responses 
suggest increased sympathetic activation at rest.62,63 This may be mani-
fest as positional orthostatic tachycardia syndrome (POTS) without 
hypotension.64 However, Katz and co-workers65 failed to find any dif-
ference in the frequency of orthostatic intolerance among adolescents 
6 months after infectious mononucleosis whether they met criteria for 
CFS or had completely recovered.

Attempts to treat CFS as neurally mediated hypotension have not 
been successful. The investigators who demonstrated abnormal tilt-
table testing in young patients with CFS used combinations of fludro-
cortisone, atenolol, and sertraline with increased salt intake to treat a 
cohort of patients. Initially, they reported a favorable durable response 
in 39% of patients.61 However, two subsequent controlled trials failed 
to show any benefit using this approach to therapy.66,67

Role of the Immune System
Some of the proposed inciting and perpetuating factors involve disrup-
tions in various biologic systems (e.g., the immune system, skeletal 
muscle, heart, CNS). Although subtle alterations in some of these 
systems have been identified in patients, similar changes are observed 
in individuals without symptoms. Differences in various measures of 
immune function (e.g., cytokine levels, in vitro lymphocyte function, 
flow cytometry) have been observed by comparing CFS patients and 
healthy persons; however, many of the studies are inconsistent with 
one another or have not been reproduced. One prospective study of 
postinfectious fatigue failed to find any significant differences in the 
levels of eight cytokines comparing patients and controls.68

The most consistent immune alterations have included an increase 
in T lymphocytes expressing activation markers69 (e.g., in the number 
of lymphocytes bearing the CD45RA differentiation marker70). These 
findings suggest mild activation of the cellular immune system, but the 
relevance of these alterations is unclear, given the inconsistent immu-
nologic differences among monozygotic twin pairs that are discordant 
for CFS.71 It is also not clear that a change in lymphocyte subsets occurs 
in conjunction with clinical improvement.72

Another immunologic finding more common in CFS patients than 
in healthy controls is a reduction in natural killer cell function and in 
the number of lymphocytes bearing the CD16 marker.73,74 This finding 
raised the concern that malignancies might occur at an increased rate 
in CFS. Analysis of cancer registries following the large 1985 Lake 
Tahoe outbreak did not support this notion.75 Subsequently, Chang and 
co-workers76 queried the Surveillance, Epidemiology, and End Results 
(SEER)-Medicare registry that includes 1.2 million cancer cases and 
compared them with 100,000 controls. The frequency of a CFS diag-
nosis more than 1 year before selection was 0.5% in both the cancer 
and control groups; however, an extensive subgroup analysis showed a 
small increase in the odds of CFS in patients with non-Hodgkin’s 
lymphoma. A study of all-cause mortality shows no increased rates for 
CFS patients.77

Abnormalities of B lymphocytes have been present less consistently 
among CFS patients. However, a Norwegian research group reported 
a transient beneficial effect of rituximab therapy in a majority of 15 
treated CFS patients compared with 15 placebo-treated controls.78 This 
unique study requires confirmation before any firm conclusions can be 
made concerning the role of B lymphocytes in CFS pathogenesis.

Dysregulation of RNase L has been studied as a common feature of 
CFS. Normally, the presence of double-stranded RNA (i.e., from 
viruses) activates expression of the enzyme 2′,5′-oligoadenylate syn-
thetase. The 2′,5′-adenylate oligonucleotides generated from this activ-
ity bind to and activate RNase L, which degrades viral and some host 
RNAs. CFS patients are purported to have increased levels of 2′,5′-
adenylate oligonucleotides and RNase L activity.79,80 In addition, a low-
molecular-weight RNase L molecule has been detected more frequently 
in CFS patients than in healthy controls (88% vs. 32%81,82). Activation 
of this pathway in CFS could be regarded as evidence of a response to 
viral infection or, alternatively, as evidence of disturbed immune regu-
lation that results in unnecessary degradation of host RNA.

have the same disorders simply because they meet the CDC criteria at 
the time of presentation.

Role of Infection
Infectious causes of CFS have been proposed (see Table 133-1), but 
there is no reproducible evidence that any single agent is responsible 
for any significant proportion of these illnesses. Postinfectious fatigue 
cases indistinguishable from CFS may immediately follow a diagnosed 
infection (e.g., EBV infection, influenza, brucellosis, giardiasis), includ-
ing some that are highly localized geographically (e.g., Lyme disease, 
Q fever, Ross River virus infection).5,37-41 In a prospective study, Hickie 
and co-workers12 reported that postinfectious fatigue occurs at a rate 
of approximately 12% whether the instigating infection is EBV, Q fever, 
or Ross River virus. Most of these patients met criteria for CFS as  
well. Others have reported that postinfectious and idiopathic cases 
have indistinguishable clinical and psychosocial features.42 Prolonged 
convalescence from infectious mononucleosis is a well-recognized 
phenomenon.9-11 A more recent prospective study of adolescents with 
infectious mononucleosis showed that at 6 and 24 weeks of follow-up, 
13% and 4%, respectively, had prolonged fatigue that met CDC crite-
ria.43 The use of steroids during the acute phase of mononucleosis was 
not associated with prolonged postinfectious fatigue in this study.

The occurrence of clinically indistinguishable “postinfectious” 
fatigue states after several unrelated infections supports the concept 
that CFS is a nonspecific sequela to a variety of illnesses rather than a 
disease with a single, specific infectious cause. Controversy persists 
about whether chronic fatigue can be triggered by any infectious or 
traumatic event or whether only a particular type of infection or 
trauma is necessary. However, patients seen in general practice for 
common infections do not have an increased frequency of prolonged 
fatigue relative to patients seen for other medical problems.44

Although there was never any direct virologic evidence favoring 
chronic, persistent EBV infection as a cause of CFS, a significant body 
of negative research has accumulated to reject this hypothesis. These 
studies showed no significant differences in serologic titers,13,14 shed-
ding of virus in saliva,17 blood lymphocyte–transforming activity,16,17 
or EBV-specific cytotoxic lymphocytes16 between patients and healthy 
controls. In addition, a large treatment study compared intravenous 
and oral acyclovir with placebo in CFS patients and failed to show any 
benefit.15 Similarly, negative microbiologic data have been collected for 
other specific infectious agents (see Table 133-1). The possibility that 
CFS patients may reactivate latent viruses more frequently than healthy 
individuals has been proposed,45,46 but it is not clear how or whether 
viral reactivation affects the ongoing symptom complex.47 For example, 
Chia and Chia48 have recently observed that enterovirus RNA and VP1 
are found four times more frequently in the stomachs of CFS patients 
than in healthy controls. However, like many similar virologic observa-
tions, it is not clear whether persistent enterovirus is a cause or a 
consequence of the syndrome.

The latest controversy concerning CFS etiology occurred after a 
2009 publication implicating xenotropic murine retrovirus (XMRV)  
in 67% of 101 patients but only 3.7% of 218 healthy controls.49 A sepa-
rate research group reported a similar disparity in the frequency of 
murine leukemia virus (MLV)–related sequences among CFS patients 
and healthy blood donors.50 Initially, criticism of these reports from 
established researchers focused on poorly described selection of cases 
and controls, potential sources of bias, and uncertainty about the gen-
eralizability of the findings.51-53 However, the most serious challenge 
came from DNA sequence analysis showing that viruses in an estab-
lished murine cell line are ancestral to viruses detected in the human 
samples, suggesting that the human samples were contaminated with 
mouse DNA.54 Several subsequent studies failed to show any associa-
tion of XMRV with CFS,55,56,57,58 and the two studies that initially found 
an association were eventually retracted (see Table 133-1).59,60

Role of the Autonomic Nervous System
In 1995, researchers at Johns Hopkins University reported that chronic 
fatigue patients had abnormal responses to a 45-minute tilt-table test 
protocol.61 Virtually all of the patients had syncope or reproduction of 
fatigue symptoms, whereas only about one third of healthy controls 
had an abnormal response. These investigators proposed that the  
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greatest in those with the most severe psychiatric disorders.107 This 
study was confirmed using the 1958 cohort of 11,419 participants.108 
Those with psychopathology when assessed at age 33 were 2.8 times 
more likely to report CFS at age 42. In addition, this analysis showed 
that psychopathology and sedentary behavior during childhood and 
extremes of physical activity in adulthood are not associated with CFS 
later in life.

Role of the Genome
To investigate a possible genetic predisposition to chronic fatigue ill-
nesses, family history and twin studies have been conducted. In one 
study, CFS patients reported higher rates of fatigue illness in family 
members than medical control patients.109 Similarly, twin studies in 
Australia and Great Britain suggest that disabling fatigue of greater 
than 1 month’s duration occurs more frequently in monozygotic than 
in dizygotic twins.110,111 Applying the CDC criteria for CFS, a study in 
the United States showed a concordance of 38% in monozygotic twins 
versus 11% in dizygotic twins.112 However, a microarray study of the 
transcriptomes of discordant, monozygotic twins failed to identify any 
biologically active marker that can distinguish the twins with CFS from 
those with no fatigue.113

With the capacity to perform genome-wide analysis, researchers 
now have the opportunity to search for either disease-specific alleles 
or to find genes that are dysregulated in CFS patients. To identify 
disease-specific alleles, Smith and co-workers looked for polymor-
phisms in genes involved in the serotonergic system and found three 
CFS-associated alleles of the HTR2A gene, which encodes a G protein–
coupled serotonin receptor.114 Polymorphisms in this gene have previ-
ously been associated with a variety of psychiatric disorders. Similarly, 
Rajeevan and co-workers115 found single nucleotide polymorphisms 
(SNPs) in the glucocorticoid receptor (NR3C1) gene that occurs with 
relatively high frequency in CFS compared with controls. In a compre-
hensive genomic screening study, Goertzel and co-workers116 defined 
a panel of 28 SNPs that predicts the presence of CFS with 76% accu-
racy. The three most relevant genes in the panel were NR3C1, TPH2 
(encoding neuronal tryptophan hydroxylase, involved in serotonin 
synthesis), and COMT (encoding catecholamine-O-methyl transfer-
ase). Identification of these genes suggests genetic predispositions 
involving the HPA axis, serotonergic system, and autonomic nervous 
system, respectively. These findings are consistent with functional 
studies that show disturbances in the targeted physiologic systems, 
even though the studies have identified different CFS-associated alleles.

Reconciling the differences in these genetic studies may be difficult 
if CFS proves to be a collection of disorders with different manifesta-
tions and predispositions. Nevertheless, research on related disorders 
provides strong evidence for genetic predisposition in similar func-
tional disorders. A recent report by Binder and co-workers showed that 
certain SNPs affecting the expression of FKBP5 predict the develop-
ment of post-traumatic stress disorder (PTSD) after adult trauma 
among inner-city African Americans who experienced abuse as chil-
dren.117 Thus, the combination of early psychic trauma and a genetic 
variant that influences the responsiveness of the glucocorticoid recep-
tor results in hyperresponsiveness of the HPA axis in adulthood. Simi-
larly, certain genotypes of the MAOA (monoamine oxidase) gene have 
been found to predict adult consequences in mistreated children.118 
Whether these specific genes will prove to play a role in some CFS 
variants is yet to be determined; however, a pathophysiologic model of 
genetic predisposition plus environmental challenge as the substrate 
for the disorder is an approach to understanding these disorders that 
is gaining traction.119

If this simple hypothesis is correct, then it should be possible to 
observe differences in gene expression in CFS patients versus controls. 
Accordingly, a transcriptional analysis of 30,000 genes in 7 patients 
with postinfectious fatigue and 8 matched controls at 4 time points 
after documented primary EBV infection identified a panel of 35 genes 
with expression that correlated temporally with the clinical course.120 
Similarly, Kerr and co-workers compared the transcriptomes of 25 CFS 
patients with those of 50 unrelated, healthy controls.121 They found 88 
genes with differential expression, most of which were upregulated and 
were involved in hematologic and immunologic functions, cancer, and 
infection. Unfortunately, the panels of dysregulated genes identified in 

A synthetic double-stranded (ds)RNA rintatolimod (Ampligen), 
activates 2’,5’-oligoadenylate synthetase via Toll-like receptor 3 and 
generates RNase L. This drug, given intravenously, has been reported 
to benefit CFS patients in two randomized, placebo-controlled trials.83,84 
However, the U.S. Food and Drug Administration has repeatedly 
rejected a new drug application for Ampligen based on concerns about 
study design and efficacy. In any case, the failure of the drug to make 
CFS worse argues against exaggerated RNase L levels and RNA degra-
dation as a cause of fatigue.

Role of the Central Nervous System
Because idiopathic chronic fatigue usually includes neuropsychologi-
cal symptoms and subtle alterations of hormones regulated at the 
hypothalamic level, the hypothesis that the CNS is the principal site of 
the pathophysiology has gained support in recent years. Accumulating 
data from CNS imaging studies support this notion, but the signifi-
cance of these findings still is unclear.45,85-88 Investigators have observed 
regions of reduced cerebral blood flow in CFS patients relative to 
healthy controls88,89; however, these findings were not confirmed in a 
study of single-photon emission computed tomography scanning in 
monozygotic twins discordant for CFS.90

Urinary free cortisol levels have been shown to be lower in patients 
with CFS than in age-matched and sex-matched healthy controls, 
although the means of both groups are within the defined normal 
range.91,92 Exaggerated adrenal responsiveness to corticotropin infu-
sions in these patients suggests that a subtle defect in hypothalamic-
pituitary-adrenal (HPA)-axis activity exists.93 The disturbance also 
results in a flattening of the diurnal pattern of cortisol secretion and 
enhanced sensitivity of the axis to negative feedback.94,95 Nater and 
co-workers96 reported an attenuation of morning salivary cortisol in 
medication-free CFS patients compared with well-matched controls 
but noted that the effect was limited to women. Reduced HPA-axis 
activity and hyperresponsiveness have also been observed in fibromy-
algia and in post-traumatic stress disorder, whereas enhanced activity 
of the axis is typical of major depressive disorder.97 In contrast, gonado-
tropin levels are not affected by either CFS or fibromyalgia.98 These 
findings suggest the presence of a common pathophysiology in CFS 
and other stress-related disorders that is centered in the CNS.

The finding of depressed HPA-axis activity as a feature of chronic 
fatigue illnesses motivated a study at the National Institutes of Health 
in which patients received either replacement hydrocortisone or 
placebo for 3 months. This study and a subsequent trial suggest that 
there was minor improvement in the hydrocortisone group during 
treatment.99,100 There was also profound and sustained suppression of 
the HPA axis and loss of bone density, which prompted investigators 
to recommend against the use of steroids for treatment.100,101 Another 
attempt to boost the HPA axis pharmacologically was made in a ran-
domized, controlled trial of the drug galantamine (a central stimulant 
of HPA-axis activity). The study showed no substantial benefit.102 
Therefore, although HPA-axis disturbances may be present in CFS, 
attempts to correct these disturbances do not relieve symptoms. This 
suggests that any fundamental disturbance occurs at a more complex 
level in the brain.

As in the earlier studies of brucellosis and influenza by Imboden 
and co-workers,5 contemporary investigators have found that when 
patients present with a “viral illnesses” in general practice, psychiatric 
morbidity, belief in vulnerability to viruses, and attributional style at 
initial presentation are more important predictors of fatigue 6 months 
later than are “viral” symptoms during the initial infection.103 Several 
studies have reported that a prior history of depression is frequently 
present in chronic fatigue states and may represent an important pre-
disposing condition.103-106 Perhaps the most convincing observations 
come from the National Child Development Study in the United 
Kingdom, a study that prospectively collected health and psychosocial 
data on huge cohorts of individuals from birth to adulthood. Cohorts 
born in 1946, 1958, and 1970 were analyzed in separate studies that 
came to similar conclusions. In the 1946 cohort, 3035 participants  
were assessed for CFS by self-report and a structured interview at age 
53. The study found that those with psychopathology assessed by stan-
dard interview instruments at ages 15 and 36 were 2.65 times more 
likely to report CFS later in life. Moreover, the likelihood of CFS was 
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be indicated when the history or quality of the patient’s symptoms 
suggests specific alternate diseases (e.g., chronic infection, collagen 
vascular disease, neurologic disorder, neoplasm). A low-titer antinu-
clear antibody test is found in 15% to 54% of patients with CFS.129,130 
Antibodies against DNA and extractable nuclear antigens are typically 
absent. Instead, antibodies directed against insoluble nuclear matrix 
proteins are responsible for the nuclear fluorescence.130,131 The signifi-
cance of these autoantibodies is unknown.

When groups of patients with CFS are compared with control 
groups, significant differences have been found in many laboratory or 
radiologic results (e.g., in hormone levels, CNS radiologic tests, mea-
sures of cellular immunity, autonomic function). These findings may 
provide some insight into the pathophysiology of chronic fatigue states, 
but they have no diagnostic value in individual patients. In all of these 
examples, there is significant overlap between the fatigued and normal 
groups, and the tests cannot be used as a reliable marker for the disor-
der in an individual. For example, although study groups of patients 
may have disturbances in the HPA axis, neither blood nor urine corti-
sol levels are sufficiently discriminatory to be of value in diagnosis of 
individual patients. Levels should be obtained only when clinical find-
ings indicate a need to rule out frank adrenal insufficiency.

Small areas of localized increased signal intensity have been 
reported more frequently in brain magnetic resonance imaging studies 
of CFS patients than in those of healthy controls.45 Similarly, changes 
in the perfusion of certain areas of the brain are suggested by studies 
using single-photon emission computed tomography,86-88 although dif-
ferent research groups have reported different anatomic findings. The 
causes of these findings are unknown, and their relationship to symp-
toms is not clear. Because the findings are not specific for CFS, CNS 
imaging should be used only when it is medically indicated to rule out 
a structural abnormality.

Because immunologic tests (e.g., flow cytometry, cytokine levels, in 
vitro lymphocyte function) have no diagnostic or prognostic signifi-
cance, they are of value only in the context of a research study and 
should not be ordered as part of the routine evaluation for idiopathic 
chronic fatigue. Laboratory evaluation of the 2′,5′-oligoadenylate syn-
thetase pathway80 is not sufficiently specific to be helpful in diagnosis.

MANAGEMENT
General Principles
CFS is defined as an idiopathic disorder (see Table 133-2). Specific 
medical or psychiatric therapy is rational only when an alternate or 
coexisting diagnosis is present. Antimicrobial therapy is not indicated 
unless there is clear evidence of a specific, active infection producing 
disease manifestations. Uncontrolled trials of successful antiviral 
therapy have been reported, but failed, randomized, controlled trials 
of antimicrobial therapy have been cited as evidence that conventional 
infectious agents are not a perpetuating factor in CFS and do not 
require treatment. Readers of the literature should be aware that there 
is an active and sometimes vitriolic controversy between advocates of 
psychosocially oriented interventions and those who favor a standard 
medical (sometimes virologic) model of the disorder. The flavor of this 
controversy is apparent from the review of Prins and the comments 
that followed,132-134 as well as the review of Hooper.135

In my opinion, conservative therapy for idiopathic fatigue syn-
dromes is appropriately nonspecific and should be focused on reme-
diation of symptoms and physical rehabilitation instead of specific, 
presumed causes.136 There is no general consensus about which non-
specific therapies are most appropriate, and the existing, adequately 
controlled studies often have reported inconsistent results.137,138 Because 
CFS is a heterogeneous disorder, the outcomes of treatment studies are 
influenced heavily by the method of selecting patients. Also, noncon-
trolled treatment observations are of minimal value in these disorders 
because most blinded controlled trials have shown a robust placebo 
effect.

The treatment of individual patients is empirical. It is useful to 
objectify the symptoms as much as possible so that the response to any 
intervention can be assessed independently. Medications should be 
evaluated in an additive or sequential manner so that there can be no 
confusion about their efficacy or adverse effects. With the large range 
of symptoms with which these patients present, physicians are faced 

these two studies are mutually exclusive, underscoring the heterogene-
ity of the syndrome, its definition, and the inherent problem of patient 
and control selection in CFS research.

CLINICAL MANIFESTATIONS
CFS occasionally develops in the aftermath of an identifiable infectious 
disease, such as infectious mononucleosis or influenza. More often, 
however, an infectious triggering event is not confirmed. Flulike symp-
toms may persist or develop de novo after the acute onset. These 
symptoms include sore throat, low-grade fever, tender adenopathy, 
generalized myalgia, migratory arthralgia, and headache. In contrast, 
objective physical findings corresponding to these subjective com-
plaints, such as pharyngitis, a temperature greater than 100.5° F, and 
palpable adenopathy, are rare after the resolution of the initial illness. 
The presence of significant objective muscle weakness or frank arthritis 
should suggest an alternative diagnosis.

Persistent, disabling fatigue is the cardinal symptom of CFS. 
Patients often report that they have a limited allotment of energy each 
day and cannot function when it is depleted. Consequently, exhausting 
fatigue that lasts hours to a few days may follow even modest exertion. 
Wessely and Powell122 undertook a prospective study using standard-
ized interview instruments to compare the perception of fatigue among 
patients with “postviral fatigue” and control groups with neuromuscu-
lar disorders or major depression. They determined that the features 
of physical fatigue were similar in all three groups, but complaints of 
mental fatigue (e.g., poor concentration, poor memory, sleepiness, 
decreased muscle strength), physical fatigue after mental activity, and 
fatigue at rest were more common in the CFS and depression groups. 
Mental fatigue was uncommonly reported by patients with neuromus-
cular disorders unless they also had a psychiatric diagnosis, and the 
only feature that distinguished the CFS patients from the depression 
patients was the tendency of the former to attribute their fatigue to a 
physical rather than affective cause.

Patients may describe difficulty with concentration and memory, 
although actual deficits are not consistently demonstrable using neu-
ropsychological testing. Either insomnia or excessive sleep may be 
reported. A thorough sleep history helps to determine whether formal 
polysomnography is indicated to rule out a primary sleep disorder. 
Sleep disorders are common among patients who present with fatigue, 
even among patients who meet symptomatic criteria for CFS.123,124,125 
Any or all of the symptoms may occur persistently or occur with strik-
ing seasonality. Some cases of CFS have seasonal variation comparable 
with that seen with seasonal affective disorder.126

Most patients who meet symptom criteria for CFS also have a past 
or current history of a psychiatric disorder (e.g., depression or anxiety 
disorder).34-36 The treating physician must determine whether a preex-
isting psychiatric disorder accounts for all of the patient’s complaints. 
If so, CFS should not be diagnosed. In contrast, altered mood states 
that occur in the context of the CFS are often transient and reactive to 
the physical disability and discomfort.

It is also important for the clinician to realize that the definition of 
CFS intersects with several other functional somatic disorders, such  
as fibromyalgia (FM), irritable bowel syndrome (IBS), multiple chemi-
cal sensitivity syndrome, temporomandibular joint dysfunction, and 
interstitial cystitis to name a few. Several of these disorders may occur 
in the same patient, and their concurrence may reflect our inability  
to adequately understand or define them. A recent population-based 
survey suggests that CFS-like illness is associated with lifetime preva-
lences of major depression, chronic widespread pain (i.e., FM), and IBS 
of 57%, 41%, and 16%, respectively.127 Moreover, an individual with 
any one of these three diagnoses is 14 times more likely to have a CFS-
like illness than one who has none of these three comorbid conditions. 
A unified view of etiology and management of these disorders is pre-
sented in a review by Henningsen and co-workers.128

LABORATORY FINDINGS
No laboratory tests are diagnostic for CFS. Laboratory evaluation 
requires testing only for the purpose of ruling out unrecognized 
medical conditions that account for the symptoms. The minimal evalu-
ation consists of a complete blood count, serum chemistry profile, 
urinalysis, and thyroid function testing.18 Additional tests may 
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successful outcome of CBT in about half of the patients entering therapy 
with a mean drop-out rate of only 16%. The authors concluded that  
this modality was moderately effective.161 Follow-up studies of CBT 
in adolescents confirm that positive benefits are sustained unless the 
subjects’ mothers have severe fatigue symptoms as well.162

All patients should be counseled regarding exercise and sleep 
hygiene. Exercise has been traditionally advocated in the treatment of 
fibromyalgia. Several studies of CFS patients have confirmed the widely 
held view that light aerobic exercise is beneficial.163-165 In contrast, there 
is no evidence to support the prescription of bed rest. Continuous 
inactivity may reinforce illness behavior and lead to complicating myo-
fascial pain syndromes. Because physical activity induces symptoms in 
many patients, exercise must be introduced gradually, in a program of 
graded exercise therapy (GET).

A systematic review of all treatment options for CFS in 2001 sug-
gested that CBT and GET were the only therapeutic options with 
credible benefit.137 Later, in a large randomized parallel-group trial, 
CBT and GET both resulted in less fatigue and superior physical func-
tioning when compared with either treatment by a medical specialist 
or a program of “adaptive pacing.”166 Moreover, CBT and GET resulted 
in lower health care costs per quality-adjusted life year (QALY) than 
the other nonpharmacologic therapies mentioned earlier.167 The devel-
opment and use of an online CBT program for Dutch adolescents 
likely improves the cost-effectiveness of this method as well. A ran-
domized, open-label trial in the Netherlands showed that the Internet-
based CBT program resulted in less severe fatigue, better physical 
functioning, and greater likelihood of full school attendance than 
usual care in a tertiary treatment center during a 6-month treatment 
period.168

Many patients have significant disruptions in their sleep patterns 
that should be corrected gradually. Daytime napping should be limited 
or avoided altogether because this behavior may disrupt nighttime 
sleep further. Melatonin is a popular over-the-counter sleep remedy 
used by many patients; however, the rationale for this therapy is 
unclear, given that CFS patients have normal levels and timing of 
endogenous melatonin secretion.169

Although some patients report relief of symptoms with dietary 
alterations, there is little reliable experimental evidence to inform 
changes in diet. A recent randomized, controlled trial showed that a 
low-sugar, low-yeast diet, recommended by some, was no more effica-
cious in relieving fatigue or improving quality of life than simple, 
healthy eating.170 Highly restrictive diets that may impair general nutri-
tion should be discouraged.

Individual counseling provided in general medical practice may 
serve the same functions and seems to be as effective as formal 
cognitive-behavioral therapy.171,172 Classic insight-oriented psychother-
apy rarely is indicated but may be helpful in patients who experience 
significant, ongoing emotional stress at home or work.

SUMMARY
Prolonged idiopathic fatigue states may arise spontaneously or during 
the convalescence from an infectious disease. When associated with 
other symptoms, the diagnostic criteria for CFS may be met, although 
the distinction between syndromal and nonsyndromal chronic fatigue 
may be artificial. No laboratory tests are available to confirm or exclude 
the diagnosis of CFS. Various infections have been proposed as occult 
causes of the syndrome, but none has been implicated in any significant 
proportion of the patients who meet the clinical definition. In contrast, 
most experimental evidence points to a reversible derangement of 
certain CNS functions in persons with genetic predisposition. Treat-
ment modalities such as exercise, cognitive-behavioral therapy, and 
medications that act in the CNS seem to provide the most benefit.

with a variety of treatments from which to choose, and patients may 
inquire about unconventional or alternative therapies. In the absence 
of evidence for efficacy, empirical treatment choices should be guided 
by a concern for safety and cost.

Pharmacologic Therapy
Medications may be useful for the treatment of symptoms, including 
non-narcotic pain relievers for myalgia, arthralgia, or headache; non-
addictive sleep aids for sleep disruption; and psychoactive agents for 
depression or anxiety. Various vitamins and “nutritional supplements” 
have no proven, consistent benefit and may be costly.139-143 Costly 
“immune-enhancing” therapies, such as intravenous immune globulin, 
immunostimulants, and cytokines, have failed to provide benefit in 
controlled studies.144-149

Carefully controlled treatment trials do not show a consistent ben-
efit from any single pharmacologic agent. It has been useful to extrapo-
late from more conclusive studies of fibromyalgia patients because this 
idiopathic condition has significant overlap with CFS. Although the 
diagnosis of fibromyalgia is based on subjective pain and musculo-
skeletal tenderness, symptoms of profound fatigue, sleep disruption, 
and cognitive or emotional difficulties are common accompaniments. 
In addition, fibromyalgia and CFS share certain biologic features (e.g., 
autonomic and neuroendocrine findings). Amitriptyline and serotonin-
norepinephrine reuptake inhibitors (SNRIs) are moderately beneficial 
in fibromyalgia,150 and common experience suggests that chronic 
fatigue patients with pain and sleep disorder may respond in a similar 
fashion.151,152 A meta-analysis of 18 randomized controlled trials that 
evaluated four agents in fibromyalgia patients—milnacipran, dulox-
etine, pregabalin, and sodium oxybate—showed them all to have 
equivalent efficacy in achieving a 50% reduction of pain, with a com-
bined mean of 31.6% of treated patients achieving this goal in all stud-
ies.153 This mean was significantly superior to the placebo response 
rate, but a remarkable proportion of patients on placebo also achieved 
this degree of pain reduction (18.6%). One large placebo-controlled 
trial of fluoxetine therapy for CFS failed to show benefit; however, this 
study was criticized because the treated subjects had long-standing, 
disabling symptoms.154 A 3-year follow-up study comparing patients 
who received antidepressant therapy with those who did not suggests 
a significant, sustained benefit of treatment; however, this analysis did 
not clarify the duration of therapy.155 SNRIs, selective serotonin reup-
take inhibitors, and pregabalin are available, safe, and relatively inex-
pensive; however, patients treated with these agents often drop out 
because of adverse effects or a significant nocebo (negative placebo) 
effect.153

Nonpharmacologic Therapy
Discussions about the “reality” of CFS are decidedly unhelpful and 
often insulting to patients. Similarly, framing the illness in a manner 
that is inconsistent with the patient’s perceptions (e.g., as “depression” 
in the absence of formal psychiatric criteria) is likely to evoke resis-
tance and nonadherence. The best approach is the one that is most 
consistent with current understanding of CFS: to recognize and vali-
date the patient’s symptoms as part of an idiopathic syndrome. In doing 
so, it is essential to educate the patient about the unexplained nature 
of the fatiguing illness and to correct any misinformation that the 
patient may have about its cause or treatment. This approach allows 
the physician to enlist the patient’s support in pursuing the rational 
management agenda previously described.

Several studies have shown the value of cognitive-behavioral therapy 
(CBT).156-160 This approach involves a restructuring of the patient’s 
beliefs concerning the causes of the illness and an objective assessment 
of the symptoms and disabilities. A recent meta-analysis reported 
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134 
Biology of Viruses and  
Viral Diseases
James D. Chappell and Terence S. Dermody

A  Viral Diseases

Infectious Diseases and 
Their Etiologic Agents III

HISTORY
Viruses exact an enormous toll on the human population and are the 
single most important cause of infectious disease morbidity and mor-
tality worldwide. Viral diseases in humans were first noted in ancient 
times and have since shaped our history. Scientific approaches to the 
study of viruses and viral disease began in the 19th century and led to 
the identification of specific disease entities caused by viruses. Careful 
clinical observations enabled the identification of many viral illnesses 
and allowed several viral diseases to be differentiated (e.g., smallpox 
vs. chickenpox and measles vs. rubella). Progress in an understanding 
of disease at the level of cells and tissues, exemplified by the pioneering 
work of Virchow, allowed the pathology of many viral diseases to be 
defined. Finally, the work of Pasteur ushered in the systematic use of 
laboratory animals for studies of the pathogenesis of infectious dis-
eases, including those caused by viruses.

The first viruses were identified as the 19th century ended. Iva-
novsky and Beijerinck identified tobacco mosaic virus, and Loeffler 
and Frosch discovered foot-and-mouth disease virus. These observa-
tions were quickly followed by the discovery of yellow fever virus and 
the seminal research on the pathogenesis of yellow fever by Walter 
Reed and the U. S. Army Yellow Fever Commission.1 By the end of the 
1930s, tumor viruses, bacteriophages, influenza virus, mumps virus, 
and many arthropod-borne viruses had been identified. This process 
of discovery has continued with growing momentum to the present, 
with recently identified skin cancer–associated Merkel cell polyomavi-
rus,2 novel Old World arenaviruses causing fatal disease,3,4 bat-related 
respiratory coronavirus5 and reoviruses,6,7 and novel swine- and avian-
origin influenza viruses8,9 counted among the most recent entries in 
the catalog of human disease-causing viruses.

In the 1940s, Delbruck, Luria, and others10,11 used bacteriophages 
as models to establish many basic principles of microbial genetics and 
molecular biology and identified key steps in viral replication. The 
pioneering experiments of Avery, MacLeod, and McCarty12 on the 
transformation of pneumococci established DNA as the genetic mate-
rial and set the stage for corroborating experiments by Hershey and 
Chase using bacteriophages.13 In the late 1940s, Enders and colleagues14 
cultivated poliovirus in tissue culture. This accomplishment led to the 
development of both formalin-inactivated (Salk)15 and live-attenuated 
(Sabin)16 vaccines for polio and ushered in the modern era of experi-
mental and clinical virology.

In recent years, x-ray crystallography has allowed visualization of 
virus structures at an atomic level of resolution. Nucleotide sequences 
of entire genomes of most human viruses are known, and functional 
domains of many viral structural and enzymatic proteins have been 
defined. This information is being applied to the development of new 
strategies to diagnose viral illnesses and design effective antiviral thera-
pies. Techniques to detect viral genomes, such as the polymerase chain 
reaction (PCR) and its derivatives, have proven superior to conven-
tional serologic assays and culture techniques for the diagnosis of many 
viral diseases. Nucleic acid–based strategies are now used routinely in 
the diagnosis of infections caused by enteroviruses, hepatitis B virus 
(HBV), hepatitis C virus (HCV), herpesviruses, human immunodefi-
ciency virus (HIV), and, with increasing frequency, respiratory and 
enteric viral pathogens. Furthermore, rapid developments in mass 
spectrometry and nucleotide sequencing technology are permitting 
the application of these tools to highly sensitive and specific virus 
detection in clinical specimens.

Perhaps an even more exciting development is the means to intro-
duce new genetic material into viral genomes. Strategies now exist 
whereby specific mutations or even entire genes can be inserted into 
the genomes of many viruses. Such approaches can be exploited in the 
rational design of vaccines and the development of viral vectors for use 
in gene delivery. Furthermore, these powerful new techniques are 
leading to breakthroughs in foundational problems in viral pathogen-
esis, such as the nature of virus–cell interactions that produce disease, 
immunoprotective and immunopathologic host responses to infection, 
and viral and host determinants of contagion. Improved understand-
ing of these aspects of viral infection will facilitate new approaches to 
the prevention, diagnosis, and treatment of viral diseases.

VIRUS STRUCTURE AND 
CLASSIFICATION
The first classification of viruses as a group distinct from other micro-
organisms was based on the capacity to pass through filters of a small 
pore size (filterable agents). Initial subclassifications were based pri-
marily on pathologic properties such as specific organ tropism (e.g., 
hepatitis viruses) or common epidemiologic features such as transmis-
sion by arthropod vectors (e.g., arboviruses). Current classification 
systems are based on the following: (1) the type and structure of the 
viral nucleic acid and the strategy used in its replication; (2) the type 
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viruses at a level of resolution far superior to that of negatively stained 
electron micrographs. A major advantage of cryoelectron microscopy 
is that it allows structural studies of viruses to be performed under 
conditions that do not alter native virion structure. Moreover, recent 
advances in cryoelectron microscopy have extended the achievable 
resolution of particle-associated proteins to near-atomic levels, suffi-
cient to recognize characteristic features of secondary structural  
elements.17 Image reconstructions of cryoelectron micrographs, some-
times in combination with x-ray crystallography, can also be used to 
investigate structural aspects of various virus functions, including 
receptor binding18-20 and interaction with antibodies.21,22 Identification 
of key motifs, such as receptor binding sites or immunodominant 
domains, provides the framework for understanding the structural 
basis of virus–cell interactions. Electron tomography with image 
reconstruction has been applied to architectural studies of viruses and 
intracellular foci of virus replication, rendering exquisite three-
dimensional representations of particle organization and revealing the 
structure and subcellular origins of virus manufacturing centers.23,24

A number of general principles have emerged from studies of virus 
structure. In almost all cases, the capsid is composed of a repeating 
series of structurally similar subunits, each of which in turn is  
composed of only a few different proteins. The parsimonious use of 
structural proteins in a repetitive motif minimizes the amount of 
genetic information required to encode the viral capsid and leads to 
structural arrangements with symmetrical features. All but the most 
complex viruses exhibit either helical or icosahedral symmetry (see 
Table 134-1). Viruses with helical symmetry contain repeating protein 
subunits bound at regular intervals along a spiral formed by the viral 
nucleic acid. Interestingly, all known animal viruses that show this type 
of symmetry have RNA genomes. Viruses with icosahedral symmetry 
display twofold, threefold, and fivefold axes of rotational symmetry, 
and viral nucleic acid is intimately associated with specific capsid pro-
teins in an ordered packing arrangement.

The use of repeating subunits with symmetrical protein-protein 
interactions facilitates the assembly of the viral capsid. In most cases, 
viral assembly appears to be a spontaneous process that occurs under 
the appropriate physiologic conditions and often can be reproduced 

of symmetry of the virus capsid (helical vs. icosahedral); and (3) the 
presence or absence of a lipid envelope (Table 134-1).

Virus particles—virions—can be functionally conceived as a deliv-
ery system that surrounds a payload. The delivery system consists of 
structural components used by the virus to survive in the environment 
and bind to host cells. The payload contains the viral genome and often 
includes enzymes required for the initial steps in viral replication. In 
almost all cases, the delivery system must be removed from the virion 
to allow viral replication to commence.

In addition to mediating attachment to host cells, the delivery 
system also plays a crucial role in determining the mode of transmis-
sion between hosts. Viruses containing lipid envelopes are sensitive to 
desiccation in the environment and, for the most part, are transmitted 
by the respiratory, parenteral, and sexual routes. Nonenveloped viruses 
are stable to harsh environmental conditions and are often transmitted 
by the fecal-oral route.

Viral genomes exist in a variety of forms and sizes and consist of 
RNA or DNA (see Table 134-1). Animal virus genomes range in size 
from 3 kb, encoding only three or four proteins in small viruses such 
as the hepadnaviruses, to more than 300 kb, encoding several hundred 
proteins in large viruses such as the poxviruses. Viral genomes are 
single- or double-stranded and circular or linear. RNA genomes are 
composed of a single molecule of nucleic acid or multiple discrete seg-
ments, which can vary in number from as few as two in the arenavi-
ruses up to 12 in some members of the Reoviridae. Viral nucleic acid 
is packaged in a protein coat, or capsid, that consists of multiple protein 
subunits. The combination of the viral nucleic acid and the surround-
ing protein capsid is often referred to as the nucleocapsid (Fig. 134-1).

Structural details of many viruses have now been defined at an 
atomic level of resolution (Fig. 134-2). General features of virus struc-
ture can be gained from examination of electron micrographs of  
negatively stained virions and thin-section electron micrographs of 
virus-infected tissues and cultured cells. These techniques allow rapid 
identification of viral size, shape, symmetry, and surface features, pres-
ence or absence of an envelope, and intracellular site of viral assembly. 
Cryoelectron microscopy and computer image processing techniques 
are used to determine the three-dimensional structures of spherical 

TABLE 134-1  Classification of Viruses

FAMILY EXAMPLE TYPE OF NUCLEIC ACID
GENOME SIZE 
(kb or kb pair) ENVELOPE

CAPSID 
SYMMETRY

RNA-Containing Viruses
Picornaviridae Poliovirus SS (+) RNA 7-9 No I

Astroviridae Astrovirus SS (+) RNA 6-7 No I

Caliciviridae Norwalk virus SS (+) RNA 7-8 No I

Togaviridae Rubella virus SS (+) RNA 10-12 Yes I

Flaviviridae Yellow fever virus SS (+) RNA 10-12 Yes S

Coronaviridae Coronavirus SS (+) RNA 28-31 Yes H

Rhabdoviridae Rabies virus SS (−) RNA 11-15 Yes H

Paramyxoviridae Measles virus SS (−) RNA 13-18 Yes H

Filoviridae Ebola virus SS (−) RNA 19 Yes H

Arenaviridae Lymphocytic choriomeningitis virus 2 SS (ambisense) RNA segments 11 Yes S

Bunyaviridae California encephalitis virus 3 SS (ambisense) RNA segments 11-19 Yes H

Orthomyxoviridae Influenza virus 6-8 SS (−) RNA segments* 10-15 Yes H

Reoviridae Rotavirus 10-12 DS RNA segments* 19-32 No I

Retroviridae HIV 2 identical SS (+) RNA segments 7-13 Yes S

DNA-Containing Viruses
Hepadnaviridae Hepatitis B virus Circular DS DNA with SS portions 3-4 Yes I

Parvoviridae Human parvovirus B19 SS (+) or (−) DNA 4-6 No I

Polyomaviridae JC virus Circular DS DNA 5 No I

Papillomaviridae Human papillomavirus Circular DS DNA 7-8 No I

Adenoviridae Adenovirus Linear DS DNA 26-45 No I

Herpesviridae Herpes simplex virus Linear DS DNA 125-240 Yes I

Poxviridae Vaccinia virus Linear DS DNA 130-375 Yes Complex

*Reovirus and orbivirus, 10 segments; rotavirus, 11 segments; Colorado tick fever virus, 12 segments.
(+), message sense; (−), complement of message sense; DS, double-stranded; H, helical; I, icosahedral; S, spherical; SS, single-stranded.
Data from Condit RC. Principles of virology. In: Knipe DM, Howley PM, eds. Fields Virology. 5th ed. Philadelphia: Lippincott-Raven Press; 2007:25-57.
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The genomes of most DNA-containing viruses are inserted into  
preassembled capsid intermediates (procapsids) through adenosine  
triphosphate–driven mechanisms.27 In preparations of many icosahe-
dral viruses, empty capsids (i.e., capsids lacking nucleic acid) are fre-
quently observed, indicating that assembly may proceed to completion 
without a requirement for the viral genome.

In some viruses, the nucleocapsid is surrounded by a lipid envelope 
acquired as the virus particle buds from the host cell cytoplasmic, 
nuclear, or endoplasmic reticular membrane (see Fig. 134-1). Inserted 
into this lipid bilayer are virus-encoded proteins (e.g., the hemagglu-
tinin [HA] and neuraminidase proteins of influenza virus and gp41 
and gp120 of HIV), which are exposed on the surface of the virus 
particle. These viral proteins usually contain a glycosylated hydrophilic 
external portion and internal hydrophobic domains that span the lipid 
membrane and anchor the protein into the viral envelope. In some 
cases, another viral protein, often termed a matrix protein, associates 
with the internal (cytoplasmic) surface of the lipid envelope, where it 
can interact with the cytoplasmic domains of the envelope glycopro-
teins. Matrix proteins may play roles in stabilizing the interaction 
between viral glycoproteins and the lipid envelope, directing the viral 
genome to intracellular sites of viral assembly, or facilitating viral 
budding. Matrix proteins can also influence a diverse set of cellular 
functions, such as inhibition of host cell transcription28,29 and evasion 
of the cellular innate antiviral response.30

VIRUS–CELL INTERACTIONS
Viruses require an intact cell to replicate and can direct the synthesis 
of hundreds to thousands of progeny viruses during a single cycle of 
infection. In contrast to other microorganisms, viruses do not replicate 
by binary fission. Instead, the infecting particle must disassemble in 
order to direct synthesis of viral progeny.

Attachment
The interaction between a virus and its host cell begins with attach-
ment of the virus particle to specific receptors on the cell surface. Viral 
proteins that mediate the attachment function (viral attachment pro-
teins) include the following: single-capsid components that extend 
from the virion surface, such as the attachment proteins of adenovi-
rus,31 reovirus,32 and rotavirus33,34; surface glycoproteins of enveloped 
viruses, such as influenza virus35,36 (Fig. 134-3) and HIV37,38; viral 
capsid proteins that form binding pockets that engage cellular recep-
tors, such as the canyon formed by the capsid proteins of poliovirus39 
and rhinovirus40; and viral capsid proteins that contain extended loops 
capable of binding receptors, such as foot-and-mouth disease virus.41 
Studies of the attachment of several diverse virus groups, including 
adenoviruses, coronaviruses, herpesviruses, lentiviruses, and reovi-
ruses, indicate that multiple interactions between virus and cell occur 
during the attachment step. These observations indicate that a specific 
sequence of binding events between virus and cell optimizes specificity 
and contributes significant stability to the association.42

when recombinant viral proteins are expressed in the absence of viral 
replication.25,26 For many viruses, assembly of the capsid proceeds 
through a series of intermediates, each of which nucleates the addition 
of subsequent components in the assembly sequence.

One of the most poorly understood aspects of viral assembly is the 
process that ensures that the viral nucleic acid is correctly packaged 
into the capsid. In the case of viruses with helical symmetry, there may 
be an initiation site on the nucleic acid to which the initial capsid 
protein subunit binds, triggering the addition of subsequent subunits. 

FIGURE 134-1 Schematic diagrams illustrating the structure of a non-
enveloped icosahedral virus (A) and an enveloped helical virus (B). Nucleo-
capsid: combination of a viral nucleic acid and surrounding protein capsid. 
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FIGURE 134-2 Structural studies of poliovirus. A, Negative-stained electron micrograph. B, Three-dimensional image reconstruction of cryoelectron 
micrographs. C, Structure determined by x-ray crystallography. (Courtesy Dr. James Hogle, Harvard University.)
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One of the most dynamic areas of virology concerns the identifica-
tion of virus receptors on host cells. This interest stems in part from 
the critical importance of the attachment step as a determinant of 
target cell selection by many viruses. Several virus receptors have  
now been identified (Table 134-2), and three important principles  
have emerged from studies of these receptors. First, viruses have 
adapted to use cell surface molecules designed to facilitate a variety of 
normal cellular functions. Virus receptors may be highly specialized 
proteins with limited tissue distribution, such as complement recep-
tors, growth factor receptors, or neurotransmitter receptors, or more 
ubiquitous components of cellular membranes, such as integrins and 
other intercellular adhesion molecules, glycosaminoglycans, or sialic 
acid–containing oligosaccharides. Second, many viruses use more than 
a single receptor to mediate multistep attachment and internalization. 
For example, adenovirus binds coxsackievirus and adenovirus receptor 
(CAR)43 and the integrins αvβ3 or αvβ5

44; herpes simplex virus (HSV) 
binds heparan sulfate45-47 and herpesvirus entry mediator (HVEM/
HveA),48 nectin 1 (PRR1/HveC),49 or nectin 2 (PRR2/HveB)50; HIV 
binds CD451,52 and chemokine receptors CXCR453,54 or CCR555-57; and 
reovirus binds sialylated glycans58,59 and JAM-A.60,61 Third, in many 
cases, receptor expression is not the sole determinant of viral tropism 
for particular cells and tissues in the host. Therefore, although receptor 
binding is the first step in the interaction between virus and cell, sub-
sequent events in the viral replication cycle must also be supported for 
productive viral infection to occur.

Several viruses bind receptors expressed at regions of cell-cell 
contact.62 Junctional adhesion molecule-A (JAM-A), which serves as a 
receptor for reovirus60 and feline calicivirus,63 and CAR, which serves 
as a receptor for some coxsackieviruses and adenoviruses,43 are 
expressed at tight junctions64,65 and adherens junctions.66,67 Junctional 
regions are sites of enhanced membrane recycling, endocytic uptake, 
and intracellular signaling.68 Therefore, it is possible that viruses have 
selected junction-associated proteins as receptors to usurp the 

FIGURE 134-3 The folded structure of the influenza virus hemag-
glutinin (HA) and its rearrangement when exposed to low pH. A, 
The HA monomer. HA1 is blue, and HA2 is multicolored. The receptor-
binding pocket resides in the virion-distal portion of HA1. The viral mem-
brane would be at the bottom of this figure. B, Conformational change 
in HA induced by exposure to low pH. Note the dramatic structural rear-
rangement in HA2, in which amino acid residues 40-105 become a con-
tinuous alpha helix. Dashed lines indicate regions of undetermined 
structure. This model of HA in its fusion conformation is a composite of 
the HA1 domain structure and the low-pH HA2 structure. (Modified from 
Russell RJ, Kerry PS, Stevens DJ, et al. Structure of influenza hemagglutinin 
in complex with an inhibitor of membrane fusion. Proc Natl Acad Sci U S 
A. 2008;105:17736-17741.)
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TABLE 134-2  Receptors and Entry Mediators Used by Selected Human Viruses

VIRUS RECEPTOR
Adenovirus Coxsackievirus and adenovirus receptor (CAR)43,263

CD46264,265

Integrins αvβ3, αvβ5
44

Sialic acid–containing oligosaccharides266

Coronavirus 9-O-acetylated sialic acid–containing oligosaccharides (HCoV-OC43)267

Aminopeptidase N (HCoV-229E)268,269

Angiotensin-converting enzyme 2 (SARS-CoV270 and NL63271)

Dipeptidyl peptidase 4 (MERS-CoV)272

Coxsackievirus Integrin αvβ3
273

Decay-accelerating factor (CD55)274,275

Coxsackievirus and adenovirus receptor (CAR)43

Intercellular adhesion molecule 1 (ICAM-1)276

GRP78/BiP277

Heparan sulfate278

Cytomegalovirus Heparan sulfate279,280

Integrins α2β1, α6β1, αvβ3
281

Platelet-derived growth factor-α receptor282

Echovirus Integrin α2β1
283

Decay accelerating factor (CD55)284,285

Ebola virus Niemann-Pick C1 cholesterol transporter286,287

Enterovirus 71 P-selectin glycoprotein ligand-1 (PSGL-1)288

Scavenger receptor B2 (SR-B2)289

Epstein-Barr virus Complement receptor 2 (CD21)290,291

MHC class II protein77

Hantaviruses β3 Integrins292

Henipaviruses Ephrin-B2293,294

Hepatitis A virus Mucin-like protein TIM-1295
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VIRUS RECEPTOR
Hepatitis C virus CD81296,297

Scavenger receptor B1 (SRB1)298,299

Claudin300

Occludin301

Herpes simplex virus Heparan sulfate45-47

Herpesvirus entry mediator (HVEM/HveA)48

Nectin 1 (PRR1/HveC)49

Nectin 2 (PRR2/HveB)50

Human immunodeficiency virus CD451,52

Chemokine receptor CXCR453,54

Chemokine receptor CCR555-57

Human metapneumovirus Integrin αvβ1
302

Human T-cell leukemia virus Glucose transporter GLUT-1303

Neuropilin-1304

Influenza virus Sialic acid–containing oligosaccharides36,305

JC polyomavirus Serotonin receptor 5HT2A317

LSTc pentasaccharide74

Kaposi sarcoma herpesvirus Integrin α3β1
306

Measles virus CD46307,308

Signaling lymphocyte-activation molecule (SLAM)309

Nectin-4310,311

New World hemorrhagic fever arenaviruses (e.g., Junin virus) Transferrin receptor 1312

Norovirus Histo-blood group antigens313,314

Old World hemorrhagic fever arenaviruses (e.g., Lassa fever virus) α-Dystroglycan315

Parvovirus B19 Erythrocyte P antigen (globoside)316

Poliovirus Poliovirus receptor (PVR, CD155)183

Rabies virus Neural cell adhesion molecule (CD56)318

Nerve growth factor receptor (P75NTR)319

Reovirus Sialic acid–containing oligosaccharides58,59

Junctional adhesion molecule-A (JAM-A)60

β1 integrins320

Rhinovirus (major group) Intercellular adhesion molecule 1 (ICAM-1)321-323

Rhinovirus (minor group) Low-density lipoprotein receptor324

Rotavirus Sialic acid–containing oligosaccharides325,326

Integrins α2β1, α4β1, αvβ3, αxβ2
327,328

Rubella virus Myelin oligodendrocyte glycoprotein (MOG)329

Sindbis virus Natural resistance–associated macrophage protein (NRAMP)330

TABLE 134-2  Receptors and Entry Mediators Used by Selected Human Viruses—cont’d

physiologic functions of these molecules. In this regard, interactions 
of coxsackievirus with decay-accelerating factor elicit a tyrosine 
kinase–based signaling cascade that mediates subsequent interactions 
of the virus with CAR in tight junctions.69 Structures of viral proteins 
or whole viral particles in complex with sialic acid have been deter-
mined for some viruses, including the influenza virus hemagglutinin 
(HA)36,70 (see Fig. 134-3), polyomavirus,71-74 foot-and-mouth disease 
virus,75 reovirus attachment protein σ1,58,59 and the VP8 domain of 
rotavirus capsid protein VP4.34 Sialic acid binding in each of these 
cases occurs in a shallow groove at the surface of the viral protein. 
However, the architectures of the binding sites differ. Structures of 
complexes of viral proteins or viral particles and cell surface protein 
receptors have also been determined. These include adenovirus fiber 
knob and CAR,76 Epstein-Barr virus (EBV) gp42 and major histo-
compatibility complex (MHC) class II protein,77 HSV glycoprotein D 
and HVEM/HveA,78 HIV gp120 and CD4,38 measles virus HA and 
CD4679 and SLAM (signaling lymphocyte-activation molecule),80 reo-
virus σ1 and JAM-A,61 and rhinovirus and ICAM-1 (intercellular 
adhesion molecule 1).81 In several of these cases, the viral attachment 
proteins engage precisely the same domains used by their cognate 
receptors to bind natural ligands.

Penetration and Disassembly
Once attachment has occurred, the virus must penetrate the cell mem-
brane, and the capsid must undergo a series of disassembly steps 

(uncoating) that prepare the virus for the next phases in viral replica-
tion. Enveloped viruses such as the paramyxoviruses and retroviruses 
enter cells by fusion of the viral envelope with the cell membrane  
(Fig. 134-4). Attachment of these viruses to the cell surface induces 
changes in viral envelope proteins required for membrane fusion. For 
example, the binding of CD4 and certain chemokine receptors by HIV 
envelope glycoprotein gp120 induces a series of conformational 
changes in gp120 that lead to the exposure of transmembrane protein 
gp41.82,83 Fusion of viral and cellular membranes proceeds through 
subsequent interactions of the hydrophobic gp41 fusion peptide with 
the cell membrane.84,85,86,87

Other viruses enter cells by some form of receptor-mediated endo-
cytic uptake (see Fig. 134-4). For several viruses, virus–receptor com-
plexes induce formation of clathrin-coated pits that invaginate from 
the cell membrane to form coated vesicles.88 These vesicles are rapidly 
uncoated and fuse with early endosomes, which sort internalized pro-
teins for recycling to the cell surface or other cellular compartments, 
such as late endosomes or lysosomes. For other viruses, virus–receptor 
complexes are taken into cells by caveolae in lipid rafts.88 Enveloped 
viruses such as dengue virus,89 influenza virus,90 and Semliki Forest 
virus91 exploit the acidic environment of the endocytic compartment 
to induce conformational changes in surface glycoproteins required for 
membrane fusion. High-resolution structures of the influenza virus 
HA at acidic pH illustrate a dramatic conformational alteration leading 
to the fusion-active state (see Fig. 134-3).90
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determine whether (+) sense RNAs are used as templates for translation 
or genome replication are not well understood.

RNA-containing viruses belonging to the family Reoviridae have 
segmented double-stranded (ds) RNA genomes. The innermost protein 
shell of these viruses (termed a single-shelled particle or core) contains 
an RdRp that catalyzes the synthesis of (+) sense mRNA using as a 
template the (−) sense strand of each dsRNA segment. The mRNAs of 
these viruses are capped at their 5′-termini by virus-encoded enzymes 
and then extruded into the cytoplasm through channels in the single-
shelled particle.108 The (+) sense mRNAs also serve as a template for 
replication of dsRNA gene segments. Viral genome replication is thus 
completely conservative; neither strand of parental dsRNA is present 
in newly formed genomic segments.

The retroviruses are RNA-containing viruses that replicate using a 
DNA intermediate. The viral genomic RNA is (+) sense and single 
stranded; however, it does not serve as mRNA following viral entry. 
Instead, the retrovirus RNA genome is a template for synthesis of a 
double-stranded DNA copy, termed the provirus. Synthesis of the pro-
virus is mediated by a virus-encoded RNA-dependent DNA poly-
merase or reverse transcriptase, so named because of the reversal of 
genetic information from RNA to DNA. The provirus translocates to 
the nucleus and integrates into host DNA. Expression of this integrated 
DNA is regulated for the most part by cellular transcriptional machin-
ery. However, the human retroviruses HIV and human T-cell leukemia 
virus (HTLV) encode proteins that augment transcription of viral 
genes. Intracellular signaling pathways are capable of activating retro-
viral gene expression and play important roles in inducing high levels 
of viral replication in response to certain stimuli.109 Transcription of 
the provirus yields mRNAs that encode viral proteins and genome-
length RNAs that are packaged into progeny virions. Such a replication 
strategy results in persistent infection in the host because the viral 
genome is maintained in the host cell genome and replicated with each 
cell division.

With the exception of the poxviruses, viruses containing DNA 
genomes replicate in the nucleus and for the most part use cellular 
enzymes for transcription and replication of their genomes. Transcrip-
tion of most DNA-containing viruses is tightly regulated and results in 
the synthesis of early and late mRNA transcripts. The early transcripts 
encode regulatory proteins and proteins required for DNA replication, 
whereas the late transcripts encode structural proteins. Several DNA-
containing viruses, such as adenovirus and human papillomavirus 
(HPV), induce cells to express host proteins required for viral DNA 
replication by stimulating cell-cycle progression. For example, the 
HPV E7 protein binds the retinoblastoma gene product pRB and liber-
ates transcription factor E2F, which induces the cell cycle.110,111 To 
prevent programmed cell death in response to E7-mediated unsched-
uled cell cycle progression, the HPV E6 protein mediates the ubiqui-
tylation and degradation of tumor suppressor protein p53.112-114

Some DNA-containing viruses, such as the herpesviruses, can 
establish latent infections in the host. Unlike the retroviruses, genomes 
of the herpesviruses do not integrate into host chromosomes but 
instead exist as plasmid-like episomes. Mechanisms that govern estab-
lishment of latency and subsequent reactivation of replication are  
not well understood. However, microRNAs encoded by cytomega-
lovirus (CMV) and perhaps other herpesviruses may promote persis-
tence by targeting viral and cellular mRNAs that control viral gene 
expression and replication and innate immune responses to viral 
infection.115,116

A fascinating aspect of virus–cell interactions is the replication 
microenvironments established in infected cells. Viral replication is  
a sophisticated interplay of transcription, translation, nucleic acid 
amplification, and particle assembly. Furthermore, infection must 
proceed under sensitive pathogen surveillance systems trained on 
virus-associated molecular patterns (e.g., unmethylated CpG dinucleo-
tides in DNA viral genomes) and replicative intermediates (e.g., dsRNA 
generated during RNA virus replication) that may impose impassable 
blocks to infection.117 Partitioning of the viral replication machinery 
from the surrounding intracellular milieu satisfies a spatial require-
ment to concentrate viral proteins and nucleic acid for efficient genome 
amplification and encapsidation while simultaneously shielding viral 
products from cellular sensors that provoke antiviral innate immune 

Endocytic uptake and acidification are also required for entry of 
some nonenveloped viruses such as adenovirus,92,93 parvovirus,94 and 
reovirus.95,96 In these cases, acidic pH may facilitate disassembly of the 
viral capsid to enable subsequent penetration of endosomal mem-
branes. In addition to acidic pH, endocytic cathepsin proteases are 
required for disassembly of several viruses, including Ebola virus,97 
Hendra virus,98 reovirus,99 and severe acute respiratory syndrome 
(SARS) coronavirus.100

In contrast to enveloped viruses, nonenveloped viruses cross cell 
membranes using mechanisms that do not involve membrane fusion. 
This group of viruses includes several human pathogens, with adeno-
viruses, picornaviruses, and rotaviruses serving as prominent exam-
ples. Despite differences in genome and capsid composition, each of 
these viruses must penetrate cell membranes to deliver the genetic 
payload to the interior of the cell. Capsid rearrangements triggered by 
receptor binding,101,102 acidic pH,92,93 or proteolysis103,104 serve essential 
functions in membrane penetration by some nonenveloped viruses. 
Although a precise understanding of the biochemical mechanisms that 
underlie viral membrane penetration is incomplete, small capsid pro-
teins of several nonenveloped viruses, such as adenovirus,105 poliovi-
rus,106 and reovirus,107 are required for membrane penetration, perhaps 
by forming pores in host cell membranes.

Genome Replication
Once a virus has entered a target cell, it must replicate its genome  
and proteins. Replication strategies used by single-stranded RNA-
containing viruses depend on whether the genome can be used as 
messenger (m)RNA. Translation-competent genomes, which include 
those of the coronaviruses, flaviviruses, picornaviruses, and togavi-
ruses, are termed plus (+) sense and are translated by cellular ribosomes 
immediately following entry of the genome into the cytoplasm. For 
most viruses containing (+) sense RNA genomes, translation results 
in the synthesis of a large polyprotein that is cleaved into several 
smaller proteins through the action of viral and sometimes host pro-
teases. One of these proteins is an RNA-dependent RNA polymerase 
(RdRp), which replicates the viral RNA. Genome replication of (+) 
sense RNA-containing viruses requires synthesis of a minus (–) sense 
RNA intermediate, which serves as template for production of (+) 
sense genomic RNA.

A different strategy is used by viruses containing (−) sense RNA 
genomes. The genomes of these viruses, which include the filoviruses, 
orthomyxoviruses, paramyxoviruses, and rhabdoviruses, cannot serve 
directly as mRNA. Therefore, viral particles must contain a co-packaged 
RdRp to transcribe (+) sense mRNAs using the (−) sense genomic RNA 
as template. Genome replication of (−) sense RNA-containing viruses 
requires synthesis of a (+) sense RNA intermediate, which serves as a 
template for production of (−) sense genomic RNA. Mechanisms that 

FIGURE 134-4 Mechanisms of viral entry into cells. Nonenveloped 
(A) and enveloped (B) virus internalization by receptor-mediated 
endocytosis. 
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Furthermore, microtubules and actin filaments may serve as anchorage 
points for nucleoprotein complexes that coordinate genome expression 
or replication with cytoplasmic replication programs, exemplified by 
parainfluenza virus (PIV),132 reovirus,133 and vaccinia virus.134 Because 
the cytoskeleton is a decentralized organelle linking cellular structural 
elements to the metabolic and transport machineries, it is not surpris-
ing that viruses capitalize on this highly integrative system, which 
provides a stable platform for replication and enables purposeful 
movement of virions or subviral components within cells to facilitate 
the requisite partitioning of viral assembly and disassembly.

Cell Killing
Viral infection can compromise numerous cellular processes, such as 
nucleic acid and protein synthesis, maintenance of cytoskeletal archi-
tecture, and preservation of membrane integrity.135 Many viruses are 
also capable of inducing the genetically programmed mechanism of 
cell death that leads to apoptosis of host cells.136,137 Apoptotic cell death 
is characterized by cell shrinkage, membrane blebbing, condensation 
of nuclear chromatin, and activation of an endogenous endonuclease, 
which results in cleavage of cellular DNA into oligonucleosome-length 
DNA fragments.138 These changes occur according to predetermined 
developmental programs or in response to certain environmental 
stimuli. In some cases, apoptosis may serve as an antiviral defense 
mechanism to limit viral replication by destruction of virus-infected 
cells or reduction of potentially harmful inflammatory responses elic-
ited by viral infection.139 In other cases, apoptosis may result from viral 
induction of cellular factors required for efficient viral replication.136,137 
Generally, RNA-containing viruses, including influenza virus, measles 
virus, poliovirus, reovirus, and Sindbis virus, induce apoptosis of host 
cells, whereas DNA-containing viruses, including adenovirus, CMV, 
EBV, HPV, and the poxviruses, encode proteins that block apoptosis. 
For some viruses, the duration of the viral infectious cycle may deter-
mine whether apoptosis is induced or inhibited. Viruses capable of 
completing an infectious cycle before induction of apoptosis would not 
require a means to inhibit this cellular response to viral infection. 
Interestingly, several viruses that cause encephalitis are capable of 
inducing apoptosis of infected neurons (Fig. 134-5).140-142

Antiviral Drugs
(Also see Chapters 43 to 47.)

Knowledge of viral replication strategies has provided insights into 
critical steps in the viral life cycle that can serve as potential targets  
for antiviral therapy. For example, drugs can be designed to interfere 
with virus binding to target cells or prevent penetration and disas-
sembly once receptor engagement has occurred. Steps involved in the 
replication of the viral genome are also obvious targets for antiviral 
therapy. A number of antiviral agents inhibit viral polymerases, includ-
ing those active against herpesviruses (e.g., acyclovir), HIV (e.g., zid-
ovudine), and HBV (e.g., entecavir). Drugs that inhibit viral proteases 
have been developed; several are used to treat HCV143,144 and HIV145 
infection. These drugs block the proteolytic processing of viral precur-
sor polyproteins and serve as potent inhibitors of replication. Other 
viral enzymes also serve as targets for antiviral therapy. The influenza 
virus neuraminidase is required for the release of progeny influenza 
virus particles from infected cells. Oseltamivir and zanamivir bind the 

responses. Hence, as a rule, viral replication is a localized process, 
occurring within morphologically discrete cytoplasmic or nuclear 
structures variously termed viral inclusions (or inclusion bodies), viro-
somes, viral factories, or viroplasm. These entities are novel, metaboli-
cally active organelles formed by contributions from both virus and 
cell. Many highly recognizable features of viral cytopathic effect 
observed using light microscopy, such as dense nuclear inclusions or 
refractile cytoplasmic densities, represent locally concentrated regions 
of viral nucleic acid and protein.

Membrane-associated replicase complexes appropriated by (+) 
sense RNA viruses are perhaps the most conspicuous examples of 
compartmentalized viral replication. In cells infected by these viruses, 
intracellular membranes originating from the endoplasmic reticulum 
(ER; e.g., picornaviruses118,119), ER-Golgi intermediate compartment 
and trans-Golgi network (e.g., flaviviruses120), endolysosomal vesicles 
(e.g., alphaviruses121), and autophagic vacuoles (e.g., poliovirus122) are 
reduplicated and reorganized by viral proteins into platforms that 
anchor viral replication complexes consisting of the RdRp and other 
RNA-modifying enzymes necessary for RNA synthesis. Curiously, 
dsRNA viruses are thought to generate nonmembranous intracytoplas-
mic replication factories, even though their life cycles pass through a 
(+) polarity RNA intermediate. However, in an interesting functional 
parallel with (+) sense RNA viruses, the assembly pathway of rotavirus, 
a dsRNA virus, involves budding of immature particles into the ER, 
where a lipid envelope is transiently acquired and subsequently 
replaced by the outermost protein shell.123 Perhaps additional roles for 
cellular membranes in non–membrane-bound viral replication com-
plexes await discovery.

The tight relationship of RNA virus replication to cellular mem-
branes is less predictable for DNA viruses. For example, in distinction 
to the supporting role of autophagy in the replication of some RNA 
viruses, autophagosomes (stress-induced, double-membraned vesicles 
that remove noxious cytoplasmic materials to lysosomes for degrada-
tion) defend against infection by HSV-1, which encodes a protein that 
inhibits induction of autophagy and accentuates viral virulence.124,125 
The replication and assembly complexes of many DNA viruses, includ-
ing adenoviruses, herpesviruses, papillomaviruses, polyomaviruses, 
and parvoviruses, are associated with promyelocytic leukemia (PML) 
nuclear bodies,126,127 which have been ascribed functions in diverse 
nuclear processes encompassing gene regulation, tumor suppression, 
apoptosis, and removal of aggregated or foreign proteins.128 It appears 
that DNA viruses exploit PML bodies in a variety of ways, which 
include consolidation and disposal of misfolded viral proteins, seques-
tration of host-cell stress response factors that block infection, and 
segregation of interfering cellular DNA repair proteins from sites of 
viral replication.129

The life cycles of all viruses that replicate in eukaryotic cells are 
physically and functionally intertwined with the cytoskeleton. Many 
viruses with nuclear replication programs, such as adenovirus, HSV, 
and influenza virus, are transported by motor proteins along micro-
tubules toward the nucleus, resulting ultimately in release of the viral 
genome into the nucleoplasm through nuclear pores.130 The micro-
tubule network is also conscripted as an egress pathway by a number 
of enveloped viruses (e.g., HIV, HSV, vaccinia virus) for conveyance  
of immature particles to cytolemmal sites of virion budding.131 

FIGURE  134-5 Reovirus-induced apoptosis in the murine central nervous system. Consecutive sections of the hippocampus prepared from 
a newborn mouse 10 days following intracranial inoculation with reovirus strain type 3 Dearing. Cells were stained with (A) hematoxylin and eosin, 
(B) reovirus antigen, and (C) the activated form of apoptosis protease caspase-3. Cells that stain positive for reovirus antigen or activated caspase 3 
contain a dark precipitate in the cytoplasm, including neuronal processes. Scale bars, 100 µm. (Modified from Danthi P, Coffey CM, Parker JS, et al. 
Independent regulation of reovirus membrane penetration and apoptosis by the µ1 Φ domain. PLoS Pathog. 2008;4:e1000248.)
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Exposure of respiratory mucosa to virus by direct inoculation or 
inhalation is an important route of viral entry into the host. A simple 
cough can generate up to 10,000 small, potentially infectious aerosol 
particles, and a sneeze can produce nearly 2 million. The distribution 
of these particles depends on a variety of environmental factors, the 
most important of which are temperature, humidity, and air currents. 
In addition to these factors, particle size is an important determinant 
of particle distribution. In general, smaller particles remain airborne 
longer than larger ones. Particle size also contributes to particle fate 
after inhalation. Larger particles (>6 µm) are generally trapped in the 
nasal turbinates, whereas smaller particles may ultimately travel to the 
alveolar spaces of the lower respiratory tract.

neuraminidase catalytic site and efficiently inhibit the enzyme.146 These 
drugs have been used in the prophylaxis and treatment of influenza 
virus infection.147

Better understanding of viral replication strategies and mechanisms 
of virus-induced cell killing is paving the way for the rational design 
of novel antiviral therapeutics. One of the most exciting approaches to 
the development of antiviral agents is the use of high-resolution x-ray 
crystallography and molecular modeling to optimize interactions 
between these inhibitory molecules and their target viral proteins. 
Such structure-based drug design has led to the development of syn-
thetic peptides (e.g., enfuvirtide) that inhibit HIV entry by blocking 
gp41-mediated membrane fusion.148 Other vulnerable steps in HIV 
replication are targets of drugs approved for patient treatment, includ-
ing entry inhibitors that interfere with gp120 binding to CCR5149 and 
agents that prevent proviral integration into cellular DNA through 
inhibition of viral integrase activity150 (see Chapter 130). Several inhib-
itors of the HCV protease and polymerase are also in clinical develop-
ment151 (see Chapter 46).

Despite promising advances in rational antiviral drug design, 
current therapeutic approaches to some viral infections rely heavily on 
compounds with less specific mechanisms of action. One such agent, 
interferon (IFN)-α, efficiently inhibits a broad spectrum of viruses and 
is secreted by diverse cell types as part of the host innate immune 
response. Recombinant IFN-α is presently used to treat HBV and HCV 
infections. Ribavirin, a synthetic guanosine analogue, inhibits the rep-
lication of many RNA- and DNA-containing viruses through complex 
mechanisms involving inhibition of viral RNA synthesis and distur-
bances in intracellular pools of guanosine triphosphate.152,153 This drug 
is routinely used to treat HCV infection and sometimes administered 
in aerosolized form to treat respiratory syncytial virus (RSV) lower 
respiratory tract infection in hospitalized children and in severely ill 
and immunocompromised patients. Ribavirin therapy reduces the 
mortality associated with certain viral hemorrhagic fevers, such as that 
caused by Lassa virus.154 Broader-spectrum therapies exemplified by 
IFN-α and ribavirin remain part of the first-line defense against 
emerging pathogens and other susceptible viruses for which biochemi-
cal and structural information is insufficient to design high-potency 
agent-specific drugs.

VIRUS–HOST INTERACTION
One of the most formidable challenges in virology is to apply knowl-
edge gained from studies of virus–cell interactions in tissue culture 
systems to an understanding of how viruses interact with host organ-
isms to cause disease. Virus–host interactions are often described in 
terms of pathogenesis and virulence. Pathogenesis is the process 
whereby a virus interacts with its host in a discrete series of stages to 
produce disease (Table 134-3). Virulence is the capacity of a virus to 
produce disease in a susceptible host. Virulence is often measured in 
terms of the quantity of virus required to cause illness or death in a 
predefined fraction of experimental animals infected with the virus. 
Virulence is dependent on viral and host factors and must be measured 
using carefully defined conditions (e.g., virus strain, dose, and route of 
inoculation; host species, age, and immune status). In many cases, it 
has been possible to identify roles played by individual viral and host 
proteins at specific stages in viral pathogenesis and to define the impor-
tance of these proteins in viral virulence.

Entry
The first step in the process of virus–host interaction is the exposure 
of a susceptible host to viable virus under conditions that promote 
infection (Fig. 134-6). Infectious virus may be present in respiratory 
droplets or aerosols, in fecally contaminated food or water, or in a body 
fluid or tissue (e.g., blood, saliva, urine, semen, or a transplanted 
organ) to which the susceptible host is exposed. In some cases, the 
virus is inoculated directly into the host through the bite of an animal 
vector or through the use of a contaminated needle. Infection can also 
be transmitted from mother to infant through virus that has infected 
the placenta or birth canal or by virus in breast milk. In some cases, 
acute viral infections result from the reactivation of endogenous latent 
virus (e.g., reactivation of HSV giving rise to herpes labialis) rather 
than de novo exposure to exogenous virus.

TABLE 134-3  Stages in Virus–Host Interaction
1. Entry into the host
2. Primary replication
3. Spread
4. Cell and tissue tropism
5. Secondary replication
6. Cell injury or persistence
7. Host immune response

FIGURE 134-6 Entry and spread of viruses in human hosts. Some 
major steps in viral spread and invasion of target organs are shown. Neural 
spread is not illustrated. GI, gastrointestinal; HIV, human immunodefi-
ciency virus; HPV, human papillomavirus. (Modified from Nathanson N, 
Tyler KL. Entry, dissemination, shedding, and transmission of viruses.  
In: Nathanson N, ed. Viral Pathogenesis. Philadelphia: Lippincott-Raven; 
1997:13-33.)
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sites of primary replication preceding hematogenous spread of viruses 
include Peyer’s patches and mesenteric lymph nodes for enteric viruses, 
bronchoalveolar cells for respiratory viruses, and subcutaneous tissue 
and skeletal muscle for alphaviruses and flaviviruses. In the case of 
reovirus, infection of endothelial cells leads to hematogenous dissemi-
nation in the host.167,168

Pioneering studies by Fenner with mousepox (ectromelia) virus 
suggest that an initial low-titer viremia (primary viremia) serves to 
seed virus to a variety of intermediate organs, where a period of further 
replication leads to a high-titer viremia (secondary viremia) that dis-
seminates virus to the ultimate target organs (Fig. 134-7).169 It is often 
difficult to identify primary and secondary viremias in naturally occur-
ring viral infections. However, replication of many viruses in reticulo-
endothelial organs (e.g., liver, spleen, lymph nodes, bone marrow), 
muscle, fat, and even vascular endothelial cells can play an important 
role in maintaining viremia.168

Viruses that reach the bloodstream may travel free in plasma (e.g., 
enteroviruses and togaviruses) or in association with specific blood 
cells.170 A number of viruses are spread hematogenously by macro-
phages (e.g., CMV, HIV, measles virus) or lymphocytes (e.g., CMV, 
EBV, HIV, HTLV, measles virus). Although many viruses have the 
capacity to agglutinate erythrocytes in vitro (a process called hemag-
glutination), only in exceptional cases (e.g., Colorado tick fever virus) 
are erythrocytes used to transport virus in the bloodstream.

Fecal-oral transmission represents an additional important route of 
viral entry into the host. Food, water, or hands contaminated by 
infected fecal material can facilitate the entry of a virus via the mouth 
into the gastrointestinal tract, the environment of which requires 
viruses that infect by this route to have certain physical properties. 
Viruses capable of enteric transmission must be acid stable and resis-
tant to bile salts. Because conditions in the stomach and intestine are 
destructive to lipids contained in viral envelopes, most viruses that 
spread by the fecal-oral route are nonenveloped. Interestingly, many 
viruses that enter the host via the gastrointestinal tract require prote-
olysis of certain capsid components to infect intestinal cells produc-
tively. Treatment of mice with inhibitors of intestinal proteases blocks 
infection by reovirus155 and rotavirus,156 which demonstrates the criti-
cal importance of proteolysis in the initiation of enteric infection by 
these viruses. The host microbiota is essential for infection by some 
viruses.157,158

To produce systemic disease, a virus must cross the mucosal barrier 
that separates the luminal compartments of the respiratory, gastroin-
testinal, and genitourinary tracts from the host’s parenchymal tissues. 
Studies with reovirus illustrate one strategy used by viruses to cross 
mucosal surfaces to invade the host after entry into the gastrointestinal 
tract.159,160 After oral inoculation of mice, reovirus adheres to the 
surface of intestinal microfold cells (M cells) that overlie collections of 
intestinal lymphoid tissue (Peyer’s patches). In electron micrographs, 
reovirus virions can be followed sequentially as they are transported 
within vesicles from the luminal to the subluminal surface of M cells. 
Virions subsequently appear within Peyer’s patches and then spread to 
regional lymph nodes and extraintestinal lymphoid organs such as the 
spleen. A similar pathway of spread has been described for poliovi-
rus161 and HIV,162 suggesting that M cells represent an important portal 
for viral invasion of the host after entry into the gastrointestinal tract.

Spread
Once a virus has entered the host, it can replicate locally or spread from 
the site of entry to distant organs to produce systemic disease (see  
Fig. 134-6). Classic examples of localized infections in which viral 
entry and replication occur at the same anatomic site include respira-
tory infections caused by influenza virus, RSV, and rhinovirus; enteric 
infections produced by norovirus and rotavirus; and dermatologic 
infections caused by HPV (warts) and paravaccinia virus (milker’s 
nodules). Other viruses spread to distant sites in the host after primary 
replication at sites of entry. For example, poliovirus spreads from the 
gastrointestinal tract to the central nervous system (CNS) to produce 
meningitis, encephalitis, or poliomyelitis. Measles virus and varicella-
zoster virus (VZV) enter the host through the respiratory tract and 
then spread to lymph nodes, skin, and viscera. Pathobiologic defini-
tions of viruses based on spread potential have begun to blur amid 
accumulating evidence that model agents of localized infection may 
disseminate to distant sites. For example, rotavirus, an important cause 
of pediatric acute gastroenteritis, replicates vigorously in villous tip 
epithelial cells of the small intestine but is also frequently associated 
with viral antigen and RNA in blood, the clinical significance of which 
is unclear.163 Influenza virus is another case in point; viral RNA in 
blood is detected at a substantial frequency in hematopoietic cell trans-
plant recipients and correlates with more severe disease and increased 
mortality.164

Release of some viruses occurs preferentially from the apical or 
basolateral surface of polarized cells, such as epithelial cells. In the case 
of enveloped viruses, polarized release is frequently determined by 
preferential sorting of envelope glycoproteins to sites of viral budding. 
Specific amino-acid sequences in these viral proteins direct their trans-
port to a particular aspect of the cell surface.165,166 Polarized release 
of virus at apical surfaces may facilitate local spread of infection, 
whereas release at basolateral surfaces may facilitate systemic invasion 
by providing virus access to subepithelial lymphoid, neural, or vascular 
tissues.

Many viruses use the bloodstream to spread in the host from sites 
of primary replication to distant target tissues (see Fig. 134-6). In some 
cases, viruses may enter the bloodstream directly, such as during a 
blood transfusion or via an arthropod bite. More commonly, viruses 
enter the bloodstream after replication at some primary site. Important 

FIGURE 134-7 Pathogenesis of mousepox virus infection. Succes-
sive waves of viremia are shown to seed the spleen and liver and then the 
skin. (From Fenner F. Mousepox [infectious ectromelia of mice]: a review. 
J Immunol. 1949;63:341-373.)
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then spread to the CNS by hematogenous and neural routes.187 After 
oral inoculation, VEE is incapable of primary replication and spread 
to the CNS, illustrating that tropism can be determined by the site of 
entry into the host. Influenza virus buds exclusively from the apical 
surface of respiratory epithelial cells,188 which may limit its capacity to 
spread within the host and infect cells at distant sites.

A wide variety of host factors can influence viral tropism. These 
include age, nutritional status, and immune responsiveness, as well as 
certain genetic polymorphisms that affect susceptibility to viral infec-
tion. Age-related susceptibility to infection is observed for many 
viruses, including reovirus,189,190 RSV,191-193 and rotavirus.194,195 The 
increased susceptibility in young children to these viruses may in part 
be due to immaturity of the immune response but also may be related 
to intrinsic age-specific factors that enhance host susceptibility to 
infection. Nutritional status is a critical determinant of the tropism and 
virulence of many viruses. For example, persons with vitamin A defi-
ciency have enhanced susceptibility to measles virus infection.196,197 
Similarly, the outcome of most viral infections is strongly linked to the 
immune competence of the host.

The genetic basis of host susceptibility to viral infections is complex. 
Studies with inbred strains of mice indicate that genetic variation can 
alter susceptibility to viral disease by a variety of mechanisms.198 These 
can involve differences in immune responses, variability in the ability 
to produce antiviral mediators such as IFN, and differential expression 
of functional virus receptors. Polymorphisms in the expression of  
chemokine receptor CCR5, which serves as a co-receptor for HIV,55-57 
are associated with alterations in susceptibility to HIV infection.199,200

Persistent Infections
Many viruses are capable of establishing persistent infections, of which 
two types are recognized: chronic and latent. Chronic viral infections 
are characterized by continuous shedding of virus for prolonged 
periods of time. Congenital infections with rubella virus and CMV and 
persistent infections with HBV and HCV are examples of chronic viral 
infections. Latent viral infections are characterized by maintenance of 
the viral genome in host cells in the absence of viral replication. Her-
pesviruses and retroviruses can establish latent infections. The distinc-
tion between chronic and latent infections is not readily apparent for 
some viruses, such as HIV, which can establish both chronic and latent 
infections in the host.201-203 Viruses capable of establishing persistent 
infections must have a means of evading the host immune response 
and a mechanism of attenuating their virulence. Lentiviruses such as 
equine infectious anemia virus204 and HIV205-207 are capable of extensive 
antigenic variation resulting in escape from neutralizing antibody 
responses by the host.

Several viruses encode proteins that directly attenuate the host 
immune response (e.g., the adenovirus E3/19K protein208 and CMV 
US11 gene product209 block cell surface expression of MHC class I 
proteins, resulting in diminished presentation of viral antigens to cyto-
toxic T lymphocytes [CTLs]). The poxviruses encode a variety of 
immunomodulatory molecules including CrmA, which blocks T-cell–
mediated apoptosis of virus-infected cells.210 In some cases (e.g., the 
CNS), preferential sites for persistent viral infections are not readily 
accessible by the immune system,211 which may favor establishment of 
persistence.

Viruses and Cancer
Several viruses produce disease by promoting malignant transforma-
tion of host cells. Work by Peyton Rous with an avian retrovirus was 
the first to demonstrate that viral infections can cause cancer.212 Rous 
sarcoma virus encodes an oncogene, v-src, which is a homologue of a 
cellular proto-oncogene, c-src.213,214 Cells infected with Rous sarcoma 
virus become transformed.215-219 Several viruses are associated with 
malignancies in humans. EBV is associated with many neoplasms, 
including Burkitt’s lymphoma, Hodgkin’s disease, large B-cell lym-
phoma, leiomyosarcoma, and nasopharyngeal carcinoma. HBV and 
HCV are associated with hepatocellular carcinoma. HPV is associated 
with cervical cancer and a variety of anogenital and esophageal neo-
plasms. Kaposi sarcoma–associated herpesvirus is associated with 
Kaposi sarcoma and primary effusion lymphoma in persons with HIV 
infection.

The maintenance of viremia depends on the interplay among 
factors that promote virus production and those that favor viral clear-
ance. A number of variables that affect the efficiency of virus removal 
from plasma have been identified. In general, the larger the viral par-
ticle, the more efficiently it is cleared. Viruses that induce high titers 
of neutralizing antibodies are more efficiently cleared than those that 
do not induce humoral immune responses. Finally, phagocytosis of 
virus by cells in the host reticuloendothelial system can contribute to 
viral clearance.

A major pathway used by viruses to spread from sites of primary 
replication to the nervous system is through nerves. Numerous diverse 
viruses, including Borna disease virus, coronavirus, HSV, poliovirus, 
rabies virus, reovirus, and Venezuelan equine encephalitis virus  
(VEE), are capable of neural spread. Several of these viruses accumu-
late at the neuromuscular junction after primary replication in skeletal 
muscle.171,172 HSV appears to enter nerve cells via receptors that are 
located primarily at synaptic endings rather than on the nerve cell 
body.173 Spread to the CNS by HSV,174 rabies virus,171,172 and reovi-
rus175,176 can be interrupted by scission of the appropriate nerves or by 
chemical agents that inhibit axonal transport. Neural spread of some 
of these viruses occurs by the microtubule-based system of fast axonal 
transport.177

Viruses are not limited to a single route of spread. VZV, for example, 
enters the host by the respiratory route and then spreads from respira-
tory epithelium to the reticuloendothelial system and skin via the 
bloodstream. Infection of the skin produces the characteristic exan-
them of chickenpox. The virus subsequently enters distal terminals of 
sensory neurons and travels to dorsal root ganglia, where it establishes 
latent infection. Reactivation of VZV from latency results in transport 
of the virus in sensory nerves to skin, where it gives rise to vesicular 
lesions in a dermatomal distribution characteristic of zoster or 
shingles.

Poliovirus is also capable of spreading by hematogenous and neural 
routes. Poliovirus is generally thought to spread from the gastrointesti-
nal tract to the CNS via the bloodstream, although it has been suggested 
that the virus may spread via autonomic nerves in the intestine to the 
brainstem and spinal cord.178,179 This hypothesis is supported by experi-
ments using transgenic mice expressing the human poliovirus recep-
tor.180 When these mice are inoculated with poliovirus intramuscularly 
in the hind limb, virus does not reach the CNS if the sciatic nerve ipsi-
lateral to the site of inoculation is transected.181 Once poliovirus reaches 
the CNS, axonal transport is the major route of viral dissemination. 
Similar mechanisms of spread may be used by other enteroviruses.

Tropism
The capability of a virus to infect a distinct group of cells in the host 
is referred to as tropism. For many viruses, tropism is determined by 
the availability of virus receptors on the surface of a host cell. This 
concept was first appreciated in studies of poliovirus when it was rec-
ognized that the capacity of the virus to infect specific tissues paralleled 
its capacity to bind homogenates of the susceptible tissues in vitro.182 
The importance of receptor expression as a determinant of poliovirus 
tropism was conclusively demonstrated by showing that cells not sus-
ceptible for poliovirus replication could be made susceptible by recom-
binant expression of the poliovirus receptor.183 In addition to the 
availability of virus receptors, tropism can also be determined by post-
attachment steps in viral replication, such as the regulation of viral 
gene expression. For example, some viruses contain genetic elements, 
termed enhancers, that act to stimulate transcription of viral genes.184,185 
Some enhancers are active in virtually all types of cells, whereas others 
show exquisite tissue specificity. The promoter-enhancer region of 
John Cunningham (JC) polyomavirus is active in cultured human glial 
cells but not in HeLa cervical epithelial cells.186 Cell-specific expression 
of the JC virus genome correlates well with the capacity of this virus 
in immunocompromised persons to produce progressive multifocal 
leukoencephalopathy, a disease in which JC virus infection is limited 
to oligodendroglia in the CNS.

Specific steps in virus–host interaction, such as the route of entry 
and pathway of spread, also can strongly influence viral tropism. For 
example, encephalitis viruses such as VEE are transmitted to humans 
by insect bites. These viruses undergo local primary replication and 
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immune system detects pathogen-associated molecular patterns 
(PAMPs), which are fundamental structural components of microbial 
products including nucleic acids, carbohydrates, and lipids.234 Viral 
PAMPs in the form of single-stranded (ss)RNA, dsRNA, and DNA 
evoke the innate immune response through two groups of PRRs: the 
transmembrane Toll-like receptors (TLRs) and the cytosolic nucleic 
acid sensors. The latter include retinoic acid inducible gene-I (RIG-I)-
like receptors, nucleotide-binding domain and leucine-rich-repeat 
containing proteins (NLRs) such as NLRP, and DNA sensors.235 Nucleic 
acid binding by PRRs activates signaling pathways leading to the pro-
duction and extracellular release of IFN-α, IFN-β, and proinflamma-
tory cytokines such as interleukin (IL)-1β and IL-18. IFN-α and IFN-β 
engage the cell surface IFN-α/β receptor and thereby mediate expres-
sion of hundreds of gene products that corporately suppress viral rep-
lication and establish an intracellular antiviral state in neighboring 
uninfected cells. Well-described IFN-inducible gene products include 
the latent enzymes dsRNA-dependent protein kinase (PKR) and 
2′,5′-oligoadenylate synthetase (OAS), both of which are activated by 
dsRNA.236 PKR inhibits the initiation of protein synthesis through 
phosphorylation of translation initiation factor eIF2α. The 2′,5′-
oligoandenylates generated by OAS bind and activate endoribonucle-
ase RNAse L, which degrades viral mRNA. In addition to mediating 
an intracellular antiviral state, IFN-α/β also stimulates the antigen-
independent destruction of virus-infected cells by a specialized popu-
lation of lymphocytes known as natural killer (NK) cells.237 Importantly, 
IFNs bridge innate and adaptive antiviral immune responses through 
multiple modes of action, which include enhancing viral antigen pre-
sentation by class I MHC proteins,238 promoting the proliferation of 
MHC class I–restricted CD8+ CTLs,239 and facilitating the functional 
maturation of dendritic cells.240 Proinflammatory mediators IL-1β 
and IL-18 pleiotropically stimulate and amplify the innate immune 
response through induction of other inflammatory mediators, immune 
cell activation, and migration of inflammatory cells into sites of infec-
tion.241 These molecules perform essential functions in host antiviral 
defense.242

The adaptive immune response confers systemic and enduring 
pathogen-selective immunity through expansion and functional dif-
ferentiation of viral antigen-specific T and B lymphocytes. Having both 
regulatory and effector roles, T lymphocytes are centrally positioned 
in the scheme of adaptive immunity. The primary cell type involved in 
the resolution of acute viral infection is the CD8+ CTL, which induces 
lethal proapoptotic signaling in virus-infected cells upon recognition 
of endogenously produced viral protein fragments presented by cell 
surface MHC class I molecules. Less frequently, CD4+ T cells, which 
recognize MHC class II–associated viral oligopeptides processed from 
exogenously acquired proteins, also demonstrate cytotoxicity against 
viral antigen-presenting cells.243 The usual function of CD4+ T lym-
phocytes is to orchestrate and balance cell-mediated (CTL) and 
humoral (B lymphocyte) responses to infection. Classes of CD4+ helper 
T-cell subsets—Th1, Th2, Th17, Treg (regulatory T), and Tfh (follicular 
helper T)—have been defined based on characteristic patterns of cyto-
kine secretion and effector activities.244,245 Th1 and Th2 lymphocytes 
are usually associated with the development of cell-mediated and 
humoral responses, respectively, to viral infection. Th17 and Treg CD4+ 
subsets are important for control of immune responses and prevention 
of autoimmunity, but their precise roles in viral disease and antiviral 
immunity are not clear. For certain persistent viral infections, such as 
those caused by HIV and HSV, Treg cells might exacerbate disease 
through suppression of CTLs or, paradoxically, ameliorate illness by 
attenuating immune-mediated cell and tissue injury.246 Tfh cells 
promote differentiation of antigen-specific memory B lymphocytes 
and plasma cells within germinal centers.247 Therefore, Tfh cells likely 
occupy a central place in the humoral response to viral infection and 
vaccination. Although Tfh cell functions are not unique to antiviral 
responses, chronic viral infections including HBV and HIV appear to 
stimulate proliferation of these cells.248,249 The Tfh phenotype may 
interconvert with other T-helper lineage profiles and thus represent a 
differentiation intermediate rather than a unique CD4+ T lymphocyte 
subset.245

The primacy of cell-mediated immune responses in combating viral 
infections is revealed by the extreme vulnerability of individuals to 

Often, the linkage of a virus to a particular neoplasm can be attrib-
uted to transforming properties of the virus itself. For example, EBV 
encodes several latency-associated proteins that are responsible for 
immortalization of B cells; these proteins likely play crucial roles in the 
pathogenesis of EBV-associated malignancies.220 Similarly, HPV 
encodes the E6 and E7 proteins that block apoptosis112-114 and induce 
cell cycle progression,110,111 respectively. It is hypothesized that unregu-
lated expression of these proteins induced by the aberrant integration 
of the HPV genome into host DNA is responsible for malignant trans-
formation.221 The tumorigenicity of polyomaviruses, which are onco-
genic in rodent species, is mediated by a family of viral proteins known 
as tumor (T) antigens. Reminiscent of the HPV E6 and E7 proteins, T 
antigens induce cell cycling and block the ensuing cellular apoptotic 
response to unscheduled cell division.222 The normally episomal poly-
omavirus genome becomes integrated into cellular DNA during neo-
plastic transformation of nonpermissive cells unable to support the 
entire viral replication program, which would otherwise culminate in 
cell death. Discovery of a human polyomavirus clonally integrated into 
cells of an aggressive form of skin cancer, Merkel cell carcinoma,2 
substantiates the long-standing suspicion that polyomaviruses can also 
promote neoplasia in humans.

In other cases, mechanisms of malignancy triggered by viral infec-
tion are less clear. HCV is an RNA-containing virus that lacks reverse 
transcriptase and a means of viral genome integration. However, 
chronic infection with HCV is strongly associated with hepatocellular 
cancer.223 It is possible that increased cell turnover and inflammatory 
mediators elicited by chronic HCV infection increase the risk of genetic 
damage, which results in malignant transformation. Some HCV pro-
teins may also play a contributory role in neoplasia. For example, the 
HCV core protein can protect cells against apoptosis induced by a 
variety of stimuli, including tumor necrosis factor-α (TNF-α).224

Viral Virulence Determinants
Viral surface proteins involved in attachment and entry influence the 
virulence of diverse groups of viruses. For example, polymorphisms in 
the attachment proteins of influenza virus,225,226 polyomavirus,227 reo-
virus,228 rotavirus,229 and VEE230 are strongly linked to virulence and 
can be accurately termed virulence determinants. Viral attachment pro-
teins can serve this function by altering the affinity of virus–receptor 
interactions or modulating the kinetics of viral disassembly. Impor-
tantly, sequences in viral genomes that do not encode protein can  
also influence viral virulence. Mutations that contribute to the attenu-
ated virulence of the Sabin strains of poliovirus are located in the  
5′ nontranslated region of the viral genome.231 These mutations attenu-
ate poliovirus virulence by altering the efficiency of viral protein 
synthesis.

A number of viruses encode proteins that enhance virulence by 
modulation of host immune responses. Illustrative examples include 
the influenza A NS1 protein, which interferes with activation of cellular 
innate immune responses to viral infection,232 and translation products 
of the adenovirus E3 transcriptional unit, which serve to prevent cyto-
toxic T-cell recognition of virally infected cells and block immunologi-
cally activated signaling pathways that lead to infected-cell death.208,233 
In many cases, these proteins are dispensable for viral replication in 
cultured cells. In this way, immunomodulatory viral virulence deter-
minants resemble classic bacterial virulence factors such as various 
types of secreted toxins.

Host Responses to Infection
The immune response to viral infection involves complex interactions 
among leukocytes, nonhematopoietic cells, signaling proteins, soluble 
proinflammatory mediators, antigen-presenting molecules, and anti-
bodies. These cells and molecules collaborate in a highly regulated 
fashion to limit viral replication and dissemination through recogni-
tion of broadly conserved molecular signatures, followed by virus-
specific adaptive responses that further control infection and establish 
antigen-selective immunologic memory. The innate antiviral response 
is a local, transient, antigen-independent perimeter defense strategi-
cally focused at the site of virus incursion into an organ or tissue. 
Mediated by ancient families of membrane-associated and cytosolic 
molecules known as pattern recognition receptors (PRRs), the innate 
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agents, enter their hosts by transgression of a mucosal barrier, fre-
quently undergoing primary replication in mucosal epithelium or adja-
cent lymphoid tissues. Neutralizing IgA exuded onto mucosal epithelial 
surfaces may protect against primary infection at this portal of viral 
entry. A classic example is gut mucosal immunity induced by orally 
administered Sabin poliovirus vaccine containing live-attenuated 
virus. Secretory IgA against poliovirus blocks infection at the site of 
primary replication and consequently interrupts the chain of viral 
transmission, although fully virulent revertant viruses arise at regular 
frequency in vaccine recipients, who may develop disease and also 
transmit revertant strains to nonimmune individuals.255 Clinical and 
experimental studies of immunity to HIV have led to the recognition 
that resident immune responses at exposed mucosal surfaces are likely 
critical components of host resistance to primary HIV infection, and 
achievement of potent mucosal immunity has emerged as an important 
consideration for the design of candidate HIV vaccines.256 Despite 
the appearance of serum neutralizing antibodies to HIV several  
weeks after infection, viral eradication is thwarted by selection of 
neutralization-resistant variant strains from a mutant pool, which is 
perpetually replenished because of extreme plasticity within neutral-
ization determinants on the viral envelope glycoproteins.257 Identifica-
tion of epitopes bound by broadly neutralizing antiviral antibodies has 
provided potential new targets for structure-based vaccine design.258

Protection against viral infection by serum immunoglobulins is 
often correlated with antibody-mediated neutralization of viral infec-
tivity in cultured cells. Antibodies interrupt the viral life cycle at early 
steps, which may include cross-linking virion particles into noninfec-
tious aggregates, steric hindrance of receptor engagement, and inter-
ference with viral disassembly.259 It is presumed that virus neutralization 
in cell culture by human serum is reflective of antibody activity in the 
intact host, but the mechanistic basis of infection blockade and disease 
prevention by antibodies in vivo is difficult to define precisely. For 
example, exclusively in vivo functions of the humoral antiviral response 
include Fc-mediated virion phagocytosis260,261 and antibody-dependent 
cell-mediated cytotoxicity (ADCC). ADCC responses require effectors 
from both the innate and adaptive systems, NK cells and antibodies, 
respectively.262 The basis of ADCC is FcγRIIIa receptor-dependent rec-
ognition by NK cells of virus-specific IgG bound to antigens expressed 
on the surface of infected cells, leading to release of perforin and gran-
zymes from NK cells that eventuate in target cell apoptosis. Neutro-
phils, lymphocytes, and macrophages also possess Fc receptors and 
may participate in ADCC.

chronic and life-threatening viral diseases when cellular immunity is 
dysfunctional. Those with acquired immunodeficiency syndrome 
(AIDS) exemplify the catastrophic consequences of collapsing cell-
mediated immunity; progressive multifocal leukoencephalopathy 
caused by JC polyomavirus, along with severe mucocutaneous and 
disseminated CMV, HSV, and VZV infections, are frequent complica-
tions of vanishing CD4+ T cells. Similarly, iatrogenic cellular immuno-
deficiency associated with hematopoietic stem cell and solid-organ 
transplantation or antineoplastic treatment regimens predisposes to 
severe, potentially fatal infections with herpesviruses and respiratory 
viral pathogens such as adenovirus, PIV, and RSV,250 all of which nor-
mally produce self-limited illness in immunocompetent hosts. Preven-
tion and management of serious viral respiratory infections are 
significant challenges in myelosuppression units because of the com-
municability of respiratory viruses and paucity of effective drugs to 
combat these ubiquitous agents. Individuals with significantly impaired 
cell-mediated immunity are also at increased risk for enhanced viral 
replication and systemic disease following immunization with live, 
attenuated viral vaccines (e.g., measles-mumps-rubella [MMR] and 
VZV vaccines). Hence, live viral vaccines are generally contraindicated 
for immunocompromised persons (see Chapter 321). TNF-α inhibitor 
therapy, increasingly employed to manage a variety of rheumatologic 
and inflammatory diseases, enhances the risk of HBV reactivation with 
potentially life-threatening consequences.251 Preventive and interven-
tional HBV treatment strategies are necessary to circumvent complica-
tions of uncontrolled viral replication in these patients.

In contrast to cell-mediated immune mechanisms, humoral 
responses are usually not a determinative factor in the resolution of 
primary viral infections. (One notable exception is a syndrome of 
chronic enteroviral meningitis in the setting of agammaglobulin-
emia.252) However, for most human viral pathogens, the presence of 
antibody is associated with protection against initial infection in vac-
cinees or reinfection in hosts with a history of natural infection.253 
Longitudinal studies indicate that levels of protective serum antibodies 
(induced by natural infection or immunization) to common viruses, 
including EBV, measles, mumps, and rubella, are remarkably stable, 
with calculated antibody half-lives ranging from several decades to 
thousands of years.254 The protective role of antibodies on secondary 
exposure is frequently explained as interruption of viremic spread 
where a hematogenous phase is involved, such as occurs with measles, 
mumps, and rubella viruses, poliovirus, VZV, and most arboviruses. 
Nevertheless, most human viruses, excluding insect-transmitted 
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Orthopoxviruses: Vaccinia (Smallpox 
Vaccine), Variola (Smallpox), 
Monkeypox, and Cowpox
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BACKGROUND
The genus Orthopoxvirus belongs to the family of Poxviridae, a group 
of large, complex, double-stranded DNA viruses that replicate in the 
cytoplasm of the host cell and are defined by their genomic, structural, 
and antigenic similarities.1,2 Humans can be infected by members of 
multiple poxvirus genera, but they are usually accidental hosts. Most 
human infections are zoonotic, and animal exposure and geographic 
location give clues to the etiologic agent. The orthopoxvirus variola, 
however, is a selective human pathogen. Variola is the causative agent 
of smallpox, which in 1980 was declared by the World Health Organi-
zation (WHO) to be eradicated worldwide. Other orthopoxviruses 
known to infect humans are cowpox, vaccinia, and monkeypox. 
Species of poxvirus genera that infect humans, other than within the 
Orthopoxvirus genus, are discussed in Chapter 136. Recent compre-
hensive book chapter reviews and monographs on poxvirus virology 
have been published.3-5

The ability of sera raised against one orthopoxvirus species to  
cross-neutralize another species is one of the fundamental reasons  
for cross-protection provided with vaccination. Vaccinia virus is  
the orthopoxvirus species now characterized as the constituent of 
smallpox vaccine. In part because of the concern that variola could be 
used as an agent of bioterrorism or as a bioweapon, continued interest 
and research on orthopoxviruses and poxviruses have been seen. 

Significant new research on vaccinia is targeting both fundamental 
viral properties and use of the virus as a (vaccine) vector.6 The emer-
gence in 2003 of human clinical illness caused by monkeypox in the 
United States and ongoing disease in Central Africa, the continued 
recurrence of human vaccinia infections in Brazil and the Indian sub-
continent, and cowpox infections in Eurasia have also increased the 
need for knowledge of these viral pathogens. Variola virus, the Congo 
Basin clade of monkeypox virus, goat pox virus, and sheep pox virus 
are all considered select agents by the Department of Health and 
Human Services or the U.S. Department of Agriculture; these consid-
erations impose additional restrictions on use in research laboratories 
and on reporting on discovery of these agents in clinical specimens.7

MORPHOLOGY AND CHEMICAL 
STRUCTURE
The poxviruses described in this and Chapter 136 belong to the  
family Poxviridae, subfamily Chordopoxvirinae.1 The eight genera 
of vertebrate poxviruses are Orthopoxvirus, Parapoxvirus, Avipoxvi-
rus, Capripoxvirus, Leporipoxvirus, Suipoxvirus, Molluscipoxvirus, 
and Yatapoxvirus. Only species of Orthopoxvirus, Parapoxvirus, Mol-
luscipoxvirus, and Yatapoxvirus are known to infect humans. The last 
three are discussed in Chapter 136. Orthopoxvirus virions are large 
and brick shaped (as are the virions of yatapoxvirus and molluscipox-
virus). Poxvirus virions range in length from 220 to 450 nm and in 
width and depth from 140 to 260 nm.8,9 The electron microscopic 
appearance of virions varies somewhat with sample preparation.3 On 

Definition
•	 Orthopoxvirus	infections	can	cause	a	spectrum	

of	febrile	rash	illnesses	in	humans,	from	fairly	
benign,	localized	skin	infections	to	severe	
systemic	infections.

•	 Vaccinia	(smallpox	vaccine),	variola	(smallpox),	
monkeypox,	and	cowpox	are	the	four	
orthopoxvirus	species	known	to	cause	human	
disease.

Epidemiology
•	 Most	orthopoxvirus	infections	are	zoonotic,	

with	humans	serving	as	accidental	hosts.
•	 Vaccinia	virus	continues	to	be	used	as	a	

vaccine,	as	well	as	a	subject	and	tool	for	
biomedical	research,	and	it	causes	sporadic	
disease	in	vaccinees,	contacts	of	vaccinees,	
and	laboratory	workers.

•	 Variola,	the	causative	agent	of	smallpox,	
caused	significant	morbidity	and	mortality	
worldwide	before	its	eradication	in	1980.

•	 Monkeypox	virus	causes	intermittent	human	
infections,	primarily	in	Central	and	West	Africa,	

although	isolated	outbreaks	have	been	
identified	in	the	United	States	and		
Sudan.

•	 Human	cowpox	virus	infection	is	classically	
associated	with	occupational	exposure	to	
cattle;	however,	other	animals,	including	rats,	
pet	cats,	and	zoo	and	circus	elephants,	have	
been	implicated.

Microbiology
•	 Orthopoxviruses	are	a	group	of	large,	complex,	

double-stranded	DNA	viruses	that	replicate	in	
the	cytoplasm	of	the	host	cell.

Diagnosis
•	 Diagnostic	laboratory	testing	for	orthopoxvirus	

infections	can	include	polymerase	chain	
reaction,	viral	culture,	and	electron	microscopy	
of	rash	lesion	material,	as	well	as	serologic	
testing	of	serum.

Therapy
•	 Vaccinia	Immune	Globulin	Intravenous	(VIGIV)	

is	licensed	for	the	treatment	of	certain	

complications	of	vaccinia	vaccine	
administration	and	is	available	through		
the	Centers	for	Disease	Control	and	
Prevention.

•	 No	antiviral	drugs	are	currently	licensed	for	
use	in	the	treatment	of	orthopoxvirus	or	other	
poxviral	illnesses.

•	 The	development	and	evaluation	for	
therapeutics	for	orthopoxvirus	infections	is	an	
active	area	of	research.

Prevention
•	 Orthopoxviruses	induce	cross-reactive	

antibodies	that	protect	against	infection	from	
other	orthopoxvirus	species.

•	 Vaccination	with	smallpox	vaccine	(i.e.,	
vaccinia	virus)	can	be	used	to	protect	
individuals	at	high	risk	of	orthopoxvirus	
disease.

•	 Other	control	measures	focus	on	educational	
outreach	to	decrease	the	risk	of	exposure	to	
likely	zoonotic	vectors.

SHORT VIEW SUMMARY

*All material in this chapter is in the public domain, with the exception of any borrowed 
figures or tables.
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immature virions. The bilayer surface membrane of the immature 
virion differentiates, with one layer becoming the outer membrane  
and the other becoming the core membrane, thereby forming an intra-
cellular mature virion (MV). A small portion of MVs may be further 
processed to acquire a bilayer envelope of Golgi intermediate com-
partment membrane that contains specific viral proteins. The intra-
cellular enveloped MV (IEV) then moves along cellular microtubules 
to the cell surface, where actin polymerizes behind IEV. IEVs exit the 
cell through distinctive microvilli by fusing the outermost lipoprotein 
layer with the plasma membrane, thereby releasing the MV within the 
inner lipoprotein layer. The released particle is the extracellular envel-
oped virion (EEV); enveloped virions (EVs) that stay attached to the 
outer surface of the cell are termed cell-associated EVs (CEVs). MVs 
and EVs are mature infectious particles, each with distinct surface 
antigenic properties. Enveloped and nonenveloped forms are believed 
to have different attachment sites on the cell3; however, the common 
result is fusion of the MV membrane with the plasma membrane, fol-
lowed by entry and uncoating of the particle, release of viral contents 
into the cell, and initiation of virus-controlled transcription of early, 
intermediate, and late-class proteins.3 Fusion and entry processes have 
been recently reviewed.5,12,13 Secretion or expression of viral proteins 
modulate the host immune response or intracellular signaling to 
permit the subsequent assembly, morphogenesis, release, and infectiv-
ity of progeny virions.

The dissemination of naturally released virions (EVs) is an impor-
tant aspect of pathogenesis, and genes have been identified (e.g., B5R) 
that code for proteins necessary for the proper development of EEVs 

cryoelectron microscopy of unstained unfixed vitrified specimens, 
vaccinia and other orthopoxviruses appear as smooth rounded rect-
angles; a uniform core is surrounded by a 30-nm membrane. In con-
ventional thin sections, the core appears dumbbell shaped and is 
surrounded by a complex series of membranes. On negative stain, 
most virions have short surface tubules 10 nm in diameter and are 
referred to as M (mulberry) forms; a minority of virions, slightly 
larger and electron dense, appears to have a thick (20- to 25-nm) 
membrane or capsule (C form; Fig. 135-1). Poxvirus particles contain 
about half of the approximately 200 potential virus genome-encoded 
proteins; virions are composed of structural proteins and enzymes, 
including a virtually complete RNA polymerase system for primary 
transcription of viral genes.3 The genome, which is within a nucleo-
protein complex (nucleosome) inside the core, consists of a single 
linear molecule of double-stranded DNA that is composed, depend-
ing on the strain, of about 130 to 375 kb pairs of DNA and  
that is covalently closed at each end; the ends are hairpin-like telo-
meres. Complete genome DNA sequences have been reported for 
several different species of the orthopoxviruses described in this 
chapter; GenBank entries are compiled at a dedicated website (www 
.poxvirus.org).

During virus replication,3,10,11 virion morphogenesis begins in the 
cytoplasm. Thin-section electron microscopic observations of cells 
early after infection show crescent-shaped membrane structures that 
progress to circular structures, called immature virions, which enclose 
a dense nucleoprotein complex. Primary transcription precedes the 
production of the crescents (cup shaped in three dimensions) and the 

FIGURE 135-1  A-F, Electron micrographs of variola, varicella, and vaccinia virions.  (From Centers for Disease Control and Prevention (CDC) 
Public Health Information Library. Available at http://phil.cdc.gov/phil/default.asp. Image ID 5 2426. Electron micrograph taken in 1975 by Dr. James 
Nakano, CDC.)

A  Variola virus “M” form C  Varicella virus 

E  Vaccinia virus “M” form

B  Variola virus “C” form

D  Varicella virus core F  Vaccinia virus “C” form

100 nm

http://phil.cdc.gov/phil/default.asp
http://www.poxvirus.org
http://www.poxvirus.org
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to be as high as 100% for 1 to 3 years after vaccination,40 and reports 
from the smallpox eradication efforts noted that “smallpox rarely 
occurs during the 4 or 5 years after successful vaccination in infancy.”41 
Complete protection against smallpox after vaccination is not lifelong, 
although data suggest that substantial protection may persist for up to 
15 to 20 years.41-43 Experiences with monkeypox in the United States 
in 2003 suggest that immunity is not completely protective against 
systemic orthopoxvirus disease acquisition for more than 20 years after 
vaccination.44,45 Protection against death from the disease may persist 
even longer than protection against disease.46,47

Likely because of the relatively long asymptomatic incubation 
period of systemic orthopoxvirus diseases (10 to 14 days), vaccinia is 
also effective as a postexposure prophylaxis when given to contacts of 
patients with smallpox. Vaccination should be performed as soon as 
possible after exposure; interpretation of data from the eradication 
program suggests that vaccination may not be as effective if given more 
than 3 days after the exposure.48-51 Effectiveness was greater for those 
vaccinated previously.

Despite recent advances, the correlates of immunity against small-
pox are poorly understood. Humoral responses, including neutralizing 
antibody, correlate with protection in both animal52 and human53-55 
studies. Cell-mediated and T-cell responses are also believed to be 
critical for successful vaccination.56 T-cell responses have been docu-
mented up to 35 years after vaccination.57-59 Neutralizing antibody 
responses are also long lived.58,60,61

Complications Resulting from 
Vaccination
Of all vaccines used today, the smallpox vaccine has one of the highest 
rates of adverse events.38,62-69 Major complications include progressive 
vaccinia, eczema vaccinatum, generalized vaccinia, accidental infec-
tion, postvaccinial encephalitis, and myopericarditis.

Progressive vaccinia, previously called vaccinia necrosum or vac-
cinia gangrenosum, is a rare and often fatal vaccine complication in 
persons with severe deficiencies of cellular immunity.62 In 1 year (1968) 
in the United States, 5 cases among 6 million primary vaccinations and 
6 cases among 8.6 million revaccinations were found.67 Four of these 
11 patients died. Progressive vaccinia is characterized by progressive, 
often painless, growth and spread of the vaccine virus beyond the 
inoculation site, often leading to necrosis, sometimes with metastases 
to other body sites.70 This diagnosis should be considered if the vac-
cination site lesion continues to progress and expand without apparent 
healing more than 15 days after vaccination.71 Initially, limited or no 
inflammation is present at the site, and histopathologic examination 
shows an absence of inflammatory cells.72 Management of progressive 
vaccinia has historically included aggressive therapy with vaccinia 
immune globulin (VIG), methisazone, débridement, and whole-blood 
transfusions from previously vaccinated individuals. The last proce-
dure, designed to bolster cell-mediated immunity, often resulted in a 
graft-versus-host reaction.70 Methisazone is now regarded as ineffec-
tive therapy. Supportive measures and attention to prevention of sec-
ondary bacterial infections are beneficial, and newer therapeutic 
agents, such as ST-246, cidofovir, and CMX-001, may also have a role, 
although their efficacy is unproven (discussed further in ”Therapy”).38,63 
VIG is available from the Centers for Disease Control and Prevention 
(CDC) as an intravenous formulation. In 2009, a severe case of pro-
gressive vaccinia developed in a member of the U.S. Armed Forces after 
vaccination against smallpox and a subsequent diagnosis of acute 
myelogenous leukemia (AML) (subtype M0) and initiation of chemo-
therapy. The patient recovered after intensive treatment, including 
multiple doses of Vaccinia Immune Globulin Intravenous (VIGIV), 
oral and topical ST-246, CMX-001, and imiquimod.64,65

Eczema vaccinatum can occur in people with a history of atopic 
dermatitis (eczema) irrespective of disease severity or activity. This 
complication is the clinical result of local spread or dissemination from 
the primary vaccination site in such persons or the result of inadvertent 
contact of another’s unscabbed vaccination site with a susceptible 
atopic individual’s skin.73,74 A localized or generalized papular, vesicu-
lar, or pustular rash anywhere on the body or localized to previous 
eczematous lesions is the clinical presentation. Systemic illness with 
fever, malaise, and lymphadenopathy may occur. In the 1968 national 

and expression of virulence. Host cell factors are also involved in EEV 
dissemination.10,11,14

PATHOGENESIS
Poxvirus infections evolve either as a localized, fairly benign skin infec-
tion or as a systemic infection. Systemic infection results in viral dis-
semination, with the formation of generalized skin lesions, and usually 
involves some degree of morbidity and mortality. The pathogenesis of 
human systemic orthopoxvirus infections is largely extrapolated and 
modeled from studies of the pathogenesis of the related orthopoxvirus 
infections in animals: mousepox (ectromelia) in mice, rabbitpox in 
rabbits, and monkeypox in nonhuman primates and prairie dogs.15-20 
In addition, extensive literature exists on animal models used to 
examine the role of virally encoded proteins predicted to be involved 
in viral pathogenesis or used to examine the effect of therapeutic 
methods, or both.21-24 The general paradigm for systemic orthopoxvi-
rus pathogenesis is that the virus enters the host through a respiratory 
route, a mucosal surface, or a break in the skin, and replicates locally. 
The virus then spreads through local lymphatics, causing a primary 
viremia, and subsequently spreads to the reticuloendothelial system. 
Replication in these organs results in the secondary viremia, usually 
associated with fever. The virus then ultimately seeds skin, causing a 
characteristic “pock” rash.

The host immune response probably involves all arms of the 
immune system. Complement, interferon, natural killer cells, and 
inflammatory cells are implicated in the early innate response; pox-
specific antibodies (including neutralizing antibodies) are subsequent 
components of the humoral response, and pox-specific cytotoxic lym-
phocytes are involved in cellular clearance of infection.25-32 Within 
their large genomes, poxviruses encode a number of proteins predicted 
to modulate the host’s immune response, which affect both viral sur-
vival and disease pathogenesis. Various poxvirus-encoded proteins are 
predicted to bind and interfere with the function of host cytokines, 
chemokines, interferon, and complement. Other poxvirus-encoded 
proteins may interfere with apoptosis. Articles on immunomodulatory 
properties of poxviruses review specific properties of these virally 
encoded gene products.5,33-35

VACCINIA (SMALLPOX VACCINE)
Vaccinia is an orthopoxvirus and is the most studied of all poxviruses. 
It continues to be useful as a tool in medical research and is the  
focus of renewed interest as a vector for recombinant vaccines.6 
As such, it can pose an infection risk to laboratory personnel, and 
multiple exposures and infections have been documented in laboratory 
workers.36 At some point, vaccinia replaced cowpox as the smallpox 
“vaccine.” Recent genotypic analysis suggests that vaccine strains of 
vaccinia virus are most closely related to cowpox viruses from conti-
nental Europe.37 A single strain of the virus, derived from the New York 
City Board of Health (NYCBOH) strain, is used for smallpox vaccine 
in the United States. Other strains have been used outside the United 
States.

Smallpox vaccine is administered with a special bifurcated needle 
designed to hold a small standardized inoculum of a live virus suspen-
sion between its prongs. The skin over the deltoid or triceps is pierced 
several times with the needle with enough vigor to allow a trace of 
blood to appear after several seconds. Within 2 to 5 days of inoculation, 
a papule forms at the vaccination site. This papule evolves into a vesicle 
and then a pustule, reaching its maximum size (about 1 cm in diam-
eter) by 8 to 10 days after vaccination, after which it dries to a scab, 
which usually separates by day 14 to 21.38,39 An areola may encircle the 
site as the lesion evolves. Low-grade fever is sometimes observed in 
children but rarely in adults. Regional lymphadenopathy may also 
occur. A scar at the inoculation site often provides lifelong evidence of 
successful vaccination, although a scar’s presence may not guarantee a 
history of successful smallpox vaccination because it may have resulted 
from bacterial superinfection or vaccination with the Calmette-Guérin 
bacillus.

Immunity Resulting from Vaccination
Vaccinia immunization is cross-protective against other orthopoxvirus 
infections, including variola. Preexposure vaccine efficacy is estimated 
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No controlled trials of therapeutics exist; current topical optic antivi-
rals (trifluorothymidine, vidarabine)90 have in vitro activity against 
vaccinia, and their off-label use for this purpose has been recom-
mended by some ophthalmologists (see Chapter 115).38

Cardiac adverse events are rare and had not been reported before 
2003 in any person vaccinated with the NYCBOH strain. Myocarditis 
had been reported after vaccination with the vaccine strains used in 
Europe and Australia,91,92 and in the U.S. military population myoperi-
carditis was documented in 18 of 230,734 primary vaccinees immu-
nized with the NYCBOH strain between 2002 and 2003.93 Clinical 
studies suggest that myopericarditis may occur in 1 in 175 adults who 
receive primary vaccination against smallpox.94 However, few docu-
mented cases of dilated cardiomyopathy exist, and most cases appear 
to be mild and self-limited.95,96 Arrhythmias and myocardial ischemia 
have also been described, but the association with vaccination is not 
as clear.97-101

Vaccination programs designed to help civilian public health pre-
paredness and military preparedness for the possible use of smallpox 
as a weapon of bioterrorism, implemented in 2002 through 2003, have 
documented lower adverse event rates than previously seen, in part 
because of stringent criteria and education programs to screen persons 
at risk for complications (www.bt.cdc.gov/agent/smallpox/vaccination/
index.asp).97,102,103 Nonetheless, instances of generalized rash, which 
may arise 10 to 14 days after vaccination, continued to be reported. On 
a clinical basis alone, distinguishing among generalized vaccinia is 
often difficult, which represents virus presumably spread hematoge-
nously, a form of erythema multiforme, or erythematous urticaria 
eruptions that may be immunologically mediated. Laboratory identi-
fication of virus within the disseminated rash may differentiate these 
conditions. Studies of recent vaccination efforts have also identified 
focal and generalized folliculitis associated with vaccination.104

The 2001 recommendations of the Advisory Committee on  
Immunization Practices (ACIP) on vaccinia vaccination are available 
at www.cdc.gov/mmwr/preview/mmwrhtml/rr5010a1.htm. The ACIP 
recommends vaccination as a safeguard for laboratory and health  
care workers who are at high risk for orthopoxvirus infection. In  
the United States, the CDC Drug Service provides the vaccine after 
CDC approval of a formal request for this purpose by the administer-
ing physician. Vaccinia immunoglobulin is available to treat possible 
postvaccination complications, which can be severe. Supplemental rec-
ommendations of the ACIP were published in 2003 and constitute 
advice on vaccination of persons designated by public health authori-
ties to conduct investigation and follow-up of initial smallpox cases 
that might necessitate direct contact with the patient. These recom-
mendations are available at www.cdc.gov/mmwr/preview/mmwrhtml/
rr5207a1.htm.105 In the United States, the use of a cell culture–grown 
clonal derivative of the NYCBOH/Dryvax (Wyeth Pharmaceuticals, 
Collegeville, PA) smallpox vaccine has replaced use of Dryvax. Studies 
and development of this new vaccine, ACAM2000, have been previ-
ously reviewed.94

Vaccinia Virus as a Zoonosis
Vaccinia virus infections are not generally regarded as naturally occur-
ring, although vaccinee-to-cattle and cattle-to-human transmissions 
occurred on farms during the smallpox eradication campaign. Spo-
radic outbreaks of infection caused by the vaccinia virus subspecies 
buffalopox virus, which involve transmission between milking buffalo, 
cattle, and people, have been reported, mainly in India but also in 
Egypt, Bangladesh, Pakistan, and Indonesia. Vaccinia-like lesions have 
been observed on the animals’ teats and the milkers’ hands. Biologic 
data and limited DNA analyses of isolates from an outbreak in India 
in 1985 suggest that buffalopox virus may be derived from vaccinia 
virus strains transmitted from humans to livestock during the smallpox 
vaccination era.106-108 A vaccinia virus possibly related to the vaccine 
strain used during smallpox eradication in Brazil was found in cattle 
and farm worker handlers in rural Rio de Janeiro.109,110 Subsequent 
reports and surveillance efforts indicate that these vaccinia virus  
infections are ongoing and that at least two clades or subgroups of 
vaccinia are circulating in Brazil, likely representing low-level endemic 
disease.111-113 The ecologic factors that support the persistence of vac-
cinia in this region of the world remain unknown and are a topic of 

survey, 66 cases (no deaths) among 14.5 million vaccinations (4.6 cases 
per million) and 60 cases (one death) among several million contacts 
were found. Treatment of eczema vaccinatum includes the administra-
tion of VIG (6000 U/kg IV, with repeat and/or higher doses depending 
on severity of symptoms and response to treatment),40 hemodynamic 
support with fluid replacement and electrolyte monitoring, and skin 
care.38 In one study, early VIG administration reduced the mortality 
rate from 30% to 40% to 7%.75 In 2007, a severe case of eczema vac-
cinatum was successfully treated with a combination of multiple doses 
of VIGIV, a single dose of cidofovir, a multiple-day course of oral 
ST-246, intensive skin care management, and skin grafting.76

Generalized vaccinia is a nonspecific term that is used to describe 
a vesicular rash that develops after vaccination. True generalized vac-
cinia is believed to represent the end product of viremic spread of virus. 
However, documentation of virus in suspected generalized vaccinia 
vesicular rash lesions has been extremely rare, leading to the proposal 
of a new dermatologic manifestation termed “postvaccinial nonviral 
pustulosis” to explain these findings.77,78 No predisposing factors have 
been identified. Treatment is generally not necessary because the gen-
eralized rash is self-limited. The lesions evolve and resolve more 
quickly than the primary vaccination site, presumably because of a 
developing immune response to the virus. This complication is esti-
mated to occur in about 242 of every 1 million primary vaccinations.38 
In general, this complication of vaccination does not necessitate the 
administration of VIG unless it is severe and the patient is systemically 
ill or the patient has an underlying immunocompromising condition. 
Treatment with nonsteroidal anti-inflammatory agents or oral antipru-
ritics may provide symptomatic relief.38

Postvaccination encephalomyelitis (PVEM) is a rare but serious 
complication that usually occurs only in primary vaccinees. The fre-
quency of its occurrence differs widely from country to country and 
with the strain of vaccinia virus used in the vaccine. In the survey con-
ducted in the United State in 1968, the frequency was 2.9 to 12.3 per 
million first-time vaccinees.38 The incidence of PVEM was lower with 
the NYCBOH vaccinia virus strain than with the strain used in other 
countries.79 No predisposing factors are known, although host factors 
are believed to be important; the pathophysiology is not well under-
stood. Cases have variably displayed clinical and diagnostic features 
suggestive of a postimmunization demyelinating encephalomyelitis/
acute demyelinating encephalomyelitis (ADEM) or direct viral inva-
sion of the nervous system.80-82 This postvaccination reaction typically 
occurs 11 to 15 days after vaccination. Symptoms of PVEM include 
fever, headache, vomiting, confusion, delirium, disorientation, restless-
ness, drowsiness or lethargy, seizures, and coma. The cerebrospinal 
fluid can have an elevated pressure but generally has a normal cell count 
and chemistry profile.83-85

Infants younger than 2 years can also develop a rare postvaccination 
encephalopathy (PVE) similar to PVEM. Acute onset of PVE occurs 
earlier in the postvaccination period (6 to 10 days after vaccination), 
involves the same symptoms as PVEM, and may also include hemiple-
gia and aphasia.4,38

The diagnosis of PVE or PVEM is one of exclusion because no 
specific tests are available to confirm the diagnosis of this complication 
and many other infectious and toxic etiologies can result in a similar 
clinical picture. Recent cases have shown the presence of orthopoxvirus-
reactive antibodies in the cerebrospinal fluid (CSF).86,87 The role of 
antiviral medications is unclear; VIG, although effective prophylacti-
cally, has not shown clear benefit after symptom onset. A few recent 
cases have responded to some combination of intravenous immune 
globulin, steroids, and VIG.86 A review of the pathogenesis of ADEM 
and suggested therapies is available (also see Chapter 91).88

Accidental infection occurs when virus from the vaccination site is 
transferred to another site or to another person through intimate skin 
contact. It usually occurs in primary vaccinees rather than revaccinees. 
Accidental self-inoculation, which most commonly occurs on the face, 
mouth, lips, or genitalia, is usually not serious and requires no specific 
treatment. Inoculation of the conjunctiva, cornea, or eyelid is more 
serious and can be sight threatening if not evaluated and treated appro-
priately. In the 5 years between 1963 and 1968, ocular vaccinia was 
observed in 348 persons: 259 vaccinees and 66 contacts. Of these, 22 
had evidence of corneal involvement, and 11 had permanent defects.89 

http://www.bt.cdc.gov/agent/smallpox/vaccination/index.asp
http://www.bt.cdc.gov/agent/smallpox/vaccination/index.asp
http://www.cdc.gov/mmwr/preview/mmwrhtml/rr5010a1.htm
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http://www.cdc.gov/mmwr/preview/mmwrhtml/rr5207a1.htm
http://www.myuptodate.com


P
a
rt

 I
II

 I
n

fe
ct

io
u

s 
D

is
ea

se
s 

an
d

 T
h

ei
r 

Et
io

lo
g

ic
 A

g
en

ts
1698

Variola major smallpox was differentiated into the following four 
main clinical types:
1. Ordinary smallpox (90% of cases) produced viremia, fever, prostra-

tion, and rash; mortality rates were generally proportionate to the 
extent of rash. With the WHO classification, mortality rates ranged 
from less than 10% for “ordinary discrete” smallpox to 50% to 75% 
for the rarer “ordinary confluent” presentation.

2. (Vaccine)-modified smallpox (5% of cases) produced a mild pro-
drome with few skin lesions in previously vaccinated people and a 
mortality rate well under 10%.

3. Flat smallpox (5% of cases) produced slowly developing focal 
lesions with generalized infection and an approximate 50%  
fatality rate.

study.114,115 In addition, at least two instances of human infection with 
a vaccinia-vector recombinant rabies virus vaccine in a bait dispersed 
to control rabies in wildlife have been reported; the bait was retrieved 
by a pet dog in both cases.116,117

VARIOLA (SMALLPOX)
In 1980, the WHO General Assembly declared that smallpox had been 
eradicated; destruction of the remaining virus stocks, scheduled for 
1999 and then 2002, has been delayed in an effort to permit research 
for improved preparedness in the event smallpox recurs as the result 
of the malevolent use of variola virus. The virus has a strict human host 
range and no animal reservoir. Variola major strains produced a 
disease with a severe prodrome, fever, and prostration. The virus was 
most often transmitted between humans via large-droplet respiratory 
particles inhaled by susceptible persons who had prolonged close face-
to-face contact with an infectious person; it was spread less commonly 
via aerosol or direct contact with the rash lesion or sloughed crust 
material from the scab.79,118 A toxemia or other form of systemic shock 
led to case-fatality rates of up to 30%. Secondary attack rates among 
unvaccinated contacts within households ranged from 30% to 80%. 
Variola minor strains (alastrim, amass, or kaffir viruses) produced less 
severe infection and case-fatality rates of less than 1%, although sec-
ondary attack rates among unvaccinated contacts within households 
also ranged from 30% to 80%. The last naturally occurring smallpox 
case was in Somalia in October 1977, although a fatal laboratory-
associated infection with variola major virus occurred at the University 
of Birmingham, England in August 1978.79

Naturally acquired variola virus infection caused a systemic febrile 
rash illness. For ordinary smallpox, the most common clinical presen-
tation, after an asymptomatic incubation period of 10 to 14 days 
(range, 7 to 17 days), was fever, with the temperature quickly rising to 
about 103° F, sometimes with dermal petechiae. Associated constitu-
tional symptoms included backache, headache, vomiting, and prostra-
tion. Within 1 or 2 days after incubation, a systemic rash appeared that 
was characteristically centrifugally distributed (i.e., lesions were 
present in greater numbers on the oral mucosa, face, and extremities 
than on the trunk). Lesions were commonly manifested on the palms 
and soles (Figs. 135-2 and 135-3). Initially, the rash lesions appeared 
macular, then papular, enlarging and progressing to a vesicle by days 
4 to 5 and a pustule by day 7; lesions were encrusted and scabby by 
day 14 and sloughed off (Fig. 135-4). Skin lesions were deep seated and 
in the same stage of development in any one area of the body. Milder 
and more severe forms of the rash were also documented. Less severe 
manifestations (modified smallpox or variola sine eruptione) occurred 
in some vaccinated individuals, whereas hemorrhagic or flat-pox types 
of smallpox are thought to have developed as a result of impaired 
immune response of patients.

FIGURE 135-2  Smallpox lesions on skin of the trunk. (From Centers 
for Disease Control and Prevention (CDC) Public Health Information Library. 
Available at http://phil.cdc.gov/phil/default.asp. Image ID 5 284. Photo-
graph taken in 1973 by James Hicks, CDC.)

FIGURE  135-3  Smallpox lesions on palms.  This  child  was  infected 
with the smallpox virus and on day 8 of the rash shows the typical lesions 
on  his  palms.  (From Centers for Disease Control and Prevention (CDC) 
Public Health Information Library. Available at http://phil.cdc.gov/phil/
default.asp. Image ID 5 3303. Photograph taken in 1972 by Dr. Paul B. 
Dean, CDC.)

FIGURE 135-4  Smallpox lesions at day 17 of rash on a 5-year-old 
convalescing Indonesian child.  (From Centers for Disease Control and 
Prevention (CDC) Public Health Information Library. Available at http://
phil.cdc.gov/phil/default.asp. Image ID 5 2041. Photograph taken in 1963 
by J.D. Millar, CDC.)

http://phil.cdc.gov/phil/default.asp
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MONKEYPOX
Monkeypox virus was so named because it was first detected in captive 
Asiatic monkeys; however, the virus has been found naturally only in 
Africa (although it emerged in the United States as a result of global 
commerce), and evidence points to rodents as important reservoir 
hosts. Reviews of human monkeypox infection are available.121-123

Monkeypox was first recognized by Von Magnus in Copenhagen in 
1958 as an exanthem of primates in captivity. Later, the disease was 
seen in other captive animals, including primates in zoos and animal 
import centers. Particular attention was focused on it in 1970 when 
smallpox surveillance activities in Africa revealed cases of human 
monkeypox, clinically indistinguishable from smallpox, particularly in 
Zaire (now Democratic Republic of Congo [DRC]). Serosurveys and 
virologic investigations in the 1980s in the DRC by the WHO indicated 
that monkeys are sporadically infected, as are humans; that three 
fourths of cases, mainly in children younger than 15 years, resulted 
from animal contact; that vaccinia vaccination has about 85% protec-
tive efficacy; that monkeypox virus probably has a broad host range, 
including squirrels (Funisciurus spp. and Heliosciurus spp.); and that 
human monkeypox has a secondary attack rate of 9% among unvac-
cinated contacts within households (i.e., it is much less transmissible 
than smallpox). Since 1970, the disease has been seen in the DRC, 
Liberia, Ivory Coast, Sierra Leone, Nigeria, Benin, Cameroon, Gabon, 
and South Sudan; most cases have been in the DRC, which in 1980 had 
a population of about 30 million (338 cases were discovered prospec-
tively during WHO-intensified monkeypox surveillance in Zaire from 
1981 to 1986). Human monkeypox has continued to be reported from 
the DRC, mainly in children younger than 15 years. On the basis of 
reported monkeypox onset dates in a largely retrospective study com-
plicated by a concurrent outbreak of chickenpox, about 250 serosub-
stantiated cases of monkeypox occurred among 0.5 million people in 
78 villages, from February 1996 to October 1997. About three fourths 
of the cases appeared to result from human-to-human transmission; 
however, the secondary attack rate of 8% among unvaccinated contacts 
within households appeared to be about the same as in the 1981 to 
1986 surveillance.121,124

Sporadic outbreaks continue to occur and cause concern,121,125 but 
the most detailed clinical, epidemiologic, and ecologic information 
about virologic laboratory–confirmed disease in Africa was obtained 
before 1988. Initial animal surveys in Zaire detected monkeypox-
specific antibodies in 85 of 347 squirrels (25%) sampled but from none 
of 233 terrestrial rodents. Monkeypox-specific antibody has been 
detected in very few monkeys, which, like humans, are probably only 
occasional hosts.126 Subsequent work124 in the DRC found evidence of 
orthopoxvirus seroreactivity in some small terrestrial mammals tested, 
including Gambian rats (Cricetomys emini) and elephant shrews (Pet-
rodromus tetradactylus). Studies in the 1980s that used direct virus 
sampling of trapped animals revealed virus in only one Funisciurus 
species.

In 2003, monkeypox infection of humans was identified in the 
United States as a result of exposure to ill prairie dogs, probably 
infected after exposure to infected West African small mammals 
imported as exotic pets.127 From that work, a Gambian rat (Cricetomys 
gambianus), rope squirrel (Funisciurus sp.), and dormouse (Graphiurus 
sp.) from the affected African shipment of exotic species, originating 
in Ghana and implicated in the U.S. monkeypox outbreak, were found 
to be infected with monkeypox with viral isolation and nucleic acid 
detection (polymerase chain reaction).127

Pathogenesis
The pathogenesis of human monkeypox is surmised to be similar to 
that of smallpox: an acute febrile exanthem with an incubation period 
of about 12 days. During the incubation period, the virus is distributed 
initially to internal organs and then to the skin.79,122 The main differ-
ences are a greater degree of lymphadenopathy and a lower capacity 
for human case-to-case spread. The major concerns are the source of 
infection and the mode of transmission.

Clinical Manifestations
In general, the clinical features of disease as seen in central Africa  
are those of a classic or modified case of smallpox. The most obvious 

4. Hemorrhagic smallpox (<1% of cases) induced bleeding into the 
skin and the mucous membranes and was invariably fatal within a 
week of onset.
A discrete type of the ordinary form, with a typical febrile pro-

drome and rash, resulted from alastrim variola minor infection.79 The 
WHO established a classification system for smallpox case types based 
on disease presentation and rash burden. The hemorrhagic and flat 
types have already been briefly described. The ordinary type was sub-
grouped into three categories on the basis of the extent of rash on the 
face and the body. In the ordinary confluent category, no area of skin 
was visible between vesiculopustular rash lesions on the trunk or the 
face. Patches of normal skin were visible between rash lesions on the 
trunk in ordinary semiconfluent disease and on the face in ordinary 
discrete disease. (Vaccine)-modified disease arose with sparse numbers 
of lesions. Infection conferred lifelong immunity.79,119

Before its eradication, smallpox as a clinical entity was relatively 
easy to recognize, but other exanthematous illnesses were mistaken for 
this disease.118,119,120 For example, the rash of severe chickenpox, caused 
by varicella-zoster virus, was often misdiagnosed as that of smallpox. 
However, chickenpox produces a centripetally distributed rash and 
rarely appears on the palms and soles. In addition, in the case of chick-
enpox, prodromal fever and systemic manifestations are mild, if mani-
fest at all; the lesions are superficial in nature; and lesions in different 
developmental stages may be present in the same area of the body. 
Other diseases confused with vesicular-stage smallpox included mon-
keypox, generalized vaccinia, disseminated herpes zoster, dissemi-
nated herpes simplex virus infection, drug reactions (eruptions), 
erythema multiforme, enteroviral infections, scabies, insect bites, 
impetigo, and molluscum contagiosum. Diseases confused with hem-
orrhagic smallpox included acute leukemia, meningococcemia, and 
idiopathic thrombocytopenic purpura. The CDC, in collaboration  
with numerous professional organizations, has developed an algo-
rithm for evaluation of patients with smallpox. The algorithm assists 
in differential diagnoses of the vesiculopustular stage of rash. The algo-
rithm and additional laboratory testing information are available at 
www.bt.cdc.gov/agent/smallpox/diagnosis/. The differential diagnosis 
of febrile vesicular pustular rash illnesses is presented in Table 135-1.

TABLE 135-1  Differential Diagnosis of Febrile 
Vesicular Pustular Rash Illnesses That May Be 
Confused with Smallpox

DISEASE CLUES
Varicella Most common in children younger than 

10 yr; children do not usually have a 
viral prodrome

Disseminated herpes zoster Immunocompromised or elderly persons; 
rash looks like varicella, usually begins 
or erupts in dermatomal pattern

Impetigo (Streptococcus pyogenes, 
Staphylococcus aureus)

Honey-colored crusted plaques with 
bullae are classic but may begin as 
vesicles

Drug eruptions Exposure to medications

Erythema multiforme minor Target or bull’s-eye lesions; often follows 
systemic viral infections such as herpes 
simplex; may include palms and soles

Erythema multiforme (including 
Stevens-Johnson syndrome)

Involves conjunctivae and mucous 
membranes

Enteroviral infections (especially 
hand, foot, and mouth disease)

Seasonal—summer and fall

Disseminated herpes simplex Similar to varicella

Scabies and insect bites Pruritus; patient not febrile

Molluscum contagiosum May disseminate in immunosuppressed 
individuals

Generalized vaccinia History of vaccination with smallpox 
vaccine or contact with vaccinated 
individual

Monkeypox Travel to endemic area; animal exposure

Modified from Centers for Disease Control and Prevention. Evaluating Patients for 
Smallpox: Acute Generalized Vesicular or Pustular Rash Illness Protocol. Available at 
http://www.bt.cdc.gov/agent/smallpox/diagnosis/pdf/spox-poster-full.pdf.

http://www.bt.cdc.gov/agent/smallpox/diagnosis/pdf/spox-poster-full.pdf
http://www.bt.cdc.gov/agent/smallpox/diagnosis/
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available and being refined that may be of value, particularly for epi-
demiologic studies of monkeypox virus in its natural reservoirs.8,126 An 
immunoglobulin M (IgM) capture assay was shown to be sensitive and 
specific in identification of monkeypox cases 4 to 56 days after rash 
onset; this assay may have similar use in the identification of human 
smallpox cases.140

Epidemiology and Control
Management of individual cases has been supportive, with case-to-case 
spread reduced with isolation and, if available, the use of smallpox 
vaccine for contacts. Potential use of newer therapeutics is discussed 
at the end of this chapter. Human cases in Africa occur in villages in 
the rain forests, where a variety of animals are captured for food. Infec-
tion of children might be explained by their playing or working with 
carcasses. The results of the comprehensive surveys carried out in the 
1980s indicated that those infected were principally unvaccinated chil-
dren and that case-to-case spread was unusual. Control measures are 
based on interposing a buffer zone of cleared land between the arboreal 
reservoir and cultivated land, the development of animal husbandry as 
a source of meat, and education in the handling of wildlife, with 
emphasis on any trapping done by those previously vaccinated; con-
tinued vaccination was not thought necessary.122,126

Only occasional human cases were reported from central Africa 
after cessation of routine surveillance activities after smallpox eradica-
tion, but a resurgence occurred in 1996 to 1997 that has not yet been 
fully explained. Increased political unrest leads to population displace-
ment and breakdown of routine control measures, and the levels of 
vaccine-induced immunity decline with time. A potentially serious 
finding that requires clarification is the observation that human case-
to-case transmission appears to have occurred more frequently from 
1996 to 1997 than earlier.125 A study of an outbreak in the DRC also 
showed that the virus was transmitted quite efficiently between succes-
sive generations of human transmission associated with a hospital 
compound; six generations of uninterrupted interhuman transmission 
were identified and supported with laboratory studies.141 Human mon-
keypox continues to be reported in the Congo Basin, and mildly symp-
tomatic monkeypox, or other orthopoxvirus infections, may also 
coexist in the area.142-144 Comparison of the genomes of smallpox virus 
and monkeypox virus strains isolated up to 1986 suggested that they 
have evolved discretely,145 and the results of complete genome analy-
sis146 confirm this observation. Laboratory workers studying monkey-
pox virus should be vaccinated with vaccinia and handle the virus in 
certified biosafety cabinets. Biosafety level 2 (BSL-2) containment, 
according to the Biosafety in Microbiological and Biomedical Laborato-
ries definition, should be the minimum containment used. BSL-3 labo-
ratory practices provide additional biosafety protection. As mentioned 
previously, additional select agent requirements apply to use of the 
Congo Basin clade of this virus.

COWPOX
Cowpox sometimes occurs as a rare occupational infection of humans 
and can be acquired by contact with infected cows; more often, other 
animals (e.g., infected rats, pet cats, and zoo and circus elephants) have 
been sources of the disease. More recently, two cases of laboratory-
acquired human infection with cowpox virus have also been docu-
mented.147,148 Phylogenies show that cowpox virus is a rather diverse 
species and is geographically restricted; it has been isolated from 
humans and a variety of animals in Europe and adjoining regions of 
Asia.149,150,151 A serosurvey of wild animals in Great Britain found 
orthopoxvirus antibodies in a portion of bank and field voles and wood 
mice that were collected, which is consistent with small rodents being 
reservoir hosts for cowpox virus.152

Clinical Manifestations
Most information is available from a detailed analysis of 54 human 
cases investigated from 1969 to 1993.150 Lesions are generally restricted 
to the hands and face, and most patients (72%) have only one lesion. 
Multiple lesions may be caused by multiple primary inoculations, auto-
inoculation, and occasionally by lymphatic or viremic spread. Lesions 
in humans occur mainly on the fingers, with reddening and swelling; 
autoinoculation of other parts of the body may occur, and systemic 

difference is the pronounced lymphadenopathy, which involves the 
submandibular, cervical, and sublingual regions.

Most cases occur in unvaccinated children. In the DRC from 1981 
to 1986, 291 cases (86%) occurred in children younger than 10 years,  
and only 12 of them (4%) had vaccination scars. The illness lasts 2 to 
4 weeks. Of 292 unvaccinated patients, 22 (7.5%) had a mild illness 
with less than 25 skin lesions and were not incapacitated; 55 (19%)  
had 25 to 99 lesions, were incapable of most physical activity, and 
needed nursing; and 218 (75%) had more than 100 lesions, were totally 
incapacitated, and needed intensive nursing. Complications occurred 
in about 40% of patients; the most common were bacterial skin infec-
tions (16%), respiratory (12%) and gastrointestinal (5%) disorders, and 
keratitis (3.8%). The overall mortality rate was approximately 10%; 
however, all the deaths occurred in unvaccinated children, in whom 
the group mortality rate is about 15%.122 In the United States, disease 
in the 2003 outbreak appears to have been milder, and only 3 of the 37 
laboratory-confirmed cases had complications or serious disease: kera-
titis, encephalopathy (with diffuse cortical, thalamic, and brainstem 
edema; meningeal enhancement; and left thalamic and right parietal 
signal abnormality on magnetic resonance imaging),127 and upper 
respiratory tract lymphadenitis with dysphagia and airway compro-
mise.128 No deaths were observed. Although routes of exposure and 
host factors may have been significantly different in the African and 
U.S. outbreaks, evidence of differences between DRC/Congo Basin  
and U.S./West African viral strains/clades is also evident.129-131 Addi-
tional animal and human studies are beginning to define some of the 
viral genetic differences that may contribute to the differences in 
pathogenicity and apparent interhuman transmissibility of the two 
viral clades.132,133 The skin lesions of monkeypox are illustrated in 
Figure 135-5.

Diagnosis
Until 2003, human monkeypox had not been detected outside Africa. 
Clinical diagnosis may present a problem because fewer physicians 
now have experience with smallpox, which human monkeypox closely 
resembles. In vaccinated individuals, the rash may be more pleomor-
phic and not in a uniform stage of development.122 Access to a virus 
diagnostic laboratory should permit detection of the virus with  
electron microscopy and molecular methods, and this detection pro-
vides a diagnosis. In some circumstances, distinguishing between 
monkeypox and tanapox may be important. In the past, differentiation 
between monkeypox and variola was essential and could be done with 
examination of the pock appearance (hemorrhagic or not) and pres-
ence of pocks produced on chorioallantoic membrane at 39° C, a tem-
perature that inhibits smallpox. Currently, an array of nucleic acid 
diagnostic techniques permits the speciation of these viruses.134-139

The close serologic relationships among orthopoxviruses make 
detection of monkeypox-specific antigens difficult, but methods are 

FIGURE 135-5  Monkeypox skin lesions. 
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in nonvaccinated individuals, models have been designed to evaluate 
drug efficacy in systemic lethal disease created by intranasal, aerosol, 
or (historically) intracerebral virus challenge. Intravenous challenges 
classically have been designed to evaluate the effect of drug on rash 
development or illness progression, although higher challenge doses of 
virus have been used for a lethal model.162 The primary animal models 
currently used involve a challenge of aerosolized or intranasal virus, 
which results in pulmonary disease and lethality. Models of localized 
rash lesions have involved scarification of animal skin. Treatment 
models of keratitis involve scarification of corneal tissue. Work evaluat-
ing the potential use of antivirals for treatment of systemic complica-
tions of vaccination (progressive vaccinia and eczema vaccinatum) has 
used immunodeficient mouse populations.

The most studied compounds are inhibitors of DNA polymerase. 
Some nucleoside analogue compounds with activity against her-
pesviruses, most notably acyclovir and its derivatives, do not  
have activity against poxviruses. Other compounds with antiher-
pesvirus activity do show in vitro and in vivo activity against poxvi-
ruses, specifically 5-iodo-2′-deoxyuridine, adenine arabinoside, and 
trifluorothymidine.163-166 Because of their systemic toxicity, these com-
pounds have also been used topically for treatment of orthopoxvirus 
(and herpes) ocular infections. Of the three compounds, trifluorothy-
midine appears to be most widely available. Many phosphonate-
nucleoside analogues, for example, cidofovir, have antiorthopoxviral 
activity. In vitro, cidofovir has been shown to be active against the 
orthopoxviruses cowpox, vaccinia, monkeypox, and variola.23,167,168 In 
vivo studies with cidofovir have shown it to successfully protect chal-
lenged animals when given prophylactically or early in the evolution 
of disease, often before the onset of overt symptoms. Cidofovir has 
known renal toxicity and is administered with hydration and proben-
ecid. It has a long intracellular half-life but is not orally bioavailable; 
the alkoxyalkyl ester analogue of cidofovir, 1-O-hexadecyloxypropyl 
cidofovir (HDP-CDV), is orally bioavailable, and a preliminary report 
of the protective effect of HDP-CDV (CMX-001) in mice challenged 
with aerosolized cowpox has been noted, as has its protective effect in 
a lethal model of mousepox infection.168,169 Other nucleoside analogues 
are under study.170,171

ST-246 is a novel orally bioavailable compound with antiorthopox-
virus activity, characterized to inhibit orthopoxvirus release. Genetic 
characterization of viral mutants resistant to ST-246 indicate the viral 
target is the orthopoxvirus homologue of the vaccinia F13 protein, 
which is needed for wrapping of the virus before its release as an 
enveloped viral particle.172 The drug has been shown to be active 
against multiple orthopoxvirus species, including monkeypox and 
variola virus.173,174 ST-246 has been shown in a variety of small animal 
models, used prophylactically before the onset of symptoms or thera-
peutically after the onset of symptoms, to be effective in prevention of 
disease or to significantly mitigate illness severity and mortality.175-177 
As mentioned in the section on vaccinia virus, it has been used, in 
combination with other therapeutic methods, in the successful treat-
ment of severe cases of eczema vaccinatum and progressive vaccinia. 
Recent animal studies have shown the drug has synergistic benefit 
when combined with CMX-001.178

Other antivirals tested against orthopoxviruses have predicted cel-
lular targets. Ribavirin, an inosine monophosphate dehydrogenase 
inhibitor, shows in vitro activity against a number of orthopoxvi-
ruses179 and has shown antiorthopoxviral activity in animal models 
of vaccinia-induced keratitis180 and mouse tail pock lesions.181 Case 
reports are seen of the use of ribavirin and VIG in the treatment of 
progressive vaccinia.182 Initial therapy with ribavirin alone was ineffec-
tive at stemming new lesions; however, with the addition of VIG, new 
lesion development was stopped.

Additional studies of compounds targeting cellular kinases are of 
interest as another potential antiorthopoxvirus therapeutic strategy. 
Various cellular kinases (Abl, Src, and others) have been shown to be 
involved in the egress of virus, and blocking their function provides a 
different “antiviral” therapeutic mechanism of action.183,184 Studies of 
an ErbB kinase inhibitor (CI-1033) showed benefit in treatment of 
vaccinia-infected mice; its benefit was augmented with the use of a 
monoclonal antibody that neutralizes MV viral particles. In vitro, 
CI-1033 appeared to inhibit the local release of virus from an infected 

severe infections have been reported, often in individuals with immu-
nosuppressive conditions.153 Skin lesions are initially likened to those 
of a primary vaccinia virus vaccination; the site becomes papular, and 
in 4 to 5 days a vesicle develops. The lesion passes through macular, 
papular, vesicular, and pustular stages before forming a hard black 
crust. The lesion is usually painful, and erythema and edema are 
common at the late vesicular and pustular stages. Usually, lymphadeni-
tis, fever, and general malaise occur, often referred to as influenza-like. 
These features are usually severe in children; 16 of 54 patients (30%) 
were hospitalized. Most patients take 6 to 8 weeks to recover; for  
some patients, recovery takes more than 12 weeks. Scarring is usually 
permanent.

ORTHOPOXVIRUS LABORATORY 
DIAGNOSTICS
Electron microscopy of vesicle fluid or extracts of crusts is particularly 
valuable because it distinguishes between parapoxvirus, herpes virus, 
and other presumptive orthopoxvirus infections. Of 24 cases of cowpox 
in which adequate material was available, electron microscopy was 
successful in 23. Similar sensitivity was achieved in the diagnosis of 
smallpox.9 Many protein-based diagnostic approaches have also been 
used5,8 and further developed.154 Nucleic acid–based diagnostics135-137 
are now commonly used to diagnose orthopoxvirus infections and to 
speciate them. Within currently defined species, not all strains of 
cowpox are identical, and genomic analysis may show differences of 
epidemiologic value. As well, although the phylogenetic differences are 
not as great within the monkeypox virus and vaccinia virus species, 
diagnostic techniques have been developed to differentiate monkeypox 
virus clades and vaccinia strains.

Virus may be isolated on the chorioallantoic membrane, where the 
production of characteristic hemorrhagic pocks is diagnostic. A cyto-
pathic effect occurs in many cell lines (Vero, MRC-5, RK13), and 
detection of A-type inclusions is usually diagnostic for human cowpox 
virus infections, as it would be if found in biopsy material.

THERAPY: ORTHOPOXVIRUSES
An active area of research involves the development and evaluation of 
therapeutics for orthopoxvirus infections. VIGIV is prepared from 
serum from individuals who have received smallpox vaccination. It has 
been licensed by the U.S. Food and Drug Administration to Cangene 
(Winnipeg, Manitoba, Canada) and is available through the CDC 
(www.bt.cdc.gov/agent/smallpox/vaccination/vig.asp). Although con-
trolled clinical trials of the efficacy of VIGIV have not been carried 
out, it has been used in the treatment of eczema vaccinatum, progres-
sive vaccinia, and generalized vaccinia.38 It can be considered for 
use in ocular complications of vaccinia, except for vaccinia keratitis,  
in which it may be harmful (see Chapter 115). No clear benefit has 
been shown for vaccinia immune globulin alone in treatment of small-
pox, but it may have use in the treatment of other orthopoxvirus infec-
tions (see later). Currently, no antiviral drugs are licensed for use in 
the treatment of orthopoxvirus or other poxviral illnesses. Compre-
hensive reviews of the history and latest developments in poxvirus 
antivirals and therapeutics have been published.5,90,155 In addition, 
such compounds are being tested on experimental models of variola-
infected nonhuman primates156 and on other animal models of ortho-
poxvirus infections.22,23,157 The earliest drug compounds shown to have 
activity against orthopoxviruses, including vaccinia, were thiosemicar-
bazone derivatives. Initial case studies and case series suggested that 
they were effective in prophylaxis of smallpox and in treatment of 
progressive vaccinia and eczema vaccinatum.158,159 However, subse-
quent double-blind controlled trials of smallpox prophylaxis revealed 
no benefit.160

A number of different classes of therapeutics have been tested for 
potential systemic or topical use against orthopoxviruses. These 
include compounds predicted to interfere with specific viral enzymes 
and cellular targets.161 In vitro studies have usually focused on com-
pounds currently licensed or under phase 1 or 2 study, although some 
novel compounds have also been studied. Promising candidates have 
then been studied in small animal models (mouse, rabbit, and others) 
and in nonhuman primates. Because monkeypox and smallpox both 
cause human illness, with mortality rates that range from 10% to 40% 
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research. For example, a recent study evaluating a 19th century therapy 
for smallpox involving a botanical preparation of the carnivorous plant 
Sarracenia purpurea demonstrated antiorthopoxvirus activity against 
vaccinia, monkeypox, and variola viruses.190

cell, so as to impede the ability of the virus to subsequently infect other 
surrounding (uninfected) cells.185

Recent comprehensive summaries of antiorthopoxvirus therapeutic 
development are available,5,161,162,186-188,189 and this is an area of active 
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Other Poxviruses That Infect 
Humans: Parapoxviruses (Including 
Orf Virus), Molluscum Contagiosum, 
and Yatapoxviruses
Brett W. Petersen and Inger K. Damon*

PARAPOXVIRUSES
Parapoxviruses, which are found worldwide, are common pathogens 
of sheep, goats, and cattle. Human infection, characterized by localized 
epithelial lesions, is an occupational hazard for those who handle 
infected animals. Parapoxvirus infection in sheep and goats is usually 
referred to as sore mouth, scabby mouth, contagious pustular dermatitis/
ecthyma, or orf, and the corresponding human infection is referred to 
as orf. Taxonomically, the relevant parapoxvirus species is referred to 
as Orf virus (ORFV; synonyms are contagious pustular dermatitis virus 
and contagious ecthyma virus). Parapoxvirus infection of dairy cattle 
is usually referred to as paravaccinia, pseudocowpox, or ring sores, and 
the human equivalent as paravaccinia, pseudocowpox, or milker’s nodes. 
The virus species is referred to as pseudocowpox virus (PCPV). Parapox-
virus infection of beef cattle is referred to as stomatitis papulosa. The 
parapoxvirus species associated with beef cattle is referred to as bovine 
papular stomatitis virus (BPSV). Other zoonotic infections, caused by 
tentative members of the Parapoxvirus genus, shown to infect humans 
are derived from camel exposure (contagious ecthyma or Ausdyk 
disease) or, less often, from seals (sealpox).1,2 The parapoxvirus of red 
deer in New Zealand (PCNZ) is another parapoxvirus species. In the 
United States, a new deer-associated parapoxvirus has been identified 
as the cause of lesions in two deer hunters after exposures while dress-
ing deer in the field.3 Lesions in animals are found on the skin, in the 
oropharyngeal mucosa, and on external surfaces. Other parapoxvi-
ruses documented to cause ungulate, pinniped, or other nonhuman 
animal infections may also cause human illness. Detailed reviews of 
members of this genus of Poxviridae are available.4-7

Morphology and Composition  
of the Agent
The parapoxviruses have a unique appearance among poxviruses, as 
revealed with negative-stain transmission electron microscopy. Most 

poxvirus virions are brick shaped, but parapoxvirus particles are 
oblong, rounded, or ovoid. In addition, members of the Parapoxvirus 
genus have a characteristic M form that can be observed with negative-
stain electron microscopy: one long spicule wraps the particle, giving 
a crisscross effect.8 The stability of the virus in scabs is correlated with 
possible transmission of the virus through fomites.

The parapoxvirus genome consists of a linear double-stranded 
DNA of about 135 kilobase pairs (kbp) with covalently closed terminal 
hairpins; the genome is relatively high in G+C content and is smaller 
than other poxvirus genomes. Complete genome sequences of ORFV 
and BPSV have been reported.9 Several proteins described to have 
potential roles in viral pathogenesis include a chemokine-binding 
protein,10 an interleukin (IL)-10 homologue,11 a vascular endothelial 
growth factor homologue,12 an interferon resistance gene,13 and a 
cytokine-binding protein.14

Pathogenesis and Immune Response
Infection, which occurs via cuts and scratches, usually remains local-
ized in the epithelium or oral mucosa. Human lesions of orf are pro-
duced by hypertrophy and proliferation of epidermal cells, which is 
often marked and perhaps related to the endothelial growth factor 
homologue encoded by the virus and to leukocyte infiltration. Histo-
logic examination of human lesions shows many small multilocular 
vesicles within the dermis; true macrovesicles rarely occur.15,16 Gener-
alized symptoms of lymphadenopathy, malaise, and disseminated 
lesions are uncommon, and the immune response is not protective 
against disease recurrence on a lifelong basis.16,17 Second attacks occur 
in 8% to 12% of individuals.16,18

Clinical Manifestations
Detailed descriptions of human disease progression are available,15-17 
as are illustrations (Fig. 136-1).19,20 In brief, infection manifests as local-
ized lesions at the site of inoculation by a diseased animal. The portal 
of entry is usually a break in the skin. Six stages of clinical disease are 
described. After a brief incubation period of 3 to 5 days, lesions begin 

Definition
•	 Parapoxviruses,	molluscum	contagiosum,	

and	yatapoxviruses	are	among	the	
nonorthopoxvirus	infections	of	humans.

Epidemiology
•	 Parapoxvirus	infections	most	commonly	occur	

in	individuals	with	occupational	exposures	to	
infected	sheep,	cattle,	or	goats.

•	 Molluscum	contagiosum	infection	occurs	
worldwide	and	is	spread	through	mild	skin	
trauma,	fomites,	and	sexual	transmission.

•	 Yatapoxvirus	infections	are	rarely	reported;	
infections	are	acquired	through	exposure	to	
infected	animals	and	potentially	arthropod	
vectors	and	are	usually	geographically	
restricted	to	Central	and	East	Africa.

Microbiology
•	 Poxviruses	are	a	diverse	group	of	large,	

complex	double-stranded	DNA	viruses		
that	replicate	in	the	cytoplasm	of	the		
host	cell.

Diagnosis
•	 Parapoxvirus,	molluscum	contagiosum,	

and	yatapoxvirus	infections	are	often	
diagnosed	clinically	based	on	their	
characteristic	clinical	features	in		
combination	with	appropriate	exposure		
and	travel	histories.

•	 Diagnostic	laboratory	testing	for	poxviruses	
may	include	polymerase	chain	reaction		
assay,	electron	microscopy,	viral	culture,	and	
serology.

Therapy
•	 Parapoxvirus	infections	are	usually	self-limited;	

treatment	with	topical	and	intralesional	
cidofovir,	as	well	as	imiquimod,	has	been	
anecdotally	reported.

•	 Multiple	modalities	for	treatment	of	
molluscum	contagiosum	have	been	described,	
including	cryotherapy,	mechanical	curettage,	
and	chemical	treatments	with	podophyllin/
podofilox,	cantharidin,	iodine,	and	tretinoin.

Prevention
•	 Transmission	of	parapoxviruses,	molluscum	

contagiosum,	and	yatapoxviruses	can	be	
prevented	by	avoiding	exposures	to	animal	
vectors,	properly	covering	lesions,	and	
observing	good	hand	hygiene	practices.

SHORT VIEW SUMMARY

*All material in this chapter is in the public domain, with the exception of any borrowed 
figures or tables.
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individuals should take care not to further infect themselves with auto-
inoculation or to spread infection to contacts, including animals. The 
vaccine used to control orf in sheep is fully virulent and has caused 
human infection.

Therapy
In most cases, the disease is self-limited. Anecdotal reports of the use 
of 3% cidofovir topical cream31,32 have described apparent beneficial 
effects; however, no controlled trials are available. Topical treatment 
with the Toll-like receptor/interferon modulating compound imiqui-
mod has also shown benefit in a number of cases,33,34 including that of 
a patient with a giant orf lesion that failed to respond to topical and 
intralesional cidofovir.35

MOLLUSCUM CONTAGIOSUM
Molluscum contagiosum, a disease that causes a benign self-limited 
skin “tumor” or papular eruption, occurs worldwide and is regarded 
as a specific human infection.36 Although no evidence exists of disease 
transmission between humans and other animals, lesions that resemble 
molluscum and contain pox virions have been detected in species other 
than humans (e.g., horses and chimpanzees).

Description of the Agent
Four subtypes, characterized by restriction endonuclease digests, have 
been described.37 Disease presentation by all subtypes appears to be 
similar. The genome of molluscum contagiosum virus (MCV) subtype 
I has been sequenced.38 This genome encodes several novel gene prod-
ucts involved in its pathogenesis and in evasion of the immune system, 
including an IL-18–binding protein39 and apoptosis inhibitors,40 among 
others.

Pathogenesis and Pathology
Molluscum contagiosum lesions have long been known to have a  
distinctive pathology. In 1841, the first description of characteristic 
molluscum bodies—Henderson-Paterson bodies—was provided by 
Henderson and Paterson. Onset of infection occurs when the virus 
begins replication in the lower layers of the epidermis41 and then 
extends upward. The incubation period is quite variable and can be 
lengthy (2 to 7 weeks; as long as 6 months has been suggested). The 
epidermis hypertrophies and extends down into the underlying dermal 
strata. Characteristic inclusions (Henderson-Paterson bodies, or mol-
luscum bodies) are formed in the prickle cell layer and gradually 
enlarge as cells age and migrate to the surface. These cells are replaced 
by hyperplasia of the basal cell layer. The structure of the basement 
membrane remains intact; the hypertrophied epidermal cells, with 
their cytoplasm occupied by a large acidophilic granular mass (the 
molluscum body), project above the skin to appear as a tumor.42 Little 
to no inflammatory infiltrate is seen until late in disease, just before 
natural resolution of the lesion occurs.43

Clinical Manifestations
Infection occurs after breakage of the skin. The characteristic lesion 
begins as a small papule and, when mature, is a discrete, 2- to 5-mm- 
diameter, smooth, dome-shaped, pearly or flesh-colored nodule that is 
often umbilicated (Fig. 136-2). A cheesy off-white, sometimes yellow-
ish, material is easily expressed from lesions. Usually, 1 to 20 lesions 
occur, but occasionally, hundreds may be seen. Because of multiple 
simultaneous infections, or mechanical spread, these lesions may 
become confluent along the line of a scratch, and satellite lesions are 
occasionally seen.

In children, lesions occur mainly on the trunk and proximal 
extremities. In adults, they tend to occur on the trunk, pubic area, and 
thighs, but in all cases, infection may be transmitted to other parts with 
autoinoculation.43 In patients infected with human immunodeficiency 
virus (HIV), molluscum infections occur along the beard line in males; 
with facial involvement, reports of ocular involvement, such as lesions 
on the bulbar conjunctiva, have been found.44 Individual lesions last 
for about 2 months, but the disease usually persists for 6 to 9 months.45 
Severe and prolonged infection tends to occur in individuals with 
impaired cell-mediated immunity, including persons with HIV 
infection.36,46

as (pruritic) erythematous macules and then raise to form papules, 
often with a target appearance (days 7 to 14). Lesions become nodular 
or vesicular, and orf lesions often ulcerate after 14 to 21 days; this 
ulceration has been referred to as the acute stage. Complete healing can 
take up to 4 to 6 weeks and is characterized by a regenerative papilloma 
and regressive stages where normal epithelium is seen once again.16 
Very large granulomatous lesions occur, more frequently in individuals 
who are immunocompromised, and these may need surgical removal; 
other less invasive therapeutic methods may now be feasible and are 
discussed later in this chapter.21 Milker’s node lesions may have a 
more nodular appearance, without ulceration. Parapoxvirus infections 
reported in handlers of reindeer and musk-oxen in Norway are more 
granulomatous and persist for months.22 Erythema multiforme and 
Stevens-Johnson syndrome have been associated with parapoxvirus 
infections.

Diagnosis
Polymerase chain reaction diagnostic tests generic for parapoxvirus23,24 
and orf24,25 have been reported; however, the infection is usually clini-
cally diagnosed on the basis of exposure history and the presence of a 
characteristic lesion. Negative-stain transmission microscopy of lesion 
material examined by a skilled observer can be diagnostic if the char-
acteristic structure is observed. Virus isolation in tissue culture usually 
requires primary ovine or bovine cells and may be difficult to attain.26 
The development of immunologic sera specific for parapoxviruses is 
another source for diagnostic reagents.27

Epidemiology
Infection with parapoxvirus is an occupational hazard of farm workers, 
abattoir workers, veterinarians, students, and others with frequent 
exposure to sheep, cattle, or goats. Human orf infection is most 
common in the spring, a time when the bottle-feeding of lambs may 
predispose humans to exposure risks, and in the fall, when slaughter-
ing and shearing occur.16 Of 191 cases of orf or milker’s nodule with a 
known source surveyed from 1978 to 1995, 84% had an ovine source 
and 16% were transmitted by cattle. An additional 32 cases occurred 
in abattoir workers.28 Human orf infections have also been associated 
with exposures during household meat processing or animal slaughter, 
particularly in association with religious holidays.29,30 Another study 
evaluating a cluster of cases in children in the Midwest United States 
found that facial contact with infected animals often led to disease 
acquisition in children.24 Most workers at risk are infected at some 
point in their career, and reinfection is not uncommon. Infected  

FIGURE 136-1  Human orf virus infection. Nodule caused by orf virus 
after  contact with a  lamb being sacrificed  for a holiday—Massachusetts 
2010. (From Centers for Disease Control and Prevention. Human orf virus 
infection from household exposures—United States, 2009-2011. MMWR 
Morb Mortal Wkly Rep. 2012;61:245-248.)
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Tanapox
Human infection with tanapox virus, which was first recognized in the 
Tana River basin area of Kenya in 1957, was best characterized during 
post–smallpox eradication surveillance efforts. An account of 264 
laboratory-confirmed cases from Zaire (now the Democratic Republic 
of Congo), with color illustrations, is available,57 as is information on 
the virus itself.58 The genome of the virus has been sequenced.59 Yaba-
like disease virus of monkeys is a variant of the species of virus that 
causes tanapox in humans.7,60 Recent anecdotal reports of human 
disease outside Africa have been published and illustrate the need to 
consider poxvirus causes of illness in travelers returning from and 
emigrants from areas where the virus is endemic.61-63

Pathophysiology and Clinical Manifestations
Tanapox infection begins with a short febrile illness of 2 to 4 days  
with temperatures of 38° C to 39° C (100.4° F to 102.2° F) that is some-
times accompanied by headache, backache, or prostration. The erup-
tion of a lesion is often heralded by pruritus at the site. The lesion 
appears as a hyperpigmented macule, often with central elevation. The 
macule then evolves to a papule, with palpable induration. Fever and 
systemic symptoms wane as the lesion manifests. The papule then 
becomes more “pocklike” but contains no fluid; umbilication or the 
formation of a pseudocrust has been reported at this stage. Typically, 
the papule evolves into a firm, deep-seated, elevated nodule. At the end 
of the first week, the lesion is surrounded by erythema and by indu-
rated skin. Regional adenopathy is common at this stage. After this 
stage, lesions either ulcerate or became larger nodules, up to 2 cm in 
diameter. In the African series, maximum size was usually reached 
within 2 weeks and then the local inflammatory response began to 
wane and the lesion began to granulate. Resolution of lesions occurred 
within 6 weeks.57

Most cases (78% in one series52) involve a solitary nodule; however, 
as many as 10 lesions on one individual have been described. The most 
common location for lesions (72%) is the lower extremities, and the 
least common locations are the face and parts of the body that are 
normally covered by clothing.57 Infection appears to confer lifelong 
immunity.

Diagnosis
For diagnosis of tanapox, the limited geographic distribution should 
be considered, as should travel history. Unique clinical features that 
allow the differentiation of tanapox from other orthopoxvirus infec-
tions include the nodular nature of the rash lesion, local adenopathy, 
paucity of lesions, benign disease course, and protracted course of rash 
resolution. As well, the solid nodular/ulcerated lesions are larger and 
develop more slowly than those of monkeypox, but they are smaller 
and develop more rapidly than do tropical ulcers.

Tanapox virus can be detected with electron microscopy, and the 
virions usually appear enveloped.64 This finding does not exclude the 
possibility of infection with other morphologically similar brick-
shaped poxviruses; nucleic acid testing61,62 on-lesion extract could be 
used for that purpose. Tanapox virus grows in a number of cell lines 
(e.g., owl monkey kidney, Vero, MRC-5, BSC-1) but not on cell adhe-
sion molecules.

Epidemiology and Control
Tanapox virus is restricted to Africa, principally to Kenya and the 
Democratic Republic of the Congo, and likely has a simian reservoir.60 
Cases of direct primate-to-human transmission, via a break in skin, 
have been described in animal handlers, although such cases appear to 
be extremely rare.65,66 Several factors have led to speculation that an 
insect or arthropod intermediary may be involved in transmission of 
tanapox virus to humans: persons confirmed to have tanapox infection 
have denied contact with nonhuman primates but have reported 
arthropod and culicine mosquito bites before infection; and in patients 
in whom multiple lesions developed, no evidence was found that the 
virus had been spread mechanically.57 Furthermore, the seasonal varia-
tion of human tanapox infections follows the activity of local arthro-
pod populations. No human-to-human transmission has been reported. 
With the exception of vaccination, measures for the prevention of 
monkeypox are applicable to tanapox.

Diagnosis
The clinical appearance of lesions is generally sufficiently characteristic 
to permit clinical diagnosis. Brick-shaped virions can usually be  
seen in large numbers if the cheesy material expressed from the lesion 
is examined with transmission negative-stain electron microscopy.  
The virus has not been cultured in standard tissue culture systems.  
The characteristic histopathology of these lesions is diagnostic; poly-
merase chain reaction methods have been described.47,48 On occasion, 
similar-appearing umbilicated lesions have been seen in patients with 
acquired immunodeficiency syndrome (AIDS) with disseminated 
cryptococcosis.

Epidemiology and Control
The virus occurs worldwide, and reports of increasing disease have 
paralleled reports of AIDS. Traditional modes of transmission are asso-
ciated with mild skin trauma and in some cases fomites (shared towels); 
however, evidence is increasing that the disease is sexually transmitted 
and that genital lesions are common.36 This disease presents a signifi-
cant concern for individuals whose children are in daycare or school 
situations, where concerns about potential transmission to other chil-
dren may exist. Covering of lesions and hand hygiene after contact with 
lesions should prevent transmission in these situations.

Therapy
Infection is benign and recovery is usually spontaneous, but treatment 
may be sought for cosmetic reasons, particularly for facial or multiple 
lesions. Various treatments have been tried.36 Cryotherapy,49 mechani-
cal curettage,49,50 and chemical treatments include podophyllin/
podofilox, cantharidin, iodine, and tretinoin.50-52 Irritation is an adverse 
effect of many of the chemical methods of treatment. Topical applica-
tion of an antiviral 3% cidofovir cream or suspension53,54 has been 
reported to be beneficial, as has potentially immune-modulating 
cimetidine55 or topical imiquimod therapy.56 The absence of well-
controlled trials makes assessment of the efficacy of various therapeutic 
regimens difficult for the clinician. For individuals with AIDS and 
molluscum, the use of highly active antiretroviral therapy, with 
improved CD4+ cell counts, appears to be efficacious.

YATAPOXVIRUSES
The genus Yatapoxvirus includes tanapox virus and Yaba monkey 
tumor virus.

FIGURE 136-2  Molluscum contagiosum.  (From Wood MJ. Skin and 
soft tissue infection. In: Farrar WE, Wood MJ, Innes JA, et al, eds. Infectious 
Diseases  Text  and  Color  Atlas. Hong Kong: Gower Medical Publishing; 
1992.)
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Clinical Manifestations
Accidental needlestick infections of human animal handlers and delib-
erate infections of human volunteers show that humans have localized 
skin lesions that develop at the site of inoculation.69 Human infections 
have not been recently reported.

Yaba Monkey Tumor Virus
Yaba monkey tumor virus (YMTV) is a distinct species of Yatapoxvi-
rus. It was originally isolated as the cause of a cutaneous tumor on a 
rhesus monkey (Macaca mulatta). In Asiatic monkeys, the virus causes 
benign histiocytomas that resolve in 1 to 2 months.67 Serosurveys have 
suggested that African green monkeys are the natural host of YMTV.68
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b.  Herpesviridae

Although there are hundreds of herpesviruses that infect nearly all 
animals, eight herpesviruses naturally infect humans (Table 137-1). A 
ninth herpesvirus, herpes B virus, which naturally infects macaques, 
can cause fatal encephalitis in humans. This chapter is an overview of 
herpesviruses that infect humans. Individual herpesviruses are dis-
cussed in subsequent chapters (see Chapters 138 to 144).

CLASSIFICATION
Members of the Herpesviridae are distinguished from other virus 
families by their structure and genome. Herpesviruses contain double-
stranded DNA surrounded by an icosahedral nucleocapsid, which is 
wrapped inside a tegument consisting of several viral and cellular 
proteins and then surrounded by an envelope studded with viral gly-
coproteins (Fig. 137-1).1 The envelope is derived from host cell mem-
branes. Herpesviruses range from 120 to 260 nm in diameter. Virions 
contain a characteristic set of viral proteins as well as some host cell 
proteins.

Human herpesviruses are subdivided into three subfamilies (see 
Table 137-1). The Alphaherpesvirinae include herpes simplex virus 
(HSV) types 1 and 2, varicella-zoster virus (VZV), and herpes B virus. 
These viruses are latent in neurons of sensory ganglia, and infection of 
cultured cells leads to rapid destruction of the cells. They usually cause 
mucocutaneous infections in healthy individuals. The Betaherpesviri-
nae include cytomegalovirus (CMV), human herpesvirus 6 (HHV-6), 
and human herpesvirus 7 (HHV-7). These viruses have a more limited 
host range, replicate slowly in cell culture, and establish latency in 
mononuclear cells. The Gammaherpesvirinae include Epstein-Barr 
virus (EBV) and Kaposi sarcoma–associated herpesvirus (KSHV, also 
known as HHV-8). These viruses establish latency in lymphoid cells 
and cause lytic infection in epithelial cells or fibroblasts. The Betaher-
pesvirinae and Gammaherpesvirinae can cause lymphoproliferation 
with mononucleosis.

EBV and HHV-6 are present as one of two types, referred to as types 
A and B. EBV types can differ depending on the geographic location 
of the infected individual. Although HSV-1 and HSV-2 share 50% or 
more sequence identity, different types of EBV and HHV-6 are much 
more closely related.

GENOME STRUCTURE AND 
PROTEINS
The human herpesviruses consist of 125,000 to 229,000 bp of double-
stranded DNA (see Table 137-1), and their overall guanosine and cyto-
sine content varies from 36% (for HHV-7) to 70% (for HSV-2). The 
genomes consist of long unique regions and short repeated regions. 
These repeats, as well as single nucleotide polymorphisms, are often 
useful for molecular epidemiologic studies because restriction endo-
nuclease digestion results in different-sized fragments that can help to 
indicate whether different persons are infected with different strains  
of virus. Thus, after transplantation, the sizes of the repeated regions 
can help to indicate whether the viruses originate from the donor or 
the recipient.2 EBV has terminal repeats at the ends of its genome. The 
number of terminal repeats is fixed in cells that were infected with the 

same clone of virus but varies in number if the cells were infected with 
different viral clones.3 The viral genome is linear inside the virion but 
circularizes in infected cells. Portions of many herpesvirus genes 
overlap in the genome; most herpesvirus genes are not spliced.

HHVs encode 71 to several hundred genes.4 Herpesviruses encode 
a core set of approximately 40 proteins that are conserved among all 
the herpesvirus species and include proteins involved in nucleic acid 
synthesis (e.g., viral DNA polymerase), nucleic acid metabolism (e.g., 
ribonucleotide reductase), protein modification (e.g., protein kinases), 
and virion structure (major capsid protein, glycoproteins B, H, and L). 
In addition, members of the three subfamilies of the Herpesviridae 
each contain a conserved set of genes unique to each subfamily, such 
as genes encoding proteins important for virus entry. Herpesviruses 
have a lytic phase of replication that results in cell death and a latent 
phase of replication in which no or a very limited set of viral proteins 
are made.

VIRUS REPLICATION
Herpesviruses use at least two principal methods to enter cells.5 Virus 
can enter cells by endocytosis and subsequent fusion of the virion 
envelope to the endocytic membrane, which allows entry of the 
nucleocapsid into the cytoplasm. Alternatively, the virion envelope can 
fuse to the cell membrane on the cell surface to deliver the nucleocap-
sid directly to the cytoplasm. Viral glycoproteins bind to receptors on 
the cell membrane, which allows entry into the cell. Herpesviruses 
often have more than one cell surface receptor (see Table 137-1). The 
viral nucleocapsid is transported from the cytoplasm to the nucleus, 
where the linear viral DNA circularizes, and thus DNA replication can 
begin. Replication proceeds in an orderly pattern of viral gene expres-
sion. The immediate-early genes are initially expressed that encode 
proteins that regulate viral gene expression. This is followed by the 
early viral proteins, many of which encode enzymes important for viral 
DNA replication or protein phosphorylation. Last, the late proteins are 
made, many of which encode structural proteins, including the viral 
glycoproteins and nucleocapsid proteins. Viral genes are transcribed 
in the nucleus, and the proteins are synthesized in the cytoplasm. 
Herpesvirus nucleocapsids are assembled in the nucleus and undergo 
envelopment at the inner nuclear membrane, de-envelopment at the 
outer nuclear membrane, and re-envelopment at the cytoplasmic 
membrane, and then exit the cell. Lytic replication of herpesviruses 
inhibits host cell RNA and protein synthesis.

VIRUS LATENCY AND 
REACTIVATION
The mechanisms by which herpesviruses establish and maintain 
latency are not well understood. Some viruses, such as HSV, express 
one family of latency-associated transcripts that do not encode pro-
teins but may be important to prevent apoptosis.6 Other viruses express 
proteins during latency. EBV expresses the EBV nuclear antigen 1 
protein, which allows viral episomes to partition to dividing latently 
infected B cells.7 EBV and KSHV encode a number of latency proteins 
expressed in different types of virus-associated malignancies. Herpes-
virus genomes exist in a circular, episomal form during latency in 
specific cell types. HHV-6 is an exception; up to 1% of healthy persons 
have HHV-6 integrated in their chromosomes.8

*All material in this chapter is in the public domain, with the exception of any borrowed 
figures or tables.
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survive so that the infection can be transmitted to others. Although 
some herpesviruses (e.g., HSV, VZV, CMV, HHV-6) infect a wide range 
of cells in the body, others (e.g., EBV, HHV-7, KSHV) have a more 
narrow host range.

EPIDEMIOLOGY
Nearly all adults are infected with HSV-1, VZV, EBV, HHV-6, and 
HHV-7 (Table 137-2). Fifteen to 50 percent of adults in the United 
States are infected with HSV-2, 40% to 70% are infected with CMV, 
and less than 5% are infected with KSHV. Rates of HSV-1, HSV-2, 
CMV, EBV, and KSHV are higher in developing countries than in the 
United States.

Herpesviruses are usually spread by direct contact because the 
enveloped viruses do not survive long in the environment; VZV is the 
exception and is spread by airborne transmission. HSV, EBV, CMV, 
and HHV-6 are spread by infected saliva; HHV-7 and KSHV are also 
likely spread by saliva. Sexual contact results in spread of HSV, CMV, 
KSHV, and perhaps EBV. Intrauterine infection with HSV, VZV, and 
CMV can occur; most infants infected with HSV acquire the infection 
at the time of delivery. CMV, EBV, and KSHV have been transmitted 
by organ transplantation, and CMV and EBV have been spread by 
blood transfusion.

CLINICAL SYNDROMES
Several herpesviruses cause similar clinical syndromes, including 
vesicular skin lesions, retinitis, hepatitis, encephalitis, and mononucle-
osis; virus-specific diagnostic tests are needed to distinguish the virus 
that causes a particular syndrome (Tables 137-2 and 137-3).

Herpesviruses cause more severe disease in persons with impaired 
cellular, but not with impaired humoral, immunity (see Table 137-2). 
Patients with impaired T-cell immunity, such as organ transplant recip-
ients receiving immunosuppression therapy, hematopoietic cell trans-
plant recipients, patients with acquired immunodeficiency syndrome 
(AIDS), or patients with congenital T-cell or natural killer cell deficien-
cies, have more severe herpesvirus infections.18,19 Patients infected with 
human immunodeficiency virus (HIV) and low CD4 cell counts often 
have severe herpesvirus infections. Persistent erosive mucocutaneous 
oral or anogenital HSV infections may occur, and resistance to acyclo-
vir is not uncommon. VZV can cause verrucous skin lesions or small 
vessel central nervous system vasculitis or radiculopathy in patients 
with AIDS. CMV can cause encephalitis, retinitis, colitis, or radicu-
lopathy; however, pneumonitis is rare in patients with AIDS. EBV is 
associated with central nervous system lymphomas or non-Hodgkin’s 
lymphoma, whereas KSHV is associated with Kaposi sarcoma, primary 

Several mechanisms have been proposed for maintaining latency in 
herpesviruses. These include expression of viral microRNAS during 
latency that inhibit expression of immediate-early viral genes9,10 and 
methylation of histone proteins associated with lytic genes, which 
results in compaction of chromatin and silencing of the lytic genes.11,12 
In addition, certain viral and cellular proteins, which are normally in 
the nucleus of cells undergoing herpesvirus replication, may be seques-
tered to the cytoplasm during latency so that the viral proteins cannot 
activate gene expression.13

Latent viral genomes can reactivate to produce infectious virus. 
Reactivation can be stimulated in some virus-infected cells by radiation, 
trauma to nerves (in the case of the Alphaherpesvirinae), hyperther-
mia,14 or hypoxia.15 Reactivation is more common in immunosup-
pressed or immunocompromised hosts that have impaired T-cell 
immunity. For example, in the absence of antiviral prophylaxis 50% or 
more of seropositive transplant recipients reactivate HSV, EBV, HHV-6, 
and HHV-7. Stress can also lead to reactivation; CMV reactivation 
occurs in 33% of seropositive immunocompetent patients in intensive 
care units.16 Reactivation allows the virus to be transmitted to other 
individuals, thereby perpetuating virus infection over time to other 
generations.

PATHOGENESIS
Many herpesviruses, such as HSV, EBV, CMV, HHV-6, and HHV-7, 
are shed from the oral mucosa without symptoms despite the presence 
of neutralizing antibody and virus-specific T cells.17 It is during asymp-
tomatic shedding, rather than during symptomatic disease, that most 
viruses are transmitted from person to person. In contrast, VZV is only 
transmitted when patients have varicella or zoster.

Symptomatic disease due to some herpesviruses is associated with 
lytic virus replication, resulting in skin lesions due to HSV or VZV or 
visceral lesions due to HSV, VZV, or CMV. Other diseases, such as 
erythema multiforme associated with HSV or hemolytic anemia asso-
ciated with CMV or EBV, are due to the immune response to the virus. 
Most symptoms from infectious mononucleosis associated with EBV 
are due to the proliferation of T cells that respond to the infection 
rather than to lytic destruction of virus-infected B cells.

Most human encounters with herpesviruses are asymptomatic or 
induce very mild symptoms. Many persons infected with HSV-1 or 
HSV-2 are asymptomatic, and young children and infants infected with 
CMV and EBV are usually asymptomatic. In contrast, most persons 
infected with VZV present with chickenpox and most with HHV-6 
have fever. Infections are rarely fatal except in highly immunocompro-
mised persons. It is in the best interest of the virus for the host to 

TABLE 137-1  Biologic Features of Herpesviruses That Infect Humans

VIRUS
GENOME

SITES OF LATENCYSubfamily* Size (kbp) Receptor(s)
Human Virus
HSV-1 (HHV-1) Alpha 152 Nectin-1, nectin-2

TNFRSF14, 3-OS-HS
Sensory and cranial nerve ganglia

HSV-2 (HHV-2) Alpha 152 Nectin-1, nectin-2
TNFRSF14

Sensory and cranial nerve ganglia

Varicella-zoster virus (HHV-3) Alpha 125 Sensory and cranial nerve ganglia

Cytomegalovirus (HHV-5) Beta 229 PDGFR α, EGFR
Integrin α2β1, α6β1, αvβ3

Monocytes, macrophages, CD34+ cells

HHV-6 Beta 165 CD46, CD134 CD34+ cells, monocytes, macrophages

HHV-7 Beta 145 CD4 cells

Epstein-Barr virus (HHV-4) Gamma 172 CD21, MHC class II,
Integrins αvβ6, αvβ8

Memory B cells

Kaposi sarcoma–associated herpesvirus (HHV-8) Gamma 165 Integrin αvβ3 αvβ5, αvβ1, 
XCT, DC-SIGN, EphA2

B cells

Simian Virus
Herpes B virus (cercopithecine herpesvirus 1) Alpha 150 Nectin-1 Sensory and cranial nerve ganglia

*Alpha, Beta, and Gamma refer to subfamilies Alphaherpesvirinae, Betaherpesvirinae, and Gammaherpesvirinae, respectively.
DC-SIGN, dendritic cell-specific ICAM-3 grabbing nonintegrin; EGFR, epidermal growth factor receptor; EphA2, ephrin receptor tyrosine kinase A2; HHV, human 

herpesvirus; HSV, herpes simplex virus; MHC, major histocompatibility complex; PDGFR, platelet-derived growth factor receptor; 3-OS-HS, 3-O-sulfotransferases; TNFRSFI4, 
tumor necrosis factor receptor superfamily, member 14; XCT, light chain of the human cystine/glutamate transporter system.

Modified from Straus SE. Introduction to Herpesviridae. In: Mandell GL, Bennett JE, Dolin R, eds. Principles and Practice of Infectious Diseases. 6th ed. Philadelphia: 
Churchill Livingstone; 2005:1756-1762.
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severe disease when mothers develop primary infection and lack virus-
specific antibody near the time of birth. VZV and CMV infection 
during fetal development is associated with fetal growth restriction and 
birth defects. Antibody to VZV (varicella-zoster immune globulin) or 
CMV (CMV hyperimmune globulin) reduces the severity of primary 
disease in immunocompromised persons. Most herpesviruses spread 
in the body from cell to cell rather than as free virions; therefore, the 
effect of antibody is limited once infection is well established.

The observation that patients with hypogammaglobulinemia are 
not at risk for developing severe herpesvirus infections whereas those 
with impaired cellular immunity can have life-threatening disease indi-
cates the important role of cellular immunity in controlling the severity 
of herpesvirus disease. Numerous virus epitopes are recognized by 
CD4+ and CD8+ T cells, and few appear to be dominant in HSV and 
CMV infection.21,22 Patients with mutations in genes in the innate 
immunity pathway important for interferon signaling such as TLR3,23 
UNC93B1,24 TRAF3,25 TICAM1,26 and TBK127 have an increased likeli-
hood to develop HSV encephalitis. Mutations in genes important for 
T-cell function including SH2D1A,28 XIAP,29 ITK,30 CD27,31 and 
MAGT132 can result in severe EBV disease, and mutations in STIM1 
can result in severe KSHV disease.33 Polymorphisms in HLA genes are 
associated with symptomatic HSV34 or EBV infection,35 whereas poly-
morphisms in TLR236 or IL1037 are associated with increased severity 
of HSV or EBV infection, respectively.

Herpesviruses encode numerous genes that inhibit cellular immune 
mechanisms.38-40 EBV and KSHV encode homologues of the antiapop-
totic protein BCL2, whereas HSV, CMV, and HHV-6 encode other 
proteins that inhibit apoptosis. Many herpesviruses encode proteins 
that inhibit recognition of infected cells by CD4+ and CD8+ T and 
natural killer cells. HSV, EBV, and CMV encode proteins that inhibit 
the TAP protein that is required for processing major histocompatibil-
ity complex (MHC) class I molecules, and KSHV encodes proteins that 
enhance endocytosis of MHC class I molecules from the cell surface. 
HSV, EBV, and CMV also encode proteins that inhibit MHC class II,  
and CMV and KSHV encode proteins that inhibit natural killer cells. 
HSV, VZV, EBV, CMV, and KSHV encode proteins that inhibit inter-
feron. HSV encodes a glycoprotein (gE) that inhibits the activity of 
antibody, whereas HSV and KSHV encode proteins that inhibit com-
plement. EBV and CMV encode interleukin (IL)-10 homologues,  
and KSHV encodes an IL-6 homologue. HHV-6 and HHV-8 encode 
chemokines, and CMV, EBV, HHV-6, HHV-7, and KSHV encode che-
mokine receptor homologues.41 Many herpesvirus activate the inflam-
masome, a complex of proteins that in turn activate IL-1β and IL-18, 
which have antiviral activities; these same viruses often encode pro-
teins that inhibit the inflammasome.42,43 Together these immune 
evasion proteins allow the virus to avoid destruction by the host 
immune system.

ONCOGENESIS
Two human herpesviruses, EBV and KSHV, are oncogenic in humans, 
whereas the other human herpesviruses are not associated with 
cancer.44 Oncogenic viruses must be maintained in cells and be trans-
mitted to progeny cells. Oncogenic viruses express a limited set of viral 
proteins during latency to avoid detection by the immune system and 
to provide functions needed to immortalize the cell. EBV and KSHV 
encode proteins that activate cellular gene expression and B-cell signal-
ing pathways. EBV LMP-1 functions as an oncogene and mimics the 
activity of CD40 to activate nuclear factor kappa B and signal transduc-
ers and activators of transcription (STATs), whereas KSHV encodes 
several proteins (e.g., K1, K12, ORF74) with transforming activity.  
EBV is associated with B-cell malignancies including Hodgkin’s lym-
phoma, non-Hodgkin’s lymphoma, and Burkitt’s lymphoma, as well as 
epithelial cell cancers such as gastric carcinoma and nasopharyngeal 
carcinoma. Similarly, KSHV is associated with Kaposi sarcoma (an 
endothelial cell cancer), and two B-cell malignancies—primary effu-
sion lymphoma and Castleman disease.

DIAGNOSIS
Most primary herpesvirus infections such as herpes gingivitis, genital 
herpes, varicella, and roseola are diagnosed by their clinical symptoms. 
Serology is useful for confirming acute or previous infection. 

effusion lymphoma, and Castleman disease in patients with AIDS. 
Interestingly, HHV-6 and HHV-7 rarely cause disease in patients with 
AIDS. Infection with HSV-2 increases the rate of transmission and 
infection with HIV.20

IMMUNITY
Humoral immunity contributes to protection from primary infection 
with herpesviruses. Antibody acquired transplacentally protects neo-
nates from HSV, VZV, and CMV; infection of neonates can cause 

FIGURE 137-1  Structure of a herpes simplex virus virion based on 
cryoelectron tomography. A, The outer surface of the virion shows viral 
glycoproteins  (yellow)  embedded  in  the  viral  membrane  (blue).  B,  The 
interior of the virion shows the viral nucleocapsid (light blue) surrounded 
by the protein tegument (orange), which is inside the viral envelope (blue 
and yellow). pp, proximal pole; dp, distal pole; scale bar, 100 nm.  (From 
Grünewald K, Desai P, Winkler DC, et al. Three-dimensional structure of 
herpes simplex virus from cryo-electron tomography. Science. 2003;302:
1396-1398, with permission.)
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TABLE 137-2  Features of Herpesvirus Infections and Seroepidemiology

VIRUS

PRIMARY 
INFECTION IN 
HEALTHY 
PERSONS

INFECTION IN 
IMMUNOCOMPROMISED 
PERSONS

SEROPREVALENCE (%)

Healthy 
Children

Healthy Adults

United States Developing World
Herpes simplex virus 1 Gingivostomatitis

Keratoconjunctivitis
Cutaneous herpes
Genital herpes

Gingivostomatitis
Keratoconjunctivitis
Cutaneous herpes
Visceral infections

20-40 50-70 50-90

Herpes simplex virus 2 Genital herpes
Cutaneous herpes
Gingivostomatitis
Aseptic meningitis
Neonatal herpes

Genital herpes
Cutaneous herpes
Disseminated infection

0-5 15-50 20-60

Varicella-zoster virus Varicella Disseminated infection 50-75 85-95 50-80

Cytomegalovirus Mononucleosis
Hepatitis
Congenital cytomegalic 

inclusion disease

Hepatitis
Retinitis
Other visceral infections

10-30 40-70 40-80

Epstein-Barr virus Mononucleosis
Hepatitis
Encephalitis

Polyclonal and monoclonal 
lymphoproliferative syndromes

Oral hairy leukoplakia

10-30 80-95 90-100

Human herpesvirus 6 Exanthem subitum, 
infantile fever and 
seizures, encephalitis

Fever and rash
Encephalitis
Bone marrow suppression

80-100 60-100 60-100

Human herpesvirus 7 Exanthem subitum, 
childhood fever and 
seizures, encephalitis

Encephalitis 40-80 60-100 40-100

Kaposi sarcoma–associated 
herpesvirus

Febrile exanthem
Mononucleosis?

Kaposi sarcoma, Castleman disease, 
primary effusion lymphoma

<3 <3 10-60

Herpes B virus Mucocutaneous lesions
Encephalitis

Not reported 0 0 0

Modified from Straus SE. Introduction to Herpesviridae. In: Mandell GL, Bennett EJ, Dolin R, eds. Principles and Practice of Infectious Diseases. 6th ed. Philadelphia: 
Churchill Livingstone; 2005:1756-1762.

TABLE 137-3  Clinical Syndromes Associated with Human Herpesviruses

SYNDROME HSV-1 HSV-2 VZV CMV EBV HHV-6 HHV-7 KSHV HERPES B VIRUS
Gingivostomatitis + + – – – – – – –

Genital lesions + + – – – – – – –

Keratoconjunctivitis + + + – – – – – –

Cutaneous lesions + + + – – – – + +
Neonatal infection + + + + – – – – –

Retinitis + + + + – – – – –

Esophagitis + + + + – – – – –

Pneumonitis + + + + + + – – –

Hepatitis + + + + + + – – –

Meningitis – + + – – + – – –

Encephalitis + + + + + + + – +
Myelitis + + + + + – – – +
Mononucleosis – – – + + + – +? –

Hemolytic anemia – – + + + – – – –

Leukopenia – – + + + + – – –

Thrombocytopenia – – + + + + – – –

CMV, cytomegalovirus; EBV, Epstein-Barr virus; HHV, human herpesvirus; HSV, herpes simplex virus; KSHV, Kaposi sarcoma–associated herpesvirus; VZV, varicella-zoster virus.
Modified from Straus SE. Introduction to Herpesviridae. In: Mandell GL, Bennett JE, Dolin R, eds. Principles and Practice of Infectious Diseases. 6th ed. Philadelphia: 

Churchill Livingstone; 2005:1756-1762.

Type-specific serologies are available for HSV-1 and HSV-2, either of 
which can cause oral or genital disease.

Polymerase chain reaction (PCR) assay is the standard test for 
detection of HSV, EBV, CMV, or HHV-6 encephalitis; culture of  
virus from the cerebrospinal fluid is much less likely to be positive.45 
Intrathecal synthesis of antibody to VZV is more sensitive for diagno-
sis of VZV encephalitis than PCR assay.46 PCR assay of cerebrospinal 
fluid is also useful for the diagnosis of HSV meningitis and can be an 
important clue for EBV central nervous system lymphoma in highly 
immunocompromised patients. Quantification of CMV and EBV DNA 
in the blood is useful for monitoring the risk for disease due to these 

viruses and for response to therapy in transplant recipients. Culture of 
herpesviruses is much less sensitive than the PCR assay but is useful 
for analysis of drug-resistant virus. Because asymptomatic shedding is 
common for most herpesviruses, a positive culture does not necessarily 
indicate that the virus is causing disease. Direct fluorescent antibody 
testing is useful for detection of VZV in skin lesions.

Lytic replication of herpesviruses causes characteristic intranuclear 
inclusions in tissues. CMV and HHV-6 cause both intranuclear and 
cytoplasmic inclusions, whereas HSV and VZV result in only intra-
nuclear inclusions (Fig. 137-2). Immunohistochemistry with monoclo-
nal antibodies can be used to identify specific viruses in tissues.
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acyclovir, ganciclovir, penciclovir, respectively) by cellular enzymes. 
CMX001, which is under development, has activity against most, if not 
all, of the herpesviruses and is a lipid conjugated form of cidofovir 
without significant renal toxicity.48 Other drugs under development 
that act at steps other than the viral DNA polymerase include mariba-
vir for CMV, which inhibits the viral protein kinase, helicase-primase 
inhibitors for HSV, and DNA cleavage and packaging inhibitors for 
CMV (see Chapter 45).49

Resistance of HSV, VZV, or CMV to antiviral drugs usually only 
occurs in highly immunocompromised persons and is usually due to 
mutations in the HSV or VZV thymidine kinase or CMV protein 
kinase; foscarnet or, less often, cidofovir, is used to treat drug-resistant 
HSV, VZV, or CMV. Resistance to the latter two agents can occur due 
to mutations in the viral DNA polymerase. Antiviral therapy has not 
been proven to be clinically effective for HHV-6, HHV-7, and KSHV. 
Antiviral therapy is not beneficial for reducing symptoms of EBV 
disease, with the exception of oral hairy leukoplakia. Corticosteroids 
are occasionally used to treat severe manifestations of EBV, which are 
due to the T-cell proliferative response to the virus rather than to lytic 
replication in B cells.

Currently available antiviral agents inhibit lytic replication, not 
latent replication, and therefore do not affect the latent reservoir of 
viral DNA. One approach that has been suggested to reduce the latent 
reservoir of herpesvirus DNA is to activate lytic replication in latently 
infected cells (e.g., using a histone deacetylase inhibitor) and then treat 
with an inhibitor of lytic replication (acyclovir or ganciclovir). This 
approach has been used in vitro50 and in a small number of patients 
with EBV-positive lymphomas.51 Another approach is to infuse HLA-
matched cytotoxic T cells to destroy latently EBV- or CMV-infected 
cells.52 CMV- and EBV-specific T cells have also been used, and 
HHV-6–specific T cells are under development.53

PREVENTION
Varicella immune globulin is used to decrease the severity of disease 
in immunocompromised persons exposed to chickenpox or shingles 
and CMV immune globulin is used to decrease disease in organ trans-
plant recipients at high risk for CMV disease. Acyclovir reduces  
recurrences of HSV and severity of varicella in uninfected immuno-
compromised persons exposed to VZV; ganciclovir or foscarnet reduce 
the risk for CMV disease in transplant recipients who often have virus 
reactivation.

Currently licensed vaccines are only available for VZV to prevent 
varicella and zoster.54 These are live attenuated vaccines and differ only 
in the titer of the vaccine virus used; the shingles vaccine is approxi-
mately 14 times the titer of the varicella vaccine. Both vaccines induce 
humoral and cellular immunity. Live attenuated vaccines are not likely 
options for EBV and KSHV, which contain oncogenes and other genes 
that induce lymphocyte proliferation. Candidate vaccines for herpes-
viruses that are farthest along in clinical trials are subunit vaccines. 
Although a glycoprotein D vaccine for genital herpes failed to show 
efficacy for protection against genital herpes infection in women,55 
additional vaccines are under development.56 A glycoprotein B vaccine 
for CMV reduced infection in healthy women57 and reduced virus 
reactivation in a subset of organ transplant recipients in phase II 
trials.58 A glycoprotein gp350 vaccine reduced the rate of EBV infec-
tious mononucleosis, but did not prevent asymptomatic infection, in 
healthy young adults.59

THERAPY
Currently, all U.S. Food and Drug Administration–approved oral or 
intravenous antiviral agents for herpesvirus infections act at the same 
step of virus replication; they inhibit the viral DNA polymerase.47 
Some antiviral agents are phosphorylated by the HSV or VZV thymi-
dine kinase (acyclovir, penciclovir) or CMV UL97 protein kinase  
(ganciclovir), whereas other antiviral drugs do not require phosphory-
lation by viral proteins (foscarnet, cidofovir). In general, foscarnet  
and cidofovir are more toxic to cells because they are active in both 
infected and uninfected cells. Valacyclovir, valganciclovir, and famci-
clovir are prodrugs that are converted to their active form (i.e., 

FIGURE 137-2  Intranuclear inclusions in cells infected with herpes 
simplex virus (A) and intranuclear and cytoplasmic inclusions in 
cells infected with cytomegalovirus (B). N,  intranuclear; C,  cytoplas-
mic.  (Courtesy David Kleiner, Laboratory of Pathology, National Cancer 
Institute, National Institutes of Health, Bethesda, MD.)
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138  Herpes Simplex Virus
Joshua T. Schiffer and Lawrence Corey

Herpes simplex viruses (HSV-1 and HSV-2) produce a wide variety of 
illnesses, including mucocutaneous infections, infections of the central 
nervous system (CNS), and an occasional infection of visceral organs; 
some of these conditions may be life threatening. HSV-2 is linked, both 
at a biologic and epidemiologic level, to increased rates of both acquisi-
tion and transmission of human immunodeficiency virus type 1 
(HIV-1) infection. The availability of effective chemotherapy for HSV 
infection has made prompt recognition of infection important. Unfor-
tunately, anti-HSV therapy does appear to alter the effects of recent or 
prior HSV-2 infection on HIV acquisition or transmission.

The word “herpes” (from the Greek, “to creep”) has been used in 
medicine since antiquity. Cold sores (herpes febrilis) were described 
by the Roman physician Herodotus in 100 ad.1 Genital herpes was 
first described by John Astruc, physician to the king of France in 1736: 
the first English translation appeared in his treatise on venereal disease 
in 1754.2,3 Infection in orolabial lesions was transmitted to other 
humans in the late 19th century. The disease was successfully trans-
ferred to rabbits in the early 20th century, and HSV was grown in vitro 
in 1925.4,5 In the early 1960s, Schneeweiss and Dowdle and Nahmias 
reported two antigenic types of HSV with different sites of viral 
recovery.6

DESCRIPTION OF THE VIRUS
Structure
The eight known human herpesviruses (HHVs) are divided by genomic 
and biologic behavior into three groups: the alphaherpesviruses 
(HSV-1, HSV-2, and varicella-zoster [VZV]), the betaherpesviruses 
(cytomegalovirus, HHV-6, HHV-7), and the gammaherpesviruses 
(Epstein-Barr virus, Kaposi sarcoma–associated herpesvirus [KSHV], 
or HHV-8). Herpesviruses are morphologically similar, possessing an 
internal core containing double-stranded DNA, an icosahedral capsid 
with 162 capsomers, an amorphous material surrounding the capsid 
called a tegument, and a lipid envelope containing viral glycoproteins 
on its surface. Their overall diameter is about 160 nm.7 Despite 
common morphologic features, the biologic and epidemiologic fea-
tures of each of the herpesviruses are different. Although HSV-1 and 
HSV-2 are the two most closely related herpesviruses, the two agents 
are serologically and genetically distinct.6

The genome of HSV is a linear, double-stranded DNA molecule 
(molecular weight about 1 × 108) that encodes about 90 transcrip-
tional units, 84 of which appear to encode proteins. The genetic orga-
nization has sequences from both terminal ends of the genome 
repeated in an inverted fashion. This divides the genome into two 

Definition
•	 Herpes	simplex	virus	(HSV)	is	a	human	
α-herpesvirus	of	two	types,	HSV-1	and	HSV-2.

•	 Both	types	cause	common	infections	with	
varied	clinical	manifestations	in	otherwise	
healthy	children	and	adults	that	are	generally	
more	severe	in	patients	with	
immunosuppression.

Epidemiology
•	 HSV-1	and	HSV-2	have	a	worldwide	

distribution	and	have	no	known	animal	
reservoirs.

•	 HSV-1	is	acquired	more	frequently	and	earlier	
than	HSV-2.	More	than	90%	of	adults	have	
antibodies	to	HSV-1	by	the	fifth	decade	of	life.

•	 HSV-2	seroprevalence	correlates	with	onset	of	
sexual	activity	and	is	consistently	higher	in	
women	than	men.

•	 Global	incidence	of	HSV-2	has	been	estimated	
at	23	million	new	cases	per	year.

Microbiology
•	 HSV	is	a	nonenveloped	virus	that	is	160	nm	in	

diameter	and	has	a	linear,	double-stranded	
DNA	genome.

•	 HSV-1	and	HSV-2	have	approximately	50%	
homology,	and	homologous	sequences	are	
distributed	throughout	the	genome	map.

•	 HSV	infection	occurs	through	attachment	to	
cells	via	ubiquitous	receptors,	reflecting	a	wide	
tissue	range	of	infections	in	the	host,	including	
sensory	neurons,	which	can	result	in	latency.

•	 Viral	replication	occurs	through	nuclear	and	
cytoplasmic	phases.

•	 Latency	is	associated	with	transcription	of	
only	a	limited	number	of	virus-encoded	
ribonucleic	acids.

Clinical Manifestations
•	 HSV	has	been	isolated	from	nearly	all	visceral	

and	mucosal	sites.	Clinical	manifestations	
depend	on	the	anatomic	site,	age,	and	immune	
status	of	the	host	and	antigenic	type	(1	or	2)	
of	the	virus.

•	 Initial	(primary)	infections	are	more	severe	
than	recurrent	ones,	but	reactivation	of	latent	
infection	can	result	in	frequent	clinical	
manifestations.

•	 Orofacial	infection	(gingivostomatitis	and	
pharyngitis)	is	the	most	frequent	initial	clinical	
manifestation	of	HSV-1	infection.	Recurrent	
lesions	on	the	vermilion	border	of	the	lip	
(herpes	labialis)	are	the	most	frequent	
manifestation	of	latent	infection.

•	 Clinical	aspects	of	primary	genital	infections	
are	clinically	similar	with	HSV-1	or	HSV-2,	but	
recurrences	are	more	frequent	with	HSV-2.	
Complications	include	aseptic	meningitis,	
transverse	myelitis,	and	sacral	radiculopathy.	
Extragenital	lesions	may	occur	during	the	
course	of	primary	genital	infection.

•	 HSV	can	cause	various	eye	infections	such	
as	keratitis,	blepharitis,	conjunctivitis,	and	
retinitis.

•	 Herpes	simplex	encephalitis	is	the	most	
commonly	identified	cause	of	acute,	sporadic	
viral	encephalitis	in	the	United	States.	
Magnetic	resonance	imaging	is	the	

neuroimaging	technique	of	choice	to	identify	
abnormalities.

•	 Esophagitis	and	pulmonary	infections	may	be	
caused	by	HSV,	most	commonly	in	
immunocompromised	patients.

•	 Neonatal	infections	may	occur	through	contact	
with	HSV	secretions.	Infants	younger	than		
6	weeks	have	the	highest	frequency	of	visual	
and	central	nervous	system	involvement.

Diagnosis
•	 Clinical	criteria	are	utilized	for	consideration	of	

the	diagnosis	of	HSV	infection,	but	laboratory	
tests	are	needed	to	confirm	the	diagnosis.

•	 Diagnosis	can	be	made	by	detection	of	HSV	
DNA	by	polymerase	chain	reaction	assay	in	
lesion	scrapings,	fluids,	or	tissue.	Viral	isolation	
can	also	be	made	in	tissue	culture,	but	this	is	
three	to	four	times	less	sensitive	than	by	DNA	
molecular	techniques.

Treatment
•	 Acyclovir,	valacyclovir,	or	famciclovir	is	used	to	

treat	mucocutaneous	and	visceral	infections	
(see	Table	138-3).

•	 Genital	infections	may	be	treated	as	a	primary	
infection	when	recognized	or	as	a	discrete	
recurrence.	Individuals	with	frequent	
recurrences	may	be	treated	with	suppressive	
therapy.

•	 Herpes	simplex	encephalitis	is	treated	with	
high-dose	acyclovir	(10	mg/kg	IV	every	8	hours	
for	14	to	21	days).

•	 Acyclovir-resistant	HSV	strains	can	be	treated	
with	foscarnet	or	cidofovir.
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compatible with survival and normal activities of the cell, called 
latency.28,29 Latency is associated with transcription of only a limited 
number of virus-encoded RNAs.30-32 Subsequent activation of the 
viral genome may occur, resulting in the normal pattern of regulated 
viral gene expression, replication, and release of HSV, although  
without apparent damage to the infected neuron. The release of virions 
from the neuron follows a complex process of anterograde transport 
down the length of neuronal axons.33,34 Subsequent viral entry into 
epithelial cells can result in viral replication; this process is termed 
reactivation.35,36

Although infectious virus typically cannot be cultured from sensory 
or autonomic nervous system ganglia dissected from cadavers, main-
tenance and growth of the neural cells in tissue culture results in 
production of infectious virions (explantation) and in subsequent per-
missive infection of susceptible cells (cocultivation).37 The fact that 
HSV replication was first detected in neurons during reactivation in 
vitro suggested that the neuron harbors latent virus in vivo.30 Viral 
DNA and RNA have since been found in neural tissue at times when 
infectious virus cannot be isolated.32,38 Documentation of individual 
neurons infected with multiple strains of drug susceptible and resistant 
virus has been shown in severely immunosuppressed persons.39 More 
recently, this phenomenon has been reported in immunocompetent 
subjects,40 suggesting that the ganglia is probably continually reseeded 
with HSV throughout the course of chronic infection, although drug 
resistance is typically not of clinical importance in immunocompetent 
patients.

Three noncoding RNA “latency-associated” transcripts (LATs) are 
the only transcripts in abundance in the nuclei of latently infected 
neurons.30,41,42 Deletion mutants of the genomic region that can become 
latent have been made, and the efficiency of their later reactivation is 
reduced.41,43 In addition, substitution of HSV-1 LAT for HSV-2 LAT 
induces an HSV-1 reactivation pattern. In both trigeminal and dorsal 
root ganglia, LATs appear to maintain, rather than establish, latency.44 
HSV-1 LATs promote the survival of acutely infected neurons perhaps 
by inhibiting apoptotic pathways.45,46 LAT-derived microRNA is highly 
expressed during latency and appears to silence expression of the key 
neurovirulence factor ICP34.547 and prevent expression of ICP0, an 
immediate early protein that is vital to HSV reactivation, through 
antisense binding of mRNA. However, exit from latency appears to 
correlate with complete derepression of HSV replication genes rather 
than just a small cluster of viral genes.48

Although latency is the predominant state of virus on a per neuron 
basis, the high frequency of oral and genital tract reactivation for 
HSV-1 and HSV-2 suggests that the virus is rarely quiescent within the 
entire biomass of ganglionic tissue.49,50 Recent experimental data 
suggest that HSV-2 antigen is frequently and nearly continually shed 
into genital mucosa. Mathematical models of HSV-2 reactivation 
predict that viral release from the ganglia occurs in a nearly continuous 
drip,50 whereas only a single HSV particle from neurons is necessary 
to spark viral replication in genital epithelial cells.50 Recent work 
employing microdissection plus real-time polymerase chain reaction 
(PCR) assay of individual neurons from cadaveric trigeminal ganglia 
explants revealed that many more neurons (2% to 10%) harbor HSV 
than would be predicted by in situ hybridization studies for LAT.51,52 
Moreover, viral copy number is highly variable between neurons with 
extremely high levels in certain neurons.51,52 HSV DNA copy numbers 
are similar in LAT-positive and LAT-negative neurons, adding uncer-
tainty to the role that LATs play in preventing reactivation.

LAT transcript abundance and low genome copy number correlate 
with subnuclear positioning of HSV genomes around the centromere.53 
Indeed, chromatization of HSV DNA appears to play a vital role in 
silencing expression of lytic replication genes.54,55 Although certain 
viral transcripts are known to be necessary for reactivation from 
latency, the molecular mechanisms of HSV latency are not fully under-
stood, and strategies to interrupt or maintain latency in neurons are in 
developmental stages.56

EPIDEMIOLOGY
Herpes simplex viruses have a worldwide distribution and are found 
in the most remote human populations. There are no known animal 
vectors for HSV, and although experimental animals are easily infected, 

unique components.8 The overall sequence homology between HSV-1 
and HSV-2 is about 50%.9 The homologous sequences are distributed 
over the entire genome map, and most of the polypeptides specified by 
one viral type are antigenically related to polypeptides of the other 
viral type. Many type-specific regions unique to HSV-1 and HSV-2 
proteins do exist, however, and many of these regions appear to be 
important in evading host immunity. Intertypic recombinants have 
also been identified.

HSV is genomically stable, and restriction endonuclease or sequence 
analysis of viral DNA can be used to distinguish between the two 
subtypes and among strains of each subtype.10,11 The variability of 
nucleotide sequences from clinical strains of HSV-1 and HSV-2 is such 
that HSV isolates obtained from two individuals can be differentiated.12 
Isolates from epidemiologically related sources, such as sexual part-
ners, mother-infant pairs, or victims of a common-source outbreak, 
are identical.13-15 Whole-genome sequencing has only recently been 
extended to a variety of clinical isolates. The degree of sequence diver-
sity across the globe is only partially characterized.16 Although hot 
spots of sequence variability are increasingly being identified in spe-
cific genes, the role of this variability in HSV pathogenesis is only 
beginning to be evaluated.

Replication
Viral replication has nuclear and cytoplasmic phases. The initial steps 
of replication include attachment and fusion between the viral enve-
lope and cell membrane to liberate the nucleocapsid into the cytoplasm 
of the cell. Several cellular receptors and viral envelope glycoproteins 
are required for viral attachment. The initial attachment to the cell 
membrane involves the interactions of viral glycoproteins C and B with 
cellular heparin sulfate.17 Subsequently, viral glycoprotein D binds to 
cellular co-receptors that belong to the tumor necrosis factor receptor 
family of proteins, the immunoglobulin superfamily (nectin family), 
or both.18,19 The ubiquity of these receptors underscores the wide host 
range of herpesviruses, and their presence on sensory neurons impli-
cates their role in the development of neuronal infection, and therefore 
latency.20-22

After attachment, the de-enveloped tegument capsid structure is 
transported to nuclear pores where viral DNA is released into the 
nucleus. After fusion of the virion envelope with the host cell mem-
brane, the virions release several functional proteins. The virion host 
shutoff protein shuts off synthesis (by increasing cellular RNA degrada-
tion), whereas VP16 turns on transcription of immediate early genes 
of HSV replication.23 Some of these immediate early gene products 
(designated α-genes), are important determinants of neurovirulence 
in animal models, whereas others are required for synthesis of a sub-
sequent polypeptide group, the β or early polypeptides. Many 
β-proteins are regulatory proteins and enzymes required for DNA 
replication. Most antiviral drugs in current use or development inter-
fere with β-proteins, such as the viral DNA polymerase enzyme or 
DNA helicase.24,25 Transcription of the viral genome, replication of viral 
DNA, and assembly of capsids take place in the nucleus.26 Moreover, 
the late (γ) class of HSV genes requires viral DNA replication for 
expression. These late proteins are structural and assist with viral 
egress. DNA replication takes place in a “rolling circle” pattern similar 
to a roll of toilet paper. Specific viral genes “clip” the end of the viral 
DNA into the procapsid.

After nucleocapsids are assembled in the nucleus, envelopment 
occurs as the nucleocapsids bud through the inner nuclear membrane 
into the perinuclear space. In some cells, viral replication in the nucleus 
forms two types of inclusion bodies: (1) type A basophilic Feulgen-
positive bodies that contain viral DNA and (2) eosinophilic inclusion 
bodies that are devoid of viral nucleic acid or protein and represent a 
“scar” of infection. Virions are then transported through the endoplas-
mic reticulum and Golgi apparatus to the cell surface. The entire viral 
production cycle takes 4 to 6 hours, and an infected cell survives for 
16 to 20 hours. HSV is cytopathic to cells that harbor the full cycle of 
HSV replication.27

Molecular Features of Latency
HSV infection of some neuronal cells does not result in cell death. 
Instead, viral genomes are maintained by the cell in a repressed state 
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in black women, and 60% in black men. The higher rates of HSV-2 
among African Americans may reflect patterns of sexual networking 
rather than high-risk individual behavior.71

HSV-2 prevalence in a population is defined by geographic region, 
gender, sexual habits, and study population. There is a consistently 
higher prevalence of HSV-2 in women than in men,58,59,63,67 and HSV-2 
infection is also prevalent among HIV-infected persons, persons 
recruited from sexually transmitted disease clinics, and men who have 
sex with men.67,72 HSV-2 antibody levels are closely related to the life-
time number of sexual partners, age of sexual debut, and a history of 
other sexually transmitted diseases.73,74

The global incidence of HSV-2 infection has been estimated at 23 
million new cases per year.75 Local incidence rates of HSV-2 infection 
are often difficult to estimate owing to the common nature of asymp-
tomatic seroconversion, attenuation of symptoms due to prior HSV-1 
infection, location of lesions in nonvisible locations (e.g., perianal), and 
differential access to health care and diagnostics. For instance, among 
HSV-seronegative women in the control arm of an HSV-2 vaccine trial, 
only half of seroconversions were clinically symptomatic.76 Neverthe-
less, data are accumulating and vary between populations based on risk 
characteristics and geography. Vaccine and condom prevention studies 
conducted in serodiscordant American couples document HSV-2 sero-
incidence levels between 6.7 and 8.6 infections per 100 person-years 
for women and 1.5 to 3.7 per 100 person-years for men.77-79 Seroinci-
dence in several high-risk urban youth cohorts was 11.7 cases per 100 
person-years.80 In African populations characterized by high preexist-
ing HSV-2 seroprevalence, seroincidence was 1.8 to 12.9 per 100 
person-years, with higher acquisition rates among persons infected 
with HIV-1 and among seronegative women in a monogamous rela-
tionship with a seropositive man.81-83 Among adolescent cohorts in 
sub-Saharan Africa, incidence exceeding 20 per 100 person-years has 
been reported.84,85

HSV-2 Risk Factors
Cofactors for risk for genital HSV-2 acquisition in an individual are 
well defined from prospective trials. Despite equivalent shedding rates 
according to gender,86 women are consistently at higher risk for HSV-2 
acquisition than men. Possible explanations include greater mucosal 
surface area, higher likelihood of asymptomatic ulcers in men that may 
facilitate transmission, or positioning within social networks. It is 
uncertain whether past HSV-1 infection reduces the risk for infection 

humans appear to be the only natural reservoir. Herpes infection is the 
predominant cause of genital ulcers throughout the world. This is due 
to an overall decrease in Treponema pallidum and chancroid infections 
in most populations,57 increase in PCR usage for HSV detection, and 
increase in HSV-2 reactivation frequency among HSV/HIV-coinfected 
persons.

HSV-1
Infection with HSV-1 is acquired more frequently and earlier than 
infection with HSV-2. More than 90% of adults have antibodies to 
HSV-1 by the fifth decade of life. Prevalence of antibody to HSV-1 
increases with age and demonstrates an inverse correlation with socio-
economic status. In much of Asia and Africa, HSV-1 infection is nearly 
universal and is acquired early in childhood. However, in post–World 
War II era Western populations, 80% to 100% of middle-aged adults 
of lower socioeconomic status had antibodies to HSV-1, compared 
with only 30% to 50% of adults in higher socioeconomic groups.58,59 
Serosurveys continue to show a decline in the age-specific prevalence 
rates for HSV-1 infection in both the United States and most of Europe, 
although socioeconomic class distinctions remain.60 In developed 
countries, a decrease in HSV-1 acquisition in childhood accounts for 
the increased frequency of sexually acquired HSV-1 infections in ado-
lescents, as well as the increased proportion of neonatal HSV cases that 
are due to HSV-1.59,61-63 Although primary HSV-1 and HSV-2 are clini-
cally indistinguishable, in the United States, genital HSV-1 is now more 
common in white patients whereas primary genital HSV-2 remains 
more common in black patients.64

HSV-2
Antibodies to HSV-2 start to appear during puberty and correlate with 
initiation of sexual activity.60,65 Widespread use of serologic testing has 
provided a detailed characterization of a worldwide HSV-2 pandemic 
over the past 2 decades (Fig. 138-1).60,66,67,68 Most African surveys indi-
cate very high levels of infection, although risk varies within each 
country according to gender and region.69 Seroprevalence is lower in 
Europe, Australia, Latin America, and Asia, although it remains highly 
dependent on the risk of the group being evaluated. In the United 
States, nationwide surveys showed an increase in HSV-2 seropreva-
lence from 16.4% to 21.7% of adults between 1979 and 1991, with a 
decrease to 17% from 1999 to 2004.60,66,70 The cumulative lifetime inci-
dence of HSV-2 reaches 25% in white women, 20% in white men, 80% 

FIGURE 138-1  Global seroprevalence of herpes simplex virus type 2 infection. 
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acquisition and subclinical acquisition are associated with sufficient 
viral replication to permit infection of either sensory or autonomic 
nerve endings, with the subsequent potential for lifelong reactivation 
patterns.32,49,110,111 After traversing the neuroepithelial gap and entering 
into the neuronal cell, the virus or nucleocapsid is transported intra-
axonally to the nerve cell bodies in ganglia.112 For HSV-1 infection, 
trigeminal ganglia are most commonly infected, although extension to 
the inferior and superior cervical ganglia also occurs.28,29 With genital 
infection, sacral nerve root ganglia (S2 to S5) are most commonly 
affected.35 Recent data suggest a possible role for autonomic tissue in 
maintenance of latent infection.113 In humans, the interval from inocu-
lation of virus in peripheral tissue to spread to the ganglia is unknown.

High-level viral replication occurs in ganglia and contiguous neural 
tissue during primary infection, although lytic transcripts are detect-
able during reactivations in mouse and guinea pig models as 
well.110,111,114 After initial inoculation of the neural ganglion, virus 
spreads to other mucosal skin surfaces by centrifugal migration of 
infectious virions through peripheral sensory nerves. This mode of 
spread explains the characteristic development of new lesions distant 
from the initial crop of vesicles in patients with primary genital or 
orolabial HSV infection, the large surface area over which these vesi-
cles may be visualized, and the recovery of virus from neural tissue 
distant from neurons innervating the inoculation site.115 Contiguous 
spread of virus is also likely to take place via autoinoculation and allow 
further extension of disease.103 Viremia is present during approxi-
mately 25% of primary HSV-2 infections, and its presence may affect 
the natural history of HSV-2 disease in terms of site, severity, and 
frequency of reactivation.116

Ganglionic Immunity
After resolution of primary disease, viral DNA is present in 2% to 11% 
of ganglion cells in the anatomic region of initial infection.51 Therefore, 
many neurons may contribute to reactivation. Aside from the previ-
ously described molecular features of latency, host T-cell responses at 
the ganglion level may influence the frequency and severity of HSV 
reactivation. Although it is not known whether reactivating stimuli 
transiently suppress these immune cells or independently upregulate 
transcription of lytic genes, or both, it is well documented that CD8+ 
T cells juxtapose to HSV-1 latently infected neurons in human trigemi-
nal ganglia.117 These activated cells are reactive to a broad array of 
HSV antigens.118 In murine models, resident CD8+ lymphocytes and 
lymphocyte-derived cytokines appear to be important in preventing 
infectious virions from being transported down the length of the axon 
for release in the basal layer of the epidermis119-121 and can block reac-
tivation both with interferon-γ release122 and granzyme B degradation 
of immediate early protein ICP4.123 In addition, there appears to be a 
latent viral load in the entire biomass of ganglia that correlates posi-
tively with number of neurons infected and rate of reactivation but 
inversely with number of CD8+ cells present.124,125

Mucosal Immunity
Recent studies mostly involving genital mucosal responses to HSV-2 
infection indicate that viral-host interactions in the mucosa dictate 
clinical expression of disease. A distinct subset of HSV-2 specific CD8+ 
T cells that persist in genital skin conduct immune surveillance 
directed at containing virus at the point of release into the epithelium 
and are first responders capable of controlling HSV-2 and aborting 
clinical lesions.126 Once virus reaches the dermal-epidermal junction, 
there are two possible outcomes: subclinical shedding or recurrence 
defined clinically by a skin blister and ulceration (Fig. 138-2). Histo-
logically, herpetic lesions involve a thin-walled vesicle or ulceration in 
the basal region, multinucleated cells that may include intranuclear 
inclusion, necrosis, and an acute inflammatory infection, including 
neutrophils, natural killer (NK) cells, B cells, and T cells.127 Reepithe-
lialization occurs once viral replication is restricted, almost always in 
the absence of a scar.

The spatial diversity between host effector cells and viral release 
into the genital/oral mucosa appears to be the main influence in dictat-
ing clinical and subclinical expression of disease. HSV-2–specific CD8+ 
T cells at the dermal-epidermal junction contiguous to neuronal 
endings are present and persist in genital skin.128 Recently, these cells 

with HSV-2. However, persons with prior HSV-1 infection are three 
times as likely to acquire HSV-2 subclinically.76 In contrast to bacterial 
sexually transmitted diseases, HSV-2 is commonly transmitted within 
long-term couples rather than casual sexual relationships. Longitudi-
nal studies of such couples showed transmission rates varying from 3% 
to 12% per year.79,87 The median time to transmission within discordant 
couples is 3 months, with a median number of only 40 sex acts prior 
to transmission, or an approximate 3.5% per-coital risk.79 Moreover, 
one third of source partners within serodiscordant couples deny a 
history of genital lesions.88

Knowledge of a long-term partner’s HSV-2–positive status decreases 
transmission incidence by 50%, highlighting the importance of formal 
diagnosis and disclosure of infection.79,89 Consistent condom use 
decreases HSV acquisition among women, and chemoprophylaxis of 
the source partner also decreases transmission.79,87 Circumcision 
decreases both HIV-1 and HSV-2 acquisition risk in men.90-92 However, 
male circumcision does not impact transmission rates of HSV-2 among 
female partners.93

TRANSMISSION
In 1921, Lipschutz inoculated material from genital herpetic lesions 
into the skin of humans, eliciting clinical infection within 48 to 72 
hours in six persons and within 24 days in one case.5 Transmission of 
HSV most frequently occurs through close contact with a person who 
is shedding virus at a peripheral site, at a mucosal surface, or in genital 
or oral secretions.68,94,95 Infection occurs by inoculation of virus onto 
susceptible mucosal surfaces (e.g., the oropharynx, cervix, conjuncti-
vae) or through small cracks in the skin. Because HSV is readily inac-
tivated at room temperature and by drying, aerosol and fomitic spread 
are unusual. Transmission of HSV-1 from orogenital contact is increas-
ingly recognized, perhaps because of reduction in age-specific preva-
lence of HSV-1 at the time of sexual debut.96 Spread of HSV-1 infection 
from oral secretions to other skin areas is a hazard of certain occupa-
tions (e.g., dentists, respiratory care unit personnel), and laboratory-
acquired and nosocomial outbreaks in hospital or nursery personnel 
have been reported.97 Outbreaks among wrestlers are well recognized.98 
Transmission of HSV can occur in infants born to mothers excreting 
HSV at delivery.99 Anal and perianal infections with HSV-1 or HSV-2 
are common among sexually active populations of men who have sex 
with men.100 The majority of cases occur within 5 days of contact, 
highlighting the short incubation period of primary infection.

Precise virologic determinants of transmission likelihood are 
poorly understood. For HIV infection, a clear relationship between 
genital and plasma HIV viral load and per-coital risk for HIV trans-
mission is established.101,102 However, because genital HSV-2 levels 
fluctuate extremely rapidly over hours both on and off therapy,103,104 the 
degree to which source partner viral load during sex impacts likeli-
hood of transmission is unknown.105 Subclinical or asymptomatic 
shedding of HSV in oral and genital secretions is a hallmark of infec-
tion,68,86,106 even in immunocompromised persons,107 and transmission 
occurs more commonly during asymptomatic shedding.

Frequency of detectable shedding is markedly heterogeneous 
among those seropositive for HSV-2, likely influencing the variability 
in per-coital transmission rates that have been reported.106 A modeling 
study predicted that a core group of “super spreaders” with high reac-
tivation rates could account for a disproportionately large percentage 
of new infections.108 DNA polymerase inhibitors that decrease fre-
quency of asymptomatic shedding as well as peak HSV-2 titers during 
recurrence also decrease transmission within serodiscordant couples.87 
Yet frequency of symptomatic recurrences poorly predicted likelihood 
of transmission in a prospective trial, again highlighting the high trans-
mission risk for asymptomatic shedding.109 Prolonged asymptomatic 
shedding episodes lasting several days have been well described even 
among immunocompetent patients taking daily antiviral therapy.86,104

PATHOGENESIS
Primary Infection
Exposure to HSV at mucosal surfaces or abraded skin sites permits 
entry of the virus and initiation of its replication in cells of the epider-
mis and dermis.110 Initial HSV infection is often subclinical, without 
apparent lesions. In animal models and human subjects, both clinical 
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function of several interferon-stimulated gene products is counter-
acted by HSV proteins, including ICP34.5, ICP0, and US11.145,146

Defects in both acquired and innate immunity are associated with 
severe HSV-1 and HSV-2 infections. Fatal HSV-1 infections occur in 
individuals with innate immunity defects in natural killer cells and 
plasmacytoid dendritic cells.147,148 Specific deficiencies in effective 
innate function involving nuclear factor kappa β (NF-κB) regulator,149 
Toll-like receptor (TLR)-3,150 and TLR signaling protein UNC-93B151 
are all associated with familial and childhood HSV encephalitis. These 
mutations are rarely associated with severe cases of other infections.152 
Serious systemic manifestations of disease can occur in patients with 
T-cell immunodeficiency resulting from HIV, organ transplant, che-
motherapy, or certain inherited disorders.153-155 Defects in interferon 
receptors in mice promote enhanced infection.156 TLR-2 polymor-
phisms are associated with increased HSV-2 shedding and recurrence 
rate,157 and a recent randomized clinical trial found that a topically 
applied TLR-7 and TLR-8 agonist resulted in decreases in shedding.158 
Similarly, variation at the apolipoprotein E allele is associated with 
increased shedding.159 Most of the host genetic determinants of fre-
quency and severity of reactivation remain unidentified.

The role of the innate immune response is often not clearly differ-
entiated from acquired immunity. Interferons that are influenced by 
innate cells (plasmacytoid dendritic cells, NK/T cells, and NK cells) 
may alter the balance of the helper T cell type 1/helper T cell type 2 
response to HSV-2 and trigger similar transcription pathways in innate 
and acquired immune cells. Dendritic cells infiltrate genital lesions 
along with CD4+ lymphocytes, and differences in antigen presentation 
may be factors in viral clearance.160-162

Animal models suggest that multiple cell populations, including 
NK cells, macrophages, a variety of T lymphocytes, and lymphokines 
generated by these cells, play a role in host defense against HSV infec-
tion.163,164 Experimental ablation of lymphocytes indicated that T cells 
play a major role in viral containment and prevention of lethal dis-
seminated disease, although antibodies also help reduce viral titer in 
neural tissue.165 In animals, passive transfer of primed lymphocytes 
confers protection against rechallenge.163 Maximal protection usually 
requires the activation of multiple T-cell subpopulations, including 
cytotoxic T cells and T cells responsible for delayed hypersensitiv-
ity.166,167 There is an impressive natural breadth and structure to the 
HSV-directed T-cell repertoire in regard to HSV target antigens.168,169

There is an evolving appreciation that the cellular immune response 
to HSV-2 infection is highly compartmentalized and that responses in 
the neural ganglia, CNS, and mucosal sites may all play different 
roles.121,128 Plasma levels and functionality of CD4+ T cells and 

were shown to lack chemokine-receptor expression required for lym-
phocyte egress, express gene signatures of T-cell activation and antivi-
ral activity, and produce cytolytic granules during virologic quiescent 
time periods.126,129 CD8+ memory T-cell trafficking into genital mucosa 
is temporally associated with clearance of virus from genital lesions,130,131 
and CD8+ T-cell density at the specific site of infection is likely a key 
predictor to the extent of viral spread and potential.132 Low levels of 
plasma HSV-specific CD8+ cytotoxic T-lymphocyte precursors, rather 
than low CD4+ lymphocyte counts, predict frequent and severe HSV-2 
recurrences in untreated as well as treated HIV-1–infected patients.133,134 
HSV-2–specific CD8+ and CD4+ T cells appear to persist for prolonged 
time periods (2 to 4 months) in genital skin previously involved in an 
HSV-2 reactivation.126,132,135 Heterogeneous spatial density of CD8+ 
T-cell levels across the mucosa is a likely explanation for persistent 
breakthrough shedding.126,132,136

Genital tract reactivation occurs several times per month, which is 
far more frequent and dynamic than previously recognized (Fig. 138-
3).106,137 The use of daily anogenital PCR swabs showed that the median 
shedding rate of the 95% of patients with a positive HSV-2 antibody 
test who shed virus is 25% of days with a wide range of interpatient 
variability (range, 2% to 75%).138 In addition, a study with sampling 
performed every 6 hours noted that 49% of genital reactivation epi-
sodes last less than 12 hours and 29% last less than 6 hours.106 Sampling 
across spatial gradients and narrower time intervals of every 2 hours 
suggests that prolonged episodes of more than 10 days consist of mul-
tiple concurrent, relatively brief reactivations (2 hours to 3 days) in 
dozens of locations.103 Each of these foci of replication represents a 
separate battleground between virus and host.

Viral and Host Factors Impacting 
Pathogenesis and Disease Severity
The family of herpesviruses are evolutionarily ancient, infect a broad 
range of hosts, and have developed complex mechanisms for immune 
system evasion. Both HSV-1 and HSV-2 encode proteins that are 
directed at subverting innate and acquired responses.139,140 Infected cell 
protein 47 (ICP47) inhibits the transporter activity protein (TAP)-
mediated transport of viral peptides to the endoplasmic reticulum/
Golgi apparatus; this prevents HSV peptide presentation by major 
histocompatibility class I molecules needed for CD8+ cytotoxic T-cell 
responses to HSV.140,141 The virion host shutoff protein rapidly degrades 
host and viral mRNA upon host cell infection, which in turn sup-
presses the interferon α/β antiviral innate response.142 HSV glycopro-
tein J inhibits cytotoxic T-lymphocyte–induced apoptosis of infected 
cells and results in increased viral replication.143,144 The antiviral 

FIGURE 138-2  Schemata of herpes simplex virus (HSV) recurrence and asymptomatic viral shedding. 
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ganglion neurons to keratinocytes, despite successful antegrade trans-
port of fully assembled particles down the length of the sensory 
neuron.179 Immunoglobulin G subsets predominate in the female 
genital tract180 and are a key component of promising results in animal 
vaccine studies.181,182 Antibodies are broadly generated against tegu-
ment, capsid, and other nonessential viral glycoproteins, although the 
importance of antibody response magnitude, breadth, tissue compart-
ment specificity, and subclass is not defined for HSV infection.165 These 
results have unfortunately not been replicated in human vaccine trials 
using glycoprotein products.77,78

SPECTRUM OF DISEASES CAUSED 
BY HSV
HSV has been isolated from nearly all visceral and mucocutaneous 
sites. The clinical manifestations and course of HSV infection depend 
on the anatomic site involved, the age and immune status of the host, 
and the antigenic type of the virus. Presentations vary from subclinical 
mucosal shedding to overwhelming sepsis or encephalitis. First epi-
sodes of HSV disease, especially primary infections, are frequently 
accompanied by systemic signs and symptoms, involve both mucosal 
and extramucosal sites, have a higher complication rate, and have a 
longer duration of symptoms and viral shedding from lesions.183,184 
Conversely, asymptomatic primary infection is also common. Both 
viral subtypes can cause genital and orofacial infections, and infections 
caused by the two subtypes are clinically indistinguishable. However, 
the frequency of reactivation of infection is influenced by anatomic site 
and virus type.185

OROFACIAL HSV INFECTION
Gingivostomatitis and pharyngitis are the most frequent clinical mani-
festations of first-episode HSV-1 infection,186,187 usually result from 
primary infection, and are most commonly seen in children and young 
adults.188,189 Clinical symptoms and signs, which include malaise, myal-
gias, inability to eat, irritability, and cervical adenopathy, last from 3 to 
14 days. Lesions may involve the hard and soft palate, gingiva, tongue, 
lip, and face (Fig. 138-4). HSV-1 and HSV-2 infection of the pharynx 
usually results in exudative or ulcerative lesions of the posterior 
pharynx, tonsillar pillars, or both. Lesions of the tongue, buccal 

dendritic cells have, to date, not correlated with lesion or shedding rate, 
again pointing to the prominence of mucosal viral-host interactions in 
influencing disease expression.170 Biopsies of human herpetic lesions 
show that the predominant infiltrating cell is initially the CD4+ lym-
phocyte.127,171 These lesion-infiltrating cells display activation markers 
such as interleukin-2 receptor, dopamine receptor, and intercellular 
adhesion molecule-1 and also secrete large amounts of γ-interferons.172

In animal models of primary HSV infection, CD4+ T cells release 
specific cytokines (CXCL-9 and CXCL-10), which are critical for sub-
sequent CD8+ T-cell function and infiltration.173 This dense infiltrate 
of HSV-specific CD8+ T cells is associated with clearance of HSV-2 
from genital lesions, and these cells are disproportionately represented 
in the mucosa compared with the serum.130,133 Persistence of ganglionic 
CD8+ T cells in murine models is associated with experimental con-
tainment of reactivation.125 Immunosuppressive insults, such as HIV 
infection or chemotherapy, will likely affect T-cell function based on 
the anatomic compartment. Some aspects of HSV disease may be 
related to cell-mediated immunopathologic events. In experimental 
animals, stromal keratitis associated with HSV-1 infection is precipi-
tated by HSV-specific T cells. Molecular cross-reactivity between the 
HSV proteins and cellular proteins appears to play a role in this 
phenomenon.

Agammaglobulinemic patients appear to handle HSV infection rea-
sonably well. On the other hand, neonatal HSV is more likely to occur 
in vaginally delivered infants when the mother has primary rather than 
recurrent infection because placental antibodies are generated after 
primary infection and increase in avidity over time.174-176 This separa-
tion of cellular immunity required for viral clearance and antibodies 
required for reducing acquisition may have critical importance in the 
design of immunotherapeutics versus prophylactic vaccines. The 
surface viral glycoproteins necessary for attachment also participate as 
antigens that are recognized by antibodies mediating neutralization 
and immune-mediated cytolysis (antibody-dependent cell-mediated 
cytotoxicity).177 Monoclonal antibodies specific for each of the known 
viral glycoproteins have conferred experimental protection against 
subsequent neurologic disease or ganglionic latency.178 In an ex vivo 
model of human reactivation, adequate neutralizing antibody concen-
trations prevented the successful transmission of HSV from dorsal root 

FIGURE 138-3  Clinical and virologic shedding pattern as detected by viral culture and herpes simplex virus (HSV) DNA polymerase chain 
reaction. A, The man began obtaining daily viral cultures around day 30 after acquisition of genital HSV-2 infection. B, The woman was within 6 months 
of genital HSV-2 acquisition when she was enrolled into the study. 
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erythema multiforme are candidates for chronic suppressive oral anti-
viral therapy.199

HSV-1 and VZV are implicated as common causes of Bell’s palsy 
(facial paralysis of the mandibular portion of the facial nerve).200 HSV 
DNA was found in ganglionic fluid in a high percentage of persons 
undergoing decompressive surgery for this entity, suggesting recent 
reactivation as the cause of disease.201 Although one trial showed faster 
and more frequent resolution of facial paralyses with the prompt use 
of antiviral therapy directed at HSV-1 or VZV, more recent data on 
antiviral therapy for Bell’s palsy suggest no benefit, perhaps related  
to the timing of initiation of therapy. Corticosteroids are a mainstay  
of therapy and correlate with improved short- and long-term resolu-
tion of symptoms (a common regimen is prednisone, 60 to 80 mg/day 
for 7 days.).202-204 There is no consensus on the use of antiviral agents 
plus corticosteroids versus corticosteroids alone for the treatment of 
Bell’s palsy.

GENITAL HSV INFECTION
First-episode primary genital herpes is associated with prolonged 
duration of symptoms, lesions (10 to 12 days), and viral shedding. This 
is particularly true for primary infection (i.e., HSV-1 and HSV-2 anti-
body negative), which is the case for about half of first episode cases.183 
About 25% of patients with their first clinical episode of symptomatic 
genital herpes have an HSV-2 antibody. Therefore, their acquisition 
likely occurred in the past and was asymptomatic.205 First episodes of 
genital herpes caused by HSV-2 in patients who had prior HSV-1 infec-
tion are associated with less frequent systemic symptoms and faster 
healing than primary genital herpes, although rates of recurrence are 
the same.183-185 The clinical courses of first-episode genital herpes 
among patients with HSV-1 and HSV-2 infections are similar;64 
however, the 12-month recurrence rates among patients with first-
episode HSV-2 and HSV-1 infections are 90% and 55%, respec-
tively.185,206 Genital HSV-1 infection is usually the primary infection 
because HSV-1 acquisition is rare after HSV-2 infection.207 Prior oral 
HSV-1 infection appears to protect against genital HSV-1 infection, 
although the degree of this protection is unknown.

In 70% of women and 40% of men, first-episode genital herpes is 
accompanied by fever, headache, malaise, and myalgias. Pain, itching, 
dysuria, vaginal and urethral discharge, and tender inguinal lymph-
adenopathy are the predominant local symptoms and persist for several 
days after systemic symptoms. Local symptoms often peak between 
days 7 and 11 of detectable shedding whereas inguinal tenderness can 
persist for several weeks. Widely spaced bilateral lesions of the external 
genitalia are characteristic on examination (Figs. 138-5 and 138-6). 
Lesions may be present in varying stages, including vesicles, pustules, 
painful erythematous ulcers, crusting (on dry surfaces), or reepitheli-
alization (mucosal surfaces). Multiple small ulcers often coalesce into 
one larger ulcer. If untreated, formation of new ulcers between days 4 
and 10 of infection is common. The mean time from the onset of a 
primary genital HSV lesion to complete healing is 19.5 days for women 
and 16.5 days for men.183,184

A clear mucoid discharge and dysuria are present in first episodes 
of HSV infection in 83% of women and 44% of men. The severity of 
dysuria is often out of proportion to the urethral discharge seen on 
examination and the mild inflammation detected on urinalysis. HSV-2 
cervicitis, when symptomatic, is notable for purulent or bloody vaginal 
discharge and can be difficult to clinically differentiate from Chlamydia 
trachomatis and Neisseria gonorrhoeae infection. When present on 
speculum examination, cervical ulceration or necrosis is specific for 
HSV-2 infection. HSV-2 is present on the cervix and urethra in more 
than 80% of women with first-episode infections and 20% of women 
with recurrent lesions (Fig. 138-7).208,209 Traditional colposcopy and 
Papanicolaou smear lack sensitivity for cervical HSV infection.210 
Moreover, HSV can be isolated from the urethra and urine of men and 
women without external genital lesions and from the urethra of 5% of 
women with the dysuria-frequency syndrome.209,210,211 On occasion, 
HSV genital tract disease is manifested by endometritis and salpingitis 
in women and prostatitis in men.212,213

Both HSV-1 and HSV-2 can cause symptomatic or asymptomatic 
rectal and perianal infections. HSV proctitis is usually associated with 
rectal intercourse.214,215 Symptoms include anorectal pain, anorectal 

mucosa, or gingiva occur later in the course in one third of cases. Fever 
lasts 2 to 7 days. It can be difficult to clinically differentiate HSV  
pharyngitis from bacterial pharyngitis, Mycoplasma pneumoniae infec-
tions, and pharyngeal ulcerations of noninfectious causes (e.g., Stevens-
Johnson syndrome). Recurrent herpes labialis is the most frequent 
clinical manifestation of reactivation. No substantial evidence suggests 
that reactivation of orolabial HSV infection is associated with symp-
tomatic recurrent pharyngitis.190 Release of HSV from the trigeminal 
ganglia may be associated with asymptomatic salivary virus excretion, 
intraoral mucosal ulcerations, or herpetic ulcerations on the vermilion 
border of the lip or external facial skin. About 50% to 70% of seroposi-
tive patients undergoing trigeminal nerve root decompression and 
10% to 15% of those undergoing dental extraction develop orolabial 
HSV disease a median of 3 days after these procedures.190,191

In immunosuppressed patients, infection may extend into mucosal 
and deep cutaneous layers. Friability, necrosis, bleeding, severe pain, 
and inability to eat or drink may result.192 The lesions of HSV mucositis 
are similar to oral lesions caused by cytotoxic drug therapy, trauma, or 
fungal or bacterial infection.193 Persistent and disabling ulcerative HSV 
infections are common in patients with acquired immunodeficiency 
syndrome (AIDS).194 HSV and Candida infections often occur concur-
rently. Systemic acyclovir therapy speeds the rate of healing and relieves 
the pain of mucosal HSV infections in immunosuppressed patients.192,193 
Patients with atopic eczema or burns may acquire severe orofacial HSV 
infections (eczema herpeticum), which may rapidly involve extensive 
areas of skin with occasional systemic dissemination.195 Extensive 
eczema herpeticum has resolved promptly with delivery of intravenous 
acyclovir.196

Erythema multiforme is also associated with HSV infections, and 
evidence suggests that HSV infection is the precipitating event in about 
75% of cases of cutaneous erythema multiforme.197 HSV antigen was 
demonstrated in circulatory immune complexes and skin lesion biopsy 
samples from these patients.198 Patients with severe HSV-associated 

FIGURE 138-4  Primary herpes simplex virus gingivostomatitis in 
a child, extending to involve the cheek, chin, and periocular skin. 
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HIV-infected patients.194 Subclinical perianal shedding of HSV is 
detected both in heterosexual men and in women who report no rectal 
intercourse.216,217 This phenomenon is due to the establishment of 
latency in the sacral dermatome from prior genital tract infection, with 
subsequent reactivation in epithelial cells in the perianal region.

Complications of Genital HSV Infection
The complications of genital herpes are related to local extension, 
spread to extragenital sites, or both.99,218 Complications occur more 
frequently in women than in men.183

Aseptic Meningitis/Transverse Myelitis/Sacral 
Radiculopathy
Both HSV-1 and HSV-2 have been isolated from cerebrospinal fluid 
(CSF), although overt viral meningitis is much more common with 
HSV-2.219,220 In one series, 36% of women and 13% of men with primary 
genital HSV-2 infection had stiff neck, headache, and photophobia on 
two consecutive examinations.183 Hospitalization was necessary for 
6.4% of women and 1.6% of men for aseptic meningitis in these 
patients. There was also a high frequency of CSF pleocytosis in patients 
without overt clinical evidence of meningeal irritation in a study of 
primary genital herpes in the early 1900s, suggesting that meningeal 
involvement may be quite common with primary genital herpes.221

Fever, headache, vomiting, photophobia, and nuchal rigidity are the 
predominant symptoms of HSV aseptic meningitis. Meningeal symp-
toms usually start 3 to 12 days after the onset of genital lesions. Symp-
toms generally reach a maximum 2 to 4 days into the illness and 
gradually recede without sequelae over 2 to 3 days. The CSF is usually 
clear, and opening pressures may be somewhat elevated. White blood 
cell counts in the CSF usually range from 10 to 1,000 cells/mm3. The 
pleocytosis is predominantly lymphocytic in adults, although early in 
the course of disease and in neonates a predominantly polymorpho-
nuclear response may be seen. The CSF glucose level is usually more 
than 50% of the blood glucose level, although hypoglycorrhachia has 
been reported.222 The CSF protein is usually slightly elevated. In cases 
of aseptic meningitis, HSV may be isolated from the CSF, although 
HSV DNA PCR assay is a more sensitive diagnostic test.220 The dif-
ferential diagnosis of aseptic meningitis is broad but the presence of 

discharge, tenesmus, and constipation. Sigmoidoscopy reveals ulcer-
ative lesions of the distal 10 cm of the rectal mucosa. Rectal biopsy 
specimens show mucosal ulceration, necrosis, polymorphonuclear and 
lymphocytic infiltration of the lamina propria, and, occasionally, mul-
tinucleated intranuclear inclusion–bearing cells. External perianal 
lesions are only present in about one half of cases.214 Antiviral therapy 
speeds healing.214-216 Perianal herpetic lesions are also found in immu-
nosuppressed patients receiving cytotoxic therapy. Extensive perianal 
herpetic lesions, HSV proctitis, or both are common among 

FIGURE 138-6  Chancroidal herpes simplex virus lesion on penis. 
(From Corey L. Herpes simplex virus infections. In: Mandell GL, series ed; 
Rein MF, ed. Atlas  of  Infectious  Diseases,  vol.  V,  Sexually  Transmitted 
Diseases. Philadelphia: Churchill Livingstone; 1996. Courtesy H. H. Hands-
field, MD.)

FIGURE 138-7  Herpes simplex virus cervicitis. (From Corey L. Herpes 
simplex virus infections. In: Mandell GL, series ed; Rein MF, ed. Atlas of 
Infectious  Diseases,  vol.  V,  Sexually  Transmitted  Diseases. Philadelphia: 
Churchill Livingstone; 1996.)

FIGURE 138-5  Primary genital herpes simplex virus type 2 infec-
tion of the vulva. 
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thrombocytopenia,233 adrenal necrosis,234 and myoglobinuria.235 Preg-
nancy may predispose to severe visceral dissemination of primary 
genital HSV disease.236,237 Reactivation of genital HSV in immunosup-
pressed patients, especially those with impaired cellular immune 
responses, can be associated with interstitial pneumonia, hepatitis, and 
meningitis, similar to the manifestations of disseminated infection of 
the neonate.238,239 Disseminated visceral infections in immunosup-
pressed and pregnant patients are associated with high mortality and 
should be treated with systemic antiviral chemotherapy.

Superinfection
Bacterial superinfection of genital herpes in immunocompetent 
patients is a rare complication. Pelvic cellulitis appears as an advancing 
erythema and swelling of the perineal area: such patients should 
receive systemic antimicrobial therapy. Fungal vaginitis is frequently 
encountered toward the end of genital herpes–associated symptoms 
and often leads to recurrence of pruritus and increased discharge; 
concurrent yeast infection occurs more frequently in women with 
genital herpes.183 Bacterial vaginosis also appears to be more common 
in individuals seropositive for HSV-2.240

RECURRENT MUCOCUTANEOUS 
HSV INFECTIONS
In contrast to first episodes of genital infection, the symptoms, signs, 
and anatomic sites of infection of recurrent genital or orolabial herpes 
are usually localized to a defined mucocutaneous site.241,242 Local symp-
toms such as pain and itching are mild to moderate compared with 
first episodes of infection, and the duration of the episode is shorter. 
Lesions are usually confined to one side, and the involved area is on 
average one tenth that of primary infection.243,244 Recurrent orolabial 
HSV infection tends to be of shorter duration than genital HSV infec-
tion. Orolabial lesions usually pass through clinical stages of infection 
more rapidly, and the median time from onset of tingling to healing 
averages 5 days.186

Among immunocompetent persons who acquire HSV-1 orally and 
genitally, HSV-1 reactivates more frequently in the oral than in the 
genital region. Similarly, for HSV-2, reactivation in the genital region 
is 8 to 10 times more frequent than oral reactivation of HSV-2.206,245 In 
experimental animal systems, both sacral and trigeminal ganglia 
contain latent virus but reactivation differs according to the anatomic 
site of infection.246 In a murine model, when the region containing the 
latency-associated transcripts of HSV-2 was inserted into an HSV-1 
virus, increasing reactivation in sacral nerve root ganglia occurred, 
indicating that viral factors influence site of reactivation.42

Both oral and genital HSV reactivations are frequently associated 
with “prodromal” symptoms, which occur in the absence of lesions on 
20% of episodes.241 Prodromal symptoms vary from a mild tingling 
sensation, occurring 0.5 to 48 hours before eruption, to shooting pains 
in the buttocks, legs, or hips 1 to 5 days before eruption. In many 
patients, the prodromal symptoms are the most bothersome part of the 
episode. HSV is present on mucosal surfaces more frequently during 
the prodrome, suggesting that viral reactivation is associated with these 
symptoms.217,244 The severity and mean duration of pain is longer in 
women (5.9 days) compared with men (3.9 days), as is the likelihood 
of dysuria (27% vs. 9%), although dysuria is normally external, and 
isolation of HSV from the urethra is considerably less common than 
during the first episode of HSV-2 infection. The mean duration of shed-
ding (~4 days in both genders) is shorter than during primary infection 
but highly variable both between and within individuals over time.247

The diverse clinical spectrum of recurrent HSV infection is increas-
ingly recognized. First, subclinical reactivation of virus on mucosal 
surfaces is common.217 In addition, studies of both orolabial and genital 
ulcerative lesions have found a surprisingly high frequency of HSV 
isolated from “atypical” clinical syndromes (~33%), including linear 
fissures or serpiginous ulcers without an erythematous base (see Fig. 
138-6).211 Even among experienced clinicians, false-positive and false-
negative clinical diagnoses of genital herpes are common.76,248,249 There-
fore, we recommend that in the absence of a known HSV diagnosis, 
all ulcerative lesions on the oral and genital mucosa be sampled for 
HSV.250 A definitive etiologic diagnosis is best established by demon-
stration of viral nucleic acid or isolation of virus from the affected area. 

both neurologic involvement and genital ulcerations narrows the pos-
sibilities to include sacral herpes zoster, Behçet’s syndrome, collagen 
vascular disease, inflammatory bowel disease, and porphyria. Rarely, 
aseptic meningitis is the sole presenting sign of new HSV-2 acquisition. 
Use of systemic antiviral chemotherapy early in the course of primary 
genital herpes decreases subsequent development of aseptic meningi-
tis. Controlled trials of intravenous acyclovir for established HSV men-
ingitis have not been conducted. However, intravenous acyclovir, 
10 mg/kg every 8 hours for 7 to 10 days, is recommended for hospital-
ized symptomatic patients.

Benign recurrent lymphocytic meningitis, or Mollaret’s meningitis, 
is characterized by recurrent episodes of meningitis lasting 3 to 7 days 
and resolving without neurologic sequelae.223 Although the differential 
diagnosis for chronic meningitis is broad, HSV-2 is responsible for the 
majority of recurrent cases.224 In one small series of patients with 
meningitis during first episode genital HSV-2 infection, 27% had pos-
sible symptomatic evidence of recurrent meningitis and 10% had 
documentation of recurrent disease by demonstration of HSV DNA in 
the CSF.225 Prophylactic doses of acyclovir are often encouraged for 
patients with frequent recurrent meningitis.

Autonomic nervous system dysfunction can occur in association 
with genital HSV infection.226,227 Manifestations include hyperesthesia 
or anesthesia of the perineum, lower back, or sacral regions as well as 
urinary retention and constipation. This complication occurs more 
frequently among women than men but is sometimes present in men 
with HSV proctitis. Physical examination reveals a large bladder, 
decreased sacral sensation, and poor rectal and perineal sphincter 
tone. Impotence and absent bulbocavernous reflexes have been noted 
in men. CSF pleocytosis may be present in some patients. Electromy-
ography usually reveals slowed nerve conduction velocities and fibril-
lation potentials in the affected area, and urinary cystometric 
examination shows a large atonic bladder. Resolution occurs in most 
cases over 4 to 8 weeks.

Transverse myelitis has also been reported in association with 
primary genital HSV infection.228 Decreased deep tendon reflexes and 
muscle strength in the lower extremities, as well as the previously 
described autonomic nervous system signs and symptoms, are present. 
Residual neurologic dysfunction may occur. Whether autonomic 
nervous system and spinal cord dysfunction results from viral invasion 
of the CNS or an unusual immunologic response to infection is 
unknown.

Extragenital Lesions
Extragenital lesions commonly develop during the course of primary 
genital herpes and are more common in women than in men. Extra-
genital lesions are most frequently located in the buttock, groin, or 
thigh area, although the finger and eye can also be involved. Among 
patients with primary HSV-2, 9% develop extragenital lesions, most 
commonly on the buttocks. Among patients with primary genital 
HSV-1, 25% acquire extragenital lesions, most commonly in or around 
the mouth.207 The distribution of lesions on the extremities or areas 
near the genital lesions, and their typical occurrence 2 weeks into the 
course of disease, suggests that the majority of extragenital lesions 
develop by autoinoculation of virus or by viral reactivation in another 
part of the affected dermatome rather than viremic spread.183,207 
However, the common demonstration of plasma viremia during the 
course of primary HSV infection suggests that viremic spread may also 
be a factor.116,229 Both HSV-1 and HSV-2 have been shown to be rare 
causes of pelvic inflammatory disease. Although this may represent 
dual infection with other sexually transmitted pathogens such as N. 
gonorrhoeae and C. trachomatis, extension of HSV infection into the 
uterine cavity with laparoscopic evidence of HSV-positive vesicular 
lesions on the fallopian tube has been reported.212

Disseminated Infection
Bloodborne dissemination as manifested by multiple vesicles over 
widespread areas of the thorax and extremities occurs rarely in persons 
with primary mucocutaneous herpes.230,231 Cutaneous dissemination 
usually occurs early in the disease and is often associated with aseptic 
meningitis, hepatitis, or pneumonitis. Other rare complications of 
primary genital HSV-2 infection include monarticular arthritis,232 
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genital HSV-1 infections through orogenital sexual activity. Counsel-
ing of patients with genital herpes therefore needs to emphasize the 
potential for infectivity regardless of symptomatology and provide 
appropriate strategies to decrease the risk to patients’ sexual partners.

HERPETIC WHITLOW
Herpetic whitlow (HSV infection of the finger) may occur as a com-
plication of primary oral or genital herpes by inoculation of virus 
through a break in the epidermal surface or by direct introduction of 
virus into the hand through occupational or some other type of expo-
sure.263 Before the increased use of gloves in health care settings, HSV-1 
was most commonly isolated from herpetic infections of the hand. 
However, one survey found HSV-2 as the predominant causative 
agent.207 Clinical signs and symptoms of herpetic whitlow include the 
abrupt onset of edema, erythema, and localized tenderness of the 
infected finger. Vesicular or pustular lesions of the fingertip can be 
difficult to distinguish from lesions of pyogenic bacterial infection. 
Fever, lymphadenitis, and epitrochlear and axillary lymphadenopathy 
are common. The infection may recur. Prompt diagnosis (to avoid 
unnecessary and potentially exacerbating surgical therapy or transmis-
sion) is essential. Antiviral chemotherapy to speed the healing of the 
process is recommended.

HERPES GLADIATORUM
HSV may infect almost any area of skin. Mucocutaneous HSV infec-
tions of the thorax, ears, face, and hands occur in outbreaks among 
wrestlers. Transmission of these infections is facilitated by trauma to 
the skin sustained during matches. Prompt diagnosis and therapy are 
required to contain the spread of this infection.264

EYE INFECTIONS
HSV infection of the eye is the most frequent cause of corneal blind-
ness in the United States.265,266 HSV keratitis arises with an acute onset 
of pain, blurring of vision, chemosis, conjunctivitis, and characteristic 
dendritic lesions of the cornea (Fig. 138-8). Use of topical glucocorti-
coids may exacerbate symptoms and lead to involvement of deep struc-
tures of the eye.267 Débridement, topical antiviral treatment, interferon 
therapy, or a combination of these methods hastens healing. Primary 
disease is often self-limited, but recurrences are common, and the 
deeper structures of the eye may sustain irreversible scarring due to 
immunopathologic injury. Both eyes are involved in approximately 5% 
of cases. HSV-1 blepharitis and conjunctivitis are distinguishable from 
other self-limited viral conjunctivitis cases by the presence of vesicles 
on the eyelid margin. Chorioretinitis occurs in neonates or in patients 
with HIV infection who have disseminated infection.268 HSV and VZV 
can also cause acute necrotizing retinitis, a devastating condition that 
leads to painless vision loss and affects both eyes about 25% of the time. 
This entity can be seen in immunocompetent persons, pregnant 
women, and persons with HIV-1 infection. Retinal necrosis is rapid, 
and prompt systemic antiviral chemotherapy, systemic corticosteroids 

The detection of HSV-2 does not rule out coinfection with Treponema 
pallidum or Haemophilus ducreyi, which should be considered in the 
appropriate clinical and epidemiologic context.249,251

Importantly, while 80% of seroprevalent individuals deny genital 
lesions, the vast majority are not truly asymptomatic but have genital 
lesions that they do not recognize as herpetic. In several studies, sero-
positive women and men who were previously unaware of their diag-
nosis were educated regarding signs and symptoms of genital herpes. 
During follow-up periods of just a few months, 48% to 62% of these 
subjects developed classic recurrent lesions.94,242,252 In one study, local-
ized genital symptoms developed in an additional 25%.94 The rate of 
subclinical shedding was the same among men and women with rec-
ognized and unrecognized genital HSV infection, although recur-
rences were more likely and longer in those with previously recognized 
disease.

FREQUENCY OF REACTIVATION 
AND RECURRENCE
The major morbidity of genital HSV-2 infection is a result of the high 
frequency of reactivation.253 Ninety percent of persons who present 
with symptomatic first-episode genital HSV-2 infection experience 
clinical reactivation of infection, and 98% experience subclinical 
HSV-2 shedding in genital mucosa.138,254-256 The median recurrence rate 
is between four and five episodes per year, although there is great 
heterogeneity between patients: 20% of patients report more than 10 
recurrences during the year after primary infection.185 Studies of clini-
cal reactivation of HSV-2 infection show a steady but gradual decrease 
in recurrence rates over time. In one study, annual recurrences of 
genital herpes decreased from an average of 5 to 2 per year over a 5- to 
8-year period. The decrease most commonly occurred 3 to 5 years after 
acquisition. However, there was again great variability, with 20% of 
patients reporting increased recurrences over time.257 Both recurrence 
and asymptomatic shedding persist at high levels in most patients even 
10 years after initial infection.258

HSV-2 infection recurs much more frequently in the genital tract 
than HSV-1 infection. Less than 5% of people with primary HSV-1 
infection of the genital tract will have more than 4 recurrences during 
their lifetime.206 Men experience recurrences slightly more often than 
women. Prolonged duration of primary infection (>35 days) is also a 
predictor of early and frequent recurrence.185

Subclinical or asymptomatic viral shedding is a critical concept for 
understanding the epidemiologic and transmission features of genital 
and orolabial HSV infections.88,259,260,261 Previous studies indicated that 
two thirds of mucosal HSV-1 or HSV-2 shedding episodes are subclini-
cal.138,217,261 New protocols with frequent swabbing for HSV-2 in the 
anogenital tract detect a high number of previously missed shedding 
episodes that last less than 6 hours, which implies that the percentage 
of episodes that are not symptomatic is likely to be even higher (see 
Fig. 138-3).106 Shedding episodes of HSV may last less than 2 hours to 
several days, are often spatially dispersed across numerous genital 
sites,262 and like clinical recurrences occur most frequently after acqui-
sition and then gradually decline to stable levels over a 1- to 2-year 
period. In women, the anatomic sites of asymptomatic shedding 
include the cervix, vulva, anus, and urethra.217 In men, shedding occurs 
from the penile skin, urethra, anus, and occasionally semen.256 Among 
men who have sex with men, perianal shedding is more common, 
whereas the converse is true for men who acquire HSV via hetero-
sexual contact, suggesting that the site of initial inoculation and latency 
influences the subsequent pattern of reactivation. Similar patterns of 
subclinical reactivation occur in the oropharynx where frequent shed-
ding correlates with frequent recurrence.

HSV can be cultured from the lower genitourinary tract of women 
and men in the absence of genital ulcerations or other lesions. Detec-
tion of HSV DNA by PCR assay demonstrates HSV on mucosal sur-
faces three to four times more frequently than viral isolation.250 Studies 
of antiviral therapy have shown that chronic daily therapy reduces viral 
excretion by 70% to 95% (from 28% to 8% of days), indicating that 
HSV DNA as detected by PCR assay on mucosal surfaces represents 
the replicating form of the virus and, hence, is likely infectious.138 Most 
sexual and maternal-fetal transmissions occur during episodes of sub-
clinical shedding. Similarly, subclinical shedding can cause primary 

FIGURE  138-8  Herpes simplex virus type 1 dendritic keratitis. 
(From Pavan-Langston D, ed. Ocular Viral Disease, vol. 15. Boston: Little, 
Brown; 1975:19-36.)
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esophagus is most commonly involved with multiple oval ulcerations 
on an erythematous base, with or without a patchy white pseudomem-
brane. With extensive disease, diffuse friability may involve the entire 
esophagus. Neither endoscopic nor barium examination differentiates 
HSV esophagitis from esophageal ulcerations related to Candida, 
thermal injury, radiation, or corrosives. Endoscopically obtained secre-
tions for cytologic examination and culture provide the most useful 
diagnostic material. Systemic antiviral chemotherapy usually reduces 
symptoms and heals ulcerations.

HSV pneumonitis is uncommon except in severely immunosup-
pressed patients and may result from extension of herpetic tracheo-
bronchitis into lung parenchyma.283-285 Because oral shedding of HSV 
can lead to contamination, a positive HSV culture from a respiratory 
specimen should be interpreted with caution in an unlikely host or in 
the absence of radiologic evidence of disease. However, demonstration 
of virus from lower respiratory tract specimens should be evaluated 
promptly as to whether there is evidence of tracheobronchitis or true 
parenchymal lung disease. HSV-1 pneumonia usually presents as a 
focal necrotizing pneumonitis. Hematogenous dissemination of virus 
from sites of oral or genital mucocutaneous disease may also occur and 
produce bilateral interstitial pneumonitis. Bacterial, fungal, and para-
sitic copathogens are commonly present and the mortality rate from 
untreated HSV pneumonia in immunosuppressed patients is high 
(>80%).283,284 HSV has also been observed in association with the acute 
respiratory disease syndrome.286,287 Most authorities believe the pres-
ence of HSV in tracheal aspirates in such settings is due to reactivation 
of HSV in the tracheal region and localized tracheitis in persons with 
long-standing intubation. Such patients should be evaluated for the 
potential extension of HSV infection into lung parenchyma. Con-
trolled trials evaluating the role antiviral agents for HSV play in the 
morbidity and mortality of the acute respiratory disease syndrome 
have not been conducted.

HSV is an uncommon cause of hepatitis in immunocompetent 
patients. HSV infection of the liver is associated with fever, abrupt 
elevations of bilirubin and serum aminotransferase levels, and leuko-
penia (<4000 white blood cells/µL). Disseminated intravascular coagu-
lation may also develop.234

INTERACTIONS BETWEEN 
GENITAL HSV INFECTION AND  
HIV INFECTION
Persistent HSV infection is a common clinical presentation of HIV 
infection.194 HSV reactivation, especially perianal shedding in men 
and subclinical vulvar shedding in women, is more frequent in HIV-
positive persons than HIV-negative control subjects. As with the  
HIV-negative population, mucosal HSV-2 reactivation rates vary  
considerably between patients.216,288 For example, HSV DNA was 
detected on 30% to 80% of days in two cohorts of HIV-positive 
persons.288,289 Low CD4 counts and high HIV viral loads are associ-
ated with an increased frequency of HSV-2 shedding,134,216,290 although 
not HSV-1 oral shedding.291 Highly active antiretroviral therapy 
appears to reduce the frequency of genital lesions substantially, but 
only modestly reduces the frequency of subclinical shedding.134 Inter-
estingly, one recent study suggested HSV shedding and lesion rate 
increased after the initiation of antiretroviral therapy, perhaps relating 
to yet unidentified host or viral factors associated with immune 
reconstitution.292

Throughout the world, HSV-2 infection is common among HIV-1-
infected individuals and those at high risk for acquiring HIV-1. A 
majority of HIV-positive men who have sex with men have antibodies 
to HSV,293 and one fourth of HIV-1-negative men who have sex with 
men are also seropositive for HSV-2.72 Within discordant HIV-1 het-
erosexual partnerships both in the developed and developing world, 
HSV-2 infection is common among potential transmitters (70% and 
95%, respectively) and those at risk for HIV-1 infection.294

Laboratory studies support the idea that HSV may be an important 
cofactor in influencing the titer and frequency of mucosal HIV infec-
tion. The HSV regulatory proteins ICP0 and ICP4 can upregulate the 
rate of HIV replication in vitro295-297; herpetic lesions are also associated 
with an influx of activated CD4-bearing lymphocytes,171 which may 
result in increased replication of HIV-1 in these mucosal lesions in 

to reduce inflammation, vitreal biopsy with PCR assay, and laser reti-
nopexy are indicated. Residual blindness is common.266,269,270

HSV ENCEPHALITIS
HSV is the most commonly identified cause of acute, sporadic viral 
encephalitis in the United States, accounting for 10% to 20% of all 
cases.271 The estimated incidence is about 2.3 cases per million persons 
per year. Unlike enteroviral infections, cases are distributed throughout 
the year and the age distribution appears to be biphasic, with peaks at 
5 to 30 and more than 50 years of age.272 HSV-1 causes more than 95% 
of cases.273,274

The pathogenesis of HSV encephalitis varies. In children and young 
adults, primary HSV infection may result in encephalitis; presumably, 
exogenously acquired virus enters the CNS by neurotropic spread from 
the periphery through the olfactory bulb. Most adults with HSV 
encephalitis have clinical or serologic evidence of mucocutaneous 
HSV-1 infection before the onset of symptoms.274 However, in about 
25% of patients examined, the HSV-1 strains from the oropharynx and 
brain tissue of the same patient differ; thus, some cases may result from 
reinfection with another strain of HSV-1 that reaches the CNS.275 Reac-
tivation of latent HSV-1 infection in trigeminal or autonomic nerve 
roots may be associated with extension of virus into the CNS through 
nerves innervating the middle cranial fossa. HSV DNA has been dem-
onstrated by DNA hybridization in brain tissue obtained at autopsy 
from healthy adults.274 Therefore, reactivation of long-standing latent 
CNS infection is a final possible mechanism for the development of 
HSV encephalitis.

The clinical hallmark of HSV encephalitis is acute onset of fever 
and focal neurologic (especially temporal lobe) symptoms. Differentia-
tion of HSV encephalitis from other viral encephalitides, focal infec-
tions, and noninfectious processes is difficult.276 The most sensitive 
noninvasive method for early diagnosis of HSV encephalitis is demon-
stration of HSV DNA in CSF by PCR assay, although uncommonly 
PCR testing may become positive only a few days after onset. Although 
titers of CSF and serum antibodies to HSV increase in most cases of 
HSV encephalitis, they rarely do so earlier than 10 days into the illness, 
and as such are generally not helpful in establishing an early clinical 
diagnosis.277-279

Magnetic resonance imaging is the neuroimaging technique of 
choice for detection of abnormalities associated with HSV encephalitis, 
and gadolinium-enhanced lesions are often seen in the temporal lobe. 
Brain biopsy was used extensively in the past to make the diagnosis of 
HSV encephalitis and has a low complication rate; demonstration of 
HSV antigen, HSV DNA, or HSV replication in brain tissue obtained 
by biopsy is highly sensitive. Brain biopsy is infrequently used now, but 
it provides the best opportunity to identify alternative, potentially 
treatable causes of encephalitis and may be considered when the clini-
cal presentation is atypical or the diagnosis remains unclear.276

Most authorities recommend empirical use of intravenous acyclovir 
to patients with presumed HSV encephalitis until the diagnosis is 
confirmed or an alternative diagnosis is made. All suspected or con-
firmed cases should be treated with intravenous acyclovir at a dose of 
30 mg/kg/day in three divided doses for 14 to 21 days.280 Cases of clini-
cal recurrence of encephalitis have been reported after therapy stopped 
that required more treatment. For this reason, some authorities prefer 
to treat initially for 21 days and many continue therapy until HSV DNA 
has been eliminated from the CSF. Even with therapy, neurologic 
sequelae are frequent, especially in persons older than 35 years.

VISCERAL AND PULMONARY  
HSV INFECTIONS
HSV infection of visceral organs usually results from viremia, and 
multiple-organ involvement is common. Occasionally, the clinical 
manifestations of HSV infection involve only the esophagus, lung, or 
liver. HSV esophagitis may result from direct extension of oropharyn-
geal HSV infection into the esophagus or by reactivation and spread 
of HSV to the esophageal mucosa through the vagus nerve.281,282 It is a 
well-known complication in AIDS patients and should be differenti-
ated from Candida and CMV infections and aphthous ulcers by histo-
logic examination. The predominant symptoms of HSV esophagitis are 
odynophagia, dysphagia, substernal pain, and weight loss. The distal 
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HSV shedding, which suggests a direct antiviral effect on HIV.316-319 
Unfortunately, acyclovir did not lower rate of transmission of HIV-1 
within serodiscordant couples despite lowering HIV-1 viral load.319

Initially it was hypothesized that HSV-2 DNA polymerase inhibi-
tors decrease HIV-1 viral load indirectly by decreasing the overall level 
of T-cell activation relating to HSV-2 recrudescence. However, recent 
in vitro studies indicate that acyclovir may act directly on HIV-1 
reverse transcriptase and might even predispose to development of 
clinically important HIV-1 reverse transcriptase mutations.320 Acyclo-
vir requires HSV thymidine kinase for its initial phosphorylation step; 
therefore, in vivo, one would expect that its anti-HIV activity would 
require coinfection of a significant number of cells with both HIV-1 
and HSV-2 for such an effect to be seen. The relative decrease in HIV 
viral load correlates with dose of valacyclovir used, independent of 
drug effect on genital HSV shedding, which suggests a direct antiviral 
effect on HIV.316 Yet, the reductions in HIV plasma RNA take 6 to 12 
weeks to demonstrate and are not seen with episodic use of these 
agents. Moreover, there are conflicting reports regarding the impact of 
acyclovir on limiting the pace of HIV progressions to AIDS.317,318

HSV INFECTIONS IN 
IMMUNOCOMPROMISED HOSTS 
NOT INFECTED WITH HIV
Organ transplant recipients, patients undergoing cancer chemother-
apy, or those compromised by malnutrition or disorders of skin integ-
rity such as burns or eczema are at risk for the development of severe 
HSV infections.321,322,323 Besides causing extensive mucocutaneous 
infections, HSV may disseminate to visceral organs such as adrenal 
glands, liver, bone marrow, and the gastrointestinal tract in such 
persons. Most kidney, liver, and bone marrow transplant recipients 
excrete HSV-1 in saliva during the first 2 to 3 weeks after grafting.324 
Although these reactivations are often asymptomatic, extensive muco-
cutaneous ulcerations may occur (Fig. 138-9) and, if persistent, extend 
to the esophagus or lung. Because of the difficulty in distinguishing 
HSV from chemotherapy-related mucositis, most oncology centers  
use routine “prophylaxis” against HSV during the initial period after 
transplantation or initiation of chemotherapy to shorten the course or 
prevent mucocutaneous HSV infection. Prophylactic acyclovir reduced 
bacteremia with oral pathogens in patients after chemotherapy in a 
single trial.324 The importance of adoptive T-cell immunity in control-
ling HSV resolution has been demonstrated. HSV-1–seropositive 
persons who received a bone marrow transplant from an HSV-
seronegative donor were at higher risk for recurrence and were more 
likely to develop acyclovir-resistant strains of HSV than those who 

HIV infected patients, and greater surface number of HIV-susceptible 
target cells in HIV-negative patients. Finally, in vivo, HSV-2 and HIV 
coinfection of epithelial cells results in a higher copy number of HSV 
virions.296 HIV virions can be detected in genital herpes lesions, and 
higher HIV-1 titers are found in genital secretions during episodes of 
subclinical HSV-2 reactivation.298,299

Indeed, HSV-2 appears to be of primary importance in driving the 
HIV-1 epidemic. Case-control and cohort studies have shown that 
prior HSV-2 infection is associated with an increased risk for acquisi-
tion of HIV.300-304 Per-contact probability of HIV-1 acquisition is 
affected equally by HSV-2 serostatus and HIV-1 plasma viral load in 
the source partner (Table 138-1). A meta-analysis performed of all 
available prospectively conducted studies estimated an age-adjusted 
relative risk of 3.1 for HIV-1 acquisition in persons with HSV-2 infec-
tion.294 The elevated risk was present in men who have sex with men 
and in heterosexual men and women. One study indicated that approx-
imately one fourth of infections in a high prevalence city in sub-
Saharan Africa were directly attributable to HSV-2 and that HSV-2 
facilitated spread of HIV into low-risk populations.305 A separate 
review estimated a population attributable risk of 20% in populations 
with moderate HSV-2 prevalence such as the United States and 45% 
in populations with very high HSV-2 seroprevalence.306 Unfortunately, 
two well-designed clinical trials showed no effect of HSV-2 treatment 
with standard doses of acyclovir on the acquisition of HSV-2 among 
HIV-1 positive persons.307,308 These results occurred despite reduced 
frequency of genital lesions and shedding.

Recent studies indicate that HSV appears to imprint a focal inflam-
matory response of HIV-susceptible cells that is unaffected by antiviral 
therapy. Detailed in situ studies of post-healing sampled areas indicate 
that despite clinical healing and the appearance of normal skin, an 
inflammatory focus of chemokine (C-C motif) receptor 5 (CCR-5)-
expressing CD4+ T cells, as well as dendritic cell–specific ICAM-3-
grabbing nonintegrin (DC-SIGN)–expressing dendritic cells, persist in 
the region.135 This residual focus of inflammatory cells provides 
increased potential for HIV to encounter susceptible cells through 
epithelial tears associated with intercourse or through epithelial cell 
transcytosis. Antiviral therapy with acyclovir does not alter these find-
ings,135 which might explain why anti-HSV-2 therapy does not reduce 
HIV acquisition or transmission.

Plasma HIV viral load is an important determinant of sexual trans-
mission.309 Therefore, the discovery of an approximate 30% increase in 
plasma and genital HIV-1 viral load in HSV-2–infected patients 
during, and for several weeks after, HSV-2 clinical and subclinical 
recurrence adds plausibility to the observations that genital ulcer dis-
eases increase the probability of HIV transmission,289,302,310,311 and that 
HSV-2 may enhance maternal-fetal HIV transmission.312,313 Frequency 
of HSV-2 shedding correlates with HIV plasma viral load: twice-daily 
valacyclovir lowers HIV-1 plasma viral load by 0.2 to 0.5 log10 and 
decreases the frequency and mean quantity of HIV-1 shed in the 
genital tract.314,315 Acyclovir also reduces HIV-1 viral load by 0.25 log10 
and increases time to AIDS, which may be of utility in select patients. 
The relative decrease in HIV viral load correlates with the dose of 
acyclovir or valacyclovir used independent of drug effect on genital 

TABLE 138-1  Per-Contact Probability of HIV-1 
Acquisition Stratified by Plasma HIV-1 RNA in 
HIV-1-Seropositive Partner and HSV Serostatus in 
the Susceptible Partner

HIV-1 PLASMA RNA 
IN SOURCE PARTNER 
(copies/mL)

PER-CONTACT PROBABILITY IN THE 
HIV-1-SUSCEPTIBLE PARTNER

HSV-2 Positive HSV-2 Negative
<1700 0.0001 0.00004

1700-12,499 0.0023 0.0005

12,500-38,499 0.0018 0.0002

>38,499 0.0036 0.0007

HIV, human immunodeficiency virus; HSV, herpes simplex virus; RNA, ribonucleic acid.
Modified from Quinn T, Wawer M, Sewankambo N, et al. Viral load and 

heterosexual transmission of human immunodeficiency virus type 1. Rakai Project 
Study Group. N Engl J Med. 2000;342:921-929.

FIGURE 138-9  Severe mucocutaneous herpes simplex virus type 
1 infection in a bone marrow transplant patient.  (From Corey L. 
Herpes simplex virus infections. In: Mandell GL, series ed; Rein MF, ed. 
Atlas  of  Infectious  Diseases,  vol.  V,  Sexually  Transmitted  Diseases. 
Philadelphia: Churchill Livingstone; 1996.)
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prevalence of genital HSV infection during pregnancy, as well as the 
incidence of neonatal HSV infection, is influenced by socioeconomic 
status, age, and past sexual activity of the population of patients being 
examined.337 In the United States, 22% of all pregnant women and 55% 
of non-Hispanic black pregnant women are HSV-2 seropositive.338 
However, the highest risk for transmitting HSV in the perinatal period 
occurs during the acquisition of HSV near the time of labor.99,339 Table 
138-2 depicts the frequency of neonatal infection in relation to mater-
nal serologic states. One of the major unanswered questions of HSV 
in pregnancy is the low frequency of reported neonatal HSV-2 infec-
tion among African infants born to HSV-2–seropositive women in 
sub-Saharan Africa despite high seroincidence at child-rearing age.340

CLINICAL COURSE OF GENITAL 
HERPES IN PREGNANCY
The clinical manifestations of recurrent genital herpes, including fre-
quency of subclinical versus clinical infection, duration of lesions, 
pain, and constitutional symptoms, are similar in pregnant and non-
pregnant women. Recurrences increase in frequency over the course 
of pregnancy.341,342 However, among women who are HSV-2 sero-
positive entering pregnancy there is no effect on neonatal outcome, 
including birth weight and gestational age.343 First-episode infections 
in pregnancy have more severe consequences for mother and 
infant.330,339,344,345 Maternal visceral dissemination during the third tri-
mester, as well as prematurity or fetal growth restriction, occasionally 
occur. The acquisition of primary disease in pregnancy, whether related 
to HSV-1 or HSV-2, carries the risk for potential transplacental trans-
mission of virus to the neonate and can result in spontaneous abortion, 
although this is relatively uncommon.346 We recommend antiviral 
treatment of newly acquired genital HSV during pregnancy with 7 to 
10 days of acyclovir, 400 mg three times a day, or valacyclovir, 500 to 
1000 mg twice daily, although the effect of this intervention on trans-
mission is unknown.

Criteria for laboratory screening and surveillance, as well as deliv-
ery procedures for women with recurrent genital HSV infections, are 
the questions frequently encountered by physicians caring for preg-
nant women.347,348 The high HSV-2 prevalence rate in pregnancy and 
low incidence of neonatal disease (1 in 6,000 to 20,000 live births) 
indicate that only a few infants are at risk for acquiring HSV (see Table 
138-2).349 Cesarean section is therefore not warranted for all women 
with recurrent genital disease.350 Because intrapartum transmission of 
infection accounts for the majority of cases, only women who shed 
HSV at delivery need to be considered for abdominal delivery.174,350 
Several studies showed no correlation between recurrence of viral 
shedding before delivery and the presence of viral shedding at 
term.329,350,351 Hence, weekly virologic monitoring and amniocentesis 
are not recommended.

The frequency of transmission from mother to infant is markedly 
higher among women who acquire HSV near term (30% to 50%) than 
among those who reactivate HSV-2 at delivery (<1%).174 Although 

received marrow from HSV-1–positive donors.325 Thymidine kinase 
mutations that confer drug resistance appear to develop sequentially 
in immunocompromised hosts who are not controlling infections 
mucosally.326 Immunotherapeutic antibody compounds327 and other 
agents328 are being considered as alternative treatments to highly resis-
tant strains.

NEONATAL HERPES
Infants acquire infection through contact with HSV-infected secre-
tions, usually at the time of delivery.174,268,329 Ninety percent of neonatal 
herpes is perinatally acquired, 5% to 8% is congenital, and a few infec-
tions are acquired postnatally.268 Of the 70% of neonatal HSV infec-
tions caused by HSV-2, almost all result from contact with infected 
genital secretions during delivery. Although congenitally infected 
infants have been reported, these infants almost invariably are born to 
mothers who had primary HSV-1 or HSV-2 infection during preg-
nancy.330,331 Features include microcephaly, hydrocephalus, and chorio-
retinitis. Neonatal HSV-1 infections may also be acquired through 
postnatal contact with health care workers or immediate family 
members who have symptomatic or asymptomatic orolabial HSV-1 
infection.

Neonates (infants < 6 weeks) have the highest frequency of visceral 
or CNS infection or both of any HSV-infected population. If not 
treated, neonatal herpes undergoes dissemination or develops into 
CNS infection in more than 70% of cases. Without therapy, the overall 
rate of death from neonatal herpes is 65%; less than 20% of neonates 
with CNS infection develop normally.268,332 CNS morbidity is less 
severe with HSV-1 than with HSV-2 infection.333 Although skin lesions 
are the most commonly recognized features of disease, many infants 
do not acquire visible lesions until well into the course of disease.334 
Cutaneous involvement alone is not associated with mortality. High-
dose (60 mg/kg/day) intravenous acyclovir divided in three daily doses 
for 21 days (14 days for cutaneous involvement only) reduces mortality 
and morbidity, but long-term disabilities are still common, especially 
in infants with HSV-2 infection involving the CNS.335 Continuation of 
therapy with daily oral acyclovir for 6 months improves neurodevel-
opmental outcomes in infants who survive acute infection.336

Infants born by cesarean section to women before the rupture of 
membranes or by vaginal delivery to women with no evidence of recent 
HSV infection are at minimal risk for the development of HSV infec-
tion, and most hospitals do not recommend segregating the infant 
from the rest of the infants in the neonatal nursery. If a more cautious 
approach is desired, the infant can be put into an Isolette incubator to 
make hospital personnel aware of the necessity to use wound and skin 
precautions and proper hand-washing techniques. Infants born to 
women with active lesions should be placed in isolation. Viral cultures, 
liver function studies, and CSF examinations should be obtained, and 
the infant should be closely observed for the first month of life. Any 
symptoms of neonatal disease (e.g., poor feeding, fever, hypothermia, 
skin lesions, lethargy, or seizures) should be investigated expeditiously 
for evidence of neonatal HSV infection.

Management of contact between infant and mother should be 
handled on an individual basis. In women who acquire primary genital 
herpes late in pregnancy, the high incidence of extragenital lesions 
suggests that separation of mother and infant is warranted until therapy 
has produced a clinical and virologic response. Because recurrent 
maternal genital herpes is rarely associated with dissemination of 
disease or the development of extragenital lesions in exposed extremi-
ties, protection of the infant from exposure to infected genital secre-
tions is adequate. When handling the infant in the hospital, the mother 
should wear a gown and observe proper hand-washing techniques. 
Orolabial herpes presents a greater risk of postnatal acquisition of HSV 
infection to the neonate than genital herpes.13 Thus, nursery personnel 
and other adults with external lesions caused by HSV should not 
engage in intimate contact with a neonate.

HSV INFECTION IN PREGNANCY
Incidence data for neonatal HSV infection are similar to those for 
neonatal HIV infection before the advent of routine antiretroviral use 
in pregnancy and are higher than those for congenital syphilis, toxo-
plasmosis, and congenital rubella during endemic years.99 The 

TABLE 138-2  Transmission Rates of Neonatal 
Herpes Simplex Virus (HSV) by Maternal HSV 
Serologic Status among Women Who Delivered 
at the University of Washington and Madigan 
Army Hospitals

MATERNAL HSV 
SEROSTATUS

NO./TOTAL (%) 
OF INFANTS WITH 
NEONATAL HSV

RATE PER 
100,000 LIVE 
BIRTHS*

HSV seronegative 6/11,115 (0.054) 54 (19.8-118)

HSV-1–seropositive only 6/23,480 (0.026) 26 (9.3-56)

All HSV-2 seropositive 3/13,795 (0.022) 22 (4.4-64)

HSV-2 only 2/5,761 (0.035) 35 (4.2-126)

HSV-1 and HSV-2 1/8,034 (0.012) 12 (0.3-7.0)

*95% confidence level.
Modified from Brown ZA, Ashley RL, Selka S, et al. Effect of serologic status and 

cesarean delivery on transmission rates of herpes simplex virus from mother to 
infant. JAMA. 2003;289:203.
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among HSV-2–positive pregnant women would result in many women 
treated with few cases of neonatal HSV prevented even if the effects 
on reducing maternal fetal transmission are high. As such, we do not 
believe that routine use of antiviral therapy at the end of gestation 
should be recommended until better information on efficacy and 
potential neonatal safety are assessed. As described earlier, a more 
logical approach that requires further study would be to screen low-
risk seropositive mothers at delivery with rapid PCR assay and follow 
infants with HSV-2 exposure intensively after birth.

More effective screening programs would target HSV-2–seronega-
tive women because 2% of women in one survey seroconverted during 
pregnancy and one third of these seroconversions occurred during the 
third trimester. Potential approaches range from counseling for routine 
abstinence in all women after 34 weeks of gestation to the use of routine 
serologic screening to identify HSV-susceptible women. Such women 
then would be counseled about the importance of engaging in only 
protected coitus during the latter parts of pregnancy. Of particular 
interest are the 20% of women who are in a serodiscordant relationship 
and are at high risk for primary infection (3.5% for HSV-1, 20% for 
HSV-2).360 A third possible type of screening program could be to 
identify and treat the HSV-2–positive sex partners of seronegative 
pregnant women with antiviral therapy and observe them serially for 
seroconversion, although the expense would be substantial.361 Clinical 
and demographic information do not differentiate women at high 
versus low risk for transmitting HSV to their infants.362 Pregnancy may 
also enhance HSV acquisition, making standard prophylactic measures 
such as condoms potentially less effective.363 Because nearly 30% of 
neonatal HSV is due to HSV-1, attention to reducing HSV-1 acquisi-
tion through orogenital sex is also of importance.

DIAGNOSIS OF HSV INFECTIONS
Clinical criteria are critical for entertaining the diagnosis of HSV infec-
tions. Nevertheless, given the gravity of diagnosing a lifelong viral 
sexually transmitted infection, we believe that appropriate manage-
ment of the patient should always include laboratory confirmation. A 
clinical diagnosis can often be inferred when characteristic multiple 
vesicular lesions appear on an erythematous base. In this situation, 
given the prolonged morbidity of first-episode genital HSV infection, 
and the ability of antiviral agents to mitigate systemic symptoms and 
prevent development of new crops of ulcers, it is appropriate to initiate 
oral antiviral treatment while awaiting laboratory confirmation. It is 
increasingly recognized that herpetic lesions may resemble skin ulcer-
ations of other causes.73,248 Mucosal HSV infection can appear as ure-
thritis or pharyngitis without cutaneous lesions. When there is clinical 
uncertainty, laboratory diagnosis is essential to guide therapy.76

HSV infection is best confirmed by isolation of virus in tissue 
culture or demonstration of HSV DNA in lesion scrapings.248,250 HSV 
causes a discernible cytopathic effect in a variety of cell culture systems, 
generally within 48 to 96 hours after inoculation. Spin-amplified 
culture with subsequent staining for HSV antigen shortens the time 
needed to identify HSV to less than 24 hours. The sensitivity of viral 
isolation is higher in vesicular lesions than ulcerative lesions, during 
first rather than recurrent episodes of disease, and in samples from 
immunosuppressed rather than immunocompetent patients. HSV 
DNA detection is the preferred diagnostic method, if available, because 
it is three to four times more sensitive than viral isolation, is less 
affected by variation in specimen transport, and is cost-effective as 
compared with culture.250 Laboratory confirmation permits subtyping 
of the virus, which may help predict frequency of reactivation after 
first-episode oral or genital HSV infection, site of CNS infection, and 
likelihood of drug resistance.364 Staining of scrapings from the base of 
the lesions with Wright, Giemsa (Tzanck preparation), or Papanicolaou 
stain demonstrates characteristic giant cells or intranuclear inclusions 
of HSV infection. These cytologic techniques are useful as quick office 
procedures to confirm the diagnosis. Limitations are that they do not 
differentiate between HSV and VZV infections, that they are relatively 
insensitive, and that correct identification of giant cells requires 
experience.

Evaluation of the seroprevalence of HSV-1 and HSV-2 has been 
markedly enhanced by the development of type-specific serologic 
assays.365-367 These assays allow for detection of HSV-2 in the presence 

maternal HSV-2 antibody is protective, HSV-1 antibody offers little or 
no protection against neonatal HSV-2 infection.352 Primary HSV-1 
genital infection leads to a particularly high risk for transmission and 
accounts for an increasing proportion of neonatal HSV infections.174,176 
Moreover, during reactivation, HSV-1 appears more transmissible to 
the neonate than HSV-2.352 Only 2% of women who are HSV-2 sero-
positive and undergo swabbing cervical secretions at delivery have 
detectable virus, and only 1% of infants exposed in this manner 
develop infection, presumably because of the protective effects of 
maternally transferred antibodies and perhaps lower viral titers during 
reactivation.174,339 Despite the low frequency of HSV transmission in 
this setting, 30% to 50% of infants with neonatal HSV infection are 
born to mothers with established genital herpes.353

Isolation of HSV by cervicovaginal swab at the time of delivery is 
the greatest risk factor for intrapartum HSV transmission (relative risk, 
346); however, culture-negative, PCR-positive cases of intrapartum 
transmission are well described. New acquisition of HSV (odds ratio 
[OR], 49), isolation of HSV-1 versus HSV-2 (OR, 35), cervical versus 
vulvar HSV detection (OR, 15), use of fetal scalp electrodes (OR, 3.5) 
and young age confer further risk for transmission, whereas abdominal 
delivery is protective (OR, 0.14).174 Physical examination poorly pre-
dicts the absence of shedding,354 and PCR far exceeds culture in terms 
of sensitivity and speed. Therefore, PCR detection at the onset of labor 
should be considered to aid clinical decision making for women with 
an HSV-2 antibody. Because cesarean section appears to be an effective 
means of reducing maternal-fetal transmission, patients with recurrent 
genital herpes should be encouraged to come to the hospital early at 
the time of delivery for careful examination of the external genitalia 
and cervix, plus swab for viral isolation. Women who have no evidence 
of lesions should have a vaginal delivery. The presence of active lesions 
on the cervix or external genitalia is an indication for abdominal 
delivery.353

This policy results in the exposure of some infants to episodes of 
asymptomatic cervical or vulvar shedding, or both.354 The identifica-
tion of HSV-exposed infants provides important information to the 
attending pediatrician. If first-episode exposure has occurred (e.g., if 
HSV serologic tests show that the mother is seronegative or if the 
mother is HSV-1 seropositive and the isolate at delivery is HSV-2), 
many authorities would initiate antiviral therapy for the infant with 
intravenous acyclovir.355,356 At a minimum, viral cultures and PCR 
assay should be performed on samples obtained from the throat, naso-
pharynx, eyes, and rectum of these infants immediately and at 5- to 
10-day intervals. Lethargy, skin lesions, or fever should be evaluated 
promptly. All infants from whom HSV is isolated 24 hours after deliv-
ery should be treated with intravenous acyclovir at recommended 
treatment doses.

The duration of ruptured membranes in women with clinically 
apparent lesions does not have a well-defined relationship to the trans-
mission of HSV to the infant.252 Delivery of infants by cesarean section, 
even in women with intact membranes, occasionally results in neona-
tal herpes. Prolonged contact with infected secretions may increase 
the risk for acquisition. Many authorities recommend that if mem-
branes are ruptured for more than 4 to 6 hours, cesarean section 
should no longer be considered protective against HSV transmission. 
However, transmission can occur from exposure to external genital 
lesions alone. Thus, in women with recurrent genital herpes who have 
active external genital lesions during labor, we still recommend 
abdominal delivery.

PREVENTION OF HSV 
ACQUISITION IN PREGNANCY BY 
USE OF ANTIVIRAL AGENTS
Controversy exists regarding the use of antiviral therapy during preg-
nancy. Antiviral therapy given after 36 weeks of gestation reduces  
but does not totally eliminate HSV-2 recurrence at delivery.356,357 Sys-
tematic reviews suggest that the frequency of cesarean delivery can also 
be reduced.358,359 Although mathematical models suggest such an 
approach may be cost-effective in reducing cesarean deliveries, there 
are no data supporting the ability of this approach to reduce neonatal 
infection. Because the risk for neonatal transmission is low among 
HSV-2–seropositive women, the routine use of antiviral chemotherapy 
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intermittent or indwelling bladder catheterization may be necessary 
until symptoms resolve.

Patients with recurrent genital HSV infection can be managed with 
no therapy if recurrences are mild and infrequent; episodic therapy can 
be used for recurrences, or daily suppressive therapy can be tried. The 
choice of episodic versus chronic suppressive therapy should also be 
individualized based on patient preference. Factors that may favor 
daily suppressive therapy are high frequency of recurrences (>6 per 
year), good patient adherence to antiviral therapy, lack of documented 
toxicity, affordability, patient wish to decrease risk for transmission to 
a partner, and patient anxiety over uncontrolled recurrences. Of note, 
patients on suppressive therapy report higher quality of life indices 
than those on episodic treatment.395 Safety of therapy has been docu-
mented for durations over 6 years.396

Increasingly, shorter courses of therapy are being utilized for treat-
ment of recurrent episodes of mucocutaneous HSV-1 or HSV-2 infec-
tion in immunocompetent patients. One-day courses of famciclovir 
and valacyclovir are clinically effective, more convenient, and generally 
less costly than longer courses of therapy.384,386,397-400 It is also critical 
that patients initiate therapy within 24 hours of recurrence. This is 
easiest to achieve if the patient is given a supply of medication for 
treatment at the first sign of prodrome.

Suppressive therapy decreases recurrences and asymptomatic shed-
ding by 70% to 80% and increases both median time to recurrence and 
quality of life. Many persons receiving such therapy report having 
experienced no symptomatic outbreaks. Safety and efficacy have been 
documented among patients receiving daily therapy with acyclovir for 
as long as 6 years and with valacyclovir or famciclovir for 1 year.

Although acyclovir and its derivatives are clinically effective, they 
do not completely suppress asymptomatic shedding, even when given 
at maximal doses three times per day.396 One of the major insights to 
the effectiveness of acyclovir-like antiviral agents in the past few years 
is the inability of the drugs to reduce short episodes of asymptomatic 
shedding, many of which can be of high titer, although these break-
through episodes are not related to antiviral resistance. Breakthrough 
episodes may occur due to rapid kinetics of viral expansion during 
drug trough levels.104

Intravenous acyclovir (30 mg/kg/day, given as a 10-mg/kg infusion 
over 1 hour at 8-hour intervals) is effective in reducing the morbidity 
and mortality associated with HSV encephalitis.280 Early initiation of 
therapy is a critical factor in outcome. The major side effect is transient 
renal insufficiency, usually caused by crystallization of the compound 
in the renal parenchyma. This adverse reaction can be avoided if the 
medication is given slowly over 1 hour and the patient is well hydrated. 
Because CSF levels of acyclovir average only 30% to 50% of plasma 
levels, the dosage of acyclovir used for treatment of CNS infection 
(30 mg/kg/day) is double that used for the treatment of mucocutane-
ous or visceral disease (15 mg/kg/day). For disseminated neonatal 
HSV, high-dose intravenous therapy is recommended (60 mg/kg/day 
in three divided doses) for 21 days.335 In immunosuppressed patients, 
intravenous acyclovir or oral valacyclovir is utilized to prevent HSV 
reactivations during transplantation or chemotherapy; high doses of 
valacyclovir also prevent cytomegalovirus reactivations.394

Acyclovir-resistant strains of HSV are well described.401-403 Almost 
all clinically significant acyclovir resistance is seen in immunocompro-
mised patients, especially in HIV-infected persons. Persons receiving 
daily suppressive antiviral therapy were less likely to develop acyclovir-
resistant HSV compared with those who received episodic therapy 
with outbreaks.404 Although resistant strains are generated in local 
mucosal replicating sites in immunocompetent hosts receiving therapy 
and may be archived in the latent pool,40 they do not have an effect on 
treatment outcome.405 Most acyclovir-resistant strains of HSV have a 
deficiency in thymidine kinase, the enzyme that phosphorylates acy-
clovir.406,407 Thus, cross-resistance to famciclovir is usually found (see 
Chapter 45). Occasionally, an isolate with altered thymidine kinase 
specificity arises and is sensitive to famciclovir but not to acyclovir. In 
some patients infected with thymidine kinase–deficient virus, higher 
doses of acyclovir are associated with clearing of lesions.408 In others, 
clinical disease progresses. Isolation of HSV from persisting lesions 
despite adequate dosages and blood levels of acyclovir should raise the 
suspicion of resistance.

of HSV-1 antibodies and vice versa. Most commercially available 
assays measure antibodies to purified HSV-1– or HSV-2–specific pro-
teins such as glycoproteins gG1 and gG2, which are antigenically dis-
tinct between the two subtypes. gG1 and gG2 assays are accurate for 
defining persons with long-standing HSV infections regardless of  
clinical symptoms and are adequate for clinical use, although some are 
not as sensitive for incident HSV-1 infection.365,368-370 Another assay 
using an immunoblot format that identifies several type-specific anti-
bodies, for example, gG2 and ICP-35 complex, was also developed.368 
The Western blot assay is the most accurate available test and has a 
sensitivity and specificity of greater than 98% for distinguishing 
HSV-1– and HSV-2–specific antibodies.371,372 Assays that use whole 
viral extracts or antigens are inaccurate and should not be used for any 
stage of clinical diagnosis or epidemiologic studies.373,374 Unfortunately, 
these assays have not been taken off the market and are used in many 
laboratories.

Acute- and convalescent-phase serum can be useful in demonstrat-
ing seroconversion during primary HSV-1 or HSV-2 infection. Only 
5% of patients with recurrent orogenital HSV infections have a four-
fold or greater rise in HSV antibody titer in the interval between  
collection of two samples. A specific but only partially sensitive immu-
noglobulin M assay to immunoglobulin G2 was developed but is not 
commercially available.375

THERAPY FOR HSV INFECTIONS
The advent of antiviral drugs for HSV-1 and HSV-2 infections has 
made management of these infections a part of standard clinical prac-
tice (see Chapter 45). For mucocutaneous and visceral HSV infections, 
acyclovir and its related compounds famciclovir and valacyclovir are 
the mainstays of therapy. Several antiviral agents are available for 
topical use in HSV eye infections: idoxuridine, trifluorothymidine, 
topical vidarabine, and cidofovir. However, there is no role for topical 
therapy in mucocutaneous disease. For HSV encephalitis and neonatal 
herpes, intravenous acyclovir is the treatment of choice. Acyclovir-
resistant virus can be encountered in immunocompromised hosts and 
is treated with foscarnet, cidofovir, or possible topical agents such as 
imiquimod. Allergies to acyclovir are rare, and desensitization is theo-
retically possible.

Acyclovir was the first antiviral agent clearly demonstrated to be 
effective against HSV infections. It is an acyclic nucleoside analogue 
that is a substrate for HSV-specific thymidine kinase and is selectively 
phosphorylated by HSV-infected cells to acyclovir monophos-
phate.376,377 Cellular enzymes then phosphorylate acyclovir monophos-
phate to acyclovir triphosphate, a competitive inhibitor of viral DNA 
polymerase. Acyclovir triphosphate is incorporated into the growing 
DNA chain of the virus and causes chain termination. Acyclovir has 
potent in vitro activity against both HSV-1 and HSV-2.378

Numerous trials of acyclovir in mucocutaneous HSV infections of 
the immunocompetent and immunosuppressed host have been 
conducted.379-383,384 Famciclovir, the oral formulation of penciclovir, is 
also clinically effective in the treatment of a variety of HSV-1 and 
HSV-2 infections.385-388 Valacyclovir is a valyl ester of acyclovir that has 
greater bioavailability than acyclovir.389-391 The high blood levels of 
acyclovir that are achieved make valacyclovir useful for once-daily 
suppressive therapy and for short-course, 1-day or 2-day treatment of 
orogenital HSV-1 infection.392,393 Ganciclovir has activity against both 
HSV-1 and HSV-2, but because it is more toxic than acyclovir, vala-
cyclovir, and famciclovir, it is generally not recommended for treat-
ment of HSV infections.394 Table 138-3 outlines a variety of treatment 
options for the use of these compounds. Despite the demonstrated 
effectiveness of the guanosine analogues, most infected persons 
remain untreated.

Primary infection often presents as prolonged severe genital ulcer-
ations and at times nervous system involvement. Even persons with 
first-episode herpes who have mild clinical manifestations initially can 
develop severe or prolonged symptoms. Therefore, all patients with 
first episodes of genital herpes should receive antiviral therapy for 7 to 
10 days with one of several regimens (see Table 138-3), ideally within 
72 hours of onset. Treatment extension beyond this time point is  
indicated if healing is slow. Adjunctive treatment with sitz baths is 
helpful for dysuria in female patients. If urinary retention develops, 
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TABLE 138-3  Antiviral Chemotherapy for Herpes Simplex Virus Infection

DOSAGE/REGIMEN COMMENT
Mucocutaneous HSV Infections
Infections in Immunosuppressed Patients

Acute symptomatic first 
or recurrent episodes

IV acyclovir, 5 mg/kg q8h, and oral acyclovir, 400 mg qid, 
famciclovir, 500 mg PO tid, or valacyclovir, 1 mg PO bid, 
for 7-10 days are effective

Treatment duration may vary from 7-14 days

Suppression of 
reactivation disease

IV acyclovir, 5 mg/kg q8h, valacyclovir, 500 mg PO bid, or 
oral acyclovir, 400-800 mg two to three times per day, 
prevents recurrences during the immediate 30-day 
post-transplantation period

Longer-term suppression is often used for persons with continued 
immunosuppression. In bone marrow and renal transplant recipients, 
valacyclovir, 2 g four times daily, is also effective in preventing CMV 
infection. Valacyclovir, 4 g four times daily, has been associated with TTP 
after extended use in HIV-positive persons. In HIV-infected persons, oral 
famciclovir, 500 mg bid, is effective in reducing clinical and subclinical 
reactivations of HSV-1 and HSV-2. If using acyclovir in HIV-infected 
patients, we generally start with the lower dose of 400 mg twice daily 
and increase to 800 mg twice daily if breakthrough recurrences occur. 
Note: Once-daily dosing of valacyclovir, 500 mg to 1 g, should be avoided 
in HIV-infected patients owing to concerns regarding lower efficacy.

Symptomatic recurrent 
genital herpes in 
HIV-1–infected patients

Oral acyclovir, 400 mg tid × 5-10 days

Valacyclovir, 1000 mg bid × 5-10 days

Famciclovir, 500 mg PO bid × 5-10 days

Infections in Immunocompetent Patients
Genital Herpes

First episodes Oral acyclovir, 400 mg tid (V) or 200 mg five times per day 
(I) × 7-10 days

Oral valacyclovir, 1000 mg bid × 7-10 days (I)
Famciclovir, 250 mg tid × 5-10 days (I)
IV acyclovir, 5 mg/kg q8h for 5 days, is given for severe 

disease or neurologic complications such as aseptic 
meningitis

Symptomatic recurrent 
genital herpes

Oral acyclovir, 400 mg tid × 5 days (V), 800 mg PO tid × 
2 days or bid × 5 days (II)

All these therapies are effective in shortening lesion duration. Short course 
options (1, 2, or 3 days of therapy) should be considered based on 
increased convenience, likelihood of adherence and reduced cost and are 
listed in bold. Given the brief period of viral replication and rapid 
evolution of lesions, patients should be given drugs for self-administration 
when prodromal symptoms occur.

Valacyclovir, 500 mg bid × 3 days (I) or 1 g daily × 5 
days (I)

Famciclovir, 125 mg bid for 5 days (I), 1 g bid for 1 day 
(I), or 500 mg once then 250 mg PO bid × 3 doses (I)

Suppression of recurrent 
genital herpes

Oral acyclovir, 400 mg bid (I)

Valacyclovir, 500 mg daily (I) or 1000 mg daily (I) or 
250-500 mg bid (I) prevents symptomatic reactivation. 
Persons with frequent reactivation (<9 episodes/yr) can 
take valacyclovir 500 mg daily; those with >9 episodes/yr 
should take valacyclovir 1000 mg/daily or 500 mg bid.

Consider for patients with frequent (>6 episodes) or severe recurrences, in 
immunocompromised patients, or as an adjunct to prevent transmission

Famciclovir, 250 mg bid (I)

Orolabial HSV Infections

First episode Oral acyclovir, 15 mg/kg (up to 200 mg) five times per day 
(II) or 400 mg tid (V) × 7 days

Famciclovir, 500 mg bid (V)
Valacyclovir, 1000 mg bid (V) × 7 days

Recurrent episodes Oral acyclovir, 400 mg five times per day × 5 days (II) Self-initiated therapy with topical 1% penciclovir cream q2h during waking 
hours (I); topical acyclovir cream, 5% five times per day × 4 days (I). Short 
course options should be considered based on increased convenience and 
likelihood of adherence and are listed in bold. Given the brief period of 
viral replication and rapid evolution of lesions, patients should be given 
drugs for self-administration when prodromal symptoms occur.

Valacyclovir, 2000 mg bid × 1 day (I)

Famciclovir, 1500 mg once (I)

Suppression of 
reactivation of 
orolabial HSV

Oral acyclovir, 400 mg bid (II), or valacyclovir, 500 mg or 
1000 mg daily (II), or famciclovir, 500 mg bid (V)

Consider for patients with frequent (>6 episodes) or severe recurrences, in 
immunocompromised patients, or as an adjunct to prevent transmission

Herpetic Whitlow

Oral acyclovir, 200 mg five times daily for 7-10 days

HSV Proctitis

Oral acyclovir, 400 mg five times per day is useful in 
shortening the course of infection

In immunosuppressed patients or in patients with severe infection,  
IV acyclovir, 5 mg/kg q8h, may be useful

Herpetic Eye Infections

In acute keratitis, topical trifluorothymidine, vidarabine, idoxuridine, 
acyclovir, penciclovir, and interferon are all beneficial. Débridement may 
be required; topical corticosteroids may worsen disease (see Chapter 115).

CNS HSV Infections
HSV encephalitis IV acyclovir, 10 mg/kg q8h (30 mg/kg/day) for 14-21 days

HSV aseptic meningitis IV acyclovir, 30 mg/kg/day for 7-10 days No studies of systemic antiviral chemotherapy exist

Autonomic radiculopathy No studies are available

Neonatal HSV Infections

Acyclovir, 60 mg/kg/day (divided into three doses) × 21 
days

Monitoring for relapse should be undertaken; most authorities recommend 
continued suppression with oral acyclovir suspension for 3-4 mo
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consequence of genital lesions.418 Therefore, during acute illness, it is 
best to ensure symptomatic palliation by recommending antiviral 
therapy, anti-inflammatory pain medicines, sitz baths, and local drying 
of the lesions. The patient should usually be taught about the chronicity 
of infection and natural history of recurrence and asymptomatic reac-
tivation on later visits. Women’s concerns regarding issues relating to 
pregnancy and child birth should be addressed as well. The misconcep-
tion that HSV causes cancer should be dispelled.

Some asymptomatic primary care patients, pregnant women, or 
sexually transmitted disease clinic patients will have their infection 
diagnosed from serologic study rather than symptoms. This is also 
likely to be a source of distress for patients, and the counseling strate-
gies described above should be used. Particular emphasis should be 
placed on recognition of subtle genital ulcers. Multiple resources, 
including websites (www.ashastd.org) and printed materials, are avail-
able to assist patients, their partners, and clinicians who become 
involved in counseling.

Finally, strategies for prevention of HSV-2 transmission should be 
emphasized to patients, particularly those within serodiscordant rela-
tionships. Partially effective strategies include full disclosure to the 
susceptible partner, condom use, abstinence during symptomatic 
lesions or prodromes, and antiviral therapy.87,89,419 Valacyclovir (500 mg 
daily) reduced transmission of genital herpes by 50% by suppression 
of episodes of subclinical shedding and is a primary, albeit imperfect, 
prevention strategy within serodiscordant partnerships.87 The possibil-
ity of asymptomatic transmission should also be addressed.

Development of an effective HSV vaccine is the best approach  
for the prevention of HSV infection. To date, no licensed vaccine  
is available. Clinical trials of a vaccine consisting of HSV-2 gD2  
protein in a unique monophosphoryl lipid A–like adjuvant showed in 
an early trial partial efficacy against HSV-2 infection (75% decrease  
in clinical disease and 40% decrease in seroconversion) in women 
seronegative for HSV-1. However, a larger, more defined trial among 
HSV-seropositive women showed no efficacy in reducing HSV-2, 
although parallel efficacy against HSV-1 was observed.420 Thus, at 
present no effective HSV-2 vaccine exists. Increased emphasis on 
developing novel immunogens for reductions in acquisition has been 
recommended.

Therapy with foscarnet should be initiated for resistant HSV infec-
tions and is usually successful, although side effects from foscarnet are 
common and include renal insufficiency, electrolyte wasting, nausea, 
paresthesias, and seizures.409,410 Because of its toxicity and cost, intra-
venous foscarnet is usually reserved for patients with extensive muco-
cutaneous infections and laboratory confirmed resistance. Of note, 
foscarnet can independently lead to genital ulceration. Cidofovir is a 
nucleotide analogue and exists as a phosphonate or monophosphate 
form that also has anti-HSV activity. Most thymidine kinase–deficient 
strains of HSV are sensitive to cidofovir, which can be used topically 
or given intravenously on a weekly basis. Cidofovir ointment speeds 
healing of acyclovir-resistant lesions,411,412 but the drug itself also can 
cause mucocutaneous ulcerations. The intravenous form very com-
monly causes renal failure, neutropenia, as well as rash and gastroin-
testinal distress owing to concurrent probenecid dosing. Trifluridine 
ointment is useful for ophthalmic HSV infection and is anecdotally 
useful for resistant mucosal HSV infection in AIDS patients.413 Resiqui-
mod, a topical TLR-7 and TLR-8 agonist, decreased shedding and 
recurrence rate of anogenital HSV-2, but further commercial develop-
ment of this agent has ceased.158 We and others have had success treat-
ing refractory ulcers due to drug-resistant HSV with imiquimod,414 
although this intervention has no effect on long-term recurrence 
rate.415

A new class of antiviral compounds, amenamivir415a and pritelivir,415b 
related to inhibition of the helicase/primase complexes, has been 
described. Phase 2 studies have shown safety and a marked reduction 
in HSV-2 shedding and a reduction in days with genital lesions  
among immunocompetent patients.415c,415d This offers promise that this 
form of therapy will advance to phase 3 licensure studies (see also 
Chapter 45).25

COUNSELING AND PREVENTION
Many patients with first-episode genital HSV infection experience  
substantial morbidity and as a result miss work or school. Yet, a sig-
nificant proportion, particularly men, do not seek health care advice.416 
Many patients report feelings of depression and fear of rejection and 
discovery. These negative feelings tend to subside over time, although 
not completely.417 Psychological distress can be both a cause and 

DOSAGE/REGIMEN COMMENT
Visceral HSV Infections

HSV esophagitis IV acyclovir, 15 mg/kg per day In some patients with milder forms of immunosuppression, oral therapy 
with valacyclovir or famciclovir is effective

HSV pneumonitis No controlled studies exist. IV acyclovir, 15 mg/kg/day, should be considered.

Disseminated HSV Infections

No controlled studies exist. IV acyclovir, 10 mg/kg q8h, nevertheless should 
be given. No definite evidence indicates that therapy decreases the risk of 
death.

Erythema Multiforme–Associated HSV

Anecdotal observations suggest that oral acyclovir, 400 mg bid or tid, or 
valacyclovir, 500 mg bid, suppresses erythema multiforme

Surgical Prophylaxis

Several surgical procedures such as laser skin resurfacing, trigeminal nerve 
root decompression, and lumbar disk surgery have been associated with 
HSV reactivation. IV acyclovir, 3 mg/kg, and oral acyclovir, 800 bid, 
valacyclovir, 500 bid, or famciclovir, 250 bid, is effective in reducing 
reactivation. Therapy should be initiated 48 hr before surgery and 
continued for 3-7 days.

Infections with Acyclovir-Resistant HSV

Foscarnet, 40 mg/kg IV q8h, should be given until lesions 
heal. IV cidofovir, 5 mg/kg once weekly, might also be 
effective.

Imiquimod is a topical alternative, as is topical cidofovir gel 1%, which is 
not commercially available and must be compounded at a pharmacy. 
These topical preparations should be applied to the lesions once daily for 
5 consecutive days.

CMV, cytomegalovirus; CNS, central nervous system; HIV, human immunodeficiency virus; HSV, herpes simplex virus; TTP, thrombotic thrombocytopenic purpura.
Note: I, II, III, IV, and V represent level of evidence.
Modified from Cernik C, Gallina K, Brodell RT. The treatment of herpes simplex infections: an evidence-based review. Arch Intern Med. 2008;168:1137-1144; and 

Spruance S, Aoki FY, Tyring S, et al. Short-course therapy for recurrent genital herpes and herpes labialis: entering an era of greater convenience, better treatment 
adherence, and reduced cost. J Fam Pract. 2007;56:30-36.

TABLE 138-3  Antiviral Chemotherapy for Herpes Simplex Virus Infection—cont’d

http://www.ashastd.org
http://www.myuptodate.com


P
a
rt

 I
II

 I
n

fe
ct

io
u

s 
D

is
ea

se
s 

an
d

 T
h

ei
r 

Et
io

lo
g

ic
 A

g
en

ts
1730

Key References
The complete reference list is available online at Expert Consult.

11. Schmidt OW, Fife KH, Corey L. Reinfection is an uncom-
mon occurrence in patients with symptomatic recurrent 
genital herpes. J Infect Dis. 1984;149:645-646.

16. Szpara ML, Parsons L, Enquist LW. Sequence variability in 
clinical and laboratory isolates of herpes simplex virus 1 
reveals new mutations. J Virol. 2010;84:5303-5313.

18. Erard V, Wald A, Corey L, et al. Use of long-term suppres-
sive acyclovir after hematopoietic stem-cell transplanta-
tion: impact on herpes simplex virus (HSV) disease and 
drug-resistant HSV disease. J Infect Dis. 2007;196:266-
270.

27. Roizman B, Knipe DM. Herpes Simplex Viruses and Their 
Replication. 5th ed. Philadelphia: Lippincott Williams & 
Wilkins; 2007.

49. Schiffer JT, Corey L. Rapid host immune response and viral 
dynamics in herpes simplex virus-2 infection. Nat Med. 
2013;19:280-290.

60. Xu F, Sternberg M, Kottiri B, et al. Trends in herpes simplex 
virus type 1 and type 2 seroprevalence in the United States. 
JAMA. 2006;296:964-973.

64. Bernstein DI, Bellamy AR, Hook EW 3rd, et al. Epidemiol-
ogy, clinical presentation, and antibody response to 
primary infection with herpes simplex virus type 1 and 
type 2 in young women. Clin Infect Dis. 2013;56:344-351.

67. Weiss H. Epidemiology of herpes simplex virus type 2 
infection in the developing world. Herpes. 2004;11(suppl 
1):24A-35A.

72. Corey L, Wald A, Celum C, et al. The effects of herpes 
simplex virus-2 on HIV-1 acquisition and transmission: a 
review of two overlapping epidemics. J Acquir Immune 
Defic Syndr. 2004;35:435-445.

74. Cherpes TL, Meyn LA, Krohn MA, et al. Risk factors for 
infection with herpes simplex virus type 2: role of smoking, 
douching, uncircumcised males, and vaginal flora. Sex 
Transm Dis. 2003;30:405-410.

76. Langenberg AG, Corey L, Ashley RL, et al. A prospective 
study of new infections with herpes simplex virus type 1 
and type 2. Chiron HSV Vaccine Study Group. N Engl J 
Med. 1999;341:1432-1438.

79. Wald A, Langenberg A, Link K, et al. Effect of condoms on 
reducing the transmission of herpes simplex virus type 2 
from men to women. JAMA. 2001;285:3100-3106.

85. Tobian AA, Charvat B, Ssempijja V, et al. Factors associated 
with the prevalence and incidence of herpes simplex virus 
type 2 infection among men in Rakai, Uganda. J Infect Dis. 
2009;199:945-949.

87. Corey L, Wald A, Patel R, et al. Once-daily valacyclovir to 
reduce the risk of transmission of genital herpes. N Engl J 
Med. 2004;350:11-20.

88. Mertz GJ, Schmidt O, Jourden JL, et al. Frequency of acqui-
sition of first-episode genital infection with herpes simplex 
virus from symptomatic and asymptomatic source con-
tacts. Sex Transm Dis. 1985;12:33-39.

89. Wald A, Krantz E, Selke S, et al. Knowledge of partners’ 
genital herpes protects against herpes simplex virus type 2 
acquisition. J Infect Dis. 2006;194:42-52.

92. Tobian AA, Serwadda D, Quinn TC, et al. Male circumci-
sion for the prevention of HSV-2 and HPV infections and 
syphilis. N Engl J Med. 2009;360:1298-1309.

94. Wald A, Zeh J, Selke S, et al. Reactivation of genital herpes 
simplex virus type 2 infection in asymptomatic seroposi-
tive persons. N Engl J Med. 2000;342:844-850.

99. Brown ZA, Selke S, Zeh J, et al. The acquisition of herpes 
simplex virus during pregnancy. N Engl J Med. 1997;337:
509-515.

100. Quinn TC, Corey L, Chaffee RG, et al. The etiology of 
anorectal infections in homosexual men. Am J Med. 1981;
71:395-406.

103. Schiffer JT, Swan D, Al Sallaq R, et al. Rapid localized 
spread and immunologic containment define herpes 
simplex virus-2 reactivation in the human genital tract. 
Elife. 2013;2:e00288.

106. Mark KE, Wald A, Magaret AS, et al. Rapidly cleared epi-
sodes of herpes simplex virus reactivation in immunocom-
petent adults. J Infect Dis. 2008;198:1141-1149.

126. Zhu J, Peng T, Johnston C, et al. Immune surveillance by 
CD8αα+ skin-resident T cells in human herpes virus 
infection. Nature. 2013;497:494-497.

127. Cunningham AL, Turner RR, Miller AC, et al. Evolution of 
recurrent herpes simplex lesions: an immunohistologic 
study. J Clin Invest. 1985;75:226-233.

138. Wald A, Corey L, Cone R, et al. Frequent genital herpes 
simplex virus 2 shedding in immunocompetent women: 
effect of acyclovir treatment. J Clin Invest. 1997;99:
1092-1097.

174. Brown Z, Wald A, Morrow R, et al. Effect of serologic status 
and cesarean delivery on transmission rates of herpes 
simplex virus from mother to infant. JAMA. 2003;289:
203-209.

183. Corey L, Adams HG, Brown ZA, et al. Genital herpes 
simplex virus infections: clinical manifestations, course, 
and complications. Ann Intern Med. 1983;98:958-972.

185. Benedetti J, Corey L, Ashley R. Recurrence rates in genital 
herpes after symptomatic first-episode infection. Ann 
Intern Med. 1994;121:847-854.

189. Amir J, Harel L, Smetana Z, et al. The natural history of 
primary herpes simplex type 1 gingivostomatitis in chil-
dren. Pediatr Dermatol. 1999;16:259-263.

208. Bryson YJ, Dillon M, Lovett M, et al. Treatment of first 
episodes of genital herpes simplex virus infection with oral 
acyclovir: a randomized double-blind controlled trial in 
normal subjects. N Engl J Med. 1983;308:916-921.

210. Stamm WE, Wagner KF, Amsel R, et al. Causes of the acute 
urethral syndrome in women. N Engl J Med. 1980;303:
409-415.

220. Schlesinger Y, Tebas P, Gaudreault-Keener M, et al. Herpes 
simplex virus type 2 meningitis in the absence of genital 
lesions: improved recognition with use of the polymerase 
chain reaction. Clin Infect Dis. 1995;20:842-848.

238. Nahmias AJ. Disseminated herpes-simplex-virus infec-
tions. N Engl J Med. 1970;282:684-685.

245. Lafferty WE, Coombs RW, Benedetti J, et al. Recurrences 
after oral and genital herpes simplex virus infection: influ-
ence of site of infection and viral type. N Engl J Med. 
1987;316:1444-1449.

250. Wald A, Huang ML, Carrell D, et al. Polymerase chain 
reaction for detection of herpes simplex virus (HSV) DNA 
on mucosal surfaces: comparison with HSV isolation in cell 
culture. J Infect Dis. 2003;188:1345-1351.

258. Phipps W, Saracino M, Magaret A, et al. Persistent genital 
herpes simplex virus-2 shedding years following the first 
clinical episode. J Infect Dis. 2011;203:180-187.

260. Mertz GJ, Coombs RW, Ashley R, et al. Transmission of 
genital herpes in couples with one symptomatic and one 
asymptomatic partner: a prospective study. J Infect Dis. 
1988;157:1169-1177.

272. Whitley RJ, Lakeman F. Herpes simplex virus infections of 
the central nervous system: therapeutic and diagnostic 
considerations. Clin Infect Dis. 1995;20:414-420.

289. Schacker T, Zeh J, Hu H, et al. Changes in plasma human 
immunodeficiency virus type 1 RNA associated with 
herpes simplex virus reactivation and suppression. J Infect 
Dis. 2002;186:1718-1725.

294. Freeman E, Weiss H, Glynn J, et al. Herpes simplex virus 2 
infection increases HIV acquisition in men and women: 
systematic review and meta-analysis of longitudinal 
studies. AIDS. 2006;20:73-83.

307. Celum C, Wald A, Hughes J, et al. Effect of aciclovir on 
HIV-1 acquisition in herpes simplex virus 2 seropositive 
women and men who have sex with men: a randomised, 
double-blind, placebo-controlled trial. Lancet. 2008;371:
2109-2119.

322. Wade JC, Newton B, McLaren C, et al. Intravenous acyclo-
vir to treat mucocutaneous herpes simplex virus infection 
after marrow transplantation: a double-blind trial. Ann 
Intern Med. 1982;96:265-269.

332. Whitley R, Arvin A, Prober C, et al. Predictors of morbidity 
and mortality in neonates with herpes simplex virus infec-
tions. The National Institute of Allergy and Infectious Dis-
eases Collaborative Antiviral Study Group. N Engl J Med. 
1991;324:450-454.

336. Kimberlin DW, Whitley RJ, Wan W, et al. Oral acyclovir 
suppression and neurodevelopment after neonatal herpes. 
N Engl J Med. 2011;365:1284-1292.

368. Ashley RL, Militoni J, Lee F, et al. Comparison of Western 
blot (immunoblot) and glycoprotein G-specific immuno-
dot enzyme assay for detecting antibodies to herpes 
simplex virus types 1 and 2 in human sera. J Clin Microbiol. 
1988;26:662-667.

383. Rooney JF, Straus SE, Mannix ML, et al. Oral acyclovir to 
suppress frequently recurrent herpes labialis: a double-
blind, placebo-controlled trial. Ann Intern Med. 1993;118:
268-272.

395. Fife KH, Almekinder J, Ofner S. A comparison of one year 
of episodic or suppressive treatment of recurrent genital 
herpes with valacyclovir. Sex Transm Dis. 2007;34:297-301.

415a. Chono K, Katsumata K, Kontani T, et al. ASP2151, a novel 
helicase-primase inhibitor, possesses antiviral activity 
against varicella-zoster virus and herpes simplex virus 
types 1 and 2. J Antimicrob Chemother. 2010;65:1733-
1741.

415b. Field H, Huang M, Lay E, et al. Baseline sensitivity of 
HSV-1 and HSV-2 clinical isolates and defined acyclovir-
resistant strains to the helicase-primase inhibitor pritelivir. 
Antiviral Res. 2013;100:297-299.

415c. Katsumata K, Weinberg A, Chono K, et al. Susceptibility 
of herpes simplex virus isolated from genital herpes lesions 
to ASP2151, a novel helicase-primase inhibitor. Antimicrob 
Agents Chemother. 2012;56:3587-3591.

415d. Wald A, Corey L, Timmler B, et al. Helicase-primase 
inhibitor pritelivir for HSV-2 infection. N Engl J Med. 
2014;370:201-210.

419. Wald A, Langenberg A, Krantz E, et al. The relationship 
between condom use and herpes simplex virus acquisition. 
Ann Intern Med. 2005;143:707-713.

http://www.myuptodate.com


1730.e1
C

h
ap

ter 138 Herpes	Sim
plex	Virus

References
1. Wildy P. Herpes history and classification. In: Kaplan A, 

ed. The Herpes Viruses. New York: Academic; 1973:1-25.
2. Astruc J. De Morbis Venereis Libri Sex. Paris: 1736.
3. Hutfield D. History of herpes genitalis. Br J Vener Dis. 1996;

42:263.
4. Parker FNR. Studies on filterable viruses, II. Cultivation of 

herpes virus. Am J Pathol. 1925;1:337.
5. Lipschutz B. Untersuchungen uber die Aetiologie der 

Krankheiten der Herpes Gruppe (herpes zoster, herpes 
genitalis, herpes febrillis). Arch Dermatol Symp (Berl). 
1921;136:428.

6. Nahmias AJ, Dowdle WR. Antigenic and biologic differ-
ences in herpesvirus hominis. Prog Med Virol. 1968;10:
110-159.

7. Roizman B. The structure and isomerization of herpes 
simplex virus genomes. Cell. 1979;16:481-494.

8. Dolan A, Jamieson FE, Cunningham C, et al. The genome 
sequence of herpes simplex virus type 2. J Virol. 1998;
72:2010-2021.

9. Gentry GA, Lowe M, Alford G, et al. Sequence analyses  
of herpesviral enzymes suggest an ancient origin for 
human sexual behavior. Proc Natl Acad Sci U S A. 1988;85:
2658-2661.

10. Buchman TG, Roizman B, Adams G, et al. Restriction 
endonuclease fingerprinting of herpes simplex virus DNA: 
a novel epidemiological tool applied to a nosocomial out-
break. J Infect Dis. 1978;138:488-498.

11. Schmidt OW, Fife KH, Corey L. Reinfection is an uncom-
mon occurrence in patients with symptomatic recurrent 
genital herpes. J Infect Dis. 1984;149:645-646.

12. Buchman TG, Roizman B, Nahmias AJ. Demonstration of 
exogenous genital reinfection with herpes simplex virus 
type 2 by restriction endonuclease fingerprinting of viral 
DNA. J Infect Dis. 1979;140:295-304.

13. Douglas J, Schmidt O, Corey L. Acquisition of neonatal 
HSV-1 infection from a paternal source contact. J Pediatr. 
1983;103:908-910.

14. Hammer SM, Buchman TG, D’Angelo LJ, et al. Temporal 
cluster of herpes simplex encephalitis: investigation by 
restriction endonuclease cleavage of viral DNA. J Infect Dis. 
1980;141:436-440.

15. Lakeman AD, Nahmias AJ, Whitley RJ. Analysis of DNA 
from recurrent genital herpes simplex virus isolates by 
restriction endonuclease digestion. Sex Transm Dis. 1986;
13:61-66.

16. Szpara ML, Parsons L, Enquist LW. Sequence variability in 
clinical and laboratory isolates of herpes simplex virus 1 
reveals new mutations. J Virol. 2010;84:5303-5313.

17. Fife KH, Crumpacker CS, Mertz GJ, et al. Recurrence  
and resistance patterns of herpes simplex virus following 
cessation of > or = 6 years of chronic suppression with 
acyclovir. Acyclovir Study Group. J Infect Dis. 1994;169:
1338-1341.

18. Erard V, Wald A, Corey L, et al. Use of long-term suppres-
sive acyclovir after hematopoietic stem-cell transplanta-
tion: impact on herpes simplex virus (HSV) disease and 
drug-resistant HSV disease. J Infect Dis. 2007;196:266-270.

19. Erard V, Guthrie KA, Varley C, et al. One-year acyclovir 
prophylaxis for preventing varicella-zoster virus disease 
after hematopoietic cell transplantation: no evidence of 
rebound varicella-zoster virus disease after drug discon-
tinuation. Blood. 2007;110:3071-3077.

20. Struyf F, Posavad CM, Keyaerts E, et al. Search for poly-
morphisms in the genes for herpesvirus entry mediator, 
nectin-1, and nectin-2 in immune seronegative individu-
als. J Infect Dis. 2002;185:36-44.

21. Haarr L, Shukla D, Rødahl E, et al. Transcription from the 
gene encoding the herpesvirus entry receptor nectin-1 
(HveC) in nervous tissue of adult mouse. Virology. 2001;
287:301-309.

22. Mata M, Zhang M, Hu X, et al. HveC (nectin-1) is 
expressed at high levels in sensory neurons, but not in 
motor neurons, of the rat peripheral nervous system.  
J Neurovirol. 2001;7:476-480.

23. Zelus BD, Stewart RS, Ross J. The virion host shutoff 
protein of herpes simplex virus type 1: messenger ribonu-
cleolytic activity in vitro. J Virol. 1996;70:2411-2419.

24. Katsumata K, Weinberg A, Chono K, et al. Susceptibility of 
herpes simplex virus isolated from genital herpes lesions to 
ASP2151, a novel helicase-primase inhibitor. Antimicrob 
Agents Chemother. 2012;56:3587-3591.

25. Birkmann A, Kropeit D, McCormick D, et al. Safety and 
HUMAN Pharmacokinetics of AIC316, a potent helicase-
primase inhibitor of herpes simplex virus. Presented at the 
24th International Conference on Antiviral Research. 
Sofia, Bulgaria, 2011.

26. Homa FL, Brown JC. Capsid assembly and DNA packaging 
in herpes simplex virus. Rev Med Virol. 1997;7:107-122.

27. Roizman B, Knipe DM. Herpes Simplex Viruses and Their 
Replication. 5th ed. Philadelphia: Lippincott Williams & 
Wilkins; 2007.

28. Stevens JG, Cook ML. Latent herpes simplex virus in spinal 
ganglia of mice. Science. 1971;173:843-845.

29. Cushing H. Surgical aspects of major neuralgia of trigemi-
nal nerve: report of 20 cases of operation upon the gasse-
rian ganglion with anatomic and physiologic notes on the 
consequences of its removal. JAMA. 1905;44:773-779.

30. Stevens JG, Haarr L, Porter DD, et al. Prominence of the 
herpes simplex virus latency-associated transcript in tri-
geminal ganglia from seropositive humans. J Infect Dis. 
1988;158:117-123.

31. Mehta A, Maggioncalda J, Bagasra O, et al. In situ DNA 
PCR and RNA hybridization detection of herpes simplex 
virus sequences in trigeminal ganglia of latently infected 
mice. Virology. 1995;206:633-640.

32. Burke RL, Hartog K, Croen KD, et al. Detection and char-
acterization of latent HSV RNA by in situ and Northern blot 
hybridization in guinea pigs. Virology. 1991;181:793-797.

33. Saksena MM, Wakisaka H, Tijono B, et al. Herpes simplex 
virus type 1 accumulation, envelopment, and exit in 
growth cones and varicosities in mid-distal regions of 
axons. J Virol. 2006;80:3592-3606.

34. Granstedt AE, Brunton BW, Enquist LW. Imaging the 
transport dynamics of single alphaherpesvirus particles in 
intact peripheral nervous system explants from infected 
mice. MBio. 2013;4:e00358-13.

35. Baringer JR. Recovery of herpes simplex virus from human 
sacral ganglions. N Engl J Med. 1974;291:828-830.

36. Sawtell N, Thompson R. Rapid in vivo reactivation of 
herpes simplex virus in latently infected murine ganglionic 
neurons after transient hyperthermia. J Virol. 1992;66:
2150-2156.

37. Sawtell NM, Thompson RL. Herpes simplex virus type 1 
latency-associated transcription unit promotes anatomical 
site-dependent establishment and reactivation from 
latency. J Virol. 1992;66:2157-2169.

38. Carton CA, Kilbourne ED. Activation of latent herpes 
simplex by trigeminal sensory-root section. N Engl J Med. 
1952;246:172-176.

39. Wang K, Mahalingam G, Hoover S, et al. Diverse herpes 
simplex virus type 1 thymidine kinase mutants in individual 
human neurons and Ganglia. J Virol. 2007;81:6817-6826.

40. van Velzen M, van Loenen FB, Meesters RJ, et al. Latent 
acyclovir-resistant herpes simplex virus type 1 in trigemi-
nal ganglia of immunocompetent individuals. J Infect Dis. 
2012;205:1539-1543.

41. Javier RT, Stevens JG, Dissette VB, et al. A herpes simplex 
virus transcript abundant in latently infected neurons is 
dispensable for establishment of the latent state. Virology. 
1988;166:254-257.

42. Yoshikawa T, Hill JM, Stanberry LR, et al. The characteris-
tic site-specific reactivation phenotypes of HSV-1 and 
HSV-2 depend upon the latency-associated transcript 
region. J Exp Med. 1996;184:659-664.

43. Krause PR, Stanberry LR, Bourne N, et al. Expression of 
the herpes simplex virus type 2 latency-associated tran-
script enhances spontaneous reactivation of genital herpes 
in latently infected guinea pigs. J Exp Med. 1995;181:
297-306.

44. Nicoll MP, Proenca JT, Connor V, et al. Influence of herpes 
simplex virus 1 latency-associated transcripts on the estab-
lishment and maintenance of latency in the ROSA26R 
reporter mouse model. J Virol. 2012;86:8848-8858.

45. Thompson RL, Sawtell NM. Herpes simplex virus type 1 
latency-associated transcript gene promotes neuronal sur-
vival. J Virol. 2001;75:6660-6675.

46. Perng GC, Jones C, Ciacci-Zanella J, et al. Virus-induced 
neuronal apoptosis blocked by the herpes simplex virus 
latency-associated transcript. Science. 2000;287:1500-1503.

47. Tang S, Bertke AS, Patel A, et al. An acutely and latently 
expressed herpes simplex virus 2 viral microRNA inhibits 
expression of ICP34.5, a viral neurovirulence factor. Proc 
Natl Acad Sci U S A. 2008;105:10931-10936.

48. Du T, Zhou G, Roizman B. HSV-1 gene expression from 
reactivated ganglia is disordered and concurrent with sup-
pression of latency-associated transcript and miRNAs. Proc 
Natl Acad Sci U S A. 2011;108:18820-18824.

49. Schiffer JT, Corey L. Rapid host immune response and viral 
dynamics in herpes simplex virus-2 infection. Nat Med. 
2013;19:280-290.

50. Schiffer JT, Abu-Raddad L, Mark KE, et al. Frequent release 
of low amounts of herpes simplex virus from neurons: 
results of a mathematical model. Sci Transl Med. 2009;1:
7-16.

51. Wang K, Lau T, Morales M, et al. Laser-capture microdis-
section: refining estimates of the quantity and distribution 
of latent herpes simplex virus 1 and varicella-zoster virus 
DNA in human trigeminal ganglia at the single-cell level.  
J Virol. 2005;79:14079-14087.

52. Chen X, Mata M, Kelley M, et al. The relationship of herpes 
simplex virus latency associated transcript expression to 
genome copy number: a quantitative study using laser 
capture microdissection. J Neurovirol. 2002;8:204-210.

53. Catez F, Picard C, Held K, et al. HSV-1 genome subnuclear 
positioning and associations with host-cell PML-NBs and 
centromeres regulate LAT locus transcription during 
latency in neurons. PLoS Pathog. 2012;8:e1002852.

54. Cliffe AR, Coen DM, Knipe DM. Kinetics of facultative 
heterochromatin and polycomb group protein association 
with the herpes simplex viral genome during establishment 
of latent infection. MBio. 2013;4:e00590-12.

55. Knipe DM, Lieberman PM, Jung JU, et al. Snapshots:  
chromatin control of viral infection. Virology. 2013;435:
141-156.

56. Schiffer JT, Aubert M, Weber ND, et al. Targeted DNA 
mutagenesis for the cure of chronic viral infections. J Virol. 
2012;86:8920-8936.

57. Mertz KJ, Trees D, Levine WC, et al. Etiology of genital 
ulcers and prevalence of human immunodeficiency virus 
coinfection in 10 US cities. The Genital Ulcer Disease Sur-
veillance Group. J Infect Dis. 1998;178:1795-1798.

58. Malkin JE, Morand P, Malvy D, et al. Seroprevalence of 
HSV-1 and HSV-2 infection in the general French popula-
tion. Sex Transm Infect. 2002;78:201-203.

59. Tunback P, Bergstrom T, Andersson AS, et al. Prevalence 
of herpes simplex virus antibodies in childhood and ado-
lescence: a cross-sectional study. Scand J Infect Dis. 2003;
35:498-502.

60. Xu F, Sternberg M, Kottiri B, et al. Trends in herpes simplex 
virus type 1 and type 2 seroprevalence in the United States. 
JAMA. 2006;296:964-973.

61. Cowan FM, Copas A, Johnson AM, et al. Herpes simplex 
virus type 1 infection: a sexually transmitted infection of 
adolescence? Sex Transm Infect. 2002;78:346-348.

62. Kropp R, Wong T, Cormier L, et al. Neonatal herpes 
simplex virus infections in Canada: results of a 3-year 
national prospective study. Pediatrics. 2006;117:1955-1962.

63. Vyse AJ, Gay NJ, Slomka MJ, et al. The burden of infection 
with HSV-1 and HSV-2 in England and Wales: implica-
tions for the changing epidemiology of genital herpes. Sex 
Transm Infect. 2000;76:183-187.

64. Bernstein DI, Bellamy AR, Hook EW 3rd, et al. Epidemiol-
ogy, clinical presentation, and antibody response to 
primary infection with herpes simplex virus type 1 and 
type 2 in young women. Clin Infect Dis. 2013;56:344-351.

65. Cowan FM, Johnson AM, Ashley R, et al. Antibody to 
herpes simplex virus type 2 as serological marker of sexual 
lifestyle in populations. BMJ. 1994;309:1325-1329.

66. Fleming D, McQuillan G, Johnson R, et al. Herpes simplex 
virus type 2 in the United States, 1976 to 1994. N Engl J 
Med. 1997;337:1105-1111.

67. Weiss H. Epidemiology of herpes simplex virus type 2 
infection in the developing world. Herpes. 2004;11(suppl 
1):24A-35A.

68. Tronstein E, Johnston C, Huang ML, et al. Genital shedding 
of herpes simplex virus among symptomatic and asymp-
tomatic persons with HSV-2 infection. JAMA. 2011;305:
1441-1449.

69. Mugo N, Dadabhai SS, Bunnell R, et al. Prevalence of 
herpes simplex virus type 2 infection, human immunode-
ficiency virus/herpes simplex virus type 2 coinfection, and 
associated risk factors in a national, population-based 
survey in Kenya. Sex Transm Dis. 2011;38:1059-1066.

70. Johnson RE, Nahmias AJ, Magder LS, et al. A seroepide-
miologic survey of the prevalence of herpes simplex virus 
type 2 infection in the United States. N Engl J Med. 1989;
321:7-12.

71. Andrasik MP, Chapman CH, Clad R, et al. Developing 
concurrency messages for the black community in Seattle, 
Washington. AIDS Educ Prev. 2012;24:527-548.

72. Corey L, Wald A, Celum C, et al. The effects of herpes 
simplex virus-2 on HIV-1 acquisition and transmission: a 
review of two overlapping epidemics. J Acquir Immune 
Defic Syndr. 2004;35:435-445.

73. Koutsky LA, Ashley RL, Holmes KK, et al. The frequency 
of unrecognized type 2 herpes simplex virus infection 
among women: implications for the control of genital 
herpes. Sex Transm Dis. 1990;17:90-94.

74. Cherpes TL, Meyn LA, Krohn MA, et al. Risk factors for 
infection with herpes simplex virus type 2: role of smoking, 
douching, uncircumcised males, and vaginal flora. Sex 
Transm Dis. 2003;30:405-410.

75. Looker KJ, Garnett GP, Schmid GP. An estimate of the glo-
bal prevalence and incidence of herpes simplex virus type 
2 infection. Bull World Health Organ. 2008;86:805-812.

76. Langenberg AG, Corey L, Ashley RL, et al. A prospective 
study of new infections with herpes simplex virus type 1 
and type 2. Chiron HSV Vaccine Study Group. N Engl J 
Med. 1999;341:1432-1438.

77. Stanberry LR, Spruance SL, Cunningham AL, et al. 
Glycoprotein-D-adjuvant vaccine to prevent genital 
herpes. N Engl J Med. 2002;347:1652-1661.

78. Corey L, Langenberg AG, Ashley R, et al. Recombinant 
glycoprotein vaccine for the prevention of genital HSV-2 
infection: two randomized controlled trials. Chiron HSV 
Vaccine Study Group. JAMA. 1999;282:331-340.

79. Wald A, Langenberg A, Link K, et al. Effect of condoms on 
reducing the transmission of herpes simplex virus type 2 
from men to women. JAMA. 2001;285:3100-3106.

80. Gottlieb SL, Douglas JM Jr, Foster M, et al. Incidence  
of herpes simplex virus type 2 infection in 5 sexually 

http://www.myuptodate.com


1730.e2
P
a
rt

 I
II

 I
n

fe
ct

io
u

s 
D

is
ea

se
s 

an
d

 T
h

ei
r 

Et
io

lo
g

ic
 A

g
en

ts

transmitted disease (STD) clinics and the effect of HIV/
STD risk-reduction counseling. J Infect Dis. 2004;190:
1059-1067.

81. Kebede Y, Dorigo-Zetsma W, Mengistu Y, et al. Transmis-
sion of herpes simplex virus type 2 among factory workers 
in Ethiopia. J Infect Dis. 2004;190:365-372.

82. Kamali A, Nunn A, Mulder D, et al. Seroprevalence and 
incidence of genital ulcer infections in a rural Ugandan 
population. Sex Transm Infect. 1999;75:98-102.

83. McFarland W, Gwanzura L, Bassett M, et al. Prevalence and 
incidence of herpes simplex virus type 2 infection among 
male Zimbabwean factory workers. J Infect Dis. 1999;180:
1459-1465.

84. Okuku HS, Sanders EJ, Nyiro J, et al. Factors associated 
with herpes simplex virus type 2 incidence in a cohort  
of human immunodeficiency virus type 1-seronegative 
Kenyan men and women reporting high-risk sexual behav-
ior. Sex Transm Dis. 2011;38:837-844.

85. Tobian AA, Charvat B, Ssempijja V, et al. Factors associated 
with the prevalence and incidence of herpes simplex virus 
type 2 infection among men in Rakai, Uganda. J Infect Dis. 
2009;199:945-949.

86. Schiffer JT, Wald A, Selke S, et al. The kinetics of mucosal 
herpes simplex virus-2 infection in humans: evidence  
for rapid viral-host interactions. J Infect Dis. 2011;204:
554-561.

87. Corey L, Wald A, Patel R, et al. Once-daily valacyclovir to 
reduce the risk of transmission of genital herpes. N Engl J 
Med. 2004;350:11-20.

88. Mertz GJ, Schmidt O, Jourden JL, et al. Frequency of acqui-
sition of first-episode genital infection with herpes simplex 
virus from symptomatic and asymptomatic source con-
tacts. Sex Transm Dis. 1985;12:33-39.

89. Wald A, Krantz E, Selke S, et al. Knowledge of partners’ 
genital herpes protects against herpes simplex virus type 2 
acquisition. J Infect Dis. 2006;194:42-52.

90. Weiss H, Thomas S, Munabi S, et al. Male circumcision and 
risk of syphilis, chancroid, and genital herpes: a systematic 
review and meta-analysis. Sex Transm Infect. 2006;82:101-
109; discussion 110.

91. Sobngwi-Tambekou J, Taljaard D, Lissouba P, et al. Effect 
of HSV-2 serostatus on acquisition of HIV by young men: 
results of a longitudinal study in Orange Farm, South 
Africa. J Infect Dis. 2009;199:958-964.

92. Tobian AA, Serwadda D, Quinn TC, et al. Male circumci-
sion for the prevention of HSV-2 and HPV infections and 
syphilis. N Engl J Med. 2009;360:1298-1309.

93. Tobian AA, Kigozi G, Redd AD, et al. Male circumcision 
and herpes simplex virus type 2 infection in female part-
ners: a randomized trial in Rakai, Uganda. J Infect Dis. 
2012;205:486-490.

94. Wald A, Zeh J, Selke S, et al. Reactivation of genital herpes 
simplex virus type 2 infection in asymptomatic seroposi-
tive persons. N Engl J Med. 2000;342:844-850.

95. Blank H, Haines HG. Experimental human reinfection with 
herpes simplex virus. J Invest Dermatol. 1973;61:223-225.

96. Cherpes TL, Meyn LA, Hillier SL. Cunnilingus and vaginal 
intercourse are risk factors for herpes simplex virus type 1 
acquisition in women. Sex Transm Dis. 2005;32:84-89.

97. Perl TM, Haugen TH, Pfaller MA, et al. Transmission of 
herpes simplex virus type 1 infection in an intensive care 
unit. Ann Intern Med. 1992;117:584-586.

98. Belongia EA, Goodman JL, Holland EJ, et al. An outbreak 
of herpes gladiatorum at a high-school wrestling camp.  
N Engl J Med. 1991;325:906-910.

99. Brown ZA, Selke S, Zeh J, et al. The acquisition of herpes 
simplex virus during pregnancy. N Engl J Med. 1997;337:
509-515.

100. Quinn TC, Corey L, Chaffee RG, et al. The etiology of 
anorectal infections in homosexual men. Am J Med. 1981;
71:395-406.

101. Gray R, Wawer M, Brookmeyer R, et al. Probability of 
HIV-1 transmission per coital act in monogamous,  
heterosexual, HIV-1-discordant couples in Rakai, Uganda. 
Lancet. 2001;357:1149-1153.

102. Baeten JM, Kahle E, Lingappa JR, et al. Genital HIV-1 RNA 
predicts risk of heterosexual HIV-1 transmission. Sci Transl 
Med. 2011;3:77ra29.

103. Schiffer JT, Swan D, Al Sallaq R, et al. Rapid localized 
spread and immunologic containment define herpes 
simplex virus-2 reactivation in the human genital tract. 
Elife. 2013;2:e00288.

104. Schiffer JT, Magaret A, Selke S, et al. Detailed analysis of 
mucosal herpes simplex virus-2 replication kinetics with 
and without antiviral therapy. J Antimicrob Chemother. 
2011;66:2593-2600.

105. Sacks SL, Griffiths PD, Corey L, et al. Introduction: is viral 
shedding a surrogate marker for transmission of genital 
herpes? Antiviral Res. 2004;63(suppl 1):S3-S9.

106. Mark KE, Wald A, Magaret AS, et al. Rapidly cleared epi-
sodes of herpes simplex virus reactivation in immunocom-
petent adults. J Infect Dis. 2008;198:1141-1149.

107. Mark KE, Wald A, Magaret AS, et al. Rapidly cleared epi-
sodes of oral and anogenital herpes simplex virus shedding 

in HIV-infected adults. J Acquir Immune Defic Syndr. 
2010;54:482-488.

108. Blower S, Wald A, Gershengorn H, et al. Targeting virologi-
cal core groups: a new paradigm for controlling herpes 
simplex virus type 2 epidemics. J Infect Dis. 2004;190:
1610-1617.

109. Kim H, Wald A, Harris J, et al. Does frequency of genital 
herpes recurrences predict risk of transmission? Further 
analysis of the valacyclovir transmission study. Sex Transm 
Dis. 2008;35:124-128.

110. Stanberry LR, Kern ER, Richards JT, et al. Genital herpes 
in guinea pigs: pathogenesis of the primary infection and 
description of recurrent disease. J Infect Dis. 1982;146:
397-404.

111. Sawtell NM. Quantitative analysis of herpes simplex virus 
reactivation in vivo demonstrates that reactivation in the 
nervous system is not inhibited at early times postinocula-
tion. J Virol. 2003;77:4127-4138.

112. Rock DL, Fraser NW. Detection of HSV-1 genome in 
central nervous system of latently infected mice. Nature. 
1983;302:523-525.

113. Ohashi M, Bertke AS, Patel A, Krause PR. Spread of herpes 
simplex virus to the spinal cord is independent of spread 
to dorsal root ganglia. J Virol. 2011;85:3030-3032.

114. Feldman LT, Ellison AR, Voytek CC, et al. Spontaneous 
molecular reactivation of herpes simplex virus type 1 
latency in mice. Proc Natl Acad Sci U S A. 2002;99:978-983.

115. Corey L, Spear PG. Infections with herpes simplex viruses 
(1). N Engl J Med. 1986;314:686-691.

116. Johnston C, Magaret A, Selke S, et al. Herpes simplex virus 
viremia during primary genital infection. J Infect Dis. 2008;
198:31-34.

117. Verjans GM, Hintzen RQ, van Dun JM, et al. Selective 
retention of herpes simplex virus-specific T cells in latently 
infected human trigeminal ganglia. Proc Natl Acad Sci 
U S A. 2007;104:3496-3501.

118. Van Velzen M, Jing L, Osterhaus A, et al. Local CD4 and 
CD8 T-cell reactivity to HSV-1 antigens documents broad 
viral protein expression and immune competence in 
latently infected human trigeminal ganglia. PLoS Pathog. 
2013;9:e1003547.

119. Chen S, Garber D, Schaffer P, et al. Persistent elevated 
expression of cytokine transcripts in ganglia latently 
infected with herpes simplex virus in the absence of  
ganglionic replication or reactivation. Virology. 2000;278:
207-216.

120. Liu T, Khanna K, Carriere B, et al. Gamma interferon can 
prevent herpes simplex virus type 1 reactivation from 
latency in sensory neurons. J Virol. 2001;75:11178-11184.

121. Liu T, Khanna K, Chen X, et al. CD8(+) T cells can block 
herpes simplex virus type 1 (HSV-1) reactivation from 
latency in sensory neurons. J Exp Med. 2000;191:
1459-1466.

122. Decman V, Kinchington PR, Harvey SA, et al. Gamma 
interferon can block herpes simplex virus type 1 reactiva-
tion from latency, even in the presence of late gene expres-
sion. J Virol. 2005;79:10339-10347.

123. Knickelbein JE, Khanna KM, Yee MB, et al. Noncytotoxic 
lytic granule-mediated CD8+ T cell inhibition of HSV-1 
reactivation from neuronal latency. Science. 2008;322:
268-271.

124. Hoshino Y, Qin J, Follmann D, et al. The number of herpes 
simplex virus-infected neurons and the number of viral 
genome copies per neuron correlate with the latent viral 
load in ganglia. Virology. 2008;372:56-63.

125. Hoshino Y, Pesnicak L, Cohen JI, et al. Rates of reactivation 
of latent herpes simplex virus from mouse trigeminal 
ganglia ex vivo correlate directly with viral load and 
inversely with number of infiltrating CD8+ T cells. J Virol. 
2007;81:8157-8164.

126. Zhu J, Peng T, Johnston C, et al. Immune surveillance by 
CD8αα+ skin-resident T cells in human herpes virus 
infection. Nature. 2013;497:494-497.

127. Cunningham AL, Turner RR, Miller AC, et al. Evolution of 
recurrent herpes simplex lesions: an immunohistologic 
study. J Clin Invest. 1985;75:226-233.

128. Zhu J, Koelle D, Cao J, et al. Virus-specific CD8+ T cells 
accumulate near sensory nerve endings in genital skin 
during subclinical HSV-2 reactivation. J Exp Med. 2007;
204:595-603.

129. Peng T, Zhu J, Phasouk K, et al. An effector phenotype  
of CD8+ T cells at the junction epithelium during  
clinical quiescence of HSV-2 infection. J Virol. 2012;86:
10587-10596.

130. Koelle D, Posavad C, Barnum G, et al. Clearance of HSV-2 
from recurrent genital lesions correlates with infiltration of 
HSV-specific cytotoxic T lymphocytes. J Clin Invest. 1998;
101:1500-1508.

131. Koelle DM, Liu Z, McClurkan CM, et al. Expression of 
cutaneous lymphocyte-associated antigen by CD8(+) T 
cells specific for a skin-tropic virus. J Clin Invest. 2002;
110:537-548.

132. Schiffer JT, Abu-Raddad L, Mark KE, et al. Mucosal host 
immune response predicts the severity and duration of 

herpes simplex virus-2 genital tract shedding episodes. 
Proc Natl Acad Sci U S A. 2010;107:18973-18978.

133. Posavad CM, Koelle DM, Shaughnessy MF, et al. Severe 
genital herpes infections in HIV-infected individuals with 
impaired herpes simplex virus-specific CD8+ cytotoxic T 
lymphocyte responses. Proc Natl Acad Sci U S A. 1997;
94:10289-10294.

134. Posavad C, Wald A, Kuntz S, et al. Frequent reactivation of 
herpes simplex virus among HIV-1-infected patients 
treated with highly active antiretroviral therapy. J Infect Dis. 
2004;190:693-696.

135. Zhu J, Hladik F, Woodward A, et al. Persistence of HIV-1 
receptor-positive cells after HSV-2 reactivation is a poten-
tial mechanism for increased HIV-1 acquisition. Nat Med. 
2009;15:886-892.

136. Schiffer JT. Mucosal HSV-2 specific CD8+ T-cells represent 
containment of prior viral shedding rather than a correlate 
of future protection. Front Immunol. 2013;4:209.

137. Crespi C, Cumberland W, Wald A, et al. Longitudinal study 
of herpes simplex virus type 2 infection using viral 
dynamic modelling. Sex Transm Infect. 2007;83:359-364.

138. Wald A, Corey L, Cone R, et al. Frequent genital herpes 
simplex virus 2 shedding in immunocompetent women: 
effect of acyclovir treatment. J Clin Invest. 1997;99:
1092-1097.

139. Jerome KR, Fox R, Chen Z, et al. Inhibition of apoptosis by 
primary isolates of herpes simplex virus. Arch Virol. 
2001;146:2219-2225.

140. York IA, Roop C, Andrews DW, et al. A cytosolic herpes 
simplex virus protein inhibits antigen presentation to 
CD8+ T lymphocytes. Cell. 1994;77:525-535.

141. Tigges MA, Koelle D, Hartog K, et al. Human CD8+ herpes 
simplex virus-specific cytotoxic T-lymphocyte clones rec-
ognize diverse virion protein antigens. J Virol. 1992;66:
1622-1634.

142. Murphy JA, Duerst RJ, Smith TJ, et al. Herpes simplex virus 
type 2 virion host shutoff protein regulates alpha/beta 
interferon but not adaptive immune responses during 
primary infection in vivo. J Virol. 2003;77:9337-9345.

143. Barcy S, Corey L. Herpes simplex inhibits the capacity of 
lymphoblastoid B cell lines to stimulate CD4+ T cells.  
J Immunol. 2001;166:6242-6249.

144. Jerome KR, Chen Z, Lang R, et al. HSV and glycoprotein J 
inhibit caspase activation and apoptosis induced by gran-
zyme B or Fas. J Immunol. 2001;167:3928-3935.

145. Lin R, Noyce RS, Collins SE, et al. The herpes simplex virus 
ICP0 RING finger domain inhibits IRF3- and IRF7-
mediated activation of interferon-stimulated genes. J Virol. 
2004;78:1675-1684.

146. Sanchez R, Mohr I. Inhibition of cellular 2′-5′ oligoadenyl-
ate synthetase by the herpes simplex virus type 1 Us11 
protein. J Virol. 2007;81:3455-3464.

147. Abbo L, Vincek V, Dickinson G, et al. Selective defect in 
plasmacyoid dendritic cell function in a patient with AIDS-
associated atypical genital herpes simplex vegetans treated 
with imiquimod. Clin Infect Dis. 2007;44:e25-e27.

148. Dalloul A, Oksenhendler E, Chosidow O, et al. Severe 
herpes virus (HSV-2) infection in two patients with myelo-
dysplasia and undetectable NK cells and plasmacytoid 
dendritic cells in the blood. J Clin Virol. 2004;30:329-336.

149. Puel A, Reichenbach J, Bustamante J, et al. The NEMO 
mutation creating the most-upstream premature stop 
codon is hypomorphic because of a reinitiation of transla-
tion. Am J Hum Genet. 2006;78:691-701.

150. Sancho-Shimizu V, Perez de Diego R, Lorenzo L, et al. 
Herpes simplex encephalitis in children with autosomal 
recessive and dominant TRIF deficiency. J Clin Invest. 
2011;121:4889-4902.

151. Casrouge A, Zhang SY, Eidenschenk C, et al. Herpes 
simplex virus encephalitis in human UNC-93B deficiency. 
Science. 2006;314:308-312.

152. Sancho-Shimizu V, Zhang SY, Abel L, et al. Genetic suscep-
tibility to herpes simplex virus 1 encephalitis in mice and 
humans. Curr Opin Allergy Clin Immunol. 2007;7:495-505.

153. Johnson JR, Egaas S, Gleaves CA, et al. Hepatitis due to 
herpes simplex virus in marrow-transplant recipients.  
Clin Infect Dis. 1992;14:38-45.

154. Kusne S, Schwartz M, Breinig MK, et al. Herpes simplex 
virus hepatitis after solid organ transplantation in adults.  
J Infect Dis. 1991;163:1001-1007.

155. Modiano P, Salloum E, Gillet-Terver MN, et al. Acyclovir-
resistant chronic cutaneous herpes simplex in Wiskott-
Aldrich syndrome. Br J Dermatol. 1995;133:475-478.

156. Leib DA. Counteraction of interferon-induced antiviral 
responses by herpes simplex viruses. Curr Top Microbiol 
Immunol. 2002;269:171-185.

157. Bochud PY, Magaret AS, Koelle DM, et al. Polymorphisms 
in TLR2 are associated with increased viral shedding and 
lesional rate in patients with genital herpes simplex virus 
type 2 infection. J Infect Dis. 2007;196:505-509.

158. Mark K, Corey L, Meng T, et al. Topical resiquimod 0.01% 
gel decreases herpes simplex virus type 2 genital shedding: 
a randomized, controlled trial. J Infect Dis. 2007;195:
1324-1331.

http://www.myuptodate.com


1730.e3
C

h
ap

ter 138 Herpes	Sim
plex	Virus

159. Koelle DM, Magaret A, Warren T, et al. APOE genotype is 
associated with oral herpetic lesions but not genital or oral 
herpes simplex virus shedding. Sex Transm Infect. 2010;86:
202-206.

160. Koelle D, Corey L. Herpes simplex: insights on patho-
genesis and possible vaccines. Annu Rev Med. 2008;59:
381-395.

161. Lund JM, Linehan MM, Iijima N, et al. Cutting edge: plas-
macytoid dendritic cells provide innate immune protection 
against mucosal viral infection in situ. J Immunol. 2006;
177:7510-7514.

162. Siegal FP, Kadowaki N, Shodell M, et al. The nature of the 
principal type 1 interferon-producing cells in human 
blood. Science. 1999;284:1835-1837.

163. Manickan E, Rouse BT. Roles of different T-cell subsets in 
control of herpes simplex virus infection determined by 
using T-cell-deficient mouse-models. J Virol. 1995;69:
8178-8179.

164. Koelle DM, Corey L. Recent progress in herpes simplex 
virus immunobiology and vaccine research. Clin Microbiol 
Rev. 2003;16:96-113.

165. Kapoor AK, Nash AA, Wildy P, et al. Pathogenesis of 
herpes simplex virus in congenitally athymic mice: the rela-
tive roles of cell-mediated and humoral immunity. J Gen 
Virol. 1982;60:225-233.

166. Smith CM, Belz GT, Wilson NS, et al. Cutting edge: con-
ventional CD8 alpha+ dendritic cells are preferentially 
involved in CTL priming after footpad infection with 
herpes simplex virus-1. J Immunol. 2003;170:4437-4440.

167. Khanna KM, Bonneau RH, Kinchington PR, et al. Herpes 
simplex virus–specific memory CD8+ T cells are selectively 
activated and retained in latently infected sensory ganglia. 
Immunity. 2003;18:593-603.

168. Jing L, Haas J, Chong TM, et al. Cross-presentation and 
genome-wide screening reveal candidate T cells antigens 
for a herpes simplex virus type 1 vaccine. J Clin Invest. 
2012;122:654-673.

169. Jing L, Schiffer JT, Chong TM, et al. CD4 T-cell memory 
responses to viral infections of humans show pronounced 
immunodominance independent of duration or viral per-
sistence. J Virol. 2013;87:2617-2627.

170. Moss NJ, Magaret A, Laing KJ, et al. Peripheral blood CD4 
T-cell and plasmacytoid dendritic cell (pDC) reactivity to 
herpes simplex virus 2 and pDC number do not correlate 
with the clinical or virologic severity of recurrent genital 
herpes. J Virol. 2012;86:9952-9963.

171. Koelle DM, Abbo H, Peck A, et al. Direct recovery of 
herpes simplex virus (HSV)-specific T lymphocyte clones 
from recurrent genital HSV-2 lesions. J Infect Dis. 1994;
169:956-961.

172. Cunningham AL, Merigan TC. Gamma interferon produc-
tion appears to predict time of recurrence of herpes labialis. 
J Immunol. 1983;130:2397-2400.

173. Nakanishi Y, Lu B, Gerard C, et al. CD8(+) T lymphocyte 
mobilization to virus-infected tissue requires CD4(+) 
T-cell help. Nature. 2009;462:510-513.

174. Brown Z, Wald A, Morrow R, et al. Effect of serologic status 
and cesarean delivery on transmission rates of herpes 
simplex virus from mother to infant. JAMA. 2003;289:
203-209.

175. Prober CG, Sullender WM, Yasukawa LL, et al. Low risk of 
herpes simplex virus infections in neonates exposed to the 
virus at the time of vaginal delivery to mothers with recur-
rent genital herpes simplex virus infections. N Engl J Med. 
1987;316:240-244.

176. Brown EL, Morrow R, Krantz EM, et al. Maternal herpes 
simplex virus antibody avidity and risk of neonatal herpes. 
Am J Obstet Gynecol. 2006;195:115-120.

177. Dubin G, Fishman NO, Eisenberg RJ, et al. The role of 
herpes simplex virus glycoproteins in immune evasion. 
Curr Top Microbiol Immunol. 1992;179:111-120.

178. Balachandran N, Bacchetti S, Rawls WE. Protection against 
lethal challenge of BALB/c mice by passive transfer of 
monoclonal antibodies to five glycoproteins of herpes 
simplex virus type 2. Infect Immun. 1982;37:1132-1137.

179. Mikloska Z, Sanna P, Cunningham A. Neutralizing  
antibodies inhibit axonal spread of herpes simplex virus 
type 1 to epidermal cells in vitro. J Virol. 1999;73:
5934-5944.

180. Li Z, Palaniyandi S, Zeng R, et al. Transfer of IgG in the 
female genital tract by MHC class I-related neonatal Fc 
receptor (FcRn) confers protective immunity to vaginal 
infection. Proc Natl Acad Sci U S A. 2011;108:4388-4393.

181. Kwant-Mitchell A, Ashkar AA, Rosenthal KL. Mucosal 
innate and adaptive immune responses against herpes 
simplex virus type 2 in a humanized mouse model. J Virol. 
2009;83:10664-10676.

182. Awasthi S, Lubinski JM, Shaw CE, et al. Immunization with 
a vaccine combining herpes simplex virus 2 (HSV-2) gly-
coprotein C (gC) and gD subunits improves the protection 
of dorsal root ganglia in mice and reduces the frequency of 
recurrent vaginal shedding of HSV-2 DNA in guinea pigs 
compared to immunization with gD alone. J Virol. 2011;
85:10472-10486.

183. Corey L, Adams HG, Brown ZA, et al. Genital herpes 
simplex virus infections: clinical manifestations, course, 
and complications. Ann Intern Med. 1983;98:958-972.

184. Reeves WC, Corey L, Adams HG, et al. Risk of recurrence 
after first episodes of genital herpes: relation to HSV type 
and antibody response. N Engl J Med. 1981;305:315-319.

185. Benedetti J, Corey L, Ashley R. Recurrence rates in genital 
herpes after symptomatic first-episode infection. Ann 
Intern Med. 1994;121:847-854.

186. Bader C, Crumpacker CS, Schnipper LE, et al. The natural 
history of recurrent facial-oral infection with herpes 
simplex virus. J Infect Dis. 1978;138:897-905.

187. Glezen WP, Fernald GW, Lohr JA. Acute respiratory 
disease of university students with special reference to the 
etiologic role of Herpesvirus hominis. Am J Epidemiol. 
1975;101:111-121.

188. Schmitt DL, Johnson DW, Henderson FW. Herpes simplex 
type 1 infections in group day care. Pediatr Infect Dis J. 
1991;10:729-734.

189. Amir J, Harel L, Smetana Z, et al. The natural history of 
primary herpes simplex type 1 gingivostomatitis in chil-
dren. Pediatr Dermatol. 1999;16:259-263.

190. Openshaw H, Bennett HE. Recurrence of herpes simplex 
virus after dental extraction. J Infect Dis. 1982;146:707.

191. Pazin GJ, Armstrong JA, Lam MT, et al. Prevention of 
reactivated herpes simplex infection by human leukocyte 
interferon after operation on the trigeminal root. N Engl J 
Med. 1979;301:225-230.

192. Straus SE, Smith HA, Brickman C, et al. Acyclovir for 
chronic mucocutaneous herpes simplex virus infection in 
immunosuppressed patients. Ann Intern Med. 1982;96:
270-277.

193. Eisen D, Essell J, Broun ER, et al. Clinical utility of oral 
valacyclovir compared with oral acyclovir for the preven-
tion of herpes simplex virus mucositis following autolo-
gous bone marrow transplantation or stem cell rescue 
therapy. Bone Marrow Transplant. 2003;31:51-55.

194. Siegal FP, Lopez C, Hammer GS, et al. Severe acquired 
immunodeficiency in male homosexuals, manifested by 
chronic perianal ulcerative herpes simplex lesions. N Engl 
J Med. 1981;305:1439-1444.

195. Foley FD, Greenawald KA, Nash G, et al. Herpesvirus 
infection in burned patients. N Engl J Med. 1970;282:
652-656.

196. Garland SM, Hill PJ. Eczema herpeticum in pregnancy 
successfully treated with acyclovir. Aust N Z J Obstet Gyn-
aecol. 1994;34:214-215.

197. Shelley W. Herpes simplex virus as a cause of erythema 
multiforme. JAMA. 1967;210:153.

198. Orton PW, Huff JC, Tonnesen MG, et al. Detection of a 
herpes simplex viral antigen in skin lesions of erythema 
multiforme. Ann Intern Med. 1984;101:48-50.

199. Green JA, Spruance SL, Wenerstrom G, et al. Post-herpetic 
erythema multiforme prevented with prophylactic oral 
acyclovir. Ann Intern Med. 1985;102:632-633.

200. Vahlne A, Edstrom S, Arstila P, et al. Bell’s palsy and herpes 
simplex virus. Arch Otolaryngol. 1981;107:79-81.

201. Furuta Y, Fukuda S, Chida E, et al. Reactivation of herpes 
simplex virus type 1 in patients with Bell’s palsy. J Med 
Virol. 1998;54:162-166.

202. Sullivan FM, Swan IR, Donnan PT, et al. Early treatment 
with prednisolone or acyclovir in Bell’s palsy. N Engl J Med. 
2007;357:1598-1607.

203. Hato N, Yamada H, Kohno H, et al. Valacyclovir and pred-
nisolone treatment for Bell’s palsy: a multicenter, random-
ized, placebo-controlled study. Otol Neurotol. 2007;28:
408-413.

204. Engstrom M, Berg T, Stjernquist-Desatnik A, et al. Pred-
nisolone and valacyclovir in Bell’s palsy: a randomised, 
double-blind, placebo-controlled, multicentre trial. Lancet 
Neurol. 2008;7:993-1000.

205. Bernstein D, Lovett M, Bryson Y. Serologic analysis of first-
episode nonprimary genital herpes simplex virus infection: 
presence of type 2 antibody in acute serum samples. Am J 
Med. 1984;77:1055-1060.

206. Engelberg R, Carrell D, Krantz E, et al. Natural history of 
genital herpes simplex virus type 1 infection. Sex Transm 
Dis. 2003;30:174-177.

207. Benedetti JK, Zeh J, Selke S, et al. Frequency and reactiva-
tion of nongenital lesions among patients with genital 
herpes simplex virus. Am J Med. 1995;98:237-242.

208. Bryson YJ, Dillon M, Lovett M, et al. Treatment of first 
episodes of genital herpes simplex virus infection with oral 
acyclovir: a randomized double-blind controlled trial in 
normal subjects. N Engl J Med. 1983;308:916-921.

209. Corey L, Fife KH, Benedetti JK, et al. Intravenous acyclovir 
for the treatment of primary genital herpes. Ann Intern 
Med. 1983;98:914-921.

210. Stamm WE, Wagner KF, Amsel R, et al. Causes of the acute 
urethral syndrome in women. N Engl J Med. 1980;303:
409-415.

211. Koutsky LA, Stevens CE, Holmes KK, et al. Underdiagnosis 
of genital herpes by current clinical and viral-isolation pro-
cedures. N Engl J Med. 1992;326:1533-1539.

212. Lehtinen M, Rantala I, Teisala K, et al. Detection of herpes 
simplex virus in women with acute pelvic inflammatory 
disease. J Infect Dis. 1985;152:78-82.

213. Morrisseau PM, Phillips CA, Leadbetter GW Jr. Viral pros-
tatitis. J Urol. 1970;103:767-769.

214. Goodell SE, Quinn TC, Mkrtichian E, et al. Herpes simplex 
virus proctitis in homosexual men: clinical, sigmoido-
scopic, and histopathological features. N Engl J Med. 1983;
308:868-871.

215. Rompalo AM, Mertz GJ, Davis LG, et al. Oral acyclovir for 
treatment of first-episode herpes simplex virus proctitis. 
JAMA. 1988;259:2879-2881.

216. Schacker T, Hu HL, Koelle DM, et al. Famciclovir for the 
suppression of symptomatic and asymptomatic herpes 
simplex virus reactivation in HIV-infected persons: a 
double-blind, placebo-controlled trial. Ann Intern Med. 
1998;128:21-28.

217. Wald A, Zeh J, Selke S, et al. Virologic characteristics of 
subclinical and symptomatic genital herpes infections.  
N Engl J Med. 1995;333:770-775.

218. Whitley R, Barton N, Collins E, et al. Mucocutaneous 
herpes simplex virus infections in immunocompromised 
patients: a model for evaluation of topical antiviral agents. 
Am J Med. 1982;73:236-240.

219. Skoldenberg B, Jeansson S, Wolontis S. Herpes simplex 
virus type 2 and acute aseptic meningitis: clinical features 
of cases with isolation of herpes simplex virus from cere-
brospinal fluids. Scand J Infect Dis. 1975;7:227-232.

220. Schlesinger Y, Tebas P, Gaudreault-Keener M, et al. Herpes 
simplex virus type 2 meningitis in the absence of genital 
lesions: improved recognition with use of the polymerase 
chain reaction. Clin Infect Dis. 1995;20:842-848.

221. Ravaut P, Darré M. Les réactions nerveuses au cours de 
herpes genitaux. Ann Dermatol Syphiligr. 1904;5:481.

222. Brenton DW. Hypoglycorrhachia in herpes simplex type 2 
meningitis. Arch Neurol. 1980;37:317.

223. Bruyn GW, Straathof LJ, Raymakers GM. Mollaret’s  
meningitis: differential diagnosis and diagnostic pitfalls. 
Neurology. 1962;12:745-753.

224. Tedder DG, Ashley R, Tyler KL, et al. Herpes simplex virus 
infection as a cause of benign recurrent lymphocytic men-
ingitis. Ann Intern Med. 1994;121:334-338.

225. Bergstrom T, Vahlne A, Alestig K, et al. Primary and recur-
rent herpes simplex virus type 2-induced meningitis.  
J Infect Dis. 1990;162:322-330.

226. Riehle RA Jr, Williams JJ. Transient neuropathic bladder 
following herpes simplex genitalis. J Urol. 1979;122:
263-264.

227. Goldmeier D, Bateman JR, Rodin P. Urinary retention and 
intestinal obstruction associated with ano-rectal herpes 
simplex virus infection. Br Med J. 1975;2:425.

228. Shturman-Ellstein R, Borkowsky W, Fish I, et al. Myelitis 
associated with genital herpes in a child. J Pediatr. 1976;
88:523.

229. Diamond C, Mohan K, Hobson A, et al. Viremia in neona-
tal herpes simplex virus infections. Pediatr Infect Dis J. 
1999;18:487-489.

230. Frederick DM, Bland D, Gollin Y. Fatal disseminated 
herpes simplex virus infection in a previously healthy preg-
nant woman: a case report. J Reprod Med. 2002;47:591-596.

231. Moedy JL, Lerman SJ, White RJ. Fatal disseminated herpes 
simplex virus infection in a healthy child. Am J Dis Child. 
1981;135:45-47.

232. Friedman HM, Pincus T, Gibilisco P, et al. Acute monoar-
ticular arthritis caused by herpes simplex virus and cyto-
megalovirus. Am J Med. 1980;69:241-247.

233. Whitaker JA 3rd, Hardison JE. Severe thrombocytopenia 
after generalized herpes simplex virus-2 (HSV-2) infection. 
South Med J. 1978;71:864-865.

234. Flewett TH, Parker RG, Philip WM. Acute hepatitis due to 
herpes simplex virus in an adult. J Clin Pathol. 1969;
22:60-66.

235. Schlesinger JJ, Gandara D, Bensch KG. Myoglobinuria 
associated with herpes-group viral infections. Arch Intern 
Med. 1978;138:422-424.

236. Goyette RE, Donowho EM Jr, Hieger LR, et al. Fulminant 
herpesvirus hominis hepatitis during pregnancy. Obstet 
Gynecol. 1974;43:191-195.

237. Kobbermann T, Clark L, Griffin WT. Maternal death sec-
ondary to disseminated herpesvirus hominis. Am J Obstet 
Gynecol. 1980;137:742-743.

238. Nahmias AJ. Disseminated herpes-simplex-virus infec-
tions. N Engl J Med. 1970;282:684-685.

239. Sutton AL, Smithwick EM, Seligman SJ, et al. Fatal dis-
seminated herpesvirus hominis type 2 infection in an adult 
with associated thymic dysplasia. Am J Med. 1974;56:
545-553.

240. Kaul R, Nagelkerke N, Kimani J, et al. Prevalent herpes 
simplex virus type 2 infection is associated with altered 
vaginal flora and an increased susceptibility to multiple 
sexually transmitted infections. J Infect Dis. 2007;196:
1692-1697.

241. Sacks SL. Frequency and duration of patient-observed 
recurrent genital herpes simplex virus infection: 

http://www.myuptodate.com


1730.e4
P
a
rt

 I
II

 I
n

fe
ct

io
u

s 
D

is
ea

se
s 

an
d

 T
h

ei
r 

Et
io

lo
g

ic
 A

g
en

ts

characterization of the nonlesional prodrome. J Infect Dis. 
1984;150:873-877.

242. Frenkel LM, Garratty EM, Shen JP, et al. Clinical reactiva-
tion of herpes simplex virus type 2 infection in seropositive 
pregnant women with no history of genital herpes. Ann 
Intern Med. 1993;118:414-418.

243. Corey L, Holmes KK. Genital herpes simplex virus infec-
tions: current concepts in diagnosis, therapy, and preven-
tion. Ann Intern Med. 1983;98:973-983.

244. Diaz-Mitoma F, Ruben M, Sacks S, et al. Detection of viral 
DNA to evaluate outcome of antiviral treatment of patients 
with recurrent genital herpes. J Clin Microbiol. 1996;34:
657-663.

245. Lafferty WE, Coombs RW, Benedetti J, et al. Recurrences 
after oral and genital herpes simplex virus infection: influ-
ence of site of infection and viral type. N Engl J Med. 
1987;316:1444-1449.

246. Landry ML, Zibello TA. Ability of herpes simplex virus 
(HSV) types 1 and 2 to induce clinical disease and establish 
latency following previous genital infection with the heter-
ologous HSV type. J Infect Dis. 1988;158:1220-1226.

247. Sacks SL, Varner TL, Davies KS, et al. Randomized, double-
blind, placebo-controlled, patient-initiated study of topical 
high- and low-dose interferon-alpha with nonoxynol-9 in 
the treatment of recurrent genital herpes. J Infect Dis. 
1990;161:692-698.

248. Morse SA, Trees DL, Htun Y, et al. Comparison of clinical 
diagnosis and standard laboratory and molecular methods 
for the diagnosis of genital ulcer disease in Lesotho: asso-
ciation with human immunodeficiency virus infection.  
J Infect Dis. 1997;175:583-589.

249. Fast MV, D’Costa LJ, Nsanze H, et al. The clinical diagnosis 
of genital ulcer disease in men in the tropics. Sex Transm 
Dis. 1984;11:72-76.

250. Wald A, Huang ML, Carrell D, et al. Polymerase chain 
reaction for detection of herpes simplex virus (HSV) DNA 
on mucosal surfaces: comparison with HSV isolation in cell 
culture. J Infect Dis. 2003;188:1345-1351.

251. Chapel TA, Jeffries CD, Brown WJ. Simultaneous infection 
with Treponema pallidum and herpes simplex virus. Cutis. 
1979;24:191-192.

252. Langenberg A, Benedetti J, Jenkins J, et al. Development  
of clinically recognizable genital lesions among women 
previously identified as having “asymptomatic” herpes 
simplex virus type 2 infection. Ann Intern Med. 1989;110:
882-887.

253. Rand KH, Hoon EF, Massey JK, et al. Daily stress and 
recurrence of genital herpes simplex. Arch Intern Med. 
1990;150:1889-1893.

254. Cone RW, Hobson AC, Brown Z, et al. Frequent reactiva-
tion of genital herpes simplex viruses among pregnant 
women. JAMA. 1994;272:792-796.

255. Krone MR, Tabet SR, Paradise M, et al. Herpes simplex 
virus shedding among human immunodeficiency virus-
negative men who have sex with men: site and frequency 
of shedding. J Infect Dis. 1998;178:978-982.

256. Wald A, Zeh J, Selke S, et al. Genital shedding of herpes 
simplex virus among men. J Infect Dis. 2002;186(suppl 1):
S34-S39.

257. Benedetti JK, Zeh J, Corey L. Clinical reactivation of genital 
herpes simplex virus infection decreases in frequency over 
time. Ann Intern Med. 1999;131:14-20.

258. Phipps W, Saracino M, Magaret A, et al. Persistent genital 
herpes simplex virus-2 shedding years following the first 
clinical episode. J Infect Dis. 2011;203:180-187.

259. Bryson Y, Dillon M, Bernstein DI, et al. Risk of acquisition 
of genital herpes simplex virus type 2 in sex partners of 
persons with genital herpes: a prospective couple study.  
J Infect Dis. 1993;167:942-946.

260. Mertz GJ, Coombs RW, Ashley R, et al. Transmission of 
genital herpes in couples with one symptomatic and one 
asymptomatic partner: a prospective study. J Infect Dis. 
1988;157:1169-1177.

261. Rooney JF, Felser JM, Ostrove JM, et al. Acquisition of 
genital herpes from an asymptomatic sexual partner.  
N Engl J Med. 1986;314:1561-1564.

262. Tata S, Johnston C, Huang ML, et al. Overlapping reactiva-
tions of herpes simplex virus type 2 in the genital and 
perianal mucosa. J Infect Dis. 2010;201:499-504.

263. Gill MJ, Arlette J, Buchan K. Herpes simplex virus infection 
of the hand: a profile of 79 cases. Am J Med. 1988;84:
89-93.

264. Anderson BJ. The epidemiology and clinical analysis of 
several outbreaks of herpes gladiatorum. Med Sci Sports 
Exerc. 2003;35:1809-1814.

265. Liesegang TJ, Melton LJ 3rd, Daly PJ, et al. Epidemiology of 
ocular herpes simplex: incidence in Rochester, Minn, 1950 
through 1982. Arch Ophthalmol. 1989;107:1155-1159.

266. Cook SD. Herpes simplex virus in the eye. Br J Ophthalmol. 
1992;76:365-366.

267. Benz MS, Glaser JS, Davis JL. Progressive outer retinal 
necrosis in immunocompetent patients treated initially  
for optic neuropathy with systemic corticosteroids. Am J 
Ophthalmol. 2003;135:551-553.

268. Whitley RJ, Nahmias AJ, Visintine AM, et al. The natural 
history of herpes simplex virus infection of mother and 
newborn. Pediatrics. 1980;66:489-494.

269. Culbertson WW, Blumenkranz MS, Haines H, et al. The 
acute retinal necrosis syndrome. Part 2: Histopathology 
and etiology. Ophthalmology. 1982;89:1317-1325.

270. Holland GN. Acquired immunodeficiency syndrome and 
ophthalmology: the first decade. Am J Ophthalmol. 1992;
114:86-95.

271. Olson LC, Buescher EL, Artenstein MS, et al. Herpesvirus 
infections of the human central nervous system. N Engl J 
Med. 1967;277:1271-1277.

272. Whitley RJ, Lakeman F. Herpes simplex virus infections of 
the central nervous system: therapeutic and diagnostic 
considerations. Clin Infect Dis. 1995;20:414-420.

273. Whitley RJ, Soong SJ, Hirsch MS, et al. Herpes simplex 
encephalitis: vidarabine therapy and diagnostic problems. 
N Engl J Med. 1981;304:313-318.

274. Fraser NW, Lawrence WC, Wroblewska Z, et al. Herpes 
simplex type 1 DNA in human brain tissue. Proc Natl Acad 
Sci U S A. 1981;78:6461-6465.

275. Whitley R, Lakeman AD, Nahmias A, et al. DNA 
restriction-enzyme analysis of herpes simplex virus isolates 
obtained from patients with encephalitis. N Engl J Med. 
1982;307:1060-1062.

276. Whitley RJ, Cobbs CG, Alford CA Jr, et al. Diseases that 
mimic herpes simplex encephalitis: diagnosis, presenta-
tion, and outcome. NIAD Collaborative Antiviral Study 
Group. JAMA. 1989;262:234-239.

277. Aurelius E, Johansson B, Skoldenberg B, et al. Encephalitis 
in immunocompetent patients due to herpes simplex virus 
type 1 or 2 as determined by type-specific polymerase 
chain reaction and antibody assays of cerebrospinal fluid. 
J Med Virol. 1993;39:179-186.

278. Lakeman FD, Whitley RJ. Diagnosis of herpes simplex 
encephalitis: application of polymerase chain reaction to 
cerebrospinal fluid from brain-biopsied patients and cor-
relation with disease. National Institute of Allergy and 
Infectious Diseases Collaborative Antiviral Study Group.  
J Infect Dis. 1995;171:857-863.

279. Rowley AH, Whitley RJ, Lakeman FD, et al. Rapid detec-
tion of herpes-simplex-virus DNA in cerebrospinal fluid of 
patients with herpes simplex encephalitis. Lancet. 1990;
335:440-441.

280. Whitley RJ, Alford CA, Hirsch MS, et al. Vidarabine versus 
acyclovir therapy in herpes simplex encephalitis. N Engl J 
Med. 1986;314:144-149.

281. McBane RD, Gross JB Jr. Herpes esophagitis: clinical syn-
drome, endoscopic appearance, and diagnosis in 23 
patients. Gastrointest Endosc. 1991;37:600-603.

282. McDonald GB, Sharma P, Hackman RC, et al. Esophageal 
infections in immunosuppressed patients after marrow 
transplantation. Gastroenterology. 1985;88:1111-1117.

283. Ramsey PG, Fife KH, Hackman RC, et al. Herpes  
simplex virus pneumonia: clinical, virologic, and patho-
logic features in 20 patients. Ann Intern Med. 1982;97:
813-820.

284. Cook CH, Yenchar JK, Kraner TO, et al. Occult herpes 
family viruses may increase mortality in critically ill surgi-
cal patients. Am J Surg. 1998;176:357-360.

285. Graham BS, Snell JD Jr. Herpes simplex virus infection of 
the adult lower respiratory tract. Medicine (Baltimore). 
1983;62:384-393.

286. Camps K, Jorens PG, Demey HE, et al. Clinical significance 
of herpes simplex virus in the lower respiratory tract of 
critically ill patients. Eur J Clin Microbiol Infect Dis. 2002;
21:758-759.

287. Prellner T, Flamholc L, Haidl S, et al. Herpes simplex 
virus—the most frequently isolated pathogen in the lungs 
of patients with severe respiratory distress. Scand J Infect 
Dis. 1992;24:283-292.

288. Augenbraun M, Feldman J, Chirgwin K, et al. Increased 
genital shedding of herpes simplex virus type 2 in HIV-
seropositive women. Ann Intern Med. 1995;123:845-847.

289. Schacker T, Zeh J, Hu H, et al. Changes in plasma human 
immunodeficiency virus type 1 RNA associated with 
herpes simplex virus reactivation and suppression. J Infect 
Dis. 2002;186:1718-1725.

290. McClelland RS, Wang CC, Overbaugh J, et al. Association 
between cervical shedding of herpes simplex virus and 
HIV-1. AIDS. 2002;16:2425-2430.

291. van Velzen M, Ouwendijk WJ, Selke S, et al. Longitudinal 
study on oral shedding of herpes simplex virus 1 and 
varicella-zoster virus in individuals infected with HIV.  
J Med Virol. 2013;85:1669-1677.

292. Tobian AA, Grabowski MK, Serwadda D, et al. Reactiva-
tion of herpes simplex virus type 2 after initiation of anti-
retroviral therapy. J Infect Dis. 2013;208:839-846.

293. Siegel D, Golden E, Washington AE, et al. Prevalence and 
correlates of herpes simplex infections: the population-
based AIDS in Multiethnic Neighborhoods Study. JAMA. 
1992;268:1702-1708.

294. Freeman E, Weiss H, Glynn J, et al. Herpes simplex virus 2 
infection increases HIV acquisition in men and women: 

systematic review and meta-analysis of longitudinal 
studies. AIDS. 2006;20:73-83.

295. Albrecht MA, DeLuca NA, Byrn RA, et al. The herpes 
simplex virus immediate-early protein, ICP4, is required to 
potentiate replication of human immunodeficiency virus 
in CD4+ lymphocytes. J Virol. 1989;63:1861-1868.

296. Kucera LS, Leake E, Iyer N, et al. Human immunodefi-
ciency virus type 1 (HIV-1) and herpes simplex virus type 
2 (HSV-2) can coinfect and simultaneously replicate in the 
same human CD4+ cell: effect of coinfection on infectious 
HSV-2 and HIV-1 replication. AIDS Res Hum Retroviruses. 
1990;6:641-647.

297. Margolis D, Rabson A, Straus S, et al. Transactivation of 
the HIV-1 LTR by HSV-1 immediate-early genes. Virology. 
1992;186:788-791.

298. Mbopi Keou F, Grésenguet G, Mayaud P, et al. Genital 
herpes simplex virus type 2 shedding is increased in HIV-
infected women in Africa. AIDS. 1999;13:536-537.

299. Schacker T, Ryncarz A, Goddard J, et al. Frequent recovery 
of HIV-1 from genital herpes simplex virus lesions in HIV-
1-infected men. JAMA. 1998;280:61-66.

300. Holmberg S, Stewart J, Gerber A, et al. Prior herpes simplex 
virus type 2 infection as a risk factor for HIV infection. 
JAMA. 1988;259:1048-1050.

301. Hook EW 3rd, Cannon RO, Nahmias AJ, et al. Herpes 
simplex virus infection as a risk factor for human immu-
nodeficiency virus infection in heterosexuals. J Infect Dis. 
1992;165:251-255.

302. Serwadda D, Gray R, Sewankambo N, et al. Human immu-
nodeficiency virus acquisition associated with genital ulcer 
disease and herpes simplex virus type 2 infection: a nested 
case-control study in Rakai, Uganda. J Infect Dis. 2003;188:
1492-1497.

303. Stamm W, Handsfield H, Rompalo A, et al. The association 
between genital ulcer disease and acquisition of HIV infec-
tion in homosexual men. JAMA. 1988;260:1429-1433.

304. Brown J, Wald A, Hubbard A, et al. Incident and prevalent 
herpes simplex virus type 2 infection increases risk of HIV 
acquisition among women in Uganda and Zimbabwe. 
AIDS. 2007;21:1515-1523.

305. Abu-Raddad L, Magaret A, Celum C, et al. Genital herpes 
has played a more important role than any other sexually 
transmitted infection in driving HIV prevalence in Africa. 
PLoS One. 2008;3:e2230.

306. Wald A, Link K. Risk of human immunodeficiency virus 
infection in herpes simplex virus type 2-seropositive 
persons: a meta-analysis. J Infect Dis. 2002;185:45-52.

307. Celum C, Wald A, Hughes J, et al. Effect of aciclovir on 
HIV-1 acquisition in herpes simplex virus 2 seropositive 
women and men who have sex with men: a randomised, 
double-blind, placebo-controlled trial. Lancet. 2008;371:
2109-2119.

308. Watson-Jones D, Weiss H, Rusizoka M, et al. Effect of 
herpes simplex suppression on incidence of HIV among 
women in Tanzania. N Engl J Med. 2008;358:1560-1571.

309. Quinn T, Wawer M, Sewankambo N, et al. Viral load and 
heterosexual transmission of human immunodeficiency 
virus type 1. Rakai Project Study Group. N Engl J Med. 
2000;342:921-929.

310. Mole L, Ripich S, Margolis D, et al. The impact of active 
herpes simplex virus infection on human immunodefi-
ciency virus load. J Infect Dis. 1997;176:766-770.

311. Nagot N, Ouedraogo A, Konate I, et al. Roles of clinical and 
subclinical reactivated herpes simplex virus type 2 infec-
tion and human immunodeficiency virus type 1 (HIV-1)-
induced immunosuppression on genital and plasma HIV-1 
levels. J Infect Dis. 2008;198:241-249.

312. Chen KT, Segu M, Lumey LH, et al. Genital herpes simplex 
virus infection and perinatal transmission of human immu-
nodeficiency virus. Obstet Gynecol. 2005;106:1341-1348.

313. Drake A, John-Stewart G, Wald A, et al. Herpes simplex 
virus type 2 and risk of intrapartum human immunodefi-
ciency virus transmission. Obstet Gynecol. 2007;109:
403-409.

314. Nagot N, Ouédraogo A, Foulongne V, et al. Reduction of 
HIV-1 RNA levels with therapy to suppress herpes simplex 
virus. N Engl J Med. 2007;356:790-799.

315. Zuckerman R, Lucchetti A, Whittington W, et al. Herpes 
simplex virus (HSV) suppression with valacyclovir  
reduces rectal and blood plasma HIV-1 levels in HIV-1/
HSV-2-seropositive men: a randomized, double-blind, 
placebo-controlled crossover trial. J Infect Dis. 2007;196:
1500-1508.

316. Perti T, Saracino M, Baeten JM, et al. High-dose valacyclo-
vir decreases plasma HIV-1 RNA more than standard-dose 
acyclovir in persons coinfected with HIV-1 and HSV-2: a 
randomized crossover trial. J Acquir Immune Defic Syndr. 
2013;63:201-208.

317. Lingappa JR, Baeten JM, Wald A, et al. Daily acyclovir for 
HIV-1 disease progression in people dually infected with 
HIV-1 and herpes simplex virus type 2: a randomised 
placebo-controlled trial. Lancet. 2010;375:824-833.

318. Reynolds SJ, Makumbi F, Newell K, et al. Effect of daily 
aciclovir on HIV disease progression in individuals in 

http://www.myuptodate.com


1730.e5
C

h
ap

ter 138 Herpes	Sim
plex	Virus

Rakai, Uganda, co-infected with HIV-1 and herpes simplex 
virus type 2: a randomised, double-blind placebo-
controlled trial. Lancet Infect Dis. 2012;12:441-448.

319. Celum C, Wald A, Lingappa JR, et al. Acyclovir and trans-
mission of HIV-1 from persons infected with HIV-1 and 
HSV-2. N Engl J Med. 2010;362:427-439.

320. McMahon MA, Siliciano JD, Lai J, et al. The anti-herpetic 
drug acyclovir inhibits HIV replication and selects the 
V75i reverse transcriptase multi-drug resistance mutation. 
J Biol Chem. 2008;283:31289-31293.

321. Straus SE, Seidlin M, Takiff H, et al. Oral acyclovir to sup-
press recurring herpes simplex virus infections in immu-
nodeficient patients. Ann Intern Med. 1984;100:522-524.

322. Wade JC, Newton B, McLaren C, et al. Intravenous acyclo-
vir to treat mucocutaneous herpes simplex virus infection 
after marrow transplantation: a double-blind trial. Ann 
Intern Med. 1982;96:265-269.

323. Meyers JD, Flournoy N, Thomas ED. Infection with herpes 
simplex virus and cell-mediated immunity after marrow 
transplant. J Infect Dis. 1980;142:338-346.

324. Ringden O, Heimdahl A, Lonnqvist B, et al. Decreased 
incidence of viridans streptococcal septicaemia in alloge-
neic bone marrow transplant recipients after the introduc-
tion of acyclovir. Lancet. 1984;1:744.

325. Nichols WG, Boeckh M, Carter RA, et al. Transferred 
herpes simplex virus immunity after stem-cell transplanta-
tion: clinical implications. J Infect Dis. 2003;187:801-808.

326. Andrei G, Georgala A, Topalis D, et al. Heterogeneity and 
evolution of thymidine kinase and DNA polymerase 
mutants of herpes simplex virus type 1: implications for 
antiviral therapy. J Infect Dis. 2013;207:1295-1305.

327. Krawczyk A, Arndt MA, Grosse-Hovest L, et al. Overcom-
ing drug-resistant herpes simplex virus (HSV) infection by 
a humanized antibody. Proc Natl Acad Sci U S A. 2013;
110:6760-6765.

328. Katsumata K, Chono K, Kato K, et al. Pharmacokinetics 
and pharmacodynamics of ASP2151, a helicase-primase 
inhibitor, in a murine model of herpes simplex virus infec-
tion. Antimicrob Agents Chemother. 2013;57:1339-1346.

329. Arvin AM, Hensleigh PA, Prober CG, et al. Failure of ante-
partum maternal cultures to predict the infant’s risk of 
exposure to herpes simplex virus at delivery. N Engl J Med. 
1986;315:796-800.

330. Florman AL, Gershon AA, Blackett PR, et al. Intrauterine 
infection with herpes simplex virus: resultant congenital 
malformations. JAMA. 1973;225:129-132.

331. Kimura H, Futamura M, Kito H, et al. Detection of viral 
DNA in neonatal herpes simplex virus infections: frequent 
and prolonged presence in serum and cerebrospinal fluid. 
J Infect Dis. 1991;164:289-293.

332. Whitley R, Arvin A, Prober C, et al. Predictors of morbidity 
and mortality in neonates with herpes simplex virus infec-
tions. The National Institute of Allergy and Infectious Dis-
eases Collaborative Antiviral Study Group. N Engl J Med. 
1991;324:450-454.

333. Corey L, Whitley RJ, Stone EF, et al. Difference in neuro-
logic outcome after antiviral therapy of neonatal central 
nervous system herpes simplex virus type 1 versus herpes 
simplex virus type 2 infection. Lancet. 1988;2:1-4.

334. Arvin AM, Yeager AS, Bruhn FW, et al. Neonatal herpes 
simplex infection in the absence of mucocutaneous lesions. 
J Pediatr. 1982;100:715-721.

335. Kimberlin DW, Lin CY, Jacobs RF, et al. Safety and efficacy 
of high-dose intravenous acyclovir in the management of 
neonatal herpes simplex virus infections. Pediatrics. 2001;
108:230-238.

336. Kimberlin DW, Whitley RJ, Wan W, et al. Oral acyclovir 
suppression and neurodevelopment after neonatal herpes. 
N Engl J Med. 2011;365:1284-1292.

337. Forsgren M, Skoog E, Jeansson S, et al. Prevalence of anti-
bodies to herpes simplex virus in pregnant women in 
Stockholm in 1969, 1983 and 1989: implications for STD 
epidemiology. Int J STD AIDS. 1994;5:113-116.

338. Xu F, Markowitz LE, Gottlieb SL, et al. Seroprevalence of 
herpes simplex virus types 1 and 2 in pregnant women in 
the United States. Am J Obstet Gynecol. 2007;196:43.e1-
43.e6.

339. Brown ZA, Benedetti J, Ashley R, et al. Neonatal herpes 
simplex virus infection in relation to asymptomatic mater-
nal infection at the time of labor. N Engl J Med. 1991;
324:1247-1252.

340. Sudfeld CR, Hewett PC, Abuelezam NN, et al. Herpes 
simplex virus type 2 cross-sectional seroprevalence and the 
estimated rate of neonatal infections among a cohort of 
rural Malawian female adolescents. Sex Transm Infect. 
2013;89:561-567.

341. Brown ZA, Vontver LA, Benedetti J, et al. Genital herpes 
in pregnancy: risk factors associated with recurrences and 
asymptomatic viral shedding. Am J Obstet Gynecol. 1985;
153:24-30.

342. Vontver LA, Hickok DE, Brown Z, et al. Recurrent genital 
herpes simplex virus infection in pregnancy: infant 
outcome and frequency of asymptomatic recurrences.  
Am J Obstet Gynecol. 1982;143:75-84.

343. Brown ZA, Benedetti J, Selke S, et al. Asymptomatic mater-
nal shedding of herpes simplex virus at the onset of labor: 
relationship to preterm labor. Obstet Gynecol. 1996;87:
483-488.

344. Chalhub EG, Baenziger J, Feigen RD, et al. Congenital 
herpes simplex type II infection with extensive hepatic 
calcification, bone lesions and cataracts: complete post-
mortem examination. Dev Med Child Neurol. 1977;19:
527-534.

345. Hain J, Doshi N, Harger JH. Ascending transcervical 
herpes simplex infection with intact fetal membranes. 
Obstet Gynecol. 1980;56:106-109.

346. Abrams C. Isolation of herpes simplex from a mother and 
aborted fetus. Ghana Med J. 1966;5:41.

347. Kulhanjian JA, Soroush V, Au DS, et al. Identification of 
women at unsuspected risk of primary infection with 
herpes simplex virus type 2 during pregnancy. N Engl J 
Med. 1992;326:916-920.

348. Prober CG, Corey L, Brown ZA, et al. The management of 
pregnancies complicated by genital infections with herpes 
simplex virus. Clin Infect Dis. 1992;15:1031-1038.

349. Kropp RY, Wong T, Cormier L, et al. Neonatal herpes 
simplex virus infections in Canada: results of a 3-year 
national prospective study. Pediatrics. 2006;117:1955-1962.

350. Gibbs RS, Mead PB. Preventing neonatal herpes—current 
strategies. N Engl J Med. 1992;326:946-947.

351. Rouse DJ, Stringer JS. Cesarean delivery and risk of herpes 
simplex virus infection. JAMA. 2003;289:2208; author reply 
2209.

352. Brown EL, Gardella C, Malm G, et al. Effect of maternal 
herpes simplex virus (HSV) serostatus and HSV type on 
risk of neonatal herpes. Acta Obstet Gynecol Scand. 
2007;86:523-529.

353. Corey L, Wald A. Maternal and neonatal herpes simplex 
virus infections. N Engl J Med. 2009;361:1376-1385.

354. Gardella C, Brown Z, Wald A, et al. Poor correlation 
between genital lesions and detection of herpes simplex 
virus in women in labor. Obstet Gynecol. 2005;106:
268-274.

355. Frenkel LM, Brown ZA, Bryson YJ, et al. Pharmacokinetics 
of acyclovir in the term human pregnancy and neonate.  
Am J Obstet Gynecol. 1991;164:569-576.

356. Watts DH, Brown Z, Money D, et al. A double-blind, ran-
domized, placebo-controlled trial of acyclovir in late preg-
nancy for reduction of herpes simplex virus shedding and 
cesarean section. Am J Obstet Gynecol. 2003;188:836-843.

357. Sheffield J, Hill J, Hollier L, et al. Valacyclovir prophylaxis 
to prevent recurrent herpes at delivery: a randomized clini-
cal trial. Obstet Gynecol. 2006;108:141-147.

358. Hollier L, Wendel G. Third trimester antiviral prophylaxis 
for preventing maternal genital herpes simplex virus 
(HSV) recurrences and neonatal infection. Cochrane Data-
base Syst Rev. 2008;(1):CD004946.

359. Scott L, Alexander J. Cost-effectiveness of acyclovir sup-
pression to prevent recurrent genital herpes in term preg-
nancy. Am J Perinatol. 1998;15:57-62.

360. Gardella C, Brown Z, Wald A, et al. Risk factors for herpes 
simplex virus transmission to pregnant women: a couples 
study. Am J Obstet Gynecol. 2005;193:1891-1899.

361. Barnabas R, Carabin H, Garnett G. The potential role of 
suppressive therapy for sex partners in the prevention of 
neonatal herpes: a health economic analysis. Sex Transm 
Infect. 2002;78:425-429.

362. Mark KE, Kim HN, Wald A, et al. Targeted prenatal herpes 
simplex virus testing: can we identify women at risk of 
transmission to the neonate? Am J Obstet Gynecol. 2006;
194:408-414.

363. Kaushic C, Ashkar AA, Reid LA, et al. Progesterone 
increases susceptibility and decreases immune responses to 
genital herpes infection. J Virol. 2003;77:4558-4565.

364. Corey L, Huang ML, Selke S, et al. Differentiation of  
herpes simplex virus types 1 and 2 in clinical samples by  
a real-time taqman PCR assay. J Med Virol. 2005;76:
350-355.

365. Cowan FM, French RS, Mayaud P, et al. Seroepidemiologi-
cal study of herpes simplex virus types 1 and 2 in Brazil, 
Estonia, India, Morocco, and Sri Lanka. Sex Transm Infect. 
2003;79:286-290.

366. Lee FK, Coleman RM, Pereira L, et al. Detection of herpes 
simplex virus type 2-specific antibody with glycoprotein G. 
J Clin Microbiol. 1985;22:641-644.

367. Ashley RL, Wu L, Pickering JW, et al. Premarket evaluation 
of a commercial glycoprotein G-based enzyme immunoas-
say for herpes simplex virus type-specific antibodies. J Clin 
Microbiol. 1998;36:294-295.

368. Ashley RL, Militoni J, Lee F, et al. Comparison of Western 
blot (immunoblot) and glycoprotein G-specific immuno-
dot enzyme assay for detecting antibodies to herpes 
simplex virus types 1 and 2 in human sera. J Clin Microbiol. 
1988;26:662-667.

369. Morrow R, Friedrich D, Meier A, et al. Use of “Biokit 
HSV-2 Rapid Assay” to improve the positive predictive 
value of Focus HerpeSelect HSV-2 ELISA. BMC Infect Dis. 
2005;5:84.

370. Ngo T, Laeyendecker O, La H, et al. Use of commercial 
enzyme immunoassays to detect antibodies to the herpes 
simplex virus type 2 glycoprotein G in a low-risk popula-
tion in Hanoi, Vietnam. Clin Vaccine Immunol. 2008;15:
382-384.

371. Martins TB, Woolstenhulme RD, Jaskowski TD, et al. Com-
parison of four enzyme immunoassays with a Western blot 
assay for the determination of type-specific antibodies to 
herpes simplex virus. Am J Clin Pathol. 2001;115:272-277.

372. Turner KR, Wong EH, Kent CK, et al. Serologic herpes 
testing in the real world: validation of new type-specific 
serologic herpes simplex virus tests in a public health labo-
ratory. Sex Transm Dis. 2002;29:422-425.

373. Ashley R, Cent A, Maggs V, et al. Inability of enzyme 
immunoassays to discriminate between infections with 
herpes simplex virus types 1 and 2. Ann Intern Med. 
1991;115:520-526.

374. Morrow RA, Friedrich D. Inaccuracy of certain commer-
cial enzyme immunoassays in diagnosing genital infections 
with herpes simplex virus types 1 or 2. Am J Clin Pathol. 
2003;120:839-844.

375. Page J, Taylor J, Tideman RL, et al. Is HSV serology useful 
for the management of first episode genital herpes? Sex 
Transm Infect. 2003;79:276-279.

376. Dorsky DI, Crumpacker CS. Drugs five years later: acyclo-
vir. Ann Intern Med. 1987;107:859-874.

377. Schaeffer HJ, Beauchamp L, de Miranda P, et al. 9-(2- 
hydroxyethoxymethyl) guanine activity against viruses of 
the herpes group. Nature. 1978;272:583-585.

378. Crumpacker CS, Schnipper LE, Zaia JA, et al. Growth inhi-
bition by acycloguanosine of herpesviruses isolated from 
human infections. Antimicrob Agents Chemother. 1979;15:
642-645.

379. Douglas JM, Critchlow C, Benedetti J, et al. A double-blind 
study of oral acyclovir for suppression of recurrences of 
genital herpes simplex virus infection. N Engl J Med. 1984;
310:1551-1556.

380. Mindel A, Faherty A, Carney O, et al. Dosage and safety of 
long-term suppressive acyclovir therapy for recurrent 
genital herpes. Lancet. 1988;1:926-928.

381. Raborn GW, McGaw WT, Grace M, et al. Treatment of 
herpes labialis with acyclovir: review of three clinical trials. 
Am J Med. 1988;85:39-42.

382. Reichman RC, Badger GJ, Mertz GJ, et al. Treatment of 
recurrent genital herpes simplex infections with oral acy-
clovir: a controlled trial. JAMA. 1984;251:2103-2107.

383. Rooney JF, Straus SE, Mannix ML, et al. Oral acyclovir to 
suppress frequently recurrent herpes labialis: a double-
blind, placebo-controlled trial. Ann Intern Med. 1993;118:
268-272.

384. Wald A, Carrell D, Remington M, et al. Two-day regimen of 
acyclovir for treatment of recurrent genital herpes simplex 
virus type 2 infection. Clin Infect Dis. 2002;34:944-948.

385. Bartlett BL, Tyring SK, Fife K, et al. Famciclovir treatment 
options for patients with frequent outbreaks of recurrent 
genital herpes: the RELIEF trial. J Clin Virol. 2008;43:
190-195.

386. Bodsworth N, Bloch M, McNulty A, et al. 2-day versus 
5-day famciclovir as treatment of recurrences of genital 
herpes: results of the FaST study. Sex Health. 2008;5:
219-225.

387. Sacks SL, Aoki FY. Famciclovir for the management of 
genital herpes simplex in patients with inadequate response 
to aciclovir or valaciclovir. Clin Drug Investig. 2005;25:
803-809.

388. Sacks SL, Aoki FY, Diaz-Mitoma F, et al. Patient-initiated, 
twice-daily oral famciclovir for early recurrent genital 
herpes: a randomized, double-blind multicenter trial. 
Canadian Famciclovir Study Group. JAMA. 1996;276:
44-49.

389. Laiskonis A, Thune T, Neldam S, et al. Valacyclovir in the 
treatment of facial herpes simplex virus infection. J Infect 
Dis. 2002;186(suppl 1):S66-S70.

390. Reitano M, Tyring S, Lang W, et al. Valaciclovir for the 
suppression of recurrent genital herpes simplex virus infec-
tion: a large-scale dose range-finding study. International 
Valaciclovir HSV Study Group. J Infect Dis. 1998;178:
603-610.

391. Soul-Lawton J, Seaber E, On N, et al. Absolute bioavail-
ability and metabolic disposition of valaciclovir, the l-valyl 
ester of acyclovir, following oral administration to humans. 
Antimicrob Agents Chemother. 1995;39:2759-2764.

392. Strand A, Patel R, Wulf HC, et al. Aborted genital herpes 
simplex virus lesions: findings from a randomised con-
trolled trial with valaciclovir. Sex Transm Infect. 2002;78:
435-439.

393. Romanowski B, Marina RB, Roberts JN. Patients’ prefer-
ence of valacyclovir once-daily suppressive therapy versus 
twice-daily episodic therapy for recurrent genital herpes: a 
randomized study. Sex Transm Dis. 2003;30:226-231.

394. Burns LJ, Miller W, Kandaswamy C, et al. Randomized 
clinical trial of ganciclovir vs acyclovir for prevention of 
cytomegalovirus antigenemia after allogeneic transplanta-
tion. Bone Marrow Transplant. 2002;30:945-951.

http://www.myuptodate.com


1730.e6
P
a
rt

 I
II

 I
n

fe
ct

io
u

s 
D

is
ea

se
s 

an
d

 T
h

ei
r 

Et
io

lo
g

ic
 A

g
en

ts

395. Fife KH, Almekinder J, Ofner S. A comparison of one year 
of episodic or suppressive treatment of recurrent genital 
herpes with valacyclovir. Sex Transm Dis. 2007;34:297-
301.

396. Fife KH, Crumpacker CS, Mertz GJ, et al. Recurrence and 
resistance patterns of herpes simplex virus following cessa-
tion of > or = 6 years of chronic suppression with acyclovir. 
Acyclovir Study Group. J Infect Dis. 1994;169:1338-1341.

397. Bavaro J, Drolette L, Koelle D, et al. One-day regimen of 
valacyclovir for treatment of recurrent genital herpes 
simplex virus 2 infection. Sex Transm Dis. 2008;35:
383-386.

398. Spruance SL, Jones TM, Blatter MM, et al. High-dose, 
short-duration, early valacyclovir therapy for episodic 
treatment of cold sores: results of two randomized, 
placebo-controlled, multicenter studies. Antimicrob Agents 
Chemother. 2003;47:1072-1080.

399. Spruance S, Aoki FY, Tyring S, et al. Short-course therapy 
for recurrent genital herpes and herpes labialis. J Fam 
Pract. 2007;56:30-36.

400. Abudalu M, Tyring S, Koltun W, et al. Single-day, patient-
initiated famciclovir therapy versus 3-day valacyclovir 
regimen for recurrent genital herpes: a randomized, 
double-blind, comparative trial. Clin Infect Dis. 2008;47:
651-658.

401. Sacks SL, Wanklin RJ, Reece DE, et al. Progressive esopha-
gitis from acyclovir-resistant herpes simplex. Clinical roles 
for DNA polymerase mutants and viral heterogeneity?  
Ann Intern Med. 1989;111:893-899.

402. Erlich KS, Mills J, Chatis P, et al. Acyclovir-resistant herpes 
simplex virus infections in patients with the acquired 
immunodeficiency syndrome. N Engl J Med. 1989;320:
293-296.

403. Englund JA, Zimmerman ME, Swierkosz EM, et al. Herpes 
simplex virus resistant to acyclovir: a study in a tertiary 
care center. Ann Intern Med. 1990;112:416-422.

404. Erard V, Wald A, Corey L, et al. Use of long-term suppres-
sive acyclovir after hematopoietic stem-cell transplanta-
tion: impact on herpes simplex virus (HSV) disease and 
drug-resistant HSV disease. J Infect Dis. 2007;196:266-
270.

405. Gupta R, Hill E, McClernon D, et al. Acyclovir sensitivity 
of sequential herpes simplex virus type 2 isolates from the 
genital mucosa of immunocompetent women. J Infect Dis. 
2005;192:1102-1107.

406. Chibo D, Mijch A, Doherty R, et al. Novel mutations in the 
thymidine kinase and DNA polymerase genes of acyclovir 
and foscarnet resistant herpes simplex viruses infecting  
an immunocompromised patient. J Clin Virol. 2002;25:
165-170.

407. McLaren C, Corey L, Dekket C, et al. In vitro sensitivity to 
acyclovir in genital herpes simplex viruses from acyclovir-
treated patients. J Infect Dis. 1983;148:868-875.

408. Lehrman SN, Douglas JM, Corey L, et al. Recurrent genital 
herpes and suppressive oral acyclovir therapy: relation 
between clinical outcome and in-vitro drug sensitivity.  
Ann Intern Med. 1986;104:786-790.

409. Safrin S, Elbeik T, Phan L, et al. Correlation between 
response to acyclovir and foscarnet therapy and in vitro 
susceptibility result for isolates of herpes simplex virus 
from human immunodeficiency virus-infected patients. 
Antimicrob Agents Chemother. 1994;38:1246-1250.

410. Safrin S, Crumpacker C, Chatis P, et al. A controlled  
trial comparing foscarnet with vidarabine for acyclovir-
resistant mucocutaneous herpes simplex in the acquired 
immunodeficiency syndrome. The AIDS Clinical Trials 
Group. N Engl J Med. 1991;325:551-555.

411. Lalezari J, Schacker T, Feinberg J, et al. A randomized, 
double-blind, placebo-controlled trial of cidofovir gel for 
the treatment of acyclovir-unresponsive mucocutaneous 
herpes simplex virus infection in patients with AIDS.  
J Infect Dis. 1997;176:892-898.

412. Mendel DB, Barkhimer DB, Chen MS. Biochemical  
basis for increased susceptibility to Cidofovir of herpes 
simplex viruses with altered or deficient thymidine  
kinase activity. Antimicrob Agents Chemother. 1995;39:
2120-2122.

413. Snoeck R, Andrei G, Gerard M, et al. Successful treatment 
of progressive mucocutaneous infection due to acyclovir- 
and foscarnet-resistant herpes simplex virus with (S)- 
1-(3-hydroxy-2-phosphonylmethoxypropyl)cytosine 
(HPMPC). Clin Infect Dis. 1994;18:570-578.

414. Perkins N, Nisbet M, Thomas M. Topical imiquimod treat-
ment of aciclovir-resistant herpes simplex disease: case 
series and literature review. Sex Transm Infect. 2011;87:
292-295.

415. Schacker TW, Conant M, Thoming C, et al. Imiquimod 
5-percent cream does not alter the natural history of recur-
rent herpes genitalis: a phase II, randomized, double-blind, 
placebo-controlled study. Antimicrob Agents Chemother. 
2002;46:3243-3248.

415a. Chono K, Katsumata K, Kontani T, et al. ASP2151, a novel 
helicase-primase inhibitor, possesses antiviral activity 
against varicella-zoster virus and herpes simplex virus 
types 1 and 2. J Antimicrob Chemother. 2010;65:1733-1741.

415b. Field H, Huang M, Lay E, et al. Baseline sensitivity of 
HSV-1 and HSV-2 clinical isolates and defined acyclovir-
resistant strains to the helicase-primase inhibitor pritelivir. 
Antiviral Res. 2013;100:297-299.

415c. Katsumata K, Weinberg A, Chono K, et al. Susceptibility 
of herpes simplex virus isolated from genital herpes lesions 
to ASP2151, a novel helicase-primase inhibitor. Antimicrob 
Agents Chemother. 2012;56:3587-3591.

415d. Wald A, Corey L, Timmler B, et al. Helicase-primase 
inhibitor pritelivir for HSV-2 infection. N Engl J Med. 
2014;370:201-210.

416. Richards J, Krantz E, Selke S, et al. Healthcare seeking  
and sexual behavior among patients with symptomatic 
newly acquired genital herpes. Sex Transm Dis. 2008;35:
1015-1021.

417. Catotti DN, Clarke P, Catoe KE. Herpes revisited: still a 
cause of concern. Sex Transm Dis. 1993;20:77-80.

418. Strachan E, Saracino M, Selke S, et al. The effects of daily 
distress and personality on genital HSV shedding and 
lesions in a randomized, double-blind, placebo-controlled, 
crossover trial of acyclovir in HSV-2 seropositive women. 
Brain Behav Immun. 2011;25:1475-1481.

419. Wald A, Langenberg A, Krantz E, et al. The relationship 
between condom use and herpes simplex virus acquisition. 
Ann Intern Med. 2005;143:707-713.

420. Belshe RB, Leone PA, Bernstein DI, et al. Efficacy results of 
a trial of a herpes simplex vaccine. N Engl J Med. 2012;
366:34-43.

http://www.myuptodate.com


1731

1731

139 
Chickenpox and Herpes Zoster 
(Varicella-Zoster Virus)
Richard J. Whitley

Varicella-zoster virus (VZV) causes two distinct clinical diseases. Vari-
cella, more commonly called chickenpox, is the primary infection and 
results from exposure of a person susceptible to the virus to someone 
who is actively infected. Chickenpox is ubiquitous and extremely con-
tagious, but for the most part, it is a benign illness characterized by a 
generalized exanthematous rash. It occurs seasonally and in epidemics. 
Recurrence of infection results in the localized entity known as herpes 
zoster, often referred to as shingles, a common infection among the 
elderly and immunocompromised hosts. Two live, attenuated vaccines 
for the prevention of chickenpox and herpes zoster are licensed in the 
United States. Vaccination is recommended for use in healthy children 
and in susceptible adults to prevent chickenpox (see Chapter 321). 
Similarly, the herpes zoster vaccine is recommended for adults older 
than 50 years of age to decrease the burden of illness and the overall 
incidence of shingles. The incidence of chickenpox was that of the 
annual birth rate but has been tremendously reduced with widespread 
vaccination. Surveillance for varicella in three counties in California, 
Texas, and Pennsylvania from 1995 to 2000 showed reductions in cases 
of varicella from 71% to 84% by years 1999 and 20001 with only 500 
cases occurring in 2004.2 Since the implementation of a two-dose 
vaccine series, the incidence of chickenpox has decreased to 5 cases in 
100,000 in states with adequate reporting.3 Approximately 1 million 
cases of herpes zoster, which result in more than 2 million physician 
visits annually, occur yearly in the United States. Likely, this approxi-
mation is an underestimation of disease occurrence. Many of these 
individuals require long-term follow-up medical care for postherpetic 
neuralgia (PHN).

HISTORICAL OVERVIEW
Shingles has been recognized since ancient times as a unique clinical 
entity because of the dermatomal vesicular rash; however, chickenpox 
was often confused with smallpox.4 In 1875, Steiner successfully trans-
mitted VZV by inoculation of the vesicular fluid from a person suffer-
ing from chickenpox to human “volunteers.”5 The infectious nature of 
VZV was further defined by von Bokay,6,7 who observed chickenpox 
in persons who had close contact with others suffering from herpes 
zoster. He correctly described the mean incubation period for the 
development of chickenpox in susceptible patients, as well as the 
average range in days. Kundratitz in 19258 showed that the inoculation 
of vesicular fluid from patients with herpes zoster into susceptible 
persons resulted in chickenpox. Similar observations were reported by 
Brunsgaard9 and others,10 and in 1943 Garland11 suggested that herpes 
zoster was the consequence of the reactivation of latent VZV.

Since early in the 20th century, similarities in the histopathologic 
features of skin lesions and in epidemiologic and immunologic studies 
indicated that varicella and herpes zoster were caused by the same 
agent.12,13 Tyzzer14 described the histopathologic features of skin lesions 
resulting from VZV infections and noted the appearance of intranu-
clear inclusions and multinucleated giant cells. These descriptions 
came from histologic studies performed on serial skin biopsy speci-
mens that were obtained during the first week of illness. The histo-
pathologic descriptions were amplified by Lipschutz in 192115 for 
herpes zoster.

Isolation of VZV in 1958 permitted a definition of the biology of 
this virus.13 Viral isolates from patients with either chickenpox or 

Definition
•	 Varicella-zoster	virus	(VZV)	is	an	alpha	

herpesvirus	that	causes	chickenpox	and	herpes	
zoster.

Epidemiology
•	 Chickenpox	is	the	primary	infection	occurring	

primarily	in	childhood.
•	 Chickenpox	is	usually	a	benign	infection	but	

can	cause	life-threatening	disease	in	the	
immunocompromised	host.

•	 Disease	is	more	likely	to	occur	in	late	winter	
and	early	spring.

•	 Herpes	zoster	is	the	consequence	of	
reactivation	of	latent	virus,	occurring	mainly	in	
the	elderly.

•	 Herpes	zoster	causes	significant	pain	in	many	
individuals.

•	 There	is	no	seasonal	predilection	for	
occurrence	of	herpes	zoster.

Microbiology
•	 Varicella-zoster	virus	is	a	double-stranded	DNA	

virus.	Following	primary	infection,	latency	is	
established	in	sensory	ganglia.

Diagnosis
•	 The	diagnosis	of	chickenpox	and	herpes	zoster	

is	usually	clinical.

•	 Chickenpox	is	characterized	by	a	
maculopapular,	vesicular,	and	papular	rash	in	
all	stages	of	evolution.

•	 Herpes	zoster	is	usually	a	unilateral	
vesicular	rash.	Dissemination	can		
occur	in	immunocompromised		
patients.

•	 Tzanck	smears	of	lesion	scrapings	may	
demonstrate	intranuclear	inclusions;	however,	
the	sensitivity	is	low.

•	 Polymerase	chain	reaction	(PCR)	can	be	
applied	to	lesion	scraping	in	order	to	detect	
VZV	DNA	and	is	the	diagnostic	procedure	of	
choice.

•	 Viral	culture	can	be	used	to	make	a	diagnosis,	
but	it	is	less	sensitive	than	PCR.

Therapy
•	 Three	drugs	are	licensed	for	the	treatment	of	

VZV	infections.
•	 Chickenpox	in	children	2	to	16	years	of	age	

can	be	treated	with	acyclovir	at	a	dosage	of	
20	mg/kg	4	times	per	day	for	5	days.	For	older	
patients,	the	dosage	of	acyclovir	is	800	mg		
5	times	a	day.

•	 By	class	effect,	the	prodrugs	valacyclovir	and	
famciclovir	are	used	by	some	experts	to	treat	
chickenpox.

•	 Herpes	zoster	can	be	treated	with	acyclovir	at	
800	mg	five	times	daily	for	7	to	10	days.

•	 Herpes	zoster	can	be	treated	with	valacyclovir	
at	1	g	three	times	daily	for	7	to	10	days.

•	 Herpes	zoster	can	be	treated	with	famciclovir	
at	500	mg	three	times	daily	for	7	to	10	days.

•	 Herpes	zoster	will	likely	require	control	of	pain	
with	analgesics	and	medications	such	as	
pregabalin.

Prevention
•	 High-titered	varicella-zoster	immune	

globulin	(VariZIG)	can	be	administered	to	
high-risk	patients	to	attempt	to	prevent	
infection.

•	 A	VZV	vaccine	is	available	to	prevent	
chickenpox.	It	is	a	two-dose	series	with	the	
first	administered	at	12	to	15	months	of	age	
and	the	second	between	4	and	6	years.	This	
two-dose	series	has	dramatically	decreased	
the	incidence	of	chickenpox	and	its	associated	
complications.

•	 A	high-titered	VZV	vaccine	is	available	for	
adults	older	than	50	years	of	age	that	will	
reduce	the	incidence	of	herpes	zoster,	the	
burden	of	illness,	and	postherpetic	neuralgia.

SHORT VIEW SUMMARY
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dramatically with a falling incidence. However, many countries still do 
not employ universal immunization and, as a consequence, the epide-
miology of infection remains as known historically.

Overall, chickenpox is a disease of childhood because 90% of cases 
occur in children younger than 13 years. Typically, the virus is intro-
duced into the susceptible school-aged or preschool child. In a study 
by Wells and Holla,33 61 of 67 susceptible children in kindergarten 
through the fourth grade contracted chickenpox. Approximately 10% 
of persons older than 15 years are considered susceptible to VZV infec-
tion. The incubation period of chickenpox (i.e., the time interval 
between exposure of a susceptible person and the time the vesicular 
rash develops in an index case) is generally regarded to be 14 to 15 
days, but disease can appear within a range of 10 to 20 days.34,35 Second-
ary attack rates among susceptible siblings within a household are 
between 70% and 90%.36 Patients are infectious for a period of approxi-
mately 48 hours before the period of vesicle formation and generally 
for 4 to 5 days thereafter until all vesicles are crusted.

Although chickenpox exists worldwide among children, it occurs 
more frequently in adults who reside in tropical regions than in those 
who reside in other geographic areas. Stokes noted a higher incidence 
of chickenpox among soldiers serving abroad during World War II, in 
whom the incidence was 1.41 to 2.27 per 1000 persons annually. These 
rates contrast with those in the United States, which were approxi-
mately half those reported among the soldiers.37

Herpes Zoster
The epidemiology of herpes zoster is somewhat different. VZV char-
acteristically becomes latent after primary infection within the dorsal 
root ganglia. Reactivation leads to herpes zoster, a sporadic disease. 
Histopathologic examination of the nerve root after infection with 
VZV demonstrates characteristics indicative of VZV infection. In 
persons who die after recent herpes zoster infection, an examination 
of the dorsal root ganglia reveals satellitosis, lymphocytic infiltration 
in the nerve root, and degeneration of the ganglia cells.38,39 Intranuclear 
inclusions can be found within the ganglia cells. Although it is possible 
to demonstrate the presence of VZV by electron microscopy, it has not 
been possible to isolate this virus in cultures, usually from explants of 
dorsal root ganglia, as has been done after HSV infection. Nevertheless, 
the application of PCR to extracted ganglionic DNA demonstrates 
latent viral DNA in neurons of sensory ganglia, including dorsal root, 
cranial, and enteric ganglia.40 The biologic mechanism by which VZV 
establishes latency remains unknown.

Herpes zoster is a disease that occurs at all ages, but it afflicts about 
20% or more of the population overall, mainly the elderly.41,42 Herpes 
zoster, also known as shingles, occurs in persons who are seropositive 
for VZV or, more specifically, in those who have had chickenpox. 
Reactivation appears to be dependent on a balance between virus and 
host factors. Most patients who develop herpes zoster have no history 
of exposure to other persons with VZV infection at the time of the 
appearance of lesions. The highest incidence of disease varies between 
5 and 10 cases per 1000 for persons older than 60 years.16 Approxi-
mately 4% of patients experience a second episode of herpes zoster; 
however, recurrences of dermatomal lesions are usually caused by HSV. 
This finding was verified in the SHINGLES PREVENT vaccine study.43 
In a 7-year study performed by McGregor,44 the annualized rate of 
herpes zoster was 4.8 cases per 1000 patients and three fourths of those 
patients were older than 45 years. Persons who are immunocompro-
mised have a higher incidence of both chickenpox and shingles.45-48 
Herpes zoster occurs within the first 2 years of life in children born to 
women who have had chickenpox during pregnancy. These cases prob-
ably reflect in utero chickenpox with reactivation early in life.

PATHOGENESIS
Chickenpox occurs in susceptible persons who are exposed to virus 
after close personal contact. Histopathologic findings in human VZV 
infections, whether chickenpox or herpes zoster, are virtually identical. 
The vesicles involve the corium, or dermis. As viral replication pro-
gresses, the epithelial cells undergo degenerative changes characterized 
by ballooning, with the subsequent appearance of multinucleated giant 
cells and prominent eosinophilic intranuclear inclusions. Under 
unusual circumstances, necrosis and hemorrhage may appear in the 

herpes zoster demonstrated similar changes in tissue culture, specifi-
cally the appearance of eosinophilic intranuclear inclusions and mul-
tinucleated giant cells. These findings are virtually identical to those 
present on clinically available biopsy material. Taken together, these 
data provided a universal acceptance that both diseases were caused 
by VZV. By 1958, Weller and colleagues13,16-18 established that there 
were neither biologic nor immunologic differences between the viral 
agents isolated from patients with these two clinical entities. Later 
studies provided their identity by rigorous biochemical methods.19 
Viral DNA from a patient with chickenpox who subsequently devel-
oped herpes zoster was examined by restriction endonuclease analysis, 
and the molecular identity of these two viruses was verified.20,21

THE PATHOGEN AND ITS 
REPLICATION
VZV is a member of the Herpesviridae family and shares structural 
characteristics with other members of the family. The virus has icosa-
pentahedral symmetry and contains centrally located double-stranded 
DNA with a surrounding envelope. The size of the virus is approxi-
mately 150 to 200 nm, and it has a lipid-containing envelope with 
glycoprotein spikes.20,22 The naked capsid has a diameter of approxi-
mately 90 to 95 nm.23-25 The DNA contains 125,000 base pairs, or 
approximately 80 megadaltons, and encodes about 75 proteins. The 
organization of the viral genome is similar to that of other herpesvi-
ruses. There are unique long (105-kb) and unique short (5.2-kb) 
regions of the viral genome. Each unique sequence contains terminal 
repeat sequences. With replication, the unique short (US) region can 
invert on itself and result in two isomeric forms.26-28 Notably, a large 
portion of the VZV genome is co-linear with herpes simplex type 1  
(HSV-1). For example, within the UL region of VZV, 56 of the 62 genes 
have HSV-1 homologues. Similarly, in the US region all four genes have 
homologues.

Seven VZV glycoproteins (gp) have been identified: gB, gC, gE, gH, 
gI, gK, and gL. These glycoproteins have been the subject of intense 
investigative interest because they represent the primary markers for 
both humoral and cell-mediated immune responses.

Only enveloped virions are infectious, likely accounting for the 
lability of VZV. Furthermore, the envelope is sensitive to detergent, 
ether, and air-drying. VZV is highly cell associated and spreads from 
cell to cell by direct contact. Virus can be isolated in a variety of con-
tinuous and discontinuous cell culture systems of human and simian 
origin. Approximately 8 to 10 hours after infection, virus-specific 
immunofluorescence can be detected in the cells immediately adjacent 
to the initial focus of infection. This parallels the microscopic observa-
tion of the radial spread of the cytopathologic process.29,30 Electron 
microscopic studies demonstrate the appearance of immature viral 
particles within 12 hours of the onset of infection. As with herpes 
simplex virus (HSV), the naked capsids acquire their envelope at the 
nuclear membrane, being released into the perinuclear space where 
large vacuoles are formed.23,31 Infectious virus is then spread to adja-
cent cells after fusion of plasma membranes.

EPIDEMIOLOGY OF VARICELLA-
ZOSTER VIRUS INFECTIONS
Chickenpox
Humans are the only known reservoir for VZV. Chickenpox follows 
exposure of the susceptible or seronegative person to VZV and repre-
sents the primary form of infection. Although it is assumed that the 
virus is spread by the respiratory route and replicates in the nasophar-
ynx or upper respiratory tract, retrieval of virus from persons incubat-
ing VZV has been uncommon. However, the application of polymerase 
chain reaction (PCR) techniques to nasopharyngeal secretions of 
exposed and susceptible persons has detected VZV DNA and supports 
this hypothesis. Chickenpox was a common infection of childhood and 
affects both genders equally and people of all races. To a certain extent, 
the virus is endemic in the population at large; however, it becomes 
epidemic among susceptible persons during seasonal periods of late 
winter and early spring.32 Intimate contact appears to be the key deter-
minant for transmission.

With the implementation of childhood vaccination programs  
in some countries, the epidemiology of chickenpox is changing 
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A more serious CNS complication is encephalitis, which can be life 
threatening in adults. Encephalitis is reported to occur in 0.1% to 0.2% 
of persons with the disease.52 Underwood’s review53 reveals this illness 
to be characterized by depression in the level of consciousness with 
progressive headaches, vomiting, altered thought patterns, fever, and 
frequent seizures. The duration of disease in these patients is at least 2 
weeks. Some patients experience progressive neurologic deterioration 
that leads to death. Mortality in patients who develop encephalitis has 
been estimated to range between 5% and 20%, and neurologic sequelae 
occur in up to 15% of survivors.

A neurologic complication of note is the late appearance of cerebral 
angiitis after herpes zoster ophthalmicus. Angiitis typically presents as 
an ischemic stroke and can occur up to several months after herpes 
zoster of the trigeminal ganglia. This problem has been noted in several 
patients and defined as being progressive with a high mortality rate. 
Other nervous system manifestations of chickenpox include meningi-
tis, transverse myelitis, and Reye’s syndrome.

A serious and life-threatening complication is the appearance of 
varicella pneumonitis, a complication that occurs more commonly in 
adults and in immunocompromised persons.32,51 Among adults, it is 
estimated to occur in 1 in 400 cases of infection and, not infrequently, 
in the absence of clinical symptoms, it appears 3 to 5 days into the 
course of illness and is associated with tachypnea, cough, dyspnea, and 
fever. Pregnant women during the second and third trimesters of gesta-
tion are particularly vulnerable to pneumonitis with primary infection. 
Chest radiographs usually reveal nodular or interstitial pneumonitis. 
Varicella pneumonitis can be life threatening when it occurs in preg-
nant women during the second or third trimester.

In a prospective study of male military personnel, radiographic 
abnormalities were detected in nearly 16% of enlisted men who devel-
oped varicella, yet only one fourth of these persons had evidence of 
cough.55 Only 10% of those with radiographic abnormalities developed 
evidence of tachypnea, indicating that asymptomatic pneumonitis  
may exist more commonly than was initially predicted. Other mani-
festations of noncutaneous and non-neurologic involvement include 
the appearance of myocarditis, nephritis, bleeding diatheses, and 
hepatitis.

Perinatal varicella is associated with a high death rate when mater-
nal disease develops 5 days before delivery or up to 48 hours postpar-
tum.56,57 In large part, this is the consequence of the newborn failing to 
receive protective transplacental antibodies, as well as the immaturity 
of the neonatal immune system. Under such circumstances, mortality 
has been reported to be as high as 30%. Affected children have progres-
sive disease involving visceral organs, especially the lung. The outcome 
in these children was summarized by Brunell.58 Congenital varicella, 
although uncommon, is characterized by skin scarring, hypoplastic 
extremities, eye abnormalities, and evidence of CNS impairment.59

Varicella has been associated epidemiologically with the develop-
ment of Reye’s syndrome and co-administration of aspirin. Therefore, 
the administration of aspirin is contraindicated in persons with vari-
cella. Cutaneous complications of concern are the development of  
secondary skin infections, especially those caused by Staphylococcus 
aureus.

Chickenpox in the Immunocompromised 
Patient
Chickenpox in the immunocompromised child or adult is a cause of 
significant morbidity and mortality. As noted previously, the duration 
of healing of cutaneous lesions can be extended by a minimum of 
threefold. However, a more important problem is the progressive 
involvement of visceral organs. Data from a variety of immunocom-
promised patient populations indicate a broad spectrum of disease in 
persons with lymphoproliferative malignancies and solid tumors 
versus bone marrow transplant recipients. Approximately one third of 
children develop progressive disease with involvement of multiple 
organs, including the lungs, liver, and CNS.45 Most of these children 
developed pneumonitis within the first week after the onset of infec-
tion, as do 20% of all those who acquire chickenpox. Mortality in this 
patient population has approximated 15% to 18%.45,60,61 Patients with 
lymphoproliferative malignancies who require continuous chemother-
apy appear to be at greatest risk for visceral involvement.

upper portion of the dermis. As the vesicle evolves, the fluid becomes 
cloudy as a consequence of the appearance of polymorphonuclear leu-
kocytes, degenerated cells, and fibrin. Ultimately, either the vesicles 
rupture and release infectious fluid, or the fluid gradually becomes 
reabsorbed.

As noted earlier, transmission is likely by the respiratory route, fol-
lowed by localized replication at an undefined site, with lymphatic 
spread and seeding of the reticuloendothelial system and, ultimately, 
viremia. The occurrence of viremia in patients with chickenpox is sup-
ported by the detection of virus in peripheral blood mononuclear cells 
and by the diffuse and scattered nature of the skin lesions, and it can 
be verified in selected cases by the recovery of virus from the blood.49 
The mechanism of VZV reactivation that results in herpes zoster is 
unknown.

CLINICAL MANIFESTATIONS
Chickenpox
Chickenpox is generally a benign, self-limited disease in immunocom-
petent children, whose incidence has markedly decreased as the vari-
cella vaccine becomes more widely used. There are fewer than 14 
deaths per year in the United States.50 For the normal unimmunized 
child, chickenpox-associated mortality is less than 2 per 100,000 cases. 
This risk increases by more than 15-fold for adults. The presenting 
manifestations of chickenpox are a rash, low-grade fever, and malaise. 
A prodrome of the reported symptoms may occur 1 to 2 days before 
the onset of the exanthem in a few patients. For the most part, chick-
enpox in the immunocompetent child is associated with lassitude and 
a temperature of 100° to 103° F of 3 to 5 days’ duration. Subsequent 
constitutional symptoms include malaise, pruritus, anorexia, and list-
lessness; these symptoms gradually resolve as the illness abates. The 
skin manifestations, which are the hallmark of infection, consist of 
maculopapules, vesicles, and scabs in varying stages of evolution. The 
lesions initially contain clear vesicular fluid, but over a short period of 
time, they pustulate and scab. Most lesions are small, having an ery-
thematous base with a diameter of 5 mm to as large as 12 to 13 mm. 
The lesions can be round or oval; central umbilication occurs as healing 
progresses. The lesions have often been referred to as “dew drop like” 
during the early stages of formation. If they do not rupture within a 
few hours, the contents rapidly become purulent in appearance. The 
lesions appear on the trunk and face and rapidly spread centrifugally 
to involve other areas of the body. Successive crops of lesions generally 
appear over a period of 2 to 4 days. Thus, early in the disease, the 
hallmark of the infection is the appearance of lesions at all stages, as 
noted previously. The lesions can also be found on the mucosa of the 
oropharynx and even the vagina; however, these sites are less com-
monly involved. The crusts completely fall off within 1 to 2 weeks after 
the onset of infection and leave a slightly depressed area of skin.

Immunocompromised children, particularly those with leukemia, 
have more numerous lesions, often with a hemorrhagic base. Healing 
takes nearly three times longer in this population.45 These children are 
at greater risk for visceral complications, which occur in 30% to 50% 
of cases and can be fatal in up to 15% of cases in the absence of therapy. 
A notable complication of cutaneous lesions is secondary bacterial 
infection, often in association with gram-positive organisms. Strepto-
coccal toxic shock is a rare but potentially lethal complication of vari-
cella. Infection in the neutropenic host can be systemic, beyond 
cutaneous involvement.

The most frequent noncutaneous site of involvement after chicken-
pox is the central nervous system (CNS); the neurologic abnormalities 
are manifested as acute cerebellar ataxia or encephalitis.34,51-53 Cerebel-
lar ataxia has been estimated to occur in 1 in 4000 cases among chil-
dren younger than 15 years. Cerebellar ataxia can appear as late as 21 
days after the onset of rash. It is more common, however, for acute 
cerebellar ataxia to present within 1 week of the onset of the exanthem. 
An extensive review by Underwood53 of 120 cases demonstrated that 
ataxia, vomiting, altered speech, fever, vertigo, and tremor all were 
common on physical examination. Cerebrospinal fluid (CSF) from 
these patients often demonstrates lymphocytosis and elevated levels of 
protein. This is usually a benign complication in children, and resolu-
tion occurs within 2 to 4 weeks. PCR techniques can detect VZV DNA 
in the CSF.54
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debilitating pain that persists for more than 1 month. PHN may cause 
constant pain in the involved dermatome or consist of intermittent 
stabbing pain. Pain may be worse at night or on exposure to tempera-
ture changes, and at its worst, the neuralgia can be incapacitating.66

Extracutaneous sites of involvement include the CNS, as manifested 
by meningoencephalitis or encephalitis. The clinical manifestations are 
similar to those of other viral infections of the brain. However, a rare 
manifestation of CNS involvement by herpes zoster is granulomatous 
cerebral angiitis, which usually follows zoster ophthalmicus. Involve-
ment of the CNS with cutaneous herpes zoster is probably more 
common than recognized clinically. Frequently, patients who undergo 
CSF examination for other reasons during episodes of shingles are 
found to have evidence of pleocytosis without elevated protein levels. 
These patients are without signs of meningeal irritation and infre-
quently complain of headaches.

Classically, VZV infection involves sensory ganglia; however, motor 
paralysis can occur as a consequence of the involvement of the anterior 
horn cells, in a manner similar to that encountered with polio. Patients 
with involvement of the anterior horn cells are particularly likely to 
have excruciating pain. Other neuromuscular disorders associated 
with herpes zoster include Guillain-Barré syndrome, transverse myeli-
tis,67 and myositis.68 Herpes zoster in the immunocompromised patient 
is more severe than in the normal person. Lesion formation continues 
for up to 2 weeks, and scabbing may not take place until 3 to 4 weeks 
into the disease course.69 Patients with lymphoproliferative malignan-
cies are at risk for cutaneous dissemination and visceral involvement, 
including varicella pneumonitis, hepatitis, and meningoencephalitis. 
Although some immunocompromised patients with dermatomal 
zoster who remain febrile and develop progressive lesions outside the 
dermatome may become severely ill, disseminated herpes zoster is 
rarely fatal, even in immunocompromised patients.

Herpes zoster has been recognized as a frequent infection in persons 
with human immunodeficiency virus (HIV) infection, occurring in 8% 
to 11% of patients. Although the occurrence of cutaneous dissemina-
tion is infrequent, complications such as VZV retinitis, acute retinal 
necrosis, and chronic progressive encephalitis have been reported.70 
Recently, the use of anti–tumor necrosis factor-α monoclonal antibod-
ies has been associated with an increased incidence of herpes zoster.

Chronic herpes zoster may also occur in immunocompromised 
patients, particularly those with HIV infection. Patients have experi-
enced new lesion formation with an absence of healing of the existing 
lesions. These syndromes can be particularly debilitating and, of inter-
est, have been associated with the isolation of VZV isolates resistant to 
acyclovir.

DIAGNOSIS
The diagnosis of both chickenpox and shingles is usually made by 
history and physical examination. In the first part of the 21st century, 
the differential diagnosis of varicella and herpes zoster is less confusing 
than it was 20 to 30 years ago. Smallpox or disseminated vaccinia was 
confused with varicella because of the similar appearance of the cuta-
neous lesions, and it could again pose a problem in the era of bioter-
rorism. With the worldwide eradication of smallpox, these disease 
entities only serve to confound the diagnosis if used by a bioterrorist 
or as a complication of vaccination. The characteristic skin rash of 
chickenpox with lesions in all stages of development provides the basis 
for the clinical diagnosis of infection. The presence of pruritus, pain, 
and low-grade fever also helps establish the diagnosis of chickenpox. 
The localization and distribution of a vesicular rash make the diagnosis 
of herpes zoster highly likely; however, other viral exanthemas can 
occasionally be confused with this disease.

Impetigo and varicella can also be confused clinically. Impetigo is 
usually caused by group A β-hemolytic streptococci, often follows an 
abrasion of the skin or inoculation of bacteria at the site of the skin 
break, and can be associated with the formation of small vesicles in the 
surrounding area. Systemic signs of disease may be present if progres-
sive cellulitis or secondary bacteremia develops. Unroofing lesions and 
performing a Gram stain of the scraping of the base of the lesion 
should reveal gram-positive cocci in chains, suggestive of streptococci, 
or gram-positive cocci in clusters, suggestive of staphylococci, another 
cause of vesicular skin lesions, or both organisms. Treatment for these 

In persons undergoing hematopoietic stem cell transplantation, the 
incidence of VZV infections over the first year has been estimated to 
be 30% by 1 year after transplantation. Eighty percent of these infec-
tions occurred within the first 9 months after transplantation, and 45% 
of these patients had cutaneous or visceral dissemination (see Chapter 
312). Overall, 23 deaths occurred in one prospective series.47 Risk 
factors identified for the acquisition of VZV infection included an age 
between 10 and 29 years, a diagnosis other than chronic myelogenous 
leukemia, the post-transplant use of antithymocyte globulin, allogeneic 
transplant, and acute or chronic graft-versus-host disease. Notably, 
graft-versus-host disease increases the probability of visceral dissemi-
nation significantly. Patients receiving HSV prophylaxis with acyclovir 
800 mg orally twice daily or valacyclovir 500 mg orally twice daily or 
receiving treatment for cytomegalovirus (CMV) reactivation with gan-
ciclovir are protected against reactivation of VZV.

Herpes Zoster
Herpes zoster, or shingles, is characterized by a unilateral vesicular 
eruption with a dermatomal distribution. Thoracic and lumbar derma-
tomes are most commonly involved (Fig. 139-1). Herpes zoster may 
involve the eyelids when the first or second branch of the fifth cranial 
nerve is affected, but herpes zoster ophthalmicus is a sight-threatening 
condition. Although lesions on the tip of the nose are said to presage 
corneal lesions, absence of such skin lesions does not guarantee corneal 
sparing. Keratitis may be followed by severe iridocyclitis, secondary 
glaucoma, or neuroparalytic keratitis. Ophthalmologic consultation 
should be requested for any patient with suspected herpes zoster oph-
thalmicus. Generally, the onset of disease is heralded by pain within 
the dermatome that precedes the lesions by 48 to 72 hours. Early in 
the disease course, erythematous, maculopapular lesions appear and 
rapidly evolve into a vesicular rash. Vesicles may coalesce to form 
bullous lesions. In the normal host, these lesions continue to form over 
a period of 3 to 5 days, with the total duration of disease being 10 to 
15 days. However, it may take as long as 1 month before the skin 
returns to normal.

Unusual cutaneous manifestations of herpes zoster, in addition to 
herpes zoster ophthalmicus, include the involvement of the maxillary 
or mandibular branch of the trigeminal nerve, which results in intra-
oral involvement with lesions on the palate, tonsillar fossa, floor of  
the mouth, and tongue. When the geniculate ganglion is involved, the 
Ramsay Hunt syndrome may occur, with pain and vesicles in the 
external auditory meatus, loss of taste on the anterior two thirds of  
the tongue, and ipsilateral facial palsy.

No known factors are responsible for the precipitation of the epi-
sodes of herpes zoster. If herpes zoster occurs in children, the course 
is generally benign and not associated with progressive pain or dis-
comfort. In adults, systemic manifestations are mainly those associated 
with pain, as noted in the following paragraphs.

The most significant clinical manifestations of herpes zoster are the 
associated acute neuritis and, later, PHN. Modeling of pain attributed 
to herpes zoster defines three phases of disease: acute, subacute, and 
chronic.62 Historically, the latter two make up PHN. As identified later, 
the impact of therapy on each phase can be defined. PHN, although 
uncommon in young people, may occur in up to 25% to 50% of patients 
older than 50 years.63-65 Up to 50% of persons older than 50 years have 

FIGURE 139-1  Herpes zoster involving the lumbar dermatome. 
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inhibit VZV replication in vitro is between 2.1 and 6.3 µM, which is 
easily achieved after intravenous administration of acyclovir.76 
However, such concentrations are not easily achieved even after 
administration of high-dose oral acyclovir as summarized.77 The rec-
ommended dosage for acyclovir is 5 to 10 mg/kg administered intra-
venously every 8 hours or, as suggested by some, 500 mg/m2 
intravenously every 8 hours, especially for children.

The prodrugs of acyclovir and penciclovir, namely, valacyclovir and 
famciclovir, respectively, have been licensed for therapy of herpes 
zoster.78,79 The use of valacyclovir results in enhanced oral bioavail-
ability, approximately 60%, compared with poor oral absorption of 
acyclovir. Famciclovir’s oral bioavailability is approximately 80%. Both 
drugs appear superior to acyclovir for acceleration of cutaneous 
healing and are at least equally, if not more, efficacious for resolution 
of pain. Valacyclovir is administered to adults at 1 g 3 times daily for 
7 to 10 days.78 Famciclovir is given at 500 mg 3 times daily for 7 to 10 
days.78 Both medications are well tolerated. These medications primar-
ily affect the acute and subacute phases of disease, as noted earlier. All 
three licensed therapeutics in North America are generic.

The concomitant administration of corticosteroids and an antiviral 
remains controversial. In one study, such regimens failed to affect 
PHN, although resolution of acute neuritis was accelerated.80 This 
study was not placebo controlled. A placebo-controlled trial, using a 2 
× 2 factorial design, demonstrated significant improvement in quality 
of life.81 Patients older than 50 years who received acyclovir (800 mg 5 
times daily for 3 weeks) and tapering doses of prednisone (60 mg daily 
for 7 days, 30 mg daily for 7 days, and 15 mg daily for 7 days) experi-
enced resolution of acute neuritis, were able to sleep uninterrupted, 
and returned to their usual activity levels more promptly than did 
controls and also had lower analgesic requirements. Complications 
were not encountered; however, patients at risk for complications of 
high-dose steroid therapy were excluded.

Management of varicella pneumonitis and other complications 
requires excellent supportive nursing care in addition to evaluation,  
on an individual basis, of the potential need for antiviral therapy.  
The management of acute neuritis and PHN can be particularly  
problematic. It requires the judicious use of analgesics ranging from 
non-narcotic to narcotic derivatives and may include the deployment 
of such drugs as amitriptyline hydrochloride, fluphenazine hydro-
chloride, lidocaine patches, gabapentin, and pregabalin.82-85 Further, 
intrathecal administration of narcotics has been reported to be of 
value.86

PREVENTION
In the normal host, prophylaxis of chickenpox is achieved via vaccina-
tion. The potential for transmission of VZV within the hospital to 
immunosuppressed patients, particularly children, is a serious problem, 
which is discussed in detail in Chapter 308. Patients who require hos-
pitalization because of varicella are a source of nosocomial infection 
within the hospital environment. Because approximately 10% of adults 
are seronegative, the risks in the medical care environment can be high. 
Those most likely to become infected are nurses and other medical 
personnel providing care to infected persons. Airflow can be a means 
of transmission of infection from one area to another in the hospital 
environment.

In the immunocompromised person who has not been previously 
exposed to chickenpox, the administration of varicella-zoster immune 
globulin (VariZIG [licensed in Canada by Cangene]87; see Chapter 321) 
has been shown to be useful for both prevention and amelioration of 
symptomatic chickenpox in high-risk persons.88,89,90,91 VariZIG should 
be administered to the immunodeficient patient younger than 15 years 
who has a negative or unknown history of chickenpox, who has not 
been vaccinated against VZV, and who has had contact in the house-
hold with a playmate or in a shared hospital room for more than  
1 hour. Recent guidelines also recommend administration of VariZIG 
to a pregnant woman who is known to be seronegative and who has 
had a significant exposure. VariZIG should also be administered to a 
newborn infant whose mother had onset of chickenpox fewer than 5 
days before delivery or up to 48 hours postpartum. The use of VariZIG 
for susceptible immunocompetent persons older than 15 years must 
be evaluated on an individual basis.

latter infections is distinctly different from that for chickenpox and 
requires administration of an appropriate antibiotic.

In a smaller number of cases, disseminated vesicular lesions can be 
caused by HSV. In these cases, disseminated HSV infection is usually 
a consequence of an underlying skin disease such as atopic dermatitis 
or eczema. An unequivocal diagnosis can be made only by isolation of 
the virus in tissue culture.

Disseminated enteroviral infections, particularly those caused by 
group A coxsackieviruses, have been reported to cause widespread 
distal vesicular lesions. These rashes are more commonly morbilliform 
in nature, with a hemorrhagic component rather than a vesicular or 
vesiculopustular appearance. Generally, these infections occur during 
the enterovirus season in late summer and early fall and are associated 
with lesions of the oropharynx, palms, and soles. This latter finding is 
helpful in distinguishing enteroviral disease from chickenpox.

Unilateral vesicular lesions in the dermatomal pattern should 
immediately lead the clinician to suspect a diagnosis of shingles. HSV 
and coxsackievirus infections can also cause dermatomal vesicular 
lesions. In such situations, diagnostic viral cultures remain the best 
method of establishing the cause of infection. Confirmation of the 
diagnosis is possible through the isolation of VZV in susceptible tissue 
culture cell lines or by the demonstration of either seroconversion or 
serologic rises using standard antibody assays of acute and convales-
cent serum specimens. A Tzanck smear, performed by scraping the 
base of the lesion, can demonstrate multinucleated giant cells; however, 
the sensitivity of this test is no better than 60% and does not distinguish 
HSV from VZV. Commercially available reagents are useful for direct 
fluorescent antibody staining of smears obtained from scraping vesicu-
lar lesions. With atypical skin lesions, such smears have adequate sen-
sitivity and specificity to guide early management decisions. In some 
laboratories, PCR has become the diagnostic technique of choice 
because of sensitivity, specificity, and specimen stability. However, its 
expense and lack of uniform performance standards have limited 
routine diagnostic use. Useful antibody assays include immune adher-
ence hemagglutination assay, fluorescence antibody to membrane 
antigen (FAMA) assay, and enzyme-linked immunosorbent assay 
(ELISA).71 The application of PCR to the CSF can be used to detect 
VZV DNA and, therefore, infections of the CNS. A positive PCR in 
the CSF may be seen in dermatomal zoster, and it is most useful when 
typical skin lesions of herpes zoster may not be present.

THERAPY
The medical management of chickenpox and shingles in the normal 
host is directed toward reduction of complications. For chickenpox, 
hygiene is important, including bathing, astringent soaks, and closely 
cropped fingernails to avoid a source for secondary bacterial infection 
associated with scratching of the pruritic skin lesions. Pruritus can be 
decreased with topical dressing or the administration of antipruritic 
drugs. Soaks with aluminum acetate, or Burow’s solution, in the man-
agement of herpes zoster can be both soothing and cleansing.72 Acet-
aminophen should be used to reduce fever in patients with chickenpox 
because of the association between aspirin and Reye’s syndrome.

Acyclovir is approved in the United States for the treatment of both 
chickenpox and herpes zoster in the normal host. Oral acyclovir 
therapy in normal children, adolescents, and adults shortens the dura-
tion of lesion formation by about 1 day, reduces the total number of 
new lesions by approximately 25%, and diminishes constitutional 
symptoms in one third of patients.72-75 The American Academy of 
Pediatrics recommends therapy for adolescents and adults, as well as 
high-risk groups of patients (e.g., premature infants, children with 
bronchopulmonary dysplasia) within 24 hours of onset of disease. In 
children 2 to 16 years old, the oral dosage is 20 mg/kg 4 times daily for 
5 days (maximum of 800 mg daily). Adolescents and adults can receive 
up to 800 mg 5 times a day. Oral therapy of herpes zoster in the normal 
host accelerates cutaneous healing and reduces acute neuritis.

Acyclovir has been evaluated in controlled studies for all herpesvi-
rus infections. Acyclovir is a guanine derivative that has a high degree 
of selectivity for the inhibition of VZV replication because of its 
selected phosphorylation and activation by the virus-coded thymidine 
kinase and its subsequent selective inhibition of the viral DNA poly-
merase. It is estimated that the concentration of acyclovir required to 
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(monovalent varicella vaccine; Varivax).102 A zoster vaccine, to be 
effective, should boost an older person’s CMI responses and, therefore, 
mimic immunologic benefit of exposure of VZV-immune adults to 
chickenpox.103 Indeed, several dose-ranging studies of vaccine defined 
a boost in waning CMI responses in older individuals.104-106 The Shin-
gles Prevention Study evaluated the high-titer, live attenuated zoster 
vaccine43 in nearly 40,000 subjects older than 60 years of age with a 
mean follow-up of 3 years. Benefit was defined in three specific areas. 
First, the incidence of herpes zoster was 50% lower in the vaccine 
group than in placebo recipients (5.4 cases per 1000 person-years vs. 
11.1 cases per 1000 person-years, P < 0.001). For those patients who 
developed herpes zoster while on the study, vaccine virus was not 
detected by PCR. Second, the incidence of PHN was 67% lower among 
vaccine recipients (0.5 cases per 1000 person-years vs. 1.4 cases per 
1000 person-years, P < 0.001). In addition, the median duration of pain 
among subjects in whom herpes zoster developed was shorter in the 
vaccine group, albeit of marginal clinical value (21 vs. 24 days, P = 
0.003). Third, vaccination significantly decreased the burden of illness 
overall for patients who developed zoster (as assessed by an area under 
the curve evaluation, P = 0.008). When patients were analyzed accord-
ing to two age groups, the younger elderly (60 to 69 years old) and 
older elderly (>70 years of age), differences in vaccine efficacy were 
noted. Vaccination was more effective in preventing herpes zoster 
among the younger versus the older elderly. However, it prevented 
PHN and burden of illness to a similar extent in both groups. Notably, 
the risk of subsequent development of herpes zoster does not appear 
to be increased in vaccine recipients.107

In 2006, the U.S. Food and Drug Administration approved the 
zoster vaccine for the prevention of herpes zoster in persons 60 years 
of age or older43,100 and then for those older than 50 in 2011.108 This 
vaccine is not indicated for the treatment of PHN or herpes zoster.

The inactivated Oka vaccine is being evaluated for prevention of 
herpes zoster after human stem cell transplantation.109 Recently, the 
Cochrane Collaborative performed a systematic review of the use of 
vaccines to prevent herpes zoster in adults.110 This report agreed with 
the efficacy and age effects reported in the U.S. registrational study.43

A vaccine was licensed for the prevention of chickenpox in immu-
nocompetent persons in 1995.92-98 Studies performed indicated pro-
tection after vaccination, but disease occasionally occurred, especially 
in small outbreaks, and led to an Advisory Committee on Immuniza-
tion Practices (ACIP) recommendation of two doses of vaccine for 
children as implemented in 2006 (see Chapter 320). The Oka strain  
of VZV was developed by Takahashi and colleagues in Japan and 
studied as a vaccine extensively in both healthy and leukemic chil-
dren. In immunocompromised children, serologic evidence of host 
response after vaccination has been achieved in between 89% and 
100% of vaccinated individuals. Vaccine-induced rash, however, is not 
uncommon and occurs in variable percentages of patients from 
approximately 6% to as high as 47%. The factor most predictive of the 
appearance of rash is the degree of immunosuppression. Specifically, 
for children with acute lymphoblastic leukemia, the likelihood of rash 
can be as high as 40% to 50%. The subsequent occurrence of natural 
varicella after community exposure is decreased in the larger control 
studies and averages 8% to 16%. Vaccination did not appear to 
increase the likelihood of subsequent herpes zoster during the period 
of follow-up.

The ACIP recommends routine childhood vaccination with two 
doses of vaccine.99 In clinical trials, the development of antibody 
responses was higher than in the immunocompromised host and 
varied between 94% and 100%. Vaccine-induced rash was far less 
common in these individuals and occurred at a frequency of 0.5% to 
approximately 19% overall, with the rate for subsequent appearance of 
varicella after community exposure averaging between 1% and 5%. The 
impact of this vaccine is now being appreciated.

The Oka vaccine was also evaluated in adults to prevent shingles, 
but a higher titer of live attenuated virus was required to elicit signifi-
cant and durable increases in cell-mediated immune (CMI) responses. 
Thus, Zostavax was developed specifically for protection against herpes 
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Human cytomegalovirus (HCMV), a betaherpesvirus (see Chapter 
137), is the largest virus to infect humans. Its genome is sufficient to 
encode 230 proteins, many of which play a significant role in down-
regulation of the immune response. Infection is common in all human 
populations and reaches 60% to 70% in U.S. cities1 and nearly 100% in 
some parts of Africa. Disease is varied in humans infected with cyto-
megalovirus (CMV), from no disease in healthy hosts and congenital 
CMV syndrome in neonates, which is frequently fatal, to infectious 
mononucleosis syndrome in young adults. In the patient with immu-
nocompromise, CMV produces its most significant and severe disease 
syndromes in lung, liver, kidney, and heart transplant recipients. CMV 
is the most common opportunistic pathogen detected in those settings 
and causes significant mortality and morbidity.2 In bone marrow trans-
plant recipients, CMV pneumonia is the most common life-threatening 
infectious complication after transplantation.3 In patients with acquired 
immunodeficiency syndrome (AIDS), CMV is the most common viral 
pathogen, and CMV retinitis is the most frequent sight-threatening 
infection, even in the era of active antiretroviral therapy (ART).4 For-
tunately, effective therapies for the treatment and prevention of serious 
CMV disease in patients with immunocompromise are being estab-
lished, and principles for the use of these therapies are becoming more 
clear.5

As with all herpesviruses, CMV establishes latent infection in the 
host after recovery from acute infection. The exact mechanisms that 
control latency are unclear, but polymorphonuclear cells, T lympho-
cytes, endothelial vascular tissue, renal epithelial cells, and salivary 
glands may all harbor the virus in a nonreplicating or slowly replicating 
form. Activation from this latent state can occur after immunosuppres-
sion, other illness, or the use of chemotherapeutic agents.6

Both primary and secondary infection with CMV can occur. 
Primary infection occurs in patients who are seronegative and have 
never been infected with CMV. Secondary infection represents activa-
tion of a latent infection or reinfection in a person with seropositive 
immunity. Both infants and adults can be infected with multiple 

strains. Several different strains of CMV have been found at the same 
time in the urine of patients with AIDS.7 Clinical CMV disease can 
result from either primary or secondary infection; in primary infec-
tion, virus usually replicates to a higher level and disease is more 
severe. Congenital infection of the neonate is almost always the result 
of primary infection of the mother during pregnancy.8

Evidence for extensive genome-wide variability of human CMV in 
congenitally infected infants has become available through the use of 
high-throughput DNA sequencing of viral populations from urine 
samples of neonates with congenital HCMV infection. 9 This study 
provides evidence that the intrahost genomic variability at the nucleo-
tide and amino-acid level is comparable to many RNA viruses and that 
HCMV exists as a complex mixture of genome types.

The emphasis in this chapter is on the clinical manifestations of 
CMV disease and the mechanisms of pathogenesis. Treatment and 
prevention with antiviral drugs have greatly changed the management 
of CMV disease in the patient with immunocompromise; this develop-
ment is highlighted. Limitations of antiviral therapy, such as resistance 
to antiviral drugs, are discussed.

DESCRIPTION OF THE PATHOGEN
The era of modern virology of CMV began with the isolation of murine 
CMV.10 Shortly after this time, the isolation of human CMV was 
reported by three independent groups led by Smith, Weller, Rowe, and 
colleagues.11-13 Human CMV was isolated from the human salivary 
gland, and the term cytomegalovirus was first used to replace the term 
salivary gland virus or cytomegalic inclusion disease virus.14 The first 
description of recognizable CMV disease in a healthy adult was docu-
mented in 1965.15 A syndrome of CMV mononucleosis was found to 
occur sporadically or after transfusion with blood16 or leukocyte 
products.17

HCMV is the largest member of the human herpesvirus group and 
is the largest known virus to infect humans. The CMV genome is a 
linear, double-stranded DNA molecule (236 kbp) that has been 

Definition
•	 Human	cytomegalovirus	(HCMV)	is	a	

double-stranded	DNA	virus,	a	member	of	the	
Herpesviridae	family,	and	infects	a	high	
percentage	of	humans	worldwide.	Recent	
evidence	points	to	great	genomic	variability	
during	replication	in	a	single	patient.	HCMV	
infection	is	usually	asymptomatic,	but	may	
cause	severe	congenital	infection	and	severe	
disease	in	immunocompromised	transplant	
and	acquired	immunodeficiency	syndrome	
(AIDS)	patients.

Epidemiology
•	 Infants	infected	in	utero	as	a	result	of	primary	

cytomegalovirus	(CMV)	infection	in	a	pregnant	
woman	are	at	risk	for	severe	congenital	
abnormalities	and	sensorineural	hearing	loss.	
Healthy	young	adults	can	develop	CMV	
mononucleosis.	In	immunocompromised	AIDS	
patients,	CMV	retinitis	leads	to	vision	loss.	In	

solid-organ	and	hematopoietic	stem	cell	
transplant	patients,	life-threatening	CMV	
pneumonia	and	hepatitis,	meningoencephalitis,	
colitis,	and	esophageal	ulcers	can	occur.	The	
potential	role	of	HCMV	in	cardiovascular	
disease	is	being	increasingly	investigated.

Microbiology
•	 HCMV	grows	only	in	human	epithelial,	

endothelial,	smooth	muscle,	neurologic,	and	
fibroblast	cells.	Genomic	analysis	using	
high-throughput	deep	sequencing	in	
congenitally	infected	infants	reveals	extensive	
genomic	variability	and	diversity.

Diagnosis
•	 The	World	Health	Organization	has	

standardized	a	CMV	DNA	polymerase	chain	
reaction	assay	(COBAS	Amplicor/COBAS	
Tagman	CMV	test)	to	detect	CMV	in	blood	
and	infected	tissue.	This	assay	uses	

international	units	and	permits	comparison	
among	clinical	trials.	Detection	of	CMV	pp65	
antigen	in	infected	neutrophils	remains	a	
valuable	diagnostic	tool.

Therapy
•	 Ganciclovir	(GCV)	and	valganciclovir	(VGC)	are	

the	mainstays	of	treatment.	Forcarnet	is	
mainly	useful	for	GCV-resistant	CMV	infection	
and	disease.	Cidofovir	may	be	used	for	
treatment	of	failures	with	other	anti-CMV	
drugs.	A	lipid-coated	version	of	cidofovir	
(CMX001),	maribavir,	and	letermovir	are	
experimental	drugs	for	CMV	undergoing	
clinical	development.

Prevention
•	 GCV	and	VGC	are	used	as	prophylaxis	in	the	

transplantation	setting.	GCV	and	VGC	are	also	
used	as	preemptive	therapy.	An	effective	CMV	
vaccine	has	not	yet	been	developed.

SHORT VIEW SUMMARY
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of CMV intranuclear inclusions in renal epithelial cells and in pulmo-
nary secretions provides evidence that CMV may persist in these 
tissues as well. The mechanisms that control latency are not known, 
but the ability of CMV to evade immune destruction of infected cells 
through downregulation of cell surface markers, such as HLA-1, may 
contribute to the capacity of the virus to remain undetected.31 When 
immune suppression occurs in patients through human immunodefi-
ciency virus (HIV) infection or immunosuppressive therapy, such as 
antilymphocyte antibody (OKT3) infusion,35 CMV can reactivate and 
grow to high titers, producing end-organ disease.

In humans, a broad range of cell types are infected by HCMV, 
including epithelial cells, endothelial, neuronal, and smooth muscle 
cells, and fibroblast monocytes and macrophages.36 Important work 
with endothelial cells has mapped a primary determinant of HCMV 
cell tropism to the UL131–128 locus.37 Two messenger RNAs (mRNAs) 
are encoded by this locus, and they contain three ORFs: UL128, UL130, 
and UL131.38 A mutation in any one of these three ORFs abolishes 
endothelial cell tropism.37 Laboratory-adapted strains that do not effi-
ciently infect endothelial cells consistently contain mutations in this 
region. The AD169 laboratory strain contains a single nucleotide 
change in the UL131 exon, and the Towne strain has a frameshift muta-
tion in the carboxyl-terminal region of UL130.36,39 Neither of these 
laboratory strains is able to infect human umbilical vein endothelial 
cells, and when clinical strains are passaged in fibroblasts, as little as 
three passages can be sufficient to select for mutations in the UL131–
128 locus.37 These HCMV genes (UL131–128) are indispensable for 
growth in endothelial cells. HCMV-infected vascular endothelial cells 
have also been shown to be the source of HCMV infection of neutro-
phils.40 When polymorphonuclear leukocytes pass through vascular 
tissue to reach the site of an infection, they become infected with 
HCMV present in the vascular endothelial cells.40 Intact genes UL131–
128 are necessary for this transfer to polymorphonuclear leukocytes.37 
Repair of the UL131 in AD169 allows CMV to infect endothelial and 
epithelial cells.39

An appreciation for extensive genome-wide variability of human 
cytomegalovirus has been obtained by high-throughput sequencing 
and analysis of HCMV infection in congenitally infected infants.41 
These data reveal a high level of intrahost variability and offer strong 
evidence that HCMV exists as a complex mixture of variants. The 
diversity of HCMV population can be comparable to that of RNA virus 
populations. This evidence for extensive genetic genome variability  
in the HCMV genome will require reexamination of analysis of 
sequence variation in the glycoprotein B (gB) and gN of HCMV, sug-
gesting that clinical isolates of HCMV might cluster into four distinct 
genotypes.42,43

Previous claims that CMV had oncogenic properties are now 
regarded with great skepticism. CMV is not associated with immortal-
ization of cells in culture or with enhanced proliferation of cell DNA; 
rather, CMV infection may be associated with cellular arrest or 
decreased growth. CMV is not closely linked to any tumor in patients 
with immunocompromise and is distinguished from the oncogenic 
association of viruses such as Epstein-Barr virus (see Chapter 141).

LABORATORY DIAGNOSIS
The laboratory diagnosis of CMV infection depends on growth of the 
virus from urine or other body fluids or on demonstration of virion 
components such as viral antigens or viral DNA. Diagnosis almost 
always depends on laboratory confirmation and cannot be made on 
clinical grounds alone. The first useful laboratory test relied on the 
detection of large nuclear inclusion–bearing cells in the urine sedi-
ment.34 This test was particularly useful for the newborn period, and 
the associated disease was called cytomegalic inclusion disease of 
infancy. Growth of virus in human fibroblast cultures (MRC-5 cells) 
was laborious, and several weeks were needed for cell cultures to grow 
the virus. The culture technique could be greatly accelerated with the 
use of “shell vials” of cultured cells in which immediate early antigens 
were detected through the use of monoclonal antibodies.33,41

Direct detection of antigens in neutrophils with a monoclonal anti-
body against the CMV matrix protein pp65 has proved particularly 
useful.44 This test provides a direct measure of the presence of CMV 
and can detect CMV antigen in the spinal fluid of patients with CMV 

completely sequenced18 and contains nonoverlapping open reading 
frames (ORFs) for 164 proteins.19,20 Not all of the proteins have been 
identified, and the functions of many are not known. The laboratory 
strain AD169 has been the best studied and was the first strain to have 
its nucleotide sequence determined. AD169 has a shorter genome than 
do many clinical isolates, and the Toledo strain of HCMV contains an 
additional 15 kb of DNA that is not present in strain AD169.21 This 
large block of duplex DNA contains 19 genes that encode viral glyco-
proteins and other specialized functions. The large block of CMV genes 
in this region is designed to mimic and interact with cellular functions. 
The UL144 ORF exhibits a great diversity of genetic polymorphism 
among clinical isolates. UL144 has strong nucleotide sequence homol-
ogy with the human tumor necrosis factor-α (TNF-α) receptor family.22 
The UL146 ORF has a strong CXC cytokine homology.23 The regulation 
and function of many of these ORFs are still being determined. The 
structure of the HCMV genome makes it a member of the beta group 
of human herpesviruses because it contains terminal repeat sequences 
that are complementary to each other. The HCMV genome contains a 
single origin of replication, and like all human herpesviruses, it encodes 
a DNA polymerase gene and a complete package of genes needed for 
its own DNA replication. Viral DNA polymerase is an important target 
for antiviral drugs, and all current therapies for CMV disease inhibit 
viral DNA polymerase as the final target.5 CMV DNA polymerase is 
encoded by a CMV ORF designated UL54. CMV DNA polymerase is 
highly conserved, with only a 4% occurrence of polymorphic nucleo-
tide variation noted in clinical isolates,24 and has an important acces-
sory protein, UL44, that enhances the processivity of DNA polymerase.25 
The UL54 and UL44 proteins form the functional complex of complete 
DNA polymerase in infected cells.

The CMV genome also encodes a protein phosphotransferase 
enzyme, the product of UL97, whose role in CMV DNA replication is 
not well understood.26 The UL97 protein is able to phosphorylate gan-
ciclovir to form ganciclovir (GCV) monophosphate; this activation 
step is needed for GCV to inhibit CMV DNA replication.5,27,28 The role 
of UL97 in CMV replication is still being defined, but it has been 
shown to phosphorylate serine residues.29 The UL97 protein may phos-
phorylate other proteins involved in DNA replication, and it can phos-
phorylate CMV UL144. The CMV UL97 protein phosphorylates and 
inactivates the cellular retinoblastoma tumor suppressor.30

Cytomegalovirus also contains many genes that encode proteins 
directly involved in downregulating the host immune system. One of 
the most important of these CMV proteins prevents cellular human 
leukocyte antigen-1 (HLA-1) molecules from reaching the cell surface.31 
Thus, HLA-1 and CMV glycoproteins cannot form complexes on the 
cell surface to trigger recognition and destruction by CD8+ T lympho-
cytes, which enables the CMV genome to remain in infected cells and 
avoid immune destruction.

In the infectious virion, CMV double-stranded DNA is wrapped  
in a nucleoprotein core that is surrounded by matrix proteins and  
the pp65 antigen of CMV. The latter is important for diagnosis of  
CMV because it can be readily detected in the infected cells with 
immunofluorescence, immunoperoxidase, and other antigen detection 
methods.32 A lipid envelope that surrounds the matrix and inner core 
contains viral glycoproteins that are involved in viral entry.

The cellular protein that serves as the specific receptor for CMV 
entry has not been identified, but CMV infects cells by a process of 
endocytosis. The CMV genome is uncoated within the cell, and the 
DNA protein core is transported to the nucleus of the cell. After syn-
thesis of viral DNA polymerase, CMV replication occurs in the nuclei 
of infected cells and forms the large nuclear inclusions that are the 
hallmark of CMV infection in tissue culture and in infected cells, 
which represent aggregates of replicating CMV nucleoprotein cores. 
Recognition of these CMV nuclear inclusions is valuable in diagnosis 
of CMV infection.33

The ability of CMV to remain latent after infection contributes a 
great deal to serious CMV disease. Evidence for persistent CMV 
genomes and antigens exists in many tissues after initial infection, and 
CMV has been found in circulating mononuclear cells and in poly-
morphonuclear neutrophils.34 CMV antigens have been detected in 
vascular endothelial cells; this site has been suggested as a cause of 
vascular inflammation and development of atherosclerosis. Detection 

http://www.myuptodate.com


P
a
rt

 I
II

 I
n

fe
ct

io
u

s 
D

is
ea

se
s 

an
d

 T
h

ei
r 

Et
io

lo
g

ic
 A

g
en

ts
1740

population, a CMV DNA cutoff of greater than 40,000 copies/mL was 
estimated as specific for CMV disease. The sensitivity for this cutoff is 
only 29.4% (COBAS Amplicor) and 41.2% (Digene), but it may be 
increased to 76.5% and 82.4%, respectively, if the cutoff to predict 
disease is decreased to more than 1000 copies/mL. Because this cutoff 
was found to be associated with a low positive predictive value (46.2% 
[COBAS Amplicor] and 56% [Digene]), the authors suggest that this 
value should be used only to rule out CMV disease for this specific 
population.72

In a study that involved specimens from allogeneic stem cell trans-
plant recipients, the Digene Hybrid Capture Assay was compared with 
the Roche CMV polymerase PCR assay and a Qiagen (Valencia, CA) 
real-time light cycler PCR assay of plasma specimens and whole-virus 
standards. The authors concluded that the PCR assays showed better 
speed, sensitivity, and specificity. One study,69 which prospectively ana-
lyzed the clinical use of weekly COBAS Amplicor assays and the pp65 
antigenemia assay for prediction of the development of active CMV 
disease in 97 consecutive liver transplant recipients, found that CMV 
viral loads were highly correlated with levels of CMV antigenemia. 
Twenty-one patients were found to have active CMV disease. The 
optimal cutoff for CMV copy load to predict disease was determined 
to be in the range of 2000 to 5000 copies/mL; at greater than 5000 
copies/mL, 18 of 21 of cases of CMV would have been predicted. This 
cutoff was associated with a sensitivity of 85.7%, a specificity of 86.8%, 
a positive predictive value (PPV) of 64.3%, and a negative predictive 
value (NPV) of 95.7%. The optimal cutoff for antigenemia was deter-
mined to be in the range of four to six positive cells per slide (PPV, 
50% to 60.7%; NPV, 96.6% to 94.2%). A second independent study 
observed that high peak viral loads (>10,000 copies/mL) were consis-
tently associated with donor-positive/recipient-negative (D+/R−) 
patients after liver transplantation with active CMV infection.69 Peak 
viral loads varied in symptomatic infections of D+/R+ and D−/R+ 
patients. Because peak viral loads of asymptomatic, nontreated D+/R+ 
patients did not exceed 5500 copies/mL, the optimal cutoff for this 
particular population was suggested to be 5000 copies/mL. A study of 
51 allogeneic stem cell transplant recipients indicated that quantitative 
PCR detection occurred earlier than pp65 antigenemia and was useful 
clinically.73 In a prospective study that compared a quantitative CMV 
PCR (COBAS Amplicor) in plasma and pp65 antigenemia in patients 
after allogeneic stem cell transplantation (SCT), low levels of CMV 
viral load were found to be frequently detected after allogeneic SCT. 
In a prospective longitudinal study of 38 patients who were at risk for 
CMV infection after SCT, 534 blood samples were obtained with 
weekly monitoring for CMV infection for 100 days after SCT with 
simultaneous analysis of pp65 antigen and PCR. That study found that 
74% of patients had active CMV infection within 100 days from SCT 
with use of those assays to detect CMV viral load in blood samples. 
Three patients (7.9%) developed CMV gastrointestinal (GI) disease. 
The study concluded that plasma CMV DNA PCR (COBAS Amplicor) 
and pp65 antigenemia assays were effective in detection of CMV infec-
tion, but discordance between both methods was frequently observed. 
The authors concluded that plasma CMV DNA PCR and pp65 anti-
genemia assays were complimentary for diagnosis and management of 
CMV infection.74 Additional comparative studies on the use of these 
assays in plasma and neutrophils are needed to assess their relative 
merits in different clinical conditions.75-77

Although, PCR techniques allow sensitive detection of CMV DNA 
in clinical specimens, the prevalence of many “home-brew” assays or 
laboratory-developed tests (LTDs) developed by many different labo-
ratories, has made it very difficult to compare results using different 
assays. A great step forward has resulted from the development and 
standardization of the first World Health Organization (WHO) CMV 
international standard based on international units, which became 
available in October 2010.78 Laboratories could use the WHO interna-
tional standard, to recalibrate their assays and report values as inter-
national units per milliliter (IU/mL), allowing easier comparison of 
data between laboratories. This was a great advance. In July 2012, the 
first quantitative CMV DNA test was approved by the U.S. Food  
and Drug Administration (FDA; COBAS Amplicor/COBAS Tagman 
[CAP/CTM] CMV test) and was calibrated to the WHO CMV inter-
national standard. In a paper providing data on the performance of the 

polyradiculopathy syndrome and in the peripheral blood of patients 
with immunocompromise. Other methods for detection of CMV DNA 
or RNA have used labeled viral nucleic acid probes and nucleic acid 
hybridization in body fluids or tissue specimens.1,45,46

A polymerase chain reaction (PCR) assay, which uses primers in 
the gene that encodes CMV immediate early antigen47 or in the CMV 
DNA polymerase,48 has provided a very sensitive technique for detec-
tion of CMV. PCR assay can detect small amounts of CMV DNA in 
many body fluids. It has been useful for the detection of CMV DNA 
in the cerebrospinal fluid (CSF) of patients with CMV encephalitis or 
CMV polyradiculopathy syndrome.49,50

Three important papers have described the use of PCR for detection 
of CMV DNA in the blood of patients with AIDS; these findings reveal 
that the presence of CMV DNA could predict the development of 
CMV retinitis several months later.51-53 Although all three studies used 
different PCR techniques, they showed remarkable agreement, with a 
positive predictive value of approximately 60% in correlation of the 
presence of CMV DNA, with the subsequent development of clinical 
disease. Quantitative PCR has also been used to show that a high 
quantitative number of CMV DNA copies/mL of plasma was corre-
lated with CMV disease activity in patients with AIDS.54 The PCR assay 
for CMV DNA is also revolutionizing the approach to the management 
of CMV disease in liver, kidney, and bone marrow transplant recipients 
(see subsequent discussion).55 With the availability of effective antiviral 
therapy, one goal of management is prevention of CMV disease 
through the use of the PCR assay to detect CMV DNA in plasma before 
end-organ disease has developed. Antiviral therapy can then be used 
to lower CMV DNA levels and prevent the development of CMV end-
organ disease. This approach has been labeled preemptive therapy.56 
CMV antigen detection in CSF cells and CSF DNA levels determined 
with PCR have provided comparable information on the course of 
antiviral therapy for CMV infection of the central nervous system 
(CNS).57 Another study has suggested that prophylactic treatment with 
GCV may be better than CMV antigen-guided preemptive therapy in 
prevention of CMV pneumonia during the first 100 days after trans-
plantation.58 Additional comparative studies on the use of assays in 
plasma and in neutrophils are needed to assess their relative merits in 
different clinical conditions.

Clinical laboratories are rapidly adopting kit-based molecular tech-
nology for diagnosis of active CMV disease. Kits are based on PCR 
assay or on a solution hybridization capture assay.59 Technology based 
on nucleic acid sequence–based amplification, although promising,17 
is not widely used at the present time.

A research kit-based assay that uses PCR technology is the COBAS 
Amplicor CMV Monitor (Roche Molecular Diagnostics, Pleasanton, 
CA). This assay uses plasma and is based on the co-amplification of a 
365-bp sequence in the amino terminus of the CMV DNA polymerase 
gene and on a quantitation standard of a known concentration. The 
assay detects a range of 400 and 100,000 copies/mL. Several studies in 
a variety of populations susceptible to CMV infection have shown high 
sensitivity and specificity of this assay in detection of the presence of 
CMV DNA levels in blood.60-63

The Hybrid Capture CMV DNA Assay version 2.0 (Digene, Gaith-
ersburg, MD) is a rapid signal-amplified solution hybridization assay 
that uses RNA probes for CMV DNA present in leukocytes and anti-
bodies to capture the resulting RNA-DNA hybrids, and it expresses 
results as picograms per milliliter. As with the COBAS Amplicor, 
several studies have shown high sensitivity and specificity of this assay 
in detection of blood levels of CMV DNA in a variety of patient 
groups.64,65

Although data are accumulating to support the usefulness of these 
assays for the early detection of CMV disease, it is still not clear 
whether these tests are equally effective in predicting disease or 
response to therapy.66-71 Two studies that compared the properties of 
the Digene Hybrid Capture Assay (version 2.0) with those of the quan-
titative COBAS Amplicor in a cohort of renal transplant recipients 
noted a correlation between the results with each assay. However, 8% 
to 9% discordance between results was observed within each group 
independently. Both studies noted a lower detection limit with the 
Digene 2.0. Tong and associates66 observed that discordance was more 
likely to occur at the beginning or toward the end of infection. In this 
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CMV-induced infectious mononucleosis syndrome has been called 
typhoidal because symptoms may be systemic in nature, fever may 
predominate, and few signs of enlarged lymph nodes or splenomegaly 
may be noted.85

The hematologic hallmark of infectious mononucleosis syndrome 
is a relative lymphocytosis, in which more than 50% of the peripheral 
white blood cell differential is composed of lymphocytes. Of these, 10% 
or more should comprise atypical lymphocytes that possess abnormal 
nuclei and exhibit rosetting around red blood cells.

The landmark study that defined the clinical features of infectious 
mononucleosis was an 8-year prospective study of 494 patients by 
investigators from Finland.85 In that study, 79% of patients had positive 
heterophil agglutinin results and acute EBV infection; 73 patients older 
than 15 years had a negative heterophil response, and 33 of these 
patients (45%) had CMV infection. The first serum, which was taken 
3 to 20 days after the onset of disease, showed that 11 of 19 patients 
were seronegative (titer ≤1 : 4) and had a rise in complement-fixing 
antibodies. The peak titer was reached 4 to 7 weeks after the onset of 
disease. The presence of CMV in the urine was documented in 10 of 
12 patients tested. This analysis led to the conclusion that CMV mono-
nucleosis represents a primary infection in persons who were previ-
ously seronegative. The age range of infected patients was 18 to 66 
years, with a median age of 29 years (higher than in the group with 
EBV-induced mononucleosis). Fever was common in all patients and 
persisted for 9 to 35 days (mean, 19 days). Lymphocytosis in these 
patients ranged from 55% to 86%; 12% to 55% of total leukocytes were 
atypical lymphocytes. In the patients with CMV infection, pharyngitis 
and tonsillitis were rare. Enlargement of both lymph nodes and spleen 
was not a prominent feature of CMV mononucleosis, although it can 
occur. Low-level liver function abnormalities are regular features of 
CMV mononucleosis and can be an important clue to diagnosis. The 
occurrence of severe hepatitis or jaundice is rare.

Cytomegalovirus mononucleosis may occur without a clear source, 
but “kissing” and direct transfer of infected lymphocytes and polymor-
phonuclear cells is sometimes identified as a source. Other forms of 
intimate sexual contact are also important in the transmission of CMV.

The most clearly identified source for transmission of CMV and 
EBV is blood transfusion. CMV is also readily transmitted with trans-
fusion of leukocytes alone.86 The greater the number of units of trans-
fused blood that a patient receives, the greater is the risk of infection 
from this source. When large amounts of blood have been transfused, 
CMV should be considered as a potential cause of postoperative fever. 
The risk of transmission of CMV from blood has been greatly reduced 
with the screening of blood for the presence of antibodies and with 
elimination of units from seropositive donors.83,87 For patients requir-
ing transfusion with packed red blood cells only, the routine use of 
filters that remove white blood cells from blood units has also greatly 
reduced the incidence of transfusion-associated mononucleosis and 
reduced HCMV transmission.88

In both CMV-induced and EBV-induced mononucleosis, labora-
tory abnormalities or transient immunologic aberrations can occur. 
These abnormalities include cold agglutinins, rheumatoid factor, 
mixed cryoglobulinemia, antinuclear antibodies, and anticomplemen-
tary activity.85

A study of 124 patients used elevated CMV immunoglobulin M 
(IgM) levels (>300 U/mL) as a measure of acute CMV infection; 
patients presented with fever, malaise, jaundice, hepatitis, sweats, or a 
mononucleosis-like illness, and a detailed analysis of symptoms was 
provided. The specificity of the CMV IgM assay was confirmed in every 
case with the use of a CMV immunoglobulin G (IgG) avidity assay. 
The authors were careful to include patients who exhibited the absence 
of EBV infection, hepatitis A, antibody to hepatitis B core antigen, 
Toxoplasma gondii, IgM antibodies, and rheumatoid factor. The study 
examined samples obtained from 7630 patients in the United Kingdom 
from December 1998 to June 2001 and found 106 patients with CMV 
infection who were treated by general practitioners, and 18 who were 
hospitalized. In this group, the most frequent symptoms were malaise 
(67%), fever (46%), and sweats (46%). The most frequent laboratory 
finding was abnormal liver function test results (69%). Relapsing 
illness was observed in 12% of patients; symptoms persisted for up to 
32 weeks, with a mean duration of symptoms of 7.8 weeks. No 

CAP/CTM CMV test with the current clinical test that is used at five 
transplant centers in the United States and Europe, the CAP/CTM 
CMV test performed in a consistent and reliable manner across the 
five laboratories. The study evaluated the relationship in viral load 
values between the CAP/CTM CMV test and the local tests, where four 
of the five local tests were LDTs for CMV quantitation.79

The study urged the implementation of the international standard 
values for CMV viral load and demonstrated that the CAP/CTM CMV 
test provided precise, accurate, and standardized results. This would 
allow the design of multicenter studies to delineate testing quantitative 
cutoffs for clinical outcome of CMV infections in both solid-organ and 
stem cell transplant patients.79 These data would have the potential to 
greatly improve the clinical management of CMV infection and 
disease.80

The first clinical study correlating clinical outcomes of CMV disease 
with viral load measured by the standardized CAP/CTM CMV test 
calibrated to the CMV WHO international standard emphasized the 
clinical importance of (1) viral load at the start of the treatment (pre-
treatment viral load) and (2) viral load at the end of treatment (viral 
suppression). These two viral measures were significantly associated 
with faster time to clinical disease resolution in solid-organ transplant 
patients. The study showed that patients with a pretreatment CMV 
DNA viral load of less than 18,200 (4.3 log10) IU/mL were 1.5 times 
more likely to have resolution of CMV disease. CMV suppression to 
less than 137 (2.1 log10) IU/mL was predictive of a clinical response to 
antiviral treatment.81

This study should encourage laboratories to calibrate their viral 
load tests to the CMV WHO international standard and facilitate  
consensus across transplant centers on implementation of antiviral 
treatment.

CULTIVATION OF 
CYTOMEGALOVIRUS
Human CMV has been cultured in human cells only, and previous 
claims that CMV could be grown in other animal cells have not been 
substantiated.82 Although CMV can be readily cultured in human 
fibroblast cells, growth is characteristically slow. One to 4 weeks of 
growth may be necessary for the development of typical cytopathic 
changes in tissue culture. CMV produces characteristic infected cells, 
which are large and rounded and contain “ground-glass”–appearing 
inclusions in the cytoplasm. These infected cells, the hallmark of CMV, 
indicate the presence of CMV in the sample.33

Cytomegalovirus can be readily isolated from urine, mouth swabs, 
buffy coat, cervical tissue, and tissues obtained with biopsy or at post-
mortem examination. Virus is demonstrable even in the presence of 
neutralizing antibody.

Cytomegalovirus is not usually cultured from healthy adults and 
may be difficult to culture from blood, even in patients with immuno-
compromise. Virus may be cultured from the cervix in healthy women83 
and from semen in healthy men who have sex with men.84

The growth of CMV from throat, urine, or blood is an abnormal 
finding, but only culture from blood is highly suggestive of a patho-
genic CMV infection because CMV in throat or urine is frequently 
associated with asymptomatic infection. Patients who recover from 
acute CMV mononucleosis may shed CMV in the urine and throat for 
several weeks. Patients with immunosuppression may also shed CMV 
in throat washings or bronchoalveolar lavage. In the latter cases, his-
tologic changes, such as intranuclear inclusions, are needed for the 
establishment of a diagnosis of CMV pneumonitis.33

CYTOMEGALOVIRUS 
MONONUCLEOSIS
Primary infection with CMV in a young adult can produce an infec-
tious mononucleosis syndrome with fever, lymphadenopathy, and rela-
tive lymphocytosis. Seventy-nine percent of infectious mononucleosis 
is estimated to be caused by the Epstein-Barr virus (EBV; see Chapter 
141); most of the other 21% is caused by acute CMV infection.85 Het-
erophil agglutinin test results are negative in CMV mononucleosis and 
usually positive in EBV mononucleosis. Another distinguishing feature 
of diseases caused by these two viruses is a sore throat with enlarged 
exudate-covered tonsils, which is more common with EBV infection. 
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setting of acute CMV infection, hepatitis usually resolves fully. When 
scattered microscopic granulomas are found on liver biopsy, CMV 
infection should be considered.

Guillain-Barré Syndrome
The association of Guillain-Barré syndrome with CMV mononucleosis 
was initially described in 1971 when nine patients with acute CMV 
mononucleosis presented with polyneuritis that was characterized  
by sensory and motor weakness in the extremities. Cranial nerve 
involvement was also common, and four patients were treated in the 
respiratory unit.92 Return of sensation was followed by motor improve-
ment, and complete recovery occurred in about 3 months for most 
patients.

In a large series of 94 cases of Guillain-Barré syndrome, acute CMV 
infection was documented in 10 patients.93 In 9 of these patients, a high 
IgM immunofluorescent antibody titer was found on the initial speci-
men and showed a decline that was diagnostic for acute CMV infection 
by the time of discharge. The complement fixation antibody titer was 
already elevated in these patients, and no further rises were observed. 
All patients had atypical lymphocytes in a blood smear, and all 
recovered.

The strongest evidence that CMV may be a direct cause of polyra-
diculopathy and myopathy has been observed in patients with AIDS, 
in whom CMV inclusions have been shown in the nuclei of Schwann 
cells in association with a syndrome of motor weakness that leads to 
loss of bowel and bladder control (see subsequent discussion).94

Meningoencephalitis
In association with CMV-induced infectious mononucleosis, meningo-
encephalitis has been infrequently reported in immunocompetent 
patients.95 Such patients may also have motor and sensory weakness 
similar to polyradiculopathy. Severe headache, photophobia, lethargy, 
and pyramidal tract findings are features that are more indicative of 
meningoencephalitis. The spinal fluid usually shows a moderate 
number of lymphocytes. In both CMV meningoencephalitis and CMV 
polyradiculopathy, the presence of CMV DNA in the CSF detected 
with PCR can be helpful to the clinician in diagnosis.49,50

Myocarditis
Complications of CMV-induced mononucleosis can include myocar-
dial involvement or myocarditis. In three of eight cases, inversion of T 
waves was noted.96 One patient was a 14-year-old boy who died with 
serologic evidence of acute CMV infection, hepatitis, myocarditis, and 
consumptive coagulopathy. Another report described a 43-year-old 
immunocompetent woman with acquired myocarditis, heart failure, 
encephalitis, hepatitis, and adrenal insufficiency.97 At autopsy, CMV 
was cultured from the adrenal glands. In children with congenital 
CMV infection, myocardial involvement has been rarely reported.

Thrombocytopenia and  
Hemolytic Anemia
Thrombocytopenia and hemolytic anemia occur regularly in children 
with congenital CMV disease and occasionally as a complication of 
CMV mononucleosis in healthy adults. A 33-year-old man with sero-
logic evidence of acute CMV infection and viruria had a profound 
decrease in platelet count to 500 cells/mm3, a hemolytic anemia and 
hemoglobin of 3.6 g/dL, and a reticulocyte count of 12%.98 The patient 
had generalized purpura and bleeding gums and recovered completely 
with prednisone treatment. In a 26-year-old man with acute CMV infec-
tion who presented with thrombocytopenia and purpura, decreased red 
cell survival and an elevated reticulocyte count were seen.99

Skin Eruptions
Maculopapular and rubelliform rashes may also occur in the setting of 
CMV mononucleosis. These rashes may develop after administration 
of ampicillin100 and are thought to result from immunologic reactions 
to cellular antigens that are uncovered or expressed in association with 
the acute CMV infection. In an unusual report, a 40-year-old man with 
acute CMV viremia and viruria acquired epidermolysis 8 weeks after 
the onset of hepatitis.101 Thus, the skin manifestations of acute CMV 
infection are usually mild but can occasionally be severe.

significant differences were seen between patients who were treated by 
general practitioners and those who were hospitalized, except that the 
same symptoms were more severe in those who were hospitalized. Four 
patients were pregnant at the time of acute CMV infection. Three 
delivered healthy children, but one child had severe intrauterine 
growth retardation and a severe hearing impairment. This study 
expands the range of clinical symptoms associated with laboratory-
documented acute CMV infection.89

ASSOCIATED COMPLICATIONS
A series of associated findings can occur with CMV infection; these 
may be the initial manifestation of disease even in the healthy host. 
The following sections describe these complications.

Interstitial Pneumonia
Interstitial pneumonia is the most severe complication of CMV disease 
in the patient with hematopoietic stem cell transplantation (HSCT), 
and it may also occur uncommonly in CMV-induced mononucleosis 
in the otherwise healthy host. In the large series from Finland,85 CMV 
pneumonitis occurred in two of 33 patients. The main finding is one 
of interstitial infiltrates on chest radiography that eventually clear (Fig. 
140-1), which is in sharp distinction to the finding of CMV pneumo-
nitis in HSCT recipients, in whom CMV pneumonitis has a high mor-
tality rate even with aggressive antiviral therapy. CMV pneumonitis 
that occurs with CMV mononucleosis is usually mild, and no treat-
ment is necessary.

Hepatitis
Hepatitis is commonly associated with CMV mononucleosis, but it is 
usually mild and is rarely symptomatic in the patient with immuno-
competence. A 21-year-old immunocompetent patient has been 
described in whom infectious hepatitis was suspected and who had a 
large and tender liver but no atypical lymphocytes. CMV was isolated 
from the urine, and a significant rise in complement-fixing antibodies 
was observed, which confirmed the diagnosis of acute CMV infec-
tion.90 Granulomatous hepatitis may also be an initial manifestation of 
CMV infection that accompanies mononucleosis.91 In these patients, 
fever, vomiting, and a profound atypical lymphocytosis of nearly 50% 
are noted. CMV is isolated from the throat, and a diagnostic rise in 
complement-fixing antibodies is seen. Liver biopsy in these patients 
reveals a resolving hepatitis with mononuclear cells infiltrating portal 
areas, along with microscopic granulomas with giant cells. In the 

FIGURE  140-1  Bilateral interstitial pneumonitis caused by cyto-
megalovirus in bone marrow transplant recipient. 
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herpesvirus 8 (see Chapter 143), and this virus is sensitive to GCV in 
vitro.

Central Nervous System
In patients with AIDS, the most common CNS infection caused by 
CMV is polyradiculopathy.94 This syndrome has a characteristic onset 
of ascending weakness in the lower extremities, associated with a loss 
of deep tendon reflexes, and ultimately loss of bowel and bladder 
control. The syndrome frequently begins as low back pain with a radic-
ular or perianal radiation, followed in 1 to 6 weeks by a progressive 
flaccid paralysis. Marked pathologic changes are found in the cauda 
equina and the lumbosacral nerve roots, with distinct mononuclear 
cell infiltrate destruction of axons, along with CMV inclusions in 
Schwann cells and epithelial cells.94 Lumbar puncture reveals a char-
acteristic picture of polymorphonuclear cells, mildly elevated protein, 
and modest lowering of CSF sugar levels. The findings are frequently 
mistaken for those of bacterial meningitis, but bacterial culture results 
are negative. The diagnosis is usually made with detection of CMV 
DNA with PCR in the spinal fluid49,50 or with culture of CMV from the 
spinal fluid.

Treatment with GCV has improved weakness and polyradiculopa-
thy in a few patients who were treated with GCV alone or with GCV 
and foscarnet early in the disease,113,114 but treatment with GCV alone 
generally has been disappointing.115 Some of the poor treatment results 
may be because only about one third of the plasma concentration of 
IV GCV is found in the CSF; the CNS may represent a privileged site 
where only low concentrations of GCV penetrate.116

The current favored treatment for CMV polyradiculopathy is early 
therapy with GCV and foscarnet, although no extensive clinical trials 
to document benefit have been published. Anecdotal observations have 
been reported that suggest that CMV meningoencephalitis in patients 
with AIDS may respond to GCV and foscarnet.117

Other CNS findings in patients with AIDS include mononeuritis 
multiplex and painful peripheral neuropathy, which have been attrib-
uted to CMV.118 The benefits of antiviral therapy for these conditions 
are uncertain.

Gastrointestinal Tract
Infection of the GI tract with CMV had been frequent in patients with 
AIDS before the era of ART. CMV can cause ulcers in the esophagus, 
and patients present with pain and difficulty swallowing. Through 
endoscopic examination, shallow ulcers are seen. The diagnosis of 
CMV esophagitis is made with demonstration of intranuclear inclu-
sions or immunocytochemistry on biopsy specimens of the ulcers or 
with culture or PCR detection of CMV from biopsy tissue.

Patients with AIDS may present with explosive watery diarrhea as 
a result of CMV colitis. Fever is common with CMV colitis, and occa-
sionally, bloody diarrhea may be present. The diagnosis is made with 
sigmoidoscopy, which reveals plaque-like pseudomembranes, numer-
ous erosions, and serpiginous ulcers.119

Cytomegalovirus colitis may be seen as a mass lesion that produces 
partial obstruction or as lesions that resemble Kaposi sarcoma.120 
CMV may be present in the colon with other pathogens, such as Myco-
bacterium avium-intracellulare complex and Cryptosporidium. With 

CYTOMEGALOVIRUS INFECTION IN 
PATIENTS WITH ACQUIRED 
IMMUNODEFICIENCY SYNDROME
The profound immunodeficiency caused by infection with human  
immunodeficiency virus type 1 (HIV-1) results in defects in cellular 
immunity to many common infectious agents, including CMV. Coin-
fection with CMV has been noted in more than 90% of homosexual 
men with HIV-1 infection by serologic status.102 A high percentage of 
homosexual men also have CMV detected in the urine, even in the 
absence of HIV-1 infection.103 Patients who are infected with HIV-1 
and in whom CD4+ cells are decreased to less than 100 cells/mm3 have 
a significantly increased risk for the development of serious CMV 
disease.

Cytomegalovirus is the most common viral opportunistic infection 
in patients with AIDS; it has been estimated that 21% to 44% of patients 
with AIDS acquired CMV disease in the era before the availability of 
antiretroviral therapy (ART).4 CMV retinitis, by far the most common 
form of CMV disease, usually occurs when the CD4 cell count falls  
to less than 50 cells/mm3.104 Autopsy studies have shown that up to 
81% of patients with HIV had clinical or pathologic evidence of  
CMV disease by the time of death, and 32% had CMV retinitis.105 
Retinal disease as a result of CMV occurs only rarely in patients with 
bone marrow or solid-organ transplantation. CMV retinitis causes a 
complete-thickness infection through the retinal cells and results in 
progressive retinal destruction that leads to blindness within 4 to 6 
months. Now that ART is able to suppress HIV, the incidence of CMV 
end-organ disease has decreased by more than 80%,106 which has 
greatly changed the management of CMV retinitis (discussed in detail 
in Chapter 131).4 The most likely reason for the reduction in CMV 
disease is the improvement in CMV-specific immune responses that 
results from ART.107

Cytomegalovirus retinitis is diagnosed predominantly on the basis 
of its clinical appearance. The characteristic appearance is a white  
fluffy retinal infiltrate that occurs with several areas of hemorrhage 
(Fig. 140-2). It can also appear as a granular white area without hemor-
rhage. This form must be distinguished from cotton-wool spots, which 
are seen on the retinal tissue of patients with AIDS and are unrelated 
to CMV.

Initially, treatment of CMV retinitis included intravenous (IV) 
GCV for 3 weeks at a dose of 7.5 to 15 mg/kg/day in three divided 
doses for 14 to 21 days, followed by a maintenance regimen of 5 to 
6 mg/kg/day for 5 to 7 days per week108 to prevent relapse. Oral GCV, 
despite its low oral bioavailability (8%),109 administered at a dose of 
1000 mg taken three times daily, was found to be nearly equivalent to 
IV GCV in prevention of progression and preservation of vision, par-
ticularly if the initial CMV retinitis was not sight threatening.110 Val-
ganciclovir (VGC) has supplanted oral GCV for the treatment of CMV 
infection. VGC is given as an induction regimen of 900 mg orally twice 
daily for 21 days, and then as a maintenance dose of 900 mg/day. A 
sustained-release intraocular implant of GCV was formerly widely 
used, but is no longer available.110-112

Patients who received oral GCV along with the GCV implant had 
a statistically significant decrease in the occurrence of Kaposi sarcoma 
associated with AIDS.112 Kaposi sarcoma is closely linked to human 

FIGURE 140-2  Cytomegalovirus (CMV) retinitis. A,  Early disease with  retinal  involvement along blood vessels. B,  Extensive  retinal damage and 
retinal hemorrhages. C, CMV retinitis with papillitis. 
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its prolonged intracellular half-life make GCV a more effective inhibi-
tor of CMV replication in vivo than acyclovir.

Valganciclovir
VGC is the valine ester of GCV; it has a much greater oral bioavail-
ability than does GCV (about 68% is absorbed compared with 6% to 
8% for oral GCV). A valine esterase in the human intestinal mucosa 
cleaves the valine ester, and GCV enters the bloodstream. Two 450-mg 
tablets orally result in blood levels that are equivalent to those attained 
with IV GCV at a dose of 5 mg/kg/day. In a treatment study of CMV 
retinitis in patients with HIV, VGC was found to be equivalent to IV 
GCV for the treatment and maintenance of CMV retinitis in patients 
on ART. The adverse effects of VGC are similar to those of GCV—
mainly, neutropenia and thrombocytopenia.137 VGC has supplanted 
oral GCV because of its improved bioavailability and convenience.

Resistance to Ganciclovir
The major mechanism of CMV resistance to GCV is the selection of 
mutants that are unable to phosphorylate GCV. These viruses have 
mutations in two main regions of the UL97 protein. These are point 
mutations at codon 460 and point mutations or deletions around 
codons 590 to 596.138,139 A mutation at codon 520 also confers an 
inability to phosphorylate GCV.140 Ganciclovir-resistant viruses that 
have mutations or deletions in regions of the UL97 protein that affect 
nucleotide binding and phosphate transfer have also been described.

Cytomegalovirus clinical isolates that were resistant to GCV were 
first reported in 1989.141 These isolates were taken from three patients 
with immunocompromise and CMV disease who had disease progres-
sion and died despite therapy and in whom all viral culture results 
remained positive. In a subsequent study of 72 patients with CMV 
retinitis who were receiving maintenance GCV therapy, 80% became 
culture negative after 3 months of treatment.142 Among those who 
remained culture positive, resistant CMV was isolated in 38% (with an 
overall incidence rate of 8%), and resistance was clearly associated with 
disease progression. Nine resistant strains of CMV were obtained from 
these 72 patients, and all failed to phosphorylate GCV (Fig. 140-3).143 
All strains remained sensitive to foscarnet, a drug that acts directly on 
the viral DNA polymerase (see “Foscarnet”).

Another mechanism of resistance to GCV involves mutations that 
occur in the CMV DNA polymerase gene.144 These have been identified 
in clinical isolates and are less common than mutations in the UL97 
gene.145 CMV strains with mutations in both the UL97 gene and the 
CMV DNA polymerase gene have also been reported.146 These exhibit 

severe CMV colitis, perforation and gangrene have been described, 
although CMV infection alone may not be the only condition found 
in association with these findings. Diagnosis of CMV colitis is made 
with biopsy, which shows typical CMV inclusion bodies, or with 
culture of CMV from biopsy material. CMV inclusion bodies are 
usually seen in the mucosal epithelium119 or in mucosal crypts.120 The 
first report of successful treatment of CMV colitis described the use of 
GCV in 1986121; this was followed by a placebo-controlled study with 
IV GCV at a dose of 5 mg/kg for 14 days, in which a reduction was 
observed in the frequency of CMV-positive colonic and urinary cul-
tures in the GCV treatment group, compared with the placebo group 
(P = .03 and P < .001, respectively). Colonoscopy scores improved 
more frequently in those who received GCV (23% of patients) than in 
the placebo group (9%; P = .03).122 However, diarrhea persisted at the 
end of treatment in both groups. These results suggest that treatment 
for 14 days may be inadequate for the colon to heal and diarrhea to 
resolve. In another study of bone marrow transplant patients with 
CMV colitis, GCV had no apparent clinical benefit.123 Cultures became 
negative with GCV treatment, but GI symptoms improved in both the 
GCV-treated and placebo-treated groups. No evidence has been found 
that maintenance therapy with GCV is useful in prevention of relapse 
of CMV colitis.

Other parts of the digestive system can be infected with CMV. 
Patients with AIDS may acquire acute CMV pancreatitis.124 Cholecys-
titis has been associated with the presence of CMV in the bile duct, 
gallbladder, and biliary tree,124 including acalculous cholecystitis, pap-
illary stenosis, and sclerosing cholingitis.125

ANTIVIRAL THERAPY
Three antiviral drugs that act to inhibit the viral DNA polymerase have 
been shown to be effective in the treatment of CMV end-organ disease 
and have been approved for use in the United States: GCV, foscarnet, 
and cidofovir (CDV) (see Chapters 45 and 131). Another drug, vala-
cyclovir, appears to delay the time to retinitis progression in patients 
with CMV retinitis but is not effective in treatment.126 An antisense 
inhibitor of CMV, fomivirsen, can be used for direct injection into 
intravitreal fluid for the treatment of CMV retinitis and has also been 
approved by the FDA.127 These drugs have been used to treat many 
forms of CMV disease in patients with AIDS and in other patients with 
immunocompromise, for example, recipients of bone marrow trans-
plants or solid-organ transplants. Individual drugs that have been 
useful in the treatment of CMV-associated disease are discussed in the 
following sections.

Ganciclovir
Ganciclovir, a nucleoside analogue of guanosine and a homologue of 
acyclovir, was the first antiviral drug shown to be effective in the treat-
ment of CMV disease in humans.5,128-130 It inhibits all of the herpesvi-
ruses and blocks transformation of normal cord blood lymphocytes by 
EBV.131,132

For antiviral activity, GCV requires phosphorylation by a virus-
specific enzyme, but CMV does not have a thymidine kinase enzyme 
homologue to the thymidine kinase of herpes simplex virus. The phos-
photransferase product of the UL97 gene of CMV converts GCV to 
GCV monophosphate. GCV monophosphate is then phosphorylated 
by cellular enzymes to triphosphate. GCV triphosphate, a potent inhib-
itor of the CMV DNA polymerase enzyme, is a competitive inhibitor 
of the incorporation of deoxyguanosine triphosphate into elongating 
viral DNA. After cleavage of the pyrophosphate, GCV monophosphate 
is incorporated into the end of the growing chain of viral DNA, greatly 
slowing replication.133 GCV is not an absolute chain terminator, and 
short fragments of CMV DNA continue to be synthesized.134,135 All of 
the drug’s antiviral effects are as result of its ability to inhibit the syn-
thesis of CMV DNA and inhibit CMV replication by slowing the elon-
gation of viral DNA.5

The half-life of GCV triphosphate in CMV-infected cells is 16.5 
hours, compared with only 2.5 hours for acyclovir triphosphate.136 
Although GCV triphosphate is not as effective an inhibitor of CMV 
DNA polymerase as is acyclovir triphosphate, the concentration of 
GCV triphosphate in CMV-infected cells is 10 times the concentration 
of acyclovir triphosphate.136 The high level of GCV triphosphate and 

FIGURE  140-3  Intracellular phosphorylation by clinical isolates. 
GCV, ganciclovir. (From Stanat SC, Reardon JE, Erice A, et al. Ganciclovir-
resistant cytomegalovirus clinical isolates: modes of resistance to ganciclo-
vir. Antimicrob Agents Chemother. 1991;35:2191-2197.)
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Foscarnet, 90 mg/kg/day, given intravenously in two divided doses 
had been shown to be equivalent to GCV for the initial treatment of 
CMV retinitis,159 but mortality among patients with AIDS was 
improved in those who received foscarnet. In a subsequent study of 
CMV retinitis in patients with AIDS, the survival benefit was not 
confirmed,160 but the combination of GCV and foscarnet was superior 
for the treatment of retinitis.

Foscarnet is associated with significant nephrotoxicity and meta-
bolic toxicity.141 Renal failure, hypocalcemia, hypomagnesemia, and 
hypophosphatemia are serious consequences of foscarnet therapy that 
can be effectively managed through close monitoring of serum creati-
nine levels, dose adjustment, and replacement of magnesium, calcium, 
and phosphate losses with oral supplements.

Cidofovir
Cidofovir ([S]-1[3-hydroxy-2(phosphorylmethoxy)propyl] cytokine) is 
a nucleotide analogue of cytosine that has significant antiviral activity 
against CMV in vitro (see Chapter 45). The IC50 for CDV against CMV 
clinical isolates is 2.0 µmol/L.161 Cidofovir contains a phosphonate 
group and does not need to be phosphorylated by a viral enzyme. It is 
therefore active against thymidine kinase–deficient herpes simplex 
virus162 and cytomegalovirus, in which mutations in the UL97 gene 
confer resistance to GCV. Cidofovir is converted by cellular enzymes 
to CDV triphosphate, which is the active inhibitor of the viral DNA 
polymerase. CDV triphosphate has a long intracellular half-life and 
needs to be given only once weekly. The maximal tolerated dose is 
5 mg/kg weekly given intravenously.163 This dose is given weekly for 2 
weeks for induction and then is given once every 2 weeks. The drug 
has been approved for treatment only for CMV retinitis in patients 
with AIDS. CDV has been studied for CMV infection and diseases in 
allogeneic stem cell transplant recipients.164 In a retrospective survey, 
CDV was found to effectively treat CMV infection in allogeneic SCT 
patients. In this small series, 9 of 16 (56%) patients treated for CMV 
interstitial pneumonia survived, even though 6 had previously failed 
therapy with GCV, foscarnet, or both. The reason for this good response 
rate is not known, but cross-resistance between CDV, GCV, and fos-
carnet is rare, and this might contribute to the success of CDV.

CDV was also effective as secondary preemptive therapy, both for 
patients failing antiviral therapy (55% response) and in patients relaps-
ing after therapy with GCV, foscarnet, or both (83%). When CDV was 
used as initial preemptive therapy, 58% of patients responded. The 
authors concluded from this retrospective study that CDV can be effec-
tive in treatment of CMV infection after allogeneic SCT and could be 
given with an acceptable risk of toxicity. They supported CDV as 
second-line therapy in patients with CMV disease, after failure of pre-
vious antiviral therapy.164

CDV must be administered with oral probenecid (2 g) before each 
IV dose. The major toxicity of CDV results from its uptake by the 
proximal convoluted renal tubular cells, which produces degeneration 
and necrosis of these cells that may be irreversible.165 Patients with 
irreversible nephrotoxicity from CDV given without probenecid have 
required dialysis. Probenecid prevents the uptake of CDV and spares 
the renal tubular cells from degenerative damage.

Cross-Resistance to Antiviral Drugs in 
Cytomegalovirus Clinical Isolates
All clinically approved systemic antiviral drugs act to inhibit the viral 
DNA polymerase as a final target. The possibility for cross-resistance 
among all drugs that act on the viral DNA polymerase exists, but at 
present, distinct patterns appear to be emerging. An early study showed 
that resistance to GCV in the viral DNA polymerase of herpes simplex 
virus could be overcome by an analogue of foscarnet, phosphonoactive 
acid, which suggests that drugs that act on the viral polymerase can 
act synergistically166 to overcome resistance to drugs that act on the 
DNA polymerase. Synergistic activity of GCV and foscarnet against 
CMV has been shown in vitro.167 If a clinical isolate of CMV is highly 
resistant to GCV (IC50 ≥30 µmol/L) and contains mutations in both 
the UL97 and DNA polymerase genes, cross-resistance to CDV may 
also be observed.168,169 These isolates still remain sensitive to foscarnet. 
Cross-resistance between GCV and foscarnet has not been observed 
with one exception,158 which may reflect the fact that GCV and 

a high degree of resistance, with a 50% inhibiting concentration (IC50) 
greater than 30 µmol/L. The IC50 of CMV clinical isolates that are 
sensitive to GCV is 6.0 µmol/L or less.146 Some clinical isolates reveal 
an intermediate sensitivity between 6 and 12 µmol/L. In a study under-
taken to correlate mutations in either the UL97 gene or the DNA 
polymerase gene with resistance, the presence of a mutation in either 
gene was associated with an IC50 greater than 7 µmol/L.145 In an analy-
sis of variability in the DNA polymerase gene of CMV, among 40 
clinical isolates that were all sensitive to GCV and foscarnet, less than 
4% variability was found. No mutations were found in highly con-
served regions of the viral DNA polymerase in wild-type isolates, 
which indicates that mutations that occur in these highly conserved 
regions are more likely to be a result of selection by antiviral drugs.24

Of patients treated with GCV for CMV retinitis over a prolonged 
period, 27% showed evidence of GCV resistance after 9 months.147 The 
detection of cytomegalovirus resistant to GCV in the blood or urine 
of a patient with CMV retinitis was associated with an increased risk 
of adverse ocular outcomes.148

In the era of ART, the incidence rate of drug-resistant CMV in the 
setting of AIDS has decreased to 5% per year because of more effective 
control of CMV with combination ART.149 In solid-organ transplant 
recipients, the highest rate of drug resistance occurs when a CMV-
seronegative recipient receives a donor organ from a CMV-seropositive 
donor (D+/R−). Resistance is more common after lung or kidney-
pancreas transplantation.149-152

Foscarnet
Foscarnet, a pyrophosphate analogue that binds directly to the DNA 
polymerase of CMV and other herpesviruses (see Chapter 45), is a 
reversible competitive inhibitor that does not become incorporated 
into elongating viral DNA. Foscarnet must be present in high concen-
trations inside the cell to remain in contact with the DNA polymerase 
enzyme and inhibit DNA polymerase activity. When the intracellular 
concentration of foscarnet decreases, foscarnet no longer binds to the 
DNA polymerase and viral DNA synthesis resumes.153 GCV-resistant 
strains of CMV that have a mutation or a deletion in the UL97 protein 
kinase gene and are not able to phosphorylate GCV remain sensitive 
to foscarnet.

Foscarnet has been used to treat patients with AIDS and CMV reti-
nitis who have GCV-resistant virus or who are intolerant of GCV154; 
its use has resulted in stabilization of the retinitis and healing. Patients 
must be on long-term maintenance regimens with IV foscarnet to 
prevent the relapse or progression of CMV retinitis.

Cytomegalovirus strains that exhibit resistance to foscarnet have 
been reported, with mutations within the CMV DNA polymerase gene 
at codons 711 and 714155 in the highly conserved region II of the poly-
merase. Additional mutations in the highly conserved regions VI and 
III of the polymerase have also been shown to confer resistance to 
foscarnet.156 In patients with AIDS who were treated with foscarnet for 
CMV retinitis, the presence of foscarnet resistance was detected in 30 
clinical isolates through sequencing of the CMV pol gene in these 
isolates. Nine isolates had foscarnet resistance mutations; 7 of these 
were at codon V781L or V715M, which had previously been reported. 
Two new mutations were observed at V787L and E756Q, and these 
were confirmed with marker transfer experiments.156 The clinical sig-
nificance of CMV foscarnet resistance was also assessed in these 
patients with CMV retinitis and AIDS. The phenotypic plaque reduc-
tion assay (PRA) with IC50 more than 400 mmol/L was found to cor-
relate with genotypic resistance, whereas the DNA hybridization assay 
for resistance showed that an IC50 greater than 600 mmol/L correlated 
with the presence of resistance mutations. Sixteen of 18 isolates showed 
a concordant plaque reduction assay and DNA hybridization assay 
phenotype. In 44 patients treated with foscarnet, resistance to foscarnet 
increased the risk of retinitis progression (odds ratio, 148; P = .016). 
The incidence of foscarnet resistance after 6 months was 13%; after 12 
months of therapy, it was 37%.157 To date, the resistance mutations in 
the CMV DNA polymerase that confer resistance to foscarnet do not 
usually occur in regions of the polymerase that confer resistance to 
GCV. One report described a clinical isolate that had a mutation in 
CMV DNA polymerase region III and exhibited resistance to both 
foscarnet and GCV.158
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both phase III studies, plasma samples from maribavir-treated subjects 
who developed CMV infection were selected for genotyping in the 
regions of UL97 and UL27, genes known to confer resistance to marib-
avir (n = 110), and no known maribavir resistance mutations were 
detected in UL97 or UL27.176

Maribavir was also used to treat CMV infections at a much higher 
dose in six transplant recipients (five solid-organ transplants, one SCT) 
with more favorable results.177 All six patients had previously been 
treated with multiple other anti-CMV drugs, and four of the six had 
known genotypic CMV resistance. All six patients began oral mariba-
vir at a dose of 400 mg twice daily, and in two patients, the dose was 
increased to 800 mg twice daily. Therapy was continued in each patient 
until there was a favorable response, and four patients received mariba-
vir for 6 months. All patients had a greater than log1 decrease in blood 
CMV DNA within 6 weeks of starting maribavir, and four of six 
patients had no detectable CMV DNA in blood. One of the two patients 
who had persistent CMV viremia had UL97 maribavir resistance muta-
tions at T409M and H411Y.178

Thus, maribavir at higher doses of 400, 800, or 1200 mg, each taken 
twice daily, had a beneficial result and was safe and well tolerated. 
Maribavir deserves further study at these higher doses for both pro-
phylaxis and treatment of CMV disease.

When CMV develops resistance to maribavir, mutations are found 
in the UL97 protein, but in regions that are distinct from mutations 
that confer GCV resistance. Passage of laboratory strains of HCMV in 
the presence of maribavir resulted in the mutation L397R in UL97, 
which was associated with high-level maribavir resistance.179 Passage 
of two clinical HCMV isolates in the presence of maribavir, beginning 
at 0.3 µmol/L and increasing to 1.5 µmol/L, resulted in resistant viruses 
with mutations at T409M and V353A of UL97 and a 20-fold increase 
in IC50 concentration needed to inhibit CMV replication.172 When the 
T409M and V353A mutations were transferred to a CMV laboratory 
strain, the recombinant viruses also showed 15-fold and 80-fold 
increases, respectively, in maribavir resistance. Experiments with an 
error-prone strain of CMV resulted in confirmation of a new maribavir 
mutation at codon 411 (H411L or H411N). V353A and T409M are the 
most commonly selected UL97 mutations in vitro.171 Combinations of 
UL97 mutations at codon 353 with those at codons 409 or 411 result 
in very high levels of maribavir resistance (>150-fold increased IC50), 
which is similar to that observed with L397R alone.171

The known maribavir resistance mutations (codons 353, 397, 409, 
and 411) are located in the vicinity of the kinase ATP-binding domain 
and are upstream of known GCV resistance mutations.172 Structural 
models of UL97 kinase strongly suggest that maribavir is an ATP-
competitive kinase inhibitor.171 The mutation at L397R has been sug-
gested to affect maribavir binding either by affecting a contact point or 
by altering spacing between residues 353 and 409 to 411.171 A lack of 
cross-resistance between GCV-resistant isolates of CMV and those that 
are resistant to maribavir is generally reported. Recently identified 
maribavir-resistant UL97 mutants have been tested against GCV and 
found to be susceptible to GCV.170,171

Letermovir
A new anti-CMV drug, letermovir, targets the HCMV terminase 
enzyme complex, a two-subunit enzyme encoded by genes UL56 and 
UL89, catalyzing cleavage and packaging of viral DNA. This compound 
is representative of a new class of non-nucleotide HCMV inhibitors, 
the 3,4-dihydroguinazolines, initially developed by Bayer (Leverkusen, 
Germany) and A.I. Curis (Wuppertal, Germany), known as AIC246, 
and to be developed in the United States by Merck (Whitehouse 
Station, NJ) as letermovir. Letermovir is one of the most potent anti-
HCMV agents reported to date, with a median infective dose (ID50) in 
cell culture reported as 5 nM and a selectivity for lack of cell toxicity 
of 15,000.180 Letermovir has excellent activity against laboratory strains, 
clinical isolates of HCMV, and against HCMV strains that are resistant 
to currently approved antivirals. In the presence of letermovir, no 
decrease in HCMV DNA synthesis or protein expression was observed, 
and letermovir was thought to inhibit HCMV replication at a late step 
in HCMV production. Drug-resistant viruses were selected in vitro by 
a one-step selection procedure, and two highly resistant strains of the 
parental laboratory strain AD169 were shown by nucleotide sequence 

foscarnet bind to different regions of the viral DNA polymerase. Resis-
tance mutations to antiviral drugs against CMV appear to cluster in 
three distinct regions on the DNA polymerase; significant overlap has 
not been observed (Fig. 140-4).169

Investigational Antiviral Agents
Maribavir
The UL97 protein is also the target of the antiviral drug maribavir, an 
l-ribofuranosyl nucleoside, which is a potent inhibitor of CMV repli-
cation by inhibition of DNA synthesis and egress of nucleocapsids 
from the nucleus of infected cells.170 Maribavir strongly inhibits the 
kinase activity of the viral UL97. Maribavir is a competitive inhibitor 
with adenosine triphosphate (ATP) for binding to the UL97.171,172 
Maribavir also inhibits phosphorylation and accumulation of EBV 
early antigen D, which is an essential cofactor in EBV replication.173

A phase II trial of maribavir in bone marrow transplant patients 
showed that maribavir prophylaxis after transplant was effective in 
preventing CMV disease and greatly decreased CMV infection com-
pared with placebo.174 This study of maribavir prophylaxis to prevent 
CMV infection in allogeneic stem cell transplant recipients was a ran-
domized double-blind placebo-controlled dose-ranging study. Twenty-
eight patients received placebo, and 111 patients were randomized to 
receive maribavir at 100 mg twice daily, 400 mg once daily, or 400 mg 
twice daily. Within the first 100 days after transplantation, the inci-
dence rate of CMV infection as determined with CMV pp65 antigen 
detection was lowered in each of the maribavir groups (15%, 19%, and 
15%, respectively) compared with the placebo group (39%). The inci-
dence rate of CMV infection based on plasma CMV DNA was lower 
in each of the maribavir groups (7%, 11%, and 19%, respectively) 
compared with the placebo group (45%). Three cases of CMV disease 
were found in placebo control subjects and none in any maribavir 
patients. Maribavir was well tolerated, and the main side effects were 
a taste disturbance, nausea, and vomiting. Maribavir had no adverse 
effects on neutrophil or platelet counts, in contrast to GCV treatment 
in the SCT population.174 These results suggested that maribavir treat-
ment may avoid the myelosuppression seen with GCV. Large-scale 
phase III trials of prophylaxis with maribavir in SCT recipients and 
liver transplant patients were carried out after these favorable phase II 
study results, and both studies used maribavir at a dose of 100 mg twice 
daily as prophylaxis for CMV. The recipients of allogeneic SCTs for 
which the donor and/or recipient were CMV seropositive received 
maribavir at 100 mg twice daily (n = 451) or placebo (preemptive 
therapy only, n = 223) for up to 12 weeks. In the other study, liver 
transplant recipients, who were at high risk of developing CMV disease 
(D+/R−), received maribavir at 100 mg twice a day (n = 147) or oral 
GCV at 1000 mg three times daily (n = 156) for up to 14 weeks. Results 
of the phase III SCT prophylaxis trial indicated that maribavir failed 
to meet the end point for efficacy.175 The phase III study in liver trans-
plant patients was stopped early, and maribavir at 100 mg twice daily 
was found to be inferior to oral GCV at 1000 mg three times daily. In 

FIGURE  140-4  Map of the cytomegalovirus (CMV) DNA poly-
merase.  CMV  DNA  polymerase  shows  functional  domains  and  highly 
conserved  regions of DNA nucleotide  sequences  (I  to VII). Shaded areas 
are regions associated with drug resistance phenotypes. Codons mapped 
to drug  resistance  in  clinical  isolates  are  shown as bars. CDVr,  cidofovir 
resistant;  GCVr,  ganciclovir  resistant;  PFAr,  foscarnet  resistant.  (Modified 
from Chou S, Lurain NS, Weinberg A, et al. Interstrain variation in the 
human cytomegalovirus DNA polymerase sequence and its effect on geno-
type diagnosis of antiviral drug resistance. Antimicrob Agents Chemother. 
1999;43:1500-1502.)
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bronchoalveolar lavage at day 35 (75% efficacy)185 and gave a reliable 
indication of when GCV should be started. In a study in which CMV 
was detected with bronchoalveolar lavage in 20 patients who then 
received a full course of GCV treatment, CMV pneumonia did not 
develop in any patient.185 This strategy of prevention of CMV pneumo-
nia was quickly confirmed in heart transplant recipients who were 
seropositive for CMV and received GCV or placebo for 28 days after 
transplantation.186 Among patients who received GCV, the incidence 
rate of CMV disease at 120 days after transplantation was reduced from 
46% to 9%. The incidence rate of CMV infection at day 60 was 56% in 
the placebo group and only 19% in the GCV group.186 Among 250 
patients who received GCV or acyclovir intravenously after liver trans-
plantation, GCV almost completely prevented CMV disease during a 
follow-up period of 120 days, whereas CMV infection occurred in 38% 
of acyclovir recipients.187

Oral GCV was first shown to be effective in prevention of CMV 
disease in patients with AIDS who had fewer than 100 CD4+ cells/mm3 
of blood.188 Analysis of plasma CMV DNA in patients who acquired 
CMV disease showed that oral GCV primarily benefited those with 
very low plasma CMV DNA at baseline, and GCV was effective in 
prevention of CMV retinitis among those with a low copy number of 
CMV DNA at baseline.54 If a high copy number of CMV DNA was 
present at baseline, little evidence indicated that oral GCV would 
prevent CMV disease.189 Oral GCV has also been shown to be effective 
in the prevention of CMV disease among liver transplant recipients 
and in the reduction of mortality from CMV infection.109,190 In kidney 
transplant patients, oral GCV has been effective in the prevention of 
CMV disease and in the reduction of CMV DNA levels in plasma. In 
patients who have received oral GCV, the level of CMV DNA in plasma 
may be reduced to undetectable levels, but rejection of transplanted 
kidney still occurs. This suggests that CMV disease may not be the only 
reason for rejection of kidney transplants; rigorous control of CMV 
replication does not eliminate renal graft rejection.191

Valganciclovir represents a significant advance in the prevention of 
CMV disease and has replaced oral GCV. The significant increase in 
oral bioavailability provided by VGC over oral GCV results in a dra-
matic antiviral effect. In a study that compared VGC at 900 mg/day 
with oral GCV at 1000 mg three times daily in 364 CMV D+/R− solid-
organ transplant patients, the patients who received VGC had an inci-
dence rate of CMV viremia above the limit of quantitation (400 copies/
mL) of 2.5% versus 10.4% for oral GCV (P = .001).192 VGC was also 
associated with a longer duration of time to development of viremia 
and a lower peak CMV load in plasma. The main reason for this supe-
rior viral suppression with VGC is the higher absorption and exposure 
compared with oral GCV. The GCV area under the curve (AUC, 0 to 
24 hr = 46.3 mg/hr/mL) after 900 mg of VGC daily in this study was 
comparable to IV GCV at 5 mg/kg/day in liver transplant patients.192 
Another measure of the enhanced suppression of viremia observed 
with VGC was a decrease in GCV resistance. At 1 year after transplant, 
no GCV-resistant mutants were associated with VGC treatment, com-
pared with the low incidence rate of GCV mutants of 1.9% in patients 
who received oral GCV for 100-day prophylaxis. In patients in whom 
CMV disease developed after oral GCV treatment, 6.1% had GCV-
resistant virus. The enhanced antiviral suppression achieved with VGC 
did not translate into a reduced overall long-term incidence of CMV 
disease compared with oral GCV. At 6 months, 12.1% of VGC recipi-
ents and 15.2% of GCV recipients developed CMV disease.192 By 12 
months, the incidence rate of CMV disease was 17.2% in the VGC 
group and 18.4% in the GCV group. The two groups were comparable 
in the incidence of CMV disease and in all signs, symptoms, and labo-
ratory criteria.

Interesting differences were seen in the incidence rates of CMV 
disease by type of organ transplant in the VGC and GCV groups, with 
8% and 23% for kidney, 6% and 10% for heart, 0% and 17% for pancreas-
kidney, and 19% and 12% for liver transplants, respectively.192

CYTOMEGALOVIRUS INFECTION IN 
TRANSPLANTATION PATIENTS
After HSCT and solid-organ transplantation, the severe immunosup-
pressive regimens that are used to prevent rejection of the transplant 
make the recipient prone to severe CMV disease (see Chapters 312 and 

analysis to contain the same distinct point mutation in the UL56 
subunit of the terminase complex.181 Electron microscopy revealed that 
letermovir treatment resulted in HCMV capsids that were devoid of 
viral DNA, and no mature viral particles were seen in the cytoplasm 
of HCMV-infected cells. This data strongly supported the conclusion 
that letermovir inhibits HCMV replication by blocking cleavage/
packaging of progressing DNA.

Letermovir is highly specific for HCMV and HCMV clinical strains 
resistant to other anti-CMV drugs.182 Letermovir has been shown to 
be safe and well tolerated in phase I clinical trials. A phase II study of 
letermovir prophylaxis in 131 CMV-seropositive transplant recipients 
of allogeneic HSCTs showed that only 29% of those who received 
240 mg daily letermovir (n = 34) for 12 weeks following engraftment 
had evidence of CMV replication and all-cause failure compared with 
64% who received placebo. If patients who tested positive for CMV 
DNA or antigen at screening or at day 1 were excluded, then no cases 
of virologic failure occurred in the 240 mg daily letermovir group  
(n = 30) compared with 24% in the placebo group. The safety profile 
of letermovir was similar to placebo with no evidence of hematologic 
toxicity or nephrotoxicity.182a Additional studies of letermovir in 
immunosuppressed patients are planned.

CMX001
CMX001 (Chimerix, Durham, NC) combines the approved antiviral 
drug CDV, with a lipid conjugate that can be taken orally and achieves 
high serum concentrations. CMX001 is a mimic of a naturally occur-
ring lipid, lysolecithin, formed by linking a lipid, 3-hexadecyloxy-1-
propanol to the phosphonate group of CDV. CMX001 is designed to 
readily cross the intestinal wall, produce high blood levels, and pene-
trate cells. In target cells, the lipid is cleaved to free the antiviral drug, 
CDV, which is phosphorylated by host cell nucleoside kinases to 
produce CDV diphosphate, an active inhibitor of CMV DNA poly-
merase, as well as other viral polymerases, including those of herpes-
viruses, adenoviruses, and polyomaviruses. CDV is currently approved 
for IV use only, and its main limitation is renal toxicity. CDV is taken 
up and concentrated in the epithelial cells of the kidney via the organic 
anion transporter-1 (hDAT-1), and this concentration in the kidneys 
is the main reason for its renal toxicity. Because CMX001 is not a 
substrate of hDAT-1, it is not concentrated in the kidney and has not 
been associated with nephrotoxicity. This has been a primary clinical 
advantage over CDV.

In a phase II study of CMX001 for the prevention and control of 
CMV infection in seropositive allogeneic SCT recipients, which was 
randomized and placebo controlled, CMX001 showed a reduction in 
new or progressive CMV infection in patients receiving the higher 
doses of CMX001, that is, greater than 200 mg/wk.183 At a dose of 
100 mg twice weekly, CMX001 reduced CMV events by 27% and  
CMV DNA levels in blood of 1000 copies/mL or more by 32% com-
pared with placebo.183 The study observed an increase in diarrhea in 
patients receiving the highest dose of 200 mg twice weekly. At this high 
dose of 200 mg twice weekly, no evidence of nephrotoxicity was 
observed. The study concluded that CMX001 had potential as a pro-
phylactic agent against CMV in the SCT patients, and phase III studies 
are underway.

PREVENTION OF 
CYTOMEGALOVIRUS DISEASE
One of the most significant advances in the field was the demonstration 
that serious CMV disease could be prevented after bone marrow and 
solid-organ transplantation with antiviral therapy. Prevention of life-
threatening CMV pneumonia or other CMV-associated disease in 
recipients of bone marrow, heart, and liver transplants with adminis-
tration of GCV was clearly shown in four independent studies from 
1991 to 1995. In bone marrow transplantation, in particular, the devel-
opment of interstitial pneumonia up to 120 days after the transplanta-
tion procedure is most frequently caused by CMV and has a very high 
mortality. In one of the studies from 1991, positive CMV culture results 
from any site at any time after bone marrow transplantation were used 
as an indication of when IV GCV therapy should be started.184 This 
was found to be more effective in the prevention of CMV pneumonia 
or death (97% efficacy) than was screening for CMV by means of 
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is associated with an increase in CMV hepatitis and dissemination of 
CMV in such patients. The type of organ that is transplanted is an 
important determinant of the morbidity of CMV disease, as is dis-
cussed in the following sections.

Hematopoietic Stem Cell Transplantation
The most common life-threatening infectious complication of alloge-
neic HSCT is interstitial pneumonia from CMV, which usually occurs 
within the first 120 days after transplantation. This pneumonitis usually 
shows an interstitial pattern rather than alveolar disease, but nodules 
may also be present on chest radiographic films. CMV pneumonia is 
usually rapid in onset with respiratory symptoms of less than 2 weeks’ 
duration. Fever, nonproductive cough, and dyspnea that progresses to 
hypoxia are common in severe cases. Hypoxia frequently necessitates 
assisted ventilation. In HSCT patients, CMV pneumonia has a very 
high mortality rate (in one large series, 84%).3 Part of the severity of 
CMV pneumonia noted in HSCT patients may be the result of a graft-
versus-host reaction in the lung. Graft-versus-host disease has been 
reported more commonly in those with CMV pneumonia (82%) than 
in those without CMV pneumonia (27%).3

In kidney transplant recipients, pneumonia from CMV is less severe 
than that seen in bone marrow transplant patients, and GCV treatment 
has been lifesaving. In HSCT recipients, however, the severe interstitial 
pneumonia has been difficult to treat with any single therapy. Attempts 
to treat with GCV, acyclovir, vidarabine, human leukocyte interferon, 
and lymphoblastoid interferon plus acyclovir have had only limited 
success.121,201,202 Among 10 bone marrow transplant recipients treated 
with GCV for CMV pneumonia, only one patient survived, although 
CMV was promptly cleared from the urine and pulmonary secretions 
of all 10.201 Among another 20 HSCT recipients with CMV pneumonia, 
only 38% survived after treatment with GCV. Four of these survivors 
also received high-titer CMV immune globulin.202 In three uncon-
trolled trials, survival rates among HSCT patients treated with IV GCV 
and high-dose IV CMV immune globulin ranged from 52% to 
69%.203,204,205 Although these trials were uncontrolled, the combination 
of GCV and high-titer CMV immune globulin is the currently recom-
mended therapy for CMV pneumonia in HSCT patients.

Results from European studies have not supported the favorable 
results observed in these three studies.206 A retrospective study of 49 
allogeneic HSCT recipients treated with GCV and IV immune globulin 
showed that only 35% had response to treatment. At 1 month after 
diagnosis, the mortality rate of the combined treatment was 69%. The 
U.S. patients studied may not be comparable with the European 
patients who received this treatment because of differences in immu-
nosuppressive regimens used in the two locations.

Antiviral prophylaxis and preventive therapy are both effective in 
decreasing the incidence of CMV disease among transplant patients. 
GCV has been the most frequently used anti-CMV drug; it effectively 
prevents CMV disease during the first 3 months after allogeneic HSCT 
when administered during engraftment for pp65 antigenemia or detec-
tion of CMV DNA with PCR.207-209 The use of GCV also improves 
survival in selected patients at high risk.209-211

Valacyclovir was compared with IV GCV for prevention of CMV 
disease in 168 patients after allogeneic HSCT. Study patients received 
acyclovir after transplant, until the time of neutrophil engraftment; 
they then were randomly assigned to receive either oral valacyclovir or 
IV GCV for 100 days. No significant difference was observed between 
the study arms for the incidence of CMV disease or the median time 
to onset of CMV disease. In this study, valacyclovir and GCV were 
equivalent, and the authors concluded that oral valacyclovir may 
provide an alternative for patients who cannot tolerate GCV because 
of neutropenia.212

The report of a phase II trial of maribavir to prevent CMV disease 
after bone marrow transplantation offered promising results in that 
maribavir prophylaxis after transplant is effective in preventing CMV 
disease and greatly decreasing CMV infection compared with placebo. 
In the first 100 days after transplantation, the incidence of CMV  
pp65 antigen detection and plasma CMV DNA was reduced with 
maribavir treatment. No CMV disease occurred in the maribavir 
patients.174 Maribavir was well tolerated and had no adverse effect on 
neutrophil or platelet counts. In a large phase III trial, maribavir was 

313). In each form of transplantation, the occurrence of CMV disease 
is different. The severity of the end-organ disease caused by CMV is 
related to the degree of immune suppression. The more severe the 
immune suppression, such as that necessary after HSCT, the more 
severe is the disease that occurs. Therefore, CMV pneumonia during 
the first 120 days after HSCT is much more severe and life-threatening 
than it is in a patient after renal transplantation. All major transplanta-
tions (kidney, liver, heart, heart-lung, and HSCT marrow) are associ-
ated with an increased risk of CMV infection. In a summary of 16 
studies of 1276 patients, the rate of infection after renal transplantation, 
as measured with a serologic rise in antibody to CMV or isolation of 
virus from blood, urine, or throat, was found to range from 59% to 
70%, with a median rate of 70%.83 The infection rate was significantly 
higher among recipients who were seropositive before organ transplan-
tation (84%), and it was lower in seronegative recipients (52%). Primary 
infections can occur in which a patient is infected from exposure to 
blood in a dialysis center or intensive care unit; however, this is uncom-
mon now because of the use of filtered blood. Although CMV may be 
acquired from a transplanted organ, most CMV-associated disease 
represents reactivation of virus in the recipient.83

The greatest risk for CMV disease in HSCT is when the donor is 
seronegative and recipient is seropositive (D−/R+).

Cytomegalovirus Infection Acquired 
from Donated Organs
Although attempts to isolate infectious CMV from organs of healthy 
hosts are usually unsuccessful, the presence of CMV antigen in major 
visceral organs has been reported. This makes it likely that CMV is 
activated after transplantation. In the case of kidney transplant recipi-
ents, two studies have reported the development of primary infection 
in 83% of seronegative recipients who received kidneys from sero-
positive donors (D+/R−).193,194 The development of CMV infection in 
those who received kidneys from seronegative donors was rare. CMV 
infection is also common among seronegative recipients who receive 
liver transplants from seropositive donors (D+/R−); in these cases, as 
many as 50% to 70% of recipients acquire CMV disease. The CMV-
seropositive recipient is also at risk of development of CMV infection 
after transplantation of an organ from a seropositive donor (D+/R+). 
In a study of 486 renal transplant recipients, CMV antigenemia 
occurred most commonly in seronegative recipients of kidney trans-
plants from seropositive donors (D+/R−), but donor status also had 
a significant effect on CMV antigenemia in seropositive recipients 
(D+/R+; P = .006; odds ratio, 2.2). Thus, the authors concluded that 
donor status played a significant role in detection of CMV in the sero-
positive recipient.195 In a trial that compared oral GCV at 3 g/day with 
placebo for the prevention of CMV disease, 44% of seronegative 
placebo recipients who received a liver transplant from a seropositive 
donor acquired CMV disease.190 Evidence that the donor organ is a 
source of CMV is provided by the demonstration that identical CMV 
strains were found in two organ recipients who acquired CMV disease 
and shared a common organ donor.83

Immunosuppressive Therapy
Immunosuppressive drugs play a major role in reactivation of CMV.196 
Cytologic drugs such as cyclophosphamide and azathioprine are suf-
ficient in themselves to reactivate CMV.197 Corticosteroids alone are 
not able to enhance CMV infection but act synergistically with other 
agents. The use of high doses of corticosteroids plus azathioprine has 
been associated with a very high incidence of CMV reactivation.198

Cyclosporine has been widely used as a primary immunosuppres-
sive agent, and its potency has contributed to the success of the trans-
plantations. The use of cyclosporine by itself does not increase CMV 
disease. A controlled trial in kidney transplant patients that compared 
azathioprine and prednisone with cyclosporine and prednisone showed 
that infection and severity of CMV disease were comparable in both 
groups of patients.199 The other mainstay of immunosuppression, 
tacrolimus, does not enhance CMV infection, although CMV-
associated disease is not eliminated by it.200 Some novel immunosup-
pressive regimens, however, increase the frequency of severe CMV 
disease; the most notable of these is the OKT3 antiserum infusion that 
is used to treat rejection in liver transplant patients.35 The use of OKT3 
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HSCT patients184 or in patients with AIDS.188 In the study of oral GCV 
for liver transplant recipients, no associated significant myelotoxicity 
was observed. A trend toward a higher serum creatinine concentration 
was noted in GCV recipients, which reflects the mild nephrotoxic 
effects of GCV.186

VGC has supplanted the use of oral GCV among these patients. In 
the first clinical trial in transplant populations, VGC was as clinically 
effective as oral GCV in prevention of CMV disease in organ trans-
plants. In liver transplant recipients, however, 19% of VGC patients 
had CMV disease compared with 12% in those who received oral GCV 
at 1000 mg/day. This result differed from kidney transplants where 8% 
of VGC patients had CMV disease compared with 23% for GCV. This 
difference is not explained.

Kidney Transplantation
Morbidity from CMV is lowest among kidney transplant recipients, 
but primary infection from a seropositive donor to a seronegative 
recipient (D+/R−) can occur and is significantly more symptomatic 
than is secondary infection. Two studies193,194 reported the clinical 
and laboratory findings from a total of 154 renal transplant patients 
with CMV infection. In one of the series, 13 of 18 primary infections 
were associated with at least two of the following symptoms: fever, 
leukopenia, atypical lymphocytes, lymphocytosis, hepatosplenomeg-
aly, myalgia, and arthralgia. This constellation of findings has been 
called the CMV syndrome, which is now defined as CMV infection 
accompanied by an otherwise unexplained fever of longer than 48 
hours, malaise, and a fall in neutrophil count for 3 consecutive days. 
This most common manifestation of CMV-associated illness in kidney 
transplant recipients contrasts with the appearance of secondary CMV 
infections, of which only 19% have been associated with fever.

Clinically significant CMV hepatitis is a rare occurrence among 
patients after renal transplantation,225 but elevated hepatic enzyme 
(aspartate aminotransferase) levels were seen in 10 of 16 cases (63%) 
of primary CMV infection in kidney transplant recipients.194 Five 
cases of CMV interstitial pneumonia were found in this group. Rejec-
tion of the transplanted kidney was also observed in 4 of 16 patients 
with primary infection. In this study, 24 seronegative patients who 
received kidneys from seronegative donors (D−/R−) and remained 
seronegative did not undergo rejection. This study is one of the few 
that reached the conclusion that CMV infection may increase the 
likelihood of rejection of the transplanted organ.194 In a large series of 
126 kidney transplant patients, hepatic dysfunction was observed in 
22%.226 Severe hepatitis was observed in 7, and CMV was isolated from 
the bodily fluids of all 7. At autopsy, 5 of these patients had evidence 
of CMV in the liver.

In a small series of kidney transplant patients in whom CMV pneu-
monia developed, a mortality rate of 48% was noted.227 This rate is 
much less than that observed among bone marrow transplant patients 
in whom mortality rates as high as 84% have been reported.3 In kidney 
transplant recipients who acquire CMV pneumonia, GCV alone has 
been effective therapy for severe interstitial pneumonia, as was previ-
ously noted.228

Kidney transplant recipients have also been extensively studied in 
attempts to prevent CMV disease. In a study of CMV infection, hyper-
immune globulin was administered to 24 seronegative kidney trans-
plant recipients within 72 hours of transplantation and was continued 
for 16 weeks. The rate of CMV infection was 71% compared with 77% 
in 35 control subjects, but the rate of symptomatic disease decreased 
from 60% to 21%.229 This study reported one death from CMV in the 
treated group and five deaths in the control group; the higher rates of 
CMV disease and death may have been related to the widespread use 
of antithymocyte globulin. Prophylaxis with immunoglobulin was not 
shown to be effective in primary CMV disease after other solid-organ 
transplants, such as liver transplants.230 CMV antigen detection has 
been used at the start of GCV as preemptive therapy in CMV antibody–
positive kidney transplant patients and has met with success in the 
prevention of CMV disease.231 Oral GCV therapy has also been suc-
cessful in lowering CMV DNA levels and in preventing CMV disease 
after renal transplantation.

VGC is now used widely after kidney transplantation.191 In the 
original study in which VGC was compared with oral GCV to prevent 

not efficacious at preventing CMV in HSCT patients (see previous 
discussion of maribavir).213

The use of strategies to prevent CMV disease results in a syndrome 
called late-onset CMV disease, which in many cases involves infection 
with GCV-resistant viruses.212,214 GCV therapy and graft-versus-host 
disease and its treatment can delay recovery of CMV-specific T-cell 
immunity after HSCT. This CMV-specific immunodeficiency can 
persist after GCV therapy is stopped. The continued detection of CMV 
pp65 antigen or CMV DNA in plasma or peripheral blood leukocytes, 
and the presence of lymphopenia after 3 months of GCV preventive 
therapy are strong predictors of late CMV disease and death.212 Late 
CMV disease developed at a median of 146 days after bone marrow 
transplantation in 18% of 146 patients, with a mortality rate of 46%. 
Preventive measures against late CMV disease should be directed at 
patients in whom CMV became reactivated during the first 3 months 
after transplantation and in patients with poor CMV-specific immu-
nity and low CD4+ cell counts.

Liver Transplantation
Cytomegalovirus remains the pathogen most commonly isolated after 
solid-organ transplantation, including liver transplantation.215,216 CMV 
hepatitis, an important problem that occurs after transplantation in 
adults, children, and infants, is more common after primary CMV 
infection. CMV disease, a leading cause of morbidity during the first 
14 weeks after transplantation, increases costs and length of hospital 
stay.217 The incidence of CMV hepatitis is greatest after transplantation 
from a CMV-seropositive donor. All cases of CMV hepatitis are char-
acterized by prolonged fever, elevated bilirubinemia, and elevated liver 
enzyme concentrations. CMV hepatitis can also lead to liver failure 
that necessitates repeat transplantation. Management may be difficult 
because the signs of severe CMV hepatitis can be difficult to distin-
guish from graft rejection. Liver biopsy is the only reliable way to 
distinguish rejection from CMV hepatitis.218 The clinician must distin-
guish between these two possibilities because rejection is treated with 
an increase in immunosuppression, whereas CMV infection is treated 
with a decrease in immunosuppression and initiation of antiviral 
therapy. CMV predisposes to other opportunistic infections219 and 
increases the risk for allograft rejection.220 Attempts to prevent CMV 
disease in liver transplant recipients through administration of CMV 
immune globulin221 or oral acyclovir222,223 or a combination of the 
two224 have had little effect on the incidence of CMV disease in sero-
negative recipients. The best results of prophylaxis for CMV disease in 
liver transplant recipients have been achieved with prolonged courses 
of IV GCV.186 Among 250 patients randomly assigned to receive GCV 
or acyclovir intravenously after liver transplantation, GCV recipients 
had an incidence rate of CMV disease of 0.8% during a follow-up 
period of 120 days, whereas CMV disease occurred in 38% of acyclovir 
recipients. Intravenous GCV reduced the incidence of CMV infection 
in patients who were positive for CMV antigen and in those who were 
CMV antigen–negative. The striking decrease in CMV disease included 
decreases in pneumonia, GI disease, hepatitis, retinitis, encephalitis, 
and CMV syndrome (see subsequent discussion).

A long course of oral GCV, 1000 mg three times daily was com-
pared with matching placebo in liver transplant recipients.190 The drug 
was begun no later than 10 days after transplantation and was contin-
ued until day 98 after transplantation. Oral GCV reduced the incidence 
of CMV disease in all subgroups when compared with placebo. The 
6-month incidence rate of CMV disease was 18.9% in the placebo 
group and 4.8% (7 of 150) in the GCV group (P < .001). In the high-
risk group of seronegative recipients of seropositive livers (D+/R−), the 
incidence rate of CMV disease was 44% in the placebo group and 
14.8% in the GCV group. A benefit was also seen among those who 
received antilymphocyte globulin, in whom the frequency of CMV 
disease was 32.9% in the placebo group and 4.6% in the GCV group. 
The study showed that oral GCV prophylaxis was still effective despite 
the intense immunosuppression of antilymphocyte antibodies. Oral 
GCV for prophylaxis was still not as effective as IV GCV, which was 
associated with an incidence rate of 0.8% of CMV disease compared 
with 4.8% among oral GCV recipients.190

The usual dose-limiting toxicity of GCV is myelosuppression, 
which is less common in solid-organ transplant recipients186 than in 
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1.54; P = .02) and an adjusted HR of 1.24 (1.01 to 1.53; P = .04). CMV 
was associated with the outcomes of MI alone and with the primary 
events combined with revascularization. CMV was also associated with 
the primary outcome of cardiovascular disease with an adjusted HR of 
1.05 (95% CI, 0.59 to 1.88; P = .86) for women and 1.28 (95% CI, 1.03 
to 1.59; P = .03) for men. The authors concluded that the presence of 
CMV was associated with a subsequent MI, stroke, or cardiovascular 
death in patients of the HOPE study.233

Animal model experiments have shown that murine cytomegalo-
virus (MCMV) or rat cytomegalovirus (RCMV) infection markedly 
increases the expression of proinflammatory cytokines such as TNF-α, 
interferon-γ, and interleukin-10 (IL-10) and results in atherosclerotic 
lesions in vessel walls of the experimental animals.241-243 Studies in mice 
have provided direct evidence that persistent infection of vascular cells 
by MCMV alone causes a significant increase of arterial blood pres-
sure.9 In addition, the ultraviolet-inactivated MCMV significantly 
increases the mean of atherosclerotic lesion areas and the infiltration 
of T cells, which suggests that MCMV-associated cardiovascular 
lesions do not require active virus replication in cardiovascular cells.245 
Moreover, gene therapy with DNA encoding subtypes of interferon 
significantly reduces the infiltration of CD8+ T cells into myocardium 
in mice, which suggests that the autoimmune responses induced by 
chronic MCMV infection may play an important role in pathogenesis 
of MCMV myocarditis.246

In vitro cell culture and molecular biology analyses have shown that 
CMV can infect cardiovascular endothelial cells (ECs) and vessel 
smooth muscle cells (SMCs) in a chronic or persistent manner.247-255 
CMV infection of ECs and SMCs activates several signal transduction 
pathways, including p53-, nuclear factor kappa B–, and inhibitor of 
kappa B kinase–related pathways in host cells. Furthermore, CMV 
infection increases expression of proinflammatory cytokines and vas-
cular adhesion factors, such as TNF-α, IL-1, IL-6, monocyte chemoat-
tractant protein-1, leukotrienes, vascular endothelial growth factor, 
and vascular cell adhesion molecule 1.247-255 CMV infection–induced 
expression of proinflammatory cytokines may also sequentially upreg-
ulate expression of intercellular adhesion molecules on the noninfected 
neighboring cells through paracrine action.251-255

Other large seroepidemologic studies of nontransplant recipients 
have shown the association of CMV with arteriosclerosis.233,256 In one 
longitudinal prospective study, patients who developed elevated carotid 
intimal-medial thickening had higher CMV antibody titers measured 
13 to 18 years before the onset of carotid lesions when compared with 
matched control patients who had not developed carotid intimal-
medial thickening. In this study, high CMV antibody titers also cor-
related to later onset of coronary artery disease.256

In a study of elderly Latinos living in the Sacramento area (the 
Sacramento Area Latino Study in Aging), high CMV antibody titers 
were related to increased risk of both all-cause mortality and mortality 
from cardiovascular disease.257 This study also showed that serum 
TNF-α and IL-6 quantities were covariates with CMV titers, suggesting 
a relationship between inflammation, high CMV titers, and mortal-
ity.257 An accompanying editorial emphasized the association between 
CMV, inflammation, and cardiovascular mortality.258 The largest 
population-based study examining all-cause and specific-cause mor-
tality in association with CMV IgG antibody levels also found an 
independent association between seropositivity for HCMV and 14-year 
mortality among adult participants. The study showed that high CMV 
antibody levels were associated with all-cause mortality.259

In the setting of transplantation, the association between human 
CMV infection and post-transplantation atherosclerosis has been 
observed, but there are few studies. A study of 301 cardiac transplant 
recipients showed that CMV infection was associated with graft rejec-
tion and severe graft atherosclerosis, contributing to death.260 In a study 
that claims to be the first to demonstrate that CMV exposure is predic-
tive of major cardiovascular events in kidney transplant recipients,  
the presence of CMV replication and CMV DNA in blood post-
transplantation further increases the risk of cardiovascular disease  
and death.261 An increased risk of atherosclerotic events was observed 
in patients with post-transplantation CMV replication compared with 
those without replication. The authors speculate that CMV may accel-
erate the atherogenic process by increasing the effects of tissue 

CMV disease in kidney transplant patients, 8% of VGC patients devel-
oped CMV disease compared with 23% of GCV patients.192

Drug Resistance in Solid-Organ 
Recipients
Estimates are that more than 67% of solid-organ transplant recipients 
who are CMV seronegative (R−) or who receive an organ from a sero-
positive donor (D+) have evidence of CMV infection. Only a small 
subgroup of these patients actually develop CMV end-organ disease. 
Primary infection with CMV that occurs in CMV-seronegative recipi-
ents of solid-organ transplants from seropositive donors (D+/R−) is 
associated with the greatest increase in risk of disease. A long-term 
study of a large number of solid-organ transplant recipients focused 
on the virologic characteristics related to drug resistance.152 This study 
found that (D+/R−) serostatus was the only clear-cut predictor of drug 
resistance among patients in the Chicago and Cleveland cohorts. In 
the Cleveland cohort, high peak virus load was significantly associated 
with drug-resistant CMV. GCV was used for prophylaxis and treat-
ment of all recipients; most of those in whom GCV resistance devel-
oped received multiple courses of GCV therapy. Two important host 
factors were strongly associated with the detection of GCV-resistant 
CMV strains: lung transplantation and (D+/R−) CMV serostatus.152 
Among all transplant groups, 28 of the 30 transplant recipients with 
resistant CMV strains were D+/R−. This finding is similar to a finding 
by Limaye and colleagues.151 Drug-resistant CMV was documented 
phenotypically and genotypically most frequently in lung transplant 
recipients in 2.2% of 228 Cleveland lung transplant recipients and in 
4.6% of 325 Chicago lung transplant recipients during a 7-year period 
from 1994 to 2001. When the D+/R− subgroup of recipients was exam-
ined, drug resistance in CMV isolates rose to 10.5% for the Cleveland 
cohort and 18.3% for the Chicago lung transplant recipients. This study 
also used direct genotypic drug resistance assays, which use DNA 
extracts of clinical specimens as templates for direct PCR amplification 
and sequencing to detect known drug resistance mutations. This 
greatly shortens the time needed to detect resistance, eliminates the 
need for cultures, and enables detection of all known mutations in 
either of the CMV genes UL97 and UL54, which indicate resistance of 
CMV to GCV. This can make resistance testing available in 3 days and 
allows the clinician to use resistance assays when making patient man-
agement decisions. This study shows that drug resistance is an impor-
tant aspect of CMV pathogenesis in solid-organ transplant recipients. 
All patients with drug-resistant strains had CMV-related disease, and 
at least 50% died as a result of the infection.152

CYTOMEGALOVIRUS INFECTION 
AND CARDIOVASCULAR DISEASE
The role of CMV as a potential factor in the development of cardio-
vascular disease has been the object of substantial epidemiologic, clini-
cal, and laboratory studies.232-244,245-255 Epidemiologic studies have 
generally used the detection of CMV IgG antibody to determine the 
presence of CMV infection. In a number of these studies, the correla-
tion of CMV infection with cardiovascular disease is statistically sig-
nificant (P <.05), with a 95% confidence interval (CI) and a study size 
of patients from 40 to 3168, with a median age of 49 to 65.4 years.233-239 
Studies have detected CMV genomic DNA in the plasma, in coronary 
atherectomy, at myocardial autopsy, and in donor heart valves of 
patients with caardiovascular disease; PCR and in situ hybridization 
tests were both used.236-240

One of these clinical trial studies is the Heart Outcomes Prevention 
Evaluation (HOPE) study, which is a prospective, multicenter, ran-
domized clinical trial that defined factors for the prevention of cardio-
vascular events among 9541 patients with previous coronary artery 
disease, stroke, peripheral vascular disease, or high-risk diabetes.233 
The baseline enrollment blood samples from 3168 Canadian patients 
in the HOPE study were analyzed to measure the relation between 
serostatus and 494 adjudicated trial outcomes of myocardial infarction 
(MI), stroke, or cardiovascular death over 4.5 years of follow-up. 
Patients had a mean age of 65.4 years, and 77.6% were men. CMV IgG 
antibody was present in 2220 of 3153 patients (70.4%). CMV serostatus 
was associated with an excess of cardiovascular events (log-rank test, 
0.03), with an unadjusted hazard ratio (HR) of 1.26 (95% CI, 1.03 to 
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and intelligence have been reported. In a study of 8644 neonates from 
middle-class socioeconomic families, 53 were identified with IgM anti-
bodies against CMV in cord blood (0.6%).269 Forty-four of these chil-
dren were evaluated at 3.5 to 7.0 years of age. The mean intelligence 
quotient for the group was 103, which was lower than that of a matched 
control group. The school failure rate of this group was 2.7 times that 
of matched controls of the same socioeconomic status. Thirteen 
percent of these children (5 of 40) had severe bilateral hearing loss, and 
three had profound deafness. Inapparent CMV infection during the 
perinatal period is being invoked as a cause of the 1-in-1000 incidence 
rate of profound deafness in American children. Another report 
described the incidence of sensorineural hearing loss among those 
with neonatal CMV infection. In this study, 59 patients had congenital 
intrauterine infection, and 8 had symptoms at birth.270 Twenty-one 
children had perinatal CMV infection, and none had hearing loss. 
Late-onset hearing loss developed in 17% of those with symptomatic 
congenital infection and in 14% of those with asymptomatic congenital 
CMV infection. In this study, histopathology showed virus in the  
cells of the organ of Corti and in neurons of the spiral ganglia.270 Rare 
typical nuclear inclusions were seen in cells of the cochlea. The problem 
of hearing loss associated with CMV cannot be predicted with severity 
of infection or IgM level at birth.

A randomized, controlled clinical trial of GCV administered to 
newborns with severe congenital CMV disease and neurologic involve-
ment showed protection against hearing loss and improved head cir-
cumference.271 VGC has also been used to treat congenital CMV 
infection, but controlled trials of VGC in this setting have not been 
carried out.272 The problem of hearing loss from CMV has been cited 
as a major stimulus for vaccine development and for research into 
other preventive measures for CMV infection.

CYTOMEGALOVIRUS INFECTION IN 
PREGNANT WOMEN
Possible sources of sexual transmission of CMV include virus in the 
uterine cervix and in semen. About 1% to 2% of women in the United 
States who undergo a routine medical examination in a private practice 
setting are found to carry the virus in the cervix.83 In Taiwan, 18% of 
a group with infrequent sexual relations had CMV isolated from the 
cervix.273 A study of 134 women who attended a sexually transmitted 
diseases clinic in Seattle revealed that 34% of women older than 21 
years had shed CMV in the cervix and that many of these women had 
evidence of shedding of multiple strains of CMV.274 Frequency of colo-
nization correlated with the number of sexual partners and age of first 
sexual intercourse, although no direct evidence has confirmed that 
CMV in the cervix comes from sexual intercourse or that it is transmit-
ted via sexual intercourse. CMV is also found in high titers in the 
semen of both homosexual and heterosexual men.84

An increased rate of cervical infection occurs during the late stages 
of pregnancy. CMV in the uterine cervix is a source of infection trans-
mitted to the neonate during passage through the birth canal. Three 
studies of 987 pregnant women showed an increasing prevalence  
rate of infection that progressed from first (0% to 2%), second (6%  
to 10%), and third trimesters (11% to 28%; Table 140-1).275-277 These 
three studies examined distinct populations. The study from Japan275 
included a nonpromiscuous middle-class population that was 85% 
CMV seropositive. The study from Alabama in the United States 
included a young sexually promiscuous group with a 10% rate of gon-
orrhea and a CMV-seropositive status of 89%.276 The third study 
included 71 Native American Navajo and 125 middle-class white and 
black pregnant women.277

High cervical CMV excretion during the third trimester of preg-
nancy presents a risk of infection for the neonate during the birth 
process, but this risk may not be as important as that associated with 
transmission of perinatal infection from infected milk. In a study of 50 
babies born to mothers who were nonsecretors, only two (4%) became 
infected, but 12.5% of babies born to mothers who secreted CMV from 
the cervix during the first or second trimester became infected, and 
37% of babies born to mothers who secreted during the third trimester 
became infected. The infection rate of babies whose mothers shed virus 
postpartum and who were presumably shedding at birth rose to 57%.278 
During pregnancy, primary infection in the mother may manifest as a 

invasion, such as smooth muscle cell proliferation and migration.262 
Another possibility is that CMV reactivation stimulates immune 
response and inflammation and indirectly contributes to atherosclero-
sis progression. The study also has important implications for the ques-
tion of whether primary prevention but not preemptive treatment of 
CMV infection would reduce the rate of cardiovascular events in renal 
transplant recipients.

Carefully designed and controlled studies that use anti-CMV 
therapy are needed to ultimately assess the contribution of CMV infec-
tion to the development and risks of cardiovascular disease.244

CONGENITAL CYTOMEGALOVIRUS 
INFECTION
Intrauterine CMV infections occur in 0.5% to 22% of all live births.263 
This mode of infection is less frequent than perinatal infection but is 
associated with the most serious CMV disease that occurs during the 
neonatal period. The diagnosis of congenital infection is associated 
with viruria within the first week of life. The presence of IgM antibod-
ies against CMV in cord serum is suggestive but not completely specific 
for congenital infection. Clinically significant congenital infection 
occurs most often in infants born to primiparous mothers with a 
primary infection during pregnancy.83 Such infection is diagnosed in 
the mother through a change in antibody titer from negative to positive 
or with detection of IgM antibody.

In a group of 3712 pregnant women from upper and lower socio-
economic groups in Alabama, 21 primary infections were found in 
1382 seronegative mothers.264 Among this group of 21 mothers, 11 
congenital infections occurred; 3 were symptomatic. This finding indi-
cates that the intrauterine infection rate of infants after primary CMV 
infection is high (55%). The rate of primary infection (0.52%) did not 
vary with socioeconomic status or immune status of the population. 
The rate of intrauterine CMV infection (24 in 8416 pregnancies) from 
primary infection was 0.3%; 25% of the cases were symptomatic. These 
data indicate that primary infection at any stage of pregnancy presents 
a risk for intrauterine infection; the risk is highest during the first half 
of pregnancy.265

Congenital infection was observed in 20 babies from 2330 mothers 
(0.5%) who were seropositive.264 This type of congenital infection 
occurs more frequently among mothers from lower socioeconomic 
groups with a high prevalence of past infection. None of the 20 babies 
had symptoms of congenital infection.264 Other reports have claimed 
that symptomatic infection may rarely result from infection in an 
immune mother.266 These results indicate that the neonate who acquires 
CMV disease generally acquires infection from a mother who is not 
immune. When mothers are immune, most infections among babies 
are asymptomatic. A small number of infections develop from trans-
placental infection. Perinatal infection occurs when CMV is carried in 
the cervix during late stages of pregnancy and when CMV is carried 
in breast milk.

Symptoms that occur in children who are infected congenitally 
from nonimmune mothers involve fulminant cytomegalic inclusion 
disease, which consists of jaundice, hepatosplenomegaly, petechial 
rash, and multiple organ involvement. CNS findings of microcephaly, 
motor disability, chorioretinitis, and cerebral calcifications are 
present.267 At birth or shortly thereafter, onset of lethargy, respiratory 
distress, and seizures occurs. The child may die in days or a few weeks. 
Jaundice and hepatosplenomegaly may subside, but neurologic 
sequelae, microcephaly, and mental retardation persist. Many extra-
neural defects, including hearing disorders, have been associated with 
congenital infection, and most disease manifestations are the result of 
inflammation from virus invasion.267 Interference with organ develop-
ment (such as occurs with rubella) is not seen with CMV infection.

Infections that occur in babies postnatally are different from con-
genital infections; diffuse visceral and CNS diseases do not occur. The 
clinical picture may resemble CMV mononucleosis in some respects, 
although the full mononucleosis syndrome is usually absent. CMV 
mononucleosis may occur rarely in young children,15 and much more 
severe CMV-associated disease can occur as the result of exchange 
transfusions.268

Although perinatal infections are completely asymptomatic and 
cause no obvious long-term abnormalities, subtle effects on hearing 
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countries, such as United States, many women capable of childbearing 
are susceptible for primary infection, whereas in developing countries, 
almost all women are seropositive for CMV. Seropositive pregnant 
women can reactivate latent CMV or be reinfected with a new strain, 
and these conditions transmit the virus across the placenta to the fetus.

Being seropositive for a pregnant mother does provide protection 
against intrauterine transmission of CMV, and a reduction of 69% for 
the risk of a seropositive woman having a baby with congenital CMV 
infection compared with a seronegative woman has been demon-
strated.286 Therefore, a vaccine strategy that focuses on vaccinating 
seronegative pregnant women is attractive to reduce the burden of 
disease resulting from congenital CMV. Another target for an effective 
CMV vaccine would be the recipients of solid-organ transplants or 
seronegative donors of stem cell transplants, to be sure that the donors 
and recipients of these organ transplants are seropositive for CMV at 
the time of transplantation.

Several strategies to develop an effective CMV vaccine are under-
way. The gB glycoprotein of HCMV is the main target for neutralizing 
antibody. A vaccine derived from the soluble gB produced by insertion 
of the gene into cultured cells is being investigated by Sanofi Pasteur 
(Lyon, France). This Sanofi Pasteur gB vaccine when given with the 
adjuvant MF59 (Novartis, New York) in a phase II trial has been  
shown to protect about 50% of seronegative women from acquiring 
primary infection.287 The same vaccine also reduced the CMV viral 
load post-transplantation when given before transplantation of a liver 
or kidney.288

A DNA vaccine, which expresses gB and pp65, has been shown to 
reduce reactivation of CMV in hematopoietic stem cell recipients in a 
completed phase II study and is under development by Astellas Pharma 
(Northbrook, IL).289,290 An alphavirus recombinant expressing gB, 
pp65, and the major immediate early antigen of CMV is being devel-
oped by Novartis.291 Phase III clinical trials of these vaccine candidates 
are urgently needed and are getting underway.

Passive immunization may also moderate the pathogenicity of 
CMV infection in defined conditions. A randomized, placebo-
controlled trial of CMV immune globulin showed reduced CMV  
end-organ disease in seronegative liver transplant recipients from  
seropositive donors.292 Another nonrandomized, uncontrolled study 
reported reduced congenital CMV infection and disease when CMV 
immune globulin was given to pregnant women with a primary CMV 
infection.293 Results of ongoing double-blind randomized trials are 
awaited to confirm this observation.

mild mononucleosis syndrome, but it is usually asymptomatic and is 
associated with CMV viruria for 4 to 7 days. The former belief was that 
recurrent infections during pregnancy were largely asymptomatic. 
Boppana and co-workers279 showed that reinfection with a different 
strain of CMV during pregnancy can lead to intrauterine transmission 
and symptomatic congenital infection. This conclusion was based on 
the appearance of antibodies directed against new strain-specific epi-
topes of CMV glycoprotein H not present in maternal blood before the 
current pregnancy. To promote our understanding of the true fre-
quency and clinical importance of congenital CMV infection caused 
by recurrent maternal infections, further investigation with larger, 
long-term prospective studies is needed.279

The appreciation of the importance of great genomic diversity of 
CMV during replication in a single patient will also be increasingly 
relevant.

CYTOMEGALOVIRUS VACCINE 
PROSPECTS
The development of an effective and safe vaccine against CMV remains 
an important medical priority. A major objective of an effective CMV 
vaccine would be reduction of disease caused by congenital CMV 
infection, which is the leading viral cause of sensineural hearing loss 
and neurodevelopmental delay.280 The best population-based estimates 
of congenital CMV infection come from the United States. Published 
research estimates that 0.4% to 0.7% of babies (approximately 28,000) 
are born each year with congenital CMV infection in the United States. 
Of those, 12.7% are estimated to have symptoms at birth (“symptom-
atic”), and 13.5% of these symptomatic babies develop symptoms when 
they are seen in follow-up.281,282 The prevalence of congenital CMV 
infection in Europe is similar to that in the United States, but data from 
developing countries is lacking.

The overall estimate is 5000 babies per year in the United States 
develop disease caused by congenital CMV infection, making it the 
most common viral cause of sensineural hearing loss and of neurode-
velopmental delay.283,284 Congenital CMV infection is associated with 
socioeconomic and social/ethnic differences within the United States 
and linked to poverty and health disparities within the country.

The greatest risk for a baby to develop congenital infection is for 
the mother to develop a primary infection during pregnancy. If CMV 
infection is detected in a newborn infant within 2 weeks of birth, this 
is termed congenital infection and is the result of a maternal CMV 
infection, first of the placenta and then the fetus.285 In developed 

TABLE 140-1  Cervical Cytomegalovirus Infection during Pregnancy

SOURCE FIRST TRIMESTER SECOND TRIMESTER THIRD TRIMESTER OVERALL INFECTION
Numazaki et al275 0/30 (0%)* 6/62 (9.7%) 17/61 (27.9%) 23/153 (15.0%)

Montgomery et al277 1/43 (2%) 6/83 (7.2%) 6/49 (12.2%) 13/175 (7.4%)

Stagno et al276 3/183 (1.6%)† 22/359 (6.1%) 42/371 (11.3%) 63/659 (9.6%)

TOTAL INFECTED/TESTED 4/256 34/504 65/481 99/987

PERCENTAGE INFECTED 1.6 6.7 13.5 10.0

*Represents number of patients with positive results per number of patients tested.
†Number infected per number of specimens tested.
From Ho M. Cytomegalovirus. In Mandell GL, Bennett JE, Dolin R, eds. Principles and Practice of Infectious Diseases. 4th ed. New York: Churchill Livingstone; 1995:1351.
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Epstein-Barr Virus (Infectious 
Mononucleosis, Epstein-Barr  
Virus–Associated Malignant 
Diseases, and Other Diseases)
Eric C. Johannsen and Kenneth M. Kaye

Epstein-Barr virus (EBV) is a ubiquitous human herpesvirus. Infec-
tion with EBV is common, worldwide in distribution, and largely  
subclinical in early childhood. EBV has been established as the caus-
ative agent of heterophile-positive infectious mononucleosis, which 
occurs most frequently in late adolescence or early adulthood. In addi-
tion, EBV is causally associated with the development of malignant 
diseases, including Burkitt’s lymphoma, lymphoproliferative disease, 
Hodgkin’s lymphoma, primary central nervous system (CNS) lym-
phomas in acquired immunodeficiency syndrome (AIDS), and  
nasopharyngeal carcinoma based on seroepidemiologic data and the 
detection of EBV genomes in these tumors. Some epidemiologic 
studies describe an association between EBV and autoimmune dis-
eases, particularly multiple sclerosis; however, a causal relationship is 
not established.

HISTORY
Historical accounts of infectious mononucleosis often attribute the 
initial description of the disease to Filatov or Pfeiffer, who nearly simul-
taneously at the end of the 19th century described an illness character-
ized by malaise, fever, hepatosplenomegaly, lymphadenopathy, and 
abdominal discomfort.1,2 This illness came to be known as Drusen-
fieber (glandular fever) and occurred in family outbreaks. However, 
without specific techniques with which to establish the diagnosis, the 
concept of Drusenfieber as a clinical entity fell into disrepute. Between 
1910 and 1920, a number of observers reported cases of apparent 

spontaneous remission of leukemia, with a clinical course that is con-
sistent with the spontaneous resolution of infectious mononucleosis.3,4 
The establishment of infectious mononucleosis as a clinical entity is 
credited to Sprunt and Evans,5 who in 1920 described six cases of fever, 
lymphadenopathy, and prostration that occurred in previously healthy 
young adults. The authors pointed out the mononuclear lymphocytosis 
that developed in each of the patients and contrasted the pathologic 
appearance of these lymphocytes with the uniform lymphocyte mor-
phology observed in children with other infections. Two years later, 
Downey and McKinlay6 described additional cases of infectious mono-
nucleosis and provided a more detailed morphologic description of the 
atypical lymphocyte. The recognition of atypical lymphocytosis as a 
hematologic marker for the disease led to more accurate descriptions 
of the clinical manifestations of this illness.

A major advance occurred in 1932, when Paul and Bunnell,7 inves-
tigating immunologic mechanisms in serum sickness, unexpectedly 
encountered high titers of spontaneously occurring sheep red blood 
cell agglutinins (heterophile antibodies) in the sera of patients with 
infectious mononucleosis.

During the 1940s and 1950s, substantial efforts were made to detect 
a causative agent for infectious mononucleosis. Attempts to culture 
etiologically related bacteria and viruses from patients with infectious 
mononucleosis proved unsuccessful. The disease could not be trans-
mitted to animals. Interpretation of experimental attempts to transmit 
the disease to humans was hindered by the failure to appreciate the 

Definition
•	 Infectious	mononucleosis	is	a	clinical	

syndrome	characterized	by	pharyngitis,	fever,	
lymphadenopathy,	and	the	presence	of		
atypical	lymphocytes	on	a	peripheral	blood	
smear.	Primary	Epstein-Barr	virus	(EBV)	
infection	is	the	most	common	cause	of	this	
syndrome.

Virology and Epidemiology
•	 EBV	is	a	herpesvirus	that	establishes	lifelong	

latent	infection	in	B	lymphocytes.
•	 Replication	occurs	in	oral	epithelium,	and	

infectious	EBV	is	frequently	present	in	the	
saliva	of	asymptomatic	seropositive	
individuals.

•	 EBV	is	transmitted	predominantly	through	
exposure	to	infected	saliva,	frequently	as	a	
result	of	kissing.

•	 Seroprevalence	approaches	95%	in	adults,	
and	EBV	is	distributed	throughout	the		
world.

•	 In	childhood,	primary	EBV	infection	is	usually	
asymptomatic	or	a	nonspecific	illness.

•	 Frequency	of	presentation	as	infectious	
mononucleosis	increases	with	age	to	about	
50%	of	primary	infections	by	adolescence.

•	 EBV	is	tightly	linked	with	several	malignancies,	
including	endemic	Burkitt’s	lymphoma,	
nasopharyngeal	carcinoma,	and	
lymphoproliferative	disease.

Microbiology
•	 EBV	is	a	gamma-1	herpesvirus,	genus	

Lymphocryptovirus.
•	 EBV	is	a	double-stranded	DNA	virus	that	is	

enveloped.
•	 EBV	is	also	known	as	human	herpesvirus	4.

Clinical Manifestations
•	 Infectious	mononucleosis	is	generally	a	

self-limited,	spontaneously	remitting		
syndrome.

•	 Complications	may	occur,	including	splenic	
rupture,	neurologic	manifestations	such		
as	encephalitis,	autoimmune	hemolytic	
anemia,	and	mild	hepatocellular	enzyme	
elevations.

Diagnosis
•	 The	appearance	of	nonspecific,	heterophile	

antibodies	(IgM	reacting	with	sheep	or	horse	
red	blood	cells)	can	distinguish	primary	EBV	
infection	from	other	causes	of	infectious	
mononucleosis.

•	 The	presence	of	IgM	viral	capsid	antigen	(VCA)	
antibodies	is	closely	correlated	with	acute	EBV	
infection.	Heterophile	antibodies	in	a	person	
with	clinical	infectious	mononucleosis	is	
sufficient	to	establish	the	diagnosis.

•	 EBV	serology	may	be	helpful	in	atypical	
cases	and	in	children	(who	are	frequently	
heterophile	negative).

•	 Primary	human	immunodeficiency	virus	
infection	is	the	most	important	differential	
diagnostic	consideration.

•	 Serial	measurement	of	EBV	viral	loads	may	be	
useful	in	the	detection	of	EBV-associated	
malignancies	in	immunosuppressed	individuals,	
especially	for	lymphoproliferative	disease.

Therapy
•	 Treatment	of	mononucleosis	is	primarily	

supportive.
•	 Corticosteroids	may	be	helpful	in	managing	

mononucleosis	complications	such	as	airway	
impingement	from	tonsillar	enlargement.

•	 Antiviral	therapy	is	of	no	proven	benefit	in	
infectious	mononucleosis.

Prevention
•	 There	is	currently	no	EBV	vaccine.

SHORT VIEW SUMMARY
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primates.31 EBV binds to its receptor, the CD21 molecule, through an 
interaction with its major envelope glycoprotein, gp350. CD21 or 
complement receptor 2 (CR2) transduces signals important for B  
lymphocyte proliferation and can also be expressed by follicular den-
dritic cells and nasopharyngeal epithelial cells.32-38 Another EBV gly-
coprotein, gp42, binds major histocompatibility complex (MHC) class 
II molecules, which serve as co-receptors for infection of B cells.39-43 
Gp42 also promotes B-cell infection by forming a heterotrimeric com-
plex with the gH/gL EBV glycoproteins, masking a motif on gH that 
is important for infection of epithelial cells.44 EBV virions released 
from infected B lymphocytes contain lower levels of gp42 and infect 
epithelial cells more efficiently than virions derived from epithelial 
cells. This reciprocal tropism is proposed to enhance EBV shuttling 
between B lymphocytes and the oral epithelium.45

Latent Infection and Growth 
Transformation
After infection with EBV, B lymphocytes enter the cell cycle and pro-
liferate continuously in a process termed transformation or immortal-
ization; these cells can be propagated in vitro indefinitely.46 This ability 
of EBV to convert peripheral blood B cells into immortalized lympho-
blastoid cell lines (LCLs) is widely used in genomic studies as a means 
of preserving DNA samples from volunteer donors for future use.47 In 
vivo EBV-driven B-cell proliferation is observed during infectious 
mononucleosis, in which it probably serves to expand rapidly the pool 
of infected B lymphocytes. These B lymphocytes are usually rapidly 
cleared from the circulation.48-51 However, in the absence of an intact 
immune response, EBV infection can result in life-threatening lym-
phoproliferative disease (LPD).52,53 The growth-transforming proper-
ties of EBV can act in concert with genetic and environmental cofactors 
to cause malignant diseases in immunocompetent hosts as well.54,55

EBV infection of B lymphocytes is characterized by a state of viral 
latency, in which the genome circularizes in the nucleus and is repli-
cated as an episome in concert with host chromosomes by cell enzymes. 
The infection is latent in the sense that viral particles are not being 
produced, but it is anything but quiescent. Limited viral gene expres-
sion persists, and these genes exert effects on the infected cell. In vitro 
latent infection of B lymphocytes with EBV is characterized by the 
expression of latent infection membrane proteins 1 and 2 (LMP1 and 
LMP2), six EBV nuclear antigens (EBNAs), and two small, nuclear, 
noncoding RNAs (EBV-encoded RNAs [EBERs]) that are transcribed 
by RNA polymerase III (Table 141-2).56 Additional EBV transcripts 
have been detected in latent infection and are termed complementary 
strand transcripts (CSTs) or BamH1 A rightward transcripts (BARTs). 
Translation of these transcripts into proteins has not been shown, but 
they appear to serve as precursors for two of three clusters of EBV-
encoded microRNAs (miRNAs) whose role in EBV biology remains 
unclear.57,58 Recombinant reverse genetic analysis has determined that 
only LMP1, EBNA1, EBNA2, EBNA3A, EBNA3C, and EBNALP are 
critical for B-cell growth transformation.56 The mechanisms by which 
these EBV gene products promote B-lymphocyte growth have been the 
subject of intense investigation.

After the virus gains entry to susceptible B lymphocytes, EBNA2 
and EBNALP are the first proteins expressed. EBNA2 is an acidic 

widespread occurrence of asymptomatic infection in preadolescents 
and the absence of a serologic marker of immunity.8-10

The identification of EBV followed the description by Burkitt11 in 
1958 of an unusual lymphoma with a predilection for the head and 
neck. The geographic distribution of this tumor paralleled that of 
certain mosquito-borne diseases in Africa, and a search for an etiologi-
cally related arbovirus was undertaken. Epstein and associates12 in 
1964 described the presence of particles that resembled herpesviruses 
in tissue cultures of biopsy specimens from patients with Burkitt’s 
lymphoma. An indirect immunofluorescent assay for detecting anti-
EBV antibodies was developed by Werner and Gertrude Henle,13 and 
high titers were detected in patients with Burkitt’s lymphoma. Addi-
tional studies revealed that 90% of American adults had demonstrable 
EBV antibodies as well.13 The development of infectious mononucleo-
sis in a technician in the Henles’ laboratory on whom sequentially 
obtained sera were analyzed for EBV antibody suggested that acute 
EBV infection may be associated with this illness.14 Large-scale epide-
miologic studies15-18 showed that heterophile-positive infectious mono-
nucleosis occurred in patients without preexisting EBV antibody, and, 
conversely, heterophile-positive infectious mononucleosis was always 
accompanied by acquisition of EBV antibodies. These epidemiologic 
studies indicated that subclinical EBV infection also occurred. With 
specific antibody tests for EBV, it became apparent that 10% to 20% of 
the cases of mononucleosis, of which most were heterophile negative, 
were caused by other agents, the most frequent of which was cytomega-
lovirus (CMV). This chapter deals primarily with EBV-induced infec-
tious mononucleosis.

DESCRIPTION OF EPSTEIN-BARR 
VIRUS
Physical Properties
EBV, or human herpesvirus 4, is a gamma-1 herpesvirus. Like the  
other members of the Herpesviridae family, EBV has a double-stranded 
DNA genome encased in an icosahedral protein nucleocapsid sur-
rounded by a lipid envelope embedded with viral glycoproteins. Herpes- 
viruses also have an amorphous protein layer, the tegument, which  
lies between the capsid and envelope. The B95-8 laboratory strain of 
EBV, the first herpesvirus genome sequenced, was found to have a 
12-kilobase (kb) deletion and the wild-type EBV genome, which is 
approximately 172 kb in size, encodes about 90 proteins and 25 
microRNAs.19,20

Life Cycle
Primary infection with EBV results from exposure to the oral secre-
tions of seropositive individuals through kissing, sharing of food, or 
other intimate contact. The long-accepted concept that EBV infection 
spreads to B lymphocytes after initial productive (lytic) infection of 
oral epithelial cells21,22 has been challenged. Tonsillar biopsies from 
patients with primary EBV infection did not reveal any infected epi-
thelial cells, but infected lymphocytes were readily seen.23,24 EBV 
undoubtedly has clinically significant tropism for epithelial cells, as is 
seen in nasopharyngeal carcinoma and oral hairy leukoplakia. It 
remains possible that significant infection of oral epithelial cells occurs 
in nontonsillar sites or that an initial round of lytic replication precedes 
spread to the B-cell compartment and the onset of symptoms.25,26 
Infected B lymphocytes incite an intense cytotoxic T-cell response, and 
these T cells constitute the atypical lymphocytosis characteristic of 
primary EBV infection.27,28 In healthy individuals, most infected B 
lymphocytes are cleared through immune surveillance, but between 
one and 50 B cells per million remain quiescently infected and serve 
as the reservoir for lifelong infection of the individual.29,30 Thus, EBV 
shares the properties of lifelong latency and persistence with other 
members of the herpesvirus family. In contrast to that of alpha herpes 
viruses (herpes simplex virus and varicella-zoster virus), shedding of 
infectious EBV particles into the saliva from periodic reactivation of 
latently infected cells is entirely asymptomatic. This shedding occurs 
in otherwise healthy persons but is more frequent in immunosup-
pressed hosts (Table 141-1).

The host range of the virus is limited. In vitro cultivation of the 
virus has been described primarily in B lymphocytes and also in  
nasopharyngeal epithelial cells of humans and certain nonhuman 

TABLE 141-1  Frequency of EBV Shedding

POPULATION 
DESCRIPTION

OROPHARYNGEAL 
SHEDDING RATE 
(RANGE) REFERENCE

EBV-seronegative individuals 0 89

Seropositive healthy adults 12%-25% 85-87, 89-91

Solid tumor patients 27% 86, 87

HIV-1–infected individuals 50% 88

Renal transplant recipients 56%-70% 85, 87

Infectious mononucleosis patients 50%-100% 89-91, 348

Critically ill leukemia or lymphoma 
patients

74%-92% 86, 87

EBV, Epstein-Barr virus; HIV, human immunodeficiency virus.
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probably in part the result of the intense immune response against viral 
proteins.

Lytic Infection
Latent infection can be activated to lytic infection by stimulation of 
host B cells by certain chemicals, calcium ionophores, or antibodies to 
surface immunoglobulin.73 The physiologic signals that reactivate EBV 
lytic replication are unknown, but signaling through the B-cell receptor 
after antigenic stimulation is a possible scenario. After this inciting 
event, two EBV-encoded transcriptional activators are expressed: 
BZLF1 and BRLF1. Expression of these immediate early genes leads to 
a cascade of events that culminate in the production of early EBV gene 
(early antigen [EA]) products responsible for viral replication (e.g., 
thymidine kinase, DNA polymerase) and late (structural) genes of the 
virus including viral capsid antigens (VCAs).74 Lytic infection produces 
EBV virions and can cause host cell death.

EPIDEMIOLOGY
Serum Antibody Prevalence
Antibodies to EBV have been found in all population groups studied, 
and most studies have shown no predilection for either gender. Anti-
bodies are acquired earlier in life in developing countries than in 
industrialized countries, but by adulthood, 90% to 95% of most popu-
lations have demonstrable EBV antibodies.75,76 In the United States and 
in Great Britain, EBV seroconversion occurs before the age of 5 years 
in about 50% of the population.76-78 A second wave of seroconversion 
occurs midway through the second decade of life. EBV seroconversion 
may occur at a younger average age in the southern United States than 
in other areas of that country.79 Lower socioeconomic groups have 
a higher EBV antibody prevalence than more affluent age-matched 
control groups.

Two strains of EBV have been defined on the basis of viral gene 
sequences expressed during latency and their ability to transform B 
lymphocytes.73 The strains (type 1 [A] or 2 [B]) are not distinguishable 
serologically, but they express unique epitopes that are identified by 
cytotoxic T lymphocytes (CTLs). Although the initial thought was that 
specific geographic distributions existed for these two strains of EBV, 
it is now clear that both are widely distributed and that individuals can 
be coinfected with both strains.

Incidence of Infection
Clinically apparent infectious mononucleosis is more common in 
populations in which primary EBV exposure is delayed until after the 
first decade of life. The disease is diagnosed most frequently among 
adolescents of higher socioeconomic groups in industrialized coun-
tries.80 The incidence of infectious mononucleosis in a large epidemio-
logic study in the United States was 45.2 cases per 100,000 per year and 
was highest in the 15- to 24-year-old age group.81 The incidence was 
the same for women as for men, but the peak age-specific incidence 
occurred 2 years earlier in women. Infectious mononucleosis is 30 

transactivator that acts as the major switch to turn on latent virus gene 
expression and several B-cell gene products (including c-myc, c-fgr, 
CD21, and CD23). It has no intrinsic sequence-specific DNA binding 
capacity but rather is targeted to promoters by binding to a host DNA 
binding protein RBP-Jκ (also called CBF1 or CSL), a downstream 
component of the Notch signaling pathway.59,60 By an incompletely 
understood mechanism, EBNALP cooperates with EBNA2 to activate 
expression of the remaining nuclear proteins and LMP1 and LMP2.61 
LMP1 is the major EBV-encoded oncogene, and its expression in trans-
genic mice results in B-cell lymphomas.62,63 It constitutively activates 
signaling pathways that mimic the growth and survival signals given 
to B cells by CD4+ T lymphocytes through the CD40 surface glycopro-
tein. LMP1 sends this signal through its cytoplasmic tail, which binds 
a set of second messenger proteins similar but not identical to those 
used by CD40.64,65 Unlike CD40, LMP1 does not require the presence 
of ligand to form patches in the cell membrane but self-associates 
constitutively, approximating its cytoplasmic tails to activate signal-
ing.66 This results in the activation of nuclear factor κB (NF-κB); c-jun; 
upregulation of adhesion molecules (intercellular adhesion molecule 
1, LFA-1, and LFA-3); cytokine production; B-cell proliferation; and 
induction of an antiapoptotic state.48,55 A second EBV latent membrane 
protein, LMP2, mimics another signal necessary for B-cell survival.67 
By interacting with signaling molecules of the B-cell receptor (BCR), 
LMP2 mimics BCR engagement by constitutive patching in the mem-
brane in a manner analogous to LMP1. LMP2 probably also interferes 
with normal signaling through the BCR by antigenic stimulation to 
inhibit activation of lytic viral replication (discussed subsequently). 
Interestingly, LMP2 is not necessary for EBV-mediated outgrowth of 
B cells in vitro but is probably a critical component of the viral strategy 
in vivo. The nuclear protein EBNA1 acts to promote the replication of 
the viral genome by the host machinery when the virus is in the latent, 
episomal state and to ensure proper segregation of the EBV genome to 
both daughter cells. The EBNA3 proteins also interact with the RBP-Jκ 
DNA binding protein and promote B lymphocyte growth and survival 
by silencing expression of the p16INK4 and p14ARF tumor suppressor 
gene products.68,69 The function of the highly expressed, noncoding 
EBV RNAs (EBERs) is incompletely understood.

EBV-associated malignant diseases are exclusively associated with 
latent infection and latent gene expression. Three general patterns  
of expression of EBV-encoded proteins have been observed in associa-
tion with latency (see Table 141-2).48,49 Expression of all latent genes 
is seen in LPD in immunosuppressed hosts, in primary CNS lym-
phoma of patients with AIDS, and during primary EBV infection 
(infectious mononucleosis), and this program of gene expression is 
often referred to as latency III.54 EBV-associated nasopharyngeal car-
cinomas, Hodgkin’s lymphoma, and T-cell lymphomas exhibit a more 
restricted pattern of EBV gene expression (latency II) that includes 
LMP1, LMP2, EBNA1, and the EBERs and EBNA1.70,71,72 In Burkitt’s 
lymphoma (latency I) only EBERs and EBNA1 are expressed.54 The 
more restricted patterns of latent gene expression in some tumors are 

TABLE 141-2  Patterns of EBV Latent Gene Expression

EBV GENE 
PRODUCT FUNCTION

EBV-ASSOCIATED MALIGNANT DISEASES
Acute Infection Healthy Carrier Latency III Latency II Latency I

IM PBB LPD PCNSL HL NPC GC BL
EBNA1 EBV genome maintenance + ? + + + + + +
EBNA2 Activates expression of EBV/host genes + − + + − − − −
EBNA3s* Represses p16/INK4A tumor suppressor 

expression
+ − + + − − − −

EBNALP Coactivates with EBNA2 + − + + − − − −
LMP1 Mimics CD40 signaling + − + + + + − −
LMP2 Mimics BCR signaling + + + + + + ± −
miRNAs Block expression of host RNAs + ? + + + + + +
EBERs Noncoding, highly expressed RNAs + + + + + + + +

*Includes EBNA3A, EBNA3B, and EBNA3C.
BCR, B-cell receptor; BL, Burkitt’s lymphoma; EBERs, EBV-encoded RNAs; EBV, Epstein-Barr virus; GC, gastric cancer; HL, Hodgkin’s lymphoma; IM, infectious 

mononucleosis; LPD, lymphoproliferative disease; NPC, nasopharyngeal carcinoma; PBB, peripheral blood B cell; PCNSL, primary central nervous system lymphoma.
Note: Because EBV-positive gastric cancers sometimes express LMP2 and, rarely, LMP1, these tumors have been classified as latency I or II by different experts.
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cells are capable of forming continuous cell lines if cultured in vitro.106,107 
The immune response to EBV-infected transformed lymphocytes is 
complex and involves both humoral and cell-mediated immune mech-
anisms.27,108 An intact immune response is critical to prevention of the 
unchecked proliferation of these cells as seen in LPD but is also respon-
sible for most of the symptoms of infectious mononucleosis. The 
increase in prevalence in symptomatic acute EBV infection with age of 
seroconversion is probably the result of differences in the immune 
responses of different age groups.

The cellular immune response to EBV is complex and well inte-
grated and includes CD8+ and CD4+ CTLs and natural killer (NK) 
cells.28,109-112 The massive atypical lymphocytosis of infectious mono-
nucleosis is composed primarily of antigen-stimulated CD8+ cytotoxic 
T cells. In one study, 40% of circulating CD8+ T cells were reactive 
against a single EBV epitope.113 These lymphocytes probably produce 
most of the signs and symptoms of infectious mononucleosis through 
the abundant production of cytokines, including tumor necrosis factor, 
interleukin-1 (IL-1), and IL-6.114 During acute infection, CD8+ T cells 
specific for lytic antigens predominate, but with convalescence, a shift 
occurs toward cells that recognize latent proteins, particularly the 
EBNA3 proteins.27,113,115 T cells reactive against EBV latent proteins are 
sufficiently numerous that unselected mononuclear cells from EBV-
immune adults suppress the outgrowth of autologous EBV-infected B 
lymphocytes in vitro.112 An expansion of EBV-specific CD4+ lympho-
cytes has also been described in infectious mononucleosis but is small 
in magnitude, and its significance in containing acute EBV infection 
is unclear.116,117

The humoral immune response to EBV has been extensively 
studied, primarily as a means to diagnose EBV infection (see Labora-
tory Diagnosis section for detailed discussion). In general, specific 
antibodies directed against EBV lytic antigens (VCA and EA) are 
demonstrable in most patients with infectious mononucleosis. By con-
trast, antibody responses to the latency-associated EBV nuclear anti-
gens (EBNA1, EBNA2, EBNA3s, and EBNALP) do not develop until 
convalescence.27 The significance of any of these antibody responses to 
containment of EBV infection is not established; however, antibodies 
to EBV surface glycoproteins have been shown to prevent experimental 
EBV infection.118-120

For unclear reasons, primary EBV infection is associated with the 
synthesis of large amounts of antibodies reactive against antigens 
found on sheep, horse, and beef red cells. These so-called heterophile 
antibodies are a heterogeneous group of predominantly immunoglob-
ulin M (IgM) antibodies that do not react with specific EBV proteins.121 
Detection of these antibodies in sera of patients with mononucleosis 
syndromes predicts acute EBV infection with high sensitivity and 
specificity and is discussed in the section Laboratory Diagnosis. No 
good correlation is found between the heterophile titer and the severity 
of the illness, and no clearly defined role exists for heterophile antibod-
ies in the pathogenesis of EBV disease or in immune clearance of the 
virus.

EBV has evolved multiple strategies to elude this aggressive immune 
response. The EBV BCRF1 protein shares 70% homology with the 
cytokine IL-10. This EBV protein is functional and is thought to mimic 
IL-10 inhibition of interferon-γ (IFN-γ) synthesis by mononuclear cells 
in the peripheral blood. Thus, BCRF1 expression during lytic infection 
is expected to promote a shift toward Th2 differentiated CD4+ effectors 
that can provide B-cell help but do not promote the CD8+ responses 
needed to kill EBV-infected cells.122,123 Another EBV protein, BARF1, 
can function as a soluble receptor for colony-stimulating factor 1 and 
may interfere with the ability of this cytokine to enhance expression of 
interferon-α (IFN-α) from monocytes.124 EBV also encodes a bcl2 
homologue that is expressed during lytic replication and may act to 
prevent apoptosis of the host cell.125 Finally, the virus has evolved a 
strategy for ensuring its persistence in the memory B-cell compart-
ment. After acute infection resolves, most latent proteins are no longer 
expressed to circumvent the strong immune pressure exerted against 
EBV. However, in any cycling cell, EBV must express EBNA1 to ensure 
that its genome is replicated. To prevent targeting of this key protein, 
EBNA1 contains a sequence of expanded glycine-alanine repeats, not 
necessary for its function in genome maintenance, capable of inhibit-
ing proteasomal processing of the protein.126 Without this processing, 

times more frequent in whites than in blacks. The infrequency of infec-
tious mononucleosis among blacks, noted as early as 1940, is probably 
a reflection of earlier primary EBV infection and the higher frequency 
of subclinical infections in children.82-84 No clear seasonal incidence 
has been noted.

Methods of Spread
The virus persists in the B-cell compartment for the life of the infected 
host and can be cultured from throat washings from 10% to 20% of 
healthy adults, from 50% of kidney transplant recipients, and from 
greater proportions of those critically ill with leukemia or lymphoma 
(see Table 141-1).85-87 Approximately 50% of men with human immu-
nodeficiency virus type-1 (HIV-1) infection who have sex with men 
shed EBV in oropharyngeal secretions.88 Low titers of EBV are present 
in throat washings of persons with infectious mononucleosis.89-91 Sus-
ceptible roommates of students with infectious mononucleosis or with 
inapparent EBV infection have EBV seroconversion no more fre-
quently than the general susceptible college population.17,79 Only 6% of 
those with infectious mononucleosis cite previous contact with another 
case of infectious mononucleosis.81 EBV DNA or protein, or both, have 
also been identified in parotid duct and uterine cervical epithelia, 
although the implications of this distribution are unclear with respect 
to viral transmission.92,93

EBV, like other herpesviruses, is relatively labile in the laboratory, 
and the virus has not been recovered from environmental sources, 
including fomites. These data suggest that EBV is a widespread agent 
that is not particularly contagious and that most cases of infectious 
mononucleosis are probably contracted by intimate contact between 
susceptible individuals and asymptomatic shedders of EBV. Among 
young adults, spread of the virus may be facilitated by the transfer of 
saliva with kissing.94,95 EBV infection has been linked to sexual inter-
course; however, other studies have found that kissing with coitus 
conferred no additional risk of EBV infection compared with kissing 
without coitus.96,97 Serologic evidence suggests that the virus may also 
be spread among susceptible individuals within families.98,99 EBV has 
also been spread via blood transfusion and after open heart surgery as 
the postpump perfusion syndrome.100 Most postpump perfusion infec-
tious mononucleosis is, however, heterophile negative and attributable 
to CMV.

Although several apparent epidemics of infectious mononucleosis 
have been described, these reports have not been substantiated with 
EBV serologic data and have lacked rigorous epidemiologic, clinical, 
or laboratory support. Some of these have resulted from errors in the 
performance of Monospot tests.101 On the basis of the previously dis-
cussed information, true epidemics of infectious mononucleosis are 
unlikely to occur.

Public Health Impact
College and military populations experience the highest morbidity 
from infectious mononucleosis, although cases occur in other groups 
as well. Infectious mononucleosis accounted for 5% of all hospitaliza-
tions of University of Wisconsin students, with an incidence rate of 450 
admissions per 100,000 students per year. Other American universities 
have reported similar incidence rates.102,103 Approximately 12% of sus-
ceptible college students undergo EBV seroconversion yearly.17,18 Many 
of these infections are subclinical (see subsequent discussion).17,79 
Although primary EBV infection may be clinically apparent in only 
about 10% of military cases, infectious mononucleosis ranked fourth 
as the cause of days lost because of illness in Army personnel.104,105 
Detailed information about the impact of infectious mononucleosis on 
the general population is not available because infectious mononucleo-
sis is not a reportable disease in most states. However, morbidity from 
infectious mononucleosis likely is generally underestimated because a 
specific diagnosis may not be made and the nonspecific illness can be 
attributed to a variety of other causes.

PATHOGENESIS
Host Immune Response
EBV presents a formidable challenge to the immune system. At the 
height of acute infection, up to 20% of peripheral blood B lymphocytes 
may express EBNA, and 0.005% to 0.5% of circulating mononuclear 
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The age of the patient has a profound influence on the clinical 
expression of EBV infection. In children, primary EBV infection is 
often asymptomatic. Young children may be more likely to exhibit 
rashes, neutropenia, or pneumonia than individuals with primary EBV 
infection at an older age.136 Clinically apparent infections in very young 
children are heterophile negative in about one half of the cases.137 The 
proportions of clinically apparent disease and of heterophile-positive 
cases increase with age. By 4 years of age, 80% of children with primary 
EBV infection are heterophile antibody positive.138 During the course 
of the illness, 90% of the adolescents with clinically apparent infectious 
mononucleosis should be heterophile positive.

In patients of college age, the ratio of clinically apparent to inappar-
ent EBV infection ranges from 1 : 3 to 9 : 1.17,79,96 In two prospective 
series, a much higher rate (89%) of symptomatic infection was observed 
when students were evaluated at 8-week intervals compared with 25% 
when students were evaluated 3 years after enrollment.96,97 In military 
recruits, this ratio has been as low as 1 : 10.105 Because of previously 
existing immunity, the disease is less common in older patients. When 
it does occur, however, clinical and serologic manifestations are similar 
to those found in adolescents.139 In general, EBV infection is inapparent 
or is a self-limited illness that lasts 2 or 3 weeks. In rare cases, the disease 
can be devastating and can be accompanied by severe prostration, 
major complications, and even death,140 as discussed subsequently.

Symptoms and Signs
Most cases of infectious mononucleosis consist of the clinical triad of 
sore throat, fever, and lymphadenopathy (Table 141-4). Epidemiologic 
studies suggest that the incubation period of acute infectious mono-
nucleosis is 30 to 50 days and viral shedding in oral secretions has been 
observed for up to 36 days prior to onset of symtpoms.90,96,141 The onset 
may be abrupt, but often several days of prodromal symptoms can be 
elicited, including chills, sweats, feverish sensations, anorexia, and 
malaise. Retro-orbital headaches, myalgias, and feelings of abdominal 
fullness are other common prodromal symptoms. The most frequent 
symptom is sore throat, which may be the most severe the patient has 
experienced.142,143 Other patients seek medical attention because of 

EBNA1 peptides cannot be presented on class I MHC molecules, and 
cells that express EBNA1 may elude immune surveillance.

Histopathologic Findings
Because biopsies are rarely obtained in patients with uncomplicated 
infectious mononucleosis, most data come from pathologic examina-
tion of tissues obtained from fatal cases or from cases with atypical 
features in which biopsy specimens were obtained for diagnostic evalu-
ation. During the acute phase of the illness, lymph nodes throughout 
the body are moderately enlarged. Individual nodes reveal increased 
numbers of enlarged, moderately active lymphoid follicles. Germinal 
centers are also enlarged, with cores that contain blast cells, histiocytes, 
and lymphocytes. Although the reticulin framework remains intact, 
invasion by the hyperplastic pulp makes its borders less distinct.127 In 
studies of spleens obtained at autopsy or at surgery after rupture, the 
organ is usually two to three times its normal weight.128 The splenic 
capsule and trabeculae are edematous, thinned, and invaded by lym-
phoid cells. Most of the increased splenic size is the result of hyperpla-
sia of the red pulp. Throughout the red pulp, pleomorphic blast cells 
are evident. The spleen is often congested with focal, particularly sub-
capsular, hemorrhages. The white pulp is relatively normal. Tonsillar 
biopsy specimens obtained during the course of mononucleosis reveal 
intense proliferation with numerous mitoses.129 Bone marrow aspirate 
and biopsy specimens are often strikingly normal when compared with 
the florid changes noted in peripheral blood. Biopsy specimens are 
usually normocellular to mildly hypercellular. Small granulomas may 
be present, but these are not specific for mononucleosis and have no 
prognostic significance.130,131

Changes in hepatic histologic features are usually mild. Hepatocytes 
show minimal swelling and vacuolization. Pleomorphic lymphocytic 
and monocytic portal infiltration is usually evident. Bile ducts may be 
minimally swollen, but frank biliary stasis is rare.132,133 A number of 
histopathologic changes have been reported in the nervous system in 
fatal cases of infectious mononucleosis.129,134,135 These changes include 
neuronal degeneration, perivascular cuffing, perivascular hemorrhage, 
and astrocytic hyperplasia. Little mononuclear infiltration may be 
present despite demonstrable degenerative changes in the neurons of 
the cortex, basal ganglia, cerebellum, or spinal cord.

CLINICAL MANIFESTATIONS
Infectious Mononucleosis (Primary 
Infection)
Spectrum of Illness
EBV induces a broad spectrum of illness in humans. Classic or typical 
infectious mononucleosis is an acute illness characterized clinically by 
sore throat, fever, and lymphadenopathy; serologically by the transient 
appearance of heterophile antibodies; and hematologically by a mono-
nuclear leukocytosis that consists, in part, of atypical lymphocytes 
(Table 141-3). An individual case may have most but not necessarily 
all the aforementioned characteristics. Specific serologic tests for EBV 
infection indicate that infection results in a spectrum of clinical mani-
festations. Attempts to exclude cases that fail to meet the classic criteria 
for infectious mononucleosis result in artificial and often misleading 
distinctions.

TABLE 141-3  Manifestations of Epstein-Barr 
Virus–Induced Infectious Mononucleosis

Clinical
Fever

Sore throat

Lymphadenopathy

Hematologic
>50% mononuclear cells

>10% atypical lymphocytes

Serologic
Transient appearance of heterophile antibodies

Permanent emergence of antibodies to Epstein-Barr virus

TABLE 141-4  Signs and Symptoms of Primary 
EBV and Infectious Mononucleosis102,142,143,148,462

INFECTIOUS 
MONONUCLEOSIS PRIMARY EBV*

Symptom Percentage Range (%) Percentage (%)
Sore throat 82 70-88 93

Malaise 57 43-76 66

Headache 51 37-55 47

Anorexia 21 10-27 44

Myalgias 20 12-22 41

Chills 16 9-18

Nausea 12 2-17

Abdominal 
discomfort

9 2-14 8

Cough 5 5

Vomiting 5 5

Arthralgias 2 2

Sign Percentage Range (%) Percentage (%)
Lymphadenopathy 94 93-100 76

Pharyngitis 84 69-91

Fever 76 63-100 42

Splenomegaly 52 50-63

Hepatomegaly 12 6-14

Palatal enanthem 11 5-13

Jaundice 9 4-10

Rash 10 0-15

*Primary EBV infection refers to new EBV infection and includes asymptomatic 
cases, those cases with symptoms but not meeting criteria for infectious 
mononucleosis, and those meeting criteria (77%) for infectious mononucleosis.

EBV, Epstein-Barr virus.
From prospective study of primary EBV infection by Balfour(5).96
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Complications
Most patients with infectious mononucleosis recover uneventfully. 
Complications that occasionally occur have been extensively reported 
in the literature. Even these complications have generally resolved fully, 
although rare fatalities have been reported.

Hematologic
Autoimmune hemolytic anemia occurs in 0.5% to 3% of the patients 
with infectious mononucleosis.150,151 Cold agglutinins, almost always of 
the IgM class, are present in 70% to 80% of cases.152 Anti-I specificity 
has been reported in 20% to 70% of cases.153,154 Most but not all cases 
of autoimmune hemolytic anemia in infectious mononucleosis are 
mediated by antibodies of this specificity.155-158 The hemolysis usually 
becomes clinically apparent during the second or third week of illness 
and subsides over a 1- to 2-month period.159 Corticosteroids may 
hasten recovery in some cases. Hemophagocytic syndrome, a rare 
complication of EBV infection, is discussed in a subsequent section.

Mild thrombocytopenia is common in infectious mononucleosis. 
Platelet counts less than 140,000/mm3 were noted in 50% of patients 
with uncomplicated infectious mononucleosis in one series.160 Pro-
found thrombocytopenia with bleeding occurs rarely,161 but platelet 
counts less than 1000/mm3 and deaths from intracerebral bleeding 
have been reported.162,163 The mechanism for the thrombocytopenia is 
not known. The presence of normal or increased numbers of mega-
karyocytes in the marrow coupled with reports of antiplatelet antibod-
ies suggests that peripheral destruction of platelets may occur, possibly 
on an autoimmune basis.153,157,164 Corticosteroids have been reported 
to be beneficial for the thrombocytopenia in some but not all cases.161-

163,165 For refractory cases, splenectomy may be indicated.164

Neutropenia is seen rather frequently in uncomplicated infectious 
mononucleosis. The neutropenia is usually mild and self-limiting, 
although deaths associated with bacterial sepsis or pneumonia, or 
both, have been reported.166-173 Anaerobic sepsis without associated 
granulocytopenia, presumably of pharyngeal origin, has also been 
reported.174

Splenic Rupture
Splenic rupture is a rare but dramatic complication of infectious mono-
nucleosis. Lymphocytic infiltration of the capsule, trabeculae, and vas-
cular walls coupled with rapid splenic enlargement predisposes the 
organ to rupture. The incidence of rupture is highest in the second or 
third week of illness but may be the first sign of infectious mononu-
cleosis. Abdominal pain is uncommon in infectious mononucleosis,175 
and splenic rupture must be strongly considered whenever abdominal 
pain occurs. The onset of this pain may be insidious or abrupt. Patho-
logic examination of some ruptured spleens has revealed subcapsular 
hematomas that suggest that rupture may be preceded by intermittent 
subcapsular bleeding. The pain, usually in the left upper quadrant, may 
radiate to the left scapular area. Left upper quadrant tenderness to 
palpation, with or without rebound tenderness, is usually present along 
with peritoneal signs or shifting dullness. In rare cases, splenic rupture 
is unaccompanied by pain and is manifested as shock. Laboratory 
findings include a falling hematocrit and, in some cases, an elevated 
left hemidiaphragm. The abdominal catastrophe may reverse the usual 
differential count of infectious mononucleosis and evoke a neutro-
philia. Confirmatory findings should not be awaited if splenic rupture 
is suspected. Prompt splenectomy is the treatment of choice, although 
nonoperative observation and splenorrhaphy have a role in the man-
agement of selected patients with subcapsular splenic hematoma.176,177 
Because a history of trauma may be elicited in about one half the cases 
of splenic rupture,178 elimination of contact sports, attention to consti-
pation, and caution in splenic palpation are prudent measures for at 
least the first month after diagnosis (see “Therapy” section).

Neurologic
Neurologic complications, which occur in less than 1% of the cases, 
can dominate the clinical presentation (Table 141-5).179-194 On occa-
sion, these neurologic signs can be the first or only manifestation of 
infectious mononucleosis. In many cases, the heterophile antibody 
determination is negative, atypical lymphocytes may be low in number 
or delayed in appearance, and the diagnosis must be made by changes 

prolonged fever or malaise and less frequently because of incidentally 
encountered lymphadenopathy. Rarely, the first manifestation of illness 
is one of the complications of infectious mononucleosis described 
subsequently.

The signs of infectious mononucleosis are summarized in Table 
141-4. Fever is present in more than 90% of patients with infectious 
mononucleosis. The fever usually peaks in the afternoon with tempera-
tures of 38° C to 39° C, although a temperature as high as 40° C is not 
uncommon. In most cases, fever resolves over a 10- to 14-day period. 
A rash, which may be macular, petechial, scarlatiniform, urticarial, or 
erythema multiforme like, is present in about 5% of patients. The 
administration of ampicillin or amoxicillin produces a pruritic, macu-
lopapular eruption in 90% to 100% of the patients (Fig. 141-1), and 
this rash may appear after cessation of treatment with the drug.144,145 
The ampicillin-related rash does not necessarily predict future intoler-
ance to ampicillin or amoxicillin.146,147 Periorbital edema has been 
reported in up to one third of cases in some series,143 but it has been 
observed less frequently in others.148 Tonsillar enlargement is usually 
present, occasionally with tonsils meeting at the midline. The pharynx 
is erythematous with an exudate in about one third of cases. Palatal 
petechiae may be seen in 25% to 60% of cases but are not diagnostic 
of infectious mononucleosis. The petechiae are usually multiple, are 1 
to 2 mm in diameter, occur in crops that last 3 to 4 days, and are usually 
seen at the junction of the hard and soft palate.149 Cervical adenopathy, 
usually symmetrical, is present in 80% to 90% of patients. Posterior 
adenopathy is most common, but submandibular and anterior adenop-
athies are quite frequent as well, and axillary and inguinal adenopathies 
also occur. Individual nodes are freely movable, are not spontaneously 
painful, and are only mildly tender to palpation. The results of exami-
nation of the lungs and heart are usually normal. Abdominal examina-
tion may detect hepatomegaly in 10% to 15% of cases, although mild 
tenderness to fist percussion over the liver is present somewhat more 
frequently.142,148 Jaundice is present in approximately 5% of cases.143 
Splenomegaly is present in about one half of cases if sought carefully 
over the course of the illness. The splenomegaly is usually maximal  
at the beginning of the second week of illness and regresses over the 
next 7 to 10 days. The results of neurologic examination are generally 
normal, although occasional complications may occur (see subsequent 
discussion).

FIGURE  141-1 Patient with infectious mononucleosis and 
ampicillin-induced rash. Maculopapular rash extends over the trunk and 
extremities. Rash frequently has a violaceous hue and is often accompa-
nied by pruritus. (Courtesy Dr. Stephen Gellis.)
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in at least one instance, EBERs, which indicate EBV infection of cells, 
were found in pulmonary tissue.211,212 The attribution of pulmonary 
lesions to EBV infection should be made only after other pathogens 
have been carefully excluded.

Death
Death from infectious mononucleosis is rare.195,213 Death may occur as 
a result of overwhelming EBV infection or from complications of the 
disease. Neurologic complications of the illness, splenic rupture, and 
upper airway obstruction are the most frequent causes of death from 
infectious mononucleosis in previously healthy persons. Deaths from 
complications associated with granulocytopenia, thrombocytopenia, 
hepatic failure, and myocarditis have also been reported.*

Clinical Course
Most cases of infectious mononucleosis resolve spontaneously over a 
2- to 3-week period. The sore throat is usually maximal for 3 to 5 days 
and then gradually resolves over the course of a week to 10 days. 
Patients remain febrile for 10 to 14 days, but in the last 5 to 7 days,  
the fever is usually low grade and associated with little morbidity.  
The prostration associated with infectious mononucleosis is generally 
more gradual in its resolution. As the illness resolves, patients often 
have days of relative well-being that alternate with recrudescence of 
symptoms.

X-Linked Lymphoproliferative Disease
An X-linked syndrome has been described in which boys, without 
other evidence of immunodeficiency, develop overwhelming primary 
EBV infection with demonstrable virus in lymph nodes, spleen, 
thymus, and other organs.216,217 This syndrome has been designated 
X-linked lymphoproliferative syndrome and is sometimes referred to as 
Purtilo’s syndrome or Duncan’s disease. Affected boys develop a large 
proliferation of polyclonal B and T cells in response to primary EBV 
infection that frequently results in fulminant hepatitis and hemo-
phagocytic syndrome (discussed subsequently). Patients who survive 
primary EBV infection frequently develop progressive agammaglobu-
linemia, or they may develop lymphoma within several years after 
initial infection.218-223 This disorder was linked to mutations in the 
signaling lymphocyte activation molecule (SLAM)–associated protein 
(SAP) gene in 1998.224 SAP is thought to be an important mediator 
of signal transduction in T and NK cells; however, why mutations in 
SAP confer a specific susceptibility to EBV infection remains to be 
explained.225,226

Other Genetic Predispositions to 
Severe Epstein-Barr Virus Infection
Mutations in the X-linked inhibitor of apoptosis (XIAP) gene have 
also been linked to XLP; however, this appears to be a distinct clinical 
entity with a high incidence of hemophagocytosis and minimal risk  
of lymphoproliferative disease.227 EBV-associated lymphoproliferative 
syndrome has also been linked to mutations in the interleukin-2 induc-
ible T-cell kinase (ITK) gene. A common feature of these entities 
appears to be impaired NK-cell killing and absent or reduced numbers 
of NK-T cells, suggesting a key role for these cell types in controlling 
EBV infections.228 The recently described XMEN syndrome (X-linked 
immunodeficiency with magnesium defect and Epstein-Barr infection 
and neoplasia) is caused by mutations in the MAGT1 transporter, 
which regulates basal intracellular magnesium, and results in defective 
expression of the natural killer activating receptor NKG2D in NK and 
CD8+ T cells, impairing their cytolytic activity against EBV-infected 
cells.229 Preliminary data in two patients with XMEN suggests that 
magnesium supplementation reduces the numbers of EBV-infected 
cells and therefore may be of clinical benefit in this disease.230

Chronic Active Epstein-Barr  
Virus Infection
Persistent EBV infection has been suggested as a frequent cause of 
fatigue and malaise in young and middle-aged adults.231-234 This specu-
lation has arisen from reports of a syndrome characterized by fatigue, 

in EBV-specific antibodies.179,180,185 The encephalitis seen with infec-
tious mononucleosis may be acute in onset and rapidly progressive  
and severe but is usually associated with complete recovery. The 
encephalitis is commonly manifested as a cerebellitis but may also be 
global.181-183 The clinical presentation may also resemble that of aseptic 
meningitis. In both encephalitis and meningitis, changes in the spinal 
fluid are mild. The opening pressure is normal or slightly elevated. A 
predominantly mononuclear pleocytosis may be present, with most 
cell counts much less than 200/mm3. Atypical lymphocytes have been 
seen in the cerebrospinal fluid (CSF) in a number of cases. The protein 
level is usually normal to mildly elevated, and the glucose concentra-
tion is usually normal. Low titers of EBV VCA can be found in the 
CSF.184 Cases of Guillain-Barré syndrome, Bell’s palsy, and transverse 
myelitis have been reported in primary EBV infection.185 Although 
neurologic complications are the most frequent cause of death in infec-
tious mononucleosis, the benign outcome of most of these episodes 
should be emphasized.195 Eighty-five percent of the patients with neu-
rologic complications recover completely.179

Hepatic
Hepatic manifestations consist largely of self-limited elevations of 
hepatocellular enzyme levels, which are present in 80% to 90% of the 
cases of infectious mononucleosis.196 Fulminant hepatitis is rarely seen 
in primary EBV infection and suggests an underlying immunodefi-
ciency. In such cases, hepatitis appears to result from infiltration of the 
liver by EBV-infected lymphocytes and reactive cells rather than EBV 
infection of hepatocytes.197,198

Renal
Abnormal urinary sediment is common in acute infectious mononu-
cleosis.199,200 Microscopic hematuria and proteinuria are the most fre-
quently noted abnormalities.201 Overt renal dysfunction is, however, 
extremely rare, although sporadic cases of acute renal failure in  
association with infectious mononucleosis have been reported.202 
The renal manifestations of infectious mononucleosis have been 
hypothesized as usually attributable to interstitial nephritis from renal 
infiltration by activated T lymphocytes.202 Renal dysfunction in asso-
ciation with EBV-associated rhabdomyolysis has also been reported, 
although not all cases of rhabdomyolysis are accompanied by renal 
dysfunction.203

Cardiac
Clinically significant cardiac disease is uncommon. Electrocardio-
graphic abnormalities, usually confined to ST-T wave abnormalities, 
were reported in 6% of the cases in one series.204 Pericarditis and fatal 
myocarditis have also been observed.205,206

Pulmonary
Pulmonary manifestations of infectious mononucleosis are rare.207-210 
Early studies reported the presence of interstitial infiltrates in 3% to 
5% of the cases. However, systematic examination for other causes of 
nonbacterial pneumonias (e.g., Mycoplasma) was not carried out in 
these studies, and whether these infiltrates were related to EBV infec-
tion is not clear. Severe pneumonia has, however, been reported, and 

TABLE 141-5  Neurologic Complications of 
Infectious Mononucleosis

Encephalitis180-184

Meningitis180

Guillain-Barré syndrome184

Optic neuritis186

Retrobulbar neuritis187

Cranial nerve palsies184

Mononeuritis multiplex188

Brachial plexus neuropathy189

Seizures180,184

Subacute sclerosing panencephalitis190

Transverse myelitis191

Psychosis192

Demyelination193

Hemiplegia194

*References 158, 171, 195, 206, 214, 215.
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recessive inheritance and are characterized by impaired NK-cell activ-
ity. Familial HLH has been linked to mutations in PRF1 (perforin), 
MUNC13-4, and UNC13D.258 These latter two genes are believed to be 
essential for release of perforin-containing cytotoxic granules from NK 
and CD8+ T cells. In one study, 5 of 20 sporadic (nonfamilial) cases of 
HLH were also associated with mutations in the PRF1 gene. Interest-
ingly, PRF1 mutations were not seen in any of the six cases linked to 
EBV; however, MUNC13-4 and UNC13D were not evaluated.266 
Untreated, the prognosis of EBV-associated HLH is poor. However, 
treatment with the etoposide, dexamethasone, cyclosporine-based 
HLH-94 protocol has been associated with survival rates of approxi-
mately 75%.267

Oral Hairy Leukoplakia
As previously stated, reactivation of lytic EBV replication with viral 
shedding in the saliva is usually entirely asymptomatic. An important 
exception to this rule is oral hairy leukoplakia (OHL), which arises as 
a corrugated or “hairy” white lesion usually on the lateral surface of 
the tongue but sometimes elsewhere. This nonmalignant lesion is seen 
in AIDS and other states of immunosuppression and is caused by 
unchecked lytic replication of EBV.268,269 The diagnosis of OHL is based 
on the typical appearance of the lesions in the appropriate clinical 
setting. The differential diagnosis includes oral candidiasis, which, 
unlike OHL, can be removed with gentle scraping of the tongue. Alter-
natively, thrush may be diagnosed with a KOH wet mount or should 
respond to an empirical trial of antifungal therapy. Biopsy for histology 
and in situ hybridization or immunofluorescence staining for EBV is 
rarely necessary but confirms the diagnosis. Polymerase chain reaction 
(PCR) detection of EBV in “oral scrapes” is neither sensitive nor spe-
cific for OHL.270

Epstein-Barr Virus–Associated 
Malignant Diseases
EBV is an extremely well-adapted parasite that establishes lifelong 
latent infection without lasting adverse effects in about 95% of the 
human population. However, in immunosuppressed hosts, the growth-
transforming properties of EBV can result in malignant disease. EBV in 
conjunction with environmental or genetic factors, or both, can rarely 
result in malignant disease in immunocompetent hosts (Table 141-6).

Lymphoproliferative Disease
In the absence of effective immune surveillance, uncontrolled prolif-
eration of EBV-infected B lymphocytes may occur. This disorder is 
referred to as lymphoproliferative disease and represents the in vivo 
equivalent of the immortalized B-cell lines seen with EBV infection in 
vitro. Proliferating B cells in LPD express all EBV latent proteins 
(latency III), including the EBNA3 proteins that are normally strong 
targets for CD8+ cytotoxic T cells (see Table 141-2).27,56 Patients with 
LPD typically present with symptoms similar to those of infectious 
mononucleosis or with fever and lymphomatous infiltration of lymph 
nodes, spleen, liver, bone marrow, kidney, lung, CNS, or intestine (Fig. 
141-2). The frequency of this disease in solid-organ and bone marrow 
transplant recipients has led to the designation post-transplant lympho-
proliferative disease (PTLD), but it can be seen in any patient receiving 
high-dose immune suppression or in those with inherited disorders 
that affect T-cell immunity. Patients with more severe cellular immune 
impairment, such as those receiving T cell–depleted bone marrow 
transplants, cord transplants, haploid identical stem cell transplants, or 
antithymocyte globulin, are at increased risk for PTLD, as are those 
with primary EBV infection after transplantation.52,53 Notably, the 
timing of risk for PTLD differs in stem cell versus solid-organ trans-
plant recipients because of differences in immune suppression. In stem 
cell transplants, the overall risk is 1%, and this risk is greatest within 
the first 5 months after transplantation when the immune suppression 
is severe and before immune reconstitution.271 In solid-organ trans-
plantation, the risk is more prolonged because of the need for long-
term immunosuppression. PTLD is most common in multivisceral 
transplantation (up to 33%); least common in renal, liver, and heart 
transplantation (≈1% to 2.5%); and intermediate in lung (≈6%) or 
intestinal (≈10%) transplantation.272,273,274 Up to half of PTLDs occur 
in the setting of primary EBV infection. These may arise early after 

sore throat, mild cognitive dysfunction, and myalgias initially noted in 
association with an apparent increase in antibody titers to the EBV EA 
complex (see Laboratory Diagnosis section).231,232 These reports have 
included primarily young adults, usually with a female preponderance, 
who report a nonspecific symptom complex more reminiscent of the 
prodrome of infectious mononucleosis than of the syndrome itself 
(often known as chronic mononucleosis syndrome or chronic fatigue 
syndrome). These patients have been noted either sporadically231,232,235 
or in epidemic clusters.234 The initial suggestion that the syndrome is 
attributable to EBV has become untenable on the basis of serologic and 
epidemiologic observations.235,236 Investigation of the syndrome has 
been hampered by the vagueness of the symptoms and the absence of 
objective laboratory diagnostic criteria. A consensus case definition 
that focuses on fatigue rather than on EBV as the central feature of the 
syndrome has emerged.237,238 The chronic fatigue syndrome is dis-
cussed in more detail in Chapter 133.

In contrast to the nonspecific syndrome just noted, patients in 
whom EBV appears to play a direct role in ongoing objective organ 
system dysfunction have been identified.239-243 These cases have been 
termed chronic active EBV (CAEBV) infection and are extremely rare 
in the United States. CAEBV is more frequent in Asia and South 
America, where, in striking contrast to other EBV lymphoprolifera-
tive diseases, it has been associated with EBV infection of NK or T 
cells.244-246 To distinguish CAEBV from other nonspecific syndromes, 
diagnostic criteria have been proposed.247-249 First, patients have 
severe illness that lasts more than 6 months, began as primary EBV 
infection, and is associated with markedly elevated titers to EBV lytic 
antigens (VCA immunoglobulin G [IgG] ≥1 : 640 or EA IgG ≥1 : 160) 
or EBV DNA level in the blood (>300 copies/µg DNA). Second, 
histologic evidence of major organ involvement such as interstitial 
pneumonia, hemophagocytosis, uveitis, lymphadenitis, or persistent 
hepatitis is present. Third, affected tissues should contain elevated 
amounts of EBV DNA, RNA, or proteins by in situ hybridization or 
immunohistochemical staining. The prognosis for these patients is 
poor, with most dying of progressive pancytopenia and hypogam-
maglobulinemia or NK/T-cell nasal lymphoma within a few years, 
although survival for more than 10 years after diagnosis has been 
observed.242 Presentation before age 8 years, without thrombocytope-
nia, or with an NK cell phenotype is associated with an improved 
prognosis.250 Antiviral therapy with acyclovir or ganciclovir is of no 
proven benefit, but case reports of adoptive immunotherapy and  
bone marrow transplantation for patients with CAEBV have been 
found.241,251-253,254,255 The pathogenesis of CAEBV is not well under-
stood but is probably the result of an immune defect that permits the 
proliferation of EBV-infected T or NK cells.256 The limited number of 
cases of CAEBV diagnosed in the United States often includes disease 
associated with EBV infection of B cells.255 Whether B-cell CAEBV 
represents a distinct clinicopathologic entity is an intriguing but aca-
demic question because the prognosis is similarly poor and treatment 
options are no different than NK- or T-cell CAEBV.

Epstein-Barr Virus–Associated 
Hemophagocytic Lymphohistiocytosis
The hemophagocytic syndrome is characterized by excessive lympho-
cyte and macrophage (histiocyte) activation and infiltration of bone 
marrow, lymph nodes, spleen, and liver with prominent phagocytosis 
of erythrocytes and nucleated cells.257 Although the hemophagocytic 
syndrome can occur as a consequence of X-linked lymphoproliferative 
syndrome (XLP) or CAEBV, it can present as a distinct clinical entity 
in the absence of these diseases and has been called hemophagocytic 
lymphohistiocytosis (HLH). Children are primarily affected, usually 
before the age of 3 years, with high fevers, pancytopenia, liver dysfunc-
tion, and coagulopathy.257,258 HLH usually develops as the sequelae 
of a viral infection, most commonly primary EBV infection. Most, if 
not all, cases of HLH are associated with a monoclonal proliferation  
of T cells that are usually CD8+.258-260 In EBV-associated HLH, most 
infiltrating T lymphocytes are monoclonally infected with EBV.261-263 
These unregulated proliferating T cells are thought to account for the 
markedly elevated levels of tumor necrosis factor (TNF)-α, IFN-γ, 
M-CSF, IL-6, IL-10, IL-18, and sIL-2R that typify HLH and drive mac-
rophage activation.264,265 Familial forms of HLH exhibit autosomal 
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EBV lytic antigens are at high risk for Burkitt’s lymphoma.282 Children 
from an endemic region with high risk of Burkitt’s lymphoma were 
shown to be infected with EBV earlier in life and had elevated viral 
loads during infancy compared with those from a nonendemic  
area.283 In addition to EBV association, virtually all Burkitt’s lympho-
mas contain a chromosomal translocation that involves the c-myc 
oncogene and an immunoglobulin heavy or light chain locus. The 
unregulated expression of this potent oncogene probably supplants  
the need for expression of many of the EBV-transforming genes that 
otherwise would serve as targets for immune surveillance. In addition 
to the endemic form of the disease, sporadic Burkitt-like lymphomas 
are seen that typically arise as abdominal masses. These lymphomas 
also contain c-myc translocations but are less consistently associated 
with EBV (only about 25% of cases).280 Persons with HIV are at 
increased risk for Burkitt-like lymphoma, independent of degree of 
immunodeficiency.284

Hodgkin’s Lymphoma
Hodgkin’s lymphoma is an unusual malignant disease in that the malig-
nant Hodgkin and Reed-Sternberg (HRS) cells constitute as little as 1% 
of the tumor. The balance of the tumor mass is composed of an infil-
trate of reactive mononuclear and stromal cells. An infectious etiology 
for Hodgkin’s lymphoma was proposed as early as 1966 on the basis of 
the epidemiology of the disease, but definitive evidence was slow to 
evolve because of technical difficulties presented by the scarcity of the 
HRS cells.285-287 Subsequently, EBV DNA and protein expression were 
shown in HRS cells from some forms of Hodgkin’s lymphoma.288,289 The 

transplantation and often occur in children, who are more likely to be 
EBV seronegative.275 The cells of origin for PTLD may be either host 
derived or donor derived. Most often, PTLD occurs in host-derived 
cells in solid-organ transplantation and in donor-derived cells in allo-
geneic stem cell transplantation.276-279

Diffuse large cell lymphoma, a B-cell lymphoma seen in patients 
with HIV, bears a striking resemblance to PTLD. As with PTLD, it 
occurs in the setting of profound immunosuppression; those with the 
lowest CD4+ counts for the longest time are at greatest risk. Presenta-
tion as primary CNS lymphoma is frequent, and essentially all CNS 
lymphomas are EBV positive, whereas about two thirds of AIDS-
associated diffuse large cell lymphomas outside the CNS are EBV 
positive.280

Burkitt’s Lymphoma
Burkitt’s lymphoma is a high-grade lymphoma with characteristic 
small, noncleaved B cells and is endemic in equatorial Africa. Endemic 
Burkitt’s lymphoma is geographically associated with Plasmodium fal-
ciparum malaria and usually arises as a tumor of the jaw. Although the 
fact that more than 90% of Burkitt’s lymphomas are EBV associated 
has been long appreciated, the role of the virus in its pathogenesis is 
unclear because most of the EBV transforming genes are not expressed. 
In fact, viral gene expression is restricted to EBNA1 and the EBERs 
(latency I; see Table 141-2).49,54,55 It is unlikely that EBV is merely a 
passenger because terminal repeat analysis of EBV genomes has con-
firmed that the viral infection occurred before expansion of the 
tumor.281 Also, persons in endemic regions with elevated titers to 

TABLE 141-6  EBV-Associated Malignant Diseases

MALIGNANT DISEASE EBV ASSOCIATION POPULATION AT RISK COFACTORS
Lymphoproliferative disease ~90% Transplantation patients Immunosuppression

Primary CNS lymphoma 100% AIDS with very low CD4+ count Immunosuppression

Hodgkin’s lymphoma ~50%, depending on histologic subtype Children (developing countries) Unknown

Young adults (western countries)

Nasopharyngeal carcinoma 100% undifferentiated Southern Chinese, Inuit Genetic predisposition and dietary factors

Gastric cancer ~4%-20% Unknown Unknown

30%-100% squamous

Burkitt’s lymphoma >95% endemic African children c-myc translocations (all)

~20% sporadic
~40% HIV associated

Independent of CD4+ count Malaria (endemic only)

AIDS, acquired immunodeficiency syndrome; CNS, central nervous system; EBV, Epstein-Barr virus; HIV, human immunodeficiency virus.
Modified from Kieff E, Rickinson AB. Epstein-Barr virus and its replication. In: Knipe D, Howley P, Griffin D, et al, eds. Fields Virology. 5th ed. Philadelphia: Lippincott 

Williams & Wilkins; 2007:2603-2654.

FIGURE 141-2 Post-transplant lymphoproliferative disease involving the colon. A, Tumor is composed of large, atypical lymphoid cells (hema-
toxylin and eosin). Scattered macrophages (arrow) are seen, producing “starry-sky” appearance. B, In situ hybridization for Epstein-Barr virus (EBV)–
encoded RNA (EBER; brown) shows variably intense nuclear staining in most tumor cells, indicating EBV infection. (Original magnification, ×400.) (Courtesy 
Dr. Jeffery Kutok.)
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means of constitutively activating the NF-κB pathway.292 Speculation 
is tempting that EBV gene expression can serve as one step in the 
malignant transformation of HRS cells that is circumvented by other 
mutational events in EBV-negative forms of the disease.

Nasopharyngeal Carcinoma
Nasopharyngeal carcinoma is a rare disease in most western countries, 
but its prevalence rate approaches 50 per 100,000 in southern China 
and among the Inuit in Alaska.293 An association between EBV and 
nasopharyngeal carcinoma was first suggested with the observation 
that patients with this malignant disease had elevated IgG and immu-
noglobulin A (IgA) titers to EBV lytic antigens (VCA and EA).294 The 
undifferentiated form (Fig. 141-4) is EBV associated in nearly 100% of 
cases, whereas squamous nasopharyngeal carcinomas are inconsis-
tently EBV associated, particularly outside endemic regions. The undif-
ferentiated form bears some resemblance to Hodgkin’s lymphoma in 
that the tumor consists of EBV-positive cells (of epithelial origin in this 
case) that express a latency II gene pattern infiltrated with reactive, 
nonmalignant lymphoid cells.71,295,296 Terminal repeat assays have con-
firmed that these epithelial cells contain monoclonal EBV genomes, 
placing EBV infection early in the genesis of the malignant disease  
as seen in EBV-associated B-cell neoplasia.297 In addition to EBV, 

strongest associations are with the mixed cellularity (Fig. 141-3) and 
lymphocyte-depleted histologic subtypes.70 No association with the 
lymphocyte-predominant subtype could be proved, and this is now 
considered a distinct, non–EBV-associated entity. Even in classic 
Hodgkin’s lymphoma, considerable variation is found in the strength 
of the association with EBV, which depends on other factors such as 
age, gender, ethnicity, and country of residence. There is, however, 
general agreement that in EBV-associated Hodgkin’s lymphoma, the 
malignant HRS cells represent postgerminal center B cells that express 
a latency II EBV gene pattern (LMP1, LMP2, EBNA1, and EBERs; see 
Table 141-2). EBV genomes, when present in HRS cells, are monoclo-
nal with terminal repeat analysis, which suggests that EBV infection 
preceded the development of the malignant disease.289 Many HRS 
contain “crippling mutations” in their immunoglobulin genes or fail to 
express surface immunoglobulins and thus lack a critical antiapoptotic 
signal normally transmitted by the B-cell receptor (BCR). Expression 
of EBV LMP2A can serve as a surrogate BCR signal and may allow the 
survival of cells otherwise destined to undergo apoptosis from failure 
to express functional immunoglobulin.290 Activation of NF-κB signal-
ing is also typical of HRS cells, which suggests activation of this 
pathway by LMP1.291 In some EBV-negative HRS cells, IκBα gene 
mutations have been reported that could serve as an alternative  

FIGURE 141-3 Mixed cellularity classic Hodgkin’s lymphoma. A, Lymph node architecture is effaced by infiltrate composed of small lymphocytes, 
epithelioid histiocytes, plasma cells, eosinophils, and Hodgkin and Reed-Sternberg cells (arrow; hematoxylin and eosin). B, In situ hybridization for Epstein-
Barr virus (EBV)–encoded RNA (EBER; brown) shows EBV infection in malignant Hodgkin and Reed-Sternberg cells. (Original magnification, ×400.) (Courtesy 
Dr. Jeffery Kutok.)

A B

FIGURE 141-4 Nasopharyngeal carcinoma. A, Nests of metastatic undifferentiated nasopharyngeal carcinoma in a fibrous stroma in lymph node 
(hematoxylin and eosin). Metastases often lack infiltrating lymphocytes. B, In situ hybridization for Epstein-Barr virus (EBV)–encoded RNA (EBER; brown) 
shows EBV infection in most cells in the same area of tissue. (Magnification, ×100.) (Courtesy Dr. Miguel Rivera.)
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Cepok and associates330 determined that the two most frequent 
MS-specific oligoclonal IgG bands in the CSF of MS patients recog-
nized peptides present in the EBV proteins EBNA1 and BRRF2. Thus, 
a body of data supports an association of EBV infection with MS. 
Whether these observed differences in immune responses to EBV 
cause MS or are merely an epiphenomenon that results from the same 
immunologic dysregulation that causes MS remains to be seen.

LABORATORY DIAGNOSIS
Infectious Mononucleosis
Hematologic Findings
The central hematologic manifestation of the illness is a circulating 
lymphocytosis. At presentation, a relative and absolute mononuclear 
lymphocytosis is found in about 70% of the cases. The lymphocytosis 
peaks during the second or third week of illness, and monocytes and 
lymphocytes account for 60% to 70% of the total white cell counts  
of 12,000 to 18,000/mm3. However, higher white cell counts are 
not uncommon, and occasional patients manifest 30,000 to 50,000 
leukocytes/mm3. Atypical lymphocytes are the hematologic hallmark 
of infectious mononucleosis and account for about 30% of the differ-
ential count at their zenith.143,148 The wide range in the atypical lym-
phocytosis is well recognized, and some cases show none or only a few 
atypical lymphocytes, whereas 90% or more of the circulating lympho-
cytes may be atypical in other cases. These atypical lymphocytes are 
composed largely of reactive CD8+ cytotoxic T cells, and their degree 
of elevation correlates with symptom severity.96 Atypical lymphocytes 
are not pathognomonic for infectious mononucleosis and can be 
observed with CMV infection, primary HIV infection, viral hepatitis, 
toxoplasmosis, rubella, mumps, and roseola and in drug reactions 
(Table 141-7).331,332 The atypical lymphocyte is generally larger than the 
mature lymphocyte encountered in peripheral blood. The cytoplasm is 
often vacuolated and basophilic, and its edges have a rolled-up appear-
ance with a tendency to flow around adjacent red blood cells (RBCs) 
on a peripheral smear. Nuclei are often lobulated and are eccentrically 
placed. Although the cells may appear quite immature, the heterogene-
ity of morphologic and tinctorial characteristics of such cells helps to 
distinguish atypical lymphocytes from the more uniform lymphoblasts 
of acute lymphocytic leukemia.6,331

A relative and absolute neutropenia is evident in 60% to 90% of  
the cases, and neutrophils that remain in circulation exhibit a mild  
left shift.167,168 In most cases, the neutropenia is mild, with total granu-
locyte counts of 2000 to 3000/mm3, although profound granulocyto-
penia has also been reported.166,169-173,219,333 The neutropenia is usually 
self-limited, and counts rise gradually toward normal by a month after 
presentation.167

Thrombocytopenia is also common, and 50% of the patients in  
one series manifested platelet counts of less than 140,000/mm3.160 
Although cases of profound thrombocytopenia with bleeding have 
been reported,161-165 these cases are rare and contrast markedly with the 
generally benign course of the common mild thrombocytopenia.

Heterophile Antibodies
Heterophile antibodies, originally described by Paul and Bunnell7 as 
sheep erythrocyte agglutinins, are present in about 90% of cases at 
some point during the illness. Beef erythrocyte hemolysins and agglu-
tinating antibodies to horse, goat, and camel erythrocytes are also 
demonstrable in infectious mononucleosis. The classic heterophile 

evidence indicates that genetic and environmental factors may have 
roles in tumor development.298-300

Gastric Carcinoma
Since the first report of an EBV-positive gastric carcinoma in 1990, 
numerous studies have confirmed that approximately 10% of gastric 
carcinomas worldwide are EBV associated.301,302 Lymphoepithelioid 
gastric cancers in which malignant epithelial cells are surrounded by 
lymphoid stroma are EBV positive in up to 80% of cases, as are a small 
fraction of gastric cancers with typical morphology.303 The proportion 
of EBV-positive tumors also varies inversely with gastric cancer inci-
dence, ranging from approximately 17% in the United States and 
Germany to 4% in China.304 EBV genomes are monoclonal by terminal 
repeat analysis consistent with EBV infection occurring as an early 
event in tumorigenesis.303 EBV latent gene expression in gastric carci-
nomas consists of EBNA1, EBERs, EBV miRs, and variable LMP2A 
expression, and rarely LMP1, consistent with either a latency I or II 
pattern.305 The role(s) played by these EBV gene products in gastric 
cancer tumorigenesis remains to be defined.

Other Malignant Diseases
Nasal NK/T-cell lymphomas are angiocentric lymphomas that typically 
present as a midline facial destructive disease (lethal midline granu-
loma) but can also arise at other extranodal sites.306 They are highly 
associated with EBV, and, like nasopharyngeal carcinoma (NPC) and 
Hodgkin’s lymphoma (HL), malignant cells typically express a latency 
II gene pattern.307 As discussed previously, persons with CAEBV are at 
high risk of development of this subtype of peripheral T-cell lym-
phoma.308,309 A similar angiocentric malignant disease, lymphomatoid 
granulomatosis (LG), is now known to be a distinct clinical entity 
caused by EBV-infected proliferating B lymphocytes with an exuber-
ant reactive T-cell infiltrate. Patients with LG typically present with 
pulmonary lesions and synchronous brain, skin, kidney, or liver 
lesions that can be easily mistaken for disseminated fungal infec-
tions.310 An EBV association has been reported in some breast cancers, 
hepatocellular cancers, and smooth muscle tumors, but the contribu-
tion of EBV to the pathogenesis of these malignant diseases remains 
to be established.311,312

In addition to the Burkitt-like lymphomas and diffuse large cell 
lymphomas, persons with HIV (or other immunosuppression) are  
at increased risk for an unusual EBV-associated lymphoma, primary 
effusion lymphoma (PEL).313,314 These human herpesvirus 8 (Kaposi 
sarcoma–associated herpesvirus)–related lymphomas are often coin-
fected with EBV. PELs derived their name from a tendency to arise 
within potential body cavities such as the pleural, pericardial, or peri-
toneal spaces and frequently follow an aggressive clinical course. 
Pyothorax-associated lymphoma (PAL) is sometimes confused with 
PEL but differs in that it is strictly EBV (not Kaposi sarcoma–associated 
herpesvirus) associated, forms an identifiable mass lesion, arises in 
patients with long-standing pleural-based inflammation, and is seen in 
patients without HIV.315 In pediatric patients with AIDS, EBV has been 
reported in leiomyosarcoma biopsy specimens as well.316

Multiple Sclerosis and Other 
Autoimmune Diseases
Viruses have long been suspected as environmental triggers for auto-
immune diseases in genetically predisposed individuals. EBV has been 
a candidate on the basis of seroepidemiologic studies that link it to 
systemic lupus erythematosus, rheumatoid arthritis, and multiple scle-
rosis (MS).317-320 Although definitive proof is lacking, patients with MS 
are more likely to be EBV seropositive than age-matched control sub-
jects.319 This difference is most notable in pediatric patients in whom 
the rate of EBV seropositivity of control subjects is much lower.321 
Patients with MS have higher titers to EBV antigens, while elevated 
titers are not observed in other viruses, including CMV, varicella-
zoster virus (VZV), and herpes simplex virus (HSV).321-325 Further-
more, prospective studies have shown that antibody titers, particularly 
to EBNA1, are elevated more than 10 years before the onset of MS 
symptoms.326-328 In addition, a history of symptomatic infectious 
mononucleosis is associated with a twofold increased risk of develop-
ment of MS relative to asymptomatic primary EBV infection.329 Finally, 

TABLE 141-7  Differential Diagnosis of Atypical 
Lymphocytosis

Epstein-Barr virus primary infection (infectious mononucleosis)
Cytomegalovirus primary infection (heterophile-negative mononucleosis)*
Human herpes virus 6 primary infection (roseola)
Primary human immunodeficiency virus infection
Toxoplasmosis
Acute viral hepatitis
Rubella, mumps
Drug reactions (e.g., phenytoin, sulfa)

*Cytomegalovirus is the most common cause of heterophile-negative 
mononucleosis.
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during latent infections or EBNAs. A determination of EBV-specific 
antibodies is rarely necessary for the diagnosis of infectious mono-
nucleosis because 90% of the cases are heterophile positive and few 
false-positive results are obtained if the test is properly performed (see 
previous discussion). For heterophile-negative cases and for diagnosis 
in atypical cases, a determination of EBV antibodies may help to estab-
lish a cause (Table 141-9).342

Antibodies to VCA as measured with immunofluorescence arise 
early in the course of the illness and are seen at presentation in most 
cases. IgG antibodies to VCA are usually present at titers of 80 or 
greater on the first visit to a physician. Because these initially detected 
levels are close to peak VCA titers, a fourfold rise in titer is seen in 
only 10% to 20% of the cases. After recovery, detectable titers of VCA 
IgG antibody are maintained for life. Thus, IgG VCA antibody titers 
may be of little help in the diagnosis of infectious mononucleosis. 
Conversely, IgM antibodies to VCA are sensitive and specific for infec-
tious mononucleosis. IgM antibody titers greater than 5 as measured 
with indirect immunofluorescence are seen in 90% of cases early in the 
illness. Titers fall rapidly thereafter, and in only 10% of the cases are 
titers greater than 5 retained by 4 months after diagnosis.335,343 IgM 
VCA antibodies are not seen in the general population; thus, their 
presence is virtually diagnostic of acute EBV infection.

Serum antibodies to EAs are also seen with indirect immunofluo-
rescence, and two distinct patterns of fluorescence emerge.342,343 Certain 
sera stain both nuclei and cytoplasm diffusely (anti-EA-D), whereas 
the staining of other sera is restricted (anti-EA-R) to cytoplasmic 
aggregates. Anti-EA-D antibody is found in about 70% of patients with 
acute infectious mononucleosis (see Table 141-9). Anti-EA-D titers 
arise later in the course of illness than those to VCA and disappear after 
recovery. Anti-EA-D antibodies may be found in the sera of patients 
with advanced nasopharyngeal carcinoma but are absent from the 
general population. The appearance of anti-EA-D antibodies in a 
patient with IgG VCA antibodies suggests recent EBV infection. 
Unfortunately, only 70% of EBV-induced cases manifest anti-EA-D 
antibodies. The presence and titer of anti-EA-D antibodies correlate 
with the duration and severity of clinical illness.343 Anti-EA-R antibod-
ies are only occasionally seen in infectious mononucleosis (see Table 
141-9). They are present more often in protracted or atypical cases, 
arise after the anti-EA-D antibodies peak, and remain detectable for up 
to 2 years.344 Anti-EA-R antibodies are also present in higher titers in 

antibody titer is reported as the highest serum dilution at which sheep 
erythrocytes are agglutinated after absorption of the test serum by 
guinea pig kidney (Table 141-8). The differential absorption permits a 
distinction between naturally occurring Forssman antibodies, the anti-
bodies of serum sickness, and heterophile antibodies of infectious 
mononucleosis. Beef red cell hemolysins do not need differential 
absorption for interpretation. Although titers may vary depending on 
laboratory techniques, a titer of 40 or greater after guinea pig absorp-
tion along with a compatible clinical presentation is strong evidence 
for infectious mononucleosis.

Heterophile antibodies may be seen at the onset of illness or may 
appear later in the course of the illness. A delayed appearance of het-
erophile antibodies may be associated with a more prolonged conva-
lescence.334 Horse red cell agglutination is more sensitive than tests for 
sheep red cell agglutination or beef red cell hemolysis. Horse red cell 
agglutinins persist for a year after diagnosis in 75% of the cases,335 
whereas sheep cell agglutinins fall to titers of less than 40 by a year in 
70% of cases. False-positive titers greater than 40 of sheep and horse 
erythrocyte agglutinins have been found in 12% and 6.7% of sera, 
respectively.336 Commercial spot kits such as the Monospot test are 
available and are generally specific and sensitive for heterophile anti-
bodies. The correlation between the results obtained with the use of 
these kits and results of the classic tube heterophile method is quite 
good, although the sensitivity of the spot and slide tests is slightly 
greater than that of the classic tube heterophile test. Occasional false-
positive Monospot test responses have been reported in patients with 
lymphoma or hepatitis, but the rarity of this event makes confirmation 
of a positive Monospot test result with EBV-specific serology 
unnecessary.337-339 Three cases of false-positive Monospot tests in the 
setting of primary HIV infection have been reported.340 One study of 
132 patients with positive Monospot test results found no instances of 
primary HIV infection.341 However, the exact rate of false-positive 
Monospot test results among patients with primary HIV infection is 
not known.

Epstein-Barr Virus–Specific Antibodies
In addition to the transient heterophile antibodies, infection with EBV 
results in the development of virus-specific antibodies. Antibodies are 
formed to structural proteins or VCAs, nonstructural proteins 
expressed early in the lytic cycle or EAs, and nuclear proteins expressed 

TABLE 141-8  Heterophile Antibodies: Effect of Absorption

AFTER ABSORPTION WITH
SOURCE OF SERUM UNABSORBED Guinea Pig Kidney Beef Red Cells
Infectious mononucleosis + + + + + + + 0

Serum sickness + + + 0 0

Normal serum (Forssman antibody) + 0 +

TABLE 141-9  Antibodies to Epstein-Barr Virus (EBV)

ANTIBODY 
SPECIFICITY

TIME OF APPEARANCE 
IN INFECTIOUS 
MONONUCLEOSIS

PERCENTAGE OF EBV-INDUCED 
MONONUCLEOSIS CASES WITH 
ANTIBODY PERSISTENCE COMMENTS

Viral Capsid Antigens (VCAs)
IgM VCA At clinical presentation 100 4-8 wk Highly sensitive and specific; major diagnostic utility

IgG VCA At clinical presentation 100 Lifelong High titer at presentation and lifelong persistence 
make IgG VCA more useful as epidemiologic tool 
than as diagnostic tool in individual cases

Early Antigens
Anti-EA-D Peaks at 3-4 wk after onset 70 3-6 mo Correlated with severe disease; also seen in 

nasopharyngeal carcinoma

Anti-EA-R 2 wk to several mo after 
onset

Low 2 mo to >3 yr Occasionally seen with unusually severe or 
protracted illness; also seen in African Burkitt’s 
lymphoma

EBV nuclear 
antigen

3-4 wk after onset 100 Lifelong Late appearance helpful in diagnosis of heterophile-
negative cases
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about 90% of the cases. Elevations are usually mild, with individual 
values in the range of two to three times the upper limit of normal. 
Elevation to more than 10 times the upper limit of normal necessitates 
a search for another diagnosis.196 The alkaline phosphatase level is 
elevated in about 60% of the cases.358,359 Mild elevation of the bilirubin 
level is noted in approximately 45% of cases, although frank jaundice 
occurs in only about 5%. Elevations are maximal in the second week 
of illness and decline gradually over a 3- to 4-week period.

Cryoproteins are present in modest amounts in 90% to 95% of 
patients.154,364 The cryoproteins are generally mixed cryoglobulins of 
IgG and IgM classes. When the cryoglobulins are dissociated, antibody 
of anti-i or anti-I, or both, specificities is usually seen.364,365

POST-TRANSPLANT 
LYMPHOPROLIFERATIVE DISEASE
The use of EBV loads has been intensively studied in PTLD. Although 
standard protocols are not available and controlled trials have not been 
performed, a number of studies report that the EBV viral load can be 
predictive of PTLD, especially in the setting of T-cell depleted stem cell 
transplants or in umbilical cord blood transplantation, because the 
incidence of PTLD is higher for these patients.354,366-368 The higher 
incidence is due to the importance of T-cell immunity in controlling 
EBV infection. Umbilical cord blood is EBV naïve and because most 
transplant recipients are EBV positive, these patients are at particularly 
high risk for PTLD. Many transplantation centers therefore now 
monitor EBV loads and view elevated values as evidence for increased 
risk of PTLD in stem cell transplantation. However, the approach to 
monitoring EBV loads is not standardized and varies among institu-
tions. One international leukemia working group recommended 
weekly monitoring for at least 3 months in post-transplantation in 
high-risk hematologic stem cell transplantation recipients.369 Some 
centers now routinely treat high EBV loads with rituximab, an anti-
CD20 antibody that kills B cells and rapidly lowers EBV load, or with 
other approaches such as adoptive immunotherapy (discussed subse-
quently).370,371 Rituximab lowered the rate of PTLD compared with 
historical controls in one study.372

The use of EBV viral loads is less clear after PTLD in solid-organ 
transplantation, and large studies are necessary to define protocols. 
After solid-organ transplantation, EBV viral loads tend to remain con-
sistently high, without a clear risk for development of PTLD.373-376 A 
rapid increase in viral loads may be of concern for development of 
PTLD. EBV load monitoring is particularly important after transplan-
tation in individuals who are EBV seronegative, especially if the donor 
is EBV positive, because these patients are at higher risk for PTLD after 
primary infection.275 Similar to the situation with hematologic stem 
cell transplantation, there is no standardized approach to monitoring 
EBV loads. For instance, one renal transplant group recommends 
monitoring EBV loads monthly for the first 3 to 6 months after trans-
plantation, followed by every 3 months for the first year, whereas 
another group states there are insufficient data to recommend routine 
monitoring and that testing should be individualized. Those with 
increasing EBV loads are often managed with reduced immunosup-
pression and sometimes with rituximab.377,378

Nasopharyngeal Carcinoma
Nasopharyngeal carcinoma is difficult to diagnose in its early stages; 
therefore, patients typically present with advanced disease. The most 
common initial presenting symptom is a neck mass (Fig. 141-5). Diag-
nosis requires endoscopy to visualize the nasopharynx and histologic 
examination of biopsy tissue.379 Radiologic studies are helpful in 
revealing the extent of disease (Fig. 141-6). Patients with nasopharyn-
geal carcinoma have elevated levels of serum IgA directed against EBV 
VCA and EA.380-382 The elevation of the IgA antibodies may occur 
several years before the onset of nasopharyngeal carcinoma. In light of 
this finding, a program of screening individuals for elevated EBV IgA 
VCA and EA titers has been instituted in southern China, where naso-
pharyngeal carcinoma is one of the leading malignant diseases. Indi-
viduals with elevated IgA titers are then observed closely for the 
development of disease. This screening program enhanced the diagno-
sis of nasopharyngeal carcinoma in earlier as opposed to more 
advanced stages of disease.

patients with African Burkitt’s lymphoma and occasionally in healthy 
persons who also have high VCA titers.345 Currently, commercial labo-
ratories typically do not differentiate anti-EA-R and anti-EA-D.

Antibodies to EBNA appear late in the course of all cases of infec-
tious mononucleosis and persist for life.346 The appearance of EBNA 
antibodies in a patient who was previously VCA positive and EBNA 
negative is strong evidence of recent EBV infection. These antibodies 
may be reactive against any of the six nuclear proteins expressed during 
latent infection. Neutralizing antibodies to EBV also appear late in the 
course of infectious mononucleosis and reach maximal levels 6 to 7 
weeks after the onset of illness.347 Neutralizing antibodies persist at 
stable titers (mean, 40) for life. The appearance or a rise in titer of 
neutralizing antibodies to EBV also indicates recent EBV infection. 
Neutralizing antibodies are, however, difficult to measure, and tests for 
them are not routinely available.

Culture of Epstein-Barr Virus
EBV may be cultured from oropharyngeal washings or from circulat-
ing lymphocytes of 80% to 90% of patients with infectious mononu-
cleosis.90,91,94,106,348 Cultivation of the virus is, however, not routinely 
available in most diagnostic virology laboratories. This, coupled with 
the ubiquity of virus shedding in both healthy persons and in those 
with unrelated illnesses, renders cultivation of the virus of little clinical 
use (see Table 141-1). Rapid diagnostic techniques based on DNA 
hybridization or monoclonal antibody techniques have also been 
developed but for similar reasons are not helpful in the diagnosis of 
mononucleosis.349-351 Interestingly, up to 50% of memory B cells are 
infected with EBV during infectious mononucleosis, compared with  
1 in 104 to 1 in 106 memory B cells that contain virus in healthy 
individuals.352,353

Epstein-Barr Virus Viral Load
EBV DNA can be detected in lymphocytes and plasma early in the 
course of infectious mononucleosis. Detection of viral DNA in plasma 
is otherwise infrequent in healthy individuals.354 EBV viral load in 
blood is initially high in mononucleosis but then rapidly declines.355

The detection of EBV DNA from blood is being increasingly used 
for a number of EBV-associated diseases. In its most modern form, 
DNA is quantitated with real-time PCR to determine a specific copy 
number. Although the use of EBV loads holds much promise, the 
technique is currently hampered by a lack of standardization across 
different centers. For instance, the units of measurement vary across 
studies, such as number of virus DNA copies per milliliter of blood  
or per microgram of total DNA. In addition, different sample types  
are used to assay viral loads and can include whole blood, plasma,  
or peripheral blood mononuclear cells. EBV is a cell-associated virus 
and therefore typically is found in the peripheral blood mononuclear 
cell component; but in certain disease states, notably nasopharyngeal 
carcinoma, it can be found in high levels in plasma, likely because of 
cell death and release of episomal DNA into the circulation. Further, 
extensive variability in quantitation can be found as a result of a  
lack of standardized DNA extraction techniques and gene ampli-
fication targets.356,357 Taken together, these factors have resulted in a 
lack of validated data from multicenter trials. Thus, individual centers 
often have their own protocols for monitoring viral load and decision 
points for intervention or preemptive strategies, such as for prevention 
of lymphoproliferative disease (see discussion of PTLD later). This 
situation differs greatly from other pathogens such as HIV or hepatitis 
B or C, which have regulatory requirements for assay calibration, 
largely from needs for blood donor screening.357-363 Notably, although 
interlaboratory variation on the same samples is quite high, intra-
laboratory variation tends to be very low, which indicates accuracy 
within each system and suggests that quantitative tracking of indi-
vidual patients in any one laboratory permits accurate assessment of 
trends.356,357

Other Laboratory Abnormalities
Liver function test results are abnormal in almost all cases of infectious 
mononucleosis.196,358,359 Levels of the hepatocellular enzymes aspartate 
aminotransferase, alanine aminotransferase, and lactate dehydroge-
nase are most commonly elevated, and one of the three is abnormal in 
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Detection of EBV DNA in nasopharyngeal brush biopsies has also 
been proposed in one study as a possible screening mechanism in 
high-risk populations. This study detected EBV DNA in 19 of 21 brush 
biopsies from patients with recently diagnosed nasopharyngeal carci-
noma but only in 1.3% of control subjects.383

Cell-free EBV DNA in plasma is commonly detected in patients 
with nasopharyngeal carcinoma.379 Cell-free EBV DNA is postulated 
to be released into the circulation on tumor cell death. In two studies 
by the same authors384,385 of patients with nasopharyngeal carcinoma, 
quantitative analysis of the concentration of DNA in plasma was useful 
in monitoring patients for recurrence of disease. Further, patients with 
nasopharyngeal carcinoma presenting with higher plasma level viral 
loads have poorer outcomes and higher rates of early recurrence or 
metastasis after radiotherapy.386,387

Central Nervous System Lymphoma in 
Acquired Immunodeficiency Syndrome
Polymerase chain reaction detection of EBV DNA in CSF has been 
useful in the diagnosis of CNS lymphoma in patients with HIV.388-391 
Nearly all primary CNS lymphomas in HIV disease are EBV associ-
ated, as discussed previously. Whereas patients with HIV without CNS 
lymphoma rarely have detectable EBV DNA in CSF, EBV DNA is 
frequently detected when CNS lymphoma is present. Therefore, CSF 
PCR for EBV used in conjunction with radiologic studies may reduce 

FIGURE 141-5 Patient with nasopharyngeal carcinoma and neck 
mass (arrow). 

FIGURE 141-6 Computed tomographic scan images of 25-year-old man with nasopharyngeal carcinoma (arrow). Tumor involves right para-
pharyngeal space. (Courtesy Dr. Yi Zeng.)

http://www.myuptodate.com


P
a
rt

 I
II

 I
n

fe
ct

io
u

s 
D

is
ea

se
s 

an
d

 T
h

ei
r 

Et
io

lo
g

ic
 A

g
en

ts
1768

group, may occur in epidemics, and is not associated with EBV 
infection.395

A streptococcal sore throat may also mimic infectious mononucle-
osis clinically. Adenopathy is generally submandibular and anterior 
cervical, and splenomegaly is absent in streptococcal sore throat. 
Culture of group A β-hemolytic streptococci from the throat is sup-
portive but not conclusive evidence for this diagnosis because coloni-
zation with the organism is common in this population of patients. 
Serologic tests for recent infection with group A streptococci may help 
to establish the cause.

Patients with primary HIV infection may also present with fever, 
lymphadenopathy, and pharyngitis.396-398 Such patients may also have 
a maculopapular rash and signs of aseptic meningitis. Patients with 
primary HIV infection are typically heterophile negative; however, rare 
cases of heterophile-positive primary HIV infection have been 
reported.340 Thus, serum or plasma should be sent for HIV RNA (viral 
load) as part of the evaluation of heterophile-negative infectious 
mononucleosis and may even be appropriate in heterophile-positive 
patients at high risk (see Chapter 124). Patients with primary HIV 
infection typically have negative or indeterminate HIV serology.

THERAPY
Infectious Mononucleosis
Supportive
Treatment of infectious mononucleosis is largely supportive because 
more than 95% of the patients recover uneventfully without specific 
therapy. The level of activity is generally tailored to what the individual 
patient can tolerate comfortably. To avoid trauma to the spleen, contact 
sports or heavy lifting should be avoided during the first month of 
illness and until any splenomegaly has resolved. Ultrasound scan 
examination can be used to monitor spleen size. If constipation is 
present, it should be treated with a gentle laxative. Acetaminophen or 
nonsteroidal anti-inflammatory agents can be helpful in relieving the 
sore throat and in suppressing the fever. Sore throat may be further 
alleviated with gargling with warm salt water.

Antiviral Agents
Acyclovir, ganciclovir, and foscarnet inhibit EBV replication in  
vitro.399-401 However, these agents target the viral DNA polymerase, 
which is expressed only during lytic infection. Because EBV infection 
is predominantly latent, it is not surprising that these agents are  
ineffective in treatment of infectious mononucleosis. Further, the  
clinical symptoms and signs of infectious mononucleosis are largely 
the result of the vigorous immune response directed against EBV.  
A meta-analysis of five randomized, controlled trials showed no sig-
nificant benefit of acyclovir in the treatment of infectious mononucleo-
sis. These trials included patients with mild, moderate, and severe 
mononucleosis. As expected, viral shedding from the oropharynx, 
where lytic replication commonly occurs, was reduced, but inhibition 
of shedding was lost 3 weeks after withdrawal of the antiviral 
agent.402-406

Corticosteroids
Corticosteroids should not generally be used in uncomplicated infec-
tious mononucleosis. A double-blind, placebo-controlled trial showed 
that the combination of acyclovir and prednisolone did not reduce the 
duration of symptoms or result in an earlier return to work.405 Other 
studies with corticosteroids have indicated that corticosteroids decrease 
the period of febrility and hasten the resolution of tonsillopharyngeal 
symptoms but do not reproducibly affect lymphadenopathy or liver 
and spleen involvement.407-411 One particular reason to avoid cortico-
steroids in uncomplicated disease is that they have rarely been linked 
with complications such as encephalitis and myocarditis.48,411 In addi-
tion, there is a theoretical risk that corticosteroids may inhibit the host 
immune response, resulting in a larger reservoir of latently infected 
cells that could potentially put patients at risk for EBV-associated 
malignant disease.

Corticosteroids may be helpful in cases of complicated infectious 
mononucleosis.411-413 Tonsillar enlargement that causes airway compro-
mise may respond rapidly to corticosteroids, eliminating the need for 
tracheostomy. Corticosteroids may also be helpful in autoimmune 

the need for brain biopsy in certain instances. Quantification of EBV 
DNA in CSF may also be useful for monitoring the effects of CNS 
lymphoma therapy.392

DIFFERENTIAL DIAGNOSIS OF 
INFECTIOUS MONONUCLEOSIS
In most cases, the diagnosis of infectious mononucleosis is straightfor-
ward. The clinical manifestations of sore throat, fever, lymphadenopa-
thy, and malaise coupled with atypical lymphocytosis and a positive 
heterophile test result establish the diagnosis of EBV-induced infec-
tious mononucleosis.393 Difficulties arise, however, when the clinical 
manifestations are less striking, particularly when the heterophile test 
results are negative.

Heterophile-negative infectious mononucleosis may be caused by 
several different agents. Attention to the clinical manifestations of the 
illness and proper use of the laboratory provide an etiologic diagnosis 
in 85% to 90% of all cases of infectious mononucleosis. The frequency 
with which heterophile-negative infectious mononucleosis is seen 
depends largely on three factors: (1) age of the population of patients 
(EBV-induced infectious mononucleosis tends to be a milder illness 
and is more often heterophile negative in pediatric populations than 
in young adults); (2) sensitivity of the heterophile test (heterophile 
antibodies are more often demonstrable with horse red-cell agglutina-
tion than with beef red-cell hemolysis or with sheep red-cell agglutina-
tion); and (3) diligence with which heterophile antibodies are sought 
(typical cases of infectious mononucleosis may be heterophile negative 
on presentation but, if retested later in the course of the illness, may 
become heterophile positive).

The most frequent cause of heterophile-negative infectious mono-
nucleosis in most populations is CMV.394 Although differentiation of 
individual cases of EBV-induced versus CMV-induced infectious 
mononucleosis may be difficult, certain features are more common in 
CMV infections. CMV more frequently follows transfusion and is 
more often manifested as a typhoid-like syndrome without sore throat 
and lymphadenopathy. Splenomegaly may be slightly more prominent 
with CMV-induced disease, whereas the atypical lymphocytosis is 
usually less intense in CMV-induced infectious mononucleosis. In age-
matched control subjects, the results of liver function tests are less 
elevated when the agent is CMV. Cryoglobulins are seen in both EBV-
induced and CMV-induced disease, but anti-i specificity is not seen in 
CMV-induced mononucleosis.365 The illness may be attributed to CMV 
with serologic evidence of acute CMV infection and no evidence of 
acute EBV infection.

Heterophile-negative infectious mononucleosis may also be caused 
by EBV. As previously noted, this is not uncommon in the pediatric 
age group.137,138 In rare occasions, when neurologic manifestations 
dominate the clinical presentation, or are the only manifestation  
of infectious mononucleosis, heterophile antibodies may not be 
detected.179,180,185 The diagnosis rests on the demonstration of appropri-
ate changes in specific EBV serologic tests (see Table 141-9).

Viral hepatitis may result in fever, lymphadenopathy, malaise, and 
an atypical lymphocytosis. Generally, the atypical lymphocytosis is of 
lesser magnitude and accounts for less than 10% of the leukocytes. In 
viral hepatitis, hepatocellular enzyme levels are usually markedly ele-
vated at the initial visit, whereas in infectious mononucleosis, the 
results of liver function tests are only mildly elevated initially and rise 
gradually over a 1- to 2-week period. In addition, specific serologic 
tests are currently available for the detection of infection with hepatitis 
A, B, and C viruses.

Acute toxoplasmosis may also give rise to an infectious 
mononucleosis-like illness. Usually the degree of the lymphocytosis is 
mild, and a diagnosis can be made with serologic tests for Toxoplasma. 
Rubella may also occasionally be manifested by fever, lymphadenopa-
thy, and a mild atypical lymphocytosis, but the appearance of the 
exanthem and the clinical course of the illness are generally not con-
fused with those of infectious mononucleosis. A serologic diagnosis of 
recent rubella infection can be obtained if the diagnosis remains in 
doubt. Infectious lymphocytosis of childhood is a disease of uncertain 
cause that is characterized by fever, lymphadenopathy, occasionally 
diarrhea, and a lymphocytosis that consists almost exclusively of small 
mature lymphocytes. The disease is most common in the pediatric age 
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of up to 90% but also results in a high rate of graft-versus-host disease 
(GVHD) because of the presence of the infused alloreactive T cells. To 
avoid GVHD, another approach has been to infuse selected, donor-
derived, EBV-specific CTLs.419-421 Marking of transferred T cells has 
shown that they persist up to 9 years.422 This approach has also been 
used with success as prophylaxis for LPD in hematopoietic stem cell 
transplant recipients. In one study, none of the 101 patients who 
received EBV-specific T-cell infusions as prophylaxis developed PTLD, 
and 11 of 13 patients with PTLD infused with EBV-specific T cells 
achieved complete remission.423 Of note, a patient died of PTLD despite 
receiving adoptive immunotherapy. Analysis of the patient’s tumor 
showed a deletion in EBNA3B, a gene that is not necessary for B-cell 
growth transformation. Because the infused CTLs were largely directed 
against EBNA-3B, they selected for the mutated EBV. This report raises 
concern about escape mutants with CTL therapy.424

Adoptive immunotherapy can also be used in solid-organ trans-
plant recipients. The organ recipient’s CTLs can be expanded in vitro 
and then infused back into the patient.425 PTLD during the first year 
after transplantation tends to exhibit type III latency, whereas PTLD 
that occurs in later years tends to have type I or II latency. Types I and 
II latency have programs of expression of fewer EBV latent genes, so 
these tumors are less immunogenic for CTL infusion and also tend to 
be more aggressive.423 The infused CTLs do not expand as robustly as 
in hematopoietic stem cell transplantation and only exhibit transient 
persistence, perhaps at least partially because of continued immuno-
suppression.414 A limitation to this method occurs in primary EBV 
infection, in which rapid-onset LPD may not allow time to generate 
EBV-specific CTLs. Newer approaches to enhance the speed of CTL 
preparation from the typical 8 to 12 weeks with traditional expansion 
methods include direct selection of T cells using specific viral peptides 
in the context of HLA class I molecules (tetramers) and isolation of 
IFN-γ secreting T cells in response to EBV antigens.423 Rapid expansion 
of virus-specific T cells has also been performed using antigen-
presenting dendritic cells that have been engineered to express specific 
viral antigens with isolation of specific CTL cells in 10 days.426,427 
Another approach in solid-organ transplants has been to use closely 
matched, allogeneic CTLs. A bank of about 100 CTLs from healthy 
donors has been used on a best possible human leukocyte antigen 
(HLA) match basis to treat LPD.428 In a phase II multicenter trial, 33 
patients with LPD who had failure with conventional therapy were 
treated with these allogeneic CTLs.429 A response rate of 52% was seen 
at 6 months, and 14 patients achieved complete remission. Long-term 
follow-up at 4 to 9 years after the last CTL infusion showed that 12 of 
the 14 patients remained in complete remission, while two died, one 
of recurrent PTLD and the other from an unrelated infection.430

Measurement of the EBV DNA load in the blood may be helpful 
for prediction of response to treatment of LPD. In one study, a decrease 
in the EBV DNA load within 72 hours correlated with response to 
therapy in seven responders, and all nonresponders had an increased 
EBV load at 72 hours.431 Of note, however, after treatment with ritux-
imab, peripheral blood mononuclear cell EBV DNA levels can fall even 
in the setting of tumor progression.432

Epstein-Barr Virus Targeted Therapy in 
Associated Malignant Diseases
A comprehensive discussion of multimodality therapy for all EBV-
associated malignant diseases is beyond the scope of this chapter. The 
success of EBV immunotherapy in LPD has prompted its investigation 
in other EBV-associated malignant diseases. These malignant diseases, 
however, present challenges for immunotherapy that LPD does not. 
First, EBV gene expression is more limited in other tumors, and unlike 
LPD, they do not express the immunodominant EBNA3 proteins. 
Second, because other EBV-associated malignant diseases arise in the 
setting of an apparently intact immune response, that immunotherapy 
should work is not obvious. Several small clinical trials have evaluated 
the safety and efficacy of CTL infusions for EBV-positive Hodgkin’s 
lymphoma and, more recently, nasopharyngeal carcinoma. In one 
study, 14 patients with relapsed Hodgkin’s lymphoma were given infu-
sions of autologous CTLs that had been expanded in vitro with anti-
genic stimulation with EBV-transformed LCLs.433 After 40 months of 
follow-up, results were five complete responses, one partial response, 

hemolytic anemia, severe thrombocytopenia, and aplastic anemia. 
Some investigators also advocate the use of corticosteroids for CNS 
involvement, myocarditis, or pericarditis. In selected cases of severe or 
prolonged prostration, corticosteroids may be of benefit. If corticoste-
roids are administered in these situations, treatment should be initiated 
in doses equivalent to 60 to 80 mg of prednisone per day given in a 
split daily regimen. The response is usually rapid, and the dosage can 
be tapered over a 1- to 2-week period.

Lymphoproliferative Disease
The overall mortality rate remains high, at about 50%, for LPD. 
Outcome appears to be enhanced with early diagnosis and treatment.414 
Multiple methods are used in the treatment of LPD, but large trials are 
still necessary to determine the best approaches.52,53,275,415 The approach 
to therapy differs depending on whether LPD arises in hematopoietic 
stem cell or solid-organ transplantation. The mainstay of LPD therapy 
in solid-organ transplantation is reduction of immune suppression. 
This strategy is logical because LPD most likely results from ineffective 
immune surveillance of EBV-infected B cells. Reduction of immune 
suppression leads to regression of tumors in up to 50% of cases. 
However, this approach is usually ineffective in stem cell transplanta-
tion because these patients receive high-dose chemotherapy and radia-
tion to ablate the immune system and are dependent on engraftment 
of donor immune cells.414 Reduction of immunosuppression can 
increase the risk of graft rejection. Surgical resection and radiotherapy 
are often used in localized LPD and can be combined with reduction 
of immune suppression in solid-organ transplant recipients with good 
results. IFN-α produces antiviral effects and boosts immune function 
and is used for LPD treatment but risks graft rejection. Accurate assess-
ment of the efficacy of IFN-α is difficult because it is usually combined 
with other treatment methods.

Antiviral therapy with agents such as acyclovir or ganciclovir is 
commonly used to treat LPD, with or without immune globulin.52,53,415 
Most LPD cells are latently infected by EBV and therefore do not 
express the EBV DNA polymerase. Because acyclovir and ganciclovir 
are directed against the EBV DNA polymerase, the latently infected 
tumor cells should not be susceptible to these agents. Acyclovir or 
ganciclovir may prevent expansion of the overall pool of EBV-infected 
B cells by preventing cell-to-cell spread through inhibition of lytic 
replication that otherwise occurs in a small percentage of cells. Immune 
globulin may possibly neutralize released EBV virus or exert antibody-
dependent cell-mediated toxicity on tumor cells. One experimental 
approach has been to induce lytic infection (and therefore induce 
expression of the EBV DNA polymerase) in LPD cells with treatment 
with arginine butyrate followed by ganciclovir.416 Cytotoxic chemo-
therapy, usually with regimens used for non-Hodgkin’s lymphoma,  
is often used after other initial approaches have failed but tends to  
be associated with high mortality rates. Reduction in immunosuppres-
sion can be used later in the transplant course, after stem cell engraft-
ment. This approach carries the risk of increased graft-versus-host 
disease.

Treatment and prophylaxis of LPD with antibodies targeted against 
B cells is often used in hematopoietic stem cell transplantation.52,53,415 
Rituximab is a monoclonal antibody directed against the CD20  
B-cell antigen. Binding of this antibody to B cells produces cell death 
through complement fixation or antibody-dependent cell-mediated 
cytotoxicity (ADCC). Response rates range from approximately 70% 
to 100% with rituximab in different studies, and these differences  
may be a result of the timeliness of diagnosis.414 Rituximab causes 
profound B-cell depletion for up to 8 months, so prophylaxis should 
be reserved for patients believed to be at particularly high risk for  
LPD. Rituximab has also been used as ancillary therapy in solid-organ 
transplantation in patients who do not respond well to reduction of 
immunosuppression.

Adoptive immunotherapy is another approach to LPD treatment. 
It is particularly useful in allogeneic stem cell recipients where LPD 
usually arises from donor cells and the donor is often available to 
harvest CTLs. This strategy is based on reconstitution of a cellular 
immune response against EBV to treat the infected tumor cells. Allo-
geneic stem cell recipients with LPD have been treated with unselected, 
donor mononuclear cells.417,418 This approach results in response rates 
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approximately 200,000 new cases of EBV-associated malignancy across 
the world,449 making a potential EBV vaccine that prevents these dis-
eases significant. The only herpesvirus vaccine currently licensed by 
the U.S. Food and Drug Administration is a live attenuated varicella-
zoster vaccine. Because of EBV’s associations with malignant diseases, 
acceptance of a live attenuated vaccine is highly unlikely.

The goals of an EBV vaccine are not yet clearly defined275 and likely 
will be determined based on the levels of protection provided by dif-
ferent vaccine formulations. Complete protection from infection, at 
first glance, appears to be the primary goal, but its attainment may be 
limited by the biology of the virus (see subsequent discussion). Another 
potential goal is prevention of symptomatic infection of infectious 
mononucleosis, without necessarily prevention of lifelong latent viral 
infection. In such a case, determination is critical of whether the 
vaccine also provides any protection against complications of EBV, 
such as EBV-related malignancy or fulminant primary infection in 
X-linked lymphoproliferative disease. Notably, symptomatic infectious 
mononucleosis is associated with a 3.4-fold increased risk of EBV-
related Hodgkin’s lymphoma, so a vaccine that prevents symptomatic 
infection without necessarily preventing infection could be of signifi-
cant benefit.450 In addition, because elevated EBV viral loads in blood 
can predict development of EBV-associated malignancy in transplant 
recipients, and because EBV viral loads are elevated at the onset  
of nasopharyngeal carcinoma, an EBV vaccine that induces better 
immune control of infection and prevents increased viral loads may 
potentially prevent EBV malignancies.449 To address these issues, a 
meeting was held at the U.S. National Institutes of Health in 2011. The 
group concluded that the goals of future EBV vaccine research should 
be the prevention of infectious mononucleosis and EBV-associated 
malignancies. Another recommendation was to identify surrogate 
markers that predict EBV-associated malignancies, in order to be able 
to more rapidly assess the effectiveness of vaccines prior to the advent 
of malignancy.450

Two major approaches have been taken to EBV vaccine develop-
ment. The most common approach taken with EBV vaccines is to 
induce EBV neutralizing antibody directed against the viral glycopro-
tein gp350, the most abundant glycoprotein on the virus, and which 
binds to the EBV cellular CD21 receptor.451 Immunization with gp350 
protects against EBV-induced lymphomas in an animal model.452 Inter-
estingly, despite initial expectations, cell-mediated immunity appears 
to play an important role in the gp350 vaccination prevention of lym-
phoma in this model.453 A small trial in China with recombinant vac-
cinia virus expressing gp350 protected six of nine children from EBV 
infection at 16 months compared with none of 10 control subjects.454 
However, the use of live vaccinia-based vaccines is unlikely to become 
widespread.275 Importantly, phase I and II studies of a purified gp350 
vaccine have recently shown protection from symptoms of infectious 
mononucleosis but did not prevent asymptomatic infection with EBV, 
consistent with the potential goal of reducing cases of symptomatic 
mononucleosis. Of note, one initially EBV-seropositive participant 
experienced an oligoarthritis reaction, which may have been related to 
the vaccine.455-457

The second approach has been to develop a vaccine with known 
EBV major histocompatibility complex (MHC) class I–restricted CTL 
epitopes.458-460 Although such a vaccine would not necessarily be 
designed to prevent primary infection, it is expected to ameliorate the 
symptoms of mononucleosis.458 Another important potential use of 
such a vaccine would be to boost the CTL response to avoid develop-
ment of, or possibly treat, EBV-associated malignant diseases. A sig-
nificant number of EBV epitopes recognized by CTLs have now been 
identified. A phase I trial has been completed in Australia with a single 
EBNA3 EBV epitope. In this trial, two placebo recipients became EBV 
infected, and one had symptomatic mononucleosis; four vaccine recip-
ients acquired EBV infection but none were symptomatic.461 To gener-
ate a broad-based CTL response, a vaccine containing multiple EBV 
epitopes is necessary. In addition, because CTLs from individuals with 
different human leukocyte antigen alleles recognize different EBV epi-
topes, inclusion of relevant epitopes in a vaccine is important. There-
fore, current efforts have fused multiple peptide epitopes together for 
use in vaccines.50,458

five patients with stable disease, and three with no response. Infused 
CTLs were shown to home to tumor sites and persist for at least 12 
months and were well tolerated. A second study examined the effect 
of autologous EBV-specific CTLs that were enriched for LMP2A-
specific reactivity.434 With this therapy, two of three patients with active 
Hodgkin’s lymphoma achieved a complete response; the other had no 
response, and five of five patients without active disease remained in 
remission after treatment. The use of allogeneic EBV-specific CTLs has 
also been examined for Hodgkin’s lymphoma in a single study of six 
patients.435 Three patients who received only CTL infusions had a 
partial response, two of three patients who received fludarabine fol-
lowed by CTL infusion achieved a partial response, and the third had 
stable disease.

At least three studies have examined the use of autologous EBV-
specific CTLs in nasopharyngeal carcinoma. One study reported a 
decrease in EBV viral load in three of four treated patients with 
advanced disease but did not detect any clinical responses.436 A second 
study of six patients with refractory stage III or IV nasopharyngeal 
carcinoma observed two complete and one partial response; one 
patient had stable disease, and two had nonresponses.437 Four other 
patients in remission treated with CTL infusions remained in remis-
sion with a minimum follow-up of 19 months. In a phase II study, this 
work was extended with 13 additional patients being treated. It was 
found that 48.7% of those with active disease had a complete or partial 
response.438 A third study evaluated EBV-specific CTL infusions in 10 
patients with refractory stage IV disease.439 This treatment resulted in 
two partial responses, four patients with stable disease, and four 
patients with progression despite therapy. A second approach to immu-
notherapy used in nasopharyngeal carcinoma is use of vaccines to 
induce responses against EBV antigens. Among 16 patients with recur-
rent or metastatic nasopharyngeal carcinoma who were vaccinated 
with dendritic cells pulsed with LMP2A peptides, only two patients 
had a partial response, although nine were seen to have increased 
epitope-specific cytotoxicity.440 Another vaccine with a vaccinia strain, 
modified vaccinia Ankara (MVA), which expresses as a hybrid EBNA1-
LMP2A protein, appears to be safe in patients with nasopharyngeal 
carcinoma and is currently in clinical trials.441 A recent phase I study 
used an adenovirus vector vaccine that included a polyepitope of 
EBNA1, LMP1, and LMP2. This vaccine was given to patients with 
nasopharyngeal carcinoma to stimulate EBV-specific T cells, and 
LMP1/EBNA1-specific T cells could be expanded from 16 of 22 NPC 
patients for reinfusion into these patients. This strategy increased the 
median survival from 220 days to 523 days.442 By contrast, antiviral 
drugs have no established role in the treatment of EBV-malignant 
diseases. In summary, limited data suggest that EBV immunotherapy 
in patients with advanced EBV-positive Hodgkin’s lymphoma or naso-
pharyngeal carcinoma is well tolerated and may be beneficial.

Oral Hairy Leukoplakia
Oral hairy leukoplakia differs from most EBV-related diseases in that 
the EBV infection is predominantly lytic rather than latent. In this 
setting of active lytic infection, agents such as acyclovir, ganciclovir, 
and foscarnet are effective in therapy.443-446 Topical therapy, such as use 
of podophyllum resin, has also been shown to have efficacy against 
OHL.447,448 In the setting of HIV-related OHL, oral lesions usually 
regress with the institution of effective antiretroviral therapy.

PREVENTION
Public Health Measures
Because the spread of virus requires intimate contact, isolation of 
patients with infectious mononucleosis is not necessary. Elevated 
viremia is seen for several months after recovery, so consideration 
should be given to postponement of blood donation by patients with 
infectious mononucleosis for at least 6 months after the onset of illness.

Vaccine
EBV vaccine development has been an elusive goal for many years. 
Because EBV infection does not cause severe disease in most instances, 
a vaccine must be particularly safe.50 However, there are about 125,000 
cases of infectious mononucleosis in the United States each year and 
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Human herpesviruses 6 and 7 (HHV-6 and HHV-7) are both members 
of the betaherpesvirus subfamily. Both viruses infect T cells, are present 
ubiquitously, and can cause exanthema subitum (or roseola infantum). 
In addition, both viruses frequently reactivate in highly immunocom-
promised patients but rarely cause serious disease in these patients.

HUMAN HERPESVIRUS TYPE 6
History
HHV-6 was discovered by Salahuddin and colleagues1 in 1986 in 
patients with lymphoproliferative disorders and human immunodefi-
ciency virus (HIV). Subsequently, two variants of HHV-6 were 
described, HHV-6A and HHV-6B.2 HHV-6B was shown to be an etio-
logic agent of exanthema subitum,3 whereas HHV-6A has rarely been 
associated with disease.

Description of the Virus
HHV-6 is a member of the Roseolovirus genus of betaherpesviruses 
and shares a number of features with cytomegalovirus, including 
numerous homologous viral proteins and similar genomic structures.4 
HHV-6A and HHV-6B, which share 90% nucleotide sequence identity, 
are sufficiently different in their sequences and in their cell tropism 
that they could be classified as separate species of herpesviruses. The 
receptor for HHV-6A is CD46 and for HHV-6B is CD134, both of  
which interact with a complex consisting of viral glycoproteins gH, gL, 
gQ1, and gQ2. The HHV-6 genome contains about 165 kilobase pairs 
of DNA.

Epidemiology
More than 95% of adults are seropositive for HHV-6. Maternal anti-
body to HHV-6 declines during the first 5 months of life. About 40% 
to 50% of children are infected by 1 year of age, and 77% to 82% are 
infected by 2 years of age (Fig. 142-1).5,6 The peak of infection occurs 
at 9 to 21 months. Approximately 90% of infections in children are 
symptomatic; in one study, 40% of infants with HHV-6 were seen by 
a physician.5 There is no seasonal peak for primary HHV-6 infection.5 

HHV-6 is usually transmitted horizontally, presumably by infected 
saliva from close contacts to children. Outbreaks of HHV-6 infection 
have been reported at daycare centers.

HHV-6 infects peripheral blood mononuclear cells (PBMCs) and 
cells in the liver, salivary glands, endothelial cells, and central nervous 
system. HHV-6 DNA was detected in PBMCs from 22%, and in cervi-
cal swabs from 7.5%, of pregnant women.7 HHV-6 was also detected 
in about 1% of cord blood samples and in fetal blood, indicating a 
potential for fetal disease. Congenital infection with HHV-6 is most 
often due to chromosomally integrated virus passed in the germline 
DNA. In one study, 86% of congenital infections were from chromo-
somally integrated viral DNA, and 14% were due to transplacental 
infection.8 These infants have 105 or 106 copies of HHV-6 DNA per 
microgram of cellular DNA. HHV-6 DNA persists in the blood inter-
mittently after primary infection in most children and can reactivate 
in healthy children without apparent illness.9 HHV-6 has been trans-
mitted by organ transplantation10 and has been transmitted to hema-
topoietic stem cell transplant (HSCT) recipients by virus integrated 
into the chromosome of the donor cells.11

HHV-6 frequently reactivates in immunocompromised patients. 
About 50% of HSCT and about 33% of solid-organ transplant recipients 
reactivate HHV-6 as defined by detection of viral DNA in the peripheral 
blood.12,13 More than 95% of HHV-6 reactivations in HSCT recipients 
are due to HHV-6B. Reactivation of the virus usually occurs within the 
first month of transplant, and reactivation is increased with reduced 
cellular immunity, particularly in patients receiving anti-CD3 antibody 
or corticosteroids, and in those who have undergone allogeneic or cord 
blood transplants.13,14 Reactivation has also been reported in 54% of 
critically ill patients who are not otherwise immunocompromised.15

Pathogenesis
In addition to infecting its primary target, CD4+ T cells, HHV-6 infects 
other T cells, B cells, NK cells, monocytes, macrophages, epithelial 
cells, and neural cells. HHV-6A has a greater predilection to infect 
neural cells than does HHV-6B, whereas HHV-6B is more commonly 
detected in PBMCs than HHV-6A. Detection of HHV-6 DNA at high 
levels in the olfactory bulb/tract relative to other portions of the brain 
and in nasal mucous specimens suggests that HHV-6 may enter the 

Definition
•	 Human	herpesviruses	6	and	7	(HHV-6	and	

HHV-7)	cause	exanthem	subitum	or	febrile	
seizures	in	young	children	and	reactivate	
frequently	in	highly	immunocompromised	
hosts.	They	can	also	cause	encephalitis	in	
immunocompromised	hosts.

Epidemiology
•	 Most	adults	are	seropositive	for	HHV-6	and	

HHV-7.
•	 The	average	age	for	infection	with	HHV-6	

is	about	1	year	old	and	for	HHV-7	is		
2	years	old.

•	 About	50%	of	hematopoietic	transplant	
recipients	and	20%	to	33%	of	organ	
transplant	recipients	have	HHV-6	and	HHV-7	
DNA	in	the	blood.

•	 HHV-6	DNA	is	integrated	in	the	chromosomes	
of	1%	to	2%	of	persons	and	is	transmitted	in	
the	germline	DNA.

Microbiology
•	 HHV-6	and	HHV-7,	like	cytomegalovirus,	are	

betaherpesviruses.

Diagnosis
•	 Exanthem	subitum	is	usually	diagnosed	

clinically,	but	seroconversion	to	HHV-6	or	
HHV-7	antibody	positivity	can	be	used.

•	 Diagnosis	of	HHV-6	or	HHV-7	disease	in	
immunocompromised	persons	is	difficult	due	
to	the	high	frequency	of	asymptomatic	
reactivation	and	the	finding	that	up	to	2%	of	
persons	have	HHV-6	DNA	integrated	in	their	
chromosomes.

•	 HHV-6	limbic	encephalitis	is	diagnosed	based	
on	clinical	signs	and	symptoms	and	HHV-6	
DNA	in	the	cerebrospinal	fluid.

•	 Detection	of	HHV-6	protein	or	RNA	in	tissues	
is	more	specific	than	HHV-6	DNA	for	
diagnosing	virus-associated	disease	in	
immunocompromised	persons.

Therapy
•	 No	therapy	has	been	shown	to	be	effective	for	

treatment	of	HHV-6	or	HHV-7,	but	both	viruses	
are	sensitive	to	ganciclovir,	foscarnet,	and	
cidofovir	in	vitro.

•	 Ganciclovir	or	foscarnet,	or	both,	have	been	
used	to	treat	immunocompromised	persons	
with	HHV-6	or	HHV-7	disease,	especially	with	
limbic	encephalitis.

SHORT VIEW SUMMARY

*All material in this chapter is in the public domain, with the exception of any borrowed 
figures or tables.
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seizures, and recurrent seizures than seizures not associated with 
HHV-6.19 HHV-6 viremia was present in 32% of children with febrile 
status epilepticus; 22% of patients had primary HHV-6B infection, and 
10% had virus reactivation.20

Exanthem Subitum (Roseola Infantum  
or Sixth Disease)
Exanthem subitum is caused by either HHV-6B or HHV-7. Approxi-
mately 25% of patients with HHV-6 infection in the United States 
present with exanthem subitum5; in contrast, in Japan about 75% of 
primary HHV-6 infections result in exanthem subitum.21 The disease 
begins with a high fever that usually lasts for 3 to 4 days.5,21 At the 
time of defervescence, patients develop a macular or maculopapular 
rash that begins on the neck or trunk, spreads to the extremities, and 
persists for a few hours to 2 days (Fig. 142-3). The disease may be 
accompanied by cough, cervical and occipital lymphadenopathy, ery-
thema of the tympanic membranes, conjunctivitis, eyelid edema, 
bulging fontanelles, lymphadenopathy, diarrhea, or Nagayama’s spots 

central nervous system (CNS) through the olfactory pathway.16 Infec-
tion of lymphocytes with HHV-6 results in ballooning of the cells with 
intranuclear inclusions, followed by cell death. HHV-6 establishes a 
latent infection in CD34+ hematopoietic stem cells, monocytes, and 
macrophages, and a persistent infection in salivary glands. HHV-6 is 
detected in saliva, but at a much lower frequency than HHV-7. Cellular 
immunity is more important than humoral immunity for controlling 
HHV-6 infection.

HHV-6 induces expression of CD4 on the surface of T cells, which 
can increase susceptibility to HIV infection. However, infection of cells 
with HHV-6 results in reduced expression of the HIV co-receptor 
CXCR4 on the surface of cells and increased expression of the RANTES 
chemokine, which can inhibit replication of CCR5 tropic HIV strains 
in HHV-6-infected cells. HHV-6A inhibits expression of MHC class I 
on dendritic cells.

Clinical Manifestations
Infantile Fever and Seizures
The incubation time for HHV-6 infection is estimated to be 1 to 2 
weeks. Infantile fever is the most common manifestation of HHV-6 
infection. More than 90% of children infected with HHV-6 have symp-
toms, including fussiness, rhinorrhea, and fever in over half of patients; 
cough, diarrhea, and rash occur in about one third of patients.5 It is 
estimated that 5% to 25% of visits to emergency departments for fever 
in infants are due to HHV-6. Children older than 6 months of age are 
more likely to have fever than are younger children.5 Of children 
younger than 3 years of age who present to emergency departments 
with fever, 10% had primary infection with HHV-6; this number 
increased to 20% for children 6 to 12 months old (Fig. 142-2).17 The 
mean age of primary HHV-6 infection was 9.4 months, the median 
duration of illness was 6 days, and the mean temperature was 39.6° C. 
In another study of 243 children presenting to the emergency depart-
ment with HHV-6, more than 50% had fever of 40° C or higher, 
malaise, otitis, and nasal congestion.18

HHV-6 is responsible for about one third of febrile seizures in 
children up to 2 years of age.17 Of 160 children presenting with acute 
HHV-6 infections, 13% had seizures and the median age of children 
with HHV-6 and seizures was 14 months. Primary infection with 
HHV-6 is more frequently associated with severe seizures, long 

FIGURE 142-1  Percentages of blood samples from children 2 years 
of age or younger with antibody, virus culture, and virus poly-
merase chain reaction for human herpesvirus (HHV)-6 and HHV-7. 
(From Hall CB, Caserta MT, Schnabel KC, et al. Characteristics and acquisi-
tion of human herpesvirus [HHV] 7 infections in relation to infection with 
HHV-6. J Infect Dis. 2006;193:1063-1069.)
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donor cells.42 Interleukin-6 levels in the plasma were more often ele-
vated in persons with HHV-6-associated neurologic complications 
compared with those without such complications.43 In a study of 1344 
HSCT recipients, 50% of cord blood recipients who developed HHV-6 
limbic encephalitis died, while no adult donor cell recipients with 
HHV-6 encephalitis died.42 Most cases of HHV-6 encephalitis in the 
literature were diagnosed by detection of viral DNA in the CSF44; 
HHV-6 antigen in the brain is more specific for diagnosis. Patients 
often present 2 to 6 weeks after HSCT with headache and confusion 
and a nonfocal neurologic examination that may progress to seizures, 
psychosis, and cranial nerve deficits. Although the computed tomog-
raphy (CT) scan is usually unremarkable initially, the magnetic reso-
nance imaging (MRI) shows abnormalities in 75% of patients with 
changes in the gray matter of the temporal lobes, especially the medial 
aspect of these lobes (Fig. 142-5). The CSF shows an elevated protein 
in two thirds of cases with a mild lymphocytic pleocytosis in the 
minority of patients. Limbic encephalitis often presents with short-
term memory loss and insomnia, with HHV-6 proteins or RNA in the 
hippocampus and amygdala in HSCT recipients.40,45,46 Nine transplant 
patients were reported to have limbic encephalitis with MRI changes 
involving the amygdala and hippocampus, inappropriate diuretic 
hormone secretion, and anterograde amnesia.47 Survivors of HHV-6 
often have atrophy of the hippocampus with persistent memory 
impairment, fatigue, and frequently are unable to return to school or 
work.42,48 A study of 315 HSCT recipients showed that HHV-6 reactiva-
tion in the blood was associated with delirium and cognitive decline 
in the first 3 months after transplantation.49

Although HHV-6 DNA was detected at high levels in the lungs of 
bone marrow transplant patients with idiopathic pneumonia com-
pared with lower levels in the lungs of control immunocompetent 
patients,50 other studies have not confirmed these findings.38 The high 

(red papules on the soft palate or base of the uvula). The median dura-
tion of symptoms is 9 days. Rare complications include febrile seizures, 
meningitis, and encephalitis. Patients often have leukocytosis during 
the first day, followed by leukopenia with a relative lymphocytosis and 
in some cases thrombocytopenia.

Other Neurologic Symptoms Associated  
with HHV-6
HHV-6 is a rare cause of meningitis; the virus can also cause encepha-
litis in otherwise healthy children who present with an altered level of 
consciousness, seizures, psychosis, or cranial nerve deficits.22 These 
children usually present with a panencephalitis and can have persistent 
neurologic sequelae. Eight percent (13/156) of young children hospi-
talized in Britain and Ireland with encephalitis or fever and seizures 
were found to have acute HHV-6 infection.23 HHV-6 DNA was 
detected in the cerebrospinal fluid (CSF) of 7% (9/138) of patients with 
encephalitis with a lymphocytic pleocytosis, but no specific differences 
were noted in patients with encephalitis attributed to HHV-6 versus 
those due to other causes.24 HHV-6 DNA was detected in the CSF of 
0.4% (4/1000) of persons in the California Encephalitis Project study.25

HHV-6 has been associated with multiple sclerosis based on detec-
tion of DNA in CSF and DNA and viral antigens in the brain; however, 
viral DNA and proteins have also been detected in the brain of con-
trols26,27 and the role of HHV-6 in multiple sclerosis is controversial.28 
HHV-6 antigen was detected in astrocytes cultured from the brain of 
patients with mesial temporal lobe epilepsy.29

Infectious Mononucleosis
Older patients who develop primary infection with HHV-6 may 
present with infectious mononucleosis with fever, lymphadenopathy, 
generalized rash, and atypical lymphocytes.30 Lymph node biopsies 
show intranuclear and cytoplasmic inclusions with HHV-6 antigens 
(Fig. 142-4).31

Other Complications in Healthy Persons
HHV-6 has been associated with chronic or fulminant hepatitis,32 
thrombocytopenic purpura, myocarditis, and hemophagocytic syn-
drome in case reports. Although HHV-6 DNA has been found in some 
lymphomas, there is no compelling evidence that HHV-6 is associated 
with malignancy. HHV-6 is not a cause of chronic fatigue syndrome.

Congenital Infection
HHV-6 congenital infections (defined by detection of virus in cord 
blood) occurred in 1% (57/5638) of births and, unlike infections later 
in life, were asymptomatic.33

Infection in the Immunocompromised Host
Because a large proportion of HSCT and organ transplant recipients 
reactivate HHV-6 with viral DNA in the peripheral blood (see Epide-
miology, earlier), it is often difficult to confirm that symptoms in trans-
plant recipients are due to HHV-6.

HHV-6 is frequently associated with fever and rash early after 
transplant.13,34 The virus has also been associated with delayed mono-
cyte and platelet engraftment in HSCT recipients.35 One study showed 
that high levels of HHV-6 DNA in the blood correlated with delayed 
platelet engraftment after transplant.36 HHV-6 infects hematopoietic 
progenitor cells inhibiting colony formation in vitro37 and has been 
associated with bone marrow suppression and delayed engraftment in 
some12 but not other38 studies. The association of HHV-6 reactivation 
with cytomegalovirus (CMV) infection and acute graft-versus-host 
disease39 may make it difficult to confirm HHV-6 as a primary cause 
of marrow suppression or graft rejection. High-level HHV-6 reactiva-
tion (>1000 HHV-6 DNA copies/mL plasma) was associated with an 
increase in nonrelapse mortality in HSCT recipients.39

One of the best documented manifestations of HHV-6 in immuno-
suppressed patients is limbic encephalitis.40 The disease is especially 
common in transplant recipients receiving cord blood. In a meta-
analysis, the prevalence of HHV-6 encephalitis was 8.3% in cord blood 
transplant recipients versus 0.5% in persons receiving another source 
of stem cells.41 Other risk factors for HHV-6 acute limbic encephalitis 
include acute graft-versus-host disease and receipt of adult mismatched 

FIGURE  142-4  Eosinophilic intranuclear and cytoplasmic inclu-
sions with hematoxylin and eosin stain (A) and immunohistochemi-
cal staining with antibody to HHV-6 envelope glycoprotein gp60 in 
viral inclusions (B), in a lymph node from a patient with human 
herpesvirus 6 infectious mononucleosis.  Inset  shows  a  cell  with  an 
intranuclear inclusion. (From Maric I, Bryant R, Abu-Asab M, et al. Human 
herpesvirus-6-associated acute lymphadenitis in immunocompetent adults. 
Mod Pathol. 2004;17:1427-1433.)
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Immunocompromised Persons
Diagnosis of HHV-6 as the cause of symptoms in immunocompro-
mised patients is often difficult. Because HHV-6 frequently reactivates 
in a large proportion of these patients, it is important to distinguish 
latent infections that are not associated with disease from productive 
HHV-6 infections that may cause disease. A high or a rising level of 
viral DNA, or detection of viral RNA (available only as a research test), 
in the blood is more likely to distinguish productive infection associ-
ated with HHV-6 disease from latent viral DNA. In a study of HSCT 
recipients, the presence of more than 103 copies of HHV-6 DNA per 
106 PBMCs was statistically associated with myelosuppression, pneu-
monitis, fever, and rash.12 Detection of viral DNA in the serum or 
plasma may also be more predictive of disease than finding HHV-6 in 
PBMCs. Detection of HHV-6 RNA, and especially viral proteins, in 
tissues is more specific for active disease than is detection of viral DNA. 
In addition to a rising level of HHV-6 in the blood, and preferably 
detection of HHV-6 in tissue, other potential causes of disease (includ-
ing CMV, which is often associated with HHV-6) must be excluded 
before HHV-6 can be considered to have a causative role in disease.

Detection of HHV-6 in the CSF is strongly suggestive of CNS 
disease but is not absolutely diagnostic because some patients with 
HHV-6 in the CSF have had other CNS diseases documented at 
autopsy, and HHV-6 has been detected in the CSF of children years 
after acute infection.54 In one study, HHV-6 DNA was detected in the 
CSF of 8/11 (73%) patients with neurologic dysfunction and 3/11 
(27%) of asymptomatic HSCT recipients.55 Although another study 
reported HHV-6 in the CSF of 23% of transplant recipients with 
encephalitis, compared with only 1% of transplant recipients without 
encephalitis, controls were not well matched for the level of immuno-
suppression.56 Thus, other causes of encephalitis must be ruled out 
before diagnosis of HHV-6 encephalitis is accepted based on CSF find-
ings. Detection of HHV-6 proteins in the brain is more specific than 
detection of DNA because viral DNA has been detected by polymerase 
chain reaction (PCR) in the brain of about one third of healthy 
persons.57

The use of PCR for diagnosis of HHV-6 is complicated by the 
finding that HHV-6 is integrated into chromosomal DNA in 0.7% to 
1.5% of persons.58 Stem cells containing integrated copies of HHV-6 
have transmitted viral DNA to recipients.11 Therefore, HHV-6 integra-
tion into host chromosomes, in addition to HHV-6 productive infec-
tion, must be considered when a diagnosis is based on detection of 
HHV-6 in leukocytes or in CSF that may contain leukocytes. A high 
level of HHV-6 DNA in the blood (>320,000 copies/mL in whole blood 
or ≥1 copy per leukocyte) that persists over time is suggestive of chro-
mosomally integrated HHV-6.59 Although chromosomally integrated 
HHV-6 can be reactivated in vitro by histone deacetylase inhibitors,60 
it is unknown if this can occur in vivo. The clinical importance of 
chromosomally integrated HHV-6 is unknown, although one study of 
liver transplant recipients with integrated HHV-6 showed a higher rate 
of bacterial infections.61

Therapy
HHV-6 is sensitive to ganciclovir, foscarnet, and cidofovir in vitro; the 
latter two agents are more active in cell culture. HHV-6, like CMV, is 
not sensitive to acyclovir. HHV-6 U69 is a protein kinase that phos-
phorylates ganciclovir. HHV-6 DNA levels in the CSF and serum 
declined with ganciclovir or foscarnet therapy in one series; however, 
without a control group it is unknown whether this was treatment 
related.55 Antiviral therapy has been used in some immunocompro-
mised patients, but no controlled studies have shown that these drugs 
are effective. Some anecdotal reports suggest that patients with HHV-6 
encephalitis may have responded to a 7-day course of ganciclovir or 
foscarnet. Either drug, or the combination of both drugs, is recom-
mended for immunocompromised patients with HHV-6 encephali-
tis.62 Ganciclovir-resistant HHV-6, due to a mutation in the viral U69 
protein kinase, has been isolated from a patient with AIDS.63 Prophy-
laxis with ganciclovir or foscarnet has been reported to reduce HHV-6 
reactivation or encephalitis in small studies,64-67 but this is not recom-
mended owing to the toxicity of the drug and the low incidence of 
disease in immunocompromised patients. HHV-6-specific T-cell 
immunotherapy is being explored.68

frequency of virus reactivation in these patients emphasizes the impor-
tance of detecting viral proteins in tissues (see Diagnosis, later).

Case reports have described HHV-6-associated with giant cell 
hepatitis10 and other forms of hepatitis, colitis, and gastroduodenitis in 
transplant recipients. HHV-6 antigen was detected in PBMCs infiltrat-
ing biopsies of gastroduodenal mucosa in 23% of liver transplant 
recipients, but also in 19% of immunocompetent patients with upper 
gastrointestinal symptoms; the number of HHV-6 positive cells tended 
to be higher in the transplant patients than in the immunocompetent 
patients.51 HHV-6 proteins have been detected in tubular epithelia of 
kidneys undergoing rejection after transplantation.

HHV-6 has less commonly been associated with encephalitis  
and pneumonitis in acquired immunodeficiency syndrome (AIDS) 
patients. HHV-6 has generally not been shown to influence the rate of 
progression of HIV to AIDS.

Laboratory Diagnosis
Healthy Persons
The diagnosis of exanthem subitum is usually made clinically. The most 
frequently used diagnostic test for acute HHV-6 disease in children is 
comparison of acute and convalescent serum for seroconversion to 
HHV-6.52 The observation of asymptomatic reactivations of HHV-6 in 
healthy persons indicates that detection of a fourfold or greater rise in 
titer alone may not be diagnostic of acute infection. HHV-6 IgG is 
usually present 1 week after infection, peaks in the second week, and 
persists for life. An alternative diagnostic test for acute disease in chil-
dren is detection of HHV-6 DNA in sera or plasma at a time when 
antibody to the virus is absent, reflecting the transient viremia that 
occurs before the onset of antibody; however, this test is less specific 
than seroconversion.52 Currently used serologic tests include immuno-
fluorescent antibody, enzyme-linked immunosorbent assay (ELISA), 
and immunoblot assays. These tests cannot distinguish HHV-6A from 
HHV-6B, and there can be cross-reactivity of HHV-6 with HHV-7. 
HHV-6 IgM is present early in infection and persists for a few weeks; 
however, virus-specific IgM may not be detectable in some children, 
and this antibody has been detected in some adults, suggesting virus 
reactivation.

Culture of HHV-6 from PBMCs, serum, or plasma of patients with 
exanthem subitum during the febrile period is considered diagnostic3 
but is available only in research laboratories. Detection of HHV-6  
DNA in plasma in children younger than 2 years is not considered 
sufficiently specific to differentiate infants with acute HHV-6 infection 
from those with serious bacterial infections.53

FIGURE  142-5  Magnetic resonance image showing bilateral 
medial temporal lobe involvement (arrows) in a hematopoietic 
stem cell transplant recipient.  (Courtesy Alexander Freeman, National 
Institute of Allergy and Infectious Diseases.)
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The second most common presentation of HHV-7 viremia was 
nonspecific fever with a mean temperature of 40.1° C. Less common 
symptoms were upper respiratory tract disease, vomiting, and diar-
rhea. Leukopenia was frequently noted. In a study of 496 children 
presenting to the emergency department, children with HHV-7 had a 
similar level of fever, rash, and gastrointestinal symptoms but were 
older and more likely to have seizures than those with HHV-6.74

HHV-7 is also a cause of exanthem subitum, although most cases 
are due to HHV-6. HHV-7 has been less frequently associated with 
CNS disease than HHV-6, but two cases of hemiplegia associated with 
HHV-7 have been described. HHV-7 has been associated with enceph-
alitis in immunocompetent75 and immunosuppressed76 patients. Ten 
percent (15/156) of young children hospitalized in Britain and Ireland 
with encephalitis or fever and seizures were found to have an acute 
HHV-7 infection.52 HHV-7 was not reported to cause congenital infec-
tion (defined as viral DNA in cord blood) in more than 5600 births.33

Laboratory Diagnosis
Like HHV-6, the most common diagnostic test for HHV-7 in children 
is seroconversion based on detection of antibody by indirect immuno-
fluorescence assay or ELISA.52 Detection of HHV-7 in serum or plasma 
is much less common than for HHV-6; therefore, the presence of 
HHV-7 DNA in blood in the absence of antibody is more likely to be 
indicative of acute infection. HHV-7 has been cultured from PBMCs 
of patients with exanthem subitum, but this is done only in research 
laboratories.

Unlike HHV-6, levels of HHV-7 in the blood did not correlate with 
disease in immunocompromised patients.12 Because HHV-7 DNA has 
been detected in the brain by PCR in 37% of adults,77 detection of 
HHV-7 protein is more specific than viral DNA for the diagnosis of 
encephalitis.

Therapy
Like HHV-6, HHV-7 is most susceptible to foscarnet and cidofovir in 
vitro, although virus replication is also inhibited by ganciclovir. There 
are insufficient clinical reports to indicate whether these drugs are 
effective in vivo.

HUMAN HERPESVIRUS TYPE 7
History
HHV-7 was discovered by Frenkel and colleagues69 in 1990 in a healthy 
person and was shown to be a cause of exanthem subitum.70

Description of the Virus
HHV-7, like HHV-6, is a member of the Roseolovirus genus and shares 
20% to 75% amino acid identity with HHV-6 in many of their viral 
proteins.4 The HHV-7 genome contains about 145 kilobase pairs of 
DNA.

Epidemiology
HHV-7 infections occur at a later age than HHV-6 infections (see Fig. 
142-1).6 About 18% of children are infected with HHV-7 by 1 year of 
age and 53% by 2 years. Most children are infected between ages 2 and 
5 presumably from infected saliva of parents and siblings.71 HHV-7 
DNA was detected in PBMCs from 67%, and in cervical swabs from 
3%, of pregnant women.7 About 50% of HSCT and 20% of solid-organ 
transplant recipients reactivate HHV-7 as indicated by viral DNA in 
the peripheral blood.13,72

Pathogenesis
HHV-7 has a narrower tissue tropism than HHV-6. HHV-7 infects 
CD4+ T cells, epithelial cells in the salivary glands, and cells in the lungs 
and skin. HHV-7 is frequently shed in saliva at high levels throughout 
life in most adults and children.73 The virus has been detected in breast 
milk and establishes latency in CD4+ cells. HHV-7 induces degradation 
of major histocompatibility complex (MHC) class I molecules.

Clinical Manifestations
Primary HHV-7 infection may be asymptomatic or associated with 
fever or febrile seizures. In a study of 30 children with HHV-7 viremia, 
the most common clinical presentation was seizures, which occurred 
at 12 to 63 months of age; 10 of 12 patients had febrile seizures.6 HHV-7 
viremia was present in 7% of children with febrile status epilepticus; 
5% of patients had primary HHV-6B infection and 2% had virus 
reactivation.20
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Kaposi’s Sarcoma–Associated 
Herpesvirus (Human Herpesvirus 8)
Kenneth M. Kaye

Kaposi’s sarcoma (KS)-associated herpesvirus (KSHV, or HHV-8) is 
the eighth, and most recently discovered, human herpesvirus. KSHV 
was discovered as a result of its connection with KS and is also linked 
with primary effusion lymphoma (PEL) and multicentric Castleman’s 
disease. The role of KSHV in malignancy has generated much interest 
in this virus.

HISTORY
Kaposi’s sarcoma was first described in 1872 by Moritz Kaposi, a prom-
inent Hungarian dermatologist.1 Kaposi described findings in five men 
of “idiopathic multiple pigmented sarcoma of the skin.”2 He noted 
aggressive disease and emphasized that the syndrome was incurable 
and rapidly lethal.3 In fact, three of the men reported by Kaposi were 
dead within 16 months of presentation, and autopsy demonstrated 
disseminated disease. Despite the aggressive nature of the disease 
Kaposi described, KS subsequently came to be regarded as an indolent 
disease in elderly men of Mediterranean and eastern European descent. 
It is not clear what accounted for the evolution in the defining features 
of KS from the aggressive, rapidly fatal disorder described by Kaposi 
to a relatively mild one. During the 1950s, KS was recognized as an 
important disease in areas of sub-Saharan Africa.4 Then, in 1981, Alvin 
Friedman-Kein reported on 50 young men who had had sex with men 
with KS of the skin, lymph nodes, mucosa, and viscera.5 This report 
heralded the acquired immunodeficiency syndrome (AIDS) epidemic. 
The similarity of the original syndrome described by Kaposi and that 
seen in human immunodeficiency virus (HIV) infection is striking and 
raises the question of whether AIDS-like immune suppression was 
present in the men initially described.3

KSHV was identified in 1994 by Chang and Moore and co-workers6 
in KS lesions by using a polymerase chain reaction (PCR)-based  
technique termed representational difference analysis. This technique 
searches for DNA, such as from a virus, that is present in diseased 
tissue and absent in normal tissue.7 These investigations were based on 
epidemiologic observations suggesting that an infectious agent may 
have an etiologic role in KS. KS occurred at a 20-fold higher rate in 
men who had had sex with men who had AIDS, compared with those 
who contracted AIDS by other means, such as by a bloodborne route. 
Subsequent to this seminal discovery, work by many groups worldwide 
has elucidated much about this virus.

CLASSIFICATION AND BIOLOGY
KSHV is the only known human rhadinovirus (gamma-2 herpesvi-
rus) and is related to other rhadinoviruses, including those that infect 
New (South American) and Old (African) World monkeys and 
rodents (murine gammaherpesvirus 68).8-12 Two Old World monkey 
rhadinoviruses (RFHVMm and RFHVMn) are found in retroperito-
neal fibromatosis. This entity has histologic similarities to KS. Herpes-
virus saimiri (HVS), a New World virus, can cause T-cell lymphoma 
when infecting New World monkeys that are not its natural host.13 
Epstein-Barr virus, a gamma-1 herpesvirus, is KSHV’s closest human 
relative.

KSHV is an enveloped virus that measures 140 nm in diameter, and 
its appearance by electron microscopy is indistinguishable from that 
of other herpesviruses.14,15 KSHV attaches to cells before entry by 
binding to cell surface heparin sulfate, integrins (including α3β1), and 
cysteine transporter xCT.16,17 The bound virus is then translocated to 
lipid rafts and binds to the EphA2 receptor, where internalization 
occurs.18,19 The KSHV genome contains approximately 140 kb of 
unique sequence,8,20 which encodes approximately 100 open reading 
frames (ORFs). The nomenclature of the ORFs is based on that of HVS 
because of high sequence and positional homology with those of HVS 
and the fact that HVS was the only fully sequenced gamma-2 herpes-
virus before KSHV. ORFs without homology to those in HVS are 
numbered sequentially with K prefixes. A number of KSHV genes are 
homologues of human genes that were presumably “pirated” from 
mammalian cells during the evolution of the virus. The unique KSHV 
sequence is flanked by approximately 40 copies21 of 0.8-kb guanine- 
and cytosine-rich terminal repeat elements. This translates to the ter-
minal elements comprising about 20% of the viral genetic sequence, a 
feature common to the gamma-2 herpesviruses. This large devotion of 
energy to the terminal repeats is likely due to their central role in 
KSHV persistence during latent infection.

KSHV is capable of both latent and lytic infection.9,22,23 Because of 
its capacity for latent infection, KSHV persistence in its human host is 
lifelong, similar to other herpesviruses. During lytic infection, many 
encapsidated viral progeny are produced in a cell and then released as 
the infected cell dies. Almost all of the nearly 100 KSHV genes are 
devoted to, and only expressed during, lytic infection. These genes 
encode proteins responsible for replication of the viral DNA and  

Definition
•	 Kaposi’s	sarcoma–associated	herpesvirus	

(KSHV),	or	human	herpesvirus	8	(HHV-8),	is	the	
etiologic	agent	of	Kaposi’s	sarcoma,	primary	
effusion	lymphoma,	and	is	also	tightly	linked	
with	multicentric	Castleman’s	disease.

Virology and Epidemiology
•	 KSHV	is	a	herpesvirus	that	establishes	lifelong	

infection,	primarily	persisting	in	latently	
infected	B	lymphocytes.

•	 Replication	occurs	in	oral	epithelium,	and	
infectious	KSHV	is	present	in	the	saliva	of	
asymptomatic	seropositive	individuals.

•	 Transmission	is	predominantly	the	result	of	
exposure	to	infected	saliva.

•	 Primary	infection	is	usually	asymptomatic	and	
rarely	recognized.

•	 In	contrast	to	other	herpesviruses,	
seroprevalence	varies	significantly	throughout	
the	world	and	is	highest	in	sub-Saharan	Africa,	
the	Mediterranean	region,	and	in	men	who	
have	sex	with	men	in	the	United	States.

•	 KSHV	malignancy	usually	occurs	in	the	setting	
of	immune	suppression.

Microbiology
•	 KSHV	is	a	gamma-2	herpesvirus,	genus	

Rhadinovirus.
•	 KSHV	is	an	enveloped,	double-stranded	

DNA	virus.
•	 KSHV	is	also	known	as	HHV-8.

Diagnosis
•	 KS	can	be	diagnosed	by	its	clinical	appearance	

and	confirmed	by	biopsy.
•	 Primary	effusion	lymphoma	and	multicentric	

Castleman’s	disease	are	diagnosed	by	biopsy.
•	 KSHV	can	be	detected	serologically,	although	

assays	are	not	standardized.

Therapy
•	 Antiviral	therapy	is	of	no	proven	benefit	in	

the	treatment	of	KSHV	malignancies,	and	
therapy	generally	relies	on	cytotoxic	
approaches.

Prevention
•	 There	is	currently	no	KSHV	vaccine.

SHORT VIEW SUMMARY
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PATHOGENESIS
KSHV has an etiologic role in KS, PEL, and multicentric Castleman’s 
disease. Overall, KSHV is well adapted to its human host and usually 
does not cause disease. Such a situation is ideal from the virus’s point 
of view because a commensal existence without harm to its host 
enhances its long-term survival. Suppression of the immune system 
appears to disturb the delicate balance between KSHV and its human 
host and can lead to KSHV-associated malignancy. However, other 
poorly understood factors also contribute to tumorigenesis. For 
instance, the cause of the more frequent occurrence of KS in men 
rather than in women, despite a similar prevalence of KSHV infection 
in many instances, is not clear. Furthermore, before the HIV epidemic, 
KS occurred relatively frequently in Uganda and Cameroon but not in 
Botswana and the Gambia, despite KSHV infection being common to 
all these countries.39 These findings argue for as yet unknown factors 
interacting with KSHV to induce KS.

EPIDEMIOLOGY
Assays to identify KSHV-infected individuals are still evolving.9,23,40-42 
Serologic assays for antibodies against specific KSHV antigens 
expressed during the latent or lytic phases of infection have been most 
commonly used. The assays differ in sensitivity and specificity, result-
ing in some that likely overestimate and others that underestimate 
seropositivity. With these limitations in mind, certain general conclu-
sions regarding prevalence of KSHV infection can be made. Detection 
of KSHV DNA by PCR assay of blood is less sensitive than the serologic 
assays, reflecting highly variable levels of viremia occurring in both 
those with and those without KSHV-induced disease.

KSHV differs from other herpesviruses in that it does not cause 
worldwide ubiquitous infection.9,23,40 Instead, the prevalence of infec-
tion in the general population varies significantly in different areas of 
the world. Sub-Saharan Africa has the highest rate of infection, with 
approximately 50% of the population infected. Seroprevalence is 
approximately 10% in the Mediterranean region, although in certain 
areas of Italy, it approaches 30%. Seroprevalence in the United States 
and northern Europe is approximately 5%, but only 0.2% of individuals 
in Japan are positive. Despite the low prevalence of KSHV in the 
general population in the United States, approximately 15% to 20% of 
HIV-negative and approximately 40% of HIV-positive men who have 
sex with men are KSHV seropositive.43 In contrast to the general popu-
lation, approximately 90% to 100% of individuals with KS are seroposi-
tive, consistent with KSHV’s etiologic role in this disease.

There are several patterns of KSHV transmission. In the United 
States, KSHV is spread predominantly through sexual contact among 
men who have sex with men. Among men who have sex with men, 
KSHV seropositivity is associated with high numbers of sexual part-
ners, a history of sexually transmitted diseases, and the use of amyl 
nitrates.43,44 In contrast to the well-documented sexual transmission 
among men who have sex with men, the evidence for heterosexual 
KSHV transmission is conflicting.45-49 In areas of the world where 
KSHV infection is more prevalent, nonsexual transmission also occurs, 
and KSHV infection occurs among children before they are sexually 
active.50,51 Intrafamilial clustering has also been documented as further 
evidence of nonsexual transmission.52 Saliva is likely a unifying vehicle 
of both sexual and nonsexual KSHV transmission. Relatively high 
titers of KSHV DNA can be found in the saliva of infected individuals, 
likely produced from lytic infection in oral epithelial cells, whereas 
high levels of virus are not found at other sites. In one study of 50 
KSHV-infected men who had sex with men without KS, 30% of oro-
pharyngeal samples, compared with 1% of anal and genital samples, 
were positive for KSHV. KSHV from the oral cavity was 2.5 logarithms 
higher than the titer at other sites.43 Interestingly, deep (“French”) 
kissing was a risk factor for KSHV transmission among men who have 
sex with men.43 Human leukocyte antigen alleles may influence the 
degree of KSHV shedding in saliva.53 Solid-organ transplantation from 
a seropositive donor to a seronegative recipient has also been shown 
to transmit KSHV.54 Vertical transmission from mother to infant can 
occur but appears to be rare.55 Transmission by blood transfusion can 
also occur, and the risk is greatest in regions of high KSHV seropreva-
lence. Whether or not the blood supply should be screened in the 
United States, where the seroprevalence is low, remains controversial. 

packaging the DNA into capsids. The viral genome is linear, with ter-
minal repeats on each end when packaged in viral capsids. In addition 
to genes involved in virus replication, some genes expressed during 
lytic infection are involved in immune evasion, preventing the host 
from properly responding to and targeting the infected cells.24-26

Latent KSHV infection sharply contrasts with lytic infection.22,23,27 
Latent infection predominates over lytic infection in KSHV-infected 
tumors and cell lines, with only a small fraction of infected cells under-
going lytic infection. In latently infected cells, the viral genome circu-
larizes by fusing at its terminal repeat ends and persists as a 
multiple-copy (ranging in number from 10 to 50 copies) extrachromo-
somal episome (plasmid) within the nucleus. Only approximately five 
KSHV genes are expressed during latent infection. Rather than causing 
cell death, these genes encourage cell survival. Because promotion of 
cell survival is also a prominent feature of malignancy, it is not surpris-
ing that KSHV is associated with certain tumors.28

Genes expressed in latent infection have important roles in tumori-
genesis.29-33 To persist in latent infection in proliferating cells such as 
tumor cells, KSHV episomes must replicate and efficiently segregate to 
progeny nuclei. The viral latency-associated nuclear antigen (LANA, 
or ORF73) gene acts on a specific sequence in the virus terminal repeat 
DNA to mediate KSHV DNA replication and to tether episomes  
to chromosomes during mitosis to ensure efficient segregation to 
daughter cells. LANA also exerts effects on transcriptional regulation 
and cell growth. Viral cyclin D (ORF72) is a homologue of cell cyclin 
D and stimulates the G1-to-S transition of the cell cycle. The viral 
cyclin D is resistant to the multiple inhibitors that normally inhibit  
cell cyclin D, resulting in unchecked cell growth. The KSHV viral 
FADD-like interleukin-1β–converting enzyme (FLICE)-inhibitory 
protein (vFLIP, or K13) activates nuclear factor kappa B (NF-κB) and 
inhibits apoptosis (or cell suicide), thereby preventing the cell from 
eliminating itself once it “knows” it is infected. Notably, LANA, the 
viral cyclin, and vFLIP are consistently expressed in all latently infected 
cells from a single promoter. The kaposin locus encodes overlapping 
ORFs, and this transcript and its protein products are induced in lytic 
infection. Kaposin A (K12) has been reported to exert transforming 
effects, and kaposin B acts to increase the expression of cytokines. 
Perhaps the most important function of the kaposin transcript is the 
expression of viral micro-RNAs (miRNAs). These miRNAs are cur-
rently being elucidated and include an orthologue of miR-155, which 
affects B-cell differentiation, and other miRNAs that target inhibitors 
of NF-κB, and of a cell cyclin-dependent kinase, thereby promoting 
NF-κB activity and cell cycle progression. Latency-associated mem-
brane protein (LAMP, or K15) interacts with growth control proteins. 
LANA2 (vIRF3) is expressed in B cells, not in KS tissue, and inhibits 
apoptosis.

Although only a small percentage (≈1%) of cells within tumors 
undergo lytic infection, these cells may also have an important role in 
tumorigenesis. For instance, in lytic infection, a G protein–coupled 
receptor homologue (ORF74) that is constitutively active and has para-
crine effects is expressed.34 Therefore, although the cell with lytic infec-
tion will die, it can produce factors that have growth effects on nearby 
cells. In fact, transgenic mice expressing this viral protein have KS-like 
lesions.35,36

Cell culture and transformation models for KSHV remain limited. 
Primary bone marrow endothelial cells can be infected and trans-
formed, but only approximately 5% of the cells are infected, with  
paracrine effects stimulating growth in the other cells.37 Primary rat 
mesenchymal precursor cells are efficiently transformed by KSHV and 
should prove to be a useful tool to assess KSHV transforming function, 
although harvesting these cells requires specialized expertise.38 Because 
of a lack of a cell line permissive for KSHV lytic replication, the main-
stay of KSHV production is from cell lines derived from KSHV primary 
effusion lymphomas. The vast majority of cells in these lines are latently 
infected, but lytic infection (and virions) can be induced by several 
methods, such as incubation with phorbol esters. However, this method 
produces relatively low titers of virus. The most tractable models so far 
used to study the effects of KSHV virus infection are in dermal micro-
vascular cells.23 KSHV induces phenotypic changes in these cells, such 
as spindle formation, but does not immortalize or fully transform 
them.
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Kaposi’s Sarcoma
KS typically involves the skin and manifests as lesions that enlarge from 
patches to plaques to nodules.63,64 The lesions often begin as violaceous 
and later evolve into a brown color because of hemosiderin deposition 
(Fig. 143-1). KS lesions are composed of vascular spaces, extravasated 
erythrocytes, and several different types of cells (Fig. 143-2). These 
include the malignant spindle cells and infiltrating mononuclear cells, 
such as hemosiderin-laden macrophages. The highly vascular nature 
of KS gives it its purple color. In the nodular stage, nearly all spindle 
cells are KSHV infected (see Fig. 143-2).

Four variants of KS occur that differ epidemiologically and clini-
cally.9,23,65,66 The occurrence of KS largely reflects the seroprevalence of 
the population, with KS more common in areas with high KSHV 
seropositivity. Classic KS occurs in elderly men of Mediterranean or 
eastern European descent, predominantly involves the skin of the 
lower extremities, and is indolent. Endemic KS occurs in certain sub-
Saharan African countries. At least two forms of endemic KS occurred 
before the HIV epidemic. In adults, cutaneous KS occurred in an 
approximately 20 : 1 ratio of men to women; it clinically resembled 
classic KS in adults. However, in children younger than 10 years, KS 
caused an aggressive, multifocal, lymphadenopathic form, often 
without cutaneous lesions, that was frequently fatal.63,64,67 Epidemic KS, 
which refers to KS in HIV-infected individuals, tends to be aggressive, 
commonly involving the skin, gastrointestinal tract, and respiratory 
tract. KS in the lung often has lesions present in the bronchial mucosa 
but may be associated with a variety of radiographic manifestations, 
including nodules, adenopathy, and pleural effusions. In constrast to 
the lesions of classic KS, lesions in epidemic KS commonly involve the 
face (often the nose), genitalia, and oral cavity (palatal and gingival), 
in addition to the lower extremities.68 This form is most common in 
the United States, where it predominantly affects men who have sex 
with men. However, KS largely occurs in heterosexual HIV-infected 
individuals in Africa. Since the start of the HIV epidemic in Africa, 
the ratio of men to women with KS has dropped 10-fold to approxi-
mately 2 : 1. The number of childhood cases of KS has also significantly 

However, there is currently no U.S. Food and Drug Administration–
approved diagnostic test for KSHV infection, limiting potential strate-
gies to screen blood products for KSHV infection.56-58

CLINICAL MANIFESTATIONS
Primary Infection
A primary infection syndrome for KSHV has not been clearly described, 
and most infections are probably asymptomatic or unrecognized. In a 
prospective Egyptian study, 86 children aged 1 to 4 years and present-
ing to the emergency department with fever of unclear origin were 
evaluated for KSHV infection. Six of the children likely had primary 
KSHV infection because they were seronegative but had KSHV DNA 
detected in saliva. In 3 of these subjects, follow-up serology was 
obtained, and all three seroconverted to KSHV. All but 1 of the 6 had 
a maculopapular rash that began on the face and gradually spread 
downward over the trunk and extremities. Five of the 6 also had associ-
ated upper respiratory tract symptoms. Fever persisted for a median of 
10 days.59 Primary KSHV infection was associated with mild symptoms 
of diarrhea, fatigue, localized rash (ankle and face), and lymphade-
nopathy (cervical and submental) in four of five HIV-negative men.60 
A 43-year-old HIV-infected man developed fever, arthralgia, cervical 
lymphadenopathy, and splenomegaly 5 weeks after KSHV seroconver-
sion, and his illness spontaneously resolved within 10 weeks. Biopsies 
showed angiolymphoid hyperplasia and foci of KS. Neither lesions nor 
clinical symptoms had recurred after 8 years of follow-up (on active 
antiretroviral therapy [ART]).61 Four months after transplantation, two 
renal allograft recipients developed primary KSHV infection from the 
same KSHV-positive donor. One recipient developed disseminated KS 
and the other a syndrome of fever, splenomegaly, cytopenia, and 
marrow failure with plasmacytosis. KSHV infection of immature pro-
genitor cells from the aplastic bone marrow was noted for the patient 
with marrow failure.62 Although these data are very limited, it appears 
that primary infection in immunocompetent hosts is self-limited, 
whereas primary infection in immunosuppressed hosts can be severe 
and have significant consequences.

FIGURE 143-1  Kaposi’s sarcoma (KS) of the foot (A) and leg (B) in two human immunodeficiency virus–positive patients. Lesions are highly 
vascular and often occur on the lower extremities. Newer KS lesions are typically violaceous (A) and evolve to a brownish color (B) over time because 
of hemosiderin deposition. Labels are present as part of a clinical treatment trial. (Courtesy Bruce Dezube, MD.)
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limited by the relatively low levels of KSHV viremia.81 In contrast, the 
levels of KSHV viremia are significantly higher in multicentric Castle-
man’s disease.

An interesting report of primary immunodeficiency leading to 
severe, fatal KS in a 2-year old child implicated the stromal interaction 
molecule 1 (STIM1), which was found to be mutated in this patient. 
STIM1 is an endoplasmic reticulum membrane protein, which regu-
lates calcium stores in the cell, and this patient lacked expression of 
STIM1 protein. Other than the severe KS, the patient did not have a 
history of severe infections.83 STIM1 deficiency was also reported to 
lead to immunodeficiency and infections, including with the herpes-
viruses cytomegalovirus and varicella-zoster virus in another report.84

Treatment of KS in HIV infection is palliative and not cura-
tive.64,68,74,76 Depending on the severity of disease, treatment options 
may include observation, topical therapy, or systemic therapy. Local 
therapy may include chemotherapeutic agents, laser treatment, cryo-
therapy, and irradiation. Systemic therapy is reserved for more  
severe disease and includes liposomal anthracyclines, paclitaxel, and 
vinorelbine.

Primary Effusion Lymphoma
PEL was first described in 1989 in HIV-infected patients.85 It occurs in 
the potential body spaces of the pleural, pericardial, and peritoneal 
cavities.9,86 Lymphoma cells (Fig. 143-3) grow in suspension with little 
or no contiguous solid mass component. Cells contain clonal immu-
noglobulin gene arrangements, indicating a B-cell origin, despite 
lacking most typical B-cell antigens. The malignant cells are infected 
with KSHV, and Epstein-Barr virus often coinfects the cells. PEL is 
rare, accounting for approximately 3% of AIDS-related lymphomas 
and only an estimated 0.4% of non–AIDS-associated large cell non-
Hodgkin’s lymphoma.87 The prognosis is poor, with death often occur-
ring within months of diagnosis. Patients with PEL tend to have higher 
levels of KSHV viremia than those with KS but lower levels than those 
with multicentric Castleman’s disease.81,88 A rare solid tumor variant of 
PEL that does not occur in potential body cavities has also been 
described in HIV-infected patients.89

Multicentric Castleman’s Disease
Castleman’s disease is a rare lymphoproliferative disorder first described 
in 195690 that occurs in two forms. Localized Castleman’s disease 
(hyaline vascular variant) is not associated with KSHV and has an 
indolent clinical course. Multicentric Castleman’s disease (plasma cell 

increased in Africa with the AIDS epidemic.69,70 For instance, in 
Zambia in the early 1980s, KS accounted for 0% to 2% of childhood 
malignancies, but by 1992 it accounted for approximately 25% of child-
hood malignancies.70-72 Iatrogenic KS occurs in individuals who are 
immunosuppressed, such as from organ transplantation, and tends to 
be aggressive. Kidney allograft recipients appear to be at higher risk 
for developing KS compared with other transplant recipients.73 KS 
regressed in renal transplant patients with KS who were switched from 
cyclosporine to rapamycin (sirolimus) immunosuppression. Therefore, 
rapamycin (or one of its analogues) immunosuppression should be 
considered in transplant recipients with KS.74,75 Of interest, reduction 
of immune suppression can lead to KS remission, highlighting the 
critical role of immune response in this infection. Similarly, epidemic 
KS often responds to boosting of the immune response with ART.64,76 
The incidence of KS in HIV infection has decreased significantly in 
developed countries since the introduction of ART, but the standard-
ized incidence rate remains highest for KS compared with other 
cancers in HIV infection.77,78

Although KS can often be recognized by a trained observer, the 
diagnosis is easily confirmed by biopsy.64,68 Early stages of KS can be 
more difficult to recognize. The differential diagnosis of KS includes 
bacillary angiomatosis, which is caused by Bartonella species. Skin 
lesions of bacillary angiomatosis are very vascular and may mimic 
those of KS.64

The measurement of KSHV viral loads has been performed on 
peripheral blood of patients with KS. Viral loads are performed by PCR 
assay of viral DNA either in plasma or in peripheral blood mononu-
clear cells (PBMCs), and studies vary as to which blood component is 
used. One study showed that detection of KSHV DNA in PBMCs of 
HIV-infected individuals without KS predicted the development of KS 
lesions.79 Plasma KSHV DNA levels were greater in more advanced KS 
disease compared with less advanced disease; they were also greater  
in AIDS KS compared with classic KS.80,81 KSHV levels were higher in 
PBMCs in patients with active KS compared with those with KS in 
remission,81 and KSHV levels in buffy coat cells were higher in those 
patients with higher rates of eruptions of KS lesions.82 A study compar-
ing plasma and PBMC KSHV load in patients with KS found that there 
was generally a linear relationship between the two,80 although there 
was significant variation in the correlation for many individuals. 
Despite the detection of KSHV in the blood of KS patients and appar-
ent correlation with KSHV load and disease activity, the clinical use of 
viral loads for monitoring KS activity or as a guide for therapy is 

FIGURE 143-2  Kaposi’s sarcoma involving a lymph node. A, A spindle cell proliferation (white arrows) containing poorly formed vascular spaces 
with entrapped red blood cells (black arrows). Areas of uninvolved lymph node (LN) are seen at the top (hematoxylin and eosin). B, Immunohistochemical 
detection of Kaposi’s sarcoma–associated herpesvirus (KSHV) latency-associated nuclear antigen (brown) in the nuclei of many spindle cells indicates KSHV 
infection (×200). (Courtesy Dan Jones, MD, PhD.)
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Of interest, KSHV viral loads in peripheral blood are relatively high 
in multicentric Castleman’s disease (ranging up to 4 or 5 logarithms). 
High KSHV levels can be found in both PBMCs and plasma.88 Fur-
thermore, the presence of symptoms or active disease has been associ-
ated with higher levels of KSHV in PBMCs compared with the absence 
of symptoms or when disease is in remission.81,100 For this reason, 
KSHV viral loads may be useful for monitoring activity of disease 
during treatment of patients with multicentric Castleman’s disease.81 It 
is unclear why there are higher levels of KSHV DNA in multicentric 
Castleman’s disease compared with KS. It is possible that there may be 
increased levels of lytic replication occurring in patients with multi-
centric Castleman’s disease,81,101 but this question remains open.

Other Syndromes
A number of syndromes have been linked to KSHV infection but are 
either disputed in the literature or have not been confirmed. These 
include the skin diseases pemphigus and bullous pemphigoid, sarcoid, 
Kikuchi’s disease, multiple myeloma, hemophagocytic syndrome, and 
primary pulmonary hypertension.9,102 An intriguing link between 
KSHV and ketosis-prone diabetes has been observed.103

THERAPY AND PREVENTION
Several agents have activity against KSHV lytic replication, but none 
have established roles in KSHV-associated diseases. Ganciclovir, fos-
carnet, cidofovir, and adefovir, but not acyclovir, inhibit KSHV lytic 
replication.104-107 A likely reason for a lack of efficacy of these agents in 
KSHV-associated diseases is that they target lytic, rather than latent, 
replication of KSHV. The vast majority of KSHV-infected cells in KS, 
PEL, and multicentric Castleman’s disease are latently, not lytically, 
infected. Development of agents that target latent infection would 
therefore likely result in a major advance in treatment of KSHV-
associated diseases.

Lytic KSHV infection has a role in the biology and transmission of 
KSHV. Of note, a study investigating cytomegalovirus retinitis in AIDS 
showed that ganciclovir reduced the incidence of KS.108 Also, a ran-
domized study showed that oral valganciclovir reduced oropharyngeal 
KSHV shedding,109 indicating that interference with lytic infection 
might reduce rates of KSHV transmission. However, although valgan-
ciclovir was well tolerated in this study, the adverse effects of ganciclo-
vir or valganciclovir would mitigate against either being used widely 
for the prevention of KSHV transmission or disease. The best preven-
tion of KSHV-associated disease would be a vaccine to prevent infec-
tion or the development of malignancy, but to date, no vaccine has 
been developed.

variant), first described in 1978,91 is associated with KSHV and has a 
much more aggressive clinical course, frequently resulting in death. 
Multicentric Castleman’s disease is often associated with fever, hepato-
splenomegaly, and generalized lymphadenopathy. Complications 
include infection (often a cause of death) and the development of either 
a plasmablastic lymphoma or KS.92,93 KSHV is almost always linked to 
multicentric Castleman’s disease in HIV-infected individuals, and 
KSHV infection is linked to approximately 50% of cases in individuals 
without HIV infection.94,95 Interleukin-6 (IL-6), which induces B-cell 
differentiation, is expressed at high levels in the germinal centers of 
affected lymph nodes and may be responsible for the high numbers of 
plasma cells present (Fig. 143-4A). Of interest, KSHV encodes a homo-
logue of IL-6 that is expressed in lytic infection and may have a role in 
disease.96,97 KSHV-infected plasmablasts are typically seen in the 
mantle zone of affected lymph nodes (Fig. 143-4B).98 Although the 
optimal therapy for multicentric Castleman’s disease is not clearly 
defined, treatment modalities include steroids and chemotherapy.93,99

FIGURE 143-3  Kaposi’s sarcoma–associated herpesvirus–infected 
primary effusion lymphoma cells from this pleural effusion have 
plasmacytoid features and deeply basophilic cytoplasm. Red blood 
cells  are  interspersed  among  the  lymphoma  cells  (Wright-Giemsa  stain, 
×1000.) (Courtesy Dan Jones, MD, PhD.)

FIGURE 143-4  Multicentric Castleman’s disease in a lymph node of a human immunodeficiency virus–negative patient. A, Regressed ger-
minal center (GC) has atypical plasmablasts (arrows) concentrated in the follicle mantle zone (MZ) (hematoxylin and eosin, ×600). B, Immunohistochemical 
detection of Kaposi’s sarcoma–associated herpesvirus  (KSHV)  latency-associated nuclear antigen  (brown)  in  the nuclei of plasmablasts  indicates KSHV-
infected cells (×400). (Courtesy Dan Jones, MD, PhD.)
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Herpes B virus (cercopithecine herpesvirus 1, herpesvirus simiae) 
causes a disease in macaque monkeys that is similar to that seen with 
herpes simplex virus (HSV) type 1 in humans; however, infection of 
immunocompetent humans with herpes B virus can result in a fatal 
encephalitis. Persons who are scratched, bitten, or have splashes to 
mucosal surfaces with material from macaque monkeys should be 
evaluated for possible herpes B virus infection, and when appropriate, 
they should receive postexposure prophylaxis or treatment.

HISTORY
Herpes B virus was first described in 19331 in a researcher who died 
after being bitten by a macaque. Sabin and Wright2 isolated the virus 
and named it B virus after the patient’s last name. About 50 cases of 
herpes B virus in humans have been reported in the literature, with 26 
well-documented cases.3

DESCRIPTION OF THE VIRUS
Herpes B virus is an alphaherpesvirus, in the same subfamily as HSV. 
The complete sequence of herpes B virus4 shows that it is closely related 
to HSV with a conserved genomic structure, and the viral glycopro-
teins show about 50% amino acid identity between the two viruses.

EPIDEMIOLOGY
Herpes B virus is endemic in Old World macaques, and most macaques 
in captivity (unless separated from their parents at birth and reared 
apart from other animals) should be considered as possibly infected. 
Most macaques are infected during adolescence, and nearly 100% of 
adult (≥2.5 years old) macaques bred in captivity or in the wild are 
infected.5 The virus naturally infects all types of Old World macaques, 
including rhesus macaques (Macaca mulatta), cynomolgus monkeys 
(Macaca fascicularis), and pigtailed macaques (Macaca nemestrina). 
The virus has also been isolated from bonnet, Japanese, stumptail, and 
other macaques, but no other Old or New World monkeys are naturally 

infected.6 Herpes B virus has also been detected in free-ranging 
monkeys in Bali and other sites in Southeast Asia.7

Humans are inadvertent hosts. Humans have been infected by bites 
and scratches from macaques. Other exposures that have transmitted 
the virus are a needlestick injury from a needle that was exposed to 
tissue around the eye of a macaque or a needle that was thought to be 
used to inject monkeys, contamination of wounds with macaque saliva, 
lacerations from bottles containing macaque cell cultures, scratches 
from cages, exposure to monkey nervous tissue at autopsy, and possible 
aerosol exposures.3 One case was reported caused by a splash to the 
eye from material from a caged macaque.8 A single case of human-to-
human transmission of herpes B virus was reported in a woman who 
became infected after applying hydrocortisone cream to her contact 
dermatitis lesions and her husband’s herpes B virus skin lesions.9 
Herpes B virus was reported in a primate worker who had not cared 
for primates for more than 10 years. The disease was presumed to be 
due to reactivation of the virus from latency in the worker10; however, 
this case is considered controversial, and the patient may have had an 
unrecognized exposure to herpes B virus more recently. All cases of 
herpes B virus, except for the patient with mucosal splash, have been 
due to percutaneous exposure. Although a large number of animal 
bites and scratches occur each year, cases of herpes B virus are rare; 
nonetheless, the potential for fatalities requires that each of these expo-
sures be evaluated.

PATHOGENESIS
Animals are infected through the mucosa or skin from oral or genital 
secretions of other animals. Herpes B virus rarely causes disease in 
macaques, although oral lesions can occur (Fig. 144-1). The virus is 
latent in the sensory ganglia of the animals and can reactivate with 
shedding. Sites of shedding include the genital tract and oral and con-
junctival mucosa. On a given day, about 2% of herpes B virus–
seropositive healthy adult monkeys shed virus.11 Shedding is more 
common in animals that are ill, immunocompromised, stressed, or 
breeding. Like herpes simplex virus in humans, latently infected 
macaques shed virus intermittently and often in the absence of lesions. 

Definition
•	 Herpes	B	virus	is	a	macaque	virus	that	can	

cause	fatal	encephalitis	in	humans.

Epidemiology
•	 Herpes	B	virus	naturally	infects	Old	World	

macaques,	including	rhesus	and	pig-tailed	
macaques	and	cynomolgus	monkeys.

•	 Humans	are	infected	with	herpes	B	virus	after	
bites,	scratches,	needlesticks,	or	mucosal	
splashes	with	fluids	from	Old	World	macaques.

Microbiology
•	 Herpes	B	virus	is	an	alphaherpesvirus	and	is	

the	homolog	of	herpes	simplex	virus	in	
macaques.

Diagnosis
•	 A	positive	polymerase	chain	reaction	(PCR)	or	

culture	for	herpes	B	virus	in	skin	lesions,	

conjunctival	swabs,	or	cerebrospinal	fluid	in	
the	presence	of	symptoms	is	diagnostic	for	
herpes	B	virus	infection.

•	 A	positive	PCR	or	culture	for	herpes	B	virus	of	
wounds	or	mucosa	shortly	after	injury	
indicates	exposure	to	the	virus	but	not	
necessarily	infection.

•	 Human	specimens	for	PCR,	culture,	or	antibody	
testing	should	be	sent	to	the	National	B	Virus	
Resource	Center	in	Atlanta,	Georgia	(www2.
gsu.edu/~wwwvir/index.html).

Therapy
•	 Persons	with	signs	or	symptoms	of	B	virus,	or	

positive	cultures	or	PCR	(other	than	wound	or	
postcleansing	PCR	or	culture)	and	exposure	to	
Old	World	macaques	should	be	treated.

•	 Intravenous	acyclovir	(12.5	to	15	mg/kg	q8h)	
or	ganciclovir	(5	mg/kg	q12h)	is	recommended	

for	persons	without	central	nervous	system	
diseases	(CNS)	disease.

•	 Intravenous	ganciclovir	(5	mg/kg	q12h)	is	
recommended	for	persons	with	CNS	disease.

•	 Treatment	is	continued	until	symptoms	resolve	
and	two	cultures	over	a	2-week	period	are	
negative;	oral	valacyclovir	or	acyclovir	are	often	
given	after	intravenous	therapy	is	discontinued	
to	prevent	reactivation	of	latent	virus.

Prevention
•	 First	aid,	with	thorough	cleansing	of	wounds	

or	exposed	mucosa,	is	important	after	injuries	
or	mucosal	splashes	with	macaque	fluids.

•	 Persons	who	have	high	risk	of	exposure	to	B	
virus	(see	Table	144-1)	should	receive	
postexposure	prophylaxis	within	5	days	of	
exposure	with	valacyclovir,	1	g	tid,	or	acyclovir,	
800	mg	5	times	daily	for	14	days.

SHORT VIEW SUMMARY

*All material in this chapter is in the public domain, with the exception of any borrowed 
figures or tables.
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recommend testing serum, except to confirm a diagnosis in persons 
with symptoms compatible with herpes B virus disease. Positive serol-
ogies are confirmed using competition enzyme-linked immunosor-
bent assay or Western blotting.14

Cultures of the wound or exposed mucosa should be obtained only 
after cleansing is performed so as not to delay first aid or removal of 
virus from the site. Some authorities feel that cultures are not especially 
helpful because decisions must be made regarding postexposure pro-
phylaxis before the results return. Any patient who has a positive 
culture for herpes B virus needs subsequent follow-up cultures to be 
certain that they are not shedding virus.

A polymerase chain reaction (PCR) assay for herpes B virus DNA 
can be performed on lesion swabs,16 spinal fluid,17 and other sites; a 
positive PCR in the setting of symptoms consistent with herpes B virus 
is considered diagnostic of infection.

Some authorities recommend testing the primate, with which the 
patient was in contact, for herpes B virus by culture or serologic test. 
However, the monkeys can be in the process of seroconverting at the 
time of the exposure, and a positive serologic test in a monkey does 
not indicate that it is actively shedding virus. Culture, serology, and 
PCR testing of humans and primates in the United States is performed 
by the National B Virus Resource Center in Atlanta, Georgia; the virus 
should be isolated only in a BSL-3 laboratory. Their website (www.gsu 
.edu/~wwwvir/index.html) offers useful information on collecting and 
shipping specimens. Similar assays are performed in the United 
Kingdom by the Health Protection Agency at the Center for Infections 
(www.hpa.org.uk/srmtests/) at the Virus Reference Department in 
London (phone: 020-8327-6017).

POSTEXPOSURE EVALUATION 
AND PROPHYLAXIS
First aid, with prompt, thorough irrigation of wounds and exposed 
mucosal tissues is essential to reduce the likelihood of infection. 
Mucous membranes should be flushed with saline and wounds irri-
gated with detergent (e.g., chlorhexidine or povidone-iodine) for 15 
minutes.3 A health care professional should evaluate the inoculation 
site and thoroughness of cleansing, document the type of exposure 
(including whether it involved a macaque), consider obtaining baseline 
serum samples, consider culturing the wound, educate the patient 
regarding signs and symptoms of herpes B virus, identify a local 
medical consultant if the need arises, and consider postexposure pro-
phylaxis. The medical history of the monkey should be evaluated, 
including whether it is ill or immunocompromised or has lesions com-
patible with herpes B virus infection. All these factors increase the risk 
that the animal is actively shedding herpes B virus.

Postexposure prophylaxis with oral acyclovir or ganciclovir has 
been shown to be effective in a rabbit model of herpes B virus infec-
tion18,19 but has not formally been shown to be effective in humans. 
Nonetheless, although postexposure prophylaxis with antiviral therapy 
has been recommended only since 1995,6 no cases of herpes B virus 
have been reported to date in persons receiving postexposure prophy-
laxis within 3 days of exposure.3

A working group convened in 2002 by the Centers for Disease 
Control and Prevention prepared a series of recommendations for 
postexposure prophylaxis of herpes B virus.3 Certain types of exposure 
to macaques were considered to impart a much higher risk of herpes 
B virus infection in humans. These include inadequately cleansed 
wounds, deep puncture wounds (which are difficult to clean), bites to 
the head and face (in which virus can quickly travel to the CNS), 
exposures involving materials known or highly likely to be infected 
with herpes B virus, and exposures involving ill or immunocompro-
mised macaques or those with lesions consistent with herpes B virus 
disease. Recommendations concerning which patients should receive 
postexposure prophylaxis are described in Table 144-1. Postexposure 
prophylaxis is given as early as possible and within 5 days of the expo-
sure because animals given antiviral medication have benefited as  
late as 5 days after inoculation.18,19 Postexposure prophylaxis is not 
a substitute for prompt and thorough cleansing of the infected site. 
Most authorities recommend either valacyclovir, 1 g three times daily, 
or acyclovir, 800 mg five times daily for 14 days, although these medi-
cations are not approved for this use by the U.S. Food and Drug 

Peripheral blood of macaques has been reported to contain herpes B 
virus in animals that are ill12; and viremia rarely, if ever, occurs in 
healthy macaques.13

Humans are infected from monkey oral, genital, or ocular secre-
tions or monkey nervous system tissues, with a usual incubation 
period of 5 days to 3 weeks (range, 2 days to 5 weeks). The virus rep-
licates at the site of infection and then ascends the peripheral nervous 
system in retrograde fashion before advancing to the central nervous 
system (CNS). Antibody to HSV does not protect humans from herpes 
B virus infection.

CLINICAL MANIFESTATIONS
Asymptomatic infection (i.e., seropositivity without disease) of human 
primate workers with herpes B virus, including most of those who had 
histories of bites and scratches, has not been detected.14,15 Most human 
infections have been reported from animals without any symptoms. 
Infection of humans with herpes B virus can initially manifest in three 
different forms. First, patients may present with nonspecific flu-like 
symptoms, including fever, chills, myalgias, and malaise, before pre-
senting with CNS symptoms. Second, patients may present with symp-
toms at the site of herpes B virus inoculation, which can include 
itching, tingling, numbness, or pain. Some patients have a vesicular 
rash at the inoculation site and may have lymphadenopathy in the 
draining lymph nodes. Third, patients may present directly with 
peripheral or CNS symptoms. Patients with the first two presentations 
may develop weakness or paresthesias involving the nerve at the site 
of infection before developing CNS symptoms. These symptoms 
include headache, nuchal rigidity, nausea, vomiting, confusion, dys-
phagia, dysarthria, ataxia, urinary retention, and cranial nerve palsies. 
The disease progresses from the upper spinal cord to the brainstem and 
then results in a global encephalitis manifested by seizures, ascending 
paralysis, hemiplegia, coma, and respiratory failure. Additional symp-
toms can include sinusitis, conjunctivitis, hiccups, and abdominal 
pain. The mortality rate in untreated humans is estimated at 70%6 and 
is considerably lower in persons treated at an early stage of the disease.

LABORATORY DIAGNOSIS AFTER 
EXPOSURE
Some authorities recommend obtaining baseline serum at the time of 
exposure to simultaneously test it with serum obtained about 3 to 6 
weeks later to document seroconversion or a fourfold rise in titer. 
Persons receiving acyclovir may have delayed seroconversion; serum 
might be obtained from patients receiving postexposure prophylaxis  
3 to 6 weeks after the exposure and at 12 weeks. Because asymptom-
atic infection has never been reported, other authorities do not 

FIGURE  144-1  Macaque with a lesion on the upper lip due to 
herpes B virus infection.  (Courtesy J. Hilliard, Georgia State University, 
Atlanta, GA.)

http://www.gsu.edu/~wwwvir/index.html
http://www.gsu.edu/~wwwvir/index.html
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PCR assaying for herpes B virus has been reported using primers 
for glycoprotein G (gG), which differs from gG in HSV-1 and HSV-2.21 
A real-time PCR assay was as specific, but twice as sensitive, as culture 
to detect herpes B virus in human and monkey specimens.

THERAPY
Intravenous treatment rather than oral prophylaxis should be initiated 
in any patient with signs or symptoms of herpes B virus, or a positive 
culture or PCR (not including a postcleansing culture or PCR from the 
wound), if the patient has had a documented exposure to a macaque. 
In the absence of CNS symptoms, either acyclovir, 12.5 to 15 mg/kg 
intravenously every 8 hours, or ganciclovir, 5 mg/kg intravenously 
every 12 hours, is recommended until symptoms resolve and two cul-
tures over a 2-week period are negative for herpes B virus.3 Because in 
vitro studies and animal models show that herpes B virus is more sensi-
tive to ganciclovir than acyclovir,19,22 most experts recommend ganci-
clovir for patients with CNS symptoms. If herpes B virus can establish 
latency and reactivate in humans, then discontinuation of antiviral 
therapy could allow reactivation to occur. Therefore, many authorities 
recommend that persons who survive herpes B virus infection be 
maintained on oral acyclovir or valacyclovir, initially at doses used for 
postexposure prophylaxis and later at suppressive doses, for a pro-
longed time after intravenous therapy is stopped.3,6 Repeated cultures 
for herpes B virus are often recommended after intravenous therapy 
has been changed to oral therapy to confirm that herpes B virus shed-
ding is not occurring, or when antiviral therapy is discontinued.

Before antiviral therapy was available, about 80% of persons with 
herpes B virus infection died; with antiviral therapy, it is estimated that 
80% of patients survive.23 Although there have been relatively few cases 
of documented herpes B virus infection treated in the era of antiviral 
therapy, five patients with laboratory-confirmed infection with herpes 
B virus (some of whom had CNS symptoms) who were treated with 
intravenous acyclovir or ganciclovir had their symptoms resolve within 
2 to 3 weeks of therapy.9,15,24,25 As with HSV encephalitis, therapy for 
herpes B virus encephalitis is likely to be more effective when given 
earlier.

PREVENTION
Prevention of herpes B virus requires strict precautions when working 
with nonhuman primates. In view of a fatal case of herpes B virus 
occurring in a woman who received a splash to her eyes, primate 
workers exposed to macaques should wear goggles or glasses with side 
shields and a mask, or a chin-length face shield and a mask, to prevent 
infection of the eyes and oral mucosa.3 Although only a single case of 
person-to-person transmission of herpes B virus has been reported,9 
persons infected with the virus can shed infectious virus for more than 
1 week, even while receiving intravenous acyclovir3; therefore, body 
fluids should be considered potentially infectious. Oral and genital 
secretions from persons who have been exposed to herpes B virus, 
when it is not yet known whether they are infected, should be consid-
ered potentially infectious to others. If the incubation period for herpes 
B virus (generally 5 weeks in untreated persons) has passed and the 
person is asymptomatic and/or serologies are persistently negative  
(at least 12 weeks after exposure in patients given antiviral prophy-
laxis), then the likelihood of infection and virus transmission is 
exceedingly low.

It is essential that persons exposed to macaques be educated regard-
ing the importance of first aid and the need for rapid cleansing of 
wounds or mucosal exposures, the need to see health care personnel 
regarding evaluation for postexposure prophylaxis, and the signs and 
symptoms of herpes B virus disease so that early therapy can be 
initiated.

Administration. High doses of the oral drugs are used because the dose 
needed to inhibit virus replication by 50% (IC50) for herpes B virus is 
18 µg/mL,19 which is about 10 times higher than that for herpes 
simplex virus. Valacyclovir is the drug of choice because of the higher 
serum levels of acyclovir achieved with valacyclovir than with oral 
acyclovir. If symptoms compatible with herpes B virus disease occur 
while patients are receiving postexposure prophylaxis, treatment for 
herpes B virus should be started; thus, it is important to follow up 
patients with a potential herpes B virus exposure whether or not they 
receive postexposure prophylaxis.

DIAGNOSIS OF HERPES B VIRUS 
DISEASE
A physical examination of the lesion site (looking for vesicles) and a 
complete neurologic examination should be performed in persons 
with herpes B virus disease. Cultures of conjunctiva, oropharynx, and 
the exposure site are recommended, along with obtaining serum for 
herpes B virus serologic testing. A magnetic resonance image (MRI) 
of the brain should be performed, and cerebrospinal fluid should be 
sent for a PCR assay.6,17,20,21 Electroencephalography may help differen-
tiate herpes B virus, which initiates with upper spinal cord and brain-
stem involvement and results in a diffuse encephalitis, from HSV 
encephalitis, which usually involves one of the temporal lobes. Somato-
sensory evoked potentials can help identify early lesions in the brain 
or spinal cord.

TABLE 144-1  Recommendations for 
Postexposure Prophylaxis for Persons Exposed  
to Herpes B Virus

Prophylaxis Recommended
Skin exposure* (with loss of skin integrity) or mucosal exposure (with or without 

injury) to a high-risk source (e.g., a macaque that is ill, immunocompromised, 
or known to be shedding virus or that has lesions compatible with herpes B 
virus disease)

Inadequately cleaned skin exposure (with loss of skin integrity) or mucosal 
exposure (with or without injury)

Laceration of the head, neck, or torso

Deep puncture bite

Needlestick associated with tissue or fluid from the nervous system, lesions 
suspicious for herpes B virus, eyelids, or mucosa

Puncture or laceration after exposure to objects (a) contaminated either with 
fluid from monkey oral or genital lesions or with nervous system tissues, or 
(b) known to contain herpes B virus

A postcleansing culture is positive for herpes B virus

Prophylaxis Considered
Mucosal splash that has been adequately cleaned

Laceration (with loss of skin integrity) that has been adequately cleaned

Needlestick involving blood from an ill or immunocompromised macaque

Puncture or laceration occurring after exposure to (a) objects contaminated with 
body fluid (other than that from a lesion), or (b) potentially infected cell culture

Regimen for Prophylaxis
Valacyclovir, 1 g PO tid, or acyclovir, 800 mg PO 5 times daily × 14 days

Prophylaxis Not Recommended
Skin exposure in which the skin remains intact

Exposure associated with nonmacaque species of nonhuman primates

*Exposures include macaque bites or scratches, or contact with ocular, oral, or 
genital secretions, nervous system tissues, or materials contaminated by macaques 
(e.g., cages or equipment).

From Cohen JI, Davenport DS, Stewart JA, et al. Recommendations for 
prevention and therapy of persons exposed to B virus (Cercopithecine herpesvirus 
1). Clin Infect Dis. 2002;35:1191-1203.

References
1. Gay FP, Holden M. Isolation of herpes virus from several 

cases of epidemic encephalitis. Proc Soc Exp Biol Med. 
1933;30:1051-1053.

2. Sabin AB, Wright AM. Acute ascending myelitis following a 
monkey bite, with the isolation of a virus capable of repro-
ducing the disease. J Exp Med. 1934;59:115-136.

3. Cohen JI, Davenport DS, Stewart JA, et al. Recommenda-
tions for prevention and therapy of persons exposed to B 

virus (Cercopithecine herpesvirus 1). Clin Infect Dis. 2002;
35:1191-1203.

4. Perelygina L, Zhu L, Zurkuhlen H, et al. Complete sequence 
and comparative analysis of the genome of herpes B virus 
(Cercopithecine herpesvirus 1) from a rhesus monkey.  
J Virol. 2003;77:6167-6177.

5. Weigler BJ, Roberts JA, Hird DW, et al. A cross sectional 
survey for B virus antibody in a colony of group housed 
rhesus macaques. Lab Anim Sci. 1990;40:257-261.

6. Holmes GP, Chapman LE, Stewart JA, et al. Guidelines for 
the prevention and treatment of B-virus infections in 
exposed persons: the B-Virus Working Group. Clin Infect 
Dis. 1995;20:421-439.

7. Engel GA, Jones-Engel L, Schillaci MA, et al. Human expo-
sure to herpesvirus B-seropositive macaques, Bali, Indone-
sia. Emerg Infect Dis. 2002;8:789-795.

8. Centers for Disease Control and Prevention. Fatal Cercopi-
thecine herpesvirus 1 (B virus) infection following a 

http://www.myuptodate.com


P
a
rt

 I
II

 I
n

fe
ct

io
u

s 
D

is
ea

se
s 

an
d

 T
h

ei
r 

Et
io

lo
g

ic
 A

g
en

ts
1786

mucocutaneous exposure and interim recommendations for 
worker protection. MMWR Morb Mortal Wkly Rep. 1998;
47:1073-1076, 1083.

9. Holmes GP, Hilliard JK, Klontz KC, et al. B virus (Herpes-
virus simiae) infection in humans: epidemiologic investiga-
tion of a cluster. Ann Intern Med. 1990;112:833-839.

10. Fierer J, Bazeley P, Braude AI. Herpes B virus encephalomy-
elitis presenting as ophthalmic zoster: a possible latent infec-
tion reactivated. Ann Intern Med. 1973;79:225-228.

11. Keeble SA, Christofinis GJ, Wood W. Natural B virus infec-
tion in rhesus monkeys. J Pathol Bacteriol. 1958;76:189-199.

12. Simon MA, Daniel MD, Lee-Parritz D, et al. Disseminated 
B virus infection in a cynomolgus monkey. Lab Anim Sci. 
1993;43:545-550.

13. Keeble SA. B virus infection in monkeys. Ann N Y Acad Sci. 
1960;85:960-969.

14. Freifeld AG, Hilliard J, Southers J, et al. A controlled serop-
revalence survey of primate handlers for evidence of asymp-
tomatic herpes B virus infection. J Infect Dis. 1995;171:
1031-1034.

15. Davenport DS, Johnson DR, Holmes GP, et al. Diagnosis and 
management of human B virus (Herpesvirus simiae) infec-
tions in Michigan. Clin Infect Dis. 1994;19:33-41.

16. Scinicariello F, Eberle R, Hilliard JK. Rapid detection of B 
virus (herpesvirus simiae) DNA by polymerase chain reac-
tion. J Infect Dis. 1993;168:747-750.

17. Scinicariello F, English WJ, Hilliard JK. Identification by 
PCR of meningitis caused by herpes B virus. Lancet. 1993;
341:1660-1661.

18. Boulter EA, Thornton D, Bauer DJ, et al. Successful treat-
ment of experimental B virus (Herpesvirus simiae) infection 
with acyclovir. Br Med J. 1980;280:681-683.

19. Zwartouw HT, Humphreys CR, Collins P. Oral chemother-
apy of fatal B virus (herpesvirus simiae) infection. Antiviral 
Res. 1989;11:275-283.

20. Slomka MJ, Brown DW, Clewley JP, et al. Polymerase chain 
reaction for detection of herpesvirus simiae (B virus) in 
clinical specimens. Arch Virol. 1993;131:89-99.

21. Perelygina L, Patrusheva I, Manes N, et al. Quantitative real-
time PCR for detection of monkey B virus (Cercopithecine 

herpesvirus 1) in clinical samples. J Virol Methods. 2003;
109:245-251.

22. Krug PW, Schinazi RF, Hilliard JK. Inhibition of B virus 
(Macacine herpesvirus 1) by conventional and experimental 
antiviral compounds. Antimicrob Agents Chemother. 2010;
54:452-459.

23. Whitley RJ, Hilliard J. Cercopithecine herpes virus 1 (B 
virus). In: Knipe DM, Howley PM, et al, eds. Fields Virology. 
5th ed. Philadelphia: Lippincott Williams & Wilkins; 2007: 
2889-2903.

24. Centers for Disease Control. B virus infections in humans—
Michigan. MMWR Morb Mortal Wkly Rep. 1989;38:
453-454.

25. Artenstein AW, Hicks CB, Goodwin BS Jr, et al. Human 
infection with B virus following a needlestick injury. Rev 
Infect Dis. 1991;13:288-291.

http://www.myuptodate.com


1787

145  Adenoviruses
Elizabeth G. Rhee and Dan H. Barouch

c.  Adenoviridae

In 1953, Rowe and co-workers1 isolated a novel cytopathic agent from 
surgical human adenoid samples undergoing spontaneous degenera-
tion in tissue culture. Soon after, Hilleman and Werner2 recovered 
similar viral agents from cases of acute respiratory disease (ARD) in 
military personnel. To denote their origin, these agents were desig-
nated adenoviruses. Subsequently, links to clinical disease were estab-
lished by studies in which rising antiadenovirus antibody titers were 
detected in historic serum samples from World War II military person-
nel and from patients with ARD, exudative tonsillitis, and atypical 
pneumonia.3 In 1955, adenovirus type 8 was identified as a cause of 
epidemic keratoconjunctivitis.4

In the 20 years after the discovery of adenoviruses by Rowe and 
co-workers, more than 30 different adenovirus types were identified 
and were shown to cause several clinical syndromes, including  
upper and lower respiratory tract infections, keratoconjunctivitis,  
and infantile gastroenteritis.5 Epidemiologic studies in the 1960s 
and 1970s established that adenovirus infections are very common, 
causing 5% to 10% of all febrile illnesses in infants and young chil-
dren.6 Although clinically evident adenovirus infections are typically 
mild and self-limiting in immunocompetent patients, outbreaks of 
severe respiratory disease associated with significant morbidity and 
occasional deaths have been observed in neonates and military 
recruits7-9 and, more recently, in civilian populations.7,10 Adenoviruses 
have also emerged as serious opportunistic pathogens in immuno-
compromised patients who have undergone hematopoietic stem cell  

or solid organ transplantation.11,12 With the advent of molecular diag-
nostics and application of whole-genome sequence analysis, more  
than 60 human adenovirus types have been identified.13 Although 
several adenovirus types have not been linked to clinical disease,  
many have been shown to cause a broad range of clinical syndromes, 
including hepatitis, hemorrhagic cystitis, nephritis, myocarditis, and 
meningoencephalitis.

In 1962, adenovirus type 12 was shown to cause tumors in rodent 
cells.14 This was the first description of a human virus that could induce 
malignant tumors in animals, and certain adenoviruses became model 
systems for studying oncogenesis. However, the oncogenic potential of 
adenoviruses has not been associated with any malignancies in humans. 
Adenoviruses also provided an important model system for studying 
viral and cellular gene expression and regulation, cell cycle control, and 
DNA replication.15 Recently, intense interest has focused on using 
modified adenoviruses as vectors for gene therapy and vaccines for 
infectious diseases and cancers.

DESCRIPTION OF THE PATHOGEN
Adenoviruses are nonenveloped, lytic DNA viruses. Mature virions are 
70 to 90 nm in diameter and contain a linear 36-kb double-stranded 
DNA core complex encased in an icosahedral capsid (Fig. 145-1). The 
adenovirus capsid is composed primarily of three major capsid pro-
teins called hexon, penton, and fiber (Fig. 145-2). There are 252 sub-
units called capsomeres, including 240 hexon proteins and 12 penton 

Definition
•	 Human	adenoviruses	(HAdVs)	are	DNA	viruses	

that	can	cause	a	broad	range	of	clinical	
syndromes,	including	respiratory	tract	
infections,	ocular	disease,	gastroenteritis,	
diarrhea,	and	cystitis.

Epidemiology
•	 HAdVs	are	ubiquitous;	most	humans	have	

serologic	evidence	of	prior	infection	by	age	10	
years.

•	 Transmission	is	via	respiratory	droplets	or	
fecal-oral	transmission.	Virus	secretion	may	
persist	for	prolonged	periods	after	acute	
infection	resolves.

•	 Typically,	the	disease	is	subclinical	or	mildly	
symptomatic	and	self-limited.

•	 HAdVs	are	a	common	cause	of	febrile	illness,	
respiratory	tract	infections	(types	1	to	7),	and	
gastroenteritis	(types	2	to	5)	in	young	children;	
sporadic	pediatric	outbreaks	associated	with	
daycare	centers	and	summer	camps.

•	 Acute	respiratory	disease,	including	
pneumonia,	is	uncommon;	sporadic	outbreaks	
associated	with	military	recruits	(types	4	and	

7);	recent	outbreak	occurred	in	healthy	adults	
(type	14).

•	 Epidemic	keratoconjunctivitis	(types	8,	19,	and	
37)	has	been	linked	to	nosocomial	
transmission	by	infected	instruments.

•	 HAdV	is	an	emerging	opportunistic	pathogen	
in	immunocompromised	hosts,	primarily	
hematopoietic	stem	cell	transplant	(HSCT)	and	
solid	organ	transplant	(SOT)	recipients;	it	can	
result	in	disseminated	disease	or	target	
grafted	organ.

•	 There	is	interest	in	using	HAdV	as	vectors	for	
gene	therapy,	as	vaccines	being	studied	for	
infectious	diseases	(human	immunodeficiency	
virus	[HIV],	malaria);	and	as	immunomodulatory	
treatments	for	solid	tumors.

Microbiology
•	 HAdVs	are	nonenveloped,	lytic	DNA	viruses,	

characterized	by	serologic	responses	to	major	
capsid	proteins	and	whole-genome	analysis.

•	 HAdVs	are	classified	into	7	groups	(A	to	F);	60	
types	isolated	from	clinical	specimens	so	far.

•	 HAdVs	were	originally	isolated	from	adenoid	
tissues,	leading	to	the	virus	name.

Diagnosis
•	 Diagnosis	is	not	routinely	pursued	because	

most	infections	are	mild	and	self-limited.
•	 HAdVs	are	detected	by	routine	viral	tissue	

culture	(except	types	40	and	41)	and	can	be	
recovered	from	swabs,	samples,	and	tissues;	
immunofluorescence	assay	(IFA),	enzyme-
linked	immunosorbent	assay,	acute/
convalescent	serum	titers	can	establish	
diagnosis.

•	 Polymerase	chain	reaction	is	highly	sensitive	
and	specific	(96%	to	100%)	in	
immunocompetent	adults.

Therapy
•	 There	are	no	approved	therapies	available.
•	 Case	series	report	partial	clinical	response	but	

substantial	toxicities	to	cidofovir	in	HSCT/SOT	
patients;	anecdotal	use	of	ribavirin	and	
intravenous	immune	globulin.

Prevention
•	 Live	oral	vaccines	(type	4	and	7)	are	

administered	to	military	personnel.

SHORT VIEW SUMMARY
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the epitopes recognized by group- and type-specific antibodies are 
present on the hexon and fiber proteins. Hexon proteins contain seven 
short hypervariable regions that are located on the solvent-exposed 
surface and that represent type-specific targets of dominant neutral-
izing antibodies. Fiber proteins also contain certain type-specific anti-
genic determinants that are responsible for in vitro hemagglutination 
characteristics.17

More than 100 different adenoviruses have been isolated from ver-
tebrates, ranging from reptiles to humans. Nonhuman adenoviruses 
have not been demonstrated to cause clinical disease in humans. 
Human adenoviruses belong to the genus Mastadenovirus (encom-
passing all mammalian adenoviruses) and are further divided into 
seven subgroups (A to G) based on their hemagglutination character-
istics (Table 145-1). Further characterization into types has been deter-
mined in part by their resistance to neutralization by antibodies to 
other known adenoviruses.18 Revised criteria for typing human adeno-
viruses have been proposed to include genome sequence data and 
computational analysis in addition to traditional serologic criteria, 
reflecting recent approaches to characterizing novel adenoviruses.19,20 
Adenoviruses have also been classified by their oncogenic properties, 
including their ability to transform cells in cultures and cause tumors 
in animals, and by the percentage of guanine and cytosine in adenovi-
rus DNA; these classification schemes are outlined elsewhere.15

INTERACTIONS WITH THE HOST
Adenoviruses can cause a broad range of clinical syndromes, but it is 
not well understood why specific adenovirus types are often associated 
with particular syndromes. The portal of viral entry often appears to 
determine the primary site of disease, as seen in the spread of ARD by 
respiratory droplets or of infantile diarrhea by fecal-oral transmission, 
whereas other organ-limited diseases, such as hemorrhagic cystitis, 
likely result from a viremic phase of infection. Tissue tropism varies 
between different adenovirus groups; group C, E, and some B viruses 
typically infect the respiratory tract; group D viruses can cause ocular 
and gastrointestinal infections; and group A, F, and G viruses target 
the gastrointestinal tract. Viral tropism may be partially determined 
by differences in virus binding and host cell entry, which is typically 
initiated by binding of the fiber knob to a high-affinity receptor on the 
cell surface. Internalization of the virus particle is then mediated by 
association of the penton base with cell surface integrins.21

The primary cellular receptor for the majority of adenoviruses, 
including groups A, C, E, and F adenoviruses, is the coxsackie B virus–
adenovirus receptor (CAR), a transmembrane protein belonging to the 
immunoglobulin superfamily. CAR is a component of epithelial cell 
tight junctions and is abundantly expressed in heart, pancreas, the 
central and peripheral nervous systems, prostate, testis, lung, liver, and 
intestine.22 In contrast, several group B and group D adenoviruses bind 
the transmembrane protein CD46, which is also widely expressed.23 In 
addition, a number of other receptors, including CD80 and CD86,24 
sialic acid,25 and heparan sulfate proteoglycans,26 have been shown to 
contribute to attachment and internalization of specific adenovirus 
types into host cells. It has also been demonstrated that coagulation 
factor X mediates binding of the adenovirus type 5 hexon protein to 
hepatocytes, providing a rationale for the hepatic tropism of type 5.27

After internalization into endosomes, the virus capsid undergoes 
conformational changes and is released into the cytoplasm. The virion 

proteins that form the 20 surfaces and 12 vertices of the capsid. At each 
vertex a penton protein is located at the base, from which a fiber 
protein protrudes. The fiber protein interacts with primary cellular 
receptors and consists of a distal globular knob, a central shaft, and a 
tail that anchors the wandlike fiber to its penton base.15,16 Less well 
characterized are several minor proteins, including IIIa, VI, VIII, and 
IX, that contribute to stabilization of the capsid structure. Most of  

FIGURE 145-1  Electron micrograph of adenovirus particles. Arrows 
indicate fibers. 

FIGURE 145-2  Schematic of an adenovirus capsid. 
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TABLE 145-1  Classification of Adenoviruses

GROUP HEMAGGLUTINATION GROUPS TYPES COMMON SITES OF INFECTION
A IV (little or no agglutination) 12, 18, 31 GI tract, respiratory tract

B I (complete agglutination of monkey erythrocytes) 3, 7, 11, 14, 16, 21, 34, 35, 50, 55 Respiratory tract, genitourinary tract

C III (partial agglutination of rat erythrocytes) 1, 2, 5, 6, 57 Respiratory tract, liver

D II (complete agglutination of rat erythrocytes) 8-10, 13, 15, 17, 19, 20, 22-30, 32, 33, 36-39, 42-49, 
51, 53, 54, 56, 58-60

Eye, GI tract

E III 4 Respiratory tract

F III 40, 41 GI tract

G III 52 GI tract

GI, gastrointestinal.
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transmission through cervical secretions have been documented in 
neonates.8,38 Infections can also be spread by contact with contami-
nated fomites because adenoviruses can survive for extended periods 
on environmental surfaces. In one study, an isolate responsible for 
epidemic keratoconjunctivitis (EKC) remained viable for 35 days on 
an inanimate surface.39 Nosocomially acquired adenovirus infections 
have been documented in outbreaks of keratoconjunctivitis40 and 
respiratory disease41 on hospital wards.

CLINICAL SYNDROMES
Most adenovirus infections are self-limiting, although fatal infections 
can occur in immunocompromised hosts, neonates, and, occasionally, 
healthy children and adults. Severe disease is also associated with 
certain adenoviruses, including types 5, 7, 14, and 21. A broad spectrum 
of clinical adenovirus-associated disease exists, presumably as a result 
of the diverse types and tissue tropisms of adenoviruses (Table 145-2).

Respiratory Tract Disease
In children, adenoviruses cause approximately 5% of upper respiratory 
tract infections and 10% of pneumonias.42 Most commonly, upper 
respiratory tract disease presents as mild pharyngitis or tracheitis 
accompanied by coryza. The common types that cause these syndromes 
are adenovirus 1, 2, 5, and 6, and occasionally 3 and 7. Other systemic 
manifestations, including fever, malaise, headache, myalgia, and 
abdominal pain, are common.43,44,45 Exudative tonsillitis and cervical 
adenopathy may be present and can be clinically indistinguishable from 
group A streptococcal infection.43 In children younger than 1 year, otitis 
media can also be a common presentation.44,45 Adenoviruses have also 
been associated with a pertussis-like syndrome in cases in which the 
bacteria were never cultured.46,47 Several adenovirus types, including 1 
to 5, 7, 14, and 21, can cause pneumonia in children and may occasion-
ally result in sequelae such as bronchiectasis. Certain subgroup B 
adenoviruses (3, 7, 14, and 21) have been associated with severe and 
complicated pneumonias, particularly in infants. In retrospective 

is then transported by microtubules to the nucleopore, where the ade-
novirus genome is transferred into the nucleus. Activation of viral 
transcription leads to expression of early proteins that result in deregu-
lation of the cell cycle and modulation of host antiviral immune 
responses. These early regulatory proteins are under the control of 
early region 1A (E1A) genes, which in turn control expression from 
other early genes (E1B, E2, E3, and E4). The E3 genes encode several 
proteins that modulate host immune responses, including inhibition 
of major histocompatibility complex class I expression and antigen 
presentation and downregulation of Fas, tumor necrosis factor (TNF), 
and TNF-related apoptosis-inducing ligand (TRAIL) receptors that 
lead to inhibition of apoptosis. Within several hours of infection, viral 
DNA synthesis is initiated, followed by production of viral structural 
proteins encoded by late genes. New virions are assembled in the 
nucleus of infected cells and are released by cell lysis.15

There is evidence that adenovirus can persist as a latent infection 
for years after an acute initial infection. Intermittent fecal excretion of 
group C adenoviruses has been demonstrated to persist for months 
after an initial acute respiratory infection.6,28,29 Persistent adenovirus 
secretion into tears has been documented up to 10 years after conjunc-
tivitis.30 T lymphocytes in tonsils and adenoids are the most likely 
potential reservoirs of adenovirus because they have been demon-
strated to harbor adenovirus DNA for several years in the absence of 
infectious particles.31 Although latency has been well described, the 
mechanisms for this phase of infection are not established.

EPIDEMIOLOGY
Adenovirus infections are ubiquitous. Most individuals have serologic 
evidence of prior adenovirus infection by age 10 years, often having 
experienced infection by several adenovirus types during early child-
hood.5 Approximately 50% of all adenovirus infections result in sub-
clinical disease, and most symptomatic infections are mild and 
self-resolving.28 Therefore, the majority of adenovirus infections 
remain undocumented, and epidemiologic data are derived from 
several surveillance studies and investigations of sporadic outbreaks. 
Epidemiologic studies conducted in the United States in the 1960s and 
1970s demonstrated that 5% to 10% of all febrile illnesses in infants 
and young children are attributable to adenovirus infections, typically 
involving the respiratory tract and commonly caused by types 1, 2, 3, 
and 5.6,28 According to a survey from the United Kingdom, 61% of 
documented adenovirus infections were present in children younger 
than 5 years.32 Although types that cause respiratory illness may be 
transmitted through aerosolized droplets, prolonged secretion after 
acute infection occurs through the gastrointestinal tract such that 
fecal-oral transmission may account for a substantial number of infec-
tions in young children.28 Sporadic outbreaks of pediatric infections 
have been documented in daycare centers, summer camps, and public 
swimming pools.33

In contrast, acute adenovirus infections are less common in immu-
nocompetent adults, with the notable exception of military recruits. In 
this population, several epidemics of ARD caused by adenoviruses 
have been well documented and have led to significant morbidity.34 
Initial studies in military personnel demonstrated that these epidemics 
were most commonly caused by adenovirus types 4 and 7, leading to 
the development of a live oral vaccine that was administered to the 
military until 1999.35 After discontinuation of this vaccine, outbreaks 
of adenovirus-related respiratory infections reemerged.9 In subsequent 
studies of military personnel, investigators have demonstrated that 
types 3, 4, and 21 are the most common adenovirus infections10 and 
that several group B adenoviruses, including types 3, 7, 14, and 21, have 
caused ARD outbreaks.10,36,37

Severe or fatal adenovirus infections in immunocompetent adults 
are rare, but in 2006 and 2007, several clusters of severe ARD were 
caused by a virulent strain of adenovirus type 14 that affected military 
personnel, infants, and immunocompetent adults. The majority of  
hospitalized patients in these outbreaks were admitted to the intensive 
care unit, and several patients died, including previously healthy young 
adults.7,36

Transmission of adenovirus infections typically occurs through 
respiratory droplets or the fecal-oral route from individuals with acute 
infection or asymptomatic viral shedding postinfection. Rare cases of 

TABLE 145-2  Clinical Diseases Caused by 
Adenovirus Infection

CLINICAL DISEASE
POPULATIONS AT 
RISK

CAUSAL 
ADENOVIRUS 
TYPES

Pharyngitis Infants, children 1-7

Pharyngoconjunctival 
fever

Children 3, 7

Pertussis-like syndrome Children 5

Pneumonia Infants, children 1-3, 21, 56

Military recruits 4, 7, 14

Acute respiratory disease Military recruits 3, 4, 7, 14, 21, 55

Conjunctivitis Children 1-4, 7

Epidemic 
keratoconjunctivitis

Adults, children 8, 11, 19, 37, 53, 54

Gastroenteritis Infants 31, 40, 41

Children 2, 3, 5

Intussusception Children 1, 2, 4, 5

Hemorrhagic cystitis Children 7, 11, 21

HSCT recipients, renal 
transplant recipients

34, 35

Meningoencephalitis Children, 
immunocompromised 
hosts

2, 6, 7, 12, 32

Hepatitis Pediatric liver transplant 
recipients

1-3, 5, 7

Nephritis Renal transplant recipients 11, 34, 35

Myocarditis Children 7, 21

Urethritis Adults 2, 19, 37

Disseminated disease Neonates, 
immunocompromised 
hosts

1, 2, 5, 11, 31, 34, 
35, 40

HSCT, hematopoietic stem cell transplant.
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lasting 3 days on average, without fever or hemodynamic instability. 
Microscopic hematuria and dysuria may persist for several more days, 
but tests for renal function remain normal. Boys are two to three times 
more commonly affected than girls. In Japan, several case series of 
hemorrhagic cystitis have attributed up to 70% of infections to adeno-
virus. In the United States, only 20% of hemorrhagic cystitis cases can 
be linked to acute adenovirus infection. Adenovirus types 11 and 21 
are most commonly isolated, although adenovirus type 7 has also been 
detected.65,66

Adenovirus types 11, 34, and 35 have caused cases of hemorrhagic 
cystitis and tubulointerstitial nephritis, reported in renal transplant 
and stem cell transplant recipients either as isolated syndromes or as 
part of disseminated disease. In immunocompetent adult males, rare 
cases of nongonococcal urethritis have been associated with adenovi-
rus types 19 and 37.67,68

Central Nervous System Disease
Adenoviruses have been associated with sporadic cases of meningitis 
and meningoencephalitis, either as a primary manifestation or as a 
complication of systemic or respiratory infection. In rare cases, adeno-
virus has been cultured only from cerebrospinal fluid (CSF) in immu-
nocompetent patients69 and patients undergoing chemotherapy for 
lymphoma.70 More commonly, meningoencephalitis has been reported 
as a complication of severe pneumonia, seen primarily with type 7 
infection, although also reported with types 1, 6, and 12.51 Spinal fluid 
cell counts and chemistries are variable in these cases.

Other Clinical Syndromes
Myocarditis caused by adenovirus has been described in several case 
series of acute myocarditis in children, based on detection of virus in 
myocardial tissue by PCR.71,72 In one large study that included neonates 
and adults, adenovirus PCR of cardiac tissue was positive in 23% of 
patients with myocarditis, 12% of patients with dilated cardiomyopa-
thy, and in none of the control patients, suggesting that adenovirus may 
be a common cause of myocarditis.72

Rare cases of myositis associated with rhabdomyolysis,73 arthritis,74 
and pancreatitis75 caused by adenovirus have been reported. Dissemi-
nated adenoviral disease has been best described in pediatric and 
immunocompromised patients, particularly in neonates, infants, and 
stem cell transplant recipients. Several adenoviruses, including types 
3, 7, 21, and 30, have been isolated in these cases.76,77

INFECTIONS IN 
IMMUNOCOMPROMISED 
PATIENTS
Adenoviruses have emerged as important opportunistic pathogens in 
immunocompromised hosts. Infections can range from asymptomatic 
shedding of virus to disseminated and potentially life-threatening 
disease. The majority of clinically significant adenovirus infections 
occur in hematopoietic stem cell transplant (HSCT) and solid organ 
transplant (SOT) recipients. The incidence of adenovirus infections in 
these populations has increased in the past 20 years because of improve-
ments in diagnostic methods, more aggressive conditioning regimens, 
and the institution of surveillance for adenoviral infection by PCR at 
some centers.11,12 These populations are also more likely to have coin-
fection with more than one adenovirus type.10

Hematopoietic Stem Cell Transplant 
Recipients
The rates of adenovirus disease in HSCT recipients are difficult to 
assess because of variations in diagnostics and study inclusion criteria, 
but mortality rates with adenovirus disease in this population are sig-
nificant, ranging from 6% to 70% in different case series.11 In a study 
of 1050 HSCT recipients, 4.8% of patients were found to shed adeno-
virus asymptomatically, and 0.9% had invasive disease.78 Pediatric 
HSCT recipients have a threefold higher risk of adenovirus infections 
and are more likely to have severe disease.79,80 The increased risk of 
clinical disease in children is likely due to an increased risk of acquiring 
primary infection, although reactivation of latent infection or reactiva-
tion of infection in the transplanted cells may also occur. In addition 
to younger age, other risk factors for infection include unrelated donor, 

studies from South America, adenovirus type 7 infection resulted in 
substantial mortality rates in infants with pneumonia,48,49 and in an 
outbreak of adenovirus type 30 infections in neonatal patients in the 
United States, pneumonia was associated with increased mortality.50

Several outbreaks of ARD have been documented in military 
recruits, most commonly caused by adenovirus types 4, 7, 14, and 21. 
The clinical syndrome is characterized by fever, sore throat, cough, 
hoarseness, and rhinorrhea and may progress to involve the lower 
respiratory tract. Symptoms usually last 3 to 5 days, and on examina-
tion, pharyngitis, râles, and rhonchi may be present. On chest radio-
graphs, bilateral patchy ground-glass opacities are consistent with  
the appearance of viral pneumonia. Rare extrapulmonary complica-
tions have been reported, including meningoencephalitis, hepatitis, 
myocarditis, nephritis, neutropenia, and disseminated intravascular 
coagulopathy.51,52

Ocular Disease
Pharyngoconjunctival fever is a common syndrome consisting of 
benign follicular conjunctivitis, fever, pharyngitis, and cervical adeni-
tis, commonly caused by adenovirus types 3 and 7. Palpebral and 
bulbar conjunctivitis may be the sole finding and is typically bilateral. 
It is a common sporadic illness in children and has also been associated 
with outbreaks in children’s summer camps, swimming pools, and 
lakes. The illness is usually mild and self-limited.53

In contrast, EKC is a more serious illness. Patients present with 
unilateral or bilateral follicular conjunctivitis, followed by corneal sub-
epithelial infiltrates that are painful and can cause blurry vision. Prom-
inent preauricular lymphadenopathy is common. The incubation 
period typically lasts 8 to 10 days, and virus can be isolated for up to 
9 days after the onset of symptoms.54 Adenovirus types 8, 19, 37, 53, 
and 54 have all been documented to cause outbreaks. Although usually 
self-limited, EKC can take up to 1 month to resolve and is associated 
with significant patient morbidity. Corneal opacities may persist for 
several months to years after infection.55,56 EKC is highly contagious, 
and outbreaks have been documented in schools, military bases, and 
hospital wards. Transmission by instruments, eye drops, and skin has 
been documented in ophthalmic practices.39,57

Gastrointestinal Tract Disease
The detection of adenovirus isolates from the stool of patients with and 
without clinical disease confounded initial attempts to attribute diar-
rheal illnesses to adenoviruses. Subclinical infections, confirmed by 
positive stool cultures and antibody responses, appeared to account for 
the majority of infections. Furthermore, positive stool cultures without 
gastrointestinal symptoms were often observed for weeks to months 
after respiratory adenoviral disease. Subsequently, the identification of 
“noncultivatable” adenoviruses on electron microscopy examination of 
symptomatic patients’ stools led to the discovery of enteric adenovirus 
types 40 and 41, which have been closely associated with infantile diar-
rhea. These viruses can be detected readily by polymerase chain reac-
tion (PCR) and antigen detection assays, and they can be grown in 
special cell lines. Acute infantile gastroenteritis results in a watery diar-
rhea that lasts 8 to 12 days on average, accompanied by fever and 
vomiting.58,59 In young children, approximately 2% to 5% of acute diar-
rheal illnesses are caused by adenoviruses 40 and 41.60 Although cases 
are generally acquired in the community, nosocomial infections have 
been reported as well. In addition to adenovirus types 40 and 41, types 
2, 3, 8, and 31 have been associated with infantile diarrhea in some 
reports.61 Isolation of adenoviruses from outbreaks of gastroenteritis 
in adult patients has also been documented, including the initial report 
of type 52.62

Lower-type adenoviruses (1, 2, 5, and 6), but not adenoviruses 40 or 
41, are associated with mesenteric adenitis, which can clinically mimic 
appendicitis and have been shown on occasion to cause intussuscep-
tion. In these cases, adenoviruses have been isolated from stool cultures 
and lymph nodes. In several studies of children with intussusception, 
evidence of adenovirus infection ranged from 22% to 61%.63,64

Genitourinary Tract Disease
In children, adenoviruses can cause acute hemorrhagic cystitis, which 
is a benign, self-limited illness. Patients present with gross hematuria 
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DIAGNOSIS
Because most adenovirus infections in immunocompetent patients are 
mild and self-limited, diagnosis is not routinely pursued. However, 
establishing a diagnosis may be useful in the setting of outbreaks or 
for individuals who are immunosuppressed or seriously ill. Traditional 
methods of determining adenovirus infection include viral culture, 
antigen-specific assays, and serologies. Detection by PCR has become 
widespread because of greater sensitivity and specificity and also rapid 
turnaround.

With the exception of types 40 and 41, adenoviruses are detectable 
by routine tissue culture. They grow well in human epithelial cell lines, 
producing a typical cytopathic effect within 2 to 7 days, although some 
group D types can take up to 4 weeks to isolate. Viruses may be recov-
ered from nasopharyngeal swabs or aspirates, throat swabs, conjunc-
tival swabs or scrapings, stool or rectal swabs, urine, CSF, and tissue. 
Viral excretion is detectable in the first 1 to 3 days in patients with 
pharyngitis, 3 to 5 days in patients with pharyngoconjunctival fever, 
and up to 2 weeks in patients with keratoconjunctivitis.99 If culture is 
not available, direct antigen detection provides rapid diagnosis. The 
immunofluorescence assay (IFA) is useful for respiratory samples and 
tissue, and enzyme-linked immunosorbent assay is the test of choice 
to detect adenoviruses 40 and 41 in stool.100 The sensitivity of virus 
detection by IFA of respiratory samples is 40% to 60% lower compared 
with culture.101 Adenovirus infection may also be established by detect-
ing a fourfold or greater rise in adenovirus-specific antibody titers in 
paired acute and convalescent sera. Detection of adenoviral DNA by 
PCR has become increasingly attractive for diagnosis, typing of adeno-
virus, and quantification of virus from a variety of clinical specimens, 
including fixed tissues, serum, and blood. Primers may be directed 
against conserved hexon or fiber genes, but more specific typing can 
be done by a multiplex PCR format, followed by sequencing to detect 
and identify multiple adenovirus types.102,103 Real-time PCR has also 
permitted quantification of virus, which is sometimes used in monitor-
ing viral loads in peripheral blood samples from immunocompro-
mised patients, particularly pediatric HSCT patients. The specificity of 
PCR in asymptomatic, immunocompetent adults is high, ranging from 
96% to 100% in studies of urine, throat swabs, and peripheral blood.11,104

Typing of viral isolates is not routine but can be determined in a 
reference virology laboratory. Traditionally, typing has been deter-
mined by hemagglutination patterns and serum neutralization assays 
against a panel of type-specific sera. Recently, whole-genome sequenc-
ing and phylogenetic analyses of adenoviruses have shown that serum 
neutralization may be misleading, because neutralization is primarily 
directed against small portions of viral capsid proteins. In 2011, new 
criteria for characterizing and typing novel human adenoviruses were 
proposed and include analysis of the complete genome sequence, with 
continued use of serum neutralization as an additional criteria.19

When obtained, tissue should be sent for culture and pathologic 
examination. Histopathologic findings in the lung include diffuse 
interstitial pneumonitis, necrotizing bronchitis, bronchiolitis, and 
pneumonia with mononuclear cell infiltration and hyaline membrane 
formation.105 Early postinfection, infected cells may display small 
eosinophilic inclusions. During late infection, basophilic intranuclear 
inclusions surrounded by a thin, clear halo emerge and eventually 
enlarge to obscure the nuclear membrane. This produces “smudge 
cells,” which are characteristic of adenovirus infections (Fig. 145-3). In 
contrast to cytomegalovirus, there are no intracytoplasmic inclusions 
or multinucleated giant cells. Further study by electron microscopy, 
adenovirus-specific immunohistochemical assays, and in situ DNA 
hybridization can be performed to make the diagnosis.

THERAPY
There are currently no approved antiviral agents for the treatment of 
adenovirus infections. Clearance of adenovirus infection in HSCT and 
SOT patients is typically associated with immune reconstitution, par-
ticularly with improved absolute lymphocyte counts and CD4 T-cell 
counts.106,107 There are no prospective, controlled trials of antiviral 
drugs for adenovirus infections, and thus clinical experience is limited 
to retrospective case series and case reports, primarily in immunosup-
pressed patients. Cidofovir has good in vitro activity against adenovi-
rus and has been reported to be useful in certain animal models of 

graft-versus-host disease, T-cell depletion of the graft, cord transplants, 
aggressive immunosuppression, total body irradiation, and low 
T-lymphocyte counts after transplantation.81 Adenovirus is usually 
detected within the first 100 days post-transplant, with a mean of day 
58 and ranging up to day 333 in one study.82 The presence of adenovi-
rus DNA in blood, a greater degree of immunosuppression, lympho-
cytopenia, and a rising viral load all increase the risk for serious 
adenovirus-related clinical disease.83 In the pediatric HSCT popu-
lation, the most common adenoviral disease is diarrhea or gastro-
enteritis.84 Cases of pneumonia, hemorrhagic cystitis, pneumonitis, 
tubulointerstitial nephritis, hepatitis, cholangiohepatitis, encephalitis, 
and disseminated disease have been reported as well.11 Hemorrhagic 
cystitis can be severe and prolonged, leading to urethral obstruction 
by blood clots and occasionally requiring cystectomy for control.

Surveillance of blood samples by adenovirus PCR to assess risk of 
infection has become a common practice in some pediatric and adult 
HSCT centers.85,86 This practice is based on studies that have shown 
that adenovirus can be detected in blood 2 or 3 weeks before the 
development of clinical symptoms.85 Studies have also shown that 
increasing viral load measurements have been associated with increased 
mortality once clinical disease is established. However, the potential 
use of preemptive therapy in these situations is unclear.87,88,89

Solid Organ Transplant Recipients
In SOT recipients, the transplanted organ is typically the primary site 
of disease. Clinical adenovirus disease may be due to a primary infec-
tion or reactivation of latent virus in the transplanted organ because 
infections are more common in children and in patients with donor-
positive/recipient-negative adenovirus status. Severe disease, which 
may include dissemination, is more common in the pediatric trans-
plant population, particularly liver and lung recipients, and in patients 
who receive antilymphocyte antibodies.11 In adults, adenovirus infec-
tion may be less severe. In one prospective study that included adult 
liver, heart, and kidney recipients, viremia was documented by PCR in 
7% of cases, and more than half of the patients remained asymptomatic 
and were able to clear the infection spontaneously.90

Adenovirus hepatitis has been well described in pediatric liver 
transplant recipients. In a case series, rates of hepatitis ranged from 3% 
to 10% and frequently led to graft loss and death, with mortality rates 
up to 53%.82 Most commonly, hepatitis is caused by adenovirus type 5, 
but cases caused by adenovirus types 1 and 2 have also been docu-
mented. Lung transplant recipients may develop adenovirus pneumo-
nia in the early post-transplant period. One study of adults and children 
documented a 1.3% prevalence in this population, and subsequent 
graft failure, death, or bronchiolitis obliterans has been reported.91,92 
Renal transplant recipients can develop acute hemorrhagic cystitis, 
sometimes complicated by tubulointerstitial nephritis. Adenovirus 
types 11, 34, and 35 have been detected in these cases. In general, 
adenovirus infections are less common and less serious in renal trans-
plant recipients, although cases of pneumonia and rare cases of fatal 
disseminated infections have been reported.90,93 Adenovirus infections 
involving the grafted organ have also been reported in cardiac trans-
plant and small bowel transplant recipients.11

HIV/AIDS Patients
Most observations regarding adenovirus infections in human  
immunodeficiency virus (HIV)–positive patients were made before  
the availability of highly active antiretroviral therapy. In these studies, 
the risk of adenovirus infection was 28% in patients with acquired 
immunodeficiency syndrome (AIDS) and 17% in patients with CD4 
counts greater than 200 cells/µL.94 Although adenovirus can be isolated 
frequently from the stool and urine of patients with AIDS, no causative 
link with diarrhea, hematuria, or other clinical syndromes has been 
established. Several novel adenovirus types have been detected in 
specimens from AIDS patients, including many from group D in stool 
(types 43-51, 58) and respiratory secretions (type 59).13,95 If symptoms 
are present, they are usually attributed to other opportunistic infec-
tions. Rare cases of fatal hepatic necrosis, fatal pneumonia, encephali-
tis, nephritis, and systemic infection caused by adenoviruses have been 
reported, but adenovirus infections in AIDS patients are an uncom-
mon cause of morbidity or mortality.96-98
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in subclinical infection and good neutralizing antibody responses. The 
sole manufacturer discontinued vaccine production in 1996, and vac-
cination stopped in 1999 when the supply was exhausted. Subsequently, 
ARD recurred in military recruits at rates similar to those of the pre-
vaccination era, with several outbreaks affecting up to 80% of recruits, 
resulting in hospitalization rates ranging from 11% to 20% and produc-
ing occasional fatalities.37,122 After a decade of development, the vaccine 
was restored to use in the military in 2011, and rates of adenovirus 
type 4 disease have fallen significantly.123

ADENOVIRUSES AS VECTORS FOR 
GENE THERAPY AND 
VACCINATION
There has been intense investigation during the past 2 decades into  
the capacity of adenoviruses to serve as a vector platform for delivery 
of genes for both gene therapy and vaccination. Typically, adenovi-
ruses are rendered replication incompetent by deletion of the E1 gene, 
which allows the insertion of a transgene expression cassette that 
encodes a gene of interest. Scores of human clinical trials using adeno-
virus vectors have been conducted, and others are currently in prog-
ress or are planned. Adenovirus vectors have been well studied and 
have several advantages over other available vectors, including their 
ability to be produced at high titers, to infect several cell types, includ-
ing both dividing and nondividing cells, and to accommodate gene 
inserts stably.

Applications for gene therapy have primarily focused on delivery 
of a functional gene to replace a dysfunctional or absent gene product 
for diseases such as cystic fibrosis, ornithine transcarbamylase defi-
ciency, hemophilia, and bilirubin uridine diphosphate glucuronosyl 
transferase deficiency. Although promising in several animal models, 
early human gene therapy studies have proven disappointing because 
of inefficient gene delivery.124 Initial studies also demonstrated that 
adenovirus vectors at high doses elicit early innate immune responses, 
including production of proinflammatory cytokines that can lead to 
systemic toxicity and resulted in the death of a volunteer in a clinical 
trial.125,126 Vector-specific immune responses also develop rapidly and 
limit the utility of repeat vector administration. Several strategies to 
minimize vector-specific immunity have been developed, including 
using different human adenovirus types, nonhuman adenoviruses, and 
structurally modified adenoviruses to create novel vectors.

Adenovirus vectors are also being developed as vaccines for both 
infectious diseases and cancer, primarily because of their ability to 
elicit robust cellular immune responses against encoded transgenes. 
These vectors contain genes encoding pathogen-specific antigens and 
elicit robust CD8+ T-lymphocyte responses. Adenovirus vector–based 
vaccine candidates are currently being explored for a variety of infec-
tious diseases, including malaria, herpes simplex virus, tuberculosis, 
and HIV-1,127 although two phase IIB efficacy studies using an adeno-
virus type 5 vector for HIV-1 have failed (see Chapter 132). Clinical 
trials for adenovirus vectors are also being conducted in the tumor 
vaccine field. Strategies include directly delivering genes that control 
cell growth, apoptosis, and angiogenesis, or genes that express cyto-
kines to induce antitumor responses. Another approach has been to 
modify adenovirus vectors to replicate and induce lysis in tumor cells 
but not normal cells. Adenovirus vectors using these novel strategies 
have advanced into clinical development for treatment of various 
solid tumors, but have yet to demonstrate clinical efficacy.128

ocular adenovirus infections.108 However, a large, multicenter trial to 
evaluate the potential efficacy of topical cidofovir for EKC was discon-
tinued because of toxicity.109 In several case series and case reports 
involving pediatric and adult HSCT recipients, with a variety of clinical 
adenovirus syndromes, treatment with cidofovir appeared to be associ-
ated with clinical improvement in a subset of patients, although fatali-
ties still occurred and significant nephrotoxicity was noted.80,110,111,112 
Moreover, it was not clear if the clinical improvement in these indi-
viduals was due to the drug. Studies are currently evaluating an oral 
liposomal formulation of cidofovir (CMX001) for severe adenovirus 
infection. Ribavirin use has been reported in several cases of adenovi-
rus infection in HSCT recipients, but results in case series have been 
mixed113,114 and may be explained in part by the observation that in 
vitro activity of ribavirin appears restricted to group C types.115 Vida-
rabine and ganciclovir are reported to possess in vitro activity against 
adenovirus, but there are scant clinical data for these agents.116 In some 
centers, preemptive therapy has been proposed to treat patients who 
are at risk for adenovirus infection. In a study of 58 pediatric HSCT 
recipients in which patients were prospectively screened weekly for 
evidence of infection and then treated with cidofovir, symptoms and 
viremia resolved in the majority of recipients.110 It is clear that larger 
prospective studies are needed to determine if any of these antiviral 
agents have clinical efficacy and whether their use is warranted in 
particular clinical settings.

Immunotherapy by adoptive T-cell therapy is being pursued by 
some groups but remains an investigative approach. One group 
reported the induction of effective T-cell responses after infusion of 
adenovirus-specific donor CD4 and CD8 T cells into pediatric HSCT 
patients.117,118,119 Intravenous immune globulin has also been used in 
immunocompromised patients with mixed results.112,120,121

PREVENTION
Because of the morbidity seen with respiratory adenovirus infections 
in military recruits, successful live oral vaccines for types 4 and 7 were 
developed and administered in the military starting in 1971. The 
vaccine was packaged in enteric capsules that ensured that replication 
would occur in the gastrointestinal tract and not the airways, resulting 

FIGURE 145-3  Lung biopsy specimen from a patient with adeno-
virus pneumonia showing a characteristic “smudge cell” (hema-
toxylin and eosin stain, ×400).  (Courtesy Franz C. Lichtenberg, MD, 
Department of Pathology, Brigham and Women’s Hospital, Boston, MA.)
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Papillomaviruses have been detected in a variety of higher vertebrates. 
Human papillomaviruses (HPVs) are widespread throughout the popu-
lation, produce epithelial tumors of the skin and mucous membranes, 
and have been closely associated with genital tract malignant diseases. 
HPVs are strictly species specific, and cross-species infections do not 
occur even in experimental conditions. The infectious nature of human 
warts was initially seen in the late 19th century when human wart 
extracts were shown to produce warts with injection into humans. 
Ciuffo1 suggested that the infectious agent of warts was a virus, after 
he was able to transmit the infection through cell-free filtrates in 1907. 
Despite these early observations, HPVs have not been studied with 
standard virologic techniques because they have not been propagated 
successfully in tissue culture or in standard laboratory animals. For  
this reason, much of our knowledge of the biology of HPVs and the 
diseases with which they are associated has depended on the use of 
molecular biologic techniques and, more recently, of organotypic cul-
tures and complex animal models. These techniques have led to an 
understanding of the genomic organization of these viruses, the func-
tions of different viral genes, and the multiplicity of HPV types. 
Detailed reviews of these subjects are available.2,3-6

VIROLOGY
Papillomaviruses constitute the Papillomavirus genus of the Papilloma-
viridae family. They are nonenveloped viruses that are 55 nm in diam-
eter and have an icosahedral capsid composed of 72 capsomeres that 
enclose a double-stranded circular DNA genome. Virion particles 
contain at least two capsid proteins. The major capsid protein consti-
tutes 80% of the virion by weight and has a molecular weight of about 
56,000 daltons. The minor capsid protein has a molecular weight of 
approximately 76,000 daltons.

The HPV genome consists of approximately 7900 base pairs. All 
putative coding sequences (open reading frames [ORFs]) are arranged 
on one DNA strand, and all papillomaviruses share the same genomic 
organization.6-13 Specific protein products are derived from these 
ORFs. However, analyses of viral messenger RNA (mRNA) transcripts 
suggest that most viral proteins derive from splicing of more than one 
ORF-specific mRNA. The genome is divided functionally into three 
regions. A noncoding upstream regulatory region contributes to the 
control of DNA replication and transcription of eight to nine ORFs 
that are divided into early (E1 to E7) and late (L1 and L2) regions.6-13 
E1 is involved in viral plasmid replication.10-12 The E2 product is an 

Definition
•	 Human	papillomavirus	(HPV)	infects	the	

squamous	stratified	epithelia	of	the	body	and	
causes	tumors	that	can	be	benign	(warts,	
condylomas,	papillomas)	or	malignant	
(squamous	cell	carcinomas,	uterine	cervical	
adenocarcinoma).

•	 They	cause	two	main	groups	of	diseases:	(1)	
cutaneous	(hand,	foot,	flat)	warts	and	(2)	
lesions	of	the	mucosal	or	genital	surfaces,	
such	as	genital	warts,	laryngeal	papillomas,	as	
well	as	cancers	of	the	cervix,	vagina,	vulva,	
anus,	penis,	and	oropharynx,	and	their	
respective	precursor	lesions,	called	
intraepithelial	neoplasias	(dysplasias).

Epidemiology
•	 Cutaneous	warts	are	predominantly	a	disease	

of	school-aged	children.	They	are	acquired	
from	close	contacts,	predominantly	in	the	
family	environment.

•	 Genital	(or	mucosal)	HPV	infections	are	mostly	
sexually	transmitted,	and	their	incidence	peaks	
in	late	adolescence	and	early	adulthood.

•	 Most	of	the	sexually	active	population	will	
have	been	exposed	to	genital	HPV	in	a	lifetime.

•	 Genital	HPV	infections	in	males	and	females	
are	easily	acquired,	but	most	also	disappear	
quickly.	Persistence	is	a	risk	factor	for	the	
development	of	cancer.

Microbiology
•	 HPVs	are	small,	nonenveloped	DNA	viruses,	

classified	according	to	the	nucleotide	sequence	
of	the	gene	coding	for	the	major	capsid	
protein.	These	viruses	are	not	routinely	
cultivatable.

•	 At	least	184	types	have	been	identified,	but	
only	a	small	number	carry	the	bulk	of	the	
health	burden.

•	 HPV	types	1,	2,	and	4	are	the	most	common	
types	found	in	cutaneous	warts.

•	 HPV	types	6	and	11	account	for	most	genital	
warts.

•	 HPV	types	16	and	18	cause	the	great	majority	
of	cancers	of	the	anogenital	tract	and	
oropharynx	and	are	defined	as	high-risk	
oncogenic.

•	 The	more	severe	the	grade	of	intraepithelial	
neoplasia,	the	more	prevalent	are	high-risk	
oncogenic	HPVs	in	the	lesion.

Diagnosis
•	 The	diagnosis	of	cutaneous	warts	and	of	

genital	warts	is	typically	clinical.	A	biopsy	is	
indicated	when	the	diagnosis	is	in	doubt	or	a	
malignancy	or	its	precursor	is	a	consideration.

•	 For	the	screening	of	cervical	cancer,	cytology	
(Pap	smear)	is	the	primary	diagnostic	approach.

•	 HPV	DNA	testing	supplements	screening	
cytology.

Therapy
•	 Many	therapeutic	modalities	exist	for	the	

treatment	of	HPV-induced	lesions,	none	of	
them	fully	satisfactory.	They	can	be	divided	
into	medical	and	physical	approaches.

•	 The	chemical	methods	include	salicylic	acid	
solutions	for	cutaneous	warts	or	podofilox	or	
imiquimod	for	genital	warts.

•	 The	physical	methods	include	cryotherapy,	
cold-blade	excision,	electrosurgery,	and	laser	
therapy,	and	they	can	be	applied	to	most	
lesions.

Prevention
•	 Male	condoms	have	some	effectiveness	in	

protecting	against	genital	infections.
•	 Pap	smears	are	essential	for	the	prevention	of	

cervical	cancer.
•	 Vaccination	is	very	effective	and	safe	in	

preventing	genital	warts	as	well	as	
intraepithelial	neoplasias	of	the	cervix,		
vagina,	vulva,	and	the	anus	in	males	and	
females.

•	 Two	highly	effective	vaccines	are	available.	
Gardasil	is	quadrivalent	and	protects	against	
HPV-6,	HPV-11,	HPV-16,	and	HPV-18;	Cervarix	
is	bivalent,	and	it	only	covers	HPV-16	and	
HPV-18.	The	vaccines	are	given	intramuscularly	
in	three	doses.
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important modulator of viral transcription and also plays a role in viral 
replication.10-12 E4 proteins form filamentous cytoplasmic networks 
and share the same cellular distribution as cytokeratin intermediate 
filaments, with which they may interact.2,3,12 The E5 protein is located 
in the cellular membrane and prevents the acidification of endo-
somes.12 It stimulates the transforming activity of the epidermal growth 
factor receptor and contributes to the oncogenicity of HPV.3,9,11-13 The 
gene products of E6 and E7 of oncogenic HPV types have major trans-
forming properties through the binding of various cellular factors and 
key tumor suppressor proteins.1-3,7,9,11-13 The E6 protein binds to the p53 
tumor suppressor gene product and abrogates its activity by accelerat-
ing its degradation. The E7 protein also binds to a tumor suppressor 
gene product, the retinoblastoma protein, and to related proteins, thus 
inhibiting their functions. Both E6 and E7 proteins can impede apop-
tosis. The L1 and L2 ORFs encode the major and minor capsid pro-
teins, respectively.1-3,7,13

Although the genomes of several papillomaviruses can transform 
certain cell lines in tissue culture, only recently have both replication 
and propagation of HPV been possible in vitro, with use of organotypic 
culture systems.8,14 In addition, HPV types 6, 11, 16, 40, and 59 have 
been propagated successfully in human skin grafted in the athymic 
(nude) mouse or the mouse with severe combined immunodeficiency 
(SCID).15 HPV-infected grafts recovered from these animals can main-
tain viral particle production in vitro.

Virions of most HPV types cannot be purified from naturally 
occurring lesions in significant quantities, and well-characterized type-
specific antigens have not been available until recently.16 Therefore, 
types are determined according to the degree of nucleic acid sequence 
homology rather than with serologic techniques. Distinct HPV types 
share less than 90% of DNA sequences in the L1 ORF, and subtypes 
share between 90% and 98%.7,17 According to common nomenclature, 
HPVs belong to five genera of the 38 in the Papillomaviridae family: 
alpha, beta, gamma, mu, and nu. A genus may be further divided into 
species. For example, the alphapapillomavirus HPV-16 is the represen-
tative type of species 9, which also includes types 31, 33, 35, 52, and 
67. At least 184 HPV types have now been characterized, and many 
others have been recognized. HPVs are host specific, and each type is, 
to a large extent, associated with a distinct histopathologic process 
(Table 146-1).

A broadly cross-reactive genus-specific antigenic determinant, 
located in the middle of the major capsid protein,18 can be prepared 
with denaturation of viral particles, typically from bovine papilloma-
virus, with detergents and reducing agents. Antisera prepared against 
this papillomavirus common antigen have been used in the immuno-
cytochemical diagnosis of HPV infections (see “Diagnosis”).19 The 
antigenic characteristics of native viral particles can also be studied 
with the use of virus-like particles (VLPs). These are obtained with the 
expression in eukaryotic systems of the L1 or L1 and L2 ORFs (see 
“Prevention”).14 A close correlation generally exists between genotype 
and serotype.16

EPIDEMIOLOGY
Incidence and Prevalence
Although clinical HPV infections are the most recognizable and most 
important for the patient and practitioner, subclinical and asymptom-
atic latent infections are probably most common, and past HPV infec-
tions represent an even larger group.20-22 The study of these different 
types of infection poses different technical problems, and their respec-
tive interrelated epidemiologies are not equally well understood.

As Table 146-1 illustrates, HPV infections can also be divided 
according to predominant anatomic location. Thus, the genital or 
mucosal infections are recognized as distinct from the nongenital 
infections, which include the cutaneous infections.

Three types of cutaneous HPV infections are widespread through-
out the general population.23 Common warts, which represent up to 
71% of all cutaneous warts, occur frequently among school-aged chil-
dren, with prevalence rates of 4% to 20%.24,25 Although less common 
(34% of cutaneous warts), plantar warts are observed frequently among 
adolescents and young adults. Juvenile or flat warts are the least 
common of the three types (4%) and occur predominantly in children. 
Other groups at high risk for the development of cutaneous warts 

TABLE 146-1  Human Papillomavirus Types and 
Their Disease Association

HPV TYPES*

DISEASE
Frequent 
Association

Less Frequent 
Association

Plantar warts 1, 2 4, 26,† 27, 29, 41,‡ 57, 63, 65, 
77,‡ 117,† 125,128, 129, 130, 
131, 132, 133, 148, 149

Common warts 1, 2, 4

Common warts of 
meat, poultry, and 
fish handlers

2, 7 1, 3, 4, 10, 28

Flat and intermediate 
warts

3, 10 26, 27,† 28, 38, 41,‡ 49,† 75, 
76, 126

Epidermodysplasia 
verruciformis

5,‡ 8,‡ 9, 12, 
14,‡ 15, 17‡

19, 20,§ 21, 22, 23, 24, 25, 36, 
37, 38, 47,‡ 49, 50, 93

Condylomata 
acuminata

6, 11 16,‡ 18,‡ 31,‡ 33,‡ 35,‡ 40, 42, 
43, 44, 45,‡ 51,‡ 52,‡ 53,‡ 54, 
55, 56,‡ 58,‡ 59,‡ 66, 68,‡ 70, 
153

Intraepithelial 
neoplasia, 
unspecified

26,‡ 30,‡ 34, 39,‡ 40, 53,‡ 57, 
59,‡ 61, 62, 67,‡ 68,‡ 69, 71, 
81, 83

Low grade 6, 11 16,‡ 18,‡ 31,‡ 33,‡ 35,‡ 42, 43, 
44,§ 45,‡ 51,‡ 52,‡ 54, 61, 70, 
72, 74†

High grade 16,‡ 18‡ 6, 11, 31,‡ 33,‡ 34,† 35,‡ 39,‡ 
42, 44, 45,‡ 51,‡ 52,‡ 56,‡ 58,‡ 
66,‡ 67‡

Cervical carcinoma 16,‡ 18‡ 31,‡ 33,‡ 35,‡ 39,‡ 45,‡ 51,‡ 52,‡ 
56,‡ 58,‡ 59,‡ 66,‡ 67,‡ 68,‡ 
73,† ‡ 82‡

Recurrent respiratory 
papillomatosis

6, 11 16,‡ 18,‡ 31,‡ 33,‡ 35,‡ 39‡

Focal epithelial 
hyperplasia of Heck

13, 32 18,‡ 33,‡ 45‡

Conjunctival papillomas 
and carcinomas

6, 11, 16‡

Other cutaneous 
lesions‖

36, 37, 38,‡ 41,‡ 48,†‡ 60, 72,† 
88, 92, 93, 94, 95, 96, 107, 
110, 111, 155, 174

Other genital lesions 30,‡ 84,‡ 85, 86,‡ 87, 89, 90, 
91, 97, 101, 102, 103, 106, 
175, 180

Healthy cutaneous or 
mucosal tissue

80, 114, 115, 116, 118, 119, 
120, 121, 122, 123, 124, 127, 
134, 135, 136, 137, 138, 139, 
140, 141, 142, 143, 144, 145, 
146, 147, 150, 151, 156, 161, 
162, 163, 164, 165, 166, 167, 
168, 169, 170, 171, 172, 173

*The distinction between frequent and less frequent association is arbitrary in 
many instances. Large descriptive statistics of HPV type distribution by disease are 
not available for most HPV types. Moreover, many HPV types have been looked for 
or identified only once.

†Types first recovered from patients with immunosuppression or 
immunodeficiency.

‡Types with high malignant potential or isolated in only one or a few lesions that 
were malignant.

§HPV-46 was found to be HPV-20, HPV-64 is a variant of HPV-34, and HPV-55 is 
HPV-44.

‖Includes epidermoid cysts, keratoacanthoma, laryngeal carcinoma, and 
malignant melanoma.

Information on HPV DNA sequences and types is available at http://pave.niaid 
.nih.gov/#home and http://www.hpvcenter.se/html/refclones.html. Note that the 
sequence information on some of the newer genotypes is not yet available.

include butchers, meat packers, and fish handlers.26 Epidermodysplasia 
verruciformis is a rare, typically autosomal-recessive condition char-
acterized by the appearance early in life of disseminated cutaneous 
warts and frequent malignant transformation.27

An estimated 6.2 million genital HPV infections occurred in the 
age group 15 years to 44 years in the United States in 2000.28 These 
infections are the most commonly acquired viral sexually transmitted 
infections. Accordingly, 20 million Americans are likely infected and 
contagious. More accurate assessments come from direct surveys of 
the U.S. population. In a sample of 4150 females aged 14 to 59 years, 

http://pave.niaid.nih.gov/#home
http://pave.niaid.nih.gov/#home
http://www.hpvcenter.se/html/refclones.html
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infectious virus can be recovered from the fumes released from  
lesions during treatment with a carbon dioxide (CO2) laser or electro-
coagulation.46 In addition, HPVs are resistant to heat, and use of an 
autoclave is probably necessary for sterilization of contaminated 
instruments.47,48

Association between Human 
Papillomavirus and Malignant Diseases
The oncogenic potential of animal papillomaviruses was shown many 
years ago.49 Observations of patients with epidermodysplasia verruci-
formis provided the initial evidence that suggested that HPVs might 
also be carcinogenic. In these patients, characteristic skin lesions 
induced by specific HPV types frequently undergo malignant transfor-
mation, particularly when they occur in sun-exposed areas.27 Most 
research investigating the oncogenic potential of HPVs has focused on 
genital tract malignant diseases.7

The low prevalence of cancer of the uterine cervix among Catholic 
nuns,50 the direct association of risk with number of sexual partners, 
and the increased risk of malignant disease that is associated with a 
male sexual partner whose previous consort had cervical cancer have 
been observations consistent with a sexually transmitted agent playing 
a role in the pathogenesis of cervical cancer.3,7,12,21,51-53 Among several 
agents, herpes simplex virus type 2 (HSV-2) was once strongly sus-
pected. However, over the past 30 years, a large and coherent body of 
biologic and epidemiologic observations has shown that HPV infec-
tion is the necessary, if not sufficient, cause of cervical cancer.54 This 
evidence can be summarized as follows:
1. The association between those HPV types called high-risk onco-

genic (types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 66, as 
classified by the International Agency for Research on Cancer) and 
cervical cancer is strong, with odds ratios that range from 50 to 100.7 
For the most oncogenic of these viruses, HPV-16 for squamous cell 
carcinoma (SCC) and HPV-18 for adenocarcinoma, the odds ratios 
range from 100 to 900. In a worldwide survey, HPV DNA was found 
in 99.7% of cervical cancer samples.55

2. The association has been consistent through many studies done in 
different countries and populations.

3. The association has been specific, so that among the approximately 
40 HPV types associated with the genitalia, or more broadly, the 
mucosal surfaces, only a subset of the types (at least 15) are onco-
genic for the cervix. In addition, the same HPV types, with an even 
greater predominance of HPV-16 or HPV-18, are found in other 
SCCs. The fraction of SCCs attributable to HPV is 49% for the 
vulva, 70% for the vagina, and 47% for the penis. The figures are 
even higher if only warty and basaloid histologic variants of these 
tumors are considered.56 HPV is found in 84% of anal SCCs and, 
for the period 2005 to 2009, in 72% of oropharyngeal SCCs.57 
Before 2000, only 40.5% of oropharyngeal SCCs were associated 
with HPV.57 This sharp increase has not been seen with the non-
oropharyngeal head and neck cancers; the percentage attributable 
to HPV has remained at 22%.57

Largely on the basis of molecular epidemiologic studies, mucosal 
high-risk HPVs have been found in cancers of the esophagus, lung, 
and breast but also of the colon, urothelium, prostate, the ovary, and 
endometrium, thus raising a possible causal role in these tumors. 
However, the nature, consistency, and strength of these associations 
are controversial.58-65 HPV-16 has been found in some SCCs of the 
conjunctiva and of the nail bed.

The HPV types found in the SCCs of patients with epidermo-
dysplasia verruciformis have also been found in about a third of 
SCCs and basal cell carcinomas in immunocompetent hosts and in 
up to 80% of immunosuppressed hosts. Nevertheless, the biologic 
basis of this association is still uncertain.22

4. The development of cervical abnormalities and cancer is preceded 
by HPV infection. Most HPV infections are transient and last a 
mean of 13.5 months for high-risk HPVs and 4.8 months for low-
risk types. However, between 15% and 30% of women with normal 
cervical cytology, but high-risk HPV infection, have cervical 
intraepithelial neoplasia (CIN) grades 2 or 3 develop in the follow-
ing 4 years. Conversely, CIN 2 or 3 is unlikely to develop in women 
with milder cytologic squamous abnormalities who are negative  

the overall prevalence rate of cervicovaginal HPV DNA was 42.7%.29 
Two thirds of these were high-risk types for cervical neoplasms, and 
the highest prevalence was among the 20- to 24-year-olds.29 Most of 
the sexually active population is likely to be infected in a lifetime.20

The prevalence rate of condyloma acuminatum (plural, condylo-
mata acuminata), or anogenital warts (venereal warts), in the general 
population ranges from 0.2% to 5%, based on genital examination.30 
In a U.S. survey of 18- to 59-year-olds, 4.0% of males and 7.2% of 
females reported having had genital warts.30 The incidence of the 
disease has risen. The annual number of initial visits to physicians’ 
offices for genital warts increased 1.7-fold between 2000 and 2006, 
from 220,000 to 376,000.31 Similar temporal trends have also been 
observed in other countries.32 Approximately 500,000 persons each 
year are estimated to acquire symptomatic genital warts.33 HPV infec-
tion of the cervix gives rise to the most common cause of squamous 
cell abnormalities on Papanicolaou (Pap) smears.34

The incidence rate of recurrent respiratory papillomatosis, which is 
primarily a disease of the larynx, is estimated to be 4.3 per 100,000/
year for the juvenile-onset form of the disease and 1.8 per 100,000/year 
for the adult-onset form.35 Prevalence rates are about twofold to nine-
fold greater.35

Transmission
Close personal contact, especially within the family and school class, 
is likely to be important for the transmission of most cutaneous 
warts.26,36 Minor trauma at the site of inoculation may also be impor-
tant, as suggested by the high frequency of disease among meat 
handlers.26

Evidence that anogenital warts are sexually transmitted includes the 
observations that the age of onset is similar to that in other sexually 
transmitted diseases (STDs) and that the disease develops in approxi-
mately two thirds of sexual contacts of patients with anogenital 
warts.37,38 In addition, patients with anogenital warts often have other 
concomitant STDs or a history of such infections. Also, as outlined in 
Table 146-1, particular HPV types are associated with these lesions. 
These types are rarely found at other sites. Finally, a large number of 
lifetime, present, or recent sexual partners; the frequency of sex or 
other intimate skin-to-skin contact; and the sexual histories or behav-
ior of sex partners are risk factors of genital HPV transmission, whereas 
circumcision is protective, as with human immunodeficiency virus 
(HIV) and herpes simplex virus.20,39,40 Despite these observations in 
adults, young children may acquire genital warts from hand contact 
with nongenital lesions.41 Approximately one fifth of prepubertal chil-
dren with condyloma acuminatum have HPV type 1 or 2 in the 
lesions.42-44 Conversely, HPV-6 DNA has been identified in cutaneous 
warts of family contacts of children with anogenital warts.43

In adults, estimates of the rate of HPV transmission (expressed as 
number of events per 100 person-months) are 3.5 from penis to cervix 
and 4.0 from cervix to penis.45

Recurrent respiratory papillomatosis in young children is thought 
to be acquired via passage through an infected birth canal.35 This 
hypothesis is based on the observations that similar HPV types are 
associated with both respiratory papillomatosis and anogenital warts 
and that a large percentage of the mothers of these children have a 
history of genital tract HPV disease.35 In addition, neonates are more 
likely to harbor HPV DNA in the oral cavity if the cervix of the mother 
contains HPV DNA.35 Many children with recurrent respiratory papil-
lomatosis are first-born babies who were delivered vaginally to young 
(often teenaged) mothers. Although the median age of onset of recur-
rent respiratory papillomatosis is 3 years, cases have been documented 
at birth, even after cesarean section.35 This observation suggests that 
the disease may be acquired in utero, probably via ascending infection 
from the mother’s genital tract. The role of cesarean section, if any, in 
prevention of transmission is unknown, and the procedure is not rec-
ommended for that purpose.35 Family members and others with close 
personal contact with these patients are not at risk for development of 
the disease. In the adult-onset form, recurrent respiratory papilloma-
tosis is associated with a higher-than-expected number of lifetime 
sexual partners and with oral-genital contact.35

The role of fomites in the transmission of HPV infection is uncer-
tain. However, nosocomial transmission appears possible because 
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PATHOGENESIS
The pathogenesis of HPV disease has been reviewed by several 
authors.1-3,4,6,7,9-12 The incubation period was established experimentally 
with inoculation of human subjects with extracts of cutaneous warts.1,67 
Most often, warts developed within 3 to 4 months, although lesions 
occasionally grew as early as 6 weeks or as long as 2 years after inocula-
tion. A similar incubation period was observed for genital warts among 
wives of American soldiers returning from the Korean War.68 All types 
of squamous epithelium may be infected by HPV, but with the excep-
tion of the cervical glandular epithelium, other tissues appear to be 
resistant to productive infection. Gross histologic appearances of indi-
vidual lesions vary with the site of infection and the virus type. Figure 
146-1 is a schematic diagram of a typical exophytic cutaneous wart.

The virus replicative cycle is tightly dependent on epithelial dif-
ferentiation. It begins with the entry of particles into the stratum ger-
minativum (basale) because viral DNA is detected in the nuclei of the 
basal cells.2,3,11,12,69 It requires a breach of the integrity of the epithelium 
so that the viral particle can bind the heparan proteoglycans present 
on the basement membrane and basal cell. It initiates a process that 
includes a modification of the capsid conformation and proteins that 
allows entry by endocytosis facilitated by several possible candidate 
host molecules.69 As the basal cells differentiate and progress to the 
surface of the epithelium, HPV DNA replicates and is transcribed, and 
viral particles are assembled in the nucleus. Ultimately, complete 
virions are released, probably still tightly associated with the remnants 
of the shed dead keratinocyte shell.11,70 In a wart or condyloma, viral 
replication is associated with excessive proliferation of all of the epi-
dermal layers except the basal layer. This process produces acanthosis, 
parakeratosis, and hyperkeratosis. A deepening of the rete ridges, 
where normally present, produces the typical papillomatous cytoarchi-
tecture. Some infected cells undergo the characteristic transformation 
of koilocytosis. With histology, koilocytes (from the Greek koilos, 
“cavity”) are large, usually polygonal, squamous cells with a shrunken 
nucleus lodged inside a large cytoplasmic vacuole. Cytoplasmic kera-
tohyalin inclusion bodies may also be observed. Excessive proliferation 
of the basal-like cells (basaloid proliferation) with a high nuclear/
cytoplasmic ratio, accompanied by a high number of mitoses, (some 
abnormal [dyskaryosis]), is a feature of incipient and malignant HPV 
disease.

Normal-appearing epithelium may contain HPV DNA,71,72 and the 
presence of residual DNA after the treatment of warts may lead to 

for high-risk HPV. Although clearance of HPV DNA appears to 
precede clearance of cervical lesions, persistence of HPV DNA after 
treatment for CIN 2 or 3 is a predictor of relapse.

The temporal association between HPV and cervical premalig-
nant lesions has proven to be useful for prevention strategies. 
Hence, HPV testing is more sensitive than repeated cervical cytol-
ogy in identification of women with atypical squamous cells of 
unknown significance (ASC-US) than those with CIN 2 or 3.

The number of sexual partners, the age of first sexual inter-
course, and the sexual behavior of the husband are risk factors for 
HPV infections and also for cervical cancer, which occurs later in 
life. This temporal sequence is consistent with a causal link between 
infection and cancer.

5. In some studies, a direct association is found between viral load and 
the risk of cancer, which is consistent with a biologic gradient.

6. Several lines of biologic evidence support an oncogenic role for 
HPV. Virtually all neoplastic cells in cervical cancer tissue contain 
HPV DNA, including metastases. The E6 and E7 genes are expressed 
at higher levels in neoplasms than in benign lesions. When the E6 
or E7 genes of high-risk HPV types are introduced in normal cells, 
they cause malignant transformation in cell culture. Transgenic 
animals carrying these genes have SCCs develop. The role of E6 and 
E7 proteins is further discussed in the “Pathogenesis” section.

7. Papillomaviruses can cause cancer in animal experimental models, 
such as the cottontail rabbit papillomavirus in the domestic rabbit 
and bovine papillomaviruses in the cow. Moreover, human neonatal 
foreskin grafts infected with HPV-16 and placed in SCID mice 
develop intraepithelial neoplasias.66

8. Other alternative risk factors for cervical cancer, such as the use of 
oral contraceptives, high parity, tobacco smoking, nutrition (vita-
mins C and E, carotenoids, xanthophylls), immunosuppression, 
prior HSV-2 or Chlamydia trachomatis infection, have not reached 
the strength and coherence of the evidence gathered for HPV. Their 
contribution may be only secondary to the primary role played by 
HPV infection.

9. Finally, the clinical trials of the HPV vaccine (see “Prevention”) have 
amply shown that immunization against HPV types 6, 11, 16, and 
18 confers protection not only against subsequent infection but also 
against disease (warts and intraepithelial neoplasias of all grades) 
caused by the homologous genotype in the cervix, vagina, and vulva 
and in the male external genitalia and anus.

FIGURE 146-1  Exophytic cutaneous wart: human papillomavirus (HPV) pathogenesis. A, Histologic features. B, Cytologic features (see text for 
details). S., stratum. 
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in the media. Evidence also shows that HPV-16 E6 and E7 proteins 
may inhibit Toll-like receptor 9 (TLR9), a component of innate 
immunity.90

The cell proliferation induced by HPV is also associated with 
increased leukocyte trafficking and angiogenesis, which is the result of 
the production of numerous cytokines and chemokines, including 
tumor necrosis factor-α; monocyte chemotactic protein-1; chemokine 
CCL27; vascular endothelial cell growth factor; interferons α, β, and 
γ; interferon-γ–inducible protein-10, CXCL10; retinoic acid; and 
tumor growth factor-β.†

These molecular changes highlight the importance of the adaptive 
and native immune system in controlling HPV disease. Concomitantly, 
at the histologic level, an alteration is seen in the number and function 
of the natural killer and helper T cells and cutaneous Langerhans 
cells.92,93 These cells contribute to the local and systemic immune 
response, which becomes more apparent in regressing warts, as they 
show a clear lymphomononuclear cell infiltrate.94

A humoral and cellular immune response does develop after HPV 
infection, but its laboratory correlates are not necessarily uniform or 
constant. The E7 and L1 proteins are the strongest antigens.95,96,97 The 
enhancement after immunization of neutralizing antibody formation 
against the L1 native protein has been exploited to produce the cur-
rently available vaccines (see “Prevention”).

The ability of HPV infections and diseases to persist and progress 
can be explained in part by the ability of the E5, E6, and E7 proteins 
to suppress the immune system at different levels.98 Immunogenetic 
factors are also important. In a large case-control study of the associa-
tion of human leukocyte antigen (HLA) classes A, B, and C, DRB1 and 
DQB1 alleles, and cervical SCC, several low-magnitude (about twofold 
or less) associations were observed.99 For example, HLA class I allele 
A*0301 increased the risk, and B*1501 decreased it. Similarly, HLA 
class II allele DQB1*0301 was a risk, and DRB1*1302 was protective. 
A particular combination of alleles, B*4402-DRB1*1101-DQB1*1302, 
increased the risk 10-fold. The same immunogenetic risk factors were 
noted with cervical adenocarcinoma and vulvar SCC. These results 
confirm the important role that helper and cytotoxic cell responses 
play in the development of HPV-associated genital cancer.

CLINICAL MANIFESTATIONS
Cutaneous Warts
Cutaneous warts include deep plantar warts, common warts, and plane 
or flat warts.100,101

Deep plantar warts (verrucae plantaris), also called myrmecia (from 
the Greek, meaning “ant hill”), affect mostly adolescents and young 
adults. The lesions characteristically look like raised bundles of soft 
keratotic fibers 2 mm to 1 cm in diameter; shaving reveals punctate, 
bleeding blood vessels. These lesions are often painful and may also be 
located on the palms of the hands.

Common warts (verrucae vulgaris) appear as well-demarcated, exo-
phytic, hyperkeratotic papules with a rough surface. They may occur 
on the dorsum of the hand, between the fingers, around the nails 
(periungual warts), on the palms or soles, or rarely on mucous mem-
branes. Warts may coalesce and reach a diameter of 1 cm. Morphologic 
variants of common warts include mosaic warts, which appear as 
cobblestone-like patches of aggregated warts several square centime-
ters in diameter and barely rising above an indurated base. Filiform 
warts on the head and vegetating, hyperproliferative warts on the 
hands of butchers, fish handlers, and meat packers also occur.26

Plane warts (verrucae planae) are commonly found on children and 
appear as multiple, slightly elevated papules with an irregular contour 
and distribution and a smooth surface. They occur on the face, neck, 
and hands. When more protuberant, these lesions are called intermedi-
ate warts.

Cutaneous warts are usually asymptomatic, although they may 
bleed and can be painful when located over weight-bearing surfaces or 
points of friction. Rarely, cutaneous warts may degenerate into ver-
rucous carcinomas.102 The natural history of cutaneous warts is poorly 
characterized. Spontaneous resolution appears to occur in 50% and 
90% of children within 1 and 5 years, respectively.23 In a given patient, 

recurrent disease. In benign lesions caused by HPV, viral DNA is 
located extrachromosomally in the nuclei of infected cells. However, 
when HPV DNA is detected in high-grade intraepithelial neoplasias 
and cancers, it is generally integrated.* Integration of HPV DNA may 
occur at preferential sites in host cell chromosomes,3 and it specifically 
disrupts the E2 ORF. Interruption of E2 probably plays a role in the 
pathogenesis of malignant disease because expression of this ORF nor-
mally leads to downregulation of E6 and E7, whose products interfere 
with the p53 and retinoblastoma tumor suppressor proteins (see 
“Virology”).1-3,4,7-9,12 Nevertheless, the frequency of viral integration 
varies with the HPV genotype and does not appear to be necessary for 
oncogenesis. Other events are also important, including hypermethyl-
ation of viral and cellular DNA; inhibition of apoptosis and telomerase 
activation, which both confer immortality; and cooperation with acti-
vated cellular oncogenes. The development of chromosomal instability 
and deletions (6p, 3p, 4p, 6q, 10p, and ultimately 11q) occur as the 
lesion becomes a high-grade intraepithelial neoplasia.*

Host defense responses to HPV infection are poorly understood. 
Nevertheless, several clinical observations suggest that an effective 
immune system is important in the resolution of HPV infection. HPV 
diseases occur frequently and are often severe in patients with both 
primary and secondary immunodeficiencies (e.g., Wiskott-Aldrich 
syndrome, common variable immunodeficiency).73,74 Severe frequent 
HPV disease is also seen in patients with lymphoproliferative disorders 
and in those with HIV infections.75-78 The range of HPV-related dis-
eases in HIV infection includes cutaneous warts, anogenital warts, CIN 
in women, and anal intraepithelial neoplasia and cancer in men who 
have sex with men (MSM).75,79,80 HIV infection increases by 4-fold to 
40-fold the incidence and prevalence rates of genital warts and CIN.79 
The prevalence of these conditions is greater with low counts of CD4+ 
T lymphocytes and high HIV-1 RNA levels. Compared with subjects 
with HIV seronegativity, patients with acquired immunodeficiency 
syndrome (AIDS) have an increased risk for the development of in situ 
or invasive squamous cell carcinomas of the cervix, vulva-vagina, anus 
(both genders), and penis.81 Contrary to the expectation that led to the 
inclusion of cervical cancer as an AIDS-defining illness, the progres-
sion to AIDS does not appear to augment significantly the risk of cervi-
cal cancer.81-83 In contrast, the risk of invasive cancer of the anus in men 
and in situ and invasive cancers of the vagina or vulva do increase with 
AIDS progression, as well as with a low CD4+ T-lymphocyte count at 
the time of AIDS onset.83 Immunosuppressive therapy, notably in renal 
allograft recipients, has also been associated with high rates of exten-
sive HPV infection.77,78 Another indication of the role of the immune 
system comes from the observation that the regression of a wart may 
be promptly followed by the spontaneous regression of others.84,85 
Although the relative immunosuppression of pregnancy appears to be 
associated with an increased incidence and severity of HPV disease,38,86 
rates of HPV infection are not clearly found to be substantially higher 
in this population than in nonpregnant women.87-89

The frequency, severity, and persistence of HPV infections and dis-
eases in patients with immunocompromise strongly argue for a deter-
minant role of the immune system, especially its cellular arm.83,90 
Unfortunately, our understanding of the immune system in HPV infec-
tions is limited.91 Epidermodysplasia verruciformis is a genodermato-
sis that results from the inactivation of two genes, EVER1 and EVER2, 
that code for endoplasmic zinc transporter proteins. Primary immuno-
deficiencies, such as SCID, common variable immunodeficiency, 
Wiskott-Aldrich syndrome, and ataxia-telangectasia, are known for 
their association with verrucosis, but there are many more.74 For 
example, the WHIM syndrome that combines warts, hypogamma-
globulinemia, infections, and myelokathexis (retention of neutrophils 
by the bone marrow) is caused by a gain-of-function mutation in the 
CXCR4 chemokine receptor gene. The WILD syndrome is manifested 
by warts, immunodeficiency, lymphedema, and (anal) dysplasia. A 
mutation in the dedicator of cytokinesis 8 (DOCK8) gene causes a 
hyper-IgE syndrome resembling Job’s syndrome, but with increased 
susceptibility to cutaneous viral infections. Idiopathic CD4 lympho-
penia has been associated with some of the most dramatic cases of 
profuse verrucosis, as with the patient popularized as the “treeman”  

*References 2, 3, 4, 8, 9, 12. †References 2, 3, 4, 8, 9, 12, 91.
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varies according to sexual practice, from very high among MSM (about 
10%, and double with HIV seropositivity) to low among heterosexual 
men.107,108 Lesions are only occasionally observed on the scrotum, 
perineum, groin, or pubic area.

In women, most lesions are distributed over the posterior introitus 
and, to a lesser degree, over the labia majora and minora and the cli-
toris (see Fig. 146-2). In order of decreasing frequency, the perineum, 
vagina, anus, cervix, and urethra each represent less than one quarter 
of the sites of involvement.38

The use of the colposcope and prior soaking of examined tissues 
with 3% to 5% acetic acid has expanded the clinical spectrum of ano-
genital warts, particularly those caused by HPV types 16 and 18, which 
can be small acetowhite papules.109 This technique was initially used to 
show the existence of flat condylomas on the uterine cervix. Typically, 
these lesions are shiny white patches with geographic borders and an 
irregular surface that contains characteristic capillary loops.110 The 
presence of external genital warts may indicate the existence of cervical 
HPV squamous epithelial lesions, including CIN.111,112 Morphologic 
differentiation among the grades of cervical squamous epithelial 
lesions is not sufficiently reliable, and biopsy is strongly recommended 
for diagnosis.113,114

In the vagina, in addition to flat condylomas, small white nodosities 
centered on a capillary loop, called spiked condylomas, have been 
described.115 The vulvar introitus may display prominent, sometimes 
painful, papillae whose relation to HPV infection is unlikely but con-
troversial.116,117 HPV infection of the vulva may also appear as white 
patches revealed or accentuated with the application of acetic acid, but 
acetowhitening lacks specificity.118

In men, acetic acid soaking or examination with a colposcope has 
shown HPV-infected papules and macules to be up to two times more 
common than exophytic condylomas, particularly on the prepuce and 
scrotum.109,119 With a range in size from minuscule to 1 cm in diameter, 
round sessile papules with brown to slate blue pigmentation are 
encountered on both male (Fig. 146-3) and female external genitalia. 
These lesions, and similarly colored macules, are important to recog-
nize because they may represent either HPV-6 or HPV-11 infected 
benign condylomas,120,121 seborrheic keratoses,122 or intraepithelial 
neoplasias associated with HPV type 16 or 18 infection.121-123

About three quarters of patients with anogenital warts are asymp-
tomatic. However, itching and burning, pain, and tenderness are 
encountered frequently. In addition, the disease can have serious  
psychological effects.124 The natural history of genital warts, particu-
larly of subclinical HPV disease, is poorly understood, but spontane-
ous remission may occur, as shown by the results of randomized, 
placebo-controlled therapeutic trials that indicate up to 10% to 20% 
spontaneous remission rates in untreated lesions over a 3- to 4-month 
period.125-128

two thirds of the warts that resolve spontaneously do so within 2 
months.103

Epidermodysplasia Verruciformis
Epidermodysplasia verruciformis is an autosomal-recessive genoder-
matosis linked to gene loci on chromosome 17.2,27 The lesions are 
associated with a large array of HPV types (see Table 146-1), most of 
which are specific for epidermodysplasia verruciformis.2,27 These warts 
have several morphologic variants. They may resemble flat warts but 
more commonly resemble lesions of pityriasis versicolor, which cover 
the torso and upper extremities. Over extensor surfaces, these warts 
may become hypertrophic and coalescent. In most patients, warts 
appear in the first decade of life. Beginning in young adulthood, in 
about one third of patients, the lesions undergo malignant transforma-
tion into invasive squamous cell carcinomas, particularly in sun-
exposed areas. Although these patients may have depressed cellular 
immunity,2,27 they appear to have normal resistance to other pathogens. 
Epidermodysplasia verruciformis does not appear to be contagious to 
healthy contacts. Of interest, lesions that resemble epidermodysplasia 
verruciformis have been observed in HIV-infected patients and solid-
organ allograft recipients.27

Anogenital Warts
Anogenital warts are flesh colored to gray colored, hyperkeratotic, exo-
phytic papules, either sessile on the skin or, more frequently, attached 
by a short, broad peduncle (Fig. 146-2). Lesions range from smooth, 
pearly papules to more jagged, acuminate growths. They vary in size 
from less than a millimeter in diameter to several square centimeters 
when they merge into plaques. In uncircumcised men, the preputial 
cavity is involved in 85% to 90% of cases.38,104,105 In the United States, 
where about 85% of the male population is circumcised, the penile 
shaft is the most common site of lesions. The urethral meatus is also 
involved in 1% to 25% of patients.106 Urethral warts are clearly visible 
with eversion of the meatus or with the use of a pediatric nasal specu-
lum. They are mostly confined to the fossa navicularis or, less fre-
quently, to the distal 3 cm of the urethra. Involvement of the bladder 
or proximal urethra is exceptional.106 Involvement of the perianal area 

FIGURE 146-2  Vulvar condylomata acuminata. (From Gagné H. Col-
poscopy of the vagina and vulva. Obstet Gynecol Clin North Am. 2008;
35:659-669.)

FIGURE 146-3  Pigmented penile warts mimicking bowenoid pap-
ulosis. (From Habit TP, ed. Clinical Dermatology. 4th ed. London: Mosby; 
2004.)
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differentiated reliably only with histology. They are caused by cutane-
ous HPVs (HPV-2, HPV-4, HPV-57).149 Focal epithelial hyperplasia of 
the oral cavity (Heck’s disease) is caused predominantly by HPV-3 and 
HPV-13 and tends to regress spontaneously.150 Other HPV infections 
may also occur in the oral cavity.150 Conjunctival HPV-related papil-
lomas and SCCs and periungual SCCs have been described.54 HPV 
DNA has also been identified in other skin lesions, such as epidermoid 
cysts, seborrheic keratoses (especially vulvar), skin squamous cell and 
basal carcinomas,22 and aerodigestive carcinomas. The prevalence of 
HPV in these different lesions varies, which makes a causative link 
difficult to establish.

DIAGNOSIS
The diagnosis of warts is usually made clinically with physical exami-
nation. Exophytic warts have a characteristic appearance. Deep plantar 
warts may be confused with calluses, but paring usually reveals typical 
punctate, thrombosed capillaries. Nevi, seborrheic keratoses, acro-
chordons, acanthomas, molluscum contagiosum, lichen planus, syrin-
gomas, and dermofibromas may be confused with cutaneous warts. 
Lesions of epidermodysplasia verruciformis may be similar to those of 
flat warts or pityriasis versicolor, but the patient’s history should clarify 
the diagnosis.

Condyloma acuminatum of the external anogenital tract should 
rarely be confused with other STDs, such as condyloma latum of syphi-
lis, nodular scabies, genital herpes, lymphogranuloma venereum, 
chancroid, or granuloma inguinale. Nevertheless, molluscum conta-
giosum, particularly in its more atypical presentations, may be difficult 
to distinguish from anogenital warts. In contrast to those of condyloma 
acuminatum, the lesions of molluscum contagiosum tend to predomi-
nate over the pubis and are rarely pedunculated but rather appear as 
smooth, sessile domes, the color of the skin or lighter, with a depressed 
center from which cheesy material can be expressed. In men, a normal 
anatomic variant of the corona, hirsutoid papillomatosis (pearly 
coronal papules, papillae corona glandis), can be difficult to differenti-
ate from small warts. A similar anatomic presentation exists in the 
vulvar introitus, where lesions may appear identical to those of HPV-
related vulvar papillomatosis. On the keratinized vulva, hidradenoma 
papilliferum may be confused with a large wart. On the scrotum, epi-
dermoid cysts and angiokeratomas should be easy to identify. Small 
and flat HPV lesions may sometimes be difficult to distinguish from 
lichen planus, lichen sclerosus et atrophicus, lichen nitidus, or syrin-
gomas, even with the help of the colposcope and acetic acid applica-
tion. Finally, pigmented HPV lesions may be confused with nevi or 
seborrheic keratoses (see Fig. 146-3).

Although initially designed for the evaluation of the female internal 
genital tract, the colposcope, with prior application for 3 to 5 minutes 
of a 3% to 5% acetic acid solution, has become an important diagnostic 
tool for other HPV infections as well.151 In studies of male partners of 
women with either cervical condylomas or dysplasias, biopsy-proven 
genital condylomas were detected in 65% to 88% of the patients, 
respectively. More significantly, 43% to 73% of the lesions were seen 
only with a colposcope, whereas acetowhitening alone was used for the 
diagnosis in 22% of patients.109,152,153 The same technique applied to the 
vulva revealed subclinical papillomavirus infection in 96% of women 
with vulvar warts and 80% of women who were partners of men with 
penile warts.154 In the oral cavity, 83% of HPV lesions are seen only 
with the colposcope.155 The clinical significance of lesions that are 
detectable with acetowhitening only is unknown, and acetowhitening 
lacks specificity for the diagnosis of HPV infection, particularly for 
external anogenital warts.122,156,157

Lesions of the external genitalia that are pigmented (see Fig. 146-3), 
appear as plaques, bleed, or are large should have biopsies to establish 
the diagnosis and rule out malignancy.121 Biopsy is also indicated to 
confirm the diagnosis of epidermodysplasia verruciformis and to 
determine the cause of lesions of the oral cavity and upper airways.

Anoscopic examination should be considered in patients with  
perianal warts, anal symptoms, or a history of receptive anal inter-
course. Most intra-anal lesions are below the pectinate line, and sig-
moidoscopy is not routinely indicated.158,159 The oral cavity should be 
examined in all patients with anogenital warts because of the possibil-
ity of concomitant oral warts.155

Exophytic genital warts may rarely transform into invasive squa-
mous cell carcinomas, including verrucous carcinoma. They may also 
reach considerable size, particularly during pregnancy or immunosup-
pression.129 When large condylomas reveal histologic features of local 
destructive invasion without metastases, they may be called Buschke-
Löwenstein tumors, a term that regroups verrucous carcinomas and 
giant condylomas.130,131 A related lesion, condylomatous (warty) carci-
noma, may metastasize.131 Genital HPV infections may also belong to 
the spectrum of penile, anal, vulvar, vaginal, and cervical intraepithe-
lial neoplasias (PIN, AIN, VIN, VAIN, and CIN, respectively).132,133 For 
historical reasons, some variants of intraepithelial neoplasias are 
further recognized. Histologically, pigmented papules of the external 
genitalia may show condylomatous cytoarchitecture with evidence of 
intraepithelial neoplasia.121 This clinicopathologic entity is called 
bowenoid papulosis (see Fig. 146-3).134 Bowenoid papulosis can evolve 
to Bowen’s disease, which manifests as a flat red-to-brown plaque with 
well-demarcated borders and a scaly irregular surface.135 On the glans 
penis, the lesion is known as erythroplasia of Queyrat. Histologically, 
carcinoma in situ is present. HPV-16 and HPV-18 have been recovered 
from both bowenoid papulosis and Bowen’s disease.136 The natural 
history of intraepithelial neoplasias is best understood in cervical 
lesions.137 Clearly, the outcome (regression, no change, or progression) 
is highly variable and depends on the histologic grade of the tumor, 
the HPV type, and the method of diagnosis (conization, punch biopsy, 
or scraping). CIN grade 1 lesions have an approximate probability of 
60% to regress, 30% to remain unchanged, 10% to progress to CIN 3, 
and 1% to progress to invasive cancer.137 For CIN 2, the figures are 40%, 
40%, 20%, and 5%, respectively. The risk of progression to cancer is the 
highest with CIN 3 at 12%; only a third of these lesions disappear 
spontaneously.

Perianal warts are common among homosexual men, and up to two 
thirds of patients with external anal warts also have internal lesions.138 
Consequently, the presence of perianal warts or anal symptoms in 
association with a history of anal sexual play or intercourse should 
prompt a digital rectal examination and an anoscopic evaluation. After 
the malignant transformation of anal condylomas was described,139 the 
association between anorectal dysplasia or cancer and HPV infection 
was recognized in MSM.140,141 Passive anal intercourse carries a risk of 
anal cancer in MSM, and heterosexual men and women with a history 
of anogenital warts have a 30-fold increased risk of disease compared 
with control populations.142 The anus and the cervix have a different 
biology respective to HPV. HPV infections in women with and without 
HIV are 79% and 43% prevalent in the anus, respectively, but only 53% 
and 25%, respectively, in the cervix.143 In the general population, a 
history of anal warts increases by about 10 times the risk of anal 
cancer.144 During pregnancy, HPV shedding may increase, and condy-
lomas may become so large as to impair normal delivery mechani-
cally.89,129,145 Anogenital warts in children should always raise the 
possibility of sexual abuse, but in very young children, nongenital or 
possibly perinatal transmission may be the predominant mode of 
acquisition.146-148

Recurrent Respiratory Papillomatosis
Recurrent respiratory papillomatosis has been described by several 
authors.35 Patients present with hoarseness or, in infants, with an 
altered cry. Sometimes these symptoms are accompanied by respira-
tory distress or stridor. The disease may spread to the trachea and lungs 
and lead to obstruction, infection, and respiratory failure. In young 
children, rapid growth of lesions often threatens the upper respiratory 
tract and frequently necessitates surgical excision to avoid asphyxia-
tion. In adults, the course of the disease is usually less aggressive. 
Lesions may, however, undergo malignant transformation, particularly 
in patients who have received radiation therapy or in cases with lung 
involvement.

Other Human Papillomavirus Infections
Oral squamous cell papillomas (or squamous papillomas) are the  
most common HPV-related oral lesions. A closely related entity, with 
slightly different histologic features, is oral condyloma acuminatum. 
Both types of lesions are caused by mucosal HPV (mostly HPV-6, 
HPV-11, and HPV-16). Oral verrucae vulgaris are rarer and can be 
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present, but not its type. The Cervista HPV 16/18 version is limited to 
the identification of those two types. The technology is based on type-
specific oligonucleotide overlapping probes, a cleavase enzyme, and a 
fluorescent signal amplification. The cobas HPV Test (Roche Molecu-
lar Diagnostics, Pleasanton, CA) is based on real-time PCR and detects 
the same high-risk HPV types as the Cervista. Typing is limited to 
types 16 and 18. The fifth assay is the APTIMA HPV Assay (Hologic 
Gen-Probe, San Diego, CA), which targets the RNAs of the E6 and E7 
genes of the same high-risk HPV types and relies on transcription-
mediated amplification for detection.

There are additional, nonapproved, commercial assays. Some allow 
HPV type identification, such as the LINEAR ARRAY HPV Genotyp-
ing test (Roche Molecular Diagnostics), or rely on technology adapted 
to the developing world, such as careHPV (Qiagen).175

Under the stimulus of HPV, E6 or E7 lesions that progress to cancer 
also produce in greater quantity various proteins associated with the 
host cell-cycle regulation. These proteins can be detected by immuno-
cytohistochemistry and provide the pathologist with additional prog-
nostic tools. Among these biomarkers, p16INK4A has received the most 
attention.176 It is possible to identify on tissue sections the presence of 
the papillomavirus common antigen by immunocytochemistry.19

Virus cultivation techniques are not available for the clinical diag-
nosis of HPV infections. HPV infection may elicit a serologic response. 
In patients with cutaneous warts, condyloma acuminatum, or recur-
rent respiratory papillomatosis, antibodies directed against the viral 
capsid have been detected.96 Recombinant virus-like particles (VLP) 
based on the L1 or L1 and L2 proteins offer the same antigenic proper-
ties as viral capsids.96 They have been used extensively to show, with 
enzyme-linked immunosorbent assay, that about one half to almost 
90% of patients with HPV infection have capsid antibodies.96 Anti-
HPV antibodies tend to disappear with disease resolution but can 
persist for several years in asymptomatic patients.96 A fraction of the 
antibodies produced in response to HPV infection are neutralizing but 
probably not in amounts sufficient to offer significant protection.177 No 
commercial assays are available for the serologic diagnosis of HPV 
infections because of insufficient sensitivity and clinical specificity. 
Such assays have been used for seroepidemiologic surveys. Moreover, 
assays that measure binding and neutralizing activity against the viral 
capsid have been useful in assessment of the immune response after 
HPV vaccination (see “Prevention”).

THERAPY
Highly effective and safe treatments for HPV diseases are not yet avail-
able, and the current therapies are not designed to eradicate HPV 
infection. Rather, their purpose is to decrease or, if possible, eliminate 
clinical manifestations. The current therapeutic armamentarium has 
been largely developed empirically over decades and too often relies on 
the physical or chemical destruction of lesions. Newer approaches are 
directed at molecular viral targets and immunomodulation.13,178-180

Cutaneous Warts
The choice of treatments for cutaneous warts is complicated by the 
existence of weak and confusing evidence.181,182,183 Nevertheless, the 
most common approach, the topical application of preparations that 
contain salicylic acid, a keratolytic agent, is effective for the treatment 
of common warts.181,182,183 A meta-analysis of five placebo-controlled 
clinical trials revealed a complete response rate of 73% (117 of 160) in 
the cases, compared with 48% (78 of 162) in the control groups.181 A 
widely available over-the-counter preparation for self treatment is a 
salicylic acid and lactic acid paint (salicylic acid, lactic acid, collodion, 
1 : 1 : 4 [SAL]) that is typically applied daily for up to 12 weeks. The 
cornified layer that typically covers skin warts may need to be removed. 
This removal is done with a hot water soak, followed by abrasion with 
a pumice stone, sandpaper, or an emery board. Occlusive bandages 
seem to increase treatment effectiveness. Mosaic warts tend to be more 
resistant to treatment than myrmecia.

Cryotherapy is a popular treatment, but it requires a health practi-
tioner. It is typically accomplished with cotton wool buds dipped in 
liquid nitrogen and applied to the lesion or with spraying of liquid 
nitrogen.184 Randomized, placebo-controlled studies have been incon-
clusive on the efficacy of cryotherapy, but, when compared with 

Evaluation of the vagina and cervix, when appropriate, should 
include colposcopy and acetic acid application and should seek to rule 
out invasive cancer.151 An international colposcopic terminology has 
now been developed, which should improve diagnostic accuracy and 
reliability.110 Women with a history of anogenital HPV disease, or 
whose sexual partners have had anogenital HPV disease, should have 
a cytologic examination of a cervical smear (Pap smear), at least as part 
of regular screening (see “Prevention”). Koilocytes on a cytologic 
smear are the hallmark of HPV infection.160 More important, diagnoses 
of dysplasia and cancer can also be made from the smear.161 Depending 
on the patient’s age and the location and nature of the HPV infection, 
the sensitivity of the Pap smear in detection of HPV infection ranges 
from 30% to 90%.162

The use of the colposcope during the anoscopic examination (high-
resolution anoscopy [HRA]) combined with anal cytology has been 
applied with success to the diagnosis of intra-anal HPV lesions.163 It 
can be a screening tool for anal intraepithelial neoplasias in homo-
sexual or bisexual males or in the female with HIV.140,143,163-165 So far, 
only New York State recommends anal cytology and HRA for the 
management of women with HIV with high-grade intraepithelial neo-
plasia and of any patient with HIV with abnormal anal physical find-
ings (www.hivguidelines.org). However, cytology turned out to have 
poor specificity in that patient population, increasing the reliance on 
histology, and possibly HPV DNA testing.165,166 Nevertheless, any of 
these approaches have yet to be validated with long-term studies of 
outcomes (anal cancer), reliability, safety, and costs. Consequently, they 
have not been endorsed by broad public health policies,167,168 Auto-
mated, liquid-based collection for cervical cytology has largely sup-
planted the conventional Pap smear in the United States.161,169 Its only 
but significant advantage is that it allows, if need be, HPV DNA testing 
on the same sample (so-called reflex testing), which is now part of the 
screening strategy for cervical cancer.169,170

Cervical cytology has benefited from the development of the 
Bethesda system, last revised in 2006.171 This interpretation scheme 
addresses the adequacy of the specimen, classifies its pathologic  
features, and provides guidelines for management and follow-up, 
updated in 2012 (www.asccp.org/ConsensusGuidelines/tabid/7436/
Default.aspx).171,172 HPV-related squamous cell abnormalities are 
regrouped in four categories: (1) atypical squamous cells “a” of unde-
termined significance (ASC-US) or “b,” for which a high-grade squa-
mous intraepithelial lesion (ASC-H) cannot be excluded; (2) low-grade 
squamous intraepithelial lesion (LSIL), a diagnosis that regroups the 
previous cytologic and histologic diagnoses of koilocytic or condylo-
matous atypia, mild dysplasia, and CIN 1; (3) high-grade squamous 
intraepithelial lesion (HSIL), previously including moderate and severe 
dysplasia, CIN 2 and CIN 3, and carcinoma in situ (CIS); and (4) SCC.

The general histopathologic features of HPV infection are usually 
characteristic (see “Pathogenesis”). Therefore, biopsy can be used to 
confirm most diagnoses. In addition, histologic examination can  
identify the presence of intraepithelial neoplasia or invasive cancer. 
Although histology is the gold standard, like cytology, it suffers  
from lack of accuracy and reliability where disease grades are 
concerned.161,173

To enhance the sensitivity and specificity of cytohistopathology, 
two types of techniques are now available to the clinical laboratory. 
They rely on the demonstration in the cytologic or biopsy specimens 
of HPV nucleic acids or cellular antigens indicative of oncogenic 
risk.174-176

A great number of custom PCR assays have been developed by 
various investigators. There are now five HPV nucleic acid detection 
tests approved by the U.S. Food and Drug Administration (FDA) for 
the triage of ASC-US Pap smears and for the primary screening of 
cervical cancer in combination with cytology.174 The digene Hybrid 
Capture II High-Risk DNA assay (Qiagen, Valencia, CA) is based on 
a liquid hybridization reaction performed in a 96-well microplate. The 
sample DNA is reacted with RNA probes targeted to genital high-risk 
HPVs (types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68). This 
assay is rapid and, unlike the PCR-based assays, not susceptible to cross 
contamination. Cervista HPV HR (Hologic Third Wave Technologies, 
Madison, WI) detects the same high-risk genotypes as the Hybrid 
Capture II, as well as type 66. It reports whether a high-risk HPV is 

http://www.hivguidelines.org
http://www.asccp.org/ConsensusGuidelines/tabid/7436/Default.aspx
http://www.asccp.org/ConsensusGuidelines/tabid/7436/Default.aspx
http://www.myuptodate.com


P
a
rt

 I
II

 I
n

fe
ct

io
u

s 
D

is
ea

se
s 

an
d

 T
h

ei
r 

Et
io

lo
g

ic
 A

g
en

ts
1802

patients have spontaneous resolution of the disease.125-128,200 Indepen-
dent of treatment, patient counseling is part of management.105,208

None of the available treatment methods is dramatically superior 
to the others, but each may have its particular advantages. Because 
convenience is one of the greatest advantages, the availability over the 
past few years of patient-applied therapies—podofilox, imiquimod, 
and polyphenon E—has been of considerable interest.

Podofilox (podophyllotoxin) is a derivative of podophyllin, which 
was long the mainstay of genital wart treatment by practitioners. Podo-
phyllin, a resin extract from the rhizome of Podophyllum peltatum 
(podophyllum resin [U.S. Pharmacopeia]) or Podophyllum emodi, has 
been the principal mode of therapy for many years.209,210 The active 
molecules are lignans, particularly podophyllotoxin. Although podo-
phyllin is a mitotic poison, its mode of action in warts is unknown. 
The compound is usually applied as a 10% to 25% solution in benzoin, 
directly on the wart, once weekly. Washing of lesions within 12 hours 
is recommended to minimize local reactions. Lack of regression after 
four applications suggests the need for alternative therapy. Podophyllin 
has never been compared with a placebo. Its effectiveness has been 
evaluated in a series of randomized controlled trials against other  
treatment methods; complete clearance rates ranged from 20% to  
40%, taking into account frequent recurrences.104,209 Side effects are 
both local and systemic.209,210 Chemical burns are seen in one third to 
one half of the patients. Transient pseudoneoplastic histopathologic 
changes have also been reported. Neurologic, hematologic, and febrile 
complications, sometimes leading to death, and allergic sensitization 
have been associated with administration of topical podophyllin. 
Therefore, areas larger than 10 cm2 should not be treated. The drug is 
contraindicated in pregnancy.

Podophyllotoxin is available in the United States under the generic 
name podofilox. It offers distinct advantages over podophyllin. It is 
chemically uniform and of standardized potency. Podofilox is also 
more efficacious and less toxic than podophyllin.104,210-212 Finally, it does 
not need to be washed off. Randomized controlled studies have shown 
that 0.5% podofilox solution applied twice daily for 3 consecutive days 
every week for up to 4 weeks results in rates of complete response from 
45% to 58%.200,205,212-215 A gel formulation is easier to apply without 
spillover. Side effects are mostly mild and similar in nature to those of 
podophyllin. As with podophyllin, relapses are common and occur in 
33% to 91% of patients.200,205,212-215 Application of podofilox to prevent 
recurrences is effective and well tolerated, but the long-term outcome 
after cessation of treatment is unknown.216 In addition to podofilox 
0.5% (Condylox [Actavis, Parsippany, NJ]) solution, a 0.5% gel is now 
available. It yielded a 45% (81 of 181) complete clearance rate after 8 
weeks in a large randomized controlled trial, as opposed to 4% (5 of 
93) for the vehicle only.217

Imiquimod is an imidazoquinolineamine that induces the produc-
tion of interferon-α and other cytokines. It appears to exert its unique 
antitumor and antiviral action by binding to the TLR7, and possibly 
TLR8, of dendritic cells.218 It is available as a 5% cream (Aldara, 3M 
Pharmaceuticals, St. Paul, MN) and, since 2011, as a 3.75% cream 
(Zyclara, Graceway Pharmaceuticals, Bristol, TN) for the self treatment 
of condyloma acuminatum.219,220 Imiquimod 5% cream was compared 
with vehicle alone in a randomized double-blind trial and was given 
three times per week, on alternate days, for up to 8 weeks.221 At the end 
of the treatment period, 108 patients were evaluable, and the complete 
response rate was 37% in the imiquimod group compared with 0% in 
the control group (P < .001). Nineteen percent of the patients had a 
recurrence during the 10 weeks of follow-up. In a similar study, the 
treatment duration was extended up to 16 weeks, and imiquimod 5% 
cream was compared with a 1% cream and with vehicle.222 At the end 
of treatment, the complete response rates were 50%, 21%, and 14% in 
the three respective groups. Imiquimod 5% cream was significantly 
superior to either of the two other preparations (P < .001). In the 5% 
imiquimod group, 72% of women had a complete response, compared 
with 33% of the men. During the 12 weeks of follow-up, recurrences 
were noted in 13%, 0%, and 10% of the subjects in the three groups, 
respectively. The adverse reactions were local and included itching and 
burning sensations, erythema, erosions, and swelling; they were well 
tolerated. The daily administration of imiquimod 5% cream offers 
some enhancement of efficacy, mostly in men, but a substantially 

salicylic acid preparations, cryotherapy appears to be equivalent.181,182 
Variations in technique may account for these confusing results. 
However, aggressive cryotherapy, a 10-second sustained freeze, is more 
effective than briefer traditional cryotherapy, despite a higher inci-
dence of pain and blisters.181,185 More than one treatment is often 
needed. A 2-week interval offers the best balance between the occur-
rence of side effects and brevity of treatment.186 Treatment beyond 3 
months, or about four cryotherapies, presents little advantage.187

A randomized study with blind evaluation compared cryotherapy 
with duct tape application, an occlusive treatment that has long been 
in the medical lore, for the treatment of common warts.188 Complete 
clearance of the warts occurred in 85% (22 of 26) of the patients who 
received occlusive therapy but in only 60% (15 of 25) of the patients 
treated with cryotherapy. However, this trial had limitations with 
blinding and follow-up. Two subsequent placebo-controlled trials of 
duct tape application produced negative results.189,190

Other treatment methods that are less often used include glutaral-
dehyde, formaldehyde, podofilox, and cantharidin. Their use is empiri-
cal. Intralesional bleomycin has been better studied, but when it is 
compared with placebo, the results are inconclusive.181 It is usually 
reserved for the treatment of periungual warts.

Allergic sensitization with dinitrochlorobenzene (DNCB), fol-
lowed by direct application of DNCB on the lesions, has been  
found to be twice as effective as placebo.181,191,192 However, the use 
of DNCB is risky, and other sensitizing agents, such as 2,3- 
diphenylcyclopropenone, squaric acid dibutyl ester, and 10% maso-
procol cream (Actinex, Schwarz Pharma, Mequon, WI), appear to be 
safer and as effective.191,192

Imiquimod is an immunomodulator that is approved by the FDA 
for the topical treatment of genital warts (see “Anogenital Warts”). 
When used off label in an open study, imiquimod 5% cream applied 
once a day, 5 days per week, for up to 16 weeks on varied common 
warts resulted in a complete response.192

Cimetidine, an H2 blocker that has immunomodulatory properties, 
has been widely publicized as an effective treatment for cutaneous 
warts on the basis of uncontrolled studies. Yet several placebo-
controlled, double-blind studies have failed to confirm that claim.191,192

Electrosurgery and laser surgery are used, but they can be expensive 
and have not been rigorously evaluated.181,191,193,194 Electrosurgery is 
relatively contraindicated for the treatment of plantar warts because of 
the risk of permanent and painful scarring. Laser surgery is also not 
scar-free, but it may be useful for the treatment of periungual and 
subungual warts.

Photodynamic therapy, which relies on laser light to activate locally 
the cytotoxicity of a compound administered systemically or applied 
topically, is superior to placebo for the treatment of cutaneous warts.181 
However, the technique is costly and not widely available.

Suggestion, hypnosis, homeopathy, and distant healing are among 
alternative approaches that have been proposed for the treatment of 
cutaneous warts.195-199 More rigorous evaluations of these interventions 
showed little, if any, promise.

Particular treatment methods have been proposed for some specific 
types of warts. For example, flat warts rarely need treatment, but when 
they do, cryotherapy or electrosurgery (electrodesiccation) is used. 
Cryotherapy may also be used for the treatment of eyelid and periun-
gual warts, and electrodesiccation is useful to remove flat or filiform 
warts.

Anogenital Warts
The treatment methods for condyloma acuminatum are numerous yet 
unsatisfactory, but guidelines that attempt to optimize the therapeutic 
approach have been published.168,200-205 Because no or scant evidence 
shows that treatment directly affects eradication of HPV, transmission 
of infection, or prevents the uncommon development of neoplasms, 
the rationale for treatment is restricted.71,206,207 It includes cosmesis, 
relief of local symptoms, alleviation of the adverse psychological 
impact caused by the presence of anogenital warts,124 and restoration 
of normal physiologic function (e.g., debulking of lesions that obstruct 
the birth canal). Before treatment is initiated, the goals of therapy, 
alternatives, costs, and potential side effects should be discussed with 
patients. Also, within 3 to 4 months, approximately 10% to 20% of 
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The availability of lidocaine-prilocaine (EMLA) cream, which 
should be applied about 1 hour before the procedure, has facilitated 
local anesthesia before cryotherapy and laser surgery.246-249

Two treatments that are now rarely used but still deserve mention 
are 5-fluorouracil and intralesional interferon. 5-Fluorouracil, used 
topically as a 5% cream applied daily, has been reported to have cure 
rates of 30% to 95%; the best results have been obtained with intraure-
thral warts.104,250,251 In a comparative trial in men, 5-fluorouracil 
appeared to be equivalent in efficacy to podophyllin.252 In addition, 
prophylactic activity of 5-fluorouracil has been reported for vulvar 
warts.253 This drug is not widely used because it often produces substan-
tial pain, ulceration, and, if applied in the urethra, dysuria.104 Like other 
antimetabolites, 5-fluorouracil is contraindicated during pregnancy.

Interferons have antiviral, immunomodulatory, and antiprolifera-
tive properties.254,255 Encouraging in vitro and preliminary clinical 
studies were confirmed by four randomized, double-blind trials that 
showed the efficacy of intralesionally administered interferon-α and 
interferon-β compared with placebo.84,256-258 Parenterally administered 
interferons have also been evaluated for treatment of condyloma acu-
minatum but have generally been ineffective.125-127,259 Interferon, in the 
doses used, has been generally well tolerated. Side effects (influenza-
like symptoms, neutropenia, and thrombocytopenia) are usually mild 
and are seen more frequently with higher doses. Imiquimod, an 
interferon-α inducer, is a more practical and cheaper substitute for 
interferon. No published experience is available with pegylated 
interferons.

Cidofovir is an acyclic nucleotide that is a potent inhibitor of the 
DNA polymerase of cytomegalovirus and other herpes viruses and is 
licensed for the intravenous treatment of cytomegalovirus retinitis. 
Although HPVs do not possess a DNA polymerase, this compound 
triggers the apoptosis of HPV-infected cells.179,260 In a randomized, 
vehicle-controlled trial of a compounded 1% gel applied daily to genital 
warts for 5 consecutive days every other week, at 12 weeks the treated 
group had 47% (9 of 19) complete clearance compared with 0 (0 of 11) 
in the vehicle group (P = .006).261 Pain, pruritus, rash, erosions, and 
ulcerations were frequently noted, but equally in both groups. The cost, 
the risk of nephrotoxicity, neutropenia, and carcinogenesis associated 
with cidofovir, and the absence of long-term data are reservations 
about this non–FDA-approved treatment.179

Although guidelines are helpful, firm recommendations on the 
proper treatment strategy for condyloma acuminatum are not always 
possible. The divergent results of several cost-benefit analyses reinforce 
this point.262-264 Costs may vary widely for a given therapy, recurrences 
are common, yet long-term outcomes are not well studied, and the 
significance of the antecedent genital wart history and treatment is 
poorly known. Furthermore, the importance of factors such as gender, 
wart location, size, and number is largely unknown with respect to 
each treatment. Nevertheless, the duration of lesions (>1 year), their 
number (>10), and their location on dry rather than moist skin are 
adverse predictors of treatment response.204,265,266 Treatment response 
may improve with the discontinuation of oral contraceptive use, pubic 
hair shaving, and tobacco smoking.267,268

In practice, availability, convenience, adverse reactions, location of 
lesions, and characteristics of the patient are determinant in the treat-
ment choice. Patient-applied therapies should receive preference. 
Warts of the urinary meatus can be treated with careful application of 
podophyllin, podofilox,104 or cryotherapy.269 5-Fluorouracil cream may 
also be used.104,270 Laser surgery and instillations of interferon-α can 
also be used with intraurethral warts.119,271 Perianal and anal warts may 
be treated with scalpel removal,237-239 cryotherapy,272 laser surgery,273 
trichloracetic or bichloracetic acid,203 or even, as adjunctive therapy, 
with imiquimod-soaked anal tampons.274

For vaginal warts, cryotherapy (sprays), trichloracetic acid, and 
podophyllin are simple options275; laser therapy276,277 and cryother-
apy278 have the advantage of being relatively safe during pregnancy, and 
they may be used for treatment of cervical warts as well. Although 
intralesional interferon may be indicated for the treatment of single, 
very large warts, laser therapy seems to be better suited for large, 
extensive lesions.

Although HPV can be transmitted to the neonate and may lead to 
the development of recurrent respiratory papillomatosis, the presence 

higher incidence of side effects.223 Therefore, Aldara is approved for 
three-times-weekly use only. Additional clinical trials have comple-
mented and supported the results of these pivotal studies.204,224,225

The 3.75% cream formulation (Zyclara) is designed to be adminis-
tered daily for up to 8 weeks.220 This formulation was compared with 
a 2.5% formulation and a placebo in two randomized clinical trials that 
included 534 women. At 12-week follow-up, the complete response 
rates were 43.1% for the 3.75% cream, 35.1% for the 2.5% cream, and 
16.1% for the placebo (P < .003 when comparing each of two active 
groups with the placebo). Rates of drug discontinuation for safety 
reasons were 2.3%, 1.4%, and 0.9%, respectively, with decreasing drug 
concentration.

Imiquimod also appears to be useful for the treatment of other 
possibly HPV-related conditions, such as actinic keratoses, basal cell 
carcinomas, and squamous cell carcinomas in situ.179,226

A new preparation, polyphenon E, that contains green tea catechins 
was approved in 2008 by the FDA as a 15% ointment, Veregen (Doak, 
Fairfield, NJ).227 These compounds have some antiviral and anticarci-
nogenic activities. The product is self-applied three times per day on 
the lesions until complete disappearance, but for no more than 16 
weeks. Three randomized controlled clinical studies have been con-
ducted in men and women with genital warts, with a total of more than 
300 subjects in the 15% ointment arm. In the aggregate, the complete 
clearance rate was 58% with the active compound and 34% in the 
placebo arm. Efficacy was better in women than men. The side effects 
were local and included erythema (18%), pruritus (14%), pain (14%), 
and ulceration (12%). The drug is contraindicated in pregnancy. The 
red stain of the substance and its frequency of administration are 
potential drawbacks.

Various provider-applied therapies are available. They can be 
divided into nonsurgical and surgical treatments, which are as follows.

Podophyllin resin (see previous discussion) is still used widely 
where cost is an issue, although podofilox 0.5% solution or gel is more 
effective and safer to use.210

Trichloracetic acid and, to a lesser extent, bichloracetic acid have 
been favored by gynecologists for the treatment of genital warts.228 
They can both be used during pregnancy. Trichloracetic acid in a 10% 
to 90% solution is used topically at weekly intervals. The application is 
painful and can cause ulcers. The unreacted acid should be removed 
with talcum powder or bicarbonate of soda. In one comparative trial, 
trichloracetic acid therapy appeared to be equivalent to cryotherapy, 
with complete response and relapse rates of 81% and 36%, respec-
tively.229 Another study was also unable to detect any differences, with 
complete response rates of 64% for cryotherapy and 70% for trichlor-
acetic acid.230 Trichloracetic acid at 50% does not add to the effects of 
podophyllin alone and is ineffective in the treatment of vaginal and 
cervical warts.231,232

Cryotherapy is administered with liquid nitrogen or cryoprobe. 
Lesions are frozen every 1 or 2 weeks. Cryotherapy is regarded as an 
effective treatment, with cure rates in the 50% to 100% range, and it is 
safe even during pregnancy.229,233 One comparative study suggested that 
cryotherapy is more effective than podophyllin but probably less effec-
tive than electrosurgery.234-236 Side effects are tolerable and include 
burning, which resolves within a few hours, and ulceration, which 
heals in 7 to 10 days with little or no scarring.

Other surgical techniques are available for the treatment of ano-
genital warts.203-205 Conventional surgery with scissors offers the advan-
tage of immediate eradication of visible lesions. This technique has 
been reserved mainly for the treatment of perianal warts, but it can be 
advantageously applied to other genital warts if they are limited in 
number. Up to one third of patients have recurrences, and scarring, 
typically limited to some skin discoloration, is the most common 
complication.237-240 Electrosurgical techniques have often been applied 
for the treatment of external genital warts, with results probably supe-
rior to those of cryotherapy, but scarring may occur.235,236 Complete 
response rates of 80% to 90% have been reported with CO2 laser 
therapy.241-243 In a comparative assessment, however, laser therapy was 
not deemed to be superior to conventional surgery,238 and subsequent 
better-designed studies indicated a long-term complete response rate 
of 19% to 39%.244,245 Laser therapy is expensive, may require general 
anesthesia, and is frequently accompanied by pain and scarring.
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recent work argues that the family environment is the more likely 
source of infection.36

Male condoms offer an imperfect protection against female acquisi-
tion of HPV infection. However, a prospective study of 82 college-aged 
women, virgins at enrollment, showed protection against HPV cervical 
infection in direct relationship with frequency of condom use during 
intercourse.297 Two randomized trials make a more dramatic argument 
in favor of condoms by showing that male condom use for at least 3 
months promoted regression of CIN and clearance of HPV DNA in 
the female sexual partners and regression of HPV-associated penile 
lesions in the patient.298,299 This occurred only in couples with concor-
dant HPV types.300 Therefore, reinfection is clinically important. More 
recent epidemiologic data show that consistent condom use halves the 
risk of HPV acquisition in males.301

Examination of the partners provides an opportunity to educate, 
counsel, and screen for HPV disease and other STDs.168

The Pap smear is an essential tool for the screening and prevention 
of cervical cancer. In 2012, The American Cancer Society (in concert 
with the American Society for Colposcopy and Cervical Pathology  
and the American Society for Clinical Pathology), the U.S. Preventive 
Services Task Force, and the American College of Obstetricians and 
Gynecologists released their latest guidelines for the screening for cer-
vical cancer.302-304 These guidelines are summarized in Table 146-2. 
Consensus guidelines for the management of the cytologic and histo-
logic abnormalities have been issued by the American Society for  
Colposcopy and Cervical Pathology (www.asccp.org/Consensus 
Guidelines/tabid/7436/Default.aspx).172 In the female with HIV, the 
Pap smear should be obtained twice the first year after the diagnosis 

of genital warts is not an indication for cesarean section, because 
laryngeal papillomatosis is rare and when the transmission of the infec-
tion occurs remains uncertain.35,168

The genital warts of patients with immunocompromise, including 
those with HIV, seem relatively refractory to treatment.279 Thus, 
podophyllin, podofilox, intralesional interferon, and imiquimod  
alone have been largely ineffective.280-284 Combination therapy appears 
more successful, such as electrosurgery plus cold-blade excision280,285 
or plus intralesional interferon for anal warts.286 Imiquimod may also 
be used as adjunctive therapy.287 Nevertheless, single therapy, espe-
cially for small (<1 cm2) intra-anal lesions, may be effective, as shown 
with trichloracetic acid, liquid nitrogen, or the use of an infrared  
coagulator.166,288 Lesion healing is generally not a problem after 
surgery.289 Further recommendations for the management of HIV 
patients with HPV infections are available from the Centers for Disease 
Control and Prevention (CDC; www.cdc.gov/mmwr/pdf/rr/rr5804 
.pdf), the National Institutes of Health (NIH; http://aidsinfo.nih.gov/
contentfiles/lvguidelines/Adult_OI.pdf), and the New York State 
Department of Health (www.hivguidelines.org). The effects of active 
antiretroviral therapy on HPV diseases have been inconsistent but 
generally modest when present.290,291

Because internal genital warts are often associated with genital  
dysplasias and malignant diseases and because of the special skills  
and technical resources necessary for proper diagnosis and manage-
ment, patients with internal lesions should be referred to a qualified 
specialist.

Other Warts
The lesions of epidermodysplasia verruciformis should be carefully 
observed, and any malignant changes should be treated with surgical 
techniques (cold blade or laser), cryotherapy, or 5-fluorouracil oint-
ments.27 Retinoids in combination with intralesional interferon or cal-
ciferol help with the management of the lesions of epidermodysplasia 
verruciformis.27,292

The management of recurrent respiratory papillomatosis is 
complex.35,293,294 For the primary debulking of lesions, most surgeons 
use the CO2 laser. Mechanical devices such as a microresector are 
also used. Photodynamic laser therapy is gaining acceptance. The 
recurrent nature of the disease requires a careful balance between  
the risks and benefits of the surgery, which can be achieved only by 
experienced and skilled operators. Tracheostomy should be avoided 
because the papillomatosis could then extend to the tracheostomy  
site and further down the respiratory tree. Radiotherapy is contra-
indicated because of the known risk of malignant transformation.  
Different adjuvant therapies are available. Parenteral interferon-α 
may yield long-term complete responses in a quarter of patients. The 
interest moved to the intralesional injection of cidofovir.179,260 However, 
the excellent results of the early case series precluded the completion 
of a properly designed study.260 More recently, severe side effects of 
nephrotoxicity and neutropenia, and a possible oncogenic risk, have 
tempered the enthusiasm for use of cidofovir in this setting. Indole-3-
carbinol (I3C) and its main active metabolite, diindolylmethane, are 
derivatives of cruciferous vegetables (e.g., broccoli, cabbage, cauli-
flower) that are widely used by patients with recurrent respiratory 
papillomatosis. By increasing the 2-hydroxylation of estradiol, these 
compounds favor the formation of 2-hydroxyestrone, a nonestrogenic, 
antiproliferative, antiangiogenic, and apoptotic molecule, instead of 
16α-hydroxyestrone. A randomized, placebo-controlled clinical trial 
has shown the ability of I3C to induce regression of biopsy-proven CIN 
2 or 3.295 A similar trial has not been conducted for recurrent respira-
tory papillomatosis.

Oral warts (squamous papillomas, condylomata acuminata, and 
verruca vulgaris) can be treated with surgical excision, cryotherapy, 
laser surgery, or podophyllin application.296 Because of its benign 
natural history, focal epithelial hyperplasia should not be treated.

PREVENTION
At present, no effective methods of prevention for cutaneous warts are 
available, other than avoiding contact with infectious lesions. In the 
case of plantar warts, empirical evidence suggested that the wearing of 
protective foot equipment (verruca socks) would be effective, but more 

TABLE 146-2  Summary of Cervical Cancer 
Screening Guidelines

When to Begin Pap Test Screening
USPSTF, ACS, ACOG Age 21

How Often?

Cytology (21- to 65-Year-Olds)
USPSTF, ACS, ACOG Every 3 years, regardless of the cervical cytology 

technique used

HPV DNA Co-Test
21- to 29-Year-Olds

USPSTF, ACS, ACOG No

30- to 65-Year-Olds

USPSTF Every 5 years is optional

ACS, ACOG Every 5 years is recommended

When to Discontinue Screening
USPSTF, ACS, ACOG At age 65

INCLUDE:

USPSTF, ACS, ACOG Women with adequate screening history defined as 
three consecutive negative cytology results or two 
consecutive negative HPV DNA co-tests within 10 
years of cessation of screening, with the most recent 
test performed within 5 years

EXCLUDE:

ACS Women age 65 or higher with a history of CIN 2,  
CIN 3, or adenocarcinoma in situ should continue 
screening for at least 20 years after spontaneous 
regression or proper management

ACOG Women with a history of CIN 2 or higher

Screening after Hysterectomy
USPSTF, ACS, ACOG Not necessary if it was a total (uterus + cervix) 

hysterectomy

Screening among Those Immunized against HPV16/18
USPSTF, ACS, ACOG No change in the screening guidelines at present

ACS, American Cancer Society; ACOG, American College of Obstetrics and 
Gynecology; CIN, cervical intraepithelial neoplasia; HPV, human papilloma virus; 
USPSTF, U.S. Preventive Services Task Force.

From American Cancer Society (ACS)302: http://onlinelibrary.wiley.com/
doi/10.3322/caac.21139/pdf; U.S. Preventive Services Task Force (USPSTF)303: 
www.uspreventiveservicestaskforce.org/uspstf/uspscerv.htm; and American College 
of Obstetrics and Gynecology (ACOG).304

http://onlinelibrary.wiley.com/doi/10.3322/caac.21139/pdf
http://onlinelibrary.wiley.com/doi/10.3322/caac.21139/pdf
http://www.uspreventiveservicestaskforce.org/uspstf/uspscerv.htm
http://www.cdc.gov/mmwr/pdf/rr/rr5804.pdf
http://www.cdc.gov/mmwr/pdf/rr/rr5804.pdf
http://aidsinfo.nih.gov/contentfiles/lvguidelines/Adult_OI.pdf
http://aidsinfo.nih.gov/contentfiles/lvguidelines/Adult_OI.pdf
http://www.hivguidelines.org
http://www.asccp.org/ConsensusGuidelines/tabid/7436/Default.aspx
http://www.asccp.org/ConsensusGuidelines/tabid/7436/Default.aspx
http://www.myuptodate.com
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CD4+ T-lymphocyte count or the HIV viral load in either adults or 
children 7 to 12 years old.313,314 In these individuals, the vaccine induces 
neutralizing antibodies, albeit at titers about 30% to 50% lower than in 
non–HIV-infected males.

A minimal protective antibody threshold has not been established 
yet, so the meaning of these observations is uncertain, but in the non–
HIV-infected population, full vaccine efficacy is still present at up to 
about 8.5 years. Therefore, it is also unclear if the higher neutralizing 
antibody titers induced by Cervarix, when compared with Gardasil, 
will result in longer-lasting protection.315 Cervarix also offers some 
cross-protection against CIN 2+ caused by nonvaccine HPV types 31, 
33, 45, 52, and 58.316

The effect of HPV vaccination has already been substantial. Even  
in the United States, where the vaccine uptake has been poor, the 
cervicovaginal prevalence of the vaccine HPV types has decreased 
from 11.5% to 5.1% among females aged 14 to 19 years, within 4 years 
of the vaccine introduction.317 In Costa Rica, vaccination with HPV-
16/18 or placebo of 7466 women led, 4 years later, to prevalent oral 
HPV-16/18 infection in 1 subject who received the vaccine and in 15 
placebo recipients, thus strengthening the expectation of an ultimate 
reduction of oropharyngeal cancer incidence.318 More significantly, 
several population-based studies now clearly indicate the impact of 
HPV vaccination on HPV-associated disease incidence, both in the 
United States and abroad. The most impressive has been reported from 
Australia, where the vaccine coverage in girls is high. A national survey 
of STD clinics showed a dramatic reduction in the number of patients 
presenting with genital warts—up to 93% in women younger than 21 
years—which was accompanied by a similar decline in the male het-
erosexual but not in the bisexual or homosexual population, thus 
arguing for a herd immunity effect.319 A similar, but early beneficial 
effect was seen on the incidence of CIN in Australia and the United 
States.320,321

Both vaccines appear to be safe (www.cdc.gov/hpv/vaccinesafety 
.html). Local reactions to immunization are common and include pain, 
redness, and swelling, with the corresponding rates of 71.6%, 25.6%, 
and 21.8% for Gardasil and 92.9%, 44.3%, and 36.5% for Cervarix.315 
Systemic adverse reactions include headache, fatigue, and arthralgia in 
less than half of the recipients.315 Vaccine safety has also been con-
firmed by several public and industrial surveillance programs in place 
in the United States and elsewhere, to document adverse effects 
(consult the October 2008, 2011, and 2012 relevant presentations to 
the Advisory Committee on Immunization Practices [ACIP] at 
www.cdc.gov/vaccines/acip/meetings/index.html). As of September 
15, 2011, the Vaccine Adverse Event Reporting System (VAERS) of the 
CDC and FDA had received 20,096 reports for more than 40 million 
doses of Gardasil delivered. Ninety-three percent were judged nonseri-
ous but included fainting, which has led to the recommendation to 
observe the patient for 15 minutes after immunization. No deaths were 
recorded among the 42 cases of anaphylaxis. Among the 71 reports of 
death, 42 reports of Guillain-Barré syndrome, and 56 reports of throm-
boembolic events, none could be attributed to the vaccine. Although 
the vaccines are contraindicated during pregnancy, both during the 
clinical trials and the postmarketing surveillance, many women 
became pregnant, and no excess of congenital malformations or mis-
carriages has been noted.

ACIP recommends (www.cdc.gov/vaccines/who/teens/for-hcp 
.html) that either the quadrivalent (Gardasil) or bivalent (Cervarix) 
HPV vaccine be given routinely to females aged 11 or 12 years (but it 
can be given as early as age 9 years) and to catch up women aged 13 
to 26 years. For males, only Gardasil is indicated, with the recom-
mended routine immunization of 11- or 12-year-old boys (starting  
as young as 9 years old), with catch-up immunization from ages 13 to 
21 years (a permissive use is allowed for males aged 22 to 26 years). 
ACIP recommends the vaccination of MSM aged 22 to 26 years and 
those in this age group who are HIV seropositive, if not previously 
vaccinated.

The HPV vaccines can be given concomitantly, but at different 
injection sites, with other vaccines such as the hepatitis B and menin-
gococcal vaccines (www.cdc.gov/vaccines/acip/meetings/downloads/ 
slides-2014-02/05-HPV-Markowitz.pdf). Vaccination is contraindi-
cated for those allergic to the components of the vaccine as well as 

of HIV infection and, if the results are normal, annually thereafter 
(www.cdc.gov/mmwr/pdf/rr/rr5804.pdf). It is advised to perform 
routine colposcopy if a female has ASC-US. Other than the New York 
State Department of Health (www.hivguidelines.org), it appears that 
no public health agencies have issued policies for the screening of anal 
cancer with anal cytology in patients with HIV infection, and some, in 
the United Kingdom and Australia, have ruled against screening at the 
moment.168 Recurrent respiratory papillomatosis of children may be 
acquired by the infant during passage through the birth canal, as dis-
cussed previously. Cesarean section has probably only a limited role, 
if any, in the prevention of respiratory papillomatosis.35

In the past decade, the major development in the field of HPV 
diseases has been the availability of two effective vaccines, Gardasil 
(Merck, West Point, PA) and Cervarix (GlaxoSmithKline, London, 
UK) for the prevention of several anogenital HPV diseases. These vac-
cines are based on the ability of noninfectious HPV VLPs, which share 
the same morphologic and immunologic properties as the infectious 
virions, to induce neutralizing antibodies at titers sufficiently high to 
block HPV infection.305,306 Protection is not dependent on a cellular 
immune response.207,306

Gardasil is a quadrivalent vaccine directed against HPV types 6, 11, 
16, and 18 and is made by the expression in baker’s yeast of the L1 
protein of these HPV types.307 The L1 protein spontaneously folds into 
capsomeres and then into VLPs. The L1 VLPs in Cervarix are made in 
insect cells, and this bivalent vaccine only includes types 16 and 18.308 
The two vaccines also differ in their adjuvants. Gardasil contains amor-
phous aluminum hydroxyphosphate sulfate, whereas Cervarix uses 
AS04, a combination of aluminum hydroxide and 3-O-desacetyl-4′-
monophosphoryl lipid A. They are stored by refrigeration but are not 
frozen, and each dose is given intramuscularly (deltoid muscle) in a 
volume of 0.5 mL. The primary immunization regimen is three injec-
tions, at 0, 2, and 6 months for Gardasil, and at 0, 1, and 6 months for 
Cervarix.

Gardasil and Cervarix both have FDA-approved indications for the 
prevention of cervical cancer, adenocarcinoma in situ (AIS), and CIN 
grades 1, 2, and 3 caused by HPV-16 and HPV-18. Clinical trials each 
totaling about 15,000 women, with CIN2+ and AIS as the end point 
and using a per-protocol population analysis have shown an efficacy 
of 98.2% (95% confidence interval, 93.3% to 99.8%) for Gardasil, 42 
months after the first dose, and 92.9% (79.95 to 98.3%) for Cervarix, 
35 months after the first dose.309,310 No data are yet available on cancer, 
but this indication is supported by the strongly established link between 
CIN 2/3 and cancer. Gardasil also has indications for the protection 
against VIN/VAIN 2/3, with an efficacy of 100% (82.6 % to 100%), and 
against external genital warts with an efficacy of 99% (96.2% to 
99.2%).309

An intention-to-treat population analysis relaxed the per-protocol 
criteria and allowed the inclusion of women who at entry were not 
necessarily seronegative and/or HPV DNA negative for the vaccine 
types, who may have become positive for a vaccine type during the 
immunization phase, who might have had ASC-US on their Pap smear, 
and who did not necessarily receive the three doses. The end points 
were also counted, starting with the first dose. Under these conditions, 
efficacy was 44% (31% to 55%) against CIN 2/3 and AIS caused by 
HPV-16 or HPV-18, 71% (37% to 88%) against VIN/VAIN 2/3 caused 
by HPV-16 or HPV-18, and 76% (61% to 86%) against external genital 
warts caused by HPV-6, HPV-11, HPV-16, or HPV-18.311,312 It should 
be noted that individuals already infected with one or more vaccine-
HPV types before vaccination are nonetheless protected from clinical 
disease caused by the remaining vaccine-HPV types.

To show that the vaccines are likely effective if administered to 
children aged 9 or 10 to 15 years, who otherwise are difficult to study 
because of their low rate of HPV disease, the neutralizing antibody 
levels were used as substitute and were shown to be higher in boys and 
girls than in women.307,308

Gardasil has now received indications for males. In studies con-
ducted in HIV-negative MSM, the vaccine intention-to-treat efficacy 
was 68% (48.8% to 80.7%) for external genital lesions and 54.2% 
(18.0% to 75.3%) against AIN 2/3 caused by HPV-6, HPV-11, HPV-16, 
or HPV-18. To date, there are no efficacy data available in the HIV-
infected population, but the vaccine is safe and does not affect the 
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nonavalent HPV vaccine made by Merck is under review by the  
FDA. In addition to types 6, 11, 16, and 18, it includes the oncogenic 
types 31, 33, 45, 52, and 58. It appears effective and safe (www.cdc 
.gov/vaccines/acip/meetings/downloads/slides-2014-02/04-HPV 
-Luxembourg.pdf). Compared to the current quadrivalent vaccine, it 
should augment the coverage of the contributing HPV types from 70% 
to 90% for cervical cancer, from 50% to 80% for CIN 2/3, and from 
25% to 50% for CIN 1.

during pregnancy. There are no data on vaccination and breast-feeding. 
Any interrupted immunization series, for example, because of preg-
nancy, should be resumed at the earliest convenience. Cervical cancer 
screening guidelines are not changed if the woman is vaccinated.

The HPV vaccine is strictly prophylactic and has no impact on the 
evolution of existing lesions. However, there is evidence that vaccina-
tion reduces the recurrence rate of high-grade AIN in males and of 
HPV-related genital disease in females.322,323 As of April 2014, a new 
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JC, BK, and Other Polyomaviruses: 
Progressive Multifocal 
Leukoencephalopathy (PML)
C. Sabrina Tan and Igor J. Koralnik

The human polyomaviruses, JC virus (JCV) and BK virus (BKV), are 
ubiquitous in most human populations throughout the world and  
do not cause disease in in immunocompetent individuals. As much  
as 90% and 86% of the general adult population are seropositive for 
BKV and JCV, respectively.1,2 In individuals with immunosuppression, 
JCV is the etiologic agent of a demyelinating disease of the central 
nervous system (CNS)—progressive multifocal leukoencephalopathy 
(PML)3,4—whereas BKV causes nephropathy, hemorrhagic cystitis, 
and ureteral stenosis. PML is an acquired immunodeficiency syn-
drome (AIDS)-defining opportunistic infection.5 BKV nephropathy is 
a cause of allograft loss in kidney transplant recipients. Recently, new 
human polyomaviruses have been characterized.

VIROLOGY
History
Polyomaviruses are small (45-nm) nonenveloped viruses that are com-
posed of 72 capsomeres with icosahedral symmetry, harbor a circular 
double-stranded DNA, and belong to the Polyomaviridae family with 
Polyomavirus as the only genus.6 The polyomaviruses are ubiquitous in 
nature and are species specific, including humans (JCV, BKV), monkeys 
(simian virus 40 [SV40]), and mice (mouse polyomavirus). In humans, 
JCV was first isolated from the brain of a patient with PML whose 
initials were J.C.7 Similarly, B.K. were the initials of a kidney transplant 
patient in whom BKV-associated ureteral stenosis was first described.8 

There are now nine new members of the Polyomavirus genus, named 
after the site of discovery—WUPyV (Washington University) and 
KIPyV (Karolinska Institute)9,10; their geographic origins—MWPyV 
(Malawi)11 and STLPyV (St Louis)12; the diseases that they cause—
MCPyV (Merkel cell carcinoma)13 and TSPyV (trichodysplasia spinu-
losa)14; or their order of discovery—HPyV6, HPyV7, and HPyV9 
(human polyomaviruses 6, 7, and 9).15-17

Epidemiology
Both JCV and BKV have worldwide distribution, including geographi-
cally isolated populations with little exposure to other infections.18 
Although seroprevalence for both BKV and JCV increases rapidly with 
age,19 primary infection of each virus occurs independently.20 Acquisi-
tion of both viruses through vertical transmission has been docu-
mented.21 After primary infection, BKV and JCV can be detected in 
renal tubular epithelial cells, where they may remain latent. Although 
JC viruria occurs independent of the host’s immune status, JC viremia 
is usually only detected in individuals with immunosuppression. 
Indeed, JCV is found in the urine of 20% to 30% of healthy and immu-
nosuppressed individuals alike, with or without PML.22,23 However, 
JCV viremia has been detected in 20% to 40% of individuals who are 
human immunodeficiency virus (HIV) positive without PML and in 
60% to 80% of patients with PML.24,25 Conversely, BK viruria occurs in 
0% to 20% of asymptomatic immunocompetent individuals,1 but viral 

JC VIRUS

Definition
•	 JC	virus	(JCV)	is	a	ubiquitous	human	

polyomavirus	that	causes	central	nervous	
system	diseases	in	immunocompromised	
patients,	including	progressive	multifocal	
leukoencephalopathy	(PML),	JCV	granule	cell	
neuronopathy,	and	JCV	encephalopathy.

Epidemiology
•	 JCV	infects	40%	to	86%	of	the	general	

population	worldwide.
•	 JCV	can	be	detected	in	the	urine	of	one	

third	of	healthy	and	immunosuppressed	
individuals.

•	 PML	can	occur	in	up	to	5%	of	untreated	
patients	with	acquired	immunodeficiency	
syndrome.

•	 Up	to	82%	of	PML	patients	are	infected	with	
human	immunodeficiency	virus.

Microbiology
•	 JCV	is	a	member	of	the	Polyomaviridae.
•	 It	is	a	double-stranded	DNA	virus	without	an	

envelope.
•	 After	primary	infection,	JCV	remains	latent	in	

the	kidney	epithelial	cells.
•	 Reactivation	of	JCV	causes	a	lytic	infection	

of	oligodendrocytes	in	the	brain,	leading		
to	PML.

Diagnosis
•	 Definitive	diagnosis	of	PML:	JCV	is	detected	in	

cerebrospinal	fluid	by	polymerase	chain	
reaction	(PCR)	assay	or	JCV	proteins	are	
detected	in	brain	tissues.

•	 Possible	diagnosis	of	PML:	Magnetic	resonance	
imaging	findings	and	clinical	presentation	are	
consistent	with	PML	in	the	absence	of	JCV	
detection	in	cerebrospinal	fluid.

Therapy
•	 There	are	no	effective	antiviral	medications.
•	 Immune	reconstitution	can	boost	host	cellular	

immune	response	to	better	control	JC	viral	
replication.

Prevention
•	 Measures	should	be	taken	to	prevent	

immunosuppression.

BK VIRUS

Definition
•	 BK	virus	(BKV)	is	a	ubiquitous	human	

polyomavirus	that	causes	hemorrhagic	cystitis	
in	hematopoietic	stem	cell	transplantation	
patients	and	nephropathy	in	kidney	
transplantation	recipients.

Epidemiology
•	 BKV	infects	82%	to	90%	of	the	general	

population	worldwide.

•	 BKV	can	be	detected	in	the	urine	of	
asymptomatic	healthy	individuals.

•	 BKV	nephropathy	occurs	in	up	to	10%	of	
kidney	transplant	patients.

Microbiology
•	 BKV	is	a	member	of	the	Polyomaviridae.
•	 It	is	a	double-stranded	DNA	virus	without	an	

envelope
•	 After	primary	infection,	BKV	remains	latent	in	

the	kidney	epithelial	cells.
•	 Reactivation	of	BKV	causes	hemorrhagic	

cystitis	and	nephropathy.

Diagnosis
•	 BKV	is	detected	by	PCR	assay	in	blood	and	

sustained	viruria	in	urine.
•	 Cytopathologic	changes	may	be	detected	on	a	

kidney	biopsy	specimen.

Therapy
•	 There	is	no	effective	antiviral	medication.
•	 Reduction	in	immunosuppression	can	boost	

host	cellular	immune	response	to	better	
control	BKV	replication.

Prevention
•	 Early	detection	of	viral	reactivation	in	urine	

and	blood	by	PCR	assay	can	be	an	indicator	for	
a	preemptive	reduction	in	immunosuppression	
to	help	reduce	occurrence	of	renal	disease.

SHORT VIEW SUMMARY
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receptors for cell entry.37 Pharmacologic blockade of the serotonergic 
receptors restricts JCV infection in vitro. The 5-HT2A receptor is 
present on glial cells and astrocytes and on B lymphocytes, platelets, 
and kidney epithelial cells. JCV also uses clathrin-coated pits on cell 
surfaces after binding and adsorption, mediated by the capsid protein 
VP1. Cell entry occurs via endocytosis and results in fusion of virus-
carrying vesicle with the nuclear membrane.38

BK Virus
BKV uses an N-linked glycoprotein containing an α(2,3)-linked sialic 
acid as a receptor. Entry into the cell occurs via caveolae-mediated 
endocytosis.39

New Human Polyomaviruses
Seroprevalences for the newer human polyomaviruses range from 25% 
to 90%.15,40-43 The KI and WU polyomaviruses were first isolated from 
respiratory samples with high-throughput screens.44,45 Subsequently, 
molecular evidence indicated a worldwide distribution for both viruses 
in the respiratory secretions of children, with incidence rates as high 
as 2.5% in Australia46 for KI and 7% in South Korea47 for WU. A study 
analyzing nasopharyngeal aspirates in the United Kingdom showed a 
bimodal age distribution of KI virus and detection of the WU virus in 
samples from patients younger than 15 years old.48 Both KI and WU 
share significant genomic and protein similarities with BKV and JCV. 
Although the DNA of these viruses is convincingly present in the 
respiratory tracts of patients with respiratory diseases, as yet no 
reported isolation of mature viral particles exists. Furthermore, because 
the respiratory tract is not a sterile site, viruses present in the environ-
ment as well as those that are pathogenic to humans can be detected. 
Likewise, HPyV6, HPyV7, MWPyV, and STLPyV were also all recov-
ered from nonsterile sites such as skin, stool, and warts. Therefore, the 
proof of their existence as bona fide infectious agents remains to be 
established. Lastly, the detection of HPyV9 in normally sterile blood 
distinguished this virus as a possible human pathogen.

The Merkel cell polyomavirus (MCV), discovered in 2008, and 
trichodysplasia spinulosa–associated polyomavirus (TSPyV), discov-
ered in 2010, are both associated with human skin diseases. MCV can 
be detected in up to 80% of tissues with Merkel cell carcinoma, an 
aggressive and deadly neuroectodermal tumor that principally affects 
patients with immunosuppression.49 Molecular studies indicate that 
MCV shares a similar genome with the other human polyomaviruses 
and that integration of MCV into the tumor genome most likely takes 
place before clonal expansion of tumor cells. MCV is most similar to 
the African green monkey lymphotropic polyomavirus. TSPyV viral 
particles were detected by electron microscopy on a hair follicle from 
a heart transplant patient with trichodysplasia spinulosa, a rare skin 
disease affecting immunocompromised patients.14

Interestingly, unlike JCV and BKV, these newer human polyomavi-
ruses do not contain a gene that encodes the agnoprotein. The agno-
protein was initially named because its function was unknown. 
However, this protein appears to have important regulatory functions 
of both polyomaviruses and host cells. The significance of the agno-
protein deletion in these polyomaviruses remains to be determined.

PROGRESSIVE MULTIFOCAL 
LEUKOENCEPHALOPATHY AND 
OTHER JC VIRUS–ASSOCIATED 
SYNDROMES
Epidemiology
PML was initially described in 1958.50 The disease was estimated to 
occur in 0.07% of individuals with hematologic malignant diseases,51 
such as leukemia and lymphoma, or rarely in patients with solid-organ 
cancer or organ transplants. Since the 1980s, in the era of HIV infec-
tion, PML has been recognized as a major opportunistic infection that 
affects up to 5% of patients with AIDS.5 Despite the advent of com-
bined antiretroviral therapy (ART), PML still occurs in 0.6 to 1.3/1000 
HIV-positive person-years.4 Currently, 82% of patients with PML have 
AIDS, 8.4% have hematologic malignant diseases, 2.8% are solid-organ 
transplant recipients, 0.95% have chronic inflammatory diseases, and 
6% have no defined risk factor for PML.4 Indeed, 38 cases of PML have 

shedding in the urine is higher in individuals with immunosuppression 
(10% to 60%),26-28 which correlates with the degrees of immunosup-
pression.29 Specifically, in the urine of patients who are HIV positive, 
BK viral load increases with decreased CD4+ T-cell counts.30,31 Although 
BKV is usually not detected in the peripheral blood of patients with 
either immunocompetence or immuno suppression, the detection of 
BKV DNA in the plasma of renal transplant patients is an indication 
of development of BKV-induced nephropathy.26,32

Genome
Polyomaviruses have a circular double-stranded genomic DNA of 
approximately 5 kb. The genomes of BKV and JCV have been used 
extensively in human population migration studies because of their 
extremely conserved coding regions. JCV and BKV share approxi-
mately 70% genome homology,33 and all polyomaviruses maintain the 
feature of coding DNA from both strands. The early proteins, large T 
and small t, are transcribed counterclockwise from one strand, whereas 
the late proteins, VP1, VP2, VP3, and agnoprotein, are transcribed 
clockwise from the opposite strand (Fig. 147-1). The genome can be 
divided into three distinct areas: (1) the early genes region, which 
includes the large T and small t antigens, regulatory proteins respon-
sible for viral transformation, replication, and regulation of gene 
expression; (2) the late genes region, which encodes the capsid proteins 
VP1, VP2, and VP3 and the agnoprotein; and (3) the noncoding regu-
latory region. The agnoprotein is important both in regulation of JCV 
transcription and translation and in dysregulation of host cell cycle and 
DNA repairs.34,35 Similar to the origin of DNA replication, the noncod-
ing regulatory region also contains several binding sites for nuclear 
factors, which play important roles in JCV transcription. Deletions, 
insertions, and rearrangements in the regulatory region are associated 
with tissue tropism and virulence. The archetype regulatory region is 
mainly found in JCV isolated from kidney cells and consequently from 
urine. It is thought to be the type from which all other JCV regulatory 
region sequences have evolved. The rearranged type of regulatory 
region of JCV is principally detected in the brain and cerebrospinal 
fluid (CSF) of patients with PML. Whereas the rearranged type of 
regulatory region is found in the peripheral blood of patients with 
PML, a mixture of both types is present in the bone marrow.24,36 Which 
type of regulatory region is associated with primary infection is not 
known.

Receptors and Cell Entry
JC Virus
Data suggest that N-linked glycoprotein containing an α(2,6)-linked 
sialic acid may act as a JCV receptor. In addition, evidence from  
cultured cell lines shows that JCV uses the serotonergic 5-HT2A 

FIGURE 147-1  Polyomavirus genomic map (~5 kb). RR,  regulatory 
region. (Courtesy Dr. Yiping Chen.)
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Progressive Multifocal Leukoencephalopathy–
Immune Reconstitution Inflammatory 
Syndrome
Inflammatory PML has been frequently detected when the immune 
response is rapidly restored with ART in patients with HIV. Patients 
usually have an increasing CD4+ cell count and a decreasing plasma 
HIV viral load. Unlike classic PML, up to 57% of the PML–immune 
reconstitution inflammatory syndrome (IRIS) lesions may display con-
trast enhancement on magnetic resonance imaging (MRI),4,69 which 
indicates a breakdown of the blood-brain barrier, along with worsen-
ing of the initial presenting symptoms. Conditions may stabilize after 
the initial worsening of symptoms, but fatal outcome has been 
reported.70,71 Magnetic resonance spectroscopy (MRS) helped define a 
unique metabolic pattern in PML lesions that showed an increased 
ratio of lipids to creatine consistent with inflammation. Combined 
with the presence of contrast enhancement in PML lesions, this finding 
yielded a 79% probability of IRIS compared with 13% in the absence 
of these criteria.72

In autopsy samples of patients with PML-IRIS, mainly CD8+ lym-
phocytes were detected in the lesions along with a paucity of CD4+ 
lymphocytes.71,73,74 The reported time at onset of PML-IRIS ranged 
from 4 to 108 weeks after start of ART.70,71 In some cases, ART was 
started as treatment for PML70,71,73-77; and in others, PML was diag-
nosed at the time of IRIS presentation.70,78

JC Virus Granule Cell Neuronopathy
Demyelination of white matter in the cerebellum is well described in 
patients with PML. In addition to oligodendrocytes and astrocytes, 
JCV can also infect and destroy cerebellar granule cell neurons. This 
neuronal infection can result in a novel syndrome characterized by 
cerebellar atrophy, gait ataxia, and incoordination, without associated 
demyelination.79 This novel syndrome, distinct from PML, is called 
JCV granule cell neuronopathy (GCN).80,81 JCV GCN appears to be 
caused by a JCV variant harboring a 10-bp deletion in the carboxyl 
terminus of the VP1 gene.82 A recent histologic survey indicated that 
infection of granule cell neurons may be found in up to half of patients 
with PML.83 This finding was confirmed in other JCV GCN isolates 
from various geographic origins, and other mutations occurring in this 
area of the VP1 gene were characterized, strengthening its association 
with infection of GCN.4,84

JC Virus Encephalopathy
JCV can also infect hemispheric cortical pyramidal neurons. The clini-
cal presentation differs from both classic PML and JCV GCN. Brain 
lesions are initially restricted to the gray matter on MRI, and the 
patient presents with a global cognitive decline and aphasia, rather 
than with focal neurologic deficits such as sensory or motor dysfunc-
tion.85 The JCV strain isolated from cortical samples had a unique 
deletion in the agnoprotein gene.4

JC Virus Meningitis
Although JCV is not routinely tested for in the CSF of patients with 
meningeal symptoms, several studies have documented JCV as the 

been reported in HIV-negative individuals with minimal or occult 
immunosuppression.52 In HIV-negative individuals, the incidence rate 
of PML per 100,000 person-years is 0.3 in the general population, 1.0 
in patients with rheumatoid arthritis, 2.4 in those with systemic lupus 
erythematosus, 10.8 in those with autoimmune vasculitis, 8.3 in those 
with non-Hodgkin’s lymphoma and chronic lymphocytic leukemia, 
and 35.4 in bone marrow transplant recipients.53 Lastly, a new group 
of patients with PML has emerged among patients treated with immu-
nomodulatory medications for malignant diseases or autoimmune 
diseases, such as patients treated with natalizumab for multiple sclero-
sis or Crohn’s disease,54-56 rituximab for lymphoma57,58 or lupus,59 and 
efalizumab or fumaric acid for psoriasis.60,61

Natalizumab-treated multiple sclerosis patients are a growing pop-
ulation: as of March 2014, 448 cases of natalizumab-related PML have 
been documented worldwide. The incidence of natalizumab-associated 
PML is highest after 24 months of treatment in JCV-seropositive 
patients with a prior history of immunosuppressive treatment, where 
it reaches 1.1%.62

Pathogenesis
Primary infection of JCV is asymptomatic, after which the virus 
becomes clinically latent. JCV DNA is detected with polymerase chain 
reaction (PCR) assay in the tonsillar tissues of 39% of healthy individu-
als, which suggests a possible oral or respiratory route of infection.63,64 
Detection of JCV in urine of healthy adults indicates that the kidney 
is a site of latency. Immunohistochemical staining shows viral proteins 
in the kidney tubular epithelial cells. Detection of JCV DNA in the 
bone marrow65 and brain66 of patients without PML suggests these are 
also possible additional sites of latency.

In patients with PML, JCV infects oligodendrocytes and astrocytes 
in the brain and rarely the spinal cord, which causes a lytic infection 
that results in the destruction of the myelin sheath. Pathologic exami-
nations of PML lesions show extensive demyelination of the affected 
areas.

Clinical Manifestations
Classic Progressive Multifocal 
Leukoencephalopathy
Because PML causes multifocal demyelination of the white matter of 
the CNS, the resulting neurologic deficits correspond to the location 
of the lesions. Although initial symptoms of PML can vary greatly 
from patient to patient, the predominant symptoms include coordina-
tion difficulties, gait imbalance, cognitive dysfunction, visual prob-
lems, and limb paresis. The optic nerves and the spinal cord of the 
central nervous system are usually spared, but incidental postmortem 
findings of PML lesions have been discovered in the spinal cord of a 
patient who was HIV positive with hemispheric PML.67 Furthermore, 
although PML lesions are generally located in the white matter, sei-
zures, which are usually considered to be of cortical origin, can be  
seen in up to 18% of patients with PML and are associated with the 
localization of demyelinated lesions immediately adjacent to the cortex 
(Table 147-1).68

TABLE 147-1  JC Virus–Associated Diseases

CLINICAL 
PRESENTATION CLASSIC PML PML-IRIS JCV GCN JCV E
Onset Subacute Immune recovery Chronic Subacute

Magnetic resonance 
imaging

Asymmetrical, well-demarcated, nonenhancing 
subcortical white matter lesions; hyperintense 
on T2-weighted and FLAIR images; 
hypointense on T1-weighted images

Contrast-enhancing 
lesions and possible 
mass effect

Cerebellar atrophy Cortical lesions

Neurologic 
symptoms

Based on location Based on location and 
inflammation

Cerebellar syndrome Encephalopathy

Histology Demyelinating lesions often at gray-white 
matter junction; JCV detected in enlarged 
oligodendrocytes; bizarre astrocytes; presence 
of CD8+ T cells near JCV-infected cells

Demyelination similar to 
classic PML but with 
marked inflammatory 
infiltrates

Focal areas of cell loss in 
granule cell layer of 
cerebellum; JCV detected in 
enlarged granule cell neurons

Focal areas of cell loss in 
hemispheric cortex; JCV 
detected in enlarged 
pyramidal neurons

E, encephalopathy; FLAIR, fluid-attenuated inversion recovery; GCN, granule cell neuropathy; IRIS, immune reconstitution inflammatory syndrome; JCV, JC virus; PML, 
progressive multifocal leukoencephalopathy.
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T1-weighted images. MRI is more sensitive than CT and is the imaging 
method of choice for diagnosis of PML. As the name PML suggests, 
multiple lesions are usually present; they are often located in the sub-
cortical white matter or in the cerebellar peduncles.90,91 Lesions may 
also be found in gray matter structures, such as the basal ganglia or 
thalamus, which also contain myelinated fibers. In addition, PML may 
also have atypical presentations, including unifocal and miliary pat-
terns.92,93 Although features of MRI appearance are not linked to sur-
vival time, the rare detection of mass effect predicts poor prognosis.94 
Lastly, atypical PML lesions, including ones with contrast enhance-
ment, are seen in natalizumab-associated PML95 and in inflammatory 
PML that results from IRIS (Fig. 147-2).70

Brain Biopsy
Brain biopsy is the gold standard for the diagnosis of PML. This test 
has a sensitivity that ranges from 64% to 96% and a specificity of  
100%. Histologic examination shows demyelinated areas, with reactive 
gliosis and enlarged and bizarre astrocytes, and macrophages that 
contain phagocytosed myelin and cellular debris. These lesions are 
located in both cortical and subcortical regions of the brain.96 JCV can 
be detected in infected oligodendrocytes with enlarged amphophilic 
nuclei located at the periphery of the lesions. Intraparenchymal and 
perivascular infiltrates by CD8+ T cells are usually present in PML-IRIS 
(Fig. 147-3).71

only pathogen present in the CSF of patients with typical meningitis 
symptoms, including neck stiffness and diplopia.86-88 Whether these 
cases result from JCV primary infection or reactivation is unclear. 
Because JCV PCR is not routinely performed in the CSF of patients 
with meningitis who do not have CNS lesions, the exact incidence of 
JCV meningitis is unknown.

Diagnosis
The diagnosis of PML can be established either via histopathologic or 
clinical pathways. Whereas the first requires demonstration of JCV 
infection in the brain, the latter is based on clinical and radiologic find-
ings consistent with PML and not better explained by other disorders, 
coupled with demonstration of JCV DNA by PCR in CSF. Diagnostic 
classification includes certain, probable, possible, and not PML.89

Imaging
Radiographically, PML brain lesions typically appear as multiple white 
matter lesions, usually sparing the cortex, that do not conform to 
particular vascular territories. No associated mass effect or contrast 
enhancement is generally seen. Both computed tomography (CT) and 
MRI can be used in the diagnosis of PML. Lesions appear in the white 
matter as hypodense or patchy on CT; on MRI they are areas of hyper-
intense (bright) signal on T2-weighted and fluid-attenuated inversion 
recovery (FLAIR) images and show as hypointense (dark) signal on 

FIGURE 147-2  Magnetic resonance images of patient with HIV infection with classic progressive multifocal leukoencephalopathy at pre-
sentation. A, Fluid-attenuated inversion recovery (FLAIR) image shows lesions in right and left frontal lobes (arrows). B, No enhancement is evident after 
gadolinium injection on a T1-weighted image  (arrows). C, FLAIR image after antiretroviral therapy shows progressive multifocal  leukoencephalopathy–
immune reconstitution inflammatory syndrome displaying progression of lesions in both hemispheres (arrows). D, Peripheral enhancement can be seen 
in T1-weighted image after gadolinium enhancement (arrows). 
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CD4+ and CD8+ T-cell responses against JCV early after disease onset 
than PML progressors.112 Furthermore, elevation of myoinositol, a 
marker of inflammation detected with MRS in PML lesions, was asso-
ciated with a better prognosis.107,113

Therapy
No specific treatment exists for PML. However, in patients infected 
with HIV, initiation or optimization of ART has been associated with 
an increase in PML survival rate at 1 year from 10% to 50%.100 For 
patients who are HIV negative, improvement of the immune status 
through reduction of immunosuppression may allow for the adaptive 
immune system to take control of the infection. Because a strong cel-
lular immunity against JCV has been associated with a better clinical 
outcome, immunotherapies aimed at boosting this immune response 
may become a treatment option for PML.114 Cytarabine has shown an 
in vitro effect in controlling JCV replication and multiplication.115 One 
randomized controlled clinical trial with patients who were HIV posi-
tive with PML did not show efficacy,116 but one small retrospective study 
did show stabilization after intravenous treatment with cytarabine117 in 
7 of 19 HIV-negative patients (37%) with PML who had leukemia or 
lymphoma. Cidofovir is another potent antiviral agent that has shown 
in vitro activities against murine polyomavirus and SV40, but it has not 
been tested against JCV or BKV. However, multiple studies in different 
centers with cidofovir in patients both with and without HIV have not 
shown a significant effect in changing the disease course.100,118-120 Lastly, 
because in vitro studies revealed that JCV infects cells via the serotonin 
receptor 5-HT2A, mirtazapine, a serotonin receptor blocker, has been 
considered as a potential candidate for containment of JCV infection.37 
However, clinical improvement of PML with mirtazapine remains 
anecdotal so far.121 Recently, a large pharmacologic screening study 
suggested that mefloquine, an antimalarial medication, has the ability 
to inhibit JCV replication in cell culture.122 A multicenter study examin-
ing the role of mefloquine in the treatment of PML was terminated 
ahead of schedule because of lack of efficacy.123

Cerebrospinal Fluid Polymerase Chain 
Reaction Assay
Brain biopsy may not be feasible in some patients, depending on the 
location of the lesions and the disability of the patient. In addition, 
biopsy carries an inherent morbidity and mortality risk. Therefore, CSF 
examination is more commonly used as an alternative method of diag-
nosis. Patients with PML generally have a nonspecific CSF profile, 
including mild pleocytosis, with slightly elevated protein and normal 
glucose levels. The detection of JCV with PCR assay of CSF had a 
sensitivity of 72% to 92% and a specificity of 92% to 100%97 before 
extensive availability of ART. However, in the post-ART era, the sen-
sitivity of PCR detection of CSF has decreased significantly to 58% with 
no changes in the specificity in patients with HIV presenting with PML 
while on ART.98

Prognosis
PML is a fatal disease in most cases. Before the ART era, only 10% of 
patients who were HIV positive with PML lived longer than a year after 
diagnosis.99,100 After the extensive use of ART, the 1-year survival rate 
has increased to 50%.100 A number of studies have delineated several 
prognostic markers, which include patients who present with a lower 
JCV CSF burden,101 detectable JCV-specific immune response in blood 
and CSF,102-104,105 and development of inflammatory immune response 
in the CNS.106,107 Because positive JCV serology is detected in most 
individuals, including those with PML, the humoral immune response 
alone is not able to prevent viral reactivation. However, cellular 
immune response to JCV has been detected in patients with PML, and 
a strong response is associated with better prognosis. Studies have 
documented the presence of cytotoxic T lymphocytes (CTL) that rec-
ognize two human leukocyte antigen A*0201-restricted epitopes of the 
major capsid protein VP1 in patients with PML who survived more 
than 1 year.103,108-110 Presence of JCV-specific CTL was associated with 
an increase in 1-year survival of PML from 46% to 73%.111 In a study 
of 66 patients, PML survivors were 22.2 times more likely to have both 

FIGURE 147-3  Histologic features of JC virus (JCV) infection in the central nervous system. A, Classic progressive multifocal leukoencephalopa-
thy  (PML),  with  demyelinating  lesion  in  white  matter  (arrow)  surrounded  by  multiple  JCV-infected  glial  cells  (dark blue, arrowheads).  B,  Progressive 
multifocal leukoencephalopathy–immune response inflammatory syndrome (PML-IRIS), with marked lymphocytic perivascular infiltrates (arrows). C, JCV 
granule cell neuronopathy in a patient with HIV infection with focal JCV infection of granule cell neurons  (dark blue, arrows). D, JCV encephalopathy 
with hemispheric cortical neurons (brown) infected with JCV (blue, arrows). (A, C, and D courtesy Dr. Christian Wühtrich; B courtesy Dr. Françoise Gray.)
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hematuria, both hemorrhagic and nonhemorrhagic cystitis, and ure-
teral stenosis. Furthermore, BKV can induce interstitial nephritis in 
patients with HIV or renal transplantation. However, in patients with 
a renal allograft, BKV-induced renal tubular epithelial infection results 
in nephropathy, which is not associated with any specific immuno-
suppressive medication. BK viruria and viremia usually precede 
nephropathy. The factors associated with detection of BKV in urine 
and blood include high donor BK antibody titer and, possibly, absence 
of the human leukocyte antigen (HLA)-C7 class I allele in both donor 
and recipient.147 In addition, a higher risk for development of BKV 
nephropathy is associated with older age, male gender, comorbidity of 
diabetes mellitus, white race, and placement of ureteral stent.132,148 
Onset of BKV nephropathy after transplant ranges from 6 days to 5 
years, with a mean time of 10 to 13 months.149,150 Clinical manifesta-
tions of BKV nephropathy are similar to that of graft rejection, with 
slowly increasing serum creatinine levels without symptoms. Hematu-
ria and fever can be detected in some patients.151,152 Laboratory findings 
suggest renal insufficiency and urinary abnormalities. A rise in quan-
titative BKV serology can be seen with reactivation of the virus; 
however, this increase does not prevent progression of disease.147

Ureteral Stenosis
Renal transplant patients with ureteral stenosis do not usually present 
with pain or discomfort because the transplanted kidney is not inner-
vated. However, patients can present with urinary obstruction and 
laboratory findings of elevated serum creatinine levels.

Hemorrhagic Cystitis
Because of BKV tropism for renal urinary tract cells, close to 50% of 
HSCT patients have BK viruria develop within 2 months of trans-
plant,33,138 usually after engraftment.153 The rate of BK viruria is no 
different between allogeneic versus autologous grafts,154 and it is 
implicated in the clinical manifestations of hemorrhagic cystitis  
(10% to 25%), ureteral stenosis, and interstitial nephritis. However, 
most cases of hemorrhagic cystitis occur in allogeneic HSCT recipi-
ents who also have graft-versus-host disease,146 which indicates that 
immune reconstitution is part of the pathogenesis. Myeloablative con-
ditioning regimen has been identified as a risk factor for predisposing 
HSCT patients to BK viruria and hemorrhagic cystitis.155,156,157 Diagno-
sis of BKV-induced hemorrhagic cystitis is considered when posten-
graftment BMT patients present with hematuria, dysuria, urgency, 
frequency, or suprapubic pain. With severe bleeding and clot forma-
tion, complications can include urinary tract obstruction and renal 
failure.

Infections Outside the Renal System
BKV has been reported to disseminate to extrarenal organs. Multiple 
case reports described encephalitis in immunosuppressed patients 
with detection of BKV in their CSF and brain tissues by PCR assay.158-

162 Furthermore, BKV-associated pneumonia and pneumonitis are also 
reported in HSCT patients after hemorrhagic cystitis.163-165

Diagnosis
Urine Polymerase Chain Reaction Assay
In the appropriate clinical setting, detection of BK viruria and renal 
insufficiency is diagnostic of BKV-induced nephropathy. Detection of 
BKV in urine often precedes viral detection in the blood, and sustained 
viruria, defined as detection in two or more consecutive urine samples, 
can be 100% sensitive and 94% specific for BK viremia.166 Urine cytol-
ogy containing decoy cell (enlarged nucleus with a single large baso-
philic intranuclear inclusion) is an indication of viral infection but not 
specific to BKV infection because these cells are also associated with 
JCV and adenovirus infections.167,168 Although detection of BKV DNA 
with PCR assay in the urine of patients with hemorrhagic cystitis is 
sensitive, it is nonspecific because asymptomatic BK viruria is common. 
However, an increased BK viral load in urine along with hematuria can 
aid in the diagnosis.

Renal Biopsy
Renal biopsy is often used in the diagnosis of nephropathy. Histologic 
examination of renal biopsy shows viral replication in the tubular 

In treatment of patients with inflammatory PML, where brain swell-
ing and mass effect can be present, a short course of corticosteroids, 
including prednisone, dexamethasone, and methylprednisolone may 
be used sparingly for mitigation of the inflammation surrounding the 
lesion, especially with a risk for brain herniation. However, the use of 
these medications in PML-IRIS cases remains a matter of debate.124,125 
In patients with HIV, no evidence exists that interruption of ART 
during corticosteroid treatment is beneficial. In published case studies, 
most clinicians chose to continue ART after the diagnosis of PML-IRIS. 
Short-term interruption of ART can be used temporarily to reduce the 
uncontrolled immune reaction. However, clinicians need to be aware 
that disruptions in ART have been associated with higher HIV viral 
load rebound and lower CD4 counts.126,127 Furthermore, whether a 
recurrence of IRIS may develop on restarting ART is also unclear. Cor-
ticosteroids, including dexamethasone, prednisone, and hydrocorti-
sone, have been used anecdotally for their anti-inflammatory and 
immunosuppressive effects.128 However, no clear guidelines exist for 
corticosteroid treatments of patients with PML-IRIS. Therefore, these 
medications should be used only in cases with clear clinical or radio-
logic worsening attributable to IRIS, including life-threatening situa-
tions associated with cerebral edema and impending brain herniation.

NEPHROPATHY AND OTHER BK 
VIRUS–ASSOCIATED DISEASES
Epidemiology
Although BKV-induced nephropathy rarely occurs in a native 
kidney,129,130 the prevalence rate of this condition in kidney transplant 
recipients ranges from 1% to 10%.131,132 Diagnosis is made on average 
44 weeks after transplantation, with a peak around 24 weeks.26 With 
the availability of potent immunosuppressive medications, such as 
tacrolimus and mycophenolate, a trend has been seen toward increas-
ing prevalence of BKV-induced nephropathy in renal transplant 
patients.133,134 Incidences of BK viremia and viruria decrease signifi-
cantly 1 year after transplantation, diminishing the risk for BKV reac-
tivation.135 In addition, the incidence rate of BKV-induced ureteral 
stenosis in renal transplant patients is estimated to be 3%136; it occurs 
in 0.5% to 6% of the general transplant population.137 Lastly, hemor-
rhagic cystitis is the most prevalent BKV-associated complication and 
occurs in 10% to 25% of bone marrow transplant recipients.138

Pathogenesis
BKV primary infection occurs in childhood and is asymptomatic. 
Thereafter, the virus remains latent in the kidney. Most cases of asymp-
tomatic BK viruria are not associated with nephropathy or hemor-
rhagic cystitis. Therefore, BKV pathogenesis is the result of several 
factors, which include host predisposition, target organ damage, and 
immunosuppression. During the initial post-transplant period, severe 
therapeutic immunosuppressive conditioning regimens are a trigger 
for reactivation of BKV in renal cells. Such reactivation may lead  
to productive infection and lysis of kidney tubular epithelial cells. 
Although the ability of the host to mount BKV-specific immunity can 
be limited by immunosuppressive medications, the resulting cell lysis 
and necrosis mediated by the immune cells may trigger further renal 
dysfunction. In patients with renal transplantation, BK nephropathy is 
associated with risk factors including age, sex, race, BK serostatus of 
the recipients, ABO incompatibility, and types of immunosuppression 
used.139-142 In hematopoietic stem cell transplantation (HSCT) patients, 
BKV seropositivity, older age, high anti-BKV immunoglobulin G (IgG) 
levels before transplant, and lower total lymphocyte count have been 
associated with increased risk for BKV reactivation.143,144 Furthermore, 
in the late engraftment period, the recovery of immune function may 
produce additional injury from inflammation caused by immune 
reconstitution, resulting in hemorrhagic cystitis.145 Lastly, alloimmune 
dysregulation may play an important role because BKV-induced hem-
orrhagic cystitis is rarely detected in autologous transplant recipients 
who received similar conditioning regimens.146

Clinical Manifestations
Nephropathy
BKV has a tropism for cells of the genitourinary tract. Infection with 
BKV in patients with immunocompromise can result in asymptomatic 
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changes with minimal inflammatory infiltrates or fibrosis correlated 
with better prognosis for allograft outcome.171 Studies have shown173 
decreased incidence of nephropathy with regular and early screening 
for BK viruria, viremia, and urine cytologic detection of virus-infected 
“decoy” cells and subsequent reduction of immunosuppressive 
agents.32,174-178,179,180,181-183 Poor outcome from BKV–induced nephropa-
thy is influenced by higher BKV serum viral load, immunosuppression 
with tacrolimus, and delayed diagnosis.184 In post–renal transplant 
patients with BKV reactivation, those patients with BKV-specific  
cellular responses curtail viral replication within a median duration  
of 1 month without other interventions.185 Furthermore, in patients 
who developed BKV nephropathy, a robust BKV-specific cellular 
immune response correlates with decreased viruria and viremia 
whereas the humoral immune response correlated with decreased 
viremia only.186

Therapy
Nephropathy
Treatment of BKV-induced nephropathy is reduction of immuno-
suppression. Multiple antiviral agents, including cidofovir, lefluno-
mide, quinolones, and intravenous immune globulin, have shown 
varying success in small clinical studies.187,188,189-191 However, patients 
in these studies also had concomitant decrease of immunosuppressive 
medications. Because no specific antiviral therapy exists for BKV, 
reduction of immunosuppression is the therapy of choice176 and has 
to be balanced with the increase in risk for graft rejection. The  
clearance of BKV from plasma is a surrogate marker for resolving  
renal tissue pathology. Fluoroquinolones, such as ciprofloxacin, can 
inhibit BKV replication in vitro by inhibiting BKV-encoded DNA 
gyrase.192 Two small retrospective studies demonstrated decreased 
BKV infection after renal transplantation in the group with exposure 
to fluoroquinolones.193,194

Ureteral Stenosis
Post–renal transplant patients with the occurrence of BKV-associated 
ureteral stenosis can benefit from reduced immune suppression. 
Further treatments primarily involve surgical interventions that relieve 
the obstruction.

Hemorrhagic Cystitis
Treatment of hemorrhagic cystitis is symptomatic and includes  
continuous bladder irrigations, analgesia, hyperhydration, forced 
diuresis, and transfusion to maintain platelet levels above 50,000 cells/
mm3 and hematocrit values greater than 25%. Intravesicular cidofovir 
has been used in treatment of hemorrhagic cystitis in several case 
reports and retrospective studies.195-199 Although this agent may provide 
some symptomatic relief, there is no definitive decrease of urine BKV 
load with treatment.200 Randomized controlled trials are needed to 
clarify benefits of intravesicular cidofovir use in hemorrhagic cystitis. 
Prophylaxis with ciprofloxacin resulted in reduced incidence of BKV-
associated hemorrhagic cystitis after HSCT in a small retrospective 
study.201

epithelium cells with large intranuclear inclusions and cell detachment 
(Fig. 147-4).169 These cytopathic changes are initially localized to the 
medulla and distal tubules, with progression to the proximal tubules. 
However, renal biopsy is associated with a false-negative rate up to 30% 
because of the focal nature of the disease.

Plasma Polymerase Chain Reaction Assay
BKV DNA can be detected in the plasma of kidney transplant recipi-
ents.170 However, this test is more useful in ruling out BKV nephropa-
thy than in diagnosing it. BKV PCR in blood has a negative predictive 
value of 100% but only a positive predictive value of 50% for BKV 
nephropathy.33 One study, however, indicated that plasma BK viral load 
above 104 copies/mL has a sensitivity and specificity of 93% in predic-
tion of histologic manifestations of nephropathy.171 Unlike in nephrop-
athy, BKV is usually not detected in the blood of patients with 
hemorrhagic cystitis or ureteral stenosis. However, one study found 
that BK viremia in HSCT patients is an independent predictor for 
development of post-HSCT renal impairment.172

Prognosis
BKV-induced nephropathy is associated with irreversible graft failure 
in 1% to 10% of cases.63 Histologic findings of mild viral cytopathic 

FIGURE 147-4  Histology of BK virus nephropathy. BK virus–infected 
cell  (arrow)  in renal tubular epithelium.  (Courtesy Department of Pathol-
ogy, Beth Israel Deaconess Medical Center, Boston MA.)
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INTRODUCTION
Hepatitis B virus (HBV) infects more than 500 million people world-
wide. It is the leading cause of chronic hepatitis, cirrhosis, and hepa-
tocellular carcinoma (HCC), and these sequelae of chronic infection 
account for more than 1 million deaths annually. The outcome of infec-
tion and spectrum of illness varies widely. During the acute phase, 
infections range from asymptomatic hepatitis to icteric hepatitis, 
including fulminant hepatitis. Once chronic infection is established, 
the spectrum of illness ranges from the asymptomatic, healthy carrier 
state to progressive liver disease that results in the sequelae of end-stage 
liver disease, including cirrhosis and HCC. Even though HBV cannot 
be cultured easily, enough is known about the viral life cycle that spe-
cific antivirals are available to control viral replication in patients; 
however, no cure is available yet for hepatitis B. The identification of 
the correlates of protective immunity has facilitated the widespread use 
of a highly effective vaccine, which by preventing chronic carriage of 
the virus and the subsequent development of HCC represents the first 
true cancer vaccine.

Historical Background  
and Classification
Hippocrates recognized the spread of jaundice by infectious agents as 
early as 4000 bc. Recently, the oldest known HBV was isolated from 
the liver of a mummified Korean child from the 16th century, which 
is estimated to have originated between 3000 and 100,000 years ago.1 
The early modern cases of HBV infection were linked to the use of 
conventional viral vaccines, which were prepared from or contained 
human serum. In 1885, Lurman described the appearance of jaundice 
in 15% of 1289 shipyard workers who received smallpox vaccine pre-
pared from human lymph.2 Epidemics of hepatitis were also recorded 
following the administration of yellow fever vaccine, which was stabi-
lized with human serum.3 In the early part of the 20th century, the 
increasing use of contaminated syringes and needles by diabetics on 
insulin and by patients treated for syphilis at venereal disease clinics 
elevated the importance of serum hepatitis.4,5 This led to the associa-
tion of hepatitis B with blood and blood products, as well as to its 
distinction from infectious hepatitis, caused by hepatitis A virus, a 

Definition
•	 Hepatitis	B	virus	(HBV)	causes	chronic	

hepatitis	B,	which	can	lead	to	progressive	liver	
disease	including	cirrhosis	and	hepatocellular	
carcinoma.

•	 Hepatitis	delta	virus	(HDV)	occurs	as	a	
coinfection	or	superinfection	with	HBV	
establishing	a	chronic	infection	in	hepatocytes.

Epidemiology
•	 Five	percent	of	the	world’s	population	has	

chronic	hepatitis	B,	but	prevalence	varies	
widely	(see	Table	148-1).

•	 The	highest	HBV	prevalence	is	in	Asia,	Africa,	
and	parts	of	the	Middle	East.

•	 Chronic	hepatitis	B	is	the	leading	cause	of	
end-stage	liver	disease	worldwide.

•	 Transmission	of	HBV	is	through	percutaneous	
or	sexual	routes.	Perinatal	transmission	is	also	
common.

•	 About	5%	of	people	with	chronic	hepatitis	B	
have	evidence	of	exposure	to	HDV.

•	 HDV	has	a	worldwide	prevalence	that	
generally	mirrors	HBV	prevalence,	although	
there	are	exceptions.

•	 HDV	is	primarily	transmitted	via	the	parenteral	
route	but	there	is	some	sexual	transmission.	
Perinatal	transmission	is	uncommon.

Microbiology
•	 HBV	is	a	partially	double-stranded	DNA	virus	

in	the	Hepadnavirus	family	that	primarily	
infects	hepatocytes.

•	 HBV	replication	is	through	an	RNA	
intermediate,	so	it	has	a	reverse		
transcriptase.

•	 HDV	is	a	small,	defective	RNA	virus	
that	relies	on	host	cell	machinery	for	
replication.

•	 HDV	requires	the	envelope	of	HBV	for	viral	
assembly	and	transmission.

Clinical Presentation and Diagnosis
•	 Clinical	presentation	of	HBV	varies	from	

asymptomatic	to	fulminant	hepatitis	with	liver	
failure.

•	 The	risk	of	developing	chronic	hepatitis	B	is	
inversely	proportional	to	age	of	acquisition	of	
infection.	Chronic	hepatitis	B	is	also	more	
likely	in	high-risk	patient	groups	such	as	
injection	drug	users,	men	who	have	sex	with	
men,	and	human	immunodeficiency	virus–
infected	individuals.

•	 Laboratory	diagnosis	of	HBV	is	by	enzyme	
immunoassays,	which	detect	various	HBV	
antigens	and	antibodies,	and	by	real-time	
polymerase	chain	reaction	(PCR)	to	detect	HBV	
DNA	(see	Table	148-3).

•	 Clinical	presentation	of	HDV	is	also	
variable	but	can	present	as	acute	severe	
hepatitis.

•	 Laboratory	diagnosis	of	HDV	is	with	enzyme	
immunoassay	for	HDV	antibodies	and	HDV	
RNA	by	real-time	PCR.

Therapy
•	 Anti-HBV	agents	significantly	reduce	

complications	of	chronic	hepatitis	B,	including	
liver	cirrhosis	and	hepatocellular	carcinoma.	
These	therapies	are	also	effective	in	reducing	
the	recurrence	of	HBV	infection	in	transplant	
recipients	and	other	immunocompromised	
hosts.

•	 HBV	is	treated	with	180	µg	of	pegylated	
interferon-α	(PEG	IFN-α)	weekly	for	48	weeks	
or	with	nucleos(t)ide	analogues	often	
indefinitely	(see	Table	148-5).

•	 The	first-line	nucleos(t)ide	agents	are	
entecavir	0.5	mg	daily	or	tenofovir	300	mg	
daily.

•	 HDV	is	treated	with	180	µg	PEG	IFN-α	weekly	
for	a	minumum	of	48	weeks.

Prevention
•	 Vaccination	with	the	hepatitis	B	vaccine	is	

recommended	in	all	infants	and	children	and	
for	nonimmune	adults	at	high	risk	for	infection	
(see	Table	148-7).

•	 Infants	born	to	mothers	with	chronic	hepatitis	
B	should	receive	the	hepatitis	B	vaccine	and	
hepatitis	B	immune	globulin	(HBIG)	at	birth.

•	 Nonimmune	individuals	who	have	
percutaneous,	sexual,	ocular,	or	mucous	
membrane	exposure	to	HBV-infected	fluids	
should	receive	postexposure	prophylaxis	with	
HBIG	and	hepatitis	B	vaccine.

SHORT VIEW SUMMARY
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FIGURE 148-1  Structure of hepatitis B virus (HBV) and hepatitis B surface antigen (HBsAg) particles. A, Electron micrograph of negatively 
stained HBV. B, Diagram of 42-nm HBV showing partially duplex DNA genome with a covalently  linked protein at  the 5′ end of  the complete minus 
strand. C, Diagram of 22-nm HBsAg filament. (Modified from Flint SJ, Enquist LW, Racaniello VR, et al. Principles of Virology. 2nd ed. Washington, DC: 
ASM Press; 2004:808.)
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member of the Picornaviridae family.6 The first hint of viral etiology 
came from the studies of Blumberg, who reported the discovery of  
a human antigen in Australian Aboriginals termed Australian (Au) 
antigen.7 Subsequently, the Au antigen came to be known as hepatitis 
B surface antigen (HBsAg), and its association with acute hepatitis was 
established. For this discovery, Dr. Baruch Blumberg received the 
Nobel Prize in Physiology and Medicine in 1976. In 1971, Dane, an 
electron microscopist, visualized the presence of 22-nm HBsAg subvi-
ral particles along with the complete 42-nm virus particles in the blood 
of hepatitis B patients (Fig. 148-1).8

Due to their unique biologic and molecular characteristics, as well 
as their liver tropism, HBV and HBV-like animal viruses were given 
the status of a new family designated Hepadnaviridae (hepatotropic 
DNA viruses).9 HBV, the human pathogen, and other mammalian 
hepatitis viruses with sequence homology and similar genome organi-
zation are grouped in the genus Orthohepadnavirus. The genus Avihe-
padnavirus includes viruses that infect ducks, geese, and heron. The 
Hepadnavirus animal models, which include duck hepatitis B virus,10 
woodchuck hepatitis virus, and ground squirrel hepatitis virus, have 
been extensively studied and have contributed to the current knowl-
edge of the molecular biology of HBV infection and replication. 
However, these viral genomes are considerably divergent from human 
HBV, and there are limited tools to study the immune reaction to the 
virus in these animals. The primary host for HBV is human, but HBsAg 
has been detected in other primates such as chimpanzees, gibbons, 
orangutans, African green monkeys, and squirrel monkeys. However, 
the use of these animals for the study of pathogenesis is both difficult 
and expensive. Thus, a convenient animal model or an efficient tissue 
culture system for HBV remains unavailable. HBV was molecularly 
cloned from patients’ sera in 1979 and its complete DNA sequence 
determined.11-13 These advances led to a surge of investigations on the 
molecular aspects of HBV molecular biology, chief among which are 
the regulatory schemes of gene expression and replication.

Biology
HBV is a small DNA virus, whose 3200 kilobase (kb) partially double-
stranded DNA genome is maintained in a circular conformation.14 
Partially duplex DNA molecules represent incomplete synthesis of the 
viral DNA during morphogenesis (Fig. 148-2).15 One of the unique 
features of HBV infection is the production of large quantities of  
subviral spherical and filamentous HBsAg particles in addition to com-
plete virus particles. Under electron microscopy, these are distin-
guished by a diameter of 42 nm for complete virus (Dane) particles 
and 22-nm spherical and filamentous structures for subviral particles 
(see Fig. 148-1).8 HBsAg is expressed on the exterior of all these par-
ticles. HBsAg subviral particles reach a titer of 1013/mL, whereas viral 
particles range in titer from 104/mL to 109/mL. All of these particles 
circulate in blood and permit convenient diagnosis of viral antigen by 
enzyme-linked immunosorbent assay (ELISA) or radioimmunoassay 

(RIA).16 HBsAg forms the viral component of the lipoprotein envelope, 
which encloses a core shell containing the viral DNA genome and the 
virus-encoded polymerase protein. The nucleocapsid or core is com-
posed of a 21 kDa basic phosphoprotein commonly known as hepatitis 
B core antigen (HBcAg).17 A cell-derived kinase activity has been 
shown to be associated with the virion particles,18 but the functional 
significance of this enzyme is not understood.

The 22-nm HBsAg particles and filaments are composed of three 
forms of surface antigen polypeptides and lipids derived from hepato-
cyte membranes. The lipid content is approximately 30% by weight and 
includes phospholipids, cholesterol, cholesterol esters, and triglycer-
ides.19,20 These particles are devoid of HBV DNA genome and hence 
are noninfectious. Because of their high immunogenicity, purified 
HBsAg particles can be used as an HBV vaccine. HBsAg elicits neutral-
izing antibodies, which offer protection from reinfection.21,22 The high 
titers of HBsAg in patients during natural infection can potentially 
serve to adsorb neutralizing antibody and thus protect the virus from 
host defenses.

Attachment, Entry, and Hepatotropism
HBV primarily infects hepatocytes. The pre-S1 domain of the large 
HBsAg protein promotes attachment and entry of HBV into the hepa-
tocyte via liver cell–specific receptor recently identified as Na (sodium) 
taurocholate cotransporting polypeptide (NTCP), which is an integral 
membrane protein used in bile acid transport.23,24 There is evidence 
that hepatocyte entry may be a multistep process including binding to 
heparan sulfate proteoglycans,25 which are found on a variety of cells, 
and clathrin-mediated endocytosis.26 Bound virions deliver core par-
ticles into the cytoplasm, which make their way into the nucleus 
through the nuclear pore complex.27 In the nucleus, the virion DNA, 
which is partially duplex, is matured into a covalently closed circular 
(ccc) DNA form (Fig. 148-3).10 Liver specificity is also displayed at the 
level of viral gene expression, which is controlled largely by the pro-
moters and enhancers (see Fig. 148-2).29

Viral Genome
HBV uses unique transcriptional and translational strategies to maxi-
mize the limited coding capacity of its genome. The HBV DNA genome 
is a partially double-stranded molecule within the virions (see Fig. 
148-1).30 The complete (negative) strand contains a protein covalently 
linked to its 5′ terminus.31 The incomplete (plus) strand displays vari-
able length and bears a 5′ capped oligoribonucleotide at its 5′ end (see 
Fig. 148-2).32 The asymmetry of the DNA strands reflects the incom-
plete synthesis of DNA during maturation of viral particles. HBV DNA 
codes for four overlapping open reading frames (ORFs): S, for the 
surface antigen or envelope gene (HBsAg); C, for the nucleocapsid 
(core) and “e” antigen gene (HBcAg, HBeAg); P, for the polymerase 
gene; and X, for the HBx gene (see Fig. 148-2). The surface antigen 
ORF contains three in-frame initiator codons from which small or 
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are subgenotypes, which differ by a minimum of 4%. These genotypes 
and subgenotypes are distributed geographically with genotypes A in 
North America, Europe, and parts of Africa; genotypes B and C in 
Asia; genotype D in India, the Middle East, the Mediterranean region, 
and parts of Africa; genotype E in Africa; genotype F in Central and 
South America; genotype G in France, Germany, and North America. 
Genotype H is found in Central America. Genotype I, a novel recom-
bination between genotypes A, C, and G, is found in Vietnam and 
Laos.36 Genotype J was identified in Japan.37 There are accumulating 
data that these genotypic differences are associated with disease and 
treatment outcomes. Genotypes G and C are associated with more 
severe liver disease and higher HCC risk.38 Genotype C also has slower 
HBeAg seroconversion compared with genotype B.39-41 Genotypes A 
and B are more responsive to pegylated interferon-α (PEG IFN-α) 
therapy than are genotypes C and D.42

Transcription
The HBV genome maximizes the use of its limited genomic size by 
using multiple overlapping reading frames and multiple initiation 
codons to generate antigenically different proteins. The covalently 
closed circular DNA (cccDNA) in the nucleus serves as the substrate 
for viral transcription and uses host polymerase II (pol II) in the 

major (S), middle (M), and large kDa (L) HBsAg polypeptides are 
synthesized, respectively. These polypeptides are variably glycosylated 
to yield several species: S, p24/gp26; M, p30/gp33/gp37; and L, p39/
gp42 kDa HBsAg polypeptides, respectively. L and M HBsAg contain 
characteristic pre-S1 and pre-S2 domains, and hence these proteins are 
also referred to as pre-S1 and pre-S2 proteins, respectively. The 22-nm 
subviral particles are composed of mostly S and lesser amounts of M 
polypeptides and few or no L polypeptides. The 42-nm Dane particles, 
which represent the complete virus, contain all three HBsAg forms.

The C region or the core ORF contains two in-frame initiator 
codons with the first ATG start codon responsible for e antigen poly-
peptide synthesis (HBeAg) (see Fig. 148-2). The second ATG serves as 
an initiation codon for the HBcAg polypeptide. HBeAg is secreted 
from cells and accumulates in serum as an immunologically distinct 
soluble antigen and serves as a marker of ongoing viral replication.33 
Both gene products (core and e polypeptides) are made from the same 
reading frame. The P and X ORFs encode the polymerase and the HBx 
proteins, respectively.

Before the advent of current molecular methods, HBV was divided 
into serotypes on the basis of the antibody response to HBsAg. 
However, HBV is now divided into 10 genotypes (A-J) based on genetic 
diversity of at least 8% in the HBV genome.34,35 Within these genotypes 

FIGURE 148-2  Hepatitis B virus (HBV) genome organization, map of viral transcripts, and proteins. The partially double-stranded 3.2-kb viral 
DNA is shown in the inner circle. The single-stranded (ss) region is indicated in yellow-orange. The extent of the ss region varies from molecule to mol-
ecule. HBV-encoded overlapping genes are  indicated  in the outer circles  in various colors. Four promoter regions preceding a corresponding gene are 
indicated as S1p, S2p, Cp, and Xp. Two enhancer elements (I and II) are also shown. Viral transcripts are indicated in the outermost circles (thin lines). 
The three forms of HBsAg, HBcAg, and HBeAg (surface, core, and e antigen) polypeptides are also shown.  (Modified from Murray PR, Rosenthal KS, 
Kobayashi GS, Pfaller MA. Hepatitis viruses. In Murray PA, Rosenthal KS, Kobayashi GS, et al, eds. Medical Microbiology. 4th ed. St. Louis: Mosby; 2002: 
591-605.)
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in the synthesis of an excess of the major S over the L (pre-S1) and M 
(pre-S2) forms of the HBsAg. This regulation is especially critical for 
synthesizing the appropriate levels of the three forms of surface pro-
teins within the cell. The basis for the differential regulation of these 
promoters is governed by mechanisms that involve both positive  
and negative cis-acting elements and the trans-acting transcriptional 
factors.16,46

The core/pregenomic promoter (Cp) governs the expression of two 
longer-than-genome-length transcripts (3.5 kb) designated pre-core 
(pre-C) and core (C) RNAs. The slightly longer pre-core RNA directs 
the translation of HBeAg polypeptide. The shorter C RNA is used for 
the translation of core and polymerase proteins. The ATG for the 
polymerase (reverse transcriptase) is located several hundred nucleo-
tides from the 5′ end (see Fig. 148-2). The C RNA, after its translation 
into core polypeptides, packages its own RNA, which then functions 
as a pregenome RNA (pregenomic RNA). The Cp promoter contains 
binding sites for several liver-enriched and ubiquitous transcription 
factors.46 Immediately juxtaposed to this lies enhancer II, which in 
concert with enhancer I, plays a regulatory role in the overall HBV 
gene expression. A complex scheme of transcriptional regulation 
appears to operate within these control elements.47

The X promoter (Xp) is located immediately downstream of 
enhancer I and regulates the synthesis of the low abundance 0.8-kb X 

synthesis of viral transcripts (see Fig. 148-3). The four different genes, 
designated C, S, P, and X, encode HBc/eAg, HBsAg, polymerase, and 
HBx proteins, respectively.16 The expression of these genes is regulated 
by four promoter elements (S1p, S2p, Cp, and Xp) and two enhancer 
elements (enhancer I and II; see Fig. 148-2). These transcriptional 
regulatory elements direct the synthesis of multiple viral transcripts 
that are approximately 3.5, 2.4/2.1, and 0.8 kb in length, respectively. 
All viral transcripts are unspliced, capped, and polyadenylated. All the 
transcripts are encoded on one strand of the DNA and co-terminate 
at an identical polyadenylation site.43

The pre-S1 (S1p) promoter directs the synthesis of the 2.4-kb tran-
scripts, which code for the large envelope (L HBsAg) polypeptide. This 
promoter contains binding sites for two liver-enriched transcription 
factors, HNF-3 and HNF-1, which are primarily responsible for the 
liver-specific activity of this promoter.44 The pre-S2 or S (S2p) pro-
moter directs the transcription of multiple species of messenger RNAs 
(mRNAs) coding for pre-S2/M and S HBsAg polypeptides. Collec-
tively these RNA species are approximately 2.1 kb in length with 5′ 
heterogeneous ends. The mRNAs, which initiate downstream of the 
pre-S2 initiator ATG, code for the S, or the major polypeptide. The  
S2p promoter also displays liver specificity and is controlled by the 
enhancer II element located about 2000 bp away (see Fig. 148-2).45 
The S2p promoter is stronger than the S1p promoter, which results  

FIGURE 148-3  Hepatitis B virus life cycle. The virion attaches to the hepatocyte through the Na (sodium) taurocholate cotransporting polypeptide 
(NTCP) receptor. The mechanism of virus uptake is unknown, and repair of the gapped (+) DNA strand is accomplished by as yet unidentified enzymes. 
The DNA is translocated to the nucleus, where it is found in a covalently closed circular form called cccDNA. The (–) strand of such cccDNA is the template 
for  transcription by cellular RNA polymerase  II of a  longer-than-genome-length RNA called  the pregenome  and  shorter,  subgenomic  transcripts. Viral 
messenger RNAs (mRNAs) are transported from the nucleus. The hepatitis B surface antigens encoding viral mRNAs are translated by ribosomes bound 
to the endoplasmic reticulum (ER), and the proteins enter the secretory pathway. The pregenome RNA is translated at low efficiency to produce a 90-kDa 
polymerase protein, P, which possesses reverse transcriptase activity. This protein then binds to a specific site at the 5′ end of its own transcript, where 
viral DNA synthesis  is eventually  initiated. The pregenomic RNA also  serves as mRNA for  the capsid protein. Concurrently with capsid  formation,  the 
RNA-P protein complex is packaged and reverse transcription begins with synthesis of (–) strand DNA followed by (+) strand DNA synthesis. Before the 
completion of +− strand synthesis, core particles mature and these structures acquire envelopes by budding into the ER, where viral morphogenesis  is 
completed. Progeny-enveloped virions are released from the cell by exocytosis or are recycled to the nucleus, where the process is repeated. (Modified 
from Flint SJ, Enquist LW, Racaniello VR, et al. Principles of Virology. 2nd ed. Washington, DC: ASM Press; 2004:809.)
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extended to variable lengths to yield mature HBV DNA. The cessation 
of the positive strand synthesis at various stages of its synthesis coin-
cides with the maturation of the core particles and their entry into the 
ER leading to the packaging of partially duplex genomic DNA found 
in hepatitis B (HB) virions (see Fig. 148-3).61 This entry prevents access 
to cytoplasmic deoxynucleotide pools needed for completion of DNA 
synthesis. Matured core particles face two options at this stage: they 
either enter the ER, undergo virion packaging with HBsAg polypep-
tides, and bud from the membrane as 42-nm Dane particles, or they 
enter the nucleus and deliver the partially duplex DNA and repeat the 
cycle of replication (see Fig. 148-3). In the nucleus, virion DNA is 
repaired to produce cccDNA molecules. Recent reports demonstrate 
that less than 1 copy of cccDNA is present per hepatocyte in human 
liver biopsies.62 cccDNA serves as a substrate of viral mRNA synthesis; 
it is the stable form of HBV DNA that is most resistant to antiviral 
treatment and the host immune response.63 In summary, the salient 
features of HBV replication are the use of viral RNA as a template for 
reverse transcription; protein-priming in which both the TP and the 
RT domains of the viral polymerase participate; and incomplete plus-
strand synthesis that results in a partially duplex DNA genome found 
within the hepatitis B virion particles.

HBx
HBx is a regulatory protein that is required for the viral life cycle, but 
its precise role is not clearly understood.64 This protein acts as a regula-
tor of both viral and cellular gene expression. It does not directly bind 
DNA but appears to interact with host factors that bind DNA,65 includ-
ing transcription factors and components of basal transcriptional 
machinery.16 The cellular targets are numerous and the list of the cel-
lular functions HBx has been shown to modulate continues to grow.16 
Overall, the functions of HBx are characterized as transcriptional 
transactivators. Nuclear factor kappa B (NF-κB) was one of the first 
HBx-responsive elements identified.66 Because the NF-κB site does not 
exist within the HBV genome, it is believed that the trans-activating 
potential of HBx extends to cellular target genes involved in inflam-
mation. Other HBx-responsive transcription factors include ATF-2/
CREB, AP-1, STAT-3, and NF-AT.67,68 Within the cytoplasm, it also 
localizes to the mitochondria and induces oxidative stress via calcium 
signaling.69,70 These activities may mediate mitochondria-mediated 
liver injury. HBx has also been shown to modulate cellular signal 
transduction pathways.71,72 It was shown to activate Src kinase and 
stimulate the Ras-Raf-MAP kinase signal transduction pathway.73 The 
physiologic significance of any of these observations remains to be 
established in the context of human infections. HBx is not known to 
be directly oncogenic, but on the basis of its role in activation of tran-
scription factors, elevation of reactive oxygen species, and inhibition 
of apoptosis,74 it is considered a potential contributor to the processes 
of liver oncogenesis.75 HBx binds Bcl-2 proteins promoting elevation 
of cytosolic Ca, cell death, and viral replication.76

Morphogenesis and Assembly
Envelopment of the nucleocapsid occurs in the ER or ER-Golgi inter-
mediate compartments.16 All three forms of the surface proteins are 
synthesized in the ER as integral transmembrane proteins and are 
involved in the virion morphogenesis.77 The overall ratio of these pro-
teins is approximately 1000 : 10 : 1. Viral assembly begins with the 
translation of C RNA into core and polymerase proteins. After its 
translation, the polymerase protein apparently binds to the ε signal 
on the same molecule that now functions as a pregenome, forming  
a preassembly complex that triggers core protein association. Core 
protein monomers rapidly dimerize and provide a pool of assembly 
intermediates. Virion formation initiates by specific interactions 
between core particles, and after budding, the virions are secreted via 
vesicular transport through the remaining compartments of the secre-
tory pathways and are eventually released into the bloodstream. M 
protein is not important for morphogenesis but is required for infectiv-
ity. L protein is required for virion morphogenesis,78 and its retention 
in an early compartment of the secretory pathway leads to the effi-
ciency of the assembly process. During chronic hepatitis, accumulation 
of the L surface protein-containing particles has been associated with 
the pathologic phenotype of ground-glass hepatocytes.16

transcripts that correlate with similar levels of HBx protein synthesis 
in infected cells.48,49 Both ubiquitous and liver-enriched factors binding 
to enhancer I regulate the biosynthesis of X transcripts.

Translation
HBV also uses unique translational strategies to maximize the limited 
coding capacity of its genome. HBV encodes three major viral tran-
scripts discussed earlier (see Fig. 148-2). The S region contains three 
in-frame translational start codons from which the synthesis of three 
distinct surface antigen polypeptides is regulated (L/pre-S1, M/pre-S2, 
and S). These proteins exhibit distinct amino-termini and differ with 
respect to the extent in which they are post-translationally modified by 
glycosylation.50 The S protein is referred to as the major surface antigen 
because it represents approximately 85% of the HBsAg that is produced 
by the virus. The pre-S1 (L) and pre-S2 (M) proteins are present at an 
abundance of approximately 15% and 1% to 2%, respectively.

The pre-C and C mRNAs are translated into e and core polypeptides 
(HBc/eAg), respectively. The pre-C protein contains a signal peptide 
sequence encoding 19 amino acid residues, which targets this protein 
to the secretory pathway in the endoplasmic reticulum (ER).51 Further 
processing of the protein includes cleavage of the signal peptide, and 
several amino acid residues at the carboxy-terminus leading to the 
production of a 17-kDa HBeAg (see Fig. 148-2). HBeAg is secreted 
and found in the serum of patients and serves as a marker of active 
replication in chronic hepatitis. Although the function of HBeAg is not 
clearly understood, one study demonstrated that it downregulated 
Toll-like receptor 2 expression on hepatocytes and monocytes leading 
to a decrease in cytokine expression.52 These data suggest a role for 
HBeAg in modifying the innate immune response to HBV. HBeAg is 
dispensable for replication, as HBV carriers with pre-C mutant viruses 
arise spontaneously and are both infectious and pathogenic.53,54 The C 
RNA initiates downstream of the pre-C ATG and translates into 
HBcAg and less frequently into polymerase. Because polymerase ATG 
is located several hundred nucleotides downstream of the 5′ end (see 
Fig. 148-2), the ribosomes must access this initiator codon by a mecha-
nism different from ribosome scanning. Because this process is inef-
ficient, one polymerase protein is translated for every 200 to 300 
molecules of core polypeptides.

HBV polymerase protein consists of 832 aa and is composed of four 
domains: terminal protein (TP), spacer, reverse transcriptase (RT), and 
ribonuclease H (RNaseH).16 The TP domain represents the portion of 
the polymerase protein that is covalently bound to minus-strand DNA. 
The spacer domain or tether region connects the TP domain to the RT, 
which contains the catalytic domain for the polymerase. The RT 
domain is followed by an RNaseH domain, which functions to hydro-
lyze the pregenomic RNA template after reverse transcription within 
the nucleocapsid.55,56

Replication
Although HBV is a DNA-containing virus, the replication occurs via 
an RNA intermediate, a characteristic that places hepadnaviruses close 
to retroviruses. Much of our understanding of HBV replication strat-
egy comes from the classic experiments of Summers and Mason,57 
which demonstrated that HBV amplifies via reverse transcription of an 
RNA intermediate and that these events occur within the subviral core 
particles in the cytoplasm. The complex mechanism by which prege-
nomic RNA is converted to partially double-stranded virion DNA 
begins with the encapsidation of pregenomic RNA by the core poly-
peptide along with the polymerase (Fig. 148-4).58,59 The pregenomic 
RNA contains terminally redundant 200 nucleotide sequences, which 
include an epsilon (ε) stem-loop structure and a short sequence of 11 
to 12 nucleotides termed DR1 (see Fig. 148-4). The HBV polymerase 
binds pregenomic RNA preferentially at the 5′ copy of the ε stem-loop 
structure on its own molecule. The interaction between the ε signal of 
the pregenomic RNA and the polymerase and the core leads to the 
formation of a ribonucleoprotein complex. The HBV capsid or core 
assembles into a replication-competent particle.16 The sequence of 
events and the mechanism of assembly remain to be characterized. The 
TP domain of the polymerase protein functions as a protein primer for 
the initiation of reverse transcription in a process called nucleotide 
priming or protein-primed reverse transcription.60 The positive strand is 
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HBeAg clearance during this phase is estimated to be approximately 
2% during the first 3 years of life and only 15% 20 years after perinatal 
infection.79,80 In contrast, among immunocompetent adults, this phase 
is typically present only during the incubation period.

During the second phase of the infection, the immunoactive phase, 
there is a reduction in HBV DNA levels and an increase in immune 
response, accompanied by increased aminotransferases and liver 
inflammation. This is thought to be the period in which there is  
augmentation of both innate and acquired HBV immunity, leading  
to cytolytic destruction of hepatocytes, as the peak of the immune 
response coincides with the aminotransferase elevations.81 In adults, 
this is usually the period of symptomatic acute hepatitis B, which can 

NATURAL HISTORY AND 
PATHOGENESIS OF DISEASE
Natural History
The natural history of hepatitis B consists of four phases that are the 
result of the interplay between the virus and the host; however, it is not 
necessary to go through all of the phases. The first phase, the immuno-
tolerant phase, is characterized by limited immune response against 
the virus, so there is minimal elevation of serum aminotransferases 
and minimal liver inflammation despite circulating HBsAg, HBeAg, 
and high levels of HBV DNA. In cases of perinatal infection, this  
phase may last for decades during which there are low rates of sponta-
neous seroconversion to anti-HBe. The cumulative rate of spontaneous 

FIGURE 148-4  Hepatitis B virus replication pathway. The terminally redundant pregenomic RNA  (top line)  is capped and polyadenylated. Boxes 
1 and 2 represent DR1 and DR2, respectively. The horizontal bracket  labeled R represents the terminally redundant region of the RNA. The epsilon (ε) 
stem-loops are indicated at the termini. Pregenome RNA packaging into cores is initiated by the interaction of polymerase (P) protein with the 5′ copy 
of ε. Minus-strand DNA synthesis is initiated at the 5′ε of the RNA and is primed by P protein. After the first template exchange (step 2), DNA synthesis 
continues, using  the 3′  copy of DR1 as  the  template  (step 3). As  synthesis proceeds,  the newly  copied RNA  template  is degraded by  the associated 
ribonuclease H activity of the polymerase (step 4). Elongation of (–) strand DNA is finished on complete copying of the pregenomic RNA template. The 
product is a terminally redundant complete (–) strand DNA species. The redundancies (8 to 10 nucleotides) are labeled r. At this time, the primer for (+) 
strand synthesis is generated from the 5′-terminal 15 to 18 nucleotides of the pregenomic RNA. The primer is capped and includes the sequence to the 
3′ end of DR1. Elongation of the (+) strand results in a duplex linear genome. In the majority of cases, the primer is translocated to base pair with the 
DR2 sequence near the 5′ end of (–) strand DNA (step 5). The (+) strand synthesis is initiated, and then elongation begins. On reaching the 5′ end of (–) 
strand DNA, an intramolecular template exchange occurs, resulting in a circular DNA genome (step 5). This exchange is facilitated by the short terminal 
redundancy in (–) strand DNA. The (+) strand DNA synthesis then continues for a variable distance, resulting in the relaxed circular partially duplex form 
of the genome found in mature virions. (Modified from Tavis JE. The replication strategy of the hepadnaviruses. Viral Hepatitis Rev. 1996;2:205-218.)
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development of a vigorous and polyclonal cytotoxic CTL capable of 
recognizing different epitopes within the HBV genome.96 Individuals 
who successfully clear HBV infection, either spontaneously or after 
IFN therapy, maintain these broad and strong peripheral CTL 
responses.97 CD4+ and CTL memory in the presence of low levels of 
persisting HBV DNA has been shown to persist up to 23 years after 
infection despite markers of serologic recovery. Both virus-specific 
CD4+ and CTL contribute to control of HBV replication through both 
direct cytolysis of infected cells but, more importantly, through pro-
duction of cytokines that control viral replication.98 Analysis of the NK, 
CTL, and CD4+ T-cell responses in the incubation phase has demon-
strated that CTL response increases in parallel with alanine amino-
transferase (ALT), consistent with the previously observed notions that 
CTL activity is responsible for liver injury, and peaks about the time 
that the HBV DNA titers begin to fall.99 Recently, regulatory T cells 
were found to influence the immune response during acute HBV infec-
tion by decreasing cytokine production of effector T cells, thereby 
downregulating the antiviral activity. This limits the liver injury during 
acute infection but as a consequence prolongs viral clearance.100

The development of surface antibody (anti-HBs) follows the disap-
pearance of HBsAg and marks recovery from acute hepatitis B, which 
occurs in 95% of adults after acute infection. Anti-HBs is sufficient for 
protection against HBV infection, as demonstrated by the success of 
the current HBV vaccines, even if it is not the sole operative mecha-
nism clearing acute infection. The “a” determinant is the predominant 
B-cell epitope common to all HBV subtypes. Antibodies against this 
epitope confer immunity to all HBV subtypes. Coexistence of HBsAg 
and anti-HBs is reported in up to 24% of chronically infected individu-
als, in which case the anti-HBs is directed against one of the subtypic 
determinants and a mutation preventing neutralization of the virus has 
occurred. Other surface antigens that stimulate antibody responses 
include the pre-S1 and pre-S2 antigens. Antibody to these develops 
during recovery and can be detected before anti-HBs; however, routine 
serologic assays are not readily available. Mutation in the S gene usually 
occurs in the “a” determinant, which allows the virus to escape anti-
body neutralization. This may occur following the use of hepatitis B 
immune globulin (HBIG) for passive immunization of newborns and 
transplant recipients.

Chronic Hepatitis B
Persistent HBV infection may result because of the failure of initial 
innate and adaptive immune responses. Among infants who become 
infected at birth, both viral and host factors play a role in the develop-
ment of chronic infection. The presence of HBeAg and the viral titer 
in the mother are both directly related to the likelihood of infant infec-
tion. In animal models, HBeAg may be tolerogenic,101 and because 
HBeAg and HBcAg are cross-reactive at the T-cell level, deletion of the 
CD4+ HBc-specific T-cell responses results in ineffective CTL responses 
to HBcAg.

Adult immunocompetent individuals who fail to clear acute HBV 
infection also have less vigorous CD4+ T-cell and CTL responses. In 
contrast to acute resolving infection, peripheral CD4+ T-cell and CTL 
responses in those individuals who develop chronic infection are weak 
and more narrowly focused.102 The mechanisms by which HBV evades 
the immune response and results in chronic infection in these adults 
remain obscure. In part this is determined by host genetic factors 
because persons with certain human leukocyte antigen (HLA) alleles 
appear to be more susceptible to chronic infection,103-106 and certain 
HLA-DP alleles have been associated with recovery from acute HBV 
infection.107,108 It has also been suggested that the size of initial viral 
inoculum and viral kinetics may be such that the immune system is 
overwhelmed by the virus and becomes “exhausted.”109 Despite the 
weak and narrowly focused response of the peripheral blood CTL, 
HBV-specific CD4+ and CD8+ T cells can be isolated from the livers 
of chronic hepatitis B patients that are capable of ex vivo, class-I-
restricted cytolytic activity in response to envelope and core peptides. 
The cytotoxicity mediated by these cells appears to be sufficiently 
strong to cause liver injury but not strong enough to eradicate virus 
from all hepatocytes.110,111 In addition to the virus-specific cells, the 
inflamed liver contains other cells that may participate in hepatocyte 
damage.112

last for decades if the immune reaction is not sufficiently vigorous to 
lead to viral clearance.

The third phase heralds the conversion from HBe antigenemia to 
anti-HBe, which can be accompanied by an increase in aminotransfer-
ases above baseline, suggesting that there is greater immune control of 
the virus than in the second phase.82 Because IgM anti-HBc may 
increase during these flares, this may lead to the erroneous diagnosis 
of acute hepatitis. In perinatally acquired infection, this period usually 
occurs in the second to third decade of life, and seroconversion rates 
may approach 10% to 20% per year.79,83 Similar rates are observed in 
adults with chronic infection. In a study of 1536 Alaskan natives who 
acquired HBV as adults, two thirds of subjects cleared HBeAg and 
developed anti-HBe during 12 years of follow-up without reversion to 
HBeAg positive state.84 The likelihood of seroconversion is inversely 
related to the serum aminotransferase. Spontaneous seroconversion 
occurs in 50% of those with serum aminotransferases greater than five 
times the upper limit of normal compared with less than 10% in those 
with lower aminotransferases.85 Spontaneous seroconversion is marked 
by the appearance of HBcAg-specific CD4+ and CD8+ T cells,86 but the 
precise factors preceding this event are unknown, and seroconversion 
cannot be linked to specific viral mutants, as was previously believed.87 
Males and older individuals are also more likely to have spontaneous 
seroconversion, and viral genotype may play a role.40

During this third phase, one of three outcomes occurs. The most 
common is a decrease in viral replication and reduction in aminotrans-
ferases with low or undetectable HBV DNA and is referred to as inac-
tive hepatitis B. Termination of virus replication is associated in most 
patients with biochemical and histologic regression of inflammatory 
activity.88 Some individuals will also clear HBsAg, although this is 
unusual, occurring in less than 1% of patients per year in adults and 
0.05% to 0.8% in infection acquired in infancy or childhood.84,89 The 
second outcome is seroreversion to HBeAg positivity and return to the 
immunoactive phase, which occurs 10% to 40% of the time. The third 
outcome is that patients remain with high levels of HBV DNA and 
elevations of ALT but remain HBeAg negative, which occurs about 
20% of the time.

The fourth phase is the resolution phase in which HBsAg clearance 
occurs and anti-HBs develops.

Pathogenesis
It has been difficult to understand the mechanism for viral persistence 
and immune-mediated liver injury because research in this area is 
hampered by the lack of a robust culture system or a small animal 
model. Most studies suggest that HBV is not directly cytopathic to  
the hepatocyte,90,91 which is also supported by the existence of asymp-
tomatic hepatitis B carriers with normal liver histology and function. 
Both human and animal studies have now shown that the liver injury 
mediated by HBV is initiated by a viral-specific cellular and humoral 
immune response. In more than 95% of immunocompetent adults, the 
immune response is vigorous, polyclonal, and multispecific and results 
in acute, self-limited hepatitis with reduction of viral load and the 
development of long-lasting humoral and cellular immunity. Persistent 
infection is associated with necroinflammatory activity, which eventu-
ally leads to cirrhosis.

Acute Hepatitis B
Natural recovery from acute hepatitis B probably depends on multiple 
components of cellular immune responses, including natural killer 
(NK) cells, natural killer T (NK-T) cells, and virus-specific CD4+ T 
cells and CD8+ cytotoxic T lymphocytes (CTL). However, a hallmark 
of acute hepatitis B is failure to induce an innate cytokine response 
mediated by pattern recognition receptors.92,93In self-limited infec-
tions, the noncytopathic response leads to lowering of the HBV DNA 
by more than 90% within a few weeks of peak HBV replication and 
before liver damage occurs.94 Both NK and NK-T cells also contribute 
to clearance through production of IFN-α/β.95 Acute HBV infection is 
also accompanied by a strong and transient expansion of CD4+ T cells 
directed against multiple epitopes within the HBV. HBc is the domi-
nant antigen recognized by CD4+ T cells in most cases of acute, resolv-
ing HBV infection.95a These HBc-specific CD4+ T cells provide help for 
the production of antibody to HBsAg and are also associated with the 
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cellular signal transduction pathways, or both, thereby modifying the 
host gene expression profile. Other functions include its effects on 
DNA repair processes, antiapoptotic properties, and potential to cause 
direct oxidative damage to host DNA by elevating the intracellular 
levels of reactive oxidant species (ROS) in cells.16,64,121 These and other 
properties of HBx have been implicated in contributing to the genesis 
of HCC. Because most of the HBV genes are extinguished in advanced 
tumors, the viral role in the development of HCC is most likely to be 
at the stage(s) of initiation or promotion of hepatocarcinogenesis. This 
would preclude the presence of HBx in maintaining the transformed 
phenotype.

Finally, HBV-associated HCC may be due to the repeated cellular 
division associated with the inflammatory response.16,122 HCC associ-
ated with HBV nearly always arises in the context of cirrhosis, although 
a few cases of HCC without cirrhosis have been reported.123 Cirrhosis 
is the result of years of inflammation and associated repair processes, 
during which there is considerable cell killing and repeated hepatocyte 
regeneration. In all types of liver damage, there is evidence of enhanced 
production of free radicals or significant decrease of antioxidant 
defense, or both.124 Oxidative stress induced by inflammation and 
accumulation of viral surface proteins over a long period may give rise 
to high mutation rates in infected hepatocytes. Mutations, which 
confer in a cell a proliferative advantage and provide opportunities for 
achieving a transformed phenotype, are perpetuated. Therefore, 
according to this model, the role of HBV, if any, is merely to induce 
liver injury and the subsequent events are all secondary to the host 
immune response.

EPIDEMIOLOGY OF HEPATITIS B
Approximately 5% of the world’s population (350 to 400 million people) 
is chronically infected with HBV, and more than 600,000 deaths due to 
HBV occur annually. The prevalence of chronic HBV varies widely, 
ranging from 0.1% to 2% in the low-prevalence areas (United States, 
Canada, western Europe, Australia, and New Zealand), to 2% to 7% in 
areas with intermediate prevalence (Japan, central Asia, Israel, Eastern 
and Southern Europe, Central America, and South America), to greater 
than 8% in areas of high prevalence (Southeast Asia, China, Middle 
East except Israel, Haiti and Dominican Republic, Greenland and 
Africa; Fig. 148-5 and Table 148-1). In some parts of northern Europe, 
typically considered a low-prevalence area, HBV prevalence rates have 

Hepatocellular Carcinoma
Although epidemiologic evidence supports the role of HBV as a causal 
agent of liver cancer (see “Epidemiology of Hepatitis B” later),113,114 the 
molecular mechanisms addressing the link between the viral infection 
and the development of HCC have been highly debated.115 Despite a 
large body of work on this subject, a clear view of how HBV infection 
triggers events that lead to liver oncogenesis remains elusive. HCC 
development, like other cancers, proceeds in multiple steps that cor-
relate with specific lesions associated with livers of patients with HCC. 
These include altered hepatic foci, dysplastic (neoplastic) nodules,  
and low- and high-grade HCCs. These lesions are characterized as 
exhibiting different levels of cell differentiation. Similar to other well-
characterized human cancers, HCC progresses through these indi-
vidual stages. The molecular switches associated with each step of HCC 
development still need to be identified.

HBV-related HCCs are derived from the clonal expansion of a 
single transformed cell or cancerous cells.113 Whereas 80% of HBV-
associated HCC tumors contain integrated viral DNA, most of the 
HBV genes are either truncated or transcriptionally inactivated.16 As 
opposed to retroviral replication, HBV DNA integration is not an 
obligatory part of the viral life cycle but may instead serve as an inser-
tional mutagen.116 Following integration into the host chromosomes, 
the HBV DNA control elements such as enhancers or promoters can 
act in cis to activate a cellular oncogene. HBV integrates randomly 
at multiple sites in the host chromosomes, and molecular analyses of 
the HBV integration junction sites have not revealed specific integra-
tion adjacent to neighboring cellular oncogenes.117 It is thought that 
the random but multiple integration events might frequently lead  
to genomic instability by causing chromosomal aberrations such as 
amplifications, translocations, and deletions, all of which have the 
potential for initiating events that lead to liver neoplasia. Indeed, in 
HBV-associated liver tumors, the HBV DNA integrants are highly 
rearranged with deletions, inversions, and sequence reiterations.118 
HBV DNA insertion into cellular genes encoding for proteins that  
are necessary for control of cell signaling and proliferation has been 
demonstrated.119

The pleiotropic functions of HBx in HCC have been implicated in 
the processes of liver oncogenesis and have been the subject of multiple 
investigations.120 Prominent among these are the ability of HBx to 
activate transcription factors by direct physical interaction or modulate 

FIGURE  148-5  Global prevalence of hepatitis B surface antigenemia.  (From Centers for Disease Control and Prevention. Infectious Diseases 
Related to Travel: Hepatitis B. Available at http://wwwnc.cdc.gov/travel/yellowbook/2012/chapter-3-infectious-diseases-related-to-travel/hepatitis-b.htm. 
Accessed March 12, 2014.)

High ≥ 8%

Intermediate 2%-7%

Low < 2% 
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with an estimated half a million new cases diagnosed annually, with 
chronic hepatitis B accounting for 50% of total cases and almost all 
childhood cases worldwide.133 The lifetime risk for HBV chronic car-
riers is currently estimated to be about 20% to 40%.131 The incidence 
of HCC varies geographically and among different ethnic groups. It 
occurs commonly in HBV-endemic areas, which include sub-Saharan 
Africa and Southeast Asia. In parts of sub-Saharan Africa and Asia, 
HBV-related HCC is one of the leading causes of cancer and HBV 
carriers have a 100-fold relative risk of HCC compared with noncarri-
ers.134 In western Europe and North America, HCC is rare and reflects 
a 0.1% to 0.5% rate of chronic hepatitis; however, cases are noted to be 
increasing in these areas. In Taiwan a dramatic reduction in the inci-
dence of HCC in the population has been observed coinciding with 
mass vaccination against HBV (see “Active Immunization” later).135 In 
Asia, HCC has been associated with higher body mass index, higher 
HBV DNA levels, and genotype C.136-138 To date, no studies have shown 
convincing data for an association between occult HBV, defined as the 
presence of HBV DNA without serologic markers of HBV infection, 
and the presence of HCC.

ROUTES OF TRANSMISSION
Hepatitis B replicates to high titer in the blood (108 to 1010 virions/mL), 
especially during the acute phase of illness. Any parenteral or mucosal 
exposure to infected blood thus represents a potential risk for acquisi-
tion of hepatitis B and accounts for the 100 times more efficient trans-
mission of HBV compared with HIV after needlestick exposure.139 
HBV is also found in other body fluids to a variable degree, including 
semen, saliva, cervical secretions, and tears, and can survive up to 7 
days on environmental surfaces.140 Thus, exposure to even minute 
amounts of blood or contaminated secretions may transmit virus, and 
infection can occur in settings of prolonged, close personal contact, 
such as occurs between children, or among residents of institutions for 
the developmentally disabled, probably due to inapparent contact of 
infected secretions with nonintact skin. HBV is not found in urine, 
sweat, or stools. The typical mode of transmission of HBV varies in 
part with the prevalence of infection (see Table 148-1). Perinatal infec-
tion is the predominant mode of transmission in high-prevalence 
areas, whereas horizontal transmission, particularly in early childhood, 
accounts for most cases of chronic HBV infection in intermediate 
prevalence areas. Unprotected sexual intercourse and intravenous drug 
use in adults are the major routes of spread in low-prevalence areas. 
Persons at increased risk of acquiring HBV infection include members 
of the following groups: parenteral drug users, heterosexual men and 
women and homosexual men with multiple partners, household con-
tacts and sexual partners of HBV carriers, infants born to HBV-infected 
mothers, patients and staff in custodial institutions for the develop-
mentally disabled, recipients of certain plasma-derived products 
(including patients with congenital coagulation defects), hemodialysis 
patients, health and public safety workers who have contact with blood, 
travelers to regions with intermediate or high rates of HBV (≥2%), and 
persons born in areas of high HBV endemicity and their children 
(Table 148-2). Persons at risk of exposure to HBV should be screened 
for markers of HBV infection and receive hepatitis B vaccine if sero-
negative (see “Prevention of Hepatitis B Virus Infection” later).

CLINICAL MANIFESTATIONS  
AND PROGNOSIS
The spectrum of clinical manifestations of HBV infection varies in 
both acute and chronic infection. During the acute phase, manifesta-
tions range from subclinical or anicteric hepatitis to icteric hepatitis 

been increasing substantially due to migration of persons from coun-
tries with intermediate/high HBV prevalence.125 Specific patient groups 
such as injection drug users, men who have sex with men (MSM), and 
human immunodeficiency virus (HIV)-infected patients have been 
shown to have significantly higher rates of chronic HBV infection than 
the general population.126 The risk of chronic infection is inversely 
proportional to age of acquisition of infection. In areas of high serop-
revalence, HBV is more likely to be acquired perinatally, with an atten-
dant high risk of chronic infection of 90%. For infections acquired in 
later childhood, between the ages of 1 and 5 years, the risk of chronic 
infection is between 10% and 20%, and for infections acquired by 
immunocompetent adults the risk is approximately 5%. This leads to a 
vicious cycle whereby the infected infant is likely to acquire chronic 
HBV infection and in turn pass it on to playmates, future sexual part-
ners, and, in the case of infected women, infants.

The epidemiology of HBV is changing with the advent of universal 
vaccination programs adopted by many countries. For example, in the 
United States the estimated number of new symptomatic infections per 
year was more than 10 per 100,000 in the mid-1980s, whereas follow-
ing the adoption of universal vaccination for infants and “catch-up” 
vaccination for older children in 1991 this number was estimated to 
be about 1.6 per 100,000 in 2006 (Fig. 148-6).127 The highest rates are 
among males between the ages of 25 and 44 years.128 However, there 
are still between an estimated 800,000 and 2.2 million HBV carriers in 
the United States, of whom 20% to 40% will develop serious sequelae 
during their lifetime, and 3000 will die annually due to complications 
of chronic liver disease including HCC.129,130

Despite an increasing incidence of HCC associated with hepatitis 
C virus (HCV) infection in Japan and the Western Hemisphere, 
chronic HBV infection remains the most important cause of HCC 
worldwide.131 The classic epidemiologic studies conducted in Taiwan 
among HBV carriers established the absolute link between HBV infec-
tion and HCC.83,132 These studies suggest that the interval between 
acquisition of infection and development of HCC spans several decades 
(average 30 years). HCC is the fifth most common cancer worldwide 

TABLE 148-1  Global Seroprevalence Rates and Modes of Transmission of Hepatitis B

CHARACTERISTIC HIGH INTERMEDIATE LOW
Carrier rate (%) >8 2-7 <2

Distribution Southeast Asia, China, Alaskan Eskimos, 
sub-Saharan Africa, Middle East except 
Israel, Haiti, Dominican Republic

Eastern and southern Europe, 
Mediterranean, central Asia, Latin 
and South America, Israel

United States, Canada, western Europe, 
Australia, New Zealand

Age at infection Perinatal and early childhood Childhood Adult

Mode of transmission Maternal and perinatal Percutaneous Sexual, percutaneous

FIGURE  148-6  Incidence of symptomatic, acute hepatitis B per 
100,000 population by year: United States, 1982 to 2006. (Modified 
from Surveillance Summaries: Surveillance for Acute Viral Hepatitis—
United States, 2006. MMWR  Morb  Mortal  Wkly  Rep. 2008;57[SS02]:
1-24.)
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or with underlying liver disease such as alcoholic liver disease. The 
symptoms and jaundice generally disappear after 1 to 3 months, but 
some patients have prolonged fatigue even after resolution of the ele-
vated serum aminotransferases. (See Fig. 148-7 for an illustration of a 
typical clinical and laboratory course of acute hepatitis B compared 
with that of chronic hepatitis B.) In acute HBV, elevations in the con-
centration of ALT and aspartate aminotransferase (AST) levels with 
values up to 1000 to 2000 IU/L are typically seen with ALT being 
higher than AST. The serum bilirubin concentration may be normal in 
patients with anicteric hepatitis. The prothrombin time (PT) is the best 
indicator of prognosis, with a high PT indicative of fulminant liver 
failure.143 Among patients who recover, normalization of serum ami-
notransferases usually occurs within 1 to 4 months. Persistent elevation 
of serum ALT for more than 6 months indicates progression to chronic 
hepatitis. Chronic hepatitis develops in less than 5% of adults, 10% to 
25% of young children, and 80% to 90% of infants after acute HBV 
infection.142 Rates of progression to chronic disease are similar whether 
or not there is symptomatic acute disease.

Acute HBV is characterized by the development of IgM against the 
core antigen, followed by the development of IgG anti-HBc (see 
“Screening and Diagnosis of HBV Infection” later). Markers of viral 
replication, such as HBsAg and HBV DNA in the serum, will be present 
at the same time as anti-HBc. Loss of HBV DNA, HBeAg, HBsAg, and 
IgM anti-HBc and the development of anti-HBe and anti-HBs all char-
acterize immunity. Patients who recover from acute hepatitis B are 
probably not truly cured of infection because a significant number of 
patients will have HBV DNA detectable by polymerase chain reaction 
(PCR) many years after clinical recovery.144 They generally have lifelong 
protection from disease unless there is significant immunosuppression 
with loss of protective immune responses, such as in the setting of HIV, 
chemotherapy, or bone marrow transplant.145,146

Fulminant Hepatitis
Fulminant hepatitis B is rare, occurring in only 0.1% to 0.5% of 
patients, and causes less than 10% of fulminant liver failure in the 
United States.147,148 Patients typically present with rapidly progressive 
acute hepatitis, with less than 28 days from the time of symptom onset, 
accompanied by signs of liver failure such as coagulopathy, encepha-
lopathy, and cerebral edema. Mortality rates from fulminant HBV 
range from 0.4% to 53%. 149,150 Poor prognostic factors for transplant-
free survival include a lower mean arterial pressure on admission and 
low platelet count.147 Laboratory testing may not reveal HBsAg due to 
early clearance but will have IgM anti-HBc and a positive HBV DNA.

The pathogenesis of fulminant hepatic failure is not clear but may 
be related to massive immune responses against the virus. Staining of 
the liver in fulminant HBV often reveals few copies of HBV, suggesting 

and, in some cases, fulminant hepatitis. During the chronic phase, 
manifestations range from an asymptomatic carrier state to the signs 
and symptoms of cirrhosis and HCC. Extrahepatic manifestations can 
also occur with both acute and chronic infection.

Acute Hepatitis B
After exposure to HBV, there is an incubation period of 1 to 4  
months.141 Acute hepatitis B is a clinical syndrome indistinguishable 
from other acute hepatitides and often consists of a flulike syndrome 
with malaise, fatigue, anorexia, nausea, vomiting, and right upper 
quadrant discomfort. Serum sickness–like manifestations may be 
present before the onset of jaundice. Physical signs include jaundice 
and tender hepatomegaly. The likelihood of developing icteric illness 
is inversely proportional to age. Symptomatic hepatitis rarely develops 
in children younger than 1 year, in 10% of children younger than 5 
years, and between 30% and 80% of adults.142 Most reported cases of 
HBV are the result of icteric illness, but it is believed that approximately 
two thirds of cases either result in subclinical illness or are only diag-
nosed in retrospect. The acute illness may be more severe in the setting 
of other coinfections, such as simultaneous acquisition of hepatitis D, 

TABLE 148-2  Prevalence of Hepatitis B in 
Selected Populations

HBV MARKER (%)

POPULATION
Prevalence 
HBsAg+

Any 
Marker

Residents in endemic areas 10-20 70-85

Alaskan natives 5-15 40-70

Residents of institutions for mentally disabled 10-20 35-38

Parenteral drug users
HIV coinfected

5-10
5-10

60-80
39

Men who have sex with men 4-8 35-80

Household contacts of HBsAg+ 3-6 30-60

Hemodialysis patients 3-10 20-80

Prison inmates 1-8 10-80

Heterosexuals with multiple sex partners 0.5 5-20

Health care workers 0.5 3-10

General U.S. population 0.2 4.8

Blacks 0.85 13

Whites 0.19 3

HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HIV, human 
immunodeficiency virus.

FIGURE 148-7  Typical course of hepatitis B. Left, Typical course of acute hepatitis B. Right, Chronic hepatitis B. HBc, hepatitis B core; HBe, hepatitis 
B envelope; HBsAg, hepatitis B surface antigen; IgM, immunoglobulin M. 
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HBV mutants that cannot produce HBeAg due to mutations in the 
pre-C or core promoter (see “Translation” earlier).167 The most fre-
quent pre-C mutation is a G to A change at nucleotide 1986, which 
creates a premature stop codon in the pre-C region and abolishes 
production of HBeAg.168 However, other variants are reported in both 
the pre-C and core promoter regions. All these mutations abrogate 
HBeAg synthesis without affecting the replication of the virus. Most  
of these pre-C mutations exhibit enhanced levels of HBV replica-
tion.169 Other mutations, for example, in the signal peptide, lead to 
diminished levels of HBeAg expression.170,171 Pre-C HBV mutants 
often become dominant viral quasi-species in the viral populations 
within an individual.

Originally, this was thought to be predominantly a geographic phe-
nomenon because HBeAg negative hepatitis is more prevalent in 
certain parts of the world, especially Asia and the Mediterranean. 
However, studies that are more recent suggest that the likelihood of 
HBeAg negative chronic hepatitis B is related to duration of infection, 
as suggested by the older age at presentation,172 which would make it 
appear to be of higher prevalence in areas where perinatal transmission 
predominates. HBeAg negative disease is also more frequent with 
genotypes B, C, and D than with genotype A infection.173 A recent 
prospective study demonstrated that HBeAg negative chronic hepatitis 
accumulates over time after anti-HBe seroconversion, with a cumula-
tive incidence of 25% at 16 years of follow-up.174 Patients with HBeAg-
negative but HBV DNA–positive hepatitis tend to have more severe 
inflammation and a higher likelihood of cirrhosis, and 29% to 38% are 
cirrhotic at the time of initial presentation.172,175 These patients have 
very low rates of spontaneous seroconversion of less than 0.5% per 
year174 and are more difficult to treat.164

Prognosis of Untreated Chronic 
Hepatitis B
The likelihood of morbidity and mortality in chronic hepatitis B is 
directly related to the development of cirrhosis. Among chronic 
HBsAg-positive patients, the risk of developing cirrhosis ranges from 
1 to 5.4 per 100 person-years, with a 5-year cumulative probability of 
progression ranging from 8% to 20%.172,176,177 For persons who clear 
HBsAg, the prognosis is good, although perhaps surprisingly, not 
entirely benign. In one study of 189 patients who were noncirrhotic at 
the time of HBsAg clearance, three (1.6%) developed cirrhosis, two 
(1.1%) developed HCC, and one died of HCC. These complications  
all developed in patients with concurrent HCV or hepatitis D virus 
infection, however.178 In the absence of cirrhosis, the long-term prog-
nosis even of HBsAg-positive patients is good. In a 16-year follow-up 
study of 317 HBsAg-positive blood donors from Montreal, for example, 
only 3 died from HBV-related cirrhosis and none developed HCC.179 
In a U.S.-based study of 6689 patients with a chronic hepatitis B who 
did not receive therapy and who were followed for 10 years, 3.1% died 
from HBV-related causes with the highest percentage (15.5%) in those 
older than 65 years of age.180 However, in another study of HBsAg-
positive patients in England and Wales, during a mean 22 years of 
follow-up, 17.4% of deaths were due to HCC or liver disease.181

Multiple variables account for the wide estimates of risk. A recent 
study from Taiwan of 3582 people with chronic hepatitis B followed 
for 11 years found that the strongest predictor of progression to cir-
rhosis was the HBV DNA level, which was independent of the HBeAg 
status and inflammation as represented by ALT values.182 Individuals 
with greater than 106 copies/mL of HBV DNA had a 36.2% cumulative 
incidence of cirrhosis compared with 4.5% in those with less than 300 
copies/mL. Most of the people in this study acquired HBV in infancy 
or early childhood; thus, this study may not be applicable to adult-
acquired HBV. The rate of progression to cirrhosis may be higher in 
patients who are HBeAg negative compared with those who are HBeAg 
positive,164 although these findings may be confounded by a longer 
duration of disease in HBeAg-negative patients. Patients with more 
severe inflammation and fibrosis at the time of presentation are also 
more likely to progress to cirrhosis. Fattovich and colleagues85 found 
that 30% of patients with moderate, chronic active hepatitis developed 
cirrhosis on histology after 6 years, whereas 50% of patients with 
severe, chronic active hepatitis (bridging necrosis) developed cirrhosis 
on histology after 4 years. Similarly, in one study the severity of the 

that it is the exuberant immune response that is primarily responsible 
for the pathogenesis.151 Fulminant hepatitis is also more common in 
the setting of coinfection with hepatitis D,152 the use of immunosup-
pressive therapy, and withdrawal of immunosuppressant therapy, such 
as may occur following transplantation.153,154 In addition to host factors 
relating to immune status, several variants of HBV have also been 
implicated in several outbreaks of fulminant HBV.155 At least some of 
the variants lead to premature termination of e antigen (the pre-C 
mutants), so there is detection of core antigen in the blood without 
detection of HBeAg. Because HBeAg may serve as a toleragen,156 the 
postulated mechanism is that there is enhancement of the immune 
response. However, careful epidemiologic studies have raised questions 
about whether these mutants and other mutations within the core are 
truly more common in fulminant disease,157,158 and the relatively low 
levels of virus and robust immune response may be due to other, as yet 
undefined, viral and host factors.

Chronic Hepatitis B
Chronic hepatitis B is defined by at least 6 months of persistent HBsAg. 
Many patients with chronic hepatitis B are not diagnosed as a result  
of follow-up after a case of icteric illness or due to specific symptoms, 
but rather as a result of incidental elevations in serum aminotransfer-
ases or due to membership in a specific risk category. Symptoms, if 
present, can be as nonspecific as fatigue, unless cirrhosis or HCC is 
present. Other less common symptoms include nausea, right upper 
quadrant tenderness, anorexia, myalgias, and arthralgias. Symptoms 
often do not correlate with severity of disease, levels of serum amino-
transferases, or hepatic injury on liver biopsy. The physical examina-
tion may be normal or there may be an enlarged liver. The presence of 
jaundice, splenomegaly, ascites, encephalopathy, or pedal edema sug-
gests cirrhosis.

In patients with chronic hepatitis B, serum aminotransferases may 
be normal, although most patients with chronic active hepatitis have 
at least mild-to-moderate elevations. Patients will have markers of viral 
replication, including HBsAg and often HBeAg or HBV DNA as well 
(see “Screening and Diagnosis of HBV Infection” later). During flares 
of disease activity or just before seroconversion to anti-HBe status, 
there may be marked elevations in the serum aminotransferases to 
more than 20 times normal. Flares of disease activity may be due to 
changes in the level of baseline HBV replication, followed by an 
immune response against the virus. In some patients, this results in 
repopulation of the viral species with a new variant.159 Patients with 
flares of disease activity should be followed for the development of 
anti-HBe, which signals control of viral replication.82 Cirrhosis should 
be suspected if there is evidence of hypersplenism, manifested as 
decreased platelet count, or impaired hepatic synthetic function, indi-
cated by hypoalbuminemia, hyperbilirubinemia, or decreased albu-
min. Similar to the range of findings observed in other laboratory  
tests, findings on liver biopsy range from minimal inflammation to 
cirrhosis. About 2% to 5% of patients with HBV-related compensated 
cirrhosis develop decompensated disease each year. Decompensation 
can occur over time or can result from hepatitis flares.160 Clinical signs 
and symptoms of decompensated disease include ascites, jaundice, 
hepatic encephalopathy, or variceal bleeding.

There are no characteristic pathologic findings that can distinguish 
hepatitis B from other forms of viral hepatitis, although liver biopsies 
can be stained for the presence of HBsAg and HBcAg. The most char-
acteristic feature of chronic hepatitis B is the ground-glass hepatocyte, 
which is thought to be due to accumulation of HBsAg within the ER.161 
Differentiation from alcoholic liver disease can be made by character-
istic patterns of steatosis, Mallory bodies, and micronodular cirrhosis, 
whereas chronic hepatitis C is marked by steatosis and characteristic 
lymphoid follicles within portal tracts. Immunosuppressed hosts may 
have a variant of HBV known as fibrosing cholestatic hepatitis, which 
reveals periportal fibrosis, hepatocyte ballooning, bile stasis, and mild 
or absent inflammation.162

Pre-core or HBE-Negative Mutants
Early reports described patients in whom HBeAg was absent, although 
HBV DNA continued to be present at a high level, typically in associa-
tion with severe liver disease.163-166 This is due to the development of 
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incidence is declining.202 Treatment of PAN usually includes the com-
bination of plasma exchanges, anti-HBV therapies, and a short course 
of steroids in cases of life-threatening organ involvement.203-205 Recov-
ery from vasculitis can occur in up to 81% when HBeAg seroconver-
sion and decreased viral replication are achieved.206 Glomerular disease 
also occurs as a manifestation of HBV infection. Nephrotic syndrome 
secondary to membranous or membranoproliferative glomerulone-
phritis is a rare complication of HBV infection occurring predomi-
nantly in children with active viral replication. The typical presentation 
is with nephrotic range proteinuria. Approximately 30% to 60% of 
children with HBV-related membranous nephropathy undergo spon-
taneous remission, usually in association with HBeAg to anti-HBe 
seroconversion.207 Progression to renal failure can occur, particularly 
in adults. The prognosis of HBV-related membranous nephropathy is 
variable. In adults it may lead to progressive renal insufficiency208; 
however, it can also be successfully treated. In a recent meta-analysis, 
IFN-α and lamivudine resulted in an HBeAg seroconversion rate of 
62% and remission rate of proteinuria of 65.2%.209

CLINICAL MANIFESTATIONS  
AND NATURAL HISTORY IN 
SPECIAL HOSTS
Individuals with HIV Infection
Because of common parenteral routes of transmission, HBV and HIV 
are frequently seen in concert. In a study of 16,248 HIV-infected 
patients receiving care, the incidence of acute HBV infection was 12.2 
cases per 1000 person-years, which was lower in those receiving either 
antiretroviral therapy (ART) with lamivudine, ART without lamivu-
dine, or one or more doses of HBV vaccine.210 Current estimates are 
that between 40% and 60% of individuals who are HIV seropositive in 
the United States are positive for some marker of past HBV infection, 
and 4% to 10% are HBsAg positive.211 In the regions with high HBV 
endemicity, up to 25% of HIV-infected persons are coinfected with 
chronic HBV.212 Patients with HIV and acquired immunodeficiency 
syndrome (AIDS) are more likely to have chronic HBV infection, 
increased replication manifested as higher HBV DNA, and increased 
likelihood of HBeAg positivity.213 They are also more likely to be coin-
fected with occult HBV; therefore, HIV patients should be screened for 
both HBsAg and anti-HBc. Despite lower serum amino-transferases, 
patients with HIV/HBV coinfection are more likely to have cirrhosis 
on biopsy.214 This translates into a higher observed liver-related mortal-
ity for patients with coinfection compared to those with either HIV or 
HBV monoinfection.215 An inverse correlation between CD4 count and 
HBV DNA levels in coinfected individuals has been reported.216 Lower 
CD4 counts in HIV/HBV coinfected individuals have also been associ-
ated with increased risk of HCC.217 In one study, liver-related mortality 
rate was highest with lower nadir CD4+ T-cell counts and was twice as 
high after 1996, when effective ART was introduced, which may be 
confounded by the longer duration of HBV infection in those surviving 
into the ART era. Loss of CD4+ T cells in persons with HIV can be 
accompanied by reactivation of disease in previously healthy carriers218 
and rapidly progressive, fibrosing cholestatic hepatitis in others.219 Iso-
lated anti-HBc is found in approximately 16% to 20% of HIV-infected 
patients.220 A recent study shows that when changes from isolated anti-
HBc occur, the transition is usually to anti-HBc and anti-HBs positiv-
ity, suggesting that isolated anti-HBc is due to intermittently low levels 
of anti-HBs.220 Rates of occult hepatitis B in those with isolated anti-
HBc are variable, ranging from less than 5% up to 90%.220-224

Hepatitis B after Liver Transplantation
Reinfection of the allograft accounts for the majority of cases of HBV 
after liver transplant in patients with chronic HBV (HBsAg positive). 
HBV can also be acquired de novo in patients who are HBsAg negative 
from anti-HBc–positive donors with rates of infection ranging from 
14% to 80%.224a,224b Recipients who are anti-HBs positive and anti-HBc 
positive are at the least risk of de novo infection. Reactivation of HBV 
has also been reported in recipients who are HBsAg negative and anti-
HBC positive pretransplant. Before the use of prophylactic HBIG and 
nucelos(t)ide therapy at the time of transplant, graft reinfection rates 
approached 80% to 100%.224c Reinfection was strongly correlated with 
high levels of HBV DNA and HBeAg seropositivity.224d Recurrence of 

fibrosis was 0%, 6%, and 17%, respectively, of individuals with no, mild, 
or moderate degrees of fibrosis present on the initial biopsy.183 Con-
sumption of alcohol also increases both the risk of cirrhosis and 
HCC.184 Infection with hepatitis C, when accompanied by active rep-
lication of both viruses, also increases the rate of progression to cir-
rhosis,185,186 as does hepatitis D virus.187

For patients with compensated cirrhosis, survival is 84% at 5 years 
and 68% at 10 years.188 Once cirrhosis develops, the risk of decompen-
sation is 20% to 25% per year.85,189 High HBV DNA levels and HBeAg 
seropositivity and persistence have been found to be independently 
associated with decompensated disease.190,191 The prognosis is poor 
after the development of decompensation, with estimated survival 
rates of only 55% to 70% at 1 year and 14% to 35% at 5 years.176,192 In 
one study of European patients with biopsy-proven cirrhosis, during  
a 6-year period of follow-up, HCC developed in 32 (9%) of the 349 
patients and decompensation was observed in 88 (28%) of 317 tumor-
free patients. After the first episode of decompensation, the probability 
of survival was only 35% at 5 years.176

Another major cause of mortality in chronic hepatitis B is HCC, 
which has a poor prognosis unless caught in a small, surgically resect-
able stage. The risk of HCC in persons with cirrhosis is estimated to 
be 6% to 15%.175,176,193 For example, in one study, the likelihood of 
developing HCC over a 5-year time period is 9% in persons with 
Child’s A cirrhosis with an incidence of 2.2 per 100 person-years.188 
Risk factors for the development of HCC are male sex, older age, 
alcohol, other environmental exposures (i.e., aflatoxin), the presence 
of HBeAg, and higher levels of HBV DNA.194 More recently, patients 
with genotype C or B, as well as the T1762 and A1764 basal core pro-
moter gene mutations, have been shown to have a higher risk of HCC. 
In contrast, having the pre-core gene mutation G1896A has been 
shown to be protective against the development of HCC.38 In one study 
of more than 11,000 men, the incidence rate of HCC was 1169 cases 
per 100,000 person-years among men who were positive for both 
HBsAg and HBeAg, 324 per 100,000 person-years for those who were 
positive for HBsAg only, and 39 per 100,000 person-years for those 
who were negative for both.195 The relative risk of HCC was 9.6 (95% 
confidence interval [CI], 6.0 to 15.2) among men who were positive 
for HBsAg alone and 60.2 (95% CI, 35.5 to 102.1) among those who 
were positive for both HBsAg and HBeAg, as compared with men who 
were negative for both.195 Levels of HBV DNA are also a risk factor, 
with levels above 105 copies/mL (≈20,000 IU/mL) being strongly 
linked to the development of HCC.136 In a recent study, the importance 
of serum HBV DNA level as a predictor of HCC was even greater in 
HBeAg negative patients with normal ALTs and no cirrhosis at base-
line.196 Chronic elevation of viral replication is also associated with a 
higher risk of HCC over time.197 Clearance of HBsAg by the age of 50 
appears to decrease the risk of HCC.198 Men are between 2 and 4 times 
more likely than women to develop HCC,199 which may be due to the 
presence of other cofactors, such as alcohol, or a direct effect of testos-
terone on HBV replication.200

Extrahepatic Manifestations of 
Hepatitis B
Extrahepatic manifestations can occur in approximately 20% of 
patients with acute and chronic hepatitis B and are thought to be  
mediated by circulating immune complexes. Acute hepatitis may be 
manifested in 10% to 20% of patients as a serum-sickness-like illness  
with fever, skin rash, arthralgias, and polyarthritis, typically occurring 
just before the onset and subsiding with the development of jaundice. 
The skin rash can be of virtually any type, including erythematous, 
macular, maculopapular, urticarial, or petechial. The most common 
extrahepatic clinical manifestations of chronic hepatitis B include sen-
sorimotor neuropathies, myalgias, arthralgias, Sjögren’s syndrome, 
glomerulonephritis, uveitis, and Raynaud’s syndrome.201 A number 
of autoantibodies can also be seen including cryoglobulinemia and 
rheumatoid factor. Polyarteritis nodosa (PAN) is a rare complication 
of chronic hepatitis B, which usually manifests within the first 6 months 
of infection. It is a vasculitis of small- to medium-size arteries and 
typically presents with fever, rash, hypertension, eosinophilia, abdomi-
nal pain, renal disease, and polyarthritis. In one review, the frequency 
of HBV infection in PAN cases was 33.7%; however, the overall  
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SCREENING AND DIAGNOSIS OF 
HBV INFECTION
Infection with HBV is associated with characteristic patterns of hepa-
titis B antigens and antibodies. In addition to confirming the stage of 
HBV infection, proper interpretation of the available tests will aid in 
the monitoring of patients and selection for antiviral therapy.

Acute Hepatitis
The diagnosis of acute hepatitis B is based on the detection of HBsAg 
and IgM anti-HBc (Table 148-3 and see Fig. 148-7). During the replica-
tive phase of infection, HBeAg and HBV DNA are also present. Recov-
ery is accompanied by the disappearance of markers of HBV replication 
and the appearance of antibodies to these proteins.

HBsAg is the serologic hallmark of HBV infection and is the first 
marker to appear after acute infection. It can be detected by RIAs or 
ELISAs. HBsAg appears in serum 1 to 10 weeks after an acute expo-
sure to HBV, before the onset of symptoms or elevation of serum ALT. 
In patients who subsequently recover, HBsAg usually becomes unde-
tectable after 4 to 6 months, followed by development of anti-HBs, as 
early as 8 months after infection. In most immunocompetent patients 
who recover, anti-HBs persists for life, thereby conferring long-term 
immunity.

HBcAg is an intracellular antigen that is not detectable in serum. 
Anti-HBc can be detected throughout the course of HBV infection, 
and its presence signifies natural infection. During acute infection, 
anti-HBc is detectable at the time symptoms appear (9 to 21 weeks after 
exposure) and is predominantly IgM class. It can be the sole marker of 
HBV infection during what is called the window period between the 
disappearance of HBsAg and the appearance of anti-HBs. Although 
IgM anti-HBc is usually an indicator of acute HBV infection, it may 
remain detectable up to 2 years after the acute infection and can be 
detectable during HBV flares. IgG anti-HBc persists even in individu-
als with HBs antigenemia, indicating that the presence of this antibody 
does not confer protection against viral replication.

Past Hepatitis B Infection and 
Vaccination
Anti-HBs is the protective antibody and is present both after recovery 
from acute infection and successful vaccination. These two can be 
distinguished by testing for total anti-HBc (see Table 148-3). Recovery 
from an HBV infection is characterized by the presence of both anti-
HBs and total anti-HBc. Immunity to HBV after vaccination is indi-
cated by the presence of anti-HBs only.

Chronic Hepatitis B Infection
The diagnosis of chronic hepatitis B is based on the persistence of 
HBsAg for more than 6 months. Additional tests for HBV replication—
HBeAg and serum HBV DNA—should be performed in those with 
chronic hepatitis B to further classify the disease and to determine the 
need for treatment. In adults, there are two groups of patients with 
chronic hepatitis B who do not need treatment but who should be 
monitored. The first are those who are HBeAg negative with an 

HBV in liver transplant recipients often resulted in rapid progression 
to liver failure marked by a histologic variant known as fibrosing cho-
lestatic hepatitis.162 HBV recurrence has also been shown to be associ-
ated with recurrence of HCC.225 The use of HBIG and nucleos(t)ide 
therapy has resulted in significant reductions in recurrence of HBV 
infection in the allograft, and post-transplant survival has improved 
dramatically. In a large study conducted between 1988 and 2002, the 
1-, 5-, and 10-year patient survival rates were 91%, 81%, and 73%,226 
respectively, which are comparable with other conditions leading to 
transplantation. Specific HBV therapies used in liver transplant are 
discussed in more detail under “Management in Special Populations,” 
Liver Transplantation.”

Hepatitis B after Other Types of 
Transplantation
Due to the frequent need for blood products in some groups of  
patients, patients with other types of transplantation are also at risk for 
HBV infection, followed by progressive hepatitis during the period  
of immunosuppression. HBV is associated with high morbidity and 
mortality in renal transplant recipients, which is thought to be due  
to persistent viral replication and reduced HBsAg seroconversion as  
a result of the effects of immunosuppression. HBV reactivation has 
occurred in renal transplant patients with previously resolved HBV 
infection characterized by negative HBsAg and positive anti-HBc, with 
or without anti-HBs. Reactivation is higher among those without anti-
HBs compared with those with anti-HBs.227 Most authorities now agree 
that all HBsAg-positive renal transplant recipients should receive  
antiviral therapy with nucleos(t)ide therapy before or at the time of 
transplant and continue indefinitely. Renal transplant recipients with 
anti-HBc with or without anti-HBs should have HBV DNA measured 
every 3 to 6 months after renal transplant and receive nucleos(t)ide 
therapy on confirmation of viral reactivation but before clinical hepa-
titis.228 Recipients of bone marrow transplants are also at risk of recur-
rent hepatitis B, which may present as a severe flare at the time of 
withdrawal of immunosuppression229 or as progressive chronic liver 
disease.230 T-cell–depleted recipients appear to be at particular risk.231 
Interestingly, however, there have also been case reports of hepatitis B 
cure after bone marrow transplantation due to the transfer of HBV-
specific immune cells in the graft.232,233

Coinfection with Hepatitis C
Rates of HCV coinfection among patients with HBV range from 3% 
to 18% depending on the geographic area and the epidemiologic risk 
group.234 HCV infection is especially frequent in HBV endemic areas 
and in intravenous drug users. Superinfection and acute infection with 
HCV have been shown to result in suppression of HBV replication and 
clearance of HBsAg and HBeAg.89,235-237 However, when both viruses 
are replicating, the liver disease is usually more severe than in patients 
infected by HBV or HCV alone.238-240 Patients with dual HBV and HCV 
infection may also have a higher rate of HCC compared with patients 
infected by either virus alone.241 The response rate to combined IFN 
and ribavirin appears equal to those with HCV alone.242

TABLE 148-3  Interpretation of Serologic Tests in Hepatitis B

TEST
ACUTE 
HEPATITIS B

IMMUNITY THROUGH 
INFECTION*

IMMUNITY THROUGH 
VACCINATION

ACTIVE CHRONIC 
HEPATITIS B†

INACTIVE CHRONIC 
HEPATITIS B

HBsAg + – – + +
Anti-HBs – + + – –

HBeAg + – – ± –

Anti-HBe – ± – ± +
Anti-HBc + + – + +
IgM anti-HBc + – – – –

HBV DNA + – – + ± (low)

ALT Elevated Normal Normal Elevated Normal

*Occasionally individuals with past infection have isolated anti-HBc only. The presence of an isolated immunoglobulin G anti-HBc may indicate a window period during 
acute infection or remote prior infection with loss of HBsAg or anti-HBs. In such cases, an HBV DNA test may prove useful.

†Chronic hepatitis B with a pre-core mutant is HBeAg− and anti-HBe+.
ALT, alanine aminotransferase; anti-HBc, antibody to hepatitis B core antigen; anti-HBe, antibody to hepatitis B e antigen; anti-HBs, antibody to hepatitis B surface 

antigen; DNA, deoxyribonucleic acid; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; IgM, immunoglobulin M.

http://www.myuptodate.com


P
a
rt

 I
II

 I
n

fe
ct

io
u

s 
D

is
ea

se
s 

an
d

 T
h

ei
r 

Et
io

lo
g

ic
 A

g
en

ts
1828

during the window period of acute hepatitis, many years after resolu-
tion of acute hepatitis due to a decline of anti-HBs to undetectable 
titers, or, rarely, after years of chronic infection with decline of HBsAg 
to titers below the limit of detection. Individuals with isolated anti-HBc 
should have repeated testing done to exclude false-positive results and 
IgM anti-HBc to exclude acute hepatitis if that is suspected. If there 
are unexplained aminotransferase elevations in a patient with isolated 
anti-HBc, HBV DNA testing is recommended. Isolated anti-HBc is 
more common in people coinfected with HIV and in those with both 
chronic and cleared HCV.220 The clinical significance of isolated anti-
HBc with or without a low-level positive HBV DNA test is not clear; 
however, such patients should be considered potentially infectious, as 
transmission of HBV from blood and organ donors with anti-HBc 
alone has been reported.251,252

MANAGEMENT OF HEPATITIS B
Acute Hepatitis B
Treatment in acute hepatitis B is generally supportive. Medication lists 
should be reviewed, and patients should be reminded to avoid medica-
tions metabolized by the liver if possible or limit the doses. This is 
particularly true for agents such as acetaminophen, which patients may 
be taking to minimize discomfort and fever. Treatment of fulminant 
hepatitis is also supportive, including liver transplantation for those 
patients who do not appear to have spontaneous recovery. Treatment 
with antiviral agents is not indicated for acute hepatitis B because 
approximately 95% will spontaneously seroconvert to anti-HBs253; 
however, there is some evidence of benefit for cases of acute fulminant 
HBV from case series.254,255 One randomized controlled trial of lami-
vudine versus placebo in acute hepatitis B showed greater decline in 
HBV DNA at 4 weeks with lamivudine but did not show long-term 
clinical benefit.253 If treatment for acute fulminant hepatitis B is initi-
ated, lamivudine is the anti-HBV agent that has been studied most 
extensively; however, entecavir is more potent and has a higher genetic 
barrier to resistance, so it can also be used.256 Tenofovir has a risk for 
nephrotoxicity and has not been studied in this population, so it is not 
the optimal drug. Treatment for fulminant hepatitis B should be con-
tinued for 3 months after HBsAg seroconversion or for at least 12 
months after HBeAg seroconversion if HBsAg loss does not occur.257 
Treatment is also recommended for protracted severe acute hepatitis 
when increase in INR (international normalized ratio) and jaundice 
last for more than 4 weeks.258

Chronic Hepatitis B
The goals of antiviral therapy in hepatitis B are reduction of the mor-
bidity and mortality due to liver disease. The beneficial effects of anti-
viral therapy on reducing the incidence of cirrhosis and HCC have been 
shown. In a large meta-analysis of 12 controlled trials including 2082 
patients, IFN reduced the risk of liver cirrhosis by 35% and decreased 
the incidence of HCC by 41% over 4.7 to 7 years of follow-up.259 Lami-
vudine has also been shown to be associated with a reduced risk of 
cirrhosis and HCC in a study of 266 HBeAg+ patients followed on and 
off treatment for a median of 89.9 months.260 More recently, patients on 
entecavir had a significantly decreased risk of HCC compared with 
propensity-matched historical controls on no HBV therapy and in a 
smaller subgroup analysis, to patients on lamivudine.261 Tenofovir has 
also been shown to lead to improvement in liver histology.262

Because reduction in morbidity and mortality is challenging to 
study, a variety of end points have been used as surrogates to define 
response to treatment in clinical trials, including normalization of 
serum aminotransferases (biochemical response), improvement in 
liver histology (histologic responses), achieving an undetectable HBV 
DNA in the serum (virologic response), and loss of HBeAg with or 
without anti-HBe (serologic response).258 Elimination of HBsAg is rare 
but important because the risk of liver cancer continues to be elevated 
above baseline among patients with persistent HBs antigenemia.198 
Because long-term studies have demonstrated that either seroconver-
sion to anti-HBe or durable suppression of HBV DNA is associated 
with reduction in cirrhosis,262-264 an improvement in survival,265-268 and 
reduction of the rates of HCC,269 these are the most common surrogate 
markers used in both clinical practice and clinical trials to monitor the 
efficacy of therapy.

undetectable HBV DNA and normal serum aminotransferases. These 
patients have inactive chronic hepatitis B and should have aminotrans-
ferases tested every 6 to 12 months to detect reactivation. The annual 
rate of flares of ALT is about 4%, with pre-C mutations, male sex, and 
age older than 30 being predictors of flares.243 The second group is 
patients who are usually HBeAg positive and have high HBV DNA 
levels with normal or minimally elevated serum aminotransferases. 
These patients generally have perinatally acquired HBV and are in the 
immune tolerant phase of infection (see “Natural History” earlier).244 
They should also be monitored every 6 to 12 months with aminotrans-
ferase testing.

Those with progressive liver disease who should be considered for 
treatment can be either HBeAg negative or positive, have detectable 
HBV DNA, and usually have elevated serum aminotransferase concen-
trations. The HBV DNA level in HBeAg-positive chronic hepatitis B 
patients tends to be higher than in those with HBeAg-negative chronic 
hepatitis B. HBeAg-negative patients have a stop codon mutation in 
the pre-C region that prevents the production of HBeAg (see “Pre-core 
or HBe-Negative Mutants” earlier).163

In HBeAg-positive patients, development of anti-HBe can occur  
at any point during chronic hepatitis B infection; it occurs spon-
taneously in a small percent of patients per year. It is often accompa-
nied by an increase in serum aminotransferases, followed by a 
disappearance of HBeAg and HBV DNA from the serum and improve-
ment in liver inflammation. However, some patients continue to have 
active liver disease and detectable HBV DNA in serum after HBeAg 
seroconversion.245

Measures of Hepatitis B Replication
PCR-based assays are the standard way to quantify HBV replication. 
Several real-time PCR assays are available now and have lower limits 
of sensitivity of approximately 10 IU/mL and upper limits of 4 × 
109 IU/mL. The older hybridization assays are less sensitive; therefore, 
they are not recommended. A study from Taiwan with 3653 partici-
pants with chronic hepatitis B demonstrated that HBV DNA levels 
correlate with the risk of developing either cirrhosis or HCC.136,182 
There was a dose-response relationship between the HBV DNA level 
and the risk for these outcomes. The major role of HBV DNA assays 
is to evaluate patients with either HBeAg-positive or HBeAg-negative 
chronic hepatitis B to assess candidacy for treatment. In those who are 
treated, following HBV DNA is essential to monitor the treatment 
response. HBV DNA is also useful in several other circumstances. The 
first is distinguishing the window period of acute infection from 
chronic infection in those patients who are IgG anti-HBc only. HBV 
DNA is also useful in cases of fulminant hepatitis, where there may be 
undetectable levels of HBsAg on presentation. HBV DNA testing is 
also indicated in patients in whom there may be a false-negative 
HBsAg test, which occurs due to mutants in the surface protein.246

The enhanced sensitivity of the newer tests, especially PCR-based 
methods, has also raised questions about the significance of low-level 
viremia. Recovery from acute infection was formerly thought to be 
accompanied by complete clearance of HBV from serum. However, use 
of PCR-based methods has demonstrated that some individuals may 
have very low-level replication in the absence of any biochemical or 
histologic markers of liver injury.247 The significance of this is not 
known, although some studies have suggested that such “occult” hepa-
titis B is associated with progressive liver disease. The threshold level 
that is associated with a risk of progression of chronic liver disease is 
not known. An arbitrary value of greater than 20,000 IU/mL or 105 
copies/mL has been suggested as a diagnostic criterion for chronic 
hepatitis,247 but lower levels may be seen in patients with ongoing liver 
injury, especially in HBeAg-negative patients. Because levels of HBV 
DNA may fluctuate over time in a given individual, the use of HBV 
DNA testing as a sole determination of future prognosis is not 
recommended.248

Isolated Anti-HBc
The isolated presence of anti-HBc without other HBV serologic 
markers is not uncommon, being present in 0.4% to 1.7% of blood 
donors in low-prevalence areas249 and in 10% to 20% of the population 
in endemic countries.250 Isolated anti-HBc can be found in patients 
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PEG IFN-α is administered as subcutaneous injections. Patients 
should be treated for at least 12 months, and there is some evidence 
that up to 24 months will increase the rate of sustained response in 
those with HBeAg-negative disease.275 In HBeAg-positive patients, 
1-year rates of HBeAg seroconversion are 27%42,272; the durability of 
the response is improved if PEG IFN-α is continued for at least 24 
weeks after seroconversion. A decline in HBsAg levels to less than 
1500 IU/mL at 12 weeks is associated with anti-HBe seroconversion.276 
In a study of 172 patients followed for 3 years, the sustained rates of 
HBeAg negativity and HBsAg loss among initial responders were 81% 
and 30%, respectively.277 In HBeAg-negative disease, the rate of sus-
tained undetectable HBV DNA, measured 24 weeks after 48 weeks of 
treatment, is approximately 19%. Given the toxicity of IFN-α, most 
providers do not use it in HBeAg-negative disease as the tolerability of 
long-term nucleos(t)ides is better. Nevertheless, sustained responses 
can be achieved in 15% to 25% of patients and long-term follow-up 
showed that 15% to 30% of sustained responders cleared HBsAg.278,279 
PEG IFN-α, along with ribavirin, may also be used in the setting of 
dual infection with HBV and HCV.280

PEG IFN-α therapy causes many side effects, including flulike 
illness, fever, myalgias, headache, and fatigue. Many of these acute side 
effects improve after the first days to weeks of dosing, although they 
can linger in individual patients for the full duration of therapy. Other 
side effects seen after prolonged dosing include leukopenia and throm-
bocytopenia, hair loss, and changes in mood, including irritability, 
sleep disorders, and depression, which can be severe. IFN therapy can 
also lead to the development of autoantibodies, such as antithyroid 
antibodies, and worsening of other autoimmune disorders.281

PEG IFN-α is contraindicated in decompensated cirrhosis because 
it may precipitate flares of disease activity with subsequent decompen-
sation.282,283 However, PEG IFN-α is safe and may be effective in 
patients with compensated cirrhosis. In clinical trials of patients with 
HBeAg-positive chronic hepatitis, up to 60% of included patients had 
histologic cirrhosis and less than 1% of patients who received standard 
doses of IFN-α developed hepatic decompensation.283

There are also promising early data that PEG IFN-λ, a type III 
interferon, leads to a greater decline in HBV DNA than PEG IFN-α2a 
after 24 of the planned 48 weeks of treatment.284 In addition, PEG 
IFN-λ had fewer side effects.

Nucleoside and Nucleotide Analogues
Recognition that HBV, like HIV, has an RT step in its life cycle led to 
the testing of many nucleoside agents (Table 148-5). Because these 
agents are better tolerated than IFN-α, they are used long term for 
both viral suppression and improvement in histologic disease. Unlike 
IFN-α, nucleos(t)ide agents can be used in the setting of hepatic 
decompensation285 and may even prevent or delay the need for trans-
plantation.286 However, resistance to some of these agents develops 
over time (see “Viral Resistance” later). The currently approved agents 
in this category include lamivudine, adefovir dipivoxil, telbivudine, 
entecavir, and tenofovir disoproxil fumarate (also see Chapter 45). 
Emtricitabine, which is co-formulated with tenofovir as an anti-HIV 
therapeutic, is also active against HBV but has not been approved for 
HBV treatment. These agents all suppress HBV replication but cannot 
eliminate cccDNA; thus, once therapy is discontinued, relapse of 
viremia occurs in the majority of HBeAg-positive patients who do not 
achieve HBeAg seroconversion and in nearly all HBeAg-negative 
patients.

Lamivudine
Lamivudine is the negative enantiomer of 2′ to 3′ dideoxy-3′-
thiacytidine (see Chapter 46). It is phosphorylated by host enzymes, 
and the incorporation of the triphosphate form into DNA results in 
premature chain termination, which inhibits HBV DNA synthesis. 
Lamivudine is administered at 100 mg/day in those without HIV 
infection and, unlike IFN, is well tolerated, with side effects no different 
than placebo in most series. In patients coinfected with HIV, 300 mg/
day is given to inhibit both HIV and HBV replication. Dose reduction 
is necessary for patients with renal insufficiency (creatinine clearance 
<50 mL/min). Several large, randomized clinical trials in patients with 
HBeAg-positive and HBeAg-negative chronic hepatitis B demonstrate 

Selection of Patients for Treatment
(Also see Chapter 119.)

The currently available treatments all have limited short- and long-
term efficacy, as well as substantial costs, both in terms of side effects 
(e.g., as in the case of IFN) and financial considerations. Thus, not all 
patients warrant treatment. Current recommendations are to treat all 
cirrhotic patients with detectable HBV DNA (either HBeAg positive 
with a nonamplified HBV DNA > 20,000 IU/mL, or, in the case of 
HBeAg-negative disease, with HBV DNA > 2000 IU/mL) and of liver 
disease (serum aminotransferases greater than two times the upper 
limit of normal or moderate-to-severe necroinflammation on biopsy) 
(Table 148-4).258 These HBV DNA cutoffs were initially arbitrary, but 
there is evidence that at these levels the risk of progressive liver disease 
and HCC increases.182 Because HBV DNA levels can fluctuate, serial 
monitoring of levels is important if treatment is not initiated.

Interferon
IFN-α is the recombinant version of one or more proteins that are 
naturally produced by the body in response to viral infection and has 
been used in the treatment of hepatitis B for more than 25 years.270 
These proteins have antiviral, antiproliferative, immunomodulatory, 
and antifibrotic effects, but the precise mechanism of action as an anti-
HBV therapeutic has not been established. Recent data demonstrate 
that IFN-α decreases transcription of pre-genomic RNA and subge-
nomic RNA from cccDNA.271 PEG IFN-α, given as a once-a-week 
injection of 180 µg, has supplanted standard IFN-α for treatment of 
hepatitis B. Factors predictive of a high response to PEG IFN-α are low 
HBV DNA, aminotransferase elevation greater than twice the upper 
limit of normal, age, female sex, and genotype A or B (compared with 
genotype C or D).272 There is also some evidence that IL28B genotype 
may be associated with response to PEG IFN-α.273 Treatment of 
patients with normal ALT results in response rates of less than 10%,274 
suggesting an important contribution of the immune response in IFN-
based therapy.

TABLE 148-4  Selection of Patients for Treatment 
in Chronic Hepatitis B

HBeAg HBV DNA* ALT† TREATMENT STRATEGY
+ >20,000 IU/mL <2 × ULN Observe patient

Consider liver biopsy if age > 40, 
ALT > 1 but <2 × ULN, family 
history HCC, HIV positive; 
treat if moderate-to-severe 
inflammation or fibrosis

+ >20,000 IU/mL >2 × ULN Observe 3-6 mo for spontaneous 
HBeAg seroconversion

Treatment with PEG IFN-α 
(48 wk) or NUC (indefinite in 
most; minimum 6-12 mo after 
HBeAg seroconversion)

– >20,000 IU/mL >2 × ULN Treatment with NUC (end point 
not defined; likely indefinite) 
PEG-IFN-α (48 wk) second line

– >2000 IU/mL 1 to <2 × ULN Consider liver biopsy and 
treatment if moderate-to-
severe inflammation or fibrosis

– >2000 IU/mL <ULN Observe; treat if HBV DNA or 
ALT increase

+/– + Cirrhosis Compensated: treat with NUC if 
HBV DNA detectable

Decompensated: NUC; consider 
liver transplantation

+/– – Cirrhosis Compensated: observe

Decompensated: consider liver 
transplantation

*Conversion factor to copies/mL = 5.6 (20,000 IU/mL is approximately 105 copies/mL).
†Also use moderate-to-severe necroinflammation on liver biopsy as guide.
ALT, alanine aminotransferase; anti-HBe, antibody to hepatitis e antigen; DNA, 

deoxyribonucleic acid; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; HCC, 
hepatocellular carcinoma; HIV, human immunodeficiency virus; IFN-α, interferon-α; 
NUC, nucleoside or nucleotide; PEG, pegylated ULN, upper limit of normal.

Modified from Lok AS, McMahon BJ. Chronic hepatitis B. Hepatology. 2007;45:
507-539.
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300 copies/mL, and histologic improvement occurred in 72% and  
62% in the entecavir and lamivudine groups, respectively. However, 
HBeAg seroconversion was similar between the groups. Results after 
96 weeks of treatment showed similar efficacy rates.302 Similarly, in the 
HBeAg-negative patients, 70% of the 331 in the entecavir group had 
histologic improvement compared with 61% of the 317 in the lamivu-
dine group. An undetectable HBV DNA was achieved in 90% in the 
entecavir group, compared with 72% in the lamivudine group. Side 
effects include headache, abdominal pain, and diarrhea.

Entecavir inhibits HIV-1 replication and can select for the 
lamivudine-resistant HIV mutation M184V when given as monother-
apy303; thus, HIV status should be checked before initiating therapy for 
chronic hepatitis B with entecavir. Furthermore, it should not be given 
to an HIV-coinfected patient without a suppressive highly active ART 
regimen.

Telbivudine
Telbivudine is an L-nucleoside analogue that is structurally related to 
lamivudine (see Chapter 46) and thus has overlapping resistance pat-
terns at the rtM204 position. Telbivudine is administered at 600 mg 
daily and has potent activity. However, due to relatively high rates of 
resistance and cross-resistance with lamivudine, it is not a first-line 
agent. It is controversial as to whether it inhibits HIV-1 replication. 
The GLOBE trial, the registration trial for telbivudine, was an interna-
tional study randomizing patients to telbivudine (n = 680) or lamivu-
dine (n = 687) daily.304 This study included both HBeAg-positive and 
-negative patients with HBV DNA greater than 6 log10 copies/mL and 
elevated ALT. At 52 weeks, the decrease in HBV DNA in the HBeAg-
positive patients was significantly greater in the telbivudine group, at 
6.5 log10 copies/mL compared with 5.5 log10 copies/mL in the lamivu-
dine group. The proportion with undetectable HBV DNA (<300 
copies/mL) was greater in the telbivudine than the lamivudine group 
(60% vs. 40%, respectively), but HBeAg seroconversions, as with other 
nucleoside analogues, were similar between the groups at 22% and 
21%, respectively. At week 104, telbivudine continued to be superior, 
but the decrease in HBV DNA from baseline in the telbivudine group 
decreased to 5.7 log10 copies/mL, and the proportion with undetectable 
HBV DNA decreased to 56%. These changes resulted from the devel-
opment of resistance at rtM204I, which reached 25% at week 104. 
Results of the HBeAg-negative group also showed superiority of telbi-
vudine over lamivudine and demonstrated poor durability of response 
due to development of resistance, which occurred in 8.6% of the telbi-
vudine group. The lower rate of resistance in HBeAg-negative patients 
is due to the lower HBV DNA levels at the start of therapy. One side 
effect from telbivudine that is notable is the increased risk of creatinine 
kinase elevations (seven times normal), which occurred in 7.5% of the 
telbivudine and 3.1% of the lamivudine group. About 70% of these 
decreased to less than two times normal by the next visit without a 
change in therapy. The creatinine kinase elevations did not correlate 

the efficacy of lamivudine (see Table 148-5).287,288 A multinational study 
of Asian patients showed that HBeAg seroconversion rates increased 
over time from 17% to 27% at 2 years to 50% by 5 years.289,290 An 
important predictor of HBeAg seroconversion at 1 year is the pretreat-
ment aminotransferase level ranging from 5% in patients with ALT less 
than two times the upper limit of normal to 64% in those with ALT 
greater than five times the upper limit of normal.291 Patients with 
HBeAg-negative hepatitis B appear to have similar response rates,292-294 
as do patients who have previously failed IFN-α therapy.295 Genotype, 
as with all the oral agents, is not a known predictor of response. Resis-
tance to lamivudine develops when used as monotherapy limiting the 
durability of response; thus, it is not a recommended first-line agent 
(see “Viral Resistance” later).

Adefovir
Adefovir dipivoxil is the oral prodrug of adefovir, a phosphonate nucle-
otide analogue of adenosine monophosphate (see Chapter 46). It is 
effective against both wild-type and lamivudine-resistant HBV296-298; 
however, it is the least potent of the oral agents (see Table 148-5) and 
is not a recommended first-line agent. Adefovir is administered at 
10 mg daily with adjustment for renal insufficiency, and it should not 
be given with tenofovir.

In clinical trials, headache and abdominal pain are the most 
common side effects. Although adefovir used in higher doses (120 mg/
day), as used previously for HIV, leads to substantial degrees of 
Fanconi-like renal toxicity, adefovir at the low doses used to treat HBV 
does not appear frequently to lead to such severe renal toxicity.298 
However, nephrotoxicity occurs in 3% of patients with compensated 
liver disease after 4 to 5 years of continued adefovir and in 47% of 
patients who underwent a liver transplant.299,300

Entecavir
Entecavir is a guanosine analogue that inhibits all three functions of 
the HBV polymerase: priming, negative-strand reverse transcription, 
and synthesis of the positive-strand HBV DNA (also see Chapter 45). 
It received U.S. Food and Drug Administration approval for the treat-
ment of HBeAg-negative and HBeAg-positive chronic hepatitis B in 
2005. As one of the most potent anti-HBV agents, it is one of the first-
line therapies for chronic hepatitis B in patients without lamivudine-
resistant HBV. The recommended dose of entecavir is 0.5 mg/day for 
those who are treatment naïve and 1 mg/day in those with prior lami-
vudine experience since the activity is lower against lamivudine-
resistant HBV. The dose should be adjusted for those with creatinine 
clearance less than 50 mL/min. In a double-blind controlled trial of 
709 HBeAg-positive patients, the 354 who received 48 weeks of  
entecavir had a decline in HBV DNA of 6.9 log copies/mL, which  
was superior to the 5.4 log copies/mL in the 355 who received lami-
vudine.301 Furthermore, 67% in the entecavir group compared with 
36% in the lamivudine group achieved HBV DNA that was less than 

TABLE 148-5  Approved Agents for Treatment of Chronic Hepatitis B*

PEG IFN-α LAMIVUDINE ADEFOVIR ENTECAVIR TELBIVUDINE TENOFOVIR
Route Subcutaneous Oral Oral Oral Oral Oral

Dose 180 µg/wk 100 mg/day† 10 mg/day† 0.5 mg/day† (1 if 
lamivudine resistant)

600 mg/day† 300 mg/day†

Duration (wk) 48 ≥48 ≥48 ≥48 ≥48 ≥48

Tolerability Fair-poor: flulike 
symptoms

Good Good: follow 
renal function

Good Good Good: follow 
renal function

HBeAg seroconversion 27% 16%-21% 12% 21% 22% 21%

Undetectable HBV DNA‡ 25%-63% 40%-73% 21%-51% 67%-90% 60%-88% 76%-93%

ALT normalization 38% 41%-75% 53% 72% 65% 74%

HBsAg loss 3% <1% 0% 2% <1% 3%

Viral resistance None 15%-30% Minimal None§ 6% 0%

*All data are for 1 year unless otherwise noted.
†Dose adjustment for creatinine clearance.
‡Higher end of range for HBeAg-negative disease.
§None; otherwise, 7% if preexisting lamivudine resistance.
ALT, alanine aminotransferase; anti-HBe, antibody to hepatitis B e antigen; HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen; PEG IFN-α, pegylated interferon-α.
Modified from Lok AS, McMahon BJ. Chronic hepatitis B. Hepatology. 2009;50:661-662.

http://www.myuptodate.com


C
h

ap
ter 148 Hepatitis	B	Virus	and	Hepatitis	Delta	Virus	

1831

of HBV DNA less than 50 IU/mL (83.2% and 76.4%, respectively,  
P = 0.088).314 However, when stratified by HBeAg status, the HBeAg-
positive patients who received combination therapy were more likely 
to have a virologic response compared with the monotherapy group  
(P = 0.046). Further analyses of the HBeAg-positive patients revealed 
that the superiority of combination therapy was limited to those with 
baseline HBV DNA greater than or equal to 108 IU/mL. There were no 
differences in HBeAg or HBsAg seroconversion in any groups. Thus, 
this study suggests that combination therapy may be most beneficial 
in those with high HBV DNA levels, but more studies of longer dura-
tion are needed to confirm this.

Viral Resistance
The major limitation in the use of oral agents for hepatitis B is the 
development of resistance, which has been observed with the use of all 
approved oral agents except tenofovir, albeit at different times and 
frequencies. Resistance mutations can be classified into three groups: 
L-nucleosides, entecavir, and acyclic nucleotides. Cross-resistance 
occurs between agents in the same group and may decrease sensitivity 
between groups. The L-nucleosides group consists of lamivudine, 
emtricitabine, and telbivudine with the primary resistance mutation 
occurring at position 204 of the HBV polymerase, which is essential 
for polymerase activity, and leads to substitution of isoleucine (I) or 
valine (V) or serine (S) for methionine.289,315,316 Of the L-nucleosides, 
genotypic resistance develops most rapidly to lamivudine with 14% to 
32% of patients having evidence of mutations after 1 year of treat-
ment.287,288 Cumulative resistance increases over time, with one study 
demonstrating rates of 15%, 38%, 55%, 67%, and 69%, at 1, 2, 3, 4, and 
5 years, respectively.289 HBV mutants with the rtM204V/I appear to 
have reduced replication capacity in vitro and in vivo compared with 
wild-type HBV.317 However, the development of a compensatory muta-
tion at rtL180M restores replication capacity, at least in vitro.317 The 
rates of lamivudine resistance in patients treated for HBeAg-negative 
chronic hepatitis B appear to be more variable (0% to 27% at 1 year 
and 10% to 56% at 2 years).294,318

Although the rates of resistance to telbivudine are lower than  
to those of lamivudine (11% vs. 26% at 2 years), resistance is high 
enough to preclude its widespread use.319 Telbivudine is not active 
against HBV strains bearing lamivudine mutations rtL180M/
rtM204V/I but remained active against the rtM204V single mutant  
in vitro, potentially explaining the difference in resistance profiles 
between telbivudine and lamivudine. Against HBV genomes with 
known telbivudine-resistance mutations, rtM204I and rtL80I/M204I, 
telbivudine, lamivudine, and entecavir lost 353- to greater than 1000-
fold activity, whereas adefovir and tenofovir exhibited no more than 
threefold to fivefold change.320

The second group, D-cyclopentanes, consists of entecavir, which 
has a high genetic barrier to resistance as it requires the presence of 
multiple mutations, including the rtM204V and the rtL180M along 
with either the rtT184S/A/I/L or rtC202G/C or rtM250. In patients 
who are treatment naïve and do not have a preexisting rtM204V or 
rtL180M, the rates of resistance are less than 1% per year with a 5-year 
cumulative rate of 1.2%.321 However, in patients with the characteristic 
lamivudine mutations rtM204V and rtL180M, the cumulative inci-
dence is 51% after 5 years; therefore, treatment with tenofovir DF is 
preferred over entecavir in patients with lamivudine-resistant HBV. 
Due to overlapping resistance mutations with lamivudine, lamivudine 
should be discontinued when entecavir is started to theoretically 
decrease the risk for developing entecavir resistance.

The third group, acyclic nucleotides, consists of tenofovir DF and 
adefovir dipivoxil. Resistance to adefovir dipivoxil occurs at residue 
rtN236T and rtA181V/T of the HBV polymerase. After 240 weeks  
of treatment, the cumulative probability of resistance was 29% for 
HBeAg-negative patients. In patients with prior lamivudine-resistant 
mutations, cumulative incidence of adefovir dipivoxil resistance was 
higher, 43% at 4 years.322 In HBV cell lines expressing adefovir dipivoxil 
resistance mutations rtN236T and rtA181V, telbivudine remained 
active as shown by respective changes of 0.5-fold (rtN236T) and 1.0-
fold (rtA181V and rtA194T).320

Tenofovir DF resistance rates appear low, but precise mutations with 
confirmed resistance to tenofovir DF have not been fully characterized. 

with clinical symptoms. One patient had creatinine kinase elevation 
and muscle pain, which resolved over 9 to 12 months after discontinu-
ation of the telbivudine.304

Tenofovir Disoproxil Fumarate
Tenofovir disoproxil fumarate (DF) was approved for treatment of 
hepatitis B in 2008 and is also approved for treatment of HIV-1 (see 
Chapters 46 and 130). Tenofovir DF is potent and resistance has not 
yet been identified; thus, it is a recommended first-line agent in patients 
with and without lamivudine-resistant HBV. Tenofovir DF is dosed at 
300 mg daily and needs to be adjusted for renal insufficiency. In two 
phase III trials comparing tenofovir DF with adefovir, a significantly 
higher proportion of patients receiving tenofovir DF than those receiv-
ing adefovir dipivoxil had reached the primary end point of HBV DNA 
less than 400 copies/mL by week 48.305 Viral suppression occurred 
more often in those receiving tenofovir DF than adefovir dipivoxil in 
both HBeAg-negative (93% vs. 63%, P < 0.001) and HBeAg-positive 
patients (76% vs. 13%, P < 0.001). Significantly, more HBeAg-positive 
patients treated with tenofovir DF than those treated with adefovir 
dipivoxil had normalized ALT levels (68% vs. 54%, P = 0.03) and loss 
of HBsAg (3% vs. 0%, P = 0.02). At week 48, amino acid substitutions 
within HBV DNA polymerase associated with phenotypic resistance 
to tenofovir DF or to other drugs used to treat HBV infection had not 
developed in any of the patients. Tenofovir DF produced a similar HBV 
DNA response in patients regardless of prior lamivudine use. Contin-
ued use of tenofovir DF up to 5 years demonstrates that 96% and 99% 
of the HBeAg-positive and HBeAg-negative patients on treatment, 
respectively, have HBV DNA less than 400 copies/mL.306 No signature 
tenofovir DF–resistance mutations have been identified. The major 
side effect of tenofovir DF that has been noted in HIV-infected patients 
is possible renal insufficiency with increases in serum creatinine. In 
these two registration trials of HBV-monoinfected patients, none of 
the patients developed a creatinine clearance less than 50 mL/min in 
the first 48 weeks and only 1 patient did in the 5-year follow-up.

Other Agents and Combination Therapy
The other agent that is approved for HIV treatment but is also active 
against HBV is emtricitabine. Emtricitabine is similar to lamivudine, 
but it has a longer half-life. Mutations that confer resistance to  
lamivudine also confer resistance to emtricitabine (see Chapters 46  
and 130).307

Combination therapy for hepatitis B is attractive because it may 
increase potency and decrease the rates for developing resistance; 
however, these concepts have not been clearly demonstrated to date. 
PEG IFN-α and lamivudine for 48 weeks had greater HBV DNA 
decline compared with monotherapy with either one alone; however, 
the relapse rate in the combination group was higher, so 24 weeks after 
the end of treatment, there was no difference between the PEG IFN 
group alone or with lamivudine regardless of HBeAg status.42,308 
Another study showed that adding PEG IFN-α for 24 weeks after 24 
weeks of entecavir improved HBV DNA, HBeAg, and HBsAg responses 
compared with continuing entecavir for 48 weeks.309 However, a differ-
ent study did not show benefit of PEG IFN-α2a added after 12 weeks 
of entecavir compared with PEG IFN-α alone.310 Although the concept 
of combining PEG IFN with an oral agent has promise, such combina-
tions require further study using the most potent oral agents and 
optimizing the timing of the drugs. Given the expansion in the number 
of oral agents available, it is desirable to consider combining these as 
is done in HIV therapy. The oral anti-HBV drugs all target the same 
part of the HBV life cycle; thus, the situation is not entirely analogous 
to HIV in which drugs target different aspects of the viral life cycle. In 
a woodchuck hepatitis virus model, combination therapy with adefovir 
or tenofovir along with lamivudine or emtricitabine was superior to 
any of these drugs as monotherapy.311 Human studies of oral combina-
tions have generally used less potent drugs or combined drugs with 
similar resistance profiles312,313; thus, a clear advantage to combination 
therapy has not been identified. In a randomized, open-label study 
combining the two most potent agents, entecavir and tenofovir com-
pared with entecavir alone, there was no difference after 96 weeks of 
therapy between the 197 subjects receiving combination therapy and 
the 182 subjects receiving entecavir alone for the primary end point  
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change in the treatment strategy. After 6 months of therapy, a virologic 
response is defined as having an undetectable HBV DNA by a sensitive 
PCR assay, and then monitoring should continue every 3 to 6 months 
while on therapy. However, if after 6 months of therapy in a patient 
who is compliant, the HBV DNA is detectable but declines more than 
1 log, then this is defined as a partial virologic response. In this case, 
a treatment-naïve patient receiving entecavir or tenofovir can continue 
the same therapy because there is a low rate of resistance. In a patient 
receiving a less potent drug, changing to entecavir or tenofovir is rec-
ommended. Virologic breakthrough can occur at any time and is 
defined as greater than 1 log IU/mL increase in HBV DNA from the 
nadir value on therapy. The main causes of virologic breakthrough are 
noncompliance with therapy or viral resistance (see “Viral Resistance” 
earlier).

The duration of therapy for most individuals is lifelong, but there 
are some patients where discontinuation of therapy can be considered. 
For patients with HBeAg-positive chronic hepatitis B who have HBeAg 
seroconversion, current recommendations are to treat for 1 year after 
seroconversion and then consider discontinuing therapy.258 Once 
HBeAg seroconversion has occurred, the rate of durable response after 
discontinuation ranges from 30% to 80%.328 However, due to the pos-
sibility of relapse, some recommend continuing therapy until HBsAg 
seroconversion, which is infrequent. In one study, recurrent viremia 
occurred in 90% of the 39 patients who stopped therapy a median of 
12 months after seroconversion compared with 0% in those who con-
tinued therapy, so close monitoring with serum aminotransferases and 
HBV DNA is important after discontinuation of therapy.329 There is 
some evidence that quantitative HBsAg may be useful to predict who 
will relapse after therapy discontinuation.330 If a patient does not have 
HBeAg seroconversion but has suppressed HBV DNA replication, then 
therapy should be continued indefinitely because there is evidence  
of progressive enhancement of the HBeAg seroconversion rate with 
longer duration of treatment, and patients may continue to derive 
histologic benefit.263 In HBeAg-negative patients, therapy should be 
continued indefinitely because relapse occurs nearly 100% of the time 
except in rare cases of HBsAg seroconversion. In both HBeAg-negative 
and HBeAg-positive disease, therapy can be discontinued 6 to 12 
months after HBsAg seroconversion, which only occurred in 8% after 
6 years of tenofovir DF.

MANAGEMENT IN SPECIAL 
POPULATIONS
Liver Transplantation
Recurrent hepatitis B after liver transplantation can occur in patients 
with a history of acute or chronic hepatitis B before transplantation or 
in HBsAg-negative recipients of anti-HBc-positive donors. Recurrent 
infections are thought to be due to either insufficient levels of anti-HBs 
or emergence of anti-HBs escape mutations in the HBV S ORF.331,332 
Historically, rates of recurrence of HBV infection were high (90%), and 
the consequences of reinfection were devastating, such that HBV was 
considered a relative contraindication to liver transplantation. Treat-
ment of HBV-related liver disease in transplant patients is difficult for 
several reasons, including the high levels of HBV replication and the 
ongoing immunosuppressive treatment. HBIG was introduced in the 
early 1980s and nucleosides in the early 1990s, with progressive reduc-
tion in likelihood of HBV recurrence with each intervention. U.S. 
transplantation centers typically use a fixed-dose schedule of HBIG, 
with monthly infusions of 10,000 IU, whereas European centers typi-
cally vary the dose of HBIG to maintain the trough anti-HBs at greater 
than 100 IU/mL. Using HBIG alone, recurrence rates are 20% to 25%, 
depending on the schedule and trough anti-HBs titer.

The addition of oral nucleos(t)ide therapy (lamivudine) to HBIG 
has been shown to further reduce rates of reinfection to as low as 10% 
and improve mortality.333,334 Two-year patient survival increased from 
85% in 1988 to 1993, before the availability of antivirals, to 94% since 
1997, after which patients received a combination of HBIG and lami-
vudine (P < 0.05). The 2-year recurrence rates in these two periods 
were 42% and 8% (P < 0.05). However, monotherapy with lamivudine 
has resulted in the emergence of HBV variants that are resistant to 
these compounds, as discussed previously, and lamivudine resistance 
after transplantation has on occasion been associated with severe and 

Through 6 years of therapy, tenofovir DF maintains HBV DNA suppres-
sion, and there is no evidence of resistance.323 The adefovir-resistance 
mutations rtA181T/V and rtN236T confer decreased sensitivity to 
tenofovir DF. In one retrospective study, patients on tenofovir DF with 
these mutations were less likely to achieve HBV DNA less than 400 
copies/mL than those without the mutations.324

Resistance is suspected with the reappearance of HBV DNA in a 
patient who was previously undetectable or with a greater than one 
log10 increase in HBV DNA in a patient who is compliant with therapy. 
Serum aminotransferases may or may not become elevated, and there 
are rare instances of acute exacerbations and hepatic decompensa-
tion.325 Commercial assays are available to detect resistance mutations. 
If resistance occurs, current recommendations are to change therapy 
to the most effective agent that does not share cross-resistance. In 
general, the L-nucleosides (lamivudine, telbivudine, and entecavir) are 
not cross-resistant with the acyclic nucleotides (adefovir, tenofovir). 
With lamivudine-resistant HBV, there is limited evidence from the 
HIV-HBV coinfection literature that continuing lamivudine with the 
addition of tenofovir may be better than adding tenofovir alone.326 In 
cases of multidrug resistance, a combination of entecavir and tenofovir 
is recommended.182

Given the overlapping reading frames, mutations in the HBV poly-
merase can lead to changes in the surface antigen including in the 
immunogenic “a” determinant. One study demonstrated that a triple 
mutant that occurs on lamivudine monotherapy (rtV173L/rtL180M/
rtM204V) leads to the surface changes sE164D/I195M. These changes 
in the surface antigen lead to reduced binding of anti-HBs in vitro, and 
thus the virus behaves as a vaccine escape mutant.327

Monitoring and Treatment Duration of 
Nucleos(t)ide Therapy
Response to nucleos(t)ide analogue therapy should be evaluated at 3 
and 6 months after initiating or changing therapy and then every 3 to 
6 months with HBV DNA, HBeAg (in HBeAg-positive patients), and 
ALT. Virologic response is defined on the basis of HBV DNA levels 
(Table 148-6). If there is less than 1 log IU/mL decline in the first 3 
months, this is defined as primary nonresponse, which is most com-
monly due to noncompliance. If a patient with a primary nonresponse 
is compliant, then resistance testing is appropriate to determine a 

TABLE 148-6  Virologic Response to Nucleos(t)ide 
Treatment

RESPONSE

EVALUATION 
TIME 
(MONTHS) CRITERIA

THERAPEUTIC 
STRATEGY

Primary 
nonresponse

3 <1 log decline Assess compliance. If 
compliant, obtain 
resistance test and 
change treatment.

Partial virologic 
response

6 HBV DNA 
detectable 
but >1 log 
decline from 
baseline

If treatment naïve and 
taking entecavir or 
tenofovir, then 
continue.

If treatment naïve and 
taking less potent 
drug, change to 
entecavir or 
tenofovir.

If treatment 
experienced on 
entecavir, either 
change to or add 
tenofovir.

Virologic 
response

6 HBV DNA 
undetectable 
by sensitive 
PCR assay

Continue treatment 
and monitor every 
3-6 mo.

Virologic 
breakthrough

Any time >1 log increase 
in serum 
HBV DNA 
level from on 
therapy nadir

Obtain resistance test 
and change therapy 
(see “Viral 
Resistance” in text).

DNA, deoxyribonucleic acid; HBV, hepatitis B virus.
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and a fully active anti-HIV regimen cannot be given, then drugs that 
are active only against HBV and do not lead to HIV drug resistance, 
such as adefovir dipivoxil or PEG IFN, are recommended. Telbivudine 
is not ideal given its intermediate rate of resistance in HBV monoinfec-
tion and unknown rates in HIV coinfection.

Recipients of Immunosuppressive 
Therapies
A number of cytotoxic chemotherapeutic agents, immunomodulators, 
and immunosuppressants have been associated with reactivation of 
HBV. Agents that have been most commonly associated with HBV 
reactivation are prednisone, anthracyclines, and anti–tumor necrosis  
factor blockers, specifically rituximab.356,357 The greater potency of 
immunosuppression leads to a higher risk of HBV reactivation. The 
frequency of reactivation in patients undergoing cytotoxic chemother-
apy ranges from 14% to 72% in different studies and case series depend-
ing on the population under study.358 Patients at risk for reactivation 
include those with resolved infection (HBsAg negative, anti-HBs and 
anti-HBc positive) and those with inactive chronic hepatitis B (HBsAg 
positive, HBV DNA undetectable). Reactivations have frequently been 
described in patients with chronic hepatitis B in the replicative phase, 
although these are more commonly considered hepatitis “flares.” In one 
study, flares were reported in 41% of breast cancer patients with chronic 
hepatitis B receiving chemotherapy.359 Reactivation of HBV has been 
described in about 14% to 20% of patients with resolved HBV who 
received chemotherapy for lymphoma.82,360

Both the current AASLD (American Association for Study of Liver 
Disease) and European Association for the Study of the Liver (EASL) 
guidelines recommend prophylactic therapy for patients with chronic 
hepatitis B before undergoing chemotherapy. The EASL guidelines  
also recommend that HBsAg-negative patients with anti-HBc anti-
bodies be tested for HBV DNA, and, if detectable, treated similarly to 
HBsAg-positive patients.257 On the other hand, the AASLD guidelines 
recommend monitoring of HBV DNA levels and HBsAg in these indi-
viduals during chemotherapy so that HBV reactivation can be detected 
and treated as early as possible.258

Several clinical studies have demonstrated that prophylaxis improves 
outcomes including reduced rate of HBV reactivation, lower rates of 
hepatitis, and reduced mortality with the use of lamivudine before and 
after the final dose of chemotherapy.361,362 Although lamivudine is the 
most widely studied antiviral agent (associated with reductions in risk 
of HBV reactivation by 79% to 100%), tenofovir DF and entecavir are 
also appropriate treatment choices and are preferred when the duration 
of prophylaxis is expected to be longer than 1 year. The optimal dura-
tion of prophylactic therapy is unknown, but most recommend con-
tinuing treatment for at least 6 to 12 months after stopping 
chemotherapy.258,363 Among patients with higher levels of baseline HBV 
DNA (>2000 IU/mL), the AASLD recommends continuing antiviral 
therapy until they reach treatment end points for HBV infection.258

Emerging data have shown that the risk of reactivation of HBV 
associated with rituximab, a monoclonal antibody directed against B 
cell marker CD20 and increasingly used in standard chemotherapy 
regimens for many rheumatologic disorders, is particularly high. In a 
recent meta-analysis of case series and reviews of HBV reactivation 
associated with rituximab, there was a more than fivefold higher rate of 
HBV reactivation in patients with a history of prior HBV exposure 
(anti-HBc positive, with or without anti-HBs) who received rituximab-
based therapy compared with those who did not.364 In a study of 46 
HBsAg-negative/anti-HBc–positive patients (the majority of whom 
were anti-HBs positive), 25% of patients receiving rituximab and cyclo-
phosphamide, hydroxydaunorubicin, Oncovin (vincristine), predni-
sone (CHOP) for diffuse large B cell lymphoma reactivated HBV 
(became HBsAg positive) compared with 0% who received CHOP 
alone.356 Consequently, most authorities recommend preemptive HBV 
therapy in patients with both chronic hepatitis B, as well as those with 
resolved HBV infection if rituximab-based therapy is initiated. Among 
bone marrow transplantation recipients, the risk of reactivation of HBV 
in HBsAg-positive patients is up to 54%.365 The use of preemptive anti-
virals therefore in these situations is also recommended. Interestingly, 
a donor bone marrow with natural immunity (anti-HBs and anti-HBc 
positive) may result in clearance of HBsAg.366

even fatal post-transplantation disease in patients receiving combina-
tion therapy with lamivudine plus HBIG.335

Fortunately, the availability of tenofovir DF and entecavir has 
resulted in viral suppression of lamivudine-resistant variants296 and 
even resolution of graft failure in these patients who have them.336 
Both tenofovir DF and entecavir are effective in reducing levels of  
HBV DNA and have been shown to decrease the risk of HBV recur-
rence in liver transplant patients. In a recent case series, 80 patients 
transplanted for HBV-related disease received entecavir monotherapy 
for prophylaxis against HBV recurrence. After a median follow-up of 
26 months, 91% lost HBsAg and 98.8% had undetectable HBV DNA 
levels and no entecavir resistance mutations were seen.337 In a ran-
domized controlled trial comparing 26 patients who received entecavir 
plus HBIG following liver transplant and 63 control patients who 
received lamivudine plus HBIG, there were no recurrences of HBV 
during follow-up in the entecavir group compared with 6% in the 
lamivudine group (P < 0.01).338 In a randomized controlled trial com-
paring tenofovir DF and emtricitabine with and without HBIG in 
orthotopic liver transplant recipients followed for a median of 3.4 
years, no recurrences of HBV occurred in either arm, suggesting 
therapy with tenofovir DF and emtricitabine without HBIG is effective 
at reducing HBV recurrence.339 Recent studies demonstrate that the use 
of lamivudine, tenofovir DF, and entecavir both preoperatively and 
postoperatively may also allow a reduction in the dose and duration of 
HBIG, resulting in considerable cost savings.340-343 However, there have 
been no studies directly comparing HBIG-free regimens with combi-
nation nucleos(t)ide and lower-dose HBIG; therefore, at the current 
time, nucleos(t)ide mono-prophylaxis in the liver transplant setting 
cannot be recommended. In summary, with currently available com-
bination therapy, survival is excellent in patients undergoing liver 
transplantation for chronic hepatitis B, even in those with active viral 
replication pretransplantation.

Vaccination after transplantation has variable success; in one  
study, active immunization after liver transplant induced anti-HBs 
titers (>10 UI/mL) in 82% of liver transplant candidates with inactive 
HBV disease344; however, in a later study of liver transplant recipients 
with cirrhosis who received conventional HBV vaccine after trans-
plantation, only 18% achieved protective anti-HBs titers.345 Other 
reports of conventional vaccine failure after liver transplant have  
been reported.346,347 The use of repeated immunization with recombi-
nant HBV vaccine emulsified in novel adjuvants in patients who were 
HBV DNA negative following orthotopic liver transplant resulted  
in anti-HBs levels ranging from 721 to 83,121 IU/L depending on the 
concentration, in 80%, which remained stable after discontinuation of 
HBIG.347 However, in a more recent study of eight liver transplant 
recipients with similar characteristics but in whom HBIG was stopped, 
the use of an adjuvant containing HBV vaccine resulted in development 
of anti-HBs in only one patient.348

Human Immunodeficiency Virus
The efficacy of the nucleos(t)ide agents does not seem to be com-
promised by coinfection with HIV.349 However, with lamivudine 
monotherapy, drug resistance develops more rapidly than in HBV 
monoinfection.350 Lamivudine-resistant HBV is common in HIV coin-
fection as it has been a backbone agent for HIV therapy for years. 
Tenofovir DF has potent activity against both HIV and HBV351 and is 
also effective against lamivudine-resistant HBV.352,353,354 The combina-
tion of tenofovir DF and lamivudine (or emtricitabine) is therefore 
now recommended in the treatment of HBV in HIV-infected individu-
als.351 Current Department of Health and Human Services (DHHS) 
HIV treatment guidelines recommend initiation of HBV-active ART 
in all HIV/HBV coinfected patients irrespective of CD4+ cell count, as 
controlling HIV may also slow down liver disease progression.355 If 
tenofovir DF cannot be safely used, entecavir should be used with a 
fully suppressive ART regimen because entecavir can also inhibit HIV 
replication and select for the HIV drug resistance mutation M184V.303 
A higher dose of entecavir (1 mg) should be used in patients who have 
already received lamivudine or have known lamivudine resistance. 
However, due to the relatively high rate of resistance of entecavir in 
those with lamivudine resistance (see “Viral Resistance” earlier), HBV 
DNA should also be monitored frequently.355 If HBV needs treatment 
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Disease Control and Prevention (CDC) guidelines recommended that 
invasive procedures not be performed without expert guidance and 
review of procedures to be performed by the health care worker.373,374 
Since then, however, many interventions, including the adoption of 
standard precautions and double-gloving during invasive surgical pro-
cedures, have virtually eliminated the very low risk for transmission of 
HBV during exposure-prone procedures. Recently the guidelines have 
been updated to include the following modifications: (1) prenotifica-
tion of a health care provider’s or student’s HBV status is no longer 
required; (2) the use of HBV DNA serum levels rather than HBeAg 
status is recommended to monitor infectivity; (3) for those health  
care professionals requiring oversight (i.e., health care worker per-
forming highly exposure-prone procedures), there are specific sugges-
tions for composition of expert review panels and threshold value of 
serum HBV DNA considered “safe” for practice (<1000 IU/mL). Pro-
viders can be allowed to perform procedures that have previously been 
identified as associated with a risk of provider-patient transmission of 
bloodborne pathogens as long as the provider meets other require-
ments including routine evaluation by Occupational Medicine and 
expert panel review of the procedure.375

Surveillance for Hepatocellular 
Carcinoma
In multiple longitudinal studies, carriers of HBsAg have been shown 
to be at increased risk of developing HCC.195 The risk is higher among 
males and those who are older, have a family history of HCC, consume 
alcohol regularly, have elevated serum ALT levels, have positive HBeAg 
status, have hepatitis B DNA ≥ 104 copies/mL (≈2000 IU/mL), have 
genotype C virus, and have a longer duration of infection.136,376 The goal 
of HCC screening is to detect small, surgically resectable tumors 
because the prognosis for more advanced lesions is poor. Current 
recommendations are that HBsAg-positive persons at high risk for 
developing HCC should be periodically screened; these include Asian 
males older than 40 years, Asian females older than 50 years, African/
North American Blacks older than 20 years, those with a family history 
of HCC, those with cirrhosis, and persons with ALT elevations or HBV 
DNA greater than 2000 IU/mL, or both.258 In a single, randomized, 
controlled trial conducted in China comparing surveillance using 
ultrasonography (US) and alpha fetoprotein levels with no surveil-
lance, the incidence of HCC-related mortality was reduced by 37%.377 
However, recent studies show that alpha fetoprotein determination 
lacks adequate sensitivity and specificity; thus, the current recommen-
dation for HCC screening is with US alone.377 The role of other imaging 
technologies such as computed tomography in screening has not been 
adequately assessed. Surveillance with US should be repeated every 6 
months.

PREVENTION OF HEPATITIS B 
VIRUS INFECTION
The HBV vaccine is effective in preventing HBV and its complications. 
It has been shown in multiple studies to be safe, efficacious, and immu-
nogenic with seroconversion rates of more than 90% in healthy adults 
and seroprotection rates in infants born to HBV-infected mothers of 
88.5% to 95.8%.378-380 Successful vaccination prevents HBV infection 
and therefore reduces HCC-related mortality.381 In Taiwan, which was 
an early adopter of universal HBV vaccination in children, the average 
annual incidence of HCC in 6- to 14-year-olds declined from 0.70 per 
100,000 children between 1981 and 1986 before widespread vaccina-
tion to 0.36 between 1990 and 1994, after initiation of widespread 
vaccination (P < .01).135 The corresponding rates of mortality from 
HCC also decreased. As of 2010, according to the World Health  
Organization, 179 of its 193 member states have incorporated the  
HBV vaccine into their national infant programs.382 The major obsta-
cles to true universal vaccination have been the cost in developing 
nations, failure to reach high-risk groups, and failure to convince 
potential recipients that vaccines are necessary.

Active Immunization
Both plasma-derived and recombinant forms of vaccine are available. 
Both are comparable in terms of efficacy and durability. Plasma-
derived vaccine was developed first and is no longer available in North 

Treatment of HBV during Pregnancy
All women presenting for prenatal care should be routinely tested for 
HBsAg early in their pregnancy. There are at least three indications for 
treatment of HBV during pregnancy: (1) to treat active liver disease in 
situations where therapy cannot be delayed, (2) the continuation of 
HBV treatment in a mother who becomes pregnant while on HBV 
therapy, (3) to prevent transmission of HBV from mother to child. All 
treatment decisions need to take into consideration the risks and ben-
efits for mother and fetus (potential exposure to teratogenic drugs). 
Tenofovir DF (category B) and lamivudine (Category C) have been 
studied most extensively in pregnancy. In the Antiretroviral Pregnancy 
Registry and the Development of Antiretroviral Therapy study (DART), 
birth defects among women exposed to HBV therapy (mostly tenofovir 
DF and lamivudine) were similar to that in the general population in 
the first and second trimesters. No adverse outcomes were reported 
with entecavir (Category C) or telbivudine (category B); however, in 
both studies, few pregnant women were receiving them. There are no 
data on the safety of adefovir (category C) in pregnancy; thus, it should 
be avoided in pregnancy until more clinical data are available. Inter-
feron is contraindicated in pregnancy. Because there are no official 
guidelines for the treatment of HBV in pregnancy, the decision to treat 
is dependent on disease stage, other comorbidities, and HBV DNA 
level (see also “Prevention of Perinatal Transmission” later).

OTHER MANAGEMENT ISSUES  
IN CHRONIC HEPATITIS B
Patients with chronic hepatitis B should be counseled about disease-
modifying factors, as well as means to prevent spread of HBV to other 
persons. For example, patients should be counseled about the means 
of spread of delta hepatitis and hepatitis C to avoid superinfection with 
these viruses. Patients should also be counseled to consume minimal 
if any alcohol in the absence of data regarding safe levels of consump-
tion, and because consumption of large amounts of alcohol is clearly a 
risk factor for more rapid progression to cirrhosis. Other major issues 
in the management of patients with chronic hepatitis B include pre-
vention of hepatitis A, prevention of spread of HBV, and surveillance 
for HCC.

Hepatitis A Vaccination
The official recommendation of the Advisory Committee for Immuni-
zation Practices (ACIP) in the United States is that all persons with 
chronic liver disease be vaccinated against hepatitis A virus (HAV).367 
The data supporting this recommendation are not strong,368 as at least 
one study revealed that the risk of fulminant HAV is significantly 
increased only in patients with underlying hepatitis C and not hepatitis 
B.369 However, the guidelines of the AASLD call for immunization of 
all patients with chronic HBV against HAV.

Screening and Vaccination of Contacts
Sexual and household contacts of persons with HBV are at increased 
risk of infection. All sexual partners and household contacts should be 
tested for HBV and vaccinated if seronegative. Until the immunization 
series is complete, sexual partners should use barrier methods. Both 
patients and contacts should be counseled regarding the modes of 
transmission and advised on methods to prevent household transmis-
sion, including avoiding sharing of items that might be contaminated 
with small amounts of blood, such as toothbrushes, and the need to 
cover open wounds. Pregnant women or women who want to become 
pregnant and are infected with HBV should also be counseled on the 
risk of transmission to the newborn and the method to prevent such 
transmission. The combination of HBIG and concurrent hepatitis B 
vaccine has been shown to be 85% to 95% efficacious in the prevention 
of perinatal transmission of HBV with most failures occurring in 
patients with high HBV DNA levels (see “Prevention of Perinatal 
Transmission” later and Chapter 321).128

Recommendations for the health care worker infected with HBV 
vary from country to country. Although there is general agreement that 
individuals with HBeAg or HBV DNA greater than 5 × 104 copies/mL 
pose the greatest risk of transmission,370 there have been documented 
cases of transmission from health care workers in the absence of 
HBeAg and during “low-risk” procedures.371,372 Previous Centers for 
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begun to see declines in the rate of chronic HBV infection and subse-
quent HCC.

Dose Regimen
Two recombinant hepatitis B vaccines have been licensed in the United 
States: Engerix-B and Recombivax HB. Engerix-B is formulated to 
contain 20 µg HBsAg/mL, and Recombivax HB contains 10 µg HBsAg/
mL (Table 148-7). The recommendation for adults is to administer 
Engerix-B 20 µg or Recombivax HB 10 µg in three doses at months 0, 
1 to 2, and then at 6 to 12 months. In infants, three doses of 0.5 mL 
vaccine are required to complete the course, the timing of which 
depends on the clinical setting.128 For adolescents (11 to 19 years old), 
three doses of 0.5 mL of Recombivax HB or 1 mL of Engerix-B is 
recommended. Either vaccine can be interchanged during the series of 
injections. An optional two-dose regimen of Recombivax HB has also 
been approved for adolescents aged 11 to 15 years (1 mL containing 
10 µg of HBsAg with a second dose given 4 to 6 months after the first 
dose).388

Vaccines should be administered intramuscularly as deposition of 
the vaccine into adipose tissue results in a lower seroconversion rate.389 
Adverse reactions are uncommon, and most consist of soreness at the 
injection site. Low-grade fever, malaise, headache, and myalgias are 
seen in less than 1% of vaccinees. The vaccine can be administered 
during pregnancy. There were case reports of neurologic sequelae after 
vaccination, including demyelinating disease,390 raising concerns that 
hepatitis B immunization was linked to multiple sclerosis. However, 
numerous studies failed to confirm an association of multiple sclerosis 
with vaccination.391,392

Efficacy
A protective level of immune response after vaccination is defined as 
a titer of anti-HBs of greater than 10 IU/L. Although this was some-
what arbitrary, clinical studies suggest that a decrease in titer below 
this level is associated with a risk of infection. In a 5-year follow-up 
study of 773 homosexual men vaccinated in 1980, the acute infection 
rate increased seven times when the anti-HBs titer decreased below the 
level of 10 IU/L.403

Using this definition, the overall seroconversion rate is about 95% 
in healthy adults. Factors that may reduce the immunogenicity of the 
vaccine include age older than 40 years, obesity, genetics, lack of sleep, 
smoking, HIV or any form of immunosuppression, DM, improper 
administrations (e.g., administration into the buttock or subcutaneous 
injection), and freezing of the vaccine.404 In patients on chronic 

America and Europe, but it is still widely used in parts of Asia and 
India. More than 200 million doses of plasma-derived vaccines have 
been distributed globally, and they are both safe and effective. They are 
cheaper to produce than recombinant preparations, especially in areas 
of high seroprevalence of HBs antigenemia. However, concerns about 
the use of any plasma-derived product have led to the widespread 
adoption of recombinant vaccines in developed countries. Because 
anti-HBs alone is sufficient to confer protective immunity, most 
recombinant vaccines express HBsAg only. Two thimerosal-free vac-
cines that express HBsAg (Engerix-B and Recombivax-HB) are widely 
available (see Chapter 321). These vaccines are approved for use in all 
age groups. A combination vaccine (Twinrix), which expresses both 
HBsAg and hepatitis A, is also available and is approved for use in 
adults in the United States and Europe. This vaccine is typically used 
for convenience when protection against both viruses is necessary.

Indications for Vaccination
All persons at high risk of acquiring HBV (see “Routes of Transmis-
sion” earlier) should be offered vaccination if nonimmune. CDC guide-
lines recommend that persons born in areas of high and intermediate 
HBV endemicity, infants not vaccinated but born to mothers from a 
high HBV-endemic area, and persons in high-risk HBV groups should 
be tested for HBV markers and vaccinated if there is ongoing risk for 
HBV acquisition.384 Recent studies have shown that diabetics younger 
than 60 years of age are about twofold more likely to become infected 
with HBV presumably through shared testing equipment.385 In 2011, 
the ACIP updated their guidelines to recommend that all unvaccinated 
adults aged 19 through 59 years with diabetes mellitus (DM, types 1 
and 2) should also be vaccinated against HBV as soon as possible after 
a diagnosis of diabetes is made. Patients older than 60 years with DM 
should be immunized at the treating clinician’s discretion on the basis 
of the patient’s risk and likelihood of responding to HBV vaccina-
tion.386 The ACIP also now recommends vaccinating individuals in 
certain health care evaluation and treatment settings with high propor-
tions of clients with risk factors for HBV acquisition such as sexually 
transmitted disease treatment facilities, HIV testing and treatment 
facilities, and correctional facilities. Many countries have now moved 
to universal vaccination of all infants and incorporation of hepatitis B 
vaccines into routine childhood immunization programs. Universal 
vaccination of all neonates with catch-up vaccination of older children 
began in 1991 in the United States. As of 2004, greater than 92% had 
been fully vaccinated with three doses of HBV vaccine.387 Countries 
that adopted universal vaccination programs in the 1980s have already 

TABLE 148-7  Doses and Schedules of Licensed Hepatitis B Vaccines*

HEPATITIS B VACCINES AGE DOSE VOLUME SCHEDULE
Engerix-B <20 yr 10 µg 10 µg/0.5 mL Infants†: birth, 1-4, 6-18 mo

Older children: 0, 1-2, 4 mo

>20 yr
Diabetes 19-59 yr¶

20 µg
20 µg

20 µg/1 mL
20 µg/1 mL

0, 1, 6 mo
0, 1, 6 mo

Dialysis and other immunocompromised 40 µg 2-20 µg/1 mL doses 0, 1, 2, 6 mo

Recombivax HB <20 yr 5 µg 5 µg/0.5 mL Infants†: birth, 1-4, 6-18 mo

Older children: 0, 1-2, 4 mo

11-15 yr 10 µg 10 µg/1 mL 0, 4-6 mo

>20 yr
Diabetes 19-59 yr¶

10 µg
10 µg

10 µg/1 mL
10 µg/1 mL

0, 1, 6 mo
0, 1, 6 mo

Dialysis and other immunocompromised 40 µg‡ 40 µg/1 mL 0, 1, 6 mo

COMBINATION VACCINES AGE§ ANTIGEN VOLUME SCHEDULE
Comvax 6 wk-4 yr PedvaxHIB|| and Recombivax 0.5 mL 2, 4, 12-15 mo

Pediarix 6 wk-6 yr Engerix-B, Infanrix (DTaP), and IPV 0.5 mL 2, 4, 6 mo

Twinrix >18 yr Havrix (HAV) and Engerix-B (20 µg) 1 mL 0, 1, 6 mo

*All vaccines should be administered intramuscularly in the deltoid.
†Infants born to hepatitis B surface antigen (HBsAg)-positive mothers should have hepatitis B immune globulin (HBIG) within 12 hr of delivery, along with vaccine at a 

separate site. If mother’s HBsAg status is unknown, administer vaccine within 12 hr and test mother. If mother is HBsAg positive, administer HBIG within 1 week.
‡Special formulation.
§Birth dose should be monovalent vaccine only; subsequent doses can be combination.
||PedvaxHIB, licensed Haemophilus influenzae type b vaccine; Infarix, licensed diphtheria, tetanus, and acellular pertussis vaccine (DTaP); Havrix, licensed hepatitis A virus 

(HAV) vaccine.
¶Hepatitis B vaccination may be administered at the discretion of the treating clinician to unvaccinated adults with diabetes mellitus who are aged ≥60 years (see http://

www.cdc.gov/mmwr/preview/mmwrhtml/mm6050a4.htm).

http://www.cdc.gov/mmwr/preview/mmwrhtml/mm6050a4.htm
http://www.cdc.gov/mmwr/preview/mmwrhtml/mm6050a4.htm
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months after the vaccine series in these individuals. For these individu-
als who have no or inadequate anti-HBs titers after a primary series, 
the recommendation is to administer one or more doses of vaccine. 
After one to two doses, up to 25% of previous nonresponders or hypo-
responders may have adequate titers. Almost all healthy adults who do 
not respond to a primary three-dose series with anti-HBs concentra-
tions of greater than 10 mIU/mL will respond to a three-dose revac-
cination series.420 Individuals who still have inadequate titers are not 
protected from HBV infection and should receive HBIG any time they 
are exposed to HBV. Among HIV-infected individuals, the durability 
of a response to HBV vaccination is significantly associated with higher 
anti-HBs titers after primary vaccination, with anti-HBs responses of 
at least >100 IU/L associated with the most prolonged seroprotec-
tion.421 Three-dose revaccination, as well as annual monitoring of anti-
HBs, should also be considered in HIV-infected persons, as well as 
other immunocompromised populations such as organ transplant 
recipients and persons on HD.422,423 Postvaccination testing is also rec-
ommended in infants born to HBsAg-positive mothers, which should 
be performed at age 9 to 15 months to avoid detection of anti-HBs 
from HBIG administered during infancy. Breakthrough infections have 
been reported in successfully vaccinated individuals who were subse-
quently exposed to HBV after a full vaccine series; however, the number 
of such cases is few, and clinically significant infections seem to be rare.

Postexposure Immunoprophylaxis
Postexposure prophylaxis with HBIG and vaccine is recommended for 
all nonimmune individuals who have percutaneous, sexual contact, 
ocular, or mucous membrane exposure to blood, including human 
bites that penetrate the skin (see Chapter 321) where the source is 
known to be at high risk of being HBsAg positive. The first dose of 
0.06 mL/kg should be administered as soon as possible, preferably 
within 12 hours, although there is a window period of up to 24 hours.383 
The first vaccine dose should be given at the same time, although in a 
different site, followed by the remainder of the series. For individuals 
who are vaccinated but who do not have documentation of adequate 
titers of anti-HBs, recommendations are to administer both HBIG and 
a vaccine booster dose pending documentation of adequate anti-HBs. 
Individuals who have failed to respond to a vaccine series require two 
doses of HBIG 1 month apart.128

Prevention of Perinatal Transmission
In women with chronic HBV infection, the risk of transmission of 
HBV infection to their child is high and varies according to HBeAg 
status of mothers from 12% for HBeAg-negative/anti-HBe-positive 
mothers, to 25% for HBeAg-negative/anti-HBe-negative mothers, to 
70% to 90% for HBeAg-positive mothers.393-395 Maternal serum HBV 
DNA levels also correlate with the risk of transmission.396 It is recom-
mended that all neonates born to mothers with chronic hepatitis B 
receive HBIG 30 IU at birth and hepatitis B vaccine within 12 hours 
of birth followed by vaccine dose at 1 and 6 months, which together 
are 85% to 95% effective in preventing perinatal HBV infection.394,395 
Unfortunately, the combination of HBV vaccine and HBIG can only 
prevent infection in labor and postnatal period but has no effect on 
intrauterine transmission. Immunoprophylaxis failure rates have been 
shown to be associated with higher maternal serum HBV DNA con-
centrations, maternal HBeAg seropositivity, receipt of HBIG off sched-
ule, and receipt of fewer vaccine doses.397-399 Recent studies have 
focused on the use of antivirals in late pregnancy to prevent transmis-
sion. In a recent randomized controlled trial, babies born to mothers 
with a lower serum HBV DNA level had a lower risk of HBsAg sero-
positivity and higher chance of anti-HBs positivity if the mother 
received lamivudine in the third trimester of pregnancy, with no sig-
nificant differences in adverse events.400 In a study by Han and 
colleagues,400a 229 HBV-infected pregnant women with high HBV 
DNA greater than 107 copies/mL who were treated with telbivudine in 
their third trimester had no cases of perinatal transmission compared 
with 8% transmission in mothers who received no treatment at all. 
There is no evidence that cesarean section prevents maternal-infant 
transmission, and thus routine cesarean section is not recommended.401 
Neither breastfeeding nor amniocentesis appears to increase the risk 
of transmission.402

hemodialysis, the response rate to recombinant vaccines is 50% to 
60%.405 In patients with HIV, response rates vary between 18% to 
71%406-408 and correlate with CD4 counts. In a large U.S. military 
cohort, HIV-infected patients with a combination of high CD4 counts 
and suppressed HIV RNA had the best responses to HBV vaccine; 
however, other studies have not always found a correlation with these 
markers.409,410 U.S. guidelines therefore do not recommend delaying 
HBV vaccination until after the start of ART. HIV-infected persons 
who are nonresponders to HBV vaccine are not protected from infec-
tion and have similar rates of HBV infection as unvaccinated individu-
als with HIV, unlike immunocompetent individuals who may have 
some level of protection from the vaccine, even if anti-HBs titers fall 
below protective levels.411 This is thought to be due to decreased 
numbers of antigen-specific memory B cells in HIV-infected individu-
als. Although current U.S. guidelines do not specifically recommend 
high-dose HBV vaccination, they do note that the 40 µg dose can be 
considered for the primary immunization in all HIV-infected indi-
viduals. In a recent study of 437 HIV-infected individuals in France, 
significantly better vaccine response rates were seen (defined as devel-
opment of anti-HBs) among patients who received four double-dose 
(40 µg) intramuscular (IM) injections at weeks 0, 4, 8, and 24 or four 
low-dose (4 µg) intradermal (ID) injections at weeks 0, 4, 8, and 24 
compared to patients who received 3 standard-dose (20 µg) IM injec-
tions at weeks 0, 4, and 24.412 Other strategies that have demonstrated 
improved efficacy in HIV-infected individuals include intradermal 
delivery of vaccination and use of alternative adjuvants such as CPG 
7909, a new adjuvant immunostimulatory DNA sequence. Transient 
increases in the CD4+ T-cell counts through administration of 
interleukin-2 or granulocyte-macrophage colony-stimulating factor 
(GM-CSF) did not increase postvaccination titers in one study.413

In individuals on hemodialysis or with chronic renal failure, 
response rates of only 60% to 75% have been reported. In addition, 
anti-HBs levels decline more rapidly after immunization in hemodialy-
sis patients, compared with healthy individuals.414 Several approaches 
have been used to increase vaccine efficacy. One approach was intra-
dermal injection, which, although successful, was technically diffi-
cult.415 In addition, no significant differences in anti-HBs levels have 
been seen in the long-term study comparing patients with chronic 
renal disease who received intramuscular compared with intradermal 
vaccination.416A recent vaccine formulation (HBV-AS04) consisting of 
standard Engerix-B with adjuvant 3-0-desacyl-4′-monophosphoryl 
lipid A has been associated with better vaccine response than the 
standard vaccine.417 This type of vaccine is now licensed for use in 
chronic kidney disease patients in Europe. Most individuals now 
receive an increased dose (40 µg), which should be administered 
before the onset of dialysis if possible (see Table 148-7).

Durability of Response
There is excellent durability of response after a successful primary HBV 
vaccine series. In a study from Alaska, one of the longest post-HBV 
vaccine cohorts, 94% of Native Alaskan children and adults who had 
received plasma-derived HBV vaccine at a minimum of 6 months of 
age in the early 1980s had evidence of immunity at 22 years of follow-up, 
even though only 60% of the vaccinated cohort retained detectable 
levels of anti-HBs. Complete protection was conferred for up to 22 
years in those immunized as children and adults, and for up to 15 years 
in those immunized as infants.418 Long-term data from Taiwan where 
20% of the population is infected with chronic hepatitis B indicate that 
the vaccine provides long-term protection up to 20 years in adults.419 
In a 5-year follow-up of 773 MSM vaccinated in 1980, the HBV infec-
tion rate was significantly lower in the vaccinated group (2.9% vs. 21%) 
despite the observation that at 5 years, 15% of the vaccinees had unde-
tectable anti-HBs and another 27% had anti-HBs titers below 10 IU/L.403 
The risk of late infection with hepatitis B in those with an initially 
adequate vaccine response increased markedly when antibody levels 
decreased below 10 IU, but only 1 of 34 late infections resulted in 
viremia and liver inflammation.403 Because the response rate in healthy 
individuals is so high, routine postvaccination testing is not recom-
mended, except among immunocompetent individuals who are at high 
risk of repeated exposure to HBV, such as health care workers, intra-
venous drug users, and MSM. Testing should be performed 1 to 2 
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monomers, which are then ligated to form the circular RNA.444 It is 
estimated that about 300,000 copies of genomic RNAs can be found in 
an infected hepatocyte during replication and 10-fold less antigenomic 
RNA. S-HDAg is believed to be involved in RNA replication and may 
serve as an RNA chaperone.445

HDV replication involves the transcription of HDAg-encoding 
RNA from genomic RNA, the synthesis of antigenomic RNA from 
genomic RNA, and the synthesis of genomic RNA from antigenomic 
template (Fig 148-9). Because HDV does not encode a polymerase,  
it recruits the host RNA Pol II for transcription of HDV mRNA and 
for genomic RNA synthesis and likely uses host Pol I for antigenomic 
RNA synthesis.441,446 HDV interacts with the clamp of RNA Pol II, a 

Hepatitis B Surface Antigen  
Escape Mutants
HBs mutants have been described in infants infected with HBV fol-
lowing passive-active vaccination,424 as well as in liver transplant recipi-
ents who have received prolonged courses of HBIG to prevent 
recurrence of HBV in the allograft.332,425 The most common mutations 
are the glycine-to-arginine substitution at codon 145 (G145R) and the 
sD144A in the “a” determinant sequence of HBsAg. These mutations 
decrease binding of HBsAg to anti-HBs and may explain why these 
infants develop “escape” infection. The G145R mutation has also been 
observed in liver transplant recipients who developed recurrent HBV 
infection despite HBIG prophylaxis. The prevalence of these escape 
mutants is increasing over time,426,427 but the clinical and epidemiologic 
importance and the impact on current vaccination strategies are 
unclear. Selection of these HBs antigen mutants appears to be a rare 
event, and their prevalence even in HBV endemic areas is low. In a 
chimpanzee model of infection, the current vaccines appear to protect 
against the spread of HBs mutants.428

HEPATITIS DELTA VIRUS
Delta agent was identified by Mario Rizzetto in 1977 as a nuclear 
antigen distinct from HBsAg, HBcAg, and HBeAg in hepatocytes of 
some HBsAg carriers in Italy. It soon became clear that this passenger 
virus, termed hepatitis D virus (HDV), accompanied HBV infection 
and required the HBsAg for transmission. This unique HDV RNA 
genome resembles plant pathogens including viroids and virusoids.429 
HDV is the only member of the genus Deltavirus.430 In nature, HDV 
is only found in patients who are also infected with HBV. The regions 
of highest prevalence include the Mediterranean basin, North Africa, 
and South America.431 In the United States, the prevalence is low in the 
general population but high in drug users. Globally, about 5% of HBV-
infected individuals are coinfected with HDV. HDV infection of 
chronic HBV carriers is frequently associated with severe sequelae of 
chronic hepatitis and accounts for cases of fulminant hepatitis. There 
are eight known genotypes (I to VIII).432 Genotype I is the most 
common worldwide and is associated with severe pathogenicity. Geno-
type II is found in Asia, and HDV associated with this genotype is of 
milder forms. Genotype III is found in South America and is associated 
with the most severe form of HDV.433 Genotype IV is found in Taiwan 
and Japan, and genotypes V through VIII are found in west and central 
Africa.

HDV is an enveloped virus of 36 nm that is distinct from 22-nm 
HBsAg or 42-nm HBV particles.434 Because HDV derives its viral enve-
lope from HBV, the outer coat consists of the three forms (L, M, and 
S) of HBsAg and host lipids that surround the nucleocapsid, which 
includes the HDV genome and hepatitis delta antigen (HDAg). The 
genome is a small, single-stranded, circular RNA genome of 1679 
nucleotides, which has a high GC content allowing it to fold into a 
rodlike structure.435,436

Hepatitis Delta Antigen
The HDAg is the only known protein encoded by HDV and consists 
of two isoforms: small S-HDAg (24 kDa) and large L-HDAg (27 kDa) 
(Fig. 148-8). Both are initiated from the same ATG codon on the 
antigenomic RNA and are identical except that the L-HDAg has  
an additional 19 amino acids at the end of the C-terminus due to a 
unique RNA editing event during replication.437,438 Each is translated 
from a distinct species of RNA. Both L- and S-HDAgs are phosphory-
lated and contain a nuclear localization signal that imports them into 
the nucleus.439,440 L-HDAg acts as a dominant-negative inhibitor of 
replication and is necessary for virion assembly. S-HDAg is involved 
in the initiation of RNA replication and is believed to have RNA chap-
erone activity.441

Hepatitis D Virus RNA Genome  
and Replication
The HDV RNA genome does not encode protein. Instead, the comple-
mentary antigenomic HDV RNA codes for HDAg and contains a 
sequence of approximately 85 nucleotides with an intrinsic ribozyme 
activity.442,443 The HDV ribozyme activity is used during replication for 
cleavage of the linear HDV RNA with many copies of the genome into 

FIGURE 148-8  Schematic structures of hepatitis D virus genomic 
and antigenomic RNA and hepatitis D antigen (HDAg)-encoding 
messenger RNA (mRNA). The minimum ribozymes are indicated by light 
boxes. The italicized numbers for HDAg are amino acid residues. All other 
numbers are nucleotide positions on the genomic-sense RNA. The L-HDAg 
and the S-HDAg are encoded by the antigenomic strand indicated by the 
open reading frame (ORF). (Modified from MacNaughton TB, Lai MC. The 
molecular biology of hepatitis delta virus. In Ou JE, ed. Hepatitis Viruses. 
Norwell, MA: Kluwer; 2002:109-128.)
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FIGURE 148-9  Proposed model of hepatitis D virus RNA replica-
tion. The hepatitis D antigen-encoding messenger RNA (mRNA) is synthe-
sized by polymerase II (Pol II) from the genomic RNA template independently 
of RNA replication. RNA Pol  I synthesizes antigenomic RNA and RNA Pol 
II  synthesizes  the  genomic  RNA.  AG,  antigenomic  strand;  G,  genomic 
strand. (Modified from MacNaughton TB, Lai MC. The molecular biology 
of hepatitis delta virus. In Ou JE, ed. Hepatitis  Viruses. Norwell, MA: 
Kluwer; 2002:109-128.)
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Clinical Manifestations of Hepatitis D
HDV is spread by blood, blood products, and bodily secretions similar 
to HBV.459 Following exposure, there is a short incubation period of 
3 to 7 weeks. Because HDV requires the surface antigen from HBV, 
disease may occur as an acute coinfection with HBV or as a superinfec-
tion of a chronic HBV infection. As with hepatitis B, the clinical pre-
sentation and natural history are highly variable. The incubation 
period during coinfection may display a biphasic pattern of ALT levels 
due to different titers of the virus because the incubation period is 
inversely proportional to the dose of the virus. Usually the first episode 
is due to hepatitis B replication and immune response, followed by that 
of hepatitis D. Clinically, coinfection presents as an acute self-limited 
hepatitis with complete recovery, similar to other viral hepatitis infec-
tions, and chronic infection is seen in only 2%.460 In rare instances, a 
severe or fulminant hepatitis can occur.461 Superinfection of chronic 
HBV carriers with HDV generally results in severe hepatitis with a 
relatively short incubation period followed by chronic hepatitis D in 
90% of the cases. Superinfection with HDV is also associated with 
fulminant hepatitis and chronic active hepatitis with cirrhosis. Fulmi-
nant hepatitis, a severe form of acute hepatitis, is 10 times more 
common in coinfection. In patients with chronic HDV, HDV is the 
dominant virus because it suppresses HBV replication. Thus, most 
HBV-HDV coinfected patients have low serum HBV DNA levels. The 
diagnosis of HDV should be with detection of anti-HD IgG, and if 
positive, chronic infection can be established using PCR, which is more 
sensitive than hybridization assays.462 HDV RNA assays can yield false-
negative results due to the variability of the genome; thus, HDV IgM 
antibodies have a role if there is a high suspicion for chronic HDV.

Once chronic HDV infection is established, the clinical course of 
hepatitis is accelerated. Cirrhosis occurs in 60% to 80% of chronic 
hepatitis D patients, and the risk of HCC is about threefold.463 In one 
study where the seroprevalence rate for HDV was 6%, the relative risk 
of cirrhosis and HCC was 2.58 and 2.87, respectively, in patients with 
both infections compared with those with HBV alone.464 The high risk 
of HCC may reflect the higher rate of cirrhosis. Splenomegaly along 
with elevated transaminases and high levels of viremia are common in 
chronic HDV. However, unlike HBV, the level of HDV viremia does 
not seem to correlate with severity of disease.465,466 Liver disease is 
known to be accelerated in HIV-infected patients with triple coinfec-
tion (HIV/HBV/HDV), and the incidence of HCC and mortality is 
higher than in patients with HIV alone.467,467a

Treatment of Hepatitis D
Only IFN-α and PEG IFN-α have been shown to have any antiviral 
activity against HDV. However, the efficacy of IFN-α in the treatment 
of HDV is limited unless high doses (9 million units three times a 
week) are used.468 In one of the largest trials to date, treatment with 
IFN-α was only successful in achieving sustained HDV virologic 
response in 25% to 30% of individual patients.469 With PEG IFN-α, 
sustained virologic response has been variable, occurring in 17% to 
43% of patients in clinical trials. However, long-term biochemical and 
histologic improvements with IFN-α can occur, even in the absence of 
sustained viral response. In a previous study, improvement in liver 
histology was maintained 10 years post treatment among the patients 
who received high-dose IFN-α.470 Nucleoside reverse transcriptase 
inhibitors with activity against HBV, including lamivudine and ente-
cavir, have been shown to be ineffective at controlling HDV replication, 
which is not surprising since HDV does not have its own polymerase.471 
HDV RNA declines and virologic suppression have been reported in 
HIV/HBV/HDV coinfected patients receiving long-term tenofovir DF, 
correlating in one study with declines in HBsAg and reduction in 
fibrosis.472 The declines in this study may be more related to the longer 
duration of therapy that led to declines in HBsAg. The current recom-
mended treatment for chronic HDV is weekly PEG IFN for a minimum 
of 48 weeks. The ultimate duration of therapy for HDV is still not 
known (also see Chapter 46).
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cellular structure that holds RNA and DNA in place. HDAg loosens 
the clamp, which facilitates forward translocation of RNA Pol II while 
sacrificing fidelity.447 HDV envelopment follows the scheme of virion 
assembly similar to HBV. Because HDV assembly can also occur in  
an L protein–independent fashion,448 noninfectious HDV virions can 
be produced in abundance (about 90%). These particles are noninfec-
tious because of the absence of pre-S1 domain, which is required for 
infectivity.

HDV infects only hepatocytes with no evidence of extrahepatic 
sites of its replication. The mechanism of HDV entry is similar to HBV 
because it requires L HBsAg for entry through the NTCP receptor (see 
“Attachment, Entry, and Hepatotropism”). Like HBV, there is no 
culture system for HDV. The host range of HDV is limited to those 
species that can support the replication of hepadnaviruses and supply 
in trans the HBsAg envelope. For instance, HDV can infect wood-
chucks and can be packaged with HBsAg derived from woodchuck 
hepatitis virus.121 Chimpanzees are susceptible to HDV infection, and 
the infection is similar to that in humans.431 Chimpanzees, therefore, 
have served as an experimental model and contributed to the current 
understanding of viral infection. In chimpanzees, the HDV infection 
is confined to the liver.

Pathogenesis
HDAg is the only viral protein known to be expressed during HDV 
infection. Detection of antibody is the usual method for diagnosis of 
acute infection. During HDV infection, IgM and IgG antibodies can 
be detected in the serum of infected individuals. A high titer of IgM 
anti-HDV is strongly associated with elevated hepatitis D viremia and 
the severity of liver injury, whereas a more favorable course to HDV 
infection is found in individuals with IgG anti-HDV. Although these 
antibody responses are present during acute and chronic infection, 
there is no convincing evidence of a protective role of anti-HDV anti-
bodies.449 Woodchucks immunized with recombinant HDAg are only 
partially protected from subsequent challenge with HDV, which sug-
gests that other mechanisms are responsible for immunity.450

The mechanisms of liver damage in HDV infection are unclear. 
There is conflicting evidence regarding whether HDV has a direct  
viral cytopathic effect that contributes to hepatocyte injury. In cell 
lines, expression of HDAg led to cytotoxic changes451; however, in 
transgenic mice, HDAg expression had no cytopathic effect.452 The 
adaptive immune response plays an important role in pathogenesis and 
control of HDV infection, but the precise mechanisms are unknown. 
The presence of HDV-specific T-cell responses correlates with lower 
ALT levels, suggesting that immune control of viral replication leads 
to lesser degrees of liver injury.112,449 However, histologic assessment 
demonstrates that the degree of cellular infiltration in the portal tracts 
and lobules correlates with the degree of staining for HDAg in the liver, 
suggesting that the immune response contributes to hepatocellular 
injury.453

Epidemiology of Delta Hepatitis
Since the 1980s, the prevalence of HDV has declined substantially, as 
a result of better control of HBV due to more widespread vaccination 
practices and improved socioeconomic conditions. Infection with 
HDV has a worldwide distribution, although there are considerable 
geographic differences that do not entirely mirror the prevalence of 
HBV infection. Rates in the United States and northern Europe are low, 
whereas in other parts of Europe rates can vary from 8.1% to 11% with 
immigrants from Africa, Asia, and Eastern Europe accounting for the 
largest proportion of cases.454 Higher prevalences are also seen in 
patients triply coinfected with HIV.455 In the developing world where 
HBV is highly endemic, such as Asia and sub-Saharan Africa, as many 
as two thirds of the HBV-infected population is infected with HDV, 
although data in several countries are lacking. In northern Europe and 
in the United States, the infection is mainly confined to intravenous 
drug users,456 whereas it has virtually disappeared in multiply trans-
fused subjects and hemophiliacs as a result of universal blood screen-
ing for HBsAg and HBV vaccination campaigns.457 In areas where 
HDV is endemic in the general population, such as the Mediterranean 
basin, most cases of HDV transmission are due to inapparent paren-
teral exposure.458
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149 
Human Parvoviruses, Including 
Parvovirus B19V and Human 
Bocaparvoviruses
Kevin E. Brown

f.  Parvoviridae

Parvum is Latin for “small,” and Parvoviridae are among the smallest 
known DNA-containing viruses that infect mammalian cells. The 
virions are nonenveloped particles about 22 nm in diameter with  
icosahedral symmetry. The Parvoviridae are divided into two sub-
families, Parvovirinae and Densovirinae, on the basis of their ability  
to infect vertebrate or invertebrate cells, respectively. The Parvovirinae 
are further subdivided into eight genera on the basis of their tran-
scription map, their ability to replicate efficiently either autonomously 
or with a helper virus, and their sequence homology. The eight genera 
are Protoparvovirus (previously Parvovirus), Dependoparvovirus, 
Erythroparvovirus, Bocaparvovirus, Amdoparvovirus, Aveparvovirus, 
Copiparvovirus, and Tetraparvovirus.1

At least four different parvoviruses are known to infect humans. 
Parvovirus B19 (B19V) is the best characterized, and is classified as a 
member of the Erythroparvovirus genus, of which it is the type species. 
The other human viruses are the human adeno-associated viruses 
(AAVs, or dependoparvoviruses), human bocaparvovirus (HBoV), 
and human Parv4 virus, a member of the newly created Tetraparvovi-
rus genera.

PARVOVIRUS B19
Parvovirus B19 (B19V) was discovered in 1975 during evaluations of 
assays for hepatitis B surface antigen using panels of serum samples.2 
Sample 19 in panel B (hence B19) gave an anomalous result, a “false 
positive” in the relatively insensitive counterimmunoelectrophoresis 
assay, and when the precipitin line was excised, electron microscopy 
showed the presence of 23-nm particles resembling parvoviruses. 
Although originally labeled serum parvovirus-like particle or human 

parvovirus, in 1985, the virus was officially recognized as a member of 
the Parvoviridae, and the International Committee on Taxonomy of 
Viruses recommended the name B19V to prevent confusion with other 
viruses.

An association of B19V with significant clinical disease was not 
made until 1981, but it is now known that B19V infection has a wide 
variety of disease manifestations dependent on the immunologic and 
hematologic status of the host (Table 149-1). In normal immunocom-
petent children, B19V is the cause of erythema infectiosum (EI), also 
called fifth disease or “slapped cheek” disease, which is an innocuous 
illness with rash. Occasionally, especially in women, fifth disease leads 
to an acute symmetrical polyarthropathy, which can mimic rheuma-
toid arthritis. In persons with underlying hemolytic disorders or 
increased erythropoiesis, or both, infection leads to a temporary failure 
of red blood cell production and transient aplastic crisis (TAC). In the 
immunocompromised host, persistent B19V viremia manifests as pure 
red cell aplasia (PRCA) and chronic anemia, and in the fetus, in which 
the immune response is immature, infection may lead to fetal death in 
utero, hydrops fetalis, or rarely the development of congenital anemia.

THE VIRUS
By electron microscopy, B19V particles have the typical parvovirus 
morphology (Fig. 149-1). Mature infectious particles have a molecular 
weight of 5.6 × 106 and a buoyant density in cesium chloride gradients 
of 1.41 g/mL. As a consequence of the lack of envelope and limited 
DNA content, B19V is resistant to physical inactivation. Although the 
virus can be inactivated by heat in low concentrations of protein,3 the 
virus resists inactivation at 56° C for more than 60 minutes, and at high 

Definition
•	 At	least	four	different	types	of	parvovirus	

infect	humans.
•	 Parvovirus	B19	(B19V)	can	cause	erythema	

infectiosum	(slapped	cheek	disease),	transient	
aplastic	crisis,	and	pure	red	cell	aplasia	or	fetal	
hydrops.

•	 Human	bocaparvoviruses	(HBoVs)	can	cause	
respiratory	infections	and	may	be	associated	
with	some	cases	of	gastroenteritis.

•	 Human	dependoparvovirus	infections	(AAVs)	
are	asymptomatic,	and	modified	
dependoparvoviruses	are	used	as	vectors	for	
gene	therapy.

•	 Disease	associations	with	Parv4	infection	are	
not	clear.

Epidemiology
•	 Parvovirus	B19	infection	is	a	common	infection	

in	children	and	young	adults.	By	age	15,	50%	
of	children	in	America	and	Europe	will	have	
been	infected	and	have	IgG.

•	 B19V	is	mainly	spread	through	the	
respiratory	route,	although	it	may	also	be	
transmitted	through	blood	and	blood		
products.

•	 B19V	infections	in	temperate	climates	are	
more	common	in	late	winter,	spring,	and	early	
summer,	with	increased	rates	of	infection	
every	3	to	5	years.

•	 HBoV	infections	are	ubiquitous	in	young	
children,	with	most	if	not	all	children	being	
infected	with	HBoV1	by	the	age	of	6.

Diagnosis
•	 Although	the	slapped	cheek	rash	of	parvovirus	

B19	infection	is	classic,	it	is	difficult	to	
accurately	diagnose	outside	of	the	context	of	
an	outbreak.

•	 Diagnosis	of	B19V	rash	is	by	detection	of	
B19V	IgM	in	serum.

•	 Hematologic	disease	due	to	B19	can	be	
diagnosed	by	detection	of	high-titer	B19V	
DNA	(>106	IU/mL)	in	blood	samples.

•	 Following	infection,	low	levels	of	B19V	DNA	
may	be	detected	lifelong.	Detection	of	
low-level	B19V	DNA	in	samples	therefore	does	
not	indicate	recent	or	current	infection.

•	 Similarly,	long-term	persistence	of	bocavirus	
DNA	in	respiratory	and	fecal	samples	indicates	
that	detection	of	viral	DNA	alone	does	not	
correlate	with	infection.	Respiratory	HBoV1	
infection	should	be	diagnosed	by	detection	of	
viral	DNA	in	serum	or	serology,	or	both.

Therapy
•	 Treatment	for	all	parvovirus	infections	is	

mainly	symptomatic.
•	 Intravenous	immunoglobulin	can	be	used	

for	treatment	of	chronic	anemia	or	pure	red	
aplasia	due	to	high-titer	parvovirus	B19	
infection.

Prevention
•	 A	vaccine	for	parvovirus	B19	is	in	

development.
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proteins self-assemble in the absence of B19V DNA, and in these 
systems protein expression leads to formation of recombinant empty 
capsids; VP1 is not required for capsid formation.

The atomic structure of both B19V VP2 empty capsids and infec-
tious virus has been resolved.15,16 The virion surface has a major depres-
sion encompassing the fivefold axis, similar to the canyon structure 
found in RNA-containing icosahedral viruses. In B19V capsids, there 
is also a hollow cylindrical structure around the fivefold axes that 
appears to penetrate to the inside of the virion. The structural distribu-
tion of VP1 in the B19V capsid structure cannot be inferred from the 
crystallographic structures, but on the basis of antibody-binding and 
structural studies, in infectious B19V the VP1 unique region appears 
to be exposed on the viral surface adjacent to the fivefold axis cylin-
der.16 It has been shown that the VP1 unique region of all parvoviruses, 
including B19V, has a phospholipase A2 motif.17 Infection studies with 
B19V (and other parvoviruses) show that this motif is required for viral 
infectivity.17,18

It is now recognized that there are three different genotypes, with 
approximately 10% variability at the DNA level between them.19 Most 
of the B19V identified is genotype 1,20 the original B19V genotype, and 
is distributed worldwide. Genotype 3 seems to be the predominant 
B19V genotype in Ghana, representing more than 90% of the sequences 
identified.21 Genotype 2 has been primarily identified in tissues of older 
patients (born before 1973), suggesting that it may have circulated 
more frequently prior to the 1970s.22 However, blood samples or dona-
tions containing high-titer genotype 2 are occasionally identified,23 and 
genotype 2 and 3 sequences have been identified in blood and tissues 
from many different parts of the world,24-27 suggesting a more wide-
spread distribution than originally assumed. However, the true preva-
lence of these different genotypes is currently unknown.

Despite the differences in the DNA sequences, the capsid protein 
sequence is conserved between the different genotypes, and there is 
evidence for both serologic and cross-neutralization.23,28,29

PATHOGENESIS
Parvovirus B19, like the other autonomous parvoviruses, is dependent 
on mitotically active cells for replication. However, B19V has a narrow 
target cell range and can be propagated efficiently only in human ery-
throid progenitor cells. The virus cannot be easily cultivated in the 
laboratory, apart from in primary erythroblasts.30 Humans are the only 
known host of parvovirus B19, although primates have their own 
related erythroparvoviruses.31

In human erythroid cells derived from bone marrow, susceptibility 
to parvovirus B19 increases with differentiation; the pluripotent stem 
cell appears to be spared, and the main target cells are erythroid pro-
genitors (cells capable of giving rise to erythroid colonies in vitro) and 
CD 36-positive erythroblasts.31,32 Infection with parvovirus B19 is cyto-
toxic33 because of expression of the nonstructural protein in infected 
cells.34 Infected cultures are characterized by the presence of giant 
pronormoblasts, 25 to 32 µm in diameter, with cytoplasmic vacuoliza-
tion, immature chromatin, and large eosinophilic nuclear inclusion 
bodies (Fig. 149-2). By electron microscopy, virus particles are seen in 
the nucleus and cytoplasmic membrane lining, and infected cells show 
marginated chromatin, pseudopod formation, and cytoplasmic vacu-
olation,34 all of which are typical of cells undergoing apoptosis.

Erythroid specificity of parvovirus B19 is, in part, due to the tissue 
distribution of the virus’s cellular receptor globoside, also known as 
blood group P antigen.34 P antigen is found on erythroid progenitors, 
erythroblasts, and megakaryocytes.35 It is also present on endothelial 
cells, which may be targets of viral infection involved in the pathogen-
esis of transplacental transmission, possibly vasculitis, and the rash of 
fifth disease and on fetal myocardial cells. Rare individuals who geneti-
cally lack P antigen on erythrocytes are resistant to B19V infection, 
and their bone marrow cannot be infected with B19V in vitro.36 
However, although P antigen is required for infection, it is not suf-
ficient for viral entry, and additional B19V receptors have been pro-
posed as putative cellular receptors.37,38 In addition, the erythroid 
specificity may also be modulated by specific erythroid cell transcrip-
tion factors.

Studies in healthy volunteers showed that B19V infection led to an 
acute but self-limited (4 to 8 days) cessation of red cell production and 

viral concentrations, it resists 80° C for 72 hours in clotting factor 
concentrates.4 B19V is stable in lipid solvents such as ether and chlo-
roform but can be inactivated by formalin, β-propiolactone, oxidizing 
agents, and γ-irradiation.

The B19V genome size is limited, consisting of a single strand of 
DNA of approximately 5596 nucleotides, with identical inverted, 
365-nucleotide-long terminal repeat sequences at each end. The tran-
scription map of B19V distinguishes it from other Parvovirinae. There 
is a single strong promoter at the far left side of the genome and 
unusual polyadenylation signals in the middle of the genome.5 The 
three major viral proteins, one nonstructural protein and two capsid 
proteins, are produced by alternative splicing from the promoter and 
its accompanying leader sequence. The relative quantities of the major 
and minor capsid proteins are in part regulated by the presence of 
multiple upstream AUG codons situated before the authentic tran-
scription initiation codon.6 In addition, there are transcripts for several 
smaller proteins of 7.5 and 11 kD. Although the 11-kD protein is 
known to be required for producing infectious virus, the role of the 
7.5-kD protein is unknown.7

The only unspliced transcript encodes the nonstructural protein, a 
78-kD phosphoprotein.8 Consistent with its role in viral propagation, 
the protein has DNA-binding properties and adenosine and guanosine 
triphosphatase activity.9 Expression of the nonstructural protein causes 
host cell death through induction of apoptosis.10

The B19V virion is an icosahedron consisting of 60 copies of the 
capsid proteins. Most of the capsid is VP2, a 58-kD protein, with 5% 
or less of the larger 84-kD, VP1 protein. VP1 protein differs from VP2 
by an additional 227 amino acids at the amino terminus. Using genetic 
engineering techniques, the capsid proteins can be expressed in a 
variety of both mammalian,11 insect,12,13 and yeast14 cell lines. Capsid 

TABLE 149-1  Disease Manifestations and 
Persistence of Parvovirus B19 Infection in 
Different Host Populations

DISEASE
ACUTE OR 
CHRONIC HOST

Fifth disease Acute Normal children

Polyarthropathy syndrome Acute or chronic Normal adults

Transient aplastic crisis Acute Patients with increased 
erythropoiesis

Hydrops fetalis or 
congenital anemia

Acute or chronic Fetus (<20 wk)

Persistent anemia Chronic Immunodeficient or 
immunocompromised patients

FIGURE  149-1  Electron micrograph of parvovirus B19 particles 
showing icosahedral symmetry. (Courtesy Dr. Anne Field.)
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significance of these low levels of B19V DNA in blood samples is 
unknown.51

Mechanism and Routes of Transmission
Parvovirus B19 infections in temperate climates are more common in 
the late winter, spring, and early summer months.53 Rates of infection 
may also increase every 3 to 4 years, as reflected by corresponding 
increases in the major clinical manifestations of B19V infection, TACs, 
and EI.54,55

B19V DNA has been found in the respiratory secretions of patients 
at the time of viremia,56 suggesting that infection is generally spread 
by a respiratory route of transmission. The virus can be readily trans-
mitted by close contact, and the secondary attack rate has been calcu-
lated in various settings; in one study, the rate of secondary attack from 
symptomatic TAC or EI patients to susceptible (IgG-negative) house-
hold contacts was approximately 50%.56 For school outbreaks, serologic 
studies are generally not available, but 10% to 60% of students may 
develop a rash consistent with B19V infection.57,58 The highest second-
ary attack rates and annual seroconversion rates, even in the absence 
of known community outbreaks, are for workers in close contact with 
affected children, such as daycare providers and school personnel.59 
Nosocomial transmission in hospital situations has been described60 
but is probably infrequent, especially from patients with chronic infec-
tion. Nevertheless, patients with TAC or persistent disease should be 
considered infectious and appropriate precautions taken to limit inter-
action with other patients and susceptible staff.

The virus can be found in serum, and infection can be transmitted 
by blood and blood products61 including albumin and plasma.62,63 As 
described previously, parvoviruses, including B19V, are very heat resis-
tant, and they can withstand the usual thermal treatment aimed at 
infectious agents in blood products. In addition, solvent-detergent 
methods, which inactivate only lipid-enveloped viruses, are ineffective. 

a corresponding decline in hemoglobin level.39 In patients with normal 
erythroid turnover, this short interruption of red cell production does 
not lead to anemia, but in patients with high red cell turnover related 
to hemolysis, blood loss, or other causes, the temporary failure of 
erythropoiesis can precipitate an aplastic crisis. The anemia improves 
as the immune response develops. In patients who are immunocom-
promised, infection may persist and produce chronic PRCA.

The infected fetus may suffer severe effects because red blood cell 
turnover is high and the immune response deficient. During the 
second trimester, there is a great increase in red cell mass. Parvovirus 
particles can be detected by electron microscopy within the hemato-
poietic tissues of the liver and thymus.40 B19V DNA and capsid antigen 
have been detected in the myocardium of infected fetuses,41 and there 
is evidence that the fetus may develop myocarditis,42 compounding the 
severe anemia and secondary cardiac failure. By the third trimester, a 
more effective fetal immune response to the virus probably accounts 
for the decrease in fetal loss at this stage of pregnancy.

The pathogenesis of the rash in EI and polyarthropathy is almost 
certainly immune complex mediated (Fig. 149-3). In volunteer studies, 
these appeared when high-titer viremia was no longer detectable and 
coincident with a detectable immune response.39 Similar findings have 
been reported in chronically infected individuals who received immu-
noglobulin therapy.43 However, in vitro studies have shown that the 
B19V nonstructural protein not only induces apoptosis in host cells 
but also induces activation of interleukin-6,41 and the phospholipase 
motif in the VP1u region is functional44; both of these findings could 
contribute in vivo to the B19-induced arthropathy.

EPIDEMIOLOGY
Prevalence and Incidence
Parvovirus B19 infection is common in childhood, and by age 15 years, 
approximately 50% of children have detectable immunoglobulin G 
(IgG) against B19V. Infection also occurs in adult life, and more than 
80% of elderly people have detectable antibody.45 Women of child-
bearing age in the United States and Europe have an annual serocon-
version rate of approximately 1%.46,47 Studies in different countries 
(France, Germany, Japan, the United Kingdom, and the United States) 
show similar patterns of seroprevalence, with significantly higher levels 
in parts of Africa and Papua New Guinea, with >80% of 10 year olds 
having detectable antibody.48 In contrast, parts of Asia49 and some 
isolated tribal populations have a much lower prevalence.50

Although antibody is prevalent in the general population, very 
high-titer viremia (>109 genome copies/mL) is rare: approximately 1 
per 20,000 to 1 per 40,000 units of blood during epidemic seasons 
contains high-titer B19V.46 However, estimates of the prevalence of 
lower levels of B19V DNA vary widely depending on the sensitivity of 
the method used,51 with approximately 1% of donations having detect-
able B19V DNA by sensitive polymerase chain reaction (PCR).52 The 

FIGURE 149-2  Giant pronormoblast in patient with B19 infection. 

FIGURE 149-3  Virologic, immunologic, and clinical courses after 
acute B19 infection in a healthy, immunocompetent individual. 
DNA, deoxyribonucleic acid; PCR, polymerase chain reaction. (From Ander-
son MJ, Higgins PG, Davis LR, et al. Experimental parvoviral infection in 
humans. J Infect Dis. 1985;152:257-265; and Patou G, Pillay D, Myint S, 
Pattison J. Characterization of a nested polymerase chain reaction assay 
for detection of parvovirus B19. J Clin Microbiol. 1993;31:540-546.)
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and stiffness.58 The arthralgia is usually symmetrical, with mainly the 
small joints of hands and feet involved, and generally lasts for 1 to 3 
weeks, although it may persist or recur for months or even years. In 
the absence of a history of rash, the symptoms may be mistaken for 
those of acute rheumatoid arthritis, especially because prolonged 
symptoms do not correlate with serologic studies, such as the duration 
of B19V IgM response, or persistent viremia. In addition, B19V infec-
tion can be associated with transient rheumatoid factor production.74 
In one large study of patients attending an “early synovitis” clinic in 
England, 12% had evidence of recent infection with B19V.75 Three 
patients would have fulfilled the American Rheumatism Association’s 
diagnostic criteria for definite rheumatoid arthritis. B19V infection 
should be considered as part of the differential diagnosis in any patient 
presenting with acute arthritis.

It has been postulated that B19V is involved in the initiation and 
perpetuation of rheumatoid arthritis leading to joint lesions,76 but 
these results have not been reproducible by other groups. In contrast, 
parvoviral B19V DNA is frequently found in synovial tissue of patients 
with rheumatoid arthritis, chronic arthropathy, and control subjects. 
In one carefully performed controlled study, although B19V DNA was 
indeed detected in synovial tissue of 28% of individuals with chronic 
arthritis, it was also found in 48% of nonarthropathy controls,77 indi-
cating that PCR-detectable DNA may persist in synovial tissues for 
months or years. In addition, in one study with long-term follow-up, 
none of the 54 patients with B19-associated arthralgia reported persis-
tence of joint swelling or restricted motion, and no evidence of inflam-
matory joint disease was found.78 Therefore, it seems unlikely that 
B19V plays a role in classic erosive rheumatoid arthritis. The associa-
tion of B19V and juvenile rheumatic disease is more convincing,79 but 
whether it is the cause of the disease or one of many potential triggers 
is less clear.

Transient Aplastic Crisis
TAC, the abrupt cessation of erythropoiesis characterized by reticulo-
cytopenia, absent erythroid precursors in the bone marrow, and pre-
cipitous worsening of anemia, was the first clinical illness associated 
with B19V infection. When stored sera from children admitted to a 
London hospital were examined for B19V, samples from six Jamaican 
immigrants with sickle cell disease presenting with aplastic crisis 
showed evidence of recent infection with B19V (either antigenemia or 
seroconversion).80 Retrospective studies of sera from Jamaican patients 
with sickle cell disease showed that 86% of TACs were associated with 
recent parvovirus infection.81

TAC caused by B19V has now been described in a wide range of 
patients with underlying hemolytic disorders, including hereditary 
spherocytosis, thalassemia, red cell enzymopathies such as pyruvate 
kinase deficiency, and autoimmune hemolytic anemia.82 TAC can also 
occur under conditions of erythroid “stress,” such as hemorrhage, iron 
deficiency anemia, and kidney or bone marrow transplantation. Acute 
anemia has been described in hematologically normal persons,83 and 
a drop in red cell count (within the normal range) and reticulocytes 
was seen in healthy volunteers.39

Although suffering from an ultimately self-limiting disease, patients 
with aplastic crisis can be severely ill. Symptoms may include dyspnea, 
lassitude, and even confusion related to the worsening anemia. Con-
gestive heart failure, severe bone marrow necrosis,84 and cerebrovas-
cular complications85 can develop, and the illness may be fatal. Aplastic 
crisis can be the first presentation of an underlying hemolytic disease 
in a well-compensated patient.

Community-acquired aplastic crisis is almost always due to parvo-
virus B19,86 and B19V infection should be the presumptive diagnosis 
in any patient with anemia related to abrupt cessation of erythropoiesis 
as documented by reduced reticulocytes and bone marrow appearance. 
In contrast to patients with EI, patients with TAC are often viremic at 
the time of presentation, with concentrations of virus as high as 1014 
genome copies/mL (IU/mL); thus, the diagnosis is readily made by 
detection of B19V DNA in the serum. As B19V DNA levels fall in 
serum, B19V-specific IgM becomes detectable. TAC is easily treated by 
blood transfusion. After acute infection, immunity is lifelong.

TAC and B19V infection in hematologically normal patients are 
often associated with changes in other blood lineages, varying degrees 

B19V infection has been transmitted by steam-treated, dry-heated, and 
solvent-detergent-treated factors, although hemophiliacs who received 
heat-treated factor VIII alone had a lower prevalence of B19V antibody 
and lower rates of seroconversion than those receiving non-heat-
treated factor.64

CLINICAL MANIFESTATIONS
Erythema Infectiosum
Manifestations of parvovirus B19 infection vary, even in the normal 
host, from asymptomatic or subclinical infection (most people with 
B19V specific antibody have no recollection of any specific symptoms) 
to a biphasic illness with symptoms during the viremic and immune 
complex–mediated stages of the disease, but EI is the major manifesta-
tion. EI was well characterized clinically before the discovery of B19V.65 
This exanthematous rash illness of childhood was probably first 
described by Robert Willan in 1799 and illustrated in his 1808 text-
book. The disease was rediscovered in Germany, where in 1899 Sticker 
termed it erythema infectiosum, and 6 years later Cheinisse classified 
it as the “fifth rash disease” of the six classic exanthems of childhood.66 
Often the epidemiologic data suggested “a common-source exposure 
to a highly effective transmitter,” and an atypical rubella virus or echo-
virus was thought to be responsible. However, neither virus could be 
reproducibly isolated from patients with fifth disease. In 1983, after an 
outbreak of EI in London, all 31 affected children or adolescents had 
anti-B19-specific IgM.67 Similar results were obtained in other epidem-
ics of fifth disease, and parvovirus B19 is now recognized as the etio-
logic agent.

Clinical symptoms begin with a nonspecific prodromal illness, 
which often goes unrecognized; there may be symptoms of fever, 
coryza, headache, and mild gastrointestinal distress, including nausea 
and diarrhea. In 2 to 5 days, the classic “slapped cheek” rash appears, 
a fiery red eruption on the cheek, accompanied by relative circumoral 
pallor (Fig. 149-4). There may be a second-stage rash within a few days 
and an erythematous maculopapular exanthem on the trunk and 
limbs; as this eruption fades, it produces a typical lacy appearance. 
There is great variation in the dermatologic symptoms: the classic 
slapped cheek is much more common in children than adults; the 
second-stage eruption may vary from a faint, barely perceptible ery-
thema to a florid exanthem; and the rash may be transient or recurrent 
for weeks. Rarely, other dermatologic presentations are seen: vesico-
pustular rash,68 papular-purpuric glove and sock syndrome,69 other 
purpuric rashes with or without Koplik spots,70,71 and erythema mul-
tiforme.72 Pruritus, especially on the soles of the feet, can be the domi-
nant symptom.73

Arthropathy
Although B19V infection in children is usually mild and of short dura-
tion, a large proportion of adults, especially women, suffer arthralgia 
or frank arthritis, with painful joints often accompanied by swelling 

FIGURE  149-4  Slapped-cheek appearance of a child with fifth 
disease. 
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studies have been undertaken, B19-infected fetuses showed evidence 
of leukoerythroblastic reaction in the liver and large pale cells with 
eosinophilic inclusion bodies and peripheral condensation or margin-
ation of the nuclear chromatin. Parvovirus B19 DNA can be detected 
by PCR and in situ hybridization, and viral particles by electron 
microscopy.

Even in the absence of treatment, an adverse fetal outcome is not 
typical after maternal B19V infection. In a prospective British study of 
more than 400 women with serologically confirmed B19V during preg-
nancy, the excess rate of fetal loss was confined to the first 20 weeks of 
pregnancy and averaged only 9%.102 No abnormalities were found at 
birth in the surviving infants, even when there was evidence of intra-
uterine infection by the presence of B19V IgM in the umbilical cord 
blood, and there were no long-term sequelae in the 129 children 
observed for more than 7 years. Similar findings have been found in 
studies in other countries.103,104

No systematic studies have shown evidence for congenital abnor-
malities after B19V infection,102,105 although there are case reports of 
congenital ocular and neurologic abnormalities after maternal B19V 
infection. Rare cases of congenital anemia after a history of maternal 
B19V exposure have been reported.106,107 In these cases, the virus 
load is generally low, and the anemia does not respond to immuno-
globulin therapy. The B19V infection may mimic Diamond-Blackfan 
anemia,108 and the role of in utero B19V infection inducing constitu-
tional bone marrow failure such as that in Diamond-Blackfan anemia 
is still not clear.

Other Disease Manifestations
B19V infection has been associated with a range of other disease mani-
festations including neurologic disease, myocarditis, kidney disease, 
hepatitis, and vasculitis. However, most of these are case reports or 
limited PCR-based studies with poorly documented controls. Deter-
mining the role of B19V in these diseases is often difficult; the diseases 
are rare, and B19V may not be the only cause. In addition, with sensi-
tive PCR-based assays, B19V DNA can be detected in many tissues 
including bone marrow, synovial, and other tissues from healthy indi-
viduals probably lifelong after infection.22,109 If the disease is rare, large 
multicenter trials may be required to substantiate or disprove the 
causal relationship.

Encephalitis and more often aseptic meningitis have been described 
in serologically confirmed B19V infection110 and detection of B19V 
DNA in cerebrospinal fluid. The long-term outcome of infection was 
generally favorable, and only rarely did long-term sequelae occur.  
Brachial plexus neuropathy with weakness and sensory loss has also 
been described in patients with B19V infection,111 and in one study, 
50% of patients with classic fifth disease (confirmed serologically) 
experienced neurologic symptoms (tingling and numbness in the 
fingers or toes).112

There have been several case reports of myocarditis associated with 
B19V infection in both children and adults.113,114 In many of the case 
reports, the diagnosis of B19V as the cause is made simply on the 
detection of the B19V DNA genome, and given the known persistence 
of B19V DNA in tissues, this may be erroneous. However, the putative 
role of B19V in the pathogenesis of myocarditis warrants further inves-
tigation, particularly because P antigen is found on fetal myocardial 
cells, and B19V appears to cause myocarditis in the fetus.41,42

Similarly, a number of case reports have described an association 
of parvovirus B19 infection and glomerulonephritis in both children 
and adults.115

The role of parvovirus B19 in both hepatitis and vasculitis remains 
unclear. Although transient elevation of liver transaminases is not 
uncommon in B19V infection, frank hepatitis associated with B19V 
infection has rarely been reported.116 Parvovirus B19 has been sug-
gested as a possible causative agent of fulminant liver failure and asso-
ciated aplastic anemia on the basis of PCR studies.117 However, the 
detection of B19V DNA in control liver tissue is not uncommon, and 
with appropriate controls we have been unable to confirm this putative 
relationship.24,118

Several case reports have described positive B19V serology in 
patients with vasculitis or polyarteritis nodosum, systemic necrotizing 
vasculitis, and Kawasaki disease, a multisystem vasculitis of early 

of neutropenia,87 and thrombocytopenia.88 Some cases of idiopathic 
thrombocytopenic purpura and Henoch-Schönlein purpura89 have 
been reported to follow parvovirus B19 infection. Transient pancyto-
penia after parvovirus infection is rare. Although some cases of chronic 
neutropenia of childhood have also been ascribed to parvovirus B19 
infection,90 other studies have not confirmed an association.91

Parvovirus B19 does not appear to be the cause of true (chronic) 
aplastic anemia92 or transient erythroblastopenia of childhood (TEC),93 
the temporary failure of red cell production in normal children. Spo-
radic cases of TEC with thrombocytopenia with evidence of recent 
B19V infection have been described, whereas “classic” TEC is associ-
ated with high platelet counts.

Pure Red Cell Aplasia
Persistent B19V infection that results in PRCA has been reported in a 
wide variety of immunosuppressed patients, including patients with 
congenital immunodeficiency, acquired immunodeficiency syndrome 
(AIDS), and lymphoproliferative disorders and transplant recipients.94 
The stereotypical presentation is with persistent anemia rather than 
immune-mediated symptoms of rash or arthropathy. Patients have 
absent or low levels of B19V-specific antibody and persistent or recur-
rent parvoviremia as detected by B19V DNA in the serum. Bone 
marrow examination generally reveals the presence of scattered giant 
pronormoblasts. Administration of immunoglobulin can be beneficial 
and ameliorative, if not curative.95

The prevalence of B19-induced anemia in human immunodefi-
ciency virus (HIV)-seropositive patients is probably higher than that 
recognized. In one early study of 50 patients with AIDS, no patients 
with B19V viremia were identified. In a larger cohort study, B19V  
DNA was found in only 1 of 191 (0.5%) HIV-seropositive homosexu-
als. However, B19V DNA was found in 5 of 30 (17%) transfusion-
dependent HIV-seropositive homosexuals, and when a hematocrit of 
less than 20 mL/dL was used as a criterion, 4 of 13 (31%) were posi-
tive.96 In contrast to the earlier studies, the marrow morphology need 
not be suggestive of PRCA and giant pronormoblasts may not be 
present.

In less severely immunosuppressed patients (e.g., patients with sys-
temic lupus erythematosus receiving steroid therapy), prolonged 
anemia after B19V infection has also been described.97 However, in 
these patients there was a spontaneous, albeit delayed, development of 
antibodies, and viremia resolved without therapy. Such patients repre-
sent one end of the spectrum of disease manifestations of B19V in 
patients with a compromised immune system.

Virus-Associated Hemophagocytic 
Syndrome
Virus-associated hemophagocytic syndrome (VAHS) is characterized 
by histiocytic hyperplasia, marked hemophagocytosis, and cytopenia 
in association with a systemic viral illness.98 In contrast to malignant 
histiocytosis, VAHS is usually a benign, self-limiting illness in which 
histiocytic proliferation is reversible. Hemophagocytosis is not uncom-
mon and occurs in the setting of a wide range of infections, not only 
viral but also bacterial, rickettsial, fungal, and parasitic.99 However, in 
many patients there is underlying immunosuppression, usually iatro-
genic, so the role of the incriminated pathogen as an etiologic agent or 
coincidental opportunistic infection remains unclear.

Parvovirus B19 infection has been detected in 15 cases of hemo-
phagocytosis syndrome among children and adults.100 The majority of 
patients were previously healthy, but four patients were immunosup-
pressed by drug therapies. In all but one case, there was a favorable 
outcome (one immunosuppressed patient died of fulminant aspergil-
losis). Further studies are required to determine whether parvovirus 
B19 is a major cause of VAHS and what the rate of VAHS is in other-
wise uncomplicated parvovirus B19 infection.

Fetal Infection (Hydrops Fetalis  
and Miscarriage)
Parvovirus B19 causes 10% to 15% of all cases of nonimmune hydrops 
fetalis.101 Nonimmune hydrops fetalis is rare (1 per 3000 births), and 
in approximately 15% of cases the etiology is unknown. In a study of 
63 cases, 8 were due to parvovirus B19 infection. When pathologic 
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Immunocompromised or immunodeficient patients with hemato-
logic disease due to chronic infection typically do not mount an 
immune response to the virus, and testing for B19V DNA is necessary 
to document recent infection. However, this needs to be done by quan-
titative PCR because even in immunocompetent persons, low levels of 
B19V DNA may be detectable by PCR for more than 4 months in serum 
after acute infection130,131 and for years in bone marrow, synovium, liver, 
heart, and other tissues.22,109 As noted earlier in this chapter, detection 
of B19V DNA in tissues does not prove that the disease is due to B19V 
infection. In general, the diagnosis of acute or chronic infection can be 
made on the basis of quantitative (real-time) PCR in combination with 
serologic assays for B19-specific IgG or IgM, or both.132

Investigation of B19V fetal or congenital infection should be 
accompanied by serologic studies of the maternal serum. At the time 
of fetal infection, the mother should have evidence of recent B19V 
infection with detectable IgG and possibly IgM. If the IgM titer is low 
or absent, recent infection can be documented using IgG avidity 
studies or measuring B19V DNA levels.133 Fetal infection can be con-
firmed by amniotic fluid sampling, by fetal blood sampling, or from 
postmortem tissue.

THERAPY
In the overwhelming majority of children and adults, B19V infection 
is a benign and self-limiting infection that results in lifelong immunity 
and requires no treatment other than symptomatic relief. Patients  
with arthralgia and arthritis usually respond to nonsteroidal anti-
inflammatory drugs, although in some patients symptoms can persist 
for months and even years.75 In patients with hematologic disease or 
persistent infection, specific treatment may be necessary.

Immunocompetent patients with TAC have a self-limiting illness, 
and typical TAC is readily treated by blood transfusion and supportive 
therapy alone. In one study of sickle cell patients with aplastic crisis, 
87% required blood transfusions and 61% required hospitalization  
for their symptoms. One death occurred before transfusion could  
be given,134 which underscores the importance of prompt medical 
intervention.

In immunosuppressed patients with documented, persistent B19V 
infection, temporary cessation of immunosuppression may be suffi-
cient to allow the host to mount an immune response and resolve the 
B19V infection, and no additional treatment is required. In cases in 
which cessation of immunosuppression is not feasible or is ineffective, 
administration of immunoglobulin can be beneficial.43,95,135 The usual 
regimen is IV IgG at a dose of 0.4 g/kg for 5 days. Patients often 
respond with a marked reduction in the level of B19V viremia, reticu-
locytosis, and resolution of the anemia within 1 to 2 weeks of treat-
ment. However, monitoring for relapse is important, by observation of 
the reticulocyte counts and quantitative assays for B19V DNA when 
indicated. If relapse occurs less than 6 months after the initial treat-
ment, especially in HIV-positive patients, an empirical maintenance 
treatment with a single-day infusion of 0.4 g/kg IgG every 4 weeks may 
control the B19V viremia.

The role of intrauterine blood transfusions in the treatment of 
hydrops fetalis related to maternal parvovirus B19 has been shown to 
be beneficial.136,137 However, intrauterine blood transfusions have risks. 
B19-associated hydrops is known to resolve spontaneously, and the 
fetus can be normal at delivery. In addition, there remains the theoreti-
cal risk that treatment may be confounded by an increased incidence 
of antibody-enhanced infection and damage, especially to myocardial 
cells and the immune system.106

PREVENTION AND VACCINATION
The only measures currently available to prevent B19V infection are 
those designed to interrupt virus transmission. However, because 
patients are viremic and infectious before the symptoms of EI, isolation 
of patients with fifth disease is not rational. Patients with TAC and 
PRCA are both viremic and infectious and should be appropriately 
separated from high-risk contacts. The Centers for Disease Control 
and Prevention recommend that patients with TAC have droplet  
isolation precautions for 7 days, and for patients with chronic infec-
tion, isolation should be continued for the duration of their 
hospitalization.138

childhood. However, other studies have failed to confirm a relationship 
between B19V and vasculitis119 or Kawasaki disease.120

IMMUNE RESPONSE
Both virus-specific IgM and IgG antibodies are made after experimen-
tal39 and natural parvovirus B19 infection (see Fig. 149-3). After intra-
nasal inoculation of volunteers, virus can be detected first at days 5 to 
6, and levels peak at days 8 to 9. IgM antibody to virus appears about 
10 to 12 days after experimental inoculation, and IgG antibody appears 
at about 2 weeks (see Fig. 149-3). The time course is similar in natural 
infections. In patients with TAC, 108 to 1014 genome copies per milli-
liter of viral DNA may circulate. IgM antibody may be present in 
patients with TAC at the time of reticulocyte nadir and during the 
subsequent 10 days; IgG usually appears during the period of hemato-
poietic recovery. High-titer viremia is not detectable in patients with 
clinical fifth disease (the manifestations are secondary to immune 
complex formation).

IgM antibody may be found in serum samples for several months 
after exposure.121 IgG persists for life, and levels rise with reexposure.39 
Measurable IgA antibodies specific to B19V may play a role in protec-
tion against infection by the nasopharyngeal route.122

In immunocompetent individuals, the early antibody response is to 
the major capsid protein VP2, but as the immune response matures 
reactivity to the minor capsid protein VP1 dominates. Sera from 
patients with persistent B19V infection typically contain antibody to 
VP2 but not to VP1.123 The importance of an immune response to VP1 
for protective immunity has been confirmed in animal experiments 
using recombinant capsids. Rabbits immunized with capsids contain-
ing only VP2 produced a strong antibody response, as measured by 
enzyme-linked immunosorbent assay (ELISA), but the sera had low 
neutralization titers. In contrast, rabbits immunized with capsids con-
taining VP1 produced antibody with neutralizing titers comparable 
with those produced in humans after acute B19V infection.124 In addi-
tion, the importance of the humoral arm of the immune response is 
shown by recovery from infection with the appearance of circulating 
specific antivirus antibody, and administration of commercial immu-
noglobulins can cure or ameliorate persistent parvovirus infection in 
immunodeficient patients.

The role of the cellular immune response in limiting parvovirus  
B19 infection has been studied less intensively. Using a combination  
of recombinant capsids and peptides from the NS and capsid pro-
teins, it is now clear that B19V infection induces profound CD8+125 
and CD4+126-128 responses, both of which are required for viral 
clearance.

Persistent B19V infection is the result of failure to produce effective 
neutralizing antibodies by the immunocompromised host. Perhaps 
because of the limited numbers of epitopes presented to the immune 
system by parvovirus B19, the congenital immunodeficiency states 
associated with persistent infection may be clinically subtle, with sus-
ceptibility largely restricted to parvovirus, although multiple immune 
system defects are apparent when direct testing of T- and B-cell func-
tion is performed.

DIAGNOSIS
There is no suitable method for virus isolation from clinical specimens, 
and the detection of virus relies on the detection of B19V DNA by 
quantitative PCR. In immunocompetent individuals, B19V DNA is 
detectable at very high titer (>109 IU/mL) for 2 to 4 days (see Fig. 
149-3) and then drops to between 104 and 106 IU/mL as the immune 
response develops. The development of the antibody response corre-
lates with the appearance of the rash, and therefore the diagnosis of 
acute infection due to B19V infection is generally based on IgM assays, 
ideally performed by the capture technique.129 In an ELISA, antibody 
can be detected in more than 90% of cases by the third day of TAC or 
at the time of rash in EI. IgM antibody remains detectable for 2 to 3 
months after infection.

B19V IgG can be detected by capture assay or indirect assay. IgG is 
usually present by the seventh day of illness and is probably present 
for life thereafter. Because more than 50% of the population has IgG 
antibody to B19V infection, this test is not helpful for the diagnosis of 
acute infection.
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children with acute respiratory disease.150 Although HBoV1 DNA can 
be detected in respiratory secretions throughout the year, primary 
infection is predominantly in the winter and spring months, as for 
many other respiratory infections. HBoV-specific antibodies can now 
be detected using binding assays with recombinant viral capsid pro-
teins,151 and seroepidemiology studies indicate that HBoVs are a 
common infection of early childhood, with most acquiring antibodies 
in the first 4 years of life.152 In contrast to HBoV1, HBoV2-4 are pre-
dominantly found in fecal samples of both children and adults. Sero-
prevalence studies in adults indicate that 30% to 50% of adults have 
antibodies to HBoV2, 8% to 38% to HBoV3, and 1% to 4% to HBoV4.150

Despite the observation that HBoV1 is often found with other 
pathogens, there is increasing evidence that the virus itself is patho-
genic and especially associated with wheezing and respiratory disease 
in young children.153 Several studies have reported that HBoV1 is more 
frequent in patients with respiratory tract symptoms than in asymp-
tomatic individuals.154-157 A variety of respiratory diseases have been 
implicated in HBoV1 infection, including lower and upper respiratory 
tract illnesses,151,158 primarily in young children. HBoV1 infections in 
otherwise normal adults with respiratory illnesses appear to be uncom-
mon but have been reported mainly from immunocompromised 
individuals.157,158-160

The association of HBoV1 infection with respiratory illness is con-
founded not only by the frequent coinfection with other respiratory 
viruses but also by the persistence of detectable HBoV DNA in respira-
tory and fecal samples and the long period of HBoV shedding after 
infection. It is now recognized that diagnosis of human bocaparvovirus 
infection should not be based on detection of bocaparvovirus DNA 
alone in respiratory or fecal samples but on detection of high-titer viral 
load (>104 genome copies/mL or respiratory secretion), viral DNA in 
serum, serologic evidence of recent infection, or a combination of 
these.147

Currently there is no specific treatment for any of the bocaparvo-
virus infections.

Parv4
Using similar methods to those used to identify HBoV, a fourth group 
of parvoviruses, human parvovirus 4 (Parv4),161 was also found in 
2005, with three different genotypes of Parv4 identified to date.162 The 
virus has not been grown in culture, but studies of the viral sequence 
and transcription map163 suggest that Parv4 does not group with any 
of the other parvovirus genera and has now been placed in the new 
parvovirus genus, Tetraparvovirus. The viral sequences are commonly 
found in pooled serum samples164 and in bone marrow and lymphoid 
tissue of injection drug users and hemophiliacs.165 Seroprevalence 
studies indicate that although antibody is rarely found in blood donors 
in Europe,166,167 it is found in those who share needles or receive blood 
products168 and at significantly higher rates in parts of Africa.169,170 It is 
still unclear which is the main route of transmission, with data suggest-
ing parenterally in Europe, but by fecal-oral routes or even respiratory 
routes in Africa.171 Seroconversions to Parv4 have rarely been docu-
mented, but primary infection may be associated with a rash.172 Further 
information about the pathogenicity of this virus is necessary.

The humoral immune response plays the major role in the normal 
immune response to parvovirus. Although antibodies appear protec-
tive in both passive and active immunizations, insufficient data are 
available to assess the efficacy of immunoprophylaxis.139,140

Prospects for vaccination are favorable, with a B19V empty capsid 
vaccine currently under development. The presence of VP1 protein in 
the capsid immunogen appears critical for the production of antibod-
ies that neutralize virus activity in vitro, and capsids with supranormal 
VP1 content are even more efficient in inducing neutralizing activity 
in immunized animals. Although phase I trials of a VP1-enhanced 
baculovirus-produced B19V vaccine looked promising,141 the most 
recent study has been halted due to unexplained cutaneous reactions 
in 3 of the 43 patients enrolled, and further studies are on hold.142 Even 
with an effective and safe vaccine, the target populations for such a 
vaccine remain to be determined. Should only those at high risk for 
severe or life-threatening disease, such as sickle cell patients, be pro-
tected? Or, in view of the wide variety of disease manifestations affect-
ing all strata of the population, should a universal vaccine policy be 
pursued?

OTHER HUMAN PARVOVIRUSES
Human Dependoparvoviruses
At least nine different primate dependoparvoviruses have been 
described,143 and AAVs 1, 2, 3, 8, and 9 are common agents of human 
infections.143 Although AAV DNA has been detected in a wide range 
of tissues, including some fetal abortion tissues, none of the depen-
doparvoviruses have been definitively linked with disease in either 
humans or animals. This lack of pathogenicity, plus the ability of the 
genome to infect both dividing and nondividing cells and to assess 
transgenes for extended periods with or without integration into the 
human genome, has made the dependoparvoviruses popular choices 
to modify and use as gene therapy vectors in a number of different 
clinical settings.144 These have included recent studies in an experimen-
tal mouse model in which the immunoglobulin gene for a highly 
potent, broadly neutralizing antibody against HIV-1 expressed in AAV 
has provided protection against HIV-1 challenge.145

Human Bocaparvoviruses
Bocaparvoviruses are parvoviruses that infect the respiratory and gas-
trointestinal tracts of young animals and humans. In 2005, sequences 
of the first human bocaparvovirus (HBoV1) were identified in respira-
tory samples of Swedish children with lower respiratory tract infec-
tions using a molecular screening method.146 The nucleotide sequence 
of HBoV1 was determined and shown to have the same genomic orga-
nization as other members of the bocaparvovirus genus, with a third 
middle open reading frame. However, the sequence was significantly 
different from the other known animal bocaparvoviruses at the time. 
Subsequently related viruses, human bocaparvoviruses 2-4 (HBoV2, 
HBoV3, and HBoV4), have been detected in fecal samples.147-149

Human bocaparvoviruses have a worldwide distribution and have 
been identified in all countries that have looked for them. HBoV1 is 
predominantly found in respiratory secretions and is found in 2% to 
20% of respiratory secretions in prevalence studies primarily from 
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ii.  RNA Viruses  •  a.  Reoviridae

The Reoviridae family of viruses consists of nine genera, whose 
members have a widely varied host range, including plants and inver-
tebrate (insects, crustaceans) and vertebrate (mammalian, reptilian, 
avian) animals. Five genera have been etiologically linked with diseases 
of humans: Orthoreovirus, Orbivirus, Rotavirus, Coltivirus, and Seador-
navirus. The genome of all Reoviridae consists of linear double-
stranded RNA surrounded by a nonenveloped icosahedral capsid 60 
to 80 nm in diameter. Genomic material is organized into 10 to 12 
segments, which are capable of reassortment and resultant generation 
of novel viruses.1 In this chapter clinically relevant information is pre-
sented pertaining to human infection due to orthoreoviruses and orbi-
viruses. Rotaviruses, coltiviruses, and seadornaviruses are discussed in 
Chapters 151 and 152.

ORTHOREOVIRUSES
Background and Epidemiology
Reoviruses were first discovered in the 1950s after isolation from 
human enteric specimens, and they were subsequently documented to 
infect a wide range of hosts. Reovirus serotypes 1, 2, and 3 are found 
ubiquitously in the environment, and their sources include stagnant 
and river water and untreated sewage. The term reovirus is an acronym 
for respiratory enteric orphan virus, which emphasizes the anatomic 
site from which these viruses were initially isolated as well as the fact 
that infection of humans, although common, is only rarely associated 
with significant disease. Human infection primarily results in either 
asymptomatic infection or mild, self-limited symptoms such as upper 
respiratory tract illness and gastroenteritis.2,3 Rarely, reoviruses have 
been identified as the causative agent in human cases of meningitis, 
encephalitis, pneumonia, and myocarditis and are potentially associ-
ated with biliary atresia and choledochal cysts (discussed later).2-4 Sero-
logic studies of reovirus prevalence have documented steady increases 
from infancy (5% to 10% seropositivity at 1 year of age; 30% at 2 years 
of age; 50% at 5 years of age) through adulthood (50% at 20 to 30 years 
of age; >80% by 60 years of age),4,5 reflecting immunity acquired as a 
consequence of natural infection. Despite this, it has been difficult to 

provide convincing evidence linking reoviruses to specific human dis-
eases. Transmission occurs by the fecal-oral and airborne routes in 
humans. Reovirus infection serves as an important experimental 
animal model of viral encephalitis and myocarditis, a presentation of 
which is beyond the scope of this discussion but is reviewed in Chap-
ters 86 and 91.6

Clinical Disease
Respiratory Tract Manifestations
Mild upper respiratory tract illness consisting primarily of rhinorrhea 
and pharyngitis accompanied by low-grade fever, headache, and 
malaise (35% to 80%), with or without mild diarrhea (15% to 65%), 
has been described in children during outbreaks and was produced  
in experimental reovirus infections of adult volunteers.7,8 In children, 
a maculopapular (and, in one case, vesicular) exanthem has been 
described,4 as has otitis media. Rarer reports of lower respiratory tract 
disease have included interstitial or confluent pneumonia, one of which 
was fatal.9,10 A novel reassortant reovirus designated as BYD1 strain 
was isolated in 2003 from five patients with severe acute respiratory 
syndrome (SARS) who were coinfected with SARS-associated corona-
virus. Subsequent characterization in animal experimental models has 
suggested a possible copathogenic role for this virus in SARS.11,12 More 
recently, two new and closely related reoviruses (Melaka and Kampar 
viruses) have been identified and characterized from six adult and 
pediatric Malaysian patients with acute respiratory tract infection.13,14 
Both viruses are presumably of bat origin with transmission to humans 
by bat droppings or contaminated fruits. Index adult cases suffered 
from high fever, chills and rigors, sore throat, headache, and myalgia. 
Human-to-human transmission has been substantiated by serologic 
analysis of secondary cases, including children.

Gastrointestinal and Hepatobiliary 
Manifestations
A long-term study of children with diarrhea implicated reoviruses in 
only 0.1% of cases, and those occurred mainly in infants younger than 

Definition
•	 Reoviruses	are	linear	double-stranded	RNA	

viruses	with	broad	host	ranges.
•	 The	term	reovirus	is	an	acronym	for	respiratory	

enteric	orphan	virus,	which	emphasizes	the	
anatomic	site	from	which	these	viruses	were	
initially	isolated.

Epidemiology
•	 Infection	of	humans	is	common	but	is	rarely	

associated	with	significant	disease.
•	 Asymptomatic	infection	is	common;	

symptomatic	infection	usually	consists	of	mild,	
self-limited	upper	respiratory	tract	and	
gastrointestinal	illness.

•	 Reoviruses	have	been	identified	as	the	
causative	agent	in	rare	human	cases	of	
meningitis,	encephalitis,	pneumonia,	and	
myocarditis	and	are	potentially	associated	
with	biliary	atresia	and	choledochal	cysts.

Microbiology
•	 Five	genera	of	the	Reoviridae	have	been	

etiologically	linked	with	diseases	of	humans:	
Orthoreovirus,	Orbivirus,	Rotavirus,	Coltivirus,	
and	Seadornavirus.

•	 Double-stranded	RNA	is	organized	into	10	to	
12	segments,	which	are	capable	of	
reassortment	and	resultant	generation	of	
novel	viruses.

Diagnosis
•	 Laboratory	diagnosis	can	be	made	

serologically	by	a	fourfold	rise	in	acute	and	
convalescent	serum	antibody	response	or	by	
virus	isolation	from	serum,	stool,	respiratory	
secretions,	or	cerebrospinal	fluid.

Therapy
•	 No	specific	therapy	is	available.

Prevention
•	 No	specific	preventative	measures	

are	recommended—reoviruses	are		
ubiquitous.
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doughnut-shaped capsomers. The bulk of disease due to orbiviruses 
occurs in nonhuman vertebrates; the most frequently identified are 
bluetongue virus (sheep, cattle, goats, and wild ungulates), African 
horse sickness virus (horses, donkeys, and dogs), and epizootic hemor-
rhagic disease virus (deer). Disease in humans has been reported infre-
quently (fewer than 100 cases reported in the literature worldwide). 
However, infection can occur in humans who serve as an incidental 
host during the maintenance cycle of vector-borne transmission 
between nonhuman vertebrate hosts. Vectors for disease include mos-
quitoes, midges, gnats, sand flies, and ticks.31,32

Clinical Disease
Only four orbivirus serogroups have been linked to disease in humans; 
these are the viruses belonging to the Kemerovo antigenic complex, 
including Kemerovo, Lipovnik, and Tribec viruses (Russia and eastern 
Europe), Orungo virus (sub-Saharan Africa), Lebombo virus (South 
Africa and Nigeria), and Changuinola virus (Central America).32 The 
spectrum of reported human disease includes neurologic infection 
(encephalitis, meningitis, meningoencephalitis, polyradiculitis) as well 
as acute febrile illnesses. Many orbiviruses preferentially infect vascu-
lar endothelial cells; thus, clinical and laboratory manifestations can 
mimic those seen in the setting of rickettsial illnesses. No deaths have 
been reported due to human orbivirus infection, and patients generally 
recover without long-term sequelae of infection. All age groups may 
be infected; however, the pediatric population is overrepresented in 
seroprevalence studies. In animals, orbivirus infection has been linked 
to congenital abnormalities such as hydranencephaly, arthrogryposis, 
and deafness, but this has not been reported in humans.32

Clinical Manifestations of Specific Agents
Kemerovo Virus Antigenic Complex
Viruses of the Kemerovo complex (Kemerovo, Tribec, and Lipovnik) 
are transmitted by Ixodes spp. ticks in Russian and Eastern Europe and 
were first isolated in 1963 from ticks and patients with meningitis and 
meningoencephalitis. Meningoencephalitis and polyradiculitis have 
been linked to Lipovnik virus in the present Czech Republic. Serop-
revalence studies in healthy residents of the former Czech Republic 
indicate up to 18% seropositivity; additional serologic evaluation of 
patients from central Europe with tick-borne encephalitis virus infec-
tion and neurologic symptoms demonstrated the presence of concur-
rent Lipovnik virus antibodies in more than 50% of patients.33

Oklahoma Tick Fever
In the United States, cases of acute febrile illness, subsequently desig-
nated as Oklahoma tick fever, have been reported in Oklahoma and 
Texas and attributed to orbivirus infection, which is likely a Kemerovo-
related virus. Clinical features of these reports included myalgia, vom-
iting, and severe abdominal pain. Laboratory features include transient 
leukopenia, thrombocytopenia, and anemia, suggesting possible rick-
ettsial disease; however, serologic analysis for Rocky Mountain spotted 
fever, Colorado tick fever, and Powassan virus was negative.31 Diagno-
sis was based on positive serology for Kemerovo group–related orbivi-
ruses (Sixgun City and Lipovnik viruses). Viremia was not present in 
these patients; therefore, a specific viral etiology was not confirmed in 
these cases. Transmission of Kemerovo-related viruses in rabbit and 
large animal populations has been documented in states in the Midwest, 
but no human cases have been reported to date.

Orungo Virus
Orungo virus is transmitted primarily by Aedes spp. but also by Culex 
and Anopheles spp. mosquitoes in regions of sub-Saharan Africa. Sero-
prevalence studies in that region are as high as 24% to 34%.34 Acute 
febrile illness, including fever, headache, and myalgia has been 
reported, as has one case of encephalitis in a child with convulsions 
and flaccid paralysis.35,36 Coinfection with yellow fever virus has been 
documented.37

Lebombo Virus
Transmission of Lebombo virus occurs from Aedes and Mansonia spp. 
mosquitoes in South Africa and Nigeria. A case of nonspecific acute 
febrile illness has been reported in a Nigerian child.35

1 year.2 A role for reovirus infection in the pathogenesis of extrahepatic 
biliary atresia and choledochal cysts has long been proposed based on 
similarities between pathologic changes observed in pediatric patients 
suffering from these diseases and reovirus-infected mice.15 However, 
results from serology-based, as well as more recent molecular-based, 
studies are conflicting.15,16 In one study, reovirus RNA was detected in 
hepatic or biliary tissues from 55% of patients with extrahepatic biliary 
atresia and 78% of patients with choledochal cysts, compared with 21% 
of patients with other hepatobiliary diseases and 12% of autopsy 
cases.15 However, a subsequent study failed to detect reovirus genome 
in hepatobiliary tissues taken from 26 patients with extrahepatic biliary 
atresia and 28 patients with congenital dilation of the bile duct.16 No 
convincing data exist to support an etiologic role for reovirus infection 
in the setting of idiopathic cholestatic liver diseases in adults.

Central Nervous System Manifestations
Reovirus types 1, 2, and 3 have been isolated from cerebrospinal fluid 
of infants with meningitis, systemic illness, or both. Reovirus type 1 
was isolated from a previously healthy 3-month old with symptoms  
of meningitis, diarrhea, vomiting, and fever.17 Reovirus type 2 (sub-
sequently identified as a new mammalian reovirus type 2 Winnipeg) 
was isolated from the cerebrospinal fluid of an 8-week-old presenting 
with active varicella-zoster virus infection, Escherichia coli sepsis, 
intermittent fever, diarrhea, and feeding intolerance.18,19 A novel sero-
type 3 reovirus (T3C/96) was isolated from a 6-week-old child with 
meningitis and was subsequently shown to be capable of producing 
lethal encephalitis in neonatal mice.20 A novel reovirus strain (serotype 
2), MRV2Tou05, was implicated in two cases of acute necrotizing 
encephalopathy in children from the same family.21 These reports illus-
trate the rare but possible neuroinvasive potential of reoviruses in the 
human host.

Reovirus as an Oncolytic Agent
Reoviruses induce apoptosis in multiple cell types.6 They replicate pref-
erentially in cells with activated ras genes or ras signaling pathways, 
which is the case in as many as 60% to 80% of human malignancies 
and 90% of metastatic disease.22 A wide range of preclinical studies 
have demonstrated the potential application of reoviruses as an anti-
cancer oncolytic agent.23 Multiple tumor types have been shown to be 
susceptible to reovirus infection in vitro as a novel antitumor agent, 
including breast, ovarian, brain (glioma, medulloblastoma), colon, 
melanoma, bladder, pancreatic, prostate, and lung cancers; childhood 
sarcoma; and head and neck tumors.24,25 Human clinical trials with 
mammalian reovirus serotype 3 Dearing (Reolysin, Oncolytics Biotech 
Inc., Calgary, Alberta, Canada) began in 2002. To date, hundreds of 
patients have been treated in phase I, II, and III trials (in the United 
States, Canada, and the United Kingdom), using Reolysin intratumor-
ally or intravenously, alone or in combination with other chemothera-
peutic agents or radiation therapy.26,27 More than 17 clinical trials are 
currently recruiting and/or actively evaluating Reolysin as monother-
apy or in combination with other agents for treatment of metastatic 
melanoma, squamous cell carcinoma of the lung, head and neck 
cancer, multiple myeloma, relapsed or refractory childhood solid 
tumors, ovarian epithelial, fallopian tube, primary peritoneal, and pan-
creatic cancers.

Although reovirus-based oncotherapy primarily targets cancer cells 
through direct killing by apoptosis (oncolysis), additional immune-
based mechanisms aiding in tumor elimination have been proposed.28 
Synergistic antitumor effects of reovirus in combination with radiation 
or chemotherapy have been demonstrated.29 Characterization of 
immune responses to intravenous Reolysin have been reported30; in 
most clinical trials to date, the anti-reovirus immune response has 
been observed to correlate with decreased efficacy. Investigation into 
the use of reovirus as an immune adjuvant is underway with the goal 
of redirecting immune responses to target tumors.29

ORBIVIRUSES
Background and Epidemiology
The genus Orbivirus contains more than 100 subspecies classified 
within 14 serogroups, infecting a broad range of arthropod and verte-
brate hosts. Orbiviruses are named based on their characteristic 
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frontotemporal encephalitis, and all four developed uveochorioretini-
tis. Diagnosis was confirmed serologically.38

Diagnosis
Laboratory diagnosis of orbivirus infection is made serologically by a 
fourfold rise in acute and convalescent serum antibody response as 
detected by complement fixation, enzyme immunoassay, or neutraliza-
tion or by virus isolation from serum or cerebrospinal fluid by inocula-
tion of suckling mice or cell cultures (Vero or BHK021). Virus-specific 
immunoglobulin M testing is available at reference laboratories, 
including the Centers for Disease Control and Prevention and the U.S. 
Army Medical Research Institute for Infectious Diseases. No specific 
therapy is available.

Changuinola Virus
Acute febrile illness due to Changuinola virus has been reported in a 
single human case from Panama. Seroprevalence studies indicate high 
rates of seropositivity in parts of South America, but the infection-to-
disease ratio is unknown. Transmission has been proposed by phle-
botomine flies.

African Horse Sickness Virus
Naturally occurring infection of humans with African horse sickness 
virus has not been reported. However, four workers in a South African 
veterinary office were infected in 1989 with accidentally aerosolized 
freeze-dried virus present in a vaccine containing attenuated viral 
strains. Illness was severe in all exposed workers: three developed 
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151  Coltiviruses and Seadornaviruses
Roberta L. DeBiasi and Kenneth L. Tyler

Coltivirus and Seadornavirus are two of five genera of the Reoviridae 
virus family that have been documented to cause human disease; 
Orthoreovirus, Orbivirus, and Rotavirus are discussed in Chapters 150 
and 152. Like all Reoviridae, coltiviruses and seadornaviruses are non-
enveloped double-stranded RNA viruses with a segmented genome. 
Coltiviruses have 12 gene segments enclosed within two capsids. Col-
tiviruses were classified within the Orbivirus genus until 1991, at which 
time their distinct molecular identity was established, and a unique 
genus was proposed.1-4 Coltiviruses were initially subclassified into the 
tick-borne subgroup A (North American and European distribution) 
and mosquito-borne subgroup B (Asian distribution) viruses. In the 
year 2000, subgroup B coltiviruses were reclassified into the newly 
designated genus Seadornavirus (an acronym for Southeast Asian 
dodeca RNA virus) based on sequence data and antigenic properties. 
Coltiviruses associated with human disease include the type-specific 
Colorado tick fever virus (CTFV; North America), Eyach virus (EYAV; 
France, Germany, Czech Republic), and Salmon River virus (SRV; 
North America). The only Seadornavirus implicated in human disease 
to date is Banna virus (BAV; Indonesia and China). However, Seador-
navirus infection is considered an emerging infectious disease, and the 
full spectrum of human disease is likely underrecognized.3,5-7 Although 
not yet isolated from humans, the seadornaviruses Liao ning and 
Kadipiro have been isolated from mosquitoes and replicate well in 
mice,3,8 suggesting the potential for human infection.

COLTIVIRUSES
Colorado Tick Fever Virus
Epidemiology
A recent comprehensive review of CTFV indicated that up to 400 cases 
are reported in the United States each year, making it the second most 
commonly identified arboviral infection in the United States, after 
West Nile virus.9 A more recent study through 2003 indicated the 
incidence may be declining, for unknown reasons.10 Cases were 2.5 
times more frequent in males than females. The highest incidence of 

cases occurred in persons aged 51 to 70. Tick exposure prior to illness 
onset was reported in 90% of the cases.10 Ticks are the principal vectors 
of coltiviruses, but viruses have also been isolated from mosquitoes, 
rodents, and humans.6,11 Coltiviruses exhibit a high frequency of RNA 
segment reassortment in tick vectors.12 CTFV is maintained in an 
epizootic cycle between the principal vector, Dermacentor andersoni, 
and small mammals such as porcupines, ground squirrels, and chip-
munks. Humans are infected by the bite of adult ticks.9,13 The geo-
graphic distribution of the type-specific CTFV includes China, Europe, 
and North America. In the United States, the distribution of CTFV 
coincides with the range of the principal vector, D. andersoni. The virus 
has been isolated in 11 states, primarily within the Rocky Mountain 
region (California, Colorado, Idaho, Montana, Nevada, New Mexico, 
Oregon, South Dakota, Utah, Washington, and Wyoming) as well as 
southwestern Canada.9 Most cases occur in Colorado, Montana, Utah, 
and Wyoming.9 Elevations of 4000 to 10,000 feet and rocky outcrop-
pings are especially suited to CTFV.9,13,14 Transmission coincides with 
the seasonal activity of D. andersoni ticks, with most cases occurring 
between April and July.9 Disease transmission can occur even as a 
consequence of brief tick attachment, in contrast with the requirement 
for prolonged tick attachment for transmission of Borrelia burgdorferi 
or Rickettsia ricketsii.9 Ninety percent of patients report tick exposure, 
but only 48% recall tick attachment.15 Half of reported cases occur in 
patients between 20 and 49 years of age, with an additional 25% occur-
ring in patients younger than 20 years.9,15 Transfusion-related symp-
tomatic infection has been reported.16 CTFV patients should not be 
allowed to serve as blood product or hematopoietic stem cell donors 
until infection has fully resolved, and reverse transcriptase–polymerase 
chain reaction (RT-PCR) assays on blood are negative, a process that 
may take 4 months or longer (see later). Intrauterine transmission 
during human pregnancy has resulted in the birth of healthy infants 
but also has been potentially associated with spontaneous abortion and 
other congenital anomalies.17 Laboratory transmission cases have also 
been reported.

Definition
•	 Coltivirus	and	Seadornavirus	are	two	of	five	

genera	of	the	Reoviridae	virus	family	that	have	
been	documented	to	cause	human	disease.

Epidemiology
•	 Coltiviruses	associated	with	human	disease	

include	the	type-specific	Colorado	tick	fever	
virus	(CTFV;	North	America),	Eyach	virus	(EYAV;	
France,	Germany,	Czech	Republic),	and	Salmon	
River	virus	(SRV;	North	America).

•	 The	only	Seadornavirus	implicated	in	human	
disease	to	date	is	Banna	virus	(BAV;	Indonesia	
and	China).

•	 Ticks	are	the	principal	vectors	of	coltiviruses	
but	have	also	been	isolated	from	mosquitoes,	
rodents,	and	humans.

•	 The	distribution	of	CTFV	coincides	with	the	
range	of	the	principal	tick	vector.	The	virus	has	

been	isolated	in	11	states,	primarily	within	the	
Rocky	Mountain	region,	as	well	as	
southwestern	Canada.

•	 CTFV	has	been	isolated	from	patients	with	
acute	febrile	syndromes,	meningitis,	and	
encephalitis	in	North	America.

Microbiology
•	 Coltiviruses	and	seadornaviruses	are	

nonenveloped	double-stranded	RNA	viruses	
with	a	segmented	genome.	Coltiviruses	have	
12	gene	segments	enclosed	within	two	capsids.

Diagnosis
•	 CTFV	should	be	considered	in	anyone	

presenting	with	a	febrile	illness	following	tick	
exposure	in	an	endemic	area.

•	 Patients	may	have	cerebrospinal	fluid	
pleocytosis.	Leukopenia	is	common.

•	 Serologic	methods,	including	enzyme-linked	
immunosorbent	assay,	as	well	as	serum	and	
cerebrospinal	fluid	reverse	transcriptase–
polymerase	chain	reaction	have	been	used	for	
diagnosis.

•	 Virus	can	also	be	isolated	in	cell	culture.

Therapy
•	 No	specific	therapy	is	available.

Prevention
•	 Preventative	measures	include	tick	and	

mosquito	repellents	such	as	diethyltoluamide,	
physical	barriers,	and	reduction	of	standing	
water.

•	 CTFV	patients	should	not	be	allowed	to	
serve	as	blood	product	or	hematopoietic		
stem	cell	donors	until	infection	has	fully	
resolved.
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Therapy
No specific antiviral therapy is available, and treatment is supportive. 
Aspirin should be avoided because it may exacerbate the potential for 
hemorrhage associated with thrombocytopenia.9 Animal models show 
increased survival with ribavirin, but no studies in humans have been 
completed to determine efficacy or safety in treatment of CTFV of 
humans.9 Tick prevention strategies are most important in limiting 
disease in humans. Infection with CTFV is thought to provide long-
lasting immunity against reinfection.

Salmon River Virus
SRV (CTFV-Ca) is considered a serotype of CTFV and has been associ-
ated with human disease. It was isolated from a viremic patient with a 
CTFV-like illness and named for the area where infection was likely 
acquired: at the middle fork of Idaho’s Salmon River. Some experts 
have postulated that SRV may be the cause of most CTFV-like illnesses 
in Idaho and Montana. Many small and large mammals are infected 
naturally with the virus, but only humans develop clinical illness.28

Eyach Virus
EYAV is an antigenically related but distinct virus from CTFV that was 
first isolated from Ixodes sp. ticks in France and Germany.6,11,19,29,30 
EYAV has subsequently been implicated in febrile illness and neuro-
logic syndromes (encephalitis and polyradiculoneuritis) in patients 
from the former Czech Republic.31 Antibodies to EYAV were detected 
in sera and CSF from 12% of Czech patients, most of whom had clinical 
presentations suggestive of tick-borne encephalitis virus infection. 
EYAV was not isolated from these patients. The natural cycle of the 
virus is still not fully known. The reservoir is thought to be the Euro-
pean rabbit, and serologic surveys demonstrated EYAV antibodies in 
deer, ovines, and caprines.1 Virus isolation and propagation are not 
feasible in cell culture and typically require intracranial injection of 
suckling mice. Complement fixation and neutralization assays for 
EYAV are not widely available. A highly sensitive and specific ELISA 
directed at recombinant VP6 protein of EYAV is available, which effec-
tively distinguishes between CTFV and EYAV.32 In an evaluation of 340 
sera from French blood donors, specificity for this ELISA was 100% 
and no cross-reactivity was detected with antibody to CTFV. PCR has 
also been used for diagnosis.4

SEADORNAVIRUSES
Banna Virus
Epidemiology and Clinical Features
Seadornaviruses are mosquito-borne arboviruses endemic to South-
east Asia, particularly Indonesia and China. The epidemiology of 
seadornaviruses remains poorly documented. Banna virus (BAV), the 
type species of the genus, is the only Seadornavirus that has been iso-
lated from humans and associated with human disease.3,6,7,33 BAV has 
been isolated from multiple mosquito species (Anopheles, Culex, and 
Aedes spp.), pigs, and cattle, as well as humans, suggesting widespread 
distribution throughout Southeast Asia.5,6 BAV was first isolated in 
1987 from CSF and sera from encephalitis patients in southern China 
(Yunnan province) and has subsequently been detected in up to 24% 
of patients with unexplained fever or encephalitis in other parts of 
China.6,7,34 Patients infected with BAV exhibit influenza-like symp-
toms, myalgia, arthralgia, fever, and encephalitis.6 Infection with BAV 
may be underreported because it circulates in regions with a high 
incidence of Japanese encephalitis and could be misdiagnosed as this 
disease.11 Recently, 20 newly isolated BAV viruses from China were 
characterized, extending the known geographic range of BAVs from 
the tropical zone to north temperate climates.35 Two other seadorna-
viruses, Kadipiro and Liao ning, have been isolated only from mosqui-
toes but may be emerging human pathogens.6,8

Serologic diagnostic assays have been developed on the basis of the 
outer coat proteins responsible for cell attachment and neutraliza-
tion.7,27,32,36 Molecular diagnostics have been designed for detection of 
BAV, including RT-PCR.26,37 No specific therapy exists; treatment is 
symptomatic for fever and pain relief. Strong and long-lasting immuno-
logic responses have been documented in patients infected with BAV.6

Clinical Features
CTFV has been isolated from patients with acute febrile syndromes, 
meningitis, and encephalitis in North America. The first published 
clinical descriptions of CTFV appeared as early as 1855 with identifica-
tion of the virus in 1946 after isolation from human serum.9,18 At least 
22 strains of CTFV have been described,19 many of which cause disease 
in humans. Onset of symptoms usually occurs after an incubation of 
3 to 5 days (range, 0 to 14 days).9,15,20 Symptoms classically include 
abrupt onset of fever, chills, and headache, which may be accompanied 
by retro-orbital pain, photophobia, conjunctivitis, myalgia, generalized 
weakness, or lethargy.9,15,20 Other reported clinical findings include 
pharyngitis (20% of patients), palatal enanthem, nausea, vomiting, 
diarrhea, abdominal pain, and splenomegaly.9,15,20 Rash occurs in a 
minority (5% to 12%) of patients and has been described as macular, 
maculopapular, or petechial.9 Fever typically lasts 2 to 3 days and either 
resolves completely or, in 50% of cases, recurs after a period of 1 to 3 
days of fever remittance (although malaise may continue), described 
as the saddleback fever pattern. This second phase of febrile illness lasts 
about 2 days.15,20 Full resolution of symptoms typically occurs within 
1 week. Older patients (>30 years or age) may have fatigue, persisting 
for weeks to months.9 Neurologic complications (aseptic meningitis, 
meningoencephalitis, or encephalitis) are more common in the pedi-
atric population, occurring in up to 10% of symptomatic children.9 
Other rarely reported complications include myocarditis, pericarditis, 
pneumonitis, hepatitis, and epididymo-orchitis.6,9,19 Severity of illness 
is sufficient to necessitate hospitalization in up to 20% of CTFV 
patients.6 Mortality has not been reported in adults and is rare in 
children, with deaths reported in the pediatric population secondary 
to hemorrhagic shock, disseminated intravascular coagulation, or 
meningoencephalitis.9,15,20

Laboratory and Diagnostic Findings
Leukopenia (900 to 4000 cells/mm3) is common (65% of patients),6 
with a nadir typically occurring 6 days after symptom onset.21 A rela-
tive lymphocytosis is common, although atypical lymphocytes and 
neutrophils with toxic granules have also been reported. Moderate 
thrombocytopenia (20,000 to 97,000/µL) may also be present.21 Bone 
marrow aspiration shows reduction in mature granulocytes and mega-
karyocytes and increase in immature forms.19 In patients with menin-
gitis, meningoencephalitis, or encephalitis, cerebrospinal fluid (CSF) 
may demonstrate a lymphocytic pleocytosis of up to 300 white blood 
cells/mm3, mild elevations of protein, and normal to slightly decreased 
glucose concentration, none of which are distinguishable from other 
causes of meningoencephalitis.9,20

The virus can be isolated from blood and CSF. CTF viremia is 
prolonged, persisting up to 4 months after onset of illness in 50% of 
cases, related to infection of hematopoietic progenitor cells and persis-
tence through erythrocyte maturation.6,22,23 A quantitative real-time 
RT-PCR assay for the detection of CTF viral RNA in human clinical 
samples, including serum, has recently been described.24,25 The sensi-
tivity of this assay has been shown to be greater than that of isolation 
of virus in Vero cells. The assay may be particularly useful for diagnosis 
during the first 5 to 6 days of illness.24

Various methods for serologic diagnosis have been used.26 An 
immunofluorescence assay allows rapid detection of anti-CTFV anti-
bodies. A plaque reduction neutralization assay can detect neutralizing 
antibodies that appear 14 to 21 days after onset of disease. An enzyme-
linked immunosorbent assay (ELISA) detects immunoglobulin M 
(IgM) and IgG antibodies that appear concurrently or several days after 
neutralizing antibodies. IgM titers for CTFV peak 30 to 40 days after 
infection and then rapidly fall after day 45. ELISA based on recombi-
nant VP7 and Western blot based on synthetic VP12 also show good 
sensitivity.27 The complement-fixation test is insensitive; complement-
fixing antibodies are detectable only late in infection for 75% of patients 
and are not detectable in 25% of patients.

The differential diagnosis of CTFV includes rickettsial diseases 
(Rocky Mountain spotted fever, ehrlichiosis), tularemia, relapsing 
fever, and Lyme disease, as well as other causes of viral meningitis and 
encephalitis.

http://www.myuptodate.com


C
h

ap
ter 151 Coltiviruses	and	Seadornaviruses

1853

Key References
The complete reference list is available online at Expert Consult.

1. Attoui H, Mohd Jaafar F, Biagini P, et al. Genus Coltivirus 
(family Reoviridae): genomic and morphologic character-
ization of Old World and New World viruses. Arch Virol. 
2002;147:533-561.

2. Attoui H, Billoir F, Biagini P, et al. Sequence determination 
and analysis of the full-length genome of Colorado tick fever 
virus, the type species of genus Coltivirus (family Reoviri-
dae). Biochem Biophys Res Commun. 2000;273:1121-1125.

3. Attoui H, Billoir F, Biagini P, et al. Complete sequence 
determination and genetic analysis of Banna virus and 
Kadipiro virus: proposal for assignment to a new genus 
(Seadornavirus) within the family Reoviridae. J Gen Virol. 
2000;81:1507-1515.

4. Attoui H, Charrel RN, Billoir F, et al. Comparative sequence 
analysis of American, European and Asian isolates of viruses 
in the genus Coltivirus. J Gen Virol. 1998;79:2481-2489.

5. Nabeshima T, Nga PT, Posadas G, et al. Isolation and molec-
ular characterization of Banna virus from mosquitoes, 
Vietnam. Emerg Infect Dis. 2008;14:1276-1279.

6. Attoui H, Mohd Jaafar F, de Micco P, et al. Coltiviruses and 
seadornaviruses in North America, Europe, and Asia. Emerg 
Infect Dis. 2005;11:1673-1679.

7. Tao SJ, Chen BQ. Studies of Coltivirus in China. Chin Med 
J (Engl). 2005;118:581-586.

8. Attoui H, Mohd Jaafar F, Belhouchet M, et al. Liao ning 
virus, a new Chinese seadornavirus that replicates in trans-
formed and embryonic mammalian cells. J Gen Virol. 2006;
87:199-208.

9. Romero JR, Simonsen KA. Powassan encephalitis and 
Colorado tick fever. Infect Dis Clin North Am. 2008;22:
545-559.

10. Brackney MM, Marfin AA, Staples JE, et al. Epidemiology 
of Colorado tick fever in Montana, Utah, and Wyoming, 
1995-2003. Vector Borne Zoonotic Dis. 2010;10:381-385.

11. Charrel RN, Attoui H, Butenko AM, et al. Tick-borne virus 
diseases of human interest in Europe. Clin Microbiol Infect. 
2004;10:1040-1055.

12. Brown SE, Miller BR, McLean RG, et al. Co-circulation of 
multiple Colorado tick fever virus genotypes. Am J Trop Med 
Hyg. 1989;40:94-101.

13. McLean RG, Shriner RB, Pokorny KS, et al. The ecology of 
Colorado tick fever in Rocky Mountain National Park in 
1974. III. Habitats supporting the virus. Am J Trop Med Hyg. 
1989;40:86-93.

14. Emmons RW. Ecology of Colorado tick fever. Annu Rev 
Microbiol. 1988;42:49-64.

15. Goodpasture HC, Poland JD, Francy DB, et al. Colorado tick 
fever: clinical, epidemiologic, and laboratory aspects of 228 
cases in Colorado in 1973-1974. Ann Intern Med. 1978;88:
303-310.

16. Leiby DA, Gill JE. Transfusion-transmitted tick-borne infec-
tions: a cornucopia of threats. Transfus Med Rev. 2004;18:
293-306.

17. Parsonson IM, Della-Porta AJ, Snowdon WA. Devel-
opmental disorders of the fetus in some arthropod- 
borne virus infections. Am J Trop Med Hyg. 1981;30:
660-673.

18. Florio L, Miller MS, Mugrage ER. Colorado tick fever: isola-
tion of the virus from Dermacentor andersoni in nature and 
a laboratory study of the transmission of the virus in the tick. 
J Immunol. 1950;64:257-263.

19. Klasco R. Colorado tick fever. Med Clin North Am. 2002;86:
435-440.

20. Spruance SL, Bailey A. Colorado tick fever. A review of 
115 laboratory confirmed cases. Arch Intern Med. 1973;131:
288-293.

21. Andersen RD, Entringer MA, Robinson WA. Virus-induced 
leukopenia: Colorado tick fever as a human model. J Infect 
Dis. 1985;151:449-453.

22. Philipp CS, Callaway C, Chu MC, et al. Replication of Colo-
rado tick fever virus within human hematopoietic progeni-
tor cells. J Virol. 1993;67:2389-2395.

23. Hughes LE, Casper EA, Clifford CM. Persistence of Colo-
rado tick fever virus in red blood cells. Am J Trop Med Hyg. 
1974;23:530-532.

24. Lambert AJ, Kosoy O, Velez JO, et al. Detection of Colorado 
Tick Fever viral RNA in acute human serum samples by a 
quantitative real-time RT-PCR assay. J Virol Methods. 2007;
140:43-48.

25. Johnson AJ, Karabatsos N, Lanciotti RS. Detection of Colo-
rado tick fever virus by using reverse transcriptase PCR and 
application of the technique in laboratory diagnosis. J Clin 
Microbiol. 1997;35:1203-1208.

26. Attoui H, Billoir F, Bruey JM, et al. Serologic and molecular 
diagnosis of Colorado tick fever viral infections. Am J Trop 
Med Hyg. 1998;59:763-768.

27. Mohd Jaafar F, Attoui H, Gallian P, et al. Recombinant VP7-
based enzyme-linked immunosorbent assay for detection of 
immunoglobulin G antibodies to Colorado tick fever virus. 
J Clin Microbiol. 2003;41:2102-2105.

28. Tsai T. Orbiviruses and coltiviruses. In: Feigen RD, Cherry 
J, eds. Textbook of Pediatric Infectious Diseases. Philadelphia: 
WB Saunders; 2004:1897-1901.

29. Chastel C. Erve and Eyach: two viruses isolated in France, 
neuropathogenic for man and widely distributed in Western 
Europe. Bull Acad Natl Med. 1998;182:801-809; discussion 
809-810.

30. Rehse-Kupper B, Casals J, Rehse E, et al. Eyach: an arthro-
podborne virus related to Colorado tick fever virus in the 
Federal Republic of Germany. Acta Virol. 1976;20:339-342.

31. Malkova D, Holubova J, Kolman JM, et al. Antibodies 
against some arboviruses in persons with various neuropa-
thies. Acta Virol. 1980;24:298.

33. Mohd Jaafar F, Attoui H, Mertens PP, et al. Structural orga-
nization of an encephalitic human isolate of Banna virus 
(genus Seadornavirus, family Reoviridae). J Gen Virol. 2005;
86:1147-1157.

34. Xu P, Wang Y, Zuo J, et al. New orbiviruses isolated from 
patients with unknown fever and encephalitis in Yunnan 
province. Chinese J Virol. 1990;6:27-33.

http://www.myuptodate.com


1853.e1
C

h
ap

ter 151 Coltiviruses	and	Seadornaviruses

References
1. Attoui H, Mohd Jaafar F, Biagini P, et al. Genus Coltivirus 

(family Reoviridae): genomic and morphologic character-
ization of Old World and New World viruses. Arch Virol. 
2002;147:533-561.

2. Attoui H, Billoir F, Biagini P, et al. Sequence determination 
and analysis of the full-length genome of Colorado tick  
fever virus, the type species of genus Coltivirus (family 
Reoviridae). Biochem Biophys Res Commun. 2000;273:
1121-1125.

3. Attoui H, Billoir F, Biagini P, et al. Complete sequence 
determination and genetic analysis of Banna virus and 
Kadipiro virus: proposal for assignment to a new genus 
(Seadornavirus) within the family Reoviridae. J Gen Virol. 
2000;81:1507-1515.

4. Attoui H, Charrel RN, Billoir F, et al. Comparative sequence 
analysis of American, European and Asian isolates of viruses 
in the genus Coltivirus. J Gen Virol. 1998;79:2481-2489.

5. Nabeshima T, Nga PT, Posadas G, et al. Isolation and molec-
ular characterization of Banna virus from mosquitoes, 
Vietnam. Emerg Infect Dis. 2008;14:1276-1279.

6. Attoui H, Mohd Jaafar F, de Micco P, et al. Coltiviruses and 
seadornaviruses in North America, Europe, and Asia. Emerg 
Infect Dis. 2005;11:1673-1679.

7. Tao SJ, Chen BQ. Studies of Coltivirus in China. Chin Med 
J (Engl). 2005;118:581-586.

8. Attoui H, Mohd Jaafar F, Belhouchet M, et al. Liao ning 
virus, a new Chinese seadornavirus that replicates in trans-
formed and embryonic mammalian cells. J Gen Virol. 2006;
87:199-208.

9. Romero JR, Simonsen KA. Powassan encephalitis and 
Colorado tick fever. Infect Dis Clin North Am. 2008;22:
545-559.

10. Brackney MM, Marfin AA, Staples JE, et al. Epidemiology 
of Colorado tick fever in Montana, Utah, and Wyoming, 
1995-2003. Vector Borne Zoonotic Dis. 2010;10:381-385.

11. Charrel RN, Attoui H, Butenko AM, et al. Tick-borne virus 
diseases of human interest in Europe. Clin Microbiol Infect. 
2004;10:1040-1055.

12. Brown SE, Miller BR, McLean RG, et al. Co-circulation of 
multiple Colorado tick fever virus genotypes. Am J Trop Med 
Hyg. 1989;40:94-101.

13. McLean RG, Shriner RB, Pokorny KS, et al. The ecology of 
Colorado tick fever in Rocky Mountain National Park in 
1974. III. Habitats supporting the virus. Am J Trop Med Hyg. 
1989;40:86-93.

14. Emmons RW. Ecology of Colorado tick fever. Annu Rev 
Microbiol. 1988;42:49-64.

15. Goodpasture HC, Poland JD, Francy DB, et al. Colorado tick 
fever: clinical, epidemiologic, and laboratory aspects of 228 
cases in Colorado in 1973-1974. Ann Intern Med. 1978;88:
303-310.

16. Leiby DA, Gill JE. Transfusion-transmitted tick-borne infec-
tions: a cornucopia of threats. Transfus Med Rev. 2004;18:
293-306.

17. Parsonson IM, Della-Porta AJ, Snowdon WA. Developmen-
tal disorders of the fetus in some arthropod-borne virus 
infections. Am J Trop Med Hyg. 1981;30:660-673.

18. Florio L, Miller MS, Mugrage ER. Colorado tick fever: isola-
tion of the virus from Dermacentor andersoni in nature and 
a laboratory study of the transmission of the virus in the tick. 
J Immunol. 1950;64:257-263.

19. Klasco R. Colorado tick fever. Med Clin North Am. 2002;86:
435-440.

20. Spruance SL, Bailey A. Colorado tick fever. A review of 
115 laboratory confirmed cases. Arch Intern Med. 1973;131:
288-293.

21. Andersen RD, Entringer MA, Robinson WA. Virus-induced 
leukopenia: Colorado tick fever as a human model. J Infect 
Dis. 1985;151:449-453.

22. Philipp CS, Callaway C, Chu MC, et al. Replication of Colo-
rado tick fever virus within human hematopoietic progeni-
tor cells. J Virol. 1993;67:2389-2395.

23. Hughes LE, Casper EA, Clifford CM. Persistence of Colo-
rado tick fever virus in red blood cells. Am J Trop Med Hyg. 
1974;23:530-532.

24. Lambert AJ, Kosoy O, Velez JO, et al. Detection of Colorado 
Tick Fever viral RNA in acute human serum samples by a 
quantitative real-time RT-PCR assay. J Virol Methods. 2007;
140:43-48.

25. Johnson AJ, Karabatsos N, Lanciotti RS. Detection of Colo-
rado tick fever virus by using reverse transcriptase PCR and 
application of the technique in laboratory diagnosis. J Clin 
Microbiol. 1997;35:1203-1208.

26. Attoui H, Billoir F, Bruey JM, et al. Serologic and molecular 
diagnosis of Colorado tick fever viral infections. Am J Trop 
Med Hyg. 1998;59:763-768.

27. Mohd Jaafar F, Attoui H, Gallian P, et al. Recombinant VP7-
based enzyme-linked immunosorbent assay for detection of 
immunoglobulin G antibodies to Colorado tick fever virus. 
J Clin Microbiol. 2003;41:2102-2105.

28. Tsai T. Orbiviruses and coltiviruses. In: Feigen RD, Cherry 
J, eds. Textbook of Pediatric Infectious Diseases. Philadelphia: 
WB Saunders; 2004:1897-1901.

29. Chastel C. Erve and Eyach: two viruses isolated in France, 
neuropathogenic for man and widely distributed in Western 
Europe. Bull Acad Natl Med. 1998;182:801-809; discussion 
809-810.

30. Rehse-Kupper B, Casals J, Rehse E, et al. Eyach: an 
arthropodborne virus related to Colorado tick fever virus  
in the Federal Republic of Germany. Acta Virol. 1976;20:
339-342.

31. Malkova D, Holubova J, Kolman JM, et al. Antibodies 
against some arboviruses in persons with various neuropa-
thies. Acta Virol. 1980;24:298.

32. Mohd Jaafar F, Attoui H, De Micco P, et al. Recombinant 
VP6-based enzyme-linked immunosorbent assay for detec-
tion of immunoglobulin G antibodies to Eyach virus (genus 
Coltivirus). J Clin Virol. 2004;30:248-253.

33. Mohd Jaafar F, Attoui H, Mertens PP, et al. Structural orga-
nization of an encephalitic human isolate of Banna virus 
(genus Seadornavirus, family Reoviridae). J Gen Virol. 2005;
86:1147-1157.

34. Xu P, Wang Y, Zuo J, et al. New orbiviruses isolated from 
patients with unknown fever and encephalitis in Yunnan 
province. Chinese J Virol. 1990;6:27-33.

35. Liu H, Li MH, Zhai YG, et al. Banna virus, China, 1987-
2007. Emerg Infect Dis. 2010;16:514-517.

36. Mohd Jaafar F, Attoui H, Gallian P, et al. Recombinant VP9-
based enzyme-linked immunosorbent assay for detection of 
immunoglobulin G antibodies to Banna virus (genus 
Seadornavirus). J Virol Methods. 2004;116:55-61.

37. Billoir F, Attoui H, Simon S, et al. Molecular diagnosis of 
group B coltiviruses infections. J Virol Methods. 1999;81:
39-45.

http://www.myuptodate.com


1854

152  Rotaviruses
Philip R. Dormitzer

HISTORY AND OVERVIEW
Rotavirus is a genus within the Reoviridae, a family of nonenveloped, 
icosahedral animal viruses with double-stranded, segmented RNA 
genomes. The family Reoviridae also includes reoviruses, which have 
occasionally been isolated from patients with respiratory illnesses  
but have not been established as a cause of human disease, and colti-
viruses and seadornaviruses, which cause disease in humans (see 
Chapters 150 and 151). Rotaviruses are the most important cause of 
severe, dehydrating gastroenteritis in children younger than age 5 years 

in all socioeconomic groups and in all regions of the world. As of  
2008, they were responsible for approximately 450,000 infant and 
childhood deaths annually, with more than half of those deaths  
occurring in India, Nigeria, Pakistan, the Democratic Republic of 
Congo, Ethiopia, and Afghanistan.1 Higher latitude and higher income 
correlate with a seasonal pattern of disease in cold and dry months; 
lower latitude and income correlate with less distinct seasonality, 
although neither geography nor income fully account for observed 
annual patterns.2

Definition
•	 Rotavirus	is	a	nonenveloped,	double-stranded	

RNA	virus	that	is	the	most	important	universal	
cause	of	dehydrating	infant	and	childhood	
gastroenteritis.

Viral Structure and Replication
•	 The	viral	particle	is	a	triple-layered	icosahedron.
•	 Genome	consists	of	11	segments	of	double-

stranded	RNA.
•	 The	outer	layer	glycoprotein	VP7	and	the	spike	

protein	VP4	mediate	entry	into	cells	and	are	
the	neutralization	determinants.

•	 The	virus	binds	cell	surface	carbohydrates.
•	 Cells	are	entered	by	viral	penetration	of	the	

cellular	membrane.
•	 After	the	outer	layer	is	removed,	a	subviral	

particle	transcribes	and	extrudes	mRNA.
•	 New	subviral	particles	assemble	in	viroplasms	

in	the	cytoplasm,	and	virions	are	completed	by	
addition	of	the	outer-layer	proteins	in	the	
endoplasmic	reticulum.

Clinical Manifestations
•	 Gastroenteritis	due	to	rotavirus	is	not	readily	

distinguished	from	gastroenteritis	caused	by	
other	agents	on	clinical	grounds	alone.

•	 Main	symptoms	are	diarrhea	and	vomiting.	
Severe	dehydration	and	death	can	result.

Pathogenesis
•	 The	virus	primarily	infects	epithelial	cells	at	

the	tips	of	the	intestinal	villi.
•	 Multifactorial	pathogenesis	of	rotavirus	

diarrhea	includes	malabsorption	due	to	loss	of	
intestinal	epithelial	cells,	an	enterotoxin,	and	
enteric	nervous	system	signaling	to	create	a	
secretory	state.

Serologic Classification
•	 Group	A	rotaviruses	cause	most	human	disease.
•	 There	is	an	extensive	diversity	of	antigenic	

types.
•	 Within	group	A,	rotavirus	has	a	dual	serologic	

classification	system	with	G	type	based	on	VP7	
and	P	type	based	on	VP4.

•	 Genetic	classification	is	starting	to	replace	
serologic	classification.

Epidemiology
•	 Infection	is	universal	in	the	first	years	of	life.
•	 Infection	may	be	symptomatic	or	

asymptomatic.
•	 Severe	illness	is	most	common	between	6	

months	and	2	years	of	age.
•	 Reinfection	occurs	throughout	life.
•	 There	is	a	large	burden	of	illness	in	all	

socioeconomic	settings,	but	mortality	is	
concentrated	in	developing	countries.

•	 Annually,	rotaviruses	cause	approximately	
450,000	deaths	of	children	younger	than	the	
age	of	5	years.

•	 Exchange	of	strains	and	genome	segments	
between	human	rotaviruses	and	animal	
rotaviruses	maintains	the	diversity	of	
circulating	strains.

Immunity
•	 Partial	protection	from	reinfection	is	

provided	by	previous	infection,	with		
generally	decreasing	severity	of	subsequent	
infections.

•	 Serotype	influences	but	does	not	determine	
protection	from	reinfection.

•	 VP4	and	VP7	each	contain	serotype-specific	
and	heterotypic	neutralizing	epitopes.

•	 Neutralizing	antibodies	block	the	functions	of	
the	outer	capsid	proteins	in	cell	entry.

•	 Non-neutralizing	IgA	against	the	middle	layer	
protein,	VP6,	can	interfere	with	intracellular	
virus	replication,	as	the	antibody	is	
transcytosed	across	intestinal	epithelial	cells.

•	 Humoral	immunity	appears	to	be	the	most	
important	determinant	of	protection	from	
reinfection.

•	 Cellular	immunity	contributes	to	clearance	of	
infection.

•	 Rotavirus	interferes	with	the	innate	immune	
response	by	several	mechanisms.

Diagnosis
•	 Specific	virologic	diagnosis	is	not	necessary	for	

routine	clinical	care	but	is	useful	for	
epidemiologic	study,	in	complicated	or	
prolonged	cases,	and	to	reduce	unnecessary	
antibiotic	use.

•	 Antigen	can	be	readily	detected	in	the	stool,	
most	commonly	by	enzyme-linked	
immunosorbent	assay.

•	 There	is	increasing	use	of	nucleic	acid–based	
testing	for	epidemiologic	investigations.

Therapy
•	 Therapy	is	primarily	supportive	and	aimed	at	

maintaining	hydration	until	the	infection	
resolves.

•	 No	specific	antiviral	therapy	is	available.
•	 Mild	and	moderate	dehydration	can	be	

treated	effectively	with	oral	rehydration	
solutions.

•	 Severe	dehydration	and	treatment	for	patients	
with	depressed	consciousness	or	ileus	require	
the	use	of	intravenous	fluids.

•	 In	the	context	of	malnutrition,	zinc	
supplementation	may	be	a	useful	adjunct	to	
oral	rehydration	therapy.

Immunization
•	 Two	live-attenuated,	oral	rotavirus	vaccines	

have	been	licensed	and	are	currently	in	
use—a	monovalent	vaccine	(Rotarix)	and	a	
pentavalent	vaccine	(RotaTeq).

•	 A	rare	complication	of	immunization,	intestinal	
intussusception,	led	to	the	withdrawal	of	a	
previous	rotavirus	vaccine,	but	there	is	
consensus	that	the	benefits	of	immunization	
with	the	current	rotavirus	vaccines	far	
outweigh	the	risk	for	intussusception.

•	 Where	the	vaccines	have	been	introduced,	
they	have	dramatically	decreased	severe	
rotavirus	gastroenteritis	and	substantially	
decreased	severe,	dehydrating	pediatric	
gastroenteritis	overall.

•	 The	next	major	challenge	is	distributing	
rotavirus	vaccines	to	the	developing	countries	
where	mortality	is	concentrated.

•	 Despite	lower	efficacy	in	impoverished	settings	
than	in	affluent	settings,	rotavirus	vaccines	
could	have	a	large	impact	on	infant	mortality	
worldwide.

•	 Local	production	of	new	rotavirus	vaccine	
candidates	in	developing	countries	could	
contribute	to	increased	access.

SHORT VIEW SUMMARY
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rotavirus infection and disease. The ability to “mate” rotavirus strains 
by coinfecting cells to achieve reassortment of the 11 genome segments 
has allowed classic genetic studies. Extensive global epidemiology has 
relied on an elaborate serology, now supplemented by nucleic acid–
based diagnostics. This scientific background enabled the introduction 
of live-attenuated vaccines for human use. These vaccines have greatly 
reduced the health impact of rotaviruses in the upper and middle 
income countries where they have been introduced, with evidence of 
both direct vaccine-elicited immunity and a herd effect.7 Efforts to 
extend effective immunization to the most severely affected popula-
tions in developing countries are underway.8 The application of molec-
ular and structural biology provides the scientific basis for the next 
generation of vaccines.

VIRAL STRUCTURE  
AND REPLICATION
The rotavirus virion is a nonenveloped icosahedral particle, which is 
approximately 770 Å in diameter, excluding the VP4 spikes (Fig. 152-
2A).9,10 It consists of three concentric protein layers, which encapsidate 
11 segments of tightly packed, double-stranded RNA, together with 
polymerase and capping enzyme complexes. Each genome segment 
contains one or, in the case of genome segment 11, two open reading 
frames. These segments encode six structural proteins (VP1 to VP4, 
VP6, and VP7) and six nonstructural proteins (NSP1 to NSP6).

The innermost protein shell consists of 120 copies of VP2, arranged 
in an icosahedral lattice (T = 1 with two VP2 molecules making up 
each icosahedral asymmetrical unit).9 The VP1 polymerase and VP3 
capping enzyme are anchored inside the VP2 shell adjacent to pores at 
the icosahedral fivefold vertices. The middle layer consists of 780 
copies of VP6, which form thick trimeric pillars in an icosahedral 
lattice (T = 13 levo). Although not exposed on the virus surface, VP6 
is the target of the most abundant antibodies elicited by rotavirus infec-
tion. The genome, VP1, VP3, and the inner two protein layers make 
up the transcriptionally active, double-layered subviral particle (DLP).

The thin outermost layer consists of 780 copies of a coat glycopro-
tein, VP7, and 180 copies of a spike protein VP4, which forms asym-
metrical trimers that protrude from the virion (see Fig. 152-2B, left).10 
One hundred and thirty-two aqueous holes perforate the outer and 
middle layers. VP4 and VP7 translocate the DLP across a host mem-
brane and into the cytoplasm. Both outer layer proteins are neutraliza-
tion antigens.11 VP4 is the major cell attachment protein, a membrane 
penetration protein, and a determinant of virulence.11-14 VP7 forms the 
icosahedral lattice of the outermost layer, which is in register with the 
VP6 lattice of the middle layer.

Before the association of rotaviruses with human disease, etiologic 
agents were not identified in most cases of childhood gastroenteritis. 
In 1973, electron microscopic examination of duodenal biopsy speci-
mens from six of nine children with acute gastroenteritis revealed 
similar viral particles, which were approximately 70 nm in diameter.3 
Morphologically, these particles were indistinguishable from viruses 
previously identified in specimens from mice and cows with diarrhea4,5 
and were designated rotaviruses because of their appearance in elec-
tron micrographs as wheels with spokes (Fig. 152-1). The antigenic 
similarity between the human and bovine agents was confirmed when 
an exchange of matched liquid stool and convalescent sera between a 
veterinary and a medical laboratory showed that antibodies in the sera 
of children and calves agglutinated the rotavirus particles in the stools 
of both species.6 The human sera also neutralized the infectivity of the 
bovine agent, which had been adapted to growth in cell culture.6

Since the discovery of the agent, understanding of rotavirus replica-
tion, pathogenesis, and immunity has relied on the study of strains that 
grow well in cell culture and on large and small animal models for 

FIGURE 152-1  Electron micrograph of negatively stained rotavi-
rus virions in a stool filtrate from a child with gastroenteritis. The 
outer capsid appears as a thin rim surrounding stubby protrusions made 
up of VP6 trimers. “Empty” particles with dark centers lack genomic RNA. 
(From Kapikian AZ, Kim HW, Wyatt RG, et al. Reoviruslike agent in stools: 
association with infantile diarrhea and development of serologic tests. 
Science. 1974;185:1049-1053.)

FIGURE 152-2  Structure of the rotavirus virion and rearrangements of the VP4 spike. A, Surface rendering of the rotavirus virion with cleaved 
VP4, based on a 4.3 Å electron cryomicroscopic  image reconstruction. VP8* is  in magenta; VP5* is  in red; and VP7 is  in yellow. Some of VP6  (green) 
and VP2 (blue) on the inner capsid particle can be seen through the gaps in the VP7 lattice. B, Model for the sequence of conformational changes in 
VP4 and how those changes link to interactions with a surrounding membrane. Left, The spike binds receptor (blue diamonds) at the sialic acid-binding 
cleft on VP8* (magenta ribbons). The β-barrel domains (on which red asterisks designate hydrophobic loops) and carboxyl-terminal domains of VP5* are 
shown as ribbons in yellow, orange, and red for the three VP5* subunits. The β-barrel domain of the orange VP5* subunit forms the stalk of the spike, 
and the β-barrel domains of the yellow and red VP5* subunits form the body. Center, VP8* separates from the VP5* body but remains tethered to the 
foot through its amino-terminal segment. The three VP5* β-barrel domains (yellow, red, and orange ovals) can then project outward so that the hydro-
phobic loops at their apices (red asterisks) contact the membrane bilayer. Right, Zipping up of the coiled-coil reconfigures the β-barrel domains (arrows 
in center panel), so that their hydrophobic tips (red asterisks) now point toward the foot. Membrane disruption accompanies this conformational change. 
(From Settembre EC, Chen JZ, Dormitzer PR, et al. Atomic model of an infectious rotavirus particle. EMBO J. 2011;30:408-416.)
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circularization, mediated by the specific binding of the rotavirus non-
structural protein NSP3 to a four-nucleotide consensus sequence at the 
3′ end of viral mRNA and to the cellular cap-binding protein eIF4G.32-34 
Thus, NSP3 substitutes for a cellular polyadenylic acid binding protein 
to favor the translation of the nonpolyadenylated viral mRNAs over 
polyadenylated host mRNAs.

Rotavirus genome replication must overcome two major chal-
lenges: one copy of each of 11 different RNAs must be selected for 
packaging, and the newly synthesized double-stranded RNA must be 
sequestered so that it does not induce an interferon response. The 
mechanism of selective packaging remains obscure but may involve 
base-pairing interactions between the nascent genome segments; the 
mechanism of genome sequestration is better understood.35 The viral 
polymerase, VP1, specifically binds rotavirus mRNAs by recognizing 
a consensus sequence (UGUG) near their 3′ ends but holds the mRNAs 
in an inactive complex.36 The mRNA shifts to a position that permits 
negative strand synthesis only when the polymerase binds to the inner 
face of a decamer of the inner shell protein, VP2.37 The dependence of 
negative-strand synthesis on VP1-mRNA complexes binding to the 
inner shell protein ensures that double-stranded genomic RNA is syn-
thesized within a nascent particle.

Several viral nonstructural proteins are involved in genome replica-
tion and the assembly of precursor particles.35 DLPs are assembled in 
cytoplasmic viral “factories,” termed viroplasms, which form through 
the interaction of rotavirus nonstructural proteins NSP2 and NSP5.38 
NSP2 is an octomeric doughnut-shaped structure with RNA-binding, 
helix-destabilizing, nucleoside triphosphatase, and nucleoside diphos-
phate kinase–like activities.39 Activities proposed for NSP2 include 
acting as a molecular motor to drive replicating mRNA into the nascent 
particles and maintaining nucleotide pools in viroplasms during rep-
lication.39,40 NSP5 is metalloprotein that binds an iron-sulfate cluster 
and also a phosphoprotein that has autokinase activity.41,42 NSP5 prob-
ably has a regulatory role, competing with single-stranded RNA to 
bind in grooves of the NSP2 octamer, competing with VP6 for binding 
to VP2, and binding RNA.43,44 Once VP6 is added to the nascent par-
ticle, the newly formed DLP can transcribe mRNA, amplifying virus 
yield.

Newly transcribed rotavirus mRNA enters two pools: mRNA that 
remains sequestered within viroplasms is replicated and packaged as 
genome segments; mRNA that escapes viroplasms is translated.45 
Despite the barrier imposed by the need to introduce recombinant 
mRNA into viroplasms for replication, recombinant genes have been 
incorporated into infectious rotavirus genomes.46,47 The reverse genet-
ics system is complicated and involves transfecting cells with a plasmid 
bearing a T7 promoter-controlled recombinant gene, infecting with a 
vaccinia virus expressing T7 polymerase, coinfecting with a helper 
rotavirus, and selecting against the wild-type helper virus progeny by 
antibody neutralization, temperature sensitivity, or small interfering 
RNA (siRNA) gene silencing. As reverse genetic rescue becomes more 
efficient, the technique promises accelerated basic discovery and, 
potentially, rationally attenuated vaccine strains.

After genome replication and DLP assembly, the outer capsid is 
added through an unusual maturation process. The DLP binds the 
cytoplasmic tail of NSP4, a rotavirus nonstructural protein that is resi-
dent in the membranes of the endoplasmic reticulum (ER) and 
viroplasm-associated vesicles, and then buds into the ER lumen, tran-
siently acquiring an envelope.48 VP7, also resident in the ER, mediates 
removal of the transient envelope and binds the DLP, locking the VP4 
spike protein in place.49,50 Thus, rotavirus penetrates membranes twice. 
During entry, rotavirus penetrates a cellular membrane through a 
mechanism involving rearrangements of cleaved VP4 as the outer 
capsid disassembles; during maturation, rotavirus penetrates an enve-
lope derived from the ER through a mechanism that involves VP7 and 
possibly NSP4, as the outer capsid assembles. Rotavirus egress from 
infected enterocytes is accomplished by release from the apical surface 
after vesicular transport from the ER by a pathway that bypasses the 
Golgi apparatus.51

CLINICAL MANIFESTATIONS
Infants and young children with diarrhea caused by rotavirus are more 
likely to have severe symptoms and become dehydrated than patients 

The rotavirus particle is physically hardy and resists inactivation by 
treatment with fluorocarbons, ether, and concentrations of chlorine 
typically used to treat sewage effluent and drinking water.15 However, 
the particle is inactivated by calcium chelators and by antiseptic agents 
that contain relatively high concentrations of alcohols (>40%), free 
chlorine (>20,000 ppm), or iodophors (>10,000 ppm iodine).16 A com-
monly used hand-sanitizing agent (Purell), which contains 62% 
ethanol, substantially reduces viable rotavirus carriage on fingertips,17 
and a disinfectant spray (Lysol), which contains 79% ethanol and 0.1% 
o-phenylphenol, prevents the experimental transmission of rotavirus 
from fomites to human volunteers.18 Rotavirus survival in the environ-
ment is significantly decreased at high relative humidity.15

Efficient rotavirus infectivity requires priming of the virus by intes-
tinal trypsin, which cleaves the spike protein, VP4, into an amino-
terminal fragment, VP8*, and a carboxy-terminal fragment, VP5* (see 
Fig. 152-2). The VP8* fragment contains a hemagglutination domain, 
and the VP5* fragment contains a β-barrel domain that interacts with 
membranes.10 Cleavage into VP5* and VP8* triggers an initial rear-
rangement of VP4 trimers into an asymmetrical conformation (see Fig. 
152-2B, left) in which the three subunits form a “foot,” buried under 
the VP7 shell with approximate threefold symmetry, and the β-barrel 
domain of VP5* of one subunit forms a “stalk” that supports a “body,” 
formed by the β-barrel domains of VP5* from each of the other two 
subunits.10 The spike is topped by two “heads,” formed by the central 
VP8* domains of two of the subunits.10

The rotavirus cell entry pathway is complex, with entry-related 
conformational changes in VP4 and VP7, strain-dependent variation 
in use of cell surface receptors, and strain-dependent variation in the 
use of different endocytic pathways.19,20 The first rotavirus interaction 
with a cell generally occurs when the VP8* heads bind a cell surface 
glycan (see Fig. 152-2B). For many rotavirus strains that cause disease 
in nonhuman animals, the host cell glycan is a neuraminidase-sensitive 
terminal sialoside on cell membrane glycoproteins or glycolipids; for 
some strains that cause disease in humans, the initial receptor is a 
neuraminidase-insensitive nonterminal sialoside or a histo-blood 
group antigen that does not contain sialic acid.21,22,23 After initial 
attachment to a carbohydrate, the virus may interact with host protein 
receptors, such as heat shock protein 70 or one of several integrins 
(including α2β1, αvβ3, and αxβ2).24 Cell entry requires the action of 
dynamin and the presence of cholesterol in cellular membranes.20 
Some strains enter through clathrin-mediated endocytosis; others 
through a clathrin- and caveolin-independent endocytic pathway.20,25 
Endosomal acidification does not seem to be required for entry, as it 
is for many other viruses, but falling calcium concentration is probably 
necessary.25a

In low calcium environments, calcium is lost from the VP7 intra-
trimer interface and the VP7 trimers dissociate, releasing clamplike 
contacts with VP6 so that VP7 is shed from the virion.26,27 When VP7 
uncoating occurs in the presence of membranes, cleaved VP4 rear-
ranges to an inferred intermediate conformation that binds the mem-
branes (see Fig. 152-2B, center).28 This intermediate conformation 
resolves into a post–membrane-penetration state in which the VP5* 
fragments form an umbrella-shaped, threefold symmetrical, folded-
back trimer (see Fig. 152-2B, right).29 During these conformational 
changes, the hydrophobic apex of VP5* is translocated from one end 
of the molecule to the other.29 This motion resembles the fold-back 
rearrangements of enveloped virus fusion proteins, which mediate 
fusion between a virus envelope and a cellular membrane. Loss of 
membrane penetration when the VP5* apices are mutated to reduce 
their hydrophobicity suggests that the “jackknifing” of VP5* breaches 
a cellular membrane.14 The membrane breach must be substantial. 
Because naked rotavirus double-stranded RNA genome segments are 
not infectious, the entire transcriptionally active 710-Å DLP must be 
translocated into the cytoplasm to initiate infection.

The loss of VP7 leads to conformational shifts deeper in the par-
ticle, near the polymerase complex below the channels at the fivefold 
vertices, to activate the transcriptase activity of the rotavirus DLP  
so that, once in the cytoplasm, the DLP extrudes capped, nonpoly-
adenylated messenger RNA (mRNA) through channels at its fivefold 
icosahedral vertices.27,30,31 The genome remains encapsidated through-
out transcription. The translation of viral mRNAs is enhanced by  
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infection is universal, these associations may be coincidental rather 
than causative, and an etiologic association has not been established. 
Although intestinal intussusception has been temporally associated 
with immunization with rotavirus vaccines (see “Immunization”), 
intestinal intussusception does not appear to be associated with natural 
rotavirus infection.78

Links between rotavirus infection and the subsequent development 
of autoimmune disease have been proposed. Although some strains of 
rotavirus can cause biliary atresia in mouse models, and group C rota-
virus has been detected in liver tissue from biliary atresia patients, 
rotavirus has not been convincingly demonstrated to cause this condi-
tion in humans.79 Serologic evidence of more frequent rotavirus infec-
tion has been associated with the development of celiac disease in 
predisposed children.80 The introduction of effective rotavirus immu-
nization will clarify whether symptomatic infection with group A rota-
viruses is a trigger for such distinctive clinical syndromes.

PATHOGENESIS
The pathogenesis of rotavirus diarrhea is complex and incompletely 
understood, with potential roles for a viral enterotoxin, malabsorption 
related to mucosal damage and depression of disaccharidases, and 
secretion mediated by the enteric nervous system. Postmortem exami-
nation of the gastrointestinal tract of gnotobiotic pigs with diarrhea 
after experimental infection with a virulent human rotavirus strain 
demonstrated that virus replicates primarily in the villous epithelium 
of the small intestine.81 This pattern is consistent with the patchy villous 
epithelial distribution of rotavirus antigen noted after immunofluores-
cent staining of duodenal biopsy specimens from children with severe 
gastroenteritis.82 Light microscopic examination of such duodenal 
biopsy specimens reveals shortened and blunted villi with a cuboidal 
epithelium, crypt hypertrophy, and mononuclear cell infiltration of the 
lamina propria.3,83

The severity of diarrhea in children with rotavirus gastroenteritis 
correlates with the degree of mucosal damage, which suggests that 
malabsorption related to loss of absorptive cells may contribute to 
rotavirus diarrhea late in infection.83 However, in experimentally 
infected gnotobiotic pigs, diarrhea precedes villous atrophy.81 Similarly, 
small intestinal biopsy specimens from children with relatively mild 
rotavirus gastroenteritis do not consistently display histologic changes, 
probably reflecting patchy epithelial injury.84 These observations indi-
cate that potentially absorptive villous epithelial cells remain despite 
net fluid losses and that factors other than destruction of the intestinal 
epithelium are also important in the pathogenesis of rotavirus 
gastroenteritis.

In several animal models, rotavirus infection induces a net secre-
tion of fluid, sodium, and chloride from intestinal segments.85 Glucose 
cotransport of electrolytes is inhibited,86 although the degree of inhibi-
tion in humans does not prevent the use of oral rehydration solutions. 
Furthermore, decreased disaccharidase activity makes less glucose 
available for cotransport.3,86 Changes in the molecular weight distribu-
tion of absorbed polyethylene glycol in children with rotavirus gastro-
enteritis indicate an increase in paracellular permeability.87 Experiments 
in cell culture suggest that disruption of tight junctions by VP8* or 
NSP4 may mediate this increased permeability.88,89

The rotavirus nonstructural glycoprotein NSP4 is an enterotoxin 
that causes diarrhea in some animal models.90 The fragment of NSP4 
associated with this activity forms oligomers through a tetrameric or 
pentameric coiled-coil and raises cytoplasmic calcium levels, leading 
to a secretory state by activating a calcium-dependent chloride channel 
of the TMEM16 family.91-94 Several mechanisms have been proposed 
for NSP4’s effect on cytoplasmic calcium levels. Most NSP4 is resident 
in the ER membrane, and residues 47-90 have a viroporin-like activity 
that could disrupt the ER membrane, releasing calcium stores in 
infected cells.95 Alternatively, an NSP4 peptide corresponding to resi-
dues 112-175 and intact NSP4 in lipoprotein complexes are released 
from rotavirus-infected cells and could affect uninfected cells.96,97 
Extracellularly applied NSP4 fragments stimulate phospholipase C to 
produce inositol-1,4,5-triphosphate, which leads to calcium influx and 
release of calcium from intracellular stores.98 Other mechanisms pro-
posed for NSP4 enterotoxin activity include inhibition of sodium 
absorption by the epithelial sodium channel ENaC and by the 

with diarrhea related to other common enteric pathogens.52,53 The 
clinical manifestations of rotavirus gastroenteritis in humans have 
been studied in experimental infections in adults. In one such study, 4 
of 18 adult volunteers developed vomiting 1 to 3 days after oral admin-
istration of a virulent rotavirus strain.54 This was followed by diarrhea 
lasting 1 to 4 days and associated with anorexia, crampy abdominal 
pain, and low-grade fever. Viral shedding in stool was detected for 6 
to 10 or more days. Two thirds of the adult volunteers developed sero-
logic evidence of infection without disease. Similarly, most naturally 
occurring rotavirus infections of adults are asymptomatic, manifested 
only by a rise in antibody titer.55 However, rotavirus infection of adults 
can also cause severe and even fatal disease.56

Observational studies of children in North America hospitalized 
with rotavirus gastroenteritis reveal a similar, although more severe, 
pattern of disease.52,53,57 Rotavirus gastroenteritis in children generally 
begins with vomiting and fever, which lasts 2 to 3 days, and progresses 
to profuse watery diarrhea, which continues for 4 to 5 days. Vomiting 
is more common and prolonged with rotavirus gastroenteritis than 
with pediatric gastroenteritis caused by most other agents.57

Laboratory findings in children hospitalized with rotavirus gastro-
enteritis reflect isotonic dehydration and include high urine specific 
gravity and metabolic acidosis.52,57 Rotavirus gastroenteritis is not gen-
erally associated with leukocytosis but is sometimes accompanied by 
a mild elevation in aminotransferase and uric acid levels.52,57 Liquid 
stools from children with rotavirus diarrhea usually do not contain 
blood or fecal leukocytes,52,57 although the presence of fecal leukocytes 
does not exclude rotavirus as a cause.53 Typically, virus is detected in 
stools of children by antigenic assays for 4 to 10 days after the onset of 
symptoms.52 When a sensitive reverse-transcriptase polymerase chain 
reaction (RT-PCR) assay is used, shedding of viral RNA can be detected 
for up to 57 days from immunocompetent children, although this does 
not necessarily indicate shedding of infectious particles.58

Dehydration and severe electrolyte abnormalities leading to cardio-
vascular failure are the most common proximate causes of death from 
rotavirus gastroenteritis.59 Seizures and aspiration of vomitus may 
also lead to death.59 The spectrum of illness after rotavirus infection 
of infants and children also includes mild gastroenteritis and asymp-
tomatic infection. In some neonatal nurseries, difficult-to-eradicate 
endemic rotavirus strains asymptomatically infect neonates year 
round.60,61 A common VP4 type (P[6]) and genetic stability over time 
suggest that these nursery strains may be less virulent than most cir-
culating strains,60 although maternally transmitted immunity or matu-
rational resistance may also protect the neonates from disease. Because 
outbreaks of rotavirus diarrhea in neonatal nurseries also occur, any 
component of maturational resistance cannot be absolute.62

Rotavirus also has extraintestinal manifestations. Viremia, which is 
common in symptomatic and asymptomatic rotavirus infection, has 
unknown clinical significance in immunocompetent children.63 In 
immunocompromised children, rotavirus infection has been associ-
ated with chronic diarrhea and extraintestinal infection. Prolonged 
shedding of live attenuated vaccine strains associated with diarrhea has 
been observed in infants subsequently diagnosed with severe com-
bined immunodeficiency (SCID), leading to SCID being listed as a 
contraindication to rotavirus immunization.64 Other conditions asso-
ciated with chronic rotavirus infection include X-linked agamma-
globulinemia, cartilage hair hypoplasia, acquired immunodeficiency 
syndrome (AIDS), and DiGeorge syndrome.65-68 Rotavirus shed from 
chronically infected children often has altered genome segments.66,68 
Immunohistochemical staining for rotavirus structural and nonstruc-
tural proteins in autopsy specimens has demonstrated rotavirus repli-
cation in the hepatocytes and renal tubular cells of immunodeficient 
children with chronic rotavirus infection at the time of death.65 Rela-
tively severe rotavirus gastroenteritis has been noted in adult inpatients 
with immunosuppression related to bone marrow or renal transplanta-
tion.69,70 Rotavirus is not more common or severe in children with HIV 
disease, and rotavirus immunization is not contraindicated for infants 
infected with or exposed to HIV.71,72

Rotavirus has been detected in association with a number of  
syndromes other than gastroenteritis, including respiratory tract infec-
tions,73 necrotizing enterocolitis,74 pneumatosis intestinalis,75 myo-
carditis,76 seizures,77 and meningoencephalitis.77 Because rotavirus 
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Early attempts at genetic classification grouped rotaviruses accord-
ing to RNA genome electropherotype, which distinguished group A 
strains as “long,” “short,” and “supershort” on the basis of the electro-
phoretic mobility of genome segments 10 and 11. Whole rotavirus 
genome analysis indicates that there are two main genogroups of 
human rotaviruses, each of which contains viruses with overall genome 
similarity.116 The Wa-like human rotavirus genogroup appears to share 
origins with porcine rotaviruses, and the DS-1-like genogroup appears 
to share origins with bovine rotaviruses.116 In the RCWG genetic clas-
sification, a separate genotype is assigned to each of the 11 genome 
segments. Gx, P[x], Ix, Rx, Cx, Mx, Ax, Nx, Tx, Ex, and Hx designate 
the genes that encode VP7, VP4, VP6, VP1, VP2, VP3, NSP1, NSP2, 
NSP3, NSP4, and NSP5/6, respectively.107 The RCWG has proposed a 
strain-naming convention in which strains are named “RV serogroup/
species of origin/country of identification/common name/year of 
identification/G- and P-type.”117

Because the sequence of the genome segment encoding VP7 accu-
rately predicts G serotype, genotyping provides a practical surrogate for 
G serotype determination. As of April 2014, the web-based database 
maintained by the RCWG (http://rotac.regatools.be/) listed 27 G types. 
Of these, five (G1-4 and G9) comprise 88% of human rotavirus isolates 
from 1996 to 2007.118 To date, at least 14 P serotypes (with serotypes 1, 
2, and 5 each divided into subtypes with letter designations, such as 
P1A) have been identified.107,118 Immunologic reagents for determining 
P serotype are limited, and P serotyping is complicated by cross-
reactivity between P serotypes. Therefore, P genotyping is more com-
monly used for classification. As of April 2014, 37 P genotypes (P[1] to 
P[37]) were listed in the RCWG database. Unlike G serotypes, which 
have a one-to-one correspondence with G genotypes, some P serotypes 
include more than one P genotype. In strain descriptions, the genotype 
is enclosed in brackets after the serotype designation. Thus, G2P1B[4] 
refers to a virus of G serotype 2, P serotype 1B, and P genotype 4. Two 
P genotypes, P[4] and P[8], cause most human rotavirus disease. 
Indeed, despite the diversity of rotavirus genotypic combinations, just 
five pairings, G1P[8], G2P[4], G3P[8], G4P[8], and G9P[8], contain 
approximately 75% of human rotavirus isolates from 1996 to 2007.117

Substantial geographic and temporal variation exists in strain dis-
tribution. For example, G8 rotavirus strains are prevalent in high rota-
virus mortality countries in Africa and therefore have more clinical 
significance than their global prevalence would suggest.117 Two novel 
genotypic combinations, G9P[8] and G9P[6], have spread globally 
since the mid-1990s.117

Reassortment between human and animal rotavirus strains, anti-
genic drift, and the occasional introduction of animal rotaviruses into 
the pool of viruses circulating among humans provide a continuous 
introduction of genetic diversity, necessitating ongoing surveillance to 
determine whether rotavirus vaccines will require strain changes in the 
future for continued efficacy.116 Evidence is emerging of an increased 
prevalence of G2P[4] viruses in regions with high coverage by a G1P[8] 
monovalent rotavirus vaccine, suggesting that immunization may start 
to alter the genotype distribution of circulating strains.119

EPIDEMIOLOGY
Rotavirus infection is universal, and almost all children acquire serum 
antibody against the virus in the first 2 or 3 years of life.120 Severe 
gastroenteritis caused by rotavirus most commonly affects infants and 
children between 6 months and 2 years of age,121 although in lower 
socioeconomic populations the peak of illness may be somewhat 
earlier.121-123 The age at greatest susceptibility to severe disease may be 
bracketed by the waning of maternally transferred passive immunity 
and the maturation of the gastrointestinal tract at about 6 months and 
by the acquisition of active immunity related to natural infection later 
in childhood.

Rotavirus is the most common cause of severe dehydrating diarrhea 
leading to the hospitalization of infants and children in both the devel-
oped and developing world. Analyses of published studies indicate 
that, as of 2008, rotavirus caused 453,000 childhood deaths each year 
worldwide, corresponding to 37% of diarrhea-related deaths and 5% 
of all deaths for infants and children younger than the age of 5 years.1 
The incidence of rotavirus gastroenteritis is similar in developed and 
developing countries, but mortality is concentrated in poorer nations 

glucose-coupled sodium cotransporter SGLTI and interference with 
lactase function.94,99,100 Although orally administered antibodies against 
NSP4 protect mice from rotavirus diarrhea, actively acquired anti-
NSP4 antibody fails to protect gnotobiotic piglets from challenge, and 
the role of an extracellular enterotoxin in human rotavirus gastroen-
teritis is not yet established.90,101

The enteric nervous system has a role in the pathogenesis of rota-
virus gastroenteritis. Treatment of rotavirus-infected mice with lido-
caine (a sodium channel–blocking anesthetic), granisetron (a serotonin 
receptor antagonist), or a vasoactive intestinal peptide receptor antago-
nist attenuates diarrhea.102,103 The ability of racecadotril, an enkephali-
nase inhibitor, to attenuate rotavirus diarrhea in children confirms that 
enteric nervous system–mediated secretion contributes to the patho-
genesis of diarrhea in humans and is a target for therapeutic interven-
tion (see “Therapy”).104 Secretion of nitric oxide, a mediator of intestinal 
motility, from NSP4-exposed human epithelial intestinal cells (HT-29) 
in culture and secretion of serotonin from an NSP4-exposed human 
midgut carcinoid enterochromaffin cell line (GOT1) suggest a poten-
tial role for the enteric nervous system in rotavirus-mediated intestinal 
hypermotility and vomiting.105,106

SEROLOGIC CLASSIFICATION
The diversity of rotaviruses, their ability to exchange genome segments 
encoding antigenic determinants, and changing diagnostic technology 
have led to evolving serology and classification systems. Rotavirus 
strains have been classified serologically into serogroups, subgroups, 
G serotypes, and P serotypes and genetically into electropherotypes, 
genogroups, G genotypes, and P genotypes. To organize the increasing 
volume of whole-genome rotavirus sequence data, in 2008 the Rotavi-
rus Classification Working Group (RCWG) developed a nucleotide 
sequence–based complete genome classification system for group A 
rotaviruses.107

The broadest serologic designation is the serogroup. The seven 
serogroups, A through G, are defined by the cross-recognition of  
particles by serum antibody obtained from parenterally hyperimmu-
nized animals.108 Serogroup determinants are predominantly located 
on VP2 and VP6 (the innermost and middle layer proteins). Genetic 
exchange has not been observed between members of different sero-
groups. Serogroups A, B, and C cause disease in humans and other 
animals; groups D through G have been described only in nonhuman 
animals. Serogroup A is the most important clinically, as group A 
viruses cause the endemic gastroenteritis of children; groups B and C 
have been associated with epidemics of gastroenteritis affecting all 
ages. Group B includes the strain ADRV (adult diarrhea rotavirus), 
which has been associated with large outbreaks of severe diarrhea in 
adults in China.109 Group C viruses have been associated with less 
severe gastroenteritis in both children and adults.110,111 Serogroup A 
is subdivided into subgroups I, II, I+II, and non-I non-II on the 
basis of monoclonal antibody recognition of antigenic determinants 
on VP6.112

Within group A, rotavirus serotypes are defined on the basis of 
reciprocal cross-neutralization by antibody. Initially, rotavirus sero-
types were designated by a unitary system, which primarily reflected 
neutralizing antibodies directed against VP7. This system did not fully 
explain cross-neutralization patterns because VP4 also contains neu-
tralization determinants.113,114 Group A rotaviruses are now classified 
into serotypes with a binomial nomenclature, in which neutralization 
by antibodies against VP7 defines “G” serotype (for glycoprotein 
antigen) and neutralization by antibodies against VP4 defines “P” sero-
type (for protease-sensitive antigen). Further complicating the serol-
ogy, VP7 and VP4 are each targets both of homotypic antibodies that 
neutralize only within serotype and of heterotypic antibodies that neu-
tralize several serotypes.114,115 Serotype-specific epitopes of VP4 are 
predominantly found on the variable VP8* hemagglutination domain, 
at the tips of the spikes, and heterotypic epitopes are predominantly 
found on the more conserved β-barrel domain, in the body and stalk 
of the spikes (see Fig. 152-2B, left).10,12,29 Immunodominant serotype-
specific and heterotypic neutralizing epitopes of VP7 straddle the 
calcium-containing interface between the subunits of each VP7 trimer, 
and additional neutralizing epitopes are found at an interdomain 
boundary within each VP7 subunit.26
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and universal infection early in life are more typical of pathogens with 
respiratory spread. Experiments on the transmission of rotavirus gas-
troenteritis (epizootic diarrhea of infant mice) between cages of mice 
support the possibility of airborne spread.133 Although rotavirus can be 
foodborne, it is not a major cause of foodborne illness.134 Transmission 
by contaminated water has also been documented. For example, a large 
outbreak of group B rotavirus gastroenteritis in China was attributed 
to fecal contamination of water supplies.109

Attendance at daycare centers is a risk factor for pediatric hospital-
ization due to rotavirus gastroenteritis.135 The illness can spread in 
families and may cause gastroenteritis in the adult caregivers for small 
children.136 It is likely that the large viral inoculum ingested by these 
caregivers is, in part, responsible for illness despite some level of 
acquired immunity. Rotavirus outbreaks have occurred in nursing 
home populations and sometimes have resulted in fatalities.56 Rotavi-
rus is an important cause of nosocomial infection; in addition to the 
asymptomatic infections associated with rotavirus endemics in neona-
tal nurseries, rotavirus causes symptomatic hospital-acquired out-
breaks associated with circulation of rotavirus in the community.137 
Rotavirus also can cause traveler’s diarrhea.138

Rotavirus is a major veterinary pathogen, causing disease in infant 
cattle, sheep, swine, and camels as well as in adult chickens and turkeys 
and in domestic pets such as cats and dogs. In addition to the remote 
shared ancestry of major human and nonhuman animal rotavirus lin-
eages, there is evidence of low-level ongoing zoonotic rotavirus 
disease.116,139 In addition, some human rotaviruses have individual 
genome segments that are closely related to those of animal rotavi-
ruses, suggesting reassortment between viruses with different primary 
hosts.116 Nevertheless, in non-native hosts most rotavirus strains are 
attenuated and do not spread efficiently.

IMMUNITY
The immune response to rotavirus is complex and redundant: innate, 
cellular, and humoral mechanisms contribute to clearance of infection. 
The observation that natural rotavirus infection, whether symptomatic 
or asymptomatic, provides partial protection from subsequent epi-
sodes of rotavirus gastroenteritis guided the development of the 
current generation of vaccines. For example, asymptomatic infection 
of neonates with nursery strains of rotavirus protects against subse-
quent severe rotavirus gastroenteritis but not against asymptomatic 

(Fig. 152-3).1 The causes of higher mortality from rotavirus in the 
developing world may include the greater prevalence of malnutrition, 
less access to treatment, larger inoculum size, and synergy with other 
intestinal flora or pathogens.122 Global mortality rates from rotavirus 
infection appear to have fallen by approximately 50% from 1985 to 
2008, consistent with an overall reduction in mortality from diarrhea, 
although methodologic differences between studies make the exact 
amount of decline uncertain.1,124 Improved access to treatment, par-
ticularly increased use of oral rehydration solutions, probably plays a 
role in the lower mortality rates. Better nutrition and a lower incidence 
of comorbidities may also contribute.

The physical hardiness of the rotavirus particle, the high particle 
concentration in stool (up to 1011 particles/mL),125 and the small 
minimum infectious dose (ID50 = 10 focus-forming units)126 account 
for the weak association between the incidence of rotavirus gastroen-
teritis and the level of economic development or hygiene. Before the 
introduction of rotavirus vaccines in 2006, rotavirus was a major cause 
of morbidity and health care costs in developed countries. For example, 
in the pre-vaccine era in the United States, approximately 3 million 
cases of childhood rotavirus gastroenteritis were responsible for 
approximately 735,000 physician visits, 27,000 hospitalizations, 20 to 
40 deaths, $319 million in direct health care costs, and $893 million in 
total economic costs to society each year.127,128 Since rotavirus vaccines 
were introduced in 2006, there has been a large and sustained decrease 
in pediatric rotavirus gastroenteritis.129 By 2009, U.S. pediatric hospi-
talizations due to rotavirus had declined by two thirds, saving approxi-
mately $120 million in hospital charges annually.130

Rotavirus gastroenteritis has been considered a winter disease, 
based on its historic seasonality in many temperate regions such as 
North America, where annual rotavirus epidemics typically began in 
the fall in the southwest, spreading north and east, reaching the eastern 
seaboard by late winter, and tapering off in the spring.131 However, in 
lower income regions and the tropics, year-round infection is a more 
common pattern, with income level playing a greater role than geog-
raphy in determining the seasonal pattern.2 During a rotavirus season, 
multiple strains, representing several P and G types, usually circulate. 
In a single region, the dominant strains differ from year to year; in the 
same year, the dominant strains differ regionally.132

The best-documented mode of rotavirus transmission is fecal-
oral.126 However, limited effect of hygiene on the incidence of infection 

FIGURE 152-3  Rotavirus mortality in children younger than 5 years of age. (From Tate JE, Burton AH, Boschi-Pinto C, et al. 2008 estimate of 
worldwide rotavirus-associated mortality in children younger than 5 years before the introduction of universal rotavirus vaccination programmes: a sys-
tematic review and meta-analysis. Lancet Infect Dis. 2012;12:136-141.)
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VP5* fragment of VP4 acts after cell attachment and blocks the binding 
of rearranging VP4 to membranes.28,163,164 Neutralizing antibodies that 
bind VP7 on the virion prevent VP7 trimer dissociation and virion 
uncoating in low calcium.166,167 Antibodies with epitopes that span the 
calcium-stabilized interface between the subunits of a VP7 trimer can 
cross link the virion surface and neutralize as monomeric Fabs; those 
that bind within a single VP7 molecule require divalency.26,168

Non-neutralizing antibodies that recognize middle layer protein, 
VP6, which is buried under the VP7 shell on intact virions, may con-
tribute to heterotypic protection from rotavirus gastroenteritis by neu-
tralizing subviral particles intracellularly.169 IgA monoclonals that bind 
in the mRNA exit channel through the VP6 layer block transcription 
by DLPs in vitro and protect mice from rotavirus infection when 
secreted into the serum by “backpack” hybridoma tumors.169-171 Host 
J-chains are required for heterotypic protection after immunization of 
mice with recombinant virus-like particles (VLPs) containing only 
VP2 and VP6.172 These observations suggest that anti-VP6 IgA can 
block infection by interfering with viral transcription while the anti-
body is transcytosed across the intestinal epithelium. However, protec-
tion is not provided by immunogens that lack VP4 and VP7 in all 
animal models. For example, immunization of gnotobiotic pigs with 
VP2/6 VLPs boosts protective responses elicited by immunization  
with live virus, but primary immunization with these VLPs does not 
protect gnotobiotic pigs from diarrhea on challenge with a virulent 
human rotavirus strain.173 Llama single-chain antibody fragments that 
recognize VP6 can neutralize virions across serotypes and subgroups 
and, administered intragastrically, passively protect mice from chal-
lenge, suggesting a novel approach to orally administered antibody 
prophylaxis.174 Potentially, the small antigen combining sites of the 
fragments, which lack light chains, could access VP6 through gaps in 
the VP7 shell.

The role of innate and cellular immunity in clearing and preventing 
rotavirus infection has been studied in an adult mouse model of rota-
virus infection (but not diarrhea). Although some rotavirus-inoculated 
SCID mice persistently shed virus, 40% of SCID mice on a C57BL/6 
background do clear the infection.175 This observation indicates that 
innate immune mechanisms can resolve rotavirus infections but are 
unreliable. Even inactivated rotavirus particles can stimulate produc-
tion of interferon-α in plasmacytoid dendritic cells, through host cell 
recognition of viral dsRNA.176 B cells require this type I interferon 
signaling for their activation.177 Rotavirus antagonizes innate immune 
responses by several mechanisms, including NSP1-mediated degrada-
tion of transcription factors interferon regulatory factor 3 (IRF3), IRF5, 
and IRF7; NSP3-mediated interference with host mRNA translation; 
and sequestration of rotavirus dsRNA in viroplasms.178,179 Mice that are 
T-cell deficient on the basis of an αβ/γδ T-cell receptor knockout clear 
primary infection shortly after immunocompetent mice, mount a 
modest IgA response (primarily against VP6), and are resistant to 
reinfection on challenge.175 Most B cell–deficient mice (JHD knockouts) 
with intact CD8+ T cells also clear primary rotavirus infections but can 
be reinfected.180 Thus, although cell-mediated or humoral immunity 
effectively clears primary infection, humoral immunity is more effec-
tive at protecting mice from infectious challenge.

DIAGNOSIS
Rotavirus gastroenteritis is not clearly distinguished from acute gas-
troenteritis due to other agents on clinical grounds alone. Because the 
standard treatment for rotavirus gastroenteritis is rehydration and sup-
portive care, a specific microbiologic diagnosis is not required in most 
cases. However, with prolonged diarrhea, in complicated cases, in 
immunocompromised hosts, when alternative diagnoses are consid-
ered, or when epidemiologic or infection control data are needed, it 
may be desirable to establish rotavirus as the etiologic agent. Defini-
tively diagnosing rotavirus gastroenteritis may also prevent the unnec-
essary and potentially harmful use of antibiotics.

Rotavirus can be detected by numerous techniques, including a 
variety of commercial antigenic assays, RT-PCR, electron microscopy, 
immune electron microscopy, polyacrylamide gel electrophoresis 
(PAGE) for viral genomic RNA, and viral culture. Detection of viral 
antigen in stool or rectal swabs, most commonly using enzyme-linked 
immunosorbent assay or latex agglutination formats, forms the basis 

reinfection or mild to moderate disease.140 In a prospective observa-
tional study, 200 Mexican infants were monitored for rotavirus infec-
tion from birth to 2 years of age. Protection from subsequent moderate 
or severe rotavirus diarrhea was 87% after one natural infection of any 
severity and 100% after two natural infections.120

The duration of immunity to rotavirus is limited, with repeated 
symptomatic rotavirus infections occurring (generally with decreasing 
severity) in both children and adults.120,141 In isolated human commu-
nities with limited prior exposure to rotaviruses, explosive epidemics 
of rotavirus diarrhea with high attack rates in adults are seen.56,142 
Although some experimental animals, including mice, show matura-
tional resistance to rotavirus disease,133,143 these clinical observations 
suggest that maturational resistance is less significant in humans and 
does not fully account for the lower incidence of severe disease in older 
children and adults. Rather, repeated asymptomatic or mildly symp-
tomatic episodes of rotavirus gastroenteritis throughout life appear to 
be important for maintaining immunity.55,144

In experimental studies of passively transferred immunity to rota-
virus in mice, circulating neutralizing antibody does not protect 
against disease; however, the presence of sufficient levels of neutraliz-
ing monoclonal or colostrum-derived antibody in the gut does 
protect.145,146 In immunized mice, the appearance of IgA in the gut 
correlates with clearance of infection.147 Passive infusion of neutraliz-
ing antibodies into monkeys protects from experimental challenge 
and, at high dose, results in detectable antibody in stool.148 These 
experimental results corroborate the observation that, in naturally 
exposed children, preexisting rotavirus-specific serum IgA and fecal 
IgA, which reflect duodenal IgA, are associated with protection from 
disease.144,149,150 Postimmunization rotavirus-specific serum IgA levels 
also correlate with vaccine-mediated protection from rotavirus disease, 
although imperfectly.151 Virus-specific serum antibody may correlate 
with protection in children because it signifies previous infection 
without necessarily being a primary effector of protection.123,152

The evidence that breast-feeding protects human infants from rota-
virus diarrhea is mixed. In Bangladesh, hospitalized children with 
rotavirus diarrhea are more likely to be breastfed than patients with 
diarrhea from other causes, which suggests that breast-feeding pre-
vents rotavirus gastroenteritis less effectively than it prevents gastroen-
teritis caused by other agents.153 Nevertheless, in some clinical studies 
of rotavirus gastroenteritis, breast-feeding is associated with reduced 
frequency of vomiting, less severe dehydration, or (for infants <6 
months of age) a lower risk for hospitalization.135,154,155

Serotype influences but does not determine the degree of protection 
from challenge. Protection after natural infection appears to be some-
what more reliable against viruses of the same G type as the infecting 
strain.120,141 On the other hand, cross-protection between serotypes 
clearly also occurs, particularly after multiple infections.120 Immuniza-
tion with a G1P[4] monovalent live attenuated rotavirus vaccine pro-
vides detectable but diminished protection against G2P[8] circulating 
strains relative to protection against strains that share a VP7 or VP4 
type with the vaccine, and the degree of heterotypic protection pro-
vided by monovalent or multivalent live attenuated rotavirus vaccines 
exceeds the level that can be explained on the basis of G type-specific 
serum neutralizing antibody titers.156,157-159 This finding correlates with 
the primarily homotypic neutralizing antibody response to a first infec-
tion or dose of a live attenuated vaccine, and the increasingly hetero-
typic responses to subsequent infections or doses.160,161

Although VP8*, which has high sequence variability, contains pre-
dominantly P-type specific neutralization epitopes, VP5*, which is 
relatively conserved, contains heterotypic neutralizing epitopes.114,162 
Many monoclonal antibodies that recognize VP4 and neutralize 
human strains of rotavirus bind the VP5* fragment.162 VP7 contains 
both G-type specific and heterotypic neutralizing epitopes.115 There-
fore, antibodies that recognize VP5* and VP7 probably make impor-
tant contributions to heterotypic protection against rotavirus.

The mechanisms of rotavirus neutralization by antibodies have 
been examined in detail. Neutralizing monoclonal antibodies that bind 
the VP8* receptor binding domain, which forms the heads of the VP4 
spikes, block the attachment of neuraminidase-sensitive rotaviruses to 
cells or trigger virus uncoating.163-165 A neutralizing monoclonal anti-
body that binds the hydrophobic tip of the β-barrel domain of the 
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When oral hydration cannot be maintained because of severe vom-
iting, depressed level of consciousness, or intestinal ileus, and in cases 
of severe dehydration (with loss of more than 9% of body weight), 
intravenous hydration with lactated Ringer’s solution, normal saline, 
or a similar solution is recommended.192,194 However, when the patient 
has been resuscitated and is able to take oral fluids, oral rehydration 
should be instituted. Despite the depressed disaccharidase levels asso-
ciated with rotavirus gastroenteritis, it is recommended that nursing 
infants continue to breastfeed during rehydration and that children 
resume a diet as soon as they can tolerate feeding. The early reinstitu-
tion of an age-appropriate diet, avoiding foods high in simple sugars, 
has nutritional benefits and shortens the duration of diarrhea by about 
half a day.192-194,198

Randomized controlled trials in developing countries have demon-
strated that, for children older than age 6 months, zinc supplementa-
tion during and for a short time after an episode of diarrhea can 
decrease the duration of diarrhea by approximately half a day on 
average and decrease the probability that diarrhea will last more than 
7 days, but the treatment is associated with a small increase in the 
incidence of vomiting.199,200 Because the benefits of zinc supplementa-
tion outweigh the risks in areas where zinc deficiency is common, the 
WHO has recommended zinc supplementation (10 to 14 days of 10 to 
20 mg/day) together with oral rehydration therapy.194 The benefits of 
zinc supplementation in well-nourished populations have not been 
established, and this intervention is not currently recommended in the 
CDC or the European Paediatric Society guidelines.192,193

Racecadotril (no commercial preparations are currently available 
in the United States) is an enkephalinase inhibitor that inhibits intes-
tinal hypersecretion and has been evaluated as an adjunct to oral rehy-
dration solutions. A meta-analysis of randomized clinical trials 
indicates that the addition of racedadotril can decrease mean stool 
output in inpatients and the mean number of diarrheic stools in out-
patients.201 Although these results are promising, the clinical role of 
racecadotril is not yet clearly established.192-194 Diosmectite, a multila-
mellar aluminum-magnesium clay silicate that can reduce the duration 
and volume of diarrhea, appears to be particularly effective in control-
ling rotavirus gastroenteritis, and may be considered in the regions of 
Europe where it is available.193,202 Meta-analyses of trials in developed 
countries have demonstrated that probiotic treatment with Lactobacil-
lus rhamnosus GG and Saccharomyces boulardii, can shorten the dura-
tion of diarrhea, although efficacy may be less in developing country 
settings, and not all probiotic agents have proved effective (see Chapter 
3).197,203,204

Oral administration of immunoglobulins is not indicated for 
routine use but may have a role in treating chronic rotavirus diarrhea 
and may merit further evaluation for prophylaxis in high-risk settings, 
such as immunodeficiency or severe prematurity, in which vaccination 
is unlikely to be effective. In case reports, feeding human serum 
immune globulin to children with chronic rotavirus diarrhea has been 
followed by resolution of diarrhea and viral shedding.205 When given 
prophylactically to low-birth-weight infants, oral gamma globulin 
reduced the severity of diarrhea associated with neonatal rotavirus 
infections.206 Egg yolk immunoglobulin (IgY) from immunized chick-
ens could provide a more affordable source of immunoglobulin for oral 
administration.207 Antiemetics are not considered to have a favorable 
risk-benefit profile for the self-limiting vomiting in acute pediatric 
gastroenteritis.192-194 Because of complications including ileus and 
respiratory depression, antimotility agents such as loperamide have no 
role in the treatment of childhood gastroenteritis.192-194 Bismuth sub-
salicylate (Pepto-Bismol) has been shown to decrease the duration of 
diarrhea and the intake of oral rehydration solutions in children with 
gastroenteritis,208 but the modest benefits observed, need for frequent 
administration, and a theoretical possibility of Reye’s syndrome related 
to salicylate absorption argue against routine use of this agent.192-194

IMMUNIZATION
Because lack of access to treatment is one of the major causes of child-
hood mortality from rotavirus, and improved sanitation has limited 
impact on rotavirus prevalence, prevention by immunization is a criti-
cal approach to decreasing the impact of this infection. In 1998, the 
first human rotavirus vaccine, RotaShield (Wyeth Lederle Vaccines), 

for practical, commercially available, and widely used diagnostic kits.181 
Latex agglutination is particularly suitable for use in areas with limited 
resources, although a confirmatory technique is desirable to evaluate 
indeterminate results because of the limited sensitivity of the test.181,182 
Commercial antigenic assays primarily detect the VP2 and VP6 pro-
teins of the subviral double-layered particle and detect only group A 
rotaviruses. Serotype-specific enzyme-linked immunosorbent assays, 
based on recognition of VP7 or VP4, allow determination of serotype 
without the need to perform neutralization assays.183 Although there 
are various techniques for measuring serum, fecal, and salivary anti-
bodies against rotavirus, the acute and generally self-limited nature of 
rotavirus infections limits the usefulness of these techniques for clini-
cal decision making.

Multiplexed RT-PCR has become a major diagnostic technique 
used in epidemiologic studies. RT-PCR allows determination of P and 
G types and permits finer definition of strain differences.184,185 Real-
time RT-PCR provides greater sensitivity and speed than conventional 
or nested PCR diagnosis.186 DNA oligonucleotide microarray methods 
offer greater robustness to sequence drift (which can prevent PCR 
amplification if a primer binding site is affected) and greater ability to 
distinguish a mixed infection from a single strain infection.187 Micro-
mass sequencing allows metagenomic analysis of the gut microbiome, 
which includes rotaviruses.188

Both electron microscopy and PAGE can detect unusual strains of 
rotavirus (such as non–group A rotaviruses) that might be missed by 
standard antigenic or nucleic acid-based assays. Electron microscopy 
of stool specimens negatively stained with phosphotungstic acid is 
rapid and, despite only moderate sensitivity, has high specificity 
because of the distinctive appearance of rotavirus particles (see Fig. 
152-1).189 Electrophoresis of simply prepared stool suspensions on 
polyacrylamide gels followed by silver staining for the pattern of 11 
segments of genomic double-stranded RNA allows both diagnosis and 
tracking of rotavirus strains in molecular epidemiologic investiga-
tions.190 Rotavirus can be detected, although with relatively low sensi-
tivity, by growth in cell culture. Human rotavirus strains have proved 
more difficult to culture routinely than most animal rotavirus strains, 
but, in many cases, human rotavirus strains can be propagated in 
MA104 cells or primary green monkey kidney cells grown in roller 
tubes with the addition of trypsin to the cell culture medium.125,191

THERAPY
Recommendations for treatment in developed county settings are sum-
marized in guidelines from the Centers for Disease Control and Pre-
vention (CDC) and from the European Society for Paediatric 
Gastroenterology, Hepatology and Nutrition and the European Society 
for Paediatric Infectious Diseases; and recommendations for treatment 
in a developing country setting are summarized in guidelines from the 
World Health Organization (WHO).192-194 Because rotavirus gastroen-
teritis is generally self-limited, and dehydration is the primary cause 
of morbidity and mortality, rehydration and restoration of electrolyte 
balance are the primary therapies. Oral rehydration solutions are effec-
tive in treating dehydration related to rotavirus gastroenteritis, even in 
the presence of moderate vomiting, and are preferred over intravenous 
rehydration in cases of mild or moderate dehydration.192-194 The prin-
ciple on which these solutions are based is the solute-coupled cotrans-
port of sodium by enterocytes, which continues to operate even in the 
damaged gut.195 Effective solutes include glucose, amino acids, and 
short oligopeptides.

In 2002, the WHO revised the recommended standard oral rehy-
dration formula to a lower osmolarity (245 mOsm/L) solution, which 
is associated with less vomiting, lower stool output, and a reduced need 
for intravenous infusions. The low-osmolarity formulation is 75 mM 
sodium, 20 mM potassium, 65 mM chloride, 10 mM citrate, and 
75 mM glucose (see reference for acceptable variations).196 The lower 
sodium losses resulting from diarrhea due to enteric viruses than from 
diarrhea due to cholera or even enterotoxigenic Escherichia coli allows 
lower sodium content in the oral rehydration solution, and some 
experts recommend oral rehydration solution formulations with 45 or 
60 mM sodium for use in the United States, Europe, or other settings 
where cholera is rare and where enteric viruses are the dominant etio-
logic agents of acute gastroenteritis.197
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RotaTeq is a multivalent, orally administered, modified Jennerian 
vaccine. The five strains in RotaTeq are reassortants with a bovine 
rotavirus (strain WC3) background. Each of four strains has a VP7 
from one of four prevalent human rotavirus G types (G1, G2, G3, or 
G4) combined with a VP4 from a bovine genotype, P[7]. The fifth 
strain has a VP7 from a bovine G type, G6, combined with a VP4 from 
the common human rotavirus P genotype, P[8].215 In a phase III trial, 
RotaTeq was highly effective (>98% protection) against severe rotavi-
rus gastroenteritis and effective against any diarrhea caused by G1 or 
G2 rotaviruses (74.9% and 63.4% protection, respectively).158 RotaTeq 
was licensed in the United States and the European Union in 2006 and 
has since been licensed in more than 90 countries. The ACIP has rec-
ommended RotaTeq for routine use in the United States, with doses 
given at 2, 4, and 6 months of age.72

In the years since the launch of Rotarix and RotaTeq, the vaccines 
have had a major impact on hospitalizations due to rotavirus infection 
and gastroenteritis overall in the regions where they are widely distrib-
uted (see “Epidemiology,” earlier) In the United States, the threshold 
level of detection of rotavirus infections that would signal the start of 
the rotavirus season was never achieved on a nationwide basis in 2011 
to 2012.129 A study at seven medical institutions in the United States 
indicated a real world effectiveness of 84% for RotaTeq and 70% for 
Rotarix against combined rotavirus-associated hospitalizations and 
emergency department visits.216 Indeed, the estimated decrease of 
55,000 acute gastroenteritis hospitalizations in the United States in 
2008 corresponds to the elimination of 1 of every 20 hospitalizations 
among children younger than the age of 5 years.217 In El Salvador, a 
low-middle income country where Rotarix was introduced, rotavirus 
hospitalization rates declined by 69% to 81% in 2008 to 2009, which 
were years with vaccine coverage rates of 50% to 61%, and overall 
diarrhea-related health care visits during rotavirus season declined by 
35% to 48% for children younger than 5 years of age.218 In Mexico in 
2008, at a first-dose Rotarix coverage rate of 74%, overall diarrheal 
deaths among children 59 months of age or lower decreased by 35%, 
and the reductions were sustained into 2009 (Fig. 152-4).219 Studies in 
the United States, Australia, El Salvador, and Mexico have demon-
strated decreases in rotavirus-associated disease in children outside the 
age range of rotavirus immunization programs, indicating substantial 
herd immunity.217-220

In low-income settings live-attenuated rotavirus vaccines have 
shown lower efficacy (typically ≤50%) against severe gastroenteritis 
than in middle-income settings (typically ~75%) or in high-income 
settings (typically >85%).* No definitive cause for the disparity has been 
established. Hypotheses include the effects in low-income settings of 
overall nutritional deficiency, micronutrient deficiency, inhibition by 

was approved by the U.S. Food and Drug Administration (FDA) and 
recommended for infants by the Advisory Committee on Immuniza-
tion Practices (ACIP). This quadrivalent, reassortant vaccine was based 
on a modified “Jennerian” approach, using a live animal virus to immu-
nize humans. To broaden the serotype specificity of the immune 
response, VP7 from each of the G types 1 to 4 was presented on the 
genetic background of a simian rotavirus strain (RRV), which is atten-
uated for humans on the basis of host range restriction and passage in 
cell culture. In phase III trials, RotaShield proved safe and highly effec-
tive against moderate to severe diarrhea in both developed (United 
States and Finland) and developing (Venezuela) countries.159,209,210

In 1999, after more than 1 million doses of RotaShield had been 
administered, an increased incidence of intestinal intussusception 
(telescoping of the intestine) in the 3 to 14 days after administration 
of the first dose (odds ratio = 21.7) and a smaller increase after the 
second dose (odds ratio = 3.3) was detected, corresponding to a total 
excess risk for intussusception of approximately 1 case per 5,000 to 
10,000 children immunized.211,212 As a result of these findings, the 
manufacturer voluntarily withdrew the vaccine from the market. The 
unknown mechanism of the temporal association between intussus-
ception and immunization combined with the failure to observe this 
complication in prelicensure clinical trials of RotaShield increased the 
size of the phase III trials required for licensure of subsequent live-
attenuated rotavirus vaccines to greater than 60,000 subjects each. 
Nevertheless, two other live-attenuated rotavirus vaccines, Rotarix 
(GlaxoSmithKline) and RotaTeq (Merck), achieved licensure with no 
intestinal intussusception observed in clinical trials.157,158

Rotarix, an oral, live-attenuated vaccine, is derived from a human 
rotavirus isolate (strain 89-12; P[8]G1) that has been attenuated by 
serial passage in cell culture.157 Because Rotarix is monovalent, breadth 
of coverage relies on cross-protection between serotypes, as has been 
observed after natural rotavirus infection.120 In a phase III trial carried 
out in Finland and in middle-income Latin American populations, 
Rotarix proved effective (84.7%) against severe gastroenteritis. The 
vaccine was 87.3% effective against severe gastroenteritis caused by 
strains that shared the P[8] VP4 type with the vaccine and 91.8% effec-
tive against strains that shared both VP4 type and VP7 type (G1) with 
the vaccine.157 Although efficacy criteria were not met for doubly mis-
matched G2P[4] strains in the initial phase III trial or after a second 
year of monitoring of a subset of infants from that trial, Rotarix 
achieved 85.5% protection against severe diarrhea caused by G2P[4] 
strains in a placebo-controlled, double-blind study in European 
infants.157,213,214 Since Rotarix was first licensed in Mexico and the 
Dominican Republic in 2004, approvals have followed in more than 
100 nations, including the European Union in February 2006 and the 
United States in April 2008. The ACIP has recommended immuniza-
tion with Rotarix at 2 and 4 months of age.72

FIGURE 152-4  Number of diarrhea-related deaths among children 59 months of age or younger from July 2002 through May 2009 in 
Mexico, according to age group. (From Richardson V, Hernandez-Pichardo J, Quintanar-Solares M, et al. Effect of rotavirus vaccination on death from 
childhood diarrhea in Mexico. N Engl J Med. 2010;362:299-305.)
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intussusception has been listed as a contraindication to immunization 
and, given the age dependence of postimmunization intussusception 
risk, the first dose of vaccine is to be given before 15 weeks of age.72,233,234 
There is widespread consensus that, absent a history of intussusception, 
the benefits of rotavirus immunization far outweigh the risks for 
vaccine-associated intussusception.

In March 2010, the FDA temporarily suspended use of Rotarix after 
an investigator reported that metagenomic analysis of a commercially 
available vaccine sample revealed porcine circovirus 1 (PCV-1) DNA.235 
Investigations by the manufacturer confirmed the presence of infec-
tious PCV-1 in Rotarix cell banks, viral seeds, and vaccine lots, includ-
ing those used in the large phase III safety studies.236 PCV-1 and PCV-2 
DNA fragments, but no infectious virus, were detected in RotaTeq 
samples, and irradiated porcine trypsin used in manufacturing was 
identified as the source of the PCV-2 DNA.236,237 PCV-1 causes no 
known disease in animals or humans; PCV-2 is not known to cause 
human disease but is cofactor for the development of pig wasting 
disease.238 Both PCV-1 and PCV-2 are commonly present in pork 
products and are often ingested by humans with no known health 
consequences.236 In May 2010, the FDA concluded that the benefits of 
immunization with Rotarix and RotaTeq outweigh any theoretical risks 
from the presence of infectious PCV-1 or DNA fragments of PCV-1 
and PCV-2, that immunization should continue, and that manufactur-
ers should develop PCV-free vaccine preparations.236

Nonreplicating rotavirus vaccine candidates, currently at the 
research stage, could provide greater immunogenicity in impoverished 
settings, distribution without a cold chain, easier combination with 
other routine childhood vaccines, and a definitive solution to concerns 
over intestinal intussusception. Such candidates include inactivated 
rotavirus particles239; recombinant, noninfectious virus-like parti-
cles240; and recombinant constructs in which the stable and easily 
expressed VP8* receptor-binding domain is mounted on multivalent 
display platforms to increase its immunogenicity.241,242 Such nonrepli-
cating rotavirus vaccines could complement live-attenuated rotavirus 
vaccines, much as inactivated polio vaccines complement OPV, to 
lower practical barriers to universal infant immunization in the most 
challenging settings.
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high breast-milk antibody levels of live attenuated vaccine take, more 
frequent and larger infectious challenges, a higher rate of concomitant 
infections, and overgrowth of small bowel bacterial microbiota.225 A 
similar trend of decreased vaccine performance in resource-poor set-
tings is observed for the live oral polio vaccine (OPV), and, although 
co-administered rotavirus vaccines do not decrease the immunogenic-
ity of OPV, co-administered OPV may decrease the immunogenicity of 
live attenuated rotavirus vaccines.226 Because rotavirus mortality is con-
centrated in impoverished settings, in 2009, the Strategic Advisory 
Group of Experts (SAGE) on Immunization of the WHO recom-
mended the inclusion of rotavirus vaccination in all national immuni-
zation programs, strongly recommending introduction of rotavirus 
immunization in countries in which diarrheal deaths account for 10% 
or more of the mortality of children younger than 5 years of age.227 
Initiatives to increase global rotavirus vaccine coverage involve the 
Global Alliance for Vaccines and Immunization (GAVI), the Bill and 
Melinda Gates Foundation, the Program for Appropriate Technology in 
Health (PATH), the CDC, and the WHO, among other organizations.

The development of regionally produced live attenuated rotavirus 
vaccines that are more affordable than Rotarix or RotaTeq could 
increase vaccine coverage in regions of high rotavirus mortality. In 
2000, the Lanzhou lamb vaccine, a live attenuated, oral, monovalent 
vaccine based on an ovine rotavirus (P[12]G10) strain that had been 
passaged in cell culture, was licensed in China. Since then, more than 
30 million doses have been administered to children younger than 5 
years of age. The vaccine has never been tested in a placebo-controlled 
phase III trial, and limited data are available on its efficacy and safety.228 
Rotavac, a human neonatal strain 116E, oral, live-attenuated monova-
lent vaccine candidate, is being developed by Bharat Biotech Interna-
tional Ltd. in India in partnership with a consortium of international 
governmental, nongovernmental, and academic institutions. The vac-
cine has shown 53.6% efficacy against severe rotavirus gastroenteritis 
during the first year of life in a randomized, double-blind, placebo-
controlled, multicenter phase III trial in India.229

Although an association of immunization with intestinal intus-
susception was not observed in clinical trials of Rotarix or RotaTeq, 
postlicensure surveillance in Australia, Mexico, and the United States 
has detected evidence of temporal clustering of intestinal intussuscep-
tion 3 to 7 days after administration of Rotarix or RotaTeq, particularly 
after the first dose, with an excess risk for one to five cases per 100,000 
infants immunized.230-232c To reduce this risk, a history of intestinal 
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153  Alphaviruses
Lewis Markoff

b.  Togaviridae

Alphaviruses constitute a genus in the Togaviridae family of enveloped 
RNA viruses.1 All the medically important alphaviruses are mosquito 
vector borne. In nearly all instances, the life cycles of alphaviruses 
require specific mosquito vectors and nonhuman mammal or bird 
species. Thus, humans are innocent bystanders in virus spread. Three 
mosquito-borne alphaviruses have historically been associated with 
human disease in the United States: eastern equine encephalitis (EEE), 
western equine encephalitis (WEE), and Venezuelan equine encepha-
litis (VEE) viruses. However, the incidence rates of WEE and VEE are 
nil to low, respectively, thus far in the 21st century. EEE virus (EEEV), 
WEE virus (WEEV), and VEE virus (VEEV) are “New World” alpha-
viruses, defined by their antigenic and nucleotide sequence relatedness, 
as well as by their geographic distribution. “Old World” alphavirus 
species of major importance include chikungunya (CHIK) (in Africa 
and Asia); O’nyong-nyong (Africa); Mayaro (South America); Ross 
River (Australia, Oceania); Sindbis (Africa, Scandinavia, the countries 

of the former Soviet Union, Asia); and Barmah Forest viruses (Austra-
lia). The Old World alphaviruses primarily cause fever, rash, and 
arthropathy. Relevant information on medically important alphavi-
ruses and some related species is presented in Table 153-1.

HISTORY
WEEV and EEEV were initially recovered from the brains of horses 
with encephalitis in California (1930) and New Jersey (1933), respec-
tively. By 1938, both of these agents had been established as causes of 
encephalitis in humans.2 Similarly, VEEV was first isolated from the 
brains of horses in Venezuela, during an epidemic of encephalitis in 
1938.3 The first reported cases of VEE in humans were attributable to 
aerosol spread of infectious virus from equine pathology specimens to 
laboratory personnel, in 1943. Naturally acquired VEE in humans was 
first reported from Colombia in 1952, in association with an epizootic 
disease in equines.4 The first reports of human cases of VEE in the 

Definition
•	 Alphaviruses,	which	constitute	a	genus	of	more	

than	30	viruses	in	the	Togaviridae	family,	are	
lipid-enveloped,	positive-sense	RNA	viruses.

•	 All	human	pathogenic	alphaviruses	are	
mosquito	borne.

Epidemiology
•	 The	presence	of	infected	mosquitoes	is	

required	for	disease	outbreak.	Human-to-
human	transmission	does	not	occur.

•	 New	World	alphaviruses	include	Eastern,	
Western,	and	Venezuelan	equine	encephalitis	
viruses	(EEEV,	WEEV,	and	VEEV,	respectively),	
which	are	found	in	North	and	South	America.

•	 Old	World	alphaviruses,	especially	chikungunya	
(CHIK),	Sindbis,	Ross	River,	and	O’nyong-nyong	
viruses,	found	in	Europe,	Africa,	and	Asia,	
cause	a	fever,	arthralgia,	and	rash	syndrome.

•	 In	most	cases,	except	for	CHIK	virus,	the	life	
cycle	of	the	viruses	requires	mosquitoes	and	
an	animal	host	in	nature,	other	than	humans.

Pathogenesis
•	 Alphaviruses	enter	cells	by	receptor-mediated	

endocytosis	and	exit	by	budding	from	the	
plasma	membrane.

•	 Alphaviruses	enter	the	body	via	mosquito	bites	
and	replicate	in	various	tissues,	including	
Langerhans	cells,	which	then	migrate	to	lymph	
nodes,	causing	viremia.	Viremia	results	in	
invasion	of	the	central	nervous	system	(CNS)	
by	alphaviruses	that	cause	encephalitis	or	of	
the	joints	and	internal	organs	by	viruses	that	
cause	fever,	arthralgia,	and	rash.

•	 All	alphaviruses	suppress	the	innate	immune	
response	by	inhibiting	JAK/STAT	signaling,	a	
major	early	determinant	of	disease	severity.

•	 At	later	times,	recovery	is	mediated	by	
virus-neutralizing	antibodies	and	cytotoxic		
T	cells.

•	 In	the	CNS,	virus	replication	in	neurons	is	
suppressed	indefinitely	by	antibody-secreting		
B	cells.

Diagnosis
•	 Knowledge	of	the	patient’s	travel	history	is	of	

major	importance	in	diagnosis.
•	 The	fever/arthralgia/rash	syndrome	caused	by	

Old	World	alphaviruses	can	be	confused	with	
many	other	viral	exanthems.

•	 Alphavirus	encephalitis	is	similar	in	
presentation	to	that	caused	by	the	flaviviruses,	
West	Nile	and	St.	Louis	encephalitis	viruses.

•	 Culture	of	virus	from	blood	or	detection	by	
reverse-transcriptase	polymerase	chain	
reaction	is	not	recommended	for	diagnosis	of	
encephalitis	but	may	occasionally	yield	
positive	results	in	the	acute	phase	of	fever/
arthralgia/rash	syndrome.

•	 Detection	of	virus-neutralizing	antibodies	in	
combination	with	recent	travel	history	to	an	
endemic	area	may	be	meaningful.

•	 Virus-specific	IgM	or	IgG	class	antibodies,	or	
both,	can	be	detected	by	enzyme-linked	
immunosorbent	assay;	a	greater	than	fourfold	
rise	in	titer	between	acute	and	convalescent	
sera	or	virus-specific	IgM	in	cerebrospinal	
fluid,	or	both,	are	diagnostic.

Therapy
•	 At	present,	there	are	no	products	licensed	for	

treatment.
•	 Experimental	therapies	that	seem	promising	

include	the	use	of	human	monoclonal	
antibodies,	especially	in	treatment	of	
alphavirus	encephalitis.

•	 For	encephalitis,	supportive	measures	and	
intensive	nursing	care	are	currently	all	that	are	
indicated.

•	 For	fever/arthralgia/rash	syndrome,	analgesics	
and	nonsteroidal	anti-inflammatory	drugs	are	
the	main	treatment	options.

Prevention
•	 Veterinary	vaccines	are	available	for	

horses,	and	their	immunization	against		
WEE,	EEE,	and	VEE	is	required	in	the		
United	States.

•	 There	are	no	licensed	vaccines	for	prevention	
of	alphavirus	diseases	in	humans,	but	
unlicensed	vaccines	against	VEE,	EEE,	WEE,	
and	CHIK	are	available	for	at-risk	laboratory	
workers.

•	 Vaccines	are	under	development,	particularly	
against	CHIK.	One	promising	approach	is	the	
use	of	CHIK	virus–like	particles	for	
immunization.

•	 The	primary	methods	for	disease	prevention	in	
humans	are	mosquito	eradication	programs,	
avoidance	of	mosquito-infested	areas,	and	use	
of	protection	from	mosquito	bites,	where	
exposure	to	possibly	infected	mosquitoes	is	
unavoidable.

SHORT VIEW SUMMARY
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membrane, mediated by E1. Fusion of the virus lipid envelope with the 
membrane of the endosome ultimately results in the release of virus 
RNA into the cytoplasm. Among the different species of alphaviruses, 
there is some variation on this theme. Some alphaviruses traverse the 
early endosomal pathway to fuse with the membrane of late endo-
somes. Some older and some recent data suggest that Sindbis virus 
(SINV) (for one example) may bypass the endocytic pathway entirely 
and enter cells by direct fusion with the plasma membrane.11

Once virus RNA has entered the cytoplasm, the four viral nonstruc-
tural proteins (nsp1-4) are then derived by direct translation of the 
5′-terminal two thirds of genomic RNA and sequential cleavage of the 
resulting polyprotein. Nsps 1 through 3 contain various activities neces-
sary for capping of viral RNAs (nsp1), protease cleavage of the polypro-
tein (nsp2), and accessory functions required for RNA synthesis (nsp2 
and nsp3). Nsp4 contains RNA-dependent RNA polymerase activity. 
Partial cleavage products of the nonstructural polyprotein (P123 + 
nsp4) initiate negative-strand RNA synthesis after infection. Eventually, 
nsp1, uncleaved P23, and nsp4 form a replication complex in virus-
induced cytoplasmic vacuoles that is active in both negative-strand  
and genome RNA synthesis. Finally, cleavage of P23 results in a com-
plete switch from negative-strand RNA synthesis to synthesis of new 
positive-sense genomes exclusively.9 Cleavage of P23 is also required to 
release nsp2, which mediates evasion of the cellular innate immune 
response.12 Viral structural proteins are encoded by a subgenomic (26S) 
messenger RNA collinear with the 3′-terminal one third of the genome. 
26S RNA transcription uses the full-length negative-strand RNA as 
template and is under control of its own promoter element.

Initial products of translation of the 26S messenger RNA include a 
62-kDa E2 precursor polypeptide, PE2 or “p62”; E1; and the hydro-
phobic 6K protein. PE2 and E1 glycoproteins form a stable heterodi-
mer in the endoplasmic reticulum that is transported to the plasma 
membrane through the Golgi secretory pathway. The function of PE2 
is to prevent premature fusion of E1 with membranes of transport 
vesicles. PE2 is cleaved by cellular enzymes during exocytosis, to 
produce E2, and the E2/E1 heterodimer is acquired in trans by nascent 
virus particles via budding of nucleocapsids at the plasma membrane. 
Short cytoplasmic domains in E1 and E2 that interact with nucleocap-
sid are required for efficient budding.13 Thus the lipid envelope in 

United States were published in 1968.5 Retrospective analysis of his-
torical accounts suggests that CHIK virus (CHIKV) caused epidemics 
of fever, rash, and arthralgia in Indonesia (1779); East Africa (1823, 
1870); India (1824, 1871, 1901, 1923); the Far East (1901); West Africa 
(1925); and the Southeastern United States (1827). The virus was first 
isolated during an epidemic in Tanzania in 1952 and 1953.6 An epi-
demic of CHIK fever that originated in Africa and then spread to 
islands in the Indian Ocean, India, and elsewhere in South Asia, Africa, 
and Europe7 is ongoing as of 2013 (see later).

PATHOGENS
These are lipid-enveloped RNA viruses with a diameter of 60 to 70 nm. 
The genome is a capped, 11- to 12-kilobase, bicistronic positive-strand 
(or message sense) RNA. In virus particles, genome RNA is tightly 
associated with the virus-coded core protein, forming an ordered ico-
sahedral nucleocapsid structure. Each virus particle consists of one 
nucleocapsid surrounded by the lipid envelope. Two glycoproteins, E1 
and E2, are inserted in the lipid membrane as heterodimers. Trimers 
of heterodimers of E1 and E2 form 80 “spikes” that are distributed 
regularly on the outer membrane surface.8 Two additional small struc-
tural proteins, the 6K protein and the TF protein, are also associated 
with membranes. 6K protein enhances membrane permeability by 
inducing pore formation and induces caspase-dependent apoptosis. E2 
appears primarily responsible for attachment of virus to the cell surface. 
E2 antibodies, but not generally E1 antibodies, can neutralize virus 
infectivity. E1 contains fusion and hemagglutinin activities.9

Alphaviruses enter cells primarily by receptor-mediated endocyto-
sis. Several different receptors have been identified for different alpha-
viruses in different cell types in vitro. Two such receptors are found  
on dendritic cells, DC-SIGN (dendritic cell–specific intercellular adhe-
sion molecule-3-grabbing nonintegrin) and L-SIGN.10 Their affinity for 
dendritic cells and other cell types central to the host immune response 
has much to do with ongoing interest in alphaviruses as vaccine vectors 
for foreign antigens. After the E2 envelope protein binds to the cellular 
receptor, the virus particle is engulfed in a clathrin-coated endocytic 
vesicle that bears markers of an “early endosome.” Subsequent acidi-
fication of the endosome triggers disassembly of the E1-E2 heterodi-
mer and a low-pH–dependent fusion reaction with the endosomal 

TABLE 153-1  Medically Important Alphaviruses and Some Related Alphavirus Species

ANTIGENIC 
COMPLEX VIRUS

GEOGRAPHIC 
DISTRIBUTION

ANIMAL 
RESERVOIR

HUMAN 
VECTOR*

HUMAN DISEASE 
(ANIMALS AFFECTED)

EEE EEE NA, SA, Caribbean Birds Aedes Encephalitis (horses, birds)

WEE WEE NA, SA Birds, horses Culex tarsalis Fever, encephalitis (horses, birds 
[especially emus])

Aura SA Birds

Fort Morgan Colorado Birds

Highlands J Eastern United States Birds Culex, Aedes (Encephalitis in turkeys, pheasants, 
partridges, ducks, emus, horses)

Kyzylagach Azerbaijan Birds

Sindbis AUS, AFR, EUR, Asia Minor Birds Aedes Fever, arthritis, rash

Whataroa AUS, NZ Birds

VEE VEE NA, SA Horses and others Psorophora, Aedes Fever, encephalitis (horses)

Cabassou SA

Everglades Florida Mammals Ochlerotatus Encephalitis

Pixuna Brazil Mammals

SF Semliki Forest AFR Mammals Aedes Fever, arthritis, rash? (rare)

Bebaru Asia

Chikungunya AFR, Southeast Asia, Philippines Primates Culex, Aedes Fever, arthritis, rash

Getah Asia Mammals Culex, Aedes Fever? (horses)

Mayaro SA Haemagogus, Aedes Fever, arthritis, rash

O’nyong-nyong AFR Anopheles Fever, arthritis, rash

Ross River AUS, South Pacific Mammals Aedes, Culex Fever, arthritis, rash

BF Barmah Forest AUS Birds Aedes Fever, arthritis, rash

*The mosquito vector genus or species required for epizootic transmission of infection is shown. No epizootic vector is listed for viruses that rarely cause disease or for 
which there are no reports of disease.

AFR, Africa; AUS, Australia; BF, Barmah Forest; EEE, eastern equine encephalitis; EUR, Europe; NA, North America; NZ, New Zealand; SA, South America; SF, Semliki 
Forest; VEE, Venezuelan equine encephalitis; WEE, western equine encephalitis.
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The WEE complex viruses (New World viruses WEE, Buggy Creek, 
Highlands J, Fort Morgan, and Aura and Old World viruses Sindbis 
and the Sindbis subtypes) cause either arthralgic (SINV-like subgroup) 
or encephalitic (WEE and Highlands J virus subgroup) syndromes. 
Their bimodal disease potential probably reflects the relative genetic 
contributions to tissue tropism of the EEE-like ancestral virus core and 
nonstructural genes versus that of the Sindbis-like E1 and E2 genes, in 
each particular genome. Five subtypes of VEE are recognized. Subtype 
I occurs in tropical America and is medically most important. Four 
geographic variants of subtype I are distinguishable. Variants IAB and 
IC were associated with equine epizootics and human epidemics that 
occurred between the 1920s and the early 1970s. Variants ID and IE 
and subtype II (Everglades virus) are less virulent and are associated 
with enzootic disease.9

EPIDEMIOLOGY
Encephalitis-Causing Alphaviruses
Alphaviruses are limited in their geographic distribution by the range 
of their respective arthropod vectors. EEEV infection occurs focally 
along the eastern and Gulf coasts of the United States, and documented 
cases have occurred as far north as southern Canada and as far south 
as northern areas of South America and the Caribbean.18 The EEE 
complex consists of four antigenically and genetically distinct lineages: 
one that circulates in North America and the Caribbean (NA) and 
three that circulate in Central and South America (SA).18,19 One recent 
study of NA and SA EEEV isolates, based on nucleotide sequencing,20 
predicted that the two lineages diverged more than 577 years ago, sug-
gesting for this and other reasons that the NA and SA viruses should 
be considered as different species. Thus, it is not surprising that the NA 
and SA viruses differ radically in pathogenicity and ecology.

In North America, EEE is a summertime disease, occurring most 
frequently in children and in the elderly people. Fewer than 12 human 
cases were documented in New England in each year between 1965 
and 2012. However, the years between 2003 and 2012 were notable for 
both an increase in the average number of cases per season and a 
northerly spread of disease in New England states. These observations 

mature particles is derived from the plasma membrane of the cell. The 
cleavage of PE2 destabilizes the heterodimer with E1 such that it is 
more readily dissociated by low pH, which, as noted, activates the 
capacity of mature virions for fusion.9

The alphavirus genus contains at least 30 different viruses classified 
into 7 serocomplexes.14 EEE, VEE, and WEE are prototype viruses for 
each of three antigenic complexes. The WEE genome and those of 
WEE-like viruses, except for Aura virus (see later), are intragenic 
recombinants: the nonstructural and core protein genes are derived 
from an EEE-like ancestral genome, whereas the structural glycopro-
teins E1 and E2 are derived from the genome of a Sindbis-like virus.15 
Because the serologic basis for speciation is largely dependent on anti-
genicity of E2 in the hemagglutination-inhibition (HI) test, some of 
the Old World alphaviruses, SINV and Sindbis-like viruses, group with 
WEE complex viruses (see Table 153-1). This is also true for a phylo-
genetic analysis based only on sequences of the viral structural pro-
teins.16 CHIK, O’nyong-nyong, Mayaro, and Ross River viruses are 
grouped with Semliki Forest virus in a fourth complex. Three addi-
tional alphavirus serogroups contain only a single virus species. These 
include, respectively, Barmah Forest disease virus (see Table 153-1) and  
Middelburg and Nduma viruses (not shown in Table 153-1).14,16

A phylogenetic study of alphaviruses, using either whole genome 
sequences or predicted total protein sequences17 (Fig. 153-1), is in 
essential agreement with their serologic classification, although the 
resolution is slightly different. All the medically most important alpha-
viruses group into two clades, the Semliki Forest clade, including 
CHIK, O’nyong-nyong and Ross River viruses, and the Sindbis-equine 
encephalitis clade, including SINV, VEEV, WEEV, and EEEV. Viruses 
that share medically important characteristics, in addition to their 
genetic and antigenic relatedness, are widely dispersed geographically. 
For example, the geographic distribution of the EEE complex viruses 
is quite different from that of the VEE complex viruses, yet members 
of these complexes share encephalitic potential in equines and humans. 
Similarly, viruses of the Semliki Forest virus complex, Mayaro (limited 
to Latin America) and O’nyong-nyong (limited to Africa) produce 
identical fever-rash-arthralgia syndromes.

FIGURE 153-1  Phylograms examining the complete genomes of the alphaviruses. These trees were generated using Clustal X and neighbor 
joining analysis. Each of  the alphavirus clades  is  identified  in bold. Rubella, salmon pancreas disease virus, and sleeping disease viruses are  in bold to 
denote their placement as outgroups. A, Whole complementary DNA alphaviral genomic sequences. B, Whole amino acid alphaviral genomic sequences. 
(From Luers AJ, Adams SD, Smalley JV, et al. A phylogenetic study of the genus Alphavirus employing whole genome comparison. Comp Func Genom. 
2005;6:217-227.).
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Dakota, and California, with additional significant numbers of cases 
in Missouri, South Dakota, and Kansas. Neuroinvasive EEE occurred 
most commonly in Florida, Georgia, and Massachusetts, with lower 
numbers of cases also identified in all other eastern coastal states from 
Texas to New Hampshire.30 The fact that there were no case reports of 
WEE between 1996 and 2012 suggests that control efforts and other 
natural variables, such as strain virulence, have had a dramatic negative 
effect on disease incidence. (A single case of probable WEE was 
reported from Uruguay in 2009.)31 In contrast, the recent increase in 
the average number of cases per season of EEE in New England states 
was previously mentioned,19 and this slight upward trend in yearly 
incidence rate since 2000 is seen for the United States as a whole.30 
Currently, EEE is estimated to cause about 1% of all cases of viral 
encephalitis in the United States.19,32 Formalin-inactivated whole virus 
vaccines against EEE and WEE are available for equines, and vaccina-
tion is currently recommended for all horses residing in North America 
as core prophylaxis. There are no licensed vaccines for humans.

Epizootic strains of VEEV (1D, 1E, and II subtypes) have the special 
capacity to cause disease in horses and humans. VEEV infections in 
South America and Central America have been associated with tens of 
thousands of both equine and human cases.33 For epizootic viruses, 
equines play an important role in maintenance because they develop 
high-titer viremia and are thus likely to transmit infection to mosqui-
toes. At least 10 mosquito species, including Culex, Aedes, Mansonia, 
Psorophora, and Deinocerites, have been identified as probable epi-
demic vectors. Epizootics have been documented in Mexico, Venezu-
ela, Colombia, Ecuador, and Peru at intervals of 10 years or less since 
the 1930s. Typically, epizootics begin in areas of tropical forest during 
the rainy season. In the center of an epizootic, transmission usually 
continues until all horses are dead or immune. Spread may be to con-
tiguous areas or may be sporadic. Major VEE outbreaks occurred in 
1962, 1973, and 1995, the last outbreak involving as many as 100,000 
human cases.33,34 Nearly all viruses isolated during the 1995 outbreak 
were closely related to the 1C subtype viruses that had been isolated 
in 1973. Five years later, viruses isolated from a few scattered cases of 
VEE in Venezuela were related to those isolated in 1995, yet epizootic 
vectors were not plentiful. This suggested that epizootic viruses could 
persist in nature via a cryptic transmission cycle.35 For example, a study 
of VEE endemicity among horses, cattle, dogs, and humans in the Gulf 
Coast region of Mexico during the period 2003-2010 demonstrated 
that the 1E subtype of VEEV circulating in that area is phylogenetically 
related to the 1E virus that caused a major outbreak in 1969-1971, 
although in a separate clade.36

Increased incidence of human disease typically follows that of 
equine disease by 1 to 2 weeks. Severe human disease with encephalitis 
is most common in children. Like horses, humans also develop a 
viremia of sufficient magnitude to infect mosquitoes. However, humans 
have never been implicated in epidemic transmission. Similarly, 
although VEE can be isolated from throat washings and is certainly 
infectious by the aerosol route, person-to-person transmission has not 
been documented.37

Studies comparing epizootic strains with commonly isolated enzo-
otic ones originally suggested that these sets of VEE subtypes were 
highly unrelated. In fact, Culex taeniopus, the common vector for enzo-
otic strains of VEE, is refractory to oral infection with epizootic virus.38 
However, comparisons of the nucleotide sequences of newly emerging 
(1C-like) epizootic viruses in South America suggest that they evolved 
from a group of 1D-like viruses by a spontaneous mutation or muta-
tions within the E2 gene sequence that increase the positive charge of 
the E2 ectodomain.39 This hypothesis was later supported by studies in 
horses of the virulence of chimeric VEEVs derived from genomes in 
which the subtype 1AB and 1C structural glycoprotein genes had been 
substituted for those of a subtype 1D virus in a 1D genetic back-
ground.40 Subsequently, a Thr to Lys mutation at amino acid 213 of the 
subtype 1D E2 protein was shown to be sufficient to induce the 1C 
epizootic phenotype in the context of a closely related 1D genome.41 
Figure 153-2 illustrates alternative general mechanisms by which 
viruses like EEEV, WEEV, and VEEV might transition from an enzo-
otic to an epizootic cycle.

Horses are not amplifying hosts for enzootic strains of VEE. These 
viruses are principally maintained by their mosquito vector and 

were attributed to the effects of climate change on vector spread and 
viability over winters.19 Although relatively rare, an outbreak is usually 
noteworthy because of the high case-fatality rate (50% to 70%). The 
incidence of equine cases greatly exceeds that in humans, and out-
breaks resulting in the deaths of hundreds of horses have been reported 
in the Northeastern United States and Florida. For example, recent data 
from Florida identified 438 cases in horses and 4 cases in humans in 
2009-2010 and identified tree plantations as important foci for epizo-
otic spread.21 In horses, the infection may involve multiple organ 
systems, including the heart, spleen, urinary tract, and gastrointestinal 
tract, as well as the entire central nervous system (CNS).22

In North America, the principal enzootic vector for EEE is the 
mosquito Culiseta melanura, which breeds in freshwater swamps and 
feeds on passerine birds. Infection of avian species may result in death 
in some cases and may be without apparent consequence in others. In 
either case, it results in viremia of sufficient magnitude and frequency 
to maintain a reservoir of infected mosquitoes.9 It is generally held that 
transmission from birds to horses and humans is mediated by mosqui-
toes other than C. melanura, which is highly ornithophilic. However, 
the high population density of infected C. melanura mosquitoes during 
an enzootic cycle has led to speculation that this species may also act 
as a bridge vector to horses and humans. Other possible bridge vectors 
include Aedes and Coquillettidia spp.23 Horses and humans develop 
only low or undetectable levels of viremia. Therefore, these hosts do 
not serve as reservoirs for further virus spread. In summary, conditions 
for EEE epizootics include the presence of C. melanura and susceptible 
bird populations coincident with vector mosquitoes capable of feeding 
on both birds and the horses or humans in the vicinity. In temperate 
climates, maintenance of epizootics is theoretically interdicted by 
winter and may account for the relative rarity of these epidemics. 
However, EEEV can be isolated from the same endemic foci in succes-
sive years, and nucleotide sequencing of the genomes of 42 EEEVs 
isolated along the East Coast of the United States suggested that the 
virus does persist or “overwinter” in cold climates and that EEEV 
strains migrate from south to north along the East Coast of the United 
States.24 As for VEEV (see later) and other alphaviruses, EEEV is also 
highly infectious by the aerosol route.25 However, this mode of infec-
tion poses a risk associated only with handling of infected birds or with 
laboratory exposure.

EEE is a rare disease in South America, with only two recent case 
reports.26 Serologic studies of native populations exposed to EEEV 
showed that infections occur without subsequent illness, suggesting 
that South American strains are relatively avirulent in humans.19 This 
difference in virulence between North and South American isolates 
may be due to differences in replication efficiency in neuronal cells  
and in interferon (IFN) sensitivity and is probably multigenic in 
origin.19,27

The WEEVs are distributed primarily in the Americas. A subtype 
of WEE, isolated in Argentina, is presumed to be representative of 
endemic strains in South America.28 In North America, WEE is a sum-
mertime disease of horses and humans in states west of the Mississippi 
River and in corresponding Canadian provinces. The vector is Culex 
tarsalis. Risk factors for infection include rural residence, outdoor 
employment in farming (because the vector favors irrigated areas), and 
male sex. During an epidemic, a high percentage of the adult popula-
tion seroconverts, but the case-to-infection ratio ranges from less than 
1 : 1000 in older adults to nearly 1 : 1 in infants. Thus, encephalitis is 
most frequent in infants younger than 1 year. However, encephalitis is 
most severe in older adults. Case-fatality rates are 3% to 4%. In con-
trast, EEE infection rates are low in an epidemic, but the case-to-
infection ratio is higher than that for WEE and is highest in the 
young.28 The paucity of WEE case reports in the past 15 years (see later) 
may reflect the predominance of strains that are relatively avirulent in 
humans. Using a mouse model for WEE, eight different strains of 
WEEV displayed either high or low virulence phenotypes. These 
strains segregated into one of two genotypes that correlated with their 
pathogenicity.29

Between 1964 and 2012, 639 confirmed cases of WEE (as compared 
with 182 total cases of EEE) were reported to the Centers for Disease 
Control and Prevention. WEE cases all occurred before 1996 and 
occurred most commonly in Colorado (173 cases), Texas, North 
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The major vector involved in the outbreak on Reunion was Aedes 
albopictus, whereas Aedes aegypti is implicated as a vector in urban 
epidemics in India and elsewhere in Asia. A single amino acid muta-
tion in the E1 envelope glycoprotein was associated with adaptation of 
African CHIKV strains to Aedes albopictus mosquitoes.45 Isolates 
obtained from India in 2011 contained at least two additional muta-
tions in the E2 glycoprotein that further promote replication in albo
pictus.46 Because Aedes albopictus is better adapted to temperate 
climates than is the aegypti species, the potential for epidemic spread 
to nontropical regions of the world was enhanced by these adaptive 
mutations. CHIK fever was imported to northern Italy by a traveler, 
and 205 cases occurred by endogenous spread in that region, between 
July and September 2007.47 Similar data up to 2012 suggest limited 
spread in southern France. Most countries in Europe have by now 
documented cases of CHIK fever in travelers returning from epidemic 
regions. Between 1995 and 2005, only four cases of CHIK fever were 
reported among travelers returning to the United States. In contrast, 
106 cases were identified from 2006-2009.48 Sixty-two of these subjects 
had recently visited India, and 13 had CHIKV viremia on arrival; 12 
of these were returning to states that reported the presence of potential 
CHIKV vector mosquitoes. However, no endogenous spread has been 
reported in the United States up to 2012.

Serologic survey results suggest that epidemics occur periodically 
when the youngest group of inhabitants of an endemic area is suscep-
tible. Twenty percent to more than 90% of the population of tropical 
and subtropical Africa show serologic evidence of past infection. The 
following factors suggest the potential for future major CHIK fever 
epidemics, especially in the Western hemisphere: (1) the increasing 
prevalence of Aedes species, especially albopictus, in North and South 
America and Europe42; (2) the increasing mobility of populations 
residing in endemic or currently epidemic areas; (3) the lack of a 
requirement for an animal host, other than humans, to support the 
CHIKV life cycle; and (4) the presence of large populations of immu-
nologically naïve individuals in the West.

O’nyong-nyong Virus
O’nyong-nyong virus is closely related to CHIKV, both antigenically 
and genetically. It initially appeared in Uganda in the form of an epi-
demic that involved 2 million people in its final extent by the middle-
to-late 1960s. The virus then disappeared until 1996, when it reappeared 
in the context of a second epidemic in southern Uganda. The reemerg-
ing virus was shown by nucleotide sequence analysis to be closely 
related to the 1959 strain.49 During the fall of 2003, there was a third 
outbreak of O’nyong-nyong fever in the Ivory Coast that was initially 
mistaken for measles.50 A 2010 serologic survey conducted in Camer-
oon demonstrated that O’nyong-nyong virus continues to circulate at 
a low level, in the absence of a frank epidemic, suggesting that most 
infections are asymptomatic or only mildly so.51 Both O’nyong-nyong 
virus and CHIKV are closely related to a third virus, Igbo-Ora, also 
found in Africa. Risk factors for O’nyong-nyong fever include resi-
dence in rural villages where the vector Anopheles gambiae mosquitoes 
congregate. A nonhuman primate reservoir of infection has not been 
identified.

Sindbis Virus
SINV is transmitted among birds by Culex mosquitoes. Studies in 
South Africa show that extensive human disease occurs in parallel with 
years of abundant rainfall in association with flooding of usually arid 
regions. Thus, infected mosquitoes and susceptible humans are pre-
sumably brought into proximity. Infection rates may approach 15% 
during a major transmission season. SINV and the flavivirus West Nile 
virus share the avian-Culex mosquito hosts. In South Africa, the Nile 
Valley of Egypt, and Israel, individuals with antibodies to SINV fre-
quently also have antibodies to West Nile virus.

In northern Europe, symptomatic SINV infection is called Pogosta 
disease and is recognized in the region between 60° and 65° north lati-
tude in Sweden, Finland, and the Commonwealth of Independent 
States. Pogosta disease is characterized by arthritis, pruritic rash, 
fatigue, mild fever, headache, and muscle pain. The causative agent is 
a Northern European strain of SINV, genetically distinct from that 
isolated in the Middle East.52 Older adults who work or vacation in 

rodents that thrive in tropical and subtropical swamps and forests. 
Humans living in these areas manifest a high prevalence of antibody. 
These viruses cause encephalitis sporadically in Mexico and Central 
America (subtypes ID and IE) and Florida (subtype II).38

Alphaviruses Causing Fever, Rash,  
and Polyarthritis
Chikungunya Virus
Chikungunya means “to walk bent over,” in reference to the crippling 
arthritic manifestations of the disease. Aedes mosquitoes of the subge-
nus Stegomyia are the principal vectors in Africa, and the virus seems 
to be maintained by transmission to nonhuman primates. Humans 
with high concentrations of virus in blood also provide a reservoir for 
the infection of mosquitoes. This permits epidemic spread even in 
urban settings, depending only on the presence of competent mosquito 
vectors. A major epidemic of CHIKV apparently started in Kenya in 
2004, causing an estimated 500,000 cases in Africa, and spread initially 
in 2006 to the island of Reunion in the Indian Ocean. On Reunion, 
approximately 265,000 of 770,000 inhabitants experienced CHIK fever 
by the end of 2006, with 237 deaths.42 Although disease incidence on 
Reunion dropped after 2007, there were small new outbreaks of disease 
on its western coast, in 2010 and 2011. After 2006, the outbreak spread 
to the southeast coast of India; the islands of Mauritius, Seychelles, and 
Mayotte; and to Madagascar. At least 1.4 million cases of CHIK fever 
were reported in 2006 to 2007 in India. Between 2006 and at least up 
to 2011, the CHIK fever epidemic continued to spread into northern 
India, involving also neighboring areas of China in 201043 and coun-
tries of the Far East more distant from the epicenter. The causative 
strain was shown to be genetically related to the virus that initiated the 
epidemic in Reunion.44

FIGURE  153-2  Two different mechanisms leading to epizootic 
spread of alphavirus infections are depicted. The normal enzootic life 
cycle depends on the habits of mosquito vectors that are adapted to feed 
on  the  required  small  animal  hosts,  including  birds  and  rodents.  Virus 
infection spreads to horses or humans, or both, when either (1) a mutation 
occurs in the viral genome adapting it to replication in large animals and 
in vector mosquitoes that are adapted to feed on them, or (2) a “bridging” 
vector transmits virus directly from animals involved in the enzootic cycle 
to humans or horses. Once the epizootic cycle is initiated, virus is spread 
by a different vector or set of vectors adapted to the  large animal host. 
Venezuelan equine encephalitis virus is an example of an alphavirus that 
requires  a  mutation  to  initiate  epizootic  spread  (mechanism  1).  Eastern 
equine encephalitis virus  is an example of an alphavirus that can spread 
to humans and horses by the action of a bridging vector mosquito (mecha-
nism 2). 
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account for the increased susceptibility of very young mice to a fatal 
outcome.63 Infected neurons also produce other pro-apoptotic prod-
ucts (e.g., BAX), as well as antagonists of apoptosis (e.g., BCL-2, Beclin-
1, certain protease inhibitors).63 Locally produced type I IFNs are 
important for control of virus replication early in infection, especially 
IFN-β. Conversely, differences in neurovirulence in mice among 
several strains of SINV correlate with the capacity of nsp1 (in mice)  
to suppress the cellular response to IFNs by disrupting JAK/STAT 
signaling.64 Mice deficient in IFN-β produce 10-fold higher titers of 
virus in brain, compared with normals. Other factors produced as part 
of the innate response include tumor necrosis factor (TNF), IL-1, IL-6, 
CCL2, CCL3, CCL5, CXCL9, and CXCL10.65 These induce glial cell 
activation, expression of adhesion molecules on endothelial cells, and 
cell migration.66

Clearance of virus is initiated 4 to 5 days postinfection. The adaptive 
immune response plays the major role in this process and is initiated 
in peripheral draining lymph nodes. Virus-specific CD4+ and CD8+ T 
cells rapidly increase, acquire effector functions, and enter the circula-
tion. There is a two-phase B-cell response: a rapid extrafollicular 
response resulting in low affinity IgM class antiviral antibody and a 
slower one emanating from the germinal center of affected lymph 
nodes, which eventually yields higher-affinity IgG. Virus-specific cyto-
toxic CD8+ T cells enter the brain within 3 to 4 days after infection and 
produce IFN-γ, followed by cytokine-producing CD4+ T cells and 
antibody-secreting CD19+ B cells.67 Neurons do not express HLA anti-
gens, and cytotoxic T cells do not clear virus-infected neurons in the 
brain.68 However, endothelial cells and ependymal cells in the brain are 
subject to T-cell surveillance, and cytotoxic T cells do play a major role 
in clearance of virus from motor neurons of the spinal cord, probably 
via secretion of IFN-γ and cytolytic clearance of infected cells. In neo-
natal mice, T cells contribute to the damaging inflammatory response 
associated with fatal acute viral encephalomyelitis, through production 
of IFN-γ.69,70

SINV E2-specific antibodies produced primarily by CD19+ B cells 
entering the brain are primarily responsible for clearance of virus from 
neurons of the olfactory tract and hippocampus. After extracellular 
infectious virus has been eliminated in the brain, E2 antibodies (and 
IFN-γ) also suppress virus production from infected neurons by pre-
venting the budding of nascent virions and shutting down viral RNA 
synthesis, although virus RNA persists in cells. Antibody and IFN-γ, 
operating via the JAK/STAT pathway, also restore host cell protein 
synthesis, membrane integrity, and the capacity to respond to IFN-
α/β.71 In the first several days after infection, the percentage of 
antibody-secreting B cells specific for SIN antigens increases in the 
brain, and these specialized B cells are maintained apparently for the 
life of the animal. Likewise, SINV RNA is detectable indefinitely in 
neurons of infected mice (>60 days), even though recovered from 
clinical manifestations of infection. In mice lacking an adaptive 
response, infectious virus is not cleared and the IFN-α and IFN-β 
responses are sustained. Passive transfer of SIN-specific antibodies can 
eliminate the virus in such mice.67

The pathogenesis of encephalitis caused by the New World viruses, 
EEEV, WEEV, and VEEV, is not nearly as well studied as is the SINV 
model, possibly because of the level of biosafety that must be observed 
when working with these viruses in the laboratory. However, available 
data do suggest there are parallels to the SINV system. For example, 
mortality due to VEEV is enhanced in mice lacking IFN regulatory 
factors (IRF-1 and IRF-2), IFN receptors, or type I IFN itself.72,73 More-
over, VEEV can interdict the capacity of cells to respond to IFN by 
interrupting JAK/STAT signaling, as for SINV. The earliest adaptive 
immune response to VEEV is non-neutralizing antibody that mediates 
clearance of virus-infected cells in the periphery. This is followed by a 
neutralizing antibody response with E2 specificity. Before CNS inva-
sion in experimental animals, VEEV replicates in lymphoid tissues, 
especially including dendritic cell types, resulting in necrotic changes, 
and in bone marrow, resulting in lymphopenia. Lymphoid infection in 
mice is followed by high-titer viremia, during which the peripheral 
CNS is seeded, mainly through the olfactory system.74 VEEV also 
replicates in the pancreas and salivary glands of experimental animals 
but does not have a diabetogenic effect in humans who have survived 
encephalitis. Pathologic changes associated with encephalitis include 

forested areas are most often affected. The virus has been isolated from 
Culiseta, Aedes, and Culex mosquitoes. The grouse is the major avian 
host of SINV in Finland.53 Outbreaks of Pogosta disease occurred every 
7 years, between 1974 and 2002, for reasons that may have to do with 
the migratory habits of the grouse population. For example, 1301 and 
597 cases were documented in 1995 and 2002, respectively. However, 
the predicted outbreak did not occur in 2009.54 Debilitating arthritis 
following acute Pogosta disease may persist for years. It is positively 
associated with the HLA subtype DBR1*01 and the presence of 
autoantibodies.55

Ross River Virus
Ross River virus (RRV) is a cause of epidemic polyarthritis, myalgia, 
and fatigue, in humid northern tropical areas of Australia and neigh-
boring Pacific Islands. It is the most common and most widespread 
arboviral disease in Australia. Joint symptoms are especially intense 
and may last as long as 3 years after fever and rash have abated.56 RRV 
is transmitted by a variety of mosquito species; the life cycle principally 
requires mosquito vectors and marsupial hosts. Human disease is sea-
sonal in occurrence. A second alphavirus, Barmah Forest virus (BFV), 
is also found in northern Australia and shares mosquito vectors and 
animal hosts with RRV. BFV causes, in general, a less severe arthritis 
that is shorter in duration than that caused by Ross River virus.57 Both 
diseases were increasing in incidence as of 2013. RRV and BFV were 
implicated in 6546 disease reports between July 2009 and June 2010.58 
Therefore, the number of persons experiencing arthritic sequelae from 
all years is significant.

Mayaro Virus
Mayaro virus was first isolated in the Caribbean in the 1950s in associa-
tion with an epidemic of febrile illness with rash and occasional 
arthropathy. It has since caused epidemics in Brazil and Bolivia. The 
virus has been isolated from Haemagogus mosquitoes and from mar-
mosets, as well as other nonhuman primates.59 These may provide a 
reservoir for virus in the natural setting.

A long list of alphaviruses, including Bebaru, Cabassou, Getah, 
Kyzylagach, Middelburg, Nduma, Pixuna, Sagiyama, Semliki Forest, 
Una, and Whataroa viruses, either are not known to cause human 
disease or disease is of the fever-arthropathy type and is rare.

PATHOGENESIS
Encephalitis
The locus of alphavirus replication in the mosquito is the midgut epi-
thelium, which is targeted after the mosquito has taken a blood meal 
from a viremic host. In the mosquito, the infection is generally thought 
to be a lifelong, persistent, productive one, although there may be 
associated necrotic changes in the midgut.60 In humans, the bite of an 
infected mosquito results in the deposition of virus in cutaneous 
tissues. Muscle cells and Langerhans cells are sites of replication. 
Infected Langerhans cells deliver virus to lymph nodes and ultimately 
to the blood.9 The initial phase of infection is marked by viremia and 
a febrile response, signaling the replication of virus in non-neural 
tissues. All alphaviruses stimulate an innate immune response via 
interaction with relevant cell receptors and because the double-
stranded RNA intermediate generated in infected cells is a potent IFN 
inducer. The extent and effectiveness of the innate response is a major 
determinant of outcome for all alphavirus infections.

Although it does not commonly invade the human CNS, mouse-
brain adapted SINV causes encephalitis in mice that has been inten-
sively studied as a model for alphavirus encephalitides in humans. 
Neurovirulence is different for different inbred strains and is inversely 
related to age; disease is fatal in neonates.61 The initial event appears to 
be infection of capillary endothelial cells, after which virus quickly 
spreads throughout the CNS, especially involving neurons of the olfac-
tory tract and hippocampus and motor neurons of the brainstem and 
spinal cord. Peak titers of virus are seen 2 to 3 days after infection in 
brain and spinal cord. In neonates, neuronal cell death is by both the 
apoptotic and necrotic pathways. Apoptosis is triggered by the fusion 
event that occurs during virus entry, which induces sphingomyelinases 
that promote release of pro-apoptotic ceramide.62 Mature neurons 
are more resistant to apoptosis than immature neurons, which may 
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A mouse model for CHIK arthritis was recently described. These 
mice display evidence of arthritis, tenosynovitis, myositis, and virus 
persistence in the ankle joint distal to the virus-inoculated footpad.87 
In the mouse model, the dendritic cell immunoreceptor (DCIR) affects 
CHIKV pathogenesis. DCIR is a negative regulator of the host inflam-
matory response expressed on DCs, monocytes, macrophages, B cells, 
and neutrophils.88 The capacity of DCs to express DCIR downregulated 
the inflammatory response and affected cytokine expression; IL10 and 
IL6 expression were increased, IL12 expression was reduced, and virus 
replication was enhanced at late times in mice lacking DCIR. In a 
complementary study, CD4+ T cells were seen to mediate joint inflam-
mation in mice, independent of IFN-γ secretion.89 In addition, IRF 
factors 3 and 7 were shown to protect mice against CHIKV hemor-
rhagic fever and shock. IRF3/7(−/−) mice developed high virus titers, 
edema, vasculitis, hemorrhage, fever and hypothermia, oliguria, and 
thrombocytopenia, indicating once again the importance to the host 
of the innate response as defense against pathogenic alphaviruses.90

CLINICAL MANIFESTATIONS
Alphaviruses Causing Encephalitis
EEE is heralded by a 5- to 10-day prodrome of headache, high  
fever, chills, nausea, and vomiting or diarrhea. In patients in whom 
CNS involvement develops, initial symptoms are followed by mental 
confusion and somnolence often accompanied by photophobia. Sei-
zures or convulsions occur most often in younger patients. Seizures  
are usually tonic-clonic, but may also be of the partial-complex type. 

neuronal cell loss due to apoptosis, mild to moderate neutrophilic 
infiltrate, gliosis, and perivascular cuffing with involvement of Purkinje 
cells.75 EEEV causes lesions throughout the brain and spinal cord, 
most severely involving the cerebral cortex and basal ganglia. WEEV 
causes focal necrosis in the striatum, globus pallidus, cerebral cortex, 
thalamus, pons, and meninges. Transplacental spread of VEEV and 
WEEV may affect the fetus, resulting in massive cerebral necrosis.76 
Although persisting neurologic deficits may be among the sequelae of 
human infection with VEEV, WEEV, and EEEV, long-term persistence 
of either infectious virus or virus RNA in the CNS has not been 
documented.

During self-limited infection with a non-neurotropic alphavirus, 
such as CHIKV, the level of viremia closely parallels the fever curve at 
early times. As viremia fades and fever subsides, HI and neutralizing 
antibody titers start to increase, suggesting that these immune 
responses curtail infection. Biopsy of the maculopapular to macular 
rash in CHIK infection shows lymphocytic perivascular cuffing and 
extravasation of erythrocytes from superficial capillaries.77 Arthralgia 
may accompany early symptoms of fever and malaise (CHIKV) or may 
be slightly delayed and quite severe, leading to frank arthritis (Ross 
River virus). The disease caused by these viruses is believed to be due 
to the host inflammatory responses to virus infection in the affected 
tissues. This is based on the detection of Ross River virus RNA and 
antigen in joint tissues, as well as the presence of inflammatory cellular 
infiltrates, consisting primarily of monocytes and virus-infected mac-
rophages within synovial effusions.78,79 Similarly, CHIKV antigens have 
been detected in muscle-biopsy specimens exhibiting severe myositis 
with inflammatory macrophages, T lymphocytes, and myofibril pathol-
ogy.80 A general scheme for the time course of the pathogenesis of acute 
alphavirus diseases is shown in Figure 153-3.

Using an established mouse model of disease that mimics RRV 
disease in humans, macrophage-derived factors were shown to be  
critical in the development of striated muscle and joint tissue damage. 
Histologic analyses of muscle and ankle joint tissues demonstrated a 
substantial reduction in inflammatory infiltrates in infected mice 
depleted of macrophages. Levels of the proinflammatory factors  
TNF-α, IFN-γ, and macrophage chemoattractant protein-1 were 
also dramatically reduced in tissue samples obtained from infected 
macrophage-depleted mice, compared with samples obtained from 
infected mice without macrophage depletion. These factors were  
also detected in the synovial fluid of patients with RRV-induced  
polyarthritis. Neutralization of these factors reduced the severity of 
disease in mice, whereas blocking nuclear factor kappa B by treatment 
with sulfasalazine ameliorated RRV inflammatory disease and tissue 
damage.81 The balance between the innate response and the capacity 
of the virus to blunt that response as a major determinant of outcome 
seems to hold for RRV as well. Myeloid differentiation primary 
response gene 88 (Myd88)-dependent Toll-like receptor 7 (TLR7) sig-
naling has a protective effect in RRV-infected mice. Higher viral loads, 
enhanced tissue damage, and reduced antibody affinity were seen in 
knockout mice.82

The outbreak of CHIK fever in East Africa and its spread into Asia 
has renewed interest in CHIK fever pathogenesis. Acute disease cor-
related with a dramatic increase in IFN-γ and IL-12, and chronic 
arthritis correlated with prolonged elevated levels of IL-12 in Reunion 
patients. IL-12 returned to normal in association with recovery.83 A 
strong innate and adaptive immune response was associated with 
recovery among patients in Gabon as well, with elevated levels of IL-4, 
IL-10, and IFN-γ. A CD8+ T-cell response preceded CD4+ T-cell 
increases.84 In vitro studies showed that CHIK (and SIN) nsp2 medi-
ates the ubiquitin-dependent degradation of Rpb1, a component of 
RNA polymerase II, thus globally downregulating host gene expres-
sion, independent of autophagy, apoptosis, and inhibition of STAT1.85 
CHIK nsp2 also inhibits JAK/STAT phosphorylation, blocking IFN-I 
and IFN-II responses.86 This is a common ancillary function for nsp2 
of the Old World alphaviruses, including SINV and Semliki Forest 
virus. Other new information from in vitro studies suggests that 
CHIKV triggers autophagy to promote its replication; that CHIKV 
evades the host unfolded protein response by suppressing phosphory-
lation of the translation inhibitory factor, eIF2α; and that CHIK nsp3 
suppresses stress granule assembly in infected cells.

FIGURE  153-3  Schematic diagram of the pathogenesis of 
alphavirus-induced disease. Viremia may be accompanied by produc-
tion of interferon, other proinflammatory cytokines, and fever. Virus then 
spreads through the blood to other target tissues. As the immune response 
is induced, the viremia is terminated, but fever is renewed with the appear-
ance of a mononuclear  inflammatory response in the infected tissues.  In 
infections that  lead to rash and arthritis,  joint pain usually appears early 
after infection and before the appearance of the rash. (From Griffin D. The 
alphaviruses. In: Knipe DM, Howley PM, eds. Fields Virology. 5th ed. Phila-
delphia: Lippincott Williams & Wilkins; 2007:1031.)
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maculopapular or macular form that may be pruritic. The latter lesions 
appear on the trunk, limbs, face, palms, and soles, in that order of 
frequency. Petechial skin lesions have also been noted. Headache, pho-
tophobia, retro-orbital pain, sore throat with objective signs of phar-
yngitis, nausea, and vomiting also occur in this setting. Laboratory test 
results may reveal a mild leukopenia with relative lymphocytosis. The 
erythrocyte sedimentation rate is usually markedly elevated, and the 
C-reactive protein is positive.94,95 Severe arthritic involvement is most 
commonly seen in adults, whereas children occasionally present with 
symptoms referable to the CNS, including seizures and convulsions. 
Long-term joint involvement has been reported in association with 
human leukocyte antigen B27.95

As a result of the recent CHIK epidemic, additional clinical aspects 
of the disease have been documented. In 88 patients on Reunion Island 
who were assessed a median of 18 months after onset of disease, 56 
reported persistent arthralgia and half of those reported a resulting 
reduction in their ability to carry out daily activities. All had polyar-
ticular involvement, and pain was continuous in more than half of 
those who reported arthralgia. Approximately 40% of the total had 
persisting CHIK-specific IgM antibodies. Transient ocular involve-
ment was described among adult patients in South India, with the main 
manifestations including anterior uveitis, optic neuritis, retrobulbar 
neuritis, and dendritic lesions.96 In another study emanating from 
Reunion Island, atypical cases of CHIK were defined as those in which 
patients developed symptoms other than fever and arthralgia. A total 
of 610 such cases were studied, among which 222 were graded as 
severe. Of these, 65 patients died. Atypical manifestations included 
meningoencephalitis, hepatitis, bullous dermatitis, pneumonia, and 
diabetes.97 According to a report from another hospital on Reunion, 
serious acute CHIKV infection resulted in encephalitis (14 cases), 
myocarditis, hepatitis, and Guillain-Barré syndrome among 33 patients 
who were admitted to an intensive care unit. There was a 48% fatality 
rate in this severely ill group.98

Mother-to-child transmission of CHIKV infection was demon-
strated in a retrospective study of neonates. Clinical signs seen in 38 
infants included fever (79%), rash (82%), pain (100%), and peripheral 
edema (58%). Laboratory abnormalities included thrombocytopenia, 
lymphopenia, decreased prothrombin, and elevation of alanine amino-
transferase. Virus was detected in the CSF of 22 of 24 infants evaluated 
by polymerase chain reaction (PCR); 14 of these subjects had abnormal 
findings on brain magnetic resonance imaging with white matter 
lesions or intraparenchymal hemorrhages. Myocardial hypertrophy, 
ventricular dysfunction, pericarditis, and coronary artery dilatation 
were documented in a minority of this group, and one neonate died of 
necrotizing enterocolitis.99 Among all patients, the case-fatality rate on 
Reunion was estimated at 1/1000. Higher rates were calculated for 
Mauritius and parts of India. Also on Reunion, a cohort of 180 patients 
with proven CHIK fever was followed for 36 months. Sixty percent of 
patients reported arthralgia or arthropathy with swelling, usually with 
episodic relapse and recovery, typically affecting several joints in a sym-
metrical distribution. In 77% of those reporting arthralgia, the symp-
toms were characterized as highly incapacitating. Age older than 35 
years and presence of arthralgia at 4 months after the acute illness were 
risk factors for long-term arthropathy. These patients did not display 
biologic markers commonly associated with autoimmune disease/
rheumatoid arthritis, in contrast to results reported earlier from a study 
of chronic persisting CHIK arthritis of 18 months’ duration.95,100

Cases of CHIK fever among travelers returning to their home coun-
tries from the epidemic areas have been characterized. In one study 
from Germany, CHIK infection was documented in 20 of 69 patients 
who initially reported CHIK-like symptoms, including fever and 
arthralgia. Two thirds of the patients had persistent arthralgia for 
longer than 2 months, and 13% had it for longer than 6 months. Active 
viremia was reported in all patients who reported to the clinic within 
the first week of illness.101 The recent experience with travelers return-
ing from Africa, Reunion, or Asia to Italy and France was mentioned 
earlier.

DIAGNOSIS
The epidemiology of each of the disease entities caused by alphavi-
ruses is highly specific and provides a major clue to diagnosis. Thus, 

Progression to frank coma can occur rapidly. Physical examination 
may reveal nuchal rigidity, depressed or hyperactive reflexes, tremors, 
muscle twitching, spastic paralysis, bilateral papilledema, and cranial 
nerve palsies, which can be secondary to increased cerebrospinal fluid 
(CSF) pressure or directly related to inflammation. Cranial nerves VI, 
VII, and XII are most often affected. Infants may develop bulging 
fontanelles. Other occasional findings include cyanosis secondary to 
depressed respiratory drive and facial, periorbital, or generalized 
edema.32,91

Laboratory findings in acute EEE are as follows32,91: a polymorpho-
nuclear leukocytosis is present in most cases to levels of 15,000 cells/
mm3 or higher. Hyponatremia, when noted, may be due to the syn-
drome of inappropriate antidiuretic hormone. CSF protein is increased, 
and 500 to 2000 cells/mm3 are present, mostly lymphocytes. Red blood 
cells are occasionally noted as well. Hypoglycorrhachia is not present. 
Serologic tests are positive for antibodies to EEEV (see later).

Neurologic sequelae include mental retardation, behavioral 
changes, convulsive disorders, and paralysis. These may occur in 70% 
of those recovering from EEE infection. Negative prognostic signs in 
EEE are age older than 40, rapid progression to coma, severe hypona-
tremia, and CSF cell counts higher than 500/mm.32,91 Among patients 
who recover, sequelae are less frequent in adults.

WEE infection is also heralded by a short prodromal phase lasting 
1 to 4 days. Signs and symptoms during this period are similar to  
those described for EEE. In adults, the prodromal phase may subside 
spontaneously with no neurologic complications. In subjects who do 
progress, the course of encephalitis resembles that of EEE as well, 
except that focal neurologic abnormalities may be less common.32,91 
Laboratory studies usually reveal a polymorphonuclear leukocytosis, 
but counts are significantly lower than those noted for EEE. The CSF 
protein is usually increased, and lymphocytes and red blood cells are 
present. Glucose is normal. Neurologic sequelae occur in 30% of young 
patients and are similar to those noted for EEE.92 Parkinsonism is an 
occasional late sequela of WEE in adults.

The most common clinical manifestation of epizootic VEE infec-
tion is a febrile illness with malaise after an incubation period of 1 to 
6 days. Chills, myalgia, and headache with or without photophobia, 
hyperesthesia, and vomiting are common. Occasionally patients report 
a sore throat. Fever may remit in a short time, with recrudescence the 
next day. Approximately 4% of children and less than 1% of adults 
progress to severe encephalitis, which usually occurs after a few days 
to a week of the prodromal illness.33,34 Features of encephalitis include 
nuchal rigidity, ataxia, convulsions, coma, and paralysis, in ascending 
order of severity. Laboratory studies characteristically reveal lympho-
penia, sometimes accompanied by neutropenia and mild thrombocy-
topenia within a day or two of onset. Serum glutamic oxaloacetic 
transaminase (aspartate aminotransferase) and lactate dehydrogenase 
enzymes are typically increased. CSF examination reveals a few 
hundred lymphocytes. The overall case-fatality rate is less than 1% but 
approaches 20% in those who progress to encephalitis. Nearly all indi-
viduals in endemic areas contract enzootic VEE infection, as suggested 
by the results of serologic surveys.34 Most seem to have experienced 
the influenza-like prodromal illness or to have had asymptomatic 
infection.

Alphaviruses Causing Fever, Rash,  
and Polyarthritis
CHIK fever is taken as the prototype of the diseases caused by this large 
group of alphaviruses. This is an acute viral infection characterized by 
a rapid transition from a state of good health to illness that includes 
severe arthralgia and fever.93,94 The incubation period ranges from 1 to 
12 days. Body temperature increases abruptly to as high as 40° C and 
is often accompanied by shaking chills. After a few days, fever may 
abate and recrudesce, giving rise to a “saddleback” fever curve (see Fig. 
153-3). Arthralgia is polyarticular, favoring the small joints and sites 
of previous injuries, and is most intense on arising. Patients typically 
avoid movement as much as possible. Joints may swell without signifi-
cant fluid accumulation. These symptoms may last from 1 week to 
several months and are accompanied by myalgia. The rash character-
istically appears on the first day of illness, but onset may be delayed. It 
usually arises as a flush over the face and neck, which evolves to a 
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patients, at 2 to 3 months postinfection, in Singaporean patients. Only 
the response to E2 was still significant at 21 months postinfection, and 
it seemed to account for persisting capacity of sera to neutralize virus 
at high dilutions.111

THERAPY AND PREVENTION
There is no licensed product approved for treatment of any of the 
diseases caused by alphaviruses. Low-dose steroids have been used to 
treat arthritis following RRV infection, with the attendant risks and 
side effects. Chloroquine has proven ineffective in treatment of CHIK 
fever–related arthritis, but there has been some modest success with 
TNF blockers.112 Harringtonine, a cephalotaxine alkaloid, ameliorates 
SIN arthritis in mice and inhibits CHIKV replication in vitro; it is 
under further study.113 A cocktail of two human monoclonal antibodies 
has shown both prophylactic and therapeutic efficacy against acute 
CHIK infection in mice lacking IFN receptors.114 Because the clinical 
and laboratory findings of alphavirus arthritides bear some resem-
blance to rheumatoid arthritis, there is some hope for crossover effec-
tiveness of drugs used to treat the latter.112 For encephalitis, supportive 
measures and intensive nursing care are indicated. Analgesics and 
nonsteroidal anti-inflammatory drugs remain the main treatment 
options for symptoms of arthritogenic alphavirus diseases.

Prevention of WEE and EEE depends primarily on control of vector 
mosquito populations. During outbreaks, susceptible individuals 
engaged in high-risk activities should be advised to avoid exposure as 
much as is practicable by using effective mosquito repellents and 
netting, wearing full-length trousers and long-sleeved shirts, and 
avoiding outdoor activities, at least during periods of maximal mos-
quito activity. Inactivated vaccines against EEE and WEE (and against 
VEE and CHIK) were developed at the U.S. Army Research Institute 
of Infectious Diseases (USAMRIID) several decades ago, for use in 
laboratory workers and other personnel who might be exposed to 
infectious aerosols. Although acceptably safe, these vaccines induce a 
relatively short-lived immune response, as measured by an in vitro 
assay for virus neutralizing antibodies in sera. Periodic booster doses 
are necessary to maintain seropositivity.115 There has been no attempt 
to license these vaccines for widespread use. An inactivated EEE/WEE 
veterinary vaccine, administered as a component of a multivalent 
vaccine, is used against EEE in horses and birds and against WEE in 
horses.

Both formalin-inactivated and live, attenuated vaccines to prevent 
VEE infection are in limited use in humans. The live, attenuated VEE 
vaccine strain TC-83 is used in the diagnostic ELISA, and large-scale 
vaccination of horses with this strain is the major approach to the 
prevention of VEE epizootics. A live, attenuated vaccine to prevent 
CHIK fever (strain TSI-GSD-218) has been shown to be safe in volun-
teers at the level of phase II clinical trials.116 One study in which the 
experimental live, attenuated VEE and CHIK fever vaccines were 
sequentially administered to human volunteers indicated that preexist-
ing alphavirus immunity interferes with a subsequent neutralizing 
antibody response to a heterologous vaccine virus.117 Similarly, the 
inactivated EEE and WEE vaccines described above interfere with each 
other, if administered on the same day, and with the live VEE vaccine, 
if given shortly prior to a dose of the latter vaccine.118

The live VEE and CHIK vaccine candidates mentioned previously 
were derived in the early 1990s by serial passage of virulent human 
isolates in tissue culture, and neither one is licensed by any regulatory 
authority. Newer approaches to alphavirus vaccine development, both 
live and DNA types, have involved the use of recombinant DNA tech-
nology. Attenuated mutant-VEEVs have been developed with a goal to 
both prevent VEE and use VEE as a vector for presentation of foreign 
antigens, because of the propensity of VEEV to target dendritic cells. 
One viable mutant virus derived from VEE infectious DNA, which 
contains mutations affecting cleavage of the viral structural proteins, 
was avirulent in mice, produced solid mucosal immunity against VEE, 
and currently shows promise primarily as a vaccine for horses.119 This 
genetic backbone provided the basis for a number of VEE DNA-based 
vaccines designed to induce immunity to foreign viral and nonviral 
antigens, especially when mucosal immune responses are considered 
to be of crucial importance for protection,120 but there has been little 
progress in clinical development of these vaccines in the past 10 years.

knowledge of the recent travel or outdoor exposure history of the 
patient is of vital importance. In certain locales, during epidemic 
spread of a disease, the diagnosis is obvious. In the United States, the 
initial signs and symptoms of EEE or WEE infection may mimic those 
of enteroviruses. Encephalitis caused by the flaviviruses, West Nile 
virus and St. Louis encephalitis virus, may occur in the same setting 
as encephalitis caused by WEE, although clinical disease related to St. 
Louis encephalitis is more common in elderly people than in infants, 
and on the other hand, WEE has not been reported in the United 
States since 1994 (see earlier). Similarly, West Nile virus encephalitis 
should be considered in the differential diagnosis of a viral encephali-
tis in areas of the United States where EEE traditionally occurs. Centers 
for Disease Control and Prevention criteria for the diagnosis of an 
arboviral encephalitis require the presence of an acute febrile illness 
with encephalitis during a time when virus transmission is likely, plus 
one of the following criteria: (1) greater than fourfold increase in viral 
antibody titer between acute and convalescent sera; (2) virus isolation 
from CSF, blood, or tissue; or (3) IgM positive to the virus in CSF.

EEEV can sometimes be isolated from serum during the pro-
drome,32 but historically most cases are diagnosed by testing paired 
sera in HI tests or in a neutralization assay because only low-level 
viremia occurs in human subjects. Convalescing patients may manifest 
high complement fixation antibody titers, and IgM antibodies can be 
detected by enzyme-linked immunosorbent assay (ELISA).102 Mag-
netic resonance imaging with specialized imaging techniques such as 
fluid-attenuated inversion recovery and T2 weighting is of value for 
both diagnosis and following the clinical course of encephalitis.103 EEE 
caused focal radiographic changes involving the basal ganglia, thala-
mus, and brainstem, in descending order of frequency, in one study of 
36 cases.91

Diagnostic testing for WEE follows a similar pattern except that 
viremia is usually not detectable. The presence of WEE in a specimen 
may be documented by inoculating suckling mice or embryonated 
eggs. In contrast, sera taken from patients with VEE infection within 
48 hours of onset are usually positive for virus. However, sera from 
patients with full-blown encephalitis are usually negative, and the diag-
nosis may be made by complement fixation testing. ELISA for VEE-
specific IgM in sera and CSF is available. IgM and IgG ELISAs using 
attenuated VEE as antigen are the most sensitive diagnostic tests but 
should be followed up with the plaque reduction neutralization assay 
to prove specificity.104

Sensitive nucleic acid amplification assays using the reverse-
transcriptase PCR (RT-PCR) exist for rapid diagnosis of EEE, WEE, 
VEE, and West Nile virus infections.105 Most recently, ELISA and 
RT-PCR have been combined in a single, rapid-detection system that 
uses biotinylated oligonucleotide probes complementary to unique 
amplified nucleotide sequences in the WEE, EEE, VEE, and Mayaro 
virus genomes.106 Human monoclonal antibodies directed against epi-
zootic VEEVs have been expressed in bacteriophage and are being 
used for rapid diagnostic assays.107 When these assays are available, 
they constitute a rapid substitute for actual culturing of virus from a 
clinical specimen.

CHIK fever may be clinically indistinguishable from disease caused 
by Mayaro, O’nyong-nyong, Ross River, or Sindbis virus. In addition, 
parvovirus B19 infection, the prodrome of hepatitis B, juvenile rheu-
matoid arthritis, dengue fever, and rubella, may also be confused with 
CHIK fever or with the other alphavirus infections. Patients with 
CHIK fever are usually viremic for the first 48 hours, and the virus is 
easily isolated by in vivo or in vitro methods. Viremia may be so 
intense (titer >107 plaque-forming units/mL of blood) as to yield mea-
surable amounts of hemagglutinating activity from sera.108 Conse-
quently, virus in sera can also often be detected by ELISA directly.109 
As previously mentioned, the decrease in levels of viremia parallels a 
rapid increase in titers of HI and neutralizing antibodies. ELISA testing 
for virus-binding antibodies may detect cross-reactive immune 
responses to other alphaviruses. The recent CHIK epidemics in Africa 
and Asia have stimulated the development of rapid diagnostic tests  
on the basis of variations of the real-time RT-PCR, with particular 
emphasis on their ability to distinguish dengue from CHIK.109,110 A 
recent study of the antibody response to CHIK proteins revealed high-
titer neutralizing activity and responses to E1, E2, E3, and nsp3 in six 
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expressed in vitro. Therefore, empty particles are expressed that 
resemble infectious virions in appearance and antigenicity. One of 
these two candidate vaccines has been shown to protect monkeys 
from CHIK viremia.123 All of these vaccines were immunogenic and 
protective against CHIKV challenge in the mouse model. In addition, 
the live CHIK vaccine containing the EMC IRES afforded protective 
immunity against both CHIK and O’nyong-nyong virus challenge in 
mice. Planning is under way for clinical trials of promising CHIK 
vaccines.

Novel vaccines to prevent EEE and CHIK were recently described; 
in each case, the Sindbis structural protein genes were replaced by 
those of EEEV or CHIKV, in the context of a Sindbis infectious 
DNA.121,122 A live, attenuated CHIKV was derived by insertion of 
the internal ribosome entry site (IRES) from the encephalomyocardi-
tis (EMC) virus genome at the 5′ terminus of the CHIK genome to 
control translation.123 Finally, two groups are developing CHIK vac-
cines on the basis of virus-like particles.124,125 Virus-like particles arise 
when gene cassettes containing only the viral structural proteins are 
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154  Rubella Virus (German Measles)
Anne A. Gershon

Rubella (German measles) is an acute exanthematous viral infection of 
children and adults. The clinical illness is characterized by rash, fever, 
and lymphadenopathy and resembles a mild case of measles (rubeola). 
Although many infections with the agent are subclinical, this virus has 
the potential to cause fetal infection, with resultant birth defects, and 
(uncommonly but especially in adults) various forms of arthritis.

Rubella virus was first isolated in 1962 by Parkman and colleagues1 
and by Weller and Neva.2 Rubella virus is classified in the Togaviridae 
family3,4 on the basis of its single-stranded positive-sense polyadenyl-
ated RNA genome, replication strategy, icosahedral capsid, and lipo-
protein envelope. Rubella virus is closely related to the alphaviruses, 
but in contrast to alphaviruses, no vector is required for its transmis-
sion, and it is serologically distinct from alphaviruses.4 Therefore, 
rubella virus alone has been placed in a separate genus, Rubivirus. 
There are 2 clades and as many as 13 genotypes.5,6 Only one antigenic 
type, however, is recognized.6 On electron microscopy, rubella virus is 
roughly spherical. Its envelope, which has short surface projections, 
has a diameter of about 60 nm. The envelope surrounds the 20-sided 
nucleocapsid, which has a diameter of about 30 nm and comprises a 
helix of protein and RNA. Rubella virus matures by budding from the 
cell membrane.7

Three structural polypeptides associated with rubella virus are 
termed E1, E2, and C. There are also two nonstructural proteins that 
are related to replication and transcription. E1 and E2 are transmem-
brane glycoproteins, and C is the capsid protein that surrounds the 
RNA of the virion. Hemagglutinin and complement-fixing antigens  
are composed of varying proportions and mixtures of E1, E2, and  
C.8,9 E1 is important in attachment, fusion, hemagglutination, and 
neutralization.

Rubella virus is relatively unstable. It is inactivated by lipid solvents, 
trypsin, formalin, ultraviolet light, and extremes of pH and heat, and 
it is inhibited by amantadine.10 Cytopathic effects may not be noted in 
all cell lines in which rubella virus replicates. However, cytopathic 
effects are readily observed in the rabbit kidney cell line RK-13 and in 
primary African green monkey cells.8

EPIDEMIOLOGY
Rubella was not distinguished clinically from certain other exanthema-
tous infections until the late 19th century. It was at one time termed 

third disease, when measles and scarlet fever were called first disease 
and second disease, respectively.11 Because postnatal rubella is such a 
mild illness, the disease was considered to be of only minor importance 
for many years. However, in 1941, when the Australian ophthalmolo-
gist Gregg12 recognized the link between maternal rubella and certain 
congenital defects, a more complete picture of disease caused by 
rubella virus began to emerge.

Before widespread vaccine use, the incidence of clinical cases of 
postnatal rubella in temperate climates was highest in the spring, and 
it was traditionally recognized to be most common in children 5 to 9 
years of age.13 Rubella is only a moderately contagious illness, in con-
trast to measles. Therefore, in the prevaccine era, only 80% to 90% of 
adults were immune to rubella, whereas 98% were immune to measles.14

Epidemics of rubella of minor proportions occurred in the prevac-
cine era every 6 to 9 years, and large-scale epidemics occurred at 
intervals of up to 30 years. The most recent major epidemic in the 
United States occurred in 1964, during which some 12,500,000 persons 
were infected.15 Since the licensure of a live-attenuated rubella vaccine 
in 1969, there have been no large rubella epidemics in countries where 
the vaccine is widely used. However, limited outbreaks continued to 
occur in settings such as workplaces, schools, and military camps, 
where groups of susceptible individuals had close contact with each 
other.14,16 In 2001, only 23 cases of postnatal rubella and 3 confirmed 
cases of congenital rubella syndrome were reported to the Centers for 
Disease Control and Prevention (CDC).17 An increase in susceptibility 
to rubella was noted among Hispanic young adults for some years, and 
there were increasing efforts to identify rubella-susceptible women 
before they became pregnant.17,18

Importantly, in 2004, rubella was declared no longer endemic in 
the United States.5,6,19-21 Since 2001, there had been fewer than 25 
annual postnatal cases and only rare cases of the congenital rubella 
syndrome. In 2012, three cases of congenital rubella were reported to 
the CDC, and all three were likely acquired through mothers who 
traveled early in their pregnancies in Africa.22 Ninety-five percent of 
school-aged children were vaccinated, more than 90% of the popula-
tion had immunity, there was adequate surveillance to detect out-
breaks, and molecular evidence indicated that there are no circulating 
American genotypes of rubella virus; rubella was considered elimi-
nated from the United States.23 This was a major advance in public 

Definition
•	 Rubella	is	an	infectious	illness	characterized	by	

fever	and	maculopapular	rash,	which	may	be	
accompanied	by	arthritis.

•	 Many	postnatal	infections	are	asymptomatic.
•	 Postnatal	rubella	is	a	rather	benign	illness,	but	

congenital	rubella	can	result	in	a	variety	of	
serious	medical	problems.

•	 Manifestations	of	congenital	rubella	include	
deafness,	cataract	or	glaucoma,	congenital	
heart	disease,	and	mental	retardation.

•	 Rubella	vaccine	was	developed	primarily	to	
prevent	congenital	rubella	from	occurring.

Epidemiology
•	 In	temperate	climates,	disease	occurs	mainly	in	

the	spring	(if	vaccine	is	not	being	used).

•	 Rubella	is	somewhat	less	contagious	than	
measles.

•	 Widespread	vaccination	in	the	Americas	led	to	
the	elimination	of	rubella	as	of	2009.

•	 Globally,	rubella	and	congenital	rubella	remain	
serious	medical	problems,	especially	in	Africa,	
some	areas	of	Europe,	Southeast	Asia,	and	the	
Western	Pacific.

Microbiology
•	 Rubella	is	an	RNA	virus,	a	member	of	

the	Togaviridae	family	and	the	genus	
Rubivirus.

Diagnosis
•	 Diagnosis	can	be	made	serologically	

(enzyme-linked	immunosorbent	assay)	with	

acute	and	convalescent	serum	samples,	or	by	
demonstration	of	rubella	IgM	antibody	on	a	
single	serum	sample.

•	 A	positive	test	for	viral	RNA	using	reverse-
transcriptase	polymerase	chain	reaction	on	
throat	swabs,	cerebrospinal	fluid,	and/or	
amniotic	fluid	is	especially	useful	for	diagnosis	
of	congenital	rubella.

Therapy
•	 None	is	available.

Prevention
•	 Live-attenuated	rubella	vaccine	is	effective	and	

safe,	usually	administered	along	with	measles	
and	mumps	vaccines	(MMR).

SHORT VIEW SUMMARY
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common among persons with hemagglutination inhibition (HAI) anti-
body titers of 1 : 64 or less.34,36,37 It has been suggested that there may 
also be qualitative differences in antibody between persons with 
vaccine-induced immunity and those with natural immunity because 
in one study, even with similar HAI titers, vaccinees were 10 times 
more likely to be reinfected than were those with natural immunity to 
rubella.34

Whether rubella reinfection that occurs during pregnancy can 
result in transmission of the virus to the fetus has been the subject of 
much debate. Several case reports in the older literature that ascribed 
fetal defects to maternal rubella reinfection actually involved primary 
maternal infections in all likelihood.40,41 Viremia was documented in 
one woman with detectable rubella antibody before immunization.42 
Boué and co-workers43 studied a small number of women with docu-
mented subclinical cases of rubella reinfection during pregnancy who 
carried their babies to term; all of the babies were found to be normal. 
In a number of other case reports of rubella reinfection during preg-
nancy, babies born (at term) to the affected mothers had symptoms 
suggestive of congenital rubella.44-49 Most of these reinfections occurred 
years after natural infection, although some occurred years after 
immunization.48,49 However, these transmissions are acknowledged to 
be extremely rare events, particularly considering the exceedingly low 
incidence of congenital rubella in the United States today.

In summary, it appears that persons who are immune to rubella, 
either by having had the natural infection or by having received rubella 
vaccine, may be reinfected when reexposed. However, this reinfection 
is usually asymptomatic and detectable only by serologic means. 
Viremia and congenital rubella in maternal reinfection appear to be 
very rare events.

The presence of large numbers of immune people in a community 
appears to be able to prevent rubella epidemics from occurring; this 
effect is termed herd immunity. Although it has been documented that 
herd immunity does not entirely eliminate the spread of rubella, it 
probably plays a major role in control of this infection, which is now 
rare in the United States.5

PATHOGENESIS
The incubation period for rubella ranges from 12 to 23 days (average, 
18 days). As in measles (see Chapter 162), a primary and a secondary 
viremia are believed to accompany rubella. Rubella virus has been 
detected in leukocytes of patients as early as 1 week before the onset 
of symptoms.50 Also as in measles, the rubella rash appears as immu-
nity develops and the virus disappears from the blood,8 suggesting that 
the rash is immunologically mediated. Although circulating immune 
complexes are detectable during rubella, they do not appear to con-
tribute to the development of rash.8,51 Rubella virus has been isolated 
from involved skin,52 but this does not preclude the possibility that the 
rash is secondary to an immune response to the virus.

CLINICAL MANIFESTATIONS
Age is the most important determinant of the severity of rubella. Post-
natally acquired rubella is usually an innocuous infection, and, as is 
true for many viral illnesses, children have milder disease than adults. 
In contrast, the fetus is at high risk for development of severe rubella, 
with serious sequelae if infected transplacentally in early pregnancy 
because of maternal rubella.

Postnatal Rubella
Many, if not most, cases of postnatal rubella are subclinical.15,53 Among 
those patients who are symptomatic, children do not experience a 
prodromal phase, but adults may have a prodrome of malaise, fever, 
and anorexia for several days. The major clinical manifestations of 
postnatal rubella are adenopathy, which may last several weeks, and 
rash. The lymph nodes involved include the posterior auricular, poste-
rior cervical, and suboccipital chains. On occasion, splenomegaly also 
occurs.54 These symptoms are not specific for rubella, and clinically the 
disease may resemble measles, toxoplasmosis, scarlet fever, roseola, 
parvovirus B19 infection, and certain enterovirus infections.

The rash of rubella begins on the face and moves down the body. 
It is maculopapular but not confluent, may desquamate during conva-
lescence, and may be absent in some cases (Fig. 154-1). An enanthem 

health and occurred at a time similar to that when measles was no 
longer endemic in the United States, which was also a result of wide-
spread immunization. Similarly to measles, isolated cases of rubella 
may be imported into the United States from another country, but only 
with the possibility of limited spread of rubella. Mathematical models 
indicate that transmission of rubella ceases at 90% immunization 
levels, which has been achieved in the United States.5,24 Global efforts 
are underway to decrease the global burden of rubella and congenital 
rubella syndrome.25 Globally, rubella remains a significant problem, 
although in 2009, a decrease of 82% in cases of rubella was reported 
by the World Health Organization, between 2000 and 2009.26

TRANSMISSION OF RUBELLA
Rubella virus is spread in droplets that are shed from respiratory secre-
tions of infected persons. Patients are most contagious while the rash 
is erupting, but they may shed virus from the throat from 10 days 
before until 15 days after the onset of the rash. Patients with subclinical 
cases of illness may also transmit the infection to others.10

Infants with congenital rubella shed large quantities of virus from 
body secretions for many months and therefore may transmit the 
infection to those who care for them. These babies continue to excrete 
rubella virus